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TaK KaK Muorue MeTannbi o6pa3yroT cpaBHHTenbuo ne­
TY'IHe 6e3BOAHble XllOPHAbl, CyLQeCTByeT HHTepec K xpoMa­
TOrpa<iJHH H TepMOXpOMaTOrpa<iJHH XJIOPHAOB KaK K MeTOAaM 
auanHTH'IecKoro u npenapaTHBuoro pa3AeneuuJI 3JieMeHTOB. 
3TH MeTOAbl 6biJIH HCnOJib30BaHbl AJIJI paAHOXHMH'IeCKOrO 
auaJIH3a npOAYKTOB JIAepHbiX peaKUHii/1,:?,3/. llonyTHO B ue­
CKOllbKHX pa6oTaX CAenaua nonbiTKa H3BJie'lb H3 3KCnepu­
MeHTallbHbiX AaHHbiX CBeAeHHJI 0 TennoTe /3HTanbnHH/ 
aACOp6UHH. B AaJibHeiiUieM 6yAeM npHMeHJITb CHMBOllbl 
Q una -~ H0 

- B 3aBHCHMOCTH OT npHHJIToro aBTopaMH uu-
a a 

THpyeMoii pa6oTbl o6o3uaqeuuJI. Hau6onee cTporHM MeTo-
AOM JIBnJieTcJI uaxo:>KAeuue !\ H 0 no TepMOAHHaMH'IeCKHM a 
ypaBHeHHJIM, KOTOpble CBJ13biBaJOT H3MeHeHHe BpeMeHH YAep-
)I(HBaHHJI C H3MeueuueM TeMnepaTypbl H30TepMH'IeCKOH KO­
JIOHKH. 3TOT MeTOA HCnOJib30BaJICJI B pa6oTe llOMMHpa 
H Ap./4/ H PyAOJib<iJa H li3XMaua/5/. 

lionee "npocTo" MO)I(HO oueuHTb Oa ,ucnonb3YJI MOne­
KynJipuo- AHHaMH'IeCKyro KapTHHY aACOp6UHH/b/.llpeAnonara­
eTCH, 'ITO CTeneHH 3anonueHHJI noBepXHOCTH « l H 'ITO npH 
Ka)I(AOM CTOJIKHOBeHHH C noaepXHOCTbiO MOlleKyna aACOp-
6upyeTCJI H HaXOAHTCJI B aACOp6HpOBaHHOM COCTOJIHHH B Te-

O a 

qeuue apeMeuu r = r 0 • e ItT , rAe r0 - nepHOA Kone6auuii 
aAcop6upoaauuoii MoneKyJibi B uanpaBneuuu, nepneHAHKy­
JIJipuoM noaepxuocTH I r0 "' 10-13 - 10 - 12

c/. 
TaKoe npeAnono)l(euue 3KBHBaneuTHO AonyLQeHHJO, 'ITO 

aAcop6upoaauuoe cocToJiuue npeAcTaBnJieT co6oii UAeanbublii 
ABYMepHbiB ra3 /o6J'a3yroiUHBCJI H3 HAeaJibHOrO TpexMepuoro 
raJa/, c 'leM cBJI3auo anonue onpeAeneuuoe H3Meueuue 3H­
Tponuu npu aAcop6uuu/7 /. 

B pa6oTe 3aapoaoii H AP/8/ no 3Ha'leHHHM KoucTauT 
aACOp6UHOHHOrO paBHOBeCHH, B3JITbiX H3 BbiCOKOTeMnepa-
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Typuoii: aeTBH tllpoHTaJILHOH TepMoxpoMaTorpaMMhl, 3HaqeHHJI 
TenJIOT a~cop6UHH XJIOpH~OB HeKOTOphiX MeTaJIJIOB onpe~e­
JIJIJIHCh Henocpe~CTBeHHO H3 MOJieKyJIJlpHO-~HHaMHqeCKOrO 
ypaaueHHJI H3o6aphl a~cop6uuu. 

B pa6oTe qy6ypKoaa u ~p. 191 u 3aaphl u ~p/I I 3HaqeuuJI 
Qa HaXO~HJIH no BeJIHqHHe BpeMeHH y~ep)I(HBaHHJI KOMnOHeH­
Ta t r B H30TepMuqeCKOH KOJIOHKe. 

Mepuuuc u ~p.IIOionpe~enJIJIH Oa no cKopoCTH nepeMe­
~eHHJI a~cop6UHOHHhiX nHKOB B~OJih TeMnepaTypHOrO rpa­
~HeHTa. 

B nepaoii: pa6oTe 3TOH cepuul71, ucxo~Jl H3 ~HHaMuqec­
Koro ypaBHeHHJI H~eaJihHOH JIHHeHHOH ra30BOH xpoMa TOrpa­
tiiHH, 6biJIO BhiBe~eHO COOTHOWeHHe, CBJI3hiBaiO~ee- l\ H~ C 
TeMnepaTypoii: oca)l(~eHHJI ae~ecTBa T A ~JIJI cnyqaJI TepMo­
xpoMaTorpatlluqecKoii KOJIOHKH C nOCTOJIHHhiM rpa~HeHTOM 
TeMnepaTyphl. 

TaKHM o6pa3oM, TennoTa a~cop6uuu JIBJIJleTCJI, noMu­
MO Ta, apryMeHTOM KOHCTaHThl a~cop6UHOHHOrO paBHOBeCHJI, 
BpeMeHH y~ep)I(HBaHHJI B XpOMaTorpatiluqecKOH KOJIOHKe, 
CKOpOCTH nepe~BH)I(eHHJI a~cop6UHOHHOH 30Hhl B TepMOXpo­
MaTorpatiluqeCKOH KOJIOHKe H T.~. 0TCIO~a MHOroo6pa3He 
MeTo~oa oneuKH 1'\ H~ . 

UeJILIO uacf'oJI~eii: pa6oThl JIBJIJleTCJI auaJIH3 H conocTaa­
neuue JIHTepaTypHhiX 3Haqeuuii: a~cop6uuu co 3HaqeHHJIMH, 
nonyqeHHhiMH Ha OCHOBaHHH MeTO~a, npe~JIO)I(eHHOrO B 171 . 
3THM MeTO~OM o6cqHThiBaJIHCh KaK HaWH 3KCnepHMeHTaJIL­
Hhle ~aHHhle/121 TaK H ~aHHhle ~pyrHX aBTOpOB 12,3, 8, IO,ISI. 

' 

0CH06Hble nOIIOJtCeHUJI 

HuTerpupoaauue ~HHaMuqecKoro ypaaueHHJI u~eaJihuoii: 

nuueii:uoii: ra3oaoii: xpoMaTorpatlluu npuao~uTI7 I B cnyqae 
nuueii:uoro TeMnepaTypuoro rpa~ueHTa K cooTHoweHHIO, 
CBJI3hiBaro~eMy napaMeTphl TepMoxpoMaTorpatlluqecKoro 3K­
cnepuMeHTa c TennoToii: a~cop6uuu: 
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t • ·y-O • ·a 
r 

------ ---~ 

s I. T • exp -R 
0 

-1'\Ho -1'\ Ho 
a a 

E~(---) -E.*(----) 
1 RTA 1 R Ts 

/1/ 
, 

r~e tr- apeMJI onhiTa /MuH/; v0 - o6'heMHhliipacxo~ 
ra3a-uocuTeJIJI / MII.MUH-lj; a - TeMnepaTypHhiH rpa~HeHT 
jzpaO.CM-I/ a<O; TA- TeMnepaTypa OCa)l(~eHHJI /°K/; 
s I - noaepx'uocTL e~uuuquoro yqacTKa KOJIOHKH I cM

2 
/; 

1'\ S,i'- cTau~apTHaJI 3HTponHJI a~cop6uuu I KaA.M0/1-.l zpao -1 /; 
1'\ H~- cTaH~apTHaJI 3HTaJILnHJI a~cop6uuu I KKaA.MOAb-I /; 

Ts - TeMnepaTypa CTapTOBoro yqacTKa /° K/; To - 298 °K; 
E.*(x)- HHTerpaJILHaJI noKa3aTeJILHaJI tiiYHKUHJI. 

I 
IlpHMeHJIJI ypaBHeHHe /1/ K aHaJIH3Y ~aHHhiX, y~o6HO 

noJIL30BaTLCJI ero rpatlluqecKHM npe~cTaaneuueM 17 I, r~e 
neaaJI qacTL /1/ npe~cTaaneua KaK tiiYHKUHJI oT TeMnepaTy­
phl OCa)l(~eHHJI ~JIJI pa3JIHqHhiX 3HaqeHHH TenJIOT ~cop6-

UHH. 
Ilocne BBe~eHHJI pH~a npu6JIH)I(eHHH H3 ypaaueHHJI /1/ 

cne~yeT, qTo 

TA~ -c l'\H 0
, n a 

/2/ 

H npH npe~eJihHOM ynpo~eHHH CJie~yeT O)l(~aTh, qTO 

.~Ho = 
a -:\H¢. n. + kn /3/ 

3~ecL 1'\ HJ, - CKPLITaJI TennoTa tlla3oBoro nepexo~a /KpH-
'±'· n • 

cTaJIJI .... ra3 HJIH )I(H~K ..... ra3/, a en H kn - 3MnupuqecKHe 
KOHCTaHThl. Cn onpe~eJIJleTCJI no HaKJIOHY tiiYHKUHH /Toquee, 

KOppeJIJIUHH/ 

TA = c (1'\H~ - k ) , 
n 't'·n • n 

/4/ 

a k n- no 0Tpe3KY op~HHaThl, paBHOMY - k n c n . 
H3 ypaBHeHHJI /1/ MO)I(HO BhiBeCTH COOTHOWeHHe, CBJI-

3hiBaiO~ee TenJIOTY a~cop6UHH CO CKOpOCThlO nepeMe~eHHJI 
a~cop6uuouuoii: 30Hhl B~OJih nuueii:uoro TeMnepa Typuoro 

rpa~ueuTa: 

1'\Ho 
en t =---a+ K /5/ 

r R T ' 
A 

r~e 
1'\ so ~ . To 

K = --+ + en [ V ( ) ] . 
u 0 -a 
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3,IJ,e ch: V - cso6o,IJ,HhiH o6'beM KonoHKH I CM 
3
;, u 0 - nuHeil­

HaJI cKopocTb ra3a-HocuTenJI npu To = ~98° K, s- sHyT­
peHHHJI nosepxHOCTh KonoHKH I eM 2/. 

Cne,IJ,oBaTenLHo, TennoTy a,IJ,cop6~HH MO)KHO pnpe,D,enHTh 
H3 ypaBHeHHJI /5/ no HaKnOHY I!IYHK~HH fn t = f{-) . 

r TA 
AHanorH'IHOe Bblpa)KeHHe nony'ieHO H HCnOnb30BaHO B 

pa6oTe/10/. 

Pe3yAb111a111bl u o6cyJICOeHUJI 

Ha ocHose 3KcnepuMeHTanhHhiX ,IJ,aHHhiX HaWHx pa6oT/11/ 
u/ 12/ ,IJ,nJI l!lynK~HoHanhHOH 3aBHCHMOCTH /4/ MeTO.D.OM Hau­
MeHhWHX KBa,D,pa TOB 6hinH HaH,IJ,eHbl 3Ha'ieHHJI KOHCTaHT 
en_ H kn .B Ka"'eCTBe CKpbiTOH TennOTbl nepexo,IJ,a npH pa3nH'I· 
HbiX TeMnepaTypaX MO)KHO HCDOnb30BaTb TennoTy B03rOH· 
KH unu ucnapeHHJI. 

B ma6A. 1 npe,D,cTasneHbl pa3nH"'Hble 3Ha1.feHHJI KOHCTaHT 
ypaBHeHHH /3/ H /4/ B 3aBHCHMOCTH OT Bbl6opa CKpbiTOH 
TennoTbi nepexo,IJ,a/13/u /14/. 

Ta6mma 1 

KoHCTBHThl BMDHpuqeCKHX COOTHOWeHHA (3) " (4) 

TennoTa TeMneparypa rpaJl.MDnb KKan.Monb-I Koa<P-
n 

Q>a.::loBoro KKBJI tPHUHeHT nepexoJla 
nepexoJla KOppe-

nHUHH 

1 ~Ho B03r. 298°K 11 ,97±..0,36 -9,7±..1 ,3 0,95 
2 ~H0 B03r. r.nn. 13,89±..0,74 -5, 7±..2,1 0,91 
3 ~0 ucn. 298°K 13,98±..0, 70 -6,2±..1 ,9 0,93 
4 ~0 ucn. T.Kun. 17' 53±..0,68 -4,6±..1,3 0,94 

B ma6A. 2 npuse,IJ,eHhi 3Ha1.feHHJI TennoT a,IJ,cop6IUfH 
xnopH,D,OB, nony"'eHHble no ypaBHeHHJIM /2/ H /3/, a TaiOKe 
cpe,IJ,HHe KBa,D,paTH"'Hble owu6KH ux onpe,IJ,eneHHJI. Bhl"'HcneH­
Hble 3Ha"'eHHJI TennoT a,IJ,Cop6~HH CHCTeMaTH"'eCKH H3MeHJI• 
IOTCJI B COOTBeTCTBHH C Bb160pOM TennOT nepeXO,IJ,OB, KOTO· 
pble ucnonb30Banucb npu onpe,IJ,eneHHH en H k n /eM. ma6A.2/. 
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B ma6A. 3 ,IJ,aHbi senH"'HHhl TennoT a,IJ,cop6~HH, Bbl"'HcneHHble 
UO ypa~HeHBIO /1/. llpH Bbl'IHCneHHJIX 3a S] npHHHManaCb 
reoMeTpH"'eCKaJI BHyTpeHHJIJI nosepXHOCTb 0Tpe3Ka e,IJ,HHH'I· 
uoil ,IJ,nHHbl. B cnyqae KanHnnJipa s 1 = rrd / d - BHyTpeHHHH 
,IJ,HaMeTp KanHnnJipa/. )J;nJI XnOpH,D,OB Cpe,D,HJIJI 3HTpOnHJI 
a,IJ,cop6IUIH ~S~ o~eHusanacb s - 40 KaA.MOA..- 1 zpao.- 1 . 
B pa6oTax I 2, 3, B, 10, 15/ TO'IHOCTh onpe,IJ,eneHHJI TAco­

cTaBnJieT 10-20°. 

HecMoTpJI Ha pa3nH'IHJI 3KcnepuMeHTanhHbiX ycnosHil, 
Bhl"'HCneHHble 3Ha'ieHHJI ~ H~ B 6onhWHHCTBe cnyqaes xopowo 
COBna,IJ,aiOT. 0TKnOHeHHJI CTaHOBJITCJI 3aMeTHbiMH B TOM cny· 
qae, eCnH CTeneHb OKHCneHHJI TpaHCnOpTHpyiO~HXCJI npo· 
.D.YKTOB CHnbHO 3aBHCHT OT xnopupyro~eH cnoco6HOCTH ra3a­
HOCHTenJI. HanpuMep, B Tex cnyqaJix, Kor,IJ,a xnop He uc­
nonh3yeTcJI B Ka'ieCTBe ra3a-HOCHTenJI, ,IJ,nJI Ce , Pa, U H 
Ru 6binH HaH,IJ,eHbl 6onee BbiCOKHe TeMnepaTypbl OCa:>K,IJ,eHHJI 
H, COOTBeTCTBeHHO, 6onbWHe 3Ha1.feHHJI TennoT a,IJ,cop6UHH. 

Pe3ynLTaTbi Haweil pa6oTbl/l2/noKa3biBaiOT, 'ITO Me)K,IJ,Y 
Bbl'IHCneHHOH no ypasHeHHIO /1/ TennoTOH a,IJ,cop6UHH xno­
pH,D,OB a cKpbiThiMH TennoTaMH nepexo,IJ,a !\ H !3 0 31 ,. /npu 
T = 298°/, fl. H~03r.fnpu TeMnepaType nnasneHHJI/H 1\H~cn. 
/npH TeMnepaType KHneHHJI/ Cy~eCTByeT KOppenJI~HJI 
I ma6A. 4/. Ilpuse,IJ,eHHble B ma6A. 4 cooTHoweHHJI no3sonJIIOT 
oueHHTh TennoTy a,IJ,cop6~HH KaKoro-nu6o KoMnoHeHTa Ha 
Ksap~e B aTMocl!lepe xnopa, ecnu H3BeCTHa o,IJ,Ha H3 cKpbl­
TbiX TennoT nepexo,IJ,a. 

Ha puc. 1 noKa3aHhl Hawu 3KcnepuMeHTanhHble ,IJ,aHHhle 
o TeMnepaTypax oca)K,IJ,eHHJI xnopH,D,OB Cs, Pb H Bi B 3asu­
CHMOCTH OT npo,D,On)KHTenbHOCTH OnbiTa. KpoMe 3TOrO, 
npe,D,CTaBneHbl TeopeTH'ieCKHe 3aBHCHMOCTH /npJIMble/ TeM· 
nepaTypbl OCa)K,IJ,eHHJI COe,IJ,HHeHHH C ,IJ,aHHbiMH TennoTaMH 
a,IJ,cop6~HH OT BpeMeHH, Bbl"'HCneHHble no ypaBHeHHIO /1/. 

B ma6A. 5 npe,D,cTasneHhl pe3ynLTaThl pac'ieTOB TennoT 
a,IJ,cop6~HH xnopH,D,OB Cs , Ph H Bi no ypasHeHHIO /5/ H 
no ypasHeHHIO I 1/. ,3Ha'ieHHJI TennoT a,IJ,cop6~HH, Haii,IJ,eHHhle 
BTOpbiM MeTO,IJ,OM, HaXO,IJ,JITCJI B XOpOWeM COOTBeTCTBHH C 
,IJ,aHHhiMH •a6A. 3. B To )Ke speMJI pacqeT TennoThi a,IJ,cop6-
~HH no CKOpOCTH nepeMe~eHHJI a,IJ,cop6IUIOHHOH 30Hbl B,IJ,Onh 
TeMnepaTypHOrO rpa,D,HeHTa npHBO,IJ,HT K CHnbHO OTnH'IaiO· 

~HMCJI pe3ynbTaTaM. 

7 



3 "* tK-
1
) 

3.0 

-----1 

0,5 

-1 

j ----~---------
• -- -2· .. l. Bi Cl3 

0 1 

0 
-AHd 

KKA/1/MQ.nb 

30 

2 

tg t(qac) 

Puc. 1. Te.wnepamypbl ocaxoeHUJI XAOPU006 Cs c e. Ph ce2 u 
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KaK. BH~Ho H3 H3MeHeHHB HaKnoHa TeopeTHqecKH pac­

cqHTaHHbiX 3aBHCHMOCTeii I puc. 11, ~ns onpe~eneHHB Ten­

noTbl a~cop61{HH no Ha3BaHHOMY MeTo~y npH !1 H 0 > 
a 

> 20 KKaA/ MOAb HY:>KHa BbiCOKaB TOqHOCTL onpe~eneHHB 
nono:>KeHHB 30Hbl a~cop61{HH, 6onLWOH ~Hana30H BpeMeH 

OnbiTa H BbiCOKaB ycToii:qHBOCTL ycnOBHB 3KCnepHMeHTa. 

,[J;aHHble puc. 1 H pe3ynLTaTLI BbJqHcneHHii, npe~cTaaneH­

Hble B llla6A. 5, no.Ka3biBaJOT, qTo TeMnepaTypa OCa:>K~eHHB 

"qyacTBHTenLHee" xapaKTepH3yeT TennoTy a~cop6_1{HH, qeM 

CKOpOCTL nepeMell{eHHB a~cop61{HOHHOH 30Hbl. 

3KcnepHMeHTanLHO Haii:~eHHble 3aBHCHMOCTH nO~TBep:>K­

~aiDT, qTo ~nB Bell{eCTB C H3BeCTHOB TennOTOH a~cop61{HH 

ypaBHeHHe 111 n03BOnBeT npH6nH3HTenLHO Ol{eHHTL 30Hbl HX 

OCa:>K~eHHB Ha TeMnepaTypHOM rpa~HeHTe B 3aBHCHMOCTH 

OT BpeMeHH. 

3aKA10~eHue 

llpe~no:>KeHHble MeTO~bl onpe~eneHHB TennoTbl a~cop6-

llHH OCHOBbiBaiOTCB Ha H~eanH3HpOBaHliOB MO~enH npouecca 

TpaHCnOpTHpOBKH ra30B qepe3 KOnOHKY npH ~OnOnHH­

TenLHbiX ynpoll{aiOII{HX npe~nono:>KeHHBX. ll03TOMY MOryT 

fiLITL nonyqeHbl He "HCTHHHble" 3HaqeHHB TennOT a~cop6-

I{HH, a HeKOTOpble 3cPcPeKTHBHble BenHqHHbl, npe~CTaBnBIOII{He, 
o~HaKo, caMocornacoaaHHblii Ha6op, npHro~Hblii: ~ns npaKTH­

qecKoro HcnonL30BaHHB. ,[J;nH oueHKH ~aHHoro MeTo~a He­

o6xo~HMO paCCMOTpeHHe B03MO:>KHbiX OWHfiOK H cpaBHeHHe 

Me:>K~Y co6oii: 3HaqeHHii TennoT a~cop61{HH, Haii~eHHbiX no 

ypaBHeHHIO 111 H nonyqeHHbiX ~pyrHMH MeTO~aMH. 
06naCTLID ~onyCTHMbiX OWHfiOK TafinHqHbJX 3HaqeHHB JIB· 

nHIDTCH cpe~HHe KBa~paTHqHble OWHfiKH, xapaKTepH3yiOII{He 

TOnLKO cnyqaii:Hble OTKnOHeHHH. Haii:~eHHble HaMH H B pa6o­

Te/l0/ C HCnOnL30BaHHeM ypaBHeHHB THna 151 BenHqHHbl 

TennoT a~cop61{HH uaxo~HTCH B nnOXOM COOTBeTCTBHH C 

~aHHbiMH, nonyqeHHbiMH ~pyrHMH MeTo~aMH I ma6A. 2,3, 5, 6/, 
H nocne~OBaTenLHOCTLIO OCa:>K~eHHH pa3nHqHbJX xnop~OB B 

KonoHKe c TeMnepaTypHbiM rpa~HeHTOM. HecMoTpH Ha xo­

powee cPH3Hqec-Koe o6ocHoBaHHe, npHMeHeHHe 3Toro cnoco-

6a oKa3biBaeTCH Heuenecoo6pa3HbiM. 
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Ta6nHua 2 

3Ha1leHHSI TennoT aacop6UHH ;,~H~ (KKan/Mollb) HeKOTOpb!X XnOpRJJ.OB, Bhl"'HCneHHhie no ypaBHeHHSIM (2) H (3) 

II X..opu t.fKOJ no Ai'P B03r. (np• ! • 29f!J) DO 6 J!l. B03r. (np• '• u. ) DO AfP •en. (up• t,IUIII,) 
nn 

c1 KI a K:! c,. 1\4 2 
II,97 .! 0,36 -9,7 .! 1,3 13,89 .! o, 74 -5,7 .! 2,1 !7,53 :t 0,&& -it,6ti,3 

I CaCf,_ II73,!50 98,0 .! 5,1 87,2.! 3,5 ' 84,5 .!.. 4,4 66,9! 3,5 
I 

2 Scce3 739 .! 15 61,7.! 2,4 53,2 ! 3,I 42,2 ! 1,9 
3 Mnce~ 783 .! 10 65,4 .! 2,1 61,7 .! 3,3 56,4! 3,1 44,7! 1,8 41,8 .! 3,9 
4 Co 658! 15 55,0 ! 2,1 47,4 .! 2,8 J7,5.! 1,7 
5 Nict2 763 .! 10 63,7 i 2,1 68,8 ! 3,3 54,9 ,!..3,0 59,5 .! 4,1 42,4! 1,7 54,5 .! 2,9 
6 ZnC~2 583 .! 10 48,7 .! I, 7 47,7.! 2,8 42,0 .! 2,4 42,8 .! 03,6 3.3,.3 ! 1,4 .34, 7 ! 4,9 
7 RbCt 773! 40 64,6 .! .3,9 6.3,2 .! 2,.3 55,7.! 4,1 54,.3 .! .3, I 44,1 .t 2,9 45,8 .! .3,9 
8 SrCt2 1223 .!.. 40 102,2 .! 4,6 91,7.! .3,.3 88,I .! 5,5 69,8 .! .3,6 
9 Y ce, 903 .! .30 75,4 .! 3,4 69,7.! .3,3 65,0 .! 4,1 5I,5.! 2,1 

10 Ir-C!. 463.! 10 .38,7.! 1,4 J7 ,6 .! 2,8 33,3 .! I,9 .30,4 .! 3,1 26,4 .! 1,2 31,5 .! 2,9 
II NbCf." 413.! 20 34,5 .! 2,0 32,5.! 2,3 29,7.! 2,1 25,7 .! 3,I 23,6 .! 1,5 19,3.! 2, 7 
12 Mo 358.! 10 29,9 .! I,2 25,8 .! Ip 20,4 .! 1,0 
I3 TcCe5 408 .! .30 .34,1 t,_2, 7 29,4.! 2, 7 2.3,3 .! 1,9 
14 R1.t 58.3! 10 48,7 .! I,7 42,0 ! 2,4 .33,3.! 1,4 
15 R." Ct1 883 .! 25 73,8 .! .3,1 63,6 .! 3,8 50,4 .! 2,4 
16 PdCt 2 863! 10 72,2.! 2,3 42,3.! 2,9 lfl,7.! 3,3 33,5 .! 2,0 36,5 .! .3,1 
17 aace. 893 .! 50 74,6! 4,8 63,3.! 5,3 64,3.! 5,0 56,9 .! 5,1 50,9 .! 3,5 48,7 .! 5,9 
Hl C Cf 2 633! 50 52,9 .:_4,5 50,9 .! 3,3 45,6 .! 3, 7 44,6 .! 3,1 36,I ! 3,2 35,8 .! 2, 7 
19 lnCl1 623 .! 45 52,1 ± 4,1 49,7.! 2,3 44,9 .! 4,0 43,5 ! 4,1 35,5 .! 2,9 44,0 .! 2,9 
20 SbCf.s 333 .! 20 27,8! 109 24,0! 1,9 19,0 .! I,4 20,3.! 2,9 
2I Teet~ 448 .! 5 J7 ,4 .! 1,2 J7,2! 2,9 32,3.! 1,8 JO,O .:_3,6 26,6! 1,0 23,0 ! 3,4 
22 CsCf. 683! 20 57,1! 2,4 59,7 .! 3,3 49,2 .t 3,0 54,3 ! 4,1 39,0 ! 1,9 --··4! 3,9 23 j?)aC4 II73.! 20 98,0 .! 3,4 88,7 .! 3,3 84,5.! 4,7 66,9 .! 2,9 63,2.! 2,9 
24 Lace3 II20.! 40 93,0 .! 4,4 88,7 .! 3,3 80,1! 5,2 77,0.! 3,6 63,5 .! 3,4 
25 TbCt3 943.! 10 78,7.! 2,5 82,4 .! 3,3 67,8! 3,7 53,8.! 2,2 
26 Ce 893.! 20 74,6 .! 2,8 64,3.! 3, 7 50,9 ! 2,.3 
27 YbCt3 903.! 10 75,4 ! 2,4 65,0 .t 3,5 51,5 .! 2,1 
28 l..u cr., 873 .! 10 72,9 ! 2,4 80,7.! 3,3 62,8 .! 3,4 49,8 .! 2,0 
29 t}ct~ 453 .! .30 J7,5! 2,8 34,8 .! 2,8 32,6.! 2,8 29,5 .! 3,1 25,8 .! 1,9 .30,2 .! 2,9 
.30 353 .! 10 29,5 .! 1,2 25,4 .! 1,5 20,1 .! 1,0 
31 ReCe5 313 .! 5 26,1 .! 0,9 22,7 .! 3,0 22,7 ,!0,8 18,0 .! 0,6 
32 Os .393 .! 5 32,8 .! 1,1 28,3.! I,5 22,4.! I,O 
33 Ir- 1008.! 20 84,2 .! 3,1 72,6 .! 2,6 57,5 .! 2,1 
34 Pi 803.! 50 67 ,I .! 40 7 

~ 
57,8 .! 4,0 45,8 .! 3,2 

35 ~uce3 503.!. 20 42,0 .! 2,I .39,2 .! 3,3 36,2 .! 2,4 . 
28,7.! 1,6 

36 HgCf1 353.!. 20 29,5 .!. I,9 29,7.! 1,8. 25,4 .! 2,0 211,3.! 2,6 20,1.! 1,4 20,3 .! 2,3 
J7 Ti ce., 4.38 .:_20 36,6 .! 1,8 42,1 .! 2,1 31,5 .! 2,1 36,4 .! .3,1 25,0 .! 1,4 31,0 .! 2,9 
.38 Pbcea. 588 .! 25 49,1.! 2,6 54,7 .! 3,3 42,3 .! 2,9 lfl,7.! 3,3 33,5 .! 2,0 36,5 .! 2,1 
39 Bi ce3 423 .! 20 35,3 .! 1,8 39,4 .! 3,3 .30,5 .! 2,0 24,1 .! 1,4 23,5.! 3,4 
40 Poce" 563.! 20 '+7,0,t2,2 110,5 .! 2,6 
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Ta6mt:ua 3 
3Ha'leHRSI Ten.IIOT 8.llCOp6URII: HeKOTOpb!X X.IIOpR.llOB, Bb!'III:C­

.IIeHHhJe no ypaBHeHRIO ( 1 )Ha OCHOB8HII:II: .II~TepaTypHb!X .ll8H­

HhlX 0 TeMnepaTypax OC8M.lleHRSI 

3.teMe!IT Cc~~.txa I'aa-aocnu• UCOp<IIIRt T1111n11parypa - t.l~ [~] 

' 
OCQ,I;IIRU 

Ca. 1121 ce2 + cce .. KllllPII II7J!50 59,6!2,6 
Sc 1121 - . - - . - 739.:!:,15 77,4.:!:,0,9 
Mn 1121 - . - -. - 783.:!:,10 39,7.:!:,0,5 

re 1121 - . - - . - 433.:!:,20 22,5.:!:,1,0 
1101 Cfa - . - 433 23,8 

Co 1121 ce~ + cce~ -. - 658.:!:,15 33,3.:!:,0,8 
Ni 1121 - . - -. - 76J.:IO 38,3.:!:,0,5 
Z.n 1121 - . - - . - 583.:!:,10 29,9.:!:,0,5 
Rb 1121 -. - -. - 773.:!:,1KJ 39,3.:!:,2,1 
Sr- 1121 -. - - . - 1223~ 62,0.:!:,2,1 
y 1121 -. - -. - 903.:!:,~ 45,8.:!:,1,5 
z.,... 1121 -. - - . - 463.:!:,10 22,8.:!:,0,5 

1121 -. - - . - 416.:!:,20 21,1.:!:,1,0 
Nb I 81 soce~~. - . - 463 23,3 

181 s oct, creuo 773 18,7 

Mo 1121 ce~ +CCe., KllllPII 358.:!:,IO 18,1.:!:,0,5 
Tc 1121 -. - - . - 408.:!:,~ 20,6.!,1,5 

112/ - . - -. - 583:10 29,6.:!:,0,5 Ru 1151 soce .. - . - 708 38,8 

Rh 1121 ct .. +cce~ -. - 883.:!:,25 44,9.:!:,1,3 
Pd 1121 -. - -. - 863.:!:,10 43, 7.:!:,0,5 

~~ 1121 -. - - . - 893.:!:,50 45,).:!:,2,6 
/121 -. - - . - 633.:!:,50 32,0.:!:,2,6 I 

1121 -. - - . - 623.:!:,45 31,5.:!:,2,3 In I 91 SoN,. creuo 60J ~.6 

Sb 
1101 eta_ KllllPII 328 1811 

I /121 C4+CCt,. - . - JJ3.:!:,20 17,0.:!:,1,0 I 

Te 1121 - . - - . - 448.:!:,5 22 8+0 J . -. 
1121 - . - -. - 683.:!:,20 34,5.!,1,0 

Cs 1101 ce2. -. - 623 33;9 
1151 Jlr-rsoce~ - . - 563 31 11 

Ba 1121 Ct2 +Cct~ - . - II73.:!:,20 59,6.:!:,1,0 

1121 -. - -. - III~ 56,5.:!:,2,1 
La 1151 soce~~. - . - 1048 57,6 

IIOI ct2. +Cce .. - . - 938 51,4 

---- - -
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Ta6naua 3 (npononMeHRe) 

3llellei!T CcWJM raa - ROCK!e.llh A,J;copOear Te11neparypa -A~ (I¥.] 0Caz,J;8111UI 

1101 ce~. + cct .. nap11 718 39,3 

Ce 1151 soce,. - . - 918 50,6 
1121 ce,. +cct., - . - 893.:.20 45,3 

1121 - . - - . - 943.:.10 47 ,9.:!:,0,5 
Tb 1101 - . - - . - 793 43,2 

Yb 1121 -. - - . - 903.:.10 45,9.:.0,5 

1101 - . - - . - 793 4J,2 Lu 1121 - . - - . - 87J.:.IO 44,2 

1121 -. - - . - 45J.:.JO 22,9.:!:,1,5 

Hf I 81 socet crelt.llo 463 23,J 
I 61 soct,.+N~ - . - 498 25,8 

w 1121 ce, +CCt~ KB8Pll 35J.:.IO 18,0.:!:,0,5 
I 31 ct, - . - ' 353 20,9 

1101 C£a - . - 283 15,5 

Re I 31 -. - - . - ; 288 16,2 
1121 c ea+ cce~ - . - i 315.:!:,5 16,1.:!:,0,3 

IIOI C£z -. - ! 33J 18,4 
I 

Os I Jl - . - - . - ' 333 18,6 I 

1121 Cl?.2 -t c c. e., - . - 1 J9J.:.5 19,9.:!:,0,3 
. 

I Jl ce 2 - . - I 848 50,1 I I 
Ir 1101 - . - l -. - 823 45,1 

1121 . ce> +-tee~ - . - ! 1008.:!:,20 51,1.:!:,1,0 
I 

I 31 ce:t - . - 543 32,0 

Pt 1101 - . - - . - 548 J0,2 
1121 ce, rcce - . - 803.:!:,50 40,5.:!:,2,6 

I 31 ce~~. - . - 46J 26,0 
Au ll21 ce2.rCC~,._ -. - 503.:!:,20 25,4.:.1,0 

Hg 1121 - . - - . - 353.:!:,20 18,0.:!:,1,0 

n 1121 -. - - . - 438.:.15 22 2+0 9 . -. 
Pb 1121 - . - - . - 588.:.25 29,8.:.1,3 

&'1 1121 - . - - . - 423.:!:,15 21,4.:!:,0,9 

De 1121 - . - - . - 563.:.20 28,6.:!:,1,0 

I 91 soce2. 1" Nl>f!, CT8UO 703 35,7 

Th I 91' so ce2 + 1.r-ce~ - . - 673 34,1 

I 21 ce:~. + cce~ 1tl!8.Pll 703 38,8 

11lJI - . - -. - 623 34,1 

I 91 SOCP-2 CTeltJIO 573 29,1 

I 91 soce2+ tJbC£5 - . - 573 29,1 
Po 12/ Cea +CCf\ KBBPII J68 20,6 

IIOI - . - - . - 368 20,4 

I 91 socea +-1..ct~ creltJlo 653 35,7 

u I 21 ce~~. + cct~ Kl!apll 6J3 34,1 

I 21 cce~+Ar- -. - 6J3 J8,8 

I 21 HCt + H2 - . - 823 34,1 
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Ta6nHua 4 

KoppenSIUHSI Me)l{.lly rennoro:H a.ncop6uim H CKpbiTbiMH 
rennoraMH ¢a3osoro nepexo.na 

- t.~ ~ (0,655t,0,042) Ll.!f'to3r. +(4,3;2,1)0,962; 

- L:.lfo. • (0,680t,0,05I) t. Jtl&o3r. +(5,2;2,8)0,966; 

- t.lfo. ~ (O,BJ5t,0,07J) A IflHcn. +(5,7t,2,4)0,94I 

Ta6nHua 5 

Te1111eparypa 
ljla30Boro 
nepexo,~;a 

291fK 

or.nJiaa. 

:r.x11n. 

Pe3ynhTaTbi onpe.neneHHSI Tennor a.ncop6UHH xnopH.llOB 
Cs , Pb H Bi no CKopocTH nepeMemeHHSI a.ncop6UHOHHo:if 
30Hbi s.nonb liHHe:HHoro TeMneparypHoro rpa.nHeHTa (no 
ypasHeHHID(5))H no TeMneparype oca)l{.neHHSI (no ypaBHe­
HHID ( 1 ) ) 

X..opu Ypu 118 IIIII Bplllll /q/ I -Ll.lt! [uu/lloul 
(I) 0,5 I 35,6 

0,75 35,0 

CsCf 
0,75 34,9 
I,O 34,4 
1,5 33,3 
2 5 33,4 

(5) 16,0! 2,0 

(I) o,I7 34,5 

Pb ce2. 
0,33 34,0 
0,75 33,2 
I 0 321 

(5) 15,1 !. 2,5 

(I) 0,33 22,1 
0,67 21,6 

Bi C~3 
1,33 21,3 
2.66 21,4 

(5) IJ,5 ! 2,5 
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Ta6nHua 6 

flHTeparypHbie .naHHbie o rennorax a.ncop6UHH xnopHllOB 
HeKOTOpb!X MeTallliOB 

:Juuewr Ccw.ua XAOPIIPYiliUIA aren .UcopOe!IT Tenxota aACopOn•• 
-A~ (Jt!UIJI/IIOJIL) 

Na III Nbce"~ + z,... ce~ Creuo 35,0.!. I,O 

sc /1/ Nbce. + z,-ce. - . - 36,0 + 2,0 

/4/ - i'Jia<l>lrT 14 J 

Zr /II Nbce~ + z,...ce. CteltliO 20,0 

/5/ cceu KBapn 21,6.!. 2,3 

/8/ so cell Cte!UIO I8 0 

/9/ soc e.. - . - 17,4 

Nb III NbC€. +'lr-Ce .. - . - 18,0 

/4/ - i'pa411T I3,8 

/5/ cce .. Kaapn 23,7 .!. 2,5 

MO /5/ cce .. -. - I7,2.!. 3,I 

/8/ _c.:: nee. Cte!UIO 29,0 

In III NbCtrr+ZrCf, -. - 31,0 

/9/ ~ ce .. - . - 30,6 

Sb /10/ ce. Kaapn 55,0 

Te /5/ cce .. - . - 20,3.!. 2,7 

cs /IO/ ce .. -. - 95,0 

Ce /IOI ce~. +Cce~ - . - 20,0 

~]]>~- III NbCetr+ Zr( e. CteLIO J8 

-!Bi ~soc e. .. - . - 22 3 

Hf 181 -soc e. +NbCe .. - . - 23,0 

III NbCe6+7rC1.· - . - 20,0 

/91 soce~. - . - 2I,O 

Ta 181 soce._ - . - 200 

/4/ - i'pa4llr IJ,5 

/61 soce._+Nbcf.,. CTtLIO J6,7 

Th 16/ s oce._ + t_,-c e. - . - 32,6 

III NbCtc +ld e. - . - 34,7 .!. 0,3 

181 -soc e.. -. - 29,5 

Pa. /8/ s >ce. +NJ..CP.,. -. - 29,I 

I /IO/ ( +CC e .. Kaapn II5,0 

u 181 s )ce. + ~ ,.Cll_. ~ILIO 31 8 

Cf III " bet..-+ lrCil_. -. - J8 

re III " II II - . - J8 

ll.u III -11-11--11- - . - 21,5.!. 1,5 

llpa BbiBO~e cool-uoweuaii /2/ H /3/ c~enaH pll~ CHJlbHO 
ynpomaromax ~onymeuaii, KOTopble MoryT npaoecTH K 6onL­
WHM CHCTeMaTH'IeCKHM OWH6KaM. Bb160p CKpbiTOH TennOTbl 
nepexo~a ~enaeTCll npQH3BOllbHO. 3TO, KOHe'IHO, npHBO~HT 
K CHCTeMaTH'IeCKOH OWH6Ke, 06ll{all WHpHHa oapHaU,HH KOTO­
poii MO)I(eT ~OCTHraTb 30'fo, HO nonyqeHHble pe3yJlbTaTbl 
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COOTBeTCTByooT nocne~OBaTellbHOCTH OC~~eHHfi B KOllOH· 
Ke c TeMnepaTypHbiM rpa.IJ.HeHTOM. Xopowee coana~eHHe 

3Ha'leHHB TennOT a~cop6UHH B cnyqae HCnOllb30BaHHfi B Ka­
qeCTBe cKpbiTOB TennoTbl nepexo~a ~ H ~en. lnpu TeMnepa­
Type KHneHHBI B ypaBHeHHH 141 C Bbl'IHCneHHbiMH 3Haqe­
HHfiMH lma6/l. 4,61 fiBnfieTCfi, no·BH~HMOMy, cny'laHHbiM. 
llo3TOMY ~nfi Bbl'IHcneHHB TennoTbl a~cop6uuu no ypaaHe­
HHIO 141 3apaHee Hellb3fi OT~aTb npe~nO'ITeHHe O~HOB H3 
CKpbiTbiX TennoT nepexo~a. MeTO~, onHCbiBaeMbiB ypaBHe­
HHfiMH 121-141, npuro~eH nHWb ~nfi npu6nH3HTenLHbiX oue­
HOK TennOTbl a~cop6UHH. 

Onpe~eneHHe TennoTLI a~cop6uuu no ypaBHeHHIO I 11 npu 
H3BeCTHOB TeMnepaType OCa)l{~eHHfi HY)I{HO C'IHTaTb HaH6o­
nee TO'IHLIM MeTo~oM, T .K. pe3ynLTaTbl xopowo cornacyooT­
Cfi C llHTepaTypHbiMH ~aHHbiMH, KOTOpble nony'leHbl ~pyrHMH 
cnoco6aMH I ma6/l. 4,61 H, B qacTHOCT~, TepMo~HHa­
MH'IecKHMH. 

·B 3aKnro'leHHe HY*HO npoaepHTb BnHBHHe H3MeHeHHB 
nepeMeHHbiX ypaBHeHHB I 11 Ha TO'IHOCTb Bbl'IHcneHHB Tenno­
Tbl a~cop6uuu. Ha puc. 2 ~nB onpe~eneHHB TennoTLI a~cop6-
UHH rHnOTeTH'IeCKHX 3neMeHTOB TeMnepaTypa OC~~eHHfi 

npe~CTaBneHa KaK <iJyHKUHfi OT~enbHblX He3aBHCHMblX nepe-

~So 
As 0 a -MeHHblX o a HnH exp R- , s , t r , v0 H a . 

llpH 3TOM npHHHManHCb cne~yiOJUHe MO~enbHble ycno­
BHB: tr = 60 MUH; v0 = 20 M/I.MU.H- 1 ; a = -20 zpao.cM- 1 ; 
s = 10 cM 2; ~so = -41 Ka/I.MO/Ib- 1 · zpao- 1 ; T 5 = 1273°K. 

Bo3~eB:cTBHB acex B03MO)I{HblX cnyqaB:HbiX OTKnoHeHHB 
He3Ha'IHTenbHbl no cpaBHeHHIO C CHCTeMaTH'IeCKHMH OWH6-
KaMH npH onpe~eneHHH cpe~HeB BenH'IHHbl noBepXHOCTH H 
3HTponuu a~cop6uuu. ITocKonLKY 3a s 1 npHHHManacL reo­
MeTpuqecKaB noaepxHOCTb a~cop6eHTa, a 3a ~S~- 3Haqe­
HHe, OTBe'laiOIUee 6onLWeB nOMH)I{HOCTH MOneKyn a~cop-
6aTa, TO no npe~cTaBneHHblM 3aBHCHMOCTBM I puc. 21 MO:>KHO 
oueHHTb, cKopee, aepxHue rpaHHULI ~H~ . CucTeMaTH'IecKaB 
OWH6Ka MO)I{eT, no-BH~HMOMy, ~OCTHral'b 30~o. 

TaKHM o6pa30M, onpe~enBeMaB no ypaBHeHHIO 111 Ten­
noTa a~cop6uuu cny)I{HT npe*~e acero B Ka'leCTBe cpaBHH­
TenLHOH BenH'IHHbl ~nfi COnOCTaBneHHfi pe3yllbTaTOB TepMo­
xpoMaTorpa<iJH'IeCKHX uccne~oBaHHB npu pa3nH'IHbiX ycnoBHBX 
H ~nfi nnaHHpOBaHHfi 3KCnepHMeHTa. 
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Puc. 2. 3aaucuMocmb meMnepamypbl ocaJICoeuu.R TA ( °K) zu­
nomemu'lecKux aefllecma c 3aOaHHbiMU 3Ha'leHUJIMU - ~H~ 
om 3Hmponuu aocop6ijuu ~ S 0 u 3KcnepuMeHma/lbHbiX napa-
Mempoa. a 

ABTOpbl 6naro~apHbi aKa~eMHKY r .H.<I>nepOBY 3a HH­
Tepec H BHHMaHHe K pa6oTe. 
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