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MNPEJUCJ/JIOBUE PEJAKTOPA TIEPEBOJIA

Meroasl TepMOAHMHAMUKY SABOEBEBAIT BCe OONBIIME CHEpbl MPHIO=
AEeHHS B I'eOJIOrMHecKHMX HaykKax. EcTecTBeHHa NOSTOMYy HyXA4 B pas=—
MMYHEIX yYeOHBIX INOCOGHAX H PYKOBOACTBEX, OONeryainx OCBOEHHe H
yclielHoe NpMMeHeHHe TEepPMOAHHAMHYECKEX METOHOB NpH aHaIu3e NIpH—
ponueix obobexToB., Hapsany c dyHoaMeHTanbHbIMH H OGCTOATEIBHBIME
TPYAaMH MO TepMOAHHAMHKE NMPHUPOOHLBIX CHCTEM H MeTOAaM HCCIeqo=
BaHHA MHHEp&/LHBIX PABHOBECHil, NMPHHAMIEXKAaIIMMHM COBETCKHM YYEeHBIM,
B IOC/IeAHHe T'ofbl B OTEYeCTBEHHOH H 3apy0exHOll MHUTepaType NOgBH—
IOCH HECKOJILKO KHHI', NPEeACTAB/AINIHX CBOEro poAs MeTOoOHYeCKHe
noco6Hs ¥ PYKOBOACTEBA IO NPHMEHEHHMIO TEPMOOHHAMUKM K pPASIHYHBIM
reojIOrM4ecKuM obbekTaM. K uncny Takux paGoT OTHOCHTCH H Ipeana—
raeMasg YUTATEII0 KHHMI'a, HalMCaHHas aHrnwickumu yuenbsimn B.Bymom
1 [1.Ppeiisepom.

Kunra nocpsauleHa HAIOMEHHIC PACUETHBIX METOHOB TepPMOAHHAMMKH,
NpUMeHseMbIX Ona onpepenesus T — P-xoopouHaT paanmuuHBIX MHHE—
PaNBHBIX H (A30BBIX DABHOBECHN, ANS BLIABIGHHS COOTHOIIGHHH COCTAaB -
AKTHBHOCTE TBepObIX PACTBODPOB H DACIIABOB, O XapaKTepHCTHKH
pacrnpefenenis MOPOAOOOPA3YIOIHX H PACCESHHBIX 3JEMEHTOB, HCHOTh=
3yeMEBIX NPH ONpefeeHHHA TeMIEepATyphl, AABIeHMS MHHepanoobpasoBa-—
HWsl, CTeleHH (PAaKIHOHMPOBAHMS, NMyTeil 3BOMIOIMM MATrMATHYECKMX paC—
NNaBOB H T.[.

B neperix gByx rapax aBTOpPH! NOCTYIATHBHO BBOAAT HEOOXOAHMEIE
TepMOAHHAMHYECKHEe COOTHOLIeHHs H ONpefdelleHHs, a B SaKIOUHTENbLHO
rape oO0CyxaaiT CHOCOGH! HOMy4YeHHS TepMOOMHAMHUYECKHX HaHHBIX.
Ocofoe BuMMAaHNe NPH 9TOM YAe/sieTCd PACTPOCTPAHEeHHOMY B HACTOHIIee
Bpema (u pgocraTouHo oddeKTHBHOMY ) MeTOHLY BLIYHC/IEHMS TEpMOAH-
HaMU4YeCKHX CBOHCTB (a3 Ha OCHOBE 9KCIEpPUMEHTAaNbHBIX AAHHBIX IO
MHHEpa/IBEHBIM M (al30BbIM paBHOBecHaM. B kaxpoit rnape paborel nmpu=
BefleHO HebonblIoe HYUCIO NMPUMEPOB "NEeTPoNcrHYecKnk” 3agad u Hx
pewennii, KHura, HecoMHeHHO, ORaXeTCHd IO/e3HOH A BCEX I'eOforos,
HHTEpPEeCYImMHXCS NPHIOXKEeHHEeM pacHeTHON TepMOOHHAMMKH, B TOM
yuc/ie M Ong TeX CHelHalTiCTOB, KOTOphle HHKOI'A& @THM He 3aHHMAINCh,
HO XxoTenu Obl Opasy NpHAHATECH 34 pacyeTsl. [loHuMasa, 9TO NpHBENEH—
Hbll B KHHI'@ MaTepHal HEAOCTaTO4YeH I CaMOCTOATENLHO# OpHEHTH=
POBKHM YHTATeNd B SHAYMMOCTH TeX WIM HHEIX COOTHOLEGHMWH H [ONylle—
Huli, B HEOOGXOAMMOH# TOYHOCTH WCXOAHBEIX M AOCTOBEPHOCTH IOTyYeHHbIX
OaHHbBIX, aBTOPEl BO MHOTHX pasfenax KHHT'H NPHBOAAT COOTBETCTBY—
KIne PeKoMeHgauuu, M T0, GesycnoBHO, NoMoxer yuraremo (xora
He CO BCEMH PEKOMEHOSLHSMH MOXHO COTVIaCHUTBCH ).

Cnegyer pmarb HeCKONBKO 3aMedaHWii ¥ PasbdICHEHHH X MaTepuary,



cogepxauemycs B KHuTe. Bcloly B KHWUT'e aBTOpPEI HCIONB3YIOT Bhipa—
XeHHe SHTAIBNHM M cBoConHONi 2HepruH B BHOe H m G g MuHepaiios,
AH wmAG gnga peaxmmi. Mexaoy TeMm, B TepMOAHHAMHYECKHX CIpPaBOY=—
HHKaX NPHBOAATCH M B TEPMOAHHAMHYECKHMX pacueTax HCIONbL3YIOTCH

(¥ apTOpamu, KoHe4HO, TOXe) He abGCOMIOTHLIE SHAYEHHS SHTAILIHK M
cBoGopfHolt sHepruu muHepanoe, a AH mAG ofpasoBanus HMX H3 sIeMeH=—
ToB. B pabore 06 aTOM CKasaHO TONBLKO B cepbMO# TaBe, 3aMeTHM
TaKKe, UTO SHAYEHHH HHTEIDA/IOBR PARIMYHBIX HWIGHOB YpPABHEHHS TEINIO=
eMKOCTH, HeoGXoOHMMEle IS BEMHCIeHHs saucuMoctu AH,AG u S or
TeMIlepaTypsl, BO MHOI'MX CIPABOYHHKAX TaGy/lIHpOBEHEI,

PaccvmarpuBas paanuynble yC/IOBHMS CTaHOSPTHSALMH IPH pacyerax
AG peakuny (3HAKOMCTBO C KOTOPEIMH BecbMa IO/IE3HO /IS UMTATENs ),
aBTOpbLl BHIPAXKAIOT BCe HGMEHEHHS TepMOAMHAMHYEeCKMX llapaMeTpoB OT
npuHATHX 3a craHpapTHele T M P pno mutepecywomux Hac T u P mas
4YHCTHIX pas yepes 4uned axtusHocTe# ( RTIn a; ). Onpuako name-
HEHHEe TepPMO[MHAMWYECKHX NapaMeTPOB YHCTHIX (a3 IPUHATO BHIDAKATE,
H 9TO NpaBWIbHES O PU3HYECKOMY CMBICITY, 4Yepesa IpHpAalleHHs:

T P
AGpp = - [ SdT; AGpap=[VdP,
T P°

a wiesom RT In aj BBIDAXKATE [HIL H3MEHEHHS AKTHBHOCTH KOMIIO=
HEHTa BCNEeACTBHEe M3MEHEHHR COCTABa TBEDAOr'O, XHAKOT'O WIH Iaso=
BOr'0 pactBopa. He cTonk HarnsggHeIME B CBASH C THM dBIISIOTCA TaK-
Xe H BhIpaXeHHs [U1F Y/1eHa aKTHBHOCTH B ypapueunax (3.52) - (3.54)

¥ HEKOTOpEle OpyTHe,

B nemom MaTepHan B KHUI'e U3TIOXKEH IMOCTENOBATENLHO M JIMIIEL
B HEKOTOpBIX MecCTax, I'le aBTOpaMH ONylleHbl HeKOTOphie Mpeofpas’c
BaHud WIM COOTHOILEHHS, BaXHbie,C Halleli TOYKM SpeHHs, AN1d MOHHMAHHI
7IOr'HYeCKHX  CB#ASel, NMPHLNIOCH cAenaTh Hebonblile MpHMEeUaHnd,

B oreuecTmeHHOll nHTEpaType HMeeTCH HeMalo (yHAaMEHTANLHBIX
paboT, NOCBAINEHHEIX TEPMOAMHAMHKE NPUPOAHBIX CHCTEM, NPHIOXEHHIO
TeOPeTHHEeCKHX M PACHeTHBIX TepMOAMHAMHYEeCKHX MeTOHOB K DelleHHIO
PASIMMHBIX NETPONOrHYeCKMX H I'eOXMMHYECKMX 3a0ad, & TaKkke H3Y4eHHIO
pacnpenenenus noponoofpagyomux ¥ pacCesiHHEIX KOMIIOHEHTOB M ApY=—
THM 3aTPOHYTBIM BompocaM, PafoThl COBETCKMX y4YeHEIX B O6/14CTH Tep—
MOOMHAMHUKH NMPUPOAHBIX NMPOLECCOB, HeCOMHEHHO, SaHHMAIOT Benyllee
NoIOXeHHe B MHpOBOH Hayke., Opuaxo B kumre B, Bypa n [1. ®peiizepa
OTCYTCTBYIOT KAKHe=NIHOO yNMOMHMHAHMA 06 STHX HCC/IENOBAHHAX: OHH,
BHAMMO, He OLUIH H3BECTHH! aBTOpaM.

B. A. Kapuxos



INNPEAUCJ/IOBHE

Jra KHHUT'a 3aAyMaHa He KaK TpPafHUHOHHBIT ydeOHHK TepMOOHMHAMHKH,
Ee nens = BBECTH HENMOCBAIHEHHOT'O HYHTaTeNd B GbICTPO pasBHBAIOIIYIOCH
obnacTe reonoruu 6ea pacTSHYTOrO IOATOTOBHTENLHOIO Kypca KIacCH=—
Yeckoit TepMoauHamuku, [losToMy, BMecTo Toro 4ToGbl pasBuBaTh 10—
ru4YecKue CBI3H NpeAMeTa, Mbl CTPeMWINCE, I'leé 9TO BO3MOXHO, HC—
nonL30BaThk paboune onpepeneHusd. KoHeuHo, mpu TaxkoM crnocobe Hao-
MEeHHS HeCKOINbKO 61eKHeT HCTHHHAS KpacoTa TepMOAMHAMEKH H ee
CNIOCOGHOCTEL CTPOHTE HOBLIE@ COOTHOUIGHHS, MAHMITYIIMPYH CO CllaralollH=—
MM ee ypapHeHMsMH. HecMOTpd Ha TO YTO 3TO MOXET He YNOB/IETBOPHTH
Goree HCKYLi@HHOT'O YMTaTelsd, Mbl NojlaraeM, 4YTO TAKOK ITyTh O3HAKOM=
7eHys I'eolIoroB C TePMOAMHAMUKOH odeHb odppexTHBen. B aTOoM oTHO-
WeHHH “g3blK” TepMOAMHAMMEM MOXHO YNONOOHTE HeKoeMy OGBIIeHHOMY
43BIKy. 9TOT €3bIK NPOCT, MOTOMYy dTO Ob6nafaeT HeGOMBLIHM CIIOBAPHBIM
sanacoM (ImpHMepHO OKOMNO NMATHASCHTH CIOB) H CTPOI'O ONpedeIeHHOH
I'paMMATHKON, B CBA3H C 4UeM MOXeT OHITh IIOCTPOEHO ML O4YeHb
Or'paHMYEeHHOe HWHCIO OCMBIC/IEHHBIX MPEe[IOKeHud, T.e. ypaBHeHuit, B
xuyre 6yder MATH pedb He O I'PAMMATHKE TEPMOAMHAMMKM, & O TOM,
KaK YHTaTk M T'OBOPHTE Ha 9TOM "g3biKe” H KaK NOHHMATE €ero.

Mebl HageeMmcs, YTO YHTATENL CMOXET MOIL3OBATLCS 9TOH KHHT'OH,
Kak "paouum pykopogcTBOM” MO [NAHHOMY NpeaMeTy, KOTOpOe B [0=
cTaToyHoi Mepe GyOeT CTUMY/IMPOBATHL MHOMBITKH IPHMEHHTH STH MEeTOAB!
X TeM reojIOrd4ecKHMM npoGremMam, KOTOphBIe er'o MHTepecylor. Ecnu
Takad Lenb GymeT OOCTHMHYTa, YHMTATNE NPHOGCWHTCA K NpuUcylle#t nped=—
MeTy CHIe H GLICTPO OOHAPYXHT MHOI'He H3 ero /OBYIIEeK M OrpaHudYeHMi.

Asrycrt, 1976 A.T'. @peiisep, Oxedopa,
b. JIx. Byd, Manuecrep



BJIATOJAPHOCTH

Cpenenust 1 HASH, MIOKEHHLE B [AHHOH KHUT'®, SBHIMCE B 3HATH=
TenLHO Mepe peaynbTaTOM AHCKYCCHit © HalmMH xonneramu. B aTOi
cBAaSH Mbl XOTHN. ocoBenno noGnaroaaputs A=pos k. C. Anpepcona,
C, Bauno, W.C.E. Kapmaitxna, B.C. Max=Kenau, F.K, O'Halionca,

P. laysmna u E.[Ix.B, Burreiikepa, y KOTOpEIX Mbl MHOrOE noYepl=
nynu, B ocoGenHOCTH MBI NMPH3HATEIBHBI O=PY Burreiikepy, B3dBlieMy
Ha ceGg TPYA NMPOUECTb PyKOMHCh. [lepBbIMMi C COAEpXaHHEM KHUT'H
O03HAKOMITICEL HECKOILKO TPy yHauluxcs, B HaCTHOCTH, NPH HUTEHHH
ACIHPAHTCKOTO Kypca TeOpeTHHECKO# MeTponorHH B Manuecrepe, Mei
GrnarofapHbl yuamuMcs Sa oGCyxheHHe M KPHTHKY MaTepHana Xypca,

a Tagpkxe CoBeTy 10 HCCIENOBAHMIO OKpymaleli Cpeabl sa PHHAHCOBYIO
MORAEPMKY, OBECHEUHBIYIO BOSMOXHOCTL MOANOTOBKH M HTEHHA ACIn=
pPAHTCKOI'O Kypca.

Mur Bripaxkaem GinarogapHocTs Maiiky Bpeitnn u [urepy [ecceny
sa noMolib B moaroTroBke amarpamm, Celo Masp sa uarorob/ieHHe o=
porpapuit 1 [lar [lxexcon sa NOMOWE B lepeneiaTke.

Hakouel, Kexkablid, KTO Hefan Gbl MONYIHTH GeayKopH3HeHHbI Ma=
LIMHOIMCHLI TEKCT, HSOGKIYION MHOIOYHCISHHBIMH (opMynamu C
HIEKCAMH, B3ATHIME M3 OBYX anpaBuToB, MOXeT cebe NMpeACTaBHTE,
Kax Mbl oBasanp nawefi mawuunctke [Narpuimu Kpyx.



CIIMCOK COKPAIIEHHH

ao - anLbur
a. - aHHOHHAa# MaTpHla
au = aHOpPTUT

aHn - 8HOAITY3HT
aHT - aHTOPWIIHT
ap - aparoHuT
6HOT = OHOTHT

6py = Gpycur

BO/N1 = BOJUIACTOHHT
BIOC = BICCTHT

3y - Tasa

TH = I'eMOM/IELMeHHT
rp - I'paHart

rpo = I'poccynsip

au = OHOLCH[

*a - Xxageut

HHOK = KHOKOCTBb

Ka = KalpLUT

KB - KBapu

KM - KHAHHUT

KHC = KHCJIbIH

K = KIHHOIIHPOKCEH
KI%H = KIIHO®HCTATHT
K.M -~ KaTHOHHas MaTpuua

KOoupHr — roupHrypauus, KoHPHI'ypalHoOHHAS SHTPOIHA
KOI, W1 = KOHEeYHble HIeHb!

XKOp = KOpyHO

KopA = KOpAWepHUT

KT - Kanuepblit IOMeBO#H wnart

KPHCT =~ KpPHCTA&/I1, KPHCTANIIYeCKHit

KCT -+ KallbCHWIHT

Ky6 = KyOuyeCKas IO3MINY
fpiig - JICHLIHT

MT = MarHeTHT

MYCK = MYCKOBHT

HaT'p = HaArpyaka

obm = obmag

OK =~ OKHCIILI

OKT - OKTasfApudeckas MNO3ULHA
o1 = OJIHBMH



op - opToxias
opn = OpPTOIHPOKCEH

OCH = OCHOBHOI
nep - IIepHKIas
I - IIHpOoI

I = MIar’Hok1as
o3 = IOGHLIHA
nop - nopona

IpOA = IPOAYKTE
pacmi = paciiias
pear = pearesThl
p-p = pacrteop

ca ~ CaHMAMH
CHUI = CHWIIMMAHHT
B — TBepaas ¢asa, TBepOble KOMIIOHEHTH

TB.p = TBEpALl pacTBop
TepM = TepMHYeCKas COCTaBJISIouas

Ter — TeTpasapHYecKas MO3ULNS
™ - THTAHOMAarHeTHT

ba - tdagnur

il - dumonn

do ~ dopcTepur

1ur1 - LMMHHEEeTL

2.e. = SHTPONMAHbBIE eAUHHIIELI

2HCT = DHCTAaTHT



EAWUHHWIIBI

MHoro pasMbllLIeHN! H CIIOpOB GBUIO NMOCBSIIEHO, Kas3aloch Obl,
TPHBHAIILHOMY BONPOCY O TOM, KaKyl CHCTeMy €AWHHII MCIOIb30BaTBH
B [aHHO# KHuT'e., 3Ta mpoblleMa BOSHUKIA NOTOMY, 4TO GOMLLIHHCTBO
XMMHKOB, (H3HKOB H HHXKEHEPOB NONb3YIOTCH Tellepk CHCTEeMOH eMHHMI
CH. C cucremoit egunnn CH sHakoMaT Takke MHOTHX CTYOSHTOBR yXe
B Hauajne uX obyuennd. OgHako aTa CHCTeMa Majlo NMpUMeHdeTCd B
T'eONOrHYECKOl NTHTepaType, ¥ OO0 CHX IOp NPOACIKAKT ITyGIHKOBATEH
paborel ¢ Hcnonb3oBaHueM cucTeMsl CI'C u apyrux, Ho ne CH. B uacr-
HOCTH, B TabnHUax TepMOAMHAMMYECKHMX BENMHMHH, C KOTOPBIMH CBSI3aHEI
MHOIr'Me INpHUBE[eHHble 30eCh pacueTbl, B Ka4eCTBE e[WHHI] SHEpPrHH
HCnoNL3ylores Kaopuu (Kan), a He mxoynu ([x). [lapnesue pemxo
BLIpAXKAETCH B HBIOTOHAX Ha KpagparHeli Merp (H/m2 = [la), HO moutu
BCcerna B Gapax unu xunoGapax (x6ap); 1 6ap = 105 H-m72,

[ns Toro 4robbl COXpPAHUTE COIVIACOBAHHOCTE C JIMTEpATYpPO#, MBI
PElIIH, C HEeKOTOpPOH HEeOXOTOii, I'NI2BHBIMH E€IMHHMLIAMH SHEPr'HM H [aB=—
7IeHMA OCT&BMTH Kayopuu M Gape!. Beame, roe aT0 yoo6Ho, MBI gaem
B tekcre tawxke Cl-oxBupanenTsl. B kKauecTBe npuMepa HCIONL3OBAHHS
PARIHYHBIX CHCTeM EOMHHI PACCMOTPHMM CIIeMyIOMmui:

lpumep. CrobGoponas sHeprua TBepaod dasbl b(Gp) NP HEKOTOPOM
napnenun P u Temmeparype T npHOIMMEHHO omnpefendercs [Ha ypas=—
Hemmt (1,42 - 1,44)]:

Gb = Hl,T“TST +P- 1)V;

rae
Hy = ouramenua b mpu 1 Gap u T,
T surponus b mpu T,
V = o6pem b.
Paccunraem G, Ha mMome b mpu 800 K n 10 xGap:

[}

Hy g0 = 15 000 kaa/moae = 15,0 kkaa/Mob,
Sgo = 10 kan/monb« rpan = 10 snTponuiinbix efntmy (3. e.),

VebcM3=—9 _ = 0,1195 kan/bap
41,84

3aMeTeETe, YTO [l COrViacoBaHus OObeMbl MOMKHEI BLIpAXATECH B
Kanopusx Ha Gap.
Ilpu 10 x6ap (= 10 000 6Gap) m 800 K

G, = 15000 — 800 (10) + 9999 (0,1195)
8195 kau/Moab.

[



B cucreme emmmu CH H, g, Boipaxaerca » awoynsx (1x),
S B MXKOYIAX HA KelbLBHH HA MOIb (Ox/K.Monk), V B KyOMYECKHX
Merpax (M%), C ucmonnsoBaHHeM IEpeXoaHbiX KoadduIMeHTOB:

1 kan = 4,184 Ix
1em3=1076 m3
1 Bap = 105 H /M2
COOTBETCTBYIOUINEG BEMHYHHBEl PABHBL
Hy o0 = 62 760 /I /Monb,
Seoo = 41,84 Ik /K« Moan = 5 x 10-6 m3,
Mlpu 10 0CO 6Gap (10°H/m? ) u 800 K~
G, = 62760 — 800 (41,84) + (10° - 105) 5 x 106 = 34288 [lx/Moub.

Ynorpe6nas xumomxoynn (k/k) mim KMIOKanopHu (kxan)}, umeem:

G, = 34, 288 k. Ix/moumb = 8,195 kxai/Molb.




I'nasa 1

BBEJAEHUE U ONPEJEJIEHUA

MuHepanorus ropHbIX MOpod, OGHAXAIIMXCHA HA NMOBEPXHOCTH 3€MIH,
OTpa}aeT [OaBlleHHe U TeMIepaTypbl, NpH KOTOPLIX ®TH NOpoAwrl obpa—
QOBANMCHL, M HX XMMHYeCKMe cocTabbl. [lnd npeAckKasaHnd HaubGonee
CTaCWIBHEIX, WIH pasyogecuss, MHHEpAaNBHBIX accouuauni opons!
npH Mo6BIX SagaHHBIX YCAOBHAX remilepaTypbl B A8B/IeHHS MOryT GBITh
HCHONL30BAHLEI METOAbI XHMHYECKOH TepMOOHHAMUKH.

[laBHO yCTaHOBNEHO, YTO XHMHYECKOe paBHOBECHE OOCTHT'AeTCs B
TeyeHHEe KaKOro-TO BpPEMeHM IPH KpUCTAIH3alMM MHOrHX MeTamopdu=
yeckux (mamp., Sckona [36]) u MedneHHo oCThHIBAKUINX MarMaTH4eC—
KHX TIOpod M A&xe NpH OBICTPOM OXJI&XOEHUHM BYNKAHWYECKHX Iopof
(nanp., Kapmaitxkn [22 , 23]), CnepopaTennHo, MpUMcHEHHE K STHM
mopofam NPHHILHIOE TEePMOAMHAMEKN MOXET CHoco6CTBOBATE ITyGoKOMY
IMPOHUKHOBEHHNIO B HX HMCTOPHIC,

B Takux cayyasx MOXHO C NOJIHBIM OCHOBAHHEM IpemlloflaraThk yCe—
7OBHS PABHOBECHS M NPHHUMATH TEPMOAMHAMWYECKHE NMOCTPOEHHS MIIf
onpefenesns GUSHYECKMX YCIOBME KpueTamsinsammd (napneuus, Temiepa-
TYpHl H T.A.). OdeBHAHO, 4YTO OOBEM IOpPOALI, HAXOMsWE#CHs B PABHO=
BECHM, MOxeT GhTh HeGOonblIIMM, NMOCKOILKY NEepBOHaya/bHBEIE pasTIu4Hs
B COCTaBe COXPAHHAKITCS B Npefenax CAHTUMETPOB fA&xe NpH MeTamMop-
puaMe BHICOKHX CTYNEHeii.

[lpuHgB 2TO OCHOBHOE [ONYyIIEHHE O XMNMMYECKOM DAaBHOBECHM, HauyHeM
C OnpeAe/leHHH B&XHBIX TEPMOAMHAMWYECKHX TEPMHHOB H IepeMeHHbIX.

1.1. Cucrema

CucreMa - 2TO NPOCTO TpPyNIa aTOM.OB, MHHEpANIOB WIH IOpPOH, KO=
TOpas BeIOMpaeTCs AN PACCMOTPEHHS, 1 O0YHOE MO/I0XeHHe I'PAHHI CH—
CTeMbl yCTAHABIMBAETCH NPORGBOLEO, Hanpumep, MoxeT OblTb ynoOubIM
BHIOpaTL B KaueCTBe CHCTeMHl Lejioe obHaxeHue, wnu wrydHo# obpasern,
WM BCEro OOMH MuHepasn B wiude, 'panuub! cucremol B obueM BbiGH=
palorcs TakuM ofGpasoM, y¥TOGB MuHepajibl, (VIIOHAB H pacIyiaBbl B ee
npeaenax MOIIH CHUHTATBCA HAXOAAMIMMUCS B PABHOBECHH.

HameHeHus, MPOUCXOAsuHe B CHCTeMe, MOTYT BKmMoHaTh nuGo He
BKIIOYaTE B3aWMOAeHCTBHE C OKpyXamomum MarepnanoM, Haoauposawiar
cucmeMa = Ta, KOTOpasg He MOxeT O6GMEeHHBATHCA SHEPTHel HIH Bew
WeCTBOM C OKpyXawileil cpepoit, Jaxkpvimad cucmema MO¥eT OOGMeHHw
BATLCHA SHEPrHeil, HO He BelecTBOM (HampuMep, H3OXHMHYECKHH MeTa-
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Moppuam). OmEpbimai cucmeya  moxeT OCMEHHBATHCH C OKpY Kaeumeit
cpenol KAk SHepruedi, TAK M BemecTBoM (MeraMoppuaM C COMYTCTBY=
ICIIHM MEeTaCOMATH3MOM ).

CucTeMa COCTOMT M3 ofHolt wim Gonee gas. Pasa = oTO oTrpaii-
GeHHAS YACTH CHCTEMBI C ONpENeNeHHBIME XHMHYECKMMA M (HSHYeCKUMU
cpoficTBaMu. TIpH pECCMOTPEHHH NOPOAbI HaCTO PasIMdaloTCs HECKONbKO
MEUHEpambHEIX ba3, HANpEMep BCe KPHCTAILI OMMBHHA B CHCTEMe CO=
CTABMSIOT OJMBHHOBYIO $a3y, KpHCTAIUIE! NIATMOKNA3a — [IATHOKIAS0BY O
dasy m Tak nanee. KpoMe TOro, Moxer MpUCYTCTBOBATL PACINIAB/IEHHAS
baca u quomnsas dasa, cocrosmas, Hampumep, us H,0, CO, n co.

1.2. KommnoHeHTbl

Kaxayio $asy B CHCTeMe MOXHO CHUHT&TEH CIIOXEHHOA H3 OAHOrO
wiy Gonee KOMNOHEHMOS . Upcno STHX KOMIIOHEHTOB And Mool oT—
[enbHOH $askl MOXeT OLITh ONPe[e/leHO PasIMHBIM IyTeM. Hampumep,
wisi onuBMHOBOrG TBepmoro pacrsopa (Mg, Fe),5i0, BOSMOXHBI
cienyioune Habopsl Komiosenros: 1) Mg,Si0, u Fe,Si0, , 2)MgO,
FeD -1 130, 3 S)iMegdt, n Fedb SHidt = 62—. BriGop KOMIIOHEHTOB
MPOUGBONIEH M SABHCHT OT XapakTepa pellaeMoi TepMOoAMHAMHYECKOH
saneun. Bnpouem, Boofme ynoGHee BCEro B KayeCTBe KOMIIOHEHTOB
CIIOMHBIX MHHEpaNbHBIX (a3 GpaTh KOHEUHbie WIEHBl CEpHH TBEpAbX
pacTBOpOB, HampHMep

Mg,5i0, n FeySi0, B ommute (Mg, Fe), Si0,,

KA1Si 04, €aAl,Si,0, 1 NaAlSiz0, B noseBoM wnate
(K, Na, Ca)(Al $i),Si,0g,

CaMgSi,0,, CaFe?*8i 0, 1 NaAlSi 204 B KJMHOTMPOKCEHE
(Ca, Na)Mg, Fe2*, A134)8i,0.

lpuunsa ynoGcrea BeISOpa B KauecTse KOMITOHEHTOB (OPMY/ILHBIX edH=
HHI KOHEYHEIX WIGHOB COCTOMT B TOM, HTO He A m060rc BOSMOXHOIO
Habopa KOMIIOHEHTOB Mbl pacronaraeM TepMOARHAMHTeCKHNMA [AHHBIMH,
HampuMep, TepMOAMHAMUYECKHe CBOHCTBA HHCTBIX ONUBHHA Mg,S5i0,; =
nnaruoxnasa NaAlSi,Oy HMSBECTHBI, HO HOUIBECTHE! ceoitcTea Mg?*t

B onmpuHe ¥ Nat B mnaruoxinase, TAK KAK STH HOHBL HE MOTYT GbITB
H3y4YeHbl B YHCTOM BHAE.

1, 3. XuMuueckuii noTeHumaln, p

Yro6sl ONpefeluTh HampablieHHe XUMHYeCKHX UBMeHeHHt B MOpPOAAx,
HEoBXOOMMO BBECTH MOHATHE O XMMHYECKHX NOTeHIHANax (1) KOMITO=
HEHTOB, Claramlnux nopoakl. XUMHUUeCKHl NOoTeHLUHal aHalloruHeH 2V1eKT=
PUMECKOMY WIH TPaBHTALHOHHOMY NOTEHUHaTy B TOM CMBICIIe, 4TO,
USMepsis TMOTeHIHAm:! (M) KOMIIOHEHTOB B PASMIMYHBLIX HACTSX CHCTe=
MEI, MOXHO ONPEHe/MTh TEHASHUMIO BEUeCTBA K IEpeHocy WM peax-—
may, KommoHeHTH! Bceria nepeMeliaiTcs U3 o6nacT¥ C BHICOKHM XHe
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Apaeonum

o —

Aasnerue

Pye. 1.1, O6uwmit Bua hasosoli rpanmm:
MeXJy KaJbIMTOM U aparoHu-
Tom B cucreme Ca CO,, Temnepamypa

MHY@CKMM IOTEHLHA/IOM B OONACTBH C HUSKHM XHMHYECKUM [OTEHIHAIOM
TaKuM 00pasoM, UTO CHCTeMa B LENOM NPHOIHXaeTCH K HaHGonee HHa—
KOMY H3 BOSMOXHEIX SHEPI'eTHUECKMX COCTOSHHMIL.

Paccmorpum crereMy, cocrosmyio na geyx TOMUMOPHHEIX PasHOBHO—
uocret CaCOy : uncroro aparoswra ( Ca CO; ) u umcroro Kammuura
( CaCO; ). CooTHoweHns XHMUMECKOro NOTeHUMANA KOMIOHeHTa Ca Co,
B xannuuropo#t pase (u'fco,) ¥ Taxosoro B aparomnropoit hase
(m ar 8 o) NpH PA3VIMYHLIX [ABISHMSX ¥ TeMIepaTypax MOryT GbITh
BbiBe/leHbl U3 $pa30BOK AMArPAMMEI KAILUMT - aparomut (puc. 1,1).

B rouke X, Haxomswefica B mone ycrofuuBoOCTH KansLuuTa, “Kca-t:oa
HUXe, YeM “?:Ecoa ; ¥ BellecTBO OymeT MepexoOuUTE H3 ApArOHUTOBOH
$asbl K KanbUMTOBO# A0 Tex INOp, NMOKA BECh APANOHHT He HCYeSHeT.

B rTouke Y mnpousoitner ofpaTHOe, MOTOMY YTO “gEco HIDKEe, HeM
WE8 .o B Touke Z penmumun Hcaco; B oBenx dasax paswei ;

TaKMM ofpasoM, asneck He Gyner HabmonaThLCA NMepeMelleHHs BemecTsa
u oGe dasel 6yayT HaxomMThCs B paBHosecHH (pmc. 1.2).

Y7o6E! BHIPABHTE COOTHOLIEHHS MeXay KanbUHTOM H aparoHHTOM,
MPHHATO 3&NMHCBIBATE YPaBHEHHE XUMUYECKOH Peaxumu UHTEPecyoLero
KoMIoHeHTa (WM KOMIIOHeHTOB) M PaccMaTpHUBATL CPABHHUTE!ILHLIE BE=
MHYUHBEl M BBILEMSTTIOXEHHBEIM CIIOCOBOM:

CBC03 = CﬂC03 (T'i)
aparoHuT KaJblLUT

8 mouxe X B.mouke ¥ B mouke z
ApacoHuL Kapsyum
Apazonum Kanvyum
Bfcaco 0 Feaco,
hammaum |Wpazoman | *cacoy = 0
Mcoco,”0

Puc. 1.2. OrHocurebible XUMUUECKHE NOTEHIMAM B TOUKAX X,Y u Z na puc. 1.1.
15



Veop/leHo CYMTATH, YTO peakuus NpoTeKaeT Clepa Hanpaeo, Tak
YTO KOMIIOHEHTHI NPABOHi CTOPOHH! pPEeaKUMH CHUHTAITCA MPOAYKTaMH, &
NeBoil CTOPOHBI -~ peareHTaMu, Yuurpieags 2TO YCIOBHEe, pasHully B
U caCO3 Mexay NpoAyKTaMH M peareHTaMi, &ucncog, MOKHO Olpe-
AENHTE CIefyloulMM oGpasoM:

L. '
A cacoy = M nebs ~ ”?:E.‘?ng

(1.2)
BAucacoy = “éﬁcog - uifcos
Tak, Ha puc, 1.1 uMeem:
(a) B TouKe X: AU g, € 0,
(b) Brouke Y:Aucacoy > 0, (1.3)

(c) BTouke Z:Au CaCO3 = 0.

(OCHOBHOE YC/IOBHE XHMIYECKOT'O PaBHOBECHS BHIPAXEHO YypaBHeHHeM
(1,8¢ ).

XyuMpYecKne TTOTEHIHATbl KOMIIOHEHTOB BLIPAXAIOTCH B AMOY/IAX HA
Monb ([k/Monb) Wik, 4TO Gonbile MPUHATO B DEONOrUHECKOH uTepa-
Type, Kalopuax Ha MOIb (xan/mone ). ToCKOIBKY XMMHUECKMil TMOTEH=
oHMan - yAelbHOe CBOUCTBO, OH HE 38BHCHT OT peanbHOro 4HuCia Mojiei
B cucreme, T.e. Hhco, IPENCTABSET ONPeAeNeHHyo BeMriuHy IpH
noBoM SaeHHOM OABIeHHH H TeMiepaType HesaBHCHMO OT TOr'G, HMe=
erca B cucreMe 1 mwmm 1000 moneir CaCOj. (MoxHO NMPOBECTH aHa=-
[IOTMI0 C TPAMM-SKBHBATEHTHbLIM BeCOM KOMIOHEHTA. KomnonesTt
CaAl,Si,04 umMeeT GOpPMyIbHbI BEC 278,21 ¥ rpaMM~2KBHUBAJIEHT=-
bl Bec 278,21 rpammva. [paMM~2KBHBA/ISHTHBUT Bec (ynensHoe cBoOji=
cTBO) He saBMCHT OT Toro, 2, 10 mim 106 Monei CaAl,Si,04
NPHCYTCTBYeT B CHCTEME. )

CpojicTBa CHCTeMbl, MOAOGHb.e | , HE3ABHCHMbIE OT €€ MACCEHI, Ha=
SLIBAIOTCH  UHMENCUSUDIMY CEOUCMEAMU [pyrue npmMepsl - [AaBlIeHUE,
TeMIepaTypa ¥ IOKasaTellb NperomMieHusd.

XyuMudeckuii MOTOHUMAN fBnfeTcs (yHKuHeji COCTOAHHA CHCTEeMBL.
Sro osHauaeT, YTO XHMUYECKH{ IOTeHIHan moboro koMmmoHeHTa i (i)
MMEeT OfHO ONpE/eleHHOe 3HAYEHHe, eC/li 3afaHbl BENHHHE! [AB/ISHHH,
TemIepaTypsl i BalloBOrO COCTABA CHCTEMEL. B xauecTBe NpUMeEpa Bep-—
uerca K puc. 1.1, Ecin B3aTh CHCTeMy, CCCTOSAWYIO U3 YHUCTOrO
CaCO,, To B Touke X MOTEHUHAID! wlcoy B uiico, HMEOT onpe -
NenCHHBIE SHAYEHHS. DTH BEHiHLl COBEPUICHHO He3ABHCHMBI OT NMyTH A0-
CTHKEHHS CHOTEMOll TeMIepaTyphl i AABIeHAs, COOTBETCTBYOIHX TOUKe
X. EQMHCTBEHHBIH CHOCO6 K3MEHHTh Beuuniy WA, nmm ugP o, =270
HSMEHHTL COCMOANUE CHCTEMBl MyTEeM HI3MeHeHHS TeMIlepaTyphl, A&Ble-
Husl WIM OCPEACTBOM [00apneHns OPYPHX KOMIIOHEHTOR.
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4366

1.4. Jueprus ['n66ca n xumuueckunit noTeHpua

B oBmem ciyuae haskl WIH CHCTEMEI COCTOAT Gonee 4eM M3 OLHOMO
KOMIIOHEHTa, ¥ 4acTo OpBaeT HeoOXOOMMO pacCMOTPeTh TepPMOdHHAMH=—
yeCKHe CBOHCTBA d&asbl (CHCTeMBI) B LENOM, & He CBOHCTBA CIAraioliuX
HX KOMIOHeHTOB. CyMMa XMMHYECKHX MNOTEeHIHA/IOB KaxAOro KOMIOHEHTa,
YMHOXeHHa# Ha YHCIO MOjIel KaXAorc M3 HUX, i BCeX KOMIIOHEHTOB
dasel WIH CHCTeMbl onpefendercs Kak oHeprus 'mG6ca (wm croBoasas
SHeprusd):

Goby = izl-liﬂi, (1.4)

roe y; = XMMHYeCKHH NOTEHUHA] KOMIIOHeHTa i, nj; = YHCIO MoMel
KOMIIOHEHTa i B paccMaTpuBaeMoii $ase, a CyMMHpOBAaHHE IPOBOAHTCS
no BCeM KOMIIOHeHTaM. [1nsi ONMBHHOBOT'C TBEPAOrO paCTBOpa, COCTO-
swerc us n, Monek Mgy,SiO; mn, wmoneit Fe,Si0,, croGonwas smep-
THs OJIMBMHOBOH tbaabl onpejeiideTcd Kak

G (1.5)

e on on
oby = M1 uMggSiOq i n2uFezSi04 '

Via ypapmemnit (1.4) u (1.5) ouesnauo, uro G apngercs dyHxun—
€ uuCna Moneli KOMINOHEHTOB, NPHUCYTCTBYIOMHX B pAacCMaTpHBaeMOl
pase unn cucreme, CeoiicTBa CHCTeMbl, KOTOpble SABHCAT OT KOMHYECT—
Ba HMEIOIEerocsd MaTepHana, HaShIBAIOTCH JIKCMENCUSHBIMU C60UCmEaAMY
(uanpumep, Macca, o6beM, TENIOCONEPXAHHE).

[Tockonexy cpoGoauas 9Heprusi MHOT'OKCMIOHEHTHOH (aakl 3aBHCHT
OT ee cccrapa, Ha ypaeHeuns (1.4) crnemyer, 4TO XHMHYECKHH MOTEH—
nran g1060ro KoMmoueHTa i B 2TOit ¢tase MoxeT GLITH NOMYYEH HACT—
HbIM AupdepenunpoBanueM G NO n; IEPH NOCTOSHHLIX KO/THYECTBAX
BCEX MpCHuX xomncuewros (n; ):

(M) - (1.6)
ani PN ny

[Tepemennble Benmuunbl gasnesus (P), renmeparyper (T) u xonwuecrea
Monelf KOMIoHeuToB ( n; ) mpr AuddepeHuNpCBAHMEM NPHHAMAIGTCS MO~
CTOSHHEIMH,

[lna uucTOH ONHOKOMIOHEHTHOH haskl ua ypapbenws (1.5) BriTekaer
Clleyiouiee COOTHOLIGHHE:

G = un,

pu=G/n. (.7

Taxum ofpazom, mwis WHCTOH $askl NCTEHUHAN CMATAKIErO €6 KOMIIO-
HEHTa paBeH MONBLHON CBOOOMOHOH SHeprHM aTol dasbl. Ua YPaBHEHUS
(1.7) cnemyer, 4T0, MOCKONBKY PASMEpHOCTE M = KBH/MOJII: (Mox /vmoms ),
paamepsccTk G — mpocTo kamopmu (mueynu).
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B nanscheitwenm B oTOH KHMre GyAeT yAOGHO MMETh OE/C MOYTH
MCK/IICHUTENEHO C MOMAPHbIMY (ymenbHbivu) cBoicTBaMmi das WiH HX
KOMIIOHEHTOB, [0 ®TOl mpuumHe Mb! 6ygeM NpHUMeHATE o6oSHaYECHHE
G, (xpoMe ccofo oroBopeHHBX CraydaeB) ans CBOGOOHON SHEPTHH Ha
MOMB Gasel a H p* aAna ofo3HAYEHHA XHMHYECKOTC IIOTeHlIHana KOM=—
noHeHTa i B dm:;sel a, Ecnmu a cocTOMT B3 YNCTOrC KOMIIOHEHTa i ,
TOrga wMeem

G, =p- (1.8)

OnpenensTs aCCoMOTHbIE BEMHYHHB! CBOOOOHBIX 2HEPruil ¢as win
XUMHYECKHX MMOTEHLHAIOB KOMIIOHEHTOB HEeT HH BO3MOXHOCTH, HH HEOO=
xonumocTn, CBofGoaHbie sHepruu Gas MoryT, BOpcdeM, ObITh M3MepeHb!
OTHOCKTENLHO STA/IOHHOI'O HaGopa CTAHOAPTHBIX BemecTB, OGBIMHO THGO
S7IEMEeHTOB, K00 OKHC/IOB, C TeM, YTOOB! NOCTPOMTEL WKATYy OTHOCHTEIb—
HEIX CBOGOAHBIX SHEPTHIl MWIH XMMHMYECKHX NOTeHIHancs. [loCKOnbKy
yClIOBHEM paBHOBecHs O/si cEanaHCHpOBaHHBIX MO Macce peakuwii (c pas-
HEIM KOHYEeCTBOM aTOMOB IO 06e CTOpOHbI) SABIAETCA PABEHCTBO XH—
MHYECKHX IIOTeHLHANOB, HeOOXOAMMO SHATL /MWL PO3HUYY B BelU4HH—
He W KOMIIOHEHTOB DEAareHTOB M NPOAYKTOB, AJS TOrO YTOOBI Ompefe—
AUTh, Oyner nM peaxkuus NPOTEeKaTh CIpapa HaleBo WIM HaoGOpoT.

1.5. PaBHoBecus MHOMOKOMIOHEHTHBIX CHCTEM

PaBuopecusa B cHCcTeMax, coAepxamux Gollee OOQHOI'O KOMIIOHEHTA,
MOT'YT paccMaTpHBaThbCs TakuM xe obpazoM, KakK OblIO NOKasaHo [A1d
PeaKiuy KalbUUT — aparoHuT. [IpH BBICOKUX OABIeHHAX AHOPTHT pas—
naraeTcs COIViaCHO peaxuHu

3CaAl,Si,0,=> CagAl,Sig0,, + 241,510, + Si0,. (1.9)
nJjarvokJjaas rpasat KHaHuT KBapl

lo amanoruu ¢ ypaeuenuamu (1.2) um (1.2) penuuuna AG (mna Gomee
4eM O[HOTC KOMIIOHEHTA) MOXeT GBbITh ONpefeneHa CIefyoITHM of6pa=—
30M:

=P KH K? - nn 1.1
AG HcagAlysta0p0 T 2“A125i05+ Hsio, 3“CaAlzsi208 (1.10)

H IIpH paBHOBECHH
AG = 0.

Ecnu AG Meubwe Hyns, U3 aHopTHTa 00pasyloTcd T'paHaT, KHaHHT
H xmapil, Ecnu xe AG Gonblue wyns, crabunen aHopTtHT. Kak u B mpe—
ABIAYIIEM Cry4ae, HI¥HHE HHAEKCH! ( C33A125530m ; S$i0, n T.0.)
OTHOCATCH K KoMnouexmaM , a Bepxune (xmasmr, rpasar u T.0.) -
K fiazam, T.e. “.ﬂgsms O3HaYaeT XHMHYeCKHH NOTeHUHal KOMIIC-
uweura Al,Si0, B xkuauuropoir dase. [OCKONIEKY XUMUYECKHH MOTEH—
unan (u) = monspuoe (ynenbHoe) cBofiCTBO, HEOOGXOMNHMO BBECTH
kospuumentsr 3 ana CaAl,Si,0, u 2 ana Al;Si0y, nmoromy wuro
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B peakuun (1.9) npuHMMAOT y4acTHE COOTBETCTBEHHO 3 H 2 Mons
9THX KOMIIOHEHTOB,

B nopopmax rpaHar Hukorpa He npeactaeied yueThIM (CalAl,Sig04,,
a mnaruoknaa — yuctTeiM Ca Alzsizog . B ofoumx cioygagx OHH SBIIg—
JOTCE MHOT'OKOMIIOHEHTHBIME TBEpAbIMH PACTBOPAME C H3MEHSAIOLIHMCH
B WHPOKHX Npefenax COCTaBOM. 00HAKO OUEHD GAKKO OMMEMUMD , UMO
ecau 8 M0G0l nopode uMeemch pasnosecue Meroy naaLuoKIa30eulm neepoum
PACMEOPOM, LPAKAMOGHLM MEEPOLLM PACMEOPOM, KuanumoM (0GbUHO noumu “uc-
moia A1,S10 ) u Kéapyem (noumu wucmoin Si0,), mo AG 6 ypasuenuu (1.10)
00AKNHO PASHAMLCA HYAKW. DTO YCIOBHEe TNPHMEHHMO HE3aBHCHMO OT
crnoxHoCcTH ¢das B TnopoAax, XoTf XHMUHECKHe IOTEeHIHAIbl KOM=
NOHEHTOB B TBepAblX pacTBopax © B YHCTHX (asax HeoAuHa—
KOBBl, peakKUHH H YCIOBHS paBHOBECHS MOI'YyT pacCMATPHBaATBLCH
Yepes NPOCTE!e KOMIIOHEHTH! KOHEUHBIX WIEHOB, KaK NOKA3aHO BHIUE
(ypapuenne peaxmmu (1.9), u ycnopua pasnosecus (1,10)). Hecne-
[loBaHHe PABHOBECHBIX COOTHOILUGHHI MMy PasyIHYHBEIMH MPOCTHIMM
KOMIIOHEHTaMH B MHOTOKOMIIOHEHTHEIX T'OPHBIX NOpOAax — YpesbbluaiiHo
AeliCTBEHHbIi MeTO[ PElIEHHS TeoNOrHYeCKHX BOMNPOCOB, NOTOMY 4YTO
g -moboil NaHHOK MHHEpanbHOR accouyanid o6BIYHO MOXHO HaNHCaTbh
HECKONLKO pPeaKUHii, HCIONbL3ys NPOCThle KOMIOHeHTHl. Yem Gonblie
TAKMX peakKumi Oyoer samucaHo, TeM Gonbuwmii 0GbeM HHYOpMAaLMK MOX
HO TIOMYYHUTH M3 MUHEepAalbHBLIX ACCOLHALMA.

1.6. Onpeneaenue u 1 G

Yrobhl OnpedenuTh YC/IOBHS pPABHOBECHsi Vs AaHHOro nHabopa Mu=—
HepasoB, HeoGXOAMMO MONYYHTE YHCIEHHEle aHavenus u u G Bxops—
I'MX B HEro KOMIOHeHTOBR H ¢as. Kax ynmomuHanoce Bblue, abCciloTHbie
SHAYeHHS STHX BEMHYHH He MOT'YT OLIThL ONIpefeNeHbl, OOHAKO, BhICpas
HEKOTOpYI0 TOYKY OTCHYeTa, MOXHO NOMIYYMTH MX OTHOCHTEILHbIE 3Ha—
yenps, Juepruie ['m66ca ang crcreMsl WIH (asbl MOXHO BbHIPA3UTH Kak

€<l =T, (1.11)

roe H = menaocodepwanue, WM JHmAAvnuA , CHCTeMBI W dasel, a
S = ee sumponus; T — abGcomoTHas Temileparypa. SOHTanbnug CHCTe—
Mbl OGLIYHO BBIPAXKAETCH OTHOCHTENBbHO PHTAJLIHE ClATaloIHX ee 3jle—
MEHTOB, SHTAILIHIO 2MeMeHToB npu 1 6ap M paccMaTpHBaeMOH Temile-
paType NpPHHSTO CUMTATH paBHOi Hymo. licxons U3 STOro, CTPOHTCH
WKana OTHOCHTENBLHBIX OHTANbLIMi COeHHEHHH ITHX 371eMeHTOB. Pac-—
CMOTpHM, HalpiMep, SHTAIBIHK uyucToro dopcrepura Mg,Si0,. [Npu-
unMasi Temocofepxanus Mg (kpucranmuueckwit), Si (xpucramnmyec—
kuit) u Oy (ras) mpu 1 Gap u T paBHEIME Hymo, suranenad Mg,5i0,
onpenenseTcsa peakimei

2“8 + Si + 202:3—‘-“528i04;

KpUCT. KPUCT. ra3  OJMBUH (1.12)

AHgeakyun = Hepo = 2Hy, — Hs; — 2Hg, =

= qu -0 =-520,37 kkaxa (-2177,23 k/Ix) npu 1 6ap n 298 K.
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Jumponus ~ cuCTeMbl min ¢esbl, §, MOxeT PACCMATPHBATHCS Kak
Mepa ClIy4akHOCTH, WIM pagynopfafdodeHHOCTH, B cuHcTeme., YeM Boiue
CcTelledb Pasynopsaf04YeHHOCTH, TeM Gonblle BellMYWHa SHTPONHH, B ka=—
HeCTBe NpMMepa pacCMOTPHM CHCTeMy OGonplioro obbeMa, COAEPXKAUYIo
HeOONBIIOE KONMMYECTBO Ta30BOro bBellecTBa. BepoaTHOCTE HaxoxAeHud
MoOjleKyiibl Tasa B npepenax 11060ro gaHHoro ofbemMa CHCTeMbl OHeHb
Majla, Tak Kak HebGoblloe KOJIHYEeCTBO MOJIeKyNl pPacCefHO B GOonblIoM
o6reme. Orcrna cTeneHb ClyHaiiHOCTH 9TOH CHCTeMbl BelMKA H MOIfp:-
Hag SHTPONHUS Tasa Takke pBenuka, Eciu yMeuwbware ofbeM CHCTeMBI,
papneHue, obpaTHO MpoNOpHHOHAILHOE O6heMy, BOSPaCTeT H MEXMOole—
Ky/lfpHble paccTodunsa cokpararcd. [lpu ymeubulenun ofmero ofbema
CHCTeMb! BEPOSTHOCTH HAXOMAEHHHs MOJIEKy/bl B /1j000M OaHHOM oGbeMe
rasa ypellHYHBaeTCH, a SHTPONHMS, WIH Cny4aifHOCTh, ClIeAoBAaTEeNLHO,
cumaercda, [lpu CHIBLHOM YBeNWYEeHHH MABIIEHHS T'a3 MOMEeT CHKIMATBCH
WIH Aaxe sarBepAeBaTh, Ma sToro ciegyer, 4To MoneKyiibl B KHAKOM CO=
CTOAHHH € MajbkIM 06HeMOM H BEICOKOH NIIOTHOCTBIO OOIRKHEI HMETB MO-
NSPHYI0 SHTPONMI0 HMXEe, YeM B COCTOSHHH T'asa, H 4YTO MojsdpHasd SHT=
pones B TBEPOOM cocTogunu Oyner eue Hmke, Kpome yBenuueumus
MOJIbHOM IJIOTHOCTH B > HAKOM H TBEpPAOM COCTOHHHEX IO CpaBHEHHK C
TasoBbiM, TPAHCIHUHOHHAS M pOTAUNOHHAS CTeneHu cpoboabl MoneKyil
(Tamxe cpasauublie co CIlY‘IﬂﬁHDCThIO) B XHOAKOM H TBEPAOM COCTOSIHHAX
TOpasfo HHXe, WeM B r'as3oBoM, Gnarofaps Gonee CWIBHBIM MeXKMOile=
Ky€pHbIM B3aHN O0eHCTBHAM,

B rayecree nepBoro LpHOGNMMEHHMS, CIe0OBATENLHO, MONHO NOCTPO=
UTB CledyloUyl0 CPABHHTENEHYIO WIKaiy 2HTpOmMi:

(Sragdumsk P > Sraslewic P> Swuax > Syg - (1.13)

lNockoneky G - CBOHCTBO ®KCTeHCHBHOe, H n § Takxe apBagioTcHd
SKCTEHCHBHLIMHM cBolicTBaMH, Tak Kak b 9TOi KHHI'e HCIOIL3YeTCs MOIb=
vad BenumyuHa G, B pganpHefilueM SETaNbIHA Ha MOABL H OHTpONHA HA
Mone dasel a Gyayr obfosHauaTkcs coorBercTBenHo Hy m Sg. Coepo-
BaTeNnLHo, pasMmepHocTs H, Gyaer xan/mone (Ox/mone), a S, = xan
/Momb.Tpan, HeBecrHas NON HAGBAHHEM SHTPOMMITHON enmHuusl (s.e.).
AnanoryuHoe BhIpaXeHHe I8 XMNMMYECKOrO NOTeHlMana KOMIIOHeHTa i
B base a HMeeT BH[I

u = Hi-TSY, (1.14)
roe ﬁi - NOpYdarbHan MOnfpHasd SHTanbLIHA KOMIOHeHTa i B daae
a, " §i - nMapuuanLHas MondpHas sHTpenud. [lapyuaishas  mondpHaa
SHTAMLINA KOMIIOHEHTa i eCTh SHTAIBLIHH MO/ld 9TOr0 KOMIIOHEeHTa B
daze cocraBa a . Ecniy daza COCTOHT TONBKO HE KOMIIOHeHTa i, Torga,
Tax #e Kak u ana G M p, MOnfipHAS SHTANLNHA papHa NaplLiaibHON
MOJISIpHOIl SHTANLIMM KOMIOHeHTa i B dase a. Ecam dasa a mnpend-
cTaBnfeT CMech KOMIIOHEHTOB, TAKoro pasesctea Her (om. mim. 3).
PaccmoTpun peaknnio GopcTepuTa H KBapua ¢ obpasoBaHieM SHCTaTH=
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Ta (Bce ¢azpl yucTHIE ):

Mg,Si0,+ Sioziﬂigzsiz‘oﬁ. (1.15)
topcTepur kBapl — SHCTATHT

Vamenenne sHTanbLIME 9TOH CHCTeMbl IpPH peakumn 1 Moms dopcTepuTa
c 1 MoneM KBapla ONpefelsercs Kak

AH = Hyyor = Hyg— Hypo. (1.16)

Hanpumep, nmpu 900 K u 1 Gap

AH = —738988 + 216401 + 519207 = —3380 kax
(3091930) (905422) (2172 360) (14142 /Ix)

AH mpegcrapiger TemnoOTYy PeAaKUHH HPpH NOCTOSHHOM AaBjIeHHH, Ta=—
KuM e o6pasoM, HEMeHeHHe SHTPONHH STOH peaklMH OnpedenseTcsd Kak

AS = S sper = Ska = Sgho-
Ilpn 900 K u 1 6Gap

AS = 86,12 — 26,09 - £1,88 = -1,85 xax/moun - rpas.
(360,33) (109,16) (258,91) (7,74 [x/K - Moaw)

Yro6el onpefeniTh, B KAKOM HaIpapileHud moiiger peaxuma (1,15),
Ccllepa Hanpabo MM HaobopcT, nmpd AaHHoM HaGope P,T ycmopuii, Heof-
XOOMMO SHATh BenuuuHy AG IIpH STHX YCIOBHAX., OTO ONpededercd
COOTHOIL@HWeM

_ . 3HCT __ o KB
AG = H¥g,siy04 HMeysi0, ~ Hsio,

WIH, TOCKONBKY BCe (askl HMCThIE,
AG = G0t~ G — Gyg = AH—TAS. (1.17)

[lo aamorEl C KaubIHTOM H aparoHuToM (pasm.l1.3): mpu AG< 0 pe-
axuMs mpoTekaeT Hampaso, Ipy AG >0 peaxuus mporekaer Haneso,
mpu AG=0 pasHoBecue. B srom ciyuae mpu 900 K u 1 Gap mmeem

AG = -3380+ 900 x 1,85 = -1715 xax (-T176 dx).

Taxum obpasoM, mpu 1 Gap ¥ 90C K us dopcrepuTa u Kpapua obpa=
ayeTcs SHCTAaTHT.

3axkon Xecca

[Mockoneky H, S (a ramxe ofGbem V) SBIfOTCA (yHKIMSMH COCTO=
dHHE CHCTeMbl, TO B TeX CiIydasx, Koraga 2KCIepHMeHTalbHble TPYAHOC=—
TH He AONYCKAIT HX HEeNOCPEeNCTBEHHOIO U3MEepeHH#, OHH MOr'yT GBITh
ompepefieHbl KOCBEHHEIM ITyTeM, Hampumep, NONy4YWThH anmas U3 rpeduTe
IIC peakKluH

C==C AH, (1.18)
rpadur aima’
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HCKIIOUUTENLHO TPYAHO, TAK KaK [UIS SaMeTHOTO MPOTeKaHHus STOH peak—
MM HEOGXOMMMbI BLICOKHE [AB/IeHHs U TemmepaTypel. Hemocpencrserzoe
namvepenre AH) B 2TOM SKCmepuMeHTe CONPHKEHO C OT'POMHEIMH TPYA=
nocTami, TemIoTs xe TOpeHHs KauAoro H3 OTHX NOMMMOPJoB B KHC-
[I0pofie ONpEeIsIoTCs J1erKo.,

€ 02-—:}-—(:02 AH2 (].19)
rpabur ras ras
C + 0,=CO0, AH,. (1.20)

aimMa3 ras ras

O6parnas peaxuus (1.20) shipaxaercs
CO==C + 0, AH = -AH,. (1.21)
aamas’

CxnaneBas ypasuesns (1.19) u (1.21), nomydum peaxiio:

C + COp + 0,=C + COp + O
rpabur aamas

3To TO XMe camoe, HTO

= U AH, = AH, — AH3-
rpabur aiMa3

AH, MOXHO, CilefIOBATENBHO, HENOCPEACTBEHHO paccuyuTaTh U3 H3Me—
pennbix cuauenmit AH, m AH,. Bce aKCTEHCHBHEIE NepeMeHHEIe G, S.
H u V aoouTUBHEI M BCE@ OHH MOPyT OHITE ONpeAe/eHb! asaoruHHbIM
KOCBEHHBIM IyTeM,

1.7. 3aBucumocTb H 1 S, p ¥ G OT Temneparypbl

Ec/i BeleCTEO HArpeBaThb HpH IOCTOAHHOM [AABMEHHH, TO €ro Temno-
conepxaxue, WIM SHTANLNMS, BOSpACTaeT NPHMEpHO MpONOPIHOHAIEHO
[OBBILEHMI0 TemiepaTypbl, COOTHOLeHHEe MEeXAY MNOBBIIEHHEM TeMiepa—
TYypbl W yBeIHYeHHEM OSHTAaIbINH Al paauYHbiXx BemecTB PaciHiHO H
BBEIp&XKaeTcs XapaKTepHCTHIECKOH KOHCTAHTOH = remnoeMKocTs0 Cp.
Ecii BemecTBC HarpeBaeTcs B TeMIepaTypHOM HHTepBaie dT,.TOo yRE=
nuuenne suransmuu, dH, ompenensercs COCTHOLIEHHEM

dH = CpdT. (1.22)

[TOCKONLKY SHTANBLINA PEAreHTOB X NPOAYKTOB H3MEHSAIOTCH C TeMiepa-
Typolt, HGMEHEeHHe SHTAILIMN PEEKIM: TAKKe SABHCHT OT TeMNepaTyphl:

dHA (Cp)AdT; dHB = (CP)BC]T,
dAH = (Cp)pd T— (Cp)ad T = ACpdT,

(1.23)

rpe AH = 2Hr'tpm:lymra-a = szaareu'roa*
ACP= Zny’W’-V"TOB _ Ec%aareu-roa_

22



B rabnuuax TePMOAHHEMHYECKHX [O&aHHBIX IPHHATO MNPHBOAHTE DH=
TalbIHA MHHEpAa/IOB M T'a30B NpH CTAHOAPTHOH TemnepaType, OOLIYHO
298,15 K (25,0°C), a gna Toro urobbl MOMYyYNTH BENMYHHbBI NPH
Goilee BEICOKHX TeMilepaTypax, HeoOXOOMMO HHTEerpHPOBATH YpAaBHEHHe
(1.22) ans xaxpgoro Musepasa.

3uauyenne H pns mioGoit Temmepatypei T no pamueiM Hggy u Cp
onpefensercd CledyllHM 00pasom:

T T
JdH = [CpdT, (1.24)
298 298
T
Hyp— Hygg= [ CpdT. (1.25)
298

Ecnu TemnoeMKOCTE He3aBHCHMA OT TeMIepaTYPbl, HMeeM
Hy = Hygq + Cp (T — 298). (1.26)

Boobue xe TeioOeMKOCTH 3ABHCAT OT TeMIlepaTypbl X MHTEerpHpoBaHHe
OBGBIYHO HECKONLKO Gomee croxHo, [lna GonbwmHCTBa Has, NpeAcTaB/1fio-—
WHX WHTEpeC AN T'eONorcE, TEIVIOEMKOCTH M3MepeHBl M CBefeHbl B Tab-
nuuel [ 69]. B Tex cnydaax, Korga TellIOEMKOCTH HEHM3BECTHBI, HX C
NOCTATOYHON CTeNeHBI0 HAAEXKHOCTH MOXHO oueHHTE (pasg. 1.7).

B ofmeM BHOe SABHCHMOCTL TEIUIOEMKOCTH INpH INOCTOAHHOM OAaBleHUH
OT TeMmeparypsl INokKasaHna Ha puc, 1.3. Kax MoxHO BHOETb, NPH abco-—
motHoM Hylne Cp MNPOXOAMT Hepes Hy/lb, & IpH BLICOKOH TemIeparype
npubimxaeTcs K NOCTORAHHOH BenuyuHe, B ofmacTu Temmepatyp Bhille
298,15 K Ty 2aBHCHMOCTE MOXHO NPEOCTABHTE B BHAE ClledyIIIero
MPOCTOr'O ypaBHEHHS:

Cp=a+ BT e T (1.27)

TOe a,p u ¢ = KOHCTAHTE!, SKCIepHMEHTANLHO ONpedeldeMble AN Kak=
no#t daszsl, a T = abconwoTHad TeMIepaTypa.
[lna onpeneneHus Temocodepxanus ¢asbl mpu moboit Temneparype T

Pue. 1.3. 3aBucimocTb TelLioeM-
KOCTU OT TemInepaTypbl
IpY NOCTOAHHOM JaBJie-
HU. Temnepamypa ——»
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nopcraengem ypapuenswe (1.27) B (1.25):
T
Hy=Hyg+ [ (a+bT+e/THAT. (1.28)

Hurerpupyd, noinydaeM
(1.29)

B4 c|T
HT=H2QB+[ET+ 2 ——]

T 508

MHuTepecylomee sHayeHHe TeMIepaTypkl, T, NOACTAB/ISETCS B BhIpaXeHHe
B KBAOpaTHBIX CKoGkax, H pesyneTaT npubasasercd X Hgge. Takas xe
noncTaHoBka npou3somHTcd ana 298 K, W pesynbTar BRMHTAETCH H3

H,5e. Cymma naer Hep.
llpumep 1. ONpefenuTe DHTANBIHI0 HU3KOTO anwbura mpu 900 Knu

1 Gap, ecnu pausl sHTanLmus ero mpu 298,15 K w1 Sap u ypaBHenue
TemnoemxocTu (B Kan/rpai- Moib).
[ns anwburta

Cp = 61,7+13,9 x 10-3T - ‘-"a‘”{‘% (69].

Hygy = —937146 xan/mons [108].
900
Hggp = Hygq + [ar[ g %-’ i] =
T 08
. 5
I [ﬁ1,7T+ 13,9x10-3T2 15,01 x 10 ] 900 A a
2 T 298

[loncTanoeka sHadeHuin TemiepaTypbl T B 3TO BbpaxeHHe OaeT:

Hyoq = 937146 + 61,7900 — 208) + 13:9 1072 (9002 _ 99g2) ,
2
+ 15,01 x l(]ﬁ( ) = 898 360 xaui/mMoib.
900 298

Ypenuueuue TeIlyiocoaepauus ltlaabl BeeT TaKkKe K YBEelIH4YEeHHIO ee
SHTPOLNIHA, Ecnu IpH NOCTOAHHOM OABJIEHHH INO/Iy4eHO KO/IW4eCTBO Telula
dH , To

_ dH 1.91
ds = (1.31)

WM, corviacHo ypasHenuio (1,22),

., CpdT
s = 2%, (1.32)
i
TakuM obpazoM, YTOOBl MNOIYYHTE 2HTPONHIO (askl NpH TeMieparype
T us crasupaprHoit (mpm 298,15 K), mMoxHO ciemymowuM ob6pasom
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IPOMHTErPHpPOBAaTh ypaBHenue (1,32):

2y a e
el _+b+_._)dT, (1.33)
s 2£B(T T3
TR [mmbmﬁ] e (1.34)
298

H, BBIUMCIAR S,, HYXHO, Kak # B cilyiae ¢ H;, mogcraBuTth suagenne
TeMneparypbl T B BelpaxeHne, crodilee B KBAOPATHBIX CKOOKAaxX.

Mpumep 2. Paccunrare AH, . u AS,,, peaxuun
NaAlSi,0,==NaAlSi,0, + Si0, (1.35)
ambbur Kajleut KBapl|
HCXOAf H3 CIeOyIoUHMX NaHHBIX:
Dasa Hggg, kan/monb | Spgg, 3. €. Cp, kan/monk - rpag
Huakuh ansbut -937146 50,20 61,7+ 13,9x 1073 T
-15,01 x 10°
T2
Kaneut -719871 31,90 48,16 + 11,42 %103 T
-11,87 x 105
T2
Keapy -217650 9,88 11,22 +8,2x 1073 T
-2,7 x 105
T2
AHggg = +937146 - T19871 - 217650 = -375 xau,
ASgep =-50,2 + 31,9+ 9,88 = -8,42 s.e.,
5
ACp =Aa +AbT + A_;. =232 +572x 1037+ L44x10° 0 niom, . rpag,
i T2
800 5,72 0,44 < 108 | s
AHggo =AHug5 + [ ACpdT =-375 +|=2,32T + w 08T
298 298
llopcrapnaa T = 800 u T = 298, nonyuaem
AH oo = -375 - 80,6 + 581,55 = +125,95 xaux. (1.36)
[opoGubiM Xe oBpasom
goo ACp 3
ASggg= ASpe5 + [ ——— dT=—-842+ [-2,321naT +5,72 x 10 T -
298 T
0,44 x 10° ]8‘"’
912 - (1.37)

25



H, noAcTap/idd, KAK H paHee, T, nory4aem

ASgpo=—8,42-1096 + 11,77 = — 7,61 2.e

[lo TUM pesynbTaTar [I€rKO MOMHO yOedUTBhCH, 4TO AONylleHHe
AC,, =( BHOCHT /MIlb HCKTCUHTEILHO MAIYI0 DOTPELHOCTh B pacuer
AG Peakuuu C yiacTHeM YHCTBIX Xaaeura, anbChura H KBapua:

AG= AH — TAS.

[lonarasa AC, =0 ¥ HCHONB3YS BEMIriuHBl Al HAS mpu 298 K,
HveeM

AGygap so0 = — 375+ 800 x 8,42 = + 6361 xan.

Ecnu e y9ecTb TEMIEPATYPHYI 3aBHCHMOCTB TElI0eMKOCTH, pacieTHas
BenHunHa AG | gap, oo 6yner papua 6214 xan (126 + 800x7,61).
CrnenorarensHo, olMbKa, Bbl3paHHAsd HCIONL3OBAHHEM BenmumH 298 K
mpr 800 K, cocrapbnser venpwe 150 Kan, YTO Ha MOPSAAOK MeHble,
yem HEONpedelleHHOCTE 3HadeHud AH .

[ToaToMy pesoHHC cAenaTh CleAyloulee AOMYLIEHHE OTHOCHTEILHO
Be/IMYHHB] 3
A(’lﬁﬂp-,'r

A6 16ap,T ~2Hi6ap TAS, (1.38)

rae AH B AS ©¢arkTHYeCKH NOCTOSHHBI B LIHPOKOM HHTEpBAaje TeMmIepa=—
Typ. STO OOMylleHHe NPHMEHMMO NPaKTHYeCKHM W18 Bcex 6ea HCKIOYEHHS
méepdofiasnnlr peakumt B MHTEpeCylolleM TEeONoroB HHTEepBasle TeMIe-
patyp. TakuM ofpaaoM, Ajf peakuMii, B KOTOpPLIX Y4acTBYIOT TONEKO
TBepasle dasel, NOCTATOYHO SHATH AH,gqp ¥ AS TpH KaKOi=TO TeNM=—
nepaType, GnMM3KOl K MCCnenyeMoi, WM [Jaxe BO MHOIMX ClIydaax OpH
298 K, anst Toro uTOGE MMETH BOSMOMHOCTE paccuutaTk AGjgap 1
C [0CTaTOYHOH TOYHOCTHW. VICLONMb30OBaHHE 9TOrO ACHylIeHHs HabaBnsfel
OT HeoOXOOMMOCTH BBHINOHEHHS MHTErPHPOBAHMS YPABHEHMS TEIlNIOEMEKO=
CTH ang pacdera TBepaobasHbix peaxuuit, [lonymenue ACp=0 BO2MOMHO
TaKKe ¥ B peakKuMax C ydacTHeM I'aGoB M KUAKOCTe#, HO TONEKO B
CPABHMTETLHO Y3KOM TemneparypHoM uuTepeane (200 - 300°C unu
oxorno Toro). B oTHX cnydadx Heo6XOAMMOCTE IPOH3BOAMTE HHTETPH-—
poBaHie TeIlIoeMKOCTH 3&aBHCHT OT 'rpeﬁyeMoil TOYHOCTH pAacHeToOB.

1.8. 3aBucumocTb y U G OT AABAEHHMS

Ipun nmocrosiHuoi Temnepatype T BAHAHHe AaBlIeHMd Ha cBoboOHylo
sHepruio asbl a ((G,) onpeaenaeTcs COOTHOWEHHEM
[ 96,

£ J
Kap =Y (1.39)
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\HA/IOrHYHO, H3MEeHeHHe XHMMHYeCKOr'o MOoTeHUHala KOMIIOHeHTa i B

)ase a paBHO NAPYUAAILHOMY wMoNBHOMY OoObeMy KOMIIOHEHTa i B
ase a

a
aui

—] =¥,. (1.40)
ap ) Vi

Tns peakuwy, B KOTOPOHl NPOMCXOAMT MaMeleHne obbena

AV'=E¥pon —EV paar s
MOXHO 3anHCaTh aHalor'MiHoe BblipaxeHHe

ETYe
_) =AV. (1.41)
aP )y

MHTerpHpoBalne 3TOrO ypaBHEHH# MOABU/IAET paccuuTaTb A G peakunn
Ipyn mobbix napneHuu P u Temmeparype T, ecnnm u3BECTHBl A (; MPH
gaxon~nuGo gaeneHun u Temnepartype T.

1.9, 3aBucumMocTb u M G OT TEMNEpPaTypbt H 1aBJeHN

Cpobonuada sHeprus 'n66ca peaxuuu npu mo0blx TeMnepaType M
14B/1GHHM MOXeT ObITh pacCHHTaHa IyTeM KOMOHMHalUMH ypaBHeHM
(1.26) u (1.837) (remmepaTypHas 3aBHCHMOCTB A(; ) C ypaBHEHHEM
(1.41)

T T OCs P
(AG = AH + [ ACpdT - T(AS + - L
Jp,x = AHiap,208 * [ ACp 8 * [ 7 dT)+ [AVdP.

(1.42)

Peliesne 9TOro ypaBHeHHs IO3BOISET ONPeA&INTEL YCIOBHH, IPH KOTO=
pbix hasel HaXOAATCA B PABHOBECHH.

['pu TeonorMYecKnx pacuerax TBepAopasHbX peakuuii IOYTH BCerAa
MOXHO CoenaTh elleé OfHO yhmpowaouee AOONYLIEHHE O TOM, 4YTO OObeM:l
rBepabix hes He 3aBHCAT OT [aB/leHns H Temneparypel. B atom ciyuae
HMeeM

P
.ldeP= (P =1)V. (1.43)

Wim pans peakumii ¢ ydacTHeM TONBKO TBepAbX (as

P
[ AV gdP =(P —1)AVqg. (1.44)
1

MoxHo y4HecTh Tamke TEPMHYECKOe pacliMpeHHe (o ) H CXUMaeMOCTb

(|3 ), BBpaxas oGpemsl TBepAblx das uepea oTH mapametps [27],
xord 0OBIYHO B 9TOM HeT HeoOXOAHMOCTH:

V = Vigap, 208+ (T — 298) + B(P — 1) (1.45)
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1.10. Pacuer paBHoBecus peaium

FaccnmorpuM peakiinio
NaAlSi;04=2NaAlS1,04 +5i0,. (1.46)
4nb0UT Kajeur KBapLl

Ilpyn paPHORECHH HMeeM ypaBHeHHe:

= *A KB ab
aG=n N3AlSi0g T MSi0; = HNaAISi;0q =0,

KoTOpoOe, edIH BCe cbasbl YHCTLIe, SKBHBA/IEHTHO BhIpaXeHHIo

AG:C,,Q‘* GKB — Ggp = 0.

TepMoanHaMHYEeCKHe JaHHBle A1 YHCTHIX (as peakuun (1.46), no
Fo6u u Banppbaymy [ 108], umeroT cledylolde BelMYMHBI

AH | 505 = + 937146 — 719871 — 217650 = — 375 xaa
(3921020) = (3011940) — (910650) = — (1,569 x/lx)
AS;9 = — 8,42 5.6,
(= 35,23 Ix/Moub. rpaf).

CrieayeT 3aMeTHTb, YTO BEIMHMHHBEI SHTAIBINH, NpHBeAeHHbie Pobu u
BanenGaymom, oTHocaTca K 1 aT™., KoTopas coctapnger 1,013 Gap,
Cwu6ka, BOAHHKAalOUlasi W3 IpHpaBHHBaHud Gapa K aTMochepe, COCTaB—
AseT BCEro IHIEB

(1,013 = 1) x AV = = 0,005 kan.
Jlna parsHopecns mpu 298 K u papnenun P uMeerT MeCTo yCioBHe

P
AGp 1 =AHyg5 — 298 ASy95 + [ AV 4P =0. (1.47)

1

B TouKe Ha IMHMM DABHOBECHH, KOTOpAas IO TeMIEpATYPe Ha BEeIHYHHY
4T Bbuie 298 K n nma dP swime P, na ocnopasuy ypapsenus (1.42)
HMeeM:

ACp dT
AG o4 gpam + ar = AHyeg + ACp dT — (298 + dT) |AS + 298 + 4T
(P+dP)
i AVdP =0 (pasHoBecue). (1.48)
1

Ypapuupas Beipaxenns (1.47) u (1.48), nonyuaem

_ASdT + AVAP=0.
&P A
L (1.49)
aT AV
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Ypasnenne Knaysuyca - Knanestpona (1,49) noasonger, ssas A5
AV , paccuiTaTbh HAKIOH JMHMH DABHOBECHS DEaKUMH IpH JoGHIX OABie-
HMAX H TeMmeparype.

Ecnn mbi pponuv nomymense ACp=0 (AH;6qp,AS nocrosmmsi), To
paBHOBecHasi TeMiepaTypa mpH 1 6ap onpenensercs COOTHOLGHHEM

AG=0=AH,q,, ~TAS,

AH,g,0= TAS,
~ 375

T = =44,5K.
I A i

/lunus paBHOBECHSl NPH HEKOTOPOM GONee BHICOKOM [ABIISHHH, B
MOXeT ObITh PACCUHTAHA 110 COOTHOIISHMIO

AG=0= AHgq, ~ TAS + (P, —1)AV.

W naoGopor, ncnoneays ypasnenue Knaysuyca - Knanehpowa, pnaxHbie
ans 1 Gap MOXHO SKCTPANOIHMPOBATL B Go/iee BHICOKHE NaB/IeHHU, NnpH—
HAB, 9TO AS M AV IOCTOSHHBI M PaBHBl STHM BenHYMHaM npu 1 Gap
u 298 K, 210 B ofmeM AONyCTHMO, OIS TBepAohasHEIX PeaKHii,
[lpexne wem paccuurkBaTte JP /dT mo ypasnenwio Knaysuyca - Kna-
neifpoHa, Heo6XOMMMO corviacoBaTh eanHuubl AV u AS . Ecniu AS Bripa=
¥eHO B SHTPONMIHBIX €NUHMIAX, TO COOTBETCTBYIOmeH eAMHMUEH Ans
AV Gyper xanopus na Gap (kan/Gap) ¢ nepexomHBIM KOSGGMLUHEHTOM OT
KyOH4YeCKHX CaHTHMeTpoB, paBHbiM 1/41,84. (CnegyeT oTrMeTHTH, HTO
eciin npuMendercd cucrema epmuuun CH, To mompaeka He HyxHA, TaK
KaK elMHHIbI STO# CHCTEeMbl B3aHMDCOIVIACOBAHHL) Tax

AV kaa/6ap = AV cm’/41,84.

B sroMm cayuae

~ 16,98 "
AV =——"_ - _ 10,4058 kas/Gap = — 16,98 x 10~
41,84
P g4 —— ~ 3523 Hu K™
—e = +_ yle R e ———— S .
AT e 0,408 ——2 2 SRTPOL = e o 107053

20,75 x 105 Hm=2 K-t = 20,75 bap/rpaa.

"

[pu 298 K, cacposareasto, P= 1+ 20,75 x (298 — 44,5) = 5260 Gap.
[lpu 900 K P= 1+ 20,75 x (900 - 44,5) = 17750 6ap = 17,75 Kbap .

PaszoBad AuarpaMma, pACCUYMTAHHAS 1O STHM OAHHBIM mis 298 K,
nokasasa Ha puc. (1.4), 3ra nmarpamma nokasemBaer, wro mpu 900 K
ainpbuT crabunew no 17,75 xGap, a mpu 298 K - Ao x6ap. Ecom 6w
Anst pacdeTa 3TOH $al30BOH mMIArpaMMEI MEl BASH 3HAYEHHS SHTATLITHH
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17,75
| Xadeum+ Keapy,

P, kdap
Ansbum
526

L I ]
44,5 298 900

TK —»

Puc. 1.4. PapHoBecHas as30Basd rpanulia Mexiy anpOuTOM, KaJeuTOM U KBap-
LeM, PACCUMTAHHAR N0 BeJUUMHAM SHTabIL, snTpomMK U obbema npu 1
1 Gap, 298 K (Bce 3HAUEHNMS NPHHATDI MOCTORHHBIMM).

u surpomn ana 900 K (mo Pobu u Banpnfaymy), TO pacieTHOe RAB-
nenne mpu 900 K cocraswio Gwbl 17,05 x6ap, a mpn 298 K - 6,54
kGap. Wa oTux undp fCHO, ¥TO AMId gauHol TBepAofasHOl peaKlUnH
porymesue ACp=( BrHonHe OpHeMlIeMO B IMPOKOM HHTEepBanie Temiepa—
Typ. [lorpewHocTk, BbhlGBAHHAS MCTionb3opannemM Aanpbx no 298 K ana
900 K, He BLIXOAMT 34 Npeaedbl OOBLMHO ouwnbxu TBepAopasHbix yCTa=
HOBOK BHICOKOT'® N&B/eHMs, NPHMEHSeMBIX Mf SKCMNEPHMEHTAILHOro o=
penenenns GasoBBIX AMATPAMM.

1.11. [loapoBuee 00 IHTPONMN-

Ofuryio SHTPOIMIO, WIH pasynopAloHeHHOCTE, cucTeMbl WM (asbl
KAYECTBEHHO MOXHO PACCMATPHMBATH CIIOMEHHOI ABYMA COCTAaBIIAIOUIEMHU;

1) Tepmuneckoi PAIYROPROOUERROCIDIO, BHIGBAHHOH ABHXEHHEM,
ppanieHueM # KoneGanmeMm aTOMOB H MOJIEKyll B TBepABIX Tenax, X H-—
OKOCTSIX M rasax,

2) Iumponuei cMEWENUR o6yC/IOBIeHHO —CMelleHueM bomee HeM
OMHONO THIIA ATOMOB WM MOTEKY/l XHAKOCTH WIH rasa, AHOO CMelleHHeM
Gorlee WeM OOHOrO THIA AaroMoB B Kakofi~mb0 IOSHIMH TBEP—
noro pemecTea, [lia Npumepa pPaccMOTPHM TRepAble PacTBOPH OJH-—
punop Mexay topcrepurom Mg,5i0,  u dasmurom FepSiOy . B cTpyk—
Type OIHBHHA HMeeTCf ABa THIA kaTHoHHpx moasummi, M1 n M2, sa-
uarex Mg’ ~ B dopcrepute u Fel' B damnure, B IpoMexyTOMHEIX
urenax oroit cepuu, (Mg, Fe;_)Si0,, aToMbl Xejesa H MarHHg ClIy—
qajiHeiM 06pasoM pacnpefeyieHbl [0 STHM ABYM noauuuaM. Eciin B3ATH
6y nosummce M1 win M2, BepOSTHOCTEL 3aHATHA ee aToMOM Mar-
HHMS paBHa X,, & aToMOM Xelesa (1 =x). Cvmewrenne aToMOB Xellead
M MarHHS BHOCHT SHAUNTeNbHbNt GeCnopsACK, WIH ClTy4aiHOCTE, ¥ero He
gabmonaeTcs B YMCTHIX KOHEWHBIX HieHaX. B koHewHBIX djleHAX BCe 0=
ammpn M1 u M2 zanarsl mubo Mg (popcreput), nuco Fe (pagmur).
[long SHTpONMMM CMeweHus B obwedl SHTPONUH bas, BepoATHO, BeCbMA
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Be/lMKa, Tak Kak NOYTH BCEe NPHPOLHBIE MHHepajkl MpeACTaBlfioT CoBoi
MHOT'OKOMIIOH@HTHbIe TBEpAEle PACTBOpHI,

ChoiicTBa CMelleHNa TBepAbIX pacteopop Ooflee OeTalbHO OYAYT pac-—
CMaTpHBaATBCH B ryaee 2, 30eCh e Mbl BHOBL BepPHeMCH K SHTDOIMHAM
Yucmbiz a3, He MMeIOIMX DHTPONM) CMelleHus,

3HTPONHH YHCTHLIX das

3nasg SHTpONHIO MuHepana mpu 298 K u ero TemioeMKoCTs, SHTPOIMIO
npH 11060# OpPYT'Ofi TeMIlepaType MOXHO pPACCYHTATE M3 COOTHOLIEHUS

JrT T Cp
dS = sl \
gt ZJE T dT- (1.50)

AHasIOT¥YHOe HHTErpHpOBaHHE OAeT SHTPOIHIO MHHEPAJIA OTHOCHTE/ILHO €2
BEIMMHHEL NpH TemIilepaType abcomorHoro Hyns (= 273,15°C):

i T Cp
ST—bg=f?dT. (1.51)
0

Ipu TemmepaType abCOMIOTHOrO Hyild, O[HAKO, NMPeKpallaeTcsl BCIKOe
TEeIUIOBOE [BMXEHHEe B TBepAbiX TejlaX M He MOMeT OGhTh GeCHOpsAC4HOro
PACHONIOXKEHHS ATOMOB, BbI3BAHHOI'O KONeGaHMAMH pPelleTKH WIH APYTHMH
UX OBIGXEHHAMH, 3TO NPHMBOAMT K TPETbeMy 3aKOHY TepMOMAHHAMHKN:
SHTPONMS HHCTOrO KPHCTA/NIMYECKOr'O BellecTBa NpH abColioTHOM Hyne
paBHa Hymwo. H xak biiTekaer na ypaBHemns (1.51),

0o
S.=
T OI_T dT. (1.52)

OHTPOMMIO YHCTOrO KPHCTA/UIMYECKOr'O BelleCTBA MOMHO, CIIeOBATENLHO,
MOMYYHTE HEIOCPEACTBEHHO I[yTeM H3MEPEeHHH TelUIOeMKOCTH, Nojiaras,
uro S, (mpn O K) pasna mymo. Pofu u BanenGaym [ 108] nporaGymi—
pOBaiy SHAYEeHHH SHTPONHHM “NO TpeTbeMy 3akKoHy” And GONLLIHHCTBA
KpUCTa/TMYeCKuXx ¢aa, NMpeacTas/doLiX HHTepeC Ul T'eOlIoroB NpH
298,15 K u Goee BBICOKHX TeMIEpaTypax.

3 Tex ciysasix, KOrga IHTpOIMA "o TpeTbeMy 3aKOHy" Mg UHCTOrO
MHHepa/ia HeH3BeCTHAa, ee MOMHO OLEHHTE IO COBOKYMHOCTH 3Ha4YeHMHH
SHTPONHA CllarajpuX MHHEpanl OKHC/IOB C y4eTOM SMIMPHYECKOH IoIpaB=—
KM Ha pasHuuy B ofpemax. CymecTeyerT 6o/blioe KOIMYECTBO DMITHpH—
HEeCKHX YpaBHeHMH, KOTOpble HCNONL3YIOTCH I8 9THX Leneff; HIxecleoy—
olide ABa H3 HUX NPHMEHHIOTCH U1 TeMlepaTypwk 298,15 K:

S108, 15 = Sok)agg 15 + 0,5(V = Voi ) 2.e., (1.53)
[1+ (V/Vok)
S298,15= (Sox)ws.nk— 9 2-€. (1.54)
B oTEX ypaBHeHmsax V H S IPeiCTaIST COOTBeTCTBEHHD 06BeM

298, 15
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(enm?) u onTpom cmnmkara, §_ M Vo — CyMMapHyl SHTPOMHIO
(mpm 298,15 K) u ofbeM (cmﬁ)-J OKMCIIOB, ClIAraiomuX CHIHKaThl. [Iph—
MeHeHHe STHX ypaBHeHMii K HecKonbkuM dasaem B cHcTeme Ca0-—Al0;—
5i0, ¢ nenpio omenku sHTpommi mpu 298 K mokasaso B Taba. 1.1.
TH OLEHKHM AOCTATOUHO XOPOLIO COrIACYIOTCH C 9KCIEePHMEeHTAaNbHO H3-
MepEeHHLIMH BeluYHHaMH S . TouHOCTE 2THX OLEGHOK MOXeT
fBITH MOBEILIGHA IYyTEM NpHMeHEHAs pPaIMUHBIX SMIHPHYeCKHX Koohhu=-
MEHTOE K pAGIMMHBIM THIAM CWIMKATOB (OQHM WIS I'PaHaToB, APyrue
Ong NUpPOKCEHOB H T.0.) HWI¥ BHIBEASHHEM 3Ha4YeHHH DHTPOIMI CIIOXHBIX
CHTHKATOB M3 SHTPONMH NPOCTHIX CHIHKATOR CXO[HOH CTPYKTYph., Ha=
IpuMep M3 SHTPOINMA MHPOKCEHOB PACCHUMTHIBAIOTCS SHTPONHH ampubonos
C IONMpaBKoji Ha 06beM, KaK B YpaBHEHHSX (1.53) u (1.54).

Brpaxenie, aHalorudHoe (1.54), MOXHO HCOOIB3OBATE A1 OLEHKH
TEIOeMKOCTEH MUHepalbHbX $as, s KOTOPHX OTCYTCTBYIOT SKCHEepH=-
MeHTanbpHble OaHHEle. Korpga Takwe OLEHKHM NPOMSBOAATCH, OHH OKasbiBa—
JoTCsl nawe Bojlee TOYHBIMM, YeM OLeHKHM SHTDOMMH. YpaBHeHHe Temio—
eMKOCTH HMeeT BHI

Cp= a+bT+e/T.

Kamas u3 KOHCTAHT a , b u C STOro ypaBHEHHS onpefensercs chnefy-
cmuM obpasoM:

1+ (V/V oy
a= aoK(—'T—OK—) (1.55)

4

u Tak panee. B saxmicueHne MOXKHO MoAYepKHYyTh, 4YTO SHTPOIHH H Tell=

Tabnuyaild

M3mepeHHble ¥ paCUETHLIE 3HAUEHWA SHTPONMA Npu 298 K HekoTopbiX (a3 B cucTeme
Ca0 - Al,05 = Si0;

®a3a SUIMeP o o |  S99% a.e |Syop (1.53)" | Sz (1.54)%%
I

CaAl, $i,04 48,45 41,44 47,48 44,26
AHOPTHT

Ca;Al1,8i30; 57,7 70,32 61,0 65,8
rpoccynap

Ca,Si0, 28,8 28,88 30,33 29,62
ONUBUH

© ALSiO; 20,02 22,06 19,97 21,1

*31TponuuM, PACCUMTAHHEIE NO ypaBHenuo (1.53).
** JHTPONWM, PACCUHTAHHEIE N0 YPABHEHUIO (1.54).




/I0EMKOCTH BCEX YHCTHIX MHHEPAILHBIX (A3, NMPEeNCTAaBJISIOWNX HHTEepecC
Ald I'e0IoroB, H3BEeCTHBHI JHOO MOrYT GBITE OLEHEHEI C AOCTATOYHON
CTelleHbl0 HAOeXHOCTH.

BbiBonbi

1. [Ina moGolt peakumu ¢ yuacTHeM KOMIIOHEHTOB MHHEPAJIOB, (NIIOH=~
OOB WIH paCIUIaBOB

wA + xB2yC + zD
q.'ﬁtbl a b c d

yC/OBHEM paBHOBECHS MPH MOGOM [1aB/IEHHH M TeMIepaType SBIfAeTcs
yug + zud —wuj —xup =AG=0,

(1.56)

rAe u ¢ — XUMHYeCKMii moTeHuuan xonmoHedta C B daze c u T.04.,

& w,x ¥ T.0. = KONMIECTBO MOMell KOMIIOHEHTOB, YIaCTBYIOUHX B pe—

axiui, Ecim B peakumy y4acTBYIOT MMWIL HMCThie $asbl, TO MOTEHIHMAIE!
MOMHO 38MEHHTE MOJIPHBIME cBoGomneIMH sHeprusmu (G, u T.1.) daz

TpH Sa[aHHbIX TEeMIEpPaType M OAaBleHMH,

2. 3uas monspHble (uwnm napuManbHble MonspHele) sHTanbmuE H,
SHTPOIMK  § , Te10eMKOCTH Cp u ofbeMel V , MOXKHO pacCynTaThb
XUMHHECKHe NOTe’UHAalbl Wi CBOGOMHbIe SHEPPHH NpH MI0GOM AABIEHHH
H TemMneparype:

G H fTC dT T (S + fT‘" Fe :
= e - s
P,T 16ap 298 s P‘ 298 e dT) + ideP.

3. Ofmaa popMma ypeBHEHHS TEIVIOEMKOCTH HMEeT BHI

Cp=atbl+e/TE

riea , b B ¢ = PKCNEPHMEHTA/ILHO yCTaHABIHBAEMEIE KOHCTAHTEL,
4, [ns TeeppodasHnix peaximii B obument CiTy4ae OOMyCTHMO CHYH—
Tath, 4T AC, (3 (C Pagen — 2 (€ ) pear PABEE 0 u ato AV mnocro-

guHO, [lpy aTHX OomymeHHSx
(AG)p ¢ = AH 16ap— TAS + (P —1)AV,

The AH. AS B AV = xoHcrauTel, [lng NPHBEeHHOH Bbllle peaKuuH
(1.56) dywmumn AH, AS u T.0, ompemensuorcs xax

AH=yH_+:zHy —wH, ~xH,

4 Taxk ganee,
5. Haknon NHMHHH paBHOBECHS peakuuy B P — T=mpocTpaHcTee o=

penengercs (B mo6oil TouKe) ypaBHeHHeM Knaysuyca - Knaneiipona
dP AS
T AV’
33
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roe AS B AV — USMeHeHHs SHTPONMHM M ofbeMa peaKuuH IPH SaAaHHBIX
napjeHudax H TeMieparype.

6. DHTpONHM HHCTHIX KPHCTANTHMECKMX has mpH noboit TeMIlepaType
VOryT GHITHL NONY4YeHH HCXOAS H3 TPETBErO 3aKOoHa TEepMOMMHAMMIKH:

7. B Tex cirysasx, KOM[da SHTPOIMMH WIM TEIUIOEMKOCTH CHIHKATOB
HEHSBECTHEI, YIOB/IETBOPHTENbHAS MX ONEHKa MOXer ObTh CAenaHna Io
CyMMe Clarajpollix HX OKHCIOB C MONPABKAMH Ha PASHHLY B obbemMax.

Jagaun K raase 1

1. Vcxons Ha sHadeHHil S,qq U V,pq HIKENEPEYHCIEGHHbIX MUHEe-
panos, paccmorpers peaxmmu (1) — (4) u ompeae/miTe Hanpasnedye
peaxiuy npu (2) yBeNHYEHMM TeMIepaTyphl H (0) ypenmuennn nabiie—
mng, (Ycramoeurhk kak Gyner uameHaThCsi AG : BOSpacrarh WiH yMeHb-
warbca mpu HeGombmoM yBenmmuenuH T u P.)

S (Ox/K- mons) 5, 3.e. Y oM

ANBOUT (HU3KKH) (210,04) 50,20 100,27
KuaHuT (83,76) 20,02 44,09
CHNNWMBHWT (96,11) 22,97 49,9
Keapy (ansga) (41 .,34) 9,88 22,69
KBapuesoe CTeKno (47 ,44) 11,33 27,27
Kapeut (133,5) 31,90 60,40
AHOPTHT (202,7) 48,45 100,79
BonnacToHUT (82,01) 19,60 39,93
poccynAap (241 ,4) 57,7 125,3

(1) (A1,Si05) =(Al,5i05)
KUaHUT CHJAIUMAHUT

(2)  CaAl,Si,0g +2CaSi03 = Cajz Al;Si3 01 + Si02
AHOPTUT  BOJAACTOHUT  [POCCYJAp KBapl|

(3) (510,)=(5i07)
KBapl CTEeKJo

(4)  NaAlSi; 0g<>NaAlSi;0¢ + SiO2
AJb0UT Kageur KBapL

2, IpuunMas ACp=0 ¥ AV HE3aBUCHMLIM OT AABIEHMS M TeMie—
parypLl, PACCYNTAThL U CXeMAaTHiecku nso0pasuTh (GasoBylo AMarpammy

Al,Si0g TO CUEAYiomM AaHHLIM (pasThl M3 paborsl Xonpayes [62];
cM, rI. 7):

(1) XHaHAT SCWUIMMAHHT

(AH)yg, = + 1770 kaa (T406 [bx); AS = +2,95 9. (12,34 Aw/K),
AV = +5,81 o’ = 0,1389 kaa/6ap.

(2) angany 3uT = CHITUMAHUT
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(AH); 6ap = + T30 kan (3054 [x); AS=+0,71 s.e. (2,971 Jx/K);
AV = ~1,63 em’= —0,03896 kau/Gap.

Bce AH , AS u AV npusmmalorcs: nesasucumeivu or P u T, Tperbio
PEaKIlHI0 AHAATYSHTKHAHUT C/IGAyeT PACCYHTATE 1O IPUBENSHHEIM
AAHHBIM,
3. Paccunrats Sg,, mns ansGura (NaAlSi, Og), ecim usBeCTHbI:
S08 = 50,20 2. (210,04 Jx/K) [108],
Cp=61,7+13,9x 07T~ 15,01 x10°/T? xaa/rpas - mom [69]
= (258,2) + (58,2 x 107°T) — (62,80 x 10°/T?) [x/moms - K.

Pewenns 3ajau k raase 1

1. Ouenka BiIuSHMS TeMIepaTyphl ¥ fapjeHud Ha AG peaximumi,
HCIIONb3yd COOTHOIIEHME

AG=AH, gap, 7 ~TAS + (P—1)AV,

Bce AH, AG, AS u AV oanauaior (ZHppog — 2 H pear ),
(Znpon = 2 Hpear M T

(1) xuanur=cunumannt. [lockonbky AS NOMOXHTENEHO, TO AG C
noeesiieHneM T craHoBHTCH BCe Gollee oTpumaTensHbIM, CleaoBarTensHO,
NMOBLHILIEHAE TeMIepaTyph! G/1aronpHaTCTBYeT YCTOWUHMBOCTH CH/LIHMAa—
HuTa, [locKONBEKYy AV TNONOXHTENBHO, TO A(G C NoBbiIeHHeM P craHo—
BUTCSH GOjlee MOMONHTENLHBIM, YTO CNOCOGCTBYeT OGpasOBAHMIO KHAHHTA
(pearenra).

(2) AV orpunarennso, AS oTpunaTenbHO. YBenmueHune P Gnaro-
NpUATHO Qs obpaszopanus NPOAyKTOB; nopbuuedne T crabuinsupyer
peareHThl.

(3) AV nonoxurensno, AS monoXHTeNbHO, Y Be/muenne P mopbnuaeT
YCTORUHBOCTEL PEareHToB; BOo3pacTanne T GraronpHATHO A/IE NPOLYKTOB-

(4) AV orprumarensHo, AS orpunarensso. Bospacranue P cnocob-
ctByeT 06pasoBaHMIO NMPOAYKTOB, Bo3pacTaHWe T — peareHToB.

2, Pacuer daszopoii auarpamMmsl 151125105 IIpH YCIOBHE Cp=0 H
AV mocrosHHO,

(1) xMaHET=>CHINIEMaHWUT

AH165p= 1770 kaa (7406 Lx); AS= + 2,95 s.e. (+ 12,34 [ix/K);
AV = 0,1389 xaa/6ap (5,81 em?).

Temnepatrypa paeHoBecHs npu 1 Gap = A%Sf’—ap- = 600-K
dP

-85 _ 91,238 sap/
TR s > o

(2) aHpanmysHT — CHJ/UM MAHHT
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Puc. 1.5. Pemenue
3a1auy 2

TemnepaTypa paBHOBeCHS IPH 1 6ap = 1028 K

= — 18,224 6ap/rpan.

[ng peaxuny KHAHWT = aHAATY3HT anagenus AH ; AS B AV MOXHO NO=
y4HTE, BbIMATaS SHAYEHHS STHX BeyIFuMH [As peaKluH AHAATYSHT =
—CcwUTEMAHAT W3 MX SHAUEHWA IS peaxudy KMAHHT =>CHWUTHMAaHHT:

AH= 1770 — 730 = 1040 xax (4352 [x),
AS= 2,95 — 0,71 = 2,24 2.e. (9,37 Ik /K),
AV=0,1389+ 0,03896 = 0,17786 kan/oap (7,44 x 10—6m?),

TeMneparypa paBHOBECHA MpH 1 6ap = 464 K
. =12,594 6
37 =12 ap/rpaf.

[lonyueHHast B pesylbTaTe bazopas nuarpamMma [oKasaHa HHXe.
3JaMeTHM, YTO 4aCTb KpPHBOi KUAHAT <> CH/UTAMAHHT IPH HESKHX A&B=
leHESIXx pacnonaraeTrcs B mone, rae aHQAMySHT YCTONYMBEe OCTANMbHBEIX
$as TOro XKe COCTaBAa. CrnepoBaTennpHo, B 9TOi o6nacTH NpH AaBleHH—
X HIKe HOHBapHAHTHOH TpexpasHoil TOUKH KpeBas KHAHUT — CHIUTI=
MaHHT (¥Ku — cw) MmeTacTabunpHa. To e camoe CcrpaBefyinBo H WIH
BHICOKOTEMIIepaTypHO#i HaCTH KpUBO#l KMAHAT = &HAATY3UT (p mone
CHTEMAHNTA) U PACIONONKEHHOH IpH BLICOKMX MABJIEHAIX HacTH KpHBOH
aHAATySHT — CHILUITHMAHUT (p mone xumauura). TaxuMm oBpasoM MOMHO
ONpefeuTE PacnonoKenne cmabuaoHbIT KpUBBIX BOKPYT HOHBApPHAHTHO!
rouku, [lonoxeHHe HOHBAPHAHTHON TOYKHM MOMHO [OMy4HTE TyTeM COB=
MECTHOr'O pelleHns ypapHeHHS T06LIX OBYX KpHBBIX B OTHOIISHHH P
u T; Hanpmuvep, NS KpHBOH KHAHHT = anpamyeur (xu - ann):

1
T= 00+ P =1} —
® )21,238’
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roe (1/21,238) — paxnon nMHME B Tpagycax Ha Gap; s KpHBOHK
anpamysuT — cunnumanur (aug - cmm); ,

1
T=1028 = P - 1) 7o

[lpy COBMECTHOM pelleHun STHX ABYX ypaBHEHHH MOmydaem.

1 1
428= P- )
3 ')(‘21.238 J 13_224)’

P= 4198 bap.
OfparHas TOACTAHOBKA B No60oe K3 ABYX YpaBHEHHH AaeT
T=T8K.

3. Paccumrate Sg4 Ana annbura.
Cp.=61,7+13,9x 102 T = 15,01 x 10%/T2 kan/rpaf « MoJb.

(258,2)+ (58,2 x 10~% T) — (62,80) x 105 /T2 /Ix/K - moas,

208

800 800 (
N e
298 -gdrs T dT,
00 15,01 x 10°
Sgoo — Sg08 = f (Eﬁi + 13,9x 107 - Eﬂ:_) =
Ta

5
= (61,710 T +13,9 x 10-37 4 15:01x 10" js00
298

2
[Mogcraenga T = 800 u BHMHCASS YIGHEl B KBAOpPATHBIX CKOOKaX,
nomyuuMm 424,73 s.e. lopcranoeka T = 298 naer 364,1 a.e.

CnenoBaTeibHO,
Spoo = 0,2 + 424,73 — 364,1 = 110,83 a.e. (463,71 Ax/K).






