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ManywHHCK8 K •• nwHTyna M., CH30B VI.B. P3-3079 

YrnoBhle pacnpeAeneHHSI Hel!'TpOHOB H3 peaKUHH C
12 

( t. n) N
14 

Ha aneKTPOCTBTH'ieCKOM reHepaTope, ycKopSIJOWeM HOHbi TpHTHSI, 

H3MepeHbi aHepreTII:'ieCKHe cneKTfbi H yrnoBbie pacnpeAeneHHSI Tpex 

rpynn Hel!'TpOHOB H3 peBKUHII C
1 

(t,n)N
14 

, COOTBeTCTBYIOWIIX OC­

HOBHOMY H nepBbiM ABYM B036y>KAeHHblM COCTOSIHHSIM KOHe'iHOf'O SIA­

pa N 14 • 

l1aMepeHH Sl BhmonHeHhi npH E1 =1, 7 Mas MeTOAOM ToncTocnoAHhiX HAep­

HbiX ljlOTOaMYnhCHII:. npHBOAHTCSI Cp8BHeHHe yrnOBbiX pacnpeAeneHHl!' Hel!'-

TpOHOB rpynnbi n,(2,31 Mas COCTOSIHHe N
14 

) C yrnOBbiMH pacnpeAene-

HHSIMH ITpOTOHC'B H3 peaKUHH C 
12 

(I • P0 ) C
14 

AnSI OCHOBHOf'O COCTOSIHHSI 

C14 
• Yrnos~e pacnpeAeneHHSI npOTOHOB H Hel!'TpOHOB AnSI COOTBeT­

CTBYIOWHX COCTOSIHHA KOHe'iHbiX HAep O'ieHb CXOAH~. 

npenpHHT 06~enBHeHHOrO HBCTBTyTa anepHNX BCCnenOB8HHA • 

.Uy611a, 1966 • 

Malushinska K., Przytula M. I., Sizov I. v. 
P3-3079 

Angular Distributions of Neutrons from the · 
C

12
(t,nlN

14 
Reaction 

The energy spectra and angular distributions of three 
groups of neutrons from the C 

12 
(t ,nlN 14 reaction which cor­

respond to the main and two first excited states of a final 
N 14 nucleus have been measured using electrostatic gene­

rator accelerating the H3 ions. 
The measurements were performed by the nuclear pho 

t oemulsion method at E t = 1 .7 MeV. The angular distributi­
ons of the n, group neutrons ( 2.31 MeV state N

14 
) are com­

pared to that of protons from the C
12 

(t,p)C 14 reaction for the 
main state C 14 

• The proton- neutron angular distributions for 
the corresponding states of final nucl..ei are siuillar. ch. 

Preprint. Jo!nt Institute for Nuclear H.esear 
Dubna, 1966. 
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B nocne.z:ume rOAhi orry6llHKonaao HeCK01IhKO pa6oT, nocaruneaHhiX accnenosa-

/1-fl/ 
HHID peaKUHH ~ana (t,n) liB 118T'KHX HApaX , HO HH B OAHOH H3 HHX He H3-

MepH1lHCb yr1lOBbie pacnpe,neneRHSI OT,l:l81lbHbiX rpynn ael!TpOHOB, COOTBOTCTBYIDDlHX 

p8311H'!HbiM COCTOHRHSIM KOH8'UIOT'O Sl.llpa. B TO JK8 BpeMSI 8illWH3 T8KHX peaKUH:A C 

ll81lbiD Il01ly'!eHHSI Cil8KTpOCKOUH'!8CKHX XapaKTepaCTHK Sl.llep, y'18CTBYIDDlHX B peaKUHH, 

a TaKJKe cneneaal! o Mexali.H3Me Sl.llepahiX rrpoueccoa Tpe6yeT neTa1IbHhiX a3Mepe--

HHH BCeX B03MOJKRbiX KBH8110B peaKUHH. 

B cnyqae peaxuali, a.nymax '!epe3 o6pa3oaaaae cocTanaoro Sl.llpa, aeo6xon.IIMhi 

H3MepeHilSI !jly RKUHll B036yJKA8HHSI C AOCTBTO'IHO XOpOIDHM 3HepreTH'I8CKHM pa3peme­

HH8M A11SI pa311H'IllbiX rpyurr HCIIyCK88MbiX '18CTHU. Vl3y'!eli.He M8X8HH3M8 B38HMOAel!­

CTBHSI npennonaraeT H3MepeaaSI yrnoBbiX pacnpe.neneaHl! nponyKTOB Sl.llepHbiX peaKnal!, 

B pSI.lle npenmecTByromax pa6oT, Bhmonaeaahrx a 06'be.naaeaaoM arrcTHTVTe 

!10-13/ 
Sl.llepHhiX accnenoaaaal! , 6bma nponeneRbi .neTa1IbHhie accn enOBEIHHSI peaKnali 

TPHTHSI c yrneponoM B naana3oae saepral! 0,3-1,8 M3B. Vl3MepSinaCb .naqxpep eu-

Ill! 81lb!Ibl8 C8'18HIISI K8K !jlyRKUIISI yT118 H 3H8pT'HH 6oM6apnapyromHX '18CTHII H II01l!Ibl8 
12 14 12 11 

cnenyromax xaaanoa peaKnaa: C (t,p) C C (t,ad) B Ce'!eHHSI .!111SI 
12 11* 

C (t, a
1

) B , a TaKJKe ynpyroe pacceHHHe Hnep TpHTH ST Ha yrnepone. J J MeJO!llHe-

CH 1ll'!TepaTyp!Ibi8 A8HHbl8 U03B011SIIDT H8CK01lbKO p8Cllil1lPHTb 061I8CTb 3HOprBli yCK Oo­
/14/ 

peHHbiX 'l8CTHU 

TeopeTH'!eCKHll aaana3 peaKnan TpHTHSI c yrneponoM s o6nacTH M81lh!X saep­

rHll 60M6apnHpyiDillHX 'IBCTHU (cpaBHHMblX C BbiCOTOll 6apbepa ) OC110JKIHIGTCSI CHllb-

HhiMB acKaJKaromHMH KynoaoncKHMH s!jJ!jleKTaMa. Eonee yna'liiO HHTepnpeTnpyiOTC$1 

yrnoBhie pacnpeneneaaSI npOTOHOB H3 peaxuaa 
1t H c ( t, p ) c H8 OCROB8 TeOpRH 

naoliaoro cpbiBa npa 
/15/ 

E, =5,5 Msa • 

ITpa 6onee HR3KHX saeprH HX B !jlyaKUHHX no36yJKA8HHH rrpoHBnHeTCH 'leTK~SI 

3 



pe3CH8HCH8SI CTpyKTypa, 'ITO MO>KeT YK83hiB8Tb HB npeOOJIBAaiOIU.Kll MeXBBB:3M C()­

CTBBHOf'O S!JlpB . TionhiTK.K 8H8JI.K38 nOJU!biX Ce'!eH.Kll .II yrJIOBhiX pacnpeneneH.Kll Upo-

TOHOB H3 peBKU.KH C 12 (t, p)C 14 
.11 a -'lBCT.KU .113 pe8KUIIH d 2 

( t, a) 8 11 
ItO 

pe30H8HCHOli TeOp.K.K HAepHbiX pe8KilHH 
/16/ 

6hmll npennp.KRSIThi B pa60Te c y'leToM 
15 

.KHTepcpepeHUIIH Tpex 1130JIHpOB8HHbiX ypOBHell COCT8BHOf'O HAp8 N • .UnH T8KOrO 

8H8Jlll38 HeOOXO.QIIMhl JlBHHhie no BCeM B03MO>KHhiM K8H8J18M p e BKUHJ! TpHT.KH C yr-

n e ponoM1 B TOM 'IHCJie H K8H8JI8 ( t, n) 

/1/ 14 
B pa60Te H3MepHJiacb tPYRKUHH soaoy>KAeHHH peaKUl!'H C 12 (t, n) N 

non yrnoM 0° B n11ana3oae sHeprllil TpHTOHOB 0,35-2,4 Mss • .Unsr pHAa saeprai! yKa-

3 BHHoro naanaaoaa OhinH H3MepeHhi yrnoahte pacnpeneneH.KSI aeihpoaos. TipiiMeHeH­

HhiH B pa60Te MeTon periiCTpBUHH H9HTpOHOB (BC9BOJIHOBOJ! C'leT'I.IIK) He o6ecne'IK-

B8Jl pa3 n e neHH e OTneJibHbiX rpynn HeHTpOHOB, COOTBeTCTByiOIIliiX p83nH'!HblM COCTOSI-

HHSIM KOHe'!Horo SIApa N 
14 

, no STOll npH'I.KHe yrnoahle pacnpeneneHHH aeftTpoaoB 

nonyqanacb ycpe naeRHhiMH no seeM B03MO>KHhiM rpynnaM HellTpoaos 11 ae OTp8)KBnJI 

OC06eHHOCTell, CBSI38HHhiX C M9X8HH3MOM B3811MOJlel\CTBHH, 

B aacToSimeA pa6oTe H3Mepeahi yrnoahie pacnpeneneaHSI Tpex rpynn aellTpo-

12 14 
HOB H3 pe8Kl\HH C ( t, n) N 1 COOTB9TCTBYIOIUIIX nepexonaM H8 OCHOBHOe H BQ3-

14 
6y lKn e HHble COCTOSIHHSI N 

npa E 1= 1,7 Msa. 

C 3Hepr.ael\ B030ylKJleHHSI 2,31 11 3,85 Mss (pllc.1) 

TexHHKa aKcrrepaMeHTa 

CneKTp ael!Tpoaos H3 peaKUHH H3MepSIJ1CSI c noMolllbiO HAepHhiX ljJoTosMynhCIIA. 

!1CnOJib30B8JIHCb 9MyJ!bCIIH THnB .fl-2 TOJIIIlHHOIO 200 MHKpOH H p83Mep8MII 20 x20 MM, 

8MynhCHII, o6epayThie qepaoll 6yMarol!, noMeman11cb B cnerrllallbHhie aniOMI!HHe­

Bhie p8MKII, KOTOpbie yCT8H8BJIIIB8JIHCb HB KOJihUe non CTpOrO cjlHKCHpOB8H!I'hiMII '/f'­

JI8MII. B ueaTpe KOnhUB pacrronaranacb yrneponaaSI MHWeHh aa nonno>Kxe 113 s:epJKa-

Be iOIIleli CT81IH, 

Tion yrnoM 135° OTHOCHTeJ!bHO nBJlBIOWero lly'IKB HOHOB Tp.IITHSI p8CllOJI8f'81l-

C SI KpeMHHeBhil\ liOJiyllpOBOAHIIKOBbiA AeTeKTOp, peri!CTPIIPYIOW.K:A a - '!BCTI!Ilbl 11:3 

12 11 
p e 8KUHII C (t,a

0
)8 • TonmHHa yrneponaol! MHIUeHH onpenengnach no Bhtxony 

2 
a -"!8CTHU H COCT8BJISIJI8 0,065 Mf'fCM C TO"'HOCTbiO ±_15%. MaiUeHb OOMOapnapo-

B81l8Cb HOHBMH Tp.IITHH CO CpenHHM TOKOM 1,2 Mll:ll, TIOIIHbiH 38pHA HB MHWeHb co­

CTBBIIf!II 30,5 MKyJI, 

4 

TinOCKOCTb KOnbUB C 

CMelll9H8 OTHOCHTeJibHO HBIT]: 

npasneHHeM BhineTa ael!TpoH 

.Un11 onpeneneHHSI cne: 

9MYJlbCHH, ne>KBlllHe B n.Kpa 

8aepreTII'!ecKae crre Kt 

nn11 necSITH yrnos, np11sen• 

COOTBeTCTBYIOIIlHe nepexona 

14 
KOHe'!aoro HAPB N 

1 
xopc 

rpS13H9HHSIMH M.lllllei!H 1 He 

113-38 H8611BKII TPHTHSI B 1 

MO>KH01 'ITO 'IBCTb ljJOH8 B I 

ynpyrHM pacceSIHHeM aeATJ 

Fe 0,845 Mss. 

CTaTHCTHKa OTC'IeToe 

cnenoa (nalllb B OAROM cny'l.l 

7000 cnenoa. 

Ha pac. 3, 4, 11 5 na 

COOTBeTCTByiOIUHX rpynn Ht 

cynKax owa6KH MeHSIIOTCSI 

K8MII. B HIIX Y'I.KThlBBIOTCSI 

neneHHOCTbiO BhineneHI!SI n£ 

Crrnomaoll naH11el! HE 

pacnpeneneaHl! B aane pa: 

Tipoaeneaahle Hccne~ 

pacnpeneneaaA AJISI paan11 

C
14 

H nepBOe B035y>Kne 

lKe TparrneTa no H30TOnH'I 

neneHHSI llpOTOHOB H3 peaH 

a3MepeHHhie rrp.11 onaol! .11 

neabi aa p11c. 2. B o6oaJI 



o6naAB.IOillHA MeX8IDI3M co-

·noBblX pacnpe.r~eneHHA npo­

·eaxnHH C12
(t, a) B 11 

no 

/16/ 
Tbl B pa60Te C y'l:9TOM 

15 
·o SIApa N • .llnH Truwro 

lJlBM peaKUHif TPHTRS! C yr-

il peaKUR'H C 12 (t, n)N
14 

,aB • .llnB pSIAa aaeprHif yKa­

lHHSJ BeilTpOBOB. ITpaMeHeH­

soi!: C'l:eT'l:aK) ae o6ecneqa-

lyiOmHX pa3JlH'l:HbiM COCTOSI­

pacrrpeneneBHH Hei!:TpOgOB 

I Hei!:TpOBOB H Be OTpa~ana 

tneHHSJ Tpex rpyrrn Hei!:Tpo-

X0!18M H8 OCHOBHoe H BQ3-

2,31 H 3,95 Maa (pac.1) 

.b!O SIAepRbiX <jJOT09MYllhCHil. 

OH H p83M9p8MH 20 X 20 MM, 

• B cnenaanbHbJe aniOMI!.HHe-· 

Tporo <jJHKCHpOBBBHbiMH yr­

Hib HB IIOAJlO~Xe R3 aepJKa-

aoaoa TpHTHSI pacrronaran­

papyiOm.Ri!: a -'l:BCTHnbi B:3 

onpeAengnacb uo :SbiXoay 

,15%. MHweHb 6oM6apnupo-

1Hbli!: 38p!JA Ba MHW9Hb co-

ITnocKoCTb KOJibna c ycTaHOBneBHbiMH Ba ReM smepHbiMH aMyllbCHSIMB 6bUia 

CMemeHa OTHOCHT9JlbHO H8llpBBJl9HHH ny'l:Ka ROROB TpHTHS! TBK, 'iTO yron M9~AY HB­

rrpasneHHeM Bb!Jl9T8 aei!:TpOHOB H3 MHmeHH H IIJlOCKOCThiO 9MyllhCHH COCT8BJlHJl "' 3°. 

.ling OIIpeneneHHSI CII9KTpa BeilTpOHOB H3M9p51nHCh CJ19.[{bl IIpOTOHOB 0T.[{8'l:H B 

aMynbcaa, ne~amae B napaMa.rle c nonoBHRBbiM yrnoM npa aepmaae 10°. 

Pe3ynhT 8Tbi H3MepeBall 

3HepreTH'l:9CKHe CII9KTpbl BeilTpOHOB H3 peaKUHH C 12 (t, n ) N l4 , H3M9p9HBble 

nnSJ necSJTH yrnoa, rrpHBe)leHbl aa p.11c, 2. TpH rpyrrrrhi Hei!:Tpoaoa n
0 

, n
1

, n 21 

COOTBeTCTBYIOmHe rrepeXOABM Ba OCBOBB09 H ABB rrepBbiX B036y~Jl9HHblX COCTOSIHHH 

N
l4 

KOH9'l:HOrO SIApa 1 XOpOillQ BbiAeJISIIOTCSI, <l>oH, o6yCJIOBJl9HHb!B: B03MO~Hb!MR 3a-

rpSI3H9HHS!MB M:s:meJUI , Hell:TpoBaMR H3 no.r~no~KR ana H3 peaKUHH T ( t , 2 n) He 
4 

H3-38 HB6HBKH TpHTHSI B IIOAJIO)I(Ky MHmeHH, OKB3BJICS! rrpeHe6pe~HMO M8Jlb!M, Boa-

MO)I(RO, 'ITO 'l:BCTb <jJOHB B o6naCTH M9~AY r p yUIIAMH ft I H ft 
2 

MO)I(RO 06'bSICHHTb He>­

yrrpyrHM pacceSJHR9M Rell:TpOBOB H8 IIO.[{JlO~Ke MHlll9HH C B035y~)leBHeM ypOBHS! B 

Fe 0,845 Maa. 

CT8THCTHKB OTC'l:eTOB )lJlSI OTA9JlbHbiX rpyrrrr Hell:TpOROB COCTI!l'SJIIDIA 100-700 

cneAOB (nHm& B OAHOM cny'IBe fShlno H3Mepeao 72 cneAa). Bcero fSblnO H3Mepeao !SOJI-

7000 cnenoa. 

Ha pHC, 3, 4, H 5 A8Hbl yrnOBb!e pacrrpeneneHHH (a OTHOCHT9JlbHblX 9llHIHIU8X) 

cooTBeTCTByiOmHx rpynn aeifTpoaoa, npeo6pa3oBaHRbie B c.u,M. YKaaaaHhle aa PH­

cyHKax OWI!6KH M9BHIOTCH OT 5 llO 14,5% H HBJlS!IOTCS! Cp9AH9KBBAp8TH'l:BbiMH Olllll6-

K8MH, B HHX Y'l:HTblB810TCSI CT8THCTH'l:9CKH9 OlllH6KH H OUIH6KH, CBSI38HHbl9 C B901lpe­

ll9Jl9HHOCTbiO Bblll9Jl9HHSI IIHK8 COOTBeTCTByiOmell: rpyiinbl aell:TJilOHOB, 

CnnomBoll: nHBael!: aa pac. 3, 4 , 5 noxa3aBbi pe3yllbTa'l'bi no)lrOBKH yrnoBhiX 

pacnpeAeneaHi!: B BHAe pa3no~eBHH no nonHBOMaM J1eJKaBApa. 

ITpoBeAeBBhie HccneAoBaHHSI !IOKA3b!BBIOT pe3Koe H3MeaeHae <jlopMbi yrnoBhlix 

pacnpe.r~eneBHi!: JJ;JISI pB.3JlH'IBbiX rpynn Hell:TpOHOB, f10CKOJlhKY OCHOBBOe COCTOSIHH9 

C 
14 

H rrepaoe B035y~A9HH09 COCTO"SI.B.He N l4 RBJlS!IOTCS! 'l:Jl9HBMH OAHOro H TOI"O 

)1(9 TpHIIJl9T8 IIO H30TOIIH'l:9CKOMy CIIHHy, HBTepeCHO COIIOCT8BHTh yrnOBble pacnpe-

12 14 12 14. 
neneBHSI IIpOTOBOB 113 peBKUHH C (t,p)C H aei!:TpOiiOB H3 peaKUHH C (t,I1)N l 

1!3MepeHHbie IIpH OAHOll: H TOll: ~e aaeprHH , Pe3yJlhT8Tbi T8KOrO cpaBH9HHS! IIPHB9-

neHbl aa pHc. 2. B o6oHx cnyqax aa6niOAaeTcSI onpeneneHaoe cXoJlCTBO B <jlopMa 

5 



yrnOBbiX pacnpeneneanl! H npOsiBilSIIOTCSI 'lepTbl, CBOHCTBeHH.ble peaKnHSIM llBO!!Ho-

ro cpbiBa. 

lleTanbHbril aaanaa Tpe6yeT H3Mepeanll yrnoBhiX pacnpeneneanl! HefiTpoaoB B 

wHpOKOM HHTepsane aaeprHil n nony'leHnSI a6comoTHbiX aHa'!eHnfi nnqxpepeHuaanbHbiX 

H IIOilHb!X Ce'leHHH. 
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