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-HOBEAIIME 3JIEMEHTH TABJIHUH MEH,ll;EJIEEBA. 

IlEPCilEKTHBH H XHMWIECKHE IlPOBJIEMH 

IlOHCKOB CBEPXTHJCEJIHX 3JIEMEHTOB 

Hanpaaneao a lliypaan •o6maH XHMHH" a a 
OprKoMHTeT KOH<pepeHilHH IOHECKO, nocBHmeaaott 100-neTHJO cosJ:taHHH 

Ta6nHUhI MeHJ:teneeaa 
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HHTYIITIIBHO 'IYBCTByll rny611Hy 11 'lpe3Bbl'18AHylO B8lKHOCTb Ilpll'IIIH, rrp11-

B01lllll1HX K orpaHHlze.iiu10 '!Hcna sneMeHTOB, MeHneneea rrucan 70 neT Ha3an 

B "OCHOB8X XllMHH': • 

"Y6e)KJ:leHHbIA B TOM, '!TO nccnenoaaHne ypaHa, HB'll!Hall c ero rrpnpon-

HbIX IICTO'IHIU(OB, IIOBelleT eme KO MH0rllM HOBblM OTKpblTllllM, ll CMeno peKo

MeHllYIO TeM, KTO llllleT rrpenMeTOB llnll HOllblX 11ccnenoaa1mtt, oco6eHHO TlllaTenb
/ 1/• 

HO 38HIIM8TbCll ypaHOBblMII COelll!HeHl!llMII" • 

Hano BCIIOMHHTb, . 'ITO B MOMeHT OTKPblTllll rre.pl!Ollll'leCKOA CIICT8Mbl 

sneMeHTOB - OllHOro 113 C8MblX q>yHll8MeHT8nbHblX 38KOHOB ecTeCTB03H8Hllll 

Mapnn CKnO)lOBCKOA-.K10p11 _eme He 6bmO rona.. OTKpblTlle ecTeCTBeHHOA, a 

38T.eM II IICKYCCTBeHHOA p8~1108KTIIBHOCTII rrocnenoaano MHornMII rOll8MII II03-

JKe. Mae KaJKeTCll, 'ITO ll)lell Tp8HCMyT8UIIII sneMeHTOB B TO BpeMSI Morna 

6b[ B KaKolt-TO cTerreHn llBJKe 38TPYllHIITb Bbl!!Bneane Tex 38KOHOMepHOCTelt, 

KOTOpble Ll.11.MeHneneeB 0606m11n B CBOeM Benn'laltweM 38KOHe • .R XO'IY ce

rollHll. paccKa3aTb O TOM, KaKOBa CHTyaqnll B 113yqeH1111 Bcero paaaoo6p83llll 

8TOMHblX llllep, H IIOK838Tb, 'ITO rrepnollll'leCKHA 38KOH IlpHpOllbl I1pH3B8H 

arpaTb BbIJ1a10my10cSI ponb B o6ecrreqeHHH rrporpecca B srott o6nacTn. 

CaoACTBa llllep B 3H8'11!TenbHOA CTeneHH orrpenenlJIOTCll !IX aap!lllOM, 

B STOM llllepH8ll q>II3HK8 COBnanaeT C XHMHeA. CTOnb JKe BalKHO B llllepaoli 

q>H3HKe, B OTnll'll!e. OT XHMHH, H H30TOIIH'leCKoe 'll!Cno· - 8TOMHbiA aec •. npn 

113MeHeHIIII aTOMHOro Beca OT 1130TOil8 K 1130TOIIY CBOACTBa llllep cymecTBeHHO 

MeHlllOTClle 
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noaTOMY CBOACTBa sinep o6bl'IHO cncTeMaTB3HpylOT B 38BHCHMOCTH OT z 

n A. 

Pnc. 1 naeT OTBeT Ha BOnpoc O COOTHOUieHHH Toro, 'ITO YlK8 cnenaao 

B n3y11eHnn sinep,n Toro, 'ITO ewe npencToHT cnenaTb. 

3To CBoero pona KapTa H30TOITOB1 rne no ocsiM oTnoJKeHbI Z -11ucno 

: - npOTOHOB n N - 'IHCnO HeATpOHOB B smpe. liepHblMH KneTKaMH npencTaBneHbl 

CTa6anbHble H30T0Ilb11 HX 'IHCno OKono 300. 

nocne OTKpblTHSI HCKyCCTBeHHOA panuoaKTHBHOCTH, Korna CTano B03MOlK

HblM C03JlaBaTb HOBbl8 HeCT86HnbHb18 H30TOilbl1 ynanocb, ncnonb3YSI BC8B03-

MOlKHbie ycKOpHTenu -H pa3nH'IHble_ THilbl ycKopeHHbIX '1aCTHll1 C03JlaTb eme CBbl

Uie 1500 H30TOITOB (3amTpHXOBaHHaS1 o6naCTb Ha pac. 1). TaKHM o6pa30M, 

'IHCno H3BeCTHblX H30TOilOB celiqac paBHO npn6nn3HTenbHO 2000. 

_AHanH3 Bonpoca, CKOnbKO H30TOnoB H aneMeHTOB MOlKeT cymeCTBOB8Tb, 

npHBOJlHT K BbIBOJlY, 'ITO 'IHCno H30TOITOB- pasnH'IHblX sneMeH_TOB, KOTOpbie 

lKHByT Tb!CSl'IHbie .nonH CeKYHllbl a 6onee, COCTaBnSleT, no-BHJlHMoMy, OKono 

5000 (o6nacTb, orpaHH'leHH8SI cnnolllHblMH nHHHSIMH Ha pnc~ 1). 
BosHnKaeT ecTecTBeH11b1li Bonpoc: saHnMaTbCSI nn nanbme nsy11eaneM ylKe 

CHHTesnpoBaHHbIX H30TOnoB, YTO'IHSISI Hamn 3H8HRSI 06 nx CBOliCTBax, nn6o 

cnHTesnpoBaTb HOBbie? Mb1 B ,[ly6ae nann nnsi ce6si cnenyromnli oTBeT. lleH

HOCTb nHqiopMaunn, nony11eHaoA ns nccnenoBaHn~ nsoTona,.aa.xonsimerocn 

naneKO OT o6naCTR CT~6HnbHOCTn, 3Ha'lnTenbHO 6onbme Toro, 'ITO _Mb! Y3HaeM, 

R3y'laSI H30TOilbI, aaxonsimnecsi B6nn3n STOA o6nacTn. 3TO - o6mnli Me.TO-

nonorH'18CKRll: nonxon, KOTOpb!ll: -HcnonbsyeTCSI H ljinsnKaMn,. ll xnMnKaMn, -

nsyqaTb CBOll:CTBa BemecTBa B SKCTpeManbHblX ycnoBRSIX ero cymecTBOBaHHSI. 
\ -

lfaOTOilbl1 naneKne OT o6nacTH /3 -cTa6-HnbHOCTR, SIBnSIIOTCSI npenenbHbIMH 

B TOM OTHOUieHHH, 'ITO B OJlHOM cnyqae, KOI'Jla npOTOHOB Manon qncno Hell:T

pOHOB OTHOCRTenbHO BennKo, OCHOBHylO ponb_ nrpa!OT smepHbie cnnbl: B npy

roM cny11ae, Korna_ nMeeTCSI R35bITOK npOTOHOB, BeCbM8 cymecTBeHHYIO ponb 

nrpa!OT KynoHOBCKHe cnnbl OTTanKHBaHRSI, BilnOTb no Toro, 'ITO CTaHoBHTCSI 

B03MOlKHblM pannoaKTRBHblll: pacnan sinep C ncnycKaHneM npoTOHOB. 

B CBSl3ll C aTnM CTaHOBl!TCSI IlOHSITHbIM HallI oco6b1ll: HHTepec K ll3y'leHHIO 

sinep TpaHcypaHOBbIX sneMeHTOB, rne KynoHOBCKRe cnnbI HaCTOnbKO aenliKR, 

'ITO npeononeBalOT sinepHb1e cnnb1 npnTsiJKeansi. Ilo'ITll nc11esaeT noTemmanb-
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Hbll!: 6apbep, ynep)KHBS!()mHl!: B pSBHOBecnn Slllpo KSK uenoe, n OHO 
nenHTCSI 

Ha OCKOnKH~ 'B TO )Ke BpeMSI crreumjmqecKH sinepHble a<l><!>eKTbI, CBSl3SHHb!e C 

BHYTPeHHel!: CTpyKTypol!: Slllpa, MOryT 6b!Tb Bb!pa)KeHbl 'Ipe3Bbl'1Sl!:Ho CHnbHO. 

HMeHHO B aTol!: o6naCTH aneMeHTOB OTKpb!T HOBb!l!: BHll SlllepHol!: H30Mepnn -
/2/ . • 

H30MepHS! <pOIJMbl • 3n,ecb )Ke B03MOlKeH PS!ll npyrnx HHTepeCHb!X S!BneHnl!:, . 

CBSl38HHbIX,, HallpHMep, C Hann•meM BTOporo MHHHMyMa B aHeprHH ne<j>opMSUHH 

sinpa. 

MaKCHManbHble TexHH'leCKHe H Hay'!Hble B03MO)KHOCTH, KOTOpb!MH pac

nonarann y'l(!Hb1e, Bcerna HCIIOnb30Banncb llnSI Toro, 'IT06b! CHHTe31IpOBSTb 

ir H3Y'l8Tb ir0Bb1e aneMeHTb!.· K 1955 rony B CllIA 6bmlI rrony'leHb1 aneMeHTbI 

OT 93 llO 101 BKnJO'IHTenbHO. Llnsi 3TOI"O HCIIOnb30BanlICb MOmHble peaKTOpbI, 

H83eMHb1e, 8 38TeM H IIOll3eMHb!e SlllepHbie B3Pb!Bbl, YCKOplITenn. 

Heo6xonHMO IIOll'lepKHYTb, '!TO rrocne CIIHTe3a aneMeHTa B SlllepHbil 

peaKUHH rrepen nccnenoBaTeneM B03HIIKaeT cnO)KHeilwasi 3alla'la: H3Bne'!b 

C'IIIT8HHb!e 8TOMbl HOBoro aneMeHTa H3 MaTep1Iana MIIWeHn, B KOTOpoi!, K8K 

rrpaBIIno, ·o6pa3yeTCSI CMeCb neCSITKOB. aneMeHTOB rrepnonn:qecKol!: CHCTeMblo 

Macca BemecTBS MHWeHII, OT KOTOporo HY)KHO II368BIITbCSI, B COTHH MHnnn

OHOB pa3 6onbwe, '!eM KOnH'!eCTBO HOBoro aneMeHTa. K 3TOMy no6aBnSIJOT

CSI, TPYllHOCTH, CBl!38HHb!e C TeM, '!TO COCellHIIe TpaHcypaHOBbie aneMeHTb! 

O'!eHb 6nH3KII Me)KJly co6oi! 110 XIIMII'!eCKIIM CBOilCTBaM. lJpe3Bbl'!8l!:Ho cno»iliaSI 

381l8'18 XIIMII'!eCKOH nneHTII<plIK8UIIH HOBb!X aneMeHTOB 6bma ycrrewHo peweHa 

6naronapsi 8Hanorn1I B CBOHCTBax MeJKny 8KTIIHHllHb!M C~Mel!CTBOM II naHTa

HHll8MH.,' IloaTOMy HE!3B8HHe 101 aneMeHTa MeHneneBIIeM B '!eCTb Ll,11.MeHne

neeBa 6bmo ·ecTeCTBe!1Hb!M 11plI3H8HHeM Toro, '!TO 6e3 ¢YHllaMeHTanbHb!X 

rrpencTaBneHIIil O rreplIOlllI'IHOCTH XIIMII'leCKHX CBOHCTB aneMeHTOB IICCnenoBa

Tenl!M 6bUIO 6b! 3H8'1l!TenbHO TpynHee crrpaBnl!TbCSI .c TO!! THT8HH'leCKOl!: H 

BMeCTe c TeM JOBenHpHol!: pa6oTol!:, KOTopyJO llpl!XOlllITCSI BblllOnHl!Tb llpl! 

CHHTe3e II II3Y'lemm Tp8HCYP,8HOBbIX aneMeHTOB. 

3neMeHTbl 99-100 6bmlI CIIHTe3HpOB8Hbl B pe3ynbTaTe TepMOSlllepHoro 

/3/ 
B3pb!B8 ,, Ma'l!:K.' npoBeneHHoro B 1952 rony. T OnbKO qepe3 HeCKOnbKO 

MecsiueB rrocne IICllb!T8HHSI OlllIH 113 8Mep1IK8HCK1IX TeopeTIIKOB• oueHIIn Bbl

XOllbl naneKHX aneMeHT(!B, o6pa3yJOmlIXCSI B pe3ynbT8Te peaKlllIII rrocnenn

BaTenbHOro 38XBaTa Hel!:TpOHOB, H npencKa3an, '!TO B o6naKe, KOTOpoe y)K"e--
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He elllIHOlKllbl o6owno· 3eMHOi! wap, CTOIIT HCKaTb 99 II 100 aneMeHTblo IlplI

MepHO llBe aenenlI H811pl!)KeHHOro Tpyna IIOH81l06nnocb, 'IT06bl BbinOBl!'l'b ll3 

aToro o6naKa II30TOllbl 99 II 100 aneMeHTOB II .orrpenenHTb IIX CBOl!:CTBa. 

B ·nanbHefiwnx nccnenoBaHIIllX aMepnKSHllbI aanesin1Icb rryTeM yBen1I'!emrn 

rrnoTHOCTH Hel!:TpOHHoro IIOTOK8 II nnlITenbHOCTH ero B03nel!:c'TBIIll rrony'IIITb 

104, 105, 106 n, B?3MOlKHO, ll8)Ke 108 aneMeHTblo Llnsi 3Toro OHII rrpoBenlI 

ceplIJO 1101l3eMHblX llllepHblX B3pb!BOB. 

Hei!TpOHHb!i! IIOTOK B neHTpe T8Koro B3pb1B8 H3MepsieTCll 6yKB8nbHO 

25 26 
KHnorpaMM8MH: '!epe3 KB81lp8THb!i! C8HTHMeTp rrpOXOllHT 10 - 10 ·H81!Tpo-

HOB. BcKope rrocne B3pb1B8 H8'11IHann 6ypHTb CKB8)KIIHY nnll B3SITIIH o6p83UOB 

pacrrnaBneHHOl!: nopOllbl II3 arrnneHTpa. 3TH npo6bl llOCTaBnHnlICb B 'ropH'!He' 

na6opaTOp1I1I, rne II~ HHX llblT8nlICb XllMH'leCKII II3MeK8Tb HOBbl8 aneM8HTblo

LlnH IICCnenoBaTenei! HBllnOCb HellpllSITHOI! HeOJKllll8HHOCTbJO, '!TO rrocne roro, 

K8K OHll yJKe B 1952 rony rrony'!Hnll ll30TOII COTOro aneMeHTa - ci>epMHS! C Mac

col!:-255, • B 1966 rony B pe3ynbTaTe crrennanbaoro oco6o MomHoro B3pb1Ba 

'lllIKnaMeH' Bee, '!TO HM ynanoCb ll3Me'lb - 6b1n ll8lKe He HOBblA aneM8HT, 

a TOnbKO 6onee THJKenbIII ll30TOII Toro )Ke C8J\iOro 100 aneMeHTa C MaCCOBb!M 

~/ . 

•mcnoM 257 • IlocnenyJOmne aneMeHTbl.B HllepHb!X B3pb1B8X CIIHTe3Hp0B8Tb IIOKa 

He ynanocb, TaK KSK, O'!eBllllHO, CKOpOCTb pacnana rrpoMelKyTO'IHb!X ll30TOIIOB 

BbJWe CKOpOCTII HX o6pa30B8HHSI. HylKHO 6bmO IICK8Tb HOBb18 nyTH rrony'leHHSI 

naneKnx aneMeHTOB. 

B 1954 rony 110 IIHllllll8THBe aKalleMIIKa \1.Kyp'laToBa B HHC'J'.HTyTe aTOMHOA 

aHeprHII B MocKBe Ha'lanacb IIOllrOTOBKa K CHHTe3y HOBblX aneMeHTOB. Ilpen-

rronaranocb, '!TO BMeCTO H·el!:TpOHHb!X IIOTOKOB 6onbWOA rrnOTHOCTII nnH CHHTe-

38 6ynyT HCIIOnb30B8TbCSI ycKopeHHble Ha ~IIKnOTpoHe THJKenb!e HOHbl ( yrne-

poll, 830T, HeoH, aprOH) • CnlIHHHe 3THX llllep C THlKenbIMH HnpaMH MHWeHeA 

(ypaH, rrnyTOHHA) llpHBOllHT K o6pa30B8HHJO aneMeHTOB 100-104 H 6onee TH

lKenb!X. B aTnx uenHx B Lly6He, B Me)KJlyaaponHoM nccne.aoBaTenbcKoM 

neHTpe counanHCTH'!eCKHX CTpaH 6bln C031l8H H B 1961 rony 3a11ymeH ycKopH

Tenb Tl!lKenbIX IIOHOB (puc. 2). Bee MarHIITB ycKop11Tem1 paBeH 2000 TOHH, 

MOlllHOCTb BblCOKOA 'IBCTOTbl 1000 KHnOBBTT, MOmHOCTb IIIIT8HHSI MarHHTa TBKJKe 

S -6 
rrpnMepHo 1000 KHnOBBTT, BaKyyMHb!A 06'beM 100M (naMeHHe 5•10 MM pT.cT). 
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c· 1961 ro.Qa no cerO.QHHWHHll A8Hb STOT YCKOPHTenb OCTaeTCSI caMblM 

MOinHblM B MHpe cpe.QH ycKopHTenell THlKenbIX HOHOB. MHT8HCHBHOCTb ero 

nyqKoB B COTHH pa3 oonbwe Toro, qTo AOCTHrHyTO B CllIA, H .QalKe B HO

Bb!X 3apyoEllKHbIX npoeKTax napaMeTpb1 ycKopnTenell HeCKOnbKO ycTyna10T 

TOMY, qTo cerO.QHSI Mb! HMeeM B .ilyoHe. 

C · noMO!llb!O STOH ycTaHOBKH yAanOCb YCKOpHTb TaKH8 qaCTHllbI, KaK 

aeoH-22 , HBnH10mnl!:cH · ocaosaoll qacTnnell AnH oonyqeHHH MHwe·aeli H3 

TSill<enbIX aneM8HTOB. HaM H3rOTOBHnH OKono 100 n HeOHa-22 • .ilnH aToro 

npHwnocb pa3paooTaTb cnennanbHblH M8TOA pa3.QeneHHSI H30TonoB, 

B nepByIO oqepe.Qb, Mb! HaMepeBanHCb nonyqHTb aneMeHT 104. r OTOBS!Cb 

K ero CHHT83Y, H800XO.QHMO ObinO npe.QBapHTenbHO H3yqH'I'b CBOliCTBa 

1 
,~ 0. 

02 sneMeHTa, H Mb[ nonyqHnH WeCTb ero H30TOnOB • Ka3anoCb, qTo 

nepBbl8 aMepHKaHCKH8 H WB8.QCKHe aHanornqHbl8 paoOTb[ no CHHT83y 102 ane-
/6 7/ 

M8HTa OWHooqHbl • • nepeil.QSI K CHHT83y -104 sneMeHTa, Mb[ yBH.QenK, 

qTO ero Bb!XOll no cpaBH8HHIO C aneMeHTOM 102 p83KO na.QaeT. BpeMH lKH3HH 

TaKl!Ce yMeHbWaeTCSI B COTHH, a HHOr.Qa H Tb[CSiqH pa3. .llal!Ce npH oqeHb 

oOnbWOH HHT8HCHBHOCTH nyqKa (AeCHTKH MHKpOaMnep HOHHoro TOKa) Haon10-

/8/ 
.QaBWHRCSI B~XOA COCTaBnHn npnonH3HT8nbHO O.QHH aTOM B nHTb qacoB • 

·nonyqeHHblll HaMH H30Ton 104-ro aneMeHTa lKHB8T 0,3 ceKyH.Qbl, HecMOT

pH aa cTonb Manb1li nepnon nonypacnaAa, M,3Bape c rpynnoli XHMHKOB y.Aa

nocb Bbi.Q8nHTb 104-ii aneMeHT H3 cnollCHOll CM8CH paAHOaKTHBHblX iipo.QyK-

TOB SI.QepHblX peaKUHli, ycneWHO npHM8HHB pa3paooTaHHblli HMH ra30Bblll Me-

/9/ 
Ton 

MeTOA OCHOBaH Ha TOM, qTo aTOMbl 104-ro aneMeHTa nyTeM peaKUHH 

B ra30BOll lj,a3e nepeBo.QHTCH B coenHH8HH8 C xnopoM, 3aTeM C ra30Bb1M 

noTOKOM npoXO.QSIT qepe3 CHCTeMy a.QcopoeHTOB AilH OT.QeneHHH OT npy-

rnx aTOMOB H B KOHUe nyTH nona.QaIOT B KaMepy co cnIOAHHblMH neT8KTO

paMH, KOTOpble lj,HKCHpyIOT HX pacna.Q. Beeb npouecc HylKHO npol3onHTb 3a 

.Q8CHTbl8 AOnH ceKyHAbI. PeweHHe aTOR 3anaqH noTpe6oBano HeCKOilbKHX neT 

HanpHlK8HHoll" paoOTbh XHMHqecKHe OilblTbl noKa3anH, qTo HOBblR H30TOil npH

aa.QnelKHT aneMeHTY, neTyqnl!: xnopnn KOToporo cxo.QeH c xnopnAOM ralj,HJiH 

H pe3KO OTnHqaeTCSI O.T Xl!OpHAOB KIOpHH H KanHlj,OpHHH1 T.e, OT xnopH.QOB 

aKTHHHAHblX sneMeHTOB. TaKHM o6pa3oM, ObinO llOKa3aHo, qTO 104 aneM8HT 

HBnS18TCH aKaralj,HHeM. 
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ITocne SToro Mb! np11cTyn11m1 K CIIHTe3y 105-ro sneMeHTa. IlT05bI BeCTII 

no11cK11 5onee ueneHanpaBneHHo, Mb! pew11n11 npelKlle 113yq11Tb CBOfiCTBa 1130-

TonoB 103-ro sneMeHTa, II nanee, IIMeg CBeneHIISI O CBOfiCTBax 1130TonoB 

102-ro, 103-ro 11 104-ro sneMeHToB, npoaecT11 
5onee yBepeHHb1e SKCTpanonH-

u1111. HaM ynanocb CIIHTe311poBBTb. 2 1130Tona 103-ro sneMeHTa C MSCCOBb!MII 
/10/ . 

q11cnaM11 256 11 257 • OKaaanocb, qTo II B STOM cnyqae IIX peanbHb!El CBOfiCT-

Ba He COBil/lASIOT C TOMII, KOTOpbie 5b1n11 IIM np11nl!C8Hbl HBWIIMII aMep11KaHCKll-
/ l l/ 

MIi KonneraM11 , 

B HSCTOH!Uee BpeMSI Mb!, 5oM5apnnpyH MHWeHb 113 BMepHUHSI IIOHSMH 

HeoHa, nonyq11n11 .nepBbie neeHTb aTOMOB 105-sneMeHTa II npoBOAHM nanbHeAwne 

Ollb!Tbl nnH Toro, qT05bl YTO;HHTb ero ·HnepHo-4i11311qeeK11e CBOfiCTBa, BpeMH 

ero lKll3HH COCTSBnHeT COTble non11 CeKyHAbl, a BepOSITHOeTb. o5pa30B8HIISI B 

peaKUIIII TSKOBa, qTo 
ynaBanocb 3aperHCTpHpOB8Tb OAHH STOM B Teqe1111e 

eyTOK, 

3necb HPKO npoHBHnaeb 0CHOBHSSI TPYAHOeTb SKCnepnMeHTOB no CHHTeay 

HOBbIX XIIMHqeeKHX sneMOHTOB, a HMeHHo.: Bee 5onee Hll3KHe S<!>cl>eKTIIBHble 

ceqeHHSI o5pa30B8HHSI sneMeHTOB II Bee 5onee KOpOTKlle BpeMeHa HX lKH3HII no 

Mepe B03p8CT8HIISI 8TOMHoro HOMepa, Hc110, qTQ nonyqHTb TSKHM lKe ~TOllOM 

106 II 5onee TS1lKenb1e sneMeHTbl - 38Aaqa npaKTHqeCKH HeBb!IlOnHHMaH, Ka3a

noeb, qTo nanbHefiwee nponB11lKeH11e B o5nacTb TpaHeypaHOBblx sneMeHTOB 

HeB03MOlKHO HH OAHHM 113 H3BeeTHblX MeTOAOB. 

OnHaKo B TeqeHne nocnennero' rona IlOSIBHnllCb HOBble peaynbTSTbl, KOTO

Pble noaBonHIOT 5onee onT11M11qeCKII BSrnHHyTb Ha nepeneKTIIBbl CHHTeaa na

neKIIX TpaHcypaHOBb!X sneMeHTOB, 

ileno B 
TOM, qTo XOTSI yMeHbWeH11e eTa6nnbHOCTH C yBen11qeH11eM 

3,BPSIAS H MSCCbl Hnpa SIBnHeTeSI o6mea TeHneHu11efi B CBOACTBSX HyKn11noa, 

8TH CBofieTBa He MeHSIIOTCSI MOHOT0HHO, Ha6n10naeTCSI KapTHHa, B onpeneneHHOM 

eMbtcne a11anor11qHaH nep11on11qecK08 cncTeMe MeHneneeaa, , 
ITep11on11qHoeTb XIIMHqecKIIX eBofiCTB sneMeHTOB OTpalKaeT CTeneHb aanon-

HeHIISI sneKTPOHHb!X o6onoqeK 8TOMOB, B HApax TSKlKe cymeCTByIOT o6onoq-

KII, 38MKHYTble II He3aMKHyTi,Ie, OAHaKo COCTaBneHbl OHII ylKe 113 AByx eopTOB 

qaeTIIU .:.· npoTOHOB II HefiTpOHOB, ilpyr11M ycnolKHeHneM SIBnHeTeH TO o6eTo

SITenbCTBo, qTo p83Mepi,1 "op5HT" HyKnOHOB B Hnpe eo113Mep11Mbl e p83Mep8MII 

10 
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CSMHX qaCTHU, H ABlllKYTCSI OHII B CllnOBOM none, KOTOpoe C03naIOT eaMH, 

ITocKOnbKY Bonpoc . 0 np11pone HAepHb!X cnn no cea neHb oeTaeTCSI OTKpb!TblM, 

pacq~Tbl HnepHb!X o5onoqeK He OTnnqaIOTCSI 5onbwoA TOqHOCTbIO. OnHaKo Bee· . . 
113BeCTHble SKCnep11MeHTanbHble eaeneHHSI O CBOliCTBSX HAep noKa3blB8IOT, qTo 

8TH CBOfiCTBS: cjJopMa S!Apa, ero MarHHTHblfi H MexaH11qeCKHfi MOMeHTbl, cneKT

pbl B035yJKneHHblX eOCTOSIHHli n, qTo nnsi HBC BalKHO, ycTofiqHBOCTb no OTHO

WeHHIO K paannqllblM ,BHASM paenana o5napylKIIB8IOT pe3Klle H3MeHeHHSI B5nn-

3H onpeneneHHblX queen npoTOHOB H HeliTpOHOB, 3TH qncna H83b!B8IOTCSI 

'Marn'leCKHMH' n eooTBeTeTBYIOT 3anonHeHHbIM o5onoqKaM B Mpe, Hnpa, conep

JKaIUne 3anonHeHHyIO BHeWHIOIO o6ono'IKY I oco6eHHO yeTOli'IHBbl B OTnH'ISIOTesi 

6om.wnM BpeMeHeM lKH3HH no cpaBHeHIIIO e coceAHHMB B30TOnaMH nnn sne

MeHTBMB, 

3To o6CTOSITenbCTBO naeT OCHOBSHHe HSAeSITbCH, 'ITO Ha o6meM cjJoHe 

yMeHbWeHHSI eTa6HnbHOeTH no Mepe nponBHlKeHIISI B o6naCTb naneKHX TpBHCypa

H0B MoryT B03HIIK8Tb oe_TpOBS OTHOCUTenbHO yeTofiqHBblX HAep, eoneplKSIUIIX 

Mar11qecKne q11cna HyKnoHoB, B6n113H ypaHa H3Be_cTHbl MarnqecK11e qncna 82 

(no npoToHaM) 11 126 (no HeliTpoHaM), ilnH nanbHeliwnx sKCTpanonHUHli He-

06xon11MbI SKcnepnMeHTanbHbie ABHHbie O B03MOJKHO 6onee naneKBX TpaHcypaHo

BblX sneMeHTSX. 

AHanH3 eBOliCTB weCTH H30TonoB 102-ro sneMeHTa, CHHTeanpoBaHHblX B 

uccnenoBaHHblX B ily6He, noKaaan, qTo oco6o ycToitqnBblM HBnHeTCH H30Ton 

e Maecoff 254, 'ITO COOTBeTCTByeT N 152 ( pnc, 3), B ABHHOM cnyqae 

152 He8Tp0H8 o6pa3yIOT TSK H83bIBBeMyIO nono6ono'IKY, TSKJKe np11na10my10 

HAPY nOBb!WeHHYIO yeTofiqnBOCTb, Cy1UeeTBOB8HBe nono6onoqKU npHB0AHT K 
' 254 

TOMY, qTo H30TOU 102 nony'iaeTeH B 3HaqnTenbHO 6onbWHX KonnqecTBSX 

H HMeeT BpeMSI lKll3HH no a -pacnany B enOHTSHHOMy neneHHIO eymecTB0HHO 

6onbwe, qeM ero 6onee nerKne n 6onee TsiJKenbte eoeenu. 

ITocne SToro TeopeTBKB HeeKonbKBX CTpaH ( CllIA, llIBeUHH, ITonbWH, 

AHrnnn n CCCP) npoaHanna~poBBnH Bonpoc o cyuiecTBOBaH11n B eBepXTH

JKenbIX HApax, KpoMe nono6onoqeK, HSCTOSllllHX o6onoqeK n HX BnHHHIIH HS 

ycTofiqHBOCTb Hnep,· OHn.npnwn11 K BblBOAY, qTo ecnn 105 sneMeHT lKHBeT 

TSK Mano ( ~ 0,01 eeK), TO c ToqKII apeHHSI KanenbHOA Monenn, S!Apal 

CKaJKeM ' 110-114-ro sneMeHTOB, rne KynoHOBCKHe CHnbl, paapywa10m11e 
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llllPO, O'!eHb Ben11K11, /lOnlKHbl lKl!Tb Bcero 
-20 

10 ceK. Ho ecn11 aTo He npocTo 

11n11 114
298 

c HefiTpoHHofi o6ono'!-·· 
. 294 

110 11n11 114 aneMeHT, a 1130TOnbI 110 

Kofi 184, TO OHi! /lOnlKHbl lKl!Tb cymeCTBeHHo•6onbllle. Ha p11cyHKe 4 npl!Be

)leHbl pe3ynhTaTbl BeCbMa cnolKHblX paC'!flTOB, Bb!IlOnHeHHblX TeopeTl!KaMII 

Ha aneKTpoHHO-C'liiTHblX Mallll!Hax /lmI pa3nll'!HblX 1130TOIIOB aneMeHTa 114. 

KaK Bbl Bll)ll!Te, 1130TOn C Maccofi 298, COOTBeTCTByIOIUllfi N = 184, no cnoH-

. . 1 20 . 
TaHHoMy .C1eneH11IO /lOnlKeH 11MeTb nepl!O/l nonypacna/la O neT. ITo oTHOllle-

HIIIO K f3 -pacna/ly OH Boo6me cTa611neH, no a -pacna)ly OH /lonlKeH 

lKl!Tb TaKlKe )lOCTaTO'!HO )lonro, no KpafiHefi. Mepe, rO/lblo HcHo, KaKl!e nep-

cneKTIIBbl OTKpb!BaIOT IIO)l06HbJe BblBO/lbl, 

rpynna npoqieccopa ToMncoHa B ClIIA B Te'!eH11e ro.C1a nb1Tanacb nony-

'111Tb 114-fi aneMeHT. A!'-1ep11KaHUbl 06nyqan11 Ml!llleHb Cm 2.a 
96 

IIOHaMI! 

J8Arco BHa'!ane pe3ynhTaTb1 6b11111 KaK PY.CITO 6b1 nonolK11TenbHbIM11, 

O)lHaKO nocne)lyIOIUl!e KOHTponhHble OIIblTbl ·noKa3an11, '!TO per11cTp11poBancH 

/ 12/ . 
qlOH OT apyr11x !IpOllYKTOB peaKUllfi • Ha 8TOM aMepl!KaHCKlle, onb[Tbl OCTa-

HOBl!nl!Cb, 
. , 

Cne)lyeT l!MeTb B BIi.Ciy, '!TO B 8TIIX aKcrrepl!MeHTax Morn11 nonyqaTbCH 

H/lpa 114-ro aneMeHTa c 'IIICnOM HefiTpoHOB ., 170, T,e. Ha. 14 e)ll!HIIU MeHb

lll_e, qeM B 3aMKHYTOfi o6ono'!Ke. Ha np11Mepe 102-ro aneMeHTa 6bmo aKcrre

p11MeHTanbHO noKa3aHo, '!TO C Y.C1aneH11eM OT o6ono'IKII BpeMH lKll3HII 1130-

TOIIOB 11·BepoHTHOCTb IIX o6pa3oBaHIIH B'peaKUIIII pe3KO. yMeHbIUaIOTCH, C 8TOfi 

TO'IKII 3peHl!H OTplluaTenbHblfi pe3ynhTaT npo<jieccopa ToMnCOHa Hey/ll!Bl!TeneH, 

IToaTOMY Mb[ y ce6H B lly6He pelll11n11 rrofiTI! HSCKOnbKO IIHblM IIyTeM, CTapa

HCb MaKCl!ManbHO rrp116nll311TbCH K 3aMKHYTOfi o6onO'!Ke. llnH aToro Ha/lO 

o6ny'!aTb KaK MOlKHO 6onee THlKenyIO Ml!llleHb B03MOlKHO 6onee THlKenbIMII 

(HefiTpOHOl!36b!TO'IHblMII) . H,C1paM11 ... Mb1 l!MeeM B03MOlKHOCTb np11MeHl!Tb 

rrnyToHl!fi-244 B KOM611Hau1111 c KanbUl!eM-48. XOTH npll aToM'MoryT nony

'll!TbCH aaBe/lOMO He O'!eHb )lOnrOlKIIBYIUl!e 1130T01Ibl,, O)lHaKO B03MOlKHO, '!TO 

IIX BpeMH lKll31111 6y)leT 6onbllle M11nn110HHOfi )lOnll CeKYH/lbl, 3Toro 6y)leT 

· )lOCTaTO'IHO )lnH Toro, '1T06b1 3aper11cTp11poBaTb o6pa30BaHl!e HOBOro aneMeH-· 

Ta 11 113Mepl!Tb ero rrepl!O)l nonypacrra)la, '!TO, B CBOIO oqepellb, /laCT HOBbJe 

OCHOBaHIIH )lnH )lanhHefilllllX TeopeT11'1eCKIIX 8KCTparronnu11fi. 
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TTp11MepHo T8K8S! lKe CIITYBUl!S! 0lKl!AaeTCS! II B o6naCTII z = 126, rne. 

T8KlKe cnenyeT OlKIIA8Tb ·cymeCTB0B8Hl!S! 0TH0Cl!TenbH0 CTa611nbHbIX sinep, 

Bo3MOlKHO, 'ITO YK838HHbie 3KCnep11MeHT8::lbHbie TPYAH0CTI! YABCTCS! npe-

ononeTb, ecn11 BMeCTO peaKUllli CIIHT838 nyTeM cnl!HHIIH 11cnonb30B8Tb pe-

8KUIIII nenemrn,. 3necb HYlKH0 o6'bS!CHl!Tb, II0'leMy, CKalKeM, Ilpll o6ny'leHl!II 

ypaHa HeOHOM rr·onyqaeTCS! 0'leHb Mano 8T0M0B 102 aneMeHTa,. Ileno B TOM, 

'ITO B03HIIK810llll!e IIpll cnl!S!HIIII C0CT8BHble sinpa B036ylKAeHbI, 11 B rrpouecce 

BbICBe'll!B8HIIS! - CHHTIIS! 1136bITO'IHOli 3Hepr1111 - npol!CX0AIIT nenemie, BeponT

HOCTb KOTOporo B necHTKI! Mllnnl!oH0B pa3 6onbwe, 'leM Bep0S!TH0CTb Tex 

rrpoueccoB, K0T0pbie Ilpl!B0AS!T K o6p830B8Hl!IO 102 aneMeHTa, lle-

neH11e, TBKIIM o6paaoM, MewaeT Cl!HTeay, 11 11nesi 11cnonbaoBaH11n ero nnn pewe

HIIH 38/l8'11! M0lKeT II0K838TbCH HeCK0nbK0 l!e0lKIIA8HHoli, 

TTpouecc nenemrn 'np11Bon11T K nponyKTaM w11p0Koro n11anaa0Ha aapsinoB 

II Mace, Ecn11 Mb! o6ny'laeM ypaH He0H0M, TO nony'laIOTCS! 0CK0nKII neneHl!S! 

B o6naCTII Z = 30-70, Ecn11 60M6apn11poBaTb ypaH ypaHoM, To cpen11 

ocKonKoB aenemrn 6yayT TpaHcypaH0Bb1e aneMeHTb1, B TOM '!Ilene II aaneK11e, 

11, 'ITO oco6eHHo BalKHo, - aocTaTp'IH0 06orameHHb1e HeliTpoHaM11, TToKa Mb! 

eme He 11MeeM IIY'IKa ycKopeHHbIX 110110B ypana, Ho aalKe o6ny'lasi ypaH apro

noM, Mb! ylKe nonyqaeM rrnyT01111li, Eyaymee aToro 11arrpaBneH11S1 - aani,Heli

wee yBen11'1eH11e paaMepoB ycKop11Teneli, pacw11peH11e 11x B03M0lKH0CTeli, ycKo

peH11e KCeHoHa II aanee - ypaHa, CIIHTe3 _CaMbIX THlKenbIX 1130T0IT0B 11 113yqem1e 

IIX CBOMCTB, 

B cBeTe Bcero 11an-0lKeHHoro rrpencTaBnnnacb norl!'IHoli cneny10masi npo

rpaMMa pa6oT IIO Cl!HTeay TpaHcypaHOBbIX aneMeHT0B Ha 6n11lKaliwee BpeMsi: 

nonyqeane nerKl!X 1130T0II0B 114 II 126 aneMeHT0B IIM8I011ll!MIICS! cpeACTBaM11, 

a 3aTeM ylKe nony'le1111e TS!lKenbIX 1130T0II0B C Il0M0illbIO ycKopeaHbIX II0H0B 

TSilKenee KceaoHa, 

. OnHaKo B 3TII CII0K0!fHbie nporH03bl He0lKIIJWHHQ" 6bmll BHeceHbl KoppeK

TIIBbl, fleTOM npownoro roria a11rn11liCKIIM <pll311K npo<peccop TTayann Ha 06IlleM 

co6pamrn AKaAeMIIII HayK CCCP, Ilpll Bpy'leHIIII eMy floMOIIOCOBCKO!i Menan11, 

paccKaaan _06 11ccnen0Ba1mnx c sinepHbIMII aMynhcl!SIMII, K0Topb1e 25 neT Haaan 

np11Ben11 K OTKpb!TIIIO B K0CMll'leCKIIX .nyqax IT -Me30H0B II nan11 MH0I'0 APY

rnx nalKHeliwnx peaynhTaToB, B K0Hue noKnana oa np11Ben <p0Torpaqi1111, rro-
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ny'leHHb1e ero yqeHHKOM npo<jJeccopoM 4>aynepoM, KOTOpb1A B nocnenHee speMH 

3anycKan wapbl-30HJlbl C <jJoT03MYITbCHHMH Ha EblCOTY JlO 40 KM JlITH H3y'leHHH 

sneMeHTHOro COCTaBa KOCMH'leCKHX H3nyqeHHA • 

.Hnep )Kene3a ( z 26) B KOCMH'leCKHX nyqax O'leHb MHoro; 3H8'1H-

TeITbHO MeHbWe HJlep c Z = 60-90. 'leM TH)Kenee 'ISCTHUa, TeM Tomue cnen, 

KOTOpblli OHS OCTSBnHeT B <l>oT03MYITbCHH (puc. 5). ITpocMaTpHBSH 6onbwHe 

nnowanu <jJoronnacTHHOK, 4>aynep Ha6monan enuHH'IHbie o'leHb ToncTbie cne

Jlblo KOTOpb1e OH np1:nucan ypaHy. 

Bo BTopoA cepHH onblTOB 6bm o6Hapy)KeH OJlHH cnen; KOTOpblli npocMaTpH

BBITCH no 6onbWOA JlITH_He H nasan HOHH38UHIO HaMHoro 6onee HHTeHcHBHYIO, 'leM 

Hnpa c Z = 90.· 3TH <jJoTorpa<jJuu npueeneHbl Ha puc. 5. ITepB011a'lanbHO npo

<jJeccop ITayann npunucan sToA 'IBCTHue 3apHJl 110. OnHaKo no3JlHee, TWaTenb

Ho B3BeCHB Bee B03MO)KHble onm6KH ,sxcnepHMeHTa, OH yMeHblllHIT 3TO 3HS'le

HHe no 106 ( 'BecTHHK AxaneMHH aayx CCCP, • M 9, 1969). ITocneny10wue 

Ha6n10JleHDH 4>aynepa, npoBeneHHble HM COBMeCTHO C TpeMH rpynnaMH <jJH3H-

KOB CllIA, nonTsepnHnH cywecTBOBaHHe B KOCMH'leCKHX nyqax ceepXTHJKenoA 

KOMnoHeHTb1. Ha6n10nanocb 15 cneJloB c Z >. 80; 3 cnena c Z > 100; 1 cnen 

C Z > 114. 

Onpeneneaue 3apHna 'laCTHUhl no cneny B <jJoTonnacTHHKe -•3anaqa oqeHb 

CITOlKHSH, H TPYJlHO p83ITH'IHTb cnenhl HJlep co 3HS'leHHHMH z = 106, 110 H 120. ITpo

uecCbI, npoHCXOJlHWHe B <jJOT03MYITbCHH npH TOpMO)KeHHH CTOnb TH>KenhlX 'IBCTHU, 

ewe aenocTaTO'IHO H3y'leHblo HanpHMep, H3BeCTHo, 'ITO 'IYBCTBHTenbHOCTb <!>oT0-

3MynbCHH CHnbH0.3aBHCHT OT TeMnepaTyphl. B TO epeMH KSK CSMH nnacTHHKH 

6bmH xonOJlHblMH, BJlOITb nyTH 'ISCTHQhl npoHCXOJlHIT aarpeB 3MYITbCHH, H oue

HHTb ero BITHHHHe MOlKHO ITHWb secbMa npa6nHJKeHHO. 

Celiqac aeo6XOJlHMO 3aperHCTpHpoBaTb KBK MOlKHO 6onbwe TH>KenhlX qac

THU H nocTpOHTb 38BHCHMOCTb BbIXOJla 'ISCTHU OT 3apgna. SneMeHTbl C Z 

OT 84 ( nonOHHli) no 89 ( aKTHHHli) He JlOnlKHbl BCTpe'laTbCH B -KOCMH'leCKHX 

nyqax, nocxonbKy OHH He HMeIOT JlOCTSTO'IHO nonrOJKHByWHX H30TOnoe. ITos

TOMY yeenH'leHue 'IHCna 3aperHCTpHp0B8HHbIX cnyqaeB n03BOnHT yKa38Tb,. 

rne HS'IHHaeTCH o6naCTb Z = 90 u yeepeHHee onpenenHTb 3apHJl 6onee TH-

>KenblX 'ISCTHU. STo, KOHe'IH?, ewe HP. 6yJleT OTKPblTHeM HnH nony'leHHeM sneMeH-

Ta. Ho ecnu naHHb1e, coo6m:eHHbie npo<jJeccopoM ITayannoM, sepHhl, To H3 

HHX cnenyIOT O'leHb cywecTBeHHhle BbIBOJlbI. 
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Ha KBanpaTHbJfi MeTp aeMHOfi noBepXH0CTII nanaeT B CYTKH 1 llnpo 

C z > 92, T.e.· HeMH0I'HM MeHbWe, '!eM llnep ypaHa. 3TO 3Ha'!HT, '!TO BpeMll 

lKH3HH 3THX llnep He MeHee neCllTK0B MHnnH0H0B neT, Il0T0My '!TO ynenhH0e 

coneplKaHHe K0Mil0HeHTbl B K0CMl!'!eCKHX ny'lax nponopUH0HanhH0 ee BpeMeHII 

lKH3HH. ·. nosTOMY nocTaT0'IH0 yBepeHH0 Ha6monaTb HeCK0nhK0 llnep, 'IT06b1 CKa-

3aTh, '!TO B o6naCTH Z "' 110-114, 126 ecTb llnpa, lKHBYlllHe necllTKH, a 

MQ)KeT 6bJTh C0THH MHnnH0H0B neT. OKono HHX nonlKHa cymecTB0BaTb nnemm, 

B03MOlKHO, necllTK0B H30T0il0B, lKHBylllHX HeCK0nhK0 MeHbwe. EcnH 3T0 Ta,c, 

To B Ta6nuue MeHneneeaa, K0Topag cefiqac aaKaH'!HBaeTcll 105 aneMeHTOM, 

Il0llBHTCll H0Ball o6naCTh, rne 6ynyT H nocTaT0'IH0 nonr0lKIIBYllllle, 11 KOpot

K0lKHBymHe sneMeHTbl. 

Mb! BHnHM, TaKHM o6paaoM, '!TO TeopeTH'!eCKl!e 3KCTpanonmmH H 3Kcne

pHMeHTanhHhle yKaaaHl!ll npaK~H'!eCKH He orpaHH'IHBalOT o6naCTh 3Ha'!eHHl1 

nepuonoa nonypacnana nnll sneMeHT0B a6nHaH 114-ro H 126-ro. 3To MoryT 

6bJTh MHnnH0Hbl neT H MHnnH0HHbJe nonH ceKyH/thl, Ilo3TOMY TeM, KT0 HaneeTCll 

noKaaaTb cymecTB0BaHHe 3THX sneMeHT0B, npuxonHTCll HMeTb neno C BeCbMa 

paaHoo6paaaott 3KCnepl!MeHTanhH0tt TeXHHKOfi, 

SI ylKe paccKaawaan. 0 Il0ilb!TKe nony'IHTb 114-tt sneMeHT Ha yCK0pHTene, 

06 3KcnepHMeHTanhHblX B03M0lKH0CTllX H neP,CileKTl!BaX 3T0I'O HanpaaneHHll, 

3necb nHWh 0TMe'ly, '!TO nnll CHHTeaa Ha ycK0pHTenllX nocTyneH HHTepBan 

3 
BpeMeH lKH3HH OT MHnn11ceKyHn no 10 neT (p11c. 6). 

Bonee nnHTenhHble BpeMeHa nocTyilHbl B HCCnenoBaHH!IX K0CMH'!eCKHX 

6 8 
nyqett, Hx aoapaCT orpaHH'!eH caepxy BenH'!HHott nopllnKa 10 - 10 neT. B 

3T0M cny'!ae M0lKH0 Il0ilbJTaTbCll o6HapylKHTh CBepXTlllKenb1e TpaHcypaH0Bhle 

sneMeHTbl Ha noBepxH0CTH 3eMnH, Kyna OHi! M0I'yT Il0CT0llHH0 nonanaTb H3 Il0T0-

Ka K0CMH'!eCKHX nyqett. Ha 1 KBanpaTHhlfi MeTp aeMHOfi noBepXH0CTII, KaK 6bmo 

CKaaaHo BbJWe, nanaeT B cyTKH 1 aT0M C z >. 92, T,e. npH6n11aHTenhHO 70 MHKpo-

rpaMM0B B ran. 3To ylKaCa10me .Manoe K0nH'!eCTB0 6yneT BeCbMa TpynHo 

o6HapylKHTh, onHaKo HHq>OpMaUHll, K0TopylO npH 3T0M M0lKH0 nony'IHTh, 

CT0nh BalKHa, '!TO HaM npuneTCll Il0ilb!TaTbCll 3T0 cnenaTb, 

IlpelK/te BCero Heo6xonHMO npencKa3aTb XHMH'!eCKHe CBOfiCTBa 110-114 

sneMeHT0B H aaTeM Il0ilbJTaTbCll Haane'lb .ux H3 Tex 0TnoJKeHHtt, B K0T0pb!X 

OHi! M0I"nH 0KaaaTbCll B peaynhTaTe reoXHMH'!eCKHX npoueccoB. XHMH'!eCKHe 
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nccneAoBaHHll KypqaT0BHll IT0Kaaann, qTo, HaqnHaSI C z 104, aacenReTcB 

BHennrnB sneKTp0HHaSI ooonoqKa, T.e. KypqaT0BHH 0Kaaancg yJKe He aK.THHH

)l0M, a XHMHqeCKHM aHanoroM raqiHHll. IIosTCMy M0lKH0 rrpe)lrronaraTb, qTo 

sneMeHTbl 110-114 JlOnlKHbl 0blTb aHanoraMn rrnaTHHbl-CBHHlta. 

KocMHqeCKHe rrpnwenbllbl TOpM03SlTCSI Ha oonbWOH BblCOTe, B aepXHHX 

cnoRx cTpaTocqiepb1, rnaBHb1M oopaaoM, aonnan MarHnTHbIX nomocoa. nanee 
. I 

OHH pa3HOCBTCSI aTMocqiepHbIMH ITOTOKaMn H C 0Ca)lKaMH BblITa)laIOT Ha 110-

aepXHOCTb 3eMnHo fIOSTOMy Hallo IIOllbITaTbCSI H3Bneqb SKaCBHHell H, B03MOJK

HO, apyrne sneMellTbl H3 BOllbl oaep II OKeaHOB II nayqHTb nx CIIOHTaHHOe 

AeneHHe H a -pacrraA. Ha MopcKol! BOllbl sKaCBHHe11 n apyrne HOBb1e sne

MeHTbI ( SKaBHCMyT- II T.ll.), coocaJK)laSICb C I'HllP0OKHCSIMH, IIOlla)laJOT B Mop

CKHe 0TnoJKeHmt, HnbI, I'Jle, oqeBHJlHO, coaep)l(aHHe STHX sneMe!ITOB llOnJKHO 

0b!Tb ropa31l0 BbIWe, qeM B ecTeCTBeHHOM CBHHlle. C STOii ToqKn .3pe!IHSI 

rrpeacTaanBeT Hl!Tepec paapaooTKa JKeneaHo-MapraH11eBblX KOHKpe11nl! n Apy

rnx MaTepnanoa. BecbMa HHTepecno TaKJKe nayqeHne MeTeopnToB n rroaepx

HOCTII nyHbI, K0TOpall, rro-BHllllMOMy, CTaHeT ll0CTyrrHol! llnB qenoBeKa B 

onuJKal!wee apeMB, 

HaKOHeu, ecnn BpeMena lKll3HH sneMeHTOB, KOTOpbie Mb! umeM, cpaBHHMbl 

C B03paCTOM 3eMnH, TO ecTeCTBeHHO rrpearronOJKHTb, qTo OHH cymecTByIOT 

B aeMHOH Kope, II0CKOnbKy oopaaoaanne sneMeHTOB, BXOllllIIIHX B COCTaB Con

neqHoi1 CHCTeMbI, IIp0IICXOllHno B rrpoueccax, aHanornqHbIX TeM, B KOTOpblX 

renepnpyeTCll rrepanqHoe KocM11qecKoe uanyqeHne. Toraa B03HHKaeT aaaaqa: 

II0IIbITaTbCB HailTH JlOnI'OlKHBym11e 1130TOIIbl caepxTBJKenbIX sneMeHTOB B MII

Hepanax H rrpoanam,anpoaaTb B03MOlKH0CTH HX H3BneqeHHll Jlnll Toro, qTQ0bl 

n3yq11Tb ipH3nqecKl!e II XHMnqecKHe CBOl!CTBa, orrpeAenl!Tb Macey H BHllbl 

pa)lHOaKTHBIIOI'O pacrra)la. 

Ecnll SKaCBll!lell ( T.e, 114 sneMeHT ~ B peaynbTaTe reoXIIMHqecKHX rrpo-

11eccoa )lettCTBHTenbHO pcaJKAancg co CBI!HllOM, 11 ero apeMH JKH3HH llOCTa-

8 
TOqHo Mano, HaIIpl!Mep, OKono 10 neT, TO coaepJKaHne SKaCBIIHlla B CBHll-

-I3 
ue llBJKe IIOpllllKa 10 JlOCTaToqHo, qTO0bl ero rrpncyTCTBHe 0binO OoHapy-

JKeHo. 
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• . Mb! B nyoHe llpoBenH IIOHCKH CII0HTaHHOI'O AeneHHSI B CBHHlle. naa 

KBaapaTHblX MeTpa TOHqaAwel! naacaHoaol!.nneHKn a TeqeHue anuTenbHoro 

apeMeHH HaXOllHnHCb B KOHTaKTe co CBHHllOBOl! qion&rol!. KaK SI yJKe I'OBO~ 

pnn,. aKaCBH_Hell JlOnJKeH 0b!Tb a -aKTHBHb!M H CII0HTaHHO aenBIIIHMCSI aneMeH

TOM_.;. EcnH a. CBHHlle coaepJKaTCSI sinpa, CIIOCO0Hble nenHTJ>CSI CIIOHTBHHO, TO 

nneHKa aaperHCTpnpyeT cnenbl OCKOllKOB neneHHB. CaM CBHHell npaKTHqeCKH 

He aennTcB: ero nepnon nonypacnaaa nonJKeH cocTaanl!Tb npuonnanTen&Ho 
40 . 

10 neT. (l¾Toob1 nponnnIOCTpnpoaaTb sTy 11nqipy, cKaJKY cne11y10mee: a 1 

Kyf5nqecKOM KHnoMeTpe CBHHlla 38 TblCllqy neT rrponaoll.neT naa aKTa neneHHB) • 

nnll 3811lHTbl OT KOCMHqeCKOI'O paanoaKTHBH0I'0 ip()Ha 'caHllBHq' H3 naaca

HOBOl! nneHKH n CBHHllOBOil qionbI'H Obin onymeH non aeMnIO Ha. r_nyomiy 40 M. 

l¾epea 100 nHel! a .nnef!Ke obmo ooHapyJKeHo 6 cnenoa ocKonKoB neneHHll. 

Pacq!!Tbl IIOKaaanu, qTo ecnu 0THeCTH 8TH OCKOnKH K CBHHllY, TO ero nepuon 
40 · . 21 

nonypacnana oyAeT He .1 0 neT, KaK cneayeT oJKnnaTbi a 10 neT. Bo3MOJK-

Ho, qTo KaJKymeecg yobICTpeHne pacnana ooycnbanla!Ho npnMec&10 Kpal!He 

Manoro KonnqecTBa 8K8CBHHlla, KOTOpbIA, OllHBKO, pacnaaaeTCll MHOI'O 0bICT

pee, qeM CBHHell O0bJqHbll!. 

EonbWaSI nnnTenbHOCTb n Tp)'AoeMKOCTb aKcnepHMeHTOB co CBHHllOBblMH 

qionbI'BMH 38CT8BHna Hae oopaTHTbCB K oopaa11aM, B KOTOpb!X B TeqeHne nnn

TenbHOI'O apeMeHH npoHCX0llHna perHCTPBllHB neneHHSI llllep, conepJK811lHXCSI 

B CBHH11e. TaKHMH oopaa11aMH l!BlllllOTCll, ao-nepBblX, CTeKna, HBXOllHBWHeCSI 

B TeqeHHe MHOI'HX neT B KOHTSKTe C MeTannnqecKHM CBHHllOM, H, BO-BTOpbIX, 

cTeKna, coaepJKamne a caoeM cocTaae coennaeHHll CBHH11a. 

IIpH npoCM0Tpe 10 cM
2 

noaepxHOCTH CTeKna·BHTpaJKa 14 BeKa, Hakonna- • 

wel!CB a KOHTaKTe co CBHHll.OM, n 80 cM
2 

noaepXHOCTll CTeKna nel!neHCKOl! 

oaHKll co CBHHllOBOl! ooKnanKol!, H3I'OTOBneHHOl! B KOHlle 19 BeKa, He 0binO 

Hal!neHO HH OllH0I'O TpeKa OCKOnKa. 3TOT peaynbTST -COOTBeTcTayeT KaJKy-
. 22 

mel!cSI HHJKHel! rpaHHlle rrepnoaa CIIOHTaHHOI'O neneHHSI CBHHlla T > 2•10 neT 
~ ½-

11m1 BHTpaJKa 14 BeKa H T ½ ? 10 neT - llnll nel!aeHCK0l! oaHKH. nnll 

cpaaHeHHSI MOJKHO yKa3aTb, qTo aqxjieKT OT neneHHll l!llep TOpHSI K0CMnqeCKll

MH nyqaMH Ha ypoaHe MOPS! IIpHBOllHT K KSJKYl!lel!cg HHJKHel! rpaHn11e rrepnona 

19 / 13/ 
CIIOHTBHH0I'O neneHHll TOpHSI 1,5•10 neT • OTcyTCTBHe cneAOB OCKon-

KOB Ha cTeKnax, HSXOllHBWHXCB B K0HTaKTe co CBHHllOM, CBH)leTenbCTByeT, 
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no-BH.llHM0MY, B non&ay roro, 'IT0 S<ficl>exT OT .neneHHH H.llep CBHHlla K0CMH- • 

qeCKHMH '18CTHU8MH 0'leHb Man. 

LlpyraH cepHH axcnepnMeHT0B 6bma npoae.neHa co cTexnaMn, co.nep

)KSIIIHMH CBHHeu. Llm1 BbIHBneHHH TpeKoB 0CK0nK0B B 061.eMe CTeKna npnMe

HHn0Cb nocne.noaaTen&Hoe TpaaneHne; Opu Ka)Kll0M TpaBneHHH ycTpaHHnCH 

cnolt CTeKna T0nlIIHH0lt .ll0 20 MK. CneuuanbHbie K0HTp0nbHbie 0llb!Tbl noxaaa

nn, 'IT0 cne.nbl 'ocKonKOB 'lllTKO OTnH'l8IOTCH OT cnyqaltHbIX .nelf,eKTOB CTeKna. 

B 0llb!Te co CBHHU0BbIM cTeKnoM, naroToBneHHbIM B 1958 ro.ny (KoHueH-

3 
Tp8UHH CBHHlW 40%). b 061.eMe CTeKna o, 7 CM 6bmo aaperHCTpHpoBaHo 

27 cne.noB 0CK0nK0B .neneHHH •. Ha6n10.naeMbilt S<ficl>exT C0OTBeTCTByeT K8)KylUe

MyCH nepno.ny cnoHTaHHoro .neneHHH .nnH cBnHua, co.nep)KamerocH B cTexne: 
. 20 

T K = ( 2±.0, 7) \10 neT • 

B 0ilbITe c.xpycTanbHOil BaaoA, H3r0T0BneHHOil B K0HUe 18 BeKa (KOH-

3 
· ueHTpaUHH CBHHUa 7%), B 061>eMe 0, 27 CM 6bln aaperHCTpHp0B8H 31 cne.n 

0CK0nKoB, 'IT0 C00TBeTCTByeT. Ka)Ky11IeMyCH nepno.ny cnoHTaHHoro .nene-
· 20 . 

HHH T K = (3.:t.O•,10 neT. 

Cne.nyeT 0TMeTHTb, 'IT0 BKna.n OT .neneHHH T0pHH, co.nep)KameroCH B CTeK-

ne, K0CMH'leCKHMH 'ISCTHUSMH npeHe6pe)KHMO •Man. OnacHoil HBnHeTcH K0H-

ueHTpaUHH T0pHH Ha YP0BHe 1% no Becy. CneunanbHbie K0iITp0nbHble .011l,iTbl 

. -5 
noxaaann, 'ITO co.nep)KRHHe T0pHH B 3THXCTexnax He npeB0CX0.llHT 10 r/r, 

<l>oH, o6ycnoBneHHbIA Cil0HTSHHbIM .neneHHeM ypaHa, co.nep)KamerocH B 
-7 -

3THX CTeKnax (MeHee 10 r/r), He M0)KeT npeB0CX0.llHTb .3% Ha6n10.naeMoro 

a#exTa. 

TaKHM o6paaoM, a 0ilblTSX co CBHHU0BbIM CTeKnoM u CBHHU0BOlt 4,onb

rolt, noMemeHHOA B K0HT8KT C naBCaH0M, 6bm aaperHcTpHpoaaH a#eKT .ne

mlHHSI SI.llep, KOTOpbIA He MO)KeT 6bITb o6ycnoaneH CilOHT8HHbIM .neneHHeM 

co.nep)KSIIIHXCH B 3THX o6paauax ypaHa H TOpHH HnH .neneHHeM HX KOCMH'lec

KHMH 'ISCTHUSMHe 

PeaynbT8Tbl, nony'leHHbie Ha CBHHU0BblX CTeKnax, no-BH.llHM0My, He 

MoryT 6bi'rb o6ycnoBneHbl 4,onoM OT .neneHHSI H.nep CBHHUa KOCMH'leCKHMH 

'18CTHU8MH. 

8 HaCT0SI11Iee BpeMH Henb3H nonHOCTbIO HCKnIO'IHT~ B03MO)KHOCTb-Cy

mecTB0BaHHH cnoHTBHH0 .nenHIIIHXCH .nelf,opM8UHOHHbIX H30MepoB CBHHua, HMe

IOinHX nepH0.llbl nonypacna.na, 3Ha'IHTenbH0 MeHbinHe, 'leM H30T01Ibl CBHHUa 

B OCH0BHOM C0CT0SIHHH. Taxne H30Mepbl MoryT HM8Tb nepH0.llbl nonypac-
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8 
na.na 6on&we 10 neT n co.nepmaTbCR B CBHHUe C M0MeHT8 o6pa30BSHHSI Con-

H8'1HOA CHcTeMbi.--O.nHaKo coapeMeHHble npe.ncTaBneHHH 0 npupo.ne CilOHTSHHO 

.nenSIIIIHXCSI H30MepoB npHBO.llSIT K Bb!BO.lly, '1;0 o6paaoaaHHe TaKHX H30MepoB 

a peayn&TaTe. a -unu fJ -pacna.na 'lpeaBbI'laltH0 ManoaepoHTHO; LleAcTBH

TenbHo, ·.no H8CTOSI11Iero apeMeHH Taxoe HBneHHe axcnepHM8HTanbHO He Ha-

6n10.nanocb. 

BoaMO)KHOe 061.SICHeHHe Ha6n10.naeMoro a#eKTa - npe.nnonomeHne o 

cymecTBOBaHHH Ta}Kenoro XHMH'lecxoro aneMeHTa - aaanora cBnHua nnn co-

nyTCTBYI011Iero eMy aneMeHTa, KOTOpbIA HMeeT nepH0.ll cnoHTSHHOro .neneHHH 
. 8 

CBblme 10 
. .;.12 

neT H co.nep)KHTCH B o6paauax a o'leHb Manolt npnMecn - 10 -

10-13 
r/r, 

LlnSI 6onee 'lllTKOr.o 0TBeTa Ha 3T0T BOnpoc Hy)KH0 nonbIT8TbCH ncnonb-

30BaTb B03MO)Kff0e paanH'IHe B XHMH'leCKHX CB0AcTaax CBHHUa H 3K8CBHHII8, 

'IT06bi paapa60T8Tb XHMH'leCKyIO MeT0.llHKy HX paa.neneHHH. LloCT8TO'IHO 060-

rameHHH B 100 paa .llnSI Toro, 'IT06bl Ha.[le)KffO npoaepHTb Te .ll8HHb1e, K0TOpb1e 

cero.nHH y HBC H!-feIOTCHe EcTeCTBeHHo, CBHHeu H8.ll0 6paTb H3 caMbIX paa

nH'IHbIX MeCTOpO)K.[leHHA. XHMH'lecxue CBOi!CTBa 3K8CBI!Hua, no-BH.llHMOMY, 

6y.nyT .llOB0nbHO 3Ha'IHTenbH0 oTnH'l8TbCH OT ~B0ltCTB CBHHua. Ha-

npuMep, e.n~a nH 3K8CBHHeu HMeeT ycTOi!'IHBOe qe'IB!pexaaneHTHoe COCTOHHHe. 

OH .llOn)KeH 6bITb HeCK0nbKO aM4,oTepeH.-neTy'leCTb ero coe.nHHeHHi! H paCTB0pH

MOCTb xnopU.llOB .llDn)KHa 6bITb HecKOnbKO Bb!We, 'leM y CBHHua. KpoMe Toro, 

HecxonbKO 6onbmHA H0HHbI8 pa.nnyc noaBonHT npHMeHHTb H0H006MeHeyIO xpo

MaTorpaij>HIO .nnH ero BbI.lleneHHH, 

PaanH'IUe a#eKTOB, aa6n10.naeMbIX Ha C·BHHU0BbIX CTeKnax H CTeKnax, 

HSXO.llHBinHXCH B K0HT8KTe C MeTannn'leCKHM CBUHUOM, M0)KeT. 6b!Tb o6ycnoB

neao paanH'IHHMH B XHMH'18CK08 TeXHonoruu npH npOH3BO.llCTBe MeTannH'lec

xoro CBHHUa H ero C08.llHHeHn8, BBO.llHMblX B COCT8B CTeKon. 

B .nan&HeAweM, KpoMe o6pa6oTKH H npoCM0Tpa H0BbIX o6paauoB CBHH-

UOBbIX CTeKon, uenecoo6paaHO TBK)Ke . npoB8CTH IlOHCKH a#eKT8 Cil0HT8HH0ro 

.neneHHH B CBHHUOBbIX MHHepanax, KOTOpbl8 6bmH aamumeHbl OT B03.ll88CTBHH

KOCMU'leCK0ro H3nyqeHHH Tonmen ropHblX nopo.n U HMeIOT reonorH'l8CKUA B03-

pacT nopHt:tKa .necHTKOB 'MHnnHOHOB neT. 
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HapSIAY C aTHM Mb! y ce6S1 B .Qy6He 6yAeM 38HHM8TbCSI CHHTe30M 

114 H 126 aneMeHTOB HS ycxopHTenSIX C. nOMOlllblO TSIJKenbIX HOHOB Ca 41 H 

Za70 
, Ecnn 8TH axcnepHMe~Tbl OK8JKYTCSI ycneWHblMH, TO Mbl CMOlK:~- noA-

30 

TBepAHTb noxa npeAnonOlKHTen&Hble BblBOAbl O cymeCTBOB8HHH OTHOCHTenbHO 

CT86Hn&HblX CBePXTSllKenblX aneMeHTOB, 3To, B CBOIO 011epeA&, 38CT8BHT H8C 

no-HOBOMY noAoATH KO MHOrHM BonpocaM CTpyxTypbl SIAP8 H HAepHbIX CHn, 

AeACTBylOlllHX Mell(Ay HyKnOH8MH, 

B 38KnlO'leHHe, nepecj,p83HpySI cnoBB MeHAeneeBS, SI XO'IY CKa38Tb, 'ITO 

HccneAOBSHHe CBHHU8 H ~oceAHHX C HHM aneMeHTOB, H8'1HH8SI C ero npHpOA

HblX HCTO'IHHKOB, noBeAeT eme KO MHOrHM HOBbIM OTKpblTHSIM, H SI CMeno pe

KOMeHAYIO TeM, XTO HllleT npeAMeTOB AnSI HOBblX HCCneAOBSHHA, oco6eHHO 

TlllSTenbHO 38HHM8TbCSI CBHHUOBblMH coeAHHeHHSIMH. 
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