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I. BBenemre 

100 neT Ha3an .llMHTpHfi YlBaHoBH'I MeaneneeB OTKpbiJI BaMHefiwHfi 

AJIH p83BHTHH ~H3H'!eCKHX H XHMH'!eCKHX HayK 38KOH rrepHOAH'IHOCTH H3-

MeHeHHH CBOHCTB 3JieMeHTOB B 38BHCHMOCTH OT HX 8TOMHOro HOMepa, DpH 

MH3HH .ll,Yl,!v\eHneneeBa C8Mb!M THMeJib!M H3 H3BeCTHb!X 3JieMeHTOB 5b!JI 

ypaH - aneMeHT c aToMHbiM HOMepoM 92. MeaneneeB rrHcan 70 neT Ha3an 

B "0CHOB8X XHMHH": "Y5eMneHHhlA B TOM~ 'ITO HCCJieAOB8HHe ypaHa, H8'IH

H8H C ero ITpHpOAHbiX HCTO'IHHKOB 1 ITOBeneT ewe KO MHorHM HOBb!M OTKpbl-

THHM, H CMeJIO peKOMeHnyJO TeM 1 KTO HUleT ITpenMeTOB AJIH HOBbiX HCCJie-

.11/ t:IOB8HHH 1 oco5eHHO T!U8TeJibHO 38HHM8TbCR ypaHOBb!MH COeAHHeHHHMH , 

.~~ . '~··-

.llefiCTBHTeJibHO, H3y'!eHHe ypaHa ITpHBeJIO K OTKpb!THIO ecTeCTBeHHOH p8AH0-

8KTHBHOCTH, KOTOpoe ITOJIOMHJIO H8'!8JIO BCefi COBpeMeHHOH HAepHOH ¢H3HKe, •J 
DpH H3y'!eHHH Hnep 5wnH o5aapyMeHw xapaKTepawe 3aKoHoMepaocTH rrepH-

OAH'!eCKOro H3MeHeHHH HX CBOHCTB C 38ITOJIHeHHeM HAepHhlX 050JIO'IeK, CTa

Jia HCHOH ITpHHUHITH8JibH8H pOJib 8TOMHoro Beca H30TOITOB, OITpeneJIHIO!Ilero 

HapaBHe C 8TOMHhlM HOMepoM 3JieMeHTa BCe HAepHhle CBOHCTBa K8MAOro 

H30TOIT8 1 B TOM 'IHCJie H ero CTa5HJibHOCTb, 0AHO H3 C8Mb!X HHTepeCHblX 

HBJieHHH <jJH3HKH - cymeCTBOB8HHe OCTpOBa HAepHOH CTa5HJibHOCTH B pafioHe 

Z > 90 ( Th, U , ... ) o5bHCHHeTcH B HacToRmee BpeMH rrpoHBJieHHeM __ o_5onoqe':I_~_ 

Hb!X a<jJ<fJeKTOB B CTpyKType HAepHOH MaTepHH, 
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Opn nsy~eHnn ecTecTBBHHOH paanoaKTHBHocTn TopnH n nsoTorroB 

paHa ycnnnHMll Mapnn n Obepa K10pn H apyrnx nccneaoBaTeneft rrepBofi rrono

HHhi XX -ro cToneTHH yaanocb nony~HTb cBeaeHHH o KopoTKOlKHBYlllHX 9lle

MBHTax C 83 < Z < 90, HaXoaHlllllXC.II B paanoaKTllBHOM paBHOB8Cllll C llOJl

rOlKllBYlllllM npeaKOM B npoayKTax ero pacnaaa. 3neMeHT~ ¢paHunft n acTaT, 

npaBaa, 6b!Jlll cnHTesnpoBaHbi ncKyccTBBHHo npelKae, ~eM HaftaeHbi B rrpo

ayKTax pacnaaa TOpHH n ypaHa, He cymecTByJOlllHH B npnpoae 9JlBMeHT 

c z = 61 - npoMeTHH BnepBbie ObiJl o6HapylKeH B npoayKTax BbiHYlKaeH-

HOrO aeneHll~ Haep ypaHa noa aeftCTBHBM H8HTpOHOB, 

Hann~ne B npnpoaHhiX seMHbiX MHHepanax Tpex aonrolKnBymnx HyK-

nz 235 238 
nnaoB, Th , U , U , nosBonnno B pesynbf'aTe. nporpecca Haep-

Hoft ~H3llKH llCKYCCTB8HHO CHHT83Hp0B8Tb OOllblllOe ~llCllO ll30TOUOB 13 HO

:Bb!X 9ll8M8HTOB C 8TOMHbiMH HOMepaMH OT Z = 93 ao Z = 105 II H3Y~HTb 

HX CBOHCTt>8, 

OepBaH rron~TKa nonyqnTb HOB~e TpaHcypaHoB~e 9neMeHT~ 6~na 

npennpnHHT8 3HpllKO ~epMll B ero 9KCU8pHM8HT8X 35-neTH8H aaBHOCTll 

no ll3Y~8HHIO B38HMOaeftCTBll51 H8HTpOHOB C B8lll8CTBOM, Vf XOT.II 9T8 nOITbiT

Ka OK838JI8Cb Heyaa~HOH1 HO B ll8llbH8HW8M ycnBiliHbiH CllHT83 9Jl8MBHTOB 1 

Ha~HH8H c Np n Pu :n ao Fm 1 6~n OCYlll8CTBJ18H llM8HHO MBTO/lOM 

~epMH 1 HO npn 3H8~HT8llbHO 6onee B~COKHX ITJ10THOCT51X noTOKOB HBHTpOHOB, 

0naHOM8pH851 nporpaMM8 CHHT838 HOB~X 9ll8MBHTOB C HCnOJlb30B8HH8M 

HefiTpOHHbiX o6nyqeHnfi Ob!Jla BblllDJIHeHa B CllJA B nocneBoBHHbie roabi 

noa pyKOBOOCTBoM f.Cn6opra, Eb!JIO oTKPbiTO 9 HOBbiX 9JieMeHTOB :n c 

B~COKOH CTBnBHb!O aoCTOBBpHOCTH H3y~BHbl HX ¢H3ll~BCKll8 ll XllMH~BCKll8 

CBOHCTB8, 01lH8KO 9TOT MBToa, nO-BHaHMOMy, HC~epnaJI C80.11 1 TaK KaK 

aalKe npnMeHeH:ne noa3eMHbiX .11aepHhiX B3pbiBoB, aaJOmnx ~pe3Bb ,aftHo Bhi

coKHe nJIOTHOCTH HBHTpOHHbiX noTOKOB1 HB U03BOJI.II8T npoaBHHyTbC.II B Cllfi-

T838 9ne·MeHTOB aanbwe 100-ro sneMeHTa ( Fm). 3To"T sTan pa6oTbi no 

/2/ 
CHHTe3y TpaHcypaHOBb!X 8J18MBHTOB noapOOHO OCBBlllBH B 0030pe C:noopra , 

4 
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K H8CTO.IIlllBMy BpeMeHn H3y~eHne T.lllKBJlbiX .11aep npoaonlKaBT OCTa

B8TbC51 oaHHM H3 HHTepecHefiwnx pa3nenoB HaepHoft ~H3HKH, OrpoMHo BJIH

HHHe 8TOrO Hay~HO-TBXHH~BCKOro HanpaBJIBHH51 H8 MHorne CTOpOHbl npaK

TH~8CKOH aeHTenhHocT:n n10aeft, HnepHaH ~:n3:nKa aenHmnxcH sneMeHTOB aana 

~BJIOBSqecTBy r:nraHTCKHB HOBb!B TBXHOJIOrH~BCKHe B03MOlKHOCTll
1 

Ha OCHOB8 

KOTOpblX B nepeaOBbiX CTp8H8X Mnpa p83BHT8 MOlllH851 UpOMbllllJI8HHOCTb 

H 8HepreTHK8, 

B TO lKB Bp8M51 B OOJI8CTH XHMH~BCKHX H8YK H3y~BHH8 8JI8M8HTOB Ha 

rpaHnue nep:noan~ecKoft c:ncTeMbi MeHaeneeBa He npHBeno K CTOJib lKB pe

BOJIIOUHOHHbiM OTKpb!Tll51M1 H8 ~T0 1 B03MOlKH0 1 H8/l8HJICH llMHTpH:i\ VfB8HOBH~ 

M eHneneeB, 

0Ka3anocb, ~To sneMeHTbi c 89 _::: Z ::; 103 o6naaaJOT 6n:n3KHMH XHMH

~ecKHMH CBOHCTB8Mll H 06pa3y!OT q)yrrny 8KTllHOHaOB 1 noaOOHO paHee H3B8CT

HOH rpynne 8H8JIOrOB J18HT8H8 - ll8HT8HOHaOB, VfCCll8/lOB8HHe XHMH~BCKHX 

CBOHCTB 8KTHHOH/l0B .IIBHllOCb oaHOH 113 HHTepeCHBHlllHX npooneM COBpeMBH-

HOH XHMHH 1 HMB!OlllBH B8lKHBHW88 npaKTH~BCKOB 3H8~8Hll8 B CB513ll C p83BH

THBM HaepHOH 8HBpreTHKll, 

Eb!JIH C03a8Hbl HOBbiB MaTepll8Jibl H CoeaHHBHHH HCKyCCTBBHHO CHHTe-

3HpOBBHHbiX TpaHcypaHOBbiX 9JIBMBHTOB1 KOTOpble C8H~8C HHTBHCHBHO HC

noJib3YIOTCH B HaepHOH npOMbiWJIBHHOCTH H TBXHHKe, 0aHaKO H3-38 XHMH

~BCKOrO noaoOH51 8KTHHOllaOB M8TBpH8Jlbl H XHMH~BCKHe coeaHH8HH51 KalKaO

ro H3 HHX HB o6naaaJOT CYlll8CTBBHHO OpHrHH8JlbHbiMH M8X8HH~BCKHMH 1 onTH

~BCKHMH H 9JIBKTpHqecKHMH CBOHCTB8MH, Ka~eCTBBHHO HOBbiB XHMll~BCKHB 

CBOHCTBa npHCYlllll JIHUJb 9J18MBHT8M C Z > 103, nepBbiH H3 KOTOpb!X -

Kyp~aTOBHH1 OTKpb!Tb!H B 1964 roay B lly6He 1 HMBBT Bp8M51 lKH3HH aeC51Tbl8 

aonH ceKyHabi. 

3aecb, cneayeT OTMBTHTb1 ~TO 3aaa~a CllHT838 9JIBMBHTOB C Z > 101 

o6naaaeT onpeneneHHbiMll CIT8UH¢H~BCKHMll OCOOBHHOCTHMH H npHHUHnH8Jib

HbiMH TpyaHOCTHMH, Ma.rioe Bp8M51 lKll3HH H30TOITOB BTHX 9JI.SM8HTOB1 H3M8-
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p5l8M08 ceKyHaaMH H aOJ15lMH CeKyHa, He II03B_DJ15leT ITpHMeHSITb 06bi"'HY!O 

XHMH"'8CKY !0 MeToaHKY anH HaeHTHqmKaUHH 8TH X 8J1eMe HTOB B OITbiTaX ITO 

nx cnHTesy. HHsKoe ce"!eHue o6pasoBaHnH 8JieMeHTOB c Z> 101 B peaKUHHX 

C ycKopeHHhlMH T5l•enhlMH HOH8MH ITpHBOaHT K HeaocTaTO"'HOA CTaTHCTH

"!eCKOA o6eciTe"!eHHOCTH 8KCITepHMeHTOB H CTaBH:T Ha rpaHb B03MO•Horo 

OITb!Tbl ITO CHHTesy. 1 04-ro H 105-ro 8JleMeHTOB, 

HecMOTpH Ha 8TH TpyaHOCTH, HaM B ily6He yaanOCb BITepBbie CHHTe-

3HpOB8Tb H OaH03Ha"'HO uaeHTH<!JHUH:pOBaTb llieCTb H30TOITOB 102-ro 8J1eMeH-

/3/ /4/ 
T8 1 TpH H30TOITa 103-ro 8J1eMeHTa ( CM, 0030p ) 1 104-biA 8J1e-

/5,6/ 
MeHT H ITOJ1Y"'HTb ITpeaaapH:TenbHbie aaHHbie 0 CBOACTBaX 105-ro 8J1e-

/7/ E • 
MeHTa , b!JlH ITpoaenaHbl "'pe3Bbi"'aHHO B8-Hbl8 8KCflepMMeHTbl ITO XH-

MHM 102-ro, 1 03-ro H 104-ro 8J1eMeHTOB YHHKanbHbiM MeToaoM ra30BOA 

,!, /8,9,10/ n 
xpoMaTorpa't'HH xnopuaoa ; ''PHHUHITHanbHbiA xapaKTep pesynbTa-

TOB 8THX pa60T COCTOHT B 8KC11epHMeHTaJ1bHOM OflpeaeneHHH rpaHHUbl aKTHHHa

HOA rpyflflbi 8J1eMeHTOB, HecMoTpSI Ha ycflex 8THX OflbiTOB, cneayeT HaflOMHHTb, 

"'TO B aaHHOM cny"'ae XHMH:'IeCKHe Oflb!Tbl flpOBOaHJIHCb ansi H3J1y'IaTeJiet\: C 

y•e H3BeCTHbiMH CBOti:CTBaMH pacflaaa, B TO BpeMH KaK anH 8J1eMeHTOB 

(:; Z < 101 KapTHHa 6bJJ1a o6paTHOA : XHMH:'IeCKOe BbiJ:1eneHMe 8J1eMeHTa 

flpeamecTaoaano usy"!eHH!O xapaKTepucTHK ero pacflaaa. 8To o6cTOHTenbcT-

BO OTpa•aeT oaHy H3 TeHaeHUHA pa3BHTHH paooT flO CHHTesy TpaHC<jlepMH:e-

Bb!X 8JleMeHTOB1 3aKJl!O'Ia!OIUY!OCH B TOM, 'ITO ITpH flepexoae K Bee 6onee 

TSI•enbiM 8JleMeHTaM 3aaaqa H3y"'eHH:H HX CBOACTB CTaHOBHTCH Bee B MeHb-

meA CTefleHI1 XHMH'IeCKOA flpooneMOA H BCe B 60J1bllietl: CTefleHH: CBOaMTCSI 

K HCCJlellOBaHH!O CBOACTB pacflaaa KOpOTKO.MBYIUHX HyKJIMJlOB C OflpeneneH-

HbiMM Z H A • flo BceA BepoHTHOCTH, fl0Jlp06Hoe M3y"'eHMe XMMH"'eCKHX 

caoAcTB 8neMeHTOB a6nM3H rpaHMUbi aKTMHHJlHOtl: rpyflflbi ( Z = 102-105) 

He CMO)I{eT 6b!Tb OCyiUeCTBJ1eHOo flpaKTH"'eCKOe flpUMeHeHMe 8TMX 8J1eMeH-

TOB HBJ15leTC5l 1 BHaMM0 1 TaK•e HeB03MO.Hb!M M3-3a KOpOTKOro BpeMeHM 

6 
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•H3HH HX H H3-3a OTCyTCTBHSl MeToaa, fl03BOJ15lBlliero 6b! flOJiy"'aTb 8TH 

8JleMeHTbl XOTH 6b! B MHKpOBeCOBb!X KOJ1H"'eCTBax, 

3aeCb Mbl 1 O'IeBHUH0 1 3allinH B TaKy!O o6naCTb1 KOraa flpHpoaa CHJ1bHO 

COflpOTHBJ15leTCH HalliHM flOflb!TKaM flpOHHKHyTb B ee TafiHbl, fl03TOMy
1 

C OU

HOfi CTOpOHbl1 HOBbie pesynbTaTbi Ua!OTCH UeHoA O'IeHb OOJlblliHX YCHJ1HA
1 

a 

c npyroA - 8TH pesynbTaTbi He HMe!OT flpaKTH'IecKHX flpHno•eHHA. B To ·JKe 

BpeMSI 1 ecnH oonee aaneKHe TpaHcypaHOBbie 8JleMeHTb! HBllH!OTCSI cpaBHH

TellbHO aonro•HBy!UHMH1 TO HX H3y'IeHHe HMeeT orpOMHOe Hay'IHOe H flpaK

TH'IeCKOe 3Ha"!eHHe, flo8TOMy HeyJlHBHTellbH01 "'TO BOflpOC 0 B03MO.HOCTH 

CyiUeCTBOB8HH5l HOBOro OCTpOBa HJlepHOA CT80HllbHOCTH flpHBJ1eKaeT ceA"!aC 

HHTepec OOllblliOrO 'IHClla Cfleu H:allHCTOB BO BCeM MHpe, 

II • <I>H3H"'ecKue ocHoBaHHSI rHfloTe3bi o 

cymecTBOB8HHH CTa6HllbHbiX CBepXTH.ellbiX 8J1eMeHTOB 

ECJIH BCflOMHHTb 0 flepHOUH'IHOCTH H3MeHeHHSI CBOACTB sraep C H3MeHe

HHeM "'HClla IIpOTOHOB ( Z) H HeATpOHOB ( N) B SIUpax1 TO flOKa)KeTCSI He

oecCMb!ClleHHOA CaMa flOCTaHOBKa BOflpoca 0 CyiUeCTBOBaHHH HOBoro OCTpo-

aa HaepHoA CTa6HnhHOCTH B paAoHe BbiCOKHX aHa'IeHHA Z H N • MO)KHO 

Bb!CKa3aTb Ka'IeCTBeHHb!e COOopa•eHHSI 0 TOM, 'ITO flpH B03paCTaHHH 'IHClla 

flpOTOHOB H HeATpOHOB ponb 060llO'Ie"!HbiX a<jl<jJeKTOB B Hapax, B006IUe roBo

pSI, MO.eT OCna6nSITbCSI BBHUy flOBbillieHHSl flJIOTHOCTIJ OUHO'IaCTH"'HbiX COC

TOSIHHA a6nH3H rpaHHUbi <l>epMu. KpoMe Toro, yaenH'IeHHe 'IHcna flPOTOHOB 

B Siapax flpH Z>100 UOll)KHO flpHBOUHTb K KaTaCTpo<jJHqeCKOMY ocnaoneHH!O 

CTaoH:llbHOCTH Siaep flO OTHOllieHH!O K CflOHTaHHOMy aeneHH!O H a -paCflaUy 

H3-3a B03p8CTaHHSI CHJl KyJlOHOBCKOrO OTTallKHBaHHSl B Hapax. 0aHaKO 8TH 

Ka"!eCTBeHHbie C006pa•eHHSI He flOMOra!OT BHeCTH SlCHOCTb B BOflpOC 0 CTa-
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OIWbHOCTif TIDKBllbiX Mal"'lf'IBCKifX 51):18p, Tp.e6yeTCSI KOnlf'I8CTB8HHOB paCCMOT

peHifB naHHoro Borrpoca. TaKofi aHanrra rrpoBoJJ.;mcSI B rrocner~~me ronhi Teo

peTrrKaMrr MHorrrx cTpaH rr nan o6HaJle)KJiBaromrre peaynbTaThi. PaHHrre pa-

ll 1, 12,13/ 
OOThl OhlllH ITOCBSIW8Hhl orrpenenBHHID HOBhlX rrpoTOHHhlX H HBH-

TpOHHJ,lX Marrr'!eCKHX '!Hcen. B nanhHefimeM cTano SICHo, 'ITO aHaHHSI 9THX 

'!HC8ll COBBpWBHHO HenoCT8TO'IHO nnSI peWBHHSI BOUpoca 0 CTaOHllbHOCTH 

Sinep C TBM HllH HHLIM 'IHCllOM HYKllOHOBo Tpe6oBallCSI paC'!BT Mace Sinep H 

HX 9H8prHH ne¢opMaUHHo nepBhlB paC'I8Thl Mace Sinep B l"'HITOTBTH'IBCKOH 

o6nacTrr BrrnoTh no Z = 140 rr N = 210 6bwrr cnenaHbi Mai!epcoM rr CBSI-

/14/ 
TBUKHM o Y)I{B H3 3THX naHHbiX MO)I{HO ObinO rrony'IHTb HBKOTOpbiB Bbi-

BOnbl o rroBhiWBHHofi cTa6rrnhHOcTrr s!llep c N = t84 n Z B6nrrarr 126. On

HaKo TO'!HbiH paC'!BT 6apbBpOB neneHHSI TSI)I{BllbiX HyKnrrnoB CTan B03MO)I{HbiM 

TonbKO rrocne paapa6oTKH CTpyTHHCKHM MeTona y'!eTa o6ono'!e'!Hofi rrorrpaB-

115 16/ u 

KH 1 nnH Bbi'IHCllBHHSI IIOTBHUHanbHOH 9HBpl"'HH Hnep B aaBHCHMOCTH 

/17 18 19 20/ 
OT HX ne¢opMaUHHo C IIOMOlUhiD 9TOI"'O MBTona B pa6oTaX 

1 1 1 
Obi-

llH Bbl'IHCnBHbl 6apbBpbl neneHHSI H MaCChi SI nep TpaHcypaHOBbiX 9llBMBHTOB 

B lliHpOKOM nnarra30HB H3MBHBHHSI z rr N rrpn rrcrronh30BaHrrrr paanH'IHhlX 

Ha6opOB rrapaMBTpOB 1 cyWBCTBBHHbiX nnH paC'!BTOBo 

Bbi'!HcneHHLIB aHa'!BHHH Mace Hnep rroaBonHIDT orrpenenHTh 9Heprrrm 

a -pacnana H C IIpHMBHBHHBM ¢eHOMBHOllOI"'H'IBCKHX ¢opMyn - rreprrOnhi a -

/20/ 
pacrrana 9THX HyKnrrnoB • Ha ocHoBe pacc'IHTaHHhiX 6apbepoB neneHrrH 

B03MO)I{H0 TaK)I{B OUBHHBaTb rreprronhi rronypacrrana CBBpXTSI)I{BllbiX Hnep OT-

HOCHTBllbHO CITOHTaHHOI"'O neneHHSio 

A HanorH'IHhiB Bhi'IHCneHHH OLWH 
/21,22, 23/ 

Hoi! rpyrrrroti ¢rraHKOB • B 

pacwHpSIIDTCSI B03MO)I{HOCTH paC'IBTa 

rrponenaHbi rr B CiliA HHTBpHaurroHanh

HaCTOSJmee BpBMSI C pa3BHTHBM TBOpHH 

ITOTBHUHallbHOH 9HBprrrrr Hnep 

B 3aBrrCHMOCTH OT ne¢opMaUHll pa3llH'IHOI"'O THITa IIpH wrrpOKOM H3MBHBHHH 

u /24-26/ 
BBlllf'IHH rrapaMeTpOB ne¢opMaUrrrr BITllOTb no O'IBHh BbiCOKHX 3H8'1BHrrrr 
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_________ _,_ __ 
Bee 083 HCKlliD'IBHHSI paC'!BTbi 1 HMBIDWHBCSI Ha ceronHSIWHHit tlBHb

1 
tla

IDT IIpHHUHITHanbHO OtlHH H TOT )1{8 peaynbTaT 1 HB 3aBHCSiliiHl!: OT BbiOOpa 

IIapaMeTpOB paC'!BT8! IIpB,llCK83biB8BTCSI CylliBCTBOBBHHB OCTpOBa ITOBbilliBHHOH 

CT80HllbHOCTH HyKnHtlOB 6onee TSI)I{BnhiX1 'IBM BCB1 H3BBCTHbiB B H8CTOSJIIIee 

BpeMSI. PaanH'IHLie pac-qeTLI aamT, OtlHaKo, cymecTBBHHbiB pacxo)l{tlBHHSI a 

OITpe,lleneHHH rpaHHU o6naCTH CT86HnbHOCTH H ee UBHTpa TSI)I{BCTHo A6conmT

HaSI TO'IHOCTb OUBHKH BpeMBH )I{H3HH SltlBp H3 HOBO!!: o6naCTH CT86HnbHOCTH 

O'IBHb HBBbiCOKa, B03MO)I{Hbi OWHOKH B COTHH TbiCSI'I paa. Ka'iBCTBBHHOB 

yny'IWBHHB TBOpHH ITO nHHHH ee YTO'iHBHHSI CBli'I8C 1 BHnHM0
1 

HBB03MQ)I{HO. 

Pe3IDMHpyH, cneayeT OTMBTHTb, 'iTO TBOpHSI B HBCTOSIWBB BpBMSI HB CIIOC06-

H8 ,ll8Tb TO'iHbiH OTBBT Ha BOITpoc, K8KOil: H30TOII K8KOI"'O 3nBMBHTa tlOn)I{BH 

6biTb nan6onee CTa6nnbflhiM H KaKoBo 6yaeT ero BpeMSJ )I{H3HH. Te, KTo 

IIbiTaiDTCSI H3BnB'Ib TaKyiD HH¢OpMaUHID1 COBBplli8IDT HB3aKOHHyiD orrepaUHIDo 

npHHUHITHanbHOB ITpB,llCKa3aHHB TeopHH 0 HanH'!HH HOBOI"'O OCTpOBa CTa6Hnb

HOCTH SJ,llep C 1 B03MO)I{H01 O'IBHb 6onblliHMH BpeMeHaMH )I{H3HH HBnSIBTCSI 

3Ha'!HTBnbHbiM tlOCTH)I{BHHeM TBOpHH 1 O,llH8KO ee KOnH'!BCTBBHHbiM peaynbTa

TaM HB cneayeT IIpH,llaBaTb 80COniDTHOI"'O 3H8'1BHHSI. 

TonbKO aKcrreprrMBHTanbHbiB nccneaoBaHHSI rroaaonSJT nony'IHTb Haae)I{

Hym KOnH'l:BCTBBHHyiD HH¢OpMaUHID 0 CT80HnbHOCTH CBBpXTSI)I{BnhiX aneMeHTOBo 

KaK y)I{B l"'OBOpHnOCb BbiWB 1 TBOpHSI He aarrpe.maeT B03MO)I{HOCTH O'IBHb Bbi-

COKOI"'O BpBMBHH )I{H3HH 3THX aneMeHTOB1 Cp8BHHMOI"'O ,ll8)1{B C B03paCTOM 

ConHe'!HOl!: CHCTeMbi• 

Ecnrr cymecTByeT KaKott-nrr6o rraoTorr cBepxTSI)I{enoro aneMeHTa c Bpe-

8 
MeHeM )I{H3HH > 10 neT, TO OH tlOn)KeH COXp8HHTbCSJ B 3eMne ,llO HBCTOSI-

mero apeMeHrr, xOTSI Obi B o'!eHb ManhiX Konrr'!ecTaax. Ecnrr apeMSJ )KH3HH 

5 8 
HyKnHtl8 3aKniD'IeHO B HHTepBane 10 <rYz < 10 neT, TO Sl,llpa 3TOI"'O HyKnH-

,ll8 MOI"'YT BXO,llHTb B COCT8B KOCMH'IeCKHX ny'!eit, T8K K8K aKTHBHbie 30Hbi 

5 
BceneHHOH pacnono)K.BHbi OT ConHe'!Hoil: crrcTeMbi Ha paccTOSIHHSIX >,. 10 cBe-

9 



TOBhiX neT. B 3TOM cny'lae O'leHb Manhre KOnJi'leCTBa nannoro gneMeriTa 

MO~HO MCKaTh M Ha 3eMile H3-3& ITOCTOHHHOrO ITOCTynneHMH 8TMX HAep M3 

KOCMOCa
1 

KOMneHCMpyiOIUero HX P8.11HOaKTRBHb!ll: pacnan, nomKHO ycTaHOBMTb-

cH onpenenennoe pasaosecxe nocTyrrneHMH H pacrrana nannoro HyKnxaa, 

5 
Yf

1 
H8KOHeU 1 rrpH BpeMeHH ~H.3HH MeH&We 10 neT MO~HO paCC'IHTbiBaTb 

TOJlbKO HB HCKYCCTBeHHb!ll: CMHTe3 HOBOrO 3Jl9MeHT8 B na5opaTOpHbiX YCJlOBH-

HX, 3TH coo5pa~eHHH HllJ!IQCCT!'HPYIOTCII pHC, 1. 

B Bhrwexano~eHHOM paccMoTpeHHH Monqanxao rrpennonaranocb, 'ITO 

Hllp8 H3 HOBOll: G0Jl8CTH CTAOHllbHOCTH MoryT ObiT& 00p830B8Hbl B npouecce 

38eanaoro HyKneocHHTeaa, Cornacao coapeMeHHhiM rrpencTaBneHHHM Tpaac

ypaHOBbre gneMeHThi cxaTeaxpyiOTCH B peaynbTaTe ObiCTporo nocneaoBaTenb

noro aaxBaTa Hell:TpOHOB ll.llp&MH nerKHX 3JleM9HTOB rrpH BCITbiWK8X eBepX

HOBbiX aBean ( TaK H83biBaeMbtli: r -npouece). MoryT nH ObiTh oopaaoBaHhi 

srapa c A> 280 B r -rrpoueece? naTb onpeneneHJibill: 0T!IeT H8 3TOT Bon

poe, no aaweMy MHeHHIO, eell:qae aaTpyaHHTenbHO. Pac'leT r -npoueeea 

Tpe5yeT 3H8H.HSI 3HeprHll: eBSI3H H9ll:TpOHOB1 6aphepOB .neneHHSI H rrepHOAOB 

enOHT8HHOrO )leneHHH AliH S!Jl9p1 0~1181l810lllHX 0'19Hh 6onioWHM H30blTKOM H9H

TpOHOB • rrpx Z > 92. To'IHhiX eBeaeaxl!: rroao6Horo pona Mbi eeil:'lae He HMeeM, 

/27/ 
Oonee TOr0

1 
pSIIl tjJH3HKOB BbleKa3b!BaeT MH9HHe ( HarrpHM9p 1 8BTOp ) 1 

'ITO BOOOIUe H8WH rrpellCTaBJleHHSI 0 SIA9pHOft eT80HllbHOCTH Hell:TpOHOOOOra

IU9HHbiX HYKIIHAOB H9ITp8BHJlhHbl H 3HeprHH eBH3H H9KTpOHOB .o5pauraeTesr B 

0 nHWb ansr Haep e ropaaao 5onhWHM xa5brTKOM aell:TpoHoB, qeM 3TO cne-

AyeT H3 IIOliY3MIIHpH'IeeKHX tjlopMyll Mace srnep, 0AHBKO AilS! IIpHMepa MO*HO 

/28 29/ 
eKaaaTh, 'ITO B pa5oTax ' Ohill rrponenaH paeqeT r -rrpouecca B orr-

peneneHHhiX rrpearrono~eaxsrx o eBol!:eTBax Tsr*enhiX srnep H nony'leH peaynh-

TaT, 'ITO r -rrpoueee o5pbrBaeTcsr B pal!:one A = 270-275 xa-aa 5on&wol!: 

BepOSITHOeTH" BhiHY*AeHHOrO aeneHHH sraep B 3TOll: oonaeTH Mace. YfMeiOTeH 

10 
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/30/ 
H 6onee OITTHMHeTH'IeeKHe p93YllbTaTb! paeqeTOB C'IHT8Th peaynbTaT 

KaKoro-JlHOO H3 8THX paeqeTOB OKOH'IaT9JlbHhlM1 B9pOSITII0 1 H9T OeHOBaHHll:. 

KpoMe Toro, aa*e eenx· r -rrpoueec He rrpHBOAHT K o5paaoBaHHIO eBepXTH-

~9JlblX sraep1 TO MOryT ocyureeTBJlHTbesr, BHAHM0 1 H9KOTOpbi9 HHhie IIyTH HX 

3B93AHOrO CHHTeaa. 0AHY H3 HHTepeeHbiX B03MO*HOeTell: eHHT938 CB9pXTSI-

*9JlWX 3Jl9M9HTOB B rrynbcapaX paeeMaTpHBBIOT eel!:qac HT8JlbHHeKHe tjJH3H-

/311 
KH , He enenyeT1 OAHaK0 1 3aObiBaTh 1 'ITO KOJ!H'IeeTBO H pacrrpoeTp8H9H-

HOeTb BO BeeneHHOl!: 3THX sraep cyureCTB9HHO 38BHCSIT OT THIT8 R aeTalleil: 

IIpOU9CCa 1 OTBeTCTB9HHOrO 3a HX 00p830B8HH9, 

III • DoiibiTKH aKcrrepHMeHTaabHoro o5aapy*eHHH 

esepXTSI*9JlhiX 3Jl9M9HTOB 

Kacasreb HCTOpHH 3Toro BOIIpoea, H900XOAHMO OTM9THTb 1 'ITO eure B 

paHHHX paOOT8X ITO H3Y'I9HHIO eeTeCTB9HHOl!: paAHOaKTHBHOCTH IIpHpOilHblX 

MaTCplfaJ!OB HaOJliOA8J!Heb HeKOTOpb!9 tjlaKTbi 1 HeAOCT8TO'IHO IIOHHTble BITJlOTb 

ao ceroaHsrwaero aasr. Dpotjl. illHHTen&Mel!:cTep B Te'IeHxe anHTen&Horo Bpe-

/32/ 
M9HH 3BHHM8JleSI HeeneAOB8HH9M npHpOAHblX a -H3lly'IaTenell: H H801110-

A8Jl aHOMaJlbHbi9 3HeprHH a -'laeTHU 1 a T8K*e HeOObi'IHbl9 XHMH'IeeKHe 

CBol!:eTBa 8TH X H3liY'I8Tenel!: ( B H9KOTOpbiX cnyqasrx IIOJlOOHbie CBOl!:eTB8M 

oeMHsr) 1 OllHaKO TO'IHO HA9HTHtjJHUHpOB8Tb 3TH p8AHOaKTHBHOCTH eMy He yaa

noeb. HeaaBiiO HaM eTano H3BeeTHo, 'ITO l1pea K10px B rrocneanxe ronhr 

CBoel!: *H3HH TaK*e IIpOBOAHJl8 pa6oTy IIO H3Y'I9HHIO "CTpaHHbiX" a -panxo-

aKTHBHOeTel!:, KOTOpb!e TPYAHO Ob!JIO CBSI3aTb e H3B9CTHbiMH IIpHpOAHbiMH 

a -xanyqaTensrMx. AaanorH'IHhre peaynhTBThi nanx 8KerrepxMeHThi noKTo-

pa n*eHTpH 1 3aHHM810Ul9rOCSI HCCJl9AOB8HH9M IIJl90XpOH'ICeKHX KOJ!9U B ITpH

POAHhiX CJ!IOABX1 B03HHK8IOIUHX BOKpyr BKparrneHHl!: a -p8AH08KTHBHblX ::;me-

11 



/33/ 
MBHTOB B o6pa3U8X , HaKOHBU, npo¢, qE1PAbiHUBB MHOI'HB I'OAbl H3y'laJI 

8 eo6bi'IHbiB XHMH'IBCKHB cnolkTBa npnponHoro a -113Jiy'la Tem:r c E a = 
= 4, 75 M sB n np11wen K BbiBony, 'ITO sTa cpaBHI1TBJibHO penKa51 panl1oaK

THBHOCTb T8K)!W o6Hapy)!(I1B8BT XI1MI1'1BCKI1B CBOti:CTBa, CXOAHbiB CO CBOti:CT-

/34/ 
B8MH OCMH51 

ECJII1 BBpHyTbC51 K CBI'OAH51WHI1M AH51M 0 TO H8116onee B036y)!(A8IDWHM 

6wno C006WBHI1B npo¢, ~8ynepa 0 H86JIIDABHI111 B COCT8BB nepB11'1HhlX KOC-

/35/ 
MH'IBCKI1X nyqetl O'IBHb T51)!(BJihlX 51ABP • B STI1X onwTax 6onbwl1e nno-

wann ¢oT08MYJibCI1ti: nOAHHM8JIHCb Ha 3H8'111TBJlbHYID BhlCOTy·c noMOWbiD 

B03AYWHhlX wapoB, np11 npOCMOTpe np051BJIBHHhlX <lJoTOSMYJibCHti: BCTpB'18JIHCb 

~ 

OTABJlbHhlB TpBKI1 C O'IBHb BhlCOKOA nJIOTHOCTbiD HOHH38UHH 1 no OUBHKB aB-

TOpOB sTI1 TpeKI1 npnHaAJIB)!WJII1 51ApaM c Z > 100. B nanbHetlweM 6biJJH BbiC

KaGaHw COMHBHH51 0 AOCT8TO'!Ha Jll1 TO'IHOCTb onpBABJIBHI151 Z -'18CT11Uhl no 

nJIOTHOCTH TpBK8 1 OCT8BJ151BMOI'O BID B ¢oT08MYJlbCI1H, McnOJib30B8B IIJI8CTH

KOBhlB ABTBKTOphl AJI51 pBI'HCTp8UI111 T51)!(BJlhlX AABp B COCTEIBB KOCMH'IBCKHX 

/36/ 
nyqeti:, ~neAmep 11 npaAc IIpHIIIJIH K Bb!BOAY, 'ITO All pEl C Z > 92 3ape-

I'HCTpHpOB8Tb He ynaeTcA, Heo6xonnMw, no-BHAI1MOMy, AEIJibHeAwne sKcrre

pi1MGHTbi B STOM HanpaBJIBHI1H, Ecm1 pe3yJibT8T IIpo<lJ, ~aynepa IIOATBBpJlHT

CA, TO STO 6yAeT 03H8'18Tb 1 'ITO AOJII'0)!(11ByWHB CBBpXTR)!(BJihlB AApa 113 HO

BOA o6naCTI1 CTa6HJibHOCTI1 ( T 1
2 

> 10
5 

.neT) CYIIlBCTByiDT H 'ITO OHM CHHTB-

3HpyiDTC51 B rny6nHaX KOCMOCa, 

3acJiy)!(I1B8IDT BHI1M8HI1A HMBIDIIlHBCA CB8ABHH51 06 H36b!TKB pBAHOI'BH

HOI'O KCBHOHa H HB06hl'!HOCTH ero H30TOIIHOI'O COCTaBa B p511le MBTBOpHTOB 

no cpanueHHID c TBM KOJIH'!eCTBOM Xe , KOTopoe AOJI)!(HO 6wno 6w rrony-
23S 

'18TbC51 B pe3yJibTaTe CnOHT8HHOI'O AeJieHHA U , conep)!(amerocA B 

/37/ 
• 3TH ¢aKThl MOI'YT 6wTb CB5138Hhl C H8JIH'II1BM B COCT8BB MeTeopnTax 

MBTeopHTOB, KpOMB 
23S U , K8KOI'O-JIH60 Apyroro CIIOHT8HHO ABJIAIIlero-

C51 H3JIY'I8TeJIA 1 B03MO)!(H0 1 K HaCT0511IleMy BpeMBHH y)!(e IIOJIHOCTbiD paCII8B• 

werOC51, HO OCT8BHBIIIBI'O IIOCJIB ce651 H36WTOK 51/lBp \p , npaACOM H ~neA-

12 

1: 
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/38/ 
wepoM 6wna HenaBHo BwnonHeHa pa6oTa no HGMepeHHID nnnHw cnenos 

OCKOnKOB neneHHR, 38pBI'HCTpHpOB8HHhlX B KBapue, H8XOAHBWeMC51 B COCT8Be 

Tex MeTeopnTos, KOTOphie nannnn aaoMannn B conep)!(!.lHHH X(• • He Ha6-

niDABnOCb cymeCTBBHHOI'O OTJIH'IH51 AJIHHbl STHX TpeKOB OT AnHHbl cneAOB 

OCKOnKOB BblHY)!(JlBHHOI'O neneHHA 51/lep ypaHa H OT paC"!BTI!biX 3Haqeanti AJI5! 

ZH ( a 7 s.r. 10 
crroHTaHHoro neneanR Pu r 1 = 7,5.10 neT, r 1 =2,5•10 neT), 

:! 2 

Ha STOM OCHOB8HHH CABJI8H BbiBO.O, 'iTO HMel!HO C npHCyTCTBHeM H 4 Pu B 

H8'i8Jlbl!OM COCTaBe MeTeOpHTOB CB5138H Ha6niD.08IDIIlHtiC51 H36b!TOK panno

reHHOI'O \!' • HaM K8)!(BTC51, 'iTO STOT Bb!BO.O He cneayeT C He06XO.OHMOCTb 

H3 8KCITepHMBHT8JlbHhlX <iJaKTOB, TBK KBK .OnHHa CJie.OOB OCKOnKOB CnOHTBH

l!OI'O peneHH51 CBepXTR)!(eJIOI'O sneMeHTa ( Z > 100) MO)!(eT T8K)!(e OK838Tb

C51 O'ieHb 6nH3KOH K TOMy, 'iTO Ha6JIID.08eTC51 AnA AeneHH51 ypaHa, 3.oecb 

cneayeT HanOMHHTb 0 'iTO COBepllleHHO He51CeH Bonpoc 0 M8CCOBOM pacnpe.oe-

neHHH OCKOJIKOB cnOHT8HHOI'O neneHHR CBepXTA)!(enwX sneMeHTOB H 0 6anaH-

ce sHeprnn B STOM rrpouecce. 

B CWA B nocne,cHiee BpeMA 6biJia caena11a nonbiTKa o61!apy)!(eHHR 

CBepXTR)!(enwX sneMGHTOB B pa3nH'iHWX o6pa3U8X0 COAep)!(81IlHX IIJ18THHy H 

GonoTo. Bw6op sTnx aneMBHTOB 6wn o6ycnoBneH cnenyiDIIlHMn rrpn'inHaMn: 

1, Ha OCHOBB onwTOB IIO XHMHH Kyp'I8TOBH51 51BnAeTC51 BeCbMa BepoRTHhlM 

npe.onono)!(eHHe 0 TOM, 'ITO SJieMeHTbl C 105 < Z < 115 6y.oyT IIO CBOHM XH-

MH'!eCKHM CBOti:CTB8M 8H8JIOI'8MH SJieMBHTOB OT T8HTaJia AO BHCMyTa, 
/21/ 

2. PacqeTbl c.r. HnnbCCOHa H np. npenCK83biBEIIDT Han60Jiblllee BpeMR 

)!(H3HH .Om! aneMeHTa C Z = 110, KOTOpb!H cornaCHO nepBoMy npe.ononO)!(e

HHID RBJIRBTCR aHanoroM nnaTHHhl, CKOHUeHTpHpOBaB YCHJIHR Ha H3y'leHHH 

nnaTHHOCOAep)!(8WHX MaTepnanoB, HeCKOnbKO rpynn 8MepHK8HCKHX Y'IBHhlX 

nbiT8JIHCb 06Hapy)!(HTb 110-fi SJIBMBHT C nOMOIIlbiD IIIHpOKOI'O cneKTpa MBTO-

AHK: no OCKOJIK8M H HefiTpOH8M cnoHT8HHOI'O neneHHS:,, no a - H Y -H3ny

'IBHHID S!Aep 9KannaTHHblo npoBOAHJIHCb T8K)!(e peHTI'8HOBCKHif ¢JliDopeCUBHT

HbiH, Macc-cneKTpOMBTpH'IBCKHti: H 8KTHB8UHOHHbiH 8H8."IH3bl nnaTHHOBbiX 06-

13 



/39,40/ 
pa3 uoB. 3TH onbiThi KpaTKO onncaHbi B pa6oTax • Ebrna c.aenaHa ITo-

ITI>ITKa Ha6mo.aeHH51 BbiHYlKAeHHOrO .aeneHH51 9KannaTHHhl no.a .aeifCTBHeM TeiT

/41/ 
noBhiX HeifTpoHoB • Bo Bcex 9THX aKciTepHMeHTax ITonyqeH oTpnuaTenh-

Hhiif pe3yJlbTaT; .aaeTC51 JlHllib BepXH5151 rpaHHUa co.aeplKaHH51 rHITOTeTHqeCKOH 

-10 
aKaiTnaTHHhi B o6pa3uax ( < 10 r/r). IlpHMeHeHHe uenoro pH.aa pa3JYH'qHbiX 

ciToco6oe .anH ITOHCKa aKannaTHHhl .aenaeT .aocTaToqHo Ha.aelKHhlM nonyqeH

Hhiif OTpHuaTeJlbHbiH pe3yJYbTaT, OAH8KO, KaK HaM KalKeTC51 1 qyBCTBHTeJlhHOCTb 

onbiTOB ITO ITOHCKY rHITOTeTH'qeCKI'IX CBepXTHlKeJlhlX 9JleMeHTOB MOlKeT 6b!Tb 

3 HaqHTeJlbHO nOBbiWeHa ITO CpaBHeHHIO C 8KCnepHMeHT8MH 1 BbiiiOJYHeHHb!MH 

8 CWA. MeTo.a o6HapylKeHHH cBepXTHlKeJYbiX aneMeHTOB no cnoHTaHHOMY .ae

neHHIO, Bep051TH0 1 3aHHMaeT OC06oe MeCTO. LJyBCTBHTeJlbHOOTb ero oqeHb 

BbiCOKa; HCnOJlb30B8HHe 6onbWHX nponopUHOHanbHbiX cqeTqHKOB 1 a B ITOCJle)l

HHe rOllhl H AH9JleKTpHqeCKHX .[leTeKTOpOB OCKOJlKOB .aeneHH51 .aaeT B03MOlK

HOCTb o6HapylKHB8Tb CITOHT8HHOe .aeneHHe aneMeHTOB C oqeHb 6onbWHM Bpe-

21 22 
MeHeM )KI'I3HH AO ( 10 -10 ) neT, nn6o oqeHb Manbie KOHUeHTpaUHH 6onee 

KOpOTKOlKHBylliHX CITOHT8HHO .aenHlliHXCH H3JlyqaTeneif. EcnH KaKOH-HHOYAh H3 

8 
HHX HMeeT BpeMH lKH3HH OTHOCHTenbHO cnOHTBHHOrO .aeneHH51 - 10 neT, TO 

-14 
OH MOlKeT Ob!Tb o6HapylKeH B EjellieCTBe npH KOHUeHTpaUHH AO 10 r/r. 

EonhWHM npeHMymecTBOM aToro MeTo.aa HBnHeTcH raKlKe orpaHHqeHHoe qnc

no HCTOqHHKOB ·QJOHa B onbiT8X no CnOHTaHHOMY .aeneHHIOi .UnH npHpOAHbiX 

MaTepHanoB HCTO'qHHKOM QJOH8 MOlK9T cnylKHTb nHWb CIIOHT8HHOe .aeneHHe 

238 U 1 BbiHYlKAeHHOe .aeneHHe HJlep ypaHa H TOpRH HeifTpOHaMH H .aeneHHe 

H.aep THlKenbiX aneMeHTOB ( Bi, Pb, ... ) KOCMHqecKHMR nyqaMH. 

KpoMe BbiCOKo:l!: 'lyBCTBHTenhHOCTH H, KaK npaBRno, HH3Koro QJOHa, 

9TOT M9TOA XOpOW T8KlKe H TeM 1 'ITO p8Jli'I08KTHBHblll paCIT8Jl CBepXTHlKenbiX 

9n€MeHTOB ITpaKTHqecKH H9H36elKHO JlOJllKeH 38K8H'qlfB8TbC51 CITOHTBHHh!M .ae

neRHeM (CITOHTBHHO .aenHTC51 nu6o HCXOAHbi:l!: .aonrOlKHBYlliH:l!: 9JleMeHT1 nH60 

ero .aoqepHHe ITpOAYKTbl nocne OAHOrO HnH HeCKOnhKHX a -paciTa.aoB). · 

14 
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Ilo 9THM npH'IHHaM Mbi B Dy6He B Ka'lecTBe ocHoBHoro nyTH ITQHCKa 

CBepXTSilKenbiX aneMeHTOB BbiOpanH MeTOJl perHCTpaUHH BKTOB CITOHTBHHOrO 

.aeneHH51 9THX aneMeHTOBo TaK KaK Mbi ITOHHManR, 'ITO COBpeMeHHa51 TeOpRSI 

Hecnoco6Ha TO'IHO npencKaaaTb Z HaR6onee nonrolKRBymero cBepxTHlKeno-

ro HYKJYHJla, TO Mbl He orpaHH'IHBanHCb H3y'leHHeM o6pa3UOB0 COJleplKalliHX 

OJlHH KaKo:li:-nHOO aneMeHT. IlpoBepKe ObiJlH IIO}lBeprHyTbl MaTepHanbi, CO

neplKawHe BHCMyT, CBHHeu, TannH:l!:, pTyTh 0 BOJlbQJpaM. KpoMe Toro, o6pa3-

Ubi qacTO ObinH cnOlKHOrO XHMH'IeCKOrO COCTaBa H COCTOHnH H3 MHOrHX KOM 

noHeHT. Eonhwe Bcero Obino H3y'leHo paanH'IHbiX MaTepHanoB, coneplKawHx 

CBHHeU. YqHTbJBaH, 'ITO XHMH'IeCKHe CBOHCI'Ba CBHHUa He HaCTOnhKO H30Hpa-... _______ ...... 

TenbHbi 0 KaK, HaiTpRMep, CBO:li:CTBa nnaTHHbi 0 MOlKHO ITOHSITb 4JaKT ITpHCyTCT-

BH51 B HCcneJlOBaHHbiX Oopaauax OOnbWOrO qHcna pa3JYH'IHbiX MRKpOITpHMece:l!:. 

/42/ 
IlepBb!H HaW 9KCITepHMeHT COCTOSIJl B cne.ayiO.llieM: CBHHUOBaSI <flonbra 

... 4 2 ' . 
ITnowaJlh!O 10 CM B KOHTaKTe C MaifnapOBOH nneHKOH1 npaKTH'IeCKH He 

HMeiOwe:l!: ne<fleKTOB 0 Ob!Jla IIOMerueHa Ha 100-JlHeBHyiO 9KCII03HUHIO IIOJl 3eM

niO Ha rnyoHHy 40 M JlnH 38lliHTb! OT KOCMH'IeCKHX nyqe:l!:. Ilocne ITpOCMOT

pa nneHKH ObinO Ha:l!:neHO 7 cnenoB OCKOnKOB neneHHH. IlpH ITpOCMOTpe B 

JlBa pa3a oonbwe:l!: IIJlOlliaJlR TaKOH lKe nneHKH 1 He HaXOJlHBllie~CSI B KOHTaK

Te co CBRHUOM, obmo aaperHcTpHpoBaHo nHwb .aBa TpeKa. ConeplKaHHe ypa-

-10 
Ha B Ma:l!:nape H CBHHUOBOH <flonbre HaXOJlHnOCb Ha ypoBHe 10 r/r H HH-

KaK He Morno obiTh npR'IHHO:l!: Ha6niOnaeMoro a<fl<fleKTa. Ilony'leHHbiH peayn&-

TaT JlOCTaTO'IHO Ha}lelKeH 1 OJlHaKO a6coni0THOe 'IHCno 3aperHCTpHpOBaHHb!X 

cnyqaeB O'leHh Mano. 

DnH yBenH'IeHHH cTaTHCTHqecKoif TO'IHOCTH OITbiTOB 6bmH uccnenoBaHbi 

CTapbie ( B03paCT HeCKOnhKO COTeH HJYH .aeCHTKOB neT) CBHHUOBbJe 1 BOJlh

<flpaMOBbJe H COJleplKalliHe TannH:l!: H BHCMyT 9Im@.~~pKana, oonOMKH BHT

palKa H T,Jl. 80 BCeX 9TRX cny'la51X B CTeKne B Te'leHHe JlnHTeJlbHOrO BpeMeHH 

HaKannHBanHCb TpeKH OCKOnKOB CnOHTaHHOrO .aeneHHH TeX H3ny'laTene:l!:1 
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KOTOphle BXOAllnll B COCTBB CTeKna Hnll COllpllKBCBIDllillXCH C HHM BemecTB 

( pTyTHBH BMBnbr'BMB B CJiy'lae 3epKBJI 0 CBHHUOBBH paM a BllTp8)!{8 ll T,a,) • 

B HeKoTopbiX H3 8THX o5pa3uon 5biJIO o5Hapy)l(eHo 5onbl!loe '!Hcno cneaoB 

OCKOnKOB aeneHHH 0 KOTOpoe HHKBK He MOI"'nO 5b!Tb o5~HCHeHO llpllCYTCTBHeM 

ypaHa B nccnenyeMoM MaTepnane. Conep)l(aHne ypaHa B BemecTBax orrpene

nHnoch C O'leHb BhlCOKOI TO'lHOCTbiD rryTeM o5ny'leHHH o5pa3UOB MeaneHHhl-

MH HeATpoHaMH HB peaKTope. KpoMe crroHTBHHoro neneHHH ypaHa, B03MO)I(-

I HhiM !jloHoM Morno HBHThCH neneHne cnnHua KOCMH'leCKHMn ny'!aMn, ITpHMhie 

\

' 8KCITepHMeHTBnbHbie ABHHbie 0 BepOHTHOCTll aeneHHH Haep CBHHUB KOCMH'l8C-

' KHMH JIY'lBMll HB ypOBHe MOpS! B HBCTOHWee BpeMH OTCyTCTBYIDT, 0aHBKO 
'-

TOT !jlaKT 0 'ITO MHOrHe CBHHUOBbie CTeKnB He ABIDT a!jl!jleKTa, AOK83biBBeT 

/42 43/ 
He3HB'lHTenhHOCTh ¢oHa. 8TH OllhiThi orrncaHhi B pa5oTa¥ ' • Pe3ynhTa-

/43/ 
Tbl ll3y'leHHH o5pB3UOB 0 COaep)I(BllillX CBHHeU, !IpHBeaeHbl B Ta5n, 1 , 

B HeKoTophlX o5pa3uax o5napy)l(eH O'leHb BhlCOKHA ypoBeHb g!jl!jleKTa, Harrpn

Mep, B OAHOM ll3 CT8KOn1 ll3r'OTOBJieHHOM 30 neT TOMy H838A1 3BperHCTpll-

pOBBHO 100 TpeKOB OCKOnKOB aeneHHH llpll !jloHe OT ypaHa 2 TpeKa, 8 o5-

p83UBX1 conep)!{amnx npyrne 8neMeHTbi ( Bi, Pb, Hg, W) , ne o5Hapy)!{eHo 

5onh~r'O 'lllCJIB TpeKOB OT OCKOnKOB CllOHTBHHOr'O aeneHHH 1 OAHBKO 8TO MO-

)l(eT 5hlTb CBH38HO ll CO cny'lBIHhlMll !Ipll'lllH8Mll 1 TBK KBK 'lllCJIO llCCneno-

BBHHhlX o5p83UOB B 8TOM cnyqae 5hlJIO He O'leHb BSnHKO, HeKOTOphle ll3 

HCcneaOBBHHhlX o5pa3UOB CTeKOn ITOK838Hhl HB pnc, 2. 

K Ta5n. 1 Heo5xoaHMO naTb onHo rroHcHeHne: rrepnon rronypacrrana 

CITOHTBHHO nenHmerOCH H3ny'lBT8JIH 1 OCKOnKH neneHHH KOTOporo perHCTpll-

pyiDTCH CTeKnBMH 1 HBM He ll3BeCTeH, IT08TOMY pBCC'lHTBTb KOHUeHTpBUHID 

8TOI"'O H3ny'!aTenH B MBTepHane HeB03MO)!{H0, 8 CBH3H C 8THM Ha5JIIDABIDlliHICH 

8!jl!jleKT 6bin OTHeCeH K 'lHCny Haep CBHHUB B llpOCMOTpeHHOM o5~eMe o6p83UB 

11 Bbl'lHCneHa BenH'lHHB KB)I(yllier'OCH rrepnona rronypacrraaa CBHHUB ITO OTHO-

16 

'ti 
." 

;,, 
\if{ ;;;-', 
-~i''' 
ll; 

)\' 
•(;', 

;;

~ 
I 

---~--------
l!leHHID K CITOHTBHHOMY aeneHHID, 8Ta BeJIH'lHHB HMena 6hi !jJH3H'leCKHii CMb!C 

ecnn 6bi neiicTBHTenbHO CBHHeu ncrrhiTbiBan crroHTBHHoe neneHne, TaK KaK 

8TO HepeanhHO, TO rrpHBeneHHaH BenH'lHHa KB)!{VmerocH nepnona nonypacna
r y, n 

na CBHHUB eCTb He 'ITO HHOe, KBK T = 
2 

Pb 
n 

c.n.H. 

rne T~ - HeH3BeCT 

Hblii HBM nepHOJl nonypacnaaa CnOHTBHHO aengmeroCSI H3ny'!aTenSI, n 
C,Jl,H. 

'lncno Hnep sToro nany'laTenH B o6pa3ue, n - '!Hcno Hllep Pb 
Pb 

B o6paa-

ue. To ecTb T o5paTHO nponopuHOHanhHO KOHUeHTpaunn cnoHTBHHO aeng-

8 
Ecnn r ~ = 10 neT, merOCH H3ny'laTenH H CKOpOCTH ero pacnaaa A 

20 
TO B o6pa3Ue C MHHHMBnhHbiM 3HB'leHHeM T =10 neT COJlep)!{HTCH 1 BTOM 

12 
CnOHT8HHO JlenHmerOCH HyKnnna HB 10 BTOMOB CBHHUB, B o5pa3U8X C 

5onhlllHMH 3HB'leHHHMH T 8THX Haep ellle MeHbllle. 

Bee cTeKna, nepeqncneHJJbie B Ta5n. 1, coaep)l(anH 5onhlllOe Konn'lecT 

BO CBHHUB ( OT 10 JlO 50% -no Becy) 1 HO JlaneKO He BCe H3 HHX 06Hapy)I(H

B8IDT 8~KT cnoHTaHHoro aeneHHH. CnenoBaTenbHO, oTcyTCTByeT_KaKaH-nn 

5o KOppenHUHH Me)I(JlY COaep)!{BHHeM CBHHUB H CnOHT8HHO aenHlller'OCH H3ny

'laTeng B o6p83U8X, 8TOT !jlaKT 03HB'lBeT1 'ITO nn5o CnOHTBHHO aenHmHiiCH 

H3ny'laTenh, 5yJly'lH 8KBCBHHUOM 0 TeM He MeHee CHnhHO OTnH'!BeTCH OT 

CBHHUa no CBOHM XHMH'leCKHM CBOiiCTBBM, nn5o JlBHHbiH H3ny'laTenb B005llle 

He npnHanne)I(HT K IV -oR rpyrrne nepHOllH'!ecKoii CHCTeMbi- MeHneneeBa H 

npHCYTCTByeT B o5pa3UBX, COJlep)!{BlllHX CBHHeU, no cnyqaiiHbiM ITpH'lHH8M 0 

HMeH B KB'leCTBe HOCHTeng KBKOii-nn5o apyroii aneMeHT, BXOJlS!lllHii B COCTB 

CTeKon A8)1(e 1 MO)I(eT 6biTb 1 B MBJIOM KOnH'leCTBe, 

f1 OCne 06Hapy)!{eHHH 8!jl!jleKTa CITOHTBHHOI"'O .neneHHH B CTeKnax Mbl pa3 

BHnH MeTOAHKY perHCTpBUHH OCKOnKOB CnOHTBHHOr'O aeneHHSI C ITOMOlllbiD 

6onblllHX IIpOnOpUHOHanbHbiX C'leT'lHKO_;)anHHOii 200 CM II AHBMeTpOM 26 CM 

(eM, pHC. 3). BHyTpeHHHH IIOBepXHOCTb C'leT'lHKOB MOrna 5biTb IIOKpbiTB 

2 
cnoeM HCCneayeMOI"'O BellleCTBB TOnlllHHOii (2,5-3,0) Mr/cM o6rrtHM BeCOM 

OKOnO 50 r,r!3 C'leT'lHKH 

6biJIH 06Hapy)!{eHbl TpeKH 

nOMemanHCb CnOH MBTepnana CTeKOJI1 B KOTOpb!X 

OCKOnKOB CnOHTBHHOr'O aeneHHH H 5h!JIH 3aperHCT

-' 
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p!1pOB8nhi 6onbll1He HMnynhCbl OCKOnKOB aenei!H>I1 'IHCnO KOTOpb!X COBI18ll8BT 

c paC'IBTOM na OCnOBe H3BeCTnOA 06beMnoA rrnoTnOCTH TpeKOB 1 naKonneu

n~X B CTeKnaX 3a BpeM>I HX Cy!lleCTBOBanH>I, TaKHM o6pa30M 1 ~aKT np11-

1 cyrcTBHH B MaTepHane cTeKon neH3Becrnoro, cnonTanno nen>I!lleroc>I H3ny-

) '-IaTEW>I 6biJ1 nOATBBp)Knen C nOMO!Ub!O ne38BHCHMOH 8KCnepHMBnT8nhnOA Me-

l 
/44/ 

T0£111KH , CTaTI1CTH'IBCK8>1 TO'InOCTb 011b!T8 neBenHK8 1 0):1n8KO OTnO!lle-

HHe 8tpqleKTa K ~ony >IBn>IeTC>I yaoeneTBOpHTenbnhiM ( OKOno 10), ¢onOBh!H 

onwT 6~n caenan nyTeM noMeiUenH>I B C'IBT'IHKH 35 r 8neKTpOM8rnHTHO 

pa3aeneuuoro H30Tona 
208

Ph 1 KOTOphiH He MOr COUBp)K8Tb npHMeceA 

8neMenTOB C apyrHM aTOMnhiM BBCOM 1 110 MOr aenHTbC51 KOCMH'IBCKHMH ny-

'-WMH TBK /1\8 1 KBK H >!Upa CBHnUa, BXOA>I!UHB B COCT8B HCCnenOB8HnhiX CTB-

Kon. B qJOHOBOM 8KcnepHMenre 6hrno 38perHcTpHpOB8HO mllllb 2 HMnynhca 

38 1344 'laCa H3MBpBnHfi, ¢on OT CITOHT8H~Oro aeneHH>I ypaHa 6~n npene6-
\ ______ .. ----------········-·· ·-·- -· - - --- ·----- ......... -- ·----- ..... 

pB)KI!MO Man, KaK y)Ke rOBOpunOCb 1 KonuenTp8UH>I ypana B BB!UBCTBaX TO'I-

110 onpeaen>In8Cb C ITOMO!Ub!O neATpoHnbiX o6nyqenHA, KpOMe Taro, 8TH naH

nbtB KOnTpOnHpOBanHCb no a -aKTHBnOCTI! 1 H3M8p>IeMOfi nponopuuonanbnbiM 

C'leT'mKoM B npouecce pa6oTbi. Eonee noapo6uo 8TH 8KcnepHMeHTbr onHC8-

nbt B p860Te 
/44/ 

( B 'IHCnO H3Y'I88MbiX n8MH o6p83UOB Mbl BKn!O'IHnH no npenno)KenHIO 
I 

( aKaHeMHKa A.n. Bunorp8AOB8 11 )Kene3o-Mapr8nueBbie KOHKpeUHH - ynHBH-

renbHeArmre o6pa30BanH>I 1 ll00b!B88Mb!B CO ana OKB8HOB ( CM, pHC. 4), 8TH 

ne60nb!llHB OKpyrnbiB npeUMBTbl TeMnO-KOpH'InBBOro UBeTa HMB!OT B03p8CT 

OKOno MHnnHOH8 neT 11 COCTO>IT rnaBHblM o6pa30M 113 OKHCnOB )Kene3a 11 

MapraHUa 11 apyrHX MeTannOB, KOTOp~e H3BneKa!OTCR KOnKpBUHefi 113 OKpy

/!\8K>lUBll BOllbi, B KonKpeUH>IX KonuenTpaun>I neKoropbrx sneMenToB (Pb, Tl, 

II~. w, ... ) B MHnnHOnbi pa3 6onbllle,'leM B Bone OKeana. TaKHM o6pa30M, 

3flBCb OCY!llBCTBn>IeTC>I BCTBCTBenn~A npouecc H36HpaTenbnOrO H3Bn8'1BHHH 

p>~aa 8neMenTOB H3 OKpy)KaiOmeH: cpeahr. EcTb ocnoB8nH>I ayMaTh, 'ITO 11 

CBepXT>!)KenbiB sneMenThl 6yayT C0£18p)K8TbC>I B M8TBp118ne KOHKpBUHfi B ro-
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pa3UO 6onb!lleM KOnH'IBCTBB na BllHnHUY BBC8, 'IBM B B0£18 0KB8H8. 

B npouecce pa6oT~ c )Kene3o-MapranueB~MH KonKpeUH>IMH 6~no o6napy)KeH 

'ITO B HeKOTOpblX 113 HHX COUBp)K8TC>I He6onhlllHB KyCO'IKH IlOneBOrO llli18Ta, 

KOTOpbifi S!Bn>IeTC>I TaK )K8 1 KaK 11 CTeKna, UeTBKTOpOM OCKOnKOB aeneHHSI, 

nocne COOTBeTCTBY!OlUBH o6p860TKH OKa3aDOCb 1 'ITO Ha nOBepXHOCTH none-

BOrO llli18Ta HMBBTC>I O'IBI!b Bb!COKa>I nnOTHOCTb TpBKOB OCKOnKOB aene-

n11>1. B o6'beMe noneBoro !llnaTa nnoTHOCTb TpeKOB 3Ha'IHTenbHO nH)Ke, 'IBM 

Ha ITOBepXHOCTH, 8TO 031!8'18BT 1 'ITO CllOHT8HnO aen>IIUHHC>I H3ny'laTenb, OT-

BBTCTBBHHblfi 38 TpeKH H8 nOBepXHOCTH IlOneBOrO llliT8T8 1 COUBp)KHTC>I B Be

!UBCTBB KOHKpeUHH. BepXH>I>I rpaHHU8 B03pacTa KOHKpBUHH 6brna onpenene

Ha H8 nnoTHOCTH TpeKoB cnoHTanuoro neneHHll yp8Ha B o6beMe .noneBoro 

llln8T8, 3Hai!He B03pacTa KOHKpBUHH 11 onpeneneHHe KOHUBHTpaUHH ypaHa B 

ee MaTepHane !103BOnHnH Bbl'IHCnHTb BKnan CI10HT8HHOrO neneHH~ ypana B 

TO 'IHCnO TpeKOB OCKOnKOB neneHH>I 1 KOTOpoe Ha6niOU88TC>I na ITOBepXHOCTH 

noneBoro !llnaTa, 0Ka3anocb, 'ITO cnoHTaHnoe neneHHe ypaHa'o6b>ICH>IeT 

MeHee ITHTHanuaTH npoueHTOB Ha6niOa8eMoro 8~~eKTa. Ha ocHoBe sToro 

MO)KHO Bb!CK838Tb npennonO)KBI!HB 1 'ITO B MaTepHane KOHKpBUHH coaep)KHTCR, 

" r. " /45/ 
KpOMB ypana, KaKOH-TO npyron CITOHTaHHO nenH!llHHCH H3nyqaTenb 

nonBOll>I HTOr BbllllBOITHCaHHbiX OITbiTOB 1 HB06X0£1HMO CK¥aTb 1 'ITO y ---Hac HBT HHK8KHX COMHBHHfi B CY!UBCTBOBaHHH nonrO)KHByiUero npHpOUHOrO 

CnOHT8HHO nenHIUBrOC>I H3ny'laTen>I, He >IBn>IIOIUBrOC>I nH OUHHM 113 H3BBCT

Hb!X cnoHTaHno nen>IIUHXCH >~aep, Mo)KHO npennonO)KHTh, 'ITO naHHbrfi H3ny

'laTenh HBDHBTCH DH60 H30TOI10M CBepXTH)KBDOrO 8DBMBHT8 H3 HOBOH o6nac-

TH CTa6HnbHOCTH 1 DH60 nonrO)KHBY!UHM CnOHT8HHO llBDH!UHMCH COCTOHHHBM 

OllHOrO H3 H3BBCTI!b!X TH)KBDbiX HyKnHUOB, 
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IV. 0 XHMHqecKIIX 11 reoxiiM~qecKIIX acneKTax no11CKOS 

CsepXTSOKeJlb!X SJleMeli'l'OS 

Heo6XOJJ.IIMO CKa3aTh HeCKOJlbKO CJlOS 0 XIIMIIqeCKIIX II reOXIIMIIqeCKIIX 

acneKTaX nOIICKOS csepXTSOKeJlhiX TpaHCypaHOShiX sneMeHTOS, Koraa SKCne

piiMeHTaTOp S KaKOM-JliiOO o6pa3Ue OOHaPY*IISaeT cna6yro HeJJ.OCTaToqHo 

TOqHO IIJJ.eHTII~IIUIIpOSaHHYID paJJ.IIOaKTIISHOCTb, ecTeCTseHHhiM RSJlReTCR ero 

*enaHIIe ShiJJ.eJIIITb STY paJJ.IIOaKTIISHOCTb C noMOIUbiD XIIMIIqeCKIIX onepaUII~ 

11n11 xoTR 6LI o6oraTIITh seruecTso aaHHhiM sneMeHTOM, TaKoe *enaHIIe ecTh 

11 y HaC no OTHOIUeHIIID K Ha6nroaaeMOMY HaMil S~~eKTy CnOHT8HHOf'O aene

HIIR S HeKOTOpbiX SeiUeCTSaX. 0JJ.HaKO ocyrueCTSIITb XIIMIIqecKoe ShiJJ.eneHIIe 

Heii3SeCTHOro sneMeHTa 1.fpe3Shi1.fa:llHo TPYJJ.HO no-pR.!lY rrp11q11n. Bo-nepSbiX, 

KaK yKa3hiBaJlOCb Sh!llle, Mhl ce:ll-qac He MO*eM Ha OCHOSe cyrueCTsyrorue:ll 

TeopiH! yKa3aTh c orrpeaeneHHOCThiD Z lia116onee aonro*11syruero csepXTR-

*enoro sneMeHTa. Bo-sTOpbiX, aa*e ecn11 Z sneMeHTa 113SeCTHO, TO 

pacqeT CTpyKTyphl SJleKTpOHHhiX OOOJlO"'eK aTOMa STOT'O SJleMell:Ta He MO*eT 

6hiTh shmonneH aocTaToqll:o TO"'HO. CneayeT y"'IIThiSaT&, "'TO OCHOSHhie 

CSOil:CTSa aTOMa 6yayT orrpeJJ.BJlRTbCR KOH~IIrypaUHe:ll SHell!He~ SJlBKTpOHHOfi 

o6onoqKII ero, a JJ.JlR SHell!HIIX cna6o CSR3aHHblX SJleKTpOHOS CTOJlb TR*eno

ro aTO.Ma SJleKTpOHHhie OpOIIThl C pa3Jlii"'HhlMII KSaHTOShiMII qiiCJlaMII IIMeiDT 

oqeHh 0Jlii3KIIe SHepr1111, D OSTOMY OJJ.H03Haqll:O peiUIITb sonpoc 0 nOpRJJ.Ke 

3anonHeHIIR SJleKTpOHHhlX o6onoqeK np11 CTOJlb Sh!COKIIX Z JJ.OSOJlbHO Tpya-

HO, TaK KaK JliDOOif, JJ.a*e CaMhlif TO"'Hblil: pacqeT MO*eT ne yqiiThiSaTb Ka

KIIX-nJ!OO aeTane:lt, s aaHnoM cnyqae cyruecTseHHhiX, HaKoHeu, aa*e ecn11 

Sbi TOqHo 3HaeTe KOH~I!rypaUIIID sneKTpOHHh!X o6onoqeK a TOMa, Sbl see *e 

He MO*eTe Cqi!TaTh 3aaaqy pell!eHHOfi, TaK KaK pRJJ. sa*Hefill!IIX XI!MIIqecKIIX 

II TBpMOJJ.I!HaMIIqeCKIIX CSOHCTB SJleMeHTa aaneKO He OJJ.H03Haqlfo OnpeaeJlRBT

CH CTpyKTypo:ll SHBlllHBH SJlBKTpOHHOH OOOJlOqKII aTOMa. 

B CSR311 c nepeql!cnenHLIMII TPY.!lHOCTRMII anR npeacKa3aHIIR XI!MIIqec

K!!X CSOHCTB CsepXTH*eJlhiX 9JlBMBHTOB OCTaeTCR Jllllllb CaMbiH npOCTO:ll cno-

20 

"'""'.''*"''"""':P!llllllitfil!l'-- i·W-''' ,.,.,. ,.::~-. ~.:~_:. :;mtli Wl 

co6, I!CnOJlb3YIDIUIIH 1!3BBCTHhlB npan11na nepHOJJ.IIqHOCTI! CSOfiCTS 9JlBMBHTOB 

OOOOIUBHHhle MeHJJ.BJlBBBhlM, 0CHOShlBaHCb HB SKCnepHMBHTaJlbHO OITpeaene* 

HOM rpaHIIUe rpynnw aKTIIHOII.!lOB II TOM ~aKTB, qTo KypqaTOSI!il: RBJlHBTCR 

aaanoroM ra~HHH, MO*HO npearrono*HTh, KaK Y*B rosopHnoc&, qTo sneMe* 

Tbl C Z = 105-114 6y.nyT aHanoraMH sneMeHTos oT TaHTana .no CBHHUa. 

f1 o TepMIIHonorHI! MeHaeneeBa 114- fi sneMeHT B STOM npearrono*BHIIII MO*

HO Ha3BaTb 9KBCBIIHUOM 1 110-ii SKannaTI!HOM H T.n, Ha OCHOSe 1!3BBCTH0f'O 

npaBI!Jla JJ.HarOHanefi HCH01 qTO SKaCBI!HBU, Hanpi!Mep, 6yaeT noXOJJ.IITb ITO 

CBOIIM XIIMI!qecKI!M CBOHCTBBM HB TOJlbKO Ha CSI!HBU 1 HO II B KBKOH-TO .Me

pe aa coceaa CBIIHUa cnesa - Ha TannHfi. f1oao6awe coo6pa*eHI!H MO*HO 

Shl.!lBI!f'BTb II OTHOCI!TBJlhHO tlpyri!X CSBpXTH*BJlhiX SJlBMBHTOS 1 O,!lHBKO OHII 

HBCTOJlbKO Heonpe,1leJleHHhl 0 qTO KOHKpeTHhlX peKOMBHtlBUIIH no Bhl.!lBJlBHIIID 

STIIX 9JlBMBHTOB 113 oqeHh CJlO*HhiX no COCTasy MaTepl!anos II reonorHqec

KIIX o6pa30B8HIIM .!lBTb HBS03MO*HO, 

QqeHh TpyJJ.HO OTBBTI!Tb II HB Bonpoc 0 TOM, S KBKIIX nOp0,1l8X II Ka

KIIX MeCTOPO*tlBHIIHX cnen.yeT O*IIIJ.BTb M8KCIIM8JlhHOf'O COtlBP*BHIIH TBX .. 
!liTH I!Hh!X CBepXTmKBJlhiX 9JlBMBHTOB, .Qa*e CO.[lep*BHI!e XOpOll!O 1!3yqeHHb!X 

sneMeHTos B pa3naqHLIX reonoraqecKI!X o6pa3osaHI!HX B pHtle cnyqaes ne 

110/],qi!JiHBTCH ycTaHOBJlBHHhiM 3BKOHOMepl!OCT.IIM, 

Mo*HO BhJCKa3aT&, OtlHBKO, yTsep*tlBHHe, qTo, ecn11 csepXTH*BJlhiH 
8 . 

8JlBMeHT *IIBBT MeHblllB 10 JlBT II IIMBeTC.II fiB 3eMJlB Jli!IUb 6naro.napH 

TIOcTynnBHI1ID ero BTOMOB 113 KOCMOCB, TO ero cnen.yeT l!CKBTb B nopO.!lBX 

OCBJJ.Oqf!Qf'O npOIICXO*.!lBHIIH, B MaTepi!KOBhlX II OKBBHI!qeCKI!X SO.!l8X II B 

BbiCOKOrOpHhiX II BHTapKTHqecKHX neJJ.HIIKBX, QqeHb Y.!lOOHbl B STOM CJlyqae 

L!Jl!il f!OI!CKOB CBepXT~I*eJihiX SJlBMBHTOB lKBJlB30-MapraHUeBLie KOHKpBUIIII, 

0 KOTOpbiX y>Ke f'OBOpi!ITOCb Bbil11B, 

Ecna cnepXTHmenhlA 8JlBMBHT !!MeeT speMSI *H3HH 
8 ' 10 neT, TO OH 

MOmBT BCTpeqaTbC!i! KBK B OCHOBHLIX, TBK II B OCBJlOqHhiX nopOJlaX, XHMIIH 

8Toro 9JleMeHTa 6yner onpe.nen>ITb ero co.nep~aHHB B rex HJIH HHLIX reono-
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I'H'leCKHX o6pa30BaHHSIX, B H8ll!HX OnbiT8X C nOMO!UbiO nponopUHOHanbHbiX 

C'leT'lHKOB Mbl nposepHnH 6onbll!Oe KOnH'leCTBO CaMbJX pa3nH'lHbiX MHHepanOB 

H HH B 0/lHOM H3 HHX He 06Hapy)I{HnH BbiCOKOI'O ypOBHSI CO/lep)I{8HHSI CnOTaH

HO nerrSimeroc SI H3nyqa TenSI, 3Ha'lHTenhHO npeshill!aBll!ero 6bi yposeHb s<!J<t>eK

Ta cnoHTaHHOI'O neneHHSI, KOTOpbitl Mbl Ha6nJOJl8nH B CTeKnaX, 0TCIO/la MO)I{

HO cnerraTb BbiBOJl 0 ManOH pacnpOCTpaHeHHOCTH CBepXTSI)I{enhiX sneMeHTOB 

B npupone, 'ITO MO)I{eT 6hiTb CBSI3aHO nH60 C HX p8/lH08KTHBHbiM pacna)lOM 

8 9 
(ecnu speMSI *H3HH 10 neT <r ~ < 10 neT), nH6o c oco6eHHOCTSIMH npo-

ueccos 3Be3JlHOI'O HyKneOCHHTe3a STHX sneMeHTOB, 

V , HeKOTOpbie nepcneKTHBbl p83BHTHSI pa60T no noHCKV 

ganeKHX TpaHCypaHOBbiX sneMeHTOB 

f1oCKOnbKY HaM ynanOCb 06Hapy)I{HTb B HeKOTOpbiX BeiUeCTBaX npucyT-

CTBHe HeH3BeCTHOI'O cnOHT8HHO nenSIIUei'OCSI H3ny'laTenSI, TO ecTeCTBeHHO 

JliTSI HaC CBSI3bJBaTb nepcneKTHBbl pa3BHTHSI pa6oT no nOHCKy naneKHX TpaHC-

ypaHOBbiX 3ITeMeHTOB C nanbHeHll!HM H3y'leHHeM STOI'O H3ny'laTenSI C UeiTbiO 

orrpeneneHHSI ero Z H A 

Hau6onee rrpHMbiM cnoco6oM onpeaeneHHSI Maccosoro 'lHCrra H3ny'laTe

rrH SIBITSI9TCSI M8CC-CneKTpOMeTpH'leCKHti 8H8ITH3 COCT8B8 TeX BeiUeCTB 1 B 

KOTOpb!X 38pei'HCTpHpOB8H s<jl<jleKT cnOHT8HHOI'O nerreHHSI, He MOI'ylUHH 6h!Tb 

06bSICHeHHblM COJlep)l{aHHeM ypaHa B STHX .06pa3U8X, f1pHMeHSISI CBepX'lyBCT

BHTeiTbHbie H3MepHTeiTH TOK8 1 CnOC06Hbie peru CTpHpOB8Tb nOTOKH 38pSI)I{eH-

-17 
HbiX 'laCTHU HHTeHCHBHOCTbiO 10 a, MO)I{HO nbiT8TbCSI 06Hapy)I{HTb C no-

MO!Ub!O MaCc-cneKTpOMeTpa HOHbl C M8CCOH > 280, 0JlH8KO npH T8KOH no

CTaHOBKe onhiTa pe3ynbTaT MO)I{eT ObiTb HeonpeneneHHbiM H3-3a pa3nH'lHbiX 

<jJOHOBbiX noTOKOB HOHOB B MaCc-cneKTpOMeTpe, nonanaJOIUHX B TOT paHOH 

<!JoKanbHOH nrrOCKOCTH cneKTpOMeTpa, Kyll8 JlOIT)I{Hbl npHXOJlHTb HOHbl C MaC

COH > 280. i1cTO'lHHKaMH TaKHX <jJOHOB MOI'yT 6hiTb: pacceHHHe HOHOB 06bJ'l-
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HI·IX aneMeHTOB (A < 238) Ha ocTaTO'lHOM ra3e H cTeHKax Macc-cneKTpoMeT

pa, H8ITH'lHe CITO)I{HbiX MOITeKynSipHbiX HOHOB C M8CCOH > 280, 06pa30BaHHe 

HOHOB BTOpH'lHOI'O npOHCXO)I(JleHH~ npH B3aHMOJleHCTBHH HHTeHCHBHbiX ny'lKOB 

HOHOB C aTOMaMH OCT8TO'lHOI'O I'a3a, 

i1MeeTCSI llPYI'OH, 6onee 6rraronpHS!THbiH CIIOC06 nOCT8HOBKH SKCnepH-

MeHTa, OCHOB8HHbiH Ha rrpeanonO)I{eHHH, 'ITO S!Jlp8 CBepXTSI)I{eiTbiX sneMeHTOB 

non)I{Hbl HMeTb BbiCOKOe Ce'leHHe aerreHHSI HeHTpOHaMH, B STOM cny'lae Be

COBOe KOnH'leCTBO MaTepuarra, COJlep)I{8IUei'O CnOHTaHHO )leiTSIIUHACSI H3nyqa

Tenb, nonsepraeTCSI pa3neneHHJO c noMOIUbJO Macc-cenapaTopa, C6opHHK, 

pacnorraraeMbiH B TOA 'l8CTH cpoKanbHOH IIITOCKOCTH 1 Kyna AOn)I{Hbi IIOIIagaTb 

HOHbl C M8CCOA > 280, ITOcne OKOH'laHHSI pa3)leneHHSI o6nyqaeTCSI HHTeHCHB-

HbiM IIOTOKOM HeHTpOHOB B KOHTaKTe C AHSneKTpH'leCKHM AeTeKTOpOM OCKOn

KOB geneHHSI, ~aKT HanH'lHSI CITe/lOB OCKOnKOB gerreHHSI Ha AeTeKTOpe CBHJle

TeiibCTByeT 0 !IpHCyTCTBHH B C60pHHKe 9ITeMeHTa,AeiTSIIUei'OCSI HeATpOH8MH, 

a KOOpAHH8Tbl TOI'O MeCTa Ha COOpHHKe, OKOnO KOTOpOI'O rpynrrupy!OTCSI Tpe

KH OCKOITKOB geneHHSI 1 Aa!OT M8CCOBOe 'lHCITO gerrHIUei'OCSI sneMeHT8, f1 0/lOO- ' 

/46/ 
HbiH cnoco6 IIOCTaHOBKH OIIbiTa OOCY*AaiTCSI B JlOKITaAe M. l13pasnSI , 

4ysCTBHTerrbHOCTb sToro MeToaa MO)I{eT ObiTb o'leHb BbiCOKoii, onHaKo HMeeT

CSI HeCKOnbKO orpaHH'leHHH: 1) MaTepuarr c6opHHKa H JleTeKTOpa OCKOnKOB 
I 

AeneHHSI AOn)l{eH COAep)l{aTb O'leHb Manoe KOnH'leCTBO ypaHa H TOpHS!, HHa'le 

AerreHHe HeHTpOH8MH S!Aep 9THX aneMeHTOB C03AaCT BbiCOKHH cpoH; 2) !IpH 

p83AerreHHH B M8CC-CeiiapaTope HeOOXOJlHMO C03/laTb ycnOBHSI JlnSI TOI'0 1 

'lTOObi aTOM8pHbie H MoneKyrrSipHbie HOHbl ypaHa H TOpHS1 1 BhiXOJlSIIUHe H3 

HCTO'lHHKa, He nonanarrH Ha CoOpHHK B paHOHe Mace A> 280; 3) HH'I'er

parrbHbiH IIOTOK Hei-ITpOHOB B o6ny'leHHH OI'p8HH'leH 9cpcpeKTOM paAolfaUHOHHOI'O 

IIOBpe)l{)leHHSI AeTeKTOpa OCKOITKOB neneHHSI, D,ng pa3ITH'lHbiX M8TepHaiTOB rrpe

AeiTbHO JlOIIyCTHMbiA IIOTOK HeHTpOHOB 3aBHCHT He TOITbKO OT THII8 M8TepHa

rra, HO H OT CIIeKTpa HCIIOnb3yeMbiX HeHTpOHOB, f1naCTHKOBbl9 )leTeK't'opbl 

HaHMeHee ycTOH'lHBbl K IIOBpe)I(JlaJOIUeMy JleHCTBHIO Heii:TpOHHOI'O IIOTOKa. He-
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ITOllb30B8HHe oqeHb 'lHCTOrO ITOTOK8 TeiTliOBblX HeMTpOHOB IT03BOliHeT ITOAHHTb 

" 17 18 2 
rrpeAellbHO AOITyCTHMhlM HHTerpallbHhiM ITOTOK HeHTpOHOB AO 10 -10 1 /eM 

aa)Ke AliH ITli8CTHKOBhiX AeTeKTOpOB. 0AH8KO HHTepecyJOUIHM HaC AalleKHM 

TpaHcypaHOBhiM 9lleMeHT MO)KeT He AeliHTbCH TeiTliOBblMH HeMTpOH8MH HliH 

HMeTb O'leHh M8liOe ceqeHHe AelleHHH. 009TOMY HeOOXOAHMO p8CC'IHTWB8Tb 

Ha o6nyqeHue 6hiCTphiMH HeliTpoHaMH. ilnH oueHKH qyBCTBHTellbHOCTH orrH

caHHoro MeToaa Heo6xoAHMO caenaTb pHA rrpearrono)KeHHli. EcnH ceqeHHe 

aeneHHH HeMTpoHaMH aaneKoro TpaHcypaHosoro aneMeHTa paBHO 1 6apHy, 

TO rrpH pasaeneHHH B Macc-cerrapaTope 10 r semecTBa c s~¢eKTHBHOCThJO 

17 2 
10% ll o6nyqeHHH COOpHHK8 llHTerp8llbHblM ITOTOKOM 10 rr/CM MO)f(HO 06-

-14 
Hapy)KHTb KOHUeHTp8UHJO 3Toro 9lleMeHT8 B Bell.leCTBe 5•10 r/r, 0pH 

3TOM M8TepH8llbl COOpHHK8 H AH9lleKTpH'leCKOrO A9TeKTOpa AOli)f(Hbl COAep-

-12 ~ 
)!(8Th He 6onee 10 r/r ecTeCTBeHHoro ypaHa B cnyqae HCITOllb30BaHHH 

-12 
TeiTliOBblX Het'ITpOHOB H He OOllee 5,10 r/r ypaHa H TOpHH rrpH pa60T9 

c 2-3 Mss HeliTpoHaMH. UH~pbl no 'lHCTOTe MaTepHanos HBliHJOTCH opueHTH

poBO'lHhiMH, OHH cymeCTB9HHO 38BHCHT OT paspelll810ll.I9M CITOCOOHOCTH M8CC

cerrapaTopa H npyrHx neTaneli sKcrrepHMeHTa, 

/47/ 
KaK HaM HeaaBHO cTano H3BeCTHO , rpynrra, pa6oTaJOmag B Jla6o-

paTopHH npo~eccopa BepHaca BO ¢paHUHH, nponenana nono6HbJe orrhiThi, rron

BeprHyB pasaeneHHJO ~a Macc-cenapaTope o6pasuw raneHHTa H sonoTocoaep

)f(alliHX M8T9pH8liOB, Ha6J1JOA8liOCb 3H8'lHT9llbHOe KOliH'l9CTBO TpeKOB OCKOli

KOB A9ll9HHH B A9T9KTOpe IlOClle OOlly'leHHH H9MTpOH8MH 1 OAH8KO OHH, ITO

BHAHMOMY, HBliHJOTCH ~OHOBbiMH H CBH38Hbl C HeAOCT8TO'lHOli 'IHCTOTOM Ma

TepHaJIOB OT ypaHa, OpH aaHHbiX ycnosHHX B03MO)f(HO 6bino 6hi nony'lHTh 

CB9A9HHH 0 IIpHCyTCTBHH CBepXTH)f(9JIOrO 9ll9M9HT8 B C60pHHKe, eCliH npen

IlOllaraTb, 'ITO 9TOT aneMeHT rnasHWM o6pasoM nenHTCH Ha TPH HliH qeTw

pe 0CKOliK8 cp'aBHHMOM M8CCbl, 0nH8K01 K8K Hall!. K8)f(9TCH 1 3TO npennono

)K9HHe O•teHb MallO OOOCHOB8HO H nOtlOOHb19 OnhiTbl CJienyeT pa3BHB8Tb no 

liHHHH liOBbiWeHHH 'lHCTOTbl M8T9pH8liOB H CHH)f(9HHH ~OHOB, 
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3KcrrepHMeHTW c pasaeneHHeM MaTepHanoB Ha Macc-cerrapaTope sos

MO)KHO llpOBOAHTb H OpHeHTHpyHCb 118 OOHapy)KeHHe CBepXTH)f(eJibiX 9JieMeH-

TOB ITO OCKOliK8M CllOHT8HHOro AeJieHHH, OAH8KO 'lYBCTBHTeJibHOCTb MeTOAa 

B 3TOM CJiy'lae TIOHH:>l<aeTCH. ilnH 3Toro He06XOtlHM8 liHOO 6onee Bb!COK8H 

KOHUeHTp8UHH CBepXTH)I(9JIOrO 9lleMeHT8 B HCClleAyeMOM MaTepHane, JIHOO 

ooJibWHe KOJIH'leCTBa semecTBa ( ~ 1000 r ) , rroasepraeMoro cerrapauHH, 

OnHaKo TpeoosaHHH K 'lHCTOTe coopHHKa H neTeKTopa oT ypaHa B STOM cny-

'188 CT8HOBHTCH 3H84HT9JibHO MeHee )K9CTKHMH, 

ilpyraH peaJibH8H B03M0)KH0CTb ITOJiy'leHHH CB9A9HHM 0 Z CITOHT8HHO 

AeJIHWerOCH H3lly'laTeJIH 38KliJO'l89TCH B H3MepeHHH cpennero 'lHClla HeMTpo

HOB1 B03HHK810UIHX B 8KTe AeJieHHH 9TOro H3JiyqaTeJIH. KaK H3B9CTHO, 'IHC-

no i7 

z 3 s ll 
pe3KO B03p8CT89T C pOCTOM z CITOHT8HHO AeJIHUierOCH HApa, tlliH 

- ' 2 0 25 2 CI' - 3 8 H 148 I "' 11 = , , a AJIH 11 = , • HKCOM ubin rrponenan SKCTparro-

liHUHOHHWM paC'leT 'lllCJI8 H9MTpOHOB 1 HCITYCK89MWX B 8KTe CITOHT8HHOro Ae

JI9HHH CBepXTH)l(eJihiX" 9JI9M9HTOB H3 HOBOM 00li8CTH CT80HllbHOCTH, 0ony'l9Hbl 

BbiCOKHe 3H8'19HHH 'IHCJI8 11 , T8K 1 HarrpHMep, AJIH CllOHT8HHOrO neneHHH 

HAp a 29 s 114 rrpencKa3hiBaeTCH qucno II = 10,5. KonH'leCTBeHHaH TO'lHOCTh 

IIOAOOHblX 3KCTpaiTOliHUHM H8M K8)l(eTCH O'leHb HH3KOM 1 B 'l8CTHOCTH, B pac

'leTe HHKCa cneJiaH pHn rrpearroJIO)f(9HHM, KOTOpb!e MoryT He COOTBeTCTBO

B8Tb aelicTBHTeJibHOCTH, Bbiwe y)f(e yKa3biBanocb, 'ITO celiqac cosepllleHHO 

HeHCeH BOITpOC 0 M8CCOBOM pacnpeaeJieHHH OCKOliKOB CITOHT8HHOrO A9JieHHH 

CBepXTH)l(9JlbJX 9lleMeHTOB, 8 CJietlOB8TeJibHO, HBliH9TCH HeB03M0)f(HbiM Bhl

'lHCJieHHe 9HeprOBWAeJieHHH B 9li9MBHT8pHOM 8KTe ABJieHHH H KHHBTH'leCKOM 

sHeprHH ocKOliKOB, HecMoTpH Ha sTo, TeHAeHUHH yseliH'leHHH 'lHClla ii 

c pocToM Z aenHmerocH HApa Ka'leCTBeHHO tlOJI)f(Ha ObiTh rrpHMeHHMa H K 

CBepXTH)l(ellblM 9JieMeHT8M 1 T,e. tlJIH CBepXTH)f(9JlblX SlleMeHTOB v AOJI)f(HO 

OhiTh ooJibllle, qeM 4-5, HO cosceM He o5H3aTellbHO 10,5, KaK yKa3hiBaeTCH 

''98 
HHKCOM AliH - 114. 
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Ecnu roBopuTb o5 aKcnepuMeHTanbHhiX B03MO){<HOCTHX, To rrocTaHOBKa 

onhiTOB no 113MepeHHIO 'II!Cna V lWH CI!OHT8Hh0 JlenHil{8f'OCH H3ny'IaTenH, 

0 K OTOpOM Ulna pe'Ib BbiW8 1 BIIOnHe ocymeCTBHMa, 05eclle'IHB f'80Me TpHIO 

C'IeTa HeHTpOHOB, 5nH3KYIO K 117 1 C ITOMOil{biO 5onbWOf'O "'HCna C'I8T'IHKOB 

MO*HO Jl0511TbCH a¢¢eKTHBHOCTH pef'HCTpaUHH 8KT8 CITOHT8HH0f'O JleneHHH, 

5ni13KOH K eJli!HHUe, LfyBCTBHTenhHOCTb OITbiT8 B Jl8HHOM cny'Iae MO*eT 5b!Tb 

3H8'IHTenbHO 5onee Bb!COKOH, 'IeM B 3KC11epHMeHT8X ITO perHCTpaUHH OCKOn-

KOB neneHHH C ITOMOil{biO ITp0110pU110H8nbllbiX C'I8T'IHKOB 1 T8K K8K B ycTa

HOBKY, perucTpHpyJOillyJO Heil:Tp0Hbl 1 MO*IIO 38f'PY*8Th 5onhWOe KOnH'IeCTSO 

HCCnenyeMOf'O semeCTB8 ( JleC HTKH KHnorpaMM), 

EcnH a~~eKTHBIIOCTh ycTaHOBKH nocTaTO'IHO BhiCOKa, To c orrpenene!I

HOH BepOHTHOCTbiO K8*JlblH 8KT CITOIIT8HH0f'O JleneHHH 5yJleT OTMe'I8TbC51 

OJlHOBpeMeHHOH perHCTp8UHeH JlBYX HnH 5onbwero 'IHCna HeHTpOHOB, Lfucno 

V MO*eT 5b!Tb nef'KO 011penene!IO H3 3KCITepuMe!IT8nbHO H3MepHeMOf'O OT-

liOWeHUH BepORTHOCTH pef'HCTp8UHH OJlHOBpeMeHHO JlSYX 1 Tpex H T,Jl, HeHTpO-

HOB, 

DpH ITpOBeJleliHH I}()Jl05HbiX OITblTOS Hau5onee cno*HOH 38Jla'IeH HSnReT

CH nonasneHue ~OHOB. Oco5eH!Io oiTaceH ~oH OT KOCMH'IecKux ny'Iel1, 3!Iep

f'H'Illhie 'I8CTHUbl npH B38HMOJlel!:CTSHH C HJlp8MH BeilleCTB8 MOf'yT S OJlHOM 

CTOnKHOBeHHH 11pOH3BeCTH 50nbillOe KOnH'IeCTSO 'I8CTHU
1 

B TOM 'IHCne H 

!Iel!:TpOHOB, 00Jl05Hbie 8KTbl MHO*eCTBeHHOf'O PO*JleHHH HeJ!:TpOHOB KOCMH

'IeCKHMH 'I8CTHU8MH 5yJlyT HMHTHpOB8Tb B STOll: yCT8HOBKe cny'I8H CI10HT8H-

Horo neneHHST HJlep, 

DpencTaBnHeTCR HeCOMHeHHhlM, 'ITO HeCMOTpH Ha rrepe'IHcneHHWe 

TPYJlHOCTH 5ynyT ocymecTsneHbi u OITbiThi rro H3MepeHHJO 'Iucna ;; nnH 

05HapyMeHHOf'O H8MH npupOJlHOf'O CITOHT8HHO JlenHil{ef'OCH H3ny'IaTenR H 3K

C11epHMeHTbl no OnpeneneHHIO MaCCOBOf'O 'IHCna 3TOf'O H3ny'I8Ten51 C nOMOillbiO 

aneKTpoMarHHTHoro cerrapaTopa. PeaynhTaTbi aTHX orrhiToB, BepoHTHO, BHe

cyT HCHOCTb B Borrpoc 0 npHpOJle 3TOf'O H3ny"!aTenR, EcnH 5yJleT Jl0K838H0
1 
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•ITO ll8HHbiH H3ny'IaTenh B Jlel!:CTBHTenbHOCTH eCTh H30TOn CBepXTHMenoro 

gneMeHTa, To OTKpOIOTCH BenHKoneiTHbie ITepcrreKTHBhi aanhHel1mero paasH-

THH 51/lepHOJ!: ~H3HKH H XHMHH, l13y'IeHHe aneMeHTOB H3 HOBOH o5naCTH CTa- --, 

5HnhHOCTH nacT B03MO*HOCTh cymecTBeHHo pacmHpHTh rpaHHUbi DepHOJlH'Iec-

KOH CHCTeMbi aneMeHTOS H rrposepHTb CITpase,llnHsocTb DepHOJlH'IecKoro aa- / 

I 
KoHa MeHaeneeBa nnR HOBoro, BOChMoro rrepHOJla, KpoMe Taro, o5HapyMeRHe i 
CBepXTH*enbiX aneMeRTOB 6yJleT 03H8'I8Tb 1 'ITO OHH CHRTe3HpyJOTC51 B KOC- r 

. \ 
MH'IeCKHX 06'beKT8X1 8 3TOT ~8KT HSnHeTCH B8*Hb!M JlnH ITOHHMaHHH ITpOUeC- J 

/ 
COB, 11pOHCXOJl51Il{HX S 3Se3,llaX H 3Se3.QHblX o5pa30S8HHHX, f 

I1 see *e s aaKnJO'IeRHe cnenyeT rronqepKRYTh, 'ITO aanaqa aKcrrepa-

MeHTanbaoro aa6nJOJleHHR CBepXTR*enbiX aneMeHTos s rrpHpone RsnHeTCR 

'Ipe3Sbi'I8HHO CnO*HO:il: 11po5neMOJ!:, 3TO 3aCTasnReT HaC C M8KCHManbHOA 

Tpe6osaTenbHOCTbiO OTHOCHThCH K ITOCTaHOSKe 3KC11epHMeHTOS H HHTepnpe-

T8UHH HX peaynbT8TOS, 
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Ta6nuua I 

PeaynhT8Tbl HCCne.OOB8HHSI CT8pb1X CBHHUOBbiX CTeKon 

H8 CO.(lep*BHHe B HHX HeH3BeCTHOrO CnOHT8HHO .oenHWerOCSI H3nyqaTenSI 

l!o:.:en Bo3pac:r trncno 06M!.I T 
oCipa3r:ta (ne:r) :rper<OB (eMS) (ne:r) 

l. 2 3 It 5 
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10 

II 

I2 

±3 

~4 

-~5 

:6 

I7 

IS 

I9 

~~0 

21 

22 

23 

24 

25 

26 

12 

23 

23 

23 

I80 

ISO 

23 

30 

5 

5 

10 

IO 

IO 

33 

33 

35 

22 

29 

29 

I5 

20 

14 

14 

30 

10 

20 

I 

5 

0 

0 

IO 

I 

II 

IO 

0 

0 

2 

14 

I 

2 

4 

I 

3 

I 

0 

0 

0 

0 

12 

IOO 

2 

2 

o,~o 

0,44 

0,22 

0,22 

0,05 

0,8 

0,44 

0,15 

0,05 

O,II 

0,16 

o,s 
0,08 

0,2 

0,4 

0,05 

0,08 

0,06 

o,1 
0,03 

0,04 

0,05 

0,61 

0,62 

0,12 

0,07 
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6.ro2I 

7, 1020 

3.1021 

2.Io21 

4.1020 

6, 1022 

7, 1020 

4.10~0 

4.Io20 

4.r02o 

9,1020 

6.Id~0 

9.r02o 

7.Io21 

7.I02I 

3.ro2I 

r. 102I 

3. 1021 

4.ro2I 

7.I02o 

2.I02I 

1.1021 

2. 1021 

2,7.1020 
2. 102I 

1.102I 

'tiHCJIO TpeKOB 
o:r ypaHa 

6 

0,5 

3 

2 



-}.t . ·~ ' .,. 

Ilpo)(omrea~e Tac5JI~'ULI I 

I ~~~ 1 

I 2 3 4 2 6 
, ;.( mJ 

·~~~,~, :,.,/ 

27 20 3 0,09 a.ro20 l 
28 20 I 0,03 r.ro21 - I T 

~ 

r.ro21 ~ 
29 20 2 0,06 

30 30 4 o,oa 7.ro20 

31 IS 0 0,23 3.Io2I 

32 I5 0 0,28 4.Io21 

33 350 0 O,OI I,3.Io22 
Jf 

I.Io2I 34 I7 0 0,06 

35 I7 0 0,03 2.ro20 

36 II 0 0,03 4.ro20 

37 14 0 0,03 9.ro20 

38 roo 4 0,66 4.Io21 2,4 

39 200 20 O,I3 r.ro20 3 

40 200 I8 O,IO I,3.I020 4 

41 200 37 o,rs r.ro20 3 

42 40 I4 0,38 I,4.ro21 
Puc.l. CxeMaTH'IeCKoe npeacTaBneHue paanH'IHhiX nyTei% nony'l:eHHSI uaoTo-

llOB CBepXTSI:>KenbiX aneMeHTOB C paanH'l:HbiMH Z H N B 38BHCH-

MOCTH OT HX BpeMeHH :>KH3HH • 
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Pnc,2, <Pororpa<fJRSI H9KOl'OpbiX R3 HCCli9JlOBaHHbiX o6pa3UOB JlpeBHRX Cl'9KOJI, 
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Pnc,3. EonblliHe rrporropwwHanbHhre c"<Iel''IHKH, rr,fHMeHSIBlllHecH llliH perHcr

paUHH OCKOJIKOB CfiOHl'8HHOro A8li8HHS! / 4/, 
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