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ilpn: llBHJKSHHH sapsrJKeHHOfi 'IaCTHUbl B OllHOpOll.ltOH Cpeae J?03HHK89T 

n:sny'IeHae BaBanoBa-qepeHKOBa Ha 'IacToTax, ansr KOTOpbiX noKa3aTenb npe-

/1 2/ . u 

noMneHHSI 6onbllle 9llHHHUbl 
1 

, nBlllKSHHe 'IBCTHUbl B HeOllHOpOllHOH cpeae. 

/3/ . 
conpoBOJKllaeTcsr nepeXOllHhiM asny'IeHn:eM • Hau6onhwasr HHTeHCIIBHOCTh 

Ha6nroaaeTCSI B o6~!1X cny'IaSIX B o6naCTH 'I8CTOT, 6nH3KHX K C06CTB9HHblM 

'I8CTOT8M Cp9llbl (nna3M9HHbl9 'I8CTOTbl, 8TOMHbl9 nHHIIII llOI"nOUISHHSI H 

T,ll, ), iloaTOMy 'MOJKHO OJKHll8Th, 'ITO Ha 'IepeHKOBC~OM H nepeXOllHOM n:sny

'ISHHH ')' -KB8HTOB llOnlKHO CKa3aTbCSI Hann:'IHe Sillep.ltb!X nn:HHH nornoweH!ISI, 

Hn:JKe paccMaTpaBaeTCSI BOnpoc 0 nepeXOllHOM n:sny'IeHHH y -KBaHTOB 

C SHepi"HSIMH, 6nn:3KHMH K SH9pi"HSIM B036yJKll9HHSI Sillep B9lll9CTBa,, 'Iepe3 

KOTOpoe nponeTaiDT penSITHBHCTCKHe aneKTpOHbl, 

nnsr onncaHn:sr alf>«iJ,eKTa ncnonhsyeTcsr !f>eHoMeHonorn'IeCK~fi·. noaxoa, B 

KoTopoM cpeaa y'IHTbiBaeTcsr c n9MOlllhiD noKasaTensr npenoMneHusr B ypa_13-

HeHHSIX aneKTpOM8I"HHTHOI"~ nonsr, 

B HHTepecyrolll:eM Hac cny'Iae. noKasaTenb npenoMneHn:sr He3Ha'IuTenbHO 

OTnH'I89TCSI OT 9llHHHUbl ll IIM99T BHll 

n= ( 1 ) 

3 



3AeCb E - aHeprH~ y -KBaHTa, N - qHcno ~Aep B eAHHHUe o6beMa, 

f (O,E) H f ( 0 E) 
~ a ' 

- aMnnHTYAhi ynpyroro pacce~HH~ cpoToHa BnepeA .. ' 

Ha ~pe H Ha aneKTpoHax aToMa. BenHqHHa f (O,E) 
~ 

BHYTPll ~epHoif nH-

HUH nornomeHH~ paBHa npoHSBeAeHHIO aMnnHTYAbi ynpyroro pesonaHcHoro 

pacce~HH~ Ha )!{eCTKO SaKpenneHHOM ~pe, KOTOpa~ AaeTC~ cpopMynoif _Bpeil:

Ta-BHrHepa, Ha Bepo~THOCTb pacce~HH·~ cpoToHa 6es nepeAaqH HMnynhca ~..: 

py. llocneAH~SI BepORTHOCTb B cnyqae, KOrAa Ae6aeBCKaSI TeMnepaTypa Be-

weCTB8 AOCTaToqHO BenHKa, a IIHipHHa peSOHaHCa r n.aHeprHR OTAaqH ~-

pa npH nornoweHHU y -KBaHTa Manbi - HMeHHO aTOT ·'cnyqaif. H 6yAeT HHTe-

peCOBaTb HaC B AanbHeifweM, 
/4/ 

COBllaAaeT C BepO~THOCTbiO acp¢eKTa ~ec-· 

c6ayapa f. • 
M 

llOACTaBnSIR B (1 ). aMnnHTYAbi. f (O,E) H g 
f :;;(O,E) , nonyqaeM 

n =1 
ll 

4 

r 
· 1r 

E-E +o . 2 

(Ll2 t 2 
n 

2E
2 

rAe E 0 - pesoHaHCHaH aHeprust, BenHqHHa 

211N (fi d 
ll=--

Ea 
0 

2J+ l. 

2J + l 
0 

1 --f 
l+a · M' 

y 

(2) 

(S) 

J , H J o - MOMeHTbi HApa B BOS6y)!{AeHHOM H OCHOBHOM COCTOSIHHSIX, COOT-

BeTCTBeHHO, a y - KoacpcpllUHeHT BHyTpeHHeH KOHBepCHH }' ,-KB8HTOB , 
2 -

2 ~NZe . 
Cll = --- - KBaApaT aneKTpOHHOH neHrMIOpOBCKOH qacTOTbi, e Z 

n m 
sap~ .stApa. 

BocnonhsyeMCH noKasaTeneM npenoMneHHH (2) AnSI noAcqeTa qHcna 

y -KBaHTOB, o6paSyiOWHXCSI npH nponeTe ynbTpapeiiSITHBHCTCKOrO aneKTpO

Ha qepes nnaCTHHKY KOHeqnoil: TOnlllHHhl, d 

nnst nonnoro qHcna y -KBaHTOB sa nnacTHHKOH B HHTepBane aneprHif 
. /5/ ' . 

' , B COOTBeTCTBHH C pesynbTaTOM pa60Tbi , HMeeM: ~E 

4 

\) 
.. 't 

,~·· 

-' 

2 . 2 11/2 '' a . 3 
l\1 = - f3 f dE f sin () 

"Eo. ~Eo 

2 . . 2 
cos () I B ( E' ()) I d () ' 

E 
1-xd 

2 tic 
. 

2 
. (x-y)(l-f3x)(l-f3 +f3x)e +(x+y)(l+f3x){l-J 

B( .E, ())~(n -0 [-----___;_..;. ___ _ 
E ·E 

2 -1-r,;-xd 1Tc""xd · 
l(x+y) e 0 ..:.(x-y )2 e 0 

. . 2 3 -1 E xd 

2x{l_-f3 _ ~ y -f32x2)e T;;{f 
-------

2 2 
l{l-f3 cos 

2 ~I E 
l(x+y) e7 roxd, 

' E . 
2 I roxd 2 2 . . 2 

-(x-y) e 0 .l(l-{3 cos.())( 1..;. f3 

rAe a - llOCTOSIHHa~ TOHKOH CTpyKTypbi, f3 - CKOpOCTb• a. 

nnuax c () - yron Me)!{AY HanpaBneHHeM ABH)!{eHHH a. 

paBnenHeM Ha6moAeHnst: 

'2 2 
x =\/ n -sin () 

2 
Y = n cos(). 

CAenaeM pstA .tionymenHif, ynpomaiOmnx BhPmcneHHe H. 

Bo-nepBhiX, saMeTnM, qTo TonwHHa · nnacTuHKn· saBeAoMo 1v 

AnHHbi BOnHbi' y .:..KBaHTOB, T.e. B aTOM CMbicne nnaCTHHKt 

BTOpbrx,. noTpe6yeM, qTo6hi na TonwHHe · nnaCTHHKH He npof 

TenbHoro nornomeHHH y -KBaH.TOB. CooT~eTCTByiOmee yen' 

TH SallHWeTCSI K8K 

d 
~ <1, 

''he. 
rAe d = -E- - xapaKTepHaH. Tonmnna nornowennst peso; 

0 ·' ll 0 ' . . 

KBaHTOB. l1 HaKOHeU, B-TpeTbHX, 6yAeM paccMaTpHBaTb pe. 

aneKTpOHhi, TaKHe, qTo B o6nac.TH pesonanca 

5 



1 ennHnue o6'beMa, 

lCCeHHHH ~OTOH8 5I!epeJl 

,E) 5HyTpU HJlepHoii nn

ynpyroro pesoHaHcHoro 

H naeTCH ~opMynoii Bpeii-

~eBCK8H TeMnepaTypa Be-

r H 9HeprHH OT)laqn HJl

OT cnyqafi H 6yJleT HHTe

'HTHOCTblO a~~eKTa Mec- · 

f 9(0,E) nonyqaeM 

(2) 

(3 ), 

IIOBHOM COCTOHHHHX COOT-

apCHH Y .-KB8HTOB , 

MroposcKoii qacTOThi, e Z 

[2)' nnH noncqeTa qncna 

peiiHTHBIICTCKOrO aneKTpO-

iKOH B HHTepBane 9Heprnii 
5/ 

t HMeeM: 

I. 
I 

I 
l 
j 
'' i 
' I 
I 
j 

'l . 

. ' 

l 

E 
· 1-xd 

E 
-1-:r:--xd 

2 tic 
{x-y)(l-{3x)(1-f3 +f3x)e 

B( E,e)=(n
2-0 [ 

2 no 
+(x+y)(l+{3x){l-f3 -{3x)e 

E ·E 
2 -l;r--xd .. 

2 
ly;;;-xd 

l(x+y) e ho -{x-y) e 
2 2 ,.:12 I (1-{3 cos O)(l-p X ) 

E . 
·. 2 3 2 2 - I roifxd 

(4) 

2x{l-f3 -{3 Y-/3 x)e · ------], 
2 .::.1-f;-xd 

------E--.-------
{{x+y) e ·. 0 

' 

2. I :r:-- xd · · 2 2 2 2 · 
-(x-y) e no .10-{3 COS 8}( 1- {3 X ) 

rne a - IIOCTOHHH8H TOHKOH CTpyKTyphl, {3 - CKOpOCTh· aneKTpOHa B eJlH-

Hnuax c · 

' ~ 2 2 
X=',/ n -sin 8 , y = n COS 8, .· 

(5) 

CnenaeM pHil nonymeHnii:, ynpomaromnx Bhi'Irr~'neHne HHTerpana ( 4), 

Bo-nepBhiX, saMeTHM, qTo TonmnHa · nnaCTHHKH saBenoMo MHoro 6onhru~.- , 

nmlHhi BOnHhi y -KBaHTOB, 'l'.e. B aTOM CMhicne nnacTHHKa ToncTaH, Bo

BTOphiX,. rroTpe6yeM, qTo6hi Ha TonmnHe nnacTHHKH He rrporrcxonnno 3Haqn

TenhHoro nornomeHHH y -KBaHTOB, CooTBeTCTByromee ycnoBne npospaqHoc-. 

TH 38I!HilleTCH KBK 

d· 
-"-- < 1, 
d.o 

. lie 

(6) 

rne d
0 

".: /lEo - xapaKTepHaR TonmnHa nornomeHnH pesoH~HCHhi x y -

KB8HTOB, l1 H8KOHeU, B-TpeThHX, 6yneM paCCM8Tpl1B8Th penHTHBHCTCKHEt 
,. 

9neKTpOHhi, TaKne, qTo B o6nac:rn pesoHaHca 

5 
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i. 

-\. ;, 1 2 
--<In -11 • 

2 "' y 
I (7) 

rne y2= (1- tl>-1· 
TiocKOnhKY rroKa3aTenh rrpenoMneHuH He3HaquTenhHO oTnuqaeTC5! oT 

enuHHUhi, nng Bbmonnenug rrocnennero ycnomrg neo5xonuMhi ynhTpapenRTH- · 
2 2 

BHCTCKUe sneKTpOHbi, B STOM cnyqae Benn:qnHa (1-{3 : ) B 3HaMeHaTene 

Bblpa)K8HU5! B( E t e ) . oqeHh Mana Jl115! yrnoB e nop5!JlK8 ~ H UMeHHO . y 

B STOll o5nacTII CKOHUeHTpnpoBaHo U3nyqenue. 113 ¢opMynbi Jl115! B ( E t e ) 
BIIllH? TaK)Ke, qTo nng aneKTpOHOB c sueprueii:, MHoro MeHhllleii suepr~cm, 

onpenenReMoii ycnoBneM (7), nHTeHCUBHOCTh uanyqeHIIH peaKo nanaeT. 

CnenaHHhie Bbiiiie npennono)Keuug no3BonmoT npencTaBnTh. _¢yuKmuo 

I B( E, O)l B Bnne 

IB(E O)l ln2-lllsin~(l-cos8)1 t "' ______ ;,p._Q ____ ....;;_ • 

(1- f3cos 0) sin 
2 e (8) 

Tipu5mt)K8HHOe Bblp8)K8Hne (8) n03B01IH8T npOBeCTH UHT8l'pHpOB8liH8 no yr-
:,: # -

naM .B ( 4) B ananuTuqecKOM Bun e. B pe3ynhTaTe ironyqHM 

rr/2 ' 2 · 
. 2 . • a 2 1 B(E, e>l d 4 2 [ c e ·I= IL f sm 0 cos(}----.- (J .. y ll +· n K...., 

0 ln
2
-ll

2 

(9) 

-COSK ciK- sinKSiK-K(sinKCiK- COSKSiK)]', 

rne K = d2 d , C = 0, 58·- ITOCT05!HH85! 3finepa, siK 
21l Y o x/ 

ci K - IIH-n 

rerpanhHbie CHHYCbl U KOCIIHyCbl COOTBeTCTB8liHO'· 

x/ · · 1 
LJ:ucnenuoe nHTerpup.oBaHne no yrnaM B (4) naeT xopolllee coBnanenne 

c npu5nn)KeHHoii ¢opMynoii ( 9). . 

6 

l 
i! 

t'y 
I' 

,~. 

f 
l 
I 
'I' 

i ,~\ 

I 
I 
I' 
I 

ll1 

I'~ 

'1 
,1~ 
;· 
,. 

,, 
i 

llng 8118KTpOHOB oqeHh 001Ihlllli::' SHeprnfi, KOI'Jl8 k<<1, 

npu5nn)KeHHO paBHa 

·1 d 2 2 do 
I"' - (-) {en 2y 1L-- C ). 

8 d 0 d 

Tip1i 3HaqeHURX K nopMKa ellnHnUhi, BennquHa Mano o· . 
'(lo), TaKHM o5pa30M, nepexon K ynhTpapenRTimucTCKHM sne 

' 
III8CTB8HHO CKa3biBaeTC5! Ha U3nyqeHUH y -KB8HTOB •. 

I1cn01Ih3Y5! Bb!p8)K8HU5! (2) II (9) H HHTerpupyg 8,(4) 

B o5naCTH /::;, E ~ r . nonyqaeM 
2 

r· 2 Wn t 2 t:.E 
M =a -1 [ 1+--( ---) --]. 

E 2 E r 
"'o "ll o 

Enymuua B KBanpaTHhiX cKo5KaX cooTBeTCTByeT' H3nyqenuro, 

Mepuoii qacThiO noKa3aTeng npenoMneHIHI, aTopoe cnaraeMo' 

sneKTpOHHyiO qaCTh. 

TiepeiineM K OOCY)I<Jl8HUIO B03MO)KH0CT8H 9KCnepUM8HTal 

)K8Jlll5! H3nyqeHH5!, CB5!3aHHOI'O c,.?illepHOM qaCTh!O noKa3aTenl 

Hy)KJibie Jl115! STOI'O XapaKTepHbie 3H8'IeHHH napaMeTpOB, BXO, 

( ) 
. x/ 

1Ihi 9-11 , npencTaBnM B Bnne Taonuuhl : 

57 Fe 119 Sn 

Eo (KSB) 14,4 24 

r 3. 3·10-13 10-12 

EO 2 t 2 
.. 

wn 1,3·10-5 4·10-6 

E2 1 ,4·10-5 2,5·10-6 

ll 
. 0 

do (eM) 9·10-5 2,8·10-
4 

Nd 0 
(-1-) 

CM2 
7,5·10

18 1019 

x/ ' 3JiaqeHH5! Eo , r H llPYI'liX BenuqnH, UCn01Ih30B8HflblX np 
IL , B35!Tbi nnSI 57 Fe n 119 Sn 113 /6/, nnSI Isa w - u3 

7 



I (7) 

·enhHO OTnH"l8GTC5I OT 

:>6XOLIHMbl ynhTpapenSITli- · 

{32 x·2) 
B 31!aMeHaTene 

:>pHnKa ~ ll IIMGIIHO 
y 

pOpMynLI AnH B(E,O) 

oro MeHhllleii sHeprnu, 

'"lGllllH pe3KO nanaeT. 

np~ACTBBilTh' 4JYHKU!I!O 

(8) 

~ JIHTerpupoaaiiue no yr

nony"liiM 

. (9) 

.. 

t8, siK II ci K - HH-

'<./'. 

T xopomee cosnaneHue 

.·; lr ;'t . ' 
·" 

nng sneKTpOHOB O"lGHh 6onhlllH?' SHeprn:ii, KOI'LIB k'<<l, BGn!I"lHH8 '11 

npu6nu:>KeHHO pa~ua 

1 d 2 2 do 
I "' __.. (- ) {Cn 2 y IL d- - C ). 

8 d 0 
(10) 

ilpu 3ll8"lGIIU5IX K nop5ILIK8 GAilHilUbl 1 BGn!I"lllll8 Mano OTnll"l8GTCS1 OT. . 
'(1 0), TaKuM o6pa3oM, nepexon K ym~TpapenSIT!mucTCKilM snekTpouaM; necy::-

llleCTBeHHo CK83b!B8GTC5I liB H3ny'!Gilllll y -KB8l!TOB ~ . 

J.1cnonh3YSI Bbipa:>Kel!ltSI (2) u (9) u uiiTerpupyH B.(4) no snepruSill.~ 

B o6naCT!I !!.. E ~ r . nony"laeM 
2 

r 2 Wn t 2 t!..E 
M =a -1[1+--(---) --]. 

E 2 E r 
· "o rr fl. o 

( 11 ) 

En_IIHUU8 B KBanpaTHblX CK06KaX COOTBeTCTByeT' uany"lGH!I!O, CB5I38Hl!OMY C 

Hnepuoii "laCTh!O noKaaaTenSI npenoMneHnSI, BTopoe cnaraeMoe y"li!TbiBaeT' 

sneKTpOHHYlO "l8CTh, .. 
ilepeiit:~eM K 06Cy)KL{9Hll!O B03MO:>KHOCTell 9KCnepJIMGIITBnhHOI'O 06HBPY:

:>K9l!l15I uany"leHuH, CBH3aHnoro c srnepuoii "lBCTh!O noKaGaTenn npenoli.Weiiun.··. . '' ,. ' . '·· 

Hy:>KHhie nnn aT oro xapaKTepHbie ana•Ie!IHH napaMeTpoB, sxonmuue, B ljlopr\1y-
x/ . I 

nbl (9-11 ), npet:ICT8BilM B B!IJ:(e Ta6nJIUbl : 

57 . 
Fe 119 Sn 

Eo (KsB) 14,4 24 

r 3·,3·10-13 10-12 

Fo 2 t 2 1,3·10-
5 4-10-6 

wn 
Eg -5 2,5·10-

6 
1 ,4·1 0 

fl. 
9·10-5 2,8·10-

4 

d 0 
(eM) 

Nd 0 
(-1-) 

cM2 . 
7,5·10

18 1019 

IS~ \Y. 

46,5 

6,5·10-
11 

2,5·10-6. 

2,9·10-
6 

.1 ,4•10-4 

8,7·10
18 

x/ 3Ha"le!IJIH Eo • r 11 npyrux BenU"liiH, ucnonh30B8l!lib!X npu. H8XO:>KJ:(9Hilll 

f1. , saHTbi t:~nH 57 Fe u 119 Sn na /6/, t:~nH 18
3 w - us 

17.1. 
7 
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'' 

·' 
I1s cjJopMynbt ( 11) cneJlyeT, 'ITO Hau6onhmee 'lncno ·Y. -KBa~ToB: c · aHeprnsi-

. . ' 

Mll BHYTPII nuHlili IIOI'nOIIIeHUH MO:llmO nony'lliTh, RCIIOnb3YH '·SIJlepHbie ypOBHli ' r . .,. . . . 
c 6onhlllliM sHa'leHueM OTHOllleHliH "E-;;- • 3To ycnonne · Ii~mon.HHeTCH JlnH 

BhiCOKliX ypOBHeii B036y)KJleHUSI HJlpa, OJlHaKO TOI'Jla B COOT.Be:CTBlili C !flop;.. 

Mynoii (7) Tpe6yiOTCSI sneKTpOHbl C HeJlOCTli)KliMbiMli B H8~TOSIIIIee BpeMSI 

9Hepi'liSIMli. fiOSTOMy Mbl OI'paHli'lliBaeMCSI. paCCMOTp'eH!IeM TOnbK.O. Ile~BbiX 
B036y)KJleHHbiX ypOBHeii C 9Hepi'liSIMli IIOpM~a i:tecSITKOB K9B. 

llnH 06Hapy)KeHHSI acjJcjJe~T8 He06XOJlliMO paSJlenliTh nepexoJiHoe usny-

'IeHne, o6ycnonneHHoe SIJlepHoii n aneKTpOHHOii 'lacT9Mu;noKa3aTenn npenoM

neHnH. 3To pasJleneHne MO)KHO ocymecTBliTh, usMepSIH nenu'luHy _M_ 
· AE 

B 

o6naCTU A E » r u Ha lllupuHe nunnu rrornomenun. 

Bo BTopoM cny'lae rrpui'OJlHbi OllbiTbi . no peaonaHCHOMY nornomeHUIO 

nnn pacceHHHIO ( acjJcjJeKT Mecc6ayapa). I1s rrpuBeJleHHOii Bbtllle T·a6nliiibi BliJl-
t ' 

HO, 'ITO BenU'IliHbl /L li (~ )2 IlpliMepHO paBHblo 0CHOBbiB8HCh Ha 9TOM, 

Eo . 
us cjJopMyn (9-11) saKniO'IaeM, 'ITO B o6nacTu AE.>>r ocHonHoii BKnaJl n 

nepeXOJlHOe HSny'IeHne Jl8IOT aneKTpOHbl, a B . o6naCTli AE ... r' BKnaJlbl OT 

aneKTpoHoB H HJlep - OJlHoro nopHJlKa. B pesynhTaTe . sna'IeHun nenn'IHHbi 

JlOn)KHbi saMeTHo pasnu'IaThCH nHyTpu u BHe nuHnn· nornomeHus;r. 

M 
AE 

fJOMliMO rrepeXOJlHOI'O usny'IeHliH, CBH3aHHOI'O C aneK'I'pOH8Mli, He06-

XOJlllMO TaK)Ke BbiJleliUTh cjJOH TOpM03HOI'O HSny'IeHHH, KO'I'Opoe JlO CliX IIOp 

Mbl He IIPllllliManu BO BllUMaane • 

. 0THOllleH!Ie 'IliCna nepeXOJlHblX Y -KBaHTOB K 'IliCny TOPM03HbiX y 
. . . . /8/ .' •. 

onpeJlenneMoMy cjJopMynoii EeTe-faiiTnepa , paBHo: 

. l+-2-tnii_)4 AE . .• 
~ !;! _d _____ j!y..:__~ __ r_ ____ . --- __!£_:_ '. 
M 2d' 2 2 d2 

T o N d r 2 Z (...!!.. Cn l83 +-) {- )''AE 
o o 3 . --ztl3 9 .. do . 

KB8HTOB MT 

·I 
(12) 

I'Jle r 0 - Knaccu'IeCKHii paJlnyc aneKTpoHa. 

·,. 

I '· '~, 
8 

l 

' 

flocKOnhKY JlnH ncex npnneJleHHbiX ane~eaToB nenu'IHHI' 

HO OJlli.IlaKOBa, H3 cjJopMynbi ( 12) cn~JlyeT 3H8'IliTenhHOe yMe 
M . . . 

'lliHbL M c pocTOM Z · • linn nerKHX sneMeHTOB cjlon 1 
T . 

ny'leHliH MO)KeT 6b!Th JlOCTaTO'IHO ManbiM, 

B cny'Iae, KOI'Jla cjJoH nenuK, MO)KHO yKasaTb 

neHJ:IH TOpM03HOI'O II nepeXOJlHOI'O nsny'IeHliH'BHyTpli HJlepHO 

III9HliH JlnH ypoBHeii C JlOCTaTO'IHO 6onblllliM BpeMeHeM )KH3Hl 

3aKniO'IaeTCH B HCIIOnh30BaHlili HMIIynhCHOI'O aneKTpOHHOI'O n 

TenhHOCThiO uMrrynhca, Manoii no cpanHeHniO c npeMeHeM )KJ 
' - . ' 

flpu STOM TOpM03HOe usny'IeHne 6yJleT B03HHKaTh npaKTH'Ie< 

sneKTpOHaMH, TOI'Jl8 KaK· JlnH o6pa30B8HHH nepeXOJlHOI'O usn; 

MepHoii nnann nornomeHHH Heo6XOJlHMO npeMH nopHJlKa npe1 

x/ T . ypOBHH o . 8KHM )Ke· o6pa30M 'MO)KHO BbiJlenHTh H rrepeXOJli 

o6ycnonnenHoe sneKTpOHHOii :qacTbiO rroKasaTenn rrp.enoMneHF 
. . 
Ilpll S.TOM CIIOC06e cjJOHOM, CBH38HHb1M C KynOHOBCKliM B036y: 

~O)KHO npeue6pe'Ih, T.K. ns-aa 'nsoTponHoro. xapaKTepa nan~ 

CliBHOCTb ero Mana. 

llmi npuMepa paccMoTpHM nepexoJlHO~ nsny'IeHne aneE 

TaiOIIIHX 'Iepes rrnacTHHKY us onona, B o6nacTn anepruii . } 

neTcTnyromeii nepnoii nnann nornomeHHH 
119 

Sn 

B sToM cny'Iae nepeXOJlHOe nsny'Ienne MO)KHO Ha6niOJli 

sueprnii aneKTpoaon oKono 300 Man. Tonmnaa miacTHHKH Jlon: 

Tonmul!bi d 0 , yKasauaoii B Ta6nnue. I1aTeacnnaocTu nsny~ 

nae Mepaoii nnann nornomeunn oTnn'IaiOTCH npuMepHo B JlE 

x/ . 
llpyroii BOSMO)KHbiii cnoco6 saKniO'IaeTcst B. ncnonhsonann 

Me30HOB BMeCTo·aneKTpOHOB. flpH,STOM HHTeHCHBHOCTh TO~ 
'IeHHSI yMeHblll8eTCSI Ilp0110pUliOH8nhHO ~BaJlpaT~ OTHOllleHHS 
na n p. -Me3oHa, B TO npeMH KaK' riepeXOJlHOe · nsny'Ienne 1 
;-taccbi nponeTaromeii 'IaCTHU~I. HeJlOCTaTKOM TaKoro MeTOJli 
cyTCTBHe B HaCTOHIIIee BpeMH Jl0CT8TO'IHO UHTeHCHBHblX ny~ 

SO HOBo 
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.. 
•, 

no Y ~KBaHTOB·C · 9Hep~HR-
' -~', 

ICHOnh3ySI '·srneplible ypOBHH 

ycnoBHe Iihmon.HsreTcsr nnsr 

naB,COOTB9TCTBHH C ~op

IMH.B HaCTOSIIUee BpeMSI 

>Tp.eHneM ronbKO. nepBhiX 

;SITKOB K9B, 

nenHTb nEipexoftHoe H3ny- • 

. . 
cr.srMII noKa3arensr npenoM-

M 
19pSISI BOllH'II1HY 11 E • B 

:IIsr. 

>liaHCHOMy _no~nOIU9HIIIO 

l9HHOH BhiiUe TaOlliiUhl BHA

BHhl, OcHOBhiBasrcb ua aTOM, 

~>>r OCHOBHOH BKnan .B 

aCTH 11 E ... r BKnanhi OT 

~11 no~nomeHIISI. 

'·' 
o C an~KTpo~aMH, He06-

~IIsr; Koropoe no .cux nop 

K 'IHCny TOpM03HbiX y -
u .• /8/ : : . 

·faiiTnepa ., paBHo: 

(12) 

. i.'. 

'1' 

n OCKOnhKY nnsx BCeX npiiBeneHHh!X aneMeHTOB Benii'IIIHfl N d 0 

no oJliiliaKoBa, Il3 ~opMynhi ( 12) cn~nyeT 3Ha'luTenhHoe yMelihllleHIIe Benii

M 
C pOCTOM Z. , nnsr ne~KHX aneMeliTOB ~Oii TOpM03HO~O H3-

~OH BOlliiK 1 Mo~uo yKa3aTb cnoco5 pa3Jle-

neHIISI TOpM03HO~O II nepeXOAHO~O H3lly'leHHSI'BHYTPII SIAepHOH llHHHH no~no

IllOHHSI Jlnsr ypoBHefi c JlOCTaTO'IHO 5oni.mnM BpeMeHeM ~H3HH. 3ToT cnoco5 · 

38Klli0'189TCH B HCHOllb30BaHHI1 HMnynhCHO~O 3ll~KTpOHHO~O ny'IKa C JlllH

T9llbHOCTbiO HMnynbca, Manoti no .cpaBHOHIIIO C BpeMeJieM ~H3HII ypOBUSI, 

llpH aTOM TOpM03HOO I13lly'leHIIO 5yJleT B03HHK8Tb npaKTH'IOCKI1 BMOCTO C 

3llOKTpOHBMH 1 TOrJla KaK JlllSI o5pa;OB8HHSI nepeXOilHO~O H3llY'IOHIISI BHyTpH 

SIAOpHOH llHHIIII no~nOIUOH11SI HOOOXOAHMO BpOMSI nopSIJlK8 BpeMOHH ~H3HH .. 

x/ T 5 · · ypoBnsr • . aKHM ~e o pa3oM MmKHO BhiJleniiTh 11 nepexonuoe u3nyqenne, 

o5ycnoBneuuoe aneKTpOHHOH :qacTbiO. noKa3aTensr np.enoMneHIISr, OcTa!OlUIIMCSI 

npH 3.TOM cnoco5e ~OHOM 1 CBSI3aHHhiM C KynoHOBCKHM B03oy~AeHHOM SIAep, 

~O~HO npeHe5pe'lb 0 T,K, II3-3a H30TpOnHO~O XapaKTepa H3ny'IOHHSI; HHTOH

CHBHOCTb e~O Mana, ., 
nnSI npuMepa paCCMOTpHM nepeXOilHOe H3lly'ICHHO 3llOKTpOHOB 1 npone

Ta!OtuHX 'lepe3 nnaCTHHKY H3 OllOB8 1 B o5naCTII 9H9p~IIH . }'-KBaHTOB, CO!)T,;, 

BOTCTBYIOtuefi nepBofi nnHHH no~nollleHHSI 119 
Sn 

B aTOM cnyqae nepexoJlHoe H3nyqeune MO~Ho ua5nronaTh, Ha'IIIHasr c 

auep~Hfi aneKTpoHoB OKono 300 MaB. TontuiiHa nnacTHHKII JlOn~ua OhiTh MeHhllle 

yKa3aHHOH B Ta5nii'Ue, I1HTOHCIIBHOCTII H3ny'leHIISI · BliyTpii II 

BHO SIAOpHOH lliiHIIH no~nomeHHSI OTllH'IaiOTCSI npHMepHO B )lBa pa3a.' 1.Jucno 

x/ . . 
npy~ofi B03MO~Hblfi CHOCOO 3aKniO'IaOTCSI B HCHOllb30BaHHI1· ny'IKa ll 

M030HOB BMOCTO' aneKTpOHOB, llpii ,9TOM HHTOHCIIBHOCTb TOpM031iO~O !f3lly- _:._ 

'leHIISI yMeHhlllaeTCSI nponopUIIOHa~hHO ~maJlpaTy · ~TUOilleHIISI Mace aneKTp.o-. 

Ha II ll -M030H8 1 B TO BpeMSI KaK nepeXOJlHOe. H3lly'IOHIIO HO 3aBIICIIT. OT 

MaCChi llponeTaiOtueH '18CTIIUhl, He)lOCT8TKOM TaKO~O MOT0Jl8 SIBllSIOTCSI OT-

cyTCTBHe B HaCTO~IUee· BpeM'sr' ilOC,TaTO'IHO HHTOHCII,BHblX ny'IKOB ll -Me;_ 

30HOB, 
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hepexonH~>rx Y -1maHTOB npn d.; d 0 · Ha nopsmox . Obi III~ •:nrcna TOpM03Hnrx. <Po

HoBoe nanyqeHne, B:bi3BBHHOe HeKorepeHTH:biM KynOHOBCKHM B036y:1KJ:t9Hli9M . . .. . l . 
srnep, Mano no cpaBHemno c nepexonH~>rM B TenecHoM yrne nopsrnKa --:r· 

• y 

npu ;SHeprnsrx aneKTpoHoB nopH.nKa 1 raB. HaMepeHne ero MO~Ho npoBeCTH 

Ha yrnax, 3HB'IHTenbHO npeBOCXO.IlHillliX yron ·L o nnsr OU9HKH. 06III9I'O 
. ~- . 

• 'IHCna y -KB8~TOB 1 nanyqaeM:biX B 9.1lliHHUy_·-BpeMeHH 1 6y.neM C'IHTBTb, 'ITO 

HMeeTCSI aneKTpOHH:bill TOK IIOpSI,l:lKa HeCKOnhKHX MHnJIHaMnep,. TOI'.Ila HHTeH-

CliBHOCTb rrepeXO.IlHOI'O nany'l:eHHSI BHyTpH nHHHH rrornoiiieHHSI rropsrnKa 
-9 

10 K!OpH, 'ITO Ha MHOI'O IIOpSI.IlKOB M9Hbiiie aKTHBHOCTH 9CT9CTB9.1l:H:biX HC-
; 

TO'IHlfKOB 1_ IIpHM9HSI9M:biX iB ·OII:biTaX IIO peaoHaHCHOMy pacceSIHHIO H IIOI'no-

III9HHIO o 

Ho B oTnnqne OT naoTponHoro nany'l:eHnsr ecTeCTBeHHnrx_ncTO'IHHKOB 

nepexonHoe .uany'l:eHne, KaK Y*e OTMe'l:anocb B:biiiie, CKOHUeHTpupoBaHo B 
. l -6 . . 

ManoM TeneCHOM yrne IIOpSI.UKa - < 10 • floaTOMY aljlljleKTHBHasr HHT9H~ 
. 2 -y 

CHBHOCTboiiepeXOJ:tHOI'O Hany'leHHSI .y- KBaHTOB COIIOCTBBHMa C HHTeH-

CHBHOCTbiO 9CT9CTB9HH:biX HCTO'IHHKOB. 

B aaKnJO'l:eHne aBTOpnr Bnrpa:1KaJOT 6naronapHOCTb E.M. EonoTOBCKOMy 
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IT~e qncna TOpM03HhiX, <Po

:>HOBCKIIM B036y)K.rl9HII9M 
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HOM yr-ne IIOpSil:IKa -, 
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~Hile _ei'O MO)KHO IlpOBeCTII 

>. , nnSI OU9HKII. 06lllei'_o 
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~llnnllaMrrep,. TOI'l:la IIHTea-
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My pacceSIHIIIO 11 nor-no-
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