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faHrpcKHll IO.n. H llP· P15 - 10613 

3ana31lblB8IOWee JleneHHe Hei!TpOHOH36biTO'IHblX H30TOITOB 

npOT8KTHHHSI 

npHBOilSITCSI peaynbT8Tbl 8KCITepHMeHTOB ITO llOHCKy BeTBH 38ll831lbiB8JO

Wero JleneHHSI npH ~-pacnaAe HeliTpOHOH36biTO'IHbiX H30TOITOB npOTBKTHHBllo 

06HapyJKeHbl OCKOnKH 38IT831lblB8IOWer'O JleneHHSI 23Bpa B 236pa C HHTeH

CHBHOCTb!O 10-8 - 10-9 OT nonHero 'IHCna {:3 -nepeXOilOBo npoBeAeHO Cp8B

HeHHe c peaynbTaTaMH pac'!eTa npH paanH'IHbiX npellnonoJKeHHliX o Mexa

HH3Me aanaallbiBBIOIUero JleneHHSI. 

Pa6oTa BbmonHeHa a fla6opaTopHH HllepHblX peaKUHll Ol1Rl1. 

llpenpBBT 06wuaeaaoro BBCTBTYT& •.aepawx accne.aoB&Bd. Jly6aa 1977 

Gangrsky Yu.P. et al. P15 - 10613 

Delayed Fission of Neutron-Rich Isotopes 
of Protactinium 

The results are presented obtained in the experi
ments on the search for a branch of delayed fission at 
the {3-decay of the neutron-rich Pa isotopes. There were 
observed the fragments of the delayed fission of 238Pa 
and 236Pa with the intensity of 10-8- 10-9 from the total 
number of ~-transitions. The comparison is made with 
the calculation results at various assumptions on the 
delayed fission mechanism. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR. 
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JI,IJ.pa, y,IJ.aJieHHbie OT 06JiaCTH {3 -cTa6HJibHOCTH, xapaK

TepH3YIOTCJI UeJibiM p.H,II,OM HOBbiX JIBJieHHH. 0,IJ.HO H3 TaKHX 

JIBJieHHH - JanaJ,IJ.biBaiOIUee ,IJ.eJieHHe, T .e. ,IJ.eJieHHe H3 

B036y~,IJ.eHHOrO COCTOJIHHJI, B KOTOpOM .H,IJ.pO OKa3biBaeTCJI 

nocne {3-pacna,IJ.a. 3To JIBJieHHe 6bmo OTKpbiTO B Jla6opa

TOPHH JI,IJ.epHbiX peaKUHH OHJIH B 1966 ro,IJ.y /1,2/ B XO,IJ.e 

pa60T no CHHTe3y HOBbiX TpaHcypaHOBbiX 3JieMeHTOB. B 
peaKUHJIX C TJI~eJibiMH HOHaMH 6biJIH nonyqeHbl HeHTpOHO

,IJ.e$HUHTHble HJOTOnbi Np H Am c MaccoBbiMH qucnaMH 

228-234, HCnbiTbiBaiOIUHe ,IJ.eJieHHe nocne K- JaxaaTa. 

113 CHCTeMa THKH 3HeprHH {3- pacna,IJ.a H BbiCOT 6apbe-

pa ,IJ.eJieHHJI cne,IJ.yeT, qT<> JanaJ,IJ.biBaiOIUee ,IJ.eJieHHe .IJ.O~Ho 

6biTb pacnpOCTpaHeHHbiM JIBJieHHeM KaK cpe,IJ.H HeHTpOHO

,IJ.e$HUHTHbiX , TaK H HeiiTpOHOH36biToqHbiX JI,IJ.ep /3/. B nep

BYID. oqepe.IJ.b JanaJ,IJ.biBaiOIUee ,IJ.eJieHHe 6y.IJ.yT ucnbiTbiBaTb 

HeqeTHO-HeqeTHble .H,IJ.pa, T .K. OHH HMeiOT HaH60JibWYIO 

3Hepruro {3 -pacna,IJ.a, a ,IJ.oqepHHe qeTHo-qeTHble JI,IJ.pa xa

paKTepH3YIOTCJI 6onbweii ,IJ.eJIHMOCTbiO. Oco6eHHOCTbiO Ja

naJ,IJ.biBaiOIUero ,IJ.eJieHHJI JIBJIJieTCJI TO, qTo XOTJI OHO npOHC

XO,IJ.HT H3 B036y~,IJ.eHHOrO COCTOJIHHJI, HO C nepHO,II,OM nony

pacna,IJ.a HaqaJibHOrO .H,II,pa, T .e. ,IJ.OCTaToqHo 60JibWHM /BnJIOTb 

.IJ.O He CKOJibKHX MHHYT I. 3To OTKpblaaer HOBble 3KcnepH

MeHTaJibHble B03MO~HOCTH HCCJie,IJ.OBaHHJI ,IJ.eJieHHJI aTOMHbiX 

.H.IJ.ep. 

O,IJ.HHM H3 HanpaBJieHHH uccne,IJ.oBaHHii JIBJI.HeTcJI onpe

,IJ.eneHHe 4JopMbl 6apbepa ,IJ.eneHHJI, KOTopa.H xapaKTepHJyeT 

TaKHe CBOHCTBa .H,IJ.pa, KaK CTa6HJibHOCTb no OTHOWeHHIO 

K CnOHTaHHOMY ,IJ.eJieHHIO, ,IJ.eJIHMOCTb npH HH3KHX 3HeprHJIX 
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ooJ6y)I(,D;eHHH H T .,11;. 3anaJ,D;LIBaiOII\ee ,D;eneuue ,D;aeT B03-

MO)I(HOCTL HCCJie,D;OBaTL H,D;pa, y,n;aneHHLie OT o6naCTH {3-
CTa6HJILHOCTH, qTQ HeB03MO)I(H0 npH HCDOJIL30BaHHH 06LJq

HLIX MeTO,D;OB j,D;eJieHHe HeHTpoHaMH, y -KBaHTaMH HJIH B 

npJIMLIX peaKu;HHX/. 

O,D;HaKo HJ-Ja HH3KHX ceqeuuii peaKu;Hii, CBH3aHHLIX c 

JanaJ,D;LIBaro~HM ,D;eneuueM I< l0-3tM 2/, ux HJyqeuue 

B HaCTOH~ee BpeMJI orpauuquaaeTCH H3MepeHHeM BepOHT: 

HOCTH 3aDa3,D;LIBaiO~ero ,D;eJieHHH /OTHOllleHHH qucna aKTOB 

,D;eneHHH nocne ,B-pacna,D;a K nonuoMy qucny ,13-nepexo

.D.OB/: 

p {:3 r = N r /N {:3" /1/ 

3Ta aenuquua onpe,D;enseTcH KaK ,D;enHTenLHoii UIHPHHoii 

ypOBHeH (I' f ) , TaK H BepOHTHOCTLIO HX 3aCeneHHH llpH 

.B · pacna,D;e (W ,13> 

o r o 
P{-~f = l W {:3 r: dE/ l W ~E, /2/ 

r,D;e r t - nonHaH npHBe,D;eHHaH IIIHPHHa YPOBHeii, Q - 3Hep

rHH {3 - pacna,D;a 

2 

W 1~= _G_IM\ 2
r<E>F<Z,Q-E), /3/ 

t-' 2rr 3 

r,D;e G - yHuoepcanLHaH nocTOHHHaH {3 -pacna,D;a, IM I 
MaTpHqHLIH 3JieMeHT {:3-nepeXO,D;a, p(£)- llJIOTHOCTL ypoo

HeH ,D;oqepHero H,D;pa npu 3Hepruu ooJ6y)I(,D;eHHH E , 
F(Z, Q- E) - lPYHKUHJI {:3- pacna,D;a. 

,lJ;enHTeJILHaH IIIHpHHa B npe,D;CTaBJieHHH O,D;HOMepHoro 

napa6onuqecKoro 6apLepa onucLiaaeTCH BLipa)l(eHHeM: 

1 2rr<Br-E> -I 
rf = ---( )-expl fi l ,npu E < B r, /4/ 

2rr p E w 

r,D;e B r H 1iw onpe,D;eJIHIOT BLICOTY H KPHBH3HY 6apLepa. 

113 BLipa)l(eHHH /3/ H /4/ BH,D;HO, qTQ BepoHTHOCTL 

JanaJ,D;LIBarotu;ero ,D;eneHHJI JaBHCHT oT u;enoro ps,D;a Be

JIHquH: nnoTHOCTH ypoaueii ,D;O'Iepuero H,D;pa, MaTpaquLJx 

3JieMeHTOB {3-nepeXO,D;OB, BLICOTLI H KpHBH3HLI 6apLepa 

,D;eneHHJI. IIono)l(eHHe e~e 6onee ycno)I(HHeTcH, ecnH pac

CMaTpHBaTL peanLHYIO /,D;Byrop6yro/ lPOPMY 6apLepa 1 4 /. 

4 

fi03TOMY nonyqeHHe CBe,D;eHHH 0 lPOpMe 6apLepa H3 H3Me

peHHOH Ha ODLITe BepOJITHOCTH 3ana3,D;LIBaiO~ero ,D;eJieHHJI 

DpHBO,D;HT K 60JILIIIHM Heonpe,D;eJieHHOCTJIM. 

3HaqHTeJILHO 60JILUIHe B03MO)I(HOCTH OTKpLIBaiOTCJI, eCJIH 

HCDOJIL30BaTL H3BeCTHLie npe,D;CTaBneHHJI 0 xapaKTepe Ja

ceneHHJI ypooHeii npu {3 - pacna,D;e H H3MepJITL JHaqeHHJI 

Pf3r ,D;JIJI pJI,D;a coce,D;HHX H3oTonoa c paJnHqHLJMH JHaqeHHJI

MH nonHoii 3HeprHH {3-pacna,D;a <Q(3)· B 3TOM cnyqae Ha6op 

H3MepeHHLIX 3HaqeHHii P {3£ noJoonHT c,D;enaTL pJI,IJ; onpe

,D;eneHHLIX JaKnroqeHHH o lllopMe 6apLepa ,D;eneHHJI. BepoJIT

HOCTL JaceneHHJI ypoBHeii npu ,13-pacna,D;e ,D;OCTaToqHo 

XOpOUIO H3BeCTHa H3 HCCJie,D;OBaHHJI 3aDa3,D;LIBaiO~HX npo

TOHOB /S, 6/ H HeHTpOHOB /7 ,8/. ,lJ;nJI TOrO qT06LI BLIJICHHTL, 

KaK 3TH npe,D;CTaBneHHJI BLIDOJIHJIIOTCJI ,D;JIJI JI,D;ep C Z 2:_ 90 , 
He06XO,D;HMO H3MepHTL BepOHTHOCTL 3ana3,D;LIBaiO~ero ,D;ene

HHB y H,D;ep C H3BeCTHOH lPOPMOH 6apLepa. K TaKHM H,D;paM 

OTHOCHTCH qeTHo-qeTHLie H30TODLI ypaHa /c MaCCOBLIMH 

qucnaMH 234, 236, 238/, y KOTOPLIX lllopMa 6apLepa xopoUio 

H3BeCTHa H3 HCCJie,D;OBaHHH BLIHY)I(,D;eHHOrO ,D;eJieHHJI /9,IO/ H 

cnouTauuo ,D;ens~uxcs H30Mepoa I II, I2/ .llo3TOMY ,D;nH uccne

,D;OBaHHH 6LinH BLI6paHLI HeHTpOHOH36LITOqHLie H30TODLI 

npoTaKTHHHH, ,13- - pacna,D; KOTOpLIX npHBO,D;HT K yKa3aHHLIM 

BLIUie H,D;paM. flpe,IJ;BapHTeJILHLie pe3yJILTaTLI HCCJie,D;OBaHHH 

JanaJ,D;Lioaro~ero ,D;eneHHH 238Pa npuoe,D;eHLI B pa6oTe /I3/. 

TaK KaK HCCJie,D;yeMLie H30TODLI npoTaKTHHHH HCDLITLI

BaiOT JIHIIIL {3-- -pacna,D;, TO ,D;JIH HHX BepOJITHOCTL 3aDa3,D;LI

BaiO~ero ,D;eneHHH onpe,D;enseTCH OTHoUieHHeM ceqeuuii Ja

naJ,D;LIBaro~ero ,D;eJieHHH H o6pa30BaHHH H,D;pa B OCHOBHOM 

COCTOHHHH: 

P =a /a 
,13£ {3f g 

/5/ 

B ma6A. 1 npuoe,D;eHLI xapaKTepHCTHKH 3THX H30Tonoa /I4/, 
a TaK)I(e peaKD;HH HX DOJiyqeHHH /ceqeHHH, 3HeprHH H HHTeH

CHBHOCTH 6oM6ap,D;HpyiO~HX qaCTHIJ/. 06nyqeHHe MHllleHeH 

H3 U H Th npoHJBO,D;HnocL ua HeiiTpoHHOM reuepaTope 

/ueiiTpOHLI c 3Heprueii 14,7 M3B/u HJoxpoHHOM UHKnoTpo

He /,D;eHTOHLI, a -qaCTH.ULI, HeHTPOHLI IIIHpOKOrO cneKTpa 

3Hepruii/ Jla6opaTopHH H,D;epHLIX peaK.u;Hii OIUIH, a TaK)I(e 

Ha MHKpOTpOHe C 30 Op6HTaMH /TOpM03HOe y -HJJiy'leHHe 
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c rpaHH"'HOH 3HeprHeil 27 M3BI HHcTHTyTa 4IH3H"'eCKHX 

npo6neM AH CCCP. 

Ce"'eHHB. npHBe,IJ;eHHblX B ma6A. 1 peaKUHH B pB.,IJ;e cny
qaes H3BeCTHbl lpeaK~HH C ,IJ;eHTOH8MH /15/ H HeHTpOH8MH 

c 3HeprHeil 14,7 M3B 15f, a B ocTaJibHblX cnyqagx 6blnH 

H3MepeHbl no BblXOAY Y -nHHHH, CBB.38HHblX C pacna,IJ;OM 
236 Pa H 234Pa. HeiiTpOHbl lliHpoKoro cneKTpa 3HeprHH 

I OT 0 AO 20 M 3B c MaKCHMYMOM npH E = 8 M 3BI 6blnH 

nony"'eHbl npH o6nyqeHHH TOJICTOH 6epHnnHeBOH MHllleHH 

,IJ;eHToHaMH c 3HeprHeil 18 M3B. Cpe,IJ;Hee ce"'eHHe peaKUHH 

23 8u (n, p) ,IJ;nB. HHTepsana 3HeprHil HeiiTpoHoB 8-20 M 3B 
6blno oueHeHo H3 lllopMbl cneKTpa HeiiTpoHOB /17 I, lilYHKUHH 

B036y)I(,IJ;eHHB. peaKUHH (n,p) /18/ H H3BeCTHOrO Ce"'eHHB. npH 

3HeprHH HeHTPOHOB 14,7 M3B. 

Ta6nHua 1 

XapaKTepHCTHKH HccnenyeMhlX uaoronos H peaKUHA HX 
nonyqeHHH 

Haoron 

238Pa 

236Pa 

234Pa 

I" T 'h PeaKUHH 

- 238 
3 2,3 MHH U(n,p) 

238 9,1 MHH U (y, np) 
238 U(d,a) 

1 

- 232 4 6,7 qac Th (a, np) 

E (MaB) 

14,7 
8-20 
27 
18 

36 

Y (c-1•CM-2)ag(CM 2) 

1010 1,5.10-
27 

10 12 3,0.10-27 
3.1014 10-27 

1014 10-28 

6.10 13 3,0.10-27 

0- 1 ,2 MHH XHMHq. BbineneHH8 H3 ecTeCTB8HHOrO 

ypaHa 

234 -
.H,IJ;pO Pa HMeeT H30MepHoe COCTOB.HHe 10 , 70 K3BI, 

KOTOpoe HCllblTblBaeT f3 -:. pacna,IJ; Ha ypOBHH 
234U. 3TO 

H30MepHoe COCTOB.HHe o6pa3yeTCB. npH {3--pacna,IJ;e 
234Th 

I T 1/2 = 26 OH./, KOTO~blH, B cso10 oqepe,IJ;b, B.BnB.eTCJI 

npo,IJ;yKTOM a -pacna,IJ;a 
2 8 U. Ilo3TOMY H3 ypaHa ecTecT

seHHoro COCTaBa H8 XpOM8TOrpalilH"'eCKOH KOJIOHKe 6blJI 

Bbl,IJ;eJieH 234 'Ib lero BbiXO,!J; KOHTpOJIHpOB8JICB. no H3BeCT

HOMY y-H3Jiy"'eHHIOI, HaHeCeH TOHKHM CJIOeM Ha nO,IJ;JIO)I(KY 

H noMeiUeH B Henocpe,!I;CTBeHHblH KOHT8KT C ,!I;H3JieKTpH"'eC

KHM ,IJ;eTeKTOPOM. 

6 

BbiCOKaB. npoHHK8JOIUaJI cnoco6HOCTb Hcnonb3yeMblX B 

OnblT8X 60M6ap,IJ;HPYIOIUHX "18CTHU n03BOJIJIJia HCnOJib30B8Tb 

60JiblliHe KOJIH"'eCTBa o6nyqaeMOrO BeiUeCTBa. il03TOMY 

o6nyqaJIOCb ,!1;0 20 CJIOeB ypaHa HJIH TOpHB. 06IUHM BeCOM 

,!1;0 100 M 2/ CM 2 • 3TH CJIOH pacnonaraJIHCb Ha paCCTOJIHHH 

4 MM ,!l;pyr OT ,!l;pyra H nocne OKOH"'aHHB. o6ny"'eHHJI Me)I(,IJ;y 

HHMH BBO,IJ;HJIHCb ,!I;H3JieKTpH"'eCKHe ,IJ;eTeKTOpbl OCKOJIKOB. 

CMeHa HX qepe3 3a,IJ;aHHble HHTepsanbl no3BOnB.na onpe,IJ;e

nHTb H3MeHeHHe BbiXO,IJ;a OCKOJIKOB B 38BHCHMOCTH OT Bpe

MeHH. B OnblT8X C HeHTpOH8MH HCnOJib30B8JI8Cb cneuHanb

HaB. YCT8HOBK8 /l 3/, n03BOJIB.IOIU8JI C,IJ;BHraTb CJIOH BnJIOTHYIO 

Ha speMB. o6ny"'eHHJI, pa3,IJ;BHraTb HX nocne o6ny"'eHHB. H 

BBO,!I;HTb ,!J;H3JieKTpH"'eCKHe ,IJ;eTeKTOpbl B 3830pbl Me)I(,IJ;y 

CJIOB.MH. 3TO n03BOJIB.JIO 3H8"1HTeJibHO 3411ileKTHBHee HCnOnb-

30B8Tb nOTOK HeHTpOHOB, HMeJOIUHX lliHpOKOe yrnosoe pac

npe,IJ;eneHHe. 

B Ka"'eCTBe ,IJ;H3neKTPH"'ecKHX ,IJ;eTeKTopos Hcnonb3o

sancJI nascaH. Ero o6pa6oTKa BKJIJO"'ana o6ny"'eHHe ynbTpa

lilHoneTOBblM CBeTOM 11,5 <~I H TpaBJieHHe B paCTBOpe 1200/ol 
H8TpHeBOH IUeJIO"'H 11,0 <~1. Ilocne o6pa60TKH ,IJ;eTeKTOpbl 

npOCM8TpHB8JIHCb C nOMOIUbJO OnTH"'eCKOrO MHKpOCKOna, 

"'HCJIO 06Hapy)l(eHHblX TpeKOB no3BOJIB.JIO CY,IJ;HTb 0 BblXO,IJ;e 

OCKOJIKOB ,IJ;eJieHHJI. 

ManblH BblXO,IJ; OCKOJIKOB 3ana3,IJ;blB810IUero ,IJ;eJieHHJI Tpe-

60B8JI TIUaTeJibHOrO 8H8JIH38 HCTO"'HHKOB liloHa H C03,!1;8HHJI 

TaKHX YCJIOBHH, "'T06bl CBeCTH K MHHHMYMY BKJI8,!1; 3THX 

HCTO"'HHKOB. DblJIH npoaHaJIH3HpoBaHbl CJie,IJ;yiOIUHe HCTO"'HH

KH liloHa: 

1. )J;eneHHe ypaHa nO ,!I; ,IJ;eHCTBHeM 3ana3,IJ;blB810IUHX HeHT-

pOHOB H )l(eCTKHX y -KB8HTOB H3 OCKOJIKOB ,IJ;eneHHJI. 

KoHTponbHbie onblTbl c HeiiTpoHaMH H y -KsaHTaMH HH3-

KHX 3HeprHH noKa38JIH, "'TO 3TOT 3411ileKT BeCbMa 3H8"1HTe

neH qepe3 KOpOTKOe BpeMJI IMeHee 1 MUHI nocne OKOH"'a

HHJI o6nyqeHHB.. 0,IJ;H8KO H cnyCTB. 3H8"1HTeJibHO 60Jiblllee 

BpeMB. 110-20 MUHI Ha6JIIO,IJ;8JIHCb OCKOJIKH ,IJ;eneHHJI IHa 
-1o 1 ypOBHe 10 OT BbiXO,IJ;a OCKOJIKOB MrHOBeHHOrO ,IJ;eneHHB. • 

TaKoil HH3KHH BblXOA He no3sonHn onpe,IJ;enHTb nepHOA nony

pacna,IJ;a 3TOH liloHOBOH 8KTHBHOCTH. 

2. )J;eneHHe HeHTpOH8MH MHKponpHMeCeH ypaHa B ,!I;H3-

neKTpH"'eCKHX ,IJ;eTeKTopax H oKpy)l(aJOIUHX ,IJ;eTeKTOpbl Ma

TepHanax. 
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3.TOT 34lcPeKT TaK)I(e HMeJI MeCTO, T .K. HHTeHCHBHhiH rro

TOK HeiiTpOHOB IIOIIa,LJ;aJI Ha ,LJ;eTeKTOphl OCKOJIKOB. HeCMOTp!l 

Ha HCIIOJih30BaHHe MaTepHaJIOB C O'leHh HH3KHM CO,LI;ep)l(aHHeM 

ypaHa 1 < 10-9 z/zl ao apeMJJ. orrhiTa Morno rrpoucxo,LJ;BTL 

3arpJJ.3HeHBe ,LJ;eTeKTOpOB ypaHOM H3 06JiyqaeMbiX MBWeHeii. 

3. CrroHTaHHoe ,LJ;eJieHBe ypaHa, a TaK)I(e ,LJ;eJieHBe rro,LJ; 

,LJ;eHCTBHeM KOCMB'IeCKBX Jiy'-leH. 

~JIJI CHH)I(eHBJI ypOBH!l ~OHa OT 3TBX BCTO'IHBKOB 6biJI 

npe,LJ;npBHJIT pJJ.,LJ; Mep: B3MepeHHJI Ha'IBHaJIBCh CIIYCT!l 1 MUH 
Ia cny'-lae 

238
Pa I HJIB 5 MUH Ia cny'-lae 236 Pa I nocne 

OKOH'IaHHJI 06Jiy'-leHBJI, KOr,LJ;a Cyi.QeCTBeHHO CHB)I(aJiaCL BH

TeHCHBHOCTh 3aiia3,LJ;hiBaiOI.QHX HeHTpOHOB H )l(eCTKBX y -

KBaHTOB· HCnOJih30BaJIBCh MBWeHB, o6e,LJ;HeHHhle B30TOIIOM ):lr:: ' 
· ·'tJ, BMeJOI.QHM 6onLwoe ceqeuue ,LJ;eneHHJJ.; Ha BpeMJJ. o6-

ny'-leHHJJ. ,LJ;eTeKTOphl OCKOJIKOB y,LJ;aJIJJ.JIBCh OT BCTO'-IHBKa 

HeHTpOHOB Ha TaKOe paCCTOJIHHe, IIpH KOTOpOM ~OH OT ,LJ;eJie

HHJI MHKponpHMeceii ypaHa CTaHOBBJICJI npeue6pe)I(BMO Ma

JihiM; B TOH )l(e reoMeTpHH OnhiTa npu OTCYTCTBBH IIY'IKa 

HeHTpOHOB 6biJI TI.QaTeJILHO H3Mepeu ~OH OT CIIOHTaHHOrO 

,LJ;eneuBJJ. ypaHa. 

PeJyJILTaTLI H3Mepeuuii IJaBHCHMOCTL '-IHcna TpeKOB 

OT BpeMeHHI, npOBe,LJ;eHHhiX B 3TBX YCJIOBBJIX, IIpe,LJ;CTaBJieHbl 

Ha puc. 1. BH,LJ;HO, 'ITO BO BCeX CJiy'-la.HX l3a HCKJIIO'-IeHHeM 

orrLITa c HeiiTpoHaMB c 3Heprueii 14,7 M:JBI Ha6JIJO,LJ;aeMoe 

'-IBCJio TpeKoB npeahlwaeT ypoBeHL ~oHa. Mana.H cTaTHCTHKa 

H cpaBHHTeJILHO BhiCOKBH ypoBeHL ~OHa II03BOJI.HIOT JIHWh 

o~eHHTb nepuo,LJ;LI nonypacrra,LJ;a Ha6JIJO,LJ;aeMLIX aKTBBHocTeii. 

3TH O~eHKH He IIpOTHBOpe'laT H3BeCTHbiM 3Ha1.feHHJIM nepuo

,LJ;OB nonypacrra,LJ;a 
238

Pa 12,3 MUHI B 236Pal 9,1 MUHI. AHa

JIH3 noJiy'-laiOI.QBXC.H B peaK~H.HX C ,LJ;eHTOHaMH, HeHTpOHaMH 

B y -KBaHTaMH H30TOnOB IIOKa3aJI, 'ITO HB O,LJ;BH B3 HHX He 

MO)I(eT 6b1Tb CBJJ.3aH C Ha6JIJO,LJ;aeMbiM BbiXO,LI;OM OCKOJIKOB. 

~eHCTBBTeJibHO, Ha6JIIO,LJ;aeMLie B 3THX .H,LI;pax CnOHTaHHO 

,LJ;eJI.HI.QBeC.H H30Mepbl BMeiOT MaJible BpeMeHa )I(H3HH I <1 o-6 cl' 
a CIIOHTaHHOe ,LJ;eJieHBe B3 OCHOBHOrO COCTOJIHH.H JJ.,LJ;ep C 

rrepBo,LJ;aMB rronypacrra,LJ;a B o6nacTB MHHYT xapaKTepBJyeTc.H 

O'leHL HB3Koii aepo.HTHOCTLIO I< 10-2 2 I. Ilo3TOMY MO)I(HO 

IIpe,LJ;IIOJiaraTb, 'ITO Ha6JIIO,LJ;aeMhiH B OIIhiTaX BhiXO,LJ; OCKOJI

KOB CB.H3aH C 3aiia3,LJ;biBaiOI.QBM ,LJ;eJieHHeM 238Pa B 23 tipa • 

6 2321"h II~B o nyqeHHB -qacTB~aMB, a TaK)I(e rrpB Bhi,LJ;eneHBH 
2 4

Th B3 ypaHa He 6hlno o6Hapy)l(eHo HB O,LJ;Horo TpeKa OT 

8 

.\ 
) 

1 
l 

N 238U<n.pf3&Po N 238U<n.pY38Pa 
E0=1~.7Ma& 

f 
~8-20Ma& 

101 10 

ll j 
1 ~ I[ ~~llLLLll.llZ t ..!. 

2 4 SMIIIH 2 4 6t41H 

N 238l.l(r.nP)2~&p0 
IN 

2aau<ct,cl.)236pa 

10~ i Er=27M~t~ Et~..=18M3S 

f 
5 

I I mmmn;;;n;nJL111Z 

1 
u t I 2~~ZZ22Z<' t 

10 20 30MI-1H 10 20 JOMHH 

Puc. 1. 3aeucuMocmb 'IUC/Ia mpe~eoe (N) om epeMeHu (t) 
npu pacnaoe U3omonoe 238pa u 236 PaJHupuHa zopu3oHmaAb
Hoii IIUHuu 03Ha'laem owu6Ky e onpeoeAeHuu (JoHa. 

OCKOJIKOB ,LJ;eJieHH.H, 'ITO rOBOpHT 06 OTCYTCTBBH 3aiia3,LJ;biBaJO

I.Qero .LJ:eneHH.H npu t1-pacrra,LJ;e KaK ocuoauoro, TaK u HJo-

Mepuoro COCTOJIHHH 234Pa. 

Ha6JIJO,LJ;aeMoe '-IHcno TpeKoB uopMBpoaanocL no oTHo

weuHJO K BbiXO,LJ;y OCKOJIKOB MrHOBeHHOrO ,LJ;eJieHB.H, KOTOpoe 

H3MepJJ.JIOCb no y- H3Jiy'leHHIO 140 13a, O,LJ;HOrO B3 OCKOJIKOB 

,LJ;eJieHHJI. 3TO OTHOUJeHHe II03BOJI.HJIO OIIpe,LJ;eJIBTh Cel.feHHe 

peaK~HH, CB.H3auHoe c JanaJ,LJ;biBaiOI.QBM ,LJ;eJieHHeM o6pa3yiO

meroc.H B30Tona (a{3f), u, c rroMOI.QLIO Bhlpa)l(eHB.H 151, -
aepo.HTHOCTL JarraJ,LJ;hiBaJOmero ,LJ;eJieHB.H (P {3f). Bee 3TH 

BeJIH'IBHhl rrpuae,LJ;eHhl B 1tra611. 2. XoT.H rrpe,LJ;CTaaneHHhle 

B Heii 3Ha'leHHJJ. P {3f cne,LJ;yeT paccMaTpBBaTL KaK rpy6y10 

O~eHKY, orrpe,LJ;eJI!liOI.QYIO JIBUJb IIOpJJ.,LI;OK BeJIB'IHHhl IB3- 3a 
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Ta6nHua 2 

3KCIIepHMeHTanbHbie 3HaqeHH51 BepOSITHOCTeH 

{3 -rrepexon 

238Pa .... 238u 

236Pa .... 236u 

3arra3AhiBaiOIIIero neneHHSI 

Q(M8B) 

4,0 

PeaKUHSI a{3f (cM2) 

-33 
(n,p); 14,7 M8B 10 

(n,p); 8-20M8B 5.10-35 

10 
-36 

Ppr 

6.10-7 

10-8 

10 
-9 

(y,np) ; 27 M8B 3,1 
(d,a);' 18 M8B 3.10-38 3.10-10 

234Pa .... 234u 2,2 (a,np); 36 M8B 10-38 3.10-12 

234mpa}34 U 2,3 XHMHq. BbiAeneHHe 10 
-12 

H3 ypaaa 

MaJIOH CTaTHCTHKH C06biTHH H IIpH6JIH:>KeHHOrO yqeTa liJoHa, 

CBH3aHHOrO C ,D;eJieHHeM ypaHa HeHTpOHaMH H y- KBaHTaMH 

H3 OCKOJIKOB/, cpaBHeHHe HX C peJyJibTaTaMH pacqeTa 

noJsonxeT c.D;enaTb px.D; JaKnmqeHHii o MexaHHJMe JanaJ

.D;biBammero ,D;eneHHH. Ilo3TOMY 6biJIH n~oBe,D;eHbi JlacqeTbi 

3HaqeHHH p {3f ,D;JIH H30TOIIOB 
238Pa, 36Pa H 

34Pa c 

HCIIOJib30BaHHeM H3BeCTHbiX H3 OIIbiTa BepOHTHOCTeH ,u.ene

HHH JI,D;ep ypaHa H pa3JIHqHbiX rrpe,D;IIOJIO:>KeHHH 0 xapaKTepe 

JaceneHH.sl ypoBHeii rrpa {3-: pacna,D;e. _ 

BepoBTHOCTb JaceneHHR ypoBHeii rrpa f3 -pacrra,D;e HJo

TonoB Pa HJBeCTHa HJ onbiTa BIIJIOTb ,11;0 3HeprHH 2-2,5 M3B. 
PacqeTbi 3TOH seposTHOCTH rrpa 6onee BbiCOKHX 3HeprHBX 

BOJ6y:>K,D;eHHJI, KOTOpble BHOCJIT OCHOBHOH BKJia,D; B JarraJ· 

,D;biBaJOU{ee ,D;eJieHHe, 6biJIH BbiiiOJIHeHbi ,D;JIJI .D;BYX BapHaHTOB: 

2 
1. S {3 = I M I p (E) = const, 

pacrra,D;e 15•61. 
+ 

qTo HMeeT MeCTO IIPH {3 -

2. I M\ 2 
= const, qTo nyqwe onHCbiBaeT OIIbiTHbie ,D;aHHble 

npa f3-- pacna.D;e 17 •81. 
IlpH 3TOM HCIIOJ1b30BaJiaCb IIJIOTHOCTh ypOBHeH H3 MO,D;e

JIH c nocTOBHHoii TeMrrepaTypoii /rrpa T = 1 M3B/, a pac

cqaTaHHbie JHaqeua.H HOPMHposanHcb K HJBecTHbiM .D;JIB 

HH3KHX 3HeprHH B036y:>K,D;eHHJI. IlpHMep TaKoro pacqeTa 

.u.ns f3-- rrepexo,na 
238Pa .... 238 U rrpe,D;cTaBJieH Ha puc. 2. 

10 

• ! 

I ... 

1 

102 

1CJ't 

WJi 

0 

2 4 6 

G_ 
r; r1 

10"2 

10-4 

0 

0 ~10~ 
0 0 

0 1108 

4 6 2 
3HEPr~~ B035V>KAEH~~ M'lll 

Puc. 2. 3aeucu..wocm& eepo.RmHocmu 3aceAeHUJI -lfloeHeii npu 
{3- pacnaoe 238 Pa<W tJ u eepo.RmHocmu oeAeHUJI BlJ<r/rt ) om 
3,epzuu eo36yJKoeHUJI. B cAy'lae \\ B . - o - 3Kcnepu..wew 
maA&H&Ie oaHH&Ie, -- - pactle111 oAk S {3= const u - - - -
pactlem OAJI 1M2 I = const.B cAy'lae r r/r t -- - ..wzHoeeH
Hoe c)eAeHUe, 0 - U30MepHOe OeAeHUe. 

3.D;eCb :>Ke IIOKaJaHa JaBHCHMOCTb BepOBTHOCTH ,D;eJieHHJI 

(I'f /r, ) B,D;pa 238 lJ OT 3HeprHH BOJ6y)(<.D;eHHB, H3MepeHHaH 

B peaKua.s~x (t, pf) /ll/ a (y, f) 119• 20/. HJnoM noii Jasa

CHMOCTH rrpH 4,5 M3B o6~BCHBeTCB TeM, qTO rrpH HHJKOH 

3HeprHH B036y:>K,D;eHHJI npeo6na,D;aJOU{HM CTaHOBHTC.sl ,D;eJie

HHe qepe3 H30MepHOe COCTO.slHHe, T.K. OHO xapaKTepHJyeT· 

cB MeHbWeii npoHHuaeMoCTbJO noTeHuHaJibHoro 6apbepa. 
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Pe3yJILTaTLI pac'leTOB aepoJITHOCTH 3ana3,IJ;LIBaiO~ero 
,IJ;eJieHHJI ,IJ;JIJI yKa3aHHbiX BLIWe BapHaHTOB 3aCeJieHHJI ypoa

HeH npH ~- pacna,IJ;e, a TaK:>Ke cnoco6oa ,IJ;eJieHHJI /MrHo

aeHHoro H H3oMepHoro/ npe.IJ;CTaBJieHLI a ma6A. 3. H3 

CpaBHeHHJI C ,IJ;aHHbiMH ma6A. 2 MO)I(HO BH,IJ;eTb, 'ITO 3KCDe

PHMeHTaJILHble ,IJ;aHHhle HaXO,IJ;JIT 06'bJICHeHHe, eCJIH ,IJ;eJie

HHe, KaK H llpH llOrJIO~eHHH y-KBaHTOB HH3KHX 3HeprHH, 

llpOHCXO,!J;HT 'lepe3 H30MepHoe COCTOJIHHe. IlpH 3TOM pa3-

JIH'IHe paCC'IHTaHHbiX p{:)f He CTOJib BeJI!KO, 'IT06bl BLI-

6paTb cnoco6 3aceJieHHJI ypoBHeii npH {:3 -pacna.IJ;e, Y'IH

ThiBaJI Heonpe,IJ;eJieHHOCTL 3KcnepHMeHTaJILHLIX ,IJ;aHHLIX. B 

cJiy'lae 
234

Pa 3HeprHJI f3 -pacna,IJ;a He.IJ;ocTa TO'IHa .IJ;JIJI 

B036y)I(,IJ;eHHJI H30MepHOrO COCTOJIHHJI /eCJIH OHO cywecT

ByeT a JI.IJ;pe 
234 U I H 3THM, no- BH.IJ;HMOMy, o6'bJICHJieTcJI 

OTCYTCTBHe 3ana3,IJ;biBaiO~ero ,IJ;eJieHHJI. 

Ta6mrua 3 

Pac'leTHhie 3HatieHIHI BeposnHocrefi: aana3llbiBaiomero l:{eneHHSI 

(3 -nepexoll 

238Pa .... 23Bu 

236pa .... 236u 

MraoBeHHoe 

l1aoMepHoe 

MrHoBeHHoe 

I1aoMepHoe 

S{:fconst I mi
2 

=const 

3.10-12 10-10 

10-9 3.10 -B 

1o-13 to-12 

10-lO 10-9 

B 3aKJIIO'IeHHe aBTOPLI Bblpa)l(aiOT 6Jiaro,IJ;apHOCTL 

r .H.cl)Jiepoay H II.JI.KanHue 3a llOCTOJIHHbiH HHTepec K 

pa6oTe, IO.IJ;.OraHecJIHy, B.A.KapHayxoay, C.II.KanHue, 

IO.M.IJ;HneHIOKY- 3a none3Hhle o6cy)I(,IJ;eHHJI, A.r .lieJioay, 

A.M.Kyqepy, li.A.rao3,IJ;eay H IO.A.Jla3apeay - 3a noMo~L 
B pa6oTe, a TaK)I(e 3KCDJiyaTaUHOHHbiM rpynnaM UHKJIOTpo

Ha Y- 200 H MHKpOTpOHa, o6ecne'IHBWHM 6ecnepe60HHYIO 

pa6oTy YCKOpHTeneii. 
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