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AHIIOT8UHR 

,DnR H3Y'ICH~fR 31IKOIIOMepHOCTCil o:Jaw Mo.aeAc TmtR xnopH.aoe Z r • Hf • Nb 11 Ta c xnop!i

CTbJM K811JJe M npHMeHSJnBCL MeTO.I:llfKO C HCI1011b30Bfiiii10M pa,awOBKT!iBHblX liH.I:lliK8TOpOB. nopbl 

xnopn.aoe fl CME'Cn c raaoM - HOCliTellCM nponycKonHCb 'lepea Tpy6Ky. aanonueHHYIO KCI 

n!lOllb KOTopoA no.anepn<HeancSI rpa.aHeHT TeMnepaTypbt• nocne 'lero HaMepsmocb pacnpe.aenelnle 

pa,aH08KTH 6 HOCTH B.l:lOilb Tpy6KH 0 

Sblllll nony'leua TeMnepaTypHaR aaeHCHMOCTb .aaaneHHSI napa xnop11.aoo yKoaaHHbiX sneMeH-

To e Ha.a nx .aaoAHbiMII coe.aHKeHHRMH c KCl B 06118CTII Cp8BHHTCilbHO 11113K~IX TeMnepaTyp. 

Ab s tract 

To study the interaction of Zr, Ill, l'lb and Ta chlorides with potassium chloride the radioactive indicators 

were used. The vapours of labeled chlorides in the streCli!J of a carrier - gas were passed throuqh a tube filled with 

!CCI, along which a known temperature gradient was maintained. Then the radioactivity distribution alonq the 

tube was m£>asured. 
The teMperature depenrience was obtained of the vapour pressure of the above chlorides over their double com 

nounds with t<Cl in a comparatively low temperature range. 



Bo MuorKx cny'{BSIX neTy'{Ke xnopu.UbJ nepexo.aHbiX MeTllll.'lOB o6pa3y10T c x.'IopuLWMII we-

llO'{HbJX M6T8111lOB BeCbMil YCTOi!'IRBble .UBOi!UbiC C09.UIIH9HIISI. LlnarpOMMbl OllliBKOCTII <.:IICTOM 

119TY'{IIil X110pii.U - X110pii.U WOilO'IHOrO MCTM:118 II TCpMOlliiHAMH'IOCKII9 CBOl\CTBil COO.QIIHeHni! 

/ 1-3/ /4- 6/ 
fi3Y'{Il1111 Vf . C. Mopo3oe c COTpy.aunKilMII n .apyrne 30TOpbl • 3Tn uccne.aoeanuSI npea -

CTOBIISIIOT 60ilbWOi! 6 17,el 
fiHTepec .OilS! TOXHOIIOriiH 0'{11CTKII B .'.llOpliOM MOTO.UO nepepa OTKII py .!l • 

Ho HOW B3rllSI.U , nepcneKTIIBHO liCOOilb30BOHIIO 00Ll06HOro po.aa CIICTOM LlllSI peWOIIIISI ue

KOTOpWX PllLIIIOXliMII'{eCKIIX 38LIO'{ . C p83BIITI!eM SILIOpHOI! ¢113liKH llOCTOSIHHO OhlLIBilrDIOTCSI Tpe-

60BOIIIISI LlllllbHel\wero COKpDWeHl!SI npOLI.Oil>KliTellbHOCTII pOLIIIOXKMII'{eCKOrO p03LJ.elleHIISI . cro 

OOLIO'IOI\ 06b!'{H0 SIBIIS19TCSI CeneKTIIBHOe , ueo6SI38TC11bll0 K01lii'{9CTM9111109 Bb1Ll9119Hile OLIHOro 3 n e -

MenTo 113 cno>K u oll cMecu 111111 :>~<e pao.aeneuue .aeyx COCO.QHI1X 311CMOHTOB. llepexo.a OT XIIMIIII 

0 p8CTBOpOX K pa60Te C r83006pll3HblMII COOLlllllellnSIMll MO:>!<CT npneeCTII K 3Hll'IIIT9JibHOMy COKpo

LU9HIIIO Bp9M9Hll pll3Ll0119HIISI. LlnSI pa3pll60TKII p<l31lll'lllblX Bllpi!OHTOB TBKOrO po.aa MOTO.UIIK 

BQ)!{HO .113Y'{HTb B38KMO.QeilCTBliO napoe neTy'IIIX XllOPK.!lOB C Xll0p11Ll8MII W9110'1HblX MOT8111lOB. 

3Kcnep11MOUTDilbH8SI '{8CTb 

CxeMa onbJTil . 

LlnSI 113Y4011USI CIICTOM IIOTY'IIIil X110p11Ll - X110p11Ll W9110'{110rO MeTilllllll Mbl 11piiMOIIIIIlll 

H >03yl0 MOTOLIIIKY, OCHOBllHHyiO H8 UCll011b30B8l!llll p3LI.H08KT.IIBIIblX IIII.UHKllTOpOe. llpuMeHSIOM8SI 

llrtllllpaTypa 1!306pa)!<ena cxeMaTn'leCKII na puc . I. !lt.TY'IHII xnopua nonyqancSI nenocpeLJ.cTeenno 

e xoae SKCilepnMenTa. B pacwnpeuuy10 '1<1CTb Koapueool! Tpy6Kn 1, noMeutennyiO e nepeLJ.eloK· 

flyiO 094b 2, 31lrpy)!{8118Cb 110LI.O'IK8 3 CO CMeCbiO M9'19!101! OKIICH MeT81111ll II yrnH. 4epe3 Tpy6-

Ky nponyCK0118Cb CTpySI XIIOpa C H3BOCTHOii 06'beMHOII CKOpOCTbiOo Ha BpOMSI OllbtTO npe.aeapK 

TCilbiiO paoorpGTllSI lle'lb 2 H8LI.BHr81l8Cb Hll y'IOCTOK C IIOLIO'IKOll, H 110 118LI.OHHIO llKTIIBHOCTI! 

B IIOLI.O'{KO MO>K llO 6bl110 ClleLI.HTb 38 CKOpOCTbiO 06p830B8Hif SI Xl!OpllLI.Il . 60ilbWYIO '{llCTb O KI1Cll8 

/9/ 
MO)!{HO n pOX110p11pOB8Tb np11 llO'ITK llOCTOSlHHOi! CKOpOCTI! 06pll3081ll!KSI XllOPHLIU , T . e . fiOlly-

'IHTb 8 noTOKe ra3a npaKTII'IOCKH nocTOSIHHOe napuuanbuoe aooneunc napa neTy'{ero xnop KLI.O. 

ra3oo6pa3H8SI CMeC b nocTynana 8 y3KYIO 'lllCTb Tpy6KH I ' 31lfl011l!CHHYIO 118 onpe.aenel!HOM yqacT· 

K e OlJOTHWM CIIOOM XllOpi!CTOrO K8lJHSI 4. 8LJ.Oflb CIIOSI no XOlly rll3U C03Ll8BllllCSI KOHTpOilHpye

M biA TeMnepaTypubrll rpaLJ.HOHT np11 noMOWtt ne'iu 5 , nMeiOwei! ceKuHOHHYIO o6MOTKy. B 3oen

CIIMOCTII OT Hll'{llllbHOrO napUHilllbHOrO .U8BilClii!SI XllOpll.Oil B ra39 II OT MeX8Hit3Mil B38KMO.Oeil

CTBIUI c KCI neTy'la ii xnopn.a 3a.aep>KHeancR llll p8311H'IH btX y'I&CTKax enoS! KCI , T . e . np11 

pll3HOI! TeMnepaType. flocne xnop1tpoeannSI .... 60% OKRCila onwT npeKpawancSI. Tpy6Ka BbLHK

MOnacb 113 nC'III t II .QfiSI CBOLI.OHIISI 68fiHHC<l 113MCpSIIl0Cb pocnpe!lellCIIKO pllL11108KTKBHOCTH 8.Q0flb 

CIIOSI KCI 11 ocTaTO'{HilSI aKTIIBHOCTb ua IIOLJ.O'{Ke. TaKIIM o6pll30M onpe.aenRnoc b MecToua-

xo>KLJ.entte 11 'ct>opMa' 30Hbl, e eu.ae KOToport pacnpeLJ.enltncR xnopH.a. 

llpHrOToeneuue npenapaTa am1 xnopupOBDHIISI. 

B Zr 1 J , ll f 111
, Nb 91 

, Ta 1
" Ka'leCT8e paLJ.KOilKTHBHbiX UHLJ.uKaTopoo llpltMeHSIIIIICb 

no 10 MKKIOpK Hll OOblT. WaeeneBOKIICllblC pi.iC1'1\0pbl U3BeCTHOrO KOnii'IOCTB£1 1130TOOHOrO HOCI!TOIISl 
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- 5 -2 
( 10 -10 I" 1!8 O.QHH ODbJT) CMeWR8811Heb 8 DI18TI!HOBOJ\I THI"Ile e HeeKOilbKHMK KSnllSIMH p8eTI!O'" 

p8 p8.aK08KTHBHoro H30Tona e BbJeOKOR y.aenbHoA a KTKBHOeTbJO ( 1-0,5 KJOpH / r ) . K paeTeop y .ao-

15aanHnOeb noaepxHOCTHo-a KTHBHoe aeweeTno K nopowKool5pa3HbJA yronb no 20 Mr Ha onbJT, CMee b 

BbtCyWH88118eb no.a HH<i>p8Kp8C HOA 118MDOR 8 Te'ieHK e HeeKOilbKKX 'i8eOB, 38T9M eo.aepmHMOe TMI"IlSI 

paenpe,aellSIIlOCb no 110.QO'iK8M II Henoepe,aeTeeHHO nepe,a ODWTOM llO,QO'iKK B Te'ieHK e 'i8e8 H8rpe-

8811Reb .ao 300° a TOKe eyxoro xnopa, 

Ycno8HSI npoae.aeHHSI onbtT8: 

XnopHpoe8HIIe npoeo.a»nocb 8 WRpoKoR 'iBCTII Ke apu eooR TPYOKII 1 e BHyTpeHHHM ,a118MeTpoM 

12 MM np11 OObeMHOl! eKOpOeTII X110p8 4-30 HMil/MliH (no peOMeTpy) I! TeMne paType ne'iH 600-6()0~ 

npHM9 HS19MWA XllOp npe,aeapwrenbHO 8biCYW118811CSI cepHal\ KIICilOTOR II nponyeK&IlCSI 'iepe3 p8eK8-

119HHbtR yi"Oilb. A K T 11 8HOCTb B llO.QO'iKe 113MepS1118eb C'ieT'i HKOM 7 'iepe3 OKHO 8 e8HHU080A 38Ul11Te 8 , 

CKOpOCTb e 'ieTa HenpepweHO perHCTp11p08anaeb caMonn eueM, Y a KaSI 'i&eTb K8apue8oQ Tpy6KK 1 

.QH8M9Tp0M 6/4 MM <i>HKC11p088 118C b no Oell C T811bHOi! Tpy6Ktl 6 ,QH8MeTpOM 16/ 12 MM, 8eT88119HHOA 

a n e 'i b 5 ,anSI e blp8BHHB8HHSI rpa.aHeHT8 T eMnepaTypbt, Tpy6Ka 38DOI1HSII18eb xnopHeTwM K81111eM, 

0 
npe.ae8pHT911bHO npoKaneHHbJM np11 500 • Cpe.aHHil paaMe p 'i8eTKU KC/- 0 , 2 MM, HBCbtnHoR sec 

3 
1,05 r/eM , Tpy6K8 DOM9Ul8118eb 8 ne'ib 38 30 M HHYT .QO H 8'i8118 OObJT8 0 H yeT81!8811K8811 8e b 

CKOpOeTb Te'leHKSI X110p8, Pe m iiM T9'ieHKSI 1"838 'iepe3 enol! X8p8KTep11308811eSI M O.O II<i>IIU11p088HHblM 

'iHeno M Re nopR.OK8 0 ,1. 

H8 o6MoTKY ne'IH 5 .no,a8eanocb eTa6HnH3HpOB8HHOe H8npRmeHHe, nporpee .ao yeTaHoaneHHSI 

eT8UHOHapHoro p 8enpe.aeneHHSI TeMnep8Typbl .anHneR 6 'iaeo8, P8cnpe.aenenH e TeMn ep8Typbr no oc11 

ne'IH onpe.aenRnoe b TepMon8poR nn8THno p o.aHA-nn8THna 11 PTYTHbJM TepMOMeT pOM . TeMnepaTyp-

o 
HWR rp8.QH9HT C OCT8811SIIl npHM9pHO 20 /eM, 

P acnpe,aeneHH6 p 8.QH08KTIIBHOeTH BAOil b Tpy6KH 113M9pS1110Cb CUIIHTIIIlllSIUIIOHHbiM C'i6T'iii KOM 

c KpHeTannoM NaJ 40x40 MM 'iepe3 wenb B CBHHU080R 38UlHTe TOillJ.lllllOR 10 eM, illHpi!H8 Weill! 

COeT8811SI118 1 , 5 111111 7 MM, 

PeaynbT&Tbt 11 o6cym.aen11e 

llp11 eo3.aeReTBIHI napoe neTy'iero xnop11.aa, nanpiiMCP TaCt, , Ha KpHcTannH'IeCKIIR KCt 

B03MOm Ho o6pa3oeaHHe KOH.aeHeHpoeaHHOA <Pa3bt, co.aepm8weA TaCt, • 2>To, O'i9BII.QHO, npoHexo

.QIIT Tor .a a , KOr .a a .a aane n He napa a Ta C/1 6on bW e ero pa8noeeeHoro .aaeneHI! Sl Ha.a KOH.Qe Hell p o -

BSHHOR <Paaoa a eHeTeMe KC/- TaCt np11 .aaHHOA TeMnepaType. TaKoll <Pa3oA MoryT l5b1Tb 
I /6/ 

pacn1188bl , ol5p83yJOW11 9CH a aToA CI!CTeMe , 111111 coe.aKH9HHe KTaCt
6 

• 8 HBWIIX onJ:>tTax TeM-

nepaTypa enoS! KC/ Obrna HB ecex y'laeTKax HHme 3 BTeKTH 'IecKoA TeMnepaTypbl eHcTeMbl KCI 

.QBOl\HOe C09.QIIHeHI!e1 D03TOMY cne.QOB8110 OmH.Q8Tb0 'iTO oy,aeT o6p830BbiB8TbCSI TOilbKO KpHeT&Il-

1111'19eKHA KTaC/ 1 
• .[lnSI peaKUIIII p83110meHHSI 3TOI"O eoe.QI! H eHHSI 

KTaC/ 1 TB~ KC1,.9 + TaC11 r 
KOHeT8 11T8 p88H089CIISI p08H8 p SBHOBeCHOMY ,Q8BileHHIO DSITIIXIlOpHeTOI"Q T8HT0118 - p • 8 nepBOM 

npHI511H >KeHHII A 
log P • B - --r ' 

( l ) 

npll npoxo>t<.aeHHI! HenpepblBHOA CTpyH napae Ta Ct, e 118'181lbHWM ,Q8BI19H119M ~ 'iepe3 T py6Ky1 
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3anoniiOIIIIYJO KCI , a.aonb KOTopoli TeMnepaTypa n8.aaeT, o6pa3oeanHe KTaC11 Ll0Jl)KII0 118• 

'fBTbCR np11 TeMnepaType T0 , onpe.aenReMoli M3 ( I ): 

(2) T = 
0 B - tog~ 

A 

T,e, B 119KOTOpo~ TQ 'f«e JC
0 1 ecn11 OTC'fi!TbiBaTb KOOpLlHIIOTY .1[ a.aonb OC H nequ no 11onpaene-

HI!IO LlBII)KCHHR 1""830, 

Ey,aeM C'fi!TaTb, 'ITO B Kan<,aoil TO'iK9 IIOCTORHHO RM90TCR TepMOLli!HaMK'fOCKOC paBHOBeCHO, 

Tol"".aa 118 n1060M nocne.ayJOWeM y<~acTKe d.x cnoR KCt , 118 K OTopoM TeMnepaTyp8 n8.aaeT 118 

TaCt I 6y,aeT nponOpUHOIItln biiO COOTB CTCTByJOUieMy H3M911911HIO 

pae11oeec11ol""o .aaenenHn - cJP • Pacnpe.aenennR ¢(.x), f. (T) 

Kif 6y.ayT TOI""LlB nponopuHOH8Jlblfbl COOTBCTCTByJOWHM np0113BOLlllbiM 

( I ) , HMeeM 

f. ( T) = - _ k_ 10 
T2 

I""LlO k - 'iHCIIOBOli K03cpcpiiUHOHT. 

np11 

Ecnu Ha paccMaTpue8eMoM y<~aCTKe cnoR Te/\wepaTypa na.aaeT nHIIOJbo 

T = 7; - C.IC , 

l"",ae r - l""pa.aHeiiT °K lcM , TO OKOII'i8TenbiiO 

¢(.x) = kc 10 
(T

1
- r.x)' 

</>( .x) = 0 .1[ ~ .1[0. 

..d..f. ll 
d.x 

Ta c t, 

_d.J!.. 
dT 

e.aonb Tpy6· 

no.acT88nJa 

(3) 

( 4) 

(5) 

8btae.aellllbte cpopMynbJ cnpaee.anHBl>l , oqeeH.ano , H .anR cny'f&SI npoCToil KOH.aeHcauuu napoa 

a Tpy6Ke 6e3 [(Ct • 8 Ka<~ecTee ypaeiiOHHR (I) ucnonb3yeTCSI Tor.aa ypaelleHHe .an11 .aaeneHHSI 

HBCbiWOHIIOrO napa. 

'¢opMa' 30Hbl , 118!1,aeHH8SI 3KCnepHMeHT8IIbll0 1 XOpOWO COI""Jl8CyCTCR C paCC'fi!TaHHOII no 

ypi'IBHOHIISIM (4) , ( 5) . TaKoe cpuaHclfne noKaaauo Ha p11c, 2. Vl3o6pan<eHue 30Hbl nony qeHo npu 

H3MepeHIIH <~eptl3 wenb wnpHHoll 1,5 MM. Coana.aeHne , eeponTHO , 6blno 61.>1 ewo ny<~•ue np~1 n 3 -

MepeHIIH C 6eCKOH9'fHO Y3KOJt WCJlbJO, KOI""Llll H306p8)K6HH9 nonyq aeTCR Ill! HCKB)K9HIIbiM, 

Cne.aOB8T9JlbH01 pOCCM8TpHB!'MYIO M9TOLliiKY MO)KHO 11CIIOJlb30BGTb B COOIO Oqepe.ab LlJlR Onpe

.aeneiiJHI 38BHCHMOCTH Ll80Jl9UHR p83IIO)K9HJISI LlBOJtHbiX COCLliiHOHHit H LlBBIICHHR HaCbllll~HHOrO 

napa uu.an,eH.ayanbHbiX aewecTe oT TeMnepaTypb•· 

Pe3ynbT8Tbl , uonyqeuubte HaMu npH H3y<~eHKH B3811MO.aei!cTOHR xnopnnoe c KCI , npHoe-

ll9Hbl B Ta6nnue I II BM9CTe C HMeiOWIIMIICR JliiTCpaTypHbiMII Ll8HHbiMH ( nony'ftlHHbiMH !\.19TOLlOM 

cTpyH) npe.acTaaneHbl ua p11c. 3. 8 Ta6nnue 2 .a ana ceo.aKa pe3yJJbT8Toa , nony'!e!IHbiX MeTOLlOM 

H811M6HbWIIX K88,ap8TOB. 

. 12 3 6 51 
CocTae coe.aKHeHHA npHHUManCSI Ha ocHoee IlliTepaTypHbiX LlBHIIbiX ' • • • 

npll H3y'!eili!H B38HMOLleAcTBHR npo.ayKTOB xnopHpOBSIIHR OKUCII IIH0611R c KCI npn Cp<.IBHII-

T9JlbHO 60nbWOA IIX napuliBIIbHOJt ynpyi""OCTH napa 1' - MM pT,CT, , 38BI1CHMOCTb T
0 

OT P 
131 ° -2 - :3 ° 

COOTBeTCT8088II8 Ll8HHbiM 0 caoAcTeax '(NbCt
1 

• llp11 P
0 

• 10 - 10 MM pT. CT. fiOily'l.'liii1Cb 

30Hbl cpOpMbl (4) , (5) , 110 3tla'feHHSI T0 6biiiH cywecTeeuuo 60ilbwe , '!eM 3KCTpanonnpoBanubJe 

B 91111 '1Hbl ,anSI 

(4) '(5). 
KNbCI

6 
• B npoMe)KyTo'fnoR o6naCTII 1' 0 nony•talliiC b SICHO Obi pa>KeHtlbJe .aae 30tlbl B 11 .aa 
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Ta6nHua 

YnpyrocTb napa neTy'IKX xnopH.aoe a a.a Hx .aeoAHbiMH coe.aHHeHHHMH c K Cl 

t'C K
1 

Zr Cl
6 

K
2 

HIC1
6 K Tact, K. Nb C11 KCl-NbOC1

3 

t° C 
P ZrC1

4 
t°C 

P 111Cl
4 

t°C 
PTact, PNir CI 1 t°C 

PNbOC13 
MM. pT. CT, MM pT0 CT. MM pT. CT, t°C MM pT.CT, MM pT, CT, 

440 0 ,00 12 466 0 ,0033 204 0 ,0 14 239 0 ,36 244 0 ,004 1 

467 0,0072 47 1 0,0029 21 6 0,026 28 1 3,5 250 0 ,011 

'172 0,0081 498 0 ,013 224 0 ,070 320 14,2 281 0 ,032 

485 0 ,0 16 526 0 ,035 250 0 ,1 8 330 16,5 310 0 ,05 1 

402 0,0 18 536 0 ,054 261 0 ,21 324 0 ,1 7 

509 0 ,02A 552 0 ,051 269 0 ,30 326 0,12 

520 0 ,047 557 0 ,069 330 3. 0 330 0 ,22 

525 0,049 559 0,10 335 2,8 335 0,42 

577 0,085 340 2 ,3 347 0 ,33 

587 0 ,156 372 0,46 

383 0,70 

394 1,0 I 

400 3,3 

T a 6 n 11 J! _l.l - 2 

CBCTeMa ViaTepean Coe.aHH9HHe .Llaeneaae t:. H pa3n, t:.s pa3n. 
OK pa3JIO>K9HK Sl' KKan/M01lb Ktlll/ MOll b 

logP MM pT.CT, rpa.a. 

ZrC14 - KCI 7 10- 800 K
2 

Zr cr, 12 03- 10580 48,5;!:.3,0 42:!:.4 
' T 

HIC14 -KCl 730- 860 K2 1IIC11 
9 52- 8850 

' T 
40,5:!:_1 , 9 30;!:.2 

NbCI1 - KCl 5 10 - 600 KNbC16 

TaC1
1 
-KCl 470-6 10 K Ta ct, 8 36- 4820 

' T 
22,0;!:.0,8 25,1;!:.0,9 

NbO CJJ -K Cl 5 10-680 8 36- 5480 
' T 

25 ,1 ;!:.1,2 25:!:.2 

B naponnenbHblX on biT ax no KOH.aeacauHR napa e Tpy6Ke 6e3 K Cl T8K>Ke nony'leHbl .aee 3aeH-

CHMOCTH .anSI .aaeneHHSI' H8Chl lLl9HHOro napa, x o powo cornacylOwHecn ( CM, pac,4) c nHTepaTypHbl-

MH .aaHHblMH no ynpyroCTH napa Nb ct, H NbOClJ (TO'IHee B CRCTeMe NbOCI,-Nb
2
0

1 
-

1121 
ra3) • Kor.aa K xnopy, npRMeHReMOMY .anH xnopHpoeaaHst, no.aMewaeancst eo3.ayx, To .aa>Ke 

npH P > 
0 

1 MM pT,CT, 38BHCHMOCTb T OT P D 069HX cepHSIX OnblTOB COOTB9TCTBOB8118 pe3ynb-
O 0 

TaT aM, nony'leHHblM np11. HH3KHX P , 3To, e epoRTHO, 03Ha'laeT, 'ITO npn ManbiX KOJIH'ieCTeax Nb. 0 
0 • $ 

B3SI'Tb1X .anR xn opHpoeaHu R, eMecTo Nb Cl nonyqancR rnaeHblM o6pa30M NbO Cl Cno-eH.OHMOM)"", 
$ • 

38 C'ICT HenOIIHOrO y.aan eHHSI Q~ H3 xnopa) , 
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r 
,J 

B T8KOM cny'fae nony'feHHbie .aaHHbie yKa3biJI810T ua TO, 'ITO a cucTeMe K Cl -NbO Cl 
J 

06pa3ycTCSI XHMII'fCCKOe C09.QHH9HII9 H 'ITO C OOMOWbiO KCI MO)I(HO OT.QCnlfTb NbCl,;. OT 

NbO Cl ,. B caeTe aTKX npe.anono)l(eHKA 6btno 6bi O'feHb HHTepecuo H3Y'fKTb .auarpaMMY nnaeKoc

TK NbOCI -KCl 
J 

onpe.aellSIIlCSI y,aeltbHOit 8KTHBHOCTbiO npHM9HSI9MWX HK)I(HIIR npe.aen .aocTynllbtX uaM P 
-40 

pa.aKOK30T0110B H COCT8811SIIl OKOilO 10 MM pT,CT, Mbl 0)KH.Q8nH, 'ITO flO Mepe nOHH)I(9HHSI p 
0 

H, Clt9.QOB1STCilbH00 T0 llll'tHYT CK83WB8TbCSI a.acop6uJHI napoe ua noeepxuocTH K Cl Hlllf , 

B03MO)I(HO, na.aeuue cKopocTu peaKUHH o6pa3oaaunH .aeol!noro coe.auaeHKH, Mbl ua6mo.aam1, 'ITO 

~ ~ -4 
na'IHHBH c .aaaneuuA 10 MM pT,CT, .anH Ta Cl $ , 10 MM pT,CT, .anR NbO Cl 11 10 MM pT, c t. 

J 

RIC14 cpopMo 30Kbl MeuHeTcsr. Oua npHo6peTaeT xapaKTep 3epKanbuo-

ro oTpa)f(eHKH 30Kbl , H3o6pa)f(euaol! ua puc. 2. KonH'leCTBO oca)f(.aeauoro xnopu .aa nnaauo eo3-

pacTaeT e.aonb cnosr KCl H 38TCM Cp8BHKT91lbHO pe3KO na.aaeT .00 uynsr, 3TOT o6pb!B C no-

HIDK9HH9M ~ HMC9T Teu.aeHUHIO K nepeMCWCHIIIO D 061tllCTb 6onee BbiCOKOit TeMnepaTypbt, B 

npOMC)f(yTO'IHOA 061l8CTK .Q88119KHA Ha6nJO.Q8110Cb H81t0)1(CHHC 3THX .aayx cPOpM 30H, no H8WeMy 

MHCHHJO, 3TO yKI13biB8CT K8 TO , 'ITO HM69T MeCTO 8.QCop6UH0Hll<biA M9X8HH3M o6p830BilHIISI 30Hb!, 

.QeACTBIIT91lbH00 TllK K8K K03cPcPIIUIICHT 8.QCOp6UHH B03p11CT8CT C flOHif)f(QHIICM TcMnepaTypbl , <i;lop

Mil 30HW .Q01l)f(H8 HM9Tb o6p8THblA X8p8KT9 p 0 '19M ( 4) H ( 5 ) , llpH'ICM, p93KOCTb o6pb1811 30HW 6y-

.QQT 311BHCCTb OT KHHCTHKH npouecca 8.QCOp6UHH, MO)f(HO nOK838Tb 0 'ITO npH .QOCT8TO'IHO CHilb-

HOlt 388HCHMOCTII K03cPcPHUHCHT8 ll.QCOp6UHH ·OT T9MOCpllTypbl1 06pb1B 30Hbl .Q01t)f(9H CMCW8TbCSI 

8 CTOpOHy 6onee BWCOKO.II TcMnepaTypbi no Mepe nOHK)f(CHHSI ':, j ero nonO)f(CHHC 311BHCHT TllK)I(C 

OT npO.QOil)f(lfTCilbHOC TH OObiTil, Ecnu K03cPtPHUKCHTbl a.acop6UKK K3Y'I89MbiX COC.QKH9HKA OTilH'IIlJO~ 

CSI HC CnHWKOM CHilbHO, TO npeo6nll.Q8HH9 8.QCOp6UKOHHOrO M9XIlHR3Mil .001l)f(H0 CKilOblBilTbCSI npK 

TeM 6onee HH3KHX ~ , 'ICM 6onbwe TepMu'feCKilR npo'IHOCTb .aaoAuoro coe.auueHHR, TaK Kaqe

CT8eauo o6'bHCHHJOTCH ace ua6nJO.aaeMblC sreneHHH, AuanorH'IHbie act>¢eKTbi Mornu 6 bl 6WTb Bbl38a

Hbi o6pa3oeauueM T8ep.abiX pacTaopo8 neTy'lero xnopu.aa 8 K Cl , o.auaKo, TllKOA Mexauu3M HaM 

npe.aCT881tS19TCSI Mllll089pOSITHbiM, VfcnOilb30BilHHblll MCTO.O 0038011SICT nony'IHTb UCHHble .aonOitHH-

T91lbHbiC Cae.aeHHSI npH H3Y'ICHHH 8HilllOrH'IHbiX CIICT9M H, Kill( IIOK11311HO BWWe, MO)I(CT npHM9HSITb-

CH .ans H3MepeHHH pa5uoaecuoro . .aaaneKHR pa3nO)f(eHHR coe.auuenHA u .aa8n~HHR uacbtweuuoro 

napa HH.QH8H.OYilllbHblX BCWCCTB, 0 TO'IHOCTII H B0Cllp0113BO.OHMOCTH nony'lllCMbiX pe3ynbT8TOB MO.)f('

HO cy.aHTb no .aauHbiM, nony'leHHbJM HllMH .anH K TaC\·Pa36poc aKcnepuM&HTilnbHbiX TO'ICK a 

3TOM cny'lae XOpOW 0 COrnacyeTCSI C OU&HKOit TO'IHOCTH onpe.aeneHHSI ~ ( ±.3°) If TO'tHOCTH 

cae.aeHHSI 6an8HCI1 llKTIIBHOCTH (±.20% Hlllf ny'IWC ) , .QaHHbl9 .OilS! ,apyrHX C09.QHHCHHR HM9JOT 

6onbx.up! pa36poc, 3To Bbi3BilHO ueKOTOpbiMH cneuu¢u'leCKRMH npH'II!HllMH: ZrC14 
/ 13/ 

BOilbHO CHnbHO pearHpyJOT C KBBpueM 

'lllllOCb BbiWj!, o6pa3yiOTCSI .QBil C09.QHH9HIISI, 

TO'IHOCTH onpe.aeneHHSI " cae.aeHHSI 6anauca pll.OH08KTH8HOCTH. 

KllK OTMe-

K CHH)i(CHHIO 

TennoTexuH-

'19CKHC p8C'l9Tbl flOK8381lH, 'ITO npH yCnODHSIX uawHx onbrTOB npouecc oxna)f(.ae-

HHSI r11311 npH .QBH)f(GHHH nO Tpy6Ke H TCnltOBbiC 3cPtP6KTbl npOT9K810WHX OpOU9CCOB 119 .QOn)f(Hbl 

38M9THO cKa3biBI1TbCSI ua pacnpeLleneuuH TeMnepaTypbi a.aonb Tpy6KH c K Cl , H3MepeuuoM .ao 

Ollb!Til, npS!MbiC Onb!Tbl C H3M&H9HH9M 06'b9MHOA CKOpOCTH xnopa B YK831lHHbiX 8b!W9 npe.aenax 

H H3M9HCHHCM BpCMCHII XnOpHpOB8HHSI nOK831lllH, 'ITO H9T HHKilKIIX CHCTOM8TH'l9CKHX OTKitOHCIIHR , 

Bbl3BilHH~X 3THMH nepeMeHHhlMH, B on~Tax no Kou.acucauHH napoa B Tpy6Ke 6e3 KCI 

38B9.QOMO XY.OWH X yCnOBHA Tpennoo6MCH8 BCer.aa npHM9HRnHCb TOilbKO MHHHMilllbHbiC CKOpOCTH ra38, 

7 



/ 14/ 
BepoSITHO, .anst .aaHHoA M e T O.OH KH cnpane.anHea oueHKa, .aaHHaSI MeTo.ay CTPYH : TO'{HOCTb 

nony'leHHbiX pe3 ynbTaToa KluKe, '{eM np11 up1tMeneHHl1 .apyr11x MeTo.aoo, HO e epostTHOCT L 6onbWHX 

CliCTeMaTH'{CCKI!X OWIIOOK Mllllll , 8 OTJI111{H e OT M9TO.Qa CTpyH , .Q811Hblll MCTO.Q HMeeT npcltMyWeCT• 

83 B 1101{TH riOIIHOM HCIIO!Ib30D811Hll DC9f'O IIMeiOuterOCst ae!UeCTB8 1 B B03MO>t<HOCTII HCC!Ie.QOSOill!lt 

cyweCTBeHHO M9HbWHX .aaenemtll, B Ue3£l011CHMOCTI! OTIIOCI1T9111,KOA TO'{HOCTH pe3yllbT<ITOD OT a6-

COIIIOTHOll eenH•HtHbl .aaer1e11HS1, Ero u e.aocTUTKOM stensteTcst orpaHH'Iei!He .aHana30IIa wccne.ayeMLIX 

.Q8BJI9HHII 11 , 0 HcKOTOpbiX Clly'{flstx , - B03MO>t<HOCTb HCO.QH03H81{HOII HHTepnpeT8UHII pe3yllbT8TOB. 

BbiBO.Qbl 

1, npe.OJIO)!(eH8 M9TO.QIIK8 113Y1{9llllst 6HHa pHbiX CHCTCM C O.QH IIM neTy'{HM KOMriOH CIITOM 

C HCriOilb.30B8HII CM pll.OHOaKTHBIIbiX IIH.QH KDTOpOB, 

2. nony1{9 H bl HeKOTOpble TCpMO.OHH8 MH1{9CKI!9 .aa HHble .anst coe.aH K eHKit K ,ZrCI, • K,llfCI,, 

KNbC/1 , KTaC/1 , KCT- NbOCt, . 

3, Y13y1{9HO 8 38HMO.QeitCTBH C napOB 

c K C/ e wHpOKOM .aHana30 Ke .aaeneKHA , 

ZrC1
4 

, TlfC14 , NbC14 , TaCt, , NbO Cl, 

Atnopbl Bblpll>KBIOT 6naro.aapHOCTb 3a ueHHbJe coseTbl 11 o6cy)!(.aeHHst peoynbTaToo 

V1 . C . Mopo3oey, a TllK)!(e Aw.H.HecMe SliiOBy. 
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13 . O.Rahlfs. W.Fischer. z .. anorg. ol!q. Chern. 211, 349 (1933). 

14. A . H. HecMestHOB. !laeneuHe napa XHMH'{CCKIIX 3neMeHToa, MocKea, V13.a. AH CCCP, 

1 96 1 , CTp, 3 l , 

PyKOriHCb noc TynHna e H3.aaTenbCKHA oT.aen 
3 anpenst 1962 ro.aa. 
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PHC . I. 

I 
8 

Cxe~>.~a aKcnepnMeHT&nbHOA ycTaHOBKn .ans1 H3y'IE"JIIHI B38HMo.aeitCTOIHJ neTy'II!X xnopn.aoa c 

Kanne:v~ . I - Tpy6Ka .an5t xnopHpoaaHH5! , 2 - nepc.aen>KH&SI ne'lb, 3 - no.ao'!Ka , 4 - cnoA 

5 - ne'ib, 6 - CT811bH85! T py6Ka, 7 - rM C'iaT'iHK , 8 - CBHHU008SI 3 8 WHT8 . 

X110pHCTbiM 

KCI 



t13 
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~ 2 
<:.J 
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g. 
~ (.) 1 

PHc. 2. 

28 

I 

0-CJ..O }>~ 

I 

J 

29 JO J1 .32 33 X C.A1.. 

'¢lopMa' 30IIbl 3aaep>t<a11noro xnopuaa. 

CnnowH8H KPHBaR pacc•111T8H8 no ypaoHeHHRM (4) , (5): T
0 

•575°K, 
r •24°/cM, A•4820 . 3 KcnepuMenTanbHas Kpnsas (nyHKTHpJ nony~OHa 

np11 038HMOLleACTBHII Ta Cl s c X CI H3MepeHa npu wnpu11e wenu 1 ,5M~I . 
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1,0 1,1 1,2 t3 1/f 1,5 1,6 1,7 
Puc . 3. 3aai1CIIMO~;Tb Ll8BneHIHt pa3no>Keuust LlBOIIHbiX coeLlHHeHHll OT TeMnepaTypb!. 

............... A 

1,8 1,9 

0 

40 .1.. .fOJ r 

Hawu LlBHHbiC: 1-KNbCI6 , 2 - K TaC16 , 3 -KCI-NbOCt,, 4-K2 ZtCI6 , 5-'< 2HfC16 

nuTepaTypnb!e L18HHb1e: 6 -lUibCtj31, 7- .'<.TaCtj31, 8 - K2ZrCt~2 1, 9-K 2 lllC1j21. 
CTpenK8MH noKa3aHbl TeMnepaTypb! nnaaneHIIst COCLlHHeHHll (Llnst .'<. Ta Cl - n epf!TeKTH 'ICCKast ·, eMnepa-

' Typa). 
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PHc . 4. LlaelwHue H8Cbi!UeH Horo napa .aoyx nony '40eMblX coe.au ueuuil HHo5ust . 
I - 6onee n e Ty'4ee coe.artHeuHe , 2 - Me Hee neTy'lee coe.aH ue HHe, 

/ 12/ 3 - .aaoneuu e 118CblW0HIIOro napa NbO ct, . 4 - 3 KCTpanonHpOB811H8SI 
KpHeast H8CbiWeuHoro n apa NbCt

6 
I tO, I t/. 


