CepeaHa TeNNOEMHICTb

Ha npakTuui KOpUCTYIOTbCS cepeaHiMm TennoeMHoCcTsaSMu ().

CepegHsi Ten/1I0EMHICTb NOPIBHIOE BiAHOLIEHHIO KiNIbKOCTI
TernnoTh, HaaaHo! oAnHULI Macn pevosuHK (Q), A0 BIANOBIAHOI

3MiHM TemMnepaTypy, L0 Npu LbOMY BiabyBa€ETbCS.

CepeaHsa TennoeMHiCTb NocTinHa B iHTepsani Temnepatyp T,+T,.
CniBBigHOLLEHHSA MK ICTUHHOO | cepeHbOI0 TENNTOEMHOCTSMN
BUMNMKMBAE 3 aHani3y PiBHAHb
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CepeaHa TeNNOEMHICTb

CniBBigHOLUEHHSA MiXK
cepedHbOoto Ta ICTUHHOHO
TENI0EMHOCTAMU MOXKHA
NOSICHUTU CXEMOIO, LLO
BiabuBae rpaivyHnim cCeHc
iIHTerpyBaHHs. [nowa nig
KPUBOMIHIMHOKO 3aIEXHICTIO B
mexax Big T, go T,
HabNMMXXeHOo AOPIBHIOE MMNOLL
MPAMOKYTHUKA, 0OMEXEHOro
Biccto abcunc, 3Ha4YEeHHSAMU
opAuHaT TeMmnepatyp Ta
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TennoeEMHOCTI rasis | TBEPANX TiN

= B igeanbHux rasax B3aemofiia MixX YacTUHKaMM BiiCYTHS,
TOMY BCA TEMOTa, WO BiANoBigae 3a niaBULLEHHSA
BHYTPILUHbOI €Hepril, iJe Ha 3pOCTaHHIO KIHETUYHOI eHeprii.

= MonsapHy TennoemHicTb igeansHoro rady npu V=const
MOXHa HagaTu PIBHAHHAM:

Cv= Cn+Co+Ck+Ce, p
B
ne C. - TennoemHocTi rasy, ; Op ( 0/2\
NoB’dA3aHi 3 NOCTynanbHUM, ¥

obepTanbHUM Ta KONMBanbHUM %
PYXOM MOJSIEKYST i ENEKTPOHHNUMMU Q
nepexogamMu, BianoBigHo. D Q
Ce - mae micue TinbKku 3a

Bucoknx temneparyp (T>2000K), C;)
TOMY 1| BHECKOM HEXTYIOTb.
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TennoeEMHOCTI rasis

3a MONEKYNsApPHO — KiHeTI/I‘-IHO}O TEOPIED TEMITOEMHICTb, LLO
npunagae Ha ogHy CTyniHb cBoboaun, gopisHoe R/2 ans ogHoro
MOSIA rasy.

CmyniHb ce0600uU — 4YNCNO He3anexXHUX BUAIB PyXy, Ha SKi MOXe
ByTn po3knageHnn cknagHUin pyx Mosekyn.

Ockinbkn MoOneKkynu ragy MatTb 3 NOCTyNanbHi CTyrneHi ceoboaw,
TOOTO MOXYTb NEepPeMiLLyBaTUCh y MPOCTOpi B 3 KOOpAMHATaX, TO
MOSISpHa TEMSTIOEMHICTb ragy, NoB’s3aHa 3 nocTtynanbHUM pyxoMm,
ctaHoBuTb 3 R/2.

[1lns ogHOATOMHOrO igeanbHOro rasy Maemo:

Cv=3 R/2,

Cp=5R/2
MornsipHa TenMOEMHICTb rasy, Lo CKnaaaeTbes 3 oaraToaToOMHUX
HENiHIMHNX Monekyrn, i obyMoBrneHa obepTanbHUM PyXOM, TakoxX

cTaHoBUTb 3 R/2, TOMy Anst MOMSAPHOT TENSTOEMHOCTI HEMIHINHNX
MOJSIEKYn rasy:

Cv=3 R + Ck,
a onga niHinimx Cv=5R/2 + Ck
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TennoeMHOCTI TBepauX Tis

= TennoeMHICTb TBEPAMX PEYOBMH 3 aTOMHOIO KPUCTAsTiYHOIO rPaTKoHo
MOXXHa ob4ncnnTn 3a pieHsIHHSM [Jebasi:

C, =Cp(x); x=6/T

ne ©=hv/k — xapaktepuctmyHa TemnepaTypa gaHoro Teepaoro Tina, h —
ctana lNnaHka, k — KoHcTaHTa bonbumMaHa, v — YyacTtoTa KornmMBaHHS
atomiB abo ioHiB B KpucTanidHux rpatkax, Cp(x) - dpyHkuii [debagq,
TabynboBaHi ans pisHuUx x=06/T.

[Mpw nigBuweHHi Temnepatypmn x—0, Tomy yHkuia Cp(x) i C, — 3 R, 3a
HU3bKUX TeMNepaTyp BUKOHYETbLCS TaK 3BaHU 3aKOH Ky6l6 ﬂeGaﬂ
C,=aT?
TennoemHictb Cp Ans pe4oBMH 3 aTOMHOK KpUCTarivyHOK rpaTKolo:
C,= C,(1+b C, T/Tnn) |
[N BU3HAYEHHA TENNOEMHOCTI KpUCTaniYHNX PE4OBMH 3aCTOCOBYHOTh
npaeusio adumueHocmi, 3a AKUM MOMNAPHA TENNOEMHICTb CKNaaHNX

PEYOBUH JOPIBHIOE CyMi MOMSAPHMX TENIOEMHOCTEN ENEMEHTIB, Lo
BXOOSATb A0 iX cknaay.

Haripuknao:

C(CaCO;)= C(Ca)+C(C)+ 3/2 C(O,)= 26.3+8.5+3/2 29.4 = 79 [x/monbK,
a ekcriepuMeHTarnbHO BCTaHOBMNEHO 3HadeHHda 81,8 [x/mornb K.
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TeMnepaTypHa 3a/1eXHICTb TEN/I0EMHOCTI

= B 3aranbHOMYy BUrNaAl TemMnepaTypHa 3aneXHICTb TENJIOEMHOCTI

C,=a+bT+cT+c, T+
= [1na HeopraHiyHux pevoBuH C,=a+bT+c T

= [119 opraHiyHMX pe4yoBuH C,=a+bT+cT?

a, b, ¢, ¢, — KoeilieHTH, Lo € IHLI,MBILI,yaJ'IbHMMM ONS1 KOXKHOI CrosyKu
(HaBep,eHl B JOBiAHWKAX i3 pOo3paxyHKy Ha 1 MOsb)

s Jipmsenag: Po3paxyBaTtu TennoeMHicTb CO, npu T= 400 K
a=44.14 , b=9.04 *103, ¢,= - 8.53 *10°.
Cp,400: 44.14 +9.04 1023 * 400 - 8.53 *10°* 4002

Cp.400=42.43 [k/Monb K
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B13HaueHHSa 3MIHW TEMJI0EMHOCTI B pe3ynbTarTi
nepebiry xiMiuHOI peakuil

aA + bB = dD + mM
Ch G Cp Gy

ACIO,X p. = anp npoa 2nC p,peaKkT
AC p,x P (dCD & mCM) (aCA+bCB)
MNpuknaa: 2AgNO,(T) = 2Ag(T) + 2NO,+ O,

AC,,»= 2 Cp,Ag + 2Cp,NO, + Cp,0, — 2 Cp, AgNO,
2:25.48 + 2:37.11 + 29.36 - 2* 93.05
AC, «p.= - 31.56/k/Monb K

TaknM YMHOM, CyMapHa TernI0EMHICTb B pe3ynbTaTi nepebiry peakuii
3MeHLmnacbh
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3arexHiCTb TEMSIOBOro edpeKkTy peakuii Bia
TemnepaTtypu. 3akoH Kipxroga

PosrnsHemo 3anexHicTb TENNOTU NPoLECy Bia Temnepatypu npu P=const,
Konn cuctema 3i ctaHy | nepexogutb y ctaH |l.

AH =H,-H,, C ,=dH/dT.

dAH/dT = dH,/dT — dH,/dT = C, — C, ; =AC

dAH/AT = AC,

dAU/dT = AC,
LIi pIBHAHHA HOCATbL Ha3BY 3aKOHa
Kipxazogha y duchepeHuitiHili gpopmi:
TeMnepaTypHUN KoediUIEHT npouecy
(TennoBoro epeKkty peakuii, dasoBoro
nepexoay..) [AOPiBHIOE 3MIHEHHIO
TENSI0OEMHOCTI B pe3yrnbraTi nepeobiry
LLbOro npowecy.

Y

['yctas Kipxrod
(1824-1887)
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3aNEeXHICTb TENJIOBOIro ePeKkTy peakduil Bia
TeMnepatypu

3 HaBeAEHUX PIBHSHb
BUTIKAE, WO KOMNMM 3MiHa
TENMOEMHOCTI ACp 3a
paxyHOK npouecy
NO3NTUBHA, TO TENNOBUU
edekT I3 3pOCTaHHAM
TemMnepaTtypu Takox cTae
NO3UTUBHILLUNM:

ACp >0 —» (dAH/T)>0
| HABMNakwu,

ACp <0 — (dAH/dT) <0

AKLLIO TENNMOEMHICTb Nig

4yac npouecy He

3MIHHOETLCH, TO TENITOBUN

edekT He 3anexunTb BiA
TeMmneparypu.
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3arnexHICTb TENoBOro edpekTy peakuil Big
Temneparypu : npuknag

= Po3rnsaHemo XiMiYHY peakuito :

nN + mM = kK + dD

OpoepxaHi cniBBiAHOLLIEHHS ABMSAOTb CODOI TaKOX
piBHAHHA Kipxroda y andgepeHuianbHin popmi.
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IHTerpanbHa opMa 3aKoHy Kipxroda

= [Insa BU3HaYeHHs TenoBoro edexTy peakuii AH, npu T,,
SKLLO BigoMnin Tennosun edekt AH, npu T, pIBHFIHHFI
Kipxroa HeobxiaHO iHTerpyBaTu

dAH/dT = ACp — AH, = AH,+ fACpdT (8iaT, R0 T )

3akoH Kipxroda B iHTerpanbHin oopmi: Tennosun eekT
peakuii npu Gyab-sikin Temnepartypi (T,) AOPIBHIOE
TENIIOBOMY epekTy Uiel peakuil npy NeBHi Temnepatypi
(T,) nnioc inTerpan Kipxroda.

AHanorivyHa 3anexHiCTb Ma€ MicLe i Ansg TenaoBoro
edekTy npu cranioMy ob’eMi, ane npu NPoBeEHH
pO3paxyHKiB Tpeba 3BepTaTl/I yBary, Wwob B
TemnepaTypHoMy iHTepBani Big T, Ao T, He 6yno ¢a3oBuX
nepexoais A1l pe4yoBuH, O 6epyTb yt-IaCTb y peakdui.
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