
r-99 

• 

061,EJlHHEHHhIU HHCTHTYT .H,llEPHhIX HCCJIE,llOBAHHU 

7-96-141 

Ha npaeax pyicom1c11 

TT03EJib TyJIHH 

J13yqEHl1E KJIACl'EPHOro PACIIAJJ:A 236Pu 

11 PEAKU1111 CJIIDIHIDI-UEJIEHIDI 160 + 208Pb 

B fJIYEOKO IIOUEAPbEPHOll OEJIACTM 3HEPfl1ll 

C IlOMOIUbIO U113JIEKTPW:IECKHX UETEKTOPOB 

.. 
CneLUfaJlhHOCTh: 01.04.16 - (pH3HKa Mpa H_ aneMeHTapHblX 11aCTI-lLI 

ABTopecpepaT JI.HCcepTaUHH Ha COHCKaHHe yqeHOH CTeneHH 
KaH,ll.HJJ.aTa (pH3HKO-MaTeMaTwqecKHX ttayic 

lly6tta 1996 



I 

. 
'_/ 

f 

·Pa6bTa BblnOJlHSHa B na6opaTOpllllll: flASPHblX ·peaKU,Hi1. IIIM.r.H.· <Pnepoea 
06b8AIIIH8HHOro IIIHCTIIITyTa si,nepHblX IIICCJ18P,OBaH111,;;. ' 

, ' • < s.. • 

. Hay4Hbli1. pyKoeop,111rnn?: 

. 0¢111u.111anbHbl8' ' <innoHeHTbt: 

:' BeAyute~ J1P8AllPIIISlTllle: 
•• ' < I C ', 

AOKTop·cpi'131,1Ko-MarnMaTwmcK111x HayK 
c.n .TpeTbflKO_Ba, '• . 

. AOKTop. : ¢111a111Ko-MaTeMarn4ecK111x Hayl<, 
npo¢eccop IO.n.raHrpcK111i1, · ~· .. · 
AOl<TOp q>lll3111KO~MaTeMaTlll48CKIIIX HclYK, 

O.A.IOMitlHOB 

Pcicc111i1CK111i1 HaYYHb1i1 u,eHTP · 
ltlHC:1:IIITYf IIIM. l-1.8.Kyp4aTOB8 

3aut111Ta Alllcceprnu.111~ ·cocTOIIITCfl ;; fl/- ;;_ l110H~ 1.996r. e· "~O, "~acoe Ha. 
·3aceAaH111111 ·cneu.111an1113111poe·aHt-ioro coeeia A 047;01_:os np111 na6opaTOp111111 
Hei1TpOHHOi1 ¢111:3111KIII IIIM.1-1.M.ct>paHi<a Ill >na6oparnp11111_ flASPHblX peaKu,;j;j 
IIIMS.H.ct>nepoea. 06heAIIIHeHooro IIIHCrnTyTa flA8PHblX 1,1ccneA0Bc1H111i1 

- ( r.)J,y6Ha, MocKoscKoi1 o6nacrn):- · · 
., , . . . 

.. . ,. . ' . 
C AIIICCepTaU,llll;li1 MO)l(HO 03HaKOMIIITbCSl B 61116J1IIIOTeKe OL,1511-1. 
ABTOpecpep~lT pa3C>CJ18H\": "~aR 1996r. . . 

Y4eH~lvi ceKpeTapb · 
cneu.111an1113111posaHHoro coeeTa 

,' 

' 

AS. naneKo· 

... 

• 

ij .,. 

·J 

J 
11 

',' 

'"\: 

. !J 

06W,As:1 XAPAKTEPIIICH1KA PA60Tbl 

AKJYallbHOCTb npo611eMbt: 
C OTKpblTIIISI KJJaCTepHOH PclAt..10aKTt..1BHOCTIII TSl)l(eJlblX S!Aep npow110 11 

JleT, OAHaKO, AO Ct..1X nap He SICHO npot..1CXOAt..1T Jll,1 3TOT npou,ecc 
aHa11orwmo cnOHTaHHOMY AeJ1eHt..1IO 1,1/ll,1 a-pacnaAy. He t..1CKJllO'-leHO, '-ITO 

cy~ecrnyeT KaKOH-TO 06~t..1H Me~aHt..13M. noaTOMY Ka)l(AOe HOBOe 
t..1CCJ1eAOBaHt..1e KJJaCTepHOH PclAt..10aKTt..1BHOCTt..1 S!Aep SIBJlSleTCSI Ba)l(HblM 
AOnOJ1HeHt..1eM K cy~ecTBylO~e~ t..1Hq>OpMau,1,11,1. 

Ans:i BblSICHeHt..1Sl B03MO)l(H0~ CBs:131,1 eepOSITHOCTe~ KJJaCTepHoro 
pacnaAa t..1 cnOHTaHHOro AeJ1eHt..1Sl eeCbMa u,eHHblM SIBJlSleTCSI HaKon11eHt..1e 
1,1 YTO'-IHeHt..1e AaHHblX no KJJaCTePHOMY pacnaAy SIAep 1,1 not..1CK 
B03MQ)l(HblX Koppe11s:iu,1,1~ Me)l(Ay pa3Jlt..1'-IHblM1,1 MOAaMt..1 clAPOHHOro 
pacnaAa. 

Ans:i noHt..1MaHt..1s:1 MexaHt..13Ma KJJacTepHoro pacnaAa npeAcTae11s:ieTcs:1 
Ba)l(HblM t..1CCJ1eAOBaHt..1e peaKLJ,1,11,1 CJlt..1SIHt..1Sl o6paTHO~ KJJaCTepHOMY 
pacnaAy e rny6oKo noA6apbepHo~ 0611acrn aHeprn~. KOrAa 
B3at..1MOAe~CTBYIO~l,1M1,1 S!ApaMt..1 SIBJlSIIOTCSI S!Apa aHaJJOrt..1'-IHble 
npOAYKTaM KJJaCTepHoro pacnaAa. Ce'-1eHt..1Sl CJlt..1SIHl,1Sl TaKt..1X peaKLJ,1,1~ 
'-lpe3Bbl'-la~HO MaJlbl (~10·32 CM2

), OAHaKo, 1,13y'-feHt..1e rny60KO 

noA6apbepHblX peaKLJ,1,1~ Ha S!Apax Pb 1,1 Bi npeACTaBJJSleT oco6bl~ 

HHTepec, TaK OHH HBnHIDTCH goqepHHMH HgpaMH npH Kna
CTepHOM pacnage Hgep. 

UeJJblO HaCTOSIWe~ pa60Tbl Sl~JlSleTCSI: 
CoeepweHCTBOBaHt..1e' 1,1 paapa60TKa MeTOAOB At..13JleKTpt..1'-leCKt..1X 
AeTeKTopoe, KOTOpas:i n03BOJJSleT npoBeCTl,1 
a) lllcc11eA0BaHt..1e KJJacTepHoro pacnaAa 1,1 cnoHTaHHOro AeJ1eHt..1s:i 

1,130TOna 236Pu, t..1Me10~ero AOCTaTO'-IHO BblCOKYIO eepOSITHOCTb 
cnOHTaHHOro AeJ1eHt..1S1; 

6) 1113MepeHt..1e Ce'-leHt..1~ AeJ1eHt..1Sl KOMnayHA S!Aep 224rh B peaKLJ,1,11,1 
cnt..1s:1Ht..1S1-AeneHt..1s:i 160+208Pb e rny6oKo noA6apbepHoH o6nacrn. 
aHeprn~. 

B COOTBeTCTBl,11,1 C yKa3aHHO~ u,eJJblO B At..1CcepTaU,t..10HHOH pa6oTe 
' ' 

CT8BSITCSI 1,1 pewalOTCSI CJ1eAYIOWt..1e 3ana'-lt..1: 
paapa6oTKa MeTOAa perncTpau,1,11,1 i.-1 t..1AeHrnq>t..1Kau,1,11,1 t..10HOB 28Mg c 

3Heprne~ 70,2 MaB c nOMO~blO cneu,t..1aJJbHO paapa60TaHHOro 
At..1aneKTpt..1'-lecKoro AernKTopa 1,13 cpoccpaTHoro cTeKJJa; 

npoeeAeHt..1e Kan1,16poeo'-IHblX 3KCnept..1MeHTOB C ycKopeHHblMl,1 
t..10HaMt..1 22Ne, 24Mg, 27AI, 28Si C ,gHeprt..1S1Mt..1.B,Alt1~{Ja30He 1-5Ma8/a.e.M. 
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C u,eJlblO 1,1CCJ1eAOBaH~Ul cneKTpOMeTpt.14eCKt.1X CBOHCTB AeTeKTopa B 

YC110Bt.1SIX BblCOKOro q>oHa allbq>a-Yacrnu. 1,1 OCKOJlKOB AeJ1eHt.1S1; 

t.1CCJ1eAOBaHt.1e KllaCTepHoro pacnaAa 236Pu C 3Mt.1CCt.1eH t.10HOB 
28Mg B YCJ10Bt.1SIX q>oHa a11bq>a-4acrnu. ~ 1014 1,1 OCKOJlKOB AeJ1eHt.1SI ~ 106

; 

npoBeAeHt.1e Ka111,16poB04HblX 3KCnept.1MeHTOB no 0611yYeHt.1IO 

CJllOAS!HOro At.13JleKTpt.14eCKOro AeTeKTopa ycKopeHHblMl,1 t.10HaMt.1 B 

Wt.1POKOM t.1HTepsane Mace t.1 3Heprnti ; 

- pa3pa60TKa MeTOAa t.1AeHrnq>t.1Kau,1,11,1 OCKOJlKOB AeJ1eHt.1SI S!Aep Ha 

q>OHe pacceSIHHblX 1,10HOB B t.1HTepsa11e z :::; 27 B ClllOAS!HblX AeTeKTOpax 

C nOMOW,blO OnKt.1ra ; 

- ou,eHKa q>OHOBblX C06b1Tt.1H, Bbl3blBaeMblX AeJ1eHt.1eM npt.1MeCHblX 

AellSIW,t.1XCSI 311eMeHTOB B Mt.1WeHS1X 1,1 AeTeKTopax HeHTPOHHblM noneM, 

B03Ht.1KalOW,t.1M BO speMSI 0611yYeHt.1SI TSl)KeJlblMl,1 t.10HaMt.1; 

- t.13MepeHt.1e Ce4eHt.1H AeJ1eHt.1SI COCTaBHblX S!Aep 224Th, no11y4aeMblX C 

nOMOW,blO peaKU,1,11,1 16O+208Pb,c sepOSITHOCTblO :::;10·32 CM2 np1,1 

t.1HTerpallbHOM nOTOKe 60M6apAt.1PYIOW,t.1X t.10HOB ~1016 Ha Mt.1WeHb. 

HayYHaSI H0Bt.13Ha 1,1 npaKTt.14eCKaSI ueHHOCTb pa60Tbl: 

1. ltlccneAosaH KJ1acTepHb1ti pacnaA 1,1 cnoHTaHHOe Ae11eHt.1e 236 Pu. 

npt.1 t.1CnOJ1b30BaHt.11,1 t.1HTeHCt.1BHOro t.1CT04Ht.1Ka nllYTOHt.1SI (9,6x1015) 

S1Aep, AeTeKTopos 1,13 q>ocq>arnoro crnKJ1a 1,1 no11ycq>ep1,14ecKoti 

BaKYYMHOVI KaMepbl noc11e 7 -MeCSl4HOH 3KCn031,1lJ,1,11,1 6blJ10 

3aperncTpt.1posaHO 15 C06blTl,1H 3Mt.1CC1,11,1 28Mg c GHeprneti (67±7) 

MsB. napu,t.1aJ1bHblH nept.10A KllaCTepHoro pacnaAa COCTaBJlSleT 

(1, 1±0:3)1014 11eT, a seposiTHOCTb ero OTHOCt.1TeJ1bHO a11bq>a

pacnaAa pasHa (2,7±0,7)10"14
• 

2. YT04HeH napu,t.1aJ1bHblH nept.10A cnOHTaHHOro AeJ1eHt.1SI 236Pu, 

KOTOpblH COCTaBt.111 ( 1,25±0, 12)109 neT. nonyYeHHOe 3Ha4eHt.1e 

xopowo cornacyeTCSI C AaHHbfMl,1 Ct.1CTeMaTt.1Kl,1 AeJ1eHt.1SI AJlSI 4eTH0-

4eTHblX t.130Tonos, HO B 1,8 pa3a MeHbWe paHee ony611t.1KOBaHHblX 

3KCnept.1MeHTaJ1bHblX AaHHblX. 

3. Pa3pa60TaHbl MeTOAbl perncTpau,1,11,1 1,1 t.1AeHrnq>t.1Ka41,11,1 

npOAYKTOB KJlaCTePHOro pacnaAa C nOMOW,blO cneu,t.1aJ1bHO 

pa3pa60TaHHoro cocrnsa q>ocq>arnoro cTeKJ1a. YcTaHosneH nopor 

perncTpau,1,11,1 AeTeKTopa, Bb16paHa onTt.1MMbHasi reoMeTpt.1si 

0611yYeHt.1si, xt.1M111YecKoti 06pa60TKt.1, np1,1 KOTOPOM perncTpt.1py10TCS1 
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C sepOS!THOCTblO 90% 0)1("1AaeMble t.10Hbl 28Mg C E~70 MsB B 

YCJ1081,1SIX cyMMapHoro q>OHa Mbq>a-Yacrnu. 1,1 OCKOJlKOB AeJ1eHt.1SI 

sn110Tb AO 10 14 1,1 106 
, coorneTCTBeHHO. AocrnrHYTOe pa3peweHt.1e 

MeTOAa no 3apS1AY COCTaBJlSleT AZ=±0,2, no Macce M=±2 1,1 

3Heprn1,1 AE=±10%. 

4. Ansi peaKu,1,11,1 c11t.1siHt.1e-Ae11eHt.1e 208Pb+ 16O➔224Th➔2ff np1,1 

1,1cnOJ1b30BaHt.11,1 ycKopeHHblX Ha TaHAeMe ny4KOB 160 (KaTaHt.1SI, 

lt1TaJ1t.1SI) 1,1 pa3pa60TaHHOro 3KCnept.1MeHTaJ1bHOro MeTOAa, 

t.13MepeHbl ceYeHt.1S1 Ae11eHt.1S1 Ha yposHe 1 HaHo6apHa np1,1 sHeprn1,1 

60M6apAt.1PYIOW,t.1X t.10HOB 68M3B, 4TO Ha 15 MsB Ht.1)f(e 

KYJlOHOBCKOro 6apbepa. BnepBble AJlSI 3TOH 3Heprn1,1 6blJ10 

1,13MepeHO ce,YeHt.1e, KOTOpoe Ha 5 nOPSIAKOB Ht.1)f(e, no11yYeHHblX 

paHee 3KCnept.1MeHTMbHblX pe3yJ1bTaTOB C 3JleKTpOHHOH TeXHt.1KOH 

3KCnept.1MeHTa. 

5. Pa3pa60TaH MeTOA perncTpau,1,11,1 OCKOJlKOB AeJ1eHt.1SI B CJ1l0Ae C 

1,1cnOJ1b30BaHt.1eM OnKt.1ra, KOTOpblH 

HaAe)f(HYIO t.1AeHrnq>t.1KaU,t.1IO TpeKOB 

n03BOJ1t.1J1 

q>parMeHTOB 

YCJ10Bt.1SIX pacceSIHHblX nyYKOB t.10HOB Kt.1C.llOPOAa 

Mt.1WeHb. 

npot.13BOA"1Tb 

AeJ1eHt.1SI B 

AO 10
16 

Ha 

6. noKa3aHa B03MO)f(HOCTb C nOMOW,blO MeTOAa At.13J1eKTpt.14eCKt.1X

AeTeKTopos AOCTt.14b ceYeHt.1S1 peaKu,1,11,1 1-10 nt.1Ko6apH np1,1 6011ee 

Ht.13Kt.1X 3Heprnsix Kt.1CJ10POAa, 4TO C03AaeT npeAnOCblJlKl,1 AJlSI 

npoBeAeHt.1SI peaKU,t.1H o6paTHblX KJlaCTepHOMY pacnaAy c 3Mt.1CC"1eti 

t.13oTonos yrnepoAa. 

OcH0BHble n0J10)f(eHl..1SI , BblHOC1,1Mble Ha 3aw,t.1Ty: 

1. MeTOA perncTpau,1,11,1 1,1 1,1,ri,eHTt.1q>t.1Kau,1,11,1 nPOAYKTOB KllaCTepHoro 

pacnaAa c 1,1cno11b30BaHt.1eM q>ocq>aTHoro CTeKJ1a cneu,t.1MbHoro 

COCTasa c noporoM 4YBCTBt.1TeJ1bHOCTt.1 B t.1HTepsa11e dE/dx=9-10 

MsB/Mr/cM2
, cnoco6Horo perncTpt.1posaTb t.1CKOMbl8 t.10Hbl MarHHSI B 

YCJ10Bt.1SIX cyMMapHoro BblCOKOro q>oHa Mbq>a-Yacrnu. t.1 OCKOJlKOB 

AeJ1eHt.1SI AO 1014 1,1 106,cooTBeTCTBeHHO, C pa3peweHt.1eM no 3apS1AY 

±1, no Macce ±2 1,1 sHeprn1,1 ±10%. 

2. Pe3yllbTaTbl t.1CCJ1eAOBaHt.1SI KJlaCTepHoro pacnaAa S!Aep 236Pu. np1,1 

1,1cno11b30BaHt.1t.1 9,6x1015 S1AeP n11YTOHt.1S1, AeTeKTopos 1,13 

q>ocq>aTHoro CTeKJ1a 1,1 no11ycq>ep1,14ec1<oti saKyyMHOH KaMepbl noc11e 

7-MeCS14HOH 3KCn03"1lJ,1,11,1 6blJ10 3aperncTpt.1posaHO 15 C06b1Tt.1H 

3Mt.1CC1,11,1 28Mg C 3Heprneti (65±7)M3B. napu,t.1MbHblH nept.10A 

KllaCTepHoro pacnaAa COCTaBJlSleT ( 1, 1±0,3)10
14 

118T. 

3. Pe3yllbTaTbl t.13MepeH"1SI napu,t.1aJ1bHOro nept.10Aa cnoHTaHHOro 
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AeneHll1Sl 236Pu, KOTOpbllll COCTaBll1n ( 1,25±0, 12) 109 neT. nonyYeHHOe 

3HaYeHll1e xopowo cornacyeTCSl C AaHHblMll1 Cll1CTeMaTll1Kll1 AeneHll1Sl 
Ans:! YeTHO-YeTHblX 11130TOnOB, HO B 1,8 pa3 MeHbWe paHee 
ony6nll1KOBaHHblX AaHHblX. 
4. MeTOA perncTpau.111111 OCKOnKOB AeneHll1Sl cnlOAOIII MYCKOBll1T C 
111cnonb30BaH111eM nocne o6nyYeHll1Sl ODKll1ra AeTeKTopos, YTO 
n03BOns:ieT H8Ae)KH0 111AeHT111¢111u.111posaTb TpeKll1 ¢parMeHTOB AeneHll1Sl 
B ycnOBll1SlX pacces:iHHblX 1110HOB AO 1016 Ha Mll1WeHb 111 1113MepS!Tb 
CeYeHll1Sl AeneHll1Sl S!Aep AO 10·35 CM2

. 3TO C03AaeT npeAnOCblnKll1 MS! 
1113yYeHll1Sl peaKU.111111 cn111S1Hll1Sl B rny60KO noA6apbepHOIII o6naCTll1 111 
o6paTHblX KJlaCTepHOMy pacnaAy. 
5. Pe3ynbTaTbl . 1113MepeHll1Sl ceYeHll1Sl peaKU.111111 Cnll1SlHll1Sl-AeneHll1Sl 
16O+208Pb-->·.224Th➔2ff c 111cnonb30BaH111eM cnt0AS1HbIx AeTeKTOpos 111 

MeTOAa ODKll1ra, a TaK)Ke ycKopeHHblX Ha TaHAeMe nyYKOB 1110HOB 160 
c 3Heprne111 78, 75, 73, 68 MsB, YTO OT 5 AO 15 M3B Hll1)Ke 
KYnOHOBCKOra 6apbepa cn111S1Hll1Sl S!Aep .Ans:i 68M3B nonyYeHO 
ceYeH111e nOPSlAKa 6 HaHo6apH, YTO Ha 5 nopS!AKOB Hll1)Ke nonyYeHHblX 
paHee 3KCnep111MeHTanbHblX pe3ynbTaTOB C 111cnonb30BaHll1eM 
sneKTpOHHOIII TeXHll1Kll1. 
6. AHan1113 pe3ynbTaTOs, AeMOHCTp111pyt0w.111111 OTKJ10HeH111e ceYeH111s:1 
AeneHll1Sl COCTaBHoro S!Apa 224Th OT 3KCnoHeHu.111anbHOro naAeHll1Sl C 
yMeHbWeHll1eM 3Heprn111 1110HOB ,YTO MO)KeT CBll1AeTenbCTBOBaTb 0 
Bnll1SlHll1111 CTPYKTYPHblX s¢¢eKTOB Ha ceYeH111e cn111S1Hll1Sl B rny6oKO 
nOA6apbepHOIII o6nacrn B3all1MOAel/lCTBll1Sl AByx c¢ep111YeCKll1X S!Aep. 
Anpo6au111s:1 pa60Tbl. Pe3ynbTaTbl pa60Tbl AOnO)KeHbl Ha ceM111Hapax 

Jls:IP Ol.'1s:IVI; HVIVls:lct> MrY, VIA3 111M. KypYaTOsa, KoHcf>epeHU.111111 MOnOAblX 
yYeHblX CTaM6ynbCKOra YH111sepc111TeTa. 

ny6n111Kau111111. no pe3ynbTaTaM 111ccneAOBaHll1111, COCTaBll1BWll1X OCHOBY 
AViCCeprnu.111111, ony6nll1KOBaHO 5 pa60T. 3Tll1 pe3ynbTaTbl nonyYeHbl 
asrnpoM s nep1110A 1994-1995r.r. 
CTpyKrypa 111 06beM pa60Tbt: 
A111ccepTau.111s:1 cocTOll1T 1113 sseAeH111s:1, 4 mas 111 3aKJ1t0YeH111s:1. 
A111cceprnu.111s:1 COAep)K111T 98 CTpaH111U. TeKCTa (BKJllOYaSl p111cyHK111); 25 
p111cyHKOB, 10 Ta6n111u. 111 Cnll1COK n111TepaTypbl 1113 80 nyHKTOB. 

COAEP>KAHVIE PA6OTbl 
Bo BBeneHll1111 o6ocHOBaHbl aKTYanbHOCTb 111 Ba)KHOCTb 111ccneAyeMblX B 
A111ccepTau.111111 npo6neM, c¢opMyn111posaHa u.enb pa60Tb1, np111seAeHbl 
OCHOBHbie pe3ynbTaTbl, 1113JlO)KeHbl OCHOBHble nonO)KeHll1Sl, KOTOpble 
BblHOCSlTCSl Ha 3aW.li1TY, li1 np111BOAli1TCSl KpaTKOe COAep)KaHli1e 
A1t1ccepTau,1-11-1 no rnasaM. 
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B nepB0III rnase paCCMOTpeHbl HeKOTOpble sonpOCbl, CBSl3aHHbte C 
cospeMeHHblM npeACTasneH1-1eM MexaHll13Ma KJ1acTepHora pacnaAa 111 
B03M0)KH0CTSIMll1 3Kcnep111MeHTMbHOra 111ccneAOBaHll1Sl 3TOra HOBOra 
B111Aa CnOHTaHHOra paCnaAa S!Aep. OTKpbtTll1e HOBOra rnna np111pOAHOIII 
P8A~10aKTll1BHOCTll1 C 3Mll1CC111e111 TSl)KeJlblX 1110HOB C 2~6 noKa3anO, YTO OHO 

3aH111MaeT npoMe)KYTOYHOe nono)KeH111e Me)f(Ay a-pacnaAOM 111 

cnOHTaHHblM AeJ1eH111eM, np111 3T0M, A0YepH111M SlAPOM AOn)KHQ 6b1Tb 
ABa)f(Abl MarnYeCKOe SlAP0 208Pb (111n111 s6nll13111 era). TeopeTll1YeCKll1e 
npeACTasneHll1Sl MexaHll13Ma 3TOra npou,ecca CBOASlTCSl K on111caH11110 era 
KaK SlBJleHll1Sl nOA06Hora a-pacnaAY 111J1111 Cll1nbHO acc111MeTpll1YH0My 

cnOHTaHH0MY AeneH11110[ 1]. PacYeTbl napu.111aJ1bHblX nep1110A0B 
KJlaCTepHoro pacnaAa no 3Tll1M ABYM MOAeJJSlM He Cll1JlbHO OTJ1111YalOTCSl 
Me)f(Ay co60111 111 OT 3KCnep111MeHTanbHblX AaHHblX ( 1-2 nOPSlAKa). K 
HaCTOSlW,eMy speMeHll1 111ccneA0BaHO 24 11130TOna B 111HTepsane 2=87 -96 
111 Ha6nt0AeHa 3Mll1CCll1Sl TSl)KeJlblX 1110H0B 14C, 200, 24

"
26Ne, 28

·
30Mg 111 

32Si[2]. OAHaKO MexaHll13M npou.ecca OCTaeTCSl He SlCHblM, n03TOMY 
1113yYeHll1e 111 YTOYHeH111e AaHHblX KJlaCTepHorp pacnaAa AnSl Ka)f(Aora 
11130Tona npeACTaBJJSleT 60JlbWOIII 111HTepec. 

Bee 1113hyYarnn111 KJ1acTepos s o6nacrn S1Aep rn)Kenee cs111Hu.a 
111cnycKa10T anb¢a-YaCT111U.bl C sep0SlTHOCTblO, npeBbtWat0w.e111 
sepos:iTHOCTb KJ1acrnpHora pacnaAa s 108-1016 pa3. B o6nacrn S1Aep c 
aTOMHblMll1 HOMepaMll1 2:S;92 sep0SlTHOCTb KJlaCTepHora pacnaAa 

COll13Mep111Ma C sepOSlTHOCTblO cnOHTaHH0ra AeneHll1Sl J111160 npeBOCXOA111T 
ee. Ans:i SlAeP C 2>92 ll1Met0w.111ecs:1 3KCnep111MeHTanbHble AaHHble 
yKa3blBalOT, YTO sepOSlTHOCTb KJlaCTepHora pacnaAa no 0TH0WeHll1IO K 
sepOSlTH0CTll1 cnOHTaHH0ra AeJ1eHll1Sl pe3K0 naAaeT. Ans:i BblSlCHeHll1Sl 
B03M0)KH0111 CBs:13111 sepOSlTHOCTelll KJlaCTepHoro pacnaAa 111 cnOHTaHHOro 
AeJ1eHll1Sl npeACTaBJJSleTCSl u.eHHblM nonyYeH111e HaAe)f(HblX AaHHblX no 
KJlaCTepHOMY pacnaAy SlAep C BblCOKOIII sep0SlTHOCTblO cnOHTaHHOra 
AeJ1eHll1Sl. OAH111M 1113 TaKll1X S!Aep s:isns:ieTCSl S!AP0 236Pu, y KOTopora 
napu.111aJ1bHb1111 nep1110A a-pacnaAa paseH 2,85 raAa, a cnoHTaHHOro 

AeneH111s:1. ~109neT. nepsb1e AaHHbte no KJ1acrnpHOMY pacnaAy srnra 

S!Apa, HO C 0YeHb MaJJOIII CTaTll1CTli1KOIII (scera 2 C06blT111Sl) 6bln111 
nonyYeHbt a pa6orn[3], a no cnoHTaHHOMY AeneH111t0 s pa6ornx[4,5]. 

Ans:i nonyYeHll1Sl ll1Hcf>OpMau.111111 0 SlAepHblX npou.eccax, npll1BOASIW.111X K 
KJlaCTepHOMY pacnaAy S!Aep, npeACTaBJJSleTCSl Ba)f(HblM 1113yYeH111e 
CJ1111SlHll1Sl AByx S!Aep, aHaJJ0rli1YHblX nonyYalOW.111MCSl np111 KJlaCTepH0M 
pacnaAe. PacCMOTpeHa 803MO)KHQCTb npoBeAeHll1Sl peaKU.111111, o6paTHOIII 
KJ1acTepHOMY pacnaAy, T.e. peaKu.111111 cn111s:1H111s:1 HaJ1eTat0w.era 1110Ha 
KJlaCTepHOra T111na C ABa)f(Abl MarnYeCK111M SlAPOM 208P.b. Ans:i 1113yYeHll1Sl 
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4YBCT8I11TeJlbHOCT1,1 :noro MeTOAa 6b1Jla Bbl6paHa peaKU,111s:1 16O+208Pb, 
KOTOpas:i npll1BOA111T K COCTaBHOMY s:IAPY 224Th, o6pa30BaHll1e KOToporo 
MO)l(HO onpeAeJJSlTb no cpparMeHTaM ero Ae11eH111s:i. Pac4eT noKa3bIsaeT, 
4TO np111 KJlaCTepHOM pacnaAe 224Th 0)1(111AaeMas:1 Kll1HeTll14eCKas:i 3Heprns:i 
1110Ha 160 COCTaBJlSleT 43, 17MsB. npocTOH pac4eT noKa3blBaeT, 4TO 8 
o6paTHOH KJJaCTepHOMY pacnaAy peaKU,111111 He06XOAll1MO AOCTll14b 
CJl111SlHll1Sl np111 E( 16O)=46,5MsB, T.e. 8 rny60KO nOA6apbepHOH 0611acrn 
3Heprn£1. Ky110HOBCKll1ill 6apbep AJlSl peaKU,111111 208Pb+ 160 COCTaBJls:leT 
83MsB, a 6apbep AeJJeHll1Sl 111CCJleAyeMoro SlAPa 224Th Bt=7,2MsB[10]. 
3TO 03Ha4aeT,4TO BO BCeM 3HepreTll14eCKOM pailloHe 3Heprn111 
so36y)l(AeH111s:i E*>Bt , rnasHoill MOAOH pacnaAa cocrnsHoro s:iApa 224Th 
SlBJlSleTCSl AeJ1eH111e. C 3TOill T04Kll1 3peHll1Sl 3aBll1C111MOCTb Ce4eHll1Sl 
CJlll1SlHll1Sl OT 3Heprn111 TaKaSl )Ke, KaK 111 AJlSl Ce4eHll1Sl AeJJeHll1s:I. nosTOMY 8 
AaHHOM c11y4ae u,e11ecoo6pa3HO 1113Meps:iTb ce4eH111e Ae11eH111s:i a 
noA6apbepHOH 0611acrn sHeprnill. 1113y4eH111e 3aKOHOMepHocrn 
1113MeHeHll1Sl ce4eHll1s:I OT 3Heprn111 3Ha4111TeJlbHO 6011ee Hll13Kll1X 

KYJlOHOBCKoro 6apbepa MO)l(eT AaTb ll1HcpOpMau,111t0 0 s:!AepHblX 
COCTOSlHll1SlX CBs:13aHHblX C KJlaCTepHblM pacnaAOM. 

Bo BT0Q0H rnase . npeACTaBJleHO on111caH111e 111 aHaJlll13 pa3pa60TaHHblX 
paHee MeTOAOB perncTpau,111111 KJJacTepHoro pacnaAa 111 cnoHTaHHoro 
AeJJeHll1Sl [6] C noMOW,blO A1113JleKTpll14eCKll1X AeTeKTOpOB. noKa3aHbl 111X 
npe111Myw,ecrna 111 HeAOCTaTKll1 8 cpasHeHll1111 C 3JleKTPOHHblMll1 MeTOAaMll1 
perncTpau,111111 1110HOB 111 OCKOJlKOB AeJJeHll1Sl 8 yCJl08111SlX BblCOKOro cpoHa 
a11bcpa-4acrnu. (AO 1014 Ha CM2

) 111 pacces:iHHblX 1110HOB (AO 1016 Ha CM2
). 

O6cy)l(AaeTCs:I reoMeTpll1Sl noCTaHOBKll1 3KCnep111MeHTa AJls:I nony4eHll1Sl 
BblCOKoill scpcpeKrnBHOCrn perncTpau,111111 co6b1rnill KJJacrnpHoro pacnaAa 
111 cnOHTaHHOro AeJJeHll1Sl C nOMOW,blO cpoccpaTHOro CTeKJla 111 CJllOAbl 

0 
MYCK08111T. npseAeHbl Ka111116pOB04Hble 3KCnep111MeHTbl C pa3Jlll14HblMll1 
rnnaMll1 yCKOpeHHblX C 3Heprneill 1-6 MsB/a.e.M. 1110HOB C 2~6 8 

yCJl08111SlX 6Jlll13Ki1X K pa604111M; Bbl6paHbl onTll1MaJlbHble pe)l(ll1Mbl 
Xll1Mll14eCKOH o6pa60TKll1 AJJSl HaAe)l(HOH 111AeHrncp111Kau,111111 co6brrn£1; 
YT04HeHbl noporn perncTpau,111111 111CnOJlb3yeMblX AeTeKTOPOB, KOTOpbre 
COCTa8111Jlll1 AJlSl cpoccparnoro CTeKJla 9-10 MsB/Mr/cM2

, a AJJSl 
perncTpau,111111 CJltOAbl ~ 12 MsB/Mr/cM2

. IIICCJleAOBaH MeTOA pen11111K, 

111CnOJlb3yeMblH AJJSl 1113MepeHll1Sl AJJll1Hbl npoTpas11eHHblX TpeKOB 111 

np111BeAeHbl 111AeHT111<Pll1KaU,1110HHble xapaKTepll1CTll1K111 111CnOJlb3yeMblX 

AeTeKTopos 1113 cpoccparnoro cTeKJJa. noKa3aHo, 4TO 111cno11b3yeMoe 
cpoccparnoe CTeKJJO cnoco6Ho 111AeHrncp111u,111posaTb 1110Hbl c 
pa3peweH111eM no 3aps:1Ay c llZ=±0,2, no Macce - llA=±2 111 sHeprn111 

~E=±10%. 
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Ans:i HaAe)l(HOill 111A8Hrncp111Kau,111111 OCKOJlKOB A8JleHll1s:I OT <POHOBblX 

npOAYKTOB peaKU,111111 anpo6111posaH MeTOA onI<111ra CJltOAs:!HblX 

A8TeKTOpOB. noKa3aHO, 4TO HarpesaH111e o6ny4eHHblX A8TeKTOpOB 

YAaJJSl8T nOJlHOCTblO JlaTeHTHble TpeK111 npOAYKTOB s:1A8PHblX 

B3all1MOA8HCTBll1H s:1A8P K111C1lOPOAa C 3Heprne£1 < 5 MsB/a.e.M. C 

s:!ApaM111 CJllOAbl np111 460°C 8 Te48Hll1e 6 4ac. 111 n0380Jls:18T npOBOA111Tb 

3KCnepll1M8HTbl C ce4eHll18M peaKU,111£1.BnJlOTb AO 10-
32 

- 10·
35 

CM
2

. 

TpeTbs:i rnasa nocss:iw,eHa 111cc11eA0BaH111t0 KJJacrnpHoro pacnaAa SlA8P 
236Pu C 3Mll1CCll18H 1110HOB MarHll1s:I. nepBble AaHHble no pacnaAY 3TOfO 

s:!Apa C BbIJl8TOM 28Mg 6b1Jlll1 nony4eHbl 8 pa6oi-e [3] np111 

111cnOJlb30BaHll1111 111CT04Hll1Ka, COA8P)KaW,111M 8 Ha4ane 1113MepeHll1H 

1,3 X 1015 s:1A8P nllYTOHll1s:I, 1113 KOTOPblX 66% COCTaBJlSlJl 11130TOn 
236

Pu, a 

34% 238Pu. 8 3TOM 3Kcnep111MeHTe 3a 690 AH8H 1113MepeHll1H C nOMOW,blO 

no11111srn11eHrnpecprn11arn 6brno 3aperncTp111posaHo TOJlbKO ABa TpeKa 
SlA8P MarHll1Sl c 3Heprne£1 70 ± 3MsB. BepOs:ITHOCTb KJJacrnpHoro 

pacnaAa no oTHoweH111t0 K a. - pacnaAY cocrns111na ·. RI 10·
14

, a no 

OTHOW8Hll1IO K cnOHTaHH0MY A8Jl8Hll1IO RI 1,5 X. 10·
5

. B HaCTOs:IW,8H pa6orn 

1113y4eH111e KJJacrnpHoro pacnaAa 236Pu 111 ero cnoHTaHHoro AeJ1eH111s:1 
np0B0All1Jl0Cb C 6onee 111HT8HC1118HblM 111CT04Hll1KOM 

236
Pu, KOTOpblH 6b1Jl 

no11y4eH Ha Ll,111KJlOTPOHe IIICCJ18AOBaTeJlbCKOro U,eHTpa 8 OpneaHe 

(<tJpaHu,111s:1) nYTeM o6ny4eH111s:i 238U npornHaM111 c sHeprne£1 34 MsB a 
pe3y11bTaTe peaKu,111111 238U(p,3n)236Np -- <13-l 236Pu. np111rornsneH111e 

111CT04Hll1Ka 8 . PaAll10Xll1M11148CKOH na6oparnp111111 vlHCrnTYTa fiAepHOH 

<lJ1113111K111 a Opes (<tJpaHu,111s:i) om1caHo a pa6orn [6]. nocne x111Mw-recKoro 
BblA8Jl8Hll1s:I nJ1YTOHll1ill 6b1Jl HaHeceH 3JleKTPOJ111130M Ha n.narnHOBYIO 

nOAJJO)KKY A111aMeTpOM 11 MM. IIIHTeHC111BH0CTb 111CT04H111Ka K Ha4MY 

1113MepeHll1H COCTaBJls:IJla 9,6 X 10 
15 s:1A8P 236

Pu. np111MeCb aTOMOB 
238

Pu 

6br11a 46% no secy ( 1,5% no a. -aKT111BHocrn). A,ls:i perncTpau,111111 

KJlaCTepoB 111CnOJlb30BaJ1111Cb cpoccpaTHble CTeKJla,. · : Kan1116p0BKa 

A8T8KTOpOB npoBOAll1Jl8Cb Ha U,111KJlOTPOHe Y-400 B 011151111 (Ay6Ha) 111 Ha 

TaHAeMe . B JleHbs:!pO (IIITaJ1111s:1) 1110HaMll1 
22

Ne, 
24

Mg, 
27 Al, 28Si C 

3Heprns:!M111 B All1ana30He 1 - 5 MsB/HYKJlOH. TpaB111Jlll1Cb AeTeKTOPbl B 

48% HF np111 TeMnepaTYpe 35 °C. IIIAeHrncp111Kau,111s:1 TpeKOB npOBOAll1JlaCb 

nYTeM 1113MepeH111s:i 11136111paTeJ1bHOcrn TpasneH111s:1 S=VT / VM 111 

OCTaT04HOrD npo6era Rr. Ans:i Ha6J1t0A8Hll1Sl KJl8CTepHOro pacnaAa 
236

Pu 

111cno11b3osanacb nonyccpep1114ecKas:1 saK'y'YMHas:i KaMepa A111aMeTpoM 16 
CM, B u,eHTpe KOTOPOH 6b1Jl yCTaHOBJ18H 111CT04Hll1K. 8HYTP8HHS!s:I 

nosepxHOCTb nonyccpepbl 6b1J1a noKpblTa TpeKOBblMll1 AeTeKTopaMll1; 

06w,as:1 nJJOW,aAb KOTOpblX COCTaBJlSlJla 402 CM
2

. 3cpcpeKTll1BHOCTb 
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perncTpau.1,11,1 cocTaemma 86% OT 21t. B KaMepe e Te'-leHt.-1e ecei:1 

3KCn031,1LJ.1,11,1 noJJJJ,ep)Kt.-1BaJ1Cs:I BaKyyM. 3a 216 AHeH 8KCn031,1LJ.1,11,1 6b1Jl0 

3aperncTpt.-1poeaHo 15 cnyYaee KJ1acTepHoro pacnaAa. Pe3yJlbTaTbl 

t.-13MepeHt.-1i:1 npeAcrneneHbl Ha p1,1c. 1, a Ha Mt.-1Kpo¢,ornrpa¢,1,11,1 p1,1c.2 

Blt1A TpeKOB KJlaCTepOB t.-1 OCKOJlKOB AeJ1eHt.-1s:I B ¢,oc¢,aTHOM CTeKJle. l,13-

3a MaJlOH AJllt1Hbl TpeKOB KJlaCTepoe npt.-1 t.-1CnOJ1b30BaHt.-11,1 AaHHOro CTeKJla 

C BblCOKOH nJlOTHOCTblO ( 2,9 r / CM3 ) Maccoeoe '-llt1CJ10 onpeAeJls:ieTCS'I C 

TO'-IHOCTblO He JlY'-IWe, '-leM ± 2. npeACTaBJleHHble Ha pt.-1c.1 pe3yJlbTaTbl 

lt13MepeHlt1H He nporneope'-laT 0)1(1t1AaeMblM AJls:I 28Mg, 1,1 TO, '-ITO 

Hat.-16onee eepos:iTHblM KJ1acTepoM e cnyYae pacnaAa 
236

Pu s:iens:ieTcs:i 
28Mg, 1,1cnycKaHt.-1e KOToporo npt.-1BOA1t1T K 208Pb, cneAyeT 1,13 eent.-1'-lt.-1Hb1 

aHepreTt.-1'-leCKoro 6anaHca Q[8]. l,13 t.-13MepeHt.-1H nonHoro npo6era t.-10Ha 

CJleAyeT, '-ITO SHeprns:i 3aperncTpt.-1poeaHHblX HaMt.-1 '-laCTlt1U. 28Mg paeHa 

65 ± 7 MaB, '-ITO AOCTaTO'-IHO xopowo cornacyeTcs:i co 3HaYeHt.-1eM 

70,2 MaB, noJly'-leHHblM 1,13 BeJ11t1'-llt1Hbl Q AJls:I AaHHOro KaHaJla pacnaAa 
236Pu[8]. Bepos:iTHOCTb Ha6J110AeHt.-1s:I OAHOro TpeKa Mg, Si OT 

KJlaCTepHoro pacnaAa npt.-1Mec1,1 238Pu B HaWeM t.-1CT0'-1Ht.-1Ke COCTaBJls:leT 

~10·3, a OAHOro TpeKa MarHlt1s:I 3a C'-leT era o6pa30BaHlt1s:I B TPOHHOM 

cnoHTaHHOM AeJ1eHt.-11t1 He npeeb1waeT ~10-2 [9]. nopor perncTpau.1,11,1 

lt1CnOJlb30BaHHOro ¢,occt,a,rnoro CTeKJla npt.-1 Bbl6paHHOM pe)Kt.-1Me 

TpaeJ1eHt.-1s:I lt1CKJlio'-laJl 113 perncTpau.1111 110Hbl Ne, KOTOPble 

o6pa30BblBaJll1Cb 3a C'-IBT KJlaCTepHoro pacnaAa 232U, HaKOnJleHHOro B 

11CTO'-IHl1Ke np11 aJlb¢,a-pacnaAe 236Pu. noJlHblH nOTOK a-'-laCTHU. Ha 

AeTeKTOPbl B AaHHOM OnblTe 6b1Jl 1,4x1012 
CM

02
. BepOs:!THOCTb 

KJ1acTepHoro pacnaAa 236Pu c a·M11cc11ei:1 28Mg no oi-HoweHHIO K a

pacnaAy cocrnens:ieT (2,7±0,7) x 10·14, YTO xopowo cornacyeTcs:i c 

AaHHblMl1 pa60Tbl [5]. napu.t.-1aJ1bHblH nepHOA KJlaCTepHoro pacnaAa 

paeeH . (1, 1±0,3)1014neT. B STOM 8KCnep11MeHTe 6b1Jl0 

3aperncTpt.-1poeaHO 6,85x103 CM"2 OCKOJlKOB cnOHTaHHOro AeJ1eH11s:i, '-ITO 

AaeT COOTBeTCTBYIOW.11H napu.11aJ1bHblH nep1'10A nonypacnaAa 

( 1, 13 ± 0, 13) x 109 JleT. 3Ta eeJ11'1'-11'1Ha e ~ 1,8 pa3 MeHbWe, '-leM 

3Ha'-1eH11e np11BeAeHHOe B pa6ornx [4,5]. BKJlaA OT cnOHTaHHOro 

AeJleHl'1s:I 238Pu COCTaBJls:leT ~10·3 Tp8KOB, OT CnOHTaHHOrD AeJ1eHl'1s:I 

AO'-lepH11X npOAYKTOB. a-pacnaAa 1130TOnOB nJ1YTOH1'1s:I 11 BblH~eHHOro 

AeJleHHS'I ¢,OHOBblMl1 H8HTPOHaMl'1 npeHe6pe)Kl'1MO MM. Pe3yJlbTaTbl 

HaCTOs:IUJ,8H pa60Tbl coenaAalOT B npeAeJlaX ow1160K C nony'-leHHblMl,1 B 

pa6oTe [3] no napu.11aJ1bHOMY nepHOAY nonypacnaAa 
236

Pu T1;2 

= (1,36 ± 0,20) X 109 Jl8T. MeTOAbl nony'-18Hl'1s:I nJ1YTOH1'1s:I, lt13rDTOBJl8Hl'1s:I 

1'1CTO'-IHl'1KOB, reoMeTp11s:1 06J1y'-l8Hl'1s:I 1,1 AeTeKTOpbl 6blJll,1 pa3HblMl'1. 
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Rr (MKM) 

Pl-1C.1 3aB1'1Cl-1MOCTb 1,1361,1paTeJlbHOCrn TP8BJleHlt151 S=VtfVM OT OCTaTOYHOro 
npo6e.ra Rr- CnllOWHble Jll-1Hlt11'1 pe3yJlbT8Tbl K8Jl1t16pOBKlt1 
ycKopeHHblMl-1 T5l>KeJlblM1'1 1,1QH8Mlt1. TOYK1t1-pe3yJ1bT8Tbl l-13MepeHlt151 Ha 
AByx 3Tanax TP8BJleHlt151 1,1361,1paTeJlbHOCTl-1 npouecca l-1 OCT8TOYHOrO 
npo6era TpeKOB 1'10HOB KJ1acTepHoro pacnaAa 

236
Pu. 

Pl-1C.2 Ml-1Kpocpornrpacp1,11,1 TpeKOB OCKOJlKOB AeJleHl-151 (60JlbWl-1e) ltl l-10Ha 28Mg 
(M8JleHbK1t1i:1), BblJleTalOIJ.lltlX npltl pacnaAe 236Pu. 
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np1-1'-U1Hbl pacxo:>K,D,eHl-1H C pe3yJlbTaTaMl-1 pa60Tbl [4,5] 

(T1;2 = ( 2,09 ± 0,06) X 109 
JleT) He HCHbl. 

no11y4eHHb1e nap41,1a11bHbIx nep1-10A08 KJ1acTepHoro pacnaAa 1,1 

cnOHTaHHOrO AeJ1eHL-1H xopowo cornacylOTCH C AaHHblMl,1 CL,1CTeMaTl-1K, 

npeACTa011eHHblX Ha p1,1c.5 1,1 6, 4TO n0380J1HeT nporH031-1p08aTb 

803M0)KHQCTL,1 1,13y4eHL-1H KJlaCTepHoro pacnaAa 6011ee TH)KeJlblX 

l-130TOn08. 

B 4ernepTo~ rna0e 3Kcnep1-1MeHTaJ1bHO 1-1cc11eno0aHa 803MO)KHOCTb 

npo8eAeHL-1H peaKl...\1-1~ CJ11-1HHl-1H HAep 8 rny60KO nOA6apbepHO~ 0611acrn 

3Heprn~. ,l].JlH onpeAeJ1eHL-1H 4Y8CTBL,1TeJlbHOCTL,1 pa3pa60TaHHOro 

MeTOAa perncTpa41,11,1 8bl6paHa peaKl...\l-1H 
16O+208Pb, KOTOpaH npl-180AL-1Jla 

K COCTa8HOMY HAPY 
224rh, 06pa300aH1-1e KOTOporo MQ)KHQ onpeAeJlHTb 

no cpparMeHTaM era Ae11eHL-1H, 1-1cno11b3YH 8 Ka4ecrne · AeTeKTopo0 

CJllOAY C noc11eAYIOIJ.\l-1M noc11e 06Jly4eHl-1H 0T)KL,1rQM AJlH YAaJ1eHL-1H 

q>OHOBblX co6blTl,1~. nocKOJlbKY noA6apbepHoe AeJ1eH111e 04eHb CIIIJlbHO 

3a8"1CIIIT OT 3Heprn111, 6bl/ll,1 111cnOJ1b308aHbl ny4Klll 160 TaHAeMa SlAepHO

cp1,131,14ecKoro 4eHTpa v1Ta11111111, HaXOAH~erocH 8 r.KaTaHl-1111. M111weHb 1113 

270MKr/cM2 208Pb( 99, 1% o6oralJ.\eHL-1H) Ha ~30MKr/cM2 yrnepOAHO~ 

nOAJ10)KKe 6b111a noMe~eHa 8 4eHTpe KaMeP,bl ~acceHHIIIH, CTeHKIII 
~ (PH , ) • 

KOTOPOIII noKpbI8aJ1"1Cb CJllOAHHblMIII AeTeKTOpaM111.V e:>K,D,y AeTeKTOpaMIII 

Ill CTeHKaMl-1 KaMepbl HaXOAL-1/lCH nOJ11113TIIIJleHTepeq>TaJlaT, KOTOpbl~ 

perncTp1-1po0a11 TpeKIII OCKOJ1K08 AeJ1eHL-1H np111Mece~ ypaHa 8 CJllOAe nOA 

Ae~CTBllleM He~TpOH08, o6pa3ylOIJ.\IIIXCH 80 8peMH 3KCnep111MeHTa. 

B03Hl11Kal0ll\"1~ 80 8peMH 3Kcnep1-1MeHTa nOTOK He~TPOH08 onpeAeJlH/1111 C 

nOMO~blO Ka111116po0aHHblX IIICT04HIIIK08 235LJ 111 238LJ III A1113JleKTp1114eCKIIIX 

AeTeKTOP08, Ill OH He npe8blWaJ1 10
8 

He~TPOH08. KoH4eHTpa411110 

AeJ1H~L,1XCH np111MeCHblX HAep 8 CJllOAe Ill MIIIWeHIII 1113MepHJllll 

P8AIIIOrpaq>1114eCKIIIM MeTOAOM C nOMO~blO no11111MepHblX AeTeKTOp08 111 

He~TPOHHblX nOTOKOB Ml-1KPOTPOHa ns:1P Ov1S1v1. noKa3aHo, 4TO q>OH OT 

np111Mec111 AeJlH~IIIXCH 3JleMeHT08 8 CJllOAHHblX AeTeKTOpax, MIIIWeHl-1 Ill 
• ~J. 

Aep)KaTeJlHX, 6b1Jl MeHbWe 10 C06blTl,1~ Ha 8CIO aHa111,131,1pyeMylO 

no0epxHOCTb AeTeKTOp08 (170cM
2

). 

Ce4eH1-1e Ae11eH111H AJlH peaK4111111 
16O+208Pb -->224rh 6b1110 1113MepeHo 

AJlH 3Heprn~ 78, 75, 73 111 68 MaB, KOTOpble HaXOAHTCH OT 5 AO 15 MaB 

Hl-1)Ke KYJlOH08CKOro 6apbepa CJ11-1HHIIIH (83 MaB). TpeKIII OCKOJ1K08 

AeJleHIIIH TOp1-1H 6bl/ll,1 nOAC41-1TaHbl 8 IIIHTepsa11e 3aAHIIIX yrn08 OT 90° AO 

164 ° Ill OT 198° AO 270 ° C nOMO~blO OnTlll4eCKOro MIIIKPOCKona noc11e 

OT)Klllra CJllOAbl np111 460° 8 Te4eH111e 64aCOB Ill noc11eAy10~ero 4 4aco0oro 

Tpa011eH1-1H 0 40% HF np111 KOMHaTHo~ TeMnepaTYpe. no11yYeHHb1e 

AaHHble ce4eHIIIH AeJleHIIIH AJlH coorneTCTBYIO~IIIX 3Heprn~ Ill noTOKOB 

IIIOH08 KIIICJlOPOAa npeACTa011eHbl 8 Ta6111114e 1. 
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22,Ra 223Ra 226Ra 22sTh 2:v.iTh 231Pa mu mu 2:i,U 2ieu ~238Pu _2•'Am 

mfr mRa mRa 22sAc 231Pa 2J2Th mu 234U 236U mu 2i1Np mPu 2•opu 2•2cm 

"c jorFI 24-2'Ne I 2MIIMg l:SHISi 
Ot I I I I I I I I I I ·, I I I I I I I I I I I I I I I I I I I J 

P1.1c 3 3Kcnep1.1MeHTMbHble A8HHble napu1.1anbHOro nepl.10A8 KJ18CTePHOro 

pacnaAa s:JAep rn>Ke11ee cs1.1Hua (0 ), no11)"leHHbIe K HacrnmueMy 

BpeMeHl.1. nyHKrnpHble Jll,1Hl,11,1 - pe3yJlbT8Tbl pac'leTa[8], rnepAble 

111.1H1.11.1 - Teopern<JecK~e pe3y11bT8Tb1(1 ). 
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28 
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0 I 240pu I ~Pu 
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-Log (l..
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P1.1c.4 3aBl.1Cl.1MOCTb CYMM8pHofl sepos:iTHOCTVI KJ18CTepHOro pacnaAa 1,1 

CnOHT8HHOro AeJ1eHl.1s:l YK838HHblX Ha p1,1cyHKe s:JAep OT Bepos:irnocrn l.1X 

Mbcf>a-pacnaAa:TO<JKl,1 (x)--CJl)"l8fi A,u,>Ac.A·; (0) - CJl)"lafl Ac.A•>Airn, rAe 

AIC/1 1.1 Ac.A· - nOCTOs:lHHble KJ18CTepHoro pacnaAa 1.1 cnOHT8HHOro 
AeJ1eH1.1s:i, COOTBeTCTBeHHO. 
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KOHTPOJlb Be~ecrna MIIIWeHIII ocy~eCTBJ1S1JlCS1 C noMO~blO 

MHOrQ3JleMeHTHOro peHTreHOcj)Jlyopecu,eHTHOro aHaJ11113a [11]. 

A,nS1 3Ha111113a np111MeHIIIMOCTIII pa3Jllll'·lHblX MOAeJlei11 AJ1S1 on111caHIIIS1 

noA6apbepHOro AeJ1eHIIIS1 He xsaTaeT 3KCnep111MeHTaJ1bHblX AaHHblX, 

oco6eHHO, B c11y•-1ae B3alllMOAei11cTBIIIS1 ccj>epw-1eCKIIIX S1Aep. 

A,nS1 aHa111113a ceYeH111i11 AeJleHIIIS1 np111MeHS1J1aCb CTaTIIICTIIIYeCKaS1 MOAeJlb, 

B KOTOpoi11 AJ1S1 YHIIIBepcallbHOCTIII IIICnOJlb3yeTCS1 MIIIHIIIMallbHOe 

KOJllllYeCTBO cj>lll3111YeCKIIIX npeAnOJlO)KeHllli11 111 napaMeTpOB, YTO, 

ecTeCi"BeHHO, HeCKOJlbKO orpy611S1eT MOAeJJb, HO n03BOJ1S1eT AeJJaTb 

6011ee OAH03HaYHble BblBOAbl. B AaHHOi11 pa6oTe pacYeTbl ceYeHllli11 

CJllllS1HIIIS1 6b1Jllll nposeAeHbl a) B np1116J1lll)KeHIIIIII Wong [12]; 6) B 06blYHOM 

np1116Jllll)KeHIIIIII nepesepHYTOi11. napa60J1bl C S1AepHblM nOTeHU,lllallOM B 

cj>opMe Igo [ . ]co CJleAYIO~IIIMIII napaMeTpaM111: Vo= 40 MsB, d = 0,6, ro 
= 1,22<t>M; B) c BBeAeH111eM napaMeTpa III noA60pOM Tpex napaMeTpOB 

1113 yc11os111i11 Ha11111yywero cornac111S1 C 3KCnep111MeHTaJlbHblMIII AaHHblMIII 

(*)( Ta611111u,a 2); r) MeTOAOM CBS13aHHblX KaHaJlOB C 111cnOJ1b30BaHllleM 

CTaHAaprnoi11 nporpaMMbt CCFUS [13]. B rn611111u,e 2 np111BeAeHbt 

3KCnep111MeHTaJlbHble AaHHble [14] Ill pacYeTHble 3HaYeHIIIS1 ceYeH111i11 

CJllllS1HIIIS1 no 3TIIIM MOAeJ1S1M. Ha p111cyH_Ke 8 npeACTaBJleHbl 

3KCnep111MeHTaJlbHble pe3yJlbTaTbl AaHHOi11 pa60Tbl 111 [15-17], a TaK)Ke 

pacYeTHble 3HaYeHIIIS1 ceYeHllli11 AeJ1eHIIIS1 S1Aep 
224Th. MO)KHO BIIIAeTb 

xopowee cornac111e AaHHbtx rioYrn so sceM pai11oHe sHeprni11. OAHaKo · s 

pai11oHe 3Heprni11 K111c11opo,o,a MeHee 72 MsB noseAeH111e ceYeH111S1 

AeJleHIIIS1 OTKJlOHS1eTCS1 OT 3KCnOHeHU,lllaJlbHOfO naAeHIIIS1, KOTOpoe 

CBIIIAeTeJlbCTByeT O TOM , YTO sepOS1THO CTPYKTYPHble qcpcj>eKTbl IIIMelOT 

BJllllS1Hllle Ha ceYeH111e CJllllS1HIIIS1 B rny60KO noA6apbepHoi11 0611aCTIII 

B3alllMOAei11CTBIIIS1 AByx ccj>ep111YeCKIIIX S1Aep. npoBeAeHHbli11 aHMlll3 

n03BOJ1S1eT on111caTb ceYeH111e CJllllS1HIIIS1 AJ1S1 6011ee Hlll3KIIIX 3Hepr111i11, a 

YYBCTBIIITeJlbHOCTb MeTOAa n03BOJ1S1et 1113Mep111Tb ceYeHIIIS1 AO 10"
36 

CM
2

, 

YTO Ha 12 nOPS1AKOB MeHbWe reoMeTplllYeCKOro ceYeHIIIS1 S1AePHOro 

B3al/lMOAei11cTBIIIS1. VIHTepec K AaJ1bHei1tw111M IIICCJleAOBaHIIIS1M B 3TOM 

pai11oHe 06bS1CHS1eTCS1 HaAe)KAOi11 no11yYIIITb AOnOJJHIIITeJlbHY~ 

111.Hcj>OpMaU,IIIIO O S1AepHblX COCTOS1HIIIS1X OTBeTCTBeHHblX 3a KJlaCTepHbl_i11 

pacnaA S1Aep. 

B 3aKJllOYeHIIIIII ccj>opMy11111posaHbl OCHOBHble pe3yJ1bTaTbl, 

nonyYeHHble asTOpOM s AIIICCepTaU,IIIOHHOi11 pa6oTe: 

1. npoBeAeHbl AeTaJlbHble IIICCJleAOBaHIIIS1 perncTpaU,IIIOHHblX CB0i11CTB 

A1113JleKTplllYeCKIIIX AeTeKTOPOB 1113 cj>occj>aTHOro CTeKJla Ill CJllOAbl 

MYCKOBIIIT, 0611yYeHHblX ycKopeHHblMIII IIIOHaMIII B WIIIPOKOM Alllana30He 

12 

~ I ' 
8 

~. 3 _. ------- _' - -

,___-,Q 
'-: 

S / '-.. · / "'---6 

P111c. 5 CxeMa ycTaHOBKl/1 AJ151 npoBeAeHll1Sl 1113MepeHll1Sl C8'l8Hll1Sl A8fl8HL-1Sl 

COCTaBHOro Sl,D,pa 
224Th B peaKL(l/1111 

160 + 208Pb: 1 • KaMepa paccesiHL-151; 

2 - Mll1W8Hb 
208

Pb; 3 • nY'!OK 1110HOB; 4 • CfllOAS!Hbl8 A8TeKTOpbI; 5 • 

185MKM nOJlll13Tll1Jl8HTepecprnnaT; 6 - A8p>KaT8Jlb A8T8KTOpoa; 7 -
l(ll1Jl111HAP <t>apaAesi; 8 • Tefl8811131110HHaSI KaMepa AflSI Ha6fllOA8Hll1Sl 3a 

M8CTOnOJl0)1(8Hll18M ny'lKa 1110HOB Ha M111W8Hll1. 
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P111c. 6 3aa111c111MOCTb C8'l8Hll1Sl A8fl8Hll1Sl COCT3BHOrQ S!Apa 224T11, 

nonY'lalOll(erocsi a peaKL(L-1111 
208

Pb + 160, OT 3Heprn111 Hanernioll..lero 

1110Ha KL-1CflOPOAa. 
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Ta6AHl\a 1 

3Hepnrn, M3B I1HTepBaA noTepb TioTOK 160, llOHbl Ce'leHlle AeAeHll.!I 
3Heprllll 160 B 224Th, M6 
MmueHll, M3B 

75• 77.8-77.0 1.4-1014 7.8±0.1 
75 74.8-74.2 1.35-1015 (3.7±0.1)10- 2 

73 72.8-72.4 4.1-1015 (8.5±0.1)10- 4 

68 67.8-67.2 5.6-1015 (6±3)10-6 

·AaHHble 6b1All IIOAY'JeHbl IIpll HCilOAb3OBaHHll 300 MKr/cr:i2 208Pb Ha 
40 MKr/cM2 ilAfOMHHHeBoii IIOMO.lKKe. . 

EL,S :3KcnepllMeHT 
(M3B) 

67.5 6-10- 6 

72.5 1.1-10-3 

74.5· 4.2-10- 2 

75.5 3.0-10- 1 

77.5 8.0 

80 40.0 

82 100.0 

1) 160 132=0.06 
133 =O.l 

2oapb 132 = 0.4 
l33=O.5 

TiapaMeTp DV= -10. 

Ta6AH[\il 2 

CJ AeAeHne (Mb) 

CCFUS 1) Wong ·i Z,P,V"l Igo 
HenapHb!e 

10-1 

1.2-10- 4 

3.10- 3 

2.5-10-2 

1.0:10- 1 

18 

aa-

E2=4.1 
E3=2.6 
E2=6.9 
E3=6.l 

napHhle 

1.5-10-6 6-10-a 1.2-10-6 2-10- 4 

1.6-10- 3 10- 4 2-10- 3 4.10- 3 

4.10- 2 - - 10- 1 

2.3-10- 1 1.1-10- 2 2.5-10- 1 4.10- 1 

5.7 1,5.10- 1 3 3.6 

57 5.8 30 43 

123 58 84 125 

·JPac'leT Bb!IlOAHeH B 
pa6oTe lIIHAOBa B.M. 
Vb=75.4 M3B ~E=3.6 M3B 

n,w=3.95 

14 

f!.J 

Mace 111 3Heprn£1, a Ta10Ke ocK011KaM111 Ae11eH111s:i. noKa3aHo, '-ITO nopor 

YYBCTBI/ITeJlbHOCTI/I cpoccparnoro CTeKJla HaXOAI/ITCS'I B IIIHTepsa11e 

1110H1113au,1110HHb1x noTepb sHeprn111 Rl 9-10 MsB/Mr /cM2 , a CJllOAbl 

nops:!AKa 12 MsB/ Mr/ CM
2

• 3cpcpeKTI/IBHOCTb perncTpau,111111 OCKOJlKOB 

AeJleHI/IS'I COCTaBJls:leT (92±4)%, a Alls:! I/IOHOB OHa onpeAe11s:ieTCS'I 

11136111paTeJlbHOCTblO TpaBJleHI/IS'I. 

2. Pa3pa60TaH MeTOA perncTpau,111111 Ill IIIAeHTl!lcpl/lKau,111111 npOAYKTOB 

KJ1acTepHoro pacnaAa c 111cnoJ1b30BaH1-1eM cpoccparnoro CTeKJla. Bb16paH 

OnTIIIMaJlbHblH pe)KI/IM 0611yYeHI/IS'I, XI/IMI/IYeCKOH o6pa60TKI/I B 40% HF Alls:! 

~ 100% perncTpau,1111,1 I/IOHOB 
28

Mg C E~ 70M3B B YCJlOBI/IS'IX BblCOKOro 

cyMMapHoro cpoHa a11bcpa-YaCTI/IU, Ill OCKOJlKOB AelleHI/IS'I Bn~OTb AO ~1014 

Ill 10
6 

,COOTBeTCTBeHHO. B 3TI/IX YCJlOBI/IS'IX AOCTlllrHYTO pa3peweH111e no 

3aps:iAy ±1, Macce ±2 111 3Heprn111 ±10%. 

3. l/lcc11eAOBaH KJlaCTepHblH pacn8A s:!Aep 236Pu C 3MI/ICCl/le£1 I/IOHOB 
28

Mg. l/lcno11b30BaHl/le 1/lHTeHCI/IBHOro 1/lCTOYHIIIKa (9,6x1015 s:!Aep), 

ccpep111YeCKOH BaKyyMHOH KaMepbl Ill cneu,111aJ1bHblX A1113JleKTp111YeCKI/IX 

AeTeKTopos 1113 cpoccpaTHoro cTeKJla no3so11111110 3aperncTp111posaTb 111 

IIIAeHT111cp111u,111posaTb 15 C06blTI/IH I/IOHOB 28Mg C 3Heprne£1 67±7M3B B 

YCJlOBI/IS'IX cpoHa a11bcpa-YaCTI/IU, 5x1014 Ill OCKOJlKOB AeJleHI/IS'I 3x106. 

napu,111aJ1bHblH nepl!IOA KJlaCTepHoro pacnaAa COCTaBI/IJl 
(1, 1±0,3)101411eT. 

4. ll13MepeH napu,111a11bHb1£1 nep1110A cnoHTaHHoro Ae11eH111s:i 236Pu, 

KOTOpblH COCTaBI/IJl (1,25±0, 12)x10
9 

JleT. no11yYeHHOe 3HaYeH111e xopowo 

cornacyeTCS'I C AaHHblMI/I CI/ICTt=!MaTI/IKI/I AeJleHI/IS'I Alls:! YeTHO-YeTHblX 

1/130TOnOB, HO 8 1,8 pa3a MeHbWe paHee ony6~1/1KOBaHHblX 

3KCnep111MeHTaJlbHblX AaHHblX. 

5. Pa3pa6oTaH MeTOA perncTpau,111111 OCKOJlKOB AeJleHI/IS'I CJllOAOH 

MYCKOBI/IT C IIICnOJlb30BaHl/leM OT)Klllra 0611yYeHHOro AeTeKTopa, KOTOpblH 

n0380Jll/lJl H8Ae)KH0 IIIAeHT111cp111u,111poBaTb TpeKIII cpparMeHTOB Ae11eH111s:i B 

YCJlOBI/IS'IX pacces:iHHblX nyYKOB I/IOHOB AO 1016 Ha MIIIWeHb. 

6. BnepBble 1/13MepeHbl ceYeHl/ls:1 peaKU,1111/1 CJll/lS'IHI/IS'I-AeJ1eHI/IS'I 
16O+208Pb➔224Th➔2ff C 111cnOJ1b30BaHl/leM CJllOAbl MYCKOBI/IT Ill 

YCKOpeHHblX Ha TaHAeMe nyYKOB I/IOHOB 160 c 3Heprne£1 75, 73, 68 MsB, 

YTO OT 8 AO 15 M3B Hl/l)Ke KYilOHOBCKOro 6apbepa CJll/lS'IHl/ls:1 s:!Aep. 

Pa3pa60TaHHblH MeTOA perncTpau,111111 C06blTI/IH n03B0Jll/lJl cnyCTI/ITbCS'I Ha 

8 nops:!AKOB BHl/l3 OT reoMeTplllYeCKOro ceYeHI/IS'I B3al/lMOAeHCTBI/ISl 

TS'l)KeJlblX I/IOHOB C s:!ApaMI/I. 

7. npoBeAeH aHaJll/l3 pe3yJlbTaTOB 1/lCCJleAOBaHI/IS'I peaKU,1/11/1 
16

O+
208

Pb, KOTOpb1£1 n0Ka3a11, YTO np111 3Heprns:ix K111c11op0Aa E11a6 

::s;72M3B noBeAeHl/le ceYeHIIIS'I AelleHI/IS'I OTKJlOHS'leTCS'I OT 
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3KCnoHeHUHMbHOrO nc1AeHHH. 3TO MO)f(eT CBHAeTenbCTBOBaTb 0 
BnHHHHH CTPYKTYPHblX scpcpeKTOB Ha Ce4eHHe CnHHHHH B rny6oKO 
nOA6apbepHOM CnyYae B3aHMOAeVICTBHH AByx ccpepH4eCKHX HAep. 
8. noKa3aHa B03M0)f(H0CTb npH HCnOnb30BaHHH pa3pa60TaHHoro 
MeTOAa perncTpauHH C06blTHVI H3MepHTb Ce4eHHH AeneHHH COCTaBHoro 
HAPa 224Th B peaKUHH 160 + 208Pb BnnOTb AO 1 nHK06apHa B o6nacrn 
6onee HH3KHX 3Heprnvi, 4TO C03AaeT npeAnOCblnKH AnH npoBeAeHHH 
peaKUHVI CnHHHHH o6paTHblX KnaCTepHOMY pacnc1Ay B rny60KO 
noA6apbepHovi o6nacrn sHeprnvi. 

-, 

16 
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