Зміст:  Осмотичний тиск, Теплоємність виродженого газу, розподіл Бозе і Фермі, Магнетизм електронного газу, слабкі поля, суміш ідеальних газів, розчини, Умови хімічної рівноваги, Теплота реакції, Слабкі розчини. 
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§ 93. Cvecp MaealbHBLIX ra3on

Ann¥THBHOCTD TePMOJXMHAMHYECKHX BeJHYUH (TAKHX, KAK SHEPruf,
SHTPONHA H T. I.) HMEET MECTO JIUIIb NOCTOJNBKY, NOCKOJBbKY MOXHO
npeHeOpeub B3aHMOJEHCTBHEM OTAEJbHBIX uactedl Tesa. [ToatoMy pgis
CMeCH HeCKOJIbKHX BellleCTB— HallpUMepP CMECH HEeCKOJIbKHX XKUIKOCTEH
— TepMOJHHAMHYECKHE BEJHYHHEI He OYNyT PaBHEI CYMMaM Te PMOJHHA-
MHYECKHX BEJHYMH OTACJHbHBIX KOMIIOHEHT CMeCH.

Vickaiouenve INpeicTaBifieT CMeCh MAeaNbHBIX TasoB, TaK Kak B3a-
HMOJIEHCTBHEM HX MOJIEKYJ MOXKHO [0 ONpejiesIeHHIO INpeHeGpeub.
DHTpONHUsA, HAOpPHMEDP, TAKOH CMecH paBHa CyMMe 3HTPONHUH KaMXKIoro
U3 BXOASIIUX B COCTAB CMECH rasoB, KaK ecjd Obl APYrux rasoB He
6hlT0, 4 KaXAHH U3 rasoB uMesa Ol 06beM, paBHBI 00beMy Bceil
CMeCH, H, CJlefloBaTe/IbHO, JaBjieHHe, DABHOE NAPHHANBHOMY JaB-
JICHHIO JIaHHOrO rasa B cmecd. [lapuuanbHoe naBienue i-ro rasa P;
BLIpaXaeTCs yepes.jaBieHue P Bced CMeCH CJefyIOMIHM 06Gpas3oM:

. N;
p=NT 2P, (93,1)
rie N —nosHoe YHCJI0 MOJIEKYJT B CMeCH, a N;—UHC/I0 MOJIEKY.I i-ro
rasa. [lostomy cornacHo (42,7) 3HTPONMA CMeCH ABYX rasoB paBHa

1% 14 , .
S=N,ln fm+1v2, In %;-—lel (T)— N, fo(T), (93,2)
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WM, corjacHo (42,8),
S=—N,InP,—N,InP,—N 1 (T)—NayT) =
= — (N, +N) I P—N,n N, In D2 Ny (T)— Ny (7).
(93,3)

CeoGoanasi 3HepPrusi cMecH paBHa, corsacHo (42,4),
F=—N,T In4- & __N,TIn +N1f1(T)+N2f2 (T). (93,4)

Ananoruyno g motenumana @ Haxogum ¢ momoubio (42,6)
O=N,TInP,+N,TInP,+Ny, (T)+ Ny (T)=
=N (TlnP+y)+N, (T lnP+X2)+NT1n L+ N, Tln
(93,5)

Hs aroro BBIpa>K€HHsT BHAHO, YTO XHMHYECKHE IIOTCHIHAJIbI 000HX
ra3oB B CMeCH:

N
u1=T1HP1—}—X1=T1nP+X1+T1n——A-/1—, 03,6
pe=TInPy+x,=TInP+y,+TInl2, ’

T. e. KaXILH M3 HHX HMEEeT TaKOH e BHUJ, KaKoil uMes Obl XHMHUye-
CKHil TOTEHIMAJ YKCTOro rasa ¢ JgaBieHueM P, wiH P,.
OtMeTuM, uTO cBOGOJHast Heprus cMecH rasoB (93,4) nMeeT BHJ

F=F1(N1’ V’ T)’%—F2(N2, Vv T)’

rae F,, F,—cBoOOJIHEe 3HEPrHM NEPBOro H BTOPOro rasoB Kak (QyHK-
[MH YHCJIA YacTHL, 00beMa U TeMIepaTyphl; 15 TePMOANHAMUUECKOro
e TOTeHIlWaja AaHAJOTHYHOe DPAaBEeHCTBO HE CHpaBeiJHBO— IOTEH-
nuaa @ cMecH uMeeT BH

®=,(N,, P, T)+®, (N, P, T)+-N,TIn Z 4 N7 J2

[IpennosioxKum, 4To MBI HMeeM JBa DAa3JIHYHBIX I'ds3a C YUCJIAMH
gactunu N, u N,, Haxoasimuxcs B cocydax ¢ o6vemamu V, u V,, ¢
OJMHAKOBEIMH TeMIepaTypaMu W OAHHAKOBBIMH JIaBJeHHAMH. 3aTeM ofa
Cocylla COeNMHSIOTCH M Tasbl CMEINMBAIOTCH, NpPHUEM OGBEM CMeCH Jie-
naetcsi paBHbM V,+V,, a maBjieHHe W TemMIlepaTypa OCTAIOTCs, OYe-
BHJIHO, TpeXXKHUMH. DHTPONUS, OXHAKO, NPH ITOM MeHsieTCs; NeHCTBH-
TeJbHO, IO CMELIEHHs SHTPONHS 060UX ra3oB, paBHas CyMMe MX SHTPO-
nui, OblIa

S,=N, lneV‘—I—Nl =N =Nofi (D).
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308 PACTBOPH [ta. 1x
IMocne cMemenus sutponusi cornacus (93,2) ectb

S=N,In 7\‘,31—(VI+V2)+N2 1n7§;(v1+v2)-—N1f;—N2f;.
H3menenue sHTpoOnuH

AS=S—S8,=N,In V1+V2+N1 V””’z,

HJIH, IOCKOJBbKY INPH ONHHAKOBBIX JABJACHUAX U TEMIEpPATypax 0GBbeMBL
[IPONOpPUHOHAJBHBI YUCAY YaCTHIL:

N N
AS=N,In5-+N,ln . (93,7)

T2 BeJIMYMHA MOJIOKHTE/bHA, T. €. SHTPONHS NPH CMEHICHHH yBeJH-
YHBAETCH, KAK U JOJKHO ObLIO ObITb BBHIY OYeBHIHOH HEOGPATHMOCTH
npotecca. Benuuuny AS HaswmBaloT sumponueil cmeluenus.

Ecnn Obl 06a rasa GBlIM OAMHAKOBBI, TO SHTPONHSA NOC/E COEHUHE-
HHA COCYA0B OblIa OHI

S=(N,+N)In 2 — (N, + N F,

V Vv
U MOCKOJBKY NliNs ~—‘———(B CUJY PaBeHCTBA AaBJIEHUH U TEMIe-
1 2
paryp), U3MeHeHHe amppnnu‘ 6bIJIO Obl paBHO HYJIIO.
Takum oOpasoM, H3MeHeHHE SHTPONMH NPH CMEHIeHUH CBA3aHO
HMEHHO € pasJnyueM MOJIeKYJ CMellHBaeMBIX ra30B. JTO COOTBeT-
CTByeT TOMY, YTO HEOOXOAHMO 3aTpPaTHTh HEKOTOpPYIo paboTy, aas

TOro 4ro0bl OTJENHTE OGPATHO MOJIEKYJBl OZHOrO ras3a OT MOJIEKYJI
Apyroro.
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§ 101. Ycaosne XHMMYECKOTO PABHOBECHS

XuMuyeckass peakiHs, NpOTeKawwas B CMeCH Dearupyouux apyr
C JpPyroM BelllecTB, IPHBOAUT B KOHIE KOHLOB K YCTAHOBJIEHHIO CO-
CTOSIHUSA PaBHOBECHSi, B KOTOPOM KOJMUECTBO KaXKJIOTO H3 Y4YacTBYIO-
IHX B peaKuHH BenlectB OoJibiie yxe He H3MeHserca. O6 3rom
clyyae TepMOJAMHAMHYECKOTO PABHOBECHS FOBOPAT KaK O XuUMUHECKOM
pasrogecuu . Beskasi XAMHYecKas peaxiys HpoTeKaer, Booblie roBops,
B O0OOHX HamnpaB/IEHHSIX; A0 JOCTHMXEHHUS DPaBHOBECHA ONHO H3 Ha-
npasjeHddl peakuuu npeobsiafaer Hal APYTrHM, a NPH PaBHOBECHU
o6e IIPOTHBONOJIOXKHBIE PEaKIHH IIPOTEKAT C TAKUMH CKODOCTSAMH,
uyTo OOLIMEe YHCJA YacTHl, KaXk/OT0 U3 pearupymolHX BELIECTB OcTa-
I0TCA  Heu3MeHHbIMH. [IpenMeToM TepMOAHHAMMKH B [pHMEHEHUH
K XHMHUYECKMM peaguusM $SBJAfSercd H3yueHHE JHIb XHMHYECKOro
paBHOBECHf, HO HE CaMOT0 XOJa peakuWH, NPHUBOAAUIEIO K 3ITOMY
paBHOBECHIO.

CyIecTBEHHO, YTO COCTOSIHHE XMMHYECKOI'O PABHOBECHS He 3aBHCHT
OT TOro, KakuM oOpasoM (NpHU KAaKHX YCIOBHSIX) IIPOMCXOJH/IA peaK-
I¥5'); OHO 3aBHCHT TOJIBKO OT TeX YCJOBHH, B KOTODHIX HAXOUTCS
CMEChb pearupymoliiX BellecTB B CaMOM COCTOSIHMH pPaBHOBECHA.
[losroMy nNpH BHBOZE YCAOBHSI XUMHYECKOTO DaBHOBECHSI MOXKHO
Jefath JioOble NPEINOJOXKEeHHA O TOM, KakuM o00pa3oM peakuud
nporekaJna.

Ilpexge Bcero ycaoBuMca o cnocobe 3anucH peaxkuuu. XuMuye-
CKHe peakHHH, KakK H3BECTHO, 3alHMCHIBAIOTCHA B BHJE CHMBOJHYECKHX
PaBEHCTB, KOTOpDBi€ HMEIOT BHJ (€C/IH MEPEHeCTH BCe YJIEHBI B OJHY

cropoiy) v =0, (101,1)

rie A;—XuMHYeCKHe CHMBOJIbI PearHpyIolMX BEILECTB, a KO3phH-
IMEHThl V;—LeJble M0JOKHTEJNbHble W/JIH OTPULATEJbHBE YHC/A.
Hanpumep, ana peaxuns 2H, 4O, =2H,0 aau 2H, +0,—2H,0=0
KO3(pHIMEHTBl Vi, =2, vo,= 1, vy,0=—2.

IlpeanonoXuM, YTo peakuus NPOMCXOMHJIA HPH MOCTOSAHHBIX TeM-
neparype H AaBjeHHH. [IpH Takux npoueccax CTPeMHTCH K MUHHMYMY

1) B uactHocTH, OHO HE 3aBHCHT OT TOrO, NPOHCXOAM/IA JH peakulus C yua-
CTHEM KaTalu3atopa HJaH 0e3 Hero,
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334 XUMHYECKHME PEAKLHH [ra, x

TEePMOZMHAMHYECKMH NOTeHNUaJ cUcTeMbl. B paBHoOBecum, caejoBa-
TeJbHO, NoTeHumHan (@ nosmked WMeTb HauMeHbliee BO3MOXKHOe (MpH
3agaHHeiXx P u T) snauvenne. OGosnauum nocpeactBoM N,, N,, ...
YHC/Ia YaCTHL Pa3/JHYHBIX YYaCTBYIOUIMX B PeaKUUH Bemecrs. loraa
HeoOXo/UMOe YCJA0BHE MUHHManbHOCcTH (D MOXKHO HamucaTh B BHJE
paBeHCTBa HYJIO NOAHOH npoussosHoil or @ (npH 3agaHubix PuT)
[0 OJHOMY H3 N,-, ckaxeM 1o N;:

d® dN, , 0D dN,

+0N2dN1+0N3dN1+ .. =0.

HameHenuss gucen N,- NpH peakuHWd CBA3aHH JIPYr ¢ JAPYroM ypas-
HEeHHEeM peakuuH: siCHO, YyTo ecau N, H3MEHHTCH Ha v,, TO Kaxjoe
M3 ocranbHbIX uHcesa N; uaMeHurcs Ha v;. [ pyrUMH CJIOBaMH, MOXHO
Hanucarb dN; =vdN /v, nau dN;/dN = v;/v,. [TostoMy npezsinymee
PaBEHCTBO MOXKHO Nepenucatb B BHE

90 vi _
6Nl Vi -

oD
HaKOHeI.[, nojacraBJsiad —I—Vsz’ H COKpalias Ha vy, NOJYy4YHM

0
2 Vi, =0. (101,2)

3TO H eCcTb HCKOMOE YCJIOBHe XUMHUYeCKoro paBHoBecus. List Toro
uToObi 3aNHCATh €r0, HAJ0 B YPaBHEHUHU X UMHUECKOH peakIUH 3aMEHHTh
CHMBOJIBI A; COOTBETCTBYIOIIMMHM XUMHUYECKHMH [OTEHUHANAMH ;.
B cayuasx, Korja B CMeCH BO3MOXMKHBEI HECKOJIbKO Pa3JiHYHBIX peaK-
IM#, yCJI0BHEM paBHOBecust GyIeT sIBJATbCS CHCTEMAa HECKOJbKHX
ypaBHenu#t tuna (101,2). Kaxnoe u3 ypaBHeHuil cocraBiasiercs yKa-
3aHHBIM CNOCOGOM Ha OCHOBAHHM YpaBHEHMH KaXKIOH U3 BO3MOXKHbBIX
peaknui.

Ormerum, uro ycaoBue (101,2) coxpamser cBo#t BHI H B Tex
cayyasix, Korja pearupyioliie BelllecTBa pacrpejeeHsl B BHAE pac-
TBOPEHHBIX BEIIECTB B JBYX Ppas3/MUHBIX CONPHKacawinuxcs ¢asax,
310 06CTOATENBCTBO CJEAYeT U3 TOro, YTO B PABHOBECHH XHMHYECKHE
MOTEHIHANBl KaXJO0r0 M3 BellecTB B o0eHx (azax paBHH APYT APYry
B CHJy YcJOBHH ()a30BOr0 paBHOBECHS. |
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§ 103. Tennora peakuuu

XuMHueCKast peakllus CONPOBOXK/JAeTcs NOIVIOUEHHEM HJH BHIIE-
JeHueM TerJsa. B mepBoM cayuae TOBOPAT 00 sndomepmu4eckoti, a BO
BTOpPOM — 00 3K30mepmu4eckoli peakuuH. SICHO, UTO €CJIH Kakas-Jubo
peaKUHsi 35K30TEepMHUHA, TO oOpaTHasA eH peakuus 3HIOTEPMHUHA,
H Hao6oporT.

TengoBoft 3hdeKT peakuUHH 3aBUCHT OT YCJIOBHH, B KOTOPHIX OHa
npoucxoaut. [losroMy, HanpuMep, Haao pas/H4aTh TENJOBHE 3(hdeKTH
peakluy, NPOHCXOAsAleH NPH MOCTOSHHOM o6beMe HJIM MPH IOCTOSH-
HOM JaBJEHHH (3Ta pas3HHuIla, BIpoueM, OOBIYHO OTHOCHTENLHO HE3Ha-
quTesbHa).

Kak u npu BeIUHC/AEHHH TemaoTHl pactBopenus (§ 91), onpexenum
CHAayaJa MaKCHMaJbHYI palboTy, Koropass Moxker ObITh MOJyuYeHa
3a Cc4eT XUMHUYECKOH peakuMH.

HasoseM «asieMeHTapHOH» peakuyio MeXAy OJHHM HaGopoM Mo-
JIEKYJI, Onpene/sieMbiM ypaBHEHHEM DEaKIHH, H BHIYHCJIHM H3MeHeHHe
TePMOAMHAMHYECKOro IOTEHIaNa CMeCH pearupyiolluX BellecTB IpH
NIPOTEKAHHH HEKOTOPOro Majioro uucjaa On sjieMeHTapHbIX peakuui;
IpY 5TOM MpeAnoJaraeM, 4TO PeakiHsi NPOHCXOAUT IPH HOCTOSHHBIX
TeMneparype H jaBjaeHud. HmeeM

oo
6(1)= - &—VTSN,=ZI:MI(SN1.

VsmeHenyue uucaa MOJEKYJa {-TO BeliecTBa NpH On 3JjieMeHTapHBHIX
peakuusix paBHO, O4YeBHAHO, SN;= —v; On. Takum o6pasom,

8D =—8n X vip,. (103,1)

Kak " cnefoBano, B paBHoBecuH O0®/8n oGpallaercsi B HYJb.
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Beauyuna (103,1) npexacraBjsier COOOH o0Oiee BhIpaXKeHHe M.
MHHHMAaJbHOH paGoThl, KOTOpas AOJXKHA OLITh 3aTpayeHa NJs Ipo
BeneHnsi 6n sjeMeHTapHbIX peakiuii. OHa XKe €CTb MaKCHMaJ/lbHa:
paGota, KOTOPYIO MOXKHO MNOJIyYHTb 3a CYET TOTO XKe YHCJ/IA peakunuy
IIpOTeKaomuX B OOpaTHOM HaNpPaBJAEHHH.

[MpeanoyoKuM CHavaja, 4TO pPeaKuus MPOUCXOIUT MEXK]Y rasamy
IMosnp3ysck BeipaxenueM (102,1) aas u; HaxoauMm

8D = — on (lew lnP,-—f-Z[:v,-x,-) ,
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HJIH, BBOJSl KOHCTaHTY PaBHOBECHA:
8®=Tdn[— X v;In P;+In K, (T)]=Tdén[— X v;In¢;+In K. (P, T)].
(103,2)

HOna peakuufi B pacTBOpPaxX HAaXOJHM aHAJOTHYHO C IMOMOMIbIO
(102 75y w (1092 Q)
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6(D=T6n\—zi]vilnc,-+lnl((P, T)J., (103,3)

3nax BenduyuHel 0@ omnpejenser HanpasJeHHe, B KOTOPOM HIET
peaknua: nockojpky @ crpeMuTcs K MHHMMYMY, To npu 8@ <0
peakiusi NpoTeKaeT B INPSMOM HAIpPABJEHHH (T. €. «CJI€Ba Hanpaso»
B YpaBHEHHH XHUMHYeCKOHl peakuuu), a ecau 6@ > 0, To sT0 3Haywr,
UYTO B JaHHOH CMecH peaKuus HIeT B JCHCTBHTEJNBHOCTH B 0OpaTHOM
HanpasjeHud. OTMeTHM, BIIPOYEM, UTO HalpaBJeHHE PEAKLHH MOMKHO
YCMOTpPETb TaKXKe Y HemoCPEACTBEHHO M3 3aKOHA JEHCTBYIOMHX Macc:

o v'
cocraBadeM IJid AAaHHOH CMECH TMPOU3BECACHUE HPi' H CpaBHHUBaeM
CO 3HAUEHHUEM KOHCTAHTbLI DABHOBECCHUSA JaHHOH peaknuu; ecjiv, HalnpHu-

Mep, oKaxercd, qToHP:"> K,, TO 3TO 3HAYHT, YTO peaKuus Gyrer
HATH B NPAMOM HalpaBjeHHH —TaK, YyToObl YMEHBUIANHCh NaPLHATb-
Hble JJaBJJ€HHSl HCXOAHBIX BEIleCTB (BXOAALIMX B ypaBHEHUE PeaKiuH
C HOJIOMHTENbHBIMH V) H YBEJIHYHBAJIHCh JABJIECHHS MPOLYKTOB pPeaK-
UK (ana Koropelx v; < 0).

Tenepp MOXKHO OnpeleJHTh H KOJHYECTBO MOIJIOUIAEMOrO (WIH
BLI/IeJIIeMOr0— B 3aBHCHMOCTH OT 3HAKa) Tellja, ONATh-TaKW NpH On
5/IEMEHTAPHBIX PEaKLHSX. Cornacro ¢opmysne (91,4) sro Temno 8Q,
s peakUMi NpPH NOCTOSIHHBIX TEMNepaType H JaBJ€HHH PaBHO

a 8@
0Qp=—T" (“a_ T )
Jas peakuuit MeXJy rasaMH IOJy4aeM, MOACTABJAS (103,2),

dln K (T
8Q,=—Tron 22D (103,4)
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AHanOTHYHO AJS PAacTBOPOB
6Q,,=—T26naI“K(P' T)

S (103,5)

3amerum, uto 6Q, MPOCTO NPOMOPUHOHANBHO On ¥ He 3aBHCHT OT 3Ha-
yeHifi KOHUEHTPALHA B NaHHBIH MOMEHT; IOSTOMY 3TH (GOPMYJBI IIPH-
MedHMBl H 151 Jmoboro He Masoro 6n.

Ecau Q, > 0, T. e. peakuus 3HI0TEPMUYHA, TO 0InK/0T <0, T.e.
KOHCTaHTA DaBHOBECHS [1aJaeT C YBeJHYeHHeM Temmeparypel. Hampo-
THB, 114 9K30TepMHuecKod peaknuu (Q, < 0) KoHCTaHTa PaBHOBECHS
pacTeT BMecTe ¢ TemnepaTypoll. C Apyrofl CTOPOHB!, POCT KOHCTAHTh
PABHOBECHSI O3HAYaeT CABUI' XHMHYECKOI'O PaBHOBECUS B CTOPOHY 00-
parHoro oOpasoBaHHA HCXOJAHBIX BellecTB (peaKkius UAET «clpaBa Ha-

JIEBO») — TaK, 4To0H YBeIMUMJIOCH MPOH3BEIEHHE II czt- .HaoGopor,
yMeHbIlleH’e KOHCTaHTBI DABHOBECHsS O3HA4aeT CABHUT pPaBHOBecHs B
CTOpOHY 00pa30BaHUs NPOAYKTOB peaKLuH. [ApyruMH cl10BaMH, MOKHO
chopMyIHpOBaTh CJIeAyiolliee NPABU/IO: HAIPEBAHHE CIABMraeT paBHO-
BECHe B CTOPOHY IIpoiiecca, UAYINero 3HA0TepMHIECKH, a OXJ1aXK/leHHe —
B CTOPOHY 3K30TEPMHYECKOr0O Ipouecca. IJTO MPABHJIO HaXOJHTCA
B NOJHOM corjacud ¢ npuxnunom Jle-lllarense.

st peakuuil MeXy rasaMy NpeACTaB/IsfieT MHTEPEC TaKKe H TemIo-
Bo# 3(d¢deKT peaki{uH, NPoTeKamed IPH NOCTOTHHOM 00BeME (M TeM-
neparype). Jra BenuuuHa 0Q, cBs3aHa MNpOCTEIM 0GpasoM C Tem-
JoM Q. JIeHCTBHATEIBHO, KOJHYECTBO TOIJIOIAEMOrO TeMIa NPH 1po-
fecce ¢ MOCTOSHHBIM OOBEMOM pPaBHO H3MEHEHWIO SHEPTHH CHCTEMBI,
MeXy TeM Kak 8Q , paBHO H3MeHeHHIO Ten10Boi QyHKIHH. [IocKombKY
E=W—PV, T0 sicHO, uTo0

6Q,=8Q,—95(PV)
win, nonctasasisi PV =T X N; u 8N;=—v,0n,
8Q,=08Q,+T én22v,. (103,6)
i

Haxkonen, onpegesuM H3MeHeHHe OGbeMa CMeCH pearupylomux
BeulecTB B pe3yJbTare peakilHH, NPOTeKaloliel MpH MOCTOSIHHOM JaB-
Jdeguu (u Temnepatype). LA rasoB 3TOT BONPOC TPUBHAJIEH:

T T ~
8V = 6N = ——P—anl‘v,-. (103,7)

B uaCTHOCTH, peakiuy, He MeHstouue o6uero yucaa gacrui () v; =0),
unyr 6e3 H3MeHeHHs 00beMa.
Ina peakuuit xKe B c1abbliX pacTBOpax MOJb3yeMcsi QOpMyJIoH

V= 5% 8D u, noxacrasis (103,3), noayyaem

8V = T 6n LMK (P T)

s (103,8)
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TakuM o6pa3om, H3MeHeHHe oGbeMa NPH PEaKUHH CBS3AHO C 3a-
BUCHMOCTbIO KOHCTAHTbLI PAaBHOBECHA OT JaBJICHHS. AHaJIOI‘I/I‘{HO CKa-
33aHHOMY BbIllI€ I10 IOBOJY 3@aBHCUMOCTH OT TE€MIIEPATYPHI JIEFKO 3aK/Ii0-
YHUTh, 4TO YBEJHUEHHE JaBjeHHS cHocoOCTBYET peaKUHsAM, POTeKao-
IHM C yMeHblIeHHeM of6beMa (T. €. CABHraeT B COOTBETCTBYIOILYIO
CTOPDOHY TOJIOXXEHHE pABHOBECHR), @ YMeHblIeHHe JaBJeHHS — peak-
1usM, NPUBOASIIMM K yBeJHUeHHIO 00beMa,— CHOBA B [IOJIHOM COrJa-
cui ¢ npuHnunom Jle-Illarenne.
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§ 87. CaaGble pacTBOPHI

Mui safiveMcst Teneps (§§ 87—91) usyyeHneM TepMo M HAMHYECKHX
CBOWCTB CsialbiXx pacTBOPOB, T. €. TAKHX PacTBOPOB, B KOTOPBIX
YHCJIO MOJIEKYJl PAcTBOPEHHBIX BEUIECTB 3HAUUTEJNBHO MEHbille YHCJIA
MOJIEKYJl pacTBoputesii. PaccMoTpuM cHagasa caydail  pacTtBopa
C OIHMM pacCTBOPEHHBIM BellecTBOM; oOoCmeHHe IJIS pacTBopa He-
CKOJIbKHX BelecTB MOXHO Oyjer TpPOU3BECTH HEMOCPEACTBEHHO.

[Tycrs N —uuc/1o MoJIeKy/1 pacTBOPHTENS B PAcTBOpE, a #— YUCJIO
MOJIEKYJI pacTBOPsieMOro BelllecTBa. KoHieHTpauuel pacTBopa Ha3zo-
BeM OTHOWeHHe n/N =¢; COIVIaCHO CHEJAHHOMY KPEANOJONKEHHIO
c<£ 1.

HaiineM BbipaxKeHue /151 TepPMOJMHAMUHYECKOTO MOTEHLMajla pacT-
Bopa. Ilyers @ (T, P, N) ecTb TepMOAMHAMHYECKHH MOTEHIHAJ
YHCTOrO DPACTBOPHUTE/A (B KOTOPOM HHYero He pactBopeHo). CorsiacHo
tdopmyne @ = Np (cnpaBenIMBOH IJs UMCTHIX BEHIECTB) €r0 MOXKHO
nanucath B BuAe Oy = Ny, (P, T), rae po (P, T) — xumuueckuii mnorex-
I1HaJ1 9HCTOrO pacTBoputens. O6o3HauuM nocpeicteom a=a (P, T, N)
Majoe H3MEeHEeHHe, KOTopoe HCNBTan OB TePMOAMHAMHYECKHl IIOTEH-
HHaJ OpH BBEICHMH B PACTBOPHTENDb ORHOI MOJIEKYJBl PACTBOPAEMOTO
BemectBa. B cuny npeanonaraemofi ciaGocTH pacTBOpa MOJEKYJIbl
pPacTBOPEHHOIO BellecTBAa B HEM HaXONSTCH HA CPABHHTEJIbHO 60b-
WHX PacCTOSHUAX JpPYr OT JAPYyra, U IOoTOMYy HX B3auMOJEHCTBHE
cna6o. IlpeneGperast 3THM B3aHMONEHCTBHEM, MOXKHO YTBEPIKAATh,
470 M3MEHEeHHe TepMOAMHAMHYECKOr0o TIOTEHIHAIA TNPH BBEIeHHH
B PAaCTBOPHTENb 7 MOJEKYJ pacTBOPSEMOr0 BeLIeCTBa DPaBHO Ad.
OnHako B nosyuyaeMoM TakuUM INyTeM BoipameHuun @,--nc eie He
yuTeHa MOMKHBLIM 00pa3soM OAHMHAKOBOCTb BCeX MOJIEKYJ DPacTBOpEH-
HOro BelleCTBA. IJTO €CThb BHIPA’KEHHE, KOTOPOe NOJMYYHJIOChH OBl 110
dopmyae (31,5), ecu Gbl NpH BHIMHCJICHHH CTATHCTHYECKOTO MHTErpasia
BCE YaCTHI(Hl DACTBOPEHHOrc BEIleCTBA CUYHTA/IHCh OTJIHUHBIMH APYyT
or apyra. Kaxk Met 3HaeM (cp. (31,7)), BBHIUHC/EHHHIH TaKHM o6pasoM
CTaTHCTHYECKUH WHTETpas JOJKEeH B JeHCTBUTEABHOCTH elle OHTh
nojejied Ha nll).




image19.png
310 NPHUBONHT K TIOABJEHHIO B CBOGOJHON 3HEPrHH, a NMOTOMY H
B noteHuHane D jonoanutenbHoro unena T Innl. Takum oGpasom,

O =Nuy (P, T)+na(P, T, N)+TInn!.

1) Mbi npeneGperaeM 3jech KBaHTOBBIME 3(dexTaMH, uT0 A48 caaboro pacrt-
BOpa— KaK M JJs JOCTaTOoulio Pa3peseHHOTO rasa—BCeT/ia 3aKOHHO.
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Ilanee, MOCKOJMBKY f—camo 1o cebe oueHb GOJBIIOE YUHCIO, XOTS
H MaJjoe Mo cpaBHeHHIO ¢ N, B nocjejHeM UjieHe MOMXKHO 3aMEHHTL
Inn!l=nln{n/e). Toraa

@ = Npo+1 (oz—{—AT In %) = Npo+nT In (gew> .

Yurem Tenepb, uro O nomxHo GHITH OXHOPOAHON QYHKUHEH nep-
BOrO mopAaka no orsomeHuio X n # N. [lns 3toro, oueBmaHo,
crosuias 1ox 3HaKoM JorapupMma GyHKRuHA exp (a/T) moaxHa mers
Bux f (P, T)/N. Takum oGpa3om,

® = Npo+nTIn [‘%f(P, T)].

Beoas HoByw ¢yukuuio ot P u T: (P, T)=TInf (P, T), Haxo-
IUM OKOHYaTeJIbHO I/ TepMOAMHAMHYECKOro' MOTEHLHaja pacTBopa
BHIpaKeHHe

® =Ny, (P, T)+nT In < +nd (P, T). (87,1

Cnenannoe B HayajJe 3Toro maparpada NpeamoJoXKeHHE OTHOCH-
TEeJbHO NpHGaBAeHUS WIeHa BHAA N0 K NMOTEHIHANy YHCTOrO PacTBO-
puTesis ecTb B CYHHOCTH He 4TO HHOe, KaK pasJioXKeHHe B PAL MO
CTENEHSAM A C OCTABJEHHEM TOJBKO NepBHIX 4leHOB. UJjeH chaefyro-
Iero NopsaKa MO A NMPONOPUMOHAJEH n?, a ¢ YYEeTOM OIHOPOJIHOCTH
no nepemeHHeIM #n, N pomxen umerb Bun n2f (P, T)/2N, rae f—
byHgunst tonsko or P u T. Takum o6Gpa3oMm, ¢ TOUHOCTBIO X0 4Je-
HOB BTOPOro NMOpSAKa TePMOIHHAMHYECKHH NOTeHIHas cjiaboro pact-
BOpa HMeeT BUJ

® =Ny (P, T) 0T In b (P, T) + 9B (P, T).  (87,2)

OGo0imenye 3TOro BhIpaXKeHHs Ha cjydyafi pacTBopa HeCKOJbKHX
BEILECTB OYEBHIHO:

D= Nm+2nﬂnN+me+Z”“m, (87,3)
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rie n;—4YHCJa MOJIEKYJ pasJituHbIX PacTBOPEHHBIX BEILECTB.
Hs (87,1) 7nerko HaliTH XHMHYeCKHe TOTEHIHa/]bl AJIA PacTBOpHU-
Tens (u) H pacTBOpeHHOro BelllectBa (1) B pacTBope:

00
:(,’—N-z!_],o—-T—;-zpo-——Tc, (87,4)

, 00
W=5=TIng+y=Tlnc+. (87,5)
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§ 88. OcmoTHueckoe pnaBJeHHE

B sToM u B caeayiomux naparpadax Mbl pacCMOTPHM HEKOTODHIE
CBOHACTBAa pPacTBOPOB, NMPHUYEM IO-TpeKHeMy OyaeM CYMTATh PAacTBOP
cnabpiv ¥ notoMy OyjleM NoAb30BaTbes (opMmyJaMH NPEABILYIIETO
naparpada.

[MpennosoXuM, 4TO 1Ba PAaCTBOPAa OJHOTO H TOro XKe BeIECTBa
B OJHOM H TOM e pacTBOpuTeJe, HO OO6Jajalouiyie pasiHYHBEIMH
KOHIEHTPAUUAMH C; H C,, OTAEJEHB APYT OT APYyra Neperopoikoi,
CKBO3b KOTOPYIO MOTYT NPOHHKATb MOJEKYJBl PacTBOPHTeE/]s, HO He
pACTBOPEHHOrO BelllecTBa (NOJYNpOHHIaeMas neperopoaka). [lasie-
Hug ¢ ofenx CTOPOH TNeperopoiku OyAYyT NPH 3TOM Pa3IMYHBIMH
(paccyxnenusa B § 12 o papencTBe AaBieHHH 31eCb HeMmPHMEHHMBI
6narojaps HaJHYHIO TOJYTIPOHHLAEMOH MeperopoikH). Pasnocts 3THX
IABJICHHA HOCHT Ha3BaHUE OCMOMUMECK020 OABAEHUSL.

YcaoBHeM paBHOBecHs! MeXJy OGOMMH pactBopamu OyleT (XKpome
paBeHCTBA HX TEMNepaTyp) PaBeHCTBO XHMHUYECKHMX MOTeHIHANOB
pacTBopuTensi B HHX. XHMHUYECKHE IOTEHIHMaJbl PacTBOPEHHOTO
BELIECTBA INPH 3TOM He JOJXKHBI ObITb ONMHAKOBH, TaK Kak BCJel-
CTBHE [OJIYIPOHHIIAEMOCTH MNEPeropofiKH PaBHOBECHE HMEET MeCTO
TOJBKO MO OTHOIIEHHIO K PACTBOPHUTEIO.

O6Gosnauasti jaBjaeHusi B o0oux pactBopax O6ykBamu P, u P, u
BOCIIOJIb30BABINKHCh BhHIpaxeHHeM (87,4), mosyuuM yc/aoBHEe paBHOBe-
cusl B Buje

Ro(Pyy T)—, T =po (Py, T)—0,T. - (88,1)

Pasuocts jaBneunit P,— P,= AP (T. e. 0CMOTHUYECKOe AaBJeHUE)
a1 caabblx pacTBOpoB OTHOcHUTesNbHO Maja. [TostoMy MoXHO pas-
JOXHTE Wo(P,, T) B pax mno creneHsM AP ¥ OCTaBUTb TOJBKO
JIBa NepBbIX uJeHa:

0
o (P, T)=po (Py, T)+ APZR.
Moxncrasasa ato B (88,1), Haxomum
d
AP =(c,—¢) T

Ho npoussoanast dp,/0P ectb MOJMEKYAsPHLIH 00bEM U YHCTOTO pacT-
BopuTensa. Tarum oGpasoM,

AP =(c,—c) T (88,2)

B u4acTHOCTH, e€cjH C OJHOH CTOPOHBI TIEPEropofiKH HaXOAUTCS
uncTHil pactBoputedb (¢; =0, ¢, =), TO OCMOTHYECKOE JaBJeHHe

¢ nT
AP=2=T7, (88,3)
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§ 89] CONPHKOCHOBEHHE ®A3 PACTBOPHUTE/S 9295

TAe 7 €CTb YHCJAO MOJEKyJ] PpacTBOPEHHOrO BellleCTBa B oObeme V
pacTBopuTesss (BBHAY ca1abocTd pactBopa V ¢ GOJBUIOH TOYHOCTHIO
paBHO TOJIHOMY oGbeMy pactsopa). Dopmyay (88,3) HaswiBawT ghop-
myacii Banwm-Toppa. Chenyer obparuth BHUMaHHE Ha TO, YTO OHa
NpUMeHHMa K ¢J1a0BlM pacTBOpaM HE3aBHCHMO OT KOHKPETHOrO poja
BeIeCTB (KAaK pacTBOpUTENs, TakK M PacTBOPEHHOrO BELIECTBA),
a TakXke Ha CXOACTBO 3To#i (OopMyJabl C YpaBHEHHEM COCTOSHHSA
HJIEabHOTO rasa. BMecTo JaB/JeHHs ra3a 3JeCh CTOHT OCMOTHYECKOE
JaBJeHHe, BMecTO oObema rasa-—ofbeM pacTBOpa H BMECTO KOJH-
YEeCTBA YaCTHIL B rase — KOJHUECTBO MOJEKYJ PaCTBOPEHHOTO BellieCTEa.
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§ 58. TennoeMKOCTh BBIPOXAEHHOrO 3MCKTPOHHOIO rasa

Ilpu Temneparypax, HH3KHX 10 CPABHEHHIO C TeMIEPATYPOH
poxnennsd Tp, ¢yHRuuA pacnpejencuus (57,4) uMeer BHA, H300]
KeHHBIH Ha pHC. 6 NyHKTHPHOH JIMHHeHA: OHAa 3aMeTHO OTJHMYHA
€ IMHHIIBI WM HYJIS JIMIIb B YSKOM HHTEPBaJje 3HaueHu 3Hepruy &,6.1
KHX K TpaHHYyHOH 3Hepruu erp. Ilupuna srtofi, Kak roBopsT, 30
pasmeimocmy. pacnpefenenus Pepmu-—mnopsaka BeauunHbl T

Bripaxenus (57,6-—7) npencrasasior cobolt nepeule yaeHbl P
JIOXKEHHS COOTBETCTBYIOUIMX BEJHYHH IIO CTETEHIM MaJIOro OTHOMIEH
T/Tp. Onpenenum cielyiollye YJeHB 3TOrO PasjioXKeHud.

B dopmyay (56,6) BXxoaur HHTErpas BHAA

T jede
I"§ e(E*u)/T+1 ’

rie [(e)—mHekoropad GYHKUHA (Takas, 4YTO HHTErpasd CXOZHTIC
B (56,6) f(s)—a3/2 ITIpeoGpazyem atoT uHTErpan, cleaB MOJC!
HOBKY e—u="Tz:

® w7
_ Fp-Tz2) f(u—T2)dz f (1+-Tz)dz
1= [ B rae=r | HES= 47 J et
-wr 0
B nepBoM HHTerpaJe nuieM
L 1
e=* {1~ eFl

1 HaxoauM

un w/'T
_ f(p—Tz)dz f(u+T2) dz
’”§f(8)d8—T0 “7?;1—+T S
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§ 58] TEMNJOEMKOCTh BHPOXAEHHOTO JEKTPOHHOTO TA3A 191

Bo BTOpOM HMHTerpase 3ameHsieM BepXHHH npejiesi GeCKeHEUHOCTBIO,

uMess B Buay, uto p/T >>1, a uarerpan GeicTpo cxogutea ). Takum
o6pa3oM, MOJNYdHM

i ®
]zgf(e)d8+TSm‘L?z:_fl(E_—ﬂ)_dz.
0 0

PasnaraeM Teneph 4HC/AHTENb MOABLIHTErPaJbHOIO BHIPAXKEHHS BO
BTOPOM HHTerpase B pfAx Tafnopa 1o CTENEHAM 2 U HHTErpUpYyeM
IOYJIEHHO:

13 -] w0 3
1=\t@detory @ [ Z5+ 370 0 [ Z5+...
0 0 0

IToacTaBisfin 3HayeHHSI MHTETPAJIOB %), HMEEM OKOHYATe/bHO

f 2 nd
1=§f(8)d8+%T“’f’(u)+;—6~OT“f’”(M)+--- (58,1)

1) Dra 3ameHa o3HayaeT npedeGpelReHHE SKCNOHEHIIHATBHO MAJBIMH UTEHAMH.
Hapo mmers B BHAY, uTO mNOayuyaiomieecs HuKe pasnoxenue (58,1) mpeicrasiser
Co60H acHMNTOTHYeCKHH (a He cxopsmimiica) psaf.

%) MnTerpaJssl TAKOIO THIZ BBIUHCJSIOTCH CJIEAYIOUWHM 06pasoM:

@

x-1 *
zez+alfz :S 2x=1g~z 2 (—) e=nz.dz =
0 =

o8

n=0
=T X (== 1) IS
HJH
S%:(l—zl-x)r(x)g(x) @0,
0

rae §(x)—C-bynguus Pumana. Ypn x=1 570 BHIpamkeHHe JaeT HeompeieIe HHOCTD:
3HaYEHHEe HHTETpaJia
¢ a
z
S =In2.

ef+1
0

Ipu nmenom uetrom x (x=2n) {-GyHKUHA BHpaKaeTCA Yepes TaK HA3LIBAEMHIE
uhcaa Bepuyaan B,, u noaywaercs

@®

221 on-1_ 4
S Fr1%="gy  V"Bw
0

AHasornuHEIM 06pa3oM BEIYHC/SIOTCS CJEAYIOWHEe HHTErPAJIED
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192 PACIPEIENEHHS ®EPMH H BO3E [rn. v

Tpetuit 4jeH pasNoXKeHHS TPHBEJEH AJs CIPaBOK; 3e€Ch OH HaM
He TIOHajo0HTCH.

Tlonaras B topmye (508,1) [=1¢%? u noxcrasass 8 (56,6), noay-
YuM HMCKOMEIH CJIeAyIoHH YJ/eH pas3/oXeHus norTeHuxana Q npu
HH3KHX TeMIeparypax:

u md/?
Q=Q VT2 Vom
Q—VT TR (58,2)
INocpencTBom 2, oGo3nHaueHa BesHuHHA € NpH ab6CONIOTHOM HYJe
TEMIIEPATY Phl.

Paccmarpusas BTOpOH uw/len Kak Manayio J100aBKy K Q, H Bblpa-
XKasg B HeM W 4epes T u V ¢ NOMOIIBIO «HYJ/EBOTO MPHOJHMKEHHUS»
(57,5), Mbl MOXeM HENoCpejCTBEHHO HANKCaTh BLIpAXKeHHE AJIsSl CBO-
OozHOH 2HEepPTHH (COTVIACHO TeopeMe O MaJjblix no0aBkax (24,16)):

F=F,—SNT2 (’%)” ’ (58,3)
TAe MHBl BBeJIH AN4 KPHTKOCTH O603HaquHe
n\2/3m
B=(5)"%- (58,4)
O'I‘CIOlla HaxoJuM 3HTPONHIO rasa
S—fNT (%)‘”’ , (58,5)
€ro TemJ10eMKOCTh 1)
'V O\ 2/8 :
C=BNT w) , (58,6)
zx=1dz

=T#(x) (x> 1),

ez —1

O §

Ipu nenoM uerHoM x==2n nMeeM

Czmn-1dz  (2m™ B,
ez—1 ~ 4n
0

INpusegeM A/ COPABOK HECKOJbKO TepBHX unces BepHyasim m meckonsko

sHaueHHH §-QYHKIHH:
1 1 i 1
Blz'é'v Bzzg(‘), Bsz‘ﬁ, B4~§61
§<3/2)=2,612, L 6/2)=1341, £(3)=1202, {(5)=1,037;
TG2)= V2 TE2)=3VaA

1) MEl He NHIIEM HHIEKCE U WJIH p Y TCIUIOEMKOCTH, TaK KaK B aTOM Npreau-
xenun Cy H Cp coBnagalor. JeficTBuTeNbHO, Mb BHAENH B § 23, uto ecam S crpe-
MATCS npn T~—0 x uymo, kax 7, 10 pastoctb Cp— oépamaeu‘ca B HYJb,
Kak T2#+1; B panHOM Clyuae, CACJOBaTeNbHO,

Cp—CynTs,
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§ 59] MATHETH3M SJIEKTPOHHOTO TA3A, CJABHE NOAS 193

H SHEpTHIO
E=E,+5 N7 (5) :EO{HO 18(”7;) <V>4”3]. (58,7)

TakuM 06pa3oM, TEMJOEMKOCTb BBIPOXKIEHHOrO (epMH-rasa npu
HU3KMX TeMIeparypax NponopUHOHANbHA TNEpPBOi CTENeHH TeMie-

paryphl.




