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nPHHUHnW rA30XHMH4ECKOrO KOHUEHTPHPOBAHHR 
H HAEHTH$HKAUHH CBEPXTRIEflWX 3flEMEHTOB 

s"naGopaTOPHH ~AePH~X peaK~HA OHRH H B P~Ae APYrMX na6opa
TOpHA MHpa BeAYTC~ nOHCKH ceepXT~men~X 3neMeHTOB ICT31 C 
Z ~,108 KaK B npOAYKTaX ~AePH~X peaK~HA Ha ycKOpHTen~x, TaK 

H B RPHPOAH~X o6pa3~ax. noHCKH B MeTeOpHTaxll,2/ H B reoTep
MailbHbiX BOAaX nonyocTpoea 4eneKeH 13 ' npHeenH K o6Hapyl!<eHHIO 
HeH3BeCTHOrO cnOHTaHHO Aeil~~erOC~ HYKilHAa, B03MOmHO, OTHOC~~e-· 

roc~ K CT3, o6naAaiO~ero e~coKoA neTy4eCTbi0 14- 6!KpoMe e~6opa 
nepcneKTHBHOrO 06beKTa Ail~ HCCileAOBaHH~ 3aAa4a XHMHH COCTOHT 
TaKme B MaKCHMailbHOM KOH~eHTPHPOBaHHH aKTHBHOCTH, 4T06~ npH
MeHHTb pa3pa6oTaHH~e B~COK04YBCTBHTeflbH~e ~AePHO-$H3H4eCKHe 

MeTOAHKH AeTeKTHpoeaHH~ CT3, a TaKme e XHMH4ecKoA HAeHTH$HKa
~HH HeH3BeCTHoro HYKilHAa. An~ peweHH~ 3THX npo6neM, o4eBHAHO, 
He06XOAHMO pa3pa6oTaTb cne~HaflbH~e MeTOAHKH C MCnOilb30BaHHeM 
HaH6onee T04HO npeACKa3aHHbiX ceoAcTB CT3 H H3Y4HTb noeeAeHHe 
MaKCHMailbHO 60ilbWOrO 4HCila 3fleMeHTOB B B~6paHH~X ycilOBH~X. 

An~ nepepa60TI;,<H npHpOAHbiX o6pa3~oe Mbl npHMeHHilH MeTOAHKY, 
OCHOBaHHYIO Ha B03rOHKe 3IleMeHTOB B TOKe BOAOPOAa H KHCilOPOAa 
H e3aHMOAeAcTBHH c SiO 2 , CaO H mHAKHM aniOMHHHeM ~ MeH~~ TeM
nepaTypH~R pemHM, COCTaB ra30BOA H CTa~HOHapHOR $a3~, MOmHO 
CAenaTb MaKpOKOMnOHeHT~ npHpOAHOH CMeCH 3Ha4HTeilbHU MeHee ~JI~, 

Hao6opoT, 3Ha4HTeilbHO 6onee neTY4HMH, 4eM npeAnonaraeM~e 
CBepXT~men~e 3IleMeHT~, H TaKHM 06pa30M B~AeilHTb H pa3AeilHTb 
CT3. 

60ilbWHHCTBO HaH6onee pacnpOCTpaHeHH~X B npHpOAe 3fleMeHTOB 
He B03rOH~IOTC~ B TOKe BOAOPOAa HilH KHCflOPOAa 1Ta6n.1 e 1531 I. 
8 Ta6n.1 npHBeAeH~ YCilOBHR 04HCTKH OT 3IleMeHTOB, KOTOp~e 
TaK me, KaK H CT3, neTy4H e H2 HnH 02.Cepy MOmHo nepeeecTH 
e ra3oo6pa3HOe coeAHHeHHe H2S ITKHn =-60°C I e TOKe BOAOPOAa, 
KaK yme onHc~eanocb HaMH14<MapraHe~ HeneTy4 e TOKe KHCilOPOAa. 
M~Wb~K B TOKe KHCflOPOAa norno~aeTC~ $HflbTpOM H3 Ca0 C o6pa3o
BaHHeM Ca3(As0 4 ) 2 lcM.Ta6n.3 e 1531 I, a B TOKe BOAOPOAa
$HilbTPOM H3 mHAKOrO aniOMHHH~ Ha rpa$HTe lo6pa30BaHHe YCTOA-
4HBOrO AlAs 17 I I. CBI1He~, ~HHK, a TaKme HaT pH A, norn~aiOTC~ 
B TOKe KHCilOPOAa $HflbTPOM H3Si02c nepeMeHH~M 80 epeMeHH TeM
nepaTypH~M rpaAHeHTOM C o6pa30BaHHeM CHilHKaTOB pa3IlH4HOrO co
CTaea /8,91. fleTy4He XIlOPHA~ MeAH H THTaHa C nOMO~biO TaKoro 
me $HilbTpa nepeBOA~TC~ B HeileTy4He OKHCfl~ HilH CHilHKaTbl. 

*Q6~He BOnpoc~ pa3AeileHH~ 3IleMeHTOB B TOKe BOAOPOAa H KHCno
POAa paccMoTpeH~ HaM..., e /&S/. 
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Ta6mm;a I 

0~HCTKa B TOKe BO~Opo~a HnH KHCnopo~a OT neTy~HX 

MaKpOKOMTIOHeHTOB, 06bJ~HO CO~epJKaiJIHXCH B TipHpO~HbiX 

o6pasu;ax 

XHMHtlecKKe 4Joplli IIB.KpO- YCJIOBK.II OtiKC'l'KK 

sneweHTOB,ne~Ke B ~ ras lbJibTp TeM!lepaorypa,°C Coe~KHeHM 
KnK 02 

Sx , H~ S, S 02 , S 03 . ~2 .. - 650 H1 S ...................•... . ....... . .............. . .......... 
""" IIOO M,3 o~t 02 

As2 , As~ 04' H2 A!-C IIOO A( As 1 

I 

02 CaO IIOO ~ .. (J4 sO~J~ i 

Pb, Pb~ 0~ 
02 Si02 300-IIOO CKnKKS'l'hl 

Zn , Zn 0 
02 Si 0 2 300-IIOO CKniUCS'fhl 

n oct;, nc~ 02 SiO:z 300-IIOO Ti. O..z ' ••• 

c~;z c~ 02 Si 02 300-IIOO c .. z o, ... 
-~ -~ 

CT3 s yenosHHX 3THX 3KenepHMeHTOs MoryT seeTH ee6H no-pas
HOMy, H on~T~, npose~eHH~e s onpe~eneHHOA noene~osaTenbHOeTH, 

;.;.C;-j·-;- .C.!:~~IIt::<"'tVI 1 D l'li4CM I VI~VIf\d4VItU HUt:SUI U ~neMeHTa • 

BosroHKa CT3 s TOKe so~opo~a H KHenopo~a 
/nepsaH eTa~HH H~eHTH$HKa~HH/ 

nepsaH, HaHMeHee eeneKTHSHaH eTa~HH - pas~eneHHe seex 
3neMeHTOS S03rOHKOA S Ksap~esoA annapaType Ha TPH OeHOSH~e $paK
~HH: neTy4He s so~opo~e,neTY4He s KHenopo~e /Ho HeneTy4He 
S SO~OpO~e/ H HeneTy4He S SO~OpO~e H KHenopo~e /Ta6n.1 s 1531 j, 

$paK~HH 1 - 3neMeHTbl, KOTOpble MOryT S03rOHHTbeH S TOKe 
so~opo~a npH 1000-1200°C.3To CT3 112-118, HeKOTOp~e HX nerKHe 
aHanorH, a TaK>Ke 4aCTH4HO Ag H Mn. KaK yKa3blsaeTeH s MHOro-
4HeneHH~x npe~eKa3aHHHX esoAeTs 3THX CT3 /HanpHMep, si10,11/~ 
npoeTaH 3KeTpanonH~HH no rpynnaM ~aeT 6onee SbleOKYIO neTy4eeTb 
~nH 3neMeHTOS 112-116, 4eM neTy4eeTb eOOTSeTeTSYIO~HX aHanoros. 
Pae4eT~ 3neKTPOHH~X o6ono4eK pa3nH4H~MH MeTo~aMH e y4eTOM pe
nHTHSHeTeKHX 3$$eKTOS ~aiOT SbleOKHe 3Ha4eHHH 3HeprHA npOMOTH
poSaHHH 3neKTPOHOS S saneHTHOe eoeTOHHHe, 4TO o6yenasnHsaeT 
e~e 6onee HH3KHe 3Ha4eHHH 3HTanbnHA ey6nHMa~HH, 4eM ene~yeT 
H3 3KeTpanonH~HA 112!npH 3TOM neTY4HMH ~a>Ke npH KOMHaTHOA TeM
nepaType MOryT OKa3aTbeH He TOnbKO 3neMeHTbl (12 H 118 /aHanorH 
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PTYTH H pa~OHa/, HO H 114, 116. Pe3KO OTnH4HOe YTSep>K~eHHe 
0 HH3KOA neTy4eeTH 3neMeHTa 114 S pafioTe/1 3/npe~eTasnHeTeH 
He snonHe o6oeHOSaHHbiM. no HaWeMy MHeHHIO, npe~eKa3aHHe, 4TO 
3neMeHT~ 112-118 ~On>KH~ OKa3aTbeH SO $paK~HH SO~OpO~HOrO S03-
rOHa, MOlKHO e4HT3Tb Ha~elKH~M. 

B TO me speMH 6onee nerKHe 3neMeHT~ ee~bMoro nepHo~a He 
~OnlKHbl S03rOHHTbeH S TOKe SO~Opo~a, 0KHeHble eoe~HHeHHH 3ne
MeHTOS W-Pt npH s~eOKOA TeMnepaType nerKO SOeeTaHasnHsaiOTeH 
S SO~OpO~e ~0 3neMeHTapHOrO eOeTOHHHH H HMeiOT 04eHb HH3KYIO 
neTy4eeTb. ,/J,.nH esepXTH>KenbiX 3neMeHTOS 1 08-11 0 MOlKHO OlKH~aTb 
TOnbKO e~e 60nbWy10 HHepTHOeTb H enoe06HOeTb SOeeTaHaSnHSaTbeH, 
a TaK>Ke 6onbWHe TennoTbl ey6nHMa~HH /npe~eKa3aHo 6onee 
800 KA>K/Monb/10/ /, 4TO o6yenasnHsaeTeH sospaeTaHHeM eno>KHOeTH 
aTOMOS H y4aeTHeM S eSH3H SHYTpeHHHX 3neKTPOHHbiX o6on04eK/l4 ':' 

Hs paenpoeTpaHeHH~x enoHTaHHO ~enH~HXeH 3neMeHTOS Tonb
KO KanH$OpHHA o6na~aeT Hes~eOKHM 3Ha4eHHeM TennoT~ ey6-
nHMa~HH /176 KA>K/Monb 115// H MO>KeT sosroHHTbeH npH 1000-
1~000C 116( Bee aKTHHH~~ MOryT S03rOHHTbeH TaK>Ke S SH~e HH3WHX 
OKHenos/17/, 0~HaKO soeeTaHOSneHHe ~0 3THX $OpM Tpe6yeT 04eHb 
eHnbH~X SoeeTaHOSHTeneA - TaKHX,KaK MeTannH4eeKHe naHTaH,THTaH, 
~HpKOHHA. C Ksap~esoA >Ke nosepXHOeTH S TOKe SO~OpO~a see 
aKTHHH~bl eosepweHHO He yneTY4HsaiOTeH. Ko3$$H~HeHTbl 04HeTKH 
aHanoros 3neMeHTOS 112-118 OT aKTHHH~OS npeS~WaiOT 10 9 1181. 

0TMeTHM, 4TO 3a HeKnl04eHHeM MapraH~a 3neMeHT~ $paK~HH 1 ne
TY4H TaK>Ke S aTMOe$epe KHenopo~a. Bo3rOHKa STOKe 0 2 HnH 
S03~yxa n04TH seer~a ~nH 3THX 3neMeHTOS eonpOSO>K~aeTeH 4aeTH4-
HOA ~Heeo~Ha~HeA OKHenos 119~ HMeHHO no3TOMY CT3 3TOA $paK~HH, 
KOTOp~e nerKO neTy4H S 3neMeHTapHOM eOeTOHHHH H ena6ee eSOHX 
aHanoros S3aHMO~eAeTSYIOT e KHenopo~oM112~6y~yT 06H3aTenbHO 
S03rOHHTbeH S TOKe02.0~HaKO He HeKnl04eHO ena6oe s3aHMO~eAeT
SHe e Ksap~eM HaHMeHee neTy4ero H3 3THX CT3- 3neMeHTa 115, 
a TaK>Ke 3neMeHTa 116, KOTOp~A S ~syxsaneHTHOM eoeTOHHHH MO>KeT 
HMeTb HeKoTop~e esoAeTsa ~eno4Ho3eMenbH~x MeTannosi20~ 

$ p a K ~ H H 2 - 3neMeHTbl, HeneTy4He S TOKe 
rOHHIO~HeeH S TOKe KHenopo~a-rpynn~ VI-VIIIB, 

so~opo~a, HO sos
s TOM 4Hene 

I /53/ 
CT3 108-110 eM.Ta6n.1 s /.BosroHKa 3THX -- 3neMeHTOS S KHe-
nopo~e o6yenasnHsaeTeH ey~eeTSOSaHHeM neTY4HX OKHeHbiX coe~HHe
HHA s s~eoKHX eTeneHHX OKHeneHHH, TaKHX, KaK (W0 3 ) 3 , H2 W04 , 
Re03 , HRe04 , Os0 4 , Ir03 , Iro 2 , Pt02 . Ocam~eHHe HeKOTo
p~x H3 3THX eoe~HHeHHH eBH3aHO, no-sH~HMOMy, e BOeeTaHOSneHHeM 
Ha nosepXHOeTH ~0 6onee HH3KHX saneHTH~X eoeTOHHHA 121 ~4TO 
MO>KeT 6~Tb e~e 6onee xapaKTepHo ~nH 3neMeHTOS 108-110. O~HaKo 
eoe~HHeHHH 3THX 3neMeHTOS B S~COKOA eTeneHH OKHeneHHH B ra-
30SOH $a3e See >Ke ~OnlKH~ ey~eeTSOSaTb/22/, 4TO, no-sH~HMOMy, 
Henb3H YTSep>K~aTb HasepHHKa ~nH XHMHH 3Ka-nnaTHHOH~OB S 

paeTSOpax '11 ~TI03TOMY MOlKHO-~Cl>KH~aTb; 4'ro s c.iiy4ae OTCYT-eTSH1l 

3 



B3aHMOAe~CTBHR C MaTpH~e~ o6pa3~a 3/1eMeHTbl 108-110 6YAYT B03ro
HRTbCR B TOKe KHCilOPOAa B OTCYTCTBHe BOCCTaHOBHTellR /B KBap
~eBO~ annapaType/, XOTR HX TeMnepaTypbl OCa)I{AeHHR MOryT H He 
6btTb HH)I{e TeMnepaTyp oca)I{AeHHR nerKHX aHanoroe, 4TO cneAoeano 
6bt H3 npOCTO~ 3KCTpanollR~HH neTy4eCTH OKHC/108. 

Bo <f>paK~HH 2 MOryT 4aCTH4HO OKa3aTbCR Ti, Zr, Nb, Ni, Au, Cu, 
a TaK)I{e HeKOTOp~e aKTHHHAbl B BHAe neTy4HX XllOPHAOB HllH OKCH
XIlOPHAOB /cM.Ta6n.1 a 1531 I. Ho npH onpeAeneHHO~ nocTaHOBKe 
on~Ta /HanpHMep, npH Hcnonb30BaHHH <f>HilbTpa H3 Si0 2 c noA
BH)I{H~M TeMnepaTypH~M rpaAHeHTOM/ XllOPHA~ MOryT 6~Tb paapyWeH~, 
nepeBeAeH~ B OKHC/1~ HllH CBR3aH~ B CHilHKaT~ npH B~COKO~ TeMnepa
Type. 3TO n03B0/1ReT nOilHOCTb~ HCKI1~4HTb B03MO)I{H0CTb nonaAq-
HHR yKa3aHH~X 3/1eMeHTOB BO <f>paK~H~ 2. 

<f> p a K ~ H R 3 - 3JleMeHT~, HeJleTy4He B TOKe BOAOPOAa H KHCilO
POAa B KBap~eao~ annapaType /CM.Ta6n.1 e 1531 /; C~Aa OTHOCRT
CR OCHOBH~e MaKpOKOMnOHeHT~ npHpOAH~X o6pa3~0B /Si , Fe , Ca, 
Mg, Al , Ti , Ni , Cu I, aKTHHHAbl, a TaK>Ke, no-eHAHMOMY, 3ne
MeHT 111. CpeAH aHanoroe 3Toro 3IleMeHTa He npocne)I{HBaeTCR Mo
HOTOHHOro H3MeHeHHR JleTy4eCTH /Ag 6onee JleTy4, 4eM Cu H Au/. 
Pac4eT~ )l{e 3JleKTpOHH~X COCTORHH~ nOKa3~Ba~T, 4TO 3JleMeHT111 1231 

6J1H30K no JleTy4eCTH K 30110Ty, H, CKOpee, HeMHOrO MeHee JleTy4. 
no3TOMY OH eepORTHee ecero OKa)l{eTCR BO <f>paK~HH 3. 

Bo <f>paK~HH HeneTy4HX 3IleMeHTOB MoryT ocTaeaTbCR 4aCTH4HO 
3IleMeHT~ <f>paK~H~ 1 H 2 BCileACTBHe MeAileHHO~ AH<f><f>y3HH H B3aH
MvMc;;.._ 1 ""''" '- Ht::Jit:: I Y'li1M Bt:!IJ4t:!CTBOM MaTpH~bl. 1103TOMy ra30XHMH4ec
KaR nepepa60TKa HaH6onee 3<f><f>eKTHBHa AilR o6pa3~0B, B KOTOpbiX 
B XOAe HarpeBaHHR B H 2 HilH 0 2 npOHCXOAHT pa3pyweHHe KPHCTan
IlH4eCKO~ CTPYKTyp~ /4TO cy~eCTBeHHO cnoc06CTByeT B~AeileHH~ 
neTy4HX 3IleMeHTOB/,HanpHMep, o6pa3~~ Ha OCHOBe OKHCilOB C ne
peMeHHO~ BaJleHTHOCTb~ /)l{eJle30, ypaH/, MeTaJlJlOB H HeMeTaJlJlOB, 
IleTY4HX B BOAOPOAe HilH K~CilOPOAe /cepa, yrnepOA/. MeH~We 
nOAXOART OKHCil~ aJl~MHHHR, TOPHR, THTaHa, C~IlHKaT~. Bo3MO)I{Ha, 
HO CJ10)1{Ha nepepa60TKa opraHH4eCKHX Be~eCTB. 

Baa~MOAe~cTBHe CT3 ~ HX aHanoroe c CaO 
B TOKe KHCilOPOAa /BTOpaR CTaB~R HAeHTH<f>~Ka~H~/ 

BTopaR cTaA~R npeAYCMaTpHeaeT OTAeneH~e 3IleMeHTOB 115 ~ 116 
OT 112, 113 H 114 /ace OH~ JleTy4H B BOAOPOAe/ 3a C4eT norno~e
HHR 3IleMeHToe 115 ~ 116 <f>HilbTPOM H3 OKHc~ Kanb~~R /1100°C I 
B TOKe KHCilOPOAa /Ta6Jl. 2/. 

B IlHTepaType Aa~TCR Il~Wb Ka4eCTBeHH~e o6~RcHeHHR TepMH4ecKo~ 
ycT0~4HBOCT~ ABO~HbiX OKHcnoe aHanoroe CT3 c CaO Ha np~Mepe 
CYilb<f>aTOB H CeJleHaTOB nocpeACTBOM KOHTpnonRpH3Y~~ero• Ae~CTBHR 

KaT~OHa 124•251• 3TH C006pa)l{eHHR He n03BOI1R~T O~eHHTb YCT0~4~
BOCTb coeA~HeHH~ CT3 c CaO. 
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Ta6nHu;a 2 

nornOWEH~E 3nEMEHTOB 

<1>~/lbTPOM Ca0 B TOKE 

KLIIC/10PO.QA nPLII tt00°C 

l!m!lll HEOSPAT~MOE 
llll§i§ nOrllOWEH~E . • nornOWEH~R HET L/111~ MAllO 

~ OSPAT~MOE 
~ nOrllOWEH~E D HEnETY'i B 

K~CilOPO.IlE 

[ ) TOnbKO n~TEPATYPHbiE ,QAHHbiE 

B TO )l{e epeMR, cpaeHHBaR HMe~~HeCR e IlHTe~aType 3KcnepH
MeHTailbH~e AaHHble H HaWH On~T~ /CM.Ta6n.3 B 

531
/,.MO)I{HO 3aMe

THTb, 4TO B TOM CJ1y4ae, KOrAa MOrYT o6pa30B~BaTbCR ABO~H~e 
OKHCilbl C CaQ B BbiCOKOM eaJleHTHOM COCTORHHH JleTy4ero 3JleMeH
Ta, 3TOT 3JleMeHT Heo6paTHMO nOrilO~aeTCR OKHCb~ KaJlb~HR B TOKe 
KHCilOPOAa. ~ Hao60pOT, cpaBHHTeJlbHO HH3KHe CTeneHH OKHCJleHHR 
npHBOART, no IlHTepaTypH~M AaHH~M, K MeHbWe~ YCT0~4HBOCTH ABO~
H~X OKHcnoe aHanoroe CT3 c CaO; H e HawHx 3KcnepHMeHTax 
3JleMeHTbl J1H60 He norno~a~TCR COBCeM OKHCb~ Kailb~HR npH 1000-
12000C, J1H60 norilO~a~TCR o6paTHMO, eepORTHO, BCileACTBHe o6pa-
30BaHHR TBePA~X pacTeopoe. Ha6n~Aa~~eecR s 6onbWHHCTBe cny4aes 
yMeHbWeHHe yCT0~4HBOCTH ABO~HbiX OKHCilOB C nOHH)I{eHHeM BaJleHT
HOCTH KOBaileHTHO CBR3aHHOrO aTOMa, B03M0)1{H0, pe3yJlbTaT nepe
XOAa OCB060AHBWHXCR eaJleHTH~X 3JleKTpOHOB Ha pa3p~XI1R~~He op6H
Ta11~ B OKCHAHOM KJlaCTepe, KOTOp~~ npaeoMepHO OnHC~BaTb B 
npeACTaeneHHRX MO 1261. 

3JleMeHT~ rpynn~ liB B ABYXBaJleHTHOM COCTORHHH HCTHHH~X XH
MH4eCKHX coeAHHeHH~ c CaO, eepoRTHO, He o6paay~T/27~xoTR 
H3BeCTH~ TBePAble pacTBOPbl CdO c CaO /28/ H ZnO c MgO 1291 , HeT 
coeAHHeHH~ HgO c CaO. B rpynne IliA ycT0~4HB~e coeAHHeHHR 
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C CaQ CYII\eCT8YIOT AilR HHAHR 8 8aJleHTHOM COCTOAHHH + 3 -Ca
3

In
2

0
6

, 
Cain2 0 4 13~/ a AilR MOH08aJleHTHOrO HHAHA H AilA TaJlJlHR TaKHe 
COeAHHeHHR HeH38eCTHbl. ~IlR C8HH4a 8 CTeneHH OKHCJleHHR +4 cy
ll\eCT8yeT coeAHHeHHe Ca PbO 13 1.32 •271 /pa3naraeTc.R npH 

2 4 /32/ 
815 oc I 1-1, 803MO>KHO, Ca Pb03 , OAHaKo Ail.R A8YX8aneHTHoro 
C8HH4a COeAHHeHH~ C CaQ HeT /31/. 

B HaWHx 3KcnepHMeHTax 4~-'~HK 1-1 KaAMH~ IlHWb 4aCTH4HO norno-
11\ailHCb $HilbTPOM H3 CaO npH 1100°C, a pTyTb npoxoAHna 4epe3 
3TOT $HilbTp. HHAH~ nornoll\anc.R Heo6paTHMO, a TannH~ He 3aAep
>KH8ailc.R $HilbTPOM 1-13 OKHCH KaJlb4H.R /CM.Ta6n.3 8 1531 /. no AaH
H~M TepMOXpOMaTOrpa$H4eCKHX On~T08, 8 TOKe 803AYXa TenJlOTa 
aACOp64HH PTYTH Ha Ca0, KaK H Ha SiO 2 , COCTa8Jl.ReT OKOJlO 
85 K~>K/MOilb, TaJlJlH.R- 225 K~>K/MOJlb /Ha K8ap4e 212 K~>K/MOilb/. 
C8HHe4 TaK>Ke npOXOnHil nep8~e caHTHMeTp~ $HilbTpa OKHCH KaJlb-
41-i.R /cM.Ta6n.3 8

1531
/. Ero TeMnepaTypa oca>KAeHH.A Ha rpaHynax 

CaQ Cyll\eCT8eHHO 3a8HCHT OT Ha4aJlbHOA TeMnepaTyp~ KOJlOHKH, 
803MO>KHO, 8CJleACT8He CJlO>KHOrO MeXaHH3Ma norilOII\eHH.A C8HH4a 
C 06pa308aHHeM T8epA~X paCT80p08 npH OTHOCHTeJlbHO 8~COKHX 
TeMnepaTypax. 

~Il.R 3JleMeHT08 112, 113 H 114 MO>KHO.O>KHAaTb IlHWb ell\e 60JlbWyiO 
JleTy4eCTb H 6on~y10 CKJlOHHOCTb K HH3WHM 8aJleHTHbiM COCTO.AHH.AM 
no cpa8HeHHIO c Hg, Tl, Pb 11 1. 101 , no3TOMY He 8bl3bl8aeT coM
HeHHA, 4TO 3TH CT3 He MeHee nerKo npoxOART $HilbTp H3 CaO, 4eM 
HX nerKHe aHanorH. 

HHoe nonomeHHe Ail.R 3JleMeHTOB rpynn VA 1-1 VIA. XoT.R OKHCb 
Tpex8aJleHTHOro 81-'!CMyTa, nofaHH~M pa60T~/33/ He 83aHMOAeAcT-
8yeT c CaO, a, no AaHHbiM 

134 
, npH 8biCOKHx TeM'nepaTypax o6pa-

3yeT IlHWb T8epAble paCT80pbl, HO 8 npHCYTCT8HH KHCilOPOAa o6pa-
3YIOTC.R COeAHHeHH.A C CaQ H BaQ, 8 KOTOPbiX 81-'!CMYT 4aCTH4HO n.ATH-
8aJleHTeH135/ApceHHT~ Kailb4H.R npH 8~COKHX TeMnepaTypax He cy-
ll\eCT8yiOT, TOrAa KaK apceHaTbl Ca3(As0 4 )2 1-1 AP. 04eHb 
YCT0~4H8~e COeAHHeHH.R/36 ·371. To >Ke CaMOe MO>KHO CKa3aTb H 0 
COeAHHeHH.AX cypbMbi/3SI. 

3neMeHT~ rpynn~ VIA o6pa3yiOT coeAHHeHH.A cCaO KaK 8 cTeneHH 
OKHCJleHH.A +4, TaK H +6. npH 3TOM Te~MH4eCKH 6onee YCTOA4H8bl 
COeAHHeHH.R WeCTH8aJleHTHOA cepbl 139 •4 I H Tennypa 141.421, 4eTbl-
pex8aneHTHbiX CeJleHa 139 •43 •441 H, no-8HAHMOMY, nOJlOHH.A 1451, 

XOT.R np.RM~X AaHH~X 0 83aHMOAeACT8HH Po02 C OKHCJlaMH ll\eil04H0-
3eMeJlbH~X MeTanno8 8 IlHTepaType HeT. 

B HaWHX 3KcnepHMeHTax Bi , Sb , As , TaK me, KaK 1-1 Po , Te , 
nonHOCTbiO nornoll\anHcb yme nep8~MH MHililHMeTpaMH $HilbTpa H3 CaO 
npH 1100° 8 TOKe KHcnopoAa. TennoTbl aAcop641-1H As 1-1 Bi- 6onee 
320 K~>K/MOilb /cM.Ta6n.3 8

153
}. TaKoe no8eAeHHe pe3Ko OTilH4aeT 

3neMeHTbl rpynn VA 1-1 VIA OT 3neMeHT08 rpynn IIB,IIIA, IVA. 
no3TOMy eCJlH H08~A 3JleMeHT - JleTy4HA 8 80AOPOAe- 8 TOKe KHC-

6 

<!,. 

~ 

!. 

r 

IlOPOAa nornOII\aeTC.R $HilbTpOM 1-13 CaO, TO OH AOJl>KeH OTHOCHTb
C.R K rpynnaM VA Hill'! VIA. 

0AHaKO,eCJlH 3JleMeHT He norilOII\aeTC.R $HilbTpOM H3Ca0,3TO ell\e 
He ro80PHT o ero npHHaAne>KHOCTH K rpynnaM liB, IliA HilH IV A 
TaK KaK 8CJleACT8He peJl.RTI-181-'!CTCKHX 3$¢eKT08 Ail.R 3JleMeHT08 115 
H 116, 803MO>KHO, C08CeM HeXapaKTepH~ 8~COKHe CTeneHH OKHc
IleHH.A +5 H +4 1101, 4TO MO>KeT npH8eCTH K HeyCTOA4H80CTH COeAH
HeHHA c CaO. 

B cny4ae CT3, neTy4HX TOilbKO 8 KHCilOPOAe /z =108-110/, Ha
Ae>KHa.A HAeHTH$HKa4H.A c npHMeHeHHeM $HilbTpa H3 CaO 8PRA 111-1 
803MO>KHa. TeHAeH4H.A 8 nepHOAH4eCKOA CHCTeMe yKa3bl8aeT Ha MeHb
WyiO CKilOHHOCTb K 83aHMOAeAcT8HIO c CaO 8Cex 3THX CT3 no cpa8He
HHIO C HX aHanoraMH. TaK,1 CM $HilbTpa 1-13 OKHCH KaJlb4H.A nponyc

KaeT He 6onee 1%Ru 1-1 0,01% Tc, HO 95% Os, 53% Ir , 7% Pt, 
72% Re. Ony6nHK08aHHble AaHHble TaK)I(e yKa3bl8aiOT Ha MeHbWYIO ycToA-
4H80CTb coeAHHeHHA c CaO Ail.R TR>Ken~x nnaTHH08biX MeTanno8 146 ~ 
B o6nacTH z =1 08-11 0, no-8HAHMOMy, ecTb HeKOTop~e 803MO>KHOCTH 
Ail.R HAeHTH$HKa4HH c noMOII\biO OHilbTpa H3 MeTannH4ecKoro 3onoTa: 
3IleMeHT 108, KaK 1-1 ero nerKH~ aHanor Os, AOil>KeH npoxOAHTb 
4epe3 $HilbTp, 8 TO me 8peMR aHanor Pt- 3IleMeHT 110, 80CcTaHa8-
IlH8a.Acb AO 3JleMeHTapHOrO COCTO.AHH.R, MO>KeT 3aAep>KH8aTbC.R TaKHM 
$HilbTPOM. 

BamHo, 4TO MaKponpHMecH neTy4HX 3JleMeHT08 CYII\eCT8eHHO He 
8111-'!.AIOT Ha nOrilOII\eHHe MHKp03JleMeHT08 OKHCbiO KaJlb4H.A, no KpaAHeA 
Mepe, ecnH $HilbTP He HaC~II\eH neTy4HM MaKpOKOMnOHeHTOM. HawH 
On~T~ noKa3aJlH, 4TO npHCYTCT8He MaKpUKUJl~Ye~l~ M~WbMKd ~ Mu

IlH6AeHa H 4aCTH4HOe npe8pall\eHHe CaQ 8 apceHaT~ H MOil.H6AaT~ He 
npH80AHT K nOrilOII\eHHIO C8HH4a H 41-iHKa. ~.A TaKoro nOrflOII\eHH.A 
Tpe6o8aflOCb 6bl, 4T06bl neTy4a.A OKHCb MHKpOKOMnOHeHTa 6onee aK
TH8HO 83aHMOAeAcT808ana c A80AHoA OKHCbiO, 4eM c CaO, 4TO Ka>KeT
c.R 800611\e Mano8epo.ATHbiM Afl.R 8Cex neTy4HX 3neMeHT08. JlHTepaTyp
H~X AaHH~X Ha 3TOT C4eT He 06Hapy>KeHO. 

TaKHM o6pa30M, 8TOpa.R CTaAH.R C HCn01lb308aHHeM OKHCH KaJlb4H.A 
MO>KeT 6~Tb npHMeHeHa Ail.R HAeHTH$HKa4HH 31leMeHT08 8 CilO>KHOA 
npHpOAHOA CMeCH. 

TepMOXpOMaTorpa$H.R 8 TOKe 80AOPOAa Ha K8ap4e80H 
no8epxHOCTH /TpeTb.R c~aAHR HAeHTH$HKa4HH/ 

~anbHe~wyiO HAeHTH$HKa4HIO CT3 8 o6nacTHZ=112-114 1-1 115-116 
MO>KHO CH08a np080AHTb 8 TOKe 80AOPOAa nyTeM TepMOXpOMaTorpa
$H4eCKOro pa3AeJleHH.A Ha K8af.~e80~ n08epXHOCTH, KaK 3TO npeAnO
>KeHO 1-1 o6ocH08aHo A~xnepoM 1 •471. B 3TO~ cTaAHH Heo6xoAHMbl 
yme 6onee KOHKpeTHble 1-1 T04Hble npeAnono>KeHH.A o neTy4eCTH CT3. 
~aHH~e 8 pafioTe/11/ npeACTa81l.RIOTC.R HaH60nee HaAe>KH~MH H He 
oTnH4aiOTC.R 3Ha4HTeilbHO OT 6onbWHHCT8a APYrHX cepbe3HO o6ocHo-
8aHH~x npeACKa3aHHA. 

7 



MaKCHMyM~ nHKOB npH TepMOXpOMaTOrpa$HH Ha KBap4eBOH KOnOH
Ke B TOKe BOADPDAa B 06~4H~X ycnOBHRX 3KcnepHMeHTa AnR 3ne
MeHTa 112 npeACKa3aH~ B HHTepaane OT -213 AD -121°C, AnR 3ne
MeHTa 114- OT -53 AD +95°C, AnR 113- OT +112 AD +224°C, 
4TO AaeT aD3MOlKHOCTb paanH4HTb 3TH 3neMeHTbl. 

TaK me MOlKHO pa3AenHTb 3neMeHTbl, KOTOpble MOryT nornolllaTbCR 
Ca0 B KHCnOpOAe: TeMnepaTypa OCalKAeHHR 3neMeHTa 116 B BOAO
PDAe ADnlKHa 6~Tb OT -7 AD +157°C, a 115- OT +247 AD +283°C. 

B~BOA~ 0 Z B 3TOH CTaAHH 6YAYT npaaHnbH~, nHWb ecnH B 
XOAe npeAWeCTBY~l!lero KOH4eHTPHPOBaHHR, HanpHMep C nOMOlllb~ 
$HnbTpoa H3 CaO,Si02, >XHAKOro Al /Ta6n. 1 I HnH TepMoxpoMaTorpa
$HH B TOKe 0 2 /CM.pHC.2 a 153J, AOCTHrHyTa 04HCTKa OT neTy-
4HX MaKpOKOMnOHeHTO~nH lKe HX COAep~aHHe 6onee 1 MKr, KaK 
B npHMepe Ha PHC. 1 B 1531 , TO OCa>KAeHHe B03MOlKHO He TOnbKO 
Ha Kaap4eBOH noaepXHOCTH KOnOHKH, HO H Ha MeTannH4eCKOH no
aepXHOCTH B030rHaHHOrO MaKpOKOMnOHeHTa, 4TO MOlKeT npHaeCTH 
K nOBbiWeHH~ TeMnepaTypbl OCalKAeHHR H 3aTPYAHHT HHTepnpeTa4H~ 
peaynbTaToa. 

0AHaKO B n~60M cny4ae MOlKHO nDAOHTH K onpeAeneHH~ Z caepx
TRlKenbiX 3neMeHTOB B o6naCTH 3neMeHTOB 1 08-116 ra30XHMH4eCKH, 
H3MeHRR COCTaB aTMOC$ep~,CTa4HOHapHOH $a3~ H TeMnepaTypy.0KOH-
4aTenbHaR HAeHT~$HKa4HR Tpe6yeT,6eaycnoBHO,HCnOnb30BaHHR He
CKOnbKHX He3aBHCHM~X $H3H4eCKHX HnH XHMH4eCKHX MeTOAOB. 

nOHCK CT3 B HEKOTOPbiX 06PA3UAX - nPOAYKTAX nEPEPA60TKH 
rEOTEPMAnbH~X BOA nonYOCTPOBA 4EnEKEH 

Hano~eHH~e a~we npHH4Hn~ M~ npHMeHHnH a raaoxHMH4ecKoA 
nepepa6oTKe HeKOTOpbiX o6paa40B, nony4eHHbiX npH nonbiTKax KOH-
4eHTpHpoaaTb CT3 H3 rny6HHHbiX pacconoa nonyocTpoaa 4eneKeH 13 1. 

Hawa nepepa6oTKa ocyl!leCTBnRnacb c 4enb~ nony4eHHR TOHKHX MHwe
HeA - KOH4eHTPHPOBaHH~X npenapaToa omHAaeM~x CT3 AnR AeTeK
THpoaaHHR HX no MeTDAY B~HYlKAeHHOrO AeneHHR Ha ny4Ke a-4aCTH4 
4HKnOTPOHa C H3MepeHHeM nonHOH KHHeTH4eCKOH 3HeprHH OCKOnKOB 
AeneHHR 1481. 0CHOBHOe Tpe6oBaHHe, npeAbRBnReMOe K MHWeHRM, -
npH o6111eA TDnl!IHHe He 6onee 200 MKr/cM 2 Mance coAeplKaHHe ypa
Ha I <10 11 aToMoa/. 4yacTBHTenbHOCTb MeTDAa a 3TOM cny4ae 
peKDPAHaR H ADCTHraeT 10 8 aTOMOB CT3. 

B XOAe ra30XHMH4eCKOrO KOH4eHTPHPOBaHHR Mbl npHrOTaBnHaanH 
TaKHe MHWeHH ABYMR cnoco6aMH: HaH6onee neTY4He H3 B030rHaHHbiX 
3neMeHTOB ocalKAanH Ha noAnDlKKy HenocpeACTBeHHO H3 raaoaoA 
$a3~, a APYrHe - CM~BanH C KBap4eaoA noaepXHOCTH H HaKan~aa
nH CM~Bbl Ha TOHKY~ nDAnOlKKy MHWeHH. 
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raaoxHMH4ecKaR nepepa6oTKa o6paa4a '~ayoKHCb MapraH4a'' 

06pa3e4 C MaCCOH 0,6 r, OCHOBHbiM KOMnOHeHTOM KOTOpOrO 6bln 
Mn02, CDAeplKan no AaHHbiM peHTreHo-$n~opec4eHTHDro aHanHaa aHa-
4HTenbHble KonH4eCTBa neTy4HX 3neMeHTOB: As, Zn, Pb H AP. 
/Ta6n.3/. CoAeP*aHHe ypaHa, onpeAeneHHDe MeTDADM aKTHBa4HH 
pe30HaHCH~MH HeHTpOHaMH Ha MHKpOTPDHe/49~COCTaBHnO 30 MKr. 

HarpeaaHHe 11ABY0KHCH MapraH4a 11 Mbl npOH3BOAHnH TOnbKO B TOKe 
KHCnOPOAa /a TOKe BOAOPDAa B03rOHReTCR caM MapraHe4/, npeAno
naraR, 4TO HCKOM~H 3neMeHT, KaK H HyKnHA, 06HapymeHH~H B Me
TeOpHTe AnneHAe, no neTy4eCTH B 0 26nH30K K PTYTH, OCMH~ HnH 
TannH~/4 / H He nornOl!laeTCR $HnbTpOM H3 Ca0 H $HnbTPOM H3 
Si02 c nepeMeHHbiM TeMnepaTypHbiM rpaAHeHTOM. 

Ha pHc.l H3o6palKeHa ycTaHDBKa AnR nepepa6oTKH o6paa4a. 
ne4b /lT.Harpeaa~l!laR $HnbTpbl AD 11 00°C, CHa4ana HaXDAHnaCb 
a nonoX<eHHH I. ne4b~ /2/ HarpeaanH "ABYDKHCb MapraH4a" a To
Ke KHCnOPOAa 10 Mn/MHH 10 4aCOB AD 1100°C,H 3aTeM 3TY ne4b 
a~Kn~4anH. nocne 3Toro, nponycKaR raa, peaK4HOHHY~ Tpy6Ky 
MeAneHHO a Te4eHHe 12 4acoa MexaHH4eCKH npoTRrHaanH aneao 
TaK, 4TO ne4b /1/ OKaa~aanacb a nonolKeHHHll, npH 3TOM Kaap4eay~ 
Tpy6Ky cnpaaa OT ne4H nocTORHHO oxnalKAanH BOAOA. B nonolKeHHH 
II Tpy6Ky HarpeaanH el!le 4 4aCa. npDAYKT~, npoWeAWHe 4epe3 
$HnbTp~, OCalKAanHCb Ha 0Tpe3Ke CBOfiOAHOH Kaap4eBOH Tpy6KH. 
AnR ynaanHaaHHR nerKoneTy4HX 3neMeHTOB, nnoxo aAcop6HPY~liiHXCR 

~ 

0.2 

0.1 

Mn 

Cu
Pb -·
Zn ----

AsMo 

.'\ 
I I . \ 

Ni Zr Tl Nb 

II 

CM 
(TI) (/I.e) (Os/Hg 

-
PHc.l. YcTaHOBKa AITH KOH~eHTpHpoBaHHH CT3 H3 ~eneKeHcKoro 
o6pa3~a 11 ABYOKHC:b MapraH~a" H pacrrpeAeneHHe 3JieMeHTOB 
rrocne OIIbiTa: I - rroABIDKHaH rre~:b I II 00 °C I; 2 - CTa~HOHap
HaH rre~:b I II 00 oc I; 3 - HCXOAHbiH o6pa3e~; 4 - @HJI:bTp H3 
CaO; 5 - iPHJihTP H3 SiO 2 ;6 - TOHKaH <Ponhra H3 MeTa.JIJIH~ecKoro 

30JIOTa B KaCCeTe AITH yrrpaBJieHHH JierKOJieT~HX 3JieMeHTOB. 
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Ta6mn1.a 3 

Pacnpe~eneHHe 3neMeHTOB B ycTaHoBKe ~fl Bhl~eneHHfl CT3 
H3 11~BYOKHCH MapraHIJ,a11 no OKOH"l!aHHH OllhlTa /%/ 

3JieNeHT CoAepPHHe, CTapT WHJibTp CaO ~HJibTp S,· O.z ~pa~l!'llt CT3 
MKr N,Oz_ ~eapqe-I-R CN 2-R CM l13oTep- ~~MeH 3oJIO 

(SiOJ MH'l. ~rul Trul 
r~HeH~ ~pyCiKa, I!JoJib 

ra 

M, 4.Io5 IOO - - - - - -
Ff ... IOO - - - - - -
Sr 120 IOO - - - - - -
SE> ... IOO - - - - - -
c'- 4.Io3 57 I I 8 33 - -
Zn 3.Io3 89 I I I 8 - -
Ph 3.Io2 9 - - 3 88 ? -
Zr 12 ' IO - - - 90 - -
T;. ... 38 - - - 62 - -
As 3.Io3 + + - - - - -
Mo 60 + + - - - - -
Hg 0,5 - - - - - - + 

N< + - - - + - -... 
Nb - - - + - -... ... 

MoAeJibH~ 3KcnepKMeHT 

203H
1 CiH - - - - - ;) 9~ 

202Tt CiH - - - - - roo -
2I2pi, 3 64 II CiH 25 - - -
207 Bi. CiH 44 56 - - - - -
2I0Po CiH - roo - - - - -
I83R~ CiH 5 27 ;58 - - ;:) b 

I85os CiH I 3 2 - - - 89 
I89Jr CiH - 46 52 - 2 - -
I88 Pt. 6H 20 50 30 - - - -

6H - 6e3 HOCHTenfl, - - He 06Hap~eHo, + - 06Hap~eHO Ka"l!eCT
BeHHO. 
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Ha Keap~e, ~cnonb3oean~ Te$nOHOBY~ KacceTy, e KoTopoH 3aKpen
nfln~ KOnb~O C TOHKOH nneHKOH ~3 rpa$~Ta /30 MKr/CM 2/ ~ Hanbl
neHHOrO Ha Hero 30nOTa /50 MKr/cM2/ TaK, 4TO BWXOATI~afl ~3 
Tpy6K~ CTpyTI ra3a 6~na B 30nOTO. 

PacnpeAeneH~e 3neMeHTOB Ha $~nbTpax nocne onwTa /peHTre
HO$n~opec~eHTHW~ aHan~3/ 1 a TaK~e B MOAenbHOM 3KCnep~MeHTe 
c paA~oaKT~BHWM~ ~3oTonaM~ 3neMeHTOB - aHanoroe CT3 e cocTofi
H~~ 6e3 HOC~Tenfl, noKa3aHo Ha p~c. 1 ~ e Ta6n.3. Ha $~nbTpe ~3 
CaO, rAe 3aAeP>K~eancfl eecb MbiW~ MOn~6AeH, ocTaeanocb n~wb 
He3Ha4~TenbHOe KOn~4eCTBO MeA~ ~ ~~HKa. oonbwafl 4aCTb Cu, 
a TaK>Ke 3neMeHTbl Pb, Zn, Ti, Zr , Nb, Ni, npoxoA~n~ ~30Tep

M~4eCKY~ 4aCTb $~nbTpa Si02 ~ 3aAeP>K~ean~cb e 4aCT~ $~nbTpa 
c nepeMeHHWM rpaA~eHTOM TeMnepaTypw. B MOAenbHOM onwTe ynbT
paM~KpOKOn~4ecTea Hg, Tl, Os, 4aCT~4HO Pb ~ Re, npoxoA~n~ 4epe3 
$~nbTpw. KaK y>Ke o6cy>KAanocb ewwe, TaK >Ke AOn~Hw secT~ ce6fl 
3neMeHTW 113, 114 ~, B03MO>KHO, 3neMeHThl 115-117, 108-110, 
ecn~ OH~ eo3roHfln~cb ~3 o6pa3~a np~ 1100°C. 

,[l.nf! np~rOTOBneH~fl TOHK~X M~WeHeH B03rOHbl CMbiBan~ C KBap~e
BOH Tpy6K~ cne~~anbHO 04H~eHHhlM~ K~cnoTaM~ - a3oTHOA, 3aTeM 
COnfiHOH /BhlXOA B CMWBhl He MeHee 80-90%/ H HaKanwean~ paCTBOpW 
Ha TOHKY~ 30nOTY~ nOAnO>KKy /50-100 MKr/cM 2/. nepeA o6ny4eH~eM 
a-4aCT~~aMH Ha ~~KnOTpOHe 3T~ MHWeH~, KaK ~ MHWeH~ nerKone

TY4HX 3neMeHTOB H3 Te$nOHOBOH KacceThl, HaKpWBan~ nneHKOH 
rpa$~Ta 30 MKr/cM 2 AnTI npeAOTBpa~eH~fl yneTy4~BaH~fl B eaKyyMe 
~HKnOTPOHa. 

no pe3ynbTaTaM BbiHY>KAeHHOrO AeneH~fl Ha ny4Ke a -4aCT~~ 1481 

COAep>KaH~e ypaHa B MHWeHfiX ~3 CMWBOB C KBap~eBOH noeepXHOCTH 
COCTaBHnO /4-7/.1010 aTOMOB /onpeAenflnOCb, eepOTITHO, COAepma
HHeM ypaHa B KHCnOTe/, a B M~WeH~ ~3 Te<IJnOHOBOH KacceTbl -
3 ·1 0 9 aTOMOB, TO ecTb K03<I><I>H~~eHTbl 04~CTK~ 3T~X $paK~~A CT3 
OT ypaHa COCTaB~n~ COOTBeTCTBeHHO 10 6 H 2 •1 0 7 ; K03$<1J~~HeHTbl 
KOH~eHTp~poeaH~H aHanoroe CT3 Hg, Tl,Os- 10 4 np~ ewxoAe 70-
90%. 

nepepa60TKa o6pa3~a 11 Cepa 11 

CocTae 3TOro o6pa3~a, coAep>Ka~ero ~3 neTY4HX MaKpOKOMno
HeHTOB TOnbKO cepy /2,5 r I ~ ~lbiWbfiK /5 Mr I , a TaK>Ke, no-e~A~Mo
My, xnop,no3eon~n ocy~ecTB~Tb KOH~eHTp~poeaH~e <IJpaK~~A CT3 
c 6onee w~poK~M A~ana30HOM X~M~4eCK~X ceoAcTe. 

nepeafl cTaA~fl nepepa6oTK~ npeAYCMaTp~eana 04~CTKY oT cepbl 
H pa3AeneH~e 3neMeHTOB Ha Tp~ OCHOBHWe <IJpaK~~~: neTY4~e B eo
AOPOAe, neTy4~e B K~CnOPOAe ~ HeneTy4~e. ,[l.nfl 3TOrO o6pa3e~ 
Harpeean~ CHa4ana B TOKe BOAOPOAa /20 Mn/M~H/ B ycTaHOBKe 
/p~c.2/ /Keap~eeafl Tpy6Ka An~HOH 50 CM, 9 =1 CM/. TeMnepaTy
py B ne4~ /1/ nOAH~Man~ AO 280°, B peaK~~OHHOH ne4~ /2/ noA
Aep>K~Banacb TeMnepaTypa 650°C. nocne nepeeoAa cepbl e H2S o6e 
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T"C 't---\ 10001 f -------..I -------- ' Hl/- \\ 500 - - - ./ ~ - -, 

!i.-;{ . 3"• z:: .. ~- 6 : ·~~ 
(02) 0 0 0 0 10 0 0 0 6 0 0 - -

PHc.2. CxeMa neoeoa6oTKH qeneKeHcKoro ofin.<~~n:~ 

"Cep.i": I ,2 - Tpy6<iaTbie ne'!H; 3 - Hcxo,o;Hb!H o6pase~; 
4 - TOHKHe ~OJ1brH H3 MeTanJlH'IeCKOrO nanrra,IJ;HH 
/50 MKr/cM2/ a KacceTax. 

ne4H HarpeaanH a Te4eHHe 15 4acoa npH 1100°C.BoarOHR~~HecR 
npOAYKT~ ynaanHaanH Ha oxnamAaeMo~ Kaap~eao~ Tpy6Ke Ha a~XOAe 
H3 ne4H Ha TOHKO~ ~onbre MeTannH4ecKoro nannaAHR, norno~a~

~ero 6o~ee neTy4He 3neMeHT~, a TaKme a mHAKOCTHO~ noayWKe c 
pacTBOPOM NaOH, H3 KOTOPO~ anocneACTBHH npOBOAHnH ocamAeHHe 
rHAPOOKHCe~ H cynb~HAOB meneaa npH pH =9. 

no OKOH4aHHH HarpesaHHR B BOAOPOAe KOHe~ Tpy6KH C B030rHaH
H~MH 3neMeHTaMH OTpeaanH H npOH3BOAHnH HarpeaaHHe ycTaHOBKH 
B TOKe B03AYXa] Mn/MHH B Te4eHHe 10 4aCOB /pHc.2/. flerKone
TY4He 3neMeHT~ TaKme ynaanHaanH Ha ~onbre H3 nannaAHR H a noayw
Ke c pacTaopoM 5% NaOH, H3 KOTopo~ aaTeM ocamAanH CuSnpH pH =3. 

0 nOBeAeHHH 3neMeHTOB B nepao~ CTaAHH nepepa60TKH CYAHnH 
no peaynbTaTaM peHTreHo-~n~opec~eHTHoro aHanHaa H noseAeHH~ 
y -aKTHBH~x H30Tonoa 207Bi, 185os, 139Ce. KonH4ecTao ypaHa 

a aoarOHKax onpeAenRnH no peaynbTaTaM aHanHaa Ha ny4Ke a-4ac
TH~. KaK BHAHO H3 Ta6n.4, ace 3neMeHT~ pacnpeAenHnHCb no TpeM 
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Ta6nH~a 4 

Pacnpep;eneHHe 3J1eMeHTOB no OCHOBHhlM ~paK~HflM 
nepepa6oTKH o6pa3u;a "cepa" /%/ 

3JieMeHT BoaroH a H2 BoaroH a o2 HeJie~KA OCTaTOK 

2(J7 B<. >98 - -
Pb >97 - -
As 99,4 - 0,6 
Se 

>99,6 - -
Te >99,6 - -
${, 98 - 2 
z., 97 - 3 
Cd + - -
ln + - -

( Il3-Il6) (+) (-) (-) 

I8n Os - 98 -
(100-IIO) (-) (+) (-) 

- - >99,999 

J."""Ce - - >97 

Fe - - >99,9 

C" - - >99,99 
Ni - - + 
Ti. - - + 
Zr - - + 

v - - + 

(aKTKH~bl) (-) (-) (+) 

I 

- He o6Hapy~eHo; + - o6Hapy~eHo Ka'!eCTBeHHo; ( ) - npe,o;
nonaraeMoe nose,o;eHHe. 

OCHOBH~M ~paK~HRM C 6onbWHMH B~XOAaMH, 4TO 6~n0 o6ycnoaneHO 
npaKTH4eCKH nonH~M paapyweHHeM MaTpH~w o6paa~a. fleTy4He xnopH
A~ /a OCHOBHOM CuCl I a TaKo~ nocTaHOBKe on~Ta nepeXOAHnH 
B HeneTY4He OKHCn~ H CHnHKaT~ H 06HapymHsanHCb nHWb 8 cpeAHe~ 
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4aCT~ KBap~eeo~ Tpy6K~, HO He BO $paK~~~X B03rOHOB. Ha $Onbrax 
~3 nannaA~~ 6blno o6Hapy~<eHo 10 MKr Asl0,3%1, 15 MKr Se 15%1, 
Hg. Br IHarpeeaH~e e H2 I ~ 20% Os IHarpeeaH~e e B03Ayxel. 
$paK~~~ 3neMeHTOB, neTY4~X B K~cnOPOAe, CHOBa B03rOH~n~ Ha 
TpyfiKY if=3 MM ~ ~3 K~CnOTHbiX CMbiBOB npHrOTOBn~nH MHWeHH. 

H3 CMbiBa BOAOPOAHOrO B03rOHa ecneACTBHe 6onbWOrO COAepmaHH~ 
MbiWb~Ka np~rOTOBn~nH M~WeHb, COAepma~y~ n~Wb 3% eceA $paK~~H. 

BTOpa~ CTaA~~ nepepa60TK~ 3TOA $paK~HH COCTO~na B B03rOH
Ke 3neMeHTOB, neTY4HX B BOAOPOAe, yme B TOKe B03AYXa H npo
nycKaHH~ 4epe3 $HnbTp ~3 OKHCH Kanb~H~ C ~enb~ 04HCTKH OT 
MbiWb~Ka lpHc. 21; npH 3TOM Bi, As. Te, Sb, a B03MO>KHO, ~ 3ne
MeHTbl 115-:-Tf6 cop6HpoeanHcb Ha CaO. 

B TpeTbeA CTaAHH 3neMeHTbl,nornoiJleHHble $HnbTPOM H3 CaO,eo3ro
H~n~ e TOKe 4HCToro I Zr -reTTepl BOAOPOAa ~ 04HIJlanH OT MbiWb~Ka 

APYr~M MeTOAOM - nponycKaHHeM 4epe3 $HnbTp, COCTO~I!lHA ~3 Ky
C04KOB $Onbr~ an~MHHH~ 1100 Mrl, nepeMeWaHHbiX C 3epHaM~ npo
KaneHHOrO peaKTOPHOro rpa$HTa 11100 o C I. $HnbTP nornol!lan 
MbiWb~K, eepo~THO, c o6pa3oeaHHeM ycTOA4Heoro HeneTy4ero 
AlAs 171 IKo3$$H~HeHT 04HCTKH Bi OT As e MOAenbHbiX onbiTaX 
> 1o2 1. TaK ~<e nornol!lanc~ Tennyp. B TO >Ke epeM~ H3 HaweA pa-

6oTbl 1501 cneAyeT, 4To aHanonl CT3 Hg. Tl, Pb, Bi, Po He AOn>i<Hbl 
B3aHMOAeACTBOBaT~ C TaKHM $HnbTpOM.TaKOe me nOBeAeHHe MO>KHO 
O>KHAaTb ~ oT caMHX CT3, TaK KaK An~ 6onee T~menblx 3neMeHTOB 
TennOTbl CMeWeH~~ C an~MHH~eM 3AeCb yMeHbWa~TC~/Sl/. 

H3 CMbiBOB B03rOHOB npHrOTOBn~nH TOHKHe ~HKnOTPOHHble MHWeHH. 
~ pesynbTaTe 3KCnepHMeHTOB no BbiHY>KAeHHOMY AeneH~~ Ha ny4Ke 
a-4aCTH~ OAH03Ha4HbiX BbiBOAOB o coAep>KaHHH CT3 CAenaTb He 
YAanocb152 ~ npH4HHaMH MOrnH 6b1Tb ~ OTCYTCTBHe AOnrO>K~BYI!lero 
caepxT~menoro 3neMeHTa a HCXOAHbiX o6pas~ax, H APYrHe $~3H4ec
K~e HnH XHM~4eCK~e ceoAcTaa CT3, 4eM npeAnonaranocb. noHcK 
HOBbiX 3neMeHTOB BO $paK~~~X nepepa60TKH 6yAeT npOAOn>KeH C pe
rHCTpa~HeA cnoHTaHHoro AeneHH~. 

AeTop rny6oKo npHaHaTeneH aKaA. r.H.<!>nepoey sa o60APR~LUYIO 
nOAAePlKKY, np()(j), ~. 3eape sa PYKOBOACTBO H coeeTbl B pa6oTe, 
AOKTopy E. AAxnepy sa ~eHHble 3aMe4aHH~ ~~ IIJ. C. KopOTKHHY, npe
AOCTaeHewero HHTepecHble o6pa34bl An.R nepepa6oTKH. 
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PyKonHcb nocTynHna e H3AaTenbCKH~ OTAen 
28 ~Heap~ 1982 roAa. 

lKyHKOB 6.fl. P12-82-64 
Bo3MO~HOCTb ra3oX~MH4eCKOH ~AeHT~~~Ka~~~ ceepxTR~enwx 3neMeHTOB 

npeAnO~eH MeTOA ra30X~MH4eCKOrO KOH~eHTP~POBaHHR H3 npHpOAHWX o6pa3~0B 
~ HAeHT~~HKa~HH CBepXTR~enWX 3neMeHTOB ICT31 B o6naCTH Z=108-116, 8Kn~-
4aiOIII~H eo3rOHKY e TOK_e ao,qopo,qa I z =112 -1161 H K~cnopo,qa I z =1 08-11 01, 
nornotlleHHe 3neMeHTOB 115 H 116 ~HnbTPOM H3 CaQnpH 11QQ°C B KHCnopo,qe 
~ TepMOXpOMaTOrpa~H4eCKOe pa3,qeneHHe B BO,qopo,qe. npoee,qeHO KOH~eHTPHPOBaH~e 
~paK~HH pR,qa aHanoroe CT3 H3 HeKOTopwx o5pa3~0B - npo,qyKTOB nepepa5oTKH 
reoTepManbHWX BOA nonyoCTPOBa 4eneKeH C 04HCTKOH OT neTY4HX MaKpOKOMnOHeH
TOB As. Mo , Pb, Zn H AP. c noMOlllb~ ~HnbTPOB H3 CaO, Si02 H ~HAKOro an~MHHHR . 
H3 ~paK~~H B03rOHOB npHrOTOBneHW ynbTpaTOHKHe 4~CTWe lOT ypaHal MHWeHH, 
Heo6xo,q~Mwe ,qnR noHcKa CT3 MeTOAOM BWHY~AeHHOro ,qeneHHR Ha ny4Ke a-4acT~~ . 

Pa5oTa ewnonHeHa e na5opaTopHH R,qepHwx peaK~HH OH~H. 

Coo6UieH~e 06•eAHHeHHoro HHCTHTyTa R,qepHwx Hccne,qoeaH~H. AY5Ha 198?. 

Zhujkov B.L. P12-82-64 
The Possibility of Gas Chemical Identification of Superheavy Elements 

A method for gas-chemical isolation from natural samples as well as for 
identification of superheavy elements (SHE) in the z =108-116 region is 
suggested, including sublimation in a hydrogen stream ( z =112-116), oxygen 
stream (108-110), absorption of elements 115 &nd 116 by CaO-filter (1100 °C) 
in oxygen and thermochromatographic separation in hydrogen . Isolation of 
fractions of some analogues of SHE from a few samples obtained from the 
Cheleken peninsula water is carried out. The isolation include purification 
from As, M!' , Pb, Zn a.o. volatile microcomponents by using CaO, SiO 
and 1 iquid Al filters. Ult ·athin and pure targets are prepared and used ~ 
for searching· for SHE by ttie method of induced fission on the cyclotron 
a-particle beam. 

The investigation has beenperformed at the Laboratory of the Nuclear 
Problems, JINR. 
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