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§1. B a e n e H II e 

Ha p11c. 1 11ao6pal!<eHbl ABa HeilOABlllKHhlX B036yJKAeHHbIX aTOMa, aaxo-

AfllllHXCfl B TOqKaX 

ToqKax c II d 

a ~ b ' H ABa cqeTqHKa <pOTOHOB, pacnonoJKeHHblX B 

BeponTHOCTh coananea11n, np11 KOTOpOM cqeTqllKH cpa6aTbI-

Ba!OT COOTBeTCTBeHHO B MOMeHTbl 

Hanp11Mep, /l /)' Bb1palKeH11eM 

W(1
0

,t )" l+cosa 

I 
C 

II Id , naeTcn, KaK 113BeCTHO (cM., 

a =(w -w )(1 -1 )+k (ac-adhk (bd-bc). 
a b c d a b 

( 1.2) 

TTpennonollmM caaqana, qTo ToqKa a coananaeT c b nn11 c - c ToqKoii d. 

Torna <jiaaa a=(w -w )(t -I ) 
a b e d II ycpenaea11e w (t C, Id) no ape-

MeHII npllBOAIIT K 11cqe3HOBeHll!O IIHTep<pepeHUIIOHHOr'O qneaa, ecn11 TOnbKO 

wa I, wb • B cnyqae, Korna w a = w b, HHTep<pepeHUHOHHhiii qneH ae ncqeaaeT 

nocne ycpenaemrn II aen11q11aa W (1
0

, t) - yaen11q11aaeTcn anaoe. YqeT aaTy-

xa1111n npllBOAIIT K TOMY' qTo BeponTHOCTh w ( to, td. T l!MeeT IIIIK B o6naCTII 

lw -w l"Y +y, 
a b a b 

rne ya 11 y b - ecTeCTBeHHhJe rn11p11HhI paccMarpnaaeMbIX nepexon9a. 

TTpennonolKIIM Teneph, qro w a = wb = w II paCCMOTPIIM npocrpaHCTBeH-

Hy!O crpyKTYPY <pa3bl a • Torna ( 1.2) 1IpllHIIMaeT BIIA: 

rne 

a= k(ac-ad +bd-bc), 

k= w 
C 
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I 

/ 

MOll<HO nOK838Tb (cM., HanpHMep, 121), 'ITO B cny'lae, KOI'!t8 paCCTOSI-
➔ . 

HHe L MelKi:tY 8TOM8MH H C'leT'lHK8MH BenHKO no cpaBHeHHID C paCCTOSIHHSI-

MH ab H cd (cM. pHc. 1), BbipalKeHHe ( 1.2•) aanHChIBaeTCSI B aKBHBaneHT

HOll cpopMe 

( 
k ) ➔ ➔ k I ➔ ➔ .➔ ➔ 

a = L ( ab • c d ) _ ( _) '-a b • L ) ( cd • L ) 
L L2 (1.2") 

EcnH BBeCTH yron 0 , non KOTOpblM Bl!i:teH BeKTOp c7d 1{3 TO'lKH, pac-

nonolKeHHOll B6nH3H 8TOMOB a H b (HnH, 'ITO TO lKe caMoe, yron MelKny 

HanpaBneHHSIMH BbineTa cpOTOHOB), TO MOlKHO T8KlKe aanHC8Tb 

a=k(ab• 0). (1.2"') 

11a conocTaBneHHSI (1.2 .. ,) c (1.1) cnenyeT, 'ITO npH 0= 0 BepOSITHOCTb 

peI'HCTpaUHH W HMeeT M8KCHMYM, yrnoBaSI WHPHHa KOTOpOI'O onpenensieTCSI 

ycnOBHeM 

k(ab.@).,1, ( 1.3) 

PacCMOTpeHHblll npOCTOll npHMElp noK83bIB8eT, 'ITO H3y'leHHe aHepI'eTH'leCKOll 

KOppenSIUHH MeilK!tY cpOTOH8MH noaBonsieT nony'll!Tb HHcpopMaUHID O BpeMeHH 

lKH3HH HCTO'lHHKa, a H3y'leHl!e yrnoBb!X KOppensiuHll - 0 ero npocTpaHCTBeH

HOll CTpyKType xi. 

CBSl3b MelK!tY yKaaaHHblMH. KOppenSIUHS!MH H npocTpaHCTBeHHO-BpeMeHHOll 

CT?YKTypoll H3ny'laTensi HMeeT, KOHe'lHO, o6wee 3Ha'leHHe. B 'l8CTHOCTH, OHa 

He orpaHH'lHBaeTCSI O!tHHMH TOnbKO cpoTOH8MH H C COOTBeTCTBYIDlltHMH H3Me-

IHeHHSIMH pacnpocTp8HS!eTcSI Ha Hany'leHHe TOlKi:teCTBeHHblX 'l8CTHU nro-

6bJX npyI'HX THnOB, CKa3aHHOe OTHOCl!TCSI T8KlKe K sinepHblM peaKUHSIM H K 

npoueccaM C y'laCTHeM aneMeHTapHblX 'l8CTHU BblCOKHX aHepI'Hll, B 3THX cny

'l8SIX yrnoBbie H aHepI'eTl!'leCKl!e KOppenSIUHH MelKi:tY BTOpH'lHblMH TOlK!teCT-

x/ 
nocnenHee o6CTOS!TenbCTBO HCnon&ayeTCSI, K8K H3BeCTHO, npH onpeneneHHH 

nHHellHblX paaMepOB 3Bean C nOMOlltbID HHTepcpepOMeTpa XeH6epH-BpayHa 

H TB11cca 131• 
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BeHHb!Mli '!aCTUUaMU CBSl38Hbl C _pa3MepaMU o6naCTli B3aUMOAeii:cTBliSI Ii Anu

TenhH0CTh!O npouecca !"eHepauuu pa CC Ma TPliBaeMhlX '18CT1ill, 

B np11HUUne 3AeCh M0lKH0 UMeTh B BliAY pa3nli'!Hhie peaKUlili C o6paao

B8HlieM 'K0MnayHA-SIAep, MH0lKeCTBeHHYJO 1"eHepauu10 aneMeHTapHb!X '18CTHUx/ 

Ii T,A, O'!eHh '!eTKan cpopMynupOBKa K0ppenSIUU0HHhIX COOTHOWeHUH B03M0lK!la 

nnsi peaKUliH, B K0T0pb!X o6pa3yJOTCSI 11eCTa6unhllhle npoMelKyT0'lllbie C0CT0Sl

llliSI TliITa B036ylKAeHHblX SIJlep linli pe30118!1C0B aneMeHTap!lb!X 'laCTliU, B 11a

CT0S1IUeM coo6memm MhI 6yneM paccMaTpuBaTh npocTellwull cny'lall, K0l"Jla 

B HeKOTOpoll T0'!Ke A p0lK)laeTCSI '18CTUUa Ii peao11a11c, pacnana10wullcsi B 

T0'!Ke B u coneplKamull cpenu nponyKT0B pacnana 'laCTHUy Toll lKe npupo-

JlhI, '!To H nepaasi, Tol"Jla T0'IKH A II B lll"pa!OT npuMepH0 TaKyJO lKe ponh, 

K8K T0'IKH a II b 

V 
C 

P11c. 1. 

x/ 
8 nocnen11eM cny'!ae a11ano!"ll'!Hb!H Il0JlX0Jl C IIeCK0nhK0 IIIIOH T0'!Kli 3pe-

flll SI 6un ccpopMynupoaall paHee B pa6oTe 141• MolKHO U0Ka3aTh, '!TO 011 0T

n11'!aeTCSI OT 11arnel"0 U0JlX0)la 0TCyTCTBlleM y'leTa AnuTenhH0CTli npouecca 

uanyqe1111SI, 
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LlanbHeiiwnii aHanna yno6Hee npoaonnrh B HMnynbCHOSHepreraqecKOM 

npencraaneHnH, Koropoe nonHee cooraercrayer qawe acero acrpeqa10111HMCH 

9KCnepnMeHranbHhlM ycnoBHHM. 

§2. 11HrepcpepeHUHOHHbie HBneHHH B CHCTeMe 

peaoaaac + qacrnua 

n YCTb B peaKUH ll BO3HHKaIOT rpn qaCTHl.lbl - 1,2 ,3; H3. HHX 1,2 - TOlK

A0CTB0HHbI, npnqeM pOlKA0HH0 nap 1,3 ann 2,3 MOlKST .HATH qepea peaoHaHC 

R C Maccoii l'tf H wnpnaoii r • ITpaMep T8KOii CHCTeMhI: 

0 ➔ K+ + ef, ➔ K+ + K+ + K- (2.1 ) 
2 3 

3necb •o• - ycnoane o6oaaaqeane aceii rpoiiKn qacrau 1+2+3. Sror npouecc 

MOlKHO. nao6paanrh nayMH naarpaMMaMH (cM. pnc. 2) n ero aMnnnryna A 

HMeer BHA: 

A~ 

➔ ➔ ➔ ➔ 

a(po •P, 'p2,Pa 

in 2 -1\1 2 +· i l'tf r 
13 

+ 
.a ( p ; p ' p ' p ) 

0 2 I 3 

m 2 -1\1 2 +iMr 
23 

(2.2) 

rne Bfl BKnroqeHbl cpaKTOpbl, onpenenHIOIIIH0 aMnnnryAhl pOlKASHHH CHCT0Mbl 

0 II yq1ITb1Ba1011111e CillIHOByro CTPYKTypy paccMaTplIBaeMblX qaCTIIl.lx/. CnMBOnaMII ~ ' 
➔ ➔ ➔ 06oaHaqeHbl HMnynhCbl COOTBeTCTBYIOIIIHX qacrau n BCeii p2 I Pa ll Po 

cncreMhl a· uenoM, m ll m - scpcpeKTHBHbie MaCCbl nap 1,2 a 3. Hanaqa-
13 23 

P. la P. Io 

2 
3 

Pac. 2. 

xi 
BaaHMOAeiiCTBHe qacrau B KOHeqHoM COCTOHHIIH He paCCMaTpHBaercH,TaK 

KaK B nanbHeiiweM Hae . 6ynyr HHrepecoaaTb ronhKO Y3KHe pe30HaHCbI, nnH 
KOTOpbIX OHO HecymeCTBeHHO. 
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eM HepeaoHaHcHoro <poHa npeHeoperaeM, 3HaK "+" B (2.2) oTse•rneT cnrra10 

0030HOB; ecnu Obi 'IaCTHUbl 1 I{ 2 Ob!Ill{ <jiepMHOHaMH, TO "+" cneJ:{OBano Obi 

3aMeHHTb Ha ,, _ ... 11a BHJ:{a (2.2) cneJ:{yeT, 'ITO HHTep<jiepeHUHOHHbl0 srnneHHH 

LlnH J:{OCTaTO'IHO Y3Kl{X pe3oHaHCOB 3TH ycno

BHH MoryT obITb- BbmonHeHbI coBMeCTHO c p1 "' p 2 
H Tor}:{a MOJKHO C'IHTaTb, 

'ITO ( ➔ ➔ ➔ ➔ ) C ➔ ➔· ➔ ) 
a po;pt •P2 •Pa "'a po;p2 •P1•Pa · 

Ecnu BM0CTO m;3 m~3 BB0CTii 6eapa3MepHbl0 nepeMeHHbl0 

TO BepOHTHOCTb npouecca 

d
2
W - ! - 1 - + -

1
- \

2 
dudv. 

U + i V +i 

TTnoTHOCTb B0p05!THOCTH 

du d v 
1 +-1 __ + 2 l+uv 

1+u 2 1+v2 O+u 2)(l+v 2 ) 

nuHHH ypOBHH HHTep<jiepeHUHOHHOr'O 'lneHa 

J = 2 __ l_+...!!L__ 

(l+u2)(l+v2) 

(2.3) 

(2.4) 

(2.5) 

Ha nnoCKOCTH u. V noKa3aHbl Ha puc. 3a. OHH HM0IOT nonOJKHT0IlbHb!H. MaK-

CHMYM J =2 npH u = v ,,,Q , OTpHUaTenbHb!H MHHHMYM J =-1/4 npH 

u =-v =.± y3 u 06pama10TCH B Hynb Ha runepoonax u v = -1 , nuHHH 

ypOBl!ll H0HHTep<pepeHUHOHHHb!X '1Il0110B (l+u 2 ) -I I{ O+v 2)- 1 npl!Mbl0, 

napannenbl!bie ocHM u = 0 V = 0. I{ J:{OCTHr'aIOT MaKCHMyMa BJ:{Oilb 3Tl{X 

oceii, nuHHH YPOBl!ll nnOTHOCTH BepOSITHOCTI{ noKa3al!bl Ha puc. 36. TTocKOilb

KY }:{Ill! H3Y'l0HH51 J:lBYXMepHb!X pacnpeJ:{eneHHH no (u, v) TpeoyeTCSI 00Ilblll851 

CTaTHCTHKa, BCTaeT BOnpoc O HaonIOJ:{0Hl{I{ HHTep<jiepeHUl{I{ B OJ:{IIOMepHbIX 

pacnpeAeneHHllX, Barnl!J:l Ha puc. 3 yoeJKJ:laeT Hae, 'ITO pacnpeAeneHHll no 

u Hnu no v }:{Ill! 3TOr'O HenpHr'OJ:{HbI, nocKOilbKy nonoJK HT0IlbHb!0 H OT-

puuaTenbHb!0 HHTep<pepeHUHOlll!b!e a<ji<peKTbl B3aHMHO raCSITCH, a 3<p<peKTbl .OT 

KBaJ:{paTl{'IHb!X qneHOB TOilbKO HaKannHBaIOTCH, Y J:looHeii B35!Tb /:lpyrue nepe

M0HHbie: 
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o.) 

.y"' 

ll32 - u 

~--"' di 

P0c. 3. a)nHHHH YPOBHR HHTep¢epeHUHOHHoro qneaa B nepe-

MeHHb!X ( U, V ) • U0¢pb1 OKono KpHBb!X - COOTBeTCTBYIO-

II(He 3HaqeHHR J i 5) nHHHH YPOBHR nnoTHOCTH BeponT-
2 

HOCTH d W • TTyHKTHpHblMH nHHHRMH TTOK838Hbl 06-
naCTH pilkJeYmn peaoaaacoa. 
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X 

m 2 + m 2 -2M 2 

~ = - 13 23 

2 2y (2.6) 

m2 _ m 2 x/ 
u-v 

y = -2-
13 23 

2y 
(2.7) 

11a p11c. 3a Bll/:tHO, '!TO Bi:tOnh rronoc y = const rrp11 ManhIX y IIHTepcpepeHUIIOH-

Hhiii 9cpcpeKT i:tnH pa3HhIX "." 6yi:teT HaKann11B8ThCH, a rrpn 6cinhllIIIX y OT-

'18CTII raCIIThCH. BKnai:t )1{0 KBai:tpaTll'IHhlX '!neHOB 6yi:teT paBeH OJ:tHOii II TOii 

)1{0 Ben11'111He - '111'1:ny COOblTllii B KOCOM C0'10Hl!II pe30H8HCHOii nonOCbI. 3aTO 

Bi:tOnh rronoc x =const IIHTepcpepeHUH Ol!Hblii scpcpeKT i:tonlKeH 6b!Th oco6eHHO 

cna6. Pac'!eT IlOJ:tTBSplKi:taeT STO. C TO'IIIOCTh!O AO IIOCTOSIHl!Of'O MHOlKIITensi 

1-!.--+ --
1--1 2 

dx dy • 
X + y+i x-y+i 

l1aTerpanb1 no x nnn y B 6ecKoHe'!HbIX rrpei:tenax i:taJOT 

dW + 00 d 2 W 
,_(y)se --= f 

dy dx cl y 

w(x) 
dW + 00 d2 W 

=--=f ---
dx dx dy 

dx =2110+-1--) 
1 + y 2 

xx/ 
dy = 2 11 

(2.8) 

(2.9) 

(2.10) 

TTepBoe cnaraeMoe B (2 .9) o6si3aHO CBOIIM nponCXOlK/:10H110M KBai:tpaTll'IHbIM 

qnenaM, a BTopoe - l!HTepcpepenu1111 i:tnyx aMnn11Tyi:t B rrpouecce (2.1). HI!lKe 

6yi:teT IIOKa3aHo, '!TO OHO CBSl38HO IIMSHHO c TSMII yrnOBb!Ml! 11 snepreTll'ISCKII

MII KOppenSIUIISIMII, KOTOpb10 6btnll OIIIIC8Hbl BO BBei:teHI!II. 

xi 
113-38 TOlK/:ISCTBeHHOCTII 'l8CTHU I II 2 9KCnepHM0HTanbHO MOlKST 6b!Th 1!3-

Mepel! nlllllh I y I •. Mb!, OJ:{118KO, 6yaeM C'IIIT8Th 3H8K y npOll3BOnhHbIM. 

OTO He npHBei:teT K OlllllOKaM, T8K K8K BCe pacrrpei:tenel!l!SI OK83b!B8IOTCSI 'leT

llb!Mll cpyHKUIIS!Ml! y 

xx/P • 6 eaynhTaT, 9KBHBanel!THblll OTCyTCTBIIIO 38BllCHMOCTll OT X , bin YlKS B 

i:tpyroii CBSl3ll OTM0'10H B pa6oTe 151• 

9 



11HTepcpep_eHIU!OHHblll: 3cpcpeKT MO)KHO aaMeTl!Tb II B pacnpeneneHl!I! no 

2 2 2 
r = U + V 

PacqeT naeT 

(1 + r2 )1/2 ( _!!.!_ ) ~ 1 + __ 1 

d r 2 1 + r 
2
/2 

B pacnpeneneH1111 no cf,= arctg(u/v) scpcpeKT OTCYTCTByeT, ,. 

§3, OrpaH11'leH11S1, irnnaraeMh1e aaKoHaMH coxpaHeHHSI • 

11HTepcpepeHUl!SI B 6onee CnO)KHbIX Cl!CTeMaX 

(2.11) 

(2,11') 

11HTepcpepeHUl!OHHhle 3cpcpeKTbl - nHKII B pacnpeneneHl!H no y - 6ynyT 

Ha6monaTbCSI nHWb B OKpeCTHOCTI! y =0 , TO-eCTb npl! m 'l!a m ~ 1\1 , EcnH 
13 23 

np11 3TOM p I ;; p2 J TO o6ecne'leHO II paaeHCTBO aMnnHTyLI, 3TI! TPII yc-

nOBl!SI MOI'YT 6b!Tb YLIOBneTBOpeHhl He npl! BCSIKl!X 3Ha'leHl!SIX 3cpcpeKTHBHOll: 

MaCCbl m O , BC ex Tpex '18CTl!U, Hal!H1!3Wee 3Ha'leHl!e _ iii O Hall:neM, npH-

paBHHBaSI B Cl!CTeMe nOKOSI R 3HepI'l!IO w I B pacnane O ➔ 1 +R 3Hep-

I'l!I! w2 B pacnaJle R ➔ 2 + 3 : 

(m:-M
2 

-m:)/2M=(M
2

+m~ -m!)/21\1. 

11MeeM 

mo=(21\12+m2 )1/2 
I • (3,l) 

np11 3TOM aHa'leH1111 m O cneKTP m 12 BnepBhie waaxBaT11T•' o6nacrb m ., 2 111 , 
12 t 

B KoTopoll: p
1 

"'P\ (cM, KBaJlpaT K co CTOpoHoll: "'Y Ha p11c. 4), 

np11 60nbWHX m paBeHCTBO f 1::1t BHOBb HeB03MO)KHO, HO BllnOTb LIO 
0 I 2 

111 ., ~ = ( l\f 2 - m 2 ) / m nonOCbl m I :;: M H m °':: l\f OCTaIOTC.II BHyT-
0 0 I I 3 23 

pH cp11ryph1 nan11ua, H 11HTepcpepeHu11.sr aaMeTHa, no Mepe ynaneH11S1 m0 OT 

;;;o aMnnnTyJlhl a LIBYX cnaraeMb!X cpopMynbI (2,2) MOI'YT ace Cl!nb-

Hee OTnl!'laTbC.II LIPYI' OT npyra; ecnn npennonO)Kl!Tb, 'ITO OHi! aaBl!C.IIT nl!Wb 
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01' Mace m 13 

Pnc. 4. BsanMHOe pacnonoll<eH!ie if>nrypb1 
nannua n pesoHaHCHbIX nonoc npn paSHbIX 
3H8'19HH.11X mo • AB- nnHeHHbie pasMe
pbl if>HI'ypbl nanHUB. 

m 12 , npn'leM HX 38BHCHM0Cl'b or x 

TO M0lKH0 noAC'IHl'Bl'b .IIBHbIH BHA cneKrpa y n B 9T0M cny'lae 

w (y) ~I
O 

(y) I 2 + I a(-y) 12 + 2 _Re_[_a_(y_) _a_*_(-_y_)_l_-_y_Im_[a_(y_)_a __ *_(-_y_)_]_ 

I+ y2 

3AeCb B aMnnnryAe a 0l'Me'leHa ee 38BHCHM0Cl'b or y 

cna6a, 

(3.2) 

O6cyAHM renepb CMbICn HHTel"'pHp0BaHH.11 a ( 2.9) no x 

ropoMy npome BCSI'0 saMel'Hl'b HHrepif>epeHUHIO. nocKOnbKY 

, onaf'OAap.11 KO-

m 2 +m2 +m2 =m2 + m2 +m2 +m2 (3.3) 
13 23 12 0 1 2 3 

nepeMSHHB.11 X Bb1palKaerc.11 B anAe: 

x = ( m 
2 

• - m 
2 -2 M 2 

+ m 
2 

+ m 
2 

+ m 
2 

) / 2 y 
O 12 1 · 2 3 (3.4) 

HarerpnpoBaHne no x paBH0CHnbH0, cne):{0BBTenbH0, nnoo HHl'el"'pHp0BBHHIO 

no m2 
0 

, nn6o no m2 
12 

, nn6o no l'0My n APYI'0MY BMecre. B CB.IISH 
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C 9TIIM MbICnl!Mbl pa3l!b!e IIOCTal!OBKII O!Ib!Ta, COOTBeTCTBY!Ollll!e KalKAOii 113 

yKaaal!l!bIX c11Tyau11ii ( oT6op co6bITEiii c m12 =2m I np11 pa3HbIX m O 11n11 co-

6hIT11ii C mo ";:,jjj 
O 

!Ip!! pa3Hb!X m 12 11 T.A.). 

B peanbHb!X ycnoBE!51X O!Ib!Ta IIHTerp11poBaH11e !IO X IIPOBOAl!TC51 B 

KOHe'IHhIX rrpenenax, a He OT no + 00 
, KaK npennonaranocb np11 Bbl-

BOAe (2.9), (3.3). Korna pe30HaHC Y30K, a KBaApaT K naneK OT Kpa51 

cjll!rypb1 .llan11ua, rrpenenh1 MOJKHO C'IEITa Tb ± "" . Ho Korna K neJKl!T y 

Kpa51 cjll!ryph!, OAIIH E!3 rrpenenoB B (2.9) MOlKeT !IO ycnOBl!51M O!Ib!Ta OKa3aTb-

C51 KOHe'IHLIM. CrreKTP y IIpE! 9TOM l!MeeT BIIA (p11c. 5) 

w(y,tJ= J 
e 

(1 + -l_ 
1 + y2 

d
2 

W dx = 
dx dy .. 

) [11 -arctg((+y)-arctg((-y)] + 

+ y fn ((+y)2 +1 

( e -y > 2 + 1 2(l+y 2) 

(3.5) 

0THOilleHl!e "scpcpeKT B Hyne/scpcpeKT Ha 6eCKOHe'IHOCTII" IIpll (- 0 paBHO 2, 

np11-(., l!...3 np116n11JKaeTC£ K 4 (pacrrpeneneH11e 0Tn11'IaeTC£ OT EpeiiT-

B11rHepoBa) I a ·np11 I e I >> 1 BHOBb CTpeMl!TC51 K 2 I TaK KaK no6aBO'IHOe rrne-

'IO Kp!!BOii w ( y ; ( ) 1 XOpOIIIO Bl!AHOe Ha PEIC. 5 !Ip!! 2 ( = - 7 1 yXOAIIT 

IIpll 9TOM Ha 6eCKOHe'IHOCTb. Ha p!!C, 6 IIOKa3aHbI KPl!Bh!e ~ (y, () 1 nony-

'IeHHhie CyMMl!pOBaHl!eM X OT -( AO ( • 

OueHl!M BeIIl!'IIIHY o6cyJKnaeMoro acpcpeKTa. 0Ha paBHa none Tex co-

6hITE!ll T/ 1 KOTOpb!e AaAyT !!HTepcpepeHUIIOHHbiii acpcpeKT, no OTHOIIl0HIIIO 

K rronHoMy 'IE!CIIy co6hITE!fi. Ha p!!C, 4 BIIAHO, 'ITO 

1/ = y 2 
/ y • AB = y I AB 

11n11 

2 22 2 2 2 2 2 
71 =M yl[(m +m )-M ][(m -m ) -M ][M -(m +m ) ][M -(m -m 

01 01 23 2 3 

) 21 I-½. (3.6) 
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wr~.tl 

12 

10 

8 

6 2x 

4 
- 1C 

2 .3 

P11c, 5, Pacnpeaenemrn no y np11 11a-
Terp11poaaa1111 no x OT ,; ao "° 
Ha KPIIBblX YKS38Hbl 3Ha'leHl!H 2 <;. 

P11c, 6, Pacnpeaenea11e no y np11 11n-
Terp11poaaa1111 no x OT - ,; ao ,; . 
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B K0HeqHoM cqeTe BenaqaHa a¢¢eKTa onpenen.11eTc.11 cooTH0WeHHeM Memny 

illHPHH0H peaoHaHCa H 9HepI'0BbllleneHHeM B npoueccax: 0 ➔ H+l H H ➔ 2 +3. 

flpH m == m ==m n m = m 
I 2 3 0 0 

TJ ~y/(M 2 -4m 2 ). (3.7) 

B qacTH0CTH, turn npouecca O ➔ </> K + 4 K- K + K + nonyqaeM TJ ~ 0,1. 

O6cymnaeMbie IIHTep¢epeHUHOHHbie .l!BneHH.11 HMeIOT MeCT0 He T0nbK0 

B paCCM0TpeHH0M Bbiille npocTeil:weM cnyqae CHCTeMbI, COCTO.IIIUeil: H3 Tpex 

qaCTHU. 

O6paTHMC.II, HanpHMep, K pacnany peao11aHC0B Ha 3 qaCTHllbI, HanpJIMep, 

w 0 -Me30Ha. 

+ 0 0 ➔ 77 + w + _, 77 + 77+ + ·77 

2 

KoH¢11rypau1rn, npn K0T0pb!X p ~➔ =p 

0 
+ 77 

BoaHnKaIOT anecb yme Haqnna.11 c nopo-

ra m ~ = m 1 + M , Korna B enc Te Me noKo.11 H nenonBamna qacTHua 1 H 

- 2 2 2 2..½ 
M0meT Il0K0HTbC.11 qaCTHUa 2, li BnnoTb J:J.O a11epI'HH mo=[2M +m1+m2 -(m3+m4) J,-

K0I'na p 
I 

0Ka3bIBaeTC.II Ha noBepXH0CTli· c¢epb! HMnynbC0B pacnaaa w ➔ 2+3+4. 

flpH 6onbilll!X 9HepI'H.IIX BnnoTb J:J.O ::i ,.,()\12 -m 2)/( m +m ) KOH¢nrypauHH C 
0 I 3 4 

p1 =p\ ncqeaaIOT, 110 ocTaIOTC.11 Te, an.11 K0T0pbIX I p
1 

l=lr42 I H m 134=m 234 

Bo BCeM 9T0M HIITepBane 9Heprnil: (m ~' ;;. 0 ) M0l!<II0 na6nIOnaTb HIITep¢e-

peHUliOl!Hbl.H a¢¢eKT B pacnpeneneHHH rro y=(m;34 -m;34 )/2y • '-IT06h1 

noKa3aTb 9T0, nano T0llbK0 rronomHTb B ¢opMyne (2.2) Macey li HMIIYllbC 

qacTHllbl 3 paBHb!Mli a¢¢eKTHBIIOH Macce a HMIIynbcy rrapb! 3,4. 

Toq110 TaK me a¢¢eKT 6yJ:J.eT na6monaTbC.II rrpn pomneHHH, 11ap.11ny c pe-

aonaHcoM H H qaCTHUeil: 1 , eme u APYI'HX qacTnU • 

§4. 11aMepellH.11 illliPHllbl H ¢a3b! peaoHaHca 

l111Tep¢epeHUH.1! TomneCTBeHHblX qaCTHU II03B0n.lleT J:J.aTb npyroil:, He aa

BHCl!Mb!H OT CyIUeCTBYIOIUero crroco6 li3Mepel!H.11 illHPHHbl yaKHX peaoHal!C0B. 

KpoMe Toro, B npHHUHIIe, rro.11Bn..11eTC.ll B03M0mH0CTb npoMepHTb CilBHI' ¢aa 

Memny·aMrrnuTyJ:J.aMH pomneHH..11 peaoaanca H ¢oaa. 
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1, 11HTerpan&Hbiil MeToA naMepeHnH wnpnHbI peaoHaHca 

3aKmo11nM o6nacT& K nepece11eHnH peaoHaHCHbIX nonoc Ha pnc, 4 B 

KBaapaT K ' c aapaHee Bb16paHHol! CTopoHoit D • llpyrol! TaKoit JKe KBaA-

paT K " noMeCTllM Ha oaHol! na peaoHaHCHbIX nonoc HecKon&KO nooaanb, 

u K' uK" d2W ,ncno co6b1Tnl! B ,. HailaeM, HHTerpnpyH ---- no nnomallHM 
du d v 

KBaapaTOB, npeBbIWeHne 11ncna co6b1Tnit N' B K ' HaA YllBOeHHb!M 11ncnoM 

co6b1Tnit ( 2 N " ) B KBallpaTe K ,, COCTaBnSieT 

N '-2N" = 2a
2 

(2y arctg ..!!_) .2 

2y 

l..{ncno co6b!Tnl! B KBaapaTe K" ecT& 

N " = a 
2 D (2y arctg ..!!_ }. 

2y 

(4,1) 

(4,2) 

Mb! nony11aeM BO3MOlKHOCTb H3MepHTb wnpnHy peaoHaHca, Bbl'lllCnnB OTHOWe-

N '-N" 

2N" 

Benn11nHa y 

D 
2y arctg --

2y 

D 

eCTb KOpeHb ypaBHeHHSI 

D N '-2N" 
2y arctg -

2
- =. D ----

. y 2N" 

Ecnn D >>y To nony11aeM: 

N '-2N" 

2N" 

(4,3) 

(4,4) 

3ToT cnoco6 onpeaeneHHH wnpnHbI peaoHaHca He aaBHCnT. OT TO'IHOCTn nsMe

peHHH atj>cjJeKTllBHbIX Mace: HeTO'IHbie 1{3MepeHnH pa3MbIBalOT nnK, HO He Me

H,5:!IOT nonHoe 11ncno co6bITnl! B nnKe, B npnHunne, npn aocTaTO'IHo 6on&woll 

CTaTnCTHKe TaK MOJKHO ll3MepHTb wnpnHbl O'leHb Y3KllX pe-3oHaHCOB, 

llnH ll3MepeHHSI wnpnHbl peaoHaHc_a MOlKHO Bocnon&3OBaTbCSI ll OllHOMepHblM 

cneKTpoMp .,.!...(m 2 -m 2 (pnc, 7). l..{ncno co6h!Tnll L' n L" 
2 13 23 
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B 1:myx y'laCTKax cneKTpa w11p1rnoii D > y 

TaK 'ITO 

6yAeT L '~ D + 11y II L" ~ D, 

r = _D_ L '-L" 
11M V 

1fl§ 
2 

L' l" 

i=:==,b I 'D ==-l j> 

P11c. 7. 

2, l1aMepea11e w11p11Hhl peaoaaaca Ha " npeAenhHbIX" 

KOHqll!rypaUl!S!X 

(4,5) 

KpoMe 11ano~eHHOI'O IIHTerpanbHOI'O MeTo.na 1!3MepeHl!S! W!!pl!Hbl peao

HaHCOB, MOlKHO 1!3MepS!Tb w11p11ay n11Ka B cneKTpe, KOTOpbiii, KaK 3TO cne-

AyeT 11a (2.9), 11MeeT B11.n I+O+p 2 ;y2 ) -t • To'lHOCTh 06menp11HHToro 

cnoco6a (no n11KaM B pacnpeAenea1111 no m2 
ta 

orpaHH'leua TO'lHOCTbiO H3-

MepeHl!S! l!MnynhCOB 'l8CTl!U, To'lHOCTb o6CylKAaeMOI'O cnoco6a orpaHl!'leHa 

TO'lHOCTbiO 1!3MepeHl!S! pa3HOCTI! 3Hepr11ii II HanpaBneanii TOlKAeCTBeHHb!X 

'laCTHU. MbI YBIIAHM, 'iTo cymecTayroT aeKoTOpb1e KOHqJ11rypaunn B na6opa-

Topaoii Cl!CTBMe OTC'lBTa, ,nng KOTOpb!X OWll6Ka B onpe.neneHl!ll pa3HHUbl 3H8p-

I'l!ll Mano BnllSieT Ha Ben11'lHH:>;: p , T aK KaK TO'lHOCTb yrnOBb!X ll3Mepeunii 

AOBOnbHO BblCOKa, TO 3TOT cnoco6 MOlKeT OKa3aTbCS! TO'lH~e, 'ISM OObl'lflblll, 

l.JTOobl HaiiT!l yKa3aHHbl8 KOHljll!Pypau1rn, Bb!pa3HM aenH'll!Hy p B na6o-

paTopuoii CHCTeMe OTC'leTa: 
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• 
p ''' w

3 
( W I -w ) - p ( p ·_ p ) 

2 3 I 2 (4.6) 

HnH c yqeTOM coxpaHeHHSI 4-HMnynbca 

P=W (w -w )-p (f -p ), 
0 I 2. 0 I 2 (4.7) 

rne w 0 - aaeprHH CHCT8Mbl O • - aaepl"HH qaCTHU 
➔ ➔ 

1,2 ,3. BaeneM yron tf, Me>KllY ellHHHqffblMH BeKTOpaMH n I H n 2 

aanpaaneHHhIMH BllOnb p
1 

H p
2 

, H aenHqHffh16w=w
1

-w2 11 ilp=lp~I-IP2 1, 
IlycTb it 6yneT 8llHHHqHblM BeKTOpOM B HanpaaneHIIII 6HCCeKTPIICbl yrna 

Me>KllY 
➔ 

n I II , TO-eCTb 

1 = (~ + n➔ ) / 2cos(tf, /'l), 
I 2 

a N - nepnean11KynS1pHb1ll: K it 

Torna 

(4.8) 

CTpyKTypa (4.8) COOTBeTCTByeT yrnoBb!M n aaepreT11qeCKIIM KOppenHUIISIM, 

paccMOTpeHHhlM BO BaeneHIIH, 

Ecn11 orpaa11qHTbCSI TOnbKO KOHljmrypaUIIS!MII, y KOTOpbJX p ., p , TO 
.!l I 2 

MO>KHocqHTaTbtf,«l ,jp
1

J=Jp
2
l=P, ilp«p H llp=vw ,rne 

V - CKOpOCTb naphl 1,2. B 8TOM cnyqae p HMeeT BHll: 

(4,9) 

rne VO - CKOpOCTb CHCTeMhl O B na6opaTopHOll: CHCTeMe KOOPllHHBT, 

06paTHM BHHM8Hlle Ha KOHq>HrypaUHH, y KOTOpb!X 

(4.10) 
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• 11nl!, 'ITO To )Ke caMoe, 

::::: ➔ ➔ 
V :::;:::V • ll 

pea 

I 

(4.10) 

Y Hl!X Koaqiqll!Ul!eHT np11 ~ w MO)!(eT 0b[Tb CTOnb Man I 'ITO norpeWH0CTb B 

1!3MepeHl!II aHepI'l!II He CKa)!(eTCS! Ha Benl!'ll!He p • Mo)!(HO noKa3aTb 1 'ITO 

ycnoBl!st (4.10)-(4,10') - aTo ycn0B1111 BbineTa napbI 1,2 c m 12 "' 2m 1 

B "pacnane" m ➔ m + m 
0 12 3 

non npenenbHbIM YI'Jl0M, l13BeCTHO, 'ITO 

npenenbHbIH yron ecTb Ha11Bepo11THeHWl!H yron BbineTa 'laCTl!U B na6opaTop-

HOH CIICTeMe, OTO 31Ia'J11T, 'ITO /:l0JIH KOHqJIII'ypaUl!H C V ;:; v➔ • n . 0 /:I0CTaT0'J-

HO aem!Ka, YcnoBl!e ( 4, 10•) 03HaqaeT TaK)!(e, 'ITO, He3aBl!Cl!MO OT MOMeHTa 

pacnana peaonaHca, <;1acTl!UbI 1 I! 2 on110BpeMe11110 nepeceKaJOT n106y10 rrnoc

KOCTb, neprre11n11Kyn11pHy10 HarrpaBneHl!IO lfX BbJneTa, 

3, HaMepeH!fe cna11ra qia3 

Mb! BCe BpeMll rrpeHe6peranl! Han11'!11eM Hepe30HaHCH0I'0 qiona, KOT0pb!H 

B cny'Jae Y3KIIX pe30HaHC0B 'JaCT0 6bIBaeT Man. Ecn11 OH l!I'pae'T cyweCTBeH

Hy!O ponb, TO IIHTepqiepeHUIIS! aMITnllTY/:l np11 HaJil!'lllll T0)!(t:teCTBeHHblX 'JaCTIIU 

I103B0nlleT. 113Mep11Tb C/:(B111' qia3 Me)!(t:ty aMnJI11Tyt:tofi p0)!(/:leHl!S! pe30HaHca I! 

qJOHOM, IT ye Tb qioH0Ba11 a1vmn11ryna nn11 npouecca O ➔ 1 + R ecTb l] e 
10 

Torna nnor11ocTb pacrrpenene111111 Ha ¢11rype nanl!ua M0)!(H0 3anl!carb B B11-

ne: 

d2 W 

d m 2 dm 2 
13 23 

1 

I A ( 2 -M 1-iy 
m t3 · 

+ 
m 2 -M 2 +iy 

23. 

) + Be lo I 2 ( 4. 11) 

Bb1'111Cn1IM cpe.QHIOIO nnoTH0CTb CO0b[TIIH B Tpex 06nacr11x, Ha K0T0pb1e 

qil!rypa nan11ua pa3611Baerc11 pe3oHaHCHbIMI! rronocaM11 ml3 "' 1\1 2 11 m~
3 

"'M 2 

ITycTb Wllpl!Ha rronoc D >>y , flo.QC'Jl!TaeM o6wee 'll!Cno CO0blTl!H BIie 

rronoc (N 
1

) 1 BHYTPII IIX ( N 2 11 Ha nx nepece'JeHl!II (N 
3

) I! pa3Ae-

nnM 11a nnoruaJll! ar11x o6nacTefi, ITony'IIIM cpeAHl!e rrnoTH0CTI! d 1 , d 2 , d 3 : 

d I= 82 , d = B 2 
+ -

17
- ( r\ 

2 -2 AB sin o ), 
2 yD 

d
3 

=82+ 2,r 
yD 

(A 2 -2AB sino) + 
2 ,r2 A 2 

D2 
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Orc10na cnenyer, qro 

.1- D _1 1 ( B=vd 1 ,A=-v-d +d 
TT 2 I 3 

( 4,12) 

sin o 2 
[A -yD (d -d )/TT]/2Ayd 

2 I . I 

Ecm1 He npennonaI'aTb, qro . D >> y , To B ar11x cpopMynax ay:xrno 3aMeHHTb 

TT Ha 2 arctg D / 2 y . 

Mb1 np113HaTenbHhI 3a ueHHb1e 06cyJK1leH1111 E.H. BanyeBy, 11.M. fpaMe

HIIUK0MY,, B.n. n106ow11uy, r. M11uenbMaxepy. 
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11HTepcj)epeHUIISI TO)Ki:teCT];leHHblX 'laCTIIU B npoueccax c yqaCTl!eM 

pe30HaHCOB 

. PaccMaTpl!BaeTCSI IIHTepcj)epeHUIISI TO)Ki:teCTBeHHblX 'ISCTl!U. B npoueccax 

C y'laCTl!eM peaoHaHCOB II o6cy)Ki:taeTCSI B03M0)KHQCTb 1!3MepeHl!SI Ha 9TOll 

OCHOBe I Ulllpl!H pe3oHaHCHblX COCTOS!Hllll. 

Coo6~8HHS O6~8AHB8HH0ro HHCTHTYT8·SA8PBHX HCC~8AOB8HHA 

~&la, 1970 

Grishin V,G,, Kopylov G,I,, Podgoretsky · M,I, 
Pi-5315 

Interference of Identical Particles in the Processes 
Involving the Resonances 

The interference of identical particles in the processes invol
.,. ving the resonances is considered; the possibility of, measuring, on 

this basis, the widths of resonance states is discussed, 
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