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/1-5/ 
B rrocnenHee speMH B pHne pa6oT 6bm rrocTaBneH sorrpoc o soa-

MO)KHOCTH cyrueCTBOB8HHSI B IIpHpone CB9pXTSI)K9llbiX HLlep ( Z ~ 108) ,nocTa

TO'lHO yCTOH'lHBbiX ITO OTHO!U9HHIO K a -pacrrany II CliOHT8HHOMY neneHHIO, 

/6-10/ • 
TeopeTH'leCKHe rrpencKa3aHnH 

1 
ocnosaHHbie na o6onoqeqnou Monenll 

S!Llp8 1 o6p8IU810T BHHM8HHe H8 ::meMeHTbl B o6naCTII C Z "' 114, rne LlO!I)KHbl 

CyiUeCTBOB8Tb S!Llp8 C M8I'H'l9CKHMH '!HC!I8MH HeHTpOHOB II IIpOTOHOB, 

Pacc'!HTaHHbie pa3HbiMH asTopaMH speMena )I<JI3HII csepxTH)I<enbiX Hnep 

OTHOCHT9llbHO a -pacrrana II CIIOHT8HHOI'O neneHIISI (rropHLlK8 1Q8 neT) 1103BO

!ISIIOT H8Ll9HTbCH H8 B03MO)KHOCTb 06Hapy)K9HHSI 8THX 8II9M9HTOB B 39MHbiX 

ll0p0Ll8X B H3M9pS19MbiX KOIIH'l9CTB8X, 

XHMH'leCKHe csoll:cTsa csepXTH)K9IIbiX aneMeHTOB ~O)KHO onpenenHTb 

H8 OCHOB8HHH TOI'0 1 'ITO rpynna 8KTHHHLlOB KOH'l89TCSI 8II9M9HTOM C Z = 103
1 

H cnenyiOIUHH, 104-bill:, aneMeHT SIBliSI9TCH XHMH'l9CKHM 8H8!IOI'OM ra!f>HHSI/11/, 

0TC10Ll8 B03HHK89T 8H8liOI'HSI M9)KLlY 8ll9M9HT8Mll C Z = IJO H llll8THHOll: ( Z a 78) 
1 

, I 11 12/ 
c Z= 112 H pTyTblO ( Z= 80) c z= 114 H CBHHUOM ( Z= 82) H TBK nanee ' • 

' 
npHCyTCTBHe CBepXTSI)K9llbiX aneMeHTOB B BHLle IIpHM9CH B o6p83U8X

1 

COLl9p)K8lUHX II!I8THHY1 CBHH9U 1 pTyTb H np, 1 MO)KH0 06Hapy)KHTb rryT.eM HCCIIe

LlOB8HHSI a -pacrrana HliH CIIOHT8HHOI'O neneHHSI B T8KHX o6p83U8Xo nony'le

HHe liO!IHOli HH~OpM8UHH 06 8HepreTH'l9CKOM ClleKTpe a -'l8CTHU B pe3ynbT8-

Te pacnana CBepXTSI)K9llbiX aneMeHTOB SIBnHeTCSI CliO)KflbiM BcneLlCTBHe HX 

O'leHb Manoll: KOHUeHTp8UHH H IIpHCYTCTBHSI 6onbWOI'O <fJoHa OT rrpnpOLlHhiX 

a -Hany'laTeneit, Bonee rrpoCTbiM MeTonoM HBnHeTcH HayqenHe crroHTBHHoro 

neneHHSI B IICCIIenyeMbiX o6pa3U8X1 TeM 6onee, 'ITO I'HliOT9TH'leCKHe CB9pXTSI)I(9-
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nhte aneMeHThi H3 o6nacTH Z :: 114 nocne a -pacrrana rrnrr cepHH a -pac-

nanoB )lOn)!{Hbl T0)!{8 CITOHT8HHO Jl2nHThCHo 

/13/ 
ABTOpbl HCKamr Tp8KH OCKOnKOB neneHHH B o6pa3U8X1 conep)K8WHX 

CBHHeU, ll Ha OCHOB8HHH H8fi)leHHOrO 'IHCna TpeKOB rronyttllnll yK838HHe 0 Bpe

M8HH )KH3HH OTHOCHT8nhHO CITOHT8HHOrO )leneHHSI CBHHU8 I10p5IJlK8 1020-

1021 neT. 
I 14, 15/ 

B pa6oTax aBTOpbi ITbiTanHCh onpeJlenHTh KOHUeHTpaUHJO rnrro-

T8THttecKoro caepxTsr)Kenoro aneMeHTa. B nopoJlax, coJlep)Kamnx nnaTHHy, 

H nonyttHliH OTpHU8T8llhHhlfi peaynhTaT; BepXHHH rpaHHU8 KOHUeHTp8UHH 9THX 

9118M8HTOB HafineHa HMH paBHOfi 10-12 r/r. 

8 naHHOfi pa6oTe npOBOJlHnHCh ITOHCKH TpeKOB OCKOnKbB )leneHHH B o6-

pa3U8X, COJl8p)K8WHX CBHH8U 1 pTyTh, BHCMYT H BOnb<jlpaMo 06pa3UiiiMH HBliSI

nHCh CT8Klla, KOMITOHeHT8MH KOTOpb!X 6bWH H3yqaeMbie aneMeHTblo 8 ttaCTH 

cnyttaeB cTeKno HaXOJlHnoch B nnoTHOM KOHTaKTe co cnoeM MeTanna, conep

)!{8WHM H3Y'I88Mbi:fi aneMeHT ( 38pKana, BllTp8lKH) • llnH BCeX o6pa3UOB )leTeK-

TOpOM OCKOliKOB Jl8118HHH HBl!Hl!OCh CTeKno/18,19/• 

llnsr o6pa3UOB co cnoeM MeTanna OITbiT npoBOJlHncsr cneJlyJOWHM nyTeM: 

110B8pXHOCTh CTeKna, KOTOpaH 6blll8 B KOHT8KTe C MeTannOM 1rrocne CHHTHSI Me

TannHtteCKOrO CnOSI H XHMH'IeCKOrO TpaBneHHSI I1pOCMaTpHB8118Ch llOJl MH

KpOCKOITOM H onpenenSiliOCh 'IHCliO TpeKOB OCKOliKOB JleneHHSI; BenH'IHH8 

<j:JoHa H8XOJlHli8Ch llpH 11pOCMOTpe 110BepXHOCTH1 KOTOp85I He 6btna B KOH-

T8KTe C MeTannDMo EcnH OTHeCTH Hafi)leHHbie TpeKH OCKOliKOB K Jl8118HH!O 

TSJ)Kenoro aneMeHTa, KOTOpbifi C0Jl8p)K8l!C5I B Cnoe MeTanna, MO)KHO H3Me-

pHTh rrepHOJl nonypacrraJla 

Myne 

T t /2 OTHOCHTenhHO CllOHT8HHOrO neneHHSI 110 <j:Jop-

t: fn 2 N 6. t ----
6. N Tt/2"' 

3necb 6. N - ttHcno HafineHHhiX TpeKoB, 6. t - apeMH Ha6nroneHHH ( B03pacT 

o6pa3ua), N - ttHcno Hnep H3yttaeMoro aneMeHTa B cnoe MeTanna, Haxo

nsrweMcH B KOHT8KTe C )leTeKTOpOM 1 ( - a<jJ<j:JeKTHBHOCTh perHCTp8UHH OCKOli

KOB )leneHHH B Jl8HHOM )leTeKTope. 

3!f><j:JeKTHBHO .Th perHCTp8UHH OCKOnKOB 6blll8 OIIpe)leneHa IIpH IIOMOWH 

Kann6poBaHHoro HCTO'IHHKa ocKonKoB )leneHHSI 
2 44 

Cm • 3<P<PeKTHBHOCTh 

4 

perHcTpauHH i Kone6anacb JlnH pa3HbiX o6pa3UOB B npenenax oT 0,10 .. 0,'45. 

'l.{ncno H8fiJl8HI:lbiX TpeKOB H B03p8CT o6pa3UOB IIpHB8Jl8Hbl B Ta6n. 1 - 4. 

llnH o6pa3UOB1 B KOTOpb!X H3ytta8Mb!fi aneMeHT HBnHeTCSI KOMIIOH8HTO:fi 

CTeKna, IIpOBOJlHliOCh IIOCTeiieHHOe CTp8Bl!HB8HH8 Cl!OeB TOl!WHHO:fi OT 5 JlO 

25 MHKpoH. EcnH ttHcno Hnep H3yttaeMoro aneMeHTa B TpaaneHoM cnoe eCTh N
1 

H ttHcno HafiJleHHhiX TpeKoB 6. N 1 , Torna rrocne HeCKOnhKHX TpaaneHHfi N= ~ N
1 

; 

6. N "' ~ 6. N 1 • KonntteCTBO HafineHHhiX TpeKoB H paccttHTaHbJe no <jlopMyne ( 1) 

rrepHOJlhl IIOnypaCII8Jl8 OTHOCHTel!bHO 

B Ta6n. 1,2,3 H 4. 

CIIOHTBHHO_rO Jl8118HH5I IIpHB8Jl8Hbl 

YttHTwBaH HeTottHOCTH orrpeneneHHH cKopocTH TpaaneHHH. H a<P<PeKTHB

HOCTH perHCTp8UHH (6e3 CT8THCTHtteCKOfi OWH6KH JlnH 'IHC.lla HafiJleHHblX Tpe

KOB) t OWH6Ky JlnH T l/2 MO)KHO OllpenenHTh B ( 20-22)%. 0TMeTHM
1 

'ITO B03-

paCT H KOHUeHTpaUHH CBHHUa B o6p83U8X JlpeBHHX CTeKOll (HOMepa 38-41) 

H3B8CTHbl C TO'IHOCTh!O He 6onee ( 30-40) %. 

06paaeu N9 24, P11, JlnH KOToporo T 112 = (2,7:!:_0,4).10
20 

neT,6btn HC

cnenoaaH B pa6oTel 101. TionytteHo rronHoe rronTaep)KJleHHe Hawero peaynbTaTa. 

BoaMO)!{HhiMH HCTO'IHHKaMH <j:JoHa HBnHJOTcsr: 

1) TH)Kenb!8 <j:JparMeHTbl OT B38HMO)lefiCTBHH KOCMH'IeCKHX nyqefi C H.llpa-

MH Bi • Pb • Hg • \l HnH JlpyrHX TSilK8nhiX 9.118M8HTOB1 conep)Ka-

WHXCSI B HCC.lle)ly8Mb!X o6paauax. 

2) TipHM8CH CITOHT8HHO nenHWHXCH aneMeHTOB. 
r· 

<l>OHOM IIepBoro pOJla MO)KHO IIpeHe6pe'lb 1 IIOTOMy 'ITO Jll!H 40 'rpaMMOB 

'IHCTOro H30TOIIa 
208

Pb rrocne OJlHoro Mecsrua 9KCII03HUHH Ha rroaepx-

HOCTH 3eMnH 3aperHCTpHpOB8HHbifi a<jl<j:JeKT COOTB8TCTByeT K8)KYW8MYCH rrepHOJlY 

cnoHTaHHoro neneHHH T~12 = 4.1021 neT! 16/. 

CrroHTaHHoe H BhiHY)KJleHHoe JleneHHe ypaHa MO)KeT HBnRThCH 6onee cy

mecTBeHHhiM HCTO'IHHKOM <j:JoHa. 8 H3yqaeMbiX o6pa3U8X onpeneneHa KOHUeHTpa

UH51 ypaHa C llOMOIIIb!O ITOTOKOB T811.110Bb!X HefiTpOHOB OT 10 10 JlO 10 15 He:fiTpo

HOBfcM2. YCT8HOB118H0 1 'ITO KOHU8HTp8UHH ypaHa He rrpeBOCXOJlHT l0-5 -

- 10-6 r/r. 3Hasr KOHU8HTp8UH!O ypaHa 1 MO)KHO OIIpenenHTb 'IHCliO Tp8KOB
1 

o6yC.llOB.118HHblX CllOHT8HHb!M Jl8.11eHH8M ypaHa. 3TH Jl8HHhie llpHBe)leHbl B Ta6n. 1, 

2 H 3. 
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KoHueHTpauHH TopHH orrpeneneHa rryTeM o6ny<~eHHH o6pasuoa 6biCTpbiMH 

HeilTpoHaMH ( 1010 - 10 12 HeilTplcM2). ITony<~eHHhie sHa'leHHH KOHU9HTpaUHH 

TOpHH AJIH BC9X o6pa3UOB 6hlJIH M9HbW9 1 qeM ypaHa. HafineHHbie KOHUeHTpa-

UHH TOpHH He HBJISIIDTCSI "ol18CHbiMH" AJIH A8HHOrO 3KCI19pHM9HT8 BBHAY TOr0 1 

'ITO rrepHOA Cl10HT8HHOrO A9J19HHH TOpHH paBeH 1021 J19T/17/, nnH 60JiblliHH

CTB8 o6pa3UOB CI10HT8HH09 H BbiHY*A9HH09 A9J19HH9 ypaHa o6~S!CijS19T TOJlbKO 

qacTb Ha6nronaeMoro 'IHCna TpeKoa. 

CMOTpS! H8 pesynbT8Tbi 1 I1pHB9A9HHbi9 B Ta6n, 11 MO*HO CK838Tb 1 'ITO 

AJISI qaCTH o6pa3UOB 1 COABP*BlliHX CBHH9U ( o HoMe pax 5,23, 24,39,40,41). 

HB6JIJOAB9Mb!H aqxpeKT H9Jlb3SI o6~HCHHTb ynoMHHYTbiMH Bbiiiie I1pH'IHH8MHo 

8 o6pa3UBX1 COAep*BlliHX BHCMyT1 H9 H8fiA9HO Tp9KOB1 H H8 OCHOBBHHH 

3TOrO 6biJIB ycTaHOBneHa rpaHHU8 rrepHOA8 rronypacnana Tt/2 ::.: 10
21

• 

nnH o6pa3UOB1 conep*BIIlllX pTyTh1 H8HA9HH09 qHCJIO TpeKOB COOTBeTCTBY

eT rrepHOAY rronypacrrana !10pHAK8 1021 neT, qTO MO*HO o6~SICHHTb AeneHH9M 

)JTYTH KOCMHqeCKHMH JIY'I8MH/ 16/ • 

B o6pasuax, conep*awHx BOJihifJpaM, 6onhWHHCTBO HaH:neHHhiX TpeKoB 

MO*HO o6bHCHHTb I1pHCyTCTBH9M ypaHa, 'ITO I1pHBOAHT K rpaHH'IHOMy 3H8-

'19HHIO rrepHona rronypacnana aonhiflpaMa '1;;2 ~ 6.1021. 

EcnH rrpennono*HTh, 'ITO H36biTOK TpeKoB a HecKonbKHX o6pasuax, co

nep*alllHX CBHHeU1 MO*HO OTH9CTH K neneHHID HeH3B9CTHOrO 3neMeHT81 H ec

JIH B3HTb TeopeTH'IBCKYIO OU9HKY nepHOA8 nonypacrrana AJISI caepXTH*SJlhlX 

aneMeHTOB T x "" 108 neT, rronyqaeTCSI KOHUeHTpaUHSI H3Jiy'laT9JISI B OCHOBHOM 

aneMeHTe C x : 

lx 
ex = -1'--;- -12 -13 

10 -+ 10 aToM/aToM. 

Pe3ynhTaTioi, rrpHBeneHHbie B Ta6n. 1, 2,3 H 4 ,rrosaonHroT cnenaTb cne

nyromHe Bb!BO}:lbi: 

1. B o6pasuax, conep*awHX Bi • Hg H w 
1 H8HA9HHbi9 Tp9KH OC-

KOJIKOB A9Jl9HHH MoryT 6b!Tb o6yCJIOB.'I9Hhl HJIH I1pHCYTCTBH9M ypaHa 1 HJIH 

neneHHBM HAep Bi , Hg H W KOCMH'IeCKHMH nyqaMH. 

2. nnH 6 o6pa3UOB CT9KJI8 1 COABP*BIIlHX CBHH9U ( H3 4 2 H3Y'I89MbiX) 1 

H8fiAeHHhlB TpeKH OCKOJIKOB }:l9JI9HHH He MoryT 6hlTb o6~HCH9Hhl yrrOMHHYThlMH 

Bblll!B rrpH'IHH8MHo 3TOT pesyJibT8T MO*HO pacCM8TpHB8Tb 1 K8K !10ATBep*Ae-

6 

l 

) HHB rHI10T93bi 0 cywecTBOBaHHH B I1pHpOAe CI10HT8HHO ABJIS!lliHXCH 3JI9M9HTOB, 

COI1pOBO)KA81011lHX CBHHU0Bbl9 I10pOAbi, 

B 3aKJIID'IBHHe Sl xoqy Bbipa3HTb 6naronapHOCTb 8KBA9MHKY r.H.¢nepoay 

.;~a rrocTaHoaKy 3ana'IH, B,IT,ITepenbirHHy 3a rroMOIIlb a rrpoaeneHHH 3KcrrepHMeH

Ta H rpynne na6opaHTOB-MHKpOCKOI1HCTOB Jfa6opaTOpHH SIA9pHb!X p98KUHfi 

011.HI1, o6ecneqHBil!HM npocMoTp 6onhll!oro 'IHcna o6pasuoa. 

Bbipa*a!O rny6oKyro npH3HaTenbHOCTb H.A.OwapHHofi H T.A.Jfo6aHeaofi 

H3 rocynapcTB9HHoro 11cTopHqecKoro My3eH, A.K • .HxKHHAy H B.H.ITonyxHHy 

H3 rocynapCTBBHHOro 0rrTH'I9CKOro HHCTHTyTa, E.Y!.AneKcaHnpoay H3 MocK• 
Bbi, M.H. Jfa3apeaoil H3 JfeHHHrpana H l1,11.He6peHcKoMy H3 fpaneu-Kpanoae 

( YCCP) 3a nro6e3Hoe rrpenocTaaneHHe o6pa3UOB CTapHHHbiX cTeKon M 3epKan, 
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15J,J.Wesolowski, W.J.P.Jewell, F,Guy.Phys.Lett., 288, 544 (1969), 

16. r.H.cl>nepoB, H.K.CKooeneB, r.M.Tep-AKOI!bHH, B.r.Cy66oTHH, B.A.rso3-
~ 

aeB, M.IT.MBaHoB, ITpenpHHT OMHM,. .06-4554, .Uy6aa, .1969. nn 'OCipase~ Boa pacT 
1htCJIO OCi:&eM T 1I>iCJIO TJl8ROB 

(JieT) TpeKO~ . (cll3) (JieT) OT ypaHa 
17. A.B.IToai"ypcKaH, B.M.KanalllHHKOBa, .C.A.CTonHpos, E • .U.Bopoob'es, 

r.H,cl>nepos. )K3Tcl>, £§., 503 ( 1955); f.H.cl>nepoB H ap • .QAH CCCP, I 2 3 4 5 6 7 

118. 69-71 ( 1958). 
. I B~26 I2 I 0,20 > 6.Io2I 

18. A.KanyCUHK, B. n.nepenbirHH, c.n. TpeTbHKOBa, B.Yf.CBHJlepCKHA. ITT3, 2 LF 3-60I5I 23 5 0,44 7.Io20 

Nql, 42-44, ( 1960). 3 LF 7-555?6 23 0 0,22 ;> 3.Io2I 
19. R.L.Fleischer, P.B.Price, R,M,Walker,Phys.Rev., 143, 1266 (1966). 4 LF? 23 0 0,22 > 2.Io2I 

5 qacT~ ~peBHeA nocyAW ISO IO 0,05 4.Io20 0,5 
PyKonncb nocTynnna B naaaTenbCKHA oTaen I f > 6.Io22 

9 OKTH6pH 1969 roaa, 
6 ISO I o,s 

? LF3 23 II 0,44 ?.Io2o 

s JlHHBa II! 5 30 IO O,I5 4.Io20 

9 T~l 5 0 0,05 ::> 4.Io20 

IO T~I 5 0 O,II >4.I020 

II T~2 IO 2 O,I6 9.ro20 

I2 T~2 IO I4 o,s 6.Io20 r 

I3 T~2· IO I o,os >9.Io20 

I4 PI 33 2 0,2 7.Io2I 

I5 P2 33 4 0,4 7•102I 

I6 P3 35 I 0,05 > 3.Io2I 

I? P4 22 3 o,os i.Io2I 

I8 P5 29 I 0,06 .>3.ro2I 

I9 P6 29 0 O,I ,> 4.Io2I 

20 P? I5 0 0,03 > ?.Io20 

2I PS 20 0 0,04 > 2.ro2I 

22 P9 I4 0 0,05 > I.Io2I 
23 PIO I4 12 0,6! 2.Io21 3 

24 PII ~0 \00 0,62 2..l·I020 2 
8 I 
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I 2 ~ !t ~ 2 z 
25 T~3 IO 2 O,I2 2.Io2I 
26 ~2 20 2 0,07 I.Io2I TaCimuta 2 · 
27 ~I 20 3 0,09 8.Io20 

28 T~1 20 I 0,03 > I.Io2I 
OCipaa~H, co~epz~He pTyT~ (aepKana) 

29 T41I 20 2 0,06 I.ro2I 
30 T~I 20 4 o,o8 7.Io20 

31 T~I I5 0 0,23 :::> 3.Io2I 

06pase~ Bosp&CT t{H{UJO Tl2e~i~ T l.J.HCJIO ll,;B8pxHOC!L c UeT&.JI-
(neor) npo~oTpa nou ueTan- (JieT) rpeKOll 

(c ) na OT ypaHa 

32 ~I3 IS 0 0,28 > 4.Io2I I 800 125 9 2 2.1al1 0,5 

33 BHTpU "'350 0 ,....... O,OI ~ I,3.1022 2 200 228 5 2 s.Io21 0,9 
34 I= 5 17 0 0,06 > I.Io21 

35 !=' 16 I7 0 0,03 ::;. 2.Io20 

36 F 9 II 0 0,03 ;:> 4.Io20 

8 200 850 8 0 ~ 7.Io2I -
4 IOO I04 4 I 6.Io2I 8 

37 SF 18 I4 0 0,03 :::> 9.ro20 
38 CTeKno H8 8epKana "'IOO 4 0,66 "'4.Io2I 2.4 
39 EoJI:r:.mon o6nuor< 200 20 O,I3 - r.Io20 3 

TaCSa~a 8 

40 OK~yr Jib!l1 r~parMeHT IV 200 I8 O,IO 'V I,3.I020 4 06paa~ a BOJID~paMOU 
41 ~parMeHT ~a8H "'200 37 O,IS -I.ro20 3 
42 Pll 40 I4 0,38 I,4.I021 - 06paae~ Boapacor 'IHCJIO OCi11eu T t{HCJIO TpeKOB 

(.18T) TpeKOB (c,;J) (neT) OT ypaHa 

Ildl 9 0 0,01 ~ Io20 >0,2 

ICSI5 12 0 0,09 ~ 6.ro20 > I 

ncsu 9 I 0,02 s.Io2° >O,? 

nrr2 9 0 0,09 ~ 2.1020 .> 0,5 

IXCS2 9 2 O·,I4 7.Io20 8 

Je 28 6 4 0,04 4.Io20 8 
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• 

Ta6nirU~8 4 

06p8SUY C ~HCyYTOK 

Oc>paseu Boa pacT 'lHCnO 06'118),( T 'lHCnO 
(neT) TpeKOB (oMS) (nn) TpeKO~ OT 

YP8H8 

N2 I3 II 0 O,IS ~ a.ro20 

~ 38 IO 0 O,IS ~ 4.ro20 

N! 59 IO 0 0,04 ~ 4.ro20 
..... 
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