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A H a o T a u H g 

C riOMOUlblO O.UHOKpHCTaiibHOI"O CUHHTHJIJIRUHOHHOI"O crreKTpOMeTpa HCCJie.UOBaJIHCb SHep-

reTHqecKHe crreKTphl y -H3JiyqeHHR, B03HHKaiOWef'~ rrpH B3aHMO.UeHCTBHI1 YCKOpeHHbiX 110 -

HOB 0
16 

H Ne 
22 

c R.apaMH Cu To w H U B HHTepBane saepr11li 74-145 MsB. 

Ha KS)K.Qb!H SKT pacrra.aa COCT8BHOI"O g ,apa aa5JIIO.QaJIOCb 11CITYCKaHHe .UO 13 y -KBaHTOB C 

SHeprHeH 0,7-1,1 M SB, 05Cy)K ,aaeTCR BJIHRHHe CITHH8 B035y)K.QeHHOI"O R.Upa H8 MeXaHH3M 

pacrra.aa. 

Yu. Tz.Oganesyan, Yu. V.Lobanov, B.N.Markov, G.N.Flerov 

y- RADIATION OF NUCLEI 
WITH HIGH ANGULAR 1\lOl\lENTUM 

Abstract 

A one-crystal scintillation spectrometer was used to study the energy spectra of y - radiation arising in the in

teraction of the accelerated ions of 0
16 

and Ne
22 

with the nuclei of Cu, Ta , Wand U in the energy range 

of 7 4- 145 MeV. There was observed about 13 y- quanta with an energy of 0. 7- 1.1 \1e V per decay of a compound 

nucleus. The effect of th e excited nucleus spin on the decay mechanism is discussed. 
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CocTaBaoe sapo, o5paaoBaaaoe B peaKuii HX c TSI>KeJibiMII HOHaMH, o6naaaeT crreuH¢H

'19CKOll OC059HHOCTbKl - 50JiblllHM MOMQHTOM K011H'19CTBa aBH>K9HHH, npll :JHepriiHX BbJlllQ 

KYJIOHOBCKOrO 5apbepa, B rrpeaiiOJIO>K9HHH, 'ITO mo5oe COIIpP!KOCHOB9HHe SJaepHb!X IIOB9pXHOC

Tel! BeaeT K IIOJIHOM Y CJIHSIHHKl C 05pa30B8HHQM KOMrrayHa-Siapa, MaKCHM8JibHhli MOMeHT K0-

11H'I9CTB8 aBH>KQHHH MO>KeT 5b!Tb OIIpeaeneH KJ18CCH'I8CKH K8K: 

max 

rae pa aHyChl .Haep HOHa H MHW8HH, 

1IpHBeaeHH8 SI Macca, 

KIIH8TH'I8CK8H 9Hepr11 SI, 

Be KYJIOHOBCKHII 5apbep B CHCTeMe U8HTpa Mace. 

TaK, aarrpHMep, anSI HOHOB Ne c 
.:10 

9HeprHel! B Jia5opaTOpHOl! CHCT8M8 KOOpaHH8T OKOJIO 

140 MaB, QOM5ap;a 11pyKlll.(HX M e aHyK> MHlll8Hb, COCT8BH08 S!apo HTTpHH 5yaeT HM8Tb aHep-

rHK> Boa5y>KaeHHSJ 110 MaB a MaKcRMaJibHhill CIIHH i "' 70 h 
max 

HaJIH'IH8 CTOJib Bb!COKOr O MOM8HTa y COCTaBHOr'O sapa 5yaeT Cyll.(9CTB8HHO CK83b!.&Tb

CSI Ha MexaHH3Me ero pacrraaa . Teop eTH'IecKHe HccneaoBaHHSI B o5nacTH pacrra a a Bpall.(a ro-

ll.(HXCH saep B9CbMa orp8HH'I9Hhl, 

05ll.(aH KapTHHa HCIIapeHHSI qaCTHU H3 B035y>KaeHHOr'O Siapa C Bb!COKIIM MOM8HTOM B 

Ill 
KBa3HKnaccHqecKOM cTaTHCTH'IecKOM rrpH5nH>K eHHH 5hiJia paccMOTp eaa B.M. CTpyTHHCKIIM 

B pa5oTe IIOJIY'I9Hbl Bb!pa>KeHHSI a nSI cpeaHeH KHH8THqecKOti: 9HeprHH II MOMeHTa Hc

rrapSIKJll.(HXCSI Hel!TpoaoB. KonHq ec TBeHHhiti: aaanH3 rroKa3hiBaeT, 'ITO B rrpouecce pacrr a a a 

KOMII8yHa-Hapa HyKJIOH8MH yHOCHTCSI 1Ip8KTH'I8CKH BCSI 3HeprHSI B035y>KaeHHSI II CpBBHHT B Jib

HO H860Jiblll8SI '18CTb Haq81JbHOrO M OM8HTa KOllH'19CTBa aBH>K8HH51, npearronara e TCSI, 'ITO oc

TaTO'IH8SI 3H9pr'HSI H Yr'110BOI! M QM 9HT S!apa IIOCJ18 HCIIape HIISI HyKJIOHOB YHOCSITCSI IIpll K8CKaa-

HOM HCIIYCK8HHH MSir'KHX y -KB8HTOB, 

/2/ r.A, nHK-nH'I8KOM B MOaenH H938BHCHMb! X '18CTHU T8K>Ke pacc MaTpHB88TC SI rrpo-

U9CC HCrryCK8HIISI HYKJIOHOB. B cnyqae 601!b lll 0H 9HeprHII Bp8ll.(9HHSI COCT8BHOr'O H a pa npeacKa-

3b!B89TCH ~ueHTpo5e>KHbiti:' MexaHH3M IICnycKaHIISJ HyKJIOHOB, OueHKR, npoBeaeHHhie B paM-

K8X 3TOI! MOaeJIH, T8K>K9 YK83b!B8KlT Ha T O, 'ITO IIOCJ19 HCIIYCK8HIISI HYKJIOHOB y Si a p a OCTa-

8TCSI Bb!COKHII yrJIOBOH MOM9HT, 

3KCII9pHM9HT8JlbHb!9 HCC119aOB8HHSI y -H31IY'I9HHSI, B03 HHK8Klll.(9r'O IIpll pacnaae COC-

5 
/3/,/4 / 

T8BHOr'O S!apa C BhlCOKHM CIIHHOM IICCJie a oBaJIHCb B pa OTaX 

B aacTOSill.(el! pa5oTe HayqanHCb y -crreKTpbi rrpH o5nyqeHHH Cu Ta 

u MHW9Hel! HOH8MH 0 
16 

H Ne B HHTepaane aaeprHl! oT 74 ao 145 M a a. 
.:l:l 

W H 

Jln 51 peaKUHH Cu + Ne 
22 

Ta + 0 
16 

orrpeaeneaa BepXHSJSJ rpaHHua BpeMeHH 

KacKaaHbiX y -rrepexoaoB, 

3 



y CIIOBIHI 8KCnepHMeHT8 

OnbiTbi npOBOLlHIIHCb Ha 

+3 
peaKuH:li OVI.HVI. VfoHbi 0

16 

BHyTpeHHeM nyqKe 300 CM UHKIIOTpOHa fla5opaTOpHH 51.[lepHblX 

+4 
H Ne

22 
, ycKopeHH bie .ao aHepral! 4-9 MaBIHyKIIOH nona-

Ll8IIH Ha MIUUeHb, yKpenneHHyiO Ha cnefraallbHOM rtp05HHKe, Vf HTeHCHBHOCTb nyqKa B OnbiT8X 

COCTaBII 51II8 OT 1 LlO 7 MKa. 3HeprH51 HOHOB B8pbHpOB8II8Cb noMeweHHeM MHWeHH Ha pas-

IIHqHhll! p8LlHYC ycKOpeHH51 H Llll51 ~HKCHpOBaHHO!'O nOIIO*eHH51 onpe,aengnacb 8KCnepHMeH

ffl / 
TaiibHO no TOpMO*eHHIO HOHO B B Ae ~O!Ib!'aX C TOqHOCTbiO He MeHee 3%, 

8 KaqecTBe MHWeHeH HCnOIIb30BaiiHCb Cu Ta W H U ~O!Ibi'H ecTe CTBeHHO!'O 

H30TOnHO!'O COCT8B8, yKpenneHHbie Ha OXIIa*,aaeMOl! MeLlHO:li flOBepXHOCTH np06HHK8, 

8 OnbiT8X HCnO!Ib30BaiiHCb " TOIICT bie" MHWeHH BO H3JJe*aHHe npHMeCH ~OHOBO!'O H3ny

qeHH51 C MeLlHOl! nOLliiO*KH; TOIIlUHHa MHWeHe:li B OIIbiTaX 5biiia OT 25 LlO 100 MK 

CxeMa onbiTa npHBe.aeHa Ha pHc. 1. 

/6/ 
noTOK q a CTHU, IIa.[l8101UHX Ha MHweHb, H3Mep51IIC51 qyBCTBHTeiibH biM pe!'f!CTpaTOpOM H 

KOHTpOIIHpOBancB C nOMOlllbiO BCeBOIIHOBO!'O HeHTpOHHO!'O cqeTqHKa 

B6IIH3H Uf!KIIOTpOHHOl! KaMepbl, 

BF
3 

, noMeweHHO!'O 

y -asnyqeH ae B HHTepBane SHepri{if 0,05 - 3 M SB peracTpapoB:HIOCb OLlHOKpHcTanbHbiiifl 

CUHHTHIIIIBUHOHHbiM cneKTpOMeTpOM, y.aaneHHbiM Ha paCCTOBHHe - ·5 M OT MHweHH BHe YCKO-

pHTe!IbHOl! KaMepbl, 8 H3MepeHH51X HCnOIIb30B8IIC51 KpHCT8IIII NaJ ( re) pa3MepoM 

(il = 40 x 40 MM . VfMnyiibCbl C ¢3Y no.aaBaiiHCb H8 BXOLl 100-KaHaiibHO!'O aMnnHTYLlHO!'O 8Ha

IIH3aTOpa AVf-100/1. rpa,ayapOBKa cneKTpOMeTpa IIpOBOLlHIIaCb C IIOMOlUbiO HCTOqHHKOB Mo-

HOXpOM aT aqeCKHX y -nyqe:li: Hg 203 
(0,280MaB ), Cs 137 (0,660 MaB ), Zn 65 (1,11MaB ), 

60 24 
Co ( 1,13 MaB H 1,33 MaB ), Na ( :2,75 MaB ) • 

.[lnB HCKIIIOqeHHB ~OHa KOMnTOHOBCKO!'O pacceBHH51 Ha nyTH OT MHWeHH LlO KpHCTanna 

nyqoK y -KBaHTOB Ll B8 *Llbi .aaa~parMapoBancSI, A6coniOTHaB a~~eKTHBHOCTb cneKTpoMeTpa 

onpe.aengnaCb C nOMOlllbiO CH!IbHbiX Kana6pOB8HH biX y -acTOqHHKOB pa3nHqHOH 9Hep!'HH , yc-

-7 
T aHOBIIeHHbiX H8 MeCTO pacnOIIO*eHHB MHWeHH) H COCTaBnBna 4 .10 , 0co5oe BHHMaHHe 5binO 

o6paweHO Ha HCTOqHHKH ~OHOBO!'O y -asnyq eH HB, 

8 npouecce pa50Tbl BbiBCHHIIOCb, qTO cyweCTBeHHa51 qacTb HHTeHCHBHOCTH ~OHO BO!'O !{3-

nyqeHHB BO BCeM H3MepBeMOM LlHana31llHe aHeprHif 

eM HeifTpOHOB c KpHcTannoM Na J 

y -nyq e:li o5ycnoBneHa B3aHMo.aeiicTBH-

CornaCHO 9KCnepHMeHTaiibHbiM ,aaHHbiM H3 B035Y*LleHHO!'O COCTaBHOI'O 51 Llpa Ll !IB HCcne

.ayeM b!X H8MH peaKUHH 6y .aeT 11Cnap51TbC51 B Cpe.aHeM 3-5 HeHTpOHOB, cneKTp KOTOpb!X HMeeT 

BHLl MaKcBennoBcKoro pacnpe.aeneHHB c aHepnie:li B MaKCHMyMe - 2,5-3,0 MaB. 

Cne,ayeT OTMeTHTb, qTO BO H35e*8HHe HCKa*eHHB y -c neKTpa H3-3a KOM nTOHOBCKOJ"'O 

pacce51HH51 Ha .aeTangx KaMephl ycKopaTeng y -asnyqeHHe peracTpHpyeTC51 B ysKOM T enec-

HOM yrne, 3 awHT8 OT pacce51HHb!X y -nyqe:li 51BII51e TC51 "npospaqHO:li " Ll ilB HeHTpOHOB H COOT_: 

HOWeHHe HHTe HCHBHOCTeif y -KB8HT OB H HeHTpOHOB MO*eT cyweCTBeHHO OTnHqaTbCB OT 

4 
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O)!{RJJ:aeMo~ aenwiRHbi . Ce'l e HRe Heynpyr oro pacceSIHHSI .o:nH 2,5 Maa He~TpOHOB c ocTaBnSieT 

1196 6 a pH 8 JJ:nSI 110.0:8 11 0,4 7 6 apHa JJ: nSI HaTpHSI, y 

,u a eT BKna .o:, B OCHOBHOM, B MSlf'KYJO 'l8CTh y -cne KTpa ( Ey :!: 0,6 Msa), 

CeqeHI1e 8KTH B8l{HH Ha HOJJ:e n nSI SHeprHH En .. 1-2 M SB He aenHKO I - 011 5apaal I HO 

pe3KO aospacTaeT B o5nacTH sHepr11~ En S. 1 Ksa, .o:ocTHraSI a e nH'iHHhi 50-100 5apH. C 

.o:pyro~ CTOpOHbl, H3BeCTHO, 'ITO Ha K8)!{JJ:b!H 8KT 3 8XB8T8 Me.o:neHHOf'O He~Tp0H8 B035y)!{JJ:eH-

Hb!M 51JJ:pO M J lU HCnyCKaeTC H B Cpe_n HeM 3 Y -KB8HT8 c SHeprHeA 2 10-215 Mas. BaH.o:y 

TOf'O, 'iTO B H8 W HX Oilb!T8X perHCTpaTOp y .o:aneH Ha 50nbWOe paCCTOSIHHe OT MHW9HH B KpHC

Tann MOrnH il0il8.0:8Th pac ce51HHbie Heii:Tp0Hbl 1 CileXTp KOTOpbiX 3H8'iHTenbHO MSif''le 1 'i9M Heno

cpe.O:CTB9HHO B5nH3H MH W eHH . 

8 CB513H C STHM 5b!Jl8 CKOHCTpyHpOB8H8 38IUHT 8 1 npe.O:OXp8HHIOIU8SI CI19KTpOM9Tp OT rro

TOK8 p8CC9S!H Hb!X He~TpOHOB . ¢oTOyMHO:>KHT91lh IIOM9IU81lCSI B CBHHUOBYIO 38ll,lHTy ITOniUHHa 

CTeHKH 50 MM I 1 K OTOpaSI
1 

B CBOJO O'iepe.O:b1 5b!ll8 OKpy)!{eHa 200 MM CllOeM 3% paCTBOpa 5op

HO~ KHCnOTbl B BO JJ:e; JJ:OilOnHHTe nhHO BOKpyr KpHCT81lll8 5b1n p8CIIOilO:>K9H 5 MM CllOA no-

powKa Beg annapaTyp8 IIOM9IU81l8Ch 38 } 10 M 5eTOHHOA 38IUHTOii:, B KOTOpyiO 5btn 

BMOHTHpOB8H HaueneHHbl~ H8 MHWeHb KOnnHM8TOp JJ:HaMeTpOM 100 MM, KoHTpOnbHbl9 Oilb!Tbl 

IIOK838nH, 'iTO BKna.o: cpOHOBOf' O y -Hsny'i eHH SI 1 o5ycnoaneHHOf'O Heii:TpOH8MH, B H8W9M cny-

'i8e He npeBbiW8eT 7% OT IIOnHO~ HHT9HCHBHOCTH y -nyqeii:l perHCTpHpyeMbiX CII9KTpOMeTpOM , 

B o5nacTH sHepn1ii: E < 0, 2 M sa Ha5nJO.o:ancH HHTeHCHBHhiA cqeT y -KaaHTOB1 o5HsaHH bi~ 
y 17 I 

TOpM03HOMY H3ny'leHHIO a neKTpOHOB BHy TpH B8KYYMHO~ K8M9pb1 UHKnOTpOHa 

rp aHHU8 cneKTpa TOpM03H0f'O H3ny'leHHS! CYIU9CTB9HHO 38BHCHT OT 8MIInHTYJJ:bl 8,'1, H8-

rrpg )!{ eHH51 H8 JJ:Y8HT8X, IIOSTOMY :1pH IIpOB9.0:9HHH Oilb!TOB CT8BHn8Ch 3 8.0: 8'18 rronyqeHH51 Heo5-

XO JJ: HM Of'O TOK8 IIY'IK8 H8 38JJ:8HHOM p 8JJ:Hyce YCKOpeHHSI rrpH MHHHM8nhHOM 3H8'19HHH yCKOpSIIO-

wero IIOTeHL{H8n8 , 

AKTHB8l{HSI MHweHH H aneMeHTOB YCKOpHT enbHO~ K8M e p bl 1 He 38IllHmeHHbiX OT IlY'lK8, B 

rrpouecce o5nyqeHHSI COCTaBn 51n8 He 5onee 2 % OT IIOnHO~ CKOpOCTH C'leT8 Y -KB8HTOB, ¢oH, 

o5ycnoaneHHbl~ KynOHOBCKHM B035y)!{JJ:9HH9M SIJJ:9p MHWeHH H TOpM03Hb!M H3ny'leHH9M HOH OB, 

5bm rrpeHe5pe)!{HMO Man. 

B pSI.o:e orrb1TOB OJJ:HOBpeMeHHO c y -H3ny'leHHeM perHCTpHpOBancSI Bb!XOJJ: H9~TpOHOB 1 

B03HHK8IOIUHX IIpH 5oM68p.O:HpOBKe MHWeHH IIY'IKOM HOHOB, nnSI <ITHX ueneii: HCilOnb30B8nCSI 

cPOTOYMHO)!{HTenh I ¢3Y 331cocTHnb5eHOBbiM KpHCT8nnoMI 38IUHIU9HHblH OT K8M9pb1 UHKnOTpo-

H8 2-MeTpOBOii: 6eTOHHOH CT9HO~. nepe.o: KonnHM8TOpOM IIOM9IU8naCh 20 MM CBHHUOB8SI 

nnaCTHHa .o:nSI CH H)!{eHHS! y -<POH8 ycKopHTenSI. H 8ll9)!{H8SI llHCKpHMHH8UHSI y -ny qeA 

.o:ocTHr8nacb .o:nH Heii:TpOHOB c SHeprHe~ En > 3 Msa, 

3KcnepHMeHTanbHbi9 pe3yllhT8Tbl 

}, npH HHTeHCHBHOCTH IIY'IK8 
12 

10 'l8CT, I ceK CKOpOCTh C'l e T8 y -KB8HTOB COCTaB-

n51n8 100-300 HMn. l ceK 1 'ITO il03BOnHnO ilOJlY'lHTb XOpowyiO CT8THCT H'l9CKYJO TO'iHOCTb B 

annapaTypHb!X crreKT p8X HMnynhC OB, 8 OCHOBHOM BCe H3MepeHHSI IIpOB OJJ:HnHCh B non0)!{9HHH 

y - cneKTpoMeTp8 no.o: yrnoM (J = 115° K HanpaaneHHJO na.o:a JOwero nyqKa. 05p8 5oTK8 

5 



arrnapaTypHblX crreKTpOS rrpOH3SOLlH118Cb C yqeTOM rrpH60pHOft ci:JopMbl 11HHHA MOHOXpOMBTHqec

/8/ 
KHX y -nyqeft H aci:Jci:JeKTHSHOCTH KpHCT811118 

2 • .ilnH peaKUHH Cu + Ne 6hi11H H3MepeHbi crreKTpbi y -nyqeft rrpH SHeprHH nyqKa, 
22 

rraLlaiOmero Ha MHmeHb 74, 94, 115 H 140 Mas. BHLl y -cneKTpa Ll11SI LlSYX 3HaqeHHA 9Hep-

rHA HOHOS 74 H 94 Mas rrpeLlCTaSJieH Ha pHC, 2. 

no OCR a6CUHCC OTJIO>KeHa SHeprHSI y -nyqeft, ITO OCH OpLlHH8T - OTHOCHTe11bHOe qHc-

110 KSBHTOS S eLlHHHqHOM HHTepsane SHeprHA, 

A6c011IOTHYIO HHTeHCHSHOCTb H3JiyqeHHSI Mbl 6yLleM Sb!pa>K8Tb qepe3 napaMeTp ii , qHc-

JieHHO paSHblft cpeLlHeMy qHCJIY y -KsaHTOB, OTHeceHHbiX K pacnaLly OLlHOro HLlpa. BenH-

qHH8 ii onpeAenHnacb KaK: 

rAe NY ( 
0 

Ny dEy 

to ( fyJ 

v 
N 

"o ac N 
0 

ITOJIHOe qHC110 y -KBBHTOB, B03HHK810lUHX S peaKUHHj 

n
0 

- HHTeHCHBHOCTb rryqKa HOHOB; 

ac ceqeHHe o6pa30B8HHSI COCTBBHOrO S!Llpa, ycpeLlHeHHOe 

xl 
ITO T011lUHHe MHLUeHH 

N0 - qHcno pa5oTaiOLUHX RLlep MHilleHH; 

( O - a6C011IOTH8SI 9ci:Jci:JeKTHBHOCTb perHCTp8UHH y -cneKTpO-

MeTpa. 

B KB>KLlOM onbiTe onpeAenHnacb cpeLlHSISI aHeprHH y -crreKTpa KaK: 

Ey 
( E,y NY dEy 

(NydEy 

3KcnepHMeHTaJI&Hbie 3HaqeHHSI v H Ey LlllSI acex HccneAyeMbiX peaKUHA npeLlcTas

neHbi B BHLle o6meA Ta6JIHUbl, B KOTOpyiO SKJIIOqeHbl TaK>Ke OCHOBHbie xapaKTepHCTHKH COCTaB-

Horo S!Llpa. 

BsHLlY TOrO, qTO S OUeHKe V HCIT01lb3YIOTCSI pacqeTHble 3HaqeHHSI ceqeHHSI o6pa30S8HHSI 

KOMITBYHLl-SILlpa, TOqHOCTb a6C011IOTHOrO 3HaqeHHSI ~ TPYLlHO OUeHHTb, nonyqeHHble B OITblTe 

3HaqeHHSI Ll11R V noKa3blSaiOT poeT cpeLlHero qHcna y -nyqeft, HCflYCKaeM b!X SILlpOM C 

yaenHqeHHeM aHeprHH 6oM6apLlHPYIOLUHX qacTHU. 3TH LlBHHbie HY>KLlaJOTCSI s LlOITOJIHHTen&Holt 

npoBepKe, T.K. npH 

M8THqHOCTb nyqKa 

SHeprHSIX S611H3H KY110HOBCKOrO 6apbepa peaKUHH cymeCTSy!OlU8SI MOHOXpO

/ t:J.E- 3%/ MO>KeT BHeCTH CH1lbHYIO norpelUHOCTb npH onpeAeneHHH y 
E 

B o6na cTH aHeprHA HOHOB E 
1 

> 6 M aa/HyKJIOH cymecTBeHHaH KOHKypeHUHSI 6y LleT Ha6niO-

Ll8TbCSI CO CTOpOHbl ITpS! M biX npoueCCOB, npoTeKB!OlUHX 6ea o6pa30B8HHSI COCT8BHOrO S!Llpa, 

C 9TOA ueJibiO Ll11SI 38Ll8HHOft SHeprHH nyqKa HBpS!LlY C H3MepeHHeM CITeKTpa y -nyqeft 

/9/ 
xl npH onpeAeneHHH a c Hcno11b30BanHcb TeopeTHqecKHe LlBHHbie ToMaca no ceqeHH!<l' 

o6pa30B8HHSI COCT8SHOrO S!Llpa ITOLl LleACTBHeM TSI>KeJibiX HOHOB, 

6 
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qec-

, 'IHC-

•HHOe 

eKTpo-

:TaB-

COCTaB-

IOB8HH5l 

Oil biTe 

•M C 

lib HOlt 

tHOXpo-

g 5 mo-

pa. 

-nyqelt 

OIIpe.Qe11SI11CSl OTHOCHTeJibHbllt BbiXO·.Q HeltTpOHO·B, B03HHKaiOWHX B peaKIIHH, BBH.Qy TOr~, 'ITO • 

05pa30BaHHe COCTaBHOrO SI.Qpa SIB115le'l'C5l .QOMHHHpyiOW~M IIpOII8CCOM BIIJIOTb .QO l:lHeprHlt 

6 MgsiHyK110H, HHT8HCHBHOCTb H8ltTpOHOB 5y .QeT orrpe.QeJIRTbCR B OCHOBHOM peaKUHSIMH 

THrra I Ne 
22 

xn I, r.oe x = x(E) -¢yHKUHSI, S03pacTaiOWa51 C 9HeprHelt HOHOS, 

Tor.oa BbiXO.O HeltTpOHOB c aHeprHelt 5y.oeT pacTH H8CK011bKO 5hlcTpee, '!eM ceqeHHe o5pa-

30BAHHSI COCTaBHOrO R.Qpa, 

Vf3M8p51110Cb OTH0lll8HH8 HHT8HCHBHOCTelt H8ltTpOHHOrO H y - H311Y'I8HHA B 3aBHCHMOCTH 

OT 9HeprHH 5oM5ap.oHpyiOWHX HOHOS .Q11R peaKUHH Cu + Ne 
22 

H Ta + 0 
H 

• Ha6niO.oaeMhlA 

poeT oTHoweHHR N y INn c ysenH'IeHHeM aHeprHH HOHOS TaK)I{e yKa3hisaeT Ha poeT cpe.oHe-

ro 'IHCJia y -KSaHTOS, HCIIyCKa8MbiX COCTaSHbiM R.QpOM, 

5, Orrpe.oeneHHbilt HHTepec npe.ocTasnsreT accne.oosaHHe y -Hany'leHHR rrpH pacrra.oe 

MarH'leCKOrO COCTaSHOrO R.Qpa, Yf 30TOIIbi MarH'l8CKHX R.Qep CSHHUa I Z 821 MOr11H 6b!Tb 

IIOJiy'leHhl HSMH IlpH 0611y'leHHH W -MHweHH HOHaMH 0
16

• oblno rrpose.oeHo cpasHeHHe crreK-

TpOB y -nyqelt rrpH o5nyqeHHH Ta H W MHweHelt HOHaMH 0
16 

c aHeprHelt ·100 Mas. 

3HeprHSI HOHOS 6biJia Shl6paHa S611H3H KY110HOBCKOrO 6apbepa .Q115l TOro, 'IT06hl HCKlii0-

1101 
'IHTb IIpOU8CC .Q8118HH51 SI.Qep H SM8CT8 C T8M IIO S03MO)I{HOCTH yM8HblllHTb SK11a.Q CO 

Ill I 
CTOpOHbi peaKUHlt C Bbl118TOM 3ap51)1{8HHbiX '18CTHU , KOTOpbie CMOryT cywecTB8 HHO HCKa-

Ha pHc, 3 rrpe.ocTasneHbi crreKTpbi y -nyqelt peaKUHlt Ta + 0
16 

H W + 0
16 

rrpH aHep-

rHH HOHOB }00 Mas S na6opaTOpHOlt CHCT8Me KOOp.QHHaT, nnR HCK1110'18HHR OlllH6KH, CS513aH

HOlt C o6pa50TKOlt CII8KTpa, .Q11R cpaBH8HHSI Ha pHC, 3 IIpHB8.Q8Hbi TaK)I{8 arrrrapaTypHbi8 pacrrpe 

.Q8J18HH51 HMIIY11bCOS, nerKO SH.Q8Tb, 'ITO .01151 MarH'I8CKHX H30TOIIOS CSHHUa 9He prHR y- CII8KT-

pa rrpHMepHo B 1,2 paaa 5onbwe '18M .01151 coce.oHHX R.oep Tf ., rronyq e H H biX s pe aKUHH 

4, Yf CII011b3YR C06CTS8HHyiO MO.OY1151UHIO IIY'IKa HOHOS S UH K110TpOHe J Mbl rrpo s e n H 

speMeHHOlt aHanHa y -Hany'leHHR, B03HHKaiOwero s peaKUHSix Cu + Ne 
22 

H Ta + 0 16 

B 9THX OIIbiTax y -ny'IH perHCTpHposanHCb 6biCTpbiM CUHHTH11115lUHOHHbiM C'I 8 T'IHK OM C Sbi -

XO.QOM Ha speM8HHOlt 8Ha11H3aTOp, IIOCTp08HHhllt IIO IIpHHUHIIY speMSI-aMII11HT~.Q HOr O rr p e o5paao-

1}21 -IO -10 
saTenSI • PaapeweHHe cxeMbi cocTasnsrno 4,5.10 ceK , wHpHHa KaHana 6bma 2.10 ceK, 

Cy·Tb MeTo.oa aaK11IO'Ianacb B cne.oyJOweM: 

EcnH IIpH 0611y'leHHH MHllleHH speMSI H311y'leHHSI M8Hbllle .Q11HT811bHOCTH TOKOSOrO HMIIY11b"' 

Ca, TO pacrrpe.oeneHHe y -nyqeJt, 3aperHCTpHpOS8HHbiX aH811H3aTOpOM 1 .Q011 )1{ H0 II011HOCTbiO 

IIOBTOpSITb SpeM8HHbie xapaKTepHCTHKH SHyTp8HH8rO IIY'IKa HOHOS Ha .Q8HHOM p8.QHyc e . 

Ha pHc. 4 rrpe.ocTasneHo BpeMeHHOe pacrrp e .o e neHHe HMrrynbcos, nonyq e HHO e anSI peaK-

UHH Cu + Ne
22 

113 1 
Vf3MepeHH51, IIpOB8.Q8HHbi8 B pa311H'IHbiX Y'I8CTK8X p830H8 H CHOH K p HBOlt 1 IIOK83811H, 

'ITO IIOJ10)1{8HH8 M8KCHMYMOB H lllHpHH8 IIHKOS pacrrpe.Qe118HHSI y -nyqelt S TO'IHOCTH COOT

B8TCTBYIOT ¢a30BhlM X8p8KT8pHCTHKaM BHyTp8HH8rO IIY'IK8 HOHOS, HaH6 one e Y 3KHlt IIHK HM eeT 

-g 
lllHpHHY 2-3.10 CeK 1 IIOl:lTOMy sepXH51R rpaHHU8 speMeHH K8CK8.Q HOrO y -H311Y'I 8 HH5l 

OU8HHBaeTCR K8K < 10-gCeK, 

7 



5. Dnsr a3y'IaHasr xapaKTepacTHK M rHoBeHHoro y -a3ny'I e Hasr rrpa a e neHaa TR*enhlx 

Raep C 50nbWHM MOMeHTOM KOnH'I e CTBa aBH*eHHR ypaHOB ~H MHWeHb 5oM5apaHpOB ailaCb rryq-

KOM :y..:.KOpeHHbiX HOHOB KHCnopoaa C aHeprae~ 145 MaB. YiaMepeHHhiH y -crreKTp cpa:aHa-

sancsr co crreKTpOM y -a3ny'IeHasr rrpa aeneHaa 

1141 
U 

234 
TerrnoshiMH He~TpoaaMa. CornacHo 

aaHHhiM 1 Ha Ka*ahrfi aKT aeneHasr rrpa 3ax:aaTe Terrnosoro ueATpoua ua5moaae TcSJ Hcrryc-

KaHae 8 + 2 KBaHTo:a, KOTOpbre yHocsrT s cpeaHe M 8Hepra!O 7 + 1 Mas. AHanorH'IH hre aaH-
- 1151 

Hbie 5b!nH rrony'IeHhl na'IMaHOM H ap. rrpH CITOHTaHHOM .lleileHHH Cf 262 

Ha pl'c . 5 8KcrrepaMeHT anbH hi e TO'I KH rrpeacTasrrsrroT y ~crreKTp aeneHHSI U 238 
ycKo-

peHHhlMH HOHaMH KHCnOpoaa, CITnOWHaH KpHsasr COOTSeTcT:ayeT crreKTpy MrHOBe HHOrO H3Jiy-

2H 
'IeHasr, rronyqeHHOro rrpH aeneHHH U TemrosbiMH He~TpoHaMH. PacqeT cpeaHero 'IHC1Ia 

y -KsaHTOI;I Ha KOMITayHa - srapo MO)!{eT 5b!Tb caenaH S aaHHOM CJiyqae C 50JibW e~ TO'IHOc-

TbiO, qeM s rrpeahlaywax orrhiTax, T.K. ce'IeHae aerreHHSI ypaHa Ha Tsr )!{eJibiX HOHax xopowo 

1181 
H3SeCTHO , a KOHKypHpy!OWHe C .lleJieHHeM rrpOU 2CChl rrpeHe5pe)!{HMO Manbl, !-13 HaWHX 

naHHhiX cneayeT, 'ITO rrpa aeneHHH U
238 + 0 16 

Ha5nroaaeTcsr acrrycKaHae v = 10+ 2 KsaH-

TOS, 

0 5CY*!leHHe pe3ynbTaTOB 

xl 
l-13 aaHHhiX., rrony'IeHHhiX B HacTosrwe~ pa6oTe cneayeT, 'ITO rrpa o5ny'IeHaa paanaq-

HhiX MHWeHe~ YCKOpeHHhiMH TH)!{enbiMH HOHaMH Ha5niOaaaTCH MrHO SeHHOe y -aa1Iy'IeHHe 

-9 I r < 10 ceK I , cocTosrwee a3 5o1Ib woro qacua y -KsaHTOs co cpeaHe~ aHepraeJ:i: 

0,7 1,1 Mas. 

CpeaHsrH aHeprasr y -K:aaHTOB, rrony'IeHHaH HaM a a nsr peaKUH~ Cu + Ne
22 

a Ta + 0
16 

J 

rrpHMepHo Ha 20% MeHbwe, 'IeM s orrbiTax MonneHayapa, rne H3Mepsrnach y -crre·KTphi ansr 

peaKUH fi Ho + C
12 

, V + C 12 
rrpa aHeprHH HOHOS 110 Mas. 3To pa3Hornacae M O)!{eT 

5b!Tb ycTpaHeHO, ec1IH y'IeCTb SKnaa a BOJifibiX Ha1IO)!<eHH~, KOTOpbie MOrna HMeTb MeCTO S 

141 
pa5oTe H3-3a OTHOCHTenbHO Bb!COKO~ aciJcpeKTHBHOCTI~ perHCTpaUHfl y -KaCKaaa. 

np~)!{ae '!eM c aenaTb rrpeaiT01JO)!{eHHe OTHOCHTeJibHO MeXaHH3Ma K8CKaaHOrO y -Ha-

ny'IeHHH, cpaBHHM IT011Y'I eHHhl~ HaMH y -crreKTp B035y)!{aeHHOrO Hapa y Ia peaK u aa 

Cu + Ne 22 I co crreKTpOM y -nyqe~ rrpa pauaauHOHHOM 3axsaTe T errnosoro HeiiTpOHa 

napoM Rh toJ l6nH3KOro K Hapy Y I . 

!-13 pHC, 8 OT'I eTnH SO BHaHO Ka'IeCTBeHHOe pa31IIi'Ifle B CITeKTpax: y -aany'I e Hae, B03HHKa-

IOmee B peaKuHH Cu + Ne 
22 1 cywecTBeHHO MHr'Ie, 'I eM rrpa pa n aauaoHHOM 3axBaTe T errno-

111 
soro He~TpOHa. HaM rrpencTaBngeTcH, 'ITO, cornacHo rHrroTe3e CTpyTHHCKOro , aTo pa3-

naqae Shi3saHo TeM, 'ITO rrpa pacrraae spawarowerocH Hapa a3ny'IeHae y -KsaHTOs rrpoHc-

XOaHT H3 COCTOHHH~ C 501IbWHM MOM9HTOM K01IH'I e CTSa aBH)!{eHHSI, 

xl XapaKTepHcTHKH y -H3ny'IeHHH s peaKuasrx Cu + Ne a Ta + 0 1 rrony'IeHHbie 
i2 16 

B HaCTOS!W9~ pa5oTe_, HeCKOnbKO OT1IH'Ia!OTCH OT rrpe a BapHTenbHhiX aaHHblX, orry5nHKOSaHHhiX 

s 11 7l, Heo5xoaHMOCTb B KOppeKUHH rrepsOH a'Ia11bH hlX pe3y1IbTaTOB S03H HKna S CSH3H C ao
rronHHTenbHhiM H aKcrrepaMeHTaMH, H3 KOTOpblX 5h11lli rrony'IeHbl 6onee TO'IHble 3Ha'IeHHH ypoB

HH He~TpOHHOrO cPOHa H a5coniOTHOH aciJciJeKTRBHOCTH perR CTpaUHH y -crreKTpOMeTpa. 
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K e /lb!X 

iacb rry q -

r n a cao 

Hc rryc-

.re D. aH-

U 8 
y c K o -

Hany -

f! cna 

T O"! H OC-

o p owo 

W HX 

2 KBaH-

e HHe 

r ei!: 

' M O)!{eT 

•C T O B 

<UHf! 

T p0 H8 

30 3 HHK8-

T e rrno -

o paa-

llp OHC-

"!e HH bie 

~ a HHbiX 

.31'! C D.O

il y poB-

~ . 

B rrpeD.IIOIIO)!{eHHH rronaoro cTaTHCTH"!ecKoro paBHOBecHH rronyqeahl xapaKTepHCTHKH 

. /19/ 
y -H3Jiy"!eHHH 5!D.ep C Bb!COKHM CIIHHOM • ':/qeT Bb!COKO!'O MOMeHTa KOIIH"!eCTBa LlBH-

)!{eHHH COCTa BHO!'O Si D.pa Ll8/l HeKOTOpOe CMH!'"!eHHe CIIeKTpa y -H31ly"!eHHS'I, OLI. H8KO) llOily

"!9HHbie pe3yllbT8Tbl H e M O!'IIH 05'bS'ICHHTb 9KCII9pHM9HT8/lbHhl9 Ll8HHbl9. npH"!HHa pa3HOI'Il8CHH 

05'bSiCHH9TCSi T9M, "!TO B rrpouecce K8CK8LlHO!'O y -Hally'IeHHH "'T9IIIIOBaH"' , KOMIIOH9HT8 9Hep-

I'HH Boa 5 y)!{LJ.eHHH yMeHbw a eTcH 3Ha"!HTO/lbHO 5biCTpee1 "!eM BpamaTellbHaH. Bcn e D.CTBHe 

aToro B rrpoue c c e KacKaD.HOro y -H3Jiy"!eHHH OT HOCHTe/lbHb!:l!: BK/18Ll 9Hep!'HH BpaweHHS'I 

B 0 3p acT a e T H HaLJ.e)!{HOCTb KB83HK/18CCH"!eCK0!'0 CTaT.HCTH"!eCKOI'O paCCMOTpeHHsi CT8HOBHTCH 

COMHHT e /lbHO ll:, LlnH D. e Ta llbHOI' O paCCMOTpeHHS'I He05XOD.HMbl HeH3BeCTHbie B HaCTOHIUee Bpe

MS'I CBeD.9HHS'I 0 C T p y K T yp e y p OBHeii: HD.ep C Bb!COKHM CIIHHOM IIpH 9H9p!'HH B035y)!{LJ.eHHH aec

KO/lbKO MaB. B qacTHOM cny"!ae D.IIH D.e<i:JopMHpoBaHHhlX "!eTHO-"!eTHbiX HD.ep aHeprHH rrocneD.~ 

HHX KB8HTOB, 5yD. e T, IIO-BJi! LlHMOMy, OIIpeD.ellHTbCH y -rrepeXOLl8MH pOT8UHOHHO:l!: IIOIIOCbl, 

/20/ 
"!TO IIOLlTB9p)!{LJ.aeTC 51 0!1 b!T 8 MH JV\ OpHH8!'8 C a -qacTHUaMH. 

B peaKUHH Cu + Ne 
2 2 

CSi pOCT IIOIIHO:l!: 9H9p !'HH y 

C YB9/lH"!9HHeM YI'IIOBOI'O MOMeHTa COCT8BHO!'O SID.pa Ha5mo D.ae T

Ji!31ly'IeHHSI. 8TH pe3yllbT8Tbl KOIIH'I9CTBeHHO 05'bHCHHIOT xapaK-

TepHbl:l!: CD.BHI' M 8 K C HMYMOB <i:JyHKUHH B035y)!{LJ.eHHH B CTOpOHy 50ilblUHX SHeprHii: .IlpH Hcrrap e 

/21/ 
HHH He:l!:Tp.OHOB H3 B036 y )!{LJ.e HHO!'O HD. pa B peaKUHHX C TH)!{e/lb!MH HOH8MH 

npH o5ny"!eHHH To H W -MHlll eaeii: HOHaMH 0
16 

c aaeprHe:l!: 80-100 M 9B 5 bmo yc-

T8HOB/leHO, "!TO cpeD. H515! 9Hep!' H SI y -nyqe:l!: B peaKUHH rrpHMepHo B 1 ,2 paaa 

5onbwe, "!eM B cnyqae To + 0 16 • 8To paanH"!He rrpeD.CTaBnSie T HHT e pec, T.K. aae prH H Boa-

5 y)!{ LJ.eHH51 H cpe D. HH H YI' IIO BOH M OMeHT COCT8BHbiX 5ILJ.ep B 9THX peaKUHSIX rrp a KTH"!eCKH TO )!{ 

D.eCTBeHH bl. Koa T pOilbHbre O ITbiT bi rro H3MepeHHIO crreKTpOB y -H3Jiy"!eHH51 coce D. HHX HD.e p B 

" rrepe Kpe CTH b! X " peaK U HS'IX IIOK83811H, 'ITO Ha5niOD.8eMbi:l!: a<i:J<i:JeKT He MO)!{ eT 5b!Tb 05'b51CH eH 

pa311H'IHOH qeTHOCTbiO 51D.ep, o5paayrowHXC5! rrpH o5nyqeaHH To H W HOHaMH KHcnopoD.a. 

HaM rrpeD.cTasngeTCSI, "!TO paanH'IHe B xapaKTepe cneKTpOB CBSI3aao c rrp051Bil eHn: e M Mar H 

qecKo:l!: cTpyKTYP hi c o cTaBaoro 51D.pa Pb 

OrrhlTbi no H3MepeaHro crreKTpa y -ny'Ie:l!: H3 peaKUHH U + 0
16 

uenbro orrpeD.enHTb, KaK peanHayeTc51 aaqanbHbr:l!: yrnoBo:l!: MOMOHT KOMrrayHD.-SID.p a B n p o uec

ce LJ.e/leHHSI. npli! D. e neHHH H8"!8/lbHb!:l!: MOMeHT KOIIH'l9CTBa LlBH)!{eHHSI 5yD. e T !IpOSIB/1 51TbC51 B 

OTHOCHT9 /lbHOM LlBH)!{eHHH OCKOIIKOB, "!TO !IpHBeD.eT K 8HH30Tp0IIHH B yr-IIOBOM p a crrp e D.en e HHH 

!IpOD.YKTOB D.e neHHSI. 

Vf3y "!eHHIO YI'IIOB b!X pacrrp e D.e/leHHH OCKOIIKOB D.eneHHSI IIOLl D.e:l!:CTBHeM TSI)!{e/lb!X HOHOB 

/ 22/ 
rrocBSiweH pSILl pa 6 oT • OrrpeD.ellHTb H3 aTHx OllbiTOB LI.0/110 MOMeaTa, rrepeXOD.Siw e r o B 

OTHOCHTe /lbHOe LlBH)!{eHHe OCKOIIKOB D.e/leHHR, He rrpe.D.CT8B/151eTCSI B03M0)!{HbiM. Heorrp e D.e /l e H

HOCTb TaKHX rrapaMeTpOB 51D.pa K8K TeMrrepaTypa, MOMeHT HHepUHH B Ce.[l/IOBO:l!: TO"!K e H .D.p. 

He ll03B0/151eT yCT 8 HOBHTb KOIIH"!eCTBeHHYIO CB513b Me)!{.[ly KOa<l:J<l:JHuHeHTOM 8H H30Tp0IIHH H y rno 

Bb!M MOMeHTOM B035y :>K D.eHHO!'O COCT051HH51. B TO )!{e BpeM51 H3 Ll8HHbiX, l!O IIY"!e HHb!X H8 

HeD.e/lSI IUHXCSi 51D.pax , cneD.yeT, 'ITO BHLl y -crreKTpa H cpeD.Hee "!HC/10 H31ly"!aeM b! X KB8 HT OB 

38BHCSIT OT MOM e HTa COCTaBHO!'O 51D.pa. 

OpH o5ny'I e HHH U 231 HOH a MH 0 16 
Mbi rrony"!HIIH xopolll e e cornac He B ¢ opM e crre KTpa H 

U H6 
B cpeD.HeM 'IHC/le y -KB8HTO B C O llb!T8MH !!pH D.elleHHH M eD. /leHH b! M H H e ii:Tp 0 H8M H H 

9 



cnoHTaHHOM .aeneHHH Cf u 2 . 3TO yKa3biBaeT, no-BH.UHMOMy, Ha TO, 'ITO npH .aeneHHH 

R.aep TRmenhlMH HOHaMH OCHOBHaR "!aCTb yrnOBOrO MOMeHTa nepeXO.QHT B OTHOCHTenbHOe 

.Ll BHmeHHe .aayx ocKonKoB. AaTOpbi 5naro.aapHbi B.M. CTpyTHHCKOMy , B.B. 6a 5HKOBY H 

B.A. KapHayxoay 3a non e3Hbie .aHcKyccHH. 
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Ta6nHua 

Ma~tc. 
CeqeHHe 

3HeprHH CpeLIHHlt CpeLIHee CyMMap-
aHeprHH B036y)K- yrnOBOft 'IHCnO E IMsBI H8H aHep-
HOHOB 16apHI Ll9HHH MOM9HT y -KBaH- y 

I"HH y PealtUHH 
Em•• - E* f (h) TOB Ha H3ny'leHHH 

Uc -
IMaBI IMaBI HLlpO v v~ 

laKcrr I I Bl 

74 0,36 56 19 6 0,80 5 

94 0,71 66 25 10 0,75 7 

Cu + Ne 115 0,92 75 29 13 0,70 9 
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140 1,06 86 35 11 0,70 8 

85 0,27 49 17 7 0,85 6 
Ta + 0

16 100 0,47 61 25 9 0,80 7 

85 0,27 50 16 7 1,05 8 
w + 0 

16 100 0,47 62 24 8 1,00 8 

u +0 145 1,13 78 45 10 + 2 
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