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1 • 13BE/1EHHE 

U/l/ tGJt< pa3B~H1€ MCTOAa 6anaHCa ~3MeHeHV!.A 3Hepr~i1, ~CnOnb-
30UdUWCrOCR AJ1R onpeAeneH~R Kp~T~4eCKOrO yrnosoro MOMeHTa ~ 

M~H~M~flbHOi1 3Hepr~~ Tennosoro B036ymAeH~.A npV! CflV!RH~~ RAep/ 2 ,~/ 
Gbut p<~3pa6oTaH KV!HeMaTV14eCK~ti1 - A~HaM~4ecK~i1 noAXOA AnR pac
C~lrpcH~R peaK4V1i1, npoTeKa~~~X np11 KacaTenbHWX CTOflKHOBeHV!RX 
/1UYX CJlO>KHbiX RACP. 

B HaCTOR~eA pa6oTe Hai1AeHHWe all/ K~HeMaT~4€CK~e COOTHOWe
H~R npV!MeHeHbt AnR ~HTepnpeTa41-11-1 ~3BeCTHbiX 3KcnepV!MeHTanbHbiX 
pC3YJ1bTaTOB V1CCJ1eAOBaHV!R peaK41-1i1 KaCaTeJlbHOrO B3aV!MOACi1CTBV1R. 

2. 3MV1CCHR EibiCTPbiX a -YACHIU 
flPV1 CTOflKHOBEHV1V1 ABYX CflOIHWX ~AEP 

22 197 /4/ 
B peaK41-11-1 Ne+ Au Ha6n~Aanacb 3M~CCV1R a-4aCTV14 c K~-

HCT~4ecKoi1 3Hepr~ei1, 6n~3Koi1 K KH~!eMaT~4eCKOMy npeAeny E~p~ 
= (E + Q )A1J (A h + Ap ), MaKCI-1ManbHo B03MomHoMy cor nacHo 3aKoHaM 
COXpaHCH~R I-1MnynbCa ~ 3HeprMM 3Ha4CHM~ KMH€TM4eCKOi1 3HeprV1M 

nerKoro (jJparMCHTa 6MHapHOi1 peaK4MM npM 4€HTpanbHOM CTOflKHOBe
HM~ Ha4aJ1bHWX RACp. 3AeCb M B€3Ae HMme, ecnM cne41-1aJ1bHO He 
yKa3aHo, npMMeHR~TCR o603Ha4€HMR, ~CnOJ1b30BaBWMeCR B pa6oTe/l/ 
flpM 3HeprMM cTanK~BaiOIIIHXCR HAep 160,1 M38 s c.4.M. 6btn~ 3ape-' 
rMCTpMpoBaHbl a -4aCTM4bl C 3HeprHei1 OT 20 AO 109 M38 B TOi1 >Ke 
c~cTeMe np~-1 E~f;x = 115,9 M3B. 

ABTOpw 141 OTBepraiOT B03MO>KHOCTb 3MHCCHM 6WCTpb1X a-4aCTM4 
nyTeM V!CnapeHHR H3 paBHOMCPHO B036Y>KA€HHoro KOMnayHA-HApa 
219Ac M BWCKa3biBa~T npeAnOJlO>KCHMe 0 KaKOM-TO ApyroM MeXaHV13Me 
HcnycKaHHR a -4aCTM4 6e3 paBHOMepHoro Bo36ymACHMR RACPHOR MaTe
PHH. 

K HacTORl!leMy speMeHH npeAnomeHo OKOJlo A~>KHHW sapHaHTOB 
o6bRCH€HHR 3MHCCHH 6biCTpb1X nerKHX 4aCTM4 npM CTOJlKHOBCHV!M ABYX 
CJlO>KHbiX RAep; HeKOTOpble H3 HMX, a TaKme CCWflKH Ha APYr~e V!H-

" 6 /5/ TepnpeTa4HH 3TOrO RBJlCHMR MO>KHO HaMTI-1, HanpHMep, B pa OTaX . 

K~HeMaTM4eCKHR - AHHaMH4CCKMi1 noAXOA npM paccMoTpeHH~ 3Toro RB
JlCHHR KOJlV14€CTB€HHO o6bRCHR€T AHana30H 3HeprHi1 V!CnyCKaCMbiX a-
4aCTV14. 

bYACM paccMaTpV!BaTb 3MHCCV110 a -4acn14 np11 CTOJ1KHOB€HI1V1 ABYX 
RACP KaK pe3ynbTaT pacnaAa ABORHoR RAepHoR CI1CTeMw 22 Ne+ 197Au 
Ha CI1JlbHO ac~MMCTPI14Hble no MaccaM !lJparMeHTbt 4He+ 21 5 Fr. K11He-
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Man14eCKHe xapaKTaPHCTHKH t<OHC4HblX npOAYI<TOO 15YAYT HMOTb pos
nM4Hble 3Ha4eHM~, B 3aBHCMMOCTH OT THnO CDADH nODOpXHOCTO~ 
~parMeHTOB nepeA HX oTpwaoM APYr OT APYro. 

8 Ta6n.1 npeACTasneHbl OCHODHblO KHHOMOTH~OC~HO XOpOKTOPMCTH-
KH ~parMeHTOB AnA yKa3aHHblX T8M THnOD cucnnOHHA HX noaopx• 
HOCTe~. nony4eHHwe nyTeM pac4eTOD no ~opMynoM /20,23·28/ pa-
6oTi.t Ill, 

:raonHsn 

KnHeMaTii'teCKH6 xapal<TOpHCTHltll npOAYXTOD pO&llt~JUt 
22Ne+ 197Au .. 4He+ 2H>Fr npH E.!60,1 M::tn D OoltoM• 

H L=Lmu 

THII cueMeHIDl E..cl 1IIl I l • Xh/J. 

i!Jpa.rM8HTOB !.bB MnD 

CJrHIIrume 23,7 29,0 O,Ofl 

I<atieHHe 23,?-83,! 29,~I2,7 o,on ... o,ar 

13JIOKI4po:SaHH08 23,7-!03,5 29,o-IX,2 o,on..o,n7 

CKOJihlKBHHe 

B pac4eTax An~ onpeAeneHM~ Q HCnonbSODOnHCIJ O~I040HMR Mace 11 
AAeP H3 pa6oTbt/61, AnA onpeAeneHM~ q - ~opMyno D IJ t~~~Oil)(l Z 1 Z/(Ai ~ 
+ A1j3)M3B, rAe KOHCTaHTa 0,96 OTBC480T r 0 ooU/h /C "' 
= 1,5·10-lSCM, i=1,3 H COOTBeTCTBeHHO J•2 1 ~. 

CnHnaHMe $parMeHTOB, o6ycnoeneHHOe AHCCHnOTHDH~M DSBMMOAe~
CTBHeM AAep, BeAeT K ~AH03Ha4HblM KMHeMaTH40CKHM XOPOKTapMCTI-1-
KaM. B cny4ae Ka4eHH~ 1-1 ~KonbmeHM~ c 6nOKHpODOHHblM cpa~eHHeM 
B03MOmHbl KaK AMCCHnaTHBHOe B3aHMOAe~CTDMC ~pOrMOHTOD 1 npMBOA~
~ee B KOHa4HOM HTOre K MX ~nHnaHH~, TaK M KOHCOPDOTHDHOe 6e3 
B036YmAeHMA ~parMeHTOB, npeACTaeneHHOe BTOpbiMH 411Cn0MM B Ta6- f: 
~· XapaKTepHCTHKM cKonb3A~ero - 6yKCYIOUICrO t<040HHn c)lpar- \ 
MeHTOB C MHHMMYMOM cyMMbl 3HeprH~ HX apa~eHHH /c)lOpMynbl /29, ! 
30//1// npaKTH4eCKH coanaAaiOT C xapaKrepMCTMK8MI1 npH KOHCep
BaTMBHOM 6nOKMpOBaHHOM CKOnbmeHMH M OTAe~bHO B T8~nHUC He AaHbl 

KaK cneAyeT 1-13 Ta6nHUbl, 3aperMcTpMposaHHblH a 3t<cnep~MeH
rax14/ HHTepean 3HeprMH a-4aCTMU xopowo o6b~CHReTcn AOnyme
HHeM 6noKHPOBaHt~oro cKonbmeHHfl a -4aCTHUbl no nAPY 21

6
Fr D MO-

MeHT pacnaAa cHcTeMw. Aony~eHMe cnHnaHHR "' Ka4eH~~ ~parMeH- l 
TOB He 06b~CH~eT 3KCnepHMeHTanbHble pe3ynbTaTW. noMMMO 3TOrO 
TPYAHO npeAcTaBHTb Ka4eHMe RAPa 4He , cocTOR~ero H3 4eTbtpex 
:yKnOHOO • no 'no» me npH """e , oepoRT HO , HeOcY'Iec TO HMO , HeCHOT- .·1 

~ ' 

pR Ha cornacMe pe3ynbTaTOB pac4eTOB M 3KcnepHMeHTOB, CKOnb3R
~ee - 6yKcytamee Ka4eHHe C MHHMMYMOM 3HeprHM Bpa~eHHR. TaK~M 
o6pS30M, aepOJHHbl~ MexaHM3M o6pasoaaHHA 6btCTpbiX a -4aCTHU B 
pe8KU~H 22Ne + 197Au COCTOt.iT B cneAYIOmeM. npl-1 nepeAa4e HyKno
HOB D03HHKaeT nRHTRmeHHe MemAY ~parMeHTaMH, nocKOnbKY Q+q>O 
/24,0 M38/ 1-1 [(R1+R2)-(R3 +.R

1
)]<0(-0,18R

0
). 3To npMTRH<eHHe o6ec

nC4HD8eT YCKOpeHMe op6HranbHOro epa~eHHR CHCTeMW, a TaKme M3-
M6H8HI1e C06CTBeHHbiX Bpa~eHMH $parMeHTOB 4epe3 KOHTaKT noaepx
HOCTeH npHTRrMBatO~HXCR APYr K APYrY ~parMeHTOB. B KOHe4HOM 
~TOre HaCTynaeT CKOnbmeHHe . 4He C 6nOKHpOBaHHbiM BpameH~eM 
~a-aa HeB03MOmHocTH Ka4eHMA nocneAHero. nocKonbKY Q~42,0 M3B, 
TO pa6oTa npOTHB CHn TpeHHR 3aTpa4HBaeTCR Ha pacnaKOBKy Ha-
4SJ1bHbiX RAep 6e3 B036ymAeHHR $parMeHTOB. 

np~ paC4eTaX He Tpe6oeanOCb 3HaHHR 3Ha4eHMR Ha4anbHOrO MO
MCHTa t<OnH4eCTBa ABHmeHM.R L, OAHaKO npeAnonaranOCb, 4TO MOMeHT 
paBeH MaKC~ManbHOMY yrnOBOMY MOMeHTY L =L max , B03MOmHOMy npH 
SuAaHHOM npeBWWeHHM 3HeprHH CTanKHBatOmMXCR RAep HaA KyJ10HOB
CKHM 6apbepoM EL

0 
= E - D 12 = 72, 1 M3B. 

MaKCHManbHWH MOMeHT cornacHO $OpMyne /1/ 11 ~ KOTOp8R npeA
CTasneHa HHme e YA06HoM AJ1R pac4eTa BHAe: 

&Ia t/2 I 413 Lmax =0,264(A1+A2 ) (E-B12 ) ..) 2g1;g3 , /1/ 
• rAe EM B12 ewpameHw a M3B, a KOHCTaHTa 0,264 nony4eHa npM .r0 = 

.. R/A113 .. 1,2·10-13 cM, paaeH Lmu='86. 
3aMeTHM 1 4TO HMeiOTCfl OCHOBaHMR AnR Bw6opa pa3J1H4HWX 4HCneH

HWX 3Ha4eHH~ r 0 npH onpeAeneHH~ Lmu 1-1 B12,B34 . 1-13 ra6n. 1 
cneAyeT, 4TO 3H84HTeJ1bHaR AOJ1R Ha4anbHOrO yrnosoro MOMeHTa 
ADnmHa peanH3osaTbCR e TRmenoM $parMeHre. 

3TMM me MeXBHI13MOM MOmHO 06bfiCHMTb MHTepean 3HeprHH a-4ac
TMU, Ha6J110A8BW~XCR npH CTOJ1KHOB6HMI1 CJlOmHWX RAep B 3KCnepHMeH
T8X /7,8/, 

nonb3YRCb cny4aeM, yKameM Ha e~e OAHH B03MOmHWH nyTb o6pa-
30B8HMR 6WCTpWX nerKHX 4aCTHU B CTOnKHOBeHHAX cnomHWX AAep -
MexaHH3M KacKaAHoro KYMYJlRTHBHoro ew6HBaHI1R no npMHUMny YAap
Horo wapoeoro rpaHcc)lopMaTopa fiO~reHca. TaK, HanpHMep, paccMoT
peHHaR ewwe nepeAa4a KHHeTM4ecKo~ 3HeprHH a-4aCTMUe MomeT 
6WTb o6ecne4eHa cep11e~ cronKHOBeHH~ APYr c APyroM Ha4anbHoro 
RJ:Ipa 22Ne 11 y6wsa10m11x no Macce Knacrepoe 12c , 7 Li "' 4He e 
RAPe 197Au. Ko3<Jxi>MUHeHT KYMYJ1RTM.BHO~ nepeAa4H KMHeTM4eCKO~ 3Hep
ntM OT 2~e K 4He B cny4ae ABYX yKa3aHHWX npoMemyT04HWX ynpy
rMX CTOnKHOBeHH~ paBeH - 0, 8 1 4TO o6ecne4HBaeT 3HeprMIO Bbi6HBae
MbiX a -4aCTHU "' 120 M3B B n. c. BenH4MHa cnHHa RAPa 216Fr e 3TOM 
CJ1y4ae ADJl*Ha 6b1Tb 6nH3Ka K HYJ1~. 
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3. 3ABHCHMOCTb MH08ECTBEHHOCTH ~ -KOAHTOD 
OT OTHOWEHH~ MACC nPOAYI<TOB PEAI<UH~ nEPE,llA~111 HYI(JlQHOB 

411cno y -KsaHTOB, conpoaOlKABIOlli11X peat<L4HIO nopOAt:II.IH Hyt<J10HOB, 
xapaKTepMayeT cyMMY cn11HOB KOHe~HWX MPOA,Y~TOD, MOCKOJ1bK,Y nepe
XOA Hgep 113 pOTa~I10HH~X COCTORHM~ D OCHODHWO npOHCXOAHT C 11C
nycKaHI1eM KBaApynOJlbH~X y-KBBHTOD, ~OmAW~ 113 KOTOPWX ,YHOCMT 
ABe eAMHM~w cn11Ha. CyMMa cn11HOB npOA.YKTOD poCK4HI1 onpcAenner
CR 4epe3 MHO)I(eCTBeHHOCTb y -I<BaHTOD My no cjlOpM,YJ10 

I 3 +I 4 ~2(My-N), /2/ 

rAe N- ~11cno craTMCTM4eCKMX Al1n01lbHbiX y-I<DMlTOa, o!SycnoaneH
HWX BHyTpi1RgepHWM gesoa6ymAeHI1eM cjlpOrMOHTOD, 

Ha p11c.1 npeACTasneH~ aHa4eHI1R My o onaHCHMOCTH or nopng
l<osoro HOMepa /lert<Oro <jJparMeHTa Z e. D3nTbiO 111/U~ 3TH 3KCnepi1-
MeHTallbH~e peaynbTaTw nony4eHw np11 GoM!SOPAHPD~KC npHpOgHoro 
cepe6pa 11oHaM11 22Ne c 3Heprl1e~ ~ 1-175 M~D n n.c. Asropbt 191 

o6bflCHRIOT cnomHyiO aaBI1CI1MOCTb My OT Z I' AOMYlliOiiHOM AD.YX Tl1-
nos C~enneHI1R <jJparMeHTOB - C/111n8H11R 11 Kni.IOHHn • MPH 3H84eHI111 
H848JlbHOro yrnosoro MOMeHTa OT 50 AO 70, npH 3TOM OHM OWI1604-
HO nonaraiOT, 4TO CYMMa Cn11HOB napw KOTRU111XCn ~pnrMOHTOB pasHa 
_?_I.., AJlR BCeX OTHOWeHI1H 11X Mace, XOTR, 1<01( MOI(IHIOHO olll, Tai<Oe 
a7aKJll04eHI1e cnpasegni1BO TOJlbKO All.R napbl CTOJ11(11DCIOUIHXCf1 .RAep 11 
TOJlbKO B MOMeHT H84ana 11X Ka4eHI1H 6e3 npOCK01lbli~DQHI1R. Peaynb
TaTbl/9/ WMPOKO o6cymA8Jli1Cb B ~pyr11X pa50TOX, 11HOrA0 T8K)I(e C 
OU!I1604HbiX n0311~11H. 

M'jlr------
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t1e>I<AY TeM OTH 11 O~IDJ10ri14Hble 

3Kcnepi1MCHT01lbHWC p03YilbTBTW Haxo
ART OAHOTMMHOO 00b"CH0HH8 Ha DCHO
Be KI1HCM8TI140CKDrO • AI1HOMI14eCKOrC 
paccMorpeHMfl. He ~ orpeaKaM~1 
BCpTHKa/lbHWX npflM~X npC.QCTaBneHW 
aoaMomHwe 3HB40H~n M,, nony4eHHw6 

Pnc. I. 3aBHCHMOCTh MIIOl!tOCTDeHHocTP. 
y -KBaHTOD M.y OT nopn.o,JtaDoro Ho

Mepa nerKoro c;l!parMOHTO. Z , 20Ne + 
+ 107,109Ag,&1= 175 Msll D JI,c. ,Llau-

mie 191 p;mr TPefC yrnoD DbiJIBTa ner
Koro llJparMeHTa: 1:!. - 25° , • - 35 °, 
0 - 90°. Pact~eT!ibte suatleJUtfl - oT
pesKH npJIMbiX. 

111 
no <jJOpMynaM /23/-/26/ , OnHCWBa~~I1M K84eHI1e KOHe4HWX $par-
MeHTOB 6e3 npOCKaJlb3WB8HI1R. np11 p8C4eTaX Befli1411H Q 11Q B Ka-
4eCTBe RApa-M11WeHI1 npi1HRTO ycpegHeHHoe .RAPO 1°8Ag 11 cgenaHo 
.QOny~eHI1e, 4TO nepegaeaeMbiH KOMnJleKc HYKflOHOB 11MeeT npOTOHHO
Hei1TpOHHOe OTHOWeHI1e, TOmAeCTBeHHOe npOTOHHO-HeHTpOHHOMy OT
HOWeHI1~ AJl.R .RApa-AOHopa. B <t>opMyne /2/ B3RTo N~o ; TOrAa 
My .. 0,5(1 3 +1 4 )= 0,5 (1-fs4)L. 

KaK BHAHO 113 p11c. 1, Bee 3Kcnepi1MeHTallbHble T04K11 nemaT B 
npe.Qenax, OMpe.Qen.neMbiX aaKoHaMI1 coxpaHeH11R 11 AI1HaMI14eCK11MI1 
Tpe6oBaHI1RMI1. npogyKTbl peaK~11H HCMOJlHOro CJ111.RH11R (Z f < 10) 
3aHI1M810T BC~ .QOnyCTI1MYIO 06JlaCTb. npegenbHO 8CHMMCTPI14HaR napa 
<t>parMeHTOB - lOfi + 118 

Te. 06paaosaHJ.1e 6onee acJ.1MMeTpi14HOH na-
. Pbl 

8
Be+ 

120J 3HepreTI14eCK11 3anpe~eHO np11 ELo=E·~Bt2~87 ,4 M3B 
a c.~.M. KoHcepeaTI1BHble cny4aH, OTBe4a~lll11e 3Kcnep~MeHT8JlbHbiM 
3Ha4eHI1.RM, nemalli11M H~ H11)1(H11X rpaHI1~ax MY' o6ecne4MBa~TCR 
Q<O /Q -: -5+-19 M38/. 

An.n napbl <t>pan-!eHTOB c Ze =10 Y4TeHa aoaMomHocTb o6paaosaHI1R 20
Ne 11 108 Ag B pe3yJlbT8Te B03Bp8THOH nepe.Q8411 HYKflOHOB, Be

AYlllei1 B KOHCepBaTI1BHOfol CJly4ae K f 34 "' 0, 829 BMeCTO f12~ ~ = 
= 0,714 - M8KC11MaJlbHOrO 3Ha4eHJ.1.R np11 Ka4eHI111 CTaJlKJ.1Ba~lli11XCR 
.R.Qep. 

· An.n nap ¢parMeHTos c Ze > 10, To ecTb gn.n npo.QyKTOB TaK Ha
a~eaeMoro KBa311AeneHI1R, pacnpe.QeneH11e My onpeAen.neTC.R cne
AY~lli11MI1 o6cro.nrenbcTaaMH. B cny4a.Rx Ze .~11-1511 Zfz19-28 11Meer 
MeCTO (Q+q)< 0 11 .QeHCTBYIOT Cl11lbl npi1TR)I(CHI1fl, o6ecnC411Bal0!1111e 
KOHT8KT MOBepXHOCTei1 $parMCHTOB 11 K84eHI1e 6e3 MpOCK8Jlb3biB8HHR 
MPH nepe.Qa4e HYKnoHos. An.n Ze~11-15 nepe.Qa4a Mpo11cxo.QI1T np11 
f12> f 534 , TaK, KaK 411C110 nepeA8B8eMbiX HYKflOHOB M8Jl0 /gO 11/ 
11 cpe.QHee 3H8~CHI1e f 834 "' 0,6 OTHOC~ITCJlbHO .QaJleKO OT H8481lbHO
rof12~1. np11 3TOM 3anOJlHRIOTCA COCTO.RHHR onepema~~ero K84e
H11.R nerKOrO $parMeHTa OTHOCI1TCflbHO TR)I(enoro: fs34 ~f34 ~ 

.s. e 834 ( 1 + f ). An .A z ~19-28 Mepega4a HYKilOHOB ·aasepwaeTCR npl1 
Pl{ eB34 ,TaK KaR 411CJ10 nepeAaeaeMbiX HYKflOHOB BeJlHKO /.QO 51/ 
11 cpe.QHRR eeni1411Ha f 834 "'0,7 6onbwe. B 3TOM cny4ae aaMonH.R~TC.R 
COCTORHH.R OTCTaiO~ero Ka~eHI1.R nerKoro $parMeHTa C f 934 (1-£)$ 
..S::~ff53(VJ.R Zf~22-28 11Jll1 COCTO.AHI1R fstlF0,476~ f 34 ~ f

8
34 .QJlR 

Z =19-21, KOr.Qa fs34(l-£)<fs12 11 COCTORHI1.Fl f8 sJ1-f) He.Qo-
CTM)I(I1Mbl 113-38 TCH.QeH~1111 YBC11114eHH.R f34 B Cl1flY Q +Q < 0. 

AnR nap $parMeHroa c Ze~16-18 11MCIOT Mecro Q+q> 0 ~1 TeH.QeH-
1.4Hfl K yMeHbWeHI110 f 34 BnJlOTb AO fsa41-f), ecn11 nepe.Qa4a 
tiyK/lOHOB npOI-\SOWJla llpM f12 < f 8 34 . 0.QHaKO npeACJlbHble COCTOR-
HI1R f 934(1-£) He .QOCTI1r810TCR 113-38 Q >0. 

3Ha4CHI1e H04aJlbHOro MOMeHTa, Hai1,qeHHOe 113 YCflOBI1R coana.Qe
H11.R pac4eTHbiX 11 3Kcnepi1MeHTa1lbHbiX gaHHbiX, cocraan.AeT L~53; 
cornacHo $OpMyne /1/ Lmu~76. 
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Ysem14eHI-1e yrna BbtneTa nerKoro <jlparMeHTa c pocTOM My, Ha-
6niOgaeMoe s 3Kcnep!-1MeHTax 191, nori-14HO o6"b.ACHI-1Tb yMeHbWeH!-leM 
C pOCTOMMy TaHreH41-1aJ1bHO~ COCTa8Jl.AIO~eH CKOpOCTI-1 <jlparMeHTa, 
o6ycno8neHHbiM yMeHbWeHI-leM L34, np1-1 HeH3MeHHO~ pagHanbHO~, 

onpegen.AeMoi1 B34 . 
AHanorH4HO o6"b.ACH.AIOTC.A gaHHbte no My , npegcTa8neHHbte 8 1101 

Ail .A peaK4HH 86Kr + 107' 109 Ag , 86 Kr + 165Ho H 86Kr + 197 Au. 

MeHee 8~pameHH~e s 3THX peaK4H.AX OTKJlOHeHM.A My oT 3Ha4eHMi1, 
Onpegen.AeM~X npoMemyT04H~M COCTO.AHHeM Ka4eHM.A <jlparMeHT08 -
MX OTHOCMTeJlbHWM nOKOeM 1-1111-1 CJlHnaHMeM, CJlegyiOT 1-13 P8C4eT08 
s CHI1Y y8eJ1H4eHM.A y OT 0, 19 An.A 20 Ne+ 108 Ag AO 0, 80 AI1f1 
86 Kr+ 108Ag 1-1.8 CHI1Y KOHKpeTHbiX 3H84eHMH Q+q. 

PaCTYil\YIO 8eJ1M4HHY My 8 3a8MCMMOCTV1 OT 8 B peat<41-11-1 
63 Cu+ 197Au,npeACTa8J1eHHYIO B pa6oTe/11./ICM. TaM p11c.61, MOmHO 
06"b.ACHHTb HeKOTOpbiMI1 OC06eHHOCTflMI-1 peaK4HI<I. np11 nepeAa4e HyK
JlOHOB B 3TOM CJ1y4ae ge~CT8YIOT CHJl~ OTT8J1KHB8HH.A, BW388HHWe 
Q+q<O npH o<y 1-1 Q+ q>O np11 o>y, KOTOpbte, YXYAWa.A KOH
TaKT noeepXHOCTe~ <jlparMeHT08, npHBOART I< CKOJ1b3RUleMy-6yKCYIO~e

MY Ka4eHMIO. npl-1 3HeprHH 60M6apgMpyi011\HX HOHOB 63Cu,paBHOH 
365 M3B B Jl.C., cornaCHO <jlOpMynaM 129,301111, OT06481011\HM MHHH
MYMY CyMM~ 3Hepri1H co6CTBeHH~X 8pa~eHHH <jlparMeHTOB, Ha11MeHbWee 
3Ha4eHHe 13 +1 4 • Ha·np~t~Mep, gnR 46Se +214Fr, paot~o 0,32[/Q+q = 

= -13,0 M3BI, Torga KaK AI1R 130 Xe+ 130Xe IQ+q "' 31,2 t13BI 
13+1 4 MOmeT AOCT1tlr8Tb 0;67L. 

4. 3ABHCHMOCTb MHOmECTBEHHOCTH y-KBAHTOB 
OT KHHETH4ECKOA 3HEPrHH nPOAYKTOB 
PEAKUHA nEPEAA4H HYKnOHOB 

Ha p1-1c.2 npegcTa8neH~ 3KcnepMMeHTanbH~e 
BVICVIMOCT-;:;My· OT K11HeTH4eCKO~ 3HeprHI1 E K£ 
8 onbtTax RAep yrnepoAa s peaK4111-1 14N+ 93Nb. 
4~HW np1-1 i 1 - 120 M3B 8 n.c .. 

KpH8a.A 1 nocTpoeHa no <jlopMyne 

My= 0,5a3+ 14 )=0,5(1- £34 )L (N=O), 

rge L=29 lcornacHo <jlopMyne 111 Lmax= 51 I, 
8/3 "d2 E g 3 u 1 L34 

peaynbTaT~ 112 1aa
HAeHTH<ilH4HP08aHH~x 

PeaynbTaT~ nony-

£3 = ------------ E =EKn(l+o) -B 4 2d 8/3E • L34 L 34' 
yg 1 3 LO 

ELo= 64,6 M3B, B34 =35,3 M3B. 
Ha KpH80H 1 T04K8.MVI OTI~e4eHbl 3H84eH11FI KHHeTI14eCKOH 3HeprHM 

flgep 12C B C. L\. M. 11 3H84eHI1.A My , OTBe481011\11e 4eTblpeM nmaM 
c4enneHMR <jlparMeHTOB, a 11MeHHO, cn11naH1110 I EKE= 41 , 0 t-bB, MY = 
= 9,01 1-1 rpaHH4aM: Ka4eHI1R 176,4 M3B; 2,61, cKonbmeHHFI c 6no-
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PHc.2. 3aBHCHMOCTb MHo~ecTBeHHo
CTH y -KBaHTOB My OT KHHeTHtie

CKOH 3HeprHH nerKoro ¢parMeHTa 

EK£ B c.~.M.1 4N + 43 Nb = c+ Mo; 
&1 = I 20 M3B B n. c. .lJ,aHHbte I 13/ gnn 

Tpex yrnoB BbiJieTa nerKoro !lJpar

MeHTa: 0- 23°, f'!.- 30°, o- 40°, 
P ac'leTHbte 3Ha'leHH.fl - KpHBbie I H 2. 

Kl1p08aHHbtM epauteHMeM 12cl92 ,5 MaB; 
0,701, CKOJ1b3R~ero- 6yKCYIOIJ\ero 
Ka4eHI1fl C MI1HHM8JlbHOH CYMMOH 3Hep-

Q 1 • 1 r1-1i1 co6cTBeHHWX spall\eHHi1 <jlparMeH-
1 I I I I T08 /95,6 M3B; 0,301. KpHB8fl 2-

20 60 E( M3B) 3Ha4eH~-tfl My , Hat:iAeHHbte no $opMy-
naM 131 I 11 ~ onHCbt8ai0~11M KoHcep8a

TH8Hoe CKOJ1b3R~ee - 6yKCYIO~ee K84eHHe <jlparMeHTp8 C HaH60J1bWei1 
803MOmHO~ CYMMOt:i 3HeprH~ HX C06CTBeHH~X Bpa~eHMH. Hs <jlOpMyn 
/31 I cnegyeT o6paTHaf! nonRpH384H.A nerKoro <jlparMeHTa (If < 0), 
1-1 a 3TOM cny4ae My z 0,5(11£ 1 +I h)> 0,5(1- P 

34
)L. 06paTHoe 

8pall\eHHe ¢parMeHT8 12C MomeT 6~Tb 8~3B8HO He4eHTp8JlbHOH np.A
MOH nepe,qa4ei1 ge~TPOHa, conpo8omgaeMoi1 swgeneH11eM 3HeprHH 
(Q+q > 0), MeXaH~3M KoTopoi1 npegnomeH 8/13/, 

ConocTaaneHMe peaynbTaToe pac4eT08 M 3KcnepHMeHTOB noKasw
aaeT, 4TO 8 CJ1y4ae KBa3HynpyrHX 8381-lMOAeHCTBHH npOHCXOAHT npH
M8f! nepega4a HYKJlOHOB 6e3 83aHMHO~ <jlHKC8411H noaepXHOCTe~ y48CT-
8y~~HX B peaK41-111 flgep ICKOJ1b3R~ee- 6yKCyiO~ee K84eHHel. np11 
YCMneHHH C4enneHMfl no8epXHOCTei1 <jlparMeHT08 OT CKOnbmeHHfl K Ka-
4eHMIO 1-1 8 KOHe4HOM HTOre - K CJ1Hn8HHIO pacTyT nOTepH KHHeTH4e
CKOi1 3Hepri1H <jlparMeHTOB. 

Cny4aH c EKf ~ 41 M3B MomHo o6of!CH11Tb CTOJlKHOBeHHRMH Hcxog
H~x RAep C HeMaKCHM8J1bH~M napaMeTpOM y,qapa, BeAY~HM K CHHme
HI-110 My 1-1 nepexo,qy M36MTKa KHHeTH4ecKoi1 3HeprMH pagHanbHoro 
A8HmeHHR H8A KyJlOHOBCKHM 6apbepOM 8 TenJ1080e 8036ymgeHHe. 

B pa6oTe/14/ npM8egeH~ peaynbTaT~ 113MepeHI1H MHomecTeeHHOCTH 
Y -KBaHTOB B 38BMCHMOCTM OT 3HeprMM HCnycKaeMWX a-4aCTH4 B 

peaK4HH 
22

Ne + 1
81Ta np1-1 & 1 c 165 1138 a n. c. My cnaAaeT OT 

15 AO 5 npH yaenH4eHHH 3HeprHI1 a -4aCTM4 &3 OT 20 AO 90 M3B 
B n.c. Pac4eT~ no <jlopMynaM /27,281 111 np11 gony~eHHH cKonbmeHHR 
4
He c orpaHH4eHHbiM epa~eHHeM ,qaiOT H3MeHeHI1e My oT 15 .qo 8 

np~--1 B03MOmHOM H3MeHeHHM 5;3 OT 29 AO 116 M3B AI1H L :32. Heo6xo
AHMOCTH B ,qonyllleHHI-1 CKOJ1b3f!J.IIero-6yKCyiOII\ero K84eH11fl C H81160J1b
wei1 cyMMOH ~HeprHA .BPall\eHMH ¢parMeHTOB B 3TOM cny4ae, B OTJ1114He 
OT npe.q~AYII\ero, HeT. 

Ha OCHOBe K11HeM8TI14eCKOrO-AHH8MH4eCKOro nOAXOAa 06"bf!CHRIOTCf1 
TaKme peaynbT8Tbl pa6oTbt/15!, 
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·5. non~PH3AUH~ nPOAYKTOB PEAKUH~ nEPEAA4H HYKnOHOB 

Cn~Hw npDAYKTOB peaK~~A nepeAa4H HYKnOHOB npoRBnR~TCR TaK
me a 3Kcnep~MeHTax no onpeAeneH~~ nonRp~3a~~~ ~nH swcTpoeHHO
CT~ ¢parMeHTOB. nonRpH3a~HR $parMeHTOB onpeAenfleTCR KaK cpeA
Hee OTHOCHTenbHOe 3Ha4eHMe 1npoeK~HH CnHHOB ¢parMeHTOB Ha BW
AeneHHOe HanpaeneH~1e: PL ==<r..L..>·. 3Aecb I - cnMH $par MeHTa, 

IL - npOeK~Hfl CnMHa Ha BWAeneHHOe HanpaeneHMe, B AaHHOM cny-
4ae - Ha HanpaeneHMe Ha4anbHOro MOMeHTa KOnM4eCTBB ABHlKeHHR, 
onpeAenReMoe HanpasneHMeM seKTopa [pv], rAe v - eeKTop Ha4anb
HoA CKOpOCTH 6oM6apAMPY~~ero RApa, p- napaMeTp COYABpeHMR, 
nono~MTenbHoe HanpaeneHMe KOTOporo ew6paHo oT noKoR~erocR 
B n.c. RApa-MHWeH~ no HOpMan~ K npOAOnmeHH~ BeKTOpa ;, 

Ha pMc.3 npeACTaeneHw pe3ynbTBTW M3MepeH~fl nonnpH3B~HH 
RAep i2s:--o6pa3y~~HXCR B peBKLIH~ 14N + 100Mo = 12B +102 Ru 
npM &1 oT '90 AD 200 M38 e n.c.1161• Ben~4MHa PL npeACTaeneHa 
B 3BBHCHMOCT~ OT Ben~4~HW nOTepH K~HeTH4eCKOH 3HeprHH nerK~M 
$parMeHTOM 12a. TaM me np~BeAeHw pac4eTHWe 3Ha4eHHR OTHoc~
TenbHoA Ben~4HHbl cn~Ha 12 B if = 1 f /L B 3BB~C~MOCTH OT Ben~-
4HHW noTep~ KHHeT~4eCKDA 3Hepr~H, onpeAen.ReMDH KBK AE=E-EL 3; 
- B34 H BWpamaeMOH, K~K MOmHO noKa3aTb, DAHHM ~ TeMme 4~CnOM 
e n.c. ~ c.4.M. npM acex yrnax ewneTa $parMeHTOB. Pac4eTw npo
BeAeHw no $OpMynaM /23,24/ - Kp~BBR 1, /2],28/ - KpHBaR 2, 
/29,30/ - KpHBaR 3 1.1 /31/ - KpHBa.R 4 pa6oTbl/l/. Pac4eTHble 3Ha-
4eHH.R npeACTaBneHW Ha p~c.3 KPHBWMH AnR cneAY~~HX cny4aea: 
1 - Ka4eHHe <)lparMeHTOB""6'e3npOCKBnb3biBaH~R; 2 - CKOnblKeHHe 
C 6noK~pOBaHHWM Bpa~eH~eM .RAPB 12B; 3 - CKOnb3.R~ee - 6yKcy~
~ee Ka4eHMe C MHHHManbHOH cyMMOH 3HeprMH C06CTBeHHWX Bpa~e
HHH ¢parMeHTOB; 4 - TO me, 4TO M 3, HO C Ha~6onbweA CYMMOH 
3Hepr~A. Kp1.1swe 1-3 ~Me~T o6~ee cocTD.RHMe - cn~nw~ec.R ¢parMeH
Tbl I AE = 124' 2 M38' i e = 0' 0175/' KpHBble 3 ~ 4 - Apyroe o6u~ee' 
COCTO.RH~e - BWpDmAeHHWe M~H~MyM M MBKCHMYM CYMMW 3Hepr~A co6-
CTBeHHbiX Bpa~eH~A ¢parMeHTos I AE= 8,5 M3B, ie"' 0, 0020/. 

pl r---- ---e~/L 

&,"' 0,2-l 

0 tO 

_:L~' ~-0,1 

. 
-150 -100 -so 0 ·t.E(M3B) 
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Pnc. 3. 3aBHCHMOCTb nonHPH3au;HH: P L 
neriOro ~parMeHTa H ero cnHHa 
IL I L oT BeJIH'UiHhi noTepb KHHe
TH'leCKoH 3HeprnH - AE ! 4N +10Drvlo= 
= 12 B + 1o2 Ru , &1= 90-200 M3B B 
n.c. To<IKH - p;aHHhie/16~ KpHBbie 

pac<IeTHbie 3HatieHHH. 

tf 
,.I, 

J: 

0TP~LiaTenbHa.R non.RpM3a~M.R 12B np~ KBaaMynpyr~x B3a~MOAeA
cTBI.1.AX I Q = -7,5 MaB ~ AE >.. -15 M3B/ MomeT 6b1Tb o61..RcHeHa 
npDTHeononomHwM no OTHoweHM~ K L epa~eH~eM nerKoro ¢parMeHTa, 
B03MOmHbiM B cny4ae B3a~MDAeHCTBH.R C HaH60JlbWeH cyMMOA 3HeprV1A 
co6cTeeHHbiX epaUjeHMH o6o1.1x ¢parMeHTOB. An.R o6b.RCHeH~.A HaAAeH
HWX OTp~~aTenbHWX 3Ha4eHHH PL Tpe6yeTC.A -70% cny4aee C o6paT
HWM epa~eH~eM ¢parMeHTa. B o6nacTH 6onbWHX noTepb 3Hepr~V1 
/-15 MaB;:: AE ~ -50 MaB/ nonolKMTenbHaH non.RpMaa~Ml'l o6bHCH.AeTCH 
nonomMTenbHWM, TO ecTb cosnaAa~~~M c L, epa~eHMeM 12B, swasaH
HWM CKOnblKeHMeM /50% CJly4aes/ H Ha4aJlbHWM Ka4eHHeM /50% CJly4a
eB/ ¢parMeHTos. OTp~~aTenbHY~ nonHPM3a4~~ a o6nacT~ AE S-60 M3B 
MOlKHO 06b.ACH~Tb nonmKMTenbHbiM epa~eHV1eM 12 B H OAHOBpeMeHHO 
OTp~~aTenbHWM yrnOM BbiJleTa 128, TO eCTb BblneTOM $parMeHTa B 
nonynnocKDCTb peaK~V1H, OTBe4a~~YIO p < 0. 

Ha~6onee HHTepecHQe npo~sneHMe nonHp~3a~~~ - o6paTHOe spa
~eH~e <)lparMeHTOB npH KBa3MynpyrHX B3a~MOAeHCTBHflX - OlKHAaeTCJ'I 
TaKme cornacHo pac4eTaM 1.1 AnH Tl'!menwx ¢parMeHTOB s peaK~~.Rx 40 Ar + 107 ' 109 Ag, HCCneAOBaHH.A KOTOpbiX B pa6oTe 1171 , OAHa KO, 
He noKa3anV1 o6paTHOH nonHpM3a4~~ s o6nacTH Manwx noTepb KMHe
T~4ecKoA 3Hepr~H $parMeHTOB. 

6. CBEPXTEKY4AR nEP.EAA4A nAP HYKJlOHOB 
nPM KACATEJlbHOH B3AMMOAE~CTBHH ABYX CJlOIHWX HAEP 

8 pa6oTe/lS/ 6btnO yKa3aHO Ha TO, 4TO napHble KOppen.A~H~ Hyt<
nDHOB B HApe MoryT BW3BaTb yc~neHHY~ TYHHenbHY~ nepeAa4y CKOH
AeHCMpOBBHHWX nap HYKJlOHOB np~ CTOJlKHOBeHHH ABYX l'!Aep CBepxTe
Ky4ero T~na, aHanorM4HY~ ceepxnpoBoA.A~eA nepeAa4e 3JleKTPOHOB 
4epea TOHKHI1 AM3neKTp~K e 3cp¢eKTe ,Qmoae¢coHa119~ B DAHDA H3 no
cneAHMX TeOpeTM4eCKMX pa60T no 3TOMy eonpocy / 20/ 6bln~ paCC4MTa
HW B03MOlKHWe Ce4eH~l'l nepeAa4H OAHDI::i, ABYX M Tpex nap HeHTpo
HOB npH CTOnKHOBeHHH ABYX .RAep CBepxTeKy4ero THna 122 Sn +120Sn. 
5b1Jl0 Hai1AeHO, 4TO, HeCMOTp.A Ha ADCTBT04HO BbiCOKOe OlKVJAaeMOe 
yCMneH~e BepOJ'ITHOCT~ TYHHenbHOH nepeAa4H CKOppen~poBaHHWX 
CBepxTeKy4~X nap HeHTpOHOB no OTHOWeHH~ K nepeAa4e He3aBHCM
MWX HeHTpOHHWX nap /10 2- 103/, Ce4eHHl'l peaK~~H CBepxTeKy4HX 
nepeAa4 see me Manw 1.1 ADnlKH~ cocTasn.ATb, HanpMMep, An.A nepeAa-
4~ Tpex nap HeATpOHOB, JQ-32 - 10-34 cM 2 npM 3Hepr~~ 6oM6apA~
pyiO~HX HOHOB, npeewwa10~eH Ha 20% KynOHOBCK~H 6apbep. 

0AHV1M ~3 OrpaH~4eHMH CBepXTeKy4e~ nepeAa4H HYKnOHOB .RBn.A
eTC~ He06XOA~MOCTb, o6ycnosneHHal'! Tpe6oBaHMeM COXpaHeHHR CBepx
TeKy4eCTH, ~cnycKaHHl'l y-KBaHTOB HnH norno~eH~l'l 3JleKTpOMarHMT
HO~ 3Hepr~~ BHewHero 3neKTP~4ecKoro nonn An.A KOMneHca~~~ paa
HDCTM 3HeprMA nap HyKnOHOB B .AApe-AOHOpe ~ HApe-aK~enTOpe.3TO 
.ABneHMe aHanor~4HO HCnycKaH~~ CBepXBWCOK04aCTOTHDro 3JleKTpO-
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MarH~THoro ~any4eH~R np~ np~nomeH~~ 3neKTp~4ecKoro HanpRmeH~R 

K csepxnpoBOAR~eMy TYHHenbHOMY nepeXOAY /HeCTa~~OHapHWA 3$$eKT 
Amoae$coHa/. 0THOC~TenbHO MeAneHHWA 3neKTpoMarH~THWA npo~ecc 
/-lo-tsc; cH~maeT sepORTHOCTb csepxTeKy4eA nepeAa4~ aa cpasH~
TenbHO KOpOTKOe BpeMR CTOnKHOBeH~R ABYX RAep /10-21-]0-22c/. 

BepoRTHOCTb csepxTeKy4eA nepeAa4~ HYKnoHos AOnmHa ysen~-
4~TbCR, ecn~ o6ecne4~Tb soaMomH.OCTb 6eapaA~a~~OHHoro nepeXOAa, 
nOA06HO TqMy, KaK cy~eCTBeHHO ysen~4~BaeTCR BepORTHOCTb 6ea
$OTOHHOA 3neKTpOHHOA nepeaapRAK~ np~ CTOnt<HOBeH~~ aTOMa ~ ~o

Ha, Hanp~Mep, s cny4ae peaoHaHcHoA nepeaapRAK~. 
KoMneHca~~~ paaHOCTM 3Hepr~A nepeAasaeMwx HyKnoHos MOmHo 

OCy~eCTB~Tb np~ He~eHTpanbHOM CTOnKHOBeH~~ RAep 3a C4eT ~3Me
HeH~R 3Hepr~~ op6~TanbHoro AB~meH~R, o6ycnosneHHoro ~3MeHe
H~eM MOMeHTa ~Hep~~~ C~CTeMW B peaynbTaTe nepeAa4~ HyKnOHOB, 
TO ecTb no np~H~~ny peaoHaHcHoro HyKnoHHoro - poTa~~OHHoro 

nepeXOAa. B 3TOM cny4ae AOCT~raeTCR ~ BTOpoA nonom~TenbHWA 
3$$eKT - ysen~4eH~e Ce4eH~R CTOnKHOBeH~R RAep 113-3a ysen~4eH~R 
napaMeTpa YAapa. 

Heo6xoA~Mwe AnR 3Toro ycnoB~R onpeAenR~TCR $OpMynoA /33! 111 

AnR rnaAKOrO KaCaTenbHOro CTOnKHOBeH~R C nepeAa4eA HyKnOHOB 
6ea ~3MeHeHMR cn~HOB, y4aCTByro~MX B peaK~~~ RAep. np~ 3TOM 
npeAnOnaraeTCR, 4TO np~ TaHreH~~anbHOM CTOnKHOBeH~~ Ha4anb
HWe VI KOHe4HWe HApa no4T~ Kaca~TCR CBO~M~ nosepXHOCTRM~, TO 
ecTb paccTOHH~R Me>t<AY ~eHTpaM~ Mace HAeP paBHbl - (R1 + R2 ) AO 
~- (R

3
+R

4
) nocne nepeAa4~ HyKnoHos. np11 3TOM noTeH~~anbHbiA 

6apbep AnR nepeAa4~ HyKnOHOB ~MeeT M~H~ManbHY~ BWCOTy. 
0CHOBHWe xapaKTep~CT~K~ HeKOTOpWX ~3 B03MO>t<HWX peaK~~A 6ea

paA~a~~OHHOA csepxTeKy4eA nepeAa4~ HyKnoHOB np~BeAeHw s Ta6n.2. 
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Ta6mu.r,a 2 

XapaKTepHCTHKa B03MOJKHbiX peaKI..\HH 6espagHal..\HOHHOH 
caepxTeKyqeA nepegaqH nap ueATpouoa 

Pe~ I Q+q {i, cP {i,3 I R(8) 1 
NaB MaE rnau. MaB I0-25cA~/C 

60Ni +II2Sn=62Ni+IIOsn -I,4 345 4I..ti 276..t5 7..ti 
60Ni +II4Sn=64Ni+IIOSn -2,7 354 39ii 27I..t5 8..ti 
60Ni +II6Sn=6~Ni+II05n -4,5 367 36.±1 289..t5 9..ti 
60Ni +II8Sn=68Ni+IIOsn -5,5 358 37..ti 276..t5 9..ti 
60Ni +I20Sn=70Ni+IIOSn -7,9 379 33+I 304..t5 II..ti,5 

; 

·~ I 
• 

I • 

Tpe6osaH~e 6eapaA~a~~OHHoA nepeAa4~ HyKnoHOB /33//l/ np~ 
Q+q ,;, o BbtnonH~Tb npo~e, ecnVI y<< 1. rlo:HoMy s KaYecTae 
6oM6apA~PY~~~X RAep Bbt6paHbl H30TOnbl HVIKenH KaK OTHOCIHenbHO 
MHOrOHyKnOHHWe RApa C AOCTaT04HO BWCOKOA napHOA HeATpOHHOA 
3Hepr~eA ~, no-B~AVIMOMy, CBOACTBaMH csepXTeKy4eCTVI, a B Ka: 
4eCTBe MHWeHeA - VI30TOnW OnOBa, CBepxTeKy4VIe CBOACTBa KOTOPWX 
XOpOWO H3BeCTHbl. napHaH HeATpOHHaH 3HeprHH, onpeAenHeMaR KaK 

PN (Z,N)~-1.[3m(Z,N-1) + m(Z, N + 1) -3m( Z,N)- m(Z,N-2)], 
4 

rAe m- Macca RApa /eM., HanpVIMep, 1211 /, cocTaBnReT 1,0 
- 1,5 M3B AnR yYacTsyro~~x B peaK~VIVI s Ka4eCTse Ha4anbHwx, 
npoMemyT04HWX VI KOHe4HWX npOAYKTOB H30TOnOB onoea VI 1 ,2-1 ,6M3B -
AnR ~30TOnOB H~KenR. npeACTaBneHW peaK~~H c YA06HWM AnR per~cT
pa4~~ no paAVIOaKT~BHWM ~any4eH~HM KOHe4HWM npOAYKTOM110Sn~Hep-
r~~ 6oM6apA~PYIO~~X ~OHOB HHKenR l1;l ~ nerKVIX $parMeHTOB pe-
aK4MA &3 , a TaKme yrnbl BbtneTa nerK~x $parMeHTOB <P AaHbl s 
n.c. Yron <P onpeAeneH c y4eToM ~aMeHeH~B Maccw HAep s peaynb
TaTe nepeAa4~ HyKnOHOB npM KaCaTenbHOM peaep$OPAOBCKOM paCCeH
HH~, a ~MeHHO: B C.l..l.M. 8 =812+8 34 , sine12"'B 12/(2E-B 12 ), ' 
rAe E ~ B 

12 
, sin834 = B34 /(2EL 34+ B 34 ). B nocneAt~eM cTon64e 

Ta6nH4bl npM BeAeHO AVI$$epeHL\~anb HOe Ce4eHVIe pe3ep$OPAOBCKOro 
pacceRH~H Ha aaAaHHwA yron, OTHeceHHOe K e,Q~HM4e TenecHoro 
yrna: 

R(8)=da /dO= (Z 1 Z2e 2 /2/l v2 )
2 

cosec4 8 , 
12 12 

rAe dfl= 2rrsin8d8. 3T_o Ce4eH~e, yMHO>t<BHHOe Ha BepOHTHOCTb nepe
,qa4VI HYKnOHOB npM KaCaTeJ1bHOM CTOnKHOBeH~~ ABYX H,Qep, Onpe,qe
nReT KoHe4Hoe A~$$epeH4~anbt-toe ceYeH~e peaK~~VI. 

3aMeT~M, 4TO 6eapaAHa4~0HHaH nepe,qa4a HyKnOHOB nyTeM HyK
J10HHOro-sH6pal\~OHHOrO nepexo,qa,BKJ1~4aro~ero anep~o,q~4ecKv. Kone-
6aTenbHoe paA~anbHoe AB~MeH~e $parMeHTOB, MeHee sepOHTHa. 

B Ta6n. 2 np~BeAeHbl TaK>t<e MHHVIManbHbte aHa4eH~R Heonpe,qeneH
HOCTeA np~ KJ1aCC~4eCKOM paCCMOTpeHM~ KyJ10HOBCKOrO pacceHHMR, 
o6ycnosneHHbiX npvtMeCbiO KBaHTOBOMeXaH~4eCKOrO paCCeHH~H. 3T~ 
3Ha4eH~R nony4eHW Ha OCHOBe MOAM$M4VIPOBaHHOrO Kp~TepHH H.5o
pa122/ np~MeH~MOCT~ KnacCM4eCKO.:i Mexa.HMKVI np~ KYJ10HOBCKOM pac
CeHH~~. 

PaccMoTpeH~e H.5opa, nposeAeHHoe TOnbKO AJ1R Man~x yrnos 
KynOHOBCKOrO pacceRH~R e<<l, 8 HaCTOR~eA pafioTe pacnpOCTpa
HeHO Ha fiOJlbW~e yrnbl /B paCCMaTp~BaeMbiX cny4aHX 8"' 52°- 63°= 
= 0,9 .. - 1,1"" 1/. CornacHo 1221 ycnoe~e np~MeHMMOCT~ Knacc~4e
CKoA MeXaH~K~ CBO,Q~TCH K Tpe6oBaH~~ MaJ10CT~ KJ1aCC~4eCKO~ Be 
~ KBaHTOBOMeXaHM4eCKOA 8 cP HeonpeAeneHHOCTeA yrna pacceRHI-1R, 
BbtasaHHbiX HeonpeAeneHHOCTb~ napaMeTpa YAapa Bp, no cpasHeH~IO 
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c caMHM yrnoM pacceRHHR e. KBaHTOBOMexaHH4ecKaR HeonpeAeneH
HOCTb HanpaeneHHR naAeHHR 6oM6apAHPY~~eR 4aCTH~~ 

±t-.v .\ .\ ±ocf> = --c ±--=-, 
v op o 

rAe A=~- npHBeAeHHaR AnHHa Ae-6poRneBCKoR BOnHbl 6oM6ap-
f.l. 12 

AHPY~~ero RAPB Ha 6ecKoHe4HOM YAaneHHH or RApa-MHWeHH, D
AHBMeTp AHB¢parM~, orpaHH4HBa~~eR op. KnaCCH4eCKaR HeOAH0-

3Ha4HOCTb 8e=- bDcos
2

2
()/2 ,rAe b=2Z1Z

2
e 2 /f.l. v 2 - HaHMeHb-

~ 12 
wee paCCTORHHe MemAY CTanKHBa~~HMHCR RgpaMH npH ~eHTpanbHOM 
c6nHmeHHH' oP=± D/2. B Ka4eCTBe Mepbt cyMMapHOR HeT04HOCTI-1 
yrna pacceRHHR e/22/ B3RTa aenH41-1Ha 

M=vCoc/>)2 +(80)2
• /3/ 

KOTopaR a paccMaTpHeaeMOM cny4ae pasHa 

2 2 4 
/'V) = .I _A+ _£__!? 2 COS (}/2 

v n.!> -----
u- 4p4 /4/ 

B pa6ore 1221 nepexog or aHanora ¢opMyn~ /4/ K KOHe4HOMY pe-
3ynbTary 

M ~ v ~ e /5/ 

cgenaH 6e3 npoMemyT04H~X BbtKnagoK, 4TO 3aTpygHReT HHTepnpera~H~ 
COOTHOWeHHR /5/. 3TOT nepeXOA MOmHO paCWH¢poBaTb KaK onpeAene
HHe MHHMManbHOrO 3Ha4eHHR t-,()mln 1-13 ycnOBHR 3KCTpeMyMa d(68)/d0=(), 
rAe d/dD - onepa~1-1R AH¢¢epeH~HpoeaHMR no pa3Mepy AHaMeTpa 
AHa¢parM~ D. B paccMaTpHBaeMOM cny4ae 1-13 ycnoBHR 3KCTpeMyMa 

cneAyer D 2 =-~.\p~ , 4TO Aaer 
bcos11/2 

+ v.\b e b T o >: . e -6 () =--COS-= -y -·COS- =2y-Sln-, 
min p2 2 p b 2 b 2 

!6! 

1-1 cneAOBarenbHO, 

±t-.8 2 · 1 2.. 2 sin i. v b 2 • 171 

np1-1 3TOM BKnaA~ B t-,(Jmin , o6ycnoeneHH~e KnaCCH4eCKOR 1-1 KBaHTOBO
MeXaHM4eCKOR HeonpeAeneHHOCTRMI-1, paBH~. ~3 COOTHOWeHHR /7/ 
cneAyeT /5/ npH () « 1, a TaKme 6opOBCKi.-sR KpHTepHR K = ~ » 1 
KaK ycnoe11e ManocrH t-.emin no cpaeHeHHD c e. 1-1 cneAoearenb
HO, KaK ycnOBHe cnpaBeAnHBOCTI-1' KnaCCH4eCKOrO paCCMOTpeHHR Kyno-

12 

( 

I~ 

HOBCKoro pacceRHHR, onHc~saeMoro ¢opMynoR Pe3ep¢opAa, ecn11 
B geRCTBHTenbHOCTI-1 peanH3YGTCR MHHHManbHaR HeonpeAeneHHOCTb. 

AnR peaKLIHR, npegcraaneHHbtX a ra6n. 2, K ""200 H Heonpeg.e
neHHOCTb KnaCCH4eCKOrO OnpeAeneHHR cf>, a TaK>Ke CBR3aHHbiX C 
yrnoM on<noHeHHR R(O) H &a. cornacHo /6/ Manbt. 

B HeAaBHeR pa6ore12316wnH HSMepeH~ ce4eHHR nepega4H He-
Ct<OnbKHX nap HeRTpOHOB npH CTOnKHOBeH.HH 58Ni C H30TOnat-IH 
onoaa npH 3HeprMH, paBHOR KynOHOBCKOMy 6apbepy. 6~no HaRgeHo, 
4TO Ce4eHHR nepega4H, HanpHMep, ABYX H Tpex nap HeRTpOHOB He 
CTOflb Manw, KaK npegcKaa~aanOCb a/20<11 paBH~ COOTBeTCTBeHHO 
4,2·1Q-28 cM2 H 1,4 .10-28 cM~ 

YKa3aHHaR B~We OrlTHMH3al\HR 3HeprHH 6oM6apAHPY~~HX HOHOB · 
gonmHa npHBeCTH K 6onbWHM, 4eM H3MepeH~ e 12a~ Ce4eHHRM peaKL\HA 
nepega4H. 

PeaKL\HH csepxreKyYeR nepega4H nap HeRTpOHOB Moryr 6~Tb Hc
nonbaosaH~ gnR CHHTeaa Hoewx HeRrpoHoo6ora~eHHWX H3oronos ner
KHX 3neMeHTOB, M3y4eHHe CBORCTB MflH AOKaaarenbCTBO cy~eCTBO
BaHHR KOTOpWX HMeeT eamHOe 3Ha4eHHe AflR pa3BHTHR TeOpHH Rgpa 
H RgepHwx CHn. B ra6n.3 npHeegeH~ xapaKrepHCTHKH B03MOmHwx 
peaKLIHR 6eapagHal\HOHHoR nonycsepxTeKy4eR nepeAa4H HeRrpoHoB, 
BeAY~HX K CHHTeay HeKOTOp~X HeMTPOHOOGora~eHHWX HYKflHAOB, 
OKOH4aTeflbH~X AOKaSaTeflbCTB HyKnOHHOR CTa6HnbHOCTH HflM HeCTa-
6HnbHOCTH KOTop~x He MMeercH. CornacHo 1201 sepoRTHOCTb nepe
ga4H CKOppenHpOBBHHWX CBepXTeKy4HX nap HeR~pOHOB Cy~eCTBeHHO 
npeBbiWaeT sepOHTHOCTb nepeAa4H HeCBH3aHHbiX El napbl HeMTpOHOB 
H HeCKOppenHpOBaHHWX H~RTpOHHWX nap H B TOM cny4ae, Korga OA
HO H3 y4aCTBY~~MX B peaKL\HM RAep He RBflReTCR CBepXTeKy4HM. 

Ta6nm:.1;a 3 

XapaKTepHCTHr<a aosMOJKHbiX pear<u;Hir 6espap;Hau;Houuoil: 
nonycnepxTer<y~eH nepep;a~H nap Hel:iTpOHOB 

PeB.Kl(IDI I Q+q &1 cf> &a I R(e) 

MsB til:lB rnarr. r,~sB ro-24c~/cp 
In +I24Sn=5H +I20Sn -I9,3 50 I3j:9 30~0,0~ 8~IO 

4He+I24Sn:IOHe+II8Sn -42,3 82 I9~7 40~0,2 3;t2 

7Li+I24Sn=I3Li+II8Sn -37,7 IOI 19~5 63j:0,3 5:!:3 

AnR npegcrasneHHbtX s ra6n. 3 peaKLIHR aHa4eHHR napaMerpa K 

HeBeflHKH (K"'2 + 13). no3TOMY HMeeT MeCTO 3Ha4HTeflbHaH Heonpege
neHHOCTb KnaCCH4eCKOro 3Ha4eHH.A cf> H R(8) H He06XOAHMO KBaHTOBO
MeXaHH4eCKOe paCCMOTpeHHe. 
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7. 3AKJlh14EHHE 

CornacHe peaynbTaTOB pac4eTOB, BWnOnHeHHWX Ha OCHOBe KHHe
MaTH4eCKoro - AHHaMH4eCKOro nOAXOAa, C pa3nH4HbiMH no CBOeMy 
xapaKTepy 3KCnepMMeHTanbHWMH AaHHWMM, KOTOpoe 6~no npOAeMO~
CTpHpOBaHO B pa3Aenax 2-5, AaeT OCHOBaHM~ HaAe~TbC~ Ha ycnex 
npeACKa3aHMH, CAenaHHWX B npeAWeCTBy~~eM pa3Aene Ha OCHOBe 
Taro *e nDAXOAa. 

ABTOp 6naroAapMT y4aCTHHKOB CeMMHapa - COTPYAHMKOB fla6opa
TODHM RAePHbiX peaK~MH H fla6opaTODMM TeopeTH4ecKOH ¢H3MKM OH~H 
sa o6cymAeHMe pa6oTw. 
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TnpllHTHII II.H, 1'7•82-!84 
lCHIIOMnTu'loCICKft•AHIIllMif'IDCKHA no.tUUlA npu pftOQMr>'rpomut 
:mcnepHMellTD.JtbHb1X pO:lY.rtbTilTOI:t no pOAKI~llnlol KAQATQJI'ItJIOrO 

B3aHMO)J.ef!CTBHfl _noyx C.nO)I(IIb1X 11/ICIP 

Ilony'feHHble aBTOPOM pll110Q l<IIIIOMI1'1'UIIOCI(IICI KApAI<TCIP11CTIIIU1 
npop;yKTOB 6JmapHO~ peai<UtUI J<llCilTQJlbiiOrO ll:IISIIM!lACiltCTI.11U'I npHMOIIe
Hbl p;Jur HHTepnpeTaUHH ::mcnepHMOII1'l\Jtb11hiX 1HHIYJ1b'l'ftTOtl, PACCMoTpo
Hbi )J.aHHbie no sMHCCHH 6biCTpb!X o..rtbdlll-'IUC'rllll rtfllt COYAApOIIIUI ADYX 

,
1 

CJ10JKHhl{{ Hp;ep, no MHOl!CeCTBeHHOCTH rLlMMU-KilllliTOIJ II 110Jtnl)ltlllnHH 
liJparMeHTOB. KHHeMaTH'leCI<He COOTHOUIOIUift HCnOJth'lOnl1llhl p,1111 pnc
CMOTpeHl!H B03MOJKHOI'O Hp;epHOI'O 3!1>¢JOI(Til n»tO:SO¢lCOIII1, 

Pa6oTa BbJTIOJJHeHa B J1a6opaTOpHH n,nOpllLIX palliC!ll-dl mrnl1. 

npenpHHT 06DeAHHeHHOrO HHCTHTYTa AAePH~X HCCn8AODOHH~. ~y8HO 1982 

Tarantin N. I. P7-82-J8l• 
Kinematical-Dynamical Method of Consideration 
of the Experimental Data on the Two Complex Nucloi 
Tangential Interaction 

The formulas obtained earlier by the author for the kine
matical characteristics of the products of tanguntint binary 
reaction were used for the interpretation of exporimantal 
results. The data on the emission of fast a-particles at the 
collision of two complex nuclei, on the gamma multiplicity and 
polarization of fragments are analysed. Kinematical relations 
are used for the consideration of possible nuclaor Josephson 

effect. 

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

Preprint of the Joint Institute for Nuclear Rosearch. Dubna 1982· 

TiepeBo~ O.C.BHHorpa,noBo~. 


