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B 06'be)JJI:HeHHOM l'lHCTI1TyTe HJJ:epHIDC 11CcJie.n:oBB.mrn B .lly6He, 

l/.8lKJzyHapO.IJ:HOM l'ICCJI8.IJ:OBaT8.JThCKOM D;8HTpe COU,l'laJII1CT ~'l:8CRIDC CTpa.H, 

B ]a6opnTOpHlil R.IJ:8PHHX peaRUHH Ha npOT~8HI1l'l MHOrUC JI8T npOBO

.n:HTCH l'IHT8HCl'IBHH8 l1CCJI8IJ;OBB.Hli!H ITO llOJiy'l:emno l1 l13 {'!8Hl110 HJJ:8PHHX 

!/! Xl/!MH'l:8CRIDC CBOHCTB :3JI8M8HTOB C aTOMHHMH HOMepa~H BH!Il8 100, 

3Tl'l 50JiblliH8 ycl'l:Kl'!H YB8H'l:anMCn OTRpHTl'l8M HBCROJibR~ HOBHX :3JI8-

M8HTOB. HacTOH!ll88 C006rneHl'l8 nOCBffl!l8HO paCCMOTpeH~IO pa60T, BH

UOJIH8HHHX B OCHOBHOM llOCJie TpeTnei1 ReHeBCRO~ KOHpepeHU.l'll'l no 

MHpHOMy 11CnO.JTh30Ba.Hl110 aTOMHOM :3HeprHl'l, 06Cy1K.IJ:aiO~CH TaRll\8 nep

cneKTHBH pa3Bl1Tl'lH :3TIDC l1CCJI8.IJ:OBa.Hruf, MH nHTaJII1CI: ,n;aTn no B03-

M01KHOCTl'l noJIHoe npe.n:cTaBJieHrre o .n:y6HeHcRol1 nporraMMe l'lCCJie.n:o

BB.Hl'lH HOBHX SJieMeHTOB, He OnHCHBB.H, O.IJ:HaRO, BC8) .n:eTaJiei1. 0HH 

MoryT dh!Tn Hafi.n:eHhl B .n:pyriDC pa60TaX 0630pHOrO XLpaRTepa/1 - 6/, 

I. XAPAKTEP MEPHb!X CBOVICTB 

CymecTBoBa.Hrre l'l pacrrpocTpa.HeHHocTn Tex HJIH HHhiX sJieMeHTOB 

orrpe.n:eJIHeTCR rJiaBHh!M o6pa30M CBOMCTBaMl'l aTOMHHX R.IJ:ep l'l 3aROHO

MepHOCTHMH IDC o6pa30BB.Hl'lH Ha H8ROTOP~9..lllii!X :JJIOJIIOUID'I 3Be_3JJ;\ 

Vl3 3JI8M8HTOB, OTRPHTHX .n:o HaCTOHlllero BpeMeHH Xill1HRaMl'l npH H3Y

'l:eHHH npHpo.n:HHX MaTepHaJIOB, Hal'l60Jiee CJIOlKH~ aT,)M !/!MeeT ypaH 

(HOMep 92), HBJIHIO!Ill'IMCR CJia6o pa)JJI:OaRTl'lBHHM SJieM~HTOM, Vl3B8CT

HH8 cefi-qac TpaHcypaHOBH8 3JI8M8HTH pacna.n:aiOTCH 3fa'l:J1T8.JThHO 6UCT

pee ypa.Ha 1'1 no nol1 npH'l:Ime He .n:olKl'lnM .n:o nam a;He~ co BpeMeHH 

o6pa30Ba.HKH B8l!l8CTBB. COJIH8'l:HO~ Cl'ICTeMU. 0HH 6HJI~ BnepBue OTRPH

TH B Jia6opaTOpHHX YCJIOBHRX C nOMOmbJO HJJ:epHhiX pe~~. TI03.IJ:Hee, 
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HerrTy~ H ll.JIYTOHID1 Bee JKe Ohl.JIH HaH,IJ;8Hbl B Hlfl!TOlKHh!X KO.Illf!ieeTBaX 

B rrpHpO.n;e, ~·aK KaK OHH Herrpeph!BHO o6pa3yroTeJI H3 ypaHa rro.n; .n;e"HeT

B:HeM pe~:HX oeB060E,IJ;ammKXeJI HeHTpoHOB. O~aKO peanLHb!M HeTO~HH

KOM Ha.KOITJI8.Hi.II Tpa.HeypaHOB eJiylltaT rro-rrpelKHeMy HeeyeeTBeHHble JI,IJ;ep

Hble rrpeBpamEHHR, KOTOpble B oeo6eHHO 60JIDmHX MaemTa6ax rrpOBO,IJ;JIT

eJI B JI,IJ;epHh!X peaKTOpax. 

K HaeTo~eMy BpeMeHH no~TH BCe :HeKyecTBeHHble XHMlfl!ecK:He aJie

MeHTbl C aTOMHb!MH HOM8paMH ,!1;0 100 (we~IDJ:) ITOJiy'leHbl B KO.Illf!i8CTBaX, 

KOTOpble MOlKHJ YBH.n;eTb H B3BeCHTb. 3Toro ITOKa HeJIL3JI eKasaTb HH 

o6 O,IJ;HOM H3 3JieMeHTOB BTOPOM COTHH, KOTOpble B peaKTOpe He y.n;aeT

CJI ITOJiyqHTb. CHHT83 3THX 3JI8M8HTOB B JI,IJ;epHb!X peaKUHJIX C TJIJKeJib!MH 

HOHaMH (eM. '~ 2.1) .n;aeT JIHllib H8B8C0Mbl8 "cJie,IJ;OBble" KOJllf!ieCTBa HJIH 

.n;aJKe BCero e;(HHY!~Hble aTOMbl. OH:H BCe-TaKH MOryT 6b1Tb o6HapYJKeHbl 

pa.n;HOMeTplfl!e<:KID.m M8TO,II;aMH 0 TaK KaK HM8IOT cpaBHHT8JILHO KCpOTKHe 

rrepHO,II;bl ITOJIY]Jacrra.n;a. TlpoHiffiHOB8HHe B TpaHC!lJepMHeByro 06JiaCTb He

rrpeph!BHO rrpo;;o.JDKaeTeJI,H CTpeMJieH:He HCCJie,IJ;OBaTeJieH K OTKpb!THIO BCe 

HOBh!X 3JieMeH~OB H:HCKOJIDKO He OCJia6eBaeT. 3TO 06~CHJieTeH TeM,~TO 

pa.n;:HOaKTHBHbl€ CBO~CTBa MOryT H3yqaTbCH H Ha CJI8,!1;0Bh!X KOJ!lfl!eCTBaX; 

HeKOTOpb!e ~HeHlli:He XHMlfl!8CKHe xapaRTepHCTHKH 3JieM8HTOB TaKJKe 

y.n;aeTcJI onpe~e.JIHTb, HMeJI B pacrropJIJKeHHH Jmllib c~HTaHHble aTOMbl. MH

Tepec rrpe.n;CT8BRJIIOT H 3aKOHOMepHOCTH o6pa30BaHHJI 3JieMeHTOB B JI,IJ;ep-

Hh!X peaKizyiJIX, IT03BOJIRil111H8 cy.n;HTb 0 HSKOTOph!X CBOHeTBax 

JI.n;epHOH MaTepi~H. Tlo.n;o6Hble .n;aHHble 0 CBOHeTBaX Ha:H60Jiee TJIJKeJih!X 

aJieMeHTOB .n;aror Ra~eCTBeHHO HOBHH MaTepHaJI ,IJ;JIH TeopeTlfl!eeKOH JI,IJ;ep

HOH WH3HKH H :CHMHH. 

B pJI.n;y H:lBeCTHh!X TpaHcypaHOBh!X aJieMeHTOB Ha6JIIO.n;aeTeJI 06U\M 

TeH.n;eHizyiJI K ITOCTerreHHOMy YM8HbllieHHIO BPSMeHH lKH3HH JI,IJ;ep OTHOeH

TeJILHO d. -pacrra.n;a PI OC06eHHO CITOHTaHHOrO .n;eJieHHJI. flo 3TOf1 rrpH

~HHe, ITQ-BH,II;IDIOMy, 3JieM8HThl BTOpoH COTHH 6y.n;yT B CBOeM 60JILillHH

eTB8 HaCTOJIDKO KOpoTKOlKHBYU\HMH, ~TO Hlffior.n;a He y.n;acTCH HaKOITHTb 
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IDC B B8COBIDC RO.Jmll8CTBB.X. l:iOJiee TOrO, MOlKHO OlKHJJ:cT:&, "'TO BHille 

KaKOrO-TO aTOMHOrO HOMepa BpeMeHa lKH3HK R,n:ep CTafyT ROPO"!e Bpe

M8HH, He06XO.IJ:HMOrO JJ:IDI CaMllX 611CTpiDC l'l 3JieMeHTapf IDC Xl'IMH"l8CKHX 

B3al'!MOJJ:e~CTBHH H 3aTeM .n;aJKe MeH:&rue BpeMeHH qJOPMHIIOBaHH.Il aTOMHOi1 

3JieKTPOHHOH o6o.JIO"!KH (10-14
ceR). Tor.n:a He 6y.n;eT COJI:&ll!e CMllCRa 

roBopHT:& o Xl'!MH"!ecKHX aJieMeHTax. HaRoHeu, e!l1e 6oJcee T.lllKe.JIHe Ra

ne.JI:&RH .1I.IJ:8pHOH MaTepHH B006!118 He CMOryT cymecTBOJaT:& .JJ:OJI:&ll!8 O.JJ:

Horo rrepHo.n:a co6CTB8HHIDC ROJie6amfi.i ( 10--21 ceK). TeM He MeHee 

HM8IDTCH cep:&e3Hl18 OCHOBaHH.Il .IJ:.JIH llp8.IJ:llOJIOlKeH&r.ll (Cnl. § 4.1), 'ITO 

paH:&rue, '18M H8CTYnKT TaRM "RaTacTpO<fia", MOHOTOHIIOe na.n;eHHe ne

pHO.IJ:OB liOJiypacnaL(a HapyrnHTC.Il, H Mll BCTp8Tl'lM no R]laHH8H Mepe O.JJ:HH 

H860JI:&Ill0H "OCTpOBOR CTa6HJI:&HOCTH 11 
• IlepBJli1 OlKH.IJ:a8c'C.Il r.n:e-TO B 06-

JiaCTH aJieMeHTOB 110-126. Haz6oJiee ycTofi'IHBUe H30''0l111 aTHX 6y.n:y

II1HX 3JI8MeHTOB, ROTOpble nORa H8311Ba!OT 11 CBepXT.IllKeJI!IMH 11
, .IJ:O.JilKHH 

611T:&, liQ-BH.JJ:l'IMOMy, 3Ha'!HT8JI:&HO 60Jiee .IJ:OJir0lKHBY!11ID1H, "!eM H3yqae

Ml18 C8H'!aC 11 TJIJK8JIH8 11 3JI8M8HThl B 06RaCTH HOMepOB '104-107. B03MOlK

HO, 'ITO OHH .n;aJKe COXPaHHJIHC:& B npHpo.n:e no.n;o6HO YjlaHJ If H'X MOlKHO 

XHMH"!eCKH Bhi.JJ:e.JIHT:&. TaRaH nepcrreRTHBa npe.n:cTaB.JIH,lTC.Il Heo6utiai1Ho 

HHTepecHOH H BalKHOH .JJ:JIH .ll.n;epH11.1: HaJ:K. Ilo Mepe TO:~o RaK OTKPHBa

IDTC.Il H H3Y'laJOTC.Il BCe HOB118 TpaHClP8PMH8Bl18 3JI8M8H'~H, H8.IJ:8lKHOCT:& 

npe.n;cRa3aHHH CBOHCTB OCTPOBROB CTa6HJI:&HOCTH B03~lCTaeT H cos.n:a

eTC.Il M8TOL(H'l8CRM 6asa .JJ:JIH CHHTesa H liOHCRa CBep:CT.IllK8JIIDC 3JI8MeH-

TOB. 

II. METO,IU1 C11HTE3A, ¥l,llEHT11\1Jl1KAUl1M M M3Y1!EH 1H 

2,1. ftnepHue peaRunH cHHTesa 

TP8ffcypaHoB11e aJieMeHTH Bll.JIOT:& .n:o MeH.n:eJieBH.Il (HoMep 101) 6u

JIH BllepBHe nonyqeHH B ClliA MaR-MHJI.JiaHoM, CH6oproM, ToMncoHoM,rHop

co H .n;p. D OCHOBHOM B rrepHO,D; HHT8HCJ;IBHO~ paspa6orRH HayqHIDC OC

HOB .!I.IJ:epHoii TexHHKH/7 I. CHHTes 611JI ocyinecTB.JieH B pesy.JI:&TaTe o6-
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.nyqeH:a.fi ypana HeitTpOHaMH ( Np H Atn ) , 6oM6ap.n;HpOBKH TJDKeJIWC aJie

MeHTOB ycKOJl8HHHMH .n:eitTpOHaMH ( Pu. ) H I'IOHaMH remur (Cm, Bk, Cf , 
Md ) H, HaJ:oHeu, Bos.n:eitcTBHeM Ha ypan MrHoBeHHblM qpesBWiai1Ho 

Bh!COKHM ITOTOKOM HeitTpOHOB rrp:a T8PMO.fl.IJ:8PHOM BSPHB8 ( [S , fm) ,B03-

MO*HOCTH :3TIX M8TO.T(OB ITO'ITH HC'!eprraHH,H OHH He ITpHM8H.fiJIHCb B OT

:Kph!THH :3JI8ME·HTOB TJDKeJiee M8H,ll;8JI8BH.fl, 

Ha ITp01JD!t8HHH ITOCJI8.T(HKX ITpHMepHO IT.fiTHa.n;uaTH JI8T HHT8HCHBHO 

pa3BHBa8TC.fi HOBOe HanpaBJI8HH8 - HCITOJ!bSOBaHHe yc:KopeHHb!X 11 TJD!t8-

JIWC HOHOB", TaR HaSh!Ba!OT MHOrosap.fl.T(HHe aTOMapHHe HOHH :3JI8M8HTOB 

6o;ree TJD!t8JihX,'I8M reJIHi1, CHHT83 ocymecTBJI.fiiOT sa C'!eT ITOJIHOrO CJIH

.f!Hli.fl 6oM6ap~:apyromei1 qacTHUH c .f!.IJ:POM MHrneHR/8/. 3HeprRR TJDKeJioro 

HOHa ,n:OmKHa OHTb ,ll;OCTaTO'IHOM .T(JI.fl rrpeO,n:OJI8HH.fi KyJIOHOBCKOro 6apbe

pa, a aTo sH~'IHTeJ!bHO 6oJ!brne aHeprHz,nor;romaeMoi1 npH cJIH.fiHHH. 

TI0:3TOMy COCT1BHH8 .fl.T(pa ITOJiy'IaiOTC.fi B BOS6Y*.IJ:8HHOM COCTO.fiHHH (.n;e

C.fiT:KH NlaB), B 60J!billHHCTB8 c.nyqaeB MrHOB8HHO .T(8JI.fiTC.fi ,H JIHrnb O'I8Hb 

MaJia.fi ,ll;OJI.fl RIC 110JIHOCTb!O 11 0CTHBa8T 11 sa C'I8T HCITapeHRR Hei1TpOHOB H 

HCITYCKaHH.fi r :tMMa-:KBaHTOB, TipHMepaMH MOryT CJ!Y*HTn pea:KUHH, :KOTQ-

HCITOJ!bSOBaJIHCb B ny6He rrp:a OT:Kph!THH HOBHX 

23Bu + 22Ne _ [ 260102] *--+ 256102 

243.1m. + 180- [261103]'- 256103 

242Pu. + 260104 

259104 

:3JI8M8HTOB: 

+ 4n, 

+ 5n, 

+ 4n, 

+ 5n, 
22Ne ..... [ 264104r::::: 

22Ne ~ [265105 r-. 261105 + 4n, 

Mx MOJKHO B ocimeM BH.IJ:e o6osHa'!HTb KaK peaKUHH ( HI , x t\ ) • 3qxpeK

THBHoe C8'!8HI!8 peaKUHH o6paSOBaHPI.FI COCTaBHOrO .fl.T(pa 6JIHSKO R reo

MeTpH'!8CKOMy, T,e, 10-24 CM2 , B TO BpeM.fi KaK :3JI8M8HTH 102-105 

no;ryqaroTC.fi c ceqeHPI.FIMH B 108-1010 pas MeHbrnHMH. 

TaKHM ocipasoM oKash!BaeTc.fi, 'ITO MOJKHO yBeJIHtJRTn nop.fi,ll;KOBW! 
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HOMep .fi,!J;pa MHIIIeHVT eRCtffiOM Ha HeeROJThRO e,IJ;lrHHU Cl 83 BC 'lliVTX ITpOMe

~TO~HHX eTyneHe~. Ho 3TO ~OeTvrraeTeR IJ;8HOM HH3KOrO BUXO~a HOBO

ro a~eMeHTa. B TO ~e npeMR no ~pyrVTM RaH~aM nsaHMoueMeTBHR,He 

npOXO.Uffii1HM 'Iep83 eTa,UIDO eoeTaBHOrO .fi,!J;pa, oelpasyroTeR MHOrvre H8J!te

~T8JThHhl8 ; ,.wa. B npo.nyRTax oel.JIJrqeHvrR Haelmo.nmoTeR, fanpVIMep, no~

Tvr Bee T~eJible 3~eMeHThl e nopR,UROBh!MVT HOMfpaMV! H~e, ~eM y eoe

TaBHOrO .fUJ:pa, oeo6eHHO H30TOTibl, Cl~sRvre R R:UPY-MVTIIIet vr. Onvr MoryT 

OKasaT:beR eep:r,esHhiMH TIOM8XaMH ( "rpoHOM 11
) npH ITOHeRax c( -H3.7IJrqe

HHR H~ eTIOTaHHOrO ,ne.JreHHR HOBOrO 3~eMeHTa. HeoClXO.IJ:IINIO TaRJKe OT

M8THT:b, ~TO e TIOMOIIti>FJ T~e~ HOHOB TIOJiytiaFJTeR H8:i1T1)0HO.UeiflVIUHT

HH8 >l.30T0!1H, OCl~~aFJJ.qVTe, RaR npaBH~O, KOPOTKv!MH nep'!O,UaMH eX. -pae

na,u;a. 

Bee aTo rroTpeeloM.Jio npe~.ne BCero cos.n:aHHR yeRo ;m:Te~e:i1 J\M 

ITO~eHVIR HHT8HCHBHHX ll~KOB pa3~HHX T~e~ HOHOB Ha 3HeprVIH, 

.noeTaTo~Hhle l(M npeo.n:o~eHHR KYJIOHOBCKoro Clap.bepa TJ:/Ke~ .fi,!J;ep. 

H~H~ npe.n:e.JI Tpe6yeMO:i1 3HeprHVT COCTaBMeT Ha llpaRTm<e !1pHMepHO 

6 M3B Ha aTOMHyJO e.UHHHIJ;y Maeeu TIDKe~oro HOHa. Jl.aJieE HeOClXOJJ;L1MO 

6H~O paspa6oTaT:b BHeOKO~yBeTBHT8JThHHe H CeJI8RTHBHh!E 3RenpeCCHH8 

M8TO,Uhl OC\HapyJKeHHR, H.IJ:eHT11rp!t'!Rall,l.J:H H l13JrqeHHR Ql¥!3WIE•CKHX H XHMH

~eCKHX eBO~CTB 3~8MeHTOB. 

2.2. YclWpHTeJThHM Texmrna 

ilytrnH HOHOB yrJiepo.n;a, a30Ta M RHC~opo.n:a He6o.Jr:,IIIOM HHTeHeHB

HOCTH cJbl~ BrrepBHe ITO~eHH Ha IJ;HKJIOTpOnax, CKOHCT :J:nipOBaHHllX 

UM yCKOpeHHR rrpOTOHOB, .n:e~iTpOHOB H d.. - ~aeTHIJ;. ·raRHe !10!1hiTRVT 

.ue~~c:r, B rrmH.n:ecRTHX ro.uax B EepR~, CToRrOJThMe >1 B Mocnne, H 

3TO !103BO~~O HaROTIHT:b nepnHe CBe~eH>l.R 0 3aKOHOMepHOeTRX peaR~, 

BH3h!BaeMHX T~eJihiMH HOHaMH. 0.UHaKO .UOCTaToqHo HHTeHCHBHhle IT~KH 

6~ llO~eHhl ~ Ha CTI8UHaJThHO eROHCTpyvrpoBaHHhl] ~ 3TO~ uenvr 

~Het!HHX yeKOPHTeJI.liX, TaKHX ,RaK HILAC (EepK~) ,H r:HK~oTpoHax 
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(Jlyc5Ha, Opc3, 0It P:I'I,ll;)K). )lBB. I.LHRJilft!ecRmc ycRopiiTe.IDI, m.~eiOmmccR B 

Jlyc5He, IT]JO.I(OJDKa.JOT HenpepHBHO COBepmeHCTBOBB.T:bCJI R B HaCTO.ffii188 

BpeM.ff .fffi. !.ff!OTC.ff Hal!cJOJiee 3qxp8RTll:BHID.lli Mamll:HaMll: ITO RHT8HCUBHOCTll: 

rrytn<oB, :•Hepriiii tiaCTliU li .n:vrana3oHy Mace ycRop.FreMHX HOHOB. 3To 

I\JiaccvrtiecRH.i1 I.LHRJIOTPOH Y-300 (3aiTYJileH B 1960r./91 If HsoxpoHH!li1 

UVIRJIOTPOf Y-200 (pac5oTaeT c 1968r.)110/ c .IJ:liaMeTpoM rroJIIOCHHX Ha

KOHetrHVIRC B 310 ll: 200 CM COOTB8TCTB8HHO. ".60JI:billM11 Mam~ma yCKOpR

eT tiaCTHlll C OTHOill8Hl!8M MaCCH R 3ap.ff.I(y (B aT.e~lfHHUax) B rrpe,n:e

Jiax OT 4, 5 .I(O o, 5. 0Ha oelopy,n;o:Ba.Ha yHIIRaJI:bHHM ra30pa3pR.I(HHM l!C

TO'!Hl!J(OM MHOrosap.ffnHHX l!OHOnl11/, B ROTOpuit MO~HO Jilf60 ITO,I(aBB.T:b 

ra300c5pa3Hh!e 3JieM8HTH VI C08.I(HH8Hll.ff, JIH60 l!CIJapRT:b ITpRMO B VICTO'I

H.!me TBepuhle nemecTd12/. ITocJie,n;Hee ycoBeprueHCTBOBa.Hl!e rrosBOJIH

Jio ycKopirri> l!OHbi TaKIDC 3JieMenTOB ,RaK RaJI:bi.LHit, (iloccpop ll I.LHHR. HII

~e (§ 4.4) Cly,n:eT paCCRa3aHO 0 COBM8CTHOM HCITOJI:b30Ba.Hlfl! ,n:Byx .n:yc5-

HeHCRIDC y~ROpll:TeJieif B Bl!.I(e TaH,n:eMHOH CFICT8MH .I(.IDI yCROpeHH.ff IIIOHOB 

RC8HOHa. 

B Tai5.JI. 1 rrpHBe,n:eHH naPaMeTphl nyqROB TIDKeJih!X HOHOB ycRopH

Te;reit Y-3DO H Y-200, a TaRJKe rrpoeRTHble rrapaMeTpbl qeTblpeXMeTpono

ro UHRJIOT] JOHa Y -40ol13/, KOTOpbli1 6y,n:eT C03.I(aH rryTeM peROHCTPYR

UHlf Y-300. 

Ha ycROPHTeJie HILAC n EepRJIFI .IJ:.IDI rro;ryqeHHR TpaHccpepMHeBHX 

3JI8M8HTOB l!CITOJI:b3YJOTCR HOHhl He THJKeJiee RHCJIOpo,n:a. B )lyc5He TaRHe 

HCCJI8.I(OB8.LVI.ff rrpOBO.I(HT C HOHaMH B!IJIOT:b .I(O RpeMHJIR li cpoccpopa. 3TO 

,n:aeT .n:yc5HEHCROH Jiac50paTopHli B03MO~HOCT:b B8CTH CHHT83 3JieMeHTa 

107 C ypaf OBOJ1 MHill8HbiO, B TO BpeMR RaR B EepRJIH .I(JIR 3TO-n U8Jilf 

rrpHmJIOC:b C b1 HCITOJI:b30BaT:b BHCOROpa.n:F!Oa.RTliiBHIDf 3HHmT8~Hd. XOT.ff 

rrpmAeHeHHE Clo;ree JierRHX MliilleHeH H Clo;ree THJKeJIHX c5oMc5ap,n:lllpYI<JmKX 

tiaCTHU rrp~RO~T R H8CROJI:bRO M8Hbill8My BbiXO.IJ:Y peaRUHH CHHT83a,c50JI:b

lliliM rrpevtMy~eCTBOM TaRliiX ROMcJvtHa~ RllJI.ff8TC.ff HH3RaR pa.n:F!OaKTHB

HOCT:b Mliill8HH H cJOJiee cJJiarorrpliiHTHIDi COCTaB "cpoHOBHX aitTHBHOCTeif" • 



KaK QTOMH!lli ( Z ) , TaK VI MaCCOBlM (A) H01,1epa I}'K.Jrn:,I\.::1 I.10JKHO 

B np!i!HUllfie onpe,ne.Jrn:Tb H.IJ:epHcxfiH3VI'!eCI\V!MV! MeTO.I(aMll. \ TOMHhiM HO~!.ep 

MOlKHO TaKJKe VI.I(eHTV!<lJVIWIPOBaTb XHMWieCKIDiiH CTIOCOclaMVJ • .b llCTOpllli 

OTKph!TV!f! OTI(8Ji.bllh!X llCKyCCTBeHHh!X 8JieMeHTOB y,neJII>Hbltl Bee mr:epHO

·i·l13lf'!eCKV!X ~.! XHMWI8CKV!X .I(OKa3aTeJibCTB clh!JI pa3JIWIHm1 B 3tlBVJCI1I.1Q

CTV! OT MeTOI(OB CV!HTesa, pa,I(HOaKTllBHh!X CBOMCTB Jll .I(}YrlU OclCTOH

TeJibCT~14/. ivlhl KOCHeMCH B nepByJO O'!epe.I(b HeKOTOpnX xapaJ\TepHh!X 

(li!13WieCKV!X ::mcnepHMeHTaJII>Hh!X !feTO,I\OB ll !IpJI!eMOB, KC·TOph!e o6ecne

'IHBaJOT BhlriOJIHeHI1e OTMe'!eHHh!X Bh!Ule Tpe,)OBamrn 3KC!IJieCCHOCTH, BhlCO

KOtl 'IYBCTBHTeJibHOCTll Jll ceJieKTV!BHOCTH OClHilpyiKeHllH. 

2.3. 11o.nyqeHI1e nuerrapaTOB J\M asMepeHVIH 

0T,1J;eJieHJI!e !IpOJtYI\TOB MepHh!X peaKJJ,l'ltl OT Bemec'~Ba MJIIUJeHJII HB

JUieTCH, !IOJ'\a~, e,)\HHCTBeHHOtl sa,JJ,a'!eti, 1\0TOpaH rrp IJ piiclOTe C TH

JKeJilllVIJI! 110HaMI1 pewaeTcH Jier'!e H dhlcTpee, '!eM npl'l .n JyrVIX cnoco6ax 

CJI!HTe3a H,nepo 3a C'!eT clOJibiUOrO HMriyJibca TID:eJioro .W!la UTOJ.Hl HO-

BOrO 3JieMeHTa JieTHT TIO'ITVI CTporo Bllepe;r.., l1 VIX IIp06 :cr B BeUjeCTBe 

MIDlleHVJ c ocTaBJUieT npmAepno 0, 5 - 1 Mr I cM
2 • I1 p111.1eH IDI MMrneilb TOJJ

mVJHO~ He OOJiee BeJIVJ'!V!Hhl rrpodera, MOJKHO o6ecne'!V!Tb TIOJIH08 Bhl0VJBa

HH8. i13 MI1Jll8HVJ, K COJKaJieH:mo, Bh!JleTaeT TaKJKe 3Ha'!Y.T8JibHaR .I(OJIH 

HelKeJiaTeJibHh!X H.IJ:ep. 

TI pH VICTIOJib30BaHllVJ Bh!OJI!Bai!Vlfl OOJierqaeTCH 1l lli CTaBKU n pom

TOB Ocl.ny;I8HV!H K J(eT8KTOPaM Vl3JI1j'IeHi'l5l 1 KOTOpb!8 pa: l.le:umJTC.Fl Ha He

KOTOpOM yn;.::lJieHJIJVJ OT OClJiaCTJil OclJIYl!aeMOi' MJ1llleHH, T[.K K3K OHa RBJUI-

eTCH VJCTO'!H!IJKOM HHT8HCV!BHOrO rru.'!Ma..l1 He).iTpOHHOrO H3JIVLje;mH. 

Korn:a n:eTel\THPOBa.HJile H,neT no crroHTaHHOMy n:e.reHVIrp, TO o6bJ1l

HO 11C!10)Ib3YlOT 3Hepri1JO OTJ(a'!VI, 'lTOclH BI18J;fJRTb aTOMJJ B DOBepXHOCTb 

MexaHH'Ieciwro TpancnopTepa - cdopH!rna, .nnmxymero ~H Henpeph!BHO 

H.Jrn: no san:aHHOMy BpeMeHHOMY rparjmKy. Ha pnc. 1 JJJMBeneHa cxeMa 

O~HO~ M3 rrpm1eHHBillHXCH ycTaHOBOH. 
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llpH H3MepeHHH oL -H3~8HHR .UAH IIOnHOrO MCITOnb30BaHHR pa3-

peUJaiO!ll8Il CIIOCJClHOCTH ,neTei<TOpOB H80ClXO,nMMO, '1T06h! CJIOVt Ha IIO

B8PXHOCTH coo Jlll1Ka, P I<OTopoM HaxcMTcR aTOMhl, Oh!Jr 

O'ieHb TOHI<Mlli. B Tai<OM C.Jzy<Iae aTOMhl OT~a<J:M npe~Bapi'IT8nbHO 3aTop

MruK:viBaiOTCR ITO IHOCT:OIO B aTMOC!J>epe K81\0rO-JIH00 ra3a B 00'b8M8 3a 

MHUJ8.H:ol0. 0HH ciy:rzyT ~Hc[qlyH~HpOBaT:O K IIOB8pXHOCTH COOpmma H a~

COpClHpOBaT:OCR Ha Hefi. 3TOT npo~ecc MO~HO YCI<OpHT:O, 8CJIH C~pMH

pOBaT:O ynnTpa<:ByKOByrO CTpyro, Bb!TIYCKM ra3 <J:epe3 Y3I\08 COIIJIO B 

OTI<a1IHBa8MbiH C•O'LeM. Kor~a TaKaR CTpyR ObeT B TBep~ TIOBepXHOCTb, 

T.ffiK8Jill8 aTOMhl 3~8!\THBHO B!:ICa.JK!iiBa!OTCR, 3TOT M8TOJJ: "ra30BOH CTpyH" 

ClhiJI npe,n;JIOlK8H M:aKtfl8pJI8HOM/IS/H BII8pBb18 llpHM8H8H ,li;JIR H3yqeHH!I 

TpaHcypaHOBhiX 3JI8M8HTOB B ny6He/I6/.C ero IIOMOmbD MO~HO He TOJ!b

KO COClHpaTb aNMhl 3a BpeMeHa IIOpR,n;Ka IMCeK,HO H TpaHCIIOpTHpOBaTb 

HX npe,n;BapHTeJI:,Ho Ha 3HaqHTeJibHOe paccroRHHe. Ha p:vrc. 2 rrpHBe,n;e

Ha CX8Ma annapmyphl, OCHOBaHHOH Ha 3TOM llpHHIUme. 

Eme O~HHM CIIOC060M !10~8HI'IR OtJ:e.H:o TOHI<IiiX HCTO<J:HHKOB !IBM

eTCH rimnnTpOBal![1"8 ra3a C 3aTOpMOJR:8HHI:lM!ii aTOMaMI'I OT,IJ;atiH 11epe3 

TOHKH8 CJIOI'I Bhl<:OK03tlxP8KTHBHUX aap030nbHhlX BOJIOI\HI'ICThlX rjiHnbTpOB 

/ 17/. 3TOT M8T(I)J; ycneUJHO llpi'IM8HR8TCR B .llyOHI
18/ (CM.pHC,3) • 

.1.\M per:vrc1·pawm H3JJYT.I8HHR B c~ae cnoHTaHHoro ,IJ;eJieHM rro

BceMeCTHO npHMEHR!OTCR TB8p,IJ;OT8JibHhl8 Tp8ROBhl8 ,Il;8T8RTOpb! OCROJIROB 

n:eJieHw/
19/, TE!{He, RaJ{ ITOJII'IM8pHhle ITJI8HI<H, CT8KJia Fl CJI!O~. 0CI<OJI

RIT ~8JI8HHR, BOMBMCb B llOBepXHOCT:O ,IJ;8T8KTOPOB, OCTaBJIRIDT B 3THX 

MaTepi'IaJiaX KallaJibi, KOTOpble MoryT 0!1T:O XI'IMH'18CI<I'IM TpaBJI8H:vi8M yBe

JIH'18HU ~o pa3MepoB,BH,IJ;HMhlX c noMom:r,ro onTH<J:ecKoro MHKpocRona. B 

,l.\y6He 6b!JIH OTpa ~OTaHH M8TO~ oOpaOOTKH llpi'IpO,D;HOM CJI!O,lUl H QlOCIJ>aT

HOro CT8KJia, KOrOphle ll03BOJII'IJIH CHH31iiT:O COClCTB8HHHH ~H ~8T8KTOp

HhlX ycTpOMCTB B Ollh!Tax no CHHT83Y HOBhlX 3JI8M8HTOB ,IJ;O ypOBHR O~Ho

ro CJI8,IJ;a OCROJIR:l 3a H8CKOnbKO .U8CRTKOB cyTOK HenpepHBHO~ paOOTH 

amrapaTypH. CJIIO,(RHue ~eTeKTOPhl MOryT pa6oTaT:o np:vr TeMnepaType ~o 
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400° H B XHMWI8CKH arpeCCHBHO~ ra30BOH cpe.n:el20 •21/, '!'~0 'lpe3-

E~aMHO B3XHO npH XHMWI8CKOM Hll8HTH~HKa~H (§ 2.5), 

~ -H3ny'!8HHe perHCTpHpyiDT llOBepXHOCTH0-6apbepHHM1 KpeMHHe

BblMIT .n;eTeKTOpatm, pasperneHHe KOTOpb!X llOCTHraeT cet\<rac 20 K3B. 

2,4 • .flnepH001H3WI8CKHe CllOC06H H)J;8HTHcpHKaupur H30TOllOB 

KnaccH'!eCKHM MeTo.n: nepeKpecTHHX odgy'!eHHft pe.n;Ro y~aeTcH no

cne.n:oBaTeRnHO npHMeHHTb llpH CHHT838 H30TOllOB TpaHC~epHeMHX 3~e

MeHTOB, C O.n;HOM CTOpoHH, Hadop llOCTYlli-IillC MaTepHaHOB MV lUeHell H 

60M6ap.n;HpyiD~ '!aCTKU orpaHH'!eH H HOEHn H30TOll HHor.n;a MO~O llO-

~HTb ~lib B O.IJ:HOM KOM6HHaU:HH MIDIJeHb-TRJKe~ HOH, C ,I,pyroif CTQ

poHH, npH H~'!HH !floHa H "ll~OXO:lf CTaTHCTHKe" OTCYTCTB¥ e H30TOna, 

KOr.n;a OH He .IJ:OJDKeH o6pU30BHBaTbCH, He BCer.n;a MOJKeT 6h!n YCTaHOB

neHO C llOCTaTO'!HOM .IJ:OCTOBepHOCTbiD. ll03TOMy pesy~TaTh! nepeKpeCT

HHX Odny'!eHH:lf COCTa~ TO~KO '!aCTb apryMeHTOB, ITOll"BePJK.IJ:aiD~ 

OTKpb!THe HOBOrO 3~eMeHTa, 

PeaKrom, npoTeKaiDIIiHe '!epes odpasoBaHrre cocTaBHoro H.IJ:pa 11: 

HcnapeHHe He:lfTpOHOB, OT~aiDTCH xapaKTepHHM BH.IJ:OM saBHCill~OCTH B~

XOJ(a OT 3HeprHH dOMdapm!pyiDUJefi '!aCTHW ld~ JKe "KPHBoj B036YJKJ(e

HM" , T. e. 3aBHCHMOCTH 3cPi>eKTHBHOrO C8'!8HHR OT 3H8PriH B036Y3tlle> 

HVISl COCTaBHOrO .ff,lij)a. 3TO KO~OK0~006pa3Hh!e KPHBHe C rrn:pHHOM Ha 

llO~OBHHe BHCOTH MaKCHMyMa OKO~O 10 M3B (CM,pHc.4). ~a~HHe ITO CHH

Tesy H30TOITOB ~epMHH B peaKI.(HRX 238 U (180, Xn )fm (cBeT~e I<pylt

KH) npe.n;cTa~T xapaxTepHHE npHMep TOrO, B I<ai<OM COOTHOWeHRH 

HaXOllflTCH 3~8KTHBH!le Ce'!eHHR B saBHCHMOCTH OT '!HCRa HcnapReMIDC 

Hei!TpoHoB H oT 3HeprHH ooM6ap.IJ:IdpYIDUJeM '!acTHu:H. Cei!'!ac HMeiDTcH 

nony3MI:''!PH'l8CKHe M8TO.IJ:ll pac'!eTa 3THX KPHBIDC/23/, ll03IO~UJHe .n;o

BO~HO Ha.n:e~o npe.n;cKasaTb no~oJKeHHe MaKCHMyMa, a6coJ~THyiD Be~

'!HHy 3~8KTHBHOro C8'!8HHR B MaKCHMyMe H ~OPMY KPHBOH, B OCHOBe 

paC'!8TOB ~elKHT npe.n;cTaB~eHHe 0 TOM, 'ITO 3~eKTHBHOe C:8'!8HHe pe-
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r 
f a.RL(Y!ti ( HI, x n. ) HBJUieTcR npoHs Bell:eHHeM Tpex Be.llli'fHH : ceqemm 

00pa30iaHHfi COCTaBHOrO HlJ:pa (3aBMCHT OT 3HeprHH OOMOaprofpyromeil 

qacTH~), BepOHTHOCTH HCTiapeH~H !.13 COCTaBHOrO Hll:Pa ,n:aHHOrO qJJC

Jia H8MTPOHOB X (<J>yHRLUlf! 3HeprM.l1 B030YJKll:8H'IIfi COCTaBHOrO .fill;pa) ll 

ilm<Topa, yqUTh!BaiOUlero IWHRypeHIJ;IDO MelK.ey HCTiycRaHHeM HeMTpOHOB M 

)];8JI8Hlle.l'l ( ~ r , TIOCJI8):(HID\ p83RO yM81ffiiiiaeTCH C yBeJIHqeHM:8M 

qncJia H ~fiTpOHOB, EcJIH napaMeTphl aRcrrepllMeHTa..JrbHh!X RPVIBHX OJIH3RH 

R pacqe'rHh!M 1 TO 3TO HBJIH8TCfi B8Cl\llM apryM8HTOM B TIOJib3Y npaBJI!Jib

HOCTH VI, ~eHTmfmRal.(Y!H Vl30TOIIa, lilaRCllMyML! BllXOll:OB pea.RL(Y!H C X=3 1 4 ll 

5 (pVIc ,,, ) JielrmT B noBOJibHO ysROM VIHTeproJie aHepriD\ 6oM6apln'IPY~ 

meil qac"VI[(l.;, qTo nnorna ,n:eJiaeT onpe,n:eJieHMe MaccoBoro q11cJia He

CROJibRO OOJiee TPYll:HOM 3a,n:aqei1, qeM TIOlJ:TB8PlKll:8HVI8 aTOMHOrO HOMe-

pa. 

!13 peaRL(Y!i1, rwTopHe MoryT npoTeRaTL qepes odpa30BaHVIe co

cTaBHorc R,n:pa, peaRL(Y!ll C ncnapeHVI8M Oll:HHX TOJibl\0 H8MTpOHOB HMe-

' IOT saBe,noMo MHOro 6oJibrnee ceqem1e, qeM npon:eccll c vrcnycxaHVIeM 

ll:PyTllX '19.CTH[(, :1TO B8pH0 1 BO BCHROM C~ae, npH He CJilliiil\OM BblCO

HllX 3HeprVIHX B030YJK,IJ;8HHH 1 C ROTOph!MVI llM8IOT ,Il;8JIO IlpH CVIHTese 3JI6-

M8HTOB, raRllM ojpa30M 1 8CJIH lJ:Ol\a3aTb 1 qTQ )l;aHHllH HJR.lillll: 00pasy-

8TCH B p~aRL(Y!VI CJillfiHVIH 1 TO npaRTVJ:q8CRVI TaRJKe lJ:ORa3h!Ba8TC.fi 0 qTQ 

ero aTOMillH HOMep paBeH HOMepy COCTaBHOrO R,n:pa. 

ATOUhl OT)l;aqVI H3 peaRL(Y!VI (HI, X n ) Bh!JI8TaiOT VI3 MVIIII8HH B npe

ll;8JiaX yr.ra B HeCROJibRO rpa.eyCOB 1 TaR Ral\ MaJihle llMTiyJibCll OT HC

napfiiOUliDW.fi Hei1TpOHOB He MOryT CYIJ1eCTBeHHO H3M8HHTb HanpaBJiemre 

ll:BIDKeHVI.fi, ROTOpoe HM8JIO COCTaBHOe R,n:pO. YrJIOBOe pacnpe,n:eJieHHe 

IIPO.D:VI<TOB B3allMO,Il;eHCTBH.fi ITO ,n:pyrHM RaHaJia.M 3Ha'lHT8JibHO :TIMpe • 

.IJ:pyHH H ;;p/24/ IIOKa3aJIVI 1 RaR VICIIOJib30BaTb 3TO HBJI8HHe ll:JI.fi H,Il;eH

TVI!fJVIRal.(Y!Y aTOMHOrO HOMepa HOBOrO 3JieMeHTa, 0HH IIpHMeHHJill npOCTOH 

CIIOCOO 11 POJIJillMa[(ID1" aTOMOB OT)l;aqH, Ha pHC,5 TIORa3aH0 1 RaR IIall;aeT 

ll;OJIH aTO!VOB, Bl10HBaeMh!X B ra30Blli1 OO'beM sa MHllielffiiO, eCJill B pe-
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r:J8TR8, Ha ROTOpoi1 3aRperiJieHa M1lill8Hb, yB8Jll'l'IHB8.Tb O"l!Oill8HH8 rJiycJH

Hll OTBepCTHE I< !iX DJ1aM8Tpy, 3TO OTHOill8HHe orrpe,neJIJ!IlT 1.1aKCHMaJTh

Hlli1 yroJI, 1101\ KOTOpHM a TOMb! ~.wryT BWieTaT:& M3 Ml.J:ill8!IH. 

BM'(HO, 'ITO RlmBa.FI !LJI.FI ITPOJJYRTOB peaRUIJ[M (HI, X n. ) CHJThHO OT

Jll.J:1 il8TCR OT TilROH Ji\8 saBJ/ICHMOCTM .IJ:Jl.FI .FI,nep, ITOJij!'tfaJOUHXC.FI rrp:rr B3aH

MO~'L8MCTDV:.FIX .'(pyrHX THITOB, 

ECTb BCe OCHOIJallHH yTBepJK,n:aTI>, 'ITO COBOR:J'ITHOCr:& rr,aHH!lX no 

nepeKpecTHEJM OtJJIJ!'tfel!Cfffi~, RpHB!lM BOs;:lj'IKJ(eHaH H yr JIO Bhllvl pacnpe,I(e~ 

HJ/IIDA ilTot~OD OT.T(a'IJ/I nOSBOJI.FieT Ha,ne:l\HO onpe,ne.Jll'!Tb Z ll A HSOTOnOB, 

nOJ!j!'tf3.eMb!X no pear\~ (HI, xn ) , HCSaDJ/ICHMO OT TOrO, H,n:eT Jll'l llX 

perJ/ICTpaW!R no o( -pacrra,n:y li.Jll'l no CnOHTaHHOMy ,I(eJieHIDO • 

.UJI.FI o£. -aRTHBHhrx: MsoTonoB cymecTByroT, KPOMe Taro, cneuwpwiec~ 

RHe MCTO,IJ;bl liJ(CHTJ/I~HRaUHH z 11: A. B pa6oTax rrropco 11 .n:p/26/ I'! 

.l(OHIJ,a lf ,n:p/27/ cJWI BOCRpellleH OCTpOyl\1llbrl1 KJiaCCH'IeCKHM MeTO.IJ: ".IJ:BOH

HOM (H BOOCll!je MHOroRpaTHOM) OT.IJ:a'In", npHMeHHBillHMC.l' B 1909 ro.n:y 

XaHoM H J(pyrHMn 1/IccJie,n:oBaTeJL'IM:rr .IJ:JI.FI H.IJ:eHTI.J:qmK:lU!iH HsoTonoB B ue

no'!Rax pacrra.n:a aMaHaUHi1. Ha pMc,6 npHBeneHa npMHLU'ITHaJThHM cxeMa 

YCT3.HOBI\H, !!a KOTOpoti B ,Uyc5He cJ!l.Jll'l npM OTKph!T;m 3JeMeHTOB 102 11: 103 

.un:eHTW'fli!WIPOBaH!l HSOTOnh! 
256

102, 
254

102 1f 
256

103 ryTeM ycTaHOBJie

HliJI III X reHeTH'ICCROM CB.FISH C HSBeCTHhiMH HSOTOIIaMH i 50fm '11: 252t m, 

J1pO.IJ:YKTbl OcJJiy'IeH1HI M.V!IlleHI'! OTJXeJI.FI.lll'IC:b sa C'feT OT.IJ:a':li :1 a.n:cop6Hpo:sa

Jll'!Cb Hs rasa Ha Henpep!lBHO ,n;BlllKYll\CMC.H cc5opmrne. I:or.n:a H.JJ:PO .V!Crr!l

Th!BaeT eX.. - pacna,n, flOJIO:IU'!TeJThHO sap.FIJKeHH!le aTOMilpHb!e .V!OH!l ,I(O'Iep

Hero H30TOrra OTpb!Ba!OTC.FI OT ITOBepXHOCTll H MOI'yT cJhl":b COcJpaHH HS ra-

33. Ha OTpHD,aTeJThHO sap.Fr:KCHHOM BTOpWIHOM c6opmme '.H.Jll'l JKe B01'1T!1 B 

Hero sa C'IeT CBOei1 OT.n;a'IH), .l(OCTaTO'IHO J(OJII'OJKHBYUU!e H30TOilb! wePMM 

Ob!Jll'l Hl\eHTH(lJHUHPOBaH!l Ha ROJIJieRTOpe pal\.V!OXHMM'IeCKi 1! ITO CBOMCTBaM 

HSJiy'IeH1!.FI, Pacrrpe,n;eJieHHe 'IHCJia aTOMOB (jlepMH.FI B.n;oJI:, Herro.n:BIDKHoro 

COOpHHRa OTpaJKaeT rrepHO,I( nOJIYpacrra,n;a MaTep1!HCRO~ lKTHBHOCTHo naJTh
HeHmee pasBHTHe 3TOT rrp1!HIJ,Hrr ITOJIJ!'tfHJI B .UydHe/

161, a saTeM B EepKJIH 
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B pa6oTax ITOCJI8~KX JI8T, B HKX B RatreCTBe BTOporo ROJIJI8RTOpa 11C

IIOJib3Y8TC~ ITOBepXHOCTl> IIOJiyiipOBO~l1ROBb!X ~8T8RTOpo~ 3TO IT03BOJIH-

8T B8CTI1 ~~eHTWpmtau;mo TaRJKe ITO ROPOTROJKI1BYilll1M ~o-qepH11M 11Jlli BHy7>' 

l:J:aTh!M aRT:mHOCT.AM np11 yCJIOBI1>1, tiTO OH11 MOryT Clh!Tl> 0~03HatiHO 

orrosHaHH ''OJibRO no CBOHCTBaM ol.. - pacrra~a • 

.llpyRH M ~p/28/ HCITOJib3yiDT B ITOMCRax ol - pa~Roau;TRBIIUX U3o

TOIIOB HOBlX 3JI8M8HTOB,IIpe~ITOJiaraeMhl8 ~- aRTI1BHhl8 ~oqepHI18 rrpo

Jzyl{Thl ROTC,pb!X 113B8CTHhl, ClOJiee rrpOCTOH npl1HI.J;MI1 "sa,n;eP?Ka.HHb!X COBna-n 

~eHHH" o<. - traCTiiiU. IIocJie TOrO RaR B ~OCTaBJI8HHOM npenapaTe ~eTeK

TOp saperl1CTpM:pOBaJI oc - tracTzgy, 11M88TCR 3HaqzTeJibHaR BepORTHOCTl> 

saperzcTpzpoBaTI> TaRJKe oc - pacn~ ~oqepHero ~pa. ecJIIil BSRTI> ~o

cTaTOtiHO 6)Jlbmoe BpeMR OJKH~aHHR (o6hltiHO 2-3 nepzo~a rrOJIYpacrr~a 

,IJ.OflepHero V30TOfla). JTO TaJOKe II03BOJIJleT 60Jiee fl8TKO Bl:l!f.8JIJlTh reHe-

Tlill:J:8CRH CBR3aHHhl8 aRTI1BHOCTiil rrpz HaJIMtiiill1 3Ha'l:HT8JibHOrO ~OHa, 

I1p11 no IHTRax o6HapyJKeHI1:.Fr o( -traCTI1I.J; HOBOrO 3JI8M8HTa rrpoel~-

Ma WOHa,RB~I8TCR '!aCTO 0'!8Hb cepn83HOH BCJie~CTBiile TOrO, 'ITO 3TOT 

BH~ pacrra~a B OTJIIiltiHe OT CllOHTa.HHOrO ~eJI8HliiR 0'!8Hb pacnpOCTpaHeH 

y BC8X il3B8<:THhiX Tpa.HcypaHOBhiX 3JI8M8HTOB, KpoMe TOrO, B3al1M0~8MCT

Blil8 TRJK8JlhlX l.J:OHOB C B03MOJKHh!Mil npiD~eC.AMiil CBii!Hga, PTYTiil Iii T. 11, B 

MlililleHz npuBCI~Ii!T R o6pasoBaHzro HSOTorroB B o6JiaCTil Po - Ac H 3TH 

npo~RThl il3JytraiOT ot-1:J:aCTI1Uhl B ill.ilpOROM ~HarrasoHe CI18RTpa/29 •30/, 

Ko BCeiliy, tiTO 6h!JIO CRasaHO 0 ~epHog)H3.ilti8CRKX CITOCo6ax .ilJ(8HT.il

~mtai.J;MH,CJie~yeT ~o6aBZTI>, tiTO Ii!M8IOTCR 110JIY3MI1HpHtieCR.il8 CHCT8MaT!1-

R.il ~a.HHhiX 0 ~epHh!X CBOHCTBBX Tpa.HCypa.HOBh!X 3JI8M8HTOB, ROTOph!e rro-

3BOJIR!OT C HEKOTOpOfi TOtiHOCTl>IO 3apaHee OI.J;8Hll:Tl> CBOMCTBa pacrra~a HC

KOMOro .il30TOITa, O~HaRO 3Tl1 rrpe~CRa3aHI1R He~OCTaTOtiHO TOqHh!, qTo-

6h! KX 11CITOJib 30BaTl> ~JIR 11~8HTH~!1Rai.J;MH, l1x pOJib COCT011T TOJibKO B 

[!OM, 't{TOClhl O:l8CI18't!ll:Tl> "pa3yMHYJO" ITOCTa.HOBKy Ollh!Ta, T,e, COCpe~OTO

ql1Tl> BHHMaHH~ Ha RaROM-TO HHTepBaJie 3HeprliiM per!1CTp!1pyeMOrO Iil3JIY-

1:J:8HliiR H BpeM~IIH JKiil3ID'I 1130TOITOB, 
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2. 5. MeTO)Jh! XHMWieCKOM H.IIeHTiiffiHKa!Jl;!H HOBHX ::ureMeHTOB 

EO.JibillHe BOSMOlKHOCTH JI.IIepHcxpHSWieCKHX iVIeTO.IIOB W1C KO.JibRO He 

yrila.JimOT SHU'!eHIUI XHMWieCKOM H,I(eHTHqiHKaWiYl, KOTOpaJI IICt OTHOmemno 

R rrepBb!M ,I\.'leT IIOJlliOCT:OID HesaBHCHMOe ,I(OK8.SaTe.JibCTBO npaBH.JibHOCTH 

onpe.ne~eHYlR aTOMHOrO HOMepa H RBnReTCR TaKJK8 OTllpaBHtM nyHRTOM 

I(.IDI .IIa.JibHefimero HSyq8HHR XJIMHqecRHX CBOMCTB HOBOrO 3J[eMeHTa. Ilo-

3TOMy B .Uyc5He c caMoro Haqa~a BHIToJlliemm rrporpaMMH rrc' TpaHc!Jiep-

1\Ul.eBHM 3~eMeHTaM y,ne~OC:O ClO.JibiUOe BHHMaHHe paspaeloTt:e MeTO.IIOB 

HX XHMn'!eCROrO Bhi.II8~8Hlis/14/. MOJKHO Clh!JIO npe,n:BH)\8T:O, tJ.TO, RaR 

IIpaBH~O, llpH}\eTCR ID<leT:b JJ;e~O C ROpOTROJKHBYUIHMH HSOTOIIaMH. llo3TO

r:ry OTc5Hpa~YIC:O IIpHHWiiiH, Oc5ecrreqHB810fl1He BOSMOlKHOCT:O JJ;Oc5HT:OCR BHCO

ROM 3RCIIpeCCHOCTH. B pesy.JibTaTe OCHOBHOe BHHMaHAe 6Hj£0 cocpe.n;OTQ

'!eHO Ha raSOBOll XpoMaTOrpaqiHH c58SBO.IIHHX X~OPH.IIOB H .II]>yrHX ~eTy

qJ1X neopraHWieCRHX coe.n;HHeHI'Ill. 3To onpe.n:e~~oc:o TeM, '!TO HaHClo~ee 

aKTya.JibHOll sa.n;a'!8H ClHJia li!JJ;8HTHcpHKaiU1R 104-ro H IIOC~eJCYl004Ji!X sa HHM 

a~eMeHTOB. Ec~ aneMeHT 103 JIB.IDieTcR nocJie.I(HllM tJ:~eHml ceMei.fcTBa 5f 
("aRTHHO!i!JJ;H"), TOr,I(a HS SaKOHOMepHOCTe~ llepHO,I(H'!eCROii CHCTeMH CJI8-

.n:yeT, 'ITO 3~eMeHTbl 104, 105 H T.,I(. ,I(OJDKHH c5HT:O XHMH'II!CRHMVI aHMQ

raMH H5 , Ta. , W , Re . • . Bee 3TH aJieMeHTH oelpasyll'r cpaBHHTe.Jib

HO ~eTytJ.He X~Op!i!JJ;H, a HeROTOpHe TaKJKe ~eTyqHe OKCHX~Op:I'I.I(H. MOJKHO 

6u~o HaJJ;eRT:OCR Ha ycrrex pas.n:e~eHHR c rroMom:oro rasoBon xpoMaTorpa

qiHH, B qacTHOCTH, B ee rasoa.n:cop(')I.Ul.OHHOM nap!i!aHTe. AnrrapaTypa,Ro

TOpaR IIpHMeHRIDC:O B rrepBIDC OIIHTax ITO XHMHI'I 104-ro 3JlilMeHTa, IIOI<a

SaHa Ha pHc.7. HaHClO~ee cymecTBeHHHe qepTU CXeMH OIIH"a Ha 3TOM 

ycTaHOBRe COXpalUIIOTCR H ,I(O HaCTORI.llero BpeMeHH B HCC~I),I(OBaHHRX ITO 

XHMHH c50JI88 TRlKe~ 3~eMeHTOB. OHYl COCTORT B c~e.n:yrom.:lM: 

ATOMH OT.n;aq:I'J: TOpMOSRTCR B HeelO.JibillOM o6'beMe sa Mliill8Hl>ID B no

TORe aSOTa H TpaHCIIOpTHpyiOTCR raSOM B CTeR~HyiD xpouaTorpa!J>WieC

RyiD RO~OHRy. Ha BXO,I(8 B KO~OHRY Bras BBO~CR rrapu GpaBHHTeJII>HO 
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JieT;t,"'IDC XI!CPMJ\OB, Hanpm.1ep .SOCL2, TiCl4 , NbCls l1Jll'I ZrCl't . 

Tmwro poT(::: rwMnoHeHTH HBJIHKJTCR XJIOpli!pyrorrmMiil areHTaMli! !1 "HOCI1Te

.lilllVII1" D:JIR 2TOMOB OTD:atm. A,I(COp:5lilpyHC:O Ha TIOB8pXI!OCTH IWJIOHKli!, OIH1 

TIOCTORHHO C683BOi!UlBaiOT ee lil MO,ll;t1Qili!UJ1PYIOT ai(COPclUHOHHhl8 CBOtiCTI':l 

CT8KJia. HyJHO ~'\Odli!T:OCR TaJ\Oii CT8.!8Hli! MOD:Wpli!KaUJ1l1, T.e. CHI13MT:O 

T8flJIOTy a,i(C OpOL\fl!:! XJI0p11,11a HOBOrO 3JI8M8HTCl WlCTO.I!bKO, tiT05bl pado

I.JWI Ter,mep<: Typa xport.::lTorpacf'~!tiecKoi1 IWJIOHK!1 He IJ:OJI:KH:l 5uJia npeBu

JJc.tT:O 300-c!C 0°. JT\<!M Tpe:Jo:&Uil18M B OCHOBHOM onpe,n:e.JIReTCR Bbldop XJIO-

l'l1PYIOIU11X RC•Mfl0H8HTOB l1 IIX KOHI~8HTpaL\l1M. 

Pa3,n:eJieH!1e EpoBo,n:MTCR c nO!.IOIU:OIO .JJ:BYX Bapl1aHTOB xpoMaTorpacjJM>r: 

'I) ~~HTilJ!bHM Xp0!.1aTOrpWill1R Ha l13DT8QMl1ti8CROW KOJIOHKe. 

dTa Tf:Xf!L.IKJ npl1M8HRJIC1C:O B nepBb!X OTihlTax TIO l1,1!8HTI1dH'!RaUl1lif 3JI8-

>v18HTQ 104/::1
- 33/, KOr,I\a OCHOBI!M 3a]\a'!a COCTORJia B OTT(8.1!8Hiilli! 3TQ

ro 3.1!8M8HTil IW.K 3Imra~;Hl1H OT 3.1!8M8HTOB C8M8MCTBa 5f , KOTOpble lifM8-

!0T :J8;1){038I·18JThHblM xapaRTep. fiOCRO.I!bKy TIOCJI8,!l;Hli!8 06pa3yifJT HJI[3KOJI8-

T:\"'Ii\8 X:JIOPHll;H, TO 0Ki130J!OC:O Il03MOIKHblM C03MT:O TillU18 yc.'!OBMH, nplif 

KOTOpUX D pe;:::rrt.e ·I pOll'l'.S.I!bliOM xpm.1ilTOPpaQll'lli! OHii\ He flOHBJUUOTCH Ha 

Bwco,n:e A3 J:OJIOHI\"1 J:<J:·Ie rrpr1 upO,I\OJDKMTe.l!bHOCTiil orrnrTa B 2-3 cyTOK. B 

3TO )l(8 BperrJR 3.TOML! ra.pH!-!H, Kai\ Clhf.JIO TIOKa3aHO npmt.blMl1 M3MCp8HVlHMI1, 

rrpOXO,IJ)IT 'l.•;pe3 KOJIOllliy 3a BpeMJI M8H:Oill8 OI(HOti C8KyH,I(bl. (3a,l1e~Ka 

CJiilraeTCR .!3 Bp8M8HV!, 3aTpat!l1Ba8MOrO Ha X.I!OpVlpOB8Jll18 aTOMa, rrep

BOHa'Ia.l!bi!O 8.Jr;cop6ppo:saBmerocJI Ha nonepxHOCTIIl Ha'IaJThHoro Y'IaCTKa 

KQ,TOHKil, Ill BpeMeHH y,n:eplKI1BaH!1R MOJI8KyJThl X.I!Opl1,!1a). 3JieMeHT 104 pe

rl1CTp!1pOBa JICH Ha BUXO,Jle 1!3 KOJIOID\.l1 ITO OCKOJIRaM CTIOHTaHHOrO ,!18.1!8-

IIl1R B ,1\JIHE !OM KU.Mepe CO CmO,I\HHLIMI1 ,I(8T8KTOpElMIIl, 'ITO B Tipl1HL\l1TI8 TI0-

3BOJIRJIO I\OlTpO.I!l1pODaT:o 118pl10,1\ flOJIYpacna,n:a (eM. § 3.4), o/... -aKTMB-

l!ll8 o130TOD 'l T; LKJKe MOryT 6ECTb arr;eHTWflii!UV!POBaHbl X:li!Ml11.!8CKI1 3Tl1M MeTQ

]TOM rrpVt yc JIOmiA, lfTO 0H:1 n:aiDT '!0 TI'o;:tii!BY!Ill1e ;~oqepHv::e l1.1!l1 BHY'Janre 

fliJOir,:'lKTbl, ilf;:H!Ci,I\J!e:Kail{VI8 .l.JI8M8HT·::Ufi C !18JI8TJ'll1Ml1 XJIOpH,I\aMii\. Jl.JIR .JTO

ro Hy:n!O Wl BUX:OJ(8 113 KOJ!OHK'1 ycTaHOBI1T:O JIOByuiKy ,1\.I!R 3a.u:epJKaHHR: 
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coe,nHHeHafi aJieMeHTa 104 11 3aTeM npoaHa.Jil13HpoBa.TI ee co.n:epJKaH!!e 

Pa.n:HOXHM!f'IecKI'IMI'I cnoco6aMH Ha .n:o'lepm~e a.RTMBHOC1 :~/33/. 
2) <l>pOHTaJI&HM T8PMOXpOMaTorpaGJI!.!I Ha ROJIOffi e C rpa,IIDeHTOM 

TeMnepaTyphl. B 3TOM CJIY'Iae BJIOJI:b HO.JIOHRI'I TeMnepccTypa ITOH:DKaeTCJT, 

H pa3Hhl8 3JI8M8HThl B 3aBHCl1MOCTH OT CBOHCTB HX x;ropHJ(OB a;(COp6H

pyroTCH HU CT8HKax B pa3Hb!X HHTepBa.Jiax TeMnepaTy]lhl, T.e. Ha pa3-

JII'I'IHhiX yqaCTKax KOJIOHKM. I.J:TOOhl onpe.n:ellliT:O ITOJIOJKOHI!e 30Hhl KOpOT

ROiKITBY::I18rO CITOHTaHHO ,ll8JIRuterOC.!I 3JI8M8!1Ta, IreOOXO)\ID~O npmv10 B RO

JIOHRy 3aRJiaJIHBaT:O .IJ:8T8RTOph! CITOHTaHHOrO )\8JI8HHH ( ITJiaCTMHRH cmo-

;ut - CM. § 2 • 3 ) • 

3TOT M8TO,IT; npHMeHHJIC.!I JIJI.!I MJI8HTHtfJHRaW!H 10l-ro I! 105-ro 

3JI8M8HT0~34 '35/ H nepcneRTI'IB8H .JJ:JIR 3JI8M8HTOB, ITOCJie,nyJOll(H.'{ 3fl HH-

W. HCTOPHH OTKPLITI1H H :·l3Y1IEHHH 

3Tan HCTOpHH HOBhiX 3JI8M8HTOB, CBR3aHHhli1 C ~CITOJI:b30Ba.H'Ii8M 

THX8JlbiX HOHOB ,n;JIR CHHT83a H.n:ep, .!IBHJIC.!I HOBUM He TOJI&KO TIO YCR0-

pHT8JI&HOi1 Texmrne, M8TO.IJ:3M MCCJI8T(0Baffi'I.!I H CITOC058M apryMeHTaW!H 

H JIORa3aTeJI&CTB, HO TaRJK8 liJ. B TOM OTHOID8HHH, 'lT) o<:l.JiaCT:b CI'IHTe-

3a HOBhiX aJieMeHTOB nepecTa.Jia 6h!TI> .n:ocTynHoti OJIHJH JIU6opaTopRH 

.I'IJIPJ. OJIHOil CTpaHe 'II B HCCJI8JI0BaHHR BKJII04l1JIHCb H llp0JIOJDKaJOT BRJil(}

'laT:OC.!I HOBble rpynnH H3 pa3JIH'lHhiX cTpaH. PasBHBa.eTcR MeJK.n:yHapo.n:

Hoe COTPYJIHI'It[ecTBO H, ecTecTBeHHo, TaRJKe H conepHwqecTBO. 0TKphi

THe RaJK.n:OrO HOBOrO 3JI8M8HTa Tpe6yeT OOJI&IDHX .I'IHT8JIJI8RTyaJI&HHX ycH

JIPJ.il H MaTepHaJI&HHX 3aTpaT. Il03TOMy ITOIIRTHO, 'ITO !I!CCJI8JIOBaT8JIH, 

C'IHTa~e ce6.!I OTRphiBa.T8K~AH HOBOro 3JI8M8HTa, CTp8M.!ITC.!I R TOMy, 

"lTOOhl HayqHM OdJli,8CTB8HHOCT:O npH3HaJia sa Hll1v1H npHOpMTeT OTRPhiT'Ii.!I. 

He RDJIHeTcR ceKpeToM, 'ITO liJJ:eT noJieMHRa BCRpyr anTopcTBa. 

OT:KpUT'i.!I 3JI8M8HTOB OT 102-ro T(O 105-ro M HatiHfaJOT ITO.!IBJI.!IT:OC.!I 

cnopHble coo6ruemm oo OT:KphiTHa cBepxT!LlteJihlx aJier. eHTOB. Ta.Roe no-
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no~eH~e nemEH o6ycnonneHO HeCROn&RHMH pa3HOpO~HHMH npwqnHaMH. 

Ilpe~~e ncerc, B nepBhlX pa6oTax no TpaHc<flepMMeBHM ::weMeHTaM O!:lnH 

n:onymeH!:l cep,esHHe ourn:OR~ np~ H~eHTH<fJHRar.um aneMeHTOB 11: asoTo

non (~To B comeM Hensoe~Ho B TaROH cno~oH n HOBOM pa6oTe). B 

p.A:,n;e 3Tl1X CC 0011(6HMM, R CO~anemm, He.JJ;OCTaTO'lHO ITOJWOOHO nsnara

RHC:& aRcnepFMeHTan&H!:le pesyn&TaT!:l n o6ocHOBaHHe BHBO.JJ;OB. B Ha

cTo~ee npe~H He cymecTnyeT cornacoBaHH!:lX RPHTepnen OTRPHTHH 

aneMeHTa. BvJUoiMO noaToMy, HeROTOp!:le aBTOP!:l C'lHTa.IOT ce6JI nnpaBe 

DpOH3BOn&HO, ilO-HOBOMy TOJlliOBaT:& CBOH pesyn&TaT!:l H npeTeH.JJ;yiDT 

Ha aBTOpCTBC, OTRpHTHJI aneMeHTOB Ha OCHOBaHim pa60T, nepBOHa'!an&

Hble BHBO.JJ;H Y3 IWTOphlX He DO.JJ;TBep~c:&. Ilono~eHI'le OCnOlKHB:eTCJI . 

TeM, 'ITO KO!IIHCCHJI ITO HOMeHRnaType HeopraHMtreCRO~ XHMHH .J.110IIAK,Ro

TOpaH 3aHHME.6TCJI Ha3BaHMHMH aneMeHTOB, He CtiHTaeT OOH3aTen&HHM 

BHHBn.A:Tb .JJ;e}CTBHTen&H!:lX aBTOpOB OTRP!:lTRH H B!:lpaOaT!:lBaTh CBOH pe

ROMeH.JJ;a!.U'!H c ytreToM MX rrpe.JJ;nonoJKemm. lliHpORM HaytrHM oomecTBeH

HOCT:& He3HaJ:OMa C ~eTan&HOH HCTOpneH R~OrO aneM6HTa 1 H TI03TOMY 

B ee C03HaH:U1 aBTOphl, Ha3BaBillHe aJieMeHT, OyJJYT ITOtiT.I'l aBTOMaTJII

treCRH OTO~.JJ;E,CTBnHT:&CJI C aBTOpaMH OTKp!:lTRH. 

Bee aTo sacTaBMeT Hac He TOn&RO oOCYJK.JJ;aT:& .JJ;aHH!:le o cBOHCT

nax 3JieMeHTOB VI ~30TOITOB VI .JJ;ORa3aTen&CTB8 rrpaBHn&HOCTI!: l1X VI.JJ;eH

TVIqJHRa!.U'!VI, HO ~ B!:lCRasaT:& CBOIO TO'fRY 3peHli!H B cnope 0 rrpHOPVITe

Te. B saRniO'(eHVIe 3Toro pas.JJ;eJia Mhl ITOIT!:lTaeMCH c<fJOPMYnHPOBaT:& He

KOTOpble Rpw•ep~'HI. 

3,1. oJieMeW.' 101. 

AMep~RilliCRHe anTOPH paccMaTpi!:BaiOT KaK OTRPHTHe MeH.JJ;eneBI!:H 

paOOTy fJIIopco H .JJ;P/36/ 1955 ro.JJ;a. 06nytraJIOC:& 10
9 

aTOMOB 
253Es 

ITytiROM VIOHOB reJII!:H. llpVI pa3.JJ;8JI8HID1 aKTHHO~OH tf>paRIJ;HJII no;ryqeH

H!:lX IlpO.JJ;yRTOB Ha RaTVIOHH.JJ;HOti ROnOHKe C oL -QKCHH300YTHpaTOM aMMQ

HM B KalfeC~'B8 3JIID3HTa B rrepB!:lX KaTIJIHX1 npe,I(III6CTBOBal!lliiDC Bb!XO,IIy 

tf>epMHH, O!:lJiil saperRCTpHpOBaHO IIHT:& CTIOHTaHHO .JJ;6JIHmHXCJI aTOMOB. 
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OneHHB nepJao,n; no.Jiypacna.n;a 3TO~ a.KTHBHOCTH no 6 oTc<:eTaM, aBTOPhl 

llpl'llli.Jrn K Bh!BOJIY, "'TO OH 6Jrn30K K nep>'!OJIY ITOJiypacna)(a 256t m 

(3,5 "!aca). Y"l>'~Th!BaR B03MOJKHOCT:& pea.Ku;rur (o( , n ) l! To, "'TO 

"TOJibKO CaMble TffiKeJible 3JieMeHTbl CITOHTaHHO ,Ile.JIRTCR C TaKJaMH KOpOT-

• 
KZMl'l nepHO.D;aME: ITOJiypacna.n;a" , aBTOpbl npe,n;ITOJIOJKHJIH, "'TO nOJIY"leH 

256
101, nepexo~ 3./IeKTPOHHbiM 38XBaTOM C nepHO,IlOI~ nOJiypacna.n;a 

"nopR,IJ;Ka no.JIY"laca" B 
256"Fm. B 1958 ro.rry cl>HJIJrnnc H .IlP/37 I no.Jiy

'IH.ID'l HeCI\OJibKO COTeH aTOMOB 256101 H noKa3a.Jrn, 'ITO ero nepHO.IJ; 

paBeH 1,5 'l:acaM. 

B ny6He MeH,n;eJieBHM BnepBhl8 CHHT83HpOBaJICR C ITOMOmPID TRJKe.JiblX 

1 HOHOB, B 1962 ro.rry H n03JKe 6HJIH nOJIY"leHh! COTHH aTCMOB no pea.KUHH 

238 U ( 22 Ne, p 3 n ) 256 Md /38/ .Ilmi xldMH"leoKHX HCCJIE .n;oBaHHii no 3Ko-

tpaRUHH H HOHH006MeHHOMy ITOBe.n;e~39/. B ITOCJie.n;yl~e ro~ ITO pe

aKUHH 238 U (19F, 5n) 252 Md / 22/ 6bl.JI nOJIY"leH 3~'0T HOBbiH HyR

;rn,n;. ~130TOIThl MeH,n;eJieBHR C MaCCaMH 254-258 6b!Jrn CHHTe3HPOBaHbl B 

CiliA- B OCHOBHOM oOJIY"leHHeM H30TOnOB 3HHITIT8MHHR HOI!aMH reJIHR (OM,, 

HanpJaMep, pa6ozy1401). 

3,2, 3JieMeHT 102 

3TO nep~ 3./IeMeHT, KOTOpb!H C CaMOrO Ha"!a.Jia 10JIY"la.1IH ITO pe

aKUHRM (HI, Xrt ) • Ero HCTOpHR CJIOJKHa >'! >'1306>'!Jiy8T '!80lK>'I.IJ;aHHbiMH pe-

3YJibTaTaMH H OlliH6KaMH, 0Ha B .D;8Ta.JIRX OCBemaeTCR C pa3HHX TO"!eK 

speHIDI B odsopax/2 • 7•43 • 44/. He Bhi3HBaeT HHKaKoro cnopa, tJTO 

BnepBble npaBHJibHble/(KaR B CMbiCJie onpe,n;eJieHHR MaCChi "!HCeJI H30TO

IIOB0 Ta.K .11 HX pa.I(HOa.KTHBHhiX CBOMCTB) ,IlaHHble 06 3'1 OM 3JieMeHTe 6bl

;rn ITOJIY"leHbl B .lly6He B 1963-66 ro,n;ax. I10JIHbl8 Cn:IIICf.H 3THX pa60T 

MOJKHO HalATH B 0630pax/43 - 46/. EHJIH CHHT83l'lpOBaHbl H30TOnbl C Maoca

MH 252-256, H3ytJeH HX ol ~ pacna.n;, H3M8peHa BepOJITHOCT:b CITOHTaH-

• B TO BpeMR HHKTO H He no,ospeBa.JI 0 cymeCTBOBruiHH CnOHTaHHO 

,ne~CR H30Mepo:/
41

•42 , HHatJe 3TOT apryMeH'r 6bl.JI 6bl He

,n;e~CTBHTeJibHbiM. 
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I:) 

Horo ~e~eH~R 254
102 H 256102. ~~eHTH~aUHR OCHOBHBaAaCb Ha ne-

fl, peRpeCTHlfX 0'5.JIY'I8HH.liX, llptf!l:eM RaJK)Ulif H30TOil c5!M IlO.JI,YtieH B ~Byx 
MJIH Tpex ROM5IHiaUIDIX MmneHD-'IaCTHU:a, H Ha CHRTHM Rp:HBHX B03c5YJK

~8HHR (eM., fa!lpHMep, pHc.4). B CRyqae 256102, 254102/27/ H 

25
3102/

16
/ H)ll0~30Ba~CR Ta:KXe M8T08 8BOMHOa OT8a~ (§ 2.4,pHC. 

6, 8). Tioc~e orryc5JIHROBaHHR 3THX peay~TaTOB, B 1967 rony Te JK8 

HyR.JTIUChl dHJIH CHHT83MpOBaH!l B EepR~45/ rryTeM oc5Ryq8HHR H30TO

IlOB RIOPH.f:I rro.1aMM 
12c .11 

13c. Mx cooiacTBa rro~ocTbro rromBep8MJIHCb. 

~30TOn 251 (5.,m HafineH H83aBHCMMO B EepRJIH/45/ .t1 B ,Uyc5nef47/, B 

ClllA Owm o6IaPYJKBHH H30TOI1hl 257 H 259. B Tac5~.2 npHBeneHH 

OCHOBHHe CBil~CTBa M30TOITOB 3~8M8HTa 102. 

B ~ :~08Y B .IJ:yc5He dHJIH I1P88IlPHHRTbl l18pBH8 On!ITH no XMMHH 

3~eMeHTa 102 M8T080M ~pOHT~HO~ XpoMaTorpa¢H.H X~Oplf80B Ha H30-' 

T8:pMtf!l:8CROM W~OHRI4B/. Pac50Ta rrpOB08.11AaCb Ha ycTaHOBRe 8M XH

~ 1 MH'l:ecRoti 11~e fTHclJHRaUHH a~eMeHTa 104 c H30TonoM 
256

102, no.JI,Ytiae: 

~hlM no R88PH)H peaRUHM 238 U <22 Ne, 4n) HJIH 242?u (
18o, 4h. ). 

TioBeneHHe 10:~-ro a~eMeHTa npoc~eJKH~OCb no pacnpene~eHHIO na R~ 

~oHRe ero noiepHero rrpomra pacrrana - 252 Tm • Hoc~e 8JIHTe~Ho
ro Onb!Ta ~ep:1'1HM CM!lBa~CR C CeRIJ:Hti arrrrapaTypH, H panHOX.t1Mtf!l:8CRMMHj 

M8T08aMH RO~~eCTB8HHO H3Mep~OCb ero C088pJKaHHe (eM. pHc.9).EH

~O HatineHo, ITO 102-ofi a~eMeHT oc5paayeT ne~eTyqza x~OPH8 - ero, 

~pOHT 8BHr~)R ITO RO~OHR8 0'18HD M88~8HHO, no~Oc5HO HaHTaHOH8HblM 

3~8M8HTaM, ROPHIO H CaMOMY ~epMHJO. TioBeneHI!e noc~e8Hero H3yq~OCb 

B Cl18IJ:Ha~Hbl{ OnHTax. 3TO ITORa3~0, 'ITO CT8IT8HD ORHC~eHHR 3~8M8H~ 

Ta 102 He B!lne 3+ H,'l:TO,CR88DBaTeRbHO, OH MM88T xapa:KTep aRTH

HOH8a. Brroc~~8CTBHH B EepRJIH c5HAH BIIno~eHbl HeROTOP!le paOoTH no 

B08HOM XKMHH 3TOrO a~eMeHTa/49/ CO cpaBHHTe~HO ~ORrOJKHBYmMM H30-

<:TOI10M 255102 (T1; 2 = 3 MHH), BnepB!le CHHTe3HPOBaHHblM B .llyc5He.EH

~O ITORa3aHO, 'ITO ~lfX paCTBOpax yCTO~HBO COCTORHWe% H ORH

C~eHHe He naeT COCTORHH~ Bhlme 3+. 

20 



B CBeTe ~aHHHX Ta6~.2 pe3yn&TaTU paelOT 1957-61 ro~OB, BH

ITORHeHHHX B pa3AM~HHX CTpaHax, Hen&3H rrpH3HaTb OTKpHrHeM 3~eMeH

Ta 102. 

B H3BeCTHHX CTOKrORLMCKMX OITUTax 1957 ro~af50/ (o6~eHHe 
CMeCH l130TOITOB K!OpHH HOHaMH 

12C) ClHJI OelHapYJKeH 10-M:-JHYTHhlH "Ho-

6eJil1H" C 3HeprHetf r:J.. -'IaCTHU 8,5 ± 0,1 M3B, KOTOpOMy rrpMITHCI:ma

JIOCb MaCCOBOe 'IHCJIO 253 HAM 251, a saTeM .11 255/51/. 800Cl!llaJIOCb, 

'ITO l1!l;eHTM(pYIIWU.l1R BHITOMeHa X.l1M;r<IeCKH - V!OHHOOClMeHHCM XpOMaTO- J 

rpaqll1et1. llO-BH,U.l1MOMy, B 3TOi1 paelOTe .l1MeJia MeCTO He,UCCT8TO'IHM 

X.l1Ml1'!eCKaR O'IV!CTKa aKTHHOl1~HOM ~paKU.l1.11 ITpO~TOB OelJyqeH.l1R .11 aK
THBHOCTb rrpvrHa~Jie;:caJia l130TOITY 3H8'I.l1TeJihHO ClOJiee JierE oro 3JieMeH-

T2., Hn O.I\HH vrs HasroHHHX .11 ~pyrMX H3BecTHhiX H30TOITOI 102-ro 3JieMeH

Ta He OO~a~aeT TaK.l1MH CBOllCTBaMH. 

TI MOCKOBCHMX paelOTax 1957-58 ro~oli'52/ (o6~eF.l1e 24
1Pu. 

l10HaM.l1 
16

0) coo6maJiocb o rronyqeHHH ~- aKTHBHoro 25~102 c rre

pHo~oM rro~pacrra~a B rrpe~e~ 2 ceK .( T1; 2 .( 40 ceF vr Ecx. =8, 9± 

0,4 MsB. ~aKTHtiemm 3TO osHatia~o, 'ITO Ec<.. = 8,5±0,4, TaR I<aK 

3HeprHH o(. - 'l8CTHU dUM 38BU!ileHa B pesyRLTaTe HeTO'If:OrO 3HaHHH 

B TO BpeMR 3HeprHH OL -'IaCTHU 
211

Po H 212Po, I\OTOpiW HCITORL30B8-

JII1Cb ~M Kamr6poBKH MepHHX riJoT03My n&clifi. ABTopu 3TCIM pa6oTu no~

HOCTbiO C03H8BaAM OIT8CHOCTb npo~KTOB peai<UHfi Ha npm!eCHX CBHHUa 

B MHmeHH H TII.IaTen&HO yq~ 3TOT rlJOH, A!fa~3 MOCI\OBCKOH paelOThl,IIPO:" 

Be~eHHlffi IIOC~e ITO~'leHHR ~OHeHCKMX ~aHHHX1 ITOI\a3a./~! ' 44/, 'ITO B 

Hefi HeCOMHeHHO Hael.mo~a~Cb 0.. -'IaCTRUH 102-ro 3~eMeHTa, a HMeHHO, 

H30TOII 252102 (eM, Ta6~.2), 
Eepi<AMeBCRM rpynna, ITOKa3aB HerrpaBHJihHOCTb CTOKrOn&MCI\MX 

pesynoTaToB, coo6uumaf26/ B 1958-1959 ro~ax o CHHTe:Je 3-ceRyH~
Horo 254102 c E~ = 8,3 M3B, pacrra~aiOmerocH B 30% c.zyqaeB cnoH

TaHHHM ~e~eHHeM, a B 1961 ro~ B paeioT/53/, ITOCBRII.I'~HHOfi 3~eMeH
Ty 103, BCROn&3b yrroMRHaJIOCb o6 o6HapYJKeHHH 

255
102 c T1; 2=15cei< 
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H EoL ==8,:l MsBo B .llydHe B caMoM HatJa.Jie HccJie.n;o:sam no sJieMeHTY 

102 dHJIO :laTpatreHO MHOro BpeMeHI'! Ha non!lTRH BOCnpOH3Be.I(eHIDI 

3THX pesy.ThTaTOB ITO 
254

102 H 
255

102, ROTOpHe, O.I(HaRO, Ta:Kae OKa-

3aJIHC:b HenpaBHJI:bHHMH (cpaBHH TadJI.2) o TeM He MeHee dep:KJIHeBCKM 

rpynna npO.I(OJiaaeT HaCTaHBaT:b Ha TOM, "CJTOd!l ee .I(aHH!le 1958-1961 

rO.I(OB CtlH~'aJIHC:b OTKPHTHeM 9JieMeHTa 102/43/o il09TOMY MH BHHya.I(e

Hil OdCy.I(H'~:b IDe HeCKOJI:bRO no.I(pOdHee o 

ilep~~ apryMeHT aMepKKaHCKHX aBTOPOB COCTOHT B TOM, tlTO. B 

195~ rO.I(y d!lJIO .I(OKa3aHO npHcyTCTBHe 9JieMeHTa B llpo.I(yKTax OdJiytre

HIDI: npH l!CllOJI:b30BaHHH MeTO.I(a .I(BO~HOtl OT.I(atrH (§ 2o4) Ha nOBepx

HOCT:li BTO]lOrO cdopHHKa pa.I(HOXHMH'IeCKHMH MeTO.I(aMH d!lJIH 06Hapyae

HH aTOMH :~50 tm. 

Bo-B:~OpHX,no,~;qepKHBaercH, qro HeCMOTpH Ha HenpaBHJibHYD H,J;9HTH

\PHKaiUID Bl:e :ae 6LIJIO aaperHcrpHpOBaHO H3JiyqeHHe 102-ro sneMeHra, a 

HMeHHO, q:~o, 9CJIH Cy,li;HU no CXO,J;CTBy CBOACrB, B pa6ore/26/ Ha

dJIRJ.n;aJICH He 254102, a 252102, H B padoTe/53/ He 255102, a 257102o 

ilpe~{e BCero 3aMeTHM, "CJTO yiTOMHHaH 0 noJiytreHHH 255102/53/B 

pea:Krzyrn C: (B, pxn ) , a peaRrzyrn sToro MMmmy-qeHHoro Tima .n;o cmc 

nop He npJ~eHHJIHC:b npH OTRPHTHH 3JieMeHTOB H H30TOnOB, aMepHKaH

CKJile aBTO]>H He npHBeJIH cprutTH'IeCRH HHKaRiiiX KOJIH"CJeCTBeHHHX .D;aHHHX 

B ll0Jl:b3Y npaBHJI:bHOCTH H.I(eHTHqlKK8.Illfil Z H A H He OnHCaJIH ycJio

BIDI onHTOBo llosTOMY 3TH aRcnepHMeHTH HeJI:bsH nOBTOPHT:D B .I(pyroM 

MeCTe H aJibTepHaTHBHYJJ TpaKTOBRy HX pesyJI:bTaTOB "3a.I(HHM 'IHCJIOM") 

HeJI:b3H He C'IHTaT:D npOH3BOJI:DHO~. MOEeT dHT:D,.n;etlCTBHTeJI:bHO HadJIID

.D;a.JIOC:b H3J~eHHe H30TOllOB 102-ro 3JieMeHTao Ho OHH 6HJIH .n;pyrHMH, 

'!eM npe.n;noJiara.JIOC:b nepBOHatlaJI:bHO,H TOr.n;a Ha.D;O HMeT:D B BH.I(y, 'ITO 

apryMeHTH B ll0Jl:b3Y .I!I,D;eHTHq}KKa~ Z , npHBe.n;eHHHe B OpHrWiaJI:b

HOtl CTaT:DI/26/, He~etlCTBHTeJI:bHHo ECJIH H HadJIRJ.I(a.JICH 9JIBMeHT 102, 

TO sTo npozsomJio no CJlYtl~HHM odcToHTeJI:DCTBaMo CaMH aMepKKaHCKHe 

aBTOpH, HanpHMep, C"CJHTaro~43/ "HeB03MOllHHM C yBepeHHOCT:bKl onpe.I(e-
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JIHT:& npHtniHI:l, no KOTOpl:lM npOH30ill.IIH OillHc5Im", ,n;onyJ{8HH:l8 B pac5o

TI26f, H npewrara.m TOJI:&Ko "pasyMHHe rHnoTesH, cor.na:::yrouuiecH c 

lill'A8IO!l1ID-lHCH B HaCTO.fiiiiee BpeMH <fJa,RTaMH". liTo KacaeTCH .n;oKasaTe.m,

CTBa ITPHCYTCTBHH 254102 M8TO,D;OM .n;BO~HO~ OT,n;a~H no ,n;c~epHeMy 250rrn, 

TO H80c5XO~CMO oc5paTHT:& BHHMaHHe Ha C~8.n:yiOmH8 oc5CTOH~8JI:&CTBa. YKa-

3~ M8TO.D; B 3TO~ ~e pac5oTef26/ ,n;~ BM8CTO npaBam.HOH B8~HHH 
T1; 2 ~ 1 MHH saa~eHHe T1; 2 = 3 ceK. B 3TOH CBJI3H HH~·epecHo oTMe

THT:&, qTo B He,n;aBHHX OITHTax B EePK~54/ c5~0 oc5Hap:~eHO HeOc5J:lq

H08 ITOBe,n;eHHe 8TOMOB 250frn ,BHC~8HHUX Ha Cc50pHHKe H3 ra3a. 0HO 

c5H~O B8C:&Ma llpaB,n;OITO,n;oc5HO Oc5~HCH8HO: OK83~0C:&, ~TOy 25°trn cy

mecTBy8T H30MepH08 COCTOHHHe H qTQ ~8HHH OT,n;aqH, ~OITpoBO~aD

mH8 H30MepHHA nepexo,n;, llPHBOllBT K OTpHBy 8TOMOB 250 rrn OT ITOBepx

HOCTH. rrpwqeM T1; 2 H30Mepa paBeH ·- 2 CeK. 

Ho H838BHCHMO OT CTeneHH ,D;OCTOBepHOCTH, C KOTCpoH c5H~O ,n;o

K83aHO npHcyTCTBHe aTOMOB 254102 B npo.n:yKTax oc5JIY'IEHHH, Hac CSec

noKOHT .n:pyroe. AMepHKaHCKHe aBTOPH BH.n:BHra.JOT TaKyiO BCeoc5~eMRIDmyD 

TpaKTOBKy (rrpaB,n;a, TOJI:&KO B CJIY'I88 3~eM8HTOB 102 1II '03), COrJiaCHO 

KOTOpOH OTKPb!THeM 3~eM€HTa HB~8TCH iiJaRT Hae5JIIO,n;emm pacrra,n;a ero \ 

aTOMOB H.Jlli lite ITpoCTOe yCTaHOM8HH8 ITpHCyTCTBHH 8TOI~OB 3~eM8HT8 j 
rrpo.n:yKTax oCSJIY'IeHHH. Ho, ecRH rroc~e.n:onaTeJI:&HO rrpHM3HHT:& TaKHe 

"KpHT8pHH OTKpb!THH", Tor.n;a MO~O OrpaHmHT:&CH CHHT;!eM CIT8KTpa 11I3-

JIY'I8HHH CYMMH rrpo.n:yKTOB CSoMCSap.n;RpoBRH H rroc~e Toro, RaK .n:pyrHMH 

aBTOpaMH CSy.n;eT ycTaHOMeHo, RaKaH 11!3 RHHd npHRa,n;JJenT HOBOMy 

a~eMeaTy, rrpeTea,n;onaT:& aa aBTopcTBO oTKPHTHH. C~elyH no aTOMY 

rryTH, Mbl MOMeM npHATH 11I K C~e.n:yDmeMy. B Ay6He HM81~CH HHT8HCHB

Hb18 ITytiKH TJDJte~ HOHOB H MOlltHO ITOJIY'I8T:& H,n;pa BIT~OT:& ,D;O Z =113. 

Ha OCHOBaHHH H3B8CTHHX 3aKOHOM8pHOCTeA B 3<P¢8KTHBHWC C8'18HHHX pe

aKQd (HI, Xf\ ) , rrpoBO,n;H Oe5JIY'IeHHe B MH!DeHH, Mbl MOllteM 6HT:& yBe

peHH, qTO B ITpo.n:yKTax oc5JIYlieHHH rrpHCYTCT:syiDT aTOMJl HOBUX 3~8M8H

TOB. ~ aToro He HyEHO .n:oc5aBO'IHHX ,n;oRasaTe.JI:&cTB. CornacHTCH ~ 
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Hay lHM o6meC1'B8HHOCT:b I1pH3HaT:b 3TO OTI<PhiTHeM? 

I1CXO)l)I H:' I10.IJ:06HHX rrpe.n:cTaBJieHIDr, MH C'IHTaeM, 'ITO aBTOp!1 

.n:y6HeHCI<HX paCOT 1963-1967 rO.IJ:OB HM8IDT I10nHOe OCHOBaHHe C'IHTaTb 

ce6H OTI<ph!BaTE JUllVIH 3JieMeHTa 102 M Ha3BaHMe JKOJIHOTHfi, npe,IJ;JJO

J:\8Hfl08 l1MM B 1967 ro.n:y .IJ:M 3TOrO 3JI8M8HTa, .IJ:OJIJKHO 6LIT:b I1PH3HaHO. 

3,3. 3;reMeHT 103 

B 1961 rc.JlY 6epitJIHeBci<M rpyrma coo6mv.;ra153/ o rro;ry'!eHHH 

";roypenc>m"-2E7, oC - ai<TMBHoro H30Torra c T1; 2= 8 eel< H Eoc: =8,6 

M3B, npM o6.7Iy"8Hl'IU CM8CM M30TOllOB I<aJIHQlOpHM.fi MOHaMV. 
10B H 

11B. 

:1MeHHO 3Ta paC OTa paccMaTpHBaeTC.fi ffi'.IH Kd.I< OTI<pb!THe 3JieM8HTa (.n:o 

3Toro rp~ynna ~Ba pasa coo6ma;ra o na6;rro.n:enHM .n:pyrHX ai<TliJBHQ-

CTeti, B03MOJKHC, rrpMr.a.n:JieJKaiijHX 1 03-My 3JI8MeHTy) • 

B 1965 rcey .Uonen 11: .n:p/55/ B .lly6He rro;ry'!HJIH 256103 no pe

ai<uvm 243Atn (18
0, 5rt ) 250103 M rrpaBHJI:bHO H~8HTHqlHlJ.HpOBaJIH era, 

rrpnMemm MeTO~ .IJ:BOMHOH OT.IJ:a'!H ( pHC .6) li! CH.fiB I<pHBYJO B036YJKJJ;8HHJI. 

Ha BTopoM cdo} HHI<e co6npaJIHCI> aTOMhl 
252 fm , Tai< ImR 3TOT H30Ton 

JIBJT..JieTcrr BHJ'!8 TLJM rrpo.n:yi<TOl~ pacrra.n;a no .n:BYM :sosMOJKHhlM ueno'!I<a.M c 

OJJ:HID!. oC - pacrraJT,OM B I<a.JK.IJ:OH H3 HHX: 

iJ?epMHM CO c60I mma Bb!.IJ:8JI.fiJICJI H H.IJ:eHTMClJMlJ.HPOBaJICJI pa,n:HOXHMW18CKH

MM MeTO)J;aMM. lJ 0 era BillCO,n;y 6hiJia T8RJK8 ITOCTpOeHa I<pHBM B036YJK,n:e

HHJI 256103, RCTOpM I10CJiyll\l1Jia eme O.IJ:HIDil I10)J;TB8PJK.IJ:eHM8M rrpaBHJI:b-

252fi nocTH orrpe.n:enE HHH Z u A • Pacnpe.n:enemm m B,n:OJII> c6opHHI<a 

na;ro .n:M 2 S61C3 suaqenue T1; 2 = 45 ± 10 cei<. B 1967 roJzy .n:Be .n:y6-

IIeHCRMe rpyrrrn/56 • 57/ M3L'epHJIH 3Heprmo o(.- qacTHU (om.ITbl rrpOBO)l;H

JIHC:b Ha ycTaHCBI<e, Mso6pa.JKeHHoi1: na puc.B) u ITOJfY'lHJIH cor;racoBaH-
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HFe JJ:ai!Hhle: li!30TOI1 Ji!MeeT CJI01tHblf1 CI18RTp l1:3Jiy'f8Illm B OelJiaCT"Ji! 

8,35 - 8,5 l1l::m, c rraw:5oJiee riHTeHcl!JBHot1 .lll1Hlle.fi 8,43 i.:an. JI;y-cnnMM 

3Ha'!eH!i!eM T1; 2 C'IriTaJDT 35 cer<. 5epr<.lll1encRM rpyrrna JiOJIY'IJi!Jia 

256
103 B CBOei1 .na6opaTOp!i!Ji! TOJibRO B 1968 rO}\Y no pc:lRIJY!Ji! 249Cf 

(
11

B, 4n )
256

103 1i! nOJJ;TBep,n:HJia Hati,n:eHHble B .I(y6He CB)tiCTBa, B 

1969 ro,n:y B )ly6He OHJI Cli!HT83llpOBaH 20-CeRyH.J(I!Hti 255 103 110 peaR

JJ;l11'1 243Ar11 (
1
6o, 4n ) 255103. Har.r6oJiee Ji!HTeHCl1BHaH C'pynna c(

'!aCTJi!l( Ji!MeeT 3Heprmo 8,4 ifla:si3 ' 59/, 3TJi! CBOECTBa OhiJil1 n03JKe TUR

/Ke noJIHocT:niC norr;TBePJK.n:eHhl B EepRm/60/. 

C H8CROJibRJi!MJi! COTHRMR aTOMOB 256103 0LI.lll1 l2 IIarreti JiaOopaTO

pJi!Ji! B 1968 ro,n:y BblnOJIH8Hhl nepnhle Xli!Mii!'I8CRri8 3RCneprMeHTui61 / B 

yc;rommx, amurorJi!'IH!DC onb!TaM c aJieMemoM 102 (§ 3.~ ,pr.rc.9). HpH 

rppOHTaJibi!OM xpoMaTOrprup!!:ll XJI0pl1J(OB TIOB8JJ:8H"Ji!e aTOMOJI 256103, l10-

.eyqaeMh!X o::JJiy-qemreM 243Am llOHaM"Ii! 
18

0, npocJieiKJi!BaJroc:n no pacnpe

,n:eJieHI'!IO Ha ROJIOHRe BHy-qaToro 
252 f"trt , Db!JIO l101\a3aHo, 'ITO XJIOPJi!JJ: 

103-ro 3JieMeHTa .I\BJi!JKeTCH no I\OJIOHRe OtfeHb M8JJ;JieHHO no,n:o6HO XJIO

pY!JJ:aM peJJ:H03eMeJibHhiX 3JieMeHTOB ( pY!C. 9), a, CJI8JJ;OB8.'ceJibHO, HBJIHeT

CH O'!eHb HY!3ROJieTy-qiDvl. 3TO yRa3bllxteT Ha 01\l'ICJIVITeJTh we COCTOHI!Ji!e 

He Bblllle 3+ Jil JJ:ORa3h!BaeT aRTii!HOii!Jl:Hhle CBOtiCTBa aToro aJieMEHTa. B 

1970 ro,n:y elh!Jia ony6.lll1ROBaHa Ci epR.lll1eBcr<aH paCioTaf
581 

no '"lRCTpaR

JJ;l1Jil 
256103 113 BOJ(tlhiX paCTBOpOB TOIIOMJITp11!f·TOpar(eTOHOM. DhiJIO IIORa-

3aHO, 'ITO 3JieMeHT 103 B BO.I\HUX pacTBOpax yCTOM'IJi!B B COCTOJIH¥Il1 3+, 

BepHeMCH R BOnpocy OCi OTI\ph!TJi!ll 3JieMeHTa 103. B CBOe BpeMH 

JJ:YelHeHCRMe rpynnhl npoBe.lll1 PR.I\ Oilb!TOB no CMHTe3y 2~ 71'J3 M npHiliJil1 

R OJJ;H03HatfHOMy BhlBOJJ:Y, 'ITO 3TOT Jii30TOn He OCiJia,n:ae1 CBOMCTBaM!i!, 

npw:mwaHHHM"Ii! eMy B 1961 ro,n:yi56 • 591. B CBH31i! c aTlLM npoT"Ji!Bope'!ll

eM aMepMRHHCRW:e aBTopii'7•63/, He rryel.lll1RYH HlfRaRJi!X HOBhiX 3RCnepPI

MeHTaJibHb!X pe3yJibTaTOB,, OTRa3a.lll1Cb OT BhlBO.I\OB paeli)Thl 1961 ro,n:a Ji! 

3aJ'!Bii!Jil1,qTO Ha CaMOM ~eJie l1Mii! HaOJIIl~aJICJ'I l1JIH258IOJ,l1JI!f 259103, Ho

BaH "Ji!HTeprrpeTaiJYIH, OJJ;HaRO, H8COBM8CT!i!Ma C Ba~Henrn~ H3 TeX H8MHQ-
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I'UX CB8L(eHn:t1, npUB8)\8HHhiX B pa6oTI53/, KOTOpOe COCTORJIO B TOM, 

qTQ KflliBhl8 BC 3cJyJK)IeHUR 3TOM aKTHBHOCTI'l 6bl.Jin
11

TIO HeOClXO)IHMOCTli 

oqem, lllnpO!mE" ( H30TOTI BBHJIY CJIOJKHOI'O COCTaBa MIDll8Hn )\OJDK8H Clhl.JI 

06pa30BhiB3.TbCH O)\HOBp8M8HHO ITO H8Cl<OJibKnM peaKl(n.HM, ABTOp!l 063o

pal62/ ITOJ\R38JII'l 0 qTO ::lTO YTB8pJK)I8l!n8 6h!JIO 6h! BepHHM )IJIR 257103, 

HO B CJIY'Iae H9.ClJJIO)IeHnH li30TOI10B C Maccof,l 258 li.Jin 259 Kpl'lBHe B03-

6yiK)I8HliR }\OJDK ·Ill 6bl.JIJ1 6h!T:O y3Kl1MI'l, TO.K KaK, HecMoTpR Ha c.JIOJKH!li1 

H30TOITH!li1 COC"aB Mlilll8Hl1, CTOJ!b TRJK8JI!le li30TOnhl MOrJIH 00pa30BaTbCR 

JIHlllb nyreM Hei!Hornx peaKUl1i1. TOJibKO notJTl1 IO ner cnycTR nocne 

CBOet! 3KCIT8plili8HTaJibHOi1 paOOT!l l1 qepe3 H8CKOJ!bKO JieT ITOCJie peBH3HH 

ee Bh!BO)IOB (lt)pKJineBCKl1e aBTOp!l ony6JinKOBa.Jin HOBHe 3KCrrepHMeH

TaJThH!18 ,n:aHHh!t/
601, KOTOpble, no l1X MHemuo, nee lKe ocTaBJUTIOT sa 

HHMIIJ npaBO npt!T8HI(OBaTb Ha aBTOpCTBO OTKp!lTl'IR 3JieMeHTa 103, 0Hn 

ITOBTOpHO ITO.n:yt:l'IJil1 H30TOill1 255 l'I 256 l'I COOClllli'l.Jin TaKJKe 0 Cl'IHT838 

l'l30TorroB c MaccaMu 257-260. H,n:eHTl'l~HKaUHR BHITOJIHRJiac:o nepeKpecT

HhlMH OelJIY'IeHIIJH1l'I l'I ITO KPl'IBhlM B03Cly)K)J.8HnR. l1CITOJib30Ba.JinCb MOHOl'I3Q

TOTIHble Ml'IIIJeHn, !10 l1X ,n:aHHb!NI, 
258

103 I'!MeeT 3Heprl'IIO ci.. - qacTl'IU: ( OC

HOBHaR rpynrra) 8,62 M3B n nepno,n: rronypacna,n:a 4,2 ceK. 3To c>y,n:To 

611 ll;OK0.3HBaeT, 'ITO Cl-CeKyH)IHhlH "JioypeHCHH" 1961 ro,n:a ClhiJI HMeHHO 

3THM H30TorroM. B To lKe npeMR, o,n:HaKo, He c,n:eJiaH KaRoti-Jin6o aHa

JIH3 TeX CBeJ(eHIIJi1 H apryMeHTOB, HOTOpble I1pHBO)\l'IJil1Cb B 1961 ro.ny, 

C TO'!Kl'I 3p8Hl1R COBOKYITIIOCTl'I HOBhlX )\a.HHhlX, 

MH BHHYJKI\ ~HH o6paTnTI> BHnMa.HHe xoTJI 6H Ha cJie.lJYIOmee, B cyM

MapHoM CII8KTpe o( -'!O.CTH]\ "n3 OIIHTOB HOMep 139-148"/53/, KOTOpblti 

RBJIReTCR eJ(HllC'rBeHHhlM rp~uqecKHM l'I B006l!1e KOJII'l'!eCTBeHHhlM MaTe

pnaJIOM B aTo:t1 ~~TaTI>e, nMeeTcR qeTKaR Jil1HliR "JioypeHCliR" - 8, 6 Man 

n rrpnMepHo Taw>if JKe liHTeHcliBHOCTl1 JIHHMR 8,2 Man, I<OTOPM npMnnc!l

naJiacb 255102, a ceHqac 257102 (§ 3.2). B 3TOM crreKT

pe IIO'!Tl'I HeT a: -qacTHU: c npoMeJKyTO'IHLIMM 3Heprl'IRMH. Ec.Jin npHHRTb 

C)epKJineBCKYIO l'IliTeprrpeTaUHJO 3Tl1X Jil1HIDi, TOr,n:a KaK JKe MOJKHO 06'bRC-
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HUT:b, 'ITO B HOBOt:\ pa6oref'60/ cperof MHOrO'lllCJieHH!:IX cneRTI,OB, I\Q

TOpble ObiJill no.Jiy'leHbi npn OOMOap,.n:llpOBRe MOH@30TOI1Hb!X MIDI euet:\ CO 

3Ha'lllTeJibHO MeH:blllllM COJiepJKaHHeM CBllHUa 1HeT Hll O.IJ:HOrO CTC JII, 11 T.fllC

TOrO" crreRTpa, RaR B pa6ore 1961 ro.n:ar B 3T¥!X cneRTpax nmnn 

M30T0110B 
258

103 ll 
257

102 BCer,.n:a conpOBOJK.IJ:a.JOTC.FI cpaBHlll'Jlbll\ 1'! 1 C HllMll 

ITO aKTMBHOCTH JlHHHIULH 256102, 25 5103, 2 56103, 1\0TQ-

pble .n:aroT ot.. -'ID.CTllUH B ,.n:~-1anasoHe 8, 2-8,6 MsB. JTa M30Tom .n:oJIJKHbl 

3qxpeKTViBHO perHCTpVipOMT:bC.FI rrp~-1 .JIJ060M BpeMeHHOM rp31JmRe .IJ:BIDite

HM COOpHITRa MITMO n:eTeRTOpOB, HD.IJ.eJieHHO!Il Ha Vi3YT.J:eHI'!e 26t103 ll 

257
102, TaR KD.K ITMeroT OJIM3Krre no BeJID:tilUe rreprro.IJ:b! noeypc: crra.n:a. 

EcnH MN Bee xe cornacHMCR c reM, 'ITO JIHHHR 

8,6 r.13B npMHD..I(JieJKaJia '3JieMeHTy 103, Hac npl13b1Ba.JOT C'lliTD.TI OTKPhi

TMeM npOCTOe Ha6JIIO,.n:eHHe pacrra,.n:a 3JieMeHTa. T!pll[ 3TOM npll3f a.JOT 1 'ITO 

l130TOn 6h!JI HerrpaBMJI:bHO ll.IJ:eHTl1rlJlli\llPOMH, HO He .IJ:OKa3biBai01 1 'ITO 

HOBa.FI HHTepnpeTaUIT.FI rrpeJKH¥!X pesyJII,TaTOB COBMeCTITMD. C IIPE:JKHef:t ap

rJMeHTaiJ.ll[eti B nOJib3Y OTKpbiTI'l.FI. BeJJ;b On.FITb JKe CXO.IJ:CTBO CliOiil:CTB 

JJ:BJX D.KTHBHOCT8iil: HeJI:b3.FI aBTOMaTllT.feCKM CT.J:HTaTb n:oKa3aTeJIJ CTBOM ¥!X 

li[,U:eHTl1'IHOCTH, 3,.n:ecn Mbl CHOBa CTaJIJn!BaeMC.FI C llCKJIIO'll1TeJI:bl:O CBOOO,U:

HOiil: TPD.KTOBKOll DOnpoca 0 TOM1 qro MOXHO cqnraTL OTKpb!THe~ 3JieMeHra. 

ly6HeHCKlie aBTOpbl pa60T no !1[30TOIIY 
256

103 CT.J:I'!TaiOT 1 'ITO aB

TOpCTBO OTKpblTHR IIpl1H8.IJ:HeJKllT HM. B 1967 ro.n:y OHH oOpaTH~HCb B KOMHC

CIDJ no HOMeHRnarype lleopraHntiecKoli XIDAllll ~OOI1AK c rrpe.n:Jim:eH:neM He 

nprrMeHRT:b ,n:JIR 103-ro sJieMeHTa Ha3BaHHR JioypeHcllti. Omr onf,.n:aJill, 

T.J:TO rpyrrrra H3 EepKJill OTBeTHT Ha KpHTHJ\y H o6ocuyeT CBOIO HOByro 

llHTepnpeTaiJ.li[IO OTRph!Tl'I.FI JioypeHCl1R HOBbiMH 3KCnepiD1!8HTaJibffi[Ml'! JJ:aH-

HbiMl1 l1 aHaJill30M pa60T, 3Toro He npOH30lliJI0 1ll II03TOMy aB~'OPb! JIYO

HeHCK¥!X pa60T ITMeiOT, IIO uameMy MH8HIDJ, BCe OCHOBaHliR IIpE:JJ:JIOJKllT:& 

CB08 Ha3BaH~e ,U:JIR 3JieMeHTa 103. 
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3,4, 3~eMe~T 104 

B 1962 roey B .UydHe Ohl.Jrn HaqaT!l orrh!T!l, HarrpaB~eiisue Ha CHH

Tes crronTamo ,I\emnuerocJI H30Torra ::meMeHTa 104 B peam.J;HH 242P1.A 

(
22 Ne, 411 )

260
104, fvlHUJeH:O OO~MaC:O Ha BHyTpeHHeM rryqRe IJ;HRJIO

TpoHa Y-30J, 'ITOObl MaRCHMaJibHO HCIT0~30BaT:O illvleBUJYIOCJI TOr;rJ:a l'!H

T8HC.l1BHOCT~. AniiapaTypa cxeMaT.l1qecRH H3o6p8.liteHa na p.11c,1, B Ha

qa~H!1M rre~l'!O,I\ paOOTU BMeCTO TpeROB!1X ,I(eTeRTOpOB ,I\nff perHCTpa

U.l1.11 OCROJll( JB n;eJieHI-rJI npHMeHJIJrnC:O rrponOpU.l10Ha~H!1e cqeTql'!R.l1, B 

nepB!1X JKe )IT!1Tax 0!1M OOHapyJKeHa HOBaf! CIIOHTaHHO ,I\8JUJIUMCJI aR

THBHOCT:O C T1; 2= 14 MCeR, KOTOPaJI ilpl'!BJieRaJia K cede BHmMaHHe. 

TiepeRpecTHle OO~qeHHJI l'l .113MepeHHe KPH:BOH B030YR{,I\8HHH IIOKa3~, 

'ITO 3TO He .1130TOIT 104-ro 3~eMeHTa, a .l130MepHOe COCTOJIHI-re H,I\pa 

KaKoro-To JHa'lHTe~Ho doJiee JierKoro a.JieMeHTa/
41

/. Ceti'Iac .l13BecT

uo, 'ITO aT<> du.JI 
242 mf Am • 3To osnaqa.Jio OTKP!1T.l1e HoBoro JIBJieHM -

.l130MepH!1X /POBHen OCOOOM IIp.11pO,I(!1, pacrra,I(aiOmMXCJI CIIOHTaHH!1M ,I\eJie

H.l18M C neplW,I\OM ITO~pacna,I(a Ha ) 20 ITOpJI,I\KOB BeJI.l1'IHH!1 OOJiee ROPOT

Kl-l:M, qeM y OCHOBHOrO COCTOHHHJI (cM,0030pHyiO padoTyf42/). 3aMeTHM, 

'ITO 3TO OTHP!1T.l1e 0!1JIO C,I\emno I-rMeiiHO O.Jiaro,IIapH paspadoTKe MeTo

,I\.11Kl'l ,I\nff odHapyxteHM 3JieMeHTa 104 ITO CIIOHTaHHOMy ,I(e~eHHIO, KOTQ

PM du.Jia .IJ:.m Toro BpeMeHH yH~Ka~Hon rro qyBCTBHTe~HOCTl'l .11 aKc

rrpeccnocTH, 

3aTeM 3KCITep.l1MeHT!1 0!1JII'l ITpO,I\O~eH!1 Ha BHyTpeHHeM rry'!Ke yc

KOp.l1T8JIH Ha yCTaHOBI<e, B KOTOPOM BMeCTO ,I\.11CKa rrpHMe~CH COOpHI'!R 

B OO,I\8 OeCJWHeqHO~ KOHBe:WepHO:ii JieHT!1, B,I\0~ KOTOpo:W MOJKHO OhiJIO 

ycTaHOBHT:O do.JI:omoe 'll'lc.Jio .IJ:eTeKTopoB .11 TaKHM oopasoM rrepeKpRT:o 

' do~mH:W .IJ:HimasoH BpeMeH JKH3Hl'l, ArrrrapaTypa TaKoro JKe THrra 

ce:W-qac rrpHMeHHeTcH rrpn padoTe ua Bb!Be,I\eHHOM rryqRe UHRJIOTpo

na/25~ .11300paJKeHa Ha pl'lc.10. B 1964 ro.IJ:Y aKcnepHMeHTbl yBeH'la

Jil'!C:O OTKPhi"HeM a.JieMeHTa 104/64/, B rrpo.IJ:YKTax od~eHM 6b11Il'! o6-

napYJKeHhl T]l.l1 CIIOHTaHHO ,I\8nfflUI'IXCH HJTRJrn.Ua C rrep.110,I\aM.l1 IIO~pacrra-
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,na 14 MeeK (cM.Bhllile), "' 0,3 ceR .11: HecKOJibRO ceRyH,n. Ebi.Jro rroRa-

3aHo, 'ITO aKTHBHOCTb C T1;z- 0,3 C8R HBJIH8TC5! HCROMhM M30TOI10M 

260
104. TaRwr neJrn'!MHa T 1; 2 pe3RO OT Jrn'!aJiacr, OT Teo:r eTM'!eCRHX 

pac'!eToB !OxaHccoHa/65/, BHrroJIHeHHUX B EepKJIH, IWTOPh e .n:aBaJIM B 

~106pa3 6oJiee HM3ROe 3Ha'!eHHe. Eb!JIO saperHcTprrpoBaFO OROJIO 150 

pacrraJJ:OD l130TOJ1a, ATOMilbiM HOMep 11 MaCCOBOe '!MCJIO J!1Jll orrpe,UeJie

llhl rrpeJK.n:e Bcero ITO RP!I!DO~i B036YJKJJ:8HI15!, ROTOPM COOTI €TCTBOBaJia 

perunum: rroJIHoro cJrnRHl1R c !llcrrapeH!IleM 4 HeliTpOHOB • .Uryrli!M .n:oKasa

TeJibcTBOM RBMJIOCb OTCYTCTBMe aKTWBHOCTM B rrpO,[(yRTaX 06Jiy'!eH!I!M, 

l\OTOphle He MOrJrn rrpl1BO,UMTF> R 260104, HanprrMep, B KO~C5l1Hal.UffiX 
236 U + 22 Ne :rr 242ru + 20 Ne • 

JTll OITb!Tbl Jb!Jrn ITOBTOpeHbl B 1968-1g7Q ro.n:ax Dpll pae5oTe Ha 

nHemHeM fiJ'!R8 ycROPI1TeJIH ( prrc. 10). HOBble pe3yJibTaThl, KOTOph!e 6H

JJJ1 fiOJIHTO)f(eHH B pa6oTax OraHt<cmm rr ,np/25 • 661, nom ocTI>IO corJia

cyroTcR c .n;aHHhiMJil 1964 ro.n:a. EHJIO rromnepJKJieHo, '!To,rpoMe 260104, 

B rrpO,UyKTax OC5JIY'!€Hl15! ~1€IOTC5! aKTMBHOCTJil C nepMO,UaMv fiOJiypacrra

,Ua,paBHhiMM 14 MeeK M HecROJibKO ceRyHJJ: • .ll.JIH rrocJie;J;He~ T
112 

6hlJI Hatt

,JJ;eH paBHW 4,51-I,SceK. l1ep:rro.n: rro.Jiypacrra,Ua 
260

104 c~.or dh!Tb yTO"l

HeH 6Jiaro.n:apR dOJib!ileMy '!llCJiy 3aperli!CTpll!pOP.aHHh1X &KTC'B pacrra;J;a. 

0TcyTCTPOBaJI TaRlKe ifx>H OT Bh!HyJKl(€HHOrO ,U€JieHJil5! ypaH£. B [(eTeRTQ

pax ITOJJ: .n:eliCTBll!eM Hei1TpOHOB, ROTOphlti 6h!JI 3aM€THhiM 11llll! padoTe arr

rrapaTypbl BHyTpll RaMep!1 Uli!RJIOTpOHa. YTO'!HeHHOe 3Haqei:;e COCTaBJIH

eT T1; 2=0,1 ceR (pviC.11). flonTopHo 61:.JJia CHRTa saBli!CLMOCTb 3~xJJeK

Tli!BHOro ce'!eHMH OT 3HeprJIIH HOHOB 22 Ne, l1pH 3TOM 3L C'!eT OXIJa-

Ta 6oJiee mJilpoKoro ,UJilana3oHa 3HeprHti ll! MeHnmero QJOHa Y.J\aJiocr, Bhi

RBllTb, '!TO aKTMBHOCTb c T1; 2= 4,5 ceR TaRJKe RBJIHeTcH ll30TorroM 

104-ro aJieMeHTa. Ero MaccoBoe '!MCJIO pamro 259, TaR J:aK aHepreTJil

'!ecRaR saBlilCMMOCTb Bb!XO,Ua COOTB8TCTByeT RJJ:epHOH peai:Ull!lil: 242pU. 

(22 Ne. , 5n ) 259104 (pHc.12). KpoMe Toro, rrpJII aHeprmr lilOHOB 22 Ne 

Bbllil€ 125 MaB HaOJIIO,UaJIOCl> rrpeli!Myi'\8CTB8HHOe odpa30BaJHie CI10HTaHHO 
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~e.ru:rmerOCH HJR.llli~a C Bp8M8H8M J!\H31UI B H8CROJ!I,RO tiaCOB (no-BH

,JUIMOMY, 
256

r111 ) • Eh!JI no~TBepE~eH rrop~omri1 Hor,;ep o6orrx H30To

noB aJieMeHTa 104 nyTeM H3Mepemm yr.JioBoro pacrrpe~e.JieHHR aTOMOB 

OT~atiH C ITOMClJlbiO ROJI.JlliMaTOpOB. ,llaHHb18, IlOHa3h!Ba!Ol!lli8, 'ITO npO,eyR

Thl c T1; 2 = 0,1ceR H T1; 2= 4,5ceR rroHytiaJOTCH qepes no.JIHoe CJlliRHHe, 

npHB8~8HU Ha pl'lc.13 (cpaBHH pl'lc.5). 

l{aR BHHCHH.JIOC:b (cM.HIDKe), li30TOIT 
259

104 Bll8pBH8 Ha6.JIJO~a.JICH 
B OITHTax AJ6H8HCROH rpynrrH/35/ ITO XHMH'l8CROH il~8HTH¢HRaiJ,IiH 8JI8-

M8HTa 104. 

XHMHtiecR~e orrh!Thl npoBO~JIHC:b c 1965 ro~a. Pa6oTa Be.Jiaci> no 

M8TO,Izy rppOHTaJiblJOll xpoMaTorprupHH !1<1 BHyTpeHH8M ITJ'IIW UHI<JIOTpOHa 

(pac. ?/321. 3 RatieCTBe HOCHTeJIR rrcnOJ!I,30BaJllic:h rrapu ZrCl4(0,05 

MM pT.cT) H IJbc.t.s-(0,15 MM pT.cT.). BpeMR npoxoJK.n:eHHR ra3a-Hocrr

TeJIR Millll81U! R ~8T8I\TOpaM COCTaBJIRJIO 0, 2 C8R. XpOI\1aTOrpaiJJH'l8CRM 

ROJIOHRa liM8Jia ~JIHHY 4 M, ll JJ:8T8RTOphl CITOHTaHHOrO ~8.JI8HHH pasMe

UjaJlliC:b BH8 Ra~eph! I.\liRJIOTpOHa, 'ITO ITOmiOCT:biO i1CK.JIJO'!aJIO Ha~H8 

KaKOrO-JIH60 Ql)Ha. 0 pesyJII,TaTax OITHTOB KpaTKO C006!l1a.JIOC:b B 1966 

ro~31~ H sareM 6hl.JI ony6.7IliKOBaH ITOJIH~ OT'l8T/32/ C OITHCaHH8M 

Be ex ~eTa.Jiei1 mcnepHMeHTa lll no~po::lHoi1 aprJMeHTauae~. 3TH onh!TH 

noRasaJlli, 'ITO npH 06JIY'leHHH 
242

Pu + 22 Ne ( "'114 MaB) B npo,eyRTax 

liM88TC.fi CTIOHT lHHO JJ:8.7IRI!(a.fiC.fi aE\THBHOCT:b, ROTOpaR 6HCTpO npOXO~HT 

qepe3 KO.JIOHKY B ycJIOBHRX, c5JiaronpHRTHhlX ~JIR I1pOXOJKJJ:8HHH ra¢HI1:H 

(,D;JI.f! Hero nynM ITPJIMHX H3MepeHHR Ol:lJIO HaR,ll;eHO BpeM.f!:: 0, 4ceK). 

K~ onuT ~ mJicH 2-3 cyTOK. Ha ~eTeKTopax ne 6u.Jio o6HapYJKeHo 

6o.Jiee 2 '1a aTOIWB J\OJirOlKHBYII1HX H30TonoB Sc , Crn rr Cf , oc5paso

BaBillliXCR B OllllTe. TaKHM 06pa30M, CITOHTaHHO ~8JiffilllliiCH aKTHBHOCT:b 

He MOr.Jia ITpHH<l~.JieJKaT:b aKTilHOJ/l~HOMy 8.JI8M8HTy HJlli ~pyroMy 8JI8M8HTy, 

o6pa3yiO!l18MY B yc.JIOBHRX OllhlTa H8JI8TytiH8 XJIOpH~hl. 3TO 6HJIO 8II18 pa3 

TIO~B8PJK~8HO :3 8TO:i1 )1{8 pa60Te, KOr~a SHeprHH HOHOB 
22Ne 6HJia yBe

~eHa ~0 128 MaB, 'ITO npHBOJJ:HT K BOspaCTaHHIO BhlXO~a BC8X npO.n:yR-
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TOE C Z ..( 104. B aTOM Ollb!Te ,n;eTeKTOpaMH Ha Bb!XOJJ;e I:OJIOIIKM. He 

ClblJIO 3aperHCTp>tpO.BaHO HM Oi\HOrO CITOHT8.HHO ,UeJIHJ[{erOCH aTOMa. Bee 

3TO ll03BO.lli!JIO C.[(eJiaT:O OJJ;H03HaqHJJ!M Bb!BO.U 0 XlAMMqeci\0~ M.l(eHTHt}JMKa

UlHf 3JieMeHTa 104 KaK 3Karalj;,HMH. Ha IJV[C .14 npMBeJ1eHo pacnpeJleJie

H>te ai\TOB j\€JICHMH, 3aperMcTpMpOBaHIIblX B W1MCpe C ,UeT(:I\TOp8MM. 

0HO He npOTMBOpetiVIJIO BCJIH'IVIHe T1;
2 

= 0,3 ce;<, >13B8CTI oi:, B TO 

BpeM~64/ .UJIH 260104. 

B ITOCJI8)zy!Oll1:vi:8 rOJJ;H 6b!JIH Bb!ITOmWHhl ,U8.J!bH8MIIIM8 MCC JI8,[(0BaHf1H, 

pe3yJ!bTaTH KOTOpblX 6HJIH onyOJIMKOBaHL! B 1969 ro.uY'33/, Ewm npo

Be,UCHbl Ollb!Tbl C MHilleHHIVJM IT3 
242Pu M 

243 Am 1 KOTOpHe OOJiy'IaJIHC:O 

MOHaMM 
18

0. 3Tn KOM6vmacym npMBO)\HT COOTBeTCTBef!HO H HJJ:P8.M C 

Z t. 102 VI L ~ 103. CnoHTamw JJ:eJIHr[{MCH aKTMBHOcT:o co cBoi1cTna

MM 3Karrup:-mf:I B llpO.uyKTaX He ClblJia OelH8.pYJKCHa. flOBTOpHC> npOBO,[(l1-

JIOC:O oOJIYtiCHHe 
242Pu npM 3HeprHM 

22 Ne Burne 125 MsB, HOTopoe 

TaKJKe .IJ,O.JIO OTPMUaTeJ!bHhlll pe3yJ!bTaT. B TO JKe BpeMJI ll]J11 OcJJiyqe

HHM sToi1 MMrneHH MOHaMI1 
22 Ne c sHepr11ei1 B npeJ(eJiaX '14-118 MsB 

CHOBa J!aOJIIOJJ;aJICH 8Karalj;JHMi1 j B OGU\eii\ CJIOJKHOCTVl Clh!JIO 3c.perncTpMpo

BaHO CBhllll8 60 pacrra):(OB. 

Ha OCHOBaHI1l1 MCCJIC,UOBaH ~ C MHOrMMl1 M3BeCTHHMM :>JieMCHT8.Ml1 

Obi.JIO ycTaHOBJI8H0 1 'ITO cymecTByeT OT'ICTJ!HBaH KOppeJ!HUIIH MClK.IJ:Y Bpe

MeHeM ;mepJKMBaHI'lf:I l1.llil T8ITJIOTOt\ a.ucopelUifl'! CJie):(OBbiX 1\0;IWICCTB XJIO-

pM.ua sJieMeHTa na xpoMaTorpn~1M<JecKoi1 KOJIOHHe n 3HTaJ!bJrMei1 VIerra-

peHMH MaRpOKOJIH'IeCTB COOTBCTCTBY!Omero XJIOpn_n:a (pnc.1L ). 3TO Il0-

3BO.llii.JIO noKa3aT:o, 'ITO ( 104) C L 't HecROJ!bRO MeHee JieT;"', tieM HfC 1~,-, 
HO 3HaqMTeJ!bHO 6oJiee JieTyq ,qeM Th C l4- . Ero "TeMnepa"ypy KHne

HMH" MOJKHO OUCHVIT:b np:vi6JIM3MTeJ!bHO B 450°. B OIIHTax HH ROJIOHI\e CO 

CT8HRc:Mr1, llORpb!ThiMVl XJIOpMCTHM Ra.JIHeM, Cll1JIO I!ORa3aH0 1 'fTO ( 104) C l4 

no)l:o6Ho HfCl4 rrpotiHO CBH3HBaeTCH KC I . 
ABT0pl1 XMMWieCKl1X OI!blTOB C03HaBa.JIH 1 qTO nyTeM M:IMepeiDJ:H pac

IJaj\a 104-ro 3JI8MeHTa B ,lJ;.lliiHHOM Ra.Mepe C )l:eTCKTOpa.MH !10lKHO ITOJiy-

31 



'l:HTb VICTHPHYI'l I\PMBYIO pacna,n;a ( TIO pacnpe,ll8JI8HMJO Tp8KOB B,I\OJib Ka

Mepb!) TOJibKO B TOM C.Tj'Iae, I\Or.nn H8T 3aM8THOrO xpor.lB.TOrpailll'l'I8C

KOrO 3qxp8KT3 "YJl8plKl1B3.1IM.fi11 MOJieKyJI npvr I1POXOlKJl8HID! tie pes l\cJ.Mepy. 

Ilpl1 po.60T8 C HOBh!M 3JI8M8HTOM OTCyTCTBM8 Y.'\8pn\l1BaHMJI H8JibSH rrpo

B8pl1T:O. Ilo3T:>My Hm;mo JIMIIIb yTnep>;,naT:o, 'ITO l1CTMHHOe sHatieHHe rre-

pHO.'(a f!O.IIypacrra,I.(a paBHO HaOJIJO)I;aeMOMy HJIH Bh!We ero o B pasmrtlHhiX C epH

.fiX 3KcrrepnMeHTOB .jwm rron;:JCieHH oqeHKvr OT T1;
2 

'?- 0,2 ceK .I\O T1; 2 

.;?. 1 C8K o ];O::!JI8JlH88 31Ia'I8HH8 I10JIY'I6HO B cepV!M C HaH60Jibl!H'!~~ 'IHC-

JIQ:\: 3Ciper!1CT PHPOinH!!UX aKTOB T(8JI8HMH ( pvrc. 16/33/. r,ocJie yrroMH

IIyToro m.rwe \'TOtiHeHnrr rrepVIo,J~a no1rypacrra.IIa 260104 ,n:o 0,1 ceK/25/ 

CTaJIO :'1CHW<, 'ITO Ql\TI'IDHOCT:O 104-ro 3JI6!~8HTQ, KOTOptlH perl'ICTpHpO

BaJI8.C:O B Xl11'.1 ii'I8C <MX OTib!TaX, He MOr Jia 6b!TL qemmOM o6ycJIOBJICHa 

260104. OH lil:~eeT cmnnRoM r.mJioe npeM.rr :KnsH.vr: H ,n:o.ro;\eH 6uJI B 3Haqvr

TeJibHoti CT8TI~HH pacna}laT:OCH .TI;O ITOITa}laHHJI B KaMepy C IT,8T8KTOpaM.VI:o 

ELUe D paooTe
133/ 6niJIO nucrmsaHo rrpei(ITOJIOJK8HJ!le o rrpncyTCTBI'IJ!l 

25~1 J4, en on ramroe n:eJiemre KOToporo ,n:o Taro npeMeHVI He VISJ<'<IMOc:o o 

rlocJie Taro, mK 3TO 6uJio c,JJ:eJiaHo B ,l\yoHe B 1970 ro~661(cM.pHCo 
11, 12), 6b!JTI1 I10CTaBJI6HH HOBH8 Xl'IMW16CKH8 OTib!Tii35/. Ha 3TOT pas 

104 3JieMeHT Bb!JleJIHJic.rr MeTO.I\OM Te-pv'loxpoMaTorpacpmr. YcJIOBIMI o6.eytre

HHH vl pet.mM {pOMaTorpalf•Hqeci:Wro npoqecca Clb!JIJ!l Bb16paHH TaR, qTo6bl 

OHH cJb!JITA OITT 1MaJThl!b!Miil ,I\JIH 
259104, Ha pHC o 17 I1pHB6,I\6H pesyJibTaT 

Bbi,I\8JI6HHH 3T )rO HSOTOITa BM8CT8 CO CJI6,I\0Bb!MH KOJIH'I6CTBaMt'l rariJHV!H 

Ha TepMOXpOL1lTOrpn(I:lil:'16CKOM yqaCTK6 KOJIOHKH, qacT:O KOTOpOit pn6o

TC1Jla B pe;KHM~ r[JpoHTaJibHOli xpoMaTorpaqmno B HaqaJie I'!SOTepMll'IecHo

ro yqacTKC: 61Jia 3aperncTpHporoHa eme o,n;Ha rpyrr11a ocHOJIKOB JJ:eJieHHH. 

0Ha HaXOI(HJia:::lJ B rrrJen:eJiax SOH!l XJIOPV!Jla CKaH.IJ:HH, KOTOpaH, KaK ClllJIO 

TrnJKe rroKasa ro, conrra.uaeT c soHolli Cm J!l Cf o 3TM oc:WJIKH,ITO-Bli.IJ:H

MOMY, o6yc.JIO 3JI81ILI pacrra,I\OM 
256 ttn o BpeMJI .IJ:B:HJK6HIDI rasa OT MJ!lille

HH JlO rpa,IU'le fTHOM tiaCTH KOJIOHKH ClLIJIO BL!ClpaHO Tai\ 1 'ITOClbl 
260

104 

~)acr:a.Ua!!C>r ,j )Jibllleili tiaCTlJIO ):(0 TOro, KaK OH MOr ITOITtlCTb Ha yqaCTOK 
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Y.O.JlOHKM C .IJ:8T8KTOpa.MM CITOHTB.HHOro ,U8JI8HlUI. 8TO TIOCJ:yX\MJIO ,U06a

BO'!Hb!M TIOll;TB8plK,I(eHI1:8M Bbl,U8JI8H!IH MM8HHO 1130TOTI8. C ME.CCOJ!i 259 • Ta

KMM o6pa30M YCT8.HOBJI8HO, 'ITO B XMMVI'I8CI<MX OTih!TB.X, ~aqMHB.H C 1966 

PO,Ua, B OCHOBHOM perMCTp!-ipOBB.JICH M30TOTI 259. To, q10 J(JIH nepvro.n;a 

no.eypacna.ua sJieMeHTa 104 noJiytiaJrn:ci> sHatieHMH, rrpoMe;; yTotiHue MeJK.n;y 

T1; 2 .IJ:JIH 260104 11 259104 1 6HJio, HecoMHeHHo, pesyJ!bTaTcM s<N:JeKT& xpo-. 

r~a.TorparrJ\1qecKoro y.n;epJK!1Ba.H:vrH 259104 B IWMepe c .ueTE I<Topa.Mvr 11 Ha

JioJKeHMH KPMBHX pacna.ua .UBYX M30TonoB. 

C JI8,UOB8.T8JibHO, B 1964 ro.n;y B )ly6He Ob!JI OTKPLIT l1 vr.n;eHTW!'MUM

poBaH H.IJ:8pH<XflM3MqecKMMM MeTO,U:a.MM 1130TOn 104 3JI8M8H18. C M8.CCOJ!i. 

260. B. 1966 ro.n;y sTaT sJieMeHT 6HJI Bh!.n;eJieH xaMwrecKv vr, B cyiUHo

CTvr,noBTopHo OTI<Jlb!T, TB.I< KB.K ero XMM!N8CKM MJJ;8HTMq1JIIK8.UMH KOM0M

Hl1pOBaJI8.Cb c nepeKpecTHLIMI'I o6Jiy'IeHJ/l.ilMM 11 JIOKaJiasaw- ei1 Kp!1Boi1 B03-

6JnK,n:eHHH. 3TO ,UB.JIO 8.BTOJla.M tDH3Mti8CI<lDC M XJ1MM'I8CKHX pa60T IIOJIHOe 

rrpa.BO OOpa.THTbCH B 1967 ro.n;y B KOMMCCillO no HOMCHR.JIEType Heopra.H!1-

'I8CKOi1 XMMHM l1JOOAK C npe.n;.JIOJKeHMeM TIJlHCBOliT:O 3.JieMeH1y 104 H8.3BaHHe 

Kypti8.TOBI'IJ!i.. 

Ha npoTHJKeHMM pH,Ua JieT fMopco c coTpy,n:HMKa.MH rb!Ta.JIMc:o cTa

BHTI> IIOJJ; COMHeHlie npa.BHJibHOCT:O .IJ:YOHeHCKHX ,U8.HHb!X 0 CBOMCTBaX 

26°104. 3KcnepMMeHTbl ITO 3.JieMeHTY 104 VIMVI He npOBO,UY Jrn:C:O ,VI KJlVITVI

I<a OCHOBh!BaJIB.Cb Ha OJJ;HOM 113 B03MOlKHb!X rparpMtieCKHX CMCTeMB.TI'II< ne-

PHOJJ;OB IIOJIYpB.CITa,Ua tJ:eTHO-tJ:eTHb!X VI30TOITOB OTHOCHTeJIIHO CITOHT8.HH0-

ro ,UeJieHvr~43• 67/. TipOCTOJ/i. 3KCTJl8.ilOJIHUM8M 3THX rpaqMKOB JJ;JIH 

26°104 rrpe.n;cKasunaeTcH nepvro,n: no.eypacna.n;a nopH,UI<a ~0~-10-8 ceK. 

TaK Ka.R 3Ta CVICTeMaTMI<a He MMeeT TeopeT!1tJ:eCKOPO OOCCHOBaHHH, TO, 

Ha Ham B3rJIH,U 1CJie.n;yeT, CI<Opee,OOCYJK,U8.Tb, H8.CKOJibKO rpa.BOMOtJ:Ha ee 

3KCTpanOJIHUMH. B CMCTeMaTHKe, B l!8.CTHOCTI'I 1 H8T Mec1a .IJ:JIH OCTpOB

KOB CTB.OMJibHOCTVI, tiTO H8.XO~TCR B npOTVIBOpetiVI\1 C oCmenpH3H8.HHb!MH 

TeopeTH'I8CKHMH npe.n;CK8.38.HHHMM. na.HHb!e no 260104 VI fOCJie,U:HHe pe-
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l 

3YJibTaTbl no CnC•HTaHHOMy ,n:eJieHHIO .n:pyrruc H30TOnOB 3JieMGHTOB 104 :II 

105 ,c:wpee BC8I'O ,J7Ea3h!Ba!OT Ha TO, 'ITO HatiiDiaiOT npOJIBJIJITE>CJI npH3-

H8.RH 6JIH30CTTII <muc OCTpOBIWB • 

.limui. B 1%9 ro.n:y noJIBHJIOCE> nepBoe coo6meHHe o6 onh!Tax no 

CIDITe3y 3JieMeH~'a 104 B Cll!A/67 I. YTBep)f(.IJ:aJiocE>, 'ITO npH o6JiytJ:eHHiti 

246cm ItiOHaMH '
8 o * 248cm HOHaMiti 

16
0 He o6pa3yeTcJI o, 1-cei<yH,n:

HM CIIOHTaHHO )\8JIJIIllMCJI a.RTlfl:BHOCTE> H qTo 3TO noi<a3hiBaeT OIUHClO'I

HOCTE> .IJ:YOHeHCRI~ ,~aHHhiX 0 
260

104. CJie.n:yeT, O,n:HaRO, OTM8THTE>,'ITO 

Ha CaMOM .~eJie (ih!JIO TOJibRO noi<a3aHO, 'ITO aif¢ei<THBHOe C8'!8HH€ OO

pa30BaHlfl:JI H30Tona COCTaBJIJieT He OOJiee 10 % OT B8JIH'IHHhl, Ol!rn,I(ae

MO~ no pactieTy, KpoMe TOrO, OelJiy'I8HHe npOBO.n;HJIOCE> Jim[b npn O.IJ:HOU 

3HeprHH R~OM tJ:aCTiti~. B paOOTe He npHBO.D:HTCJI CBe,n:eHHJI 0 BHXO,n:e 

H llpHpO,n:e ~pyr1~ CIIOHTaHHO ,n:eJIJIIlliDCCJI npO.IJ:YRTOB. 

AMepHI<aHcJme aBTOPhl H3ytJ:a.JIH ,n:a;ree o( - pacna.n: H30TOIIOB c 

MaCCOBhiMH 'IHCJIHMl'I 257, 259 H 261, }~JIJI ROTOphiX OHH Ham.JIH nepHOn;hl 

rro;rypacna.n:a co,)TBeTCTBeHno 4,5 ceR, 3 ceR H 1 MH~67 ,68,69/. Fa-

6oTH co,n:ep~a.JIH H8ROT0ph!e HeJICHh!e MOM8HThl B 3I<CnepHM€HTaJIDHhiX .IJ:aH

HhlX, Ha I<OTOpO ~ 6h!JIO odpameHO BHHMaHJIIe .n:y6H€HCRHMTII aBTOpaMn/3•29/. 

B OTBeT Ha 3TO B HOBOll pa6oTe depRJIHeBCI<O~ rpynnul54/ COoellllaeT

CJI 0 BhiiiOJIHeHH 1 ,n:OnOJIHI1Te.JibHh!X 3I<Cll8pHM€HTOB. 

Ec.JIH Bep:g{'rE>CJI I< BOnpocy 06 aBTOPCTBe OTI<phiTHJI 3JieM8HTa 104, 

To neo6xo,n:I1Mo )TMeTnTE> c;re.n:yromee. B11BO.IJ:hl 6epi<JIHeBci<oti rpyi111hl o 

HenpaBHJibHOll I1r:(8HTI11JI1Ra~H 260
104 HHI<a.R He.Jib3JI C'IHTaTE> .IJ:OCTaTO'I

HO OOOCHOBaHHhi~I1 HH TeopeTH'I8CRH, HH 3I<CrrepHMeHTa.JIDHO. KpoMe TO

ro, OHI~ He HMeDT OTHOJil8HHJI I< H,n:eHTHIJJHI<a~Ji! 259
104 XHMJi!'IeCRIDil Me

TO.IJ:OM, Haooopor, ;o:JIJI rrepno.~a no;rypacrra.n:a aToro H3oTona B o6eruc .na-

6opaTopHmc IIOJJytieHhl cor Jia.CYIOilllit8CJI .IJ:a.HHH8. 

TaKHM o·::5:p3.30M, B ,Itr6He B 1964 n 1966 ro.n:ax 6h!JIH o6HapylKeH1! 

.IJ:Ba H30TOna H 3JI8M8HT 104 I<yptJ:aTO~ 611JI B11.D:eJieH XHM!it'I€CI<Iit. llo-

3TOMY HeT HHKBRIDC OCHOBaH~ npm~eHJITE> .D:JIJI 9JI€M€HTa 104 Ha3BaHH€ 
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pesePW0p~. npe~oxeHHoe aMepHEaHcKHMH aBTOpaMH noc~e Toro, 

KaK ~illD B 1969 ro~ OHH llO~KRH STOT S~eMeHT B CBOeH ~6opa

TOpHR VI B 1970 ro~ npoBe~ rrpe~BapHTe~HHe XHMHqeCKMe OIT~T~ C 

15 aTOMaMH/70/. 

3,5, o~eMeHT 105 

C 1968 ro~a B nJ6He rrpOBO~flTCfl pa60T~ ITO ITOHCKY srreMeHTa 

105 B npo~RTax o6~eHHfl 243Am HOHaMH 22Ne. llepB~e oa~TI:/28/ 
6~ Haue~eH~ Ha oOHap~eHHe ~ - aRTHBHHX H30TOITOB C ~CIT0~30-

BaHHeM arrrrapaTyp~, ll306paxeHHOH Ha pnc ,3, :0: H3MepeHHRMVI 3~ePJKB.H

HWC COBIT~eHMH o(. - T.J:aCTHU ( § 2.4), Ha6.mo~a~OC:b He6orr:bmoe 'I.I:!C

~0 tJ:aCTHU HOpOTROlltHBYil{HX ll3~aTe~eltl C Ecc. ORO~O 9,4 .1:! 9, 7 MSB, 

3TH SHeprHH COOTBeTCTBO~ rrpe~cRa3aHHRM ~~ 261105 VI 260105, 

VI 6hlnO B~CRa3UHO rrpe~ITO~OXeHnal28/, 'ITO Ha6.mo~aroTCfl HMeHHO STH 

H30TOITH. ~eRTHBHOe CetJ:eHHe 06pa30BaH.I:!R, O~HaRO, 6u~O 3HaT.J:HTe~

HO H>me pacT.J:eTHOrO,H STO HaBO~H~O Ha MHC~/71 • 72/, T.J:TO HaH60~ee 
HHTeHCHBHHe ~Hllll STHX H3~aTe~eftl ~exaT B 6o~ee MRrKOa 06~CTM 

crreHTpa, 6~o~apR rrepexo~aM Ha B036~~eHHHe ypoBHH ~oqepHHX 

~ep. O~aKo B STOti T.J:acTn crreHTpa IDVJe~ MecTo 3aMeTHbill \POH, 

rrponcxo~ltl oT np:m.1eceltl cBMHua B MilllleHM. 

ITo STOH rrpll'l.I:!He B KOHUe 1969 ro~a 6H~ npe~p.I:!Hfll~ ITOHCK.I:! 

105-ro S~eMeHTa ITO CITOHTaHHOMy ~e~eHHID. 0ITHT~ Ha ycTaBOB!(e C ~eH

TO'lHHM KOHBeRepoM (pac.10) rrpn SHepr.I:!H .I:!OHOB HeOHa 11e MSB 6~ 

ycnemHHM.I:!, B weB~e 19?0 ro~a C006Il{~OC:b/71/ 0 Ha6.JIIO~eH.I:!.I:! CITOH

TaHHO ~e~erocR HyK~a c nepno~oM noRYpacn~a ~2 ceH (pac.18). 

HHTer~HOe yr~OBOe pacrrpe~e~eHne aTOMOB OT~aT.J:.I:! OKa3E~OC:b 6~3-

RHM K RPHBOH ~~ rrpo~TOB rrp~oro C~RH.I:!R (pac.13), llTO C 60~

illOH cTerreHDJO ~ocToBepHoct.l:! yKaSbiBa.JIO Ha Z ~I05.To~Rc ~ 104-

ro PI 103-ro s~eMeHTOB, B03HHE8.1011l.1:!e no peaKurutM C22 Ne, pxn ) PI 

<22 Ne , o£xn ) cooTBeTCTBeHHo, Mor~ 6~, rro-BH,li;P!MoMy, ZMeTJJ TaKoe 
JKe ( B rrpe~e~ onm:6oK zsMepeHRR) yr~oBoe pacrrpe~e~eHHE:, RBI< rrpo-
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.IJYRThl pea.KIUHI c22 Ne, X n. ) • Ho 3@leRTHBHoe cetieHHe o6pa3o:sa.HWI 

2-ceRyH~Horo HYR~a 6HEo MHoro 6o~me, tieM B03MO~Hoe cetieHHe 

pea.KIJYIH ( 22 Ne , p x n ) , a B03MO~HocT:o Toro, 'ITO oH HMeeT Z =1 03, 

6b!Ea HCRAID'!€Ha rryTeM CHHT63a pa3RH'!HblX H30TOITOB 103-ro 3~eMeHTa 

llpH 06~eH~H aMepHIJYIR HOHaMH RHC~OpO~a; CITOHTaHHOe ~e~eHHe y 

HHX He Obl~O 06Hap~eHO. TaRHM o6pa30M 6b!~O Ha~e~HO ITORa3aHO, qTO 

OTRPh!T H30TCIT a~eMeHTa 105 c Maceo~ 260 H~ 261. B TetieHHe rro

c~e~max T~ex MecRUeB 6u~ rro~eHH c~e~mHe HOBHe ~aHHble: crro

:sa. HsMepeH nepRo~ rro~pacrra~a (1,8±0,6 ceR), cHRTa RPHBaR B036~

~eHHR (pHc.19), ROTOpaR J:Ka3~ rra MaccoBoe qHc~o 261/721, 6bl~ 
M3MepeHH CITERTPH 0(. - pacrra~a npH MCIT0~30BaHl'IM MHmeHM, Tll\aTe~HO 

OtiHll\eHHO~ O'I CBHHW1 1 H ITORasaHO, qTo JIHHHH C Eac: =8,9 H 9,1 M3B OT

HOCRTCR R 3J6M6HTy 105. Ha.KOH6U, Ob!~ BbliTO~HeHH XHMH'!6CRH6 Onh!

TI:/34/ M6TO.I.OM cppOHTa~HO~ T6pMOXpOMaTOrpacpHH; Ob!~O Ha~~eHO, 'ITO 

30Ha a~c0p61~ X~Op~a 3~6M6HTa 105 (3aperHCTpRpOBaHO 18 aTOMOB) 

HaxO~HTCR npi T6MllepaType 6o~ee Hl'I3RO!rt, qeM 30Ha X~OpH~a racpHWI, 

HO 6o~ee Bh!C ORO~, 1l6.M 30Ha x'JIOpH.n;a HH06HJI. Ta.KJ/le CBOitCTBa ~eTyqec

TH X~Op~a COOTBeTCTByiDT npe~CRa3h!Ba.6MblM CBO~CTBaM 3RaTaHT~. 

llOtiTH C·~HOBpeMeHHO C Onh!TaMH no cnOHTaHHOMy ~eJieHIDO 3JI6M6H

Ta 105 B lyCHe, CHHT63 3TOrO 3~eMeHTa npOBO~JICR Ta~e B EepR~, 

Ho noHcK meJr no o{. -Hs~eHmo. B anpe~e 1970 ro~a 6b!Ea HanpaBJie

Ha B neqaT:O pa6oTal74/, B ROTOpOH COo6Ula6TCR 06 H30Tone 260105 C 

T1; 2= 1,6±0,3 ceR H Eac: = 9,06 MaB (ocHOBHaR rpynna), no~eHHOM 

B pea.KIJYIH 24 9c f ( 15 N , 4 n ) 260105. .l1~eHTHcp:m<aUWI npoBo~;rac:o 
no MeTO~ ~IIOMHOJit OT~a'!l'I H no RPHBO~ B036y~emm. B pa6oTe no 

3~eM6HTy 1m:I60/ ROpOTRO ynOMHHaeTCR 0 TOM, qTO no~eH Ta.Kllt6 

261 105 c T1/ 2 ~ 2 ceR R Eol = 8,93 M3B. HeTpyMO B~eT:o, qTO 3TH 

~aHHble no nopRo~aM no~pacn~a Haxo~cR B corJiacHH c ~6HeHcRHM 

OTRph!THeM H 3HeprRM ~ - qaCTHU Ta.K~e COBIT~aroT. 
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EepKnHeBCKaH rpynna npe~cTaBH~a CBOID pa6oTyl7 i/ KaK OTKphl

THe a~eMeHTa 105 H rrpe~~o~H~ ~RR Hero Ha3BaHHe raHHM. ITos~e 

UMepKKaHCKHe aBTOPU ITpHsHann/75/, ~TO B 3TOH 3aHBR8 OHH C03Ha

T8nbHO yMO~~ 0 TOM, ~TO ~0 HanpaB~8HHH CBOefi pajOTU B neqaTb 

OHH illvlenH B CBOIDC PYRax C006lJ18HHe 06 06HapYJK8HHH 1 J5-ro 3~8MeH

Ta B ,Uy6He. TaKIIJM o6pasm~, IlOITpoc 0 npHOpHT8T8 OTKPhlTH.fi He MO~eT 

6onDrne Oh!Tb npe~eTOM cnopa H a~eMeHT 105 ~o~eH rr~~HTb HaHMe

HOBaHHe HliJnbC00pliJ.i1, npe~~0~8HH08 8BTOpaM:IIJ Jzy6H8HCKIDC pa60T. 

3,6. 3~8M8HT 106 

B ,Uy6He B HQCTO.flli(ee Bp8M.f! npOBO~.fiTC.fi ITO:IIJCK:IIJ CITOHTaHHO ,IJ;enH

qHXC.fi IIJ.30TOITOB 3TOrO 3~8M8HTa Ha annapaType C ~8HTO~HhlM TpaHcnop

T8pOM (cM.pHc.10):r.~ IIJX c1.. -pacna~a Ha ycTaHOBKe co cjopoM Ha dJI1nD

Tpax H R3MepeH~eM no 3a,n:ep~aHHUM connaneHH.fiM (pHc.3) • .URH CHHTe

sa liJCITOnD3yroTC.fi :IIJ30TOTIU ypaHa, 06~a8Mhl8 IWHG.MH KpeMH!tl.f! 

235 '238 U ( 28 S I ' X n ) 1 06' 

~To n03BORHeT HcRaTb liJ.30Tonu c MaccoBUMH ~:IIJC~H A~ 262, a TaR~e 

B3Uillv10~8MCTBHe 

246 cm <22 Ne ,xn) 106 

~ ITO~eHIIJ..fi :IIJ30TOITOB BIT~OTb ~0 M8CCU 264. 

C aTOMaM>I BOnbtlJpaMa OUnH Bh!ITOM8HU M0~8nbHUe XillvlmeCRHe 

OTIUTU. 0H:IIJ ITORa3~ B03MO~HOCTn XHMH~eCROH H~eHTH1HRanHH 3~eMeH

Ta 106, ecnn ero CBOi1CTBa ,IJ;OCTaToqHO 0fl:IIJ3KH K SOnb~paMy. iloc~e~

H:l1Ji1 B BH~e ~8T~HX X~OpORHCeH Ha,IJ;~HO OT~enHeTC.fi qpOHT~HOH Tep

MOXpOMaTorpa®Hei1 (pnc.16) OT TaHT~a r~H!tl.f!, ~aHT8HOH~OB :liJ MHQ

riDC ,n:pyrmc a~eMeHTOB, rrp:IIJqeM Ha rrpouecc oT~e~eH:IIJH saTpaq:IIJBaeTc.fi 

npeM.fi rrop~a 0,1 ceR. 

3.7. 3~8MeHT 107 

ilOHCR:IIJ 3TOrO 3~eMeHTa Be~yTC.fi B ,Uy6He Ha TOM ~e annapaType, 

qTO H B c~ae 3~eMeHTa 106. ,llnH C>IHTesa 06~aroT H30TOITU ypaHa 

:r.~oHrum: ¢oc¢opa 
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225,238 U (31p , xn) 107 . 

Ewrn BhlllCJIHeHH XliMWiecrme onHTH c aTOMaMH pemm. XJIOPlil.IU>I lil 

XJiopoRlilClil peHlilff ~ocTaToqHo JieTyqlil. HeRoTopyro Tpy~HOCT:& npe~cTaB

JIReT pas~eJieHJile peHlilff lil BOJ!b~paMa. EUJIO ITOR83aHO, qTo peHJiiH MO

~eT 6HTn oqeHb ceJieRTlilBHO B~eJieH lil3 npo~TOB o6JiyqeHRH, ecJilil 

Ha BXO~ ROJIOHR~ no~aBaTn He XJIOplilpyromHe ROMITOHeHTbl, a RlilCJIOpo~. 

ilplilBe~eHBuH BHme M8TeplilaJI ITOK83b!BaeT, qTo 60J!blliaff qacTn 

3RCITeplilMeHTaJIDHbiX pa6oT ITO TpaHc~ePMlileBbiM 3JieMeHTaM 6HJia BbiiTOJI

HeHa B ~Byx JiajopaTOPlilffX - ]y6He lil EePRJilil. B o6oHX MecTax rrolilcR 

rrpoBO~JICR RaR no ~ -pacrra~. TaR lil no cnoHTaHHOMy ~eJieHKID. B 

EepRJilil rroqTJil ~eJililROM ~eJiaeTcR ynop Ha ClilHTes lil lilsyqeHlile oc-aK

TlilBHHX lil30TOITOB. ]y6HeHCRaff Jia6opaTOplilR cqJilTaeT dOJiee nepcneR

TlilBHOM OplileHTa~ Ha CITOHT8HHOe ~eJieHlile, XOTR O~OBpeMeHHO ~O

CT8TQqHO illlilPOK) Be~TCR pa60Tbl lil no oC. -pacna~. 3TO HanpaBJie

Hlile db!JIO ITplilHR'ro B CaMOM HaqaJie BblllO.JIHeHHff rrporpaMMH, ZCXO~ lil3 

rrepcneRTHBbl, q•ro C B03paCT8HlileM 8TOMHOrO HOMepa cnoHTaHHOe ~eJie

HHe ~OJilltHO noc•reneHHO CTaHOBlilT:&CR npeo6Jia~a.JO!lUIM cnocodoM pacrra

~a. ~eRTlilBRmi nOlilCK CBepXTHXeJibiX 3JieMeHTOB T~e B03MO~eH npeE

~e Bcero no crroHTaHHoMy ~eJie.HmJ (eM. § 4.2). 

ilplilMeHeHH!l B ]y6He Mll:lleHe~ CO CpaBHHTeJ!bHO Bh!COKlilM 8TOMHbiM 

HOMepOM H THXe;rnx 60M6ap~Hpyromzx qacTlil~ nplilBO~lilT R Hlil3ROMy Bb!XQ

~ Mem81011tZX cnoHTaHHo ~eJIRmHXCR aKTlilBHOCTeii. KaR yR83HBaJIOC:& B 

§ 2.1, cpe~ no6oqHbiX npO~TOB o6JiyqeHHff C HaHdOJI:&illlilM 9qxpeRTHB

HbiM CelJeHHeM OCipa3yroTCff npo~Thl ~eJieHVIff COCT8BHbiX Mep; HO 9TO 

noqTH ~eJIHRoM oL - aKTlilBHHe lil30TOnH. Ms ocTaJIDHHX rrpo~eccoB c 

H8Kc50JI:&IIIHM Bb!X(t~OM ~eT nepe~aqa Hec50J!billOrO lJKCJia HyRJIOHOB M

py MliilleHK lilJilil J:e, H80c50pOT, OTpb!Ba OT Hero ROMTIJieKC8 lJ8CTH~. 3TH 

pea1u~K rrpHBOM:T R HYRJilil~aM c Z K A , c5Jilil3RlilMH R 1430Tony-
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MHWeHH. Oml: m.1eiOT sHaqPITeJII>HO 6o;n,mee aqxpeRTJIIBHOe cetiemre, tieM 

perutUHH (HI, xn. ) • TipH o6.7Iy'IeHli!H U , Np , Pu H Atn"perutUHH nepe

.n;a"il''" .IJ:aJOT H30TOllhl, ROTOpue HCIIUTUB8.IOT tPaRTH'leCRH TOJIDKO «. -pac

rra,n:, (1, - pacrra.n H.Jrn K-sax:saT. HeRoTophle H3 HllX, npaB,na, cnoH

TaHHO ,n:e.JUITGJI 113 H30MepHOrO COCTOHHIDI, HO TaRHe H30Me}U 06pasy

IDTCR C ropas,n:o MeHbmRM BUXO.IJ:OM, qeM gnpa B OCHOBHOM CCCTOHHHll 

/ 76/. K TOMY JKe, sa HCRJIIOlieHHeM 242 rnf Arn (T1; 2= 14 MCeR ), 

OHH m.1eroT rrepHO.IJ:hl rro;rypacna.na Mem.me 1 MCeR. 

C ,n:pyro~ CTOpoHhl, Ha THJKenHX MHmeHRX (Cf , E5 ), ROTOphle 

npHMeHRXJTcR B EepR.Jrn, perutwm nepe,n:atiH MoryT npHBO.IJ:H'I'l:o R JierRHM 

H30TOIIaM !f>e_pMHR, 102-ro :1'1 IIOCJie.n;yiOOliDC 3JieMeHTOB1 ROTOJH:le B sa

MeTHOH CTeiieHJII HCIIhiTIIB8.IOT CIIOHTaHHOe ,n:eJieH!'re H3 OCHOBIIOrO COCTQ-

HHHR .H HMeiDT nepRo.nu rro;rypacna.na B lll.HPOROM .n;>mnasoHe BpeMeHH. 

3THM, !10-BH.IJ::I'IMOMy, 06i>JICHJI6TCR npeHM'jtqeCTBeHHM OpHeH~'aWlfR 6ep!<

JrneBCROH rpyrrnu Ha oL - aRTHBHHe H30TOIIH. 

MHoroJieTHRR Tpa.IJ:HUHR H OIIUT HCCJie,n:OBaHIDi IIO CIIOW~aHHOMy ,n:e

Jie~7/, npHMeHeHP.!e BHCOROqyBCTBHTe.JIDHhiX 6ec!f>oHOBHX .n;eTeRTOpOB 

OCROJIKOB .n;eJieHHJI, 6oJiee 6JiarOIIpHRTHUe YCJIOBHR !f>oHa, ~i3pa60TRa 

anrrapaTypu nnR ,n:eTaJII>HOrO CHRTHR CJ!OJKHUX RpHBUX pacrr~~a, ITOCJie

.IJ:OBaTe.JIDHOe H ROM6HHHPOBaHHOe IIpHMeHeHae yHJI!BepcaJII>HIH R,JJ;epHo!f>H-

3H'leCRHX PI XHMP.!'leCRHX MeTO.IJ:OB R,n:eHTP.!!f>HRaUH.H - BCe 3TO c,n:enaJIO 

B03MOJKHHM OTRphiTHe B .ny6HeHCROM Jia60paTopHH 104-ro H 105-ro 3J!e

MeHTOB ITO CIIOHTaHHOMy ,n:eJieHHID HX R,JJ;ep H II03BOJIReT BeCrH OIIUTU ITO 

cHHTesy eme 6oJiee THJKeJiliX aJieMeHTOB. 

3.8. KpHTepHH OTRPIITHR 

TipH paCCMOTpeHHH HCTOpHH OT,n:eJII>HUX 3JieMeHTOB MII HCXO,n:HJIH H3 

CX8AY~KX KpHrepHeB. 

1) "3JieMeHT" ecTL rrpeJK,n:e BCero IIOHRTHe H3 06JiaCTH XHMHH H 

aTOMHOM !f>P.!3HRH. ECJIH HSYtiaRJTCR TOJIDRO pa,n:HOaKTHBHUe CBOi!CTBa H3Q

TOITOB H IlpHM8HHDTCH ~epHO~H3HqecKHe ~OKa3areXLCTBa rpaBHXLHOCTB 

39 



. I 

Vil(eHTllrP!1KilWfll, paeloTy MO:KHO C'IHTaTI:. OTKpb!THeM 3JieMeHTa TOJibKO B 

TOM CJiy'Ia(:, KOr.na BllBO.I(hl KaK 06 aTOf,'lHOM HOMepe, TaR 11 0 MaCCOBOlvl 

'HICJie He IOI(BepraiOTCH peBll3lll1 B TIOCJiel(yl0!4IDC VlCCJieJ(OBaHllRX. HYJK

HO TIOMHJdTI, 'I'I'O, Kill\ npaBHJIO, onpen:eJieHrre pa,]\HOaKTl1BHb!X CBOi!CTB 

He rrpen:cT~.BJIReT u:eHHOCTH JVIR RI(epHoi1 tPH3HKH, Kor.n:a onmelo'IHO on

pen:e.JieHo r. accoBoe 'IHCJIO. 

2) EcnH TIOPRAKOBb!fi HOMep ycTaHOBJieH XMMH'leCKHMH CTIOC06aMH 

HJIH CpeACTBaMH aTOMHOfi ¢H3HKH (peHTreHOBCKaR cneKTpOCKOTIHR H Ap.), 

TOrAa ~a~e de3 R~epHO¢H3HqecK00 H~eHTH¢HKa~H pa60TY CJie~yeT ilpH-

3HaTI, OTKpb!Tli!eM. B 3TOM CJiyqae MaCCOBOe quc.JIO H30TOITa BOOdll1e MOJ:eT 

OCTaBaTI:.CR HeH3BeCTHI1M. 

TaRHE l\pMTepnl1, RaE HaM I<a;IWTCH, npmvreHllM!-J! He TOJibKO Ha COB

peMeHHOM 3Tane CllHT83a 3JI8M8HTOB C TIOMOI!lb!O T.fiJKe.Jib!X llOHOB, HO ll 

ITpll li!CTIOJ!b30BD.Hllll cJOJiee lllllpOI\OrO I<pyra M8TOJ\OB Cl11!T83a ll ITOllCI<OB 

HODhiX 3JI8M2HTOB. Hei<OTOph!e r13 H'IX 6yJiyT OClCyJKI(aTI:.CR B l10CJI8.Jzy!O

il1MX rraparp:1cpax. 

ML! C'Ifl:TaeM, !(QJiee, 'ITO l181IaTHHe pa60TH, ITOCBRJ118HH!1e OTI<pH

TV!H) HOBOrO 3JI8M8HTa, I(OJI:;{Hhl co.n;epJKaTI:. !13JIOJKeHMe "3KCI18p.l1MeHTa.Jib

HOi! craCTH 11 B QJOpMe, B03MOJKHO cJJili!3I<Oi1 R rrpOTOKOJibHOiL B H>l:X I(OJI-

7l\81I 6!1Tb 0 f.(H03Ha'l:HO orrpen:eJieH I10pR,IJ;ROBHi1 HOMep 3JieMeHTa H H3M8-

peHhl CBOtic rro pacrran:a H30TOIIOB C TO'IHOCTI:.!O, COOTB8TCTBYIOl!1ei1 XOpo

IIleMy conpe AeHHOMY ypo:emo 3I\cnep.!1MeHTa.JibHOi1 TeXH>l:I<H • .Il,olD!ma o6-

CYJK.JiaT:bCJ1 303MOJKHM HeOI(H03Ha'l:HOCTI:. B onpen:e.JieHHI1 MaCCOBOrO 'l:HC-

Jia. 

KpaTI< Iii orrepi< V;CTOpMH OTI\PhiTMH TpaHcilJepM!1eBhiX 3JieM8HTOB rro

Ra3rJBaeT, ITO paccrwTpeu:1e KOHKYPHPY!Oll\IDC 3MBOI< Ha OTI<p!JTHe 3Jie

MeHTa C TO II<ll 3p8HMH ycTaHOBJieH:m aBTOpcTBa He MOJKeT OHTb OClR3aH

HOCTI:.!O KOMlCC,;H ITO HOMeH!OiaType HeopraHW:I8CROi1 XHMlll1 YlKXIAK. Xa

paKTep ITp0<5JieMH TpeelyeT ITpl1BJie'!eH•.1R ClleUl'!a.Jili!CTOB ITO pa3Jili!'lHHM OT-
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pacJim.1 3H!lHIDf: H.n:epHo1l ~il13HKC ;l XHMHJI!, ::lTOMHOM i)11l3HKi:, a R jy 'T.Y-

!neM, B03f;JQJKHO, Jll ITO rCOXHMHJI!, HCKOTOPLI!·.l p8.32l8JlaJVl aCT]IOH01.1!1ll1 H 

T,IT, /,\hi !1 HQlill'J KOJIJierH P. )J.y6He l!OJiaraer~, tfTO MOli;HO 6!fJIO 01! C03-

)(QTb KOMHCCI1IO 113 Tlp8.I(CTaB!1TeJie}; p3.3ID1tf:Ib!X Me ;;t)J;yH<lPOJ~Hb!X HilytfHh!X 

C0!030B nJIH Cl1CTCM8.TJ.ItfCCIWrO KBQJIHiliHIJ.HPOR3.HHOrO paCCMOTpeHH.IT pCl-

60T ITO HOBhlM 3JI8MCHTaM, 3aKJIIOtfCHliH 3TOi/, KOMYlCCMVi C03;(8.R':liD1 6H 

OCHOBY i\JIH .n;aJibHetimeii pa60Tbl CITCI.(H8..Jlli3!1pOB':lHI!l!X llm!:Cl!KJIGTypHb!X 

opraHoB. 

HaM KaJKeTc.rr, tJTO oc5cy:K,I\eHne 11 3aTeM npmr.rrTHe co:';racoFlHJ-IhlX 

KPI1Tepl1eB 11 opr1lH!13al.(HOHHLIX Mep npe.n:oTBDaTHJIO 611 -:5ec'LJIO.I(H1!e noJTe

MVIKH 06 aBTOpCTBC OTKPHT!1M !1 Hl3.3BaH!1HX HOBUX 3JICI,1CHTr)B VI JJ:UJIO c5bl 

B03MO::tHOCTb llCCJIC.I(OBaTCJIHM COCpC,!J;OTO'IHTbC.IT l!a ITOJIO:Kl1'"CJ!bHOii pac5o

Te B HHTepecax nporpecca B 3TOti l!pC3BWia.i1IIO YBJieJ<aTe.Thl!OM 06JI!lC

Tll HJJ:CpHb!X llCCJIC.I(OBaHHM, 

IY. CBEPXTffi{EJihiE 3JIEMEHTH 

4,1, TeopeTHtfeCKHe nne.n:cKasaHHH 

B PH.I\e oc53opon rroc;ren;Hero rpeMeHH/2 •78-82/ rro.I(po6Ho o6cy:K

naeTcH COn;ep~HHe MHOrOlfllCJieHHHX TeopeTHtfCCKHX paOOT, ony6JIHKO

BaHHHX sa TIOCJieiJ;HHC rO.I(hl, KOTOpHe TIOCBJTilleHH llp06JieMe CBepxTmrte

JIHX 3JieMeHTOB, MH 3.I(eCL IT03TOMY TOJibKO KpaTKO OT!.leTIDI OCHOBHHe 

3TaiTH pa3BHTHH 3THX H.I(eH. 

B 1958 rony BepHep H YHJiel
83

/ paccMoTpeJIH Borrpoc o 'lHcJie 

B03MOJKHHX 6ynyu~ 3JieMeHTOB 1 TWXOJL!I 113 rrpocTOM Karrem,HOti MO.T(eJIH 

HJJ:pa, 0HH ITPHlliJIH R BHBO.I(y, tfTO O'leHL TRneJIHe H30TOITH (,I\JIH KOTo

PHX sHatJeHHe napaMeTpa Z 2/A cymecTBeHHo HHlKe RPMTHtfr~cKoro) 3Jie

MeHTOB BITJIOTb JJ:O Z '::::: 150-160 MOrJIH Obi HM8Tb rrepHOJJ:b! rro;rypacna

JJ:a 6oJibme 10-4ceK. 3TH Hcc;re.n:oBaTeJIH npe.n:cRasuroJIH c:rmecTBOBaHHe 

JJ:JIHHHOrO "MH:ca" CTa6HJibHOCTH, )J,o HaCTOHI!Iero BpeMeHH, OJJ:HaKO, He 

6uJio npe.n:JioJKeHo HH:KaKmc crroco6oB rro;ryqeHHH HJJ:ep c He :XSXOJJ:HMHM no 

3TO~ TCOPHH orpOMHHM M36HTKOM HenTpOHOB, 
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ITo Mepe HaKorrJieHIDI aKcnep:HMeHT8.JII>HIDC ~HHX o rrepHo.nax II(}

.JIYpaena.T(a enoH~'aHHO .neJJ.fiii1HXCJI J{T(ep Bee oneTJil'!Bee o6HaPY'KHBa

JIPie:& 6oJII>nme o~·RJIOHeHIDI oT npe:n;eRasawrn KarreJII>Hotl Mo.n;eJIPI. B 1961 

ro.n:y aBTOpll o6:10pa/B4/ OTMeTRJIPI, tiTO IlpOeTM 3ReTpaiiO.II.RJUUI 3Re

nepHMeHT8.JII>HllX .IJ:aHHllX 0 rrepRO.n;ax IIOJIYpaerra.n;a tJ:eTHo-tJ:eTHllX 1'130T(}

ITOB TpaHCypaHOllh.TX 8JieMeHTOB IIpHBO.l\l'IT K ropas.n;o 6oJiee IIeCC:HMHeTH

qeeRHM oueHKaM tJ:HeJia 3JieMeHTOB, ROTOptle MO~O Ha.n;eJIT:&CJI OTKpllTD 

B 6y.JJYI11eM C IIOI•!OI!U>ID 'PI3BeeTHllX erroeo60B ePIHTesa. B TO lite BpeMJI 

OHH He IIeKJIIO'Ia.;rn, tJ:TO B03MO~He 3@>eKThl JI.n;epHIDC 060JIQtJ:eK MOryT 

Ja3MeHIITI> 3Ty eHTyaiJ;liiJD R .1Iy'IIIIeMy • 

PemaJO!IlHM naroM B noHIDiiaHHH Toro, RaK BJil'!HeT o6oJiotietiHaR crpyK

Typa JI.n;pa aa eHOHTaaaoe .n;eJieH>~:e, eTaJia pa6oTa Ma.Hepca R CBJITeRH 

/B5/. 3TH. aBTO]lhl paeeMOTpeJIPI IIOTeHIJ;l!IaJII>Hyl!l 3Heprmo JI.n;pa, ROTOpaH 

HBJIJieTeJI <j)yHKUlleil Z , N H <P<>Ifv'll JI.n;pa, e TOtJ:KR speHIDI RaneJII>Hoi:t 

MO.n;eJIPI e "060JioqetJ:HhiMI'I IIOIIpaBRaMI'I11 
• 0HH IIpmiJJm R IIOJIY3Mill'lpHt~ee

ROMy Bhl~eHKJD .n;JIH aHeprHR JI.n;epHOH .IJ:e<Jx>PMauKI'It KOTOpoe,RpOMe XH.n

ROKaneJII>HOi1 t~a<:TPI, eo.n;epJKaJIO o6oJiot~etJ:Hhle nonpaBKH, rrpHtJ:eM noeJie.n;

HHe HetJ:e3aJII'I ITO Mepe YBeJIHtiHBaJD~eroeJI OTRJIOHeHIIJI OT e~epHtJ:eeROit 

~OPMhl• 0HH eMOJ'JII'I BhiBeeTH OTeJD,na saBHe'P!MOCTI> paBHOBeeHO:tl: ,ne~p-

, MaUIIH JI.n;pa H MaeeH OeHOBHOrO eoeTOHHIDI OT Z 'PI N 1'1 BhltiHeJIPITI> 

BHeOTy 6apr,epa .n;eJieHIUi. 3aMeT:HM, tiTO B rrpoeTOft RaiieJII>HOft MO.n;eJIPI 

Bee JI.n;pa paceMaTpH:Baml:CI> RaR e~epHtJ:eeKPie, tJ:TO IIpoTHBOpetJ:PIT OIIhiT

HhiM .IJ:aHHhiM. 

Maiiepe a CBJITeRH oTMeTHJIPI, t~To o6oJiot~et~HHe rronpaBKH R Bhleo

Te 6apr,epa .n;eJitlHr!JI HaeTOJII>KO c~eeTBeHHhl, tJ:TO .n;Ballt.n;H MarmeeRHe 

JI.n;pa B o6JiaeTH eBepXTJilK8JlllX 9JleMeHTOB ( OHH JRa3h!BaJIPI Ha 310126), 

KOTOphle BcJie.n;euHe 6oJII>moro saat~eHIDI Z 2 /A ,noJilKHbl KaR 6y.n;To 6hiTI> 

a6eOJIIOTHO Heye•ro:tl:tJ:HBhiMH OTHOeHTeJIDHO CIIOHTaHHOrO .n;eJieHIDI, MOryT 

Ha eaMOM ,neJie '!MeTI> 6apr,ep .n;eJieHHH OROJIO 10 M::m. 
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3TH qpe3B~a!HO HHTepeCHHe BHBO~ 6HRH B OCHOBHOM RaqecT

BeHHllMH, TaR KaR 6HJIO TOJibKO yKa3aHO Ha YBemr<IeiDie BHCCIThl 6ap:F:.e

pa .n;eJieHHH. BTOJ>HM BaJ~tHe«mHM marOM B paaBHTHH TeopHH c~·a6HJibHO

cTH CBepXTmKeJihiX H.n;ep CTM "MeTO.n; CTpyTHHCKoro". 3TOT E.BTo/86/ 

HameJI crroco6 pacqeTa .n;eTaJibHO~ ~OPMH 6ap:r,epa .n;eJieHHH, ~·.e. H3Me

HeHHH o6oJioqeqHhiX rrorrpaBOK no Mepe .n;e<fJoPMawm JJ.Upa B nponecce 

.n;eJieHHH • .UJIH pactreTa HCITOJib3yroTCJ'I CXeMH O,nHOqaCTHt!Hhi.X ~'poBHe~, 

ROTOpble eme paHDme 6HRH BBe,D;eHbl HlUI:&CCOHOM .nJIJ'I HHTepnpoTaQHH .n;aH

HhiX no .fl.ll;epHO~ cnei<TpOCROnHH .n;ecpopMHpoBaHHHX JJ,Uep. IlJIO)~OTBOpHOCTI> 

MeTo~a CTpyTHHcKoro 6HJia npo.n;eMoHcTpHpoBaHa Ha npHMepe crroHTaHHo 

.J(eJIJ'Iutl-l:xcH H3oMepoB (CM. § 3.4): Ha 6ap:r,epe .n;eJieHIDr, pac(:qzTaHHOOI 

no HOBO~ TeopHH,06Hap~HBaeTCR HerJIY60K~ MHIDIMyM npH ;~e~opManKH 

• 60Jibme~, treM y OCHOBHOrO COCTORHHH. 3TO RBJI.fleTCR cep:r,e:lHllM 06oc-

HOBaHHeM rrpe.n;noJiol!temu/87 I o TOM, qTo cnoHTaHHO .neJIHlllH,3CR zaoMe

PH RBnRDTCR zaoMepaMH <fJopMH. 

MeTo.n; CTpyTHHCRoro .n;M B03MOl!tHOCTI> no.n;ofiTH K ~aJiiCTHtreci<HM 

pacqeTaM BpeMeH MH3HH OTHOCHTeJibHO cnOHTaHHOrO .n;eJieHHa 1 ol -pacna

.n;a B 06JJaCTH CBepXTRl!teJihiX a.nep. ,UydHeHCRHe TeOpeTHKH B.IeCRH cy

[lleCTBeHHhlfi BKJJa.n; B 3TH HCCJie.n;oBaHzalBB-91/. 

K COl!taJieHHD, MO.n;eRH .f1.npa J'IBnRIDTCJ'I npH6JIHl!teHHHMH H, R TOMy 

lite rrpHXO.n;HTCR 3RCTpaiiORHpoBaTI> HX rrapaMeTpbi, TaR Xe Ka :< H napa

MeTphl .n;HHaMHKH nponecca .n;eJieHHH, Ha y.n;MeHHyiO o6JiacTI> Z H N • 

BcJie.n;cTBHe aToro paaHHe aBTOPH npzxo.n;RT R CHJibHO paaJIH~a~ca 

peayJibTaTaM pactreTOB. .Ual!te .nJIH 6JIHl!ta:t;iiDKX H MarHtreCKHX Ul:CeJI npe.n;

CKa3biBalOTCR HeO.n;HHai<OBhle 3HatreHHR ( Z OT 114 .n;o 126; N OT 164 

.n;o 228), XOTR B 60JI:&IllH:HCTBe pa60T !if Ha3biBaeTCR Z = 11 i HRH 126 

H N = 184 • Eme 6oJiee Heonpe.n;eJieHHHMH RBnRDTCR npe.n;ci< ::taaHHH To

ro, RaKRe .f1.npa R3 OCTPOBKOB CTa6HJibHOCTH 6y.n;yT HMeTI> H:lH60JibiDHM 

o6mz~ nepiiio.n; rroJIYpacna,n,a, TaR RaK npz yqeTe .n;pyrzx BH.n:>B pacna.n;a, 

nOMHMO CnOHT8HHOro .n;eJieH~R, MaRCHMyM YCTO~BOCTH CMemaeTCR OT 

~BaE,li;H warzqecxoro ~pa. 
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1J:TO KacaeTC.f! aelCOJIIQTHhlX OU8HOI\ Bp8M8HH J!tH3Hl! ,n:Ba"KlUl MarH'I8C

I\OrO gn;pa OTHOCMT8Jl1,HO CTIOHTaHHOrO .n:eJieHJ'l.fi, TO OHH I\OJieelJIIOTC.f! B 

npe,n:eJiax OT mrnpoceRyH.n: .no 10
14 

Jie./82/. HecROJibKO CloJiee "TO'IHH

MH" .f!BJimOTC.fi paCt:! 8TH Bp8M8Hl! JKH3HH TIO OTHO!ll8Hmo R ol - pacna.n:y, 

HO !I[ 3JJ:8Cb ~i3JIH'IHH8 JI,nepHHe MOJJ:8JIH H HaelopH napaMeTpoB npHBO.URT 

R OTJillt:!H.fiM B npe,n:eJiax 6-8 TIOPRJJ:KOB B8JIHt:!!l[~91/. 
B Tai\OM CHTyauvm, I\aK HaM KaJK8TC.fi, CJIOBO 3a 31\CTIPpm.leHTaTo

paMH. HaMeq~~TC.fi ,n:Ba nyTH R cBepxT.f!'MeJ!hiM 3JieMeHTaM. KopoTKOJKHBy

IUHe l'l30TOTIH :IJDKHO nomnaTbCR CHHTe3vrpoBaTb B a;nepHHX peaRIJJIIRX. B 

TO lite BP8M.fi, RaR TIOJiaraiDT H8ROTOpHe aBTopui
92

/, nepHOJJ:H ITOJIYpac

na,n:a HaHClOJie~ ycTofiqHBHX H30TOITOB B paitoHe Z =110-114 MO!'yT rrpe

BHCHTb ,n:aJKe :~ •1 0
8 

JieT. TaR He .RJ(pa MOr JIH COXpaHHTbC.f! Ha 3eMJie CO 

BpeMeFm B03H fl<HOB8Hl1.f! B8U18CTBa COJIH8"JHOfi CHCT8MH, !I[ HX CJie.nyeT 

HCRaTb B npHJO)lHhlX MaTeW'!aJiax, pyROBOJJ:CTBy.f!Cb reOXm.1H'I8CI\m.111: rH

TIOT83aMH (3JI~M8HTH 110-114 JJ:OJIJ!tHH ClhlTb XII:MVI'I8CRHMM aHaJIOraMH p~ , 

Au , H<J , T t , Pb ) • EcJrn: B npe,n:eJiax Hamef1 faJiaKTII:RH nenpephlBHO 

npoTeRaiDT TIPJU8CCH CHHT83a CBepXTRJ!t8JihlX 3JI8M8HTOB, TOr,na RJJ:pa C 

nepPIOJJ:aMH ITO rzypacna,n:a > 10
4 

JI8T MO!'yT HaXO,n:HTbC.f! B COCTaBe ROCMPI

qecRPIX .nyqef1 PI, B KOH8"1HOM cqeTe, TaRJ!te KOHU8HTpHpOBaTbC.f! B He

ROTOPHX TipllpJ,n:HHX cpe,n;ax PI 00'b8RTax. 

Ha,n:o noqqepRHYTb, qTo neorrpe,neJieHHOCTb E KOJIHt:~ecTBeHHHX 

npe,n:cRa3aHH.fiiC cTaBHT 3Kcnepm,eHTaTopoB B t:~pe3BI,IqanHo Tpyn:HHe yc

JIOBH.fi. 0TIHT ·~ol!tHO HaueJIPITb Ha CHHT83 PI30TOllOB TO.Jl1,KO B I<aKOf1-TO 

Y3RO~ oc5JiacTa 2 H A,H pa,n:PioMeTplft:[eCKHe H XII:MH"'eCI\He MeTO.UHKH ,n:JI.fi 

06HapYJK8HH.fi qoBHX .fi,n:ep MOryT OXBaTHTb JIHWb orpaHH"'eH~ HHTepBaJI 

BpeMeH l!tH3HHo ITOHCKH B ITpHpo,ne MOJ!tHO npoBOJJ:HTb TOJibKO HMeJI npe,n:

CTaBJieHHe o [II:MH"ieCKOM xapaKTepe 3JieMeHTa. HecMOTPJI na 3TH Tpy,n:

HOCTH, B !y6ae 6HJIPI npe,n:npPIH.fiThl mHpOKHe HCCJie,n:OBaHPI.fi ITO OClOPIM 

OTMe"'eHHHM H~paBJieHH.fiM. HHl!te, rrpH o6cyl!t,n:eHHH 3KcrrepHMeHTaJIDHHX 
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P!CCJI8.JJ:OBaHllfl4, Mhl dy,neM P!CXO,nHT:b PJ3 I1p8,1\ITOJ!Ol!C8HI1H, qro MarJ1q8CKlllm 

'IHCJia.MH JIBJUIJOTCR Z = 114 11Jrn 126 H N = 184 (cpaBHH puc,24), 

4.2. CIDJTe3 B MepHh!X peaKrumx c TmK8.!IhlMI1 MOHaMH 

Jiorii!'leCI<II!M ITpO,UOJDK8HI1!8M OilblTOB ITO CII!HT83y T)aHccpepMl'I8Bl:lX 

3JI8M8HTOB !IBJUIJOTCJI ITOITbiTI<P! ITOJI;,TtJ8Hl1:1! CB8PXTSDK8.1I!H 3JI8M8HTOB B 

p8ai<U!1JIX ITO.II!fOrO C.JIII!JIH11:JI, 3TII!IV! rryTeM, ITQ-B!I[,llHMOM:r, .JJ:OCTyiTHa Od

JiaCT:b OKOJIO 3JI8M8HTa 126, HO He OCTpOBOK Bd.Jrn3l1~: = 114, ilpll'!IIl

Ha 38I<.II!O'l88TCJI B TOM, 'ITO B ,UBa'K,ll!l Marii!'l8CKOM 291l114 OTHOIJ!8HJ18 

N /Z cooTBeTCTByer Jfii!HII!l1 {!> - crac511!JThHocra, a P''aKI(II!IIl rroJIHoro 

CJII1l1HifJI, K8K OTM8'IO.JIOCb B 2 ,1,, H8113c58:KHO ITPi!BO.~.f!T I\ H,I!paM C 

)\8(l'VII(II!TOM Heli\TpOHOB, JIJOc5ble KOMc51i!H8I(IIllf l1M810ll{IDCCJI 1111IIl8H8H C TmK8-

.Jih!MPJ IWllaMl1 He J1:8.10T H30TOITOB II4-ro 3JieMeHTa C t[HCJ!Oll HeHTpOHOB, 

)\OCTaTO'IHO CJJI111K!1M K 184. 3TO f!JO;;(HO ITpOl1JIJIIOCTpl1pi>B8Tb CJI8JJ:Y10!11H

Mll rrpii!MepaMl1: 

244Pu (48ca, 

248cm (40Ar, 

257fm (30Si, 

xn )292-x114 

' 
xn )288-x114' 

xn )287-x114 • 

ilpaKTII!'l8CI<l1: MO~HO OCY!l18CTBHT:b peai<UHH C X= 3,4,,,,IIl 3TO 

IIPifBO,llPJT I< N {, 175. 

3
1

0126 .f!BJI.f!8TCJI H8HTpoHO,Ue(f>l1I(II!THhiM ll30TOTIOM l1 B peai<UH.f!X 

noJIHoro c JI11.f!Hll.f! rroJiy'!aeTc.f! HYJKHOe MaccoBoe 'II1C JIO. TaR, Hanpii!Mep, 

n Opes (~paHUHR) Ha'!aTH 3Kcnepii!MeHT!1 no oc5Jiy'leHKO TOPH.f! llOHaMH 

RpllnToHa/931. TipHMepoM Mo~eT CJiy~HTb peai<I(II!JI 

230Th (8<1zr ,xn )310-x126 

3HepreTII!'l8CI<MM c5aJiaHCCJillHHl1H R,n:ep TOpli!JI H I<pHTITO{a Tai<OB, 'ITO 

rrpH sHepr.llll IWHOB I\r , c51IH3I<ot1 I< RYJIOHOBCI<OMy ·Cla ~r,epy, sHepri1JI 

B03c5YJK,ll;8HH.f! COCTaBHOrO II,Upa O'l8Hb H.ll:3I<a. TI03TOMy He 11CI<.II!O'l8HH 

,naxe pea:£<~11!11 c x=O. Tor,na M BepoJITHOCTJJ ,neJieHII!JI ~ocraBHoro .f!,llpa 
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r 6y~eT o-qem, MaJJa, H 3qxpeRTHBHOe Cet~eHHe 06pa30BaHH.A: :l'ICKOMHX 

CBepXT~eANX H30TOnOB MO~eT ~OCTHraTn OTHOCHTenDHO 60RDIDO~ Be

JI!f'!HHH. ECTn OCHOBaHH.A: Ha~e.A:TnCR, tl:TO PI pea.IU]JIH C X= 0 He 6y;rr,yT 

CHA»HO no~anneH~ sa C'qeT KOHRJPHPyromero ~eneHHR: BMecTe c ynenz

"qeHPJeM 6apnepa ~eneHHR ~ B OCHOBHOM COCTORHPIPI B03paCTaeT TaR

~e BepO.A:THOCTn CHRTHR B036~eHPIR nyTeM PICnapeHH.A: He~TpoHo~94/, 
T.e. !}la.RTOp rn_ (CM. § 2.1). l103TOMY MO~HO C~eJJaTn non~TRy C>lli-

rf 
Te3HpOBaTb 3~e~eHT~ B6nPJ3PI aTOMHOrO HOMepa 126,HeCMOTp.A: Ha TO, 

tl:TO HMe~ec.A: FHTeHCPIBHOCTPI nytl:ROB COOTBeTCT~ T~e~ 60M-

6ap~PIPJIDmKX t~aCTKq noxa OTHOCPITe~HO M~. 

B lly6He nJOBO~RTc.A: axcnepPIMeHT~ no o6Ryt~eHPID aMepHnHR PIOHa

MPI UPIHRal95f: 
24~Am (66zn ,xn )309-x125. 

3.n;ecb yMecTHO t:anoMHPITb, t~To zsoTon~ c Het~eT~ A PinPI Het~eTHo-

• He"qeTHHe zsoTOIIH m.~eroT, xaR npaBHJio, 6oA»mHe nepPio~ no~pacn~ 

(OTHOCPITenDHO ~ -pacn~a H CilOHTaHHOrO ~eneHHR), t~eM 6~aimP!e 

t~eTHo-t~eTH~e ro(pa, Pis-sa "!}la.RTopa sanpeTa". 3TH coo6~eHPIR no

BnPIRnPI Ha B~60j) npPIBe~eHHO~ ROM6PIHaQHPI. Cne~eT OTMeTl'!Tb, 'qTQ B 

~OM c~ae B o6.nacTPI 310126 o6II1P!e nepzo~ no.nypacn~a t~eTHo
qerxwx Hsorono~ He Moryr npeBHWRTL Manwx ~oneA cexyH~Y/9I/. KaxoBa 

6H Hl'I 6biJJa CTenem, CTa6HnPJ3aqHH ~ep OTHOCl'ITenDHO CllOHTaHHOrO 

~e~eHIDI, 3TH Hl~aTpoHO~e{pHqHTEe H30TOll~ 6y~T HMeTb 60A»mHe 3Hep

rHPI ~ - pacrr~ta H, C~e~OBaTenDHO, ROpOTKPie BpeMeHa ~3HH OTHOCH

TenDHO aToro B r.Ita pa,n;l'IOaRTHBHOCTPI ( cpaBHH pzc .24) • 

11HTeHCP.!BH,>CTn TI~Ra HOHOB Zn 10+ B lly6He ~OCTHraeT 109 -

1010 t~acTzQ/ce:(. MeTo~a rrosnoJIHeT perHcTpPipoBaTb cnoHTaHHO ~e
~ec.A: ~pa CBepxT~enHX a~eMeHTOB c T1/2 > 10-9cex. nJIH 3TOro 

sa Mmnem,ro pas:lleuteH~ ~eTeRTOPJ:l TaKPIM o6pasOM, t~To6~ perzcTpPipo

BaTb pacna~ ~ep oT~a'qPI Ha ~eTy, a rax:m:e PI noc~e Toro, KaR oHPI 

B6Pin:l'ICb B c6op~PIK. B HaCTORutee BpeMR B~CHRIOTCR B03MOEHHe HCTO'tl-
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HHKH ~OHa npH HCIIOHb30BaHHH STOB MeTO~HKH. 

B 1964 ro~ B ny6ae 6u~o npe~~o~eao HcnonnsoBaTn ~e~eHHe 

B036YJK~eHHIDC COCTaBHIDC .fi~ep, IIOJiytraeMHX B peaiUJ;IDIX C 'I .mteJIIDJJH 

HOHaMH, ~~ ITOAY1eHH.fi H30TOITOB H S~eMeHTOB (B T.'l. CBEpXT~e~) 

B Ra'leCTBe OCt\OJIKOB ,n;e~e~8 ' 96/. TaRM B03MOlltHOCTn C>CHOna.Ha Ha 

6onnmon mHpHHe Macconoro H sap~onoro pacrrpe~e~eaHn III•O,Il'yRTOB .n;e

~emm. EH~ BblTIOJllieHH ClfCTeMaTH'I8CRHe HCC~e~OBaiiH.fi ~eJceHH.H COCTaB

HIDC ~e/97 < H ITOJiytreHHHe saBHCHMOCTH IIapaMeTpoB sapsu:onoro H 

MaCCOBOrO pacrrpe~e~eHHH OT MaCCH H 3HeprHH T~e~ HOHOB II03BO~

HH rrponecTH HeRoTopue oueHRH ~ eiTie 6o~ee T~e~ 6o~t6ap~py»

mmc 'laCTIIIU. Ha pHc. 20 npHBe~eau HeRoTopue sRcnepHMeH~·annHHe ~

HHe no MaccoBHM pacnpe~e~eHIDIM nepmrqHIDC OCFOJIROB ~e~1mH.H H ouea

RH ~ CJiyt{M B3aHM0~8HCTBJIIJI RCeHOHa H ypa.Ha. BH~O, JianpHMep, 

'ITO nmco~ B o6~cTH Mace 250-260 n~eT ncero B ~ec.HTh pas no 

CpaBHeHKID C BIDCO~OM OCROJIROB CKMMeTpH'IHOrO ~e~eHJII.fi. 

llpiii 6o~ee ~eTaADHOM paccMoTpeHKH npo6~eMH oRasarocn aeo6xo

~HM yqeCTb, 'ITO nepBH'IHHe OC"OJIRH 6y~yT no~aTDC.fi :3 B036YlU(eH

HOM COCTO.fiHl'IJII l'l sa C'I8T STOrO 6y~T ~e~TnC.fi. C~e~oBa·~eADHO, BH

XO.ll; JII30TOIIOB T~e.llHX S~eMeHTOB 6y~eT Merrnme BIDCO~a rre])BH'IHIDC OC

RO~OB COOTBeTCT~ Mace. HeROTOpGe pac'leTHHe naHrnle, no~eH

HHe OraHec.fiHOM H ~/981, npHBe~eHH Ha pHc .21. E~o~apR c~6oi\ 
~eHHMOCTH ~ MBrB'IeCRl'IX ~ep, BIDCO~ 298114 MOMeT 15HTn CYD:I8CT

B8HHO 6onome BIDCO.ll;a H30TOIIOB B o6~CTJII wepMJIIJI - ero ~~eRTJIIBHOe 

ce'leHHe o6paaoBaHH.fi 6u~o oueaeao B 10-30c~. B TaROM ~~ae ~o
cTaTO'IHO IIJ'IRa JIIOHOB RCeHOHa C HHTeHCHBHOCTbD 109'1aCT~u/ceR, 'ITQ-

6H nOIIHTaTbC.fi IIOAY'IJIITb CBepXT~enHe S~eMeHTH. 

B HaCTO.fiiTiee BpeM.fi B ~6HeHCROH na60paTOPl'IJII npoBO~C.fi OITHTH 

no ycROpeHHD JIIOHOB KCeHOHa C IIICnORn30BaHJ/IeM T~eMHOft pa60TH ~ 

D;l'IK~OTPOHOB, CBR3aHH!:lX JIIOHOnpOBOJJ;OM ~Oi\ 70 M. l1'0HH Xe8+ ycRo

pHDTC.fi Ha UJIIR~OTpoHe Y-300 Ha TpeTbe~ rapMOHJIIKe OCHOBHOi 'laCTOTH 
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11:0 3Heprl1H J!eCROJII,KO MeH:Ollle 1 rfl3B/HJTR'IOH, TOR ITytii<a Xe8+ Ha RQ

!Ie'IHOM paT(H;'ce YCI'OPI1T8JIJI Z(OCTY!raeT 1 MI<a, qaCTY!UhJ BBO,TI)lTCf! B 

uenTp yci<opi!TeJIJI Y-200, rn:e rrponyci<aiOTCH tiepes MeTa.JI.Jrn1IeCRYJO <PoJII,

ry ,I(JIJI "00,I(I!PRI1" 3JieRTpO!!OB, vlOHbl C ::JapMOM OT 24+ T(O 29+ MOJKHO 

ycKopHT:O Hn Y-200 /(0 3HeprHH ~ 7 M:m/HyRJIOH, 0JK:I'IJ(aeMM MHTeHc:I'IB

HOcT:o ITytiKa COCTaBJIJI8T OKOJIO 10
1 

OtiaCTHu/ CeR • 

4, 3, i;Ol1CRVI B rrpVIpo,n;e 

llOVICKH CB8PXTJIJKeJThlX 3JI8MeHTOB B ITpY!pO,T(Hh!X cpe,n;ax HM8IOT npVJ

MepHO TpeY.JDTHIOIO 11CTOpHa/5 ,6, 99, 1 00/, 

A1'0L1llbr1 110! .. 8), .1 CJ1C,I!OBUTeJII,HO, II XIDJI11'!eCRM ITpJI!pO,n;a CBepx

TJIJK8JIOrO 3JI~MeHTa, ROTOpb!M MOr COXpaHWr:OCH CO BpeMeHH o:5pa30BaHVIJI 

3eMJrA, 'l'O'IID He )l3B8CTHbl, ll03TOMy rrpil ITOnbiTI<ax OclHapyJKeHl'!JI J(OJirO-

:nmy·urrx VI::Joronor Mbr naueJirrPaeMcJI no nosr.WJKHOCTH na nee 3JieMeHTH 

OCTpOT'!W, 0 ~;{C)IOBJie ill OrO ,I!M.Ji( T(bl MLlri1'!8CinJM JII(pOM 
298

114. C 3TOi1 

U8J1I,IO B nepDyiO Otiepe,rr,:o C03J(ElBaJnlCb BtJCORO'!yBCTBVJ:TeJII,Hble pa,:rJ;HOMeT

pil'IeCime ycrmiOBI\I.J n:JIFI o6Hapy;:<eHVIH HOBHX rrpHpon:nhL>:: aKTrmHocTeil. 

:,ien:ornee BHH\1aHl'!e noRa yn:eJI.rreTcJI nom.!TI\aM npei\MPHTeJI:oHoro XIDJIH

tiecKoro KOHLT,8HTpl1pODaHVIJI CTI8flXTfl:K8JTh!X 3JieMeHTOD D JiaOOpaTOpHb!X 

ycJIOBHJIX, 

. 1130TOPIJ CB8PXTm<eJIHX 8JI8M8HTOD JJ;OJIJKHbl, ITO-BHJ(IIMmAy, 11CnbiTh!

BaT:O CITOHTr HHOe T(8JI8HI'!e 11JIVI o( - pacrran:. HatiHH<lJI C 20-X ro,n:OB B 

JII.JTepaType BpeMJI OT npeMeH!'I nOf!B.Jif!JlliC:O C0001L[8HV!f! Ocl 06Hapyll\emm 

B pa3JII.J'IHED npl'lpon;Hb!X Ocl'b8RTax HOBHX o( -113JIY'!aTeJieft. BHIDJiaHHe 

npi'IB '!8!\JII.J r peJKn;e ncero parJOTbl rpynn lllHHTeJII,MeftcTepa (fepMaHHfl), 

T.J:ep.n:mn(eBa (CCCP) H AJJ:aMca (Cl!IA). B HIDC coo6[J1aJioc:o o6 aRTI'IBHO

cTJIX c E 0( = 4,4-4, 6 Msn, 1\0TOpb!e rro HeROTOPb!M n;aHHh!M o6Hapy;KVI

BaJII.J XIDA!1'H!CKVJe CBOJ.iCTBa, no.n;06HLie CBOHCTBaM OCMHJI, B03HI'II\a.JI BOn

DOC 0 I'IX D03MOJKHOfi npVIFr:T(JieJWOCTI'I 3RaOCMHIO - 3JieMeHTy 108, DocJie 

ITOf!BJl8H 1JI l'I1ITOT83bl 06 OCTpOB!\aX CTa•:JVJ:JII,HOCTI'I B ,llyOHe VI, HaCKOJTh-
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RO HaM ~3IleCTHO, TaRJKe B ~pyrmc MeCTax Ob!Jll'J npe,ro"IJIRH.fiTbl nonbiTR~ 

BOcnpmtsBe~eH~.fi aux pac5oT. Our1 He np~BeJll'J R noJiolKl:Te.JibHbiM pe

sym,TaTa.M. HaM npe~cTaBJIJieTc.fi, ~To no~cR cBepxT~ejrnx aJieMeHTOB 

no ol.. -H3~eHHD .fiBJI.fleTC.fi B HaCTO.fi!I\ee BpeM.fi O~em, "PY.UHO~ sa~a

~ett rJiaBHHM o6pa30M H3-3a sarp.fi3HeHIII.fi 3eMHO~ noBe]JXHOCT~ (a 

TaRllte 60.JibiiiHHCT:Ba JUJ;epHbiX Jiac50paTOpru1) TeXHOI'eHHbiMI! TpaHcypaHo

BhlMl'I o( - H3Jiy'!JaTeJI.fiMH. 

ITo HanJeMy MHeHmO, Ha:l!:c50Jiee BepO.fiTHO 06Hapyllt:I!:Th CBep:XTJDKeJihle 

aJieMeHTbl no cnOHTaHHOMy ~eJieHmo. Ec;rn: CaM ~OJII'OlKHB:runfit :1!:30TOn HC

TIYUIBaeT He CnOHT8.HH06 ,1;6J16HHe, a ,ILpyron BH,J; pacna.~a, TO B ~enoq

I<e ero pacn~a o6JisaTeJII>Ho ~oJillteH BCTpeTMTI:.C.fi cnoH·raHHO ~e~

C.fl Hyl<Jll'J~. 3TO C HeH30elltHOCT:b!O CJie.n:yeT H3 TeX C006 JBJKemm, I<OTD

pble npHBO~.fiT I< npe~cKa3aHKJO ocTpOBKOB cTac5H.JibHOCTH. PanHoMeTpiii

qecKHe MeTO~KH ~JI.fl Oc5Hapy.!eHH.fi CTIOHTaHHOrO ~eJieHH1 oc5~aJOT 60JII:.

IIIO~ '!JYBCTBHTe.JibHOCTI:.JO, TaR I<aR aRT!ll J(eJieHHJI MOlKHO ;>erHCTpHpOMTI:. 

C BhiCOKOtt aiWJeKTHBHOCTI:.JO npH O~eHI:. HH3KOM ypOBIIe <lJJHa. 

B Harne~ mc5opaTOPHH c~cTeMaTMecKH np~eH.fiiOTCfi cJie~l!l~e Bhl

coKO'!JyBCTBHTeJII:.Hhle ~eTeKTOpbl cnOHTaHHOrO ~eJieHHJI. 

1) Tpei<OBhle ~eTeKTOphl ociWJIKOB n:eJieHHJI. JI~m:l1M MaTepHMOM 

B ,ILaHHOM cnyqae .fiBJI.fiJOTC.fi no~epHHe nneHI<III, KOTcpue co~ePJ!taT 

oqeHI> MMO yPaHa, e~HHCTBeHHoro III3BeCTHoro ceftllac npHpo~oro 

cnoHTaHHO ~eJI.fii!Ieroc.fi aJieMeHTa. B .Uyc5ue np~eHJieTc.F. Me1'0~HRa, no 

KOTOpO~ ~CCJie.n:yeM~ o6pa3e~ pa3MeJII:.qaJOT, HaHOC.fiT I BH~e naCTH 

CliOeM TOJI!I1HHOfii B HeCKOJII:.KO MHRPOHOB Ha TIO~epHyJO nJieHRy (nJio

lfl~ oc5pa3Qa OKOJIO 4 M2 ) H noKpb!BaJOT ~pyro~ ITJieHI<C ti. CnOHTaHHOe 

.J;6JI6HH6 B 06pa3~8 llpHBO,IJ;HT K nORBJI8HIIIIJ COBlla,JJ;aiJIIIHJ: ITO KOOp,II;~HaTe, 

CJI6,ILOB B 068HX TIJI8HKax. IIpocMoTp ~eTeRTopoB rro;~aeTC.fi aBTOMa-

TPisawm. Ilpiii :3KCTI03~WiM B HeCKOJII:.RO ~eC.fiTKOB CyTOI: MOlltHO ~OCTPir

HyTI:. '!JyBCTBHTeJII:.HOCTH, COOTBeTCTnyiOilleH R~l!leMyC.fi nepHO~ TIOJiy

pacna~a o6pa3~a OKOJIO 1022 JieT. (KaJ!tYUmHC.fi nep:ao~ no.nypacn~a 
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P<lBeH rrcTHHHOir.;· nepiTOJJY no.rrypacrra.na cBepxTmKeJioro 3JieMeHTa, r(e

Jiei!HOMy Ha aTm'HYJO ;(omo 3JieMeHTa B o6pasue. flp11 11CTITHHOM T
1

;
2

= 

= 10
9 

JICT yml3E HHOe 3HatJ8tll18 'IYBCTBITTeJibHOCTI1 COOTR8TCTByeT npl1-

MepHO co.n;epJKam 10 1o-
1

·
3

r 3JieMeHTa/r oopasua). 

2) bQ)IbiiiYH' nponOpUYIOHaJibHb18 CtJeTtJYII\11 OCKOmWB IJ;8Jiemur ( p!1C, 

22/
101

/, lJ:yBC THI1T8JibHOCT:b CtJeTtJI1Ra ,T(OCTVU'aeT TaKoro lKe llOpHJ(Ra 

B8JIYI'!l1'!H ,RaK Jll B CJI1]'J:ae TP8KOBI:IX ,J:(8TeRTOPOB. 

llp11 li3MepE H!111 OClp8.3UOB, CO,IT,ep:r.E.U\IDC TJIJKe.JIHe 3JieMeHTbl (Pb,Bi), 

OC'i5I3aTeJibHb!M ycJIOEHeM fiBJUieTCf! 3all(YYTa C'!eT"!llliOB, TaR liCe RaR M 

TpCKOBbiX J(eTeK1 OpOB, OT KOCMM'!eCKI1X JiytJei1, KOTOp!:le Bb13b!BWOT n:eJie

HITe f!,I(ep 3TWX cJI8MeHTOB, JlM :1TOrO C'!eT'Il1KIT llOM8U1aJOT llOJ( OeTOHHyiO 

3ai!111TY TOJIII1HHOt He M8Hee 2 

pyiOT p, non:seMHEX maxTax. 

M8TpOB, a TpeROBb18 IJ;eTeKTOpu 3KCllOHIT-

3) JleTeKTCpLI r.lrt!OB8HHblX J!etiTpOHOB JJ:8JI8Hilf! (prrc,23/
102

/.3TO 

B npvrHimne yeT£ HOBRu JJ:M orrpe;\eJiemur cpenHero 'IMCJia MrHoBeHH!IX 

ll8iATpOIIOB n:eJiet Hf! - 1/ , 1II1CJIO H8HTpOHHUX C'ICT'IHJ:OB D ycTaHOBKe 

- 14. 

O;;Gu(aJOT, "TO JJ:JUI cBepxTmKeJII:lx 3JieMeHTOB j)~s(~0 • 1031. Tio-, 

"JTOMy ITM88TCf! C OJibU!Qfi BepOf!TllOC'r:O saperHCTpV!pOBaT:O aRT T(8JI8Hl15I • 

RaR coBna.n:erme Tpex V!JIYI OOJibUiero '!JIICJia HeliTpOHOB, EcJrn c'!rrTaT:o 

TOJibKO C00h!Tl1f! C T3.IWH HpaTHOCT::O!O OTC"!eTOB, TO cT:oH OT CllOHTaHHO

ro n:eJieimR npm, ecei1 ypaHa ( v = 2) HC't!esarome MaJI, 

B HacTOffil(Ee BpeMR anrrapaTypa pacnoJiaraeTcf! B IllaxTe B co.JIH

HUX 3aJieJKax Ha r JiyOHHe 1100 MeTpoB BOJ];f!HOrO 3KBI1BaJI8HTa J(Jlii 3ail{H

Thl OT HeiJTpOHIIL X BCllblilleK, Bbi3!:1Ba8MI:IX ROCMH'l!CCI\l1ri.Z JlJ'lLlM\1, JlJIR 

llOJIHOro 11CKJI!O'IE Hl1f! 3TOrO l1CTO't!Hlllia tiX>Ha annapaTypa ITMeeT 3alll!IITY 

113 CJIOf! r .1.1.- c t!CT'!YIROB, BKJIIO't!eHHb!X !!8 aJITHCOBIIa)\emm. E;rarona

Pf! ClOJibliiOMY Becy 00p<l3UOB (,no 50 Rr), KOTOpble MOJKHO pasMeCTHT:O B 

3ElMeJ];.Jil1TeJie, J];E T8KTOp OOJia,naeT OtJeH::o B!:lCOKOll tJYBCTB>!T8JibHOCT:OHl -

2\0 10
24 

JieT no R8JKY~UeMycR nepk!OJJY noJiyPacnana. 
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B Hameii ;raCSopaTOPMI1 paspadaTHBaiOTCH TaKJKe pas;mq:me Bap:viaH-

T!l .!:1£.!lQJTh30IJaHI1H Macc-cenapaTopoB, HanpllMep, Bun;eJieH re 113 oo-

oasuoB 6oJI:ornoro Beca onpeJ(eJieHHoi! iflpaHUffl1 r.1accomnc '!11<~eJI c nocJie

JIY!OIIIei1 peri1CTpaUMCM CTIOHT8.Hl!OrO llJI11 BLIHyJK,n:eHHOrO .n:eJie Il1R Ha C60p

Hl1KC TIOCJIC MaCC-aHaJII13a, 3TOT r.leTO;r( HBJIH8TCJI O'ICHD Tp)JJ:OCMKllM M 

Clyl(eT npHM8HHT:OCH TOJThl\0 UJIH OT.T(8JTh!!HX 00pa3UOB, OT06 )a!!HEIX Ha 

OCHOBaHlll1 pa,n:HOMeTpll'ICCKllX ll3MCpeHffi1. 

lfyBCTPI1TCJI:OHOCT:0 COBpeMCHHOM Macc-CTICHTpor:eTpwre•;I\Oll annapa-

Typu TI03POJJJieT, no-mrT(llMOMY, TIOJiy'IHT:O yiW3D.IHIH H/1 TIPPI< ~YTCTBR8 

CBCpXTHJKCJIOrO 3Jl8MCHTa B .n:peBHIDC nopo,n:ax 11 MV!HepaJiax IO R30TOTIHO

MY COCTaBy I<C8HOHa B Oelpasue. !.ihl llMCCM B BI1HY I\OJIM'ICC'rBCIII-IyiO 

YBH3I<Y n;aHHHX 0 CO,T(CpJKaHHll 11 H30TOTIHOM COCT8.B8 I<CC!IOH:l CO CKOpO

CT:biO cqeTa <1RTOB 'I,CJICHHH, Ha6JIIO,n:aeMOil C nm:.OII{:biO KaKOr•:>-JrnelO 113 

Ha3BaHllh!X Bb!UIC T(CTCI<TOpOB, 

C npllMeHemreM TpeKOBI:lX T(CT8I{TOpOB, !IpOTIOPilVIOHaJTh ·IHX C'leTqll-· 

ROB VI cqeTa MrHOPC!!HliX l!CMTPOHOB B .IJ.y6He Clb!JIO npoarraJI '!3llpOBaHO 

HCCIWJThKO COTCH pa3JmllHIDC odpa3UOB, OcHOPHh!MJII TllTiffii!VI IpenapaTOB, 

I<OToph!e H3y'ia7II'!c:o ,n:o ImcTomuero BpeMeH!II, ObiJrn: 

- 'IVICTh!C npenapaTH OTI\CJThHI:lX 3JICMCHTOB, 

- raJICHI'!Tb! VI ,T(pyrue Ml1IIGpaJI!1 T.fneJih!X 8JICMCHTOB, 

- no.!IllMeTaJIJrn'leCHVIe PY.IJ:hl u rppaKnvm 11x MeTaJIJiyprniecKoi1 ne-

pepa6oTKll, 

- OT1IO:KeH!fH COBPCM8HHOrO BJ.!II{8.Hl13Ma, 

- no.n:seMHHe BOJJ:hl, ooorameHHh!e THJKCJih!MH 3JieMeHTaM r, 

- OK8aHCRI18 T(OHH!18 OTJIOJK8H11:R If n;p, 

HanoMHllM, 'ITO 3JieMeHT 114 JJ;OJIJKeH oCSJiaJJ;aT:o XrnMI'!'leCKllMH cBoi1cTBaM!II 

3I<aCBI'!HUa. 0JJ;HVI 113 nepBI:lX pa60T dhl.lill TIOCBRll(CHhl pa3Jmll -fEIM CT810Ia.M, 

COJJ;8pJKaii{l1M B CBOeM COCTaBe OOJThiirnC ROJII'I'l8CTBa THlKCJII:lX 3JICMCHTOB 

(Pb, Bi ,Tt 11 n;p.)/
104 •105/. TaR RaR cTeRJIO caMo RBJI~eTCH TpeRo

BI:lM JJ;CTCI<TOpOM, npOBO,l\l.l:JIOC:O TIOCTCI1CHHOC TpaB.lTCHI'!e 00p3.31\0B C TIQ-
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BepXHOCTPI, C no.n;cqeTOM C.II8J(OB OCJWJIROB .n;eJieHIDI B onpe.n;eJieHHOM 

o6~eMe MaTepEaJia. 

B 6o.IIDmPHCTBe o6pas~on 6uJio o6HapyxeHo TaRoe "CJHCJIO TpeROB, 

ROTOpOe OO~RCHR.IIOCb CllOHTaHHHM J(8.1I8HHeM MHRponpHMeceA ypaHa B 

CTeRJie. licRJIJI'CJ8HKeM HBH.IIHCb .n;Ba 06pas~a CBHHnOBOrO CT8RJia, B Ro

TOpax OU.IIO OCHapyxeHO 3aMeTHO OO.IIDme C.II8J(OB, 'CJ8M OMHJ(aJIOCb ITO pe-

3y.IIDTaTaM aHE~3a Ha ypaa. 3T~ Ha6JID.n;eHHR, c.n;eJiaHHUe Ha Ha'CJaJIDHOA 

CTa.n;HH llOHCRC'B CBepxTHMeJiax 3.1I8M8HTOB0 CTHMyJmpOBaJIH paspaOoTey B 

JiaOOpaTOpHH )~pyrHX M8TOJ(KK .n;eTeRTHpOBaHHR PI HCC.II8J(OBaHHR OO.IIDIDOrO 

'CJHCJia o6pa3~0B py.n;, MHHepaJIOB I'! .n:pyrHX MaTepHaJIOB, o60raJ!18HHHX 

CBHH~OM. Ce~[aC RCHO, 'CJTO 3aMeTHUa npo~eHT (~30%) cJie.n;OB B yno

MHHyTHX CTeR.mx CJieJ(OBaJIO OTHeCTH R .n;eJieHHID CBI'IHUa ROCMH'CJ8CRHMH 

.nyqaMH. K coaaJieHHID, H3-sa orpaHM<IeHHoro KO.IIH'CJecTBa MaTepzaJia ero 

He y.n;aJIOCb J(OCTaTO'CJHO .n;eTa.JibHO HCCJieJ(OBaTbo 

C ITOMO~>~ nponOpn!'IOHa.IIDHHX C'CJ8T'CJHKOB HaOJID.n;aJiaCb H30UTO'CJHaR 

aRTHBHOCTb B noJIHMeTa.II.III'I'CJecRo~ py.n;e H3 .n;Byx MeCTopox.n;eH~ CCCP, a 

TaKEe B rro.n:s~MHHX BO.n;ax o.n;Horo MecTopoE.n;ea~101 • 107/. B aacTOR

mee BpeMR .n;e IIalOTCR ITOilHTR~ CIWH~eHTpHpOBaTb STY aRTHBHOCTb XHMH

qeCRHMH MeTOil;aMH. 

Heo6xo.n:~o oTMeTHTb, "CJTO o6HapyxeHHUe s~eRTH Haxo.n;RTCR Ha 

npe.n;eJie B03M~~ocTea rrponopn!'IOHaJIDHHX c"CJeT"CJHRoB. Pe'Cib z.n;eT o Ra

JKYIIIHXCR nepz~.n:ax noJiypacna.n;a 6JIH3KHX R 1if2 JieT. KaM.n;oe HSMepeHHe 

npo.n;o.IIlltaeTcR HecRO.IIDRO .n:ecRTROB cyTOR. XHMH"CJecRoe ooorar11eHKe npe

napaTOB OC.IIO~HR8TCR H3-3a HeOOXO.n;HMOCTH rrepepa60TRH OO.IIDmHX RO.IIH

qecTB MaTepEaJia C.IIOlltHOrO XHMH'CJ8CROrO COCTaBa. il03TOMY, npex.n;e q eM 

npHCTyllHTb K XHMH'CJ8CROtt rrepepaOOTRe B OO.IIDmHX MacmTaOax, HeOOXO.n;H

Ka T!l1aTe.IIDHER npoBePRa pesy.IIDTaTOB, ITQJiyqeHHHX Ha nporrop~OHaJIDHHX 

c"CJeTTJHRax. v sMepeHHR "rro.n:ospeBaeMHX" o6pasnoii Ha .n;eTeRTope MrHo

BeHHHX HeATJ~HOB (pHc.23) .JJ:a.IIH 'CJHC.IIO OTC'CJ8TOB ropas.n;o MeH&me OME

.n;aeMoro/107/. Aaa;ms rroRa3aJI, "CJTO .n:aaaue He.IIDsR o6~RCHHTb npHMecR-
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MH ypa.Ha B o6paaue, O,IViaKO, B npe.~OJIOlltemm:, 'ITO iJ> t , CJI8.IJ:Q

BaJIO OlltPI.IJ:aT:& B .IJ:8CHTKH pas OOJI:&meii CKOpOCTPI C'!eTa MHOrOKpaTHHX 

COBJia,Il;eH:d He£!TpoHOB. B03MOlltHM HHTepnpeTawm COCTOH'~ B TOM, 'ITO 

'IPICJIO MrHoBeHHHX HeHTPOHOB npH .IJ:eJieHHPI HaOJIID.IJ:aeMoA rucTHBHOCTH Ma

JIO ( fJ ~ 1 ,5). I1pH onpe,Il;eJieHHH H30TOTIHOrO COCTaBa KCimOHa B 9THX 

o6paauax He ClWIH OelHapyxeHbl aHOMaJIHH. 

Ii.IJ:eH fiOPICRa H30TOTIOB C nepPIO.IJ:OM fiOJIYpaCTia,Il;a B Tij)e,Il;eJia.X 104-

106 JieT, KOTOpble, B03MOlltHO, CHHTe3HpylOTC.fi B fanaRTWW PI TIOTia,Il;ailT 

Ha 3eMJID H3 ROCMH'!eCKOrO npocTpaHCTBa, OasHpyeTCH He TOJI:&RO Ha 

yM03PPIT8JI:&HbiX 3a.KJimeHIDIX 0 MeXaHH3M8.X H npouecca.x CJIHTeaa. MMe

DTCH HaOJIID.IJ:eHPIH ~ayJiepa H .IJ:p./
10S/, ROTOpHe COOOmHJIH 00 OOHaPYlfte

HHPI CJI8.IJ:OB CBepXTHllteJIHX H.IJ:ep npH H3YlJ8HHPI XHMH'!eCKOrl) COCTaBa KQ

CMH'!eCRHX ny-qe£l C llOMO~ID H.IJ:8PH~ 9Myn:&CPIH. XOTH 9TH BHBO.IJ:bi TIO.IJ:

BepraJIHc:& COMHeHKID, ITOKa HeT OCHOBaHMH OROH'!aTeJI:&HO I)TBeprHyT:& 

9TH .IJ:aHHHe. 

Hcxo.IJ:H Ha npe.IJ:cTaBJieHHH o .IJ:aJI:&Hefuueit cy.IJ::&CSe R;IJ;e}, aaTopMo-

3HBIIIHXCH B BepXHHX CJIOHX aTMOC!f>epH, MOlltHO oueHPIT:& OTHOCHTeJI:&HyiD 

ROHUeHTpaQKID COOTBeTCTBYXJIIIHX aTOMOB B pa3JIH'IHHX CJIOJI:( aTMOC!f>epbl, 

aTMOC!f>epHbiX OC8,.IJ:R8.X 0 B BO.IJ:e PI B .IJ:OHHHX OTJIOllt8HHHX BI).IJ:OeM0~3 • 6/. 
MH npHWJIH R BHBO.IJ:Y, 'ITO npH CSJiaronp:rurTHOM cTe'!eHRH OI5CTomeJI:&CTB, 

B03MOlKHOCTH 9RCnepHMeHTa TI03BOJIHIDT OOHapY'ftPIT:& HCKOMlB aKTHBHOCTH. 

,UJIH 9TOrO HeOOXO.IJ:HMO XHMH'!eCKH nepepaCSoTaT:& TaKHe oCS•:.eKTbl 
1
Ra.K 

rJiyOOKOBO.IJ:HHe KpacHHe rJIHHH H JJteJieaOMapraHueBble KOHK ~eumt Tmcoro 

OKeaHal'109/ H .IJ:OHHHe HJIH OOJiee Me.JIKHX BO.IJ:OeMOB B apKT !lleCKOA H 

aHTapKTH'!ecRoit o6JiacTHX. BHCOKM KOHUeHTpauHH -qacTHU KOCMH'!ecKo

ro npOPICXOllt.IJ:emm B 9THX cpe~a.x oCScyJIOBJieHa TeM, 'ITO B yKa3aHHHX 

paftOH8.X 3eMJIH .IJ:OHHHe OTJIOllteHHH HaKaiTJIHBaiDTCH C MHHHM3.JIDHOH CKQ

pOCT:&ID, CSJiaro.IJ:apn q'IeH:& MaJIOMY npHBHocy CSaJIJiacTHoro Be~ecTm c 

MOpCRHMH Te'!eHIDIMH H BeTpOM. 

53 



JKeJI830Ma)r8Hl\8Bl18 ROHRpewm HBJimOTCH C8.7I8I\TMBHHM IIOrJIOTMTe

JieM l(JIH c50Jibilll!HCTBa XMMW!8CRIDC aHaJioroB CBepXT.fL'K8Jib!X 3JI8M8HTOB. 

Ecmf IWHI\P8Wfl! pacT:yT paBHOMepHO, OHM .I(OJIJKHhl C.JIY)Kl'!T:b 3rf¢eKTMBHHM 

HOJIJI8RTOpOM a"OMOIJ CB8pXT.fL'K8Jil1X 3JI8M8HTOB, IIOCTYilaiOlJ.lHX M3 ROCMQ

ca. K comaJieHJ!IO, rrpeJIIIOJIOJKeHHe o paiJHO!V!epHoM pocTe no Mepe vrgyq:e

Him 3TIDC CBOeoc5pa3Hl1X rrpvrpO!l)ll1X Oc5pa30Bamn1 CT.{l-HOBI'!TCH BC8 MeHee 

c5eccrropHHM. JI(:ToM 1970 ro.n:a sRcrre.I(MI.UfOHHoe cy.n:Ho AH CCCP "BHTJI3:b" 

D:Oc511JIO HeCKOID.I\0 TOHH IWHRpe@i1 M3 p83JIW!Hl1X ToqeK Tvrxoro ORea.Ha. 

Cei1trac 3TH Ma"epHaJill aHami3HPYJOTC.fi. 

Mhl oc5pMCCIBamf B 3TOM pa31(8JI8 TOJIOKO OCHOBH!le MJ18H PI HarrpaB

JI8H:I'Ifi HCCJI81(0Hamrn TIO IIOHCKaM CBepXTffiK8Jil1X 3JI8M8HTOB B npHpO,D;Hb!X 

cpe.n:ax • .UeTam.Hoe on:I'Icamm MeTO.I(:I'IR H H3JIOJKeHae ,n;a.Hnux, no.nytreH

Hux B Harne}\ Jiitc50paTOpHM: 1 a TaRJKe B ,n;pyrll:X M8CTax, MOlKHO HaMTH B 

D;OKJra,n;ax K OHlp( :peHI.Ufll, cocTOHBme:ticrr B 1971 ro,n:y B .llyc5Hel
1 07 I. 

3 A K JI ~ q E H M E 

OcHOBHble pesyJI:bTaTbl M Bl1BOJIH M3 ;zyc5HeHCRIDC pac5oT sa paccMaT

PHBaeM!:ill rrepMo.n:, npornJioe, HacTofi[]Jee M c5y;zymee 3T:I'IX vrccJie,n;oBamm 

MOJKHO TIO,JWTOlKIIT:b eJie,n;yiOIIIM:M 06pa30M (eM. TaKJB:e pRe. 24). 

1) B 196::-1966 ro,n;ax B ,llyc5He c5b1JI:I'I BnepBble IIpaBMJIOHO M,U8HTH-

!lJHIJ;!!:pOBaHbl TIJI~':b H30TOTIOB 102-ro 9JI8M8HTa 

T:tl:BHble CBOMCTJ\a ( 0( - pacna,n M CTIOHTaHHOe ,neJieHHe). B XMM!1tr8CK:I'IX 

OTI11Tax, Bl1TIOmleHHl1X B 1967 ro;zy, c5HJIO TIO~eHO ,UOKa3aTeJIOCTBO aK

T:I'IHOHJJ;HOrO xapaKTepa 3TOrO 3JieMeHTa. TruaTeJIOHl18 TIOIIHTJUl: BOCTip0!1:3-

B8,U8HIDI .I(a.HHW:, TipHB81(8HHI:DC B COOc5IJ18Hil:H c5epKJIM8BCI\OM rpyrrllhl oc5 

OTKpl1TMM 102-1'0 3JI8M8HTa B 1958 ro;zy, c5!lJIM c5esycnemHbiMH M TIOI\asa

JIM ourn:c5otiHOCTJ, sTan pac5oTH. TiosToMy npeTeH3!1:M DMepHRa.HCRIDC HccJie

.uoroTeJien Ha Hp!1:0pHT8T B OT.KpbiTH:I'I 3JI8M8HTa 102 Heo6oeHOBaHHhl. 0HH 

TIOJiy'IHJIM npaBHJibHhl€ ,Ua.HHhle Oc5 Il:30TOTiax 9JI8M8HTa 102 B CBOet!: Jia

c5opaTOPHH JIMoo, B 1967 ro;zy. Ta.KMM oc5pa30M, sJieMeHT 102 c5h!JI oT-
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Rp!1T B )lyCIHe ,vr no npe,IJ)IOJKeH:no aBTopoB OTKp!lTV!R er<l CJie.uyeT Ha-

3BB.Tb He HOCleJrneM, a lKOJlliOT:IieM, 

2) B 1965 ro.IJY B Jl.yCIHe 61::vr npanvrJThHO M.n;eHTwinuw:ponaH I130-

Ton 103-ro sJieMeHTa c Macconh!M 'IHCJIOM 256 Ttl OHJIH 113yqeHh! cnoi1-

cTBa ero o{ -pacna.ua. I3 1969 ro,ey Clb!JI c .n:ccT·YnepHO<TbiO OTICI)h!T H 

H3yqen VI30TOTI 
255

103. B 1968 rony npoBo.n:nJIHCb nepJl!le Xl1M'I'ICCKIW 

OTI!lTbl C 3THM 3JieMeHTOM, TIOJ\838BlJHie, 'ITO OH HB.1IHeT<:R ::1I\TMHOVI,I(OL1, 

Ewrn saTpaqeHH OOJThtwre ycMJIMH rm nonHTRVI non:"B8PlK.I\eHllH 

CBOMCTB "JIOypeHCM", 06 OTRPb!THVI ROTOporo COOcll[laJI(ICb B Cl!iA B 

1961 ro;zy, HO .n;aHH!le aMepJIJ](; l!CKVIX aBTOpOB OI\a3aJrn<:b OlJIHClO'IHHMH, 

JllllJ!b B 1969 - 1970 ro.nax B EepHJrn Clb!JIH nnepm1e no"r:/'leHu .n:aJThHe:i1-

mVIe cne.n:emm o cnoticTnax aToro 3JieMeHTa. TiosToMy :1JieMeHT 103 He 

.J(OJilKeH Ha3JUl8TbCR J!OypeHCHeM ,11 .J(yellleHCKHe UBTOpll CITKPb!TM nnpa

Be npe,IJ;J!OlKHTb HOBOe 1Ia3BaH:1e, 

3) B 1964 rOJJ;{ B )lyCIHe CIHJI H.I(eHTVIlJll'IUHponaH cnoHTaHHO .ne

JIR11(JIIt1cR nsoTon 104-ro :Mer~eHTa c Maccon!1M 'IMCJIOM ~ 60. D 1966 ro

rry 3TOT 3JieM8HT db!JI B!lT(8.JJeH l'I3 CM8CH npO.JJYRTOB Oeljr:{'leHHR XaMH

'leCJ\HM nyTeM CIJiaro.uapR JieTyqecTI1 ero XJIOPHn:a. 3To noRa3aJio, 'ITO 

OH OClJIB.,UaeT CBOMCTBaMH 3RarwpHHR !1 RBllJIOCb H83UBl'ICHM!lM )J:0Rr'311-

T8J!bCTBOM TIOJiy'leHM 3J!eMeHTa 104, I3 MCCJie,n:OD::l!HUIX TIOCJ!e,n:yiOU{IIJX 

JieT Clb!Jrn nomiOCTbiO BOCTipOVl3Ben:eHbl M TIO,J(TBep;K,J(e!!ll !pe~mMe pesy.!Th

TaT!l H TIOJiy'leH!l HOBble .I(aHII!1e 0 peaRUHRX CV!HTe3a l'I CBOtiCTBax 1130-

TOTIOB 260104 11. 2591J4, Jl,ydHeHCRHe aBTOpb! .J(a.JIH 3JI8mHTy 104 Ha-

3BaHHe Ryp<raToBHti (cmABOJI Ku ) • 

B EepRJrn Jllillib n 1969 ro.IJY CI!1Jrn TaR;Ke no;ry<rem 1 vrsoTOTibl sJie

MeHTa 104. II osToMy 3lliiBJieHHe oel OTKPHTMVl 1 04-ro a;reMeHTa B ClilA 

VI TIOTIHTK:I'I BB8CTH .IJ:JIR Hero )J:PyrOe Ha3BaHfle TIOJIHOCTJ,JO Cle30CHOBa-

T8JThH!1, 
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4) B 1971) ro.n:y B .Ily6He 6!:1JI I'I,Il;eHTHtpH~pOBaH CIIOHTaHHO 

.n:e.mnnH:AC.FI li!30'WII 105-ro aJieMeHTa c MaccOB!:1M 'ili!CJIOM 261, EI1Jll'I 

lti3;rJeH!:1 3aE0HI)MepHOCT:I'I pea.R[\Hli! Cli!HTesa, 3JieMeHT 6!:1JI TaRJKe Bl:l

,Il;GJieH XHMJi!'ieCt:I'IM IIyTeM l'I3 CMeCl'I IIpO.n:y:KTOB 06.JIJnieHHR: 6Jiaro.n;apJI 

JieTyqeCTl'I ero XJIOpHCTOrO coe.n;l'!HeHaJI, :KOTOpa.FI COOTBeTCTByeT 

OiKI'!.n;aeMhiM CBO'~CTBaM COe.n;~meHlil.fi ::maTaHTaJia, 

Pa6oT!:1 II·) 105-My aJieMeHTy BeJII'ICI:. napamxeJII:.Ho B .Ily6He H B 

Eep:KJil'I • .Ily6He ICitHe pesym,TaT!:1 6HJil'I ony6JIH:KOBaH!:1 paHI:.me H 6!:1JIH 

HsBecTHU aMep~RaHcKo:A rpyrrrre eme .n:o Toro, RaK Ta HanpaBHJia B 

rre'!aT:o cBOro p16ory no s;reMeHTy 105. 

ITo rrpaBy rrepBoOTRPUBaTe;re:A .n:y6HeHCKli!e aBTOP!:l rrpe.n:;roMHJIH 

.n;JI.FI a;reMeHTa 105 Has BaHl'Ie HHJII:.c6op~ ( CHMBOJI N s ) • 

5) Paspa 1oT:Ka Ha.n;elKHUX MeTo.n;oB Cl'!HTesa, o6HaPYJ!teHIDI H .FI.n;ep

HoWH3l'ItiecKofi ;m_.n;HOX:I'!Ml'I'ieCKO:ii H.n;eHTHiiJHKacym CITOHTaHHO .n;eJIHJilli!XCJI 

li!30TOITOB rrpl'IB~Jia K OTRPHT:I'I.FIM li!30MepH!:1X COCTO.fiH~ HOBO:A npHpo.Il:!:1 

I'! .n;Byx HOB!:1X 3JieMeHTOB, 3Ta 3KcnepHMeHTaJII:.Ha.fi 6asa n03BOJI.FieT npo

BO.n;li!TI:. B HaCT)Jimee BpeM.FI On!:1T!:1 no IIO;rytieHHro CIIOHTaHHO .n;e~C.fi 

1'!30TOnOB 3JieMeHTOB 106 l'I 107 I'! CBepXTmte.JIHX 3JieMeHTOB C Z ~ 126 

B peaK~.fiX TMITa (HI ,xn ) , ITepcneRTli!Ba no;ryqeHIDI HOB!:1X 3JieMeHTOB 

ll03BOJI.FieT Ha.n;SJITI:.C.FI, tiTO IIO.fiBl'ITC.fi B03MOMHOCTI:. yB~e'il'ITI:. B li!X 

Ha3BaHI'I.fiX HMeaa TaRI'!X Bl'I.n;Hl:1X ecTeCTBOHCIT!:1TaTeJie:A, RaR 3,Pesep

iiJop.n;, o.raH l'I .n:p. 

6) ~cc;re~oBaHI'I.fi no .n:e;reHHro TmteJI!:lx MHmeHe:A MHorosap.FI.n;Hl:1Ml'I 

l'IOHaMI'I rrpMBeAI'! R B!:1BO.n:y, tiTO CBepXTmteJI!:le 3JieMeHT!:1 B 06JiaCTH 

114-ro (a TaR~e oqeHI:. TR~en1:1e H30TOIT!:1 H3BeCTHl:1X TpaHcypaHOB!:1X ane

weHTOB) woryr 0HTD rro;ryqeH!:1 B KaqecrBe OCKOJIKOB ~eneHHH, lnH 3TO

ro HeOOXO~HMO YCKOpHTD CTOHD THZenwe HOH!:l,Kax HOHH KCeHOHa,C no

MOml:.ID TaH.JJ;eMHOM CYICTeMbl M3 .n;Byx [(HRJIOTPOHOB B .Ily6He ITO.nytieH ny

'iOR HOHOB KqEHOHa C He06XO.n;KMOM 3HeprHe:A, tiTO IT03BOJIJieT ~aTI:. 

B 0JIHEaJ.lmee E peMH 3TH HCCHe,n;oBa!I¥1H, 
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7) BnepnHe B !U!{pORDr~ MaCrnTa6e 6hiJTI1 npeT(TiplUS!Tbl DOI1CR>1 

cnepxTIDKeJruX 3.'IGM8HTOB B npMpo~T(e. Eu.Jrn: npervro;'\eHhl ll )a3pa6oTaHH 

pa3H006pa3Hh ·": BhlCOKOtJYBCTBll:Te.JThHHe oa,ll;flOMeTp>rtieCKlle {CTaHOBRH, a 

TaRJKe MeTo;u,r, ocHOBaHHHe Ha .n:p;rnrx npnmzyrnax, ;vm or5 rapy,"'eHHJI 

CTIOHTaHHO .T(8.7Iffi11MXCH aHT>1BHOCT8M. 3TO .T([lJIO B031!,0JKIIOCTb npOL8CT'I'I 

!Xl3Hl:lMll: MeTo.n:nMll: aHa.Jm3 coTeH pa3mr'IHhlY. npenapaTOB. B HecYOJThKMY. 

ojpa:max 6h!Jil1 3aper!lCTpllpOBaHN UKTH n:e.JieH IR H.JJ:ep, l'!CTO'IHHK KOTO

pHX He '1'13B8CTeH. fiOKa HeT TIOJIHOM ynepeHJIOCTV! B Tor..~, 'ITO OHI1 06-

ycJIOllJieHH llM~HHO DpV!CYTCTBMeM CBepXTRiKeJIHX 8JieMeHTOI. 3KCTI•:OpHMeH

TaJJl>Hh!e ycn.IDlH B STOM HanpanJieHHM 6y}l;yT npOJl:OJD:c~lTnCf • 
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26 aBrycra 1971 roAa. 

62 



Tao;rnua 1 

ITapm~eTpH nyqROB ycRopHTeneli Y-300 M Y-200, a TBR~e 

npoeRTHpyeMoro Y-4oo/9•10 •13/ 

I './ C!Wp.R:eMhill 11HTeHCMBHOCT:O 3HeprHR :0 o H o B I 
HOH BHyTpeHHero 

rryqRa,tJ:acTH- MsB/HyH- nomM, I 
ua/ceR noH MsB 

11B2+ 6·1014 8,2 90 

12c2+ 6·1014 7 83 

1603+ 1 7·10 14 8,8 140 • 
Y-300 

22Ne4+ 1 5·1014 
• 8,2 180 

28si 5+ 1 4·1013 
• 7,9 220 

31p5+ 9 • 1013 6,5 202 

64 Zn 10+ 5 ° 109 6,1 390 

~e1+ 8 • 1014 17 52 
4He 1+ 1 0 1015 9,9 39 

Y-200 
12c4+ 4 0 1013 17,5 210 
14N 5+ 8 0 1012 20 280 
1605+ 4 0 1012 15 245 
20Ne5+ 4 • 1012 9,7 195 

20Ne2+ 9 • 1014 6,2 I24 
22Ne3+ 4 • 1014 11,6 255 

Y-400 40Ar 5+ 6 • 1013 9,8 392 

64zn 7+ 2,5•1013 7,5 480 

~r9+ 1,3·1012 7,2 605 

I32xe 13 10 11 6,1 805 
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!: 
f:i 
·i 
! 

l>lacco-
Boe 

~l'ICJIO 

251 

252 

253 

254 

255 

256 

257 

258 

259 

CBOMCTBa M30TOITOB aReMeHTa 102 -
PeaKQMR ITOAJ~eHMR T1; 2 ceK 

2::8Pu (160, 4 t1 ) 0,5-1,0 

12 
244crn< c, 5n ) 0,8±0,3 

2::9Pu. t 180 , 5n ) 4,5±1,5 

242pu. (160, 5n ) 95±10 

233pu (180 , 4 n ) 

243Am (15N ,4n ) 

242pu. (160, 4n) 65±10 

n3u <22 Ne,6n ) 

23B U (22Ne, 5 n ) 180±10 

24:!Pu ( 18o, 5n ) 

231:U <
22 Ne. 4n) 

24:'Pu (180 , 4n ) 
3,7±0,5 

24f:cm (13c, 4n ) 

24Ecm (12c, 
23±2 

3rt ) 

24Ecm (13c, 5 h. ) '1 ,2·10-3 

242~m (180 , 3n ) 1,5±0,5~. 

64 

Ta6.~mua 2 

E ' 
rrroHT.JieJI MecTo VI 

roJI no-
[Vl8B cC. -pacrraJI ~emu! 

8,6 ~1Ha, 
67 

8,60 Ee~JIM, 
19 7 

8,41 

8,01 

1 
~dHa, 8, 11 1800 63-

-1966 

8,09 

I 
I 

'1 
8,42 :?.lJO 

I 

8,Z3(50,%) I EeJ?K.Im, 
' 19b7 

8,27(50'~) 
I 

GITOHTaH-· EeraJTII[· Hoe ,I(eJie- 19 8, HHe 
rrpe,I\Bap 1'!-
TeJ!bHaR 

:1'!-11JI8HTI'!cp 
Raw.-1:. 

7,5 OK :: :'\)K 
1970 



· .l\ETEKTOP!l 

MHlllEHL 

CBOPHW< 

KOJIJlEKTOP TOKA 

Pnc.1. OmiT no o6HapyJIWHHIO cnoHTaHHO F.eJIHi.i.iMY.CH n JO,UyKTOB 06JIY4e

IE1H. 

ATOMbl OT.I{a'ITI B6MBaYJTC5l B ilenpepblBHO BpllJ1aiOll(l1ijcH TOHKliJ( 

3JIJOMMHll8BH!·l ,l\MCK. 0CR0 1DUJ '(8JI8Jl!~:J perHCTp ·lpj'JOTCA Tp8ROP.!1-

MH ueTeRTOpaMTI, pacnOJlo:,~cHHHh'a no JJ epwLep .m ,ru1cxa. Pacnpe

,neJieHVJe '1l1CJia CJieJ(OB no I(8T8RTOpm.~ TI03POJI18T TIOCTp011Tb 

RPI'lByJo pacna.n:a. 
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P~c.2, 

rAa 

K HACOCY 

KOJibUEB0¥1 ~HlmC
KIDi ,nETEKTOP 

KOJIEOO 

CxeMa amapaTyphl ~.JUI Ha6JIIO~emu.r oL -BRT~BHh!X rrpO.IJYI<TOB 

o6~eHaR C ~Cll0nh30BaHH€M ra30BOH CTpyH ~.lUI TpaHCIIOpT~

pOBKH H C06HpaHHR aTOMOB OT~aqH. 

ATo~ Bh!ca~HBaiDTCR H3 ra3a aa o6o~ nerKoro Kaneca.Konn

neBo~ ~eTeKTOp C~HT ~.lUI 3~€KTHBHOrO H3MepeHHR HaH6anee 
KOPOTKOKHBYmHX aKTHBHOcTeH. ITo OKPyEHOCTH Koneca qepe3 paB
Hhle IIpOI1eJKyTKH pa3M€l!I€Hll ~pyrHe ~eTeKTOpll, K KOTOpllM npo
.IJYI<Tll oj~eH~R ~OCTaBnHIDTCR rrepHO~~eCKH IIOBOpOTaMH KOfle
ca Ha Heo6xo~HMhlH yron no 3a~aHHOMY BpeMeHHOMy r~HKy. 
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. IIHEB!14CIIPliDO.ll 

t-· ~~~ 
- . .~----. . -

K HACOCY . K?HCTA.JI..1mtiECKHE 
.ll;E'l!EK'l'OPU ' 

PMC .3. COCli'Iprume IIpo.nyRTOB OClJiy'IeHHH Ha TOHKOM qiHJID'rpe ,ll;JIH IIOCJie

J(yl0!11ero aHBJmsa 0(. - Hs.nytieHIDI. 
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Pl'Ic.4. 

("O, 5n) 

• i/'\ 
i 

I \ 
2 

I 

! 
I ( 1('\n 

0 

8 r-+<' 0,¥n) -
6 :J Hi., {\5n) \ 

T ~~- \ -I_k ("N 4_ T 

2 I 4n) I, ,_,:(, ~<lJ J"O.M) 
\ 1/ <''un) 

('6o,5n) J! 11 1_ l (''o.B~ r~t~ . I O /j ~ 
. 1 1 

('JO,Sn)~ 1-~5N,4n \----
6 f---- ~"0,5n v . 

. -Vi 
•• 1\ /l T j\ 1 71 N ~-

\ 'I I l t 1' ("Ne, (21Ne,6n) '\[ 
: ("F.'m) 

I\, J \;); 

w 1 
tx 1 tr1 rA 

2 

.1 

6 

I (20Ne,4n)•2 

f-- (''0,3n)y 
1 ' I 1\ 

I/ ~ J i 
60 90 100 110 120 130 Ena•· 1'13~ 

J:pl'IBHe B036Y%~eHI'IH rrpl'I Cl'IHTe3e T~enux aReMeHTOB B peaR

l(l'I.liX c T~eRHMI'I l'IOHaMI'I (MIDlleHI'I He YRa3aHhl/
22/. 

0603HatieH.lUI: 0 - Cl'IHTe3 l'I30TOITOB weprvrn:H, A - MeH-

)(eReBI'IH, e - aReMeHTa 102, A - aReMeHTa 103. 
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L 

60° 30" 20. . -· ![ IJ 8 MAX l:J 
/,0 -

.:&._ 
! 

WCJ.' 
0,8 \ 

0,6 
\\ . \ 

\\ ~~ -' 

0.4 

'"•p \'', "'"' . ~ 0.2 0 ~--...('Arn 

''---- ", ~ ..._y.._ 

·-:----1 ---
~'-

0 2 3 4 5 
K=~-

6 

PMC,5. "VIHTerpa.m,HHe" yrJIOBble pacnpe.I(eJieHM.fi aTOI10B OT.I(ati~25/, 
( e - r.Jiy6MHa OTBepCTM.fi pemeTKl'l, d - .I('1:aM8Tp OTBepCTH.fi, 

WK- .I(OJI.fl aToMOB OT.I(atiH, Bh!JieTaromHx rrpH ,n;aHHOM l{= ~ ) • 
ITpo,n;yRTh! peaKJ:.uri,1 rroJIHoro c.JIM.fiHM.fi: 

197 Au (22Ne, 4n , 5n ) 213, 214Ac , 

238 u (160 , 6n ) 248rm 

238 U (22Ne, 4n ) 256102 

239pu (1s0 , 5n. ) 2521:!2 • 

Peal\l.I,l1H MHOI'OHyl\JIOHHbiX nepe.n:aq: 

208pb + 22Ne ~ 212mp0 

242pu + 22Ne ~ 242mf Am • 
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Pmc.6, 

I 

~ l 

BTopaqKKK c6op .. x 
(-aoa) 
/-

H~eHTH~HKaDKH 256102 H o~e~e~eHHe ero nepHo~a rro~pacn~a 
ITO MeTO~ ~BO~HO~ OT~a~ ? • 
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.. ,. 

P~c. 7, 

TA.J HA. AUAAH.J 

KAMfPA YCKOPHTE~~ N, 

Y CTa.HOBim ,nJIH SKCnpeCCHOH rppOHTa.JII,HOH XpoMa"orp&il:lm: XJIOp~c

THX COe.IJ;i'[Hemfii llPO.lJYKTOB H.IJ:epHHX peaK~ np~ pac5oTe Ha BHy'l'

peHHeM nyqKe ycKopRTe.JIH Y-300. 

1:J:aCT!> llOTOKa a30Ta HaCI:IDla.JI8.C!> napaMH X.!Op~,nOB HOCJI!Te

Jie~ B TelfllOCTaTRpyeMOM cocy,ne c TBep.JU>~MH ZrGlt H NaN bC16 
(npz HarpeBe pa3JiaraeTc.H Ha NaCl ll! NbCl5 ) ll! no.n:a:sa.nac1> 

Ha BXO.IJ: KOJIOHKH. Ha BHXO.n;e ll!3 KOJIOHKJI! nepe.n; KaMepoii C .n;eTeK

TOpaMJI! YCTa.HaBJIJI!Ba.JIC.fi rJJJIIJibTp ,nJIH 3a.n;epxa.Hli!H B03MOJKHHX aspo-

30Jie:ii. 
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PvJC. 8. 

l.\JI.D!IfoiUl 
Oo!Jt81Ut8 Jt8M8pil 

'"" " 

Anna )aTypa J(JUI npH:Moro Ha6JIIO,I(eHHH KopoTKOiKHByurax eX. -!ii3JIY

'-IaTe.Tet1 l3 om,rTax no H3ytieHHIO H30TonoB 3JieMeHTOB 102 11 IOJ. 
ATOMH COO!iipaiDTCH Jii3 rasOBOM CTpyH Ha nJie~e KpeCT006pa3-

HOrO C60p!UflW., I\OTOpbill rrepllO,I(W!eCKH IIOBOpa~HBaeTCH Ha 90°, 
nepeHOCH IIPO.T\.YHTH o6;ry--qemm K ,I(eTeHTOpaM eX. -~aCTHU. ,Il.eTeH

TOp ~:0/KeT cJJ.J'I'h OTl(eJie!l OT npenapaTa !llTOpKOif, ll:T06bl perHCTpH

pOBa"b pacna,I( aTOMOB, HOTOpble ITOIIaJIH Ha ero ITOBepXHOCT:& sa 

C~eT OTJ(a~Jii rrp!ii pacna,I(e MaTepHHCHOH aHT!iiBHOCTH. 
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P>l:c.9, 

SDCLz 
:_,·,'(Tl.'l"/ll;}l(; flyDOJOK j ~b~~S XpoMar;1 l):~'"'·.: :·:NccxaR 

M~ i":r:'":'''::::::::::::::::::::~: uwe~ ( 
I'Yz-~ 

--u~l-,=-
- J-1---11-' 

%1 

70 ~l; Iii' I 'J, 60 ' '_,-l~ 1 :%1 50 /": ' ?:i 
~0 I ~ ~ I .. I 1 : 
Jo I , r~ >-+o : , I . ~ 
ZO 1 [I ; '\ .. 
fO ' I I \._ -• I I I U 1 8_'L_,cLJ 

Fm CfCmHf P Fmef Cm.Hf Pu. Fm.Cf Crn r( r
1 u 

10;l• I Jo-,-, 
90 ' I I 

sol: ]' 'r-t 81103 
J I '/ 

: I fill 
I frn cr ern Am /if 

%I 1 

I 

I 

I 

,///' 

701 ,- ' 
60[1 ; )//i IIJ;i:] j ' 

50 1 n
1

' ! 7 I :.; 
•o I • · · · 
30 . I J~t Y;··~-:~ I L.l 

1T.PT ~~ r;-r n ~ ;;T H llJ_]_j 'tJ1LL ,'h-od]~~j 
fm(~f cm,im.r!t' Iii';, Ct'Cn~l'!r.-LHf fmCfCr7L ~n .. l1f 

CpaBHeHloe JI8TJ'I8CTH XJIOPHl\OB 102-ro H 103- ,o 3JI8MOH'l'OB c 

XJIOpM,IJ;aMH aKTHHOMT(HblX 3JI8M8HTOB !1 racl'HHH • 

.Il,rrarpaMMa !10Kd3b!Ba8T, K&KM ,IJ;OJIH OT !1t)mlOrO 'IHCJia a TO

MOB J(aHHOro 3JI8M8HTa C5blJia 00HapYJK8Ha Ha OT.~8JibHb!X "'&CTHX 

KOJIOHKH H Ha Bb!XO,IJ;8 H3 Hee IJOCJI8 OKOH'IIlHHH OIIb!Ta J(JI!1T8JibHO

CT:OlO 20-40 'l:aCOB. 

II poxOJK,IJ;eHHe He3HatiMTeJibHoro rrpoueHTa : lTOMOB aKTHHOHJIOB 

B HaMepy C J(8T8KTOpaMH M B KiJJVIepy HOC!1T8Jie:\ 00'1HCHH8TCH H8-

Cll8Il,II!IJlH'l8CHID/l rrepeHocoM rrpOJIYKTOB o6Jiyqemu c 'l:acTl1IJ.&MH a3-

po3oJiei1: • 

.ff;n:pa 
252 Tm c50JI88 'I8M Ha 50~~ HBJIHJll'IC:, 11POJJ:YKTaMH pac

rra,IJ;a256102 !1JI!1 JK8 256103. 0CT3JffiHaH J(OJIH, :IOJ(06HO l130TOI1aM 
242 cm H 246Cf , rro?D:aJiac:o B I<a'l:ecTBe rro<lo'IHb!X rrpo,IJ;yKTOB 

oc5JIY'IeH>m. l130TOIIbl 
17 

'
171 Hf cMHTe3rrporo.mc:o 3a c'l:eT BBe-

n:emm B Ml1IIJeH:o rrpHMece:i1 Sm HJIH Gd • 
TeMrrepaTypa KOJIOHHH 11 J(eTeKTopoB 310-:!30°, rrapiJ,HGJibHoe 

,n:aBJren;;re rrapoB XJIOPHJ\OR nocrrTeJietl: SOCb -- 60 MM pT.cT, 

NbCI 5 - 0,05 Ml''ll pT.cT., ZrCl't-0,01 MM pT ,cT. 

73 

.... 



_ .G.HE~OPbl_ ~ 
0CKIJN(06 a£A£HHII 

J\fHTA-C60PH}fK 
~p OT.QA~7 

KOHTPO~b 
PACnPEA£NHH~ rPH i --..-_ 

Pnc.10. 

\l!DMI!~I~ 

\

' \ _ MHjJJfH~ 
_ norA(7THTfA1L 

8AK!IIIMI<AR lpOAbfA 

Y CT 'lHOBKQ )l)IH pei'l'!CTpaWH'l !<OpO'l.'!l OJKHDy-'c4!1X CIIOHTDJIHO 

f\8Jlfl~!jl'IXCI1 J11(ep - npo_rzyRTOB peaJ\UilM C T.fl)I{8JIHMI'! l'IOH3lvm 

Ha Bb!B81(8HHOI.: IIJTqR8 Y -300. 
CROpOCT:b )\B;.DK8HMJI JI8HT!1 MOiK8T M81IHT:bCH B Wl'lpORl'lX 

rrpe "(eJiax • .[(eTeRTOpm.m HDJiffiOTCH llJID.CTl'lHKI'! ~OcrpaTHOI'O 

CT81Jia, KOHBei1epHaJI JI81!Ta HHR8JI8BaH, TOJllljJIHOM 50 MR • 

.L\JIH Ollb!Ta ITO_I.(6!'lpa!OTCH rrapTl'll'l MaTep!'laJIOB C Ml'lHJi!MaJI:bH!lM 

con: ~plKaHI'!eM rrpHMecetf ypaHa. 
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P!1c.11. 

10001 ~ ..... ?'j -- -.__ ~==-:t..=--=:J='::--

-

o,11 l \ I I I 1! 'SJ~ I 
q2 0,4 0,6 0,8 t,ce r 

~~""'' . 

\- "r 

~1/r_ ~:{.5~K. ~ 
l 

1 

1 

~ 1~~. -
l I 

I 

-:I 

j 

'""'' ~ 0 6 12. 18 2.4 30 
t (ceK) 

BpeMeHHoe pacrrpe.n:eJieHHe ai<TOB .n:eJieH:UI rrp11 o6.7Iy'Iemm 
242Pu HOHaMl1. 22 Ne : 

a) 3-Heprmr 109 M3B; 
6) 3HeprHJI 120 lv13B. 

AI<THBHOCT:D c T1; 2=o, 1 cei< rrpvma.n:JielnT 260104, 
a:KTHBHOCT:D c T1; 2=4 ,5 cei< - H30TO:Iy 259104. 
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PHc.12,. 

~ 

to·3z 

b){fl. 
[cH"] 

10·33 

10'* 

,,~ 

iiO i30 1'40 1.50 
3Ht!!PtU9 uoHOS ( H:JI) 

0am'!C17MOCT:b 3QxlJ8KTtiBIIOrO C8'l8HH51 Oelpa30BaHH51 CriOHTaH-

HO n;e; .fi!Ili1XCJI HyKJrn,n:oB oT aHeprvm HOHOB 
22 Ne rrpH o6:rry-

120 

'l8HHH 242Pu C U:8Jffi!O CHHT83a 3JI8M8HTa 104. 
I1yHKTI' pHhl8 KpHBLI8 - paC'l8T ,IJ;JIJI peaKl\l'!M 

242pu (22Ne, 4., , 5t'\) 260,259104 . 

3KcrrepmJieHTaJffiHh!e TO'ffi.li: 

A - aKT!IlBHOCT:O c T1; 2 = 0,1 ceK, 

• - aKTHBHOCT:O c T1; 2 = 4,5 cer<, 

Cl - aKTVIBHOCT:O c T1; 2 = 5 ceH (rro-BH.D:VIMOMy, 
256 Fm). 

I10Ka3C.ill Tai<JK8 paC'l8TIIhl8 H 3I\CTI8pHM8HTaJffiHH8 3Ha'l8HHJI 

( HPYJKI:VI) sqxiJei<TVIBHoro ceqeHHJI ,n:eJieHI1JI. 
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Ww. 1.0 
\No.s 

i~WI 0.8 

0.6 ~cDcrobHOe 
~SgPO 

0.4 
60 f IG4 259104 

0.2 """' 
0 6 

K 

P~c. 13~ VlHTerpaJibHoe yr JIOBoe paciTpe.n:eJieHHe H.nt~p oT,nati~ B OIThi

Tax ITO CHHT83Y 3JieMeHTOB 104 H 105. 

J{p~Bhle .D;JIJI COCTaBHh!X R:.D;ep ~ ITpO.D;J"KTOB peaKI.IIDI ITe

pe.n;ati~ ITP~Be.n;eHhl ITO uaHHhiM pHc.5. 
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PHc.14, 

.., 

J 
3 

2 

f ~I 0 '0 D ' D. ~~ 
0,( 0,2 0;3 O,"t o,S 0,5 0.7 o,.:; ceK. 

Pacnpe~eneHHe a~TOB ~eneHHH B~onn KaMepH c ~eTeKTOpaMH 

(CM.pHc.7) B nepBh!X X11MWieCKHX OIIb!Tax C 3JieMeHTOM 104. 
BpeM3HHM nma1ra pacc'!HTaHa no cKopocTH ~BIDKeHHH ra3a

Hoc.ureM. I{pecTHKaMH odo3Ha'leHbl aKThl ,ne.JreHHH, 3aperH
cTpl1pOBaHHHe no 06011M OCKO~aM. 
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30 

25 Ku 

20 

Po 

/ 
/ 

'Fm,Cf,Cm 

Pvie.15. ]{opp8.7IffUHR M8JK.D.Y <lKC!18pMM8HTa..JThHl1MM 3HatJ:BH¥1RMY! TCITJIOThl 

a,n;copClUMH XJIOpY!.IJ;OB (:KpylKRM) 1-1 ::JHTaJibiTY!M l!CITapeHMR 

3TMX B8LU8CTB. 

3HatJ:8H.lffi Qo, OTHOCRTCR I\ yCJIOBMRM Ollh!TOB ( COCTaB 

ra30BOM !fla3hl, TeMrrepaTypa) C 3JI8M€HTOM 1()4. 

,llJIRPa, U H p~ H8Jib3R C yBepeHHOCTl>!O YI\a3aT:O Ha 

cpOpMy HaXOlK.IJ;8HYIR B ra30BOH cpase, !103TOMy 3HatJ:eHMR 

ITOM8ffjCHhl Ha 31\CITepHMeHTa..JThHYJO KPlJ:ByiO, tJ:TOClH !101\asaT:O 

rroJIOJ!(CHHe 3TMX sJieMeHTOB B "a.n;cop6W10HHOJ1 PR.n:Y". 

79 



0 

A 100 

50 

20 

5 

2 

6 
IS: 
s: 5 
:X: 

~ 4 
w 
a 3 
0 
;) 2 
s: 

:::r 

CEK 

0.30 0.60 0.90 1.20 150 

234 5678910 
HOMEP OETEKTOPA 

Pvrc.16, HM3: Pacnpe~eneHvre aKTOB ~eneHHR sneMeHTa 104 ~on1 Ka-

Mephl c ~eTeKTopaMIII (pvrc.7) B omrTax 1969 ro~a 

(cpaBIIH c pMc.14). 

Bepx: "l{pMBafi pacna~a". A - cyMMapHoe trvrcno pacna~oB, 

3aperl1cTpMpOOOHHWC J(anbme 3aJ(aHr!Ol1 rpaHVIU11 B Ka

Mepe no xo;rry rasa. 
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P11rc.1?, 

22
Ne 141Pu (MUweHb) 

N ~~~~ TiCI4+SOCI2 

--t-~ ~51 I n::J-n 
•c 1 I I 

l!!t 
' ~~ 

A)M 50 100 150 CM 

4 
I ~-~ 3 

~ 
I ScI 

: I 
I 1-, 

_.J I 
' L1 

L 

00 50 100 CM 

Bepx: IlpHHUJI!lilla.JibHM cxeMa SRCITepHMeHTaJThHOH arriTapaTy

p~ ~nff XHMKq8CROrO B~eAeHRH 259104. 
Cepe~Ha: TeMITepaTypHHM pe~ xpoMaTor~~zqecRofi Ro

AOHKH. 
Hzs: PaciTpe~eAeHHe CA8~0B OCROAROB ~eJ.eHHR (TOql(H H 

RpymRZ) B~OJTh ROAOHRM B OITHTax C RypqaTOBM8M ITO 
cpaBHeHIDO c paciTpe~eAeHIDIMH 44m,Sc H I?O,I?IHf 
(MOHHTOp~ ITOB8~8HHR aRTHHOH~OB H 3Rar~HHR COOT
B8TCTB8HHO). ,lleTeRTOpH OCFOAROB ,I8A8HHR (nHaCTZH

RH C~~) 6HHH BA0~8HH B ROHOHRy B~OJTh OCH ITO 
BCeH ee ~nHHe sa HCR~qeHHeM Ha,a.m,Horo yqacTRa. 
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I 
t 

1~;~l~c-~~~~~[~Z~~~~]~~~~~~~ 
1
_ -z_.. --''?z • O.Ot4 cec m -+--------4-----

1 
0 

PHc.18, 

l 

4 6 t_ (eel() 10 

Bp3MeHHoe pacnpe~eneHHe aRTOB ~eneHHR ~ep, o6pa3yromHX
cR npH or:J.nyqeHHH 243Am HOHaME 22 Ne (114 MsB). AKTV!BHOCT:b 
c r1; 2 - 2 ceR npMHa~ne~HT 261105. 
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Plllc.19. 

- . 
---·---~~ 

4---;-------------~--+-~ 

100 110 120 1.30 140 150 _,..11!1_ !Jou-J 

·25 
10 

-26 w 

3aBII!CII!MOCTI> 3~eRTII!BHOrO Ce'IeHI1H o6pa30 BaHII!H CITOHTaHHO 

,I\eiDIU1erocH HyRJrn,I\a c T1; 2 - 2 ceR oT aHeprllllll II!OHOB 22Ne 
rrplll o6.n:ytieHJIIJII 243 Arn c uem.10 cii!HTe3a aJreMeHTa 105. 

IIyHRTII!pHHe KPII!BhJe - pac'IeT .I\IDI peaKUII!H 
243 Am ( 22 tie , 4 n , 5 n ) 261 • 260105. Toti Kill - 3KcrrepHMeHT. 

IIoRasaHH T~e pactieTHHe Ill aRcrrepliiMeHTani>HHe 3HatieHJIIH 

(Rp~RIIl) 3~eRTII!BHOrO C8'!8HII!H ,I\efleHJIIH. 
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MaccoSoe L/U.Ct.O 

Pl'!c .20. Bb!X ).IJ:H Mace nepBl'!qHh!X ocROJlliOB ,neJiew H npl'! o6.nyqeHl'!II 

ypa 1a T.f1)1(8Jrn1VII1 l'!OHaMll. 

CDJDlliHh!e KPHBh!e - ::JRcnepiiMeHTa.Jli>Hh!e ,naHHble. 

llyH\TIIp- T80p8THq8CRI18 0~8HRI1, 
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P11c.21, Ou:emm ·BIDCO.D:a 11:30TonoB TpaHcypaHOBb!X sJier.eHTOB np11: oc5-

.nytreHHH ypa.Ha HOHaMH I\C8HOHa. 
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:V.30J'u1TOP 

P11:c. 22.. Bh!cC,RO"IyBCTBv.Te.IThHbi:Ii rrporropl\MOHa.lThHui1 cqeTqlfR J(.JIJI pe
rncc·pau:nv. ocROJIKOB J(eJieH!.fJI. 

PasMeph!: .D;mma - 2 M, J(MaMeTp - 0,26M, 
rr;ro~a~ o6pasua- 1,4 M2 • 

He6o.lThi110il rrperrapaT ypaHa CJIYlKMT .U.JIJI rrepnon:!l!qecRoil Ra

JI!I!O]>OBRll cqeTqHRa ITO OCROJIRaM Bh!HYJK.IJ:8HHOrO J(8JI8Hll:JI 235u 
HeH"POHaMH. 
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'!8ltpmr:c-

PHc.23,. YcTaHOBRa .rvm perlilcTpaWfH cnoHTaHHorc ,n:eJieHHJI cBepxTJI

JKeJIHX sJieMeHTOB no MrHoBeHHhiM HeilTpOHaM ,n:eJieHHJI. IIapa

~l1H c~lilT saMe,n:JIHTeJieM. HeilTpOHH ,n:eTeRTl1PJIDTCJI rrponop

WfOHaJThHb!Ml1 C'l8T'llil:K3Ml1, HaTIOJIH8HHHMlil ~e. 
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Pvrc.24. CoBp8M8HHb18 HarrpaBJI8Hlffi IIO!IICKOB HOBhlX TID!WJlhlX !II CB8pX

THJK8JlhlX 3JI8M8HTOB. 
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