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ACCOUHAUHHMH B nErKHX H~PAX 



1. BBeaenHe, llenb aKcnepHMenra H BbJ6op ocnoBHbiX ycnoBIJJi 

npo6neMa 8CCOUHHpOB8HH~ HyKnOHOB B ~ape ~Bn~eTC~ oaaoA H3 ueHT

panhHWX npo6neM ~H3HKH ~apa. PeaKUHM KBaanynpyroro pacce~HM~ (KBYP ) 

6wcTphlX npOTOHOB HB KnacTepax aa~T np~MY~ HH~OpMBUM~ 06 OCHOBHWX qep

TBX H aeTan~X BCCOUHHpOBBHM~, DOCKOnbKy OHO HBnHeTCH HenocpeacTBeHHOA 

npuqnaoA, Bbi3biBa~meA peaKun~ . KonuqecTBe HHhiA noaxoa K peaKun~M . KB YP, 

p83BHTWA B pa60T8X/I - 3/ , rae an~ ODMCBHH~ 8CCOUHHpOB8HH~ HCDOnb30BanaCb 

o6onoqeqaaH Moaenb , noaBonnn Bwqncn~Tb Ta Kne cymecTBeaawe xapaK TepncTn 

KH 8CCOUHHpOB BHH H1 KBK COOTHOIUeHHe BepoHTHOCTeA o6pa30B8HHH paanuqawx 

KJI8CTepOB 1 xapaKTep HX llBH*eHHH B Ha pax H CDeKTphl B036y•aeHH~ OCTB TQqHWX 

Haep. OaaaKo aKcnepnMeHTanhHwe naaawe , noaBonH~IUne npoBepHTb npaBnnh

HOCTb npeanaraeMoA Moaenn M onpeaenHTb xapaKTepnCTHKM accounnpoBaHn~ , 

BeCbMB aenOJIHbi , nM60 BOBCe OTCyTCTBy~T . 8 OC060I1 CTeneHH BTO OTHOCHTC~ 

K aan6onee cymecTBeHHOMY BHllY HyKnOHHhiX accouHaunA - a - KnacTepaM. 

OcHOBHOe Tpe6oBaHHe , npenbHBnHeMoe K onbiTBM no KBYP , cocTOHT B TOM , 

qTo6w aaeprMH naaa~IUHX n Bw6nBaeMwx qacTHU 6wna nocTaToqao BenHKa -

nopHaKa aecKonhKHX coT M BB, YlaBeCTHbie BKcnepnMeHTanbHbie pa6oTb/4 ,5/ no 

peaKUI!HM Tuna 

COKOH aaeprHH 

A , Z (p ,pa) A- 4, Z - 2 BhiDOJIHeHbi npn cpaBHHTenbHO HeBbi 

Tp 150 M aB ), TaK qTo BTopnqabie a~~eKTbi B3BMMoaei1:cTBMH 

B HaepHOM BemecTBe npoHBnsmncb BecbMa aaaqHTenbHO, PeaKUMH ( p , p a ) 

aa nerKnx Hllpax npn aaeprnn Tp 660 M a5 HccnenoBanacb B pa6oTe/ 6/ 

B ycnoBM~X ManoA nepenaqu MMnyJibCB Bbi6HBaeMbiM a - qacTHUBM ( T a = 10-

-20 MaB) . 
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lienb aaHHO~ pa60Thl COCTORna B HaMepeHHH Ce"!eHHR KB83Hyrrpyroro 

pacceRHHR rrpoTOHOB c aHeprHe~ 665 MaB Ha a - "18CTH"!Hb!X 8CCOUH8UHRX 

B nerKHX RapaX rrpH M8KCHM8nbHO~ rrepeaaqe HMITYITbC8 a - 8CCOUH 8 UHRMH 

anR OUeHKH ITOnHOI'O a¢¢e KTHBHOI'O "'HCIT8 T8KHX 8CCOUH8UH~ B ycnOBHRX 

MHHHM8nbHOI'O BnHHHHH BTOpH"!HhlX rrpOUeCCOB, 

QrrpeaeneHRe a¢¢e KTRBHOI'O "!lfCIT8 8CCOUH8UR~ COCTORT B cpaBHeHRR 

ceqeHHR Bb!6HB8HHR T8KHX 8CCOUR8UR~ R3 Hapa C Ce"!eHHeM ynpyroro pacce 

RHRR H8 COOTBeTCTSyromeM CB060aHOM Rape ( H8 Rape 4 He rrpR RCCneao 

B8HRH a - xnacTepoB) . C e qeHRe cBo6oaHoro p 4 He pacceRHRR Ha yron 

169° c .u.R. 6binO R3MepeHo H8MH paHee B pa6oTe/7 I. npR 9TOM yron BbineTa 

0 
Haep 4 He B na6opaTOpHO~ CRCTeMe paBeH 5 ,4 • no9TOMY B H8CTORllie~ 

pa6oTe BhlCOK03HepreTR"!eCK8R "1 8CTb RMrrynbCHOI'O CITeKTp8 Bhl6RB8eMhlX 

NJ.ep 
4 He .fL3MatJHIT8Cb TIOJl, TeM )l{e yrnoM 5,4° lloCo 6 COOTBeTCTBRR C 

KHHeMaTRKO~ CB050aHOI'O pacceRHHR Rapa ~ He, o6paayromHeCR B peaxUHH 

KBYP, aomKHhi HMeTb rroa aTRM yrnoM aHeprRro , 6nHaxyro x T a = 467 M aB, 

P = }923 MaB / c), rrpeBbiWaromyro aHeprHro a -"18CTHU HcnapHTenbHoro 

H xacxaaHoro npoueccoB. npH Mano~ nepeaaqe RMnynbca/6/ Hapa 4 He 

R3 KBYP corrpoBO)I(aaroTCR RHTeHCRBHhiM ¢oHOM a -qacTRU yxa3aHHhiX 

rrpoueccoB. 

M3MepeHRe Bhlxoaa 4 He C T8KOH 6onbWOH 9HeprRefi rrpeacTaBnHeT 

HHTBpBC 11 npH R3y"'BHRR CTIBKTpOB BTOpR"'HbiX "18CTRU , B03HHK8IOlURX npH B38 -

RMOaBHCTBHR 6hlCTphlX ITpOTOHOB C RapaMR , TIOCKOnbKY R3MepeHH8H "18CTb 

cnexTpa 4 He npH aHepnm 660 M aB orpaHH"'HBaeTCH o6naCTbJO "l'a~ 100M a B/ 8/. 

B bi6op Haep ( 
6 Li , 9 Be, 12 C ) 6bm o6ycnoBnBH TBM, "'TO 6 Li 

rrpeacT8BITRBT C060H Rapo C RpKO Bbip8)1(BHHOH a - d CTpyKTypoli, 8 9 QJQJBK 

THBHOe "'RCnO a -8CCOUR8 UR H anR 9 Be H ll'(: p8CC"'MT8HO B pa6o

Tax/2, 3/ . 

2, nocT8fiOBK8 3 KCnepHMeHT8 H )'CnOBHJI Jf3 MepeH1ri{ 

nocT8HOBK8 9 KCrrepHMBHT8 H ycnOBHH H3MepeHHH 6hlnH 6nH3KH K HC 

ITOnb30B8HHhlM H8MH paHee B 9KCITepHMeHTe ITO yrrpyroMy p 4 He pacceHHHID 

Ha3na111 . 
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PHc. I. 06maSJ cxeMa sKcrrepHMeHTa H pacrronolKeHHSI anrrapaTyphi . Cli - cHHxpo 

U HKnoTpoH; OH - OTKITOHSIJOUlHe HacaaKH ; p - BbiBeaeHHbiil npoTOHHbiil 

ny'<oK; Mn H M<l>n - MarHHTHbie nHH3hi; M - MHueHb ; MK - MDHHTo

pHpyJOmaH KaMepa; K - KonnHMaTopbi; OM - OTKITOHSIJOUlHil MarHHT; 

BT - BBKYYMHbJil TpaKT; cl c ~ - CUHHTHITITSIUHOHHble C'Ii!lT'IHKH. 
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MHUJeHH ycTaHaBnHBanHch Ha BbiBeAeHHOM npoToHHOM ny'!Ke CHHxpouHK

noTpoHa ( pHC. 1) 1 lfMeBUJeM B nnOCKOCTif MHUJeHH ceqeHHe C p83MepOM 1,5 CM 

no ropH30HTanH, 4,0 CM no aepTHKanH If yrnoao~ pa35poc oKono 0,5°. CHc

TeMa UJeneBbiX KOnnHM8TOpOB MarHHTHOrO cneKTpoMeTpa BbiAemina '!8CTifUbi 1 

BbineTaJOUJHQ H3 MHUJeHH no A yrnoM 5,4 ° K HanpaaneHHIO npoTOHHoro nyqKa B 

0 
yrnOBOM lfHTepaane 0, 1 • 0To5paHHbie no HMnynhCy '!8CTifUbl Tp8HCnOpTHpOB8-

nHCh ¢oKyCHpy!OU11fM K8H8nOM K cuHHTHnnHUHOHHhlM c'!AT'IHKaM. B 9THX 

ycnoBHHX o5ecne'!HBanoch pa3peUJeHHe no HMnynhcy ( UJHpHHa Ha nonyBhiCO Te) 

6 + 6,5% If TeneCHbiJ;i yron, AOCT8TO'!Hbli1 AnH perHCTp8Uiflf npouecca, HAyUJe-

ro C ceqeHHeM nopHAK8 lQ-31 CM2 CTep-1. J1AeHTifljJHK8UifH HAep 4 He B noTOKe 

'!8CTifU C onpeAeneHHbiM S<jlljleKTifBHbiM lfMnynhCOM OCyUJeCTBnHnBCb no BpeMe-

Hif nponeTa H8 5a3e 14,5 M Me)!{Ay C'!eT'!IfK8Mif C C , yAenbHbiM noTepHM 
I 2 

9HeprHif B CUifHTHnnHTOpe c 
2 

B CUHHTHnnHTOpe C'IAT'IHK8 

C 1 - 12x12x0,2 cM3 c 
2 

10 CM H AHaMeTp 13 CM 1 

nonHOH noTepe 9Heprlflf npH OCT8HOBKe ~He 

H npo6ery. Pa3Mephl CUHHTHnnHTOpOB c 
3 

-12x12x1 CM3 I 

C 4 - 40x40x1 

C - TOnU1HH8 no OCR ny'IK8 
3 

CM3. JinH BbiAeneHHH '!8CTHU 

OnpeAeneHHOJ;i M8CChl 1 B npHHUHne, AOCT8TO'IHO lfCnOnh30B8Th 3 napaMeTpa 

OT50p8 1 OAH8KO HCnOnh30B8Hife 2 AOITOnHHTenhHbiX napaMeTpOB n03BOnHeT OCy

UJeCTBifTh HBAe)!{HbiH OT5op HAep 4 He lf3 nOTOK8 npOTOHOB If Aei1TpOHOB C 

HHTeHCifBHOCThl0 1 H8 HeCKOnhKO nopHAKOB npeBbllli8 10UJeH lfHTeHCHBHOCTb nOTOKa 

4 He • 

EnoK-cxeMa sneKTpOHHKH (pHc. 2) B pe)!{lfMe aMnnHTYAHoro aHanH3a 

n03BOnHna lf3MepHTh 8MnnHTYilHb!J1 cneKTp T8KifX lfMnynhCOB C'!eT'IIfK8 C 

KOTOpb ie conpOBO)!{A8nlfCh HMnynhCOM B C'IeT'!IfKe c 
I 

no BpeMe HH, paBHbiM BpeMeHH nponeTa 4 He, lfMITynhCOM B 

3 

c onepe)!{eHHeM 

C 
2 

C 8MnnHTy-

AOH, npeBhllli810U1ei1 onpe11eneHHhlH nopor lllfCKplfMifH8UifH
0

1f OTCYTCTBHeM HM

nynhC8 ~ C~. Pe)!{lfM BpeMeCHOrO 8H8nlf38 1 rrpH KOTOpOM H8 MHOrOK8H8nhHOM 

8H8nlf38TOpe 38 ITHChlB8eTCH BpeMHITponeTHhlJ;i CITeKTp '!8CTHU ITy'IK8 1 HenOnh-

30B8nCH B Jl8HHOJ;i pa5oTe JlnH BCIT OM OraTenhHhlX H3MepeHHH. Ha pHC. 3 rrpHBe

JleHhl Tlflllf'!Hhle xapaKTepHCTifKH HlleHTifljJHK8Uiflf 4 He.DpH H8Jln8)!{8UJeM Bhl50-

pe BpeMeHH rrponeTa If nopora lllfCKpHMHHBUHH ITO dE / dx 8MITnHTYAHhle 

CITeKTphl lfMITynhCOB 

pauHel1 4 He 

c 
3 

05Hapy)!{lfB8nlf '!eTKHJ;i ITifK 1 o5ycnOBneHHbiJ1 perHCT-
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PHc, 2. BnoK-cxeMa sneKTpOHHOi! annapaTypbi, P - paaaeTBHTenh; CC 1 -
6b!CTpag CXeMa COBnaaeHHi!; ll - HHTerpanbHbli! llHCKpHMHH8TOp; 
MC2 - BTOpH'IHaH cxeMa coanaaeHHil ; liB - nHHeiiHbie aopoTa; 
nC - nepeC'I i'lTH8SI CXeMa; t -> A - apeMSI-aMnnHTYilHblil KOHBepTop; 
AA - MHoroKaHanhHbiil aMnnHTYilHbiil aHanHaaTop, Pe)f{HM aMnnHTya

Horo (apeMeHHoro) aHanHaa: Kl'K2 - 38MKHYT (pa30MKHyT), K
2 

-
p830MKHyT ( 38MKHyT) , 
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P uc. 3. C'! ilTHbie x apaKTepHCTHKH ann apaTypbi npH uaeHTH<jlHKaUHH 
4 He . 

a, a M nnHTyaHblii cneK Tp HMUy n hCOB C 
3 

npH pei"'HCTpaUHH aellTpoHoB; 

B o aMUnHTyaHb!A cneKTp HMnynh COB C UpH sseaeHHH aH CKpHMHHa -
3-

U H H no dE/ d x ( U dF./d; 5), n H K c N k 27 o6ycnosneH peruc:rpa-

uuel\ 4 He; c . aasnCH MOCTh c '! t'lTa n 
0 0 2 

c Bbi Xoaa sTopH'IHoA c x eMbi 

COBnaaeHHA H C'l t'lTa n., B UHKe 4 He aMUnH T yaHbl X CUe K TpOB 

C 
3 

OT no pOI"' a aHCKpHM
8
HHaUHH HMnynhCOB C 2 ; a. 3aBHCHMOCTb 

C'lt'lTa n 4H e OT aaaepJKKH B KaHane C 
1
, COOTBeTCTBYIOWa SI KpHBaSI 

anSI pei"'HCTpaUHH aeliTpOHOB HMeeT cpeaHee 3Ha'!eHHe t = 75 HCeK, 
Cj 

tc1,HCeK 



3. llpoueayp8 H3MepeHHD H o6p860TKH 

Bb!XOA ~He B 38BHCHMOCTH OT HMrrynbC8 B HHTepBane j:_l0% OTHOCHTenb

HO sHa'leHHSI p = 1923 M sB/ c H3MepSincSI H3 MH!lleHeA L i H ( 0,42 r.cM-2 ; 

90,5% ~ Li ) . Be (0,85 r.cM-2) R CH '( 1,1 r.cM-2). KanR6poBKa 
2 

lllK8nbl HMllynbCOB H .QRcp¢epeHUH8nbHOI'O ceqeHHSI Bb!6RB8HHSI ~ He ocymecT

BnSinacb, KaK H B/7 I, cpaBHeHHeM BhJXO)la 4 He c B!>JXOJlOM aeH:TpOHOB R3 peaK

UHF! p + p -. d + 77+ , HllYUleH H8 SI)lpax BOJlOpoaa B MRUleHSIX Li H H CH 
2 

¢OH llpH yaaneHHH MHllleHeH COCT8BnSin 2 - 15% C'l~Ta C MHUleHbiD. 8 rrony'leH-

HbJe sHa'leHHSI BblXOJla 4 He 6bma BBeaeHa rrorrpaBKa .. 6%, y'IHTbJBaro

maSI 'SIJlepHoe H KynoHoBCKoe pacceSIHHe 4 He H aeATpOHOB KanR6posoqaoA 

peaKUHH B BeiUeCTBe MRUleHR, cnoe B03)lyXa JlO BXOJl8 B B8KYYMHb!H Tp8KT 

H C'l~T'IHK8Xo 

npHBeJleHHble H8 pHC. 4 ClleKTpbl llOK83blB8IDT 0 'ITO llpH B38HMO)leHCTBHH 

llpOTOHOB C nerKRMH Rtlp8MH Ha6nJO.Q8nCR BblXO)l SI)lep 4 He C HMJJynbCOM 

1920 Mss/c H ceqeaHeM 3-5·w-33cM2 cTep.-1 (Mss/c)-1. (KpoMe 

YK838HHbiX H8 pHCYHKe CT8THCTR'leCKHX OlllH60K a6conJOTHble 3H8'leHHR TO'leK 

RMeJOT o6IUyJO JlnR BCeX TO'leK 18%-HyJO aeorrpeaeneHHOCTb, B03HHK8JOIUYJO 

rrpH KanH6poBKe H BBeaeHRR rrorrpasoK). B crreKTpe 4 He, BbJ6HsaeMoro H3 

6 Lti, 06HapylKHB8eTCSI IIHK, KOTOpb!H MOlKHO HHTeprrpeTHpOB8Tb K8K pesynb

T8T KB83Hyrrpyroro pacceSIHRSI llpOTOHOB H8 4 He- 8CCOUH8UHH B SI)lpe 8Lj. 

illHpHH8 Ha6nJO)l8eMOI'O IIHK8 COCT8BnSieT ,. 6% H, B OCHOBHOM 0 Ollpe)le

nSieTCSI 3KCJJepHMeHT8nbHblM paspellleHHeM, 

XapaKTepaoA oco6eHHOCTbJO Ha6nJOaaeMbiX crreKTpoB SIBnSieTCSI 6 bJCTpoe 

yBenH'leHHe Bb!XO)l8 4 He ylKe llpH 10% -HOM yMeHbllleHHH HMJJynbC8 OTHO-

CHTenbHO cpeaHero sHa'leHHSI anSI KBYP. C yBenH'leHReM aTOMHoro HOMepa 

SIJlp8 BKna)l 3TOil: '18CTH C JJ eKTpa B BblXO)l 6b!CTpb!X SI)lep 4 He B03p8CT8eT, 

TaK 'ITO ylKe aa SIJlpax 
9 Be JJHK KBYP Ha'IHHaeT cnHBaTbCSI c aerrpepbiB

HoA qacTbiO crreKTpa, a Ha SIJlpe 12 C rrpH HMeJOmeMCSI paspell!eHRR KBYP 

rrpoSIBnSieTcSI nHlllb B aepaBHoMepHOCTH yMeHbllleHHSI BblX oaa ~He c pOCTOM 

HMJJynbca, MolKHO llYM8Tb1 'ITO OCHOBHbiM MeX8HH3MOM o6p830B8HHSI SI)lep 

"He B o6nacTR 1700-1800 M sB/c SIBnSieTcSI rrpouecc PO*IleHHSI MesoHoB 

H8 HyKnOHHblX 8CCOUH8UHSIXo 
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P (He 

B caMoM aene, HMnynbc 5!Llep 4 He, B03HHKaiOmHx B peaKUHH p 4 He ... 
0 

11 B HaWHX ycnoBH5!X npocTHpaeTc5! ao 3Ha'!eHHH 1790 M aBi c 1 a B 

peaKUH5!X P 3 He-> 4 He 11+ , p 3 He ... 4He11° cocTaBnReT 1600 MaBie. B TO 

lKe BpeM5! BbiXOLl 4 He 
0 

H3 LlBYX nocneaHHX peaKUH~ noa yrnoM 6 n.c. no 

aaHHbiM pa60Tb!i9i onpeaen5!eTC5! Ce'!eHHeM ( 3,3 !_1,3) .J0-30 CM2CTep-1H, 

cneaoBaTenbHo, Ha nopRLlOK npeBbtwaeT BbJXOLl 4 He npH ynpyroM p 4 He pacce-

5!HHH ITOLl TeM lKe yrnOMo 

Lln5! BbJLleneHH5! KBa3Hynpyroro paCCeSIHHSI B B Li Mbl HOpMHpoBanH KpH

ByiO HOpMarrbHOrO pacnpeaeneHH5! no aKcnepHMeHT8ITbHbiM TO'IK8M npH 

p > 1900 MaBic, rae BKnaa HenpepbiBHO~ 'IBCTH cneKTpa npeHe6pelKHMo 

Man. CpeaHee 3Ha'leHHe pacnpeaeneHH5! npHHHManocb,c y'I~TOM aHeprHH CB5!3H 

4 He B 
e L. 

1 1 paBHbiM 1921 MaBie. LlHcnepCHSI H HOpMHpOBKa pacnpeaene-

HH5! onpeaenHITHCb MeTOLlOM HaHMeHbWHX KB8LlpaTOBo Dony'leHHOe T8KHM o6-

pa30M 3Ha'!eHHe 

du & • --m-( Li ( p, p He ) d ] 
-31 2 -1 

(3,6.:!:_0,7)•10 CM' CTep, 

A HanorH'IHBH npoueaypa np11 o6pa6oTKe cneKTpa 4 He H3 9 Be aaeT 

~[ 9Be(p ,p 4 He) 5He] 
df! 

-31 2 -1 
( 5,4:!:_1,2)•10 CM • CTep. 

DpHBeaeHHa5! owH6Ka Y'IHThlBaeT B03MOlKHhl~ BKnaa (ao 30%) HenpephlBHott 

qacTH cneKTpa B BbJXOLl 4 He npH p > 1900 M aBi c H HeonpeaeneHHOCTb 

B cpeaHeM 3Ha'!eHHH ITHKa KBa3Hynpyroro pacce5!HHH (0,8%), o6ycnoBneHHYIO 

TeM, 'ITO cneKTp B036ylKLleHH5! OCT8TO'IHOrO 5!Llp8 HeH3BecTeH. ilaHHbJe nO 

BbJ6HBaHHIO 4 He H3 12 C IT03BOIT5!IOT OUeHHTb TOnbKO BepXHIOIO rpaHHUY 

ce'!eHHH. LlnR aToro npeanonaranoch, 'ITO cneKTp B036YlKLleHH5! ocTaTo'!Horo 

5!LlPa cooTBeTCTByeT pac'!~TaMi2i H Becb BbJXOLl 4 He npH p > 1900 M aBi c 

o6ycnoBneH KBYP. Toraa 

da 
--[ 12C(p p 4He) B Be] 
dO ' 

-31 2 
< (9,1.:!:_1,5)•10 CM 

-1 
CTep, 
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EcnH npeanonO)I{HTb, 'ITO o6pasoBaHHe 4 He MO)I{eT conpoBO)KJ:I8TbCSI non

HbiM p83B8:1IOM OCT8TO'IHOrO Sl}:(pa H y'leCTb J:IOriyCTHMYIO lUHpHHy riHKa KB8-

3Hynpyroro paCCeSIHHSI B H81UHX ycnOBHSIX, TO 3T8 rpaHHU8 OTOJ:IBHHeTCSI }:10 

3 Ha'leHHSI ( 18, 2:!:_3,0) ·lQ-31 CM2 CTep - ~ 3TO 3H8'1eHHe MOlKHO paCCM8TpHB8Tb 

K8K BepXHIOIO OUeHKY Ce'leHHSI Bbi6HB8HHSI 
4 He H3 

12 C , BK:IIIO'I8SI KOHe'IHbie 

COCTOSIHHSI C paspyrneHHeM S -060nO'IKH. 

4. Pe3ynbTBTbi H o6cy)K.aeHHe 

0THorneHHSI nony'IeHHbiX ce'IeHHi!: KBYP K ce'leHHJO ynpyroro p He 4 
pacce-

SIHHSI/7/ ~ (8 = 5,4°)=(4,6+1,2)·10-31 cM 2 C Tep -
1 

n03BO:IISIIOT OUe-d.D He -

HHTb riOllHbie s4J<jleKTHBHbie 'IHC:II8 a -KnacTepoB/3/ ( CM, Ta6n. 1). l1sMepS!-

eMoe B ycnoBHSIX aKcnepHMeHTa ceqeHHe KBasHynpyroro pacceSIHHSI npeacTaB

nSieT co6oi!: pesynbTaT ycpeaHeHHSI ce'IeHHSI ynpyroro pacceSIHHSI Ha t:IBH

JKylUei!:cSI B S!t:lpe a -accouHaUHH no ManoMy HHTepBan¥ _ aHeprHH H nepe-

uaBaeMoro HMnynbc~ CpeaHHe 3Ha'leHHSI HMnynbca a -KnacTepoB B 

8 Li, 9 Be H 
12 C , KOTOpb!e MOryT 6b!Tb H8H}:(eHbl no pesynbT8T8M 

pa6oT/5,14/, COCT8BllSIIOT npH6:1IH3HTenbHO 40,50 H 150 M 3B/ C COOTBeTCTBeHHO, 

B TO BpeMSI K8K HMnynbC Han e T8101Uero npOTOH8 paBeH 1300 Mas/c H Bbi6HB8-

eMoro S!apa .. He -1920 MaBle. noaTOMY }:(8lKe }:(:liS! Sl}:(pa 
12c 

TaKoe yc -

peaHeHHe He MOJKeT ripHBO.!iHTb K H3MeHeHHIO 3H8'IeHHSI 6onee '!eM Ha BeiTH'IH

HY nopS!t:IK'a 1 0 % . 

npH H8XO)I{}:(eHHH OTHOlUeHHi!: 3H8'1HTenbH8SI '18CTb <jlaKTOpOB, }:(8101UHX 

BK:II8ll B OlUH6Ky a6co.nJOT!j:biX Ce'IeHHH ( 01UH6Ka Ce'IeHHSI K8:1IH6pbBO'IHOi!: pe-

8KUHH, pacCeSIHHe B C'I~T'IHK8X 0 3QxpeKTHBHOCTb C'I~T'IHKOB H T,n,), HCK:III0-

'18eTCSI, 3Ha'leHHe N anSI 8 Li oKB3biBaeTCSI 6nH3KHM K eaHHHUe, 'ITO 
a 

npet:ICT8B:IIS!eTCSI ecTeCTBeHHbiM, T 8 K K8K CTpyKTypa 3TOrO S!J:Ipa XOpOWO .orrH-

CbiBaeTCSI a-d MO}:(ellb!O C M8llb!M nepeKpbiB8HHeM BO:IIHOB_biX <jlyHKUHH 8CCOUH8-

UHH / 10/. nocKonhKY nepena'la S!t:IPY HMrrynbca q = 9,5 <jlepMH-1 onpenenS!eTCSI rro-

- h 
Be}:(eHHeM BO:IIHOBOH <jlyHKUHH SIJ:Ipa Ha paCCTOSIHHSIX <- "' 0.1 <jlepMH/ 11/, 3TOT 

q 

pesynbT8T YK83b!B8eT H8 6nH30CTb BOllHOBOH <jlyHKUHH S!t:lp8 4He H a-Knac-

Tepa B S!J:Ipe 8 Li H8 M8llbiX paCCTOSIHHSIX, 
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T a6mma I 

flaHHbte 06 3.p¢eKTHBHOM 'HlCrre a -accounaun~ B nerKHX Hapax 

N•X;_> I Na 3HeprHH 
fll1 PeaKUHH HarreTa!OWHX HH¢opMaunH nonyqeHa B pa6oTe 

qacTiiU M 3B 
6 Li 9 Be uc 

1. 0,8 :!:. 0 , 2 1,1 :!:. 0 ,3 -;_1 ,9:!:_0,4 ( ~ 3,8:!:_0,9) (p' p a ) 665 aaHHaH pa6oTa 

0,2x/ 0 ,48 1,3 . 660 B. KyabM»H » ap. 
/6/ 

2. 

3. - - 0 30 0,23 " !50 A. James et a!./4/ • :!:. 0 ,22 

4. 0 ,2 - - . !50 C. Ruhla et a1. / s/ 

5. -
5 ,3 :!:. 1,7 

al ,ll'JJ - 3,9 :!:. 2,9 3,9 :!:. 1,2 (a , 2a ) 9 15 G. I go et 
1, 7:!:. 0 ,9 

"' 
6. - 1,38 2,37 ( p ' pa ) Teop. pa6oTa · B.Eanawoa » ap. 

/ 2/ 

7, 22 . Teop. pa6oTa n .Eepern H ap. 
/~/ 

7. - -

x / Hcrronb30Banacb ecTeCTBeHHaH CMeCb 1130TOI10B rr»T»H , 



3KCIIBpHMBHT8nbHOB 3H84BHHe N 
a 

am1 9 Be 8 rrpeaenax 25% T04HOCTH 

co8rraaa0T c Teop e Tn'-!ecKnM 3Ha'-!eaneM/2/, He Y'-IHTbi8aiOmnM KBYF c pa3py-

lllBHHBM s - o6ono4KH. 

B epxHHH rpaHnua Na LVIH 12C OK83 hlB8 BTCH 6nH3KOA K 3H8'-IBHH!O 

2,3 7 , p8CCl.J iiT8HHOMy B/2/ 1 HO 38MBTHO MBHblllB 3H84eHHH 7, 2 2 , IIonyqeH- . 

Horo B pa6oTe/3/ , rae 6hlnH Y'-ITeHhl see B03MO~Hhle KOH!jlnrypaunn Hapa , 

aa10ume 8Knaa 8 a - accounHpo 8aHHe. 

B SKCIIepHMeHTe/ 12/ 3H8l.JeHHe N d 
CneayeT 3aM eTHTb, '-ITO nony'-leHHoe 

6, 9 anH peaKunH 16 0 ( p , p d ) J.4 N 
IIpH 8HanorH'-IHOA ITOCT8HOBKe OIThlTa .If 3HeprHH T 

p 1 f aB T8K~e OKa -

3biBaeTcH MeHbme 3 Hal.Je HH51 N 
d 

H3Mepe HHhle H8MH 3Ha4eHn51 

13 , 7, rrony<IeHHOro s/3/ . 

N 
a 3aMeTHO 6onbme, 4eM N a , rrony'leH-

Hbie B 3KcrrepnMeHTax rrpn TP = 150 M ss/4, 5/. 3To CBH3aHo , IIO - BHLlHMOMy, 

c cnnbHbiM nornomeHHeM , cymecTBBHHO CHIDK8!01JIHM 3Ha'leHHe Na, H3MepHe

Moe II pH HH3KHX aueprnHx, 'ITO OTMe<Janocb ·n paHee ( uarrpnMep , s/3/) . 3a 

MeTnoe BnHHHHe B38UMoae wC TBH51 B KOHe'!HOM COCT051HHH Hll6n JoaaeTC51 H B 

pe3 y nbTaTax H3Mepe Hni1 / 6/ , BbiiTonueunbiX np11 SHeprnn T = 660 M as, 

p -1 
uo rrp11 rrepenaqe a - accounauHHM nMnynbca OKono 2 ¢epMn • AHanornq -

n 61t'r a¢¢eKT Ha6niOnancR sl 13/ , rae s<jl¢e.KTH8Hoe 'lncno N B 12 C, onpeae-
a 

nHBMOe 8 peaKUHU ( a , 2 a ) IIpll T 
a 

lllBHH!O IIpH YMBHbllleHHH rre peaaBaeMoro 

915 Mas , HM eno Te J-rrteHUH!O K yMeHb 

a -KnacTepy HMnynbca . 

T aKHM o6p830M , COBOKyiTHOCTb HMBJOuiHXC51 aaHEibiX ITO s!jl!jleKTHBHbiM 

'IHCnaM a - accou nau nR YK83hlBaeT Ha Heo6xonrrMoCTb rrposoan T b T O'IHhle 

H3MepeuHe Na IIpH BhlCOKOH 3HeprHH HaneT8lQ!UHX IIpOTOHOB H 6onbWOA ne-

peaaqe HMITynbca . B MeCTe C T BM TO 06CTOHTenbCTB0
1 

'-ITO 3H8'-IBHHeN , 113 -
a 

MepeHHoe npH aHeprnn T 
p 660 665 M 38 8 anana3oue aueprHH 8bi6H8aeMbiX 

a - qacTnu OT 10 no 4 70 M 3 8 , pa3nH'IaeTcH He 6onee '!eM 8 2 - 4 . pa3a , 

XOTH a6conlOTHhlB Ce'leHHH ynpyroro pacceHHU51 pa3nH'I8lOTC51 rrpn 3 TO M Ha 

4 IIOp51aKa , K8'1BCT8BHHO IIOLlTBep~JlaeT fl~annnbHOCTb OCHOBHhlX npellCTaBne 

HHA 0 KB83HynpyroM p8CCBHHHU 6hlCTpbiX flpO TOHOB H8 BHyTpll51!lBpHhlX 8CCO 

U H8UH51X B lllUpOKOM aH a ii830He 3Hepniii . 
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5, 3 a K n 10 'l e H H e 

1. YI3MepeH Bbixoa Haep 4 He c aHeprHe~ T • 470 Mas, 6nH3KOil: 
a 

c aH~prHH 4 He B cso6oaHoM p 4 He pacceHHHH, npH co~aapeHHH HJ:lOTOHOB 

c T P = 665 Mas c HapaMH ~~ . 
2, 06Hapy)KeH IIHK B HMnynbCHOM cneKTpe 4 He, o6ycnoBneHHblH KBa3H

yrrpyrHM pacceHHHeM IIpOTOHOB a -8CCOUHaUHHMH nerKHX Haep rrpH rrepeaa

'le 'I;'aKHM aCCOUH8UHHM HMIIYJibC8 9,5 <jJepMH-1, 

3. OueHeHbi s<jJ<jl eKTHBHbie 'lHcna N a -accouHaUH~ B Hapax 11 Li , 
a 

51Be H Bep.XHHH rpaHHUa N B Hape 12 C • 
' a 

4, nony'leHHbie pe3ynbTa~bl IIOOTBep)K,Lla!OT rrpaBHJlbHOCTb OCHOBHblX rrpea

CT8BneHl!H ·o KBa3HyrrpyrOM Bb!6HB8HHH BbiCOK09HepreTH'lHblX SI,Llep 4 He 6b!CT

pb!MH IIpOTOHaMH H3 ner.KHX Haep H 1 B 'laCTHOCTH 1' yKa3b!BaJOT Ha 6JIH30CTb 

BHyTpeHHel CTpyKTyphl a -accouHaUH~ H cBo6oaHoro Hapa 
4 He 

B 3aKn!O'leHHe aBTOpbi rronb3YIOTCH cny'laeM rro6naroaapHTb B.B.Eana

wo Ba, ll,Y!,EnoxHHUeBa, n.M.CopoKO 38 HHTepec K pa6oTe H rrone3Hble o6cy)K

aeHHH H IO.K.AKHMOBa, IO.f.EyaHIUoBa, B.f.3HHOBa H A.H.CHHaesa 3a co

aeH:cTBHe, OKa38HHOe HaM rrpH rroarOTOBKe 6b!CTpO~ aneKTpOHHKH, HCI10Jlb-
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