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«;)1975 06l>eOUH€HHblU UHCJIUIIIYIII AOepHblX UCCAe0060HUU ,4y6Ha 

B nocne,IUIBe HeCICOnLICO neT BHBMRHBe MHOrHX lilB3HICOB 

npasnexaiDT pacnpe~eneHBB no xpaTHOCTBM qacTB~, acnyc

xaeMwx B peaiC~HBX npB BWCOICBX 3HeprBBX. Pa3HWMB rpyn

naMB 3ICCnepBMeHTRTOpOB BCCne~yiDTCB TRICHe pacnpe~ene

HBB ICRIC B 3neMeHTapHWX B3RBMO~eHCTBBBX, TalC B BO B3aB

MO~eBCTBBBX 6:WCTpWX qaCTB~ C RTOMHWMB B~paMB. BWBB

nBIDTCB npB 3TOM ICOppenB~BB Me~y BHTeHCBBHOCTBMH BC

nyCICRHB.R pa3HWX npo~yiCTOB peaiC~Hii/1-5/. I.J.enLID TRICBX 

accne~osauaii JIBnJieTCJI nonyqeuae B03MO)I(HO 6onee nonuoii 

3ICCnepBMeHTanLHOB BH!llopMa~B MJI BWJIBneHBJI MeXaHB3Ma 

pO>K~eHBJI B 3MBCCBB pa3HWX npo~yiCTOB peaK~BB B npo~eccax 

COy~apeHBB qacTB~ B .R~ep npB BWCOKBX 3HeprBJIX. 

Hccne~yJI KOppenJI~BB Me~y BHTeHCBBHOCTJIMB BCnycKa

HHJI pa3HWX npo~yKTOB peaK~B, cne~yeT o6paiQRTL BHHMa

HHe OC06eHHO Ha Te npo~yKTW, KOTOpWe y~aeTCJI perBCTpB

pOBRTL H B~eHTH!llB~BpOBaTL B nonHOM ~Bana30He BX 3HeprBii 

H B nonHOM TeneCHOM yrne. 3TO 06:wqao y~aeTCJI pe~KO MJI 

3ap.R>KeHHWX npo~yKTOB, a MJI HeiiTpanLHWX TRKRJI B03MO>K

HOCTL JIBnJieTCJI CBOBCTBeHHOB nBWL BCKniDqaTenLHO cne~B

anLHWM ~eTeKropaM. O~HaKo, no Mepe pa3pa6oTKB Mero

~BKB ~eTeK~BH B onpe~eneHBJI 3HeprBB raMMa- KBRHTOB 

B KCeHOHOBOB ny 3WpLKOBOB KaMepe, OKa3anOCL B03MO)I(li:WM 

perBCTpBpOBRTL B 3TOM npa6ope, npH He6onLWOM ero 06"Le

Me, rr 0
-Me30H:bl 8 nOJUIOM TeneCHOM yrne C 34lcl>eKTBBHOCTLID, 

6nH3Koii 100~, B ~aana3oae 3aaqeuaii 3HeprBB E o or 0 ~o 
TT 

MRKCBManLHWX BCTpeqaiDllUIXCJI. KpoMe TOro, B KCeHOHOBOH 

ICaMepe pea~HJI npOBCXO~BT npaKTBqecKB Ha XBMBqeCKB 

o~uopo~uoii MaweHB - Kceuoue. Co~ep>Kaaae npaMeceii B 

o6wquo npaMea.ReMoii pa6oqeii CMeca KaMepw cne~yiDIQee: 

4~ Jl~ep so~opo~a, 2~ yrnepo~a B ocranLaoe Konaqecrso -
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'UICTLIH KCeHOH. Jl~po KCeHOHa JIBJIJieTCJI KOMDJieKCOM 60Jib
moro 'IHCJia /131/ HYKJIOHOB. 3TO - HCKJUO'IBTeJibHO XOpOWBe 
ycnosBJI ~JI uccne~osaHBJI npo~eccos'sJaBMo~eiicTBBJI 
6LICTpLIX 'laCTB~ C Jl~epHLIM Bell(eCTBOM, OC06eHHO ~JI BC
cne~osaHBJI xapaKTepHCTBK po~~euuwx a JTBX npo~eccax 
17°·Me30HOB /6/. 

B uacTOJIII(eii pa6oTe npuso~JITCJI peJyJI&TaTLI 3Kcnepu
ueuTaJI&HLIX BCCJie~OBaHBH BHTeHCBBHOCTB po~eHBJI 17°· Me
JOHOB a 17-+Xe-aJaBMo~eiicTBBJIX npB 3,5 F3B/c. ,lJ.JIJI cpas
HeHBJI npHBO~JITCJI auanoruquwe ~auuwe peaK~ii 11 + + Xe 
npB 2,34 F3B/c B 17-+ Xe npB 9 F3B/c. 

1. Me•oo uccAeooeaHUJI 

B BCCJie~OBaHBJIX HCDOJib30BaJIBCb CHBMKB 180-JIHTpO
soii Kceuouosoii nyJwp&Kosoii KaMepw HT3Cil /7/, o6nyqeu
uoii a nyqKe 17--ueJouos c BMnyn&cou 3,5 F3B/c,H CHBMKB 
26-nBTposoii Kceuouosoii nyJwp&Kosoii KaMepw JIB3 OHJIH, 
o6nyqeuuoii a ny<~Ke 17+·Me30HOB c BMnyn&coM 2,34 F3B/c. 
fipOCMOTp CHBMKOB B OT60p 3aperHCTpBpOBaHHLIX C06LITBH 
~JI ~an&ueiimero auaJIB3a nposo~BJICJI cornacuo onpe~eneu
HLIM KpBTepBJIM, 06LI'IHO HCDOJib30BaHHLIM HaNB B HaWBX 
npe~BX pa6oTaX, BLIDOJIHJieMLIX Ha KCeHOHOBLIX DY3LipbKO· 
BLIX ICaMepax/3-6, 8-11/. 

B oTo6pauuwx npu npocMoTpe co6LITBJIX 6wnu onpe~e
neuw: 

a/ noJIHoe 'IHCJIO N ch JaperBcTpBposauuwx BTOPB'IHLIX 
JapJI~eHHLIX 'laCTB~, 

6/ qucno N b ICopoTICHX cne~os BTOPB'IHLIX qacTB~- c 
~BHOH B DJIOCICOCTB CHBMICa, He 60JI&Weii 5 MM; ~JIBHe 5 MM 
B ~~ICOM ICCeHOHe COOTBeTCTByeT ICHHeTB'IeCICaJI 3HeprBJI 
npoTOHOB EkP·= 22 M3B B 17 -ueJouos Elm= 9 M3B; 

B/ 'UICJIO CJie~OB 'laCTB~, OCTaHaBJIBBaiOutJIXCJI B ICaMepe 
6eJ ua6JUO~aeuoro cne~a Jl~epuoro BJaHMo~eiicTBBJI 3TBX 
qacTB~ BJIB ux pacna~a, 

r I que no rauua ·JCBaHTOB, 3MBTTBposauuwx BJ TO'IICB 
uccne~yeuoro s3aBMo~eiicTBBJI. 

Ha 6aJe 3TBX ~HHLIX ~· ICa~oro cnyqaa onpe~eJIJIJIBC& 
cne~YJOII(Be xapaiCTepHCTHICB npo~ecca 3MBCCBB BTOPH'IHLIX 
qacTB~: 

4 

a/ 'IBcno N o 11° -ueJoHos, 
17 

6/ qucno N + 11 ±-ueJoHos, 
17-

B/ <~Bcno Np ucnyll(eHHLIX npoToHos; 
r/ noJIHoe qucno Ncb JaperBcTpBposauuwx BTOPB'IHLIX 

JapJI)I(eHHLix npo~yKTOB - N h == N + N + 
c p 17-

2. 3KcnepuMeH•aAbHble oaHHbJe 

B peJyJI&TaTe DpOCMOTpa OKOJIO 10000 CHBMKOB 180-
JIBTpOBOH KaMepw 6wno oTo6pauo ~JIJI ~an&ueiiwero auanu
Ja 2058 17- +Xe-aJaBMO~eiicTBBii npu 3,5 F3B/c. ,D.pyraJI 
qacT& co6wTBii 2787 17 + + Xe -sJaBMo~eiicTBBii npB 
2,34 F3B/c 6LIJia OT06paHa npB DpOCMOTpe CHBMKOB 26-
JIBTpOBOH KaMepw. 

2.1. CpeoHue Kpa•Hoc•u ucnycKaeMbJX r. 0 
- Me3oHoe <n o > 

17 

B •a6A. 1 npuse~euw cpe~HBe JHa<~eHBJI ICpaTHOcTeii 
<n 17o 17° -MeJoHos. llpuse~euw TaK~e auanorB'IHLie ~au

HLie ~JIJI peaK~BB rr- + Xe npu 5 B 9 F3B/c /4, I~/. Bo 
BTOpOM CTOJI6~e Ta6JIB~LI ~aHLI CBe~eHBJI, KaCaiOII(HeCJI 
DOJIHOrO 3KCDepBMeHTaJI&HOrO MaTepBaJia. B TpeT&eM CTOJI6-
~e Ta6JIB~LI CBe~eHBJI OTHOCJITCJI TOJibKO K BLI~eJieHHLIM 
KBa3B3JieMeHTapHLIM C06LITHJIM B3 BCeX 06pa6aTLIBae
MLIX. Ja KBa3B3JieMeHTapHLie DpBHBMaJIBCb B3aBMO~eii
CTBBJI, y~osneTsopJIIOII(He ycnoBBJIM: N P = 0,1; N b = 0. 
B pa6oTax, B3 KOTOPLIX DPBBO~BJIHCb HaMB ~aHHLie ~JIJI 
cpaBHeHBJI, Ja KBa3B3JieMeHTapHLie DpHHBMaJIHCb C06LITBJI 
c ManwMB <~BcnaMu N h : N h < a 141 u N h < 4/1 ~/npu c c - c -
BCeX 3Ha'leHHJIX BMDyJI&Ca nepBB'IHOH 'laCTH~LI KBa3B3Jie-
MeHTapHLie C06LITBJI COCTaBJIJIJIB, COrJiaCHO O~eHKaM, OKOJIO 
25~ BCeX H3ylfaeMLIX C06LITHH. 

Ha puc. 1 noKaJauo cpasueuae 3KcnepBMeHTan~ouwx 
3Ha'leHBH Cpe)l.HBX KpaTHOCTeii 77°-MeJOHOB CO 3Ha'leHBJI• 
MB, nonyqeHHLIMB HJ paclfeTa no MOJJ.enu BHYTPHJIJJ.epuoro 
KacKa~a. PaclfeTw seJIBc& ua ocuosaHBH pa6oTw B.C.oa
pameHKosa H B.,D.. Toueesa /13/ JJ.JIJI peaK~Hii 11 -+ AX, r~e 

A X - JIJJ.PO HJ o6nacTH Maccos~t~x qacen A, 6JIBJKBX Mac-
COBOMY 'IHCJIY )l.JIJI KCeHOHa, T.e. ,\ "= 130. 
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2.2. 3aeucuMoc11fb cpeoHeil Kpa111Hoc111u 17°- Me3oHoe 0111 

Kp0111HOC111U 30p.RJKeHHbiX npOOYKII06 peaKijUU 

Ha puc. 2 noKa3aHw 3aBHCHMOCTH cpe.IJ.Heii KpaTHOCTH 
< n 17° : 77° -Me30Ha OT 'IHCJia 3apJJ)I(eHHLIX npO.IJ.YKTOB pe

aK.QHH, ucnycKaeMLIX B conposo)I(.IJ.eHHH 77° -Me30HOB. IIpu

Be.D.eHLI cse.D.eHHJJ .D.JIJJ 17 - + Xe - B3aHMO.D.eiicTBHii npu 

3,5 F3B/c H .D.JIJJ B3aHMO.D.eiicTBHii 17+ + Xe npu 2,34 F3B/c. 

2.3. <PopMa pacnpeoeAeHu.R Kpa111HOC111eil 17°- Me3oHoe 

C .uenLIO npose.D.eHHJJ aHaJIH3a cl>opMLI pacnpe.IJ.eneHHJJ 
77~Me30HOB no KpaTHOCTJfM, H3 BCero 3KCnepHMeHTaJibHOrO 

MaTepuana 6LIJIH oT6poweHbl co6wTHJJ, Y.D.OBJieTsopJJIOl.QHe 

ycnoBHJJM: N77 ± = 0,1 H N y = 0. TaKHM o6pa3oM, 
6LIJIH YCTpaHeHLI H3 paCCMOTpeHHJI C06LITHJJ, B KOTOpLIX 
He HCnycKaJIHCb 17 -Me30HLI. 3THX C06LITHH . 6LIJIO OKOJIO 

10+15~ scex H3y'laeMwx cnyqaes KaK npH 2,34 F3B/c, 
TaK H npH 3,5 F3B/c. 

Pacnpe.D.eJieHHe aHaJIH3HpyeMLIX co6LITHH no 'IHCJiaM 

HCnycKaeMLIX B HHX 77°·Me30HOB noKa3aHO Ha puc. 3. 
IloKa3aHLI pacnpe.D.eJieHHJJ acex co6LITHii, a TaK)I(e Tex H3 

HHX, KOTOpLie, COrJiaCHO KpHTepHJJM, MOryT 6LITb TpaKTO· 

SaHLI KaK C06LITHJI KBa3H3JieMeHTapHble. IlOKa3aHa TaK)I(e 

cl>opMa HaH60Jiee nO.IJ.XO.IJ.JJ~ero .D.JIJJ OnHCaHHJI 3KCnepHMeH· 
TaJILHLIX .D.aHHLIX pacnpe.D.eJieHHJJ IlyaccoHa. Pacnpe.IJ.eneHHJJ 
B3aHMHO HopMHposaHLI. 

2.4. IIapaMe111pbl pacnpeoeAeHUJI Kpa111Hocaeil <n o > 
T1 

)l,ns pacnpe.D.eJieHHJJ KpaTHOCTeii, noKa3aHHLIX Ha puc. 3, 
6wna onpe.IJ.eneHa .D.Hcnepcus D 17o H napaMeTp KoppeJIJJ.UHH 
f~o = D ~o - <n 17 o > · IIony'leHHLie 3Ha'leHHJJ npHBe.D.eHw 

B 11106A. 2. TaM TaK)I(e npHBe.D.eH COOTBeTCTBYIOl.QHH pe3yJIL
TaT .D.JIJJ peaK.QHH 17- + p npu 40 F3B/c /14/. 

Ha puc. 4 nony'leHHLie B OnLITe 3Ha'leHHJI napaMeTpOB 
pacnpe.D.eJieHHH KpaTHOCTeH 77o..Me30HOB cpaBHeHLI C npe.IJ.· 

CKa3aHHJIMH cl>eHOMeHOJIOrH'IeCKOH MO.D.eJIH/l5/. )l,aHHLie H3 
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;l 

< n.Jr.> 
1.5 

a) I 

GeV 

0.5 

• -3.5-c 
Q- 2.34 . +++t+q~+ tr-

i 9 y ? ? ? + + + t 
I f 

1.0 

~ 

0 2 4 6 8 10 12 14N 16 

(n.lT.>~ '" &) 

1.0 ~ ~ + + + + 

O.Sby???f~ttlt + 
0 2 4 6 8 1 o ~ 2. 14N 1 s 

<n.~f 
f. 

b) • 1.0~ + 

0.5~ H: ~ H 
0 2 4 6 8 ~0 i 2 -t4N i 6 

lrt 
Puc. 2. 3aeucuMOC111U cpeoHux Kpa111HOC111eil aMuccuu 17° -Me-
30Hoe <n 77o > eo e3auMooeilc1116UJIX 17- + Xe npu 3,5 F3B/c 
u 17 + + Xe npu 2,34 raB/c 0111 'IUCAa: a/ ecex 3ap.RJKeHHbiX 
npooyK111oe peaKliUU Nch; 6/ npo111oHoe NP; e/ 3ap.RJKeHHbiX 
17±-Me30H06 N +-. 9 17-



N· 
L~~\[ 'N· 

o- L. N. =211.3 
~ 

~ L.N~ 
0.6 *- L. N.= sao 

I. 

0.5 ~ 
~ 

0.5 

~ 0.4 ~ 0.4 
• • • 

0.3 ~ 0.3 

0.2 ~ • I 0.2 rl 
0.1 ~ 

, I 0.1 I 
• 3t 

8; d 
0 1 2 3 4 5 0 1 2. 3 4 5 

J[+ + Xe , 2.34 G~V 
N'ITo 

J( +Xe, 3.5 G~V 
N1To 

Puc. 3. Cl>opMa pacnpeoeAeHUJI Kpa•Hoc•u rr0
- Me3oHo6: o -

011.11 6cex o6pa6a•w6aeMwx co6w•uu; ~ - 011.11 K6a3U3Ae
MeH•apHbiX co61>1•uu; • - pacnpeoeAeHue IlyaccoHa. Pac
npeoeAeHUJI HOPMUp06QHbl. 

paclfeTa OTHOCJITCJI K peaKUHH "- + p . Mo,IJ,enb onupaeTc.ll 
ua npe,D,nono)l(euue, liTO cPoPNY pacnpe,D,eneuuii scex qacTHU, 
H3nyqaeNbiX B peaKIJ;HJIX, NO)I(HO ODHCaTb 4lop:w:ynoii, ,IJ,aHHOB 
"lJH)I(eBCKHN H Pb16HIJ;KHN/16/, a KpaTHOCTH COOTBeTCTBYJOIJUIX 
3ap.II,D,OBbiX cocTOJIHHii onpe,D,enJIJOTCJI cornacuo runoTe3e 
H30CDHHOBOB He3&BHCHNOCTH. Pe3ynbTaTbl NO,IJ,enH, ICaCaJO
IJUieCJI pacnpe,D,eneHHB KpaTHOCTeB 77°- Ne30HOB, OCTaJOTCJI 
B cornacuu c nuueiiuoii 3aBHCHNOCTbJO ,IJ,Hcnepcuu pacnpe
,IJ,enenHJI. Auanoruquoe cornacue 6blno yKa3auo pauee ,IJ,n.ll 
3apJI)I(eHHbiX npo,IJ,yKTOB peaKUHH /17 I. ,D,n.11 cpasueHH.II npuse
,IJ,eHbl TaK)I(e COOTBeTCTBYJOIJUie ,IJ,aHHble ,IJ,n.ll TT- + p ·B3aHNO
,IJ,eBCTBHB npu 40 F3B/c 114 ~ "llepe3 3Kcnepu:w:enTanbHble 
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D!JF'o 
• MOAEI\b/fS/ 
o Jr-+ p • 4-0 GfV 
c Jr-+Xe ~s~ 

1.5 
+ , -..~. c 

~ JT +Xe, 2.34 G~V 

~.0 

0.5 
,, __ D 

0
= o.s.3<n.,> + o..3s 

:t 

0 1 z (n,Jr .. > 
Puc. 4. IlapaMe•pw pacnpeoeAeHuJI Kpa•Hoc•eu rr0 -Me3o
H06, U3Ay'laeMI>IX 6 rr- + Xe - 63auMooeuc•6uJix 6 cpa6He
Huu C C00.6e•c•6YIOfiiUMU OaHHbiMU, 0/IJI TT- + p 63QUMO
OeUC.6UU u c pe3yA~>m•aMu Mooe;ru /15/. 

nyuKTbl npoBe,IJ,ena uau6onee TO'IBO no,IJ,o6pauna• npJIMaJI 
D 

77
o = A <n

77
o > + B c IC034MitHUHeHTaNB A = 0,53 ± 0,04 

H B = 0,35 ± 0,03. 

3. 06cyxoeHue 3KcnepuMeH•aA~oHwx pe3yAt.m•o6 

Pe3ym.TaTbl 3Toii pa60Tbl yKa3biBaiOT, 'ITO B ,ABana3oBe 
HNnynbCOB P 

11 
·B3&BMO,IJ,eBCTBYJOIQIIX C JI,IJ,pOY BBOHOB~ 2 

II 



2 < P < 10 T3B/c, ue ua6mo~aeTcJI BJIHJIHHJI BTopuqu.wx 
7T • 

nponeccoa a Jl~pe ua pacnpe~eneuue KpaTuocTeii rr0 -Me3o-
HOB. XapaKTepHCTHKH KpaTHOCTeiirr0 -Me30HOB, ucnycKaeMwx 
B HCCne~OBaHHWX Jl~epHWX B3aHMO~eBCTBHJIX, OCTaiOTCJI B 
cornacHH c ciJeHoMeHonoruqecKoii Mo~em • .O, Kacaro~eii:cJI 
pmK~eHHJI 'laCTHU B 3neMeHTapHWX B3aHMO~eHCTBHJIX /15/ . 
3Ta Mo~enb npe~BH~HT oTpuna TenLHwe KoppenJIUHH a pac
npe~eneHHH cpe~HHX KpaTHOCTeii rr0 -Me30HOB a 3aBHCHMo
CTH OT 'IHCna 3apJI>KeHHWX BTOpH'IHWX 'laCTHU B HCCne~ye
MOM ~Hana3oHe 3Ha'leHHii 3Hepruii. CYIUeCTBOBaHHe TaKHX 
KoppenJIUHii 6wno o6Hapy>KeHo a Haweii HacTOJI~eii pa6oTe, 
oco6eHHO KoppenJIUHii Me~y rr0 H rr +-Me 30HaMH. 

CpaaHeHHe nony'leHHWX Ha on.wTe cpe~HHX KpaTHOCTeii 
po~eHHJI rr0 -Me30HOB C npe~CKa3aHHJIMH MO~enH BHyTpH
JI~epHOrO KacKa~a yKa3waaeT Ha cy~ecTBeHHwe pacxo~u
MOCTH. 0~HOBpeMeHHO Ha6niOAaeTCJI CHnbHaJI 3aBHCHMOCTb 
yrnoawx H 3HepreTH'IeCKHX pacnpeAeneHHii: TT

0 -Me30HOB oT 
'IHcna ucny~eHH.wx 3apJI>KeHHWX qacTHU /S/. Y>Ke npu 
2,34 F3B/c cpe~HHii HMnynLc rr0 -Me30HOB, ucnycKaeM.wx 
B KBa3H3neMeHTapHWX B3aHMOAeBCTBHJIX, 60nbWe 
600 M3B/c, 'ITO cy~ecTBeHHO npeaoCXOAHT noporoaoe 
3Ha'leHHe AnJI peaKUHH po~eHHJI rr -Me30HOB. Ha6moAaeM.wii 
WaKT OTCYTCTBHJI HnH npHCYTCTBHJI cna6oii: 3MHCCHH BTOpH'I
HWX rr0 -Me30HOB yKa3.WBaeT Ha cy~eCTBOBaHHe MeXaHH3Ma, 
BeAywero K TOpMO>KeHHIO nponecca npOAYKUHH llHOHOB B JIApe. 
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