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S ·u m m a·r y 

After analysing various methods applie~ 
in search for superheavy elements in nature 
it was shown that the method based on the · 
recording the rare events . of spontaneous 
fissionpin samples is ~ne of the most.sensi
tive and universal. Large proportional'-coun~: · 
ters of. fission fragments and·neutron de
tectors of multiple neutron emission 
are described •• The upper limits for the · 
superheavy element concentration in the· - . 
samples of the .bismuth" hydroxide(2.S·lo- 1 ~/g) 
lead (4 if0.,..15 --s ·lo-16 g/g) I mercury (1·. 4 ·10~1! 
1. 4 ·10- g/g) and tangsten (1. 4 ·10·:-14 

2. 5 ·10 -Is g/g) are determined under the 
conditi~n that the half-life of the element 
under search. i's equal to 109 .. years 0 • 
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1 . .AHAJIH3 METOJ(OB, IIPHMEHJJEMhiX J(JIJI IIOHCKOB 
CBEPXTJI)[(EJihiX 3JIEMEHTOB . 

liHTepec K npo6neMe n~HcKa caepxTJi:>Keni.Ix ::meMeHTOB, 

B03HHKlliHH B CB.R3H C npeACKa3aHH.RMH !eopeTH'IeCKHX . 

pa6oT I CM., Hanpu:Mep, /l-4/ /, npuaneK ycHJIH.R P.RAa · 

Hay'IHLIX rpynn. 3KcnepHMeHTbl. npOBO,!\.RTC.R y:>Ke· ~OJie.e · 

ll.RTH JieT, pa3BHTbl BbiCOKO'IYBCTBHTeJibHbie MeTOAbl, H3y-

·• 'leHhi coTHH o6pa3UOB. B uenoM pe3ynhTaThi noucKoB noKa 

OTPHUaTeJibHbi: CeH'IaC y:>Ke O'leBHAHO, 'ITO. eCJIH o.I(HH H3 

caepXT.R:>KeJihiX 3JieMeHTOB cymecTaye_T B npupoAe, TO ero 

KOIIUeHTpauu.R B ·HaH6onee'"yAa'IHhix"o6'beKTax 6yAeT MeH:bme 

'leM 10 -l 2 rpaMM Ha rpaMM. ll~_3TOMY 3a,!\a'la llOHCKOB 

CBepXT.R:>KeJibiX 3JieMeHTOB npe,!\CTaBJI.ReTC.R C Te'leHHeM 

BpeMeHH BCe 6onee CJIO:>KHOH. 0,!\HaKO HMeiOTC.R B03MO>K· 

HOCTH CYIUeCTBeHHOrO llOBbillleHH.R 'IYBCTBHTeJibHOCTH MeTO· 

,!\HI< , H 3TO CT!fMYJIH.pyeT ,!\aJibHeHlllee pa3BHTHe pa6oT. 

06'beKTaMH llOHCKOB CBepXT.R:>KeJibiX 3JieMeHTOB .RBJI.RIOTC.R 

pa3JIH'IHhie o6pa3Ubi 3eMHoro H KOCMH'IecKoro npoucxo:>K

neHH.R, . a TaK:>Ke .. KOCMH'IeCKHe JIY'IH. <l>aynep /S/ nepBbiM 

o6paTHJI BHHMaHHe Ha TO, 'ITO TIUaTeJibHOe HCCJie,llOBaHHe. 

MaCCOBbiX cneKTpOB nepBH'IHbiXKOCMH'IeCKHX Jiy'leH OTKpbi

BaeT nepcneKTHBY ,!\JI.R llOHCKOB llOTOKOB .R,Ilep CBepXT.R>KeJibiX. 

3JieMefs}OB, npHXO,Il.RIUHX Ha ~eMJIIO H3 rami.KTHKH. Coo6~a.: 
JIOCb 06 06Hapy)KeHHH B CJIO.RX 4JoT03MYJibCHH, 3KCllOHH· 

poBaHHOH B aepXHHX CJIOHX 3eMHOH aTMOc!IJepbl, O,llHOrO HJIH, 

6h1Tb. Mo:>Kei, ABYX cnenoa aTo.MHhix. H.qep. c Z . == 105. 

fipaB,Ila: ,llaiibHeHlllee pa3BHTHe. OllbiTOB / 6/_ C npHMeHeHHeM, 

uap.RAY CO CJIO.RMH 4JoT03MYJibCHH, llOJIIlMepHbiX nneHO'IHbiX 

,lleTeKTOpOB npiiBeJIO K cymeCTBeHHOMY CHH:>KeHHIO OUeHKH . 
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aepxHeii _r.paHHUhi IloroKa KOCMH-lJ:ecKHX H,D;ep .zinH 3neM~HTOB. 
c nopH,D;KOBhiMH HoM:epaMu 6onhme ·eTa .. 3Ta rpaHmia, no~ . 
BH,D;HMOMY, He · npeBbilliaeT BenuqHHhl. 1 a moM/ M 2 200, 'qTo 
npHBO)J;HT .K cepbe3HhiM Tpy,D;HOCTHM B OnhiTaX C nonHMep-·. ·. 
HhiMH H 3MYilhCHOHHhiMH ,D;eTeKTOpaMII ,D;a)l(e nl,H 3anycKe HX 
Ha cnyrHHKaX. 0TrOHcyp3H H IlepenhirHH / 7 He_,D;aBHO npo
aHanH3HpOBanH B03HHKaiOIUHe Tpy,D;HOCTH' H B TO )l(e BpeMH 
060CHOBanH nepcneKTHBHOCTb iiOHCKOB c:rie,D;OB KOCMHqeCKHX 
H,D;ep ,CBepXTH)I(eilbiX 3ileMeHTOB B MeTeOpHTHbiX MHHepanaJf. 

.Ilpu nOHCKaX CBepXTH)I(eilbiX 3ileMeHTOB B . 3eMHbiX:H 
KOCMHqecKHX o6pa3uax'npHMeHHITHCb pa3nHqHhle qyBCTBH· 
TenhHhie MeTO,D;hl aHanH3a. B pa6oTe ToMnCOHa H,D;p. /8/ )J;ITH 

nOHCKOB 3Ka-nnaTHHhl HCIIOilh30BancH peHTreHOBCKHH~nj
opecueHTHbiH aHanH3, Macc-crreKTpOMeTpHH n·aKTHBaUHOH· 
Hhiii aHannJ. Ehma ·,D;OCTHrHyTa qyacTBHTenhHOCTh · lo-11 

rpaMM Ha rpaMM. AKTHBauno~Hhiii aHanH3 'a paJnu'tlHhiX 
aapuaHTax npuMeHHnCH· a' pH,D;e pa6oT. BecenoacKH u ,D;p. /9 I 
H BnrTeH6ax ·/lO lnpoBO,D;HnH onbiThi, B KOTOphiX nccne,D;yeMhie. 
o6pa3Uhl o6nyqanHCh B noTOKax TerinfBhl?' HeiiTpOHOB U~3-
MepHnaCb 3HeprHH OCKOITKOB ,D;eneHHH 9 ! HITH perHCTpHpOBa
ilHCb JanaJ,D;hiB~IOIUIIe HeiiTpOHhi llo I. AaT'opbi npnmnu K Bhi
BO)!y; qTo· KOHUeHTpaUHH HCKOMbiX 3ilCMeHTOB B HJyqeHHhiX 
o6pa3uax He !Jpe~wmaeT 6;'i.o,.... 12 19lu 9.1{)-11 IIOirpaMM 
Ha rpaMM. O,D;HaKo TaKaH qyacTBHTenhHOCTh ycTaHoaneHa ~im 
BeCbMa. He~paB,D;OnO,D;06HOM npe,D;nOilO)I(eHHH 0 Bennq~He no
nepeqHoro teqeHHH ,D;eneHHH CBepXTH)I(eiTbiX H,D;ep TennOBbiMH 
HeiiTpoHaMu '/500 6apHi. <llopcnnHr n ·,D;p. /11 I n IIonui<aiiim 
u ,D;p. /12/ npnMeiiHnH peaKUHIO JaxaaTa nimnoBhiX Heii'ipo~ · 
HOB /11/u~parMCHTaUHIO Ha IIpOTOHaX BhiCOKOH 3HeprHH '/12/ 
C uenbiO nonyqeHHH KOpOTKO)I(HBYIUHX CnOHTaHHO )J;CITHIUHXCH 
unu anh~a-8:.KTHBHhiX npo,D;yKTOB. · B 3THX . onhiTax _6wna 
onpe,D;eneHa BCpXHHH rpaHHUa KOHUCHTpaUHH CBCpXTH)I(eilbiX 
3ITCMCHTOB B HCCne,D;OBaHHhiX .o6pa3uax: 10-12 q)aMM Ha 
'rp8:MM. COBHHCKH H ;:tp./13 / C006IUanH 06 OnhiTaX,B KOTOpbiX 
c · rroMOIUhiO Macc-cenapaTopa. H3 nccne,D;yeMhiX o6pa3UOB 
Bhi,D;enHnHch aTOMHhie H,D;pa c Maccoii oKono 300. 3aTeM · 
n.po,D;yKThi Mace- c_enapaunn noMeiUannch B KOHTaKT c oco6o 
qncTbiMH. KBapUCBhiMll nnaCTHHKaM:H H o6nyqanHC_I/B nOTOKaX .. 

· 6hiCTpbiX HeiiTpOHOB. ABTOpbl 1131 y~enHnH OC06oe BHHM~l.HHC 
"· nOHCKY Ha KBapUCBbiX )J;CTeKTOpa~_cne,D;OB TpOHHOrO )J;CilCHHH, 
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· KaK- Ha,H6~nee xapaKTepaoro ,D;nH caepXTH)I(enhiX 3neMeHTOB •. 
IlpH 3-i-OM 'npe,D;noJio)KeHHH. OHH ycTaHOBHITH BCpXHIOJO rpaHHUY ~ 
KOHUCHTpaUHH CBepXTH)I(eilhiX 3ileMeHTOB -_nri~ ae"cKOnhKH£' 
o6paJuo:B: 10_-15 rpa:MM :Ha rpaMM. Bcnyqaerrpeo6naAaii:HH: . 
,D;Boiiaoro ,D;enemiH. 3Ta rpaanua - 10~12 rpaMM aa rpaMM •. 
- -· ··l)onhmOe · 'IHCno HCCITC,D;OBll.liHii CBH3aHO C nonhiTKaMH 
o6Hapy)I(CHHH HeH3BeCTHbiX_ paHee cna6hiX npHpO,D;HhiX aKTHB
HOCTeii anh~a-p_acna,D;a unn cnoHTaHH.oro ,D;eneHHH. B paJiioe 

: BpeMH . B . pa6oTaX illHHTenbMeiicTepa -/14~ qep,D;biHUeBa 
'·n ,D;p.jcM./is/;, ~epp:H,_ I_>nlJ:ap,D;coaa H A,D;aMca /16/n Meii- · 

·- .epa H ,D;p •. } 7/ nOHBilHITHCh C006IUeHHH 06 06Hapy)I(CHHH 
~ HeHJBecTuo'ii .anh<lla .. aKTHBHocrn c 3Heprneii.4,4 :- 4,6 M3B 

B cynh~H)l;HhiX . (14, 1st H nna THHOBh(: /17 I rrf,D;B._X' a TaK)I(e 
B pH,D;e aynKaHnqecKnx" o6pa3UOB /IS _H; :a rpaHHTe 1~.6/~ Ha 
oc.HoimHHH xnM·uqecKnx orihiTOB nit aKTHBHocTLnjmnH:chma- , 
nach 3Ka~ocMnro 1 z = 108/: Ohuai<o.6onee noi,D;IillenoriLIT: .. 
KH aocnpOH3BeCTH pe3ynhTaTbl 6onbUlHH~TBa riepeqncneHHhiX 
paGoi ·.· ol<a3anllch 6eJycnemHhiMH /IB:-;-2~/. He· JicKnroile: •. 
Ho -/IBI,·ifTo a /_I~-171 :Ha6mo,D;an'ca· pacna,D; ·KaKllx'-nn6o 
H3BeCTHbiX ecTeC.TBeHHhiX HnH TexaoreHHhiX anb~a-'H3]Jyqa:
n:ineii; H3 ~ 3a HaJIHqHn .. B· npJipo,D;e. uenoro: pH.zia TaKiix . 
nJnyqaTeiu!ii · 3Kcm!pn:MeuThi no. nollcR:y ·c8epxTH)I(enhix~3ne- . 
:MeHTOB, OCH.OBcLHHble .Ha perHCTpaun'u ·H:x ani.~a:-pacna,D;a,. 
clin'i;Ho 3a:rpy,D;IICHbl. qyBC~BliT'en~HOCTb' TaKHX ~KcnepHMeH- ; 

~. ioa · JaaucnT · • a·T · npnMeiiHeMoii· . ~HMH~ecKoii npoue,D;ypht. · 
O'ueiiKa 'noKaJbtaaei, •.no a ynoM~HYThix · ~hime,p'a6oiax. oHa 

· coo-TaeTcTaoaananpe,D;eny KoliueHfpatiiin 10-10 - ·lo-11 · 
rpa:MM ua rpaMM.. . .. ~ ·. ,.. . " . . ... c. . . ' 

~· MeTo',D; noHCKOB ·~aepXTH)I(ertbiX. 3n~MeHTOa''ito n'xcnoH~ : 
TaHHOMY .. ,D;eneHHIO o6na.ziaeT. xopomeii. ityBCTBHTC.rihHOCTh~ •. 
6narohapH ~oM)'~ iiTo B npnpo,D;e cyi.uecTByer Totn,;Ko .o.i\HH 
cnoinaHHO ,D;enHIUHHCH·;; H3nyqaTe.ri:b - ypaH. Ou(mKH noKa.:: 
3biBaJOT·, . <iTO ~OHOM. OT. T·exHC)re.HHhiX 'cnOH~aHJiO ,D;C~lHIUHXCH 
HlOTOnOB nriy'imtiui, KIOpHH H KaJlH~OpHHH B llO,D;aBnHJOIUeM 

. 6onhUIHHCTBe:. cny<iaeB MO)KH() npelie6peqh, TaKHM. o6pa30M,. 
:B .nepaoM np:H6nn)l(eHHH Ja,D;aqa noncKoB cao,D;HTCH K perncT
pau;nu pe,D;KHX , aKT_OB CllOllTaimoro ,D;eneHHH H ,K BhiHCHCHHIO .. 
ux CBH3H · c · pacna,D;OM ypaHa nnu c . ,IJ;pyrHM.H :BoJ~O)I(H_hlMH 
ncToqHn~aMH ·~'oiia. Mo)I(Ho ·o>t<n,D;aTL, 'ITO TaKaH no~TaHoBKa 
Ja,D;aqu flBJlHCTCH ,D;OCTaToqJIQ yHHBepcanhHOH. )J;eiiCTBHTenh-:-
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HO, ecnn He CaMH ~onrO>KHBYI.QHe HyKnH~hi,. TO- HX ~oqelmne 
IIpO~YKThl ~On>KHhl H_CII_hiTh~BaTb C. BepOHTHOCThiD,; rrpaK.TH· 
qecKH paBHOH e~HHH:Ue; CIIOHTaHHOe ~eneHHe /eM. pe3ynh
TaThl pactieTo:B ·. 12- 41 /. MaKCHManLHaH qyncTnnl'enLHOCTh 
IIpH - IIOHCKe HOBhiX 3neMeHTOB ~OCTHraeTCH ~nH TaKHX 
H30TOIIOB, y KOTOphiX rrepno~ rronypacrra,u;a 6nH30K no Benn-' 
qmie K 10 

9 neT. Ecnn caMhiH _~onrO>KHBYII.(HH. H30TOIIC H3 
"octpo:Ba cTa6nnLHOCTn" B paiioue Z = 110-114 HMeeT rre~ · 
_I)H<?~ rronypacrra~a Meuee 2.108 nei, To o6H:apy>KHTh ero 
B npnpo~e npai<Tnqec:Kn HeB03MO>KHo, ero cne~yeT cqnTaTh~ 

rronuocThiO ·~BhiMeprnnM". Ecnn >Ke· ~orrycTHTh, qTo ·a paiioue ~ 
Z = 110-114 n:MeercH H30Ton c rrepno.rtoM rronypacrra.u;a, 

·cyi.QecTneuuo. 6on:brnnM qeM:Io 9 neT, uarrp1I:Mep_ T ~ = 
= 1011 neT, TO . B03l.fO>KHOCTh · .. ero- 06Hapy)KeHHH 6y~eT 
CHH>KeHa. O~HaKo._ B TaKOM cnyqae no 'coce~CTBY. ·c 3THM 
H30TOIIOM ~On>KHhl Cyi.QeCTBOBaTb' ~pyrne H30TOIThl C 6onee 
KOpOTKHMH BpeMeHaMn mH3HH, cpe~n KOTOpbiX oy~yTH MaK-: 
CHMaiThHO y~06Hbie ~nH OGHapy~eHHH H30TOIIhl C rrepHO~OM -·. 
rronypacrra~a, 6nH3KHM K J 0 9 neT. -

IlepBhie 3KCJi'eJlHMeHThi ITO IIOHCKY pe-~KHX _aKTOB CIIOH~ 
Tauuoro· ~eneHn1!: ·6:bmn rrpoae~eHLI<l>nepoBLIM n HepenLirn
HhiM./22/ c rroMoiul.IO TpeKOBhiX · ~eTei<Topon. Han6onLwee 

- · nuu}daune 6Lmo y~eneuo cnmi:uonl.rM: · cTe~naM; . KoTop~Ie, 
HMeH ~ocraro~uo· 6onl.Ii.u)ii ·no3pacT /5 - 200 neT/, Mornn 
aKKYMYIIHpona:rh 3Haq!fTellhHO~ _· qHcno cne~oB . OCKOnKOB 
~enemi.H. . · · .lbyqeune pH~a · CBHHUOBhiX , CTeKon;. PTYTHhiX 
3epKan;: a TaK~e CTe:Kon, co;iep)Kai.Qnx rrpnMecn BHCMyTa, 
:BonLtlJpaMa n ,TannnH; 6Lm0 · rrpone~euo IJ;ecLnHi< · /23/.KaK 
rro:Ka3a'n rrocne~yiOI.QHH auann3, BhiiiOnHeHiihiH :<l>nepoBhiM, 
IlepenLirHHhiM H 0Troucyp3HOM /2 4 /,qyBCTBHTenhHOCTh rro
.u;o6uoro MeTo;ia orpaHniieHa He TOllhKO tPOHOM OT CIIOHTaH-. 
H0-~0 ~en(mnH . npHMeceii ypaua, HO TaK)Ke H .tPOHOM- ·oT 
BhiHY>K.D;eHHOrO ~eneHHH TH>KenhiX MeTannoB, COCTaBnHJOI.QHX 
ocH:ony o6pa3:uon, H~·epuo-ai<THBHOH KOMIIOHeHTOH KOMnqec-: 
KHX nyqeif •. IlpaB,D;a, poJi~ BhiHYJK~eHHOrO ~eJieHHH MO>KeT . 

·.6biTh CBe~eHa ~0 MHHHMyMa, ecriH: paccMaTpHBaTb o6pa;J:Uhl 
cTeKon, i<oTopLie iiaxo~nnncL n_ 3alllm:ueuu:biX rroMell\eHnHx. 
,[(ir.H HeKOTOphiX o6pa3UOB CBHHUOBbiX CTeKon B /22, 23 /,· ;so3 _: 
MO>KHo,· iia6mo~anacL H36:buoquaH aKTHBii:ocTh crro1ITaiiuoro · 
~eneHHH, KOTopaH MmKeT_6hiTh o6'bHC_Heiia rrpnMeCbiO CBepx-
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TH>Kenoro 'aHanora · _cnim:ua. ua. yponiie, cooTnercTBYIOll\eM 
TIC "" l,S.H) 21 neT. 3~ech· T/C - rrepno~ rronypacrra~a 
cnepxTH>Kenoro 3neMeHTa, ·B~Ipa>KeHHhiH B ·ro~ax·, 'c - KOH-
ueuTpa:un.H 3Toro ·3J1eM:euTa n· o6pa3ue *. ,[(nH ~onLmni-ic:rmi. 
o6pa3uon cnnu:uoni.IX ;cTeKon, a :rai<>~<e ~nH_ pfyTHLix 3epKaii:. 
n ~JIH _cTeKon, co.z:tef:>KaiUHX ancMyT, BO.JihdJpaM~6hm IIonyqeH 
rrpe.u;en: TIC ~ 10 2 neT. - _ _ _ · _ · : 
. ~ · Orrpe~eneHHhH:! B03MO>KHOCTH ~nH rroncKoB cnepxT'HJI<enhiX 
3neMeHTOB- OTKpbiBaiOT'CH rrpn -H3yqeHHH cne.D;OB OCKOJIKOB 
~eneunH, aKKyMynnponaHHhiX nrrpnpo~·HhiX MHHepanax /25-31~ 
Ilpn 3TOM, O.D;ilai<o, ueo6XO~HMO yqHThiBaTh B03MO>KHOCTh 
perpeccun 'ipeKOB Ila rrpo.TH>i<eunn 6onhiiiHx· rrepud~on ·npe
:Meun /coTmi Mnnnnouon n :Mnniruap,;hi neT/.· ·C. ~pyroii 
cTopoHLI,. -rrpe.u;cTaanHeT ·orracuocTh Mnrpa:unK rrpn:Meccii 
ypaua,' qT~ 3aTpy~~-KeT orrpe~eneiiue .yponii.H <Poua. ~Ha 3TH 
acrreKThl 6Lmo o6pai.QeHo BHHMauue B pa6oTax 0Troncyp3-
Ha.u .u;p .. /25,26,31/. ,[(anee, npH rronci<ax c~e~OB OCKOnKOB 
B M·uue'panax, nxo.u;Kmnx.B KocMnqecKne Tena /28,29 /,. cne-

· . .u;yeT yqnThiBaTh dJon OT. BhiHY>K~eHHO'ro ·~ene~~HK KOCMHlJCC~ 
KHM.U nylJaMH BH~M-yTa, CBHH:Ua; TannHH .H ~pyf:ux TK>KCnbiX 
MeTannon. KaK rroKa3LiaaioT 'oueu:Ku,- 3TOT '¢on 'n KocMn<Jec-. - - - . . ' . ' ·. ' ,~. ·'•/ .. 
I<OM npocTpaHcTne ~on>Ken npeBLIIIIaTh B cpe~HeM ua~na-Tpn 
rropK.D;I<a dJon OT . CIIOHTaHHOro· ~eneHHH ypaua. ··Cne,11.yeT 
OTMeTHTh, qro. rrpnu3yqemiu npnpo~HhiX Mnnepanon n'npai<
TH<JecKn H~eanhllOH I<pHCTannuqeci<OH dJopMe cne,u;yeT n'pu
nnMa Th no niinMaHn~ n.o3MO>KHOCTh nx ecTecTn-~u'uoii olfn.cTKH · 
o-f npnMeceii rrocToponunx xit.Mnqeci<lix 3neMeHTOB. llpaiic, 
<l>naiirnep u By ;i.e /27 lu XaaK /30/ a pe'3ynLnne u3yqeHHK 
pK.ria crreuudJnqeci<nx Mnnepanon nonyqunu rrpe~enl>nLie ~au-· 
HLie ~mi c.o.u;ep>Ka:uuS! 3Ka~cnn-H:ua/ T/C,2: 3.10-.2~ neTi/27 •30( 
3I<a-3onoTa fT/C ·::?:. 3.10 25 neT/ /27/ n 3Ka-nncMyia:;T/C~ 
~3.10 26 neil /30 I. no-nn~nMoMy, 3TH npe~enl>HLie .:undJphi . " . . . . . 

.; 

-;-J1norJiclJiri'}l BhlPa>KeHH~ rro.nyqeHHOrO pe3YJlbTaTa rrpnMe·-. 
HHIO~ rroua~ue I<a>Kyll\e~ocK nepno~a rron~pacrr~.u;a nerKoro 
auanora uc:I<oMoro 3neMeHi'a /uanpnMep, cnnu:ua/: · T Ka>K. =
= 'JiC, · r.u;e C ~ _ I<OH:UeHTpa:UHK. 3TOrO 3neMeHta B CBHH:Ue •. 
O.u;HaKo n Tex cny<JaKx, I<or~a cimHe:u nnn':Z(pyrne TH>KenLie
MeTannLI- He COCT.aBnHIOT . OCHOBY ··u3yqaeMhiX o6pa3UOB,. 
npnMeueuue rroHHTHK T. · · He 01ipaa~auo • . . _Ka>K.- · 

···':. ··7: 
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. npe)K,IJ;eBpeMeHHO OTHOCHTb K CO,D;ep)KaHHio nepe'IHCneHHbiX 
3neMeHTOB B 3eMHOH Kope.. , 

IloMHMO o6pa3oBaHHH pa,IJ;Hau;HoHHLIX Ae!lleKTOB,· npoHa
nHIDIIJ;HXCH npH 'i'paaneHHH ·_B BH,IJ;e . TpeKOB, CllOHTaHHOe 
,IJ;eneHHe CBepXTH)KenbiX 3JJeMeHTOB ,IJ;On)KHO_ llpHBO,IJ;HTb K aK

KyMynHpOBaHHlO B npHpO,IJ;HbiX MHHepanax OCKOnKOB ,IJ;eneHHH. 

3TO ,Il;On:lKHO npOHBHTbCH B pa3nH'IHbiX H30TOllHbiX aHOManHHX •. 
B qacTHOCTH, cTana ,IJ;oaonLHo pacnpocrpaueHI1oii rHnoTe3a 

0 npOHCXO)K,IJ;eHHH H36biTKa TH)KenLIX H30TOllOB KCeHoiia _ 
B HeKOTOpbiX Knacc~X MeTeOpHTOB OT ,IJ;eneHHH CBepXTH)KenLIX . 
3neMeHTOB 132 • 33 ~ illyKoniOKOB,_ repnHHr H. AWKHHa,IJ;3e 1341 
HCll6Jib30BaJIH ~HaJIHj H30TOllHOrO COCTaBa KCeHOHa KaK 

MeTO,IJ; llOHCKa CBepXTH>iceJibiX 3neMeHTOB B 3eMHbiX o6pa3·IJ;aX 
H AOCTHrnH 'IYBCTBHTenLHOCTH HCJ. ypoaue T /C = 10 21 neT. 

0CHOBHaH TPYAHOCTb 3TOrO MeTO,IJ;a CBH3aHa ·c TeM, t{T() · 

H30TOllHbiH COCTaB KCeHOHa B npHpO,IJ;HbiX 06'beKTaX llO,IJ;Bep

)KeH l3apHau;HiiM, npH'IHHLI KoTopLix OKOH'IaTenLHo ue 
llOHHTbi/CM. HanpHMep, /35,36//. 

HaH6onee ripHMoii nyTL noHCKOB caepxTH)KenLn{ 3ne
MeHToa; no-BH,Il;HMOMy,. CBH3aH C Henocpe,IJ;CTB.eHHOH perHCT

pau;Heii pe,IJ;KHX aKTOB CllOHTaHHOrO ,IJ;eneHHH: . <l>nepoB H 
,IJ;p. /37,45/ npHMeHHnH C 3TOH u;enbiO nponopiJ;HOHaJibHble 

C'le.T'IHKH C . 6onbliiOH. nncnu;a,ilblO HCcne,IJ;yeMLIX o6pa3IJ;OB. 

<l>nepoB,. Ilepen;Inr H 0Troucyp3H /22,24/ H reiicnep, <I>H
JIHUC ·H YoKep 50 · perHcTpupoaanH pe,IJ;KHe co6i.I~HH cnou~. 
TaHuoro · ,IJ;em!HHH_ · c noMOIIJ;Lro nonHMepHLix nneuoK. B o6oHx 
cny.'laHX 6LIJia ,IJ;OCTHrHyTa 'IYBCTBHTenbHOCTb . Ha . YJlOBHe 

T/C = 10 
22 

neT. PeiicT, Xau H !llou ryiheu / 38/:iwnonL-

30BaJIH. ,IJ;nH perHCTpau;HH. OCKOnKOB ,IJ;eJieHHH. OpHrHHanbHLie 

C'leT'IHKH , - ."CITHHepbi" H HaUIJIH cne~ylOIIJ;He npe~enLI OTHO ~ 
weHHH T/C: ~nB: mlaiHHLI- 3.10 21 neT, 3onoT~;t- 3,4.io 21 

JieT,.PTYTH -·~.10 22,neT.'TanJIHH- 1,1.10 21 neT, CBHHIJ;a.-
2.10 22 ;rieT, BHCMyTa -· 9:10 20 neT~ 

. B pH~e ·pa6oT /39..:.;45/ ~n.a perHcTpau;HH pe~KHx aTOMOB 

CllOHTaHHOrO ~eneHHH npHMeHHJIHCb ~eTeKTOpbl HeiiTpOHOB, 
KoTopLie- HMeiDT BLICOKyro 'IYBCTBHTenLHOCTL K H30TonaM, 

HCllYCKalOIIJ;HM npH · ~eneHHH 6oJibWOe 'IHCnO . MrHOBeHHbiX 
ueiiTpouoa; .. rpHMM, XeppMaHH . H illroccnep /411, pa6oTaH 

C ,IJ;eTei<TOpOM, perHCTpHpyiDIIJ;HM. HeiiTpOHHLie llOTOKH, H3y
'IHJIH 6onee eTa ·pa3nH'IHLIX o6pa3tioa ua · ypoaue 'IYBCTBH-

8. 

J' 

j, 
·I 

TeJILHOCTH T/C = 10 20 neT/ripH ycnoBHH, 'I~o ~nH caepx
TH>Kenoro 3neMe.uTa· v = 10 /46/;. <l>nepoa H ,IJ;p •. /39 ,40 ,45/, 

TOMUCOH H ,D;p. /42/ H C'l'oyrTOH H ,IJ;p • ../43,44/ . npHMeHHnH 

Heihp(JHHbie ,IJ;eTeKTOpbl .r(nJi perHCTpaiJ;HH HeCKOnLKHX HeiiT
pOHOB B O,IJ;HOM aKTe ,IJ;eneHHH. qyBCTBHTenbHOCTb- 3TOH 

MeTO,Il;HKH 3aBHCHT OT npe,Il;UOnO)KeHHH 0 BeJIH'IliHe V. ,lJ;nH 
. H3nyqaTeneii, xapaKTepH3YIDuiHXCH BenH'IHHOH i7 < 4 • 6LIJia 

,IJ;OCTHrHyTa 'lyBCTBHTenLHOCTi. T/C = 10 
22 

neT,npH v ~ 5 . 
H3MepHMbiH npe,IJ;en T /C COOTBeTCTByeT 10 24. neT /39 • 40 ,45/. 

ABTOPLI pa6oT /42-44/,orpaHH'IHBWHCL noHCKOM cnouTauuo 

· ,IJ;enHIIJ;HXCH H3nyqaTeneii, HCi:rycKalOIIJ;HX 6onLWOe . 'IHCnO 

MruoaeHHLIX ueiiTpouoa I v = 5-10/, ~ocTHrnH · 'IYBCTBH

TenLuocaH T/C = 10 23 neT .• 
··. 11:3 npHBe,IJ;euuoro o63opa BH,IJ;HO, 'ITO c noMOIIJ;LID np~

nopu;HouanLHLIX C'leT'IHKOB.H HeiiTpOHHbiX ~eTeKTOpOB llpH 

llOHCKaX CBepXTH>KenLIX 3neMeHTOB 6LIJia ~OCTHrHyTa npe
,IJ;enLHO BLICoKaH 'IYBCTBHTenLHOCTL. II03TOMY u;enecoo6-

pa3HO nocne~OBaTenbHO paCCMOTpeTb pe3ynLTaTbl 3THX 

3KCnepHMeHTOB. 

• 

2~,EOJiblliHE IIPOIIOPIJ.HOHAJibHEIE ClJETlJHKH 

'hponopu;HOHanbHbie C'leT'IHKH / 37 / npHMeHHllHCb ~nH . 

perHCTpaiJ;HH. pe~KHX aKTOB CllOHTaHHOrO ,IJ;eneHHH npH H3y-: 

• g 

PHc. 1. CxeMa nponopu;Houanbuoro C'leT'IHKa, 1 - Koprtyc, 
2 - nonyu;unHHAPH'IeCKHe )Keno6a ~nH uaueceuHH Hccne~ye
MbiX . o6pa3IJ;OB, 3 - HHTb, 4 - H30nHTOp, 5 - Me~HbiH 
3KpaH, 6. ~ ycHnHTenb, 7,8 - 6aTapeH llHTaHHH, 9 " o6pa-
3eiJ; 235 u. . 
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'ICHHH WHpOKOrO Kpyra o6pa3~0B. EbinO H3rOTQBHCHO WCCTb 
c'leT'IHKOB. Hx Kopnyca npe.ncraan.inn co6oii amoMHHHeBble 
HnH CTanLHble Tpy6bi ;:inHHOH 2 M H .D;HaMeTpOM 26 CM 

/eM. pnc. 1/. KaTO.D;OM cny)Knnn .D;Ba )KC,Jio6a· nony~nnnn.n
pniJ:ecKoii !lJopMLI. Hccne.nyeMLie o6paJ~hi nauocnnncL TOHKHM 
cnoeM /3,0 - _3,5 M2/CM 

2! Ha BHyrpenmmo nonepxnocTL 
)Keno6oa, nnoma.D;L Koropoii panmmacL 1,6 M 2 • Ana .noM 
cny)I(Hna HHXpOMOBa.H HHTb .D;HaMeTpOM 50 MKM, HaT.HHyTa.H 
no ocn C'ICT'IHKa. C'ICT'IHKH nanonH.HiiHCh MeTaHOM .no 
50 mop H HMCnH WHpoKyiO o6naCTb nponop~HOHanbHOCTH, 
K03lPlPH~HeHT raJonoro ycnneHn.H npn pa6o'leM nanp.H)KCHHH 
1200 e 6hln paaen 300. 

3nCKTpOHHa.H CXCMa, npHMCH.HCMa.H B .D;aHHbiX OnbiTaX, 
6Lma MaKCHManbHO npOCTOH. Y CHnHTenn 3nCKTpH'ICCKHX 
HMnynLcon HMenn K03lPlPH~HCHT ycnneHH.H nop.H~Ka.D;ec.HTH. 
11MnynLCbl OT WCCTH C'ICT'IHKOB perHCTpHpOBanHCb Ha CaMo
nHWYIQCM nonLTMerpe, n.HTL IICPLCB Koroporo c!JnKcnponann 
aMnnHTY.IJ;Y Ka)K,D;Oro HMnynbca C TO'IHOCTbiO 200/o H HOMep 
C'ICT'IHKa. BbiCOKOC Hanp.H)KCHHe HHTCH C'ICT'IHKOB H nHTa- . 
HHe YCHnHTene.H o6ecne'IHBamicb CYXHMH 3neMCHTaMH, oc
TanLHa.H 'laCTb CXCMbl nnranacb OT aKKYMyn.HTOpOB. 3TiiM . . 

.D;OCTHranaCb npaKTH'ICCKH nonHa.H HC'IYBCTBHTenbHOCTb CXC- . 
Mbl K J·neKTPHlJCCKHM noMexaM. YpoBeHb ~bona, o6ycnoanen-

• HOro 3neKTpHlJCCKHMH noMeXaMH, 6bin He BhiWC · O.D;HOrO 
HMnynLca B ro.n. 

)J;nR Hil.HCCCJIH.H cnoeB HCCne,D;yCMbiH MaTpHan H3Menb
.IJanc.H a· waponoii MenLHH~e .no paJMepoB 3epen 0,5- 1 MKM. 

IIynLna HJMenLIJennoro o6pa3~a B CMecn cnnpra H a~eroiia 
nanocnnacb pacnLmenneM na )Keno6a ciJeTIJHKOB. ,ll;nR cn.H-
3LIBaHH.H CnO.H B nynLny .D;06aBn.HnC.H Kneii Eel>- 2, KOTOpbiH 
cocrann.Hn no necy Mcnee 30/o or nccne.nyeMoro Marepnana. 
B .D;H3neKTPHIJecKHe cpe.IJ;LI .D;nR COJ.D;aHH.H npono.nn:Mocrn 
nno.nnnc.H aKna.nar /80/o no necy I .. Kann6ponKa ClJCTIJHKOB 
llpOBO.D;Hnacb OCKOnKaMH .D;CnCHH.H ypana- 235 TennOBbiMH 
HCHTpOHaMH. MJMepenna.H no qnoHTaHHOMy .D;eneHHIO ypana-
238 3lPlPCKTHBHOCTb perHCTpa~HH OCKOnKOB .D;CRCHH.H 6blna 
panna 600/o. 

IIpe.nenLHa.H IJYBCTBHTenLHOCTb .nannoii MCTO.D;HKH npn 
noncKe cnepXT.H)KenLIX 3neMeHTOB onpe.nen.HnacL yponneM 
lPOHa 'oT cnOHTaHHOrO .D;eneHH.H ypaHa, a TaK)KC lPOHOM OT 
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,D;eneHHR KOCMHlJCCKHMH. nyiJaMH TOpH.H, BHCMyTa, CBHH~a 
H .D;pyrHX T.H)I(CnhiX 3nCMCHTOB,o BXO.D;.HmHX B HCCne.D;yeMbiC 
o6pa3~bl. EonhWUJICTBO o6pa,3~0B, npC.D;CTaBn.HIOmHX HHTepec 
.D;n.H nOHCKOB CBCpXT.H)I(CnbiX 3nCMCHTOB, HMCCT npHMCCh 
ypaHa Ha ypOBHC 10..,.6 rpaMM Ha rpaMM H MCHCC. IlpHHHMa.H 
no BHHManne, IJTO nepno.n nonypacna.na ypana-238 ornocii
renLHO CnOHTaHHOro ,D;eneHH.H paBeH 10 16 neT, MO)KHQ Ja· 
KniOIJHTb, lJTO llp9Jl91Ib.HO HSMepHMOii .HBn.HCTC.H KOH~CHT:r:a~H.H 
CBepXT.H)I(Cnoro 3nCMCJITa, COOTBCTCTBYIOIQa.H T/C= 10 2 m.!T 
/0,175- ,D;eneHHH Ha 1 rpaMM o6pa3~a B TO.D;/. IlpHMepno 
TaKOH )KC npe.D;C~ lJYBCTBHTCnhHOCTH onpe,D;en.HCTC.H coo6-
pa)KCHH.HMH pa~ yMnoii .nnnrenLHOCTH. 3KcnepnMenron: · ne
CKOnhKO .D;CJICHHH B ro.D; Ha o6pa3e~ BCCOM 50 2. 

cl>OH OT ,D;eneHH.H TOpH.H KOCMHlJC.CKHMH nyiJaMH Ha ypOBHC 
MOp.H npHBO.ll;HT K Ka)KymeMyC.H 3lPlPCKTY CTIOHTaHHOrO .D;ene ~ 
HH.H ropn.H-232 c TKa)K. = 1,5.10 19 neT. /49/,Bnn.D;y roro, 
lJTO KOH~CHTpa~H.H TOpH.H B o6pa3~aX HC npeBhiWana 10-5 

rpaMM na rpaMM, era BLIHY)K.IJ;ennoe .zienenne MO)KHO 6Lmo 
J 

ne yiJHTLIBaTL. 
lionee CYIQCCTBCHHbiH BKna.n B lPOH MO)KCT .D;aTb BhiHy)K

.D;CHHOC ,D;eneHHC TaKHX T.H)I(CnbiX MeTannOB, KaK BHCMYT, 
CBHHC~, TannHH, PTYTh, BXO.D;.HmHX B o6pa3~bl B 6onbWHX 
nponop~H.HX. IJ03TOMY H3MCpCHH.H C nponop~HOHanhHbiMH 
ClJCTlJHKaMH npOBO.D;HnHCb B JamUIQCHHbiX noMemeHH.HX C Ton

.Il\HHOH nepeKpbiTHH, 3KBHBaneHTHOH 40 . CM H 200 CM 

6eTOHa. PeJynbTaTbl HCKOTOpbiX KOHTpOJlbHbiX onbiTOB npH~ 
ne.nenM.B ra6,11. 1. KaK BH.D;HO, no.n JamnroH: .. 40 eM 6erona 
o6napy)KHBaeTc.H Ka)KymnH:c.H 34J4leKT cnonrannoro .neneHH.H 
BHCMyTa /3,1 OeA/200.2/ H CBHH~a /1,6 OeA./200.2/. 
3ror 34!4JeKT o6ycnoanen, oiJean.nno, .nenenneM R.IJ;ep Bi n 
Ph .H.D;CpHO~KTHBHOH KOMnOHCHTOH KOCMHlJCCKlix nyiJeH, 'ITO 
nO.D;TBCp)K,D;aeTC.H peJKHM YMCHbWCHHCM ClJCTa OCKOnKOB 
.neneHH.H no.n 6eroHHhiM cnoeM ronmnnoii 200 eM. CyMMHPYR 
peJynLTaTbl BTOpOH H lJCTBCpTOH CTpOK Ta6n. ·1, MO)KHQ 
JaKniOIJHTh; IJTo no.n cnoeM :iamnrLI 200 cM6erona Ka)Ky
mnH:c.H·. 3lPlPCKT cnOHTaHHOrO .D;eneHH.H CBHH~a npaKTH'ICCKH ·· 
ne npo.HanReTc.H /:0,2 oeA./200.2/ .. l13oTon. 20 BPbjcM. 
ra6n. 1 I ncnbiTLIBaeT .D;enenne KOCMH'ICCKHMH qacrn~aMH 
C MCHblueif BCpO.HTHOCTbiO no cpaBHCHHIO C CCTCCTBCHHOH 
CMCCbiO H30TOnOB CBHH~a •. li03TOMy H3MepeHH.H C 3THM 

II 
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Ta6mnta I 

- 06paseu Bee Co,!!eE!aHHC 40 CM.6eTOHa 
(r)Pb, Bi u I 2 3 

r:ll.llPOOKHC:b 50 80(8L) I0-5 24 II7 3,1±1,4 
BHCMj'Ta 

• C~HH~rf) 50 83(F'E) 4.Ia6 65 500 I,G±0,4 

208 4I 87CP&> - 5 122 0,7±0,5 

CBHHUOBOe 55 40~) 2.Io5 15 108 3,8±2,0 
CTCKJIO 

I - tmCJio saperncTpHpoBammx m.myJIIocoB • 

2:- BpeMil HS.'.leptlHRII (CyTKH) . 

200 c:.:. 6eToHa 
I 2 3 

0 48 ~0,3 

o· 56 ~0,2 

I 93 ~o.3 

3 - tmMO .zteJielum B , ro.zt Ha I r CBHHUa ~ BHCMj'Ta; YKa3a.HH, OWH6KH, 

COOTBCTCT~e HHTepBany 95% .ztOBepHTCJil>HOCTH; WOH OT.CUOHTaHHOro 

.zteJICHmi ypaHa BH'iTCH. 

X) ~P!lKUilli CBHHUa, BH.zteJICHHWI HS CBliP.itoBO-UHHKOBOft py,llll rl'l,ltpoMCTaJIJIYp

rH'ICCKHM·CllOC060M. 
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H30TOllOM He MOryT cny:>KHTL JlnH OIJ;eHKH ypOBHH «lioua, 

KaK 3TO JlenanOCL B pa6oTe /37/ •. 
IIpHBe.IleHHLie peJyn&TaTLI noKaJLIBaroT, 'ITO ypoBeHL 

cPOHa ll03BOnHn C llOMOIIJ;LIO nponopD;HOHanLHLIX C'ieT'iHKOB 

,!I;OCTHriJ:yTL 'iYBCTBHTenbHOCTH 06Hapy:>KeHHH CBepXT_11:>KenbiX 
3JieMeHTOB B o6pa3n;ax, cooTBeTCTB~IIJ;eii T/C =10 22 neT. 

II pH TaKoM npeJleJILHOM co.o;ep:>KaHHH cnoHTauuo .Ile

JIHmerOCH 3JieMeHTa JlOn:>KeH 6LIJI perHCTpHpOBaTbCH 

Ha. WeCTH C'ieT'IHKaX B cpe,o;HeM O,!I;HHHMnynLC B 10-.}5 cy

TOK.- B03BpamaHCL K o6pa3IJ;aM, npeJlCTaBJieHHLIM B Ta6n.1,. 

MO:>KHO CKa3aTL, 'ITO ,!I;JIH HHX ycTaHOBJieH npe,o;en Co,o;ep:>Ka

HHH cBepxTH:>Kenoro 3JieMeHTa ua ypoBHe ·TIC = 4.10 21. neT. 

·3. HEHTPOHHME ,[(ETEKTOPhl ,[(JI.JI PETHCTPAI(HH 
PE,[(KHx AKTOB MHO)[(ECTBEHHOTO HCllYCKAHH.JI 

HEilTPOHOB 

llOMHMO. 6onLWHX nponopD;HOHanLHblX C'ieT'iHKOB, B 3K

cnepHMeHTaX no llOHCKY CBepXTH:>KenLIX 3JieMeHTOB npHMeHH

nHCb HeiiTpOHHLie" ,o;eTeKTOpLI, ll03BOnHIOIIJ;He perHCTpHpo

BaTL . aKTbl MHO:>KeCTBt!HHOrO HCllYCKaHHH HeHTpOHOB H3 

o6pa3IJ;OB 6onLworo o6"LeMa. ,D;eTeKTop /eM. pHc. 2/ npeJl

cTaBnHn co6oii IJ;HJIHHJlpH'ieCKHH 06'beM, JanonHeHHLIH napa

cPHHOM. B neuTpe napaclJHHOBoro 6noKa HMenacb n;HnHHJlpH

qecKaH nonoCTb/~HaMeTpOM 16 CM/, B KOT<lpyronoMeiiJ;aJICH. 

KOHTeiiHep C HCCne.IlyeMbiM BeiiJ;eCTBOM. Pa6o'IHH 06'LeM 

KOHTeiiHepa, JanonHHeMLIH HCCne.IlyeMLIM o6pa3IJ;OM, paBHHn

CH 10 nHTpaM; BoKpyr KOHTeiiHepa B napaclJime. HaXO,!I;HnOCb 

14 nponopn;HouanLHLIX c'ieT'IHKOB c 
3He *.CqeT'IHKH H:MenH 

,!I;JIHHY 50 CMHJlHaMeTp 32 MM. ,lJ;aBneHHe raJa - 7 amMOCrjjep. 
BLICOKOe HanpH:>KeHHe /1700 ej Ha BCe C'ieT'iHKH llO.IlaBanOCb 

* ABTOpLI 6naro.o;apHT B. r. 'tlaiiKOBCKOro Ja OKa3aHHyiO 
llOMOIIJ;L B H3rOTOBneHHH. cnen;HanLHbiX C'ieT'IHKOB. 
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OT O,II;HOrO HCTOlfHHKa llHTaHHH. )J;JIH yMeHI.WeHHH BepOHTHO

CTH npo6oeB no noBepxnocTH H30JIHTopoB clfeT'!HKH 6hiJIH 

CHa6meHhl oxpaHHbiMH KO.i:IhUaMH. ,lJ;JIH yMeH!>WeHHH !IJoHa OT 

KOCMH'ieCKHX nyqeif Ha,D; HeHTpOHHhiM .n;eTeKTOpOM llOMell(a

JiaCh CHCTeMa H3 reii:repOBCKHX C'ieT'!HKOB, HMllYJihChl OT 

KOTOpbiX 6JIOKHpOBaJIH 3JieKTpOHHYIO cxe·My .n;eTeKTOpa. 

I 
01 
:::p 
E _A_ ::J 
~ 
i ! .A_ 

om~op u 

:l i 
30nUCb 

«» ! 
KpamHI:IDt 

:l (I 
coOblmuU 

:X 
Of • 
§ 0 
~ ::t 

Pnc. 2. CxeMa, HJIJIIOCTPHPYIOIUaH npHHUHII pa6oThi neii:T
ponnoro ,D;eTeKTopa KpaTHhiX C06hiTHH /IIOHCHeHHH .n;aHhl 
B TeKCTe/. 

3JieKTpOHHaH cxeMa o6eclle'!HBana perncTpaUHIO ne-

CKOJihKHX HeHTpOHOB,. B03HHKaiOll(HX B O.D;HOM aKTe pac11a.n;a 

aTOMHOrO H.D;pa. llpHHUHII ee pa60Tbl OTpameH Ha CXeMe 

pnc. 2. BpeMennoH: ·HHTepBaJI ( T 
0

), 3aHHMaeMhiH rpyn11oii: 

HMIIYJihCOB OT 3THX Heii:TpOHOB, 3aBHCHT OT Cpe.n;nero Bpe

MeHH )KH3HH .HeHTpOHOB B CHCTeMe o6pa3eU-_3aMe.,D;JIHTeJib .

C'ieT'iHKH. llo Bh!XO,II;HOMY CHrHaJiy BCe 14 C'ieT'!HKOB 6biJIH 

06'be.D;HHeHbl B CeMh 11ap, HMIIYJihChl OT KOTOpbiX IIOCTyrraJIH 

na oT:nenLHhie ycnnnTenn H .n;anee na cxeMhi oT6opa 110 

aMIIJIHTy.n;e: llocne OT6opa 110 aMIIJIHTy.n;e HMIIYJihChl CO 

BCeX TpaKTOB 06'be,D;HHHJIHCh H llO,D;aBaJIHCb Ha BXO.D; perHCT

pHpyiOIUe.ii: cxeMbi. Ecnn na Bxo.n; 3Toii cxeMhi 1107Ty11an 

HMllYJihC, BKJIIO'iaJIOCh YCTpOHCTBO, KOTOpoe perHCTPHPOBaJIO 

BCe HMIIYJibChl; llOCTyllHBlllHe OT. HeHTpOHHhiX C'!eT'!HKOB 

B Te'ieHne HHTepoana BpeMeHH T0 11ocne npnxo.n;a cTapT·o.: 

14 

I· 

I 

BOrO HMllYJibCa. TaKHM o6pa30M, JII06oii HMllYJihC OT C'ieT

'iHKOB llpHHHMaJICH 3JieKTpOHHOH CXeMOH KaK CTapTOBhiH, 

ecnn .n;o ero npnxo.n;a B · IIPOMemyTKe· BpeMeHH To .n;pyrne 

HMllYJihCbl He nocTyllaJIH. Pa3pemaroll(ee BpeMH .D;JIH napbl 

HMIIYJihCOB paBHHJIOCh 2 MKCeK. Ecim .n;Ba n}.mynLca 6hiJIH 

pa3.n;eJieHhl MeHbWHM BpeMeHHhiM HHTepBaJIOM, CXeMa BOC

IIPHHHMaJI<I: nx KaK. o.n;nn HMIIYJihC. IlephH caMonnmyiUero 

BOJihTMeTpa, BKJIIO'ieHHOrO Ha BhiXO,D;e 3JieKTpOHHOH cxeMbi, 

!IJHKCHpOBaJIH .D;JIH Kam.n;oro C06biTHH ero Kpa THOCTb /'fHCJIO 

HMIIYJih~OB, 3aperiiCTpHpOBaHHhiX 3a HHTepBaJI BpeMeHH 

T 0 I, a TaKme HOMepa cqeT~iHKOB, c KOTOphiX nocTyiiHJIH 

HMIIYJihChi B .n;aunoM co6LITHH. KpoMe Toro, oT.n;enhHhiH 

KaHaJI OTMe'!aJI O.D;HHO'!Hble HMIIyJihCbl HeHTpOHOB. 

Kann6pooKa .n;eTeKTopoo ocyruecTBJIHnacb c noMOIU~IO 
MrHOBeHHbiX Heii:TpOHOB CIIOHTaHHOrO .n;eJieHHH llJIYTOHHH- 242 
n ypaua. ,lJ;nH 11o.n;6opa BeJIH'iHHhi IiHTepoana BpeMeHH T0 npo

oo.n;nncH C'ieT KpaTHhiX /.n;ooii:HhiX, TPOHHhiX H T • .n;./ co6LITHH 

OT Heii:TpOHOB, reHepnpyeMhiX B CBHHUe KOCMH~eCKHMH 

rryqaMH. Ha pnc~ 3 noKa3aHa 3aBHCHMOCTh cqeTa KpaTHhiX 

C06biTHH OT To .D;JIH .n;eTeKT<)pa CO CBHHUOM /100 K2/ 

B pa6o'!eM o6'heMe. OnhiT BhiiiOJIHHncH B noMerueunn, KOTo-· 

poe He 6hiJIO 3all(Hll(eHO OT KOCMH'ieCKHX nyqeif. KaK BH,II;HO 

H3 pHC. 3, cpe.n;Hee BpeMH .)f{H3HH HeHTpOHOB OKa3aJIOCb 
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.;,-
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PHC. 3. 3aBHCHMOCTh. CKOpQCTH C'ieTa KpaTHhiX C06hiTHH 

/B OTHOCHTeJibHhiX e.n;HHHUaX/ OT BeJIH'iHHhl HHTepBaJia 
BpeMeHH T0 /IIOHCHeHHH .n;aHhi B TeKcTe/. 
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paBHLIM 45 M1<ce1<. Bee onLITLI a .n.anLneiimeM npoao.n.nnncL 
c nocToHHHLIM HHTepaanoM T0 · = 150 M1<ce1<. . 

34J4JeKTHBHOCTb (E' ) perHCTpa:U.HH O.D.HHO'lHbiX HeiiTpOHOB .:, 
onpe.n.enHnaCb llpH KanH6pOBKe C o6pa3:U.OM nnyTOHHH-242 
no OTHOIIIeHHIO 'lHCna 3aperHCTpH.poBaHIIbiX- .D.BOHHbiX co6LI· 
THH (N2) K '1Hc-ny TpOHHbiX co6biTHH (N 3) : 

N2 

N3. 

~ p 2 ( )v- 2 v! 
"""' E' 1-E' --

R v;;::2 v · 2!(v-2) I 

I I p E'3 (1-E')v-3 v · 
v>3 v 3!(v-3)! 

3.n.ecb p J.l - BepOHTHOCTb HCllyCKaHHH v HeHTpOHOB B O.IJ.HOM 
aKTe .n.eneHHH 242 Pu, R- nonpaao'lHLiii MHO:>KHTenL, y'lHTLI
aaiOIIJ.HH npoc'leTbl .D.BOHHbiX H TpOHHbiX C06biTHH H3- 3a 
KOHe'lHoro pa3pewaro111.ero apeMeHH perHcTpHpyromeii cxeMLI. 
C'leT KpaTHLIX co6LITHii oT nnyTOHHH-242 npoao.n.nncHBnpo
:u.ecce pa60Tbl nepHO.D.H'leCKH .IJ.llH KOHTpOllH CTa6HllbHOCTH 
pa60Tbi yCTaHOBKH. llpoaepKa TO'lHOCTH onpe.n.eneHHH BenH· 
'1HHLI E' _6Lma ocyiiJ.eCTBnena a oT.n.enLHOM onLITe, B KOTopoM 
perncTpHpoaanncL neiiTpOHLI .n.eneHHH ypanoaoro npenapa Ta 
/1 z/, noMeiiJ.eHnoro a HOHHJa:U.HOHHYIO KaMepy. CTapTOBLIMH 
HMnynb6aM~ B 3TOM cnyqae Clly:>KHllH HMnynLbbl OCKOllKOB 
.n.enenna oT KaMepLI. Onpe.n.eneHHaH TaKHM o6pa30M aenH'lH
na E' OKaJanaCb paBHOH /26,5.±_2,3/'?o .D.llH HCTO'lHHKa, 
noMeiiJ.ennoro a :u.enTpanLnoii qacTH KOHTeiinepa. llpoaepKa 
c noMOIIJ.biO Kann6poaannoro Pu ·- Be' HCTO'lHHKa noKaJana, 
'1TO B npe.n.enax nony_'leHHOH TO'lHOCTH 34JiiJeKTHBHOCTb He 
3aBHCHT oT cpe.n.neii 3HeprHH neiiTponoa. Ha puc. 4 noKaJaHa 
3aBH~HMOCTL c oT nono:>KeHHH HCTO'lHHKa BAonL ocR pa6o11e .
ro o6'beMa .n.eTeKTopa. 

qyBCTBHTellbHOCTb 3KCfiepHMeHTOB C HeHTpOHHbiM .IJ.e • 
TeKTopoM onp_e.n.enaeTCH, a nepayro oqepe.n.L, ypoaneM 4Jona, 
KOTOpbiH o6ycnoaneH _KOCMH'leCKHMH nyqaMH. JI.n.epno-aK
THBHYIO KOMllOHeHTY KOCMH'leCKHX nyqeii y.n.aeTCH llO)J.aBHTb, 
npHMeHHB cpaBHHTenLiiO HeGtin'LIIIYIO 3aiiJ.HTY /10 M83 *- / .. 
O.u.naKo dJon neiiTponoa·~r M:~olf1toii KOMnoHeHTLI nane6onL-
IIIHX rily6nnax OKa3bi:BaeT'cJi :. cyi..QeCTBeHHbiM /47, 4Bf. B 
Ta6n. 2 npnae.n.enLI iie.KoTopLie · .u.ali:Hiie o renepa:u.nn neiiT-
ponoa MroonaMH na pa3nH'1HLIX rnyGni!ax: -

* MeTpbi ao.u.noro 3KBHBanenTa.-
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Puc. 4. 3aaucuMOCTh ·aepoHTnocTu perucTpauun OJJ.HHO'lnhiX 
neihponOB ( £ ) OT rny6Hnhi norpy:>KenHH ( f). TO'le'lnoro 
_HcTottnUKa a pa6o'luii o6'heM neH:Tponnoro .D.eTeKTopa:C· 

~aHnbie 0 ¢onOBbiX H3MepenHHX, npoBe)].ennhiX na :HHX · 
·rny6unax c -npHMenenHeM JaiUHTnoH: c·ucTeMhi H3 · C!-leT'IHKOB 
reifrepa, npeJ].CTaBnenhi B Ta6n. 3. ~3 :HOH Ta6nHUbl BHJ].nO, 
'ITO )].0 rny6Hnhi 320 M63 . OCnQBnhiM HCTO'lnHKOM <iJona 

·. HBnHnHCb HJ].epnble B3aHMOJ].eHCTBHH _MIOOHOB C BeiUeCTBO.M, 
COJ].ep>Kall\HMCH B 'IYBCTBHTeJrhHOM 06beMe. Ha rny6une 
1100 M63 3Ta KOMllOHenTa <iJona, npH HCllOJlb30BaHHH CHC
TeMhl anT'ucoana.D.enuH:,· no-BH.D.HMOMY; 'uecymecTaenna: 3a~ 
perHCTpHpoaanHbie J].BOHnhie H TpOHnbie C06biTHH MO:>KnO 

·· o6'hHCnHTh cnon·-i--annhiM ·.D.enenneM npu:Mecu ypana B o6pa3 ~ 
uax. MaTepuan caMoro .D.eTeKTopa H ·oKpy:>K~uo~ue cTenbi 
.D.aaaJiu ManhiH BKna.D. a ¢on. Ha rny6une 320 Me3'H -1100 Me3 

3TOT BKna.D., KaK BHJ].no, npaKTH'lecKu:p~BeH nyn10. C'leT 
oJ].uno'lnhiX HMnynhcoa · na rny6nne Hoo· Me.'J cocTaBnHn 
c nycThiM KonTeiine.poM .D.nwo6pa3ua 6-10 HMnynhcoa a 'lac. 
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·~· . 

·II 
il· 

•' 

Ta6.mma·3 

. rJJYdHHa1 Odpasert Bee, BpeMH . · 'llHCJlo aaperHCTpHpoBSHHHX codHTHil 
MB3 Kr. H3Mepe- · C KI!aTHOCTl>D 

HHJI 
('iaCH) 2 ·. p 4 

CBH!f~U 50 23 76 5 3 
BOm.wpaM 26 ':I) 54 2 0 

roXl .lWJIC30 so tO·' IO ·0 0 
aJID.mHidt II 29 6 0 0 
flloH - 33 3 I 0 

I 

CBHHert 50 29 13 2 2 
BOm.!PpaM .. 26 20 . -·. 6. I· 0 

40x) lit8JIC30 00 34- . 8 0 0 
a.1l!lMHHd . II 152 . 2I .() 0 

WaH 34 
:. , 

4 0 0 -
PTYTL .· 35 283 10 3 I 

32ox> Bom.ilJpBM 26 520 24 0 2 
a.nn.!HHHi II 224 0 .I 0 

CBHH8!4 99. 35I 0 0 ·o 
PTYTL. S5 28i I I 0 

IIOO ·rom.wpal.t 69 IllS 10 4 0 
WoH - 3513 0 0 0 

X) lbvre.pemm: Ha 3TEX r.1zydHHaX IIpOBO,l(WCL c HeilTOOHHW•I .nereitTOPQM,_ 
KOTOp!ilt 'OIIHCBH B. [39] •. ~KTHBHOCTL perRCTPBI:tY.H Ol(HHO'll!HX 
HeftrpoHoB B rteHTpe 'lYBCTBHTem.i:roro od'l.croa pllBHHJIClcL .zwr aroro 
.neTeitropa IS%. . 
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Bee pa6o•IHe · H3MepeHHH. npoao,nHnHcL B · conHHoii .. waxTe 
Ha rny6HHe 1100 MB3. . . · · · 

fipH HCDOnL30BaHHH ODHCaHHOrO HeiiTpOHHOrO ,D;eTeK:ropa 
,D;nH DOHCKOB CBepXTH)KenLIX .:JneMeHTOB l.(enecoo6pa3HO 

. . npe,nBapHTenbHO Ol.(eHliTb ·ero 'IY~CTBHTenLHOCTb. qyBCTBH..; 
TenbHOCTb ,neTeKTopa cymecTBeHHO 3aBHCHT OT cpe,D;Hero 
'IHCna MrHOBeHHbiX HCHTpOHOB (;;), HCDYCKaeMLIX npH ,nene
HHH •. OueHicH, ocHoaaiiii&Ie _Ha 3KcTpanonHUHH. caoiicTB .H3-
BeCTHbiX CDOHTaHHO ,nenHmHXCH H30TODOB, DOKa3hiBaiOT, 
'ITO ,nnH H30TODOB c---Z·=.l10-ll4 V",non)KH06biTL OKOno ,ne
CHTH /46/. HecMOTPH :Ha· 3!£>, BPHA 'im c~e,nyer. orpaHH'IHTb 
~KcnepHMeHTbl DOHCKOM CiiOHTaHHO- ,nenHmHXCH H3ny'la Teneii 
TOnbKO C 6onhliiHM .v • . . " 

Ha pHc. 5 noKa3aHL~ KpiiBI>Ie 3aBHCHMOCTH oT ;:; aepoHT-:
Hoc~~ p~rHCTpauuu co6hlT~H ~a3nU~HOH KpaTHOCTH;·non~~ 
'leH~hle pac'leTHbiM nyTeM. ,nnH JteTeKTopa C 3!lltPeKTHB· 
HOCTbiO K OAUHO'IHhlM HeiiTpoHaM £ = 2611/o. · BHAH0 0 • 'ITO 

. BepOHTHOCTb perucTpal.(UU _CDOHTaHHOrO ,D;eneHUH ypaHa He·-

s;qea 

-· D,SO ·... 
~ ... 
fll 

Fs• ,, 
F, ..... 

• .... -· ~ 
·aao 

. -~~· 
Fr· 

. QfO I ·I , . I .,_ _, I ~ v··· I , >. I I 

10 Ill 

v. -~ 

Puc: 5; 3aBUCUMOCTb sepoHTHOCTU ( Fi ) . perucTpal.(HU co-. 
6biTUH. pa3nU'IHOH Kpa THOCTH ( i) OT aenU'IUHbl v · cpe)~Hero 

.• 'IUCna MrHOBeHHhlX HeiiTpOHOB, ucnycKaeMhiX · npU · .n_eneHHU. 
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aenuKa. Onpe.D;eneHHaH a· cneuHani>HOM oni>ITe, a KoTop'oM 
pa6o'luii o6'beM AeTeKTopa 61>IJ~ 3anpnHeH py.D;oii c u3aec'i-
HI>n.{ CO,D;ep:>KaHUeM ypaHa, OHa OKa3anacb paBHOH 6,511/o 
jaepOHTHOCTh perUCTpal.(UU C06hlTHH·C KpaTHOCThiO 2 CO~ 
CTaBnHna 60/o, BepOHTHOCTh C06biTUH 6onee BhlCOKOH KpaT·- , . 
HOCTU - 0,'50/o/. C pOCTOM v 3clJclJeKTUBHOCTh perHCTpal.(HH' 
KpaTHhlX C06hlTUH pe3KO B03pacTaeT H ,D;OCTUraeT"" 700/o 
npH v = 10. IIpuHuMaH ao BHHMaHue co6LITHH c KpaTHOCT&ID ~ 
6on_ee .D;Byx, MO:>KHo 3Ha'IHTeni>Ho yMeHI>WHTL anHHHue clJoHa 
or ,D;eneHUH npuMecu ypaHa B o6pa_3uax. · · ' 

· Ha puc. 6 noKa3aHa 3aaucuMoCT& oT ;:; npe.D;eiiLiioii 
aenU'IUHbl T /C, KOTOpaH MO)KeT 6&iTh H3MepeHa C no
MOll.(LIO onucaHHoro ,D;eTeKTopa .. Pac'leT 3Toii: 3aBHCUMOCTH 

-~~~---4-----+~--~----~--__, 

·.!' -15 
01 a 
at -

1023 
(..) 

~ 

2 Lj 8 8 fO 
~ ,~ v. 

PHc. 6. 3aBHCHMOCTL npe,D;enLHoii" ~3MepHMoii ·aenH'IHHhl 
T /C OT ;:; , pacC'IHTaHHaH ,nnH cTaH,D;a~THoro o6pa3ua /Bee -
25 KZ, 200/o TH)Kenoro MeTanna, 10- 11/o ypaHa/, - )KHpHaH 
nUHUH. OcTanLHLie TpH nHHHH . Ha pHCYHKe noKa3J>IBaiOT 
npe,D;enLI CO,D;ep)KaHHH CBepXTH)KenLIX 3neMeHTOB B o6pa3l.(ax· 
CBUHI.(a, PTYTH H BOnLclJpaMa,. nony'leHH&Ie npu H3MepeHHHX 
Ha rny6Hiie 1100 Me3. · · · 
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6hi;x,,·npoBeAeH ,nml CTan.riapTHoro ~6pa;~a· :py,nhi,. co'.nep
)Kamero no Be cy 20~ oT H)Kenoro. MeT anna' H 10 - 4 0/o ypana~ 
Bee. o6pa3~a - _25 ·Kz. llpn v <4 . npe.nenLnaH ·qyBCTBH· · 
TenhHOCTb onpe,nenHeTCH npaKTHqecKH ypoBHeM .4Jona OT · 
,neneHHH . ypana. ,tinH H3nyqaTeneH C V ··~ 4 npe,nen qyB-' 
CTBHTellhHOCTH ,nHKTyeTCH B nepBYJO oqepe,nh coo6pa)Ke • 
HHHMH pa3yMHOH ,nnHTen:bllOCTH OllbiTa, npH KOTOpOH MO)KeT 
6hiTb nonyqen CTaTHCTH'{eCKH ,nOCTOBepHblH pe3yllbTaT •. 

Ha OCHOBaHiiH ,naHHhiX, iipHBe,neHHbiX B Ta6J:I. 3, MOryT 
6hiTh . yKa3aHhi npe.nenhi co,nep)KaHHH cBepxTH)KenhiX :lne
MeHTOB B o6pa3~ax CBHH~a, pTyTH.H BOnh!lJpaMa, H3Mepe· 
HHH C KOTOpbiMH 6binH npoBe,neHhl Ha rny6HHe 1100 MB3. 
3TH npe;rr.enhi B e.nnnn~ax T/C noKa3aHhi, na pnc. 6 .. 

ABTOpbi 6naro.napHT E.,D;.Bopo6LeBa, B.r .Cy66oTHHa, 
Ji.B.<I>e!lJunoBa, M.C.Iiupyne:Ba, A.B.MHXYWKHHa, n;A.Py-
6HHCKyiD, B.r .1iapa6anoBa· H A.r .llnnLKoBa 3a yqac· 
THe B pa3pa6oTKe annapaTyphi. ·JionLwoe 3Haqenue 
npn ~bi6ope THna · IieB:Tponnoro .nen!xTopa HMena noMo~h, 
oKa3aHHaH. r .H.CMHpeHKHHhiM H n.lf.llpoxopOBOH. 
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¢nepos r.H., Tep-AKOllbS!IJ r.M., CKo6enes H.K., 

noneKo A.r., 11saaos M.n. 
?6 " 7588 

3KcnepHMeHTb! no fiOHCKy B npapoae CfiOHTSHHO LteJISWIHX9S! 

·HyKJIHLIOB CBepX"TIDKaJibiX aneMeHTOB, 1 

B pe3ynJ:>TaTe aaa.rmaa pa3JIH'IllbiX _MeToaos, npHMeHS!eMbiX AJIS! noHC/{OB 

CBepXTS!}K9Jlb!X 3.1IeMeHTOB B npHpOLte, fiOKa3aH01 • 'ITO MaTOA fl()HCKOB, OCHP

BSHHblii · Ha pe{"HCTpaUHH · pe,nKHX C06biTHi!: CfiOHTSHHOI'O LleJieHHS! B oppasuax
1 

S!BJIS!eTCH . OLIHHM H3 HaH6onee 'IYBCTBHTellbHbiX H YHHBepcaJibHblXo 0nHCbiBS"' 

IOTCS! 60JibWHe llpOUOpUHOHalibHble C'leT'IH){H. OCKQJIKOB LteJieHHSI H aefiTpOHHbie 

LteTeKTOpb! aKTOB MIIO}KeCTBeHI{Of'O HCfiYCKSHI:IS HaiiTpOHOB,· YcTaHOBJiallJ>I . 

BepXHHe npeLteJibl COLI9PlKSHHg CBepXT,II}KeJibiX 3JleMeHTOB B o6pa3U8X:- I'HLIPOOKH 

CH BHCMYTa (2,5·J0-13 'rpaMMa Ha I'pSMM), CBHH!18 (4•10-15- 5•10.-16 I'PaMMa 

Ha rpaMM), 'pTyTH ( 1,4•JQ-14 - 1,4•JQ-1B rpaMMa Ha I'PaMM) 'fi BOJ;ib~paMa 
(1,4·10-14- :;!,5•1Q-l5 rpaMMa Ha rpaMM) npH ycnoBHH,'ITo nePHOA qonypacr:ta-: 
LIS HCKOMOI'O 9JleMei{TI;l paBel{ 109 JieT, 

Openpx8T 061.e,llHHeHHoro- HHCTMTyTa an,epllhl:x; HCCJie.ztoBaHHA. 
jzy6Ha, 1973 

Flerov G.N.,. Ter-Mopian G.M., S;ltobelev N.K., 
Popeko A.G., Ivanov M.P.· 
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