
COOBIUEHJ1H 
OB'bE,UJ1HEHHOro 

J1HCTJ1TYTA 
H,UEPHhlX 

J1CCJIE,UOBAHJ111 
Jly6HA 

...,., J7 // 

~ ,,~ J 
to •• ,...-~~ I 

.... .. 
.I .••. __ ..,,.,.. . .,.,,.,-....,=•~·~· 

~ ................ · . .-,:~.::-~ 
~t~ /" ····: .,, II'!~~... ~~--

•.. ···-~-. .-.~.-,-.,_.y_~.fP/t.°$.~P.~·•:•!•· .. 
1/ I .... /. I _,# 

.•--~ -~ii7. \~~~:--:-· 

Pl · 4373 

8.11.KoMapoa, r.E .Kocapes, 0.8 .CasqeHKO 

-

! 
i • = 
t$ 
I 
! 
• • A, 

I • .. 
~ 

l 

Bb1BJ1BAHJ1E BblCTPblX He 3 -~PArMEHTOB 
113 JIErKJ1X H,UEP nPOTOHAMJ1 

C 3HEPrJ1EJ1 665 M3B 

1969 

" 



Pl - 4373 

B.H.KoMapoB, r.E.KocapeB, O.B.CasqeHKO 

BUBHBAHHE BUCTPUX He 3 -~PArMEHTOB 
H3 JIErKHX fl,l.\EP TIPOTOHAMH 

C 3HEPrHEt1 665 M3B 



Abstract 

The cross sections for knocki';¥ out fast ·530 MeV He3 -nuclei 
from 6 

Li, 9 Be, 12 C targets at 5,4 to the 665 MeV proton beam 
have been measured. The peak in the high energy part of the He 3 

momentum spectrum has been observed which is due to the quasi­
elastic scattering (QES) of protons on three nucleon clusters in the 
investigated nuclei. The cross sections of such scattering causing 
the He3 knock-out from 6 Li, 9 Be (and the upper limit for 12 C, 16 0 
have been evaluated, Also the differential cross section of elastic 
scattering (E~ of protons on fre~ · He 3 nuclei ( 0=169°c.m.s,; 

q = 8.8 fm - ) has been measured. 
These measurements were performed as a part of the prog­

ramme of experimental investigations of high energy proton interac­
tions with nuclei resulting in the high momentum transfer to a few 
nucleon system without its disintegration. · 

QES of protons by the two nucleon clusters in light nuclei 
accompanied by the fast deuteron knocking out for the first time 
has been observed in the . experiments/4/ and more completely was 
investigated recently in. ref/5/, QES of pro1:,_9:s on alphaclusters in 
light nuclei in the conditions of the 9,5 fm momentum transfer was 
observed in experiments/6/ and may be compared with pHe4 ES 
measured in ref./7/, 

The comparison of all mentioned data points out a simple 
relation: the_ experimental values of QES differential cross sections 
may be calculated to within a 1.5-2.0 factor if one suggests that the 
differential cross section of proton scattering on the intranuclear 
cluster is equal to the differential cross section of proton ES on 
the corresponding free nucleus ( d , He 3 

, He4 
) and the total ef-

fective number of such clusters is equal to A/m ( A is atomic 
weight of the target nucleus, and m is the cluster nucleon quantity), 
See, Table 1 and figs. 5,6, · 

This result is reasonable if the knocking-out of fast ( d , He 
3 

, 

He4 
) from light nuclei in the investigated energy region occurred by 

direct interaction of the bombarding proton with intranuclear clusters 
and effective numbers of such clusters capable of acquiring a large 
momentum transfer with the same probability as the corresponding 
free nucleus is close to those obtained in oscillator sheUcalculations /2,3/, 

From the direct nuclear reactions /1/ point of view these data 
confirm the idea that the main contribution to the fast nuclear frag­
ment production with the energy in the QES peak region is given by 
a pole graph /9,11/, The reduced vertex parts corresponding to the 
virtual d , He 3 

, He 4 emittance are rather large. 
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1. CornaCHO COBpeMeHHblM. rrpencTaBneHl!llM, aTOMHOe l!;:tpo l!Blll!eTCl! 

/:ll!H8Mii'IeCKOil C!!CTeMoil_ HyKllOHOB, B KOTopoil Herrpepb!BHO B03H!!K8J?T II pac­

rranaJOTCl! HYKllOHHbie accou11au1111 paan11'1Horo T11rra. l1ccnenoBaH11e B3al!Mo­

aeilcTBl!ll rrpoTOHOB Bb!COKl!X 9Hepr11il C BHyTp!!l!AepHbIMII aCCOU1!8Ul!l!MII II 

COOTBeTCTBYIOIUIIMII CB060AHbIMII accou11aul!llMI!: l!AP8MI! d He 3 " , H 3 

He
4 

11 T.A, aaeT CBeaeH11l! o BepOl!THOCTI! orrpeaeneHHoro T11rra accou1111po­

BaH11l! HyKnOHOB II ¢11311'1eCKOll rrp11pone T8KIIX accou11au11il 11 - 31• CymeCTBeH-

Hoe Tpe60BaH11e K Ollb!T8M no KB8311yrrpyr0My paccel!H!!!O (KBYP) rrpoTOHOB 

COCTOl!T B HeOOXOAIIMOCTI! 1!3Mepl!Tb paccel!H!!e B ycnOBl!l!X OOllbWOll rrepeaa­

'111 l!Mllynbca accou11aUl!l!M C TeM, 'ITOObl BblOl!BaeMbie ¢parMeHTbl np1106pe­

Tan11 9Hepr11ro, 3H8'Il!TenhHO rrpeBblW8!01UYIO !IX SHepr11ro. CBl!311 B l!Ape. YBe­

lll!'IeH11e 9Hepr1111 rraaaromeil II 06e11x paccel!HHblX 'I8CTl!U llpl!BOAIIT K YMeHb­

weHl!IO BKnaaa BTOpl!'IHbIX s¢¢eKTOB nepepacCel!Hllll II ll03BOlll!eT H80ll!OA8Tb 

paccel!H11e Ha accou11au11Hx B 6onee 'IIICTOM Bl!Ae, 

KBaa11yrrpyroe paccemme Ob!CTpbIX lIPOTOHOB ABYXffYKllOHHblMI! accou11a­

UIIHMII . B nerKl!X HApax, corrpOBO:lKA8!0IUeecH 69nbWOll nepeaaqeft l!Mllynhca 

aeilTpoHaM, BllepBble Ha6nroaanocb B 9KCllep11MeHTax 141 , npoBeAeHHblX B na-
6opaTop1111 S1AepHbIX npo6neM 011.HH, 11 6onee aeTanhHO 11ccnea0Banocb He­

AaBHo B OllbITax 
151

• KBYP npOTOHOB accou11au11HMII C 6onbWIIM KOlll!'IeCT­

BOM HyKnOHOB B TaK11x ycnoBl!l!X no nocneaHero 0peMeH11 He Ha6nroaanocb, 

B pa6oTe 
141 

OTMe'lanoCb, 'ITO ceqeH11e BbiOl!B8Hllll l!Aep Tp!!TIIH B BbICOKO­

l!MllYllbCHhlX Y'I8CTK8X crreKTpa, ecn11 9TOT npouecc BOo6me npOIICXOAIIT, He 

rrpeBbIWaeT 2-3% OT Ce'IeHl!ll Bbl61!B8Hl!ll aeilTpOHOB. flonHOCTb!O OTCYTCTBO­

Bana 11H¢opM8UIIH 11 06 ynpyroM pacceHHIIII Ha3aA ObICTpbIX llpOTOHOB Ha nei:•-
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"18Illl!HX Sl.llpax H 
3 . 3 4 

He • He H T,ll, TaKl1M o6pa30M, aonpoc O cnoco6-

HOCTl1 accou11au1111 113 Tpex 11 6onee HyKnOHOB np11 coy1:tapeHl1H C npoTOHaM11 

aocnp11H11MaTb 6e3 pa3aana 6onbume nepe1:ta"!11 11Mnynbca, ocTaBancS1 OTKpb1-

TbIM, 

B pa6oTe /~/ anepBbie Ha6mo1:tanocb KBYP npOTOHOB a -"laCTl1"1HblMl1 

accou11au11S1M11 B nerK11x !11:tpax, conpoBOJK1:ta10meecS1 nepe1:ta"!eil a - accou11a-

9 5 "' -I · . 4 U11!1M 11Mnynbca • 't'M • KOTopoe MOlKHO conocTaBl1Tb C ynpyr11M pHe 

pacCe!IHl1eM Ha yron 169° c,u.11., 113MepeHHblM B 11 I. lln!i ~blSICHeH11!1 06m11x 

CBOilCTB !IBneHl1!1 nepe1:ta"ll1 6onblllOro l1Mnynbca ayKnOHHblM accou11aUl1!1M on­

pe1:teneHHhlil 11HTepec npe/lCTaBn!leT npoBe)leHHe aHanor11"1HblX SKCnepHMeHTOB 

no BbI611BaHHIO 6bICTpblX cpparMeHTOB He 3 
• Bo BCeX ynoM!IHYTblX Bblllle pa-

6oTaX 14- 61 113MepgnHCb BhlCOKOSHepreTH"leCK11e y"laCTK11 cneKTpa cpparMeH­

TOB, Bbl6HBaeMblX 113 !1/lep nail onpe1:teneHHblM yrnoM (4-8° na6,CHC'I",) K Han­

paanea1110 na1:taIOIIll1X npOTOHOB x), 

Uenb onHCbIBaeMblX HHJKe SKCnepHMeHTOB COCTO!lna B H3MepeHHl1 lll1tp­

¢epeHu11anbHoro ce"!eH11!1 BbI6HBaHH!I npOTOHaM11 113 nerK11X !11:tep renH!l-3 c· 

SHeprtteil, 6nl13KOil K SHeprHH !1/lep OT/l8"111 B ynpyroM pacce!IHl1H npoTOHOB 

CB060llHblM !illpOM He
3 

11 llHcjlcjlepeHUHanbHOro ce"!eHH!I ynpyroro pHe
3 

-pac­

Ce!IHH!I 1:tn!I conocTaaneHH!I ce"!eHHil sT11x npoueccoa, l!3MepeHHbIX B Olll!HaKo­

BbIX ycnoan!IX 6onb1I1oil nepe1:ta"!H nMnynbca renttro-3. 

2. nocTaHOBKa SKCnepHMeHTa II ycnoa11~ 113MepeH11il no1:tpo6HO on11caHbl 

B paHee ony6n11KOBaHHbIX pa6oTax 16 ,11• E1:tHHCTBeHHoe cymecTaeHHoe oTnH­

"111e TeXH11Kl1 l!3Mepea11il no cpaBHeHl1IO C pa6oToil 161 no KBa311ynpyroMy Bbl-

611BaH11IO He 4 COCTO!lnO B TOM, "!TO OCHOBHblM pelKl1MOM pa60Tbl sneKTpo­

HHK11 6bm pelKl1M 1!3MepeHl1!1 cneKTpOB no BpeMeHl1 nponeTa, Dp11 STOM CTapT­

c11rHanoM Ha axo1:te apeMS1-aMnn11Ty1:tHoro KOHBepTopa 181 cnyJK11n cttrHan 

C"!eT"!HKa Ca , nocne1:tHero Ha 6a3e nponeTa, HMnynbCbI C"leT"!HKa C 1 , 

nepaoro Ha 6a3e nponeTa, 3a1:tepJK11aanttcb cjlHKCHpoaaHHOil nHH11eil 3a1:teplKKII 

II no)laBanHCb Ha cron-BXO)l KOHBepTopa. AMnn11Ty1lHa!I /ll!CKpl1Ml1Hil.UH!I npo­

TOHOB 11 1:teilTpOHOB no y)lenbHOil HOHH38UHH H noTepe SHeprHII B C"leT"IHKaX 

x) /5/ 12 10 
B pa6oTe l!3MepeHHe SHepr11H 1:teilTpOHOB 113 peaKUHH C( p , pd) B 

conpoBOlK)lanocb 113MepeHl!eM Ha coana1:teHH!IX SHeprl1H pacce!IHHblX npoTOHOB, 
B OCTanbHblX onbITaX npOTOHbl. He per11cTp11poaan11cb. 
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C 2 • C 3 (cM, p11c. · 2 pa 6. 161) no3BOn!lna cae~T11 "!11cno CTapT-c11rHanoa 

npaKT11"1eCKII K "111Cny per11cTpupyeMblX SI.Qep He 3 
1 

11 TeM C8MblM 1136eJKaTb 

113nu1I1Heil 3arpy3K11 KOHBepTopa. CTon-cttrHanbI OT C"!eT"!11Ka C 
1 1 Bbl3hl-

BaeMbie npOTOHaM11 11 1:teilTpOHaM11, B OCHO!l,HOM TaKJKe llHCKpllMl!Hl1pOBan11cb 

no aMnn11Ty1:te 11Mnynbca a C 
1 

• lln!! yny"lllleHH!I aMnn11Ty1:tHoro pa3pe1I1eH11S1 

B cl B on11CbIBaeMo.il cep1111 113MepeH11il ronm11Ha CUl1HT11nnS1Topa C 
1 

6b1-

na yaen11"1eHa llO 0,5 CM, B ycnOBH!IX SKCnep11MeHTa lll11pl1Ha n11H1111 Ha nony­

BbICOTe (IIJDB) B cneKTpe no apeMeH11 nponera B 3Ha"!11renbHOll: crenea11 

onpe1:tenS1nacb 11MnynbCHbIM pacnpe1:teneH11eM "18CTl!U ny"!Ka 11 COCTaBn!lna 

5 HCeK 1:tn!I He 
3 

11 6 HCeK 1:tnsI d • Dp11 paCCTO!IH1111 MelK)ly II11KaMH ape-

M!i-nponeTHoro cneKTpa B )leC!ITKII H8HOCeKyHll TaKoe pa3pellleH11e anonHe 

/lOCTaTO"IHO 1:tn!I "!eTKoro BbI)leneH11!1 "laCTIIU C onpe1:ten~HHbIM OTHOllleHHeM 

M/Z (p11c, 1), 

lln!! onpe1:teneHH!I acpcpeKTHBHOCTH perncTpaunn He3 
B C"!eT'IHKe C a 

C "TonCThlM" CUHHT11nnS1TOpOM np11 BBelleHH11 aMnn11Ty1lHOil llHCKpHMHHau11n 

npOTOHOB H 1:teilTpOHOB 6binH 1!3MepeHbl aMnnnTy/lHble cneKTpbl HMnynbCOB 

C"leT"!HKa C 3 • Ha p11c. 2 noKa3aH cneKTp TaKHX HMnynbCOB, nponymeHHblX 

n11HeilHblMH B0pOT8Ml1, KOTOpbie ynpaansm11cb CHrHanoM CXeMbl coana1:teH11il, 

HacTpoeHHOil Ha perncTpaun10 He
3 

no apeMeHn nponeTa, 3a1:teplKKH a Ka-

Hanax cxeMbl coana)leHHil npH CH!ITHH np11ae)leHHoro cneKTpa Bb16paHhl TaK, 

·"!TO perncTpnpoaanacb H He3Ha"IHTenbH8!1 "18CTb 1:teilTpOHOB, ll8IOIIIHX B cneKT-

pe n11K C MeHbllleil cpe/lHeil aMnn11Ty1:toil, "!eM He 3 , AHTHCOana1:teHH!I np11 

perncTpau11H He 
3 

He ncnonb30aan11cb. 

3. BbICOK09HepreTH"!eCKa!I 'IaCTb cneKTpil. !lllep He3 
• BbI6HaaeMhIX 

H3 
6 

Li ' 
9 

Be ,1 2 
C 11 

16 
0 no)l yrnoM 5,4° K HanpaaneHHIO npOTOHHO-

ro ny"!Ka, H3Mep!lnacb B HeCKOnbK11X ceaHcax pa60Thl CHHXpOU11KnoTpOHa. 

Cpaaaett11e pe3ynbTaToa, nony"!eHHhIX a pa3HhIX ceaacax, noKa3hIBaer, "!TO 

a6con10Taoe 3Ha"leH11e BhIXO/la He3 
aocnpOH3BO)ll1nOCb C TO'IHOCTblO B 9%,. 

a IIIKana 11Mnynbcoa - c TO"IHOCTbIO 0,3%, lln!i B3811MHoro KOHTpon!I aMnn11-

TYllHoro 11 apeMS1-nponeTHoro pelKHMOB perncTpau11n cneKTp He 3 113 6 Li 
16 

11 0 113Mep!lnC!I B 06011x peJKHMax. B npe1:tenax YK838HHOil TO"IHOCTH Ha6-

n101:tanocb coana1:teH11e nony"!eHHhlX cneKTpOB, 8Kcnep11MeHTanbHhle Olll116KH 

TO'IeK cneKTpOB (puc. 3) !IBn!IIOTC!i crar11CTH'IeCKl1Ml1, Bee TO"IKl1 cneKTpOB 
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Pnc,2. YcnOBIIR per11cTpauu11 He 3 
• a. AMillll!TYAHhlll crreKTp IIMilYllbCOB 

B C'leT'IHKe C 3 C TO/lmllHOIO CUIIHTll/1/IRTOpa 110 OCII IlY'IKa 10 CM, 

B, 3¢¢eKTHBHOCTb per11cTpau1111 He 3 
rrp11 BBeneH1111 aMil/IIITYAHOli: n11c-

Kpl!Ml!Hau1111 B C'leT'll!Ke C 3 • A/ A -OTHolllenne rropora n11cKpHM11-

nau1111 K cpeA!leMy 3!1a'leHHIO 8Ml1/IIITYAhl IIMilY/lbCOB, o6ycnoaneHHhIX 

He
3 

• Pa6o'lee 3Ha'leHne A/ A =0,79.-
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HMe!OT, KPOMe Toro, 06my10, 15%-Hy!O HeonpeAeneHHOCTh, CBl!38HHyJO C a6co­

ll!OTHOil Kana6pOBKOil a BBeAeHHeM nonpaBOK. 

l13MepeHH8ll 'ISCTb cneKTpOB HMeeT TSKOH lKe xapaKTep, KSK H npH Bbl-

6HBSHHH He 
4 

: npa Bbl6HBSHHH H3 
6 

Li H 
9 

Be Ha6n10AaeTCl! IlHK C MSK­

CHMSJibHblM BblXOAOM He 
3 

npa HMnym!ce, 6ntt3KOM K HMnym.cy He 3 H3 yn-

pyroro pHe 
3 

-paccel!HHll ( 1803 MsB/c). CneKTpbl, CHl!Tb!e C MHWeHl!MH 

12 C H 
16 0 B ycnoBHl!X 6,5%-Horo HMilYllbCHoro pa3peweHHll, o6HapylKHBSIOT 

·MsB 
onpeAeneHHYIO HeMOHOTOHHOCTb npH HMllYllbCe OKOllO 1800 --c-

CneKTpbl B036ylKAeHHll OCTSTO'IHOI'O l!Apa H napUHSllbHbJe HMilYllbCHb!e 

pacnpeAeneHHll accouaauail, B KOHe'IHOM C'leTe onpeAelll!JOIIIHe ¢opMy cneKTpa 

. He 
3 

B 06nacn1 KBYP, B HSCTOl!lllee BpeMl! HeH3BeCTHbl. Pac'leTbl, Bb!llOn-

HeHHb!e B pa6oTe 191 HS OCHOBe nonJOCHoro npa6nttlKeHHll 6e3 ¢opM¢aKTOpOB, 

npeACK83bIBSIOT M8KCHMYM B cneKTpe 
d 2 a 

peaKUHH THna (p,pd) B6ntt3H 

dpd dO d 

cpeAHero 3HS'leHHll HMnynbca, KHHeMSTH'leCKH COOTBeTCTBYJOIIlero KBYP. CneKTP 

HMeeT aCHMMeTpH'IHYIO ¢opMy: cpaBHHTellbHO pe3KO orpaHH'leH npH 6onbWHX 

HMnynbcax Bb!6HB8eMblX ¢parMeHTOB H nnaBHO npoCTHpaeTCl! B o6naCTb MeHb­

lllHX 3HS'leHHil HMnynbca. OnHaKO OCHOBHOil BKllSA KBYP B cneKTp AeilTpOHOB 

MOlKHO onacaTb KpHBOil, 6ntt3KOil K rayccoBoil C nonywapHHOH OKOllO 7% Allll_ 

6 Li H 9% Allll 
9 

Be • Y'leT ¢opM¢aKTOpa 191 cymeCTBeHHO npu6nttlKaeT 

¢opMy cneKTpa K rayccoBoil. HeT OCHOB8HHil OlKHA8Tb, 'ITO 3TH coo6palKeHHll 

HenpaMeHHMhl B cny'lae BbI6HB8HHll ¢parMeHTOB, 6onee CllOlKHblX, 'leM AeilTpo'H. 

B npoueccax KB83Hynpyroro paccel!HHll npoTOHOB Ha HYKllOHHhlX 8CCOUH8Ulll!X 

B nerKHX l!Apax. Ecna y'leCTb, 'ITO Ha6n10AaeMblil H8MH cneKTp nony'leH B 

cneKTpoMeTpe, co6cTBeHH8ll ¢opMa llHHHH KOTOporo HMeeT npaKTH'leCKll rayc­

COBY ¢opMy C nonywHpllHOil 6,5%, MOlKHO AYM8Tb, 'ITO npaBl!llbH8ll oueHKa' 

Ce'leHl!ll KBYP MOlKeT 6hITb nony'leHa annpOKCHMSUHeil Ha6n10naeMoil '18CTH 

cneKTpa B o6naCTH p"' 1800 MsB/C . HOpM8llbHhlM pacnpeAeneHlleM. CpeA­

Hee 3HS'leHlle HOpM8llbHOI'O pacnpeAeneHHll 6b!ll0 npl!Hl!TO paBHblM 1783 MsB/ C 

Allll 
6 Li II 1768 Ms Bl C Allll 

9 
Be • H opM!!pOBKa " AUCnepCHll pacnpeAene­

HIIH HSXOAl!lll!Cb MeTOAOM HSHMeHblllHX KBSApaTOB no 3KCnepttMeHT8flbHhlM TO'I-

KSM npa p > 1780 MsB/c. l13MeHeH11e cpeAHero 3Ha'leHHll pacnpeAeneaail 

B npeAenax, COOTBeTCTBYIOIIIHX OCHOBHOMY COCTOl!Hlll0° OCTSTO'IHOI'O l!Apa, nu-

60 ero nonHoMy p83Bany Ha HYKllOHbl, ll3MeHl!eT HOPMllPOBKY pacnpeAeneHl!il 
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c T =665 MsB. 8Kcnep11MeHTanbHoe pa3peweHae no HMnynbcy coc­

TaBmieT 6,5%, (lllTTB). CTpenKoil YK83SHO 3Ha'leH11e IIMIIYllbCS He 3 
a H a 

All.II ynpyroro pHe ➔ p e-paccel!Hllll B Tex lKe ycnoBHllX: PHea 
=1803 MsB/c, T Hea = 528 MsB. 
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Ha+ 4% nm1 
6 

Li II ± 14% nng 
9 

Be • nonri:eHHble TaKHM o6pa30M 3Ha-

'ieHl!H Ce'ieHHH COOTBeTCTBYIOT npennonolKeHHIO O TOM, 'iTO BeCb Bb!Xon He 
3 

c 11Mnyn&coM > 1780 M:rn/c o6ycnosneH KBYP, .llpyroe Kpailaee n:pennonolKe­

HHe O BKnane HenpepblBHOH 'iaCTH cneKTpa COCTOHT B TOM, 'iTO 3TOT BKnan 

paseH 30% nns 
6 Li 11 40% nns 

9 
Be , B Ta6n1111e 1 np11seneHbI cooTBeTcTay10-

m11e cpena11e 3Ha'ieHHH C y'ieTOM 3TOil HeonpeneneHHOCTH, TO'IHOC~b Ce'ieHHll 

KBYP, np11seneHHbIX B Ta6n1111e, B OCHOBHOM onpenenseTCH TO'iHOCTbIO on11-

CaHHOH BbIWe npouenypbI Bb1nenea11s BKnana KBaa11ynpyroro pacceHHIIH, 

.llaHHbie, nony'ieHHble C Ml!WeHHMII 
12 

C 11 
16 

0 . , n03BOnHIOT oueHHTb 

n11lllb sepxa1010 rpaa11uy BKnana KBYP B aa6n10naeMb1il cneKTp B npennono­

lKeH1111, 'ITO cpenaee 3Ha'ieH11e HOpManbHOI:'O pacnpeneneHl!H COOTBeTCTByeT 

nonHoMy paasany OCTaTO'iHOI:'O gnpa Ha eyKnOHbI, HopM11posKa pacnpenenea11il 

ocymecTBnHnacb np11 3TOM KaK II nng. Li , Be no 3KCnep11MeHTanbHblM TO'i-

KaM np~ p > 1780 Mas/c • 

.ll11qiqiepeau11anbHOe Ce'leHl!e ynpyroro pacceHHIIH npoTOHOB CB06onHblMH 

gnpaMH He 
3 

( (J 3 = 5,4° n.c., q = 8,8 qJM-l) 6hmo, 1!3MepeHo B ycno-
He 

BIIHX, 6n113KIIX K ycnOBl!HM onb1Ta 11 I. l1cnonb30Banacb I:'a30BaH MHWeHb C 

aanonHeH11eM 77% He 3 
.. 11 23% He 4 

non 06m11M naanea11eM 1 . aT, Ilp11 qio -

HOBblX H3MepeHl!HX '11 Kan116pOBKe no peaKUIIII pp ➔ d "+ np11MeHHnacb 11nea-

Tl1'1HaH MHWeHb, aanonaeHHaH sonoponoM, (.llo6aaKa ·He 4 B sonopone noaso-

nsna KOMneac11poaaTb C'ieT, Bbl3BaHHblll np11cyTCTBHeM He 4 
B 'He 3 - MHllle-

HH'). <l>oH B o6naCTH n11Ka ynpyroro pHe 
3 

- 'pacceHHIIH B HMnynbCHOM cneKT­

pe gnep OTna'IH He 3 COCTaBnHn 30% C'ieTa OT 'He3
- MHWeH11'. 3aBHCHMOCTb 

C'leT~ He 
3 

OT 11Mnynbca nocne 'BbI'IHTaHHH qioaa np11aeneHa aa p11c, 4. 

Bb1xon He 3 
c HMnyn&COM OKono 1800 Mas/c annpOKCl!MllpOBancg HOpManb-

HhIM pacnpenenea11eM co cpenHHM 3Ha'ieHHeM 1803 Maa/c, OnpeneneH11e ,nayx 

CB060nHblX napaMeTpClB MeTOnOM HaHMeHbllll!X KBanpaTOB no TO'iKaM C 

p> 1800 Maa/c naeT ~p/p = (7,5 :t 1,2)% (llJITB), 'ITO aaxon11T~H a COOT­

BeTCTBHII CO· 3Ha'leHHeM 8,2%, nony'ieHHblM Ha • H 2 - MHWeH11' np11 1!3Me­

pea1111 annapaTypaoil qiopMbl JIIIHIIII II BblXOna neilTpOHOB 113 peaKUIIII pp ➔ d IT+• 

nocne BBeneHl!H noupaBOK Ha aqiqieKTIIBHOCTb per11cTpau1111 C'ieT'il!KOM C3 

(0,85±0,05.),. paccesm11e B aemecTBe no nocnena11x C'ieT'll!KOB (0,94±0,05), 

B03MO)l{Hblll BKnan qJOHa non UIIKOM ynpyroro pacceHHIIH (0,12±0,07) 11 npy-
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r11e, MeHee cymeCTBeHHble !paKTOpbl, nony'!eHo 3Ha'!eH11e Ce'!eHll.11 B 

na6. CIICTeMe 

~I ( 0 3 = 5,4° n,c,) 
dO pHe3 He 

-30 2 -1 (4,3 :!: 1,0)•10 CM •CTep, 

'!TO COOTBeTCTByeT B c,u.11. 

~, lo 
dO pHe 

168,8°) (9,9 + 2,3)•10-31 2 -1 
CM •CTep. 

4. B Ta6n11ue 1, KpOMe peaynbTaTOB HSCTO.IIIIteM pa60Tbl, np11BeAeHbl 

113BeCTHbie 113 ony6n11KoBaHHbIX pa6oT 14 ,6 , 7 / ASHHble no KBYP Ha AeMTpOH­

HbIX II anbcpa'!aCTll'!HbIX accou11au11.11x B .IIApax, nony'leHHhie np11 pacce.11H1111 
• I 

npOTOHOB c SHepr11ei1 665 Msa (675 MsB 141 ) 11 6onbWIIX 3HS'!eHII.IIX nepe-

ABBaeMOl"'O 8CCOU118UII.IIM IIMnynbca, 8 TSKMe Ce'!eHll.11 ynpyl"'Ol"'O p d II pHe4 -

pacce.llHll.11, 3T11 ASHHble (nOK838HHbie TSKMe Ha p11c. 5) II03Bon.1110T cpaBHIITb 

OTHOCIITenbHble BbIXO/:lbl 6blCTpb!X .11/:lep d , He 
3 

11 He 4 
• , · Bb1611aaeMbIX 

_npOTOHSMII no):( onpeAeneHHblM MBnblM yl"'nOM K HanpaaneHIIIO npoTOHHOI'O ny'!-, 

Ka. He6onbwoe paan11'!11e B yrnax Ha6n10AeH11.11 He .11an.11e-rc.11 q:i11 TaKoM cpaa­

HeH1111 cymeCTBeHHblM, B CSMOM Aene, SKCTpanon.11u11.11 peaynbTSTOB pa6o/4,l0/ 

no Yl"'nOBOM 38BIICHMOCTII ynpyl"'Oro pd -pacce.111111.11 np11 SHepr1111 npoTOHOB 

OKono 670 Msa noKa3bIBaeT, '!TO C yMeHbWeHHeM yl"'na pe!"'11CTpan1111 AeMTpo-

HOB 0 d oT 7,6° AO 5,4° ce'!eH11e pacce.11H11.11 yaen11'!11BaeTc.11 Ha 20-30%. C 

APYl"'OM CTOpOHbl, 113BeCTHO 
151 , '!TO Ce'leH11e KBaa11ynpyro1"'0 B~l611B8Hll.11 AeM­

TpOHOB B 06nacT11 6onbWIIX nepe):(aBaeMbIX IIMnynbCOB AOCTSTO'!HO TO'IHO cne-

AyeT aa Ce'!eHHeM CB060AHOl"'O pacce.11H11.11 • .Un.11 .11/:lpa 

/:!OB p8BHO 

w :w w 
He 4 He 3 d 

1: 33: 4.100. 

9 
Be OTHOWeH11e BblXO-

B TO Me BpeM.11 OTHOWeH11e COOTBeTCTBYIOIItllX Ce'!eHIIM CB060AHoro pacce.11H11.11 

paBHO 

(~) : (~-) 
dO He 4 dO He3 

:( ..'.:'.:._) 
dO d 

12 

= 1: 9,4: 1.200. 

Ta6naqa 1 

3xcnepRM8HT8DbHbl8 ll8HHbl8 no KB83&ynpyroMY Bbi6RB8HHIO 

6blCTpblX ~parMeHTOB d • He 3
• He

4 
npOTOH8MH C snepraeA 

665-675 Msa (6ea HlleHTH~RKaUHH COCTORHH~ ocTaTO'IH~ro 

Sl.llpa) H ynpyroMy pacceRHRIO npoTOHOB Ra CB060llHblX Sl.llpax 

d He3 H He4 B Tex JKe ycnoaR.IIX, 

aitpo 8.,tpa;a;~ do~ d) CM
1 nJ 

(/.I}. ,f 'cmtp',t.C. nd 
{A/z.J Jia .cBCT. 

l.i1 7,6 (2,9,;t(),6) • 10•<:: I ?,3.:tI,6 I,5l±0,45 
. Bef .- -·--- ---~ .... ) .. -27 

4,QtI,3 0 ,-89 ;tO' 28 ~?,~,? -~<? ____ ·····-- ----·-·--- . 

c'z • ( ) -27 6, 7.;t2,I I,Ica(),34 3,7.:t0,8 •IO ... - ·- - ·c -)- -~27 -- ... 
o'f • 4,6.:tI,O •IO 8,4.:t2,6 I,05.:t0,32 I 

fl.Jtpo I 0Nrl• J tpaiJ I .!!E. / #, Nllc3 \ CM 
2 ',f.C I n U-S I ;1:1) 

JlaOeCHCTodll,l/1 ✓JcTep 1 "" r,:-,:, 

;l,,· 6 

_ Be9 
c'2. 
016 

fl.ltpo 
fl6 

Be9 

C'a. 

Ynpyroe 

5,4 _ f~I,26.:t0,2'.3·)•I0-,;,~,9.:t0,7 ·ij'45.:t0,35 
• ~I,75,:t0,38).I0-29 4,I±I,I I,4.:t0,4 
• ~,I5.;t0,62).1g;29 ,6.:t2,0 ,4.:t0,5 

·6.±I.OJ•IO-:.._ 5,3.:t3,2 (2,9,±016 " 

5,4 (3,6.,0,?J•ro-31 ko,a.o,2 lo,s:ao,rs 
" (5,4.:tI,2)•IU-'.3I I,2±0,3 0,5ca(),I'.3 
• ~8, 2±3,0J• IO-SI 4,0.:t0,.9 I, 3,:t0,3 

~,rpa;a;. d& °'z . 
· pacceHHRe Tp,MaB na6.czcr. di}_,- , A.C. 

Cme,.b 

p+d.-,_;i+d 675 7i6 (0,55.:t0,I2)•IO-c:, 
fJ + lle3-i>-f' ~ #e3 665 5,4 (4,3.:tI,O)•I0-30 

p + lie ~j)+ lle4 665 5;4 (4,6.:tI,2).I0-31 
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Pac,5, .lla¢4iepeHimanbHhie ce'JeHH!I KBaaaynpyroro pacce!IHIUI npoTOHOB c 
T = 665-675 Maa a peaKUIHIX A( p, pX) Ha nel"'KHX .IIJ:tpax II ynpyroro 

pacce!IHll!I pX _. pX np11 6onhnrnx nepeJ:ta'Iax !IMrrynbca eyxnoHHbIM 

acco1111a1111.11M, 
TO'IKaM!I C !IH.({0KC8MlI 1,2,3 o603H8'10Hbl ce'IeH!I.II peaKUl!tt! 

1. 1,X=d , yron ~el"'l!CTpaunn .({0ttTpOHOB a na6. ClICTeMe O d =7,6°, 

J:taHHhle pa60Tb! 41 ;. 2. X=He3, on.a = 5,4°, .({aHf6'1 HfCTOruuen 
pa60Tb1; 3. X=He 4, 0He4 = 5,4°, .({aJIHble pa60Tb! • ? -ce'IeH!I.II 
cao6oJ:tHoro pacceHHlI.11, y - aepxH.11.11 rpaHnua xaaanynpyroro pac­

ce.11an.11. 

14 

Taxoe COOTB0TCTB!I0 C0'10H!IH KBYP lI cao60J:tHOJ"'O pacce!IH!I!I noKa3hJBaeT, 

'ITO Bb!XO!l 6bICTpblX qiparMeHTOB onpeJ:ten.11eTC!I aen!I'I!IHOH C0'10HlI!I yrrpyroro 

pacce!IH!I!I npOTOHOB acco1111a11n!IMII, 0THO!ll0HlI.II C0'10H!IH KBYP K C0'10H!I.IIM 

cao6oJ:tHOl"'O pacce!IH!I.II, !IM0IOllllI0 CMbicn nonHol"'o aqiqieKT!IBHoro 'Incna acco­

unaunn, np!IB~.({eHbl Ha p!IC, 6. x). (.lln.11 YJ:t06CTBa cpaBH0HlI.II ST!I OTHO!ll0HlI.II, 

o6oaHa'IeHHhie qepea n x , noJ:teneHhI Ha aenn'IlIHY A/m , rJ:te A - Mac-

coaoe 'Incno Mpa-M!Illl0HlI, a m - 'Incno HyxnoHOB a accounaunn), TaM JKe 

noxaaaHh! peaynhTaThI pac'IeTa aqiqieKT!IBHbIX 'Incen Ha ocHoae o6ono'Ie'IHOtt 

Mo.({enn 12131• SxcrrepnMeHTanhHble 3Ha'I0HlI!I C0'10H!IH KBYP C TO'IHOCTbIO 

.({0 MHOlK!IT0n!I 1,5-2 MOl"'YT 6hITb Bbl'I!ICneHbI, ecnn rrpeJ:tITOnOJKIITh, 'ITO Ce'Ie­

HlI0 pacce!IHll!I Ha accouna1111n paBHO ce'IeHIIIO pacceHHlI!I Ha cao6oJ:tHOM M­

pe, a rronHoe aqiqieKTIIBH~e q11cno accounaunn paaHo OTHO!ll0HlIIO 'I11cna Hyxno­

HOB !IJ:tpa A Ha 'I!ICnO HyKnOHOB B acco1111aunn. B STOM OTHO!lleH!III pacce!IH!I0 

Ha TpeXHyKnOHHblX accou11auirnx, np!IB0.({.IIIU00 K Bbin0TY 6bICTJlb!X !I!l0P He
3 

, 

arronHe aHanOJ"'lI'IHO pacceHHlIIO Ha J:tBYX lI '10TblpexHyKnOHHbIX acco1111a111I!IX, 

06pamaeT Ha ce6.11 BH!IM8H!I0 TOT qiaKT, 'ITO rronHbl0 aqiqieKT!IBHbI0 '111Cna 2,-

3';4-HyKnOHHblX accounaunn, 1!3MepeHHbl0 Ha O.({HOM II TOM JKe !I.({pe, OKa3bIBa­

IOTC.II C yxaaaHHOH BbIIUe TO'IHOCTbIO 6n113KIIMII K aen!I'IlIH0 A Im ' 'ITO Haxo­

.(l!IT o6'b.lICH0H110 B pac'IeTaX 12 ,31 ' !ICXO.({.IIIU!IX !I3 o6ono'Ie'IHOH CTpyKTypb! 

· nerxnx Mep. 

B uenoM Ha6nIO.[laeMa!I COBOKyilHOCTb .({aHHbIX MOJK0T 6bITb 06'b.1ICHeHa, 

ecnn rrpeJ:trronoJK!ITh, 'ITO MeXaHn3M o6paaoaaHlI.II 6bICTpb1X qiparMeHTOB a nay­

qaeMOtt o6naCTII SHeprlltt COCTOl!T B rrp.lIMOM aaanMO.({ettCTB!IlI HaneTaIOlllel"'O 

npoToHa c HyxnoHHott accounau11en, rrpn'I.eM a¢4ieKT11BHb1e qncna Taxnx acco­

UHau11ii, cnoco6HhIX aocnp11H.1ITh 6onhlllYIO nepeJ:ta'Iy nMnynhca c TOH JKe aepo.11T­

HOCThIO, 'ITO II COOTB0TCTBYIOllllI0 cao6oJ:tHbl0 .II.({pa, 6n113KH K 3Ha'I0HH.IIM, pac­

C'Il!TaHHblM a paMKaX o6ono'Ie'IHOH MO.({enH, 

C TO'IK!I apeH!I.II !l!ICilepclIOHHOH TeOpH!I np.lIMblX .IIJ:tepHblX peaKUHH ST!I 

.({aHHble llO!lTBepJKJ:taIOT npeJ:tcTaaneH!I8 0 TOM; 'ITO OCHOBHOH axna!l B Bb!XO!l 

6h1CTpb1X qiparMeHTOB a 06nacT11 n11ica xaaanynpyroro pacce.11H11.11 J:taeT nonroc­

Ha.11 .({118l"'paMMa 19• 11 /' a np11BeJ:teHHbl8 11111pl!Hbl BllpTyanbHOJ"'O 11crrycxaHII.II 

x)np11 Bbl'Il!CneHIIII nH 4 B pa6oTe 161 6bin0 IICilOnh30BaHO 3Ha'IeH1!0 ceqean.11· 

cao6oitHoro pHe 4 - pac~e!IHII.II ea ·5% BbI!lle npnaeJ:teHaoro B /7 /. B Ta6n,l 

yxaaaHhI aHa'IeH11.11, nony'IeHHbie nocne yTO'IH8HII.II nonpaaoK Ha pacce.11H11e 

B C'IeT'Il!KaX. 
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PRe.6. 0THoweHRll nx ee'!eHRH KBa3Rynpyroro paeeellHRll A(p;pX) K ee'!e-

HRIO eBo60llHOro paeeellHRll pX ➔ p X no sxenepRMeHTanbHhIM llaH-

HhIM, npHBelleHHbIM Ha pRe. 5. 3Ha'leHRll . n IlOlleneHbl Ha BenR'III-

Hy A/ m , r.Qe A - MaeeoBoe '!Reno ll.Qpa-,-M;~eH11, a m - '!Reno HyK-
noHoB B aeeouRaURH. 

To~-KII * nony'!eHbl Ha OeHOBe SKenepuMeHTanbHhlX llaHHhIX pa60-
Ti1 / 5 /. . 

. To'!KR 6ea ow116ox eOOTBeTeTBYIOT peaynbTaTaM pae'!eTOB sq,­

q>eKTIIBHhIX '!Heen Ha OeHOBe o6ono'!e'!HOH MO.Qenu: e - /2/, 0 _/3/_ 

16 

aeeou11au11n TRna d He 3 He 
4 

RMeJOT B nerxux llllpax 3Ha'!11-

TenbHYIO BenH'!RHy. 

Cne.QyeT aaMeTl!Tb, '!TO nony'!eH11e 6onee .QeTanbHOH IIHq>OpMaURR O Me­

XaHl!3Me peaKll_llR II eaoneTBaX HyKnOHHhIX aeeouRaUIIH B nerKIIX ll.Qpax MOJKeT 

6hlTb nony'!eHO TOnbKO np11 yen0B11R;l) ll3MepeHl!ll llllq>q>epeHu11anbHOro ee'!e­

Hllll KBYP II eBo60llHOrO npOTOH-ll.QepHoro paeeel!Hllll B llOCTaTO'IHO WllpOKOH 

06naeT11 11aMeHeH11ll sHepr1111 11 nepellaBaeMoro HMnynbea, 2) HlleHT11qi11xau1111 

eoeTOllHllll oeTaTO'!Horo ll.Qpa. noene.QHee o6eTOllTenbeTBO l!MeeT oeo6oe 3Ha­

'leH11e llnll 11eene1lOBaH11ll TaKIIX xapaKTep11eT11K HyKnOHHhlX aceou11aURH (en11-

HOBOe eOCTOllHlle, R30TOilll'!eCKIIH CilllH II T.ll.), KOTOphie He MoryT 6b!Tb 

ll3Bne'!eHhl. R3 OilhITOB OilllC8HHOro BhIWe T11na • .LleiieTBHTenbHO, B Ha6nJO.Qae­

Mbie IlllKII cneKTpOB He 3 MOryT .QaBaTb BKna.Q He TOnbKO peaKUIIII T11na 

{p, pHe 3 ) , HO II {p ,nHe 3 ) peaKUIIII, TaK JKe KaK B IlRKaX lleHTpOHHhlX cneKT­

poB, 113MepeHHhIX 6ea per11cTpauu11 npoTOHOB Ha COBna.QeHl!llX, Henb3ll BhI1le-

n11Tb BKnai:t peaKUIIII {p , n d) 11 KBaa11ynpyroro pacceSIHRll Ha i:teHTpOHHhIX 

accou11au11SIX B e11HrneTHOM coeTOS!HIIII. 

B 3aKnJO'!eHirn IlOll'lepKHeM, '!TO Ha6nJOi:taeMoe HaMII S1BneH11e BhI611BaHl!ll 

6hICTpbIX qiparMeHTOB C 3Hepr11en B COTHII MsB npOHCXO/lRT C RCKnlO'll!TenbHO 

Manon BepOS!THOCTblO • .LleneTBIITenbHO, ce'!eH11e BhI611BaHIIS! npoTOHaMII qipar-

MeHTa X C 3Hepr11en B AHanaaoHe ( T ( 0 XO ) 'Tmax) 113 ll.Qpa e MaCCOBhIM 

'IIICnoM A B peaynbTaTe KBYP paBHo: 

a(T 
A 27T0xo da 

> T(O )) "' - ff ( - { Ox 
XO m O O d n 

>T )) sin 0 • d0 
pX X X • def\ 

OTCIOAa, HailpllMep, i:tnSI BhI61IBaH1Ill He 
4

· C 3Heprnen B IIHTepaane T max = 

470 Msa' f- 0,95 T max , nonaraSI, '!TO ce'leHne ynpyroro pHe 
4 

pacceSIHIISI 

Mano Mem1eTCS! B o6naCTII yrnoa BhI61IBaH1IS! He 
4 

OT o0 AO 12,5°, nony'IIIM 

A -3) o -32 2 
a{470>T 4 >450).,-'br.4,6.10 tl-cos12,5 )=A.1,73°10 CM. 

He 4 

.Llnll Sii:tpa 
12 C 

3TO ee'!eH11e paBHO 2' 1-10-31 .CM2 , B TO apeMSI K8K ee'!e-

Hile Heynpyroro B381IMOAeHCTBIIS! npoTOHOB ( T p = 657 Msa) C llAPOM 
12 c 

paBHO 0,227•10-24 
eM2 1121• Cnei:toBaTenbHO, aepOS!THOCTb paccMaTpllBaeMO-

ro cneu11anbHOro T11na coyi:tapeHIIS!, npllBOAS!Wero K ~b!611B8HIIIO 6hICTpbIX 

Sii:tep He 4 B yKaaaHHOM IIHTepaane SHepr1111, paBHa 10-6 .. 
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5, 3aKn10'leH11e 

1 •. H3MepeH BbIX0.(l 0bICTpblX smep He 3 ·6 
, BbI0IIB88MbIX 113 Li , Be, 

12 C ' 16 0 ll0lt yrnoM 5,4° K HanpaBneHHIO npoT0HH0I'0 ny'IKa B 06nacr11 

::rnepr1111 He 3 oKono 530 M:;m, 

2. IT11K, Ha6n10lt88Mblli B 3TOli o6naCTII cneKTpa S!.(lep He 
3 

' M0lKeT 

0hlTb IIHTepnper11p0B8H K8K pe3ynbT8T KB83Hynpyroro pacceSIHIIS! np0T0H0B 

TpexHyKn0HHblMII accou11aUIIS!MII B 11ccne.(l0B8HHbIX ll.(lpax. IT ony'leH0 C8'18Hlle 

, T8K0I'0 paGCeS!HIISI, B8ltYmero K Bbl011B8HIIIO He 
3 

113 l!Aep 
6 

Li Be, 11 

BepXHS!S! rpaHHUa .(lnSI I2 c II 160. 

3, H3MepeHo Ltn¢¢epeHunanhHOe ce'leH11e ynpyroro paccel!Hllll npoToHoB 

CBO0OltHbIM S!ltP0M He 3 Ha yron 0 = 169° c,u.n, 

4, ConocraBneHne ce'leH11li KBa311ynpyroro paccel!HHl! npoT0H0B BHYT­

PHS!ltepHbIMII HyKn0HHbIMII accou11au11S1MII II ynpyroro paccesiHllll C00TBeTCTBylO­

mnMII CBO0O.(lHbIMII S!ltP8MII IT0ltTBeplK.(laeT npe.(lCTaBneHlle 0 npS!M0M B3811M0-

lt8MCTBIIH HaneTSIOIUIIX np0T0H0B C HyKn0HHbIMII accou11au11l!MII, cnoco6HbIMII 

B0CITpllHIIM8Tb 6onbWYIO nepelta'ly HMnynbC8 ( q = 8-10 ¢M-l ). 

ABropbi nonb3YIOTCll cny'laeM no6nar0Ltap11Tb B.B. EanawoBa .11 B.f,Hey­

lta'lnHa 38 IIHTepec K pa6ore, H E,C, HeraHOBa 38 C0.(leliCTBHe, 0K838HH0e 

HaM np11 pa6ore c renneM-3, 
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