· [image: C:\Users\Царь\Desktop\Физ.химия экзамен\энталь1.JPG][image: C:\Users\Царь\Desktop\Физ.химия экзамен\энталь2.JPG]Уравнение Кирхгофа для температурной зависимости теплового эффекта химической реакции.
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Зависимость теплового эффекта химической реакции от температуры:
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При наличии фазового перехода
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Зависимость теплового эффекта хим.реакции от температуры.


	
Если j=k, то Если j=i, то 



· Объединенное уравнение двух начал.
Первый закон термодинамики
[image: C:\Users\Царь\Desktop\Физ.химия экзамен\wVvPrQr6aCo - копия.jpg]
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[image: C:\Users\Царь\Desktop\Физ.химия экзамен\L8Vd211PUG4.jpg]Второй закон т/д
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Вывод уравнения:
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· [image: C:\Users\Царь\Desktop\Физ.химия экзамен\п2.jpg][image: C:\Users\Царь\Desktop\Физ.химия экзамен\п1.jpg]Уравнение для химического потенциала идеального газа.
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Уравнение для химического потенциала идеального газа можно получить интегрированием фундаментального уравнения для энергии Гиббса при постоянной температуре, используя уравнение состояния идеального газа Клапейрона - Менделеева:

При постоянной температуре отсюда следует: 



PV=RT - уравнение состояния идеального газа Клапейрона - Менделеева
V=

















· Уравнение для полного дифференциала энергии Гиббса
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· Уравнение Клапейрона-Клаузиуса (точное и приближенное), уметь его проинтегрировать.
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· [image: C:\Users\Царь\Desktop\Физ.химия экзамен\22.jpg][image: C:\Users\Царь\Desktop\Физ.химия экзамен\21.jpg]Закон распределения (закон Бертло)
· [image: C:\Users\Царь\Desktop\Физ.химия экзамен\23.jpg][image: C:\Users\Царь\Desktop\Физ.химия экзамен\24.jpg]Закон Генри. Его современная трактовка.
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· Закон Рауля
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upcesn Moselt MpOAYKTOB PEakiMu N, CYMMBI 4ucell MOJeH n; BEIIECTB,

BCTyIaommx B peakuuio. Torzaa
AH = AU + AnRT. (@2.3)

B wacTHOM ciydae, Uil peakiui, MpOTEeKarouX 0e3 U3MEHEHUS YHcia
Mouteii (An = 0, nanpumep, HJ = Y% H, + Y2 Jp), AH = AU.

13 TOro, 4To TemIoBoi 5hGeKT peakiHu paBeH N3MECHEHUIO BHYTPEHHEH
YHEPrHH WM DHTA/IBIHMH, SBISIOMHUXCs (YHKIHAMA COCTOSHMUS, CICAYET BRIBOX:
rennosoii addexr npu p = Const umu V= Const He 3aBUCHT OT IyTH PEAKLIHH 1
ONpEJIe/IAETCS TOUBKO NPHPONOH HCXOIHBIX BEWIECTB M MPOAYKTOB PEAKIHH.
1ot BBIBOJ M3BecTeH Kak 3akon [.M. ecca (1836 r.). C ero moMOIIBI0 MOXHO
BEIYHCINTh TEruIoBol dhQeKT, He mpuberas K W3MEPEHWIO €ro BEIMIHHL! B

ombITe JUIS JaHHON peakimu. Hampumep, cropaHue yrjiepoia BOSMOXHO no

AHy=~110,6 il 1 CO +% Oy= CO, , AHy =-287.28
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AH° peakil =X AH® i (npox. peaku) — z AHOi (HcX. B-B)* (1 -2'5)

PaccMOTpeHHbIE TPHEMbl BEIYHMCIIEHHS TEIIOBOTO sdpdexra peakiun npy

JAaHHOH TEMIIEpaType CiieAyeT JOMOJHHUTH 3aBHCHMOCTHIO TENIOBOIO shdexTa
d(Au)

ot Temneparypbl. ITockombKy S D =ACy.
4T Vv v

d
AHAJIOTHYHO & =C,,, TaK Kak —Q— =C,nQ,=
dT dT

Jlaiiee moy4aroT

d(AH),
A 1.2:6
o Cps (1.2.6)

4TO B HHTErpaJilbHOM BH/IC TNPCACTABJIAIOT TaK:

i
AHp = AH, + [AC, -dT (1.2.7)
0
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ypaBHCHHE peaxiuu amomMuHoTepmun 2Al + FeOp = 2Fe + Al,0;, TeioBox

sdpdext koTopoit AHpeye =AHy 6 ~AHp, o =-16747 + 826,1 = —848,6KJUK.

B aroM cnocofe pacuera HEoOXOAMMO NOAOOPaTh ypaBHEHUS peaxiii €
H3BECTHBIMH TEILTOBEIMH 2 eKkTamu.

3akoH I'ecca / MO3BOJSET © BHIUMCIATH — TEIUIOBBIE s¢dexTsr 1O

MHHHMAIBHOMY YHCITY TeIUIOT HEKOTOPHIX peakiuit o6pa3oBaHua OJHOTO MOJIA
COeTWHEHHS M3 IIPOCTBIX BEMIECTB, YCTOMYMBBIX NPH CTAHHAPTHBIX YCHOBHAX
(npu maB1eEMu B 1 aT™ u Temmepatype 298 K). Teriossie >QdeKTs dTHX
peakimii Ha3bIBAIOTCS TerIoTaMu o0pa3oBaHHi H 0003HAYAIOTCA AH®, roe
BepXHHUil MHAEKC 0603HAYAeT CTAHAAPTHOE COCTOSHHUE, & HIKHUI — BEIIECTBO,
coeauHenHe. TemIoThl 00pa30BaHUs NPOCTHIX BELIECCTB IPUHUMAIOTCA PABHBIMH
Hymo. JIIs TpUBEIEHHBIX BBILIE Deakuuii X TemioBbie dPGEKTH! H ecTh
Ten10Thl 06pa30BaHks COOTBETCTBEHHO OKCHIA aJIOMMHMS M OKCHIA XKEIE3a.

OueBupHO, YTO TEIOBOM J(O(EKT peaknud OKa3biBACTCA  PaBHBIM

arrebpapdeckoif Cymme TEIIOT O00pa3sOBaHMsA BEWIECTB, yYaCTBYIOMIMX B

peakupy (clIeAcTBUE U3 3aKoHa 'ecca),
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T p
5 apyryio i ), 1O mimerpan [AC,AT wan [AC,T pusGiunacrea wa pan
i s

MATETPATOR ¢ TEILIOEMKOCTAN, COOTHETCTAYIOUIHNI! ASHION MORHGMKawt
M ArperaTHONY COCTOIO. B 9TOM CayHae ATeGpANNCCKH CKIBTIBAIOTSR 1.

TeNOTI COOTBETCTBYIOUIX MpespauEHIii: TEIOTY NPEBPAICHIN REILECTAd,

CTYIAIONIETO B PEaKIio, HEOBXOMINO BHIHECTS H3 OGUEH CYNM, A TeroTy
peBpALEIS MPOYKTA peakiutt — npGanTs, Ypannerte KipAroda MoxHo

TPCACTABHTL B CTeAYiOuLeN Bize:

T
AHy = AHygy+ JACKT28H,, + JACHIT. 129
Es 5

AnaioraEo ¢ mowowsio  ypasuewsa  Kupxroda  Haxomar
iciyoeTh TennoTis  npespauenus.  Hanpiwep, wna

Tennepaypiy0 5ai
pOecca HeHIapesH 11 BOITORKH HITETppYIOT

(),
T e S Can
. B
1 nonyuaioT AHy = AHq + [C, T~ [C,,dT, (12.10)
i o

1ie Gy H Gy — TOIIOCNKOGTH BOLECTSA B TAS00GPAINON M KOHACHEHDOBAHHON

(ThepioN i AHIKON) COCTORNIH
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Ecau B paccmatpusaemoM nuTepsane Temmeparyp ot 0 1o T wim ot 298

70 T npowCXo AT NpeBpaniCHus (ITaB/IeHHeE, IEPEXO U3 OAHOH MOH(UKALHA
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&
W AHqp = AHpgs + [AC,-dT, (1.2.8)
298

rne AHy, AHg u AHys — TEmnoBoi 3ddexT peakuun COOTBETCIBEHHO IpH

temmepatype T, 0 K u 298 K. Vpasrenus (1.2.7) u (1.2.8) sBuAOTCA

epakenem 3akona I'. Kupxroga (1858 r.): mpou3BogHas OT TEIUIOBOIO
spdexra 10 TemIepaType paBHa anreOpanyccKod CyMMe TeIul
BElECTB, YYACTBYIOUWMX B peakuud. Vi3MeHeHWE TEMIOBOIO
W3MEHEHMEM  TEMIEpAaTypel  3aBUCHT  OT  aireOpanuecko
remoemkocTeit: ecau  ACp>0, To TemwioBod dpdekr BO3|

yBenuueHun Temneparypsi; ecid ACp<0, T0O OH — yMEHBIIIAE
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1. IIEPBBIH 3AKOH TEPMOMHAMMKH

Konuscorchnas GOpMYTIPOBKA KoM CoXpuNCHIA  SHEpTHH b

PN I K TPOTICECAY, CBRSAHM C IpERpALLINAMH TEOTIS, PAGOTH H &

MIMEHEHHCH  OGMErO  3anaca OWepri, SBMCTCR  NepRUM AKOHOM

TepuOA MBI, B TCpMOTIANIKE PICCITPHMENIA CORKYTHOTS TEN
BITETAETC 113 OKpYKAIOUEH cpe t assacr cicrevol Baaimiocirae
GHCTONN W ONpYRGIOWOH cpeast comsamo ¢ nepesael TenaoTH

coBepuicHven pagor. TaK, MOASACHHAY K CHOTENE TENIOTA YBEMINABIET

BRYTDERRION0 JHEPTHIO, 1O CCTE OHEPTINO BANOCHETAIR MOTEKY, ATON
MeKTPOOB © AIPOW, W uioTh TenOT mpespawaeTc B paGOry (kak
pecuMpeII 17 CXETIR, TA 1t XitecKof peaKigi). Tenory ofooHasT
wepes Q. Mool CUEIOT TENTOTY, NOICIENIYI0 K GHETENE, &
ompiTeTLO ~ oTBecHIYIo Ot hee, WsNeiemic hnyTpemNel JHeprie
ofosmasaior wepes AU, yneauwsene  ByTpeniei  oncprn cuTaior

HO1OKHTE S HEIM, YMCHELIEHIE ~ OTPHUATEBHAIN.
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PaGory, coBepuiaCNYIO CHCTeMoff, HAUpUMCp, paGoTy PACHIMpENIA,
BT 38 HORORITETIYIO COMPIUSENID HEA, CHCTENOH, IATPINCD,
paory xamia - 3 CpIUETIIO. PAGOT! A GKIMTMBIETER 13 AT
porn eumero Faneis PAV 1 nosesoi paseT A A = pAV + A
omemas paors XAMICCKOl peaKI, MPOTCKAIONEE B FUTLDAMSECKON

nechre, aBEA SISKTPUIAKYUCH G HIEMERTA, yHOweRuol A

oAECTEO EKTpIECTE
apazen (96500 k30108,

MaTeMuIecict Mepasi 3AKO1 AMCHBAETCA TAK:

Ao = EnF, e n — sanexmHocts, F ~ wior

v Q=AU+A=AU+pAV =4, @y
U B SMENERTapHON BT
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8Q=dU +8A =dU + p-dV + 8A,. (l}.)_q

118 CHCTeN, KOTOPAA He COBEPLIAST MIOIESHO PAGQTHI, TO €CTh SA=0,
8Q=dU+pdV. 3

3gech 5Q 4 OA 0003AYAIOT BENHIKHML DIEMCHTAPHOI TEMIOTE W

paboT, KOTOphIC He OGNANAIOT CBORCTROM MOHOTO AHdiepeniata, TaK Kak
HX H3VCHCHHC 33BHCHT OT NyTH TpoTiecca. B MpOTHBOMONOKHOCT TENoTe i
PABOTE BHYTPGHHMI OHEPTWA SBAACTCA GyHKUMEH COCTOAMUA, TO eoTh
(Us=Uy)p = (Us ~ Uy)y : 1pi epexose CHoTe sl 13 OTHOTO COCTORHIA B APYTOR
nipi p = Const it npy V = Const H3MeHERHs SHEPriA He NPOH3OM/CT,
B 1€pMOTMHAMHKS TIONB3YIOTCS MOHATUCM HMSOMOBANHAS CHOTEMS
KOTOPAs OrparuueHa ONPeNeeHHbIM 0BEEMOM 1 He 0OMenuBaeTCs anepruei ¢
 OKPYR@ioIeii cpenol. [Us H30IUPOBAHHOM CHCTEMbI MepBELii 3AKOH MOAHO

SOOPYMpOBAT: TaiitM OBPatoM: BHYTPCHAAR OHepriA msoTHpoBSHHOH.
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TIpocse/ns JiBe COMpLKEHNEIE MAIMHEI, PaGOTAIONME HA OLHOM Eany,
MOXKHO YOEHTECH, WTO KOIQOUUHCHT MONE3HOro ACHCTBHA LMkIa Kapno ne

SaBHCHT O TIPHPOAH PaBotero Tea. JloMyCKaior, §TO paGoM TenoN B OZHOH

aHe, PAGOTAIONICH B MPANOY LHKJIE 32 CTET CAMOTPOMIBOIHOMO MEPEX0Ta
TEWIOTH OT HArPEBATETH K XOIOWMTLIKY, ABIACTCA WCareiiti ras, & B
ApYTOH MaITHHE, PAGOTAIOUICH MPHAYATENLIO B OGPATHOM IIVICTE, — peaTsaslil
ra3. LlycTh Ko3(OUIMCHT NORe3NOro AeHCTaMA NepRoi Maumusl Gonbie, dem
Br0poif, Torma A(/Qp > A;/Qh . Mawnun nogoBpast Tax, 910 A=Az B
nosouont onyuae Qi > Qg 1 Qjy >Qy — 3TO OIWAYACT CAMONPOUIBOMBIEHE
NEPEXO TeNVOTH 0T XONOLAISHHKA K HATDESATETO W TIDOTHBOPETHT

HOCTYAATY, MIRGCTHOMY W2 IpAKTHKH. Tak e AOKA3NBACTO TIEPCATRHOCTS i

oBpatHoro cooTHomeHMs Kod(pQWIIETOR moneroro Aciicraui. T0TOMY

A AR BOSMOHO AMINE PABEHCTHO.

£ s e
o Euonnc o Tys ek o e
pabors 119 moGoro oBpaTHMOTD
e (oGoGuenne P Knayauyes,
%] A Ay 1865 ). B nIomas,

v miobpaxaomyio  pabory  3TOr0.

Pic. 2.2, Npowssonssnst o6pamiwsti Wik MUK7a (oM, pHc. 2.2.2), BIMCHBAIOT
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kst Kapro, paory kotopsix ofosmauaior wepes A , @ paboTy OCTATBHEIX
K08 — yepes A’ u nomyuaor A = TA; + LA’ VBenuuusas WMCIO UMKIOB
Kapho, samensror OBpaTuMBIH mEK GecKOHEUHO OOMBLIMM YHCIOM MAmbIX
umiciior. KapHo, mpomssosumx snementapuyio paGoty dA; B pesynerare
saTpatel AMbdeperunansio Manoro komwuecrsa Temorh dQ. I[lpu otom
A — X dA;, 2dA’ = 0. Yenosue HOMTyHCHHST MAKCHMANBHOM paboThl UL MAIOTO
uukia  Kapuo (2.2.4) 6ymer cnenytoumm: dQy/Ty ~dQp/Tp =0 mmn
2(dQ/T)=0,

a 105 BCEro 06paTHMOro LuKia:

ZZ% 0 Him

M3BeCTHO, YTO ECIH HHTErpal o 3aMKHYTOMY KOHTYpY PABEH HYJI, TO

2.2.5)

cyniecTByeT  (yHKUMS ~ OT  NCPEMCHHBIX  MHTETPHPOBAHHA,  MONHEIA

adhepentan KoTopoil paBer TIOAMTErPaLHOMY BLIPAKCHHIO. O6o3nauaioT
BBeJEHHYIO (DYHKIHMIO COCTORHUA HEPe3 5 H HA3BIBALOT €€ dHTPONHUEH:

2dQ 2
ds=—=. (2.26)
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(CHCTEMBI HE M3MEHSETCS, TO NOC/eHUE CIAraeMBIe OynyT paBHBI
a4 ypaBrenue (3.5.1) npeBparurcs B (S13i2);

P apyTIx. dymawit (H, F u G) auazoryHo NONyGSIN
f(s, p, 0y, nZ) H

(?E) ds+(a—H] dp+[a—HJ dn1+[-6£] dn,, (352
a8 p.ny,n, p S 5[11 S.,p.n, on, S,p,n,

f(Ta v, nj, n2)) OTKyZa

F
L or dT+(—QI-:—) dw(ﬁp—j dit +(a_j dn,,(3.5.3)
aT V.n,.n av Ton in anl TVon anz T,V.n,
: RS Rl 7 el

= f(T, p, n;, ny), €ro NonHeIA AupdepeHLHan

7
) dT + (?_G_] i ngj dn, + [%G—j dn, . (3.5.4)
p.n;,n, op T.ny.ny i) T.p.n, 2/Tpn

3/
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3.5. XuMu4ecKkuil moTeHIuaI

Muddepernmanssic YPaBHEHHs XapaKTepUCTUIEeCKUX DYHKIMHA ¢ ABYMA
eMerubiME (3.3.2), (3.3.4), (3.3.6), (3.3.8) mpHMEHHMEI NI CHCTEMEL
CTOAWIEH M3 ONHOTO BEIUECTBA WM H3 HECKONBKMX BEWIECTB, MEXAY
PEIMU OTCYTCTBYET XHMHUYECKOE B3aHMOLICIHCTBYE.

OCHOBHEIM TNPH3HAKOM XMMHYECKOHW DEAKIMM SBJIAETCS HM3MEHEHHE
OCTaBa CHCTEMBI. Torja, HampuMep, BHYTPEHHSS OHEPrus CTAHOBUTCH
KIIUEH HE TOJBKO MapaMeTpoB cocTosHUs (S U V), HO U yucen Moier (n)

lecTs, cocrapistomux cucremy U = (S, V, nj, n,), oTkyna

(-‘9—9) dS+(§E] dV+(a—U) dn1+(99] dn,.(3.5.1)
N V.0, 05 ov S.n;.n, on, S.V.n, \G‘nz S,V,n,

CT4B CHCTEMBI HE H3MCEHAETCA, TO IOCJICAHUE ClIara€MEIE ﬁyﬂy’r PaBHBI

ypasrenue (3.5.1) npesparurcs B (3.3.2).
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[CHHE JI000ro TEPMOJHHAMHIECCKOTO IIOTEHIMaJa CUCTEMBI Ilppf
B |

gucna  MOTeHt JIAHHOTO  BENleCTBA Ha  C/MHHINY, ecmy
sylouIHe MApaMETPs! 1 HHCIA MOJSH OCTANBHEIX BELIECTB OCTAIOTCH :

HBIMM, Ha3bIBACTCSI XUMUYICCKUM IOTCHIIUATIOM U 0003Ha4aeTCS

u(éﬁ] [@] (2@) (@)
" on; S,V.n; on; S,Pn; on T,V,n; on; T,pn;

~ Jlns COKpalIeHHs 3aliCH HMHAEKC j SBISIETCSL YCIIOBHEM MOCTOSHCTBA
MoJelf Bcex BellecTB, kpome BeuecTa i. Ypasuenms (3.5.1 — 3.5.4)

O TIEpETHCaTE:

dH = TdS + Vdp + p;dn; + ppdn, =TdS + Vdp + 3 pydn; (3.5.6)
—SdT + Vdp + p,dn; + p,dn, = ~SdT + Vdp + > wydn; (3.5.8)
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aprennsm (3.2.1), (3.2.2), (3.2.4), 3.2.7)
~dHs, = —dFry = —dGrp, a nemomssys (3.5.5 — it
dAg = -2 pdn; . 3=

"

KaK W = (—-——J , TO 14 OOHOrO MOJA  BEINECTBA
Tping ;

= U +pV - TS; B wacTHOCTH, 119 UAeansHOro rasa us (1.1.7) dU = CydT |
Jo+ Cy T; pV =RT; u3 (2.3.2) S=So+ C;In T - R In p, orkyna
p,=U0+CVT+RT—TSO—TCplnT+RT1np,

JIeHEBI, KPOME TOC/IEIHET0, 3aBUCAT TONBKO OT TeMIEPaTypEl T (Ug, So—

€ BEJIMIMHEL), CIIE0BATENILHO,
w=p° (T) +RT Inp. (3.5.10)

— 3HaYEHHE XHMHHYECKOro MOTeHNHala BEIIECTBA B craﬂnapmom‘
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Tabmuua 3.3

He3aBucumas nepeMennas
XapakTepucTrdeckas QyHKLUUs ,
pakTcp Tenutopas MEXaHHYecka
S \%

U —
H S

Ilp MOCTOSHCTBE ECTECTBEHHBIX MEPEMEHHEBIX XapaKTepHCTHYECKas

(GyHKUMA BBICTYNAaeT KaK KpPUTCPUH TEPMOIMHAMUYICCKOW BO3MOXKHOCTH
npouecca, 4ro OblI0 noApodbHo paccMorpeHo B pasuene 3.2. ITokaxeM Teneps,
YTO ¢ TMOMOIUBK JIXOOOM XapaKTepUCTHYECKOH (YHKUHH W €€ eCTeCTBEHHBIX
NMEPEMEHHBIX MOMKHO MOJYYHTh ypaBHEHHs /1 pacyeTa paBHOBECHBIX CBOHCTB

CHUCTEMBI.
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3.3. Xapakrepuctuyeckue GpyHKIMK

COBOKYIHOCTh PacCMOTPEHHBIX paHee GyHKIuM (BHYTPEHHSI SHEPIHUd,
SHTANBINUS, SHEPTHs ['enpMronsna, sueprus ['nb6ca) moaydnna HaUMEHOBAHHE
XapaKTEPUCTUYECCKUX (QYHKUIUH, IOCKONLKY OHHM MOJHOCTHIO OIPEAEIsIIoT
PaBHOBECHOE COCTOSHHE CHCTEMBI X BO3MOMHOCTH ero usMmeHenus. Ilepsoe
03HAYaeT, YTO C IOMOULILI) 3THX (QYHKUHI MOXHO MONYYHTh YpaBHEHHE MIJIfA
pacgera Jr000ro paBHOBECHOTO CBOMCTBA CHCTEMBI. BTOpoe ykasbiBaeT Ha TO,
970 3T (QYHKLUUY SBJISAIOTCH KPHUTEPHUAMH TEPMOIMHAMUUECKOH BO3MOMKHOCTH
polecca, T.€. MO3BOJIAIOT [ejIaTh BHIBOJ O BO3MOXXHOCTH MM HEBO3MOXKHOCTH
H3MEHEHUS] PABHOBECHOI'O COCTOSIHUSA CUCTEMBI.

Kaxnas U3 ykasauHbIX QYHKIUH SBIIETCS XapaKTEPUCTUYECKOH TOIBKO
I EOWHCTBEHHOH KOMOWHAIUH HE3aBHUCUMBIX MEPEMEHHBIX, KOTOpPHIE
HUMCHYIOTCS ~ €CTECTBEHHBIMHM JUIi  JaHHOH  (QYHKIMH  IEpEeMEHHBIMH.

COBOKYIIHOCTE HE3aBUCHMBIX IIEPEMEHHBIX, A KOTOPBIX Kaxkaas QyHKIus

SABIAETCS XapPaKTEPUCTHUYECKOH, CKIANBIBACTCS M3 OQHON TEIIOBOH BEIHYHHEL

(S wmu T) u ommol MexaHwdeckod BemuuuHbl (P mmu V) u mpencraBnena B

Tabi. 3.3.1.
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Hakoser, o6paTHMCS K PAacCMOTPEHHIO JHEPriu I'u66ca. TTOCKONBbKY
G = f(T,p), NPUXOMHM K YPABHEHHIO BUIA
¥ i
dG=[§j ar+(8 dp (337
T )y (& )r

YPABHEHUS, ABMAIOUIErOCS MATEMATHYECKAM OMpENieNeRueM 1
G=H-TS=U+pV-TS,

ippeperman: dG=dU +pdV+Vdp-TdS-SdT.

sie, comepxaume dT u dp, y mac yxe ects. Ocranbhbie

B3AMMHO KOMIEHCHPYIOTCA. B cavoM jiere, M3 OGBEIHHEHHOTO

15 1Byx Hadan (3.1.1) creayer, uro:

dU+pdV=Tds.

o6pason, dG=-SdT+V dp. (3.38)

Comocrasas ypasenus (3.3.7) u (3.3.8), nonydaem

(g)p =Ls; (%]T itk (339)
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~ Ecau  0003HAUUTH mo0yl0 XapaKTepHUCTHYECKYIO (byHKLIHIO ‘rem;

Z=f(xy), mompasymeBas [OX X W Y €€ CCTECTBCHHEIC MEPEMEHHHIE, T,

‘iﬁonyqnn BBIDKCHME AN TOJHOrO mnbdepenumnana dZ,  cpasy moxmo

YCTAHOBMTE CBA3H ITON (QYHKIMHM C PABHOBECHBIMH CBOTCTBAMU CUCTEMBL. [l

II0JIyUCHHSI BBIPDAXKECHHUS THIlA

(a7
dZ=(a—Zj dx+| 22
ox ), 5

Loy

dy

HCIOJB3YETCs CICAYIOLIAsi MOCAeA0BaTeNLHOCTE AeiicTBuil. HyxHo 3amucarh
BBIDAXKEHHE, KOTOPOE SABIACTCS MATEMaTHYECKMM ONpe/eNenneM JaHHO
TEPMOJMHAMHYECKON (GyHKIimu. [lanee Hano B3aTh AupdepeHuuan OT T0M0
BBIDOKEHMA M HCKIOYUTE M3 HEr0 (C MOMOILBIO oGLennHeHﬁoro ypapHeRuA
ABYX Haual TePMOIMHAMHUKH) BCE ClAraeMele, IOMIMO TEX, KOTOPBIE COACPXAT
€CTECTBEHHBIC MIEPEMEHHbIC PACCMATPHBAEMO# XapaKTEPUCTHICCKOM yHKIHH:

HauneM c BHyTpeHHeH sHepruu. Tak xak U = f(S,V), TO Cﬂeﬂyﬂ;

MpPHUATH K YPABHCHHIO BHAA
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dp
AH=T(V,-V)) & 411
V2=V @.11)

Tonyseniioe ypansene Kianelipona — Kiayaiyca NpUMEHHMO KO BCeM
(pUI0BBIM [IPEBPALICHHAM THCTHIX BeuecTS.

Tak, UPH MIABIEHHH TEMJIOTA NIEPEXOA W3 THEPAOH ($abl B KHAKYIO
Al BCCTAA TOORITELHA, PAHOCTS OGBENOB /114 GOTBIHHCTEA BOUECT
TOKE HOAOAITCALNA, D A BOb, BHCMYTR, TAIIA 1 HEKOTOPHIX APYTHX
wemeers (Vi — V) < 0. 10 anaunt, wro dp/dT wi dT/dp, xapakTepusyonias

JAMEHEHHE  TMTEATYpH ¢ YBOMCHMEN AQBTeHMH, MOKET GhTh

HONOAUTENLHON W OTPHIATGTLHON 1 TOMHEPATYPA FABICHIA MOKET

TOBHIIATECK

1 CHIKATACS € YBETHICHIEN AABICHIA
Ipw cocymectaonansit ThepAOH WiH KHAKO (asel ¢ ras00GpasmOl
(achuers napow) ypamewre Knanelipona -~ Kiayaiyea MoxHo

VOPOCTITE, TAK KAK YACTBHEI I MOTADHLI Gben rasooGpasoli hask:

MIHOTO GotbiLe 0OBEMA KOHACHCHPOBAINOI Gasty (V,>5V,),  AH =Ty 3
dar
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4.1. Ypanenue dpazosoro TpeBpameHns

Eciu cucrema M3 OmHOTO Bemectsa B ABYX (asax Haxoautcs B
PABHOBECHOM COCTOSIHUH NPH TOCTOSHHBIX Temepatype T u Jaeienuu p, 70
YC/IOBHEM PABHOBECH NOIDKHO 6biTe paBencTBo oHeprun ['n66ea B dasax 1 2:
G, = G;. Ipu nopriuennu temneparypst o (T +dT) u nasiesus 10 (p+dp)
sueprus I'n6Gca yseauwamres ma dG, B ommoii ¢ase u ma dG; — B Apyroii:
Gy+dG;=G,+dG,, otkyaa dG,=dG;. U3 (3.3.8) (S2-S1)dT = (V- Vy)dp.
Tlepexon u3 omHOil (assl B APYLYIO DAacCMATPHBANCA Kak OOPATHMBIE u

 M30TEpMHYECKHi, T0aToMY (2.3.5) S,~ S, = AH/T . [lanee




image29.jpeg
KWTICHHS JIaBJCHUE HACHIEHHOTO Mapa HAZl XMIKOCTBIO PABHO BHENIHEMY

AHyeq
naBnenuio, Hanpumep, | atM, maxomst Const=—H.  3roT Xe HHTErpai,

BAATHI B MpeAeNax MAIOTO MHTEPBATA TEMIEPATYD, MO3ROTAET BEIAHCTHTE
TENIOTy (230800 Mepexoza

otkyna (4.1.4)

UroGer miTerpuposats (4.12) C YHETOM 3ABHCHMOCT TETIOTHl OT

Tenepatypsi, C/IeyeT BOCTIONE30BaTEes ypankenvien Kupxroga (1.2.10)

0 "
AHy + [C,dT - [C,,dT
0

dlnp=——0———0—dT.
4 RT?
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Kpome TOTO, MOXHO BOCHON30BATECS ~YPABHCHWEM  COCTOSHMA
eansioro 1asa (1.1.4) 115 TOFO, HTOBE! YMEHBLIUTS SHCIO EPEMEHHBX 110
JABYX 1 TIDOHHTETPHPOBATH

RT? dp
aT p

AH

[ P~ AABICHHE RACBIIICHHONO 11ADa; PA3IENAIOT TePeMERHEIS
AH
dinp=——dT 4.12)
PR ¢

B 11epROM MPHOMKEHINH CHHTAIOT, TO TEMTOTa GR30BOO NEPEXOZa He

sasiionT oT TeMneparypst. Toria

Inp

AH const, #13)
RT

OTKyfa BHHO, 9TO AAB/CHUE HACHIICHHOTO 1apa C POCTOM TEMIIEPATYpE!

VBesamBaCTOs (XapAKTED SABUCHMOCTH Aorapudmseckiti). TIpy TeMneparype
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2 (4.1.6)

B. HepHCTOM MPE/UIOKEHE Clielyloltie A0MYIIenHs:
a) AH,= AHs;

6) Cpe=0, Cpr= 3.5 kanmone K, otieysta Yy=0 1 Y,=3,5-InT;

BMECTO MCTHHHO} XMMUYECKOH MOCTOAHHOH W3 ONBITHBIX AAHHBIX
3 YCTIOBHAR XHMHECKAs! TOCTORHHAR — i.

ps SToMy ypaskeiie (4.1.6) ynpomaercs:

AH,
Inp=-—28 +175InT+i. 7
np e FLTSIn T @1

e Knanefipona — Knaysuyca mpeicTaBisioT B KOOPAHHATAX
AMArpaMMy COCTONHMS, NEPEAAIOUIYIO 3aBHCHMOCTE.
Temneparypst (puc. 4.1.1). B o6nacy remmeparyp, Gnskux k 0 K,
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B More nomywor TOWOC YPABHCHME 3aWHCHMOCTH SBCHHA
WACHIENOro napa ot TeMnEpaTYpH

Tepar 'f
1 JCped i
Inp Agr“ :z- “T—ZdT——j r+;,

TAC | — MCTWHRAS XHMIICCKSA TIOCTORHHAR, ABHCANAR TOTHKO OT NPUPOTE
BemeeTsa (oua Moxer s onpexenewa us ypasewns Knameipona —
Kuiay3Hyca, cc IKCTIEPHMEHTAIEHO WINCPEHO AQBTEHHE HACHIIIEHHOTO 11apa).
JIHBIM MTOOM PACHETa, HA OCHOBAHHI KBAHTOROH TEOPHH, HCTHHHAA
XHMIHECKAA MOCTORNHAA
e “.15)
R

3neck So m Cpo — OHTPOTHA W TIIOCMKOCT BEUIECTBA B Ta300Gpa3OM

e
‘cocrosmun npu temueparype 0 K. OGoanauaior ][ [deT} /Tz-dT:V s
olo

IPAKTHHECKH TPY/IHO HCTIOTE3YEMO. YpaBHEHHE
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1.2. IIpHJIOXKEHHE NEPBOr0 3aKOHA TEPMOJAMHAMUKH

K XHMHYECKHM peaKuMsaM (TePpMOXMMUsI)

[IpoTCKaHHE XMMHYECKMX DEAKIMH CBA3aHO C M3MEHEHWeM SHEpriH
g3aHMOJICHCTBHS OJICKTPOHOB M MOHOB PEArMpyIONMX BENIECTB. IMpu >TOM
POHCXOAMT H3MEHEHHE BHYTPEHHEH 3HEPIUH, KOTOPOE MOXET MpPOABHTLCS B
gie TEMIOTHI HIIH paGoTel. TemmoTy XHMHYECKOH PEAaKUMH Ha3bIBAKOT
cerioBbIM  OP(PEKTOM, €CIH  peaKiMs MPOUCXOAUT  TIpH HOCTOSIHHOH
remneparype 0e3 COBEpUICHHA nonesHoit pabotel, To ecTh A,~ 0. Tak, mpu
Vv = Const, prAV = 0, a TeII0BOH 3pPEKT U3 yPaBHEHUS ¢1:1)

Qv=AU=U;-U,, (1.2.1)
rge Uy 1 U, — BHYTpEHHSI 3HEpPrus BEIUECTB, MOMYYMBUIMXCH B pe3yJibTare
PEAKLIMH U BCTYIIMBLIMX B Hee. [IpH MOCTOSHHOM JIBICHHH

Q, = AL+ pAV=U,—- U;+pVz— pVi=
=(UytpV2) — (UrtpVi)=Ha - H=AH. (1.2.2)
Tennosoit G GEKT peakunH, pPOTEKAIOLIEH NMPH MOCTOSHHOM JABICHHH,

paser uavenenmio ¢Qynkmmn (H = U + pV), Ha3LIBACMOH IHT bIHeli.

OHTAIbIMS, KaK M BHYTDEHHsS OHEprus, SBIACT
Pa3HOCTL cOCTABNSET HHEPrHs, paBHAd pV

NapameTpon coCTOSIHUS.
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AmeeTcs BO3MOMKHOCTH  CBSi3aTh  TEIUIOBLIC sddexTel  peakuu,
npoTeKarouIei NpH MOCTOSHHOM JABIECHUH WIH 00BbEME AH=H,; - H=(U-U,) +
+p(Vy- Vi) = AU+pAV. H3menenne ofbeMa YYACTBYIOIMX B peaKiHy
BELLECTB B TBEPAOM HJIM JKUJIKOM COCTOAHHH HEBCJIMKO, MO3TOMY Ui TaKHX
peakumii Heenuka ¥ pasuuua AH u AU. Jlast ra3000pa3sHbIX XKe BELIECTB MOXHO
BOCTIO/NB30BATHCS YPABHEHHEM COCTOSHHS HJICAIBHOIO 'a3a (1.1.4) v HaliTH

pAV =p (V- Vy) = (np—m)RT = An‘RT.

3nech An — anrebpaudeckas CyMma dHCel MO

B3aMMOJCHCTBYIOIMX BCLICCTB, KOTOPYIO MO
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QueBHAHO, YTO
AH,; = AH, + AH;3 (124)

TeroBoil 3p(PeKT CyMMapHOH peakuud He 3aBHCUT OT IIyTH, MO KOTOPOMY
IpOTEKaeT peakuus, €ro MOXKHO HAWTH CIIOKEHHEM TEIUIOBBIX 3(dexTon
rlpOME)KyTOqHLIX peaxunf/'l.

BrlguciaeHne TemioBoro oddexkra peaknud MOXKHO OCYIICCTBHTS,
HCTIONB3Ys IPHHATYIO B TEPMOXHMHH 3aNIMCh XMMHMYECKOrO YpPaBHEHMA, €C/IH
MO CHMBOJaMHM XHMMUCCKHX BEIIECTB, BXOJSUMX B YPaBHEHHE, Oyner
[10Ipa3yMeBaThCs HE KOIMYECTBO HX, a CBOMCTBEHHAs MM BHYTPEHHSIS SHEPIHA
160 SHTATBIOMA. B 3TOM Cilydae CTEXHOMETPUYECKOEe YPaBHCHHE DEaKiHH c

TeriosiM dddexToM npuobperaeT B TPABOMOHYHOTO anreGpandecKoro

YpaBHEHUA. Ecau W3 OJHOIO TAaxoro ypaBHEHHA C H3BECTHBIM TEIUIOBBIM

shdexrom 2A1+%, 0p= AlbOs, AHyy o, =-1674,7 kfbx BBIMECT

ypasuenue 2Fe + 3/, 0,=Fe,0s, AHF%O3 =-826,1 kI, TO‘ '




