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ApTIOx A.r. a np. P7 - 11417 
PeaKUHH nepena'l H)'Knoaoa a cacTeMe 197 Au+ ~e ( 110 MaB) 

npoaeneao oony'leHHe 197 Au HOHSMH 20Ne c aaeprae!l 110 MaB, npe
Bb!W810ntefi 6apbep aaaaMoneilCTBK.II B 1 a 1,06 paaa. C noMontbJO MCTOJlHKH 
l1E,E aaMepeabl yrnoabJe pacnpeaeneaaH a aaepreTH'IeCKHe cneKTpbJ npo
llYKTOB nepell8'1 H)'IUIOHOB C STOMHblMK HOMepaMH 4 $ Z ~ 10. KOMOHHBUKel! 
MCTOJlOB MSrHKTHoro aaanaaa H I'.E,E ROll yrnoM 40° K3MepeHbl BblXOJlbl H 
aaepreraqecKIIe cneKTpbi aaoTonoa C, N , o. nenaercs BbiBOJl o TOM, 
'ITO MCX8HK3!1.!bl peaJtUHI! MHOrOHyKnOHHbiX nepeaaq npa OOJibWKX K M8JlbiX 
OTHocarem,ao B i aaeprasx cymecraeaao paana'laJOTCH. 

PaooTa BbiROJlBeHa B na6opaTopaa HJlCpHblX peaKUHII OH.HH. 

npenpBRT 06t.ellBBaHHOro HHCTBTyT8 RllCpHb!X HCCJlallOB8HHii. Dy6Ha 1978 

Artukh A.G. et al. P7 - 11417 
Nucleon Transfer Reactions in the System Ill? Au + 20Ne 
(110 Mev? 

A 
197 

Au target was bombarded ·with 20Ne ions with an energy 
of 110 MeV which exceeds the interaction barrier 8 1 by a factor 
of 1.06. By using the AE,E technique the angular distributions and 
energy spectra oC nucleon transfer products with atomic numbers 
4 .$ Z S. 10 have been measured. The yields and energy spectra of 
t.'1e C , N and 0 isotopes have been measured at an angle of 
40° by using the magnetic analysis combined with the l1E.E tech
rJque, It is concluded that the multinucleon transfer reaction mecha
nism at energies close to B 1 is substantially different from that at 
an energy considerably above B 1. 

The imrestigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Pteprint of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1878 06t.ellllli6BHb1Ji liBCf'lif'Tf' S111.6PBUX BCCR6AOB•IIBI /ly6ea 

1. BBE,l!EHHE 

B nocne,nHHe ro,nhi npH Hccne,noaaHHJIX peaKUHii nepe,naq 

HYKJIOHOB C DOMOUlblO ny'iKOB TJI)I(eJibiX HOHOB OCHOBHOe 

BHHMaHBe y,neJIJIJIOCb 06JiaCTH 3HeprBH 6oM6ap,D.HPYIOIUHX 

qacTHU E i , cymecTBeHHO /B - 1,5 pa3a/ npcabllllaJOIUHX 

6apbep B3aHMo,neiicTBHJI B i . B :noB: o6nacTB 3HeprHii 

HaH60Jiee JipKO UpOJIBJIJieTCJI HOBhiH MeXaHH3M peaKUHH 

c TJI)I(eJihiMH HOHaMH - npouecc rny6oKoHeynpyrBx nepe,naq 

HYKJIOHOB /rHIT/ I 1-4( Oco6eHHOCTH rHrr YAaeTCJI HHTep

npeTHposan. B paMKax npe,ncTaBJieHHJI. o6 o6pa3osaHHH npH 

CTOJIKHOBeHBJIX aTOMHhiX Jl.,nep cneUHiiJH'-IeCKOH ,D.~ORHOH JIAep· 

HoB: cHcTeMhl c upeMeHeM :>KH3HH -10- 2 1 c 1 Ll. B TaKoil 

CBCTeMe UOBepXHOCTH JI,D.ep CBJI&HO nepeKpbiBaiOTCH, a CKO· 

pOCTb HX OTHOCHTeJI&HOrO ,lJ.BB)I(eHHJI Mana. 06Jia,IJ.aJI :ma'iH" 

TeJI&HhiM yrJIOBhiM MOMeHTOM, ,lJ.BOHHaJI JI,nepHa.JI CBCTeMa 

nouopa'iHBaeTCJI KaK e,nBHoe uenoe. Ee o6pa3oBaHHe H 3Bo

.T'.H>UBJI onpe,neJIJIIOTCJI COOTHOWeHBCM Jl,nepH&IX F N' KYJIO" 

HOBCKHX F c B ueHTpo6e)I(HhiX FL cHn. B cnyqae ,nocTaTO'iHO 

BhiCOKHX 3HeprHH peaJIH3YIOTCJI yrJIOBhle MOMeHT&I, npH 

KOTOPhiX F c + F L:;: F w.H.D.pa MoryT nepe.IJ.aTb .IJ.pyr ,D.pyry 

,neCJITKB HYKJIOHOB, HO HX UOJIHOrO CJIBJIHHJI B ,lJ.OCTaTO'iHO 

WBpOKOH 06JiaCTH BXO,lJ.HhiX yrJIOBhiX MOMCHTOB He npOBC· 

XO,lJ.HT. C YMCHbWeHHeM HCXO,lJ.HOH 3HeprBH UCHTpo6e)I(Hble 

CBJihl yMeHbWaiOTCJI. CooTBeTCTBeHHO, npH KOHTaKTe JI,nep 

HMeeM F c + F L :s, F N • OcHOBHhiM nyTeM 3BOJIIOUHH .IJ.BOiiHoil 

JI,nepHOH CBCTeMbl 3,lJ.eCb 6y,neT UOJIHOe CJIBJIHHe HCXO,lJ.HhiX 

JI,nep. TeM He MeHee, B pJI,ne pa6oT/5-tO/noKa3aHo, 'ITO H npH 

3HeprHJIX a6nB3H B i MoryT ocymecTBJIJITbCJI peaKUBH ne

pe,na'IH HecKOJI&KBX HYKJIOHOB. O,nHaKo B uenoM uonpochl 
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0 B03MO*HO~ CTeneHB nepecTpO~KB BCXOAH~X RAep npB 
MaJI~X OTHOCBTeJILHO B i, 3HeprBRX, yrJIOB~X pacnpeAeJie· 
HBRX npOAYKTOB nepeAaq HYKJIOHOB, BKJiaAe BX B nOJIHOe 
ceqeuue peaKUBB uccneAOBaH~ HeAOCTaToquo. H3yqeuue 
3TBX BOnpOCOB npeACTaBJIReT CaMOCTORTeJILH~~ BHTepec, 
a TaK*e MO*eT npBBeCTB K nyqweMy nOHBMaHBIO YCJIOBB~ 
o6pa30BaHBR ABO~HO~ RAepHO~ CBCTeM~ B peaKUBRX rHTI. 

IIpu B3yqeuuu o6pa3oaauus OTAeJILH~x B3oTonoa B peaK
uusx nepeAaq HYKJIOHOB C TR*eJI~MB BOHaMB npu E i IB i 2: 
2: 1,5 6~no ycTauoaneuo I 11!, qTo aenuquu~ ceqeuu~ o6pa-

30Bauus B30Tonoa AaHuoro 3JieMeHTa 3KcnoueuuuaJILHO 
3aBBCHT OT pa3HOCTB Mace HaqaJILH~X B KOHeqHWX RAep 
Q gg . B 06IUeM BBAe 3Ta 3aBBCBMOCTL BMeeT BBA: 

a ~ exp[+(Qgg + ~E c + ~E rot- on- o P)], /1/ 

rAe ~E c B ~E rot - pa3HOCTB KYJIOHOBCKBX B apaiUaTeJILH~x 
3HeprB~ BO BXOAHOM B B~XOAHOM KaHaJiax, on B o p • 

nonpaBKB, yqBTWBaiOIUBe cnapBBaHBe He~TpOHOB B npOTOHOB. 
3TO B~pa*eHBe noJiyqeuo B CTaTBCTBqeCKO~ MOAeJIB C 
BCnOJIL30BaHBeM AJIR nJIOTHOCTB YPOBHe~ BWpa*eHBR C no· 
CTORHHO~ TeMnepaTypo~ T . B CJiyqae BWnOJIHeHBR 3aBB· 
CBMOCTB /1/ npB B3yqeHBB peaKUB~ B 06JiaCTB MaJI~X 
3HeprB~ npeACTaBJIReTCR B03MO*HOCTL npoBepKB CBR3B 
Me*AY 34xiJeKTBBHO~ RAepHO~ TeMnepa Typo~ T B 3Heprue~ 
B036Y*AeHBH E* B WBpOKOM BHTepBaJie B3MeHeHBR E *. 

B uacTORIUe~ pa6oTe B3yqeuw peaKUBB nepeAaqu HyK
JIOHOB npu o6nyqeuuu 197 Au uoua:MB 20 Ne c 3Heprue~ 
110 M3B. 3Ta 3Heprus cooTBeTCTByeT npeawweHBIO acero 
B 1,06 pa3a HaA B i• awqucneHHWM B 41op:MaJIB3Me nnoT
HOCTB 3Hepruu I 12!. 

2. MET0,4HKA 3KCIIEPHMEHTA 

OnwTw npoao,D;BJIBCL ua 310-caHTB:MeTpoao:M UBKJio
Tpoue TR*enwx aouoa OHJIH. MaweuL 197 Au TOJIIUHHO~ 
1,2 MZ/CM 2 06JiyqaJiaCL HOHaMH 20Ne C BCXOAHO~ 3Heprae~ 
110 M3B. JierKae npOAYKTW peaKua~ peracTpapoaanucL 
TeJieCKOnOM L\E,E AeTeKTOpOB, KOTOpW~ MOr nepeMeiUaTLCR 
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no yrna:M B AHana3oue 10° - 170 ° • B KaqecTBe AeTeKTopa 
~E HCnOJIL30BaJiaCL HOHH3aUHOHHaR Ka:Mepa, nOAp06HO OnH· 

cauuas B pa6oTe I 13/, a B KaqecTBe AeTeKTopa E - Kpe:M
uaeaw~ noaepxuocTuo-6apLepuw~ AeTeKTop. B PRAe H3:Me
peua~ HCnOJIL30BaJICR TeJieCKOn C KpeMHHeBWM ~E AeTeK· 
TopoM TOJIIUBHO~ 8 MKM. HMnynLcw c AeTeKTopoa L\E a 
E nocne ycaneuas a npeo6pa3oBaHHR B ua4lpoao~ KOA 3ana
c~aaJIHCL Ha MarHHTHYIO JieHTY C nOMOIULIO 3BM 
"MHHCK • 32". On epa THBHW~ KOHTPOJIL 3a ua6opOM HH~ilop:Ma • 
UHH B XOAe 3KCnepHMeHTa ocyiUeCTBJIRJICR nyTeM nonyqeHHR 
ua ualllponeqaTaiOIUeM ycTpo~cTBe ABy:Mepu~x cneKTpoB 
128 (L\E) X 64(E) KaHaJIOB. 0TcqeT~, COOTBeTCTBYIOIUHe pe· 
rHCTpaUBB qacTHU C pa3H~MH aTOMHWMH HO:Mepa:MH Z, B 
ABy:Mepu~x cneKTpax o6pa3yiOT caoeo6pa3u~e "ranep6o
n~", 003BOJIRIOIUHe OAH03Haquo npoBeCTH HAeHTHiiiHKaUHIO 
perHCTpHpyeM~X npOAYKTOB no Z. 3uepreTaqecKaR Ka· 
na6poBKa AeTeKTopoa AE a E , ueo6XOAHMas AJIR nonyqe
HHJI 3HepreTaqecKHX cneKTpOB, a TaK*e Kana6poBKa ceqe

HH~ npOBOAHJIHCh no ynpyro pacceJIHH~M HOHaM. Bee peaK· 
UHH npeAnOJiaraJIBCL npOXOAJIIUBMH B cpeAHeM no TOJIIUHHe 
CJIOe MHWeHH. IIonpaBKH Ha norJIOIUeHHe 3HeprHH B MHWeHH 
H BXOAHOM OKHe HOHH3aUHOHHO~ Ka:Mep~ BBOAHJIHCL C no

MOIULIO Ta6nau npo6eroa I 141, 
B MeTOAHKe ~E.E B~Aeneuae 34xlleKTOB, CBJI3auu~x c 

OTAeJILHWMH H30TonaMH, npa :Maccoa~x qacnax A ?... 10 
H 60JILWOM pa3JIHqaa B OTHOCHTeJILH~X B~XOAaX 3aTpyAHB· 

TeJILHo. IIo3TOMY AJIJI peracTpauaa B~XOAa oTAeJILH~x 

B30TOnOB HCnOJih37B~aCL KOM6HHaUHJI :MeTOAOB :MarHBTHOrO 
auaJIB3a B ~E.E 15 . H3:MepeHHJI B 3TOM cnyqae 6wna 
npoBeAeHw TOJILKO AJIJI yrna 40° • IIpOAYKTW peaKuaB:, 
B~JieTaBWHe H3 MHWeHH nOA yrJIOM 40° K HanpaBJieHBIO 
nyqKa, npOXOAHJIH qepe3 :MarHHTH~B cneKTpo:MeTp H pera· 
CTpBpOBaJIBCh B B~XOAHOM liloKyCe TeJieCKOnOM ~E,E Ae· 
TeKTOpOB. lfcnOJIL30BaJICJI TOT *e CaM~B TeJieCKOn C HOHH· 
3aUHOHHO~ Ka:Mepo~ B KaqeCTBe ~E< AeTeKTOpa, qTo H B 
on~Tax 6e3 :MarHHTHoro auana3a. 3uepreTaqecKBe cneKTP~ 
OTAeJILH~X H30TOnOB 6~JIH noJiyqeHW nyTeM H3MepeHHJI 
B~XOAOB npB pa3JIHqH~X :MarHHTH~X nOJIJIX B cneKTpO:MeTpe. 
B~XOAW H30TOnOB B pa3JIHqH~X 3apJIAOB~X COCTOJIHBJIX 

cyMMBpoaanacL. 
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3. PE3YJihTAT.bl 3KCIIEPHMEHTOB 
3.1. YzAoebre pacnpeoeAeHu.!l 

Ha puc. 1 npe~cTaBneHLI yrnoBLie pacnpe~eneHHJI npo
~YKTOB nepe~aq HYKJIOHOB B CHCTeMe 197 Au ~0NE¥ 110 M 3B/. 
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Puc. 1. YzAoebre pacnpeoeAeHuJI npooyKmoe nepeoa-. HYKAo
Hoe u OIIIHOUleHue ce-.eHUJI ynpyzozo pacce.!IHUJI K ce-.eHUKJ 
pe3eptjopooecKozo pacce.!IHUJI e cucmeMe 197 Au + 20 Ne 
/110 M3B/. 
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XapaKTepHoH oco6eHHOCThiD pacnpe~eneHHH JIBJIJieTCJI Ha
JIH'IHe MaKCHMYMOB B paHOHe yrna pe3epclJop~OBCKOrO pac
CeJIHHJI HCXO~HLIX Jl~ep npH KaCaTeJihHOM CTOJIKHOBeHHH -
OpeTBenH'IHHa :noro yrna, BLI'IHCJieHHaJI ~nJI cclJepH'Ie
CKHX JI~ep c napaMeTpOM pa~Hyca r 0 =1 ,46 rt>, noKa3aHa 

CTpenKOH. 
llpH HCnOJib30BaHHOH B HaCTOJill(eH pa6oTe HH3KOH 3Hep

rHH 20Ne, 6JIH3KOH K KynoHOBCKOMY 6apbepy, pa3~eJIHTh 
J«llclleKTLI ynpyroro H ueynpyroro pacceJIHHJI, a TaiOKe npo
~YKTLI nepe~aq HeHTpOHOB no 3HepreTH'IeCKHM cneKTpaM 
He npe~CTaBJIJieTCJI B03MO:>KHLIM. llo3TOMY B npe~CTaBJieH
HOe Ha puc. 1 yrnoaoe pacnpe~eneHHe ueoua H OTHOIIIeHHe 

ce'leHHJI ynpyropacceJIHHhiX HOHOB K ce'leHHID pe3epclJop~oa
CKoro pacceJIHHJI ay 11p I ape3 BKJIID'IeHLI ace co6LITHJI B 
~ByMepHLIX cneKTpax, COOTBeTCTBYIDll(He 'laCTHI.I,aM C Z =10. 

Y'IHTLIBaJI no~o6He yrnoawx pacnpe~eneHHH Ne B o6-
nacTH yrnoa 140° - 170 o yrnoBLIM pacnpe~eneHHJIM npo
~yKTOB c ~pyrHMH Z I eM. puc. 1/, MO:>KHO c~ena Th npe~no
JIO:>KeHHe 0 TOM, 'ITO yr JIOBOe pacnpe~eneHHe N e , CBJI· 
3aHHOrO C Jl~epHblMH HeynpyrHMH B3aHMO~eHCTBHJIMH, no
~06HO no clJopMe yrnoaoMy pacnpe~eneHHJO KHcnopo~a. KHc
JIOpO~ JIBJIJieTCJI 6JIH:>KaHIIIHM K HeOHY npo~yKTOM B3aHMO
~eHCTBHJI c o~HHaKoBoH 'leTHOCThiD no npoToHaM. Tor~a, 
OTHOCJI BeCb J«llclJeKT Ne B o6naCTH 3a~HHX yrJIOB K npo
~YKTaM nepe~aq HeHTpOHOB H JI~epHOMY HeynpyroMy pac
CeJIHHID, MO:>KHO nony'IHTh yrnoaoe pacnpe~eneHHe npo~yKTOB 
3THX npol.l,eCCOB, noKa3aHHOe Ha pUC. 1 nyHKTHpOM. llhpHX

nyHKTHpoM ua puc. 1 noKa3aHo ay 11p/ape3 , nonyqe~Hoe H3 
HCXO~HblX ~aHHLIX 3a BLI'IeTOM J«llclJeKTa nepe~aq HeHTpOHOB 
H JI~epHoro Heynpyroro pacceJIHHJI, onpe~eneHHoro onH

caHHLIM BLIIIIe cnoco6oM. 
llpH 3TOM COOTHOIIIeHHe BLIXO~OB KHCJIOpo~a H HeOHa 

HaXO~HTCJI B y~OBJieTBOpHTeJibHOM COOTBeTCTBHH C COOT
HOIIIeHHeM BLIXO~OB 3THX npo~yKTOB B CHCTeMe 232Th+ 2 2 Ne 
/174 M3Bjl16/. 

~pyroa oco6eHHOCThiD yrnoBLIX pacnpe~eneHHH, npe~
cTaaneHHLIX Ha puc. 1, JIBJIJIIOTCJI CBOeo6pa3HLie "nna TO" 
B 06JiaCTH 3a~HHX yrJIOB H ~a:>Ke HeKOTOpLIH no~'heM ceqe
HHH npH npH6nH:>KeHHH K 180° . YKa3aHHJI Ha TaKoH 34MlleKT 
6blJIH llOJiy'leHLI npH H3y'leHHH OTHOCHTeJibHO MaJIOHYKJIOHHLIX 
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rrepe,D;a'l B pa6oTaX /5,8/.H3 puc. 1 BH,!I;HO, 'ITO C BLineTOM 

nerxux rrpo,IJ;yi<TOB peax~Hii B 3a,IJ;HHe yrnw MoryT ocymecT

BnRTLCR MHOrOHyi<nOHHble rrepe,D;a'IH C H3MeHeHHeM MaCCbl 

HCXO,IJ;HOB 6oM6ap,D;HpyiOIQeB 'laCTH~bl 6onee 'leM B,!I;BOe 

/o6pa3oBaHHe Be H3 Ne /. 

3.2. 3Hepze1/IU'i€CKUe cneKIIIPbl 3A€M€H11106 
u U3omonoe 

3HepreTH'IeCI<He CIIei<Tpbl IIpO,IJ;YI<TOB C 4!HI<CHpOBaHHLI· 

MH 3Ha'leHHRMH Z , rrony'leHHble IIO,!I; yrnaMH Ha6nro,IJ;eHHR 

60 o, 90 o u 169° a n.c., rrpe,IJ;cTaaneHw Ha puc. 2. 3TH 

yrnw COOTBeTCTBYIOT pa3nH'IHLIM xapai<TepHLIM yqacTI<aM 

yrnoawx pacrrpe,IJ;eneHHii I eM. puc. 1/. Puc. 2 rroxa3LIBaeT, 

'ITO BH,IJ; 3HepreTH'Iecxux crrei<Tpoa B wupoxoM ,IJ;Harra3oHe 

H3MeHeHHR yrnoB H3MepeHHR IIpai<TH'IeCI<H He MeHReTCR. 

HexoTopoe "cMRr'leHHe" crrei<Tpa c yaenuqeHHeM yrna 

Ha6nro,IJ;eHHR MO)I(HO OTMeTHTL nuwL ,IJ;nR 41Topa. Ho ,IJ;nR 

Hero a rrepe,IJ;HHx yrnax He y,IJ;anocL 'leTI<o BLI,IJ;enHTL aw

coi<03HeprH'IHYJO 'laCTL CIIei<Tpa BBH,IJ;y BLICOI<OB HHTeHCHB· 

HOCTB yrrpyro pacceRHHLIX 'laCTH~. llyHI<THpHLIMH IIpRMLIMH 

0603Ha'leHbl BblXO,!I;Hble I<ynOHOBCI<He 6apLepw, paCC'IHTaH· 

Hwe ,IJ;nR c4lepuqecxux R,D;ep c r 0 =1,46 ~. BH,IJ;Ho, 'ITO 

Mai<CHMyMw 3HepreTH'Iecxux crrexTpo:s Ha acex yrnax 

pacrronaraJOTCR B6nB3B COOTBeTCTBYIOIQHX I<ynOHOBCI<HX 

6apLepoa. JlHWb ,IJ;nR Ne Ha acex yrnax Mai<CHMYMLI 3Hep

reTH'Iecxux CIIei<TpOB COOTBeTCTBYIOT HyneBLIM 3Ha'leHHRM 

Q-peai<~HH, 0603Ha'leHHLIM CTpeni<aMH. 

llonHble WHpHHLI CIIei<TpOB Ha IIOnOBHHe BLICOTLI paBHbl 

10-15 M3B. 3To cymecTBeHHO MeH&we, 'leM ,IJ;nR peax~uii 
MHOrOHyi<nOHHLIX rrepe,D;a'l Ha 6onee BLICOI<HX 3HeprHRX. 

Tax, B CBCTeMe 2 3 2Th +22 Ne /174 M3B/ WHPHHLI crrei<TpOB 

COCTaBnRIOT 30-40 M3B/ 16(BBH,IJ;y COOTBeTCTBHR Mai<CHMy

MOB 3HepreTH'IeCI<HX CIIei<TpOB BLIXO,!I;HLIM I<ynOHOBCI<HM 

6apLepaM xax a cucTeMe 197 Au + 20 Ne /110 M3B/, Tax H 

B cnyqae peai<~B rHII Ha 6onee BLICOI<HX 3HeprHRX, 

MO)I(HO C'IHTaTL, 'ITO OCHOBHOB BI<na,IJ; B I<HHeTH'IeCI<He 

3HeprHH IIpO,IJ;YI<TOB ,IJ;aeT I<ynOHOBCI<Oe B3aHMO,IJ;eBCTBHe. 

CooTBeTCTBeHHO, MeHLwa.a wupuHa 3HepreTH'Iecxux en exT

poB MO)I(eT yi<a3LIBaTL Ha MeHLWYIO ,!I;HCIIepCHIO ,!I;HHaMH'Ie· 
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3HEPr~~,C.LJ,.M., M38 

Puc. 2. 3Hepzemu'iecKue cneKmpr.r B, C, N, 0 , F, Ne , 
noAy'ieHHr.re Ha yzAax pezucmpaijuu 60° , 90 ° , 169 ° . 
Ce'ieHUJI o6pa3oeaHu.R ecex npooyKmoe peaKijuii, KpoMe Ne, 
Ha YZAe 60° YMHOJIC€Hbl HQ 10 4, HQ yzAe 90° - HQ 10, HQ 
yzAe 169 ° Ha 1. CoomeemcmeyiOJIIUe K03~Uf4UeHmbr OAJI Ne: 
60°- 10; 90°- 0,1; 169° - 0,1. 
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3uepreT81.feCK8e cneKTphl OT,IJ,enhHhlx 830Tonoa C, N, 
0 , nony"'eHHhie no,IJ, yrnoM 40 o, npe,IJ,cTaaneHbl ua puc. 3. 
JieaaJI 83 .IJ.BYX coe,IJ,8HeHHhiX nonapuo crpenoK o6o3uaqaer 

3Hepr8IO, COOTBeTCTBYIOmyiO BbiXO,lJ,HOMy KynOHOBCKOMY 

6apbepy, a npaaaJI - 3HeprHIO, cooraercrayiOmyiO o6pa3o

BaH810 KOHe"'HbiX llpO,IJ,yKTOB B OCHOBHOM COCTOJIH88. 

(l. 
(.) 

ID 
(T) 

l: 

i-
1.0 
l: 

~ 
"0 . 
w 

~ \!) 
N 

"0 

I I I I .J, I I I I I \ 1-y--y---,--,---,-....., 

106 

167 
I I II I 20 I \1 I I I I I I I 

40 80 60 40 60 40 60 
3HEPrl-1s:! 

1 
C.LJ..M., M38 

Puc. 3. 3HepzemutJecKue cneKIIIPbl u3omonoa C, N , 0, no
Ay'leHHbJe noo yz.lloM 40°. CetJeHUJi o6paaoaaHUli acex 
uaomonoa YMHo:«eHbl Ha Ko:JdHPUf.#UeHmbJ: 12C- 1; 13C- 0,1; 
14,15C- 0,01·14N- 10; 15,16N- 0,1; 17N- 0,01; 160- 1; 
170 - 0,1; 1~.19.200 - 0,01. 
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B8.IJ.HO, 'ITO aepoHTHOCTh o6pa3oBaH8Jl o6o8x npo.IJ.yKTOB 

peaKli,8H B OCHOBHOM COCTOJIH88 Mana. Pauee 3TOT 4laKT 

6wn ycTauoaneu ,IJ,nH 6onee a~coKoii 3Hepr88 a C8CTeMe 
23 2Th + 22 Ne /174 M:JB/ 117'. B8.IJ.8MO, peaKU.88 MHoro

uyKnouuwx nepe,IJ,a"' CBJIJauw c cymecTaeuuwM aoJ6y~,IJ,e
H8eM Jl,IJ,ep KaK np8 6onhlll8X, TaK 8 np8 Manwx 3Ha"'eH8JIX 

E i . 
KaK B8.IJ.HO 83 puc. 3, W8p8Hhl 3HepreT81.feCK8X cneKTpoa 

OT,IJ,enbHhlX 830TOllOB cymeCTBeHHO He OTn81.faiOTCJI OT W8p8H 

cneKTpoa 3neMeHTOB, npe,IJ,cTaaneHHhiX ua puc. 2. Mo~uo 
n8Wb OTMeT8Tb TeH,IJ,eHll,810 K yMeHbWeHHIO W8p8H 830TOn

HbiX cneKTpOB C pOCTOM MaCCOBOrO "18Cna 830TOlla. 

3.3. CetJeHUli o6pa3oaaHUli :J/JeMeHmoa 
u u3omonoa 

Ce1.feH8Jl o6pa3oaaH8Jl 3neMeHTOB npe,IJ,cTaaneHhl a 

ma6.1J. 1. )l.nJI ce"'eH8Jl o6pa3oBaH8Jl l!lropa nonyqeua n8Wh 

H8~HJIJI rpaH81J,a BB8,IJ,Y nepeKpb1T8Jl ueyqTeHHbiX B Oll,eHKe 

Ce\feH8Jl BhlCOK03Hepr8"1HbiX yqaCTKOB ClleKTpa C "XBOCTa

M8" OT ynpyroro pacceHH8Jl. )l.nJI ce1.feH8H o6pa3oBaH8Jl 

Na 8 Mg nony"'eHbi n8Wh aepxu8e rpaH8U.hl BB8.IJ.Y ManocT8 

Ta6Auf.#a 1 
Ilonepe"'Hble ce1.feH8H o6pa3oaaH8Jl nerK8X npo,IJ,yKTOB nepe
,IJ,a"' uyKnouoa np8 aJa8MO,IJ,eiicTB88 197 Au +20Ne /110 M:JB/ 

z G, :M6H z G ,M6H 

4 0,058 9 ~40 

5 0,46 IO -200 

6 9,55 II ~ 1,4 

7 I0,5 I2 ~ O,I 

8 57 
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ceqeHHH o6pa30BaHH.H JTHX npo~yKTOB H cymecTBeHHOrO 
$oHa or ynpyroro pacce.HHH.B H npo~yKTOB peaK:u;Hi c Z =10. 
CeqeHHe npo~yKTOB nepe~aq HeiTpOHOB HOCHT o:u;eHoqHhlH 
xapaKTep. 0Ho nonyqeHo nyreM HHTerpupoBaHHR no yrnaM 
yrnoaoro pacnpe~eneHHR Ne, npe~craaneHHoro Ha puc. 1 
nyHKTHpOM. 

CeqeHHR o6pa3oBaHHR H30TonoB C, N, 0, H3MepeHHhle 
no~ yrnoM 40 °, npe~craaneHhl B ma6A. 2. Bhlxo~hl npo~yK-

Ta6Aut.~a 2 
~H$$epeH:u;HanLHhle ceqeHHR o6pa3oBaHHR no~ yrnoM 40° 
n.c. H30TonoB C, N, 0 B cHcTeMe 197 Au+ 20Ne /110 M3B/ 

HaoTon dG~,M6H/Cp HaoTon ~Gftln. M6H/ c P 
12c I,??.I0-2 17N I,36.Io-3 

13c I,20.I0-2 1s0 2,I3.IO -2 

14c 3,aa.ro-2 110 I,25.Io-2 

15c 8,95.!0 -4 180 2,24.ro-2 

14N -3 I,38.IO 190 4,73.ro-3 

15N 2,08.!0-2 200 I I I? ro-3 

116N 4,62.ro-3 I . . 
fOB Tiepe~aq HyKnOHOB no~ yrnoM 40 ° , KaK BH~HO H3 
puc. 1, Manhl. O~HaKo M.bl HMenH B03MO:>KHOCTL npoao~HTL 
:o3MepeHHJI Ha MarHHTHOM cneKTpOMeTpe nHWL no~ JTHM 
yrnoM. Mo)KHO OTMeTHTL, qro ;:J;aHH.ble no H30TOnH.biM Bhlxo
.4aM B CHCTeMe 232 Th + 22 Ne /17 4 M 3B/, nonyqeHH.ble no~ 
yrnaMH 12° H 40 o/1S, 1?hoKa3.biBalOT, qro OCHOBH.ble 3aKOHO
:v~:epHOCTH B ceqeHH.HX BhlXO~a H30TOllOB cna6o 3aBHC.HT OT 
yrna Ha6nro~eHHJI. 

12 

L 

' 

I 

4. OECY)J(,4EHHE PE3YJI.bTATOB 
4.1. YzAoebre pacnpeoeAeHUJI 

Bonpoc o 3aBHCHMOCTH $opMhl yrnOBhlX pac.Tpe~eneHHH 
npo~yKTOB nepe~aq HyKnOHOB OT JHeprHH 6oM6ap~HPYlOmRX 
qaCTHU H aTOMHhlX HOMepOB qacTHU.bl H MHWeHH npe~CTaB
n.aeT 3HaqurenLHhli HHTepec. B pa6ore l2l 6.blno npe~no
)KeHo ucnonL30BaTL B Kaqecrae napaMerpa, onpe~en.aromero 
$opMy yrnoaoro pacnpe~eneHHR, Bhlpa)KeHHe 

Tf, = 

-- 2 zp.zt.vfl·e 
----

h·y2(Ei- Bi) 

r~e Z p H Z t - a TOMH.ble HOM epa qaCTHUhl H MHWeHH, f1 -
npHBe~eHHa.H Macca, e - 3ap.a~ JneKTpoHa. ITo $HJHqe
CKOMY CMhlCny napaMeTp Tf ' nponop:o;HOHaneH OTHOWeHHlO 
KynOHOBCKOrO OTTanKHBaHH.H .H~ep K CHnaM .H~epHoro Tpe
HH.H. B COOTBeTCTBHH C pa60TOH 121 MO)KHO O)KH~aTL Ha
npaaneHH.ble anepe~ yrnoBhle pacnpe~eneHHR npH Tf' < 
< 150-200. II pH Tf' > 250- 300 yr noahle pacnpe~eneHH.H 
~O~H.bl HMeTL MaKCHMYM.bl B6nH3H () pe3 · 

~nx CHCTeMhl 197:Au + 20 Ne/110 M3B/ napaMeTp .,, = 
= 198, T.e. HaXO~HTC.H B HeKOH npoMe)KyToqHOH o6naCTH. 
O~HaKo y)Ke B pa6ore I 131 npH Hccne~oBaHHH nepe~aq HyK
noHOB B cHcTeMe 19 7Au + 40 Ar /220 M3B/, r~e Tf • =264, 
6Mno ycraHoBneHo, qro yrnoa.ble pacnpe~eneHHR MHoroHyK
noHHbiX nepe~aq HanpaaneH.bl anepe~. H3 OTHOCHTenLH.biX 
JHaqeHui Tf' ~n.a cucTeM 197 Au+2~e/110 M3B/ H 197Au+40Ar 
/220 M3B/ MO)KHO 6.blno 6hl O)K~aTL, qro B cnyqae 20Ne 
yr nOBhle pacnpe~eneHHR npo~yKTOB MHoroHyKnOHH.biX nepe
~aq 6y~yT 6onee HanpaaneHHhlMH anepe~. qeM B cnyqae 
40Ar.3KcnepHMeHT noKa3.biBaeT o6paTHyro KapTHHy. IIo-aH
~MOMY, onpe~en.aromHM $aKTopoM ~n.a $opM.bl yrnoB.biX pac
npe~eneHHH RBn.HeTC.H npeB.biWeHHe HCXO~HOH JHeprHH Ha~ 
B J, oco6eHHO npH pa6ore a6nH3H B i. TaK, ~nx cHcTeMhl 
1 7Au+ 20Ne /110 M3B/E i /Bi =1 ,06, a ~n.H CHCTeM.bl 197An+40 Ar 

/220 M 3B/ E i I B i = 1, 15. CooTBeTCTBeHHO, ~n.a nepaoi 
CHCTeM.bl, KaK BH~HO H3 puc. 1, M.bl Ha6nro~aeM pe3KHH 
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cna.D. 34Kl!e1<Ta B nepe.LJ.HHX yrnax, B TO apeMJI KaK .D.nJI BTopoil, 
npu 6onbWHX nepecTpoiiKax JI.LJ.ep, ua6mo.D.aeTCJI poeT 34Kl!e1<Ta 
c yMeHLweuueM yrna ua6mo.D.eHHJI. Oco6euuo JlpKo uanpaa
neuuoCTb yrnoBbiX pacnpe.D.eneuuil anepe.D. npoJIBnJJeT~JI .D.nJI 
CHCTeMbl 232Th-t22Nel174 M:JBI npu EJBi=1,85/ 16· 

3aKmoqeuue o6 onpe.D.enJIJOmeM BnHJIHHH ua llJopMy yrno
Bhlx pacnpe.D.eneHHH OTHOWeHHJI E i 1 B i HaXO.D.HTCJI B COOT
BeTCTBHH c pe3ynLTaTaMH pa6oTbl 12o/. B 3Toil pa6oTe 
noKa3aHO, qTo yron noaopoTa .LJ.BOHHOH JI.LJ.epHOH CHCTeMbl .D.O 
ee pacna.D.a npu cpe.LJ.HeKBa.LJ.paTuquoM 3Haqeuuu BXO.D.Horo 
yrnOBOrO MOMeHTa MO:>KHO npu6nH:>KeHHO npe.D.CTaBHTb Bbi
pa:>KeHHeM 

I) = 2(Ei/B i- 1). 121 

113 Bblpa:>KeHHJI 121 cne.D.yeT, qTo npu ManLIX E i /B i yr
noBLie pacnpe.LJ.eneHHJI npO.D.YKTOB nepe.D.aq HyKnOHOB 6y.D.yT 
onpe.LJ.enJITbCJI B OCHOBHOM KynOHOBCI<HMH TpaeKTOpHJIMH. 
CooTBeTCTBeuuo, KaK BH.LJ.HO H3 puc. 1, MaKCHManLHble 
BbiXO.LJ.bl npO.D.YKTOB MHOrOHyKnOHHbiX nepe.LJ.aq Mbl Ha6mo.D.aeM 
B6nH3H epe3' B o6nacTH :>Ke 3a.LJ.HHX yrnoB, no-BH.D.HMOMY, 
Mbl HMeeM .D.eno C KBaHTOBOMeXaHHqeci<HM OTpa:>KeHHeM 
qacTHU oT noTeuuuanLHoro 6apbepa a6nH3H ero aepwHHbl. 

~nJI 06bJICHeHHJI 3~eKTa B 3a.LJ.HHX yrnax He06XO.LJ.HMO 
B HaWHX ycnOBHJIX HMeTb K03~HUHeHT OTpa:>KeHHJI OT 6apbe
pa -.100/o. Ha ocuoaaHHH pe3ynLTaToB pa6oT/21.22/a npe.D.
nono:>KeHHH napa6onuqecKoil 4JopMb1 6apbepa MO:>KHO oue
HHTb, qTo TaKOH I<034Kl!HUHeHT OTpa:>KeHHJI HMeeT MeCTO 
npu E i /B i "' 1 ,02. B a6comoTHbiX 3HaqeHHJIX 3Hepruil 
3TO cooTBeTCTByeT H3MeueuHJO E i - B i oKono 4 M:JB 
no cpaaueHHJO c npHH.IITbiMH uaMH 3HaqeHH.IIMH npu E /B i = 
= 1 ,06. 3a cqeT ueToquocTeil onpe.D.eneHH.II E i H B i , 

TonmHHbl MHWeHH, a Tal<)l(e, BH)J.HMO, HeToquoro COOTBeT
CTBH.II 4JopMbl 6apbepa nepeaepuyToil napa6one cornacue 
3KCnepHMeHTanbHbiX .LJ.aHHbiX C OUeHKaMH OTpa:>KeHH.II OT 
6apbepa MO:>KHO cquTaTb Y.D.OBneTBopHTenLHbiM. 
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4.2. Ce'leHu.R o6pa3oeaHU.R :JAeMeHmoe 
u U3omonoe 

IIonHa.ll cyMMa ceqeHHH o6pa3oBaHH.II npO.LJ.YKTOB nepe
.D.aq HyKnOHOB B CHCTeMe 197 Au+ 20Ne 1110 M3BI COCTaB
n.lleT -320 M6H. 11HTepecHo cpaBHHTb 3TY aenuquHy c non
HbiM ceqeuueM peaKUHH aR .~n.ll onpe.LJ.eneHH.II a R aocnonb· 
3yeMc.ll .D.aHHbiMH no ynpyroMy pacce.IIHHIO. B cooTBeTCTBHH 
c npoue.D.ypoil, onucanHoil B pa6oTax 123,24/, 

2 2 
(JR ~c TT it (f + 1) max • 

r.D.e 'X - .D.e·6poilneacKaJI .D.nHHa aonHbl 6oM6ap.LJ.HPYJOmeil 
qaCTHUbl, a C max • MaKCHManbHblH BXO.LJ.HOH yrnOBOH MOMeHT 
B nonyKnaccuqecKoH MO.LJ.enu cunLnoro norno~eHHJI. 3ToT 
MOMeHT onpe.LJ.en.lleTC.II no COOTHOWeHHJO 

e 
max = TJ. Cot(-}e 114 ), 

Zl'Z 2 ·e 2 

r.D.e napaMeTp 3oMMep4JenL.D.a TJ = ------- , 
"tlv a el/4 -

yron, npu I<OTopoM a~np /afe3 =114. B HaWeM cnyqae, 
KaK BH.LJ.HO H3 puc. J,Ov 4 = 12° IWTpHx·nyHKTHpHa.III<pH· 
Ba.lll. 113 BenHqHHbl 01; 4 =112° nonyqaeM Cmax =36ff H, 
COOTBeTCTBeHHO, a R =501 M6H. 

Tai<HM o6pa3oM, B cucTeMe 197 Au + 20 Ne 1110 M:JBI 
peaKUHH nepe.LJ.aqu HyKnoHoB .D.aiOT cy~eCTBeHHblH I- 600/ol 
BKna.D. B a R • 3TOT BbiBO.D. KaqecTBeHHO He MeH.IIeTC.II H B TOM 
cnyqae, ecnu ace 3aperucTpupoaanHhle B onblTax qacTHUbl 
c Z=10 OTHeCTH K ynpyroMy pacce.IIHHJO. Ilpu 3TOM, ecTecT
BeHno, a R Ha)J.O BbJqHCn.IITb, OCHOBbiBa.IICb Ha .LJ.aHHbiX no 
ay11p/ape3 , npeJJ.CTaanenHblX ua puc. 1 cnnowHoil Kpuaoil. 
B 3TOM cnyqae e max = .2Sti H (7R =308 M6H, qTo .D.aeT .D.n.ll 
OTHOWeHH.II ceqeHH.II nepe.LJ.aq HyKnOHOE K (I' R BenuqHHY- 400/o. 

06paTHMC.II Tenepb K ceqeHH.IIM o6pa30BaHH.II H30TOllOB. 
Ha puc. 4 ouu nocTpoeubl B 3aBHCHMOCTH OT Q gg c napHblMH 
nonpaBKaMH B cooTBeTCTBHH c cooTHoweHHeM I 11. ~n.11 
cnyqa.11 20 0 3Hepru.ll cnapuaaHH.II .D.BYX HeiiTpoHoB, nepe.D.aH· 
HblX B nerKoe .II.LJ.po, He yquTblBanacb, XOT.II B o6~eM cnyqae 
3TO cne.D.yeT .D.enaTb B npHH.IITOH HaMH cxeMe BblqucneHH.II 
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Puc. 4. ,au~epeHijUaAbHble ce-.eHuJJ o6pa3oeaHUJJ u3omonoe 
C , N , 0 noc) yzAoM 40 o e~ 3aeucuMocmu om Q gg c no
npaeKaMu Ha cnapueaHue HeumpoHoe u npomoHoe. 

napHbiX nonpasoK I 25( ,D;eno B TOM, 'ITO o6pa3oBaHHIO 2°0 
COOTBeTCTByeT nonHa)J 3HeprHg B036y>K,IJ;eHH)J -15 M3B. 
llpH aHallH3e peaKUHH MHOrOHYKllOHHbiX nepe,D;a'l HaH6onee 

qacTo npHHHMaeTcg, 'ITO E* ,IJ;enHTC)J Me>K,IJ;Y npo,D;yKTaMH 

peaKUH~ nponopuuoHanbHO HX MaccaM. B 3TOM cnyqae Ha 

,IJ;on10 0 npuxo,IJ;HTC)J E * - 1,4 M 3B, 'ITO cyiUeCTBeHHO 

MeHbWe 3HeprHH cnapHBaHHJI ,IJ;BYX HeHTpOHOB B 20 0, paBHOH 

3,65 M3B. BH,IJ;HMo, npu o6pa3oBaHHH 200 HeiTpoHbl nepe,D;a

IOTC)J B OCHOBHOe COCTO)JHHe. 3TOT BbiBO,IJ; HaXO,IJ;HTC)J B COOT-

16 

BeTCTBHH C nony'leHHeM B peaKUH)JX nepe,D;a'l U.YKllOHOB TaKHX 

cna6ocsgJaHHbiX H,D;ep, KaK, HanpHMep, 19 C I 19/. 

Ha puc. 4 qepeJ TO'IKH ,IJ;ll)J HJOTonoB Ka>K,IJ;oro JneMeHTa 

npose,IJ;eHbl npgMble B cooTBeTCTBHH c JaBHCHMOCTbiO I 11. 
llono>KeHHe npgMblX onpe,D;eneHo no MeTo,IJ;y HaHMeHbWHX 

KBa,D;paTOB. C,IJ;BHr Me>K,IJ;y npgMbJMH COOTBeTCTByeT CYMMe 

~E c + ~E rot . 3Ta senH'IHHa npu nepexo,IJ;e oT HJOTona K 

H30TODy MeHgeTCJI Mano, H CyiUeCTBeHHOrO BllH)JHH)J Ha 

HaKllOH llp)JMblX He OKalblBaeT. 

XOT)J pa36poc TO'IeK OTHOCHTellbHO llp)JMblX H BenHK, 

MO>KHO rOBOpHTb 0 npH6nH>KeHHOM BblllOllHeHHH 3aBHCHMOCTH 

111 ,!J;ll)J npo,IJ;yKTOB peaKUHH B CHCTeMe
197Au+20 Ne/110 M3BI. 

3Ha'leHH)J napaMeTpa )J,!J;epHOH TeMnepaTypbl T ,!J;ll)J CHCTeMbl 

197 Au ¥ONe 1110 M3BI, nony'leHHble H3 HaKnoHa npgMbJX 

Ha puc. 4, npHBe,IJ;eHbl B ma6A. 3. TaM >Ke ,IJ;ng cpaBHeHH)J 

Ta6Aulla 3 
llapaMeTpbl J4MtleKTHBHOH g,D;epHoH TeMnepaTypbl I M3BI 
npH nepe,IJ;a'le HyKnoHOB 

3neMeH't 
CacTeMa Be 8 c N 0 

19~+ 2~e'(IIO MaB) - - 2,! 2,0 2,4 

232Th+ 22Ne(I74 MaB) 2,2 I,8 2,4 2,0 -
--

llpHBe,IJ;eHbl 3Ha'leHHg T ,IJ;ll)J CHCTeMbl 232Th+22 Ne 
1174 M3BI npH yrne Ha6niO,IJ;eHH)J 12° /tg/ . BH,IJ;HO, 'ITO 

3Ha'leHB)J T ,!J;ll)J o6eBX CBCTeM npaKTB'IeCKB COBDa,IJ;aiOT. 

B TO )l(e apeMg ,IJ;ng cacTeMbl 
197 Au + 20Ne 1110 M3BI 

npa o6paJoBaHBB BJOTonos C, N, 0 E* =15-25 M3B, a 

,IJ;nJI CBCTeMbl 232'fh + 22 Ne 1174 M3BI E* =40-60 M3B. 
TaKBM o6pa3oM, BJMeHeHBe E* B 2-3 paJa He npBBO,IJ;BT 

K BJMeHeHHIO 34MtleKTBBHOH g,D;epHoH TeMnepaTypbl T. 
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4.3. HeKomopble oco6eHHocmu MexaHU3MapeaK~uii 
M HOZOHYKIIOHHbiX nepeoa 'l 

)J,JIJI peaKIJ;HH MHOrOHYKJIOHHbiX nepe,naq npH 3HeprHJIX, 

cy~ecTBeHHO npeBbllllaiO~Hx B i , lliHpoKoe npH3HaHHe no

JIY'IHJIO npe,ncTaaneHHe o6 o6pa3oBaHHH opamaiOmeucH,noou

Hou H,nepHoil cHcTeMbl I 11. )J,nH o6pa3oaaHHJI 3Toil cHcTeMbi 

HY*Ha peaJIH3aiJ;HJI COCTOJIHHJI ABYX Jl,nep, B KOTOpOM OT

HOCHTeJibHO ycTOH'IHBO ypaaHoBelliHBaiOTCJI Jl,nepHbie, Kyno

HOBCKHe H u;eHTpo6e*Hble CHJibl. 

Ha puc. Sa npe,ncTaaneH noTeHu;Han B3aHMo.neucTBHJI 

,l\JIJI CHCTeMbl 232Th + 22Ne /174 M3B/ npH pa3Hb1X BXO,n

HbiX op6HTaJibHbiX yrJIOBbiX MOMeHTaX f . )J,JIJI Jl,nepHOrO 

noTeHu;Hana B3JIT noTeHu;Han, nony'leHHbiH B ~opMaJIH3Me 

llJIOTHOCTH 3HeprHH Ha OCHOBe aHaJIH3a lliHpOKOrO Kpyra 

3KcnepHMeHTaJibHbiX ,naHHbiX a pa6oTe I 26/ Hcxo,nHaJI 3Hep

rHJI o6o3Ha'leHa ropH30HTaJibHOH cTpenKoil. BH,nHo, 'ITO 3Ta 

3HeprHJI no3BOJIJieT peaJIH3au;HIO TaKHX E, npH KoTopbiX 

o cyMMapHoM noTeHu;Hane nony'laiOTCJI cooeo6pa3Hbie nnaTo 

HJIH O'leHb Herny60KHe JIMbl B 06JiaCTH llOBepXHOCTHOrO 

nepeKpbiTHJI Jl,nep. l1MeHHO 3TH OC06eHHOCTH llOTeHIJ;HaJia 

B3aHMO,neHCTBHJI MOryT npHBeCTH K peaJIH3aiJ;HH OTHOCHTeJib

HO .nonrmKHBy~eil apamaiO~eucH .noouHou Jl,nepHoH cHcTeMbi. 

0TMeTHM, 'ITO HaJIH'IHe llOBepXHOCTHbiX llOTeHIJ;HaJibHbiX JIM 

npH B3aHMO,neHCTBHH TJI*eJibiX HOHOB ,neTaJibHO paCCMaTpH

BaJIOCb o pa6oTe I 271. 

IloTeHu;HaJI B3aHMO,neHCTBHJI AJIJI CHCTeMbl 197 Au+20Ne 
/110 M:JB/ npe,ncTaoneH Ha puc. 56. BHAHO, 'ITO Hcxo,nHaJI 

3HeprHJI He ll03BOJIJieT peaJIH3aiJ;HIO TaKHX f, KOTOpble npH

BO,l\JIT K llJiaTO B llOTeHIJ;HaJie B3aHMO,l\eHCTBHJI H o6pa3o

BaHHIO .nooiiHoil H,nepHoil cHcTeMbi. 3ToT BbiBOA Haxo,nHTCJI 

B COOTBeTCTBHH C yrJIOBbiMH pacnpe,neJieHHJIMH npo,nyKTOB 

peaKu;Hil, npe,ncTaaneHHbiMH Ha puc. 1. B peaKIJ;HJIX npH 

BbiCOKHX OTHOCHTeJibHO B i 3HeprHJIX yrJIOBble pacnpe,nene

HHJI npo,nyKTOB cy~eCTBeHHO MeHJIIOT CBOH BHA C yaeJIH'Ie

HHeM 'IHCJia nepe,naHHbiX HYKJIOHOB I 1-41. IlpH MaJIOM HX 

'IHCJie yrJIOBble pacnpe,neJieHHJI HMelOT MaKCHMYMbi B6JIH3H 

epe3 . c yBeJIH'IeHHeM 'IHCJia nepe,naHHbiX HYKJIOHOB MaK

CHMYMbl CABHraiOTCJI B CTOpOHY MeHblliHX yrJIOB H paClliH

PJIIOTCJI, 'ITO nocTeneHHO npHBOAHT K H30TponHbiM yrnoBblM 

pacnpe.neneHHJIM. TaKoe noae.neHHe yrnoablx pacnpe.neneHHH 
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Puc. 5. CyMMbl .RoepHozo, KYAOHoecKozo u epaJ~~ameA&Hozo 
nomeH~Ua/106 0/IJI CUCIIJeMbl 232Th + 22Ne /174 M3B/- /a/, 
/6/- 197Au+20Ne/110 M3B/. Qu(JpaMu y Kpue&JX yKa3aHbl 
3Ha'leHUJI 6XOOHbiX op6ulllallbHbiX YZII06biX MOM€HIIJ06. Fopu-
30HIIJa/lbHbl€ ClllpeAKU 0603Ha'lal0111 UCXOOHble KUHeiiJU'leCKUe 
3Hepzuu. HUJICHUe Kpue&le npeocmae/1.1110111 omoeA)>HO JIOepHblii 
noiiJeH~UaA, noAyt~eHHbiU 6 COOIIJ6€11JCIIJ8UU C /26/. 

nonyqaeT ecTeCTBeHHoe o6"bJICHeHHe B paMKax npe,ncTaane

HHJI o6 o6pa3oBaHHH apa~aiO~eilcR .naoiiHoil R,nepHOH cH

cTeMbl. B .naoiiHoil cHcTeMe nepe,naqy HYKJIOHOB OT Jl,npa 

K RAPY y,naeTCJI onHcaTb ypaaHeHHJIMH AH4MIIY3HH. CooT

BeTCTBeHHO, AJIJI nepe,na'IH 60JiblliOrO 'IHCJia HYKJIOHOB Tpe-

6yeTCJI 6oJiblllee apeMJI. Bo apa~aiO~eilcR CHCTeMe 3TO 

npHBO,l\HT K TOMy, 'ITO npo,nyKTbl nepe,naq pa3HOrO 'IHCJia 
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uyxnouoa 6YAYT HMeTb pa3nuquwe yrnoawe pacnpe,D;eneHHJI. 
H3 puc. 1 BHAHO, qTo yrnoawe pacnpe.D;eJieHHJI npo.D;yKTOB 
peaK:UHH C pa3HbiMH Z nO.IJ;06Hbl no «llopMe, B OTJIHqHe OT 
TOrO, qTo MO)I(HO 6biJIO 6bl O)I(UAaTb npH peaJIH3a:UHH 
apaiUaiOmeiicJI ABoiiuoii JI.IJ;epuoii cucTeMbl. B xaqecTae 
B03M0)1(HbiX MeXaHH3MOB JI,IJ;epHbiX peaK:UHH npH 06JiyqeHHH 

197Au uouaMH 20Ne c 3Heprueii 110 M3B MO)I(HO yxa3aTb 
np.IIMble B3aHMO,IJ;eHCTBHJI npH KaCaTeJibHbiX CTOJIKHOBeHHJIX, 
xaauToao-Mexauuqecxoe oTpa)l(euue oT 6apbepa H nona
,IJ;auue B noTeH:QHaJibHYIO .liMY, COOTBeTCTBYIOIUYIO MaKCHMYMY 
JI,IJ;epuoro UOTeH:UHaJia, npH KOTOpOM npOHCXO,IJ;HT CJIHJIHHe 
JI.IJ;ep. 

Oco6oro BHHMaHHJI 3acny)I(HBaeT 3aBHCHMOCTb ceqeuuii 
o6pa30BaHHJI H30TOnOB OT Q gg, npO.IIBJIJIIOIUaJICJI H B CHCTe
Me 197Au+20Ne 1110 M3BI. 3Ta 3aBHCHMOCTb nonyquna 
TeopeTuqecxoe o6bJICueuue a npe,D;noJIO)I(eHHH qacTuquoro 
CTaTHCTHqeCKOrO paBHOBeCHJI B CHCTeMe B3aHMO,IJ;eHCT
BYIOIUHX JI,D;ep I 28/ rpy6we o:ueHKH cpe,D;Hero apeMeHH ua
XO)I(,IJ;eHHJI 60M6ap,D;HpyiOIUeH qaCTH:Ubl B 06JiaCTH ,IJ;eHCTBHJI 
JI,D;epHbiX CHJI ,IJ;JIJI CHCTeMbl 197Au + 20Nel110 M3BI npH 
OTpa)l(eHHH OT BepWHHbl 6apbepa HJIH Kaca TeJibHOM CTOJIKHO
aeuuu c ue6onbWHM I- 1 tPI nepeKpbiTHeM pa,IJ;uycoa JI.IJ;ep 
,IJ;aJOT aenuquuy -1 ·10-21c. TaKHM o6pa3oM, 3a cqeT Manoii 
CKOpOCTH OTHOCHTeJibHOrO ,IJ;BH)I(eHHJi BpeMJI B3aHMO,IJ;eHCTBHJI 
JI,IJ;ep npH MaJibiX 3HeprHJIX OKa3biBaeTCJI 6JIH3KHM K BpeMeHH 
)I(H3HH ABOHHbiX JI,IJ;epHbiX cucTeM. BHAHMO, 3TO o6cToJI
TeJibCTBO o6ecnequaaeT ycTauoaneuue qacTuquoro cTaTu
CTHqecxoro paBHOBeCHJI H BblnOJIHeHHe 3aBHCHMOCTH 111 
AJI.II CHCTeMbl 197Au + 20Ne 1110 M3BI. 

5. BMBOifbl 

1. B cucTeMe 197Au + 20 Nel110 M3BinpH Ei/Bi=1,06 
ua6JIIO.IJ;aJOTCJI peax:uuu MHorouyKJIOHHbiX nepe,D;aq co 3Haqu
TeJibHbiM H3MeHeHHeM MaCChi HCXO,IJ;HOH qacTH:Ubl lanJIOTb 
AO o6pa3oaaHHJI Be H3 Ne I. 

2. CyMMa ceqeuuii peax:uuii nepe.IJ;aq uyxnouoa a cucTeMe 
197 Au + 20Ne 1110 M3BI cocTaBJIJieT oxono nonoBHHbl 

acero ceqeuuJI JI.IJ;epuoro B3aHMO.IJ;eiicTBHJI. 
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3. Peax:uuu MHorouyxnouuwx nepe,IJ;aq a6JIH3H B i ue 
npoxo,IJ;JIT qepe3 cTa.IJ;HJO o6pa3oaauu.11 apamaiOmeiicJI .IJ;aoii
uoii JI.IJ;epuoii cucTeMbl. 

4. )l.JIJI H30TOnOB C, N, 0, o6pa3YIOIUHXCJI B CHCTeMe 
197 Au + 20Ne 1110 M3BI, npu6JIH)I(euuo awnoJIHJieTcJI Q gg

cucTeMaTHKa ceqeuuii o6pa3oaaHHJI. XoTJI E * a 3Toii cu
cTeMe B 2-3 pa3a MeHbWe E* B CHCTeMe 232Th + 22Ne 
I 17 4 M 3BI, napaMeTp 34l«lleKTHBHOH TeMnepa Typw T , 
onpe,IJ;eJIJieMbiH no HaKJIOHY np.IIMbiX B Q gg- CHCTeMa THKe 
ceqeHHH, ,IJ;JIJI o6eHX CHCTeM npaKTHqecKH O,IJ;HHaKOB H 6JIH30K 
K 2 M3B. 

B 3aKJIIOqeuue aBTOpbl Bblpa)l(aiOT r ny6oxyro npu3ua
TeJibHOCTb r .H.CI»nepoay 3a CTHMYJIHPYIOIUHH HHTepec K 
pa6oTe, B.<I».Mopo3oay - 3a H3roToaneuue xpeMuueablx 
~E ·,IJ;eTeKTOpOB. ABTOpbl 6naro,IJ;apHb1 TaK)I(e KOJIJieKTHBy 
310-caHTHMeTpoaoro :uuxnoTpoua JUIP OHJIH 3a o6ecne
qeuue Bblcoxoro xaqecTBa nyqxa uouoa. 
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