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HeMHOI'HM 6onee 10 neT aaaaa B Me*ayaapoaHOM Hccneao&aTenhCKOM 

UeHTpe COUHanHCTHqeCKHX CTpaH B ny6He no HHHUHaTHBe H npH noaaep*Ke 

BbiJ:taiOmerocH coBeTcKoro yqeaoro-ciJH3HKa aKaaeMHKa 11.B. KypqaToBa 6bm 

C03J:IaH yCKOpHTenh MHOI'03apgaHbiX HOHOB, npeaHa3aaqaBWHii:CH, B OCHOBHOM1 

anH CHHTe3a H H3yqeHHH CBOii:CTB HOBbiX TpaHCypaHOBbiX aneMeHTOB (pHc.} ), 

YcKOpHTenh na6opaTopHH gaepHhlX•peaKUHA 06~eaHHeHHOI'O HHCTHTyTa 

gaepHbiX HCCnet:~OBaHHii: - STO KnaCCHqeCKHA UHKnOTpOH C AHaMeTpOM noniOCOB 

310 CM. Y*e B TeqeHHe 10 neT OH HBnHeTCH ycTaHOBKOH 1 peKOpAHOii: no CBQ-

HM OCHOBHbiM napaMeTpaM - SHepi'HH, HHTeHCHBHOCTH H accopTHMeHTy 

ycKOpHeMbiX qacTHU. Ha pHc. 2 H3o6pa*eH rpaciJHK aaBHCHMOCTH HHTeHCHB

HOCTH nyqKa OT COpTa HOHOB Ha aTOM UHKnOTpOHe. nng cpaBHeHHH npHBe

t:~eHbl aaanorHqHhle xapaKTepHCTHKH nHHeAaoro ycKopHTensr HILAC ( EepKnH, 

CllJA). 

HaM npeacraansrnoch 6eaycnoBHhlM ( aroro MHeHHsr Mbi npHaep*HBa

eMcsr H Teneph), qTo Tpat:~HUHOHHbie MeTOJ:Ibl CHHTe3a aneMeHTOB C noMOIIlhiO 

peaKTOpOB H SIJlepHbiX B3pb!BOB nonHOCThiO HCqepnanH ce6sr B6nH3H COTOI'O 

aneMeHTa, H J:tanhHeii:wee npOt:~BH*eHHe C npHMeHeHHeM STHX MeTOAOB Bpga 

nH B03dO*HO. 

Tsr*enbie HOHhl aaiOT B03MO*HOCTh cKaqKoM y&enHqHTh nopsrt:~KOBbiA 

HOMep aneMeHTa Ha 10, 15,20 et:~HHHUt H He BHAHO npHHUHnHanhHbiX OI'paHH

qeHHii: B nonyqeHHH aneMeHTOB C ni06biM nOpSIJlKOBbiM HOMepoM. Y qHTaTensr, 

ecrecTBeHHO, B03HHKaer Bonpoc, noqeMY *e npa Bcex afax npeHMymecTBax 
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aa 10 neT pa6oTbi nony'leHo He 20 H He 10 HOBbi'X aneMeHTOB, a acero 

'leTblpe, OT 102 no 105, H na}!{e no HHM no CHX nop BeneTCH nHCKyCCHSio 

CneUH!jJHKa peaKUHH C TH}!{enb!MH HOHaMH TaKOBa, 'ITO Hapgny C CHHTe30M 

gnep TpaHcypaHOBb!X aneMeHTOB B03HHKaeT 60nblliOe 'IHCno !jJOHOBb!X anb!jla

H CnOHTaHHO nenSIIliHXCSI aKTHBHOCTeH, KOTOpb!e O'leHb CHnbHO yCnO}!{HSIIOT 

HlleHTH!jJHKaUHIO HOBbiX aany'laTeneA. CooTHOilleHHe npHMepHo TaKoe - onHH 

aTOM HOBOI'O aneMeHTa B 'laC Ha 1 MHnnHOH aTOMOB no60'IHbiX nponyKTOB 

B ceKyany. 

noaTOMy B fla6opaTOpHH HnepHbiX peaKUHH C caMOI'O Ha'lana ee 

neSITenbHOCTH 6onblliOe BHHMaHHe ynengnoCb TlllaTenbHOMY H3y'leHHIO npo

ueCCOB0 npHBOnSIIliHX K B03HHKHOBeHHIO !jJOHOBb!X aKTHBHOCTeA, a HMeHHO: 

peaKUHH MHOI'OHyKnOHHbiX nepenaq, neneHHR gnep, a TaK}!{e peaKUHH Ha 

npHMeCSIX B MHilleHH ( OC06eHHO Ha CBHHUe) 1 B peaynbTaTe KOTOpb!X 06pa

ayiOTCH nponyKTbl C panHOaKTHBHbiMH CBOHCTBaMH 0 HMHTHpyiOiliHMH CBOHCTBa 

aneMeHTOB B TpaHC!jlepMHeBOH o6naCTH. 

npa BbinOnHeHHH 9THX HCCnenoBaHHH B fla6opaTOpHH 6binH OTKpblTbl 

TpH HOBbiX BHna paJJ.HOaKTHBHOCTH (pHC. 3). 3TO - CnOHTaHHOe JJ.eneHHe H3 

H30M9pHOI'O COCTOSIHHH SIJJ.pa, cymecTB9HHO OTnH'Ia!Oili9I'OCH no !jlopMe OT M

/1/ 
pa B OCHOBHOM COCTOSIHHH (pHC. 4) 0 3aTeM aana3JJ.b!Ba!Oill99 JJ.eneHHe, 

T.e. JJ.eneHH9 Hnep, yJJ.aneHHbiX OT o6naCTH CTa6HnbHOCTH 0 npOHCXOJJ.SIIllee 

/2/ 
nocne f3 ... pacnaJJ.a (pHc. 5), H rpeTHH BHJJ. - HcnycKaHHe aanaaJJ.biBaiOmHX 

/3/ 
npoTOHOB HeHTpOHOJJ.e!jJHUHTHbiMH HJJ.paMH nocne HX {3-paciTaJJ.a (aTO HB-

neHHe 6bmo HeaaBHCHMO OTKpbiTO npo!jl. EennoM H JJ.p. B KaHaJJ.e , pac. 6). 

CymecTaoaaHHe 9THX BHJJ.OB paJJ.HOaKTHBHOCTH noJJ.TBep}!{JJ.eHo pa6oTaMH 

y'leHblX JJ.PYI'HX CTpaH, H B HaCTOSIIllee apeMSI 9TH SIBneHHSI lliHpOKO H3y'la-

IOTCH B uenOM pSIJJ.e MeCT. 

TmarenbHOe H3y'leHHe npHpOJJ.bi !jloaa nano HaM B03MO}!{HOCTb nony'IHTb 

I'!OBble TpaHcypaHOBbie aneMeHTbl OT 102 JlO 105 BKniO'IHTenbHO CpaBHHTenb-

Ho nerKo, 6ea cymecraeHHbiX omH6oK B OKOH'IaTenbHOH HHTepnpeTaUHH 
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eMeHTOB, a scero 

eAeTCSI AHCKYCCHSI. 

HapSIAy C CHHTe30M 

ucno <jloHOBbiX anb<jla-

CHnbHO ycnOlKHSIIOT 

MepHO TaKOe - OAHH 

o60'IHbiX npOAYKTOB 

Moro Ha'lana ee 

OMY H3y'leHHIO npo

OCTeil:, a HMeHHO! 

8KlKe peaKUHil: H8 

TaTe KOTOpb!X o6pa

HTHpyiOWHMH CBOil:CTBa 

pHH 6binH OTKpb!Tbl 

OHT8HHOe AeneHHe H3 

rocSI no ~opMe or HA-

biBaiOmee Aeneaue, 

TH, npOHCXOAHmee 

8HHe 38TI83AbiB810WHX 

/3/ 
acnaAa (aro SIB-

s KaHaAe , puc. 6). 

ATBeplKAeHO pa60T8MH 

eHHSI mHpOKO H3y'la-

03MOlKHOCTb nony'IHTb 

'IHTenbHO CpaBHHTenb

HOil: HHTepnpeTaUHH 

Pac. 1. YcKOpRTellb Y-300 na6opaTOpHH SIAepHblX peaKUHil: 06'beAHHeHHOrO 

HHCTHTYT8 SIAepHbiX HCCneAOB8HHil:. 
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JlSHHbiX, 110CKOllbKY B03 

sanucb 11pu aaanH3e pe3 

3neMeHTbl 102 H 1 

B 1963-1966 r.r. 104 ani 

Jly H3y'leHbi 91"'0 XHMH'Ie 

Pe3ynbT8Tbl Ol1biTO 

TSHHOI"'O )leneHHH B ny6H 

/5/ 
ne 1970 I"'OJla , 38 JlB 

pHKBHCKHX 011biTaX 110 an 

Me anb$a-pacl1aJl H XHM 

Mbl 11011biTanHCb I"'pa$H'Ie 

'IT06b! BH9CTH HCHOCTb B 

Ty 102 yMe HM99TCH 27 

t.{ HTa Temo, 0'19BHJlH 

Hb!X 110 sneM9HTaM 102, 

COMH9HHIO CO CTOpOHbl 0 

9TH B03paM9HHH 110 Ka 

6onee 110Jlp06HO 110K83aT 

B 1964 !"'OilY 11pH 0 

260 
T93Hp0B8H H30TOI1 104, 

11onypac11aJla 0,2 - 0,4 c, 

6onee TO'IHO H oKa3anac 

6bm BbiJleneH XHMH'I9CKH 

TOB HJlepHbiX peaKUHli: B 

H XHMH'IeCKHX pa60T 110n 

C 11peJlnOM8HHeM 11pHCBOH 

HccneJlOBaHHH 110 c 

CI1YCTH 'leTbipe I"'O)la 110C 

B 1968-70 r.r. 6epKnHeB 
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JlaHHbiX, nOCfOin>KY B03MO:lKHbie HCTO'IHHKH cpoHa 6binH H3BeCTHbi H y'IHTbi
/4/ 

aanHCb npH aa:anuae peaym:,TaTOB 

3neMeHTbi 102 H 103 6binH HJleHTHcpHUHpOBaHbi llOCTOBepHO B lly6He 

B 1963-1966 r.r. 104 aneMeHT nony'leH B lly6a:e B 1964 roJly, a B 1966 ro-

llY H3y'leHbi ero XHMH'IeCKHe CBO:li:CTBa. 

PeaynbTaTbi OnbiTOB no CH:HTeay aneMeHTa 105 H H3y'leHHIO ero cnoH

TaHHOro JleneHH51 B lly6He 6binH ony6nHKOBaHbi B Hay'IHO:li: ne'laTH B Ha'la-
/5/ 

ne 1970 ro11a , aa llBa MeCRUa 110 noRaneHH51 nepBbrX coo6meHH:li: o6 aMe-

pHKaHCKHX onbrTaX no anbcpa-pacnallY 105 aneMeHTa. B lly6He aayqea:br TaK

:lKe anbcpa-pacnall H XHMH'IeCKHe cao:li:cTBa Hoaoro 105 aneMeHTa. Ha puc.7 

Mbi nonbiTanHCb rpacpH'IeCKH H306pa3HTb XpOHOnOrHIO OTKpbiTHH 11n51 TOrO, 

'IT06bi BHeCTH 51CHOCTb B HX HCTOpHIO. llocTaTO'IHO CKa3aTb, 'ITO no aneMeH

Ty 102 y:lKe HMeeTC51 27 OTJlenbHbiX pa60To 

t.{HTaTenro, O'leBHilHO, H3BeCTHO, 'ITO OTKpbiTHe H llOCTOBepHOCTb JlaH

HbiX no aneMeHTaM 102, 103, 104, 105, nony'leHHbiX B lly6He, nOilBepranHCb 

COMHeHHIO CO CTOpOHbi OTJlenbHbiX rpynn aMepHKaHCKHX yqeHbiX. HaCKOln>KO 

8TH: B03pa:lKeHH51 no Ka:lKJlOMY H3 aneMeHTOB HeCOCT051Tein>Hbi, 5I nocTapaiOCb 

6onee noJlp06HO noKa3aTb Ha npBMepe HCTOpHH aneMeHTa 104. 
242 22 B 1964 ro11y npH o6nyqeHHH Pu HOHaMB Ne B Dy6He 6brn CHH-

260 
Te3HpOBaH H30TOn 104, HCnbiTbiBSIOlliH:li: CnOHTaHHOe 11eneHHe C nepHOllOM 

nonypacna11a 0,2 - 0,4 ceK (a llSID:>HeAmeM aTa aenH'IHHa 6brna H3MepeHa 

6onee TO'IHO H OKaaanaCb paBHO:li: 0,1 CeK). 8 1966 r. Jlpyro:li: H30TOn 
25~04 

6brn BbrlleneH XHMH'IeCKH c npHMeHeHHeM aKcnpecca:oro paa11eneHH51 npollyK

TOB 5111epHbiX peaKUHH B ra30BO:li: cpaae. 3To llano aBTOpaM cpH:3H'IeCKHX 

H XHMH'IeCKHX pa6oT nonaoe npaao o6paTHTbC51 B 1967 ro11y B .1110llAK 

C npellnO:lKeHHeM npHCBOHTb aneMeHTy 104 Ha3B8HHe KYp'laTOBHH • 

.HccnellOBaHH51 no CHHTeay aneMeHTa 104 B CUJA 6brnB Ha'laTbi nHrnb 

cnycT51 'leTbrpe ro11a nocne nonyqeHH51 nepBbrX 11y6HeHCKHX peaynbTBTOB. 

B 1968-70 r.r. 6epKnHeBCKa51 rpynna H3Y'IHna a -pacna11 HeKOTOpbiX H30To-

11 
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noB 104 aneMeHra. Oll 

BarnHl1, Halle}KHO uayq 

B03MO}KH0Cl'H 

TeM He MeHee 

HeHHH OTHOCHl'enbHO n 

.!lenoBoro 

(llo 1968 ro.!la),Korlla 

aneMeHTa B BepKnB He 

HOi!: B3 B03MO}I{Hb!X 9K' 

IIIHMH Z, raK H B nocne 

na Ha6mo.Qal'b cnoaraH 

nocraHOBKH onbil'a. 

HoBbie aKcnepBM 

BbiSICHHl'b pS!.!l llOnOnHH 

.!lSeMOM cnOHl'8HHOM ll' 

}Ke oueHHl'b KonuqecrB 

TeMneparypy KHneHBH 

B .lly6He uayqaJOl'CH lle' 

B CllJA eme He npoil:lle 

HHH. noaTOMy H8M npe 

srnnHeTCH H3nHIIIHeil:. 

B CBH3H c 9l'HM 

no}KeHHeM npuexarb B 

H qaCl'HU 

l'HpyH HX 

B03MO}KH0Cl'eil: 6b!Cl'pe 

T enepb H xoren 

pa3BHTHH pa60l' no CB 

pa60Tbi HMeiOr 6orar 

H 38XB8TbiB8IOIIlee CBO 
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nos 104 aneMeHTa. OaHaKo cnoHTaHHoe aeneHHe oHa He Morna, Ha Haw 

B3rnga, Haae*HO H3yqHTb BBHay HH3KOA qyBCTBHTenbHOCTH MeToaHKH H He

B03MO*HOCTH noaasneHHg ~OHa OT CnOHTaHHOrO aeneHHg KIDpHeBOA MHWeHH, 

TeM He MeHee 6epKnHeBCKag rpynna HeOaHOKpaTHO BbiCKa3biBana COM

HeHHg OTHOCHTenhHO npaBHnbHOCTH ay6HeHCKHX peaynbTaTOB BMeCTO HX 

aenosoro o6cy*aeHHg, llpuqeM aTo HMeno MeCTO KaK Ha nepsoM aTane 

( ao 1968 roaa) 1 Koraa HHKaKHX npgMbiX OnbJTOB no CHHTe3y 104-ro 

aneMeHTa B BepKnH He nposoaunocb, H scg KPHTHKa ocHOBbiBanacb Ha oa

HoA H3 B03MO*HbiX SKCTpanonguaA H3BeCTHb!X aaHHbiX no sneMeHTaM C MeHb

WHMH Z, TaK a B nocneaywwue roabi, Koraa 6epKnHeBcKag rpynna He cMor-
260 

na Ha6nwaaTb cnoHTaHHoe aeneHHe 104 ua-aa HeyaosneTBOpHTenhHOA 

nocTaHOBKH OllbiTa, 

HoBbie SKCnepHMeHTbi 1 nposeaeHHbie s lly6He s 1969 roay, noasonunH 

BbJgCHHTb pga aononHHTenbHb!X CBOHC"BB 104 sneMeHTa, BbiaenHTb B Ha6niD

aaeMOM cnoHTaHHOM aeneHHH asa nepHoaa nonypacnaaa 0,1 H 3,5 ceK H aa-

*e OUeHHTb KOnHqecTBeHHO XHMHqeCKHe CBOACTBa KypqaTOBHg, a HMeHH01 

0 
TeMneparypy KHneHHg KuCl4. KOTopag pasHa 450~50 • TaKHM o6pa3oM, 

B .lly6He H3yqaiDTCg aeTanhHO CBOHCTBa 104-ro aneMeHTa 1 B TO BpeMg K8K 

s CllJA ewe He npoiiaeHa HaqanbHag ~aaa no uayqeHHID cnoHTaHHOro aene

HHg, noaToMy ·HaM npeacTasngeTcg, qTo noneMHKa soKpyr sneMeHTa 104 

B csgau c STHM Mbi o6paTHnHCb K aMepHKaHCKHM KonneraM c npea

no*eHHeM npHeX8Tb B .lly6Hy H Ha BCeX B03MO*HbiX KOM6HHaUHgX MHWeHeH 

H qacTHil BMecTe c HaMH nonyqHTb see H30TOnbi 104-ro aneMeHTa, aeTeK

THpyg HX CnOHT8HHOe aeneHHe H a -pacnaa, Mbl BHaHM B STOM OaHy H3 

B03MO*HOCTeH 6biCTpeAwero OKOHqaHHg aHCKyCCHH, 

Tenepb g xoTen 6bi ocTaHOBHTbcg Ha nepcneKTHsax aanbHeAwero 

p83BHTHg pa60T no CHHTe3y H H3yqeHHID CBOHCTB HOBbJX aneMeHTOB, 3TH 

pa6oTbi HMeiDT 6oraToe npownoe, HaCbiWeHHoe peaynbTaTaMH HacTogwee 

H 38XBaTbiBaiDWee CBOHMH MaCWTa6aMH 6yaymee. 

13 



Puc. 8 )laeT npellCTaaneHHe o a03MO*HbiX HanpaaneHHmt OYllYIIlBX 

uccnelloBaHBA. Ha HeM noKaaaHo apeMSI *H3HH HaHoonee ycToA'iHBbiX uao

Tonoa B 3aBHCHMOCTH OT Z , 

flo TeopeTH'ieCKHM OUeHKaM CTaOHnbHOCTH Slllep H HeKOTOpbiM 9KCne-

pHMeHTanbHbiM yKa3aHHSIM, no-BHllHMOMY, HMeeT MeCTO cneJlyiOIIlaSI CHTy

aiiH.H: ecnH nepHOllbi nonypacnalla sneMeHTOB OT 82 llO 104 HenpepbiBHO 

yMeHblUaiOTCSI, llOXOllSI llO O'ieHb ManbiX aenH'IHH, TO )lanee B OonaCTH 

112-116, a TaK)I{9 120-128 B03MO)I{H0 CYII19CTBeHHOe nOBbllU9HHe CTaOHnb-

1 
10 20 

HOC"rH ( B 10 - 10 paa), flpellCTaBnSieT oonblUOA HHTepeC nonbiTaTbCSI 

CHHTe3HpOBaTb sneMeHTbl H3 9TOA ·oonaCTH H 9KCnepHMeHTanbHO npoaepHTb 

' I 

'l 

HX OCHOBHOe CBOACTBO - CTaOHnbHOCTb, 

BMecTe c TeM noneaHaSI HHciJopMaUHSI o craounuaupyiOmeM anHSIHHH 

ooono'ie'IHOA CTpyKTypbi MO)I{eT Ob!Tb nony'leHa H npH nollXOJle K 9TOA o6-

naCTH cneaa, T.e. nyTeM nocnellOBaTeni>Horo CHHTeaa HOBbiX Slllep c Z 

106-111. 

B HameA naoopaTOpHH npoae)leHO cymecTBeHHOe ycoaepmeHCTBOBaHHe 

yCKOpHTenSI H HCTO'IHHKOB MHOroaapSI)lHbiX HOHOB, KOTOpOe noaaonHno ycKo

pHTb HOHbl ciJoc<flopa ( Z = 15) npH HHTeHCHBHOCTH ny'IKa llO 20 MKa, 8 Ha-

CTOSIIIlee apeMSI C nOMOIIlbiO 9THX HOHOB Mbl HMeeM B03MO)I{HOCTb CHHTeaH

poaaTb sneMeHTbi c Z oT 106 __ llo 11 !.-- 0 nepBbiX 9KCnepHMeHrax no CHHTeay 

107 sneMeHTa Y*e cooomanocb aecHoA sroro rolla Ha KOH<flepeHIIHH no 

4JH3HKe TSI*enbiX HOHoa, npoHCXOllHBmeA a Dy6se. 

c IIEinbiO npOHHKHOB9HHSI B oonaCTb z = 126 B naoopaTOpHH Obin ycKo-

10 
peH IlHHK ( Z = 30) C HHTeHCHBHOCTbiO - 10 'iaCTHU/CeK, Qony'iaSI aMe-

pHIIHA HOHaMH UHHKa, Mbl nbiTaeMCSI npoaepHTb 0)KHJlaeMOe nOBbilUeHHe CTa

OHnbHOCTH 125 sneMeHTa, floJlo6Hbie *e 9KcnepHMeHTbi npoBOllSITCSI napan

nenbHO HaWHMH KonneraMH H3 Opes ( <l>paHIIHSI), KOTOpbie JlnB 9TOA uenu, 

O)lHaKO, YCKOpSIIOT HOHbl KpHnTOHa ( Z = 36), 

HaHoonee HHTepecHoA npellCTaanSieTcSI, Ha Ham aarnSill, o6nacTb 

c z = 114 H N = 184. K npooneMe noHCKa H30TOnoa aonB3B llBa)KJlbl MarH-

2!18 
'ieCKOrO Slllpa ]]4 B03MO)I{Hbl llBa nO)lXO)la, i 
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--
anpasneHHBX 6yJlylllHX 

a6onee ycTOA"'HBbiX H3o-

HeKOTOpb!M 3KCne-

cneJlyJOIIlaSI CHTy-

2 JlO 104 Henpepb!BHO 

Jlanee s o6nac TH 

nOBbJWeHHe CT86Hllb-

Oft BHTepec nonhiT8TbCSI 

epHMeHT811bHO nposepHTb 

BnH3HpyiOIIleM BnHSIHHH 

npH nOJlXOJle K 3TOA 06-

eaa HOBbiX S!Jlep c Z = 

Hoe ycosepweHCTBOB8HHe 

KOTOpoe noasonHno ycxo

ny"'Ka .llO 20 MKa. B aa-

B03MO~HOCTb CHHTe3H-

3KCnepHMeHT8X no CHHTeay 

aa KOH~epeanHH no 

B na6opaTOpHH 6bin yCKO

THn/ceK. 06ny"'aSI aMe-

HJl89MOe nOBbJWeHHe CT8-

HTbl npOBOJlSITCSI napan

TOpble .QnSI 3TOA nenH, 

w ssrnSIJl, o6nacTb 

B s6nH3H JlB8~bl M8I'H-

\f ·; 
--
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'' 

l nepsh<l 

meaeil: oqeab 

- 3TO HCITOnb30BaHHe peaKUHil: aeneHHR npu o6nyqeHUU MU
/6/ 

TR~enhlMU HOHaMH, TaKHMU K8K KCeHOH HnU ypaH 

H a puc, 9 noxaaaHbi sxcnepuMeHTanbHbie aaHHbie no BbixoaaM npoayx

TOB aeneHUR U UX 3KCTpanonRUHR ang KCeHOHa B xaqeCTBe 6oM6apaHpyiO

Illeil: qacTUUhl, 0Ha yxa3biBaeT Ha B03MO~HOCTb nonyqeHuR oqefib TR~enbiX 

298 
uaoTonos ao A = 300, a, cneaosaTenbHo, u asa~abi Maruqecxoro 114. 

B HaCTOHIIlee BpeMH C nOMOIUbiO asyx UUKnOTpOHOB, 06'beauHeHHbiX B TaH

aeMHyiO CUCTeMy, B fla6opaTOpUU sraepHbiX peaKUUil: y~e ycKOpH!OTCR UOHbl 

xceHoHa (puc, 10). CpaBHHTenbHO nerxo, aa 4 Mecsrua 6bma aocTurHyTa 
8 171 

HHT8HCHBHOCTb nyqxa - 5·10 qaCTHU/ceK , 

f:: .llpyroH: noaxoa K npo6neMe csepxTsr~enbiX sneMeHTOB ocHoBaH Ha 
-Ff onee onTHMHCTHqecxux oueHxax HX CTa6unbHOCTH, He HCKnJO~eHo, 

1 q B npoueccax HyKJieOCHHTeaa, HM9BI11HX MeCTO npHMepHO 6,10 neT Ha-

l aaa, MOI'nH 06pa30BbiBaTbCH H sneMeHTbl U3 o6naCTH nOBbiiileHHOi!: CTa6Hnb-

HOCTH. 

B csoe speMsr B pa6oTax )!(onu, lliHHTenbMeH:cTepa, 4epabiHUeBa, 

AaaMca H ux xonner 6bmH nonyqeHbi sxcnepuMeHTanbHbie yxaaaHUH Ha 

npHCyTCTBHe B onpeaeneHHbi~OBbiX, HeH3BeCTHblX anb!fla-H3-

nyqaTeneH:. BecbMa co6naaHBTenbHbiM smunocb npeanono~eHue, qTo STH 

HeonoaHaHHbie uanyqaTenu npuHaane~aT csepxTsr~enbiM sneMeHTaM • .llnsr 

nposepxu sToro npeanono~eHBH B fla6opaTopBH sraepHbiX peaxuuH: B Teqe

HHe nocneaHHX Tpex neT npoaenaHa 6onbmaR pa6oTa no aHanuay anblfla

cneKTpos o6pa3UOB H3 COOTBeTCTBYIOIUUX MHHepaJIOB C BCnOnb30BaHUeM 6o

nee npeuuauoHHbrX, qeM B npe~Hux pa6oTax, MeToaos .• OaHaxo noxa He 

yaanocb o6Hapy~HTb xaxue-nu6o !flaKTbr, noaTsep~aaJOmue npe~Hue Ha6nJO

aeau_sr, 5onbmue TpyaHOCTB B Taxoro poaa uccneaosaHBRX o6ycnosneHbr 

aarpR3HeHU9M o6pa3UOB TeXHOI'eHHbiMU a -uanyqaTeJIRMU, npOH3BeaeHHbiMU 

aa nocneaHHe HecxonbKO aecRTKOB neT. 

j 

16 

..-· 

0. 
(mb) 

10 

1 

0,1 

~0 

BbiXOA lAS 

Puc, 9, Ce'leHHH o6pa3 

B peaKUHHX aene&HH, A 
qeTHaH KpHB8Sio 

--



HSI IIpH o5ny'leHHH MH

/6/ 
HOH HnH ypaH 

HHbie IIO Bb!X0Jl8M IIpOJlyK

Ka'leCTBe 5oM5apJlHpyro-

nyqeausr o'l:eHb rsrMenbiX 

bl M8I'H'IeCKOI'O 
298 

114. 

B, 05'beJlHHeHHbiX B TaH-

11: yMe ycKopmorcsr HOHbi 

csrua 5bma JlOCTHI'Hyra 

neM9HTOB OCHOBaH Ha 

CTH, He HCKniO'Ieao, 

9 
rrpaMepao 6.10 neT aa-

TH IIOBbiiiieHHO:I!: C ra5Hnb-

ll:crepa, 4epJlbiHUeaa, 

8nbHbl9 yKa38HHSI Ha 

9H3BeCTHbiX anb4Ja-H3-

nbiM aneMeHT8M, nli.SI 
epHbiX peaKUH:I!: B Teqe-

Ta no aaanuay anb«lJa-

B C HCIIOnb30B8HHeM 5o

Jl0B.o 0JlH8KO IIOKa He 

aiOmHe npeMHHe aa5mo

o5ycnoaneHbi 

nsrMH, IIpOH3BeJleHHbiMH 

---- ---~ 

.. 

-

J 

10 

1 

0,1 

~0 

.,,. 
/~ , 

I 
I 

I 
I 

100 1:;() 

----

200 

lAe = 2 ·10 10 
lfACTIAIJ/CEK 

~38U+136Xe 
\ 
\ 
\ 

\ 
\ 

\ 
\ 

8biXOA W30TOnOB: !98114- 6·11J'ATOMOB/&MC 

194110- 2·102ATOM08/~C 

Puc. 9. Ce'leHHSI o6paaoaaHHSI rrepBH'IHbiX ocKonKOB c paanH'IHbiMH MaccaMH 

B peaKUHSIX JleneHHSI, f::l 7 '\7, 0- SKCIIepHM9HTallbHbl9 3H8'19HHSI, ----- -pac

'19TH8SI KpHBSSI, 
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n OSTOMy Mhl o6pa 

CDOHT&BHOMY AeneHHD, 

y>Ke B Te'leHue SO neT. 

I 
B aToM cnyqae oc 

ypaB, a 60JlbWHHCTBO Te 

COOHTBHBO, nnSI DOBCKOB 

TSI>Ken&IX sneMeHTOB B 

TeJlhH&Ie 

60JlhWBe 

Hb!X COBD&AeBBA BeATpO 

OCKQnKOB JleneBHSI npB B 

Ha puc. 11 cxeMaTB'lec 

C DOMOIIU>D 9TBX 

aanoc& 6om,moe xonaq 

nos, pyll, MeTeopuToa, 

HbiX 

B .nam,neAmeM 

'leCKBX ny'leA, n ocne yc 

C'leT'IHK&X 6&m CBB>KeH 

fiOBTOpHbie H3MepeBHSI, 

MbiA s«WleKT B cymeCTBe 

6&I1'b o6'bHCBeB BH cnon 

KHX ny'leA. nam,oeAmue 

HBe 

H HCKnD'leHBe ~088 OT 

H3ny'la TeneA. 

--



--

.. 

.. 

--

flo&ToJy Mhl o6paTBBBCb K llPYI'OMy B03MOlKHOMy TBllY pacnaaa 

CnOHTaHHOMy aeneHBID, B3y~eHBe KOTOpOI'O KBBHeTCH TpallHUBOHHhiM llBH sac 

ylKe a Te~eHBe SO neT. 

J

i ypaH,: :::m::::: ::::::H::T:::::::O:~H: ::::::~ ::B:::::: 
CnOHT8HHO. ~BH llOBCKOB B npBpOlle CllOHT8HHO aenHWBXCH B30TOllOB CBepx

THlKeBhiX aneMeHTOB B na6opaTOpHR 6binB paapa60T8Hbl TpB BbiCOKO~yBCTBB

-16 
Ten&Hble MeTOllBKB C ~yBCTBBTen&HOCTbiD llO 10 rpaMMa H8 rpaMM: STO 

6on&mHe nponopUBOHanbHble C~eT~BKB OCKOBKOB aeneHBH, B3MepeHHe KpaT

HbiX COBll8lleHBil: Heii:TpOHOB aeneHBH B pei'BCTP8UBH COBll8ll8IDmBX TpeKOB 

OCKOBKOB aeneHBH npB BCllOnb30B8HBB llBYX cnoeB llHSBeKTpB~eCKBX nneHOKo 

Ha pBCo 11 CXeMaTB~eCKB ll0K838Hbl STB MeTOllHKB H HX B03MOlKHOCTH. 

C llOMOmbiD STHX npB60pOB B Te~eHHe nocnellHBX llBYX neT HCCneao-

I 
aanoc& 6on&moe KonH~ecTao paanu~HbiX reonor&~e~!tBX o6paauoa: MHHepa-

noa, pya, MeTeopBTOB, KOHKpeUHil:, npHpOllHbiX BOll B llPYI'HX MaTepHanoB. 

Y HaC BMenBCb HeKOTOpble yKa3aHHH Ha TO, ~TO B pa3nH~HbiX npHpOll

HbiX o6'beKTaX Ha6niDllaiDTCH cnoHTaHHO aengmHeCH H3ny~aTen&. OaHaKo 

B aan&Heil:meM OK83anOCb 0 ~TO 6bin HeCKOnbKO HellOOUeHeH !i>OH OT KOCMB

~eCKHX ny~eil:. nocne ycHneHBH aamBTbi cl>oH Ha 6on&max nponopuHoHan&HbiX 

C~enHKaX 6bin CHBlKeH llO OllHOI'O HMnyn&Ca 3a 200 llHeil:. flpOBOllHnHCb 

noaTopHhle B3MepeHHH. 0Kaaanocb, ~To a pHae o6'beKTOB pasee Ha6niDaae

Mhlil: S~KT B cymeCTBeHHOil: CTeneHB 6hln CBH3aH C KOCMH~eCKBMB ny~a

MB. 0aHaKO anH OTllen&HbiX o6pa3UOB S~KT COXpaHHnCH H He MOlKeT 

6b!Tb 06'&HCHeH HH CllOHTaHHbiM aeneHBeM ypaHa, HB aeii:CT-BBeM KOCMH~ec

KHX ny~eil:. ~an&Heil:mBe yCHnHH na6opaTOPHB HanpaaneHbl Ha llOllTBeplKlle

HBe nony~eHHblX peayn&TaTOB, a TaKlKe XBMH~eCKOe o6orameHHe o6pa3UOB 

H HCKniD~eHBe cpoHa OT B03MOlKHbiX npHMeceil: TeXHOI'eHHbiX CllOHTaHHbiX 

H3ny~a Teneil:. 
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PHc. 11. PaanH'IHbie MeTOJlHKH, HCrrom,ayeMbie B na6opaTOPBH SIJlepHblX 

peaKUHil: JlnSI ITOHCKOB B ITpHpOJle JlOnrOJKHBYIIlHX CITOHT8HHO JlenSII!lHXCSI 
H30TOITOB. 

i 

20 

...______~_ 

; 

--

BHa'lane Mhl 

JleplK8IIlBe CBHHeU, 

CITOHT8HHOrO 

HHJlHK8 TOpblo 

JleplK8HBSI CITOHT8HHO 

Mbl, ecTeCTBeHH01 

HOi!: 

Mbi aay'laeM 

OKeaHa (pH C. 14) • 

neHHbie STHMH B03MOlKHI 

HYIO XBMH'IeCKyiO 

H T.Jl., a 

! 
\ Mbr HCnonbaosana 

' BOM CMOnbi OKOnO 1 T, 



na6opaTOpHH rulepHb!X 

ITOHTSHHO AeJIHmHXCH 

·I 

BHa'laiie Mbl H3y'laJIH CTeKJia B03paCTOM B HeCKOJlbKO COTeH neT, co

A6p)l{amBe CBHHeU, BHCMYT1 TannHA H T.A., ITbiTSHCb Haii:TH B HBX CJ16Abl 

CITOHTaHHOI"O A6Jl6HHH H6H3B6CTHbiX 9Jl6MeHTOB (pHCo 12). 3TO HA6aJlbHbl6 

HHAHKaTOpblo qyBCTBifT611bHOCTb STOI"O MeTOAa COCTaBJIH6T - 10-13 
r/r co-

A6p)l{aHHH CITOHTaHHO A6JIHmHXCH HAep. 

DyMaH 0 TOM, 'ITO HaAO HCKaTb He TOJ1bKO B CTeKJiaX If MHHepanax, 

Mbl, 6CT6CTB6HH01 pa3BifB8JlH M6TOAIIKH 1 KOTOpb!e IT03BOJ1HIOT lfCCJieAOBaTb 

60JlbWH6 KOJllf'leCTBa CaMb!X p83Jllf'IHhiX eemeCTB. 3TO npHB6JlO HaC K C03-

AaHHIO 60JlbWBX nponopUHOHaJibHhiX C'I6T'IHKOB (pRC. 13). IloMemaH B HHX 

p83Jllf'1Hb16 eemeCTBa Mbl BCKaJlH 1 HmeM If 6yAeM HCK8Tb MaTepHaJI C 3jiM6T

HOA KOHUeHTpaUReil: CITOHTaHHO A6JIHmHXCH CBepXTSl)K6Jlb!X 9Jl6M6HTOBo 

Mbi R3yqaeM o6paaubi )l{eneaoMapraaueBbiX KOHKpeUHA co AHa THxoro\ / 
-------- ,....-..-<---·[; 

OK6aHa (pRC. 14). Ha rny6HHe 60JlbW6 5000 M lfM6IOTCSl KOHKpeUHif, KOTQ- ? 
' pble SlBJlHIOTCSl CeJieKTHBHhiMH ITOI"JlOTHT6JlSIMH TS{)I{6JlbiX SJleMeHTOB TaKRX1 

K8K CBHHeU, BIICMYT, TaJIJIHA, pTyTb H B O'leHb ManoA CTeneHB ypaH. Bo

npoc aamHTbi OT KOCMif'I6CKHX nyqeil: 3A6Cb pewaeTCSl HAeanbHOo BooAyWeB-

Jl6HHbi6 STHMH B03MO)I{HOCTSIMH B npOWJlOM I"OilY Mbl Opi"8HH30BaJIB 9KCIT61lH

UHIO B THXHA oa:eaH (puc. 15). Bb!JlO H3BJ16'16HO OKOJlO 10 T KOHKpeUHA, 

KOTOpbie B ll8HHbiA MOMeHT o6pa6aTbiBaiOTCHo 

0'1eHb HHTepeCHOA T8K)I{6 SIBJ1Sl6TCH B03M0)1{HOCTb 060ii:TH CaMYIO CJIO)K

HyiO XHMH'I6CKyiO CTallHIO BCKpb!THSl (paCTBOpeHHSl) o6pa3UOB 1 HCITOJ1b3YB 

pa3H006pa3Heil:wBe _!!_9}l_!:lhl6 HCTO'IHHKH 1 B. KOTOpb!X BOllS npOXOilHT H npOMbi

BaeT I"60JlOI"H'I6CKHe CJlOH 1 HaXOilBmH6CSl Ha rny6HHaX. IT OSTOMY B STOM I"OilY; 

6hiJia opraHB30BaHa 9KCIT61lHUHSl B nyCTbiHIO, I"lle HM6IOTCSI HCTO'IHHKH HCKJliO-: 

'llfT6JlbHO pa3H006pa3HOI"O 9Jl6M6HTHOI"O COCTaBa llJlB TOI"01 'IT06b! H3 STHX 
-~_.....~...r-- • ~ """"' .. ---~·c"'._-..._ -...o; ·---_.,_,_....,...,.-·. --

BOll T8K)I{6 flb!TaTbCSl CeJieKTHBHO BbiA6JlSITb 9Jl6M6HTbl - CBHH6U1 BHCMYT 

If T.A., a T8K)I{6 COOTB6TCTByiOmHe SKasneMeHThl. 

~~ Mb! lfCITOJlb30BaJIH 0'16Hb 60JibWHe lfOH006MeHHhie KOJlOHKH C KOJIH'IeCT-

BOM CMOJlbl OKOJlO 1 T 1 CKB03b KOTOpbl6 6h!Jl0 nponymeHO 50 Tb!CB'I Ky6o-

21 
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MeTpOB BOnbi BCKniO'IHTenbHO 6oraTOr'O COCTaBa (pHC. 16) • To, 'ITO B3Bne-
,,.,, ... _ ... , .. ,......_, 

xaeTCSI HS cMOnblt nonaepraeTCSI nanbHeAweA XBMH'IecxoA o6pa6oTxe, '1To-

6bl nony'IHTb oTnenbHbie sneMeHTbi. 

H, HaxoHeu, HCCnenoaaHBSI aynxaHH'IeCKHX o6paauoa. 

BeayTcSI pa6oTbi no Haane'leHBIO aoaMO)I(HbiX caepxTSI)I(enbiX sneMeHTOB 

' 'H3 aynKaHH'IeCKBX MaTepBanoB, KOTOpbie BbiXOnSIT H3 rny6BHbl 3eMnB H He 
i 

ycneaaiOT nonaeprHyTbCSI xHMB'IecxoA nBcP<PepeHuHauHB. l.fepea 2 rona nocne \ 

HaBep*eHBSI oaHoro H3 aynxaHoB KaM'IaTKH OCTbiBWHe o6paaUbi 6bmH no-
i 

CTaBneHbl B Lly6Hy. OnbiTbl c HHMH npoaonSITCSI. e;-lr-, L-? ---
nocne Tpex neT pa6oTbi BbiSICHHnocb, 'ITO npo6neMaf-:IOHCKa caepXTSI-

)l(e~IX Mep CODpSI)I(eHa C peweHHeM qpe3Bbl'l8iHO cnO)I(HbiX aanaq, CTOSIWBX { 
Ha npeaene aoaMO)I(HOCTeA sxcnepHMeHTa. HeCOMHeHHO HY*eH wHpOKHA H nna- \ 

! 
HOMepHbiA ljlpOHT HCCneaoaaHBA C HCDOnb30BaHBeM npOMbiWneHHbiX ycTaHo

BOK anSI o6pa60TKH 6onbWOr'O KOnH'IeCTBa HCCnenyeMb!X DpHpOnHb!X MaTepBa-

noa. 

TioaaonSI HTOr'H nony'leHHbiX peaynbTaTOB, XO'IeTCSI HaaeSITbCSI, 'ITO no

neMBKa BOKpyr OTKpblTH Sl 102-105 sneMeHTOB 6yaeT B 6nH)I(8ftWeM 6ynymeM 

i 3aBepweHa, a ycHnHSI SKCDepBMeHTaTopoB H TeOpeTHKOB 6yayT CKOHUeHTpBpo-
. I , 
\( BaHb! Hli npoaBB)I(eHHH B HHTepecHeiWyiO o6naCTb MepHOA lj>H3HKH H XHMBH -

\ B o6nacTb caepXTSI*enbiX sneMeHTOB. 

Mb! nyMaeM, 'ITO B 1972 rony B ,lly6He 6yaeT npoaeaeH CHHTe3 sne-
t --- - ·-·-

t MeHTOB 106-107 H H3yqe~ XHMH'IeCKHe CBOftCTBa; SKCDpeCCHaSI XHMH'IeC-

KaSI M8TOaBKa noaroToaneHa. 

BMeCTe c TeM y Hac 6yneT nponon*aTbCSI CHHTea sneMeHTOB cZ-126, 

XOTSI nony'leHHbie peaynbTaTbl ao CHX nop He naiOT OCHOBaHHSI anSI ODTH-

MH3Ma. 

B 6nH)I(aftwee BpeMSI, HCDOnb3YSI YCKOpeHHbiA KCeHOH, Mbl Bb!SICHHM1 

HBnSIIOTCSI nH OUeHKH Bb!XOna HOBbiX sneMeHTOB B neneHHH ODTHMHCTB'IeC-

KHMB HnH neCCHMHCTH'IeCKBMB. Mbl DOCMOTpBM, KaK C DOMOWblO KCeHOHa 

I 
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ac. 16). To, 'ITO aasne-
l 

ecxoa o6pa6oTxe, 'ITo-

paauos. 

csepxTsnKenbJX sneMeHTOB 

' 3 rnyoHHbJ 3eMnH H He 
I 
:t: 
CIS 

\ 
f.< 

HH. 4epea 2 roAa nocne ' 
:t: \ 
0 
1:: 

He o6pa3Ubi ObinH Ao- I 0 

Ill e:t'D ·7_ /? --

·~ 
0 
r::( 6neMafnoucxa csepXTg-
Ql 

I 1::: t 0 

= 
nOJKHbiX 38A8'10 CTOHIUHX 

1.: 
0 

HHO HylKeH WHpOKHA H nna-
= 0 
t:: npOMbiWneHHbiX ycTaHo-

.Q 
0 biX npHpOAHbiX MaTepHa-

= 1::: 
Ql 
Ill 

TCH H8A9S!TbCS!, 'ITO no- X 
:li 
0. 
0 B onaJKaAweM 6yAyweM 
f.< 
0 
1.: os OYAYT CKOHUeHTpHpo-

epHoA $H3HKH H XHMHH -
Ill 

o:s: 
= ::I 
Ql 
0. 
1.: 

nposeAeH CHHTea sne-
:t: 
0 
1.: 

; sxcnpeccHaH XHMH'Iec-

:li 
::I 
(I) 
CIS 0: 0. 

Tea sneMeHTOB cZ-126, 
10 = 0 :t: 

Ql 
T OCHOBSHHS! AnSI OfiTH-

.; 1::: 
Ql 

't~ 

r::( 

0 
0 
!:.. 

IS: 0 
eaoH, Mbl Bb!HCHHM, 

c. :t: 9HHH OfiTHMHCTH'IeC-

C fiOMOWbiO KCeHOHa 
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Ql 
(I) 

= t:: 
Ql 
:I: 

r 
Ql 

1,; 
t:: 
r:t 

Cll ., :a 
::1! 
Cll 
>. 
(I) 
.a 
t:: 
0 
1:: 
0 
:s: 

; 
~ 
:I: 
0 
t:: 
0 
~ 

Cll 
:a 
:I: 
:I: 
Cll 
::1! 
\0 
0 
0 
:I: 
0 
:s: 
Cll 

= 
I 

3 d .a 0 

r 

t:: Ill 
0 

1-0 >< :a 
CD = :a 

' 
Cll 

0 
(') 
r:t :s: 0 

0. t: 

Ha oxeaaa. 
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CHHT93HpyiOTCSI 3H8KOMbl9 SI19M9HThl C Z "" 96-98 JlJlSI TOI"O, 'IT06bi onpe-

Jl911HTb, H8CKOnbKO STO HanpaBI19HHe nepcneKTHBHO. 

t OcHOBHbie YCHJlHSI na6opaTOpHH B 6nH>KaAWHe I"OJlbl 6yJlyT HanpaBne-

t Hhl T8K)I(9 Ha Jl8JlbHeAWH9 nOHCKH CBepXTS1)1(9JlhiX SlleMeHTOB, 0TKpbiTHe 

JlOill"O>KHBYWHX CBepXTSI>K9JlbiX SlleMeHTOB BHeCeT OI"pOMHhiA BKI18Jl B nOHH

M8HHe CTpOeHHSI S!Jlep, a nony'leHHe HX B 60nbWOM KOJlH'IeCTBe Jl8CT B03-

MO>KHOCTb HCnOilb30B8Tb MHWeHH H3 STHX CBepXTSI)I(eJlhiX SlleMeHTOB K8K 

CT8pTOBYIO nnOW8JlKY JlJlSI Jl8nbHefiwero CHHTe38 HOBbiX aneMeHTOB H H3Q-

Tonoa. 
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