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1. BeeOeHue 

BJaHMo,neilcTBH.H qacTHU BLICOKHX :mepruu c aToMHLIMH 
.H,npaMH .HBJJ1110TC.H llOJJe3HbiM HCTOl.fHHKOM HHcPOpMaUHH 0 
.H,nepHLIX CTPYKTypax. B qacTHOCTH, HJyl.faiOTCJI paJMepLI 
.H,nep u cPYHKUH.H nnoTHOCTH pacnpe.neneHHJI HYKJJOHOB a H,n
pax/ll, OTHOWeHHe llJJOTHOCTH HeHTpOHOB H npOTOHOB B ne
puclJepH"'eCKOB o6nacTH JI,nepl 21, cTpyKTypa rny6oKone*a
JUHX 3HepreTH1.feCKHX ypOBHeH nerKHX H cpe,nHHX .H,ne~ IJI 
ciJepMueacKoe .nau*eHue BHYTPH.H,nepHLIX HyKnoHoa14• 1 u 
Koppen.HUHH Me*.nY HyKnoHaMH BHYTPH g,npa161 Oco6Liii 
HHTepec Bbl3biBaiOT HCCJJe,noBaHH.H COCTaBa aTOMHbiX JI,nep: 
KnacTepHLIX accouuaiJ,ua17 1 runep.H,nep 1111 , nanHl.fHJI 6apu-

l91 ' OHHLIX pe30HaHCOB , a TaK*e, 6b1Tb MO*eT, llHOHHOrO 
raJa I 1 IJ~ IllupoKo o6cy*.naeTc.H aonpoc o TaK Ha3LIBaeMoM 

I II! 
II - KOH,neHca Te B cpe.nHnx H T JI*enLIX H,npax . Onpe.neneH-

HOe BHHMaHHe y,nen.HeTC.H TaK*e KBapKOBO- napTOHHOMY no,n
xo.ny K aonpocy o cTpoeHHH aTOMHLIX g,nepl 12 1. 

B HacTOHIUeii pa6oTe npuae.neHLI peJynLTaTLI uccne.no
aaHHJI yrJJOBbiX H 3HepreTH1.feCKHX ClleKTpOB rr

0 
- Me30HOB, 

ucnycKaeMLIX a rr - Xe -aJauMo,neiicTBHJIX npu 2,34 u 
3,5 F3B/c. liJyqaJJHCb .nayxMepHLie pacnpe.neneHH.H rr

0 ·Me-
30HOB H3 peaKUHH: 

rr + + Xe -> rr 0 + ( N 
3 

= 0 ; 1 stop) , /1/ 

a KOTOpLix JaperucTpupoaaHa He 6onee l.feM o.nHa BTOPHl.fHa.H 
3ap.H*eHHaJI l.faCTHUa, OCTaHaBJJHBaiOIUaJICJI B KaMepe, 

+ 
rr + Xe .... ( 71 °-+ 2 y ) + ( N 3 "" 0; 1 stop) /2/ 

H 
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17 + + Xe ... " 0 + ( N 3 ~ 4), /3/ 

N 3 - 'IHCJIO BTOpH'IHbiX 3apJDKeHHbiX qacTH.U, npa2,34 T3B/c, 
a TaK)Ke 

" - + Xe ... 11° + A ', 

" - + Xe ... 11° + p + A ', 

"- + Xe ->11° +11 -+A' 

/4/ 

/5/ 

/6/ 

npa 3,5 T3B/c. U.enLro BblfiOJIHeHHoro aHaJIH3a RBJIReTcs 
Bbl~eJieHHe BHYTPHR~epHOH 3<WJeKTHBHOH MHWeHH, B coy~ape
HHH c KOTopoii o6p:nyroTcs 77° -Me30hbl B paccMoTpeHHbiX 
KaHanax peaK.UHH. Pa6oTbl :BblnoJIHeHbl . c noMOI.l.\LIO 26-
JIHTposoii H 180-JIHTpOBOH KCeHOHOBbiX ny3blpbKOBbiX KaMep. 
MeTo~aqecKHe sonpocbl, Kacaroll\Hecs TeMbl ~aHHOH pa6oTbl, 
H3JIO)KeHbl pauee /IO/. 

2. 3tfitfieKITIU8HbJe C€'l€HUJI 

B ma6Auije npase~eHbl 3Ha'leHHR 3<WJeKTHBHbiX ceqeuaii 
KaHanoB peaK.UHH /1/ + /6/, a TaK)Ke TononoraqecKHX KaHa
JIOB B3aHMO~eHCTBHH: 

11 + + Xe ... 2 y + ( N = 0 ; 1 stop) 
3 /7/ 

npa 2,34 T3B/c, r~e ua6JIIO~anocL He 6onee o~uoii 
BTOpH'IHOH 3ap.II)KeHHOH 'laCTH.Ubl, OCTaHaBJIHBaiOI.l.\eHCR B Ka
Mepe,H 

" + Xe ... 2 y + ( N 3 = 0 , 1 ) /8/ 

npa 3,5 T3B/c. KaK 6biJIO noKa3aHo, B3aHMO~eiicTBHR 
paCCMaTpHBaeMOrO THna npOHCXO~RT rJiaBHbiM o6pa30M 

4 

Ta6nHua 

3HaqeHHB a¢¢eKTHBHhlX ceqeHHA a paanHqHhlX KaHanOB 
77-XeaaaHMOt:leAcTBHA npH 2,34 H: 3,5 faB/c 

PeaKUHB I1MnyllbC a (M6) 
(raB/c ~ 

77 + + Xe ... 2 y + (N = 0; 1 stop ) 
3 

2,34 5,95:!::..1 ,30 

... 1T 0 " 3,70±_0,83 

_,TJO " 0,94±_0,21 

-+17°+ (N 3 ::4) " 410±_25 

" + Xe ... 2 y + ( N 
3 

= 0 ; 1) 3,5 40,9±_2 ,6 

->77°+ A' " 5,5±_0,6 

->77°+p+A' " 6,1±_0,6 

->11° + "- +A' " 19,9±_1,6 

B nepa!IJepH'IeCKOH 06JiaCTH R~pa KCeHOHa: C BepO.IITHOCThiO 
-0,5 OHH npHXO~RTCR Ha 

coy~apeHH.II ~ 0,8 Rxe , 
HHTepBaJI 3Ha'leHHH napaMeT~OB 
RXe - pa~ayc .11~pa KCeHoHa/I I. 

3. KoppeA.RijUJI Mexoy yzAaMu 3Muccuu u 3Hepzueu 
1T 

0
- M€30H08 

Ha puc. 1 npe~cTaBJieHo ~ByxMepHoe pacnpe~eneuae 

77°·Me30HOB H3 B3aHMO~eHCTBHH /1/ no yrny 3MHCCHH 
8 77o H 3HeprHH E 17° -seJIH'IHHaM ,Henocpe~CTBeHHO H He-
3aBHCHMbiM o6pa30M H3Mep.lleMbiM B 3KcnepHMeHTe. HaHe
ceHbl KHHeMaTH'IeCKHe KpHBble, COOTBeTCTBYIOI.l.\He peaK.UHH 
3ap.11~osoro o6MeHa 

77++D..,77°+P /9/ 
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+ 
npa 2,34 F3B/c, a TaK)I(e cTonKHOBeHBJIM rr -Me30HOB c 

MHWeHLIO, COCTOJillleB H3 ~BYX, Tpex H 'leTLipex HyKnOHOB, 

H C rHnOTeTH'IeCKOB MHWeHLIO, HMe10meii Macey, paBHYIO 

100, 80 H 40 M3B. BH~Ho, 'ITO 3KcnepaMeHTanLHO 

onpe~eneHHLie 3Ha'leHHJI ( EJ 77o ,E 77o ) KOnnHMHPYIOTCJI B HH

Tepsane 3Ha'leHHB El77o : 5-15~ COOTBeTCTBYIOllleM 3MHCCHH 

Ha6niO~aeMLIX 77° ·Me30HOB B COy~apeHHJIX rr+ ·Me30HOB C 

BHYTPHJI~epHOB 3~eKTHBHOB MHWeHLIO, Macca KOTOpoi no 

nopJI~Ky BenH'IHHLI COBna~aeT C MaCCOB 77 ·Me30Ha. 

AHanorH'IHLIB BLIBO~ cne~yeT H3 aHanH3a ~BYXMepHLIX 

pacnpe~eneHHB rr 0 
-Me30HOB no El77 o H E 77o H3 pea~Hii 131, 

I 41, 151 H I 61. B Ka'leCTBe npHMepa Ha puc. 2 noKa3aHo 

pacnpe~eneHHe no El77o H E 017°- Me30HOB H3 peaKo;HH 161. 
17 

~~~8--.--.,-r---------------~ 

t:I/ 

4 

m~,· tODMeV 
ffi;w•= 80 
m~·= 40 

IV.,. "1.36 

11r~· .-.. ~~-~- 1 .. •• ' •• ~·. '........ • • 0 •• - .:... a·3Z:!!":·. , •,.-:~Yf?ju~.;~.~,-::...:-<-· . O · . •t:c • ' . · ·•· -.·.·\ 

500 ffXX] 1500 2CXXJ 2500 ELAB(MeV) ,. 
o + X Puc. 1. PacnpeoeAeHue rr - Me3oHoe U3 peaKijUU rr + e-o 

-orr0 +(N
3

=<l;lstoj)) npu 2,34 F3B/c no yz;ry 3Muccuu u no;r
Hoil 3Hepzuu e ;ra6opamopHoi1 cucme.we omc~ema. KuHeMamu
~ecKue Kpue&~e, coomeemcmeyKJfllue peaKijU.RM, nepe~ucAeH
HblM Ha pUCYHKe, 0603Ha~eHbl CnAOIUHbiMU AUHUJIMU. flyHK· 
IIIUPHble Kpuer.re ozpaHU~U8Q10111 o6AaC111b oonycmUMbiX 3Ha
~eHUU 3Hepzui1 U YZA08 3MUCCUU, KOIIIOpbte 00/IJICHO npUHU
MQIIIb - 90,77° - Me30H08 8 CAy~ae UX o6pa308QHUJI Ha HyK
AOHQX, OAJI KOIIIOpbiX t/JYHKijUJI nAOIIIHOCIIIU 8epOJIIIIHOCIIIU pac
npeoeAeHUJI no uMny;rr.caM u.weem 8uo-exp (-p2/2p2) , 
p0 = 200 M3B/c. 0 
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I 

o~ •x·-x··x-

.K -+xe -r~:r•A' 
N~57(J 

JT+p -T"+n 

fi- =35GeV/c 

JlXX) E;.AB(MeV) 

Puc. 2. To xe, ~1110 u Ha puc. 1, HO o;upeaKijuurr-+Xe-o 
-orr0 +rr- +A', A' - ocmamo~Hoe .11opo, npu 3,5 F3B/c. KQe
cma.wu om.we~eHbl cpeoHue 3Ha~eHUJI yvroe 3Muccuu rr0 

-

Me30H06, C001116e111C1116Y10f11Ue YKQ3QHHblM UHIIIepeaAaM 3Ha~e
HUU 3Hepzui1 E 77 o .no ocu a6cijucc o6o3Ha~eHr.r IY Kpec111oe/ 
3Ha~eHU.R oucnepcuu pacnpeoe;reHui1rr0 

- Me3oHoe no yz;ra.w 
3Muccuu, coomeemcmeyKJfiiUe oaHHblM UHmepea;ra.w ~ E 

0 
• 
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KpecTaMH o6o3Ha'leHLI cpe~HHe 3Ha'leHHJI El
77

Q,COOTBCTCTBYIO

lllHe yKa3aHHLIM DO OCH op~HHaT HHTCpBanaM ~ Erro 3Ha'le

HHH E 170 • no OCH a6cu;acc OTMe'ICHLI 3Ha'leHHJI ~HcnepcaH 
pacnpe~eneHHB yrnoB 3MHCCHH EJ

77
o, OTHOCJilllHXCJI K ~aHHOMY 

HHTepsany ~E 77o . BH~Ho, 'ITo 3KcnepaMeHTanLHLre pe-

3ynLTaTLI KHHCMaTH'IeCKH COOTBeTCTBYIOT o6pa30BaHHIO HC

cne~yCMLIX 77° -Me 30HOB B CTOnKHOBCHHJIX nepBH'IHLIX 1T-- Me-

30HOB C 3~CKTHBHOB MHWCHLIO, Macca KOTOpOB COBOa~aeT 
c Maccoii nHoHa. 

4. 06cyxoeHue 3KcnepuMeHma;rr.Hr.rx pe3yAr.mamo8 

EcTeCTBeHHLIM o6pa3oM B03HHKaeT sonpoc o cymHoCTH 

Ha6mo~aeMoro .RBneHH.R, cocTO.R~ero B KoppenJIUHH yrnos 

3MHCCHH H 3HeprHH 77°- MC30HOB, KHHCMaTH'ICCKH COOTBeT

CTByiO~CB CTOnKHOBCHHIO na~aiO~HX 77 ·Me30HOB C 3~eK

THBHOH MHWCHLIO, Macca KOTOpOB COBna~aeT C MaCCOB 

7 



llHOHa. Pe"'b MO:>KCT H,IJ,TH 0 77 -Me30HaX KaK CTpyKTYPHbiX 

3JICMCHTaX nepH<}lepH"'CCKOH 06JiaCTH aTOMHbiX .Jl,IJ,ep aHa

JIOrH"'HO TOMY, KaK, HallpBMep, B BOnpoce 0 CYIUCCTBOBaHBB 

H3o6ap B H,IJ,pax 191 HJIB rHnep.H:,D,ep. B ,IJ,aHHOM acneKTe 

CJIC,IJ,OBaJIO 6LI ycMaTpBBaTb CB.Jl3b Ha6mo,IJ,aeMOrO J<}l<}leKTa 

c uiBpoKo o6cy:>K,IJ,aeMLIM B JIHTepaType sonpocoM o II -KoH

,IJ,eHcaTe, KOTOpbiH MO:>KeT B03HBKaTb B UCHTpaJibHOH o6-

JiaCTH ,IJ,OCTaTO"'HO T.Jl:>KCJibiX .Jl,IJ,ep, r,IJ,e llJIOTHOCTb .Jl,IJ,CpHOrO 

BCIUCCTBa npeBbiiiiaeT HCKOTOpyiO KpBTH"'CCKYJO BCJIB"'HHy/
11 ~ 

Ha o6b.JICHeHHe o6cy:>K,n:aeMoro .JIBJieHH.Jl Mo:>KeT TaK:>Ke npe

TCH,IJ,OBaTb MCXaHB3M O,IJ,HOllHOHHOrO 06MeHa BO B3aBMO-

,IJ,CHCTBBB nepBH"'HbiX 77 - MC30HOB C KBa3BCB060,IJ,HbiMB HYK-

JIOHaMH .Jl,IJ,pa KCeHOHa, TCM 6onee, "'TO B 06JiaCTB 3HeprBB 

s3aBMO,IJ,eiicTBHR nopR,D,Ka HeCKOJILKHX T3B 3TOT MexaHH3M 

XOpOIIIO COOTBCTCTByeT 3KCnepHMCHTaJibHhlM ,IJ,aHHbiM. liO.IJ.

TBep:>K)J.CHHCM 3TOMY MO:>KCT 6h1Tb TOT <}laKT, "'TO 3Ha"'eHBe 

J<}l<}leKTHBHoro ceqeHHR npouecca nepe3apR.IJ.KH 77--Me30HOB 

Ha npoToHax npB 2,39 T3B/c, a= 0,60±0,03 M6/14~ 
xopoiiio cor nacyeTC.Jl c aHanorH"'HLIM 3Hal.leHHeM .IJ.JIH npo

uecca 77+ + n Xe .... 77° + p npH 2,34 T3B/c Ha KBa3Hcso9PJr 

HbiX HCHTpOHaX H,IJ,pa KCCHOHa, aXe = 3,05±0,75 M6 l, 
eCJIH yqeCTb, "'TO .Jl,IJ,pO KCCHOHa 3KBHBaJieHTHO npH 3TOM 

- 5 KB3.3HCB060,IJ,HbiM HeiiTpOHaM/
13

•
15

/. 

,nnH OKOH"'a TCJibHOrO peiiieHHH BOnpoca 0 npHpO,D,e llHOH

HOB MHIIICHH Tpe6yroTCH ,IJ,aJibHCHIIIHC 3KCnepBMCHTaJibHbie 

BCCJIC,IJ,OBaHHH, B TOM "'HCJIC C HCllOJib30BaHBCM pa3JIH"'HbiX 

H,IJ,ep, a TaK:>Ke npH 6onee BbiCOKHX 3HeprHHX B3aHMO,IJ,eii

CTBHH, r,IJ,e npe,D,CKa3aHBH MO,IJ,CJIH O,IJ,HOllBOHHOrO o6MeHa 

CYIUCCTBCHHO paCXO,IJ,HTCH C 3KCnepHMCHTaJibHbiMH ,IJ,aHHbiMB. 

B 3aKJIJO"'CHHC uenecoo6pa3HO OTMCTHTb, "'TO OTHOCH

TCJibHO 60JiblllHC 3Ha"'eHBH J<}l<}leKTHBHbiX CC"'CHBH B3y"'aCMbiX 

KaHaJIOB peaKUBH, B KOTOpblX npOHBJIHCTCH llHOHHaH MHIIICHb, 

yKa3biBaJOT Ha TO, "'TO CTOJIKHOBCHBH 77 -Me 30HOB C a TOM

HbiMH H,IJ,paMB MOryT 6b1Tb BCCbMa llOJIC3Hbl C TO"'KB 3peHBH 

HCCJIC,IJ,OBaHHH TT 77 - B3aBMO,IJ,CHCTBBH. 
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