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1969 roll 6bm 106nne1'1:HhIM MeH)leneeBCKHM ro)loM, Bo MHorIIx cTpa

uax Mnpa rrpowmr MexmyuapOJlHbie KoucpepeuunII, rrocBHU!eHHhie cToneTHIO 

OTKpb!TII5l ITepHO)lll'IeCKOro 38KOHa reunanbHb!M pyccKIIM XIIMIIKOM n.11 ,M eH

)leneeBb!M, 

MenJleneeB rrp1IHaJlne)KHT ue TOnbKO xHMHKaM, OrrIIpaHcb na rrepnoJlII

.•iecKni1: 38KOH, IT03BOn5lIOII!Hi1: CHCTeMaTH3HpOB8Tb BCe MHoroo6pa3He cpmlH

KO-XHMIIqecKHX CBOACTB OT)lenbHhlX aneMeHTOB H HX coe)lHHeHHA, cpH3II

qecKa5l HayKa CMorna ITOJlDATH K n3yqeHHIO COKpoBeHneAlUIIX TaAH CTpoeHH5l 

B8lU8CTBa, 

ITpnMep TOH B8)KHOA ponII, KOTopy10 nrpaeT rrepIIO)lHqecKHA 38KOH 

B nccne)loBamrn CTpoeHHH aewecTBa, - CIIHTe3 II II)l8HTHcpIIKaUH5l p5l)l8 

TpancypaHOBhlX aneM8HTOB, OT H8ITTYHH5l )l0 M8H)leneBH5l, 38KOHqeHHhle 

B CllJA K 1 955 rOJly, 3TOT rrepBbIH rreplIOll IICTOpIIII TpaHCypaHOB CB5l38H 

C pa3BHTIIeM H)lepnofi TeXHIIKH, 3neM8HTbl Np - Fm 6binH CHHTe31IpOB8Hbl 

C ITOMOlUb!O peaKUHH MHOrOKpaTHOr0 38XBaTa uei1:Tp0HOB B IIHT8HCHBHb!X 

uei1:TpOIIHbIX rroToKax peaKTopba II HJlepHbIX B3pbIB0B, ITpn TaKoM MeTo)le 

CHHT.838 rrpOAYKTbl peaKUIIH OK83bIB8IOTCSI rrepeMelUaHHbIMII Jlpyr C JlpyroM 

H C IICXO)lflbIM aemecTBOM, IT03TOMY HeII36e)KHO Xli\,UJqecKoe BbI)leneHIIe 

aneMeHTOB, KOTOpbie HHTepecyIOT 3KCITepIIMeHTaTopoB, Ycrrex 9TIIX IICCne

)lOB8HIIi1: BO MHOrOM orrpe)lennncsr aHanornei1: XHMHqecKHX CBOACTB, KOTopasr 
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cymecTByeT y ceMellCTB aKTllHHAOB H naHTBUli~OB, 3Ta aaanorHH COCTaB

nHeT cymecTBO TaK H83b!BaeMOll 8KTllHHAHOll rnrroTe3bl, IT03BOnHBlliell 

r, T.Cn6opry n ero COTpyAHHKBM paao6paTbCH B cno:>KHO!! CMecn aneMeHTOB 

H H30TOITOB, CHHTe3HpyeMb!X B peaKTOpax H B~pbrnax. HeymmnTenbHO IT09-

TOMY, 'ITO rrnoaepaMH B OTKpb!THH uenott cepHII TpaHcypaHOBb!X aneMeHTOB 

oKaaanncb crreunanncTbI B o6nacTH pannoxnMnn - r.T.Cn6opr, C,f.ToMrr

coH H AP, 

CnenyeT OTMeTHTb, 'ITO B 9TOT rrepnon, HeCMOTpH Ha HOBH3Hy H cno:>K

HOCTb MHorHX acrreKTOB caMOiI rrpo6neMbl n rrp11MeHHBlliellCH 9KCrrepnMeHTanb

HOll MeTOAHKH, KOTopaH 3aqacTyID coanaBanacb caMnMH aBTopaMl! nnH pe

meHHH B03Hl!K8BllillX aanaq, HeCMOTpH Ha orpOMHoe KonnqecTBO rronyqeHHOll 

nmpopMaunn, rrpaKTnqecKH He 6bmo norrymeao cepbe3HbIX omn6oK, OTnenb

Hble HeTO'lHOCTH 6b!CTpo o6Hapy:>Kl!BanHCb H l!CIIpaBnHnncb, 

OnHaKO rrpH IIOIIb!TKBX IIpOABHHyTbCH nanbme B o6nacTb TH:>Ken_hIX srnep 

( z > 101) Bb!HBHnCH uenblll pHA o6'beKTl!BHb!X TpyAHOCTett, Bee 6onee II 60-

nee ycno:>KHHIDlliHX CllHTea, HAeHTmjJHK8UllID H H3yqeJine CBOllCTB HOBb!X ::me

MeHTOB, rnaBHbie H3 Hl!X - pe3KOe yMeHbllieHHe BpeMeHn )KJ13Hll CllHTe3Hpye

MblX aneMeHTOB, a TBK:>Ke yMeHbllieHne BepOHTHOCTH l!X o6paaoBaHHH B pe

aKUllHX ho Mepe yBennqeHl!H aToMHoro HOMepa, Pnc. 1 naeT o6mee rrpen

cTaBneane o aaBHCHMOCTH rrepnona rronypacrrana oT aToMHoro HOMepa ane

MeHTa B o6naCTH Cf - Ku • 

KnaccnqecKaH MeTOAHKa XHMll'l8CKOH nneHTn¢HK8UHH, OCHOBaHHaH Ha 

rrpou:ccax, rrpoTeKammnx B :>KHAKOH ¢aae, Tpe6yeT orrpeneneHHoro BpeMeHH 

AnH BbIAeneHHH HOBbIX aneMeHTOB ( rropHAKa 1 MllHYTb! OT MOMeHTa CHHTeaa); 

38 9TO BpeMH cpaBHHTenbHO KOpOTKO;>KHBylliHe ll30T0ITbl rrpaKTH'leCKH rron

HOCTbID pacrranaIDTCH, IToaToMy MeaneneBHtt oKaaancH rrocnenHHM aneMeHToM, 

HAeHTmjmunpoBaHHb!M KnaCCH'leCKHM MeTOAOM XllMH'leCKoro paaneneHHH B 
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)KII)lKOII 't'ase • eo XOJllIMO binO H81ITII HOBbie M9TO)lbl CIIHTesa TSI)KenbIX 

TpaacypaHOBb!X :=meMeHTOB. 

BTopofi rreplIOJl IICcne)lOB8HIIll B TpaHcypaHOBOll o6naCTII CBSI38H 

C II)leefi IICITOnh30B8Tb ansr CIIHTe3a HOBb!X aneMeHTOB ycKopeHHbie TSJ)Kenbie 

IIOHbl BM9CTO aefiTpOHOB •. ITpearronaranoch, 'ITO HOBbJe napa 6yayT o6paso

Bb!B8TbCSI rrplI cnlIHHIIII naep yrnepoaa, KIIcnopoaa, HeoHa II T.n., ycKopeH

HbIX JlO aeo6xOJllIMOll 9Hepr1III, C SIJlpaMII TSI)KenbIX aneMeHT0B .< ypaH, rrny

TOHIIH, aMe plIUIIll II T.Jl • .>. 
ITo 1IH1IU1IaT1IBe aKaaeMIIKa 11,B.Kyp'IaToBa B 1954 rony B MocKBe 

6bma Ha'!aTa paspa6oTKa rrpoeKTa ycKoplITensr TSI)KenbIX IIOHOB, rrpenHa3Ha

'!9HHoro ann CIIHTesa H0BhlX aneMeHT0B II IIX Il30TOITDB II II3Y'I9HIISI SI)lepHhlX 

peaKUIIH. OJlHDBpeMeHHO C rrpoeKTIIPDB8HII9M Ha o6hl'!HOM UIIKnDTpoHe 

Y-150 6binlI Ha'!aTbl pa60Tbl no rrony'IeHIIIO II ycKopeHIIIO MHDrosapstUHbIX 

IIDHOB II rrepBbJe 9KCil9p1IM9HTbl C ycKopeHHb!MII IIOHaMII yrnepoaa, a3oTa, 

KIIcnopona. 

YcKOplITenb MHorosapSIJlHblX II0HDB 6bm IlDCTpoeH B lly6ae K 1960 r. 

KpoMe Toro, 'ITO Il0SIBIInach B03M0)KH0CTb yBenlI'IIITb 38pSIJl nnpa 

cpasy Ha H9CKDnhKD 8/llIHIIU, peaKUIIII C TSI)KenbIMII IIOHaMII Il03BDnmrn 3Ha

'IIIT9nhHD CDKp61TIITb BpeMn, Heo6xon1IMoe ann BbI/leneHIISI H0BbIX sinep II IIX 

II)leHTII!plIKaUIIII. HBneHIIe OT)la'III, BD3HIIK8IOW9ll rrpll cnIISIHIIII TSI)Kenoro IID

Ha C SI)lpOM MIIlli9HII, a T8K)K9 T9XHI!Ka 9KCrrpecCH0ll perIICTpaUIIII a -pacrra

)la II CIT0HTaHHOrO neneHIISI, 06ecrre'I1IB8!0lli1Ie )lOCTaT0'IHO Hll3Kllll cpoH,COC

TaBnSIIOT 0CH0BY !pll31I'I9CKIIX MeTO.UOB II)l9HTII!pl!K8UIIII II Il03BOnnIOT B rrplIH-

-8 
UIIrre )l0B9CTII 9TO BpeMSI )lO 10 CeK. 

BpeMg, Heo6xDJllIMOe ann XIIMII'I9CK0H IIU9HTII!plIK8UlllI aneMeHTa, yaa

nocb cymecTB9HHD YM9HblliIITb 38 C'IAT rrepexoaa K XllMlllI B ra3DBOll cpase. 

Bb16llTbJe Il3 'Mlllli9HII srnpa 0T)la'!II rrorrananlI. HerrocpencTBeHHD B aKTIIBHYIO 

xi 
IT ocne Toro KaK B ll'y6He 6bmO rrpoBeneHO CllCT9M8Tll'I9CKOe H3y'IeHHe 

CBOHCTB 6 II30TOITOB 102 aneMeHTa 
11 - 7 /' Bb!SICHllnOcb, 'ITO ll30T0Il 

2 5
102 

IIMeeT rreplIO)l rronypacrraaa 3 MllHYTbl II M0)K9T 6b!Tb II3y'IeH C IlOMOllib!O 

lIDHHOro o6MeHa. 
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rasoByIO cpeay. TaK KaK XIIMII'I9CKIIe peaKUIIII II TpaHCIT0pTilpOBKy IlplI pa-

6oTe C rasaMII M0)KH0 ocymecTBIITb 3Ha'I1ITenbHD 6bJCTpee, 'I9M IlPII pa6o

Te C )KIIJlKOll cpenofi, TD, IICITOnh3ySI Cil9UIIanb.HyIO, JlDBDnhHD Cn0)KHyIO TeX-

18-101 
HIIKY , MD)KHD pasaennTb II ycrremao perI1cTp1IpoBaTh rrpoayKTbI sinep-

HbIX peaKUIIH, IIMe10m1Ie BpeMeHa )KII3HII rropnaKa Jl9CSITb!X aonefi CeKyH)lbI. 

MeTO)l 0T)la'III Il03B0nneT T8K)K9 rrplIMeHSITb ansr IIJl9HTII!plIKaUIIII H0Bb!X 

srnep Macc-cerrapaTopb1, pa60Ta10m1Ie B pe)K'.IIMe " on - line " c ycKoplI-

TeneM, 'ITO 0TKpbIBaeT llilipD'lallllilie B03M0)KHOCTII ann II3Y'I9HIISI KDpOTK0)KII

BY llilIX SIJlep, aaneKIIX OT o6nacTefi CTa61InbHDCT1I. B lly6ae H.I1. TapaHTII

HhIM II ap. paspa6oTaH Macc-cerrapaTop HoBoro TIIrra, K0Topb1fi rro3BonsieT 

. -3 /11/ 
yMeHbllilITb BpeMg pasneneHllSI JlD 10 CeK 

llpyry10 TPYJlHDCTb - yMeHbllieJrne Bb!XO)la peaKUIIH C yBenll'I9HlleM 

8TOMH0ro H0Mepa naep-rrpOJlYKTOB - rrpeoaoneTb 3H8'IIITenbHO cno)KHee. 

BeponTHOCTb o6pasoBaHIISI TSJ)KenbIX TpaHCYP'.9-HOBb!X aneMeHTDB B peaKmrnx, 

rrp0XDJlSIWIIX -qepes CT8)lll!O o6pa30BaHllSI CDCTaBHoro napa ·c rrocneay10mI1M 

IICrrapeHHeM H9CKDnhKllX H9HTpoHoB, yMeHbmae'l'cn, rpy6o roBopsi, B 10 II 

6onee pas rrplI yBenll'I9HlllI z Ha 9JllIHHUy. Tpy/lHDCTII ycyry6nSIIOTCg TaK)Ke 

TeM, 'ITO Bb!XO)l MH0rD'!llcneH!lb!X peaKUIIH, IlpllBDJlSillilIX K !pOHOBb!M rrpoayK

TaM, rrplI 9TOM rrpaKTII'I9CKll He yMeHblliaeTcSI. 3To rrpe)lbSIBnneT 'Ipe3Bbl

'!aHHO Bb!COKlle Tpe6oBaHllSI K ceneKTHB!IOCTll K8K XllMII'I9CKllX, TaK II !pll3ll

'!9CKllX M9TO/lOB H)l9HTII!pllKamrn. 

C IlOMOWb!O ycKopeHHhlX TSI)K9nhlx lIOHDB 6hlnH CIIHT93llp0BaHhl aneMeH

Tbl 102, 103, 104 II rrony'I9Hbl rrepBbie aT0Mbl 105 aneMeHTa. OaHaKo rrepe

'IllCneHHbJe Bbillie o6beKTllBHbie TPYJlHDCTll, a, B03M0)KHD, II HeKOTOpb!e 

cy6beKTlIBHbl9 o6cTOSIT9nbCTBa rrpllBenlI K TOMy, 'ITO IICT0plISI 0TKpb!TllSI ,ll 

II3Y'I9HllSI CBOHCTB 9TIIX aneMeHT0B OKasanacb IICT0pllefi OllilI60K II crropoB. 

ITepBbJe IlOilb!TKII CllHT93Hp0B8Tb II IIJl9HTll!plIUIIpoBaTb. 102 aneMeHT 

OTHOCSITCSI K 1955 r. B COBM9CTH0H pa6oTe aMepnKaHCKIIX, aHrnlIHCKllX II 

112/ 
lliB9)lCKIIX aBTOpDB coo6manocb, 'ITO ClIHT93llpoBaHo 20 aTOMDB 102 

aneMeHTa C MaCC0Bb!M 'IllCnOM 253 HnlI 251, IICilb!TbIBa10mnx a -pacrra)l 

u I 131 
C TI /2 = 10 MIIH. ITosaaee 9Ta pa6oTa 6bma rrplI3H8Ha Dllill6D'!HOll 
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/14-17/ 
BcKope ITOHBnnocb eme HeCKOnhKO pa6oT no 102 aneMeHTy 'onHaKo 

oHn TaK)Ke conep)Kann pHn own6oK. 

102 aneMeHT 6hm BITepBhJe Hane)KHO nneHTmjmunpoBaH • B lly6He ( nso-

256 /1/ . /2-7/ 
TOIT · 102 ) , B pHne ITocnenyIOmnx pa6oT STOT pesynhTaT 6hm 

ITOJlTBep)KJl8H n, KpciMe Toro, 6bmO ITpoBeneHO CllCTeMaTH'IeCKOe nccnenoBa-

Hlle CBOHCTB wecTn ll30TOITOB 102 aneMeHTa, B nTore CTann TaK)K8 

/12-17/ 
HCHhl llCTO'!HllKll own6oK, JlOITymeHHb!X B ITepBb!X Heyna'IHhIX pa6oTax • 

I1cTopnH OTKpb!TllH 103 sneMeHTa TaK)Ke OKasanacb JlOBOnbHO cnO)KHOii. 

B 1961 rony A. fnopco n np. B EepKnn ( CWA) o6'hHBnnn 06 oTKphtTHH Ho

soro aneMeHTa C ITOPBilKOBb!M HOMepoM .103 ( ll30TOIT C MaCC0Bh!M 'IIICnOM 

) ,, '. /18,19 / 
257 ll nann eMy Ha3BaHne noypeHCllH" • B 3TOH_ pa6oTe, onHaKo, 

He 6wno ITpoBeneHo aHannsa B0SMO)KHhlX own6oK R ¢oHOB, B nanbHettweM 
. /20-24/ · 

3KCITepnMeHThI, BhIIT0nHeHHhie B lly6He ' IT0KasanR, 'ITO Olla 6bma 

own6o'IHOH. 

B 1965 r. rpyITITa 3KCITepnMeHT8T0p0B B liy6He 0JlHOSHatIHO ycTaH0BII-

243A 1s O 255103 120/ na, 'ITO B peaKUHH m + o6pasyeTCH ll30T0IT • K HaCT0H-

meMy BpeMeHn B liy6He 0TKpb!T0 ll R3Y'I8H0 Tpll llS0T0ITa 103 aneMeHTa C 

/20-24/ 
MaCC0BhIMR qncnaMR 255, 256, 257 • TmaTenbHhJe IT0RCKll HSOT0ITa 

aneMeHTa 103 C xapaKTepIICTIIKaMII, ITpnBeneHHhIMll aMepnKaHCKllMR aBTopa-

" /21/ 
MII, nanII oTpnuaTenhHh!II pesynhTaT • 

TTocne oITy6nHKOBamrn 3KCITepRMe!ITanbHhIX naHHh!X ITO 103 aneMeHTy' 

ITonytieHHhIX B liy6ne, A. f11opco eme pas ITpoaHanns11poBan CBOII pesynhTa

Thl R ll3MeHRn RX ITepBoHatianbHYIO llHTepITpeTaURIO, He ITpIIBOJlH ITpn 3TOM HR

/19/ 
KaKHX H0BbIX 3KCITepRMeHTanbHh!X noKasaTenbCTB. On coo6m11n , "ITO 

• 118I 251 
B !IX ITepB0II pa6oTe , IT0-BIIJlllM0MY, Ha6nIOnancg He 103, a 0illIH 

RS 6onee TSI)KenhIX IIS0TOIT0B: 
258

103 UJIII 
2 59

10-3 • lieTanhHb!H ananns IT0Ka

/23,24/ 
Sb!BaeT , "ITO TaKaH RHTepITpeTaUHH HaxonIITCH B ITpOTIIBopeqnn C 

3KCIT8pIIM8HTanbHh!Mll naHHbIMII, ITpllB8Jl8HHhIMII A. fRopco ll np. B CTaTbe 
/18/ . . 

1961 r. I R Jl0n)KHa 6b!Tb rrpllSHaHa HeITplleMneMQH, 

8 

I1cTOpHH SaIT0nHeHHH "ITyCThIX MeCT" B Ta6n11ue MeHneneeBa CBIIJle

TenhCTByeT 0 TOM, 'ITO BO BCeX cnyqagx 8BTOpbl pa6oT, pesynhT8Thl KOTO

pb!X IT0JlBepranllCb C0MH8HIIIO, ITp0B0Jl11n11 JlOIT0nH11TenbHhie OITh!Thl II nn6o no

K83hlBan11 CB0IO ITpaBOTY, m160 OTK8SbIBan11cb OT OlliH60"!Hb!X YTB0p)KJleHnH. 

B naHH0M cnyqae rpyITITa B EepKn11, K CO)KaneHn10, ne ITowna ITO 9TOMy ITy-

TH, 

fpyITITa XIIMIIK0B s· Lly6He nsyq11na ITOBetieH11e xnop11n0B 103 aneMeH-

256 0 
Ta Ha ITp11Mepe 11soToITa 1 3 11 noKasana ero ITpIIHanne)KH0CTh K ce-

" /25/ 256 
MellCTBy 8KTllHIIJlOB • Pesynh°T8Thl ny6HeHCKIIX pa6oT ITO IIS0T0ITY 103 

/26/ 
6bmll IT0nH0CTblO IT0JlTB8p)KJl8Hhl B EepKnH • 

.HpKHM ITpnMepoM ncclienoBaHnsi, ITpoBeneHHoro' B ITpenenhHhIX ITO 'IYBCT

BHTenhHOCTH H 3KCITpeCCH0CTH ycnoBHHX, SIBnSieTCH OTKpblTHe 104 sneMeH-

Ta H nsytieHne ero ¢nsnqeCKHX H XHMH'IeCKIIX CBOHCTB, 

B 1964 rony B na6opa-ropn11 HnepHhIX peaKUHH OI1.HI1 ITPH 06ny1::JeHnn 
I .. • 

242 22 ---Pu ycKope,HHhIMII IIOHaMH Ne 6hmH CIIHTes11poBaHhl sinpa, HCIThlTb!BaIO-

IIllle CIT0HTaHH0e neneHne c ITep11onoM rronypacITana, K0TOphIH 6hm ITpn6nns11-

TenbHo oueHeH B 0,2-0,4 ceK, CnoHTaHHoe neneH11e H0Boro 11sny1::JaTensi Ha6-

nIOnanocb Ha ¢oHe pacITana CIT0HTaHH0 nensimnxcsi nsoMepoB II npyrnx aK

TIIBH0CTett, KOTOpbie o6pasyIOTCH B peaKUIIH Pu + Ne B cymeCTBeHHhIX K0-

n11'1eCTBaX, IT0STOMy B ITE!pBOH pa6oTe He ynanocb IISMepHTb ITep11on ITony

pacITana T0"!Hee. TpynHOCTII, C K0T0pblMH CTOnKHynHCb 3KCITepnMeHTaT0phI, 

11nnIOCTp11py!OT cnenyIOmne u11¢pb1: ITPII MaKCIIManbHOH HHTeHCIIBH0CTH ITOT0-

Ka ycKopeHHhlX IIOH0B HeoHa (necSITKH MIIKpOaMITep HOHH0ro TOKa) Ha6nIO

naBlliHHCH BhlX0Jl cocTaBnHn ITpn6nns11TenbH0,OJllIH aTOM B qac. OnHaKO Hec

M0TPH Ha BCe 3TH TpyJlH0CTII aHanns ¢opMbl ¢yHKUIIII B0S6y)KJl8HIIH nnsi 

06Hapy)KeHHOrO HSnyqaTenH H pesynbTaThl K0HTp0nhHhlX 0ITh!T0B ITOSBOnunn 

aBT0paM pa60Thl c~enaTb saKnIO"!eHne, "ITO CHHTe3upoBaHHh!H HSOT0IT SIBnH

eTCH 0JlIIIIM 113 H30T0IT0B 104 aneMeHTa II IIMeeT MaCC0B0e "IHCno, ITO BCeH 

/27/ 
BepOHTHOCTR,260 • 
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ilnH ycTaHOBneHIIH qiaKTa CHHTe3a HOBOro aneMeHTa Ba )K He H III e e 

3 Ha 'le H H e H Me e T er O X H M H 'le CK a SI 11 il e HT II qJ II Ka UH H. fI 08TOMY 

B lly5He 5hinH rrpoBeneHbl nanbHeHIIIHe 8KCIIepnMeHTbl rro CHHTe3y 104 ane-
" /8 9/ 

MeHTa C rrpi::MeHeHneM 8KCrrpeCCHOro pa3AeneHHH B ra30BOH qJa3e ' • 

B pe3ynhTaTe He3aBHCHMbIM XHMH"leCKHM MeTonoM 5bWO ycTaHOBneHO, 'ITO 

242 22 N 
rrprr 06ny11eHHH Pu HOHaMH j e o5pa3yIOTCH H30TOIIbl 104 aneMeHTa, 

HCIIhIThIBaIOume crroHTaHHoe neneHrre c rreprronoM rronypacrrana B HeCKOnhKO 

necHTbIX nonefi ceKyHnhr. 3necb cnenyeT OTMeTHTh, ,onHaKo, 'ITO B XHMH"leC

KHX OIIbITaX H30TOIIbl He Mornn pa3nenHTbCH. 3TO 03Ha"laeT, "ITO HapHny C 

KOpOTKO)KHBYIUHMH H30TOIIaMH Kyp11aTOBIIH B OIIb!Tax, B03MQ)KHO, rrpucyTCT

BOBann H 5onee nonrO)KHBYIUIIe, BKnan KOTOpb!X Mor naTh Ha6n10naeMyIO 

KpHBYIO pacrrana. 

B 1967 rony OIIb!Tbl rro XHMH"18CKOH rrneHTHqlHKaUHH ObinH IIOBTOpeHbl 

" " /10/ p 
C yCOBepIIIeHCTBOBaHHOH MeTOilHKOH e3yJihTaTbl IIOilTBepnrrnrr cnenaH-

HbIH B rrepBofi paooTe BbIBOil O rrpnHanne)KHOCTH Kyp'laTOBHH K IV rpyrrrre 

ITepHOilH'IeCKOH CHCTeMbl aneMeHTOB. 

ABTOpb! qJII3H'leCKOH H XHMII'leCKOfi paooT rrpennO)KHnn nnH HOBOro ane

MeHTa Ha3BaHHe "Kyp"laTOBHfi"( Ku ) B 11ecTb BblilBIOIUerocH COBeTCKoro qJH-

3HKa l1r.opH BacrrnheBn'la Kyp"laToBa. 

OnHaKO HCTOPHH 104 aneMeHTa Ha 8TOM He 3aKOH"IIInacb. qepe3 5 neT 

rrocne rrepBhrx nyoHeHCKHX paooT A.frropco u ero Konneru coo6ru1Inrr o crrH

Te3e Tpex a -pannoaKTHBHb!X H30TOIIOB aneMeHTa 104 C MaCCOBbIMH 'lHCJia

MH 257, 259, 261 rr neprronaMH rronypacrrana 4,5; 3 H 60 CeK COOTBeTCTBeH-

/28,29/ 249 
HO • B 8THX 8KCrreprrMeHTaX MHIIIeHh H3 Cf 06ny11anach ycKopeH-

HbIMH HOHaMH 
12 C u 13 C • llnH rr.QeHTHqJIIKaUHH H orrpeneneHHH xapaKTe

PHCTHK H30TOIIOB ananH3HpOBanrrcb a -crreKTpbl rrponyKTOB peaKUHH. BbIBOilbl 

0 CBOHCTBa,x H30TOIIOB 104 aneMeHTa, KOTOpble MO)KHO cnenaTb Ha OCHOBa

HHH pe3yJibTaTOB 8TOJ!: pa60TbI, B OCHOBHOM II0ilTBep)K.Q8IOT pe3ym,TaTbl nep

BOH pa50Tbl no 104 aneM0HTY, BbIIIOnHeHHOH B Jlyone 
127 

I. 0.QHBKO A.fnop-

10 

co H np. CTpeMSITCH HafiTH H, rro HX MHeHHIO, HaXOilSIT cyruecTBeHHbie rrpo

THBOpe'lHSI II IIbITaIOTCSI rronBeprHyTh COMHeHHIO pe3ynbT8Tbl Jly5HeHCKHX pa-

OOT. 

Cne)lyeT OTMeTHTh, "ITO rrepBH"IHbie a -crreKTpbl B pa5oTaX rro CHH- ' 

Te3y TSl)KenhIX TpaHcypaHOBblX aneMeHTOB rrpaKTH"leCKH BCerJla 5hIBaIOT B 

TOH unu HHOH CTerreHH HCKa)KeHbl a -aKTHBHOCTSIMH, KOTOpble o5pa3yIOTCSI 

B XO)le 06ny11eHHH Ha HeH30e)KHbIX rrprrMeCHX CBHHU8 B MHIIIeHH H rro' xapaK-
:, /16 30/ 

TepHCTHKaM 5nH3KH K TOMY, 'ITO Q)KU.QaeTCSI .QJISI 104 aneMeHTa ' 

TeM He MeHee A. frropco H /lp. B005IUe He o5Cy)K.QaIOT 8TOT BOIIpoc, XOTSI 

.B IIplIBOilHMhlX HMH crreKTpax SIBHO rrprrcyTCTBYIOT nnHHH, 

IIpOHCXO)K)leHHeM nMe_HHO rrpHMeCHM CBHHUa ( prrc •. 2). 

05SI3aHHbie CBOHM 

AHanu3 crreKTPOB H rrepnO/lOB rronypacIIa)la nnH OT)lenbHbIX nrrHHH Bb!SIB-

' /28/ • 
nSieT B pa5oTe A. frropco II Jlp. PSlll HeCOOTBeTCTBHH H, rro-BH/lHMOMy, 

IIpOCTO OIIIIIOOK H 3acTaBnSieT COMHeBaThCH B rrpaBHnhHOCTH orrpeneneHHSI 

xapaKT9pHCTHK a 

HO, 'ITO aBTOpaM 

-aKTHBHbIX H30TOIIOB 104 8JieMeHTa. CoBepIIIeHHO O'leBH)l-

/28/ /. 
pa50Tbl Heo5xonnMO IIOBTOpHTh 8KCIIeprrMeHTbl B 60-

nee 11 1'.fHCTb!X" ycnOBHHX. IToKa )Ke ocTaeTCH 3aKnIO'lHTh, "ITO B OIIbITaX rro 

CHHTe3y a -aKTHBHbIX H30TOIIOB 104 aneMeHTa rpyrrrra B EepKnn He CMOr

na H35e)KaTh OIIIHOOK. 

B rrocne.QHee BpeMH B ily5He .QJISI CHHTe3a H nneHTHqJHKBUHH 105 ane

MeHTa Obma yCoBepIIIeHCTBOBaHa MeTO.QHKa, rrprrMeHSIBIIIaSICSI B rrepBb!X Oilbl

TaX rro qJH3H'leCKOH rrneHTHqJHKaUHH aneMeHTa 104. 3Ha"lrrTeJihHO CHH)KeH Hell-

TpOHHb!H qJOH BOnH3H )leTeKTOpOB B pe3~JlbTaTe rrepexona K OIIbITaM Ha Bbl-

1964 ro/la rro 104 aneMeHTY rrpoBonn-

Toro, 3a c11eT rrcrronb30BaHIIH ocooen-

Be)leHHOM rry"IKe UHKnOTpOHa ( OIIb!Tbl 

nucb Ha BHyTpeHHeM rry11Ke) • KpoMe 
. • /31,32/ 

HOCTeH B ,yrnOBb!X pacrrpeneneHHHX rrponyKTOB pa3nH"IHbIX peaKUHH 

ynanocb ocyrueCTBHTh xopoIIIyIO cerrapaUHIO Slllep 0Tna11rr, BbWeTaIOIIIHX H3 

MHIIIeHH. CrreUHqJHKOH H)lepHbIX peaKUHH C TSI)KenhIMH IIOHaMH SIBfIHeTCSI 

OCTpblH MaKCHMYM B yrnoBOM pacrrpeneneHHH 51.Qep OT)la'lH y TeX peaKUHfi, 

11 
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/28/ . H9cr 12c P1Ic. 2, CITeKTpb! a -aK'rHB-HbIX ITponyKTOB peaKUIIH + (BepXHHll:) 

II Pb +12 C /30/ ( HHlliHHH). 

12 

v 
V, 
\C 

t\ 
\ !' J 
!I 
( 

~ 

I , 
\P 
di , •. .) 

! 
:1 

:I 

,\ 
" l 

KOTOpb!e rrpoTeKa!OT 'Iepe3 CT8/llI!O COCTaBHOf'O SI.llpa ( 105 aneMeHT llOml<eH 

o5pa30BhlBaThC.II B peaKUIIII IIM9HHO TaKOf'O THIIa). B pe_aKUH.IIX npyrHX TIIIIOE 

yrnOBOll pa35poc KOH9'1Hb!X .11nep cymeCTBeHHO oonhIIIe, BBO/l.11 IIO/lXO/l.lIIUY!O 

KonnHMaUIIJO, MOlliHO OTnenHTh .11npa 105 aneMeHTa OT 3H8'IllTenhHOll '18CTII 

npyr1Ix rrponyKTOB peaKunil:. 

MeTO/llIKa 5hma IICIIhITaHa B HOBOH ceplIII OilblTOB no CIIHTe3y cnoH

TaHHO 1len.11meroc51 II3OTona 104 aneMeHTa, H_<)5nronaBIIIerocH paHee B peaK

U1I1I242 Pu + 22 Ne . l13MeHH51 CTeIIeHb Konn1IM8UIIII, 8KCIIep1IMeHTaTOpbl II3y

'11In1I IIHTerpanbHOe yrnoBoe pacnpeneneH1Ie Hllep aToro 1I3oTona II nOKa

aan1I, 'ITO OHO neil:CTBIITenhHO COOTBeTCTByeT peaKUIIII, IlpOXO/lHIIleil: 'Iepe3 

CT8/llI!O o5pa30B8HII51 COCTBBHOf'O 51/lpa (plIC. 3). TmaTenbHblll aHan1I3 pe

aynhTB TOB IIplIBen aBTOpOB K_ BbIBOllY O TOM, 'ITO IICCnenyeMblll II3ny'IaTenh 

oopaayeTC.11 B peaKUIIII nonHOf'O CnlIHHIIH 51/l9p 
242 Pu 1I

22 Ne C nocnenyro

llllIM IICnapeHIIeM HeCKOnhKIIX Heil:TpOHOB II np1IHannelli1IT, cnenoBaTenhHO, 

/32/ • 
Kyp'IBTOBII!O • EcTeCTBeHHO, KOnnHMBUIIOHHb!H MeTOll He llBeT BO3MOlli-

HOCTll yTO'IHIITh MBCCOBOe 'IHcno II3OTona, HO OH IIO3BOn1In cymeCTBeHHO 

yMeHhIIIIITh ¢oH IIOCTOPOHHIIX nenHIIllIXCH nponyKTOB II yTO'IHIITh nepHOll no

nypacnana Kyp'IaTOBII.11, KOTOpblll OKa3ancH paBHbIM 0, 1 :!: 0,05 CeK, 

Bee Bb!III91I3nOllieHHOe naeT OCHOBBHIIe 3aKn!O'IIITh, 'ITO ¢aKT CIIHTe3a 

104 aneMeHTa n HaonroneHII.11 ero pacrrana ohm BrrepBhie ycTaHoBneH B ily5-

/27 / 
He B 1964 r. • 3To IIO/lTBepllineHO OIIb!TBMII, IICIIOnh3Y!OllllIMII MeTO/l 

• /8-10/ 
f'83OBOII xpoMaTorpa¢mr,, B 1966 II 1967 rr. II 8KCIIeplIMeHT8MII ITO 

" " . 1969 1321 
II3y'IeHIIIO yrnOBh!X pacrrpeneneHIIH nponyKTOB peaKUIIII B r. • 

TaKIIM o5paaoM, Jia6opaTop11.11 .11nepHhIX peaKUIIH OI1.HH B ilyoHe, 

rne KonneKTIIB Y'leHhIX COUHan1ICT1I'IeCKIIX CTpaH Be/leT IICcnenoBaHHH 

ITO TpaHcypaHOBbIM aneMeHTaM, HaC'Il!ThIBaeT B CBOeM aKTHBe OTKpb!THe ' 

Tpex THllieneil:IIIIIX aneMeHTOB: 102, 103 II 104. flpenBap1ITenhHO llBHHhie ITO 

aneMeHTy 105, nonyqeHHbie B 1968 r., celi'IllC npOBep.11!0TCH Konn1IM8UIIOH

Hb!M MeTOllOM. 
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PHc, 3. Yrnoaoe pacrrpeneneHHe SIAep KyptJaTOBHSI (T 1/2 = 0, 1 ceK), 
242 Pu + 22 Ne (qepHbie KPY)KKH), CHHTe3HpOBaHHhlX B peaKUHH 

llnSI cpaaHeHHSI rrpHaeneHo yrnoaoe pacrrpeneneHHe crroHTaHHO 
242p 22 N 242 mrA 

nenmuerocSI H3oMepa aMepHUHSI H3 peaKUHH u+ e ➔ m. 
no ropH30HTanbHOH OCH - OTHOllleHne rny6HHbl KonmrMaTopa £ 
K AHaMeTpy OTBepCTHH d 
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B HaCTOSIII1ee apeMSI HatJancSI TpeTHH rrepHOA B HCTOplrn TpaHcypaHOB 

CHHTe3 H IIOHCK CBepXTSI)KenbIX sneMeHTOB C IIOpSIAKOBblM HOMepOM . Z 

' = 110-126. ilnSI SToro ~ll3lIKaM IIpl!lllnOCb rrpeononeTb caoe6pa3Hblll IICHXono-

rHtJeCKllll 6apbep, coanaBllll!llCSI IIOA BIIetJaTneHHeM KaTaCTpO~l!tJeCKOro 

yMeHbllleHHSI rrepHOilOB rronypacrrana HOBbIX 'CHHTe3HpyeMbIX sneMeHTOB lI 

cetJeHH~ peaKuHfi HX o6paaoaaHHSI, KpoMe Toro, no HenaaHero apeMeHH Mb! 

He yMenll YCKOpSITb l!OHbI, A OCT a TO'IHO TSI)Kenbie :~ng Toro, 'IT06b! BO3Hl!Kna 

· xi 
MbICnb IIOIIbITaTbCSI CKatJKOM IIPOABIIHYTbCSI B HOBYIO o6naCTb • TeHneHUl!SI 

CetJeHl!H o6paaoaaHl!SI II rrepHOAOB rronypacrrana TSI)KenbIX sneMeHTOB 6bICTpO_ 

yMeHblllaTbCSI IIO Mepe pocTa aTOMHoro HOMepa ocTaBnSieT, TeM He MeHee, 

Hane)Kny, AOCTaTO'IHO peanbHYIO Ha ceronHSIIIIHHfi neHb. Peqb HAeT O IIOBbl

llleHHOli YCTOH'l!iBOCTH HyKnHAOB, pacrrono)KeHHb!X a6nH3H SIAep C 3aMKHyTbl

MH o6onotJKaMH (Mpa c "Maru~eCKHMH" tJHCnaMl! IIpOTOHOB HnH HeHTpOHOB). 

B TpaHcypa11oaofi o6nacTn Mb! y)Ke HMeeM onnn rrono6Hhifi rrpHMep: TaK na-

3bIB!leMaSI rrono6onoqKa rrpH tJHcne nefiTpOHOB B · Sinpe N = i52, TTono6onoq

KH BO3HUKaIOT B ne~opMupOBaHHbIX Mpax B peaynbTaTe paape)KeHUSI SHepre

TU'leCKUX YPOBHeH B6nH3ll rpaHH!Jbl cl>epMu lI TaK)Ke rrpnnaIOT MpaM norronHH

TenbHYIO YCTOH'IHBOCTb, TT ono6onotJKa N = 152 o6Hapy)!<eHa IIpH ClICTeMaTu

tJeCKOM uaytJeHHH CBOHCTB sneMeHTOB 96-102. l1MeHHO 6naronapSI ee anuSI

HHIO BpeMeHa )Kll3HH· HeKOTOpb!X H3OTOIIOB 102 sneMeHTa OKa3anucb IIOpSIAKa 

MHHYTbI, 

B rrocnennee apeMSI aorrpocy o cymecTaoaanuu 6onee ?aneKux Maru

tJecKnx queen IIpOTOHOB u He_fiTpOHOB ynenSieTCSI 6onblllO_e BHHMaHne, oco6eH

HO B CBSI3ll C rrpeACK83bIBaeMofi MHOrHMll 8BTOpaMH HOBOfi o6naCTb!O OTHO-

" /34-36/ 
ClITenbHOH CTa6HnbHOCTll BOnU3H Z = 110-126, N = 184 • Peaynb-

TaTbl MHOroqucneHHbIX pactJeTOB IIplIBOASIT K Bb!BOAY O TOM, 'ITO BO3MO)KHO 
I 

cymeCTBOB8HIIe CBepXTSI)KenbIX SIA8P, AOCTaTO'IHO CTa6unbHblX nnSI SKCIIepn-

. MeHTanbHOro H3Y'l0HHSI, 

x/TOnbKO Yunep HMen CMenoCTb eme B 1955 r. rrpencKa3aTb Ha OCHOBe 06-

IIIHX rrpencTaBneHHH O CBOHCTBaX SIAep cymeCTBOBaHHe SIAepno-cTa6unbHhlX 

ClICTeM HyKnOHOB c Maccoll: BIInOTb no 800 1331 • 
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rr. <Paynep, 113yqasr sneMeHTHb!il: C0CTaB K0CMHqecKHX nyqeil: C rro

M0IUb!O smepHb!X cpOTOSMynbCHil:, o5aapy)l<Hll B 1967 I'0.Qy B cpOTOSMYllbCHSIX 
. /37/ 

Cll8.Qbl1 K0T0pbie M0I'llH 0CT8BHTb smpa C 3apsmoM Z = 103-110 • ilnsr 

oKoaqaTenbH0I'0 BhIB0.Qa o aen.nqnae aapsrna STHX, no npenrronm1<ean10, caepx

TSI)l(ellhIX srnep Hy)l(Hbl nanbHeil:urne nccne.Q0BaHHSI, HO y)l(e caMa nocTaH0BKa 

aonpoca o cymec~aoaaHHH B npHpone srnep TSI)l(enee ypaHa KopeHHhIM o5pa-

30M H3M8HHna CHTyaUHIO B o5naCTH HCClle.Q0BaHHSI naneKHX TpaacypaH0BblX 

sneMeHT0B. Hapsrny C CHHT830M CTanH npOB0.QHTbCSI nOHCKH CBepXTSI)l(8llb!X 

sneMeHTOB B npHpO.QHb!X MaTepHanax. 

PeaynbT8Tbl uen0I'O psrna HCClle.Q0BaHHil:, npoBe.QeHHb!X B ily5He B STOM 

aanpaaneHHH, na10T onpeneneHHhie ocaoaaHHsr npennonaI'aTb, qTo B aeMaoil: 

KOpe cymecTayeT .QOllf'O)l(HBYIUHil: cnoHTBHHO .QellSIIUHil:Csr H3nyqaTellb. ITepBO

aaqallbHO 5h!ll0 ycTaH0Bneao, qTo B .QH8ll8KTpHqeCKHX cpenax, HBXO.QHBll!HX

csr B KOHTaKTe co CBHHUOM, a T8K)l(8 B HeK0T0pb!X o5pasuax CBHHUOBb!X 

CTeKOll Ha5n10.Qa!OTCSI cne.Qbl 0CK0llK0B cn0HTaHHOI'0 neneHHSI, K0T0poe He 

· /38/ 
M0)1(8T 5hITb npHnHcaao CBHHUY • ABTOpbl pa50Tbl npe.QIIOllO)l(!IllH, qTO 

Ha5n10naeMb!il: scpcpeKT o5ycnoanea cnoHTBHHbIM neneHH8M TSI)l{8ll0I'0 XHMHqec

K0I'O sneMeHTa, B03MO)l(H0, BHBllOI'a CBHHUa HllH llPYI'OJ:'O conyTCTBYIOIUeJ:'0 

canauy sneMeHTa. EcnH qepnon nonypacnana sT0I'0 nanyqaTensr 5onbll!e 

10
8 

neT, TO ef'o conep)l(aHne B o5paauax .Q0ll)l(H0 cocTaBnsrTb no Kpail:aeil: 

-12 -13 
Mepe 10 -10 I'll', qTo5bI BhI3B8Tb aa5n10naeMhiil: scpcpeKT. CoJ:'nacao 

C0BpeMeHHbIM npe.QCTaBneansrM O CTPYKType Ta5nHUbl Meaneneeaa B o5naCTH 

naneKHX TpaacypaH0B, nopsr.QKOBb!il: H0Mep 8KaCBHHUa - 114. 

B nocnenaee BpeMSI 8TH peaynbTaTbl 5b!llH npoBepeHbl B ily5ae H0Bb!M 

/39/ 
M8TO.QOM • OCKOllKH CII0HTaHHOI'0 neneHHSI peI'HCTpnpoBanncb 5onbll!HMH 

nponopunoaanbHbIMH cqeTqnKaMH (pHc. 4) C B8CbMa HH3KHM co5CTBeHHb!M 

cpOHOM ( 1 OTcqeT 38 30 cyTOK). 3Ta M8T0.QHKa, B 0TnHqHe OT npHMeHSIB

llleil:csr paaee M8T0.QHKH .QH8ll8KTpHqecKHX .QeTeKT0p0B, noaaonsreT B8CTH no

HCK cnoaTaHH0I'O neneHHSI npaKTHqeCKH B n105b!X MHHepanax H C08.QHH8HHSIX. 

16 

PHc.4. Bonbll!He nponopUHOHanbHhie cqeT

qHKH, npHMeHsreMhle nnsr II0HCKa 

caepXTSI)l(8llb!X TpaHcypaHOBb!X sne
MeHT0B. 
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Iln11 8TOH uen1I 1ICcne11yeMbie o6pa3Ubl II3Me.'ThtJanlICh /:10 COCTOIIHIIH "rry/:lpbi" 

II 6e3 rrpe11Bap1ITenbHOH XIIMII'IeCKOH o6pa60TKII IlOMemanlICh B C'IeT'IIIK, Pe

synhTa Tb! II3MepeHIIH, rrpoBe/:leHHbIX C /:lBYMH pa3nlI'IHblMII o6pa3U8MII CBIIH

UOBbIX CTeKon, COBIIa/:18IOT C /:18HHblMII, rrony'IeHHbIMII 11n51 8TIIX CTeKon Me

TO/:lOM C'IeTa cne/:lOB, OCTaBneHHh!X OCKOnKaMII CilOHT8HHOro 11eneHII51 B CTeK-

/38/ . 
ne , BorrpocaM <pOHa B 8TIIX 8KCileplIM0HTaX ymrn51nocb oco6oe BHIIM8-

HII0, I1cTO'IHIIK8MII <pOHa KaK B CTeKn51HHblX /:10TeKTOpax, TaK II B C'IeT'IIIKax 

' 
MOryT 6hITh 11eneH1Ie IIplIMeceii ypaHa llnlI 11eneH1Ie ~BIIHUa IIO/:l /:10HCTBII0M 

KOCMII'IeCKIIX nyqefi, AKTIIBaUIIOHHblll aHanlI3 Ha C0/:10p)l{8HIIe ypaHa II crre

UII8nhHblll 8KCrreplIM0HT co CBIIHUOM, rrony'IeHHhlM IIplI IlOMOmlI aneKTpOMar

HIITHOro pas11eneH1I51 (H30TOII 208), IIOKa3anlI, 'ITO 06m1Iii BKna11 qioHa He 

rrpeBbIIIIaeT 10-15% 'IIICna Ha6n1011aeMbIX co6h!TIIH, 

I1ccne/:lOB8H1Ie 6onbIIIOr'O KOnlI'I0CTBa o6pa3UOB, co11ep)K8ll]1IX BIICMyT, 

PTYTh, BOnb<ppaM, IIOKa3ano, 'ITO B 8TIIX cny'IaHX Ha6n1011aeMhlll 8<p<peKT B 

lieC51TKII II COTHII pas M0HhIIIe II He BhlXO/:llIT 38 rrpe11enb1 <poHa 
/40/ 

B T8KOH CIITY8UHII, ecTeCTBeHHO, cne11yeT IIblT8ThC51 H8HTII B 30MHOH 

KOpe MIIHepan, Ha1I6onee 06orameHHh1ii 1Iccne11yeMhIM 1I3nytJaTeneM, B 8TOM 

HarrpaBneHIIII y Hae rronytJeHbl rrpe11Bap1ITenhHble pesynhTaTbl, B OIIb!TaX C 

H0KOTOpplMII o6pa3U8MII CBIIHUOBbIX MIIHepanoB Ha6n1011aeTC51 rronO)KIIT8nhHblll 

/39/ • 
8<p<peKT , cpaBHIIMblll C pesynbTaTaMII, rrony'IeHHhIMII Ha CBIIHUOBbIX 

cTeKnax, 

ITpaiic II /:lP, B ClllA IIhITan1Ich Ha6n1011aTh cne11h1 0CK0nKoB 11eneH1I51 

CBepXTHMenhIX aHanoroB CBIIHUa II sonoTa B xap/:llICTOHIITe II 30nOTOHOCHOM 

rrecKe, 1IMe10m1Ix B03paCT B HeCKOnhKO COTeH Munn1IOHOB neT, PesynhTaTbl 

/41/ 
OIIbITOB OTPIIUaTenbHbie • 3To o6CT051TenbCTBO aBTOpbl TpaKTYIOT K8K 

orrpoBepMeHIIe pesynhT8TOB 11y6HeHCKIIX OIIblTOB ITO IIOIICKY CBepXT51)K0nbIX 

aneMeHTOB, f10 HaIIIeMy MH0HIIIO, T8KOH Bb!BO/:l 51Bn51eTC51 rrpeM/:leBpeMeHHbIM, 

IIOCKOnhKY He IICKn10qeHO, 'ITO B o6pasuax ITpaiica Morn1I IIM0Th MeCTO rrpo

ueCCbI, IIpHB0/:151mlie K IIC'I03HOBeHIIIO cne110B 0CK0nK0B CilOHTaHHOro 11eneH1I51, 

18 

BecbMa B8lliHbIM 8KCilep1IMeHTOM 6y11eT H3MepeHHe 'IHCna 11 (qucno 

HeiiTpOHOB Ha 8KT 11eneHH51) 8Toro II3nyqaTen51, Bo3MOMHO, OHO OKaMeTC51 

3H8'IHTenhHO 6onbIIIe, 'IeM y BCeX H3BeCTHblX 51/:lep, HCilb!TbIBa10max CIIOH

TaHHOe 11eneHHe, CornaCHO TeopeTH'IeCKHM rrpe/:1CK838HHIIM, 11n11 114 aneMeH-

/42/ • 
Ta He HCKnJO'IeHO 3Ha'leHIIe II= 10 • 011HaKO BBH/:lY ManOII Ben1I'IHHbl 

Ha6n1011aeMoro 8<p<peKTa 38/:18'!8 8Ta BeChMa cnOMH851, Tpe6oBaHH51 K <pOHOBbIM 

ycnOBHIIM eme 6onee )KeCTKHe, 'leM B OIIbITaX c rrporroprrnoHanbHblMH cqeT-

'lHKaMH, 

3KcrrepHMeHT no II3MepeHIIIO 'lHCna II an51 ecTeCTBeHHOr'O CIIOHTaH-

HO 11en51meroc51 1IanytJaTen51 B HacToRmee BpeMSI rrpoBO/:llITCH B Ily6ne. iln51 

8:0ro C03/:18H /:leTeKTOp Heii_TpOHOB Ha OCHOBe rrporropUIIOHanhf!bIX C'leT'lHKOB, 

HarronHeHHbIX ren1IeM-3: 0CHOBH851 Tpy/:lHOCTh 8KCilep1IMeHTa orrpeaen11eTC51 

HeiiTpOHHhIM <pOHOM, KOTOpblll C03/:laeTC51 KOCMII'leCKIIMII lly'IaMH, HecMOTp51 

Ha MomHy10 6eTOHHYIO samlITY, B KOTOpy10 6bma IIOMemeHa ycTaHOBKa, qioH, 

CBH3aHHblll C IlpOHIIK810iulIMII µ -Me30HaMII KOCMII'IeCKHX nyqefi, rrpeBblIIIaeT 

OlliH/:180Mblll C'leT HeiiTpOHOB B HeCKOnhKO pas.--B HaCTOHmee BpeMSI 8KCrrepn

MeHTbl C o6pa3U8MII CBIIHUOBbIX py/:l II CTeKon, CO/:lepMamnx rrpHM0Cb HOBOro 

rrpHpO/:lHOro CIIOHT8HH0-/:10nHmerocH II3nytJaTen51, rrpOB0/:151TCII B III8XT8X C TeM, 

'IT06bI CHII31ITh <pOH OT KOCMII'l0CK!fX· 'I8CTHU, 

3KcrrepaMeHTanhHOe /:lOCTII)KeHHe o6naCTII CBepXTSIMenbIX TpaHcypaHOBbIX 

aneMeHTOB (c11HTe3 Ha yCKOp1I_Ten51x) OKallieTC51, IIO-Bl-!/:llfMOMY, HenerKoii 

38/:18'Ieii, Heo6X0/:1HMO p·aspa60T8Th HOBbie crroco6bi perlICTpaUIIII II II/:leHTII

qJIIK8UHH CBepXTII)KenhIX H/:lep; HY)KHQ YCKOplITh HOBbie, 6onee TH)Kenbie qac

TIIUbl ( Ha116onee T51)Kena11 II3 'I8CTHU, HCIIO~h3yeMbIX B HaCTOSimee BpeM51 

/:lnH CHHTe3~, - aproH), 0/:1H8KO yMe IIOHbl aproHa II KanhUII.51 /:18IOT B03MOlli

HOCTh IlhIT8ThCH CHHTe3apOB8Th HeKOTOpbie II30TOIIbl 114 aneMeHTa B pe-

8KUIIHX, uaymnx qepe3 CT8/:1HIO o6pa30B8HII51 COCT8BH0r'O 51/:lpa C rrocne11y10-

mHM ncrrapeHII0M HeCKOnhKIIX HeiiTpOHOB. ITpaB/:18, rrpO/:lYKT8Mlf rrplI 8TOM 

6y11yT 51/:lpa HeiiTpOHO/:le~JIIIllITHhle II 3H8"'l!fTenbHO y11aneHHbie OT rrpe11rronara-
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eMofi aeli:TpOHHOli: o5onoqKH N = 184. PeaKUHSI Pu + Zn ➔ "124" npe/lCTaB

nHeTCSI 5onee o5eIUaJOIUeli:, T,K. no3BOnHeT np115nH3HThCSI K STOH o5onoqKe, 

OCTaBaSICh B TO )Ke BpeMSI no q11cny npoTOHOB B npe)lenax npe)lCK83bIBae-

• . /43/ 
MOH o5naCTH OTHOCHTenhHOll CTa5HnhHOCTH • 

/44 36/ 
ITepcneKTHBHbIM MeTO/lOM CllHTe3a MO)KeT OK838ThCSI )leneHHe ' , 

ITpouecc )leneHHSI SI/lep npHBO/lllT K npO/lYKTaM, pacnpe)leneHHbIM B illllpOKOM 

/lllanaaoHe aapSI/lOB ll Mace, CHCTeMaTHqecKHe llCCne)lOB8HllSI aapSI/lOBbIX If 

M8CCOBblX pacnpe)leneHHH OCKOnKOB )leneHHSI (o5nyqanHCh SI/lpa OT aonoTa 

/lO ypaHa paan11qHbIMH HOH8Mll BnnOTh /lO aproaa), npoBe)leHHbie B nocne)lHee 

BpeMSI B .ily5He, noKaaanu; qTO /llICnepCHSI OCKOnKOB no Macce 5bICTpo B03-

pacTaeT C yBen11qea11eM napaMeTpa Z 2 
/ A C0CT8BH0f'O SI/lpa, a M8KCHMYM 

/45/ 
pacnpe)leneHHSI CMemaeTCSI B CTOpoHy 5onhillllX Z ( PHC, 5). HanpH-

Mep, B peaKUHH
238 U ( 40 Ar, f ) Ha5monaeTCSI 3HaqnTenbHblH Bb!XO/l SI)lep 

/46/ 
nonOHHSI If acTaTHHa • • I1MeSI nyqoK ycKopeHHbIX HOHOB KCeHoHa, MO)K!{O 

CllHTe3HpOB8Th Bee H3BeCTHble ll30TOnbI TpaHcypaHQBblX sneMeHTOB BIWOTh 

/lO Z = 104-105' H, nO-BH/lHMOMY, npO/lBHHYThCSI HecKOnhKO )lanhrne, 

HeManoB8)K!{blM SIBnHeTCSI T8K)Ke TO o5cT051TenbCTBO, qTo npH )lene

mrn CBepXTSI)KenbIX COCTaBHbIX SI/lep o5paayJOTC51 ll30TOnbI, 3HaquTenhHO 60-

nee o5oraIUeHHbie Heli:Tp0H8Mll, qeM B peaKUHHX C o5pa30BaHneM COCT8BHO

ro 51/lpa. l-1Me51 /lOCTa TOqHo TSI)Kenbie ycKopeHHbie llOHbl, T8KHe, HanpHMep, 

KaK KCeHOH H ypaH, MO)!{!{O Ha/leSIThCsf nonyqHTh B KaqeCTBe OCKOnKOB )le

neHHSI H30TOnbI 114-126 sneMeHTOB C He05XO/lllMbIM q11cnOM Heli:TpOHOB 

( N "'184). O/lHaKO ycKopeHHe CTOnb TH)Kenb!X qaCTllU noKa BCTpeqaeT xo

TR n He npHHUHnnanhHhie, HO 5onhilllle TexauqeCKlle Tpy/lHOCTll, P SIil rrpo-

/47-49/ 
eKTOB B STOM HanpaBneHHH paapa5aTbIBaeTCSI 

B HaCTOSIIUee BpeMH B03HHK8!0T HOBbJe B03MO)KHOCTH )lnH ITOHCKa CBepx

TSI)KenbIX TpaHcypaHOBbIX sneMeHTOB B KOCMHqeCKHX nyqax. Co3)l8!0TCSI 

/:l1IsneKTp11qecKHe 1J.eTeKTOpb1, cnoco5m,ie /laTh xopornee paaperneHHe no aa

PH/ly /lnSI TSI)KenbIX 51/lep rrpll penSITHBHCTCKHX CKOpOCTHX, KpoMe TOf'O,HOBeli:-
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mag TBXHllKB K0CMnqeCKllX rroneT0B 0TKphlBBBT 3HaqnTenhH0 6onee mllp0KllB 

rrepcrreKTllBhl nnH TaKnx uccnenosaHuR, qeM mapw-aoHJlhl IT.¢aynepa. 

O6Hapy)KBHllB B rrpapone Jl8)K8 0JlH0ro BJlllHCTBBHHoro CBepXTH)Kenoro 

aneMeHTa 03HaqaeT, qTQ rro C0CBJlCTBY C HHM cymeCTBYBT uenag rpyrrrra 

6onee K0P0TK0JKHBYllillX HJlBP, K0T0pb!B MQ)KHQ CHHTB3UpoBaTb lI nayqaTh 

B na6opaTopuu. Terna, B03Hl!KaeT rrepcrreKT!IBB! CllHTB3HP0Ba1h 3TH K0p0T

K0)KHBymue HJlpa, !IMBH B KaqeCTBB MllmBH!I BCTBCTBBHHb!H CBBpXTH)KBnbIH 

ane:vieHT. IToaToMy cneny1omnfi: mar B uayqeHHII csepxrm1<enbIX aneMeHT0B 

6yneT cnenaH c IT0M0lllhID XlIMllll, XoTH Xl!MuqeCK!IB CBOHCTBa Ha6nmnae-

Moro uanyqaTeng eme He BIT0nHe Bb!HCHBHbI, Mb! HBJlBBMCH B CK0p0M 

6ynymeM no6HThCH ycrrexa B aT0M HarrpaBneHnn. Ecnu Mb! HayquMcH yBe

peHHo BbJABnHTh ero !I~ .MllHBpanos lI CMQ)KBM rronyquTb Jl0CTaToqHoe K0nH

qeCTB0 aT0M0B, TO B ITpllHUllITB B03MQ)KHQ rrpur0T0BHTh M!ImBHh II o6nyql!Th 

ee paanuqHb!Mll tJaCT!IUaMu, ITpll. 3T0M Mb! HaJlBBMCH, 'ITO 6oM6apJlllPOBKa 

H0Boro anBMBHTa IT03BQnHT HaM CHHT83!Ip0BBTh C0CBJlHlle C HUM aneMeHTbI, 

ITOJlO0HO T0My KaK rrpu 6oM6apnllpOBKB ypaHa 6binll 0TKpb!Tb! TpaHcypaHbl, 

Mb! BIIJlllM, TaKIIM o6pa30M, 'ITO pa3Bl!TllB qlll3l!Kll ll XllM!Ill TpaHcypa

H0Bb!X aneMBHT0B, llMBBmee MBCT0 aa rrocneJlHllB JlBCHTUnBTllH, CTano B03-

M0)KHblM 6naronapg ITepuonuqecKOMY 3aKoHy, 6naronapg TOH orp0MHOH 

umpopMBUlfll 0 CBH3HX MB)KJly CBOHCTBBMII paanuqHb!X aneMBHT0B, K0Topag 

B HBM C0Jl8p)KIITCH0 B •CB0ID QqepBJlh 1 IICCnBJl0BaHHH B o6naCTll TpaHcrpa

H0BbIX aneMeHT0B He T0nbK0 yrny6HT Hamll 3HaHIIH 0 HJlBPHb!X CB0HCTBaX 

MaTBplill, HO T£'\K)KB pacmlipHT HBm1I rrpencTaBnBHllH 0 ITepllOJlli'IBCKOH, CllC

TeMe aneMeHT0B, pa3JlBllHYT ee rpaHIIUbl, 
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