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0po6neMa CyiUeCTBOB8HHSI OTHOCHTenbHO CTa6HnbHbiX TpaHcypaHOBbiX 

aneMeHTOB B o6naCTH a TOMHbiX HOMepOB Z "' 114 ( "' 126) H N = 184 npHB-

neKaeT see 6onbwee BHHMaHHe HccneaosaTene~ 1 KaK TeopeTHKOB, TaK H 

aKcnepHMeHTaTopos. B nocneaHHe roahi 6binH BbmonHeHbi aKcnepHMeHTbi no 

06Hapy)KeHHIO aaneKHX TpaHCypaHOBbiX aneMeHTOB B nepBH'IHOM KOCMH'IeCKOM 
/1 2/ /3/ 1 

1 no HX CHHTe3y B SiaepHbiX peaKUHSIX 1 no UOHCK8M 3THX H3nyqeHHH 
/4-7/ 

aneMeHTOB s MHHepanax1 coaep)KaiUHX aonoTo, nnaTHHY H CBHHeu I B 
/8 9 10/ 

cTeKnax 1 coaepX<aWHX TSJ)Kenhie aneMeHTbi 1 1 
1 s )Keneao-MapraHueshiX 

/11/ 
o 0oapo6Hbl~ o6aop BbinOnHeHHbiX paHee HCCneaOB8HH~ C0-KOHKp9UHSIX 

/4/ 
aep)KHTCSI s pa6oTe f.H. <l>neposa H A.C. KapaMSIHa • 0TMeTHM, 'ITO s 

pSiae cnyqaes c noMOIUbiO aHaneKTpH'IeCKHX aeTeKTopos H nponopuHoHanb

Hbi'X• C'19T'IHKOB Ha6moaanCSI alfxPeKT, KOTOpbi~ MO)K9T 6biTb o6ycnosneH CUOH
/8-11/ 

TaHHbiM aeneHHeM gaep HeHasecTHoro aneMeHTa 

HacTOSIIUaSI pa6oTa SIBnSieTCSI npoaon)KeHHeM HccneaosaHH~ no noHcKy 

aaneKHX TpaHCypaHOBbiX aneMeHTOB B npHpOaHbiX MHHepanaX H CTeKnaX1 

nposoaSIIUHXCSI MeToaHKO~ aHaneKTpH'IeCKHX aeTeKTopos. EcnH anSI TaKHX o6-

paauos MO)KHO aeaaBHCHMbiM nyTeM onpeaenHTb HX a6coniOTHbi~ soapacT1 To 

Heo6xoaHMbiM ycnpsHeM o6Hapy)KeHHSI a~~eKTa OT cnoHTaHHoro aeneHHSI ae

H3BeCTHbiX aneMeHTOB SIBnSieTCSI npeBbiWeH:He 3Ha'l:eHH~ B03paCT8 1 OnpeaeneH-

aoro no nnoTHOCTH cneaos cnoaTaaHoro aeneHHSI Haa 3Ha'leHHSIMH 1 nonyqeH

HbiMH apyrHMH MeToaaMH. OaaaKo cneayeT OTMeTHTb 1 'ITO aaHaoe ycnosHe 

He SIBnSieTCSI aocTaTO'IHbiMo CyrueCTByeT uenbi~ pga ~aKTOpOB, KOTOpbie B 
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HeKOTOpb!X cny'laSIX MOryT npHBOJlHTb K :.'\8BbiWeHHlO 3H8'1eHHA nnOTHOCTH 

cneaoa Ha noaepxHocTn: n:nn: a oo~eMe n:ccneayeMoro oopaaua: 

Bo-nepBbiX, Mn:rpann:sr ypaHa n:a oopaana. 

Bo-BTOpb!X, <j;loH, ooycnoaneHHbiA ae<l;leKT8MH KpHCTannn:qecKoA CTpyKTY

Pbl - an:cnoKann:srMH n: nycToTenbrMH KaHanaMH (Kann:nnsrpaMn:). 

B-TpeTbHX, s<j;l<PeKT oT aeneHn:sr Sl)lep TSI:IKenhrx sneMeHToa, coaep:IKawn:x-

CSI B Oopaanax, '18CTHU8MH, reHepn:pyeMbiMH 

/12 13/ 
ny'leHHeM ' , n:nn: HeATpOHHb!M <j;JOHOM, 

.. 114/ 
nn:en 

nepBH'IHbiM KOCMH'IeCKHM H3-

o6ycnoaneHHbiM aeMHoA paan:a-

CywecTaeHHbiM orpaHn:'leHn:eM oonacTn: npn:MeHeHn:sr MeTOJlHKH an:sneK

Tpn:qeCKHX Jl9TeKTOpOB SIBnsreTCSI TepMH'IeCKSSI perpeCCHSI cne)lOB 38 reono

rH'I9CKHe 0Tpe3KH BpeMeHH, npHBOJlSIW8SI K SSHH:IKeHHlO nnOTHOCTH cne)lOB OT 

cnOHTSHHOro aeneHHSio 4yBCTBHTenbHOCTb Jl8HHOA M9TOJlHKH, K8K HeTpyJlHO 

BHJl9Tb, onpeaensreTCSI He TOnbKO BpeMeHeM 9KCn03HUHH H CBOACTB8MH He

H3BeCTHb!X cnoHTaHHo aensrmn:xcsr SIJlep, Ho H coaep:IKaHHeM H30Tona ypaHa -

238 U , coaaa10mero <j;loH cneaoa ocKonKOB cnoHTaHHoro aeneHHsr. 

lienblO HSCTOSiweA paoOTbi ObinH nOHCKH s<j;l<j;l eKTa OT cnOHTaHHOro Jl9-

neHHSI HeH3BeCTHbiX TpaHcypaHOBbiX sneMeHTOB B MHHepanax 3eMHOrO npo

HCXO:IKJleHHSio H 8MH OTOHpanHCb MHHepanbi H3 paanH'IHb!X rHJlpOTepManbHb!X .... 
oopa30B8HHA: nerMSTHTOBb!X MeCTOpO:IK)leHHA, KBapneBb!X :IKHn, cynb<j;JHJlHb!X 

pyaonposraneHn:A. 11ccneaoaanHcb MHHepanhr, coaep:IKawHe CBHHen HnH Haxo

an:awn:ecsr B KOHTSKTe CO CBHHUOBb!MH C09JlHHeHHSIMH, a TaK:IKe MHHepanbi, 

B KOTOpb!X Morno ocyweCTBnSITbCSI H30MOp<j;JHoe BXO:IKJleHH9 CBHHUa, BHCMy

x/ 
Ta, Tannn:sr, sneMeHTOB nnaTHHOHJlHoA rpynnhr, peaKoaeMenbHbiX sneMeHTOB 

BoapacT 9THX oopaanoB Ob!n c 6onbwoA CTeneHblO H8Jle:IKHOCTH ycTa

HOBneH JlpyrHMH MeTOJl8MH; ansr OOnbWHHCTBa MHHepanOB OH Ob!n ft3MepeH 

x/ ABTOpbr Bbipa:IKalOT rnyooKylO npHaHaTenbHOCTb r.H. foH'Iapoay aa nonea
Hhre KOHCynbTSUHH H noJlpOOHOe OOOCHOB8HHe nOCTSHOBKH OnbiTOB no nOHC

KaM )laneKHX TpaHCypaHOBbiX 9neMeHTOB B nepBH'IHb!X MHHepanax. 
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KanHA-aprOHOBbiM M9TOJlOM. 0obl'IHO MHHepan sransrncsr HCTO 

TOpOM OCKOnKOB CnOHTSHHOrO )leneHHSI SIJlep. Ha HeKOTOpb!X 

TO'IHHKOM CnOHTSHHOrO aeneHHSl cny:IKHn OJlHH MHHepan (HnH 

C09Jl~HeHHe), a Jl9TeKTOpOM - MHHepan, HaXOJlHBWHACSI B KO 

Cne)ly9Mb!M OO~eKTOM. J1cnonb30B8HH9 T8KHX 00p83UOB noaa 

paCWHPHTb Kpyr n:ccneJlOB8HHA, 8 H8WHX onbiTaX HCCneaoaa; 

raneHHTa, KoaanHTa H nn:pn:Ta c KBapneM, coeaHHeHHA :IKene: 

anbOHTOM • 

HaMH n:ccneaoaanocb 6onbwoe 'IHcno MHHepanoa n:a r~ 

nHTH9BbiA MYCKOBHT, OHOTHTb! H <j;lnoronHTb! H3 paanH'IHb!X M 

8 9THX MHHepanax B npouecce KpHCTannH38UHH MOrnn: KOHU• 

HOHH30B8HHbie aTOMbl TSI:IKenbiX sneMeHTOB C oOnbWHM HOHHil 

B 'laCTHOCTH JlB8:1KJlbl HOHH30B8HHb!e 8TOMbl 114-ro 9neMeHTI 

Jlnsr oonbWHHCTBa CnlO)l onpeaeneHHbie H8MH 3H8'1eHHSI 

aoapacTa cymecTaeHHo MeHbwe, 'leM aaHHhre, nonyqeHHbre K 

M9TOJlOM, 3TOT peaynbTST ooycnoaneH, 0'19BHJlHO, TepMH'I9C 

cneaoa OCKOnKOB aeneHHSI B cnlOJle aa reonorH'IeCKHe oTpea: 

OaHaKo ansr oaHoro H3 o6paanoa - <j;lnoronHTa - aoapacT Obi 

HbiM (5,.5~ 1,7) MnH.neT, B TO BpeMSI K8K COrnaCHO n:dMepef 

HeHHb!M Kann:A-aprOHOBb!M M9TOJlOM, OH COCTaBnSieT 1,7 MnH 

3KcnepHMeHThi, npoaeaeHHhie c oopaanaMH nonnynHTa, 

-1 
aMaaoHHTa (coaep:IKaHHe CBHHna a aMaaoHHTax ohrno 10 -1l 

nH'IHbiX MeCTOp0:1KJl9HHA ITOKaaanH, 'ITO B03p8CT, H3MepeHHbl~ 

cneaoa ocKonKOB cnoaTaHHoro aenean:sr, OKaaancsr ao MHoro 

3H8'19HHA aoconlOTHOrO B03paCT8 9THX MHHepanOB. 

H ecKonbKO nyqwee cornacn:e aHa'leHn:A aoapacTa ObinO 

MHHepanoB Bynb<j;leHHTa ( .. 100 MnH. neT- TpeKOBb!M M9TOJlOiv 

B03pacTa M9CTOp0:1KJleHHSI 200 MnH.neT) H aypHnHrMeHTa ( C 

,., 60 MnH. H 100 MnH,neT), 
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Kamd!:-aprOHOBbiM MeTO.!lOM. 06hi'IHO MHHepan SIBnS!nCSI HCTO'IHHKOM H .!l9T9K

TOpOM OCKOnKOB CllOHT8HHOI'O .[leneHHSI Sl.!lep. Ha H9KOTOpbiX o6paauaX HC

TO'IHHKOM Cll0HT8HHOI'O .!leneHHSI cny*Hn O.!lHH MHHepan (HnH XHMH'I9CK09 

coe.!lHH9HHe), a .!l9T9KTOpOM - MHHepan, HSXO.!lHBWHACSI B KOHT8KT9 C HC

cne.!ly9MbiM o6~eKTOM. HcnonbaosaHHe TaKHX o6paauos noasonSieT aecKonbKO 

pacWHpHTb Kpyr HCCne.!lOBSHHA. B HSWHX Ollb!TSX HCCne.[lOBanHCb KOHTSKTbl 

raneHHT8, K038nHT8 H llHpHT8 C KB8pU9M 0 C09.!1HH9HHA *eneaa C KBapUeM H 

anb6HTOM. 

H aMH HCcne.!losanocb 6onbwoe 'IHcno MHHepanos ua rpynnhi cmoJl: 

nHTH9BbiA MYCKOBHT, 6HOTHTbl H t!JnoronHTbi H3 paanH'IHbiX M9CTOPO*.!l9HHA. 

B 8THX MHHepanax B npouecce KpHCTannH38UHH MOI'nH KOHU9HTpHpOB8TbCSI 

HOHH30B8HHbl9 8TOMbl TSI*enhiX aneMeHTOB C 6onbWHM HOHHbiM p8.!1HYCOM 0 

B "18CTHOCTH .!lBS*.!lbl HOHH30B8HHbl9 8TOMbl 114-ro aneMeHTa • 

.llnSI 6onbWHHCTB8 CniO.!l onpe.!leneHHbie HSMH 3H8'19HHSI a6COniOTHOI'O 

soapacTa cywecTseHHO MeHbWe, 'leM .!laHHhie, nony'leHHbie KanHA-aproHOBbiM 

MeTO.!lOM. 3TOT peaynbTST o6ycnosneH, 0'19BH.!lH0 0 TepMH'I9CKOft perpeCCHeft 

cne.!lOB ocKonKOB .11eneHHS1 s cniD.!le aa reonoru'leCKHe oTpe3KH speMeHH. 

O.!lHaKo .!lnSI O.!lHoro ua o6paauos - t!JnoronHTa - soapacT 6hin aaA.!leH pas

HhiM (5,.5~ 1,7) Mna.neT, s To speMSI KaK cornacao H3MepeHHSIM, Bhmon

HeHHhiM KanHft-aprOHOBbiM M9TO.!lOM, OH COCTaBnSieT 1, 7 MnH.neT. 

3KcnepuMeHThi, npose.!leHHhie c o6paauaMH nonnyuuTa, MHKpOKnHHa H 

-1 -2 ) 
8M830HHT8 (CO.!l9P*8HH9 CBHHU8 B 8M830HHT8X 6binO 10 -10 % H3 paa-

nH'IHbiX MeCTOPO*.!l9HHA llOKaaanH, 'ITO soapacT, H3MepeHHbiA no nnoTHOCTH 

Cne.!lOB OCKOnKOB CllOHTSHHOI'O .[leneHHSI, OKaaanCSI BO MHOI'O paa M9Hblli9 

aaa'leHHA a6coniDTHoro soapacTa aTHX MHHepanos. 

HecKonbKO ny11wee cornacue aaa'leHHA soapacTa 6hmo nony11eao .!lnSI 

MHHepanos Bynbt!JeHHTa ( "'100 MnH. neT- TpeKOBbiM M9TO.!lOM npH 3H8'19HHH 

B03p8CTa MeCTOPO*.!l9HHSI 200 MnH.neT) H aypHllHI'M9HT8 (coOTB9TCTB9HHO 

"'60 MnH. H 100 Mna.neT). 
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~CCJl6AOB8HHe OOJlbillOI'O 'IHCJla KOHT8KTOB CBHHUOBb!X H BHCMyTO-CBHH-

uOBhiX MHHepanoB c KpHCTannaMH ropHoro xpycTanSI noxasano, qTo Ha no

BepxHOCTH KBapua Bb!SIBJlS16TCSI 3H8'1HT6JlbHOe KOJlH'IeCTBO CJ16AOB, ooycnOB

neHHbiX Jle<fleKT8MH KpHCT8JlJlH'I6CKOi!: peilleTKH, 8To OOCTOSIT6JlbCTBO aenaeT 

H6B03MO)I{H0ii: H8Jl6)KHY!O HJl6HTH<fJHK8UHJO CJ16Jl0B OCKOJlKOB .rteneHHSI npH 

2 2 
nnoTHOCTSix90 1/cM , B OJlHOM H3 o5pasuoB - ropHoM xpycTane (BospacT 

MeCTOp0)KJl6HHSI 250 MJlH,JleT)- Ha ITOBepXHOCTH H B Oo~eMe KBapua HaMH 

OhiJlH OoHapy)l{eHhl KpHCTaJlJlhl )1{6Jl63HOI'O KOJl'leJlaHa-nHpHTa, n OCKOJlbKY B 

)1{6Jl63HOM KOJl'leJlaHe MOI'JlO npOHCXOJlHTb H30MOp<fJH06 3aM6ill6HH6 HOHOB 

cepb! HOHaMH 9J16M6HTOB ITJlaTHHOHJlHOi!: rpyniibi 1 B qaCTHOCTH OCMHSI 1 Mbl npea

npHHSIJlH HCCJl6JlOBaHHSI KOHTaKTOB KBapua H ITHpHTa, Pa3M6pb! KpHCTaJ1J10B 

ITHpHTa COCTaBJ1SIJlH OT 0,5 JlO 3-4 MM1 UOB6pX;OCTH KBapua, KOHTaKTHpy!OIUHe C 

nHpHTOM,B OOJ1billHHCTB6 cnyqaeB npaKTH'I6CKH He COJl6p)l{aJ1H ae<fleKTOB KpHC

TaJ1JlH'I6CKOi!: CTpyKTYPhl, KOTOpble MOI'JlH HMHTHpOBaTb CJ16Jlbl OT OCKOJlKOB 

aeneHHSI S!Jlep. TpaBneHHe KBapua npoH3BOJlHJ10Cb B 50%-HOM pacTBOpe NaOH 
0 2 

npH TeMnepaType 140 C B Te'leHHe 60-90 MHH, Ha ,..}Q MM ITJlOIUaJlH KBap-

ua OblJlO Hai!:JleHO 2 CJ1eJla OCKOJlKOB Jl6J16HHSI; H3MepeHHSI COJlep)l{aHHSI 

ypaHa Ha ITOBepXHOCTH KpHCTaJ1J10B DHpHTa, npOH3B6Jl6HHbl6 C DOMOIUb!O HH3-

.tEOcfJOHOBbiX Jl6T6KTOpOB - CHHTeTH'I6CKOi!: CJ1!0Jlhi, naBCaHa H KBapua - aanH 
. -9 

BeJlH'IHHY OKOJlO 4•10 r/r ypaHa, 8Ta KOHUeHTpaUHSI ypaHa MOrna o6yc-

2 
JlOBHTb DOSIBJ16HH6 OT OJlHOI'O JlO '16Tbipex OCKOJlKOB Jl6Jl6HHSI Ha 10 MM 

KBapua 3a 250 MJlH,neT. 

B HeKoTophiX cny'laSIX KpHcTannhi nupHTa, HaXOJlHBmHeCSI BonH3H no

BepxHOCTH ropHoro xpycTanSI, 6hmH pa3pymeHbi B pe3ynhTaTe B03Jlei!:CTBHSI 

BnarH, H yrny6neHHSI, HMeJOIUHe <flopMy xpncTannoB nupuTa, 6hmH 3anonHeHhi 

nopOillK006pa3HOi!: MaCcoi!:, COCTOSIIUei!: H3 OKHCJ10B H I'HJlPOOKHCJlOB )1{6Jle3a, 

~3MepeHHSI DJlOTHOCTH CJ16Jl0B OCKOJlKOB CDOHTaHHOI'O Jl6Jl6HHSI B yrny6neHH-

4 5 2 
SIX JlaJlH BeJlH'IHHY OT ( 3-5) •10 JlO ( 1-3) ·10 1 / CM , 

HaMH 6bJnH npOH3BeJleHhi H3MepeHHSI coaep)l{aHHSI ypaHa B BeiUeCTBe, 

2 
3anonHSIBilleM aTH yrny6neHHSI. ~3 yrny6neHHSI, HMeBmero pasMephi 2 x2 MM 

6 

yJlanocb H3Bne'lb HenoBpe)KJleHHhiM cnoii: 3aMeiUaJOmero BeiUec 

IU6CTBO ObiJlO ITOM6IU6HO B KOHTaKT C noBepXHOCTb!O naBCaHa H 0 

BhiMH Hei!:TpoHaMH. Coaep)l{aHHe ypaHa B HeM obmo Hai!:JleHo I 
-6 

(1,2:0,2)•10 r/r, ~CXOJlSI H3 H3MepeHHOi!: HaMH ITJlOTHOCTH 

KOB CDOHTaHHOI'O JleneHHSI B aTOM yrnyoneHHH - (2,0:0,2)•1( 

B03paCT KOHTaK'ra COCTaBJ1SI6'r ( 1,0:0,2) MJlH,neT, TO eCTb C 

BOCXOJlHT B03paCT M6CTOp0)KJl6HHSI ropHOI'O xpycTaJlSI - 250 ~ 

3yJ1bTaTbi, DOJly'leHHhie JlJlSI KpHCTannOB I'OpHOI'O xpycTaJlSI H ( 

ryT OhiTb o6ycnoBneHhi MHrpauuei!: ypaHa us uccneaoBaBmHxc~ 

C'leT B03Jlei!:CTBHSI BOll Ha C06JlHH6HHSI ypaHa, KOTOpbie COJlep~ 

KOCTSIX paCCJ106HHSI CJl!OJlhl HJlH B MeJlKOJlHCDepCHOM 3aMeiUa~ 

H3 yrny5neHHi!: B KBapue. 

,UpyrHM oo~SicHeHHeM HaonJOaaeMoi!: aHoManHH MO)I{eT en 

3a 0 CDOHTaHHOM Jl6J16HHH HeH3BeCTHOI'O aneMeHTa, KOTOpblft 

TannH'IeCKY!O pemeTKY CJl!OJlhi HJ1H aacop6HpyeTCSI M6J1KOJlHCne: 

BOM 0 3aMeiUa!OIUHMH DHpHT B I'OpHOM xpycTane, 

0TM6THM, 'ITO B pSIJle cny'laeB B JlHTepaType DpHBOJlSITC 

CyiUeCTB6HHOM npeBhiilleHHH B03paCTa, H3MepeHHOI'O MeTOJlOM 

KHX Jl6T6KTOpOB1 Hall 3Ha'I6HHSIMH 1 onpeaeneHHhiMH Jlpyr"MH M 

Tax, B HCCJl6JlOBaHHSIX n. Mannepa, Bh!DOJ1HeHHhiX eme B 

cooomanocb o6 H3MepeHRSIX B03pacTa cnJOJl H3 pa3JlH'IHhiX pa~ 

/15/ 
AMepHKH • n. Munnep o6aapy)KHJ1, 'ITO B03pacT HeKOTOpbl 

onpe)leJleHHblft TpeKOBbiM MeTOJlOM, COCTaBJlSIJl OT 600 JlO 170( 

TO Bp6MSI KaK cornaCHO Kanui!:-aprOHOBOMY H pyoHJlHi!:-CTpOHUI 

B03pacT 9TRX CJlJOJl paBHSieTCSI 255 MJlH,neT, AsTop noaqepKH)' 

HeCOOTBeTCTBHe Tpe6yeT JlaJlbHei!:illHX HCCJl6JlOBaHHi!: H npeJlDO~ 

MO)I{~T 6hiTb o6ycnosneao MRrpauueA ypaaa H3 o6pa3uos cnJOl 

/16/ 
B paooTe <t>nei!:mepa, npai!:ca H Yoxepa npHBOJlSITC 

H30hiTO'IHOi!: DJlOTHOCTH CJl6JlOB TSI)I{6JlbiX '18CTHU B MHHepanax, 
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yaanocb HSBne'lb HenoBpe)l{!leHHhiM cnofi 3aMe!UaiOmex-o BemecTBa. 3To Be

mecTBO 6bin0 noMe.rueHO B KOHTaKT C noBepXHOCTbiO naBCaHa H o6ny'leHO Tenno

BhiMH HefiTpoHaMH. Coaep)l{aHHe ypaHa B HeM 6hmo HafiaeHo paBHhiM 

-6 (1,2 + 0,2) •10 I'/I', l1CXO!ISI HS HSMepeHHOfi HaMH nnOTHOCTH cne!IOB OCKOn-

- 5 2 
KOB CnOHTaHHOI'O aeneHHSl B 3TOM yx-ny6neHHH - (2,0~0,2)•10 1/CM , -

BOSpaCT KOHTaK'ra COCTaBnSleT ( 1,0 ~ 0,2) MnH,neT, TO eCTb cyrueCTBeHHO npe

BOCXO!IHT BOSpaCT MeCTOpO)I{!leHHSl I'OpHOI'O XpyCTansr - 250 MnH,neT, Pe

synbT8Thi, nony'leHHhie ansr KpHcTannoB x-opHox-o xpycTanSl H <t>nox-onHTa, Mo

x-yT 6biTb o6ycnoBneHhi MHI'pauHefi ypaHa HS HccneaoBaBliiHXCSl o6paauoB sa 

cqeT BOS!leHCTBHSl BOA Ha COe.QHHeHHSl ypaHa, KOTOpbie COAep)l{aTCSl B nnoc-

KOCTSIX paccnoeHHSl CniO.Qhl HnH B MenKOAHCnepCHOM SaMe!UaiO!UeM Be!UeCTBe 

HS yx-ny6neHHfi B KBapue. 

npyi'HM o6~SlCHeHHeM Ha6niO.QaeMOH 8HOManHH MO)I{eT cny)I{HTb I'HllOTe-

sa 0 CllOHTaHHOM .QeneHHH HeHSBeCTHOI'O sneMeHTa, KOTOpblH BXOAHT B KpHC

TannH'IeCKYIO pellleTKY cniOAhl HnH aacop6HpyeTCSl MenKOAHCnepCHhiM Be!UeCT-

BOM, SaMe!UaiO!UHMH llHpHT B I'OpHOM xpycTane, 

0TMeTHM, 'ITO B pSI.Qe cnyqaeB B nHTepaType npHBOASITCSl A8HHhie 0 

Cy!UeCTBeHHOM npeBhillleHHH BOSpacTa, HSMepeHHOI'O MeTOAOM AH3neKTpH'IeC-

KHX aeTeKTopoB, HaA sHa'leHHSIMH, onpeaeneHHhiMH APYI'HMH MeToAaMH, 

TaK, B HCCneAOBaHHSIX n. MHnnepa, BhmOnHeHHhlX eme B 1967 I'OAy, 

coo6manocb o6 H3MepeHHSIX BospacTa cniOA H3 paanH'IHhiX pafioHoB CeBepHofi 

/15/ 
AMepHKH • n. MHnnep o6Hapy)I{Hn, 'ITO BOSpacT HeKOTOpbiX nei'MaTHTOB, 

onpeaeneHHhlfi TpeKOBhiM MeTOAOM, COCTaBnSln OT 600 AO 1700 MnH,neT, B 

TO BpeMSl KaK cox-naCHO KanHfi-api'OHOBOMY H py6HAHfi-CTpOHUHeBOMY MeTOAY 

BoapacT aTHX cniOA paBHSleTCSl 255 MnH.neT. ABTOP noaqepKHyn, 'ITO sTo 

HeCOOTBeTCTBHe Tpe6yeT .QanbHefiliiHX HCCneAOBaHHfi H npeanonO)I{Hn, 'ITO OHO 

MO)I{~T 6biTb o6ycnoBneHO MHI'pauHeH ypaHa HS o6pa3UOB CniOAhi, 

/16/ 
B pa6oTe cJ>nefilllepa, flpafica H YoKepa npHBOASITCSl AaHHhie o6 

HS6hiTO'IHOH nnOTHOCTH cne.QOB TSl)l{enhiX qaCTHU B MHHepanax, HSBne'leHHhiX 
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/16/ 
H3 BHyTpeHHHX 'laCTelt MeTeOpHTOB, AsTOpbl npHXOIUIT K 3aKnJO'IeHH!01 

'ITO Ha6nJO.oaeMbii!: a<P¢eKT o6ycnosneH cnoHTaHHhiM .ueneHHeM 
244 Pu 1 CHH

Te3HpoaaHHoro S IIpouecce o6pa3oSaHHSI COJIHe'IHOi!: CHCTeMbl, 0.UH8KO H 3.QeCb He-

o6XO.OHMO npOH3SeCTH 6onee ,QeTaJibHOe p8CCMOTpeHHe .QpyrHX rHnoTe31 S '18CT

HOCTHI nOK8 Hellb3SI HCKJl!O'IHTb S~~eKT OT .QeJieHHSI CO.Uep~8WHXCSI S STHX 

MHHepall8X SI.Qep TH~ellbiX aneMeHTos - U 1 Th 1 Bi 1 Pb H .opyrHX -

6biCTpblMH '18CTHU8MH 1 reHepHpyeMbiMH nepSH'IHbiM KOCMH'IeCKHM H3Jly'leHHeM, 

npyr8SI rHnOTe3a - 06bSICHeHHe H86Jl!O.Q8eMOrO S MHHep8118X H3 MeTeOpHTOS 

9~~eKT8 CnOHT8HHbiM .oeneHHeM .QaJieKHX Tp8HCyp8HOSbiX SJleMeHTOB -

/6/ /6/ 
He.oaaHo .oeT8JlbHO o6cy~.U8JI8Cb s p86oTe o AaTopbi p860Thi 3aKJIJO-

'IHJ1H 1 'ITO nOCKOJlbKy Cpe.OHSISI .OJ1HH8 CJle,QOS S STHX MHHepanax He npeaoc

XO.QHT cpe.QHeft CyMM 8pHOi!: .OJIHHhl .UByX OCKOJIKOB OT .QeJieHHSI ypaH8 Hei!:TpO

HaMH1 a TaK~e noCKOJlbKY sepOSITHOCTb TpOi!:Horo .oeneHHSI no OTHOWeHH!O 

K .QSOi!:HOMy COCTaBJISieT <10-4
1 a<WJeKTOM OT CIIOHTaHHOrO ,QeneHHSI .Q8JleKHX 

TpaHcyp8HOBblX SJieMeHTOS MO~HO npeHe6pe'lb, 

/6/ 
P8CCMOTpHM no.opo6Hee apryMeHT8UHJO 8sTopos • B csoHX Sbi'IHCJie-

HHSIX OHH npe.ononar8JIH, 'ITO CyMM8pH8SI KHHeTH'IeCK8SI SHeprHSI OCKOJlKOB 

.ueneHHSI H.Uep s o6naCTH Z = 110- 114 cocTasnHeT 216-235 Mas, 0.UH8KO 

9KCnepHMeHT8JlbHbie H3MepeHHSI SHeprHH OCKOJlKOS .oeneHHSI SI.Oep, o6p830-
~. 

aaHHhiX s pe8KUHH 
238

U+300 Mas 
40

Ar ( Z =110) 1 nOK838JIH, 'ITO cpe.o-

/17/ 
HSISI cyMM8pH8SI aaeprHSI .usyx OCKOJIKos He npesocxo.oHT 200 Mas o H8-

MH 6biJ1H npose.QeHbl npS!Mble H3MepeHHSI .QJIHH CJle.QOB OCKOJlKOS .QeJieHHSI 

/18/ 
Mep ypaHa HOH8MH 8prOH8 H K8JlbUHSI B MyCKOSHTe , 

Ha PHC, 3 npe.oCT8sJieHbi pacnpe.oeneHHSI .UJIHH cne.oos ocKoJIKos .oene-

HHSI H3 peaKUHH U + 380 Mas 
40 Ar 1 U + 300 Mas 4° Ca (no.o yrnoM 

o > 244c 90 K ny'IKY HOHOS H CJle.QOB OCKOJlKOS CnOHT8HHOrO .QeJieHHSI m s 

/18 19/ 
CJliO.Qe MyCKOBHT 1 o6p860T8HHOi!: S O.OHH8KOSbiX yCJIOSHSIX 1 , 

KaK CJie.oyeT H3 pHC, 31 Cpe.QHSISI .OJ1HH8 OCKOJlKOS .QeJieHHSI COCT8SJ1SI

eT OKOJlO 8 MK .QJISI BCeX CneKTpos, XOTSI .QJISI OCKOJ1KOS1 reaepHpyeMbiX S 

pe8KUHSIX C TSI~eJlbiMH HOH8MH1 H86Jl!O.Q8eTCSI 6onee WHpOKOe p8Cnpe.oene-

HHe .OllHH no cp8sHeHHJO co cneKTpoM OT 244 Cm • 
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DpH p8CCMOTpeaHH aonpoc8 o sepOS!THOCTH .oeneHHSI ~ 

HOSblX SJleMeHTOS H8 TpH OCKOJ1K8 Cp8SHHMOlt M8CCbl 8BTOJ: 

S8!0T TOrO 06CTOSITeJlbCTS8 1 'ITO 91'8 sepOS!THOCTb 6hiCTpO 

WeHHeM SHeprHH S036y~.QeHHSI COCT8BHOrO SI.Qp8, H8WH HCC 

3biS8!0T 1 'ITO C yMeHbWeHHeM SHeprHH 60M68p.OHPY!OWHX '18 

230 Mas (pe8KUHSI 
238

U + 40Ar ) OTHomeHHe aepoHTHOCTH 1 

K .OBOltHOMy yMeHbW8eTCSI B 10 p83, 

DpocT8SI SKCTp8nOJISIUHSI noK83hiB8eT, 'ITO .UJISI H.oep .u. 

HOBblX 9Jl9M9HTOB (Z "'110-114), H8XO.QSIWHXCSI S OCHOSHOM 

-3 -4 
sepoSITHOCTb 6y.oeT nopH.UK8 P31 I P21 < 10 -10 (pHCo 4) 

o68 8pryMeHT8, npHse.oeHHhie a p86oTe cl>neAmep8 H Dp8i!: 

.QOCT8TO'IHOrO 9KCnepHMeHT8JlbHOrO 060CHOB8HHSI1 no Kp8i!:HE 

J18CTH l = 110-1141 H BOnpoc 0 npOHCXO~.QeHHH H36biTO'I. 

cne.ooa s MHHep8118X H3 MeTeopHTOB Tpe6yeT .U8JlbHeAmero 

803Sp8W8S!Cb K npo6JieMe nOHCKOS 9~~eKT8 OT CnOHT~ 

.08JleKHX Tp8HCyp8HOBblX SJleMeHTOS B npHpO.QHbiX MHH9p8JI8: 

MeTHM1 'ITO HeCMOTpst H8 BbJCOKY!O 'lySCTSHT9JlbHOCTb H np1 

HHSI M9TO.OHKH .OHSJleKTpH'IeCKHX .09T9KTOpOB1 OK83biS89TCSI S 

TeJlbHblM C,Q9J18Tb OKOH'I8TeJlbHOe 38KJl!O'IeHHe 0 npHp0.Ue H~ 

9~~eKT8, O.oaaKO .Q8HHbie, nony'leHHble C nOMOWb!O STOll: Me 

CJiy~HTb OTnp8BHOi!: TO'IKOi!: .QJlSI npose.QeHHSI .08JlbHei!:WHX HC 

noMOWbiO SbiCOKO'IySCTSHT9JlbHblX nponopUHOH8JlbHblX H Hei!:1 

KOS, M8CC-cen8p8TOpOB 1 nJI8CTHKOBblX K8Mep H HeKOTOpblX 

B 38KJIJO'IeHHe 8STOpbi Bbip8~8JOT rny6oiS:yJO 6n8ro.oapJ 

f ,H. cl>nepoay 3a noCT8HOSKY 38.Q8'1H H noJie3Hbie o6cy~.QeHJ 

ABTOpbi BeCbMa npH3H8TellbHbl r .n. E8pC8HOsy' n.n. I 

KOBY H f .H, fOH'18pOsy 38 npe.QOCT8BJleHHhie S H8We pacnOJ: 

'IHCJleHHbie o6p83Ubl MHHep8110S, a T8K~e J1,A, CMOJlbSIHHHOI 

fiH, A.l1. K8JIHHHHY 38 npose.oeHHe aH8JIH3a XHMH'IeCKoro c 

MHHep8nos. 
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npH paCCMOTpeHHH BOllpOC8 0 BepOHTHOCTH aeneHHH aaneKHX TpaHCypa-
/8/ 

HOBbiX sneMeHTOB Ha TpH OCKOnKa CpaBHHMOil: MaCChi 8BT0pbl He y'IHTbi-

B810T Toro o6CTOHTenbCTBa, 'ITO ST8 BepOHTHOCTb 6biCTp0 naaaeT C yMeHb

llieHHeM SHeprHH B036y*aeHHH COCT8BHOrO Hapa. HalliH HCCneaoBaHHH noKa-

3biB810T, 'ITO C yMeHbllieHHeM SHeprHH 6oM6apaHpy!OlllHX t~aCTHU OT 300 ao 

230 MsB (peaKUHH 238U + 40Ar ) OTHOlli9HHe BepOHTHOCTH TpOil:HOrO aeneHHH 

K aBOHHOMY yMeHblliaeTCH B 10 paa. 

npocTaH SKCTpanonHUHH noKa3hiBaeT, 'ITO anH gaep aaneKHX Tpaacypa

HOBhiX sneMeHTOB (l ""110-114), HaXOaHlllHXCH B OCHOBHOM COCTOHHHH, 9Ta 

-3 -4 ) 
BepoHTHOCTb 6yaeT nopHaKa P

31 
I P21 < 10 -10 (puc. 4 • TaKHM o6paaoM, 

o6a apryMeHTa, npHBeaeHHbie B pa6oTe ¢lneftrnepa H npaftca, He HaXOaHT 

aocTaTO'IHOrO SKCnepHMeHTanbHOrO o6oCHOBaHHH, no Kpaftaeft Mepe anH 06-

naCTH l = 110-114, H BOllpOC 0 npOHCXO*aeHHH H36hiTO'IHOH nnOTHOCTH 

cneaoB B MHHepanax ua MeTeopHTOB Tpe6yeT aanbaeftrnero uayt~eHHH. 

BoaBpamaHCb K npo6neMe noucKoB a$$eKTa oT cnoHTaHaoro aeneHHH 

aaneKHX TpaHcypaHOBbiX sneMeHTOB B npHpOaHhiX MHHepanaX H CTeKnax, OT-

MeTHM
1 

'ITO HeCMOTpH Ha Bb!COKYIO 'IYBCTBHTenbHOCTb H npOCTOTY npHMeHe-

HHH MeTOaHKH AH9neKTpH'IeCKHX AeTeKTOpOB1 OKa3biBaeTCH BeCbMa 38TpyaHH

TenbHbiM caenaTb OKOHt~aTenhHOe aaKnJOt~eHHe o npupoae aa6n10aaeMoro 

s$$eKTa. OaaaKo aaHHhie, nonyt~eHHhie c noMOlllbiO sToft MeToaHKH, MoryT 

cny*HTb OTnpaBHOH TO'IKOH anH npoBeaeHHH aanbHeiilliHX HCCneaOB8HHH C 

llOMOlllbiO Bb!COKO'IyBCTBHTenbHbiX nponopUHOHanbHbiX H HeftTpOHHbiX C'leT'IH

KOB, Macc-cenapaTOpOB, nnaCTHKOBbiX KaMep H H9KOTOpbiX apyrHX MeTOaHK. 

B aaKnJOt~eHHe aBTOpbi Bbipa*aJOT rny6oKyJO 6naroaapHOCTb npo$eccopy 

r .H. ¢lnepoBy aa nocTaHOBKY aaaat~H H noneaHbie o6cy*aeHHH. 

ABTOpbl BeCbMa npH3HaTenbHbl r.n. EapcaHOBy, n.n. lllaHHHy, IO.n.nu

KOBY H f .H. fOH'18pOBY aa npeaocTaBneHHbie B Hallie pacnopH*eHHe MHoro

'IHCneHHbie o6pa3Uhi MHHepanoB, a TaK*e M.A. CMonhHHHHOBOii, r. CyH UabiH 

.Ha, A.l1. KanHHHHY aa npoBeAeHHe aHanuaa XHMHt~ecKoro cocTaBa HeKOTOpbiX 

MHHepanoB. 
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PHC, 3, PacnpeAeneHHe AnHH cneAOa OCKOnKOa AeneHHR RAep, 
HbiX a peaKUHH U + 300 Mea 4° Ca , U + 380 Mea 40 Ar H 
I"O AeneHHR 244Cm , PelKHM OTlKHI"8 H TpaaneHH!I cniOAbl OAHt 
AnR acex o6pa3uoa. 
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f4 L, }Am 
Puc. 3. PacnpeAeneaue AnKH cneAos OCKOnKos AeneHHH HAep, o6paaosaa-
Hb!X s peaKUHH U + 300 Mas 4° Ca , U + 380 Mas 40 Ar H cnoHTaaao-
ro AeneHHH 244Cm • Pe>KHM OTlKHra H TpasneHHH CniOAbl OAHH H TOT lK6 

AnH scex o6paauos. 

13 



Gj,. 
CJz,f%) 

Z
2
=45 II 

l. ~ ..k.:.-44.5 
11 

atg ~It a 7< I 
z" 
II •ltf 

0~~--------~----~~----------------~ 

-100 200 300 4oo 
E; (N~8) 

PHc, 4, 3aBHCHMOCTb BepOSITHOCTH TpOi!:HOI'O J:le.TieHHSI no OTHOWeHHIO K 
J:IBOi!:HOMy OT 9Hepi'HH 6oM6apJ:1HpyiOWHX qaCTHU, 

14 

0TI'OHCypeH 0., Depenhii'HH B.n., TpeTbl!KOB8 c.n., 

BHHOI'P81l0B IO.A. 
P7-5814 

0 ll0HCK8X cnellOB OCKOnKOB CllOHT8HHOI'O lleneHHll AaneKHX 

TpaHcypaHOBblX aneMeHTOB B npHpOilHbiX MHHepanaX 

MeTOilHKOH AHaneKTpHqecKnx lleTeKTOpoa npoH3BOilHnHCb llOHCKH cneAOB 
OCKOnKOB CllOHT8HHOI'O AeneHHll llaneKHX TpaHcypaHOB B 6onbWOM qHcne 
MHHepanOB, COAep)l(8WHX llpHMeCH TSDKenhiX aneMeHTOB, Llnll llBYX o6p83UOB -

cniOilhi H KBapua, COileplKawero BKniOqeHHH nHpHTa, - aa6niOAeHa H36biToqHal! 

llnOTHOCTb cnellOB OCKOnKOB JleneHHH. 0JlHHM H3 o6~HCH9HHH 3TOI'O 3~~eKTa 

MOlKeT cnylKHTb I'HllOT938 0 CllOHT8HHOM AeneHHH HeH3BeCTHOI'O TpaacypaHOBO

I'O HyKnHJl8, 06CylKil8eTCH npo6neM8 Hll9HTH~HK8llHH cnellOB OCKOnKOB AeneHHH 

JlaneKHX TpaacypaHOBbiX aneMeHTOB B llpHpOilHbiX MHHepanax H, B qaCTHOCTH, 
MHHepanaX H3 MeTeOpHTOB. 

flpenpKHT 061.eJIIIHeHHoro KHCTIITYTB QepHIIIX HCC.Ie,llOBBHKI. 
,lbt&ta, 1971 

Otgonsuren 0,, Perelygin V.P., Tretiakova S.P., 
Vinogradov Yu.A. 

P?-5814 

On Search for Tracks of the Spontaneous Fissio'1 
Fragments of Far. Transuranium Elements in Natural 

Minerals 

Using the dielectric track detector method the search was 
made for the tracks of the spontaneous fission fragments of far trans
uranium elements in a great number of minerals containing the 
admixture of heavy elements. An excessive density of the fission 
fragment tracks was observed for t·vo samples - mica and quartz 
containing the pyrite inclusions. The hypothesis on spontaneous 
fission of unknown transuranium nucleide can be one of the expla
nations of this effect. The problem is discussed about identification of 
the above-mentioned tracks in natural minerals and, in particular, in 
minerals from meteorites. 

Preprint. Joint Institute for Nuclear Reeeareh. 
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