
A-18'+- 4 - 11262 

MO~Enh cl»PArMEHTAUHH 

H PEAKUMH MHOrOHYKnOHHhiX 11EPE~Aq 



4 - ll262 

B.B.Aa.Aeiqui<oB * 

MO,D;EJIL CI>PArMEHTAUHH 

H PEAKUHH MHOrOHYKJIOHHLIX UEPE,D;Aq 

HanpaeAeHo e .1/tiJ 

*Pa.AHeBWB HHCTHTYT HM. B.f.XnOUHHa /JieHHarpa.A/ · 



ABJleii'IHKOB B.B. 4 • 11262 

MoJlellb cjlparMeHTSUHH H peaKUHH MHorosyKnOHHbiX nepena'l 

LlnSI OnHCSHHSI XSpSKTepHCTHK npOUeCCS cjlparMeHTSUHK npH B3BIIMQ

llei!CTBHH 'ISCTHU Bb!COKHX 3HeprHii C TSUKenbi~IH S!llPSMH H peSKUHli 

MHOI'OnyKnOHHblX nepellS'I npuMeHSieTCSI MOlleJlb HepSBHOBeCHOI'O KBB3K

llBYX'ISCTII'IHOI'O pacnana. Ha ocnoae Qgg- t 3 -CIICTeMaTHKH aHami3K

pyeTCSI npo6neMa gnepuoi! cra6KnhHOCTH lOHe. H a npHMepe pac'!era 

MSCCOBblX pacnpeneneHHil nponyKTOB AeneHHSI ypaHS AeMOHCT'pHpyeTCSI 

B03MOlKHOCTh OfiKCBHHSI npouecca neneHIISI !tlep B pa~!KSX KB83HABYX-

'ISCTH'IHOI'O pacnaaa H Q ~~- t
3 

-CHCTeMSTHKH, 

Pa60TS BblnOnHeHS B na6opaTOPHH BbiCOKHX 3Heprai! 011SU1. 

fipenpBHT 06ballHRaHHOI'O HHCTHTyTS RnepHbiX HCCnallOBSHHA. ny6Ra 1978 

Avdejchikov V.V. 4 - 11262 

Fragmentation '\Iiedel and Multinucleon Transfer Reactions 

A model of the nonequilibrium quasitv.·oparticle decay is used 
for the description of characteristics of fragmentation process at 
the interaction of high energy particles with heavy nuclei and 
for multinucleon transfer reactions. The problem of nuclear stability 
of 10 He is analysed on the basis of Q - t 3 systematics. 
Taking mass distributions of uranium fis';;1on products as an 
example, a possibility is demonstrated for describing the nuclear 
f'JSsion process within the quasitwoparticle decay and the Q - t 3 
systematics. gg 

The investigation has been performed at the Laboratory 

of High Energy Physics, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

,© 1978 06'beJlliBeHHblil BHCTBryT IIJ16pHbiX i1CCI16J10B8HIIil /ly6HB 

§1. BBE,li,EHHE 

CoBpeMeHHOe COCTO.IIHHe B H3y'leHHH .IIBneHH.II HCIIYCKa

HH.II $parMeHTOB IIpH B3aHMO,neHCTBHH 'laCTHU BbiCOKHX 

3HeprHH C .ll,npaMH ,nOCTaTO'IHO IIOnHO H3nO)KeHO B MOHO-
' I I rpatl>aa 1 1'. B pa6oTe 2; ,nenaeTC.II rrorrbiTKa cacTeMaTHJH-

poBaTb Ce'leHH.II $parMeHTaUHH Ha OCHOBe $eHOMeHonorH

qecKOH Mo,nenH /3-fi/. Ce'leHH.II o6pa3oBaHHJI tl>parMeHTOB 

aBTOpbl '2-5; 06'be,nHHKIOT B CeMeHCTBa, KOTOpble xapaK

TepH3YIOTC.II MaCCOBbiM 'IHCnOM /H306apH'IeCKHe MynbTH" 

rrneTbi/. 

B ,naHHOH pa6oTe rrpo,non)KeH aHanaJ rrpe,nno)KeHHOH pa

Hee ,;6,
1 

MO,nenH HepaBHOBeCHOrO KBaJH,nByxqaCTH'IHOrO 

/K)].ll/ rrpouecca tl>parMeHTauaa B peaxua.11x c T.II)KenbiMH 

.11,npaMH. B paMKax JToii: )Ke Mo,nena paccMaTpHBaeTC.II rrpo

uecc o6pa3oBaHH.II T.II)Kenblx Jap.II)KeHHbiX qacTHU B peax

UH.IIX MHOrOHyKnOHHbiX rrepe_naq IlpH 3HeprHKX rrepBH'IHOrO 

aoHa -10 M:JB/HyKAOH. liJyqaeTcK rrpo6neMa .11,nepHoil 

CTafiHnbHOCTH 10 He. llpHBO,nHTC.II aHanH3 3KCIIepHMeHTOB 

110 IIOHCKY 1°He B peaKUH.IIX MHOrOHyKnOHHbiX rrepe,naq H 

TpOHHOrO ,neneHH.II .11,nep Ha OCHOBe Q gg -t 3 "CHCTeMaTHKH. 

§2. tiJPAr M EHT AI.!H.Jl T .JI)J(EJIMX .Jl,li,EP 

lloCKOnbKY 3Ha'IHTenbHaJI qaCTb 3HepreTH'IeCKHX CIIeKT

pOB $parMeHTOB HMeeT "cKeHnHHrOBbiH" BbiCOK03Hepre

TH'IeCKHH "XBOCT", TO OIIHCaTb B ,naHHOe BpeM.II BeCb 

3HepreTH'IeCKHH CIIeKTp 6e3 IlpHBneqeHHK MeXaHH3Ma 

B3aHMO,neHCTBHK rrepBH'IHOH 'laCTHUbl C Jl,npOM /THIIa rnay-

6epa/ rroxa He rrpe,ncTaBnKeTCK BOJMO)KHbiM. Ho HeKoTopble 

3 



OC06eHHOCTH BBneHHB, HanpHMep OTHOWeHHe BMXO~OB O~

HOI'O H TOI'O :lKe 4!parMeHTa f H3 ~BYX B~ep-H30TOIIOB, 

MO:lKHO OIIHCaTb B paMKaX npe~nO:lKeHHOB B /6/ 4!opMynLI, 

Y'IHTMBaB, 'ITO Ce'leHHB AflB HH3K03HepreTH'leCKOB H BM

COK03HepreTH'leCKOB KOMIIOHeHTM IIO~lJHHBIOTCB O~HOB CHC

TeMaTHKe, a HMeHHO: 

da Q 
-- = c(z). exp(t ) • exp( ___f!L) , 
dD 3 T 

/1/ 

r~e T - uepaouooecuax TeMnepaTypa 41parMeHTHpyromero 

x~pa, ooe~euuax ~nx onHcaHHB K,n.q npou.eccoo. 

lfCXO~HOe nono:lKeHHe MO~enH COCTOHT B TOM, 'ITO B 

g~pe B OCHOBHOM COCTOBHHH BeT I'OTOBMX KnacTepoo, OHH 

4!opMHpylOTCB BCne~CTBHe Heynpyroro B3aHMO~eBCTBHB /He 

KaCKa~HQI'O THIIa!/ II,epBHlJHOB qacTHU.hl /HnH B~pa/ C 

x~poM-MHIIIeHLIO. B pa6oTe /s/ yKa3aHM ocHoBHLie xapaK

TepucTHKH npou.ecca, 41opMHPYIOIIJ.ero oo36y:lK~euuoe co

CTOBHHe (U*), THII KnacTepHOB KOH4!HrypaiJ.HH (Q gg , t 3 ) 

H HMTiynLC B~pa-oT~alJH q, B o6naCTH OlJeHb BMCOKHX 

3Hepruii: ~n.11 npou.ecca, 4!opMHPYIOI.IJ.ero oo36y:lK~euuoe co

CTOJIHHe, MO:lKHO HaiiHCa Th /1/ 

a(\t\) =N(B)a·exp(-lOJt\) 6apH/cp, /2/ 

r~e 
N(B) _ B 1/3 8=6-'-60, 

uo ~nx TO'IHoro pacqeTa ueo6xo~HMM ~auuwe no ueynpy

roMy pacceBHHIO ~oyMepuoro THna 

a(\t*l, U*). /3/ 

H3 ~ocTynuwx pac'leTy xapaKTepHCTHK 4lparMeHTaU.HH ow-

6epeM "H30TOIIHlJeCKHB 34!4leKT" /2-5/, T .e. 3aBHCHMOCTh 

ce'leHHB owxo~a ~auuoro 41parMeHTa F m,z oT TpeTLeii: 

npoeKU.HH T SB H30TOIIH'lecKoro cnHua x~pa-MHWeHH. B paM

KaX npe~nO:lKeHHOH MO~enH BeT He06XO~HMOCTH BBO~HTh 

ynoMBHYTMii: napaMeTp T SB. 

C'IHTaB F(\t*J) H a a2=<P 2> ~auuoro 4!parMeHTa 

~nB B~ep 112 Sn H 124Sn lenH'l,HOB IIOCTOBHHOB H Y'IH

TLIBaB, 'ITO a 2F -p 2 /6/, nonyqaeM ~nB OTHOIIIeHHB ceqe-
u 0 

HHH: 

4 

a(F ) 112 Sn 
___ m.z c 1 

a(F m~124 Sn = ~. exp[(Qll2 - Q 124)/T]. 
/4/ 

BenHlJHHa OTHOIIIeHHB onpe~enBeTCB TOnbKO 3HalJeHHeM 

C tfc 
2 

/HOpMHpOBOlJHhiB K03414!HU.HeHT/ H Q gg , r~e Q gg-

3HepreTH'leCKHB 6anaHC peaKU.HH 

Sn A _, • X A , + F 
Z z m,z 

M=M'+m+ Q . gg 

6 (112sn ) 

~arMeHT G (124sn ) 

( sKcnepm.mHT) 

~e 1,4 

4He + 1,32-0,04 

6Li ... 1,03-0,04 

7Li ... 0,53-0,04 

8Li 0,29=0,05 

*HopMHpooauo K 
6 

Li H 
4 

He 

Q112 

Q124 
(Qgg) 

-15,14 
-22,33 
-1,765 
-6,675 
-15,88 
-22,95 
-16' 36 
-21.11 
-24,51 
-26,62 

(c /c ). 
1 2 

/5/ 

Ta6Au~a 

6 (112sn ) 

G ( 124sn ) 

< pactieT) 

1 '73 

1 ,oo • ) 

1,00 *) 

0,56 

0,29 
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3Ha'ieHHe T Bb16paHo paBHbiM 4 M 3B, T. e. JHa'IHTenhHO 

HH)I(e, qeM aenH'IHHa, nonyqaeMaB H3 aHanuJa 4JopMhi 

3HepreTH'ieCKHX cneKTpOB Ha OCHOBe HCnapHTenhHOH MOJJ.enH, 

HO Bblllie, 'ieM nonyqaeTCB B cnyqae paBHOBeCHOH TepMo

JJ.HHaMHKH JJ.nB nO.D.06HOH B036y)I(JJ.eHHOH CHCTeMhl /7/,PeJynh

TaT pacqera npe.IJ.CTaaneH B ma6/IU!le. 

113 ma6/IU!lbl BH.D.HO o6mee xopomee cornacue pacqera 

H 3KCnepHMeHTa, KpOMe cnyqag 3 He. ECTh OCHOBaHHB C'IH

TaTh, qro a cnyqae 3 He 3fcnepuMeHranhHaB omu6Ka MO~ 
)l(eT JJ.OCTHraTb 30750~ /S , 

Bee npuuuunhl MO.D.enu K)l;q pacna.D.a .D.nB onucaHHB 

4JparMeHTaUHH TB)I(enbiX BJJ.ep npHMeHHMbl B TaKOH )l(e 

CTeneHH, KaK H JJ.nB OnHCaHHB 4JparMeHTaUHH nerKHX BJJ.ep. 

§3. P EAKI.(HH MHOFOHYKJIOHHbJX IIEP BAA I.J 
KAK KAI.J IIPOI.(ECC HEPABHOBECHOH 
tPPAFMEHTAI.(HH 

B pa6ore / 9/ npH uJy'ieHHH peaKUHH 22Ne + 232Th 6J.ma 

ycraHoBneHa JaKOHOMepHOCTh BbiXO.D.a nerKoro BJJ.pa-4Jpar

MeHTa B BHJJ.e 

dQ 
exp(Q ) , 

gg 
/6/ 

da 

uaJaauuaB arrocne.IJ.CTBHH Qgg - cucreMa THKOH. XapaKTep 

JaBHCHMOCTH ,/6/ B 06IUeM COXpaHHnCB H B peaKIJ,HH 
15 0 + 232 Th/10;, H B peaKUHBX 16 0 + 232 Th H 16 0+Au/lO~ 

CucreMaTH'ieCKHe H qacro cyiUeCTBeHHble OTKnoHeHHB 

OT IIpOCTOH Q gg - JaBHCHMOCTH IIpHBenH aBTOpOB /11-14/ K 

JaKnwqeuuw o cyiUeCTBOBaHHH 6onee coaepmeHHOH Jaau

CHMOCTH H K CHCTeMaTHKe Q gg -o(n)=o(p), r.IJ.e o(n) H 

o(p) -rronpaBKH Ha pa3JJ.eneHHe HeHTpOHHbiX H npOTOHHbiX 

nap, rrepe.IJ.aBa~MbiX BJJ.py-MHllieHH HnH rra.D.aiDIUeMy HOHy. 

Ha puc. 1 a npe.IJ.CTaBneHa Q - CHCTeMa THKa BbiXO.D.a H30-
rorroa a peaKUHH 22 Ne + 232 Th :g H Ha puc. I 6 - cucreMa THKa 

Q gg -o(n) -o(p). 0KOnO 10 H30TOnOB Ha pUC. 1 OTKnOHBIOTCB 

OT nHHeHHOH JaBHCHMOCTH B 10-'-100 H JJ.a)l(e 103 pa3. 

6 

KpoMe roro, HaKnoH ('I) pa3HbiH y pa3HbiX H30Tonoa. 

Bae.LVI nonpaBKY Ha paJ.D.eneHHe nap, aaropaM /11-l.Vy.D.anoch 

nony'IHTh OJJ.HHaKOBOe JJ.nB 60nhlliHHCTBa H30TOnOB 3Haqe

HHe napaMeTpa T, npH 3TOM 'iHCnO H30TOnOB, OTKnOHBID

lliHXCH OT nHHeHHOH JaBHCHMOCTH, OCTanOCh npe)I(HHM, 

HO noTepHnCB 4JH3H'ieCKHH CMbiCn Q - CHCTeMaTHKH H 

T 
. gg 

napaMeTpa . 
B pa6oTe /H>f npe.D.nO)I(eHa KOHUenUHB 'iaCTH'iHOrO TepMo

JJ.HHaMH'ieCKOrO paBHOBeCHB JJ.nB OnHCaHHB MeXaHH3Ma peaK

UHH rHII H onpe.IJ.eneHO apeMB )I(H3HH 4JparMeHTHPYIDIUeH 

CHCTeMhl: < 1CJ2lc. IlapaMeTp T HMeeT CMbiCn TepMOJJ.HHa

MH'ieCKOH TeMneparypbl HepaBHOBeCHOH CHCTeMbl. B ycoaep

meHCTBOBaHHOH Q gg -o(n) - o (p) -cucreMaTHKe T = 
::::1,8-:-1,9 M3B, T .e. cyiUecraeHHO MeHhllie, qeM TeMnepa

rypa paBHOBeCHOH CHCTeMbl nOJJ.06HOrO THna /7/, 
KaK BHJJ.HO H3 3KcnepuMeHTanhHbiX JJ.aHHbiX, HepaaHo

aecHaH CHCTeMa TJI)I(enbiH HOH+BJJ.PO "xpaHHT B naMBTH" 

HH4JopMaUHID 0 BXOJJ.HOM KaHane: f -op6HTanhHbiH yrnoBOH 

MoMeHT, rronuyw 

B paBHOH Mepe 

H aenH'IHHY t 3 
Tor.D.a 4JopMyna 

Macey, 3HeprHID rrepBH'iHOH 'iaCTHUbl. 

CHCTeMa JJ.On)I(Ha "xpaHHTh B rraMBTH" 

BXOJJ.HOrO KaHana /rrepBH'iHOrO HOHa/. 
/5/ H3 pa6oTbl /6/ JJ.nB ce'ieHHB K)l;q 

rrpouecca CBOJJ.HTCH K BH.D.Y 

da 
-- = c(z).exp(tH )· exp(Q /T), 
dQ 3 gg 

r.D.e 

tH 3 = t 3( F) - t 3(HI) 

/7/ 

/8/ 

HI - rrepBH'IHaH qacruua, t S(F) - rpeThB npoeKUHB HJoro

rruqecKoro crruHa rrpo.IJ.YKTa peaKUHH F. 
Ha puc. 2 npHBe.D.eHa CHCTeMaTHKa rHII B COOTBeT

CTBHH c 4JopMynoH: /7 I. )l;aHHble no ceqeHHBM o6pa3oBaHHB 

4JparMeHTOB B3BTbl H3 pa60Tbl /13/,B BapHaHTe Q gg - t 3 -
CHCTeMaTHKH MaKCHManhHOe OTKnOHeHHe HMeiDT H30TOII 

22 O(x 6), H30TOII 21N (x3) H H30Ton 6 He(x2). K auanuJy 

3TH X OTKnOHeHHH Mbl BepHeMCH IIOJ)I(e. 
TaKHM o6pa3oM, B paMKax MO.D.eJIH K)l;q pacna.D.a Is/ 

Y.D.aeTCB IIOJIHOCThiD OIIHCaTh rrpouecc rHII npH 3Ha'ieHHH 

··7 
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Puc. 1a. Q gg - cucmeMamwm ou(/j(/jepeHt~uaAr.Hr.rx ce'leHuii 
U3omonoe 6 peaKijUU MHOZOHYK/IOHHblX nepeOa'l. 

., 

-
~ 

0 
E 

~.o1 

"' ... 

wfl 

\ ~ \ 1~N l 13 18o~ol111o •\'4c c "e• 
'fit< o4N \ •as •• 

•\ 11c 
~~. 

19N• 13Nl 
•17c 

.\ '!c. 

21N\ 

"o 
. !1Be 

11\ 
14 

8~ 
• B 

ooc•'~ 

\ 

7Be 

-~ -~ -~ -~ -~ 

!1-g.g.- &(n)- 6 (p) I MoV) 

(b), 

Puc. 16. Q g -o(n)- o(p) -cucmeMamuKa ou(/j(/jepeHijUQ/Ib
HblX ce'leHuii fL3omonoe e peaKt~uu MHOZOHYKAOHHr.rx nepe
oa\l. 

a 

T= 3,05±0,04 M3B, npu 3TOM JHa'leuue T cyJ.QecTseuuo 

BbiDie, 'leM JHa'leHHJI T, nonyqaeMble H3 pacna,IJ;a TepMo

,IJ;HHaMu'leCKH/ '/. paBHOBeCHbiX CHCTeM, paBHbie 2,15± 
±0,05 M3B :3TO ,IJ;aeT OCHOBaHHJI C'IHTaTb, 'ITO npou;ecc 

tlJparMeHTaD;HH JI,IJ;ep DO,IJ; ,IJ;eHCTBHeM 'laCTHU BbiCOKHX 3Hep

rHH H peaKIJ;HH rHIT OTHOCJITCJI K O,IJ;HOMY Knaccy K,[J.ll 
npou;eccos, npu 3TOM T HMeeT CMhiCn TeMnepaTyphl TepMo

,IJ;HHaMH'IeCKH uepasuosecuo:B: cucTeMbl. B TaKoM cnyqae 

H3MepeHHble B peaKIJ;HJIX rHIT ,IJ;H<Wlepeuu;uanhHble 3Hepre

TH'IeCKHe cneKTpbl tlJparMeHTOB CO,IJ;ep:lKaT BCIO HHtPOpMaiJ;HIO, 

22Ne + 232Th ..... fr. 
18 4 
~.17 1 ~ .. •\13 \ \ 16~ • li I \ 

20 ·.19 11;, 12\15 I.J1 , 
L 7.8 M38ja.e.M. 

I I. .. If 8= 12° 
\ 16a, •,.6 \ bJO 
. '18 ' lo9 
i<,21 14\D '. \.2 \ 

. D',D ', •.u\ 
19, I \A \ 

\ \i~ ~0 \ 
i1~, I \1 

\\ 
\ G 

X 

22 

., He 

Li 
o Be 
• 8 
• c 
a N 
X 0 

', ', \ \ 
2~\ 1 

o8 \ \12 . o, • \ 0\ 
r.. ., .~.11 • ~ 
x\ [\ \ 14'A

5 
\ 

15 · \ '. 1 \Be 
D \ \ \ 

• 21 \ ', 8 
O N \ \lO 

'\ 

\~ \ 
\~ 
Li . 

\ 
--4;---·-

10 20 30 40 50 GO 

-agg_ M3f> 

Puc. 2. Q g - t 3 - cucmeMamuKa /no (/jopMyAe /7/ I ou(/j(/je
peHt~UaAr.Hr.Y:K ce\leHUU U30monoe, o6pa3YIOJIIUXCJI e peaKijUU 
22Ne + 232 Th, (] JJ.C. = 12~ EJI.c. = 172 M3B. 
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I<OTOpyiO MO:>KHO H3BJieqb H3 HJyqeHHJI peai<~HH !llparMeH

Ta~HH no,D; ,D;eHCTBHeM qaCTH~ BbiCOI<HX 3Hepruii:, a HMeHHO: 

Juaqeuue HMnynbca <l>epMH p F, a~ , npHBe,D;eHHble wupu

Hbi I<JiaCTepHbiX I<OH!l~Hrypa~HH. 3Ta HH!l~OpMa~HJI oqeHb 

Ba:>KHa ,IJ;JIJI nOHHMaHHJI npo~eCCOB B3aHMO,D;eHCTBHJI qacTH~ 

H JI,D;ep BbiCOI<HX 3HeprHH C B,D;paMH. 

§4. B03EY)J():(EHHhiE C/JPAFMEHThl 

Mo.D;eJib K)l,q pacna,11;a npe,D;ci<a3biBaeT pa3Horo po,11;a 

I<oppeJIB~HH npu pacna,11;e B036y:>K,D;eHHbiX !llparMeHTOB. llpu

MeHHTeJibHO I< peai<~HJIM rHll 3TO 3HaquT nOBBJieHHe Kop

peJIHpOBaHHbiX nap !llparMeHTOB B yrJIOBOM paCTBOpe 10-
-15~ npu 3TOM pacna,D; B036y:>K.D;eHHoro !llparMeHTa B cuc

TeMe ero nOI<OJI no,D;qHHJieTCJI CHCTeMaTHKe, npHBe,D;eHHOH 

B pa60Te 161, liJyqaJI 3ai<OHOMepHOCTH pacna,D;a TaKHX CHC

Te:M, MO:>KHO noJiyqHTb TY :>Ke HH!l~OpMa~HIO, qTo H npu HJy

qeHHH !llparMeHTa~uu na,D;aromeii: qacTH~bi npu BbiCOI<Hx 

3HeprHBX H !llparMeHTa~HH B,D;pa- M'WyHH. 

TeopeTuqeci<HH aHaJIH3 rHn 15-He n03BOJIJieT onpe,D;e

JIHTb O,IJ;H03HaqHO H3 3KCnepHMeHTa 3HaqeHHJI U * , 
U*(M-F ) u, JHaquT, Benuquuy T. Ho H3 auanuJa 3I<cnlJu

MeHTaJI~HbiX ,D;aHHbiX no K)l,q pacna.D;y cucTeM 
12 c, 16 0 , 

22 Ne -+ 232 Th. 15 N + 232 Th MO:>KHO BH.D;eTb, qTo OTKJIOHe

uue 
6 He I E 2n = -0,91 M:JBI OT Q gg- t 

3 
- JaKOHOMep

HOCTH qeTKO KOppeJiupyeT CO 3HaqeHHeM T, a HMeHHO, npu 

T = 9,2(x4); T = 8,2(x3,5); T = 3.05 (x2); T = 2,90(xl,5). 
YqeT 6anauca 3HeprHH B peai<~HJIX rHn I U'f ,..I M:JBI 

- 1 
,D;aeT B03MO:>KHOCTb npoBeCTH ,D;eTaJibHbiH pacqeT KHHeMa-

THKH H COCTOJIHHJI OCTaTOqHoro JI,D;pa, HanpHMep C ~eJibiD 

noJiyqeHHJI Heii:TpOHO,D;e!llu~HTHbiX H30TOnOB HJIH TpaHcypa

HOBbiX 3JieMeHTOB. 

§5. IIPOEJIEMA 14Be H 10 He 

H3 npe,D;bi.D;YIUero H3JIO:>KeHHJI BH,IJ;HO, qTo MO:>KHO O:>KH

,D;aTb 3HaqoTeJibHOrO OTKJIOHeHHJI ceqeHHH o6pa30BaHHJI HJO

TOnOB OT npe,D;CKa3aHHH Q gg -· t 3 -cHCTeMaTHKH, eCJIH 

H30TOnbl HeCTa6HJibHbl npu MaJibiX 3HeprHBX B036y:>K,D;eHHJI. 

10 

;\ 
I 

] 

3To OTHOCHTCJI H K H30Tony 14 Be IE 2n ~ -0,41 M:JB/. 
3KcnepuMeHTaJibHble pe3yJibTaTbl no nOHCI<Y 14Be /16,17/ 
nO,D;TBep:>K,D;aiOT 3TO 3aKJIIOqeHHe. 

Ha puc. 3 npuBe,D;eHa Q gg- t 3 - cucTeMa THKa ceqeuuii: 

o6pa30BaHHJI H30TOnOB B peai<~HH 1 5 N + 232 Th, HCnOJib-

3yeMaJI B BapuauTe Q gg B pa6oTax I 16 • \7 I .D;JIB nouci<a 

14 Be u npe,D;cKaJaHHB JI.D;epuoii: ueycToii:qoBOCTH 1° He. H3 

pucyui<a ·BH.D;HO, qTo ceqeuue o6pa3oBaHHB uJoTona 14Be 
B 25 pa3 MeHbWe, qeM CJie.D;yeT H3 JIHHeHHOH 3aBHCHMOCTH 

IB 10 pa3 - B Q - CHCTeMaTHI<e H 12 pa3 B -

0: 
~ 

E 
~ l.(j 

:>: 
M • 

:; 101 
IQ) 

·~ 

\.9\"0 
"0 

gg 

~\13 \ \ 
\1\ ~10 ~ 

\ \9\7 

15N +232Th-fr+ ··· 

L 9.7 M3~jae.M. 
I \ \1\\ .13 \ 0 

1

~15 \ \2 '\ 
\ \ \ ,9 \ 
.\1G 1~\ \ \ 

I '\ 

\ ,!, \\ "\' 
\ \ \ \ 

\ B \ \11\ 1 

Be • 
C x1/1Q ~ ~i 

0 

He \" 

LH. 

EJ =40° 

Li 

o Be 

• B 
• c .14 

10 20 60 
-099.1130 

Puc. 3. Q - t 3 - CUCIIIe.MaiiiUKa outfojJepeHI.#UQAbHbiX Ce'le-
HUU U3omorlife, o6pa3Y10UIUXC.R e peaKI.IUU 15N + 232 Th , 

e Jl. c. = 40 o, 
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Qgg-o(n)-o(p) -cucTeMaTHKe/. KpoMe Toro, 3KcTpa-

110JIBUHB 6He - 8 He qepe 3 3KCI1epHMeHTaJILHble ToqKu .IJ.JIB 

ol1pe.n.eJieHHB ceqeHHB Bblxo.n.a 
10He HeuepHa corJiacHo 

pucyHKY H §4. HH:>KHHii 11pe.n.eJI 110 ceqeHHIO o6pa3ouaHHB 

10 He, 110JiyqeHHbiH HaMH B pa6oTe/2l/, He)l.OCTaToqeH )l.JIB 

yTuep:>K.IJ.eHHB o B.IJ.epHoii HecTa6HJILHOCTH 10He. IlpH E
2 

,-0,4 M::JB .IJ.JIB u.n.eHTH<iJHKaUHH 10He Heo6xo.n.uMo JIOBbiCH~L 
11pe)l.eJI qyBCTBHTeJILHOCTH a1111apaTypbi B - 3 pa3a, H, MO:>KeT 

6biTL, B 10 pa3, ecJIH E
2

n ,-0,2 M::JB. CJie.n.yeT OTMe

THTL, qTO peaKUHB 15 N + 232 Th - HaH60Jiee Y.IJ.06HaB 

I:' 
<I 

I 
C!.) 

l!) n+ 233u-.fr.+F, + F
2 

T = 3.51 ±002 M3&" 

+ a 10 a 5 4 2 o 2 4 5 a 10 12 a ~ 
99 - 99.M3o 

Puc. 4. qgg -t 3 - cucmeMamuKa noAH&rx cet~eHuii u3omonoe 
zeAu.R, oopa3Y10U#UXC.R e peaKijUU mpouHozo oeAeHU.R n + 
+ 233U. 
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) 
.... 

H3 BCeX paCCMOTpeHHbiX HaMH peaKUHH, KOTOpble MO:>KHO 

HCI10Jih30BaTL )l.JIB 110JiyqeHHB lO He, T .K. B Heii peaJIH3yeT

cB MHHHMaJILHoe 3HaqeHHe T/T = 2,90±0,05 M::JB/. 
cl>aKT CTa6HJILHOCTH HJIH HeCTa6HJILHOCTH B)l.pa 10He )l.aeT 

yKa3aHHe Ha BeJIHqHHY 110TeHUHaJia B3aHMO)l.eHCTBHB .IJ.BYX 

HYKJIOHOB c S = T = 1, T. e. U ~33) - 110TeHuuaJia. 3HaqeHHe 

U (33) He H3BJieKaeTCB H3 3KCI1epHMeHTOB 110 y11pyroMy 

N-N- pacceBHHIO. 3HaHHe U ~3) 110BJieqeT 3a co6oii 

B03MO:>KHOCTh pacqeTa 3HeprHH CBB3H pB)l.a JierKHX HeHTpo

HOH36biTOqHbiX B.n.ep, Ha11pHMep MeTO.IJ.OM K- rapMOHHK /18/. 
0TpuuaTeJILHhlii pe3yJILTaT pa6oTLI/19/ 110 110HCKY 10 He 

cpe)l.H 11PO.IJ.YKTOB TpOHHOrO )l.eJieHHB B peaKUHH n + 233 U He 

.n.oKa3biBaeT <IJaKTa B.n.epHoii HecTa6HJILHOCTH 1°He. CeqeHHe 

BbiXO)l.a H30TOI10B reJIHB 110)l.qHHBeTCB Q - t
3

-cHCTeMa

THKe co 3HaqeHHeM T = 3,61±0,02 M::J/gjpuc. 5/. cl>par

MeHTHPYIOIUee B)l.pO 
234 U92 HCI1YCKaeT H30TOI1hl 4He,, 6He H 

8 He c 110cJie.IJ.YIOIUHM .n.eJieHHeM. 0THOWeHHe ceqeHHii 1C1-Ie/4He 
paBHO /2,7±0,5/x10--6 11pH YCJIOBHH, qTo B)l.pO 10He o6pa-

3yeTCB B OCHOBHOM COCTOBHHH. ABTOpbi pa60TLI/19/ He )l.O-

CTHrJIH .n.aHHoro ypoBHB ceqeHHB. EcJIH E 2n B.IJ.pa 10He 
MeHLwe -0,4 M::JB, TO uepoBTHOCTL ero o6pa3oBaHHB Mo

:>KeT 6biTh eiUe B 103pa3 MeHLWe H3-3a )l.OCTaToqHO 60JIL

WOH ueJiuquHbi 'I . 

§6. ,lfEJIEHHE .R,lfEP B PAMKAX 
Q gg - t 3 - CHCTEMATHKH 

~JIB 011HCaHHB 11pouecca )l.eJieHHB B)l.ep 06blqHo 110JIL-

3YIOTCB MaCCOBbiMH H 3apB)l.OBbiMH pacl1pe)l.eJieHHBMH 11ep

BHqHbiX OCKOJIKOB, o6pa3y10IUHXCB )l.O HCI1apeHHB HeHTpOHOB. 

~JIB 110CTpOeHHB H30TOI1HbiX pacl1pe)l.eJieHHH 11epBHqHbiX oc

KOJIKOB .n.eJiaeTCB, KaK 11paauJio, pB.IJ. 11pe.n.11oJio:>KeHuii:. Cqu

TaeTCB, Hal1pHMep, qTO H30TOI1HOe paCI1pe)l.eJieHHe 011HCbi

BaeTCB <IJyHKUHeii: raycca: 

(A-Ai 
a(A- A ) - exp[- ----], 

s 2a 2 
A 

/9/ 

r.n.e A s 
- Hau6oJiee uepoBTHaB Macca .IJ.JIB .n.auHoro 3apB.n.a 

OCKOJIKa, KOTOpaB BblqHCJIBeTCB Ha OCHOBe rHI10Te3bi paBHO-
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ro cMemeHHR 3apg~oa. KpoMe Toro, npe~nonaraeTcR, qyo 
qucno HCnapReMhiX H3 OCKOllKOB HeihpOHOB ~ - A . Ilapa-s 
MeTp WHpHHbl H30TOnHoro pacnpe~eneHHR a f H 3HaqeHHe 
v RBllRIOTCR BapbHpyeMhiMH napaMeTpaMH npH nOCTpOeHHH 
H30TOnHhiX pacnpe~eneHHH nepaHqHbiX OCKOllKOB. 

· Mhl y>Ke paccMoTpenH ~eneHHe nerKHX R~ep I 12c H 
16o 1 H acHMMeTpHqHoe ~eneHHe TR>Kenhlx R~ep (2~+232Th) 
KaK npouecc K.D.q -pacna~a. C yoqKH 3peHHR npe~no>KeHHOH 
HaMH MO~enH ~eneHHe. TR>KellhiX R~ep - 3TO THnHqHbiH K.LJ.q 
npouecc, K KOTOpOMY npHMeHHMa Qgg- t 3 -cHCTeMaTHKa. 
IlpHMeHHM 3TY CHCTeMaTHKY ~nR pacqeTa H30TOnHbiX pac
npe~eneHHH npo~yKTOB ~eneHHR TR>KenhiX R~ep. CeqeHHe 
BhiXO~a ocKonKa F c Mac coil A H 3apR~OM Z onpe~enReT

CR no l}lopMyne 

Q gg 
a = c ( Z) · exp ( --) • exp ( ~ t ) . /101 

A(Z) T 

2 
OJ10 
:J 
I 
(!) 

::r 
OJ 
u 

89 

~ 
b\ ~ 

r
;' ~\ R b .1 \ Cs 

t
•'\ i. 0 

I \ 

• \ •• 0 'i 
J +, jo o\ 

1 \ 1"• '\ >o2 

I ~ oo
0 ~ 

\ 1

. 1 

~ t ' 
so / , o,o , ·no" ",', 

1 

11 238 
B+ U-Rb(Cs) +· .. 

T = 3.61 M38 

! Pac'tem 

~ 3Kc-Hm 
90 100 125 135 145 

Maceo OCKOAKO~ 
80 

3 

Puc. 5. H3o11ronHble pacnpeoeAeHUJI py6uou.11 u ije3u"• 
pa3o8aHHbiX 8 peaKijUU oeAeHu.R ypaHa uoHaMu 11 B. 
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o6-

~ 

M 

., 
(!) 

f
..... 3 J 10 

(!) 

w 

,1151 

f\ 156.5 

~·~\ :f\ 
\ /,, \ 

J \ r- [: . .i 

I \ i \ r\ f~ 
z1=58 j z,=GO I } z1=62 \ J Z1=66 \ . 

I I I 11 I I j 
150 160' 150 160 155 165 160 170 

Maceo ocKOIIKOD 

Puc. 6. A6coAIOmHble pacnpeoeAeHUJI ocKoAK08 OeAeHUJI, 
o6pa3o8aHHbiX 8 peaKijuu oeAeHUJI ypaHa menA08biMU Heum
poHaMu. 

PaccMoTpHM peaKUHJO ~eneHHR /2o/ 

118 + 238 u _, 249 Bk _, Rb(Cs) + ... 1111 

0TMeTHM, qyo Rb H Cs He RBnRIDTCR ocKonKaMH. E~HH
CTBeHHhiM HeH3BeCTHbiM napaMeTpOM B I}JopMyne /10/ RB· 
JIReTCR T. IlocKonhKY T - a ~ , c xopowHM npu6nH>KeHHeM 
MO>KHO npHHRTh T = 3,61 M3B. 3To 3HaqeHHe cne~yeT H3 
onucaHHR peaKUHH o6pa30BaHHR H30TOnOB renHR npH TpOH· 
HOM ~eneHHH ypaHa I puc. 41 Ha ocuoae G - t 3 - cucTe-gg 
MaTHKH. BenuquHa ~t3 = ~t 3 (A) onpe~enReTcR no l}lop-

Myne 18/. 
Ha puc. 5 noKa3aHhl H30TonHhle pacnpe~eneHHR Rb H 

Cs, o6pa3YJOmHXCR a peaKUHH 1111. PacqeT no l}lopMyne 
1101 npuae~eH yoqKaMH H cnnowHoii nHHHeii. KaK BH~Ho 
H3 pucyHKa, cymecTayeT nonHoe coana~eHHe Me~y 3Kcne
pHMeHTanhHhiMH yoqKaMH H pacqeTHhlMH 3HaqeHHRMH ~R 
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HJOTonoa Rb u oqeuL HeJHaquTenLHoe pacxo:>K.D.eHue a cny
qae HJOTonoa Cs. Cne.n.yeT no.n.qepKHyTL, qTo a pacqeTe 
He HCll0Jib30BaJIHCb CB060,Il,Hble napaMeTpbi. l.Jepe3 3KCne
pHMeHTaJibHble H pacqeTHble TOqKH MO~HO llpOBeCTH ray
COBCKYIO KpHBYIO TOJibKO B oqeHL rpy60M npH6JIH~eHHH. 

PacqeT xopowo aocnpoHJBO.D.HT oco6eHHOCTH 3KcnepuMeH
TaJihHhiX HJOTOllHbiX pacnpe.n.eneuu:H. ll3 auanuJa puc. 5 
cne.n.yeT, qTo cpe.n.Hee qucno HeiiTpouoa, ucnap.ReMhiX H3 
ocKOJIKa Rb, paauo 0, a ucriap.ReMhiX H3 ocKonKa Cs /He 
.n.ononHHTenLuoro!/ - 2. PacqeTHoe Juaqeuue A .D.JI.R 

s 
Cs paaHo 137, 3KcnepuMeHTanLHoe - ::::: 135. B TO ~e apeM.R 
uau6onee aepo.RTHa.R Macca ocKOJIKa, Bhiqucneuua.R ua ocuo
ae runoTe3LI paaHoro CMei.QeHH.R Jap.R.n.oa, cornacyeTc.R c 
3KcnepuMeHTanhHhiMH JHaqeHH.RMH .n.n.11 HJOTonoa Rb u Cs 
npu ycnoauu, qTo H3 ocKOJIKOB ucnap.ReTc.R nonHoe qucno 
HeHTpOHOB ;; = 11. 

Ecnu npe.n.nono~HTh, qTo (Z) = const(Z). TO MO~Ho 
llOCTpOHTh a6COJIIOTHLie H30TOllHhie H MaC COBble pacnpe,Il,e
neHH.R oCKOJIKOB .n.eneHH.R. Ha puc. 6 npuae.n.eHhi a6conroT
Hhie H30TOllHhle pacnpe,Il,eJieHH.II OCKOJIKOB ,l],eJieHH.II 233 U 
llO,Il, ,l],eHCTBHeM TellJIOBhiX HeHTpOHOB. ll3 pHCYHKa BH,Il,HO, 
qTO B ,Il,aHHOM CJiyqae rayCCOBCKaH KpHBa.R HBJIJieTCJI Henno
XHM rrpu6nu~euueM ,Il,JIJI onucaHHJI HJOTOllHhiX pacnpe.n.ene
HHH. 

§7. 3AKJ1JOIJEHHE 

Mo.n.enh Hepanuoaecuoro K,l],l.l pacna.n.a 17/ uenpoTuaope
quBO OllHCLIBaeT OCHOBHyro OCo6eHHOCTL peaKUHH ~parMeH
TaUHH npH B3aHMO,Il,eHCTBHH qaCTHU BbiCOKHX 3HeprHH C 
T.R~eJihiMH .R,l],paMH, a HMeHHO, OTHOWeHHe BbiXO,Il,OB ~parMeH
TOB H3 .D.BYX H30TOllOB-MHWeHeH. lloHJITHe "KBa3H" BBe
,Il,eHO, qTo6LI no.n.qepKHYTL ponh nepauquou qacTHULI KaK 
~aKTOpa, ~OpMHPYIOIUero KJiaCTepHble KOH~HrypaUHH, HO He 
MeHJIIOI.Qero B npouecce B3aHMO,Il,eHCTBH.II C .R,Il,pOM a,Il,pOHHbiH 
cocTaa .R,Il,pa. Cyi:UeCTBYIDIUHe 3KcnepuMeHTanhHLie .n.aHHLie 
no rHn Ha cpe.n.Hux u T.R~enLix.R.n.pax-MuweH.RX yKna.n.LiaaroT
c.R B paMKH MO,l],eJIH K,l],l.l npouecca H Q gg - t 3 - CHCTeMa
THKH ceqeHuii. ll.JoTonHLie pacnpe.n.eneHHR ocKOJIKOB .n.ene
HHR MoryT 6LITL onucaHLI a paMKax Q gg- t 3 -cucTe-

16 

MaTHKH 6e3 llpHBJieqeHH.II ,Il,OllOJIHHTeJILHbiX napaMeTpOB. 
AuanuJ acero 3KcnepuMeHTanLHoro MaTepuana npHBO,Il,HT 

K y6e~,Il,eHHID, qTo Q gg - t 3 - 3aKOHOMepHOCTL .IIBJI.ReT
C.ll YHHBepcaJILHOH JaKOHOMepHOCTLro KBa3H,Il,ByxqacTHqHbiX 
npoueccoa, TeopeTuqecKue ocHOBLI KOTopoB: e~.Qe npe.n.
CTOHT llOH.RTL. 
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