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M O.>K HO H8.ll 9SITbCSI t 'ITO 9KCrrep HM 9HTbJ, HCII011b3YIOil.IH9 BCTp9'1H bi9 9119KTp(!HHO-II03H

TpOHHbi9 ·IIY'IKH H3 YCKOpHT911H1 CTSHYT ·B03MO.>KHbJMH B 611H3KOM 6y~ylll9M. J.iHTepeq-· 

HO 38M9THT.b 1 otTO S11eKTpOM8f'HHTHblil QlOpM!lJaKTOp Tr 0 Me30H8 MO.>KeT 6biTb H3Me ,

·peH B. peaKUHH: 

e.++ e.- - Ill 

Y:'I~TbiBSSI, 'ITO 9QlQl9KTifBHblil f'8MH11bTOH.H8H B38HMO.lleilCTBH.H IICe)3.llOCKB119pR~:t'O . 

. . JT 0 
Me30H8 C sneKTpOMarHHTHbiMH II011.HMH .ll011.>KeH 6biTb HHBapHSHTSH rrpH TpaH-

C11.HUHHX H· BpameHHHX rrpOCTpaHCTBa, 38IIHUJeM ero B BH.lle: 

"' A -rrO f'.lle 'f'o H c1.. - II011e IICeB.llOCK811HpHOf'O Jl Me30H8 H 911eKTpOM8f'HHTHOe tto-

ne.J cooTaeTcTaeHHO, Ed.(&~ - aHTllcHMM eTpH'IHblil eaHH H'IH&IA TeHaop 'leTaepToro. 

paHra. 

.... 

EcnH orpaHH'IIiT&CH HaHHH3UJHM nopSI.llKOM TeopHH aoaMyil.IeHHA ans sneKTpo

~arHHTHoro B38HMO.lleifcTBHH Me.IK.lly 911eKTpOHOM H II03HTpOHOM, TO Q:leAHM8HOBCK8SJ 

.OHarpaMMa anH npouecca Ill Mo.tKeT 6&JTb rrpeacTaaneHa Ha pHc.l. -
M aTpH'IHbiA sneMeHT, cooTaeTcTayromHil sToA .oHarpaMMe, HMeeT BH.ll: 

-e 1 - -
<t?kl S I Pe Pn) = (2TT)J..J'Ioko E)"-(Jf(T V"(-Pn>e.r<Pn+ Pe ~ 131 

Y.u u.cii:) · ktr F ( ( Pe+ Pn ):1., o, rn.:.). 
'' - ( Pe + Pn ) 1 

" • 

r.oe ,-k H ? -qeTblpeX-HMIIY11bCbl Il03HTpOHa, 911eKTpOH8, QlOTOH8 

H Jr 0 
MeaoHa; e, -aeKTOp II011HpH38UHH QlOTOHa • F ( *-,"-, 'kt' "k; ) . <l>yp:be-

Jtll! J 

"' -o6paa Q:lyHKUHH F a 11 I a HMrryn&cHoM rrpocTpaHcTae, HB11HIOil.IHAcH, rro orrpe..oe-

neHHJO, ~meKTpOM8f'HHTHbiM c}:lopM!lJaKTOpOM Ji -Me30H'8, 

n 011HOe ce'leHlie .01151 rrpouecca II I HM eeT BHLl: 

<J(E-) = £ ..t 
4JT 3 

( 1- x )1 ( I + 2 ~) 

(l+x) (1-4)1)~1 /4/ 

• 
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'h1 ~. mi 
rne E -nonHaSl aaeprHSl ~ cHcTeMe ueaTpa Mace; X .. ~ , 'j"" --ez: ., 

m,..o 
R t'I'Le -M&CCbl JT 0 Me30H8 H aneKTpOHB. VfaMepeHHe cJ( E) 0 KaK 

BHnHO 113 141, nacT CBeneHHSI 06 sneKTpOMBrHHTHOM ¢opMcp8KTope JT
0 

Me30Ha. 

Lln~ Toro, 'IT06bl oueHHTb aenH'IHHY CT'(E) , aMecTo 
~{ 1 2. ) F - E 1 0 1 1'1'\.JI'o ) Mbl 

noncT&BHM a /4/ F1 ( o, o, l11;0 ) , KoTopbiA cagaaH c 
1:- apeMeHeM >KHa-

HR J\"0 Me30H8 COOTHOWeHHeM: 

1 ( 1 ) -F 0, O, h11Jr0 -

rn 
3 

mJr.-c 

EcnH Mbl 6epeM 

_,, 
"'C = ( .2, 3 ± o. t ) X 10 <:e.l( /1 I • I 

O"(E)"" f<e) a-, 

... 

Torna 11a 

r.11e 
-JS" 2 ) 

(J = ( 2.f ~ ~;) )( 1 o eM , {- ( E npencTaaneaa Ha pRe .2. 

/5/ 

141 IIMeeM: 

161 

Vf&Tep9CHO T8Jt>Ke aaMeTHTb
1 

'ITO TBKOA atcnepRMeHT .ll&eT HeKOTOpbie CBe,lle-

. HIISI 0 B!tll&.lle npoMe>KyTO'IHOrO 3Jf COCTOSIHHSI B cpopMtPBKTOp 
JfO M930HB • 

YfcnOIIb3YSI THllii'IRYIO TeXHHKY ,llHCnepCHOHHbiX COOTHOWeHHA 1 nerKO llOK838Tb 

121 
lsanpHMep, eM. I, 'ITO 

L__ - 1 :z. 
2.rrJ7rCfo efl~fiT lrY,M.lL ey I<~ krr F (k, o, ,_,.,:w•)= 171 

- J ,. .:(1<-t-k 1f = e, v- l,.u u. d i e . < Cf IT ( J,u. C i) JJ' (- ~) ) I o > 1 

r.lle Jf(.~) - TOK CH1lbHO-B3BHMO.lleACTBYIOWHX 'IBCTHU • .Llanbwe, nnR npocTOTbl, 

Mbl onpe.llenHM: 

F ( K1
, o, m;:.) =: F(v)1 181 

r.lle V= K 1 • VfcnonbayR 17/, JJerKo uoKaaaTb, 'ITO F(Y) RBnsreTCSI aHanHTHt~ecKoA 

tPYHKUReA 88 
V -nnocKOCTH c paapeaoM oT 4- m;r. no oo • Torna nRc-

nepcHOHHOe cooTaoweHHe nnR F(v) aanHCbi&aeTcR: 

F (ll) = F (o) + v 
JT 

Oo 

J L 

'1- h1JI'. 

r"' F Cv'J 
\l'(l-'- )I) 

dy' 

' 
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r .lle I hot. 1=( v) onpe.lleneH cne.llyiOIURM o6paaoM 

1101 

r.lle l1..= 2.11, 3 7J 
1 
~"If ••• .Llanbllle Mbl orpaHH'IHMCH paccMoTpeHHeM npoMe:>Ky-

TO'IHbiX COCTOSIHHil )1.~ .;t71 H 3 TJ' • 

Bxna.ll l.. 1T IlpOMe:>KyTO'IHOI"'O COCTOSIHH51 MO:>KHO Bbi'IHCnHTb, HCilOI!b-

3Y51 3HBHH51 11 CTpyKTypbl HyKnoaa IBeplllHHHOit tPYHKUHH (.:Z.:Jrf .:r,...co)jcJ)I H 

21 <PoTopO>K.lleHHst nHoHa Ha HyxnoHa IBeplllHHHoA .tPYHKUHH < '11 J.rcoJ /.2.lf') 1. Tor

.llB MO:>KHO O:>KH.llBTb, 'ITO Bbi'IHT851 H3 F(V) BKnB.ll .<!.JT IlpOMe>KyTO'IHOI"'O, MO:IIC-

HO nony'IHTb oneaxy BKna.lla 3JT npoMe>KyTO"'HO!"'O COCT051HHSI. nocKOnbKY 38.ll8'11i 

1. H 2. IlOKa He pellleHbl C .llOCTBTO"'HOit TO"'HOCTbiO, Mbl 9TOI'O C.llenaTb He MO:>KeM 

H IlOCMOTpHM TOnbKO KBKHe Bb!BO.ll bl MO>KHO C.llenaTb H3 H3MepeHP.it F (Y) IlpH 

TaKOM nono:>KeHHH. 

Vfa 19 I cpaay BH.llHO, 'ITO .llnH ManbiX 

F(v)""' F(o) -tttv, 
Ill I 

l"'.lle £l - HeKOTOp851 IlOCTOSIHHBSI • .LlnH 6bnblllHX V ( Y<. *""'"~) ecnH BKnS.llbl 

IlpOMe:>KyTO'IHb!X COCTOSIHHA o6a peaOH8HCHble H HMeiOT IlpHMepHO O.llH-

HaKOBble peaOHBHCHble 9HeprHH, TO: 

F (v) ""' f=(o) -t 
Yo- Y 1121 

r.lle b nocTOHHHast1 a Vo KBacpaT peaoHaacnoA aHeprHH .;tJT npoMe>KyTO'IHo-

1"'0 COCTOSIHHSI. EcnH 9KCnepHMeHT IlOKa>KeT, 'ITO tPOPM¢laKTOp JTO MeaoHa HMeeT 

BH.ll 112/, TO!"'.lla 9TO 6y!!!eT 03H8"18Tb, 'ITO nH60 37T IlpOMe>KyTO'IHOe COCTOSIHHe 

.llBeT HecyrueCTBeHHblit BKna.ll B ¢lopM¢laKTOp, nR60 OHO B&:>KHO, O.llHBKO, ero peao-

H8HCH851 9HeprR51 IIpRMepHO paBHa pe30H8HCHOA 9HeprHH 2...JT COCTOSIHHSI. Hao6opoT, 

ecnH aKcnepHMeHT noKa:>KeT, 'ITO F (v) cRnbHO oTnH'IeH oT BR.lla 112/, To aTo 6y

.lleT 03H8'18Tb, 'ITO 3 JT IlpOMe>KyTO'IHOe COCTOSIHHe .ll8eT Ba:>KHbiA BKna.ll H nH60 

He RMeeT peaoHaHcHoro xapaKTepa, nH6o RMeeT, HO c peaoHaHcHoA 9HeprHeA, .llane

KoA oT Vo 
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A BTOpbl 6naro.uapSIT npoc:P. M.A. M apKOBa 1 KoTopbiA o6paTHn HX BHHM8HHe. 

sa STOT BODpOC
1 

a TaK>Ke 1{ >Koy ryas-'I>K80 H Y'I8CTHHJSOB CeMHH8p8 npo¢. Map-

KOB8 M .• A. aa o6cy>K.aeaHe. 

n&TepaTypa 
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