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OpnoBa O.A. H np. P7 - 12061 

l13y'leHHe peaKUI!ti Cfl<HIH1!51 J!OHOB 48Ca C 51llpaMI! 
203, 20 5 Tf, 208 Pb n 209Bi 

Opencraanenbr pe3ynr..TaTbi OllbiTOB no H3MepeHnro nHTerpanLHh!X ni>rxo

noa 246 cr I! ( 25 2 Fm + 255 Fm) npn oGny'!ei!Itll yCKOpGIIHhiMH !fOlia"" ·IHca 
MHllleueii H3 20Bpb, 209 Bi 11 ecr Te. 

B CBSI3H c reM, 'ITO naHHbre n3oronr,r KanH4lopiiii51 n ¢epMU51 5IBnmorcSJ 

JIO'IepHHM!l nponyKTBMH pacnana HyK.'ll!/108, 06pa3y!Ollii!XCSI B peaK III! C!X 

( 
48

Ca, XI!) , HX BhiXOJihl OUCHI!B81II!Cb C llOMOlllb!O ~10llllqlHU11pOD8llllOI! pllC'ICT

HOli nporpaMMhl ALICE. noayqeuo pa3y~II!Oe COOTBeTCTBI!e paC'!GTIILIX ouo

HOK C BblXOnBMH, H3MepeHHbMH B OflbiT8X, 

Pa6ora BhlliOl!llel!a B na6opaTOpHI! Sll1epi!LIX peaKUI!l! 0115111. 

npeiiplliiT 06be/lHHeHHOf'O HHCTHTyTa SlllopHblX IICCI!8UOD8Hilii, fly6Ha 1978 

Orlmm O,A. et al. 

Investi§ation of 48Ca Ion Fusion Reaction 
with 03

• 205Te, 208 Pb and 209 Bi Tar~ets 

P7 - 12061 

Integral YJ~lds of 
246

Cf and some fermium isotopes: ( 2 sz Fm + 
+ 

255
Fm) and "

4
Fm were measured in the complete fusion n~·actions 

bombarding 48ca ions with 208Pb, 209 Br and nat Tf tilrgets. 
Detected isotopes of californium and fermium were decuy 

products of evaporated residues of reactions ( 4B Ca, x n), o.nd their 
yields were calculated by using ALICE computer program. A rather 
good agreement of calculated results with measured experimental 
yields was obtained, 

The il'lvestigation has been performed at the Laboratory of 
Nuclear Reactions, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

PeaKI(HH CJIHJIHHJI C TJIJKeJihiMH HOHaMH B HaCTOJIIQee BpeMJI 

paccMaTpHBaJOTCJI KaK O,llHH H3 nepcneKTHBHhiX cnoco6oa nony'leHHJI 

caepxTJIJKenwx 3JieMeHTOB B na6opaTopuwx ycnoBHJIX. Haa6onee 

34KlJeKTHBHhiM B 3TOM OTHOWeHHH npe,llCTaBJIJieTCJI HCnOJib30BaHHe 

YCKOpeHHhiX HOHOB 
48

Ca B KOMfiHHal(HH C HeBTpOH0060ra~eHHhiMH 
.ll,llpaMH Tpaucypauoawx 3JieMeHTOB. TaK, o6pa3yiO~HecJI B peaK.UHH 

CJIHJIHHJI HOHOB 
48

Ca C H30TOnaMH 
248 Cm, 24 3 Am, 242 Pu COCTaBHhle 

Jl,llpa H no 'IHCJIY npoTOHOB, H no 'IHCJIY HeBTpOHOB 6JIHJKe K npe,ll

nonaraeMOMy ueHTpy "ocTpoaa cTa6HJibHOCTH" I Z =114, N =184/, 
'leM BO BCeX ,llpyrHX KOMfiHHal(HJIX MHWeHb-'laCTHI(a. 

C ,llpyrou cTopouw, 6on~owou ,llec)eKT Mace .llBaJK.Ilhl MarH'IecKoro 

.ll,llpa 
48 

Ca npHBO,IlHT K cpaBHHTeJibHO HH3KOB MHHHMaJibHOB 

3HeprHH B036yJK,IleHHJI COCTaBHOrO .ll,llpa. BcJie,llCTBHe 3TOrO MOJKHO 

fihiJIO fihl OJKH,IlaTb, 'ITO Ce'leHHe 06pa30BaHHJI npo,llyKTOB peaKI(HH 
. 33 

CJIHJIHHJI B OCHOBHOM COCTOJIHHH 6y,lleT ,llOCTaTO'IHO 60JibWHM /10- -
10'

34 
cM

2 f. TeM ue Meuee, P.ll.ll 3KcnepaMenToa,npoBe,lleHHhiX 1 

B nocJie,llHHe rO,Ilhl B )J,y6He/1/H 6epKJIH/~/n03BOJIHJI noJiy'IHTb 

JIHWb BepXHHe rpaHHUhl Ce'leHHJI o6pa30BaHHJI H30TOnOB CBepXTJI

JKeJihiX Jl,llep C BpeMeHeM JKH3HH OTHOCHTeJibHO CnOHTaHHOrO ,lleJieHHJI 

OT HeCKOJibKHX ,llHeB ,llO HeCKOJibKHX JieT: a ;S /3-5/ •10-35 CM 2 

B peaKI(HH YCKOpeHHhiX HOHOB 
48 Ca, HMeiOII(HX cpe,IJ;HIOIO 3HeprHIO 

Ha MHWeHH 255 M3B, C H30TOnaMH 248 Cm H 246Cm •. 

,lJ,n.11 nony'leHHJI oueuoK OJKH,IlaeMwx BeJIH'IHH nonepe'IHhiX ceqe

HHB o6pa3oBaHHJI CBepXTJIJKeJihiX Jl,llep B OCHOBHOM COCTOJIHHH 

npe,llCTaBJI.IIeT 3Ha'IHTeJibHhiB HHTepec HCCJie,llOBaHHe OCHOBHhiX Xa

paKTepHCTHK pacna,lla CHJibHO ,lleJIJIII(HXCJI COCTaBHhiX Jl,llep, ofipa-
48 3YIOIQHXCJI B peaKI(HH CJIHJIHHJI C HOHaMH Ca. 
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B 3TOM HarrpaoJieHHH y)l(e IIOJiy'leHbi HeKOTOpbie pe3yJibTaTbi: 
48 '1l 

peaKD;HJI Pb + Ca Heene,ll,ooanaeb paHee B )J.y6He-' · 1 H 6epx-

JIH /
4
/. 3KenepHMeHTbi noKa3aJIH, 'ITO HaH60Jiee BepOJITHbiM KaHaJIOM 

paena,11,a eoeTaBHOrO JI,II,pa ZS6 102 JIBJIJieTeJI HenapeHHe ,II,BYX 

HeiiTpOHOB, ee'leHHe a (2n) , eornaeHO pa6oTe /I/ ,IJ,OeTHraeT 

B MaKeHMyMe 13-41 ·10 ~>O CM 2 • O,II,HoopeMeHHO o pa6oTe aMe

PHKaHeKHX aBTOpOB yeTaHOBJieHa JIHWb BepXHJIJI rpaHHD;a ee'leHHJI 

,II,JIJI KaHaJIOB e HenyeKaHHeM Tpex HeiiTpOHOB Ha ypOBHe 2·1 o-·1 ~ CM 2, 

T.e. 3KenepHMeHTaJILHOe OTHOWeHHe 

amax (2 ) 
_2!<Cil._~ "- 150, B TO 
amax ( 3 ) 

'11\CIJ n 
BpeMJI KaK pae'ieTbi, npoBe,ll,eHHble B 3TOH )l(e pa6oTe, ,ll,aiDT OTHOWe-

HHJI 

max ( 
a'lKCII 2n) 
·-----:.: 1/15, T .e. OTJIH'iHe 3KenepHMeHTaJILHOrO OT-

a ~:tn (3n) 
Ill 

HOWeHHJI OT pae'ieTHoro npeo~waeT 2000 pa3· 1
• TaKoe pa3Ho-

rnaeue, Ha HaW B3rJIJI,II,, ,II,OBOJihHO Tpy,II,HO 06'h.lleHHTh, II03TOMy 

oeo6eHHbiH HHTepee npe,ll,eTaBJIJIJIO nOBTOpHTh 3TH HeeJie,II,OBaHH.Il, 

HenOJih3YJI 6onee WHpOKHH Kpyr B3aHMO,II,eHeTBYIDID;HX .ll,ll,ep. 

B ,11,aHHOH pa6oTe npuoe,ll,eHbi pe3yJILTaTbi 3KenepHMeHTOB, 

B KOTOpbiX MHWeHH H3 ZOHpb. 20 !JBi H H3 eeTeeTBeHHOH eMeeH 

H30TOnOB 06Jiy'iaJIHeh yeKopeHHbiMH HOHaMH lfl(a. ilpH 3TOM 6LIJIH 

B3MepeHbi BbiXO,II,bi ,II,O'iepHHX npO,II,YKTOB paena,11,a H30TOnOB, o6pa-

3YIDID;HXeJI B peaKD;HH eJIHJIHHJI. llpe,ll,eTaBJieHa TaK)I(e B03MO)I(HaJI 

HHTepnpeTaD;HJI noJiy'leHHbiX pe3yJILTaTOB. 

3KCllBPHMBHTAJI.bHA.R fJACT.b 

06Jiy'leHHe npOBO,II,HJIOeh Ha BHyTpeHHeM ny'IKe D;HKJIOTpOHa 

Y-300 Jia6opaTopHH JI,II,epHbiX peaxu;uB: OHJIH. 3HeprHH HOHOB 
48

Ca B3MeHJIJiaeL nyTeM nepeMeiD;eHHJI MHWeHeH no pa,II,Hyey H 

eoeTaBJIJIJia B peaxu;HJIX e Bi, Pb, TP 236; 224; H 223 M3B 
eOOTBeTeTBeHHO e pa36poeOM -· 2,511/o. 

Cpe,II,HJIJI HHTeHeHBHOeTL HOHOB 
48 Ca B 06Jiy'leHHJIX eoeTaBJIJIJia 

BCJIH'IHHY 2,5·10
11 

'IUC111/C., npO,II,OJI)I(HTeJILHOeTL 06Jiy'leHHH 5-

12 '1., TO'iHOeTh onpe,ll,eJieHHJI HHTerpaJILHOrO nOTOKa HOHOB Ha 

MBWeHH - 211/o. 

MBWeHH npe,ll,eTaBJIJIJIH eo60H MeTaJIJIB'ieeKHe eJIOH 208 Pb, 209 Bi 

HJIH 
203

• 
205Te TOJIID;HHOH1,6 Mi!/CM 2 , 3,8 Mi!/CM 2 B2,6 Mi!/CM 2 

4 

eOOTBeTeTBeHHO, HaHeeeHHble Ha TOJieTble nO,II,JIO)I(KH H3 aJUOMHHHJI, 

OXJia)l(,ll,aeMble BO,II,OH. MHWeHb 6biJia noMeiD;eHa no,11, yrJIOM 20 ° 
K HanpaBJieHHID ny'IKa, 'ITO n03BOJIHJIO eHH3HTb 3HeprOBbi,II,eJieHHe 

Ha e,II,HHHD;y nJIOID;a,II,H npHMepHO B TpH pa3a. 

TaKHM o6pa30M, B OnbiTaX 6biJIH H3MepeHbl HHTerpaJILHble 

BbiXO,II,bi npo,ll,yKTOB peaKD;HH, cPYHKD;HH B036y)l(,ll,eHHJi KOTOpbiX pae

nOJIO)I(eHbi B HHTepBaJie OT MaKeHMaJILHOH 3HeprHH ny'IKa ,11,0 6apLepa 

peaKD;HH eJIHJIHHJI. 

)J.JIJI ,ll,eTeKTHpOBaHHJI 6biJIH Bbi6paHbi ,II,OJirO)I(HBYID;He H30TOnbi 

xanH<lJopHHJI I 246
Cf, T1 1 2 =35,7 11./ H <lJepMHJI 1 252 Fm, T

1
,

2 
= 

254 • 
22,7 '1.; Fm, T112 =3,24 'i.; 255Fm, Tl/

2 
=20,07 '1./, KOTOpLie 

JIBJIJIIDTeJI npo,IJ,yKTaMH paena,11,a JI,II,ep, 06pa30BaBWHXeJI B peaKD;HH 

eJIHJIHHJI HOHOB 
48 Ca e JI,II,paMH MHWeHeH. 

Hoene OKOH'IaHHJI 06Jiy'leHHJI BeiD;eeTBO MHWeHH, a TaK)I(e Bepx

HHH eJIOH aJIIDMHHHJI TOJIID;HHOH 15 M I<M MeXaHH'IeeKH eHHMaJIHeh 

H IIO,II,BepraJIHeh XHMH'IeeKOH nepepa6oTKe e D;eJILID Bbi,II,eJieHHH 

3JieMeHTOR Cf- Fm. 

)J.JIJI 3TOro aJIIDMHHHH paeTBOpJIJieJI B a30THOH KHeJIOTe e ,1J,06ao

JieHHeM B KaqeeTBe HOeHTeJIJI 1 Mi! JiaHTaHa H B KaqeeTBe OTMeT

'IHKOB Yb - 169, Dy - 159 H Gd • 151. 113 paeToopa oca)l(,ll,aJIHeL, 

a 3aTeM OT.IJ,eJIJIJIHCL rryTeM u;eHrpu<lJyrupooaHH.Il TPCF
2 

H PbCf!z 

BHCMYT y,ll,aJIJIJieJI npH nOMOID;H HOH006MeHHOH KOJIOHKH, HaiTOJIHeH

HOH aHHOHHTOM 6o<lJarHT SB\\>. Bo aeex eny'la.llx K rronyqeHHbiM 

paeraopaM ,11,o6aBJIJIJie.11 KOHD;eHTpHpooaHHbiH pacraop NaOH. Oea

,IJ,OK La(QH) \ eo,ll,ep)l(aJI Bee TpaHenJiyTOHHeBble 3JieMeHThl H o6pa-

6aTLIBaJieJI .JI.aJILWe KaK B paHee OnHeaHHbiX OnbiTaX e aJIIDMHHHeBLI

MH e60pHHKaMH / v. 
XHMH'ieCKHH BbiXO,IJ, B peaKD;H.IlX eoeTaBJIJIJI He MeHee 4011/o, 

TO'!HOCTh ero OIIpe,ll,eJieHHJI - 15o/o. )J.JIHTeJILHOeTL nepepa60TKH 

MHWeHeH He npeBbiWaJia 10 '1. 

lloene Bbi,II,eJieHH.Il <lJpaK.UHH ('f - F m noMeiD;aJIHeh B aJIL!Pa-

erreKTpoMeTp e Si (Au) IIOJiyllpOBO,II,HHKOBbiMH ,ll,eTeKTOpaMH. «<IOE 

yeTaHOBKH B o6naeTH 3HeprHB: anL<Pa-qaeTHD; 6-8 M3B He rrpeBbiWaJI 

4 UMn/cyliiKU. TOJIID;HHa IIOJiy'ieHHbiX o6pa3D;OB 1103BOJI.IlJia H3MepJITh 

3HeprHID aJILcPa- 'iaeTHD; e pa3peWeHHeM He Xy)l(e 50 I< 3B IIpH 

J<P<lleKTHBHOeTH perHeTpao;HH 3011/o. HexoTopble erreKTpbi npHBe,ll,eHbl 

Ha puc. 1. 

Bb1XO,II,bl H30TOIIOB 
246cr 1Ea=6,76 M3BI, ZH Fm/Ea=7,18 M3BI, 

a TaK)I(e 
252 

Frr/Ea=7 ,04 M3B/ H zss I'm /Ea=7 ,01 M3B/ onpe,ll,eJIJI

JIHeL no HX aJILcPa- JIBHHJIM, KOTOpble H,II,CHTBcfiHD;BpOBaJIHeL no 3Hep-

5 
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Puc.1. CneKmpbl aAbrjja- •wcmu11, noAy~eHHble e onbzmax no U3Mepe-
·>og ts 

nwo ebzxoooe npooyKmoe peaKIIUU - Bi + Ca, t 1 =24 ~. t = 
42 ~ /a/, u 20 RPb + 48 Ca. t 1 =12 ~. t 2 =13,5 ~ /b/; t

1 
=25,5 2~. 

t 2 =14 ~ /c/; t 1 =146 ~. t
2 

=17,5 ~ jd/. 

6 

rHH anhi}la-qacTHU H no nepHo.o;y nonypacna.o;a. llpH 3TOM HY)f(HO 

OTMeTHTb, qTo )J;JIJI H30TOnOB 
2

"
2 Fm H 2 "''Fm 6biJIH H3MepeHbl 

cyMMapHble BbiXO.o;bl, TaK xax 3HeprHH anbl}la-pacna.o;a H nepHO.o;bl 

)J;JIJI HHX HaCTOJlbKO 6JIH3KH, qTO B YCJIOBHJIX .o;aHHbiX OnbiTOB 

pa3JIHqHTb 3TH H30TOnbl He npe.o;cTaBJIJIJIOCb B03MO)f(HbiM. 

YcnoBHR 3KcnepHMeHTOB H peJyJibTaTbl HJMepeHHH npHse.o;eHbl 

B ma6A. 1. 

113 pe 3YJibTa TOB H3MepeHHH MO)f(HO nonyqHTb 3KCnepHMeHTaJib

Hble HHTerpaJibHble ceqeHHJI, npocyMMHpOBaHHble no BCeM B03MO)f(

HbiM HCnapHTeJibHbiM KaHaJiaM, Be.o;yll.IHM K o6pa30BaHHIO .o;aHHOrO 

HJOTona 

NAt
0 

~3KCTI 
I k 1 k 2 

(1 - eA 1o ) e-A 11(l _ e--At 2) dn 
dE 

r.o;e N - qHcno HMnynLcoB B nHKe, ,\ - nocTOJIHHaR pacna.o;a 

Ha6JIIO)J;aeMoro H30TOna, I - HHTerpaJibHbiH noTOK HOHOB, k
1 

- XH

MHqeCKHH BbiXO)J;, k
2 

- 3<iNPeKTHBHOCTb cqeTa a -qacTHU, t
0 

- BpeMJI 

o6nyqeHHR, t1 - speMR, npowe.o;wee c KoHua o6nyqeHHJI .o;o Haqana 

dn 
H3MepeHHJI, t 2 - BpeMJI H3MepeHHJI, dE - BeJIHqHHa, paBHaR qHCJiy 

aTOMOB MHUieHH B CJIOe, B KOTOpOM 3HeprHJI nyqKa HOHOB yMeHb

UiaeTCJI Ha 1 M:JB. B paccMaTpHsaeMoii o6nacTH oHa He JaBHCHT 

OT 3HeprHH H, COrJiaCHO Ta6JIHUaM/G/, pasHa dn 
dE 

=0,41·101!! __ 1 __ _ 

(; M 2 M~JI:l, 

BenHqHHa ~'lKcn npHBe.o;eHa B 11 KOJIOHKe ma6A. 1. 

MET0,4 PACqETA 

Tax xax 3KcnepHMeHTbl npose.o;eHbl B6JIH3H xynoHoscxoro 6apb

epa CJIHRHHR Hccne.o;yeMblx R.o;ep, npe.o;nonaranocb, qTo secb 3Kcne

pHMeHTaJibHO H3MepeHHbiH BbiXO)J; H30TOnOB CBJI3aH C pa3JIHqHbiMH 

KaHaJiaMH .o;eB036y)f(.o;eHHJI COCTaBHOrO R.o;pa. 

MeTO)J; pacqeTa ceqeHHH OCHOBaH Ha CTaTHCTHqecKOM paCCMOT

peHHH npouecca .o;eB036y)f()J;eHHJI COCTaBHOrO R.o;pa Bi}JepMH-raJOBOM 

npH6JIH)I(eHHH .o;nR nnoTHOCTH ypoBHeH. HcnoJibJOBanacb nony3MnH-

7 
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pu~ecKax 3aBHCHMOCTb rrapaMeTpa rrnoTHOCTH yposueu OT 3Hepruu 
/7 I 

B036y)K~eHHB E' H CTPYKTYPbi cocTaBHbiX x~ep 1 1 • 

a ( E ' ) o. a I 1 t ( 1 - exp ( -0 054 E *)) .\ ill ( ~· l\ ) l 
E''' • 

r~e ii H3Meuxnocb B HHTepsane 122-251 M3B- 1 
rrpu A=250-300. 

BenH~HHa \ W ( Z, A) HMeeT CMbiCll o6ono~e~HOB rronpaBKH K Mac caM 

OCHOBHbiX COCTOXHHH. ~llX BCeH 06naCTH paCCMaTpHBaeMbiX X~ep 

ee MO)KHO 61>1no Bb16paTb ·--5 M3B. B pac~eTax npep,nonaranocb 

TaK)Ke, ~To a,.(E') C/ a 1(E'). 

Ha scex cTyneuxx ucnapuTenbHoro J<acKa~a. I<poMe nocne~ueil, 
LD 

HCITOllb30BallHCb )KH~KOKaiTellbHble 6apbepbl B f , 3aBHCXli(He OT yrno-

BOrO MOMeHTa/S/ Ha ITOClle~HeH CTyrreHH KaCKa~a HCITOllb30BallHCb 

BenH~HHbl 6blpbepOB ~llX OCHOBHOrO COCTOXHH.II 8 0 . Y~HTbiBaiOIJ.{He 

o6ono~e~Hble JI!KPeKTbl : 9< TaKax Mo~ufi>uKaUH.II 6apbepos ~eneHH.II 
ua rrocne~ueu cTyrreuu KacKa~a IE; .. 20-10 M3BI oco6euuo Ba)I(Ha 

llpH paCCMOTpeHHH ~eB036y)K~eHH.II COCTaBHbiX .ll~ep C Z > 100, 
r~e BenH~HHa )KH~KOKarrenbHOrO 6apbepa CTpeMHTCX K HylliO. 

KpHTH~eCKHH yrnOBOH MOMeHT Orrpe~ell.llllCB TeM 3Ha~eHHeM yrno

BOrO MOMeHTa COCTaBHOrO B~pa, rrpH KOTOpOM )KH~KOKarrellbHbiH 

6apbep ~eneuux cTauosuncx paBHbiM uynro If . 40-6011: I. Tiapuu

anbHble Ce~eHHB o6pa30BaHHB COCTaBHOrO X~pa paCC~HTbiBallHCb 

C HCITOllb30BaHHeM ~eHCTBHTellbHOH qaCTH OITTH~eCKOrO noTeHUHana 

B napa6onuqecJ<oM npu6nu)KeHHH 

VNI 
I /3 1/3 

V0 exp[(r0 (A 1 + A
2 

)-R)/d], 

r~e ~n.11 see& o6nacTH uccne~yeMblx .11~ep v
0
=-67 M3B, d=0,4 lPM, 

r0 =1,28 lPM. 

3uepreTH~ecJ<aB 3aBHCHMOCTb ceqeHHH o6paTHbiX peaJ<UHH 3aX-

BaTa (n, p, a) Bbi~HCllBllaCb no OnTHqecJ<OH MO~ellH. 

llpu pacqere 3Heprnu B036y)K~enux ~n.11 scex x~ep ucrronb30sa

nucb 3I<cnepuMeHTanbHble 3Haqeuux Mace .11~ep. 3uepruu CB.II3H 

HYI<llOHOB H a -qacTHU paccqHTbiBallHCb Ha OCHOBe MaCCOBOH 
191 

fl>opMyllbl pa60Tbl' ', 3HeprHH Bpall.{eHH.II ~ll.ll paBHOBeCHbiX H ce~no-

BbiX fl>uryp BbJqBCllJillBCL no fl>opMynaM pa60Tbl /B( 
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D pac'leTax Y'IHTbiBanHcb ~enHTenbHbiH KaHan, KaHanbl ucnape

HH11 HyKnOHOB H anhliJa- qaCTHQ. /BKna~ KaHanoB C HCnapeHHeM 

~BYX anbliJa- qaCTHQ HC'Ie 3aiOIQe Man H B ~anbHeHWHX 06Cy)l(~eHHHX 

He y'IHTbiBaeTcH/. Bbi'IHcneHHH npoBO~HnHCb ~nx Ka)l(~oro napu:u

anbHoro ce'leHHH o6pa3oBaHHH cocTaBHoro x~pa c waroM 1 AI3B 

DO 3HeprHH B036y)l(~eHHH. 3a OCHOBy 6blna B3HTa nporpaMMa 

ALICE, onucaHHaH B pa6oTei 10<B KOTOPYIO 6blnH BHeceHbl 

yKa3aHHhie Bbiwe H3MeHeHHH. PaccqHTaHHble liJYHKU:HH B036y)l(~eHHH 

npuae~eHbi Ha puc. 2. 

OECY)J(,4EHHE PE3YJihTATOB 

CpaaHeHHe 3KcnepHMeHTanbHbiX ~aHHbiX H peJynhTaroB pacqe

Ta npoBe~eHO B ma611. 2. B nepBbiX Tpex KOnOHKax 3TOH Ta6nHQbl 

nepe'IHCneHbl HCCne~OBaBWHeCH peaKQHH, yKa3aHbl H30TOllbl, pacna~ 

KOTOpbiX Ha6niO~anCH Ha OllbiTe, H HHTerpanbHble nonepe'IHble 

Ce'leHHH HX 06pa30BaHHH. 

flonyqeHHble B 3KCnepHMeHTe BbiXO~bl 2 ~c'Cf. 25!1Fm H 
2t;') 'J1')t"l 

( ·- Fm + ~· · Fm) xanHIOTCH KYMynHTHBHbiMH, T.e. 3TH H3oTonbl 

06pa3yiOTCH 3a C'leT pa3nH'IHbiX KaHanOB ~eB036y)l(~eHHH COCTaBHO

ro H~pa H nocne~yiOIQHX u:enoqeK a H {1 -pacna~oB. B qeTBepToii 

H llHTOH KOnOHKaX llpHBe~eHbl OCHOBHble KaHanbl pacna~a COCTaB

HOrO H~pa, llpHBO~HIQHe K Ha6niO~aeMbiM H30TOllaM, H QellO'IKH 

pa~uoaKTHBHoro pacna~a nonyqaiOIQHXCH npu 3TOM H~ep. Pac'leT

Hble nonepe'IHble ce'leHHH B MaKcHMyMax IPYHKU:HH Bo36y)l(~eHHH 

peaKQHH, npHBO~HIQHX K 06pa30BaHHIO 3THX npo~yKTOB, yKa3aHbl 

B WeCTOH KOnOHKe. Pac'leTHble liJyHKQHH B036y)l(~eHHH HHTerpHpOBa

nHCb OT nopora COOTBeTCTBYIOIQeii peaKQHH ~0 MaKCHManbHOH 

3HeprHH ny'IKa HOHOB 18Ca, yKa3aHHOH Ha puc. 2 CTpenKaMH. 

lionbWHHCTBO paccMaTpHaaeMbiX IPYHKQHH B036y)l(~eHHH ne)I(HT neBee 

MaKCHManbHOH 3HeprHH, ll03TOMY Heonpe~eneHHOCTb B 3HeprHH 

HOHOB /-- 5 AI3B/ CyiQeCTBeHHO He BnHHeT Ha pe3ynbTaTbl pacqeTa. 

nonyqeHHble TaKHM o6pa3oM HHTerpanbHble ceqeHHH npuBe~eHbl 

B ce~bMOH KOnOHKe ma611. 2. 

llapu:uanhHbiH BKna~ ak Ka)l(~oro ucnapuTenbHOro KaHana /8 
KOnOHKa/ Ollpe~enHeTCH COOTBeTCTBYIOIQHMH QenoqKaMH a H (1 

pacna~OB, npHBO~HIQHX K Ha6JIIO~aeMOMY H30TOny, ~nH MHWeHH 

H3 ecTeCTBeHHOrO TannHH ak Y'IHTbiBancH TaK)I(e H30TOllHbiH 

ee COCTaB.B ~eBHTOH KOnOHKe npHBe~eHbl 3Ha'leHH11 ::£ /cM2xM3fJ/, 
pact~. 

10 

'If 

:::g 
0 
f-< 
il) 

:r 

I 

l 
u 
(1j 
0.. 
u 
(1j 
f-< 
::<: 
il) 

:::g 
= 0.. 

~ ~ 
(.) 

0 ;.:: 

5 "' 
~ ~ 
~ ~ 

f-< 
..Q 

~ 
;... 

"' il) 

0.. 
il) 

= ::<: 
il) 

::<: 
Ill 
(1j > 
0.. 
u 

il i ~ I() ~ 
1-..j lt..J (::1 C:) ~ 

(~ 
... 

~ 'fl .... 
";; 

~ ~ ~ 
~\ ~ 

\() lc) -....:-II c-...- .-::::! 

" I . . ~ .. I~~ .~1 ~ _Si~~ 

I~ $< I ~I I 1:." I 

~ ~ 
<:::5 ~ 

~ ~ 
~ ·~ 
...:.. 

~ ......_, 

l~ I 
ti' 
~ 

~ .. 
~ 

H) 
-...: 

~ 
~ 
C\1 
-....:-

~ 
I 

+ 

~l!j 

~ 
c:::s 

.... 
II\ . 
~ 
t\, 
If)" 

0 
~ 

i 
~ 

~ 

11 



------~,------

~(3 
+ 

~~~·t· 8Ci) 
/. .· . ::::..---:-....:-- ,.. .... 

. / - (::> 
~:-' _/., !.') <\i 

~ 

'\ ~-@ -~-----+~ ... 
'() 

<itt 
~ 

~ "' -' -
-} 

~ ~ 
~ 

~ , 
·~~/~ ... 

~ ~ 
·---:,.~. <\,j 

~/ 
~ ~ ,/..,..,. 

~ ~ (j)· ...--- .., <\,j 

~ ~-;i lS ............. _ 

--==----@ Q .. ~ ~ <\> 

~ 
'Cl 

IIIII I I I I !11111 I I I 111111 I I I !11111 I I I a: ~ ~ :;t .. .. 
·~ Q ~ Q ·~ 

12 

,£ 
0 I 

co ;:s ..,. (.J 

+ :.: 
r::s 

.0 ~ 
0.. :a co 

0 :c 
C'l (lj 

;7' 
;:s r::s • 
;:s :c (lj 

::t "' ~ :.: 0 (lj 
r::s lo It 
(lj 0 (.J 

C..;:s::S 
'>: ~ (.J 

0::: r::s >;:s 
-o :.: 0 
'>: 0::: :c 
::s~2-
:c ll! It 
(lj lJ r::s -o C), 
~ c.j ~ 
~0 co r::s ,.,...,. 

"' 0 + Ill QJ 

:s ·~ ce 
;:sct10 
::t~ co 0 ..,. 
:Ceo Ill 
:c 0 

~ ;:s ~ 
(lj 

;:s 

- ;:s 
oil "' ;:s 
~ 0"' 
(lj co C\, 
:7'"' (lj 
(.J :c 
r::s <') c.. -t (lj 

:a 
C'i :c 
·~oil 
~~ a 
o.,g ~ 

~ 

"' 

t 

BKnroqaro~He BKnaA ocex HcnapHTenbHWX peaKUHH. KaHanw Hcna

peHHH, CYMMapHWH BKflaA KOTOpWX COCTaBnHeT ::_ 10~ OT ~pac•l' 

nepe'IHcneHw B ma6A. 2. 

PaccMOTpHM nony'leHHWe pe3ynbTaTw 6onee AeTanbHO. KaK 

BHAHO H3 TafinHUbi, AflH BCCX H3Y'ICHHWX HACP nony'leHO Ka'leCTBeH

HOe CornacHe paC'ICTHWX H 3KCnepHMeHTaflbHbiX CyMMapHWX HHTer

panbHWX Ce'leHHH. 

11JyqanCH pacnaA COCTaBHWX HAep 
253 101, 256 102 H 257 103. 

Pac'leTHaH oenH'IHHa 6apbepa B3aHMOACHCTBHH paoHa Ell= 172; 
172,8; H 175 M3B COOTBCTCTBeHHO npH Rll=13,2; 13,25 H 13,24cf>M. 
llpH 3TOM peanH3yeTCJl MHHHManbHaH 3HeprHH B03fiY)KAeHHJl 22,3; 
18,9 H 20 M3B, COOTBeTCTBeHHO. 

HeofiXOAHMO OTMeTHTb, 'ITO BO BCeH HCCneAyeMOH ofinaCTH 

COCTaBHWe HApa ofipa3yiDTCJl B npaKTH'IeCKH COBnaAaiDIUHX Ha'lanb

HWX COCTOHHHHX no JHeprHH B03fiY)KAeHHJl K yrnOBOMy MOMeHTy, 

no3TOMY COOTHOWeHHJl Ce'leHHH AflH pa3nH'IHWX KaHanOB AeB036y)K

AeHHJl finH3KH. CneAOBaTenbHO, H3 COBOKynHOCTH 3KCnepHMeHTanb

HWX AaHHbiX MO)KHO OUeHHTb pOnb BCeX OCHOBHWX HCnapHTeflbHbiX 

KaHanoo. 

B AaHHOH pa6oTe YAanocb 3KcnepHMeHTanbHO H3MepHTb ce'leHHe 

peaKUHH C HCnapeHHCM OAHOrO HeHTpOHa. KaK BHAHO H3 11106/1. 2, 
HMeHHO 3TOT KaHan ofiycnoBnHBaeT - 90~ BWXOAa H30TOna 2S2Fm 

npH o6nyqeHHH 
20 5 TP HoHaMH 

48 Ca. Xopowee cornacHe H3MepeH

Horo HHTerpanbHOrO Ce'leHHH C pac'leTHWM CBHACTenbCTByeT 0 TOM, 

'ITO npH nepeXOAe OT WAr K HOHaM 48 Ca paAHYC B3aHMOAeHCTBHJl 

HOHa C MHWeHbiD He H3MeHHeTCJl, H MHHHMaJibHaH JHeprHH B03fiy)K

AeHHJl AflH paccMaTpHBaeMbiX peaKUHH HaXOAHTCJl B npeAeJiaX -· 20-
25 M3B. Pac'leTHoe ce'leHHe B MaKCHMyMe WYHKUHH B036y)I(AeHHH 

?O s I 48 -32 2 
peaKUHH - · Tf Ca, In I paBHO 3,5 ·10 CM • KaHan 

C HCnapeHHeM OAHOrO HeHTpOHa BHOCHT TaK)Ke OCHOBHOH BKJiaA 

-· 60~, B BWXOA H30TOnOB 252 Fm 1- ZS 5 Fm B peaKUHH 209Bi + 48Ca. 

B peaKUHH 
208 Pb + 48 Ca TPYAHO BbiAenHTb BKnaA In -KaHana, 

T .K. fiOflbWOe 

a BHnKa ua 

HafiJIIDAanacb. 

ce'leHHe HMeeT KaHan c ucnapeHHeM a -qacTHUbl, 

K- 3axoaT y HApa 
255 102 JKcnepHMeHTanbHO He 

)J,JIH OUeHOK MW ee npHHHnH paBHOH .. 10~. 

KaK BHAHO H3 puc. 2, AflH BCeX HCCJieAOBaBWHXCJl COCTaBHbiX 

HAep pac'leTHble Ce'leHHJl HCnapeHHJl ABYX HeHTpOHOB B MaKCHMyMe 

WYHKUHH B036y)I(AeHHH HBnHIDTCJI HaH6onbWHMH no cpaBHeHHID c 

APYrHMH ucnapHTeJibHbiMH KaHaJiaMH. B HawHx JKcnepuMeHTax 

2n -KaHan 'leTKo npoJIBJIJieTCH B cnyqae peaKUHH 208 Ph+ 48ca 
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B swxo.u.ax H30Tonos 
254Fm H 246cr. B o6oax cnyqaJix BKna.u.w 

BCCX OCTaJibHhi.X KOHKYPHPYIOUUIX KaHaJIOB npeHe6pe)I(HMO Manhl.. 

3TO 06CTOJITCJibCTBO ll03BOJIJICT HaM 

OTHOWCHHe Bhi.XO,IJ.OB 254Fm H 246Cf 

K -3aXBaTa H a -pacna.u.a y JI,IJ.pa 

C,IJ.eJiaTb Bhi.BO,IJ. 0 TOM, 'ITO 

paBHO COOTHOWCHHIO BHJIOK 
254

102, .U.JIJI KoToporo K -
3aXBaT paHbWC 3KCTiepHMCHTaJibHO He Ha6nro,naJICJI. Ha OCHOBaHHH 

HaWHx .U.aHHhi.X MO)I(HO YTBCp)I(.IJ.aTb, 'ITO y .H.U.pa 254 102 HMCCTC.H 

10-npoueHTHaJI BHnKa Ha K- 3axBaT. Pac'leTHWH MaKCHMYM ce'leHH.H 

,IJ.JIJI peaKUHH 
208

Pb + 
48

C:a paBeH 2,1 ·10-
3° CM

2
• 

B peaKUHH 
209

Bi + 48 ca swxo.u. 
246 Cf nonHOCTLro o6ycnoB-

neH KaHanoM c acnapeHHeM Tpex HeiiTpoHoB. PacqeTHoe MaKCH

MaJILHoe CC'ICHHC .IJ.JIJI :no:ii peaKUHB paBHO 3,4·10-32 CM 2 • 3THM 

)l(e KaHanoM onpe.u.enJieTcJI ocHOBHaJI qacTb /- 600/o/ 3KcnepHMeH

TaJILHO H3MCpHTCJibHOrO Bhi.XO.U.a 
246Cf B peaKUHB 48 Cat205 Tf. 

Y'IHTbiBaJI y.u.osneTBOPHTeJIJ.Hoe cornacae onacaHHbiX Bwwe 

paC'ICTOB C 3KCTiepBMCHTaJibHbiMH .U.aHHbiMH, Mbl CO'IJIH B03MO)I(HbiM 

OUCHHTb BbiXO.IJ.bl CBepXT.H)I(CJihi.X JI.IJ.Cp B HCKOTOphi.X peaKUHJIX 

nonHoro cnH.HHHJI. EwnH paccMoTpeHbl .U.Be peaKUBH: 248 c01 + 48 Ca 

H 
243 

Am t 
48

Ca. COOTBCTCTBYIOIQHe HCXO.IJ.Hble napaMeTpbi H 

pe3yJibTaTbl pacqeTa TIPHBC.U.CHbl B 11f06A. 3. 

Ta6Aulla 3 

.LJ;aHHble pacqeTa nonepe'IHbiX ceqeHa:ii peaKuB:ii 248 cm ( 48 Ca , xn ) 

;if~ =0,2 M3B, B0 =4,5 M3B/ H 243 Am (48 ca, xn) /B~ = 

0,2 M3B, B0 =2,2 M3B/. B napaMeTpe nnoTHOCTH YPOBHeii .1 W 
-5 M3B. 
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PeaKUHSI 

248Cm (48ea, ~ n) 

248cm (.wCa, 3 n ) 

21U(m (48Ca, 2 n ) 

248 c m clBen, 3 n ) 

243 Am (41lca, 2 n ) 

243Am (48ca, 3 n ) 

243Am (48ca, 2 n > 

243 Am (41lca, 3 n ) 

! ro 
! «<>m 

! EJLC. I 

! max M3B ; a max 
pacq. 

! -- ---------r 

1,28 
235 ! 1,4·1o-J3 

240 ! 2, 7·Io-J4 

242,5 ! 7,5·Io-J5 

245 ! 1,3•1a--J4 
1,25 

r 

235 1 4,4•Io-J4 

242,5 ; 5,9·Io-J5 
1,28 

1,25 240 ; 2, 7-Io-JS 

245 ; 5,0·10-35 

I) ll,.~~ c • - aaepnm 48ea B t.IIKCHI.Q'l.te tl\Ylntlum BO~eJIIIH 
(.aa6opa'fOJIUIR CBC'l'eloll). 

,. 

11HTepeCHO OTMCTHTb, 'ITO p_aC'ICTHble Ma_~~_l!_MaJib~_J.(e"~ceqe!!!J!f 
peaKUHH 0 _£_ HCTiapeHHCM .IJ.l!):X H !I>_~ X. HeHTpOHOB .IJ.JIJI KOM6HHaUHH 
248

Cm + 
18

Ca -COOTBCTCTBYIOT 3HeprHJIM /235 + 245/ M3B, B TO 

Bper.:.R~BJKCITepHM~;;~~-:-rr"i>oBO.IJ.HBWHXCJI B .LJ;y6He/l/ H liepK

nJi/2/, HO~bl 18ca HMenit:-3Hepruffi/iSO+l65J-M;Ji. Pe3yJibTaTbi 
--- - ~~~~- ----=---==-=------=--~ -- ------

pac'leTOB He npOTHBOpC'IaT TIOJIY'ICHHbiM B OllbiTaX BCJIH'IHHaM 

BCpXHHX rpaHHU nonepe'IHbiX CC'IeHHH 3THX peaKUHH. llO-BH.U.HMOMy, 

npe,ncTaBJIJICT HHTepec llpOBC.IJ.CHHe HOBbiX OllbiTOB TIO CHHTC3y 

CBepXTJI)I(CJibiX 3JICMCHTOB B peaKUHJIX CJIHJIHHJI 48 Ca C TJI)I(CJibiMH 

H30TonaMH Cm, Aw, Pu npH 3HeprHH HOHOB 235 o- 250 M3B. 

B 3aKnro'leHHe aBTOpbi Bhlpa)l(aJOT 6naro.u.apHOCTb aKa,neM&Ky 

r .H.«IIJiepOBY, 'lbJI TIOCTOJIHHaJI TIO.IJ..U.Cp)I(Ka H TIJIO.U.OTBOpHble o6cy)I(

.U.CHHJI HMCJIH 60JibWOe 3Ha'ICHHC llpH BbiTIOJIHCHHH 3TOH pa60Tbl. 
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