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1. He.uaBHO 6bma ony6nHKOBaHa pa6oTa , B KOTopoil: BbiCKaaaHa H.UeSI 

o ToM, 'ITO ".uHaroHanbHbie"· H "HenHaroHanhHbie"' 'lneHbi raMHnhTOHHaHa cna-

6biX B38HMO.ll9ii:CTBHil:. HHK8K He CBSI38Hbl H MOI'YT HM9Tb COBepWeHHO paaHyiO 

npHpo.uy. B TO BpeMSI KaK He.uHaroHanbHbie cna6bte npoue.ccbi .uoBonhHO xopo

wo H3Y'I9Hbl 1 .llO. nocne.UH9I'O BpeMeHH HHcjJOpMaUHSI 0 .llHBI'OHBnbHblX 'ln9H8X 

I'8MHnbTOHH8H8 cna6biX B38HMO,lleii:CTBHil: OTHOCHnacb B OCHOBHOM K HyKnOH;-. 

HOi!: 'IBCTH raMHnbTOHHBHa H 6a3RpOBanaCb Ha onbiT~X no HCCne.UOBBHHIO acjl-

. . /2-5/ 
cjleKTOB HecoxpaHeHHSI 'leTHOCTH B SI.uepHbiX nepexo.uax • HeKoTopaSI ~f_H-

_cjlopMaUHSI 0 c;;ve Hve e) 'lneHe raM.linbTOHHaHa B38HMO.Ueil:crBHSI 6bma nony'le

aa H3 OnbiTOB C H9HTpHHO Bb!COKHX 8H9pi'Hil: ( BepXHHH npe.uen acjlcjleKTHBHOil: 

/6/ 
KOHCTBHTbl B38HMO.ll9ii:CTBHSI, CM., HanpHM9p

1 
) , a T8K)K9 H3 aCTpOcjJH3H'Ie-

/7/ 
CKHX )lBHHblX 

3KcnepHM9HTb! no H3Y'I9HHIO peaKUHH 

v +e-+V +e 
e e ( 1) 

C HCnonb30B8HH9M B K8'19CTB9 HCTO'IHHKa aHTHHei!:TpHHO MOWHOI'O ypaHOBOI'O 
~ 

peaKTOpa npOBO.llSITCSI H nnaHHpyiOTCSI B H8CTOSIW99 Bp9MSI HeCKOnbKHMH rpyn..;. 

/8,9/ 
naMH sKcnepHM9HT8TOpOB ' • 

B aToi!: aaMeTKe o6cy)K.llaeTcSI npouecc ( 1) npH caMbiX paanH'IHbiX npe.u-
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nonomeHHHX o B3aHMoaeficTann aHTHHefiTpnHo n sneKTpoHoB. ByayT paccMoT-

peHbi cneayrowne B03MOmHocTn: 
1,. 

I)'. ITpouecc pacceHHHH. aHTHHefiTpnHo Ha sneKTpoHax o6ycnasnnsaeT

CH lJ9Tbipex!jlepMHOHHbiM cna6biM B38HM.Oll9HCTB119Mo 

2). ITpouecc v e e -paccenHHH o6ycnasnnsaeTcH "aHoManbHbiMn'· sneK-. . . 
TpOM8f'HHTHbiMH CBOHCTB8MH HefiTpHHOo 

Mbi BbilJHcnnM cneKTp sneKTpoHoB oTaalJn B npouecce. { 1) c aHTHHefiT..:.· 

pl!HO OT ypaHOBOf'O peaKTOpa 11 flOKameM 1 lJTO H3MepeHne STOI'O Cll9KTpa no-

3Bonnno 6bi caenaTb BamHbie 3aKniO'JeHnH o xapaKTepe "tmaroaanbHoro" 

V e e -B38HM0Jl9HCTBHH0 

2. HalJHeM c paccMoTpeHHH npouecca pacce·HHHH aHTHHefiTpnao Ha sneK

TpoHax 'B cnylJae, KOI'Jla s!jl!fJeKTHBHbifi f'8MHnbTOHHaH B38HMOJ:tefiCTBHH HM9eT 

cneayrownfi o6wnfi Bna: 

J(= ~ (eO 1 v)(v8 [0 1 (G 1 +y' 5 G~ )] e ). 
J=S,V .. T,A·,P { 2) 

3aecb e n v e: - onepaTop-bi sneKTpOHHoro n uefiTpliHHoro nonefi, 

8 V . T A 

0 =I, oa"'Ytz '.oaf3=Uaf3• Oa=Ya Ys 
!' 

p 

0 = Ys • 

H3 ycnoBHH spMliTOBOCTH raMnnbTOHHaHa {2) cneayeT, lJTO 

G* G: G' G'* G' G'* G'* G' 1.= I 1' P =- S ' A = V ' T =- T {3) 

llnH CelJeHHH paqceHHHH flOnHOCTbiO nonHpH30B8HHb!X { npaBb!X) 8HTHH9HTpHH0 1 

• , x/ 
Ha s neKTpoaax nonylJaeM H3 { 2); cneayrowee BbipameHne .. . " 

x/ 0TMeTHM1 'ITO celJeHne · v e - e -pacceHHHH MomeT 6biTb nony!Jea:o H3 ( 4), 
ecnH B !fJnrypHb!X CK06KaX BbipameHHH (4) 3aMeHHTb (pq) :(pq ') 

4 

,. 

' . .). 

-·--.:...: 

rae 

il u. I I 2 2 2 ~ 
-( .}2 I (pq) [IF

8
1 -+'IF ·I -BIF 1

2
]. pq • .. p T 

-=--.,-
dt :I67T 

+ 2 [ ( p q ~.) 2 
+ -7 t ( l·+ 2 ~ 2 

} H I F v' 12 +: I FA 12 + 8 I F T 12 
] 

2 I · 2 · 
+4[(pq ') --t(t+:2m }]Re[FvF;,_-(F

8
+FP)F;.l 

4 

2 . 
+m I Re·[F8 F.;' -FPF; +6(FV-FA)F; 1 I, 

F =G -G',F =G +G'*,F =G + G' 
8 8 8 p p 8 v v v 

FA= .GA +_G;* ' F T= GT- G; • 

B BbipameHnn { 4) 

{ , ) 2 (' ')2 , t, 
t = q - q = p- p ' pq = pq + -

2 

(q H p (q'·H p ') 

sneKTpoHa, a m 

4 - HMnynbCbl .HalJanbHbiX {KoHelJHbiX) l 

Macca aneKTpoHa)~ 01JeBnaHo, lJTo 

t=2mE, 

p• q =-m Ev 

rae . E KHHeTHlJeCKaH , 9Hepf'HH aneKTpOHa B n~c., a E 
neT8IOW9f'O aHTHHefiTpHHO B n.c. 0TMeTHM1 lJTO npn !fJnKCHpOI 

E KHHeTHlJecKaH aaeprnH sneKTpoHa v 

5 

E H3M9HH9TCH 



" . !KTpoHoB, EyJlyT paccMoT-

~TpoHax o5ycnaanuaaeT-

:cSI "aHoManbHhiMH" aneK-

·. 
!pouecce. { l) c aHTHHeil:T-:: 

~peHHe aToro crreKTpa no:.. 

epe' "JlHaroHanbHoro" 

:HSI 8HTHHeil:TpHHO H8 aneK~. 

H B38HMOJleil:CTBHSI HMeeT 

)] e ) • { 2) 

fiTpHHHoro rroneil:, 

T • {3) 

{ IIp8BhiX) 8HTHHeil:TpHHO 
x/ 

:eHHe : 

:eT 5biTb riony'Ieao H3 ( 4), 
HTb (pq)~{pq~) 

I 
1 
I 

I 
I 
1 
! 

I 

rJle 

du. I I · 11 2 2 2 
-=- -.-2 I {pq) [IF I -+'IF ·I -BIF I l+ 

dt 1677 {pq) · S P T 

2 I · 2 · 
+4[(pq ') --t{t+2m )]Re[FvF~-(F8 +Fp)F';,] + 

4 

+m 2 tRe[F F* -F F* +6(F -F )F*·] I 
S V P A. V A T ' 

F =G -G',F =G +G'*,F =G + G' s ssp p s v v y.. 

B Bhipa)l{eHHH ( 4) 

t =(q'-q) 2=(p-p')2' p q ' = p q + _t_. 
2 

(4) 

( 5) 

(q H p (q''u p ') 4 - HMrrynbChl Ha'lanbHhiX (KOHe'lHhiX) 8HTHHeil:TpHHO H 

aneKTpoHa, a m - Macca sneKTpOHa), QqeBHJlHO, 'ITO 

t=2mE, 

( 6) 

rJle E - KHHeTH'lecKaSI. aHeprHSI aneKTpoHa B n.c., a E 11 - aHeprHSI Ha-

neTaiOmero aHTHHeil:TpHHO B n,c, OTMeTHM, 'ITO rrpH cpHKCHpoBaHHOM 3Ha'leHHH 

E KHHeTH'lecKaSI SHeprHSI sneKTpoHa E 
II 

5 

H3MeH5IeTC51 B HHTepaane 



O<E< 
m +2E v 

> • 

~',.. 

: (7) 

Bbi'IHCnHM cneKTp sneKTpoH()B ·oT.oatiH B npouecce pacce.HHH.H aHTHHeii:TpHHo 

Ha 3l!9KTpOHaX .llrt.H cny'la.H, KOr,lla HCTO'IHHKOM aHTHHeii:TpHHO .HBli.H9TC.H ypa

HOBbiil: peaKTOp. 
: 

CneKTp aneKTpoHoB OT.lla'IH B cnytiae, Kor.oa na.oaromHe aHTHHeii:TpHHo 

H9MOHOXpOMaTH'IHbi1 .oaeTCH cne.oyromHM Bbipa:lK9HHeM: 

da 

dE 

max 
Ev 

J 
.mJn 

E {E) 
v 

max 
Ev 

~ n (EJd E;v / J n (E;JdEv 
dE o 

( 8) 

3.oecb n (E v)- !flyHKUHH, xapaKTepHayroma.H CII9KTp aHTHHeii:TpHH0 1 a 

.min · E ---rm; 
E (E),-(l+v'l+--). 

v 2 E ( 9) 

Bbi'IHCnHM cneK:rp sneKTpoHoB OT.lla'IH .onH cne.oy:tomHx BapHaH:roB tieTbipex

!flepMHOHHoro B3aHMO.lleii:CTBHH: 

1) V-A - BapHaHTa C KOHCTaHTOil: B3aHMO.ll9ii:CTBH.H G 0 , KoTopa.H 

MO:lKeT oTnH'IaTbC.H ·OT o6bi'IHOil: KoHcTaHThi, cna6biX BaaHMO.lleikTBHil: G 

2) BeKTOpHoro (akCHal!bHOro) BapHaHTa B3aHMO.ll9ii:CTBH.H; 

3) cKan.HpHoro (nceB.llOCKanHpHoro) BapHaHTa B3aHMO.lleil:cTBHRo . . . G . 
ITonara.HBBbipa:lKeHHHX (4) H (5) Gv"'GA"'G'v,Ji-' G 1 ,G;,O(i~V,A), 

' i 

nonytiaeM: .cne.oyromee Bbipa:lKeHHe .llli.H cetieHH.H v e :..pacce.HHmi B cny'lae 
e 

V- A ..:aapH&HTa B3aHMO.lleil:cTBH.H: 

2 
da G . l t ) 2 

( ____.;.) "' ---:...D.. --. (po q + - . • 
dt V-A TT (p•q)2 2 

'{10) 

6 

;iii\ 

~~' 
j1 

': ·~ '_ 

'.\ 

l 
·.\{'·,. J 
l 
.1 

"C 

nn5J OCTal!bHbiX paccMaTpHBaeMbiX BapHaHTOB ~B?aHMO.lleil:c'I . 
.OHM: 

. ' 

-. 
.2 . . 

d a \ G v {A) L t · 2 l (_._) ·=-- --[(pq+-.) +--tGt-t 
dt . V(A) 8rr (pq)2 2 4: . 

(~) -
dt S(P) 

2 

~ 
16 TT 

'·· 

' 
da 

Bbi'IHcneHH.H senH'IHHbi - 6hlnH npoBe.oeHhl co c 
dE - /10/ 

pHHO oT ypaHoBoro peaKTopa, no~y'leHHhiM B pa6oTe · • 

.'1HCli9HH.H IIpHB9.ll9Hbl B m;pBbiX Tpex KOliOHKax Ta6mi:Ublo K 
- '-

liHUbi1 CIIeKTp 3li9KTpOHOB OT.lla'IH B cnytiae V-A - B3aH! 

mecTBeHHO .OTli.II'IaeTC.H OT CIIeKTpOB 3li9KTpOHO.B OT.lla'I.H .Ill! 

CMOTpeHHbiX Bap.HaHTOB. 

Ta6n.Hua 

Crr~KTP 
ce.HH.HH 

sneKTpoHoB OT.lla'I.H d <i" /dE B rrpouecce 

(aHT.HHeii:Tp.HHO oT peaKTopa). B Ta6n.Hue 

3H?tieH.H.H d a"'/ dE B e.o.HH.Huax . a 
0 

"·e 

IIp.II 

Baa.HMo

.oeil:cTBHe 

0 ~ 
·1.0 
1.5 
2.0 
3.0 
4.2 
5.5 
6.7 

; 

V-A 

- 2 

2Gn m: 
. -TT. 

2 10_.1 
-2 

9.8 10-,2 
4.8 10-2-
1.0 10-3 
1.5 10-4 
1.8 10-5 
3.6 10. 

:; 

v 

• 2· -

-~ 
4rr 

-1 
4.5 10-1 
3.2 10-1 
2 • .3-10:._1 

. 1.0 10-2 
2.8 10-3 
4.9 10-3 
1.2 10 

7 

s 

-'2 ' 

·~ 
8rr 

-1-
6.6 10 .:.1 
4.7 10_1 
3.2 10-1 
1,3 10-2 
3.510_3. 
5.8 10-3 
1.4 10 

., 

3neKTp1 

MarHHTJ 

.. pa.oHyc 

R2
m{ 

TT--

7.8 10~ 
5.1 10-: 
3.4 10-: 
~1.3 10-; 
3.4 10-; 
5.6 w-: 
1.4 10-.: 



: (7) 

pacce.IIHH.II 8HTHHeitTpHHO 

rHaeitTpHHO·HBn.IIeTC.II ypa• 

nat:ta~mHe SHTHHeitTpHHO 

eM: 

( 9) 

·nmx Bapnaa:ros 'I9Tbipex-

efiCTBH.II G 0 , KoTopas 

:IMQll9HCTBH.II; 

:l B38HMOll9HCTBIISi, 
G . 

G~=_Jf· G 1 =G;~o (i"V,A), 
~ •. . ' 

. e -paccesan.II B cny'Iae 
e ' 

' ( 10) 

\f. 
il • ..... 

·--·~---· - . 
\ -

I 

\/ -

nn.II OCTanbHblX paCCMaTpHB89MbiX BapHaHTOB- ~B38HMOt:teitCTBH.II H3 ( 4 ), aaxo-. 
llHM: 

2 -
d 0' G v (A) . - 1 - l • 2 1 2 

(___.__,) '"'-- ~[(pq+-) +-t~t.t 2m J), 
dt V(A) 817 (pq)2 . 2 4 .-

( 11) 

.. 

(~) = 
d l S(P) 

2 
G scr> 

16 17 

( 12) 

da 
BbPmcneaH.II aenH'IHHbi - 6bmH npoaeaeabi co cneKTpoM aHTHHeitT-

dE /10/ 
pnao oT ypaaoaoro peaKTopa, rro':y'IeHHbiM B pa6oTe Pe3ynbTaTbi Bbi-

'IllCneHH.II rrpHB9ll9Hbl B rrepBbiX Tpex KOnOHKaX Ta6nnUbi~ KaK BHllHO H3 Ta6-
• "' ., ' .• 

nHUbi1 CUeKTp aneKTpOHOB OTllS'IH B cny'Iae V-A - B38HM.Ot:teitCTBll.II cy-

mecTB9HHO OTnll'I89TC.II OT CII9KTpOB aneKTpOHOB 0Tll8'Ill t:tnH OCTanbH.b!X pac

CMOTpeHHbiX BapnaHTOB, 

CrreKTP 

ce.IIHHH 

B3anMo

aeficTBne 

~ 
·1.0 
1,5 

; 

·Ta6nnua -aneKTpoaoa OTt:ta'IH d ;i'jd E B rrpouecce 

(aaTHaefiTpHHO oT peaKTopa), B Ta6nHue 

3H?'IeHH.II d u~/ dE B et:tHHHuax u 
0 

11 e e -p~c-

npnaet:teHbl 

3neKTpo-- MarHIITHbill: 
V-A v s MaranTHbrit MOM9HT 

. paanyc 

'2 
R

2
me

4 e 2p. 2 e 2 -~ -(-) 
817 17 417 m 2m 

-2 • 2-
2Gn m -~ 

1T 4rr 

-1- -1 -1 
6.6 10-1 7,8 10-1 1.8 10:_2 2 10-1 . -1 

-2 4,510_1 
4,7 10_1 . 5,1 10-1 6.8 10-2 
3.2 10-1 ?·4 10-1 2,9 10-3-
1,3 10-2 1.3 10 ... 2 5,8 10-4 

9.8 10-2 3,2·10-1 
2.0 4,8 10-2 2,3-10:_1 
3,0 1,0 10-3 - 1.0 10-2 

3,5 10_3 3.4 10-3 7.7 10-5 
5,8 10-3 5,6 10-3 8,0 10-5 
1.4 10 1.4 10 1.5 10 

4,2 1,5 10-4 2,8 10-3 
5.5 1.8 10-5 4.9 10-3 
6.7 3,6 10. 1.2 10 

7 
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BemP:IIIHa 
d; 

V-A ' (--.dE) nanaeT c pocToM aHeprnn aHa'!HTenbHo 6biCTpee
1 

'19M ( ~; ) ~(A) H ( if )S(P)• :3To CB5138HO C T9M 1 'ITO p~CC951HHe 8HTHH9HT-

pHHO Ha 180 B npenene m-+ 0 aanpemeHo anSI V-A -BapnaHTa. 

TaK KaK ceqegne <'--1-~ )S(P) He 38BHCHT OT 9Heprnn sneKTpo~a E 

To na ( 8) oqeBHJlH01 'ITO BennqnHa ( L) 
8 

(P > KaK !flyHKUHSI aHeprnn • E 
dE E ma.r 

Be)leT ce6g TaK )1{9, KaK HHTerpan r n ( E ) dE • CneKTpbi aneKT-
v .v 

Emi"(E) 
v 

pOHOB OT.l:ta'IH B cnyqae B9KTOpHOI"O (aKCHanbHOI"O) ;BapHaHTOB H B cnyqae 

CKanSipHOI"O ( fiC9BJlOCKanSipHOJ"O) BapHaHTOB1 KaK BHJlHO H3 Ta6nHUb1
1 

HM910T 

CXOJlHOe fiOB9Jl9HHe, Ha OCHOBBHHH 9THX pacq~TOB MO)I{HO 3aKn!O'IHTb
1 

'ITO 

aa)l{e cpaBHHTenbHO rpy6oe HaMepeHne cneKTpa aneKTpoHoB OTJlaqn B npo~ 

necce ( 1) C aHTHH9HTpHHO OT peaKTOpa IT03BOnHno 6bi OT.nH'IHTb V-A -Ba

pHBHT OT OCTanbHblX BapnaHTOB B38HMOJl9HCTBH51, 

3. PaccMoTpHM Tenepb nponecc (1), C'IHTaSI, 'ITO pacceSIHHe nponcxo

JlHT 38 C'I~T aneKTpOMBJ"HHTHOI"O B38HMOJl9HCTBH51o 

06cyanM cneay10mne npeanono)l{eHHSI 
x/ 

1) ;; e - pacceSIHHe o6ycnaBnHBaeTcSI aneKTpoMai"HHTHbiM paa~rycoM e 

BHTHHe:iiTpHHOo 

2) V e -pacceSIHHe o6ycnaBnHBaeTC51 MBI"HHTHbiM MOM9HTOM 8HTHH9HT-e 

pHHO. 

CeqeHHe v e e -pacceSIHHSI HMeeT B aTnx JlByx cny'IaSix cneayiDmn:ii 

BHJl: 

x/ - 6 A MnnHTyaa aneKTpoMai"HHTHoro v e e. -pacceSIHHSI
1 

o ycnoBneHHoro B:np-

TyanhHbiMH cna6biMH B38JiMOJl9HCTBH51MH 1 Mana no cpaBH9HHIO C aMnnn

TYJlOH pacceSIHJiSI aa C'I~T npSIMoro cna6oro B3aJiMOJl9HCTBJi51/ 11-12/. Mbi 

paccMaTpnaaeM aaecb TaKoti cnyqafi, Koraa aHTHHe:iiTpnHo o6naaaeT "aHo

ManbHO 6onblllliMH" MarHHTHbiM MOMeHTOM nnH paanycoM. KaK. xopolllo 

H3B9CTH01 MBI"HliTHbiH MOM9HT JlBYXKOMITOH9HTHOI"O He:iiTpHHO paBeH Hy-:

n!O/ 13-14~ JlpeanonaraH1 'ITO H9HTpliHO o6naaaeT MarllHT~biM MOM9HTOM
1 

Mbl JlOIIycKaeM, cne)lOBaTenbH0 1 'ITO Macca He:iiTpliHO MO)I{ElT 6b!Tb OT
nHqHa OT HynSI, 

8 

... 

3aec'b 

rae 

:·. . -
du ·. 2 

• 4 2 2 I 
(-) ;,_lL -.!!_[(pq) +(pq+.....L) --t 

dt R 2 77 (p q ) 2 . . 2 2 m: 

( ~ ) = -4- e l! ~ 2 ( _e_) 2 1 [ 2 ( p q ) 2 +( pq )t J 
dt P. 811 . 2m (pq) 2 t 

p. -MarHIITHbiH MOM9HT BHTIIHe:iiTpliHO B M8I"H9TOHa' 

-
·R~...l....<r2>, 

6 

y < r 
2 

> - cpeaHeKBaapaT~'IHbi:ii paanyc aHTHHe:iiTpliHI 

PeaynbTaTbi Bbi'IHcneHHSI cneKTpa aneKTpoHoB oTaaqn IJ 

KOI"Jla ii e -pacce~H~~~ nponcxoanT aa C'I~T: aneKTpoMarg: e 

Ca H MaJ"~JiTHOI"O MOM9HTa 8HTifHe:iiTpliH0
1 

llpHB9Jl9Hbl. B 'I9Tl ~ •I . '. . ' 

TO:ii KOnOHKaX Ta6nJiUbl• KaK BHJlHO 113 Ta6nliUbi
1 

B cnyqae, E 
' ' . 

C951HHe o6ycnaBnHBaeTCSI Mai"HHTHbiM MOM9HTOM BHTIIHe:iiTpHH• 
, ' ·I. , ' '· 

KTpokoB oTaaqn cymecTBeHHo 6onee MSII"KH:ii, '!eM B cny.'Iae, . . ' 

HHe o6ycno~n~Ho aneKTpoMarHHTHb!M paanycoM. 

. 4. B aaKn!OqeHne B. CBSI3Ji c B03MO)I{HbiM oTnH'!HeM ceq. r ~ : . , , ' , 

CeSIHHSI · OT TOI'Oj 'ITO Hpe)lCK83biBaeT YHHBepcanbHaSI 'TOK X T 

caenaeM, cn~ayromee 38M9'IaHne. Ecnn ( ev )(~·e) -B38HMO)le 
· . . . e e .

1 
• 

K09 1 :KaK ·npeacKaabiBBeTCSI "TOK.X TOK" TEWpHe:ii, TO 9TO MOl 

CTBOBSTb 0 Hapylll9HHH p. -+ e CHMM9TpHH
1 

KOTOpaSI C0Jl9p)I{HTC 

raMnn&TOHiiaHe. Ecnn STO Jl9HCTBHTenbHO TaK'.· To' Cji vp.) (;;p. ~ 
Jl9HCTBHe M0)1{9T OTnH'IaT~CSI OT \e V ) ( V e) ' -B3aHMOJ:te:iic.T 

e e . 
JlOBaHHe npouecca o6paaoBaHHSI,nap 

p. -M930HOB fipH B38UMOJ 

MIOOHHbiX He:iiTpHHO 6onb~OH 9Heprnn C SI.OpaMH HapSIJ:ly C li3Y' 

paCC951HHSI JlOn)I{HQ llpOnHTb CBeT Ha STOT BOnpoc. 

9 



rn:n: aHa'ln:TenbHO obiCTpee1 

'ITO paccesran:e aHTn:HefiT

. V-A· -Bapn:aHTa, 

r ::meprn:n: aneKTpoHa E 

K $ya~un:sr aaeprn:n: E 

v)dEv , CneKTpbi aneKT-

, ) Bapn:aHTOB n: B cnyqae 

Bli:!IHO H3 Taonn:Ub11 HMelOT 

3 MO)I{HO aaKnro'IHTb 1 'ITO 

lneKTpOHOB OTl(a'IH B npo~ 

10 obi oTnH'IHTb V-A -Ba-

sr, .'ITO paccesrHn:e npon:cxo-

I, 

KTpOMarHHTHb!M ,pann:ycoM 

tTHb!M MOM9HTOM aHTHHefiT-

Byx cnyqasrx cnenyromn:fi 

.HH~HI 1 ooycnOBn13HHOrO BHp-
a no cpaBHeHn:ro c aMnnn:
laan:MoneficTBH.H/ 11-12/, M:b1 

lHTHHefiTpHHO oonanaeT "aHO
:n: ·pann:ycoM, . KaK xoporno 
rHoro · HefiTpn:Ho paBeH HY-:- • 
ctaeT MarlmT~b!M MOM9HTOM, 
efiTpn:Ho MO)I{eT obiTb oT-

rne 

(13) 

( du) =.....l.-e~/L2(_e_)2 1 [2{pq)2+(pq)t] 
d.t IL 877 2m (pq)2t ( 14) 

IL -MarHHTHbifi MOMeHT aHTHHefiTpHHo B MarHeToHax Eopa e/2m, a 

·R=...L<r 2 >, 
6 

y < r 
2 > - cpenHeKBanpaT~'IHbiti pann:yc aHTHHetiTpn:Ho, e2 = 4 1ra 

PeaynbTaTbi Bbi'In:cneHn:sr cneKTpa aneKTP?HOB oTnaqn: nnsr . cnyqaeB, 

Korna ii e -pacceRan:e npon:cxonn:T aa C'I~T: aneKrpoMarHHTHoro pann:y~ 
e 

Ca H Mar~IHTHOrO MOMeHTa aHTlfHetiTpHH0 1 npHB9!19Hbl. B '19TB~pTOti ·n: nsr-
-·~ - ", ' ! ., . . : . .. . . t 

TOti KOnOHKaX TaonHUbh KaK BH!IHO H3 TaonHUbl1 B cny~ae1 Kqr'lla .j;e ~ -pac-
1 ~ ·~ 

ce.HHHe ooycnaBnn:BaeTC.H MarHHTHb!M MOMeHTOM aHTHHetiTpHH01 cneKTp ane-
. ' ' ,j -. . 

KTpo~oB. OTJla'IH cymecTB~HHO 6onee M.HrKn:ti, '!eM B. cny:qae, Korna pacce.sr-
' ' 

Hn:e o6ycno~neHo aneKTpoMarHHTHbiM pann:ycoM, ., 

1 4, B , ?aKnroqeHn:e B! CB.H3H c B03MO)I{HbiM , oTnH'IHeM ceqean:sr v e e -pac-

cesrHH.H· OT Toro, 'ITO Hpel(CKa3b!BaeT YHHBepcanbHa.H "'TOK X TOK"' Teop~.H 1 
cnenaeM' cn~nyromee 3aM~'IaHn:e, Ecnn: ( e 1/e )( i:e e,) . -B3aHMOl(eticTBHe He Ta

Koe, : Ka.K .'npencKaSb!BaeTd.H "TOK,X TOK"' Teopn:eti; TO STO MO)I{9T CBHl(eTenb-
• ! '· . . ' 

CTBOBaTb o HapyrneHHH IL ; .... e CHMMeTpn:n:, KOTopasr conep)I{HTC.H B "'ToK x TOK" 
' ' 

raMHnbTOHHaHe. Ecnn: STO netiCTBHTenbHO TaK, TO. (ji VIL ) (vll 1-'.) B3aHMO-

netic~:en:e MO)I{eT oTnH'IaT~csr oT (e v ) ( v e) .· -Baan:Mo.neticTBHsr, Mccne-
e e 

.noBaHn:e npouecca o6paao/3aHn:sr nap IL -MeaoHoB npn: Baan:Mo.neticTBHH 

MlOOHHb!X HetiTpHHO oonb~Oii SHeprHH C .HapaMH Hapsrny C H3y'leHn:eM Vee -

paCC~SIHHSI !IOn)I{HO nponHTb CBeT Ha STOT Bonpo'c, 
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Mbl Bblp8)!(89M rny6oKyiO 6naro.oapHOCTb n.B.OKyHro,' r.T. 3auemmy, 

n.A.MHKaSmiHy H n.E.'tJy.QaKoBy sa IIOi!P.3Hbi9, o6cy)!(.QeHHSI paCCMOTpeHHbiX 

s.oecb BorrpocoB, C.H.BnneHhKofi n: B.C. Kn:cen~BY sa rroMolll,b B pacq~Tax. 

Mbi 6naro.oapHM IP.Paiiaca, nro6esao n:acpopMHJ)OBaBIIIero. Hac o xo.oe sKcrre-

pn:MeHTanbHbiX n:ccne.ooBaHn:ii rrpouecca 

ero 'rpyrrrroii. 
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