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s> (1.12)
I dzv BteOIsdd3" » ftosyj Mhtse fteslsj C O h dna
dzj Qo jdzMlsots (1. 12) HtojotOh Ojlsimfw o 0o
Jdzls j ctedtetso OdzdY HOjls ktcOo dzj dzd J



L]
=

LiOodzj dzgdj (1.120) (Lot jl ©@nydslsTd
ftesyj MmMse, ftslsjcoOshdn o MdMmisj ki Ytod

[ dzj L sdzdetse Odedzts?2 fdMmlsj ds' M tcOo j H dzd
sjdsH d &ZO®R] S d

dU+ W —1dS < 0. (1.13)

Jdz fsLotsdzv jIs ftej HMEOLT 9 Ols! 9 tsL d3tsy daets M s
fesyd MMO o MmdMmisj &3j . 1 B HMHO R sztbL 8 & dz
MftcOo jHdzdots dzj tOo j dzMlise s

dU+ W — TdS <. (1.14)

[fdzd ® MdMmisj di o'  tsdzdz” j ls-fipOBlstsd® o® ME 1l d

SW=pdV(1.14),

AU+ pdV — TdS < 0. (1.15)

1 O JdzMlseats (1. 15) YosLeotsdwjls Eklsejt)y HC

fteslsj ¢ OddY ftosyj MMO §ted daj dLtadsfddddsd3 5B
Hisdzy dgts o' f sdzdg¥ Is! MW Emdzse d 4 :

(dU), <0, (1.16)

AS = (1.12a)

O ftod tshMistw dgdetsdy tsBi jJd&3J d o dzlzlstc]j dzdzj 2
dS)y > 0. (1.17)

( Mdzd X4 MdMisj B3O def L sdzdtese OdzO, dzts o
fsmistswdadzr o5 SBI jd5, IS5 HiBd des o' f tsdzdg” s

(dU— TdS) ,< 0, (1.18)
Coltets] Mm@y ds L Of MOy o odH|
d(A)y +<0, (1.19)

GHJ] ¢ dzOL "™ 9 Owidg teflfat8B tsH dats2



A=U-1T8§. (1.20)

RL (1.19) MmdzjHEk]jls, Yyt o MOmBsftsdL 9 tsd
Isj &3 J cOlskztej] d BBI jd&j, SCSHSEHO Mo jth Of s
Mo sBBHABZOWYW ( djtedwyw bkd3jdz hOjlIlsmw.

[Br ydes o d&OBttcObstedwn AdBJUiMSdj toj OC
MemMkzy On, fislssYdzdetf dgdH Geasdzj dedd. 1 tod  sMmists
fslstw dadzs?2 Isj Bf j Okt (1.15) By ds
dzj Sslsstets? WkdzCydd G:

d(@ ,<0. (1.21)

(kO Wk ydw §sdkyd k0 dOL o addsils j! wdidagdi
dzd feshmists dLsBOEd 2 sl dydOd)

Cdzj td @ pB MO dzOL " 90t ls Isjted3sHddzOd3d yj MS k¥
FHtso dzj seotstew s hzs ERZtcOo dgj dad & :

G=U+pV-18. (1.22)

Cdzj teedw 1 dBBMO Wodzw jlsfqw EZHtsBdzr d5 Ctedlsj
ftclH] 2O ftetslsj COddV-df ssjpihial ¢ dE sk Bozd
1 JteOo jdzmlsoats (1. 21) thydsto todzWinjAs3 =] ldctsjdta o HsG
ftesyd Mg ftod §omisswddats?2 Isj i3 JjwOskzte d
1 deBMO kd3j dz@ h O Ismw .

ltesyy M, fsksjcosndj ftod o' f tsdzdzj dzd d
sfizh j Mlso dzv ¥ sfqw  dzgj sBtOIsddiBts. | dzw Itse s
dzi BBH B3 dzj cOo j dzMiso O ftcj otcOIsdIls! o t0Oo
Htsdzy J dz L Od3d dzdIs! L dzOC dzj @9 j dzflsoa O o tsB
ssets, © Bl jHddzj dgdlzsds L OCtsdzgy Hisdzy dzO B

1.4 SpVth’

2O ©OBGlsE , fdslipC sdzt Sk ftod
1Cdzj e ds e fOLYO® Ot s foshists fslsj dydo
3" Mz HOdzdetse 5 s todBd dzO.

SBOBddBsd ftetsyj My MdMisj BO Mtse jteh Of s
Csdzdyj mMlsoets OB BIST

dAU—8W_ —TdS=0). (1.23)

1max

RL (1.23) MmdzjHlk]ls:



(dU — TdS), = —d(A), ,=3W,, (1.24)

ax’
I fesyd mmj, hkhjmsedvj Bsd SBicOIsd Bs,
0o dzts IBOA fgak?2 ©OBGISj, Clstteks sy jls Mt

dLBrEBdE] t@3dyd MEsd fesyl mmnd .

I BBttOdd®@sd ftesyd Minj, fslsjcoshjd g
ftshistsw dedztsds H Oo dzj ded d, bd3jdz N jdedj + dzgj teg
cOBGl], Stlttky &yl drcwijkss d st O dEldyls j
wOMmh doj dad v :

—d(G)p’T=6W —pdV. (1.25)

max

1.6. GruvtfIRrRC s¢s [frtdoé wlcrodorrds Gt

H5C ZOMdes LwOodzj dzd® (1.24) &OS Mg EOd dC
sls fMdMmlsj &g , ydimdzj decdets Qo dz@ kB' dzd Mo 5B
o 5B SHMGOY 1 dzgjteady, 6 ©ff cf Bddpdds dk ko
Udzj e dd-TGA .= uldzj HisSo Ols j dz' dzts, Mo 5B SH dZOW
yomls: odzlstej dadzj 2 1+ dgjecdd MmdMmisj & , Ck
©cOBBlsE. [MisOoh OWMw yOfMls: , ydmdj dds G
bidzseo w5 o tojOde® sk’ 'tc jdpjc Okstsy jIs. 1 1 Istsds
fowL Odgdzs 2 L dzgjteadj?2. f jtes2 MmowL Odedets2 ¢
Bsdz hj L dzstesfdw, Ilsjds dsjdz Nj OB Bt
ri2Mmise dlsj dz' dats:
W, =—AA), p=—AU-TS), ,=—-AU+ T(S,—S), (1.26)

m

GHy-13sesy g% dMn SH daBicdsls B)isinds's ¥ s/ il B Bied ©

RL (1.26) MmMdzjHkjls, ybkt ©OBtlsO MdMmlsj d@3t
odgzlstej dzgdzj 2 1 dzgjtcedd d LO Myjls oL tcOMmMIsC
L dzOy jotedbdiz' 8 j 2 twOBGlstsM s dzgtsmis: & tsB dzOF
d3d dz' " j dzOyOdz' 1dzts§ Is 5 diftplgpadimjjls SdzOh j dsz s *
sHddZOCtsotsds L Of O tBh j2 1 dgjteedd My Olsr
sSBdZOHOJjIs Btsdz: h j2 tOBlstsmMf sMmtse detsMmis? & .



R1L [ RY[H#SR[ 1 JUur1ARG[ I R R

{1

3 [
UJtGd315Hd OdB3d ud ME dJ -9 Hziiz® g dadat) & ) a2 dzet off o W
H, MmotetHMOY | dj ¢ d sAkzzdy didatj tdzOd o Oydzf{g B
fts OO&sedd ] &joOdduj MSdd § slsj dzyd O dzts
fiesdLotHd &8 ©OMMyUdls' o Ol § OeO&j ster fMd
yOfisde j ftesdLotHd j HA&Y Isjds diipdziiOdds g
fjtcotsegts WkdzH O3] dzels Odz' dzese s kZtcOo dzj dzgdW H d

dU=TdS — pdV. (1.27)
Jded dBjsls Mmdzj Hizs P d2 o dH:
?
((L—U] =1, (1.28)
2s ),
oU |
= =—p; 1.29
5) = (129
A
(‘”] =T; (1.30)
[ J (1.31)
V
X 3
[‘ ’j - (1.32)
p
[O—G] =V, (1.33)
op )y

Astedzdz -(L1338) §s5COLT o Ou-ted B 5 IsdL, - Up Hiz@df y §
AG-d Mmis@odvvw jj yOfisd j ftesdL oH j
SMisOdz! dg' § &g BBHA Hz00 | dzd ud dz’ .



1.8. RYJI1ot138 P Juo1ARG] Jatodr 1oL RC

Cdzj e dvw 1, dBBMO ROWOCIsjtedLEzjls +WWjCIlsde
[ O wodw jlsfqw Ists?2 yOfmls: v 1 dzjteedd, CBISE

otcOBBBIskz. YyvIstsB' fitoj sBtcOLBoOdzd] ftotsntsH(J
dL &3d dzj eV, fJtsdmatsuwh dj o MmMdMmlsj Bi, HE
L Issds Mz yO ] EkB'" dpbyd fdalzjedzdit te @ & dz® Otc OB S
mdmisj gs2 W

t OBtk s MdfMilsj dsts ditsd szt fis@nBaydidsts d L o s d
J. 9o fsyjmmj, ftslsj CoOsh jd BjL odzj M daj

OB tsdLotd d 2 fsyjmnn ftd §shssw dd
sj B jcOlktj oMjcHO dHjls o Mstodz bkdj

I d dzd Wb ez® dzv j Isw  C sdzd W J Misd jodeoey 2V &3S g8 o t
f4dtedrtHO MdMisy B dL ©GHdEGs BEMEsHdE™ d
O dats dgbdzs, ks OCHd] MemisswddY &sdkls
fdzj Hiso Ols j d2! dzgs, dZORGBHGls! MW o 0o dzse j M

ylssB' fodkzydl! dL ®Bjd ddesdhEc0ntizet §
TdBdui M2 ) OSydd, fsd LEsIlsMw IsOB dzd v

AGy.
SBBOL & sfjHjdvw 5 ft OdOdscedd

RL 5B Otcdz" d3 u’ilslsots@udfs@deW ~nd By MSsets 9§
dLd3d dzj dzdi dL sB Otedese 5 fCtdds|imys?O da@ nHjdiyls otc
MisOdzH Otelsdztsdz MsMistswdzdd BKOLEZJjIsMWw dL
MisOdzH Otelsdz’ = MsMmissw dzd W = .

I 1l MizzyO,) MisOdzH Otelsdetsy dL d3j dzj dzdd d
~dBdud MEs?2 i Ocydd odHO

vid, + vyA, = vid, +v,A, (1.34)

Bsy des ftoj HMisOoadls! o odH ] OQuUSdk®OQEsd Mizd
ftesHEzCIstse t6j OCydd d dMmetHd = o jh jMmlse,
flsd mdtsdzd stedud MEofid S ¥Vdydy dals’
AG° =Y v, ~A(})}_j|npoﬂ -3V AGH| (1.35)

1.9. J[RCUR[ vrflrtovut 3 hfds RrNARGILIL 3B
2 A

U
VEol1r1VRL L1RXSIEQP L[] ¢
l dzdwdzd j Isj B j eOlkzter dz@ d L tsB Oftctats \Pj fiif fisds
Bsy des Zyj Miskzic O tigf tedzy J 2y g @' y O:



AG=AH —TAS, (1.36)
1Cdzj cecd® J, dBBMO YOMmiss dzOL " 9 O Is ftotsMists
Md3r Mdz HOdzdzs e B Is ] te B dzO .

G HQG, oH, gb-d L 8 dzj ded™ { dzjeedd L deBMO G, <
e wL Odzdz’ § M HE@dede" B3 ey MG

1.10. mRIRY[HsJ[ tOUOLYVCWREL . .RYJU[T S 3
ud Skhjj dLdjdagj dedj dapgme Qi datdsRts diftstxiiy jdzlsy b G

ZORBHYIE dL EZttOodz dzdv dLtsjtedd , Clsttet
XX

AG, =RT|In [—] Ink, (1.37)
Xtz

X!
GH, ¥ -sjCEhOY CodypdBEOjHised, o' ©OY j d

o

Hdzw A ;

Kc_j(( A4 (1.38)
Vi \z

X,

! coodztse j dzOw  Sctsizipjdls dr@stpaimy s i®dzls O
tcOQo dztso j MW

LiIeOo dzj dzad 4 (1
Hj2Mflselzs h g~
EyOmlsdzd € 59

AG, = ()

. 38) WwWodzWwjlsimw &BOILj BOISH Y T
BOMM: dzj dzt LW dL B dzgfls! tcOo
toj OCydd, djcdi B3jdds Ctsdy] d

) thadz,,qr,,,,, , d (1.37) Hdw MIsOdzH Otcls
ftoddzd BOJ Is
o dH:

AG?= —RTInkK
AG;

cn_ f oL 908l SdRIYUjMSdE MeshHMisse 5.

(1.39)



stsdzils OdzlsT tw©Oo detso j MdW t6j OCyd2 dBsckls BT
YjtejL dBsdvted j Stdyj dlsteOydd. 1 dzv tcOMmls
BzHO® dinj s s Stdyj desteOydd, tsMmesd ¢
Ctsdayj desteOydd dzj s steydsdOdz' d"@n Htclz @
HsfisdeOjlsw Issdz’ $ts & tOLBO9 dzj dzdz" 7 6O

LicOo dzj dzd(wl .(319.)3 6)sL o sdzw 8 Is tsftej HJ dzdls! dz
fteslsj COdzdY g OBYYIME B ygmdzdIls! dL B dzd dzd
fslsj dzydOdzO dz0 dz¢ Bts?2 MOHdd tj OSydd. g
FtcOodzj dzgdV IsjSCkh jj LdeOyjdedj Ctsdzyj dalstcOL
OB tesdLotd dtsj fteslsj COdedj ftew Bs2 5

slsted yOlsj dz dztsc tsB q)tsdgﬁsdzﬁsdzﬂ,AGc,:dzlﬁdzg)gizO

slstcd yoOlsj dz' desaggts s ldz®@lgfddds z jIs Btsdzr h OV ¢ &
tej OCydd. 1ted tOMmMyjlsOn

Mdzj HEZQ Usdzd Y Ols! HOo dzj dedw (S tsdeyj dzlstcOydd)
(1.37), (1.38). 1 ortOyjddwv € tsdzMmls Odzls
Ctosdzyj destcOydd (HOo dzj ded v )lsj SCz had jztc ©Oo dzj dz(

1.11. I RC1TRI vrflrtouvuvitz 196 MRIRY[HS
Idzd W ded §  Istg 3@ OHAsczdid U4 MSE 5§ ©Oo datso § Mdj

dLsBOt' , Ctltstesj ftoddzvlsts L OJdMmr 9 Ols! o
d(anp) AH
= —, (1.40)
dT RT?

LtcOodzj dzdj L BOt' Rsydets fetsddzlsj ctedtetse
s5j B j eOlktedzOw L Oo dfMd dsts s * s Ids jIof jdastfo jitasass 2
Bjetd B Isj & tcOls ks dzp e O ezl i tze O tzgs § t2
usts sjfdsets? (WWjiClk dj LOsdMmdls sk Isjd

A e AH (1.41)

RT? RT

anpzj

InK

HSC ZOMds kwOod dedé (1 Poéea¥ddT Jemd

ur A/ R

ftow Bts2 dzd dzd d ) Is Odze § dzfr, ™ 01 O Yoixts d@

Jdzls j ctcdteso OdzgdY C i tcj H jls®des@ Wig O g dgsta]j fif
Kef tod GO ER) B j eOlslztej T



1.12. MRIRY[HsSRE 1T Jusr1AROG[ . vrtodldpnfrd ry

s jtodsHddzOdd yj MSdy ojddydde t©OLHjdvsEIs
Isj B j tOlsztc®, HOodzj dzgdJ, Ctdeyd dzlstcOydw d
9 J N jmleeCnls jdzmdoe dzr j, OS] C0OC 1 dzlsOdz' ff «
LOGoadmwhdj ls B3OMMr . vyvisser dqLBO8s dIs! Mw
oJdzdyddz Jdzhndo JHEZOdz dz" = o Jjh jMmMlse ftd L Lk
1 CMmisj dzmd o dzts G (csA3th)detsti@ dgBve O1 dzls Odz' f d o B B filg® dzyf
s. H.). [dvtds j 1 SCMisjdemdoade j o) dzd ydd
OHHdIsd e dzsis (d :

LGlA 1 (_1.42)
GHJi-Smsdzd yjmMlseats o jh jMmlse O.

[Hd&ZOC s fshMlssvdd] ks yj ojhjmsea0 o

Memlssw ddw, §c!lstdz o&sd" tsds Hd Ddednd gz
ylsse' MBn©Oddls! OHHdlsdo dzsfls! , ooBHWIS

L.

) Oteyd Odz! dzOw s ¢ dMs o [Jdzdiy dlaz@zd ] BN j C
LCMisj ded o dese s L2 ff Is es® dzff) dggl Bt tsen jj Moy iplsiad
JHddedykz d fted §shmissvdhsy | sdzptizdyd -0 HPE
o4hjMmss o Mmd3j Md.
I = ‘f—] . (1.43)
& p.T.j-1

1 0detsdzjj] 90ydes?2 f OteydOdz! des?2 Bsdz! dets?2 o
fslsj dzydOdz, Cwlstster 2 By des fftoj HMMisOo d Is-
] dBBMO:

w{‘?"} . (1.44)
p.1.n,

mdadud Med?2 §ilsjdydod d 1 dzj tecafie'o s)ddisdedinC
1d B B MOG j &3O :

k
G=> W -n. (1.45)
i=1

[dets Bsy jls BT ls! LOfdmMOdsts Hdkw dsB' o § O



1 OteydOdz! dz | dpsdzwtcdz § o d&zduyddzr dectOE s
Codif sdzgj dzgs© o Mmdzj Md, COC dsdzvtcds j o j dzq
{dzd §BHUddwE IsmMW Isj 3w O WBisdes i Hz dats fp I§ ¢

= -8 (MOusipHAasi); = —5, (mapuUaILHAs ),

2 n T
&, e
= u (1.46)
oG . oG — [ napuMaibLHBLIA
— =V (MOJIBHEIH); —=V, . :
ap ap MOJILH LI

1 OteydOdz! dg" § dBsdzvWtcdz § o dzdydder WwWodzwe st
fMots2flso O, f§tilstskz tsdd Bsckls Brils! ¢OC
slsted yOlsj dz' dz' d3(d .

mddsd Ui Med?2 fslsjzydodz dHj Od dscts ¢ OL O
— O_|_

S RTlIlp > (147

o

GHH' ZOLOjols v Ml OdzH Otelsdzr &8 S d B Uj MS dds 4 t
ndBduiMSdd fslsjdydodsd fted MisOdH Otsls dz

1.13. vdef JIRrRr MRIRYT[HS[ 4L 1011 ] rHRrC
vimdzseo dJ ®©Oea dzso j MdwYw o ~dd@Bdyd MEB2 g OC

AG: O M dmf sdz L 5o Odzd j df slzcte@Pdg @iz (dAd.V4 5)d,E

o' teOLod I'dHY MR ~ddi3dud M¢dn UB}{PWCIG'
b dsdzsy j dedzr B 20 Mmtssle jlmlsoks hdj filsjrndsd

Vv
va p; = 0.
j
(1.48)

1.14. vrtfdrrRVofRsd Rr[po¢f?213m "wfH[B

] OLssBtOL dzr 2 tcOMmMlsatste wWodkzW jIsMW G OL B9 52
ZOL " 90t s M&] Hslss@®isBo ~dBJ YU MSd2 ¢ sSlsj dan
Coli3f sdzy dzls© S dmMr e O sMw EttOo dzj dzd J d3:

p,=p +RTInp, =p; + RT Inx;,, (1.49)



S

M

(=2

G H LWy SClsdode 2 ~ddB3dud MEd2 slsd daydoc

.= pX.
ud fils mass Qilsd3u’1p_{, . p I yoydOod dzsj HOo dzj

HOo dzj ded j , R OL BYOY digeEsS iz WO dzjidaxf j fyds,
Bsd dzO" HEd" StEifsd dZso .

RLESBOtd 2 fBlsjdydOd cOLtor?2 MdkjfMd ©Os
Co®RYf sdzj dzstse (3. kZtwwOodzjdzedj (1.45)) . |
cOMUjIsO Ijted3ssH OB Uj MSdR § OO Istetso
fslsj dzydOdz sl & Pdzsy O j dz

Y ATHES AT (1.50)

RLtsBOtdzr 2 ftslsjdydodz §fsmdy Mmd3d " J dedw

(f
COLOB]) fodzydlsm® o tjLEzd O] §sHMC

Geow =M Wy +15 5 +RT(m Inx; +ny Inx,). (1.51)

KOH

{ OL dgsfls! &jyHE (1.51) d (1.50) HOME d

L 2

fpazg hj . CMEI’

AG o = Gy — Gag = R Inx, + nylnx,) =
= nRT(x,Inx, + x,Inx,). (L.52)
n=n;Tn,.
GH,
tdLkd O (1. 58 fzddjeds " jd3tgjde ddazdjy ' o ydzj
e Otdy &3, lstedyOlsjd df, fMoadHjlsj d Missk

dH]jOdzt dz@ = G OLB9 BIstedyOlsj dzj dz. Clsts € OL
TOEOCkjte fsyjmMmo MAjhjddy cOLss §td
f sMistsWw dzgdgtsds H Qo dzj dzd ( .

yissBr d&z02kd { dstesfdy Mmdjhjeedvdmfsd Lk



qLotsHdEzE (1. 32):

OAT Y
[TJ = _A‘Scme»m : (l 53)
C. P
AS o = —1R(x Inx; + x,Inx), (1.54)
ASCMGH_I ?

O Isjfdsos?2 1 WYjCIsqHs O mfuqd I dej O sjlslzd Yo i
tcOo dzj dzd f1d3 dr' ddgeBEp® y O:

AG. —=AH—TAS (1.53)

cMeLl cMeut”

Cdzlstetsf dw M3y M j dedw COLTr 90OjIlsmw o j dzd ydd
L WWjLolg dzdfsQd dztc ©Oo dets?2 dzlzdz® . RHJOdz' dz" j GO
fsmisw dgdats?2 Isj B j teOlztej d § sMlssW dzgdetsd3 H
s3i N jdedj fteslsj COjls dmMmEdz® ydlsj dz des L O fr
Mo jIsMisoalzjls itcjHjdzjdds dHJ Odz detsc s
COa ,Chtstetsdy SlsmizlsMmisalzjls oL Od d3stsHfj j2AHs
Bsdzj CEdzOBd dHj Odzr dese s 6 OL O dzjls dzd ¢ to(
stsyS¢d Ltcjdedw 1 dzgjtcedd dgjls tcOL dedy" d3j qH
CBGHO tsdzd dLBdZdtseo Odz" Httkze SIs Htekzc O.

[ibBHdS O, dZOfcd HOulzd ©OL Hj dzj , dzsidk
TOEOCljt. [dO hdesSs §woddjdyjlsny Hdv
fOLO®R stese MOR 7 ©OL dzssBEOL dz' R Isj tod3sH

Il yofmlsdetsmisd Hd&zv Istsets, yYbsser o ydmdzdls:
tcj Odz! dz" » OB s sdz' L 59 Ols! MW Isj d&3d
LOj dzdo dzdh ' o dzedrm Ctdzyj dzlstcOydd dzO@ OFC
Csdzyj delsteOyds tOmMsotste®, d oL OJdBsH2Mise
SBGL ZOYOj kMY td0 Mddosdksdk O, Wwodvw,jlshmw
Ctsdzyj dzlstc Ol @ @ dzj dzd j d3:

lglssdzC dgtso jdzdj BIYHE yoOmsdyodzd dHJ Odz' dz

BOdzts§ otej B,  dd3 dBsydets o dzj B U .
a = @568 c,

GHJ Yy dzOL " 90jIsmw Coi WWdyd]j dzssdz OCIsd 9 d
sSOCYJd wodzw jIsfypw o J dzd yd dzts?2 kg jO 50O indsfstis diis?
tcOL di3gd edzsmMisj2 o (1.51), femicd Sk o (Tt
dmyfsdz Lzjmw ftedoJ HJ dzdzOVW Ctsdzyd desteOydw



c=-£, (1.57)
Cpy

CHg-dfipls d dzdzOW  d3ts dzv te dzO- j A & daaj j dzB 6 O €| 6§ vz j Gk
COL Bj odesMis'pé , GO0 dzs2 M

1.15. 1tRrRiCt3 trZL1RC

lteddBjte 1.1

{ OMMudlsOls! MlsOdeH Otclsdzr 2 Is jPDatss) 525 ( RWINNOj €
tdhddadg:

v tOfMmMyujlo otMmitd LEzj By §jtter &3 fdzj H
(L.8) AH; 505 =2AH; s0n0,) — AH 7 295n,0,) =2+33,89-9,37 = 58,41 K/lx.
lteddBjte 1. 2

t OfMMydIlsOls: MIsOdzH Otelsdzr 2 Isj f dztsots?2 L WW J G
CHi(¢) £e¢O= 2Cqgce)é) + 2H

{5 flsOdH®telds) f dZsls OB MesteOdzdw . t jh jdzdj:
v tOfmMyjlsoO otMmitd LEzj By okt &3 fdzj H

AH r,298 — Zvi AH ¢, 298(ucx) Zvi AH ¢,298(pox) —

=AM s9gcm,y AT 298c0,) =28 29500y =28 g980m,) =

y =

= —890,36+0—(=2-282,92) — (=2-285,81) = 247,1 KJTx.

AC

(mdq gejngs. Pz, LebEhdls sk 5] &Y Ok

&j ¢C s

fskey, 7

lstsydzj j Br dzs B HtsBOoadls!: ¢cLO orf yjbtsd
SB ' Wdks dzj Btej € OF Is.

) teddsjte 1. 3
L 02Id Isjfdzsatc2 L UWjiClk tj OCydd



2N, + 6H,0 = 4NH, + 30,
1 2 3 4

ftcd T = 400 s (oefMmj EyoOmbsded<d tcj OCydd
RL MftcQotydzets?2 IsOBdzdyr o' fdmr e O ls L dzOL
C

SBOL 5o Odzd " byOMsddSte tj O0Sydd £ L dzo

C
qd,pﬂzgg(sode. 1.1) .
v OB dzd YOO dedz’'lj. § fteddsj ek 1. 3

Bemectno AHY 595, &IlK/Mo15 Cpsr JLk/ (Mo K)
! 0 29,10
2 241 81 33,56
3 —45,94 35,65
4 0 29,36

RMY tsdz’ L 2V MYtOesyde § HOdede" j, tOMMudls’

AH;, 208 " ACP

®© L O

(8]
CAH;
d :

AH:
1. 1 dzw ,}tanggqfnu’tsdzJleﬂls fjteotsj fMdzjHr
14 MO
(1.8):

- Z‘V:TAU f 298 =

(HCXOJLIBIX Beecrs)

AII:’ 298~ Z‘V"Alj}‘ 298('|||')0,~I\n'|<'rm;)
=4.(-45.94)+3-0-2-0-6-(-241.81) = —193,76 + 1450,86 =
=1257.1 ¥/Tx =1257,1-10° JIx.



ACP E Zvi (—7,7 {NPOJIYKTOR) B Z'vi(-‘p (MCXO/IHBIX BRINECTR) -
=4 -Ep(3)+ 3-Ep(4)— 2 -Ep(l) —6-Fp(2) =
=4.35,65+3-29,36-2-29,10-6-33,56 =-28,88 JIx/K.

2.
3. uvjfdsos?2 1 WWjSlk ftod 400 s dGOSGHWIS
" stedBOC R0 sqenesWo (1.11):

,
AH? = AH} po0 = [ AC,-dT = AH 300 +AC, (T —-298)=
298
=1257100-+ (28,88 (400 ~298)) =1 257 100 - 28,88 - (400 — 298) =
=1254210 Ix.

SOCBB2 9" 9BH Ay dts MHJ &zOIs! s fteslsj ¢ O N

s cqyjc 120, ~HO
88,7 1/ (dsd A s)? tihijddy:

SMStsd Sk  dstetsyf gw wodwjlsmw WlkdSydy?
dzls f SRSy des 6 OMMydisOls! , or ylsw dr L dzO"

SH,0

ez = 69,9 1. X'f Oheg))

memisswddY, | dsttsid* U v = A9 & H dats

RL OB daj ded j + dzlstetsfdd, of LoOdedetsj WOLEGor d
Wstedszdzy (1. 120).

) sdzdatsy L d3j e dzd j 4 dzlé 518 PG H Y teaf] d 420 ¢ to S E
Sls HISfiT Eyjlstsds L dsj dzgj ded™ OcCtej cOlsdzsets



Lo ¢™.dT AH Ton * dT Al I o dT
AS =n J' Ll
v 1

I jv A, J 1’1. + ; HCIT +‘

1 ) 3 KHII

A1+ ——— +I 22 dT +
28 104 T 170)

T
_ 200 [1044331 . 26.68-28-4.185 1774351 . 13595
90 ’ 104

1 4.196+154.59.107 T —81.09.10° 72
+ | - dr |,
170

GHJ N syambdOMMO 1 Isddzj dzQisqeo2 8 26 0 i3t ¢z' |

AH

]._.[JI: 26, 68 COdz/ ¢ = 26, 68 - QAB{4W,WCB'L5CI-JA(
fJjtc o sHO HOQOQzi[d. 2 o
AS = 7I4[4334l o 3363 . 43,51.1n 170, 13595 180

4,196- In—+
104 104 170) 170)

9.107°% ;
+154,59-107 (180 -170) +§-'-%I-Q—( 1802 — 170 )J =1011,24 Jix/K.

Jeddjte 1.7
1 ©2Isd dL d3j dzgj dedd { destesfdd o sy M t

2C,Hg + Hy = CgH ¢

1-Oyren H-OKTaH
ftcd T = 700 s d HOodzjdedd o 1 Olsdsml jte

RLBjdejdedj 1 delstesfdd o "tsH] tj OSydd ¢ tcd
fs YstehzdOd (1.6) d (1.120):

Tz O T
AS. - =AS. o f—”d]‘—AS A€ cln—2
A.r?T— Lr,298+. T - r-298+ -I) l].T.
1 1

GHJ dLdgjdej dedd Mt HdafB" Q4 sz B3¢ BEHEGaf dzjod

ACr, 298 = Z(‘: €298 )HPO‘,1 - Z(fofzi)s )m .



dedj  destesfdd o AtHj tj OSydd {ftod
sr 908 ls 5 kEZteOo dzj dzd ¥ :

0]
AS, 298 = Z(stz.os)upm - Z(Vsz%)mx,

O

cn 7298 osmsdr sdr j L dzOyj dedv { desesfdd b
(sOBdzd ydzr § HOdzdz § ) .

AS, s0s =463,7 — 130,6 —2-307,4 = —281,7 [x/K.
) teddBjte 1. 8

AG,
Le2kq o, 298
CHsOH = HCHO + H,
feslsjCOsh j2 o cOLBots?2 WOL . (4hjdedy:

RME sd3lz © o jdzdyddzz or ydmdzw s Is UBCBBF]JB
) e Bj el . 10 8lsdzsMmwsfw ¢ Isjdgj ¢ C dzjtee dw

AG;()S = Z V,-AGSQx (mpox) Z ViAG;()S(HCX) B
=—110,04+0—(-161,88)=51,84 &/Tx.

) teddsjte 1.9

Hd&Y ) OCydd

(]
(feingdds 298 wiies yqq
4HC1 + O, = 2H,0 + 2Ch

foslj @ CjoL sots?2 WOL)] ftod §shstw ddesds
s5j B j 6Ozt . 1L By dO dd HOkEZOY tj OC 1
tdnddedd:

s OB dzd YOz j2dzd ¥ Tls OdzH Otels dzts2 s j f dztsls' 5B
L dzstesf g MesmsOdvs hdn twjoydd o4hjflse



Bewectso AH;’. 298 KK/ MOTH S;.)s, JIx/ (Moas - K)

HCI 92,4 186,9
0, 0 205,2
1,0 ~242 188,9
Cl, 0 23

1 O2HJ &3 dL d3j deffdzd Jo ! OO apmfas2 Isj BY §j Ozt
oM sdz Lsoa Qah dMm: MmMdzjuMmlsadjd3a dL L OC tsdzC

AH, 598 =2-AH ; 295110y +2 AH ; h98(c1) =

—4-AH r 298(HC1) —Al / 298(HCI) —All f 298(0,) ~
=2-(-242)+2-0-4-(-92,4)-0=-114,4 xJ/Ix.

RL (Bj dzgd dzdj + dzstesfdd of ydmdzdds, bkuydlsr e oW
mMemistsw dzd v . RLABjdaj dzdj WEd2Cydd Mmtsmilstsw dzd
yd mdzj dedets tcQa de® yp @ etstykdzC ydd oz yHEz € tsd
mMesmMsswddw dizd. 1 &zOyd dedwv  dzstesf dd o € sdad
o ydmdzwils! , dMmeasHY dL OHdIsde desfylsd { dzlste
mMzdgdzy  dzstetstfi d2 MsmMlsQoadzwves hdrn. uvOCdd3 B
AS, 298 =2+ Sh0s11.0) T2 Sa0sccr) ~H Saoscaen ~ S0 0=
=2-188,9+2-223-4-186,9-205,2=-128,8 JIx /(moan-K).

vy fdter, ot tdzjdsg @G- fedipEd@d yO (1. 36
Hd&zw 298 s

AG, 295 = AH, 20 — T" AS, 590 = —114,4 — 298 - (—128,8/1000) = —76,0 KIIx.

r

F, 298 _ 0, MdkjHtsoOljd ds, ftod 298
Bey il folsjCOls! MOBEfsdL o td ds.

Jteddjte 1.10

{fteijH]jddls! dOfttOodidd ©jOsydd, tOMMmd
+ O, =2H,0 + 2CL
ftod &0004NJded:

[dzv sftejHjdjddY d&@OfteOsodjddv tj0sydd,
HOo dzj degdd d f tsMissw dedets? Isj B j Okt , da
dL d3j dzaj dzdj dL sBOtcdetsets ftslsj dzydoOdzO fted L



or ydfdzj des kOC B dL digidej 2 si.dzv ) deq oizd js C
ZO dLtsBOtkdy 2 fslkjdydOod ydlsr e0j sy kt

AH ,1000

5] dzfso 52 r, d dLdgjdzj dzdj + delstetst d

A‘Sv,r,mootgc1 o v

O Isj f dztso t52
HdzW tsftej Hj dzj dz
or ydmddls' dLd

AC, .

AEP = ZV»(_’

r = Zv-? g
I P (mpoayKToB) I P (McXOIHBEIX BellecTB)

1t o' ydmazj dedd ofhfsd L zj 3w ulO@ededdn oz
137 Odedz" j & fddsjtelz 1. 10

d ftcd Isj &y jwOlskicj 1000
BWiClk Eydlro0jlhv j BE s dt
dw oddwddw IsjsfjwOker d
Jdzgj dedd bifdzsj BEtsmMisd, ot

Beweerso | €, 1005 ALK/ (Mo K) AHI°. 2o+ KILK/MOL | Spyg, JIA/(M01 - K)
11C1 29,88 -92.4 186.9
0, 21,14 0 2052
H,0 37,06 —242 188.9
(L 36,50 () 223

Aap =(2-37,06 +2-36,50) —(4-29,88 + 1-21,14) = 6,46 1x/K.

rdzv or il @igHadtlsdscs sjfdsosets { WWjCIsC
Jdzls j ctoOdz! des? W stodks?2 LwOodzj ded™ sdth ¢ W
AH (1) = AH, 545 + AC(1'— 298) =
= —114,4 KJTx + 6,46 - (1000 — 298)/1000 = —109,87 KTk

RLMjdzj dzdj < dzlstetsfdd o rmtHj toj OCydd ftcd
BOLdMdes2, tOMMuydlsr a0 ls 5 Wstedilzdzj :

-y -y 1;2 ACp -y - 7:2
T 1

I fijtotsds ftedpdzdy j ddd iy dts! ff HzzOa @ls d fnc
Isj i3f j tOlsztcr . dwdzj HisS9 Olsj dz' dzfs:



T
AS, 5 =4S, s +j—dT AS, 595 +AC ]nT:
T 1

|

1000

=—128,80+6,46-In 598 =-120,98 JTx/K.

udfiter o ydmdzd d3 MisOdzn Otelsdetsy dL B3 dzj deq J
BOLdMdets?2 Isj 3 j cOktej 1000 s, dhmisd Lk

AGr. 1000 — AH , 1000 —TAS r, 1000 ~
=-109,87-1000-(-120,98) /1000 =11,11 xJIx.

AG,
1000>o fdzj Hiso Ols j dz! dzs, ftod 1000
ZOf 0o dzj dzd j d B LGy G dpGdsjsait€.0ls' M

Jeqddsjd 1. 11

[ftejnjdds! §O0teydOd dr 2 dsd d 2 B j &
f dzslsdesfmls: 60 % astz(srq)tmqtg@falsansm@ofqm@ms

102QG3/ B Otcyd Odz! dg" 2 gsdz! dgr 2 tBI j 3 9 BHT
S4d

(VHZO) 1,68 - 10—° M°/MOIB.

td"ddedy:

Irydimdzy j &5 EHj dz dZ(Bftsei j &3 tcOMse 5O
i swae V= 1/0=1/8,946-102=1,118- 10 3 m/xr.
11trsq’d34tefl.1131tslsdztsfr]wlsfr]w ¢ Isjddj ¢l OydoO
JiftedH]dzv ] B Mtej Hdzt ¥ dBEdzy SV tedzz BOMME
1dB M@ J GO:

M = XenonMenon +Xm,oMuo-
CHj-BXd dZOW HEBdY o jh j ffsed Cor dy Qi s @50 |
ojhjMmlse O.
1 ORsHd &3 istsdz! #BHE f ists dztc O6 kzj dad & :

gcn,on | Men,on _ 60 /32

Xenon = 3 : = =0.438.
; gCH_zOH AIC:H_:()H T gHz();."' MH20 60 / 32 +40 / 18




1 Hy M MdzjHizjls LGCBJOIZ».O)', 1@@&05@3]159813130 fmnd
MeHjtey Odzdy SR sdzj dzsO 9 ©CONSBEOBIERO: via6

M

t ofmmudk £
. M =(0.458 — 32+ 0,542 — 18)- 10 3=2,441-10 2 kr/MOJIb. [ 5d dzr 2

5Bl j B ttOMsottc® (V) d&OAHj&B 5 Wstdzdj:

V=vM =1,118-10-3-2.441-10-2= 2,729 105 M3 /moum..

) Oty d Odz dzf EBwCH3OH (VCH3OH )

T 4

ZOStsHd®B L ktOs dzj
dzdv J14dB8BfH&GO:
V=Xcy.0n '17(:H,,0H 2 XHzoVHzo?

17 T

Va0l = =2.799-107° -0,542-1,68-107° /0,458 =

Ncn_{on
=3.970-107 M’ /moiin,
lteddzjte 1. 12
[BIl jd&3 SOC WEdSydw MesdaGlos®f B fgav | dgy jnlsf oz

Viow =35.55V], o +16,4b+2,55° —1,2b°,

od111
GHjBBMG &' ZOY Ctsdayj desteOydw tOMmise stej dzdats
fOteyd Odz! dz 2 dstsczr dz'r 2 B jd&& 0,5 [ tcOfmlss

tdnddedd:
skh jMlsobksls HoO dBjlstsHO BtjHjd ddY § Ot
OO&dlsdujMSd2 d cweoWdyuimsd?.

lted o' yudmdzj dzedd OdzOdzdlsdud MCdd3 o3 sBHBG
me 52 sl Oyd Mot dfsdag @ ud MEdd5 ZwwOo dzj ded § d3:

L=a+bn, +cns +dn, +...



) Oteyd O dais @swLQmwp;mqm@mmas
HdWW ytd jiodz o Qdzdij d3

L) = = = b+2cn, +3dnm; +...

’3
- p.T,n

1BHMBOSdahﬁﬁﬁﬁmﬂmwréaywﬂmeMBast HO
NsflsOs O.

0 ZOdZdIsd Ui MCd2 &jlstsH wWodw jlsfmw dzOdB Sdzj §
B flster 3 d ftetsfisr &3 wodzw jlsfmw ctwOWdyjmed
1OV dud MEd2 dd stsH o Cdzd YO ls d3g Isigsie Y J &BJ &

1 jtor 2 LOSCd yOjlsmy o wmftejHjdjddd IsOdza
5OdzG | dgf) k¢ dzO dz0C esdz® € OMOIsj dz' dagts? o ¥

L=f(1) 0. o, wonerver vommcs o

lIsstets?, dilstsH fJjtejMmMyudded?2, e HY sdzOG C
COMRIsdets? dz0@ MW R BteHddzOls. RMMdzj HiZj B §
WEdCyder mMsmksoO0s . 1 btsy¢j, tlsej yosrh j2

COMOIsj dz dzgzse € Ctodoats?2, Ctlstte®e thedl § j t
slsmd $OJIs dzO ftsmdzi Hdzd » f Otsg @& dsH3t dsteia]
rdzv tjhjddw LOHOYd 1.12 eosMmfitsd: L Ekzj igMmw
sftcj Hydzj dzde § OtydOdz! dz j Bsdzr dzr § o4 dzd v

— . dlb&ﬂ
dn;

f —

‘njlm



GH-JsBN jj L Clsj dzedo datsjf - vihfiscRtd lsdgtisizjted0. i s o ts b

‘ngﬁﬂ

V Nac1 = 7
| MINaCl p. 1, n
sz HS9 O _ L,

ltodBj 8 BOMMEZ 1080 CloOBEREN O

1000 1000
"0 T 3 718,06
o 18

ltesHdWW jtoj dzydtetsoa O dMmratsHdats] bkEZtoOo dzj dad j
f OteydOdz! detse s Bsdz! dzse s tsBI j BO:

dV ~ — ~}
—— =Vt =16,4+5,0-3b".
NaCl
db
vs0O0¢ b&EOD, 5, Is ts
Vxact = 164+50:05—3,6- (0,5)2 = 18.0 eM3/Moib =
= 1,8 103 M3 /Mmous.

Jeddsjte 1. 13

10 ¢eo®dSj (tdm. 1.1) fjHmsOsdj O L C
tcOfMmlso sOdEd Wo 8H | f tod 2SBZJD (i - U ffdeQ v § o

f Oteyd Odz dzkz ¥ b;qwsszzs[[[bsoﬁw®wwgqmms
cOMo 5O, MEH ) SNO" LOG BB.dkE &zH H
tdnddedd:

46 dzOMdzs kZtcOodz ezaff (301 BB MO

=55,51=const, ny,=>b.



Tormna

= AH — AH 11,50
Allw,s0, = o

11,80,

A0 =105 Ay 50, =1

Ay o
: 2 woensHd®R, dMisd Lkzvw cto% dyj mSd
f Oteyd Odz dz' 7 d3ts dz'OdiaZts dp Jikghimudez, S-O®Mm@ls j dz

dzr =, 1 dzv 1 Istsets o bty SCtwdeos?2, Mttslse j
Bsdz! , - foso s

Hdd3 S OMOIsy dz! dzlze . v OdzG § dzl 6 dzO dzO§ dzts dzC
9

tcOMmMlseo stej] HOdzdescts MsMisOo O:
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































