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lllip3H Y. --
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LlsollHaH nepe3apHnKa K _,1e30HOB B HHKill03HBHbiX peaKUHHX 

+ nposeneH pac~eT Ce~eHHH HHKill03HBHOll llBOHHOll nepe3apHUKH 

K- -Me30HOB Ha HYKilOHe. 113 scex paccMOTpeHHbiX MeXaHH3MOB npouecca 

oCHOBHoll BKnan s ce~eHHe naollHoll nepe3apRaKH K -Me3oHoa na10T pe3o

HaHCbi B npHMOM KaHane K K -pacceHHIHI. nposeneHHaSl oueHKa BeTBileHHH 

B sllKoHanbHOM npH6nH>KeHHH noKa3biBaeT, ~To HX BKnan Man. B pa6oTe 

npHBOUHTCSl pac~eTbl BKnana H npyl'HX MeXaHH3MOB, 

Pa6oTa BbmonHeHa B !Ia6opaTOpHH HnepHb!X npo6neM OHSUl. 

fipenp&HT 06loe.llBHeHHOrO BHCTBTYT& SJlepBW.I. BCCneJlOB&BBI • ~y6aa 1977 

Tseren Ch. P2 c 10442 
Double Charge Exchange of K-Mesons in the 
Inclusive Reactions 

The calculation of the cross-section for double 
charge exchange of K-mesons in the inclusive reactions at 
high energies has been carried out. 

It is shown that the resonance contribution to the 
inclusive cross-section is dominated. The cut contribution 
calculated in the eikonal approximation turned out to be 
negligibly small. The contributions of different mecha
nisms are considered. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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PeaKUHH c ~BOHHWM HJMeHeHHeM cTpaHHOCTH pacceu

oaeMhiX 'laCTHU llOKa eme O'ICHh cna6o H3y'leHbl, 'ITO, 

BH~HMO, 06bHCHHeTCJI ManoCThiO HX Ce'leHHH. TeM He 

MeHee y~e cymecTBYIOJ..UHe ~aHHWe nocTaounu PHA oonpo

coo /J /, Ha KOTOpbte llOKa HeT onpe~eneHHOrO OTBeTa. 

B JTOH pa6oTe npeAnpHHJITO HJy'leHue HHKniOJHBHhiX 

peaKUHH c ABOHHhiM H3MeHeHHeM cTpaHHOCTH K - Me3oHoB 

K"+N-·K +X, /Ia/ 

K + N-. K+ ~ X. /16/ 

KaK noKaJanu pac'leThi, ce'leHue JTHX peaKUHH He 

Mano, TaK 'ITO ~aHHaH npo6JieMa ~on~Ha BhiJBaTh HHTepec 

y 3KCllepHMeHTaTOpOB. 

~nH BW'IHcneHHH ce'leHHH JToro npouecca B HacTos

meu pa6oTe npe~naraeTCH MO~enh, aHanorH'IHaH MO~enH 

O~HOllHOHHOrO 06MeHa, HCllOflh30BaHHOH B pa6oTe /2/ ~nJI 
pac'leTa npouecca HHKfl103HBHOH ~BOHHOH nepe3apHAKH rr -

Me30HOB. 

1. MooeAb 

B Ka'leCTBe ocHOBHOH ~uarpaMMW, onucwoaiOmeu peaK

UHIO /la/, paCCMOTpHM cne~yiOIUYIO /puc. 1/. 
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J<+ 

N 
1 

Puc. 1 

KpecToM Ha .n;HarpaMMe noMe'leHa qacTHua, Haxo.nHIUaH

C.II Ha MaCCOBOH llOBepXHOCTH. fiyHKTHpOM yKa3aHa a6cop6-

IJ,HOHHaH 'laCTb aMnnHTY.IJ;bi KN -pacceHHHH. B cnyqae peaK

UHH 116/ cne,nyeT H3MeHHTb 3HaKH Bcex K -Me3oHoB Ha 

puc. 1. 113 cpaBHeHHH ,n;HarpaMMbi Ha puc. 1 c .n;HarpaM

MOH, onHCbiBaiOIUeii .naoiiHyiO nepe3apH,nxy 11 -Me30HOB /2/ 
/no.npo6Hee o Mo,nenH OPE cM/31 I, BH.IJ;Ho, 'ITo OHH 

oTnH'IaiOTCH nHWb 3aMeHoii nHoHOB Ha K -Me3oHbi. TaKaH 

3aMeHa .IJ;On)J(Ha conpOBO)J(,IJ;aTbCH yMeHbWeHHeM Ce'leHHH. 
3TO npOHCXO.IJ;HT flO Cne,nyiOJUHM npH'IHHaM: 

11 nponaraT<>p K -Me3oHa no.n;aBneH no cpaBHeHHIO c 

nHOHHbiM H3- 3a pa3nH'IHH Mace; 21 npaBHno U.Beiira no

.naBnHeT BKna,n 6onbWHHCTBa Me30HHbiX pe30HaHCOB B npg
MOM KaHane aMnnHTY.IJ;bi K+ K -~pacceHHHH; 31 aKP < a 17P ; 

tot tot 
41 npH He60nbWHX 3HeprHHX yMeHbWeHHe Ce'leHHH CBH-

3aHO c pO)J(JJ.eHHeM )l,ononHHTenbHoro K -Me3oHa. OT
MeTHM eJUe O,IJ;HO Ba)J(HOe OTnH'IHe peaKIJ,HH /11 OT npo

uecca JJ.BOHHOH nepe3apHJJ.KH nHOHOB. B nocne)l,HeM cnyqae, 
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KaK noKa3aHO B 12 /, BKna,n BeTBneHHH B aMnnHTy,ny 17+ +17-

->17-+17+ Man H 17-Me30Hbl B OCHOBHOM po:>K,IJ;aiOTCH OT 

pacna.na pe3oHaHcoB p, f, ... ,ll.a)J(e ecnH pe3oHaHcy OTBe'laeT 

3Ha'leHHe X r "'1 (X= 2 PJI /ys- HHBapHaHTHaH <PeiiHMaHoB
CKaH nepeMeHHaH ), TO :MaKCHManbHOe 3Ha'leHHe x, KOTo

poe MO)J(eT HMeTb 'laCTHUa OT pacna,na pe30HaHCa, paBHO 

X _ 1 (1 max - T + v * ), 121 

r,ne v* - CKOpOCTb .IJ;BH)J(eHHH 'laCTHU OT pacna,na pe3o

HaHca B CHCTeMe noKoH pe3oHaHca. B cnyqae nepe3apH.IJ;KH 

11 -Me3oHOB v*= 1- JL 2 /2(p *)~ r.ne J1- Macca nHoHa, 

p * -HMnynbC nHOHa B CHCTeMe nOKOH pe30HaHCa. 3THM 

06bHCHHeTCH TO, 'ITO pacnpe,neneHHe no X o6pa30BaBWHX

CH nHOHOB THHeTCH .no x"' 1. 2 / B peaKUHHX l1al H 1161 

4m2 Y:i 
v * = (1- 7 L), r.ne m k H m. - Macchi KaoHa H pe3o-

r 

HaHCa COOTBeTCTBeHHO. 0TCIO,IJ;a H H3 121 HaXO.IJ;HM MaK

CHManbHbie 3Ha'leHHH X , npH KOTOpbiX B03MO)J(eH .BKna,n 

pa3nH'IHbiX pe 30HaHCOB B ce'leHHe peaKUHH I 11. ,ll.nH S*(993) 
Xmax=0,5~; ,nnH <fl (1020) X max = 0,625; ,nnH f'(1514) 
X max =0,88. CyiUeCTBOBaHH~ pe 30HaHCOB c 6onbweH: MaC
coil, pacna,naiOIUHXCH Ha KK, He HBnHeTCH TBep.no ycTa

HOBneHHbiM, KpoMe Toro, HX BKna.n B I 11 no,naBneH H3- 3a 

BbiCOKOrO 3Ha'leHHH CnHHa. 

TaKHM o6pa3oM, K - Me3oHaM B peaKUHHX I 11, B03HHK

IllHM OT pacna,na pe30HaHCOB, OTBe'laiOT 3Ha'leHHH X< 0,9. 

3anHrneM Tenepb Bbipa)J(eHHe ,nnH HHBapHaHTHOro ceqe-

HHH npoueccoB 11/a. (s,t,x)c:=.Lsd 2a/dtdM 2 , co-tnv 
OTBeTCTBYIOIUee ,IJ;HarpaMMe Ha plk. 1. 

(1 ) "" d Zmax 17 kk 2 
a. (s,t,x)= -=-~- f--u Jlf akN(z,u)zdzfl T (s',t,u)l d¢ 131 

t n v 2s 6 ( 2 tot 0 17 0 mk +U zmin 

3,necb s - KBa,npaT nonHOH 3HeprHH B C.IJ,.H. peaKIJ,HH 

111; t - KBa,n~aT nepe,naHHoro 4-HMnynbca B 3TOM npo

uecce; Z= M~/M , r.ne M - 3<P<beKTHBHaH Macca cHcTeMbl 

qacTHU X B peaKUHH 111, M1 - 3<P<beKTHBHaH Macca qac

THU, pO)J(,IJ;eHHbiX npH B3aHMO,IJ;eHCTBHH BHpTyanbHOrO 

K--Me3oHa c HyKnoHoM; (-u) - KBa,npaT 4-HMnynbca BHp-
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TyanLHoro K-·Me3oHa Ha puc. 1. 3aBHCHMOCTL OT uakN H 
kk K+ - - K + tot T - aMnnHTY.D.LI npouecca +K -> K + 3auumeM B 

BH)l.e 
2 

kN kk 2 kN kk .2 R u 
a (z,u)IT (s ',u,t)! ;;;a (z) I T (s ',t )I e , 

tot tot /4/ 

r.n.e R 2 
- ueH3BeCTHLIH napaMeTp. qepe3 s' B /3/ o6o3ua-

+ --l.JeH KBa.n.paT nonHoH: 3Hepruu B c.I.J,.H. peaKI.J,HH K +K -> 

.... K- + K+ Ha puc. 1. KaK noKa3aHo B /2/, 

s' =2mi+ ~ 2 1 mi +u-t +2tz + 

/5/ 
I 2 ?. I /2 

+2!t I · [-z(m~ +U-t)+ u-tr ] coscl>f. 

3.D.eCL ¢ - a3HMyTanLHLIH yron Me)K.n.y nonepe'IHWMH 
COCTaBnHIOII.I,HMH nepe,!J.aHHOrO HMnynLca B peaKI.J,HHK++K--+ 
--> K-+K+ H HMnynLca BHpTyanLHoro K-·Me3oHa, noKa3aHHoro 
ua puc. 1. 3aMeTHM, 'ITO /5/ 3anucaHo 6onee aKKypaTHo, 
'leM B 121 r.n.e npeHe6peranocL MaccoH: rr ·Me3oHa. HHTer-
pupoBaHu~ no z B /3/ Be.n.eTcH OT z . ~ (m k+mN )2 / M 2 

2; m•n .n.o z .... uaH:.n.eHHoro B I . 
max 

z 
max _l_ [ m 

2 + u- t- y ( m 2 + u -t) 2 + 4 u t }. 
21 t I k k 

+ -2. PeaKijU.R K + N-+ K + X 

/6/ 

B cny'iae peaKI.J,HH /la/ B HH)KHHH 6noK .n.uarpaMMLI ua 
puc. 1 BXO.D.HT aMnnHTy.n.a npouecca K+N ynpyroro pac
ceJJHHH. KBaHTOBWe qucna B s ·KaHane 3Toro npouecca HB· 
nHIOTCH 3K30THl.JeCKHMH, T.e. HeT pe30HaHCOB, KOTOpWe 
MOrnH fiw ,!J.aTL BKna)l. B S ·KaHan. B COOTBeTCTBHH C KOH· 
I.J,elli.J,HeH )l.yanLHOCTH B nepeKpeCTHOM KaHane 3TOH peaKI.J,HH 
HMeeTCH TOnhKO O,!J.HH nonJOC - BaKYYMHWH. ll03TOMy 
a k+l\ He )l.On)KHO yfiWBaTb C 3Heprueii, 'iTO COOTBeTCTBy· tot u 

eT 3KCnepHMeHTanLHOH CHTyai.J,HH. H3 CKa3aHHOrO BWTeKa· 
lOT Cne,!J.yiOII.J,He BWBO)l.LI: 

1/ B Cel.JeHHH peaKI.J,HH /la/ )l.On)KeH HafinJO)l.aTLCH TaK 
Ha3WBaeMLIH paHHHH CKeiinuur; 
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2/ peaKI.J,HH /la/ HMeeT O)l.HHaKOBWe Cel.JeHHH Ha npo· 
TO He H HeihpoHe. 

BLI'IHCnHM Ce'leHHe peaKI.J,HH /la/ B COOTBeTCTBHH C 
ypaBHeHHeM /3/, BLI.D.enHB B aMnnuTy.n.e K+ +K- .... K- + K + 
)l.Be l.JaCTH: BKna)l. pe30HaHCOB B llpHMOM KaHane H BKna.n. 
BeTBneHHH B nepeKpeCTHOM KaHane. 

2.1. Pe3oHaHCHLIH BKna.n. 

-
rnaBHYIO ponb B HH3K03HepreTH'IeCKOM KK-pacceHHHH 

urpaiOT S * (993)- , <I> (1020)- H f' (1514) - pe 30HaHCLI, BKna
)l.bl KOTOpbiX B aMnnHTY.D.Y paBHbl 

r.n.e 

!Tkk(s ',t) 12 = r 2(t) _r...L-2 __ _ 
r r ( s '- m2 ) 2 + r 2 m 2 

r S* ( t) = ·-- • 
p 

S* 

r r r 

<I>-+ 2k 2 2 ) 

12 7T m <l>r ~~-~-=~-~---- cos e' 
T (t)= -------r-2 

ct> <I> p <I> 

r f' 
( t) ~ --~ ( m i, 

p3 
f' 

-m~ )2 
(3 co;e -1). 

/7/ 

/8a/ 

/86/ 

/8B/ 

r r r-+2k 
r H - nonHaH H napuuanLHaH IIIHPHHW pacna.n.a 

pe30HaHCOB COOTBeTCTBeHHO; p r "' m r /2 · HMnynLCbl 
KaOHOB, o6pa3oBaHHLIX pacna.n.oM pe3oHaHca r B ero 
CHCTeMe llOKOH; E) • yron pacceHHHH B C.I.J,.H. peaKI.J,HH 

+ - - + 2; 2 K + K -+ K + K H cos e = v 1- p .1. p r 

llOCKOnLKy IIIHpHHW pe30HaHCOB ropa3,!J.O MeHbiiie HH" 
TepBana Me)K)l.y pe30HaHCHWMH MaccaMH, HHTep$epeHI.J,HeH 
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BKITa~OB OT pe30HaHCOB MO*HO npeHe6peqb. Tor~a MO*HO 
3allHCaTb: 

I T k k ( s ', t ) 12 
r 

"" I I T kk ( s ', t) 12. 
r 191 

113- 3a MaiTOCTH r r MO*HO C~enaTb 3aMeHy: 

1 F 
(s'- m~ )2 + m2 r2 -> m 'r o(s'-m2 ), 

• • r r 

1101 

r~e 
2 4 2 

17 m - mk 
F "" - + arctg ---L-

r 2 m r 
r r 

,D;n.JI npocTOTbi paccMoTpHM cnyqa:H PJ. =0, r~e P.1 - no-
nepeqHa.JI COCTaBITHIOII.\aH nepe~aHHOrO HMllYITbCa B peaKI.J,HH 
K+ + K- .... K- +K+. C yqeTOM 151, 191 H 1101, no~cTaanu 
17 I B 131, nonyqaeM Bblpa*eHHe ~nH BKna~a pe3oHaHcoa: 

a. (s,p =O,x). I 
IUV + 

+ 
a k N r F r 2 (0) 

tot r r r ----------------------x 
2 9 rr 5 m ( m2 -2m 2 ) 2 

r r k 
1111 

2 m2 2 
x expl- R (1-x )(m~ -2mi) +R 2m~![ 1- ______ k ___ l: 

(1-x)(m 2 -2m 2 ) 
r k 

113 Bbipa*eHH.JI 1111 BH~HO, qTo ceqeHHe llpH p l =0 npaK
THqeCKH He 3aBHCHT OT X. BBH~y OTCYTCTBH.H' 3KCnepu
MeHTaiTbHbiX ~aHHbiX aenuquHa R 2 HeH3BeCTHa. Ilo3ToMy 
Bbipa*eHue I 111 BblqucneHo npu HeCKOITbKHX 3HaqeHHHX 
R

2 
= 1 ,3,5 I F:JB/cl-2 H pe3ynbTaTbi noKa3aHbi Ha puc. 4. 

2.2. BKna~ BeTaneHHH 

Ha puc. 2 noKa3aHa ~HarpaMMa 3HKoHanbHoro THna, 
~eMOHCTpHpyiOll.{a.JI BKna~ BeTBITeHHH B aMniTHTy~y npo-

+ - - + 
uecca K +K -.K +K . 4epe3 K * o603HaqeH nomoc Pe.n;*e, 
TpaeKTOPHH KOToporo npoxo~HT qepe3 pe3oHaHc K *(890). 

8 

~ 

fjk*k1f 

kt- :][0 

K* K* 

1<- .1c~ 

~Kiri<Jr .9k*K1f 
Puc. 2 

3TOT BKITa~ paBeH 

T kk ( s ', p .1 
I ( 2; 2 2 

) ~ -~K*~~~~-- ( ~,) 2a K*(p .1)- I 

32rr s 
0 

s ~ 

, p2 
cxp I - ( R0

2 + a ' Pn ~ - i ~ a ' )-~- l 
K* 5 0 2 K* 4 

X ----------------------

R2
0
+a' Pn 

K* 

S, . TT 
---1-a 

s 0 2 K* 

K-

k+ 

g4 (p2 )x 
K*Krr .1 

1121 

3~ech aK/P~) ~aK* (0)- a~*· p 1 - TpaeKTOpHH K *- pe~-
*eOHa, 1J ( p2 ) - CHrHaTypHbiH MHO*HTeiTb, 

K* .1. 
2 2 g (p2 ) = g exp l-R p }- aepwuHa nepexo~a K-> rr 

K *Krr .1. K*Krr 0 l 

c ucnycKaHHeM K *- pe~*eoHa. Ilo~cTaHOBKa I 121 B 131 
~aeTnpu P.l=O 
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a . ( s , _ a kN \ ( 4 
1nv P

1
-0,x)=--..!!!L- 77K*O)\ 

rr 7 2 I 9 ----;2---- X 

H K* 0 

x ---~~~K TT (1-x)I-2a cut (0) 
--------- ------- D H2m2 -- e k 

2 , s' . rr , 2 
(R j a In -- - 1 -- a ) 

0 K* s 0 2 K* 
/13/ 

r.D.e 
2 2 K* 

-H (mk+u) 2 2a t 
c mk +U cu 
-------- ( -- ) 

( 2 ) 2 s 

(0)(--.!! ___ )2 du, 

m2 +U 

OoL 

D = J 
2 

mk m k + u o k 

Ha puc. 6 noKa3aHa aenHl.JHHa I 13/ B 3aBHCHMOCTH or x , 
Bhi'I.HcneHHa.ll npu cne.IJ.YIOIUHX 3Hal.JeHH.IIX napaMerpoa: 

a K* (0) =0,33; 

a' = 0,84 /T:JB/c/ - 2 

K* 

R 2 =R 2 =1/T:JB/c/- 2 
() 

so = 1 /T:JB/2 

KoHcTaHTa CB.113H 

pacna.D.a K *-> Krr : 
g K * Krr 

2 
g 

K*K rr 
!!_ s a' 
8 0 K* 

onpe.D.en.llnach H3 rnupuHw 

/14/ 

r.D.e p* - HMnynhc l.JaCTHU. or pacna.D.a K * B c.u..u. IlpoH3-

Be,IJ,eHHhiH pacl.JeT BKna.D.a BeTBneHHH MO)I(HO paccMaTpHBaTh 

nHllih KaK rpy6y10 Oll,eHKY -H He TOnhKO H3- 3a npOH3BOna 

B aw6ope napaMeTpoa R2 H R t , HO H noToMy, '!.TO B03-

MO)I(HO 3Ha'l.uTenhHOe ycuneHHe 3Toro BKna.D.a nocne y'l.eTa 

MHOrOl.JaCTHl.J.HhiX npoMe)l(yTOl.J.HbiX COCTO.RHHH Ha .D.HarpaM

Me puc. 3 jcM. pa6ory /2/ /. B CB.R3H c 3THM 3Kcnepu

MeHTanbHwe .IJ.aHHble .IJ.n.ll peaKu.uH: /1/ B o6nacTH x > 0,9 
npe.IJ.CTaBn.IIIOT oco6biH HHTepec. 

10 
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3. PeaKI.IUJI K- + N ... K+ +X 

He 3aBHC.R~Ua.ll or 3Hepruu l.JaCTh ce'l.eHH.II peaKu.uu 

/16/ COBlla.IJ.aeT C Cel.JeHHeM peaKli,HH /1a/, KOTOpOe 6binO 
paCCl.JHTaHO Bblllie. ,l].n.R Bbll.JHCneHH.R BKna.D.a B Cel.JeHHe 

peaKU.HH /16/, y6Lma10mero c 3HeprueH:, paccMOTpHM .IJ.Har

paMMbi, noKa3aHHhie Ha puc. 3. 
3aMeTHM, l.JTO B COOTBeTCTBHH C U.IJ.eeH .IJ.YanbHOCTH 

BKna.D.hi .D.HarpaMM a/ H 6/ Ha puc. 3 Henh3.11 cKna.D.biBaTb. 

Ilo3TOMY o6nacTh HHTerpupoBaHH.II no M ~ B Bbipa)l(eHuu 

/3/ Mbl pa306beM Ha .D.Be l.JaCTH: M r < M ~ , r.D.e 3aBu
C.IIlUYIO OT 3HeprHH l.JaCTb aMnnHTY.IJ.hl 6y.D.eM OllHChiBaTb 

2 2 
pe3oHaucaMH B np.RMOM KaHane, H M I > Mo, r.D.e 
aMnnHTY.IJ.a pacce.IIHH.II 6y.IJ.eT onHChiBaThC.II noniOcaMH Pe.D.

)I(e. BBH.IJ.Y TOrO, l.JTO Ham paCl.JeT He MO)I(eT npeTeH.D.OBa Th 

Ha BhiCOKYIO TOl.JHOCTh,, Mbl orpaHHl.JHMC.II yl.JeTOM pe3o

HaHCOB ~ (1770) H A (1830), HHTerpanhHhiH BKna.D. KOTOphiX 

.IJ.OMHHHpyeT B 
s -KaHane I= 1 

6epeM 3Hal.JeHue 

aMnnHTy.D.aX C H30TOllHl.JeCKHM CllHHOM B 

H I =0 cooTBeTCTBeHHO. ,ll.n.11 M 2 Bbi-
M2 = 4 F:JB 2 0 

0 

3.1. ,l].uarpaMMa 3a 

3.D.eCh B03HHKaeT pa3nH'I.He _Me)I(.IJ.Y cel.JeHH.IIMH peaK

li,HH I 16/ Ha nporoHe H Ha ueH:rpoHe, noci<onhKY 

k -P 1 kN 1 kN 
a = - a {I =0) +- a {I = 1) , 

tot 2 tot 2 tot 

ak- n 

tot 
a kN 0= 1). 

tot 

BKna.IJ.hi pe3oHaHCOB B 
k N 

a 
tot 

c I= 0 H f=l 

- 1 
k N{I=O)= 2 

a tot Ml 
Co rnA*~*---, 

{ M 2 _ m 2 )2 + m 2 r 2 
l A* A* A* 

k -N 1 C 1 m ~J' !.* a (I =1)=- ----~ --. 
tot M2 ( M2 _ m 2 )2 + m2 r 2 

I I !.* ~!, * 

/15/ 

/16/ 

HMeiOT BH.IJ.: 

/17/ 

/18/ 
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l 
:X:: 

I 
~ 

I 
~ 

• ~ 

z. 

{;-J 

< 
~ ~ 

2 

'2: 

2 

z: 

• >-

:z 

~ 

. 
~ 

C'l) 

\.) 

::s 
c., 

JHa'leHHH K03<lJ4>HUHeHTOB CO H C l HaXO,IJ;HTCH H3 cpaB

HeHHH I 17 I H I 181 rrpH M I , paBHOM m A* H m~* cooTBeT-

CTBeHHo,c 3KCrrepHMeHTaJibHbiMH 3Ha'leHHHMH 141 a kN(I..O)I 
tot 

kN MI=mA* 
= 68 M6 H a (1=1) I M = 44 M6. ¥13 3THX 3Ha'leHHH 

tot I = m ~* 

CJie,ll,yeT elL(e Bbl'ieCTb COCTaBJIHIOIUYIO at:~ = 18 M6, 
KOTOpaH 6biJia y>Ke Y'ITeHa IIpH paC'IeTe CKeHJIHHrOBOH 'lac

TH Ce'ieHHH. 

C yqeTOM 1101, 1171 H 1181, IIpOBe~H B 131 HHTer-

pHpOBaHHe no z B rrpe.n;enax OT (rnN +m k) YM 2 
.n;o f r (x) 

r.n;e 

2 M
0

<z (x), 
max 

2 
M rrpH 

0 
f (x) = 

z ( x) rrpH M2 > z (x ), 
max 0 max 

a BeJIH'IHHa Z max (x) ,n;aeTCH Bbipa)l(eHHeM 161, IIOJiyqaeM 

a. (s,pl =O,x)= ~ -~!.!~r~ (O)exp~R
2

(1-x)(m~-2m~)+R%J~] N 
1nv 9 ---------.JLf 

r 2rr4 m(m 2 -2m2 )s2(1-x)2 r· 
r r k 1191 

3.n;ecb 

FP = L( F(O) +F (l) ) , 
r 2 r r 

Fn =F(l) 
r 

r.n;e 

2 
(0) f (x) -m A* 

F =arctg[ r ]-arctg[ 
r m r 

A* A* 

2 
(I) f (x)-m~* F r = arctg ( _r ______ ] - arctg [ 

m ~* r ~* 

(m )2 2 
N+mk -m A* ], 

m r 
A* A* l20aj 

2 2 
(mN+mk) -m~* ]. 

~ ~* r ~* 12061 
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B /19/ npoH3BO.LJ.HTCH cyMMHpoBaHHe no BKna)J.aM pe3oHaH
coo S *, <I> H f ', paCC'-IHTaHHblM aHanorHl.fHO TOMY, KaK 
:no )J.enanocb Bhiille B cnyqae peaKUHH K+ + N ->K-+X. 

113 Bblpa)I(CHHH /19/ BH)J.HO, '-ITO BKna)J. !_(1770)- H 
A(l830) -pe3oHaHCOB B cel.feHHe peaKUHH /16/ y6LIBaeT 
c :JHeprueii, KaK s-2 . Ha puc. 6 noKa3aH 3TOT BKna.LJ. B 
Ce"'eHHe peaKUHH /16/ Ha npOTOHax, Bbll.fHCllCHHbiH C no
MOIUbiO /15/, /19/ H /20/ npu S = 80 T3B~11.cnonb30BaHO 
3Ha"'eHue R 2 = 3/ T3B/c!-2. 

3.2 . .D.ua·rpaMMa 36 

Y6LIBaiOIUYIO c :JHeprueii qacTb nonHoro ce"'eHHH KN -
pacceHHHH npu M ~ > 4 T3B 2onuilleM BKna)J.o:M nH.LJ.HPYIOIUHX 
pe)J.)I(COHOB C a(O) "'1/2: 

. 2 1/ 
M -12 

akN(I=O.l)=G (-1). /21/ 
tot 0,1 s 0 

r;;-
1)1 r--.-----.------r-

-o c 
~10° 
.! 
~ 

0 
10-1 

K·N-K-x 

~ 
a~·4---a~5~--a~£---o~.7--~o~.a--~d~g-x-~1d 

+ Puc. 4. Cet~eHue peaK!lUU K +N .... K +X . Pact~em no 
(JopMyAaM /11/ u /1.3/ npu pl =0 u s = 80 T3B2 . 
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Ko:J<txllHUHCHTLI G 0 H G 1 Haxo.i::{.aTcR H3 cpaoHeHHH c :JK
cnepuMeHTanLHoii senHl.fHHoii cel.feHHR c I , 0 u I ~ 1 / 4/ : 

G0 = 34 M6, G 1 = 16 M6. llpu 3TOM on.BTb Cl.fHTanocb, 
'-ITO noMepOHHLIH BKlla)J. B a 1~~ paBeH 18 M6. llO)J.CTaBHM 
/21/ B /3/ H BLillOllHHM HHTerpupoBaHHe no Z B npe)J.enax 
OT M3 /M 2 )1.0 zmax , KOTopoe cornacHo /6/ npu 

P.l ,.0 paBHo: z "'u/(m2 + u) . B pe3ynLTaTe nonyl.fHM: 
max k 

2 
a (sp "'0 GNr F 2 -R O-xHm2-2m2) 2 2 

inv 'l ,x) =!. r r T (O)e r k +m kR 

• 2 1Tam (m2 -2m2) 2 . I x r 3 7 "' 
r r k ys(l-x) 

2 2 
xFNI[l- mk )3/2-[~JL--)3/21, 

r O-x)(m2 -2m2 ) s (1-x) 
r k 

/22/ 

r.ne GP = ~ (G 1 +G
0 

), G" =G
1

. 

BKna.n /22/ B ceqeuue peaKUHH /16/ Ha npoToHax npu 
S = 80 r 3B 2 H p. -1. = 0 noKa3aH Ha puc. 6. 3)1.CCb OnRTb 

ucnonL30BaHo R2 = I T3B/c/-2. 

3. 3. .ll. H a r p a M M a 3 B/ 

3Ta .nuarpaMMa aHanorHl.fHa .nuarpaMMe .ll.eKa, pac
CMOTpeHHoii B 12

/ .IVIH nepe3apH.LJ.KH "- Me3oHoB. B .naH
HOM cnyqae cne)J.yeT B ciJopMyne /3/ npOH3BCCTH 3aMeHy: 

2 2 2 
ak N(M2)1 .... "8KNA u o(z- rnA), 

tot 1 f=O M~M2 1fT 
/23/ 

2 2 1112 
ak-N(M2)1 .... "8KNI uo(z---I-). 

tot 1 I= 1 M 2M 2 M 2 
I 

BenHl.fHHa KOHCTaHTbl CBR3H g Kl"' A H3BeCTHa c nnoxoii 
TOl.fHOCTLIO /5/. Mbl BLI6panH 3Hal.feHHe g KNA = 12 . .ll.nK 
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101 -~....____,.._:__-,---..,---,----
... ~ 
00 R2 .. 1 
r. 
~100 
.! ,. 

c:: 
0 

10-1 K-H-K+X 

10-2!,--;----::-l=-----l.,------,~.,.-----=--1:-------:::L:---_J 
0.4 o.s 06 0.1 o.B 09 x 10 

Puc. 5. Ce~eHue peaK~uu 
s = 80 F:1B2. 

-· + 
K +N -.K +X npu p l = 0 u 

~ 
10

1 

K-N K+ X 
00 c 
~10° 
.! 
~ 

0 

(R2·3 f36-z) 

10-1 

10-3 ~----::-'::----:-'=--- _-,-L-__ ____;::,..u._--JL__.L.__ __ ___; 

04 as as 01 ag -X 10 
Puc. 6. Bbl~UcAeHue UHKAffi3U6Hozo ce~eHUR OAR 060UHou 
nepe3apROKU K - Me3oH06 Ha HYKAOHax npu p , = 0 u 

2 ~ 

s= 80 F:JB . 1 - cyMMapHblU 6KAao, 2- 6blpaxeHue /11/, 
3 - 6bJpaxeHue /13/, 4 - 6blpaxeHue /24/, 5- 6blpaxeHue 
/19/, 6 - 6bJpaxeHue /22/. 
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KOHCTaHThl CBH3H g KN:l H3BeCTHa JIHWh BepXH.IIH rpaHH
u,a /S/, 3Haqeuue KoTopoii s uecKOJihKO pa3 MeHLwe g A . 
IloJTOMY BKna.noM 2 -runepoua Mhi npeue6peraeM. ~o
Me roro, B03MO)I(HO pom.neuue peJouaucos A(l405) H 
2(1385), MaCChi KOTOphiX MeHhWe nopora ofipaJOBaHHH 
KN. KoucTaHThl nepexo.na 3THx peJouaucos B KN ueu3-
BeCTHbi, fi03TOMy Mhl HX TO)I(e He Y'IHThiBaeM. 

IlO.IJ;CTaBHB /23/ B /3/ H BhlfiOJIHHB BCe HHTerpHpOBa
HHH, llOJIY'IHM )J.JIH Ce'leHHH /16/ Ha llpOTOHaX 

2 
g 2 Af' r (0) 

KN r r 

a. (s,pl =O,x)= ~ 27 3 s2(1-x)m (m2 -2m~ In v TT r r 

2 2 2, 22 

X 

/24/ 
-R 0- x)(m r -2mk' +mkR 

xe 
2 

mk ]. [ 1-
{1-x)( m~ -2m~) 

CoorBeTcTBYIOIIJ.Hii JToMy Bhlpa)l(eHHIO BKna.u. npu R 2 

= 3 F3B -
2 

noKaJaH ua puc. 6. B ce'leHHH nepe3apH.IJ.KH 
Ha HeHTpOHaX 3TOT BKJia)J; OTCYTCTByeT. 

Ceqeuue peaKU.HH /16/ ( HJIH cyMMapHhiH BKna.n scex 
paCCMOTpeHHhiX BhiWe MeXaHH3MOB B Ce'leHHe npou,ecca 
K- +N .. K++X) npu R 2 = 1,3,5 /F:JB/cj-2u s = 80 F3B2 
npe.ncrasneuo ua puc. 5. 

3aKAIO~eHue 

Bhiiiie fihiJIH paccMoTpeHhi HHKJII03HBHhie peaKU.HH c 
.u.soiiuoii nepe3apH.IJ;Koii K -MeJoHoB ua HYKJiouax. B paM
Kax paCCMOTpeHHOH MO.IJ;eJIH fihiJIO paCC'IHTaHO Ce'JeHHe 
3THX npou,ecCOB H 3aMe'leH pH)); HHTepeCHhiX HX CBOHCTB. 

1. Ecnu yqer MHoroqacTH'IHhiX npoMe)l(yTO'IHhiX co
CTOHHHH He CHJihHO H3MeHHT 3HKOHaJihHhie OIJ;eHKH, TO 
HHKJII03HBHOe Ce'JeHHe peaKU:HH /1/ )J;OJI)I(HO CHJihHO na.u.aTh 
npu x > 0,9. 3KcnepuMeHTaJILHoe HJy'leuue 3Toro sonpoca 
O'leHh Ba)I(HO. 

2. B o6nacTH 0,6 < x < 0,9 .U.OMHHHpyer pO)I(.IJ;eHHe 
peJouauca f'(l514), 'ITO MO)I(eT fihiTh nposepeuo no cneKT-
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paM 3<P<PeKTHBHhiX Mace nap K+K- -Me 30HOB, Ha6mo.n.aeMhiX 

B KOHet.IHOM COCTOHHHH. 

3. B ceYeHHH peaKUHH /la/ .n.on)l(eH Ha6mo.n.aThCH paH

HHH cKeilnHHr. CeYeHHe npu PJ =0 noYTH He 3aBHCHT oT 

x. A npH yaenHYeHHH p l noHBHTCH y6hiBaiOIUaH x- 3aau

CHMOCTh. 

4. B peaKUHH /16/, HanpoTHB, ,ll,OJl)I(Ha 6hiTh ot.IeHh 

cunhHaH . 3aBHCHMOCTh ceYeHHH oT 3HefrHH. B o6nacTH 

x 0,7 -,- 0,9 .n.a)l(e npH s = 80 T3B B ceYeHHH .D.OMH

HHpyeT HeCKeHITHHfOBWH BKJla,ll, C06WTHH, B KOHet.IHOM co

CTOHHHH KOTOphiX pO)I(,l],aiOTCH fihiCTphiH f' -Me30H H Me,l],

neHHhiH runepoH ( ;\ , ;\ (1830), Z.(l770), ... ) . llpu yMeHhllle

HHH S 3TOT BKJla,ll, 6hiCTpO paCTeT,KaK s-~ 
3KcnepHMeHTanhHoe H3y4eHHe paccMoTpeHHhiX npouec

COB, KOTOpOe, Mhl Ha,l],eeMCH, 6y.n.eT npe,ll,llpHHHTO B 6nu

)l(aHilleM 6y,ll,yiUeM, ll03BOJ1HT npOHCHHTh TaKHe BOllpOCW, 

KaK BeJlHYHHa BKJla,l],a BeTBJleHHH, 3Ha4eHHH pa3J1HYHhiX 

napaMeTpoB /R 2 , R~ /, H .n.acT B03MO)I(HOCTh npoH3-

secTH 6onee aKKypaTHWH pac4eT ce4eHHH. llpe.n.cTaBnHeT 

HHTepeC H3MepeHHe H TaKHX xapaKTepHCTHK, KaK aCCOUHa

THBHaH MHO)I(eCTBeHHOCTh o6pa30BaBillHXCH t.IaCTHU. 

ABTOp HCKpeHHe 6naro.n.apHT 1>.3.KoneJ1HOBHYa 3a MHO

fOYHCJleHHhle none3Hhle o6cy)J(.n.eHHH H JI.H.Jianu.n.yca 3a 

llOCTOHHHOe BHHMaHHe H HHTepec K pa6oTe. 
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