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1. BBEAEHl1E 

AnA pa3AeneH~A cMeceH AocTaTo4Ho neTY4~x Be~eCTB 4aCTO ~c
nonb3Y~T TepMoxpoMaTorpa~~4ecK~H np~H~~n - ra30aAcop6~~OHHY~ 

xpoMaTorpa~~1O B KOIlOHKe c OTp~~aTenbHbIM no XOAY r as a reanepa
TypHblM rpaA~eHTOM. B cny-i ae yn s r p ananux KOIl~4eCTB co'eA~HeH~H, 

Hanp~Mep, B paA~OX~M~~, np~ pa3AeneH~~ cMece~ 3neMeHTOB - npo
AYKTOB AAepHblX peaK~~~, B03MO>KHOCTb paaaeneuaa onpenenaer ca 
pa3n~4~RM~ 8 aAcop6~PyeMocT~ MOIleKYIlApH~X ~Il~ aTOMapH~X 4aCT~U 

Ha nOBepXHOCT~ KOIlOHK~. B 3Kcnep~MeHTax c MaKpOKOIl~4eCTBaM~ 

Be~eCTB, 06pa3Y~~~M~ KOHAeHc~pOBaHHY~ ~a3Y, B3a~MOAe~CTB~eM 

4aCT~~ co CTeHKaM~ KOIlOHK~ MO>KHO npeHe6pe4b. B 3TOM CIlY4ae Ile
TY4eCTb onpenenae rc a TOIlbKO npJ.1pOAO~ Be~eCTBa. Pa3HbIMJ.1 aarop a
M~ TePMocy6n~MaTOr?a4>~A ~cnOIlb30BanaCb AIlR paaneneuas opraua
4eCK~X coeA~HeH~~ L 21 , a TaK>Ke IleTY4~x op r auavecxax KOMnIleK
COB MeTaIlnOB 13.41 ,raIloreH~AOB 15-91 , OKC~AOB 16. 10 I ~ 3IleMeH
TOB B MeTaIlIl~4eCKOM COCTORH~~!lOI. 

B nRP O~R~ npoBoARTCR ~ccIleAoBaH~R no X~M~~ Kyp~aTo8~R /3Ile
MeHT 104/ ~ H~IlbC6op~A /3IleMeHT 105/, KOTop~e, corIlaCHO nep~o
A~4eCt<OMY 3aKOHY, AOIl>KHhl 6blTb aHaIloraM~ Hf (Zr) ~ 'l'a(Nb). B CBR
3~ C 3T~M ~3Y4aIOTCA p aaaooôp aauue B03MO>KHOCT~ paaneneaaa 3Ile
MeHTOB IV ~ V rpynn nepexoAH~x MeTaIlIlOB. 

Ao HaCTOA~ero BpeMeH~ YAeIlAIl~ MaIlO BH~MaH~A pa3AeIleH~~ 3Ile
MeHTOB c II!cnOnb30BaH~eM ~x 6POM~CTbIX coeA~HeHJ.1~. B pa6oTax / ll•121 

nOKa3aHa Il~Wb B03MomHQCTb TepMoxpOMaTorpa~4eCKoro pa3AeIleH~A 

6pOM~AOB HeKOTopblX 3IleMeHTOB B yns rp axanax KOIl~4eCTBax. 

HaCTORUtaA p aõo r a nOCBRlL(eHa ~3Y4eH~~ TepMocy6n~MaTorpa~~4ec

Koro nOBeAeH~R 6pOMII!AOB Zr, Hf ~ Nb, a TaK>Ke pa3AeIleHH~ 3TJ.1X 
3IleMeHTOB c ~cnOIlb30BaH\t1eM oaxra o6pa30BaH~A ABO~HbIX coenuae
H~~ B C~CTeMe MBrx- KBr, 4TO npeACTaBIlAeT co6o~ 04eBJ.1AHOe o6~ 

o6u.teH~e TepMocy6Il~MaTorpa~~4ecKoro MeToAa / 12 / . 

2. 3KCnEP~MEHTAnbHAR YACTb 

~3Y4aIl~ TepMocy6Il~MaTorpa~~4ecKoe nOBeAeH~e 6POM~AOB Zr, Hf 
~ Nb B nycTo~ KBap~eB9~ KonOHKe li! B KonoHKe, 3anonHeHHOH KBr. 
CxeMa YCTaHOBKJ.1 nOKa3aHa Ha p~c. 1 • 

-'--tI...olPoo lO ~~ .... _. __ 

1;,'.,', ,..w. ..' '·~"ln·L'TYl I 
. C\íl~~JnHX L]tc~1!~J"OB2tml@ 061.o,tUDIGlOlhrl\ Idlcmrryr MapllblX HOCJl~088HHÜ ~6Ha, 198.7 .": i.: I, II . 
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~j z. Brz +BBrJ 

PHC. 1. CxeMa YCTaHOBKH gITR H3yqeHHR TepMocy6nHMaTorpa~H


qeCKOrO nOBeAeHHR 6POMHAOB. I - 6annOH c aprOHOM; 2 - nep

xnopaT MarHHR; 3 - Ti-reTTep; 4 - ~HAKHe BBr3+Br2; 5,6 

nsrcoxo-r-exnepa'rvpsue nexa; 7 - yronbHblH <pHnbTp; 8 - vr'orrs-:
 
HaR nOBymKa; 9 - KBap~eBaR KonOHKa.
 

~eXOAH~~ npenapaT Ha eTapTe npeAeTaBnRn co6o~ eMeeb OKe~~OB 

10-4fl0-1MeTannOB B Kon~4eeTBe MMOnb Me4eHH~X paA~OHYKn~AaM~ 
(95 Zr, 181 Ri ~ 95 Nb) e O, 18 r «aaouesoro nec xa /p aaxep 4aeT~~ 
150f200 MKM/ ~ 0,02 r nopOWKa yrnepoAa. 06pa3e~ rOTOB~n~ nYTeM 
ynap~BaH~R a30THOK~cnbIX p acr eoooa 3neMeHTOB ~ npoxanuaaaaa cxe
C14 np~ 400 0C. 

It1cnonb30BaIl~ xeapue sue KonOHKVl c BHYTpeHH~M A~aMeTpOM 3f 
f4 MM, An~Holl1 1 M. Konouxa , 3anonHeHHble KBr /pa3Mep 4aeT~~ 
0,2 MM, Hac~nHaR nnOTHoeTb 2,9 r/eM3/, npeABap~TenbHO npOKan~
BanVl np~ TeMnepaType 600 0C B TOKe aprOHa. B Ka4eeTBe 6pOM~Py~
~ero areHTa Vlcnonb30Ban~ napbl eMee~ m~AK~X BBr3 ~ BrZ /1:1 no 
oQ"beMY/. ra3-Hoc~Tenb Ar ocyuianca OT napoa BOAbl nepxnoparoa 
MarH~R ~ OT eneAoB K~cnopoAa T~TaHoBo~ eTpyH{KOIl1 np~ TeMnepaTY
pe 900 0 t ~ Hac~~aneR napaM~ BBr3 ~ BrZ np~ KOMHaTHOIl1 TeMnepa
Type. 8 pe3ynbTaTe nap~~anbHwe AaBneH~R eoeTaBnRn~ P 

BBr 
; 

35 MM.pT.CT. ~ PBr2 ~. 90 MM.pT.CT. 3 
OnT~ManbHwe TeMnepaTypH~e yenoB~R 6pOM~pOBaH~R OTn~4an~eb 

OT Bbl6paHHblX r eenep arypaax ycnOBl.1~ xpOMaTorpa4MpOBaH~R / eM. 
H~me/. n03TOMY npoBOA~n~eb npeABap~TenbHoe 6pOM~pOBaH~e ~ ne
pe roake neTY4~X eoeA~HeH~1I1 Ha oxnamAaeMbl1l1 Y4aeToK 11 KonOHK~ 

e KBap~eBOIl1' BaTOIl1. np~ 3TOM Ha Y4aeTKe 111 (6e3 KBr ~n~ e KBr) 
yeTaHaBn~Ban~ nocTORHH~1I1 TeMnepaTYPH~~ rpaA~eHT. 3aTeM TeMne
paTYPY ne4~ I CHVlman~ AO He06xoAVlMoro ypOBHR xpoMaTorpa$~poBa
H~R AaHHwx coeA~HeH~~, ~ ne4b I HaAB~ran~ Ha Y4aeTOK 11 e ocam
AeHH~M~ Ha KBap~eBOIl1 BaTe 6pOM~AaM~. 

Pacnpeneneaae paA~oaKT~BHbIX HYKIl~AOB snon s KonOHK~ onpenens 
n~ e nOMO~b~ Ge(Li)-eneKTpOMeTpa Y-~3nY4eH~R e np~MeHeH~eM 

CB~H~OBoro Konn~MaTopa /~enb WHP~HOIl1 0,5 eM/. 

2 

3. PE3YflbTATW 06CYlnEHIt1Elt1 

3.1. 8~6op yenoB~~ 6poM~poBaH~R 

KaK eneAyeT ~3 AaHH~X pa6oT~/13/, 6poM~poBaHVle OKe~AoB Zr, 
Hf ~ Nb np~BOA~T K o6pa30BaH~~ 6pOM~AOB VI oKe~6poM~AOB. PeaK
~~H nonY4eH~R BblCW~X 6pOM~AOB 

3M + 2XBBr -.. 6MBr + XB ü
20 x s x 2 S 

800 '900oC /14.15/B03MomHa n~Wb B o 6naeTVI B~eOK~X TeMnepaTYP 7 • 

4To6bt Aanee cnocoõc r ao aar s nonyue-uoo ~MeHHO aucumx 6HHapHblx 
6pOM~AOB 6e3 np~Mec~ OKeVleoeA~HeH~~, Mbl ~enonb30Ban~ napu BBr3 
B eMec~ e Br2 ~ B o6pa3e~ Ao6aBnRn~ nopowKoo6pa38b1111 yronb /eM. 
B~we/ B Kon~4eeTBe, AoeTaTo4HoM AnR eBR3~BaH~R Beero K~enopoAa 

oõpaaua , HaM~ 6bln onpenene s x~M~4eeK~~ BblXOA 6pOM~·AOB B 3aEl~
eMMoeT~ OT eTapTOBOIl1 TeMnepaTYP~ ~ BpeMeH~ 6pOMVlpOBaH~R; A~H

H~e npl.1BeAeH~ Ha p~e. 2 ~. 3. Ha oeHOBaH~~ 3T~X AaHH~X npVlHRT~ 

cnenyiourae 3Kerlep~MeHTanbHble ycno saa : 6poMVlpoBaH~e T1= BOOOC, 
V1= 30 eMs/M~H, t 1= 30 M~H; TepMoey6n~MaTorpa$VlR: T 2= 700oC, 

V2 = 12. eM3/M~H, t 2 = 20 M~H. • 

?f? 
o: 
:s NbI 

~100 
o _,'-d~o.. 
s Zr . 
~
 
~ 75'·
 

.J) 
I
 

~ 50
 
UJ
 
l 

U
 

25 

0100 200 300· 400 500 600 700 800 900 1000 
TEMnEPATYPA(·C) 

PHC. 2. CTeneHb 6pOMHPOBaHHH o6pa3~oB Zr H Nb B 9aBHCHMOC
TH OT BpeMeHH npH BOOOC (n = 0,01 MMonb). 
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PHC.	 3. CTeneHb 6poMHpoBaHHH o6pa3~a Zr B 3aBHCHMOCTH,OT 
BpeMeHH npH 6000 C (n = 0,01 MMonb). 

3.2. nOBeAeH~e 6pOM~AOB Zr, Rf ~	 Nb 

Ha puc , 4 noxaaaau TepMocy6n~MaTorpaMMbl 6POM~AOB Zr, Hf ~ 

Nb npa Bbl6paHHblx HaM~ ycno aaax . 

A rrc: 

10	 400 

T 
Zr	 J300 

5 200 

100 

, -O
O 20 30 40 50 60 eM 

PHC. 4. TepMocy6nHMaTorpaMMhI 6pOMHgOB Zr, Hf H Nb (n = 

= 0,01 MMOnb); nnO~a,IJ;H nHKOB HOpMHpoBaHhI, A - npo~eHT 

aKTHBHOCTH na 0,5 CM ,IJ;nHHhI KonOHKH. ' 

4 

~cnonb3Yfl HeKOTopNe 04eB~AH~e np~6n~*eH~f1, aBTOp~ pa6oT~!9! 
npeAno*~n~ ~opMyny, CBfl3bIBa~~yID neTY4eCTb Be~eCTBa ~ TeMnepa
TYPY ero oca*AeH~f1 Ta np~ AaHH~x 3Kcnep~MeHTanbH~X ycnOB~f1X 

_ ~Ho 

Ta 
s
 

/1/
n·R·T
R,.ln( o )-~S~ 

V . t 2 · Po o 

rAe ~H~ - c r aunap r aan a-rr ans naa cy6n~Ma4~~, ~S~ - cr aunap r> 
Hafl 3HTpOn~f1 cy6n~Ma4~~, R - YH~BepcanbHafl ra30Bafl nOCTOflHHafl, 
n - Kon~4eCTBO Be~eCTBa, Po - cTaHAapTHoe AaBneH~e /3Aecb 
1 aTM/, To - c r aanap r aaa r eanepar yo a /3Aecb 298 K/, V

O
- 06beM

Hblll1 paCXOA np~ To ~ Po ' t 2 - npononxnr ens ao cr s 3Kcnep~MeHTOB. 

3a Ta B on~Tax np~H~Manacb reMnepaTypa MaKc~MYMa n~Ka. 

B Ta6n. 1 np~BeAeH~ paC4eTH~e ~ 3Kcnep~MeHTanbH~e AaHH~e 

Anfl 6POM~AOB Zr, Rf ~ Nb np~ n = 0,01 MMonb. 

Ta 6JHW,a 1 

COe,IJ;HHeHHe ~H~ ~S~ CChIJIKa Ta,BhJl.I. Ta' srccn , 
(KD;)J(/Monb) (~/Monb.rpaA) (K) (K) 

no yp. /1 / 

ZrBr4 119,7 191 ,6 /16/ 480 463+10 
RfBr4 106,7 180,3 /16/ 448 450+10 
NbBr5 88,2 162,9 /17/ 435 43-8+10 

Ha p~c. 5 nOKa3aHa 3aB~c~MOCTb TeMnepaTYP~ oca~AeH~f1 6POM~

AOB Rf ~ Zr OT Kon~4eCTBa Be~eCTBa B A~ana30He n=0,1+100 MKMonb. 
B npeAenax OW~6QK ~3~epeH~f1 3Kcnep~MeHTanbH~e pe3ynbTaT~ 

cOBnaAaIDT c paCC4~TaHH~M~ no ypaBHeH~ID /1/. 
3aMeTHoe pa3AeneH~e 6pOM~AOB 3T~X '3neMeHTOB HeB03MO~HO. 

3.3.	 nOBeAeH~e 6pOM~AOB Zr, Rf ~ Nb B KonOHKe
 
c HacaAKOIl1 ~3 KBr
 

np~ B03AeIl1CTB~~ napoB neTY4ero 6poM~Aa, Hanp~Mep~ ZrBr4' 
Ha Kp~cTann~4ecK~1I1 6poM~cT~1I1 Kan~1I1 B03MO~HO o6pa30BaH~e KOH
AeHc~poBaHHoll1 $a3bl, cOAep~a~ell1 ZrBr4. 3TO, 04eB~AHo, npo~cxo

A~T r oraa , «or aa naaneuae nap os ZrBr4 õonsuie Pa(T)-paBHOBecHO
ro AaBneH~f1 HaA KOHAeHc~pOBaHHOIl1	 $a301l1 B C~CTeMe ZrBr4 - KBr 
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n(MOAb) 

~ 
10-4 

10~5 

10-6 

10-7 

10~8 
! ,I ! , 

1.5 2.5 3.0 3.5 -1.'103(K-1)
T 

PHC. 5. H3MeHeHHe ~eMnepaTYPw oca~~eHHH Zr H Hf B 3aBHCH

MOCTH OT KOnHqeCTB BemeCTBa /CnnOlliHaH nHHHH - paCqeT, 

nyHK~Hp - 3KCnepHMeHT/. 

. np~ AaHHO~ TeMnepaType, TaKO~ $a30~ MOrYT 6~Tb paCnnaB~, 06pa
3y~~~ecR B 3TO~ C~CTeMe, ~nH ABO~H~e COeA~HeH~~. M~ npeAnona
ran~, 4TO 06pa3yeTcR TOnbK9 Kp~CTann~4eCK~~ K2ZrBr6 no aHano
r~~ c xnop~AH~M~ C~CTeMaM~' 5,M,ill,ill( B cnY4ae NbBrs M~ O*~Aa

~~ 06pa30BaH~R KNbBr6' 
~nR peaK~~~ A~cco~~a~~~ 

K2 Zr Br6 , xp = 2KBr xp + ZrBr 4, r 

KOHCTaHTa paBHO·BeC~R paBHa Pa .
 
B 061lleM B~Ae
 

Alog P = B - -. /2/a 
Ta 

3TO ypaBHeH~e no $opMe COBnaAaeT c /1/, np~ B~BOAe KOTOpO
ro õuno np~HRTO 

n· R· To
Pa /3/V •o t 2 

04eB~AHO't4TO s /2/ 

ÓHo 
AHCCA =---'--'--- H 

2,303R 

I 
__1_ ( ÓS~HCCB + In P ).o /4/2,303 R 

~nR peaK~~~ 06pa30BaH~R ABO~H~X coeA~HeH~~ ~3 Kp~cTann~4ec

K~X KOMnOHeHTOB, ~~anp~Mep, ZrBr4,Kp + 2KBrKp = K2ZrBr6,Kp, 
04eB~AHO, cnpaBeAn~Bo 

ÓH~B.c.. - ÓH ~HCC + ÓH~ H ÓS~B.C. = - ÓS ~HCC + ÓS ~, /5/ 

rAe ÓH~B.c.. - CTaHAapTHaR 3HTanbn~R 06pa30BaH~R ABO~Horo coe
A~HeH~R, ÓS~~c.. - CTaHAapTHaR 3HTpon~R 06pa30BaH~R A90~HOrO 

coeA~HeH~R, ÓH~HCC - ~TaHAapTHaR 3HTanbn~R A~cco~~a~~~ ABO~HO

ro coeA~HeH~R, ÓS~HCC - CTaHAapTHaR 3HTpon~R A~cco~~a~~~ ABO~

Horo coeA~HéH~R. ~nR Toro, 4T06~ np~6n~3~TenbHO onpeAen~Tb 3a
B~C~MOCTb AaBneH~R A~cco~~a~~~ ABO~H~X coeA~HeH~~ OT TeMnepa
TYP~~ M~ ~cnonb30Ban~ H~3KOTeMnepaTypHY~ H~CXOAR~Y~ BeTBb n~Ka 

Ha TepMocy6n~MaTorpaMMax /p~c. 4/. ~HTerp~poBaH~eM nno~aA~ n~

Ka B~4~cnRnOCb Kon~4eCTBO neTY4ero 6poM~Aa, CBR3aHHoro B ABO~
HOM coeA~HeH~~ B~we 3aAaHHo~ TeMnepaTYP~; OCTaBweeCR Kon~4eCT
BO nOACTasnRnOCb B ~opMyny /3/ AnR onpeAeneH~R Pa . Ha ·p~c. 6 
npeACTaBneH~ ynpyrocT~ napa 6pOM~AOB 'Zr, Rf ~ Nb HaA ~x A~O~

H~M~ coeA~HeH~RM~ c KBr, pacc4~TaHH~e YKa3aHH~M cnoc060M. 
B Ta6n. 2 AaHa C80AKa pe3ynbTaToB 06pa60TK~ AaHH~X MeTOAOM Ha~7 

MeHbW~X KBaApaToB. Beponraue OW~6K~ B 3Ha4eH~RX ÓH AS. c. ~ 

ÓS AB. C• He np~BOARTCR, OH~ 8 OCHOBHOM onpeAenR~TCR T04HOCTb~ 

. 

ÓH ~~CC ~ ÓS ~HCC • 
KaK B~AHO ~3 p~c. 7, OTAeneH~e 6poM~Aa Nb OT 6pOM~AOB Zr ~ 

Hf c ~cnonb30BaH~eM A80~HbIX coeA~HeH~~ c KBr npo~CXOA~T ae ce-: 
Ma YAOBneTBop~TenbHO. Pa3YMeeTCR, 4TO 3$$eKT~8HOCTb pa3AeneH~R 

ABYX KOMnOHeHTOB 3as~C~T KaK OT ~X heTY4eCT~, TaK ~ OT 3Kcne
p~MeHTanbH~X YC~OB~~. 3TO 05cymAaeTcR B pa60Te /9/ • bonee YA06
~O OTAenRTb Nb OT Zr ~ Rf, ~cnonb3YR KBr n~Wb KaK ~30TepM~4ec~ r K~~ $~nbTp B Ha4ane KonOHK~ 6e3 TeMnepaTypHoro rpaA~eHTa 

/p~c. 8/. 
TepMoA~HaM~4ecK~e CBO~CTBa ABO~H~X coeA~HeH~~ 6pOM~AOB ZrJrl 

~ Rf 04eHb Gn~3K~, n03TOMY pa3AeneH~e 3neMeHTOB npaKT~4eCK~ 

TPYAHO ocy~ecTB~Tb. non~TKa pa3AeneH~R ZrBr4 ~ HfBr4 / no 

76 
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PHC. 6. 3aBHCHMOCTb gaBneHHR gHcco~Ha~HH gBOHHblX coegHHe

HHH OT TeMnepaTYP~; P YKa3~Ho B MM.pT.CT. 1 - K2ZrBr6; 2 
K2RfBr6; 3 - KNbBr6' 

r"C)A2al 
000 

80015 

600 
10 

400 

5 200 

o o 
10	 20 30 40 50 60 70 80 90 eM 

PHC. 7. Pa3gerreHHe 6pOMHgOB Zr, Rf H Nb B KorrOHKe c KBr 
(u = 0,01 MMOITb). 

I
I	 

10 MKMonb/ B HsoTepMH4ecKHx ycnoBHR~ /onw~ npoBoAHnH B Te4e
HHe HeCKonbKHX 4acoB/ He Aana nOnO~HTenbHoro pesynbTaTa. Kasa

I.	 nOCb 6w, 4TO eCnH BSRTb CMeCb 04eHb paSH~X KonH4eCTB ZrBr4 H 

1;
I;

UfBr4, TO Aon~Ha 6~Tb saMeTHa paSH~~a B TeMnepaTypax oca~AeHHR 
I 6pOMHAOB Zr H Rf Ha TepMocy6nHMaTorpa$H4eCKO~ KonOHKe /cpaBHH 
I AaHH~e pHC. 5/. OAHaKo~ BSRB 100 MKMonb ZrBr4 H 0,1 MKMonb 

\ I RfBr4' Ha on~Te M~ He nony4HnH saMeTHoro paSAeneHHR. 3TO, 04ed 

il 
BHAHO, CBRSáHO ,C 66pasoBaHHeM TBepA~X paCTBopoB B SOHe oca~
~H~ • 

3 

!\	 98 
j ~ 

~..i 
jl., 



,1

TI'C) 

500'C 500''"1- "-	
I;
 

Hf 
15' -T	 

1~10 
F'r- Nb 200 

5 -1100<:/ ". 
KBr <,I 

~ 

'O 
10 40 50 60 70 80 9J eM 

PHC. 8. Pacnpe,o;eneHHe CMeCH Zr, Hf H Nb c HCTIOnb3DnaHHeM 

,lJ;BOHHbIX coe,nHHeHHH (n zr = nHf = = 0,01 MMOflb).TI N b 

4.	 8blBOllbl 

1.	 ~3Y4eHo TepMocy6n~MaTorpa~4ecKoe nOBeAeH~e 6pOMHAOB Zr, 
Hf H Nb B nYCTblX xa apue aux KOIlOHKax H B KDI1DHKe c HacaAKOc:. 1-13 
·KBr. 

2. nonY4eHbl HeKOTopble TepMOAI-1HaMH4eCKlo1e AaHHble AJlfl coenvac

H~~ K2ZrBr6, K2HEBr6 ~ KNbBr6'
 

3. nOKaaaHB B03MO~HOCTb DTAeneHI-1f1 6poMHAa Nb OT coeAHHeHH~
 

Z'r H Hf B KOIlOHKe c KBr aa C4eT o6paaOaaHI-1f1 ABO~HbIX coeAIo1HeHHH.
 
ABTOP~ npHHOCflT rJly60KY~ 6narOAapHOCTb 4I1eHY-KüppecnOHAeHTY
 

AH 4CCP ~.3Bape H 5.n.*Y~KOBY aà n0I1e3H~e COBeTW H 06CY~AeHHfI.
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TEMATHqECKHE KATErOPHH OYBRHKAUHH 

OBnE~HHEHHOro HHCTHTYTA H~EPHYX 

HCCRE~OBAHHH 

HH,neKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa B~COKHX 3HeprHH 

2. TeopeTH4ecKaR ~H3HKa e~cOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~H3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. ABTOMaTH3a~HR obpabOTKH 3KCnepHMeHTanbH~X 
AaHH~x 

11. B~4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TeXHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePA~X Ten H *HAKOCTeH 
RAePH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePH~x peaK~H~ 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HT~ 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. HcnonbaoeaHHe peaynbTaTOB H MeTOAOB 
~YHAaMeHTanbH~X ~H3H4eCKHX HCCneAOBaHHH 
B CMe*H~X o6nacTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

KHM y 3HH H AP· P6-87-158 
TepMocy6JIHMaTorpa$mr 6pOMHAOB Zr, Hf II Nb 

Hsyqarrocb oc~eHHe rrapoB 6poMHAOB Zr, Hf H Nb HS rro
TOKa rasa-HOCHTeJI.H B KOJIOHKax C TeMrrepaTypHbiM rpagHeHTOM 
rryCTbiX HJIH HarrorrHeHHbiX KPHCTaJIJIHqecKHM KBr. HccrregoBarracb 
saBHCHMOCTh TeMrrepaTyp oca~geHHH OT KOJIHqeCTBa fipOMHga. 
ITo 3KcrrepHMeHTanhHbiM gaHHbiM paccqHTaHbi KOHCTaHTbi paBHoBe
CHH peaKI.J;HH AHCCOI.J;Hai.J;HH ABOHHbiX 6p0MHAOB KzZr(Hf)B.r6 H 
KNbBr6. I1oKasaHa BOSMO~HOCTh oTgeneHHH Nb oT Zr H Hf B 
KOJIOHKe c KBr. 

p a6oTa BbiiTOJIHeHa B lla6opa TOpHH HgepHbiX peaKI.J;HH OlliJM. 

Coo6ll{eHHe 06'be,nHHeHHoro HHCTHyYTa H,llepHbiX Hccne.noaaHHii • .[ly6aa 1987 

ITepeBog O.C.BHHorpagoBoii 

Kim U Jin et al. P6-87-158 
Thermosublimatography of Bromides of Zr, Hf 
and Nb 

The deposition of Zr, Hf and Nb bromide vapour from 
the stream of a carrier-gas in columns with a temperature 
gradient was studied. Either open or crystalline KBr-fil
led columns were used. The dependence of the deposition 
temperature on the amount of bromides was measured. From 
the experimental data there were evaluated the equilibri
um constants for the dissociation of complex bromides 
KzZr(Hf)Br6 and KNbBr6· The possibility of separating Nb 
from Zr and Hf in KBr filled columns was demonstrated. 

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