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KaK R3B9CTHO, B KOMnneKCHOfi e - nnoCKOCTII KpOMe nomocoB cymeCTBYIOT 
/1/ 

11 paape3bl • llenb aacTOSJIIlell pa6oTbl - paccMoTpeTb ponb paapeaa B acnMnTo-

TI!'iecKoM noBeAeHI!II aMnnnTyAbi pacceSJHI!Sl. Mbl noKaJKeM, 'iTO noseneHne nntjllj>e

peH!lllanbHb!~ ce'ieHIIii pSJAa aeynpyr11x npo11eccoB cymeCTBeHHblM o6pa3oM aaBII

CIIT OT aanll'liiSl paapeaos. 

PaccMoTpi!M aeynpyraii npo11ecc pacceRHIISl K - Meaoaa aa npoToae: 

( 1) 

rae qepea p' o6oaaaqaeTCSl 11ao6ap, y KOToporo 'ieTHOCTb oTpl!!laTenbHa, a 

BC9 OCTanbHbl9 KBaHTOBbl9 'iiiCna TaKIIe JK9 1 KaK II y npOTOHa. Eapi!OH!Ibl9 peao
/2/ 

aaaqbi TaKoro pona 6btnll o6aapyJKeHbl B nocnenaee speMSJ 

TiycTb p M II p' M' - IIMnynhc a Macca 6apaoaa coOTBeT-

CTB9HHO B aaqanbHOM II KOH9'iHOM COCTOSlHIIHX; k' II k' - HMnynbc aaqanb-

aoro 11 Koaeqaoro K - M930HOB; q - HMnynbC " - M930Ha; 

se..:.(.l<+p) 2 

.. .. .. 
~- yron MeJKAY 1<' II q + k ' . B CIICTeMe ll9HTpa MaCC ABYX KOII9'l-

HblX M930HOB. 

Tenepb noKaJKeM, . 'iTO AHij>lj>epea!lllanbHble ce'ieHIISl npo11eccos T11na ( 1), a 

IIM9HHO: 
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K++p ->K 0 +,.++p 

0 0 
K +p ... K +ll' 0 +p' 

K 0 + p .. K+ + ,. - + p' 

(a TaKlKe COOTBeTCTBY!OlllliX npoueCCOB C 3aMeHOH K Ha K ) npn ¢nKcnpoBaH-

HhiX t w n {3 = 0 cTpeMstTCst K HyniO npn s .. "" , ecm1 He cymecTByeT 

pa3pe3a 0 li BeAyT ceost TaK lKe, KaK li ceqeHY.IT ynpyrHX npoueCCOB B oopaTHOM 

cnyqae. 

Cneayst cTaHJiapTHoil .TexnnKe, Mhi HannweM cnaqana oomee BhipalKeHne aMnnn

TyAhi npouecca ( 1): 

M=iu'(p')(F 1 +iQ·F 2 +y 5 EF 3 +iQy~E F~lu(i,.),• (2) 

rae 

Q "' 
1 
2 

( q + k ') 

EeE kQRP 
/LIIUp IL . " (1 p 

R=_!_fk'-q) - 2 

p " _j_ ( p. + p ), 
2 

a F 
I F2 Fs n F 4 - HHBapnaHTHhie ¢yHKUnn. 3Tn liHBapnaHT-

Hble ¢YHKUHli Mhl 3aTeM Bb!pa31!M qepea cnnpanbHb!e aMUn!ITYAhl B - KaHane. 

p + p' .. K +,. + K'. 

Bhrqncnenne aaeT: 
s 

F 
I 

./MM'(p +M)(p'+M') 
0 0 I[<OITI...L _L>+<OITI-_j_ .. _...l.>]+ 

2 ' 2 2 ' 2 
p(p +M+p' +M') 

0 0 

2 
Q

0 
P (p 

0
+M- p ~-M ')+ Q cos6((p 0 + M)(p'0 + M')-p ) 

+ 
2 

[<OITI.l_,_.l_> 
QsinO((p +M)(p '+M')+p ) 2 2 

0 0 
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(3) 

-<OITI-..L,...l.>Jl 
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VliiM'(p +M)(p' +M') 
F .. o . o 1 [1 1 1 

1
. 1 1' I --l<OIT -,-->-<01T -2·2> 

2 2 ' 
p +(p 0 +M)(p~+M') Q sin 0 · 2 2 (4) 

F 
3 

/M M '( p 0 + M) ( p ~ + M ') I [ < 0 I T I ..L ' _!_ > - < ~ I T I -= ..L ' - _.!_ > 1 + 
'" 2 . , II , )] 2 2 2 2 
dp+(po+M)(po+"'' (5) 

VMM'(p +M)(p' + M') 
F ., ____ .,:o ___ ::.o ----

4 ;(p +M+ p' +M')pQ sln8 
0 0 

I<OITI..L,--1 >+<OITI:...L,..L>l· 
2 2 2 2 

'(6) 

.. 
B cjlopMynax (3) - (ts) 0 -yron MSlKAY 'IIMnyllbcaMI! p II Q B CIICTeMe 

ueaTpa Mace ( a t -KaHane) ; .. 
.. .. 

nony'laeTCll 1!3 r 3aMeaon p ' .. -·p ' 

k .. - k ; < Ol Tl >.>. '>' - cn11panbHbie aMnni!TYAbii ).. 11 ).. ' - cnl!panbHOCTII .. 
p I! p ' , COOTB9TCTB9HHOo 

0003Ha'IIIM 'lepe3 J nonHblfi yrnOBOfi MOM9HT 1 f II m OpOI!TanbHbifi 

MOM9HT UOACHCT9Mbl ABYX KOHS'IHbiX M930HOB K ll IT 'n ero npOeKUlliO aa .. .. 
aanpaanea11e nonaoro IIMnynbca k ' + q aToll noACI!CTeMbi. D.nSI cny'lall {3 .. 0 

/3 4/ 
113 ot5men cjlopMynbt ' pa3nolKeHIIll cn11pallbHbiX aMnniiTYA no napullallbHbiM son-

HaM cneAyeT, 'ITO B < 0 I T I ').. >. '> ( C 3aAaHHbiM IIMUyllbCOM) AaiOT BKnaA 

TOnbKO COCTOS!Hllll C m ,. 0 II Mbl I!M99M 

1
1
!2 OJ (O)<Jfm .. OIT(J>.>.'>. 

>.->.~o 

CocTOS!HIIe IJfm .. O> ot5naAaeT 'leTHOCTbiO (-l)J+ 1 
, a cocTOllHI!e IJ>.>.'> 

nepeXOAIIT B 

J+J 
PIJA>.'> .. (-1) IJ.-.\..,\'> 

(8) 
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Upii npOCTpaHCTBeHHOM OTpalKeHIIH p , 113 (8) BHJlHO,<iTO CYMMa COCTOliHIIil: 
. J+J 

I J A A '> + I J , - A , -A '> o6na)laeT 'IeTHOCTb!O ( -1) , a pa3HOCTb 

IJAA.'>-IJ.-A,-A.'>- 'IeTHOCTb!O (-1)
1 

• npli HOMOIUH ¢opMyflbl (7) HMeeM: 

1 1 1 1 <OITI--> ± <OITI-- -->= 
2 2 2 ' 2 

(9) 

e,J 
( .2_r_+_1:...:)(:...2"-J--'+1)_2 t'/2 P (cosO)[<HOITIJ_l__l_>± <JfOitiJ,-_l_,_.1_2>1 
- 3 J 2 2 2 

( 4rr) 
= :s 

I I 1 1 I 1 1 <0 T- --> ..-<01'1' -- -> 
2' 2,. 2'2 

( 10) 

~' J 

. 2 

1 
c2r+tH2J+1) 

( 4rr) 
3 

l/2 J 1 1 1 
I D (O)[<JrOITIJ-,-j_>±<JfOITIJ,--,->1. 

10 2 2 2 2 
= !. 

0TC!OJla II H3 ( 3) - ( 6) MOlKHO 3aKniO'lHTb, 'ITO II pH )l8HHOil: KOH<jJarypaUHH ({3 • Q) F 
3 

II F 4 o6pamaroTCli B aynh 1!3-3a Tpe6osaHHli coxpaHeHHli 'leTHOCTII, a F II 
I 

F 
2 

COJleplKaT TOflbKO napUII8flbHbie 8MllflHTYJlbl Jlflli COCTOliHIIil: C 'leTHOCTb!O 

(-1) J+l • 

O'!eBIIJlHO, 'ITO saKyyMHbiil: nonroc PeAJKe c '!eTHOCTbiO 1>=(-1)
1

, a TaKJKe 
J 

BCliKIIil: nonro~ P=(-1) , KaK p - IIflH CLl - HOfl!OC He MOJKeT )l8BaTb BKfla)l B 

BhrpaJKeHIIli (3) II (4) Jlflli aMHfliiTYJl F
1 

II F
2 

npa f3=0 • BKna)l B STII 

aMHfliiTYJlbl MOI'yT JlaBaTb paape3bl MaH)lenbCTaMa, COOTBeTCTBY!OIUIIe 06MeHaM 

J 
JlBYMli IIflH HeCKOflbKIIMII BaKyyMHblMII HOfl!OCaMl! H IIMe!OIUHe 'leTHOCTb ( -1) 

J+I 
nna ( -1) • B 'laCTHOCTn, npn t = 0 n s .. oo Mhi aMeeM c TO'lHOCThro JlO 

MHOlKl!Teng norapa<jJMII'lecKoro pocTa 

F I "' s 

F = const, 
2 

( 11) 

( 12) 

KpOMe BaKyyMHb!X pa3pe30B MOI'YT )laBaTb BKna)l TaKlKe p - H CLl - pa3pe3bi, 

COOTBeTCTBY!OIUHe 06MeHaM p - II CLl - Me30H8MH C HeCKOflbKHMH BaKyyMHbi-

MII HOfl!OCaMII, 3TOT BKna)l, O)lHaKO, 3Ha'laTenbHO MeHbme, '!eM BKna)l OT B8KYYM-
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HbiX paopcoo.a, a ero MOlKHG He Y'lHTbiBaTb, xoTH AeTanbHbiM aHannooM MOlKno, 

B npn:HUIIne, ero ·BblAEJniiTb, 0rMeTHM TOKlKe, '!TO Anll AOHHOI'O cny'!OS! 113 BCeX 

riOnJOCOB MOlKeT AOBOTb BKnaA TOnbKO non10c, COOTB9TCTBYIOW11l! 06MeHy rr - Me-

30HOM, 0AHOKO TOK KOK Anll rr - M930Ha a (t., 0) < 0 , TO COOTB9TCTBYIOW9e 

C9'!9HII9 6bJCTpO y6biBaeT, TaK 'ITO STIIM BKnOAOM MOlKHO. npeHe6pe'lb, 

npa t F 0 BKnaA OT pa3pe3a CTaHOBIITCll' 6onee cyweCTB9HHbiM, '19M BKnaA 

OT nomoca, B liOCTOlllllee Bp9Mll H3BeCTHO, '!TO npa ManbiX t (. 0 aMnniiTyAa 

ynpyi'IIX npoueCCOB OCIIMnTOTII'l9CKII BeAeT Ce6g TOK JKe KaK II np11 "'0 , ·T.e. 

nocTonaao, 'iTO HeB03MOlKHO o6'bHCHIITb np11 noMOWII TOnbKO non10coa, C Apyrol! 

CTOpOHbi, STOT <jlaKT He npOTIIBOp9'liiT TOll IIHTepnpeTOUHII, COI'naCHO KOTOpOl! np11 

t o/ 0 pa3p93b! MaHAenbCTaMa AaiOT cyweCTB9HHbll! BKnaA, Ecna STO TaK, TO 

aMnniiTYAI>I paccMaTpa.aaeMI>IX npoueecoa np11 Man~oiX t -1 0 TaKJKe BeAyT . ce6n KaK 

II np11 t "' 0 , T, e, no 30KOHy ( 11 ) , ( 12), 0rCIOAa cnenyeT, 'ITO All<jl<jlepeHUIIanb-

HI>Ie ce'!eHIIH. npoueccoa Tnna ( 1) np11 f3 .. 0 

(.ManbiX ) CTp9MllTCll K nOCTOllHHbiM npH S -o 

II <jJHKCIIpOBOHHb!X W 

B 3aKniO'IeHae CAenaeM ABa 3aMe'!aHIIH. Bo-nepBbiX, ecn11 BMecTo ( 1) pace MaT-

PIIBOIOTCll npoueCCbl 

rr+p-orr+rr+p', 
(1') 

TO BaKyyMHb!l! pa3pe3 II p - pa3p93 TaKJKe He MOI'YT AOBaTb BKnaA, TaK !(OK 

COCTOllHHe 3rr II MeeT G 'l9THOCTb 1 paBHYIO - 1 • .Ua!OT BKnaA TOnbKO CU 

pa3pe3 a rr - non10c, nosToMy nnn a3y'IeHIIH pon11 pa3IX!30B MaaAenbcTaMa 

6~omo 6~o1 JKenaTenbHo IIOY'IIITb npouecc~oi o6o11x Tllnoa ( 1) 11 ( 1'). Bo-aTopbiX, Ha

we paccMoTpeHIIe MOlKeT 6biTb o6o611leao Ha cnyqai!, I(OI'Aa BMecTo peooHaaca 

p ' POli(AaeTCll CHCTeMa HyKnOHa II rr - M930Ha C <jJIIKCIIpOBOHHOi! s<jl<jleKTHB-

HOI! Maccol!, 

ABTOpbi Bbipal!(OIOT rny6oKyiO 6naroAapHOCTb aKaAeMIIKy H .H.Eoron106oay 3a 

IIHTepec K pa6oTe 11 ueHHI>Ie oaMe'laHIIn. 
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