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BBE,l(EHHE 

Bnepsble npou;ecc ucnapeHHR xnopu.na clJpauu;HJI HJy'lancJI 
A.nnoBblM I 1 I npu noMOI.QH uarpesaHHJI nna THHOBoii nposono
KH. Hcnapeuue xnopu.na clJpaHIJ;HJI B BOJ,nyxe Ha'IHHaeTcJI 
npH TeMnepaType /225±50/° C, B BaKyyMe- npH /110±15j0C. 
llpu 6onee BblCOKoii TeMnepa Type xnopu.n clJpauu;uJI ucnapJI
eTcJI DOJIHOCTLIO. 

B pa6oTe repJIHTa H ,np. 121 HMeiOTCJI HeKOTOpble yKa
JaHHJI ua neTy'leCTL xnopu.na clJpaHIJ;HJI npu TeMnepaType 
900 H 1000°C. 

CucTeMaTH'IecKoe uccne.nosauue ucnapeHHJI xnopu.nos 
clJpaHIJ;HJI H IJ;e3HJI C DJiaTHHOBOB DOBepXHOCTH B o6JiaCTH 
TeMnepaTyp OT 200 ,no 1000 °C 6blJIO BblDOJIHeHO JlaBpy
X I~OB H ,np./31. Ha OCHOBaHHH aHaJIOrH'IHOrO DOBe,neHHJI 
xnopu,noB clJpaHu;HJI H u;eJHJI B npou;eccax ucnapeHHJI B pa6oTe 
,nenaeTCJI JaKJIIO'IeHHe 0 TOM, 'ITO cy6JIHMaTHBHOe paJ,ne
JieHHe 3THX 3JieMeHTOB He JIBJIJieTCJI JcWleKTHBHblM. 

Kpacuos I 41 npoHJBen pac'leTbl 3HeprHH KpHcTannos 
xnopu.na clJpaHIJ;HJI H TennoT .nuccou;uau;HH MoneKyn B uouax. 
H3 pac'leTHblX ,naHublx 6blna ycTaHosneua TennoTa cy6nu
MaiJ;HH XJIOpH,na clJpaHIJ;HJI, a TaK)I(e Bbl'IHCJieHa CTaH,napTHa.H: 
TeDJIOTa ero o6pa30BaHHJI. 0wH6Ka npH 3TOM COCTaBJIJieT 
/8-10/~. 

B pa6oTe O)I(Hrosa lSI cTaH,napTHaJI 3HTaJILDHR o6paJo
BaHHJI xnopu,na clJpauu;HJI 6blna TaK)I(e 3KCTpanonuposaua. 

B uacTORI.Qeii pa6oTe nose.neuue xnopu,nos u;e3HJI H 
clJpaHIJ;HJI H3y'laJIOCL B Tpy6Ke C rpa,nHeHTOM TeMnepaTypbl 
C u;eJILIO DOJiy'leHHJI 3KCnepHMeHTaJILHblM DyTeM ,noKa3a
TeJILCTBa HX no,no6HJI, onpe,neJieHHJI TepMO,nHHaMH'IeCKHX 
xapaKTepHCTHK, a TaK)Ke B03M0)KHOCTH paJ,neJieHHJI u;e3HJI 
H clJpaHIJ;HJI B BH,ne JieTy'IHX XJIOpH,nOB. 
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TEPMO)J.HHAMHfJECKHE XAPAKTEPHCTHKH 
XJIOPH)J.OB l(E3H.H H tPPAHL(H.H 

B ma6A. 1 npHBe.IJ,eHLI nHTepaTypHLie .IJ,aHHLie HeKoTopblx 
CTaH.IJ,apTHbiX BenHqHH XnOpH.IJ,OB Ue3HS H ~paHUHS, BblqHc
neHHbiX Ha OCHOBe cne.IJ,YIOJ.UHX ypaBHeHHH. 

~H~98 MeCl = ~H 0 MeCl - ~H MeCl , 
/cy6n/ /raJ/ P 

/1/ 

r.IJ,e ~H 0 MeCl/raJ/-3HeprHs .IJ.HCCOUHaUHH MOneKyn B raJo
BOH ~a3e B HOHLI; ~HP Me Cl - 3HeprHJI KpHcTannHqecKoii 
peweTKH; 

/2/ 
~H * MeCl "'~H 0 MeCl -~H 0 Me -~Ho Cl , 

298 ( raa) 298 ( raa ) 298 ( raa ) 298( raa ) 

r.IJ,e ~H29JdeCl (ra3) - 3HTanLnHs o6paJoaaHHS ra3oo6pa3-
Hoii MoneKynbl Me Cl H3 Me ( ra3) H Cl (ra3) . 

~H298MeCl(raa} ; ~H298Me (raa) ; ~H29a Cl (raa) 

- 3HTanLnHH o6pa30BaHHS MeCl, Me , Cl B raJoo6pa3HOM 
COCTOSHHH. 

~H298 MeCl =~H298 MeCl +~H~98 Me + 
( cy6n ) ( raa ) ( raa ) 

/3/ 
+ ~ H 0

298 Cl -) ~ H~98 MeCl (fa). 
(raa 

~ns npH6nH~eHHoro onpe.IJ,eneHHS TennoTLI o6pa3oaa
HHS xnoyH.IJ,a ~paHUHS .IJ.OllOnHHTenbHO K HMeiOIUHMCS .IJ,aH
HbiM I 4•5 6Lina npoae.IJ,eHa 3KCTpanonsuHs cTaH.IJ,apTHLIX 
3HTanbfiHH B TBep.IJ,OM H ra3oo6pa3HOM COCTOSHHSX xnopH
.IJ,OB IUenoqHbiX 3neMeHTOB B JaBHCHMOCTH OT nops.IJ,KOBOrO 
HOMepa 3neMeHTa. CooTBeTCTBYJOIUHe aenHqHHbl .IJ,ns xno
PH.D.a ~paHUHS paBHLI: 

~H~98 FrClrrar 105±2 KKan/rA.; 

~H° FrCl =58± 2 KKan/rA 
298 (raa) 
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Ta6nHual 

TepYOIUIHBYII'IBCKHe ll8HHlie c ':. ce II r:1 Ct . 

3Ha'leHJie YCJIOJ!Wl c~ct M..ct.. HenocpertcreeH. 
KKaJJ/uollb paCC'IIITBHHlie aKcrpanolll!poB. 

I 2 3 4 5 

r1H~8Mt~Hi.J -IOS:I -I05 -IOf>!2 
/6/./8/ /5/./6/ 

Ho Mtet <r> -5f>!I -55.8 -58±2 298 /6/. /?I /4/ 
Q 

-¥<-
H298 ME!.ee... (r) ypaeHeHHe 2 -!03;!:2 

~~ e~ (r) 
298 

Q 

/6/./7/ 
aH° CL (r) 

298 
/7/ 

ypaeHeHHe 2 -102..=-~ 
.lHo r1..- (r) 

298 
=If>!! aKCTpa • 

o!I° C~ (r) 
298 

= 29 
/7/ 

-I06:ti 

Alfl Mt~ (cy6n ypaeHeHHe I +n,8 +f~4 98 

46:t4 
ypai!HBHIIB 3 +50±3 

~BJ!HeHJie 3 : 
jdl 298 Fl.-Cl (Ti.) i +4S:!;4 

I =105 I /5/ 
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113 JIBTepaTypHLIX ,lJ,aHHLix 16 •7 1 ,!J,n• nerxnx 3JieMeH-
TOB BennqBHLI A H 298 Fr ( ra3) H A H 298 Fr Cl ( ra3 ) MoryT 6LITL 
llOJiyqeHbl JIBHeHHOH 3KCTpanomU~Beii flO Z B COOTBeTCTBeH
HO paBHbl 

AH298 Fr = 15 ±1KKan/rA B AH*
98

FrCl 
(raa) 2 

=106± 1KKan/rA. 

,D;n.11 onpe,!J,eneHB.II AH~98 FrCI( cy6n ) BocnonLJyeMC.II ypaBHe

HB.IIMH 121 B 131, KOTOpble HJIJIIOCTpBpyiOTC.II CJie,lJ,yiO~eii 
cxeMoii: 

AH;98 ITB) 
Fr + .l.. Cl2 ) 

(fa) 2/'( raa 
__. FrCI(fB) 

A H ~98Cl1, raa) 

J 
H298 FrCI 

( cy6n.) 

A H ;,8 Fr ( raa) 

AH~98 FrCI -- __. FrCI ( ra3 ), 
B +0 
(ra3) (ra3 

Bennqnua AH0

298 FrCI (cy6n.) 45±4 KKaA/zA nonyqeua B 
peJyJILTaTe peweHB.II ypaBHeHB.II 131 B B npe,!J,enax own6ox 
coBna,lJ,aeT co JuaqeuneM AH:Z98 FrCJ(cy6n.)46±4 KKaA/zA, 
llOJiyqeHHbiM 3KCTpanOJI.IIUBeH B3 B3BeCTHbiX 3KCllepBMeH· 
TaJILHLIX ,lJ,aHHLix 3TBX Bennqnu I puc. 1/. 

3KCIIEPHMEHTAJihHAR qACTh 

223 
B 3KcnepnMeHTax ncnonLJOBancJI BJOTon rllpaHUB.II Fr 

c I Tl1 = 23 MUHI, nonyqeHHLiii npn o6nyqeunn TOPH.II 
npoToHaMM c 3Heprneii EP = 660 M3B. Ilocne XBMnqecxo
ro OT,lJ,eneHBJII !lJpaHUH.II H Macc-cenapnpoBaHHJI BJoTon 6Lin 
uaueceu ua aJIIOMBHBeByiOrllonLry ,lJ,JIJI,lJ,aJILHeiiwero 3Kcnepn
MeHTaJILHoro nccne,IJ,oBaHBJI. B onLITax Tax:>Ke npBMeHJIJICJI 
H30TOll 

134
Cs /6e3 HOCBTeJIJII, KOTOpbiH 6LIJI COe,IJ,BHeH 

c Si 0 2 c noMo~LIO BLmapnBaHB.II pacTBopa H B Taxoii 
rllopMe uanecen Ha xonouxy. 

f 

I 
J 

I 

4H;.,. KKan/rA 

8J 

"XJ 

fl) 

~jr·-:.~ 
LiCl 

10 
FdZ 

j() 

XJ 

(() 

KJ 47 .JO li{) z 

Puc. 1. 3KcmpanoA.Rf.IUOHHa.R Kpuea.R menAombt cy6AU~Wf.IUU 
xAopuoa ¢paHf.IU.R. 

,D;n.11 onpe,!J,eneHB.II nepeuoca H TeMnepaTypLI oca:>K,IJ,eHB.II 
XJIOpB,IJ,OB Ue3B.II B rilpaHUH.II BCllOJIL30BaJIBCL 3KCnepBMeH
TaJILHble YCTaHOBKB B BB,IJ,e ropB30HTaJILHLIX KBapueBLIX 
KOJIOHOK I e = 60 CM, D = 2,5 MMI' uanonHeHHLIX KBapue
BLIM nopowxoM I c paJMepoM 3epeH "" 200 fl I. OqncTxa 
KOJIOHOK 6WJia ,lJ,OCTBrHyTa nyTeM XJIOpBpOBaHB.II npB TeM
nepa Type 1000 ° C. 3nexTpnqecxaJI Tpy6qa Ta.ll neqL coJ,lJ,a
BaJia B,IJ,OJIL KOJIOHKB JIBHeHHLIH rpa,!J,BeHT TeMnepaTypLI 
119,4 zpao/cMI B o6JiaCTB OT 980 ,IJ,O 180 °C. 

ra30BLIM HOCHTeJieM CJIY:>KBJI llOJiyqeHHLIH 3JieKTpOJIH• 
TBqeCKHH XJIOp 120 MA/ MUHI, KOTOpLIH llOCJie CYWKB B CepHOH 
KBCJIOTe npB KOMHaTHOH TeMnepaType ,IJ,OllOJIHHTeJILHO npo
MLIBaJIC.II B qeTLipexxnopncToM yrnepo,IJ,e. 
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IIPOBE,[(EHHE 3KCIIEPHMEHTA 

IlpenaapHTeJILHO l!>paHIJ;HH OTneJIJIJICJl OT aJIIOMHHHJl He
llOCpencTBeHHO B KOJIOHKe llpH llOMOIIJ;H HarpeBaHHJl B aono
ponHOH CTpye. ~JIJI 3Toro KOJIOHKa HarpeaanacL cHaqana 
KOpOTKOH Tpy6qaTOH neqLIO B TeqeHHe 10 MUH npH TeMne
paType 1200°C. B 3THX ycnoaHJIX l!>paHn;HB: ocenan He
nocpencTaeHHO HH)Ke HarpeToB: 30HLI Ha KBapueaoM nopowKe. 
Ilocne oTneneHHJl l!>paHIJ;HJl OT aJIIOMHHHJl KOJIOHKa aaonanacL 
B HarpeTyiO rpanHeHTHYIO neqL TaKHM o6pa30M, qTo JieTyqaJl 
l!>paKIJ;HJl l!>paHIJ;HJl H IJ;e3HJI HaxonHJiaCL B H30TepMHqecKOH Ha
qaJILHOH o6nacTH rpanaeHTHOH neqa /980° C/, a aJIIOMHHHH -
BHe neqH npH KOMHaTHOH TeMnepaType. B TaKOM llOJIO)KeHHH 
npOH3BOnHJIOCL HCDapeHHe l!>paHIJ;HJl H IJ;e3HJI B llOTOKe XJIOpa, 
qepe3 30 MUH npouenypa 3aKaHqaaanacL. 

AHaAU3: 

Ilocne OKOHqaHHJl npon;ecca acnapeHHJl H3MepJIJIOCL pac
npeneJieHHe ,8-aKTHBHOCTH l!>paHIJ;HJl anoJIL KOJIOHKH. ~eTeK
TOpOM nJIJl 3TOrO CJIY)KHJI DJiaCTHHqa TLIH CIJ;HHTHJIJIJITOp 
pa3MepOM /10x5x0,5 MM/, COOTBeTCTBYIOIUHH Tpe6oBaHHJIM 
BLICOKoro reoMeTpaqecKoro pa3peweHHJl. HneHTHI!>HKan;HJl 
223 Fr npoH3aonanacL no KpaaoB: pacnana. OnpeneneHHoe 

TaKHM o6pa30M llOJIO)KeHHe MaKCHMyMa ,8-aKTHBHOCTH l!>paH
IJ;HJl B rpanHeHTHOH Tpy6Ke npHHHMaeTCJl B KaqeCTBe TeM
nepaTypLI ero oca)KneHHJl. 

PE3YJibTATbl H 0/iCY)J(,[(EHH.R 

Pe3yJILTaTLI oTneneHHJl xnopanoa n;e3HJI H l!>paHn;HJl 
B TeMnepaTypHo-rpanHeHTHOH Tpy6Ke npencTaBJieHLI 
a ma6A. 2. KaK npaMep, Ha puc. 2 naHo pacnpeneneHHe 
aKTHBHOCTeH IJ;e3HJI H l!>paHIJ;HJl B o6JiaCTH HX OTneJieHHJl, 
KOTOpLie 6LIJIH onpeneJieHbl B He3aBHCHMbiX OllbiTaX. PaHee 

i 

a I 

~---- : 

1 
j 

~ cscr 
frCt 

T 

' '·/·-................ / - ...... __ -,/ ...... -__ ..... ;· ............ /, 

t["Cj 

8CV 

.w 

• 6aJ 

5IXJ 

'i1) 

Ja) 

?(X) 

QJ 

01 2 I( 6 6 f(} IZ l'f A5 ~ ;o 11 /(f .15 ,ll .XJ 1M 

Puc. 2. XpoMa•ozpa¢u'lecKue KpUBbJe xAopuooe l.le3UJI 
U ¢paHl#UJI. 
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B pa6oTe /
9

/ 6Lmo noKa3aHo, 'ITO CyllleCTByeT I<oppeJIJIIJ;HJI 

MC:li(.LJ.Y TCMDepa TYPOH OCa:>K,D,CHHJI B TCMDepa TypHO- rpa

,D,HCHTHOH Tpy6Ke H CTaH,D,apTHo-cy6JIHMaiJ;HOHHOH TCDJIOTOH 

XJIOpH,D,OB pa3JIH'IHLIX 3JICMCHTOB /HYKJIH.IJ.LI 6e3 HOCHTCJICH/ 

B CJIC.IJ.YIOIIJ;CM BH,D,e: Toc(oC) = /12,0±0,7/ ~H298 /cy6n/

- /155±31/; '\H0

298
( cy6n)B KKaA/MOAb. HawH HCCJIC,D,OBaHHJI 

6LIJIH BLIDOJIHCHLI B H,D,CHTH'IHLIX YCJIOBHJIX. B COOTBCTCTBHH 

C 3THMH KoppeJIJIIJ;HJIMH 3KCDepHMCHTaJILHO HaH)l.CHHaJI TeM

nepaTypa OCa:>K,D,CHHJI XJIOpH,D,a <iJpaHIJ;HJI COOTBCTCTByeT CTaH

,D,apTHOH cy6JIHMaiJ;HOHHOH rennoTe 40±4 KKaA/MOAb. Oc

TaJILHLie BCJIH'IHHLI, npe,D,CTaBJICHHLIC B JII06A. 3, 6LIJIH Ha:ii

,D,CHLI H3 JIHTepaTypHLIX HCTO'IHHKOB H 3MDHpH'ICCKHX yc

TaHOBJICHHLIX CTaH,D,apTHLIX TCDJIOT cy6JIHMaiJ;HH XJIOpH,D,OB 

IJ;C3HJI H <iJpaHIJ;HJI. ~JIJI XJIOpH,D,a IJ;C3HJI HMCCTCJI O'ICHL xo

powee cornacHe BCJIH'IHHLI CTaH.n.apTHOH cy6JIHMaiJ;HOHHOH 

3HTaJILDHH, B3JITOH H3 JIHTepaTypHLIX HCTO'IHHKOB H DOJiy

'ICHHOH 3MDHpH'ICCKHM nyTeM H3 TCMnepaTypLI OCa:>K,D,CHHJI 

XJIOpH,D,a IJ;C3HJI/ 9 /. 3TH 3Ha'ICHHJI COBDa,D,aiOT C TeOpCTH

'ICCKHMH .D.JIJI ~H 0298 CsCI (ra3 ) H ~H298 CsCl {ra3 ). ~JIJI 
XJIOpH,D,a <iJpaHIJ;HJI KOpH,D,Op OWH60K 3MDHpH'ICCKH ycTaHoB

JICHHOrO 3Ha'ICHHJI CTaH,D,apTHOH cy6JIHMaiJ;HOHHOH 3HTaJIL

DHH nepeKpLIBaer 3Ha'leHHJI, nony'leHHLie KpacHoBLIM H 

,D,p./4/nyTeM 3KCTpaDOJIJIIJ;HH. 

BblBOJ{bl: 

1. llonyqeHHLie pe3YJILTaTLI no3BOJIJIIOT YTBep:>K.D.aTL, 

'ITO OT)l,CJICHHC <lJpaHIJ;HJI OT JICrKHX rOMOJIOrOB B TCMDepa

TypHO- rpa,D,HCHTHOH Tpy6Ke B XJIOpHOH CTpye B03MO:>KHO. 

2. XnopH.D. <lJpaHIJ;HJI MO:>KHO TpaHCDOpTHpOBa TL B KBapu;e

BOB Tpy6Ke B CTpye XJIOpa. Ha 3TOH OCHOBC MO:>KCT 6LITL 

peaJIH30BaHo OT,D,eJieHHe <lJpaHo;HJI, a TaK:>Ke ero xpoMaro

rpa<lJuqecKoe OT)l,CJICHHC H O'IHCTKa. 

3. 3I<cnepHMeHTaJILHO onpe,D,eneHa TeMneparypa oca:>K

.IJ.CHHJI XJIOpH,D,a <lJpaHIJ;HJI 320±15 ° C, KOTOpaJI COOTBCTCTByeT 

cy6JIHMaTHBHOH TCDJIOTC 40±4 KKaA/MOAb. 

ABTOPLI BLipa:>KaiOT 6naro,D,apHOCTL r .H.cl»nepoBy 3a 

HHTepec K pa6oTe H H.E.XoMyToBy Ja o6cy:>K,D,eHHJI. 
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Ta6naua3 

Pea,yura'l'H. 

3Bneue 1 c JIO .Bllfl CsCQ.. 

TeiG.OCUlleHllfl 400.t8 oc 
~ M CL (C,Y6ll coor.serc'l".B. I 46.5:!;2.0 288 KOppelllUUtB /9 

ll 

sO M dL (r) -58.5:!;4 
296 .1s<> c~ce. l T( > 

298 

A 

=-I OS:!: I 

Air' c~ c.e.... (cy6n) 
298 

= 46.5:!;3 

a~ n.ce,.,>= 
I = -I05:!;I 

A If> h Ct. (C,Y(lll) = 
298 

=40.0;t4.0 

H * M rL (r) J YpaaReRIIe 2 
296 law>

296
C!.Ct (r) = 

=-58.5:!;3 

ll 

4If> C..s. (r)=.+IB. 7 -!06.2±3 
298 /6/./7/ 

L1If> Ct(r) 
=29/7/ 298 

Ypa.BHeHae 2 
aw> hCt(r)=-65+4 

298 -

AE'298 F"t.- (r) =+lfi±I 

off> ct (r) =+29/7/ 
298 

f:-z.CL 

320±15 

40.0±4.0 

-65±5 

-!09:!:5 
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Y CJIOBJUI 06MeHa 

flpenpHHThl H C00611(eHHJI O.HJUI pac ChlnaiOT CJI 6e CIIJia THO, Ha OCHOBe 

B3aHMHOrO 06MeHa, YJIBBepCBTeTaM, BHCTBTyTaM, Jia6opaTOpHJIM, 6B6-

JIHOTeKaM B Hay'IHhlM rpynnaM 6onee 50 cTpaH. 

flOMBMO peryJIBpHOH paCChlJIKB B nopJI~Ke o6MeHa,H3~TeJibCKBH 
OT~eJI e)l(ero~HO BhliiOJIHJieT OKOJIO 4000 OT~eJibHhlX 3anpOCOB Ha Bhl

ChlJIKY npellpHHTOB H coo611(eHHH OHJIH. B TaKHX Janpocax cne~yeT 
06JI3aTeJibHO yKa3blBaTb HH~eKC JanpaWHBaeMoro H3~aHHJI. 

A,ll;peca 

llBcbMa 110 BCeM aonpocaM o6MeHa ny6JIHKaW~JIMH, a TaK)I(e Janpo-

Cbl Ha OT~eJibHhle H3~aHHJI CJie~yeT HanpaBJIJITb 110 a~pecy: 

101000 MocKea, 
FAaeH&Iii no'lmaMm, n/11 79, 
H3oameA&cKuii omoeA 
06~eouHeHHozo UHcmumyma 
JIOepHbiX UCCAe006aHUU. 

A~pec ~B nochlJIKH Bcex 11y6nuxa~HH B nopB~e o6MeHa, a TaK)I(e 

~JIJI 6ecnJiaTHOH IIOMHCKH Ha HayqHble )l(ypHaJibl: 

101000 MOCK6a, 
FAaeH&Iii no'lmaMm, n/11 79. 
llay'IHo-mexHu'lecKaJI 6u6AuomeKa 
06~eOUHeHHOZO UHCIIlUIIlyma 
JIOepHbiX UCCAe006aHUU. 


