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raHrpcKHH ~.n. H AP· P7 - 12584 

~ccneAOBaHHe sana3A~Ba~~ero AeneHH~ H30Tonoe 
6epKnHR, 3eHWTeHHH~, MeHAeneBH~ 

~3MepeH~ eepoRTHOCTH sana3A~Ba~~ero AeneHH~ npH 
3neKTPOHHOM saxeaTe An~ ~AeP 240,242Bk, 244,246,248 Es, 

248,250Md. AHanH3 AaHH~X npoH3BOAHnc~ npH noMo~H nony4eHH~X 

B pa6oTe aHanHTH4eCKHX B~pameHHH, ~BH~M o6pa30M CB~3~Ba~
~HX eepoRTHOCTb sana3A~Ba~~ero AeneHH~ /npH 3neKTPOHHOM 
3axeaTe H ~--pacnaAe/ c napaMeTpaMH AByrop6oro 6apbepa 
AeneHH~. B pesynbTaTe aHanHsa o~eHHBa~Tc~ 6apbep~ AeneHH~ 
COOTBeTCTBY~~HX A04epHHX ~Aep: H30TOnOB K~PH~, KanH¢OPHH~, 

¢epMH~. CornacHo o~eHKaM,e~coTa 6apbepa AeneHHR An~ Hccne
AOBaHHOH rpynn~ ~Aep COCTaBn~eT OKOno 6 M3B H He npeTep
neeaeT cy~ecTBeHHoro yMeHbWeHH~ npH noe~weHHH Z RAPa, 
a TaKme no Mepe YAaneHH~ OT nonoc~ ~-cTa6HnbHOCTH. 

Pa6oTa BblnonHeHa B fla6opaTOPHH ~AepHbiX peaK~HH 

O~.fl~. 
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Gangrsky Yu.P. et al. P7- 12584 

Study of Beta-Delayed Fission of Bk, Es and Md 

Isotopes 

The probabilities of beta-delayed fission for elect
ron capture for 240,242 Bk , 244,246,248Es , 248,250Md nuc 1 e i 
have been measured. The data are analysed by using the 
analytical expressions obtained which explicitly connect 
the delayed fission yields for the K-capture and ~--de
cay to double-humped fission barrier parameters. As a re
sult fission barrier heights for correspondent daughter 
nuclei are estimated (curium, californium, fermium iso
topes). The fission barrier height for the nuclei inves
tigated is found to be approx. 6 MeV and for the whole 
group of nuclei does not change drastically at the 
increase of Z, and with going far from ~-stability line. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR. 
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1. BBE,4EHHE 

Hccne,Ao&aHHJO 6ap1.epos ,AeneHBJI TJI:lKenwx JI,Aep nocBJI~eao 

6on1.woe ~Reno 3KcnepaMeHTanhHWX H TeopeTH~eCKHX pa6oT no

cne,Aaero speMeHB. B Teopaa aaa6onee nno,AOTBOPHWM oKa3ancJI 

MHKpO ·MaKpOCKODH~eCKHii MeTO,A, pa3BHTWA B pa6oTaX B.M.CTpy

THHCKOrO 111. B paMKAX 3TOrO DO,AXO,Aa 6aphep ,AeneHHJI B O,AHO· 

MepHOM DpH6nH:lKeHHH ODHCialBaeTCI ,AByrop6oA KpHBOA C npoMe:lKy· 

TO~HhlM MBHHMYMOM npH .AecllopMAQHH, npeBWWAJO~eA .AecllopMaQHIO 

I,Apa B OCHOBHOM COCTOIHHH DpH6nH3HTenhHO B ,ADa pa3a. BTopoii 

MHHHMYM OT,AeneH OT OCHOBHOrO COCTOJIHH.R H OT TO~KH pa3phlBA 

BHyTpeHHHM H BHeWHHM 6aphepaMH, COOTBeTCTBeHHO. 

~ni DpAKTH~eCKHX Qeneii CODOCTaBneHHI 3KCDepHMeHTanJ.HhlX 

pe3ynhTATOB C pac~eTHhlMH ,AAHHWMH DOnh3YIOTCI napaMeTpH3a· 

QHeii 6aphepa ,AeneHHJI, B OCHOBe KOTOpoA ne:lKHT ero annpOKCHMa· 

QH.R TpeMJI conp.ll:lKeHHWMH napa6onaMH. B TaKoM npa6nH:lKeHHH 

cllopMa 6aphepa ODHCWBaeTCI p.R,AOM napaMeTpOB: BhlCOTOA BHYT

peaHero H BHewaero 6ap1.epos /MaKCBMYMOB KpHsoA/ BA H BB, 
napaMeTpOM kpHBB3Hhl B 3KCTpeManhHhlX TO~KAX 6aphepOB nwA H 

flw B, 3HeprHeii DpOMe:lKyTO~HOrO MHHHMyMa E
11

- OTHOCHTenJ.HO 

OCHOBHOrO COCTOIHHI. 

3aa~eHHI napaMeTpoB 6ap1.epa ,AeneHHI onpe,AeniJOT H3 Beene

,AOBAHHI peaKQHJl BhlHY:lK,AeHHOrO ,AeneHBI DpH HB3KHX 3HeprHIX 

B036y:lK,AeHHJI/2,a/ H peaKQHA o6pa30BaHB.R CDOHTAHHO ,AenJI~XC.R 
H30Mepos. AaanH3 3THX peaKQHA no3BonJieT ycTaHOBHTh 3Ha~eHHJI 

napaMeTpoB B .AHana3oHe Z = 90- 97. Onpe,Aeneaawe B pe3ynJ.TaTe 

3THX HOCne,AOBAHHii: 3AkOHOMepHOCTH, KaCaJO~eCI a6COnJOTHhlX 

BenH~HH napaMeTpoB H ax 3ABHCHMOCTH oT Z H A I,Aep I puc. 1/, 
D03BOniJOT C,AenaTh cne,AYJO~e 3AKnJO~eHHI. 
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Puc. 1. Pac'leiiiHble u 3KcnepuMeHIIIallbHble 3Ha'leHU.R napaMelllpoe 
6apbepa oe11eHu.R: ....... , , - - pa3Hble eapuaHIIIbl pac'lellloe, 

1 - - 3KcnepuMeHIIIallbHble oaHHble. 

1. BbiCOTa BHyTpeHHero 6apbepa B A H 3HeprBJI BTOpOrO MHHH-

MyMa En Mano B3MeHRIOTCR so seeM paccMaTpHsaeMOM .nuana-

30He KaK ,llllJI 'leTHbiX, TaK H ,llllJI He'leTHbiX Z B A. 
2. BbicoTa uuewuero 6apbepa Bs 3aMeTHO na.naeT c pocToM 

Z oT 6,0 -6,5 M3B B B30Tonax Th .no 4,0 M3B B H30Tonax 

Bk H Crn. -
3. fiapaMeTpbl KpBBB3Hbl 6apbepOB 'fiw A H 'fiwB C pOCTOM 

Z B A H3MeHJIIOTCJI Mano. )lnR HBX xapaKTepHbl TaK Ha3biBaeMble 

qeTBO- ue'leTHble pa3nB'IBR, oTpa:lKaiOmBe 6onee BblcoxyiO npouuuae

MOCTb 6apbepa qeTuo-qeTHhiX· R.nep /uau6onbwHe 3Ha'leHBR ·hw/ 
B MeHbWYIO - He'leTHbiX. 

Xopowee cornacue Me:lK.IlY pacc'IHTaHHbiMB B B3MepeHHbiMB 

3Ha'leHHJIMH napaMeTpOB BMeeT MeCTO llHWb B UeHTpallbHOB 'laCTH 

uccne.nyeworo .nuana3oHa Z B A, TO ecTb .nnR B30TonoB U B 

Pu c qucnoM ueaTpOHOB 144-148. Ha rpauuuax .nuana3oua corna

cue 3Ha'IHTenbHO yxy.nwaeTcR: H3 pac'leToB cne.nyeT,~To B H3o

Tonax Th uuewuuii: 6apbep ua 2-3 M3B BbiWe BHyTpeuuero, 

a 3KCnepHMeHTallbHble ,llaHHble npHBO,IlJIT K BbiBO.IlY 06 O,llBHaKOBOH 
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BA' B B, En na.naiOT no BbiCOTe 6apbepos; pac'leTHble 3Ha'leHBR 

Mepe y.naneuug OT no.no6ono'IKB N=15~ B To upeMR xax 3Kcnepu

MeHTanbHble 3Ha'leHHJI npaKTH'IeCKB He H3MeHJIIOTCJI. 

Tipe.ncTaBnReT 6onbWOB BHTepec pacwupBTb o6nacTb onpe

.neneuug cl>opMbi 6apbepou .neneHHR_ .nnR R.nep c Z :2: 98, a TaK:lKe 

y.naneHHbiX OT .nonHHbl fl-cTa6unbHOCTH. Yxa3aHHble Bblwe MeTO.Ilbl 

uccne.nosaHHR 6apbepoB uenpuMeHHMbl .nnR 3TBX R.nep - nu6o 

B3- 3a OTCyTCTBBJI nO,IlXO.IlJIIUHX MHWeHeH, Tpe6yiOIUHXCJI ,llllJI HX 

nony'leHBJI, nB60 H3- 3a OTCYTCTBBJI B 3TOB o6naCTH CnOHTaHHO 

,D;eTIJIIUBXCJI H30MepoB. 

2 . 3AIIA3J{blBAIOIIJEE J{EJJEHHE 
/OCHOBHbiE IIPEJ{CTABJJEHHH/ 

)lng BCCTie,llOBaHBJI Jl,llep, y.naneHHblX OT o6naCTB CTa6BllbHOCTB, 

npHXO,IlBTCJI npHBnexa Tb KOCBeHHble MeTO,Ilbl B3y'leHHJI 6apbepOB 

.neneHHR. O.nHHM H3 Taxux cnoco6ou MO:lKeT cny:lKHTb H3y'leHBe 

3aKOHOMepHOCTeH ,D;eneHHJI Jl,llep, o6pa3yiOIUBXCJI B pe3yllbTaTe 

fl-pacna.na /B cnyqae ueii:Tpouo.necl>uuuTHbiX TR:lKenbiX R.nep - 3nexT

pouuoro 3axBaTa/. 3To RBneuue no auanoruu c ucnycxauueM 

3ana3,1lbiBaiOIUHX HeHTpOHOB H npOTOHOB nony'IBTIO Ha3BaHHe 3ana3-

.llblBaiOmero .neneHHR / 4, 5 /. JI.npo, o6pa3yiOme ecg npu fl·pacna.ne, 

oxa3biBaeTcR B036y:lK.neHHbiM. MaxcuManbHaR 3Heprug B036y:lK.neuug 

onpe.nenReTcR nonuoii: 3Heprueii: fl· pacna.na . BepoRTHOCTb 3ana3-

.llbiBaiOmero .neneHHJI MO:lKHO Bbipa3HTb cne.nyiOIUHM COOTHOWeHHeM: 

Q I[ (E) , Q 
PDF ~ r w(Q- E) -------- dE, / I w(Q-E)dE. 

0 [ ' tot (E) 0 
/1/ 

3.necb w - uepoRTHOCTb 3aceneHHR ypouueii: .noqepuero R.npa c 3Hep

rueA E, Q - nonuag 3Heprug fl -pacna.na /una JnexTpouuoro 3a

XBaTa/, rf H J, tot • .nenHTellbHaJI H nonHaJI WHpHHbl B036y:lK,IleH

HbiX ypOBHeH. 

BepoRTHOCTb w B Teopuu f3 -pacna.na Bblpa:lKaeTcR npoH3Be.ne

HHeM CHTIOBOH cl>YHKUHH {3 ·pacna.na S f3 H cl>YHKUHH c!>epMH: 

w - S p . F ( Z . Q - E) . 

B cnyqae JnexTpouuoro JaxsaTa cl>YHKUHR c!>epMH MO:lKeT 6b1Tb 

C xopoWeH TO'IHOCTbiO annpOKCHMHpOBaHa KBa.npaTH'IHOH 3aBHCB· 
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MOCTblO OT pa3HOCTH ( Q-E)" 1<, E - ( Q- E )2 
· )l.nll fr -pacna,11.a HMeeT 

MecTo 6onee cHnbHall JaBHCHMOCTb F {3 (Q- E) 5 . 

MeHee l!CeH aonpoc o cunoaoii 4JyHKJ..{HH S,a(E). llpH aHanHJe 

.l!BneHHii, CBl!JaHHblX c ,8-pacna.noM, 'lame acero nonbJYJOTCll ca

nosoii 4JyHKUHeH O,II.HOrO H3 Tpex BH,II.OB : 

a/ S ,8~ Const - llOCTO.liHHall CHJIOBall 4JyHKJ..{Hll, 

6/ S,a - p(E) - cHnoaa.ll $yHKUH.ll, nponopl{HOHanbHall nnoTHOCTH 

ypOBHeH B ,II.O'IepHeM .11,11.pe , 

a/ $yHKUH.ll H3 rpocc- TeopHH ,B -pacna.na . 

06meii qepTOH yKaJaHHbiX 4JyHKJ..{HH liBJil!eTCll OTCYTCTBHe pe3KOH 

CTpyKTypbi B 3HepreTH'IeCKOH JaBHCHMOCTH S ,B (E). 

B pa6oTax nocne.nHero apeMeHH o6cy)l(,ll.aeTCll aoJMO)I(HOCTb 

cymeCTBOBaHH.ll cpaBHHTeJibHO y3KHX 3HepreTH'IeCKHX HHTepBaJIOB , 

xapaKTepH3YJOJ.liHXC.ll npeHMYmecTseHHbiM JaceneHHeM s npol{ecce 

,B -pacna.na . llpH 3TOM a IPYHKJ..{HH S {3 MoryT no.liBHTbC.ll peJKHe 

llHKH, o6ycnosneHHbie COCTO.l!HH.l!MH CJIO)I(HOH CTpyKTyphl - THna no

n.llpH3aUHH ocToBa H nepeaopoTa cnHHa 6
• 7 ,8 · 

BMe cTe c TeM aHanHJ 3KcnepHMeHTanbHhiX .naHHbiX, nony'leHHhiX 

npH uccne.nosaHHH JneKTpOHHoro JaxsaTa T.ll)l(eJibiX ll,ll.ep c Z annoTb 

,11.0 86 19/ , ll03BOJI.lleT C,ll.enaTb Bb!BO.II. 0 ,II.OllYCTHMOCTH annpOKCHMa

UHH CHJIOBOH 4JyHKUHH S/:.J(E ) HeKOTOPOH MO,II.eJlbHOH $yHKUHeii, 

paBHOH HynJO HH)I(e 3HeprHH OTCe'IKH C, CBl!3aHHOH C KOHCTaHTOH 

cnapHBaHH.ll !\ 12 1,/A M:JB, H nocTO.liHHoii Bbime 3TOii JHeprHH. 

EcnH aocnonbJOBaTbC.ll npe.nno)l(eHHOH Mo.nenbJO .nn.ll s14-E) . Tor.na 

3HepreTH'IeCKa.ll JaBHCHMOCTb llO,II.blHTerpanbHOH 4JyHKUHH B 'IHCnH

Tene 4JopMynbi /1/ 6y.neT onpe.nen.l!TbC.ll rnasHbiM o6paJoM /noMHMO 

MHO)I(HTen.ll (Q - E)n , n 2 HJIH 5/ 3HepreTH'-IeCKOH JaBHCHMOCTblO 

OTHOlleHH.ll g(E) rf /r tot · 
B pa6oTax no no.n6apbepHOMY $oTo,ll.eneHHJO T.ll)l(enhiX li.D.ep 

6blJIO llOKa3aHO, '-ITO llpH CaMblX HH3KHX 3HeprH.liX B036y)l(,ll.eHH.ll 

.neneHHe npoHCXO,II.HT nyTeM JaceneHH.ll COCTO.l!HHH 80 BTOpOH no

TeHUHaJlbHOH .liMe, TaK '-ITO aepO.liTHOCTb ,11.eneHH.ll onpe.nen.lleTC.ll 

npoHHJ..{aeMOCThlO nepaoro 6apbepa P A H sepo.liTHOCTblO .neneHH.ll 

H3 HH)I(Hero COCTO.l!HH.ll BO BTOpOH .liMe R t lO .: B 3TOM cny'lae OT-

HomeHHe 

g(E) ~ rr ,Ttot .-rr~r r ~ r Y 

MO)I(HO BblpaJHTb qepe3 npoHHuaeMOCTb nepsoro 6apbepa PA 2rrpl' r 

PAR 
H pa,II.HaUHOHHYIO npOHHUaeMOCTb p y 2rrpr y g PA ' p y 

6 

llpouuo;aeMOCTb napa6onuqecKoro 6apbepa .naeTc.ll 4JopMynoii 

XHnna-Yunepa 

P = [1 + expl-~-(B -E)I]- 1 

A hwA A 

ToqHoe Bbl'IHcneHue IPYHKUHB P y Tpe6yeT .neTanbHoro paccMoT

peHB.ll CTpyKTypbl Ha'laJibHblX B KOHe'IHblX COCTO.l!HBH .11,11.ep, yqaCT

BYJOI.liBX B npouecce ,8-npeapameHBJI. EcnB OTBJle'lbC.ll OT CllBHOBOH 

JaBBCBMOCTB p y /KOTOpa.ll He CnBillKOM CBJlbHa: B3MeHeHHe CDBHa 

OT 1 ,11.0 10 npBBO,II.BT I< B3MeHeHBIO p y He 6onee, 'leM Ha 

10-15~ / ll/ /, TO MO)ICHO BOCllOJlb30BaTbCJI DOny:n,fDBPB'IeCKOB 
3&BBCBMOCTblO 

PY (E)= cye 4exp(E/O), 

r,11.e 0- TeMnepaTypa .11,11.pa, a Cy" DOCTOJIHHa ... )l.D.ll .11,11.ep T .. )KeJiblX 

3JieMeHTOB B 06JI&CTB ypaHa B TpaHcypaHOBblX ai<TBHB,II.OB 3I<CnepB· 

MeHT&JibHble ,ll.aHHble 0 pa,II.B&UBOHHblX WHpBHaX XOpOillO BOCDpOBJ· 

BO,II. .. TCJI 3TOH $opMynoii npu Cy = 9,7 ·10-'7 /M:JB/- 4 B (}

-0,5-0,6 M:JB 1121.llo,ncTaBn.ll.ll onpe.neneHHble T&KBM o6paJoM aw

pa)KeHB.II ,II.Jl.ll W, 8,8' PA, py B ypaBHeHBe /1/, MO)ICHO nyTeM 'IBC· 

neHHoro BHTerpupoBaHB.II onpe,nenBTb aepo.IITHOCTb Jana3.D.b1Bal0· 

mero ,neneHBJI KaK ciJyHKUBIO napaMeTpOB B A, i\ w A B Q · 

3. rRYEOKOHO~EAPbEPHOE3AflA3~JBAm~EE 
~EREHHE 

,D;n.11 rny6oi<ono.n6apbepHoro JanaJ,II.blB&lOIUero .neneHB.ll y,naeTC.II 

nony'IBTb 6onee npoCTble pemeHB.II ypaBHeHB.II /1/. 

B TOM cnyqae, Kor.na Q 3Ha'IBTeDbHO /Ha 1-2 M:JB/ MeH&Ille 

BblCOTbl 6apbepa' .neneHB.II B A• BblnonH.IIeTc.ll ycnoaue 

PA« Py' 
2rr-expl----(B -E)! » 1 

bwA A ' 

Tal< 'ITO C XOpomeii TO'IHOCTblO 

g =RP A/P y, P A;- expl~~~ (E- BA)I. 

Tor.na .nn .. 3Dei<TpoHHOro 3axaaTa 

Q(Q-E)
2 

2rr 1 2n-BA Q 2 
P = R ( ------ ·exp[(----- - - )E------- ]dE / ((Q-E) dE. 

E F C Cy 0 4 h w A f) "fi w A C 
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3To awpa)l(eHHe nerxo HHTerpapyeTc.ll no 'laCT.IIM, H, - oxoH

'IaTenLHO 3aMeH.II.II HH)l(HHB npenen HHTerpHpOBaHH.II HyneM, 'ITO 

COOTBeTCTByeT MO)l.enH DOCTO.IIHHOH CHDOBOH liiYHKUHH, a TaK)l(e 

OT6paChiBa.ll qneHhl 6onee BhiCOKHX DOp.ll)l.KOB ManOCTH, B03HHKaJO

UlHe npH HHTerpHpOBaHHH, DODY'IHM: 

PEF 

rne 

a = 

6Re-Q/ O 

- -~3~-g--~--;-4- e 
y 

217 1 ---- - -- . 
fl w A 0 

- -~~- (B A -Q) 
liw A /2/ 

AHanorH'IHhle BbiKDa)l.KH )l.aJOT cne)l.YJOlllHe COOTHOWeHH.II )l.ll.ll 

aepo.IITHOCTH JanaJnwaaJOmero neneHH.II npa {3- - pacnane: 

-Q/ 0 217 7al Re - ---- (B -Q) 
= ____ .:__ _____ _ _ e tiw A A 

a6Q6Cy04 
p{3F 

/3/ 

Bwpa)l(eHH.II /2/ H /3/ .IIBHhiM o6pa3oM CB.II3hiBaJOT aepo.IITHOCTb 

JanaJnwaaromero neneHH.II c awcoToii BHyTpeHHero 6apbepa B A a 

napaMeTpOM KpHBH3Hhl 1i W A • 

3aMeTHM, 'ITO )l.ll.ll onpeneneHH.II napaMeTpoa 6apbepa MO)l(HO 

BOCDOllb30BaTbC.II CDeUHallbHhiM DO)l.XO)l.OM, DpHMeHHMbiM )l.ll.ll TeX . 

cnyqaea, xorna 3TH napaMeTphl He nonaep)l(eHw pe3KHM H3MeHeHa

.IIM npa nepexone oT o~Horo ~eTHO·'IeTHoro H30Tona x npyroMy. 

3TOT nO)l.XO)l. COCTOHT B H3MepeHHH H.a OnhiTe BepO.IITHOCTeii: 3ana3-

)l.hiBaJOUleFO )l.eneHH.II )l.ll.ll HeCKOllbKHX COCt()J;HHX He'leTHO·He'leTHbiX 

H30TOnOB O)l.HOrO 3DeMeHTa, HMeJOUlHX pa3HYJO BeDH'IHHY 3HeprHH 

pacnana Q, H onpeneneHH.II Ha OCHOBaHHH ypaBHeHHH /2/ HDH /3/ 
HCKOMhiX BellH'IHH BA H 1iwA' ycpe)l.HeHHhiX )l.ll.ll )l.aHHOH rpynnhl 

H30TOnOB. 

PeJynLTaThl Bhi'IHcneHHii no !llopMyne /2/ nn.11 :mexTpOHHoro 

JaxaaTa npencTaaneHw a rpaliiH'Iecxoii: !llopMe Ha naarpaMMe puc. 2. 
3necb BBO)l.HTC.II HexoTopa.ll npoMe)l(yTO~Ha.ll aenB'IHHa, 3aBHC.IIllla.ll 

OT napaMeTpa liw A H pa3HOCTH (B A -Q): 

p 

8 

6R expl- ~~7!._--(B -Q)I 
I~WA A 3 Q/ 0 

---------------------- = Q e . p E F 

a3 C o4 
y 

- ~ 

~ 

.. 

Q)-- ·I{ 

~ 
~-6 
~ .... -8 

~ 
~-10 

" ~-2 
""-l 

-!0 -It ·2 

Puc . 2. ,l(uazpaMMa OAJI onpeoeAeHUJI 6epoJimHocmu 3ana30bl6aK>
IJI€20 oeAeHUJI npu 3AeKmpoHHOM 3ax6ame 6 3Q6UCUMocmu om 6biC0111bl 
6HY111P€HH€20 6apbepa B A , napaMempa KPU6U3Hbl h w A, 3H€p2UU 
3AeKmpoHH02o 3QX6ama Q . CM . noJicHeH.UJI 6 meKcme. 

3Ta 3aBHCHMOCTb /B norapH!liMH'IeCKOM MaCWTa6e/ )].aHa :lKHp-

HbiMH Dp.IIMhiMH, KOTOpbie COOTBeTCTBYJOT 3Ha'leHH.IIM ilw A 

= 0,6 M3B, 0,9 M3B, 1,3 M3B. ToHKHMH DHHH.IIMH npencTaaneHa 

3aBHCHMOCTb p = Q 3 eQ/O . pEF = K(Q, O).pEF npH 3Ha'leHH.IIX Q OT 

2,5 no 3,5 M3B. WTpaxoaoii noMaHoii nHHHeii noxaJaHo, xax no 

)l.aHHhiM 3Ha'leHH.IIM p E F , twA H Q MO:lKHO HaBTH BeDH'IHHY pa3" 

HOCTH (B A- Q), a 3Ha'IHT, H BeDH'IHHY 6apbepa. HMeeTC.II HeKOTOpa.ll 

'IYBCTBHTellbHOCTb pe3yllbTaTOB Bbi'IHCDeHH.II p E F K napaMeTpy 

TeMnepaTyphl .ll)l.pa 0, O)l.HaKO nerKO BH)l.eTb, 'ITO onpe)l.ell.IIJOUleB 

pona oHa He arpaeT. Tax, npa Q- 3,5 M3B, -h wA- 1 M3B H3Me

HeHHe TeMnepaTyphl OT 0,5 )].0 0,6 M3B npHBO)l.HT K yBeDH'IeHHJO 

pacc'IHTaHHoro 3Ha'leHH.II aepo.IITHOCTH 3ana3)l.h1Baromero neneHH.II 

npa6nH3HTenLHO Ha 50~ . CooTBeTCTBYJOllla.ll HeonpeneneHHOCTb 

nn.11 3Ha'leHHii 6apbepa cocTaBn.lleT oxono 100 K3B. 
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.JHepZuR tLma-pacnada ~ , ;'f.J$ 

Puc. 3. 3aeucuMocmr, eepo.JimHocmu 3ana30bl6ai0Uie2o oe/leHu.ll om 
3Hepzuu fJ -pacnaoa /a/ u 3/leKmpoHHOZO 3axeama /6/ npu pa3-
/IU'IHI>IX 3Hat~eHUJIX eblcOmbl eHympeHHezo 6apr,epa oe/leHU.II. Cnllow
Hble IIUHuu - pe3yllbmaml>l pact~emoe no 1/JopMy/laM /2/ u /3/. 
Tot~Ku - 3KcnepuMeHmallbHble 3Ha'leHUJI, nollyt~eHHble e HacmO.IIIJieU 
pa6ome u pa6ome ' 13 / . 

4. 3AIIA3,[fbiBAIOmEE ,[fEJIEHHE 
IIPH {3 -;. PACIIA,[fE H30TOIIOB IIPOTAKTHHH.JI 

H3nO)I(eHHble 

3aua3)J;biBaJOmeM 

Pa c A = 238, 

ngJOTCll H30TOIIbl 

H3BeCTHbl. 
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BbiWe Upell;CTaBneHBj( 0 rny60J<OIIO)J;6apbepHOM 

)J;eneHBB MOryT 6b1Tb IlpOBepeHbl Ha B30TOUaX 

236, 234 . B JTOM cnyqae AO'IepHBMH "APaMB gB

ypaHa, napaMeTpbi 6ap&epa An" J<OTop&Ix xopowo 

s. 

,. 

Ha puc. 3a rrpe)J;cTaBneHbl 3aBBCBMOCTB P {3F oT JHepruu 

{3- -pacna)J;a, Bbi'IBcneHHbie no <l>opMyne /3/ rrpu ifw A .. 0,9 M3B 

u B A= 5,7; 5,8; 5,9; 6,0 M3B. ,IJ.ng xoJ<l><l>uu.ueHTa R B3liTO 

3Ha'leHBe 1/20 B COOTBeTCTBHH C pe3yn&TaTaMB, IIOny'leHHbiMB 

IIpB B3MepeHBB ~HTeHCBBHOCTB BeTBB y -B3ny'leHBj( IlpH pacna)J;e 

Aengmuxcg B3oMepoB 238 U u 236 U / 14-16 -'. Ha rpa<l>uxe HaHece

Hhi TaJ<)I(e rronyqeHHbie B pa6oTe / 13 / JJ<crrepBMeHTan&Hbie 3Haqe-

HBll Pf3F Ang 238Pa . 236 Pa. 23 4 Pa. 

BBAHO, 'ITO B cnyqae 238pa B 236 pa, )J;ng J<OTOpbiX Q = 

= 4,0 B 3,1 M3B, COOTBeTCTBeHHO, 3J<CIIepBMeHTanbHble )J;aHHble 

xopowo cornaCYJOTC" c pacc'IBTaHHbiMB rrpu 3Ha'leHHH B A = 

= 5,7-6,0 M3B. 3To 3Ha'leHue cornacyeTcg c AaHHhiMH o 6ap&epe 

)J;nll H30TOIIOB ypaHa, IIOny'leHHbiMB MeTO)J;OM IJpjjMbiX peaJ<U,HH /Ha

IIpHMep, '10 1 /. ,IJ.ng 234 Pa I Q = 2,2-2,3 M3B/ pac'leTHoe 3Ha

'leHHe p (1 f' = 1 Q'' 10
- 10 ' 11 

II pH TaJ<HX )l(e 3Ha'leHHj(X )J;nll BbiCOTbl 

6ap&epa , l<pHBH3Hhi, J<oJ<l><l>uu.ueHTa R 3xcrrepHMeHT )J;aeT .n;nll 

P/1F' ( 234Pa) BepxHBH rrpell;en: ~1 ~, 10 - 12 
CTonh cun&Hoe pacxo)I(-

AeHHe BIIOnHe 06'hliCHHMO . TipH IIOHH)I(eHHH Q HH)I(e ypOBHll BTO

poro MHHHMyMa /rrpH6nH3HTenbHO 2,5 M3B/ 3aceneHHe COCTOliHHH 

BO BTOpOM MHHHMyMe HeB03MO)I(H0, H o6my10 IlpOHHU,aeMOCTb )J;BOH

HOrO 6apbepa HenbJJI pa36HTb Ha OT ,n;enhHhie COCTaBnliJOmHe. llpH 

TaKHX HHJJ<HX 3Ha'leHHliX Q cne)J;yeT paCCMaTpHBaTb 6apbep CO 

JHa'linenbHO 6on&WeH liiHpHHOH /B paMJ<aX npHHJITOH rrapaMeTpH

JaU,liH - MeHbliiBe -3Ha'!eHHe t ~, / . TipH 11 ctJ = 0,7 M:JB, 13 = 

= 6,0 M:JB HaliiH pac'leTbJ )J;aiOT BenH'IHHY P {JF 10- 14
. 

5. 3AIIA3,[fbiBA10[4EE ,[fEJIEHHE 

IIPH 3JIEKTPOHHOM 3AXBA TE 

5 .1. OJJeHKa eepo.11mHocmu 

113 cl>opMyn /2/ B /3/ cne)J;yeT, 'ITO IIpH TeX )l(e 3Ha'leHBJIX 

BenH'IHH Q, BA H t1 w A B cnyqae 3DeJ<TpOHHOrO 3aXBaTa Bepo

JITHOCTb 3aiia3)J;biBaiOmero )J;eneHHll HaMHOrO BbJWe , 'ITO CBJI3aHO 

C 6onee HHTeHCHBHbiM 3aceneHHeM BbiCOJ<O ne)l(amHX ypOBHeH 

)J;O'IepHHX JI)J;ep. 
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IlpH Q= 3,5·4,0 M3B, tiw A 1 M3B, () = 0,5 M3B oueHxa 

,u;aeT 
(aQ)3 

PEF / P,gF = -l20-- - 3(}-40 . 

IlpR nepexo,u;e x HeiiTpoHo,u;e4>RURTHbiM .11,u;paM B paiioHe Cm, Cf , 

Fm MO)I(HO O)I(R,D;aT.b e~e 6on.bwero yaenH'IeHR.II aepo.IITHOCTH 3a· 

na3,u;waa10~ero ,u;eneHR.II 3a c'leT K034>rt>RuHeHTa R. ,ll.n.11 3THx .11,u;ep 

K034>rt>RUReHT R ,D;On)l(eH 6.b1T.b 6nH30K K 1, 6naro,u;ap.11 B.biCOKOH 

npOHRuaeMOCTR BTOporo 6ap.bepa OTHOCRTen.bHO llpOHHUaeMOCTH 

nepaoro /cornacHo cRcTeMaTRKe, BTopoii 6ap.bep a .11,u;pax Pu , 

Cm,, Cf c A= 240-246 npR6nH3HTen.bHO Ha 1,5·2,0 M3BHH)I(e, 

'leM B .II,D;pax H30TOllOB ypaHa/. Hccne,D;OBaHRe HHTeHCHBHOCTR 

BeTBR y ·H3ny'leHH.II ,D;n.ll CllOHTaHHO ,u;en.II~RXC.II H30MepOB TaK)I(e 

yKa3.b1BaeT Ha 6on.bWY10 aenR'IRHY R, llOCKOn.bKY OCHOBHOH BR,D; 

pacna,u;a R30Mepoa 4>opM.b1, Ha6nJO,u;aeMbiX a TpaHcypaHoaoii o6nacTH 

.II,D;ep, llO"BH,IJ;HMOMy • CllOHTaHHOe ,u;eneHHe / 15/. 

Hey,u;RBRTen.bHO no3TOMY, 'ITO anepa.ble 3ana3,D;.biBaJO~ee ,u;ene

HHe Ha6nro,u;anOC.b RMeHHO npH 3neKTpOHHOM 3aXBaTe • B .II,D;pax 
232,234 Am, 228 Np /4,5/ 

5.2. llocmaHoeKa 3Kcneput.H!Hmoe 

liO,D;TBep)I(,D;eHHe npaBRn.bHOCTH npe,D;CTaBneHHH 0 MexaHH3Me 

3ana3,D;.biBaJO~ero ,u;eneHH.II, nony'leHHOe npH H3y'leHRH H30TOllOB 

Pa, a Tax*e B.biWeR3no)l(eHHble coo6pa*eHH.II o aepo.IITHOCTH 3Toro 

npouecca ,u;n.11 ueiiTpoHo,u;e4>RuRTH.biX .11,u;ep no6y,u;HnH Hac nepeiiTH 

K llORCKY HeHTpOHO,D;eri>RURTH.biX R3nyqa Teneii 3ana3,D;.b1BaJO~ero ,u;e • 

neHR.II R Rccne,u;oaaHRJO 6ap.bepoa ,u;eneHR.II R30Tonoa Cm, Cf , 

Fm MeTO,IJ;OM, OCHOBaHH.biM Ha R3MepeHRH BepO.IITHOCTH 3ana3,D;.bl" 

sa10~ero ,u;eneHH.II, conpoBO)I(,D;aJO~ero 3nexTpOHH.biH 3axaaT npe,u;

wecTBYJO~X .11,u;ep - B3oTonoa Bk, E s , Md . 

,ll.n.ll Hccne,u;oaaHRii 6.blnR sw6paH.bl .ll,u;pa 240, 242Bk, 244,246,248 E s' 

248,250Md . B ma6A. 1 npHae,u;eHbl nepHO,D;.bl nonypacna,u;a ~THX 
.II,D;ep R peaKUHH, HCllOn.b30BaBWHeC.II B HaCTO.II~eH pa6oTe ,D;n.ll HX 

nony'leHR.II . 

0CHOBH.ble CBOHCTBa pacna,u;a HCCne,D;OBaBWHXC.II HyKnH,D;OB H3· 

BeCTH.bl H3 3KCnepRMeHTa, 3a HCKnJO'IeHHeM 240Bk, ,D;n.ll KOTOporo 
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Ta6m1l.la 1 

nepeXOA T 'h PeaKI.l~R nony4eH~R 

240 Bk . 240 cm 4 M~H 232 Th ( 14N • 6n) 

242 Bk --> 242 cm 7 M~H 23 2Th ( 14N, 4n) 

246 E s --> 246 Cf 8 M~H 238 U ( 14N, 6n) 

248 Es --> 248 Cf 28 M~H 238 u ( 14N, 4n) 

244Es ·• 244cr 37 c 2 35 U ( 14 N , 5n), 237Np ( 12C,5n) 

248 Md --> 248 Fm 7 c 23 9 Pu ( 14 N, 5n) 

250Md --> 250Fm 52 c 243 Am ( 12 c. 5n) 

3Ha'leHHe nepHo,u;a nonypacna,u;a B3.11TO H3 pac'leToa n7~ Bee OHH 

HCll.biT.biBaJOT 3neKTpOHH.biH 3axaaT, nepeXO,IJ;.II B ,D;O'IepHHe a • 

pa,D;HOaKTHBH.ble HyKnH,D;.bl C y,u;o6H.biMH ,D;n.ll Ha6nJO,D;eHH.II BpeMeHaMH 

)I(R3HH H 3Hepri!:.IIMR a ·lfaCTHU: 

240Bk -~~--- 240 Cm : 28,7 AH., Ea = 6,26 M3B 

242 Bk _1~-... 242 Cm : 163 AH., Ea = 6,11 M3B 

244 Es -~~- .... 244 Cf : 19,7 M., Ea = 7,22 M3B 

246 Es -~--- 246 Cf: 35' 7 4., Ea = 6, 76 M3B 

248 Es _2?_..... 248 Cf : 333 AH., Ea= 6,26 M3B 

248Md _2~- ... 248Fm -~ .... 244cr : 19,7 M., Ea = 7,22 M3B 

25 0 Md . _2_~_ ... 250 Fm: 30 M. , Ea = 7,43 M3B 

B 3KcnepHMeHTax 3TO o6cTO.IITen.bCTBO Rcnon.b30Banoc.b npH 

H,D;eHTH4>HKaUHR R onpe,u;eneHHH llOnHOrO B.biXO,D;a RHTepecyJO~HX HaC 

.II,D;ep nyTeM perHCTpaURR a "R3ny'leHR.II HX ,IJ;O'IepHHX npo,u;yKTOB. 

IlpHMeHRTen.bHO K peaKUR.IIM C XOpOWO H3y'leHH.biMH 3aKOHOMepHO· 

CT.IIMH TaKOH MeTO,D;, XOT.II R He 6e3ynpe'leH, npe,D;CTaBn.lleTC.II ,D;O· 

CTaTO'IHO Ha,D;e)I(HbJM. )l.eno B TOM, 'ITO npH B3aHMO,D;eHCTBHH ycxo· 

peHH.biX HOHOB, TaKHX, KaK yrnepo,D;, a30T R T.ll., C T.ll)l(en.biMR .11,1);" 

paMH B o6naCTH ypaHa KaHan peaKUHH C RCnapeHHeM HeHTpOHOB 

H3 COCTaBHOrO .II,D;pa ,D;OMHHRpyeT Ha,D; KaHanOM peaKURH C B.blneTOM 
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npOTOHOB, KOTOphle npHBO)J.JIT 1< TeM :lKe KOHe'IHbiM li)J.paM, 'ITO 

B JneKTpOHHLIH JaXBaT JI)J.ep - npOJJ.YKTOB peaK~BH C HCnapeHBeM 

HeATpouos / 18 . 19/, B peJynLTaTe 6e3 oco6oro yw.ep6a JJ.nll TO'IHO

CTB BKna.n. peaK~BH c BbmeToM npoToHa npa onpe.n.eneHBB nonHoro 

BbiXO)J.a COOTBeTCTBYIOW.BX HyKnH)J.OB MO:lKHO He Y'lHTbiBaTb. 

CneKTPLI JJ.O'IepHBX npOJJ.YKTOB HJMepllnHCb nonynpoBOJJ.HHKOBbiM 

Si ·- Au - JJ.eTeKTopoM. B onLJTax c HaKnOHHbiMH MHWeHJIMB I eM. 

HH:lKel npenapaTLI )J.nll H3MepeHBJI a- cneKTpOB H3rOTaBnHBanHCb 

B BH)J.e TOHKHX HCTO'IHHKOB H3 'laCTH BeW.eCTBa-MHWeHH, paCTBO

plleMOrO no OKOH'IaHHH cepBH o6ny'leHBH. llpH BCnOnb30BaHHB TOH

KBX MBWeHeH BLIXO)J. npOJJ.YKTOB onpe.n.enllnCJI B OT)J.enbHLIX OnbiTax, 

npOBO)J.HMbiX B H)J.eHTH'IHbiX ycnOBHJIX C OCHOBHbJMH, T.e. npH 

TOH :lKe 3HeprHB qacTH~, c TOH :lKe MHWeHLIO, B TOH :lKe reoMeTpHB. 

HopMHpOBKa B 3TOM cnyqae npOH3BO)J.HnaCb no nOTOKY HOHOB '1epe3 

MHWeHb, H3MepliBWeMyCJI npH nOMOW.H ~HnHH)J.pa cl>apa)J.ell. 

llpH o~eHKax C'IHTanocb, 'ITO .n.onH JneKTpOHHoro JaxsaTa npu 

pacna.n.e uccne.n.yeMbiX H30Tonos Bk, Es , Md - lOOtfo, Ja HCKnro

'leHHeM 248 M~ B cnyqae KOTOporo )J.nH )J.OnH JneKTpOHHOrO Ja

XBaTa 6blnO B3JITO 3Hal.JeHHe 80tfo '20 / 

5 .3. Onbllllbl c HaiUIOHHbiMU MUJUeHJIMU 

llpH H3y'leHHH cpaBHHTenbHO ,llOJirO:lKHBYW.HX HYKJJHJ],OB 
2 40 Bk , 

242 Bk . 246 Es . 248 Es oKaJanoch ~enecoo6pa3HhiM npuMeHHTh 

MeTOJJ.HKY C HaKnOHHOH MHWeHbiO, o6ecne'IHBaiOW.YIO 3¢qleKTHBHOe 

HCnonbJOBaHHe Hau6onhwero KOJJH'IecTsa pa6o'!ero sewecTsa H 

B03MO:lKHOCTb npOBe)J.eHHJI o6ny'leHHH npH TOKax HOHOB Ha MHWeHh 

JJ.O 50 MKA. MuweHH 2 38U H 2:!2 '!11 6hJnH HaHeCeHbl Ha OXJJa:lK)J.ae

Mble BO)J.OH MeTannH'IeCKHe )J.ep:lKaTenH. 3<J><J>eKTHBHaH TOnlliHHa HX 

no U H Th COCTaBnHna C y'leTOM HaKnOHa - 5 M2/c,w 2 .Q6ny'leHHJI 

npOH3BO)J.HnHCb Ha BHyTpeHHHX ny'!KaX ~BKnOTpOHOB Y- 300 H 

Y-200 JIRP OHRH. 

IJ,HKnLI o6ny'leHHJI MHWeHeH 'lepe)J.OBanHCb C ~HKnaMH H3Mepe

HHJI HaKonneHHOH aKTHBHOCTH )J.eneHHJI, Ha BpeMJI KOTOphiX MHWeHb 

)J.OCTaBnHnacb B Henocpe)J.CTBeHHYIO 6nH30CTb C )J.eTeKTopaMH oc

KOnKOB. ~nJI perHCTpaUBH OCKOnKOB npHMeHHnHCb TBep)J.OTenbHble 

cne)J.OBble )J.eTeKTOpbl - nasCaHOBhle nneHKH TOnW.HHOH 15 M KM. 
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nocne cTau.n.apTHOH o6pa6oTKH, uanpasneHHOH Ha BbiHBneHHe cne.nos 

OCKOnKOB, OHH npOCMaTpHBanHCh BHJyanbHO C nOMOW.biO OnTH'IeCKO

ro MHKpocKona. BpeMeHHall JaBHCHMOCTh aKTBBHOCTH .neneHBH 

B 3THX OnbiTaX H3MepHnaCb nyTeM CMeHbl )J.eTeKTOpOB 'lepe3 Ja

)J.aHHbie HHTepsanhi speMeHH. 

B pH)J.e OnbiTOB perHCTpaUHJI OCKOnKOB npOB3BO)J.Hnacb TBep.no

TenhHbiMH npo60HHbiMH )J.eTeKTOpaMH, npHHUHn )J.eHCTBHJI KOTOpblX 

OCHOBaH Ha B03HHKHOBeHHH JneKTpH'IeCKHX npo6oeB B JapH:lKeHHOM 

TOHKOnneHO'IHOM KOH)J.eHCaTOpe B MOMeHT npOXO:lK)J.eHHJI 'lepe3 Hero 

nnOTHOHOHH3HpyiOilleH l.JaCTHUhl - TJI:lKenorO HOHa HnH OCKOnKa )J.e

neHHll 2 l TexHonorull HJroTosneHHll JTHX .n.eTeKTopos c 6onhWOH 

nJJOillaJJ.biO 'IYBCTBHTeJJhHOH nosepXHOCTH - HeCKOnhKO CM 2 - H HX 

CBOHCTBa OnHCaHhl B pa6oTe 22 · ~eTeKTOpbl He ycTynaroT cne)J.OBbiM 

no CeJJeKTHBHOCTH perHCTpaUHH OCKOJJKOB )J.eneHHll B yCJJOBHJIX 

BbiCOKoro <J>oHa peJJ.KOHOHH3HPYI0111HX HJny'leHHH. BMecTe c TeM 

C HX nOMOillbiO y.naeTCll npOH3BO)J.HTb H3MepeHHJI B peanbHOM 

MaCWTa6e speMeHH H Henocpe)J.CTBeHHO onpe)J.eJJJITb JaBHCHMOCTb 

aKTHBHOCTH OT BpeMeHH nyTeM aHanHJa perHCTpHpyeMhlX 3JJeKT

pH'IeCKHX HMnyJJbCOB. 

Ha puc. 4 npe.ncTasneHo speMeHHoe pacnpe.neneHHe ocKOJJKOB, 

3aperHCTpHpOBaHHbiX B OnhiTaX C U H Th npH 3HeprHH HOHOB 

14 N 92-94 M:JB, COOTBeTCTBYIOW.eH MaKCHMyMaM <J>yHKUHH B03-

6y:lK)J.eHHJI peaKUHH C HCnapeHHeM WeCTH HeHTpOHOB H3 COCTaBHOrO 

li.D.pa 23 · Ha6nro.naeMbie aKTHBHOCTH .neneHHH HMeiOT nepHOJJ.hinony

pacna.na, 6nHJKHe K O:lKH)J.aeMhiM npa .neneHHH nocne JneKTpoHHoro 

JaxsaTa 2 46 Es 18 MUHI u 240 Bk lnony'leHHoe s HaCTOJIW.eH pa6o

Te JHa'leHue nepHo.na nonypacna.na JJ.nH 3Toro cny'laJI 5±2 MUHHe 

npOTHBOpe'IHT 3Hal.JeHHIO T 
112 

= 4 MUH, cneJJ.YIOW.eMy H3 CHCTe

Ma THKH / 17 ' .nnJI 240 Bk 1. 
Onpe.neneHHe 'IHCna OCKOnKOB, KOTOpOe cne.nyeT OTHeCTH K Ja

naJJJ.hiBarow.eMy .neneHHIO, Tpe6yeT npose.neHH.II TW.aTenbHoro aHa

naJa B03MO:lKHblX HCTO'IHHKOB <J>oHa. 

B 3KCIIepHMeHTaX C TOnCTOH IHaKnOHHOHI MHWeHbiO HCTO'IHH

KaMH <J>oHa Morna oKa3aTbC.II: 

II 3ana3)J.bJBaiOW.He HeHTpOHbl H3 OCKOnKOB MrHOBeHHOrO )J.e

neHHJI pa6o'lero sew.ecTBa MHweHeH, KOTOpble MoryT Bb13hJBaTh 

)J.eneHHe JI)J.ep MHWeHH BO BpeM.II H3MepeHBH; 

61 :lKeCTKHe y -KBaHTbl, H3ny'laTenH KOTOpbiX TaK:lKe npHCyT

CTBYIOT cpe)J.H OCKOnKOB MrHOBeHHOrO )J.eneHH.II; 
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B/ )I(CCTKHC Y -KBaHTbl OT pacna.na npo,llyKTOB B3aHMO,IJ;CBCTBHJI 

6oM6ap,ll;BpyiOmBX HOHOB C JI,D;paMB aemecTBa nO,IlllO)I(KH MBWCHB. 

Kax noxa3anB pe3ynbTaTbl cneD,BanbHblx B3MepeHBii:, npB Bccne.no

aaHBB cpaBHBTCllbHO ,IJ;OllrO)I(BBymBX HYKllB,Il;OB /T 112 = 5-10 MUH/ 

~OH 3a C~CT ~aKTOpOB a/ B 6/ nerKO ycTpaHBM nyTeM BBC,Il;CHHJI 

,ll;OCTaTO~HO ,llllBTCllbHOB 3a,llep)I(KB - 10 MUH/ OT KOHD,a o6ny~eHBJI 

.no Ha~ana perBcTpaD,BB ocxonxoa. Cno)I(Hee .neno o6cToBT c nocne.n

HBM ~KTOpOM. 0Ka3allOCb, ~TO ~OH 3a C~eT Hero B HCKOTOpbiX 

cny~aJix cymecTBeHeH .na)l(e cnycTJI .nnBTenbHoe apeMJI no oxoR~a

RHB o6ny~eHHii:. Tax, a nepablx onbiTax no o6Hapy)l(eRBIO 3ana3,1lbi

aaiOmero .neneRHJI 246 Es Ra6niO.nanocb cnO)I(HOe apeMeHHOe pac

npe.neneHHe 3aperHCTpHpOBaRRbiX OCKOllKOB /24 /. B 3THX OnbiTaX 

ypaR 6bln HaHCCCH Ha MC,IJ;HYJO nnaCTHHY. IJpOBC,Il;CHHble B RaCTOJI

meii: pa6oTe onbiTbl I o6ny~eRBe U- MHWCHH a TaKoM )l(e pe)I(HMe, 

npHBC,Il;CHHC ee B KOHTaKT C Heo6ny~eHRbiM ypaROM, perHCTpaUHJI 

OCKOllKOB/ noKa3anH, ~TO ~aCTb /.no 301o/ 06Hapy)I(CHHOrO at24/ 

3~exTa npH Hccne.noaaHHH 246 Es o6ycnoaneHa .neneHHeM ypaRa 

no,11; ,IJ;CBCTBHCM y -KBaHTOB OT pacna,~~;a O,IJ;HOrO H3 npO,Il;YKTOB 

peaKD,HH 14 N + ecT "Cu. 0TKa3 OT MC,Il;RbiX ,ll;Cp)l(aTeneii: H 3aMeHa HX 

aniOMHRHCBbiMH n03BOllHllH ycTpaRHTb yKa3aHHbiB ~OR . 

)J.ononRHTCllbHbiM HCTO~HHKOM ~OHa MOrllO 6biTb CnORTaHHOe 

,ll;CllCHHC aemeCTBa MHWCHCB H no6o~HbiX npO,Il;YKTOB peaKUHH, 

TaK )I(C KaK ,ll;O~epHHX npo,llyKTOB pacna,11;a HCCllC,IlyCMbiX RYKllH,Il;OB. 

OueRxa ~oRa 3Toro po.na, npoH3BO.IlHBWaJicJI nyTeM aHanH3a a -

cneKTPOB aKTHBHOCTH H3 MBWCHH, noKa3ana, ~TO BKlla,ll ero Re

cymeCTBCHCH I c y~eTOM apeMeHH H3MepeHHii/. 

OnbiTbl, RanpaaneHHble Ra nony~eHHe 2 48 Es H 242 Bk a 

peaKD,HJIX (14N, 4n) Ra ypaRe H TOpHH, npOH3BO,D;BllHCb npH YMCHb

WCHHOB 3ReprHH HOHOB: 74-76 M3B. 06ny~eHHe npOH3BO,Il;Hll0Cb Ha 

6onee rny60KHX op6HTaX BRYTPB KaMepbl UHKllOTpoHa Y-300. 

IlpH H3MepeHHH aKTHBROCTH ,ll;CllCHHJI npO,Il;YKTOB yKa3aRRbiX peax

UHB 3aperHcTpHpoaaRbl e,IJ;BHH~Rble ocxonKH. ConocTaaneRHe Hx 

~Rena c BbiXO,IJ;OM a -aKTHBHOCTH 248 Cf H 242 em no3BOnHno c.ne

naTb oneHKY ce~eRBJI 3~exTa 3ana3,1lbiBaiOmero .neneHHJI, CBJI3aR-

Roro c pacna.noM 248Es, a TaK)I(e ycTaROBHTb aepJJ:HHii npe.nen 

ce~eHHJI ,u;nH cny~aJI 242 Bk. · 
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5.4. 0nbllllbl C IIIOHKUMU MUIUeHJIMU 

HanH~He o6cy)l(,u;aawHxcH BbiWe HCTO~RHKOB ~oRa npHBO.IlHT 

K TOMY, ~TO MCTO,Il;HKa TOllCTOB MHWCHH OKa3biBaeTCJI RenpHeMne

MOB .nnH noHcxa B3ny~aTeneii: 3ana3,1lbiBaiOmero .neneHHJI c nepHo

.naMH nonypacna.na MCBee HCCKOllbKHX MHHYT. B CBJI3H C 3THM npH 

H3y~eHHH xopoTKO)I(HaymHx RyxnH.noa - 244 Es. 248,250 Md Mbl 

nOllb30BallHCb MCTO,D;OM Bbi6HBaHHJI npo,llyKTOB peaKUHB COCTaBHOrO 

Jl,llpa H3 TOHKHX CllOCB MHWCHH B TOHKBC C60pHHKH, KOTOpble 6biCT

pO .nocTaBnJinHcb K .neTeKTopaM ocxonxoa. C6opRHKH 6blnH ycTa

RoaneHbl Ra apamaiOmeMCJI ,IJ;Hcxe a xonH~ecTae wecTH wTyK. 

IIoaopoT .llHCKa npoB3BO,Il;HnCJI aaToMaTH~ecxH so apeMeHHOM pe

)I(HMe, 3a,llaBaeMOM B COOTBCTCTBHH C H3BCCTHbiMH BpeMeHaMH 

)I(B3RH HCKOMbiX H3ny~aTeneii:. linaro,u;apJI OTCYTCTBHIO B c6opHBKaX 

3aMCTRbiX KOJIH~CCTB ,IJ;CnJimHXCJI aemecTB H BX 3Ha~HTCJibHO MCHb

weii: aKTHBaUHH no cpaBHCHHIO C TOllCTOB M:HWCRbiO ~OH ,ll;CllCRHJI 

cnyCTJI -1 C no OKOH~aHHH IJ,BKllOB o6ny~eHHJI /BpCMJI nepeHOCa 

c6opRHKOB/ HC Ha6niO,IlallCJI. 3aMCTHM, ~TO B36aaneHHC OT ~OHa 

,IJ;OCTHraeTCJI B ,D;aHHOM CJiy~ae II,CHOB nOHH)I(CHHJI o6meii: ~YBCTBH

TCllbROCTH 3KCnepBMCHTOB B3-3a YMCRbWCHHJI KOllH~CCTBa pea

rHpYJOmero BemeCTBa MBWCHB B H3- 3a XY.D;WCB TepMOCTOBKOCTH 

MBWCHCB. ToK BOHOB Ha MBiiiCHb B 3THX OnbiTaX HC npeBbiWaJI 

5 MKA, 3~CKTHBHaJI TonmHHa MHWCHCB - 0,5-1,0 MZ/CM 2 • 06-

ny~CHHJI npOB3BO,IJ;HllHCb Ha BHCWHCM ny~xe, rnaBHbiM o6pa30M ua 

IJ,HKllOTpOHe Y- 200. 

Ha puc. 5 npe.ncTaaneubl pacnpe.u;eneHHJI so apeMeHH Bblxo.noa 

aKTHBHOCTH .neneHHJI, 3aperBcTpBpoaauuoB: a peaKD,BJIX 
235 U ( 14 

N, 5n) 

H 237Np (12 C, 5n) npH 3HeprHB HOHOB 82- 86 M 3B, uanpaaneHHbiX 

ua nony~eHBe 244 Es c nepBO.IlOM T 112 = 37 c, B B peaKD,BB 
243 Am. (1 2 C, 5n). pacc~BTauuoB: ua nony~euHe 250 Md c nepHO.IlOM 

T 112 = 52 c. ConocTaaneuBe 3TBX pe3ynbTaTOB c .naRHbiMB 

MOHHTOpHpOBaHBJI ny~xa BOHOB npH o6ny~eHHJIX H C BbiXO,Il;OM ,11;0-

~epHBX npo,llyKTOB 3JICKTpOHHOrO 3aXBaTa /B ,D;aHHOM cny~ae 244 Cf 

H 250 Fm I no 3BOnJieT oneuBTb aenB~BHY ce~eHBJI 3~exTa 3a

na3.1lb1BaiOmero .neneuHx 244Es H 250Md. 

IlpB B3yqeHHH peaJCD,BH 239pu(14N, 5n) 248Md npB 3HeprHH HOHOB 

80-84 M3B Mbl ue ua6niO,u;anB Bblxo.na axTBBHOCTB .neneHBJI, xo

TOPYJO MO)I(BO 6blll0 6bl OTHCCTB K 3ana3,1lbiBaiOU.eMy ,ll;CllCHBIO 

248 Md /nocne yqeTa ~oua oT cnouTa:Huoro .ne~eHBJI .ll~~epuero 
248Fm /. 
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Ta6n1-14a 2 

3HeprHR 3!1eKTpOHHOrO 3aXBaTa QE, Ce4eHHR o6pa30BaHHR a · , 
ce4eHHR 3()xl>eKTa aana3Ab1Bai0Ulero AeneHHR a EF 1-1 ero g 

BepORTHOCTb p EF AJlR Hei:\TpOHOAe<I>H41-1THbiX HYK!lHAOB, 

HCC!leAOBaHHWX B HaCTORUle~ pa60Te. 

HyK!lHA 

240Bk 

242 Bk 

246 Es 

248 Es 

244Es 

248Md 

250Md 

20 

f{) 

~ 

6 

" 
2 

f 

QE, M3B 

3,8 

3,0 

3,7 

3,0 

4,3 

4,8 

4' 1 

21,(}8K 

a g, CM 2 
a EF' CM 

2 
PEF 

5· lo - 3o 5 . 10- 35 10 - 5 

7· 10-30 < 2 ·10-36 < 3· 1 o- 7 

5· 10- 30 1 ,5· 10-34 3 · 1 o-5 

6. 1 a-so 2· 10-36 3 · 1 o- 7 

1o-3o 10- 34 10- 4 

1o-a t <5· lo-a5 <5· 10-4 

1 o-ao 2 . 10-34 2· 10 - 4 

\ t\t 2••Es 

~=81'1 \ 
\ 
\' 
\ 
\ 

:\ 
\ 
\ 
\ 
\ 

.5 fO f5 20 fO 20 30 1,(} 
8pe-MR om tf"OI-IC1CT o6/1!1~e,..,u.R, !'(UN 

Puc. 4. BpeMeHHble pacnpei}e.lleHUJI ocKOIIK08 i}e.lleHUJI, :Japezuc•
pupoeaHHbiX npu u:Jy'leHuu :Jana:Ji}bleaK>JIIezo i}elleHUJI 240 Bk u 246Es. 
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~auuwe o ceqeuuRx J~eKTa JanaJ,D;wsaw~ero ,D;eneHHR u ero 

sepoRTHOCTH ,D;nR uccne,D;oBaHHbiX R,D;ep npuse,D;eHbi s ma6A.2 . 
OueHKa norpelllHOCTH peJyllbTaTOB COCTaBnReT npH6liH3HTellbHO 

+100, -50o/o. 

6. OL(EHKA 5APbEPOB ,l(EJIEHHJ/ 

Ha puc. 36 nonyqeHHbie B pa6oTe ,D;auuwe o sepoRTHOCTRX 

JanaJ,D;biBaw~ero ,D;en~HHR 240 13k . 242 13k, 244Es, 246 Es, 248 Es, 

2 l8Md, 250Md cpasuusaiDTCR c pacqeTHbiMH. KpHBble ua 3TOM pu

cyHKe npe,D;CTaBliRIDT JaBHCHMOCTb p E F OT 3HeprHB 3lleKTpOHHOrO 

Jaxsa Ta Q ~~ cor nacHo !~JopMy ne /2/. 3uaqeHHR P E F BbJqucneHbi 

npu R = 1, 11 (, A = 0,9 M:JB AliR HecKonbKHx JHaqeHuii BbiCOTbi 

suyTpeuuero 6apbepa 3 A= 5,6; 5,7; 5,8; 5,9; 6,0; 6,1 M:JB. Kax 

cne,D;yeT HJ pucyuKa, npu TaKux JHaqeuHRx napaMeTp os ,D;nR s c eii 

rpynnbi uccne,D;osaHHbiX R,D;ep pac'!eTHbie ,D;aHHbie xopolllo cornacy

IDTCll C 3KCnepHMeHTallbHbiMH. 06pa~aeT Ha ce6R BHHMaHHe TOT 

!IJaKT, qTo ,D;a)l(e npu BeCbMa yMepeHHOH TOqHOCTH HJMepeHHH 

senH'IHHbl p f~ f ' /50o/o/ y,D;aeTCll ycTaHOBHTb ));OBOllbHO YJKHH HHTep

san JHa'leHHH BA ,D;liR ,D;oqepHHX qeTHo·qeTHbiX R,D;ep 240Cm 242 C,m, 
:.!llCt, 2·16 Cf , 2-l8Cf. ,248Md , 2fiDMc! BA . 5,7-6,0 M:JB.KoHeqHo , 

));Jill rex cny<Jaes, KOr,D;a s onbiTax nonyqeHbi nHillb sepxHHe npe -
24'' '> 48 

!lellbi Allll PE: F l ~ Bk , - ~1dJ npHBe,D;eHHYID oueHKY 6apbepa ,D;n.ll 

COOTBeTCT BYIDLUHX li,D;e p CJle,D;yeT paCCMa TpHBa Tb KaK HH)I(}{IDID rpa HH

uy. 

TaK HM o6paJoM, cornac u o peJ ynbTaTaM HaCTOR~eB. pa6oTbi, 

6apb epbi ,D;eneHHll lllHpoKoro Kpyra Tll)l(enblx R,D;ep c napaMeTpoM 

AenuMo<;.T u Z 2, A = 38-40 ocTaiDTCR BbiCOKHMH /Ha yposHe - 6 M:JB/, 

KaK H npH MeHblllHX 3Ha'!eHHliX z 2/ A,T.e . B OKpeCTHOCTH 34-38, 

r,D;e Ha6nw,D;aeTCR peJKoe pacXO)I(,D;eHHe Me~y 3KcnepuMeHTanbHO 

HJM e peHHbiMH noporaMH ,D;elleHHR H HX JHaqeHHJIMH, paCC'IBTb!Bae

MbiMH B paMKaX )I(H,Il;KO·KanenbHOH MO,D;eliH. 3KcnepHMeHTallbHbie 

Juaq eHHR 6apbepos ecnu u yMeHblllaiDTCR no Mepe soJpacTaHHJl 

2 2 A li,D;pa, TO 3TO yMeHbllleHHe npOHCXO,D;HT HaMHOrO Me,D;neH· 

Hee, '!e M npe,D;cKa JbiBaeTCR cor nacHo KanenbHOH MO,D;enu . Xapax

TepHo, qTo BbiCOTa 6apbe pa ,D;eneHHR He npeTepnesaeT peJKoro 

YMeHbllleHHll HH no Mepe y s enuqeHHR Z R,D;pa / 'ITO BH));HO Ha npu 

Mepe HJOTonos Cf H Fm /, HH no Mepe ysenuqeHHR ueB.Tpouuoro 
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8peN~ Om KOHL{Q 00/Tf:!tlt'HLIP, C 

Puc . 5 . BpeMeHHble pacnpeoe/leHUJI ocKOIIK06, 3apezucmpupo6aH
HbiX 6 onblmax no u3y<~eHwo 3ana30bi60IOUiezo oeAeHUJI 244 Es u 
25 0Md. 

,11.ecjlu~HTa B ll,ll.pax. llpH'IHHY Taxoii "cTa6HnbHOCTH" 6apbepa TPY.II.HO 

CBJI3biBaTb TaK)I(e H C BnHJIHHeM HeHTpOHHOH DO.II.060nO'IKH N = 152, 
DOCKOnbKY ,ll.a)l(e )lnll 240 Cm C 'IHCnOM HeiiTpOHOB N = 144 6apbep 

OCTaeTCJI Ha ypOBHe 5,6-6,0 M3B. 

)J;nll YTO'IHeHHJI H 06'bliCHeHHJI nony'ieHHbiX ,IJ.aHHbiX DOTpe6yeTCll , 

KOHe'IHO, )lanbHeHWaJI pa6oTa KaK B 3KCnepHMeHTanbHOM , TaK H B 

TeopeTH'ieCKOM HanpaBneHHliX. 

B JaKmo'ieHHe aBTOPbl Bblpa)l(aiOT rna6oxyro 6naro,11.apHOCTb 

r .H.IIInepoBy H IO.l.J,.OraHeCJIHY Ja DO)l,ll.ep)I(KY H HHTepec K HaC TOll

weB pa"6oTe, B.B.llawxeBH'IY H IO.B.HayMoBy Ja ~eHHble o6cy)l(

.ll.eHHll H JaMe'iaHHll, E.H.MapxoBy H rpynnaM 3KcnnyaTa~HH ~Hxno

TPOHOB Y-200 H Y-300 JIJIP OHJIH Ja Ha,IJ.e)I(Hyro pa6oTy ycxo-
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pHTeneH BO BpeMJI DpO)lO~HTenbHblX ODblTOB, C.ll. TpeTbJIKOBOH 

H COTPY.II.HHKaM ee rpyDDbl Ja 60nbWYIO DOMOillb DO o6pa60TKe H npo

CMOTPY ,ll.eTeKTOpOB. 
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