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BBeJleHHe 

B Te'leHHe HeCKOllbKHX neT cPH3HKH na6opaTOPHH Bh!COKHX 9Heprsil: 

OH.RH, a TaK:lKe BapmaBcKoro yHHBepcsTeTa, 11HcTHTyTa smepHhiX sccneJlo

BaHsil: B BapmaBe H UeHTpam,Horo HHCTHTyTa cPH3H'IeCKHX sccneJloBaHsil: B 

EnlanelllTe DpOBOilHliH H3y'leHHe B3aHMOileACTBHil: 11 -Me30HOB C HJlpaMH KCe

HOHao flpH 9TOM DpHMeHHllaCh 26-liHTpOBaH KCeHOHOBaH DY3bJPbKOBaH KaMep~ 

nB3 OH.RH, KOTopaH 6hJlla o6ny'leHa B ny'IKaX 11+- Me30HOB 2,34 faBle, 

11- -Me30HOB 5 H 9 faBle. 

PeayllbTaThl HCClle}lOBaHHil: ny6liHKOBaliHCb B pa3HhiX )KypHallaX H B BH-

/1-19/ 
Jle coo6meHHil: OH.RH • OHH Kacanscb rnaBHhiM o6paaoM CBoil:cTB pac-

naJloB Heii:TpallbHbiX 6030HOB, pO)K}leHHbiX B onpe}lelleHHblX Kllaccax B3aHMo

Jleii:CTBHil: H pacDa}laiOlllHXCH Ha 11° -Me30Hhl H raMMa-KBaHThl1 a TaK)Ke He

KOTOpb!X CBOii:CTB 11+ -Me30HOB B DpOTOHOB1 pO)KJleHHbiX BO BCeX 11 - Xe 

B3aHMO}leii:CTBHHXo B HCCllellOBaHHHX 11 - Xe B3aHMOJleii:CTBHH B OCHOBHOM 

}leliHliHCb Ha KllaCCbl DO 'IHCny N 
3 

BTOpH'IHh!X aapH)KeHHbiX 'laCTHUo 

CoBOKynHOCTh HH$opMaUHH, HaKonneHHoA B peaym,TaTe npHMeHeHHH 

MeTOilHKH1 C DOMOlllbiO KOTOpoil: perHCTpHpyiOTCH 110 -Me30Hbl C 9cPcPeKTHB

HOCTbJ01 6liH3KOil: }00%, paCCMaTpHBaeMaH B UeliOM, JlaeT HOBbie CBe}leHHH, 

KaCaiOlllHeCH pa3HbiX acDeKTOB Dpouecca B3aHMOJleACTBHH 6bJCTpb!X 11 -Meao-

HOB C smpaMHo 
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B aToA pa6oTe peayn&TaT&~ 6YAYT paccMoTpeH&~ c ToqxH apenHs reue

pauHH p83HbiX qacTHU H pe30H8HCHbiX COCTOSIHHA S npoueccax COyAapeHHSI 

" -Meaouos c SAPSMH xceuoua. 

1. 0CHOSHbie CSeAeHHSI 0 MeTOAHKe HCClleAOS8HHSI 

B OTllHqHe OT 60ilhWHHCTS8 aKcnepHMeHTOS 1 S KOTOpblX o6&~quo pac

CM8TpHB810TCSI B38HMOAeACTSHSI qaCTHU C SAp8MH 1 HMeiOWHMH OTHOCHTellhHO 

60llbWHe 8TOMHbie HOMepa, S npoBeAeHHbiX H8MH HCClleAOS8HHSIX MHW9Hb Co

CT8Sl1Sll8 XHMHqecKH OAHOpOAHOe semeCTSO - ~HAKHA KC9HOH - C 8TOMHMM 

HOMepoM Z =54, aTOMHbiM secoM A =131. 06biqno perHcTpHposanHcb raM

Ma-xsaHTbi c aueprHSMH 6on&we 10 Mas, qTo noasonHno perHCTpHposan, c 

noqTH 100%-uoA a<l$eKTHSKOCTbiO TT -Me30Hbl S AH8D830He HX HMDYllbCOS 

OT 0 AO C8MbiX 60n&WHX1 SCTpeqaiOWHXCSI S HCClleAyeMbiX B38HMOAeACTSHSIX, 

onpeAensul npu aToM auaqeHHSI HMnyn&cos c Toquocn,IO (10-20)%. · MHHBMallh

HaSI AllHH8 npoeKUHH H8 llllOCKOCTb cjloTorpacjluposaHHSI H86lliOA89MbiX Cll9AOS 

STOpHqHbiX 38pS1~9HHbiX qacTHU COCT8BllSieT 2 MM1 qeMY COOTSeTCTSyeT 

KHH9THqeCK8SI aueprHSI npOTOHOS 15 ~~S H DHOHOS 8 Mas. npaKTHqeCKH 

S H3MepeHHSIX 6pallHCb ClleAM npOTOHOS B npeAell8X AllHH OT 5 AO 150 MM 1 

qeMY cooTseTCTByiOT HMnyn&cbi oT 200 Mas/c AO 575 Mas/c. 11aMepSieMbie 

npo6eru "+ -Meaouos, perucTpupyeMbiX B xaMepe co 100%-uoA acjlcjleKTHs

HOCTbiO B DOllHOM TelleCHOM yrne, HaXOAHllHCb B AH8D830He 5-120 MM1 co

OTS9TCTSYSI HMDyllbC8M OT 500 AO 150 Mae/c. ,D.ng scex TT+ -Me30HOS H 

npOTOHOS S SbiWeynOMSIHYTbiX AH8ll830H8X auaqeuuA HMDYIIhCOS K8Mepa SIB

llS19TCSI AeTeKTOpOM THD8 4TT npu H36paHHOi!: B UeHTpe K8M9pbl 06llaCTH 

/16/ 
saauMoAeAcTsui!: • Mo~uo npHHSI1'b 1 qTo xaMepa npaKTuqecxu 6bma Ae-

TexTopoM Tuna 4TT TaK~e ··H AllSI BCeX perHCTpHpyeMbiX TTO -M930HOBo 

ToquocTb onpeAeneHHSI yrnoe ucnycxaHHSI raMMa-xsauTos cocTasnSilla 

(0,5-2)
0

, owu6xa s onpeAeneHHH yrnos aMHCCHH aap~eHR&JX qacTHU 6bma 

0 
Be 6on&we 5 • norpewHOCTb onpeAeneHHSI AllHH ClleAOS 38pSI~eHHMX qaCTHU 

4 
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He npeBhlWana 1 MM, 'ITO COOTBeTCTByeT TO'IHOCTH onpeAeneHHR HMnynbCOB 

npoToHoB - 10% npu uMnynDce 200 Mas/c u - 1% npH HMnynbce 575 Maa/c. 

LlnR 17 + -Meaoaos npu 50 Mas/c owu6xa B HMnynbce cocTasngna npuMepao 

20% H npu 150 Mas/c - npuMepao 2%. To'IHOCTb onpeAeneHHR aaepruit 

1"8MM8-KB8HTOB COCTaBnMa ( 12-35 )%. 

Eonee noApo6Hhie cseAeHHR o MeTOAHKe uccneAosaauit MO)KHO aaitTH 

6 
/1,2,6,8-16/ 

B ony6nHKOB8HHbiX paHee pa OT8X • 

2. SxcnepuMeHTanbHbie cseAeHHR 

PeaynbTaThi axcnepaMeHTanbHhiX uccneAoBaHHit 17-Xe saanMoAeitcTsnit 

C TO'IKH 3peHHR o6p830B8HHR 'IBCTHU H pe30H8HCHhlX COCTORHHit OTHOCRTCR 

rnaBHbiM o6pa30M K l"eHepaUHH 170 -Me30HOB H HeitTpanbHbiX CHCTeM, pac

naA8IOIIIHXCR Ha 170 -Me30Hbi H 1"8MM8-KB8HTbl1 K ucnyCK8HHIO npOTOHOB 1 

17 -Me30HOB1 a T8K)Ke CHCTeM TT+ 170 1 p p 1 17+y 1 p y 

2.1 feHepaUHR 170-Me30HOB H HeitTpanbHb!X 

CHCTeM, pacnaABIOIIIHXCR H8 170 -Me30Hbl 

H raMM8-KB8HTb! 

HccneAOBaHHR aaepreTH'IeCKHX cnexTpOB raMMa-KBaHTOB so scex 

saauMoAeitcTBHSIX "+_ Xe npu 2,34 fas/c H 17- -Xe npu 5 H 9 fas/c noxaaa-

no, 'ITO rnaBHbiMH 0 nO'ITH HCKniO'IHTenbHbiMH HCTO'IHHK8MH I'8MM8-KB8HTOB 

/3 4 9 10 16/ 
RBnRIOTCR 170 -Me30Hbl 

1 
t 

1 1 
• 0AH8K01 ecn& BbiAenHTb cpeAH BCeX 

17 - Xe B38HMOAeACTBHA co6hiTHR c ae6onbWHM 'IHCnOM ·N ( s; 4) ~TopH'IHhiX. 

38pR)K9HHbiX '18CTHU H Ang 9THX C06hiTHI nocTpOHTb cneKTpbi acpcpeKTHBHhiX 

M8CC KOM6HH8UHI nap I'8MM8-KB8HTOB1 TO KpOMe nHK81 COOTBeTCTByiOIII91"0 

0 0 /3,4,9,10,16/ 
17 -Me30H8N, 38MeTeH fiHK, npOHCXOARIIIHI OT 'T/ -'laCTHUbi • 

Llpyl'HX K8KHX-nH60 HeperyngpHOCTeA B cneKTpe He Ha6niOA89TC~ 

AaanorH'IHhlA pesynbTaT ABeT accneAOBBHHe cneKTpos acpcpeKTHBHhlX 

/3491016/ 
M8CC KOM6HH8UHit nap 1"8MM8-KB8HTOB 1 

t ' ' • 0K83biB89TCg1 'ITO B co-

6biTHSIX 17 +- Xe C OAHOA BTOpH'IHOit 38pg)KeHHOA '18CTHUeA- npOTOHOM co-

OTHOW9H.He 1'1HCn8 170 -Me30HOB N 
17

0 
O ·N 1161 

H 'T/ -'18CTHU 'T/ 0 -+2y COCTBBnHeT 
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( 24,2 + 2, 7 ) % (1) 
N 17o 

8 npH 9 fas/c 9TO COOTHOWeHHe B 0-ny'leBblX C06b!THSJX C 2 r8MM8-KB8HT8-

/4/ 
MH cnellyiOIIlee : 

NTf -+ 2 y 5: 14%. 
N 170 

(2) 

B cnexTpax acjlcjleKTHBH&IX Mace KOM6aaaual nap raMMa-xsaHTOB llnSI co6b!T•I 

C N 3 <'::. 4 CHrHana OT '1/ 0 -'18CTHUbl He R86niOll8eTCSI RH npa 2,34 fas/c, 

. 
9 

r 
1 

/3,9,10/ 
RH npH 9B C • 

113 8R8nH38 CIIeKTpOB acjlcjleKTHBRbiX M8CC ( ~ I18p r8MM8-KB8RTOB cne

llyeT, 'ITO B p8CCM8TpHB8eMbiX B38HMOlleiCTBHSJX npH 2,34 fas/c, B llH8II8-

30Re 3RS'leRHI M8CC 600-1300 ~9B1 Be reaepapyiOTCSI C Ce'leRHSIMH 60nhWe 

0,03 ce'leRHSI llnSI 77 O -Me30ROB K8KHe-na6o '18CTHUbi1 pacn8ll81011lHeCSI H8, 2 

-- '/9,10,16/ 
r8MM8-.KB8HT8 o 

Kax 6&mo noxaaaao, co6&ITHSI c Man&IMH 'IHCnaMH BTOpH'IRbiX aapSDKeEL

HbiX 'ISCTHU OTHOCSITCSI B OCHOBHOM K' BSSHMOlleiCTBH~ H8neT81011lHX 17 -Me-

30ROB c ayxnoaaMH aa nepacJ!epaa Slllpa xcesosa
11

•
2

•
6

•
9

•
101

• 

npaselleM aexoTopble xapaxTepacTHKH npouecca resepaaHH 77 ° -MeaosoJ 

BO B38HMOlleiCTBHSJX 77 -Me30HOB C Slllp8MH KCeHOH8o B Ta6n. 1 ~BO pac

npelleneHHe no 'IHCny N o 77 ° -Meaosos so B3SHMOllelcTBHmt npa 2,34 H 
17 

9 faa/c. 

B Ta6n. 2 npaBelleH&I aasHCHMOCTH cpellHHX: KpaTHOCTel 77° -Meaosoa 

n 
17

o OT 'IHCn8 BTOpH'IHblX 38pSI:lKeHHblX '18CTHil N 
3 

B C06b!THSJX npH 

HMIIyn&ce p 77 2,34; 5,9 faa/c. 

npH 9 fas/c 6blnH, KpOMe 9TOrO, HCCnellOB8Hbl pacnpelleneHHSI Kp8T

HOCTel 77° -Meaosos 6onee nollpo6so. Oxa3anocb, 'ITO: 

1. <llopM8 pacnpelleneHHSI Kp8THOCTel 77 O -M930HOB He 38BHCHT OT 'IRc

/1/ na BTOpH'IHbiX 38pSI:lKeHHbiX npOllYKTOB B 3Be3lle ; 

6 
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N 11 0 

1 

2 

3 

4 

5 

2,34 

5,0 

9,0 

Ta6n&ua 1 

Pacnpe/leneHHe acex aaaHMO/le:ltcTaHI " - Xe npH 2,34 H 9 rsa/c 
no 'IHCny .N 11 0 reHepHpOB8HHbiX 11 O -Me30HOB 

2,34 raa/c 9 raa/c 

11 + - Xe 11-- Xe 

(77 ,1;!:.5,8)% (45,5;!:.4,0)% 

(18,0;!:.2,4)% (36,5;!:.2,0)% 

( 4,5;!:.1,1 ) % (10,1;!:.1,6)% 

(0,4;t.0,3)% (7 ,4;!:.0,8)% 

0 (0,5;!:.0,4)% 

Ta6n&ua 2 

Cpe/lHHH KpaTHOCTb reHepauHH 11° -MeaoHoa a 3Be3/lax c pa3HbiMH 
'IHCnBMH BTOpH'IHblX 38pH>KeHHbiX npO/lYKTOB 

<3 

0,50:t_0,04 

1,2:t_0,2 

1,5:t_0,2 

4-6 

0,63±.0,04 

1,2:t_0,2 

1,6:t_0,3 

7 

> 7 

0,39;!:.0,03 

1,2:t_0,2 

1,4:t_0,2 

Bee 

0,51;t.0,02 

1,2;!:.0,2 

1,5;!:.0,2 



2. cllopMa pacnpe)leneHHSI KpaTHOCTeA rr 0 -Me30HOB B rpaHHUaX OKOnO 

+ 
5% omu6KH TaKaH *e KaK ¢opMbi pacnpe)leneHHA rr- -MeaoHo:e, reHepupo-

/1/ 
:ealiHbiX B 1T-- p B3aHMOJlei\:CTBHSIX npH 10 fas/c • cllopMa pacnpe)leneHHSI 

KpaTHOCTeA 1T O -Me30HOB npaKTH'IeCKH He 3aBHCHT OT 'IHCna BTOpH'IHbiX aa
/10/ 

pSI)KeHHbiX 'laCTHU BO B3aHMO)leii:CTBHH H npH 2,34 fa:e/c • 

Pacnpe)leneHHSI 9¢1jleKTHBHbiX MaCe KOM6HHaUHA 3 I'aMMa-KBaHTOB HC

cneJlOBanHCb CHCTeMaTH'IeCKH BO BCeX 1T +- Xe B3aHMO)leii:CTBHSIX TOnbKO 

C OJlHHM BTOpH'IHbiM 3apH)KeHHbiM npOJlYKTOM - npOTOHOM H C mo6b!M 'IHCnOM 

conposo)KJlaiOIIlHX :eaaHMOJleil:cTBHSI raMMa-KsaHTo:e. B 454 co6hiTHHX c 3 raM

Ma-K:eaHTaMH H B 564 C06biTHSIX C 4 I'aMMa-K:BaHTaMH H C ni06biM 'IHCnOM 

:BTOpH'IHblX 3apH)K9HHbiX 'laCTHU CneKTp aljl¢eKTHBHblX MaCC KOM6HHaUHH no 
/10/ 

3 raMMa-KBaHTa co:enaJlae'I.: co cneKTpoM cny'laRHbiX KOM6HHauHR • CneKTP 

o6pbisaeTCH Ha 3Ha'leHHSIX Mace oKono 900 Mas. 

B o6naCTH aljl¢eKTHBHbiX MaCC 1 KOTOpaSI Morna 6bi COOTBeTCTBOBaTb 

w 0 -'laCTHUe, HMeeTCSI nHWb oKono 4% co6biTHA. B pacnpeJleneHHSIX a¢1jleK

THBHbiX MaCe KOM6HHaUHA nO 3 I'aMMa-KBaHTa B OJlHOny'leBblX 1T +- Xe co-

. 0 
6biTHSIX Ha6niO)laeTCSI yKa3aHH8 Ha np!fCYTCT:BHe W nHIIlb B CneKTpe JlnSI 

cny'laeB C 3 raMMa-KBaHTaMHo .D,o6aBO'IHaSI yrno:eaH H 9HepreTH'19CKaSI ceneK
/12,16/ 

UHSI co6biTHii aeJleT K o6Hapy*eHHIO cny'laes pacnaJla w o-+ rr O y 

floJlC'IeT noKa3biBaeT1 'ITO COOTHOWeHHe 'IHCna NwO-+ rrOy pei'HCTp!!PyeMbiX 

cny'laes wO K o6meMY 'IHCny Nrr o rr 
0 

-MeaoHos, pO*llaeMbiX s ~HOny'le-
BbiX co6biTHSIX, cneJlYIOIIlee: 

Nwo-+rro.J:..__' < 5%. 

N TTO 

(3) 

Ha6niOJlanoch pO*lleHHe w 0 c nocneJlyiOIIlHM pacnaJlOM Ha rr
0 

y H so 
- . /7/ 

B3aHMOJlei\:CTBHSIX 1T -Me30HOB C HMnynbCOM 9 fas/ct C SIJlpaMH KC9HOHa • 

flpH HCCneJlOBaHHSIX C06b!THSI He pa3)lenHnHCb Ha KnaCCbl no 'IHCny 3apSI)KeH

HbiX npOllYKTOB peaKUHHo 

8 

) 
~w 

·'-

[~ 

J.1ccneJlOBaHHSI cneKTpOB 91jlcpeKTHBHbiX MaCC KC 

TOB C UenhiO nOHCKa CHCTeM TTO 1T 0, TTOT/0 H rrOyy BE 

:eaaHMOJlei\:CTBHSIX npH 2,34 fa:e/c H B Knacce 9THX 
/10 

BTOpH'IHbiM aapH)KeHHbiM npOllYKTOM - npOTOHOM 
1 

aHanH3 cneKTpa aljl¢eKTHBHbiX Mace 6hin npo:eeJleH 1 

/14-16/ 
ny'leBhiX co6biTHA • B aTOM aHcaM6ne MO)KH< 

co6biTHA: 

a) C llBYMSI 1T O -M830HaMH 1 6) C OJlHHM 1T O • 

KBaHTaMH
1 

B) C OJlHHM 1T O -Me30HOM H C OJlHHM 11 

JlOnH C06biTHA 1T 0 Y Y MO)KeT npOHCXOJlHTb OT pacnai 

TanbHbie npOHCXOJlSIT HnH OT C06biTHii C 6onbWHM 'I 

HnH 9TO npSIMO C06biTHSI 1T O 1T O 1 B KOTOpb!X 9Hepi 

HOI'O I'aMMa-KBaHTa H3MepeHa no o6'beKTHBHbiM 06< 

Co6hiTHii rro .,o cnHWKOM Mano, 'IT06bi MO)KHO 6bil 

nOBOJlY B03MO)KHOI'O CyllleCTBOBaHHSI CBSI3aHHOii CHC 

)leneHHH co6hiTHii rr 0 rr 
0 

no a¢¢eKTHBHbiM Mace aM 

rpynnbi cnyqaes nocne Bbi'IeTa ¢oHa cny'laRHbiX KO 

rpynna Cny'laeB COOTB9TCTByeT H3B8CTHOit 'laCTHUE 

Ha llBa rr 0 -MeaoHa. BTopaSI rpynna MO)KeT yKa3bll 

3aHHb!X rrO rr 0 -COCTOSIHHA C MaCCOii B paitoHe 70 

TenbHaSI HHTeHCHBHOCTb reHepaUHH 9TOit CHCT9Mhl 

0 /16/ 
CHBHOCTH reHepaUHH 11 -+ 2 y pasHa 

N(rr0 rr
0

) 

N(;jO-+ 2y) 
0,25 ;t; 0,08. 

B OJlHOny'leBbiX rr + -Xe co6hiTHSIX c nSITbiO r 

2,34 ras/c 5 raMMa-KBaHTOB nony'laiOTCSI H3 co61 

B KOTOpblX OJlHH H3 raMMa-KBaHTOB 3aperHCTpHp0 

OllH8KO, Bbl)lenHTb HeCKOnbKO Cny'la9B1 KOT0pbl8 M 

p0)KJl8HHe w o -'laCTHUbi c nocne)losarenhHhlM p1 

9 



pacnpe)leneHHH KpaTHOCTeH rr 0 -Me30HOB B rpaHHUaX OKOnO 

+ 
51 )Ke KaK !jlopMbi pacnpe)leneHHA "- -Meaonos, reuepHpo-

/1/ 
B38HMOJleHCTBHHX npH 10 fss/c • ~OpMa pacnpe)leneHHH 

Me30HOB npaKTHqeCKH He 3aBHCHT OT qHcna BTOpHqHbiX aa-

/10/ 
U BO B3aHMOJleHCTBHH H npH 2,34 fss/c • 

eHHH S~KTHBHbiX Mace KOM6HHaUHH 3 I'aMMa-KBaHTOB HC

TeMaTHqeCKH BO BCeX 7r +- Xe B3aHMOJleHCTBHHX TOnbKO 

Hb!M aapH)KeHHbiM npOJlYKTOM - npOTOHOM H C nJ06biM qHCnOM 

x saaRMOJleiicTBHH raMMa-KsauTos. B 454 co6biTHHX c 3 raM-

s 564 C06biTHHX C 4 raMMa-KBaHTaMH H C mo6b!M qHCnOM 

)KeHHbiX qaCTHU cneKTp a!jJ!jleKTHBHb!X MaCC KOM6HHaUHH no 

/10/ 
cosna)lae~ co cneKTpoM cnyqaAHbiX KOM6HHaUHA • CneKTP 

aHaqeHHHX Mace oKono 900 Mas. 

a!jJ!jleKTHBHb!X MaCe, KOTOpaH MOrna 6b! COOTBeTCTBOBaT& 

MeeTCH nHlllb oKono 4% co6biTHA. B pacnpeJleneHHHX a~K

M6RHauHA no 3 raMMa-KsaHTa s OJlHonyqesbiX "+- Xe co

eTcH yKa3aHHe Ha np!fCYTCTBH9 W O nHWb B cneKTpe llml 

MMa-KBaHTaMHo .llo6aBO'lHa9: yrnosag H aHepreTH'l9CKag ceneK

eT K o6uapy JKeHHIO cny'laea pacnana w 0 -+ IT 0 y 
/12,16/ 

·IBaeT, qTo COOTHOW9HHe qHcna N w 0-+ 17 0 y perHCTp~yeMbiX 

o6weMY qHcny N17 o IT 0 
-Meaouos, poJKnaeMbiX s ~aony'le

cneJlyJOwee: 

Nwo-+"ov ___ ,_........._ < 5% • (8) 
N "o 

lKJleHHe w o c nocnenyJOWHM pacnanoM Ha rr 0 y H so 

- /7/ 
X 7r -Me30HOB C HMnynbCOM 9 fas/ct C SlllpaMH KC9HOHa • 

HHX co6biTHSl He paanengnHCb Ha Knaccbi no qHcny aapSllKeH-

peaKUHH. 

8 

ri 

.!1 

i' 

J1ccneJlOBaHHSl cneKTpOB a!jl!jleKTifBHb!X MaCC KOM6HHaUHH 4 raMMa-KBaH

TOB C U9nbl0 nOHCKa CHCTeM rr 0 7r 0 , ITOTfO H rr 0 yy BenHCb BO BC9X rr+- Xe 

B3aHMOJleHCTBHSlX npR 2,34 fas/c H B Knacce aTHX B3aHMOJleACTBHH C OJlHHM 

/10,16/ 
sTopuqHbiM aapSlJKeHHbiM npoJlyKTOM - npoTOHOM • Eonee noJlpo6Hbiii 

auanua cneKTpa a!jJ!jleKTHBHbiX Mace 6hm nposeneu nHlllb nnSl ancaM6ng onuo

/14-16/ 
nyqesbiX co6biTHA • B aTOM ancaM6ne MOJKHO paanHqHTb TpH rpynnbi 

co6biTHA: 

a) C llBYMSl 7r O -Me30HaMH 0 6) C OllHHM 7r O -M930HOM H llBYMSl raMMa-

) 
0 0 

KBaHTaMH, s c OllHHM " -MeaoaoM H c OllHHM 11 -MeaoaoM. H e6onbllla9: 

/15/ 
JlOnSl C06biTHA rrOyy MOJKeT npOHCXOllHTb OT pacna)la Tf O-+ rr 0 yy , oc-

TanbHbi9 npOHCXOJlSlT HnH OT C06biTHA C 6onblllHM qHCnOM raMMa-KBaHTOB, 

HnH aTO npSlMO C06biTHSl 7r O 7r O , B KOTOpbiX aaepi'HSl no KpaAHeA Mepe Oll-

HOI'O raMMa-KBaHTa H3MepeHa no 06'beKTHBHbiM 06CT09:TenbCTBaM HeToquo. 

Co6biTHA rr 0 11° cnuwKOM Mano, qTo6bi MOJKHO 6bmo qTo-nH6o CKaaaTb no 

nOBOJlY B03MOJKHOI'O CyWeCTBOBaHHSl CB9:3aHHOA CHCT9Mbl 1rOTfO • 8 pacnpe

neneHHH C06biTHA 7r O 7r O no a.p.peKTHBHbiM MaccaM MOJKHO Bblll9nHTb JlB9 

/14 16/ 
rpynnbi cnyqaes nocne BbiqeTa .Poaa cnyqaAHbiX KOM6HuauHA ' • 0JlHa 

rpynna cnyqaeB COOTB9TCTsyeT H3S9CTHOA qaCTHUe / 0 , pacna,llaiOW9HCSl 

Ha llBa rr 0 -Me30Hao BTopag rpynna MOJK9T yKa3biSaTb Ha npHCyTCTSHe CsSl-

/14 16/ 
aaHHbiX "o 17 O -cocTOSlHHA c Mace oil s paiioae 700 Mas ' • 0THOCH-

TenbHa9: HHT9HCHSHOCTb I"eHepallHH aToit CHCT9Mbl no OTHOlll9HHIO K HHTeH-

0 /16/ 
CHSHOCTH I"eHepallHH Tf -+ 2y pasHa 

N(rr0 rr 0
) 

N (TfO-+ 2y) 
0,25 ~ 0,08. (4) 

B onHony'lesbiX "+ -Xe co6biTHHX c nSlTbiO raMMa-KsaHTaMH npH 

2,34 fas/c 5 I"aMMa-KBaHTOS nonyqaJOTCSl H3 C06biTHA C 6 I"aMMa-KSaHTaMH, 

S KOTOpbiX OJlHH H3 I"aMMa-KBaHTOS 3ap9I"HCTpHpOBaH. CpellH HHX. MOJKHO, 

OllHaKO, Sb!JlenHTb HeCKOnbKO cnyqaes, KOTOpbi9 MOJKHO HHTepnpeTHpOBaTb KaK 

/12 16/ 
pOJKlleHHe w O -'laCTHllbl c nocnenosaTenbHbiM pacnanoM w 0 -+ rr0 rr0 y ' • 
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CpellH C06'biTHft OllHMy'I9B'blX 17 + - Xe B38HMOJleftCTBHft npH 2,84 rsa/c 

C W9CTb!O I'8MM8-KB8HT8MH OCHOBifYIO '18CTb, npHMepHO 70% cny'I89B0 MO>K

HO OTH9CTH K I'9H9P8llHH T/ O -'18CTHllbl C nocnellYIOWHM pacnaAOM THna 

Tl 0 -+ 3 17 0 /15,16/ 

2.2. 11 cnycxaHue npoTOHOB 

CpeAaee 'IHcno npoToaoa, B llHanaaoae perucTpupyeMhiX saepruft, a aa

BHCHMOCTH OT 'IHCna 38pH>K9HHblX '18CTHll B 3B931l9 paCT~T nponOpUHOH8nbHO 

/17 I · 
N 3 • CnexTp s<lJcpeKTHBHbiX Mace KOM6Haauuu llBYX npOTOHOB nocTpoeH 

llnR 1678 nap npoToH-npoToB H He HMeeT xaxux-nu6o HeperyngpHocTeA, 

XOpOWO COBn81l8H C paCC'IHT8HHbiM no M9TOilY MOHTe-Kapno cneKTpOM 

/17/ 
cny'laftHblX KOM6BH8llHA • 

2.8. 3aM9'18HBH no nOBOilY I'9H9p8llBH 17+y 0 17 + 17 O , 17 O p 0 

y p -CHCTeM 

B 17+- Xe B38HM01l9ACTBH.IIX npu 2,84 rsa/c pei'HCTpHpOaanHCb T8K>K9 

H BTOpH'IHbl9 17 + -M930Hbl no uenO'IK9 38pH>K9HHblX npOilYKTOB pacn81l8 

17 + -+ 11. +-+ e + B AuanaaoHe HMnynbcoB 50-150 Msa/c • .Lln.11 9TIIX 17 +-Me-

30HOB H I'8MM8-KB8HTOB HnH 17° -M930HOB CTpOHnHCb cneKTpbl COOTB9TCT-

/17/ 
By!OWHX scl$eKTHBHhiX Mace xoM6HHauuA 17+ y , 17+17 • B pacnpeAeneHHH 

94JtPeKTHBHblX M8CC 102 Cny'189B KOM6HHaUHA 17+17°Ha6niOil89TC.II Hepe~,..::tgp

HOCTb B o6naCTH 3Ha'leHH.II M8CC'bl p+-M930H8. HeperyngpHOCTb OT'I~TnHBee, 

ecnu a 9TOM Ha6ope co6biTHA 

/17/ 
N 

3 
:S 3 • PacnpelleneHue 

OI'paHH'IHfbCH nHWb B3aHMOil9ftCTBHHMB C 

347 s<lJ4JeKTHBHblX Mace KOM6HH8UHA 17 +y Co

/17/ 
·BnallaeT C pacnpeAeneHH9M COOTB9TCTBYIOWHX cny'laAHbiX KOM6HH8UHA • 

He HaoniOAaeTCH xaxux-nu6o CTaTHCTH'Iecxu SHa'IHMhiX aeperynHpHocTeA 

V B cneKTpe s<lJcpeKTHBHblX M8CC H3 530 KOM6HH8UHft I'8MM8-KB8HT-npo-
/17/ , 

TOH 

10 

3. 06cy>Kil9HB9 9JtcnepHM9HT8nbHbiX ll4 

B npoaeAeHHbiX uccnelloBaHBHX aau6onee o6cTOHT• 

I'9H9p8UH.II B 17 -Xe B38HMOil9itCTBHHX HeitTpanbH'blX npo, 

WHXCH H8 17 O -M930Hbl B I'8MM8-KB8HTbl, OC06eHHO np 

IOWHX 17+ -Me30HOB0 p8BHOM 2,34 rsa/c. \{To K8C89TC.II 

peaoHaHCHbiX COCTOHHHA,TO nony'leHifYIO HH4JopM8llHIO 0 

TpaKTOB8Tb- ~BWb K8K H9KOTOpOI'O POllS YK838HH.II K ll 

BaHHHM H K Ha6opy lfY>KHOit CTaTHCTHKBo 

CpellH usyqeaHbiX 8 . 9Toft pa6oTe aeATpan&f 

6hiCTpb1X 17 -Me30HOB C .llllp8MB 17 O •M930Hbl COCTaE 

0HB, pei'HCTpHpyHCb B nonHOM llB8n830H9 HMnyn&COB 

H C 94$eKTRBHOCTbl01 6nR3KOA 100%, MOI'YT ll8Tb 601'8' 

C8MOM M9XaHR3Me npOll9CC8 B38HMOil9ftCTBHH 17 -M9301 

.Llpyrue R3 HeitTpan&HbiX npOilyKTOB, pacn81l810WHeC.II Hf 

M8-KB8HTbl 0 o6nall810T nOA06H'blMH C TO'IKH 3peHR.II M9T 

llHR CBOitCTB8MB 0 OllHaKO OHH COCT8Bn.IIIOT BeCbM8 MaliJ 

C 17 O -Me30HaMRo 

Oxaaanoc&, 'ITO Hau6onee nerxo o6aapy>KHTb a c 

M8CC KOM6BH8UBA H9CKOnbKRX I'8MM8-KBaHTOB CHI'HanbJ 

17° -M930H'bl, npOilYKTOB, ecnB RCCn91lOBaTb 9TH cneK1 

nRWb Cny'laHMH B3aHMOil9ftCTBRA C M8n'blMH 'IHCnaMR j 

>K9HH'blX 'laCTHU, '19MY COOTBeTCTBylOT B OCHOBHOM TaK 

' /2 1 t'; 
sneMeHTapH'ble peaxuuu ' · • l1MeiOTCH yxasaHH.H, 'ITO 

CHTCH H K HCcnellOBaHR.IIM KOH<lJHrypaUHA C 3apH>K9HHbll 

noxa se yAaeTc.H onpellenuTb, .HBnHeTcH nu oTcy· 

T/0-+ 2y B co6b!TRHX c 6on&I,IIRMH N 3 peaynbTaToJ 

nomeHHH B .llllP9 . T/ O -Me<30HOB RnH npOCTO pesynb Ta TO!II 

npR BOBne'I9HHH B pe8KUHH He TOnbKO nepHcpepHftHbiX H 
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C06biTHA O.ctHOlly'leBbiX 1T + - Xe B3aHMO.cteACTBHA npa 2,84 fse/c 

aMMa-KBaHTaMH OCHOBHyiO 'laCTb0 npHMepHO 70% Cny'laee1 MO>K

K reuepaUHH 71° -'laCTallbl C nocne.ctYIOIIIaM pacna.ctOM Tana 

/15,16/ 

2.2. .11 cnycxauae npoTOHOB 

ee 'lacno npOTOHOB, B .ctaana30He peraCTpapyeMbiX 9Hepi'HA, B 3a

OT 'lacna 3apR>KeHHbiX 'lacrau B 3Be3.cte pacT~T nponopuHoaanbHO 

Cnexrp s~$eKTHBHbiX Mace KOM6HHauaH aeyx nporoaoe nocTpoeH 

ap npOTOH- npOTOE! a He HMeeT KaKaX-nH60 HeperyngpHOCTeA, 

na.ctaR c pacc'laTaHHbiM no MeToay MouTe-Kapno cnexTpoM 

/17/ 
·KOM6HHaual • 

2.8. 3aMe'laHHR no noeoay reuepauaa rr+y , rr + rr 0 , rr 0 p , 
y p -cacTeM 

Xe B3aaMo.cteACTBHRX npH 2,84 rse/c pei'HCTpHpoeanHCb Tax>Ke 

e rr + -Me30Hbi no ueno"'xe 3apR>KeHHbiX npoayxToe pacnaaa 

e + a llHana3oHe HMnynbcoe 50-150 Mse/c. Jlng sTlfX rr +-Me

Ma-xeauToe ana rr 0 -Me30HOB CTpoHnaCb cneKTpbl COOTBeTCT-

/17/ 
KTHBHbiX MaCe KOM6aHaUHI rr+ y , rr+rr • 8 pacnpegeneHaH 

X MaCe 102 Cny'laee KOM6HH8Ual rr+rr 0Ha6niOJlaeTCR Hepe~~~gp-

8CTa 3Ha'leHHR MaCChi p + -Me3oHa. Heperyngpaocn. OT'I~TnHeee, 

Ha6ope C06biTHI orpaHa'IHTbCR nHIIIb B3aHMO.ctelcTeagMa C 
I 

, PacrrpegeneHHe 347 9~~KTHBHbiX Mace KOM6HHaUHI 1T +y co-

/17/ 
acnpegeneHH9M COOTBeTCTBYIOIIIaX cny'laiHbiX KOM6aHaUHI • 

eTCg KaKHX-nH60 CTaTHCTH'I9CKH 3H8'1HMbiX HeperynRpHOCTeA 

9~$eKTHBHbiX MaCe H3 530 KOM6aHaUHI 1'8MMa-KBaHT-npo-

10 

3, 06cy >K.ctaHHa 9KCnep H MaH Tanb H b!X .eta HH b!X 

B nposegeHHbiX accneaoeaHHSIX aaa6onee o6cTogrenbHo. 61>ma H3y'leHa 

reaepaUBR B 1T -Xe B3aBMO.cteACTBaSIX HeATpanbHbiX llpOilYKTOB, pacna.ctaiO

waXCSI Ha 1T 0 -Ma30Hbl B raMM8-KB8HTbi0 OC06eHHO npH HMnynbce HaneTa

IOIIIaX rr+ -Ma30HOB0 paBHOM 2,34 fse/c, lfTO KaCaeTCR .ctpyrHX 'laCTaU a 

pe30HaHCHbiX COCTORHaA, TO nony'laHHyiO aH~OpMaUHIO 0 HaX He06XOJlHMO 

TpaKTOBaTb. ~BIIIb KaK HaKOTOpOI'O p0Jl8 yKa3aHBSI K ganbHeiWHM HCCnego

BaHBRM a K Ha6opy Hy>KHOA CT8TBCTHKB, 

Cpeaa H3y'leHHbiX 8 sTol pa6oTe ueiTpanbHbiX npoayxToB peaxuaA 

6biCTpbiX 1T -Ma30HOB C Sl,!lpaMH 1T O -Me30Hbl COCTaBnRIOT OCHOBHyiO QOniO, 

0HB, pei'BCTpHpyRCb B nonHOM .ClB8n830He aMnynbCOB, Ha'laHaR OT ayng, 

H C scjlqJeKTHBHOCTbl01 6nH3KOA 100%, MOI'yT ll8Tb 6oraTyiO HH~OpMaUHIO 0 

C8MOM MaX8HB3Me npOilaCC8 B38HMOJleiCTBHR 1T -Me30HOB C TR>KenbiM SlllPOM, 

Jlpyrae 83 HeATp8nbHbiX npo.ctyKTOB1 pacna.ct8IOIIIB9CSI Ha 1T 0 -Me30Hbi, H I'aM

M8-XB8HTbi0 oC5na.ct8IOT nO.ct06HbiMH C TO"'Xa 3peHHR MaTO.ClHKH ax peracrpa

llHH CBOACTB8MH0 OllH8XO OHH COCTaBnRIOT BaCbMa ManyiO JlOniO no cpaBHeHHIO 

C rr 0 -Ma30HaMB, 

Oxa3anocb, 'ITO aaa6onee nerxo o6uapy>KHTb a cnexTpax s~$eKTHBHbiX 

MaCe XOM6asauaA HaCKOnbKBX raMMa-xBaHTOB CHI'Hanbi OT llPYI'HX1 '19M 

rr 0 -Me30Hbl, npoayxToe, ecna accnegosan. 9TH cnexTpbi, orpaHH'IaeaRcb 

nHWb Cny'laRMH B3aaMO.ctaACTBHA C Manb!MH 'IBCnaMB N 3 BTOpH'IHbiX 3apR

>K9HHbiX "'aCTHil, '19MY COOTBeTCTByl()T B 9CHOBHOM Tax Ha3biBaaMbie XBa3H-
/2 u'; · 

sneMeHTapHble peaXIlHH ' ' • 11Ma!OTCSI yxa3aHHSI1 'ITO TO >Ke CaMoe OTHo-

/17/ 
CBTCSI H K HCCne.ctOBaHHRM XOH~HI'ypallHA C 3apR>KaHHbiMH 'laCTHilaMH , 

noxa He yaaeTcs onpeaenan., RBnHeTcR nH oTcyTcTeHe cny'laes 

., 0 ... 2 y B C06b!THSIX C 6onbwHMH N3 pe3ynbTaTOM aHTeHCHBHOI'O nor-

noweHa.H B Sl,!lpe . .,o -Me30HOB HnH npOCTO peaynb1'8TOM .ctaCcHnallHH 9Hapi'HH 

1111 
npH BOBne'leHHH B peaKUHH He TonbXO rrepa$epaAHbiX HyKnOHOB Slllpa • 
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C ITOMOWbiD rrpHM9HH9MOD HSMH MeTOAHKH xopomo perHCTpHpyiDTCH 

npOTOHbl
0 

rrpH'IeM B rrO'ITH nonHOM AH8IT830H9 HX HMrrynbCOB , ( CBbime 

I 17.< 
200 MsB/c }. 

B aaKniD'IeHHe cneAyeT CAenaTh 6onee 'leTKHA BbiBOA MeTOAH'IeCKoro 

XapaKTepa. ,D.nH HCCn9AOB8HHH B38HMOA9ftCTBHH 6biCTpblX 17 -M930HOB 

C AAPSMH MO)KHO ycnemHO HCITOnb30B8Tb xapaKTepHCTHKH reHepHpOBSHHbiX 

B 9THX B38HMOA9HCTBHHX 17° -Me30HOB H rrpOTOHOB. l1ccneAOB8HHH ueneco

o6pa3HO rrpOB9CTH AnH AAep KC9HOH8 C rrOMOWbiD KC9HOHOBbiX rry3blpbKOBbiX Ka

Mep. ,D.nH ApyrHX AA9P MO)KHO rrpHM9HHTb ApyrHe KSMepbl COOTB9TCTBYIDWHX 

paaMepOB, HarronHeHHbie TH)KenbiMH )KHAKOCTHMHo 

fluTepaTypa 

1. Z.S.Struga1ski, T.Siemiarczuk. Phys.Lett., 11,170 (1964). 
2. Z.S.Struga1ski, T.Siemiarczuk. Phys.Lett., 13, 

. 347 (1964). 
3~ O.Czyzewski, J.Danysz, J.Loskiewicz, J.Zaorska,B.S1owin-

ski, z.s.struga1ski.Nuk1eonika, 9,155 (1964). 
4. M.l1. fpaMeHHUKHA, n.c. OxpHMeHKO, B. CnOBHHCKHA, 3.C. CTpyranbCKHA. 

)!(3T$, £., 801 (1964). 

5. z.s.struga1ski. Nucl.Phys., 87, 280 {1966). 
6. M • .D.aMK'3BH'I, B. CnoBHHCKHA, 3.C. CTpyrallhCKHA • .HAepHaH <l!H3HKa, §., 

341 (1967). 

7. T.l1. KaaapeK, E. nocKeBH'I, A.C. MapTbiHOB, B. HH'IHnopyK, 3.C. CTpy
ranbCKHA, r .n. CeMamKO, T. Ce.M.Hp'IYK., K. 3cKpeAc. .HAepHaSI <l!H3HK8, 

fl, 786 (1967). 

8. B. faAOMCKIIA, B. CnoeHHCKHA, 3.G. CTpyrallbCKHA • .HAepHaSI <l!H3HKa, L 
1246 (1938). 

9. B. CnoaHHCKHA, 3.C. CTpyranbcKHA. Ol1.Hl1, P1-3822, .D.y6Ha, 1968. 

10. B. CnoaHHCKHA, 3.C. CTpyranbcKHA. 011.HI1, P1-4076, Lly6Ha, 1968. 

11. B. CnoeHHCKHA. LluccepTaUHH. BapmaBCKHA yHHBepcaTeT, Bapmaea, 1969. 

12. Z.S.Struga1ski, I.V.Chuvi1o, I.A.Ivanovskaya, T.Kana
rek, L.S.Okhrimenko, T.Gemesy, S.Krasnovsky, G.Pin
ter. Phys.Lett., 29B, 532 {1969). 
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13. 

14. 

15. 

16. 

17. 

z.S.Struga1ski, I.V.Chuvi1o, I.A.Ivar 
rek, L.S.Okhrimenko, T.Gemesy, S.Kral 
Phys.Lett., 29B, 518 {1969). 
z.s.struga1ski, I.V.Chuvi1o, I.A.IvaJ 
ski, T.Kanarek, S.Krasnovsky, L.S.Okl 
B.S1owinski. Nuc1.Phys., B24, 358 {1~ 
z. S. Struga1ski, I. V. ChuviiO; 'I'. Gemes: 
z.Jab1onski, T.Kanarek, S.Krasnovsky 
G.Pinter. Nuc1.Phys., B27, 427 {1971 
z.s.struga1ski, I.V.Chuvi1o, z.Jab1o 
S.Krasnovsky, L.S.Okhrimenko, G.Pint 
Report JINR, E1-5349, Dubna, 1970. 
B. CnoBHHCKHA, 3.C. CTpyranbCKHA. 011.Hl1, Pl -l 

18. E. BorAaHOBH'I, l1.A. l1eaHOBCKaSI, T. KaHapeK, 3. 
n.c. OxpHM9HKO, B. CnoBHHCKHA, 3.C. CTpyrallbC 

Lly6aa, 1972. 

19. B. CnoeHHCKHA, 3.C. CTpyranbCKHA. 011.Hl1, P1-6 

PyKorrHCb rrocTyrrHna B H3AaTem 
25 anpenSI 1972 roAa • 

13 



C ITOMOlllb:io npHMSHSISMOi% H8MH MeTOJlHKH XOpOlllO pei'HCTpHpy!OTCSI 

Hhi, npH'IeM B ITO'ITH nonHOM JlH8IT830He HX HMITynbCOB , ( CBbillle 
/17.< 

95/C }. 

aaxnJO'IeHHe cneJlyeT CJlenaTh oonee qeTKHI% BhiBOJl MeTOJlH'IeCKOI'O 

Tepa • .LlnSI uccneJlOBaHHSI aaaHMOJleAcTBHSI OhiCTpbiX rr -Meaoaoa 

8MH MO)KHO ycnelllHO HCITOnb30B8Tb xapaKTepHCTHKH I'eHepHpOB8HHb!X 

x eaaaMoJleHCTBHSIX rr 0 -Meaoaoa H npoToaoa. MccneJlOBaHHSI ueneco-

HO npoaeCTH JlnSI S!Jlep KCeHOHa C llOMOlllb!O KC9HOH0Bb!X nySbipbKOBbiX Ka

nSI llPYI'HX S!Jl9p MO)KHO npHM9HS!Tb Jlpyi'He KaMepbi COOTBeTCTBYIOIIIHX 

pOB, HanonHeHHhie TSI)KenbiMH )KHJlKOCTSlMHo 

naTepaTypa 

• S.Strugalski, T.Siemiarczuk. Phys.Lett., 11,170 (1964) • 
• S.Strugalski, T.Siemiarczuk. Phys.Lett., 13, 
7 (1964) • 

• Czyzewski, J.Danysz, J.Loskiewicz, J.Zaorska,B.Slowin-
1, Z.S.Strugalski.Nukleonika, 9,155 (1964). 

11• fpaMeHHUKHA, n.c. OxpHMeHKO, B. CnOBHHCKHA, 3.C. CTpyi'anbCKHA. 
T41, 11., 801 (1964). 

S.Strugalski. Nucl.Phys., 87, 280 (1966) • 
.LlaMKeBH"l:, B. CnoBHHCKHA, 3.C. CTpyi'anbCKHA. Rllepaasr «l!HSHKa, §., 

1 (1967). 

11. Kaaapex, E. nocxeBH'I, A.C. MapTbiHOB, B. HH"l:HnopyK, 3.C. CTpy
nbCKHA, r .n. CeM8IIIKO, T. CeM.spqyK.s K. acxpeAc. RJlepaasr «l!HSHKa, 
786 (1967). 

faJlOMCKHA, B. CnoBHHCKHA, 3.G. CTpyi'anbCKHA. Rllepaasr «l!Hauxa, 1., 
46 (1938). 

CnoaHHCKHA, 3.C. CTpyi'anbCKHA. 011$111, P1-3822, .Llyoaa, 1968. 

CnoaHHCKHA, 3.C. CTpyi'anbCKHA. 011$111, P1-4076, .Llyoaa, 1968. 

CnoaHHCKHA • .LlHccepTaUHsr. BapmaaCKHA yHHBepCHTeT, Bapmaaa, 1969. 

S.Strugalski, I.V.Chuvilo, I.A.Ivanovskaya, T.Kana
k, L.S.Okhrimenko, T.Gemesy, S.Krasnovsky, G.Pin-
r. Phys.Lett., 29B, 532 (1969). 
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