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/1-3/ 
B pa6oTax 6hma paccMoTpeHa HHTep!jlepeHUIHI TO>K.QeCTBeHHhJX 

'!aCTHU 1 H 2, H3 KOTOpblX O.QHa pO>K.QaeTCSI COBM9CTHO C K8KHM-TO peao-

II8HCOM 1 a .npyl'aSI ITOS!BnSieTCSI B peaynbT8Te pacna.na 9TOI'O pe30!IaHC8, 

3.necb Mhi paCCMOTpHM cnyqall:, KOI'Jl8 o6e TO>KJleCTBeHHhle '18CTHUhl ITOSIBnSI-

IDTCSI OT pacna.na .nayx peao!Iaucoa, R u • By.neT noKaaauo (§1), .. 
'ITO B T8KHX peaKUHSIX B03HHK8IDT HHTeplflepeHUHOHHhle M8KCHMYMbl 1 CXOJl!Ihle 

/1-3/ 
C T9MH 1 KOTOpble 6hinH H3y'!eHhl B pa60T8X • KpoMe TOI'01 HMeroT Mec- -

TO .HHTepcpepe!IUHOHHhie S!Bne!IHSI HOBOI'O TUna, Henocpe.QCTB9HHO CBSI38!IHbie 

c paauocTbro apeMeH >KH3HH peaouaucoa ( §2). B cnyqae, Kor.na R u r 

0JliiH8KOBhle H Y3Kile pe30H8HCbl 0 9TH S!BneHHSI MOI'YT 6h1Tb B ITpHHUHITe HC

nonb30B8Hbl JlnSI II3MepeHHSI BenH'!IIHhl f' nyTeM 9KCnepHMOI!T8nbHO KOHTpO

n!IpyeMOI'O p8Cll11Ip9HHSI pe30H8HCHhiX nHKOB, 

8 §3 paao6paHbl KIIH9M8TH'IeCKIIe ycnOBIISI 1 B KOTOpblX B03MO>KHO Ha6nro-

.Qenue HI!TepcpepeHUHOHI!hiX a¢1fleKTOB, 'XoTSI n. pa6oTe u.neT pe'lb o 

p0>K.Q9HHH nap pe30H8HCOB 1 OITHCbiB89Mhie B Hell: acpcpeKTbl OTHOCSITCSI If K 

S!JlepHbiM peaKUHSIM 1 HanpHMep, K peaKUHSIM Tllna 
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/4/ 
- B036Y)!{Il9HHhie S!llpa 

§ 1. 11 CXOilHhie COOTHOIIIeHHSI 

1. Hac nHTepecyeT cnyqaii:, KOI'Ila llBe TO)KileCTBeHHhie tiaCTHUhi, 1 n 2 
+ . 

(HanpnMep, TT -Me30Hhi), c 6nu3KHMll no BenutinHe u no HanpaBneHnro liM-

nynbCaMU pO)!{Il~lOTCSI OT pacnalla llBYX pe30HaHCOB 1 R ll r • 06o3Ha-

tiasr napy R + r uu¢poii: 0, Mhl llOn)!{Hhl 6ylleM l'OI'Ila paCCMOTpeTb UHTep-

¢epeHuuro llBYX npoueccoB 

0 
R/ '-r 

!\ 1\ 
a I 2 4 

OpnMephi TaKux peaKunii:: 

/0 

R 'r 
/\ 1\ 

·a 2 I '4 

ll 

TT++ p -+pO+ /).++ -+ (TT+ +TT-)+(TT++p ), 
I ·a 2 ·4 

p + p -+ cp 0 + cp 0 -+ ( K + + K-) + (K+ + K-) 
I a 2 '4 

unn 

4 

( 1.1) 

( 1.2) 

( 1.3) 

p+p-+CUO+¢o -+(TT++,TT-+TT~)+(TT++TT~ ). 

I ·a 2 '4 

. B nocnellHeM cnytiae MaCChi "qacrnu" 3 n 4 nepeMeHH 

2. HanuiiieM aMnnnTYilY nollo6HhiX npoueccoB B BUll 

ll9HHH pe3oHaHCHhiX aMnnHTYil 

A=fR(mts>f.(m ll4)+fR(m23 >r.<mt4 ), 

C'lHTaSI llnSI onpelleneHHOCTH tiaCTHUhl 3 H 4 HeTO)!{Il9CTBe 

B ¢opMyne ( 1 .5) 

f (m) = 
j 

a J 

2 2 • ·r m -mj + 1 mj J 

u /1-3/ 
B llanbHeniiieM, KaK n B , BenntiHHhi 

-+ 

• j = R, r 

a j C'lHTal01 

a HMnynbChi p
1 H p 2 'laCTIIU 1 H 2 - 6nH3KHMH llP 

oroBopKa npellnonaraer, KOHetino, llOCTaTO'lHyro y30CTb p« 

CocTOHHHe 'leThipex 6eccnnHOBhiX qacrnu B cucreME 

6biTb OllHCaHO llSITblO He3aBUCUMbiMH napaMeTpaMH ( 12 KC 

COB MHHYC 4 3aKOHa COXpaHeHHSI, MHHYC 3 sii:nepOBbiX yrJ 

BOpOT '19l'B9pKH B llpOCTpaHCTBe), Mbl Bhi6epeM H3 HUX J 

o6paiUaSI Ha llSIThiH BHHMaHUSI, T,e. ycpellHSISI no HeMy, 11 

neHUe 'l9TBepOK Sl'HX napaMel'pOB B Bllll9 

x/ 
Ecnu 6hi oHu 6hmu TO)!{IleCTBeHHhl u pe3oHaHChl 11 

y'leT sToro nHIIIb YllBonn 6hi aMnnnTYilY. Cnyqaii: R i r 
6onee cnmKHhiM ¢opMynaM. 

5 



37 MaB 

+0,094 MsB 

lCl'BOHHbJe 'i8Cl'l1Uhl, 1 ll 2 

ae u no aanpaBneauro liM-

• 06osaa-

JP~a paCCMOTpeTb liHTep-

( 1.1 ) 

) ' . · .. ( 1.2) 

( 1.3) 

p + p .... (L)o + '¢ 0 -+ (IT+ +,IT-+ IT~)+ (IT++ IT~0 ) , 

l ·3 2 '4 
( 1.4) 

B nocne~HeM cnyqae Macchi "qacTuu" 3 u 4 nepeMeHHhi, 

2, HanuweM aMnnuTy~y no~o6HhiX npoueccoB B nu~e cyMMhi npousBe

~eaufi pesoaaHCHhiX aMnnury~ 

A=fR(mla)f.(m 'H)+fR(m28 )fr(m14 ), 

x/ C'iliT8SI ~nSI onpeJieneHHOCTll 'i8CTliUbl 3 ll 4 Hel'O)K~eCTBeHHhlMll 

B <f!opMyne ( 1 ,5) 

/1-3/ 

( 1.5) 

B ~anbHefirneM, KaK u B , Benu'iHHhi a l C'ilil'8JOTCSI nOCTOHJIIII>JMH, 

a HMnynhChi H 'i8CTJIU 1 li 2 - 6nU3KiiMll ~pyr K ~pyry, 8Ta 

OPOBOpKa npe~nonaraeT, KOHe'JHO, /l0CT8TO'!Hyro Y30Cl'b pe30118HCOB, 

CocTOHHlle 'leTbipex 6eccnnaoBhiX 'lacruu B cucTeMe ux noKoH MO)lWT 

6b!Tb OITUC8HO nSITbiD. H038BiiCiiMblMH napaMeTp8Mll ( 12 KOMIIOHOHT liMIIYllh

COB MHHyc 4 saKoua coxpaueuuSI, MHHyc 3 sfinepoBbiX yrna, sa~arowux rro

nopoT 'JeTBepKU B npOCTpaHCTBe), Mbl Bhi6epeM H3 HUX nlllllb 'IOTbipe, JIG 

00p81U8SI Ha nHThlfi BHHM8HHSI, T,e, ycpe~HSISI no HeMy, II llanullleM pacnpe~e-

neune 'leTBepoK srux napaMeTpon B nu~e 

x/ 
Ecnu 6bJ oun 6binli TO)KJleCTBeHnhJ If pesoHaHChl R , u 

y'ieT SToro numb YllBOHn 6hi aMnnuTy~y. Cnyqafi HI= r , '3 ,·4 
6onee cno)KHhiM <f!opMynaM, 

5 
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4 .. 2 2 2 ·2 2 
d w,AIA.I dm 13 dm 24 dm 23 dm 14 (1.6) 

. . 
Ill no aHanorHH c aaeJleM HOBbie 6espa3MepHbie nepeMeHHbie 

m2 + m 2 -2m2 
!.!__,_.24 r 

2 2 2 2 
mta +m2a- mR 

mRf'R 

2x = 2X = ; 

m r r r 

2 2 
mi3-m2a 2y 

2 2 
m u- m24 

m r 
r r 

2Y 
mRf'R 

B 9THX nepeMeHHbiX pacnpeAeneHue aepoHrHocTefi eCTb 

1 1
2 

dXdY dxdy • (1.7) 1 
+ -----d 

4 w- '4 A I 1 1 

X+ Y + i x-y+i X-Y+i X+ y + i 

Mbt cquTaeM pesouaJICbi y3KHMH, 3To sna"'HT, "'TO o5n9CTb X, Y, x, y -1, 

):laJOUiaH rnaDHhiii oKnall D nepoHrnocTb, o"leHb 'wna a cpanuenun co ncei'I 

o5nacTbJO um .. !eHeHuii X, Y, x, y , nosroMy, ;::enaH naii Til pacnpellenenne no 

Y,y 
Mbi ne cnenaeM 6onbmoii norpemnocTn, IIHTerpnpyH no X n x 

OT -.00 AO +"' 11 nonaraH A= Const 

2 

,\\\ -l+ 

dy d y 

l+y y 

(l + l )(1 + y 2 ) 

( 1,8) 

w(Y,y)~ 

6 

I1HTep4JepeHU110!fHbifi s4J4JeKT B nnOCKOCTII ( Y, y) on 

HOM 

J = (1 + y Y ) I ( 1 + y 2 ) ( 1 + Y 
2 

) • 
- . 

flnHHH ypOBHSI J Ill 
noKasaHhl Ha puc. Sa a 

DponuTerpnpyeM (1,8) no y B nHrepaane ~y 

HOM OTHOCUTenbHO Y = 0 H UMe!OUieM TaKyJO ):lnnHy, "'TO 

~ y TT T MOX<HO nO:IOI!<UTb arctg -
2
- = Z • OI'A8 

w(y) __4.!_, = ~ y + --" 
dy 1 + y2 

CneaoaaTenbHo, B pacnpeJleneunn no y OTHOCHT9nb 

rlJepeHUHOHHOI'O s4JrlJeKT8 38BHCHT OT Bbi6opa IIHTepaana ycpE 

Dp11 O"leHb 6onblliHX IIHTepaanax oHa Mana. 3TnM pacnpeAeJ 

B CIICTeMe ABYX Y3KIIX pe30H8HCOB OTnnqaercn OT paso6pa~ 

npeaeneHHH a cncTeMe "'pesoHaHc+qacruua", rae np11 ):locra 

IIHT~paanaX ycpeAH9HIISI TaKaH 38BHCHMOCTb OTCyTCTayeT. 

3. B JlpyroM *e c paccMarpnaaeMofi Bhillle TO"lKn spe 

UHOIIHbie srlJrlJeKTbl. B CI!CTeMe "'pe30H8HC+pe30H8HC" M8:IO Ol 

s4J4JeKTOB a cucTeMe "'pesonaHc+"lacrHua"'. B qacrHocTn, np 

a 4JopMynax (1.7), (1.8) cneAyeT nono*HTb X= Y=O 
Ill 

OHH nepeXOAHT B 4JopMynbi (2.8) H (2.9) B 

'4T06bi 06Hapy)!{llTb HOBble 34JrlJeKTbl B CHCTeMe "'pe30il 

3annllleM ( 1.8) B BUAe 

1 ·( ) 1 1 1 1 1 "Y,y -1+-----+---
2 y+i Y-i 2 y-i Y+i 

7 



----------------------------~~-----------------------------------------------------------------------------------------

(1.6) 

eMeHHhie 

CTb 

2 . 
I d X d Y dx d y • (1, 7 ) 

::>5!!!1CTb X, Y,x,y -1, 

B. cpannenun co neon 

unii rn. pacnpeneneune no 

urerpupyH no X u x 

( 1,8) 

H HTep<jJepeHUHO!IHhiH s<jJ<jJeKT B nnocKocrn ( Y, y ) 

HOM 

2 
J=0+yY)/(l+y 2 )(l+Y ). 

flUHllll ypOBHH J 3a B
ill 

noKasaHhi Ha puc, 

onpenenHeTCH qna-

( 1,9) 

TipOllHTei'pllpyeM ( },8) no Y B llHTepBane !J. Y 1 CIIMMeTpll'I-

HOM OTHOCIITenhHO Y = 0 ll IIMeJOII!eM TaKyJO nnnHy 1 'ITO Ha KOHUaX el'O 

!!..Y " MO)l<HO nononmTh arctg -
2
- = T , T orna 

w(y) dW =!!..Y+ 11 

~' 1 +y2 
(1.10) 

CnenoBaTenbHo, B pacnpeneneHun no y OTIIOCI!TenbllaH ponb IIHTep-

<jJepeHunoHHoro s<jJ<jJeKTa saBncnT or Bhi5opa nHTepnana ycpenneHI!H no Y 

Tipu oqeHb 5onbrnux uurepBanax oua Mana, 3TuM pacnpeneneuue no y 
Ill 

B CIICTeMe llBYX Y3KUX pe30H8HCOB OTnU'IaeTCSI OT pasb5pai!HOI'O B ' pac-

npeneneHI!H n cncTeMe "pesouaHc+qarlruua", rne npu nocTaTO'IHO wupOKIIX -

llHT~paanaX ycpenHeHUH TaKaH 3aBUCHMOCTb OTCYTCTByeT, 

3. B npyroM IKe c paccMaTpnBaeMoii BhiWe TO'IKH speHI!H uurep<jJepeH

UIIOHHbie s<jJ<jJeKTbi. B cncTeMe "pesouaHc+pesouaHc" Mano ornnqaJOTCH oT 

s<jJ<jJeKTOB B CIICTeMe "pesouaHc+'laCTIIUa". B 'laCTHOCTII, npu r R >> rr 
n <jJopMynax {1, 7), ( 1,8) cnenyer nonOIKIITb X = Y = 0 , nocne qero 

OHII nepexonHT a <jJopMynhi (2,8) u (2,9) /
11 

tJT05bl o5uapy)KllTb HOBble s<jJ<jJeKTbl B CIICTeMe "pe30118HC+pe30HaHC" .1 

3anuweM ( 1,8) :a B nne 

1 1 1 1 1 1 
w(Y,y) -1+-----+---

2 y+i Y-i 2 y-1 Y+i 
(1.11) 

7 



II BB8}:18M HOBble nepeMeHHhl8 

( = _1 (Y- y)-
2 

(=...L(Y+y). 
2 --

2 2 
m13 -m23 

4 m r 
· R R 

2 2 
m 14- m24 ( 1; 12) ----
\4 m. r r 

r 

llponnrerpnpyeM no ( B CliMMeTpli'IHOM OTHOCliTenbHO ( = 0 liHTepBa-

ne ft.. ( 1 }:lOCTaTO'IHO lllllpOKOM }:lnSI 1'0I'01 'IT06bJ MO)KHO 6hinO nonO)KIIJ'b 

1'1( 71 
na Konuax nnrepBana arctg --- = - • Mbl cnoBa nony'InM pacnpet:lene-

2 2 
nne Epeiira-Bnrnepa c MaKCliMYMOM B ( = 0 

w ( 0 = __i!__ = 1'1 ( + --71
--

d( 1 + c (1.13) 

Hn)Ke 1 B §2, {jlopMynbJ (1.12), (1,13) SIBSITCSI OCHOBOH Mel'O}:la npSIMOI'O 

li3MepeHliSI pa3HOC1'll BpeMeH )Klf3HH pe30HaHCOB, 

4. CXOJlHbiH liHTepcpepeHUliOHHbiH acp(jleKT nonyqaeTCSI1 KOI'}:la BMeCTO 

6e3pa3MepHblX nepeMeHHblX ( , ( BBO}:lSITCSI pa3MepHbJe Benli'IliHbl Z II 

z 

z =1(m13-m23-m14+m24), Z=+(m13-m23+m14-m24). (1.14) 

Pacrrpe}:lenenne no z , nonyqaeMoe nocne oT6opa co6hJTni1, B ·KOTOpbiX 

Z rrorra}:laer B aapanee Bbi6paHHhiii nnrepBan 1'1 Z 1 liMeeT Bll}:l 

\ 

8 

' 1 

I 

w(z)=~ 
dz 

ft..Z 
:r r 

R r 

+TT 

• I'}:le r = -
1 -< rR + r ) . Ono no3BOnHeT li3Mepl1Tb nonycy~~; 
2 r 

wnpnn. 

§2. Orrpegenenne paanocTn BpeMeH )Klf3Hll peaonancc 

KonTponnpyeMoe pacwnpenne peaonaHCHhiX nnKOI 

1. lloKa)KeM, KaK li3MepeHliSI cneKrpa Benn'IliHhJ ( 

}:lenliTb pa3HOCTb BpeMeH.)Klf3Hll pe30HaHCOB, llpeo6paaye 

JlRSI ( B na6opaTopnoii cncTeMe oTc'IeTa B npet:lnono)K, 

Y'ITeM, 'ITO npn aToM p
18 

,.p23 

BeHHOe BpeMSI )Klf3Hll pe30H8HCOB 

-> -> 
,p 14 "'P 24 • Bae}:leM B pac 

T j = r j- 1 
( j = R • r ) 

tj n npo6er 
-> 
·sl B n,c, ll ocne}:lHHe COCTannsnOT B 

4-BeKTOpbl nHTepaana ul M8)KJ1Y p0)KJ18HlleM n pacna, 

-> 

ul = { tl , ; l 
(L}j pj 

I, 2 2 
I={-- Tj ,--- T j U j = T j 

ml ml 

BBeJleM TBK)Ke 4-BeKTOpbi p n p , paBHbie cpE 
R r 

'IeCKiiM -i- ( p 13 + p23 ) II - 1-. ( p 14+ p24 ) COOTB81'CTB8HHO, 

m
2
13 -m

2
2a =(pl -p2 ){pl3+:23 )= 2 PR (pi -p2) 

n ananornqno mf,:-m~4= 2 P (pl-p2), 
r 

TaK 'ITO 

(= _1_(p -p )(~-- Pr )=-1-(pl-p2)(uR-
2 I 2 mr mr 2 

R R r r 

9 



I ' (1;12) 
--' 

IT9JlbHO e = 0 IIHTepaa- . 

MO/KHO 6hiJ10 ITOJIO/KIITb 

)Ba · IIOJIY'IIIM pacnpeaene-

(1,13) 

)BOll MeTOJ:18 llpSIMOf'O 

Ia9TCSI1 KOI'J:Ia BM9CTO 

~epHbie . B9Jlii'IIIHhl Z II 

1a+m14 -m 24 ). (1,14) 

a C06hiTIIU1 B KOTOpbiX 

'· HMeeT BHJ:I 

1 

1 

dW w(z)=--
dz 

I:!Z r 
--~-- + 1T __ 2...;;__2 ' 

:r r z. +r 
R r 

(1.15) 

rae r = _I_( r R + ·:r: ). Ono IT03BOJISieT 113MepHTb nonycyMMY pe30H8HCHbiX 
2 

lliHpHH, 

§2, OnpeaeneHHe· paauocTH apeMen IK113Hl! peaouancoa, 

KoHTpommyeMoe pacnmpen11e peaouaHCHhiX ITHKOB 

1, noKa1KeM1 K8K !!3MepeHI!SI CITeKTpa B9Jll!'Il!llbl (; IT03BOJI.IIIOT onpe-

):19Jll!Tb pa3HOCTb BpeMeH )1{113111! pe30H8HCOB, flpeo6paayeM Bbipa>KeHI!e (1,12) 

J:IJ1.11 (; B na6opa TOpHOH Cl!CTeMe OTC'IeTa B npeJ:IITOJIOlK911Hl! p I = p 2 o 

Y'ITeM, 'ITO npl! aTOM p18 =p23 ,p14 =p 24 • BneaeM B paccMOTpeHI!e coocT

neunoe npeMst IKI!3Hl! peaouaucon r 
1 

= r 
1
-

1 
( j = R, r. ) 11 !!X npeMst )I<!I311H 

.... 
t 

1 
I! npo6er ·s 

1 
B Jl,C, flocJieJ:IHHe COCTannstiOT B COBOKYTIHOCTI! 

4-BeKTOpbi l!HTepBaJW U l MeiKJ:IY pOIKJ:19HHeM H pacna):IOM pe30H8HCOB 

u l = l t j •. ;; j T l I ' (2 .1) 

BneaeM TaKIKe 4-aeKTopbi p 11 p , paBHhie cpeJ:tHI!M apH!jJMeTII-
R r 

'IeCKI!M -i- ( p 
13 

+ p23 ) H _I __ ( p 
14

+ p24 ) cooTneTCTBeHno. Toraa 

M
2
t3 -m

2
2a =(pi -p2 )(p13+i23 )= 2 PR (pi -p2) 

I! auanof'l!'IHO T8K 'ITO 

(= _l_(p -p )(_f_g_ __ Pr 
2 I 2 r m r 

m R R r r 

)=-1-(p -p )(u -u ). 2 I 2 R r 

(2.2) 

9 
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·cneJ:toBaTenhHO, (; Bbipa)KaeTcsr qepea paanocTn: ·apeMen )KII3HII n: npo6e-

'. ron peaonancon B n.c.: 

2(=(w
1 

-w
2 

)(tR-tr )-(p
1
-p

2
)(-;;R-S'r ). (2.3) 

Me)KJ:ty KoMnonenTaMn: 4-BeKTopa p 1-p 2 cyruecTnyeT CBSI3b 

if 

( P 1 + Pa ) ( P 1- P2 ) = 0, (2.4) 

no3TOMY no tieTbipex cnaraeMt.rx n (2.3) HeaanncnMbi nn:lllb Tpu, nanpn:Mep, 

pa3HOCTb 3Hepi'Hll WI - W 2 = 1'1 W H 1'1 p l - ):{Be npoeKUHH pI- p 2 

11a nnocKOCTb, nepneHJ:tHKynnpnyiO K P,a ""P, + P2 • OpoeKun:n P 1- P2 
llll HMnynbC P12 o6oaHa'!aeMan L'lpll Bbipa)KaeTcn qepea 1'1 w 

L'lpll =Awlv 12 

I'J:te v 12 - cKopocTb napbi 1+2. BneJ:teM ananoru'!HO TaKue )Ke npoeKunu 
... ... 

sRI I , s. II , sR.l.• s .J.; KpoMe Toro, BBeJ:teM eJ:tHHH'!-npo6eron peaonancon 

Hblli neKTop N napannenhHJ.Iii rr ,l , II yron 1/J Me)I<J:ty 

P, II 
... 
p2 TorJ:ta 

I -> -> 

2'=1'1w[ta-t.-v~ 2 (sall-s•ll )]-(S'Rl-s•.l )Np 12 (l/112), (2,5) 

rJ:te Manb!ii: yron 1/J panen 

It 

J/1 = [ m; 
2

- ·lm ~ - m ~ 2 ( 1'1 w )2 I p ~ 2 ] · 
2 I p 12 • (2,6) 

10 

) 

j· 

.~ 
I ,. 

;, 

J 
~· 

0T6epeM napbi 1 +2 c 1/J = 0 , nn:6o TaKn:e, nnocKOCl 

neHJ:tHKynnpna nnocKocTn: ( R , r) (pn:c. a,6). TorJ:ta B (2,! 

poll - "yrnosoii:" - qnen, OycTb, J:tanee,n:MnynhCbi 
... 
PR II 

.... 
KllK II p 12 , MeH5IIOTCSI B TaKOH y3KOH o6naCTH, 'ITO HX 

I 

n~CTOSIHHblMH; B TO )Ke BpeMSI 3T8 o6naCTb ):lOn)KHa 6biTb 11, 

'!T06b! npOHCXO):lHnO ycpe):lHeHHe aMnnHTYJ:l f l ( m ) no 

neo6xoJ:tn:Moe Ltnn nonyqenn:n ljlopMynbi ( 1 .13). KorJ:ta pe30H. 

J:tOCTaTO'!HO ysKn:, 3TH Tpe6onann:sr J:tpyr J:tpyry He npoTHBOp• 

nnn co6biTHH, YJ:lOBneTBOpHIOIUHX 3THM Tpe6onaHH5IM, I 

Ltenenn:e no c = __]_ 1'1 w • Wupuna f' 
2 

3Toro pacnpeJ:te11 

K031jlljluun:enTa npu c B ljlopMyne (2.5): 

rJ:te 

dW_ =1'1~+ 
de 

l=-------

17 

I + < c If )2 

10-vRIIIv 12 )tR-{l-vrll lv 12 ) t r I 

3J:teCb v l II- npoeKUHH cKopoCTH pe3onanca na 

k paBHbl 

r 

kl 
wl- Pdl /v,2 (j=R,r). 

ml 

11 

ra r. --
1 ka r. -k.l 

... 
p 12 • a I 



peMeJI . )lUIS !III II npo6e-

(2.3) 

ayeT CBS!Sb 

(2.4) 

'>I. nHWb Tpll, JianpiiMep, 

... ... 
ipOeKUI!Il p 1 - p 2 

. ... ... 
DpoeKUIISI p 1- p 2 

,Ipax<aeTCSI ttepes !'!. w 

0 T8KIIe )1{9 npoeKUIHI 

·oro, nneneM enHHII'!-

Mex<ny 

... 
1Np

12
(1/J/2), (2.5) 

(2.6) 

t 
J 

0T6epeM napbl } +2 C 1/J = 0 , nu6o T8Kile, nnOCKOCTb KOTOpb!X nep-

neHllHKynSip!Ia nnocKOCTH (R, r) (pHc. a,6). Toraa n (2,5) DhmaaeT nTo-

poli - "yrno5oli" - qneH, DycTb, aanee,nMnynbChi II , panno 

... 
KBK If p 12 , MOIISI!OTCSI B TaKOli ySKOli o6nacTH, 'ITO HX MO)KJIO C'HIT8Tb 

I 

nOCTOSIHHhlMH; B TO )KO npeMSI 9Ta o6naCTb l:{On)KJIB 6b!Tb HaCTOnbKO WllpOKa, 

'IT06hi npoucxoanno ycpeaHeJine aMIInHTYll f 1 ( m ) no x,X, ~ 

neo6XOllHMOe anSI nony'leJIH51 <jlopMynhi ( 1 .13). Koraa pe30H811Cbl n II r 

llOCT8TO'IHO ySKII, 9Tif Tpe60B8HIISI llPYf' t:tpyry He npOTIIDOpe'laT • 

.[ln51 C06hiTHli, ynonneTDOpS!!OWIIX 9TIIM Tpe60B8HI!SIM, llOCTpOI!M pacnpe-

t:teneHI!O no € = _j_ /),. W , illHpllll8 r 
2 

9TOf'O pacnpeneneHII51 llEICT OUOIIKY 

K09tPtPIIUIIOJITa npll € B <jlopMyne (2,5): 

rne 

3t:teCb V j ~~- npoeKUI!SI CKOpOCTII pe30H8HCa Ha 

k paBHbl 

r 
wl- PJII /v12 

ml 

(j =R,r). 

11 

(2 .7) 

(2.8) 

p 12 , a K09tP<flllUIIOHThl 

(2.9) 



' 
2. DanhHeilwee CBOllHTCSI K KOHKpeTHOMY npHMeHeHHID COOTHOWeHHSI 

(2.8) • 0HO OTKpbiB8eT B03M0)1{HOCTh H3MepS!Th pa3HOCTh BpeMeH )I{H3HH pe-

30H8HCOBo :3Ta p83HOCTh B <iJopMynbi ('2.5) 1 (2.8) HenocpeUCTBeHH01 6e3 

conyTCTBYIDIIJHX cnaraeMbJX1 · He BXOllHT 1 OllH8KO HeTpyllHO npellCT8BHTh ce6e 

T8KHe ycnOBHSI onhJTa ( pacnonO)I{eHHe C"leT"lHKOB H T.n.) 1 KOI'll8 B (2 .5) HnH 

(2.8) OCT8HYTCSI OllHH TOnbKO 

sapanee useecTHhie ¢aKTOphi. 

t - t 
R r 

HnH TR-Tr 1 
YMHO)I{eHHhle Ha 

I! 

Bbi6epeM, nanpuMep, nonsrpHbiH yron, non KOTOpbiM cqeT"lHKH 1 H 2 

BHllHbl H3 MHWeHH T8K 1 "lT06hi 6binO BblllOnHeHO paBeHCTBO '·l . -

v R H = v r :n = v f:l • (~.1 0) 

rue v f.l neKOTopoe useecTnoe snaqenue cKopocTn. Torna wnpnna nnKa 

B cneKTpe £ 6yneT paena 

r= 1 . (2.11) 
:1( 1-vll /v 12 HtR-tr}:l 

I1nH pacnonO)I{HM C"leT"lHKH TaK; "lT06bi npH nonanaHHH B HHX "l8CTHU 1 H 2 

BblllOnHsrnOCb paBeHCTBO 

k = k R r 
k. (2.12) 

rne k TO*e pacc"luTaHo sapanee. lliupuna nuKa B cneKTpe nnsr TaKHX 

C06biTHH ll8CT pa3HOCTb co6CTBeHHhlX BpeMeH >ICH3HH pe30H8HCOB! 

f = 
I (2.13) 

I k ( TR- r. n 

12 

Tpe6yeMbJe ycnoBHRMH (~.10) nnn (2.12) Kon¢urypauuu-Mo 

H3Mepgg HMnynhCbl BCeX "l8CTHUj HO ecnH HMnynhCbl p , p 
12 

nnaHapHbl
1 

TO B03M0)1{Hble CO"leTaHHSI p12 H p 0 onpenensriDT 

onny TaKyiD Kon¢urypaunro; npu aTOM onpenensreTcsr H npyr 

T9ll )l{e nnoCKOCTH KOHlPHI'ypaUHSI ("npuMeCH8SI8 )~HO nnsr HeE 

unn (2.12) Y*e ne BbmonnsrroTcsr. 

4eM 6nn*e npyr K npyry epeMeHa )I{H3HH, reM wupe 

T.e. TeM ner"le H3MepHTh pa3HOCTh 9THX BpeMeH. TipuMeCH 

npH 9TOM He HCK83SIT CyiiJeCTBeHHO cneKTpa f , TaK KaJ 

wupnHa cneKTpa ( paena 1/r 1 k -k 'I R R r 
n na ¢one 

Hhl, o6pa30B8HHOI'O C06hnHSIMH C 

MO>KeT OK838TbCSI O"leHh y3KHM. 

k R"' k r , cneKTP co6hi 

3. PaccMoTpHM cnyqan, Korna pasnn:"lne eo epeMenax 

r R ': r r = fl .j, 1 •• Torna MO)I{HO nacTpOHTh cqeT"lHKH na 

Kon¢nrypauun, nnsr KOTOphiX 

k R =V k 

rne v Bhi6pano no eoSMO*HOCTH 6nusKHM K fl • B 9TH 

puna nuKa B cneKTpe ( 6yneT HMeTh BHll 

r= rR 
:1 k (v- fl n 

R 

n MO)I{eT oKasaThCR nocTynnon nsMepenuro. TaK, snasr wup 

WHpOKOI'O pesoHaHca, MO)I{HO H3MepHTh WHpiiHY r 6one 

ecnu B cneKTpe mH ona ne nonnaeTCR npsrr.wMy usMep 

13 



!MeHeHHID COOTHOWeHH~ 

3HOCTb BpeMeH ~H3HH pe

HenocpeACTBeHH01 6es 

~TPYAHO npencTaBHTh ce6e 

[ T,~,), KOI'A8 B (2,5) HnH 

-r r 1 
-YMHO~eHHble Ha 

OTOpbiM cqeTqHKH 1 H 2 

aBeHCTBO 

(~.10) 

ICTH. TorAa wHpHHa nuKa 

. (2.11) 

l8HHH B HHX qaCTHU 1 H 2 

(2.12), 
\ 

I B, Cll8KTpe An~ T8KHX 

3HH pe30il8HCOB! 

(2.13) 

Tpe6yeMbie ycnoBH~MH (2.10) unu (2,12) KO!Hjmrypauuu-Mo~Ho oT6npaTh, 

;t .... .... 
H3Mep~~ HMnynhCbl BCeX qacTHU; HO ecnu UMnynhCbl I' 12 , p O , p 3 KOM-

nnanapHb11 To B03MO~Hbie coqeTaHn~ p12 H p 
0 
onpenen~roT Ka~AhiH pas numb 

onny TaKyro Kon<Purypauuro; npu aTOM onpenen~eTc~ u npyra~ nex,awa~ B 

TOM ~e nnocKOCTH Kon¢urypauu~ ("npuMecna~"),no nn~ Hee ycnoBn~ (2,10) 

unu (2,12) y~e He BblllOnH~IDTC~, 

lJeM 6nu~e APYI' K APY~"'Y BpeMeHa ~U3HH, reM wupe cneKTP c 

T.e. reM ner•Ie usMepuTh pa3HOCTh arux BpeMeH. DpuMeCHbie KOH<jlurypauuu 

npu 9TOM He UCK83~T cymeCTBeHHO cneKTpa f , TaK KaK npu r R == r r 

wupuna cneKTpa ( paBHa 1/r l k -k cl 
R R r 

n na ¢one nuKa TaKofi wupn-

Hhl 1 o6pa30B8HHOI'O C06biTH~Mll C 

MQ)KeT OK838TbC~ oqeHh y3KHM, 

3, PaCCMOTpUM cnyqafi, KOI'A8 pasnuque BO BpeMellaX )!(U3HU BenHKO! 

r R ': r r = JL .j, l ,. 

KOH<iJHI'ypaUUM 1 An~ KOTOpb!X 

k =V k R r (2 .14) 

I'Ae v Bbi6paHo no B03Mo~nocTu 6nusKUM K JL • B arux ycnoBu~x wu-

pHna nuKa B cneKTpe ( 6yAeT UMeTb BUA 

(2,15) 

:1 k ( v- JL Yl 
R 

U MO~eT OK838TbC~ AOCTyllHOM H3Mepenuro, TaK, 3Ha~ WUpUHY r R 6onee 

WUpOKOI'O pe30H8HCa, MO~HO H3MepHTb WHpHHY r 6onee ysKoro, Aa~e 

ecnu B cneKTpe m 
14 

OHa He llOAAaeTC~ npm.10MY U3Mepe11HID, . 

13 



4, Oco6eHHO npocT HHTepcpepeHUHOHHbiii s¢cpeK.T npH pacnane nocTaTO'l
' '• 

HO THlKenbiX aoa6ylKJleHHbiX 5I]lep. Hx apeMH lKH3HH B n.c. ecTb HX co6cT-

aeHHOe BpeMH )KII3HH. n OSTOMY 

( = c (r - r ) , 
R r (2.16) 

rR r r 
~ 

1 
(2.17) r 

IT - T I 
. R r 

1r -r I 
R r 

ecnH oT6Hpa Tb KOHcpHrypaUHH c t/1 = 0 nH6o c ( s 1-; 1 ) N = 0 R. r. 

M bl nonyqaeM B03MOlKHOCTb nenocpencTBeHHO H3MepHTb pa3HOCTb apeMeH 

lKH3HH B036ylK]lellllblX 5I]lep, npll STOM 6onb!lle HeT IIYlKilbl TO'li!O cpHKCHpo-

... 
B8Tb B OllbiTe Pa II p r 

5. PaCCMOTpHM H3MepeHHe r R B TOM cny'lae, Korna B npouecce 

( 1.1 ) R II r - OllHIWKOBbie peaoi!llHChi, Ha (2.8) cnenyeT, 'ITO nHK B 

cneKTpe ( 6yneT o6nanaTb npn STOM mnpn11ofi 

f= _Ea 
I kR-k ~ 

(2.18) 

nycTb B OllhJTe OT611p£llt>TC5I nlllllb TllKHe C06biTII5I1 D KOTOpblX KOS~ 

cpHUHeHThi k''R u k HacTonbKo 6nH3KH 1 'ITO I k - k . I« 1 • Torna 
r R r 

MOlKOT OK£138TbC5I1 'lT0 1 HeCMOTpH II~ ManyiO lllllpiiiiY · r R , lllllp11118 

cneKTpa c 6yneT nocTynHa 1131\IepeHniO. 8To 1 B caoiO oqepellb1 naeT aoa-

MOlKIIOCTb 1!3Mep11Tb r R 

x/ 
SIMI! OllbiTa 1 llOCKOnbKY 

ecnii nenii'li!Ha 

r = f I k -k I R R r 

k -k R r 
cpHKCHpoaaHa ycnoan-

Oco6eHHO yno6Hhl KOHcpnrypa-

Ullll 11MllynbCOB
1 

6n1I3KIIO K "JlBB)KJlhl npenenbHblM• - K T8KIIM 1 B KOTOpblX 

x/ 
Cnoco6 pacC'liiTaTb IIY)KI!Oe pacnonolKeHIIe C'li'T'IIIKOB nnH KOMIIJin-

HapHbiX p 
12 1 p O 1 -p a CM, B §3, 

o6e qacTHUhl,1 II 2,a pacnanax R II r O]lHOBpeMeHHO 

npenenbHO B03MOlKHblMll yrnaMII I OR max ll 

/1/ 
. _8 r max (eM, §3 

Torna, KaK noKaaaao B , II k R n. k. o6a 6nH3KII-K ll 

kR"' k "'0 . . · r 

niiK B cneKTpe E MOlKeT CT8Tb OC06eHHO lliiipOK, 

6. BepHeMcH K cpopMyne (2,5) II paccMoTpHM npyroH: 1 

UIIfi - C CU 
1 

= CU 
2 

, nnH HHX B (2 ,5) OCTaHeTCH niilllb yrn' 

... 
}" ... ... 

2 1, = - ( s R .J.- B rl ) N p 12 ( t/1 /2 ) • 

HaMepsiH B TaKIIX co6hJTnruC pacnpeneneHIIe no KOCIIHycy yr. 

miOCKOCTbiO napbl 12 II nnOCKOCTbiO 
... ... 
Pa • P. , MOlKHO 0 

npo6ei'OB pe30H8HCOB :1 S 1_; I :1 
R. r~ 

dW TT 

=!+..(+ 
1 =z= p 1 2 t/J COB cp 

I ... ... 1-1 
BR.J,.- B~. 

d ( + p I 2 t/J cos cp ) 1 + ( 
·)2 

Ecnii B OllbiTe OT6npaTb TDKIIO KOII¢1II'ypaUIIII, B KOTO! 

CH nponopunoHanbHOCTb 

~ ~ 
m mR 

npii'leM KOscpcpiiUIIeHT nponopuuoaanbHOCTII ao acex co6hiTIIH 

TO lliiipHH8 STOI'O pacnpeneneHIIH r TaKlKe noaaoniiT H· 

II3MepiiTb pa3HOCTb BpeMeH lKII3HII 

14 I 15 



npu pacnane nocTaToq

B n,c; ecTh ux co6cT-

(2,16) 

(2,17' 

~ ... 
l_;rl) N =· O 

51Th pa3HOCTh BpeMeH 

:y)I{Abl Toquo cpUKCUpO-

e, Korna B npouecce 

.8) cnenyeT, qTo nuK B 

(2.18) 

'HH, D KOTOpLIX KOScjJ

-k ~.1« l • Torna 
~ r , 

, ·umpuua 

•JO oqepenh, naeT aos

cjJuKcupoaaua ycnoeu

~o yno6Hhl KOHcpurypa-

K T8KHM, B KOTOpi>IX 

o6e qacTRUbi,1 n 2,e pacnanax R n r OAHOBpeMeHHO BhineTaJOT non 

npenenhHO B03MO)I{Hb1Mll yrnaMU, 8Rmax ll .8r max (eM, §3 ll pUC, a), 
111 

Torna, KaK noKa3aHo e , n k R n k r o6a 6nu3KU K nyn10: 

(2,19) 

nnK B cneKTpe E MO)KeT CT8Th oco6eHHO UIHpOK, 

6, BepHeMC51 K cpopMyne (2,5) U paCCMOTpUM npyroii: TUn KOllcpHrypa-

unfi - c w 1 = w 2 
nnn HUX B (2,5) OCTaHeTC51 nUllih yrnOBOH qneH 

... 
2 ' = - ( ; R J.- ; rl ) N p 12 ( 1/J / 2 ) • (2,20) 

!-1sMepsi51 B TaKux co6hiTHHX pacnpenerienue no Kocunycy yrna ¢ Me)Kny 

n.rioCKOCThiO napbi 12 U nnOCKOCThiO p R, pr t MO)KI!O OUeiiUTh pa3HOCTh 

npo6eroe pesouaucoe :1 s Rl- ;rl :1 

dW TT 

---= t'l~ + l =z- p 1 2 .;, cos ¢ 

I ... ... .,-1 
SR.l- S~. 

d ( + p I 2 1/J cos rP ) 
(2.21) 

Ecnn B onbiTe oT6upaTh TaKue KOH!pnrypaunu, B KOTOpbiX co6nJOnaeT- · 

en nponopunonanhHOCTb 

(2,22) 
m r 

npnqeM KOScpcpHUHeHT nponopUHOHanbHOCTU BO BCeX C06biTH51X OAUH II TOT )Ke, 

TO lliUpi!Ha STOrO pacnpeneneHUH r TaK)Ke noseonuT nenocpencTeenno 

U3MepUTh pa3HOCTh epeMeH )KU3HU 

15 



il T - T !I "' m /p :1 r. 
R r R· R,~L (2.23) 

TaKaSI KOH!jlnrypaunSI noKaaaHa Ha pnc. a • TaK KaK norpeiiiHOCTb B aemi'lHHe 

~ p12 tfr cos¢ onpenenSieTCg B OCHOBHOM OIIIH6KaMn naMepeHnSI HanpaaneHnii 

'IaCTHU, STy pa3HOCTb MOMHO ll3MepHTb C nOBbiiiieH'Hoii TO'IHOCTb!Oo 

J' §3. KnHeMaTnKa napbi peaoHaHCOB c m 12-2m, 

Bcrony B §2 Mhi roaopnnn o6 oT6ope KOH!jlnrypaunii, HYMHhiX nnSI Ha-

6nroneHnSI a!jl!jleKTOB, He HHTepecySICb, B03MOMHbl nn T8KHe KOH!jllll'YPaUHH (a 

ecnn na, TO KaK nx pacc'l:nTaTb). 3necb Mhi HaMeTHM nyTn nx pac'l:eTa. 

1. H aiineM HHTepBan a!jJ!jleKTHBHhiX Mace .m ,0 _, B KOTOpOM B03MOMHO 

BhiiTOnHeHne Tex ycnoanii m 13= m 23= m R , m 14 = m 24 = m r 1 

m 12 =2m 1 , npn KOTOpbiX Ha6nronaJOTCSI onncaHHhie Bblllle llHTep!jlepeHUHOHHbl 

a!jlqJeKTblo 8BeneM B paCCMOTpeHne CIICTeMy OTC'IeTa ·* , B KOTOpOii 
-> 
p 12= 0 ->* -> ·* P- = p- = 0 

1 2 
• T aK KaK m 1 2 = 2 m 1 , TO B Heii TaKMe • 3To 

n03BOnSieT onpenenHTb 9Heprnn II HMnynbCbl pe30HaHCOB: 

w *R ,; ( m 2R + m ~ - m : ) / 2 m 1 , w:* =(m 2 +m 2
2 -m2 )/2m

2
, 

r r 4 

P * 2 = w:* 2 - m 2 ' J' = R' r • 
i t j 

(3.1) 

803BOnSI B KBanpaT 4-TOMneCTBO p = p + p , Mbl HaiJ:neM rpaHHUbl HCK0-
0 R · r 

MOI'O HHTepBana: 

m2 
0 

.1-

max = m 2 + m 2 + 2 w * w * + 2 p·* p·* 
R r R r - R -. • (3.2) 

min 

16 

B 'laCTHOCTH, ecnn R = r -t TO 2mR~ m 0 ~2 w: 
p + p -> 0 -> 2 p -> '-4 Tr IIHTep!jlepeHUIIOHHblll a!jlqH 

30HOB C p "' p 6yneT BHneH B IIHTepaane 2 m.p .< m O .< I 
1 2 - -

B peaKunn ( 1.2)- aTo_l, 6 -~ T rr -~ 8,7 taa , B peaKunn (I. 

0,86 < p _ < 1,06 faa/c,,a B (1.4) 
- p - '' 

- 0 < p - < 12,93 1 
- p -

2. QqeannHOe TOMneCTBO 

m2 
12 

4 2 
+m 2 +m 2 +m 2 +m 2 +m 2 =m

2 
+2l: m 

13 14 23 24 34 0 !=1 I 

npnaonnT K TOMY 1 'ITO aanaHne m o ll m 12= 2m 1 onHO· 

m 34 

2 - 2 2 ( 2 2_ 2- 2 ) 
m 34 - m o + m 3 + m.4 m R m r • 

Dpouecc (1.1) MOMHO Tenepb paccMaTpnBaTh KaK pacnan 
I 

TllUbl C MaCCaMH m 12 ll m 34 1 ll, aanaBIIIHCb no CBC 

ll 0 , MOMHO onpenenHTb llMnynhC p 12 non 9THM yrn 

neM onHy ll3 Bhi6paHHbiX TaKHM o6pa30M KOH!jlnrypaunii B < 
-> -> m 2 + m2 

B Heii ToMnecTBO p:~ +p:: = p*
0 

, rne w~ = 0 t:! 
2m 12 

onpe,nenHT C060JO TpeyronbHIIK C H3B8CTHhiMii CTOpOHaMH 

·1 -.* 'I ·1 -.* ·1 .1-.* ·1 'I-.* ·1 :1 -.* ·1 · P • ' · P· • =. p . n . p . =. p . • 
. 0 r. 4 · R 3 

nnoCKOCTb 9TOI'O TpeyronbHHKa npOH3BOnhHa. OT 3Ha'leHl 

He 3aBHCIITo CnenOBaTenbHO, B CHCTeMe * aa.uanne 

co6010 HMnynbCbl p* , p* C TO'IHOCTbJO no nOBOpOTa OTI 
R r 

17 



(2.23) 

:aK norpelUHOCTb B Benii'IHHe 

MH H3Mepeann aanpaBneann 

m'aon ToqaocTbro, 

=2m, 

·ypaunn, Hy)I(HhiX nnn aa

~H TaKHe KOH~RrypaUHH (a 

'HM nyTH . HX pacq~Ta, 

0 , B K?TOpOM B03MO)I(HO 

' m 24 = m r ' 

!hie Bhlille HHTep~epeHUHOH!Ihl 

Ta ·* , B KOTOpOll 
.... .... 

p * - p ·* = 0 :1 - '2 • 3To 

IaHCOB: 

(3.1) 

Mhl HaiilleM r:-paHHUhl HCKO-

(3.2) 

B qaCTHOCTH, ecnn R = r .1 TO 2m .<m
0

.<2w;'!' 
R- - "" 

• TaK, B peaKUHH 

p + p -> 0 -> 2 p -> '·4 TT HHTep¢epeHUHOHHhlll 9~<[leKT y nap rr -Me-

30HOB c p 
1 

"' p 
2 

6yneT BHJleH B HHTepBane 2 m'P ·:':: m 0 :5 m.~ I m 17 , 

B peaKUHH ( 1.2)- a To . l, 6 ~ T 17 -~ 8, 7 l'aB , B peaKUHH ( 1,3) - aTo 

0,86::-:p P ~1,06 faB/c,~a B (1,4) - O:::;pp:::: l2,93faB/C, 

m2 
12 

4 2 
+ 2 ~ m 

I= 1 I 
(3,3) 

npHBOllHT K TOMY, qTo sana nne m 0 H m 12=: 2m 1 onaosaaqao onpenenneT 

m 34 

(3,4) 

Dpouecc ( 1.1) MO/KHO Tenepb paccMaTpHBaTb KaK pacnan 0 
I 

aa JlBe qa_c-
.... 

THUhl C MaCC8MH m 12 H m 84 1 H, 38ll8BlUHCb no CBOeMy )l(enaHHIO p O 

H () , MO)I(HO onpenenHTb HMnynbC p 12 noll 9THM yrnOM () DepeBe-

JleM OllHY H3 Bhi6paHHhiX TaKHM o6pa30M KOHtPlii'ypaUlill B CliCTeMy * ( CM,piiCYHO 
.... .... m 2+ m2 m 2 

B Hen TO)I(JleCTBO ot.* +p:* =p*
0 

I'll * 0 t:r 34 -w* I' R r ' e w: 0 = - R 
2m 12 

+W~ ' 

onpenenHT co6010 TpeyronbHHK C H3BeCTHhiMli CTOpOHaMH 

·1 .... *'I .1 .... * ·1-·l .... *.l :1 .... * ·1-:l .... * ·1 p 0 ' ' . P· I -. p4 ' H . ' p R . -' p 3 ' • 
r. 

nnoCKOCTb 9TOI'O TpeyronbHIIKa npOH3BOnbHa. OT 3Haqei!HR () ero ljlopMa 

He _3aBIICHT, CneJlOBaTenbH01 B CHCTeMe * 3aJlaHHe onpenenneT 

co6oro HMnynhCht ..... * -+* -+* p R , p r C TOqi!QCTbiO llO IIOBOpOTa OTIIO~HTenbi!O p O 

17 



... ... 
OaHaKo s n.c. nMrrynbCbi p~ , p 

R r 
He orrpeaenRroTCR aaa~HneM Po n p 12 ' ... 

KonnnHeapHbi ( rrpn m 
0

= m 
0 max n P. aa ncKnroqeHneM cnyqaes, Koraa p R 

... nnn m 0 min nnn (c TO'lHOCTbiD ao ITOBOpOTa OTHOCHTenbHO Po Koraa 

KonnnHeapHbi Po n p
12 

• Hn:IKe Mbi orpaHn'lHMCR rrnocKnMn KOH!flnrypa-
... ... ... 
P 0 •P12'Pa UIIRMH, nng HX OT6opa aocTaTO'lHO ITpOB9pHTb 1 'ITO KOMITna-

... 
Po 

... 
n P12 napHbi, B rrnocKnX KOHqmrypaunSIX aaaaHne orrpeaenReT co6oro 

... 
PR n Jl'. C TO'lHOCTbiD ao 39pKanbHOI'O 0Tp8:1K9HHR 

HOCHTenbHO p* 
0 

.. .... * PR ll ... * p r OT-

3. 4To6bl aoKaaaTb, 'ITO nro6oe na Tpe6osaHnii (2.10), (2.12), (2.14), 

(2.19), (2.22) BhmommMo, Mbi rrpocTo yKaiKeM nn6o rroaxoaSimyro rrnocKyro 

Konljlm:·ypaunro, nn6o crroco6 ee OTbiCKaHnR. "nsaiKabi · rrpeaenbHaSI" KoHijJnry

paung (2,19) ITOK838Ha Ha piiC, a, npn 9TOM 

m = m 
0 0 max 

, w 0 ~w~ +w*., sinO=(p~ -p: )/Po, 

( * * )-1 w 1 = w 2 = m 1 w 0 w R + w r • 

npyrag·so3MO:IKHOCl'b- 9TO m0 =m 0 mln ,sinO=(p~ +p: )/po• 

Tpe6osaHIIR (2.10), (2.12), (2.14), (2.2?) Moryr 6biTb BbmonneHbi n rrpn 

apyrnx m 
0 

• 3aaaHne m 
0 

orrpeaenReT yron 6* 

cos 8* 
m 2 + m 2 + 2 cu * w* 

R r R r 

2p * p* 
R r 

18 

2 
mo 

Me:IKay p~ n P; 

Y rrnocKnx KOH!jlnrypaunii oH paseH e~ ± o.: • BTOpl 

ang orrpe11enenng yrnos &.~ , 6:: aaayT ycnosnR (2.10)-' 

Hbie B CHCT9MY * • 'B Cny'lae (2,10)-aTO v~iJI ~ V~;JI, 

v* cos {1* = v :* c~~ 6:* (pnc. · 6); B cnyqae (: 
R R r ' r 

qneH paseHCTBa (2.12) rrpno6peTaeT ana~ k (JI =- m 12 Pi.JI· 
. . p·* m 

(2.12) csoanTCR K cos 8* /cos 8* =. ·• R "' 
R r * · p:R IDr 

ao6asnno 6bi croaa MHO:IKHTenh v • HaKoHeu, Tpe6osaH 

HReTCH rrpn rrepexoae s cncTeMy ·* 1 'ITO ITpHBOaliT K ~ 

sin {1* I ·sin &.* = p* m I p* m • n ocne Toro; KaK 
R r r R R r ', 

orrpE 

e* ... * .... •· r , .nerKo orrpeaennTb rrpoeKunu· p 0 Ha p 12 1 . 
csoeMy IKenaHnro 3Ha'leHneM w 12 nnn P 

0 
. , rrepecqn 

paunro s n.c. 

flnTepaTypa 

I. B.r. fpnlllllH, r.I1. KonbinOB, M.I1. nonropeuKnfi. Coo6me 

P1-5315, ny6Ha, 1970. 

2. B.r. fplllllllH, r.I1; KorrbinOB, M.I1. noaropeuKnii. npenpn 

ny6Ha, 1971, 

3. f.I1. Konhmos. TipenpnHT Ol1HI1, P1...:5666, _ny6Ha, 1971, 

4. J.E. Etter, M.A. Waggonner et al.. Rev.Mod.Phys., 

444 '(1965). 

PyKonncb rrocTyrrnna s naaaTenbCKnii 

4 MapTa 1971 roaa~ 
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... ... 
aa.uaHueM Po H p 12 I 

uHeapHhi ( npu m =m 
0 0 max ... 

CUTenbHO Po KOI".Qa 

:SI miOCKHMU KOHqmrypa-

KOMnna-
... 
p12 onpe.uenSieT co601o 

OT-

(2,10)1 (2,12)1 (2.14), 

I , ITO.QXO.QSimyiO nnOCKYIO 

1. npe.uenbHaSI" KO!Iqmry-

)/ Po • 

+ v; )/Po • 

>ITb BhinOnHeHbl H npu 

Me*.UY p~ · H P; 

·y nnoCKHX KOH¢urypauufi OH paBeH BTopoe ypaBHeHue 

anSI onpe.ueneHHSI yrnon .ua.uyT ycnoBHSI (2,10)-(2,22), nepeBe.ueH-

Hbie B CHCTeMy * , B cnyqae (2,10)-aTo .v~lll :;;; v:~;ll'. TO ecTb 

v.~ cos O*R = v :~ c~~ (} :* (puc, · 6); B cnyqae (2,12) Ka)I(.Qbifi 
r 

qneH paneHCTBa (2,12) npuo6peTa.eT BH.U k 1 :!1=-m 12 pfll/p 12 m11 TaK 'ITO 
p·* m 

(2.12) CBO.QUTCSI K cos(}* I cos{}* = r R ... YcnoBue (2.14) 
R r * p:R mr 

.uo6aBuno 6bi ciO.ua MHO)I(UTenh v • HaKOHeu, Tpe6onaHue (2.22) He Me-

HSieTCSI npu nepeXO.Qe B CUCTeMy * 1 'ITO npuBo.QHT K ycnoBHIO 

sinO* /·sin 0* = p* m /p* m • Tiocne Toro, KaK 
R r r R R r 

Onpe.QenSITCSI e; 
•· 0.* , nerKo onpe.uenu'I'h npoeKuuu 

r 
H1 aa.uaBlllHCb no Ha 

CBOeMy :a<'enaHUIO 3HatJeHUeM CU 12 unu p 0 . , nep9C'IHT8Tb BCIO KOH¢ury-

paUHIO B n,c, 

fluTepaTypa 

1. B.r. rpulllHH, r.l1. KonbinOB, M.l1. Tio.uropeuKufi. Cdo6meHue 0115111, 

P1-5315, ,Uy6Ha, 1970, 

2. B.L rpulllUH, r.l1; KonhinOB, M.l1. Tio.uropeuKnfi. TipenpnHT 01151111 P1-5648,. 

,Uy6Ha, 1971. 

3. r.l1. KonbinOB~ ripenpuHT 0115111, P1..:5666, ,Uy6Hal 1971. 

4, J,E. Etter, M.A. Waggonner et al.. Rev.Mod,Phys., if., N3, 358,. 

444 (1965), 

PyKonucb nocTynuna B ua.uaTenhCKHfi oT.uen 

4 MapTa 1971 rona·, 
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