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.. S u m m a r y 

T'h + + + t. . ~e" p ➔ rr" n reac ion cross section 
was measured at T" =230 MeV. The isotopical
ly invariant amplitudes of the rrN ➔ rrrrN 
reactions on the threshold in the states ~ 1 -

and P31 were determined. In the framework of·· 
the "soft" pion theory there were determined 
the s-wave "" scattering lengths: 
a 0 = 0,18:!::0,02 m;~ a:!=-0,07:!::0,0l m;1 

The estimates of the cross sections of 
the rr+p ➔ rr+rr 0 p reaction at T" =230 MeV and 
Trr =275 MeV and of the rr+p ➔ rr+rr~ reactio~ 
at T" =275 MeV were obtained. There were de
termined the cross sections of the radiation 
scattering of "+ -meson on a proton with the 
emission of hard y -quanta ( Ey > 50 MeV ) .at 
230 and 275 MeV. 

The experiment was performed at the 
synchrocyclotron of the Laboratory-of Nuc
lear Problems (JINR). 

© 1974 O61>eouHeHHb1u uHcmumym J10epHblX uccAeooeaHuu Ay6Ha 



:1. Beeoeuue 

3KcnepHMeHTanbuoe · e3y 1-1euue peaKu,eii TT N ➔ r. TT N 
B6JIH3H nopora npe,ncTaBll.!IeT HHTepec C TO'IKH 3peHHH 
onpe.neneHHH HH3K03HepreTH'leCKHX napaMeTpOBilHOH-nHoH
uoro B3aHMo,neiicTam1. B pa6oTax rpH6oaa, AncenbMa, 
AHHCOBH'la/1 / IlOKa3aHa npHHU,HilHaJibHaH B03MO)Kll0CTb onpe -
.neneHHH s -aonHOBbIX AJIHH. IlHOH-nHOHHoro pacceHHHH H3 
auanH3a pacnpe,neneHHH co6bITHii TT N ·• TT r. N no ,nHarpaMMe 
,nam~u.a. B pa3JIH'IHbIX aapHaHTax TeOpHH "MHrKHX" IlHOHOB 
npe,ncKa3bIBaeTCH onpe.neneHHaH 3aBHCHMOCTb 3HepreTH'lec
Koro xo.na ce'leHHii peaKu,Hii r, N , TTr. N. · a6nH3H nopora 
OT AJIHII pacceHHHH IlHOHOB /'2/. OTMeTHM, 'ITO ,nnH npHMeue
HHH Toii HJIH HHoii TeopHH c u.enbJO H3BJie1Ie11m1 Hu«fiopMaU.HH 
0 HH3K03HepreTH'leCKOM li 11-03aHMO,neiiCTBHH, B npou.eccax 

TT N ➔ rr 11N o6JIH3H nopora., ueo6xo,nHMo HMeTh ,naHHbie 
0 HeCKOJibKHX KaHanax peaKU,HH. 

B uaCTOHll.J,ee opeMH cpaBHHTeJibHO ,neTaJibHO H3y'leH 
TOJlbKO OAHH Kanan peaKU,HH 17 N ➔ 17 TT i\ B6JIH3H nopora/1-s/ 

r, p ., r, + 11 n • /1/ 

U.enh ,nauuoii pa6oThI - onpe.nenHTb ceqeuHH ueynpyroro 
B3aHMO,neiicTBHH TT+ - Me 30Ha C npOTOHOM 

Tr+ p ➔ 17+ TT+ n 

11+p ➔ 11+11° p 

11+p ➔ 11+y p 

npu JueprHHX uaneTaJOll.J,ero Me3oua a n.c. T 
H T

77 
- 275 M3B. TT 

/2/ 

/3/ 

/4/ 

,230 M3B 



2. H3Mepeuue noAHblX C€?<1euuii. Me11wouKa 
u pe3yAbmambl 

Pa6oTa BhlnOnHJlnacL ~OT03MYilLCHOHHOH MeTOAHKOH B 
,l(y6He, Jlccax H YnaH- Ea Tope. MeToA noucxa H oT6opa 
C06hlTHH, HAeHTH~HKaD;HH KaHanoB peaKD;HH noAp06Ho onucaH 
a pa6oTe 16 1, rAe coo6ID;anucL npeAaapuTenLHhle pe3ynL
TaTL1 u3yqeHHJ1 HeynpyrHx B3aHMOAeiicTBHii npu T

77
-23O M3B. 

qeTLipe KaMephl pa3MepaMH 1OxlOx6,5 CM 3 H TpH -
pa3MepaMH 1Ox2Ox4,5 CM 3 06ny11anHCL 11 + -Me3oHaMH C 
3HeprHJIMH 245 ± 8 H 295±8 M3B, cooTBeTCTBeHHo; Ha 
CHHxpou;uxnoTpoHe JIJIII 0HJIH. IIoucK co6hlTHii, npuHaA., 
ne)KaID;HX peaKD;BJIM /2/- /4/, np0BOAHilCJl no OCTaHOBKaM 
1T + -J4e30HOB. CneAyeT OTMeTBTL, qTo npH nOHCKe 17+ p -
B3aHMOAeHCTBHH no OCTaHOBKaM 77 + -Me30HOB B KaMepax 
Bhl6paHHOrO pa3Mepa HCKmoqanHCL peaKD;HH ynpyroro 17+ p -
B3aHMOAeiiCTBHJl, a TaK)Ke peaKD;HH KBa3Hynpyroro ·Bhl6B
BaHHJl npOTOH0B H3 JlAep ~OT03MYilLCHH, T.K. npH TaKHX 
B3aHMOAeHCTBHJIX BTOpHqHhle 77 +-Me30Hhl BhlXOAHnH 3a npe
AeJihl KaMephl. IlpB npOCMOTpe o6ID;ero 061>eMa 157 CM 3 

3MynLCHH 6hlno HaiiAeHo 20.000 OCTaH0BOK 17+ -Me30HOB. 
Ilocne npocne)KBBaHHJl HaiiAeHHhlX no 0CTaHOBKaM cneAOB 

1T + - ~e 30HOB 3aperHCTpHpoBaHO 12000' H,eynpyrBX B3aHMO-
AeHCTBHH 17+-Me30HOB C npOT0HaMH B JlAPaMB B~OT03MynL
CHH. Ha nepBOM ;nane H3 HHX OT6BpanHCL TaK Ha3hlBaeMhle 
"BOAOPOAOnOA06Hhle" C06hlTBJl 6e3 BBAHMoro CJieAa HApa 
OTAaqu B COAep)KaID;He, nOMHMO BTOpHqHoro 17+ -Me30Ha, 
eID;e 0AHH cneA. 

B AanLHeiimeM H3MepJlnBCL T0nLKO Te co6hlTBJl,.B KOTO
phlX BTOpoii cneA OKaHqBaancJl B KaMepe. 3TH C06hlTHJl 
aHanH3HpoaanucL Ha 3BM npH IlOMOID;H CHCTeMhl nporpaMM 
AilJl aHanH3a JlAepHhlX peaxu;uii B ~OT03MynLCHOHHhlX KaMe -
pax·/7 /. B cnyqae, ecnu BTopoii cneA npuHaAne)Kan 1r+-Me-
30HY, OH OAH03HaqHo HAeHTH~HD;HpoaancJI no xapaKTepHOMy 

1T ➔ µ ➔ e pacnaAy, H TaKHe C06hlTBJl aHanH3HpoaanBCh Ha 
npeAMeT npBHaAne)KHOCTB peaxu;iiB /2/; ecnB )Ke cneA 
npuHaAne)Kan TJl)Kenoii qacTuu;e, To ee 3apJ1A B Macca He 
onpeAenJinBCL, B C00TBeTCTBYIOID;He C06hlTBJl aHanB3Bpo
BanHCL no KBHeMaTBKe pe~KD;BH /3/. B j4/. B pe3ynLTaTe 
TaKoro aHanH3a npH 3·HeprHB T
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"" 230 M3B 6hlno BAeHTB-
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~HD;HpoBaHo 7 co6LITHB C ABYMJI BTOpHqHhlMH IT+ -Me30HaMH, 
6 H3 HHX ·yAOBneTBOpJinH KHHeMaTHKe peaKu;HH · /2/. Ilpu 
3HeprHH T 77 ""275 M3B HaiiAeH O.I(HH cnyqaii c ABYMJI BTo
PH'IHhlMH 17+ ·Me30HaMH~ KOTOphlii. YAOBneTBOp.an KHHeMa-
THKe peaKD;HH /2/. .• . . ' . 

DLinO OT06paHO H npoaHanH_3HpOBaHO TaK)Ke 610 2-ny
qeBLIX 3Be3A c OAHHM BTopuqHhlM 1r+·Me30HOM B BTOPbIM 
cneAOM, KOTOphlii OKaHquaancJI B KaMepe B BMen AilBHy, 
npeBhlWB.IOID;YIO l MM /nocneAHee Tpe6oBaHBe BBeAeHO AilJl 
yMeHLWeHHJl . BKnaAa ~0-HOBLIX C06hlTBB Ha JlApax ~01'0-
·3MynLCBB/. OKa3anoch, qTO npB 3HeprHB T 1T ,;,230 M3B 
5 co6hlTBB YAOBneTBOPJIIOT KBHeMaTHKe peaKD;HB /3/H 24 -
KHHeMaTBKe peaKD;BH /4/ npB Ey > 50 M:JB. IlpH 3HeprHB 
T17 ""275 M3B KHHeMaTBKe peaR,uuu /3/ YAOBneTaopJIIOT 

4· co6hlTHH H KBHeMaTBKe peaKD;BB /4/ npil E' > 50 M3B -
11 co6LITHH. · '• · y · 

,l(nJI onpeAeneHBJl ceqeHBii peaKu;Bii /2/-/4/yqBThlBa
nucL nonpaBKH, CBJl3aHJiLie C 3~~eKTHBHOCTLIO noHcKa oc
TaHOBOK 77 + • Me 30HOB, npocne)KBBaHBJl TpeK0B B onpeAeneliBJl 
nepauqHoro •· noToKa "+ -Me30HOB. · ~n.11 Ka)KAOro TBna peax
u;uii onpeAenHnacL reoMeTpuqecKaa 34><l>eKTHBHOCTL KaMep 
no MeTOAY MoHTe- Kapno: 

OAHBM H3 rnaBHLIX aonpocoB npH oripeAeneHHH ce11e
HBB B3aBMOAeHCTBBJl Ha B0AOPOAe ~OT03MynLCHOHHLIM Me -
T0AOM .HBJIJIIlCJI yqeT ~OHS." BcneACTBBe B3aBM0,lleHCTBHH 

~ ' . . ' . 

Ha ,llpyrux HApax, BXO,llJIID;HX B COCTaB ~OT03MYilLCBH. ,l(nJI 
onpeAemrn~.11 BKna.ri;a ~oHa B pea1<_u;BB /2/- / 4/ npBMeHJ1nCJ1 
cneAyIOID;BH MeTO.ll / 3 ,6 I. · 

,l(n.11 acex AByxnyqeBLIX "i30AOPOAOnOA06Hhlx'°' co6LITHH 
N HMeeT MeCT0 COOTHOWeH:ee .· ' ' 

N = N'H + N cp /5;• 

r,lle NH - . BCTBHHoe qucno. co.6hlTBii Ha BO.llOPO.lle., N 1~ - · quc
no ~OHOBhlX co6LITBB B pe3ynLTaTe- B3aBMOAeHCTBBB C JIA• . . . ·-, . ., ..... 
paMH. . . 

,l(nJl AByxnyqeBhlX COPhlTBB' .n, K.O.TOphle YAOB~eTBOP,!IIOT 
,KHHeMaTBKe peaxnBB Ha B0.llOP0,lle, cnpaBeAnHBO 

n = aNH + {3N cp , ' /6/ 

5 



r.I{e Ko3<W>~aeHT a onpe.I{enaeTca rpaaaqaLJM 3HaqeHHeM 
x2rp., 3aA,aIOmHM MHHHManLHLiii ypoBeH~ .I{OCTOBepHOCTH, 

c KOTOpLIM co6LITHe .I{OJDKHO YAOBneTBOpHTL KHHeMaTHKe 
.I{aHHOH peaKl{HH /nanpHMep, J{HH .rHnoTe3 C O.I{HOH CTeneHLIO 
cao6oALI npu xip. = 4 a = 0,96/. Ko3<W>HnHeHT f3 onpe
AenaeT, xaxaa qacTL co6LITHii Ha HApax HMHTHpyeT peaxnHIO 
Ha BO.I{Opo.I{e. EcnH K034xl>HnHeHT f3 · H3BeCTeH, TO, pewaa 
CHCTeMy ypaaHeHHH /5/- /6/, MO)KHO onpe.I{eHHTL HCTHHHOe 
qucno co6LITHii Ha BO.I{opo.I{e N 8 H qucno «tionoaLix co6LITHii 
BCHe.I{CTBHe B3aHMO.I{eHCTBHH Ha H.I{pax. ,lJ.nH oni;>eAeHeHHH 

K034xl>HnHeHTa f3 HCilOHL3YIOTCH 2-nyqeaLie co6LITHH C 
HBHLIM npB3HaKOM B3aHMO.I{eiicTBHJI Ha H.I{pe, T .e. co6LITHH 
C BB.I{HMLIM cne.I{OM H.I{pa OT.I{aqu HHH co cne.I{OM 3HeKTpOHa 
B neHTpe 3Be3.I{LI. ,lJ.anee .I{enaeTCH npe.I{IlOHO>KeHHe O TOM, 
qTo x 2 -pacnpe.I{eneHHe TaKHX co6LITHii H x 2 -pacnpe.I{ene
HHe .I{IlJI <fioHOBLIX co6LITHH 6e3 HBHoro npH3Haxa B3aHMo
.I{eHCTBHJI Ha H.I{pe 0.I{HHaKOBLI. Tor.I{a K03cW>HnHeHT f3 onpe
,I{enJleTCH OTHOWeHHeM qacna n R ( X 2 < X ~ p. ) co6LITHH 
.I{Byxnyqeaoro THna C npH3HaKOM H.I{pa. YAOBHeTBOPJIIOU{BX 
KHHeMaTHKe ,I{aHHOH peaKUHH, K IlOHHOMY qacny Ng co6LI
THH .I{Byxnyqeaoro THDa C npH3HaKOM .11.I{pa: 

(3 = n ( X 2 < X 2 } /N . 
5I l;'p. . g 

B pe3ynLTaTe npoBeAeHHoro TaKHM o6pa30M yqeTa 
axna.I{a acneACTBBe B3aHMOA.eiicTBHii Ha .11.I{pax 4ioT03MynL
CHH OKa3anocL, qTo 3TOT BKHa.I{ B nonHoe qucno C06LITBH, 
YAOBneTBOp.1110mHx KHHeMaTHKe peaxnuii /1/-/2/' COCTaa
HJleT /20 ± 5/t:fo. a An.11 peaxnuii /3/- / 4/ paaeH /50 ±I 5/t:fo. 

Ceqeuu.11 peaxuuii /2/- / 4/ npu 3uepru.11x T 
17 

== 230 M 3B 
H T17 == 275 M3B npuae.I{eHLI B 111a6A. 1. B yxa3aHHLIX owu6xax 
yqTena Heonpe.I{enennocTL a onenxe cl>oHa. 

,lJ.n.11 cpaaHeHH.11 _B Ta6nuue 1 npuaeAeHLI ceqeau.11 peax
uuii /2/-/4/ npH 3Hepruu 300 M3B, nonyqeHHLie a UEPHe/8/ 

Ha puc. 1 u 2 npHBe.I{eHLI HMeroU{Beca .I{aHuLie no ce
qeaa.11M peaKl{HH /2/ H /3/ AO 3HeprBH 400 M3B. Mo>KHO 
OTMeTHTL, qTo nonyqeHHLie HaMH ceqeHHJI DOATBep>KAaIOT 
TOT cl>aKT, qTO C yaenaqeHHeM 3HeprHH B6IlH3B nopora 
ceqeuae a(11+ 11 + n) pacTeT 3HaqaTenLno Me.I{neHnee, qeM 
ceqeaae a ( 11 + 11°p) • 
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O' (.1r+1t•n) M6H 

0,4 

b,3 

0,2 

}=O 

0,1 2 

170 200 230 260 290 320 350 380. T,r Mi& 

Puc. I. lloA11oe ce'-1e11ue pea1<11uu /2/.1 Tf.ope111u'-lec1<ue 1<pu
eb1e n0Ay'-le111,, no (JopMyAaM pa6011JzL 2 c y'-lemoM apw;pMe-
111u'-lec.1<oi1 nonpaeKu /M11oxu•eAb v 2 /, y1<a3a1111ou JloMo
H0M 121 I To,Ku: • - 11ac110,1111aJ1 pa60111a, o - pa6011a /Bl, 
□ - pa60111a /1.J I. 

3. OnpeoeAe11ue u30111onu'-lec1<u- u11eapua1111111b1x 

aMnAumyo pea1<11ut1 1r N ➔ rr rr N 11a nopoze e coc1110J1HUJ1X 

PlluP:n. 

B pa60Te/I 2/ 6Lino IlOKa3aHo, 'ITO KBa,npaT MaTpH'IHoro 
:meMeHTa pea1<UHH /1/ B6nH3H nopora .no :rnepr:uu T TT= 

260 M3B HMeeT BH,n: 

I M I 2 
= I A I I 2 

{ 1 + C ( k 122 - ½ E) } , /7 / 

8 

r.ne A 1 - .noporouoe 3Ha'leHHe aMnnHTy,nLI peaKUHH, k ~2 -
KBa,npaT OTHOCHTem.Horo HMilYilbCa KOHe 11HLIX IlHOHOD, E -
BLI,neneHHa.H ·3HeprHH D c.u.M., C - IlOCTOJIHHa.H, pauHa.H 
3,7±0,6. IIpH HHTerpapoBaHHH no $a30BOMY o6'beMy BKna.n 
OT BTOporo qneHa u BLipa)KeHHH /7 / paBeH Hymo, a IlOilHOe 
ce11eHHe peaKUHH /1/ HMeeT BH,n 

a ( TT+ 1T - n) = p 2(E/m1T) 2 , p 2 = 0,38 ± 0,05 MOH, 

O(,r•n•p) M6H 

0,7 

0,6 

o.s 

o., ,, 

0,3 

0,2 

0,1 

i 
t N 

170 200 230 260 290 320 350 380 t10 T,rM3g 

Puc. 2. lloA11oe ce'-1e11ue pea1<11uu /3/. r
1

o..,1fu:. • - nac11101J-
1
. 

111aJ1 pa60111a, o - pa6oma/B!, . l'1. - pa6oma IO I, 11 - pa6oma1 11 
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T.e. pacTeT nponopUHOHanbHO $a30BOMY o6~eMy. 3TO 03-

HaqaeT, qTo nonHoe ceqeHHe peaKUHH /1/ onpeAenxeTCH 

TOnbKO noporOBblM 3HaqeHHeM aMnnHTYAbI peaKUHH. Ilpo-

HOPMHpyeM noporOBble 3HaqeHHH aMnnHTYA peaKUHH 

TT N ➔ TT TT N TaKHM o6pa30M, qTo6bl nonHble ceqeHHH B6nH-

3H nopora paBHHnHch: 

2 2 
a = I >..I ( E / m TT ) , /8/ 

ecnH KOHe'IHble IlHOHbl He TO~eCTBeHHbl, H 

a = -½ l>-12 ( E/mTT ) 2 ' /9/ 

ecne KOHe'IHble IlHOHbl TO>KAeCTBeHHbl. TorAa Ang noporoBo

ro 3HaqeHHjf aMnnHTYAbl peaKUHH /1/ HMeeM 

I Al 12 = p 2 = 0,38±0,05 M6H. 

)J;ng peaKUHH TT+ p ➔ TT+ TT+ n , npHHjfB, qTo nonHoe ceqe -

HHe AO 3HeprHH TTT = 230 M3B HMeeT BHA /9/, nonyqaeM 

I A 21 2 = 0,62± 0,31 M6H. 

MoAynH aMnnHTYA A l • A 2 B eAHHHnax KOMilTOHOBCKOH 

AnHHbl BOnHbl IlHOHa paBHbl: 

I A I I 

I A 2 f 

= 0,14±0,01 m-1 

= 0.18 ± 0,05 

TT 

m -1 
TT 

AMilnHTYAbl A 1 H A 2 Bblpa>KaIOTCH qepe·J H30TOfiHqeCKH· 

HHBapHaHTHble aMnnHTYAbl peaKUHH TT N ➔ TT TT N B co -

CTOHHHHX P 11 H P3 l cneAYIOIUHM o6pa30M: 

10 

i 

0 
;I 
:· 

>.. 1 = 1 F 31 
&/5 

A 2 = V 1 F 31 

• I 2 
v_ F 11 

3 
/10/ 

cl>a3bl aMnnHTYA F 11 H F 31 COOTBeTCTBeHHO paBHbl $a3aM 

ynpyroro TTN -pacceHHHH o 11 H 031 B COCTOHHHjfX P 11 H 

p 31 /HnH OTnHqaroTCH OT . HHX Ha TT; 3TO 03HaqaeT, 'ITO 

OTHOCHTenbHbIH 3HaK peanbHblX qacTeii aMilnHTYA F 11 H 

F31 - HeonpeAeneHHbIH /l 3/ /. Hcnonb3yg cooTHoweuHg 

/10/, nonyqaeM AnH noporoBblX 3HalfeHHii MOAyneii aMnnH

TYA F 11 H F 31 HHXOTHOWeHHgx=IF11I/IF31I: · 

IF11I 0,35 ± 0,03 m;1 

I F31l = o.~ ± 0,05 m;1 /11/ 

X = 1,8 ± 0, 4 , 

ecnH peanbHble lfaCTH I• 11 · H F 31 HMeIOT OAHHaKOBblH 3HaK, 

H 

I Fl 1'1 

I l\1 I 

0,23±0,03m;1 

0, 20 ± 0, 0 5 m - I 
TT 

X = 1,2 ± 0,4 , 

ecnH peanbHble lfaCTH F 11 H F31 _HMeIOT pa3Hble 3HaKH. 

3HaHHe H30TOilH'leCKH·HHBapHaHTHblX aMnnHTYA Il03BO· 

ngeT npeACKa3aTb celfeHHjf B6nH3H nopora H AnH APYrHX 
KaHanoa TT N ➔ TT TT N. AMnnHTYAa pea~UHH TT- p ➔ rr.0 TT

0
n Bbl· 

pa>KaeTcg qepe3 aMnnHTYAhl F 11 H F 31 cneAYIOIUHM o6pa-

30M: 

A =-2-F·+.i.J:F 
4 3,j5 31 3 . 11 ' 

II 



u· + + . 0 
a aMnnHTy,na peaKD;HH rr- p ➔ rr - rr p 

1 
A 3 = - F 31 

-./10 

II_pe.ncK~3aHHI,Ie ceqeuu.11 peaKn;Hii TT- p ➔ rr 0 rr 0 n H 
TT- p ➔ rr- rr 0 p /c yqeToM pa3nuqu.11 B q>a30BLIX 061,eMax/ 
npH 3uaqeuu.11x !Fll l=0,35m-;_1 , IF31 l=0,20mj npHBe,neHLI 
B ma6A. 2. ,D;n.11 cpaBHeHH.11 npHB0,IJ;.IITC.11 TaIOKe ceqeHH.11 
pea~n;Hii /1/ H /2/ npu 3uaqeHH.11x l A 1 1

2
= 0,38 M6H H 

]A
2
i = 0,62 M6H. 

OTMeTHM, qTo, ecnH HCil0ilb30BaTI, BTopoe B03M0:lKH0e 
3Haqeuue /12/ ,nn.11 !Fu! =0,23, To npe,ncKa3LIBaeMoe 3Ha
qeuue ,nn.11 ceqeuu.11 a ( TT O 

11 ° n) nonyqaeTc.11 aH0Man1,uo HH3-
KHM /uanpHMep, npH TTT,,,,23O M3B a(rr 0 rr 0n)=3 MK6H/. 
TaKoe pe3Koe na,neuue ceqeuu.11 peaKUHH TT-p ➔ TT 0TT 0 n 
B noporoaoii o6nacTH npe,ncTaBn.11eTc.11 Manoaepo.11THLIM. 

4. OnpeoeAeHue s - B0AH0BblX 0AUH TT1I - pacceJIHUJI 
e paM1<ax meopuu "MJ121<ux" nuonoe 

B paMKax TC0PHH "Ma:rKHX" IlH0H0B s -B0nH0Bble ,nnH
HbI TT'TT -pll.CCC.IIHH.11 ao H a 2 MO:>KH0 uenocpe,nCTBeHH0 
onpe,nenHTb H3 3KCnepHMeHTanLHbIX 3uaqeuHii Il0nHbIX ce
qeHHH peaKIJ;HH /1/ H /2/ a6nH3H nopora/2

/. Pa3HLie Ba
puaHTLI Te0pHH " M.IIrKBX" IlH0H0B npe,ncKa3LIBalOT pa3nuq
uoe noae,neuue ceqeuuii peaKUHH rr N ➔ TT rr N a6nH3H nopo
ra. OTnuque B 3THX npe,ncKa3aHH.IIX npH HH3KHX 3HeprH.IIX 
CB0,D;HTC.11 K pa3nHqHl,IM BLI6opaM o,nuoro e,nHHCTBCHH0r0 
napaMeTpa /o6Liquo 0603uaqaeMoro qepe3 ( /, KOTopLiii 
onpe,nen.11eT BKna.n uapywaiomux • KHpan1,uyio cHMMeTpHIO 
qneH0B /co,nep>K'.all(HX Macey IlHOHa/ B, 34>4>eKTBBHble nar
pau:>KHaHLI npon;eccoB TTTT ➔ rrTT , rr N ➔ TT rrN a6nH3H 
nopora. B paMKax TC0PHH "M.IIrKHX" IlH0H0B HeT CTporBX 
orpauuqeuii ua (; 3T0T napaMeTp 3a,naeTc.11 nocpe,ncTB0M 
,nononHHTenLHLIX Mo,nenLHLIX npe.nnono:>KeHHii. TaK, uanpu
Mep, B M0,nenu Baiiu6epra /l 4/ ( = 0 , . B Mo.nenH Illauure -

12 
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pa / 15 / g= 1, B Mo.n;enH 11aHra H rropce,i: /l6/1.;=-2/3. s·Bon
HOBhle ,AJIHHhl TTTT -pacceJIHHJI Bhlpa)l(aIOTCJI qepe3 napaMeTp 
g cne.n;yIOU{HM o6pa30M: 

m 
a - TT 5 0- 2 (7--g) 

16 TT f TT 2 

/13/ 

mTT (2+0 
-- 2 

a2- 16TTfTT 

r.n:e KOHCTaHTa pacna.n:a TT ·Me30Ha £TT= 0,83mTT H3 COOTHO· 
weHHJI ronL.n;6eprepa-TpeiiMaHa ~ 

HeH3BeCTHaJI. BeJIH'IHHa g KaK napaMeTp BXO.IJ:HT TaK)l(e 
B Bhlpa)l(eHHe .n;n11 nonHhlX ce11eHHH peaKUBH TT N ➔ TT TT N 
B6JIH3H nopora. IlpocTeiiwuii BH.IJ: .n:n11 34><l>eKTHBHoro narpan
iKHana nponecca TT N ➔ TTTT N npuao.n;uT/2/ K cne.n;yroll\eii 
3aBHCHMOCTH IlOJIHhlX ce11eHHH OT napaMeTpa g: 

a ( TT N ➔ TT TT N) = j A ( g) j 2 • a• Q2<i>a30BhlH 06-LeM, 

r.n:e a= 1/2, eCJIH KOHe'IHLie IlHOHhl TO)K,AeCTBeHHhl, B npo
THBHOM cnyqae a= l . Q - BeJIH'IHHa HMilYJILCa HaneTaIOU{e
ro TT ·Me3oua a c.u.M. AMnJIBTY.Ahl A( g) .n:n11 pa3HhlX 
KaHaJIOB TTN ... TTrrN BMelOT'BH.IJ: /npH f;r=0,83mrr/: 

A ( rr+ rr-n) 

A(rr 0 rr 0 n) 

-1,36 + 0,6 t 

2,ll-0,3f 

- + A(rr+rr+n) =2y2A(rr-TT 0 p) =l,5l+0,6g. 

/14/ 

* 31<cnepBMeHTaJILHOe 3Ha'leHBe fTT = 0,93mi7, Il03TOMY 
B 4'opMynax TeOpHH "M.llrKBX" IlHOHOB 3Ha'leHHIO f o6hl'IHO 

• TT 

npHilBChlBaeTC.11 .n;eC.IITBilPOUeHTHa.11 ueonpe.n:eneHHOCTb. 

14 

TaKHM o6pa30M, H3MepHB ce11eHH.II pa3HhlX KaHaJIOB 
11N ➔ TT TT N s6IlH3H nopora, MO)l(HO onpe.n;enHTL napaMeTp 
g H TeM caMLIM - .IJ:JIHHhl pacce.llHH.11 ao H a 2 , . 

HcnoJIL3YJI .n;aHHLie no a( TT- p ➔ TT+TT- n) /3t a6JIH3H nopo
ra, nony11aeM 

A(rr+ TT- n} = -l,36+0,6g=±(l,2±0,l). 

OTcro.n;a nony11aeTc.11 .n:sa 3Ha11eHu.11 napaMeTpa g : 

( = 0,27 ± O,Xl 

[ = 4, 3 ± 0, 20 . 
/15/ 

Ce11euue peaKUHH a (rr+ p ➔ TT+ rr+ n) npu T TT= 230 M3B 
.n;aeT: 

A( TT+ 11+ n) = l,5l+0,-6g=±(l,54±0,38) . 
OTcro.n;a TaKiKe nony11a10Tc.11 .n:aa 3na11enu11 .n:mr napaMeTpa g: 

g = 0,05 ± 0,63 

f =-5,0 ± 0,63. 
/16/ 

J;fa cpaaHeHHJI /15/ H /16/ nony11aeM O.IJ:H03Ha1my10 
BeJIB'IHHY .IJ:Il.JI g ~ 

# 
g=0,25±0,al. 

Hcnonb3Y.II BhlpaiKeHH.11 /13/ .l{JIJI .IJ:IlHH pacceJIHHJI a OH 

a2, HaXO.IJ:HM 

a0 =( 0,18 ± 0,02) m;1 

a2 =(-0,07±0,0l)m-;;_l 

ao /a2 = -2,6 ±0,5. 

Ilony11eHHLie 3Ha'leHHJI napaMeTpoa nh11we cornacy10Tc11 
c npe.n;c1<a3aHHJIMB Mo.n;enu Baiiu6epra 14 I./ f = 0 , a O ==O, 20 
m;I , a 2 = -0,06m; 1/. Ha puc~ 1 npHae.n;eHLI ce11enu11 

peaKUHH /2/ npu paimi'IHhlX 3Ha11eHBHX g , Bbl'IHC.UeHHble 
no 4'opMynaM /14/ /2/, OTMeTHM, 'ITO npu6nHiKeHue, npu-

15 



t <,(1T+ lP; £i>50 M3&) M6H 

1,6~ 
I 

1,4 

1,2 

1,0 

0,8 

0,6 
3 

0,4 2 

0,2 1 

100 200 300 4QQ Trc M.3& 

Puc. 3. Cet.teHue peaKlJUU 11+p ➔ 11+y p . /E :i, 50 M3B/. 
CnAq"'HbJe Kpµeble 1,2,3 - peayAbmambJ pac..,lmoe e pa6o
max /1 7, 18, 19 / coomee111cmeeHHO. llyHKmupoM noKa3aH pe
ayAbmam pact.tema · c yt.temoM ouazpa:.WM, u3o6paxeffH,bJX Ha 
puc. 4. To'IKU: • - Hacmo.1u11a.11 pa6of"a, o - pa6oma 181. · 

,/ , \ ,, ' ,, ' , 

)=\ >=< ,8 ·H 
~, M>=1=< / , \ , 

Puc. 4. HcnoAb3060HHbJe c)uazpaMMbJ npu BbJ'IUCAeHUU 
ce'leHUJI peaKijUU. 17+ p ➔ i7+ ,y p /cM. nyHKIIIUP puc. 3/. 
H3Ay'leHue MaZHUIIIHbJX MOMeHmoe npomoHa u U306apbJ He 
y'-IUl/lbJBaAOCb. BOAHUCl/laJI AUHUJI - y - KBaHm. llyHKIIIUp -
17~ - Me30H. CnAouma.11 AUHUJI - npomoH. ,lfeoiiHaJI AUHUJI -
uao6apa ti 

33 
,( 1236) . · 

.-16 

MeHeHHOe B pa6or-e 121, · cnpaae~nuao B o6nacTH 3Hepruii, 
AOCTaTOqHO 6nH3KHX K nopory. PacqeThl C yqeTOM anar
pam1CHaHe qneHOB, AalOlllHX' BKnaA B ceqeHHe peaKUHii 
17 N ➔ 17 17, B/06naCTH 6onee BhICOKHX 3Hepruii, BhIIlOnHeHhl 
a pa6orax 22 • 

5. PaouatJUOHHoe pacce.11Hue 11 + - MeaoHoe 

IIonyqeHHhle HaMH oueHKH ceqeHHH peaKUHH 17+ p ➔ 17+ y p 
noKa3anu, qro paAHaUHOHHOe pacceHHHe c ucnycKaHHeM 
>KeCTKHX y -Kaa~TOB HBnHeTCH rnaBHhIM HeynpyrHM KaHa.
noM 11+p-a3aHMOAeHCTBHH npu 3HeprHBX HH)Ke ~=300 M3B. 
Ha puc. 3 3TH oueHKH cpaBHBBalOTCH C pe3ym,TaTaMB 
npoaeAeHHoro HaMB pacqera no MOAenu MycaxaHoaa/2o I 
/nyHKTHp/ C ucnonL3OBaHHeM ABarpaMM, H306pa)KeHHhIX 
Ha puc. 4, a raK>Ke c reoperuqecKBMH pacqeraMH liae:epa 
B AP> 19 / C BCilOnb3OBaHHeM 3cW>eKTBBHOro narpaH)KBaHa 
B TeopBB "MJlrKBX" nBOHOB, c pacqeTaMB .6apraaa118/ no 
anre6pe TOKOB B C pac,eTaMH Kapy3epcal17 / no CTaTHCTB
qeCKOH MO~enB H):'KnOHa. B ABYX nocneAHBX pacqerax He 
yqBTbIBanoCL B3nyqeHBe y -KBaHTOB npOTOHOM. 

XoT H OWB6KB B oueHKax ceqeHBH peaKUBH 17 + p ➔ 17 + y p 
npu T 17 = 230 ii 27§ M3B aenHKH, MO)KHO cKa3aTL, qro 
nonyqeHHhle HaMB 3KcnepuMeHranLHhle 3HaqeHHJI ceqeHHH 
xopowo cornacyrorcB c MOAenBMB MycaxaHoaa H Eaiiepa 
B B 2-3. pa3a 6onLwe 3KCnepuMeHTanLHoro 3HaqeHBB liep
Heca H Ap./8/ H reoperuqecKux pacqeroa, npoBeAeHHhIX 
a pa6orax /l7, 181. 

B 3aKnroqeHHe aBTOphl Bhlpa)KalOT 6naroAapHOCTb 
M.K.BonKoay B B.H.IIepaywuHy 3a none3Hhle o6cy)KAeHBJI. 
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