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1. AAEAJIBHBIE U PEAJIBHBIE I'A3bI

WneanbHble ra3el onuceiBaroTCs ypaBHeHueM MeHneneeBa—Knaneiipona:
PV = nRT, (1.1)

rae P — naBnenue; V' — o0obem raza; T — Temneparypa; n — KOJUYECTBO BEUIECTBA
raza; R — yHuBepcajibHas ra3oBas MOCTOAHHAA. B pa3HbIX eauHUIIAX U3MEPEHUS
R = 8,314 Jx/(monp-K) = 1,987 kan/(monp-K) = 0,0821 m-atm/(Mmob-K).

JIs1 cMeceil niealibHbIX Ta30B CIPABEIMBLI 3aK0OHBI JanbToHa 1 Amara:

P=%P;  B=PN, (12)
V=>V; V,=VN,, (1.3)

rie P — oOmiee maBieHue; P; — mapiuaibHOE JIaBIeHUE KOMIIOHEHTa; V — oOuui
00beM Tra3oBoM cMecH; V; — mapiuaibHbli 00beM KOMIOHEHTa; N; — MojspHas
JIOJIS KOMITOHEHTA.

CBolicTBa peanbHBIX ra30B OMUCHIBAIOTCA YpaBHEHHEM BaH-nep-Baanbca:

2
P+’;—2“ (V —nb)=nRT (1.4)

I7ie a — OCTOSIHHASA, YYUTHIBAIOIIAs B3aMMHOE MPUTSKEHUE MOJIEKYI; b — MOCTO-
sIHHasl, YYUTBIBaIOIIasi COOCTBEHHBIH 00bEM MOJEKYJI. 3HAUeHUsl a U b BbIpaxa-
I0TCS 4epe3 KPUTHUECKUE ITapaMeTphl ra3a:

22
a:%RPz‘ ; (1.5)
bzéRPTK. (1.6)

YpaBuenue Ban-gep-Baanbca IT0CTaTOYHO TOYHO OIKCHIBAET COCTOSIHUE
rasza, €Cjau ra3 HaxOJMUTCS MPHU TEMIIEPATYpPE BHIIIE KPUTHUYECKONW M €ro MOJSp-
HBII 00beM He MeHee 0,3 1.

Jlpyroe mupoko NpUMEHSEMOE ypaBHEHHE, KOTOPOE OMUCHIBAET CBOMCTBA
peabHbIX Ta30B:

z = PV/nRT, (1.7)

riae z — kodurueHT cxumaemoctu. st maeansHbIX ra3oB z = 1. B cipaBo4HOIM
autepatype [5, puc. 14] umerorcs rpaduku 3aBUCUMOCTH KO3PPUIIMEHTA Z OT
MPUBE/ICHHBIX JABJICHUS T M IPUBEJICHHON TeMIEPATypPHI T:

n=PP, 1=TT,
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Taxoxke ¢ BBICOKOH TOYHOCTBHIO MOBEACHUE JIFOOOTO PeaIbHOTO ra3a MOXK-
HO OIMKCaTh C TOMOIIBIO YPAaBHEHUS COCTOSHUS B BUPHAILHOH (hopme:

ﬂ=1+§+£+..., (1.8)
RT voy?

rae B u C — BTOpoil v TpeTuit BUpuaibHbie KO3)PUIIMEHTHI COOTBETCTBEHHO.

IIpumepsl penreHus 3aaa4

1. TIpu 423 K 1 1,00-10° I1a 1,17 r opraHH4eckoro BELIECTBA, HCIAPAICH,
3aHuMaroT 00beM 0,447 51. Beruncante MOJIEKYJISIPHYIO MacCy COEIMHEHUSI.

P ew e Hue MonekylsipHyr0O Maccy BELIECTBAa BBIUUCIISAEM U3 ypaBHE-
HUS

n=PV/(RT)=m/M,
TJIe m — Macca UCCJIeIyeMOoro BelecTBa; M — MOJeKyJIIpHas Macca UCCIeyeMOo-
'O BEIIECTBA.

8,314-423-1,17

= 3 — =92 r/moss.
1,00-107-0,447-10

2. Uepes aieToH ONpu MOCTOSTHHOM JIaBJICHUU 0,974-105 ITa u 293 K Ob11
MPOIYIICH CYXO BO3AyX o0hemMoM 2,93 11, mpu 3TOM Macca aneTroHa YMEHbIIN-
nachk Ha 2,2 1. Onpenenute JaBji€HUE HACHIILIEHHOTO Iapa aleToHa IpU 3TOM
TeMIeparType.

P e m e v u e. OnpenenseM KOIMYECTBA BEIIECTB alleTOHA U BO3/yXa:

Moy = Nay/ My = 2,2/58 = 0,038 moub,
PV 0,974-10°-2,93-107
nBO3I[ = =
RT 8,314-293
PaccunteiBaeM MOJIIpHYIO JIOJIO alleTOHA B Ta30BOW CMECH, a 3aTeM Map-
[IMAJIbHOE JIaBJICHUE alleTOHA M0 YpaBHEHHIO J{anbpToHa:

o 0,038
Nau = =
Mo + 10 0,038+0,117

BO3L

P, = PN,, =0,974-10°-0,245=2,38-10" Ila.

=0,117 momb.

=0,245 mob,

3. 4 MoJb YIIIEKHUCIIOro ra3a 3aHuMaroT o0beM 2 11 ipu 25°C. Bpruucnure
JaBJICHUE YTJIIEKUCIIOro ras3a 1no ypasHeHuto Ban-nep-Baanbca.

Pemenue. CHauana BbIYUCISIEM KOHCTaHTBhl ypaBHeHUs BaH-aep-
Baanbca, ucnonws3ys cnopaBounble 3HaueHus [1, Taom. 45] T,=3042 K;
P=72,9 atm = 73,9-10° Ia:



L YT RTE 278,3147-304,2°

64 P 64 73,9-10°
p_LRT, _18314:304,2

8 P. 8 73,9-10°
PaccuutsiBaeM naBnenne u3 ypasHeHus Ban-nep-Baanbca:
_ nRT  n’a_ 4-8,314.298 4%.0,365
“Vonb V2 2.10°-4-428-10° (2:107)?

=0,365,

=4,28-107.

=3,96-10° Ila.

4. Borunciute o6seM 1 Monb xiopa mpu 459 K u 2,70-107 ITa gepe3 koad-
(UIMEHT CKUMAEMOCTH.

Pemenue. Beiuucnsem oobem Cl, no ypasuenuto (1.7). dnst aToro Haxo-
JIUM TIPUBEJICHHBIC JaBJIEHUE T U TEMIIEpPaTypy T, UCIOJb3Ysl CIPaBOYHBIC 3HAa-
yenus T, = 417 K; P, = 76,1 atm = 77,1:10° [a:

t=459/417=1,1;
n=2,70-10"/7,71-10° = 3,5.

PaccunteiBaeM KOA(h(GUIMEHT C)KMMAEMOCTH M3 COOTBETCTBYIOIIETO Tpa-
¢uka: z=0,53. CoOTBETCTBEHHO
znRT  0,53-1-8,314-459

P o

V=

3agaun

1. ITpuBeauTe K HOPMAJIBHBIM YCJIOBHAM ras, 3aHuMarommii npu 373 K u
P=3,0-10" Tla oGbem 27 1.

2. Onpenennure MOJIEKYJISIPHYIO MacCy BEILIECTBA, ECIU IJIOTHOCTh €T0 Mapa
mpu 373 K u 1,013-10° I1a paBHa 2,55 r/n.

3. Kakoe KOIMYECTBO AMOKCHAA yriaepoaa mpu 5,066-10° ITa u 323 K 3a-
HIMAaeT OJMHAKOBBI 06beM ¢ 1 r remmst mpu 1,013-10% ITa u 273,15 K? Uemy
paBHBI INIOTHOCTH 3TUX I'a30B?

4. TemnepaTypa a30Ta, HAXOJAIIETOCS B CTaJbHOM OaJlJIOHE MOJ| 1aBJICHU-
em 12,5 Mlla, pasna 20°C. IIpenensHoe naBiieHHE, KOTOPOE BBIIEPKUBAET Oal-
noH, 20,3 MIla. IIpu kakoi Temrieparype IaBJICHHUE a30Ta JOCTUTHET MPEACIbHO-
ro 3HA4CHUS?

5. Cocyn HamoJIHEH CMeChIO KHCIIopoAa U a3oTa. [Ipu kakoM cOOTHOLIEHUHT
napiyaIbHbIX TaBJICHUM Macchl 000UX ra30B OyayT OJIMHAKOBBI?



6. JIns razoBoii cmecu maccoBoro coctaa (%): Cl, — 67; Br, — 28; O, — 5,
BbIuMcIuTe: 1) 00OBbEeMHBIM COCTaB; 2) MapuuajibHble J1aBJIEHUS KOMIIOHEHTOB;
3) 06beM 1 kr cmecu. O6mmee nasinenue 1,013-10° Ila, Temneparypa 373 K.

7. Paccunraiite AaBieHHE, MOJ KOTOPbIM HaxoisaTcs 32 I KUCIOpoAa B
o0béme 0,6 1 mpu Temneparype 20°C, ucnonb3ys: a) ypaBHeHUe MeHuenee-
Ba—Kuaneiipona; 0) ypaBHenue Ban-nep-Baanbca. [losicHute paznuune mMexmy
JBYMsI pe3yJibTaTaMHU.

8. Kakoe komuuectBo CO,; MOXET BMECTUTh CTAIBHOU COCYJ O00BEMOM
0,5-107 m’ ipu Temnepatype 473 K n naBnenuu 162,1 MIIa? Pacuer nposeute
yepe3 KodPHUIIMEHT CKUMAEMOCTH.

9. Berunciure 1o ypaBHeHuto Ban-nep-Baansca temneparypy, npu KOTO-
poii o6bem 1 kr MeTaHa cTaHet paBHbIM 0,1 M° 1ipn 2,026 MITa.

10. Beruucnute ¢ ucnosib3oBaHueM Kod(PPUIMEHTa CKUMAEMOCTH 00BEM
1 xr xsopa npu 450 K u naBnenunu 80 MIIa.

11. Ilomaras, 4TO YrJEKUCIBIA ra3 NOAYMHSETCS YpaBHEHUIO Ban-aep-
Baannbca, Beiuncnute kpurnueckue napamerpel CO, — remneparypy, 1aBieHUE U
MOJIbHBIA 00bEM. [IpumuTe, yTO MOCTOSIHHBIE ypaBHEeHHsT Ban-nep-Baanbca ans
CO, cnenyromue: a = 3,592 i*-arM/Moie, b = 0,04267 1/MOJb.

12. Jloxaxute, 4To TIpu OOJBITUX 00heMax (HEBBICOKUX JIABJICHUSIX) ypaB-
HeHue Ban-nep-Baanbca nepexoaut B ypaBHEHUE UACAIBHOIO ra3a.

2. NEPBBIA 3AKOH TEPMOJUHAMMKM.
TEPMOXUMUA

JInsl KOHEYHOrO M3MEHEHUS COCTOSIHHUSI CHCTEMBI NMEPBBIA 3aKOH TEPMO/IH-
HaMHUKH BBIPAXKAETCS YPABHEHUEM

O=AU+A4, 2.1)

rae () — TemioTa, NOABEICHHAs K CUCTEME WM OTBEAECHHAs OT cUcTembl; AU —
W3MEHEHHE BHYTPEHHEH 3Hepruu; 4 — paboTa. 3a MOJIOKUTEIbHYIO padoTy MpH-
HATa paboTa paCIIMPEHUS CUCTEMBI.

BHyTpeHHsIs SJHEPTUA U DHTAIBIIUA CUCTEMBI CBSA3aHbl COOTHOLLIEHUEM

H=U+PV. (2.2)

PaboTa pacmupenus ra3a BRIUUCISETCS 10 hopMyIie

A:jﬂﬂh (2.3)



dopMyIbl A1 BBIYUCICHUS TEIJIOBBIX 3(P(HEKTOB U pabOThI IS pas3iind-
HBIX TPOIIECCOB, a TAK)KE UX YPABHEHUS MTPUBEICHBI HIDKE.

Bupa nmponecca YpaBHeHHE A 0
N3o6apHbIii _ P(V,— 1) =
(P = const) VIT = const — nR(T>— T) AH
N30x0pHBII .
(V= const) P/T = const 0 AU
N3oTrepmuueckuit
= RT In(V, /V,
(T = const) PV = const n Il( ) 1) A
v—1
AnnabaTuyecKuil nRT "
PV = const 1-| — 0

3akon ['ecca: TemmoBoil a3pdekT mporecca HE 3aBUCUT OT €ro IMyTH, a OIl-
penensercs TOJIbKO Ha4allbHBIM U KOHEYHBIM COCTOSIHUEM CHUCTEMBI.
IIepBoe cnencrBue U3 3aKkoHaA ['ecca onuChIBaeTCs ypaBHEHUEM
0_ 0\, 0}/
AHY =Y vi(AHD)  =Yv(AHD) (2.4)
- i,1pon F i,UCX
rne A H }) — CTaHJAPTHBIN TeroBok A ekt peakuu npu temneparype T, v; —
0\
CTEXHUOMETpUYECKHE KOIPPUIINECHTHI; (AH T ) — TeruioTa 00pa3oBaHUs BEIIECT-
1
Ba U3 IIPOCTHIX BEWIECTB B CTAHAAPTHBIX YCIOBUAX MpU Temieparype 7. 3a cTaH-
JapTHBIE YCIIOBUS MPUHATO COCTOSHHUE BEIIECTBA B YMCTOM BHJIE NPU JaBieHUN |
0
at™M. CTaHJapTHOE COCTOSIHUE BEIIECTBA OTMEYAETCS BEPXHUM HHIIEKCOM « ).
Bropoe cineacrBue u3 3akoHa 'ecca onuchIBaeTCsl ypaBHEHHEM

0 _ 0\ 0\¢
AHY =Y vi(AHD) =Y v(AHD) (2.5)
- 1,ACX P 1,IpoJ
0 C
rae (AHT) — CTaHJAPTHBIE TEIUIOThl CTOPAHHUS MCXOIAHBIX U KOHEYHBIX BE-
1
IIIECTB.
TennoeMKoCTh TEpMOJUHAMUYECKOW CHUCTEMBI OTIPEIEISETCS BEIPAKEHUEM:
0
c=% (2.6)
dT

Paznnuaror HN30XOpPHYIO H 1/1306apHy}0 TCIINIOCMKOCTD:



CV:(QQ); C}:(@Ej, 2.7)
or ), or ),

[ ) .
1 uaeanbHbIX Ta30B Cy = ER’ rJie { — YUCIIO CTeneHe cBoOo sl (3 mis

OAHOATOMHBIX I'a30B, 5 AJIs1 IBYXaTOMHBIX U 6 JIIA MHOI‘OElTOMHBIX). KpOMe TOTIO,
CIIpaBCAJIMBO BBIPAKCHUC

Cp=Cy+R. (2.8)

[Tokazarenb aguabatel onpenensiercs otHouieHueMm y = Cp/Cy. s une-
aJbHOTO Ta3a, HE3aBUCUMO OT BHJA IpoIlecca, U3MEHEHUE BHYTPEHHEH dHEPruu
OTIPEICINIICTCS TOJIPKO U3BMEHEHUEM TeMIIepaTyphl:

AU=nCAT,—T)). (2.9)
Kpome nctuHHON, ONpenesnsaoT CPeIHIO TEINIOEMKOCTD:

c AU, 5 _Ad

_2Y. _ 2 2.10
VAT PEAT (2.10)
KOTOpas CBsi3aHa C WCTUHHOHN TEIUIOEMKOCTBIO YPaBHCHUAMHA
1 1
Cp=——|Cpdl; Cp=——|Cpdl. (2.11)
| |

3aBUCUMOCTH TEIUIOEMKOCTH OT TeMIIEPAaTyphl BEIpaXKaeTcsl ypaBHEHUEM
Cp=a+bT+cT"+cT7, (2.12)
rae a, b, ¢ u ¢' — smnupudeckne KodpUIUEHTH, KOTOPbIE TPUBOISATCS B CIIpa-
BOYHHUKaX. J[71s1 Heopranuveckux BeuiecTs ¢ = 0, a 1y opranudeckux c' = 0,

3aBUCUMOCTh SHTAJIBIIUU BEILIECTBA OT TEMIIEPATYPhI BhIPAKAETCSl YpaBHE-
HUEM:

T
0 0
298
roe H 2 -H 398 — IpUpalICHUE HTAIBIINKU MPU HArPEBAaHUU BellecTBa OT 298 1o

T. Ecnu B unTepBasie Temneparyp 298 — T npoucxondar (a3oBbie MpeBpalleHus,
TO ypaBHeHue (2.13) numeer Bux:



Tnep Tnn TKHH
H) —Hjyy= | CpdT +AH, g+ [ CpdT +AH,, + | CpdT +
298 Tiep Tn
T
+AH, o, + [ CpdT, (2.14)

T,

KHIT

rne AHep, AHyy, AH e — TEIUIOTHI NIEPEKPUCTAILIN3ALNY, TUIABIEHUSA U HCIape-

Hus; Cp, Cp, Cp, Cp — TEINIOEMKOCTH BELIECTBA B HU3KOTEMIIEPATYPHOM KpH-

CTaJUTMYECKOM COCTOSIHUM, B BBICOKOTEMIIEPATYPHOM KPUCTATUYECKOM COCTOSI-
HUU, B )KUJIKOM U Ta3000pa3HOM COCTOSIHUSIX.

3aBUCUMOCTH TETUIOBOTO (D (PeKTa XUMUIECKON peakIuu OT TeMIIepaTyphl
BbIpakaerca ypaBHeHneMm Kupxroda B auddepeHnnanbHO W HMHTETrpalbHOU

dbopwme:

0
i, 215
)
AHY = A, Hiyg + [ ACHdT (2.16)
T;

rine ACp — pa3HOCTh M300AapHBIX TEITIOEMKOCTEH MPOAYKTOB PEaKIIMd M HUCXOJ-
Hbix BemiecTB. Ecnmu pasuuna (77 — 298) HeBenuka, TO MOXKHO HPHUHSTH
ACp = const. [Ipu OGonpmoil pa3sHuLEe Temneparyp HEOOXOAMMO HCIIOIb30BaTh
TeMIEPATYPHYIO

3aBUCUMOCTE ACp.

T T
AHY =N Hyg+ [ ACodT = A Hioy+ [ (Aa+AbT +AcT? + Ac'T ™ )dT =
298 298
— A, Hs + Aa(T —298) +A—b(T2 -298°) +£(T3 -298’) —Ac'(l—ij,
2 3 T 298
(2.17)

rae Aa, Ab, Ac nu Ac' — pa3HOCTb MEXy 3HAUEHUSIMH COOTBETCTBYIOIIMX KO3(]-
(GUIIMEHTOB 71 TPOTYKTOB M MCXOIHBIX BEIIECTB C yUETOM CTEXHOMETPUUYECKHUX
K03 PHUIIEHTOB.

IIpumeps! pemieHus 3axa4

1. 5 1 renus (OAHOATOMHBIN HACATBLHBIM T'a3) HAXOAUTCS MOJ JaBJICHHUEM
200 xITa u umeet Temneparypy 298 K. Paccuuraiite paboTy U U3MEHEHHE BHYT-
9



pEHHEH SHEepPTuH NpU paclIupeHnu ra3a 10 oosema 10 i1, ecnu mporecc mporeka-
eT: a) u300apHoO, 0) U30TEpPMHUYECKHU, B) aguadaTudecku. Onpenenure KOHCUHYIO
TEMIIEPATypy raza B KAKJIOM CIydae.

P e m e H n e. CHayana onpeaenuM KOJIUYECTBO BEIIECTBA TeIHsI

_B1_210°-5.107

=0,404 MoIIb.
RT,  8,314-298
a) P = const.
A=PV,—V})=2-10>(10-10" - 5-107) = 1000 .
AU =nCy (T, —Tl):%(PZVZ —1911/1):%2-105(10-10‘3 ~5-107)=1500 JIx.
-3
W h, TZZVZTI _10-10 3298:596 K
L T, 4 5-10°
0) T = const.
A=nRTIn(V,/V;)=0,404-8,314-298-In(10-107/5-107) = 694 [Tk
AU=0.
T2 = T1 =298 K.
B) 50 = 0.

Y= CP/CV: 5/3 = 1,67

nRT v Y| 0,404-8,314-298 5.0 )
A= 1-| L =2 d 1- — =555 Jx.
y—1 v, 1,67 -1 10-10

AU = -4 =555 JIx.
P\V"=P,V5}; ﬂ=—PZV2-
LT

[lonenuB nepBoe BBIPAKEHHUE HA BTOPOE, MOJIyYaeM:

-1 1,67-1
o, Al 5.10°

g 10-107°

2. CranmapTHas TerioTa cropanus MetaHa paBHa —890,3 k/[/Mons. On-
pedennuTe CTaHIapTHYIO TEIUIOTy 00pa30BaHMsI METaHa, €CJIM CTaHAApTHBIE Tel-
JOTHl 00pa30BaHMUs YIJIEKUCIOIO Ta3a W JKUJAKOW BoAbl paBHbl —393.5 u
—285,8 KJ[K/MOJIb COOTBETCTBEHHO.

P e m e H u e. 3anuiueM peakuio CropaHus METaHa:

CH4 + 202 = C02 + 2H20

ITo nepBoMy cieacTBUIO U3 3aKoHA ['ecca:
10



(AH§98 )2H4 = (AH§98 )Zoz + Z(AH398 );0 _(AH398 )£H4 :
CraenoBaTteibHO,
(AH§98 )£H4 = (AHS% )202 T 2(AH§98 );O _(AHS% )ZH4 =

=-393,5-2-285,8— (—890, 3) =—74,8 xJ/MOb.

3. Boruucnure TemioBod 3¢ ekt 00pa3oBaHUs aMMHaKa M3 MPOCTHIX Be-
HIECTB MpU cTaHAapTHOM JaBiieHud U 298 K no TermnoBeiM 3P dekTam peakiiuii:

2H, + 0, = 2H,0,0 + AH, (1)
4NH; + 30, = 6H,0(, + 2N, + AH}, 2)
AH =—-571,68 xJlx/Monb, AHS =—1530,28 kJ[/MOJIb.

P e m e H u e. 3anumeM ypaBHEHHE PEaKIMH, TEIIOBON 3()PeKT KOTOpoii
HEO0OXOIMMO OTIPEICIIUTh:

S
3

H;O 1 O, He BXomAaT B ypaBHEeHHE (3), MO3TOMY, YTOOBI HCKIIOYHUTH UX
u3 ypaBHenuil (1) u (2), ymHOkuM ypaBHeHue (1) Ha 3 U BBIYTEM U3 HETO ypaB-
HeHue (2):

6H, + 30, — 4NH; — 30, = 6H,0 + 3 AH, — 6H,000 — 2N, — AHY  (4)

[Tocne mpeoOpazoBanus ypaBHeHus (4) u iefieHus €ro Ha 4 moJIy4yuM

YN, + % H, = NH; +(3AH] - AHY ) /4
f
NH,

(AHé)gs) =(3AH1° —AHS)/4=[3-(—571,68)—(—1530,28)]/4:

=—-46,19 x/I>x/MOIIb.

4. MonspHasg Temora ucnapeHuss ©Oenszonma npu 273 K paBHa
32,7 xJlxx/mMons. Onpenenure MOJSIpHYIO TeuioTy ucnapenus npu 353 K, ecnu
CpPEeIHHE YIEeIbHbIE TEINIOEMKOCTH JKUJKOTO0 OEH30JIa U €ro MapoB B 3TOM TEMIIE-
patypHoM uHTepBajue coctaBisitoT 1,721 u 1,248 J[x/(r-K) cooTBeTcTBEHHO.
P e w e H u e. 3anuuiem ypaBHeHHE IIpoLiecca:
CoHoo = CoHom T (AH 373)

HUCII

OnpenenuM U3MEHEHHE MOJISIPHOM TEIIOEMKOCTH B 3TOM MpOIIEcce, YUu-
ThIBas, YTO MOJSIpHAs TEIUIOEMKOCTh CBsi3aHa C YJACJIBHOM COOTHOIIEHHUEM
Cp=cM:
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ACp= M(c, — cx) = 78-(1,248 — 1,721) = -36,9 JIx/(momnp-K).
CornacHo ypaBHeHuto Kupxroda:
AHp — AHp = ACp(T, - T)),

(AHS;) =(AHD;) +ACH(353-273)=32,7-36,9-107-80 =

uern uen
= 29,7 xIx/mo1nb
5. Onpegnenure TeroBoit 3pdext npuBeaeHHoM peakuuu npu 500 K.
CH;0H, + 3/20, = CO, + 2H,0y,.
P em e nue.Csenem B oOIIyI0 TAONHITY 3HAYCHHS CTAHAAPTHBIX TETUIOT

oOpazoBanusi U KO3(G(OUIIMEHTOB ypaBHEHUH TEIJIOEMKOCTH ISl BCEX BEILECTB,
YYacCTBYIOIIHUX B PEAKIIUU.

CH;0H, 0O, CO, H,O¢,

(AHggg)f ,kJlk/Moms  —201,2 0 —393,51 241,84
a, JIx/(monb-K) 15,28 31,46 44,14 30,00
b-10°, Jix/(momb-K?) 105,2 3,39 9,04 10,71
¢-10°, Tix/(momb-K*) —31,04 0 0 0
¢107°, Ixx-K/mo1s 0 3,77 8,54 0,33

Paccuntaem cranpapTHbii TeroBoit 3¢ dexT peakiuu mpu 298 K:
A, Hog=-393,51 +2-(-241,84) — (201,2 + 1,5-0) = —675,99 xJIx/MOJb.
OnpenenuM pa3zHOCTH KO3 OUITUEHTOB YPaBHEHHS TEIJIOEMKOCTH
Aa = 44,14 +2-30,00 — (15,28 + 1,5-31,46) = 41,67 Jlx/(monb-K);
Ab =[9,04 +2:10,71 — (105,2 + 1,5-3,39)]-10 > = —79,82-10"° JIx/(moub-K?);
Ac=[0+2-0-(=31,04 + 1,5-0)]- 10 ° = 31,04-10°® [iox/(mop-K°);
Ac'=[-8,54 +2:0,33 — (0 + 1,5:(=3,77))]-10° = —2,23-10° JIxx-K/mou1b;
[ToncTtaBuM mojydeHHBbIE 3HaueHUs B ypaBHeHHe (2.17) u paccuuTaem
CTaHJapTHBIN TeroBoi 3¢ dexT peakuuu mpu 500 K:

-3
A, HSy =—675,99-10° + 41,67 (500 — 298) —M(soo2 298 )+
-6
+w(5003 —2983)+2,23-105 (L_L] —_673,29-10° =
500 298
= —673,29 k]
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3agauu

1. I'a3, pacmmpsacs ot S5 g0 12 1 npu nocrosinaoM nasienuu 101,3 kI la, mo-
romaet 300 [ Terotel. OnpenenuTe N3MEHEHUE BHYTPEHHEW SHEPTUN ra3a.

2. Onpenennure U3MEHEHHE BHYTPEHHEN SHEPrUH, KOJIUYECTBO TEILIOTHI U
paboTy, coBeplIaeMyro Ipu oOpaTUMOM H30TEPMUYECKOM PACIIUPEHUU KHUCIIO-
poma ot 1 10 5 M’ (HauanbHbIe yCIOBHS: Temmeparypa 25°C, naBinenue 98 klla).

3. Kakoe KOIM4ecTBO TEIIOThI HEOOXOAUMO JIJIsl MOBBIIICHUS] TEMIIEpATy-
pbl 48 T kucnopona ot 273 no 373 K npu naenenun 1 arm? Kak npu 3Tom nsme-
HUTCS BHYTPEHHSA SHEPrus?

4. Onpefienute KOHEUHYIO TeMIlepaTypy U padoTy, HEOOXOIUMYIO IS
annabaTUYecKoro cxkatus a3ora oT 15 1o 2 1, ecinu HavalbHbBIE TeMIepaTrypa u
nasynenue pasubl 20°C u 1 aTwm.

5. 3 MOJb HACATBHOTO OAHOATOMHOTO ra3a, Haxodmerocs npu 77 = 400 K
u P, = 8 arM, oOpatumMo W anauabaTUYECKU PACHIMPAIOTCS OO0 JaBIEHUS
P, =1 atm. Paccunraiite KOHEUHBIE TEMIIEpAaTypy U 00bEM, a TaKKE COBEPIIECH-
HYI0 pa0b0OTy U U3BMEHEHNE BHYTPEHHEH SHEPTUU U SHTAJIBIINH B 3TOM IIpOLIecce.

6. PaccunraiiTe KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE JIJIsi HArpeBaHUs BO3-
nyxa B KoMHate oommm oosemom 400 M or 15 1o 20°C. IIpumuTe, 4TO BO3AYX —
ATO WUICAIbHBIA JABYXAaTOMHBIM Ta3, a JABJIECHHUE MPU HUCXOJHOW TEMIIEpaType
HOpMasibHOE. Haliiure n3MeHeHne BHYTPEHHEW SHEPTUH U SHTAJIBIIUU IS IIPO-
1IeCCa HAarpEeBaHMs BO31yXa.

7. 2 Mob IapoB OeH30J1a 00paTUMO U U30TEPMUYECKU CKOHACHCUPOBAIIU B
xuakocts npu 80,1°C. Paccuuraiite paboTy, TEIJIOTY, U3MEHEHHUE BHYTpPEHHEH
SHEPTUH U SHTAIBIIMU B 3TOM Ipolecce. Y AenbHas TeIIoTa UchapeHus: OeH3oa
npu 80,1°C pasua 394.,4 JIx/r.

8. 1 monb kucnopoaa, B3sATeIM npu 25°C u 1 aT™M, HarpeT Npu NOCTOSHHOM
JABJICHUU 10 yABOCHHsS 00beMa. MoJsipHas TEIJIOEMKOCTh KHUCIOpOJa aeTcs
Beipaskennem: Cp = 31,46 + 3,39-10°T — 3,77-10°/T?* Jlx/(monb-K). Paccuuraiite
W3MEHEHHE BHYTPEHHEW HHEPIHM U 3HTANBIUU JJIA 3TOro npouecca. Kucimopon
MO>KHO CUUTATh UJI€AJIbHBIM I'a30M.

9. Ckonbpko Teria norpedyercst Ha nepeBon 300 r onora (7, = 231,8°C,

AHr?H: 59,61 Jx/r), B3STOTO MpU KOMHATHOM TeMIlepaType, B pacIliaBIEHHOE

COCTOSIHHE, €CITH €r0 YAeIbHAs TemI0eMKOCTh cp = 0,178 + 1,70-107*7 x/(r-K)?

10. MossipHasi TEIJI0EMKOCTh XJIOpUJIa Kalusl OMUCHIBACTCSI BBIPAKCHUEM
Cp=41,38+2,18-107>T + 3,22-10°/T* x/(monb-K). Paccunraiite cpeaHion Te-
IJIOEMKOCTD XJIOpUJa Kanus B Auarna3zone 298450 K.
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11. Paccuuraiite 3aTansnu0 oopazosanus H,SO, ipu 7= 298 K, ecnu u3-
BECTHBI TETUIOBBIE A(DPEKTHI peaKITuii:

S + 0O, =S0,, AHIO= —296,9 xJIx/MOIIb;
SO, + 0,50, = SOx, AH)=-98.3 kJlx/MOnb;
SOs0 + HyO 0 = HySOup0, AH{=-130,3 xJI/MOb.

12. Duranbnus cropanust roko3sl npu 25°C paBHa —2816 k/[x/Moub.
Paccunraiite sHTaNnBNNI0 00pa30BaHUS IITFOKO3bI U3 IPOCTHIX BEILIECTB.

13. PaccuuTaiite TennoBoi 3((eKT peakuuyu OKHUCICHHMS] aMMHaKa KHUCIIO-
poaom 1o okcuaa azota (II) u Boawl B skugkom cocrosiuuu npu 298 K mo 3Haye-
HUSIM TEIUIOBBIX 3(P(PEKTOB pEaKIIMil:

1/2N, + 3/2H, = NH;, AH = 46,2 xJlx/Monb;
H, +1/20, = H,0p, AH )= -285,8 kJ[/MOIIb;
N, + O, =2NO, AH§)= 180,7 xJI>x/MOb.

14. PaccumnTaiiTe TEIIOTY AUCCOLMAIMU XJIOPYKCYCHOM KUCIOTHI, €CIIH Te-
110BOM A(pdeKT ee HeUTpaau3aluu menodbio coctapisetr —50 k/[/Momb, a Ter-
JoBoM  addekT HeUTpaiMzaluuu ~ a30THOM  KHUCJIOTHI  IIEJIOYBIO  PaBEH
—55,9 xJI>x/MOIb.

15-18. Paccuwnraiite BenuuunHbl A H 398 uAH To JUIS YKa3aHHBIX PEAKIUM.

JlanHbIe O CTaHJAPTHBIX SHTATBIUAX 00pa3oBaHUs U KOd(PPUIMEHTaX B ypaBHe-
HUU TETJIOEMKOCTH BO3bMUTE U3 CIIPABOYHHKA.

15. H, + Cl, = 2HC, T="700 K.
16. CO + H,O(y = H, + CO,, T=500 K.
17. C,Hg + 3,50, = 2CO, + 3H,0 ), T=800K.
18. C,HsOH = C,H, + H,0yy, T=400 K.

3. BTOPOU 3AKOH TEPMOIUHAMMKM.
JHTPOIIUA

CymectByeT (DyHKIUSI COCTOSHUS — DHTPOINHUS S, KOTOpasi 00IamaeT cie-
JIYIOIIUM CBOMCTBOM:

o0
ds > ==, (3.1)

/i€ 3HAaK PaBEHCTBA OTHOCUTCSA K 0OpaTUMBIM TIpolieccam, a 3HaK OOJbIlne — K He-
obpatumbiM. B n3onupoBanHoii cucteme (U — const) SHTpOMHS SBISIETCS KPUTE-
pYE€M HANpaBIEHHOCTH CaMOIIPOU3BOJIBHOTO MIPOLIECCa U COCTOSIHUS PABHOBECHSL.

14



Brruncnenne n3aMeHeHus: SHTPOIIUU B PA3JIMYHBIX POLIECCAX.
1. HarpeBanue (oxnaxaenue) ot 77 1o 7, ipu V' = const unu P = const:

T2C
AS = 7VdT; AS = | =£4ar. (3.2)

2. N3oTepMuyecKOe MOTJIOIEHHE TEIJIOTHI IpH V' = const wnu P = const:

_9
. AS= - (3.3)

AHaJIOTUYHO PACCUUTHIBACTCS M3MEHEHHE SHTPOMHUH TPHU (a30BBIX Tepe-
X0Jax:

AS:&-
T

AHg
ASpn = — . (3.4)
h T(b.n.
3. O600IIeHHbIE YpaBHEHHUS JIJIsL 71 MOJIb HJICATBHOTO Ta3a;
T
AS =nC, 1n—2+nR1n§, (3.5)
T "
T P
AS =nCpln—2—nRIn-2. (3.6)
T R

YacrHble citydyan — U30TEPMHUYECKUI TTPOLIECC:

P,
AS:annﬁ:ann—l, (3.7)
4 b
M30XOPHBIN MPOLIECC:
T,
AS =nCy In—=, (3.8)
I
M300apHBIN TIpoLIecC:
T,
ASanPln?. (3.9

1

B o6parumom aguabatudeckom mporecce AS = 0.
N3meHenne SHTPONMU B XUMHUYECKOW PEAKIIMH PACCUMTHIBAIOT O YpaBHE-
HUIO:

A},S = Zvi (SIQ)HPOIL - Zvi(SiO)ch b (310)
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rae Sl-0 — a0COJIFOTHBIE 3HTPONUU IMPOAYKTOB M HCXOJHBIX BEIIECTB. 3aBHCH-

MOCTh MU3MEHEHHS DHTPONMHU B PEAKLUUHU OT TEMIIEPATypbl BBIPAKAECTCA ypaBHE-
HUEM:

(A,8), =(A,S), + | =LdT. (3.11)

[Toctynat Ilnanka (TpeTuii 3aKOH TEPMOAUHAMUKH): TpU aOCOIIOTHOM HYJIe
BCE UCaTbHbIC KPUCTAIUIBI UMEIOT OJIMHAKOBYIO SHTPOIIUIO, PABHYIO HYIIIO.
AOGCOIIIOTHYIO SHTPOTIHIO PACCUUTHIBAIOT 110 YPAaBHEHUIO:

nep

7= | (“;PdT “ep+ j Co gy, A Hﬂ+ (“;Pdﬂ

O 18] Trm
T "m
y A j Crar. (3.12)
TKI/IH T T

KHIT

riae AHnep, AHHH, AHHCH — TEIUIOTHI NEPEKPUCTAIIN3ALINY, TUIABJICHUS U UCIIape-

uust; Cp, Cp, Cp, Cp — TEIUIOGMKOCTH BEILIECTBA B HU3KOTEMIIEPATYPHOM KpH-

CTAJJIMYECKOM COCTOSIHMM, B BBICOKOTEMIIEPATYPHOM KPHUCTAJUIMYECKOM COCTOS-
HUH, B )KUJIKOM U ra3000pa3HOM COCTOSIHUSIX.

OcHOBHBIE CBOWCTBA TEPMOJMHAMUYECKUX MMOTEHIMAIOB: 3Heprus ['mboca
G u sueprus ['enpMromnbna F:

P, T=const, ~AG=4, (3.13)
V,T=const, —AF=A4, (3.14)

rae AG u AF — uameHenus >Hepruii ['m66ca u I'enpmrosbiia B KaKoM-I1u00 Tpo-
necce; A — nonesnas padora. Duepruu ['nd0ca u ['enbmrosbiia ABISIIOTCS KpUTE-
pUSIMU HAIMPaBICHHOCTH CaMOIPOU3BOJIBHOTO TMPOIECCa W COCTOSIHUSI paBHOBE-
CHSL:

npu P, T=const AG <0, (3.15)
npu V, T=const, AF<0. (3.16)

Oueprun ['n66ca u ['enpMrosblia CBsi3aHbl C APYTMMH TEPMOJMHAMUYE-
CKUMU (DYHKIIUSIMHU COOTHOIICHUSIMHU:

AG = AH — TAS, (3.17)
AF =AU - TAS, (3.18)
AG = AF — A(PV). (3.19)

g naeanbHbIX Ta30B npu 1 = const
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AG = AF — AnRT, (3.20)

rae An — U3MEHEHHe YUCia MOJiel Ta3000pa3HbIX BEIIECTB B X0/1€ (PU3UKO-XUMH-
YeCcKOro Ipolecca.

3aBucumocTH sHepruii ['n66ca u 'enbmrosbiia OT TeMrepaTypsl MpHU Io-
CTOSTHHOM JIaBJICHHH WK o0beMe B auddepeHinanbHoi dhopme:

(G_GJ __s. (O_Fj _ s, 3.21)
or ), or ),

B MHTETPAIILHON (opme:

T2
Gy, ~ Gy = [ =SdT,  Fp, —F; = [-SdT . (3.22)

4 4

3aBucumocTtH 3Hepruit ['mo60ca u ['enpMronbla oT JaBiaeHUs U o0bemMa mpu
MOCTOSTHHOM TeMrieparype B quddepeHnanbHoin popme:

(5_(;} _y. (G_Fj __p, (3.23)
oP ), o ),

B MHTErpalibHOM (hopMe JIsl UCATbHBIX Ta30B:
b 4
G, -G, =nRTIn—=, F,—F =nRTIn—. (3.24)
i >

Pacuer usmenenus sHepruu ['mb60ca B XMMHUYECKOM peakIMH TMpPH CTaH-
JApTHOW TeMIlepaType MPOU3BOAUTCS 10 YPAaBHEHUSIM:

A, Goog = Zvi (AGS% )f B Z\’i (AGS% )f (3.25)

1,1IpOJ 1,UCX
UIIH
ArG2098 - Ang% - TArS§98 . (3.26)

Pacuer usmenenus: sHeprun ['mb06ca B XMMHUYECKOW peakiuu JUisl Ipou3-
BOJILHOM TeMmIepaTypbl YJI0OHEe BCEro OCYIIECTBISATH MO METOAy TeMKHHa—
[ITBapumaHa:

AGp=AHye —TA Syoe —T(AaMy + ADM, + AcM, + Ac'M ), (3.27)

rae ko3 dbunmentsl My, M, M,, M _, — BeIIMUUHBI, 3aBUCSIINE TOJIBKO OT TEMIIC-
parypsl. [laHHBIe KO3 (UIMEHTH TPUBOAATCS B CIpaBOYHOHN muTeparype [,
Tabi. 29].

N3menenue sneprun ['nb66ca 111 ha3oBbIX MEPEXO0B:
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AGyn =0, (3.28)

AJI1 UCITIapCHUSA U BO3I'OHKU:

AFy . =—RT, (3.29)
JUTSI TUTABJICHUS U TOJIMMOP(GHBIX MPEeBpalICHUI:
AFyq = 0. (3.30)

IIpuMepsl pemeHus 3a1a4

1. 5 1 reaust (OAHOATOMHBIN MCANBHBIA T'a3) HAXOJIUTCS TOJI IaBICHUEM
200 xITa n umeer temneparypy 298 K. Paccunralite u”3MEHEHUE SHTPONUU MPU
pacmmpenun raza g0 oosema 10 1, eciim OHO TpoTekaeT: a) m3obapHo, 0) u30-
TEPMUYECKHU.
P e m1 e H u e. CHauana onpeenuM KOJIMYECTBO BEIIECTBA Teus
BV, 2-10°-5-107°

n= = =0,404 MoJIb.
RT, 8,314-298

a) P=const. Cp=3/2R + R=5/2R.

-3
n_b, Tszlezlo 10 _3298:596K.
T T2 v, 5.10
AS = jCPdT_ —Rj = —Rl =0,404-2,5-8,314- ln%—582ﬂm/K

T 1

0) T = const.
A=nRIn(V,/V;)=0,404-8,314-In(10-107/5-107) = 2,33 Tw/K.

2. Boluncnure u3MeHEHUe SHTPONUU NpU nepexode 1 r Bobl, B3STOW MpHU
0°C, B cocrosiaue neperperoro mapa npu 200°C. CpenHue yaenbHbIE TEILIOEM-
KOCTH BOABI U Tlapa cocTaBistoT 4,19 u 1,97 JIx/(r-K) cooTBeTCTBEHHO, yIenpHas
TEIJI0Ta UCTIapeHus BOAbI paBHa 2227 JIx/r.

P e m e nwue. JanHblii npouecc CKIAABIBAETCS U3 HAarpeBa BOABI OT 273
1o 373 K, ucnapenust Boas! npu 373 K u narpesa napa ot 373 no 473 K. B coot-
BeTCTBUHU ¢ ypaBHeHUsIMU (3.2) 1 (3.4) onpenensieM N3MEHEHUE SHTPOIIHH:

T.. mAH T,
AS =mc 0 In KTHH S me oy In—=—=
1 KA KA

:1-4,19-1n373+1'2227 1-1,97- 1nﬁ_7 75 /K.
273 373 373
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3. JIsa momst ammuaka (Cp = 35,65 Jx/(Monb-K), 5398 = 192,59 JIx/(momnp-K))
HarpesatoT ot 298 o0 400 K npu P = 1 atm. Beruucnure nsmenenue suepruu [ no-
Oca B 3TOM ITpoliecce.

P e m1 e v u e. I3menenue sueprun ['m60ca npu HarpeBaHWK MOXKHO Hak-
TH 10 ypaBHEHMIO (3.22). 3aBUCHMOCThH SHTPOIUU OT TEMIIEpaTyphbl MPU MOCTO-
STHHOM JaBJICHUH OTPEACIISICTCS H300apHOH TEITOEMKOCTHIO:

(3) &
oT » T

Nuterpuposanne 3toro Belpaxkenus ot 298 K no 7' naer:

T
S(T)= n[sggg + j %dT] = 1(Syog + CpInT — Cp,1n298).
298

[ToncraBiisist 3TO BeIpaykeHHE B ypaBHEeHUE (3.22), HAXOAUM:

400
a5ty ] sty -
298

400
= —2{(192,59 —35,65)(400—-298)+35,65-400- lni} =—40411 Jix.
298

4. Onpenenure M3MeHeHHe 3Hepruu ['mOOca ISl NPUBEACHHOW pEaKINU
nipu 298 u 500 K.

CH3OH(F) + 3/202 = C02 + 2H20(r).
Pem e nue. CHauana paccuuThiBaeM JJig JAHHOW pEaKIMU BEIUYHUHbI
AH §98 , Aa, Ab, Ac u Ac' (cMm. mpumep 5 B pazjene 2). 3aTeM paccuuTaeM U3Me-

HCHHE SHTPOITHH B PEAKIUH:
0 _ {0 (O ~15.(s° —
A, Sro5 = (5298 )C02 +2 (S298) 1,5 (S298 )02
=213,6+2-188,74-239,7-1,5-205,03 = 43,84 JIx/(M01b-K).

Paccunraem n3menenne s3ueprun ['n66ca mpu 298 K no ypasuennro (3.26):

A, Gog = A, Hiog —TA,S5g =—675,99-10° —298-43,84 = —689,05-10° JI5k/MOb.

0

S298

H,04 ( )CH3OH®

Paccunraem n3menenue sneprun [ mo6o6ca npu 500 K o ypasaenuro (3.27),
kodppunmentsr M, npu 500 K 6epem u3 cnpaBounuka [ 1, Tabdi. 29].

=—-675,99-10° —500- 43,84 —500-(41,67-0,1133-79,82-107-0,0407 - 10° +
+31,04-107°-0,0149-10° —2,23-10%-0,0916-107) = 698,78 - 10> JIx/™M01b.
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3agauu

1. PaccunTaiiTe n3MEHEHHE SHTPONHNH IPU HArPEBAHUU 5,6 J1 KUCIOPOa OT
273 no 373 K 1 0THOBpEMEHHOM yBEIIMUYECHUU JIaBjieHus OoT 1 atm 10 5 atwm.

2. PaccunraiiTe U3MEHEHUE DHTPOIIMH IIPU HATPEBAHUU 2 MOJIb HEOHA OT
273 no 323 K u 0THOBpEMEHHOM MSATUKPATHOM YBEIIMYEHUU 00BbeMa.

3. PaccunTaiiTe H3MEHEHHE YHTPOINHU IPH 06paszoBanuu 1 M° Bo3ayxa U3
azora u kuciopona (oovemuas nois 20%) npu temneparype 25°C u gaBiieHUn
I arm.

4. Paccunraiite ©3MEHEHHUE SHTPONUHU MU cMmemeHuH 1 kr Boasl mpu 90°C ¢
2 xr Bogsl ipu 10°C. Y nenbHas TemoeMKOCTh Bobl paBHa 4,184 Jx/(r-K).

5. Paccuuraiite u3meHenue sHTponuu npu nodasnenuun 200 r abpaa, Haxo-
nsauierocs npu temrepatype 0°C, k 200 r Boasl (100°C) B M3011MpOBaHHOM COCY-
ne. YjaenbHas TemoTa IUlaBieHHs Jbaa paBHa 335 JIK/T, ynenbHas TEMJIOeM-
KocTh BoibI 4,184 JIx/(r-K).

6. Paccuuraiite nuamenenue saTponuu 1 000 r Boasl B pe3yJsibTaTe €€ 3a-
Mep3anus nipu 270,15 K. MonsipHas Tersora miasiaeHus apaa npu 273,15 K pas-
Ha 6008 J[l/Monb. YaenbHble TEIUIOEMKOCTH JbJa W BOJBI paBHbl 2,12 u
4,18 JIx/(r-K) coorBercTBeHHO. HeoOpaTtumelii mmpoiiecc 3amep3aHus mepeoxsia-
KJICHHOU BOJIBI TIPEJICTABbTE B BUJIE CYMMBI TPEX OOpaTUMBIX MPOIIECCOB: HArpeB
BojibI 10 273,15 K, oOpatumoe 3amep3anue Bojbl mipu 273,15 K u oxnaxaeHue
apaa 1o 270,15 K.

7. 3anummTe BRIpaXKEHHE IS pacyeTa abCoMOTHOM SHTponuu 1 MOJb BO-
nbl npu temneparype 400°C u naBineHun S5 aT™.

8. Paccuuraiite usmeHnenue sHTponuu npu HarpeBanuun 300 r osoBa

(T =231,8°C, AHI?H= 59,61 JIx/r) ot 20 mo 500°C. Y nenbHbIE TEMIIOEMKOCTH
0J10Ba cp(ry = 0,178 + 1,70-107*T JIx/(r-K); cpex) = 0,233 JIx/(r-K).

9. Tlonb3ysich CpaBOYHBIMU JTAHHBIMH, PACCUUTANTE CTAaHIAPTHOE H3MeE-
HeHue >HTponuu peakuuu Hypy + Clyry= 2HCl ) pu 25°C n 400°C.

10. Ozuu Mons O, (Cp = 29,36 i/ (Monb-K), Siog= 205,03 [Ic/(monb-K))
HarpeBatoT oT 298 mo 500 K nmpu P = 1 atm. Beruncnure W3MeHEHUE dHEPruu
['u66¢ca B aTOM Mporiecce.

11. Paccuwnraiite BETMYMHBI A,,Gg98 u ArGg IUIsl yKa3aHHBIX peakuuid. Ctan-

JApTHBIC SHTAIBIIMU U SHTPOIIMU 00pazoBaHUsl, KO3(PPUIIMEHTH B YPABHEHUU TEIl-
joeMKocTH U ko3 duumentsl Temkuna—IlIBapiiMana BO3bMUTE U3 CITPABOYHHKA.
12. H, + Cl, = 2HC], =700 K.
13. CO + H,O(y = H, + CO,, T=500 K.

20



14. C2H6 + 3,502 = 2C02 + 3H20(r), T=2800 K.
15. CszoH(r) = C2H4 =+ HzO(r), T=400 K.

4. XUMHNYECKOE PABHOBECHE

XUMHUYECKUM PaBHOBECHEM HA3bIBACTCS TAKOE COCTOSIHUE OOpaTHUMOM Xu-
MHYECKOW peakIuu
aA + bB =cC+dD,
IIp¥ KOTOPOM C T€UYEHHEM BPEMEHU HE MPOUCXOJUT M3MEHEHUSI KOHLIEHTpalUi

pearupyronMx BEIIECTB B pEaKIMOHHOW cMech. COCTOSIHME XMMHUYECKOrO paB-
HOBECHS XapaKTEPU3yEeTCs KOHCTAHTON XUMHUYECKOTO PABHOBECHS:

_GG

K - ’
e e

(4.1)

rae C; — KOHUEHTpalM KOMIIOHEHTOB B paBHOBECHOI cMecH. KoHcTaHTa paBHO-
BECHUSI MOXKET OBbITh BBIpa)KE€HA TAK)KE Yepe3 PABHOBECHBIE MOJISIPHBIE JJOJIU KOM-
IIOHEHTOB:

d
N¢ - N,
Ky=-¢—"D (4.2)
Na . Nb
A B
JIiist peakiuii, MpoTEeKarONIMX B Ta30BOM (haze, KOHCTAHTY PaBHOBECHUS Y00-
HO BBIPAXATDb 4Y€PE3 PABHOBCCHBIC ITAPIHUAIILHBIC JaBJICHUA KOMIIOHCHTOB P, i

¢ pd
Kp=1CD (43)
P, - B
Jus uneansseix ra3oB B =CRTu P. = N,P, rae P — o0uiee gaBiieHue, Mo-
sToMy Kp, K¢ 1 Ky CBSI3aHBI CIEAYOIIAM COOTHOIIEHHUEM:
Kp=K-(RT)M =K\ P". (4.4)
KoHCTaHTa paBHOBECHS CBsi3aHa ¢ A,G° XMMHUUYECKOH PeaKIiu:

0 _

N3menenue A,G uin A F' B XUMHUYECKON pEaKUUU NPH 3a1aHHBIX (HE 00s-
3aTE€JIbHO PABHOBECHBIX) MapUUalbHBIX AABICHUSIX P; win KoHueHtpauusax C;
KOMIIOHEHTOB MOYXHO PAacCYMTaTh 10 YPABHEHHUIO M30TEPMBl XUMHUUYECKOU peak-
07078
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AG=RT|In-C2 _InkK, |, 4.6
P: 'Pé) P ( )
c d
A F=RT lnCC—ClZ—anC . (4.7)
CK * CB

[To npunnuny Jle lllarense, ecau Ha cCUCTEMY, HAXOMSIIYIOCS B paBHOBE-
CUHU, OKa3aTh BHEIIHEE BO3JICHCTBHE, TO PABHOBECHUE CMECTUTCS TakK, YTOOBI
YMEHBIUTH AG(HEKT BHENTHETO BO3ACUCTBUS. Tak, MOBBINICHUE TaBICHUS CIIBH-
raeT paBHOBECHE B CTOPOHY YMEHBIICHHUS KOJIMYECTBa MOJIEKyJ ra3a. [[o6asie-
HUE B PABHOBECHYIO CMECh KAaKOr0—IM00 KOMIIOHEHTA PEaKIMU CABUTAET PaBHO-
BECHE B CTOPOHY YMEHBIICHHUS KOJMYECTBA ITOr0 KOMIIOHEHTa. [loBbIeHue
(W11 MOHUKEHUE) TeMIIEpaTyphbl CABUTAET PABHOBECUE B CTOPOHY PEAKIIUU, TPO-
TEKAIOIEeH C MOrJIOIIEHHEM (BbIICIICHUEM ) TEILIOTHI.

KonnuecTBeHHO 3aBUCHUMOCTh KOHCTAaHTBI PAaBHOBECHUS OT TEMIIEPATYPHI
OTMCBIBACTCS ypaBHEHUSIMU 1300aphl (4.8) u n30xopsl (4.9) XuMHUUECKON peak-
107078

olnK AH

( ! P\JP oA (4.8)
oK.\ AU

( - jp = (4.9)

WNurerpupoBanue ypaBHeHUs (4.8) B y3KUX UHTEpBaJIaX TEMIEPATYp JIAET:

InK :—AVH+const, (4.10)
RT
Ih—==—"—| ———|. (4.11)

Takum 06pazoM, 3aBUCUMOCTD In Kp o1 1/T nomxHa ObITh JIUHEWHOW, a Ha-
KJIOH ipsiMoii paBeH munyc A.H/R. Tlo ypaBaenuto (4.11), 3Hass KOHCTaHTBI PaB-
HOBECHsI TIPU JIBYX Pa3HbIX TEMIIepaTtypax, MokHO paccuutatb A.H. CooTBeTCT-
BEHHO, 3Has A, M KOHCTaHTy pPaBHOBECHs IPU OJHOW TEMIIEPATYpPE, MOKHO
paccuuTaTh KOHCTAHTY PaBHOBECHS IIPU APYIroil Temmeparype.

IIpumepsl penreHus 3aaa4

1. Koncranra PaBHOBCCH:A pCaKIINU
CO(F) + 2H2(r) = CH3OH(F)
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npu 500 K paBua Kp = 6,09-10°. PeakuuonHas cMech, cocrosimas u3 1 monb CO,
2 monb Hy u 1 monw nneptHoro raza (N,) Harpera g0 500 K u o6miero napnenus
20 atMm. PaccuuTaiiTe cocTaB paBHOBECHOU CMECH.

P e w1 e 1 u e. Ilycts npopearupoaio x moib CO. Torga

COyy + 2H,y = CH3;O0Hy
HMcxoaHoe KOJIUYeCTBO: 1 2 0
PaBHOBeCHOE KOJIMYECTBO: 1 —x 2—2x X
Bcero B paBHOBECHOM cMecH 3 —2x moub + 1 monb N, =4 — 2x MoJb
I-x 2—-2x X
PaBHOBecHast MoJisipHasi AOJIA:
4-2x 4—-2x 4—-2x
CnenmoBarteibpHO,
K, - Nemon  x(4-2x)° W Ky =Ky P = x(4-2x)?

CNeo N, (1-0)(2-2x) (1-x)(2-2x)°P*

x(4-2x)*
(1-x)(2-2x)*20*
nonyyaeM x = 0,294. CoOTBETCTBEHHO, MOJISIPHBIE JIOJIM BEILIECTB B PABHOBECHOM
cMecH paBHbL: Ny o= 0,086, Noo= 0,207, Ny = 0,414, Xy, = 0,293.

Takum oOpazom, 6,09-10° = Pemasi 3T0 ypaBHEHUE,

2. KoncranTa paBHoBecus peakiuu H, + I, = 2HI npu 693 K paBua 50.
OOpasyercs TU MOIU] BOJOPOJA MPU MIACATHHO OOpAaTUMOM MPOBEIECHUU TPO-
uecca, ecnu ucxoansle koHueHtpauun H,, I, u HI cooTBETCTBEHHO paBHBI
(monb/n): a) 2; 5; 10; 6) 1,5; 0,25; 5; B) 1; 2; 10. BemectBa B peakilmOHHBIN CO-
CyJl IOCTYyHaloT U3 0ECKOHEUHO OONBIINX eMKocTel. Moaua Bogopoaa BEIBOAUT-
Csl U3 PEAKIIMOHHOTO COCY/Ia B EMKOCTh O€CKOHEYHO OO0JIBIIIOTO 00beMa.

Pew e uue. Ilockonbky B nanHoul peakuuu An = 0, o0 Kp = Kc un
A,.G = A F. Bocrione3yemcsi ypaBHeHHeM n3oTepMbl Bant-T'odda:

2 2
a) A, G=RT 1ni—lnl(c =8,314-693 1n£—1n50 =-9273 JIx <0.
H2'C12 2'5

HpOIlGCC IMPOTCKACT CaAMOIIPOU3BOJIBHO B IIPAMOM HAIIPABJIICHHUH.

s "YUy

H, ’ Clz

2 2
6) A,G_RTilnﬁ—ancj_8,314-693(111 > 25—1n50J=1658 Tk > 0.

[Iporniecc B npsAMOM HanpaBJIECHUH HE MPOTEKAET.

Ch 10°
B) A\ G=RT|In————-InK |=8,314-693 lnﬁ—lnSO =0 Ix.

H, CIz

23



IIponiecc HaxOAUTCA B COCTOSSHUM PAaBHOBECHS.
3. 3aBUCHMOCTh KOHCTaHTBhl PaBHOBECUS OT TEMIIEpATypbl JUISl peaKkuu

H, + Cl, = 2HCI BoIpaxkaeTcsi ypaBHEHHEM

9411,7 0,11-10°
T
Onpenenute TemnoBoi addext peakuu mpu 1000 K.

P e m e 1 u e. [IpeoOpazyem necsaTudHsbIil iorapudM B HATypaJIbHBIN:

IgK = ~1,312-1g7 +0,128-107°T + 4,9.

3 5
anP=w—1,312-1nT+0,295-10_3T+—O’25;2 10 +11,28.
ITo ypaBHeHuro (4.8),
3 5
AH? = RT? dInKp _RT? _21,671 10° 1312 £0,295-107 — 0,5063 10° | _
dT T T

5
~~180,179-10° ~10,9087 + 2,453 107372 - =207 10"

AH {00 = —180,179-10° =10,908-10° +2,453-10° —0,421-10° =—189,06-10° ITx.

3agauu

1. KoncranTa paBHoBecus peakuuu CO + H,O = CO, + H, npu 800 K pas-
Ha 4,12. Cmech, coaepxkamas 20 % CO u 80 % H,O, narpera no 800 K. Onpene-
JIUTE COCTaB CMECH MPH JIOCTUKEHUU PABHOBECHS M BBIXOJ BOJIOPOJIA, €CJIU B3AT
1 xr BoastHOTO Mapa.

2. Koncranra paBHoBecus peakuuu H, + I, = 2HI npu 717 K paBna 46,7.
Omnpenenute KonuvecTBO paszioxupiierocss HI nmpu narpeBanuu 1 mons HI no
717 K.

3.1Ipu 1273 K u obumiem pnaeinenun 30 aTM B paBHOBECHOM CMeECH
CO; + Crp) = 2CO copepxutca 17 % (o o6bemy) CO,. CkoIbKO NPOLEHTOB
CO, Oyner coaepkarhbcs B Ta3e npu odmieM Aasiaenun 20 atm? [Ipu kakoM gaB-
JIeHWH B raze oynet comepxkarbes 25 % CO,?

4. Koncranra paBHoBecus Kp peakuuu N,Oyuqy = 2NOyr mpu 25°C paBHa
0,143. PaccuuTaiite naBjieHue, KOTOPOE YCTAaHOBUTCS B cocyjie oobemom 1 i1, B
KoTopbii momectuiu 1 r N,O,4 mipu 5TOM TemIeparype.

5. Koncranrta paBHoBecusi Kp peakuuu C,Hg = C,H4 + H, ipu 1000 K paBs-
Ha 0,344. PaccuuraiiTe cocTaB paBHOBECHOM PeakLMOHHON cMecH, 00pa3yrolei-
s MIpU JETUAPUPOBAHUY ITaHA MO/ IABICHUEM 5 aTM.
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6—9. PaccuuraiiTe KOHCTAHTHI PABHOBECHS JJIS TAHHBIX PEeaklHil NpH yKa-
3aHHOU Temrmeparype. CTaHAapTHBIE DHTAIBIUKA U DHTPONUHU OO0pa3oBaHUs, KO-
3ppuIMeHTl B YpaBHEHUU TEIUIOEMKOCTH U Koddduuuentsl TemkuHa—
[IIBapuiMana BO3bMUTE U3 CHpaBOoYHUKA. PaccunTaiiTe 00BEMHBIN COCTaB paBHO-
BECHOW CMECH IIPU YKAa3aHHOM JIABJICHUU IIPU YCIIOBHM, YTO UCXOIHBIE BEIIECTBA
OBbUIN B3SITHI B CTEXHOMETPUUECKUX COOTHOILICHUSX.

6. 2C,HsOH, = CH3;COCHj,y + 3H, + CO, I'=400K, P=1 arm.

7. C02 + H2 = HCOOH(F)’ T=500 K, P =10 arm.
8. C2H4 + HZO(F) = C2H5OH(F)’ T=600 K, P =20 arm.
9. CH4 + C02 =2C0O + 2H2(r), T=400 K, P =5 arm.

10. Onpenenure, Oyaer au razobas cMech u3 CO u CO, B COOTHONICHUHU
50:1 mpu 1200°C BoccranaBinuBath okcun xkenesa (II), eciiv koHCTaHTa paBHOBE-
cus Kp peakuuu FeO(, + CO = Fe(, + CO, pasna 0,3.

11. Onpenenute, BO3MOXKHO i oOpazoBanue metana npu 1000 K mo peak-
muu Cpy + 2H, = CH,, ecnu nocrynaromas B peakrop cMmech conepkut 80 % H, n
10 % CH, 1o oGbemy, a 3Hauenne A, G o= 19,27 KIK/MOIIb.

12. Onpenenure, OyAeT iau npoucxoauth pasnoxenue PCls B razoBoil cMme-
cu, cogepxamieit PCl;, PCls u Cl, mpu 298 K, npu cienyromux mapiidaibHbIX
nasienmsix (I1a): PCl; — 1,013-10% PCls — 0,507-10% Cl, — 2,027-10%. Koncranry
PaBHOBECHSI BBIYMCIIUTE 1O JaHHBIM U3 CIIPABOYHHUKA.

13-15. Jlanbl TeMnepaTypHbI€ 3aBUCUMOCTA KOHCTAHT PABHOBECHS PEaK-
nuil. Haiaure temneparypHble 3aBUCUMOCTH BEJIMYUH ArGO, AH 2 u AVS? u

ONPENEIINTE UX 3HAYEHUS IIPU YKA3aHHOU TEMIIEpAType.

13. H, + Br,, = 2HBr, T=500K.
IgKp :%—1,465-1gT+ 0,203.10‘3T+0’0%2'105+5,31 .
14. CO + Cl, = COCly, T="700K.
IgKp =$+0,247-1gT+0,18-10‘3T—0’15T8—2'105—7,86.
15. N, + 3H, = 2NH;, T=800K.
IgKp :g—6,029-1gT+0,964-10_3T—%2'105+ 6,46.
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5. PA30BOE PABHOBECHUE
B OAHOKOMIIOHEHTHBIX CUCTEMAX

VYcnoBueM paBHOBecUsl MEXIY ABYMsI (pazamu sBIISIETCS paBEHCTBO JlaBJie-
HUS, TEMIEPATYPbl U XUMUYECKUX MOTEHIMAJIOB (MOJISIpHBIX 3Hepruil 1'nboca) B
obeux ¢azax. B 0IHOKOMIOHEHTHBIX CUCTEMAaX YCIOBUE COCYIIECTBOBAHUSA JIBYX
(a3 npyu 0JHOBPEMEHHOM U3MEHEHUH J1aBlieHUus P u Temneparypsl 1 ONKMCHIBAET-
cqa ypaBHeHneM Knaneripona—Knaysuyca:

dP_ AH(b.n.
dT TAVy,~

(5.1)

rae AHy, — MOJIIPHAs DHTANBIUSA PaBHOBECHOro ()a30BOro mepexoja (IjaBie-
HME, MCIIapEHKE, BO3TOHKA, NEPEX0a MeX Iy Mogudukanuamn), AVy , — pasHOCTb
MOJISIPHBIX 00beMOB (ha3, HAXOAIIUXCA B paBHOBecHUH. /(s mporieccoB ucmape-
HUS U BO3TOHKU:

AH
dinP _Zon (5.2)
dr RT
AH
lnizﬁ 1 . (5.3)
R R \§ T

MosnbHbIE SHTAIBIIMKA BO3TOHKH, IUIABJIEHUS W MUCIAPEHUSA IPU AAHHOU
TEMIIEpaType CBSA3aHbl COOTHOLIEHUEM

AHBO3F = AHHH + AHI/ICH . (5‘4)
CornacHo npaBuiay TpyToHa JIsI HEIOJISPHBIX BEIIECTB:
AH
AS, ., = T—HCH ~ 88 JIx/(monb-K), (5.5)

H.T.K.

rie AT, — TeMIlepaTypa KUIIEHUs TP 1aBjIeHuu 1 aTm.
3aBUCUMOCTh SHTaJIbNUU (PAa30BOr0 MIEpexoAa OT TEMIIEPATypbl MOXKHO
paccuuTath no 3akoHy Kupxroda:

T
AHy,, 1 =AHy + [ACHdT, (5.6)
0

rae ACp — pa3HOCTb TEIUIOEMKOCTEH (a3, Haxonasmuxcs B paBHoBecun; AH, —
KOHcTaHTa uHTerpupoBanus. [lpu ycnosun ACp = const 3aBUCUMOCTb JaBJIEHUS
HACBIIICHHOIO Napa (TBEPbIX U KUJAKUX (a3) OT TeMIepaTypbl UMEET BU:
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lnp:—%+&lnT+const. (5.7)
RT R

IIpumepsl penreHus 3aa1a4

1. PaccuuTaiiTe u3mMeHeHne AaBICHUS, HEOOXOUMOE ISl U3MEHEHUS TEM-
nepaTypsl 1iasiaeHus apaa Ha 1°C. Ilpu 0°C sHTanenus miasiaeHus Jp1a paBHA
333,5 JIx/r, MJIOTHOCTh KHUJKOW BOJBI M JbJa paBHBI P, = 1,000 r/em® u
P = 0,917 r/em’.

P e m1 e H u e. I3MeHeHue ynenbHOro 00beMa Mpu TUIABJICHUH JIbJ]a PABHO

AV =V, —V,= Lttt 1 =-0,0906 cm’/r=-9,06-10"° m'/r.
P P, 1,000 0,917
dP  AH,, 333,5

=—1,348-10" [Ta/K =—133 atm/K.

dT  TAV,, 273,15-(=9,06-107%)

[Ipu noBeiieHUU naBieHust Ha 133 atM TeMieparypa IUIaBJIeHUs JibJa TO-
Huxkaercs Ha 1 K. 3HaK «MHHYC» MOKa3bIBa€T, YTO MPU MOBBINICHUU JIABJICHUS
TeMIeparypa IIaBJIeHUs] TOHMKACTC.

2. BoluncnuTe TEmnoTy uMcHapeHus JUATUIOBOro 3(upa MO ypaBHEHHUSM
Knaneiipona—Kiay3uyca u TpyToHa, eciiv npu HOpMaJIbHOM TeMIeparype Kue-
aust (307,9 K) dP/dT = 3,53-10° Ta/K. Oueture naBnenue napa s¢upa mpu 20°C.

Pem e Hue. Bprumcigem TEIoTy ucnapeHus no ypaBHeHHto (5.2),
IPHHAB, YTO NAPhl NOJYUHAIOTCS 3aKOHY UACAIBHBIX Ta30B U AV = V.

dinP _dP 1 _AH

I p— (41
dT dT P RT*’
_RT* dP _8314-307,9°

NP 4T 1,013-10°

:3,53-10° =2,74-10* JI/monb.

Io npasuty Tpyrtona, AH,e, = 88-:307,9 = 2,71-10* Ix/mounb. Pacuer nas-
aeHus napa 3¢upa npu 20°C npou3BoAUM 10 ypaBHEHHIO (5.3):
PP 274000 1 1
1 8,314 \307,9 293,2

=-0,538, orkyna P, = 0,58 aTm.
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3agauu

1. Paccuuraiite napienue, npu kotopom jaBe ¢opmbl CaCO; (KanbIUT U
f
aparoHMT) HaXOAATCA B paBHOBecuu npu 25°C. (AGS%) KaJablUTa ¥ aparOHNUTa

paBubl —1128,79 1 —1127,75 x/I)x/mMonb cooTBeTcTBeHHO. [IpmuTe, yTo mioTHO-
CTH KalIbIIHTA U aparoHuTa paBHbI 2,71 1 2,93 r/cM® COOTBETCTBEHHO U HE 3aBH-
CAT OT JABJICHUS.

2. Paccuuraiite Temmnepatypy, npu kotopoi ase ¢popmbl CaCOj; (KanbILUT U

o \/
aparoHUT) HaXOJATCSI B PABHOBECHUHM IIPH JIaBJIeHUU 1 aTm. (AG298) KaJIbIIuTa U
aparonuta paBHbl —1128,79 u -1127,75 xJ[x/Mojib COOTBETCTBEHHO, a
P
(AHS%) paBubl —1206,92 u —1207,13 x/[x/mMonb cooTBeTcTBeHHO. [IpmmuTe,

yro ACp = 0.

3. Ternora maBneHus U MJIOTHOCTH KUAKOW M TBEPAON PTYTH IIPU TEMIIE-
patype TpoiiHoii Touku (234,29 K) paBubl coorBerctBenno 11,8-10° JIx/kr,
13690 u 14193 xr/v’. Boruncianre qaBieHne, mpu KOTOPOM TEMIIEPATypa ILIaB-
JieHus cTa”eT paBHoM 235,29 K.

4. Ilpu nnaBnenun Qenona (40,9°C) usmeHeHue oObBEMa COCTABIISET
5,34 cM’/MoIb. DHTAIBIHS IUIABICHHS (eHoa paBHa 2,69 Kkan/Moib. Ompese-
JUTE TeMIeparypy IiaBieHus ¢penona noj aasienuem 50 atm.

5. Ilpu 3amep3anuu 6en3ona (5,5°C) ero miotHocTh udMensiercs ot 0,879
mo0 0,891 r/cv’. Duramemust miaBiaenns paHa 10,59 kJDk/Monb. Omnpenenute
TeMIIepaTypy IuiaBjaeHus 0ensoiia rnpu aasienuu 1000 atm.

6. Temmneparypa kumeHusi xjopodopma paBHa —5,9°C mnpu naBieHUU
200 MM pt. ct. u 9,8°C nipu paBnenuun 400 mm pt. cT. Onpeaenure TeMneparypy
KUIIEHHSI XJI0podopMa NMPU HOPMAIILHOM JABJICHHH.

7. laBnenue mapa 6pomucroro meruia npu —20°C paBuo 275,8 MM pT. CT.,
a mpu —10°C — 435,1 mm pt. cr. Onpeenure MOJIBHYIO SHTATBINIO UCTIAPEHUS U
HOPMAJIbHYIO TEMIIEpaTypy KUTIEHUS OPOMHUCTOTO METHUJIA.

8. [aBnenue napa Tonyona npu 89,5°C paBHo 400 MM pT. CT., a €ro SH-
Taneius ucnapenus paBHa 38,0 k/[x/monb. PaccuuTaiite Temneparypy, npu Ko-
TOpOH AaBieHue mapa oyaet paBHo 500 MM pT. CT.

9. aBnenue napa tBepaoro CO, paBHo 1 mm prt. cr. ipu —135,2°C u 10
MM pT. cT. ipu —119,9°C. PaccunraiiTe SHTAJIBINIO BO3TOHKH.

10. JlaBnenue mapa (MM PT. CT.) XJIOPOEH30J1a OMUCHIBACTCS] YPABHEHUEM:
lg P=6,945 — 1413/(T — 57). PaccunTaiiTe HTaIbIMNIO, SHTPOIHIO UCTIAPEHUS U
HOPMAaJIbHYIO TOUKY KUTIEHUS XJIOPOEH3011a.
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11. J{aBnenue napa pryta (MM pT. CT.) B uHTEpBajue ot 298 no 630 K BbI-
paxaetcsi ypaBHenuem: lg P=-3308/7—-0,8-1g T+ 10,373. Paccuuraiite HOp-
MaJIbHYI0 TOYKY KHUIIEHUS PTYTH, SHTAJIBIHUIO U SHTPOMUIO WCIAPECHUS PTYTU B
HOPMaJIbHOM TOUKE KUICHUSI.

12. HopmanbHas Touka kunenus: nukiorekcana paBHa 80,0°C. Ouenure
SHTAJIBIIMIO UCTIAPEHHUS], a TAKKE JABICHUE Mapa HHUKJIorekcana mnpu 25 u 60°C.

13. [laBiienue napa (B MM. pT. CT.) TBEPAOIO U >KUJKOTO TPUOKCHUJIA CEPBI BbI-
paxkaercst ypaBHeHUAMHU: 1g Py = 11,96 —2860/T; 1g Py= 9,89 —2230/T. Paccuu-
TaWTe TEMIIEPATYPY, JABJICHUE U SHTAJIBIIMIO IUIABJICHUS B TPOWHOM TOUKE.

6. PACTBOPbLI HEDJIEKTPOJIMTOB

CornacHo 3akoHy Payns, naBieHue napa pactBopurens P HaJ pacTBOpoOM
MIPOIMOPLIMOHAIBHO MOJIIPHOW J10JIE pacCTBOPUTEINS /N| B pacTBOpPE:

P = PN, (6.1)

rac PIO — HaBJICHUC HACBINICHHOTO ITapa YUCTOro PacCTBOPHUTCIIA IIPHU IL&HHOIZ

temriepatype. Jns OumHapHOTO pacTBOpa 3akoH Paysisi MOXXKHO TpENCTaBUTH B
CJICAYIOIICM BHUAC!
0
PP
———L=1-N,=N,, (6.2)
P 1
T. €. OTHOCUTECJIbHOC IOHM)KCHHUE JABJICHUS Iapa paCTBOPHUTEIIA HaJZl paCTBOPOM
PaBHO MOJIIPHOM A0Ji€ /N, paCTBOPEHHOTO BEIIECTBA.
Ecnu 06a xoMIoHeHTa pacTBOpa JIETyuH, 00llee AaBJeHUE mapa Haj pac-
TBOPOM JIMHEWHO 3aBUCUT OT COCTaBa PacTBOpA:

P=P,+P,=P'N,+P)N, = P) + (P} - P))N,, (6.3)

B HNACAJIBHBIX PACTBOpPAX 3aKOH PEIYJ'IH BBIITOJIHACTCA AJIA 000MX KOMIIO-
HCHTOB BO BCCM HHTCPBAJIC COCTABOB. B PCAIBbHBIX, IIPCACIIBHO pa36aBJ'IeHHI>IX
PacTBOpaAx IJIA PaACTBOPUTCIIA BBIIOJIHACTCA 3aKOH PaYJ'ISI, a U1 paCTBOPCHHOI'O
BCIICCTBA BBIIMMOJIHACTCA 3aKOH FerI/II

rae K, — koncranTa ['enpu.
Bxan kommnoHneHTa B 1r000€ 9KCTEHCUBHOE CBOMCTBO Z pacTBOpPA OINPeaeIIs-
€TCsl €ro MmaplLHUAIbHOM MOJSIpHOW BenuunHOW. [lapumanbHas mosisipHas BEJIMYUHA
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[-TO KOMITIOHEHTA OTPAKACT U3MEHCHHUE CBOWCTBA Z IPU U3MECHEHUHU KOJIMYECTBA
[-TO KOMITOHEHTA Ha dn; Ipy IOCTOSTHHBIX P, T'u cocTaBe B pacyere Ha 1 MoJIb:
— (07
Z =] — . (6.5)
on;
P,T,nj¢i
OOGmiee 3HaYeHUE CBOMCTBA Z BBIPAXXAeTCsS CYMMOM BKJIQJIOB BCEX KOMIIO-
HEHTOB:

Z=YnZz,. (6.6)

[TaprmansHass monsapHas sHeprus ['mb60ca Ha3bpIBaeTCSI XMMHUYECKHM TI0O-
TEHIUAJIOM [L:

oG

o (6.7)

W, =

P,T,nj;tl-

[TapumanbHble MOJIIPHBIE BEIMYMHBI KOMIIOHEHTOB MPHU MOCTOSHHBIX P u T
cBs3aHbl ypaBHeHueM [ nb0ca—/lrorema:

> ndZ, =0. (6.8)

CaoiicTBa pa30aBIEHHBIX PAaCTBOPOB, 3aBUCSIIHE TOJBKO OT KOJIMYECTBA
HEJIETY4YEro PacTBOPEHHOI'O BEIECTBA, HA3bIBAIOTCS KOJUIMTATUBHBIMH CBOWMCT-
BaMH. K HUM OTHOCATCS OHMXKEHUE JABJICHUE Mapa pacTBOPUTENIS HAJl PaCTBO-
pOM, TOBBIIIEHHE TeMIIEpaTypbl KUTICHUSI U MOHWKEHHE TeMIIepaTyphl 3aMep3a-
HUS PacTBOPA, a TAKKE OCMOTUYECKOE JaBJICHUE.

[ToHnxkeHne TemMnepaTypbl 3aMep3aHus U MOBBIIEHUE TEMIIEPATYPhI KUIIE-
HUS pacTBOpPa MO CPABHEHUIO C YHCTBIM PACTBOPUTEIEM PACCUUTHIBAETCSA I10

dbopmynam:
_ RT N, _ RTMm,

AT3aM - AB;}J 321\]4_1 = KK “my, (69)
11 I1J1
2 2
AT, = RAT;;HN 2 _ RTE;M ™ K, -m,. (6.10)
HUCIT HCII

IJie M, — MOJISUIBHOCTh pacTBOpa, Ky 1 K, — KpUOCKOMMYECKast M 30YJINOCKOIINYE-
CKasl MOCTOSIHHBIE PACTBOPUTEIIS, N, — MOJIApHAs JOJISl PACTBOPEHHOIO BEIIIECTBA,
AH, i AH e, — SHTANbINUM TUIABJICHUS U UCTIAPEHUS pacTBOPUTENS, Tr; U Ty —
TeMIIepaTyphl IJIABJICHUS U KUTIEHUS pacTBOpuUTelsi, M, — MoJsipHasi Macca pac-
TBOPUTEIS.
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OcMoTHYeCKOE JaBJIEHHE T B Pa30aBICHHBIX PACTBOPAX MOXKHO pacCyu-
TaTh MO0 YPaBHEHUIO

TCITN’ 6.11
7 (6.11)

rae N, — MoJssipHasi 10J11 pPaCTBOPEHHOI'O BEILECTBA, V| — MOJBHBIN 00bEM pac-

TBOpUTENA. B oueHb pa3zdaBieHHBIX PacTBOpax 3TO ypaBHEHHE Mpeodpasyercs B
ypaBHeHue Baut-I'odda:

n = CRT, (6.12)

rne C — MosipHasi KOHIICHTpAIUs pacTBOPA.

VYpaBHEHUs, ONMUCHIBAIONINE KOJJTUTATHBHBIC CBOMCTBA HEIJIEKTPOJUTOB,
MOXXHO TPUMEHUTH U JJIA ONMUCAHUS CBOWCTB PAaCTBOPOB DJIEKTPOJUTOB, BBEIS
M30TOHUYECKUHN KOADOUIIMEHT i, HalpuMep:

nt =iCRT nma AT, = iK.m,.

N3otonnyeckuit K03 GUIMEHT CBsI3aH CO CTEMEHbIO JUCCOLMAIINM O K-
TPOJIUTA:

i=1+av-1), (6.13)

/1€ V — KOJIMYECTBO MOHOB, 00Pa3yIOMIMXCS MPHU TUCCOIUAINHA OJHOU MOJICKYJIBI.

Jns naHHOW TeMmepaTypbl OTHOLIEHHE KOHUEHTPAUMU TPETHETO KOMIIO-
HEHTA B JIByX PaBHOBECHBIX (pa3ax €CTh BEJIMUYMHA IMOCTOSHHAS, HE 3aBUCAINIAS OT
aOCOJIIOTHBIX KOJIMYECTB BCEX BEILECTB, YUACTBYIOIIMX B PACIpECICHUH, U Ha-
3pIBaeMas k03 UIMeHToM pacnpeaeneHus K:

Ci/C, =K, (6.14)

rae C; u C, — paBHOBECHBIE KOHIIEHTPALIMM PACIPEACIISIONIErOCs BEIECTBA B
nepBoil U BTOopoi ¢azax. JlJis KOHIICHTPUPOBAHHBIX PACTBOPOB KOHIICHTPAIIUU
CJIEAYET 3aMEHSTh AKTUBHOCTSIMH.

Pacuer maccel BemiecTBa, OCTAlOLIEKHCS B pacTBOPE IMOCIE /7 SKCTPAKLIHM,
MPOU3BOJIUTCS IO Popmyie:

n
KV
m, =my| ——| , (6.15)
KV, +7V,
TZie my — Ha4aJIbHasi Macca dKCTParupyeMoro BemecTsa; J'; — o0beM pacTtBopa, B
KOTOPOM HaxOJUTCS BEUIECTBO; V> — 00bEM OJHON MOPIUU IKCTpareHTa; K — ko-

s urment pacnpenaeneHus sxkcTparupyemoro Bemiectsa (K = Cy/C,).
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IIpuMepsl pemeHus 3a1a4

1. Paccuuraiite coctaB pacTBopa O€H30J — TOJYOJ, KOTOPBIA MPU HOP-
MaJbHOM AaBieHUH KUMUT npu Temneparype 90°C, a takxe cocTaB 00pasyrolie-
rocsa napa. PactBop cuwraiite uneanbHbiM. [laBneHus mapa 4uMCThIX O€H30/1a U
tonyona npu 90°C paBusl 1021 1 407 MM pT. CT. COOTBETCTBEHHO.

P e m e v u e. MonsipHyto 07110 O€H30J1a B paCTBOPE HAXOAUM IO 3aKOHY
Payns mpu ycinoBum, uTo oOliee JaBieHUe mapa B MOMEHT KUIICHHSI PAaBHO aTMO-
chepHOMY:

760 =407 + (1021 —407):N,x, oTKyna Ny = 0,575.

MogsgpHas 1015 TOJIyoJia B pacTBOpe paBHA N,y =1 — Ny, = 0,425.

MounsipHas noiig OeH307a B mape paBHa

B N,R 0,575-1021
"p P 760

CoO0TBETCTBEHHO MOJIbHAS /107151 TOJTyoJia B lape paBHa N, =1 — Ny, = 0,228.

=0,772.

2. Beryuciaure MOJIEKYJIIPHYIO MacCy BELIECTBA, €CIIM TEMIIEpATypa 3amep-
3aHus pacTBopa, conepxkamiero 100 r 6enzona u 0,2 T UCCIeTyeMOro BEIIECTBA,
Ha 0,17 K mHmxe temmeparypsl 3amep3anusi OeHzona. Kpuockomuueckass KOH-
cranTa Ky, = 5,16 K/mo7s.

P e m1 e H u e. OnpenensieM MOJIIIBHYIO KOHLIEHTPALMIO PacTBOPA:

m, = Al = 0.17 =0,0329 MOJB/KT.

K 5,16

K

MoekyIapHy0 MacCy pacTBOPEHHOTO BEIIECTBA BHIYUCISEM TIO YpaBHE-
HUIO (g, U @) — MacChl paCTBOPEHHOT'O BEIIECTBA U PACTBOPUTEIIS):

_g,-1000 _ 0,2-1000
myg, ~ 0,0329-100

M, =60,71 r/monb.

3. Koadduument pacnpeneneHuss nojaa MeXIy BOJOM M CEpPOyIiepoioM
pasen 0,0017. Boansiit pactBop noaa coaepxut 0,2 r noaa B 100 mi. Kakoe xo-
JIMYECTBO MojAa OyJeT IKCTparupoBaHO U3 BOJHOT'O PACTBOPA, €CIU IKCTPAKIUIO
MIPOBOJIUTE: @) OJHOKPATHO MOPIHMEH 5 MII cepoyriepoa, 0) mocienoBaTeIbHO
[ATHIO OPIUSAMH MO 1 Ma?

P e m1 e H u e. Maccy, octaBirytocsi ociie 0OJHOTO SKCTPAarupoOBaHUs, OIl-
penenuM 1o ypaBHeHuro (6.15):

0,0017-100
ml = 0,2
0,0017-100+5

1
J =6,54-107 1.

32



Macca 3kcTparupoBaHHOIO HOJa PaBHA

Amy=0,2—6,54-10° = 0,193 r nu 96,7%.

AHaJIOTMYHO OmIpenesieM MacCy MOAa, OCTaBUIYIOCS IOCIE IISITH DKCTpa-
TUPOBAHUN:

5

0,0017:100 )’ _, 5005

0,0017-100+1

ms :O,

Macca 3kcTparupoBaHHOIO HOJA NOCJIE IISITH YKCTPAKLMN PaBHA
Am; =02 —1,30-10" =0,199987 r umu 100 %.

3agaun

1. JaBnenus napa uncteix CHCl; u CCly pu 25°C paBubl 353 MM pT. CT. U
215 MM pt. ct1. Ilonaras, uro oHM 00pa3yrOT HEANBHBINA PACTBOp, PACCUUTANTE
JABJIEHUE TMapa U COCTaB (B MOJIAPHBIX J0JSAX) Mapa HajJ PacTBOPOM, COCTOSILIAM
u3 1 mons CHCL; u 1 mons CCly.

2. PaccuuraiiTe coctaB pacTBOpa 3TaHOJ — METAHOJI, KOTOPbIA MpPU HOP-
MaJbHOM JIaBJICHUU KUIUT mpu Temiiepatype 63,5°C, a Takke coctaB 00pasyro-
mierocst nmapa. PactBop cumraiite nuaeansHbiM. [Ipy mnanHoM Temmneparype JaBiie-
Hue napa 3taHona paBHo 533 klla, a meranona 1059 klla.

3. JaBneHus mapa 4yucThix OeHzona u Toiyoia mpu 60°C paBubl 51,3 u
18,5 kIla. IIpu xakom pnaBieHuu 3akunut npu 60°C pacTBOp, COCTOSIIUN U3
1 monp Gensona u 2 Mok Toimyosna? KakoB OyaeT cocra mapa?

4. Koncranta I'enpu s N, B Boge npu 20°C pasra 6,12-107 MM pr. cT.
Paccuuraiite pacTBOpUMOCTh (B eIMHUIIAX MOJISITLHOCTH) N, B Boze mipu 20°C B
YCJIOBHSIX €€ KOHTaKTa C BO3yXOM IIPH HOPMAJIHHOM JIaBJICHUHU, CUUTAs] 0OHEM-
HYIO JIOJIFO a30Ta B BO311yxe paBHO# 80 %.

5. Beruncnure koHctanTty ['eHpu st kucinopoga B Boje npu 0°C, ecnu
oauH o0beM Bobl noroniaet 0,0489 06beMOB (H. y.) KUCIOpOa.

6. [TaprmanpHBIC MOJIBHBIE 00BEMBI BOJBI M METAHOJA B PACTBOPE C MOJIb-
HOM noner meranona 0,4 paBasl 17,35 u 39,01 cM’/MOJIb COOTBETCTBEHHO. Pac-
cuuTaiite 00beM pacTBopa, coaepxkaiiero 0,4 Mmoiab metanosa u 0,6 MoJb BOJIbI, a
Takke 00beM 10 cmemieHus. [lnotHoctu Boawsl M MetaHosia paBHbI 0,998 u
0,791 r/cM’ COOTBETCTBEHHO.

7. IInotHOCTh 50 % (MO Macce) pacTBopa »TaHoa B Bojie nipu 25°C paBHa
0,914 r/cm’. PaccunTaiiTe mapuuanbHbIi MOJSIPHBIA 00BEM STAHOIA B ITOM pac-
TBOpE, €CJIH MapIHAIbHBII MOJAPHBIH 06beM BOJIBI paBeH 17,4 cM>/MOIIb.
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8. Mousipayto Maccy nIunuaa ONpeAesitoT MO MOBBIIIEHUIO TEMIIEPATYPhI
kunenus. JIunua MoKHO pacTBOPUTH B METaHOJE Uiu B xjopodopme. Temnepa-
Typa kurenus metanona 64,7°C, terora ucnapenus 262,8 kan/r. Temnepartypa
kunenust xsuopodopma 61,5°C, temnora ucnapenuss 59,0 kan/r. Paccuwuraiite
H0YJIMOCKONMYECKHE TOCTOSHHbIE MeTaHona u xjopodopma. Kakoil pacTtBopu-
TE€Jb JIy4llle UCIOJIb30BaTh, YTOOBI OMPENETUTh MOJIIPHYIO MacCy ¢ MaKCUMallb-
HOM TOYHOCTBIO?

9. PaccunranTe NMOHMKEHHE TeMIEpaTypbl 3aMep3aHUs U OCMOTHYECKOE
naBieHue ¢uznonorunueckoro pactsopa (0,9 %—ubiii Bogubiii pactBop NaCl),
P YCIOBUU, YTO KAXKYIASCA CTETEHb AUCCOLMAIIMM XJIOPU/IA HATPHUS B paCcTBO-
pe paBHa 0,9. Kpuockonuueckas nocrosinaast Boas! 1,86 K-kr/mMorb.

10. PactBop, conepxamuii 1,632 r TpuxiiopykcycHod kuciotel B 100 r
Oensoina, kpuctamusyercs npu temneparype Ha 0,350°C Huxke, 4eM YHUCTHIN
oensoi. Omnpeaenure, TPOUCXOAUT JU AUCCOLMALMS WM aCCOLUALUS TPUXJIIO-
PYKCYCHOM KHCIOTHI B O€H30JIbHOM PacTBOpPE U B Kakoil creneHu. Kpuockonuue-
CKas rmocTossHHas 0en3oia 5,16 K-kr/monb.

11. benok ChIBOPOTOYHBIM albOyMHUH 4YEIOBEKA MMEET MOJISIPHYIO MaccCy
69 kr/moub. PaccunTaiite ocMoTHYECKOE AaBICHHE pacTBopa 2 T Genka B 100 cm
BOoJbI mipu 25°C B mackaisix ¥ B MHJUIUMETpax CTojOuka pactBopa. [Ipumure
IIOTHOCTH pacTBOpa pasHoit 1,0 r/cm’.

12. Tlpu 288 K BozHBII pacTBOp SSHTAPHOU KUCIOTHI, copepkanuit 12,1 r/n
KHUCIIOTBI, HAXOAUTCS B PABHOBECHM C DPUPHBIM PACTBOPOM, COACPKAIIUM
2,2 /1 kucnotsl. KakoBa KOHILIEHTpalMs 3PUPHOTO pacTBOpa SHTAPHOU KUCIIO-
Thl, KOTOPbIA HAXOJUTCS B PAaBHOBECUM C BOJHBIM PACTBOPOM, COIEpKAIIUM
4,84 /11 KUCIIOTHI?

13. KoaddunmeHnt pacnpenenenusi nojaa MexAay BOJAOW M TETPaxXJIOPUIOM
yriepona ipu 298 K pasen 0,0117. Kakoii cymmapHsbiii 00beM TeTpaxjiopuaa yr-
Jepoja CIeIyeT B3sITh, YTOObI AKCTPArupOBaHUEM U3BJeYb U3 0,5 1 BOJHOrO pac-
TBOpa 99,9 % coxepixkailerocs B HEM MOJAA, €CIU AKCTPArUPOBAHUE MPOBOAUTH:
a) OHOKPATHO; 0) YEThIPEXKPATHO?

14. Cxonbko mona ocraercst B 0,2 J1 BOJHOTO pacTBOpa, KOTOPBIA ObLIT Ha-
ceiied nipu 291 K, mocne B36anteiBanus ero ¢ 0,01 1 cepoyriepona? PactBopu-
MocTh nojia B Bojie npu 291 K cocrasnsier 1 r Ha 3,616 1. Koadduument pac-
npeaesieHus: noja Mexay Boaou u cepoyriaepoaom 0,001695.
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7. JIEKTPUYECKASA TPOBOAUMOCTD.
PABHOBECHUE B PACTBOPAX 2JIEKTPOJIMTOB

VYaenbHas 3IEKTPONPOBOAHOCTD ) pacTBOpa — BEIMYMHA, OOpaTHas €ro
-1 -1
yAEIbHOMY CONPOTUBIECHUIO P, UMeeT pazMepHocTb OM M unu Cm/M (CMm —
CuMeHc, euHuIa U3MEPEHUS JIEKTPOIIPOBOHOCTH):

1 1 1

=— = 7.1
X SRS (7.1)

rie S — momaab 3JIeKTPOJ0B; / — pacCTOSIHUE MEXAY 3JIEKTPOIaMu.
MonsipHasi 3JeKTpudeckas IpoBoauMocTh A (CM-M°/MONB) BBIPAXKAETCS
4yepe3 yAEIbHYI0 IPOBOIUMOCTD:

A= 103‘_ = (7.2)

e C — MOJApHAs KOHIEHTPAIINS, MOJIb/JIM .
VYpaBHenue Konppayina (3aKOH HE3aBUCUMOCTH JIBH)KEHHSI HOHOB):

AW=20+ AL, (7.3)

0
r71e A~ — MOJIApHas JIEKTpUYECKas MPOBOAMMOCTb MPU OECKOHEYHOM pa3Bee-
mum; A, A — JmeKTpuYeckye MPOBOAMMOCTH (IIOBIKHOCTH) KATHOHA M aHHO-

Ha:
A =Fu?, A =Fu, (7.4)

2
rae u., u’ — abCcomOTHbIE CKOPOCTH JBHMKEHHs HOHOB, M/(c-B); F — mocTosHHAs

®dapages.
CkopocTH IBUKEHUS UOHOB Uy, 1 3aBUCST OT MOTEHIINANA MOJIA:

u, =u'E, u_=u’E, (7.5)

rjae £ — HanpsoKeHHOCTh nois, B/M.
AOCOIIOTHBIC CKOPOCTH JBWKEHHUSI MOHOB pasziuyHbl. J[0as KoauyecTBa
AIEKTPUYECTBA, IEPEHOCUMOTO HOHAMH JIAHHOTO 3HAKa, paBHA YUCITY NIEpEHOcA ¢

l

ST = Sco di=1.

YpaBHeHHe KOJIBpaYH_Ia OIINCBIBACT 3aBHUCHMOCTD C-)J'IGKTpPI‘ICCKOﬁ ITIpOBO-
AUMOCTHU CHUJIBHOTI'O 3JICKTPOJUTA OT KOHOCHTPpAIIUNU B p8,36aBJ'IeHHBIX pacTBOpax:

(7.6)

P =
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A=1"— 4C, (7.7)

rae A — KOHCTaHTa (TP JaHHOW TeMIepaType) Ui JaHHOTO 3JIEKTPOJIUTa U pac-
TBOPUTEISL.

[Ipu auccoumanuu OuHapHoro cinaboro 1—-1-BaneHTHoro snexkrponuta AB
KOHCTAHTa PaBHOBECHS ONPEEIISAECTCS YPaBHEHUEM:

«_[ATIB]

7.8
TAB] (7.8)

0
B pactBopax cia0bIX 3J€KTPOJIUTOB A U A~ CBSI3aHbI CO CTENEHBIO UCCO-
LUAlMU 3JIEKTPOJIUTA YpaBHEHUEM AppeHuyca:
}\l —_—
20
Kpome Toro, BeImonHseTcs 3aK0H pas3BefeHus OcTBayibaa, KOTOPBIA IS
OMHApPHOTO 3JIEKTPOJIUTA 3aIIUCBHIBAETCS CIAEAYIOIINUM 00pa3oM:

. (7.9)

B a’C

K= .
-

(7.10)

Benuuunsl AG u AH nporiecca IUCCOIMALMU MOXKHO ONPEAEIUTh U3 KOH-
CTAHTBI JUCCOIMAIMN 3JICKTPOJIUTA COOTBETCTBEHHO 110 YPABHEHUIO U30TEPMBI U
n300apbl XUMUYECKON PEaKITUH.

CBolCTBa peanbHBIX PACTBOPOB OMHUCHIBAKOTCS YPAaBHEHUSIMH, B KOTOPBIX
BMECTO KOHIICHTPALIM BBOJUTCSI aKTUBHOCTh. AKTUBHOCTh MOHA @; BHIPAXKAETCS B
BUJIC POU3BECHIS KOHIICHTPAIMH HOHA 71; HA €r0 KO3(PPHUITMEHT aKTUBHOCTH ;.

a; =vy,;m. (7.11)

3KCHepI/IMCHTaJIBHO ONnpcACINTb aKTUBHOCTH KaTHOHA d+ U AHWMOHA d_ HC-
BO3MOZKHO, IIO3TOMY BBOJUTCA IIOHATUC Cpez[Heﬁ WOHHOM aKTUBHOCTH -

ay =YiMy, (7.12)

I7I€ M. — CPEIHAS] MOHHAS MOJISJIBHOCTB; Y. — CPEIHUA MOHHBIA KOA(P(OUIIHEHT
aKTUBHOCTHU. J{J1s1 35IeKTposIuTa, 00pa3yIOLIEro V. KATHOHOB U V_ aHHOHOB

v v 1/v v, v 1/v
m, :(m++m_) :m(v++v_) , (7.13)
v, v 1/v
Yiz( ++Y_‘) , (7.14)
m, m_
rae m=——=—— — MOJBJIBHOCTDb JJICKTPOJIUTA; V = V4 + v_.
Y Y

+ —
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OO6111ast aKTUBHOCTBH AJIEKTPOJIUTA ONPEACIIAETCS KaK
v vV v[. . V.., V_
A4, B, = (vamy) =yim (V++V— ) (7.15)

CoryacHO 3aKOHY MOHHOW CHJIbI, KO3((UIHUEHTHl aKTUBHOCTH MOHOB HE
3aBUCAT OT KOHKPETHOT'O BHJIa MOHOB, HAXOJSIIUXCSA B PacTBOPE, a 3aBUCAT OT
WOHHOW cuiibl / pacTBopa:

1:%2%23, (7.16)

TJIe z; — 3aps]l HOHA, 71; — €r0 MOJISIIbHAsI KOHI[CHTPaIHSL.
CornacHo nepBomy npuOIMKeHuto Teopuu Jledas—XroKKens, MOXKHO pac-
CUUTATh KaK KOA((UIIMEHT aKTUBHOCTH Y; OTAEIBHOIO HOHA

lgy, =—Az’V1, (7.17)
TaK U CPEAHUI HOHHBIN KOA(P(OUIIMEHT aKTUBHOCTH Y.
lgy. =—Alz,z_|V1, (7.18)

IZi€ Z+ ¥ Z_ — 3apsi/ibl KATHOHA U aHUOHA, | — MOHHAs cuJjla pacTBopa, A — KOHCTaH-
Ta, 3aBUCSAIIAS OT JUAIEKTPUUYECKON MPOHUIIAEMOCTH PACTBOPHUTENS U TEMIIepa-
Typsl. st BogHoro pactBopa nipu 25°C 4 = 0,509.

IIpuMepsl pemieHus 3a1a4

1. VnenvHas snextponpoBoaHocth 0,1 M pacTBopa yKCyCHOM KHCIOTBI
CH;COOH pasHa 4,79-107 Cwm/M. Paccunraiite MOISPHYIO SIEKTPOIPOBOJ-
HOCTh PacTBOpPA, KOHCTAHTY AMCCOIMALUM KUCJIOTHl U pH pactBopa, ecnu mpe-
nenbubie  momBmkHocTH H' u CH3;COO  pasmbl 349,8 Cwm-cM’/MOIb U
40,9 CM-CM*/MOJTb COOTBETCTBEHHO.

Pemenwue.

-2
A= 103X c = 4’122 1)01 =4,79-10"* Cm - M*/MOIb.
— 7\’ .
o= F .
W=a0 .+ x‘éH coo-= (349,84 40,9) -10™* =390,7-10~" Cm-M*/mous;
3
—4
o= Lmét =0,0123.
390,7-10"
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2 2
. @°C_0,0123°-0.1 15210
l-o  1-0,0123
[H]=0a-C=0,0123-0,1 = 1,2310" Moms/m;
pH=—lg[H]=-1g 1,2310° =291,

2. Paccuuraiite yaenpHyro 3sektpornpoBogHocts 0,001 M BogHOro pac-

tBopa KNOj; nipu 25°C, cunTas, 4To MOJABUKHOCTH MOHOB IPHU ITOM KOHILIEHTpa-
[IMU paBHBI UX MPEAEIIbHBIM MOABUKHOCTAM. Uepes cliol pacTBopa IJIMHON 5 cM,
3aK/TIOYCHHBIA MEKIy DIEKTPOAAMH IUIOMAAbI0 | CM’, MPOIMYCKAIOT TOK CHIION
1 MA. Kakoe pacctosaue npoiiayT nonst K 1 NO; 3a 1 munyTY?

Pemenwue Paccumtaem 1o 3akony Koappayma  MOJISIpHYIO
AIIEKTPOIIPOBOIHOCTbD, a U3 HEE — YACIBbHYIO 3JIEKTPOINPOBOAHOCTB!

W=+ x‘;o_ = (73,50 + 71,46) -10* = 144,96-10* Cm-M*/MO1B.
3

y=h-C-10°=144,96-10"*.0,001-10° =1,45-107> Cm/m.
OHpeIleJII/IM COIMPOTHUBJICHUC PACTBOpaA U HaﬁﬂeM HAIps>KCHHOCTD ITOJIA:
1/ 1 5.1072
v S 1,45-102 1.10°
U IR _1107°-3,45-10*
/

=3,45-10* Owm,

E=—=— =690 B/m.

! 5107
PaccuntaeM cKOpOoCTH ABUKEHUS MOHOB U OMPENIETUM PACCTOSIHUE, KOTO-
poe onu npoiayT 3a 60 ¢ (1 MuHyTY):

AE  73,5-107-690

u, =uE = =5,26-10" m/c;
F 96487
0 —4

y g ME _T1,46:10 69025’11.10_5 W,
F 96487

x(K*)=u,t=5,26-10"-60=3,15-10" M= 3,15 mm;
x(NO;)=u_t=5,11-107-60=3,07-10" M= 3,07 mMm.

3. Ucnonp3ys niepBoe mpubamkenue teopun Jledas—XroKKens, paccunuTai-

Te KO3(PUIMEHTH! akTHBHOCTH MOHOB Fe’', NO;™ 1 cpenHuii HOHHBIH KO3 (U-

uueHnt aktuBHocTH B 0,001 M pactBope Fe(NO;); npu 25°C.
P e m e H u e. 3anumeM ypaBHEHHUE MPoOIIecca JUCCOIUAIUH:

Fe(NO;); — Fe’" + 3NO;5.
Halinem KoHLIEHTpaIMu HOHOB B PacCTBOPE:
C(Fe*") = C(Fe(NOs);) = 0,001 moms/m,
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C(NO3") = 3-C(Fe(NOs3);) = 3-0,001 = 0,003 momnb/7.
HNonnas cuna pacteopa:

I= %Zqu :%(C(Fe3+) 3%+ C(NO3) 1% ) = %(0,001 3% +0,003-17) = 0,006.

[To ypaBuenuto Jlebas—I rokkens:

lgy= —AZlZzﬁ

lg y(Fe’™) =-0,509-3%,/0,006 = —0,35; v(Fe’) = 0,44.
Ig y(NO5") =—0,509-12,/0,006 =-0,039;  y(NO;) = 0,91.
Ig v+ =—0,509-3-1,/0,006 =—-0,12; v:=0,76.

3agaun

1. PaccuuTaiite yaelbHYIO 3JIEKTPOIPOBOJHOCTh a0COJIOTHO YUCTON BOJIbI
npu 25°C. Nonnoe nponsseneHue Boasl mpu 25°C pasxo 1,00-107",

2. YenbHas 3lEeKTPONPOBOJIHOCTh OECKOHEYHO pa30aBlIEHHBIX pPacTBOPOB
NaBr, NaNO; u AgNO; mpu 25°C paBHa coorBeTrcTBeHHO 126,0, 121,5 m
133,3 Cm-cM*/Moib. KakoBa ymenbHas 3/IEKTPONPOBOJHOCTh OECKOHEYHO pas-
6aBienHoro pacrsopa AgBr npu 25°C?

3. YaensHas snekrponpoBogHocTh 0,05 M pacTBopa a30THCTON KUCIOTHI
npu 25°C pasra 0,175 Cwm/m. Paccuutaiite MOJSPHYIO SJEKTPOTPOBOIHOCTD
pacTBOpa, KOHCTAHTY JAMCCOLMALMK KUCIOTHI U pH pactBopa.

4. KoHcTaHTa auccolManuv XJIOPYKCYCHOM KHCHOThI mpu 25°C paBHa
1,36-107. Paccunraiite KOHLIEHTPAIMIO KHCIOTHI, IPU KOTOPOil CTEHEHb JUCCO-
nuanuy pasHa 0,05, 1 MOJISIpPHYIO 3JIEKTPOIIPOBOAHOCTh PACTBOPA MPU ITOU KOH-
LHEHTpPALIH.

5. YnaenbHast 3neKTPONPOBOIHOCTh HachiieHHOTO pacTtBopa AgCl B Boze
nmpu 25°C pasra 2,28-10° Cwm/M, a yjenbHas >JIEKTPOINPOBOIHOCTH BOJIBI
1,16-10* Cm/m. Paccunraiite pacTBOPUMOCTD B BOJE (MOJIB/MT) M HPOH3BEICHHE
pactBopumoctu AgCl npu 25°C.

6. Paccunraiite yaenpHyo 31ekTpornpoBoaHocts 2,0-10~° M BomHoro pac-
tBopa HCI npu 25°C, cuutas, 4T0 NOABUAKHOCTH HOHOB IPU ATOW KOHIIEHTPALIUU
PaBHBI UX MPEACIbHBIM ITOABUKHOCTAM. Uepes ciioi pacTBopa JIMHOM S5 cM, 3a-
KITIOUYCHHBIH MEKIy DIEKTPOJAMH IUIOMAABI0 2 CM’, MPOMYCKAIOT TOK CHJIOH
0,5 MA. Kaxoe paccrosuue npoiinyt noust H u CI” 3a 1 yac?

7. MousipHas 31€KTpPONPOBOJAHOCTh BOAHOTO PACTBOPA CUIBHOTO 3JIEKTPO-
mmta nipu 25°C pasua 143,1 Cm-cM*/Moib TIpH KOHLEHTparmu 5-10° Monb/1 1
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138,2 Cm-cm”/Monb npu KoHIeHTpammn 1,5-107° Mosw/n. KakoBa MomsipHasi 3i1ek-
TPOMPOBOJHOCTH PACTBOPA MPU OECKOHEUHOM pa30aBIeHUN?

8. Paccuuraiite uncno nepesoca H' B pacteope HNO; ¢ koHLeHTparueii
2107 mons/n1. KakoBo Gyzer umcio neperoca H', eciiui k aTomy pactBopy 100a-
BuTh NaNOj; 10 koH1eHTpanuu 1,0 mosb/n?

9. Paccuuraiite ckopocTh aBumkeHus uoHa K' B pa306aBIeHHOM BOJHOM
pactBope nipu 25°C, ecnu pazHocTh noteHnuaioB 50 B mpuiioxkeHa K 35eKTpo-
JlaM, HaxOJSIIIMMCS Ha pacCTOSHUM 2 CM JIpYT OT JApyra.

10. PaccuuTaiiTe akTUBHOCTb DJIEKTPOJIUTA d U CPEIHIOI MOHHYIO aKTHUB-
HOCTh a. B pactBope, coaepxkameMm 2 Moiab/Kr Ca(NOs), mpu 25°C, ecnu
1= = 0,347.

11. PaccuuraiiTe MOHHYIO CHIy pacTBopa, cojaepxkaimiero 0,20 moJyb/Kr
NaCl u 0,10 moas/kr BaCl,.

12. HUcnonw3yst nepBoe npuOnmkenue teopun [ledas—Xrokkens, paccyu-
Taiite K03pPuImenTs aktuBHOCTH HoHOB Al’Y, NOs™ 1 cpemHuil HOHHBIH KO3()-
¢urment akrusHoctd B 0,001 M pactBope AI(NO;); pu 25°C.

13. Hpoussenetue pactBopumoctu AgCl B Boge mpu 25°C pasro 1,7-107'°.
Paccuuraiite pactBopumocts AgCl B 0,05 monb/kr BogHoMm pactBope KCl, B ko-
TopoM Y. = 0,816.

14. KoHcranTa auMccouuanuyM YKCYCHOM KuciaoTel mipu 25°C paBHa
1,75-107°. Hcnons3ys mepsoe npummkenne teopun JleGas—XIOKKeNs, paccuu-
TalTe€ CTENEHb JHUCCOLUMALMU KHCIOTBI, €CIM €€ MOJSUIBHOCTh paBHA
0,100 MOJIB/KT.

8. JIEKTPOABUKYHINE CUJIbI.
IJIEKTPOAHBIE ITIOTEHIIUAJIbBI

JIJisi TambBaHMYECKOTO AJIEMEHTA MPHHSTA cienytomas Gopma 3anucu (Ha
npuMepe snemenTa lanusns):

Zn | ZnSQ, || CuSOy | Cu,

I7ie BepTUKAJIbHASI TUHUSA | 0003HAaYaeT rpaHully pasaena a3z, a JBoiiHas BEpPTH-
KaJIbHas JUHUS || — COJIEBOM MOCTHK. DJEKTPOJI, HA KOTOPOM MPOUCXOAUT OKHC-
JIEHUE, Ha3bIBAETCS AHOJOM; 3JIEKTPOJ, HA KOTOPOM IMPOMCXOAUT BOCCTAHOBJIE-
HUE — KaTooM. ['albBaHMYECKUN 3JIEMEHT MPUHATO 3alMChIBaTh TaK, YTOOBI
aHOJ| HAXOJIUJICS CJIEBA.
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DONEeKTPOJHbIE MOJYPEaAKIMU MPUHATO 3alKChIBaTh KaK PEAKIIMH BOCCTa-
HOBJICHHSI, TO3TOMY OO0I1Iasi peakiys B rajJbBaHUYECKOM DJIEMEHTE 3aIMChIBACTCS
KaK pa3HOCTh MEX/Ty PEaKIUIMHU Ha TIPABOM H JIEBOM DJICKTPOaX:

IIpassiii onextpox:  Cu®' + 2e = Cu.
JleBbIH 21€KTPOA; Zn*" +2¢ =Zn.
OOwas peaxuus: Cu’"+Zn=Cu+ Zn*"

[ToreHuman @ 31€KTpoaa pacCUUTHIBAETCS 110 ypaBHEHUIO HepHera:

p=0" + 2L dox @.1)
nk’ apy
TA€ dox U dreq — AKTUBHOCTH OKHMCJIICHHOW M BOCCTAHOBJICHHOM (pOpM BEIIECTBA,
YYaCTBYIOIIETO B MOTYPEaKIHK; ¢ — CTAHJAPTHBINA MOTEHIMAN dIeKTpoa (Ipu
Aox = Ared = 1); 1 — YUCIO IIEKTPOHOB, YUACTBYIOIIMNX B MOJTypeakuuu; R — razo-
Bas noctosiHHast; 1 — temneparypa; F' — nocrossHHas @apanes. [Ipu 25°C

0, 00592, doy (8.2)

n ARed

¢=¢

CranaapTHbie AIEKTPOAHBIE MOTECHIMANBI JIEKTPOJAOB U3MEPSIOTCS OTHO-
CUTEIIbHO CTaHJIapPTHOI'O BOJIOPOJIHOTO 3JIEKTPOJIa, MOTEHIIMAl KOTOPOTrO MPUHST
PaBHBIM HYJIIO.

Onexrpoasmwxkymas cuia (3C) snemeHTa paBHa pa3HOCTH MOTEHIMAIOB
IPaBOro M JIEBOTO 3JEKTPOJIOB:

E:(Pn_q)n' (83)

Eciu OJ1C snemeHTa nmojgoXuTenbHa, TO peakius (Tak, Kak OHa 3amucaHa B
AJIEMEHTE) MpoTekaeT camonpou3BoiabHO. Eciim 3/IC orpuuartenbHa, TO camo-
MIPOU3BOJIBHO TIPOTEKAET OOpaTHAS pEaKITHs.

Cranpaptaas 3/]C paBHa pa3HOCTH CTaHAAPTHBIX TOTEHIIUAJIOB:

E’ =y - ¢;. (8:4)
O/1C anemenTa cBsa3aHa ¢ AG NPOTEKAOLIEH B 3JIEMEHTE PEAKLUU:
AG =-nFE . (8.5)

3Has crangapTHyro J/]C, MOXKHO paccunTaTh KOHCTAHTY PABHOBECHUS IIPO-
TEKAIOUIEH B JIEMEHTE PEAKIUU:
~AG’ nFE’

K =exp T = exp 27 | (8.6)
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OE
ITo 3navyennro TemneparypHoro kodddurmenra IJ1C T MOYKHO pacCyuTaTh

HN3MCHCHHC SHTAJIBIIMU U SQHTPOIIUH JJIA HpOTeKaIOHleﬁ B OJICMCHTC pCaKIIUU:

AS:nF(a—EJ , (8.7)
O
AH =AG +TAS =nF T[—} —E|. (8.8)
or |,

IIpumepsl penreHus 3aaa4

1. 3anumuTe cxemMy raJbBaHUYECKOTO JIEMEHTA, COCTOSILEr0 U3 MEIHOIO
(+0,34 B) u uunkoBoro (0,76 B) snexTpoaoB. 3anuiyre moIypeakiiuu, mporc-
XOJSLIME Ha KAXJIOM U3 3JIEKTPOJIOB, a Takxe olliee ypaBHeHHE peakuuu. Pac-
cuutaiite cranaaptayto IJIC, a takxke D/1C, snepruro ['m66ca u KOHCTAHTY paB-
HOBECHs PEeaKIMy pH ciieayrommx yenosusx: a(Cu’) =0,1 M, a(Zn*") =2 M.

P e m1 e H u e. CocraBisieM cXeMy TaJIbBAHUYECKOTO 3JIEMEHTA

() Zn| Zn*" || Cu*" | Cu (+).

AHop (-): Zn—2e =7Zn"".
Karon (+): Cu’"+2e =Cu.
O61mas peaxiys: Zn+Cu*" =Zn*" + Cu.

E'= @ 2 =Pz g = 0,34 = (0,76) = 1,10 B.

[ToTeHumansl 3J€KTPOAOB NPH 33JaHHBIX 3HAYEHUSX aKTHBHOCTH PACCUHU-
TBIBa€M 1O ypaBHeHUI0 HepHcra:

0 0,059 0,059

N lga(Cu**)=0,34+ 1g0,1 = 0,31 B.
O 2 =0, +wlga(Zn2+) =—0,76 + 0,059 lg2 =-0,75 B.
Zn“" |Zn Zn"" |Zn n

E= Q20 =@y = 0:31 = (-0,75) = 1,06 B.
AG =—nFE = -2-96487-1,06 =—204,6-10° [l = —204,6 ]l

AG=-RTIn K.
3
K= exp(—ﬁj:exp _204,6-107 =7,5-10.
RT 8,31-298

2. Onpenenure NMPOU3BEACHUE PACTBOPUMOCTH U PACTBOPUMOCTH OpOMHIA
cepeOpa Ha OCHOBAHWH 3HAYEHUH CTAaHAAPTHBIX JEKTPOIHBIX MOTCHIIMATIOB IS
opomcepeopsinoro (+0,071 B) u cepedpsiHoro (+0,799 B) snexktpoaos.
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P e m e H u e. CocTaBuM rajgbBaHUYECKUMA JIEMEHT U3 OpoMcepeOpsHOTOo
U CepeOpPSTHOTO AJIEKTPOIOB:

() Ag| AgBr|Br || Ag" | Ag (+).
AHop (-): Ag+Br —e =AgBr.
Karon (+): Ag +e =Ag.
B rayibBaHHUYECKOM 3JIEMEHTE MPOTEKAET PEAKITHUS:
Ag' + Br = AgBr.
KoHcranTta paBHoBecus 3Toit peakiuu ooparaa I7P(AgBr):

1 nFE°
K = = eXp .
IIP(AgBr) RT

=0,799 - 0,071 = 0,728 B.

— 0 0
(PAg+ |Ag (pBrf |AgBr|Ag

0
IIP(AgBr) =exp _nFE = exp _1:96487-0,728 =4,9.107".
RT 8,314-298

3. U3menenue suTaneiuu B peakiuu Pb + Hg,Cl, = PbCl, + 2Hg, npoTe-
Karolel B raJibBaHUYECKOM djieMeHTe, paBHO —94,2 kJ[>x/moinb mipu 298 K. DJIC
3TOro 31eMeHTa Bo3pactaeT Ha 1,45-10" B mpu MOBBIICHHH TeMIEpaTyphl Ha
1 K. Paccuuraiite 3/]C anemenTa u uaMeHeHue suTponuu mpu 298 K.

Pemenwue.

AS = nF(a—Ej =2-96485-1,45-10™ = 28,0 Jik/(Monb-K).
oT )»
AG =AH — TAS = —nFE, oTkyna
TAS —AH  298-28,0 — (-94200)
nF 2.96485

E= —0,314B.

3agauu

1. 3anumure cxeMy rajJbBaHUYECKOr0 JIEMEHTA, COCTOSIIETO U3 XJIOPHOTO
(+1,36 B) 1 BOIOPOAHOTO AIEKTPOAOB. 3AMUIIUTE MOTYPEAKIIUU, TPOUCXOASAIINE
Ha KaXJIOM U3 3JIEKTPOJIOB, a Takke oOlee ypaBHeHUE peakuuu. Paccuuraiite
sHauenuss E° , E, AG u K, npu cnegyrouux ycnoBusx: P(Cly) = 2 amwm,
a(C1)=0,1 M, P(H,) =1 atm, a(H") = 0,001 M.

2. Paccuuraiite cTaHAapTHBIM OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MOTEH-
[aJI CUCTEMEI Pb4+|Pb2+, €CJIM U3BECTHBI CTAHJIAPTHBIEC JICKTPOAHBIE TOTEHIINA-
61 Pb*'|Pb (+0,77 B), Pb>'[Pb (0,13 B).
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3. Omnpeaenure NpoU3BEACHIE PACTBOPUMOCTUA U PACTBOPUMOCTh OpoMuIa
cepeOpa Ha OCHOBAaHWHU 3HAYEHUMN CTAHAAPTHBIX AJIEKTPOJHBIX MOTECHIIMAIIOB IS
xjnopuacepeopsinoro (+0,222 B) u cepedpsinoro (+0,799 B) anextpoaos.

4. Onpenenure NPOU3BEICHUE PACTBOPUMOCTUA U PACTBOPUMOCTD CYJb(H-
Ja KaJMHUsI HA OCHOBAHMM 3HAYECHHM CTaHIAAPTHBIX 3JIEKTPOJHBIX MOTEHIINAJIOB
st sexrponos Cd*|Cd (—0,403 B) u S*|CdS|Cd (-1,17 B).

5. Omnpenenure CTaHIAPTHBIA OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIM MOTEH-
uuan g npouecca MnO,4 + 2H,O + 3e = MnO, + 40H ', ecnu crangapTHbIN
OKHCIIUTENIbHO-BOCCTAHOBUTEIBHBIN MOTEHIHAN JIsl mporiecca MnO4 + 4H" +
3e =MnO, + 2H,0 pasen +1,69 B.

6. Onpenennre KOHCTAaHTY HECTOMKOCTH MOHa TerpaxisoporuiatuHata (11)
[PtCl,]* Ha OCHOBAHHMH 3HAYEHMIl CTAHIAPTHEIX YIEKTPOIHBIX OTEHIUANIOB:

Pt*" +2¢ =Pt, ¢’ =+1,20 B.
[PtCl,]* +2¢ =Pt+4Cl, ¢"=+0,73 B.

7. PaccunTaiiTe KOHCTAHTY PAaBHOBECHUSl PEAKUMU TUCIPONOPIMOHUPOBA-
aust 2Cu” — Cu®" + Cu mpu 25°C.

8. Paccuunraiite koHcTanTy paBHOBecus peakuuu ZnSO,4+ Co = CoSOy4 + Zn
npu 25°C 1o JaHHBIM O CTaHJAPTHBIX AJIEKTPOIHBIX MTOTEHIINATIAX.

9.9JIC »nemeHTa, B KOTOPOM OOpaTMMO MPOTEKAET  PEaKIUs
0,5Hg,Cl, + Ag = AgCl + Hg, paBna 0,456 B mpu 298 K u 0,439 B npu 293 K.
Paccuuraiite AG, AH u AS peakuumu.

10. Brruucnoute temnoBoit 3¢gdekr peakuuu Zn + 2AgCl=ZnCl, + 2Ag,
IIpOTEKaen B raapbBaHudeckoM snemente npu 273 K, ecou D/1C snementa
E =1,015 B u TemneparypHsiit ko3ppurment IJC =—4,02:10* B/K.

11. DJIC snementa Pt|H,|HBr|AgBr|Ag onucbiBaeTcst ypaBHEHUEM:

E’(B)=0,07131—4,99-10 (T —298) — 3,45-10 °(T — 298).

Paccunraiite AG’, AH’ u AS’ peakuuu, NpoTeKarouieil B dIeMEHTe, MPH
25°C.

12. Usmenenue sHranbnuu peaknuu Pb + 2AgCl = PbCl, + 2Ag, nporte-
Karoliei B rajabBaHU4ecKoM ajiemeHte, paBHo —105,1 kJDx/monb. DC sToro

sanementa paBHa 00,4901 B mpu 298,2 K. Paccuuraiite OJIC snemenTta mnpu
293,2 K.
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