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RApa, YAaneHHMe OT o6nacTH ~-cTa6HnLHOCTH, xapaK

TepH3YIOTCJI ~enLIM PJIAOM HOBMX JIBnCHHH. 0AHO H3 TaKHX 

JIBneHHH - JanaJAMBaiO~ee ACneHI!e, KOrAa JIAPO ACnHTCJI, 

HaXOAJICb B B036Y:>KACHHOM COCTOJIHHH, llpH'ICM 3TH CO

CTOJIHHJI JacenJIIOTCJI npu {3 - pacnaAe. 3To JIBneHue 6wno 

OTKPMTO B Jla6opa Topuu JIACPHMX peaK~Iiii OHRH B 1966 ro
.ll.Y I I ,21. B peaK~HJIX c T Jl:>KenMMH HOHaMH 6wnu nony'ICHLI 

H30TODLI 234 Am, 232 Am, 230 Am , 228 Np c nepHOAaMH nony

pacnaAa 1-:-3 MUH, HCDMTMBaiO~He ACnCHHe nocne K- Ja

XBaTa. 113 CHCTCMaTHKH 3Hepruif {3- pacnaAa H BbiCOT 6apbe

pa AeneHHJI cneAyeT, 'ITO JanaJALIBaiOI~ee AeneHue AomKHO 

6MTL pacnpocTpaHeHHMM JIBneHHeM KaK cpeAH HeHTPOHOAe

tiJu~HTHMX, TaK H HeiiTpoHOH36MTO'IHMX JIAep. B nepByiO 

O'lepCAb 3aoa3AMBaiO~ee AeneHHC 6YAYT HCDbiTMBaTb He

'ICTHO-HC'ICTHMC JIApa, T .K. OHH HMCIOT HaH60nLIIIYIO 3HCp

rHIO {3- pacnaAa, a AO'ICPHHC 'ICTHO-'ICTHMC JIApa xapaKTC

PH3YJOTCJI 6onLIIICH ACnHMOCTLIO. 

HccneAoBaHue JanaJAMBaiO~ero AeneHHJI npeAcTaBnJleT 

6onLIIIOH HHTepec, T .K. OHO D03BOnJICT nony'IHTb ~enMH PJIA 

CBCACHHH 0 CBOHCTBaX JIACP /cunoaoii cllYHK~HH f3 -pacnaAa, 

cllopMe 6apbepa JIACP, YAaneHHMX OT o6naCTH {3- CTa6Hnb

HOCTH H T .A./. B AaHHOH pa60TC ODHCMBaiOTCJI peJynLTaTM 

uccneAoBaHHJI JanaJAMBaiO~ero AeneHHJI HeiiTpoHOH36w

TO'IHOro JIApa 
238 Pa · 3TOT H30TOD HMCCT nepHOA nonypac

naAa 2,3 MUH, 3HeprHIO {3-pacnaAa 4,1 M3B H MO:>KCT 6b1Tb 
nony'leH B cpaBHHTenLHO npocToii peaK~HH 238 U (n,p) /7 I. 

~nJI nony'leHHJI H30Tona 
238 Pa ucnonLJOBanucL HeiiT

poHM c 3Heprueii 14,7 M3B, o6pa3yro~uecJI a peaK~HH 

T + d Ha HeiiTpoHHOM reHep~Tope, a TaK:>Ke HeiiTpOHbl IIIH

poKoro CDCKTpa H3 peaK~HH Be + d Ha H30XPOHHOM ~BK-
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noTpoHe JUIP np8 3Hepr88 AeHTOHOB 18 M3B. :Hcnonh3yeMaH 

B OllMTaX ycTaHOBKa ll03BOnHna OAHOBpeMeHHO o6nyqaTb 

AO 20 M8llieHeH 83 ypaua 06ll{HM BeCOM AO 100 MZ/CM2 

/puc. 1/. Bo BpeMH o6nyqeH8B M8WeH8 CAB8ran8Ch BnnoT

HYJO APYr K Apyry 8 uaxoA8ll8Ch ua- paccTOHH88 4 MM oT 

Tp8T8eBOH 8llH 6ep8nn8eBOH M8llieH8 /8CTOqH8Ka HeHTpo· 

HOB/. ilo OKOHqaH88 o6nyqeH8H M8llieHH pa3ABHranHCb 

H Me)KAY HHMH BBOAHllHCh AH3neKTpHqecKHe AeTeKTOpM 

~ 
Puc. 1. EAoK- cxeMa ycmaHoaKu. 

OCKOllKOB /ClliOAa HllH naBCaH/ Ha 3aAaHHOC BpCMB. 06bJqHo 

BpCMB o6nyqeH8H Bhi68panOCh paBHhiM 7 MUH, a BpCMH 83-

MepeH8H 2x2,5 MUH. ilOTOK HCHTpOHOB qepe3 M8llieH8 on

PCACllBllCB llO 8HTCHC8BHOCT8 y ·8JnyqeH8Bl 40Ba- OAHOrO 

83 OCKOllKOB ACllCH8B, BMXOA KOTOporo COCTaBnBn 4,5o/o 

OT qucna aKTOB ACllCH8B. q8Cll0 TpCKOB Ha A83llCKTp8· 

qecK8X ACTCKTOpax ll03BOllHllO CYA8Th 0 BMXOAC OCKOllKOB 

3ana3AMBaJOmero AeneH8B 830Tona 
238 Pa, o6pa3YJOIUerocB 

B peaKU88 (n , p) . flpOBCACHHhiC 83MepeHHB llOKa3an8, qTo 

q8Cll0 TpCKOB COCTaBnBCT 10-9 ·1Q-l 0 OT q8cna OCKon-
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KOB MrHOBeHHOrO AeneH8H ypaua HeHTpOHaM8. qT06M on· 

peAell8Tb, KaKyiO AOlliO OT 3TOrO q8cna COCTaBnHIOT OCKon· 

K8 3ana3AMBaJOmero AeneH8H 
238 Pa, ueo6xOA8MO 6Mno 

3HaTb ypOBeHh ~OHa. ~nH 3TOrO 6Mn8 npoaHall838pOBaHM 

B03MO)KHMe 8CTOqH8K8 ~OHa 8 npoBeAeHM KOHTpOllbHMe 

OllMTM, ll03BOll8Blli8e KOn8qeCTBeHHO OUeH8Tb BMXOA oc· 

KOllKOB OT 3T8X 8CTOqH8KOB. 

1. ~eneH8e ypaua llOA AeHCTB8eM 3ana3AMBaiOU{8X HeHT

pOHOB 8 y ·KBaHTOB BMCOKOH 3Hepr88. JTOT 34xlleKT 8Men 

MeCTO HenocpeACTBeHHO nocne OKOHqaH8H o6nyqeH8H, 8 

BKllaA ero 6MCTpO naAan CO BpeMeHeM, T.K. 830TOllbl, 

8CllYCKalOIU8e 3ana3AMBaiOU{8e HeHTpOHM 8 y ·KBaHTM Bbl· 

COKOH 3Hepr88, 8MeiOT CeKyHAHMe nep80AM nonypacnaAa. 

2. ~eneHHe HeHTpOHaMH M8KponpHMeCeH ypaua B AH3· 

neKTpHqecKHX ACTeKTOpaX H OKpy)KaiOU{HX AeTeKTOpM Ma· 

Tep8anax. 3TOT 34xlleKT TaK)Ke 8Men MCCTO,T.K. 8HTeHCHB· 

HMH nyqoK HeHTpOHOB nonaAan Ha ACTeKTOpM OCKOllKOB. 

HecMoTpH ua 8cnonh30BaH8e MaTep8anoB c oqenh HH3K8M 

COACp)KaH8eM ypaua /<10-
9 z/z/, BO BpeMH OllMTa np08C· 

XOA8ll0 3arpH3HeH8e AeTeKTOpOB ypaHOM 83 o6nyqaeMMX 

M8llieHeH. 

3. CnoHTauuoe Aeneuue ypaua, a TaK)Ke Aeneuue ypaua 

llOA AeHCTB8eM KOCM8qeCK8X nyqeH.. 

llpoBeAeHHMe onMTM noKa3an8, qTo 6onhmaH qacTh 

06Hapy)KeHHbiX TpeKOB Ha A83neKTp8qeCK8X AeTeKTOpax 

fihlna CBH3aHa C OTMeqeHRhiM8 BhllliC 8CTOqH8KaMH ~OHa. 
ilo3TOMY 6hm npeAnp8HBT PHA Mep AnB CHH)KCH8H ypoBHH 

~oua: 83MepeH8H uaq8Han8Ch cnycTB 1 MUH nocne oKou

qaH8B o6nyqeH8B, KOrAa CYIUCCTBCHHO CHH)Kanacb 8HTCH· 

C8BHOCTh Jana3AhiBalOIU8X HCHTpOHOB 8 )KCCTK8X y • KBaH • 
235 

TOB; 8Cll0llh30Ban8Ch M8llieH8, 06CAHCHHbiC 830TOllOM U 
8MClOU{8M 60nhlliOC ceqeH8C ACllCH8B; Ha BpCMB o6nyqeH8B 

ACTCKTOpM OCKOllKOB YAallHll8Cb OT 8CTOqH8Ka HCHTpOHOB 

Ha TaKOC paCCTOHH8C, qTO ~OH OT ACllCH8B M8KpOllp8MCCCH 

ypaHa CTaHOBHllCH npeue6pe)KHMO ManbiM; B TOH )KC reOMCT • 

p88 OllhiTa np8 OTCYTCTB88 nyqKa HCHTpOHOB 6bin Tll{aTenh· 

HO 83MepeH ~OH OT CllOHTaHHOrO ACllCH8B ypaua. PeJynh· 

TaTM 83MCpCH8H /3aB8C8MOCTb q8cna TpCKOB OT BpCMCH8/, 

npOBCAeHHMX B 3T8X ycnOB8HX, npeACTaBneHhl Ha puc. 2. 
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Puc. 2. 3~aucUMOC11fb <~UCAa 111peKoa 0111 apeMeHu npu o6Ay
<~eHUU 38 U H~u111pOHaMu: a/ c 3Hepzueu 14,7 M3B; 
6/ ua peaKijUU Be+ d , wupuHa zopuaoH1/faAbHOU AUHUU 
03Ha<~ae11f owu6Ky a onpeoeAeHuu (JoHa. 
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B8.IJ.HO, 'ITO np8 o6nyqeH88 HeiiTpoHaM8 c 3Hepr8eil 14,7 M3B 
I8HTeHC8BHOCTh HeHTpOHOB, na)J.aiOI.Q8X Ha ypaHOBYIO M8· 

WeHh, COCTaBmma 2.109 H/CeK.CM 21 Ha6JIIO)J.aeMhiH BhiXO)J. 

OCKOJIKOB B npe)J.eJiaX OW860K COBlla)J,aeT C ypOBHeM ~OHa. 

B TO :>Ke BpeM.II B cnyqae HeiiTpoHoB 83 peaK:U88 
9 Be + d , 

8Me10I.Q8X 6onLwyro 3Hepr8ro I .IJ.O 23 M 3BI 8 6onhwyro 

8HTeHC8BHOCTh I2.1011H/CeK. CM 2 C 3Hepr8eH BhiWe 6 M3BI, 
Ha6JIIO)J.aeTC.JI 3aMeTHOe npeBbiWeH8e Ha,A ~OHOM, llp8'1eM 

pacnpe,AeJieH8e OCKOJIKOB no BpeMeH8 COOTBeTCTByeT nep8o· 

.AY nonypacna,Aa 1,8+0,6 MUH, 'ITO cornacyeTc.ll c 83BecT-
- 238 

HhiM 3Ha'leH8eM )J.JIJI 830Tona Pa 12,3 MUHI. 0THoweH8e 

'18CJia OCKOJIKOB 3ana3,AhiBaJOI.Qero 8 MrHOBeHHOrO )J.eJieH8.JI 

lc yqeTOM 34xl!eKT8BHOCT8 per8CTpa:U88, a TaK:>Ke HaKOllJie· 

H8JI 8 pacna,Aa aKT8BHOCT8 238 Pa I-N {-3£/N f , nony

qeHHoe 83 3TOrO OTHOWeH8JI Ce'leH8e, CBJI3aHHOe C 3alla3· 

)J.hiBaJOI.Q8M ,AeJieH8eM 
238 Pa- ar-u' BepOJITHOCTh 3ana3,AhJ• 

BaiOll.lero ,lJ,eJieH8JI loTHOWeHHe 3TOrO Ce'leHHJI K Ce'leH810 

o6pa3oBaHHJI 
2 :18 Pa I - Pr npe.IJ.cTaBneHhl B 11fa6AU~Je. 

Ta6AU~Ja 

3HeprHJI 

HeHTpOHOB 

14,7 M3B 
6-23 M3B 

~ 
Nf af3 f pf 

< 1o-9 < Io-3=\:M 2 < 6.10 -
7 

1o-10 1,5.lo-34cM 2 5.1o-8 

23HU( )238p u 

Ce'leH8e peaK:U8H n,p a npa 3HeprHH HeHTPOHOB 

14,7 M3B H3BecTHO H3 onhiTa 
171 

H cocTaBJI.IIeT 

1,5 .lo-27 CM 2 . )l,JIJI HeHTPOHOB B ,AHana3oHe 3Hepr8H 6-

23 M3B cpe.IJ.Hee ceqeH8e yKa3aHHOH peaK:U8H 13.10-
27 

cM
21 

~hiJIO O:UeHeHO H3 ~OpMhl cneKTpa HeHTpOHOB B peaK:U88 

Be +d 8 83 83BeCTHOH 3aB8CHMOCTH OT 3Hepr88 HeiiTpo

HOB Ce'leH8JI peaK:U88 (n, p) Ha T.JI:>KeJihiX JI)J.pax /
3

/ 

Bepo.IITHOCTh 3ana3,AhiBaroi.Qero ,AeneH8.11 onpe,AeJI.IIeTcJI 

.I\BYMJI ~KTopaM8: BepO.IITHOCThiO 3aCeJieH8.JI llp8 {3-pac

na)J.e BhiCOKOJie:>Kai.QHx ypoBHeil .AO'IepHero a,Apa 8 ,AeJI8TeJIL· 

HOB W8p8HOH 3TBX ypoBHeil: 
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pf 

Eo 
f w (E -E) rr(E)_ dE 
o (3 ° r; (E) 

Eo 
~ w,B (E 0 -E)dE 

III 

r,IJ.e w
13 

( E 0 - E ) - aepoHTHOCTL (3 -nepexo,IJ.a c 3Hepraeii 
E

0
- E ; E 0 - nonHaJI 3HeprHJI (3 - pacna,IJ.a lpa3HOCTL Mace 

HaqaJILHoro a KoHeqHoro HJJ.epl; E - 3HeprHJI ao36~JJ.eHHJI 
,IJ.oqepHero Jl,IJ.pa, rf (E) H rt (E) - COOTBeTCTBeHHO ,IJ.ena
TeJILHaJI H llOJIHaJI WBpHHLI ,IJ.OqepHero Jl,IJ.pa npH 3HeprHH 

B036Y*JJ.eHHJI E. 
BepoHTHOCTL 3aceneHHJI ypoaHeii c 3Hepraeii B036y)K

JJ.eHHJI E B HHTepaane 3Hepraii dE B cnyqae pa3perneHHLIX 
(3-nepexo,IJ.oB onpe,IJ.enHeTCJI BLipa)KeHHeM: 

G 2 2 . 
w(3(E 0 -E)dE=-

3
1MI p(E)F(Z,E0 -E)dE, 121 

2rr 

r,IJ.e G - yHaaepcanLHaJI nocTOJIHHaJI (3 -pacna,IJ.a, M - MaT
paqHLiii 3JieMeHT (3 -nepexo,IJ.a, p(E) - DJIOTHOCTL ypOBHeH 
npa 3Hepraa B036Y*JJ.eHHJI E, F(Z,E

0
-E) - cj>yHKUHJI (3-

pacna,IJ.a, onpe,IJ.eJIJIIO~aJI 3aBHCHMOCTL BepOJITHOCTH (3-ne
peXO,IJ.a OT ero 3HeprHH H aTOMHOrO HOMepa Jl,IJ.pa. 

qT06LI H3 H3MepeHHOH Ha OllLITe BepOJITHOCTH 3aDa3-
,IJ.LIBaiO~ero ,IJ.eJieHHJI llOJiyqHTL 3HaqeHHJI ,IJ.eJIHTeJILHLIX lliH
pHH JJ.JIJI ypoaHeii, 3acenHeMLIX npa (3 -pacna,IJ.e, HY*HO 
3HaTL 3aBHCHMOCTL w(3 OT 3Hepraa (3 -nepexo,IJ.a. MO)KHO 
npe,IJ.nonaraTL, qTo ,IJ.JIJI 3Hepraii B036Y*JJ.eHHJI 2,5-4,0 M:JB, 
KaK H B 6onee JierKHX H,IJ.pax, BLIDOJIHJleTCH YCJIOBHe: 

2 IMI p(E)=const. 131 

B 3TOM cnyqae 3aBHCHMOCTL w(3 OT 3Hepraa onpe,IJ.eJIHeT
cH noae,IJ.eHaeM cj>yHKUHH (3 - pacna,IJ.a F (Z, E0 -E). cl>yHKUHH 
F ( Z ,E 0 -E) 6LICT~o na,IJ.aeT c poeT OM 3Hepraa ao36Y*JJ.e

HHH IKaK (E 
0 
-E / 5 I, B TO apeMH KaK ,IJ.eJIHTeJILHaH rna

paHa o6HaPY*HBaeT o6paTHyro 3aBHCHMOCTL: 
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(E-Br )2rr 
expl --~-l 

r =--~--. 141 
f 2rr p(E) 

I 

ll03TOMY 3ana3,IJ.LIBaiO~ee ,IJ.eJieHHe CBH3aHO C Y3KOH o6-
JiaCTLIO 3HeprHH B036y)K,IJ.eHHH ,IJ.oqepHero H,IJ.pa IJJ.JIJI BLICO
KHX ypOBHeH Mana BepOHTHOCTL 3aCeJieHHH npH (3 - pacna,IJ.e, 
a HH3KHe ypoBHH HMeroT ManyJO ,IJ.eJIHTeJILHyro rnapHHY I. 
B cnyqae (3-pacna,IJ.a 238 Pa 3Ta o6nacTL 3Heprau ao36y)K
JJ.eHHH a ,IJ.oqepHeM HJJ.pe 238 U pacnoJio)KeHa npa 3Hepraa 
3,0-3,5 M:JB a xapaKTepa3yeTCH 3HaqeHHeM Pf = lo-5 -10 - 6. 

B 3TOH o6nacTH 3Heprau H3MepeHa aepoHTHOCTL ,IJ.ene
HHH 2380 npH llO['JIO~eHHH y-KBaHTOB/ 5 ,6 /. fiOJiyqeHHLie 
3HaqeHHH p f 6JIH3KH K npHBe,IJ.eHHLIM BLillie. fipe)J.DOJiara
eTCH, qTO npH TaKOH HH3KOH 3HeprHH B036~,IJ.eHHH 6onee 
aepOHTHLIM OKa3LIBaeTCH He MrHOBeHHOe, a H30MepHOe 
,IJ.eneHHe 141 I puc. 31. B pe3yJILTaTe nepexo,IJ.a qepe3 
BHyTpeHHHH 6apLep H KaCKa,IJ.a y-KBaHTOB Jl,IJ.pO OKa3LIBa
eTCH B H30MepHOM COCTOHHHH IHa ,IJ.He BTOpOrO MHHHMyMal, 
OTKy,IJ.a H HCDLITLIBaeT CllOHTaHHOe ,IJ.eJieHHe. 

Puc. 3. CxeMa /1- u y- nepexoooe, npueoO.RIJIUX 1< 3ana30bJ-
6Q101J1eMy oe/zeHu10. 

B 3aKmoqeHHe aBTOpLI 6naro,IJ.apHT aKa,IJ.eMHKa r .H.cl>ne
poaa 3a nocTOHHHLIH HHTepec K pa6oTe, IO.IJ..OraHeCHHa 
3a noJie3HLie o6Cy)K,IJ.eHHH, c.n. TpeTLHKOBY H COTPYJJ.HHKOB 
ee rpynnLI 3a npOCMOTp ,IJ.H3JieKTpHqeCKHX ,IJ.eTeKTOpOB, 
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3KcnnyaTau;HoHHYIO rpynny UHKnoTpoHa Y-200, o6ecne'IHB
wyw 6ecnepe6o8Hyw pa6oTy ycKopHTenx,H ID.A.na3apeBa, 
npHHHMaBmero yqacTHe B Ha'lanbHOM 3Tane pa6oTbi. 
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