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From the analysis of the total cross sections of the 
rN .. •rN reactions near the threshold within the ~soft" 
pion theory and from the analysis of the data on K .. 3" 
decays on the basis of the semiphenomenological theory of 
three strong-interac~ing particle production near the 
threshold it has been found that the most probable values 
of the s-wave n scattering lengths in the isotopic 
states T .o and T =2 are within _th~_limits: 

(0.17 :!:. 0.01) .;1 <•• < (0.59 :!:. 0.07) .;
1 

-(0.20:!:. 0.03) ·;1 <•· <-(0.045:!:. 0.005)•;
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Prepriat. Jo~t btttitute for Nuelear Reteareh. 
Dubna, 1974 

B ~auuoii pa6oTe npe~cTaBJieHhl pe3yJILTaThl aaaJIH3a 
3KcnepaMeHTaJILHhiX ~aHHhlx no peaKU:HJIM rr N 4 rr rr N 
B6JIH3H nopora, nonyqeHHhiX B ,D;y6ue B Jla6opaTopaa JI~ep
HhiX npo6JieM /t • 2/ , H 06pa60TKa 3KCnepHMeHTaJILHhiX 
~aHHhlx no K 4 3rr-pacna~aM, nonyqeHHhl~ B ocHOBHOM B no
cne~uee apeMJI B na6opaTopaJix CillA 3•4/ 1ipyKx3iiaeae 
a CnaKe. 

3KcnepaMeHTaJILHhle ~aHHhle no peaKU:HJIM rr N 4 rr rr N 
aaaJI~3H?YIOTCJI C TO'IKH 3peHHJI MO~eJIH "MJirKHX" nao
HOB 5•6 , a ~aHHhle no K 4 3rr - pacnaAaM npoaaaJIH3H
poaaHhl Ha ocuoae nony«<JeaoMeaonoraqecKoii Teopaa o6pa3o
BaHHJI Tpex qacTHU: a6JIH3H nopora / 7,8/ . 

• AHaAU3 noAHbiX ce<~eHuu peaKfiUU 
rr N _, rr rr N e6Au3u nopoza 

)J.JIJI onpeAeJieHHJI napaMeTpOB MOAeJIH "MJirKHX" nHOHOB 
HCnOJIL3YJOTCJI 3KCnepHMeHTaJILHhle ~aHHhle no nOJIHhiM Ce
'leHHJIM peaKU:HH TT-p -> TT+ TT- n /1/ H rr+p -+ TT +TT+ n /2/, 
nonyqeaahle B Jla6opaTopaa JI~epahlx npo6neM B uenocpe~
CTBeHHoii 6JIH30CTH OT nopora /nopor peaKU:HH /1/ H /2/ 
paaeu 172,6 M3B/ «<JoT03MYJILCHOHHhiM MeTo~oM /t, 21 . 3TH 
~aHHhle npaae~eHhl B ma6A. 1. 

IlOnhiTKH OnHCaTL Ce'leHHJI o6pa30BaHHJI ~OnOJIHHTeJibHO
ro TT ·Me30Ha B rrp ·CTOJIKHOBeHHJIX B o6JiaCTH 3Hepraii 
200-300 M3B npeAnpHHHManacL ueo~HoKpaTHO B Koau:e 
50 ZZ. /9/ . 0CHOBOH TeopeTH'IeCKOrO onacaHHJI CJiy)I(HJia 
CTaTH'IecKaJI Mo~eJIL qy a Jloy /to I B o~HoMe30HHOM 
npa6JIH)I(eHHH /puc. 1/. 
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Puc. 1. rpatjuK, C001/16€1/IC1116YK>fi4UU npoijeccy 7T N -> 7T 7T N , 
ucnoAb3oeaHHblii npu nooc"leme noAHbiX ce"'eHuii no cma-
1/IU"'ecKoii MooeAu qy u Jioy. 

Ilocne,IJ,HJUI nonhiTKa raxoro po,IJ,a 6hlna npe,D,npHHHTa 

KHM 3e IlxeHOM H QennHepoM /ll I B 1962 r. B na6opa TOpHH 

TeopeTHqecKOH liiH3HKH B ,lJ;y6He. Ho H HM He y,IJ,anOCb ,IJ,06HTb

C.II cornaCH.II C 3KCnepHMeHTOM: TeopeTHqeCKHe O~eHKH 

,IJ,aaanH noqrH Ha nop.II,IJ,OK MeHbWHe aenHqHHhl no cpaaHeHHIO 

C nepBhiMH H3MepeHH.IIMH nonHhiX ceqeHHH peaK~HH 

rr-p ~ rr+ rr- n , BhlnonHeHHhiMH B ,IJ;y6He H Ei!pKnH. Y)Ke 

TOr,IJ,a o6pall\anoCb BHHMaHHe Ha He06XO,IJ,HMOCTb yqeTa 

np.IIMOrO 7T rr- B3aHMO,IJ,eHCTBH.II ,IJ,n.ll 06'b.IICHeHH.II 6onbWHX Ceqe

HHH peax~Hii rr N .... rr rr N • 0,IJ,HaKo KOHKpeTHhle ¥O,IJ,enH 

TaK)Ke He npHBO,IJ,HnH K COrnaCHIO C 3KCnepHMeHTOM/12, 13/ 

CeqeHH.II oKa3anHCb, HanpoTHB, cnHWKOM 6onbWHMH no 

CpaBHeHHIO C 3KCnepHMeHTOM. 

HHTepec K peax:u;HHM rrN .... rr rr N a6nH3H nopora BHOBb 

B03HHK B KOHD;e 60 ZZ. B CB.II3H C nOHBneHHeM MO,IJ,enH 

"MHrKHX" nHoHoB. B pa6orax BaiiH6epra-/5/ 6blno noxa3aHo, 

qro B MO,IJ,enH "M.IIrKHX" nHOHOB npo:u;eCCbl C yqaCTHeM nHOHOB 

HH3KOH 3HeprHH MoryT 6b1Tb OnHCaHbl 34MtleKTHBHbiM narpaH

)f(HaHOM KHpanbHOrO SU ( 2) X SU ( 2) THna, KOTOpbiH COOT

BeTcrayer yqery rpa!llHKOB THna ,D,epeaa. OcHoBHhiMH rpa!llH

KaMH, onpe,D;enHIDII\HMH ceqeHHe npo:u;eccoa rr N .... rr rr N 
HBnJIIOTC.II rpa!llHKH, H306pa)KeHHble Ha pUC.2, a BKna,IJ, ,D,pyrHX 
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Puc. 2. Fpa{/JUKU Jruna oepe6a, OOIOJIIUe OCH06HOU 6K.IIaO 
6 noAHoe ce<~eHue peaKfiUU rr N .... rr rr N 6611uau nopoza 
6 Jreopuu "MJIZKUX" nUOH06. 

rpa4JHKOD D noJIHoe ceqeuHe peaKu.Hii rr N .... rr rr N D6JIH3H 
nopora Man. 

HanH'IHe rpa4JHKa c 'leTLipexnHOHHoii DepwHuoii npHDOAHT 

K TOMY, 'ITO D 34l4JeKTHDHLi:ii narpaH>KHaH nponecca rrN .... rr rr N 
DXOAHT TOT >Ke HeonpeAeJieHHbiH napa:MeTp .; , KOTOpblii npH

CyTCTDyeT D narpaH>KHaHe llHOH- llHOHHOrO. D3aHMOAeHCTDHJI. 

3414JeKTHDHbiH JiarpaH>KHaH llHOH-nHOHHOrO D3aHMOAeHCTDHJI 
D TeopHH "MJirKHX" llHOHOD HMeeT DBA 

ff.rrrr= ~ [(-; 7:) (a ;; a";) +fJm;(;;;) 2]' 
4 F 11 ,.. 

TT 
-> 

rAe Frr - KOHCTaHTa rr .... 11 + v pacnaAa, rr 03Ha'laeT 

OnepaTOp llHOHHOrO llOJIJI. fiapaMeTp fJ HJIB .; , CDJI3aHHbiH 

COOTHOWeHHeM .; = 2 ( l- 2 fJ) ,onpeAeJIJieT DKJiaA 'IJieHa, Ha

pywa101IJ,ero KHpaJibHYJO CHMMeTpHIO JiarpaH>KHaHa *. B TeOpBH 

ReT CTporHx orpaHH'IeHHii ua napaw:eTp .; H DLI6op ero 

onpeAeJIJieTCJI 'IHCTO "3CTeTH'IeCKHMH" C006pa>KeHHJIMH. 

B CDJI3H C 3THM HMeeTCJI HeCKOJibKO DapHaHTOD 34l4JeKTHDHOro 

JiarpaH>KHaHa D 3aDHCHMOCTH OT Db160pa 3Ha'leHHJI napa:MeTpa 

fJ , .; HJIH r • 3TH 3Ha'leHHJI npHDOAJITCJI D 1106.11. 2. 

* B HeKoTopwx pa6oTax DDOAUTCJI napaw:eTp r , 
CDJI3aHHbiH C .; CJieAYJOIIJ,HM COOTHOWeHHeM: .; = 6 r /5r- 2) , 

HcnoJIL3oBaHHe 3KcnepHMeHTaJILHO H3MepeHHWX ce'leHHii 

peaKu.Hii rr N .... rr rr N B6JIH3H nopora no3DOJIJieT OAH0-

3Ha'IHO onpeAeJIHTL napaMeTp ~. 
Pac'leTw, npoDeAeHHWe Onccouow: H TepuepoM I 8 I 

C yqeTOM rpaWHKOD, npHDeAeHHbiX Ha puc. 2, npHDOAJIT 

K CJieAYIOIIJ,eH 3aDHCHCMOCTH llOJIHbiX ce'leHHH peaKIJ,HH 

rr N ... rr rr N oT napaw:eTpa ~ : 

a( rrN .... rrrrN) =I A(~ \ 2 
• \) 

2
• 4Ja30DLIH o6'beM, 

rAe A ( 0 - aw:nnBTYAa peaKU.Hii rr N ... rr rr N , a Q - HM

nynLc naAaiOIIJ,ero nHoHa D c.IJ,.H. AMnJIHTYAa A(~) MJI 

KOHKpeTHWX KauanoD HMeeT DBA /npH Frr 92 MaB, F rrlmTF 

=0,66/ 
A( rr-p ... rr+ rr-n )=-1,08 ±0,48 ~ /1/ 
A( rr+p .... rr+rr+n )= 1,2 ± 0,48 ~ 

H3 3KcnepHMeHTaJILHWX AaHHWX, npHDeAeHHWX D 11a611. 1, 
CJieAyeT, 'ITO 

A ( rr-p -> TT+ TT -n) =±/1,2±0,10/ 
A( rr+p -> TT+TT+n)= ±/1,54 ±0,38/. 

H3 nepDoro paDeHcTDa nony'laiOTCJI ADa 3Ha'leHHJI 

~. = -0,25±0,21 
~2 = + 4,7 ± 0,21. 

H3 DToporo paDeHCTDa nonyqaJOTCJI TaK>Ke ADa 3Ha'leHHJI 

~1 = 0,7 ±0,8 
~z= -5,6 ±0,80. 

OTCIOAa 

MJI' 

DbiTeKaeT eAHHCTDeHHOe CODMeCTHMOe 

.; = -0,18 ±0,20. 

3Ha'leHHe 

HcnOJib3YJI COOTHOWeHHJI, OCHODaHHble Ha MOAeJIH MJirKHX 

llHOHOD/G/ 

ao 
m 

--" ( 5 
32rr F2 

7-2,;) 
TT 

mTT ( 2 + .; ) 8
2 = - 32 TT F! 
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* rronyqaeM rrpB ,; = -0,18 ± 0,20 B F77 =92 M3B 
ao= 0,17 ± 0,01 m; 1 

a2=-0,045±0,005m;1 

ao /az=-4,0± 0,5. 

Ha puc. 3 B 4 rrpBBe,LJ;eBbl IIOJIBble ceqeBBJI peaKu,Bii 

77-p ... 17+77-n B 77+p ... 77+77+n rrpB pa3HbiX 3HaqeHBJIX 

rrapaMeTpa ,; • KaK BB.LJ;HO B3 3TBX pBCYHKOB, 3KcrrepBMeH

TaJILHble ,LJ;aHHble XOpOWO OIIBCbiBaiOTCJI MO,LJ;eJILIO MJirKBX 

IIBOHOB IIpB 3HaqeHBB rrapaMeTpa ,; , 6JIB3KOM K MO,LJ;eJIB 

BaiiH6epra I ,; = 0/. 

TaKBM o6pa30M, MO,LJ;eJIL MJirKBX IIBOHOB XOpOWO OIIBCbl· 

BaeT BMeiOUUieCJI 3KCIIepBMeHTaJILHble ,LJ;aHHble no nOJIBbiM 
v - + +- + + 6 ceqeHBJIM peaKU,BB 77 p -> 77 77- n B 77 p -> 77 · 77 n B JIB3B 

IIOpOra npB 3HaqeHBJIX .LJ;JIBH nBOH-nBOHHOrO pacceJIHBJI, 

cornacyiDIIJ,BXCJI c pe3yJILTaTaMB, nonyqeHHbiMB BaiiH6ep

roM/5/ , a TaK)Ke M.BoJIKOBbiM B B.llepByWBHbiM /!6-/ 
C yqeTOM HYKJIOHHbiX neTeJIL/a0 =0,1511;1 , a 2=-0,042 m; 1/. 

0.LJ;HaKO .LJ;JIBHbl 7777- pacceJIHBJI, IIOJiyqeHHble B3 nOJIHbiX Ce

qeHBii peaKu,Bii 77 N ... 1111 N , JIBJIJIIOTCJI MO.LJ;eJILHO 3aBBCB

MbiMB, B n03TOMY rrpe,LJ;CTaBJIJieT BHTepec noJiyqeHBe .LJ;JIBH 

7777-pacceJIHBJI .D;pyrBMB He3aBBCBMbiMB MeTO,LJ;aMB. 

II. O!leHKa OAUH nuoH- nuoHHozo pacce.RHU.R 
U3 3KcnepuMeHmaAbHbiX oaHHbiX no 

K ... 3 11- pacnaoaM 

fionbiTKB onpe,LJ;eJieHBJI S - BOJIHOBbiX .LJ;JIBH nBOH- nBOHHOrO 

pacceJIHBJI B3 .LJ;aHHbiX no K-> 317 -pacna,LJ;aM Ha ocHoBe 

IIOJiyciJeHOMeHOJIOrBqecKOH TeOpBB o6pa30BaHBJI Tpex CBJILHO

B3aBMO.LJ;eHCTBYIOUUIX qac~BU. B6JIB3B nopora / 7,S/ npe,LJ;npB

HBMaJIBCL B pJI.LJ;e pa6oT 117 / . O.LJ;HaKo, rnaBHbiM o6pa3oM, 

He.LJ;OCTaTOqHaJI TOqHOCTL 3KCnepBMeHTaJILHbiX ,LJ;aHHbiX npB

BO.LJ;BJia JIBWL K BeCLMa rpy6biM OU,eHKaM .LJ;JIBH pacceJIHBJI. 

* HeKoTopoe OTJIBqBe 3HaqeHBJI napaMeTpa ,; H .LJ;JIHH 7717-

pacceJIHHJI OT COOTBeTCTBYIOUUIX BeJIHqHH, npHBe,LJ;eHHbiX B pa-
6oTe /2/ , CBJI3aHO C TeM, qTo B ,LJ;aHHOH pa6oTe .LJ;JIJI KOHCTaH
Tbl F 77 6epeTcJI 3KcnepreHTaJILHoe 3HaqeHHe 92 M3B, B To 
BpeMJI KaK B pa6oTe /2 6panocL 3HaqeHHe F 77 = 82 M3B 
H3 COOTHOWeHHJI roJIL.LJ;6eprepa-TpeiiMaHa. 
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Puc. 3. IloAHble, ~e'leHU.R peaKfiUU 11-p ... 17+17-n 
e - U3 pa60111bl fl/. 

TO'lKU 

HoBbl)l 3KcnepHMeHTaJILHble .LJ;aHHble no 1,5 MAH r ±-pacna

.LJ;aM 31 /pacrrpe.D;eJieHHe no rpaciJBKY )J;anHu,a/ H 0,5 MAH 
K~ ... ~77-770 pacna.LJ;aM 141 /3HepreTHqecKHH cneKTp 17o_ 

Me3oHa/ no TOqHOCTH HaMHOrO rrpeBOCXO.LJ;JIT HMeiOUUieCJI .LJ;O 

rrocne.LJ;Hero BpeMeHH 3KcnepHMeHTaJILHhle .LJ;aHHble. HMeHHO 

3TO 06CTOJITeJILCTBO no6y.LJ;HJIO HaC / 1S/ ellJ,e pa3 rrpoaHa

JIH3HpOBaTL BCe HMeiOUUieCJI 3KCnepHMeHTaJILHble ,LJ;aHHble 

no K ... 3 11 - pacrra.LJ;aM c u.enLro orrpe.D;eJieHHJI .LJ;JIHH nHoH-

nHOHHoro pacceJIHHJI. f!oBhlii, Ha Haw B3rJIJI.LJ;,-

9 



0 (x+1r•n) MOH 

170 200 230 260 290 

Puc. 4. IIoAHbJe cet~eHCl.R peaK(#UU 
TO'IKU • - U3 pa60IIbl /2/. 

17+ p .... 17+ 17 + n 

cyiQeCTBeHHhiB war B 3TOB pa6oTe COCTOHT B COBMeCTHOM 
aHanH3e scex KaHanos K .... 3 17 - pacna~os: 

± ± ± + 
-> 17 17 17 

/1/ 
K 

K~ + - 0 
-> 17 17 1T 

/2/ 

± + 
K .... 17 - 17 0 17 o 

/3/ 

K~ .... 170 1To 17o. /4/ 
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B pa6oTe Hcnonh30BaJIBCh cne~}'IOUUie ::JKcnepHMeHTanhHWe 
~aHHWe: 

KaHan /1/ 
a/ ~aHHwe cl»op~a. IIHpy::J H ~p./ 3 1 + 

nol,5M.IIH r- -pac-
na~aM - AaeTca pacnpe~eneHHe nnoTHOCTH BepoaTHOCTH Ha 
rpaliJHKe ,D;amma, /'IHcno JJ'IeeK n1 = 145/; . 

KaHan /2/ 
6/ ~aHHwe MeccHepa H ~p./4/ no 0,5 MAH pacna~aM 

K£ .... rr+ 17-17 o- pacnpe~eneHHe no ::JHeprHH Jl-Me3oHa/'IHcno 
JJ'IeeK n2 =17/; /lg/ 

B/ napiU~ani.Hwe WHPBHW Be ex KaHanoB I 1/-I 4/ • 
DpH coBMeCTHOM aHanB3e pa3nH'IHWX KaHanoB K .... 3 17 -

pacna~a HY)KHO y'leCTh TO 06CTOJJTeni.CTBO, 'ITO CBR3h Me)K-
~y aMnnBTy~aMH pa3nB'IHWX KaHanoB onpe~enaeTca H30To
nH'IeCKHMH npaBHnaMH. 06w'IHO nonh3YJOTca npaBHnoM I 11 Tl= 
= 1/2, KOTOpOe B 6onhWHHCTBe HenenTOHHiaiX pacna~OB rH

nepOHOB H B K .... 217 -pacna~e ~oaoni.HO xopowo BwnonHa
eTca. O~HaKo B K .... 3 17 -pacna~ax /KaK cne~yeT H3 H3Me
peHHR HaKnOHOB cneKTpOB HenOXO)Kero Me30Ha B pacna~e 

+ + + - 0 K- .... 17- 17- 17 + H n0-Me3oHa B pacna~e Kt .... 17 + 17- 17 ) 

3TO npaBHnO 3aMeTHO HapywaeTCR. 
HacToa~i aHanH3 npoBo~Tca B npH6nH)KeHHH, Kor~a 

HapyweHHe npaBHna I 11 T I = 1/2 B K .... 3 17 - pacna~ax 
o6ycnoBneHo nepexo~oM I 11 T I = 3/2 B cocTOJJHHe c nonHWM 
H30TonH'IeCKHM cnHHOM KoHe'IHWX nHOHOB T = l.Ka'leCTBeH
HWe O~eHKH noKa3WBaiOT, 'ITO BKna~ ~pyrHX nepeXOAOB

7 
no 

cpaBHeHHIO c BKna~oM nepexo~a 1 11 T 1 = 3/2, Man 120 · • 

AMnnBTy~a K .... 3 17 pacna~a B paMKax nonyclleHoMeHo
norH'IecKoi TeopHH 17 ,S/ • Y'IHTWBaromei B3aHMo~eicTBHe 
nHOHOB B KOHe'IHOM COCTOJJHHH, COCTOHT H3 HeaHanHTH:'IeCKOB 
H aHanHTH'IeCKOB 'laCTei. KaK 6wno noKa3aHo rpH60BiaiM 
H ~p. /7 I , aMnnBTy~a po~eHHa Tpex qacTH~ Ha rpaHH~ax 
liJH3H'IeCKOB o6naCTH HMeeT OC06eHHOCTH H RBnaeTCR HeaHa
nHTH'IeCKOB 4JyHKIUieB HHBapHaHTHiaiX KHHeMaTB'IeCKHX nepe
MeHHiaiX /KBa~paTOB OTHOCHTenhHiaiX HMnynhCOB nHOHOB/. 
Oco6eHHOCTH B aMnnBTy~e cBa3aHw c ~HarpaMMaMH, B Ko
Topwx o6pa3oBaBWHeca qacTH~w nepepacceHBaroTca ~pyr 
Ha ~pyre, HX BKna~ MO)KeT 6WTh nOnHOCThiO Blalpa)KeH qepe3 
~HHW nHoH-nHOHHoro pacceaHHR qacTH~. Docne Bw~eneHBa 
oco6wx qacTei ::JTHX ~arpaMM ocTaBwaaca aHanHTH'IecKaa 
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'laCTb aMnnHTYAW pa3naraeTCR B PRA no KBaApaTaM OTHO· 

CHTeHbHWX HMnynLCOB k i, , C HeKOTOPWMH cl>eHOMeHono

rH'IeCKHMH K034>cl>HD;HeHTaMH. CpaBHeHHe c 3KcnepHMeHTOM 

AaeT npHHUHnHaHLHYJO B03MO)KHOCTL onpeAenHTL BKHaAW 

aHanHTH'IeCKHX H HeaHanBTH'ICCKHX qneHOB H TeM CaMWM -

AnBHW pacceRHHR 'laCTHU B KOHe'IHOM COCTORHHH. 

)J;HarpaMMW, Y'ITeHHWe npH BW'IHCHeHHH KBaApaTa Ma

TpH'IHOrO 3HeMeHTa C TO'IHOCTLIO AO KY6H'IeCKHX qneHOB, no

Ka3aHW Ha puc. 5. rpacl>HKH a/ H r/ AaiOT aHanHTB'IeCKHe 

qneHW, A H A o kf J , COOTBeTCTBeHHO. 0cTanLHWe 

rpacl>HKH AaiOT HeaHanHTH'IeCKHe qneHw; npOCTeiiuJHH H3 

HHX - 6/ paBeH i Aak , rAe a - AHHHa nHOH-nHOHHOrO 

pacceRHHR. H3oTonH'IeCKHe aMnnHTYAW A1, 2 t:'\.t k l2'k 13 , k 23) 
C TO'IHOCTLIO AO Ky6H'IeCKHX no k i J qneHOB HMeiOT BHA: 

Al,2t:'\tkl2'k_.3'k23) = \,2t:'\·fl+ 01,2f\Tk:2+S:(ao, a2;kl2'kl:J'k23) l 

/5/ 
rAe A 11 , A 13 , O 11 , o13 - AeHCTBHTeHLHWe DOCTORH-

HWe, onpeAenReMwe rpacl>HKaMH a/ H r I. 
IJocneAHHH qneH B BWpa)KeHHH /5/ eCTb HeaHanHTHqec

KaR cl>YHKuHR oT kif. OH B03HHKaeT H3- 3a yqeTa nepepac

CeRHHR DHOHOB B KOHe'IHOM COCTORHHH H 3aBHCHT OT S - BOHHO

BWX AHHH 7777•pacceRHHR a
0 

H a
2

• 

KBaApaTw MaTpH'IHWX :lneMeHTOBKaHanoB/1/-/4/ c Toq

HOCTLIO AO Ky6H'IeCKHX qneHOB paBHW: 

2 l 2 2 2 
IM11 =2(..\11-2Att ll+C1(~3+~) +f1(a0 ,a2 ;k12' k13, k23) l 

IM2J2=(A11+~)2{1+2C2ki2+ f2(aO,a2; k12'k13'k23) I /6/ 

I 2 l l 2 2 ' 
~~ =2(,\11-2,\tJ 11 + 2 Ctk12+ fl(a0,a2;kl2,k13'k2j l 

2 3 2 2 
l M41 = 2 (All+ ,\13) I l + 2C 2k0 + fo( ao, a2; kl2' k13' kdl. 
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I 
~ -{ 4~ 

Cl I 2 

~ .eJ: ~ -k 
3 e . ;)~( J 

Puc. 5. Tpat/JuKu, Y'l•eHHr.ae npu ebl'lUCAeHuu Keaopa•a ..wooy
A.R aMnAulltyo~>a K -+ 3 77-pacnaoa c •o'lHoc•~>ro oo Ky6u'lecKux 
'lAeH06. 

Ko34>cl>HuHeHTW C 1 H C 2 AaiOT nocTORHHW:ii: HaKnoH B 

cneKTP "Henoxo)l(ero" 77 -Me 30Ha B KaHanax I l/ H /3/ H rrO
Me30Ha B KaHane /2/ H BWpa)KaiOTCR qepe3 aMDHHTYAW 

A 11 , A 13 H K034>cl>HU:BeHTW o l1 , o l3 CHCAYIOIUBM 

o6pa3oM: 

ct 

c2 

l 
A o --..\ o 

11 11 2 13 13 

Ate 
l 

2 
A13 

Au 0 11 + A13°13 

All+ ,\13 

/7/ 

/8/ 

13 



fipH CpaBHeHHH cllopMyJI /6/ C 3KCDepHMeHTaJILHWMH 

)laHHWMH DpHMeHJIJICJI MeTO,Il HaHMeHLDIHX KBa,llpaTOB. llpH 

3TOM MHHHMHJanHJI DpOBO,IlHJiaCL DO 6 napa:MeTpa:M: 8 0 , 8
2 

'~· 
A 11 , A 1:} , C1 H C .2. , MeTO.IlOM JIHHeapaJanaa KBa,llpa

TH'IHOrO IJIYHKnHOHaJia(Zi/' DpH DOMOJnH CTaH,IlapTHOB DO)l• 

nporpaMMW FUMILI. PelyJILTaTcllHTa,)laiOJnHi.llBapemeHHJI 

c Y.llOBJieTBopaTeJILHWMH ypoBHJIMH .llOCTosepHOCTH, npaBe,lleH 

B •a6.11. 3. CpaBHeHHJI c 3KcnepHMeHTaJILHWMH )laHHWMH 
npe,llcTaBJieHw Ha puc. 6 H 7. 

qepe3 a 1 H a 2 o6oJHa'leHw sw6paHHwe B Ka'leCTBe 

cllHTHpyeMWX napa:MeTpOB KOM6HHanHH a:MnJIHTY.Il All H At3 

1 2 
a 1 = ( A 11 --A 

13
) H 

2 

2 
a 2 = ( A 11 + A13 ) 

B •a6.11. 4 cpaBHHBaiOTCJI nonyqimHwe npa cllHTHposaHHH 

3Ha'leHHJI WHpHH KaHaJIOB /1/ H /4/ C 3KCnepHMeHTaJILHWMH 

3Ha'leHHJIMH. 

KaK BH.IlHO Hl •a6.11. 4, HaH6onee qyscTBHTeJILHoi K sw6opy 

pemeHHJI JIBJIJieTcJI map aHa pacna,lla Kl4 110110110. YTO'IHeHHe 

3TOB BeJIH'IHHW n03BOJIHJIO 6w C)leJiaTL O)lH03Ha'IHWB BW6op 

O,llHOro H3 .llBYX pemeHHB. 0)lHaKo o6a pemeHHJI ,llaiOT 3Ha'le • 

HHJI ,llJIHH 1717·pacceJIHHJI C~eCTBeHHO 60JILDIHe, 'le:M H3 

aHaJIH3a peaKnHi 11 N 4 11 11 N c TO'IKH JpeHHJI MO.IleJIH 

MJirKHX nHOHOB. 

06cyxi}eHue pe3y11r.•a•oe 

TaKHM o6pa3oM, Hl aHaJIHJa peaKnHi 11N -> 11 11 N B6JIH3H 

nopora H K _, 311 ·pacna,lloB nonyqaroTcJI .llBa pa3JIH'IHWX 

pe3yJILTaTa no ,llJIHHaM nHOH·nHOHHOrO pacceJIHHJI. 

H3 aHaJIH3a 11 N -> 11 11 N s6JIH3H nopora 

8 0 =+0,17± 0,01 m;1 

82 =-0,045±0,005 m;;- 1 

B xopomeM cornacaa c pe3yJILTaTaMH BaiH6epra /5/ a 

M.BonKoBa H B.llepByumHa / 16/ , a Hl aHaJIH3a K 4 3 11 

pacna,llOB /ecJIH OT,IlaTL npe,llnO'ITeHHe nepBOMY pemeHHIO, 

KOTopoe no 3HaKaM .llJIHH pacceJIHHJI cosna,llaeT c pe3yJILTaTa· 
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IMI 2
(Y} 

K + + t -1.51- --n-n n• 

1.2 

1.1 

1.0 

0.9 
I 

DB~~' 
0.7 

-1.0 -0.5 0 0.5 1.0 
Y = ( 3 T 3- Q )/Q 

Puc. 6. PacnpeoeAeHue no nepeMeHHoii ){aAu14a- fl>a6pu y 
u OAJi r - pacnaoa.

1 
r
7

o'lKU - aKcnepuMeHmaAbHoe pacnpeoe-
AeHue ua pa6ombl 3 • IlyHKIIIUP - ,Pu• no I M j 2 "' l + a y 
CnAOJUHaJi KpueaJi - ,Pum no ,PopMyAe /6/. 

MH, nony'leHHLIMH H3 auanu3a peaKI.lHH rr N .... rr rr N a6nH3H 

nopora/, 

ao = 0,59± 0,07m ;t 
a2 ~0,20± 0,03miT-l 

'ITO 6on~e 'I~M B 3 pa3a npeablwaeT 3Ha'leHHJI, npe.ncKa-
(5, tG 1 v 6 

3aHHble Ha OCHOBe COOTHOWeHHH anre pLI TOKOB 

H rHDOTe 3bl 0 'laCTH'IHO COXpaHJIIOII.leMCJI aKCHallbHO- BeK

TOpHOM TOKe. 

fipe,D.CTaBnJleT HHTepec cpaBHeHHe nony'leHHLIX ,D.nHH 

i7 IT- pacCeJIHHJI C pe 3YllLTa TaMH, OCHOBaHHLIMH Ha Clle,D.CTBHJIX 

H3 ,D.HCnepCHOHHLIX ypaBHeHHH ,D.llJI ITIT-pacceJIHHJI H 3KCnepu-

16 

IMI2 

I 
2.0 t8r, K0 -rr• :rr- 1!0 

L. 

1.6 

1.4 

1.2 r '\ 

1.0 

0.8 

0.6 

0.4 
''o 

Q 21 I 
' 

I I I I I I I I I I I I I Txo 
. 4 12 20 28 36 44 52 (MeV) 

Puc. 7. Pa6npeoeAeHue no 3Hepzuu IT 0 - Me3oHa e pacnaoe 
Kl» ... IT+ IT- IT/ ;' TO'lKU - 3KCnepuMeHIIIQAbHOe pacnpeoeAeHue 
ua pa6olllbl 4 . IlyHKmup- ,Pum no IMI 2 "'l + C( kf

2
- k~). 

CnAOJUHaJi KpueaJi - ,Pum no ,PopMyAe /6/. 

MeHTallLHLIX ,D.aHHLIX 0 ITrr-pacceJIHHH B o6naCTH 

500-1000 MaB. B o6nacTH .nucnepcuouuoii TeXHHKH ue

.naauo HOBLIH mar anepe.n 6bln c.nenau PoeM/22 / , KOTOPLIH 

nonyqun cTporue napl.lHanLuo-aonuoaLie ypaaueHHJI .nn.11 ITIT

pacCeJIHHJI Ha OCHOBe KpOCCHHr- CHMMeTpHH H ,D.HCnepCHOHHLIX 

COOTHOWeHHH. 3TH ypaBHeHHJI MOryT 6LITL HCUOllb30BaHLI 

.nnJI auanu3a 3KcnepuMeHTaJILHLIX .naHHLix 1231 . Cua'lana 
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HaXO)J.JIT Imacc 7777 ·aMUJIHTy)J. UpH HH3I<HX 3HeprHJIX, I<OTOpwe 

Y.AOBJieTBOPJIIOT YHHTapHOCTH, I<pOCCHHr- CHMMeTpHH H )J.HC

nepCHOHHhiM COOTHOWeHHJIM npH c)lHI<CHpOBaHHO:ii nepe)J.aqe, 

a 3aTeM BW)J.eJIJIIOT no)J.I<nacc 7777-aMnJIHTY.A, xoTopwe Y.Ao

BJieTsopJIIOT 3I<CnepHMeHTaJILHWM )J.aHHhiM B HHTepsane 3Hep

ra:ii OT 500 .AO 1000 M3B. 3xcnepHMeHTaJILHwe Tpe6osaHHJI 

B 3TO:ii o6nacTH 3Hepra:ii MO)I(HO CcjlOpMyJIHpOBaTL CJie)J.yiOIIUIM 
o6pa3oM: 

1/. B p- COCTOJIHHH 77 77· CBCTeMW C H30TOUBqeCI<HM CUB· 

HOM T = l CyiQeCTBYeT pe3oHaHc C Macco:ii B WBpBHO:ii 
p -Me3oua; 

2/. B S -cocTOJIHBB 7777-CBCTeMw c T = 2 pe3ouaucos 

HeT B c)la3a a; B paiioue p -Me!OHa pasua -15 ±5°; 
3/. HeynpyrocTL HB)I(e nopora KK ;., I F3B/ npeue-

6pe)I(BMO Mana; o 

4/. B S -cocTOJIHBB 7777-CBCTeMw c T = 0 c)la3a 8
0 

s BHTepsane 3HeprBii 500 < E 77 77 < 900 M 3B HaXO.ABTCJI 

B COOTBeTCTBBB C 3I<CnepBMeHTaJILHhiMB )J.aHHhiMB UO 06pa • 
30BaHBIO 77 ~ CBCTeMLI. 

Tpe6osaHBJI xpoccBHr- CBMMeTpBB, xoTopwM Y.AosneTso

PJIIOT ypasHeHBJI PoJI, npBBO)J.JIT x CBJILHLIM xoppenJI.qBJIM 

Me)I()J.y pa3JIBqHLIMB nap.qBaJILHO- BOJIHOBLIMB aMUJIBTy)J.aMB B • 

B qaCTHOCTB, )J.JIJI S ·BOJIHOBLIX aMUJIHTY.A, UpBBO)J.JIT I< TaX 

Ha3wsaeMo:ii "YHBBepcaJILHo:ii xpBsoii" /puc. 8/. Kax BB.AHo 

B3 pBcyuxa, 6oJILWBe /no cpasHeHBIO c npe)J.ci<a3aHBJIMB 

BaiiH6epra )J.JIBHLI pacceJIHBJI a O B03MO)I(HLI, HO OHB )J.OUYCTB· 

MLI UpB oqeHL MaJILix UOJIO)I(HTeJILHLIX 3HaqeHBJIX a z = 
=0,02 m; 1. 

Bo3HBxaeT sonpoc - Ha xaxoM nyTB MO)I(Ho cornacosaTL 

)J.Ba UOJiyqeHHLIX HaMB COBepWeHHO pa3HLIMB MeTO)J.aMB 
pe3yJILTaTa'l 

AuanB3 K -+ 3 77 -pacna,Aos npose)J.eH HaMB c ToquocTLIO 

)J.O I<Y6BqeCI<BX no OTHOCBTeJILHLIM BMUYJILCaM UBOHOB qJieHOB. 

He)J.OCTaTI<OM BCUOJIL30BaHHOro HaMH MeTO)J.a JIBJIJieTCJI TO, 

qTo anpBOpB HeB03MO)I(HO o.qeHBTL sxna)J. auanBTBqecxBx 

qneuos 6onee swcoxoro nopJI)J.I<a. BwnoJIHeHBe )l(e cos

MecTHoro aHaJIB3a K -+ 3 77 • pacna)J.OB c yqeToM qneuos 

qeTsepToro nopJI)J.I<a npBseno 6w x Y.ABOeHBIO qBcna c)lBTH

pyeMwx napaMeTpos /12 BMecTo 6/ B s HaCTOJIIQee speMJI 
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Tpy,n;HO BblnOJIHHMO. B03MO)K110, 'ITO HaJIH'IHe OTHOCHTeJILHO 

6oJILWHX 'IJieHOB qeTBepTOrO nopB,n;Ka npHBe,n;eT K yMeHL· 

WeHHIO ,[I;JIHH pacceBHHB. C y'leTOM 'IJieHOB 6onee BbiCOKOrO 

nopx,n;Ka B aMnnHTy.n;e K _. 3 rr - pacna,n;a CBA3aH aonpoc 

o napaMeTpH3aUHH ~a3bl nHoH-nHOHHoro pacceAHHH. Y'leT 

B KBa,n;paTe aMnnHTy,n;bl Ky6H'IeCKHX 'IJieHOB /KaK c,n;enaHO 

B Haweii pa6oTe/ COOTBeTCTByeT napaMeTpH3aUHH ~a3bl 
B npH6JIH:JKeHHH ,[I;JIHHbl pacceHHHB: k ctg o = a -1. 

IlonpaBKH, COOTBeTCTBYIOUUie npH6JIH)I(eHHIO 34Ml>eKTHBHO-

k " 1 rk
2 

u ro pa,n;Hyca ctg u =- + ---1 ,BOH.n;yT B awpa)l(eHHe ,n;nx 
a 2 

KBa.n;paTa aMnnHTy.n;w B qneHbl qeTaepToro nops,n;Ka. EcnH 

3HaK 34Ml>eKTHBHoro pa.IJ,Hyca r0 oTpHUaTeneH, KaK cne,n;yeT 

H3 npe,n;cKa3aHHii BaiiH6epra, TO 3TO npHae,n;eT K yMeHLWeHHIO 

)l.JIHHbl pacceAHHH ao • K yMeHLWeHHIO .D.~ pacceAHHH 

npHae,n;eT TaK:JKe y'leT no,n;noporoaoro Hynx npH napa

MeTpH3aUHH ~3bl rrrr·paccexHHA. O,n;HaKo, TaK KaK nonHax 

3HeprHA rr rr- cHcTeMbl B K ... 3 rr- pacna,n;e cpaBHHTenLHO 

HeaenHKa H HaXO.IJ.HTCA B HHTepaane 280 < E 7777 < 360 M3B, 
TO Bb160p napaMeTpH3aUHH ~a3bl He )l.Oll)l(eH CHJILHO nOBJIHATL 

Ha BeJIH'IHHY )l.JIHHbl pacceAHHA. )l.pyrag npH'IHHa H3MeHeHHH 

)l.JIHHbl rrrr·pacceAHHA B K -> 3 7T - pacna,n;ax MO:JKeT 6LJTL 

CBH3aHa C yqeTOM CHCTeMa TH'IeCKHX OWH60K B 3KCnepHMeH

TaJILHbiX )l.aHHbiX. TaK KaK 3~eKTLI rrrr·pacceAHHH B KOHeq

HOM COCTOAHHH MaJibl H npOABJIHIOTCH rnaBHbiM o6pa30M Ha 

rpaHHUaX ~H3H'IeCKOH o6naCTH, TO HaJIH'IHe HeyqTeHHbiX 

CHCTeMaTH'IeCKHX OWH60K MO:JKeT npHBeCTH K CyiUeCTBeHHO· 

MY H3MeHeHHIO pe3ynLTaTa. 

qTO KacaeTCH )l.JIHH pacceAHHA, nonyqeHHLIX HaMH H3 

aHaJIH3a peaKUHH rrN -> rrrrN B6JIH3H nopora, TO 3)l.eCL 

)l.aJILHeiiruee YTO'IHeHHe MO:JKeT 6LITL CBA3aHO C yqeTOM 

,n;ononHHTenLHbiX .IJ.HarpaMM c BHyTpeHHHMH HYKJIOHHbiMH 

JIHHHAMH, KOTOpble Ha CaMOM nopore peaKUHH HC'Ie3aiO}Ue 

MaJibl, HO MOryT )l.aTL HeKOTOpbiH BKJia)l. B6JIH3H nopora, 

a TaK:JKe .IJ.HarpaMM c ":JKeCTKHMH" nHoHaMH 127 I, 'ITO 

paBHOCHJILHO yqeTy neTneawx ,n;HarpaMM B cynepnponara

TopHOM MeTO)l.e / 10/ . C 3KCnepHMeHTaJILHOH TO'IKH 3pe

HHH npe)l.CTaBJIBeT HHTepec HCCJie)l.OBaHHe e}Ue He H3y'leH· 

HbiX KaHaJIOB peaKUHH, HanpHMep, rr·-p -> rrOrrOn B6JIH3H no-

pora. 
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0.5 a: 

Puc. 8. "YHuaepca/lbHaR KpuaaR "• caR3blaaJOUiaR S- aoAHo
abJe OAUHbJ nuoH- nuoHHozo pacceRHUR a 0 u a2 • 

TaKHM o6pa30M, yKa3aHHble TeopeTH'IeCKHe Heonpe,n;e

neHHOCTH B npHMeHeHHbiX MO)l.eJIAX )l.JIH noJiy'leHHH S ·BOJI· 

HOBbiX )l.JIHH nHoH-nHOHHOrO paCCeAHHH H3 3KCnepHMeHTaJIL

HbiX ,n;aHHbiX no peaKUHHM rr N -> rr rr N. a6JIH3H nopora h 

K ... 3 rr - pacna,n;aM ace eiUe npHBO.IJ.BT K 6onLwoii Heon

pe,n;eneHHOCTH B 3Ha'leHHHX a 
0 

H a 
2 

• HaH6onee aeposTHble 

3Ha'leHHH S ·BOJIHOBbiX )l.JIHH HaXO)l.HTCH B npe,n;eJiaX 

/0,17 ± 0,01/m"~/<a 0 < /0,59±0,07/m;
1 

-/0,045± 0,005/ m-;<ai>-/0,20± 0,03/ m ;;
1 

, 
r,n;e npHBe)l.eHHble B CK06KaX OWH6KH COOTBeTCTBYIOT 3KCne

pHMeHTaJILHbiM norpewHOCTHM. 

± 0TMeTH+M, 'ITO H3 .IJ.BYX 3KCnepHMeHT?B no pacna)l,aM 

Ke
4

-> rr+rr-e- v, awnoJIHeHHbiX aU.EPHe 24/ HCWA/25/, 

B aHaJIH3e KOTOpbiX 6LJJI npHMeHeH O)l.HHaKOBbiH TeopeTH

'IeCKHH no,n;xo,n;, TaK:JKe nonyqaeTCB GonLwaB Heonpe,n;eneH

HOCTL B 3Ha'leHHH a O • 
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Ho :na Heonpe,neneHHOCTL o6ycnosneHa, no- BH.ZJ;HMOMY, 
CHCTeMa TH'IeCKHMH 3KCnepHMeHTanLHLIMH OUIH6KaMH: 

/0,17± 0,13/m-;?<ao< /0,60±0,20/m-;1 
. 

Mo)I(Jfo Ha,neJITLCJI, 'ITO 6onee ,neTanLHLiii TeopeTH'Iec
KHH aHallH3 H ,nanLHeiiwee YTO'IHeHHe 3KCnepHMeHTanLHLIX 
,naHHLIX ll03BOllJIT y>Ke B 6nH>Kaiiwee BpeMJI HaMHOrO TO'IHee 
oneHHTL S -sonHOBLie ,nnHHLI 7777-pacceJIHHJI H3 aHanH3a 
peaKUHii 77 N -> 77 77 N s6nH3H nopora H K _, 3 77 - pacna,nos. 
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