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BBEAEHHE 

C 4enb~ pa3pa60TK~ 3KCnpeCCHOH ra30X~M~4eCKOH MeTOA~K~ ~ccne
AOBaH~R CBOHCTB CaMWX TRmenwx aKT~H~AOB IM~3neMeHTOB 102 ~ 1031 
MW ~3y4an~ B03MOmHOCTb B03rOHK~ M~KpOKOn~4eCTB PRAa aKT~H~AOB 
~ naHTaH~AOB C nosepXHOCT~ pa3n~4HWX MeTannoB B TOKe ren~R ~ 

BOAOPOAa, a TaKme TepMOXpOMaTOrpa$~~ 3T~X 3neMeHTOB B KOnOHKaX 
~3 MeTann~4eCKoro T~TaHa. 

H3secTHo, 4TO HeKOTOpble ~3 aKT~H~AOB IHanp~Mep, Am, Cf I ~ 
naHTaH~AOB (Sm, Eu, Tm, Y~ B MeTann~4etKOM COCTORH~~ ~Me~T 
cpaBH~TenbHO H~3K~e 3Ha4eH~R 3HTanbn~~ Cy6n~Ma4~~ ~ MOryT 803-
rOHRTbCR np~ TeMnepaTypax OKOnO 1000~. 4TO CBR3aHO C 6onbWOH 
YCTOH4~BOCTb~ ABYXBaneHTHOrO (fns 2) COCTORH~R aTOMOB 3T~X 
3neMeHTOB B ra3006pa3HOM COCTORH~~. 0KC~Abl BCeX aKT~H~AOB ~ 

naHTaH~AOB o6naAa~T 3Ha4~TenbHO MeHbWeH neTy4eCTb~ ~ B03rOHR~T

CR n~wb np~ TeMnepaTypax oKono 2000~ 121 • 0AHaKo, KaK noKa3aHo 
H~me, C nosepxHOCT~ T~TaHa ~ 4~PKOH~R OH~ MOryT B03rOHRTbCR np~ 
CpaBH~TenbHO H~3K~X TeMnepaTypax. 

3~CiiEP~iMEHI 

HHA~KaTopHble Kon~4ecTsa 241Am, 244cm , 240Pu , 237 Np , 139ce , 
169 Yb , 173 Lu ~ np~POAHbiH U HaHoc~n~ Ha nosepxHoCTb Me
Tannos ITi, Zr, Ta, W, Ni, Pt ~ Hepmase~~aR cTanbl swnap~BaH~eM 
Kanenb cna6wx a3DTHOK~CnbiX pacTsopos. H3MepRn~ cneKTPbl a- ~ 

y-~3ny4eH~R o6pa340B C ~cn~nb30BaH~eM COOTBeTCTBeHHO 'S~AU 
~ Ge-Li AeTeKTopos. 

06pa34bl Harpesan~ c noMO~b~ H~xpoMOBbiX ne4eH conpoT~sneH~R 
lAo 1200~ I B KBap4eBbiX Tpy6Kax B TOKe He ~n~ CMec~ He+H2 11: 1 I. 
ra3 04~~an~, nocneAOBaTenbHO nponycKaR 4epe3 nannaA~posaHHWH 
c~n~Karenb, m~AKOa30THY~ nosywKy ~ 4~PKOH~eBbiH reTTep 1700~ 1. 
Hcnonb30san~ $ToponnacTOBble noABDAR~~e wnaHr~. CoAepmaH~e cso-
60AHOro 0 2 B ra3e, ~3MepeHHOe Ha BXOAe B Tpy6Ky C nOM~b~ TBep
AOTenbHOH 3neKTpOX~M~4eCKOH R4eHK~ Ha OCHOBe Zr02 , COCTaB~no 
10-18 4aCTb. ,l\nR CBR3b1BaH~R K~CnopOAa, A~$$YHA~PY~~ero 4epe3 
KBap4esoe CTeKno np~ BbiCOKOH TeMnepaType,~ AnR npeAOTBpa~eH~R 
B3a~MOAeHCTB~R HeKOTOpbiX MeTannoB C KBap4eM Tpy6K~ 6bln~ Bblnome
Hbl ~3HYTP~ TaHTanOBOH $DnbrOH. 

3as~c~MOCTb B03rOHK~ aKT~H~AOB c nosepxHocT~ Ti ~ zr oT TeM
nepaTypw ~3y4an~ c noMO~b~ ycTaHOBK~, ~3o6pameHHOH Ha p~c.1. 

3neMeHTbl, B03rOHR~~~eCR ~3 T~TaHOBOro ~n~ 4~PKOH~esoro T~rneH 
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PHc.l. YcTaHOBKa p;JIH H3y<IeHHH 

B03rOHKH BKTHHH,IJ;OB C noBepx

HOCTH Ti H Zr: I - KBap~eBaH 

Tpy6Ka, BbiJIOJKeHHBH H3HYTPH 

TBHTBJIOBOH ~OJibroH; 2 - THreJib 

H3 Ti HJIH Zr;3- c6opHHK B03or

HBHHhiX BKTHHH,IJ;OB H3 Ta, W , 
CTBJIH HJIH KBBp~a; 4 - TepHOna

pa; 5 - ne<IH COnpOTHBJieHHH; 

6 - ~HpKOHHeBaH CTPYJKKa -

reTTep. 

Puc.2. YcTaHOBKa ,IJ;JIH TepMo

xpoMaTorpa~uu BKTHHH,IJ;OB H 

naHTBHH,IJ;OB: I - KBap~eBaH 

Tpy6Ka C BHTKBMH HHXpOMOBOH 

npOBOJIOKH, BbiJIOJKeHHBH H3HYTPH 

TBHTBJIOBOH ~OJibroH; 2 -

~HpKOHHeBaH CTpYJKKB - reTTep; 

3 - HCXO,IJ;HhlH 06pa3e~ B THTB

HOBOH JIO,IJ;O'-!Ke; 4 ~eJibHBH TH

TaHOBaH Tpy6Ka; 5 - THTBHOBBH 

JKeCTb, CBepHyTaH B Tpy6Ky. 

...... 

500 

0 

0 0 

0 

\ \ \ 
2 3 

2 

20 

: 

5 
6 

s-

}He 

CM 

0 

0 

---1 

3 
2 

leB MMI, Heo6paTVIMO cop6V1poeanV1Cb Ha ¢lonbre-c6opHV1Ke V13 Ta, W , 
Hep~aBe~~eH CTanVI VInYl Ha nnaCTVIHKe V13 KBap4eeoro CTeKna, KOTO
p~MVI 6~n HaKp~T TVIrenb. IB nocneAHVIX ABYX cny~aBX Me~AY c6op
HVIKOM VI TVIrneM noMe~anVI KOnb4eBy~ npOKnaAKY V13 TaHTanOBOH 
(JlonbrVI AnB npeAOTBpa~eHVIB B3aVIMOAeHCTBVIR c60pHV1Ka C TVIrneMI. 

On~T~ no TepMoxpoMaTorpa¢1VIV1 aKTVIHVIAOB VI naHTaHVIAOB e TV~

TaHoe~x KOnOHKaX npOBOAVInVICb HaMVI B YCTaHOBKe, V1306pa~eHHOH 

Ha PVIC.2. Mbl He VIMenVI B03MO~HOCTV1 KOHTpOnVIPOBaTb COAep~aHVIe 

KVICnopOAa B CVICTeMe ra3-MaTepV1an KOnOHKVI. 0Ho, HeCOMHeHHO, 3a
BV1Ceno OT ~VICTOT~ ra3a, OT o6pa60TKV1 noeep~HOCTVI KOnOHKVI VI OT 
COCTaBa VICXOAHOro o6pa34a. 3TV1 (JlaKTOp~ B pa3nV14H~X 3KCnepV1MeH
TaX HaMVI MeHRnVICb. mecTb V13 TeXHV14eCKOro TVITaHa TOn~VIHOH 1 MM 
04VI~anV1 MeXaHV14eCKV1, CBOpa4V1BanV1 B Tpy6Ky VI BCTaBnRnVI B 4enbHY~ 
TVITaHOBY~ Tpy6Ky. TaKy~ KOnOHKy, KaK npaBVIno, HarpeeanVI npeA
eapVITenbHO B TOKe renVIR VInYl BOAOPOAa npVI 1100-1200CC B V130Tep
MV14eCKOH ne~VI VI 3aTeM BMeCTe C nOA04KOH, COAep~a~eH aKTVIHVIA~ 

VInYl naHTaHVIAbl, noMe~anVI e rpaAVIeHTHY~ ne4b lpV1c,21. 
HarpeBaHVIe B rpaAYieHTHOH ne4V1 npOBOAVInOCb B Te~eHVIe 30 MVIH 

B TOKe renVIR. nocne OKOH~aHVIR HarpeBaHVIR ~eCTb V13BneKanV1, 
pa3BOpa~V1BanV1 VI V13MepRnV1 cneKTpbl a- VI y -V13ny~eHVIR no Y4aCTKaM. 

PE3Y nb TATbl 

AaHH~e no B03rOHKe aKTVIHVIAOB c noeepxHOCTVI pa3nVI~H~X MeTan-
.:;8~ ~;:;~~ 1200~ ~;;:::MC~.:~ .. ~:::::u; ~ 7c:i5,~. ~. u. -ur,7;..iOilVC.IC ~~~~liC:qJOiuD 
241 Am, HaHeceHHbiX Ha Ta, W, Ni VI cTanb, nocne HarpeeaHVIR 
npaKTVI~eCKVI He V13MeHV1nacb. Ha Pt oHa 3Ha~V1TenbHO yMeHbWVInacb, 
XOTR VIHTeHCVIBHOCTb peHTreHOBCKOrO V13ny~eHVIR o6pa34a COXpaHVInacb 
VI Ha Tpy6Ke B030rHaHH~e aKTVIHVIA~ He 6~nV1 06Hapy~eH~. 

B TO ~e epeMR c MeTannVI~eCKVIX Ti VI Zr see VlccneAoBaHH~e HaMV~ 

aKTVIHVIA~ VI naHTVIHVIA~ nerKO B03rOHRnV1Cb npVI 1200CC 1Ta6n,11. 
CTeneHb B03roHKV1 3aBV1cena OT cnoco6a o6pa6oTKV1 noeepxHOCTVI 
MeTanna VI cTeneHVI 04VICTKV1 ra3a oT KVIcnopoAa. HaV16onee nonHo 
lAO 98% 241 Aml B03rOHKa npOVICXOAYina B TOM cny4ae ,KOrAa no
BepXHOCTb Ti VInYl Zr 3a~VI~anV1 MexaHV~4eCKV1 HenocpeACTBeHHo nepeA 
HaHeceHV!eM pacTeopa VI npVI HaV16onee T~aTenbHOH 04VICTKe ra3a. 
MaKPOKOnV14ecTea ypaHa 10,1 Mrl TaK~e eo3rOHRnV1Cb 11250 CCI, Ho 
B MeHbWeH CTeneHVI: nonOBVIHa ypaHa AY1¢l¢lYHAYIPOBana BHyTpb CTeHOK 
TVITaHoeoro TY~rnR. 

3aeVICVIMOCTb cTeneHV~ eo3rOHKV1 Am c Ti VI Zr, a TaK~e Cm c Ti 
OT TeMnepaTypbl B 11 4VICTbiX 11 ycnOBVIRX npeACTaBneHa Ha pVIC. 3. npeA
nonO~VIM, ~TO npo4ecc B03rOHKV1 OnVICbiBaeTCR KV1HeTV14eCKVIM ypae
HeHVIeM nepeoro noPRAKa 

dN -Nk e -Ea /RT 
dt 0 
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Ta6nHu;a 

Bo3roHKa aKTHH~os C ITOBepXHOCTH MeTaJIJIOB npH 
12000C 3a 30 MHH 

MeT ann AKTHHHA CTeneHb ATMOC!lJepa 
B03rOHKH,% 

Ta Am < 0, I H2 +He 
w Am < 0, I H2 +He 
Pt* Am < 0, I H2 
Ni Am < 0, I H2 +He 

CTaJib Am < 0, I H 2 +He 
Zr Am > 95 He 
Ti Am > 95 He 
Ti** u 50 He 
Ti Np > 90 He 
Ti Pu > 90 He 
Ti Cm > 95 He 

* 3Ha~HTeJibHOe KOJIH~eCTBO aKTHHH,ll;a AH~YHAHPYeT B MeTaJIJI. 
** Bo3rOHKa B Te~eHHe I ~aca npH 1250 °C. 

rAe N- KOHl.leHTPal.lHR aKTHHHAa Ha noeepxHOCTH, E a - 3<l><l>eKTHBHaR 
3HeprHR aKTHBal.lHH npOl.leCCa B03rOHKH, k0 - KHHeTH4eCKaR KOHCTaH
Ta, J:' - aUCUilKJlHd)'l lt::MIIt::j.JdiYI.Jd, • - dj.Jt::Ml1 Mdl IJCddMI'Il1o 

No Ea 1 
0TC10Aa lnlnN = ln(k0t) - R · T, 1-1 no MeTOAY HaHMeHbWHX 

KBaApaToe nony4aeM AilR eo3rOHKH Am c Ti: E a = 153+ 13 KA>K/MOilb, 
ko = 1990+1670 c-1, K03<I><I>~-'~Ll~-'~eHT AeTepMHHal.lHH r 2 =-0,94; AHA B03-
roHKH Am c Zr E a = 123_::8 KA>K/MOilb, k 0 = 33_::19 c -1, r2= 0, 98. 

Pe3yilbTaT~ no TepMoxpoMaTorpa<I>HH B03orHaHH~x aKTHHHAOB 1-1 
JlaHTaHHAOB B KOilOHKaX 1-13 MeTai1IlH4eCKOrO THTaHa npeACTaBileHbl 
B Ta6n.2 H Ha PHC.4. TennoT~ aACOPfil.ll-11-1 Q B~4HCilRilH 1-13 TepMo
xpoMaTorpa<!>H4eCKHX AaHH~x no ypaeHeHHIO, npHBeAeHHOMY e 181, npH 
3TOM 3HTponHA aACOPfil.ll-11-1 B~4HCilRilaCb HCXOAR 1-13 MOileKYilRpHO
KHHeTH4eCKHX npeACTaBileHHH. 

B 3KcnepHMeHTax c HaH6onee 4HCT~MH ra3oM 1-1 noeepXHOCTbiO Ko
IlOHKH aKTHHHA~ TpaHcnopTHpOBailHCb ~0 TeMnepaTyp~ OKOilO 6000C. 
npH yeeilH4eHHH COAep>KaHHR KHCilOPOAa B CHCTeMe 3Ha4eHHR TeMne
paTyp~ OCa>KAeHHR noB~WailHCb BnilOTb AO 1100°C.CoOTBeTCTBeHHO 
POCill-1 1-1 Q. npH 3TOM no ywHpeHHIO IlHHHH a -cneKTpa 6~na 3aMe-
4eHa A~-'~<I><I>Y3HA aKTHHHAOB BHYTPb THTaHa. 8 TOM Cily4ae,KOrAa HC
nOilb30BailHCb nOilHXIlOPBHHHilOB~e nOABOAA~He WilaHrH, o6pa30B~Ba
Il0Cb, KaK npaeHno, ABa 1-1 Aa>Ke TPH TepMoxpoMaTorpa<I>H4eCKHX nHKa, 
4TO, no-eHAHMOMy, CBR3aHo c B~AeneHHeM HCl 1-1 APYrHx ra30B 1-13 
3THX WilaHrOB. 
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Amc Ti 

50 

1000 

Onb1T2 

T"C 

500 

onbiT 6 

1000 

~Am c Zr 

3aBHCHMOCTb 
B03rOHKH Am H Cm c no
sepxHOCTH Ti H Zr OT 
TeMnepaTypbi /speMR 
K~oro HarpesaHHH -
30 MlfH/. 

AmCm 

o/ , 
/U 

50 

50 

CM 

PHc.4. llosep;eHHe aKTHHH,ll;OB H naHTaHH,ll;OB npH TepMOXpOMaTo
rpaliJHH B TOKe He B KOJIOHKe H3 MeTaJIJIHtlecKoro Ti /ycnosHH 
CM. B Ta6n.2/. 
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Ta6m-I'-Ia 2 

Pe3ynhTaTbi TepMoxpoMaTorpa~HH aKTHHH~OB H naHTaHH~OB 
Ha KOnOHKe H3 MeTannnqecKoro THTaHa B TOKe renHH /speMH 

OllbJTOB - 30 MHH, pacxo~ ra3a - 20 CM3/MHH, Tpy6Ka 0=4 MM/ 

3JieMeHT TeMIIepaorypa TeilJloTa ilpHMeQB.HHSI 
OIIbiTa MB.KCHNyYa ~cop(i~H 

nHKa, °C Q , K,!J,K/IIOJib 

I A.,, c., 570:!:20 !88!.4 MexaHII'IBCK&R OQHCTKa 

2 A ... , C.., 570:!:!5 !88:!:3 
KOJIOHKH, 3a~ll npoKaJIH-
B8.HH8 B TOKe reJIHSI npH 
I2000C 

3 Aw., C.,., 930:!:50 268:!:!2 To.abKO MeXB.H~RecKM 
OllB: TKa JtOJIOHKH 

4 A..., , Pu. 840:!:70 247:!:!5 Ha CTapTe - O,l MKr 
HHTpaTa IlJlyTOHHR. 

b Ce, Y6 850!20 243:!:4 KOJIOHKa HanOJIHeHa THTa-
HOBOit CTpyi[KOit 

6 Ce, Y6 !050:!:20 289:!:5 Be3 'l'lllaTeJibHOit OQHCTKH 

L~.< IIOO:!:I5 30!!.4 
raaa 

Bo ecex cny4a~x He Ha6n~Aanocb cKonbKO-H~6YAb 3Ha4~TenbHOro 

paaAeneH~~ 3neMeHToe: pacnpeAeneH~e paan~4H~x aKT~H~AOB ~ naH
T~w~nnR nn TPnMnxnnM~Tnrn~~~4P~KO~ KOOOHKP nnaKT~4eCK~ 6~n0 

~AeHT~4H~M. TonbKO noeeAeH~e Lu B on~Te 6 /p~c.4/ 3Ha4~TenbHO 
OTn~4anocb OT no8eAeH~~ Yb ~ Ce /y Lu 6onee ocTp~~ n~K/. 

OEiCYl~AEHHE 

HacTo~~~e peaynbTaT~ Henb3~ o6b~CH~Tb eoaroHKO~ aToMapH~x 

aKT~H~A08 ~ naHTaH~AOB, 06bJ4HO np~ 1000-1200"C MOryT B03rOH~TbC~ 
8 ynbTpaMan~x Kon~4eCTBax 3neMeHTbi, 3HTanbn~~ cy6n~Ma4~~ ~H0 

KOTOpbiX He BbJWe 300 K.£\>K/MOnb 'S/, B HaW~X 3KCnep~MeHTaX C no:gs 
8epxHocT~ T~TaHa HaP~AY c Yb ~ Am I ~H298 cooT8eTCTBeHHO 152 ~ 
241 K,[\>K/MOnb 11 •4/ I nerKO B03rOH~n~Cb ern, Pu 'Np' u' Ce ~ Lu 
/~H~98 COOTBeTCTBeHHO 386, 349, 465, 532, 423 ~ 428 K.£\>K/MOnb/, 
4TO npOT~BOpe4~T yKa3aHHO~ 3aKOHOMepHOCT~. 

B TO >Ke BpeM~ Ha6n~AaeM~e ~BneH~~ MO>KHO, no-B~A~MOMy, 06b~c

H~Tb x~M~4eCK~M~ TpaHcnopTH~M~ peaK4~~M~ c o6paaoeaH~eM e raao
eo~ ~a3e H~3W~X OKC~A08 aKT~H~AOB ~ naHTaH~AOB, 4aCTO HeycTo~-
4~8~X B KOHAeHC~POBaHHOM COCTO~H~~. 

PaccMoTp~M, Hanp~Mep, TepMOA~HaM~KY B03MO>KHoro npo4ecca eoa-

c 1 1 
roHK~ OKC~Aa rn. An~ peaK4~~ 2 crn 2 0 3 (T) = CrnO(r) ~ 4 o2 (r) ~3 

AaHH~x pa6oT~ 121 MO>KHo B~4~cn~Tb ~H~s = 610 K,[\>K/Monb. B 3TOM 
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cny4ae peaK4~~ no~AeT TOnbKO np~ 04eHb e~coKo~ TeMnepaType -
OKano 2000"C. B np~cyTCTB~~ MeTann~4'ecKoro T~TaHa B03MO>KHa 

1 
peaK4~~ 2Crn2 0 3 (T) + Ti(T) = CrnO(r) +-1-TiOx(T). 

2x 
T~TaH c K~c-

nopOAOM o6paayeT HeCKOnbKO COeA~HeH~~. a TaK>Ke Henpep~BH~~ P~A 
T8ePA~X paCTBOPOB. 3HTanbn~~ nocneAHeA peaK4~~ yMeHbWaeTC~ np~ 
yMeHbWeH~~ 3Ha4eH~~ x aT 370 I x = 2/ ~ 350 K/.\>K/Monb I x = 1 I 
AO 270 K.£\>K/MOnb An~ X = 0, 1/3Ha4eH~~ 3HTanbn~~ paCTBOpeH~~ K~C
nopOAa 8 T~TaHe B3~T~ ~3 151 !. Ecn~ np~ o4eHb Man~x coAep>KaH~~x 
K~CnOPOAa 3HTanbn~~ peaK4~~ e~e 6onee CH~3~TC~, TO B03rOHKa OKa
>KeTC~ B03MO>KHOA np~ TeMnepaTypax OKano 1000"C. TaK~M o6pa30M 
o6b~CH~eTc~ noe~weH~e TeMnepaTyp~ oca>KAeH~~ aKT~H~AOB ~ naHTa
H~A08 8 TepMOXpOMaTorpa~~4eCK~X 3KCnep~MeHTaX np~ yeen~4eH~~ 
COAep>KaH~~ K~cnopoAa B c~cTeMe. YMeHbWeH~e 3Hepr~~ aKT~Ba4~~ 
npo4ecca eoaroHK~ c noeepxHOCT~ Zr no cpaBHeH~~ c Ti MO>KHO 
06bRCH~Tb 6onbWe~ TennOTO~ o6pa30BaH~~ COOTBeTCTBy~~~X OKC~AOB 

Zr. C APYrO~ CTOpOHbl, An~ Ta 3HTanbn~~ paCT80peH~~ K~cnopOAa 
He aa8~C~T aT era COAep>KaH~~ B c~cTeMe /o6paayeTc~ n~wb 

/5/ u 

Ta20 5 I, 3HTanbn~~ peaK4~~, np~BOA~~e~ K cy6n~Ma4~~ Crn, 
B 3TOM cny4ae 3Ha4~TenbHO 6onbwe, 4eM B cny4ae Ti, - oKono 
410 K,[\>K/MOnb, ~ B03rOHKa He AOn>KHa Ha6n~AaTbC~ np~ CTOnb H~3K~X 
TeMnepaTypax, KaK 1200°C. TepMOA~HaM~4ecKoe paccMOTpeH~e, paay
MeeTcR, He T04HO OTpa>KaeT ycnoB~R, onpeAenR~~~e no8eAeH~e 
ynbTpaMan~X KOn~4eCTB Be~eCTB. 0AHaKO o6~4HO ~MeeT MeCTO xopo
WaR KOppenR4~R TepMOXpOMaTorpa~~4eCK~X AaHHbiX C TepMOA~HaM~-
4eCK~M~ /eM., Hanp~Mep, 161 1. 

B K~HeT~4eCKOM nnaHe B np04ecce B03rOHK~ H~3W~X OKCHAOB MeTan
n~4eCK~e Ti ~ Zr,xopowo pacTeopR~~~e K~cnopoA, ~rpa~T ponb KaK 
6bl A03~PY~~~x reHepaTopoe K~cnopoAa. HanpoT~B, noeepxHOCT~ Ta, 
W , Hep>Kaee~~eA cTan~ ~ Ksap4a noKp~T~ nneHKO~ xeMocop6~poeaH
Horo K~cnopoAa. B~A~Mo, Heo6paT~Moe oca>KAeH~e aKT~H~AOB Ha 3T~x 
MaTep~anax np~ 1000-12000C CBR3aHo c o6paaoeaH~eM Ha noeepx
HOCT~ HeneTy4~X 8biCW~X OKC~AOB, 3aMeT~M e~e, 4TO Pt, KaK ~3-
BeCTHO, pear~pyeT C aKT~H~AaM~ C 06pa30BaH~eM COeA~HeH~A T~na 
ArnPt5 

171 ~ 3T~M o6bRCH~eTcR BHeApeH~e aKT~H~AOB e 3TOT MeTann. 
H~aw~e OKC~Abl paan~4H~x aKT~H~AOB ~ naHTaH~AOB, ~Me~~~e, no-

8~A~MoMy, CXOAHY~ CTPYKTYPY BHeWH~X 3neKTpOHH~X o6on04eK, B Tep
MOXpOMaTorpa~~4eCK~X 3KCnep~MeHTaX 8eAYT ce6R npaKT~4eCK~ ~AeH
T~4HO, n~wb noBeAeH~e H~3Wero OKC~Aa Lu, y KOToporo ~Me~TCR 
3anonHeHH~e f -ypo8H~ ~ HecnapeHH~A 3neKTPOH Ha eHewHeA o6ono4-
Ke, cy~ecTBeHHO aT n~4aeTcR, 4TO , eepo~THo, yKa3blsaeT Ha APYroA 
MexaH~3M aAcop64~~. TaK~M o6pa30M, TepMoxpoMaTorpa~~R H~3w~x 
OKC~AOB, B03MO>KHO, n03BOn~T CYA~Tb 06 3neKTpOHHOA CTpyKType 
aKT~H~AOB, B 4aCTHocT~ 3neMeHTOB 102 ~ 103. AnR TaK~x ~ccneAoea
H~A TepMOXpOMaTorpa~~~ ~ XpOMaTorpa~~~ neTy4~X OKC~AOB nepcneK
T~8HO ~cnonb308aTb B ~oM6~Ha4~~ c xpoMaTorpa~~eA MeTann~4ecK~x 
aKT~H~AOB, MeTann~4eCKOe COCTORH~e pean~3yeTCR, ecn~ B KOnOHKY 
8BecT~ nap~ Ca,csR3~Ba~~ero K~cnopoA 18~ B 3TOM cny4ae TeMnepa-
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Typa ocamAe1-II-1R TaKI-1X 3JleMeHToe, KaK Am, Cm, Ce , Lu, 3JleMeHT 
103, AOJllKHa 6~Tb B~we, 4eM AJlR OKCI-1AOB, a TeMnepaTypa OCalKAe
HI-1R 3JleMeHTOB 1 02, Md, .Fm, Es, Yb 1-1 Eu -HI-1lKe. 

BoaroHKy HI-13WI-1X OKCI-1AOB aKTI-1H1-1AOB c Ti nepcneKTI-1BHO l-1cnonb
aoeaTb 1-1 e APYrl-1x ~enRx. AKTI-1HI-1A~ MOlKHO B~AeJlRTb 1-13 TI-1TaHoeoro 
c6opHI-1Ka RAep OTAa41-1, o6pa30BaBWHXCR B RAepH~X peaK~HRX Ha ycKo
pHTeJlRX TRlKeJl~X HOHOB /K03$$H~HeHT~ AH$$y3HH aKTHHHAOB B Ti , 
no o~eHKaM, npHBeAeHH~M e pa6oTe/9~ AOCTaT04Ho eeJlHKH/. MomHo
TaKlKe npHrOTOBJlRTb B~COKOKa4eCTBeHH~e a-HCT04HHKH 1-1 ~HKJlO

TpOHH~e MHWeHH 1-13 aKTHHHAOB /KaK noKaaaHo Ha pHc.1/. Bo3MOlKHOCTb 
B03rOHKH HH3WHX OKCHAOB AOJllKHa Y4HT~BaTbCR BO BCeX npo~eccax, 
CBR3aHH~X C HarpeeaHHeM aKTHHHAOB AO B~COKHX TeMnepaTyp B Boc
CTaHOBHTeJlbH~X YCJlOBHRX, 
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~Y~KOB o.n., PeeT4 T., 3sapa H. 6-83-371 
Bo3rOHKa H TepMoxpoMaTorpa~HA HH3WHX OKCHAOB aKTHHHAOB H naHTaHHAOB 

H3y4anacb B03MO*HOCTb so3rOHKH s ToKe renHA H BOAOPOAa MHKPOKOnH4ecTs 
aKTHHHAOB 24 1Am, 244cm, 240 Pu , 237Np , a TaK*e U, HaHeCeHHbiX B BHAe OKCHAOB 
Ha nosepXHOCTb pa3nH4HbiX MeTannos. npH TeMnepaType AO 1200~ aKTHHHAbl He 
so3roHAnHCb c MeTannH4eCKHX Ta, W, Ni, cTanH H Pt, HO nerKo B03rOHR-
nHCb c Ti H Zr. 3fl$eKTHBHaA 3HeprHR aKTHBa4HH npo4ecca B03roHKH Am c no
sepxHOCTH Ti cocTaBHna 153+13 K~*/MOilb, c nosepxHOCTH Zr - 123+8 K~*6MOnb. 
B onbiTax no TepMoxpoMaTorpa~HH Am, Cm, Pu, a TaK*e 5e3HOCHTenbHblx 3 Ce, 
189

Yb, 173Lu B THTaHOBbiX KOilOHKaX B TOKe reilHA C rny50KO~ 04HCTKO~ OT 
KHCilOPOAa Bee 3TH 3neMeHTbl TpaHcnopTHpOBailHCb AO CPaBHHTenbHO HH3KHX 
TeMnepaTyp - OKOnO 570~. npH ysenH4eHHH COAep*aHHA KHCilOPOAa B CHCTeMe 
TeMnepaTypa OCa*AeHHA nOBbiWanaCb BnilOTb AO 110~. 3Ha4eHHA TennOT aACOP54HH, 
nOily4eHHble H3 TepMOXPOMaTorpa~H4eCKHX AaHHbiX, COCTaBHnH OT 188+3 AO 
301~4 K~*/Monb. 04eBHAHO, s npHcyTcTBHH Ti HilH Zr HMeeT MecTo XHMH4eCKaR 
TpaHCnOpTHaA peaKljHA C 05pa30BaHHeM B ra30BO~ ~a3e cpaBHHTenbHO JleTy4HX 
OKCHAOB THna An0 H LnO. 

Zhuikov B.L., Reetz T., Zvara I. 6-83-371 
Sublimation and Thermochromatography of Actinide and Lantanide Low 
Oxides 

A sublimation of microquantities of 241 Am, 244 Cm, 240 Pu, 237Np and U 
in helium stream was studied. The elements were piled up on the surface of 
different metals in oxide form. None of these actinides sublimed at tempe
ratures up to 1200~ from the surfaces of metallic Ta, W,Ni, steel and Pt, 
but sublimed easily from Ti and Z~ The effective activation energy of the 
sublimation process for Am fromTi surface was found to be 153±13 kG/mole, 
and Am from Zr - 123:t8 kG/mole. In thermochromatographic experiments 
Am, Cm, Pu and 2S9Ce, l69Yb , 173Lu in carrier-free stat-e were transported in 
a superpure helium stream up to low temperatures (about 570 ~ ) . The 
temperature of deposition increased to 1100~ as the oxygen content in the 
system increased. Adsorption heat was found to be from 188±3 to 
301 :t 4 kG/mole. The phenomena were explained in terms of the chemical trans
port reactions involving the formation of volatile oxides of AnO- and 
LnQ-type. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JlNR. 
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