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fipnMeHneTcn rpaqJHqecKnfi .. MeTon aaann3a H3DTonnqecKnx cooTHoweanfi 
· .Me)Kny · ceqeannMn peaKunfi c pb.)KneaneM Tpex qacTnu, B KDTOpbiX npu ·Bbi

coKnx saeprnnx noMuanpyromyro ponb Mo)KeT ·urpaTb o6MeH nonrocoM fioMe
. paaqyKa. B ·HI;cTonmee BpeMn n3-sa oTcy1'CTBnn nocTaToqaq'ro Konnqec~Ba 

·. SKcnepnMeHTanbHbiX .naHHbiX no ceqeannM aenb3n cnenaTb o6wnx 3aKmoqeaufi 
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Graphs for Studying Isotopic Relations in Reactions 
with Production of Three Particles and Possible Po-
meranchuk Pole Exchange 

. . Graphs are applied to the analysis of isotopic relations among 
cross sections for reactions with production of three particles and 
possible dominance of Pomeranchuk pole exchange at high energies. 
More experimental data are required to draw any general conclu

about the validity of this hypothesis. 
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§1. BBepeipre 

Muorne aaKoHoMepnocTn cHnbHbiX rrpoueccoB c pO)KileHneM 6onee 

'19M llBYX '18CTHU XOpOWO OITll:CbiB8IOTCSI llHH8MH'IeCKHMII Mo.nenHMH1 OCHOBBH-

/1/ . 
HbiMH Ha rrpellCTaBneHIIH 0 MynbTHp9Jl)K9BCKOM o6MeHe • 01lHOtl: H3 OCHOB-

Hb!X KOHU9IIUHtl: TeOpHII MynbTHp9Jl)K9BCKOI'O 06MeHa HBnSieTCSI I'HIIOT938 06 

o6MeHe rromocoM noMepaH'IyKa. HecMoTpSI JJa To, 'l,;o .B rrocnellHee BpeMSI 
. . . /2/ 

Bee O'leBIIIlHee · rrpeo6nallaeT MHeHHe o nanH'IHII TaKoro o6MeHa , B uenoM 

pOnb IIOniOca noMepan'lyKa B MynbTHp9Jl)K9BCKOtl: CX9Me UeSICHa. noaTOMY 

HCCn91lOBaHH9 peaKUHtl:, B KOTOpbiX B IlpHHUHIIe B03MO)K9H IIOilOfiHbltl: 06MeH, 

1Ip91lCTaBnsreT C060tl: H9COMH9HHb!tl: HHTepec. 3ToMy BOIIpocy IIOCBSIII19H pHil 

.6 . /3-9/ 
pa OT • 

B nacTosrmeil pa6oTe paccMaTpHBaiOTCsr peaKUIIH, B KOTOpbiX po)KilaiOTCsr 

TpH '!aCTHUblo 3TH 'peaKUHH SlBnHIOTCSI HaH6onee 6naroiipHSITHbiMII llnSI 06MeHa 
. /3/ 

IIOniOCOM noMepaH'IyKa • 

PaccMoTpHM peaKUHH Tuna: 

a+b-+a+c+d (1) 

npH 8CHMIITOTH'I9CKHX 9Hepi'HSIX Q)KHJl89TCSI 1 'ITO llHarpaMMa 9TOtl: 

peaKUHH 6ylleT HMeTb cnellyiOmnil BHil (rnnoTeaa o6 o6MeHe non10coM noMe

pan'lyKa): 
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a a 

Pnc. 1 

B aToM cny'lae n:soToncnn:H rroncncTeMbi 'IBCTn:u ( c d ) AOn)l(eU 

6biTb paBeH n:soToncnn:uy n:cxonuoil: 'laCTUUbtb • 0TCIOAa cnenyiOT rrpocTbie 
/3 8/ 

COOTHOllieHIIH 1 Me)I(AY pasnli'IHb!Mll li30TOITH'IeCKUMll KaHanaMll peaKUllil: 

( 1.1) • 0AH8KO HCH0 1 'ITO IIpn: Bb!COKIIX1 HO He 8CliMITTOTH'IeCKIIX 9HeprliHX1 

KpoMe paccMoTpeuuoil: nn:arpaMMbi, B rrpouecc, ( 1.1) BHOCHT BKnan n: APY:

rne nn:arpaMMbl 1 npn:BOAHIIllle K 3H8'1eHUIO H30T~ITCITIIHa( c , d ·) 1 .OTnll'IHOMY 

oT sua'lelllm n:soToncnnua 'laCTHUbi b • IToaToMy 6onee pasyMHo cTaBn:Tb 

BOITpOC 0 38BUCUMOCTH OT aueprn:n BenH'Illllbl OTl!OllieHUH aMnnn:TyA, IIpllBO-

AHllillX ( c , d ) B pa3nli'1Hb!e COCTOHHHH ll30TOIIU'IeCKOrO CITUHa. nng 
•• I 101 

nccneAoBaun:n sToro Bonpoca o'leHb yno6eu rpa¢n:'lecKn:il: MeToA auanusa 

li30TOITU'IeCKUX COOTHOllieHnil:. 

§2. KpaTKoe onn:caune MeTona 

B cny'lae uann:'l,lm Tpex n:soTonn'lecKn: cBnsaHHbiX npoueccoB, aMrrnn:Ty-

A<t> A <2> A<a> Abl KOTOpb!X Bb!p8)1(8IOTCH 'lepes ABe li30TOITll'l9C-

Kn:e aMrrnnTyAbi A 1 , A 2 , Bcerna nMeeTcn "Tpeyronbuoe paBeHCTBo": 

a 
I y I A (I) = 0, 
I= 1 

( 2.1) 

rne y I -HeKOTOp b!e neil:CTBHTenbHb!e KOHCT8HTbl 1 Bblpa;KaiOllilieCH 'lepe3 

Koa¢¢n:un:eHTbi Kne6ma-fopnoua. Hs ( 2.1) cnenyiOT Tpn: · o6hi'!Hbie Tpeyronb

Hbte uepaBeHcTBa nnn y 
1 

...; -;;<"iT y 2 ...; ;<"2) , ·y a ...; a (a> • Ecnn: onuo 1is 

HUX B03BeCTll B '!eTBepTyiO CTeneHb1 TO IIOny'laeTCH cneAyiOmee HepaBeHCTBO: 
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4 ( (1) ) 2 4 ( (2) ) 2 4 ( (8) ) 2 2 2 2 (1) (2) 
y1 a +'Y2 a +'Ya a - y1y2a a -. 

2 
2 2 < 1) (3) 

2 
2 2 a (2) a(a) 0 

- Y1Yaa a - Y2'Ya < · 

OTHOllleHIHI napun:anhHbiX ceqeHn:ii K cyMMe scex Tpex ce'!eHn:ii 

(I) 
y 

(I) 
a 

~ (j) ... a 
j = 1 

cBSI38Hhi Me)I(JlY co6oii cnenyJOIURM o6pa3oM: 

3 

I _/1 > =.1. 
I= 1 

( 2.2) 

( 2.3) 

( 2.4) 

3TO . naeT H8M B03MO)I(HOCTh n:cnonh30B8Th )lnSI aa:ann:3a ( 2.4) TpeyronhllliK 1 

nono6HblH nn:arpaMMe llann:ua, lleiiCTBJITenhH0 1 y (I) MoryT 6hlTh npencTaE 

nellbl rpai}Jn:qeCKli B BJIJle paCCTOSIHliH JlO CTOpOH paBHOCTOpOI!Hero Tpey

ronhllliK8, HepaBeHCTBO ( 2.2) (n:3oTonn:HBapn:anTHOCTh!). Torna .9KBn:BanenT

HO ycnOBJII0
1 

'ITO TO'IK8 )l0n)I(H8 H8XOJlliThCSI BHyTpli 9nnnnca,I}JopMa KOTO

poro onpenenSieTCSI KOHCT8JIT8Mll · y I , C npaKTH'!eCKOH TO'!Kli 3peHHSI1 

onHaKo, 6onee yno6no n:cnonh3oBaTh BMeCTO 9nnn:nca Kpyr, KoTOpbtii snncan 

B TpeyronhHliK C BbiCOT8Mli 

h 
1 

=or 2 < r 2
- r 2 

) -
1

, i = 1,2;3 , 
. I 

( 2,5) 

rne D -nnaMeTp Kpyra, a 

r 2 2 2 2 
=Y1+Y2+Ya 

( 2.6) 
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ITpu aToM ~usuqecKaH RHTepnpeTaUHH y<l> (2.3) HecKonbKO ycno~HHeT-

(I) 
h 

1 
a 

! a (J) 

J=l 

(2.7) 

3aTO llOHBnHeTCH B03MO~HOCTb BBeCTH KOMilneKCHyiO Z - nnoCKOCTb, I'Ae 

z = 0 COBI18A89T C UeHTpOM BI1HC8HHOI'O B TpeyronbHHK Kpyi'a, a ypaB-

HeHue I z I = l COOTBeTCTByeT C8MOMY Kpyry. PeanbH8H OCb HanpanneHa 

K TO'lKe, I'Ae OAHa U3 H30TOI1H'l9CKHX aMnnnTyA, HallpHMep A 2 , paBHa 

HyniO, MIIHM8H OCb OpTOI'OHanbH8 peanbHOfi OCH H 1!811paBneHa K TO'lKe, 

rne A t = A 2 • 

B HDHOM BHJle: 

Re z = 

Im z 

IAII 2-IA21
2 

lA 11 2
+ IA21 2 - ' (2.8) 

(2.9) 

TO'lK£1, nony'leHII£151 Ita OCIIOBe 9KC11epHM911TanbHblX A£li!HblX 0 TpeX Ce'leHH-

HX, 11£1 AHlli'p£lMMe OAH0311£l'lHO Ollpcnens19T Z • TaKn:M o6pa30M, nona-· 

~ei!Ue TO'IKII JlllCT llH~Opl\taUHIO 06 OTIIOCI!TenbHOfi BenH'lHHe 8MilnHTYA A I 

II 0 nenll'IIIIIO UIITep~epOHUIIOIIIIOI'O 'lneHa. 

il3. PeaKunu K ,1 ... K N N H Nd ... NNN 

B a ro~1 cny•mo y 1 .- y 2= y 3 = 1 h 1 = h 2= h a= 3/2 • (3necb 

u ll.Jnoe ll = l . ) • Coc:lTDeTCTByiOutast nuarpaMMa uso6pml\el!a na puc. 2. 

B c,Iy'lae •:npaneTl'InBOCTH runon~3hi o ·noMuHupyiOIUeii ponu nomoca flo\te-
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Puc, 2 ,nuarpaMMa anSI peaKuHfi K d ... K N N 'H Nd ... NNN. 

paH'IyKa npH BbiCOKHX 9HeprHSIX TO'IKH, nony'leHHbie H8 OCHOBe (2,7) 1 )lOmK-

Hbl 6hinH 6hl C pOCTOM 9HeprHH CTpeMHTbCSI K A 0 - TO'IKe 1 COOTBeTCTByJO-

IUefi HanH'IHJO TonbKO oaHofi uaoTonuqecKofi aMnnuTyllhi A 0 • K aTOMY 

Knaccy peaKUHfi OTHOCSITCSI: 

+ 0 K d-oK pp, K- d ... K0 
nn , pd-onpp, (3.1) 

+ + K d ... K pn, K-d ... K- np , pd-o ppn, (3.2) 

+ + K - d-+ K- pn, pd -+ pn p • (3,3) Kd-oKnp, 
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§4. PeaKUIHI KN .... K1r N KN .... K~ K 

NN .... N1rN. NN .... N~K u 1rd .... "NN 

PaccMoTpuM, HanpuMep, peaKuuu 

K+p ... K+1r 0 p, 0 + 0 
PP ... P ~ K • PP .... P1! P• ( 4.1) 

+ o + xl + + - + xl 
K p ... K (" p) , pp ... n~ K, pp ... n(17 p) , (4.2) 

+ x/ + 0 + xl 
K+p ... K (17+n) -, pp-+p~ K , pp-+p(" n) (4.3) 

.Unsr aToi'o cny'lasr y 
1 

= {2, y 2 = Y 8 = l • h 1= 2 h 2= h82='4/3 . 

.Uuai'paMMa npHBe.UeHa Ha puc. 3, Ha Heii HaHeceHbi aKcnep!IMeHTanhHbie 

Ao 

Puc. 3, .Uuai'paMMa .unsr peaKUHii 
KN .... K" N , KN .... K ~ K 
NN .... N"N , NN-+N~K 

u "d .... "N N • TinocKoCTb z 
COOTBeTCTByeT peaKUUU17d-+!7~N. 

x - TO'IKa .unsr p p .... N " N 
rrpu 19 faBic 141 ; + - TO'IKU 

.unsr p p -+ N ~ K npn 
3,67 faBle/ 111. 4,95 faBic/12,131 
H 6,00 faBIC/1..\I, 

xl 
' CK05KH 03Hll'I810T1 'ITO 17+ II npOTOH (HeiiTpOH) neTSIT B OJlHy CTOpOHy, 
05 9KCrrepHMeHTanbHOH B03MOlKHOCTH paa.ueneHHSI ITO.U05HbiX KaHanOB CM, 
no.upo5Hee, HanpnMep, B I 41. • 8 

J 
·I 
I 

.'.::. 

J 

111-141 
TO'IKH .unsr pea 

To'IKa A 1; 2 cooTBeT 

CIICTeMy 1rN (~K) B co 

§5. PeE 

TipHMepaMH 9T.HX 

1T + p .... 17+ ~ 

"+P ... "o~ 

!T+p ... ~+: 

B aToM cnyqae J 

.Uuai'paMMa npnBe.ueHa· 

§6, Pea1 

PaccMoTpliM, Han 

xl ' CK05KH 03H8'1810T, • 
Hy. CpaBHH c -npnMe'la 



"o . p ( 4.1) 

( + ) x/ . 
1T p • ( 4,2) 

+ x/ 
p(TT n) (4.3) 

' h t= 2 h 2= h32='4/3 • 

C9Hhl 9KCnepHM9HTanbHhl9 

3, .Uuai"'paMMa nng peaKuHfi 
K" N , KN .... K I K 
N "N , NN .... N I K 
.... 1T N N • nnocKOCTb z 
!TCTByeT peaKUHH "d ->TT N N. 
,TO'IKa AnSI pp-> N "N 
:f fan/c/4 / + - TO'IKH 
pp ->N I K npH 
anlc1 ll/ · 4,95 faB/c/12,13/ 
faB/c/ 14/, 

·poa) neTSIT B onay cTopoay, 
:IISI nono6HbiX KaaanoB CM, 

:J 

/11-14/ + . '<' 
TO'IKH nnR peaKUHfi pp->NTTN , K p->KTTN H pp-> N .wK. 

To<~Ka A 
1

;
2 

cooTBeTcTnyeT aanH'IHIO Ton&KO aMnnHTYllbl 1 npHBOllSilllefi 

CHCTeMy TTN (IK) B COCTOSIBHe·c H30TOnCnHHOM 1/2, 

§5. PeaKUHH TTN ->TT TTN H TTN ->TT I K 

flpHMepaMH 9T.HX peaKUHll SIBnSIIOTCSI: 

0 + 
" + p .... "+ I K , + + ( 0 ) X/ "p->TT ~··P 

+ o ( + ) x/ 
1T p->1T "· p .• 

(5.1) 

(5.2) 

(5.3) 

B aToM cny<~ae y 
1 

= y 
2 

= '1.2 , y 3= 1 

· .Uuai"'paMMa npuneneaa a a puc. 4. 

' h 1 = h 2 = 5/3 ' h 8 = 5/4 .. .. 

§6. PeaKUHH pp ... N·e !'!.. , pp · .... N " f.. KN .... K e h 

H KN ... KTTI'!. 

PaccMoTpHM, aanpHMep, 

pp ... n 'Po 1:1 ++ (6.1) 

- A++ pp->p'p-u ' (6.2) 

(6.3) 

x/ CK06KH 03H8'18IOT, 'ITO 1T 
0 

H p I 1T + H p neTHT n·onuy cTopo-

ay. CpaBBH c npn:~,~eqa&HeM ua cTp. 8, 
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Puc. 4. nuarpaMM8 /:WH peaKUHH TT N ... TT TT N u rrN ... rr I K . 

3TOT cny'lafi OTJIU'IaeTCSI OT npeAhiAYlllHX TeM, 'ITO. UMe!OTCH ewe APY

rne KaHan hi ( p p ... p rr+ 1:!. 0 u p p ... n rr + 1:!. + ) paccMaTpnBaeMhiX peaKuuii, 

Bhtpa)KaJOmuecst 'lepea A 1; 2 ·u . A 
3

; 2 • 3To npuBOAHT K neKOTOphiM yc
/10/ 

JIO)KIIeHHHM npn nocTpoeHIIH AnarpaMMbi, He BA8B8HCb B noApo6HOCTII 

OTMeTUM 1 'ITO B 9TOM cny'lae 

( t) 
y 

10 a <t> 

'3(3 a 0 ' +a< 2> +3a<
8
> 

. (8) 
y = 

(2) 
5 a <2> ----

2 (3 a (I)+ a<2 \ '3 a<B> 
' y 

30 a <B> 

7(3a(t)+ a< 2>+·3a<a>) 

a OTHOlll8HII8 CTOpOil TpeyrOJibHHK8 COOTBeTCTBY!OlllSH AH8I'p8MMhl H8 p!lC,5 

p8Illl0 3:3:4; npSIM8SI
1 

AO KOTOpOH ll3MepsteTCSI p8CCTOSIHII8 y (
8

) 1 ASJIHT 

nononaM KOpOTKY!O CTOpOHY TpeyrOJibHIIK8 H OTCeKaeT OAHY TpeTb AJIIIHHOH 

CTOpOHhl, 

10 

' 

't.., 

I 

..::; 

A 

t 

I 
l 
! 

·I 
! 

I 

Puc. 5. nuarpaMM8 AJIH 

n KN-+Krrl:l· . 

Ha AnarpaMMe ·He 

pe8KUIIII pp ... N·p 1:!. 

K co)KaneHIIJO, 6c 

TbiMH 1 Tl!K K8K He cyru 

COOTBSTCTBY!OlllHX npoll 
' 

fi OJIO)KeHne TO'IK!l 

SIBHO YK83h!B88T H8 np 

:1 A t/2 :1
2 

I :1 A a/2 ;1
2 

H8Jlll'lll8 3H8'11IT8JlbHOI'• 

noJI!OCOM. rr OMepa~'lyKa 



rrN n rrN ... rr I K • 

M, ·'!To nMeiOTCSI eme .apy

>accMaTpnBaeMbiX peaKunfi, 

JliBO.QiiT K HeKOTOpblM yc-
. 1101 

SICb B no.apo6HOCT1i 

5 a <2 > ----
1 <O + a<2> + '3 a'3

' 

--· 
r (3) ) 

liUefi anar-paMMbi na pnc.5 

iccTOSIHne y <a> , .aennT 

~eKaeT · o.aay TpeTb .annnnofi 

Pnc. 5 • .Unar-paMMa anSI peaKunfi p p ... N •p !l , pp ... N rr!;;. , KN .... K~!;;. 
n K N ... K 1T !;;. • :.. TO'!K8 anSI pp .... N•p !;;. npn 19 raB/cf1 51. 

., 1151 
Ha .anar-paMMe aaaeceaa o.aaa aKcnepnMeHTanbHaSI TO'!Ka anSI 

peaKunn PP ... N·p t::. npn 19 faBle. 

§7. 06cy)l(.aeane 

K co*anenniO, 6onblllliHCTBO paccMoTpeHHbiX . .anar-paMM ocTanncb nyc

\ Tb1Mll
1 

T8K K8K He CyiUeCTByeT aKcnepliM9HTanbHblX .[l8HHblX no Ce'leHllSIM 

C00TB9TCTBYIOlllliX npoUeCCOB npn BbiCOKllX aaepi'IiSIX. 

Tiono)l(eane TO'!Kll .anSI peaKunn pp .... N 11 N npn 19 faBle (pnc.3) 

SIBHO yKa3bJBaeT aa npe66na.aaiOIUyiO ponb' aMnnn'i'y.!lbl A ~ 

:1 A 
1
;

2 
12 I :1 A 

3
;

2 
:1 2 ,,,'3 , 'ITO · MO)I(eT 6biTb nponaTepnpeTnpoBaao KaK 

aanll'llie 3H8'lliTenbHOI'O BKna.aa .[lll8I'p8MMbl 0 COOTB9TCT~YIOIUefi o6Meay 

noniOCOM. TI OMepaH'lyKa (puc. 1 ) • 
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HecKonbKO aeoJKnt:IaHHbi!\1 siBnHeTcst nonoJKeane TO"'KH ( pnc. 5) !lnst 

npouecca p p ... N p ~ · npn 19 faa/ c, KOTopoe yKa3hiBaeT a a JJOMHHnpyiOUiyiO 

• • I • ,2 , ' \ ' 2 1 • ponb a:-vmnnTytJI>I ·"' 3 ; 2 • . ·"' t/2 ; : ! : 3 ; 2 1 "' 3 , a He ·"' 1; 2 

KaK MO/KHO '6binO 6bi 0/KI!JlaTb. 

Haao aaaeRTbCst, "'TO a 6nnJKafiiDeM 6yaymeM noHBHTCH naMepeHHH 

Ce"'eHIIH paCCMOTpeHHblX peaKUIIi1 npH Bb!COKIIX 3HeprllHX 1 MO/KHO 6ytJeT 

"aanonHHTb" anarpa:\tMbi n cnena'rb 6onee onpeaeneHHbie BbiBOJlbi o cnpaaea

nnaocTn unn aecnpaB~JJnnaocTn rnnoTe3bi o6 o6Meae noniOCOM TioMepaaqyKa 

B MynbTIIpetJ/KeBCKOfi CXeMe npn Bh!COKIIX 3HeprnstX, 

BbtpaiKaiO 6naroaapaoCTb M.ll. noaropeuKoMy aa none3Hbie aaMe"'aHHH. 
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