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AHHOTauHSJ 

B paooTe npennaraeTCSJ HOBbJf.l MeTon H3y<JeHHSJ peaKuHA u epena•nr , nyTeM 

HC1101lb30B8HH51 pCI"'HCTpBUHH Hef%TpOHO- aKTHBHbiX Sl!lCp. Ha UHKllOTpOHe TSl>KCllblX 

HOHOB 06oenHHeHHOI"'O 

weHeA H3 L L. c 
HHCTHTyTa Sl!leOHblX HCC1le!lOB8HHfi npOBC!lCHO OOllY 'I CHHe :'-!H-

e N •s- O's Neu , A~ H "'- HOHBMH , , • So acex 

Nl1 
SJnep nony<JeH~ Ce<Je HHSI o6p830B8H HR 

N IS 
HOHBMH c aHeprKefl 95 M aa. 

NI T 
H3 TO!lCTbiX MHW CHef.l , 

cny<JaSJx H aon ~nanocb o6paaoaaHHe 

N /7 
npK o6ny<JeHH H yKa3BHHbiX MHWeHell 

16 l..l:. .u. 
LlnSJ HOHOB 0 H J'fe H3MepeH Bb!XO!l 

Abstract 

A new method of investigation of the transfer reaction, by using the detection of the 

delay neutron activity of nuclei is proposed. The targets U, C, AI, and Cu have been bom-

15 16 22 
barded with ions N , 0 , Ne on the accelerator of Joint Institute of Nuclear Research in 

17 17 
Dubna. Nuclei N were observed in all these cases. Cross sections for production of N 

by bombardment of the targets mentioned above with 95 MeV ions 
15 

N , have been obtained. 
17 . 16 

Yield of N from thick targets C, AI and Cu for the 1ons 0 22 
and Ne has been measured . 
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CJ-Ie'l.lf MHOT'HX THnoe peaKUfHl c T~menbtM tt ttoHaMH 6ortbwoti JillTepec npen-

CTDBJHJ«lT p08KUI1H , B03tti!KOIOLU110 riJJH Kpa eO bJX CTOI1KH089 HHSIX ~.nep MHWeHH C Sl.ll­

pllMH H811eT810UllfX 'lllCTIIU. npll CTC)IlKHOTIC HHSIX T8KOT'O po.na :-.!O>KeT 1lf)OHCXOJ111Tb 

nenocpC.LJ.CTBC HH8SI nepe:::Ia•ta o.:.1 noro n n u r1a>Ke u enoii rpynu b t HYKIJOHOO o T o.nnoro 

W lp8 K apyroMy 6ea o6pa30B8HHSI COCTaBHOT'O S!Jp8 . 

3Tif poaKttHH n ony'lHllH o nocneanee apeMR H83BilHHe NpoaKuHu nepe.na'lH' 

(•nn.,f~?r reactions) . 

llOCKOilbKY T8KifQ nponeCC:Ll npOHCXO.llRT H8 llOBepXHOCTH SI;Iep, MO>I<HO 

H81lOSITbCSI , •no H X H3y'laHHQ .llllCT CB9J19 HifSI 0 COCTORHiiRX n e p HQ:JepHl!HblX HYKilOHOB 

Sl.llpa. 

/ l -13/ A 
B pRae paooT na o n lOFHli1CR 3axeaT He l!Tpona , npoTona " "'" - ••acTHUbl . 

/ 1 4/ 
3 axaaT a ayx ueiiTpollOB Haon toJJ.ancSI a paooTe , nepe.naqa oonee KpynnbiX Q:Jpar-

/ 18/ 
MeHTOB - B paooTe • 

flp n H3y•t e HKif peaKuHH nPpeJ18'l H oobt'l HO HCllOilb 3YIOT perHCTpauHIO 

T HBHWX nponyKTOB p e 8KUlllfo 

B nacTORttlel1 pa6oTe 6btna c ~enana noRbtTKa u ccne·"JOB8Tb peaKuHH nepeaa'l lf 

C llOMOIUblO llPYT'OA 9KCnepHM CHT 811b HOA MeTOlUIKH . 

npHIIUHil MPTO.ll8 

npH o6rry •r eH IIH SI I 19p p8311H'lH biMH n y'IKilMII TSI>KenbrX HOII OB O.lliiHM 113 003-

NJ] 
MO>KHbiX npO.OY KTOB pea K UHH nepeH8'i K MO>KeT 6hJT b , KOTOpbtA SIBI1SieTCSI 

aM IITTapo M aanaa.nbtB81011t H X HeiiTponoa c nepMOL.lOM nonypacna.na , ponnbtM 

4,15 ce K
1 17

•
181

• YnHKill1bHWA xapaKTep neATpo nno ti aKTIIBHOCTH a o6 n acTH ne.ne -

11RlUIIXCSI R.U ep n03B0/1SieT H8,ne>KHO H308BHTbCS1 OT Q:l0H8 , C03fl8B8eMOrO p8 ll. H08K­

THBHbiM H3ny•teHHeM npOllYKTOB ,npy T'HX pe8KUHA 1 'I T O OCOOeH II O 88>1<110 npH H3y 'l e -

HHH pe8KUHA, 00111l.ll810lUH X M811biM 3cPcp9KTHBH biM Ce'ie HHeM . 

B peaKu~tSix MOT'YT 00p830B8TbCSI H .d pyrHe Hel!TpOHO-aKTHBH ble R.llp8 , T8KHf' 

K8K Lt. g I T.ls:. = 0 ,1 6 ceK/
171

H c 16 I T = 0 ,74 ceK/
9 1

, 0,ll H 8KO, BBHllY 

3H8 'lHTenbnoro pa3nH'iHSI B nepHo.a ax nonypacna.ua H X paa.nenen H e ne 6y.ne T npen­

cTaen~Tb TpyrtnocTel!. 6onee Toro , npennaraeMbJl! MeTo.n n o3 BOI1HT o6napy)t< HTb no­

BbJe Sl.llp8 - 3M HTT9pb1 38ll83flbiB810LU HX nel!TpOIIOB • 
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nepSOH8'181lbHO npCLlOOiltlrtlllOeb HeOOilb30B8Tb 3TOT MCTOLl Llll SI H3Y'I9H HSI pe-

N I S 
8KU HH •nOLlXB8T8" LlBYX HellTpOHOS SILlpOM : 

,s ~) N 11 Az + N == (A- '- :z.. + . 

0 a H8XO H3 npOB9Ll9HHb!X H8MH 9 Ken epHM9HTOS BHLlHO , 'ITO OH e yeneXOM MO>K9T 

6~Tb HenOilb30B8H H LlllR H3y'I9HHSI apyrHX p98XUHA •n~p9Ll8'1H• , 

1. AnnapaTypa If H3MepeHHe 

3xenepHM 9HTbl npOBOLlHIJHeb H8 BHyTpCHH9M OY'IKe UHKil0TpOH8 TR>K9JJhlX HO­

HOB 06b9Ll RH9HHOro HHeTHTYT8 RaepH~X HeeneaosaHHII, DnR perHeTpauHH HefiTpo­

KOA axTRBHOeTH N l1, Kenonb30sanHeb nponopuHouanbHbJ e e'leT'IKKH e 6 F; 
nOM9W9HHbl9 s 38M9LlllKT91lb 1{3 nnexeHrnaea. IPHC. 1/, nneKCHrnacOBl>IA OllOK 

HM91l p83M9pbt 140x 25Qx 340 MM e Bblp930M S Cp9JlH9H '18CTH Ll11 SI MHW9HH, 6nOK 

OOM9W81l eR BHyTpH M 9Ll HOrO '19XIl8t OX118>K.ll89MOrO BO,aOII ; B '1 9 XIlC CMOHTHpOB8H 

T8K>Ke xaTOLlHbiA nosTopHTCilb Ha TpaH3HeTope, B oeeMb nponopuHOH811bH bi X e'ICT'I H­

xos Ll H8M9TpOM 2 eM If .ll llHHOII ·2 5 eM p83M9W811Heb .llBYM Sl rpynnaMH B sepXHCII H 

HH>KH9A '18eTH 6nOK8, n oeKOilbKY see e'leT'I KKH KM 911 R npaKTR'IeeKK eOD08Ll810Wii9 

e'I9THbl9 X8p8KTepHeTHKH , HX K8TO.llbl Obtnlf e09.llHHCHhl BMCCTe U H8 HHX IIO.ll8B8J10e b 

BbleOK 09 H80pS! >K9HH9, 

6nox-cxeMa sxcnepHMeHTSilbHOll annapaTypbl npeaeTasneHa Ha pRe , 2. VfM -

nynbe, B03HHK8BW HII B JliOOOM H3 e'I9T'IHKOS, noeTynan H8 BXOLl K8TOLlHOrO OODTo­

pHT911R, 3aTeM no xa6en10 nepeaasaneR Ha sxo.a llHHeliHoro ycHnHTenSJ H aanee Ha 

8MIIIlHTY L1Hbl ll Ll HeKpRMHH8TOp R speMeHHOA TPRH8LlU8THK8H81lbHbiA 8H81lH38TOp, na ­

pann ellbHO K 8H81lH38TOpy Oblll OOL1Kili0'19H nepee'leTHb:ll npHOOp TH08 "C%>noxe•, ny­

T9M pRLltl npo6 6bJilO HallaeHO, 'ITO H8H001199 no.aXOLl RWHM pe>K HM OM pa60Tbl e'leT­

'IHK8 RB1lR9TeR pe>KHM , S KOTOpOM HanpR >l<eHHe H8 C'I9T'1 HK C COeT8BilR9T 3000 DOilb1, 

x os¢¢a u HeHT paaHoTeXHH'Ieexoro yeHneHHR 400 H nopor Ll HCKpHMHHaTopa 25 s . B 

9THX yenOBHSIX 9cPcP9KTHBHOeTb aeTeKTOpa eOCT8BilSIIl8 0,5% Ll/111 IIOilOHHCB0-6epH1lllH• 

esoro RCTO'IHHxa, noMeweHHoro s MeeTe Haxo>~< neHRR MH u..;e HH. Co6cTBCHHbJI1 ¢oH 

60 
B npHeyTCTBRHH Co / 2M('. / eoeT8BilSIJ1 LlB8 HMn ynbea B MKHyTy, 

T ax xax nponopuHOHtlllbHbiC e'lCT'IHKH HeliTpo HOB aon>KHbl 6~nH pa6o TaTb s 

MarHHTHOM uone u HxnoTpoHa , npensapHTenbHO 6bln eaenaH on~T no onpcnene HHIO 
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B llHSIH HR M 8 r HHTH OrO nOilSI H8 HX c q e THb!e X8p8KTepHCTHK H . 0K838110Cb, qTo M8rHHT-

aoe none, a a npaan e aHoe n e p nea n HKy nRpHo K ocH c q eTqHKa, ae H3 M9HReT ero cq e T-

HY 10 xapaKTep HCTKK Y . 

C uellb iO npoa e pKH pa3 p a6o TaHHOA HaMH M e TOU HKK 6b!nH o 6 ny't e Hbl T011C Tbl9 

MHW e HH H3 L~2.CP3 , A.t , ~ H rpa ¢HTa n y 'IKaMH HOHOB N'S (l+)H ol·(l~) 
1\T .U. t"f+} 

r pacpKT 0611y'ta11C SI T8K >Ke HO HaM H J"e • BH JJ. r OilOBKH MH WeHH 110Ka3aH H8 

p HC YHKe 1 6. 

npH o 6nyq 9 HHH all !OMHHH R H M e!lH, ace qaCTH rOilOBKH MHW9HK, Ha KOT0p b!9 

na a an nyq o K, nenanHCb H3 OJl HOr o MaT e pHana . npH o6nyqeHHH rpa¢HTa H L i.L co! 
£1 11R 3a.aep >K KH 0JlH03apRJl H b! X HOHO B HCI1011b3 0aanaCb aniOMHHH9 BaSI QlOilbra , TOilWH­

HOit 15 MHKpo u. B n ayx n ocn enHHX cnyqaRx sKnan OT 'nocTopoHnHx .. aneMeHTOB 

OU9 HKBallCSI H3 Jlai!H b!X, n011Y'I 9 HH biX C all!OMHHH9M H M9llbl0, 

YfHT9HC HBHCX:Tb llY'IK a, H3M9pRBW 8SICSI C llOMOWbiO HHT9rpaTOpa TOKa, Haxoa H­

n aCb a npenenax OT 0,05 no 0,5 ,14A . 3HeprHR 6oM6apn HpyJOw Hx HOHOB onpene­

n Rna c b n o p aaHycy n y 'tKa . B o B p 9 MSI R3MepeKHR UKKilOTpOH pa6 oTan B KMnynbCHOM 

N l7 
p ex< KMe. n ocKOilbKY nep11on n o nypacnana paBH ReTcH 4,15 ceK, MHW9Hb 

o6ny.qan acb 30 C9K, 38T9'A CHHMallOCb BbiCOKOq8CT OTH09 HanpS1 >1<9H K9 Ha llY8HT8X H 

B TeqeHHe 30 C 9 K perHCTpHpOBanaCb H9ltTpOHH8SI 8KTHBHOCTb. 

8 M OM9HT B biKI110'19HHSI n yq Ka aBTOM aTHqecK K BKiliO'tallOCb HanpH>K9HH9 H8 cqeT­

qKKe aeTe KTOpa, a 3aTeM BKil JOqanCSI Bp9M9HHOR aHallH 38TOp K nepecqeTHbiA npK 6op. 

8 MOMeHT a KI1 10'19H KSI ny'IK8 8BT OMaTK'IeCKH Bb!Kil!Oqanocb HanpS1>1<9HH9 Ha cqQTqKK8Xo 

UnH xa>~<noro 3Ha 'leHHR aHeprHK Koaoa nposonHnOcb 4-5 UHKnoa o6ny'leH KH. 

P e aynbTaTbl H3 MepeHHA IS 

a/ 06nyqeHHe KOKaMH N . 

UnR aa6111oneaHR peaKUHH "nonxsaTa · .aayx aeRTpoaoa 6blnH o6ny 't eKbl Li.. 
~ H ~ • R HTHR /eC T9CTB9HH8SI CM9 Cb H30TOnOB/ 6bln a3SIT B BH.£19 CO-

; yrnepollKaR MH W eKb 6b1na c a e naaa aa qHcToro rpaQlHTa. Bo acex 

cnyqaRX Ha61110lla110Cb o6pa3 0BaKHe HeRTpO HHOA aKTHBHOCTH, KOTOpaR pacnananacb C 

nep HOaOM nonypacnaaa 4 ceK. THn HqHaR KapTHHa pacnaaa noxaaaHa Ka pHc. 3. no 

Bblxoay H3 ToncToA MHWeKH 6btno pacqRTaao a¢¢eKTHaaoe ceqeaHe peaKuHH . H e o6-
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IS 
xoaHMbte anSI aTo ro paC'IeTa aua'!eHKSI npooera N' 6 binK oui'IHCneHLI no cropMy­

/20/ 
naM , npHaeaeuubtM a pa6oTe • 

16 ~ T 22 
6/ 06ny'I9HHe HOHB.MK 0 K J"e • 

06p8.30B8.HK9 4-x CeKyHnHoA Hel!TpOHHOll 8.KTKBHOCTK HB.On~nanOCb T8K>K9 npH 

16 L· OOny'I9HHH nep9'1HCn9HHbiX BbiW e M HW9HeA · HOHB.MH Q H MHW9H9ll '- H c HO-
1\. r l..L 

uaM H J'l-e. • B btxo.u aTHX 

r~.T/7 
'ITO J'l 

peaKuKA npHBeneu a Ta6nKuc II . M o>Kno npennonaraTb, 

B 3THX Cny'IB.SIX B03HRK8.9T B peaynbT8.T9 p98.KUHll, B KOTOp~X 
16 

SlllpO 0 
~rl..Z. 

oTaaeT Rnpy MHUJ9HH npoTou H aaxsaTbiBaeT y Hero 2 uel\Tpoua. H n po 1'4€. oTna-

9 T npOTOH R o\. - 'I&CTHUY. He HCKniO'I:eua B03MO>KHOCTb, '!:TO N I7 
ua nerKHX 

an p a x o6pa3yeTCSI a peaynbTaTe pacnaaa cHnbHO ao36y :>«.ueuuoro KOMnayu n - Hnpa , 

a Ka 'l:ecTae oauoro K3 ero ¢par~euToa • 

.llnSI OKOH'IaTenbHOro peweHHSI aToro sonpoca ueo6xoaRMbl aanbH CAw He 6onee 

aeTanbHbl9 HCCn eaOB6H H!l. 0 a H6KO H938.BHCHMO OT OKOH'I8T9nbHOT'O p9W9HHSl 3TOrO 
1\T 17 

a onpoca , nony'I9HHbi9 peaynbTB.Tbl nOK8.3biB6IOT, 'ITO H9ATpOHH6Sl SKT,HBHOCTb JV MO-

>K9T Ob!Tb ycne w HO HCnOnb30B6H8. anSI H3Y'I:9HHSl WHpOKOT'O Kpyra pE'aKUHll nepeaa'IH , 

B aaKn~qeuHe C'I:KTaeM cBOHM npKSITHbiM aonroM Bb!pa3HTb 6naroaapuoCTb seer-~ 

C0TpyaHHK6M UHKnOTpOHHOll rpynnbl , 009Cfi9'1:HBWHM oecnepeoolhryiO paOOTy M8.WRHbl1 

B OC009 RHOCTH IO .U . OraHeCSIHy , lO . B . n ooauosy, A .C . naciOKy, E.H . MapKOBy, 

Vf .A . W e n aesy, B . A. Weronesy. M bl 6naro.uapHbl TB.K>Ke A . <t> . n KH9By H n. KyMnc:j:> 

3 8. KOHCTpyHpOB6HH9 H H3rOTOBn9HH9 Bp9M9HHOrO 8.H8.nH38TOp8. H A,H , ¢> HnHnCOHY 38 

HCTib! T 8HH9 npOOHHK8 H8. BaKyyM, 



7 

T a 5 n 11 u a 
7 

1. 

NIS" N( 
3¢qH~KTIIBHOe Ce"'eHHe peaKI.{HH ___,. D.llSI 3Heprllf! I!OHOB 

95 M::~B H 3Ha"'GHHe Q Etn li 3THX peaKuMI! . 

NI S 
, paBHOA 

N\ M Ill E' II b 

A.A. 
c 

1 ,2 

4,6 

3 ,8 

1,2 

c;w CM 

10-28 

10-29 

10-29 

10-29 

2 Q . M::~B 

- 4 4 0 x/ • 
- 1 0 , 85x x/ 
- 9,36 ~ 
-1 6 ,05 

-23,69 

3Ha••eHKO Q Bbi'I H CnSinocb no MaccaM 1!30T onos lf3 Ta6n11u A.H . Wapstra 

Physika X X I 1 955 . 

B biXOD. 

x/ 

T a6nHua II. 17 
N Ha O.._tHy 6oM6ap.!lHpy IOl.L{YIO '18CT HI.lY , np11 

C, A.L 1!1.fu. MOH8M II o16 c 3HeprH eA 

11 Ne. c 3HeprMell 184 M ::~B 

06ny'leH H M M H WeH H 113 

95 M::~B 

M M Ul e H b 0 16 
Ne2 2 

c 1.0 1 o-7 
1,6 10- 7 

Al 1,2 10-7 

(A. 3,0 10-7 

Ll_7 
-B bi'I RcneHo D.MI BKnaa OT C M 0 He ytt RThJBancSI . 

63 r6S 
~ , ~ COOTBeTCTBeHH O , 
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6noK-cxeMa lf3MepMTenbHOH annapaTypbl 

1. l]eTe KTo p HeATpOHOB. 2 . B bJCOKOBOllbTH bJil BblnpHMifTenb . 

3 . IIMH eAH biA ycHn MTenb . 4. OcuHnnorpa¢. 5. AMnn MTY.OH bll\ 

.O KCKPHMHH8TOp . 6. BpeMeHHOA 8H8l!K38Top. 7, n epeC 'I OTHblll 
npH6op . 
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