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Be,Izylllee HayqHO-HCCJI8AOBaTeJlbCK08 yqpe~eHHe: 

HHcTHTYT M8PHIDC HCCJI8AOBaHHH AH YCCP (r.KHea). 

ic,'3aolHTa AHCCepTaQHH COCTOHTCR .. 4 ,,· llo~.Jrnoo roAa 
B 11/l "'qacoa Ha 3aCeAaHHH CneQHaJIH3HpoBaHHOro YqeHoro COBeTa 
,ll.04?.0I.05 npH ]a6opaTOpHH HeHTpOHHOH ¢H3HKH H ]a6opaTOpHH, 
M8PHblX peaKQHH 06oeAHHeHHoro HHCTHTyTa RA8PHIDC HCCJl8AOBaHHH 
( r .,!Jy6Ha); 

C AHCcepTaQHeH MOlltHO 03HaKOMHTbCR B 6H6JIHOTeKe OIDIB~ 
0T3l,1B1,1 H 3aMeqaHHR OTnpaBJIRTb no 8,11.pecy: r.,!Jy6Ha, MocKOBCKOH 
o6JiaCTH, 06oeAHHeH~H HHCTHTYT MepHb!X HCCJI8AOBaHHH, yqeHOMy i 
ceKpeTapD CneQHaJIH3HpOBaHHOro YqeHoro COBeTa ,ll.04?.0I.05. \ 

AaTope¢epaT pa30CJlaH •'.:/_ "i,{f.)~S. 1900 roAa. 
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AKTYMbHOCTb npo6Jiew. ftApa, aHatIHTeJI&Ho YAMeHlfile OT 
o6JiaCTH, -CTa6HJlbHOCTH, o6JI8,IJ.BDT PMOM oco6eHHOCTeH, o6ycJipB
JieHHIDC H806bltIBblM COOTHOWeHHeM M8l!Qzy traCJiaMH HellTpOHOB H IlpOTOHOB 
B MP8• IlpH 6oJI&mon aHeprHH p -pacna,o.a,, xapaKTepaoll AJIR STHX 
Mep, npoSBJIRDTCR HOBHe BH,11,1,1 pa,!J.H0aKTHBHOCTH. B o6JiaCTH TRJteJIIDC 
RAep O,ru1H H3 TaKHX BffAOB - aana3AllBall~ee·AeJieHHe. 8TOT npoQecc, 
OTKpHTblH B ]a6opaTOpHH MepHHX peaKQHH 06oeAHHeHHoro HHCTHTyTa 
MepHliX HCCJieAOBaHHHI'.H.~JiepOBblM C COTPYAffHKaMH, npeACTaBJIReT 
co6on AeJieHHe H3 aoa6~eHHHX cocTORHKll, aaceJI.fflllltHXCR npH p -pac
n8,IJ.e MaTepHHCKHX Mep. HccJieAOBaHHe aanaa'A!lB~ero AeJieHHR BBllt
ao AJIR BliRCH8HHR xapaKTepHCTHK pacn8,IJ.a TRll8JlliX M8P C BblCOKOH 
3HeprHell , -pacn8,IJ.a H AJIR BliRCHeHHR 38KOHOMepHOCTell H3M8HeHHR 
6apbepoa AeJieHHR M8P no Mepe H3MeHeHHR HX HYKJIOHHoro cocTaaa. 
Yr.ny6JieHHe H pacmHpeHHe CBeAeHHll O 6ap&epax A8Jl8HHR npeACTaBJIR-
8T B HaCTO~ee BpeMR aKTYaJibHyO 38,11.atzy. 8TH A&HHl,le Tpe6YJ)TCR' )VIS! 

pa3BHTHSI H ycoaepmeHCTBOBaHHSI MeTo;ioB nporH03HpOBaHHSI CBOltCTB 
.. TSlllC8JlllX H CBepXTRllC0JlllX Jl,liep, HCK'yCCTBeHHOMY cmiTeay, a TaKllCe 
IlOHCKY KOTOpliX B npHpOAe YA8JUi8T.CR 6oJI&moe BHHMaHHe KaK B 
aamen cTpaHe, TB.K H B aapy6ellH!iX HAYtIHhlx qeaTpax. 

UeJib pa6oTH 3~KJIDtiaJiacb B HayqeHHH arutoHoMepaocTell aanaa
'AblBBXlll\ero A8Jl8HHR IlpH ,- -pacn8,IJ.e M8P c H36b1TKOM HellTpOHOB H 
Ilpl'I 3Jl8KTpOHHOM aaxBaTe HellTpOHOA8~HQHTHblX MBP, B-paapa60TKe ' 
MeTOAa KOJIHtieCTBeHHoro ODHCaHHR 3Toro npoqecca H Bb1SICH0HHH B03-
MOlEHOCTell H3YtieHHR 6apbepoa A8JieHHR MeP,YAaJieHHHX OT o6JiaCTH 
CTa6HJibHOCTH, MeTOAOM 3aIIa3'AblB~ero A8JI8HHH. 

Ha;yqHM HOBH3Ha H npaKTHlI8CKM_HeHHOCTb pa60Tl,I COCTOHT 
B CJieA,Yl)~eM. 

-BlrnoJIHeHo cHCTeMaTHtieCKoe H3YtIBHHe aanaaAHBalllllero AeJie
HHR o6mHpHoll rpynnH M8P C pa3JIHlIHOtl 3HeprHell p -pacn8,IJ.a. B 
peayJibTaTe anepa1,1e aKcnepHMeHT8JlbHo aa6JIDAaJIOCb aanaa'AblBa~ee 
A8Jl0HHe npH p- -pacn8,IJ.e HellTpOHOH36blTOlIHblX MBP (H30TOilbl Pa) H 
o6Hapj'lteH pRA HOBliX H3JiyqaTeJiett OCKOJIKOB 3anaaAHB~ero A8Jl0HHH 
npH aJieKTpoHHoM aaxBaTe (HaoTOilbl Bk , Es , Md ) . PaaBHT no
.nyaMIIHpHtiecKHA MeTOA KOJIH~ecTBeHHoro onHcaHHR npoqecca aanaa'A!l
aa~ero A0Jl8HHH,KOTOpblH Il03B0JlHJl Ha OCHOBaHHH noJiyqeHHliX 3KCne
pHMeHTaJibHliX A8.HHliX oqeHHTb B8JIH'lfflHy 6apbepoB A8Jl8HHR H30TODOB 
Cm, Cr. ' Hn C 6oJibmHM H8AOCTa'l'KOM HellTpoHOB.B peayJibTaTe 
pacmHpeHa CHCTeMaTHKa A8.HHliX O 6apbepax A8JieHHR B o6JiaCTH HaH-
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6oJiee T.flllt8JlblX SJ,D.ep C 60JibmHMK 3HalleIDUOOi napa.MeTpa Z3/.4 . ~H
m,ie O 6apbepax ,11,eJiemm MOryT HaRTH npHMeHeHHe )\JI11 ,11,MbHeilmero 
pa3BHTHJI MeTO'AOB paclleTa dapi,epoa' ,11,eJieH~II SJ,D.ep,' B oco6eHHOCTH' 
y,11,aneHHHX OT o6JiaCTH p -CT~6HJib~OCTH. . . . . . . . ,. . 

Paapa6oTaHHM B XOAe.aKcnepHMeHTOB MeT0,11,HKa HaroTOBJieHHII 
,11,eTeici-opoa· cicKon1t0·B ,11,eJieHmi:' Ha ocHoae ·T~HKbcJiotlHblX Ko~eHcaTopos 
noaBOJIIleT no~Tb ,Il,8T8KTOp!l 3TOro THna 60Jibmon ILIIO~a,IJ,H ~- ripHMe

HHTb we B oIIliTax, Tpt36Y11>11lHX ~H~OKOR ceJI~KTHBH9cTH perHcTpaQHH 
pe,11,KHX co6HTKR ,11,eJieimsi'a npHCYTCTBHH HHT8HCHBHOro qicma COIIyTCT-
Bymtwe H3Jlytl8HH8. . . . . . . 

ConeJlllBHHe pa6oTu. 
,l\HCC8pTB.QKII COCTOHT H3 BB8,Il,8HHII H. meCTH rJiaB. . 
r.na:aa I' nocs~eHa BOnpOCEUI' qiH3Hll8CKoro o6ciCHOBamm MO,D,8JIH 

,IJ,Byrop6oro 6ap1,epa ,11,eJieHHSI, HCDOJlb30BaHHoR B ,IJ,aJibHElilme11 npH KO
JlH'll8CTB8HHOlll ODHCaHHH npoQecca,aanaa~B~ero ,11,eJieHHSI. H3JIOJ[8Hl,I 

HOBeRmHe 3KCnepH118HTaJibHl,18 ?E:3JJlbTaTHi ll0,Il,TB8pl!,Il,B.DJlH8 3TY MO,Il,8Jlb, 
a TaDe CJI8,IJ,CTBHII H3 Jiee, KaC8.IJDtH8CSI aaKOHOMepHOCTeR ,11,eJieHHJI ,,. 

SJ,D.ep npH HH3KHX 3HeprHJIX • Cpe,11,H pacc110TpeHH1iX 3KCnepH118HTaJibHWC :. 
qiaKTOB OTllellaeTCSI c~eCTBOBaHHe "DJiaTo" B XO,Il,8 aaBHCHIIOCTH 6apb
epa ,Il,8Jl8HHII OT napaMeTpa z_Z./ // B 06JiacTH ·H~H60JI08 T.flllt8JlblX 

HayqeHHWC 3Jl8M8HTOB C ;!3//1 ~ 35. YKaaaHHM saKOHQMepHOCTb 
He HaX0,11,HT Y,IJ,OBJI8TBOpHT0JlbHOro ~6McHemm B pmmax- "cTaporo", 

TO ecT& ll[H'AKOKM8JlbHOro,no,IJ,Xo,I1,a K npoQeccy ,Il,8Jl8HHII H OTpWla8T 
npOSIBJieHHe o6oJIOll8lllll,IX aqqJ8KTOB a SJ,D.pax, ,11,eqJO?(HpyelllliX a HanpaB
Jl8HHH . ,Il,0Jl8HHII • 

,l\nJI llOHHllaHHSI pOJIH o60JIO'll0K npH' 6oJI&mon ,11,eqiopmQHH H BliSIC
H8HHII CBo8cTB cTa6HJI&HocTH Tilll0JlblX SJ,D.ep HYIHli 3KcnepHMeHTanbm,ie 
,IJ,aHHl,le O 6ap&epax ,11,eJieHHJI ,Il,JlII KaK MOllHO 6oJiee ll!HpOKOR o6JiaCTH 
3HalleHHR z2 /A H,D,8p B OKpeCTHOCTH yKaaaHHoro "DJiaTO". BiqIJlllM 
o6JiacTb SJ,D.ep, y,11,aJieHHblX OT IIOJIOC!i p :-cTa6HJibH0°~TH. 3TH HCCJie- . 
,11,0BaHHJl HaTaJIKHBaJlTCII Ha cep&eam,ie Tpy,D,HOCTH, npHBO~~ K Heo6-
XO,IJ,HIIOCTH pa:3BHTHJl HOBliX Y0TO,IJ,OB onpe.J(eJieHHB dap&epoD ,J(8Jl8HHB 

SJ,D.ep. 0,D,HH H3 M8TO,Il,OB MOll8T 6HTb OCHOBaH Ha HCCJie,J(ODaHHH aanaa
,IUiDaD11tero ,J(eJI8JmH B,J(ep.B 3aKJIJltJHT8JlbHOU: naparpajle rnaBH .iiaHO IlOHB
THe O aanaa,Il,liBaoil~M ,Il,8Jl8HHH H o6aop_pa6oT, npHBe,IUIIHX K OTKp!iTHJl 
aToro JIBJiemm. 

B rJiaBe II H3JIOll8H cnoco6 Hay-qemm 6ap&epos ,11,eJieHHJI
1

ocHo
HO~ Ha K3MepeHHH BepoHTHOCTK aana3,Il,liB8.lll)tero ,11,eJieIDffl r, 51_ 
KoJIH'lleCTB8HH08 pacCYOTpeHHe aanaa,Il,liB8.lll)tero ,Il,8Jl8HHH npOK3BO,Il,HT-
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CH B PW4Kax Mo,11,enH ,IJ,Byrop6oro 6ap&epa ,Il,8Jl8HHH. CxeMaTH'll8CKH npo
TeKaHHe aanaa,IJ,liBa.KJ~ero ,11,eJieHHJI HJlJlllCTpHpyeT pHc.I. MaKCHMaJibHM 
3HeprHH B036Yllf,11.eHHJI ,11,0llepHero SJ,D.pa onpe,11,eJII18TCfi llOJIHOR 3HeprHe8 
1 -pacna,11,a (HJIH K-saxBaTa). C y-qeTOM KOHKypeHQHH M8JKAY ()-pac

lla,D,OM H ,11,eJieHHeM B086Yllf,11.eHHWC fi,D,ep ,Il,JlII BepOHTHOCTH sana3,IJ,liBaD~e
ro ,Il,8Jl8HHH MOllHO aanHcaT& CJie,11,YK)~ee COOTHOmeHHe: 

GI fi{E) . / Q 
P,. - 'w(Q-E) .:t.- dE / _/wra-:Jdt: 
.I>F- jl ~t(E) 0 ' (I) 

0 

r,11.e V, (Gl-E) .. - BepOIITHOCTb f -nepexo,11,a C. 3HeprHeR ( Q- E ) , 
Q - DOJIHM imeprHH pacna,11,a, lj(E) H ft,oe(l:) - COOTBeTCT-

B8HHO ,IJ,8JIHT8JlbHM H llOJIHM mHpHID,1 ypoBHe8 ,11,0llepHero SJ,D.pa npH 

3HeprHH B036yir,IJ,eHHfi E. BepoHTHOCTb ~ -nepexo,11,os, corJiaCHO Teo
PHH Y, _-pacna,11,a,nponopQHOHaJI&Ha' npOH3B8,Il,8HHD CHJIOB08 4JYHKQHH 
s/l H CTaTHCTHlleCKOti qiyHKQHH ~pMH F(~,G-E) • Fre,Q-E} -
6HCTpo ·Clla,IJ,aD~aH 4JYHKQHJI OT 3HeprHH E, KOTOpM C xopomen TOllHOC
TbD MOEeT 6!iTb annpoKCHMHpOBaHa CTeneHH08 aaBHCHMOCTbDF~(G?-EJ~. 

n =2 (aJJeKTpOHHbIR aaxaaT) H n = 5 ( 13- -pacna,11,). 

IlpH aHaJIH38 fiBJieHHA, CBH3aliH!iX C . f3 -pacna,IJ,OM, llaCTO 
OKa3HBaeTCfi onpaDJJ:aHHHM IlPHM8H8HHe B KatteCTBe nepaoro np:ndnms:e
HHl'I CHJIOBOR qiyHK~HH BH,l\a Sp,., C onst.B 3TOM IlJ)HdJIHJK8HHH 3Hepre
TH'll8CKM 3aBHCHMOCTb IlO,l\UHTerpanLHOR qiyHKQHH B llHCJIHTeJie qJOpMY
JIH (I) onpe,11,eJII18TCfi rJiaBHblM o6pasoM (noMHMO MHOllHT,eJIH (Q-E}n) 
aaBHCHMOCTbJl OT :meprHH OTHOmeHHH mHpHH 9rt:}=lj(E}/'iodt: J 
IloJiarM saTeM, KaK aTo ,11,eJiaeTcH npH aHaJIHae no,11,6ap&epHoro qioTo
,11.eJieHHH T.flllt8JlliX SJ,D.ep, llTO ,11,eJieHHe SJ,D.pa npH HH3KHX 3HeprHHX B03-
6Yllf,11.eHHfi npOHCX0,11,HT B ,II.Ba 3Tana, a HM8HHO, llepes CTa,IJ,HJl aaceJie
HHH HHlltHHX ypoBHeR B npoMel!j'TOllHOR IlOT8HQHaJibH08 flllle,aepOl'ITHOCTb 
,l\8Jl8HH8 MOlKHO CBH3aTb C npoHHQaeMOCTbD BHyTpeHHero 6ap&epa 
PA H BepOHTHOCTbD ,Il,8Jl8HHH H3 HHJl[HHX COCTOHHHR BO BTOpon HMeR • 
Ilepexo,11,n OT mHpHH (,11,eJIHT8JlbH08 H pa,11,Ha~HOHHOR) K COOTB8TCTBYJJ
~HM npOHHQaeMOCTfilll PA = 211' f ft. H P~ = 2Jfj> fl( , MOllHO 

sanHcaT& 3(EJ;:;;P,,ll./~ ,-P.r • IlpoHHQaeYOCT& napa6oJJHllecKoro 6ap&
epa, :napaweTpHpoBaHHoro o6!ittHHM o6pasoM, Kalt aTo noKaaaHo Ha 
pHc.I, ,11,aeTcn qiopwyJioR XHJIJia-YHJiepa: 

2.7i ·1lr.t ~ = [1+- exp{ r- (B,1-E{f_J • 
r,W,,, 

3KcnepHMeHTaJibHl,18 ,IJ,aHHl,18 0 pa,IJ,HaQHOHH!iX mHpHHax ,Il,JlII 

SJ,D.ep B o6JiaCTH ypaHa H TpaHCypaHOBliX aKTHHH,11,0B xopomo BOCllpOH3-
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BO,IV{TCll no.ny3MID1pHtl8CKOR ~OpMYJIOR Ptl"(£}:;.Co Ole"l'(e/9) ? I',0.8 
(}- =- 0,5 - 0,6 MsB - TeMitepaTypa SI,JJ.pa, a C O =9, ?.IO- (MsB)-4_ 

-nOCTOllHHall. 
Ilo,o.cTaBJillll onpe,o.eJieHHble TaKm,: oeipasoM BblpW!teHWI ,JJ.Jill W'" , 

~ • ~ • /J- B ypaBH8HHe ( u, MOmiO nyT8M tlHCJieHHOI'O HHTeI'
pHpOBaHHll onpe,o.eJIHTb BepOllTHOCTb 3anas,JJ.1,1BB.lll!l8I'O ,0.8JI8HWI KaK 
®'HK~D napaMeTpoB 6apbepa /BA H 'lieu.,, I H sHeprHH pacna,o.a 
Q • 

,IJ,Jill r.nyeioKono,o.CiapbepHoro 3ana3,JJ.1,1BaDl!l8I'O ,o.eJieHHll ( Q Ha 
I-2 M3B M8Hbme BNCOTli 6apbepa) BNnOJIHll8TCll ycJIOBH8 

~<<P0 , exp/ft (tJ.4-e)} >'7i !iw.-, 
TSK tlTO 

tJ-~IU;,/Pr, ~ =:exp{?E-(E-8.,,,)} 
liei>.11 . 

B 3TOM CJIYtlae ypaBHeHHe l JI8I'It0 HHTerpHpyeTCll no tlaCT.RM,.H OKOH
tlST8JibHOJnpeHe6perall tlJieHrum 6oJiee BNCOKOI'O nopSI,JJ.Ka MaJIOCTH,B03-

HHKS~HMH npH HHT8I'pHpOBSHHH, nOJIYtlHN ,JJ.Jlll CJiytlall 3JI8KTpOHHOI'O 
3SXBaTa: 

Pr. Ii£ exp<- Cil/8) ( 27T ,j 2. . { 
eF=- a~Q.3C;rl1~ exp -~(8_,,-aJ.. ,a=,;~// _8 . (2) 

,IJ,Jill p- -pacna,o.a SHaJIOI'HtlHNe BNKJIS,O.KH ,o.aDT! 

P,, _ 720/l.exp-f-Q/t,) e><_p{-2.71" {8,1-0.)'} 
'jJF- a"&oC,r6l~ 'lituA • (3) 

.&!pueHHll·(2) H (3) llBHblll o6pa30M CBll3liBIUlT BepOllTHOCTb 

aanaa,JJ.1,1Ba~ero ,o.eJieHHll c napaMeTpaMH 6apbepa ,o.eJieHWI. 
PeayJibTSTli BNtlHCJI8HHA no ~opuyJie (2) npe,o.cTaBJI8Hlil B rpa

~Htl8CKOR ~opwe Ha ,o.Harpruo,:e pHc.2, r,o.e BBep.eHa Bcnou:oraTe~bHall 

B8JIHtlHHa { br ~ Jlj'·. 
~ 6/i!exp -iiiii;,l(i:,,-6l 

,P =- Q exp (Q/@)ft:~ = . a"C<J(l~ 

3a.MeTHM, tlTO npH o6HapY!(8HHK B8TBH aana3,JJ.l,IB~8I'O ,0.8JI8-
HHll y H8CKOJibKHX COC8,JJ.HHX (no KpaRHeR Mepe ,O.Byx)·Het1eTHO-Het1eT

HNX H30TOnOB 0,0.HOI'O 3JI8M8HTa CTaHOBHTCll B03MOllliml onpe~eJI8HJl8 
o60HX napB.MeTpOB 6apbepa ,0.8JI8HHll (BliCOTli H KpHBH3Hliliycpep.HeH
HNX ,JJ.Jlll ,O.aHHOR rpynnu H30TonoB. 

HaJio~eHHUe npe,o.cTaBJieHWI o rJiy601tono,o.6apbepHoM aanaa,JJ.1,1Ba-
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PHc. I. CxeMa nepexo,o.oB npH aana3,JJ.l,IB&lll!l8M ,o.eJieHHH. 

CJIYtla.ti K-aaxBaTa. 

Qi' ·I( 
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--!l' ... -8 
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{BA-Q)M3& 
1,0 2,0 
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PHc.2. 3aBHCHMOCTb BepollTHOCTH aana3,JJ.l,IBS!llll9I'O ,0.8JI8HH~ 

Psp npH K-aaxBaTe OT napaMeTpOB 6apbepa ,o.eJieHHll 
H sHeprHH K-aaxaaTa. 
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KJIIteM ,D,eJiemrn npoaeprunrc& HSMl1 a 0Kcnep11MeHTax no noncey aeTa11 

aana3,D,bIB8Jlll!ero ,D,eJiemm 11::lOTOnOB npoTaKTHHHH 11 ~aTeM np11MeHHJil1Cb 

,D,JIH 04eHKH 6ap&epoa ,D,eJieHHH ttenTpotto,D,eqi11~THblX 11aoTonoaCm,Cf , 

~m Ha OCHOBaHHl1 ,D,aHHb!X O aepOHTHOCTHX 3ana::i,D,1,1BaKJI11ero ,D,eJieHl1St 

MaTep11ttcK11X H,D,ep - 11a0Tonoa 8k , Es , Md . 
8 rJiaae Ill Oill1CaHa MeTO,IJ.l1Ka,rip11MeHHBma1tcH B OllblTax no 113Y

tl0Hl1Jl ::ianaa,11.1:maKJ11tero ,D,eJieHHH. 04ett'irn noKMblBalOT, qxo ::icfxpeKTHBHlrn 

cet1eHl1H, CBSt::JaHHble C B~OAPM aana?,D,b1BaKJ11tero ,11.eieHHH, trpe3BbltlaltHO 

MaJibl. 8To ~6yg~OBflJIO;, mi.i6op Me!
1

0,D.11KH, ~oTop~ •,D,?JDKHa 6hlJia o6ecne

tlHTb a KOHKpeTHblX y_cJI~i:mRx:. ::iKcnepHM0HTOB (Ha iiytlKax 60M6ap,11.11pyn

I1111X t1acT11n - OT O -KaattTOB ,D,O · THllteJiblX 11ottoa). tta1160JibmyKJ -qyacT-

a11TeJI&ttocT& 11 MHHl1MaJibHbll1- qlOH ~ , , ·- ·; 

Ilp11113ytr0Hl{I{ 3atta3,D.I,tBaJllllero ,IJ.eJie~iiH 1130TOnoa Pa,nOJiytraB

m11xcH B peaKnl1RX nO,D, ,D,eltCTBl1eM o-KBaHTOB,H~nTpOHOB,YCKOpeHHb!X 

·.n;eltTpOHOB ~°' -tlaCTHQ, ::l~0KTl1BHO OKa3aJIOCb np11MeHeH11e MeTO,D,a 

MHOrOCJIOHHblX M11meHelt. ~eTeKTOpbl OCKOJIKOB ,D,eJieHHH BBO,D,l{Jll{Cb B 3a-

30pb1 Mellr,ll,Y OT,D,eJI&HblMH cJ10HM11 MHmetten 'a npoloteJKYTKWC Mellr,ll,Y· MHoro

KpaTHb!MH n11KJIB.lffl 06J!YtleH111t. ,l1,1UI OllblTOB c 6blcTpb!M11'tteltTpottaM11, 

06Jia,D,aKJI1111Ml1 60JibWOA yrJIOBOlt.pacxo,D,11MOCTbD, 6hlJIO CMOHT11poaaHO 

cnenHaJibH00 ycTpotlCTBO,n03BOJISIJlllle8 ::i4xl>eKTHBHO o6J!YtlaTb MHoro-
• 

CJIOt!Hble Ml1meH' C nocJie,D,yKJIItHM H3MepeHHeM aKTHBHOCTI{ 3ana3,D,b1BaKJ-

lll0ro ,D.0JieHl1St I/. 'C:x:ei.i:a.T11:t1eCKl1 ::JTO ycTpotlCTBO IlO_!(a3aHO Ha p,IC .3. 

Ha apeMH 06JiytreH11St OT,D,0:»bfu.te CJIOH "lU!llleHli C.D;BHraJIHCb BilJIOTHYKl, 

tlTO np11 l1X MaKCl1MaJibHOM np~6muteHHH it. 11cTot1H11ey ·Het!Tpottoa yc

TpaHHJIO OCJia6Jiettae rroiotta • He~TpOH~B Ha Y,D,B.JieHHblX CJIOHX. Ha ape

WI 113MepeHHH aKTl1BHOCT.11 np01f3B0,D.HJia~bpa3,D,B11lltKa CJIOeB C o6paao-
~ . ·:. -~~. , '-· , _' . 

Batt11eM qlHKCl1poaaHHbllC '3a3op0B 'Mew IDIMH, B K.OTO~bl0 11 BBO,IJ,l{Jll{Cb 

,D,eTeKTOpbl OCKOJIKOB. 

He8TpOHO,D,0qll1~THble ttyKJI~.IlO~ytraJIHCb B.peaKnHHX C TStl!Ce

JlblMH 11ottru,m. ·)inn l:iyKJ111,11.oa c apeMettai,n{lltK3HH He Mettee ttecKOJibKl1X 

MHttyT np11MeHHJiaCb MeTO,D,HK,a HaKJio~olt Ml{Ill9iiH', 06ecnet1HBaBmM 

::i~eKTl1BH00 l{CilOJlb30BaHHe HaH60JiblllEi'ro' KOJ!HtleCTBa pa6ot1ero ae:.. 

IIteCTBa H B03MOJmOCTb 06J!YtleH11n:·.np11 TOKax 110HOB Ha tfflmeHb 113 U 
11 Th ,D,O 50 MKA. 06J!YtleHHR npoH3BO,D,HJil1Cb Ha BttyTpeHHHX nytlKax 

ycKop11TeJielt MHoro3apH,D,HblX HOHOB Y-300 H •Y-200 JIHP Oillfil. ){JI.fl .n;oc

THlltemm Bh!COKOH qyBCTBl!T0JlbHOCTl1 noxpeeloBaJIOCb TIJlaTeJll,HOe paCCMOT

peHne qlOHOBblX ::lqicp0KTOB, B TOM tlHCJie.CBSt3aHHblX c·CHJ!bHOn aKTHBa

n11etl_MHmeHH. Bbmo ycTaHOBJl0HO HaJIHtll10 cneQ11qJHtleCKOrO qJOHa,o6yo-

JIOBJl0HHoro ,D,eJieHHeM aemecTaa MnmeH11 no,D, ,D,encTBHeM )3-11 
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~ -H3J!Ytl0Hl1St OT pa,D,HOaKTHBHOro pacna,D,a H30Tonoa,o6pa3YKJilll1XCR 

B peaKnHHX ~ TRl!CeJll:am HOH8.MH HapR,D,Y '· C HCCJI0AYeMbll(H ttyKJIH,IJ,8.lffl • 

tfuytrett11e ::iToro ;3~eKTa, ero -ruiaTS.nb1D,Ii\_.Yt1eT, a TaKllte Mep!:i,np11H11-

uaeMble ,D,JIH ero no,11.~a.ireHHH, Il~3SOJl~JIK -~O):{BltJiyTbCSt no tzyBCTBHTeJib

H_.9,flTH B o6JiaCTb cet1e!111lt <"' IO 35 ,..; IO .. -cM2 .:; • 
Han11t1iie qiotta, caii3lilfHoro c· aKT11aanHef ?,JHmetten, npHBO,D,HT 

K TOMY, tlTO MeTO,D,HKa TOJICTl:lX .(ttaKJIOHH!,tX) MHWe~eit OKa3blBaeTCH He

npHeMJieMon .np11 nciHc_Ke Ha~a.Teiren aana3,IJ.blBaJllllero ;11.eJieHHH c nep11-

0,D,a.MH noJiypacna,D,a Mettee H8CKOJlbKHX MHttyT • . B CBR3H C ::JTHM ,D,JIR H3Y

tleHHH KopoTKOlltHBYIIIHX ttyKJil1,D.OB - 244Es, -248, 250 Mr/-;. 6hlJia np11Me

Hetta Me'l'O,D,HKa, octtoaa}:IHM Ha Bl:lC>HBattHH npo,D,YKTOB•. p~S.KlUflt cocTaa

Horo H,D,pa 113 TOHKHX. CJIOeB M~eHH B TOHKH0 c6opHHKH, KOTOpble 61:lc

Tpo ,D,OCTaBJIRJIHCb K AeTeKTopaM ocKOJIKOB. Bn:aroAapn OTCYTCTBHKl a 

c6opHHKax 38.MeTHl:lX KOJ!HtleCTB ,D,eJIStIIIHXCSt BelI!0CTB H HX 3Hat111'TeJibHO 

MeHbmelt aKT11aan1111 no cpaatteHHKl C ~OJICTblMH Ml1lll0HHMH, qio~ ,11.eJieHHH 

CIJYCTR ~IC no OKOHtlaHHH nHKJIOB o6JiytreHHSt (apeMJI nepettoca c6op

HHKOB OT MHJITeHH K ,D,eTeKTOpaM) He tta6JIJl,D,aJICH. 

~eTeKTHpOBaHH0 OCKOJIKOB ,D,0JieHHSt DpOH3BO~HJIOCb Ilp11 noMO

IIII{ TBep,11.oTeJibHb!?( TpeKOBblX ,D,eTeKTOpOB 1{3~JiaBCaHa H CJIID,D,1,1, KOTOpue 

IlOCJl0 CTaH,D,apT~ion o6pa60TKH' npocl\laTpHBa.JIHC~ BH3YaJibHO C neJibJl 

no,D,ct1eTa KOJIHt1ecTaa TpeKoB OT ocKOJIKoa. Kpoue aToro, ,D,JIH per11c

Tpan1111 OCKOJIKOB ,D,eJI0HHII 61:lJ111 H3rOTOBJI0~ ,D,eTeKTOpl:l HOBoro T1ma -

Ha OCHOBe ~OHKoc.irn~Hl:lX'ltOH,IJ.eH;aTopoa / 3 • ·. a'l!K ,D,eTSKTOpb! pa6oTa

lOT Il~ npH~HIJY. 'perHqTpWWH ::JJie1tTpHtleCKHX Ilp060~B B T.OHKOCJIOtlHOM 

KOH,D,ettc~-rope, · aoaHHK?,JOII!i?C npH' nona,D,aHHH : a Hero CHJibHO; 110HH3HPYKJ

llll1X tracT·H~. Pattee tlWIH H3B8CTHl:l OllblTbl no ,H3I'OTOBJIElHHll ,u;eTeKTopoa 

no,11.06ttoro THna JIHm~ c, Kpatltt~ ua.non IlJIOII!8.'A~li :qyiicTBHTeJibtton no

aepxttocTH (-< O;Ic}..2).,IJ,nR ~np.w~H8HH~ Tk.~x>:eie~TOJJOB B It0Jlf.lX 

perHcrparum pe.n;K1tx coelh!TH~ 3anas.n;h!Balllllero .n;eJieHHH '61:rna oxpaeloTaHa 

M0TO.D;HKa,ll03BOJIHBma.Si no11ytniTb .n;eTeKTOPH C IlJIOIIla,I{bll 'IYBCTBHTeJII,Hon 

noBepxnocTH ~o HeCKOJibKHX cM? Ha o.n;non nnacxnne 'AHB.MeTpoM 40 WJ 

H3rOTBBJIHBaJICf.1 ·' MHoroce~omrun ,11.eTeKTOp, , OT,D,eJibHl:le cerMeHTl:l KO

TOporo aaTeM {nocJie HCill:lTaHHSt) BKJ!JltlaJIHCb napaJIJI8JlbHO. lfa' OC>IIten 

cxeMbl HCKJllltlaJIHCb ,D,eqieKTHble ·jtlaCTKlf. Bwm H3ytr8Hl:l oco6eHHOCTH 

pa6oTbl ,D,eTeKTopoa. IloKaaatto; t1To no· cnoco6HocTH ce11eKTl!BHO pe

rHcTp11poaaTb OCKOJIKH ,D,eJiemm B ycJIOBHHX Bl:lCOKOrO qlOHa ·pe,11.KOHO-

HH3HPYKJI1111X H3JiytreHHA OHl1 He ycTynaKJT CJie,D,OBWI AeTeKTOpru.l H 

BMeCTe C TeM Il03B0Jlf.llJT npon3B0.D;HTb 

uacmTa6e apeMeHH. · 
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f>l.!c.3. CXeMa OmlTOB Ha nytIKe 6liCTpb1X HeATpOHOB. 
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l\!c.4. ~eTeKTOP OCKOJIKOB AeJieHH.R B pa3pe3e H MHKPO~OTO
rpaq>H.R (BHH3y) yqaCTKa pa6otieA noaepXHOCTH AeTeKTopa. 
l - Si - nJiaCTHHa, 2 - cJiott Si02, 3 - ycHieHHe H30JI.RQHOH~ 
Haro cJIO.R, 4 - JIHQeBoH aJieKTpoA, 5 - THnbHHH-3JieKTpOA, 
6,? - KOHTaKTHHe npOBOAHHKH. 
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CxeuaTHtJ8CKOe H306palleHHe roTOBoro A8T8KTOI)B. B pa3pe3e 
AaHO Ha pHC.4. Ha HHJOieA tiaCTH 3TOro pHCJHKa IlpHB8AeHa MHKpo
~TO~ pa6oqero yqacTKa noaepxHOCTH ,11,eTeKTopa. (}rqeTJIHBO 

BHAHH CJl8AH OT OCKOJIKOB ,11,eJieHHR. Y1x Ha6JI11,Il.eHHe B cotieTB.HHH C 
perHCT~eA aJieKTpHtiecKHX mmyJihCOB HenocpeACTBeHHo B uoueHT 

np0XOlK,ll.8HHR OCKOJIKOB A8JiaeT perHCT~D ~KTOB pe,11,KHX C06l,ITHH 
6oJiee AOCTOBepHoA. HMeeTC.R TaKllte B03110lEHOCTh onpe,11,eJieHH.R npoc
TpaHCTBeHHoro pacnpe,11,eJieHH.R qacTHQ • 

B rJiaBe IY onHcaHH 3KcnepHMeHTli no ,3~eHHn 3ana3AHBa.D11e
ro ,11,eJieHH.R npH p- -pacna,o.e 238• 236 • 234Pa 1 • 21. 3TH .R,11,pa, HCilli
TliBa.R ,- -pacna,o., npeBpantanTCR B .R.l{pa H30TOilOB ypaHa C H3BeCTHH
IIH napaueTpa.MH 6apbepoB ,11,eJieHH.R. HabTOilbl 6HJ1H noJiyqeHH B peaKQH
.RX c O - , n - , cl. - , ol -qacT~B.IIH. ,lJ,JIR aToro MH111eHH Ha 
238 U ( a cJiyqae 234pa ..:. H3 232 Th ) o6JiyqaJIHCh Ha HettTpoHHoM 
reHepaTope (aHeprH.R HeATpOHOB-t4,? M3B) H H30XpOHHOII ~KJIOTpoHe 
( d, cl- -qacTHWn• Hei!TpoHH Im!poKoro cneKTpa ::meprHif H3 peaK~H 

d (18 M3B) + Be) JIHP OH.ffii, a TaKlle Ha CHJihHOTOtJHOM MHKpoTpoHe 
HHcTHTyTa ~H3HtiecKHX npo6JieM AH CCCP (To~o3Hoe H3JiyqeHHe 3JieK
TpoHOB C 3HeprHeA 2? MaB)l2(npR R3yqeHRR 34pa IlOHCK BeTBH Ha 3a
na3AHBalOlllee ,qeJieHHe npOH3B0.l{HJIC.R KaK AJI.R OCHOBHOro COCTO.RHH.R 
(4 +, TI/2 = 6,2 qac), TaK H AJI.R H30MepHoro co- , ?O KaB, T112= 

l,2MHH). : 
OmrrW,BliDOJIHeHHHe npH IlOMOIIIB MeTO.l{HKH MHOrOCJIOHHblX MHme

HeH o6~en TO~HOH_AO 100-150 Mr/cM2 pa6otiero Be~eCTBa, noKa3a
JIH KpaAHe HH3KHH BblXOA OCKOJIKOB 3ana3AWBalOlllero ,qeJieHH.R (Ha ypoB
He 10-9 - 10-lO OT tiHcJia ocKOJIKOB_MrHoBeHHoro :ieJieHH~, tiTo no
rpe6oBano npoBeAeHRH r~aTeJibHoro aHaJIH3a HCTOtlHHKOB ~OHa H C03-
,qaHH.R YCJIOBHH, CBO.l{~X BKJIB,D, OT HHX K MHHHMJMY. Bw!H HCCJie,qo
BaHH CJie_qyn~He ~OHOBWe ~aKTOpw: a) AeJieHHe ypaHa IlOA ,qeHCTBHeM 
3ana3AWBan~HX HeATpOHOB H ~eCTKHX O -KBaHTOB OT pacna,o.a OCKOJI
KOB MrHOBeHHoro AeJieHH.R, HaKanJIHBan~HXC.R B MHmeH.Rx; 6) AeJieHHe 
HeHTpOHaMH MHKponpHMeceA ypaHa B AeTeKTOpax (H 0Kpy7K8.D~HX HX Ae
TaJI.RX KOHCTpyKQHH); CilOHTaHHOe AeJieHHe ypaHa Hero AeJieHHe ITOA 
A8HCTBHeM KOCMHtleCKHX JiytreA. IlpeAnpHHHMaJIHCb Mepw rio CHHJKeHHD 
~oHa: H3MepeHH.R HatJHHaJIHCb t1epe3 3HatJHT8JlbHWe HHTepaanw apeMeHH, 
KOrAa c~eCTBeHHO CHHJKaJiaCb aKTHBHOCTb MHIIIeHeA; npHMeH.RJIHCb MH

meHH, o6eAHeHHHe 235 U , HMelOlllHM 6oJibmee ceqeHHe AeJieHH.R; Ha 
BpeM.R o6JiyqeHH.R MHmeHeA AeTeKTOpW OCKOJIKOB YAaJI.RJIHCb OT HCTOtJ
HHKa HeHTpOHOB (HJIH o-KBaHTOB) c QeJibD MHOrOKpaTHoro OCJia6Jie-
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HH.R n8.,IJ.a!OllleI'O Ha HHX noTOKa p8.,11.HaI~\1H; npQH3B0'AHJIHCb KOHTpOJibHble 
OilblTbl c·npHMeHeHHeM 'AOTeKTopoB Ha octtoBe ,;OHKOCJioiiHblX KOH,IJ,eHca'."" 
TOpOB, OTKJIJO'llaBmHXC.R OT HCTb'IIHHKa Bb!COKOI'O HaripJillteHH.R Ha BpeMH' 
06JIY'lleHH'si· MHmeHeR. . ; . 

Ma/IM CTaTHCTHKS saperHCTpHpOBaHHblX'co6brrHR 3anas,IU,1_BaBJI11e
I'O 'A8JieHHn no3BOJIH.na npH6JiH3HTeJibHO OQeHHTb nepHO'Abl noJIYPaCn8.,11.8. 
Ha6JIJO'AaeMWC aKTHBflOcTeR:' 8TH · dQeHKH npHBeJIH K sHaJeHHiiM, corJiacy
JOfllHMC.R co CKOpOCTblO pacn~,'' o~aeMoR '.rvm sana3'AbJBa10~e,ro 'AeJie
HHH npH pacn8.,11.e 238Pa H 2 Pa. cooTBeTCTBeHHo. YKasaHHoe CXO'A
CTBO H aHaJIH3 n0Jlytia1>iltmccn npo'AYKTOB B peaxqHnx, npHMeHRBmHxcn 
B omriax:'AJIH nOJIY'lfeHHH H30TonoB Pa, no3BOJIHJIH OTHeCTH Ha6JIJO'Aae
Mb!H'Bb!XO'A. ocKOJIKOB (npH6JIK3HTeJibHo no 30 saper'HcTpHpoaaHHWC co-
61:lTHR) K sanas,1µrna10~euy 'Ae)IeHHD 238Pa H 236Pa cooTBeTCTBOHH6. 
B OilblTax C 234Pa OCKOJIKOB 'AeJieHH.R sapeI'HCTpHpOBaHo He 61:lJio,qTo 
I'OBOpH'l'06 OTCYTCTBHH (Ha ypOBHe 'AOCTHI'HyTOR tzyBCTBHTeJibHOCTH) 
BeTBH aana3)J.l:lBa!OllleI'O 'AeJieHHH npH ,-:..pacn~e KEiK OCHOBHOI'O, TaK 
H H30Mepaoro coc-roHHHH 234Pa.' · 

Ha6JIIO'Aaewe Bl:lXO'Abl aKTHBHOCTH sartaa'Ab!BaD~ero_'AeJieHH.R Hop
MHpoBaJIHCb no OTHomeHHIO K Bl:lXO'AY OCKOJIKOB MI'HOBeHHOI'O 'AeJieHHH 
(H3MepnBmeyYCH O -cneKTpoMeTpH'lleCKHM MeTO~OM no ~40Ba) •. 
OTO n03BOJIHJIO onpe'AeJIHTb Ce'lleHHH, CBH3aHHble C sana3'Ab!BalOlllIDd 'A0-
JieHHelll H30TOnOB, - 0J/: ~·· Ce'lleHHe o6pa3oBaHH.R 238Pa. B peaKQH.RX C 
14-MaB HeiiTpOHBMH H3BeCTHO, ce'lleHHe 'AJIH 3TOI'O H30Tona npH ero 
noJIY'lleHHH no'A 'AeRcTBHeM HeRTpOHOB H3 peaKQHH 9Be ( d, n ) o~eHH
BaJIOCb. HCXO,IUi. H3 qiopMbI cneKTpa HeRTpOHOB, 4JYHKQHH B036YJf,]J.eHH.R 
~aKQHH ( n.p) H BeJIH'IIHHl:l ce'lleHH.R npH 3H8pI'HH 14,? MaB. Ce'lleHH.R. 

36Pa " 234Pa onpe'AeJI.RJIHCb no Bl:lXO'AY. 0 -JIHHHti, CB.R3aHHl:lX C HX 
pacna,u.ou, 113yep.11ameuyc.11 B OT'A8JibHl:lX onb!Tax. 

OcHOBHblO xapaKTepHCTHKH H30TOnOB H HCilOJib30B8HHUe pea.K~HH, 
a TaK~e nOJIY'IIOHHble 3KCnepHMeHTaJibHble 'AaHHble npHBO'AeHbl B Ta6JIH
Qe I. 

CpaBHOHHe nOJIY'lfOHHl:lX 'ABHHl:lX C peayJibTaTrum pa,c'lleTOB no qiop
~Jie (3) (rnaaa IT) HJIJIIOCTpHpyeT HHlltHJI.R 'llaCTb pHc.5/5/. B.cJiytla~, 

8Pa H 236Pa 3KCnepm.feHTaJibHble·'AaHHble xopomo COI'JlaCj'!lTC.R C pac
C'IIHTBHHb!MH npH 3Ha'lleHHHX BA= 5,?-6,0 MaB, hw.,, =0,9 M:JB, KOTO
pue COOTBeTCTBYJ)T H3B8CTHblU 'AaHHblM O BUCOTe H KPHBH3He 6apbepa 
'AeJieHH.R H30TonoB ypaaa CA= 238-236. ,lvr.R K034l4JHQi{eHT8. /?. B3.RTO 
3Ha'lleHHe ·fl =l/20 B COOTBeTCTBHH C 3KcnepiweHTaJibHW.fH 'AaHHUMH o. 
BeTBH Ha 'AeJieHHe 'AJI.R CnOHTllHHO 'AeJIJill\HXC.R H30MepOB z3Bm:1u H 
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Ta6mi~a I 

QB 
l'.eaKl\llfR g-qacT"-. C,g.< UuF PBF 

(M3B) (IJaB)' . ·. (c1s.2} (c1.i2) 

14,7 1,5:w-27 <10-33 <6.10- 7 

4',0 238u(n,p) 

• 8-20 ... , 3.10-27 5.10-35 10-8 . 

3,1 
238ucir,np) 27 10-27 10-36 10-9 

238u(d, ol ), 18 10-28 3.10-38 3.10-10 

~ 2,2 I 
232Th(c(, np) 36 

... 
3.10-27 10-38 <3.10-12 

2,3. 238u..£'!:~ 2YJnij:...... 234111p8 < 10-12 

4, •$,7·5.0 l'/J 

hw,, -a,m,s 

PHc.5 .• CpaBHeHae 3KCnep1111eH
TaJibHUX. ~aHHHX O nepoaTHOCTH 
3aTia3~uBaro~ero ~eJieHna (Toq
Kn) C paC':!eTHUMll (KpHDUe): 
a) ~Jia p- -pacna~a, Cl) ,lV!a 
K-3axBaTa. 

2.0 Z.5 .JO .J5 ,;,o '<5 
:;,,,,p,u,, o,ma•pacnada Q_,,'.M,& 

236nvU • ,Ivr.11 234Pa ( Q/J = 2,2 - 2,3 MaB) pac'lleTHoe aHaqeaHe 
/jJP = 10-10 - 10-II. 8KcnepID4eHT AaeT BepXHHH npe'AeJI ~,c< 10-12• 
Ha6JID'Aaeuoe pacxoll{,Il.eHHe BnOJIH8 06~.RCHHMO: npH noHHlltOHHHQ,s Hue 
ypoBH.R BTOporo MHH!fMYMa'cTB.HOBHTCH 'HeB03MOllCHO aaceJieHHe ypoBHeH 
BO BTOpon noTe~HaJibHOti ru,:e, TaK 'IITO o6llzy'll npoHHQaeMOCTb 'ABOR!io
I'O 6apbepa HeJib3.R paa6HBaTb Ha OT'A8JlbHble COCTaBJI.Rl)DtHe. 

II 
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I'Hc.6. Pacnpe,n.eJieHlfe BO BpeMBHf,f OCKOJIKOB ,naCIJIRJ

.11aeTCff npH Yi3yqenHH 24~K H ?46Es. 

B rnaae Y OIIl{CB.HH 3KcnepKMeHTu no H3ytleHHIO sanaa,l!b!Balllltero 
~eJieHH11 HeAT~HOA0~Ht.1HTHblX HyKJIH,D,OB 240'.242BK, 244,246,248£.s • 

48,250Md 74,51_ B Ta6JI~e 2 npHBe,n.eHU nepHo~ noJiypacna,n,a 
3THX 11,D,ep H peaKQHH, HCilOJib30BaBmHec11 B HaCT01111teA pa6oTe ,IVl11 HX 
IlOJiytl8HH11. 

Ta6JIHUa 2 

HyRJIH,ll, T1/2 peatn:wI nonyqemw: 

240Bk 4MHH 232Thl 14N ,6nJ 
242Bk 7 MHH 232Th(14N,4n) 
246Es 8MIDI 238u (14N, 6n) 
245E6 28 Ml1H 238u l 14N ,4n) 

2~$ 37 C 235u l14N,5n) 
2::l7Npl 12C,5n) 

245Md 7 C 239Pu(14.N , 5n) 
25~d 52 C 243 Amt 12c ,5n) 

0CHOBHUe CBOACTBa pacna,n,a HCCJI8,D,OBaBmHXC11 HyKJIH,ll,OB 3a Y,CKJIDqe

HHeM 24~K ll3B8CTHH H3 3KCil8PHM8HTa. rrrm HCCJie.11onamrn 24~K 
Ubl opHeHTHpOBaJIHCb Ha pacti:eTHOe 3Hati:eHHe· nepf,{O,D,a llOJiypacna,n,a. 
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Bee 3TH HYKJIHAU HCilUTUBaDT 3JI8KTPOHHUA 3axBaT,nepeXO,llff B .11oqepnne 
o(. -pB,11,f,{OaKTHBHUe H,llpa C y.110Clnlli.rn ,IVl11 Ha6JIIO,D,0HH11 BpeMeHa.MH . 

JIH3HH H 3Heprmnm HCIJYCKaeMWC ol. -ti:aCT~. STO CBOACTBO 11,D,ep HC
nonb30BaJIOCb B 3KCnepHMeHTax ,ll,Jlfl au6opa OilTHMaJibHUX ycJIOBHA o6-
Jlytl8HHH MH!ll8HeA, ,D,JI11 H,ll,8HTH~K~HH H anpe,n.eJieHH11 noJIHoro BUXO,D,a 
eyKJIH,D,OB. CneKTpu ,n.oti:epHHx npo,n.yKTOB ~l3Mep11JIHCb ol -cneKTpoMeTpoM 
C llOJIYilpOBO,ll,HHKOBIDm ,n.eTeKTOprum. IlpH o~eHKax Cti:HTaJIOCb, ti:TO 
,D,OJIH 3JieKTpOHHoro saxBaTa IlpH pacna,n,e HCCJiepyeMWC H30TOilOB 
Bi , E.s , Md - 100%, sa HCKJIIOti:eHHeM 248 Md, B cJiyqae KOTopo-

ro ,ll,Jlfl B8TBH K-saxaaTa 6bLJIO B311TO corJiaCHO·JIHTepaTypHblM ,n.aHHUM 

sttati:eHHe 00,,. 
Pe3yJibTaTU OTTUTOB,IlOJiytl8HHUe M8TO,ll,OM HaKJIOHHOA MHmeHH ,D,Jifl 

cpaBHHT8JibHO ,D,OJirOllHBYJltiiX 11,D,ep c240 •242Bk, 246 •248 Es ) H M8TO
,ll,OM IlpnMOro c6opa qpo,n.yKTOB, BU6HTUX K3 MHmeHeA, ,D,JIR KOpOTKOllH
BytltKX ttyKJIH,D,OB ( 244 Es, 248• 250 Md ) npKBO,IJ.HTCH B Ta6JIK~e 3. B 
tteA yKas8.Hl:l (aMecTe c ,n.aHHIDIH o nepHo,n.ax nonypacna,n,a H atteprHHX 
3Jl0KTpOHHOro saxBaTa) ,n.aHHUe O ceti:eHHHX o6paaoBaHH11 ttyKJIH,D,OB B 
pea~J(11X o;. ' ceti:eHH11X V£F H BepoRTHOCTHX PE,i:- a~eKTa sanas,n.u
BaKllllero ,n.eJieHH11. 0THOCHT8JlbHM norpemHOCTb pesyJibTaTOB COCTaBJIH
eT npK6JIH3KT8JibHO -t-100~ -50%. IlplfMep pacnpe,n.eJieHKff OCKOJIKOB ,n.e
Jl8HKH BO BpeMeHH ~aeT pKC-~ r,n.e noKasaHU pesyJibTaTU, IlOJiytl8H
HUe npH KsyqeHHK 40Bk H 2 Es . 

Ta6Jif,{t.ta 3 

HYRJIH,D, QE,MaB O"g• CM2 (JEF' CM2 PEF 

240Bk. 3,8 5.10-30 5.10-35 10-5 

242Bk 3,0 7.10-30 < 2.10-36 <3~1o-7 

246Es 3,7 5.10-30 1,5.10-34 3.10-5 

248Es 3,0 6.10-30 2.10-36 3.-10-7 

2~$ 4,3 10-30 10-34 104 

~48Md 4,1::1 10-31 5.10-35 <5.10-4 
250Md 'l-,1 10-30 2.10-34 2.104 

B rJiaBe YI Ha OCHOBaHHK Il0Jlytl8HHUX ,ll,aHHUX O B8pOHTHOC
TflX sanas,D,UBaD~ero ,n.eneHH11 KCCJie,n.oaaHHUX K30TonoaBh, Es, Md 
o~eHKBaeTCfl BliCOTa 6apbepoB ,n.eJieHKH ,n.oqepHHX 11,D,ep. O~eHKa OCHO
BaHa Ha cpaBH8HHK 3KCnepHM8HTaJibHUX ,J.l,aHHblX C pe3yJibTaTaMK pacti:e
TOB no ~PMYJie (2) (aepxHRH ti:aCTb pKc.5). 3ttati:eHKa PEF ·, npe,n.-
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CTaBJI8HHble ceMelfCTBOM Kp11BWC' BHtrnCJI8Hbl npH fi(i'),,, = 0 '9 MsB I{ 

BA ac5,6 - 6, l MsB. )lnH R B3SITO SHa'!leHHe R acl B COOTB8TCTBHH 
C HMelO!ltHMHCfi 3KCnepHM8HTaJibHblMH AaHHblMH O npeo6Jia,n.ruo~elf BeTBH 
AeJieHHfi npa pacna,n.e A8Jl~HXCfi H30M8pOB B TpaHCypa.HOBOH o6JiaCTH 
~ep. IlpH yKasaHHh!X sHa'!leHHHX napaMeTpOB 6apbepa AeJieHHH pac
lleTHble sHa'!leHHfi BepoSITHOCTH P£F xopomo corJiacyxJTCfi C 3KCnepa~ 
MeHTaJibHblMH. 0TMeTHM, qTo AB.ll':e npH B8CbMa YMepeHHOfi ToqHOCTH 
HSMepeHHfi BeJIHtlHHbl p EF YAaeTCfi ycTaHOBHTb AOBOJlbHO Y3KHH HHTep
BaJI sHat1eHHfi BA AM AoqepHHx ~ep: BA,_ 5,5 - 6,0 MsB. 

CorJiaCHO AaHHblM HaCTO~elf pa60TU 6apbepN AeJieHHH AJIH 
mHpoKoro Kpyra ~ep c napa.MeTpOM AeJIHMOCTH ;:;:Z/A::38-40 OCTalOTCH 
BUCOKHMli (5,5 - 6,0 MsB)' KaK I{ npH MeHbWHX 3HaqeHHHX 2 2/A, TO 
eCTb B oKpeCTHOCTH zZ /A:35-38, rAS Ha6JI10Aa8TCH "nJiaTo" B XOAe 
saBHCHMOCTH B8JllitlHHbl 6apbepa AeJieHHH OT yKasaHHoro napa.MeTpa. Xa
paKT8pHO, llTO BUCOTa 6apbepa A8Jl8HHH He npeTepneBaeT pesKoro 
YM8HbWeHHH C pOCTOM Z 2 /A HH sa cqeT yBeJIH'!leHHfi Z ·, HH sa Ct18T 
yaeJiaqeHHSJ HelfTpOHHoro Ae¢a4aTa. 3To yKasuBaeT Ha HaJIHtlHe onpeAe
JieHHblX pacxoJK,D.eHHlf c nporHosaMH TeopeTH'lleCKliX pa6oT, corJiacHo Ko
Topw o~l{'AaeTCH no~eHHe 6apbepoB AeJieHHa· npli nepexoAe K HefiTpo
HOAe¢1i4HTHblM ~paM. HaCKOJlbKO cepbeSHO 3TO pacxoJJt,D,eHH~,.0.0JilltHbl no
KasaTb AaJibHefimHe HCCJleAOBaHHH, npH KOTOpbDC M8TOA sanaSAJ:lBa10~ero 
A8JI8HHH MO~eT OKaSaTbCH B8CbMa DOJl83HblM. 

0CHOBHbl8 pesYJibTaTu pa6oTU MO~O C~OpMYJIHpOBaTb CJie.D,.)'.illlll™ 
o6pasoM: 

l. IlbmoJIHeH KOJIH'!leCTBeHHUfi aHaJIH3 M8XaHHsMa sanaSAUBaJO
~ero ASJieHHH ~ep npH HH3KHX 3HeprHHX, B pesyJibTaTe KOToporo no
nyqeHbl DOJIYSMIIHpHqecKHe ~OpMYJIU, HBHHM o6pasoM CM3UBalO~He BepOHT
HOCTb sanasAJ:lBa10~ero· AeJieHHH npH p -pacna,n.e H K-s.axaaTe c napa
MeTpaMH 6apbepa A8Jl8HHfi AOll8pHHX SJA8p. IlpeAJIO~eH M8TOA H3ytt8HHfi 
6apbepoB A8JI8HHH AO'!lepHHX SJAep, OCHOBaHHblfi Ha H3Mep8HHH aepoHTHOC
TH sanaSAUBa10~ero A8JI8HHfi AJIH p~a H30TODOB OAHOro 3Jl8M8HTa Hon
P8A8JI8Hlffl ycp8Aff8HHblX SHaqeHHfi napayeTpOB 6apbepa A8JI8HHfi AJ!fi AaH
HOH rpynnu HSOTODOB •. 

. 2. 06Hapy,,teHO sanaSAJ:lB8.Dlll88 A8Jl8HH8 npH p-:.pacna,n.e H30-
TODOB 236Pa H 238Pa. ~Hble CBl{'A8T8JlbCTBYKJT O npaBOMepHOCTH npeA
JlOZeHHoro DOJIY3MI1HpaqecKoro DOAXOAa K K0Jll{q8CTB8HHOyY aHaJIHSY pe
SYJibTaTOB no 3aDa3AJ:lBalO!ll8MY A8Jl8HHIO HO npHMeHHMOCTH nonyqeHHblX 
~OpyYJI AJifi oqeHKH BSJll{qHHbl 6apbepoa A8JI8Hllfi AOqepHHX ~ep • 
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3. Paspa6oTaHa M8TO'Al{Ka H3rOTOBJI8HHfi A8T8KTOpOB OCKOJI
KOB A8JI8HHfi Ha OCHOBe TOHKOCJIOfiHblx KOH,Il.8HCaTopoB. IloJiyqeHbl AeTe~
TOpU 3TOro THna C DJIO~a,Il.blO qyBCTBHTeJibHO- DOBepXHOCTH AO H8CKOJib
KHX KBa,IJ.paTHblX CaHTHM8TpOB, qTo D03BOJIHJIOilpHM8HHTb HX npH perHC
TpaqHH peAKHX co6UTHfi A8JI8HHSI. 

4. 06Hapy,,teHO sanaSAJ:lBalO!llee ~eJieHHe npH 3Jl8KTPOHHOM 
saXBaTe He»TpoH0Ae¢m,1HTHblX HyKJil{'AOB 240BK, 244 • Z46 • 248 Es , 250,w. 
BepoHTHOCTb sanaSAJ:lBalllltero ASJieHHfi AJifi 3THX SJA8p COCTaBJifi8T Be
Jll{ql{Hy OT ~ ro-4 AO ~ro-7• 

.5. Ha OCHOBaHHH AaHHhlX O sanasAHB8.Dlll8M A8JI8HHH BUDOJIH8Hbl 
oqeHKH 6apbepoB A8JI8Hlffl ~ep H30TODOB KIOPHH (A~240,242), KaJIH~op
HHfi (A=244,246,248),~pMHH (A=248,250). CorJiacHo oqeHKaM,AJIH 
6oJibWOfi rpynnu H8HTpOHOA8~1{4HTHhlX SJA8p C napaMeTpOM 1i!3/Aac38-40, 
KaK H ,llJUl H,ll8p C l!8Hbll!HU 3Ha'!eHII8U 3TOrO napru.ierpa (B O<lJlaCTH "f/1'/ A= 
35-38), HMeeT M8CTO "DJiaT0 11 B XOA8 saBHCHMOCTH 6apbepa A8JI8HHfi 
OT yKasaHHoro napaMeTpa. 

Pa6Q~N. BOW88JIIH8 B naccepTayH10: 

l. BeJIOB A.r., raHrpcKHfi D.Il., f\ytlep A.M.,Mw!:Jiep M.B., 
XapHCOB H.~ •• 0IDIB, Pl5-9?95, ,Qy6Ha,1976. 

2. raHrpCKHH D.Il.,MapHHecey r.M.,MHJIJiep M.B., Ga.Moc10~ B.H., 
XapHCOB 11.~. "H,!\epHM ~H3HKa", 19?8, 2?, c.894. 

3. faHrpcKHlf D.Il.,MHJIJiep M.B., YTeHKOB B.K. Ollifil, 13-12035, 
,Qy6Ha,19?9. 

4. I'aHrpCKHfi D.Il.,MHJ1Jiep M.B., XapHCOB 11.~ •• MapaHecey M., 
MHxafiJIOB n.B., 0IDIB, P?-10?9?, ,Qy6Ha,19??. 

5. raHrpcKHH D.Il., MHJIJiep M.B., MHxalfJIOB n.B.,XapHCOB 11.~ •• 
Ollifil, P?-12584, ,Qy6Ha,l9?9. 

PyKOilHCI, nocrynHJla B H3,llaT8JII,CKHi OT,ll8Jl 
8 anpeJ1H 1980 ro.1ta. 

15 


