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Abstract 

The kinematical relations for reactions with three particles in the final state 
are considered _and the results relating to the lightest particle are obtained get-
ing as an example the reaction N + N ~ N +N + " • The expressions ( 1.6) and 
(1.5) give a solution of the energy and momentum conservation laws in a special 

case of an extremum {max and min) kinetic energy of the lightest particle denoted 
as q in · Fig.1. · · · 

Taking into' account a realness condition restriction given by the expression 
(1,8), one obtains' the formula (1.12) for the threshold kinetic energy Tthresh (8;) 
for any angle of emission e; of particle . q (a pion). The expression (1.16) gives 
the value of the. maximum permissible angle of emission e L at a given value 
of the incident kinetic energy T in the region 7Tmax 

fl ( 4 m +fl ) T (O o) < T < T (90 o) = fl ( 4 m- fl) 
2m thresh - - th:esh 2(m-f1) 

The value· of the energy T = Tthresh (90 ° ) is of importance because it devides a 
.whole region of kinetic energies of the inciden~ particle p, ·into two different re
gions, in trye first of them there exists the limiting angle e';;max(T), and in the second 

one all physical angles are permitted. 
The results may be summarized as follows. 

i) At values of kinetic energies in the region Tthr (0~ < T <T thr. (90 "J for the pions pro-
duced in the reaction N + N : N + N + 11 there· exists a restriction on the values 
of the angles 8 ; .;... giwn by the expression ( 1.16) and the permitted region. 
of these angles is given by (1.17). In this. case the· kinetic energies of. a spec .... 
trum .of pions, produced at the angle e,; and at the incident kinetic energy T , are 

eclo'Sied in the region (-) L L L · (+) L 
r (8

71
,T)_sT

71
(8

71
,T)Sr (871 ,T); 

where the expression forr<±>(e; ·, T) is given by (1.6) with (1.5). It is. important 
that in this region a minimum kinetic energy· of pion spect!'um is not equal to zero, 
everywhere being given by .expression for ,<->(e;, T) • The value T; = 0 be-

comes possible at the values T > T. (90o) = 11 (4m- 11) • 
- thresh 2(m _ fl) 

ii) At values T :::_ Tthrestf90° ) there is no restriction relating to the values of angles 
and their whole physical region is permitted. In this case the pion kinetic energies 
are enclosed in the region 0 < TL. (ElL, T)< r <+>(ElL ,T) = T L ( 9 L, T ), · 

- 1T 1T · 11 rrmax rr , 

where· the values of maximum kinetic energies T L · (9L,T) are give~ by the formu-

( ) ( ) 

• 71 max 71 • 

lae 1.7.1- 1.5. , L . iii) The {-) solution ,<~> (9
71 

, T) in (1.5), (1.6) and (3.3) 'cannot be Ignored because 
In the region Tthre't' (0°)~ T < T thr (90°) It gives the values of the minimum kinetic. 
energies T; mln (9 

71 
,T) • Further, there exists a continuous transition of the curves 

,<->(e;, T) from the region Tthr (0°) _s T < T thr (90°) to the region T >_TtJlf'sh(90~, at point . 
T=Tthresh(90°) all they passing through it·a.nd reaching the value T71 m1n (·90°,Tthr(90<>j)=O. 
In the region T > Tthr~s!J:90°) these curves cannot be treated as those in .preced
ing region and they are to be attributed to the (+) solution for .the supplementary 
angle to the angje 9

71
L _s T , i.e. ,<-:> (8,:- , T) = r<+> (11 -9;, T). 

These results of Section 1 are. qualitatively shown in Fig.3. In Sec-
tion 2 a geometrical interpretatiOJ1 of these results was made and tl}eir rough illus
trations are given In Fig.2, for what it. was sufficient to consider the velocity v~max 
( i•1,2,3) In the three particle' case as an analog of the velocity v~ (i =1,2) .in 

two particle case. · 
Finally, one has to bear in mind that the above mentioneg results are of 

general meaning for different three particle final state reactions, and as such an 
example the formulae in the case of the reaction 11+ N ~ N +" + " are also gi~n 
in Section 3. 

·-" 

PaccMoTpnM peaKuuro N + N ... N + N + ' 

HS!Tbl o603Ha'leHHSI p·1 , p 2 ( q 1 , q 2 ) - HyKnOJ 

4-BeKTOpbl B Ha'18nhHOM {Koile.'IHOM) COCTOS!Hl 

H COOTB9TCTBYIOIUHfi eMy 4-BeKTOp;, m'- Mace. 

Hac 6yAyT HHTepeCOBaTb KHHeMaTu'leCKHe xap 

THU, a HM9HHO: cneKTpbl KHH9TH'I9CKHX. SHepi'I 

uaTepnan yrnon BhtneTa B na6opaTopaoli cucT 

OT nenn'IHHbl Ha'lanbHOfi KHH9TH'l9CKOfi SHepi'H 

p 1 • JlnR ayxnoaon sioT nonpoc paccMaTpn 

HaCTOSIIUefi pa60Tbl S!BnsteTCSI HCCneAOB8HH9 K~ 

est B peaKunu N + N ... N + N + " 

(m). R 

(rn) R 

Puc.l. PeaKUHSI c TpeMSI qacTnuaMH B 
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for reactions with three particles in the final state 
relating to the lightest particle are obtained get-

N +N ~ N +N + rr , The expressions (1,6) and 
L-~~.-.y and momentum conservation laws in a special 

kinetic energy of the lightest particle denoted 

realness condition restriction given by the expression 
(1.12) for the threshold kinetic energy Tthresh (8J;') 

of particle. q {a pion), The expression {1.16) gives 
~ angle • Of emission €)

11
Lmax at a given value 

the reg10n 

< T (90o) = 1!(4m-l!) 
- th:esh 2(m -I!) 

of importance because it devides a 
of the incident particle p 1 · into two different re

exists the limiting angle e~max(T), and in the second 
nitted. 

as follows, 
the region Tthr (0~ S T <T thr. (90 ~ for the pions pro-

N + N + rr there· exists a restriction on the values 
by the expression (1,16) .and the permitted region. 

(1.17). In this. case the kinetic energies of a spec-. 
angle e,:- and at the incident kinetic energy T 1 are 

L L (+l L 
,T)_sTIT (8

11 
,T)S r (EliT ,T ), 

e; , T) is given by (1.6) with (1,5), It is important 
kinetic energy of pion spect=m is not equal to zero, 

for ;<->(e J;,T) , The value T; =0 be-

T. (90o) = u (4m " ) 
thresh 2(m -I!) 

there is no restriction relating to the values of angles 
ion is permitted, In this case the pion kinetic energies 
< TL. (ElL T) < r <+l (ElL T) = T L (ElL T) . 
- tr 11 1 11

1 
11 max Tl 

1 
' , 

kinetic energies T L (ElL,T) are given' by the formu-
. 11 max 1T • 

in (1,5}, (1,6) and (3,3) 'cannot be ignored because 
(90°) it gives the values of the minimum kinetic . 

there exists a continuous transition of the curves 
(0°) ~ T < T thr (90°) to the region T >_Tt"f;sh(90~ 1 at point . 
through it· <~;nd reaching the value Trrmln (·90°,T1h,(90~)=0, 
these curves cannot be treated as those in .preced

attributed to the {+) solution for the supplementary 
1

- i,e, ,<-> (EliTL ,T)= ,<+> (rr -El!' ,T), . 
~ectinn 1 are qualitatively shown in Fig,3, In Sec-

of these results was made and fr)eir rough !llus
what it. was sufficient to consider the velocity v ~max 
case as an analog of the velocity v f ( j •11 2) .in 

in mind that the above mentioned results are of 
three particle final state reactions,' and as such an 

case of the reaction IT+ N 4 N· +IT+ rr are also gi~n 

'\ 

PaccMoTpnM peaKuuro N + N ... N + N + " (puc. 1 ) 
1 

l:tnH KOTopoi1 npu-

HS!Tbl 0603H8'1CHHS! p ·1 , p 2 ( q I, q 
2 

) - HyKnOHbl U COOTBeTCTBYIOWUe UM 

4-BeKTOpbl B H8'18nbHOM (Koile~HOM) COCTOS!HIIH, q - o6pa30B8BWIIfiCH llHOH 

u cooTneTcTnyromui1 eMy 4-neKTop;. m' - Macca HyKnoHa1 p - Macca nuoua. 

Hac 6ynyT IIHTepeconaTh KIIHCMaTU<tCCKHe XapaKTCpiiCTHKH KOHC<tHWX <tac-

THU1 a HMCHHO: CUCKTpbl KHHCTH'lCCKHX SHeprui1 H IIX rpaHIIUbl H B03MO>KHblfi 

IIHTepnan yrnon BbinCTa B na6opaTOpHOfi CHCTeMe OTC<teTa B 3aBHCJIMOCTH 

OT nenu<tUHbl Ha<tanbHOH KHHCTH<tCCKOi1 SHepruu T HaneTaromero HYK'J,IO,Ha 

p 1 • .UnH HyKnouon sTaT nonpoc paccMaTpunancH n pa6oTe /1 I. Uenbro. 

HaCTOHWefi pa60Tbl HBnHeTCS! I!CCnenonaHUe KHHCM8THKII_ llHOHOB1 o6paayroWHX

CH n peaKUHII N + N ... N + N + " 

(m) P.--..... _ _ ____... q1 (m) 

......___ _____ 9 ( }"-) 

(rn) Pz 92Cm) 

Puc.l. PeaKUHH c TpeMH <tacTuuaMu n KOHe<tHOM KaHane. 
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1. <PopMynht SKCTpeMam.HhiX aaeprnil cnexTpa ,<±> ( .. 8 ~, T ) , 

noporoahiX aaeprnil T nop ( 8~) 11 rpaHH'IHoro yrna 

BhineTa 8 :; max llnll lliiOHOB, o6pa3yiOllliiXC!l B peaKUIIII 

N+N->N + N +tr 

YcnoaneM llnll onpeJ:~eneHIIIl axcTpeMallbHhiX nonHhiX,. aaepr:~Y. cne.KTpa 
i . ( ""L • . L 

•lliiOHOB B na6opaTOpHOH CIICTeMe OTC'IeTa P2= 0, , L - CIICTeMa) q o SKC 

llnll peaKUIIII 
__ ..--! 

.N + N ... N + N + rr (1.0) 

HBnlleTC!l MHHll:MallbHO? 3HB'IeHHe IIHBapllaHTa z2= ( q I + q 2 ) 
2 , nerKO on

pellen!leMOe B CIICTeMe UeHTpa MaCC llBYX KOHe'IHhlX HyKriOHOB q I .+ q 2= 0 

( D - CIICTeMa) 

rlle 

2 
z 

min 
= R

2 
-R

2
. =(m +m)

2
= 4m

2
, 

orp rp 

R =L+m-L 
orp p 10 q. 0 SKC 

R2 
rp 

p ~2 + q L2 - 2p IL q L COS ·e L 
SKC 3KC 1T 

( 1.1 ) 

( 1.2) 

( 1.3) 

noncTaBIIB ( 1.2) 11 (1,3) a ( 1.1 ) , nony'IIIM xaanpaTHoe ypaaae1111e nn11 q~axc 

2 L2 2 L·. L2 2 
[(2m+T) -p

1 
cos 8 17 ]q -(2m+T)(2mT-+p 

llaxc 

L 

q oaxc+ 

( 1.4) 
. 1 2 2 2 L2 2 L 

+·1-;r(2mT +P.) +P p 1 cos 8 17 ] 0 

pewea11eM KOToporo RBnReTCSI 

4 

I ,I 

i 

'I 

I 

qL(±) (8~, T) 
0 SKC 

2-~ 

2[(2m+T) -p
1 

< 

PtL cos 8L y(2mT+p2 )2 -4p2[ (2m+ 
1T • 

l'lle p~ = ''T (T + 2m) • • l13 ( 1.5) 

lliiOHOB Onpellenll!OTCSI BhlpalKeHHeM 

T (±) ( 8:; • T ) L(: 

qo 
a 

rlle pemeane co 3HaKoM ( +) a ( 1.6) 

MaKCIIManbHYIO rpaHIIUY CneKTpa KIIHe 

L 
<+> ( o L • T ) = T rr rna' T 011· M 

nnSI (-) pemeHHSI B03MOlKHhl cnelly!OIIl 

a) ecm1 cymecTayeT npenenbHhti 

TO (-) pewea11e onpenenReT MIIHHMan 

cneKTpOB ll110HOB 0 T,e, 

L 
T <-:->(f)~ J T) ~ T rrtnln 

6) ecn11 nonycTHMhi ace yrnht 0 

a11aaneHTHO ( +) peweHIIIO nn11 nonona1 

(-) L (+) ·L L 
T (f) ,T)= r (rr-8 , T) =T 

1T 'IT 11 max 

Eonee neTanbHO ponb 11 CMhiCn peruet 

ycTaaoaneHhi aa ocaoae aaanll3a, B p 

neniiTb IIHTepaanht aenii'IIIH T K K 

B03MOlKHOCTIIo 



TpeMaiibHhiX sueprnif cneKTpa ,<±) (. 8;' T ) ' 
L 

T no ( 8 ") II rpann'IHOro yrna p 

IIIIOHOB, o6pa3yiOIUIIXCSI B peaKUIIII 

N + N + " 

9KCTpeM8IIhHhlX IIOIIHhlX,. SHepraY. cne,KTpa 

. 4 L - L 
OTC'IeTa ( P2 = 0 • , L - CIICTeMa) q o SKC 

·' 
->N+N+rr ( 1.0) 

e nuBapHanTa z 2~( q + q ) 2 , nerKo on-
. I 2 

MaCC aByX KOHe'IHh!X HyKriOHOB q I + q 
2
., 0 

. .2 2 
=(m+m)=4m , ( 1.1 ) 

L 
q.O SKC ' 

( 1.2) 

- 2p L q L COS ·e L 
I 9KC 17 

( 1.3) 

,1), IIOIIY'IIIM KB8llp8THOe ypaBHeUIIe angq~SKC 

2 L 
(2m+T)(2mT+p) q oaKc+ 

2 L 
8 "l .. o 

(1.4) 

/4 

1 

' 
I 
-I 

I 

i 
l 
I 

2 ---L2 ___ :0_L L<±> < 8 L T> 
q " ' 0 

SKC 
[(2m+T.)( 2mT+ Jt2

) + 
2[(2m+T) -p

1 
cos 8

17
] 

(1.5) 

p~ cos8~ y(2mT+p 2
)

2 -4p 2 [(2m+T)2 -p:·2cos 2 8~ 

rae P~ = \
1 T (T + 2m) , , Ha ( 1,5) SKCTpeMaiibHhle KIIHeTn'leCKIIe sueprHH 

IIIIOHOB OIIpeaeiiSIIOTCSI Bhlpall<eHI!eM 

, c±> < 8; • T I. <±> < 8 L • T > - 11 , 
= q 0 " 

( 1.6) 
9KC 

rae perneuue co anaKOM ( +) B ( 1.6) npn nro6hiX Benn'lunax T onpeaenSieT 

MaKCIIMaiibHYIO rpaHHUY CIIeKTpa KIIHeTH'IeCKIIX SHeprnif IIIIOHOB, T.e. 

(1.7.1) 
L <+> (8L, T) = Trrmax T l7 

L 
(8

17 
, T). 

.llnSI (-) pellleHIISI B03MOJKHhl CIIeJlyiOIJllle IIHTepnpeTaUHH: 

a) eCIIII CylUeCTByeT npeaenbHhlll yron BbllieTa IIIIOHOB 8 L < !:..
2 

, 
1T max 

TO (-) p~llleHIIe OIIpeJleiiSieT MIIHIIM8IIbHhle aonyCTIIMhle KHHeTII'IeCKIIe' SHeprnn 

CIIeKTpOB IIIIOHOB, T,e, 

(-) L L L 
r •. (817 _.T)~T 17tnln (817

,T); (1.7,2) 

6) ecnn aonyCTHMhl BCe yrnbl 0 < 8L < l7 
- 1r -. 

, TO (-) pernenne aK-

BIIB8IIeHTHO ( +) perneHIIIO anSI aoiiOIIHI!TeiibHOrO yrna, 8 HMeHHO: 

(-) L (+) L L 
r (8 ,T)= r (rr-8 ,T) =T 

" 1T Tf max 

L 
(" -8

17 
, T ). (1.7.3) 

Eonee aeT8IIbHO ponb II CMhlCli perneHHSI CO 3H8KOM (-) B ( 1,6) MOryT 6b!Tb 

YCT8HOBIIeHhl H8 OCHOBe 8H8liH3a, B pe3yllbT8Te KOTOporo He06XOaiiMO OIIpe-

aenHTb l!HTepB8IIhl BeiiH'IIIH 

B03MOJKHOCTH, 

T t K KOTOphiM OTHOCSITCSI YK838HHhle Bhlllle 

5 



. L (±) ("" L_ T) 
Ha'fHeM c paccMoTpeHilSI ycnoBilSI aemecTBeHHOCTil aenll'fllHhl q 03Kc '"' 

17
, , 

H8Kli8AblBa!Olli9I'O "OI'p8HU'f9Hil9 

(2mT +/1 2 ) 2 -;-4l[(2m+T) 2-pL2cos 2 ElL ] > 0 
l 1T • 

( 1.8) 

1!3 KOTOpOI'O ClieAyeT, 'ITO paBeHCTBO Hymo neaoi\ 'faCTI! ( 1,8 j B CBOIO O'fe

peAb, smnSieTcSI ycnoaneM AliH aenll'fi!Hbl noporoaoil Ha'falihH.oil sHeprnll T nop 

B 3aili!CilMOCTII OT yrna BbllieTa EJ; , "SIBH\)9 Bblpa:>KeHUe Alii! KOTOpOil" !!MeeT 

BliA 

L 
T C±> (El

17
) = 

nop 
I' 2 L 

I I'm (3 -2 cos 8 1T) ± 
[ 

2 2 2 L 
2 m -1' (1- cos e 1T ) 

( 1.9) 
y(4m 2 -1' 2 )_2+1' 2 cos 2 El~[(4m 2 -1' 2) +4m 2 cos2 0~] I. 

l13 Bblpa:>KeHI1H ( 1.8) nerKo nony'fi1Tb, pa3naraSI ero Ha MHO:>KI!Tenu, aeliil'fii

Hbi noporoahJX sHepruil T nop (1)
0

) 11 r nop ( 90°) np11 0~ = 0° u 0 ~ = 90°, 

COOTB9TCTB9HHO, 

T (0°) = 11 (4m +/1) 
~ 290 Msa, ( 1.10) nop · 2m 

IP 1'(4m-l') 
~ 316 Msa. ( 1.11) 

T (9 ) = 
nop 2( m -11) 

3aMeTI1M1 '{TO Bblp8:>K9HI19 (1.10) nonyqaeTCSI T8K:>Ke 113 yCliOBIISI MI1HilMyMa 

KBaApaTa UOliHOll 3H9pl'lill CI1CT9Mbl W 
2 ~( p + p )

2 
, H900XOAilMOil Alii! H8'{£l-

1 2 

na npoTeKaHI1SI peaKUil11 ( 1.0), 

W 
2 

=2m (2m+ T ) ~ ( m + m + 1d 
2 

• 
min nop ' (1.10.1) 

Benl1'fi!Ha T nop , onpeAeneaHaSI 113 ( 1.10.1), KaK 11 cnenoaano o:>KnnaTh, 

coananaeT c aenl1'fi!HOH T nop (0°), onpeAencHHOil H3 (1.8). 

noACT8BI!B UOCli~AOB8T9nhHO ( 1,10) I! (1.11) B (1.9), YCT8H8Bli11BaeM, 

'ITO B !jlopMyne ( 1.9) nepeA KOpHeBblM Bblpll:>KCHIICM H900XOAI!M TOlibKO 3H8K 

(+), T.e. 

6 

I. 

1 
,I 

I, (+) 1, 
T (8 ) = T . (8 

nop 1T nop • 

I' 
2[m2 -lU-cos2EJ~lll'm(3_;2cos21 

1T. 

. 0THOCHT9libHO Bblp8:>K9HHSI (1.12) C 

a) UOAKOpeHHOe Bblpa:>KeH!le B 
. • L aL 

6) Upll 8
17 

= 0° II 0 17 = 00' 

B9TCTB9HH0i 

B) BCli9ACTBil9 KB8Ap8Til'fHOH 

liY'fllTb CBeAeHIIH 0 Beliil'{IIH8X nop< 

9Q0 < E) 17L ~ 180° • .LlnSI BbiSICH9H11SI B• 
. . L 

B llHTepaane . YI'liOB 90° <E) 1T !> li 

nyqaiOTCSI 113 (1.5) 11 ( 1.6) AliSI 3T 

T nop (OOo):T* • B pe3ynhT1 

·~~uL:~x (90° ~8~ ~ 180° )\T 

(2mT* +/1 2 )(2m+ T* )-21' T *(2m 

2[(2m"+T*)
2 

-T*(2m 

2mT*+p 2 . 2 
( · · -T*cos ' 
. 21' =I' ___ _,__ _____ _ 

[(2m+T*)-T* cos
2 E>L] 

1T 

2 . 
TSK K8K 2mT*+p =2p (2in +T*_) 

poroaoil saeprneil AliH acex ~rnoa 

Oaa )1{9 npencTaBnsteT aen11q11ny 1 

HOBHTCSI- B03MO)!{Hbi ace YI'libl B llHl 

.Llanee, nerKo BI1JleT&, qTo 

T (90°) -T .. (0°) 
nop nop 

p(4m-p 

2( m-f!) 



, L(±) L 
eHIISI ycnoBIUI BOlllOCTBOHHOCTil Benll'-lllHbl q oSKC (8 

11
.",T), 

l > 0 ' ( 1.8) 

Hymo neBOi\ 'I8CTI! ( 1.8 j B CBOIO O'Ie

JliiH Benu'II!Hbi rroporoBoil uaqanbu.oii auepnm T rrop 

BbiiieTa 8 ; 1 SIBH\)0 Bblp8)!{0Hl!e JliiH KOTOpOit llMOOT 

2 L 
{pm (3 -2 cos 8 17 ) ± 

2 ( 2 L -p 1- cos B 17 ) 

+4m 2 cos2 8 ; ] I • 
( 1.9) 

nony'Il!Tb, paanaraSI ero Ha MHOJKI!Tenu, Beii!I'Il!-

T {IJ
0
)u 1' (90°)npuBL=0°u8L=90° 

nop nop 17 17 ' 

+p) 
290 MaB, 

( 1.10) 

-p) 
;; 316 MaB. 

(1.11) 

( 1.10) IIOIIy'IaeTCSI T8KJKe 1!3 yCIIOBI!SI Ml!Hl!MyMa 
2 • 2 

CHCTeMbl W =(pI+ p 
2

) 1 ueo6XOAI!MOii JlnSI HS'Ill-

1.0). 

nop);,; ( m + m + ll ) 2 • (1.10.1) 

1!3 (1.10.1 ), KllK II CIIeAOBano OlKI!A8Tb
1 

T nop ( 0°) 1 onpCACIIC HHOii 1!3 ( 1.8) • 

TenbHO (1,10) ll (1.11) B (1.9), YCT8H8BIII!BaeM
1 

KOpHCBbiM BblpU)!{eHI!eM Heo6XOJli!M TO/lliKO 3H8K 

6 

I, (+) I, 
T (8 ) = T . (8 ) 

nop 17 nop 1T' 

ll I ll m ( 3-2cos
2 

8L ) + y'(4m2-p 2 
)

2+p 2cos ~~(4m2 -,.?>+4n?c~i~~l. 
[

2 ~ 2L. 17 17 9rl 
2 m -p· (1- cos 8 ,} 

17 

. 0THOCI!TenbHO BbipaJKeHI!SI (1.12) cneJlyeT OTMeTI!Tb 1 'ITO 

a) IIOJlKOpeuuoe BbipaJKeHHe acerJla > 0, 

(1.12] 

. L aL 
6) npl! 8

17 
= 0° ll 0

17 = goo OHO IIpl!BOAI!T a· (1.10) If (1.11), COOT-

BeTCTBeHHOi 

B) acneACTBI!e KBaApaTu'Inoi\ aaaucuMOCTH oT cos B~ He yAaeTCSI no-

IIY'Il!Tb CBeAeHI!ii 0 Beiii!'Il!HSX nopOI'OBbiX SHepi'l!ll B l!HTepaane YI'IIOB 
L . 

goo< 8
17 
~ 180° • .llnSI BbJSICHeHI!SI BOIIpOCS 0 BeiiH'IIlHSX IIOpOI'OBblX 3Heprllfi 

L 
B l!HTepaane yrnoB 90° < 8

17 
:> 180~ o6paTI!MCSI K BeiiH'Il!H8M1 KOTOpblP. no-

ny'ISIOTCSI H3 (1.5) u ( 1.6) JliiSI aToro HHTepaana, B~I'Iucmm ·ux npH T = 

T nop (90o):T* • B peayn&TaTe Bbi'Il!Cneuuii nonyqaeM 

%L:~x (90° ~8~ :S 180° )!T=T* 

q 2 L 
(2mT*+/L" )(2m+T*)-2pT*(2m +T* )cos 8 17 

( 

2[(2m+T*)
2 

-T*(2m +T*)cos2 8L] 

· 2 L 
-T*cos 8) 

17 

17 

=/l =/L; 
[(2m+T*)-T* cos 2 BL 

17 

(1.13) 

TI1K KaK 2mT*+p 
2 

=2/L (2in +T*! • BbipaJKeuue (1.13) ()3Ha'IaeT, 'ITO no-. 

pOI'OBOll aueprHei\ AIISI BCeX )'I'IIOB €):- ~ 90° SIBIIS!eTCSI BenH'IHHS T nop (90°) • 

Qua JKe npeACTaBnSieT BeiiH'IHHY H8'I81lbHOll auepi'HII, 60nbllle KOTOpolt CTa-
L . 

HOBSITCSI- B03MOlKHbl BCe yrllbl B HHTepaane. 0°.,S 8 17 .,S 180°. 

llanee, nerKo BHjleT&, 'ITO 

T (90°) -T ·(0°) 
nop nop 

p(4m-p 

2(m-/L) · 

p(4m+p) 

2m 

7 

ll2 (2m +/l )> 0 

2ulm-p ) (1.14) 

I' 



II 'ITO ):IllS! B811H'IHH HB'IBllhHb!X SHeprHfi B H!fT8pBane 

p(4m+ p) 

2m 
= T (0°) < T < T (90° ) 

nop - nop 

.p(4m-IL 

2(m- p ) 

L 

(1.15) 

cymecTnyeT orpaHH'IeHHe nonycTHMoro yrna 8 
1Tmax 

, HanaraeMoe ycno-

BHeM ( 1.8) BerneCTB8HHOCTH B811H'IHHbl ( 1.6), a. HM8HHO: 

L 

cos e11 max 
1 .• : ./ 

(T)= -1 v 
2p 

2 2 2 2 
4p(Zm+T) -(2mT +p ) 

T(T +2m) 

(1.16) 

L 

npH'IeM aoaMO)KHbie aenH'IHHbi yrnoB SIT ne)KaT B HHTepaane, onpenenSie-

MOM 113 COOTHOlli8HHSI 

L L 
COS SITmax (T) ~ COS ~IT _5. + 1. (1.17) 

BenH'IHHhi KHHeTH'IeCKHX MBKCHMal1bHhiX SHeprHii cneKTpa rrHOHOB onpeneng

IOTCSI npH STOM <jlopMynofi ( 1.7 .1) 1 a CI18KTp SHepi'HH 118)KIIT B HHTepaane 

T<-><sL,T>~ TL (SL,T)~T<+><s'·.r>. 
11 rr max 11 1T ' 

(1.18) 

B 'JaCTHOCTH
1 

HHTepeCHO OTM8THTb 1 'ITO I1pll MHHHM811bHOH noporOBOH Ha'lallb-

Hoi!: aHeprHH (T ) = T (0°) = 
nop min nop 

L 
cos s 

1T max 
(T (0°)) =+ 1, 

nop 
s 

p(4m+p 
1 ):IllS! KOTOpOH 

2m 

L 

11 max 
(T (0°)),0~ 

nop 

SHepreTH'18CKHH cneKTp I1HOHOB SIBllSieTCSI MOHOXpOMaTH'IeCKHM C KHH8TH'18C

KOH aHeprHeH 

TL (0° 'T '(0°)) 
IT nop 

L 0 0 2 - , 
q (0 ,T (0 ))-p=L;;tO,SMaa, 

0 max nop • 2m . 
(1.19) 

rne 0 2 
2m Tn0~0 ) + p 1,2 

-------- =P +--
4m 2m 

( 1.20) L 

q 0 max 

0 0 
(0 , T nop (0 )) = 

8 

•• 

I 
I 
I 
I 

l :, 

j 

I 
l 

I 
I 

I 
I 

i 

L 
O'leBHJ:IHO, 'ITO J:II1SI nro6oro yrna B HHTepBalle 0 ~SIT 

H01 ):IllS! niOOOH SHeprHH T B HHTepaane (1.15), IIMI 
, L L (""L ' 

rHSI nnoHa TIT =TIT "'IT ), Bhlpa)KCHHe J:lllSI KOTopo 
rp rp · 

CTaHOBKe (1.18) B (1.6) 

TL (T2 <T*)= 
IT IT 

rp rp 

(!) <±l 2 (2m + 
T (S )=2p ---· 

1Trp · (2mT + 

.UnSI aueprHii T>-.T (90°) KpHBaSI (1.21) ncpexoJ 
nop 

Mal1bi!OH KIIH8TH'IeCKOH, 9HCpl'llll I11IOI!OB,. BblllCTB!OlliH~ 

T L ( S L ~ 90 ° , T ) , onpenenSieMyro Bbipa*eHn 
7Tmax 11 

TL 
TT max 

L . 0 (±) L 0 
(sIT = 90 • T ~ T *) = T (SIT = 90 • T > 

2mT+p
2 

-p. 

2(2m +T 

Y'IHTbiBaSI (1.13), nerKO y6ennTbCSI, 'ITO IIpHT~ T n 
KHHeTI!'ICCKaSI aHeprnSI rrHOHa T L ' ( T> T *) o6pamae 

' ITm~ - . 

TL (T>T* O.s;SL<IT)= /->( SL'= 90° T= T* 
1Tmln - ' 11 - 1T ' 

KpaTKO c<jlopMyllHpyeM nolly'leHHhie BhiWe peay; 

1 ) Tipn Ha'lallbl!b!X KHHeTH'IeCKHX 9Hepi'HSIX B Ill 

t:lllSI nHOIIOB, o6paayrornHXCSI B peaKUHII N +N -> N + N 

HII'ICHHe Ha BellH'IHHbl yrnoB BblllCTa S';;. , onpene 

a B03M0)KHblH IIHTepBall yrnOB BbinCTa IIpll J:IBHHOM. 

(1.17) ~ B STOM cny'lae KHHeTH'IeCKHe SHepi'HII cneK 
L 

non yrllOM SIT 1 aaKnro'leHhi B HHTepBalle 

(-) L L L . (+) \ . L 
( 9 • T ) < T (9 • T ) < T ( s , T ) • 

IT - IT IT - IT 

rne 
L(+) 

(-+} L L <+> ("' L T) - T -
- (9 T) = q - "'IT • - P - IT{ maxJ 

T 1T ' O{maxJ . mln 
min . 

L 
( 9 , . 

IT 

OI1p8J:I8llSIIOTCSI Bb!pa)K8HH8M ( 1.5) II ( 1.6) • 

9 



11aqallbHhiX aneprnli B HHTepaane 

(0°) < T < T (90°) 
- nop 

p(4m-ll) 

2(m- p ) (1.15) 

L 

yrna el7max , nanaraeMoe ycno-

aenH'li!Hhl ( 1.6) 1 a. I!MCHHO: 

2 2 
-(2mT +Jl ) (1.16) ··' 

L 
yrnoB 0 17 ne>KaT a nHTepaane, onpenenSie-

L 
cos 0175 + 1. 

(1.17)_ 

MaKCI!ManbHhlX aneprnli cneKTpa nnonoa onpenenSI

a cneKTp aneprnli ne>KI!T B I!HTepaane 

TL (0L,T).:s;·rc+>c0 1',T). (1.18) 
1T max 11 rr 

cno·oTMeTI!Th, 'ITO npn MHHI!Manhnoli noporoaoli naqanh-

1-1 (4m+ Jl) 
= T (0°) = 

nop , nnH KOTopoli 
2m 

L 

0 
11 max 

( T ( 0 ° )) = 0 ~ 
nop 

(0° )) = + 1, 

llHOHOB HBnSICTCSI MOHOXpOM8TH1JCCKHM C KHHCTH'leC-

L 0 0 Jl2 -
q (0 ,T (0 ))-p=-;;lO,SMaa, 

0 max nop 2m 
0 )) (1.19) 

0 2 
2m T00p:o ) + Jl /L2 

--------=/-I+--
4m 2m 

( 1.20) 
(0 0 )} = 

8 

·1 

j 

I 
l 
! 

L 
QqeanAno, 'ITO AnSI mo6oro yrna a HHTepaane 0 .$017_ <;,_17/2 <(a cneAoaaTenh-

no, AnSI mo6oli anep.rnn T B nHTepaane { 1.15), nMceTCSI KI!HeTn'leci.aSI anep-
L L L ' , . 

rnSI nnona T 17 =T 17 (017 ), Bhipa>KeHne AnSI KoTopoli nony'lacTCSI npn noA-
rp rp 

CT8HOBKe (1.18) B (1.6) 

L 
T 

17 
rp 

2 . (±) (±) 2. 
(T <I'*)= T (0 ) =2p 

17 rp 17rp 

(2m + T) 
- /L • 

(2mT +/-1 2
) ( 1.21) 

IlnSI aueprnli T>-._T nop (90°) Kpi!BaSI (1.21) nepexoni!T KB Kpi!BYIO MaKCII-

ManhHOH KI!HCTII'lCCKOH, anepi'IIII lli!OHOB, BbinCTa!Ollli!X non yrnoM e; = 90°, 

T L ( 0 L = 90 ° , T ) ' onpeAenSieMyiO Bblpa>KCHI!CM 
TTmax 11 

TL 
7Tmax 

L . 0 (±) L 0 
(0

17 
=90 ,T]:. T*)=r (0

17 
=90 , T > T*)= 

2mT + 1-1 2 

- Jl • 
( 1.22) 

2(2m +T 

Y'li!ThiBaSI (1.13), nerKo y6ennThCSI, 'ITO npnT> T no (90°) MIIIIHManbHaSI 
- p I 

KHHeTn'leCKaSI aneprnSI nnona T L ' ( T> T *) o6pamaeTCH B nynh, T.e. 
1 1T min - . . , 

L L (-) L 0 
T17mln (T-:::. T *, 0.:::017 ::::.17) = T ( 017 ·= 90 , T = T *) = 0 • ( 1.23) 

KpaTKO clf!opMynnpyeM nony'leHHhie Bhillle peaynbTaThi. 
. -

1) npn Ha'JanbHhiX KIIHCTH'lCCKHX SHepri!SIX B HHTepaane T (0 ')~T< T (90°) 
nop nop 

nnH nnoHoB, o6paayromnxcSI B peaKUIIH N +N .. N + N +17 , cymecTayeT orpa-

HH'lCIIHC Ha BenH'lHHbl yrnoB BbinCT8 0; , onpenenSieMoe Bhipa>KeHneM (1.16), 

a B03MO>KIIh!H IIIITCpBan yrnOB BbinCTa npH nai!JIOM T naeTCll Bblp8>KCHHCM 

(1.17). B 1aToM cnyqae KHHeTn'leCKHe aneprnn cneKTpa nnonoa,· BbineTaromnx 
L 

non yrnoM 017 1 3aKni01JCHbl B HHTepaane 

(-) L L L . (+) ·, L 
< e , T > < T c0 , T > < r < 0 , T > , 

11 - TT 1T - 11 

rne 

(+) L 
T- (8

17 

L( ;t> 
L (±) (0 L, n- Jl = T"( max) T)

- q 17 min , - O{maxJ · 
min 

onpenenSIIOTCSI Bhipa>KeHneM ( 1.5) 11 ( 1.6). 

9 

L 

< 0 , T > 
17 



Bemi'IIIHa MHHHMilnbHOll SHeprHH CIIeKTpa B STOM cnyqae OTnH'IIIil OT 
. . L . 

uynH. Benu'IuHa KI!HeTH'I.eCKoii aHeprun T17 = 0 cTaHOBHTCH B03MOlKHOi1, TOnb-

KO Ha'IuHaH c nenH'II!Hbi Ha'IanbHOii KHneTu'IecKoii sHepruu T = T (90°) =f1(
4
m-p) 

nop 2rr{ m-fl) 

Bemi'IIIHil noporonoii SHeprHl! .rtn!l o6pa30B/1HIISI nuoHa no.rt yrnoM 0L 011-· 
1T 

pen en ReTCH "BLipaJKeHneM ( 1.12). 

2)npu Ha'JanhllblX KUIIeTII'IeCKUX SHepruHX T;::_T nop(90°) .rtn!l o6pa3yiO
L 

IUIIXC!l nuoHOB ue cymecTnyeT orpaHn'IennH 110 yrny BbineTa 0 17 , .rtnn 

·-' KOToporo n .rtaHnOM cnyqae paapeweH necb ¢aauqecKnil nnTepnan. B aToM 

cny'Iae KuneTn'lecKue aHepruu nuouon TL (0 L , T) ne>KaT n nnTepnane 
L [, (+) L L 1T 1T 

0<T (0 ,T)<r (0 , T) =T (0L, T), r.rte nenU'IIIIlbl MaKCUManbHbiX KUHeTU-
- Tf 1T - 11 11 max 17 

'IeCKUX SHeprnii nliOHOB TL (E)L ,T) onpe.rten!liOTCSI no tflopMynaM (1.5)-
TT max 'l1 

(1.7). 

0TMeTIIM T8KlKe1 'ITO ¢opMyna (1.7.1) U ¢opMyna ('38) pa60Tbl /2/ 

SKnnnaneHTHhi. B aToM nerKo y6e.rtl!TbCR, liMen n nn.rty, 'ITO 

\V2 \V B o B 
2m+T =--=-P , 2mT+!!"=2Wq 

2m m 20 0 max 

I, \V .I \V 2 2 W B 
p = -v--m =- k 

1 · m 4 m 

Y cnonue ( 40) pa60Tbi /2 1 ~KnimaneHTHO ycnonu10 nono>KuTenbHOCTU nennqu

Hbl no.rt KOpHeM n Bhipa>KeHnn (1.16), smnHHCh TeM caMhiM ycnonneM cymecT
. L 

BOBaHUSI rpaHl!'IHOI'O yrna IIIIOHa 0 1T • 

2. reoMeTpU'IeCKa!l IIHTepnpeTaUIISI 38KOHOB COXpaHeHUSI 

sHeprun u uMrrynhca .rtnH peaKunn N + N -+ N +N + rr • 

llnH HarnnAHOCTH peaynhTaThi1 nonyqeHHbie n paaaene 1,_ MoryT 6b1Th 

nHTepnpeTnponaHbl reoMeTpuqecKu ua ocuone npeo6paaonaHnH cneKTpa nM-

nynhCOB 113 CUCTeMbl UeHTpa Mace ( B - Cl!CTeMa 1 p n + p H,O) 
1 I 2 

n L -cue-

-+L TeMy ( p
2 

=0) , paCCMaTpnnaeMOI'O B 38BIICIIMOCTII OT CKOpOCTII_ UeHTpa 

Mace {3~M • JlnH ABYX 'IaCTIIU B KOHe'lHOM KaHane auanu3 TaKOI'O TU-

na npOCT II npiiBOAIIT K TpeM cny'Iil!lM /3-5/: 

a) 13n 
CM 

B >v 
I 

6) f3B=VB 
CM l 

10 

B} f3 B < V H 

CM (2.1) 

J 
I 
''I 

t 
,.j 

1:1 
;II 

r ;I 
\ 
j 

.\ 
j 

( 

I 
·I 
r 
1 

-\ ,, 
I 
! 

• 

B 
I'.rte VI - nenH'IIIHa neKTOpa CKOpOCTII 'lac· 

. -> B 

B3SITOI'O B HanpanneHIIII CKOpOCTII {3 CM • 

KaHane MOlKeT 6b1Tb CBe.rteH K llBYX'IaCTII' 

BMeCTO nenn'IIIHbl V ~ (j = 1,2) .rtn!l .rtByX'Il 
l . 

punaTb nenii'IIIHY v 5 
. (i=1,2,3;it 5 +pl 

· •lmax . 1· 2 

no aHanorun co cny'IaeM (2.1), )onpe.rtenl 

Tpa KnHeTn'IeCKHX aHeprni1 (uMnynbcon) 

B 8~ CHCTeMe, BbineTaiOIUei1 B .Harrpannel 

Y.rto6Hoe cooTHoweHue .rtnH rr -Mea 

He'IHOM KaHane nony'IHMJ paCCMOTpe~ (2.: 

qaeT1 'ITO 

B2 2 
p -·m > 

20 = 

PB2 

20 

< 

B > .. m B 
p =-q . 

20 < /l 0 max 

B2 
q~ 

E 
qo 

B \V B 1 ( 
Y'IUThlBaH, 'ITO p = -. q . = -- \1 

20 2. 0 max 2W . 

npUXO.rliiM K ycnOBUIO 

2/l( 2m + T) ~ (2m T + fl 
< 

aKnnnaneHTHOMY ycnonn HM ( 1.8) unn (1, 

Tpn paann'lHbiX cny'laH (2.3) .rtnH 1 

'laiOT cneayiOmee: 

f3 B > a ) CM v 
B 

11 max 
T.e. 2(1 (2m 

3a~cb (puc. 2a) T nop(0°) ~ T < T nop (90' 

Tepnane ocymec:rnnHIOTCH TOnhKO yrnhi 1 

peaenHeMoro ¢opMynoi1 ( 1.16). llnH Ka>K 

TIIMOI'O IIHTepnana ocymeCTBnHeTCSI cneK 
(-) L 

TOpOfi MllllllManhHOll Benii'IIIHbl r (0 17 , T 

onpeaenHeMhiX no ¢opMyne ( 1.6) • 

11 



B aTOM Clly'lae OTIIH'IHa OT 

CTaHODIITCR B03MOlKHOli, TOllb-

KHI!eTH'IeCKOli aueprun T=T (90°)=JL(4m-p) 
nop 2rr( m-p) 

o6pa30DaHHR nHOHa non YI'IIOM 0L on-. 
" 

0 . 
aueprnRx T?:. T nop (90 ) AIIH o6paayro-

L 
orpaHI!'IeHIIR no yrny BbllleTa 0" , AIIR 

paapeweH aecb ¢nan'lecKnli HI!Tepnan, B aT'oM 
· L L 

nRoHOB T "(0" , T) ne)KaT B llHTepaane 

L, T), rAe aenn'IRHLI MaKCHManbHLIX KllHeTn

onpenenHJOTCR no ¢opMynaM ( 1,5) -

n ¢opMyna ('38) pa6oTLI /2/ 

y6eAI!TbCR, HMeR B BIIAYo 'ITO 

. ., . B 
+ p" = 2W q . 

0 max 

pi'= .Y!_,;.:!:__m2 
1 · m 4 

YJ... k B 

m 

3KBl!BaneHTHO yCIIOBll!O nOIIO)Kl!Tellbi!OCTll pellll'lll

(1,16), HBIIRHCb TeM caMbiM ycnoaneM cywecT
L 

liiiOHa 0" . 

KaH I!HTepnpeTaunH aaKonoa coxpanennR 

N+N ->N+N+"· 

, nony'leHHLie a paanene 1,_ MoryT 6LITh 

Ha OCHOBe npeo6pa30Dal!l!R cneKTpa liM

MaCe ( B - cncTeMa, p 8 + p 8 =0) a L -cnc-
1 2 

Tpl!naeMOI'O B 3aBI!CHMOCTI! OT CKOpOCTil. UeHTpa 

10 

KaHalle aHUllii3 TaKOI'O Til- · 

/3-5/: 

D} {3 n < V B 
CM (2.1) 

• 

'\ 

I 
.J, 

I 
t 
l 

i·:t ,,, 

r 
) 

.\ 
j 

' -L 
\ 

B 
I'Ae V J - BellH'IHHa BeKTOpa CKOpOCTH 'laCTHUbl j ( j .=1,2) B 8 - CllCTeMe, 

. _.. n , 
B3RTOI'O B HanpaBlleHHH CKOpOCTH {3 CM • Cny'laH Tpex 'laCTHU B KOHe'IHOM 

KaHalle MOlKeT 6hiTb CBeAeH K ABYX'IaCTH'IHOMy, eCIIH B COOTHOWeHHRX (2.1) 

BMeCTO Bellll'IHHbl V .
8 

(j = 1,2) AIIR ABYX'IaCTH'IHOI'O Clly'laR BCJOAY paCCMaT-
J . 

PIIB8Tb BellH'IHHy v 8 (i=l·2 3·->pB+->pn=->qn +-+qn +-+qB =0) 
•l max 

1 
• ' 1 2 1 2 • 

no ananornn co cny'laeM (2.1), onpeAenReMyro MaKCHMallhHOii rpaHm:ieii cneK-

Tpa KHHeTH'IeCKHX 3Heprnii (nMnynbCOB) T L (p L .) '18CTHUbl i 
lmax imax 

B 8- CHCTeMe, BbllleTaroweli B HanpaBlleHHH CKOpOCTH {3 B • 
CM 

YA06Hoe COOTHOWeHHe AIIR " -Me30HOB B Clly'lae Tpex 'laCTHU B Ko-

He'IHOM KaHane nony'IHM paCCMOTpeB (2.1 ), {3 B .;;; VB , KOTOpoe 03Ha-
1 < 1T max 

'laeT, 'ITO 

B2 2 
p --m > 

20 = 

PB2 
20 

< 

B > m B 
p = -q 

20 < p 0 max 

q 82 -I' 2 
0 max 

B2 
qO max 

B W 
Y'IHTLIBaR, 'ITO p 

20 
= 2, D 1 2 2 2 2 

q . = --(W +I' -4m ), W =2m( 2m+ T ), 
Omax 2W 

npHXOAHM K yCIIOBH!O 

2p(2m + T) ~ (2mT+ p 2 
), 

< 

aKBHBalleHTHOMY YCIIOBHRM (1.8) Hill! (1,16), 

Tpn pa311ll'IHblX Clly'laR (2,3) AIIR peaKUHH THna N+N->N+N+" 

'laroT cneAyrowee: 

n > v n 
a ) f3CM " max 

T.e. 2p(2m+T)> (2mT + p 2 
). 

(2.2) 

(2.3) 

oana-

(2.4) 

. . 0 0 
3AeCb (puc. 2a) T nop(O ) _:ST < T nop (90 ) H AIIR nro6oli anepi'Hil B aTOM HH-
• . L 
Tepaane OCyiUeCTBIIR!OTCR TOllbKO YI'llbl BbllleTa OT 0 AO 0" max (T) ., on-

peAellHeMOI'O ¢opMylloli ( 1,16), .illlR KaJKAOI'O yrna 0"L U3 aTOI'O Aonyc-

TIIMOI'O UHTepBalla OCyiUeCTBIIReTCR cneKTp 
(-) L 

Topol!: MHHuMallbHol!: aenn'IHHLI r (0", T) 

onpeAenReMbiX no ¢opMyne (1,6) • 

11 

KHHeTI!'IeCKHX aneprufi OT HeKo

AO MaKcnManbuon, ,<+> < 0~, T) • 



) 
B B Z 

6 f3 = v . ,2p(2m+T)=2mT+p , T 
CM 'IT max 

p (4m-p) 

2(m-p) 
(2,5) 

3TOT cny'!aii (puc. 26) ocywecTBnlleTCSI TOIIbKO npn na•IanbHOii aneprun 
0 . 

T =Tnpp (90 ) =T* , fpaHH'IHbiH yron BbilleTa lll!OHOB CTBHOBIITCSI paBHblM · 

L TT 

~ rrmax=z 
Mnmi~anbnall KnneTn'leCKaSI aaeprnll cneKTpa nnonoa cTano-

Bl!TCSI paBHOH HYliiD 

B) {JB < yB 
CM 77max 

TL 
7Tmln 

(T=T*)=O. 

,2p(2m+T) <(2mT+p 2 ),T> T (90°), 
~op 

(2.6) 

L 

Tenepb (pnc. 2a) He cywecTnyeT _orpaHI!'IeHl!Sl .Ullll ~rna BbllleTa e TT , KO-

TOpblll nelKHT ao aceM · qman'i~CKOM nnTej)aane, HnlKHllll r::pannua cneKT-
.L 

pan nnonoa .unll ncex yrnon eCTb T = 0 • BeTBb pewennn co anaKOM 
1T min 

(-), r<->(eL ,T) , B cny'!ae a) onpe.uemiBwaSI B o6nacTn T(0°) s. 
TT 

:;. T:;. T (90~ HlllKIIIDID rpannuy KnneTn'leCKHX aneprnii cneKTpon nnonon, 
nap 

a.uecb onpe.uenlleT rpannuy MaKCHMallbnoii aneprnn cneKTpon .unll .uononnn
L . 

TenbHhlX yrnoB K yrnaM err ~ TT I 2 ' 

(+) L . (-) L 
T ( rr-017 'T > T *) = T. ( e TT 'T > T *). (2.7) 

Cny'lan a)-n) cxeMaTn'leCKH H306palKeH&I na pnc. 2. 

3 • 3aKIIID'IeHHe 

PeaynbTaThr paa.uena 1 H nx reoMeTpn'!ecKaSI HnnrocTpaUHSI B paa.uene 

2 nony'leHhi na npnMepe peaKUHH N + N ... N + N + rr , HO MOlKHO llOKa-

3aTb, 'ITO. OHH HMeiDT 6onee. 06li1Hll XapaKTep, 8 '18C~HOCTH 0 ananorH'IHaSI Kap

THHa CBOHCTBeHHfr peaKUHSIM Tnna 

rr+N-> N+rr +TT (p+m-> m+p +P (3.1) 

12 

a) 

!>) 

&) 

P.nc.2. reoMeTpn'leCKaSI 
nerKOH 'laCTHUbi 
a) vB <(311 

1Tmax CM 

e;_-~ -
~ 

nnmocTpaunsr Tpex xapaKTep 
( '18CTHUa q ) B. peaKUHH 

• 11Mee'l'Cll rpaHH'IHhiii yron 

'IBCTIIUbi q. ; cneKTp KH!IeTI!'IeCKHX aneprl!H 
(-) L L L (+) L 

'!eH B HHTepnane r (017 )~T 17 (0;)_::r (0rr), 
L · L . 

npn e < e 
1T 1T max 

paBHbi .unnnaM neKTopOI 

.uo nepece'leHIHI c anmmcoM nMnynbcoa, 

6) VB = {3 B , fpallll'lllb!H yron 0 L 
11max c~ 11max 

B03MOlKIIOll BeliH'II!IIa· T
1
'(0L)=0, cneKTp KHHe 

r. 1T 

Tl!Ubl q. 38KniO'IeH. B IIIITepnane 0 'S_ T~(01TL) 
(+)("'L) . . . 

·nu'II!lla r orr panna .umum BeKTopa, npm 
Koopm!llaT .uo TO'IKI! nepece'leHI!SI cro c annu: 

n) v 8 > f3 n · • BoaMOlKHhi nco yrni>I B&Il 
Ttmax CM 

HI!Ubi cneKTpa B liHTepanne. 0 < T 1' <r<+> (0L 
11.... 11 

13. 



,T 
p (4m-p) 

2(m-p ) 
(2.5) 

T01IbKO npH H8'181IbHOH aneprHH 

yron BblneTa liHOHOB CT8HOBI!TCH paBHhiM · 

., 
KHHeTH'ieCK8H SHeprllH CUeKTpa liHOHOB CTaHo-

+T) <(2mT+p 2 ), T> T (9()
0

). 
~op 

(2.6) 

L 
CTByeT orpaHU'IeHHH )l1IH yrna BbineTa 9 TT 0 KD-

<jJH3H'i~CKOM HHTepnane. HHJKHHH ~pannua cneKT

'L 
eCTb T = 0 • BeTBb pemeHHH co 3HBKOM 

TT min 

cny'!ae a) onpeLle1IHBriiaH B o6nacTH T(() 
0

) ::, 

HHllY KHHeTH'IeCKHX aaeprnfi cneKTpOB liHOHOB, 

M8KCHM8nhHOH aneprnn cneKTpOB Jl1IH JlOII01IHil
L . 

9
17 

:!;TT/ 2, 

(-) L 
T*)=r. (9

17
,T>T*). (2.7) 

H3o6paJKeHhi ua puc. 2. 

3aK1IIO'Ienne 

1 ·H HX reoMeTpH'IeCK8H H1I1IIOCTp8UHR B p83Lle1Ie 

N+N->N+N+rr 1 HO MOlKHO liOKa-

B 'laCTHOCTH,. ananorn'!Han Kap-

( ll + m ... m+p +/l (3.1) 

12 

a) 

nM 

5) 

l:" 

"R" 

P_nc.2. reoMeTpH'IeCKall H1I1IIOCTp8UHH Tpex XapaKTepllbJX C1Iy'laeB KHHeM8THKH 

nerKoii 'laCTHUhJ ( '!aCTnua q ) B peaKUHH N + N-+ N + N + rr • 
a) VB < {3 B • HMeeTCH rpaHH'IHhiH yron BhJ1IeTa 9 L Ll1IH 

17max CM 1Tmax 

'laCTHUhl q. ; cneKTp KHHeTU'IeCKHX aueprnfi '18CTHUhl q 38K1IIO-

(-) L L L (+) L · (+)(<> L) 
'!ell B H11Tepnane T (917 ) :5 T TT (9,;)~T (E) TT) 0 rne Be1IH'IIIllhl T - 0 TT 

L · L . . 
llpll E) < E) paBHhl Ll1IIIH8M neKTOpOB OT 118'18118 .KOOpJliiH8T 

1T 11 max 

. JlO nepece'!eHIISI C S1I1IIIIICOM llMIIY1IbCOB. 

6) v B = f3 B • rpaHU'IIlhlll yron E) L = TT I 2 ; CTai!OBHTCH 
71max CM _ 17max 

B03MOJK!IOll Be1III'II!ll8 T~(E)~)=O, CUeKTp KHlleTH'IeCKIIX aneprl!il 'laC-

TI!Uhl q - 38K1IIO'IeH. B III!Tepnane 0 'S_ T~(017L) :::;_f+l(E) .:-) , rne Be-

(+J(""L) . . . . 
·mi'Iltlla r o 17 . panHa nmme neKTopa, nponeneuuoro 1!3 Ha'lana 

KOOpJll!llaT. JlO TO'IKII nepeCe'leHI!SI Cl'O C S1I1II!llCOM llMliY1IbCOBo 

B B · L 
n) v ::> f3 • Bo3MOJKHhl nco yrnu Bhmera 0 <E) < rr , rpa-

7Tmax CM , - Tt -

Hllllhl CIIeKTpa B IIHTepBa1Ie. 0 < T L < r (+) (E)L) •• 
TT - TT 

13 



H 

Ml 

N ~A 

-( m + M 1 -• M2 + m + m ' 
M 2 , I 

B + N +N 

npu M 1 -M 2 <m ) 

Ann nepBOll H3 KOTOpblX HHlKe llpHBOAnTCn OCHOBHbie ljJopMynbi Ann llHOIIOB 

KoueqHoro Kauana. 

L (.j!) 
q -

0 

L 
(0 

1T 
,T) = -----..,,...--------- I (m + p )(p 

2 
+ 2mT) + 

2 2 2 0 L 710 -
2[ (m +P )- (p -It ) cos"0 I 

710 710 ' 1T 

.I 2 2 L 9 . 2 4 [ 2 9 2 2 L } I 
v p - fL cos0 y(p" + 2mT) - p. (m +P ) -(p• -p ) cos 0 ] 

710 1T 710 7TO 1T . 

rAe 

P 110 = fL + T , 
2 2 . 

p
710 

-p =T(T+2p ); 

cos0 L (T) ·= - 1 -1 y 
7Tmax 2p 

2(. 2(2. )2 4 fL m + p 
710 

) - p + 2 mT 

(p2 -p2) 
7TO 

npa 

·o o 
T (0 ) < T < T (90 ) 

nop . - - nop 

.T (0 L ) = 
nop 11 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

2L 2· 2 2 n2 1 2~lJ· 22 L, 
p[m+2p(l-cos 0 }]+y,r(m+2p) +[4(m+p) -p ](m·-p )+p-cOS"0 t4m(111-fL}-Sp+4JLCOJO 1. 

=pi' 11·· . . 1T . 1T 

[ 

n ft ·. 2 L ' 
2 m·-p•(1~cos 0 }] (3.6) 

1T 

T (00) = 
fL (2m+ 3p) 

~ 171 MSBi (3.7) 
nop 2m 

T (90°} = 
r<2rn+r> ";...177Msa.' (3.8) 

nop 2(m-p} 

HeCMOTpn Ha TO, qTo o5naCTH SHeprHii Hi 

llleCTByeT rpaHHqHblll yron BbineTa o5paao 

H (3.1 ), HeaenHKn, cywecTBoBaHHe TaKorc 

AOCT3TOquo B3lKHblM cneJlCTBI!nM. 
L 

1. KalKJlOMY yrn;,; BbineTa 0 
11 

• co 

roaoii sueprna T nop. (0~ ). 

2) Peweuae co 3HaKoM (-) a (1.5); 

acerAa oT5poweHo, nocKOnhKY II o5nacTa 

ORO OllpeAenneT BenaqHHbl MHHHManbHbiX B 

TL ·(0L T) 
' 1Tmin 1T # 

,3) BenaqaHa KHHeTaqecKoii SHeprau 

HOBHTCn B03MOlKHOll llpH T ·= T (90 °) = 
nop 

0 ' 
T > ( T nop (90 ) = T *) smnneTcn MI!HHM 

· sHepraii. MaKCHMa,ibHbie aenaqiiHbi onpeae 

pellleHIIeM CO 3H3KOM ( -t) B ( 1.5) II ( 1.6: 

4) CywecTayeT HenpepbiBHbiii nepexc 

nacTa ·T nop(0°)::;_T::;_ T_ nop(90°) a o5. 

npoxoAnT TOqKy T L = 0 npa · T = T · 
• 1T ll~ 

He HMeJOT npelKHero C":fbiCna II AO!llKI!bl llf 

MaKCIIManhHbiX' SHeprllii Ann y~nOB 1T -0·L 
1T 

Cn OCI!OB8HI!eM TOrO, qTo B o5naCTII SHepl 

HO MOlKHO He o5palllaTbC~ .K (-) pewei!I!!Or 

a ( +) pewe111111. CxeMaTu.qecKII XOA yKaaaf 

CneAyeT OTMeTIITh, _qTo o6wee pewe1 

aKUIIii c nJ05bJM q11cnoM qacTnu 8 KoHeqHo 

110 a o5paaax npocTpaHCTBa_no5~q:acKoro 

llpOCTpaHCTBOM CKOpOCTeii pennTI!BHCTCKOll 

qTo II peaynhTaTbi' HaCTonweii pa50Tbl MOr 

npocTpaHCTBa no5aqeacKoro. K COlKaneHIIR 

riOAXOA K pemeHH_!O aaAaq KI!HeMaTI!KII llOI 

Koro ynoTpe5neHnn. 

AaTop Bbipa}J<aeT rny5oKyJO 5naroaap 

BY II P.M.PbiHAI!Hy, n.r.3acTaBeHKO, r~H.~ 



-( m + M 1 ·• M2 + m 

N+N 

np11 M 1 -M 2 <m 

' + m . 
\ 

) 
l!lllKe np11BO!l.51TCSI OCl!OBllbie <jlopMyiTbl !l.ITSI IIIIOHOB 

2[(m +P ):_(p 2 2) • Ll (m+p Hp

2 

+2mT)' 
ITO ITO -/L cos"® I ITO :!: 

IT 

(3.2 ). 

1--------------~-} (3,3) 

+2mT)
2

-4fl [(m+p )
2
-(p 2 '-p 2)cos

2
®

1
'] 

1 

ITO ITO IT 

Pz -1'2 ~1:<T+2fl ); 
.ITO 

IV 4p2 (m + PITo )2-(f12 +2mT ) 2 

(p2 -p2) 
110 

< T < T (90 °) 
- - nop 

( 2· [ 2 2]{ n 2 2 n 
. m +2p) + 4(m+p) -p m ·-p )+p. -coS"® 

(00) ~ 

[ 
n n . 2 L ]. 

2 .m--p·(l~cos e ) 
IT 

p(2m+3p) 
~ 171 MsB, 

2m 

p(2m +fl) 
~ 177MSBo' 

2(m-p) 
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(3,4) 

(3,5) 

4m( lll-1L)-Sl-t4/ coJ 

(3.6) 

(3.7) 

(3,8) 

HeCMOTpH Ha T0 1 'ITO o6naCTII SHepi'IIll HaneTaiOIUeil '18CTIIUbi 1 !l.ITSI KOTOpbiX cy

IUeCTByeT PpaHII'IHblll YPOIT BbineTa 06pa30B8BIUel'OCSI IIIIOH8 B peaKUIISIX ( 1.0) 

11 ( 3.1 ) , HeBeiTIIKn, cymecTBOBaHIIe TaKor'o s<jl<jleKTa npiiBoimT K cnenyiOIUIIM 

!l.OCT8TO'Il!O B8)1{Hb!M CJie!l.CTBIISIM, 
L 

1. Ka;>KJl.OMY yrn~ BbiJieTa. 0 IT. COOTBeTCTByeT CBOSI BeJIII'IIIl!a nopo-

I'OBOH suepl'l!ll T- nop. (®~ ). 

2) Pemea11e co 3HaKoM' (-) B. (1.5); (1.6) 11 (3.3) ae MO;>KeT 6biTh 

BCePna OT6pomeuo,. IIOCKOIThKY B o6naCTII SHepPIIll T IIOp (Q0)_:5 T .;S: T IIOp (9Q0)~T* 

OHO OIIpenenHeT BeiTll'lllHbl MllHllM8JlbllbiX imHeTn'leCKllX SHepl'llll IIllOHOB 

TL (®L T) 
1Tmin 11 ' 

3) Benn'lnHa KllHeTn'leCKOil 9Hepruu rruoua. paBHaSI HynJO, T L = 0 
0 ~ > 1T 

, eTa-

HOBllTCH B03MO;>KHOH IIpll 

T > (T110p (90°) = T *} 

T = T (90 ) = T * 
rrop 11 3 aTeM rrpu Bee:-

SIBJIHeTCSI MllllllM8IThHOil BeiTU'IllHOil KIIHeTn~eCKOll 

sHeprnn. MaKcnManhl!hie BeliU'Illllbi onpenenHJOTCSI rrpn ncex T > .T rr (0?) 
- op 

peiUeHUeM CO 3H8KOM (+) B (1.5) ll (1,6), 

4) CymecTByeT HenpepbiBHhiil rrepexon KpllBhiX 
(-) L 

r (®IT ,T) I l!3 o6-

nacTU T rrop (0°) ~T ~ T rrop(90°) B o6nacTb T> T nop(goo) (Bt;:e oHn 

IIpOXO!l.HT TO'IKY T L = 0 
IT npu'T = T rrop(9Q 0 )), IlpU'IeM B STOft o6naCTII 

He llMeJOT rrpe;>KUel'O CMbiCJia ll !l.OJl;>Kl!bl lll!TepnpeTllpOB8TbCH' KaK Kpl!Bbi9 

MaKcuManhHbiX sueprnil nnH yrnoB IT - ®~ 3TO 06CTOHT8ITbCTBO SIBITHeT-

CSI OCHOB8l!l!eM TOI'0 1 'ITO B o6naCTll Sl!epl'llll T >_ T rrop ( 90°)' neilCTBllT8/!h

HO MO;>Kl!O lie o6paiUaTbC~.K (-) perneHUI01 !IOCKOITbKY 0110 y~e conep)l{l!TCSI 

B ( +) perneuuu. CxeMaTU'IeCKll xon yKa3al!HbiX KpllBbiX ll306pa;>KE!H Ha puc.3. 

CnenyeT OTMeTHTh, . 'ITO o6mee perneaue Kn.H_eTu'leCKoil 3ai:ta'ln nnH pe

aKnnil c nJ06biM 'lucnoM 'laCTun B KOHe'IUOM Kauane paHee DhiiTO paccMoTpe

Ho B o6pa3aX npocTpaucTBa flo61l'leBCKoro 16,7 I, HBiiHIOIUei-ocH; B 'laCTHOCTn, 

rrpocTpaHCTBOM cKopocTeil penHTllBHCTCKoil 'laCTllllbi, HeTpynao· y6ennThCSI, 

'ITO .ll pe3yJihT8Tbl H8CTOHIUeil pa60Tbl MOI'yT 6b!Tb Bbipa;>KeHbl B o6pa38X 

npocTpaHcTBa flo6a'leBcKoro. K CO;>KaneHuJO, HecMoTpH aa o6maoCTJ:>
1 

-sToT 

rfonxon K perneun10 3ana'l KUHeMaTnKn noKa, rro-nunuMo_My,. ae aarnen rnnpo

KOI'O ynoTpe6ne.HUSI, 

AnTop Bbipall<aeT rny6oKyJO 6naronapHOCTb rrpo<jleccopaM C.B.I13Maiino

ny II P.M.Pblll!l.l!liY, n.r.3acTaBeHKO, r.I1.Konbmoay I! M.MaeDCKII 38 IIOJ1"3-
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HI>Ie JliiCI{yccnu n o6cymneHIIe peaynbTaToB pa6o 

nycy, B.n. nmenenotiy II H.A.nepcpnnoay aa rrpe 

n~>monHnTb nannyiO pa6ory; rrpocp. H.A.4epHnKoa 

CBH311 Kl!HeMaTUKU penHTUB!!CTCKOii 'l8CTI!Ubl C ITJ 

nureparypa 

1. F.Ferrari, F.Selleri. Suppl, Nuovo Cim.,2.: 

2, V.C.Suslenko, V.I.Kochkin. N•..tcLPhy s., B 
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4, R.Hagedorn. Relativistic Kinematics, Benj 

5. A.M. EannuH, B.H. fonbnaacKnii, 11.n.Po3eH1 

peaKunii, M., 1959. A.M. EannnH, B.l1.fonb~ 

H.n. Poaeuranb, KnHeMaTI!Ka nnepnbiX peaKu 
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22 n 
#fl 
Zt .,., 
:r,. 
~f 

Q I 
0 a> I 
c.r::o 
1- gJ = 

, • ..<:.:: 0 

~=.=: 
0 = 0 ~ -·= c. 0. = a> 0 
~ = IC. (1) <tl 
a> 1- c. 
;;;o~ 
>( = :g = 1-. :.:: g Q 
o;:;~ 

a> = g; 0 
1- :S:,J 1:: 

~ ~ <D = ('). 
:.:: Q ~ 

i§ - ~ ~ 
1::[ :a z 
>( Q + 
:a <tl z 
~ ~ ~ t 

. C. • »Z 
:.:: .J 1:: = + 
:<:® z 
=~ 
-E·~ 

, CCI +t. f-.4 
c.~ = 
~ .. = 

- ::t >=: - ,Q :.:: = ::t <tl :.:: = a> 
0 ~ c. 
a> C' <tl tJ: 
:r :r r:: 
:: :a >=: 1::[ 

~§(])~ 
a> 1- 8 a> 
>( 0 Sl ;:;: 

U <tl <tl a> :r 1- 1-

~ 
0 
= 0. 

Hhle LlllCKyCCill! Il o6cy)KLIOHIJe peaynbTBTOB pa60Thl 1 npo!jleccopaM n,H,nann

nycy, B.n. ll)Kenenooy n H.A.nep!jlnnooy aa npeilocTaoneunym ooaMOlKHOCTb · 

BhlllonnnTb nannym pa6oTy; npo!jl. H.A.lfepHnKoay aa pa3'bHCHennSI rny6oKoli 

CBSI3jl KI!HeMaTJIKll penSITIIBHCTCKOfl 'laCTUUbl C IJ[JOCTpaUCTBOM flo6a'!eBCKOI'O, 

n II T e p a T y p a 

1. F,Ferrari, F,Selleri. Suppl. Nuovo Cim,,22, 433 (1.962). 

2. V.C,Suslenko, V,I,Kocl1kin, N•..tcLPhy s,, B5,· 657 (1968), 

3, J,Blaton.bet.Kgl.Vid,Selskab, Mat.-Fys, Medd,24,· N20 (1950), 

pyccKnii nepeaon a nperrpnnTe OIHIH P-193 ( 1958). 
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5. A.M. Eannun, B.H. ronbL{8HCKIIil, H.n.Po3enTanb, KnneMaTnKa SILiepHbiX 
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