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Salep r.-10., HoaropO.IlOB A.41., XamtBR B.A. P6 - 9917 

06 ucop6n•• uapoa ym.'J'PaMUpOJ:ORB'I&CTB nasTasuoa, c~~:ae••, 
BTTJ)BR, llBpltORBII .. raljiBBR 1IonBPBCT&IIllll'I8CitBM T&BT&nOM 

OupeAenellbl cpeAIIB& ape Mella lKB311B (r) ll8JtOTopWX nanaHR.IlOB, Y , Sc, 
Zr B .Hf K& IIOB8PXROCTB nonaJtpiiCT&nnB'I&CitOrO T&IIT&na nyTeM B3MepeKBI 

CBoPOCT81 ' 11CII&p8BBR 8.1lCOp6apOB&BIIWX pa.lliiO&yKnKQOB B COCTOallBII 6ea ROCB

'tenL B oCSnacTB TeMnepa'I'YP 1850 - 2250 K aaiAeBo sapacTaue r a cne

ttf1011181 IIOCII8llOB&T8nltBOCTB: 
Yb(Eu) <Nd < Sc(Ce, Pm, La, Tm l<'Gd<Lu<Y>« Zr(Hf). 

Ha OCIIOB&BBB 1Ion)"I8UWX .ll&RBbiX IIpOB8.1l8BO TepMOXPOM&TOrpa~ecltat 
pMIIINleue aeJtoTopwx naBTaiUI.IlOB aa TaRTanoaol JtOIIODe. Peaym.TaTbl pe-

60Tw oCicyliUl&lOTCII C TO'IItB apeBBII IIpBM8B8UR BX .111111 llOIIY'181lBII MOBOB3o-

'I'ODIIWX llp81I&pATOB p&.llBOBYilllll.llOB U ISOL- ycT&ROBit&Xo 

PaCSo'l'a BbllionBesa 8 naCSopa'I'OPBB ltll8pllb1X npoc5118M OHSIH. 

fipeDpHHT 06be~HeHHOro HHCTHTyTa BAepHYX HCCieAOBBHRI 
,l\y6ua 1976 

R~epHo-cnexTpocxonuqecxue uccne~oaaHHR, npoao~s

~uecs B pe:>KBMe pa6oTbl " on-line " ycxopBTens qacTHU. 

BbiCOKOH 3HeprBB, BbiCOKOTeMnepaTypHOH MHWeHH H Macc

cenapaTopa - O~BH H3 3KCnepHMeHTanbHbiX nyTeH HJyqeHHS 

B036y:>K~eHHbiX COCTOSHHH pa~BOaKTBBHbiX HyKnB~OB C oqeHb 

xopoTKBMB nepuo~aMB nonypacna~a - nops~Ka cexyH~ H 

~oneii ceKyH~bl. ,D;ocTynHOCTL ~ns BJyqeHHR xopoTKO:>KHBy

~Hx H30TOllOB TOrO HnH HHOrO 3neMeHTa Ha TaK Ha3LIBae

MbiX ISOL '~< -ycTaHoaxax onpe~enseTcs npu Taxoii MeTo

~BKe BpeMeHaMH Bbl~eneHBS 3neMeHTOB H3 MHWeHeH, HX 

TpaHCllOpTa B BOHHbiH BCTOqHBK Macc-cenapaTopa H HOHH· 

JaD;HB. IlpO~On:>KBTenbHOCTb 3TBX npou;eCCOB JaBBCHT OT CKO· 

pOCTeii ~BcMIYJBB B MaTepBane MBWeHH H cpe~HHX apeMeH 

:>KH3HB a TOMOB B a~cop6BpOBaHHOM COCTOSHBH Ha llOBepXHO • 

CTB MaTepBanoB,B3 KOTOpbiX H3rOTOBneHbl MBWeHL, KOHTeii· 

Hep MBWeHB, TpaHCllOpTHble Tpy6KH H HOHHbiH BCTOqHBK. 

CBJ13L Me:>K~Y cpe~HBM apeMeHeM :>KH3HB qacTHUbl Ha 

noaepxuocTB I r cl, TeMnepa Typoii noaepxHoCTH IT Kl 
H TennoToii ~ecop6u;BH I q0 3BI ~aeTcs ypaaHeHHeM 4»peH

xenJI: 

r = ro • exp(q 0 / kT), IIal 

BnB 

lgr = lgr0 + q0 • 5040/ T. II61 

* Isotope separator on-line . 
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YpaBHeHHe 1 .u.eiicTBHTenLHO, ecnu q 0 He 3aBHCHT oT TeMne

paTypbl H qacTHIJ,bl He ,lJ,eCop6HpylOTCH B BH,lJ,e HOHOB. qac

TOTHblH liJaKTOp (1/r O) MO)I(eT npHHHMaTb .IJ.ITH pa3nHqHbiX 

3ITeMeHTOB B npHHIJ,Hne pa3nHqHbie 3HaqeHHH, O,lJ,HaKO .IJ.ITH 

a.u.cop61.1,HH MHOrHX aTOMOB, B nepBylO oqepe.IJ.b IIJ,enoqHblX 

H menoqHo3eMenbHhiX 3neMeHTOB, Ha TyronnaBKHX MeTan

nax OH OIJ,eHHBaeTCJI paBHblM -10 13 C -l /I' 2/. C nOMOIIJ,blO 

pa3nuqHbiX MeTO.IJ.OB onpe.u.eneHbl TennoTbl .u.ecop6u.uu ~nH 

CHCTeM BOnbliJpaM - naHTaHH.IJ. H TaHTan - naHTaHH.IJ. I :l; . 

Hau6onee nonHLie uccne.u.oBaHHH B 3TOH o6nacTH 6LWH npo

Be,lJ,eHhl He,lJ,aBHO C npHMeHeHHeM MeTO,lJ,a MO.IJ.YITHIJ,HH TeMne

paTyphi a.u.cop6eHTa / 4--{)/. ELmo noKa3aHo, qTo cpe.u.Hue 

BpeMeHa )I(H3HH naHTaHH.IJ.OB 3HaqHTeiTbHO H3MeHHIOTCH B 

3aBHCHMOCTH OT aTOMHOrO HOMepa 3ITeMeHTa. 3TH ,lJ,aHHhie 

HaBO.IJ.HT Ha MbiCITb 0 npHMeHeHHH TepMOXpOMaTorpaliJuqe

CKOH MeTO.IJ.HKH .u.nH qacTHqHoro pa3.u.eneHHH naHTaHH.IJ.OB. 

B HaCTOHIIJ,eH pa6oTe no cKopocTHM ucnapeHHH onpe

.u.eneHLI cpe.IJ.HHe BpeMeHa )I(H3HH a TO MOB OT ,lJ,eiThHblX pe.IJ.KO-

3eMenhHhiX 3neMeHTOB, Y, Sc,, Zr H Hf Ha nonHKPHCTan

nuqecKOM TaHTane. IlonyqeHHble pe3ynLTaTLI noKa3anu 

npHHIJ,HnHaiTbHYJO B03MO)I(HOCTb HCnOnh30BaHHH pa3nHqHH 

BO B3aHMO,lJ,eHCTBHH a,lJ,aTOMOB naHTaHH.IJ.OB C noBepXHOCTHMH 

TyronnaBKHX MeTannOB .IJ.ITH HX 6biCTpblX TepMOXpOMaTO

rpaliJuqeCKHX pa3.u.eneHHH B ISOL -ycTaHOBKax. Hu)l(e npu

Be.IJ.eHLI nepBbie CBe,lJ,eHHH 06 3KCnepHMeHTaiTbHOH peanH3a

IJ,HH TaKOH B03MO)I(HOCTH. 

3KcnepuMeHma/lbHa.R tlacmb 

Hccne.u.oBaHHH pa3JJ.eneHHH ynLTpaMHKpoKonuqecTB naH

TaHHJJ.OB MeTOJJ.OM TepMOXpOMaTorpaliJHH npOBOJJ.HITH Ha TaH

TanOBOH KOITOHKe, CXeMa KOTOpOH npe,lJ,CTaBneHa Ha puc.] E. 
B MOITH6)1.eHOBbiH THrenb /1/ JJ.HaMeTpOM 2,5 MM 
H rny6HHOH OKOITO 50 MM BCTaBnHnH CBepHyTyJO B Tpy6Ky 

TaHTanOBYJO 4Jonhry TOITIIJ,HHOH 30 MKM /5/. YMeHLWaJO

IIJ,a.HCH TOITIIJ,HHa CTeHOK MOITH6)1.eHOBOrO THrnH H TennOBOH 

3KpaH /4/ n03BOITHITH nonyqHTb JJ.OBOITbHO paBHOMepHbiH cna)1. 

TeMnepaTypbl OT 2000 .IJ.O 800°C no JJ.ITHHe TaHTaiTOBOH 

KOITOHKH. BonbliJpaMOBbiH KaTOJJ. /2/ cny)I(HIT JJ.ITH HarpeBa 
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Puc. 1. Pa30e/leHue cnaAozeHHbiX /laHmaHuoo8, o6pa3yro
UIUXCJI npu o6Ay'leHuu zar/JHUJI npomoHaMu c :mepzueil 
660 M3B /1 A u 1 B/ 8 maHma/lo8oil mepMoxpoMamozparjJu
'lecKoil KO/IOHKe /1 E/. H3MeHeHue meMnepamypbl 800/lb 
1(0/IOHKU noKa3aHO KpU80U Ha puc. 1 A. CxeMa aocop6ijUOH
HbiX 3011 3/leMeHmo8 npu8eOeHa Ha puc. 1 E. 
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TOllCTOH l.faCTH THrml 3llCKTpOHHOH 6oM6ap,n:HpOBKOif. lf3MC

peHHC TeMnepaTypbi npOBOJJ:HllH BOllbciJpaM-peHHCBOH TepMO-

napOH BP5-BP20. B ucnapuTenb KonoHKH IJoHa 1900-

-2000" Cl noMe~anH raciJHHeByiO )I(CCTb 3 x 8 x 0,1 MM ·1 , 

B KOTopoii 6wnu roMoreHHO pacnpe,n:eneHhl npo,n:yKThl pac

~enneHHH raciJHHH npOTOHaMH c 3Heprueii 660 M3B. raMMa

cneKTP pa,n:HOHYKllHJJ:OB B raciJHHH, CHHTbiH qepe3 ,n:Ba MCCHIJ,a 

nocne o6nyqeHHH, noKaJaH Ha puc. 2A . .HcnapeHHe H paJ,n:e

neHHe naHTaHHJJ:OB npOBOJJ:HllH B TC'ICHHC 5 MUH, Cl.fHTaH 

C MOMCHTa BKlllO'ICHHH HarpeBaTenH. TaKOe BpeMH 6binO 

,D,OCTaTO'IHbiM JJ:llH ycTaHOBllCHHH CTaiJ,HOHapHOrO TeMnepa

TypHOrO pe)I(HMa no BCCH JJ:llHHe KOllOHKH H npaKTH'ICCKH non

HOrO Bbi)J,eneHHH BCCX naHTaHH)J,OB H3 raciJHHCBOH )I(CCTH '? /. 

)l.nH onpe)J,eneHHH MCCTOnOllO)I(CHHH 3llCMCHTOB B KOllOHKe 

nocne npou.ecca paJ)J,eneHHH TaHTanoayiO Tpy6Ky pa3peJanH 

Ha l.faCTH JJ:llHHOH 2,5 MM H y-cneKTpOCKOnH'ICCKH aHanH-

3HpOBanH COCTaB pa,n:HOHYKllH)J,OB B Ka)I()J,OH l.faCTH. AHallH3 

npoBO)J,HnH Ha cneKTpoMeTpe c Ce(Li )- ,n:eTeKTopoM o6'be

MOM 47 CM 3 H pa3perneHHCM OKOllO 2 K3B. 06pa60TKY 

cneKTpoB BbmonHHnH Ha 3BM HP 2116C c noMOIIJ,biO aaTo

MaTHl.fecKoii nporpaMMbi Sl!Cilf Is/ . Ha puc.2E- ,4 npHBe

)J,CHbl y- cneKTpbi: raciJHHH llOCne HarpeBa H OTpe 3KOB, )J,llH 

KOTOpblX cpe,!l,HHC TCMnepaTypbi 6binH paBHbl 1800, 1450 

H 1100" C. KpoMe pa,!J,HOHyKnH)J,OB, y -nHHHH KOTOpbiX noKa-

3aHbi Ha pUC. 2, B aHallH3HpyeMbiX CMCCHX npHCYTCTBOBan 

TaK)I(e ,n:onro)I(HBY~HH HJOTon - caMapHii-145. Ero pacnpe

)J,eneHHe B)J,Onb TaHTanoBoii TepMoxpoMaTorpaciJuqecKoii Ko

noHKH onpe,n:enHllOCb no llHHHH 63,1 K3B npH H3MepeHHH 

o6pa3IJ,OB Ha peHTreHOBCKOM CllCKTpOMCTpe C (;p (Li )- )J,C

TCKTOpOM 06'bCMOM 0,5 CM 3 
H pa3perneHHCM 0,7-1,0 K3B. 

CyMMa )J,aHHbiX, nonyl.feHHbiX B pe3ynbTaTe r -cneKTpocKo

nuqecKHX aHanH30B, nocny)I(Hna OCHOBoii )J,llH nocTpoeHHH 

CXCMbl 30H a)J,COp6IJ,HH naHTaHH)J,OB B TCpMOXpOMa TOrpaciJH

qecKoii TaHTanoBoii KonoHKe I puc.l E/ H rucTorpaMM OTHo

CHTenbHhlX COJJ:Cp)l(aHHH HCKOTOphlX 3llCMCHTOB Ha ee OT

)J,CllbHbiX yqacTKax nocne npou.ecca paJ)J,eneHHH I puc. JA H 

lB/. 
llpou.eccw BbiCOKOTeMnepaTypHoii a)J,cop6U.HH H )J,ecop6-

U.HH aTOMOB MeTannaMH BCCbMa l.fYBCTBHTCllbHbl K l.fHCTOTe 

llOBepXHOCTeH a)J,COp6eHTOB H COCTaBaM OCTaTO'IHOrO raJa 
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Me J0-6Top oo 1900+50°C e me<~eHue 5 MUH. B,r.,a- om
pe3Koe maHmaAoeou KOAOHKU c meMnepamypou J800:!:_50°C, 
1450+50° C u 1100+50°C coomeemcmeeHHO. KoAu<~ecmea 
:JAeMeHmoe, aocop6upoeaHHbiX Ha 31/IUX ompe3Kax, oaHbl 
e % omHocumeAbHO ux cooepJICaHUJI e za(muu. Ha puc. A u B 
He noKa3aHa AUHUJI 1836 K:JB say . Ilpu npoeeoeHuu U3Me
peHuu He pezucmpupoeaAacb AUHUJI 63,1 K:JB 1 4SSm. 
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a aaKyyMHOM o6'heMe ycTaHOBKH 19 1. Mbi uccne)l.oBaJIH a.IJ.

cop6uuoHHYIO CBJI3b 3JieMeHTOB C IIOJIHKpHCTaJIJIHqeCKHM 

TaHTaJioM B aaKyyMe /1 - 5/ x 10 -
6 Top npH OTKaqKe 

MaCJIJIHbiM )l.H$4Jy3HOHHblM HaCOCOM, TO eCTb B YCJIOBHJIX, 

B KOTOpbiX IIpOBO)l.HJIOCb TepMOXpOMa TOrpaflluqeCKOe pa3)l.e

JieHHe H aHaJIOrHqHblX yCJIOBHJIM IIOJiyqeHHJI MOHOH30TOIIHblX 

npenapaToB B 3JieKTpoMarHHTHOM Macc-cenapaTope c HoH

HbiM HCToqHHKOM noaepxHoCTHo- HOHHJaUHOHHoro THna I 1 ol. 
3HaqeHHJI q

0 
H r 

0 
paccqHThiBaJIH no ypaaHeHHIO I 16/, He

XO)l.Jl H3 Cpe)l.HHX BpeMeH )I(H3HH (r T) a)l.aTOMOB Ha IIOBepx

HOCTH TaHTaJia, OIIpe)l.eJieHHblX 3KCIIepHMeHTaJibHO IIpH Ja· 

)l.aHHbiX TeMrrepaTypax. )l;JIJI BblqHCJieHHJI T T HCIIOJib30BaJIH 

ypaaHeHHe, )l.eii:cTBHTeJihHOe )l.JIJI peaKuHii: nepaoro rrop.ll.IJ.Ka: 

At = A0 • exp(-tlr), /2/ 

r)l.e A0 - aKTHBHOCTb o6pa3ua .IJ.O HarpeaaHHJI, At- nocne 

HarpeaaHHJI B TeqeHHe t ceKYH.IJ. npu TeMnepaType T. 
B OIIblTaX IIpHMeHJIJIH )l.OJirO)I(HBYIUHe H30TOIIbl B COCTOJI· 

HHH 6e3 HOCHTeJIJI, KOTOpble IIOJiyqaJIH IIyTeM 06JiyqeHHJI 

MeTannuqecKHX MHIIIeHeii: /Ta, Nb, Mo H Ti I npoToHaMH c 

3Heprueii: 660 M3B Ha CHHXPOUHKJIOTpoHe OHJIH I ma611.l/. 
<l>paKUHH JiaHTaHH)l.OB H y Bbl)l.eJIJIJIH H3 TaHTaJia H HH0-

6HJI Ill I .llocne nonHoro pacna)l.a KopoTKO)I(HBYIUHX H30Tonoa 

3JieMeHTbl IIOBTOpHO oqHIUaJIHCb OT B03MO)I(HbiX 3arp.113HeHHH 

Ha KaTHOHHTe Aminex AS /pa3Mep KOJIOHKH 2 x 60 MM/ 

C IIOMOIUbiO a- OKCHH306yTHpaTa. He60JibiiiHe 06'beMbl 

I- 0,2 Mil/ pacTaopoa oqHIUeHHbiX pa.IJ.HOHYKJIH.IJ.OB ynapuaaJIH 

)l.Ocyxa Ha UHPKOHHeBOH flloJibre, KOTopa.ll Ja TeM ynaKOBbl

BaJiaCb B HeCKOJibKO CJIOeB TaHTaJIOBOH flloJibrH. 3TH naKeTbl 

HarpeBaJIHCb B BaKyyMe B TeqeHHe 5 MUH IIpH t = 1000-

·12000 C. llpH 3TOM pa)l.HOaKTHBHbie H30TOIIbl JiaHTaHH)l.OB 

IIOJIHOCTblO HCIIap.IIJIHCb C IIOBepXHOCTH UHPKOHHJI H KOJIHqecT

aeuuo a)l,cop6upoaaJIHCh ua TaHTaJie. 

llpenapa Tbi 16 Sc, 88Zr H 1 75 Hf ua TaHTaJie nonyqaJIH 6e 3 

npe)l.aapuTeJihHoro "MoKporo" paJ)l.eJieHHH: o6nyqeHHble 

flloJibrH THTaHa, MOJIH6)l.eHa H TaHTaJia o6opaqHBaJIH HeaKTHB· 

HbiMH TaHTaJIOBbiMH flloJibraMH H HarpeBaJIH B BaKyyMe B Te

qeHHe 5 MUH npH TeMnepaTypax: 1000° C ( Ti -. 46 Sc) , 
2400°C (Mo-> 88 Zr) u 2600°C(Ta-. 17 "llf}.B nux 

ycnoBHHX 6oJibiiiaH qacTb nepequcJieHHblX Bhiiiie HYKJIH.IJ.OB 
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ceneKTHBHO a,D,cop6uposanacb ua TaHTane. ll3- 3a BbiCOKHX 

TeMrrepaTyp Bbi,D,eneHHH a,D,cop6:u.HH 
88 Zr u, oco6euuo, 

17 "Hf corrposmK,D,anacb, sepoHTHO, 3Ha1.fHTCJibHoii: .D.Hcl>c~Jy3u
eii: 3THX 3neMeHTOB B TaHTan. Pa,D,HOXHMH1.fCCKYID 1.fHCTOTY 

BCCX IIOJIY1.fCHHWX TaKHM o6pa30M rrpenapaTOB IlpOBCpJIJIH 

y -crreKTpOCKOIIH1.fCCKH. 

llperrapa Tbl pa,D,HOHYKJIH,D,OB Ha TaHTaJIOBOH 4Jonbre pa3-

pe 3aJIH Ha ofipa3IJ.bl IIJIOI:U.a,D,biO OKOJIO 2 MM 
2 

H H3MCpHJIH 

A 0 Ka)I(,D,OrO H3 HHX. Ja TCM o6pa3C:U. IIOMCII.J.aJIH B TaHTaJIOBblH 

THrCJib, BHyTpCHHJIJI IIOBCpXHOCTb KOTOporo fibiJia BbiJIO)I(CHa 

TOHKoii: TaHTanoBoii: 4Jonbroii:. KpoMe Toro, o6pa3e:U. rroKpw

sanu CBepxy HCCKOJlbKHMH TaHTaJIOBbiMH lPOJibraMH, CJiy)l(a

II.J.HMH TCIIJIOBblMH 3KpaHaMH. 0fiii.J.aJI IIOBCpXHOCTb TaHTaJia 

BOKpyr ofipa3:U.a COCTaBJIJIJia OKOJIO 100 MM 
2 • ll03TOMy 

BCpOHTHOCTb IIOBTOpHOH a,D,copfi:U.HH 1.faCTH:U. Ha IIOBCXHOCTH 

o6pa3:u.a 6wna rrpeue6pe)I(HMO Mana. Turenb c o6pa3:U.OM 

HarpeBaJIH 3JICKTpOHHOH fioMfiap,D,HpOBKOH. llpO,D,OJI)I(HTCJib

HOCTb HarpeBa rrpaKTH1.fCCKH IlpH BCCX OllpC,D,CJICHHJIX fiwna 

300 C, C1.fHTaJI C MOMCHTa ,D,OCTH)I(CHHJI 3a,D,aHHOH TCMIIC

pa Typhi. llpu pac1.feTe r T Mhi ue ,D,enanu rrorrpaBoK ua ucrra

peHHC 3JICMCHTOB BO BpCMJI pa3orpeBa H OXJia)I(,D,CHHJI THrJIJI, 

TaK KaK CKOpOCTH 3THX IIpO:U.CCCOB BfiJIH3H pafioqeii: TCMIIC

paTypbl COCTaBJIJIJIH -10" Cj C. llocne OXJia)I(,D,CHHJI THrJIJI 

H3MCpJIJIH 1\ 1 o6pa3:U.a. HaqaJibHYIO H KOHC1.fHYIO aKTHBHOCTH 
88 Zr H l 7 '1 llf OllpC,D,CJIJIJIH y- CIICKTpOCKOIIH1.fCCKH C HCIIOJlb-

30BaHHCM (,p (Li)- ,D,CTCKTOpa. AKTHBHOCTH OCTaJibHbiX 

pa,D,HOHYKJIH,D,OB - C:U.HHTHJIJIJI:U.HOHHblMH C1.fCT1.fHKaMH. 113 

OTHOiliCHHH A
1 
I A 0 rro ypaBHCHHIO /2/ onpe,D,eJIHJIH r T, KaK 

npasuno, pacXO)I(,D,CHHH MC)I(.D.Y napannenbHWMH onpe,D,ene

HHHMH T T HC npCBbiillaJIH 20o/o OT CpC,D,HCH BCJ1H1.fHHbl. 

Pe3yAbmambl u o6cyJKOeHue 

JaBHCHMOCTb CpC,D,HHX BpCMCH )I(H3HH aTOMOB B a,D,COp

fiHpOBaHHOM COCTOJIHHH OT ofipaTHWX TCMIICpaTyp, onpe

,D,CJICHHaJI B yCJIOBHJIX Halllero 3KCIICpHMCHTa, IIOKa3aHa 

ua puc. 3. TennoTbi ,D,ecop6uuu H norapullJMw Ko3qxpuuueHTOB 

r0 , paCC1.fHTaHHbiC H3 3THX 3aBHCHMOCTCH, npe,D,CTaBJICHbl 

B ma611. 2. TaM )I(C ,D,aHbi auanorH1.fHbie 3Ha1.feHHH, nonyqeu-
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TaC5nHua 2 

TeiiJIOT!l ,11ecopC5!1,HH 11 sHa'lellila log 'l.. HeKOTOpUX JIBHTBHH,l10B 1 

a TB!Ole y , Sc H Zr , Hf 1 Ollpe,11eJieHH!l8 !10 CKO-
pOCTHU ]18COp6UIIH HX BTOUOB C IIOBepXHOCTII !IOliHKpHCTBJIJIH'Ie-

CKOro TBHTBJIB 

3ne- HaCTOfi~BH paC5oTB, I0-6 Topp naHH!le paC5oTu/6/~ Io-8 Topp 
UeHT 

,oc ,oc q.,sB log'L. T't = I c q.,aB l og't. T'L=Ic 

Yb 4,3 -12,5 I460 I,8 -6,8 I060 ( Eu ) 
Nd 5,0 -I2,6 I730 4,7 -13,8 I440 
Sc 5,4 -13,1 IOOO .. 
Ce 5,4 -13 ,I IOOO 6,I -I6,I I640 
Pm 5,5 -13,2 I830 ... 
La 5,5 -13,0 I860 5,5 -I6,2 I440 
Tm 5,6 -13,2 I870 I,2 -5,I 910 
Gd 6,2 -13,4 2060 4,3 -I2,I I520 
Lu 6,4 -I2,6 2290 4,5 -13,0 I470 
y 6,5 -I2,6 2330 
Zr 3,7 -4,5 26~ 
Hf 3,7 -4,5 2600. 

li)T 
l.=IOOc ,oc 

Hble B pa6oTe / 6/. ,LJ,nJI 6onee HarnJI,ll.Horo cpaBHeHHR Harnux 

pe3yJibTaTOB C JIHTepaTypHblMH/
6
/, 3Ha'leHHJI Qo H r 0 6biJIH 

HCnOJib30BaHbl ,ll.JIJI Bbl'IHCJieHHJI TeMnepaTyp, npH KOTOpblX 

Cpe,ll.HHe BpeMeHa :>KH3HH OT ,lJ.eJibHbiX 3JieMeHTOB Ha no-

aepxHOCTH TaHTana paBHbl 1 cl r = 1 cl I ma6A. 21. 
Hai,lJ.eHHaJI HaMH nocne,lJ.oBaTeJibHOCTb ,ll.ecop6ueu naHTa

HH.ll.OB C noBepXHOCTH TaHTana IYb"" Eu> OCTaJibHbie JiaH

TaHH,!J.bl > Gd > Lu "" Y I H3- 3a npaKTH'leCKH nocTOJIHHoro 

,ll.JIJI BCeX JiaHTaHH,ll.OB 3Ha'leHHJI r O , O'leBH,ll.HO, ,ll.OJI)I(Ha 

CoxpaHJITbCJI B lllHpOKOM ,lJ.Hana30He TeMnepa Typ. ,LJ,eiCT-

12 

BHTeJibHO, nOCJie,lJ.OBaTeJibHOCTb OCa:>K,lJ.eHHJI JiaHTaHH,ll.OB B 

TepMOXpOMaTorpaclJH'leCKOi TaHTaJIOBOi KOJIOHKe B HHTepaa

Jie 1900-800° C I puc. 11 Haxo,ll.HTCJI B xoporneM cornacuu 

C onpe,!J.eJieHHblMH HaMH BpeMeHaMH :>KH3HH HX Ha noBepXHO

CTH TaHTana I puc. 31. Pa3nuque Harnux ,lJ.aHHbiX H ,lJ.aHHhiX 

pa60Tbl /fl/ Bhl3BaHO, BepOHTHO, JIY'llllHMH BaKyyMHblMH ycno

BHJIMH 3KCnepHMeHTa B pa60Te / 6/. 

lloJiy'leHHbie HaMH 3KCnepHMeHTaJibHbie pe3yJibTaTbl 

nO,ll.TBep:>K,ll.alOT npaBHJibHOCTb npe,ll.nOJIO:>KeHHJI 0 B03MO:>KHO

CTH 'laCTH'IHOrO pa3,lJ.eJieHHJI JiaHTaHH,lJ.OB Ha OCHOBe HX pa3-

JIH'IHOi a,lJ.cop6QHOHHOi CBJI3H C TaHTaJIOM. 0qeBH,ll.HO, 'ITO 

aHaJIOrH'IHbie pe3yJibTaTbl MO:>KHO nony'IHTb H npH HCnOJib30-

BaHHH BOJibclJpaMOBOi TepMOXpOMaTorpaclJuqeCKOi KOJIOHKH. 

BbiCOKOTeMnepaTypHoe pa3,lJ.eneHue naHTaHH,ll.OB Mo:>KeT 

OKa3aTbCJI noJie3HbiM KaK C TO'IKH 3peHH.R rny60KOi O'IHCT

KH HeKOTOpbiX H3 HHX MeTO,ll.OM ,ll.HCTHJIJI.RQHH B BaKyyMe, 

TaK H nOBblllleHHJI 'IHCTOTbl MOHOH30TOnHbiX npenapaTOB 

KOpOTKO:>KHBy~HX pa,ll.HOHYKJIH,ll.OB eBpOnHJI H HTTep6H.R npH 

nony'leHHH ux Ha ISOL -ycTaHOBKax. B nocne,lJ.HeM cny'lae 

KOJIOHKa C 3a,lJ.aHHblM TeMnepa TypHbiM npoclJuneM MO:>KeT 

CJIY:>KHTb naponpOBO,ll.OM Me:>K,!J.Y HCnapuTeJieM C MHllleHblO 

H HOHHbiM HCTO'IHHKOM. KpoMe TOrO, no.RBJIJieTC.R B03MO:>K

HOCTb 6biCTpblX pa3,lJ.eJieHHi Henocpe,ll.CTBeHHO Ha pacKaJieH

HOM KonneKTope ISOL - ycTaHOBKH HeKoTopbiX nap 3Jie

MeHTOB, HanpuMep, Lu-Yb, Gd-Eu., Ba-Cs .. 0'leHb 6onb

rnue BpeMeHa :>KH3HH Ha noaepXHOCTH TaHTaJia MHKpOKOJIH

'leCTB Zr H llf no cpaaHeHHIO c naHTaHH,lJ.aMH TaK:>Ke MoryT 

CJIY:>KHTb OCHOBOi ,ll.JIJI 6biCTpbiX H 3cPcPeKTHBHbiX TepMOXpo

MaTorpaclJuqecKHX pa3,lJ.eneHui. Hai)J.eHHoe HaMH B 3Kcnepu

MeHTax c 38 Zr u 17 :'IIf 3Ha'leHue lgr 0 = -4,5 yKa3biBaeT, 

BepOJITHO, Ha cy~eCTBeHHbli BKJia)J. .ll.HcPcPY3HH, yMeHblllaiO~ei 
KOHQeHTpaQHIO 3THX 3JieMeHTOB Ha noaepXHOCTH TaHTana. 

Bo3MO:>KHOCTb nony'leHHJI o'leHb KopOTKo:>Kuay~ux pa,ll.Ho

HYKJIH,ll.OB Ha ISOL -ycTaHOBKax B 6onhrnei cTeneHH 3aBHCHT 

OT BpeMeHH npe6biBaHH.R 'laCTHQ B CHCTeMe MHllleHb - HOH

Hbli HCTO'IHHK. Onpe,!J.eneHHbie HaMH cpe,ll.HHe apeMeHa 

:>KH3HH JiaHTaHH,ll.OB Ha noaepXHOCTH TaHTaJia n03BOJI.RlOT 

C,lJ.eJiaTb p.R,!J. 3aMe'laHHi, KacalO~HXCJI He TOJibKO CKOpOCTei 

TpaHcnopTHpOBKH pa,ll.HOHYKJIH,ll.OB OT MHIIIeHH K HOHHOMY 

HCTO'IHHKY, HO H pa60Tbl CaMOrO HOHHOrO HCTO'IHHKa no

BepXHOCTHO-HOHH3aQHOHHOrO Tuna . Mo:>KHO npe,ll.cTaBHTb, 
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'ITO cpe~Hee BpeMS HaXO~~eHHS 'laCTH~ BHyTpH HOHHOrO 

HCTO'IHHKa TaKoro THna eCTb Cpe~Hee BpeMS ~H3HH 'laCTH· 

~bl Ha CTeHKe npH O~HOKpaTHOM coy~apeHHH T , YMHO~eH

HOe Ha 'IHCno CTOnKHOBeHHH CO CTeHKOH n: 

t = n · r. /3/ 

qHcno CTOnKHOBeHHH CO CTeHKOH onpe~enseTCH OTHOWe· 

HHeM 0611.\eH BHyTpeHHeii noaepXHOCTH S K nnoll.\a~H BbiXO~

HOrO OTBepCTHS HOHHOrO HCTO'IHHKa f : 

n "" S/f. /4/ 

)J.ns Tpy6qa TOrO noaepXHOCTHO- HOHH3a~HOHHOrO HOHHOrO 

HCTO'IHHKa/IO/ C BHyTpeHHHMH pa3MepaMH 3 X 40 MM npH 

~HaMeTpe BbiXO~Horo OTBepCTHS 0,5 - 1,0 MM n COCTaB

nseT npHMepHo 10
3 

. Cne~oaaTenhHO, TeMnepaTypa, npH 

KOTOpOH cpe~Hee BpeMS HaXO~~eHHS 'laCTH~ B HOHHOM 

HCTO'IHHKe 6y~eT paBHO 1 C, ~on~Ha COOTBeTCTBOBaTb cpe~

HeMy BpeMeHH :>KH3HH Ha noaepXHOCTH TaHTana T • 1 MC. 

B ma6A. 3 ~aHbl 3KCTpanonHpoaaHHble /puc. 3/ TeMnepa

Typhl, COOTBeTCTBYIOII.\He TaKHM BpeMeHaM ~ng pg~a naH· 

TaHH~OB. Pa6oTa HOHHOrO HCTO'IHHKa npH yKa3aHHbiX HnH 
HeCKOnbKO 6onbWHX TeMnepaTypaX no3BOnHT nony'laTb Ha 

ISOL -ycTaHoBKax MOHOH30TonHble pa~HoHyKnH~bl c 

T l/ 2 - 1 c. HHTepecHbl a 3TOM OTHoweHHH B03MO:>KHOCTH 

npe~no:>KeHHoro B pa6oTe /I 21 MeTo~a Bbl~eneHHH npH 2900 K 

pa~HOaKTHBHbiX H306ap H3 o6ny'leHHbiX TaHTanOBbiX cllonbr, 

noMell.\eHHbiX Henocpe,nCTBeHHO B HOHHbiH HCTO'IHHK. Cpe~Hee 
BpeMH HaXO:>K~eHHS pa~HOHyKnH~OB nJOTe~HS npH 3TOH TeM· 

nepaType no HaWHM pacqeTHbiM o~eHKaM cocTaanseT oKono 

80 C, a no ~aHHbiM pa60Tbl/l3/ - OKOnO 2-3 MUH. C y'leTOM 

KOHe'IHOH CKOpOCTH ~HcWJy3HH H yaenH'IeHHH a~cop6HPYIOII.\eH 
noaepXHOCTH BHYTPH HOHHOrO HCTO'IHHKa 3a C'leT TaHTanOBOB 

MHWeHH pe3ynbTaTbl cornacyroTcs anonHe y~oaneTaopH

TenhHO. Mo~HcliHKa~Hs 3Toro MeTo~a c Hcnonh30BaHHeM Ha

rpeToro ~o 2000°C nopowKa TaHTana /20 MKM/ BKa'lecT

ae "on-line"-MHWeHH, KaK H cne~oaano O:>KH~aTh, aoo611.\e He 

no3BOnHna nony'IHTb Ha ISOL -ycTaHOBKe pa~HOH30TOnbl 

nroTe~HS 3a C'leT OTHOCHTenbHO HH3KOH TeMnepaTypbl H O'leHb 
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Ta6naua 3 

TeMneparyphi, cooraeTCTBYIDWHe cpenHeMy apeMeHH )1{83HH 

HeKOTOpbiX naHT8HHilOB H8 DOBep XHOCTH UOnHKpHCTannH

qeCKOrO T8HTana, p8BHOMY 1 MC 

3neMeHTbi 

Y n Lu 
Gd 

La, Ce, Pm, Nd, Tm, Sc 
(ocranbHhle naHTaHHJlhl) 

Yb(Eu, Ba, Sr) 

0 
T r = 1 MC, C 

3100 
2750 

2500 - 2300 

2000 

pa3BHTOH a~cop6HPYIOII.\eH noaepXHOCTH BHyTpH HOHHOrO 

HCTO'IHHKa/l 4/. 

lionhWHM t ~ns a TOMOB Zr H Hf MO~Ho o6'bsCHHTb 

TaK~e Hey~a'IH, CBS3aHHble C nonbiTKaMH HX Macc-cenapH

poaaHHS npH HarpeBaHHH Henocpe~CTBeHHO B BOnbcllpaMOBOM 

HOHHOM HCTO'IHHKe o6nyqeHHbiX npoTOHaMH BbiCOKHX 3HeprHH 

MeTannH'IeCKHX cllonbr Mo, Ta, \\ H Re. EcnH ~onycTHTb, 'ITO 

cpe~HHe apeMeHa ~H3HH a~aTOMOB Hf(Zr) o~HHaKOBbl Ha 

TaHTane H Ha BOnb<ilpaMe, TO npH 3100 K H n =10 3 npH 

Bbl~eneHHH ra<ilHHS t "' 10 
4 

C. IlOCKOnbKY npH pa60Te C MO

nH6~eHOBOH MHWeHbiO TeMnepaTypa He MO~eT 6b1Tb 6onbwe 

'leM 2700 K, ~ns ~HPKOHHH t ~o~Ho 6biTb Ha nops~oK 
6onbWe. YaenH'IeHHe BbiXO~HOrO OTBepCTHS B HOHHOM HC

TO'IHHKe, 'IT06bl B COOTBeTCTBHH C /4/ yMeHbWHTb n, aa

TOMaTH'IeCKH npHBe~eT K CHH~eHHIO 3cWJeKTHBHOCTH Macc

cenapHpOBaHHS. Ilo3TOMY ~ns "on-line" nony'leHHH KopoTKO

~HBYII.\HX MOHOH30Tonoa Zr H Hf, O'leBH~Ho, Heo6xo~HM 

~pyroii THn HOHHOrO HCTO'IHHKa, HanpHMep, nna3MeHHbiH. 

AaTopbl 6naro~apsT O.KHoTeKa 3a noMOII.\b npH npoae

~eHHH 3KcnepHMeHTOB H B.)1..4>poMMa 3a qpe3Bbl'laiiHo no

ne3Hoe yqacTHe B o6pa6oTKe y-cneKTpoa. 
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Y CJIOBHH 06Mel 

IIpenpHHTw H coo6w;eHHJI OHJIH paccw 
B3aHMHOrO 06MeHa, YHHBepCHTeTaM, HHCTl 
nHoTeKaM H Hay'UIWM rpynnaM 6onee 50 c 

IIOMHMO perynJipHOii: paCCwnKH B no] 
OT )len e>KerO)lHO BWnOnHJieT OKOnO 4000 
cwnKy npenp&HTOB H coo6w;eHHA OHJIH. 
o6JI3aTem.Ho yKa3WBaTL HH)leKc 3anpaiWIB 

A,llpeca 

IIHcLMa no aceM aonpocaM o6Meua nyf 
CLI Ha OT )lenLHWe H3)laHHJI cne;~;yeT HanpaB 

101000 MOCK6a, 

F11a6Hbul nO'IIIIaMa, n/.11 'J 
H30allle.llbCKUu oaoe.11 

061>eOUHeHH020 UHCIIIUIIIYI 

JIOepHJ.IX UCCIIe006QHUU. 
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)lnJI 6ecnnaTHoi nO)lnHCKH ua uay'Uiwe *YPl 
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F.lla6Hbtii no'IIIIOMIII, n/.11 7'. 
Jlay'IHO-IIIeXHU'IeCKQS 6u6 

061>eOUHeHH020 UHCIIUIII)III 
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