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3Bapa 11. H np. P6 - 10589 

0flbJTbl flO XHMHqeCKOMY KOHUeHTpHpOBBHH~ HOBOrO CflOHTBHHO 

nenHmerocH uyKnHna K3 BemecrBa Mereopura Anneune 

B npennono>~<eHKH, 'ITO HOBblii HYKilKil OTHOCHTCH K caepXTHlKellblM ane
MeHTSM, BeilleCTBO MeTeOpKTS HarpeBallH B TOKe B01l0p01l8 H KKCilOpOilS llO 

!000°C H co6Kpanu BoaoruaHHbJe nponyKTbJ. B arux ycnoBKHX HaaneKanHcb 

XHMH'IeCKKe rOMOilOrH 31leMeHTOB 112-118 K llpyrHe lleTy'IKe 3/leMeHTbJ, 

CnoHTBHHO nenRWBHC~ aKTHBHOCTb ao3roHa, H3MepeHHBH c rroMOWb~ 

nponopUHOHSilbHblX C'I~T'IHKOB, COCT8BKil8 0,02 pacnana/cyTKH B paC'I~Te Ha 

KHilOrpSMM MeTeopHTHOrO BeilleCTBS. 3TO 61lK3KO K llSHHbiM <l>nepOBS H /lp., 

nony'leHHbiM npH H3MepeHKH SKTHBHOCTH HOBOrO H31ly'laTellH B HCXOilHOM 

Marepuane MeTeopKTS Anneune c noMOillbiD C'I~T'IKKOB MHO>t<eCTBeuuoro uc

nycKSHKH HeiiTpOHOB, 

Pa6ora Bbmonueua B Jla6oparopHH HnepHblX peaKUHii 0115HI. 

UpenpBHT 06'1oeJIJIHeHHOro BBCTBTYTA B,llepiiWX BCCJle.llOB&Jid. Jly6H& 1977 

Zvara I. et al. P6 - 10589 

Experiments on Chemical Concentration of the 
New Spontaneously Fissioning Nuclide from 
the Allende Meteorite Matrix 

At the assumption that the new nuclide belongs to 
superheavy elements, the meteorite material 
was heated in hydrogen and oxygen at lOD0°C and the 
evaporated fraction was collected. At these conditions 
the chemical homologs of the elements 112-118 as well 
as other known volatile elements are extracted. 

Spontaneous fission activity of the sublimate was 
, measured with the use of proportional counters and found 
. to be about 0.02 decays/day per kilogram of the meteo

rite material. This value is close to the results of 
Flerov et al. who measured the activity of the new 
emitter in the starting material using neutron multipli
city counters. 

l_:::rint of the Joint Institute for Nuclear Research. Dubna 1977 
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I. 
B pa6oTe <l>nepooa H .n.p. coo61.1\aeTcH o6 o6uapy)f(eHHH 

B BCI.l\CCTBC HCKOTOpbiX MCTCOpHTOB HOBOI'O <.;llOHTaHHO 

.lJ.CJlHI.l\CrOCH HYKJlH.LJ.a. 3TOT pC3YJlbTaT 6biJ1 nony4CII B XO.L{C 

H<.;<.;JlC.ll.OBaHHH, KOTOpbiC HanpaBJlCHbl Ha noHCK CBCpXTH)f(C

nbiX :lneMeHTOB /CT3/ B npupo.LJ.HbiX MaTepuanax /2 -:i . Ha 

OCHOBaHHH TCOpCTH4CCKHX OUCHOK MO~HO npC.LJ.IlOJlO)f(HTb 2 , 

410 y 3J1CMCHTOB c aTOMHbiM HOMt::.poM, 6nH3KHM 114, 
CYI.l\C<.;TBYKlT .ll.OJlrO)f(HBYI.l\HC H30TOI1bl,. KOTOpbiC MOrnH 

6bl H llOHbiHC COXpaHHTbCH C MOMCHTa HYKJ1COCHH1 CJa, B 01-

nH4HC oT y)f(e H3BeCTHbiX TpaucypauoBbiX :lneMeH I oB. Oc

HOBHbiM MCTO.LJ.OM llOHCKa CJlY)f(HT .ll.CTCKTHpOBa!IHC CllOHTaH

H.OI'O .ll.CJlCHHH, TaK KaK MO)f(HO O)f(H.LJ.aTb, 410 C<.;JlH HC CaM 

.ll.OJlJO)f(HBYI.l\HH CBCpXTH)f(CJlWH 3J1CMCHT, TO llpO.LJ.YKTW ero 

pacna.n.a .ll.CJlHTCH cnOHTaHHO. 

B 6onblllHHCT.Be pa6oT no npC.LJ.CKa3aHHW XHMH4CCKHX 

CBOtkTB CT3 '5.-i C.ll.CJlaH BbiBO.ll. 0 TOM, 410 'JJlCMCHTbl 

112- 118 .ll.OJl)f(Hbl o6mi.n.aTb 3Ha4HTCjlbHOH JlCTY4CCTbKl B 

3JlCMCHTapHOM. COCTOHHHH, no.n.o6HO CBOHM roMonoraM Hg-Rn. 

no:noMy nepcneKTHBHbiMH c T04KH 3peHHH noHcKa. CT3 

npe.LJ.CTaBJlHJlHCh R , nOMHMO .n.pyrHX Ofi'bCKTOB, MCTCOp~Tbl 
THil~ yrnHCTbiX H HCpaBHOBCCHbiX XOH.LJ.pHTOB, KOTOpbiC,no

BH.ll.HMOMY, 6nH3KH no COCTaBy K nepBH4HOMY BCI.l\CCTBy 

npoTonnaHCTHOH TyMaHHOCTH. Yl3BCCTHO, ·4TO OHH He ofie.n.

HCHbl neTy4HMH 3JlCMeHTaMH In ,Bi, Tl, Pb, I ,Br , B oTnu-

4HC OT MCTCOpHTOB .n.pyrHX THnOB H .MHOrHX 3CMHbiX nopO.LJ.. 

<l>nepOB H .n.p. il npOBO.ll.HJlH noHCK HOBbiX CnOHTaHHO 

.n.enHI.l\HXCH H3nyl.faT.eneu o yrnHcTbiX xoH.n.puTax EllJpeMOBKa, 

CapaToB, AnneH.n.e, .n.eTeKTHPYH aKTbl cno,..TaHHoro .n.ene

HHH no MrHOBCHHbiM HCHTpOHaM .ll.CJlCHHH /
9

.1 • )l.nH o6pa3UOB 

Ha3BaHHbiX MeTeopHTOB BCCOM OKOJlO .LJ.CCHTH KllnorpaMMOB 
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HUOJIWAaJiaCb CKOpOCTb C4eTa Ha ypoBHe OAHOrO COOhlTHH 

'JU HeCKOllbKO CYTOK, 4TO BCC )J(e HU nopHAOK Bblllle, 4eM 

MO)J(HO o6bHCHHTb coAep)J(aHHeM a :lTHX Mereopurax ypaHa 

/2 •10-6 0/o/ - eAHHCTBeHHOrO HJBeCTHOrO B npHpOAC cnoH

TUHHO AeDHI.l..lerocH :lJieMeHTa. lionee roro, 6biJio HaiiAeHo, 

4TO CpCAHee 4HCJIO M['HOBeHHblX HCHTpOHOB AeDCHHH 1- B 

'laperuc rpupoaaHHhiX co6hiTHHX npu H'lMepeHHH Mereopura 

AllllCHAC HUXOAHTCH B HHTepBaJie 4-10, B TO BpCMH KUK 

npH cnoHTUHHOM AeJieHHH ypaHa 3TU BCJIH4HHU pasHa 2. 

8 npeAnOJIO)J(eHHH, 4TO HOBbiH H3Dy4aTellb HBJIHCTCH 

CBepXTH)J(ellbiM 3JieMeHTOM, Mbl B HaCTOHI.l..leH pa6oTe npeA

npHHHJIH nonhiTKY BbiAeJieHHH ero BMeCTe C H3BeCTHbiMH 

JICTY4HMH 3JieMeHTaMH H3 HeCKOllbKHX KHJIOrpaMMOB 3TOf'O 

Me reopura. YrnHCTbiH xoHAPHf AnneHAC /run C3/ - caMbiH 

6onhrnoii MereopHT 3Toro Knacca. 06mHH: sec acex o6pa3-

uoa, co6paHHbiX nocne naAeHHH· B MeKCHKe a <t>eapane 

1969 roAa /lO, , 6onbllle 2000 K2. 

llpHHUHn MeTOAHKH BbiACJICHHH OCHOBUH Ha TOM, 4TO 

lJieMCHfbl 112-118 AOJI)J(Hbl OTHOCH reJ1bHO nerKO yneryqu

BUTbCH B aTMOC<iJepe BOAOPOAa. ECTb OCHOBUHHH C4H

raTb:ll,l2/, 4f0 BCe OHH AOJI)J(Hbl npeBOCXOAHTb flO nery-

4CCTH TUJIJIHH. HeKOTOphle HJ HHX /a TUK)J(C OTAeJibHhlC 

6onee nerKHe TpaHCUKTHHHAHbiC :llleMCHTbi/ MoryT BOJro

HHTbCH H B aTMOC<iJepe KHCJIOpOAU. 8 TO )J(C BpCMH BCe 

H'JBCCTHbiC 3JieMeHTbl, AUlOI.l..IHC CflOHTaHHOC ACJieHHC, TUK 

)J(e KaK If OCHOBHbiC KOMnOHCHTbl MUTpHUbl MC fCOpHTa 

/34(1o SiO 
2 

, 250/o MgO , 270/o FeO , 30/o AJ 2 0 :l' 311/o CaO 
10

•
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;/, 

OOJIUAUKlT H 'HHX YCJlOBHHX HecpaBHCHHO OOJICC HHJKOH DC

TY4CCTbiO. 

Eme oAHHM o6muM caoH:craoM 6onblllHHC raa CT3 HBJIH

eTCH, no-BHAHMOMy, o6pa30BUHHC cynh<iJHAOH, HepaCTBO" 

pHMbiX B pa36aaneHHblX KHCJIOTUX HJIH meno4aX 'S-7 

METOAHKA KOHL{EHTPHPOBAHHJI 

06pa'3Ubl MCTeOpHTa AllllCHAC * 6biJ1H H3MeJib4eHbl B 

CTUJlbHOH crynKe. 8 OnbiTC HCIIOllb30BaJICH npoCCHHHbiH 

nopOlllOK CO cpeAHHM pa3MCpOM 4UCTHU 20 MKAI. 

* Aaropbt 6naroAapHbt A-py P.KnapKy /MyJeiiecrecraeu
HOH Hcropuu, Bawuurrou/ H npo<iJ. E.JI.Kpuuoay, KOTOpbte 
OKU3UJIH HCOUCHHMYlO noMOI.l..lb B npHo6peTeHHH 3TOf'O Ma

repHaJla. 

4 

YcTaHOBKa ADH XHMH4eCKOH nepepa60TKH H306pa)J(eUa 

ua pucyHKe. IlopUHlO npuMepuo B KHnorpaMM nopolllKa Mer eo

pHTUOrO Bel.l..leCTBa CJIOeM TOlll.l..IHHOH OKOJIO 3 MM noMemanH 

Ha 27 TapenoK AHaMeTpOM Ka)J(AaH 11 CM H3 uep)J(aBelOI.l..leH 

CTaJIH, KOTOphle CTOnKOH 6e3 3a3opa no OOOAY BCTaBJIHJIH 

B CTaJibHOH UHJIHHAPH4eCKHH COCYA BhlCOTOH 16 CM. 8 ra

penKax HMeJIHCb OTBepCTHH, pacnOJIO)J(eHHbie TaK, 4TOObl 

noroK ra3a, nponycKaeMoro 4epe3 cocyA, npoxoAHD nocne- • 

AOBaTeJibHO UaA Ka)J(AOH TapenKOH. TaKaH KOHCTPYKUHH 

Obllla Bb!Opaua ua OCHOBaUHH npeABapHTeJibHblX OHbiTOB, no

Ka3aBlllHX, 4TO neTy4He 3JieMeHTbl H3BJieKalOTCH AOCTaT04HO 

nonuo H ObiCTpO, eCJIH TOlll.l..IHHa CJIOH nopOlllKa COCTaBJIHeT 

OKOJIO 3 MM. B COCyAe C nOMOI.l..lblO Tpex neqeif ConpoTHB

JlCH.HH nOAACP)J(HBanaCb TeMneparypa 1000±50 0C /nopOlllOK 

Mereopura cneKaercH y)J(e npu 1100 ° H nnaBHTCH oKono 

1200 ° I. CocyA uarpeaanu B reqeuue 40 • 70 'I nonepeMeuuo 

no 8-12 'I B TOKe CMeCH H 2 t-He /B OfibeMHOM COOTHOllleHHH 

10:1/ H CMeCH 0 2 +Hey'10:1/. TaKHM06pa30M,MHOrOKpaTHO 

ocymecranHnoch npeapameuue FeO a Fe2 0
3 

H o6paruo H 

AOCTHranOCb pa3pyllleUHe KpHCTaJIJIH4eCKOH CTpyKTypbl Be

mecTBa. flpH 3TOM 3Ha4HTeJibHO B03pacTaCT CKOpOCTb BbiAe

neHHH neryqux 3JieMeHTOB B raJoBylO <iJaJy. B onhnax uc

nonb3oaanu TeXHH4CCKHH renHH H KHCJIOPOA, BOAOPOA nony-

4UJIH a annapa re Kunna ( Zn + H 2so4).ra3 noAaBancH a cocyA 

caepxy C paCXOAOM AO 15 A/'1, Ha BbiXOAe )J(e H3 COCyAa 

CKOpOCTb ero Obllla BCero 0,5 - 1,5 A/'1 /npH HOpMallbHbiX 

yCJIOBHHX/, T.K. 60llblllaH 4UCTb raJa paCXOAOBanacb Ua 

OKHCJieHHe HJIH )J(C BOCCTUHOBJICHHC COeAHHeUHH )J(eJieJa 

B MeTeOpHTC. 

Ha BhiXOAe HJ cocyAa a cranhHYlO rpy6Ky auyrpeuuHM 

AHUMCTpOM 8 MM BnJIOTHYlO BCTUBJIHJiaCb KBapueaaH Tpy6Ka 

BHyTpeHHHM AHaMeTpOM 6 MM,a B Hee no CTeHKUM- <iJonbra

c6opUHK H3 nnaTHHhl /16-30 MKM/ ua yqaCTKe AllHHOH 

16 eM, BAOJib Koroporo TeMneparypa naAana oT 1000 °C 
AO KOMHa THOH. 

06pa3ylOI.l..laHCH B npouecce )J(HAKOCTb /B OCHOBHOM BOAU 

C cepoH H cepHOH KHCJIOTOH/ CTCKana B KOJI6y, 3aTeM ra3 

npOXOAHJI nocneAOBft TeJibHO npOMbiBHYlO CKJIHHKY CO me

no4hl0 /1011/o NaOHj ADH ynaanuaauuH H 2S ,so2 ,S03 , C02 u 

a3p030JieH /MeTeOpHT COAep)J(HT OKOJIO 211/o cepbl H 0,311/o 

yrnepOAa/10,13/j, a TUK)J(C CKJIHHKY C KOHUeHTpHpOBUHHOH 
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YcmaHoeKa OAJI xuMU'IecKou nepepa6omKU Memeopuma 
AAAeHOe. 1 - mapeAKU U3 HepJICQ6€10UI€U cmaJIU, HQ KOmOpble 
noMeUieH nopowoK Memeopuma; 2 - cmaAbHOU cocyo; 3 -
Ni I NiCr mepMonapa; 4 - ne'IU HaKaJZueaHuJI; 5 - cmaAbHQJI 
mpy6Ka; 6 - Keap1.1eeaJ1 mpy6Ka, 6biJIOJICeHHaJI eHympu f/JoAb
zou; 7- I<OJI6a OAJI c6opa JICUOKocmu; 8- npOMbi6HQJI CKJIJIH
I(Q c 10o/o pacmeopoM NaOH ; 9 - npoMbi6HQJI CKJIJIHKa c 
KOHI.IeHmpupoeaHHOU H2SO 4 ; 10 - XOAOOHaJI AoeywKa 
/-130°C/, OXAQJICOQeMQJI JICUOKUM Q30mOM. 

6 

;' 

) 

' j 

cepHOH KHCJJOTOH .D.JJR BbiCYlllHBaHHR. TaK KaK He HCKJJlO'lCHO, 

410 HCKOTOpbiC CT3 MOf'Yl ce6R BCCl H KaK 6Jlai'OpO.lJ.HhiC 

ra3bl /!4. , ycTaHOBK<l. BKJJJO'laJia B CC6R XOJIO.D.HYIO JIOBYlllKy 

.D.JIR yJiaBJIHBaHHH ra3oo6pa3HbiX npo.n.yKroa ./1 eMncpal ypa 

- l30"C/.Bce COC.D.HHCHHH B ycTaHOBKCHa BbiXO.lJ.C H3 cocy;~a 

6biJIH C.D.CJiaHbl H 3 TCcPJIOHa. 

IIOCJIC OKOH'laHHfl OllbiTa cPOJibf'y-c6opHHK BbliiHMaJIH 

H3 Tpy6KH H H3MCpRJIH CllOHTaHHOC .lJ.CJICHHC C llOMOJ.llbiO 

nponopQHOHaJibHWX C'lCT'lHKOB /eM. HH*C/. 4T06W llpHro

TOBHTb o6pa3Qbl .D.JIH H3MCpCHHfl H3 paCTBOpOB B KOJI6c 

H npOMbiBHOH CKJIHHKC CO JQCJIO'lbiO, llpOBO.D.HJIH OCa}l{.lJ.CHHC 

CYJibcPH.D.OB. .ll,ml 3TOf'O .n.o6aBJIHJIH B paCTBOp B Ka'lCCTBC 

HOCHTeJieH coJIH Cu, Pb, Hg, Tl, B i. .D.OBO.D.HJIH pH .n.o 9 
H nponycKaJIH cepoao.n.opo.n. /cHa'laJia npH uarpcaaHHH .n.o 

80°, 3aTeM a xoJIO.lJ.HbiH pacraop/. B TaKHX ycJioBHRX 

oca•.D.eHH.R 3J1CMCHTapHa.R cepa paCTBOpHCTC.R C o6pa3oBa

HHCM llOJIHCYJJbcPH.D.a HaTpHH. 4epe3 CyTKH,llOCJIC KOaryJI.RUHH, 

HepaCTBOpHMbJe CYJib$H.D.W OTcPHJJbTpOBLJBaJIHCL C llOMOJ.liLIO 

MCM6paHHbJX JiaBCaHOBLIX cPHJibTpOB /"H.IJ.CpHbiC cPHJILT

pLI" 15 // c .D.HaMeTpoM nop 2,4 MKM. Oca.n.oK o6pa3oBLtBaJJ 

na cPHJILTpC pOBHLIH np04HbiH CJIOH TOJIJ.liHHOH MCHCC 1 Mc/cM
2 . 

<l>HJibTp llOMCJQaJIH B nponopQHOHaJILHbiH C'lCT'lHK, npc.D.BapH

TCJibHO HallbJJIHB Ha o6pa3CQ 0,1 M2/CM 2 
30JIOTa .D.JIH o6cc

llC'lCHHH llOBcpXHOCTHOH 3JICKTponpOBO.D.HOCTH. 

B 1.11CJ104HOH cPHJibTpa T .IJ.06aBJI.RJIH B Ka'lCCT BC HOCHl CJIH 

COJlb llJiaTHHhl, paCTBOp llO.IJ.KHCJIHJIH .D.O ~1=3 /npH 3TOM 

3JICMCHTapHaH ccpa Bbma.n.aJia B oca.n.oK/ H CHOBa nponyc

KaJIH ccpoao.n.opo.n.. Oca.n.oK oTcPHJibTpoaLtBaJIH H HaHoCHJIH 

TOHKHM CJIOCM C KaHHcPOJibiO H CKHllH.IJ.apOM Ha cPOJILry H3 

Hcp}l{aBeiOJQeu cTaJIH, a raK}I{C H3Mep.RJIH B nponopuuouaJIL

HbiX C'lCT'lHKaX. 

l'a3oo6pa3HYIO ¢paKUHfO H3 XOJIO.D.HOH JIOBYlllKH nepero

HHJIH B npe.n.aapHTCJlbHO OTKa'laHHYIO Tpy6Ky, BWJ10*CHHYIO 

BHYTPH JiaBCaHOM, KOTOpblH CJIY}I{HJI TpeKOBbiM .lJ.CTCKTOpOM 

CllOHTaHHOf'O .D.CJICHHH. 

PE3YJibTATbl H OECY)J(AEHHE 

BLI6op onHcaHHbiX BbJllle ycJioBHH onLnoB 6LIJI c.n.eJiaH 

B npe.n.aapHTCJlbHbiX 3KCllcpHMCHTaX CO 100 M2 MCTCOpHT

HOf'O BCJQCCTBa, KOTOpOe HarpeBaJIOCb B KBapqeBOH Tpy6Ke. 
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flopOillOK MeTHJIH pa)J,HOaKTHBHblMH HH)J,HKaTOpaMH.)J.Jig 3TOrO 

ero HaHOCHJIH TOHKHM CJIOeM Ha TaHTaJIOBble HJIH 30110Tble 

$OJibrH, KOTOpble 3aTeM 06JiylfaJIH Ha 11HKJIOTpoHe Y-300 

011JII1 YCKopeHHbiMH TH:>KeJibiMH HOHaMH. ATOMbl- npOJJ.YKTbl 

H)J,CpHblX peaKIIHH - BbiJieTaJIH 3a C'leT OT)J,alJU H3 MeTaJIJIH

lJeCKOH $OJibrH H B6HBaJIHCb B lJaCTHIIbl MeTeopHTa. 3aTeM 

C HCIIOJib30BaHHeM MelJeHbiX aTOMOB fibiJI npO)J,eJiaH OIIblT 

Ha ycTaHOBKe, H306pa:>KeHHOH Ha pUCYHKe, )],JIH OIIpe)J,eJieHUH 

npoueHTa H3BJie'lCHHH H3BeCTHbiX 3JieMeHTOB. flpH 3TOM B 

COCYJJ. Ha COOTBeTCTBYIOf.L!ee lfHCJIO BepXHHX TapeJIOK noMe

f.L!aJIH 150 2 nopolllKa MeTeopHTa H Harpeaanu JJ.O 1000 o 

B Te'leHHe 5 ~ B TOKe BO)J,OpO)J,a H 5 ~ B TOKe KHCJIOpO)J,a. 

Pe 3YJibTa Tbi no BbiJJ.eJieHHIO pa3JIH'lHbiX 3JieMeHTOB H3 Mar

PH1lbi MeTeopHTa npuae)J,eHbi B ma6A. 1. K HUM MO)I(HO JJ.o-

6aBHTb CJie)J,yiOf.L!He )J,aHHbie. flocne HarpeBaHHH B BO)J,OpOJJ.e 

Ha c6opHHKe 6biJIH o6Hapy)l(eHbi raK)I(e 
111 In u 200Pb ; Ko

JIH'leCTBO CBHHua yaeJIH'lHJIOCb nocJie HarpeBaHUH B KHCJIO

po)J,e. flo TeMIIepaType OCa)K)J,eHHH Ha C60pHUKe H3 He

p)l(aBetof.L!eH CTaJIH 3JieMCHTbl pacnonaraJIHCb B TOKe BO)J,O

po)J,a B cneJJ.Ytof.L!eM nopHJJ.Ke: Na:> Pb>In, Tl /'ITO noaTo

pser nopH)J,OK pacnpe)J,eJieHHH MHKpOKOJIH'JeCTB 3THX 3Jie

MeHTOB Ha HHKeJICBblX TepMOXpOMaTorpa$HlfeCKHX KOJIOH

KaX 
1 16 ' I, a B TOKe KHCJiopoJJ.a - Pb :> Tl > Se. 6poM 

Ta6JIHUa 1 
Y JieTy'IHI3Q!IHe [1;JQTOIIOB H3 06Jiy<reHI!Of'O MeTeOpHTQ 

AnneHne 

H30TOllb!

OTMe T'll11\ 11 

199,200, 198TI 

76Br 
71,72,77As 

8 

75,7Jse 

24Na 
44mSc 

BHxon (%) rrocne 

5 'I HarpeBaHHH B 

ToKe H2 

40 
70 
<10 
<I 
10 
/0,1 

CyMMapllbJH BbiXOJJ (%) 
nocne naJibHetiwero Ha

rpesamui B Te'leHHe 5 '-l 

s roKe Oz 

70 
90 
50 

100 
10 
<0,1 

H MbiillbHK pacnpeJJ.eJIHIIHCb no sceH: JJ.JIHHe c6opHHKa. OKoJio 

10-15% aKTHBHOCTH BCeX yJieTCBillHX 3JICMeHTOB fibiJIU ofi

Hapy)l(eHO B KOJifiax C )I(H)J,KOCTbiO, no -flH)J,HMOMY, Ja C'leT 

yHoca a3p030JIHMH. CeneHa YHOCHJIOCb JJ.O 35%, acne)J,cr

BHe o6pa30BaHHH JICrKOJieTy'lero OKHCJia. 

BbiBOJJ.bi HJ peJyJibTaToB HJy'leHHH noae)J,eHHH paJJ.Ho

aKTHBHbiX aTOMOB MO)I(HO pacnpOCTpaHHTb H Ha aTOMbl, 

HJHa'laJibHO npucyTCTBYIOf.L!He B MaTpHue TOJibKO B TOM 

CJiyqae, eCJIH oficcne'leH noJIHbiH HJOTOnHbiH 06MeH. flpH 

OfiJiy'leHHH Ha IIHKJIOTpOHe Me'leHble aTOMbl BfiHBaJIHCb 

B '!aCTHIIbl MCTeopHTa Ha rnyfiHHY HeCKOJibKHX MKM. Ha

rpeBaHUe )],0 BblCOKOH TeMnepaTypbl H npouecc OKHCJieHHR 

)J,OJI)I(Hbl fiblJIH npHBeCTH K rpe6yeMoMy CfiJIH)I(eHHIO XHMH

'leCKOrO COCTOHHHH BHeCeHHbiX pa)J,HOaKTHBHbiX HJOTOnOB 

H aTOMOB HCXO)J,HOrO ofipaJua. 0)J,HaKO noBe)J,eHHC MC'leHbiX 

aTOMOB MOrJIO BCC )l(e OTJIH'laTbCH OT noBe)J,eHHH aTOMOB 

ecTeCTBeHHblX H30 ronOB B MeTeOpHTe. B CBH3H C 3THM Mbl 

He HCnOJib30BaJIH pa)J,UOaKTHBHblX HH)J,HKaTOpOB npu nepe

pafiOTKe KHJIOrpaMMOBblX nopuHH Bef.L!eCTBa, HO 3Ha'lUTeJibHO 

YJJ.JIHHHJIH apeMH o6pa6oTKH no cpaBHeHHIO c apeMeHeM 

B onbiTaX C Me'leHbiMH aTOMaMH. 

flpu nepepa6orKe nepaoH: KHJiorpaMMoBoH: nopuuu Mereo

puTa HCnOJib30BaJIHCb nepHO)J,H'lCCKH CMeHHeMble cfiopHHKH 

H3 Hep)l(aBeiOf.L!eH C raJIU. 3TO )J,aJIO B03MO)I(HOCTb C IIOMOf.L!biO 

peHTreuo<lJJIIOOpecueHTHOrO aHaJIH3a IIpOCJIC)J,HTb KUHeTHKY 

BbiJJ.eJieHH1l ecTecraeHHoro CBHHua /eM. ma6A. 2/. Ero 

CO)J,ep)l(aHUe B MeTeOpHTC COCTaBJIHeT 1,3 M2/Kc' I :l, U 

CYMMapHOe KOJIHlJCCTBO 3JICMCHTa B B03roHe COrJiacyeTCH C 

3TOH BCJIH'IHHOH B npe)J,eJiaX OlllHfiOK H3MepeHHH. B onbiTaX, 

IIpOBe)J,eHHbiX B KBapueBOH Tpy6Ke, fibiJIO ycraHOBJieHO, 'ITO 

Tl ,Hg , Po /u, no-BHJJ.HMOMy, JJieMeHTbi 112-118/ ynery

'lHBaiOTCH fibiCTpee, 'ICM CBHHeu. 

PeHTreHo<tmtoopecueHTHbiM aHaJIH30M nocne nepaoro 

HarpeBaHHH B BO)J,OpO)J,e KpOMC CBHHua fiblJIH OfiHapy)I(CHbl 

1IHHK H fipOM, a IIOCJie nepBoro HarpeBaHUH B KHCJIOpO)J,C -

CeJieH H MbllllbHK; fipOM, CeJieH H MblllJbj(K Ha $OJibrax 

IIOCJICJJ.YIOf.L!UX CTa)J,HH HarpeBaHUH ofiHapy)I(CHbl He fibiJIH. 

TeMnepaTypa oca)I()J,eHHH uHHKa Ha Hep)l(aBeiOf.L!eH cranu 

fibl11a HeCKOJibKO BbllllC, 'iCM y CBHHua. JoHa OCa)I()J,eHHg 

CBHHua H IIHHKa COCTaBJIHJia OKOJIO 6 CM H pe3KO o6pbiBaJiaCb 

CO CTOpOHbl BblCOKOH TCMneparypbi. 
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Ta6nHua 2 
KonHYecTno cnHHUa Ha c6opHHKe rrocne rrocnenoBaTenbHhlX 

cTanHA HarpesaHHH 

8 Y n TOKe H2 10 Y B TOKe 0 2 7 Y B TOKe 02 
~ 7 q n ToKe H 2 7 "4 n TOKe H2 

-

0,3 Mr 1 '1 Ml' 0,1 Mr 1 ,8 Mr 

Cne.uycT 01 MCTHl h, '-ITO B HaUJHX OIThJTaX MHOrHe 3J1C

MCI!Thl MOf'JlH OCa)f(.UaTbCH Ha !jJOJ1hre-c6opHHKC He TOJlhKO 

B 3J1CMCHTapHOM COCTOHIIHH H B BH.ll.C OKHCJlOB, HO TaK)f(C 

H B BH.ll.C pa3J1Hl.JHhiX COC.ll.HIICIIHH C cepoH. 

Pc3yJ1hlaThi :n:cnepHMCHlOB c MC'-ICHhiMH aToMaMH 

H H3MCpCHHC peHTI'CHO!jJJliOOpCCU,CIITHhiM aHaJ1H30M IT03BOJ1H

lOT Ha.UCHThCH Ha 60J1hlllOH 11pOU,CHT Bhl.ll.CJlCHHH 3J1CMCHTOB 

112- 118 B HaUJHX OIThll ax, B TO )f(C- BpCMH ypaH H .upyrHe 

H3BCCTHhiC CITOHTaHHO .ll.CJ1'111U,HCCH 3J1CMCHThl, ITOBC.UCHHC 

KOT ophrx noxo)f(c Ha noac.ucuuc cKaH.UHH I eM.- ma6A. 1/, 
.ll.OJl)f(Hbl OCTaTbCH B Ma TpHU,C MCTCOpHTa. 0TCyTCTBHC 3TH X 

3J1CMCHTOB B o6pa3U,aX .ll.JlH H3MepeHHH CITO,HTaHHOro .ll.CJle

HHH ITO.UTBCp)f(.UCHO a- CITCKTpOMCTpH'-ICCKH. 

AnH H3Mcpeuuii cnoHTaHuor·o .ucneHHH ucnoilh30Bannch 

U,HJlHH.ll.PH'-ICCKHC nponopU,HOHaJlbHhiC C'-ICT'-IHKH OCKOJlKOB .ll.C

JlCHHH .ll.JlHHOH 200 H .UHaMCTpOM 25 CM 'J , Ha BHyTpeHHCH 

ITOBCpXHOCTH KOTOpbiX 3aKpCITJ1HJ1HCh o6pa3U,hl. 3cp!jleKTHB

HOCTh perHCTpaU,HH aKTOB .ll.CJlCHHH OU,CHHBaeTCH 60±10%. 
Pe3YilhTaThi H3MepeHHH o6pa3uoa, nony'-leHHhiX oT nepe

pa6oTKH 4 1<2 MCTCOpHTa AililCH.ll.C, rrpHBC.ll.CHhl B ma6/l. 3. 
OnwT MHoroneTHei 3KcnnyaTaunn C'-ICT'-IH~OB no3BOJ1HCT 

3aKJ1IO'-IHTh, '-ITO H3 12 HMnynbcoa !jloHOBhiMH Mornu 6hiTh 

He 6onee 2-3. 
Cpe.UHHH aKTHBHOCTh o6pa3U.OB B nponopu.noHaJlhHhrx 

C'-ICT'-IHKB.X B paC'-ICTC Ha C.ll.HHHU.Y Bee a HCXO.UHOro Ma TCpHa

na COCTaBHJla OKOJ10 0,02 pacnjcym·Ku • kz.B TO )f(C BpCMH 

aKTHBHOCTh HOBOrO CITOHTaHHO .ll.CJlHtU,erocH HYKJ1Hlla, o6-

Hapy)f(CHHOrO <l>nepOBhiM H .Up .. I -ITO perHCTpaU,HH MrHOBCH

HhiX HCHTpOHOB .ll.CJ1CHHH B MCTCOpHTC AnnCH.ll.C, COCTaBJ1HCT 

0,025 ·- 0,05 pacn/cymKU· 1<2 /.ll.JlH pa3J1H'-IHhiX 3Ha'ICHHH 
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Ta6nuua 3 
PeaynbTaThl H3MepeHHH Ha rrponopunoHanbHhlX cqeT'-IHKax 

N cqeT'-IIIKa N orrbJTa BpeMH LJucno 

H3MepeHHH H MITY Jib COB 

(cyTKH) 

I 290 5 

2 II 
200 1 

3 190 2 

4 III,IV 170 4 

V OT 10 .ll.O 4/. l13MCpCHHC ra3oo6pa3HOH !jlpaKUHH H3 

XOJ10.ll.HhiX nOBYlllCK rrpo.uomKaCTCH. 

Ha ocuoaauuu npuae.ueHHhiX peJynLTaToB npep;cTaan»

eTCH .ll.OCTaTO'IHO 060CHOBaHHhlM 3aKJ1lO'ICHHC, 'ITO HaM 

y.uanOCh Bhl.ll.CJ1HTh HOBhiH CflOHTaHHO .ll.CJ1HlU,HHCH H3nyqa

TCJ1h 3a C'ICT ero J1CTY'-ICCTH B TOKC BO.ll.OPO.Ua HJ1H KHCno

po.ua. TaKHMH caoH:cTaaMH, KaK no.naraiOT, .uomKHhi o6na

.uaTh CBcpXTJI)f(CJ1hiC 3J1CMCHThl. BMCCTC C TCM HCJ1h3H 

3apaHee HCKJ110'-IHTL, 'ITO 3TO H30TOIT H3BCCTHOrO neTyt~ero 

3J1CMCHTa C Hc06hi'IHhiM CTpOCHHCM H.Upa/l/. 

l13y'ICHHC !jJH3HKO-XHMH'ICCKHX CBOHCTB HOBOrO H3-

ny'-laTCJ1H .ll.OJ1)f(H0 6biTh npO.ll.OJ1)f(CHO, rrpH'ICM B nepBylO 

oqepe.uh .un» 3Toro HY)f(HO nepepa6oTaTh cyruecTBeHHO 

60J1hlllCC KOJ1H'ICCTBO MCTCOpHTHOrO BCIUCCTBa. 

ABTOphl Bhipa)f(alOT 6naro.uapHOCTh r .M. Tep- AKOflhJIHY 

Ja MHOrO'IHCJ1CHHhiC 06CY)f(.ll.CHHJI, A.r.lloneKO 3a flOMOIUh 

B rrpOBC.ll.CHHH H3MepeHHH, a TaK)f(C ,A.B.lleTpOBY 3arrOMOlU,h 

rrpH 3KCrrepHMCHTaX. 
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