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Bonpoc o cy~ecTBOBaHHH H cao8cTaax caepxTH~enMx 

:meMeHTOB /Z = 110-114/ TeCHO CBH3aH CO MHOrHMH I}JyH

,naMeHTaJibHMMH npo6neMaMH I}JH3HKH. 3aTparHBalOTCH TaKHe 

rny6oKHe npo6neMM, KaK I}JH3HKa g,nepuoro neneHHH, MaKpo

cKonuqecKHe H MHKpOCKOfiHqeCKHe acneKTM AHHaMHKH g,nep

HOH MaTepHH, HyKneOCHHTe3, npOHCXO~eHHe H COCTaB 

ranaKTBqecKHX KOCMHqeCKHX nyqe8 H T.,n. Mo~HO CKa3aTb, 

qTO CO CBepXTH~eJIMMH 3JieMeHTaMH CBJI3aHM nepcneKTHBbl 

pa3BHTHH H,nepHOH I}JH3HKH Ha 6nH~aHWHe 10-15 neT, a 

B03MO~Ho, H aa 6onee npono~HTenbHMH cpoK. EcTecTaeu

ao, qTo 3TOT BOfipOC npHBJieK BHHMaHHe MHOrHX yqeHbiX. 

IJpe~e BCero, HM YBJieKJIHCb TeopeTHKH, KOTOpble CyMeJIH 

BHYWHTb 3KCnepHMeHTaTopaM He6b1Banb1H H noqTH e,nHHO

,nyWHbiH OfiTHMH3M OTHOCHTeJibHO CfiOC06HOCTH CBepXTH~e

nblx 3neMeHTOB K cy~ecTBOBaHHIO. Meaee onpeneneHHbl 

aane~,nbl aa cy~ecTBOBaaue nonro~By~x caepxTH~enblx 

3neMeHTOB B npupone H npenno~eHHH, Kacaro~ecg Bo3-

MO~HbiX nyTeH HX HCKyCCTBeHHOrO CHHTe3a. 

HoucKu ooAZOJICUBYUIUX ceepxiiiJIJICeAbiX 3AeMeHIIIOe 

6 npupOOHbiX o6pa3ijaX 

Ilpu 3KcnepHMeHTanLHOM nonxone K caepxTH~enbiM 3ne

MeHTaM Mbl npH,naeM 6onbWOe 3HaqeHHe fiOHCKaM HX B npH

po,ne. 3TH HCCne,noBaHHH HMeiOT 6onee qeM fiHTHJieTHIOIO 

HCTopuro. HMeeTcg ucqepnbiBaro~H o63op XepMaHHa!l < 
B KoTopoM H3no~eHbl pe3ynLTaTbl noHCKOB. AaanoruqHbiH 

0630p c,nenaH B He,naBHO ony6JIHKOBaHHOH HaMH CTaTbe/2 /. 

3a 3TO Bpeyg B pa3JIHqHblX na6opaTOpHHX 6blJIH pa3BH

Tbl pa,nHOMeTpHqecKHe H ,npyrue MeTOAHKH, fi03BOJIHIO~e 

nonyqHTb HCKJIIOqHTeJlbHO BbiCOKYIO qyBCTBHTeJibHOCTb H 
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Ha~e~ocrL 3KcnepuMeHTOB. Hau6onLwee pa3BHTHe nony
lfHn MeTO~ nOHCKOB CBepXTJDKenLIX JneMeHTOB no HX CnOH
TaHHOMy ~eneHHIO. OH o6na~aer xopoweii qyacraurenL
HOCTLIO 6naro~apJI TOMY, 'ITO B npupo~e H3BeCTeH noKa 
TOnLKO O~HH CnOHTaHHO ~enJI~HHCJI H3nylfaTeJIL - ypaH. 
OueHKH noKa3LIBaroT, 'ITo <iJoHoM oT TexHoreHHLIX cnoHTaHHo 
~enJI~HXCJI H30TOnOB nnyTOHHJI, KIOPHJI H Kanu<IJopHHJI, BLI
naBWHX Ha noaepXHOCTH 3eMnH, B no~aBnJIIO~eM 6onLWHH
cTae cnyqaea Mo~o npeHe6pelfL. TaKHM o6pa3oM, a nepaoM 
npH6nH:>KeHHH 3a~aqa nOHCKOB CBO~HTCJI K perHCTpaUHH 
pe~KHX aKTOB cnOHTaHHOrO ~eneHHJI H BhlJICHeHHIO BKna~a 
B Ha6nJO~aeMYJO CKOpOCTL ClfeTa OT pacna~a ypaHa HnH 
~pyrux B03MO:>KHLIX HCTOlfHHKOB <IJoHa. IIo-aH~HMOMY, TaKaJI 
nocTaHOBKa 3a~alfH JIBnJieTCJI ~OCTaTOlfHO YHHBepcanLHOH. 
)J;eHCTBHTenLHO, ecnH He CaMH ~onro~By~e HyKnH~hl, TO 
HeKOTOphle lfneHLI HX uenolfeK pacna~a ~O~hl HCnhlTLIBaTL 
cnoHTaHHoe ~eneHHe. MaKCHManLHaJI qyacTBHTenLHOCTL npu 
nOHCKe "Bhl:>KHBWHX" CnOHTaHHO ~enJI~HXCJI 3neMeHTOB B 
npHpO~HLIX 06pa3UaX ~OCTHraeTC.H, C ylfeTOM B03pacTa 
ConHelfHOH CHCTeMLI /oKono 4,7.10 9 neT/, ~nJI TaKux H3o
TonoB, y KOTOpLix nepuo~ nonypacna~a 6nH30K no aenHlfHHe 
K 2.10

9 
neT. Ecnu caMLiii~onro~a~HHH30TOnH3 "ocT

poBa CTa6unLHOCTH" HMeeT nepuo~ nonypacna~a MeHee 
2.10

8 
neT, TO 06Hapy:>KHTL ero B npupo~e BpJI~ nH B03MO:>K

HO - .ero cne~yeT ClfHTaTL npaKTHlfeCKH nonHOCTLIO "BLI
MepWHM". Ecnu :>Ke HMeeTcJI H3oTon c nepuo~oM nonypac
na~a cy~eCTBeHHO 6onLWHM, lfeM 10 9 neT, HanpHMep, 
T 112 = 2.10

11 
neT, To lfYBCTBHTenLHOCTL ero o6Hapy:>KeHHJI 

6y~eT B 100 pa3 HH:>Ke. 0,AHaKo a TaKoM cnyqae no coce~
CTBY C 3THM H30TOnOM ~On:>KHLI cy~eCTBOBaTL ~pyrue HyK

nH~hl, C 6onee KOpOTKHMH BpeMeHaMH ~3HH, cpe~H KOTOphlX 
6y~yT H MaKCHManLHo y~o6HLie ~nJI o6Hapy:>KeHHJI JI~pa 
c nepuo~oM nonypacna~a. 6nH3KHM K 109 neT. 

Cpe~u pa3nHlfHLIX cnoco6oa o6Hapy:>KeHHJI pe~KHX aKTOB 
CnOHTaHHOrO ~eneHHJI npe~nOlfTHTenLHLIMH JIBnJIIOTCJI MeTo
~hl Henocpe~CTBeHHoii ux perucTpauuu. B Haweii na6opa
TOPHH C 3TOH UenLIO npHMeHJIIOTCJI nponopUHOHanLHLJe ClfeT
lfHKH C 6onLWOH nno~a~LIO HCCne~yeMLJX o6pa3UOB 
/1,5 M

2 I 1
2

•
3 ~ a TaK:>Ke rpeKOBLie ~eTeKTOPLI - nonuMepHLie 

nneHKH I 
4
1 _ IIocne~HHe npHMeHJinHcL TaK:>Ke r eiicnepoM, 
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cl>ununcoM H YoKepoM lSI. Bo acex cnylfaJix lfYBCTBHTenL
HOCTL MeTo~a 6Lina TaKOBa, 'ITO n03BOn.s:na 06Hapy:>KHTL 
a uccne~yeMLIX o6pa3uax co~ep:>KaHHe caepxT JI:>Kenoro 3ne
MeHTa Ha ypoBHe, COOTBeTCTBYIQ~eM OTHOWeHHIO T /C = 

= 1022 neT. /3~ecL T - nepuo~ nonypacna~a HCKoMoro H3o
Tona a ro,Aax, C - ero KoHueHTpauuJI a o6pa3ue B rpaMMax 
Ha rpaMM/. PeiicT' XaH H <iJoH ryHTeH 16 1 HcnonL30BanH 
~nJI perHCTpaUHH OCKOnKOB ~eneHHJI "cnHHepLI" - ClfeTlfHKH, 
OCHOBaHHLie Ha OpHrHHanLHOM npHHUHne, H HawnH npe~enLI 
OTHoweHHJI TIC - 2.10 22 neT ~nJI pJI~a o6pa3UOB. 

BLicoKoii lfYBCTBHTenLHOCTLIO ~nJI o6Hapy:>KeHHJI cnoH
TaHHoro ~eneHHJI a npupo~HLIX o6pa3uax o6na~a10r MeTO~LI, 
OCHOBaHHLie Ha perHCTpaUHH MrHOBeHHLIX HeHTPOHOB ~ene
HHJI. rpHMM, XeppMaHH H mroccnep 171, pa6oTaJI c~eTeKTo
poM, perHCTpHpYJO~HM HeiiTpOHHLJe nOTOKH, H3YlfHnH 6onee 
CTa pa3nHlfHLIX o6pa3UOB Ha ypOBHe lfYBCTBHTenLHOCTH 
T /C = 1020 neT, npu ycnoaHH, 'ITO ~nJI CBepxTJI:>Kenoro 
3neMeHTa cpe~Hee lfHCnO MrHOBeHHLIX HeHTpOHOB ~eneHHJI 
v = 10. HaMH 12 • 8 I, qeii<IJeueM H ~p. 19 I H CTOYTOHOM 
H ~p. 110,111 npHMeHJinHCL HeHTpOHHLie ~eTeKTOpLI ~nJI 
perHCTpaUHH HeCKOnLKHX HeHTPOHOB B O~HOM aKTe ~eneHHJI. 

)J;nJI nOHCKOB CnOHTaHHOrO ~eneHHJI HaH6onee WHpOKO 
MLI npHMeHJinH ~Be H3 Ha3BaHHLIX MeTO~K: nponopUHOHanL
HLie ClfeTlfHKH OCKOnKOB ~eneHHJI H ~eTeKTOpLI MHO:>KeCTBeH
Horo ucnycKaHHJI HeiiTpOHOB. TpeKOBLie ~eTeKTOpLI no lfyB
CTBHTenLHOCTH 3KBHBaneHTHLI nponOpUHOHanLHLIM ClfeTlfH
KaM, O~HaKO HX npOCMOTp OlfeHL Tpy~OeMOK H n03TOMY 
nponopuuoHanLHLie cqeTlfHKH 6onee npe~nolfTHTenLHLI. Ilpe
~enLHaJI lfYBCTBHTenLHOCTL MeTO~HKH 3THX ClfeTlfHKOB onpe
~enJinaCL ypOBHeM <iJoHa OT CnOHTaHHOrO ~eneHHJI ypaHa, 
a TaK:>Ke <iJoHOM OT BLIHY:>K~eHHOrO ~eneHHJI KOCMHlfeCKHMH 
nylfaMH TOpHJI, BHCMyTa, CBHHUa H ~pyrHX TJI:>KenLJX 3neMeH
TOB, BXO~JI~HX B HCCne~yeMLJe o6pa3ULI H KOHCTPYKUHOH
HLie MaTepuanLI cqeTlfHKOB. KoHueHTpaUHJI ypaHa a o6pa3-
uax Ha~e~o onpe~enJinacL no ero BLIHY:>K~eHHOMY ~ene
HHIO. C 3TOH uenLIO BnnOTHYIO K KOpnycy nponopUHOHanL
HOrO ClfeTlfHKa noMe~anH HCTOlfHHK HeHTpOHOB /KanH<iJop
HHH-2.52 aecoM 100 MKZ/ c 6noKOM 3aMe~nuTenJI. lionL
WHHCTBO o6pa3UOB, npe~CTaBnJIBWHX HHTepec ~JI nOHCKOB 
CBepXTJI:>KenLIX 3neMeHTOB, HMenu CO~ep:>KaHHe ypaHa Ha 
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ypoBHe 10-6 z/z HnH MeHee. 3THM onpe.u.en.s~nc11 npe.u.en 

H3MepHMOH KOHIJ.eHTpaiJ;HH CBepXT .JI)I(enLJX 3neMeHTOB, CO

OTBeTCTBYIOIIJ;HB T /C = 10 22 neT /0,175 ,IJ,eneHHB Ha 1 Z 

o6pa3u;a B rOll./. IlpBMepHO TaKOB )l(e npe.u.en qyBCTBHTenL

HOCTH onpe,IJ,en.HnC.JI C006pa)l(eHH.JIMH pa3yMHOB ,IJ,nHTenLHOCTH 

3KCnepHMeHTOB: HeCKOnLKO ,IJ,eneHHB B rO)J. Ha o6pa3eiJ; Be

COM 50 Z, KOTOpbiB noMeiiJ;aeTC.JI B O)J.HH cqeTqHK. 3aMeTHM, 

qro co6crBeHHLIB $oH annaparyphl He npeBLIIIIan o.u.Horo 

HMnynLCa B ro,IJ,. 

ci»OH OT ,IJ,eneHHJI TOpH.JI KOCMHqeCKHMH nyqaMH n~HBO)J.HT 

K Ka)l(yiiJ;eMycx 3q,4JeKTY cnoHTaHHoro .u.eneHHJI 
2 2 Th c 

T Ka)K = 1 ,5.10
19 

neT Ha ypoBHe MOpJI. BBH.D.Y roro, qTo KOH

u;eHrpau;HB ropHJI B o6pa3u;ax He npeBLIIIIana 10 -
5 z/z, 

$oH OT ero BLIHY)I()J.eHHOrO ,IJ,eneHHJI MO)I(HO 6LinO He yqH

TblBaTL. 

lionee CyiiJ;eCTBeHHblB BKna,IJ, B $OH MO)I(eT ,IJ,a Tb BLIHY)I(

,IJ,eHHOe ,IJ,eneHHe TaKHX T.JI)I(enLIX MeTaJIJIOB, KaK BHCMYT, 

CBHHeu;, TannHB, PTYTh, BXO)J.JIIIJ;HX B HeKOTOpble o6pa3IJ;bl 

B 6onLIIIHX KOnHqecTBaX. Ilo3TOMY H3MepeHBJI C nponopu;Ho

HanLHblMH cqeTqHKaMH npOBO)J.HJIHCb B JaiiJ;HIIJ;eHHLIX noMe

IIJ;eHBJIX, C TOniiJ;HHOB nepeKpbiTHB, 3KBHBaneHTHOB 40 CM, 
a B nocne.u.yroiiJ;eM 200 c.w 6eToHa. Ilo.u. JaiUHTOB 40 c.w 
6eTOHa eiiJ;e 06Hapy)I(HBaeTC.JI Ka)l(yiiJ;HBC.JI 3q,4JeKT CfiOBTaH

HOrO .u.eneHB.H BHCMyTa /3,1 .u.en/ro.u. rpaMM T Ka)K 
= 7.1Q20ner/ H CBHHu;a /1,6 .u.en/ro.u. rpaMM TKa)K 
= 1,5.10 21 neT/. Ilo,IJ, cnoeM JaiiJ;HTbl 200 CM 3TOT 3q,4JeKT 

He 6Lin o6Hapy)l(eH /MeHee 0,2 .u.en/ro.u. rpaMM, T > Ka)K-
;:: 1022 neT/. 

C fiOMOIIJ;biO IIIeCTH nponopiJ;HOHanLHLIX cqeTqHKOB, H3ro

TOBneHHbiX B HaiiieB na6opaTOpHH, Ha ypOBHe qyBCTBHTenh

HOCTH T /C = 10 22 neT 6blnO HCCne,IJ,OBaHO OKOnO )J.BYXCOT 

o6pa3IJ;OB paJnHqHoro npOHCXO)I()J,eHHJI. 

IlpH pa3pa60TKe ,IJ,eTeKTOpa C06LITHB MHO)I(eCTBeHHOrO 

HCnycKaHH.JI HeBTpOHOB Mbl pyKOBO)J.CTBOBanHCh TeM, qTo 

lJ.n.H fiOHCKOBOB pa60TLI HY)I(Ha MeTO)J.HKa, He CnHIIIKOM H3-

6HpaTenLHa.H B OTHOIIIeHHH O)I(H)J,aeMOH BenHqHHLI V , xa

paKTepH3YffiiiJ;eH CfiOHTaHHOe ,IJ,eneHHe CBepXT.JI)I(enLIX 3neMeH

\OB. Il03TOMY npe,IJ,noqTeHHe 6Lino OT)J,aHO ,IJ,eTeKTOpy C 

He - nponopu;HoHanLHLIMH cqeTqHKaMH, KoTopLIB o6na.u.aeT 

OTHOCHTenLHO BLICOKOB qyBCTBHTenLHOCTLIO 06Hapy)l(eHHJI 

6 

CfiOHTaHHOrO ,IJ,eneHHJI B IIIHpOKOM )J.HanaJOHe BenHqHH v , 
HaqHHa.H c MaJiblx JHaqeHHB. YcTpoiicTBO TaKHX .u.eTeKTopoB 

fiO)J.p06HO OfiHCaHO B nHTepaType /
2

•
8

•
10

/. Il03TOMY 3)J.eCh 

CTOHT yKa3aTh TOnLKO HaH6onee cyiiJ;eCTBeHHble napaMeTpbl 

npHMeH.HeMOB HaMH annapaTypbl. BoKpyr qyacTBHTenLHoro 

06beMa, aenHqHHa KOTOporo BapLHpOBanaCb B pa3nHqHbiX 

KOHCTpyKIJ;H.JIX OT 10 )1.0 30 A, B 6noKe JaMe,IJ,nHTen.H /na

pa$HH/ pacnonaranoch npHMepHo 20 cqeTqHKOB c renHeM- 3. 

3neKTpOHHaJI CXeMa OT6Hpana C06b1THJI MHO)I(eCTBeHHOB 

perBcTpau;HB HeiirpoHOB. BBH.D.Y roro, qro nonHaJI 3q,4JeK

THBHOCTL perHCTpaiJ;HH O)J.HHOqHbiX HeBTpOHOB B ycTaHOBKe 

6blna 26~, B Ka)I()J.OM C06biTHH MOrna Ha6JIIO,IJ,aThCJI TOnhKO 

qaCTh HCnyiiJ;eHHbiX HeBTpOHOB. 3q,4JeKTHBHOCTb ,IJ,eTeKTOpa 

MHO)I(eCTBeHHOrO HCnycKaHHJI HeBTpOHOB CHnhHO JaBHCHT 

OT cpe,IJ,Hero qHcna MrHOBeHHbiX HeBTpOHOB CfiOHTaHHOrO 

.u.eneHHJI I eM. puc. 1/. 

S=~e& 

•~ ~F, 
~~~\ I ;f~:; 
L&.. 

0.10 

' ll 8 8 tO li 

v 
Puc. 1. ){elleKIIOP co6r.a11ui1 MHOJICecmeeHHOZO ucnyclcaHUJI 
Heu•poHoe. 3aeucu.woc•r. eepo.RIIHOCIIU ( Fi) pezucmpal#UU 
co6t.IIIUU pa.3AU'lHOU II:JXliiHOCIIU (i) 011 eeAU'lUHbl v- cpeoHezo 
'lUCAQ MZH06eHHbiX HeUIIpOH06, ucnycKaeMbiX npu OeAeHUU. 
Kpuer.ae pacC'lUIIQHbl OAJI oelleKIIOJXl, uMeiOUieZO 3f/H/JeK'IIU6-
HOCIIb pezucllpa[#UU OOUHO'lHbiX HeUIIIpOH06 f = 26%. 
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qyBCTBHTenLHOCTL 3I<CnepHMeHTOB C HeHTpOHHLIM ,IJ;e

Tei<TopoM onpe,D;enJieTCJI, B nepayro o'lepe,IJ;L, ypoaueM l}>oua, 

I<OTOpLIH o6ycnoaneH B3aHMO,IJ;eHCTBHeM I<OCMH'IeCI<HX nyqeB: 

c MaTepHanoM o6paJ.u;a H c OI<py)KaJOID;HMH npe,IJ;MeTaMH. 

JI,IJ;epHo-ai<THBHYIO I<OMITOHeHTY I<OCMH'IeCI<HX ny'leH y.IJ;aeTCJI 

ITO,IJ;aBHTL, npHMeHHB cpaBHHTenLHO He6onLWYJO 3a11UITY B 

10 M BO,IJ;HOrO 3I<BHBaneHTa /M.B.3./. 0,IJ;Hai<O I}>OH HeHTpo

HOB OT MIOOHHOH I<OMITOHeHTLI Ha He60nLWHX rny6HHaX 

ocTaeTCJI cyiD;eCTBeHHLIM. HaMH 6LinH npoae,IJ;eHLI l}>oHOBLie 

H3MepeHH.II B ITO,IJ;3eMHLIX ITOMeiD;eHHJIX Ha rny6HHe 10, 40, 

320 H 1100 M.B.3. IIpHeMneMLie ycnoBH.II ,IJ;n.ll pa6oTLI oi<a

JanHcL ua rny6HHe 1100 M.B.3., B conJIHOH waxTe, npH 

HCITOnL30BaHHH CHCTeMLI reB:repOBCI<HX C'leT'IHI<OB, OI<py

)KaiOID;HX ,IJ;eTei<TOp HeHTpOHOB CO BCeX CTOpOH H BI<mo'leHHLIX 

C HHM Ha aHTHCOBITa,IJ;eHHH. <I>OH O,IJ;HHO'IHLIX HMITynLCOB, 

o6ycnoBneHHLIHS rnaBHLIM o6pa30M, pa,D;HOaKTHBHLIMH Ja

rpJI3HeHHJIMH He - C'leT'IHI<OB, ,IJ;nH paJnH'IHLIX ueB:Tpou

HLIX ,IJ;eTei<TOpOB COCTaBnHn OT 5 ,IJ;O 20 HMnynLCOB B 'laC. 

Ha puc. 2 noi<aJaHo, I<ai< JaBHCHT OT v npe,IJ;enLHaH 

aenH'IHHa T/C, I<OTopax Morna 6LITL H3Mepeua B uawHx 

3I<cnepHMeHTax. II pH ;; < 4 npe,IJ;enLHaH 'IYBCTBHTenLHOCTL 

OITpe,IJ;enxnaCL B OCHOBHOM ypOBHeM l}>oHa OT CITOHTaHHOrO 

,IJ;eneHHH ypaua. ,D;nx HJny'laTeneB: c v 2:. 4 npe,IJ;en qya

CTBHTenLHOCTH onpe,IJ;enJieTCJI npai<TH'IeCI<H TOnLI<O C006pa

)KeHHHMH pa3yMHOH ,IJ;nHTenLHOCTH OITLITOB, I<OTOpag Hy)I(Ha 

,IJ;nH nony'leHHH CTaTHCTH'IeCI<H ,IJ;OCTOBepHOrQ pe3ynLTaTa. 

Ha puc. 2 npHBe,IJ;eHLI Tai<)Ke I<PHBLie, xapai<TepHJYIDID;He 

npe,D;en B03MO)KHOrO CO,D;ep)KaHHH CBepXTJI)KenLIX 3neMeHTOB 

B o6pa3.u;ax MeTannH'IeCI<HX CBHHD;a, PTYTH H BOnLI}>paMa, 

nony'leHHLie B HawHx 3I<cnepHMeHTax. Kai< MO)KHO BH,IJ;eTL H3 

3Toro PHCYHI<a H H3 ma6A. 1, 'IYBCTBHTenLHOCTL o6Hapy)Ke

HHJI CITOHTaHHO ,IJ;en.IIID;HXCH H3ny'laTeneH Ha HaWeH yCTaHOBI<e 

HaMHOrO npeBLIWaeT 'IYBCTBHTenLHOCTL, ,IJ;OCTHrHyTyiO B 

OITLITaX CTOYTOHa H ,IJ;p./10,l 1/ CaHanorH'IHLIM,IJ;eTei<TOpOM, 

oco6eHHO npH 6onLWBX JHa'leHBHX v . 3ToT ycnex onpe

,IJ;enJieTCH ycnoBH.IIMH pa60TLI Ha 6onLWOH rny6HHe, B COn.IIHOH 

waxTe, o6ecne'IBBaiOID;HMB Ha,IJ;e)I(Hm JaiD;HTY oT I<ocMB'Iec

I<HX nyqeB:. YcTaHoBI<a ToMncoHa 
91 Tai<)I(e noMeiD;aeTCH 

ITO,IJ; MaCCBBHOH 3aiD;HTOH, O,IJ;Hai<O B HeH HeHTPOHLI perHCT

PHPYIOTCH no JaxaaTHLIM raMMa-ny'laM, I<OTOpLie ,IJ;eTei<TH-
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1<l' 

101~ 

1(!1 

u --~ 1011 
I II I 

2 4 6 
'I 

Puc. 2. ,[femeKmop co6r.~muil MHOJICeC1!16eHHozo ucnycKaHU.JI 
Heil1flpOH06. 3a6UCUMOC1flb npeoe/lbHOU U3MepUMOU 6e/lU'IUHbl 
TIC 0111 i7 , pacct~umaHHa.R O/l.R cmaHoapmHozo o6pa314a /6ec 
20 KZ, 20~ lfi.JIJICe/lOZO MelfiU/1/la, 1Q-4 ~ ypaHa/ - JICUpHa.JI 
AUHU.R. OcmaA&H&te mpu AUHUU Ha pucyHKe noKa3&16a101fl 
npeoeA&I cooepJICaHu.R c6epx111.RJ1Ce/lbtx 3AeMeH1fi06 6 o6pa3-
ijax C6UHl#a, pmymu u 60/lb~paMa, noAyt~eHH&te npu U3Mepe
HU.RX Ha Z/ly6uHe 1100 M.6.3. 

pyiOTCH )KB,!J;I<HM CD;HHTHnnHTOpOM B ll03TOMY CI<OnLI<O- HB6y.IJ;L 

BLICOI<a.ll 'IYBCTBHTenLHOCTL MO)KeT 6LITL ,IJ;OCTBrHyTa TOnLI<O 

.D;nH HJnyqaTeneB: c 6onLIIIBM v . 

Ta6AUI4a 1 
OmHoweHue <~Y6C1116U1fle/l&Hocmu npu noucKax ceepxlfi.RJICeA&IX 
3/leMeH1!106 0/l.JI HeillflpOHHbiX oemeK1fiOP06 ,[fy6Hbl u OKpUOJICa 
/cmaHoapmH&til o6pa3e14: 6ec 20 KZ, 20~ Pb , 10-4 %U 

-v 2 4 6 8 10 

,LJ;y6Ha/ OI<pH,IJ;)K 25 40 80 140 200 
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HeManoBa)KHbiM ycnoaueM no.IUJ;ep)KaHH.H awcoi<oii qya

CTBHTenLHOCTH HaWHX ycTaHOBOI< MLI cqHTaeM CHCTeMy 

MeponpH.HTHH An.H npeAOTBpai.QeHH.H Maneiiwero 3arp.H3HeHH.H 

na6opaTOpHH I<anH<i>OPHHeM-252. 3.104 aTOMOB 252 Cf ,1\aiOT 

0,1\HO CnOHTaHHOe ,1\eneHHe B CYTI<H H OTHOWeHHe BepO.HTHO

CTeH a - pacnaAa I< cnoHTaHHOMY AeneHHIO paBHO acero 

25, qyo npai<THqeci<H He ,1\aeT B03MO)KHOCTH I<OHTponHpOBaTL 

no a - cqeTy "onaCHLIH" ypoBeHL 3arp.H3HeHHOCTH 3THM 

H30TOnOM, I<ai< 3TO B03MO)KH0 B Cnyqae C H30TOnaMH I<IOpH.H. 

MLI a6conroTHo HCI<nroqunu npuMeHeHHe npenapaToB 252C f 
/I<pOMe aMnynHpOBaHHLIX HCTOqHHI<OB HeHTpOHOB/. 

OnucaHHLie BLiwe MeTO.I\HI<H npe,l\cTaan.HIOT 6onLwHe 

B03MO)KHOCTH AH.H npoae,l\eHH.H WHpoi<oro nouci<a caepx

T.H)KellLIX 3neMeHTOB C BLICOI<OH qyBCTBHTenLHOCTLIO. Ilo

nyqeHHLie AO HacTo.Hmero BpeMeHH AaHHLie noi<a3LIBaiOT, 

qTo ecnu OAHH H3 caepxT.H)Kenwx 3neMeHTOB cymecTayeT 

B npHpO,I\e, TO ero I<OHD;eHTfaUH.H B HaH6onee "y,l\aqHbiX" 

o6'Lei<Tax He npeBLiwaeT 10-
2 z/z. Ilo3TOMY An.H I<OHD;eH

TpHpoBaHH.H 3Toro 3neMeHTa Tpe6yeTc.H npoBeAeHHe TPYAO

eMI<HX XHMHqeCI<HX onepau;HH B ycnOBH.HX, I<Or,l\a noqTH 

HeH3BeCTHLI XHMHqeci<He CBOHCTBa HCI<OMOrO 3neMeHTa. 

Bw6op Hau6onee nOAXOA.HmHX npupo,I\HLIX o6pa3D;OB MO)KeT 

3HaqHTenLHO o6nerqHTL 3TY pa60TY. 

0co6oe BHHMaHHe B CB.H3H C nOHCI<aMH CBepXT.H)KellLIX 

3HeMeHTOB HaMH 6LinO y,l\eneHO Hei<OTOpLIM MeTeOpHTaM, 

a qacTHOCTH, yrnHCTLIM H HepaaHoBeCHLIM XOHAPHTaM. Xu

MHqeci<Hii COCTaB 3THX MeTeOpHTOB, no- BH,I\HMOMY, 6nH30I< 

COCTaBy npoTonnaHeTHOH TyMaHHOCTH. Il03TOMY OHH ,1\0ll)KHLI 

OTpa)KaTL Hei<HH "cpe,I\HHH" ypoBeHL CO,I\ep)KaHH.H CBepx

T.H)Kenwx 3neMeHTOB B ConHeqHoii cucTeMe. JleTyque 3ne

MeHTLI - HH,I\HH, BHCMYT, TannHH, PTYTL, CBHHeu;, BOA, 

6poM H AP· - HaXOA.HTC.H B yrnHCTLIX H HepaBHOBeCHLIX 

XOHAPHTaX B 3HaqHTenLHO 6onee BLICOI<HX I<OHD;eHTpaD;H.HX, 

qeM B 3eMHOH I<Ope. ·3TO, no-BHAHMOMy, xapai<TepHO 

H ,1\ll.H CBepXT .H)KenLIX 3HeMeHTOB C Z = 112- 115, I<OTOpLie 

,1\0ll)KHLI 6LITL XHMHqeci<HMH aHanoraMH p.HAa Hg-Bi. 3a

MeTHM, qTo AHAepc H XeiiMaHH /l 2/ BLIABHHYnH runoTe3y 

0 CB.H3H Me)K)\y aHOMaJIHeH THna PeHtmD;O B CO,I\ep)KaHHH 

T.H)KenLIX H30TOnOB I<CeHOHa B yrnHCTLIX H HepaBHOBeCHLIX 

XOH,I\pHTaX H CnOHTaHHLIM ,1\eneHHeM CBepXTJDKenLIX 3ne-

10 

MeHTOB. Hec:MoTp.H Ha P.HA cna6Lix cTopoH, 3Ta runoTe3a 

MO)KeT 6LITL npHH.HTa B I<aqecTBe ,1\0nOnHHTenLHOH OTnpaa

HOH yoqi<H AH.H npoBeAeHH.H noHCI<OB caepxT.H)KenLix 3neMeH

TOB B MeTeOpHTaX. 
,lJ;aHHLie 0 Hei<OTOpLIX MeTeOpHTaX, npe,I\CTaBn.HIOmHX 

HHTepec .1\ll.H nOHCI<OB CBepXT.H)KellLIX 3ne:MeHTOB, npe,I\CTaB-

neHLI B ma6A. 2. 

Ta6Aufla 2 

MeTeopHT Knacc H36LITOI< I36xer KoHu;eHTpau;u.H ypaHa 

10-12 cM3/z 10-8 z/z 

E<l>peMOBI<a C3 108 4 

AnneHAe C3 45 1,62 

Mureu C2 97 1,64 

Opreii Cl 54 2,4 

rpo3Ha.H C3 41 

CapaTOB ·L4 27 0,87 

PeHau;u;o C3 14 1,15 

HayHa Cl 41 0,95 

JlaHce C3 27 1,62 

C noMOmLIO ,1\eTei<TOpOB MHO)KeCTBeHHLIX HeHTpOHHLIX 

co6LITHH HaMH 6LinH HCCne,I\OBaHLI o6pa3D,LI MeTeOpHTOB 

CapaToB, EcllpeMOBI<a H AnneHAe H3 I<onnei<o;HH I<OMHTeTa 

no MeTeopuTaM AH CCCP. Eme OAHH o6pa3eu; MeTeopuTa 

AnneHAe aecoM 22,5 KZ 6Lin HaM mo6e3HO npeAOCTaBneH 

Hau;HOHanLHLIM My3eeM ecTeCTBeHHOH HCTOpHH cmA. Bo 

Bcex cnyqa.Hx Ha6moAaJIC.H TOnLI<O oqeHL cna6Liii cqeT co-

6LITHH, B I<OTOpLIX perHCTpHpOBaJIHCL ,1\Ba HnH TpH 0,1\HO

BpeMeHHO HCnymeHHLIX HeHTpOHa, HO Bee )Ke 3TOT cqey 

onpe,l\eneHHO npeBLIWaJI H3BeCTHLie HaM HCTOqHHI<H <i>oHa. 

Ha puc. 3 noi<a3aHLI H3MepeHHLie B 3THX onLITax BenHqHHLI 

T /C B 3aBHCHMOCTH oT npeAnono)KeHHH o v. 3aperucT-
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pupoBaB 33 co6~THR rrpu cpe~Hea cKopocTH cqeTa - o~Ho 
C06~THe B He~emo~ M~ e~e pa3 KpHTHqeCKH ITO~OWJIH KO 

BCeM B03MO)KH~M HCTQqHHKaM !lloHa. HarrpHMep, MO)KHO rrpe~

ITOJJO)KHTb, qTo orry6JJHKOBaHH~e ~aHHble 0 CO~ep)KaHHH 
ypaHa B HCCJJe~OBaHH~X HaMH MeTeOpHTaX He HCKJUOqaJOT 

HaJJHqHR B HHX JJOKaJJH3aUHH, CHJJbHO o6ora~eHHbiX ypaHOM. 

TaKoa cnyqaa, ecTeCTBeHHo, ManoBeposTeH, ecnu yqecTb 

XOTR 6~ OTHOCHTeJJbHOe ITOCTORHCTBO 34xtJeKTa B paJJJHqH~X 
o6paJuax MeTeopHTOB. K co)KaJJeHHJO, rronyqeHue rrpe~cTa
BHTeJJbHbiX rrpo6 HJyqeHH~X MeTeOpHTOB 6~JJO HeB03MO)KHO 

1025 
a 

I 16 

~2 

3 

I I 
u 1023 
~ 

1022 
2 4 6 8 10 

Puc. 3. 3aeucuMOC111b 0111 v eeAU'IUHbl T /C, xapaK111epuay10-
111eii cooepJICaHue ceepx111.RJICeAbiX 3AeMeH111oe e Me111eopu111ax 
Capa111oe /1/, AAAeHoe /2/ u EtjpeMoeKa /3/, no oaHHbiM 
U3MepeHUU Ha H€U111POHHOM 0€111€K1110pe MHOJIC€C111B€HHbiX C0-
6bi111UU. liOKU3UHbl 111UKJICe KpUBble, xapaK111epU3YIOJIIUe npeoe
Abl U3MepuMbiX 0111HOJUeHuii TIC, K01110pble o6ycAOBAeHbl 
tflOHOM 0111 cnOH111aHHozo oeAeHU.R ypaHa /a/ u 0111 .RoepHbiX 
B3UUMOO€UC111BUU KOCMU'I€CKUX MIOOHOB 8 o6pa3ij€ CBUHija 
/6/ Ha 2Ay6UHe 1100 M.B.3. 
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H3- Ja HX YHHKaJJbHOCTH. II03TOMY Mbl BCe )KC He MO)KeM 

C~eJJaTb OKOHqaTeJJbHOrO BbiBO~a OTHOCHTeJJLHO Ha6mo~eHHR 

cBepxTR)KeJJ~x 3JJeMeHTOB B MeTeopuTax. O~aKo HHTep

rrpeTaUHR rronyqeHHbiX peJyJJbTaTOB B cBeTe rurroTe3bl AH

~epca H XeaMaHHa rrpe~cTaBnseT orrpe~eneHHbiH HHTepec. 

Mbl HaMepeHbl B ~an~>HeaweM rrpoBecTH TaK*e HJMepeHHJI 

C MeTeOpHTaMH COBCeM ~pyrHX THITOB, B qaCTHOCTH, )KeJJe3-

HbiMH, KOTOpble rrpe~CTaBJJRIOT pe3yJJbTaT XHMHqeCKOH ~!11-

!llepeHUHaUHH HCXO~Horo BeiUeCTBa CoJJHeqHOH CHCTeMbl. 

0HH o6oraiUeH~ TaK Ha3biBaeM~MH CH~epo!IIHJJbHbiMH 3JJe

MeHTaMH, a 3JJeMeHT~ C aTOMHbiMH HOMepaMH 111, 110 ••• 

KaK aHanoru Au , Pt ~OJJ)I(Hbl rrpuHa~JJe)KaTb HMeHHO 3TOMY 

reOXHMHqeCKOMY KJJaccy. 

)J;aHHble ~ ITOJJyqeHH~e ITpH HJyqeHHH MeTeOpHTOB THITa 

yrJJHCTbiX XOH~pHTOB, Ha HaW B3rJJR~, CJJe~yeT paCCMaTpH

BaTb KaK HeKOTOpoe yKa3aHHe Ha B03MO)KHOe ITpHCYTCTBHe 

~onro)KHBY~Hx CBepxTR)KeJJ~x 3JJeMeHTOB B Tenax CoJJHeq

HOH cucTeM~. O~HaKo KOHUeHTpauus 3THx 3JJeMeHTOB B 

cpe~HeM He rrpeB~waeT 10-14 - 10-15 z/z. Ilo3TOMY 

CaMH yrJJHCT~e XOH~pHT~ HJ- 3a MaJJ~X KQJJHqeCTB BeiUeCT

Ba, ~OCTYITHOrO 3KCITepHMeHTHPOBaHHIO, He MOryT 6~Tb 

ITO~BeprHyT~ XHMHqecKOH rrepepa60TKe. )J;JJR XHMHqeCKHX 

3KCITepHMeHTOB OCTaiOTCR TOJJLKO 3eMH~e o6pa3U~, Cpe~H 

KOTop~x MO)KHO rrorr~TaTbCR HaHTH Hau6onee y~aqHJ.Ie, o6o

ra~eHH~e HCKOM~M 3JJeMeHTOM Ja cqeT TeX HJJH HH~X 

reOXHMHqeCKHX MeXaHH3MOB. 

Ilpu rroucKax TR)KeJJoro aHanora CBHHua - 3JJeMeHTa 

C ITOpR~KOBbiM HOMepoM 114, HaMH 6b1JJO HCCJJe~OBaHO OKOJJO 

60 o6pa3UOB, B~6op KOTOp~X OITpe~eJJJIJJCR B03MO)KHOCTLIO 

H30MOp!IIHOH COKpHCTaJJJJHJaUHH 3KaCBHHUa C MHHepaJJaMH

HOCHTeJJJIMH I 131. B que no 3THX o6pa3UOB BXO~HJJH 'cynL!IIH~
H~e py~bl, o6oraiUeHHble raneHHTOM, a TaK*e cyn~>!llocons
MH CBHHUa, M~WLJIKa H cypbM~: reOKpOHHTOM, ~eMCOHH

TOM, UHHKeHHTOM, reTepoMoP!IIHTOM. Hccne~oBaJJHCL amo

MOCHJJHKa T~, o6oraiUeHHble pe~KHMH IUeJJOqHJ.IMH 3JJeMeH

TaMH H TaJJJJHeM - MHKpOKJJHH, MYCKOBHT, JJeiTH~OJJHT, ITOJJ

JJYUHT. libiJJH HJyqeH~ TaK*e ITPOMhmmCHH~e B03rOH~ Ka

MeHHOrO JIHTbR H B03rOHbl BbiCOKOTeMrrepaTypHbiX !llyMapoJJ 

KJJKl''ieBCKOH COITKH, B KOTOp~X K034xtJHUHeHT o6oraiUeHHJI 

CB~HUa OTHOCHTeJJbHO HCXO~HbiX 6a3aJJLTOB COCTaBJJRJJ OT 

13 



CTa ,IJ,O TbiCJI'IH. MHHepaJibHble o6palUbl OT6HpaJIHCb Hl 

wHpoxoro HHTepaana no apeMeHH o6paloBaHHR MecTopo~

,IJ,eHHii OT 40 MAH. Aellf ,IJ,O 3,5 AMpO. Aellf. 

B 6onLWHHCTBe Hly'leHHbiX o6palUOB He 6blna o6Hapy

~eHa XaXaJI-JIH60 Hl6biTO'IHaJI aXTHBHOCTb. B HeXOTOpbiX 

CBHHUOBO-UHHXOBbiX CyJib~H,IJ,HbiX py,IJ,aX Hl MeCTOpO~eHHH 
C "HHlXOTeMnepaTypHOH" acCOUHaUHeii MHHepaJIOB Ha6mo

,IJ,aJICJI 3~eXT, XOTOpbiH B HeCXOJibXO pal npeBbUUaJI BOl

MO~HbiH ci>oH OT CDOHTaHHOro ,IJ,eJieHHJI npHMeCH ypaHa. 3TOT 

3~eKT, HlMepeHHbiH C nOMOIUbiO nponopUHOHaJibHbiX C'leT

'IHXOB OCXOJIXOB ,IJ,eJieHHJI, MOr COOTBeTCTBOBaTb CO,D,ep~aHHIO 

B py,D,aX CBerXTR~enoro 3JieMeHTa Ha ypOBHe OTHOWeHHJI 

T /C = 4.10 
2 

neT. 0,IJ,Haxo pelyJILTaTbl, nony'leHHble .D.JIR 

3THX ~e PY.D. Ha ,IJ,eTeKTope HeiiTpoHoB, MornH 6biTL corna

coaaHbl C ,IJ,aHHbiMH DpOnOpUHOHaJibHbiX C'leT'IHXOB TOJibXO 

B npe,IJ,nono~eHHH, 'ITO TaXaJI aKTHBHOCTb CnOHTaHHOrO ,IJ,e

neHHR conpoao~aeTCR HcnycxaHHeM o'leHL Manoro 'IHcna 

MrHoaeHHbiX HeiiTpoHoB (;:; = 1 ,5). Uenblii pR.IJ. XHMH'IecxHx 

MeTO,IJ,OB, 'HaUeJieHHbiX Ha Bbi,IJ,eJieHHe CBepXTR~eJibiX 3Jie

MeHTOB, He ,IJ,aJI nOJIO~HTe.JibHOrO pelyJibTaTa, HeCMOTpR Ha 

TO, 'ITO XHMH'IeCKHM npoue,D,ypaM nO,IJ,BepraJIHCb 60JibWHe 

MaCChi PY.D.bl /.D.O HeCXOJibXHX COTeH KHJIOrpaMMOB/. 

B ,IJ,aJibHeiiweM OCHOBHOe BHHMaHHe 6biJIO y,IJ,eJieHO nOHCXy 

o6palUOB, ,IJ,JIJI XOTOpbiX MOr 6b1Tb npe,IJ,JIO~eH onpe,IJ,eJieHHbiH 

MexaHHlM ecTeCTBeHHoro o6orameHHR 3KaTanJIHR. Cpe,IJ,H 

uenoro pR,IJ,a o6palUOB, XOTOpble B HaCTOJIIUee BpeMJI Hlyqa

IOTCJI li OTHOCHTeJibHO XOTOpbiX noxa paHO ,IJ,eJia Tb onpe

,IJ,eJieHHble BbiBO,IJ,bl, OTMeTHM reOTepMaJibHble BO,IJ,Hble HCTO'I

HHXH IO~Horo KacnHR /n/o qenexeH/. EcTecTBeHHO npe,IJ,ITo

no~HTL, 'ITO BbiCOXOTeMnepaTypHble BOlrOHbl, nO,IJ,HHMaiO

IUHeCJI no rny6HHHbiM palJIOMaM leMHOH XOpbl, HMeiOIUHM 

XOHTaXT C BepXHHMH CJIOJIMH MaHTHH, ,IJ,O~Hbl 6b1Tb o6ora

(UeHbl JieTy'IHMH XOMDOHeHTaMH. 3TH BOlrOHbl paCTBOpRIOTCJI 

B rny6HHHbiX TepMaJibHbiX BO,IJ,aX, X XOTOpbiM OTHOCJITCJI 

H rH,D;poTepMbl qenexeHa. qenexeHcxHe BO.D.bl o6orameHbl 

nerxoneTy'IHMH MeTaJIJiaMH, TaXHMH KaX Xa,IJ,MHH, TaJIJIHii, 

CBHHeU H ,D,p. CJie,IJ,OBaTeJibHO, BeCbMa BepORTHO, 'ITO OHH 

lHa'IHTeJibHO o6orameHbl H JieTy'IHMH CBepXTR~eJibiMH 3Jie

MeHTaMH. OueHxH noxalbiBaiOT, 'ITO xo3~HUHeHT o6o

rameHHR MHHepaJibHOH ci>paXUHH 3THX BO,IJ, MO~eT ,IJ,OCTHraTb 
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BeJIH'IHHbl 10-lQQ no cpaBHeHHIO C BMeiUaiOIUHMH nopo,IJ,aMH. 

llpH onpe,D,eJieHHbiX YCJIOBHJIX Hl paCCOJIOB Bblna,IJ,aiOT OCa,IJ,

XH, XOTOpble, B CBOIO O'lepe,IJ,b, MOryT 6b1Tb o6oraiUeHbl no 

CpaBHeHHIO C BO,IJ,OH B 10 4 - 10 S pal. 

llo,IJ,o6Hble oca,IJ,xH cynL~H.IJ.OB ~enela,co,IJ,ep~aiUHe oxono 

O,IJ,HOrO npOUeHTa TaJIJIHJI, npORBHJIH Ha OnbiTe aXTHBHOCTb 

CnOHTaHHOrO ,IJ,eJieHHJI, B HeCXOJibXO pal npeBbiWaiOIUYIO 

ypoaeHL ~oHa OT ypaHa / T /C ~4.10 21 
neT/. 0,IJ,Haxo 

H B 3TOM CJiy'lae HlMepeHHJI Ha ,IJ,eTeXTOpe HeiiTpOHa CBH

,IJ,eTeJibCTBOBaJIH o ManoM lHa'leHHH v = 1,5. B HacTORIUee 

apeMR npoao,IJ,RTCR 3XcnepHMeHTbl c uenLIO o6orameHHR 

yxalaHHOH aXTHBHOCTH. 3Ta la,IJ,a'la npe,D,CTaBJIJieTCJI He

npOCTOH, TaX XaX pe'lb H,IJ,eT 06 Hly'leHHH aXTHBHOCTH, 

ypoaeHL C'leTa xoTopoii noxa He npeablwaeT O,IJ,Horo ,IJ,eneHHR 

la 20-30 cyTox Ha 50 z aemecTaa. TeM He MeHee, rH,IJ,po

TepMaJILHble BO,IJ,bl, Ha HaW Blr JIJI,IJ,, . npe,D,CTaBJIJIIOT O,IJ,HH Hl 

HaH6onee 6naronpHRTHbiX 06'beXTOB ,IJ,JIJI XHMH'IeCXHX 3XCne- -

pHMeHTOB, TaX XaX He Tpe6ywT paCTBOpeHHJI 60JibWHX 

Mace aemecTaa. HexoTopble 3XcnepHMeHTbl Haxo,IJ,RTCR a 

cTa,IJ,HH BblnonHeHHR. Tax, npoae,IJ,eHo HlBJie'leHHe TR~enblx 

3JieMeHTOB Hl qeJieXeHCKOrO paCCOJia Ha HOH006MeHHble 

CMOJibl. qepel O.IJ.HY TOHHY CMOJlbl 6b1JIO nponyiUeHO 2.10 6 

JIHTpOB paccona. lloJiy'leHHbiH cop6eHT B HaCTORIUee apeMJI 

HCCJie,IJ,yeTCJI. 

PeliOMHpyR pelyJILTaTbl ODHCaHHbiX BbiWe 3XCnepHMeH

TOB, cne,IJ,yeT OTMeTHTL, 'ITO noxa Mbl He pacnonaraeM 

O,IJ,HOlHa'IHbiMH ,IJ,OXalaTeJILCTBaMH CyiUeCTBOBaHHJI CBepx

TR~enblx 3JieMeHTOB a npHpo,D,e. HexoTopble nony'leHHble 

pelyJibTaTbl, B OC06eHHOCTH ,IJ,aHHble OnbiTOB C MeTeOpHTa

MH, yxalbiBaiOT Ha npHCYTCTBHe HeHlBeCTHOH npHpO,D,HOH 

aXTHBHOCTH CDOHTaHHOrO ,IJ,eJieHHJI, XOTOpaJI XapaXTepHly

eTC.B O'leHb MaJibiM lHa'leHHeM 'IHCJia V • 0,IJ,HaXO 3TO o6-

CTO.BTeJibCTBO Bp.B,IJ, JIB CMO~eT nOMeWaTb H,IJ,eHTHci>HKaUHH 

yXalaHHOH aXTHBHOCTH XaX O,IJ,HOrO Hl HlOTOnOB CBepXTJI

~eJibiX 3JieMeHTOB, eCJIH 6y,IJ,yT X Or ,IJ,a- HH6y,IJ,b noJiy'leHbl 

onpe,D,eJieHHble ,IJ,OXalaTeJ1bCTBa B DOJlblY TaXOH H,IJ,eHTH

~HXaUHH. 
0TMeTHM, 'ITO H B OnbiTaX ,D,pyrHX aBTOpOB 6biJIH nony

'leHbl yXalaHHJI Ha CyiUeCTBOBaHHe He HlBeCTHbiX paHee 

npBpO.IJ.HbiX axTHBHOCTeii cnoHTaHHoro ,IJ,eneHH.B. HaH6onee 
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KaTeropHqecKHe YTBep~eHHR 'Ha 3TOT cqeT 6~,H C~enaHW 

B He~aBHO IIOJIBHBWeHCJI pa6oTe Man~ H ~p. /l
4

, B KOTOpO:ii 

JaRBnReTcR o6 o6Hapy)l(eHHH Tpex palnHqH~x IIPHPO~H~x 

aKTHBHOCTe:ii CIIOHTaHHOrO ~eneHHJI, B~~eneHH~X B XHMH

qeCKHX 3KCIIepHMeHTaX Hl TeXHHqecKOH ~BYOKHCH ra~HHJI. 

,lJ;pyroe yKaJaHHe Ha cyll\eCTBOBaHHe caepxTR)I(en~x 3neMeH

TOB 6bino 11onyqeHo CTe~aHoM H ~p. /eM. B pa6oTe /l4/ I, 
KOTOp~e B~~enRnH Ha Mace- CellapaTOpe Hl llpHpO~H~X 

MaTepHanoa qacTH:o;w c MaccaMH 270-310. B 3TO:ii ~paK:o;HH 

Ha6mo~anocL ~eneHHe 110~ ~e:iicTBHeM Tellnoa~x H peaKTop

H~X HeHTpOHOB. fipaB~a, 3TH pelyllLTaThl ell\e He CTOllh 

o11pe~eneHHO MoryT 6h1Th OTHeceHw K caepxTR)I(en~M 3ne

MeHTaM, TaK KaK B yKaJaHHYIO o6naCTh MaCC MOrnH IIOIIaCTh 

TaK)I(e HeKOTOpble MOneKynw, BKmoqaiOII\He ypaH HnH TOpH:ii. 

PeJynLTaTw, HlllO)I(eHHhle B coo611\eHHH Manw H ~p./ 14{ 
llpe~CTaBnRIOT, oqeBH~HO, 6onhWOH HHTepec, TaK KaK B 3TOH 

pa6oTe peqh ~eT o6 oqeHL BhiCOKOM ypoaHe o6Hapy)l(eHHhiX 

aKTHBHOCTe:ii CIIOHTaHHoro ~eneHHR I T/C = 3.10
19 

neT/, 

a TaK)I(e 11onyqeHhl ollpe~eneHHhle cae~eHHR o6 HX XHMHqec

KHX cao:iicTaax. HeKoTopwe 3KCIIepHMeHThl, KOTopwe 6wnH 

11poae~eHw y Hac c o6pa3:o;aMH, co~ep)l(all\HMH ra~HH:ii, IIOKa 

He ~anH KaKHX • nH60 yKalaHHH Ha llpHCYTCTBHe B HHX HOBhiX 

aKTHBHOCTe:ii CIIOHTaHHoro ~eneHHR I T/C ·<_10
21 

neT/. B 
3THX 3KCIIepHMeHTaX 6blnH HJyqeHhl o6pa3D;hl XHMHqecKH 

qHCTOH ~BYOKHCH ra~HHJI, a TaK)I(e KOHD;eHTpaT, IIOnyqeHHhiH 

B KaqecTBe 11o6oqHoro llpo~yKTa 11epepa6oTKH :o;HpKOHa 

H CO~ep)l(aBWHH 611/o ra~HHJI H 10-211/o ypaHa. 

IloucKu .ROep ceepxm.RJICeAbiX 3AeMeHmoe e KocMu~ecKux 
Ay~ax 

0~HO H3 HaH6onee llepclleKTHBHhiX HallpaaneHHH IIOHCKOB 

CBepXTJI)I(enhiX 3lleMeHTOB CBJI3aHO C HCCne~oBaHHeM COCTa

Ba TJI)I(eno:ii KOMIIOHeHThl llepaHqHOrO KOCMHqecKOrO Hlnyqe

HHR. KaK H3BeCTHo, 11epa~e 11o~o6H~e 3KCIIepHMeHThl 6wnH 

BhiiiOnHeHw «<>aynepoM c coTpy~HHKaMH a 1967 ro~y /IS/ 
C IIOMOII\hiO MepHhiX ~OT03MynhCHH, 3KCIIOHHpOBaHH~X B 

aepxHHX cnoRx aTMoc~ep~. B pe3ynLTaTe HM y~anocL 
o6Hapy)I(HTh cne~ caepxT•)I(eno~ qacTH:U~. 3apR~ KOTopo:ii 
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6~n o:u;eHeH KaK Z ~ 106
1161 . O~HaKo ~anLHe:iiwHe Hccne

~oaaHHR /
17 • lB/, KaK C IIOMOII\hiO R~epH~X 3MYllhCHH, TaK 

H IIOllHMepHhiX rrneHoqHhJX MaTepHanoB, ~0 CHX IIOp He 

~anH o~HOJHaqHoro IIO~Taep~eHHR 3Toro pelynLTaTa. liwno 

06Hapy)l(eHO nHWh HeCKOnhKO cne~OB aTOMH~X R~ep Hl 

o6naCTH Z = 90-96. fio 3THM ~aHH~M, BepXHJIR rpaHHD;a 

HHTeHCHBHOCTH IIOTOKa CBepXTJI)I(enhJX Jl~ep B llepaHqHOM 

KOCMHqeCKOM HlnyqeHHH COCTaBnJieT MeHee 1 R~pa Ha M2 

B ro~. ,lJ;nR Ha~e)I(HOrO 06Hap~eHHR TaKoro IIOTOKa IIOTpe-

6oaanOCh 6bl 3KCIIOHHpOBaTb B OKOllOleMHOM llpOCTpaHCTBe 

He MeHee O~HOH TOHHhl R~epHOH 3MynLCHH H IIOllHMepHhiX 

11neHoK B TeqeHHe o~Horo ro~a. 

HaMH 6wn H36paH ~pyro:ii IIYTL, KOTopw:ii, HaHawaJrnR~, 

~On)l(eH ~aTL He MeHee Ha~e)I(Hhle pe3ynLTaTw H a TO )l(e 

BpeMR OTKphiBaeT 6onLWHe B03MO)I(HOCTH ~nR yaenHqeHHR 

cTaTHCTHKH. Peqh H~eT o6 HJyqeHHH cne~oa penRTHBHcT

CKHX Jl~ep B MHHepanax, BXO~Ril\HX B MeTeOpHThl, KOT?t~Oe 

a11epawe llpoao~HnocL MopeTTOM H ~p. B 1968 ro~y ~ 
lfJBeCTHO, qTo MHOrHe MHHepanhi RBnJIIOTCJI llpeKpaCHhiMH 

~eTeKTopaMH TR)I(enwx R~epH~x qacTH:o;. Pa~Ha:o;HOHHhlii 

B03paCT MeTeOpHTOB COCTaBnReT B cpe~HeM He MeHee 

10 MAH.Aem. 3a 3TO BpeMJI B HHX HaKallnHBaeTCJI rpoMa~HaJI 

HH~OpMaD;HJI 0 3apR~OBOM ClleKTpe TJI)I(eno:ii KOMIIOHeHThl 

KOCMHqecKHX nyqe:ii, KOTOpaR MO)I(eT 6b1Th H3BneqeHa B pe-

3YllhTaTe aHanH3a ~nHH cne~OB OCTaHOBOK 3THX qacTHD;. 

fipOCTOH IIO~cqeT IIOKa3biBaeT, qTo O~HH rpaMM MeTeOpHT

HOrO MHHepana 3KBHBaneHTeH B 3TOM CM~cne TOHHe 3Mynh

CHH HllH llllaCTHKOB, Bhl~ep)l(aHHhiX B TeqeHHe ro~a Ha OKOnO-

3eMHOH op6HTe. 

llpoaHanH3Hpoaaa OII~T pa6oThl c 11o~o6Hh1MH MHHepana

MH, HaKOIIneHHhiH pa3nHqHhiMH aBTOpaMH, M~ B~6panH 
B KaqeCTBe 06'beKTOB HCCne~OBaHHR OnHBHH~, BXO~Ril\He 

a )l(ene3oKaMeHHhle MeTeopHThl - 11annacHThl~ Co~ep)l(aHHe 

OllHBHHOB B llannaCHTaX ~OCTHraeT 40-7011/o 110 06'beMy, 

KpHCTann~ HMeiOT ~OpMy llp03paqHhiX O~OpO~HhiX 3epeH 

pa3MepaMH ~o 5-8 MM. HJyqeHHe MexaHH3Ma o6pa3oaaHHR 

cne~OB B OllHBHHaX, BKmoqaiOII\ee pa3pa60TKY MeTO~OB Tpaa

neHHR, KanH6poaoqH~e H3MepeHHJI C YCKOpeHH~MH TJI)I(en~MH 

HOHaMH BllllOTh ~0 KCeHOHa, a TaK)I(e pacqeT~ TOpM03H~X 

CIIOC06HOCTe:ii OnHBHHa ~nJI CaMWX TJI)I(enhiX aTOMH~X Jl~ep, 
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Puc. 4. OmHoculleAbHaJI OAUHa cAeOo8 omoeAbHbiX JIOep 
8 OAU8UHax /pac'lem/. 

D03BOnJieT HapRCOBaTL 3aBRCRMOCTL AnRHLI cne.z.a OT 3apJIAa 

JI.z.pa. 3Ta 3aBRCRMOCTL npeACTaBneHa Ha puc. 4, R3 KOTOpo

ro BRAHO, 'ITO AnHHa cneAOB JIAep CBepXTJI:>KenLIX 3neMeHTOB 

AOn:>KHa 6LITL RCKniO'IRTenLHO 6onLWOH - OKOnO 1,5 MM -
R npeBLIWaeT DO'ITR B ABa pa3a CneALI JIAep ypaHa. 

Ha .z.ene CRTyai(RJI OKa3LIBaeTCJI HeCKOnLKO 6onee cno:>K

HOH R3- 3a B03MO:>KHOH perpeCCRH CKPLITOrO R306pa:>KeHRJI, 

B pe3ynLTaT·e o6ny'leHRJI MRHepanOB 6onLWHMR DOTOKaMR 

KOCMR'IeCKRX nyqeii HnR R3- 3a AJi&TenLHOrO B03AeHCTBRJI 

COn&e'IHOH pa.z.&ai(RR, npHBOAJIII(ero K HarpeBy MeTeOpRTOB. 
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Puc. 5. PacnpeoeAeHue OAUH cAeOo8 KOCMU'IecKux .110ep 
zpynnbl xeAe3a 8 OAU8UHe u.1 . Me11eopuma · "Jluno8cKuii 
iXYIIOp". 

Cnei(RanLHLie ODLITLI / 20/, B I<OTOpLIX OnRBRHLI o6nyqanRCL 

6onLWRMR RHTerpanLHLIMR DOTOI<aMR penJITRBRCTCI<RX npo

TOHOB .z.o 4,5.10 15 1/cM 2 , noxa3an&, 'ITO perpeccaeii cne

AOB, BLI3BaHHOH AaHHOH npR'IRHOH, MO)I(}IO npeue6pe'IL. 31}l

l}lei<T TepMR'IeCI<OH perpeCCRR CBOARTCJI, I<ai< DOI<a3LIBaeT 

ODLIT, I< DOBLIWeHRIO nopora BLIJIBneHRJI Tpei<OB B MRHepa

nax, R, cne.z.oBaTenLHO, I< COI<pall(eHRIO AnKH Tpei<OB TJI:>KenLIX 

aTOMHLIX JIAep /4S/. Ha puc. 5 noxa3aH cnei<TP cne.z.oB JIAep 

rpynnLI :>Kene3a B OnRBHHaX R3 MeTeOp&Ta "JIRDOBCI<RH 

xyTop" 1201. BRA 3Toro cnei<Tpa no3BonJieT 3ai<nJO'IRTL, 'ITO 

cnei<TPLI JIAep TJI:>Kenee :>Kene3a B pe3ynLTaTe perpeccaa 

n&wL ueci<onLI<O cMe~QaJOTCJI R pa3MLIBaiOTCJI. Maxc&ManLnoe 

COKpa~QeHRe AnHH cneAOB B o6nacTR Z > 36 MO:>KeT COCnlB

nJITL .z.o 20-25~. CKopee Bcero, Ka'leCTBen&o, perpecc&JI 

cneAOB AOn:>KHa npeo6pa30BaTL KapTRHy, npORnnJOCTpRpOBan

HYJO ua puc. 6a, B TO, 'ITO noKa3ano ua puc. 66. B nonL3Y 

TaKoro BLIBOAa rOBOpJIT Tai()Ke pe3ynLTaTLI I<OHTpOnLHLIX 

ODLITOB DO .z.n&TenLHOMY OT:>K&ry cneAOB B OnRBHHaX, o6ny

'leHHLIX aouaM& Ar , Ge , Kr H Xe . llp& KpaiiHeM .z.ony

IQeHRR 0 HenpepLIBHOM yMeHLWeHHR AnKH cne.z.oB, I<a:>KyiQeM

CJI HaM BeCLMa uenpaBAODOA06HLIM, cneKTpLI OTAenLHLIX 
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Puc. 6. Bo3oeilcmeue o1/IJICuza Ha cneKIIIPbl OAUH cAeooe 
.110ep Pb , U u 114 3AeMeHma; a - pac~e111Hble cneKmpbl 
6e3 y~ema pezpeccuu; 6- y~em 3t/xfieKma pezpeccuu, UMeeweil 
Mecmo e Memeopume "JiunoecKuil xymop"; e - HenpepbleHoe 
yMeHbJUeHue OAUH cAeooe c me~eHueM epeMeHu. 

rpynn JI~ep ( Pb, U, SHE) ~o~HLI nepeKpLITLCJI I eM. 
pUC. 6ej. 0~HaKO H B 3TOM cnyqae B03MO~eH TIOHCK npo
TJI~eHHLIX cne~oa JI~ep caepxTJI~enLix 3neMeHTOB, He yc
neawux no~aeprHyTLCJI perpeccuu, KOTopas Morna 6LI npu
aecTH K HX HHBenHpOBKe CO cne~aMH rpyTITILI ypaHa. 

0TBeTCTBeHHLIM MOMeHTOM BO BCeH o6cy~~aeMOH 3a~a
qe JIBnJieTCJI BLI6op no~xo~JIIUeii noKanH3aUHH MHHepanoa. 
H3- 3a CHnLHOrO Harpe sa H OT~Hra TIOBepXHOCTH npH BXO~e 
a aTMoccllepy MHHepanLI, pacnono~eHHLie a6nH3H noaepx-

20 

HOCTH MeTeOpHTOB, HenpHrO~HLI MJI HCCne~OBaHHJI. B TO 
>Ke apeMJI H3- 3a orpaHH"'IeHHoro npo6era KOCMH"'IeCKHX 
JI~ep, a oco6eHHOCTH JI~ep HaH6onee TJI~enLix 3neMeHTOB, 
He HMeeT CMLICna H3y"'leHHe MHHepanoB, CnHWKOM y~aneH
HLIX OT ~OaTMOCcllepHOB TIOBepXHOCTH MeTeOpHTOB. llo-au
~HMOMY, OTITHManLHLIM MJI TIOHCKOB cne~OB CBepXTJI~enLIX 

JI~ep JIBnJieTCJI cnoii, Haxo~suumcs Ha rny6HHe 4-6 CM. 
H~eHTHcllHKauus 3Toro enos npe~cTaanseT co6oii HeTpHau
anLHYIO 3a~aqy. HaMH 6Lino uccne~oaaHo HecKonLKO coTeH 
o6pa3UOB H3 pa3TIH"'IHLIX MeTeOpHTOB THTia nannaCHTOB. 0T60p 
llpHeMneMLIX noKanH3aUHB MHHepanoB llpOBO~HTICJI no MaK
CHManLHoii nnoTHOCTH cne~oa JI~ep rpynnLI ~ene3a. Hau-
6onee y~a"'IHLIMH OKa3aTIHCL OnHBHHLI H3 MeTeOpHTOB "nu
TIOBCKHB xyTop" H "MapLJinaxTH". B 3THX o6pa3uax nnoT
HOCTL cne~oa JI~ep rpynnLI ~ene3a cocTaansna 
/2-6/.106 1/CM 2j B OCTanLHLIX cnyqaJIX OHa Kone6anaCL 
B npe~enax 102 - 105 1/cM 2/. K HacTOJIIUeMy apeMeHH 

Nt-z 

15 

to 

5 

liDO 500 600 700 800 900 R,, • .,,. 

Puc. 7. CneKIIP OAUH Hau6oAee npoJIJIJJCeHHbiX cAeooe KocMu
~ecKux JIOep. 0AU6UHbl U3 MeJieopUJI06 "JiunoeCKUU XYIIOp" 
U "MapbJIAQXJiu••. 
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npoBe~eH npocMOTP 70 MM 
3 

OJ111BBHOB. Oco6oe BHBMaHBe 

y~emwocb aHanB3Y Hau6onee npoTJDKeHHLIX cne~oB. CneKTp 

~nHH :nux cne~oB npe~cTaBneH Ha puc. 7. 3aMeTHM, qTo 

no HaKonneHHOB CTaTBCTBKe JTOT CDeKTp B 5 pa3 npeBLI

waeT HH~opMauuro, nonyqeHHyro B JKcnepuMeHTax ~aynepa 

c coTpy~HBKaMB. O~HaKo, KaK BH~Ho B3 puc. 7, noKa He 

3aperHCTpHpOBaHO HH O~Horo cne~a ~llBHOH 1 MM BllB 6onee, 

T.e. yKa3aHHS Ha npHCYTCTBBe B nepBBqHbJX KOCMBqecKBX 

nyqax noTOKOB g~ep CBepXTS~ellbiX JneMeHTOB B HaWBX 

JKCnepHMeHTaX OTCYTCTByroT. 3aperHCTpBpOBaHO 3Haqu

TellbHOe qucno /40/ cne~OB, ~J111Ha KOTOpbiX HaXO~HTCJI 
B HHTepBane 550-950 MKM. 

HaM npe~cTaBnseTCJI Ba~HLIM ~anLHeiwee 3HaquTenLHOe 

yBenuqeHHe o6'beMa npocMoTpeHHLIX MHHepanoB. PeanLHLIM 

JIBllJieTCS yBenuqeHBe JTOrO 06'heMa B 10 pa3. 3HaqBTellbHO 

yBenuqBT UeHHOCTb H Ha~e~HOCTb BH~OpMaUBH, nonyqeHHOH 

B JTHX JKCnepHMeHTaX, npoBe~eHHe Kanu6pOBOqHLIX H3Me

peHHH C YCKOpeHHbiMH HOHaMB TJI~enLIX JlleMeHTOB, BKnroqag 

ypaH; B03MO~HOCTb TaKHX KanH6pOBOK 6y~eT B03HHKaTb 

no Mepe BBO~a B CTpOH HOBLIX YCKOpHTeneH. 

3KcnepuMeH111bl no cUH111e3y ceepXIII.RJICeAbiX 3AeMeHmoe 

6 peaKijUJIX nOAHOZO CAUJIHUJI 1/I.RJICeAbiX .ROep 

Pe3ynLTaTLI 6onee qeM nJITBneTHHX ycunuu MHorux 

rpynn no noBcKaM cBepxTJI~enLix JneMeHTOB B npupo~e 

MO~HO OUeHHBaTb no-pa3HOMy, HO B nro60M cnyqae npe~

CTOHT e~e npo~O~HTellbHaS H Tpy~HaJI pa6oTa, BTOr KO

TOpOH BpJI~ llH MO~HO npe~CKa3aTb. lloJTOMY JKCnepHMeH

Tbl, HaueneHHble Ha BCKYCCTBeHHbiH CHHTe3 CBepXTJI~enLIX 

JlleMeHTOB, JIBllJIIOTCS BeCLMa aKTyanhHbiMH. 

HaM npe~cTaBnJieTCJI, qTo ecTL ~Ba nyTH ~ns npu6nu

~eHHJI K peweHHIO JTOH npo6neMLI. B o6oux cnyqasx Tpe-

6yroTCJI HHTeHCHBHble nyqKB TJI~enLIX BOHOB. Bo-nepBbiX, 

~llJI nonyqeHBJI CBepXTS~ellbiX JlleMeHTOB MO~O npBMe

HBTb Tpa~BUBOHHLIB MeTO~, OCHOBaHHLIH Ha nonHOM CllHJIHHH 

~BYX B3aBMO~eHCTByro~BX TJI~enLIX JI~ep C o6pa30BaHBeM 

COCTaBHOro JI~pa. ~pyroH DYTL, B o6~X qepTaX, COCTOHT 

B nonyqeHBH CBepXTJI~enLIX Jl~ep B KaqeCTBe OCKOllKOB, 

22 

' ' 

' J 

o6pa3yro1UBXCJI DpB MrHOBeHHOM ~eneHBB oqeHb TJI~ellbiX 

B036y~~eHHbiX Jl~epHbiX CBCTeM. 

QqeBB~HbiH He~OCTaTOK MeTO~a CBHTe3a B peaKUBB 

DOJ1110rO CllBSHBJI COCTOBT B TOM, qTo npo~yKTbl TaKBX 

peaKUHB Bcer~a JIBllJIIDTCJI HeHTpoHo~e~BUBTHLIMH. TaK, 

HaH60nee TJI~enLie CBHTe3BpOBaHHble B30TOnbl KypqaTOBBJI 

u HHnLc6opus I Z = 104 u 105/ oTcTOJIT oT nHHBH f3- eTa-

6unLHOCTH Ha 10-15 HeBTPOHOB. Hau6onee ycToiqBBLIB 

B OTHOWeHBH CnOHTaHHOrO ~eneHHS /no npe~CKa3aHBJIM/ 
H30TOn 298 114 He MO~eT 6LITb nonyqeH JTHM MeTO~OM 
B n1060H peani.HOB KOM6HHaUHH MBWeHL-qaCTBUa. 

B pa3HOe BpeMS 6LinO npe~npBHJITO HeCKOllbKO nonLITOK 

CHHTe3HpOBaTb CBepXTJI~enLie JneMeHTbl, HCnOllb3YJI ~eaK

UBH nonHoro cnuJIHBS c ycKopeHHLIMB uoHaMB 
40 Ar I 1 I , 

66, 68 Zn 1221 , 74, 76 Ge 1231 8 84 Kr 1241. Hau6onee 

cepbe 3HaS B3 HHX OTHOCBTCJI K 1973 ro~y, KOr~a B HaWeD 

na6opaTOpHB B ~y6He 6blllH BCClle~OBaHLI peaKUHB 
232 Th + 74,76 Ge 8 238 U + 76 Ge 123,251. CBsTeUKHB 1261 8 

HHKC 1271 B pe3yllbTaTe aHallB3a CBOHCTB CBepXTS~enLIX 
Jl~ep, KOTOpble MOryT 6LITb nonyqeHLI B pa3nHqHLIX KOM-

6HHaUHSX MBWeHeH H 6oM6ap~.JJYIOIUBX qaCTHU, npHWllH 

K BLIBO~Y, qTo peaKUHS 
232 Th + 6 Ge Hau6onee nepcneK

THBHa ~ng CHHTe3a CBepXTJI~ellbiX JlleMeHTOB. ~eHCTBH
TellbHO, H30TOnbl 302 - :l06 122, nonyqaiO~eCJI B peaKUBJIX, 

HaH6onee 6nB3KH K UeHTpy OCTpOBa CTa6BllbHOCTH cpe~B 
npoqux ~ocTynHLIX HyKnB~OB. Oco6eHHOCTB ux pa~uoaKTHB

HOrO pacna~a, paCCMOTpeHHble B pa6oTe ~aH3eTa H HBKCa 12?1 
TaKOBLI, qTo B HTore nocne uenoqKH a-pacna~oB ~o~Ho 

Ha6nro~aTLCJI cnoHTaHHoe ~eneHue c nepuo~oM nonypacna~a 

OT 1 MCeK ~0 1 ZOOa. 3TOT BbiBO~ SBnJieTCJI yCTOHqHBbiM 

~a~e npH OWH6Ke . B OUeHKe nepHO~OB CnOHTaHHOrO ~eneHBJI 

B 10 10 pa3. liTo KacaeTcJI nonepeqHLIX ceqeHHH o6pa3oBaHHJI 

npo~yKTOB peaKUBB nOnHOrO CllBJIHBS, TO B pa6oTe CBJITeu

KOrO H U.aHra 129 I 6Lina c~enaHa oueHKa a = 10 - 30 eM 
2 

/BepXHJIJI rpaHHUa/. 

Hawu JKcnepBMeHTLI c uoHaMH repMaHHJI npoBo~unucL 

Ha nyqKe TaH~eM-UHKllOTpOHa C nna3MeHHbiM HCTOqHBKOM 

HOHOB. liLinB nonyqeHLI nyqKB 74 Ge B 
76 Ge c JHepruei oKono 

600 M3B B HHTeHCHBHOCTbiO lQll UOH06/CeK. MHWeHB H3 

TopHJI u ypaHa o6nyqaJ111Ch HOHaMB 
74 Ge B 

76 Ge B ~ana3oHe 
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::meprHH OT 370 ,IJ;O 600 M3B /na6. CHCTeMa/. PerHCTpHpo

BanHCb npO,D;YKTbl CnOHTaHHOrO .n;eneHHJI, HMeiOUUie nepHO,!J; 

nonypacna.n;a oT 1 MeeK .n;o 1 zooa. Pe3ynbTaTbi3THx 3Kcne

PHMeHTOB 6blnH OTplll{a TenbHbiMH. Y CTaHOBneHa nHWb Bepx

HJIJI rpaHH.Ua ceqeHHJI o6pa30BaHHJI HCKOMbiX 3neMeHTOB Ha 

ypoaae 10-34 cM 2 • 

TaKaJI rpaaHna B 102 - 105 pal HH>Ke Tex npe.n;enoa, 

KOTOpble ,!J;OCTHrHyTbl B 6onee paHHHX nonbiTKaX CHHTe3a 

CBepXTJI>KenbiX 3neMeHTOB C HOHaMH aproHa, .nHHKa H KpHn

TOHa H B 10 pa3 HH>Ke BenHqHHbl, nonyqeHHOH B oneHKaX 

CBJITenKoro H U.aara. Ilocne.n;aee o6cTOJITenLcTBO Tpe6yeT 

cnenHanLaoro o6cy)K.n;eHHJI, TaK KaK oao Morno 6bl caH,IJ;e

TenbcTaoaaTb o pe3KOM yMeHLWeHHH nonepeqHoro ceqeHHJI 

o6pa30BaHHJI COCTaBHOrO JI,D;pa npH nepexo.n;e K TaKHM TJI>Ke

nbiM 6oM6ap,D;BPYIOUUIM qacTIII{aM, KaK repMaHHH. Ilpo6neMa 

MeXaHH3Ma B3aHMO,IJ;eHCTBHJI ,IJ;BYX TJI>KenbiX JI,D;ep H CBJI3aH

HbiH c aeB: aonpoc o aenaqHae nonepeqaoro ceqeHHJI peaK.nHH 

nonaoro cnHJIHHJI Jacny)KHBaeT caMoro npHCTanLaoro BHH

MaHHJI. 3TOH npo6neMe 6blnO nOCBJII.neHO HeMano TeopeTHqe

CKHX H 3KCnepHMeHTanbHbiX HCCne.n;oBaHHH. HaM npe,D;CTaB

nJieTCJI, qTo Ha ,IJ;aHHOH CTa,IJ;HH OTpH.naTenbHbiH pe3ynLTaT 

OnbiTOB no CHHTe3y CBepXTJI>KenbiX 3neMeHTOB C HOHaMH rep

MaHHJI He Tpe6yeT npe.n;nono>KeHHJI 0 pe3KOM yMeHbWeHHH 

nonepeqaoro ceqeHHJI o6pa3oBaHHJI cocTaBHoro JI,IJ;pa B peaK

.UHH THna Th + Ge . HMeeTcJI .n;pyraJI, 6onee TPHBHanbHaJI 

npHqHHa CHnbHOrO yMeHbWeHHJI BepOJITHOCTH o6pa30BaHHJI 

JI,D;ep CBepXTJI>KenbiX 3neMeHTOB B pe3ynLTaTe 3TOH peaK.UHH. 

3Ta npHqHHa 3aKnroqaeTCJI, oqeBH,IJ;HO, B TOM, qTO npH nepe

XO,IJ;e K TaKHM TJI>KenbiM HOHaM, KaK Ge , nponecc cnHJIHHJI 

OKa3b1BaeTCJI 3HepreTHqeCKH MeHee BblrO,IJ;HbiM no cpaBHeHHIO 

C ,IJ;pyrHMH KaHanaMH pea~HH. 3TO HarnJI,IJ;HO BH,!J;HO H3 

puc. 8, B3JIToro H3 pa6oTbl 301, r.n;e npe.n;cTaaneHbl 3Hep

reTHqecKHe 3aBHCHMOCTH ceqeHHH 06pa30BaHHJI TJI>KenbiX 

OCKOnKOB /H30TOnbl 30nOTa/ H npo.n;yKTOB peaK.nHH nepe.n;aq, 

nonyqeHHbiX npH o6nyqeHHH 232 Th HOHaMH 74 'Ge B WHpOKOM 

.n;Hana3oHe 3HeprHB:. Bcne.n;cTBHe noabiWeHHJI KynoaoBcKoro 

6apbepa peaK.nHH CnHJIHHJI MHHHManbHOe 3HaqeHHe 3HeprHH 

B036y>K,IJ;eHHJI COCTaBHOrO JI,IJ;pa 306 122 COCTaBnJieT OKOnO 

40-50 M3B BMecTo 15-20 M3B, KaK 3TO npe.n;cKa3b1Banocb 

Ha OCHOBaHHH npOCTbiX O.UeHOK no cllopMyne Mace JI,IJ;ep. 3TO 
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Puc. 8. 3aeucuMocmu om 3Hepzuu UOHOB 74'Ge BbiXOooe npo
oyKmoe peaKf.IUU 232Th(74Ge,f) /U30monbl 30Aoma/ U 
peaKijUU nepeoa"'U om OOHOZO 00 n.Rmu HYKAOHOB, noAy"'eH-
Hbl€ npu o6Ay"'eHuu 232Th uoHaMu 74 Ge. 

MO>KeT cyll(eCTBeHHO yMeHbWHTb BepOJITHOCTb o6pa30BaHH.K 

CBepXTJI>KenbiX .K,IJ;ep B OCHOBHOM COCTO.KHHH, BCne,IJ;CTBHe 

KOHKypeH.UHH CO CTOpOHbl MrHOBeHHOrO .n;e.JieHH.K. H3 COCTaB

HOrO JI,IJ;pa ,IJ;On>KHO HCnapHTbCJI 4-5 HeHTpOHOB B ycnOBHJIX, 

Kor.n;a 6apbep .n;eneHHJI, o6ycnoaneHHbiH o6onoqeqHbJMH 3cll

clleKTaMH, nonHOCTbiO HCqeJaeT H3- 3a BbiCOKOH 3HeprHH B03-

6y)K,IJ;eHH.K. 

YqHTbiBaJI yKalaHHble coo6pa>KeHHJI, cne.n;yeT .n;yMaTL, qTo 

cpe.n;H peaK.nHB: nonaoro cnHJIHHJI .n;nJI CHHTe3a caepxTJI>Kenblx 

3neMeHTOB 6onee npHeMneMbiMH OKa>KyTCJI TaKHe, B KOTOpbiX 

KOM6HHa.UHJI MHWeHb - 6oM6ap,D;HPYIOI.na.K qacTH.Ua 6onee 

acHMMeTpHqaa, qeM B cnyqae Th +Ge . HaH6onLwHe aa.n;e>K,IJ;bl 

Bo3nararoTcJI Ha peaK.nHH c HOHaMH
48 

Ca,TaKHe, KaK 244 Pu+ 
+ 48 Ca , 248 Cm + 48 Ca H .n;pyrHe. 

C .nenbiO npH6nH>KeHHJI K B03MO>KHO aCHMMeTpHqHbJM KOM-

6HJ~a.UHJIM MHWeHH H 6oM6ap.n;Hpy10I.neH qaCTH.Ubl HaMH 6blnO 
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npe,IJ,npHHJITO H3y'leHHe pea~Hii c ycKopeHHLlMH HOHaMH 40 Ar, 
48, 50 Ti , 52,54 Cr a 55 Mn. C noMo~LJO nna3Meauoro ac
TO'IHHKa TJI*ellLlX HOHOB, npe,IJ,Ha3Ha'leHHOrO ,IJ,llJI pa60TLl C 
TBep,IJ,LlMH Be~eCTBaMH, Ha :QHKllOTpOHe Y • 300 6LlllH nonyqe
HLl nyqKH 3THX qacTH:Q c 3Hefraeii 5,5 - 6 M3B/HYKAOH 
H C HHTeHCHBHOCTLIO OKOllO 10 I 'IQC111Uf.I/CeK. 

B OT,IJ,enLHLlX onwTax 131 / 6wno noKa3aHo, 'ITO npa 
nepexo,IJ,e K TaKHM aoaaM, KaK 40 Ar a 52 Cr, ae npoacxo,IJ,HT 
pe3Koro yaenH'IeHHJI KynoaoacKoro 6apLepa cnHJIHHJI B cpaa
HeHHH C KllaCCH'IeCKHMH paC'IeTaMH C npHMeHeHHeM napaMeT· 
poa, nony'leHHLlX ua 6onee nerKHX aoaax I C , 0 , Ne I. 
,lJ;eiiCTBHTenLHO, KaK BH,IJ,HO H3 pUC. 9, B3JITOrOH3 pa60TLl /31~ 
6apLepw peaK:QHH ,IJ,eneHHJI 208 Pb ( 40 Ar, f) a 238 U (40 Ar, f) 
COBna,IJ,aiOT C 6apLepaMH pea~HH nepe,IJ,a'IH HeCKOllLKHX HyK
nOHOB. Uepexo,IJ, oT 40 Ar K 6onee TJI*enLIM 6oM6ap.IJ.HPYJO~M 

52 c HOHaM r He npHBO,IJ,HT K C~eCTBeHHOMY H3MeHeHH10Xa· 
paKTepa B3aHMO,IJ,eiicTBHJI. B .f.BYX nepeqacneaawx peaK:QHJIX, 
a TaK*e a peaK:QHH 208 Pb(5 Cr, f) I eM. puc. 101 6wna 
nony'leHLl O.IJ.HH a Te *e 3Ha'leHHJI r 3¢¢ = 1,'44 f . 

CuH111ea uao111ono6 (JepMUJI u 111paHc(JepMUe6biX 3AeMeH1II06 

B nocne.IJ.YJO~X 3KcnepaMeHTax, npoae,IJ,eHHLlX OraaecJI· 
HOM C COTPY.IJ.HHKaMH, HCCne,IJ,OBanCJI CHHTe3 H30TOnOB 4Jep
MHJI H Tpaac4JepMHeBLlX 3lleMeHTOB npH o6ny'leHHH MHWeHeH 
H3 pa3,IJ,eneHHLlX H30TOnOB CBHH:Qa H BHCMyTa HOHaMH 

40 Ar , 
48 • 50 Ti , 52,54 Cr a 55 Mn. 06nyqaeMaJI MHWeHL B BH,IJ,e 

TOHKOrO CllOJI HaHOCHnaCL Ha noaepXHOCTL ,IJ,HCKa, CKOPOCTL 
Bpa~eHHJI KOTOpOrO MOrna BapLHpOBaTLCJI OT 24000 ,IJ,O 
HeCKOllLKHX o6opOTOB B MHHyTy. 3TO n03BOllJillO H3y'laTio 
o6pa3YJO~eCJI JI,IJ,pa, HMeJO~e BpeMeHa *H3HH OT 50 MKCeK 
.IJ.O aecKonLKHx ceKYH.IJ.. PeracTpa:uaJI npo,IJ,yKTOB pea~aii 
npOBO,IJ,HnaCL no HX CnOHTaHHOMY ,IJ,eneHHIO, C 3TOH :QenLJO 
a6na3H noaepxuocTH apa~aJO~erocJI ,IJ,HCKa pacnonaranacL 
CnJO,IJ,JIHLle ,IJ,eTeKTOpLl. 

Pe3ynLTaTLl no,IJ,o6awx 3KcnepaMeHTOB npe,IJ,cTaBnJIJOT 
HHTepec ,IJ,nJI peweHHJI npo6neMLl caepXTJI*enwx 3neMeHTOB no 
,IJ,BYM C006p~eHHJIM. C O,IJ,HOH CTOpOHLl, B HHX H3y'laeTCJI 
o6pa3oaaaae a peaK:QHJIX nonaoro cnaJIHHJI TaKHX JI,IJ,ep, 6apLep 
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Puc. 9. 3Hepze111ut~ecKaJI aa6UCUMOC111b nonepet~HbiX cet~eHuil 
peaKf.IUil oeAeHUJI u nepeoat~u. KpyzA~>ae c6e111Abae 1/IO'IKU 
co01116e111c1116YI0111 cet~eHUJIM, onpeoeAeHHbiM no 6baxooaM uao
•ono6 30A0111a, o6paayrorquxc.11 6 peaKf.IUJIX 238 U (4°Ar ,f) Au 
u 208Pb(4°Ar, f). K6aopa111Hbae 1/IO'IKU coo1116e111c1116YI0111 uao
•onaM U u Np, o6paao6aHHbiM 6 peayAb111a111e peaKf.IUU 
nepeOa'IU Ha ypaH060U MUUleHU. 

,IJ,eneHHJI KOTopwx no coapeMeHHLlM npe,IJ,cTaaneHHJIM no'ITH 
:uenHKOM o6ycnoaneH o6ono'le'IHLlMH 3414JeKTaMH. C ,IJ,pyroii 
CTOpOHLl, nocne,IJ,OBaTenLHLlH CHHTe3 H30TOnOB 106-108 3ne
MeHTOB n03BOllHT npH6nH3HTLCJI K "OCTpOBY CTa6HllLHOCTH" 
H C,IJ,enaTL onpe,IJ,eneHHLle BLlBO,IJ,Ll OTHOCHTellLHO peanLHOCTH 
ero cy~eCTBOBaHHJI. 

B Ka'leCTBe Mo,IJ,enLuoro 3KcnepaMeHTa accne,IJ,oaanocL 
o6pa3oaaaae B30Tonoa 244 Fm IT 112 = 3,3 MeeK, 100~ 
cn.,IJ,enl a 246 Fm IT 

112 
= 1,3 ceK, 10~ cn.,IJ,enl B pea~aJIX: 

206Pb(40Ar, 2n)2i4 Fm, 207 Pb( 40 At, 3n )244 Fm,208 Pb(40Ar,2n)246 Fm. 
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H30TOnbi /B6nH3H N = 152/, HMeiOII(He ,ZJ;JIH 3neMeHTOB 106-

108 O'leHh KOpOTKHe BpeMeHa >KH3HH. 0,ZJ;HaKO npH 3TOM 

B nonHyiO CHny pa6oTaeT HaW MeTO,Il; H,ZJ;eHTHI}>HKaiJ,HH HOBbiX 

H30TOnOB no CnOHTaHHOMY ,IJ;eneHHIO, BBJIHIOII(eMyCH 3,IJ;eCh 

OCHOBHbiM BH,ZJ;OM pa,D;HOaKTHBHOro pacna,IJ;a. IJpH pa6oTe 

C TaKHMH MHWeH.HMH, KaK CBHHeiJ, H BHCMYT, Ha MHOro no

pH,IJ;KOB yMeHhWaiOTCH HCTO'IHHKH l}>oHa CnOHTaHHOrO ,D;ene· 

HHH. B 'laCTHOCTH, OKa3biBaeTCH B03MO:>KHbiM H3y'leHHe HOBbiX 

CnOHTaHHO ,D;enH~HXCH H30TOnOB C nepHO,IJ;aMH noJiypacna,IJ;a 

B HeCKOnhKO MHnnHCeKyH,ZJ; H MeHee, TaK KaK Ce'leHHH o6-

pa30BaHHH CnOHTaHHO ,D;eJIH~HXCH H30MepOB, HMCWII(HX no· 

,IJ;06Hhle BpeMeHa :>KH3HH, OKa3biBaWTCH HC'Ie3aiOII(e MaJibiMH. 

K co:>KaneHHIO, npH 3THX BpeMeHax :>KH3HH HenpHMeHHM 3aMe

'laTenhHbiH MCTO,IJ; ra30BOH CTpyH, npe,IJ;JIO:>KeHHbiH H pa3pa-

6oTaHHbiH MaKI}>apnaHOMI321 H ,IJ;aBWHH TaK MHOrO npH CHHTe-

3e 102-105 3neMeHTOB. 

C yqeTOM cneu.HI}>HKH pa60Tbi C KOpOTKO>KHBYII(HMH H30· 

TOnaMH HaMH pa3pa6aTbiBaiOTCH ceiiqac I}>H3H'IeCKHe MeTO,Il;bi 

HX H,IJ;eHTHI}>HKaiJ,HH. IlOMHMO MeTO,IJ;a perHCTpaU,HH 

peHTreHOBCKHX KBaHTOB OT OCKOJIKOB ,IJ;eJieHHH BCChMa 

none3Hbl, no-BH,IJ;HMOMy, ycTaHOBKH THna "SASSY" H 

"REDUNDATRON ", pa3BHTble B :SepKnH H ,D.apMWTa,IJ;Te. 

)l.JIH HaH6onee ,IJ;OnrO:>KHBYII(HX H30TOnOB 3neMeHTOB 106 H 

107, no· BH,IJ;HMOMY, y,D;aCTCH OCYII(CCTBHTh XHMH'ICCKyro H,IJ;CH

THI}>HKaiJ,HIO H onpe,IJ;enHTh CBOHCTBa HCKOTOphiX HX COC,IJ;HHe • 

HHH 1331 · 

3KcnepuMeHmbl no cuume3y ceepxmJIJtCeAbiX 3AeMenmoe ua 
nyt~Ke UOH06 KCeHOHO 

H,IJ;eH CHHTe3a CBepXTH:>KCnhiX 3JICMCHTOB B H,IJ;epHhiX 

peaKIJ,HHX, npOHCXO,IJ;HII(HX npH CTOJIKHOBeHHH ABYX O'leHh 

TH:>KenhiX H,D;ep /U +U , U +Xe/ 6blna BhiCKa3aHa HaMH Bnep

Bhle B 1964 ro,IJ;y 1341. EcnH npe,D;nono>KHTh, qTo npH CTOJIKHo

BeHHH ,IJ;ByX TH:>KenblX H,ll;ep o6pa3yeTCH CHCTeMa, KOTOpaH 

3aTeM npeTepneBaeT ,ZJ;eJieHHe, TO MO:>KHO O>KH,ZJ;aTh, 'ITO 

OCKOnKH ,ZJ;eneHHH 6y,IJ;yT HMeTh WHpOKHe pacnpe,ZJ;eneHHH no 

Macce, 3apH,IJ;y H no 3HeprHH B036y:>K,IJ;CHHH. B.BH,ZJ;y TOrO, 

'ITO OCKOJIKH ,D;eneHHH 06bi'IHO HMCWT HeKOTOphiH H36biTOK 
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Puc. 11. Maccoet.ze pacnpeoeAeHuJI ocKoAKoe oeAeHUJI, no
A.(o<~eHHt.ze npu 06Ayt~eHUU 238 U UOHOMU 12 C , 20 Ne U 

0Ar u pe3YAt.lfambl 3KCIIIpanoAJif.IUU 31/IUX pacnpeoeAenuii OAJI 
peaKf.IUU 238 U + 84 Kr u 238U + 136Xe. 

HeHTpOHOB, OHH MoryT BKJIW'Ia Th H,ll;pa C Z = 110 • 114 H 

N=184. 

B TeqeHHe ,ZJ;JIHTenLHoro BpeMeHH B Haweii na6opaTo

PHH I 35- 37 I npoBO,IJ;Hnoch H3y'leHHe peaKU.HH ,ZJ;eJieHHH c 

TH:>KenhiMH HOHaMH C IJ,eJihW OIJ,eHKH nepcneKTHBHOCTH npou,ec • 

ca ,ll;JIH CHHTe3a CBepTH:>KeJibiX 3neMeHTOB. IJonyqeHHble npH 

o6ny'leHHH ypaHa HOHaMH yrnepo,ZJ;a, KHcnopo,D;a, HeoHa H ap

roHa MaC COBble H 3apH,D;OBblC pacnpe,ZJ;eJieHHH OCKOJIKOB no,IJ; • 

'l{HHHIOTCH CTaTHCTHqecKHM 3aKOHOMepHOCTHM, KOTOpble 

,Ll;On:>KHbl ynpaBnHTh ,IJ;eneHHeM B036y:>K,ZJ;eHHhiX COCTaBHhiX 

H,D;ep /eM. puc. 11/. 3KCTpanOJIHIJ,HH 3THX ,ZJ;aHHblX Ha 6onee 

TH:>Kenhle 60M6ap,ll;Hpyroii(He 'laCTHIJ,bl no3BOnHeT paCC'IHTbl· 

BaTh, 'ITO npH o6ny'leHHH ypaHa HOHaMH 136 Xe acHMMeTpHq-
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H30TOnhi /B6JIH3H N "' 152/, HMeiO~He ,IJ,JIJI 3JieMeHTOB 106-

108 O'ICHh KOpOTKHe BpeMeHa :>KH3HH. 0,IJ,HaKO npH 3TOM 

B nOJIHYIO CHny pa6oTaeT Ham MCTO,IJ, H,IJ,CHTHcPHKa.UHH HOBhiX 

H30TOnOB no CnOHTaHHOMY ,IJ,CJICHHIO, JIBJIJIIO~CMYCJI 3,IJ,CCh 

OCHOBHhiM BH,IJ,OM pa,IJ,HOaKTHBHOrO pacna,IJ,a. IlpH pa6oTe 

C TaKHMH MHWCHHMH, KaK CBHHC.U H BHCMYT, Ha MHOrO no

pJI,IJ,KOB YMCHblliaiOTCJI HCTO'IHHKH cPOHa CnOHTaHHOrO ,IJ,ene· 

HHJI. B 'lacTHOCTH, oKa3hiBaeTCJI B03MO)I(HhiM H3y'leHHe HOBhiX 

CnOHTaHHO ,IJ,CJIJI~HXCJI H30TOnOB C nepHO,IJ,aMH nonypacna,IJ,a 

B HCCKOJihKO MHJIJIHCCKYH.IJ. H MeHee, TaK KaK CC'ICHHJI o6-

pa30BaHHJI CnOHTaHHO ,IJ,CJIJI~HXCJI H30MCpOB, HMCIOIUHX no· 

,IJ,06Hble BpeMeHa )I(H3HH, OKa3hiBaiOTCJI HC'IC3aiO~e MaJibiMH. 

K CO)I(aJieHHIO, npu 3THx BpeMeHax )I(H3HH HenpHMeHHM 3aMe

'laTeJibHhiH MCTO.IJ. ra30BOH CTpyH, npe,IJ,JIO)I(CHHhiH H pa3pa-

6oTaHHhiH MaKci>apnaHOMI321 H ,IJ,aBWHH TaK MHOrO npH CHHTe-

3e 102~ 105 3JICMCHTOB. 

C Y'ICTOM CDCUHcPHKH pa60Thl C KOPOTKO:>KHBYIUHMH H3o~ 
TODaMH HaMH pa3pa6aTb1BaiOTCJI ceoqac cPH3H'IeCKHC MeTO,IJ,hl 

HX H,IJ,eHTHcPHKa.UHH. IlOMHMO MeTO,IJ,a perHCTpaU.HH 

peHTreHOBCKHX KBaHTOB OT OCKOJIKOB ,IJ,eneHHJI BeCbMa 

none3Hhl, no~BH,IJ,HMOMy, ycTaHOBKH THna "SASSY" H 

"REDUNDATRON ", pa3BHThle B liepKJIH H,lJ.apMWTa,IJ,Te. 

,lJ.JIJI HaH6onee ,IJ,OJirO)I(HBY~HX H30TODOB 3JICMeHTOB 106 H 

107, no~BH,IJ,HMOMy, y,IJ,aCTCJI OCy~eCTBHTh XHMH'IeCKYIO H,IJ,eH~ 

THcPHKaU.HIO H onpe,IJ,eJIHTh CBOHCTBa HeKOTOphiX HX COe,IJ,HHe • 

HHH 1331. 

3KcnepuMeHmbr no cuume3y ceepxmJrJKeAbiX 3AeMeumoe Ha 
ny'4Ke UOH06 KCeHOHQ 

H.IJ.eJI CHHTe3a caepxTJI)I(eJihlx 3JieMeHTOB B JI,IJ,epHbiX 

peaKU.HJIX, npOHCXO,IJ,JIIUHX npH CTOJIKHOBeHHH .IJ.BYX O'leHb 

TJI)I(eJibiX H.IJ.ep /U+U , U+Xe/ 6hlna BbiCKa3aHa HaMHBnep

BLie B 1964 rOAY 1341. ECJIH npe,IJ,nOJIO:>KHTh, 'ITO npH CTOJIKHo~ 
BeHHH ABYX TJI)I(eJibiX JI,IJ,ep o6pa3yeTCJI CHCTeMa, KOTOpaJI 

3aTeM npeTepneBaeT ,IJ,eJieHHe, TO MO)I(HO O:>KH,IJ,aTh, 'ITO 

OCKOJIKH ,IJ,eJieHHJI 6y,IJ,yT HMeTb WHpOKHe pacnpe,IJ,eJieHHJI no 

Macce, 3apH.IJ.Y H no 3HeprHH B036Y)I(.IJ.eHHJI. B.BH.IJ.Y Toro, 

'ITO OCKOJIKH ,IJ,eJieHHJI 06LI'IHO HMCIOT HeKOTOpbiH H36biTOK 
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Puc. 11. Maccoebre pacnpeOeAeHUJI ocKOAKoe OeAeHUJI, no~ 
A.(o'leHHbre npu o6Ay'4eHUU 238 U uoHaMu 12 C , 20 Ne u 

0 Ar u pe3YAbJrambr 3KcmpanoAJifiUU 31/fUX pacnpeOeAeHuii OAJI 
peaKfiUii 238 U + 84 Kr u 238U + 136Xe. 

HeiiTpOHOB, OHH MOryT BKJDO'Ia Th JI,IJ,pa C Z "' 110 ~ 114 H 

N=184. 

B Te'leHHe .IJ.JIHTeJihHoro apeMeHH B Hameii na6opaTo

PHH I 35- 37 I npoBO.IJ.HJIOCh H3y'leHHe peaK.UHH ,IJ,eneHHJI c 

TJI)I(CJibiMH HOHaMH C U.CJihiO O.UeHKH nepcneKTHBHOCTH npou.ec ~ 

ca ,IJ,JIJI CHHTe3a CBepTJI)I(CJibiX 3JieMeHTOB. IJony'leHHble npH 

o6ny'leHHH ypaHa HOHaMH yrnepo,IJ,a, KHcnopo,IJ,a, HeoHa H ap

roua MaCCOBble H 3apJI,IJ,OBbiC pacnpe,IJ,eJieHHJI OCKOJIKOB no,IJ,~ 

'IHHJIIOTCJI CTaTHCTH'ICCKHM 3aKOHOMCpHOCTJIM, KOTOpble 

,IJ,OJDKHbl ynpaBJIJITh ):\eJICHHCM B036y)I(.ZJ.eHHbiX COCTaBHbiX 

H.IJ.ep /eM. puc. 11/. 3KcTpanoJIJIUHJI 3THX ,IJ,aHHbiX Ha 6onee 

TJI)I(CJible 6oM6ap,IJ,HpyroiUHe 'laCTHUbl n03BOJIJieT paCC'IHTbl" 

sa Th, 'ITO npH o6ny'leHHH ypaHa HoHaMH 136 Xe acHMMeTpH'I-
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HOe ~eneHHe COCTaBHOH CHCTeMbl 378 146 6y~eT npHBO~TL, 
B He6onLmoii ~one cnyqaea, K o6pa3oBaHHIO ocKonKOB ~eneHHJI 

c MaccaMH oKono 300 H c qucnoM npoTOHOB oKono 114. 
B 1971 ro~y B Jla6opa TOPHH JI~epHwx pea~Hii OHJIH 

c noMOIQLJO TaH~eM-:u;HKnoTpoHa /38 / anepawe 6wnu nony

qeHLI nyqKH HOHOB KCeHOHa C 3Heprue:ii MJI 136 Xe OKOno 

900 M3B H HHTeHCHBHOCTLJO 3 ·1010 uoHo6/ceK. O~HH 
H3 nepBLIX 3KCnepHMeHTOB /39/, B KOTOpOM pa~HOXHMHqecKH 
onpe~enJillCJI BLIXO~ H30TOllOB 30llOTa npH o6nyqeHHH TOllCTOH 

ypaHoBoii MHmeHH HOHaMH 136 Xe, noKa3an, qTo nonepeqHoe 

ceqeHHe o6pa30BaHHJI 194-l 96Au COCTaBnJieT MJI OT~enLHbiX 
H30Tonoa /2-5/ · 10-28 cM 2 • IIonyqeHHwe H30Tonw3onoTa 

nerqe 
238 U npHMe~HO Ha 40 e~HHH:Q H TJI)I(enee 6oM6ap~u

PYJOIQe:ii qacTu:u;w 
1 Xe Ha 60 e~HHH:Q. CeqeHue ux o6pa-

3oBaHHJI CyiQeCTBeHHO npeBWmaeT TO, qTO MO)I(HO 6wno O)I(H

~aTL ~nJI o6wqHoii MHoroHyKnoHHO:ii peaK:QHH nepe~aqu. B TO 

)l(e BpeMJI OHO COrnacyeTCJI C npe~CKa3aHHJIMH OTHOCHTenLHO 

nonepeqHwx ceqeHHii peaK:QHH ~eneHHJI, KoTopwe MoryT 6wTL 

C~enaHbl Ha OCHOBe 3KCTpanonJI:QHH 3KcnepHMeHTanLHbiX 

Kpuawx I puc. 11/. 
,lJ,eTanLHoe HlyqeHHe Bwxo~oB pa3nuqHwx npo~yKTOB 

peaK:QHH 6wno npoBe~eHO npH o6nyqeHHH HOHaMH 136Xe MH

meHH H3 181 Ta/40/. B 3THX 3KcnepuMeHTax pa~HOXHMHqecKH 
Bbl~enJinHCL qeTWpe rpynnw OCKOnKOB, KOTOpLie He MOryT 

OTHOCHTLCJI K npo~yKTaM peaK:QHH nepe~aqu. 3TO H30T0llbl 

HTTPHJI /Z = 39/, pe~KHe 3eMnHOT Pm ~o Ho /60s;:Zs;:68/, 
H30TOllLI 30llOTa /Z = 79/ H H30TOllbl TJI)I(ellbiX 3lleMeHTOB 

Ra H Ac /Z = 88,89/. IIonyqeHHwe no ~aHHhiM Bwxo~a 24 
H30TOllOB MaCCOBble H H30TOllHLie pacnpe~eneHHJI llOKa3aHLI 

Ha puc. 12. IIpuae~eHHwe Kpuawe HMeroT cTaTHCTuqecKHii 

xapaKTep H 6nH3KH K TeM, KOTOpble MO)I(HO 6wn0 O)I(H~aTL 

npH ~eneHHH B036Y*~eHHoro cocTaBHoro JI~pa, o6pa3yro

IQerocJI npu nonuoM CnHJIHHH B3aHMo~eiicTBYJOIQHX JI~ep I 40,25~ 
IIocne~HHii Bwao~ 3KBHBaneHTeH yTaep~eHHIO, qTo npu 

CTOllKHOBeHHH HOHOB KCeHOHa C TJI)I(enLIM JI~pOM MHWeHH 

o6pa3yeTCJI CHCTeMa, KOTOpaJI ~OCTHraeT paBHOBeCHJI OTHO

CHTenLHO ~enHTenLHbiX CTeneHeH CB060~. 3TO Ba)I(HOe 

06CTOJITenLCTBO, KOTOpoe YCTaHOBneHO 3KCllepHMeHTanLHbiM 

llYTeM, CllY*HT OCHOBOH MJI llPJIMLIX 3KCnepHMeHTOB, Ha

npaBneHHWX Ha CHHTe3 caepxTJI)I(enwx 3neMeHTOB. C yKalau· 
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Puc. 12. H3omonHble /a/ u Macc06ble /61 pacnpeoeAeHUJI 
.110ep, o6pa3YIOUIUXCJI 6 peaKIIUU 181 Ta + f36Xe, nocmpoeH
Hble no 6blxooaM 24 u3omono6, yoaAeHHbiX om npoOyKJ/106 
peaKIIUU nepeoattu. llyHKmup - pacnpeoeAeHue, ucnpa6AeH
Hoe Ha KaCKaOHOe OeAeHue 1/IJIJICeAbiX OCKOAKOB. 

HOB TOqKB 3peHBJI MeTO~ CBHTe3a C llPBMeHeHBeM peaK:QHB 

~eneHBJI BMeeT oqea~Hoe npeHMYIQecTBO nepe~ peaK:u;Heii 

nonuoro cnHJIHHJI, TaK KaK, aoo6IQe roaop11, He Tpe6yeT 

o6pa3oBaHHJI ccllepuqecKH CHMMeTpHqHoro cocTaBHoro JI~pa. 

H3yqeHue 6onee TOHKHX ~eTaneii B3aHMo~eiicTBHJI TJI)I(enwx 

Jl~ep npe~cTaBnJieT, HeCOMHeHHO, Ba)I(HYJOcllH3HqecKy10 npo-

6neMy H ~Oll)I(HO CllOC06CTBOBaTL nyqmeMy llOHHMaHHIO npo

:QeCCOB, Be~yiQHX K o6pa30BaHHIO CaMWX TJI)I(ellbiX npo~yKTOB 

peaK!.{HH, K KOTOPhiM npHHa~ne)l(aT H30TOllbl CBepXTJI)I(enwx 

3lleMeHTOB. 
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B 3Toi CBJI3H npe,D,cTaBnJIIOT 3Ha'IHTenLHbiB HHTepec pe

JynLTaTbl H3y'leHHJI B3aHMO,D,eHCTBHJI HOHOB Kr C pa3nH'IHbiMH 

JI,D,paMH, KoTopoe 6blno npe,D,npHHJITO B Opc3 /41,42/. Ilpo

,D,OmKeliHe llO,D,06HbiX 3KCllepHMeHTOB B 6onee WHpOKOM ,D,Ha

na30He 3HeprHi 6oM6ap,D,HpyKKQHX JI,D,ep noJBOnHT nony'IHTL 

D;eHHYIO HHcltOpMaD;HIO 0 6apbepaX pa3nH'IHbiX KaHanOB B3aHMO

,D,eBCTBHJI Me)I(,D,y CnO)I(HbiMH JI,D,paMH. 

Ba)I(Hble BbiBO.IJ.bl MO)I(HO c,D,enaTL H3 nony'leHHbiX pa,D,Ho

XHMH'Ie CKHM MeTO,D,OM BbiXO,II,OB T JI)I(enbiX npo,D,yKTOB ,D,eneHHJI. 

H30TOllHble pacnpe,D,eneHHJI JI,D,ep JonoTa, o6pa3Y1QID;HXCJI npB 

o6nyqeHHH 181 Ta HOHaMH 40Ar ,84 Kr H 136Xe /eM. puc. 13/, 
CBH,D,eTenLCTBYIOT 0 TOM, 'ITO C yBenH'IeHHeM MaCCbl HOHa 

pe3KO B03pacTaeT BbiXO,D, HeiiTpOH006oraiD;eHHbiX H30TOllOB/43( 

KOTOpble o6pa3YIQTCJI, O'leBH,D,HO, B peaKD;HJIX aCHMMeTpH'IHO

ro ,D,eneHHJI. AHanorH'IHbiB pe JynLTaT 6bln nony'leH H ,D,nJI.D.BYX 

H30TOllOB KanHcltOpHHJI: 2 46 C f H 
254 

C f • II pH o6ny'leHHH ypaHa 

HOHaMH 136 Xe OTHOWeHHe BbiXO,D,OB 
254(: f H 

246 
C f Ha He

CKOnLKO llOpJI,D,KOB npeBbiWano 3TO OTHOWeHHe, nony'leHHOe 

B cnyqae 238 U + 
40 

Ar. 

0TMeTHM, 'ITO BbiXO,D,bl OCKOnKOB C MaCCOH 6onee 220 

OKa3biBaJOTCJI, KaK 3TO BH,II,HO H3 pUC. 12, 3aHH)I(eHHbiMH 

BBH.D.Y HX HeCTa6HnbHOCTH OTHOCHTem.HO ,D,eneHHJI, npHBO,D,JI

ID;eB K "KacKa.D.HOMY ,D,eneHHIO" I 441 . B 3THX ycnoBHJIX Ha-

6nro,D,eHHe B peaKD;HH U +Xe TJI)I(enoro H30Tona
254 

Cr,npe,D,

cTaBnJIIOID;ero co6oi cHnLHO ,D,enJIID;eecJI JI,D,po, 6apLep ,D,ene

HHJI KOTOporo B CyiD;eCTBeHHOB 'laCTH o6ycnoaneH 3cWleKTaMH 

o6ono'leK, CBH,D,eTenLCTByeT 0 60nLWHX B03MO)I(HOCTJIX yKa-

3aHHOB peaKD;HH ,D,nJI CHHTe3a CBepXTJI)I(eflbiX JI,D,ep. 3aMeTHbiB 

BbiXO,II, 254C f MO)I(HO 06'bJICHHTb TeM, 'ITO HapJI,D,Y C WHpo

KHMH MaCCOBbiMH H JapJI,D,OBbiMH pacnpe,D,eneHHJIMH OCKOnKH 

,D,eneHHJI .IJ.OD)I(Hbl HMeTL TaK)I(e WHPOKHi cneKTP 3HeprHi 

aoJ6y)I(,D,eHHJI. Tor,D,a onpe,D,eneHHaJI qacTL JI,D,ep MO)I(eT HMeTL 

,D,OCTaTO'IHO HH3KYI0 3HeprHIO B036y)I(,D,eHHJI H 6y,D,eT C 6onL

wei BepOJITHOCTbiO nepeXO,D,HTb B OCHOBHOe COCTOJIHHe. 3TO 

06CTOJITenLCTBO JIBnJieTCJI CyiD;eCTBeHHbiM ,D,nJI o6pa30BaHHJI 

caepxTJI)I(enhlx JI,D,ep. EcnH BbiCOTa 6apLepa ,D,eneHHJI JI,D,pa 

298114 cocTaBnJieT 10-15 M3B HHMeeTTeH,D,eHUHIOYMeHL

waTLCJI C pOCTOM 3HeprHH B036~,D,eHHJI BCne,D,CTBHe HC'Ie3-

HOBeHHJI 3cWleKTa 060nO'IeK, TO Ce'leHHe o6pa30BaHHJI 3THX 

JI,D,ep B OCHOBHOM COCTOJIHHH 6y,D,eT onpe,D,enJITbCJI HH3KO-
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Puc. 13. H3omonHr.re pacnpec)eAfHUJI Jfc)ep 30/IOllla, noAl~eH
Hble npu o6Ay~eHuu MUWeHu 18 Ta uoHaMu 40Ar, 8 Kr u 
136 Xe. 

3HepreTH'IHOB 'laCTbiO ClleKTpa 3HeprHB B036y)I(,D,eHHJI OC

Konxoa IE* ;S 20 M3B/. Manoi 3HeprHH B036y)I(,D,eHHJI 

,D,Ofl)I(Ha TaK)I(e COOTBeTCTBOBaTb ManaJI,D,ecltopMaD;HJI OCKOnKa, 

'ITO JIBflJieTCJI Ba)I(HbiM 06CTOJITenLCTBOM, TaK KaK BepWHHbl 

6apLepOB ,D,eneHHJI CBepXTJI)I(enbiX JI,D,ep COOTBeTCTBYIOT OTHO

CHTenLHO MaflbiM .D.ecltopMaD;HJIM. 

TaKHM o6pa3oM, MO)I(HO npHBTH K JaKnJO'IeHHJO, 'ITO 

BepOJITHOCTb o6pa30BaHHJI CBepXTJI)I(enbiX JI,D,ep B OCHOBHOM 

COCTOJIHHH B 3Ha'IHTenLHOB CTeneHH onpe,D,enJieTCJI CTpyKTy

poi HX 6apbepOB ,D,eneHHJI. EcnH npHHJITb BO BHHMaHHe, 'ITO 

C pOCTOM 6apLepa yBenH'IHBaeTCJI CTa6HnLHOCTb JI,D,pa OTHO

CHTenLHO CllOHTaHHOrO ,D,eneHHJI, TO MO)I(HO npe,D,nonaraTL, 'ITO 

HaH6onLwee ce'leHHe o6pa3oBaHHJI cne,D,yeT O)I(H.IJ.aTL ,D,nJI 

HaH6onee ,D,OnrO)I(HBYID;HX H30TOllOB. 
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OcHOBhiBaJICh Ha 3THX coo6pa:>KeHHJIX, Mhl Hauenunu 

3KCnepHMeHThl no CHHTe3y CBCpXTJI:>KeJihiX 3JieMeHTOB B 

peaKUHH 238 U + 136 Xe Ha noJiyqeHHe OTHOCHTeJibHO ~OJirO
:>KHBYIUHX JI~ep c nepuo~aMB nonypacna~a 6onee o~Horo ~HJI. 
bhiJIO npoBe~eHO HCCKOJibKO cepBii 06JiyqeHBH ~JIHTeJibHOCTblO 

OT Tpex ~0 ~eCJITB CyTOK, B KOTOphiX BCnOJib30BaJiaCb 

JIB60 pa~HOXBMBqecKaJI MeTO~BKa pa3~eJieHHJI npo~yKTOB 

peaKUBH, JIB60 npOBO~BJIOCb B3MepeHHe aKTBBHOCTB npo~yK

TOB peaKUBH C npBMeHeHBeM MeTO~a c6opa JI~Cp OT~aqB 

Ha TOHKBe 4>onhrH. 

B XHMBqecKBX OnhiTaX H3MCpJinaCb aKTHBHOCTb cnoH

TaHHOrO ~eneHBJI ~BYX 4>paKUBH: 4>paKUBJI, B KOTOpyro Bhl~e
nJIJIBCb 3JieMeHThl CeMeHCTBa aKTHHB~OB (89..::;: Z ~ 103) 
H 4!paKUBH cynb4>H~OB T JI:>KCnhiX MeTaJinOB OT OCMBJI ~0 BBC

MyTa (76 < Z < 83). Bo scex cnyqaJix nposo~BJICJI nua

TeJibHhlii KOHTponb 3a co~ep:>KaHHeM ypaHa. H Be3~e npBMeCb 

ero B uccne~yeMhiX o6pa3uax Morna ~aTb He 6onee o~Horo 

C06hiTBJI CnOHTaHHOrO ~eJieHBJI 3a 10 neT. 

IIonyqeHHhle XBMHqecKBe 4>paKUBB nu6o 4>onhrH c JI~pa
MB OT~aqu HaHOCBnBCb Ha CTeKJia, KOTOphle JIBnJIJIBCb ~eTeK

TOpaMH OCKOJIKOB ~eneHBJI H noMell\aJIBCb B 06'beM nponop

UBOHanbHhiX cqeTqBKOB, TaK:>Ke npe~Ha3HaqeHHhiX ~JIJI pe

rBCTpaUHB ocKOJIKOB ~eneHBJI. BHyTpH cqeTqBKOB HanpoTBB 

cTeKon c uccne~yeMhiMB o6pa3UaMB pacnonaranucb ~pyrue 

CTeKna - )J,eTCKTOphl OCKOJIKOB. HeCKOnbKO nponOpUBOHaJib

HhiX cqeTqBKOB o~HospeMeHHO pacnonaraJIBCb BHYTPB qys

CTBBTeJibHoro 06'beMa HeiiTpOHHOrO ~CTCKTOpa C 
3He -

cqeTqHKaMB, KOTOphlii npB nOJIBJieHBH BMnyJibCOB OCKOJIKOB 

~eJieHHJI OT nponOpUBOHaJibHhiX cqeTqBKOB 4>BKCBpOBaJI HeHT

poHhl, ucnyll\eHHhle B3 o6pa3ua. Ka:>K~oe co6hiTBe cnoHTaHHo

ro ~eneHBJI ycTaHaBJIBBanoch no Ha6JIIO~eHBIO 3JieKTpuqecKo

ro curHana OT nponopuuoHaJihHoro cqeTqBKa B no~Tsep)I()J.a

JIOCb nyTeM TpaBJICHBJI B npOCMOTpa COOTBeTCTByiOll\CrO 

CTeKnJIHHOrO ~eTeKTOpa. 

llaCTb OnhiTOB 6hlna npOBe~eHa C B3MepeHBCM 3HeprBB 

naphl OCKOJIKOB ~CJICHBJI npB nOMOll\B BOHB3aUBOHHOH KaMCphl 

BJIB KpeMHBCBhiX nOBCpXHOCTH0-6apbepHhiX ~eTeKTOpOB. 

Pe3yJihTaThl 3KcnepBMCHTOB 3aKJIIOqaiOTCJI B cne~yro

rueM: 
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1. Ilpu o6nyqeHBB ypaHa BOHaMB 
136 Xe c 3Heprueii 

OKOJIO 900 M3B Ha6JIIO~aJIOCb o6pa30BaHBC cnoHTaHHO ~e
nJIIUBXCJI HYKJIB~OB. Bcero 6hlno 3aperBcTpuposaHo oKono 

40 C06hiTBH CnOHTaHHOrO ~eJICHBJI. IlonepeqHOC ceqeHBC 

o6pa30BaHBJI 3TOH aKTBBHOCTB COCTaBJIJieT npBMepHO 
10-33 CM 2 • 

2. XBMBqecKB yKa3aHHaJI aKTBBHOCTb Bbi~CJIJIJiaCb BMCC

Te C 4lpaKUBCH CYJib4l~oB TJI:>KeJibiX MeTaJIJIOB. AKTBBHOCTb 

CnOHTaHHOrO ~eJieHBJI 4>P-aKUBB 3JICMeHTOB aKTBHB~HOrO pg

~a, B KOTOpyro BXO~BJI 254Cf , 6biJia B HeCKOJlbKO pa3 HB:>Ke. 

3. 06Hapy:>KeHHhlii 34>4>eKT, no Kpaii:Heii Mepe, B 50 paa 
npeBbiWaeT ypOBCHb 4>oHa OT CnOHTaHHOro ~eJICHBJI ypaHa 

H B3BeCTHbiX TpaHcypaHOBbiX 3JICMeHTOB. 

4. Ha6JIIO~eHHble C06b1TBJI CnOHTaHHOrO ~eJICHBJI pac

npe~eneHbl B BHTepsane speMeHB oKono 500 cy111. nocne 

KOHUa o6nyqeHBJI. 3To pacnpe~eneHBe xapaKTepHo MJI 

pacna~a o~Horo B30Tona, BMCIOll\ero nepuo~ nonypacna~a 

oKono 150 OH. 3a nocne~yroll\Bii oTpe30K speMeHB npo~on
:>KBTenhHOCTbiO 6onee o~Horo ro~a He 6biJIO 3aperBcTpuposa

HO HB O~HOrO C06b1TBJI CnOHTaHHOrO ~eJieHBJI. 3TO JIBJIJieTCJI 

~OnOJIHHTeJibHbiM CBB~eTCJibCTBOM Ha~C:>KHOCTB nonyqeHHhiX 

pe 3YJibTa TOB. 

5. Cpe~Hee qucno MrHoBeHHhiX HeiiTpOHOB, conpoBo:>K

)J,aiOll\BX CnOHTaHHOC ~eJieHBC 3TOH aKTBBHOCTB, He oqeHb 

BCJIBKo: 1,5::; i7 ::; 3,5 . Cpe~B 3aperBcTpBpoBaHHhiX co-

6biTBii: CnOHTaHHOrO ~eJICHBJI He Ha6JIIO~aJIOCb TaKBX, KOTO

PhiM MOrJIO 6b1Tb npBnBCaHO v 60JibWee, qeM B yKa3aHHOM 
~uana3oHe. 

6. CyMMapHaJI KBHeTBqecKaJI 3HeprBJI OCKOJIKOB ~eJie
HBJI, onpe~eneHHaJI no nJITB co6biTBJIM, npesblwaeT 200 M3B. 

IIonyqeHHhle pe3yJihTaTbl MO)IQ{O, no HaweMy MHeHBIO, 

HHTepnpeTBpOBaTb KaK Ha6JIIO)J,eHBC CnOHTaHHOrO ~eJICHBJI 
O)J,Horo B3 B30TOnOB CBepXTJI:>KeJibiX 3JieMeHTOB BJIH ~oqep

Hero npo~yKTa, o6pa3yroruerocJI nocne uenoqKu a -pacna~os, 
npoxo~JIIUCH qepe3 HeCKOJibKO TaKBX B30TOnOB. B nOJib3Y 

TaKoro BbiBO~a CB~eTCJibCTBYCT TOT 4>aKT, qTo aKTBBHOCTb 

Ha6mo~aJiaCb BO 4lpaKUBB CYJib4>~0B TJI:>KCJibiX MeTaJIJIOB, 

JIBJIJIIOll\BXCJI XHMBqeCKBMB aHanoraMB 3JieMCHTOB B3 "OCTpo

Ba CTa6BJibHOCTB". KpoMe TOrO, KBHCTBqecKaJI 3HeprBJI 

OCKOJIKOB ~CJICHBJI ~aHHOro B30TOna npB6JIB)KaCTCJI K 3Haqe-
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H810, KOTOpOe MO>KHO O>KH.I(aTL .I(JIJI H30TOnOB CBepXTJI)l(eJILIX 

3JieMeHTOB. lloJiyqeHHOe 3HaqeHHe V 3aMeTHO MeHLWe, 

qeM MO)l(HO 6LIJIO O)l(H,I(aTL .I(JIJI CBepXTJI)l(eJILIX JI,nep no 

pacqeTaM 145 •46 I, ocuoaaHHLIM ua npocToii: 3KCTpano

JIJIU88 .neJIHTeJILHLIX caoii:cTB 83BeCTHLIX aTOMHLIX JI,nep. O.n

HaKO BpJI,n JIB TaKHe 3KCTpanOJIJIU88 MOryT npeTeH.I(OBa TL 

Ha KaTerOp8qeCK8e BLIBO.I(Ll. C ,npyroii: CTOpOHLI, He 8CKJIIO" 

qeHO, qTO B HaW8X onLITaX Ha6JIIO,naJIOCL cnOHTaHHOe ,neJie" 

H8e OTHOCHTeJILHO JierK8X JI,nep ( Z -:::. 100), noJiyqaiOIUHXCJI 

B pe3yJILTaTe uenoqxu a -pacna.noa. Po.nouaqaJILH8KOM Taxoii: 

uenoqKH MO:>KeT 6LITL CBepXTJI)l(eJILIH 830TOn C HeqeTHLIM 

q8CJIOM npoTOHOB 8JI8 ueii:Tpouoa. H3- 3a C8JILHLIX 3anpeToB 

B OTHOWeH88 CnOHTaHHOrO ,neJieH8JI /B03MO)l(HLJe $aKTOpLI 

3anpeTa, KaK 83BeCTHO, MOryT .I(OCT8raTL BeJI8q8HLI 103 
-

107 I TaK8e 830TOnLI MoryT 8cnLITLIBaTL, B ocHOBHOM, 

a- pacna.n, noxa ue 6y,neT nonyqeu B uenoqxe 830Ton, 8CnLI

TLIBaiOIU8H C 60JILWOH aepoJITHOCTLIO CnOHTaHHOe ,neJieH8e. 

llp8H8MaJI BO BH8MaH8e CyiUeCTBOBaH8e cnOHTaHHO ,neJIJI• 

IU8XCJI 830MepOB cpe,n8 JI,nep C Z = 92-96, MO)l(HO 6LIJIO 

6LI np8n8CaTL noJiyqeHHLIH 34xl>eKT CnOHTaHHOMY ,neJieH810 

xaxoro-JI86o 830Mepa 83 3Toii: o6nacT8. O.nuaxo npoTHB 

TaKOrO npe,nnoJIO:>KeH8JI CBH.I(eTeJILCTBYfOT ,naHHLie 0 XHMH" 

qecxax caoii:cTaax ua6JIIO,neuuoii: aKT8BHOCTH, pe3yJILTaTLI 

H3MepeHHH KHHeTHqecKOH 3HeprH8 OCKOJIKOB ,neJieHHJI, a 

TaK)l(e 6oJILmoii: nepao.n nonypacna.na. llo .nayM nocne,nHHM 

C006pa)l(eH8JIM ,I(OJI)l(HO 6LITL TaK)l(e HCKJIIOqeHO 8 npe,nno" 

JIO:>KeH8e, 06'LJICHJIIOIUee Ha6JIIO,neHHLIH 34xl>eKT JIBJieHHeM 

3ana3,nLIBaiOIUero .neneH8JI I 47 I. 
MLI npa.naeM HCKJIIOqHTeJILHO 6oJILwoe 3Haqeuae .nanL

ueii:weMy HCCJie,noBaHHIO nonyqeHHOH aKTHBHOCT8, cqaTaJI, 

qTO Ha 3TOM nyT8 B03MO>KHO, eCJIH He OTKpLIT8e CBepXTJI)l(e" 

JILIX 3JieMeHTOB, TO, BO BCJIKOM CJiyqae, 06HapY*eH8e KaKoro· 

TO xaqecTBeHHO HOBOrO JIBJieH8JI. llo,no6HOe y)l(e O.I(Ha)l(.I(LI 

8MeJIO MeCTO B uaweii: Jia6opaTOp88,KOr,na Ha nyTH K CBHTe3y 

KypqaTOB8JI 6LIJIO OTKpLITO JIBJieHBe CnOHTaHHOrO ,neJieHBJI 

830MepOB. JiJIB)l(aHWBe 3KCnepBMeHTLI, KOTOpLie HaXO.I(JITCJI 

B CTa,I(BB no,nrOTOBKB, 6y,nyT nOCBJIIUeHLI nonLITKaM Ha6JIIO· 

,neHBJI C nOMOIULIO qyBCTBBTeJILHLIX TpeKOBLIX ,neTeKTOpOB 

CJie,I(OB HeCKOJILKBX a·qaCTBU 8 OCKOJIKOB ,neJieHBJI, HCXO· 

.I(JIIU8X 83 O.I(HOH TOqK8. llOM8MO 3TOrO, MLI HaMepeHLI pe • 
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rBCTp8pOBa TL B COBna,neHB8 C BMnyJILCaM8 ·ocKOJIKOB ,neJie

HBJI KX -nyq8 OT o6o8x OCKOJIKOB, qTo no3BOJIHT ycTaHOB8TL 

aTOMHLIH HOMep ,neJIJIIUerOCJI JI,npa. 

XapaKTep83YJI KOpOTKO COCTOJIHBe npo6JieMLI C8HTe3a 

B noHCKOB CBepXTJI)l(eJILIX 3JieMeHTOB, MO)l(HO CKa3aTL, qTo 

3KCnepBMeHT HaXO.I(8TCJI B CaMOM aaqaJie nyT8, Ha KOTOpOM 

npe.ncTOBT eiUe MHoroe c.nenaTL. Oqeau.nuo, B xaqecTBe 

8CXO.I(HLIX nyHKTOB .I(JIJI npO.I(OJI)l(eH8JI BCCJie,noBaHHH CJie,nyeT 

np8HJITL Te 34xt>eKTLI, KOTOpLie Ha6JIIO,naJIBCL .I(O HaCTOJIIUero 

apeMeHB 8 c Toil 8JIB 8Hoii: cTeneHLIO aepoJITHOCTB MoryT 

BMeTL OTHOWeHBe K 3JieMeHTaM 83 "OCTpOBa CTa68JILHOCTH". 

B nepByiO oqepe,nL 3TO OTHOC8TCJI K CnOHTaHHO ,neJIJIIUeMyCJI 

B3JiyqaTeJIIO c nep8o,noM nonypacna.na 150 OH, KOTopLiii: 

o6uapy:>KeH uaMB B peaKUB8 U + Xe . HoaLie 3KcnepaMeH

TaJILHLie B03MO>KHOCT8, noJIBJIJIIOIUHeCJI c 3anycxoM ycxop8-

TeJieH B JiepKJIB, a 3aTeM B )J.apMWTa,nTe, n03BOJIJIIOT Ha,ne • 

JITLCJI, qTo caoii:cTBa 3Toro 83JiyqaTeJIJI 6y,nyT yToqueuw 

COBMeCTHLIMB YCBJI8JIM8 B 6JIB)l(aHWeM 6y.nyiUeM. 
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