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ManyumacKa K., HenBemoK K., CanauK!Ill 8.11., KapiiiiK K. 15 - 9024 

11ccneuoBaH!Ie peaKUIIII 
16 

0 (t, n) B llHarra3oHe aHepr!Iit f!OHOB 

rpHTIIH 1,1 - 1,7 MaB 

16 .18.... 
I13MepeHbl yrnOBbie pacrrpeneneHf!l'l HeiiTpOHOB II3 peaKUIIII 0 (t,n 

0
) I< 

IIp!I IIHTII aaepr!IHX TpHTOHOB B nHarra3oHe aaepr!Iii 1,1-1,7 MaB. HaiineHo, 
~TO B IICCnenyeMOM llfi8II830He 3Hepr!IH 3Ta peaKUIIl'l IIIleT, B OCHOBHOM, 

~epe3 cocraBHoe Hnpo. OrrpeneneHbi rronHbie ce~eHIIH peaKUIIII. 

Pa60Ta BbiiiOnHeHa B fla6opaTOpiiii HellTpOHHOll qlii3HKH 0!1.HJ.1. 

llpenpHHT 06be,liHHeHHOrO HHCTHTyTa H,llepHbiX HCCJle,liOBaHHif 

,l1;y6Ha 1975 

© 1975 06oe6ullellllbiU UIICI'IUI'IJII'I JIOepllbiX ucc.1e6oea11uu ,ay611a 

BBE,4EHHE 

,l(nJI IIpOBe,neHBJI auanB3a B3aHMO,neHCTBHJI TpHTOHOB 
C KOHKpeTHLIMH nerKHMH JI,npaMH He06XO,nHMbl CBe,neHHJI 0 
B03MO)I(H0 6onLWeM 'IHCne OTKpbiTbiX BbiXO,nHLIX KaHanOB 
peaKI.(HB. 3a rrocne.naae 25 neT orry6nuKoaauo oKono .necJITH 
pa6oT no uccne,noaauuiO peaKI.(HH ( t, n ) ua nerKux H,npax, 
HO Cpe,nH HHX Mano pa60T, IIOCBJill.(eHHbiX H3MepeHHJIM yr
nOBLIX pacrrpe,neneHHH OT,nenLHLIX rpyrrrr HeHTpOHOB, COOT
BeTCTBYIOll.(BX IIepexo,naM B pa3nH'IHble COCTOJIHHJI KOHe'IHOrO 
JI,npa. Hu$opMal.(BJI o $opMe yrnOBLIX pacrrpe,neneuua u xo,ne 
$yHKI.(HH B036y)l(,neHHJI Heo6xo,nHMa ,nnJI BLIBO,nOB 0 TOM, KaKOH 
MeXaHH3M B3aHMO,neHCTBHJI OCyll.(eCTBnJieTCJI B ,naHHOM KOHK
peTHOM cnyqae, H ,nnJI IIOny'leHHJI CIIeKTpOCKOIIH'IeCKHX 
XapaKTepHCTHK JI,nep, y'laCTBYIOll.(HX B peaKI.(HH. 

B pH,ne pa6oT, BLIIIOnHeHHbiX B 06'Le,nHHeHHOM HHCTHTyTe 
'I 2' 

JI,nepHLIX uccne.noaauua • / , 6Linu rrpoae.neHLI ,neTanLHLie 
uccne.noaauuJI peaKI.(HH 1 r. 0 (t ,p) 1110 u It> 0 (t, u) 15N B ,nuarra-

30He 3Hepra8 TPBTOHOB 0,6 - 1,75 M3B. H3MepJinHcL 
liiYHKI.(BH Bo36y)l(,neHHJI u yrnoable pacrrpe,neneHHJI ,nnH ue
CKOnLKHX rpyiiii IIpOTOHOB H u -qacTHI.(. llOKa3aHo, 'ITO 
B3aHMO,neHCTBHe JI,nep TpBTHJI C KHCnopo,noM IIpB 3HeprBB 
,no 1,8 M3B B,neT, B OCHOBHOM, 'lepe3 COCTaBHOe JI,npo. 
B o6nacTB 3Hepra8 B036y)l(,neHBJI R,npa $Topa-19 oT 12,2 .no 
13,2 M3B uaii,neu pJI,n pauee HeB3BeCTHbiX ypoauea. 

He8TpoHHLIH KaHan peaKUBB 16 0 + T uccne,noaau co seeM 
N.ano. B pa6oTax ;{ ·

1 
'
5 

B 3MepeHLI rronuLie ce'leHBJI peaKUBB 6 
0 ( t . n) 

111
F B ,nuarra30)fe 3HeprBH TpHTOHOB 0,3 - 2,3 M3B. 

H3MepeHHJI BLIIIOnHeHLI C IIOMOll.(LIO perBCTpal.(BH aKTHBHO
CTB KOHe'IHoro JI,npa $Topa-18. Ce'leHBJI pacTyT c yaenaqe
HBeM 3HeprBB TPBTOHOB, B Ha KpBBLIX Ce'leHBH eCTL B3rH6 
rrpa 3HeprBJIX oKono I, 7 M3B, CBJI3aHHLIH c ypoaueM JI,npa 
$Topa-19. 
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,lJ;o HaCTOJIU~ero BpeMeHH .D,JIJI 3HeprHH TpHTOHOB HH)I(e 

2 M3B ueT H3MepeHHil yrnoaLix pacnpe.D,eneuuil ueiiTpouoa 

H3 peaK:QHH 
16 0 (t,n) 18F. Ilo3TOMY .D.JI.II BLI.IICHeHH.II MexaHH3Ma 

B3aHMO.D,eHCTBH.II HOHOB TpHTHJI C KHCJIOPOAOM-16 npH TaKHX 

3HeprH.IIX H noJiy'leHHJI nOJIHLIX Ce'leHHH pea~uu 16 0(t,n) 18F 
MLI H3MepHJIH yrJIOBLie pacnpe.D,eJieHHJI HeHTpOHOB npH n.IITH 

3HeprH.IIX TPHTOHOB OT 1,1 .D.O 1, 7 M 3B. Onpe.D,eneuue noJIHLix 

Ce'leHHH :HOB peaKI.{HH npe.D,CTaBJI.IIeT 3Ha'IHTeJibHLIH HH

Tepee, TaK KaK OHa WHpOKO HCnOJib3yeTCJI Ha npaKTHKe .D,JIJI 

noJiy'leHHJI cllTOpa-18, npHHa.D,Jie)l(a~ero K 'IHCJIY BeCbMa 

nepcneKTHBHLIX H OTHOCHTeJibHO HOBLIX pa.D,HOaKTHBHLIX H30-

TOnOB, uawe.D,WHX npHMeHeHHe B Me.D,Hl.{HHe, 6HOJIOrHH H .D,py

rHX 06JiaCTJIX HayKH /6/. 

3KcnepuMeHm 

TOHKa.ll MHWeHb H3 CITID.D.LI 60M6ap.D,HpOBaJiaCb HOHaMH 

TpHTHJI, YCKOpeHHbiMH 3JieKTpOCTaTH'IeCKHM reuepaTOpOM 

3r- 2 na6opaTopHH HeHTPOHHOH cllH3HKH OHRH. KOJIH'IeCTBO 

.II.D,ep KHCJIOpO.D,a Ha KBa.D,paTHLIH caHTHMeTp MHWeHH n = 
= /0, 7±0,2/ .10

19 
Onfe.D.eJieHO DO BLIXO.D.Y npOTOHOB H a -

'laCTHI.{ H3 peaKI.{HH l 0 \t , p) H 16 0 ( t , a) H H3BeCTHLIX 

ceqeuuil 3THX peaKUHH 1 1 . qucno na.D,arouuu ua MHWeHb 

TpHTOHOB onpe.D,eJIJIJIOCb no HOHHOMY TOKY, H3Mep.lleMOMY 

C noMO~biO HHTerpaTOpa TOKa. 

CneKTP ueiiTpouoa H3 peaKUHH 
16 0 (t ,n) H3Mep.IIJIC.II c no

MO~biO .II.D,epHLIX clloT03MYJibCHH THna Jl- 2 TO~HOIO 400 MKM 
H pa3MepOM 20x40 MM. 3MyJibCHH YCTaHaBJIHBaJIHCb Ha 

aiTIDMHHHe BOM KOJibl.{e BOKpyr MHWeHH nO.D, 10 cllHKCHpOBaH

HLIMH yrnaMH. Yron Me)I(.D.Y uanpaaneuHeM BLIJieTa ueiiTpo

HOB H3 MHWeHH H noaepXHOCTbiO 3MYJibCHH B cpe.D,HeM 

COCTaBJIJIJI OKOJIO 3 °. ,ll;JI.II noJiy'leHHJI cneKTpOB HeHTpOHOB 

H3Mep.IIJIHCb TpeKH npOTOHOB OT.D,a'IH B 3MYJibCHH, Jie)l(a~e 

B nupaMH.D,e C nOJIOBHHHLIM yrJIOM npH BepWHHe 10° • 

Pe 3YA b•a•bz 

THDH'IHLIH CDeKTp ueiiTpOHOB DpHBe.D,eH Ha puc. 1. 3TOT 

CDeKTp H3MepeH .D.JI.II HeBTpOHOB, HCnycKaeMLIX nO.D. yrJIOM 

4 

Nn 

20 1-

10 1-

n,n~~n, 
I Ill 

n. 
I 

~ 

no 
I 

n, 
I 

al j ~ r\ 
I 2 

tBO(t,n) IB F 

En = 1,6MeV 
e =90 .. 

L 

no ( f2c) 
I 

-

-

1 n rnnA I 
3 I 

~ 5 En, MeV 

Puc. 1. CneKmp HeiimpoH06, noAy'ieHHbiU c noMOUibiO (Jomo-
3MYAbcuu. 

90 o npu 3Hepruu TPHTOHOB 1,6 M 3B. Ha pucyuKe cTpenKaMH 

yKa3aHbl DOJIO)I(eHHJI rpynn HeHTpOHOB, COOTBeTCTBYIO~e 

nepexo.D,aM ua OT.D.eJibHLie ypoBHH Kouequoro .II.D.pa. CxeMa 

ypoaueil .II.D.pa cllTopa-18 H B03MO)I(HLie nepexo.D.LI noKa3aHLI 

ua puc. 2. Ha puc. 1 BH.D.Hbl TaK)I(e TPH rpynnLI ueiiTpouoa 

H3 peaKuuu
12 C(t,n) 14 N oT yrnepo.D,a, o6pa3oaaaweroc.11 

ua noaepxuocTH MHWeHH. Bo acex nony'leHHLIX cneKTpax 

xopowo BLI.D.eJI.ReTc.ll rpynna ueiiTpouoa n 0 /nepexo.D. ua oc

HOBHOe COCTOJIHHe .II.D,pa cllTopa-18/. Cne.D,yro~e qeTLipe 

rpynDLI ueiiTpOHOB n 1 , n 2 , n 3 H n 4 ue pa3pewaroTC.II H 

06pa3yiOT O.D,HH nHK. 

3ua 'leHH.II .D.HcllcllepeHI.{HaJibHLIX ceqeuuil d aId w nonyqeuLI 

C HCnOJib30BaHHeM cllopMyJibl, BLIBe.D,eHHOH B pa6oTe 17 I , .D,JIJI 
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16 
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9 

Puc. 2. CxeMa ypoeHeu .110pa ¢•opa-J8. 

noToKa HeiiTpoHoB d ~I d w, B3MepJteMoro c noMOU{biO 
~epHOB 3MynbCBB. 

Ha puc. 3 noKa3aHbl yrnooble pacnpe.l{eneHBJI He:iiTpoHoo 
rpynnbl flo -CnnOWBble nBHBB - pe3ynbTaT llO.l{rOHKB Ha 3BM 
3KCllepBMeHTanbHbiX .l{aHHbiX C llOMO~biO nBHeBHOB KOM6B
H8U:BB me CTB nonsHOMOB Jle>KaH.l{pa. Ko34lcllsu:seHTbl pa3-
no>KeHBJI no nonBHoMaM Jle>KaH.l{pa npsoe.l{eHbl o Ta6nsu:e. 

WopMa llJITB yrnooblx pacnpe.l{eneHB:ii HeiiTpOHOB rpynnbl 
o 0 , B3MepeHHbiX o .l{OBonbHO Y3KOM .l{Bana3oHe 3Heprsii 
6oM6ap~PYIOUVIX TpBTOHOB, 3Ha'IBTenbHO MeHJleTCJI, 'ITO 
YKa3bloaeT sa npeo6na.l{aHBe MexaHB3Ma peaKu;BB qepe3 
COCTaBHOe JI~O. flocne.l{HBB BbiBO.l{ llO.l{TBep>K.l{aeTCJI llO'ITB 

0 
CBMMeTpB'IHWM OTHOCBTenbHO yrna 90 yrnOBbiM pacnpe-
_neneHBeM nps 3HeprBB TpBTOHoo 1,31 M3B. 
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Puc. 3. YzA08ble pacnpeoeAeHUJI Heii•poHoe U3 peaKJIUU 
160( t,n)ISF. 
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HHTepeCHO TaiOKe OTMeTHTb, 'ITO $opMa yrnOBbiX pac

npeAeneHHB HeHTpOHOB 3Ha'IHTellbHO OTRH'IaeTCH OT $opMbl 

yrnOBbiX pacnpeAeneHHB AllH a -qacTHU H npoTOHOB, H3-

MepeHHbiX B pa6oTe / 2/. 
Ha puc. 4 H a ma6Aut~e npaaeAeHbl nonHble ceqeHHH peaK

UHH 16 0 ( t , n) 18 F , nony'leHHble HHTerpapoaaHHeM yrnoablx 

pa.cnpeAeneHHB. B oWH6KH AH$$epeHuaanLHbiX I puc. 3/ H 

DOllHbiX ce'leHHB /B ma6AUf.le/ He BKJDO'IeHa OWH6Ka HOpMH

pOBKH Ce'leHHH, COCTaBnHIOJ.UaH OKOllO 30~, KOTOpaH B OC-

1 L 1-100(t,r,.)'8F 

'() I 2,3 -·160(t,n) 18 F [3,4: 
4 -'60(t. p.)'•o [ 2 J 

801- s -'6 0\t. p,)''o.[2] 
6 - 1•0\t, cxYsN[2] 

60 

20 

1,0 

~~ 

fi 

5 

4 

1,4 1.8 Et.MeV 

Puc. 4. IIoAH&re ce'leHu.R peaKt~uil 16 0( t,n), 160 ( t,p) u 
16

0(t., a~ 
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HOBHOM o6ycnoBneHa OWH6KOH onpe,neneHHJI TOniiUIHbl MH
WeHH. Ha puc. 4 TaK)Ke npHBe,neHbl 3Ha'leHHJI nonublx 
ceqeuuii ,nnJI peaKu;Hii 160{t,a 0 ) ,l6 0{t•,p 0 ), 

16 0(t,Pt) H 
160(t ,n), B3JITble H3 pa6oT / 2 •3 •4 •• Bu.nuo, 'ITO ceqeuue 
~eaKu;HH i 6 0 {t , n ) B cpe.nueM 6onLwe ce'leHHJI peaKu;HH 

60 {t ,a 11 ), npuJepuo B ,nBa pa3a 6onLwe, 'leM ceqeuue 
peaKu;HH 160(t,p

1 
) • u B uecKonhKO pa3 6onLwe, 'leM ceqe

HHe peaKD;HH 1to( t ,p
0 

). 
PeJynLTaTbl pa6oT ' 3 •4 / ,nnJI peaKD;HH 160(t,n) 18F oTuo

CJITCJI KO BCeM rpynnaM HeiiTpOHOB. H3 nony'leHHbiX HaMH 
CDeKTpOB HeHTpOHOB ,nnJI BCeX 3HeprHH TpHTOHOB H ,nnJI 

BCeX yrnOB MO)KHO YBH,IJ;eTh, 'ITO BbiXO.IJ; HeiiTpOHOB rpyDDbl 
n0 B cpe,nHeM npH6nH3HTenhHO paBeH CYMMapHOMY BbiXO.IJ;Y 
cne,nyiOID;IIX 'leTblpex rpynn n 1 , n 2 , n3 H n 4 . llo3TOMY, 
cpaBHHBaJI /eM. puc. 4/ nony'leHHble uaMH nonuble ce'leHHJI 
,nnJI rpynnbl n0 c ce'leHHJIMH, nony'leHHbiMH B pa6oTax / 3

•
4

/ 

,nnJI MHOrHX rpynn, MO)KHO c,nenaTh BbiBO.IJ;, 'ITO Ce'leHHJI, 
npHBe.n.euuble B pa6oTe / 3 /, JaHH)KeHbl H 'ITO uawu peJynL
TaThi DO.IJ;TBep)K.IJ;aiOT 3Ha'leHHJI, DpHBe,IJ;eHHble B pa6oTe/4( 

ABTOpbl 
H.XonLBeK, 
H.B.CH30By 

Bblpa)KaiOT 6naro,napHOCTh fl.ll.llHcapeBOH, 
M.H.KpHBODYCTOBY 3a DOMOmh B pa6oTe H 
3a DpOJIBneHHOe BHHMaHHe K pa6oTe. 
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