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B aacToSIIIleA 3aMeTKe cnenaaa nonhiTKa naTb BeKOTOpbie TeopeTB'lecJtae oaeaKB 

npoaecca 

Hallnea o15maA BBll aMnnBTYllbl peaKUBB. nolta3aao, 'ITO npa H91tOTOpbiX npaanonono6-

Hb!X npennonO)I(9HBSIX OTHOW9HBe aepOSITBOCTeli 

HacToSIIIlaA asans3 npoaenea npa nonroTOBKe s~ecnepaMeHTa no noacKaM Tpex~OToa

aoro pacnana seATpanbaoro naoaa
111

• 

nponecc rr<' ~ .3 y , I<OTOpblli M0)1(9T BllTB TonbltO upB HapyweBBB C -C'l9THOCTB 

B CBnbHbiX BnB snei<TpOMarHBTBbiX B3aBMOQeliCTBBSIX, B nocnenaee Bp9MH oficy)l(llanCH 

a pBl!e pa6oT
12

•
31

, oco6eaao a CBH3B c B03MO)I(HbiM aapymeHBeM CP. 

Haa6onee nonpo6ao yrnoable pacnpeneneHHH, a Tai<)I(e o6mae caoACTBa aMnnBTYllbi 

H3y'leHbi a pa60Te Bepeanca, KOTOpb!li acxonan npa 9TOM B3 npocTel!mero s~<jleKTBBHoro 

raMBnbTOHBaaa, aapymaiOmero T ( CP). Oa TaKJKe oaeaan aenB'<HBY R
3 2 , 6ep>1 OT-

HOIII9HB9 onpeneneHHbiM o6pa30M HOpMBpOBaHHblX ~30Bb!X Ofi'beMOB ofiOBX rrpoueCCOB B 

BBOllSI ~aKTop, npennonaraiOmal! nonaaneaaocTb C -aapywaiOmero B3aBMonel!cTBBH no 

cpaaaeHBJO c o6hi'<BblM. 

nony'l9HH09 HM B 9THX npennonOlK9HBSIX 3Ha'l9HH9 R3 2 a 10-6 npencTaangeTCH HaM 

H9CKOllbKO 38BbiWeHRbiM. 

Bonae rrpaaam.Hoe 3Ba'leHBe 9TOll B9nB'lHHbl nony'leHO B pa60Te rpBIIlBBa H Konbino

aa15 1. 0HB paCC'lBTanB BpeMeHa )I(B3HB rBDOT9TB'l9CKHX neri<HX M930HOB0 ltOTOpbl9 MOryT 

pacnanaTbCSI sa TPB ana 'leTbipe y -KBaHTa, ll01Ih3YS!Cb 'npocTeliiiiBM BHllOM noKanbHOrO 

s<!xl>eKTBBHOro MaTpB'lHOrO sneMeHTa' ( HnB, 'ITO OllHO B TO lKe, noKanbHOrO narpaHJKHaBa) • 

l1x pe3ym.TaTbi aenocpencTaeaao o6o6maJOTC H sa cnyqall pacnana rr• 

npa 9TOM HX MaTpH'lHbiii sneMeHT c coxpaaeaaeM C H p MOlK9T 

TaK)I(e OllBCbiBaTb pacnan o-+( n"l~3y c HapymeaaeM c H p ( CP coxpaHSieTCH). 
/5/ 

npoueccy o-- ~ 3y , paCCMaTpHBaeMOMY B pa60T9 I B Haiiiet:i TepMHHOnOrBB COOTBeT-

CTByeT pacnan 71° ~3y C HapyiiieHBeM C n coxpaaeHBeM P 

OnaaKo a sToli pa6oTe nonywea PBll OIIIB60K. TaK, acnom.3yeMblll aaTopaMB MRTPH'<-

Hbiil ,sneMeHT npouecca o-- ~3y OfipamaeTCSI B HYnb npB CBMMeTpB3aUBH no ~OTOHHbiM 

nepeMeHHbiM ( yKa3aaae sa sTo conep)I(HTCSI TaK)I(e a pa60Te Bepeanca). Oaa JKe nonyqans 

B3 Hero HeHyneaoe 3H8'19HB9 Qn>l BepOSITHOCTH . 

KpoMe Toro aensqaaa aepoSITHOCTH 'leTbipex~OHHoro pacnana (npaana, BeKTOpaoll 

'18CTHUb!) , npHB9ll9HH8H B pafioTe 1HaM lt8lK9TCH 8HOM8nbHO Manot:i . 



HaJKe 6yeyT npaBeJleHbl oneaxa seposTHOCTB TpexljloToaaoro a 'leT&IpexcjlOToaaoro 

pacna)lOB "o 

HasapaaaTHas aMnnaTyJla A
3 

TpexcjlOToaaoro pacna)la Jlns o6oax B03MOlKRbiX cnyqa-

es - CP A= A. (coxpaaeaae CP) H CP A:,._ ,., (aapyweaae CP) - Tpe60BaBBBMB no-
3 .. 3 3 

p8Bil-BHB8pB8TBOCTH B xanaopOBO'IHOii BHB8pB8THOCTB ODpe)lenseTCH 

JlBYX H883B8CTHbiX cpyHKilBii B MOlKeT 6b1TL npe)lCTSBneaa B BBJl8! 

A~(l+P(13)+P(23)] {(t-u)f1 f~ f' I! ti' a(s,t,u)l+ 
3 pA P" /LV I' v 

+ ( s- t )(t- u )(u-s) ~v fvpf Pl'b ( s, t, u), 

A;= ll +P(l3)+ P(23).]{ (t-u) f 1, f 2
, f ~ .. k 2 c (s,t, u)+ 

P"P"I'VrV 

+ (s-t)(t-u)(u-s)t~ r~p r;l' d(s, t, u)l • 

C TO'IHOCTLl!O JlO 

DpH'I8M cjlyHKilBB 8 B C CBMMeTpH'IHbl no nocneJlHBM JlBYM , 8 b B d - no BC8M 

nepeMeHBbiM. 

3JleCL! 

fd{3 - snexTpOMarHDTHbiA T8H30p B HMnynLCHOM npe)lCTasneBBB, OnBCbiBSIOIIlBII 

-cjlOToa; 

r ll f 1 
a{J- 12 l a(3y8 ~ AYBnbRblA eMy TeH3op; 

s~ (k 1 k~ .t = <I) k 2 ) H U= ( k 2 k 3 }- CJtangpHble npOH3Be)leHBH COOTB8TCTBYIOIIlBX 

'18TbipeX-BMnynLCOB. 

113 COOOp8lK8HBII p83M8pHOCTH 

a = c ""' M~ 7 , b = d = M- 9 

3 

M3 - napaMeTp c paaMepHOCTLl!O Macchi, xapaKTepaayiOmaR TpexljloToBHbii! pacnaJl. Hcao, 

'ITO T8KBM napaMeTpOM MOryT 6biTL TOnLKO MSCCbl 38pSilK8HHbiX 8Jlp0BOB, 88 KOTOpble 

BBpTy8DbHO JlBCCOilBBpyeT ~ 

nosTOMY M3 2' m = m". 

Y'IBTbiBast ManocTL cjlaaosoro o!h.eMa, MOlKHO npeae6pe'IL cjlyaxnaoaanLaoll aasaca-

MOCThiO BenH':IHH 8 B C B OnyCTBTL b a d • Pac'leT noKa3b1BaeT, 'ITO onymeHHble 

4 

f 
I 

'ln&Rbl )l810T BJtn8Jl B B8p0SITH~ 

~OSTOMY He MoryT cymeCTBeHRI 

nonoJKIM a~ e3'73 M;7, O=~ '1~ 

rAe e - sneMeHTapablli aapsJl, 

nony'leHHblli B 9TOM DpB61 

C COOTB8TCTBYIOWBM Bblp8lKeBBe 

HMes B BBJr;f JlanLReliwee 1 

pOHTBOCTLIO JlBYX-B '18TblpexcpOT 

wae BRB8pB8BTHble aMnnBTYJlbi 

All= e2'7• 

M~ 

4 

A ai--7['7
4 4 P M, 

• e-4 ~ 
A ~I -;:r[ '14 

4 p M
4 

Oneaxa napaMeTpos M a 

JlllarpaMN. flpa oneaxe seposrrac 

BCnOnL30B8H8 8MnnaTyJla B BB)le 

OCT811LBbl8 'ID8Bbl , 0'18BB)lBO, Jl8 

npoBOJl>t CT8Ril8pTBbie Bbl'll 

w = > 
(n ) 

(2") 3n- ~ 

w 2 1>.a 2 '7~"m 

w=a 3 '7
2

m(-
3 3 



~HHOro B qeT~peX~OTOHHOrO 

ta AnSI o6oax B03MOJKB~X cnyqa

weaae CP) - Tpel5oBaBBliMB Jlo-

1enseTcs C TOqBOCTbJO AO 

BRAe: 

. t, u)l + 

). 

t, u)+ 

ABYM, a b B d - no BCeM 

lCT8BneHHH, OnBCbiBBJOlllBA 

•ll9BBSI COOTB9TCTBYK>WBX 

Tpex~oHHbiA pacnan. .Hcuo, 

KHbiX anpoaoa, sa KOTop~e 

pe~ ~HKDBOHanbHOA 3aBBCB-

aT noKa3~aaeT, qTo onymeaa~e 

' ,( 

·t 
I 

L_ 
.. : no OTBOWeHRJO It OCTaBneBBhlM B 

~09TOMY Se MOryT cymeCTBeBBO B9MeHBTb nOpSAO~ 

DOliOli<KM a-e
3

1)
3 

M; 7 , a=i '7~ M;~ b=d~O, 

rAe e - aneueaTapa~a 3apBA, a 1) - 6e3pa3MepHhlA napaM9Tp, 

nonyqeSBhlA B 9TOM npsl5nslKeSBB BBBapBaBTBhlA MaTpaqabiA aneMeBT COBnaAaeT 

C COOTBeTCTBYJOWRM B~palKeSBeM pai50Thl/S/ (nponecc o+-~ 3y ), a A: pa60T~/4/. 

HMeB B BRAY AanbHeAwee cpaaaeue aepOBTBOCTB Tpex~aroaaoro pacnaAa 
710 

c ae

poaTBOCTbJO ABYX-B qeTblpeX~OTOBBbiX pacnaAOB, CODOCTaBBM 9THM nponeccaM DpOCTeA

wse HBBapBaBTBble aMDnBTYA~ 

f I f 2 
af3 af3 

Onea~a napaMeTpOB M a '7 B ~ 15yAeT Aa&a HBlKe C DOMOWbJO Be~OTOpbiX 

ABarpaMM. npa oneaxe aepOSITBOCTB qeTblpex~OToaaoro pacnaAa B nensx npOCTOTbi 6yAeT 

BCDOnb30BaHa aMDnBTyAa B BRAe 

OCTanbB~e qnea~ , oqeBBAH01 AaJOT BKnaA TOrO JKe nopSAKa. 

npoBOllB CTaBilapTB~e BhlqacneBBH1 nonyqaM )lnH Benaqua • 

w = ------~----
(n) 

(2rr) 3n- ~ 

w = 
3 

5 

, DOC~onb~y 



a• 1 m ) l.(l ~--'f. m (M. l1!(2)12 w, 
1T 

e 4 1 a = -- =--
4rr 137 

OTKyl!a 

w3 '73 )2..!!__ 
R =--(-- tr 

32 w2 '7 2 

.1. m 14 

(2)1t9!! (-M-)< (..!!!._) -2 
3 M2 

R =~~(~) • ...:S....(....!!L)IO ( ~)!<. 
<3 w3 '73 ':lrr M, m 

nepellaeM Tenepb It oneH!e napaMeTpOB M, 7) • .; • 

/6/ 
KaK noKaaan lllsaurep 1 usyxcj>OTOHHbli! pacnau naosa uoson&uo xopowo onac&~sae-r-

Cll npOCTOll I!HarpaMMOil (pac. 1 ), C npOTOH-aHTBDpOTOHHOll napoli B npoMe>KyTO'IHOM 

COCTOSIHHH .. 

B aTOM cny'lae M = M 
2 p 

,17)=~ 
8rr2 

p ac'leT aHanorR'IHOll I!RarpaMMbl ( pac. 2) B '19Tblpexcj>OTORROM cnyqae CBll3aH DRWb 

c TeXHH'19CKHMH TPYilROCTSIMH. 'IT06bi ynpocTHTb C'leT, uapaxoBCltoe B3aBMOI!eilcTBBe 

eyf' Ap. B a neKTpoMarHBTHbiX sepwuaax 6bino 3aMeHeHo naynaeBCKBM f'...!Lu F 
8M /4' /4' 

JlnH aToll MOI!eiiB M = M 
• p 

7) =- JL 
• 8rr2 128 

'1: =5 1), (= 327), • < = 481), • 

B Tpexcj>OTOHHOM cnyqae aaanorH'IHall uaarpaMMa (pac. S) co cnasopRbiMB 'laCTBilaMB 

B npoMe>KyTO'IHOM COCTOSIHHH AaeT H9Hyll9BOil peayn&TaT, 9CDH TOilbHO HX MaCCbl pa3DH'IHbl, 

T , e. Hrpa!OT pollb MarHRTHble nepeXOAbl THna ::£0 -+ .\y. 

B aToM cnyqae uapyweuse 

MarHHTHOil BepwHHaX, 

C MO>KHO npOH3BOAHTb DH60 B CHllbHOH, ns60 B 3D9KTpo-

JlnH 3TOil MOA9DH 
M::£ + M.\ 

M3 = 2 

'73 =~ 
!1,,2 

J.t'{"'.:i;y-1.\ ) 

1260 
'73 = 2'7. 

B cny11ae, ecnB npoMe:>KyTO'I.Hbie l:I8CTHUhi aeK:TOpHhte, To, Bb16&past a KaqecTae 

waiOwero MeXaHH3Ma TOK nH 17 
I 

a - -
Kf'=ie{3di((w; <11,-o:J', <llf') 

H y.oep)f{HBBH npH oneaKax rnai;HbTe qneHw, nony"'RM 

6 

c -Hapy-

M3 = M.,(<ll) 

A IT OJ ell - ltOHCTaBTa trOJ<II -

Ball ltOBCTaBTa, xapaltT9pB3YK>IUa 

B OTBOW9Bllll It oi5&I'IBOI\IY. Pacqo 

113 DpBB91!9BBbiX Oll9H0lt BB 

C'IBTaTb M9HbWIIM 91lBHllllbl, lla>K 

wero B3aHMOil9llCTBBll H TOrl!a 

R3: 

OrCioua cneuyeT, 'ITo pace: 

KaTOpOM COXpaHeRBSI C -'19TBOC' 

TaK Kalt OR DOI!aBneH KBHeMaTH'II 

'ITO KaCaeTCSI B9n.H'IHRbl 

Oll9BOK, 'ITO OHa 3aB91lOMO Mana, 

B Hee napaMeTpOB ORa MO>KeT Cp 

Tpexcj>OToHuoro pacna11a rr> Hy~ 

naua. 

~ 6naroaapeu B.M. KyT&aH 

none3Hbie o6cy>KAeRBll sonpocos, 

1. s.n. KyT&as, s.11. neTpyxaH, 

2. J. Prentky and M. Veltm.., Phys. Letter• 

S. J. Berstein, G. Feinberr. T n, Lee. Phya 

4. F.A. F.A. Berends. Phys. Letters. 16, 17 

5. B.r. rpawau, r.11. Kon&~nos. n 
6. J. Schwinger. Phys. Rev. 82, 664 (1951). 

7. T.o. Lee. Phys. Rev. 140, 8967 (1965). 



Ra )lOBonhHO XOpOWO ODBCbiBaeT-

ll$OTOHHOM cnyqae CBi13aH nBWb 

paxoscxoe B3aBMonellcTBRe 

euo naynueBCKBM fL~a F 
8M Ill' fLV 

IC. 3) CO CDRHopHblMB 'laCTBilaMH 

ecnB TonhHO HX MBCCbi pa3nRqHhi , 

nu6o B cun&aoll, nu6o B snexTpo-

Bhi6Bpast B Ka'leCTBe C -aapy-

- XOHCT8HT8 IT CU <!> - CBSI3H1 HM9101118il p83M9pROCTh M8CCbl 1 {J - 6eapa3 M9p-

H8il ltOBCTaHTa, xapaltT9pH3YJOIIlail HRT9HCHBHOCTh C - HapyW8101119rO B3aRMOll9IICTBH SI 

B OTHOW9RRB It 06bi 'IROMY• PaC'I9Tbl pa60Tbi/S/ COOTB9TCTBYIOT M- m, '1 =(4 17)-3/2 • 

Ha npuseneHHbiX oneaoK sanuo, 'ITO MRO*BTen& ( h-. )2 ( ..JIL) 14 (.JI.a ) 2 

'1 2 M3 m 

C'I&TaTh MeHhWBM enuaunhl, na~e ae npennonarag nononaaTen&uol! ManOCTH 

mero B3aHMO)lei!CTBBil B TOrna 

to-6 = 10-9. 

M O>KKo-

c -uapyw a10-

Orc10na cnenyeT, 'ITO paccMaTpasaeMblA npouecc ue Mo~eT cny*BTh xopowuM aunu

xaTopoM COXpaHeHHSI C -'19TROCTB B CHn&HblX B sneXTPOMar HHTHbiX B3aHMOll9 ilCTBH HX, 

Tax xax ou nonasneu xaueMaTB'Iecxu. 

'iTO XaCaeTCSI B9nB'IHHbl R
4 3 

, TO uenh3H yTsep~aTb, acxonil ua npuseneHHbiX 

OU9HOX, 'ITO OHa 3aB9llOMO Mana. npu HeXOTOpbiX (pean&CTH'I9CKBX) 3Ha'!eHBSIX BXOllSIWBX 

B Bee napaMeTpOB ORa MO~eT cpaBHHTbCSI C 9llHHHilell , a 9TO 03Haqano 6bi , 'ITO B DOHCitaX 

Tpexci>OTouuoro pacnana rf' uy~uo cnenuan&uo ucxnJO'IRTb cl>ou OT '!e Tbipexci>OTouuoro pac-

nana. 

Sl 6naronapeH B.M. KyThBHy, n.vr . nanunycy H B.H . neTpyxaay a a MHOrO"'HCneHHble 

none3Hble o6cy~ll9HBSI BOilpOCOB, 38TpOHYTbiX B pa60Te. 
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