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BBE.llEH~E 

.llnR peWeH~R paan~4H~X aHan~T~4eCK~X ~ npenapaT~BH~X aaAa4 
B paA~OX~M~~ BCe w~pe np~MeHR~TCR TepMOXpOMaTOrpa~~4eCK~e Me
TOAbl paaneneuaa 3neMeHTOB B B~Ae ~X r anor euanuux COeA~HeH~~ 

ICM., Hanp~Mep, pa60TbI/1-15/. B 4aCTHOCT~, AnR XHM~4eCKO~ 
~AeHT~~~ KaLt~~ nep BblX TpaHCaKT~H~AHbIX 3neMeHTOB I KypttSTOBl1R 
~ H~nbc6op~RI ~cnOnbaOBanaCb 3KCnpeCCHaR wpOHTanbHaR TepMOXpO
MaTOrpa~~R B nOTOKe xnopapyoutnx ~ 6pOM~PY~Ill~X r aaoa 110,111. 

~a peaynbTaToB TepMoxpOMaTorpa$~4eCK~Xon~TOB B HeKOTOp~X 

paõor ax 19, 12.131 6bln~ oueueuu aHa4eH~R 3HTanbn~~ ancopõuaa 
xnopunoa Ha nOBepXHOCT~ MaTep~ana KonOHOK. 6bln~ 06HapY>KeHbl na
He~H~e KOppenRLt~~ Me>KAY TeMnepaTypaM~ OCa>KAeH~R xnop~AOB 

IB ynbTpaM~KpOKOHLteHTpaLt~Rxl Ha KonOHKe ~ 3HTanbn~~ cy6n~Ma

Lt~~ 3T~X coeA~HeH~~ 19,121, a TaK>Ke Me>KAY aHa4eH~RM~ 3HTanbn~~ 
aACop6Lt~~ ~ 3HTanbn~~ ~cnapeH~R xnop~AOB 1131 

Ao HaCTORlllero BpeMeH~ rnaBHb~ o6paaoM ~aY4anOCb TepMoxpOMa~ 

r oroaoavecxoe no aene-uie xnopuno e , ~MeeTCR Mano AaHHblX no r ep
MoxpOMaTor~a~~~ 6POM~AOB. C 4eflb~ B~RBneH~R BOaMO>KH~X npe~MY

llleCTB OAHoro ~n~ APyroro KnaccacoeA~HeH~~, B .HaCTORllle~ pa6o
Te HaM~ npOBeAeHO cpaBH~TenbHoe ~aY4eH~e TepMoxpOMaTorpa~~4ec

Koro nOBeAeH~R ynbTpaM~KpOKon~4eCTB xnop~AOB ~ 6POM~AOB pRAa 
3neMeHTOB paan~4H~X rpynn Ta6n~Lt~ MeHAeneeBa B KBaP4eBO~ KO
nOHKe ~ no on~TH~M AaHH~M B~4~cneHa ~HTanbn~R aAcop6~~~ 3T~X 

coeA~HeH~~. 

3KcnEP~MEHTAnbHA~ YACTb 

CxeMa TepMoxpOMaTorpa~~4eCKO~ YCTaHOBK~ npeACTaBneHa 
Ha p~c.1. B on~Tax ~cnonbaoéaH~ KOMMep4eCK~e paA~OHYKn~A~ 

"6ea HOC~Tene~" 140 La, 160 Tb, 105Ag, 195Au, 54Mu. 95Zr , 175Hf, 
95 Nb, 65 Zn , 137 Cs , ~x pac r eopa HaHOCV1n~ Ha KBap4eBbl~ 
neCOK !paaMep 4aCT~Lt 150~200 MKM/, KOTOP~~ aaTeM B~cyw~Ban~ 

B nOTOKe xnopa ~n~ napOB 6pOMa np~ 200°C B Te4eH~e 1 4aca. 
OCHOBHO~ KOMnOHeHT raaa-HOCHTenR aprOH 04~lllan~ OT napOB BOA~ 

nepxnopaTOM MarH~R ~ OT cneAOB K~cnopoAaT~TaHoBo~ CTPY}f{KO~ 

np~ 900°C. B Ka4eCTBe xnop~PY~lllero areHTa ~cnonbaOBan~ nap~ 

SOCf2' a AnR 6poM~poBaH~R - napu CMec~ >K~AK~X BEr 3 + Br2IB 06beMHOM OTHoweH~~ 1:1/. 

~ ~ • ..t i~HCTHTY~ 

~ lJll(lJ!li:ll! !~'. C.llellDRlto.l. 
t_ ~Sffr!:JTEKA, 

I 
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K BAKYYME 

'O~O~~o 

PHC. 1. CXéMa YCTaHOBKH p;JUI H3yqeHHH T"ePMoxpoMaTorpa,

cPHqeCKOro rrOBep;eHHH XJIOPHP;OB H 6POMHP;OB: 1 - 6arrJIOH 

c aprOHOM; 2 - rrepXJIOpaT MarHHH; 1 - TI -reTTep; 4 
JKHp;KHe SOCf. 2 H,rm BBr s +. Br2 ; 5,6 - BblcoKoTeMrrepaTYP

Hwe rreqH; 7 - yrOJIhHWA cPHJIhTP; 8 - yrOJIhHaH JIOBYWKa; 
9 - TepMoxpoMaTorpacPHqeCKaH KOJIOHKa. 

Hacw~aH nOTOK aprOHa 6ap6oT~poBaH~eM 4epes YK~saHHwe m~AK~e 
areHTW np~ KOMHaTHO~ TeMnepaType,nonY4an~ nap~~anbHwe AaBneH~H 

P SO CE 2 ~ 100 MM. pr , CT. ~n~ me PB Br ; 35 MM. pr . CT. ~ P ~ 
. 90 MM.pT.CT. S B r 2 

TpeMoxpoMaTorpa~~4ecKaH KonOHKa npeACTaBnHna co6o~ nYCTY~ 
KBap~eBy~ TPy6KY An~Ho~ 120 CM, BHYTpeHH~M A~aMeTpOM 3 MM. Ko
nOHKY nepeA OnblTOM 04~~an~ nYTeM HarpeBaH~H B TOKe K~cnopoAa 

np~ 10000~ B Te4eH~e HeCKonbK~X 4aCOB. TeMnepaTYPHW~ rpaA~eHT 
nOAAep}/(~BanCH H,arpeBaTenbHblM YCTPO~CTBOM, COCTOH~~M ~s r onc r oã 
MeAHo~ TPy6K~ e BaKYYMHo~ ~sonH~~e~, OA~H KOHe4 KOTOPO~ Harpe
BanCH 3neKTp~4ecKo~ ne4b~, BTOPO~ - oxna}/(AanCH xonoAHo~ BOAO~. 

Ha BWXOAe ~s KonOHK~ YCTaHaBn~Ban~ nOBywK~ c aKT~B~poBaHHwM~ 
yrnHM~ AS1H ~SBne4eH~H X~M~4eCK~ aKT~BHbIX napo a ~ paA~oaKT~B
HblX Be~eCTB. 

3Kcnep~MeHTW BwnonHHn~ no MeToA~Ke, on~caHHo~ B pa60Te IW/: 

BHa4ane npoBoA~n~ xnop~poBaH~e ~n~ 6poM~poBaH~e o6pas4a np~ 
90ÓoC B ~e4eH~e 30 M~~ ~ .BosorHaHHwe ranoreH~Aw'co6~pan~ Ha 
OXna}/(AeHHOM Y4aeTKe KonOHK~ c KBap4eBo~ BaTO~. 3aTeM TeMnepa
TYPY ne4~. C~~}/(an~ AO 550°C, ne4b HqAB~ran~ Ha Y4aCTOK c oca}/(
AeHHbIM~ ranoreH~AaM~ ~ npOBOA~n~ TepMoxpoMaTorpa~~poBaH~e, 

nponYCKaH rano~A~PY~~~~ raS-Hoe~Tenb B Te4eH~e 20 M~H; paexOA 
aprOHa - 20 CMS/M~H. 

PaenpeAeneH~e paA~OHykn~AOB BAonb KonOHK~ nocne onWTa onpe
AenHn~ e nOMO~b~ eneKTpoMeTpa Y-~snY4eH~H c np~MeHeH~eM CB~H
~OBoro Konn~MaTopa W~p~HO~ 1,0 eM. 

2 

PE3ynbTATbl ~. 05CY}\{.aEH~E 

~CXOAHwe o6pas~w npeACTaBnHn~ eo6o~ pasn~4Hwe CMee~ Bwwe
YKasaHHWX 3neMeHTOB /paA~oHYKn~AoB/. Mw y6eA~n~eb B Boenpo~s
BOA~MOCT~ 3Kcnep~MeHTanbHWX 'pesynbTaToB, nOBTopHH 3Kcnep~MeH

TW 3f4 pasa. Ha p~c.2 ~ 3 nOKasaHW TepMoxpOMaTorpaMMW xnop~AOB 

~ 6POM~AOB ~s onWTOB co CMeCb~ Bcex ~syyaeMwx 3neMeHTOB. 
3a TeMnepaTYPY ocamAeH~H Ta HaM~ np~H~Manacb TeMnepaTypa, co
OTBeTcTBy~~aH MaKC~MYMY n~Ka Ra TepMoxpoMaTorpaMMe. no 3Kcne~ 

p~MeHTanbHblM AaHHblM Mbl BbI4~cnHn~ sHa4eH~H CTaHAapTHO~ au r ans> 
n~~ aAcop6~~~ ranoreH~AOB ~Ho.~cnonbsYH ypaBHeH~e /2/ ~s pa-

I /. a
60Tbl ,17 OHO CBHSblBaeT llH~ • Ta ~ napaxe r pu orrur a . 4TOGbl ~C

A 
'(la 

CM 

Tb AI:l Mn Cs Au Zn Au Zr Hl Nb 
T II T "TI T TT T
 

75
 

50 

15 

PH.c ..2. 'I'e pr-roxposra-r-o r-p ar-n-rsr XJIOpHp;OB. nexo r opux 3JIeMeH

TOB /6e3 HOCHTeJIe~/. A - rrpOQeHT aKTHBHOCTH Ha I,D ~M 
P;JIHHbI KOJIOHKH. 
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100 
Tb AQMn Cs Au Zn Au Zr Hf Nb 
I II T iT T TI T
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50 

25 

15 eM 

PHC. 3. 'I'epj-ro'xpor-ra-r-o r-p ase-na 6POMHP;OB HeKOTopbIX 3JIeMeH

TOB /ões HOCHTeJIeA/. A - rrpOQeHT aKTHBHOCTH Ha 1,0 CM 

P;JIHHbl KOJIOHKH. 
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nonb30BaTb 3TO ypaBHeHHe, He06xOAHMO 3aAaTbCR 3Ha~eHHRMH 3H
TpOnHH aACOp61..tHH ~S~, OHH npHHHManHCb HaMVI paBHblMH 

1L\S~ = Rln T1 CM- . TO (RT/27TM)Yz 1, /1/	 {1j
 
::f
 
:s:: 
~ 

r ne To - nepuon Kone6aHH~ aACop6HpOBaHHblX aTOMOB /MoneKyn/	 \O 
(1j 

nepne-maxynapao nOBepXHOCTVI /npHHHManOCb TO = 1·10 -12 c/, M H
 

Macca MOJlR /ripennonar.aeaue XHM!i14eCKHe epOpMbl A<:lHbl B r aõn . l VI 2/,
 
a COMHO)f{HTenb CM- 1 oôycnoanen ,BbI60pOM onpeuene-n-oro CTaHAapT

Horo OTHoweHHfl KOHl..teHTpa~H~ MoneKyn B ra3e H Ha nOBepXHO- o::
 

:s::
'CTH /18/.	 Q) :r: 

:õ Q) 
B Ta6n.l npeACTaBneH~ 3KcnepHMeHTanbH~e 3Ha4eH~R Ta co cpeA l' i i? 

Q) (1jHeKBaApaTH4H~MH oWH6KaM~ BOCnpOH3BOAHMOCTH H B~4V1CneHH~e 3Ha
~ CJ 

4eHHR z\H ~ AnR XnOpHAOB np ennonareexoro HaMH COCTaBa, YKa3aH	 CJ o 
:s::

HOrO B TaÔnH4e. Me)f{,Qy HaWHMH 3KCnepHMeHTanbHblMH 3Ha4eHHRMH Ta	 ::r >I: 
:õ w 

H 3HTanbnHRMH cy6nHMa~HH ~H~ XnOpHAoB HMeeT MeCTO nHHe~HaR in o. 
:>. 

... E-tKOppenR~HR. 
in t'il 
o o. 

/2/	 tt: Q)
Ta (K) = (3,4 ± 0,3)~H~( K,Q>I</Monb) + (lO± 5).'	 :s:: t:: 

o. ~ o Q) 
~ E-t 

K03epepH~KeHT KoppenR~H!i1 paBeH 0,95, cpeAHRR KBaApaTH4HaR OWH6 X 
o 

Ka - 45 K. ~ X 
o. :õKax BHAHO ~3 Ta6n.l, B npeAenax OWH60K on~Ta 3KcnepHMeH o :r: 
E-t :r:TanbH~e TeMnepaTYP~ OCa)f{AeHHR xnopHAOB C08naAa~T C paCC4HTaH o (1j 
:.::: t:l:H~MH no ypaBHeHH~ /2/. Q) 
:r: X~aHH~e on~TOB no TepMoxpoMaTorpa$H4ecKDMY nOBeAeHH~ 6POMH ,j3 

AOS H3Y4aeM~xHaMM 3neMeHTOB npHBeAeH~ Ha pH0.3 H B Ta6n.2. :s:: :r: 
:s:: ..Q

KaK BHAHO H3 cpaBHeHHR pHc.2 H 3, nocneAOBaTenbHOCTb oca)f{ g@ 
AeHHR Ha KonOHKe xnopHAOB H 6pOMHAOB pRAa 3neMeHTOB, HMe~~HX o.. E-< 

o :r: 
CJ Q)pa3nH4HY~ neTY4eCTb, coxpaHReTCR. TonbKO TeMnepaTYP~ OCa)f{Ae
~ ~ HHR HccneAOBaHH~X 6POMHAOB Ha 10!50 K HH)f{e, 4eM y COOTBeTCT o. 
:s:: Q)BY~~HX xnopHAoB. 3TO, HeCOMHeHHO, CBVlAeTenbcTByeT 06 0AVlHaKO


BOM CTexHOMeTpH4eCKoM COCTaBe coeAVlHeHVI~. TonbKo B cnY4ae ra ã 5
 
..Q :.:::

noreHHAOB 30nOTa B KonOHKe C TeMnepaTYPHblM rpaAVleHToM o6pa30 @(T) 

E-t :s::BanVlCb ABa aAcop6~VlOHH~X nHKa. M~ C4V1TaeM, 4TO HMeeM Aeno 
:r: :s:: 
(T) :r:C 0AHOBpeMeHHbIM 06pa30BaHVleM B ra30BO~ epa3e coeAHHeHH~ OAHO	 ('j 
o:: ÇQBaneHTHoro H TpeXBaneHTHoro 30nOTa. :s:: O 
:r: :::B Ta6n.2 npeACTaBneH~ 3Ha4eHHR ~H~ AJlR 6POMHAOB, B~4V1cneH Q) (J 

H~e no ypaBHeHVI~ /2/ Vl3 pa60T~/~/.	 ::r o 
1 t'il 

:r: ~B cnY4ae 6POMVI,QOB TaK)f{e HMeeT MeCTO nHHe~HaR KoppenR~VlR ('l1 :r: 

Me)f{AY Ta H ~H~ ~ /3/
Ta (K) = (3.3 ± 0,3) ~ H ~ (K,Q >I< / Monb) + (20 ± 15) , 

l~
K03epepVl~HeHT KoppenR~HH - 0,90, cpeAHRR KBaApaTH4HaR oWVl6Ka 
50 K. 
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nonb30BaTb 3TO ypaeHeHJ.1e, He06xOAJ.1MO aaAaTbCH 3Ha4eHJ.1RMJ.1 3H
TpOnJ.1J.1 aAcop64~~ ~S~ • OHJ.1 npHHHMam1Cb HaMH paBHblMH 

- .c~S~	 Rln [lc,,-I. 'o (RT/2rrM)V'1. /1/ -
cr o ~ 

o o 
~	 

'" 
o '" 'Z	 ""+, +, +, '" :c-rne "o - nepHOA Kone6aHHH a,qcop6HPoBaHHblx aTOMOB /MoneKyn/ 'D "	 o "" '" "<lJ'J: 

'" N NnepneHAHKynRpHo nOBepxHocTH /npHHHManocb 'o = 1'10-12 c/. M- E-< '"	 '" -
Macca MonR /rtp ennonaraeasre XJ.1MH4eCKHe <POpMbl AaHbl B r aôn . l ~ 2/.
 
a COMHO}i{HTenb CM- I 06ycIloBneH suõopoa onpeneneaaóro CTaHAapT-

Horo OTHOWeHJ.1R KOH4eHTpa4J.1~ MoneKyn B ra3e ~ Ha noaepxao-

CTH/ 18/, 

B r aõn; l npeACTaBneHbl 3KcnepHMeHTanbHble 3Ha4eHHR Taco CP~A- l.. 
HeKaaApaTH41-1blMH oWH6KaMI.-1 aocnpOJ.1aBOAHMOCTH ~ Bbl4HcneHHble aHa
4eHHR ~H ~ AnR xnopHAOB npeAnonaraeMoro HaMI.-1 co c r aaa , YKa3aH
Horo B Ta6m14e. MelHAY HaWHMH 3KcnepHMeHT ans HblMH 3Ha4eHHRMJ.1 Ta
 
H 3HTanbnHRMH cy6nHMa~HH ~H~ xnOpJ.1AOB HMeeT MeCTO IlHHeHHaR
 
KOppenR4 HR.
 

/2/Ta (K)	 = (3.4 ± 0,3)"'H~( KA"'/,,<onb) + (10± 5).' 

Ko3<t><t>H~HeHT Koppen R4J.1H paaeH 0,95. CpeAH.A.A KBaApan14HaR OWH6
Ka - 45 K.
 

KaK BHAHO ~3 Ta6n.l J B npenenax oWH60K onsrr a 3KCnepJ.1MeH
r ans aue r ewrtepar ypu OCa)f(AeHHR xnOpJ.1AOB COBnaAa~T C paCC4J.1TaH
HblMH no ypaBHeH~~ /2/. 

AaHHble	 onblTOB no TepMoxpoMaTorpa<p1.-14eCKoMY noBeAeHJ.1~ 6pOMH
AOB J.1aY4aeMblx HaMJ.1 3neMeHTOB npHBeAeHbl Ha p~v. 3 ~ B Ta6n.2. 

KaK BHAHO 1013 cpaBHeHJ.1R pJ.1c.2 H 3. nocneAoBaTenbHOCTb ocalH
AeHI.-1R Ha KonOHKe xnopHAOB H 6POM~AOB pRAa 3neMeHTOB, J.1Me~~HX 

pa3nH4HY~ neTY4eCTb, c oxpaune rc a . TonbKO r e-snepa r ypa ocexne-: 
H~R HccneAOBaHHblX 6POMHAOB Ha IOt50 K H"",e, 4eM Y COOTBeTCT-
BY~~HX	 xnopHAOB. 3TO, HeCOMHeHHO, CBJ.1AeTenbCTByeT 06 0AHHaKO
BOM CTeXJ.10MeTpH4ecKOM COCTaBe coeAHHeHJ.1v.. TonbKo B cnY4ae ra
noreHJ.1AOB 30nOTa B KonOHKe c TeMnepaTYPHblM rpaAHeHToM o6pa30
Bam1Cb	 ABa aACop6~J.10HHblX nJ.1Ka. Mbl C4HTaeM, 4TO HMeeM Aeno 
c OAHOBpeMeHHblM 06paaOBaHJ.1eM B ra30eOH $aae coeAHHeHHH OAHO-
BaneHTHoro H TpexeaneHTHoro 30noTa. 

B r aõn . 2 nocnc r saneuu 3Ha4eHJ.1.A ~H~ AnR 6POMHAOB, BbI4J.1CneH- I 
Hble no	 ypaBHeHHIO /2/ 1013 p aôor u /11/ 

B CnY4ae 6POMHAOB TaK)f(e V1MeeT MecTO nJ.1HeC1HaR KoppenR~J.1H 

Me)f(AY Ta ~ ~H~ li 
/3/ 

JTa (K)	 = (3.3 ± O,3)"'H~ (KA ",/ "onb) + (20 ±15), 

K03<P<t>H4 He HT Koppe n R4 HJ.1 - 0,90, cpeAHRR KBaApaTH4HaR o~H6Ka - f 
50 K. 
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I HOCTe~ pa3AeneH~R, KOTop~e 6~ Aasan~ 6POM~A~ no cpaSHeH~~ 

c xnop~AaM~, o6Hapy~eHo He 6~no. 

BbIBO,lJ,bl 

TepMOXpOMaTOrpa$~~eCKOe nOBeAeH~e ~3y~eHHbIX 3neMeHTOB CB~-
AeTenbcTByeT O 6n~30CT~ $~3~KO-X~M~~eCK~X CBO~CTB o6pa3Y~~~x-

CR xnOp~AOB ~ 6POM~AOs. ,lJ,nR peWeH~R HeKOTOp~X paA~OX~M~~eCK~X 

3aAa~ pa3AeneH~R CMeCe~ 3neMeHTOS MomeT OKa3aTbCR npeAnO~T~-
TenbH~M ~CnOnb30BaH~e 6pOM~AOS, XOTR 6~ ~3-3a MeHbWe~ KOpp03~-

py~~e~ aKT~SHOCT~ 6pOM~Py~~~X cpeA no cpaSHeH~~ c xnop~AaM~, 
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KHM Y 3HH» THMOXHH C.H., 3Bapa H. 
H3yqeHHe TepMoxpoMaTorpa~HH 6pOMHgOB 
pa3JIHtlHbIX 3JIeMeHTOB B cpaBHeHHH c HX 
XJIOpHp:aMH 

Ilorryxeasr TepMoxpoMaTorpaMMbl cxeceã La, Ag', 
Au, Zr, Hf, Nb /paAHoHYKJIH,IJ;bl "6e3 HOCHTeJIei1" I 

P6-87-159 

Mn, Cs, Zn, 
B IlOTOKax 

XJIOpHpYID~ero H 6pOMHpyro~ero ra30B-HOCHTeJIeH B KBap~eBoi1 

KOJIOHKe. TIo 3KcnepHMeHTaJIbHblM ,IJ;aHHbIM YCTaHOBJIeHa xoppe.rra-: 
~HH Me~y TeMnepaTypaMH oca~eHHH Ha KOJIOHKeH 3HTaJIbIlHH
MH CYÕJmMa~HH gJIH' XJIOpHgOB H 6pOMHgOB H3YQeHHblX 3JIeMeHTOB 
H BbIQHCJIeHbl 3HTaJIbnHH Mcop6~HH 3THX coeAHHeHHH. 

Pa60Ta BblTIOJIHeHa B Jlaõ op a.r-opna HAepHblx p eaxuaü OH5IH. 

Ilperrpmrr 06'be.n;lDieHHOrO HHCTHTyra anepasrx HCCJIe.n;OBaHHH. J(y6Ha 1987 

! 

IIepeBog O.C.BHHorpaAOBoH 

Kim U Jin, Timokhin S.N., Zvara I. 
The Study of Thermochromatográphy of 
Bromides of Various Elements' in Relation 
of Their Chlorides 

P6-87-159 

The thermoc~romatographicbehaviour of chlorides and 
bromides of La, Tb, Ag, Mn, Cs, Zn, Au, Zr, Hf, Nb ("car
rier-fr~e" nuclides) in quartz column was studied. From 
the expérimental data a correlation was observed between 
the deposition temperature on the column and the enthalpy 
of sublimation'of the chlorides and bromides under study. 
The enthalpy of adsorption of the halides were also eva
luated. 

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