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BaeoeHue 

Pa3J1H'IHhiC aBTOphl ycneumo HCDOJih30BaJ1H MCTO}J. pa3,lleJ1CIIH.!I ne

TY'IHX neopraHH'ICCKHX BCU\CCTB B Tpy6Ke C rpa}J.HCIITOM TCMnepaTyphi. 

W 
0 

l f I 1 I pa3,IJ,CJI.!IJI H30TODhi 3JICMCHTOB As , .I 11 , S!J , Os B BH.D.C 

OKHCCH. } a jim a fl/ . ODHChiBaeT MCTO.ll Bhl,llCJICIIH.!I HO,lla 113 06Jiy'ICIIHOrO 

ypana. · Collins I J/ pa3pa6oTaJI MaTeMaTH'IecKyio MO.UCJib onpe.D.eJieHH.!I 

D03HUHH OCa:>K}J.aiOU\liXC.!I KOMDOHCHTOB Ha OCHOBC KpiiDbiX }J.aBJICHll.!l na-
/ I 

pon. Castleman ' 4 • 5 i HCCJIC}J.OBaJI pacnpe.D.eJieHnc npo.D.YKTOB .D.CJICHH.!I, 

. ai.I.D.CJI.!IIOIUHXC.!I npH nnannenHH o6nyqennoro ypa11a. I I 
MeTO.D.hi paJ.nenenH.H xnopH.D.OB pa3pa6aThiBaJIII M <' r in is 

6
-

8 
, 

3napa /9/;3napoaa!Io/, Blachot /JI/ lf'estgaard···J]/. . 
_3napa / o/·onHchmaeT 3Kcnpec.cnoe paJ.uenemic npo.nyKTOB .H.D.ep-

HhiX peaKUHi\ B B.li}J.C XJIOpH}J.OB. 
lJ,eJihiO nacTO.!Ill\CH pa60Thl 6hiJIO HCCJIC}J.OBaHHC pacnpe}J.CJICHH.!I 6e3 

HOCHTCJICH li30TODQB 3JICMCHTOB B 06J1aCTH DOp.!!,llKOBhlX IIOMCpOB 30 
( i'.n ) ... , _.16 '1\.r) , Ul ( Cd) ... .>I( X e)-, HW(llg) ... 86 (l?n) na TeMnepaTyp· 

HOM rpa.D.HCIITC .<3TO D03BOJIHJ10 C,lleJiaTh Bh!BO}J.hl 0 aepO.!!THOM pacnpe.ne

JICHHll rHDOTCTH'ICCKliX 3JICMCHTOB 112 ... 118. llpH Bhi6ope YCJIOBHH pa3-

}J.CJICHH.!I Mhl liCXO}J.HJill H3 cne.D.YIOU\HX coo6pa:>KCHHH: 

1/ - OKHCH BW6paHHhl~ .3JICMCHTOB BOCCTaHaBJIHBaiOTC.!I BO,llOpO,llOM, 
' ' . . . . . 

a DpO.D.YKThl HX BOCCTaHOBJI~HH.H }J.OCTaTO'IHO JICTY'Ill DpH TCMDepa· 

Typax BhiUie Iooo o c I 16'. /B Ta6nHue 1 npe.D.cTannenhi TepMo:. 

}J.HHaMH'ICCKHC · CTaH)J.apTHhiC DOTCHUHaJihl peaKUHH BOCCTaHOBJIC-

"ini'.ft/. 
2/. BoccTan<mnenHe· H yiieTY'IHBanHe 3THX 3J1eMeHTOB npoHCXO.D.HT npu 

6onee ·. BbiCOKOH CCJICKTHBHOCTH DO cpaBHCHHIO C OKHC.!IMH aKTJJHOH.D. • . 

HhiX 3JICMCIITOB • 
. 3/. llapaJIJICJihHO · rpa.D.HCHTY TeMnepaTyphl CYIUCCTBYCT rpa.D.HCHT "noc· . 

CTaHaBJIHB8IDIUeii' CHJI~I'' raJa. HOCHTCJIB ~ llpH YMCHhUICinm Te:Mnepa • 

. TYPhi TepMo.nunaMH'IeCKHH~~pea~uHii noccTaHOBJienn.H n~~~ 
M~£!1 §.::l!!illP_aBJle.!!.~_H-·nono:>KnTen~~.~~n. B pe3)'JihTaH 

-YBCJIII'IHB8CTCB 3dJ<fleJ<TlJBHOCTh OT,llCJIC)!HB OT06paHHhiX 3JICMCHTOB 01 

aJ<THHOli)IHhiX. 
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... , ·. 4/. Y CTOH'IH80CTb 80,!J;OpO,!J;CO~ep)KalliHX COe,!l;HHeHHH OT06paHHhiX Jne
. MeHT08 y8enn'ln8aeTCH rrpH: yMen:biuennn TeMrrepaTYPLI. BoJMO)KHO, 
··'<no 'peal<u;nH c 80JJ:OPOJJ:OM o:KaJLIBaeT _oc~6oe 8nHRHne' na rrpou;ecc~I 
TpaHCIIOpTHPQ8KH H OCa)K,!l;eHHH nerKoneTy'IHX 3neMeHTOB .. 

5/. llyTeM 3KCTpanonHIJ;HH COOTBeTCT8YIO~HX ,TepMO,!l;HHaMH'IeCKH~ ne-

.. 
"·'' 

HH'IHH B pH,!l;Y XHMH'IeCKHX aHanoroB MO)KHO C)J;enaTh 8hiBO)J; 0 TOM, 
'ITO rHIIOTeTH'IeCKHe :meMeHThl 112 ... 118'·TaK)Ke BOCCTaHaBnH8aiOT" 
CH. H yneTy'IHBaiOTCH /16/ . _·,·: .... ,·· ",. 

.. 
3KcnepuMeHma/lbHaJI ttacmb .. 

CxeMa 3Kcrrepn:MenninLnoii: ycTaHOBKH rrpe,!J;cTannena na pnc.1. 
ra:3 ~HOCHTe·nh ( fl2 ) ·rronyqancH 3neKTpOmiJOM -- f·/20 Mn/MHH/H ocy-· 
mane~ be~~OHKHCnOTOii:·3.Pa3HOCT~)J;a8neHniypaBHHBQnacLIIOCpe,!J;CT" 
BOM Tp)'6Kn,. onyuteunoii:' B cocy)J; co 'pTyT:.;I0-2. llapu;nanLHOe- )J;a8:rienne 
no;nhl B 112 II3MepHnoch raJOIIOTenu;noMeTpH'IeCKHM MeTO)J;OM . /II I 

• ./ Pf/ 2 0 ·,;IJ.:ti:t0,2/x10-3 . aTM./. B f<aqecT8e KonoiioK-4 ·- rrpnMeHH-.. · 
nncL K8apu;eshre Tpy6Kn cne·)J;yromnx pa3Mepon: KononKa 1 :·)J;nnna 60cM, 
BHyTpeHHHH )J;iiaMeTp 2,5 MM; KOnOHKa/f:: )J;nHHa 100 eM; BHyTpeHHHH 
)J;HaM{np 5 MM /Ta6n. 2/. KononKn narronnHnncL K8apu;e8hu.~ rropornKoM 
/p l50 :--200 MKM/ ·- 5 ~ , II rrepe)J; OIIhiTOM O'IHUianHCh rryreM IIPO)J;yBa· 

: ~IIIH CMeCLIO Cl2- CCl4 rrpn 1000 ~c. BOJ)J;yXOM rrpn 800° C,,;8~,!l;Opo
)J;OM rrpii 800° C. AKTIIBHLie o6paJu;LI $nKcnponanncL n ipy6Ke TaMno
uo·M nJ Knapu;e86ii 8aTLI- 7. KononKn narpe8annei..c ·rroMoiQLro 3n.eKTpn-

·qecKnxTpy64aThiX rre-Y:eii:- 8- c ac6ecTonoii: uJ'onHu;neii:- 9 -. TeMrre-' 
paTypnLIH rpa)J;nenT Ja,!J;ana.iJcH nyTeM norapmbMntiecKoro yMeni.rneim.H 
'IIIcna · BHTK08 .o6MOTKH /- 1 o' ~I na e,!J;nnnu;y_ )J;nnnLI' rreqn; . 
· · · Ha pnc. 2. rrpe,!J;cTa8nenLr.Kpnn'hie H3MenennR TeMrrepaTypi.I n.rionL 

. ·. KononKn 11 n "noccTanannn8aiOmero rroTenu;nana"·- ra3o8oii· '$aJLI. 
.. "IJ:'fd.~+o?. ~ 11 G ~- (l/ 2 0) + 2 RT ln P 11 2 0 / P11 ~ -. rrpaKTH'IeCKH]J,~,.JI;(Mj~ 

I~HeTcH-B. ~a8UCHMO~TH OT :eMIIeJ?aTYPLI: Cne,!J;C~8~eM. 3aBHCUMOCTII 
. C8060)J;HhiX 3HTanLIIIIII OKIICell /I_4/ OT TeMIIepaTyphl HBnHeTCH ~lla'IH" 
TenLnhiii c.rii:nr'r TepMo.D:imaMn'lecKnx rroienunanon: peaKu;nii: :BoccTaiion- · 
nennH 8 uarrpa8neunn o1-pnu;a TenLHLix:.8enn'IHH rrpn y:Be'n:riqeunn TeM:rr~ .. -
paTypLI. B .cnyqae pa3)J;eneHHH H30TOIIHhiX IIH)J;HKa TOp08 /c HOCHTenHMH/ 

· npo6Li rrpnroTo8nHnncL · nyTeM' ynapn8aHHH -·aKTnnni.Ix pacrnopo8 na 
_ Knaptie8oM riopoiuKe. M3oTorrLI 6eJ: IiocnTenei rrpnro'To8nHnncL 'rroc.pew 

CT80M $a3o8hlxnpe8pa~eunii: oKncuypana; o6nyqenuopo:rrpoTona1-m I I61. 
BLI)J;eneHIIH IIpODO)J;HnJICh . nerrocpe,JJ;CTBeHHO: 8 K'ononKe. --linaropo,!l;Hhle 
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ra3LI rrorra)J;ann qepe ~ 
' _HLIM yrneM n oxna)K)J;: 

pecyromnx uac n3oT?I 
Ha KOTOpOM OGa)K,!l;a{JI 
MH'IeCK~O 'laCTh uar 
KOnouKn uarpe8annci 

.·· llpn nccne)J;onaunn H31 
8)J;Onh KOnOHKII 113Me] 
/rnnpnua_KonnnMaTop 
cnTeneii: orrpe,!l;ennnoc 
npe,!J;eneunH aKTnnon.D: 
ua· OTpe 3KH )J;nHHOH .} . . 
D08epXHOCTH K8apu;e8 

Ha pncyiiKax 3-
H30TOIIIIhiX I}JH)J;HKaTO] 
n KonouKax I npn na 
cTa8neuo pa3)J;eneune 
npeMH uarpe8aHnH/ n 
pa3)J;eneunH yneTy'lnB 
COCTaBnHnH 2.97~, a 
nToporo rrepno)J;a pa3 
MeHeHHH D03HIJ;HH Tl 
'ITO npou;eccLI Tpaucn 
nepBhiX 60 MHH •. llp 
204 Tl , 203 ·1/g na 

nne HJOTonon · 65 Zn 
. TenH na!fTaHOH)J;HLIX : 

MaKCHMyMa aKTHBHOC 
KaK na o6enx cTopona: 
·Y - cneKTpoMeTpntiec 
Zn- Tl -In ne 6Lmo 
B KatiecTne rrpnMepa 

Dp080)J;HnOCL 8LI,!J;enel 
/c ·uocnTene:M/ /puc: 
TananocL na TO'IKe < 
BeTCTBOBan MaKCHMY: 
nne rroJnunn n rnnpnn: 



. ~. . . 

enuii: oTo6paHHhiX 3ne
nepaTyp~i. Bo3MOiKHO, 
nnuxnue na .npouecchi 

~ JneMeHTOB. 
pMO)J,HHaMH'IeCKHX. Be
c.nenaTh nhmo.n o ·ToM,' 
<iKe noccTanannunaroT-

.- .. -· · .. ·... .' ;;• '•' 

te.ncTanneua na ·puc .1. 
f-/20 Mn/Mnn/H: ocy-· 
tannnn&nach nocpe.ncT
llapunanhnoe .nan'rienue 
CKHM Me To .noM · / II I 
KOnoiioK-4 - npuMeiix
:ononKa 1 :·.nnuna 60c:M . ' 
a 100 eM:,; BHyTpeHHHH 
KnapuenhiM nopoliiKOM 

;annch nyTeM npo.nyaa-
l IIpH 800 ° C.,~BO)J,OpO
tnnch n Tpy6Ke. -~aMno
I:c noMoiUhiO JneKTp~
o:nxuueii: - 9 -. TeMne -· ' 
mqecKoro yMeni.llleimx 
hi nequ~ 
ux TeMnepaTypi.I n.zionh 
(Hana"· · ra3onoii: · 'clJa3bi. 

npaKTH'leCKH•ib~-_H_:lM~~ 
~)J,CTBUeM· 3aBilCUMOCTH 
LTy'pbl HBllHeTCH ~lla'IH· 
>B .peaKunii: :BoccTailon
Ipn yne"Julqenuu Te:Mne
aTopon/c uocuTenxMif/ 
aunni.lx pac1:8opon na 
puroTonnxnuc h'noc.pe.n
iemloro npoTonaM:u / 16/. 
K·ononKe. ·linaropo,IJ,Hhie 

.· 

... 
' .. 

\ 
.-1 

ra3hi nona.nanu qep~3. KonoHKY n nonyiiiKY - 11 -, nanonneunyro aKTnn
.HhiM yrneM H oxnaiK,IJ,aBIIIYIOCH iKH)J,KHM ·a30TOM. IlocneBhi,IJ,eneHHH HHTe
pecyiOIUHX uac u3oTonon U3 o6ny.qennoro ypana I I6i. y~mcToK KonoiiKH, 
Ha KOTOpOM OCaiK,IJ,afiHCb Bhi,IJ,enHJOIUHeCH H30TOIIbl, IIOMeli.I;anCHI~ H30Tep· 
MH'leCKYIO 'laCTh HarpenaTeJlbHOH IIe'IH. )J;nH pa3,IJ,eneHHH aKTHBHOCTeii 
Konon~u narpenanuch npu o6beMHOM pacxo~e no~opo.na =20 Mn/MHH. 
Ilpu uccne.nonanuu H30ToimhiX un.nuKa:ropo:B pacnpe.nenenne aKTnnuocTeii 
B,IJ,Onh KOJlOHKH H3MepHnOCh C IIOMOIUhlO CUHHTHnnHUHOHHhiX C'ICT'IHKOB 
/lllnpuna. KonnnMaTopa: 0,5 eM/. Pacnpe.neneuue aKTHBn~cTeii 6e:.1 no
cnTeneii onpe.nenxnoch y. -cneKTpoM:eTpnYeCKH. ,D;nH H3MepeHIIH pac
np~.nenenux aKTHHOH.llHhiX JJleMeHTOB /KOJlOHK8 1/ Tpy6Ka pa3pe3anaCh 
na. oTpe3KH .nnu~oii: 1 eM, nocne qero u3Mepxnach a -aKTiiBHOCTh 

nonepxnocTH Knapuenoro nopoliiKa. 

Pe3y/lbmambl u o6cyJtCoeHU}l 

Ha pucyiiKax 3-6 npe.ncTannenhi npuMephi Mo.nenhHhiX pa3.neneu~ii 
H30TOIIHhiX.,TH)J,HKaTopOB C HOCHTenHMH .. Pa3)J,eJleHHH 6binH npone.neHhl 
B KononKax 1 npu · uayanhnoii TeMnepa Type 1100 o C. Ha puc. 3 npe.n-

2o7 
8

. 2o4Tl 2o3// · · ··· · 
cTanneno pa3.neneuue . t, • · g B Te'lenue 60 MHH. /nKnJO'la.R 
8peMH narpenanux/ u n nocne.nyroiUne 60 MHH. Ilocm! nepnoro ne!mo.na 
_pa3.UeJieHHH yneTy'IHBaiOIUHeCH · )J,OJlll. aKTHBHOCTeH .nna KaiK,IJ,Oro H30TOII11 
COCTaBnHnH j_ 970fo, a ,IJ,n.R nocne.nyiOIUHX 60 MHHYT- > 99,4o/o. B XO.lle 
BToporo nepuo.na pa3.nenenux · na6nro.nanucb nulllh necyli.I;eCTBeHHhie 113-
MeHeHHH. II03~UHH . Tl H Jig H clJopMbl IIHKa . Bi ; lb JTOrO cne.nyeT, 
'ITO IIpOI.I;eCCbl TpancnopTHpOBKH npaKTH'lJeCKH 3aKaHYHBaiOTCH B Te'leime 
nepBhiX: 60 MHH .. Ilpu pa3)J,enenuu 196 Au /6e3 uocuTenx/ 

2
07 Bi 

204 20.3 . . ' . • · Tl , Hg ila TOYKe cTapTa ocTaeTcH Au /puc. 4/. Pa3.nene-
. ·· 65z 204 114m · · HUe H30TOIIOB ,n , Tl · , Jn OT THIIII'IHOrO npe,IJ,cTaBH· · 

. 160 . 
. . Tenx nafiTaHOH)J.HhiX JneMeHTOB · Tb npe.ncTanneno na puc. 5. 3ona 

MaKcnMyMa. aKTHBHOCTH · . 1 60 Tb ocTananach ueu3Mennoii:, n TO npeMH 
KaK na o6eux cToponax npoucxo.nnna .nncbcPY3HH Tep6ux B KBapuenyro na TY. · 
·Y -cneKTpoMeTpuqecKHM H3MepeuueM npucyTcTnne 

160 
Tb ao clJpaKunu 

Zn...;. r.z -In ne 6hlnO o6uapyiKeHO /KOJiblb:Huue'uT 'oT.neneHH.Jl < 10-3 / . 
B K~'leCTBe npuMepa OT,IJ,eneHH.R )J,O'lepHHX npo,IJ,yKTOB OT MaTepHHCKHX 
. • . 200,201' l . . 200,201,203 
npono.nunoch Bhi.Uenenue T j6e3 nocnTen.R/ u 3 . Pb 
/c nocnTeneM/ /puc. 6/. Ilocne oT.nenenn.R 6o/o aKTHBHOCTH c~unua oc· 
TaBanoCh Ha TOYKe CTapTa.MaKCHMYM 30Hhl . /6e3 HOCUTena/ COOT· 

. 2~ BeTCTBOBa~ MaKCHMYMY aKTHBHOCTH T( B OIIhiTaX C HOCUTeneM.Cpe,n-. 
HUe II031IUHH H _llllfpHHa ~apnaUHH HX MaKCHMaJlhHhi.X aKTIIBHOCTeii:, onpe.· 
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,LJ;eJieHHhie rrpH. rex )!{e YCJIOBHHX B PH.D;e '.D;pyrHx 'orrbiTOB,IIPHBO.D;HTCH B 
Ta6n. 2. . __ . . . _ · · 

· . Ha pH<':. 7 rroKa3aHo pacrrpe.D;ene:HHe ·239 p'u·:·, 241 Am , 244 Cm II 
246

Cf . qepe:3 120·MHH. IIOCJie Ha'IaJia OIIhiTa. lbHaiiiHX OIIhiTOB He no
Jiyqeno 3KCIIepHMeHTaJibHhiX y1ca.3aHHH Ha TpaHCIIOpTHPOBKY TpancypaHO:
BhiX 3JieMeHTOB B. o6naCTh TeMrreparyp:bi 650 ° C. <I>aKTop yneTy'IHBaHHH 
.Pu., Am II Cm'.:s-2x10~5-urrpH900°C .:S 6x10-5 .,!J;JIH CfnoT 
tlJaKTOp IIpH 1000° C BCJie,LJ;CTBHe HeOOJihiiiOH IICXO.D;HOH aKTHBHOCTll MO- '· 
)!{eT 6hiTh yi<a3aH JIHIIIh:KaK :::;;· 6x10 ->_. Pe3yJihTaThi pa3.D;eneHHH H3oro-. 
noB· 6e3 :HocHTeneii,'Bhi.D;e.JienH:bix H3 o6nyqeHHoro ypaHa, rrpe,LJ;cTaBne'Hhi 
Ha puc~ 8-10. P a3.D;ei:uiHnH rrpoBo.ziHnHch B KonoHKe · II rrpH rrocTOHHH:bi:i 
ycnoBHHx: HaqanhnaH TeMrrepaTypa i 100 o C; o6'beMHhiii pacxo.D; Bo.D;opo.: 
.D;a - 20 ·MJI/MHH, :BpeMH pa3.D;eJieHHH - 90 MHH. llo3HU:HIO Au· HeJib3H 

• ' • I . ' -

Ha,LJ;e)!{HO IIpHHHMaTb. 3a KOHe'IHYIO TO'IKY npou:ecca yJieTy'IHBaHHH, rro-
CKOJihKY aKTHBHOCTh Au cocToH.ITa rrpeHMyi.QeCTBenHo H3. H3oTo'rro:B,; Ko- .. ·. 
Tophie· 6hiJIH orrpeAeneHhi B Te'Ienue pacrra.D;a cooTBeTcTBYIOI.Qll:x H3oTonoB 
flf!, .• Bo3MO)!{Ho, Hg .D;OCTHrana 3Toro .. MecTa y)!{e B. xo.D;e npou:ecca. 

Bhi.D;eneHHH 113 ypaHa. Cpe.D;Hiie no3HU:HH H30TOIIOB 6e'3 uocuTeneii .D;aHhl ; 
B Ta6JI. ·3 .. lb cpaBHeHHH II03HU:HH H30,TOIIOB C HOCHTeJieM H tle3 Hero 
cne=:r&~rr. qTo MeHee neTyqne 3JieMeHTbi . Pb II . Bi.' 6e3 HOCHTem!ii 
OCa)!{,LJ;aHlTCH IIpH 6onee HH3KHX TeMrrepaTypax. il03HiiHH JierKOJieTy'IHX 
aKTHBHOCTeil: . zn; ]n, Tl' Hg·· rrpH6nH3HTeJihHO COBUa,IJ;aiOT. BHYTPH 

· rpyrrrr MO)!{HO· ycTanoBHTh TeH.D;enu:Hro K oca)!{.D;eHHIO rrpH 6onee HH3Knx·:,· 
TeMrrepa Typax. Ha pHc. 11 cpaBHHBaiOTCH no 3HU:HH oca)!{,LJ;aiOI.QHXCH 3Jie ~ 
MeHTOB II CTaH.D;apTHhie 3HTa.JlhiiHH ra3006pa3HhiX 3JieMeHTOB B a TO Map
H.OM COCTOHHHH. llpw 3TOM HY)!{HO C,IJ;eJiaTb CJie.D;yiOI.QHe orpaHH'IHBaiOI.QHe 
3aM:eqaHHH: 

. . 1/. B3aHMO,LJ;eHCTBHH qacTHU: Me)!{,LJ;y' co6oii, c raJOM-HOCHTeJieM' 
H: crreu:n¢n<lecKne Mexaun3Mhi nornoi.QennH Ha rroBepxHoc-Tn KBapu:a npn 

, 3TOM IICKJIIO'IaJIHCh. 

2/. HenL3H Toq:Ho orrncLIBaTh m:lBe,IJ;em!e MaJihix KonnqecTB 3ne- ' . . . '+ 
MeHTOB/B HCCJie,LJ;OBaHHOMCJiyqae 10 12 - 1 aTOMOB/ HaOCHOBeTepMo-
.D;HHaMII'Ie CKIIX OTHOIIIeHHH • 

. . 113 BCeiJO CKa3aHHOrO CJie.D;yeT, 'ITO IIpHBO,IJ;HMhie HH)!{e pe3yJihTaThl 
u paccy)!{,LJ;enuH uMeroT xapaKTep KaqecTBeHHhlx ou:eHoK. Ha puc. 11 npo- .. 

· H3BOJihHO OTMe'IeHa n'p~MaH, coe,IJ;HHHIOI.QaH TeMrrepa Typi.I oca)!{,LJ;eHHH 
3JieMeHTOB, KOTOphie, COOTBeTCTBeHHO TepMO,!l;HHaMH'IeCKHM OU:eHKaM, 
BepOHTHO,. Cyi.QeCTBYIOT B 3JieMeHTapHOM COCTOHHHH IIpH TeMrrepaType 
oca)!{,IJ;eHIIH /Po, Tl, Te(I), Pb, Bi, Ag' /. B 3TOM cnyqae, BII.D;IIMO, cyi.QecT
ByeT· KoppeJIHU:IIH TeMnepa TYPhi oca)!{,IJ;eHnH, 11 · ;). H ~ 
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. KOH,LJ;eHCaU:IIII ' l,lO,LJ;@. 
~~ ,.,.oJ'>i..~ ... ;., ........ ....., ...... ..,,,~~ 

·'ITO "aoccTanaBJIIIBaro 
yMeHbiiieHIIII TeMrrepa 
q-ro·~-3n~M,-e~'~.Tbr~:~ 
MaJIOJieTy'IHX OKHCe!J~ 
" '>;; ~ t ., ... \1 1\ J' ''C•>•"• f"'"";t#''"'••"•'' 

.C60TBeTCTBeHHhlX 3~ . . 
BepOHTHOCTh,IIPII yMe 
ceil: (In; 0, Gdp, GeO~ 
KHX TeMrrepaTypax, qe 

· 3neM~HThi Br,], At 
.D;.IIHeHHH c Bb.D;opo.D;OM 
.3TH COe,IJ;IIHeHII.H CHJih 
o6pa3yeT 2 pe JKO pa3 

HHK;: BepO.HTHO, CO.D;ep 
HYIO TpaHCIIOpTIIpOBK) 

· o6bHCHIITh o6pa3oBaH 
·Te ) ·n rrporie ccoM o( 

. . . ' 

Topoe npn TeMrrepaTy 
• • • ."f J • ' •' • 

JOBaHIIIO 3JieMeHTapH~ 
·.orrpe.D;~~eHII.H 'KOHe'IH~ 

tlJopMbl IIHKaH 34J4Je~Tl 
C.H B ;danhHeHIIIIIX liccr 
Ta TeMrrepaTyphi. 

, 1/: llpo.D;yKThl H 

ln, Ga, G 

· :_cd, ln
2

, Sr 

Hg, Tl, j 

MQI1YT yneTy'IHBaThC' 
no q)yrrrraM B KBapu:e 
c rpa.D;neHTOM TeM:rreJ 

- . 2/. Bhi.D;em!H:ne 
T~~. )lpn TeMrrepa TYl 
< 2xlo-5 · 
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~\OIIhiTOB,npHDO,ll)ITCH B 
' ' ' .. 

u~- 24 l Am 244 C . 
l • , m H 

[J~HiUllHX OnhiTOB He no
op;rnpOBKY TpaucypaHO~ . " 
~. <l>aKTOp yneTy'IHBaHHH 
6~10 - 5 . ,[(nH Cf noT 

X,O,,ll;HOH aKTHBHOCTH MO· 
aThi pa3,n;enennH nJoTo,-. 
·o ypaua, npe,n;cTaBneuhi 
HKe. Jl npH nocTOHHHhiJC 
heMHhiii pacxo.n Bo.n;opo~ · .· 
. IloJHU:HIO Au neJih3H 
cca yneTy'lm3annH no-

..... ·· ( ,. ·" '· 
BeHHO H3 H30TOnOB,, KO· ... < 
BeTCTBYIOIUHX H30TOnOB 
y~e B. xo.ne npou:ecca. 

OB 6e·3 HOCHTeJieH ,n;aHhl ; 
. nocnTene:M n 6eJ nerci 
H Bi· 6e3 ncicnTen~il: 

• l 

Il03HU:HH nerKOJieTy'IHX .. :.. ' 
1. coBna.naroT. Buyrpn 

.... -

eHHIO npH 6onee HH3KHX':;.· :· 
[HH OCa~,n;aiOIUHXCH :me~ 
IX 3JieMeHTOB B aTOMap-. 
fiOIUHe orpaunimBaromne 

1il:, c raJo_M-noc~ITeneM:' 
OBepXHOCTH KBapua. npH 

MaJihiX KOJIH'leCTB ::me-, 
I MOD/ Ha OCHOBe TepMO-

(HMhie HH~e peJyJihTaThl 
ou:enoK. Ha puc. 11 npo
Mnepa Typhl oca~,n;ennil: 
HHaMH'leCKHM OU:eHKaM, 
lHHHH npn TeMneparype 
11y'Iae, Bn.n;nMo, cymecT-
. fo..H~9B (r) .. Au ue_· 
'r:nx ycno_BHJIX :a~ o6~acTH 
~,,.., .............. ~ ...... ~ "'; ........ ,.~, ---"-..:....~,J.· ___ ......,.. ....... ._ .. ~· 

'' 

. ' 

.• .... ' 

; ·, . 

. .5.?..!8~~---~:-" . ~3 . coo6_p~~eHHH TepMO,ll;HHaMHKH cne,n;yeT, 
. 'ITO •::aoccTaHaBJIHBaiOIUHH ~UJ.HaJI" raJOBOH tlJa3hl tM!.Hhlllj~'f.~ n~H 
yMeHhlllennn TeMnepaTyphi. Ha ocuoBannn :no-ro .Mo~tio npe.n;nonmKHTh, 
fTo-"'JJieM-eiiTbr~;z,L"!f"::9.1.~!!iarorc·i'~e~.-Kaa·pue .--:s~_,Ka~-ec;ri·eZ1 
c... . ....... ·· ... ,.,,, .•.. · - ~.,.;r·;.. .. ~~ ...••.• k • ., •••• ------... ·--·--··· ••••• ···--~---~- •••. 

~ .. ':!~~:;t,;_I!.~:Q.~l!.f~~JIP" .TeMnepa Typax .Bhillle TeMnepa TYPhi oca~,n;eHHH ·· 
cooTBeTCTBeHHhiX 3JieMeHTOB. Bcne,n;cTBHe Tex ~e npn'IIIH cymecTByeT 
BepoHTHOCTh ,npn yMenhuiennn TeMnepa TYPhi ,o6paJo8annH neTy'IHX oKH-
ceil: (In ; 0, Gdp, G eO, Sn 0. 'Sb 2 0 3),KOTOphH:i · oca~.nmoTCH np~ 6onee un3-
KHX T,eMnepaTypax, '!eM TeMnepaTyphi oca~.nenHH 3JieMe.nToB. Be'poHTiw: 

-3ne:M:eHThi Br, 1, At TpancnopTnpyroTCH B Ka'lecTBe ycToil:'IIIBhiX cbe-
.nnnennil: c Bb.n;opo,n;oM, no I<pail:neil: Mepe, npn nn 3KHX TeMnep~ .fypax-J At}: 
3TH coe,n;nnenHH cnnhlio nornomaroTCH B. cKon.nenciipoBanno~· ilo.n;e.· ·re 
o6pa3yeT 2 pe 3KO pa3.rieJIEiHHhiX nnKa. Ilpn 6onee BhiCOKOH TeMnepaType 
nHK/BepOHTHO, co,n;ep~HT Te.fmyp B. :meMeHTapHOM CO.CTOHHHH. 'lJaCTHlJ· 
HYIO TpaliCnopTHpOBKY B nanpaBJieHHH 6onee HH3KHX TeMnepaTyp MO~HO 
o6n.slcnnTh o6pa3oBanneM MoneKyn Te 2 ( t-.11~98 . (r} Te 2 · =20 KKan/~.a. 
:Te) H npou:eccoMo6pa30BaHHH H pa3JIO~eHHH coe.nnneHHH: II 2 Te • KO
Topoe npn TeMnepaType oca~,n;eHHH npe.n;no'ITHTerihHO npn:ao.n;HT K o6pa-
30BaHHlo 3neMeHTapnoro -fennypa B oca~,n;eHHOM COCTOHHiiH~ Ilpo6neMhl 

.. onpe;ieneHHH ·KOHe'IHhiX no3HU:HH 3m!MeHTOB B 3aBHCHMOCTH OT MaCChi, 
, qlOpMbl nHKa H 3tPtPeKTHBH_DCTII pa3.LI.eJieHHH JieTYlJHX 3JieM eHTOB IIY~AaiOT • 
C.!l B Jianhneil:lliHX HCCJie,n;oBaHHHX C HCnC>Jih30BaHHeM JIHIIeHHOrO rpa,n;HeH • 

Ta TeMnepaTypbi. 

.'1/. .Ilpo,n;yKThl 
.. 

H.n;ep'nhlX peaKUHH 

Zn ,' . .-ca, Ge, As_, Br, (Kr}, 

·.Cd; ln
2

,_ · Sn ,· Sb, Te, ], (Xe}, 

Jig, Tl, Pb, Bk, Po, 'At' (Rri) . 

MqryT yneTy'IHB.aThCH 6e3 HOCH_TeJieH B n.OTOKe BO,lJ;Opo,n;a H pa3,n;eJI1!TbCH 
no 'q'>ynnaM B KBapu:eBoil: K·ononKe, nanomteunoil: KBapu:eBhiM. nopowKoM, 
c rpa,n;neHTOM TeMnepaTyphi. · · · · - · · 

· .. 2/. Bhl.n;em!Hne npoxo,n;nT :c~neKTHBHO, ·6e3 aKTmion,n;HhiX 3ne~1eH· 
Tojl . ."rrpn TeMnepaTypax Menee 650 o C tiJaKTOP Bhi.nenenHH cocTaBnHeT 
< 2xlo-5 · · · · 
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.3f.· ,lJ,JHI :meMeHTOB; KOTOpbie, BepOHTHO, B ;::J;aHHbiX in<:crrepHMeH

TaJibHbiX YCJIOBHHX TpaucrropTHPYJOTCH.._H OCa)K;::J;aJOTCH .B :meMeinapHOM 
. ' - ... '"" ~ ' ~'~"*""··· 

COCTOHHHH, CYII.\eCTByeT · KOppeJIHI.(HH TeMrrepaTypbl OCa)K;::J;eHHH H ~eTy-

4eCTH, Bhlpa)KeHHaHriocpe;::J;CTBOMCTaH;::J;ap~~0~3HTaJibiiHHr~3006pa3HO; 
. . -. ""-9·;;.~"'~:.''-·~ .'!.'! x:r·f:" .·- .tJ. 

ro JJieMeltTa B aTOMapHOM COCTOHHHH. . . 

4/. · IlyTeM 3KCTpaiiOJIHI.(HH H3 IIOBe;::J;eHHH COOTae'TcT~By'ioi.I.(HX'XHMH-
4eCKHX auaJIOrOB rniiOTeTH4eCKHX JJieMeHTOB 112 ... 118 MO)KHO C;::J;eJiaTb 

BbiBO;::J;, 4TO IIOCJie;::J;UHe JierKO yJieTy4HBaJOTCH H IIOrJIOII.\aJOTCH, BepOHTHO, 

rrpu TeMrrepa Typax < 350 .o C. . · 
5/. IJpe;::J;Jiara~;CH MeTO)J;HKa pa3;::J;eJieHIIH JieTy4HX IIpO;::J;yKTOB B 

• H;::J;epHbiX peaKI.(HHX IIOCJie II BO BpeMH 06Jiy4eHHH MIIIIIeHe~, ~ TaK)Ke Me

TO)J;IIKa pa3;::J;eJieHHH IIpO;::J;YKTOB, yJieTy~HBaJOII.\HXCH f!PH narpeBaHHH 
66opHHKOB. . 

ABTOP 6naro;::J;apen aKa;::J;eMHKY r .H.<I>nepoay H ;::J;OKTOpy XHMH4eCKHX 

nayK lf.3aape 3a HJITepec K pa60Te, 3.XeppMaHHy H r.:Sa~epy 3a IIpo

Be;::J;eHHe o6nyqenu~. 
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OTPAIAETCH 8 MATEPHA 
lliKOJI. 

Bbl MOJKere noJJyt 

B. Bameli 6H6JJHOTeKe 

13-3700 

,l(-3893 

P1-3971 

10-4220 

10-4226 . 

10-4229 

-10-4231 

10-4244 

P10-4245 

10-4319 

4-4589 

2-4816 

MaTepHanLJ _CI!Mn 
JneKTpOHHKe, ,L{y6 

Coo6111eHHll y'lacT: 
Ma no cipyKType J 

HyKnoHLJ H nHO~l 
COBelllaHHll no H: 
HLIM B3aHMO,IIeHCTI 

3BM B JKCnep_HMI 
Ta, 1968. · 
H.3BOnJ>CKH, 10.01 
HHe 3BM B cne.KTPI 
HOH ljJH3HKH. 

JleKUHH . TOH lKe 
H opraHH3aUHJI BBO 

JleKUHH TOH lKe U 

CKHH. MeTO,IIHKa 6t 
B ljJH.3HKe BLICOKHX 

JleKUHH TOH lKe. U 

,lla'!ax JKcnepHMeH· 

JleKUHH ·TOH lKe W 
XJ.fl, 06pa6oTKa· 
c UOMOlliLIO HP ,L{. 

JleKUHH TOH lKe 
Henna. 06pa6oTKa 
6ecljJHnLMOBLIX KaM 

JleKUHH TOH. lKe W 
neKUHH • npHMeHeJ 
TanLHoii ljJHJHKH, I 
Jiop.11, Uon/. 

PolK,IIeHHe MHpHoro 

BeKTOpHLie MeJOH 
,11eiicTBHll. ,L{y6Ha, I 


