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fleTpyXHH B.H., Xa3HHC n.M., llHceK 3. 

Pl-4985 

CrreKTJ' 6biCTpbiX neliTOHoB, HcrrycKaeMbiX rrpH B3aHMonellcTBHH 
rrpoTOHOB c aaeprHell 670 MaB c SlllpaMH yrnepona 

C IIOMOIUbiO MarHHTHOro CIIeKTpoMeTpa H CIIeKTpOMeTpa IIO BpeMeHH 
IIponeTa B HHTepBane HMIIynhCOB OT 700 liO 1700 MaB/c H3MepeH CIIeKTp 

neliTOHOB1 HCIIYCKaeMl>IX IIOA yrnOM 6,5° IlpH B38!fMOlleliCTBHH IIpOTOHOB 
c aaeprHell 670 MaB c SlllpaMH yrnepoaa. 06aapy*eH HOBhili HHTeHCHBHhill 
~aHan o6pa30B8HHSI AeliTOHOB - C pO)I{AeHHeM IIHOHOB. 

fipenpHHT 06be,lllllleHBOI'O HHCTIITYT8 Jl,llepBIIIX Jlcc.te,QOB&HHI. 

,lbr&la, 1970 

Azhgirey L.S., Krumstein z. v., Ngo Kuang Zu, 
Petrukhin V.I., Khazins D.M., Cisek z. 

Pl-4985 

Spectrum of Fast Deuterons Emitted in the Interaction 
of 670 MeV Protons with Carbon Nuclei 

Using the magnetic and the time-of-flight spectrometers the 
spectrum of deuterons emitted at an angle of 6.5° in the interaction 
of 670 MeV protons with carbon nuclei was measured in the momen
tum range from 700 up to 1700-MeV/c. A new intense channel of the 
deuteron production (with the pion production) was observed. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 



'i 

' 
; ' 

C IIOMOIIJblO MarHHTHOrO Cil9KTpOM9Tpa H CII9KTpOM9Tpa ITO BpeMeHH 

rrponeTa B HHTepBane HMIIynhCOB oT 700 M sB/ c LIO 1700 M sB/ c H3Mepea 

CII9KTp .[19HTOHOB1 HCIIyCK89MbiX IIO.[I yrnoM 6,5° IIpH B38HMO.[I9HCTBHH rrpo

TOHOB c saeprHeH 670 M sB c SIApaMH yrnepoAa. IToMHMO aa6nlOLI8BlllerocSI 

11 2/ 
paaee ' IIHKa .[leHTOHOB, o6ycnoBneaaoro KBa3HyrrpyrHM pacceSIHHeM 

IIpOTOHOB Ha LIBYXHyKnOHHNX rpyrrrrax BHYTPH S!Apa, B HMIIynbCHOM CIIeKTpe 

BTOpH'IHbiX '18CTHU o6aapy)!{9Hbl Jl9HTOHbi 0 o6pa3ylOIIIH9CSI B peaKUHH p +N-o 

-> d+tr aa HyKnoaax Sinpa. llHI}ll}lepeHuHanhHOe ceqeaHe peaKUHH p+ N -od+1r 

aa ayKnoaax Sinpa yrnepona, paaee ae aa6niDnaBIIJe:il:cSI, da I dw $ 
-27 2 

( 27,9 :!:.. 3,2). 10 eM /cTepaA. 11MrrynhcHoe pacrrpeneneaHe netiToHoB, 

OTBe'!alOIIJHX STOH peaKUHH, KaqecTB9HHO cornacyeTCSI C pacqeTaMH, Bbl-

rronHeHHbiMH B paMKaX MonenH H93aBHCHMbiX '18CTHU. 

BBeneaHe 

f1pH 6oM6apnHpOBKe SI.[Iep IIpOTOH8MH BbiCOKOH SHeprHH, KaK STO 6bJ-
/1/ /2/ 

no rroKa3aHo rrpH 675 MsB B lly6ae H rrpH 1 fsB B EpyKxetiBeHe , 

Ha6nl0ll89TCSI o6pa30B8HHe BbJCOKOSHepreTH'IHbiX .[19HTOHOB1 OTBe'!alOIIJ99 

rrpoueccy yrrpyroro pacceSIHHSI rrpoTOHOB aa KBa3HnefiToHHbiX rpyrrrrax BHyT-

• 
3 

) 
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pH S!Jlpa. B STHX O!Ib!TSX SKCIIepHMeHTSnbHO HCCneJlOBanaCb TOn&KO C8M8SI 

*eCTKSSI qacTb HMIIynhCHOI'O CIIeKTpa JlefiTOHOB. B HSCTOH!Ilefi pa6oTe OIIH

C8Hbl pesynhT8Tbi H3MepeHHH HMIIynbCHOI'O CIIeKTpa JlefiTOHOB1 o6pasye-

O 
MbiX IIOJl yrnOM 6,5 IIpH B38HMOJlefiCTBHH IIpOTOHOB C SHeprHefi 670 MsB. 

C S1Jlp8MH yrnepOJl81 B IllHpOKOM HHTepBane HMIIynhCOB JleHTOHOB1 OT 700 

JlO 1700 M ss/ c. 

3KcrrepHMeHT8nbH8SI ycT8HOBK8 

CxeMa OIIbiTa rrpHBeaeHa Ha pnc. 1. BbtBeJleHHbifi H3 CHHXpOUHKnoTpo

Ha OHHH rryqoK rrpoToHoB c SHepruefi 672 Mss c rroMO!IlbiO KBaapyrronbHbiX 

nHH3 Kn ¢loKycHposancH Ha MHIIleHb. PaaMepbi rryqKa Ha MHmeHH cocTas

x/ 
nHnH "'5 MM B I'OpH30HT8nbHOH H =o70 MM B BepTHKanbHOfi IInOCKOCTHX • 

MHmeHb rrpeacTaBnHna co6ofi yrnepoaHyJO. rrnacTHHY paaMepoM 10 x 10 cM
2 

2 
H TOn!llHHOfi rro rryqKy 1,46 r/cM • 3HeprHst rrepsHqHoro rryqKa B cepeanHe 

MH!IleHH COCTaBnstna 670 M SB. BTopHqHbie qaCTHUbi1 HCIIy!lleHHbie H3 MHIIIe-

0 
6,5 K HarrpasneHHIO rrepBHqHOI'O rryqKa, BbiJlenHnHCb HH IIOJl yrnOM (} 

Kom1HMaTopoM K -1 , aHannsnposannch c rroMO!IlbiO MarHnTa M rro HM-

rrynhcy H, rrpofi JlH KonnHMaTop K 2 , rrorraaann B perncTpnpyiO!IlYIO arrrra-

paTypy. B ycnoBHHX aaHHoro sKcrrepHMeHTa pacxoJlHMOCTb rryqKa BTopnqHhlX 

0 
qaCTHU COCTSBnstna :!:_ 0,6 1 paape1II810IIl8H CIIOC06HOCTb M8f'HHTHOI'O CIIeKTpO-

MeTpa .1 p./ p = :!:.. 1,8%. 

BTopHqHbie qacTHUhi perncTpHposanncb TenecKorroM CUHHTnnnHUHOHHhiX 

cqeTqHKOB S 1 S 2 S 3 S4 ; cqeTqnKH S
2 n S4 

, paaHeceHHbie Ha 

paCCTOHHHe 5,6 M 1 Cny*HnH '6a30BhlMHw JlnH HJleHTH¢JHK8UHH qaCTHU IIO 

x/ 
PaaMepbi H ¢lopMa rryqKa Ha MHIIIeHH rroa6npanHCb BHayanbHO npH 

IIOMO!IlH TeneBH3HOHHOfi yCTSHOBKH 110 CBeqeHHIO rrnaCTHqeCKOI'O CUHHTHnnH

TOp81 rroMemaeMoro B MecTe pacnono*eHHSI MHIIIeHH. 
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speMeHH nponeTa. ITyTh 'laCTHU oT sxona s KonnHMaTop K2 no c'l~T'lHKa 

St H Me*llY C'l~T'lHK8MH S 2 H S 
3 npoxonHn s saKyyMe. 06mee 

KOnH'leCTBO semeCTBa H8 nyTH BTOpH'IHbiX 'l8CTHU OT MHmeHH !10 C'l~T-

2 2 
'lHKa sa COCTasmmo 1,7 r/cM CH • H3 HHX 1,2 r/cM CH npHXOllHnOCb 

H8 llOn~ CUHHTHnnRTOpOB C'l~T'lHKOB 5 1 H s2 • nnR MOHHTOpHposa-

HHR nepBH'lHOf'O nyqKa npoTOHOB HCnonb30BancR· TeneCKOn H3 llBYX CUHH-

THnnRUHOHHbfX C'leT'lHKOB S 
6 

S 
6 

, HanpasneHHbiH Ha BhiXOllHOe OKHO Ka-

Mepbt ycKopHTenR s MeCTe Bhtxona npoToHaoro ny'lKa. EnoK-cxeMa aneKT

poaaoii annapaTypht noKaaaaa aa pHc. 2. CHraanht oT 6btCTphtX cxeM cos-

naneHHii CC 1 H CC 2 (c paaperna~mHM speMeHeM 2 T = 10 aceK) no-

cTyna~T aa cxeMbi sopoT CB 1 H CB 2 , KOTOpbte cpa6aThtBa~T, ecnH 

BpeMR nponeTa 'l8CTHUbl Me)!{llY '6a30Bb!MH' C'l~T'lHK8MH He npeBhtlliaeT 

100 HCeK. BbtXOllHbie CHf'Hanbl CXeM BopoT OTKpbiBa~T nHHeiiHbie CXeMbl 

nponycKaHHR C II , C II 1 2 H CII 
3 

, KOTOphte nponycKa~T HMnynhCht OT 

'6a30BbtX' C'l~T'lHKOB H8 KOHBepTop, COCTORlliHH H3 llBYX BpeMR-aMITnHTYll· 

6 - /3/ c HhiX npeo paaoaaTeneH H cyMMaTopa • Hraanht c KOHBepTopa rrona~TCR 

aa aMnnHTYllHbtii aaanHaaTop. 

B uenh aarrycKa nHHeiiHbiX cxeM nponycKaHHR BKn~'leHa cxeMa, 6no-

KHpy~maR cHraanhl aanycKa cxeM nponycKaHHR B TeqeaHe MepTaoro BpeMe

HH aaanHaaTopa. 3To o6ecne'lHBano pa6oTy TpaKTa apeMeaaoro aaanHaa 

6ea neperpyaoK, a TaK*e rroaaonRno 6onee a¢$eKTHBHO HcnonhaoaaTh aaanH

aaTop npH 6onbrnHx HHTeHCHBHOCTRX BTOpH'IHhiX qacTHU. CrreKTpoMeTp no 

apeMeHH nponeTa RMen paaperneaHe 2r = 0,9 HCeK. 

ITpouenypa H3MepeHHii H o6pa6oTKa peaynhTaTos 

THnH'lHhtii cneKTp no apeMeHH rrponeTa rrpH aanaHHOM aaaqeaHH HM

rrynhca pef'HCTpHpyeMhiX 'l8CTHU ITOK838H H8 pHC. 3. 3Ha'leHHR Mace aape-

f'HCTpHpOB8HHbiX 'l8CTHU 0 Bhl'lHCneHHbte H3 H3BeCTHbiX 3H8'leHHH HMrrynbCa 

6 
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s, 52 SJ 

PHc. 2. EnoK-cxeMa sneKTpOHHOH armapaTypbi: S - S - cuHHTHnnSI-
t 4 

UHOHHbie C'I~T'IHKHi P1 , p 2 - paaaeTBHTenH; CC t - CC 2 - CXeMbl COBIIa-
JleHHHi CB t - CB 2 - cxeMbl so poT; CE - cxeMa 6nOKHpOBKHi en to cn2, 
cn3 - cxeMbl rrporrycKaHHSii T-v - apeMSI-aMrrnHTYllHb!H rrpeo6paaoaa
Tenb; nn - rrepeC'IeTHblH rrpH6op; AA - aMrrnHTYllHblH aHanH3 aTop. 
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H BpeMeHH nponeTa1 J;IOKS3biB8IOT1 'ITO neBbiA nHK o6ycnoBneH aeATOHSMH 1 

a npaBhiA - npoToHaMH. Hpoueaypa HSMepeHHA csoaHnacb K nony'leHHIO 

BpeMsr-nponeTHbiX cneKTpOB BTOpH'IHbiX qaCTHll npH paanH'IHbiX 3HaqeHHSI1C 

Hanpsr*eHHOCTH MSrHHTHOro nonR 8HanH3HpyiOmero MarHHTa C MHllieHbiO 

H 6ea Hee. HHTeHCHBHOCTb BbiXoaa aeil:TOHOB 11 tt C 38/l-SHHbiM 3Ha'le-

HHeM HMnynbca p Bbi'IHCnsrnacb H3 cneKTpos no speMeHH nponeTa no 

cpopMyne: 

N 
n d I ( __<!. . ..I.L. ) 

N m M 

-( ~d ..1!.) 
N mIll 

I 

f·p 
(1) 

3aech HHileKChi M H ~~~ OTHOCSITCSI 1 COOTBeTCTBeHH0 1 K H3MepeHHSIM 

c MHrneHbiO H 6ea Hee, N - o6masr rrnomallb speMsr-rrponeTHoro cneKTpa, 

N d - IInOIUSllb IIOll IIHKOM1 OTBe'laiOIUHM aeil:TOHSM1 n - CKOpOCTb C'l~-

Ta TenecKorra S 1-S 
4 

m - CKOpOCTb cq(!Ta MOHHTOpa, f - a¢cpeK-

THBHOCTb perHCTpaUHH BTOpH'IHbiX 'ISCTHU, CKOpOCTH C'I~Ta 6e3 MHllieHH 

npH BCeX 3HS'IeHHSIX HMIIynbCOB COCTaBnRnH HeCKOnbKO % OT CKOpOCTefl: 

C'I~Ta C MHllleHbiO, 
t 

ct>aKTOp f BKniOqae1' B ce6sr rrorrpaBKH Ha rrpoc'I~Tbi perHcTpHpyiOmeA 

arrrrapaTypbi 1 Ha MHOrOKpaTHOe pacceSIHJ;e llefl:TOHOB B MHllleHH 1 B B03-

llyXe H B CUHHTHnnRTOpax C'I~T'IHKOB, llnsr OIIpeileneHHSI norrpaBKH Ha IIpO 

C'leTbi 6bin0 H3Me pCHO 9lfl<jleKTHBHOe Me pTBOe BpeMSI TeneCKOIIa S - S , 
I t 4 

KOTOpoe OKa3anOCb paBHbiM ( 11!_2) MKCeKX o fl{»r ,MSKCHManbHOfi CKOpOCTH 

4 
cqera TenecKona "' 10 qaCTHu/ceK rrorrpaBKa Ha rrpocq~Tbi He npeBhirna-

na 15%. 

x/ 
flpH OIIpeaeneHHH HCTHHHOrO MepTBOrO BpeMeHH TeneCKOIIa Y'IHTbiBa-

naCb CKBS*HOCTb pa50Tb! YCKOpHTensr, 

i 
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llnH onpeneneHHH noiipaBKH Ha paeee>!FIHe B MHllleHH 6bmH BhmonHeHbi 

H3MepeHHSI eneKTpOB ne~TOHOB anH Tpex yrnepoaHhlX MHllleHefi paanH~HOH 
2 

TOnliJHHbl (} ,46; 4,9; 7,8 rleM ) t pe3yl!&T8Tbl aTHX H3MepeHHH aKeTpano-

nHpOBanHeb K aHa~eHHHM nnH MHllleHH HyneBoA TOnliiHHhi. Bbmo HaAaeHo, 

~TO BenH~HH8 nonpaBKH nnH MHllleHH TOnliiHHOH 1,46 rleM
2 

H3MeHSieTeSI 

OT 10% npH HMnyn&ee ne~TOHOB p = 700 MaBle no npeHe6pe>KHMo Manoro 

3H8~eHHSI npH p = 1550 MaBle. 

OonpaBKa H8 MHOI'OKp8THoe paeeeSIHHe Bbi~Hengnae& no cflopMynaM 
141 151 

llJTepHXafiMepa e Y~~TOM HOHH38UHOHHbiX noTep& o llnSi onpeaeneHHSi 

napaMeTpOB1 BXOnSiliiHX B cflopMynhi llJTepHXafiMepa, - acfl!jleKTHBHOfi TOnliiHHbl 

paeeeHBaTeng a H oTHollleHHSI nnomanH nonepe~Horo ee~eHHSI ny~Ka 

6ea paeeeHBaTenSI B MeeTe paenono*eHHSI noenenHero c~~T~HKa K nnomanH 

eUHHTHnnSITOpa aTOI'O e.~~T~HKa y - 6binH npoBeaeHbl H3MepeHHSI 38BHeH

MOeTH eKopoeTH e~~Ta neftTOHOB H npOTOHOB OT TOnliiHHbl paeeeHB8TenSI1 no-

MelllaeMOI'O nepen e~eT~HKOM S 
1 

H S 
2 

• HaMepeHHSI npoBonHnHe& npH 

aHa~eHHSIX HMnyn&ea 745, 1092 H 1445 MaBle H aanH eneayJOmHe peayn&-

T8Tbi: 

a 
2 

= (1,70:!:_0,15) rleM CH y = 1,35 :!:.. 0, 15. 

Paee~HTaHHhi!i npH aTHX aHa~eHHSIX napaMeTpOB nonpaBo~HbiH MHD*HTen& 

l /f nOK838H H8 pHeo 4 B 38BHeHMOeTH OT HMnyn&ea. 

CpeaHHli HMnyn&e neliToHoB, aaperHeTpHpoBaHHbiX Ha aaHHOM BpeMSI-

nponeTHOM eneKTpe, HaxoaHneH H3 OTHOllleHHSI BenH~HHbl M8I'HHTHOI'O nonS! 

aHanHaHpyJOurero MarHHTa npH HaMepeHHH naHHoro erreKTpa K aHa~eHHJO nonS!, 

OTBe~aJOUieMy MaKeHMyMy nHtflpaKUHOHHOI'O nHK8 paeeeSIHHbiX npoTOHOBo 3a-

BHeHMOeTb HanpH*9HHOeTH M8I'HHTHOI'O nonS! 8HanH3HPYIOUI9I'O M8I'HHT8 OT 

TOKa B ero o6MOTKax onpenenHnae& MeToaoM gaepHoro MarHHTHoro peao

HaHea. OpH noeTpoeHHH HMnyn&eHbiX eneKTpoB neliToHOB y~HThiBanHe& noTepH 

9H9pi'HH B BemeeTB9 MHlll9HH. 

i 
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P,MeV/C 

PHC, 4, norrpaBK8 Ha MHOroKp8TH08 paCC8SlHHe B 38BHCHMOCTH OT HM

rrynbC8 aeATOHOB, 3arnTpHXOB8HH8Sl o6naCTb - KOpHAOp OWH60K, 
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LJ.HanaaOH HMfiyJibCOS1 S KOTOpOM npOH3BOllHJIHCb H3MepeHHSI 1 orpaHH

qeH CHH3y 3Ha'leHHeM p • 700 Mas/c. 3To orpaHH'IeHHe CSSI38HO KaK 

C yMeHbWeHHeM Sb!XOll8 MellJieHHbiX lleHTOHOS 1 T8K H C MHOI'OKpaTHbiM 

paccesrHHeM llei!:TOHOS S MHWeHH1 S03llyXe H CUHHTHJIJISITOpax C'I~T'IHKOS 

S I H 5 2 1 KOTOpoe, K8K aTO SHllHO H3 pHC. 4, CHJlbHO S03paCTaeT 

c yMeHbrneHHeM HMnynbca. flopor perHcTpanHH cneKTpoMeTpa no speMeHH 

nponeTa, onpellensreMbiil: npo6eroM lleHTOHos s semecTse, 6bm pasea 

.. 600 Mas/c. 

HaH50JibWHe aKcnepuMeHTaJibHbie TPYllHOCTH npH nposelleHHH HacTosr

IUHX Onb!TOS 6hiJIH CSSI38Hbl C pei'HCTpaUHeH lleii:TOHOS S o6)IaCTH nHK8 OT 

llH¢paKUHOHHOI'O pacceHHHSI npOTOHOS Ha Slllpax yrnepolla. LJ.nsr HJIJI~CTpaUHH 

aTOI'O 06CTOSITeJibCTBa Ha pHCo 5 nOK838Hbl 38SHCHMOCTH Sb!X0ll8 STOpH'I

HbiX '18CTHU ( WTpHXOS8SI KpHS8SI) H OTHOWeHHSI 'IHCJia lleii:TOHOB K nOJIHOMy 

'IHCJIY '18CTHU Ha BpeMsr-nponeTHhlX cneKTpax (cnnOWH8SI KpHBasr) OT HM

nyJibC8o BHllH0 1 'ITO llOJISI lleHTOHOB so speMsr-nponeTHhlX cneKTpax B o6-

nacTH llH¢paKUHOHHO paccesrHHhiX npoToHOB ( p .. 1300 Mas/c) peaKo 

yMeHbrnaeTCSio flpH orpaHH'IeHHOil: CKOpOCTH pei'HCTpaUHH C06biTHH aMnnH

TyllHblM 8HBJIH38TOpOM aTO npHBOllHT K 3H8'1HTeJibHOMY yMeHbWeHH~ CTa

THqTHKH B lleHTOHHDM nHKe. C llPYI'Oti CTOp0Hbi1 npH aTOM aarpy3Ka BCeX 

aneKTpOHHhiX CXeM llOCTHI'aeT M8KCHM8JlbHbiX B YCJIOBHSIX H8WHX OnbiTOS 

4 
3Ha'leHHft ( ~ 10 '18CTHU/ceK) 1 'ITO npHBOllHT K yBeJIH'IeHH~ OTHOWeHHSI 

¢oa-a¢¢eKT. 

OllHOBpeMeHHO c HaMepeHHeM HMnynbcHoro cneKTpa lleiiTOHOB oT 

yrnepolla H B OllHH8KOSb!X aKCnepHMeHT8JlbHbiX YCJIOSIISIX npoH3BOllllJIHCb 

T8K)!(e H3MepeHHSI HMnynbCHOI'O cneKTpa lleHTOHOB OT peaKUHH p +p-> d+ IT -J; 

3¢¢eKT OT BOllOpOlla OnpelleJISIJICSI no p83HOCTH 9¢¢eKTOS OT nonUaTHJieHO

SOfl: H yrnepOllHOil: MHWeHefi:, aKSHBaJieHTHb!X nO TOpM03HbiM cnoc06HOCTSIM. 

PeaynbTSThi H3MepeHHii peaKUHH p + p ... d +IT+ Ha CS060llHb!X npOTOH8X 

HCnOJib30B8JIHCb llJISI H8XO)!(lleHHSI a6con~THbiX 3Ha'leHHil: llH¢¢epeHUH8JlbHhlX 

i 12 
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PHC, 5, 3aBHCHMOCTb Bb!XO.Q8 BTOpH'IHb!X '18CTHU ( nyHKTHpHaSI KpHBBSI) 

OT HX HMnynbca, CnnOlliHSSI KpHBBSI - OTHOlli9HH9 'IHcna .QeftTOHOB K nonHO

MY 'IHCny 'IBCTHU Ha epeMSI-nponeTHOM cneKTpe npH 38.Q8HHOM HMnynbC9 p. 
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ceqeHHft ShlXOAa aelfTOHOS OT yrnepoaa, a TaK~e cny~HnH AnH KOHTponH 

KanH6poSKH HMnynbCHOlf IIIKanhl • 

11MnynbCHhie cneKTphi aeii:ToHos. 06cy~aenHe 

pe3ynbTaTOS 

H~;~ pHc. 8 noKa3aH HMnynbcHhiii: cneKTp aeii:ToHos oT peaKUHH 

p+p ->d+7T+ ( 2) 

Ra CS060AHhiX npoTOHaX. CneKTp COCTOHT H3 ASYX nHKOS, OTBeqaJOlllHX Shl

neTy AeHTOHOB S peaKUHH (2) S CHCTeMe UeHTpa Mace •snepeA' (0* =37°) 

H 'Ha3aA"' ( 0 * 
0 • 

= 158 ). ITono~eHHH nHKOS XOpOIIIO COBnanaJOT C paccqH-

TaHHhiMH no KHHeMaTHKe peaKUHH 3HaqeHHHMH HMnynbCOS 1378 H 859M:;m/c 

anH SbineTa "snepea• H "Ha3aA", COOTSeTCTBeHHO. illHpHHhl nHKOS 

"' 45 Mas/ c xapaKTepH3yJOT HMnynbcHoe pa3pellleHHe MarHHTHoro crreKTpo

MeTpa. HopMnpoBKa HMnynbCHoro cneKTpa aeii:TOHOB oT p C-coynapeHHH npoH3So

/lHnactb no nHKy aeii:TOHOS S peaKUHH ( 2), COOTBeTCTBYJOllleMy SbineTy neii:TOHOS 

'snepea' s c.u.M., nocKonbKY ero nnolllaAb 6onbllle sToporo nHKa, a aeonpeae-

neHHOCTh, CBH3aHHaH C nonpaSKaMH Ha MHOrOKp8THOe pacceHHHe, S 9TOH 

o6nacTH HMnynbcos aesenHKa. 

YrnoBhie 38SHCHMOCTH AH~~epeHuHanbHoro ceqeaHH H nonHhie ceqe

HHH peaKUHH (2) H o6paTaoro eii: npouecca npH 6nH3KHX 3HaqeHHHX nonaoii: 

/8-8/ 
9HeprHH S C.U.M. H3MepHnHCb S pa6oTaX • Ha OCHOSaHHH HHTepnonH-

. /8-8/ 
UHH pe3ynbT8TOB pa6oT K 9HeprHH nepSHqHhlX npOTOHOS S na6. CHC-

TeMe 870 Mas H yrny perHCTpauHH aeii:ToHos 8,5° nonaranocb, qTo nno-
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maab nHKa npH P 1378 Mas/c Ha pHc. 6 cooTseTcTsyeT aH!jxpepeHUHanb-

HOMY ceqeHHIO 

d a/ dw 
-27 2 

( 10,34 + 0,34)•10 eM lcTepaa. 

HMny.'lbCHbiH cneKTp aeH:ToHos, o6paay10mHxcsr npH saaHMoaeH:cTSHH 

npoTOHOs c srapaMH yrnepoaa, noKaaaH Ha pHc. 7. XapaKTepHoii oco6eH-

HOCTb!O STOrO cneKTpa srsnsreTCSI HanH'IHe asyx liHKOB ilpH 3H8'IeHHSIX HM-

nynbcoB 1585 H 1360 Mas/c, KOTOpbte no KHHeMaTH'IecKHM coo6pa)KeHHSIM 

MO)KHO OTHeCTH TOnbKO K 'aByX'I8CTH'IHbiM 6 peaKUHSIM. 

nHK npH p d = 1585 Mas/c o6ycnosneH KS83HyrrpyrHM paccesrHHeM 

npoTOHOS Ha asyxHyKnoHHhiX accouHaUHsrx srapa yrnepoaa, T.e. peaKUHeH: 

C 12 ( P• d N) A 1o * x/ 
( 3) 

11,2/ 
3TOT npouecc Ha6n10aancsr paHee • Ha6n10aaeMoe He6onbiiioe cMeme-

HHe liHKa sneso OTHOCHTenbHO 3Ha'IeHHSI p d = 1623 Mas/c, OTSe'l:a!Omero 

CS06oaHoMy pd -pacceSIHHI01 COOTSeTCTSyeT SHeprHH OTaeneHHSI aeHTOHOS 
I 

ansr srapa yrnepoaa, cocTasnsr10meii 25 Mas. ToT QJaKT, 'ITO IIIHpHHa ITHKa, 

oTseqa10mero peaKUHH ( 3), aaMeTHo npeshiiiiaeT HMnynbcHoe paapeiiieH He 

CileKTpoMeTpa, liO-SHaHMOMy, CSSI38H C SHyTpHSitlepHbiM asH)KeHHeM asyx

HyKnOHHhiX accouHauHii s srapax yrnepoaa. EcnH aonycTHTb, 'ITO sHyTpHsrnep-

Hoe pacnpeaeneHHe HMnynbcos asyXHYKnOHHhiX accouHaUHii srsnsreTcsr .rayc-

COSbiM, TO H3 nony'!eHHhlX peaynbTBTOS MO)KHO OUeHHTb cpeaHIOIO KHHe-

TH'IeCKYIO aHeprHIO aSH)KeHHSI asyxHyKnoHHbiX KnacTepos T 
0 

; TaKasr oueH .. 

Ka rrpHsoaHT K 3Ha'l:eHHIO T 0 "" 15 Mas. llHQJ<PepeHuHanbHoe ce'IeHHe peaKUHH 

x/ * 3aeCb 03H8'l:BeT, 'ITO Ha OCT8SIIIHeCSI 10 HyKnOHOS B 3TOM cny-
qae IIpHXOaHTCSI Manasr aHeprHsr; ITpH STOM, oa~aK0 1 OHH MoryT H He o6pa-
30SbiS8Tb srapa c Maccoii 10. 
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Pnc. 7. I1MrrynbCHbiH crreKTp neii:TOHOB, oopaayeMb!X rrpoToHaMH c 3Heprneii: 

670 Mas Ha Slllpe yrnepona. fHcTorpaMMa- crreKTp, pacc•mTaHHbiii nnSI 

S!llPB yrnepona IIO MOll9nH H938BHCHMbiX '18CTHU ( CM. T9KCT) B rrpenrrono

>KeHHH, 'ITO ll9HTOHbl oopa3yiQTCSI TOnbKO B peaKUHH pN -. drr Ha OT

nenbHb!X HyKnoHax Hnpa yrnepona. flyHKTHpHbie KpHBbie - aKcrrepHMeHTanb

HO H80n!Oll89Mb!9 B T9X >Ke· ycnOBHSIX ll9HTOHHb!9 IIHKH OT peaKUHH 

p p -.d 77 + - Ha csooonHhiX rrpoToHax. CTpenKaMH yKaaaHo rrono>KeHHe ueHT

poB TSI>K9CTH llHKOB ll9HTOHOB OT COOTB9TCTBYIOillHX peaKUHH. 

17 
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(3), HaftneHHoe B npenrrono*eHHH, trTo ¢opMa eooTBeTeTByiDmero rrHKa orru~ 

) -27 2 
ebiBaeTeH rayeeOBbiM paerrpeneneHHeM 1 eoeTaBnHeT ( 2, 7:!:_0,5 .10 eM feTe-

pan. DpHBeneHHbie pe3y.nbTaTbi HeenenoBaHHH rrpoueeea, ( 3) eornaeyiDTeH 
Ill 

e rrpenbiilYWHMH 

flHK B paftoHe HMITynbea 1360 MaB/e KHHeMaTHqeeKH eOOTBeTeTByeT 

o6pa30B8HHID neftTOHOB B peaKUHSIX 

+ p+p-+d+17 

p+n-+d+ 
0 

11 

(4) 

(5) 

Ha eBH3aHHbiX HyKnoaax Hnpa e BbmeToM neAToHa B e.u.M., 'srrepeJJ.', T.e. 

rrpoueeey 

12 II * 
C (p , d 11) A ( 6) 

rrpoHtXOJJ.HmeMy e ManoA rrepeJJ.atreA aHeprHH oeTaTotrHOMY HJJ.py. DHK, 

OTBetrBIDWHH peaKUHH ( 6) e BbineTOM JJ.eftTOHOB B e.U.Mo 'Ha3aJJ.', B erreKT

pe JJ.eATOHOB He BbiJJ.enHeTeH. 3To Mo*eT 6biTb o6yenosneao eHnbHbiM ero 

yWHpeHHeM H3-38 BHyTpHHnepHOrO JJ.BH*eHHSI HyKnOHOB H rrepepaeeeHHHeM 

o6pa30B8BWHXeSI OTHOeHTenbHO MenneHHbiX neftTOHOB B HJJ.epHOM BemeeTBe. 

floMHMO KHHeMBTHtreeKH HJJ.eHTH¢HUHpyeMbiX KB83HJJ.BYXtraeTH'fHbiX pe

aKUHH (3) H (6), B o6pa30B8HHe neHTOHOB MOryT naBaTb BKnaJJ. TaKme 

pa3nHtrHbie HeyrrpyrHe rrpoueeebi ( TaKHe, aarrpHMep, KaK peaKUHH ( p, d NN), 

p, d 11 N ) • Dnomanb erreKTpa JJ.eHTOHOB e HMrrynbeaMH p d >-700 M as/e 

38 BbitreTOM llHKa, OTBetraiDmero peaKUHH (3), eoOTBeTeTByeT JJ.H¢¢epeH-

( ) -27 2 
UHBnbHOMy eetreHHID 37,9 :!:_ 3,2 .10 eM /eTep. B rrpHBeJJ.eHHYID OWH6Ky 

l 
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BKnJO"'9Hbl CT8THCTH"'9CKH9 OUJH5KH H3MepeH~ H OIIIH5Ka HOpMHpOBKH, YKa-

38HH8SI BenH"'HH8 MO*eT cny*HTb BepxHeH OU9HKOH nH$$epeHUHanbHOrO 

C9"19HHSI peaKUHH (6), 

llng Toro "'T05b! nOHSITb OCHOBHb!e OC059HHOCTH HMnynbCHOrO cneKTpa 

5b!CTpb!X nefiTOHOB1 HCnyCK89Mb!X npH 5oM5apnHpOBKe Hnpa yrnepona npo

TOH8MH C ::meprHeH 670 Mas, 5bWH Bb!IlOnHeHbl paC"'~Tbl HMnynbCHbiX 

pacnpeneneHHH neHTOHOB OT peaKUHH (4) H (5), npOHCxOnSIIIIHX Ha HyKnOH8X 

gnpa, flpH STOM CTOnKHOB9HHSI nan8IDIIIHX npOTOHOB C HyKnOH8MH Hnpa 

paCCM8TpHB8nHCb K8K CTOnKHOB9HHSI CO CB050nHbiMH H938BHCHMb!MH "18CTH

U8MH1 HO C y"'eTOM Toro, "'TO "18CTHUbl Slnpa HM9IDT H9KOT0pb!H HMnynbC, 

Bbi"'HcneHHSI npoH3BOnHnHCb no MeTony MoHTe-Kapno; npouenypa pac"'eToB 

cocToSina· B cnenyiDmeM, PaccMaTpHsanocb B3aHMoneficTBHe nanaiDmero npo-

TOH8 C BHyTpHSinepHbiM HyKnOHOM1 B9KTOp HMnynbC8 KOTOporo npHHHMan 

cny"'aHHb!9 3H8"19HHSI B COOTBeTCTBHH C 3anaHHOH $yHKUH9H pacnpeneneHHSI, 

llng Ka*noro pa3birpb!B89MOro Cny"'aSI CTOnKHOBeHHSI Bbl"'HCnSinHCb 3H8"19-

HHSI HMnynbca nefiToHa, perHcTpHpyeMoro non 3anaHHbiM yrnoM B na5.cHc

TeMe, a T8K*e nonHBSI SHeprHSI E * H yron BbineTa neHTOHa e * B c.u.M. 

nByX CTanKHB8IDIIIHXCSI HyKnOHOB, LfHcno B38HMonefiCTBHH1 npHBOaSIIIIHX K 38-

/9/ 
naHHOMy HMnynbCY nefiTOHa, 38nHCb!B8nOCb B HHB8pHaHTHOM BHne , Ka*-

noMy p83birpb!B89MOMy cny"'aiD CTOnKHOBeHHSI COnOCT8BnSinOCb nH<jlcpepeHUH

du 
anbHOe Ce"'eHHe npouecca ( 4) - ( E *' cos e * ), KOTopoe 3aTeM nepe-

dw 
C"'HTbiBanOCb B na5,CHCTeMy, B COOTB9TCTBHH C rHITOT930H 3apgnoBOH 

H938BHCHMOCTH rrpenrronaranocb 1 "'TO nH<jJ<jlepeHUHanbHb!9 C9"19HHSI peaKUHH 

) + du o (4) H (5 CBSI38Hbl COOTHOIII9HH9M da/dw(pp->d1T )=2--(pn->d1T ). 
dw 

( 4). 

3KC!lepHM9HT8nbHbl9 naHHbie 0 nH<jJ¢epeHUH8nbHOM C9"19HHH peaKUHH 

/8/ 
B COOTB9TCTBHH C pe3ynbT8T8MH pa50Tbl 1 ariiTpOKCHMHpOBanHCb Bbl-

pa*eHHeM 
da 

_a _____ (A +cos2 8* -Bcos 48* ). 
dw ( l l ) 417 :\ +--- B 

3 5 
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3HaqeHHSJ rronHoro eeqeHHSJ peaKUHH (4) a H KO~~HUHeHTOB B yrnOBOM 

paerrpeaeneHHH A H B arrrrpoKeHMHpoBanHeb aHanHTHqeeKHMH 3aBHeHMOeTSJ-

MH OT E* 0 ITOnyqeHHhiMH Ha OeHOBaHHH aKeiTepHMeHTanbHhiX peaynbTa-

TOB HeeneaoBaHHSI rrpoueeea ( 4) ( eebinKH Ha apyrHe aKeiTepHMeHTanbHble 

181 
pa60Thi, eM., HaiTpHMep, B ) • 

B oTHomeHHH HMrrynbeHoro paerrpeaeneHHR HyKnOHOB B srape yrnepoaa 

rrpearronaranoeb, qTo ansr HyKnoHoB, HaxoasrmHxesr Ha s -o6onoqKe, oHo 

eooTBeTeTByeT rayeeoBoMy paerrpeaeneHH~ exp(-q2/ q 2 ) 
" 

, a ansr 

HyKnOHOB p o6onO'IKH orrHehiBaeTesr ~yHKUHeit q 2 exp (- q 2 / q 2 
) • 

p 

11 MITynbeHbl8 paerrpeaeneHHR HyKnOHOB Ha S- H p -o6onoqKax, aarrHeaH-

Hbie B T8KOM BHae, eOOTBeTeTBYK>T BOnHOBOH ~yHKUHH srapa yrnepoaa B eny

qae ITOT8HUHana, Bb!6paHHOro B BHae rapMOHH'IeeKoro OeUHnnsrTopa. DpH Bhl-

'IHeneHHH HMITynbeHoro paerrpeaeneHHSI li8HTOHOB HeiTOnb30B8nHeb 3H8'IeHHSI 

q" = 157 MaBle H q P = 94 MaBle, HaitaeHHhxe B OIThiTax no paece-

1 101 
RHH~ aneKTpoHOB e aHeprHeit 600 MaB Ha yrnepoae • TaK KaK Bhi'IHe-

neHHR He Y'IHThiBanH HanH'IHSI ITOT8HUHanbHOH 51Mb! H a~~eKTOB Boa6y)KaeHHSI 

OCTaTO'IHb!X gaep, Bhi'IHeneHHbie paerrpeaeneHHSI CliBHranHCb B eTOpOHy M8Hb-

lliHX\ HMITynbCOB Ha BenH'IHHhl Q 
3 

= 36 M aB H 

eTBY~lliHe aHeprHRM oTaeneHHSI HyKnOHOB s- H 

Q P = 16 MaB, cooTBeT

p -o6onoqeK. 

BBHliY Toro, 'ITO B OITHChiBBeMOM pae'I~Te He y'IHThiBanOCb rrornome-

HHe ITpOTOHOB H aefiTOHOB B RllepHOM Belli8CTBe 0 a TaK)Ke TO o6CTORTenbCTB0 0 

qTQ liH~~epeHUHanbHhie eeqeHHSI rrpoueceOB ( 4) H ( 5) H8 eBR3aHHhiX HyK-

noHaX, T.e. IIpOHCXOliRlliHX BHe MaeeoBOit ITOBepX·HOCTH, MoryT OTnH'I8TbeR OT 

liH~<jlepeHUHanbHhiX Ce'IeHHH COOTBeTCTBY~lliHX peaKUHit llml eB060liHhiX HYK-

noHoB, BhiqHeneHaoe HMrrynbeHoe paerrpeneneHHe HOpMHPOBanoeb K aKcrrepH

MeHTanbHOMY IIyTeM epaBHeHHSI rrnoma.llefi CIIeKTpOB B HHTepBane HMIIynbeOB 

1200 of 1500 MaBle, T.e. B o6naCTH ITHKa netl:TOHOB B peaKUHRX (4) H (5), 

BbineTa~IUHX "'arrepen"' B e.u.M. EenH norryeTHTb, .'ITO yxon c MaccoaoA rro-

i 
20 
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Be pXHOeTH He eHnbHO H3MeHHeT 8MllnHTYJlbl .feaKUHH ( 4) H ( 5), H npeJJ

nonO)I{HTb, 'iTO HllPO llOKHJl8lOT TOnbKO JJeHTOHb! 0 o6p83YlOIIIHeeSI B ero ne-

pH~epHqeeKOH o6naeTH 0 TO KOs¢~HUHeHT HOpMHpOBKH 

e TOniiiHHOH 9TOI'O nepH~epH'ieeKOI'O enOHe 

k MO)I{HO eBH38Tb 

PeaynbT8Tbi paeqeTOB noKaaaHbi Ha pH e. 7. BHJJHO, 'iTO Bbi'iHeneH-

Hoe HMnynbeHoe paenpeJJeneHHe JJeHTOHOB KaqeeTBeHHO eornaeyeTeH e 9K-

enepHMeHT8nbHbiM; HeKOTOpoe paeXO)I{J]eHHe B o6naeTH HMrrynbeOB 1100 -

1200 MaBie, no-BHJJHMOMy, MO)I{eT 6biTb o6MieHeHo KaK HeeoBepmeHeTBoM 

HenonbayeMOH MOJJenH, T8K H BKn8JlOM nepepaeeeHHHSI JJeHTOHOB H Tpex

qaeTH'iHb!X peaKUHH. Kos¢~HuHeHT HopMHpoBKH Bbi'IHeneHHoro paenpeJJene

HHH K 9KerrepHMeHTanbHOMY OKaaaneH p8BHbiM 0,245. OueH~a epeJJHeH Ton

IIIHHbl nepH~epHqeeKOH o6naeTH HJJpa yrnepOJla, H3 KOTOpOH HenyeK8lOTeH 

perHeTpHpyeMbie JJeHTOHbi1 Bb!llOnHeHH8H Ha OeHOB8HHH rpy6oro KnaeeHqee

KOI'O paeeMOTpeHHH, ITpHBOJJHT K 3Ha'!eHHlO, eoeTaBnHlOIIIeMy .. 15% OT ~8JlH-

yea HJJpa. 

Ha pHe. 8 JJnH epaBHeHHH noKaaaHbi BapHaHTbi paeqeToB, BbmonHeH-

Hbie B paanH'iHb!X rrpeJJITOnO)I{eHHHX 06 HMITynbeHOM paerrpeJJeneHHH BHyTpH

HJJepHb!X HyKnOHOB H 0 xapaKTepe yrnOBOH H 9HepreTH'!eeKOH 38BHeHMOeTeH 

JJH~~epeHUHanbHoro ee'leHHH peaKUHH (4) H (5). CnnomHaH KpHBaH eooT

BeTeTByeT I'HeTOI'p8MMe, npHBeJ]eHHOH Ha pHe. 7. illTpHXOB8SI KpHB8SI Bbl-

paenpeJJeneHHeM <l>epMH ( q F = 218 M aB/ e) H e y'ieTOM yrnoBoH H aHep-

reTH'ieeKOH aaBHeHMoeTeH eeqeHHH peaKUHH (4) H (5). HaKoHeu, mTpHx-

nyHKTHpH8SI KpHB8H eOOTBeTeTByeT BapH8HTY pae'ieTa, B KOTOpOM 06 HM-

rrynbeHDM paerrpeJJeneHHH HyKnOHOB HJJpa yrnepoJJa eJJenaHhi Te )l{e rrpeJJno-

no)l{eHHH, 'iTO H npH Bbl'iHeneHHH errnOIIIHOH KpHBOH, a eeqeHHH peaKUHH 

(4) H (5) e'iHTanHeb H30Tp0llHhlMH H He 38BHeHIIIHMH OT 9HeprHH. Bee KpH-

Bb!e HOpMHpOB8Hbl K nnOIII8JlH 9KenepHMeHT8nbHOI'O erreKTpa B HHTepBane 

21 
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HMnynbcos !200 - 1500 Mas/c. Ha cpasae11.s~ paanH'IHhiX sapHaHTos pac

'I~Ta sHaHo, 'ITO npeae5pe*eHHe yrnosoa H aaepreTHt~ecKoft aasHcHMOCT.si

MH ceqeHHa peaKUHa (4) H (5) npHsoaHT K pe3KOMY pacxo*aeHHID C aKcne~ 

pHM9HTanbHhlMH' peaynbTaTaMH1 OC05eHHO S M.sirKOft '18CTH HMnynbCHOrO 

cneKTpa aeaToHa. qTo *e KacaeTc.s~ paaahlx npearrono*eaHa oTHocHTenbHO 

HMITynbCHOrO pacrrpeaeneHH.sl SHyTpH.siaepHbiX HyKnOHOS1 TO K HHM aKCIIepH-

M9HTanbHh!9 aaHHh!9 Meaee 'IYSCTSHTenbHhl 0 paCXO*aeHH.sl Me*aY pa3Hh!MH 

sapHaHTBMH npO.siSn.siiDTC.si 1 rnaBHb!M o5pa30Mi S *eCTKOA 'IBCTH cneKTpa, 

TaKHM o5pa30M 0 Ha OCHOSBHHH rrony'I9HHhiX aKcnepHM9HTanbHbiX pe-

aynhTaTos H Hx aaanHaa MO*Ho caenaTb cneayiDmHe Shrsoahr, 

1. llpH saaHMoaeacTSHH npoToHos c aaeprHefi 670 Mas c .s~npaMH 

yrnepona, aap.s~ny c nponeccoM Ksa'aHynpyroro Sbi5HsaHH.si neAToaos, rrpoHc

xonHT HHT9HCHSHOe o5paaosaHHe neaTOHOS, COOTSeTCTSYIDIUHX peaKUHH p+N~ 
~ 

· ->d+-11 aa ayKnoaax .s~npa. Ha5niDnaeMbie s o5nacTH HMnynbcos 700-

1500 Mas/ C neli:TOHhlo ITO""SH)lHMOMY 0 S OCHOSHOM o5ycnosneHhi SKnallOM 

aToro rrponecca, 3TO CS.si38HO C peaoHBHCHhlM xapaKTepoM pO*Jl9HH.sl ITHO

HOS rrpH aaeprHH rrepsH'IHhiX rrpoToaos s5nHaH 670 Mas. PeaoaaHCHhiM *e 

xapaKTepOM PO*ll9HH.sl M930HOS onpenen.sieTC.si H <jlopMa ClleKTpa 6b!CTpb!X 

neli:Toaos, o5paayeMbiX rrpoToHaMH c aaeprHefi 670 Mas Ha .s~npe yrnepona. 

2, 3KcrrepHM9HTBnbHhl9 )l8HHhl9 llOSOnbHO XOpOWO OITHCh!SBIDTC.sl S paM-

KaX MO)lenH H938BHCHMhiX 'IBCTHU S rrpenrrono*eHHH 0 'ITO HMrrynbCHOe pac-

rrpeneneHHe HyKnOHOS S .s!Jlpe yrnepo)la COOTS9TCTSyeT peaynbTaTaM OllhlTOB 

no pacce.siHHID aneKTpoaos. 

AsTOpbl rrpH3HaTenbHhl B.B. Eanawosy, B.n. n*enerrosy, B.M. Konhi-

5acosy H H.C. WarrHpo aa rroneaabie o6CY*ll9HH.si, 
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