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OOPE,llE.JIEHHE TEMIIEPATYPHOH 3ABHCHMOCTH TEIIJIOEMKOCTH 
,ll.JUI HEKOTOPbIX MOJIEKYJUIPHhIX KPHCTAJIJIOB HHTPOCOE,ll;HHEHHH 

llpo8eOen ananu3 C)'UlecmBylOUJUX npu6Auxenuu OM/. onucanuR. 3a8UCUMocmu mervzoeMKocmu npu nocmo
R.HHOM o6beMe om meMnepamyp"bl Mo11e,ryM1.pno20 KpucmaJlJla. lloKa3aHo, 'Imo pacCMompeHH"ble npu611u:>1eeHUR. 
,!Je6aR. u 3unwmeuna ne no380MI./Om aOeKeamno onuc"bleamb 308UCUMOCmb mervzoeMKocmu npu nocmoRHHOM 
o6beMe om me.Mnepamyp"bl Mo11e,ryM1.pH"blX KpucmaJlJI06 numpocoeOuHenuu. ,aannoe 3aKJ110'leHue mpe6yem pa3-
pa6omKU cnelJUOJlbH"blX npu611u:JK:enuu, onucb1ea,ou,ux KaK HU3KO'lacmomny,o, maK u 6"blCOKO'lacmomHy,o 1Jacmu 
Ko11e6ame.t1bH"blX cneKmpoe Mo11e,ryM1.pHblX KpucmaJlJI06. B oa1-11-1ou pa6ome npeocmae11ena ynueepcanbHaR. 3aeucu
MOCmb, n0380Ml.lOUJaR. onuc"bleamb 3aeucUMocmb mervzoeMKocmu npu nocmoR.HHOM o6'beMe om me.Mnepamypbl OM/. 
pR.Oa MOJ/eK)'Ml.pH"blX KpucmaJlJI06 Humpocoeou1-1e1-1uu. 

Ju11o'let1we CJ1ot1a: ypae1-1e1-1ue cocmoR.HUR., Mo11e,ryM1.pH"blU K[JUCmaJIJl, 3HepzuR. I'e.nbMWllblJa, nocmoR.HHaR. 
ll11aHKa, nocmo.R.HHaR. Eo11btf.Ma1-1a, npu611u:JK:enue ,!Je6aR., npu611u:>1eeHue 3unwmeu1-1a. 

Bee.n;eHHe. IlepcrreKTHBHOe HCIIOJib30BaHHe B3pbIBHbIX rrpou,eccoB B p11.n;e orpacneH COBpeMeHHOH TeXHHKH 

TeCHO CBH:3aHO C pa3BHTHeM MaTeMaTH'leCKHX MO.n;eneH, a.n;eKBaTHO OIIHCbIBMOW:HX q>H3HK)' 6bICTporrpoTeKalO

Ill,HX rrpou,eccoB. 3aKOHbl coxpaHeHHH MaCCbl, HMrryJILCa H :meprHH Jie)l(aT B OCHOBe MaTeMaTH'leCKHX Mo.n;eneH 

MeXaHHKH CIIJIOIIIHblX cpe.n;, TepMO.U:HHaMHKH, 3JieKTPO.U.lrnaMHKH HT . .n;. O.n;HaKO 3aKOHbl coxpaHeHHH: He HBIDIIOTCH: 

3aMKH)'TOH CHCTeMOH. Tpe6yIOTCH 3aBHCHMOCTH Me)l(,Zl.y BXO.n;H:ll.lHMH B ypaBHeHHH coxpaHeHHH: BeJIH'lHHaMH -

ypaBHeHHH: COCTOHHHH. YpaaHeHHH COCTORHHH orrpe.n;eJIHIOT <pyH.n;aMeHTaJibffYIO CBH:3b Me)l(,Zl.y TepMO,ZI.HHaMH'le

CKHMH rrapaMeTpaMH, He 3aBHCH:mylO OT crroco6a .n;oCTH)l(eHHH Tex HJIH HHbIX 3Ha'leHHH 3THX rrapaMeTpOB. MaTe

MaTH'leCKHe MO.n;eJIH TepMO,D:HHaMH'leCKHX CBOHCTB aemecTBa B pa3JIH'lHbIX o6JiaCTHX <pa30BOH .n;HarpaMMbl rro

CTOH:HHO COBeprneHCTBYIOTCH. ~ aHaJIH3a H rrpoaepKH a.n;eKBaTHOCTH rrpe.n;JiaraeMbIX MaTeMaTH'leCKHX MO.n;eJieH 

~6yeTCH: HaJIH'lHe 3KCrrepHMeHTaJibHblX .n;aHHbIX B IIIHpOKOM .n;HaIIa30He TeMrrepaTYP H .n;aBJieHHH. HeCMOTPH: Ha 

TO, 'ITO peweHHIO 3TOH 3a,D:a'lH IIOCBH:ll.leHO ,ZI.OCTaTO'lHO 60JibIIIOe KOJIH'leCTBO KaK 3KCrrepHMeHTaJibHbIX, TaK H Te

opeTH'leCKHX pa6oT, TeopHH IIOCTP0eHHH ypaBHeHHH COCTOH:HHH MOJieK)'JIHpHbIX KpHCTaJIJIOB HffTPOCOe.n;HHeHHH 

.n;aneKa OT CBOero 3aBeprneHHH. 3TO CBH:3aHO C TeM, 'ITO TeopeTH'ieCKOe orrpe.n;eJieHHe 3aBHCHMOCTeH, xapaICTe

pH3YlOLl.lHX IIOBe.n;eHHe TBep.n;LIX B3pbIB'iaTLIX BeIIJ,eCTB (BB), KOTOpble OTHOCH:TCH K MOJieK)'JIHpHbIM KpHCTaJIJiaM, 

OCJIO)KHHeTCH: 60JibIIIHM 'lHCJIOM BHYTPeHHHX creneHeH CB06o.n;bl MOJieK)'JI, BXO,ZI.H:lllHX B COCTaB MOJieK)'mipHoro 

KpHCTaJIJia HffTPOCOe.n;HHeHHH. 

B CBH:3H C TPY.U.HOCTblO pac1JeTa Me)l('laCTH'lHOro B3aHMO,D:eHCTBHH B MOJieK)'JIHpHbIX KpHCTaJIJiax OIIHCaHHe 

TepMO,D:HHaMH'ieCKHX xapaKTepHCTHK o6bl1JHO ocymecTBJIHeTCH: B paMKax IIOJIY3MIIHpH'leCKHX rro.n;xo.n;oB, KOr.n;a 

cpyHKIJ,HOHaJibHaR 3aBHCHMOCTh TepMO.U:HHaMH'leCKOro II0TeHU,HaJia orrpe.n;eJIHeTCH HCXO.n;H: H3 TeopeTH'leCKHX co

o6pa)l(eHHH, a Bbl60p HeKOTOpbIX K03q>q>HU,HeHTOB 3TOH 3aBHCHMOCTH paCC'IHTbIBaeTCH: H3 ycJIOBHH: HaHJiy'lrnero 

COBrra.n;eHHH C 3KCrrepHMeHTaJibHblMH .n;aHHblMH. 

TepMO.U:HHaMH'leCKHe CBOHCTBa aemecTBa II0JIH0CTblO orrpe.n;emIIOTCH, eCJIH H3BecTeH o.n;HH H3 TepM0,ZI.H

HaMH'leCKHX rroTeHU.HaJIOB. Y.n;o6Ho HCXO.U.HTL H3 onpe.n;eneHHH: cao6o.n;HoH 3HeprHH fen1,Mron1,u,a (Helmholtz) 

F(V, T), KOTOpM HaH6onee IIpOCTblM o6pa30M CBH3aHa C MO,D:eJiblO CTPOeHHH aemecTBa [1-3]: 

F = U + Eo + kTL In (1 - exp (- hroa)), Eo = .!. L hroa . (1) 
a kT 2 a 

IO)KHo-YpanbCKHH rocy.n;apcTBeHHbIH yHHBepcHTeT (Hau,HOHaJibHbIH Hccne.n;oBaren1>cKHH yHHBepcHTeT). 

PoccHR, 454080, r. 1IeJIR6HHCK, rrpocrr. JleHHHa, 76; 3-no'lTa: yum_kov@mail.ru. IlocryrrHna 24.07.2017. 
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10. M KOBAJIEB, B. <t>. KYPOIIATEHKO 

3.D,ec1, U - 3Hepmx BJaHMO.D.eikTBWI Me)K)zy aTOMaMH, V - y,u;en1,u1,1if omeM, T - TeMneparypa rena, 

h - nocro.srHHru1 IlrraHKa (Planck), k - nocro.srHHa.ll oOJibl{MaHa (Boltzmann), roa - qacroTa HOpMa.rrbHblX 

KOJie6aHHH, Eo - 3HeprWI H)'JieBI,IX KOJie6aHHH. CyMMHpOBaHHe B q>OpM)'Jie (1) np0B0.D,HTC51 KaK no qaCTOTaM 

KOJie6aHHH MOJieK)'JI, o6pa3)'10mHX KpHCTaJIJI, TaK H no 'IaCTOTaM KOJie6aHHH ITTOMOB, BXOMmHX a COCTaB MOJieK)'JI. 

EcnH H3BecTeH B~ <pyHKIIHH cso6o.D,HOH 3HeprnH fen1,Mron1,11a F(V, T) H onpe.D,enem,1 see 3Ha1IeHW1 

napaMeTpOB, BXO.D,HmHx a ee onHCaHHe, TO .D,H<p<pepeHIIHpOBaHHeM MOryT 6bITb Hait,neHbl BblpIDKeHWI .D,JI51 Bcex 

H3Mep.sreMbIX H Bbl'IHCJI51eMbIX TepMO.D,HHaMH'IeCKHX BeJIHqHH: 

S = -(BF) 
oT ' V 

E=F+TS, 

p = -(oF) oV ' r 

C = T (8S) 
P oT ' p 

C = T (8S) 
V oT 

V 

B Hacro.srmee BpeM.sr npHH.srTO cqHTaTb, qTQ B ypaBHeHWI COCT051HWI MOJieK)'AApHbIX KpHCTaJIJIOB BXO~ 

.D,Be COCTaBAAIOmHe: renJIOBa.ll H 
11
XOJIO.D,Ha.ll

11 [4, 5]. TemIOBa.ll COCTaBJI51IOill,a.ll onpe.D,eJI51eTC51 KOJie6aTeJibHblM 

.D,BIDKeHHeM MOJieK)'JI, BXOMill,HX B COCTaB KpHCTaJIJia, a XOJIO.D,Ha.ll - H3MeHeHHeM 3HeprHH B3aHMO.D,eHCTBWI 

KaK BH)'TpH MOJieK)'Jibl, TaK H Me)K)zy MOJieK)'JiaMH, BXO.D,.srmHMH B COCTaB KpHCTaJIJia, B 3aBHCHMOCTH OT omeMa. 

CB513b Me)K)zy TeilJIOBOH H XOJIO.D,HOH COCTaBJI51IOill,HMH onHCbIBaeTC.sl 3aBHCHMOCTbIO K03<pq>HIIHeHTa fpIOHaH-

3eHa (Gruneisen) OT y,n:eJibHOT'O o6'beMa H 51BJI51eTC51 o,n:HOH H3 OCHOBHbIX 3a.D,a'I npH nOCTpOeHHH ypaBHeHHH 

COCT051HWI TBep.D,blX TeJI. 3aBHCHMOCTb K03<pq>HIIHeHTa fpIOHaibeHa OT y.D,eJibHOT'O o6'beMa MO)KeT onpe.D,eJI51TbC51 

qiopM)'JiaMH Jlatt.D,ay-CneHTepa (Slater), ,l(yr.D,a.rra-MaK-,notta.rrb.D,a (Dugdale-McDonald) HT . .D,. [1]. 

IlepBbIM rnaroM npH MO.D,eJIHpOBaHHH TenJIOBOH COCTaBJI51IOmeH ypaBHeHHH COCT051HH51 51BJI51eTC51 onpe

.D,eJieHHe <pyHKIIHOHaJlbHOH 3aBHCHMOCTH TeDJIOeMKOCTH OT TeMneparypbI. B CB513H C TeM, qro opraHH'IeCKHe 

MOJieK)'JI51PHble KpHCTaJIJibl 51BJI51IOTC51 TepMH1IeCKH MaJIOCTOHKHMH, JierKonJiaBKHMH H cy6JIHMHpYIOmHMH ~e 

npH HH3KHX TeMneparypax, 3KCnepHMeHTaJibHbie 3aBHCHMOCTH TeilJIOeMKOCTH OT TeMUeparypbl B IIIHpOKOM .D,Ha

Ila30He H3BeCTHbI .D,JI5I Y3KOT'O Kpyra semecTB B ra30BOH <pa3e [6, 7]. B TO )Ke BpeM.sr 'AJI5I 11enoro p.sr.u.a 6blCTpO

nporeKaIOill,HX npo11ecc0B HHTepec npe.n:cTaBJI51eT IlOBe.D,eHHe TBep.D,bIX opraHH'IeCKHX semeCTB B o6JiaCTH Bbl

COKHX .D,aBJieHHH H TeMneparyp, .D,JI51 KOTOpbIX 3KcnepHMeHTaJlbHble .D,aHHbie no 3aBHCHMOCTH TeDJIOeMKOCTH OT 

TeMneparyp1,1 OTCYTCTBYIOT. B .D,aHHOM cnyqae e.D,HHCTBeHHOH B03MO)KHOCTbIO OIIeHKH IlOBe.D,eHWI TennoeMKOCTH 

51BJI51eTC51 pa3pa6oTKa pa3JIH1IHbIX pacqeTHbIX cxeM [8, 9]. 

I.J;eJibIO .D,aHHOH pa6oTbI 51BJI51eTC51 C03.D,aHHe pac1IeTHOH cxeMbI .D,JI51 onpe.n:eneHWI 3aBHCHMOCTH TennoeMKO

CTH OT TeMneparyp1,1 .D,JI51 MOJieK)'JI.slpHbIX KpHCTaJIJIOB HHTpOCOe.D,HHeHHH, ODHpaIOill,eHC.sl Ha COBpeMeHHble 3KC

nepHMeHTaJlbHbie ,n;aHHble [10, 11]. 

AHaJIHl npu6JIH)KCHHH l).JIR onucaHHH 33BHCHMOCTH TenJIOCMKOCTH OT TeMneparypbl .D,JIH MOJietcy

JIHpHblX KpHCT8JIJIOB HHTpocoel).HHeHHH. ~ onpe.D,eJieHWI 3aBHCHMOCTH TeDJioeMKOCTH OT TeMneparypbl 

'AJI5I TBep,n:1,1x semecTB IIIHpoKoe pacnpocTpaHeHHe nony1IHJIH npH6nmtceHW1 ,ne6a.sr (De bye) HJIH 3HHIIITeHHa 

(Einstein). HaH6onee npocTOH cnoco6 nony1IeHH.sr 3Ha'IeHHH xapaKTepHCTH1IecKoii TeMneparypbI ,ne6ru1 3TO aua

JIH3 3aBHCHMOCTH TeDJIOeMKOCTH OT TeMneparypbI. O.D,HaKO y)Ke 3.D,eCb HaqHHaIOTC.sl npo6JieMbl. J,fa noTeHIIHaJia 

feJibMT'OJibIIa JierKO onpe.D,eJI51eTC51 TennoeMKOCTb npH IlOCTO.slHHOM 061,eMe Cv' a B 3KCnepHMeHTe nonyqaIOT 

.D,aHHbie no TennoeMKOCTH npH IlOCTO.slHHOM ,n:aBJieHHH Cp. B CHJIY Toro, 'ITO npH TeMneparypax npoBe.D,eHWI 

3KCnepHMeHTOB npHCYTCTBYeT aHrapMOHH3M, TennoeMKOCTH npH IlOCTO.slHHOM o6'beMe H IlOCTO.slHHOM .D,aBJieHHH 

He C0Bna,naIOT. JierKO IlOKa3aTb, qTo CB513b Me)K)zy TennoeMK0CT.slMH onpe.D,eJI51eTC51 paBeHCTB0M 

2 
Cp -Cv = T ~ V 

Pr 
r.D,e a - H306apH1IecKHii K03<pq>HIIHeHT o6'beMttoro pacrnHpettWI; Pr - H30TepMH1IecKru1 C)KHMaeMOCTb. 

JierKO onpe.D,eJIHTb CB513b Me)K)zy TennoeMKOCT.slMH H C)KHMaeMOCT.slMH 
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OIIPF,,l(EJIEHHE TEMIIEPATYPHOH 3ABHCHMOCTH TEIIJIOEMKOCTH 

Ps Cv 
= 

Pr Cp' 

r,ne Ps - a,n:Ha6arW:1eCKW1 C)KHMaeMOCTh. B cH.rry roro, qro a,n:Ha6arW:1eCKW1 C)KHMaeMOCTh CBH3aHa c a,n:Ha6a

TW:1ecKOH CKOpOCTblO 3ByKa CS COOTHOIIIeHHeM BH,na 

c2 V 
s = Ps' 

JierKO onpe,neJIHeTCH CBH3I, a,n:Ha6aTH':leCKOH C)KHMaeMOCTH H a,n:Ha6aTHqecKOH CKOpOCTH 3ByKa C H3BeCTHI,IMH H3 

3KCIIepHMeHTa TepMO.D:HHaMHqeCKHMH rrapaMerpaMH [12, 13] 

V Ta. 2V Ps = - = Pr - -- • cl Cp 

IlpHBe,neHHhie BI,Illle COOTHOIIIeHHH 1103BOJIHIOT onpe,neJIHTI, BI,Ipa)KeHHe .D:JIH TeIIJIOeMKOCTH rrpH IIOCTOHHHOM 

061.eMe, B KOTOpoe BXO.D:HT TeIIJIOeMKOCTI, IIpH IIOCTOHHHOM ,naBJieHHH, H3o6apHqeCKHH K03q>q>HIJHeHT 061,eMHO

ro paCIIIHpeHHH, a,n:Ha6aTW:1eCK!UI CKOpOCTI, 3ByKa H TeMrreparypa: 

2 
C - Cp 

v - Cp + Ta. 2C& . 

B KaqecTBe HCXO.D:HhlX ,naHHhIX .D:JIH orrpe,neJieHHH HaqaJII,HOro TeIIJIOBOro COCTOHHHH MOJieKYJIHPHOro KpH

CTaJIJia 6hIJIH HCIIOJII,30BaHI,I 3KCrrepHMeHTaJII,Hhie 3HaqeHHH COOTBeTCTBYIOIUHX BeJIH'IHH, rrpHBe,neHHI,Ie B cnpa

BOqHHKaX flHBepMOpCKOH [10] H noc-ArraMOCCKOH HaIJHOHaJII,HI,IX Jia6opaTOpHH [11]. B Ta6JI. 1 npHBe,neHhl 

KpHCTaJIJII,J HffTPOCOe,nHHeHHH, .D:JIH KOTOphlX H3BeCTHI,I 3KCIIepHMeHTaJII,Hbie ,naHHhie 110 TeIIJIOeMKOCTH rrpH 

IIOCTOHHHOM ,naBJieHHH, H3o6apW:1eCKHM K03q>q>HIJHeHTaM 061,eMHOro paCIIIHpeHHH, a,n:ua6aTH':leCKOH CKOpOCTH 

3ByKa. 3KcnepHMeHTaJII,HI,Ie ,naHHI.Ie H3 Ta6JI. 1 no3BOJIHIOT onpe,neJIHTI, TeIIJIOeMKOCTI, npH nOCTOHHHOM 061,eMe 

H anpo6HpOBaTI, pa3JIHqHI,Ie Mo,neJIH onucaHHH ee noBe,neHHH B 3aBHCHMOCTH OT TeMneparyphI. 

llpu6Jzu:J1CeHue /(e6aJ1.. Cne,nyH TeopHH ,[l;e6W1, 3aMeHHM B Kone6aTeJII.HOH qacTH CB060,n:HOH 3HeprnH 

fen1,Mron1,11a peanI.HhlH cneKrp Kone6aHHH napa6onoif, o6opBaB ee Ha HeKoropoif qacroTe. C 3TOH 11en1,10 nepe

nu11IeM BI,Ipa)KeHHe (1) .D:JIH CB06o,n:HOH 3HeprHH feJibMfOJII,IJa B BH,ne 

( 

T )3 e; 
F = U + E0 + 9NRT - f ;2 In (1 - exp(-;)) d;, 

0o o 
(2) 

r,ne R - yHHBepcanI.HWI raJOBWI nocroHHHaH, ,neneHHWI Ha MOJieKYJIHPHYIO Macey BemecTBa µ, N - qucno 

aroMoB B MOJieKYJie, 00 - xapaKTepHCTHqecKaH TeMneparypa ,[l;e6W1. 

HHTerpHpyH no qacTHM BI,Ipa)KeHHe ,nJIH KOJie6aTeJibHOH COCTaBJIHIOIIJeH CBo6o,nHOH 3HeprHH feJibMfOJII,IJa 

F(V, T) (2) u BBOM q>yHKIJHIO ,[l;e6aH D(x) no q>OPMYJie, npHBe,neHHOH B MOHOrpaq>HHX [12, 13] 

Ta6JIHIJa 1. TenJIOBble napaMeTpbl ,!J.JIH ypasueHHH COCTOHHHH KpHCT8JIJia 

IIapaMerpbI 
Ha3BaHHe coe,nHHeHHH 

feKCOreH T3H TATli TpoTHJI 

µ, KrfKMOJU, 222.13 316.50 258.18 227.13 

Po, Kr/M 
3 1806.0 1778.0 1937.0 1653.0 

Cp, ~(Kr·K) 1.1260 1.0880 1.0054 1.1260 

Cv,~(Kr·K) 1.0533 1.0105 0.9995 1.1222 

To,K 298.0 293.0 293.0 293.0 

Cso, Mic 2650 2320 1.4390 2200 

a-10-3 K-1 

' 
0.1927 0.2300 0.0995 0.0516 
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IO. M KOBAJIEB, B. <1>. KYPOllATEHKO 

X 

D(x) = 2_ J1;3 di; ' 
x3 exp I; - 1 

0 

nonyqaeM BbiproKeHHe ,Il;JUI COCTaBJUIIO~eH CB06o,n;HOH :meprnH feJI1>MroJI1>Qa B TepMHHax xapaKTepHCTH'ieCKHX 

TeMnepa'I)'p: 

F = U + Eo + 3NRT ( In (1 - exp (-x0 )) - D;o), (3) 

80 
r,n;e Xo = -. EcJIH npo,n;mpq>epeHQHpOBaTb ,Il;BruK,ll;hl Bblpa)KeHHe (3) no TeMnepa'I)'pe npH nOCTOHHHOM 

T 
ofu.eMe, nOJIY'IBM BbipIDKeHHe .LIJUI TeITJIOeMKOCTH npH nOCTOHHHOM 061,eMe B npH6JIH)KeHHH .z:t:e6a,i- B repMHHax 

xapaKTepHCTH'ieCKHX TeMnepa'I)'p: 

Cv = 3NR (4Dx0 -
3xo ) . 

exp x0 - 1 
(4) 

JlerKO nOKa3aTb, qro Bhlpa)KeHHe, CTOH~ee B CK06Kax npaBOH qacTH q>OpM)'Jihl (4), ecn pe3yJI1>TaT HHTerpHpO

BaHHH no qaCT.ll.M cpyHKQHH TennoeMKOCTH .z:t:e6a,i- Dc(x), KOTOpaH onpe,n:eJUleTC.ll. cneey10~HM BwpIDKeHHeM: 

X 

Dc(x) = 2_ f 1;4 exp I; di; . 
x3 

0 
exp I; - 1 

<l>YHKQHH .z:t:e6a,i- D(x) H cpyHKQHH TennoeMKOCTH .z:t:e6a,i- Dc(x) 3aTa6ynHpOBaHhl H npe,n:CTaBJieHbl B cnpa

BOtJHOH JIHTepa'I)'pe no CTaTHCTHtJeCKOH repMO,Il;HHaMHKe [12]. 3Ha'ieHJUI xapaKTepHCTHtJeCKHX TeMnepa-ryp B 

npH6JIH)KeHHH ,l(e6a,i- npHse,n:eHhl s Ta6n. 2. 

B COOTBeTCTBHH C TeOpHeH .z:t:e6a,i xapaKTepHCTHtJeCKHe TeMnepa'I)'phl Bbl'iHCJUIIOTCH no 3KCnepHMeHTaJIJ,

HhlM 3Ha'ieHHHM npo,n:OJil>HOH H nonepetJHOH CKOpOCTeH 3ByKa [10) H ,Il;JUI paccMaTpHBaeMbIX KpHCTaJIJIOB Haxo

,n:HTC.ll. B .ll.HaITaJOHe -90-160 K. lfa Ta6n. 2 BH.ll.HO, 'iTO npHse,n;eHHbie 3Ha'ieHJUI xapaKTepHCTHtJeCKHX TeMnepa

TYP Haxo,n:HTCH 3Ha'iHTeJI1>Ho Bwrne yKaJaHHOro .n;HanaJoHa. 

ECJIH .LIJUI O,n:HOaTOMHOro se~eCTBa C cpH3HtJeCKOH T0t{}(ff 3peHID1 MO,ll.eJIJ, 3iiHllITeiiHa npe.zx.cTaBJUleTCH Ma

nopeanHCTHtJHOH, ro .ll.IDI MOJieKY~HblX KpHCTaJIJIOB, KIDK,n:aH MOJieKYJia KOTOphlX HMeeT CBOH Ha6op qaCTOT, 

'iaCTb cneICTpa, COOTBeTCTBYIO~aH onTH'ieCKHM qacTOTaM, MO)KeT 61>1Tb npH6JIH)KeHHO onHCaHa 3HHlllTeHHOB

CKOH MO,ll.eJibIO [12]. 

llpu6llU:JICeHue 3uHutmeima. CneeyH TeOpHH 3iiHlllTeHHa, 6y,n:eM C'iHTaTb, 'iTO see KOJie6aTeJibHbie MO.ll.bl 

HMeIOT 0.ll.HY H TY )Ke tJaCTO'I)', H 3aMeHHM B KOJie6aTeJil>HOH qacTH CB060,ll.HOH 3HeprnH feJ11>MroJI1>Qa pean1,

Hl>IH cneICTp Kone6aHHH o.zx.Hoii 3q>cpeKTHBHOH qacroroH. B 3TOM cnyqae Bl>IpIDKeHHe ,n;IDI cBo6o,n:Hoii 3HeprnH 

f eJibMroJIJ,Qa HMeeT CJieeyIOIQHH BH,n;: 

F = U + Eo + 3NRT 1n (1 - exp (-
0; )) , (5) 

r,n;e eE - xapaKTepHCTH'ieCKaH TeMUepa'I)'pa 3HHlllTeHHa • .z:t:HcpcpepeHQHpy,i- .ll.B~bl BbiproKeHHe (5) no TeM

nepa'I)'pe npH noCTOHHHOM 061,eMe, nOJIY'iHM BbipIDKeHHe .ll.JUI TennoeMKOCTH npH nOCTOHHHOM 061,eMe B npH-

6JIH)KeHHH 3HHlllTeHHa: 

Ta6JIHQa 2. 3ua'leHHH xapaKTepucTH'lecacux TeMnepa-iyp B npu6Jiuxceueu JJ:e6aH 

IlapaMerp1>1 
Ha3saHHe coe.n;HHeHHH 

feKcoreH T3H TATE TpoTHJI 

Dc(x) 0.4466 0.4417 0.4250 0.4866 

XO 4.40 4.41 4.55 4.11 

80 1311.2 1292.1 1333.1 1204.2 

300 11<1>)1(. ToM 91, N2 2 



OITPE,[(EJIEHHE TEMIIEPATYPHOH 3ABHCHMOCTH TEITJ/OEMKOCTH 

Ta6nnua 3. 3Ha'leHHR xapaKTepBCTHlfeCKHI TeMnepa'I)'I) e npHOJJIOKeHHH 3iiHWTeiiHa 

IlapaMeTphl 
HaJBaHHe coe,nHHeHIDI 

reKCOreH T3H TAT6 TpoTHn 

X£ 3.24 3.25 3.34 3.05 

0E 965.5 952.3 978.6 893.6 

C 
_ 3NRxi exp XE 

V - 2 ' 
(exp XE - 1) 

8 
r.ne XE = i , lfaaeCTHO [12], qro 3H3'iCHIDI TennoeMKOCTH npH IlOCTOHHHOM OObeMe, onpe.ll,eJieHHbJe no Teo-

T 
PIDIM ,[(e6lUI H 3HHWTeHHa, COBilaJJ,alOT a TOM c.rryqae, KOr)J.a 8E = 0.77580, T. e. xapaKTepHCTH'iCCKHe TeMne-

parypbl 3HHWTeHHa ,llJUI paCCM3TpHBaeMbJX B pa6ore KpHCTanJIOB HHTpOCOC)J.HHCHHH .ll0Jl)Kffb) HaXO.llHTbCH B 

JJ,HanaJOHe TeMneparyp - 70-125 K. 3HaqeHIDI xapaKTepHCTHqecKHX TeMneparyp B npH6JIIDKCHHH 3HHWTeHHa, 

onpe.ll,eJieHHble no 3KCnepHMCHT3nbHblM )J.aHHb]M .llJUI TennoeMKOCTeH H3 Ta6JI. 1, npHBC)J.CHbl B Ta6JI. 3. BH)J.HO, 

'ITO no.rryqeHHbie 3HaqeHIDI xapaKTepHCTH'ieCKHX TeMneparyp B npH6JIH)KeHHH 3HHIIITeHHa He nonaJJ,aJOT B yKa-

3aHHblH BbIWe )J.HanaJOH. 

llpu6!lu:>1eeHue KumaiizopoiJcKozo. B pa6orax A.H. KHTaiiropOJJ.CKoro [13] no 113yqeHn10 TepMO)J.HHaMHKH 

MOJICKYJUIPHblX KpHCTanJIOB 6blJIO BbJCKaJaHO npe)J.IlOJIO)KCHHe O TOM, qro .llJUI OIIHCaHIDI noBe)J.CHIDI opraHnqe

CKOro MOJieKYJUIPHOro KpHCTanna uenecoo6pa3HO pa36HBaTb ero TepMO)J.HHaMH'ieCKHe <PYHKUHH Ha MC)KMOJie

KYJUIPHble H BHYTpHMOJICKYIDIPHble. Me)l(MOJieKYJUIPHlUI qacTb cneKTpa cocTojJJia HJ wecTH Kone6aHHH Ha Mone

KYJIY: TpH KOJie6aHIDI - KOJie6amu1 ueHTpa TH)l(CCTH MOJICKYJibl, a TpH KOJJe6aHHH - KOJie6aHHH yrnoa 3iinepa 

(Euler). B 3TOM cnyqae Bblp3)KCHHe .llJUI CB060.llHOH 3HeprnH foJibMrDJlbl.(a MO)KHO npe)J.CTaBHTb B BH)J.e .llByx 

cocTaBIDI10mnx: MC)KMOJieKYJUIPHOii H BHYTpHMOJJCKYIDIPHOH: 

80 
3 - 3N 

F = UK + UM + Eo + 18RT (.!__) J 1;2 In (1 - exp (-l;))dl; + RTL In (1 - exp (-x;)), (6) 
80 0 ~7 

~ 6 u rJJ,e X; = kT ' a ffi; - qacTO'fb) HOpManbHbJX KOJie aHHH aTOMOB BHYTpH MOJICKYJI, npHBC.ll,CHHbJe .llJUI reKcore-

Ha, TpOTHJJa, TATEa (TpHaMHHOTpHHHTpo6eH30JJ) H T3Ha (TeTpaHHTpOilCHTIOpHTpHT) B pa6oTax [3, 14], UK, 
UM - MC)KMOJICKYJUIPHlUI H BffYTpHMOJieKYJUIPHlUI 3HeprnH B3aHMO)J.eHCTBHH. 

,[(Hlpq>epeHUHpYH )J.B3)1(.ll,bl Bblp3)KCHHe ( 6) no TeMneparype npH IIOCTOmHOM o5beMe, IlO.JIY'IHM ypaBHeHHe 

.llJUI TeimOeMI<OCTH npH IlOCTOHHHOM 06'beMe B BH)J.e .llByx COCTaBIDIJOil.{IDC: 

3N 2 
C,.'M = RL x; exp x; , 

i=7 (exp x; - 1)2 
(7) 

Cvo = Cv - CVM = 6R (4Dxo -
3
xo ) , 

exp x0 -1 
(8) 

rJJ,e Cvo - COCTaBJUIIOil.{lUI TCilJIOeMI<OCTH npH IlOCTOHHHOM o6'beMe, 3aBHCHil.{lUI OT KOJie6aHHH MOJieKYJibl KaK 

uenoro (TpH Kone6auHH ueHTpa Mace H TpH Kone6aHHH yrnoB 3iinepa) H onpeJJ,eJUieMaH B rrpn6JIH)KeHHH ,[(e6aH, 

a CVM - COCTaBIDIJOll(lUI TeIIJIOCMKOCTH npH IIOCTOHHHOM o5beMe, 3aBHCHil.{aH O'f BHYTpHMOJieKYJUIPHblX KOJie-

6aHHH. tfaCTb TennoeMKOCTH CVM HaJbJBaJOT BHYTpHMOJICKYIDIPHOii. IlpeJJ,eJibHbie JHaqeHM cocTaBJIHIOil.{HX Te

nnoeMKOCTH, COOTBeTCTBYIOil.{He BbICOKHM TeMneparypaM .llJUI Bcex CTerreHeH CB060.ll,bl, paBHl,I 6R H (3N - 6)R 
COO'fBeTCTBCHHO. B CHJIY Toro, 'iTO MOJieKYJUIPHbJe KpHCTanJJb] HMelOT HH3KHe xapaKTepHCTH'ieCKHe TeMnepary

pbl ,[(e6lUI (-90-160 K), ~e npn KOMHaTHblX TeMneparypax qaCTb TeIIJIOCMKOCTH, Onpe.ll,eJUICMlUI KOJie6aHHHMH 

MOJieKYJibl KaK uenoro, npn6JIH)KaeTcH K CBOeMY npeJJ,eJJbHOMY 3HaqeHHJO 6R. 
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CHJIOBbie nocro,rnHble rora pacqe-ra cne:KTpOB HOpMaJibHbIX KOJie6aHHH BH)"TPH MOJieicym,1 6LIJJH onpe)'.J.e

JieHbI c noMOIIU>IO KBaHTOBO-XHMnqecKHx Mero,n:oB PM-3 u DFT, no.n:po6Ho onucaHHbIX B pa6oTax [15, 16]. 
)];JUI o6ecneqemrn ,O:OCTOBepHOCTH nOJI)"laeMbIX B pacqeTax BH)"TPHMOJieK)'JUipHblX KOJie6aTeJibHLIX cneKTpOB 

KOHq>OpMaIJ;HH MOJieK)'JI onpe,n:eJUIJIHCI, H3 )];aHHbIX peHTreHOClJ)YKT)'pHOro aHaJIH3a COOTBe'ICTBYIOW:HX MOJieicy

IDipHbIX KpHCTaJIJIOB. llK-cneKTpbI ,n:JUI reKcoreHa, TpOTHJia, TAT6a u T3Ha xoporno cornacy10TcH c H3BeCTHbIMH 

3KCnepHMeHTaJibHbIMH ,n:aHHblMH [11]. ECJIH Ha BblBO,D;bI, noJI)"leHHbie no pe3yJibTaTaM pa60Tbl, co;::i;ep)l(aw:HMCH 

B rn6n. 2 u 3, norpernHocTn H3MepeHHH Cp, a H Cs BJIIDIIOT cJia6o, TO B .n;aHHOM ceyqae npu pacqeTax Cv 
3TOT q:,aKT o6H3aTeJibHO Heo6xo,n:HMO yqHTbIBaTb. 3To CBH3aHO C TeM, qro BeJinqnHa TenJIOeMKOCTH CvD' onHCbI

BaIOW:aH KOJie6aHIDI MOJieK)'Jibl KaK u:enoro, COCTaBJUie'I Bcero 7-10% OT BeJIHqHHbl IlOJJHOH TeilJIOeMKOCTH C v 

H MO)l(e'f 61,rr1, cpaBHHMa c cyMMapHoii norpernHOCTbIO H3MepeHHH Cp, a H Cs. ll3BeCTHMe 3KcnepnMeHTaJib

Hbie )];aHHbie [10, 11] nO3BOJI'1IOT onpe.l{eJIHTb 3HaqeHHe Cv B HeKOTOpOM ,D;Halla3OHe, npHBe,n;eHHOM B Ta6n. 4. 
B Ta6JIHu;e TaIOKe npe,n:CTaBJieHbl 3HaqeHIDI Ci'M, paccqHTaHHbie no q:,opMYne (7), u 3HaqeHIDI CVM, onpe)];e

JieHHbie no q>OPMYJie (8). B CHJIY roro, 'ITO BeJIHqHHbl ,n:aBJieHIDI 10-20 rrra, xapaKTepHbie AJUI HHHU:HHpOBaHIDI 

,l{eTOHaD;HH B 6oJibllIHHCTBe TBepALIX BB, npaKTnqeCKH He BJIHHIOT Ha BH)'TpHMOJieK)'IDipHbIH KOJie6aTeJibHblH 

Ta6JIHD;a 4. 3Ha'ICHHH 6e1pa3MepHblX TeDJIOCMKOCTeii npu DOCTOHHHOM 061>eMe 

I1apaMe-rp1,1 
Ha3BaHHCCOe)'.J.HHCHIDI 

foKcoreH T3H TATE TpOTHJJ 

Cv!R 28.14-29.48 38.42 30.60-31.8 27.25-30.66 

CVMIR 22.35 32.33 24.48 21.62 

CVDIR 5.79-7.13 6.09 6.12 5.63-9.04 

Ta6JIHD;a 5. 3aBHCHMOCTb 6e1pa1Mepuoii TCDJIOCMKOCTH npu DOCTOHHHOM 061>eMe Cv!R OT TeMnepayypbI 

TeMnepazypa reKCOreH T3H TpoTHJJ TelJ)HJI TATE 

T,K 1 2 1 2 1 2 1 2 1 2 

293 28.0336 1.0000 38.8859 1.0000 27.3300 1.0000 34.3759 1.0000 30.5916 1.0000 

333 30.5213 1.0887 42.2531 1.0866 29.6198 1.0838 37.1202 1.0798 33.6959 1.0979 

373 32.8353 1.1713 45.4409 1.1686 31.7955 1.1634 39.6961 1.1548 36.6647 1.1888 

413 34.9681 1.2474 48.4126 1.2450 33.8453 1.2384 42.1007 1.2247 39.3797 1.2728 

453 36.9221 1.3171 51.1520 1.3154 35.7628 1.3086 44.3348 1.2897 41.8432 1.3503 

493 38.7066 1.3807 53.6590 1.3799 37.5466 1.3738 46.4021 1.3498 44.0675 1.4214 

533 40.3348 1.4388 55.9438 1.4387 39.1994 1.4343 48.3099 1.4053 46.0704 1.4866 

573 41.8208 1.4918 58.0222 1.4921 40.7271 1.4902 50.0671 1.4565 47.8727 1.5462 

613 43.1791 1.5403 59.9130 1.5407 42.1368 1.5418 51.6840 1.5035 49.4959 1.6007 

653 44.4227 1.5846 61.6350 1.5850 43.4370 1.5894 53.1715 1.5468 50.9606 1.6505 

693 45.5638 1.6253 63.2063 1.6254 44.6362 1.6332 54.5402 1.5866 52.2858 1.6961 

733 46.6129 1.6628 64.6432 1.6624 45.7415 1.6737 55.8001 1.6232 53.4886 1.7378 

773 47.5792 1.6972 65.9606 1.6963 46.7639 1.7111 56.9610 1.6570 54.5839 1.7761 

813 48.4709 1.7290 67.1713 1.7274 47.7078 1.7456 58.0315 1.6881 55.5847 1.8114 

853 49.2953 1.7584 68.2867 1.7561 48.5808 1.7776 59.0197 1.7169 56.5021 1.8439 

893 50.0584 1.7857 69.3164 1.7826 49.3891 1.8071 59.9329 1.7435 57.3457 1.8740 

933 50.7659 1.8109 70.2691 1.8071 50.1383 1.8346 60.7778 1.7680 58.1236 1.9018 

973 51.4226 1.8343 71.1521 1.8298 50.8335 1.8600 61.5604 1.7908 58.8430 1.9277 

993 51.7 1.8454 71.5696 1.8405 51.1623 1.8720 61.9300 1.8016 59.0826 1.9313 
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cneicrp HHTJX)COe,!J.HHeHIDI [17], .D.IDI pacqeTa 'laCTH TeilJIOeMKOCTH, CBH3aHHOH C BH)'TJ)HMOJieI<y~HbIMH KO

Jie6aHIDIMH, MO)KHO HCilOJib30BaTb KOJie6aTeJibHblH cneicrp, IlOJI)"ieHHbIH ,!J.IDI O,!J.HHO'IHOH MOJieI<yJibl. 3Ha'leHIDI 

nonHoH 6e3pa3MepHoH reillloeMKOCTH npH nocroHHHOM 061,eMe Cv!R, 6e3pa3MepHbIX TeDJioeMKOCTeii CVM.IR 
H Cvo!R .D.IDI reKcoreHa, T3Ha, TATEa H TpOTHJia, onpe.D.eJieHHbIX ipopM)'JiaMH (7) H (8), npHBe.D.eHhl B Ta6JI. 4. 

Kax cne.zzyeT H3 pe3yJibTaTOB pacqeToB B Ta6JI. 4, 3Ha'leHHe Cvo!R = 6 nona,!J.aeT B .D.Hana30H, onpe.D.eAAIO

W:HH 3Ha'leHHe TennoeMKOCTH, 3aBHCHW.eH OT KOJie6aHHH MOJieI<yJibl KaK u;enoro. CJie,!J.OBaTeJibHO, npH6JIH)KeHHe 

A. Ii. KHTaHropO,ll.CKOro MO)KeT 6bITb HCilOJll,30BaHO npH pacqeTax rennoeMKOCTH MOJiei<yilllpHbIX KpHCTaJIJIOB, 

H yqHThlBrul TOT q>aKT, qro xapaKTepHCTH'leCKHe TeMnepaTypbl )le6cUI MOJieI<y~HhlX KpHCTaJIJIOB MaJihl, MO)KeM 

3aIIHCaTb BbipIDKeHHe, onpe.D.eAAIOW.ee 3aBHCHMOCTb TeDJioeMKOCTH npH IlOCTOIDIHOM 061.eMe OT TeMnepaTypbl 

B BH,!J.e 3N 2 
Cv = 6R + RL x; exp (x;) 2 • 

i=7 (exp (x;) - 1) 
(9) 

11cnOJib3YH BbipIDKeHHe (9), npoBe,!J.eM pacqeT 3aBHCHMOCTH 6e3pa3MepHOH TennoeMKOCTH npH IlOCTOHHHOM 

061.eMe Cv IR oT TeMrrepaTypbI. Pe3yJibTaTb1 pacqeToB .D.IDI reKcoreHa, T3Ha, TpOTHJia, TeTpHna H TATEa npe.D.

CTaBJieHbl B Ta6JI. 5. B KOJIOHKe C HOMepoM 2 npHBe,ll.eHbl 3Ha'leHIDI OTHOCHTeJibHOH TeIIJIOeMKOCTH, T. e. OTHO

meHHe TeilJIOeMKOCTH rrpH IIOCTOHHHOM 061.eMe rrpH 3HaqeHHH TeMneparypbI T K 3Ha'leHHIO TennoeMKOCTH rrpH 

TeMneparype 293 K.113 aHanH3a Ta6JI. 5 BH.D.HO, qro .D.IDI reKcoreHa, T3Ha, TpOTHJia, TeTpHJia H TATEa 3Ha'leHffjJ 

OTHOCHTeJibHOH TeDJIOeMKOCTH rrpH IlOCTOHHHOM 06-beMe CJia6o OTJIH'lalOTCH, T. e. B 3TOM CJI)"iae 3HaqeffffjJ OT

HOCHTeJibHOH TeilJIOeMKOCTH npH IIOCTOHHHOM o6'beMe MOryT 6bITb OilHCaHbl YHHBepCaJibHOH KpHBOH • 

.[(pyroH IlO,!J.XO.D. K onpe,ll.eJieHHIO 3aBHCHMOCTH TeilJIOeMKOCTH rrpH IlOCTOHHHOM 06'beMe OT TeMrrepaTypbl 

6hlJI npe.D.JIO)KeH B pa60Te B. r. meTHHHHa [9]. B ,!J.aHHOH pa60Te ,!J.AA pMa KpHCTaJIJIOB HHTpOCOe,!J.HHeHHH 6bIJIO 

IlOKa.JaHO, qro 3aBHCHMOCTb Cv(T) xopowo OilHCbIBaeTCH )MIIHpH'IeCKHM BblpIDKeHHeM BH,!J.a 

Ta61rnu;a 6. OTaocHTeJibHLle Tem1oeMK0CTH npa nocT0HHH0M ofil.eMe ~JJH retccoreua, T3Ha, TATiia, TP0THJJa 

TeMnepa-
reKCOreH T3H TATE TpOTHJI l}'Pa 

T,K 1 2 3 1 2 3 1 2 3 1 2 3 

293 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

333 1.0887 1.0799 1.0861 1.0866 1.0816 1.0733 1.0979 1.0873 1.0933 1.0838 1.0842 1.0857 

373 1.1713 1.1546 1.1663 1.1686 1.1579 1.1529 1.1888 1.1690 1.1802 1.1634 1.1629 1.1683 

413 1.2474 1.2246 1.2409 1.2450 1.2292 1.2270 1.2728 1.2454 1.2611 1.2384 1.2366 1.2454 

453 1.3171 1.2900 1.3103 1.3154 1.2960 1.2960 1.3503 1.3168 1.3364 1.3086 1.3055 1.3172 

493 1.3807 1.3512 1.3749 1.3799 1.3585 1.3694 1.4214 1.3837 1.4065 1.3738 1.3700 1.3842 

533 1.4388 1.4084 1.4349 1.4387 1.4169 1.4203 1.4866 1.4463 1.4718 1.4343 1.4303 1.4466 

573 1.4918 1.4620 1.4908 1.4921 1.4716 1.4762 1.5462 1.5048 1.5326 1.4902 1.4867 1.5048 

613 1.5403 1.5121 1.5429 1.5407 1.5228 1.5282 1.6007 1.5595 1.5892 1.5418 1.5395 1.5590 

653 1.5846 1.5590 1.5913 1.5850 1.5706 1.5767 1.6505 1.6107 1.6419 1.5894 1.5889 1.6096 

693 1.6253 1.6028 1.6363 1.6254 1.6154 1.6218 1.6961 1.6586 1.6910 1.6332 1.6351 1.6567 

733 1.6628 1.6439 1.6782 1.6624 1.6572 1.6639 1.7378 1.7035 1.7366 1.6737 1.6783 1.7007 

773 1.6972 1.6822 1.7172 1.6963 1.6964 1.7031 1.7761 1.7454 1.7792 1.7111 1.7187 1.7416 

813 1.7290 1.7181 1.7535 1.7274 1.7331 1.7396 1.8114 1.7846 1.8188 1.7456 1.7565 1.7798 

853 1.7584 1. 7517 1.7872 1.7561 1.7674 1.7736 1.8439 1.8213 1.8556 1.7776 1.7919 1.8154 

893 1.7857 1.7831 1.8186 1.7826 1.7994 1.8053 1.8740 1.8556 1.8899 1.8071 1.8250 1.8486 

933 1.8109 1.8125 1.8479 1.8071 1.8294 1.8348 1.9018 1.8877 1.9219 1.8346 1.8560 1.8795 

973 1.8343 1.8400 1.8750 1.8298 1.8575 1.8623 1.9277 1.9178 1.9517 1.8600 1.8850 1.9084 

993 1.8454 1.8531 1.8878 1.8405 1.8708 1.8754 1.9313 1.9321 1.9658 1.8720 1.8987 1.9221 
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Cv!Crn = 1 - (1 - C~/Crn ) exp [- (T - T)ITc], (1 0) 

r.ue Crn = 3NR, ce - 3HaqeHHe TennoeMKOCTH npH HaqaJibHOH TeMneparype, Tc - napaMerp, onpe,ueneH

HbIH B pa6oTe [9] ,UJUI pMa opraHnqeCKHX coe,uirneHHH. 

Pe3yJibTaTbl pacqeTOB 3aBHCHMOCTH 6e3pa3MepHOH TennoeMKOCTH npH nocTOHHHOM o6'beMe CV (T)/ R H 

ornocHTeJibHOH TeTIJioeMKOCTH Cv (T)IC8 OT TeMneparypbI, nonyqeHHbie no cpopMYnaM (9) H (10), npHBe.uettbI 

Ha pHC. 1 H 2 COOTBeTCTBeHHO. KaK cneeyeT H3 aHaJIH3a pe3yJibTaTOB, npe,uCTaBJJeHHbIX Ha pHC. 1 H 2, ,uaHHble, 

nonyqeHHbie no <POPMYJiaM (9) H (10), pa3JIHqaJOTC.!I He3HaqnTeJibHO, B npe.uenax norpeurHOCTH H3MepeHHH. 

Xopouree COBna,ueHHe 3aBHCHMOCTeH no3BOJUleT roBOpHTb O HaJIHqHH HeKOH YHHBepCaJibHOH KpHBOH, onHCbl

BaJOmeil: 3aBHCHMOCTb 6e3pa3MepHOH TennoeMKOCTH npH nOCTO.!IHHOM 06'beMe OT TeMneparypbI. O6'be,UHHeHHe 

pe3ynbTaTOB pacqeroB, npoBe,ueHHbIX no cpopMYJJaM (9) H ( 10), no3BOJUieT nonyqHTb Bb1pa)l(ett1-1e yttHBepcanbHOH 

KpHBOH, onHCb1Ba10meil: 3aBHCHMOCTb 6e3pa3MepHOH TennoeMKOCTH npH noCT051HHOM o6'beMe OT TeMneparypbI, 

B cneey10meil: cpopMe: 

Cv = Crn -[Crn - 1J exp [- (T - T0 )IT.] . ce ce ce (1 1) 

B Ta6n. 6 npnBe,ueHbI ,uaHHbie pacqeroB OTHOCHTeJibHblX TennoeMKOCTee .UJUI reKcoretta, T3Ha, TAT.6a, rpOTH

na, npoBe,UeHHbIX no <POPMYJJe (9) - cron6el.( Ta6JJHI.J;bl c HOMepoM 1, cpopMyne ( 11) - CTOJJ6el.( c HOMepoM 2 n 
no <POPMYJJe (10) - cron6el.( HOMep 3. KaK cneeyer H3 ,uaHHbIX Ta6JJHI.(bl, 3HaqeHH51 OTHOCHTeJibHOH TennoeM

KOCTH npH nOCT051HHOM o6'beMe, paccqHTaHHbie no <POPMYJJe ( 11) C napaMerpoM T. ' paBHblM 600 K, Hax0,1{51T

C51 B ,unanaJOHe, orpaHnqeHHOM CHH3Y H CBepxy 3HaqeHH.!IMH OTHOCHTeJJbHOH TennoeMKOCTH npH nOCTO.!IHHOM 

06'beMe, paccqHTaHHbJMH no <POPMYJJaM (9) H (10) COOTBeTCTBeHHO. 
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PHC. 1. 3aBHCHMOCTb 6e3pa3MepHOH TennoeMKOCTH npH IlOCTO.IIHHOM o6'beMe OT 
TeMnepazypbI .1{JI.II reKcoretta (a), TEHa (6), TATEa (e), rpornna (z): 1 - .uaHHble, 
nony'leHHbie no q>OpMYne (9); 2 - ,uaHHhle, nony'leHHbie no cpopMYne ( 10) 

T,K 

T, K 
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OIIPE/IFJIEHf!E TEMIIEPATYPHOH 3ABf!Cf!MOCTff TEIIJIOEMKOCTff 

Cvl~ 
2.0 ----------------, 

a 
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~ 2 

J.O "----4-0_0 _________ -J 

600 800 900 
1.0 

400 600 800 T,K 

2.0 --------------- 2.0 
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J.O -----4-00 ___ 6_0_0 ___ 8_00--9-0_,0 l.O .___4_0_0 ___ 6-00 ___ 80-0--T,__.K 

PHC. 2. 3aBHCHMOCTb OTHOCHTeJibHOH TennoeMKOCTH npH nOCTOHHHOM 061.eMe OT 

reMneparypb1 )].JUI reKcoretta (a), TEHa (6), TATEa (e), TJ)OTHJJa (2): 1 - )J.aHHbie, 

nonyl.feHHb1e no cpopMyne (9); 2 - )J.aHHhle, nony'leHHhle no cpopMYne ( 10) 

BhIBO.[(bl 

KaK HarJIH,ll.HO cneeyeT H3 Ta6JI. 2-6, no pe3yJibTaTaM pa60Tbl MO)l(HO C,ll.eJiaTb CJieeyroume BblBO,ll.bI: 

1. PacCMOTpeHHhle npH6JIH)l(eHIUI JJ:e6ax ),f 3HHIIITeHHa He ,ll.aroT B03MO)l(HOCTH 110.rryq:aTb npaBHJlbHbJe 3Ha-

1.feHIUI xapaKTepHCTH'IeCKHX TeMnepazyp )J.JIH MOJieK)'AApHblX KpHCTaJIJIOB HHTpocoe,ll.HHeHHH. 

2. Tipw6nmKem1e A. 11. KHrniiropO,ll.CKOro MO)l(eT 6hITb HCI10Jlb30BaHO npH pac'ieTax 3aBHCHMOCTH Tenno

eMKOCTH npH IlOCTOHHHOM 06'heMe OT TeMneparypbl. 

3 . .ll:AA reKcoreHa, T3Ha, TPOTHJia, TeTpHna H TAT6a 3Hal.feHIUI OTHOCHTeJibHOH TenJioeMKOCTH npH 110-

CTOHHHOM o6'heMe MOryT 6hITb OllHCaHbl YHHBepcaJibHOH KpHBOH (11) c O,ll.HHM napaMeTJ)OM T., paBHb]M 600 K. 

0603Ha'leHHH 

C p' Cv -TennoeMKOCTH npH noCTOJIHHblX aaeneHHH H 06-heMe, .Zl:)l(f( Kr. K); Cs - aa11a6aTH'leCKM CKOpOCTb 3ByKa, Mic; 

Cso - a;\Ha6aTH'leCKM CKOpOCTb 3ByKa npH HOpMaJibHblX ycJJOBHJIX, Mi c; Cvo - COCTaBJJJIIOll.lall TennoeMKOCTH npH no

CTOJIHHOM 061,eMe, JaBHCJlll.lall OT KOJJe6aHHH MOJJeKYJJbl KaK 11enoro H onpeaeJIJleMM B npH6JJH)l(eHHH ,Ue6M, ,U)l(f(Kr. K); 
CVM - COCTaBJIJIIOll.lM TennoeMKOCTH npH TIOCTOJIHHOM o6beMe, 3aBHClTID;all OT BHYTJ)HMOJJeKyJIJlpHblX KOJJe6aHHH (BHYTPH

MOJJeKYJJllpHall TennoeMKOCTh npH noCTOJIHHOM o6beMe), .Zl:)1(/(Kr· K); Cm = 3NR - BhlCOKOTeMneparypHblH npeaen llJIH 

noJIHOH TennoeMKOCTH npH noCTOJIHHOM 061.eMe, L{,K/(Kr . K); c~ - 3Ha'leHHe TennoeMKOCTH npH noCTOJIHHOM 06beMe npH 

Ha'laJJbHOH TeMneparype, .Zl:)l(f(Kr • K); D(x) - cj>yHK11HJ1 ,n:e6M; Dc(x) - cj>yHKI.IHJI TennoeMKOCTH ,n:e6aJ1; £0 - :rneprHll 

ttyneBblX Kone6att11i1, L{,K/Kr; E - ettyrpeHHJ1J1 :meprnll, L{,K/Kr; E(x) - cj>yHKI.IHJI 3HHlllTei1Ha; F(V, T) - ceo6oaHM 

3HeprHll renbMfOJJblla, .Zl:)1(/Kr; h - nocTOJIHHM TTJJaHKa, .U)I( • c; k - noCTOJIHHall 6oJJhl.lMaHa, L{,K/K; N - 'IHCJJO aTOMOB 

B MOJJeKYne; P - a aBJ1eH1-Ie, TTa; R -yHHBepcaJibHall raJOBall nocTOJIHHall, aeneHHM Ha MOJJeKYJIJ1PHY10 Macey ee111ecTBa µ, 
.[{)1(/(Kr · K); S - :mTpon1-1J1, L{,K/(Kr· K); T - reMneparypa Tena, K; T0 -reMneparypa npH HOpMaJihHbJX ycnoe1-1J1x, K; 
Tc, T. - napaMerpbI llJJJI cj>opMyn (10) H (11), K; U - :rneprnll BJaHMO;leHCTBHJI Me)K,!J.y aroMaMH, L{,K/Kr; UK, UM -
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Me>KMOJJeK)'mlpH!UI H BHyrpHMOJJeK)'JU1pmu1 :mepmH B33.HMOJJ.eifoTBIDI, ,[{>K!u; V - y11.eJlbHblH o6beM, M3 /Kr; Xo = 80
, 

xE = 
8

E - 6e3pa3Meptt1,1e xaprucrepHCTWiecKHe TeMrreparyp1,1 ,[{e6cU1 H 3iIBwTeiiHa, K ; ex - 11306apw-1ecK11ii Ko3<j>l11-

UHeHT ~6beMttoro pacwHpettIDI, K-1; BT, B s - H30TepM11"<1ecKcU1 H aJJ.Ha6aTH'leCKlUI C)KHMaeMOCTH, M · c2 /u; 00 , 0E -

xapaKTepHCTH1.JecKHe TeMrreparyp1,1 ,[{e6cU1 H 3m1neiitta, K; µ - MOJJeK)'mIpmu1 Macca semecTBa, Krl KMOJJh; Po - IlJlOT

HOCTh seweCTBa rrpH HOpMaJJbHbIX ycJJOBIDIX, KTIM
3

; O)(l -'laCTOTa HOpMaJJbHbIX KOJJe6attHH, M-
1
. 
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