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A H H 0 T a U H H 

Vlccne.aoaaHbi peaKuHH I p, pn I , I p, 2 n l H I p, n I Ha Ca 
48 

B HHT e paane SHeprHil npo-

TOHOB 120-660 JV\sa. CeqeHHe peaKUHH I p, pn l cna6o 3aBHCHT o T sHeprHH npoTOHOB H coc

T a BnS!eT OKOllO 105 MOH. Ce'!eHHSI peaKuHil I p, 2n I H I p, n I yMeHbW8JOTCSI c sHeprHeli: 

npOTOHOB OT - 20 M6H H- 8 M6H 11pH 120 JV\ga .a o-6 M6H H- 2 M5H 11pH 660 MsB, COOTB8TCT-

B e HHO lpHC , H Ta6n. II I. 3aBHCHMOCTH Be!lH'!HH OTHoweHHi!: a I a p,2 n p,n lpiiC . 21 H 

ap,pn l ap,n lpHC , 31 OT 8HeprHH llpOTOHOB H M8CCOBOrO '!HC118 S!.[lpa-MHW8HH MOryT 6biTb 

HCT011KOB8Hbl C118.llYIOWHM o6pa30M: 

a I MexaHH3Mbi · peaKuHil I p,n ·; H n epaoi!: cTa.aHH I p, 2n I O.llHHaKOBbi; 

61 BKrra.a MeXaHH3Ma npS!Moro Bbi6HB8HHSI Hei!TpoHa B ce'!eHHe peaKUHH I p, pn I · cTa

HOBHTCSI npeB811HpyiOLUHM y>Ke B o6na.CTH SHeprHli npOTOHOB ITOpS!.llK8 COT8H M ·sa. 

]. Levenberg, V. Pokrovsky, I. Yutlandov 

48 
SIMPLE NUCLEAR REACTIONS ON Ca INDUCED BY HIGH ENERGY PROTONS 

:A.k~ tl-g£.t 

48 
The reactions ( p,pn ), ( p 2 n ), and ( p,n ) on Ca have been investigated in the proton energy range 

of 120-1360 MeV. The cross section for ( p, pn ) reaction is weakly dependent on the proton energy and 

amounts to lOS mbs. The cross sections for ( p, 2n ) and ( p, n ) reactions are :lecreasing with the proton 

energy from - 20 mbs and - 8 mbs at 120 MeV down to - 6 mbs and- 2 mbs at 830 MeV, respectively. ( Fig. 

and Table II ). The dependencies of the ratios a 
2 

I a ( Fig. 2 ) and a I a ( Fig. 3 ) 
p, n p,n p,pn p,n 

on the proton energy and on the mass number of the nucleus target may be treated as follows: 

a) The mech~isms of ( p,n ) reaction and of the first stage of ( p, 2 n ) are the same; 

b) The contribution of the direct neutron knocking to the cross section of ( p, pn ) reaction is prevail

ing already in the proton energy range of order of hundreds of MeV. 
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BaeaeHHe 

CpeaH pasHooopa3HbiX SiaepHbiX peaKuHli, npoHcxo a SiwHx npH asaHMoaelicTBHH obiCTpbiX 

'18CTHU CO cnO)!{HbiMH SiapaMH, HBHoOnbWHH HHTepec Bbl3b!B8!0T TBK H83b!BaeMbie "'npOCTbie"' 

peaKUHH, COnpOBO)KaaJOwHeCSI HCnycKBHHeM H3 Siapa J-2 HyKnOHOB , npH'IHH8 3TOrO 38Knl0'18-

eTCSI B 3H8'1HTenbHOM OTnH'IHH 3KCnepHMeHT8nbHhlX aenH'IHH ce'!eHHH noaOOHhlX peaKUHA OT 

Ill 
pacc'IHTaHHhlX Ha ocHoae npeacTaaneHHli Cepoepa TaK, anSI peaKUHH I p, pn I, H3y'leH-

HO A noapooHee apvrHx, aKcnepHMeHTanhHbie aenH 'IHHbi ce'!eHHH npeBbiWBIOT pacc'IHTBHHbie 

121 
a 3-4 pasa IHanpHMep, I, UnSI OO'bSICHeHHSI aTHx pacxo)KaeHHA Obino npeanono)KeHo, 'ITO npocTbie 

peaKUHH THna I p, pn I , I p, 2p I , I p, n I H ap. npoHcxoaSIT rnaBHbiM oopasoM nyTeM npSI

MbiX B38HMOaeliCTBHA C HyKnOHBMH aHcPcPY3HOA noaepXHOCTH Siapa H 'ITO OOOnO'!e'IHBSI CTpyK-

• 121 
Typa Siapa-MHWeHH OK83hlB8eT HB HHX cyweCTBeHHOe BnHSIHHe 0aHBKO HMe!OwHXCSI B Hac-

TOSI!llee BpeMSI 3KCnepHMeHTBnbHbiX aaHHbiX HeaocTaTO'IHO anSI Haae)KHOrO OOHapy)KeHHSI 

3TOl! 38BHCHMOCTH, KpoMe TOrO, pesynbT8Tbl ony6nHKOB8HHbiX HCCneaOBBHHI!, BblllOnHeHHbiX B 

pa3nH'IHbiX na6opaTOpHSIX H p831lH'IHbiMH MeToaaMH , 3 8'18CTY!O nllOXO cornacyiOTCSI apyr C 

apyroM. 

B CBSI3H c aTHM Mhi npeanpHHSillH cepHIO aKcnepHMeHTOB no H3y'leHHIO npoCTbix peaKuHA 

HB "'MarH'IeCKHX"' H "'He-MarH'IeCKHX" Siapax, 01lH3KHX apyr K apyry no A H Z 

SiwaSI paooTa nocaSiweHa H3y'leHHIO peaKUHA I p,pn I, I p, 2n I H I p , n I Ha 11ape 

TexHHKa 3KC11epHMeHT8 

a I MHweHb H ycnoaH SI o6nyqeHHSI 

Hac To-

e 41 
a . 

10 

LlnSI o6ny'leHHSI HC1101lb30B3118Cb ecTeCTBeHHaSI CMeCb H30TOnOB KBllbUHSI, MHweHb npec

COBanaCb B BH ae npSIMoyronbHOA Ta6neTKH 115 X 4 X 1,5 MM I H3 KapoOHaTa KBllbUHSI, Ha 

OCHOBBHHH Toro, 'ITO HaM He yaanOCb 06Hapy)KHTb B oony'leHHOli MHWeHH npoayKTOB pac

wenneHHSI B03MO)!{H b!X TSI)Kallb!X npHMeceli, OhlllO caenaHO 38Kll!O'IeHHe 0 aOCTBTO'IHO Bb!COKOll 

CTerreHH 'IHCTOTbl BerueCTB8 MHWeHH, 

M HW9Hb oonyqanacb Ha BHyTpeHHeM ny'IKe CH HXpOUHKllOTpOHa OY! RYI B Te'!eH He 15-20 

MHHyT, ny'IOK npOTOHOB npoxoaHn BaOllb CTOpOHhl MHWeHH 1,5 MM, YI3MeHeHHe 3H9prHH OOM-

6apaHpy!OlUHX rrpOTOHOB aoCTHranOCb YC'1'8HOBKOA MHW9HH Ha pa3Hble paaHyChl KaMepbl YCKO~ 

pHT911SI, 

OrrpeaeneHHe HHTeHCHBHOCTH ny'!Ka npoTOHOB rrpoHsaoaHnocb no awxoay peaKUHH 

27 24 
A~ · ( p, .3pn) !!a • M HWeHb ohma o6epHyTa TpeMSI cnoSIMH anJOMHHHeaoli c:PonbrH TonwH-

HOA OK01!0 20 MK. LlllSI H3MepeHHSI BKTHBHOCTH 
14 

Na HCI101lb30B81lHCb cpeaHHe Cl!OH, CTOSI-

wHe nepea H 38 MHWeHbl0 1 Bbipe3aHHble CTporo no pa3MepaM MHWeHH, Pa3HHU8 B BKTHB

HOCTSIX STHX aByX cPOllbr He npeBbiW8118 10% H COCT8BI1SI1l8 B cpeaHeM OKOllO 5%, 

3 



f51 XHMH'IecKaSI o6pa6oTKa MHweaa. 

06ny'leHH8H MHW9Hh p8CTBOpH118Ch B He601IhWOM K01IH'I9CTBe pa368B119HHOA /iCJ 8 

npHCYTCTBHH 10 Mr aocaTens Sc • nocne y naneaHH CO
2 nyTeM KHIISI'I9HHSI p8CT~pa 

no6a8neaHeM Nil 4 OH OC8>Kll8118Cb f'HllpOOKHCb CK8HllHR, .Llanee npOH3BO a H118Cb p8llHOX H-

MHMH'IeCKBSI O'IHCTKa ~paKUHA K81IbUHSI H CKBHllHR, 

K 81IbUH8. 0'1HCTKa ~p8KUHH K81IbUHSI 38Kn!O'I8118Cb 8 MHOI'OKpSTHOM OC8>Kll6HHH OKCana

Ta K81IbURR 8 npHCYTCT8HR ynep>KH8BIOW6f'O_ HOCHTenH Ha MBI'HHA H c6poce pallH08KTHBHbiX 

3SI'pH3H6HHA C fiOMOWbiO I'HllpOOKHCeA >K911638 H CKaHllHR, 0JtOH'I8T91IbHO KB·1IhUHA OCB>Kll81ICR 

a BR a e OKcanaTa I CaC,04· n,o I, 0T~R1IbTp0BbiB81ICH H8 llHCK cPH1Ibp088nbHOII: 6yMarH, npo

MbiB81ICSI BOllOA1 9TH1IOBbiM CIIHpTOMI BbiCYWH881ICH npH _ll0°C H 838eWHB81ICSI, Bo aa6e>Ka

HHe paCIIbi119HHSI o6paaeu 38K1IeHBa1ICH IIp03p8'1HOII: Kneii:Kolt neHTOA, 

CKaHAHA. 0'1HCTK8 ~paKUHH CKBHllHSI 38K1110'18118Cb 8 KOM6HH8UHH Tpex onepaUHA: OCa>K

p eHHH qrropHna cKaHaHSI c noMOWbto Na2Si F 1 1 oca>KneHHH r-HnpooKHCH cKaHaHH 8 npHcyT

CT8H H y a ep>KH8SIOW9I'O HOCHTenH H8 KanbUHA H SKCTpaKUHH CKaHaHH TpH6yTH1IcPOCcP8TOM H3 

KOHU9HTpHpOBSHHOI'O C01IHHOKHC1IOI'O paCTBOp8, 0KOH'IaT91IbHO CKBHllHII: OC8>Kll81ICH 8 8Rll9 

I'HllpOOKHCH 1 np0Ka1IH8a1ICS'I npH TeMnepaType - 1000°C ao IIOCTOS'IHHOI'O B9C8 1 8389WHBa1ICS'I, 

HaHOCH1ICS'I Ha aHCK cPHnbTpOBB1IbHOII: 6yMai'H H 3BX119HBa1ICS'I npoapa'IHOA K119II:KOII: neHTOII:, 

a/ HaMepeHHSI aKTH8HOCTH. 

V13MepeHHS'I 8KTHBHOCTH npenapaTOB IIpOH3BOaH1IHCb Ha CUHHTHMRUHOHHOM y -cnexTpo-

MeTpe c KPHCTannoM Naj (Tf) pa3MepoM 40 x 40 MM H 128-xaaanbHbiM aHanH3aTopoM 

13 I 24 
AMA-Sc • OTaoweaHe. a6conJOTHbiX aKTH8HOcTeA nponyxT08 H3y'laeMbiX peaxuHA H Na 

HaXOaH1IOCb IIyT9M Cp8BHeHHSI H HT9HCHBHOCT98 XapaKTepHb~ y 

IIall& H S~cPeKTH8HOCTH C'leTa, 3~~eKTHBHOCTb cneKTpOMeTpa K 

-nHHHA C y~eTOM CXeM pac

y -ny'la M paaaoA saep-

6 . C 141 .
8 

20~ 
I'HB .billa Onpeneneaa C IIOMOW&IO HCTO'IHHK08 e 1 g t Cs u 1

, Na 22 10 
H Co 1 

af5C01IiC,.l'H8SI 8KT.HBHOC'J'b -KOTOpbiX H3M6pR118Cb Ha .471 -HOM ra30.80M IIpOTO'IHOM C'leT'IHKe, 

Pa..aHOaKTHBHbi_e xapaKTep~cTHXH aaoTottOB1 Hcnonb3oBaHHbie B paC'IeTax ce'leHHA H3y'laaMbiX 

peaxuHft, npaae.neHbi a_ Ta6. _1. 

T a 6 n H u a 1 

:;:;::=== =::==::c== ==~===============::;;= =::==:;:==·===::a:=====-====-====.: = == 
.H ·n·p o n~,HOll 

non·aB~c-
3H9PI'HR 
xrN8KTep-

Yacno C c bi n K a 

Na 24 

Ca 47 
Sc 47 
·Sc 48 

15,0 'lac 

4,53 JlH, 

S ,.4 JlH, 

44 'laC 

IJr~alR1 Ka8 

1368 
1300 

160 
1315 

Y -K8~TOB 
aa pac%an. 

100 
74 
67 

100 

s 
314 

s 
3 

===z========== ==~;~=======================~===~=c==z======== 

B cny'lae 
41 

Sc 1 KpOM e o6bi'IHbiX IIOIIpaBOK Ha H30TOIIHbiii: COCTaB MHweHR 1 XHMH'I9CKHA 

BbiXOll, BpeMS'I of5ny_'I9HHS'I H T,Jl, , Y'IHTbi8a1IOCb T8K>K9 H8KOII119HHe 

41 
Ca • 

r I Bxnan 8TOpH'1HbiX npoueccoa. 

41 
Sc aa c'leT pacnana 

H .. nH'IH~ 8TopH'IHbiX HejtTpOHOB B KaM~pe YCKOpHT·61IH MG->K~ npH-BeCTR K HMHTSUHH 

peaKUHA I p,pn . I, I p, 2n / H I p, n I peaxuHHMH In, 2n I, In, 2nrr- I HI n, nrr- II 
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COQTB9TC'r'·B9HHO. Tax K8K peaKUHH C HCllYCKaHH9M M930HOB IIM910T 0'19Hb Manbi9 C9'19HHH, 

XOHT.p01lbHioi·9 Ollb!Tbl 6blnll llOCTaBneHbl TOnbKO LtnH OU9HKR BitnaLta peaKUHII I nl 2rt I B ce

'19HH9 pea~t-tlHH I p 1 pn I. 5blno ycTauoaneao, 'ITO sToT B&naa ue npeBbiWaeT aecxonbKHX 

nponeaTOB, u B aan&uelwux pacqeTax ou ae y'IHT biBancs. 

PeaynbTaTbl axcnepHMeuToB 

BemAHHbl ceqeaHA peaJtnHA I p 1 pn I, I p 1 2n I H I P1 n I B MllnnH6apuax a HHTepaane 

eueprHA 6oM6apLt11PYIOUliiX UpOTOBOB OT 120 LtO 660 Mas CB9Lt9Hbl B Ta6. n. TaM >Ke 

llpiiB9Lt&Hbl C9'19HHfl 1\COHHTOpHOft peaKUHH 
/5/ 

T a 6 n H u a rr 
=================================~===================================-============== 

EPI 120 200 sao 400 500 600 660 

(pi pn) 1-18:!;2 106~10 106~4 101± 4 104 + 1 110 + 8 110 + 2 -
(p 1 2n) 2018 !1,6 18,6~0,6 11,0!0,1 8,7!0,8 8, 7_:t-O,l 6,2'tl,O 5,7!0,3 . 
(p 1 n) 

7,8:!;0,3 4 .7:!;1.2 4,1:!;0,8 8 ,6!_0,1 3,9:_o,2 2,2!0,2 2,8_:0,1 

4t (p,3pn) 10,2 9,1 11,0 11,8 11,1 11,0 10,9 
==~~==~-==~=======;=~=====3===================================~===========~====2= 

Y'~r.aaaauble ce'leHHH npeaCTasnHIOT coooA cpeLtHHe H3 aayx-Tpex onpeaeneuHA, a norpewuoc .... 

TH - Cp9LtHHe KBaLtpaTH'IHbl9 OWHOKH, 06maSI TO'IHOCTb onpeaeneHHSI C9'19HHI COCTaBnH9T 1 

no aaweA oueaxe, 10-15%. KpoMe Toro, npHB&LteHHbie aenH'IHHbi ce'leHHI BKniO'IaiOT a ce5H 

01IJH6KH 1 CBfl3aHHbl9 C H90llp9Lt9n9HHOCTHMH B CXGMaX pacnaLta HLtep - llpOLtYitTOB II B C9'19-

HHH MOHHTOpHOft peaKUHH, 

CooTseTcTBYIOUlH& cf:>YHKUHH soa6y>KLteHHH Hao6pa>KeHbl aa pHc. 1. 0TM9THM, 'ITO ceqe

uae peaxu1111 I p 1 pn I, no-BH Lt HMOMy, aecJtonbKO aaablweao aa C'leT axnaaa peaxnuu 
• 41 41 

Ca (pi 2p) K • aapo K He H3B9CTHO. no seal sepOSlTHOCTH OHO Kpalae aeyCTOft'IHBO H 

MO>KQT pacnaLtaTbCH C o6pa30BaHH9M 
41 

Ca 

06cy>KLt9HH9 peaynbTaTOB 

06<pawaeT Ha ce6H BHHMaHH9 pa3nH'IH09 llOB9Lt9HH9 cPYHKUHI B036y>KLt9HHSI Hccneao

B8HHbiX peaKUHI / puc. 1 I. c 9'19HH9 peaxuHH . I pI pn I naaaeT B HHTepsane aueprHA npo

TOHOB 120-200 Mas H Ltanee OCTaeTCSl npaKTH'I9CKH llOCTOSIHHbiM , HMeH, MO>K9T 6b!Tb 1 He

KOTOpyiO TeuaeuuKIO K yaenH'IeHHIO. Ce'leHHSI >Ke pea xuul I P1 2n I H I P1 n I MOHOTOHHO 

y5biBaiOT c aueprHel. AaanorH'IHoe noaeaeHHe cf:>yaxuull: soa6y>KLt9HHH npocTbiX peaKUHA aa-
/6,8/ 

6niOaaeTCSI 11 aa apyrux sapax IHanpuMep, I. 

Mo>Kuo npeanono>KHTb, 'ITO aa116onee cymecTBeHHbiM MexaaH3MOM acex uccneaosaHHhiX 

peaxuul HanHeTCSI nepBH'Iaoe aaauMoaelcTBHe naaa10mero npoToua c Hell:TpOHOM aapa. Xa

paxTep STOro B38HM0Lt9ftCTBHSI onpeaenHeT TOT HnH HHOft KaHan peaKUHH. C STOft TO'IKH ape

HRSl npeLtCTaBnHeT HHTepec paCCMOTpeTb OTHOW9HHSl C9'19HHI npOCTbiX peaXUIIA B 38BHCHMOC

TH OT 8HeprHH 6oM6apLtllpyiOillHX 'laCTIIU. 

H a pHc. 2 npeacTaBneabl OTHoweHHH ce'I&HHA peaxn11A I p, 2n I H I p 1 n I ans 

5 



ullOI 
Y • HeTpyLlHO SMLleTb, 'ITO so scex cnyqallx C 41 G u 18-91 a , a H a 

2 
I a oqeHb 

p, n 69'" 
cna6o 3aSHCHT OT aHeprHH 6oM6apLlHpy!Oll(HX npOTOHOS, 3aM e THM, 'ITO LlJlll Ga senH'!H-

Ha a Ia p,2n p,n OCTaeTC51 npaKTM'!eCKH ITOCTOSIHHOii SITJlOTb LlO EP = 2,9 6 a s. 

3TO ITOCTOSIHCTSO MO)!(eT CJiy )!(HTb y Ka3aHMeM Ha TO, 'ITO MeXaHH3Mbl peaKUM H I p, n I 

M nepsoJ.I: CTaLlMM peaKUMH I p, 2nl OLlM HaKOS bl . npH aTOM rrp eLl iTOJlO)!( e HHH LlJlSI 06'bSICHeHMSI 

ITOCTOSIHCTSa ap, 2 n I ap,n Tpe6yeTCSI, 'IT06bi s e pollTHOCTb o6paaosaHMSI ocTaTO'!Horo Hapa 

C S036y)!(Ll9HHeM, He06XOLl HM biM Ll JlS! HC rrapeHHSI TOJlbKO OLlHOrO HeJ.I:TpOHa, cna60 3aSHCena 

OT aHeprHH naaaiOlll ero rrpOTOHa, K OCSeHH b!M ITOLlTSep )!( aeHHeM aT oro S!SJIS!eTCSI cna6ag aa-

SHCHMOCTb cpeaHeJ.I: aHeprHH S036y)!(LleHHSI OCTaTO'!Hb!X S!Llep rrocne KaCKaLlS I p , HyKJIOH( 

111 1 
OT Ep 

C aenaHHOe HaMH rrpearrOJIO)!(eHHe 03Ha'laeT TaK)!(e, 'ITO SKJlaLl KaCK8Ll8 p, 2n S ce-

'19HHe peaKUHM I p, 2n I Man • .[leJ.I:cTSHTenbHO, cpeaHSISI aHeprHll soa6y )!(aeHH SI oCTaTO'IHOro 

S!Llpa nocne KacK aaa p, 2n cocTasnlleT OKono 85 Mas npH EP :<:: 200 Mas (A = 64-100), 
Ill I 

a sepoSITHOCTh o6paaosaHHSI ocTaTO'!Horo S!Llpa c soa6y)!(aeHHeM ::; 10 Mas 6nHaKa K Hyn!O • 

A6conJOTHbie aHa'leHHSI OTHoweHHSI a I a CHnbHO aasHCSIT OT Maccosoro 'IRena p, 2n p,n 

llapa - MHweHH l pHc. 21. TaKyJO )!(e p e aKyJO aasHcHMOCTh oT A o6Hapy)!(Hsa JOT 11 se-

JIM'! IIHbl OTHOlll9HIIJ.I: ap,pn I ap, 2 n , KOTOpbie K TOMY )!(e pa3JIII'IHbiM o6pa30M 113MeHSIJOTCSI c 

aHeprHeJ.I: 6oM6apLlHPYIOllliiX npoTOHOS. OrpaHII'IeHHOCTb aKcnep!IMeHTanbHoro MaTep11ana aa

TpyLlHSieT HHTeprrpeTSUHIO aTHX cPSKTOS, 

CosepweHHO HHOe noseaeHMe o6Hapy )!(HSaeT OTHoweHHe ce'!eHHJ.I: peaKuHJ.I: I p, pn I . H 

I p,n I. Ha pRe. 3 npeacTasneHb: OTHOWeHMSI a I a a nSI p,pn p,n 
Ca 48 , Ga 6 9(8,9) 

89(10) 232(12,13) 
Y H Th • KaK SHLl HO, senH'IHHa OTHoweHHSI a I a p,pn p,n CHJlbHO 38SH-

CHT OT aHeprHH 6oM68pLlHPYIOWHX rrpOTOHOS H npaKTH'IeCKH He 38SHCHT OT '11\CJla HYKJlOHOS S 

SlApe - MHWeHH. 

OTcyTCTSH e aas·HCHMOCTH oT 'IRena HyKnoaos s S!Llpe MO)!(HO o6'bHCHHTh cneay10wHM 

o6paaoM. Corna cHo cospeMeHH biM npeacTasneHHSIM, peaKuHH I p,pn IH I p, n I npoHc-

XOLlSIT S nepHclJepH'!eCKOJ.I: o6naCTH S! Llpa H K8)!( Ll 8SI M3 HHX Ll 0Jl)!(H8 6biTb qySCTBHTeJlbH8 K 

1141 
a eTanllM cTpyKTypbi Hapa • EcTecTseHHO npeanono)!(HTh, 'ITO 'IHcno HeJ.I:TpoHos, "aocTyn-

xl · 
HbiX " LlJlll peaKUHJ.I: I p, pn I H I p ,n I, OLlHHaKoso, ecJIH He y'IHTbiSaTb aaeprHH ne-

peCTpOJ!:KM S!Llep. 0TC!OLla SbiTeKaeT, 'ITO OTHOW9HHe a Ia p,pn p,n 
He LlOJl)!(HO 38SHC eTb OT 

'IHCna "LlOCTYITHblX" HefiTpOHOS, T,e. OT CSOHCTS S!Llpa-MHWeHH. 

.[lnSI Ll8HH0!"'0 S!Llpa MHWeHM C ysenH'!eHHeM aHeprHH 6oM6apLlHpy!OlUHX rrpOTOHOS soa

paCTaeT OTHOCHTenbHSSI sepoS!THOCTb SbiJleTa o6eHX CT8JlKHS810WHXCSI '18CTHU lrraLlSJOlUero 

rrpOTOH8 H aeJ.I:TpOHa S!Llpa l . B TO )!(e speMSI yMeHbWSeTCSI OTHOCHTeJlbHSSI sepOS!THOCTb pac

ceSIHMSI naaa10wero npoToHa Ha 6onbwoJ.I: yron H rrornoweHHSI ero SILlpOM I 'ITO LlOJI)!(HO 

npHSOLlMTh K peaKUHH I p, n I. 3To H Bbi3bisaeT cywecTseHHOe soapacTaHHe senH'IHHbi oT· 

HOW9HHSI ap,pn I ap,n c aHeprHefi 6oM6apaHpyiOlllHX npoTOHus. 

x l 
T. e. sbipbiSaHHe KoTopbiX He- npHSOLlHT K coo6weHHJO HLlPY aHeprHH soa6y)!(aeHHSI, 

60JlbW eJ.I: aHeprHH CSSI3H H9J.I:TpOHa, 
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( 

B 

T 

OT· 

BKnaa B ce'-!e HII e pea KUIIII I p, pn I npouecca npHMoro BW611B8HIIH H e ~TpOHa np11 
ll4 / 

EP > I E3B cocTaBn~ICT n o o u eHKe E eHHOcpcpa He MeHee .95'1o . 0TM e4eH Hbl e HaMil oco6eH-

HOCTII TI OBeae HIIH OTHOWeHIIH TI03BOnHIOT C'II1T8Tb, '-ITO 3TOT MexaHII3M CTa-

HOBHTCH npeBan11pyiOLUIIVI y;l<e B o6nacTII 3Hepn!H np01"0HOB nOpH !J. K8 COTeH M3B, 

H a p11c. 3 He npiiBeaeHbi cooTBeTc 1 BYIOLUIIe OTHOUJeHIIH anH Cu 65 np11 E = p 

0 U
238 1121 

paBHOe 10 , 11 anH np11 EP = 340 M3B , paBHOe 185, 11 np11 E = 680 
n 

238 
paBnoe 250. Eonbwoe 3Ha4eHIIe a / a p,pn p,n anH U cneayeT, no-BII!J.HMOMY , o6bHc-

HIITb TeM, '-ITO nornOil.(eHIIe pacceHHHOrO H8 5onbLUO H yron 11p0TOH8 llpHBO!J.IIT B 50nhLUHHCTBe 

cnyqaeB K aeneHHIO Hap a 11, 3H8411T 1 K yMeHhweHII 10 ce'-!eHHH peaKUIIII I p, n 
6$ 

KacaeTcH Cu 1 TO npii'-!IIHa pacxo>KaeHHH He HcHa. Bo3MO)KH0 1 '!TO OHO o5ycnoBneHo 

Cp8BHHTenbHO HeBb!COKOH TO'-!HOCTb !O OnpeaeneHI1H Ce'-!eHI1H B nepBb!X OllbiTaX no 

B38HMOQeHCTBHIO 5biCTpblX 48CTIIU CO cnO>KHblMI1 H!J.p8MII. 

HaKoHeu, OTMeTIIM, '-ITO KBK anH Ca 
48 

, TaK 11 anH Th 
232 

1 3Kcn ep11MeHTanhHbie 

ce'-leHHH BKni048IOT B ce6n BKnaa oT peaKulll1 I p, 2p I. BnonHe BepOHTHo, '-ITO y'-leT aToro 

BKnaaa np11BeaeT K ewe 5onee TecHoli rpynnllpOBKe oT HOLUeHwii a / a p,pn p,n anH 

pa3nii4HblX HQep. 

ABropbl 11CKp eH He 6naro"aapHT n.l-1. nanHayca, M.r. MewepHKOBa 11 A.H. Mypi1H8 38 

11HTepec K pa5oT e 11 none3 H ble a 11cKycc1111 11 10 .B. H opceeBa 11 n.M. T apacoBy 3a noMOLUh 

npH XIIMII'-leCKOH o5pa50TKe MI1W eHeii . 
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