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AH = AU + AnRT. (1.10)

1 Of tod d34 tG:
CO+H,0O=CO,+H, gn=0 Qp=Qu,
N, + 3H, = 2NH; Cm:-Z Qp< Qv,
Zn(ls 9§ +HSQ (3 ) =ZnSQ (p-p) +H2(6 QL n=+1 Qg Q..

( Mdzd oMy hjMmlsea® EyOMmlsddScd tj O0<yd
mMemistsw dzd d (>ICfH90fJ d dd~ 0)s p | tEéssd jde olsjj M jahido:s
LWYW ) QEQfted d3j todets tt@odzr RBjyHE MBB2.

1.2 dwdzjHuHfmlsodY dL LOStSdZO | j MO, dr tof

LicOo dzj ded W :dd3du4fn<+‘d” o OCyd?2 o i3J M

Isdtedstsn d di3d Uy MSC ddsd EkZtOo dgj dzd v d

&
O

©

o)

7}
-3
=

fr]_Qc{d3q’ Z 0o dzj dzd W o3 .

I shmdkse | Isi tcdsGid=ky (| jJa§ip@zlsf shils W dzilis o
©j OCyd2), GlCterilsr?2 wkmmMSdd kyjds &, OF
LSy jieddsj dels Oz dzr &1 8 OdzdZ €., 190 € Is814 §4disimiEd
LYYW iREBRd Y MSs2 t8jOCydd dzj LOadmdls sls
MsOHd2, O ©ftejHjdvjkmY ddh! fodEesHE?2
Ctsdzj ydz' 2 ftesHEZSSto .

1 0Ct5dz 1 jMMO wodwjbm* Mmdjnhbsdid {
ftedddd ded dedd ¢ ~ddBB3dUud MEdd3 ftesyj MMOds.

R L LOCBEMMO o7 lsj COJls dey MEtsdz €8 M
fsLotsdws M jj opfdesjeirjdizd B B3dudmMédn 6§ OC Yy
sSBtcOL 5o Odzd W . ] SjtedBdsnddBdd H&ZY GCOYHBGTL
orBdtcOj Ismw mMemilstsw dzd § ftosMmistsets o §lZh FfMis
Emdzse qWw A, Isjf dzcls© BtOL 58 Odzd W Clststets
(dz20f ted BYAs - {OILBLOW dls d wHBBdUysHs Gdzse 5



sSBtoOL s Qeaffted MisOdzH Otels dz' A Eimdzseo dwr dd3
CCOdz/ B dz! .

56 dz@fjde® Hddg HMisodes dL sy PUsde®?2 | J MW P S
qaidyuj MEs2 tjOCydd ©0Oo jdz tOL dzetsfylsd d3j
tsdzd ydz' A d dMmatsHdz A 9 jhjMmlse, 2 dzdzts ¥
sjrddj stedyj MSdj Ss1WWdydj dzsr o EkZttOo d
] BN jdg Mdzz 4O wijody ¢ w2 Bis2 O Coukffz(d LitsdO el
tesyd M)

0 — 0 0
AHZ98,X.p. - nAH298 MPOAYKTOB p—IIUU - nAH298 UCXOOHBIX B—B!

(1.11)
CHN” uydfds dBsdj?2 ojh jMmss 0, bkyOfmlselks h j

Il s dBdetedr Mz yow . Isj §f dztslsz tsBtOL 59 O
dz' Lw., uUvteHO jj toOmmydls a0 ls 5 Isj ff dzt
yd?2.

dzOfisdistic hdidg H Miso &  d L Isy @ Uasde@ 2 | dgs ftptR:C
JMEts? tjO0Cydd ©0Oo jdz tcOL detsmisd d3d ) +
Is © d Ctsdzj ydz n ftcsHEZCIstse , lz d3dzts
3 stedud MSdj St wivdydydals’ .

AHg98,c1‘.x.p. = nAHg98,cr - nAHg98,cr (112)

HCXOJHBIX B—B NpoOAYKTOB p—IIUHU

{MB J dedets B 5
sjfdzsor B LW
sy Hddzj ded™ . v
dMistsyded & 53
md &sd Wi mEdJ
©j OCydd o dzj

Bsd&3dBJ o

4) [ mdzd Mmtso jotg 'OQHylsfigy  H
sswdzd?2 € SHJ®ROCEo'™ &
i Hfyls Oo dzw just Wiy jSHlsdzistp jst?j = &
5] .

I =
580
N &~ 3



H(Gt.,Y eftr[393,51 Cr
4 ( Odz,Y wfr[ 395,34 Cry
s(Gte.) Yilyg BBdzS) )=

5) [(MmMdzd MmMtse jteh O lsmw Hoj twjOSydd, i to
MsmMistswdzd?2 € tcOL dzdto@ie" ddgl O deff jwide” I3, d Fls s j o
ftcjHMsOadzw jIs ftesyjmm fjtejrsHO dL HASG

12+ =00 (&) + 241,83 S
12+t 1o=0of (%) + 285,84 Cr
12+ do=0of () + 291,37 Sy

@1 (2)f QA FB, 83 Sy,
@1 (1)l Qxx Hdp, 01 C1y,
@i (1)l b fdP, 84 Cyy.

13 1 Qo d d s ls - jfdtsor s 1WWjSktss to.
LicOodzj dzdj sdtemrGEBW¥ O

[z Stsddyuj e j dzdzts?2 Yy j dESdzkz U jflsks s d
ZOCtjoOddd, dMitd Lkzjlsimvw §sdvid) kj{ dt

sjifdsj BEslgB! Stsddyjmsets kjfdask', Mt
s5j &k jteOlszter jHdddy' StddyjMmlseo ojh jfmise

ud f dzsj BBCsMls ® fnd mlsd d3r dzOL " 8 Oj IsfW |
Mstse h g szddsd fls j &Ed Bos SYASESYE MMj, ¢ Mo jls
5j & j cOlskztsr

_doy _ 26

G == a1 (1.13)
_dop _ s

Cr =" = a1 (1.14)

[ sdz' dzOW ( Bsdzv tedzOW ) i sl tf dztS) gl cfsujlsi Is o ts
dzj sBRtsHd B HdizYW dzOGtcj 9 OdedW tsHdese s s dzw
VHJj dz' dzOv Isj fidzslgskRS Bz uyj Mlsots Isj f dzslise
ZOctcj 3Qdatf¢ s CtOBBO oM jMsoaO® dzO tsHJdz ¢t



{ OL &3j tedztsfls! { dzstesfdd MsoafOHO IS f] ©OL

Ik _ KaJl
Moab-K’' wMomb-K
JHEZOSCt WdLdyimMed?2 MmMd3r mdz 1 dalste Udc{ d s
1) bjfds] BSthis! "O0LOCk,jtdL b ¢ 5 dzd -
dz@gj o Odzdw o9 jh jMmMlso O dzO 1 (IS d dz) GtGOHIZfr];
2) 1 destesf v R OOCIsjtedLizjls SCtdzd yj Milsot

(BHdEBEZ) cttOHEME.

Y Ml d&jjls &Bjfists dzj sBEOd®EOY 7 ddid
feslsjS0Ojls ftod

1) V=const Q=pU( L satstedzr 2 ftetsyj M) :
2) p= const Qrq@ (dLBBOWd 2 ftetsyd MM)
1 Jtwow ftwosdLetsHde j 5 IsjBfjtcOlskztej, By

doy _ 98U _ 9Us _ 9Ua _ B _ A _

E_ 0AT V_ oT 1%4 oT V_CV CV _ACV

(1.15)
d0p _ O0AH  _ OHp _ OHa _ B _ rA _
= oar »= e T o, =CF —CA=AC (1.16)

CHQT Bsd &ZOVW JLBABELdOw Isj{f dsj &GS shls!
C,T BBsdzt dzOW dL 5B OtedzOW Isj ff detsj BS sfls?

rdv dhnj OdmdcDodQuizdd s btcOodzj dzdj [ O2 j t

RGOS, dLBjdgjdedj Isjfczsotsets L WWjChko
sjfdzsj BCsMisj2 ojh jMmlss EyOfilsdedS 5o dtesj©C
bicOo daj dzd | (EBEBcC 6 WA W W j o] dzyd Oz dzgs?2 W sted
Yyjdzj2 fsmdzjrndyj bwOodajdedj ddalsjctedioks Is

AHy, = AHyp + ;2 ACpdT. (1.18)

[z o MHAU @B O AHRQls 'd Bj 5! HOddG j (I
PuOmsddSse tj OSydd o ddestsico @ dizO wi fzdzy j t



JHJdzj dzdzse s ddzlsj tco OzO sty @Bt i) tePlszasO & lds
sdzz | J MO:

ACY,, = nAC —  nACp

npodykmos p—u.

(1.19)

UCXOOHbIX 8—8

MOteOCIsj tc dpHmg] dzj dgf § cOlskztets?2 L OQadmdl
PG JtkzBtsy fdBddyjddj tjhjddy Etgd d
=0, 9 1kt MdzZzyo] bjfdtsets2 1 WWJjCl tj OC"
( mMdpg=const, Ists

AI'IT2 - AHTl + ACP Tz - T1 . (120)

MeOo dzd s j dz dzts L € t5 d3o '] fidls gzdz'd let W H letgp @4
BOA PGz HAY o jtH' 7 d YdHCda oM jf
i Ozt depgad@s) to Odj

w stsydetsegts tojh j dedw LtcOo dzj dzd W s dtcn
B4 BEmisd U= Ilsi G wOiipjizds " dzz yOv = ( dz
J @O, tsis” Ydgts f 5 d&z@= 02 8§ U yldis= 2Bl ) |
Oodgj dedy sdtmcBi OC § OFdg] dzdAdES disOﬁbMJU
uimeédd i oateOn j dad ™ 3.

[ iSydivisdw Isd jlstedsaf diddz t Oy ls § tsdzj L dz

2.1 (1 OfMmydls dL d3j dzgj degdWw 1 dzlstesf dd o twOL d

2.2 uvjfdseovw sjtstj O @. o ds 4 dstijsk
L dels s d

23 (Bl jHddzj dedatsj] ERZtcOQodzj dadj  j tcodzs@dyd Sdd o
bujltsd fsdjL ds? OB

Il MjeXXdgs O t. sdkOkLdbkf &0 thmdsej ol
COLOd vybkts Mkzh jmsekjls OCOW o j dzd yd da
gL d3j dzj dzd jH dz¥ s lduBtddsRIs d Bse s  dL tslsj tedzd Y g |
9 JHY dedlzts? Isjff dzslsj . ClsO o Jjdzdyddd do
o SSAsdE di3j dzj dzd j S destctSfiabdesedy S OwOC IS
fnd v dzdzats 2 1 dzj e dd, tsilsdzej M dedzts § ¢ 1

JEmMo: (Mtshsf grmis! ¢ ftojoteOh jdadt & .
dBtsdzj J § tstifftplg to1 j dv j Isyw H dzW sBicOIsd
dMMmtse . YHiM dL B dzjdedj  zZstesfdd
dzdzs dzgz dzO OB Mtsdzé Isdzlze Is] B J e Olskztclz:

— & ooy @
go- %s&a

TS RSO



_Q
AS =2 (2.1)

r dzw 1 dzj dzj dels OQtedesets ftetsyj MmMO:
As =22 (2.2)

{ Off isfls s Odzj dz,q%@:dS) 2@ O jinded W d ISl BOS tsfdz

Isj td3sH d dzOd3d € d .
RL 3 dzj dzd § {3Jzls to s Ol txegee ¢ tesyJ MMJ L Oo
ZOyodz desets d Ctdzj ydesets fMtsmisswdzdw d dzj

a5=S 7S, (23)

Cdalstetsp s Yydets o' tcOY OjIsfpw o |/ Btsdz! As
tcOL d&3d tedztsmils! MsCtcOh Yy dzdzs YyOMmlss dzOL ™ 9 O Is

Cdzstetsifidivs Wk dzC ydqvw MmMsmissw dzdw , sOC §€ O
Hozdz EMmdztse d W d3:

1)AS = S, — S,

2)$ds=0. 1 Ctkzctojsis fd®wyidagdii tcOo dets dalz dz

Il tBhjd& Mdzkegsty Htod v =

ds > wm 6Q <Tds, Q.

CHj LdOC = shdshdlshY ¢ ©Os dse j ides Ak
Ldz®CT € dzj tOo dzgiso j MdesdB ftosyj Mk .

[ Odzdets ] dzj cOo j dzin s OO EHQPMS ] of
LOCtdz0 Isjtedd3sHddzORRd S d ydteddL L dzlstetstf d & .
JLEdkdtss Odzdzts 2 MmdMmlsj dsr oL tcOMsOjls d H
Memisswdedd tOo detse j Mdd.

'y dzdud dzO  dL d3j dzj dxsf vd iyt tslzls teltsiy jdlsffy W H dzW
o BL i3sy desMmisd MOk tetsd L o sdz! dztsG s ftotsls j € (
MdMmlsj BOR), O OS] HAY ©OMUIBO ~didudf

2.1 (OfMmydl dL d3j dagj dedw + dzelstesf dd o ©OL d
10 ottt  Istsds, fs2H({ BddgddfyJ i O aeelzr 2t
Mok tcsd L 8 sdz' dzts, d ¢CO0Cddid fOttOd3] Istc O©d3c
CSEHO o dzj?2 EMsOdzsoadlsmw Isj tocdstsH d dzOd3d y 4 fi
h cReisctctets LOCBAZO IsjtedRdsHddBOBRBISd.T 1l



sjted?2, GIojfHgqizydy dOd dzz¥ o 5L d3tsy dzt
5jCOddw ftesyj MmO,

slsddyudj Gls HikzeWE uff CaO®E] BE&D s j(igdL
Misswdedj MdMmisy 3" d dL BpSBEHE Iss 8IS Jaed
dz Cts5 O thdetso Odzdd tOo detse j Mdesets f otsy
dedzr j, SCwbtsterj dmisd Lksk fed o udhd,
f dzslsr WOLBO' D fojotwOh jdad2) .

Il sfmdtse | tOMyjlsO dzj ydls ddzlsj cted tetso Odzd

AS=S,-5 = [ (2.5)

tdnddedd
sj s H d dzO d3

{ OfEsls
f)dzk yOW T :

{00 52 yOflsd tcOo dzj dzd W
dud MEsets ftesyd MMO.
da&3 dL gidej dedd  destesfdd o o da

1S dZstesf v WOLBotcEs fjtojitHO (§ &zOo dzj o
) 56 s dzeohsy i85

_ AQ¢pn __ AHén
A8y, == = 20 (2.6)

26 dzlste s d W -t ljdeviktedzy 2 dHj OdzicaB® G5 € OL (

AS = nRIn2 = nRIn= = 2,303nRlg 2 = 2,303nRig = (2.7)
V. P, Vi Py

1

3Cdzstesf ¥ JL SBEOLdscts fsyj MmO
] tc d cotsst

"% qr. (2.8)

AS = . T

[fMdizd © HOdEEER Isj & j Lok cdasd d dzls j tso Od



AS = nCylnzt = 2,303 nCylg - (2.9)

AC dzZstetsf ¥ LA Btdses fotsyj MMo
1 tc f=const

T, C

T
AS=n *dT =2303 nCylg (2.10)

5. [fdkd HchEGsiHki Od dscts ¢OL O dL d&j dz
B MCtd S5 ,f Oe®dj st o

T, v,
dT dv T, v,
AS =nCy Ea + nR v = 2,303nCVlgT— + 2,303ang7 =
I v, 1 1
2,303nCylg = + 2,303nRlg ™. (2.12)

6.0 dzls toc Sifdgjvh j dzgdw dH J Odz' dzg" = G OL 59

} Mmist  Mmd3j M d o @urgnstd d wapds § o d

VisBl jd&3 SHdZBets ¢ OL O,

VoisBl jd3 Htckzetsets cOL O.

Cdzlstesf dw COYHBSES dL cOLBo dgj dgw j Isfqw Is

Vo +V,

AS = n,RI \
nyRIn 7

L+,
AS = n,RIn :
V2

1 sdzdets] dL d3jdzj dedj { dzlstetsy dd :

AtY2 4 2,303n,Rlg 22

A6y, = AS1 + AS; = 2,303n,Rlg = -

(2.12)

7.RLABjdzj dzdj 1+ delstesfdd o twjLizdz sOIsj
By dets 6 OMMydlsOls! L dzOwW OB Mtsdzs Isdzr j L dzO
ey O¢Cydd ojhjMmise.

ASx.p. = (nSg98)HpO,Z[yKT0B p—uuu (nSg98)I/ICXOAHbIX B—B" (213)



Cdzstesf dw o IsjtedssHddzOdBd uj MSOW o jteswisd

I sstes? LOSEsd IkjtodsHd®OKB(Sd doj Osf
MsOkdmsdujMSéd?2 LOCEd Ctktser 2 Mtsds HO,
LdzOydlsjd dzF & Stsdduj s &sdjSkd, d §ied
dsj d' M j ©OL e s tedssHddOddu) ns2 hdnk)

1 OB d&z¥ HOJ B MtsmissW dzd J mdmisj &' (cC
TOwOSCIsjtedLijlkmY sSftjHjdj ddr B Isj tcdksH(
fEh j fiilse tso0Rlalzd Wdssl tf sdzsy j dedd dBsdzi Ckd, s
BfCefesmissY ddwdd. J[Hds d kst yj KOSt
BICtesmefissw ddw i, fsslse jlshsokéh da HOdd
CONHBEE ®OCLomMEmMstw ddw § to{ sW.d SAUOEZ Waf
W dzOL ' 9 Oj Isfyw sjtedstsH d dzZOdsd Yj S 52 o jto
BICtesMsmiss dzd?2 dzi sBRsHdB Mo jHiddy
feshisteOdziise j d tOMYtejHjdjddd {djtcdd
sjtedstsH d d2OdBd Yj S OWOL 0 j tdsts Wjla dzedids  dzndsd € o s i)
Messlse jlsMisoabkjls BOCtsmsmlssY dd ¥ .

[. 16d ykOd o' Hoddkd cdiskjLlk
Mok tesdLotsd df & o Ikjno fMezyoOw s, CGCH
Uj s dzOyod desj, Is. j. Cwdgj ydesj Mmesmlssw da
Yddis 8 B S tesmemssw dd?2. wOdBsftsdL o sd df 2
TOLOCjtedLizjlsMY otLtOMsOddjd ! distesy dd.
Ldglstesf gw, wodwWjlsfw osj es?2 Mmlstej dsdzj ded ¥ My d

VilsOdzso dzj dzd j MlsOIdmisdyj MS s fotdsof tekts dz
[. I1td ykOodk sftjHjddls' fMlsolsdmnlsdyj m¢
sj ks dZOBd uj MS W2 o) oW Isdasfls:

S = KinW, (2.14)

G H ji Cgs dzfls O dzls O Ki=tgezt B&AWD e/ s,
A

Ri kdzde jtcmOdzt d&zOW G OL ts9 OV {f sMistsw dzdzO!
NaTydmdzts ¢ otsc OH tets.

RL kZttOodzj dzedwvw 1 tsdzt ydzOdZO dijdmji xgjldz f tsydsvisd
mMemissWddY MdMmlsjd” . RrRLAGJd] ddY, fJsdmnat
5jf dztsls T By dzts tOMMBOlstedo Ols! ¢ O¢
Isj ed3sH d dzOd3d yJ MEWE2 s jjtaiviig ddidfijisdyl U d ) dzO© a3
slso j yos hdrn desotsdidz BOSC tesMmisMmissw dad & . A St
otsL tcOMmis Odzd j L dzlstetstf d d Mtsslse jlsMmlsalzj Is ]
o jlotswWisdesmls s d deOtsBtstetsls. LteOo dzj dzd J

J
Bsdzj € -z deflds Ry Jsif St d , dzy feslsdotstej ydls



l jdzdyd dz©  destetsf dd Mmdzsyde 6 SBLOL 5d3 5k
MejHddzi dzedw © HOdzdzsdz OGtcj cOIsdzsdz MsMistsy
BOMIH dzv tisHMmise jdedz" 7 o jh jMmlse ko jdzduyds O,
sl sivkdedjwvdzd yd o ©j sfw ftd §jtjntsHj Gl Ise
sls CtodmlsOkzdzdyj MSset Mistetsj dzdw ( dzOf tod d3j t
(HodD,, H,OdD,0) , Bl Mmistets jeeips Odgs dzj Yz tze O dz) .

2.2 vjifdsesOv Isj tstej djOiz® diSe@iz) IsiOs, i dy@fjdstiafs]
L dzstetsy d d

I wsbdaduydj ls odlzlstejdedzj?2 +dajtecdd d
Bftej Hidzdls! OB Mz laddzQiydLisdzO Y jddisdtetsy W  d o3d
oL iIsy detsmis! dgj f sMicj Hinlse jdades dzj o7 Isj € O
f wdzw j Isfpw  dzdh+  fted dMysd LseOddd 1§ sfls
stejls! s L OSdesdg IsjtodEsH d dzOd3d € .

yissBr fdwls! MB Mz bijl! jées dzOyodzo
tOmMmMitsisted 3 Jtoddsdte dL &3 daj dzdv 1 dzlstetsy d
sj B j tcOlskte] SCtdts OBfMtsdt sdasets  dalz dzv .
Ctod MisOdzdzd ud MEdd BsHIW ¢ Oyrdde S dsilslP@IIE dpdial # f
iSnd o' MC s GlfijWOISBLAdEHA|] B j s Gdss )
Qo dztso j (2873 q Usdi §f dzsls O t.Oo dzs o j §) Gezd B iz
SSGHO { dZstesfdY fjtejrBHO BSHAdS2 Westtd o

AS 7 Sn » az Sn =X =_1,73 -

287 ’ mosib K’

I 5L Giidnfed 5,0 Ot jd His Isjisdg O i
f tcj o tc®ilsshald)i Sn O LOIsjd SemtzOO g TRs dzt Is dzts 6 s
Mz dsdsOtedetsy L d3j dzgj dedJ + dzlstesfdd BEHJIS:

87 0
C - Sn —497 C, a-5Sn
AS p(F )dT + P

dl = 12,32 -1,73 — 10,55

T 287 T
0 287
= 0,04 + 0,1.

RLABjdzj dedj 1 delstesfdd o ftojHjdzOr tsh dBt
fdzj Hizjls, ySndbiAnesf @< s " .

tdLizdz sOIstsds tsBBBN j ddW L €My J tod d3gd dzls O«
sjtj BO | jtodhlsO, o sitfls salz@» f dsOMdIs@ dzj s |
flosyj M’ fklsjCOsls BjL dLdjdjddy 1 dls
q;%JdZszqu@S&JCBOISqHJﬁJQ‘SJ or Oy jdzdj Isjttey
9 dH:

limAS = 0, (2.15)



TY &.
[. 1 &O0de€ ©OMmh dedd Isj § dzse s sls fasd] dsiz, 1
ssd S5 Ok Suzs0 ,d SBEHO

limS =0, (2.16)
TY &.

] sMlsk &zOls 1 dAOahEiafY  dH | Odz! dzgsets  Cted fls:
OB Msdzt Isdztsdz  dzlz dzj tc ©9 dzO ozlz dz¥ d dzd 1 dzls t
(fMtse jteh j dzdzts G t5) Yidztf ffIs @ dedz©@ dzezezis S Sts © | M | Myls
2k dzi t©O9 dzO dzlz dz¥ .

(lsts §odtsyjddi di slkdshdshY ¢ flsjc doc
dets d Hdv dednh { destesfdw fted 0 s Bsyjdd  dsc
BOO, dzs B3 0 Ne.0o HzO ) O dz' iz & g K ) b5 © iz cz @2 1
ftoddsj Mg, dzOBdz HOs kMY HjWjCldy | MBBES ISk

) sk dzOl ) &ZOdzC O fsLotdv jls o9 jfisd ftsc
%), Is.j. 1dsesfdd slhudlOodsdzs? ©ls dzd
slsfyjlsO tikopBsz0f ovtejlsd?2 LOCtdz ) tdst
9" ydmdzd s+ OBfMisdzs Isdetsj L dzOyjdedd { dzlstetstf d
WRSRi
H

T

shissw ddd, jmdd dLejMmisd’ | SMfjteddj dzls Od

Odzdzts?2 Isj B j tOkter, O kOCY] ) Etmisp. g
LVicOo dgj dedd HdzW of ydmdzj dedw < delstesfdd o

Mehsswddd BkHjls dd&jls! odH:

Cp TB AHr([)naB Tyun C Ky

AHZ T Cp(ras)

ASY = e gT 4 ey dT +52m 4 2T
(2.17)
lted w©WOMUdlsd dL d3gd dzgj dedvw + destesf dd o =~ d
s Bs? Hiees?2 ) & jteObktie] v, dnfod Lkl

ASY = ASF® + . =P dT. (2.18)

1 dz0yJ dzd J OB Mtsdzt Isdets 2  diirpiflastalis fLdzcf Is o jHhdgwh
dL 3j dzgj ded W { delstesfdd o ~dd&3duimédn tj OCy(
1 smiskzdzOIls 1 ZOdz2C O ¢ OL Odzmw syj dz 9 O ¢
ZOYOdz! dzOW  Is 53500 feglsdf) Uy ISfO ditsy dets o " yd fmdzg
L dzOy JSdfcfeild dzt Bts?2 s B J O kztSjtcOMmeldigdzis O4 |
odJhimsa® o MlsOdzH EAIOBERE ERRIOSYSdzd d J( tds OB |

2.3 [ Bi jJH(Jdz] dzdzts j ztc©o dzj dzd 4 fjtoots
sjtod3dsHJdzORRdSCd M Eyjlstsdy ftsdzj L dets?2 tcOB BIsT



RLoO jMisdes, 7yt &0l jjBOB mgHEt L 0 @Y j
Hdzv dBPCBESC s tsyd Mihse dd&zddls MmdzjHikze M d2

AU = Q — A, (2.19)

dU = §Q — pdV. (2.20
4 byjlstd fdjL ds? wOeslk’ fsohdjHdjj o

dU = §Q — pdV — SA’, (2.22)
f 5fS tsdz'sSBle OHsd"Bs ¢ 5 s j toditsH d dzOd3d U j S 8¢ &

5Q = Tds, (2.22

s ts SA” = TdS — pdV — dU. (2.23
] ®©jLbkd O jsBf 5 didstigd j SEwOo dzj dzd j f j o
LOCtdse ISt ddZOBdSd BA.EyUjlstd § sdzj L dats
ltocso jJH BB OdzOdzdL B jJHJdzj dzdetsets [Ztc Oo dzj
Hok? &Odetd j{E0w0]kEEadBOK] U] NSdE § Gk

[ sEswdssls j tdd Ui MSsets fesyj Mo,

OV, T = const,
SA"y r =2d(U ZTS). (2.24)
[ BtSL dzOylffzdBS = F.
UBGHO 6A" = —dF,
(2.25)
A" =7 AF y 1. (2.26)

I &zv Qs tsils j ed3dd yy MEsets fesyj MMO.
B P,T = const,

§A,r=—d U+pT+TS , U+pV = H. (2.27)

[ B 5L dz@Iq TS G,



IS SGH O 514, - _AGp,T
(2.28)

A’ - _AGP,T (229)

sOCddz BBOL 5d3, { tsdzidiLdadsy] taafRByy IdNE SEELSE At
e' dzd Mo tsBBHAS? | dji-wdKy,q |{sHzj@cds@n Yy®OOB s
dqLislsjtedddud MEtsets fetsyj MMO tOo da® =BG dzd

[dSydy 3. mdddud m&dd ®©Osdeso J md™

3.1 vuvtcQoadzgjded] dLBIjtedsr | &Y Q) i SBRdefr
tcOQo dztso j MW

3.2 uvtcOQodzjdzedj dL tslsj tod3 tsnsdefFefisily € dsP y 4t
fesyd Mmse

3.3 10adimddismils! CtdmisOdasr tcOo dztso j ldw

31.uteOodzj dzdj dLsljtedd o ddewiyiyos?2 ¢isjdnd
tcOo dztso j Md W

10 Mg hjddi ~didud s Oy difQ stededseRjsshifi] dzd e
oftsdeyd delstcOyd¥ dzj CIstedud MSdd d &BOcdedIlsdz §

mddsd yj ms ow Is j ted3ts H d dzO d3d S jCdzdztf s Loor tsta¥ L dsis
o dzd W dad v .

1Ml ~dBdyudmsov wj 0sydw

aA+bBY cC+dD.

fteslsj COjls MOBsY tetsdd b tslez] wakd wj ME pEp T
cons) , §tedud OB dpH j Qdz' d&',¢ 1. 4 PLLT Oteiyd Odz! detsj H
Cod3f sdef Gzt s § tetsils § ¢ Odededd ¢ Ystf sy ME O dzj d3d dav
1L dzgjteedd 1 deBmMO H&YW sy MMO BEHjIS Mmdzj H

AGpr = an. — Gyexp—p = €Ge + dGg —aGy — bGy, (3.1)
GHG1 dzgj e dvw. | dBB MO
[ sy des teOMMydlsOls: 1 dzjtecds J, dBBMO 5 W

dG = SdT + Vdp. (3.2)



¢ COC HOodzjdedj Hvwdhis (s stydsds
fesy MMEONMAPESESEBEAY dB' |

v 0O
OMmisdzd € d dzOh d n
fsdz LW HOodzj dzd j . 1r diftdsdsqnasdzsdy j dnl i & dz|
L O

G — G2 = nRT Zn;io. (3.3)
9 dH:

(3.4)

ltegf’l= 1 Olbds tcOodzj dedj f tod ded BOS Is

G = G + nRT Inp.

s 538 d diafucdre'dz] (ZH(3.89 & dfzlz yd d3:

p¢ d
AGpr = AGY + RT In( EPZ, ) Hep., (3.5)

RdzH j C ) cdzgjtc. € o kttOQoadzjdzdd EZSCOLTM 90j s,
f Otcyd Odz! dzr &3 HOo dzj dzf OB ts® A2 tHERg Mo j M dats 2
LicOodzj & j dzZQ3". 9 O Isw EZttOodzgj dzedj 5 dL s

d dffL tsls j te d3ts)21s WWORzIs
[ Mdad=ps=pc=pp= 1OIsd3. , Ists
%P,T: G& (36)

CH %% MsOdH Olsdesj dL s daj dedj 1 daj tec d

} tegp= constd T=const( dL sedtasids] cd3d yd Mc d2 sy,
Isd ed3sH d dzO d&3d U 4 MQESGTB: Qo ddiso § G &z s MissW dz

¢ s i3t 5 dd)jtatidsotsdats 0 j fpdzr § Is. J .
c.pd AGY
ki paBH. = e R, (3.7)

a.pb
Py-Pp

0o OV yOfjls! 3.7z 600 Gl ssdz ¢85 &l |
' Y O fighs t§ dzfmiseOfdpisglsI fr

]
#dzj His9 Ols j dz' dats, d dzjeOw |
fsmistswdadats?2 Isj 3t j tcOlskztej. [ dzO dzgOL ™ 9 O] Isfyw

Kp = Pg'P’% :e_Alf_TT. (3.8)

a
PA'PB



SstdflsOdzs O tOodzso j MW sy jls Brls! o ts
C 5By sdzj dzlstso :

InK, = — ARiTT (3.9)

VicOoadgjdedj (3.9) wWodwjlsfpw yOfglsdz o5 fdzl
HowyL ! CodeMisOdzlsg M e dpfsdzj My ds st dzj e dd .
ZtcOo dzj dzd 4 :

AGY = —RTInK, (3.10)

l sdzi BAGY BYdedtHJZOBd Ui MSdd Mfshse s
CedzMlsOdzlsz Oo dzseo J MW, dzai JetsosHW L St J

P&-P8
P$-PE

AGP,T == RT ln

Hep.—InK (3.11)

p

[ Mdzd dL g J fipldsdz@Btsy) dets tsyJ dzd Is L dzOC o' 60O
f sfmdzj Hdz] 2 W stocd3lz dzr

O) jteo O o) ded ud O ) elin % weshdglde (F. lelst

o J dzd (i Hg), ls&H @ dgj tcc d W |G B MA@ dz( &ed dzlz dzv |
MOk tsdLotd ds sl COjls MdjoO &OftOs
B) 1 j@gayuddd o Ystdzdp,j edEudds> 0lsist
feslsjC0Ojls BSBELOIAOY ndddyujmMsow tj oCydw;
) uwbkBBO o MCtBC@H= GOo dE3] jid dzidzj M leets
ndRdUj MSBEtE 0o dzse j fdw.

3.2 LicOo dzj dzd J gL tslsj tod3r - d &3 5t 76 t
dLljted3dud MSdr ftetsyj MMtse

1 tod camst MFconst( dL tsadsttesids] ed3d yd M d2 sy
tcOo dzso JMpw (O Oj sMw yYjtejL tw©Oodetso j Mde § ¢

v O¢ co¢ f sdzj L dzOW tcEAB=03, P ts tc @O ipq j Isdzlz d
] J dz' 36 s dz! WiPts f Wetstes dgla dzj

dF = —SdT — pdV, (3.12)
CHE-L dzj teedd 4 jd esd yo.

Fdv SHdsEs oY dHj Od 26 cdst Y aBL O O td
i Hkzs M jd adH|:



dF = —=dV. (3.13)

l sddzs j cedteso O ok wiPte faj [EMQE ¢ 8 IVis3 KV
fszyd &3 o Oy J ded §

F— FO=RT In—. (3.14)

0

1 tod dMABHdE?2 Cots dzl) §tekroddy d3if dstsidfin/j HOdlz! dzis
GOL O:

F= F°+RTInC. (3.15)

15 0dzOdzsc dd MLk tedddsddi dizd j &5 ( 3 .

cé-ch

AF,r = AFf + RTIn =2 nep, (3.16)
: ca-ck

GHAFPT d L 3j dgj dzdj +{ dzjteedd | Jdz' Betsdz yo

VicOo daj dAAf j SOX N1 dzOL "™ 9 O [ls fizks j & 3O o ¢ a4
tej OCydd kfMdzcedwr ~dddypmitOects tOo detso j g
AF = —RT InKc, (3.17)
c.~d
% paBH,9 ' tc Oy j dzdzOW YJtejL tcOo dztso |
A “B
Csi3f sdzj dzlstso .

rae Kc =

1 sdzkz yJd dadz | Moslsdzsh j dad o peodzvtc O § @ @ lis @ak
Hj2Mlsekze hdr ®&OMM L Ezdz HBjtGEO d |1 OOG .

gow L4 dgdaitsysils BT Is! EmlsOdzetso dzj dzO Y J
dH ] Odz! dzgsegts G OL O:

pV = nRT , p = _RT = cRT, (3.18)
fndzj Hstg ad® dzts Kp = Kc RT ¢td —atb (3.19)
Se= m SBEHO ~dBdyujmMcoOw tjOcydw dH]ls

COLBoats?2 WOatdra#sh j. ftod
bydlsr 9 OV ko dajsalafzjyd@ds3 . 1



cé-c$
c4-ch

AFyr =RT In Hep. — InKc . (3.20)

RL kttOodzj dzd3 . PL)sldjdrgd®'zj Is, yYlsts
AG? = —RT InKp. (3.21)

LicOo dzj dzd | (3.21) weo dzw j Isfyw Yyomlsdzr o3
~dBdud MEs2 tj OSydd.
486 dzOMmdes dLslsjtedzdy ~ddBdyd MEts?2 tj ©OCydd
O) [ fdd As? >0, 1tj OCydw dzj JeslsjcOoils
MisOdzH Otcls dzF n Emdzse dw = . lteddzyd f d Odzt dzC
St Hjdv ]GV LIsEdediy @R §tod &%Hdlsmw L dzOy
B) Gl 0, By dts MGCOLMs! IskydsHs® tee) OC ydw
dz¢ B" n OLEZBd = MMis©Oo Of dMatHd = o jh jf
tGOfnUOHG ~dBdUI MEsets My Hddzj ded v
) Glax 0, Is. J . ste ByJ dz o jdzdcoO d tj O
MisOdzH Otcls dz' nts Edndeas odf¥wWERr, R detczedms EZMmdzse dw n
t Omydtists sisOB dzd yodz MlsOdzH Otelsdz" = 9 j dzd yd dz
s 5dz s Odzls O e QPR als] Med™Wis!s LOMMUdIsOdzO (L
~

HOdzdz" 7 ftod MisOdzH Otelsdz’ 7 Efdzse dw 5 WSt
_ ~DHZog | ASjeg 1 T ACp
lg Kp o 4,576T 4.576 4.576 298 AdeT T 4576 298 T dT. (3'22)

lted tOmMyjlsy SCtdemMlsOdzlsr twOo detse Jj Mdw o 5L
1) [amtzd= BscHOo OO Zdzv  Jtcor d3d MmdzC
2) (admtizd = odsttcs H O

—AH3gg AS9yg ACp
4.576T 4576 4576

lgKp = M, (3.23)

298
G HM, = oo+ - 1.

I j dzd yfigdf totsls OB zdzd tcts 9 O dz' (o L O dMmd dits
wod L oeRSdERd ud MSda o j dzd ud da

3) &u®odmdls Bls Isj B jtcOlkzter d f tod d3j dav
(3.22).

1 dxd YtwdejHjdr ojddudds kddejmRiOGd
tcOL dzd ydzr = tOL d3j tcdzesMmisw 7))



Jix . 3)R =
b K 1,987 —~_.

MoJib ‘K
4)R =

JI -atm

1)R = 8,314

MO

pr

2)R = 8,314 107 :
MoJb ‘K 0’082

mosib K

3.3. 10odimddissm! SCtsdhnsOods’ HO dzsdeg ) d
rdv fsdzyj ddY L Oosdmddksmisd S sdefpls Odzls
btcOo dzj dzd j (D) Esji ggOo dzv v Is o  LzysjOdz dayalis(dp
dL B @Eedsts j tdid uj MS S@R) § slsj dzyd OO
0AG

AGP,T = AHP,T + T ? p. (324)

C'd . . .
vydlr 9 OW, ylsts1lp zpm{qnq%ﬁ?@(gp.}mg.m@mmo
dzi LOoadMmdls, f§dzydd MdijHkEzsh jj of ttOy j dzg

MG _ p 1 PERD \
an—RlnPX.Pg RInKp — RT

dInKp
aT p

(3.25)

1 sHMsOdso CO foMmdjHdjcs o' ©O)jddY d
|l dBBfjQ@z 36 sdiz m®@o adgOdzdsy dJL 5B Oter ~dd3d yd MS ¢

aanp _ AHP,T
= (3.26

¢ zZOdzsG d Ydets Btsy dzts s dstbusdds ¢ ifteofondoipd ighfs)?
32N sHMls D& Gy dzj 2Bh] (3.0 dzj dgd jj dz/| BB A OYO H d
dL sB@tedgtls j todzd yj MS s@M): §f slsj dzyd O dzO

d1InKc _ AUV,T
oT v RT?’

(3.27)

/] BO RZtoOodzjdE)vedq dzd3 02 D) HYy EHX W s B®dzlsrL [t
dL sB Oter ~ddi3d yj M2 tj OSydd Mmdzj Hizj Is:

Q) ( Mdzd @& < 0, tej OCydw 1 CL Bslsj ted3d
bdg dz2' " OjIsmw, O wOoedetso jMmdd M OjIsmw My

B ) [ mMdzd & > 0, tcj OCydw 1 dzH tsls j to d3d 1
Isj B J tcOlskzter O tQodetseo jMdy Md3j h ©j Ismw Mmd

o) ( Mdzd ey = 0, ss st dzj LOoadMmdls lis



lted ddzsj ctedtetso Odzd d  fiztsfiglzls] HLddgCrIs ! Iz ta GDpoddjfiy
) s5ls bjsiftge® 1 ted dzjBtd hdr d.L Bty ddva
o jdzdydde foMmlstswdeds j, f tsdzlzyd d3:

InKp = —i—l; + B, (3.28)
InKc=-22 + B, (3.29)
RT

GHBJB'Tf sMmistswdade" §| dJdzlsj ctedtetso Odad W .

[ Mdzd o L ogjHiplEvdz dzjsmSsdz Sda Isj dsf j tOskte,
CosEeH d BERPsGR . By ds SfejHjddls! Isjfdsss?
tj OSydd d ftiilstwdadzzs ddzsj ctedtetse Odzd W .

Il dzdwodzedjy HOodzj dedw dzOjMmAfd dsd yd M 5§ OO dzts

sdzMlsOdzls© O dztso j MW, 9 'Sis O Qeidzdz® O 9 duf
SBN jGEts HOo dzj drdiwe jen sl s JRBIS, @amiid L d&3j dzj dzd
ydmdazO hitsdzj 2 oM jMmlseO fted Y totsdpfor@dzd diz' tdz
(s dzfmils Odzls ©  oddro tedBHp jj URif® Vv L C Bdagd ddg e Oy@esd i d
HOo dzj dzd v . sO0Cdd3 BBEKLOL 53, Hdzw  tej OCyd2,
dHJ Odz' dz'sied &BIsT HOo dzj dzgdwv dzj L Oadfwlis. ([ H
fpd3d Md Bsydls L Oodmljtlsd  dsusd3j wiap alap ff dzdwe M j &
tcOQo datso | Mdes?2 Mdsj M § OteydOdz! dz" j H Oo9 dzj dzd
SHdzOC tso 5] ydefpdth) siBGO.e [Miggzdid 4 tedv fylssP dig]
dzj tOo dztso j Mdz" o3, fs2Hjls tj OCYYR cH tieiOm Hik
tej OCydd fted twOQodetso jMdd EZHBpdets R OtOCIsj te

_ neng
~ NN’

Ky

(3.30)

CHNi sz dzr | HBsdd EyOmbsddCte tjOCydd.

goW L ghisnEREN jMlsody kv yjkjL btOs dzj
Ky = Kp:p™2", (3.31)

GHigisBh j ] HOoadzjdzedj cOLtseats?2 Mmd3j Md

[ fidzd oL WwIs! OO d' 2 dicd6 daBRfv Hl§
ftesHdWWjtej dzydtetse Ols? 5 domsf | iz izl @ dgj dzq



Onky _m_ W (3.32)

o r P RT’
CHRV idL BBj dgj dzdj tsBI j BO 9o tjLizdz IsOIsj toj
sO0Cdds tsBtoOnXDN, f joffdzdj dael j H Oo dzj dzedw f tod

K Is. j. fted ftserh jddd HOodzj dzdw tcOo dats:
Msstetsdlz djdz h jdedw tsBi j BO (  dzdzs MlsteOydw

[ dSydvw 4. v]jtdBHJdZOBJCO ttOMlse stetso

4.1 vjdlijeOlk®dfy ]t uc@dgd® sdets o

4.2 JIbttes? LOCtdz t Okzdzw, ftod dBj dzj dad j .

4.3 [Mmitsh d BfndsBlsdqunQBJ HOo dzj dzd § . I
shdislsd yj MStsets HOo dzj dad W

4.1 vjiBfj@@ekOdRdY d Sdfjddv tOflss st

1 Olso jtcHj 9 0Odzedj twOMmlso stcOd If tofB "sH dia® 3 dzj dzf
Isj &3 jtcOlskztej, O dz2O ftetslswy jdedd dzj Ctslststetsc

ZOYUOLO StedmlsOddadL Oydd ©OMiss SO dOL © o
Ctod Ml Oczdr tOMbsotodlsj & GORBHWISRY o ©O
s 3 j 6Old® kS Wm0 zdzd L Oydd dzOL ™ 8 Ok Is s OC
cOfMlso S5t6O. [frl §5COL 90 jls, Yt tOLB
Sj Y jeOkiej Bodjj ddLSs2, ujd udhsr?
BsteMS OV oatsHO LOMBjteL OjIs dzj 1 tods j0igyy,tc OB izt

lojHjdB Hd "OOCkjtedmisdSd Isj i jwOlsk
fsdedyd dedvW Isj &BY § tc@iglpte’ 5 L tOJdFY JtedzOdzd 'y ¢ OFC
s B3 J cOkicOBd L O teL Odid, Y tePMmisH @i OcOmise

Atyam, = te?aM._ tsam. p—pa- (4.1)

R L tcOfyj lstse fpdzy HiZ§ Is, Ylbsts f sdzed ¥ 4 d
ftosf steydsdzOdz dets tsded ) jded® HOodzj dadw™  (
Isj B j cOIszter L O oL Odedw (ol stcyd sdzOdz! dzts

JU"ls YsHIso jJteY HOJIs 1 IstBls or 9tsH, i ey J c
Ci WWdydjdils fsfstydsdOd dshisd s o d
dZOL " 9 0j Isiw Bsdzj Cdzvtedy &3 tsdedy  dedj &3
CedtsMisfdud MS SRl shisfsY JABE&sHE t5®90,
Hdzv  &fSH= 1,86, H dzW I j; 07l 52020



t OfMlse ster | ) Clstste’ A ftesdmMoHdIl 4
ofdzj ninlsedj ke jdduyjddy ydmdzdo yombsdy o,
sBdzOtclzy do OW Btsdz! hjj ftsdady j ded g Isj &3 j o C
ftcdojHj dadats? WBthszlwIZFIZJ IsC Istts dAnth t3 ffgzke f s dzd ¥
dzOmr h j dzdzse s ff Ot O. dzO c[ls Is;d3q’;ts®lslztso
Mmisd 74 dzd Hdﬁ]fnisud@udd o4 N jMmls

[ fdzd tcOMMdzOIstcd o Ols ts@fnlsastsf dzj dzj ks
tcOMmlse sted Isj dzv = , Is ts Isj B3 j cOlszts ®j cCHID] | dzd
Isd B J OIkzter CdfJjddY ydmssets tOMIss stedls,
Isj 3 j tOIskzter Cdf jdedw BEHjIs o tBh jd3 Isj 0
tcOMmlso tstc O, d Hd&zW t©OLBOodzj dzdz" = tcOMlso Bcise

Ctsdzyd dzlstceOyd d .

¢ dz¢ BOW Y HHsBOE ddzf duf dfipls afticts] Iss52 s d
Cslsstots? HOo dzj dzd J dzOMmr h jdedese s OO J
HOodzj dzd® . 1 tod 1 s

Atyyn. = Exun.p—pa t}(()I/Il'I. (4.2)

v oMo stetse Isj B jwOlskicr Cdfjddw w
ksets twOMmostedlsjdv, d ©OL dsfls! d&jyH
YyjdZsteOydy ©OMmlsotstO. JIsorh jddj Isj ok
dx 4 ded ® HOo dzj dzd W dzOMmr h j detiztizs s  O®ON
fjtcOlkzte Sdfjdd™ fsisttydsdoOd ds ¢t
HOdzdzs e 5 W OMso Btedlsj dzv S ts4 W Y aydey jids My tois f d
fsmissW dzdets 2,  SBzz dizPts 1) © ©f dip) MS s & § &fgds s W dad
0,52, HdzV  BEd e RE40 dwttlsdsh jdedj rBesh s
stsdz $t5 HdW ©OLBOs dzj dedzr &© OMmso sicso .
L dzj Cstesdzdlsduj MS O wdmmsydoydy, §sSOL-
oMjcHO o Mbtsttsdzdz B dzshzjied 5 St g rdad v dzd Wy j lsiz
s Wstdkzd.

[ A dZOYHjdzd] ©OLBOO dzj dzdzsets tcOMlso stcO 9
S t6J HJ dzi dedas 2 tlS.hoslil)d bPUs Ztizj G 16 dzOYd BzOj s o
cOfMlsostedlsj dz . 1 &ZOEHOY 1§ tdzed 3t e@dsd H(OH
MeOQodzj dedé M wydmisr &5 tOfMse stedlsj dzfAdz), =d A
tyunp-pa < toun > 0), O btsycs® LOMRj L Odedw f tsdad O

e OMmis o 5 teAtls =0 Bzanlp—pa < 0) -

[
ud
C tsdz
f tsdz
Is§ o3
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O WOoLtsoB2( BdDEGEEMIRE j &zO L Oo dMd s fls:
d o fHF Qu,tcOls dststctisa] Y[ Okt . RL
jd3 Bsdz hj Ctdzyj dasteOydy tcOMmlse 5te0,
NdHC M L Oddjels@icy , § Wdedls € s s j
J HOesdzjdzdJ (OO, CO¢C d e jtHOW
OQodzjdedj JjJ fOtse tOodets o dzj h dzaj Bz
= 760 &k, dL B QEO df iica Ml & QY €
fsCOLT 90h i@l I j dgtf ¥ c ®OMIso Btctso
Cdzyd dzlstcOydw .
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42) bstets?2 L OSCd j Gy, sz v d B
[Olj BOIdYjMSB] orf Oy j dzd j olsstesE s L C

Atsaw = K-m; Aty = E-m, (4.3)

CGHJJIi SgedtsmMEsfdyui M Ow CtdmisOdzls ©, GteOH/ ¢
{ 1 1Bkzddshe¢sfdyj Mcov CtdhisOdisO, ¢
mi s dzv¥ dz dzOwv CBdzyj dzlstcOydw t©OMmilse tstej dac
Htse dzOMmdzets o lktstesdig L OSCsdzk Oz dzv : d Wi tsrfdac
fsor hjdadd Isj &3 j tOIskzter Cdy j dedw tcOMmls o
Bsdzv dz' dets?2 Ctsdzgyj delstcOydd daj t dzj Slstetsdzdls©O© d
JftwiHnjdvwy + CMmitdgd thgidBPlsin tsidissoe B j tolzls

dzjBsd hdj &Oe jMSd tcOfisetss0dztzs s s juttychiHg
B dzv dz' dzOwv Ctsdzyj dzlstcOydw tOMmlso stcO® tOo dzO:



__1000gF

(4.4)

gaMp'’
UBSGHO
__1000gpK
AtBaM. - gAMB ) (45)
At = 20988 (4.6)
gaMp
RL HtwdojH]ddeSad Ps&GzazmM@zsco] obBtotscts |
sftcj HJ dzd Is Besdzv tcdzlz BOMhE LM 4ca]tsidg jledzdzts ¢
__ 1000ggK __ 1000ggE
MB n AtsaM. ga B~ AtKI/IH. ga ' (47)

ltedm = 1, K=At,,, u E=At,,, #dzj H59 Ol dOWEMBG Isj tcd
Bts dzW dz't dplS J o BikE 62V dz'tcdalS J cofss swo

s dipdddudd Efmassd' § (OmMMudlsods |
HOdzdzr d3 tcOL B Oo dzj dzdzg" » tcOMlse tstetse ) . [BJ |
tcOMmlse sted Is j dzv , sdzd dzd L OdsdeiPrys d s ldc O ffj Is ¢ &
9jnhjmMmsaO ftod MIsOdzH Otclsdzr » EMdzsea dwr, IsOB
tcOmMmydlsoOdzr 6 WistcdilzdzOd3:

_ RTEMy ; _ RTEMy , 4.8)
AH;;;,1000 AHyc; 1000

GHJygael dels Oz f dw f dzOo dzj dzgd ¥ tcOMmlso tstedlsj o
Ryl dZsOd fdv JdMfOokjddw ttOMmlsststedlsy d

RL d3d dad dzd J Isj d&3tf j e Olskzter Cdff jdedw L Oo(f
Cdzyd dzlstcOyd tcOfmilse stcj dzdzts G s 9 jhhjMmlss O,
tcOMmlso ste ] dedese s o j M j Mise O.

sted smG sy ds Hs M dzts 0 O dzdz” 2 tdzle OdnLisd jstécjsozd d e
Bdtsdazscdd d ~d®dd HdY SftjHjdddv hEzdad
eOMmlsjdd?2, SCtdzyj desteOydd f§tsye jdedzr o tcOflse
o jh j misch Os.f

¢ B Iz dzd s fii S oS , 15 ) dztsLo dRjdiEntg’ Rl DIES ¢ StE S o |
dmfsd LEzjkMw dO0 f1OCIkdSj HdY o' hjkz¢OLC

1l jteor 2 d olttes?2 LOSCtd Okzdzvw MftcOo j
dzj { dzj Slstctsdzd Istso . J fMdzlz yOj 1 dzj Clstetsdzd Is s ¢
1L dzj StesdzdIsdyj MS 52  ents[Lid@hyle@iyls  d top L StaO )
Mzj Hizjls seaBHdI! {fsftctOoCd.



dadi ydmdzts dtsdztso, sBtcOL z8 h da mw dL t
Is tc thida q’qu)fndz Bsdzj S 2dz tc OMls sats'tc fndzdeztf g Hz'
tgudlsﬂsudlﬁfsh 4 do Mund@igaseddyfs dzjdt &z dzts deticeO)m s o S 16
)

N-an+ N{AzZa)=N-[1+a(nz1l)] =N, 4.9

SsGHO l1+an-1) =1,
GHIJdLBIssdzduyd MSd2 St WWdyijodby OC ts41 W W

sOCFReOL sdz 8 Mz yo] twOMmlseo stetse 1 dzj € Ist
t Ozdzw dd3j JIs o dH:

At,,, = IKm; At,,, = iEm, (4.10)
i = S, Shom (4.11)
K'm E'm
[ IsMme HO l1+anzl =1i; anzl =iz},
(4.12)

4.3 [Mmish dtjs mogsasdf judednc

1 2Mmls! tcOMmlso tstc ydfmlsr 2 tcOfMmlso tstedIs j
B BBt.Odets2 . 1 MdMmisj &3y dHils GJesyjmm, ¢
~dd&dyd Mm& dn fslsj dzyd Odzts o Cd3f sdzj dzlsts o ( to
Bts dzj € kz dz' tcOMmlsotstcdIlsj dzv B EZHEIS tc O di3EE 3B d& 1O
OfMmls o st ybsts ftwdeojHjl ¢ t©OLBOo dzj dzd ® |
S
M
dz

Ctcr ss OBBOB®R | sddzj o 1748 ¢. d ftdb
[ dzv  dLikzyjddw wo dzj dimf'C zud dgid) @ dcrOfipts © tis dgt
fsd Liz¥ls jMmisj Mise j datiz®s fizlz § to o thzth by @2 gi3" § dzvy ¢
J dz€ d; H dzW dzd L € ts5 d3ts dizjif Cdizj cegCtafdz’ & j teotgits yjdfrpls
WFECN)g] d Hte.

l tetsdzed & detso § dzd J tcOMmise stcd Is j dzw ) tcOMmls o
JHBlsaOIsdIs! |, jMmMdzd ¢ tOfMmlse tstclz( tefdidd dats >
o dzj dzd 4§ , Colststets] dzj sBrtsHd s ftod dztsy d Is
dzj dzd W sihdsmMO (Is. j. H dzw ftcde jHjdedW
LT o @Bt d ud MEd 3w Ba dzPdzepjiggmw B EZGC 9 ts2
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d
q
C
g
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)
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Clsts

fOCkdS |
{Mditslsdud ME 5d

GHJTBsdzvW tcdzs s
ismBslsd yud & sy

sfmdzj H dz] |

16§  dztgosdy dt _
{5 shdslsdyi ne sde

]
S
O dzdz" -

I

1
Up

brnewnree
dobnerue

1

|

AN

tdm.

COMlso e bs dzjffjtc d dats s ts
~dBdud M&d?
s ©OMlse s
Ofmlse stedlsj dz ) :

5GCts) ,

u' (T,p;) > p' T,p; -

W o dzj dzd J

H dzw

T = RT"E =, -RT,
74

4 . 2

gL o j Misdzs f sH
Hi @3d dzj tOdzdL Oydd
H Qo dzj dzd j

tOfMise st dzdzts & s

MQHOMEMp

40 j BO ShHEsd] st

B HO8 dzj
ftslsy dzyd Odz

d wOmlsesdls d! ¢

(4.13)

dzOL 9 Odzd J O3
9tsSHT ) .

cOMlso stc® tOMML
(4.14)
o4 MjMmlse

HOo dzj dzdj tOMIse S O.
FtcOQodzj dzdj fted d3j dzed d3ts o tsB dz(
lo O dils8t8fddztsd.j] @OZOdZdL O 1 ¢ Mt
HOo dzj dzd ¥ tcOMise
U + RTInPli EtcQo dzj dzgdj ~ddB3dyd MEtsets |
cOMmlso stedlsj dzv Hd&Y oW dsts

Uy + RTInP,T EtcOo dzgj dzdi ~ddBd ud ME e ts
Hdzw teOfMmlsetstedlsj &zv o teOMml



4 dzj Hiso OY szuldzsil = RTlnl%‘,‘1 < 0. (4.15)

Clsd d3s dzj teOo j dzls ods@iy tasotaci jHogdog™ jilsififerj dzts iy ©
Bj BBtcOdzz L tOMlsostedlsj d2v o ©OMsoste ( §t

LdzOyJ dzdj .sfifditslsd yj MS tsc t

fn HdzZw tOMmlsj dd?2, Y doBlsc
1l ZOGtsHOW s sdyj M¢ sz tsH@thZJQchﬂBIStS@zQBct
M tcOdgV 8 Is ¢c sMmis! o mMdzj HMiIsa dj dz@ dzd y
sBdzcySd SCdzjls¢d. l1td sdi3jhjddd SCdzjls¢d
OB krOdzd ), @WE@am'dd). € dzj OMiIso stcOn M o' Mts
ftosd fMn SH q’c{IS) Oflpdstp tc "C dzj Iss € 1 (f fdOls jdidsdzd b s HI M) )dzO
wodzjdedj, Sttt Myfsd Lkzjlmy §tod ¢ tdah
HISBOadszzq’W Bsdzt "dr Ctdzdyj Mlse Mmtsdzd d dzq
ftsHe jtca O s f d&zOL ddsdzdL 2 d MlsOdeso W ismw d

[MBslsdujMStsj HOsdzjddj Ghdsed 7 B(dtd
Yj o j SO (Ctwsod, dddW', IkCOdjor s xd-
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s

Il siztedyy M sy
1 dz0y g dzd | tand3
MQ
Z{ tckz

qH
dLdsdzsecdud M¢ § jdL wIOEdd BjeMs dj (60 NaLbh fi (
Lsktsdzd yder Stetsod, ddisls PSB] Ni GhHEsls
[MissdyujMStt)] HOodzjddj o kSOkYR @D

. OMmisjdd?2 fkMmls' d@ HsMsdecOjls 1
9do Ol Mw dzdh+ IssEHO, CSEHO thditsilsd
o dzdzse s tOMmiso tstedddzy digff i dg®ls dz@ y M Chisd) dzOH
JudoeOjls Hedxjdzedj otsHT' o tOMmlsj dedw
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| dz .

sCtstee Odzd L 59 Odzdz" J Y dotslsdz j d U
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sd&z0 MCOfdzdoOjlsMmw OB, CcEHJ lsCd
[8C0dz d&f j] L d3j daj dedw tidtslsd yj m¢
j elstsded up 8Ly dqugpMmbs BEd " jj (S
Yyj mMe sy HOo dzj dzd J . mdtelztee d uy
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516 CstMmis! SddduimMSdn tjOSyd?2, oddv d

©O MCttesmls: tj OCyd?2. [tHAesddaplsdSdiskz ok
521 0o dMd sl MEsweshsd AdddujnNids .

OCIsdeo Oydd, EkttOo dzj dzd J tsth e fadpdzipde d d § GBMldsc
53st0Cdj MojHjddw 5 COOd]L j

51 uCttotsfyls: ~nddidyjmMedas toj OSyd?, o dzd
9jhjMmses O MEttsMmis! tj OCyd2. [ Mmdetso dats?

#Cssmis! © ~ B3 U Jjdg@Ls20 O Jely B¢ y ddfL d3j dzj dac
(SCtsdzgyj dzgstcOydd) BHdeses dL tj Ocdclzs h dna s
5B j B3OV = chnstt S stesfls ! i tdg® Sdyddfj dzj dzd j € tsdzyj
dL tw©joOcdwlkze hdas ojhjmlse LO jHdddykz otcj
MBtetsmis! ~didud M2 6 OCydd.

AC

2= — (e sdi3ts 6. dzdzOW ) (5.1)
dc

VRIS e (5.2)
AN . . .

Z = (6 Isjsej dzdzOW ) (5.3)

AtAS

CGHJGCHdzyj dzstcOydw toj Ocdtekze hda oJjh jMmlse,
tiotej dgw, MMm;
nlgtsdzq’lufr]lsats ojhjMmlse O;
ST dztsh OH! (ftso jtemndasisd toj Ocdtelze h dr ¢

[ OL &) edzBsls  fCasiemisaMisPOC 5y o ¥ s iedk
e steshis!d ©NFCEWPD o j dzd yd &zO f sdztsy d s j dz’ dz
CGdayj delseOyd™ dinn SHd @&d B "uiEas higded 3nQljds
6j OSYydd syl B! tejHjdjdd 5 dL djd
6y OCydd.



. 7podyKm §
S S
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:{f I ucx . Bewyecmbo §
B | S
' S
L
" Bpema 5 Bpema
tdm. 5.1 sdddbduimscdy Cwdar g (C
mMéstesmMisd tj OSydd s ot d3j dzd
] d20fr]lsi’5WhJJ otcj 3 -dzf B thizE j bspieg i K&
Cobter J] ftoLotsdzddd B'" ftojHME OLAM ! & hifdkEsoc@
ndddud Ncddc) Oepdgstzo d fted dzOH dzf ) dzsmlsd
RAGduIMEdR M) ndd dad2. [ndOCE Elsds) ) de
1. OddstsH § 2Mise dj 3Oty Eghedh k¢ J 0 i
ﬁ]aWLstd ftoslsi COJIs B HAzjddzd d, udd3 oL Oda
SecOddui MEdR ojhimse M dsdd & J 1§
sB'" ydzes dzj HBSaBHJI Hts MMmMistswdzdw tcOo dztso j

2. | BB jdedz j t6j OCydd tecBigtE®f Is Is 8 st
Gijbjttsegjdzdz j. [ JrOdzdL d3 SMEh jMilso dzj dzedw
GsdtsG § dedz” dzsd Mmdztsy dad 4 - ] Cdzg yoOsls Istcd BW
tc] Oc jdzlstse € ftse jtorandesisd t©0WOLHJEZO WOL;
ColicOvw &l ls dzp fHEzs @O ts MISOH 2 ; o) s ls
ftseo jtomandesihisd t©WOLHJ &ZO WOL.

[Mdzso des? §sMmiskdzOls Sdddyj MSs2 Cddzjlsd¢
s sdzd Y Mise j dzdzOw L Qo dMd d&ts s ¢ stotsfl
Ctsdpyj desteOydd toj Ocdtekzs hdr o jh jfkozOlsasdy
~dBdUd MEBS2 T CQbzplizg3d HY 2Misazs M dn &BOMM  (
dzj MCts d2dlzs? Wistdj B' das.  fisj ¢ st g rdas (18
OolssteOdsd 11§ Wodwslshmvw dswe jymMSdi &Ols]

1867).

( ])OQISdZ Hj2flse s h d S EROWEpS ' ¢ PSS C O dzg
~dBdud ms 2 6] Ofonstf $Oo fla@d YwmsdL o HJ dzd ¥
tcj Ocdtokzs hda o jh jMmlse, otsLOjHJjdedzr = © o7
slso j yos " dj fnlSJ:dBd34Bfﬁdumf@@@@dﬁﬁ*ﬂumdﬂdé
FPtcOodzj dzadd -~ OBYPYIMmE s2 toj



Ob+9l +éY ftesHlkzClr tj0O0Sydd,
v= K- -Cg-Ck, (5.4)
G Hkji C sdzMisOdzls © MEstetsmisd toj OSydd;
fsCOL O] ddstfiplg Hff e s f stewWHiSES toj OC yd
fsCOL Olsj datsffiplg Hifj jdateql Is f stew HSS toj OC yd
MO0 O+9 tsftcjHjdwjls sBMN 2 (BtWHIBS
[ dzv toj 0SS ydd Mmi.dzlsF2Ng ;3 Odzsdzsd O¢ O
=kAN,] A’ (5.9)
l o twOyjdedd 11 [ dzagy dmfsdz L k¥ ls Ctsdzyg d
g+ = 4]
:kAOZ]

[ Mdaf =C= 1 dmsdkls.dzl. SCdhMisOdsO Mkt
Me¢sEshisd ©j0¢ydd, §Mdd ¢sdyjddsoydd ]

! BjLietsoatstesydets MmMfte®o j HdAzd o dzd h -
tcj OCyd?2.

SEdNlsOds0 k i6E@PEsMBOjls t©j OCydsddkzs 0O¢
LOoadMmdls tsls CStsdayj delstceOydd, des BEZHjIs L Oad
1) dzOdkzdydw ,C OkOdzdL Ols st
2) fudesH’ tj Oc,dkyshda ojhjMmlse
3) Isj . tOlskigr
MsOdsO® 0o dzse j MdW, Cddzjlsdyuj MSd?2

s tsdz
tcOQo dztso j Mdw
lbefmis! d&Rddls BIiMmMsts etBsej ddzOv ~dhidydf

Ky
A+B < C+D,
K
Unp = Ky - G4 Cp, (5.6)

Vogp = K, - CC ’ CD. (57)



Il mMemsswdzdd ©Oo dztse j mMd W
Unp = Uoeps (5.8)

sSsGHO
Kl.CA.CBzKZ.CC.CD. (59)

Ir Oy jdedj Hd&Y ©OMYUjkO CtdmlsOdls’ ©0o dtso

_ K __CcCp
Kpaps = K_: =y (5.10

GH-J ~T@tdzmlsOdzls© tcOo dztso j id W .

stsdzmMis Odzls © ts@dcdetmg g cdzzeddez fteslsj
9r Oy OjIsmMy COC yYjtjL tOQodetso j Mdz j ¢ 5 dan
HQo dzj dad W .

52 1 0adMmdasmls! MEsesMisd ~dB3dud MEdn
CCMmtf jtod d3 dals T fcsCOLT 908 Is, ykss M ko
Bsdz' hddzmlsoe © nddsdyj M¢dr tj OCyd?2 B'M Mistets
1 Of ted &3j 16,2 e LXAGM G W
O) edf Ij&kfjtedDbskztdjuy Woeslsj O] ls syd dz
sehjftodd s’ B d3j Is siBORGte Zjxid lstej; EZH OJ Isw
B)tcd Isj &3 jtcOlskztej 400 Ud ftoHEBSAd) O Ismw
o)tcdff Isj B jteOlsiztej 500 Uw L O jteh Oj smw
G) todf ls;d31]’JtGE)lslzteJLOﬁd3&H42fnlsac{4 ftotsd f)n~
(HdMwisdls™ MW ydzr § HEsdzd M Skdznwr ) .
Clstsls l]’tec{d34te dzOGdeHdtheuisQ@Lraas(DJtsl@fr]&Oﬂ
~ndBdUYUd MEs2 6] 0OCydd fted ko jdzdud ddd Isj di3f
| BdzdzOdzH M€ dc2. MzQueplteW ¥ (1 1884) dz0 hdatso O
OdzOdzd L © MmEkh jMmiselzs hdr HOdzdze" = MW stc 3z dzd to &
lted fwsorhj q’o[ Isj &3 j cOIskztcr dzOs d§s@j Hdzdz
~nd By MEs2 ) 0Cyddd HoGLdaiz@dg BRG] B &2
ftcOoddzs diEsy jIs Brils! ftojHMIsOs dzj des Mmdzj H Iz ¥

y="t=24, ndv dzgjBddsedyfme dn

rdzv Bdodseduyrhs3aps mMdmisy &3



= Ut1 "y o, (512)

= Ktl - ]/1—0 ) (5.13)

GHAi s j 8 j tObkztedz 2 SHisWWdyYd] dls | Odzls

Clsts L dOYOjls, ybt fftod ko j dzdaxj2dzdnd sl jsc
toj OCydd o ts'f&c G lsiO) Osto=ods GA, 41tiReafiz. tOL .

[ dzw Btsdz' h ddzmlsoa © BB PdREY JBEdE tjsOCh
1 51 Istsd3lz, zOf ted dzJ te, jMmdzd Htwd L OBtsdzj 8 O¢
f SH dzVv dzO ! sls 36,5 Hts 39, 5, sts 1 Ists BL dz
Bdndaidyi MSdn sy MO ol 317,3193%.1, 39 tC

1 cOo d dzty sV dAs detsydIls o j M+ @30 f tod B dzd ¥ § dzach
StedJ dzlsdteso sydets? sy dzgbd odzdwdzdw Isj d3h J teC
YOfmlsts o atsHdIls L O ftojHjdz 27T 4, Oodsdy IsC
B dzv Is Mw o t@®OdzpH dzisgd BY gele Pis Iz tc :

/)

a) 9) 8)

tdm. 5.2 10adMmddshls: MSstshisd tWOL ddy
O) ©BM YdzO" ©HdsMisS)OH 68 tzOk d dg® )OS tt §f @ €y dzts ©
6j OCydw.

U U U

v 4 ud deqd J Btsdz' " ddzgmlsa © BdBhdddyd MmSdna
s B j OB zEeROdzj] 273 é 323s, Isjdfjwols
jhj djdehj 308 é 3155s.

Cdzgj cedw OCIsdoaOydd, kttOodzj dzdd ¢tetc] dzd Lz
RL 9 J Mlsdzts, Yysts tsHddd dL dJ sB~BHJA -
wWodw jlsimw Mssdz dtso Jdzdj Bsdzy ¢ 2zdz) H$ MO s
Is. €. Istsdzr €5 Htod f s8tshciclptd df tioubg ifO®i .



dbtotcj dzefzfp o MC OL Odz o Mdz' , yYbts tj O yd!
ssdz' 5 OCIdo i | udsEazOMEaR Isj stedd ¢ tote] dzd
LYWW jClsdodzy c3d Issdz ©thls dsjspg@s@, d j BB 6 HIES dzj S
dzj Colstste” &3 dLBT IsCtsads + dzgjteadd 5 MieOo dzj o
fMdMmisj &3y Hted HOdzdzs?2 Isj Bf jteOlskztej. [ tsdzj ¢
L dzj edds dzOL ™ 9 Os Isfw OCIsdods dgfiiec @j HOBS &0
d. ¢@totcj ddlzfm (1889) fJtejHdsydd  Bfdtedy
CodzmMlsOdzsz MC stesMmisd M Isj B j cOlskztets?
dinK E*
— = (5.14)
slsfe HO
K =2+B8, (5.15)
¢ 4= -%,

Kr&&;mcqw OClkde Oydd, ¢ 0Odz dissdz’
Rikddo jtemMOdz dzOwW cOL o OV fsflstsw dzdzOW
15 Ode | dek k6 kO dzOS dzighkzP (¥ L OB © O
By dets St Hjddls: o jddyddlk + djttcdd OCIsd

A E*
tgp = 2303 4516 (5.16)

Hdzj HS9 Ols j ozt dzts, IsOdze j dzfp k@ 20 dzO S dzts dzO
ngzf(%)a deyy des?2 stsyS ) StejHjdvjlk o) ddydd
] OC Yafdfiy.. I HIROC 5 Hd&W Misydr o t©j OSyd2
LOodMmddsiisd d bkwOodzjdedj odttej dzdkzmO dz
LWWiClkdodzOw 1 dzjtecdy OSIsdeOydd dL dj dgv
dmftsdz LW btwOodzjdedj otetcj dad MmO
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tdf. 5.3 | tOWgksf(F)0o dmdEshisd

15 WdLdujMmMSo®kzi Gy ek sftojnj ddls: ¢
dgLBr Istsydalzs 1 dzgj ccds 5 MtcOodej ded® Mt Mt
s5j Bf jtcOlbktej, Ctlttes? w©dd HBdyd B &OH:!
nd R U] MC B2 SR OLYTHO0N CCOd dBsd (5071 2°
SBLOLESH, { ks 1 djtejlsduimscd2 d qu901
SftejHjdv kg 2 fodetnts? o] Ocdiekzs hdn o

Jh
( Mdzd Br COYHB] MokzHOtojdzdj ftedotsH
ss toj O ydd Bﬂteisjgmmsdaddzdzis. g dzj Htse Ols j dz
sk H Ot dad W LYWW iClsde dz . {jOocdulkysls Ist
ftsor h j dadzts 2 4dztscq’42 [ dzv C Oy HB2 tj OC yc
L dzjecdd OCkdoOydd, SsktstOvw tOmMudls' o 0
RIEOC, MCsmsmls! SddkduimSs?2 t©jOsydd
flstdC dztso j dgf 2 B dzj € b dz, 0O ydfesd Mt
dststslsdetsh jdadj dsiyHEZ OCIdoedsr d3d d dzj OCIsd
LOCdzsds eOMY toj H i dzjdezdds B Mo | dzdzO

J
dzts
dz

N* = N-e T, (5.17)

CHjBdeso Odzed ] dzOkztcOdz' detsets dzse Oted W d&zO,
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Besdzy CEdz dzO Olstsd3y .
[HAZOCts dzgj S OYHEB] MbdzSdtso jdzdj OCIsdoc
tcj OCydd, s O¢ CO¢ H dzw d d ftesls] € Od
ftetsMisteOdzMmis o j dzdzOW sted j dzlsOydvw dBsdzj ¢ k2 dz

z"=p-7Z- e_%, (5.18)

cHZTydmdzs OCIsdody 7 fMlstdS detso j dzd 2 ,
Ziwh jj uydmds mistsds dsse j dd?2 o&sdjkd,

piMlsjtedyujmMSd?2 % OCkttk.

gBdzd L do M dizsfg?y ¢ &z dzr oLOddBsHj 2Mlsealzs Is
fJtejteOmMftejHjdzjdedd + dzjtecdd bteijBlzjls 6{ tc,
cOL s2IsdMm! day Jste] OcdJtetso Oo .
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Cdzj ey Isdud MSdd dLdsddaj ded” o MdMmlsj B
dLsB©BOL ! MAjdBs2, fijHilsOs dzj dzdzts? zO

md Bd yj ms iz JGQUC{" BEPUs § f i A His O ofifdl
tdzj e lsdud Mo B diyEdply ushddzd) it SBEsNEBHE Y ez
IS4 § dztso r d3 qW.W jUfiplss@Tizts o dzj dzts, ylug teig ) O Yy e’y -
Memlsswddj M ©SBtcOLto Odedj 0SB dz,a tsG%isd3
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A=21,—A4 C . (6.17)

1 siis 5w g@lzdz@ve d pw h OW sls ftoedtosHT tcOfMls o t
o 0dzj dzlsdesets Isdf O 1 dzj Slstetsdzd Is O, 1 CMYf jtedd3
RZOSC s RZOAF L C R sIMd OB BRI M ( ted M.

ltoJHJdzt dzgze 1 Codo Odzj dzls diélzg ) d dzidzgeC & tetsdzjc Bls
Bsy dzgs dzO2Isd { CMistcOf 5SdH udfj @ H 51 L Ida®yd dee © ¢
1dBBaBHdHBE fBHYJteEdkzls!, ylsts, ~tlsw {teoj+
COC fttsoatsHdhisMmis! {§ tcddzdUstddzy jeddidfta GuysRd ¢! defglX
SBtOL A dzgj dHJdzlsdydzO + CodoOdzj dalsdzts?2 1 dzj

[ dzw tcOMlso Stets o mMdzOB ' ~ 1L dzj CSIstesdzd Ists @
1 dzj CSstetsf totso SH detsis d tsls Ctsdzyd dzlstceOydd :
[ Milso Odz' B, {Ylselz yOj &3

Kue = a?C =, (6.18)

slsSkZHO A=Ay, samec (6.19)

qazd o dscOLdWddyjMSsd odH
IgA = 1gAe + %lgK,, 2 %IgC. (6.20)

LOo dfmd Bsls: dzj Wodzw jlsfjy oejozgz® szt
jdzdls: 1 SOy ydj2, Jjets tftejH]od
O dzjLOadmMddBZIssets Hodyjdedw dtdetse s tsd
dz' § s f§tsHody dsmisd d tsdzts o fsCOL T
Odzdzd uj MSts2 tojh jlsSj dzj MBRteOdw s s
hj desydz' 7 Bl ONatzsks < Rpts Csted 8 2t Ofls O
9 wOMlsotstcj dzOB dz¢ H G dsdgy”j lds BHCEOAR jdg 2
JquifmStj fYdj, KOS CO¢ jeét bkHj d
Y O fi ¢ §j ®OMmMmi) BBE Nj, yYdid Hzcd
sdz GJHEOLdlzjIsmw fdd dzj j . Libk e oz gzsls igh H dg
Bsdzj CdzORY »dzjiCltedyjMitsd sk cteOLH
cdHteOls d tets oG dztilzOY teditéisz 88,6; 15= 7 7 118 ks '

4 kZeojdzdyjddjdB LOWHO dqtdse fplcwtaty s
ftsdzj, O, MkzjHBoOljd dzs, d L dzjSltetst totse
MOod" &3 Bd "ddd MC sk sBsydss OB @ s d i
1. utd St dn foHodydsiisd o' tcOY @B408w |
sdid A% = 198LiR &Y. ¢ e HEs Rz, B W

)
IO

gros_ o=
PO OoOFY"m
QGFPO GGG

o8 d



Ylsts ftosltsdz sy ils §jtoj detsmdlIlsmw sls @B d
ZOL " 9 0] B3B3z ¢ 1 MIsOW jIsdesdsze d3j = Odzd L A3z

OdztsH  0%N1,0 1S A)stH

jdeds COkdtdB, Idildede§ Mtf dedey detsd® ¢

tsJLIzdlesOlsJ 5OCtet G HESHBS { tstsls
h
Is q imMCsd fsdzj § OdgsHeb

OdzsH O+ [1| 1S OkBH (

d Colststetsdz f jtoj MEC ftoslssdzO o ftcOo s
HietsC Md dzO o dzj o 5. {flidafdizdidioms dy d @ d Hf testisAsfitpciizlz,
dzj Sz o sHT O od3j Mlsts dzgjets oL ddC O}
dy i, uYidk ks, SCsltster?2 dhyjLOjls of
sjMmlse j dedzts, ylsts ftod ©kOCHBE d&j - OdedL dsj
HstecsHBsSg MddkO L dzOydlsj dz dets BBdzr b j,- Y
slsfw o 1 dzj CltedyjMSsd § sdj.

QO WG
OFI]ALE

J 4Sydw 7 Godzj SlstesHdzr §J tW©WOo datso | f

71 s &OMMd¥ dSOydy 1 dzj SktesHse o 4 dzjSls
polsstesEts tesHO, C¢OL tse'dhj ClsdejsHIStetsHT , toj HISC
72 wlsjSdzwdadyr 2 {dzjClstetsH, {dzjSlstsHT
d L d3d tegHdpded H T
73. s d&OmMmd¥dcoydy d FO©OClkjtdmlsdco !

7.1 skOmmdWw e oOydw 1 dzj ClstecsHiB 9o 1 dzj ¢
CSHO, olttttsets twSHOK] 6 BL tiygC btosez] CIsStesH ™

Cdz) CSlsttsBHO {Ists d3j Is Odzdzr d dzd dzj d3d Is O dzdz
mMosdnr rBtotsh s tOMseatsteddd 7 Msdzj 2 (B OL
Odzd sdzlz) , dzOf ted d3J to:

4ulCuSQ;  gJAgNOsp SNa&S:  J|KJ.
&V SftejHjdddY {dChesHbses 1§l da

r
j o ¢ GHJ dzjiofI@ O dzHDjtcllslslts RH o S H T todsifdiEs 2d3
H

Y J
&34 dzr 2

(NPt 20n,= 1) (agk= 111" (hefe+) & U ()



[ftejHjdvels (djChtesndr 2 flsjdydod

E=E 42303~ -lg < (7.1)

GHajl OCIsdodzsilsd dtsdztso ,
E°T Mils©OdzH Otels dzOW G &,
ziydmdzts 1 dzj Cstesdzseo, kyOmlsebkzs hdn o f
Fif smissw dzdzOW A Ot OH J§ v .

] 1 dzj CSstesHORr f jcosets ttsHO otmMmisOdatse
¢ d Mmdzy detletdz? d3J Is O dzdzO.

b
Qcu = @u  t-lgaga+, (7.2)

cu?t cu?t
& Hhj=2,303 RTF).
Is5Bh o Mz yoj HoW | &jSkesHss, SBEOld

b
Pme = Pre +-lgayez+ . (7.3)

MeZ‘I' MeZ‘I‘

v dzj Bj kOdzdzd uj MS R 1 dzj CktesHse, ©BIEC

b
QA a2 = Qp Az + ;lgaAz— . (7.4)

s 1dzjChkicsHOB fjotds OmOED ¢ BR&Y j, d
ZOf e dHg)CHCASO ( dMYy sdz! L 2J 3" jJ o 4 dzj d3j delsd I |

st B0 OHBEDIds®B®E & kOO0 o twisCdid, ©Cdn
Cdzj ClstesH dzOVY toj OC ydw

Cd*+2ez Cd,
Pa = Pl +71g —EE (7.5)
z Acd(Hg)

Cozj ClstotsH T fjto 56t tctSH O dMmf sdz: L iz¥ Is
qdzH S Olsstedz . Rz EC®ESEBA j < dzj CIStosSH T
OClkdodzsmils: disdese dB3j sOdzdztss flzlsjdz dL d3j tej

Cdzj ClstetsH T o Is tstgits gty Is Otelasizl Q fsCter Isr j
stclzH destcOflso sted d3ts?2 Misdzd, stk j dede” §j o



B N4 Odzd tsdzts 3. s0C¢ ftOs ddzts, d Mt sdz
disj esds  dzj SSteEHO ottt twsHO Mmdzizy dls

Ag, AgCl |KCI:  d dzd Ag, AgCl|CI'.

Cdzj SstetsH dzOW tej OC ydw:
AQCl s#yd' Z Ag'+Cl'.

HCOYBS flsjdydOodd ~dsthjtejBtYdses 1 d

Pxcy = ‘cha —blgac-. (7.6)
(BBteOIsddz BlsdzsmdlIlsj dz' dzts Odzd 5¢

[teedd3 dzOdBtsdzjj yYOfMmlsts dMftsdy L izj d3 o3
COdzs o3 dz! dzr 2 9 df €lststsEd § OfMis CHyLl i tieds jzhls jddz@
tcOMmMlsoatstec R~ dzstcdH O COdzdwWw Hftej HJ dzj dedats? € tsd

Cdzj ClstetsHdz 2 Htetsyy mm:

Hg,Cl( Is9 )i' 2 + B » ) Cl'+ 2

Cdzj ClstetsHdz 2 fslsjdzydOz wOMMydlsr o Oj lsfyw

b
Pxa = Pis — 5 lgac- . (7.7)

Cdzj CIstetsH dz" J fslsj dzyd O dzr 1L dzj CIstcsH 59
O BHBIBH e s 1 dzj € IstctsH @O My ttctdsjdH. jo dsjHAE" d3" o 11
1 st lssdizgz sdzd fteddzsi dewe simw o COyd Mseaj 1 dz
O BHBIBHA 2 1 dzj SlstetsH dzj zHBBB jdz 9  tod d3j dzj

LOLBor ] | djStsictsatHdy 2, CdmdstsHdr 2.
f ZOld dz®, ClstteOw wodw jIlsigyL Ob fsEd, dzlsis c
©jOSydd.

Cdzj ClstetsHdz j Gl jdydoOod cOLso’ R L dzj
fslsjdzydOdzsftojHjdvs hdn dodzse o tOMse Sty
Pt Hy(py, = 1) | HSOy(ays = 1 d5 e’ / c2) .

J COyj mhsoe j dstc BOdz! dese s ( fls OdzH Otols dats
Colststetsdts 1 dzj ClstotsH dzgr 2 ftslsjdydodz mydlso
otsHBtetSHAZ 2 1 dzj ClstectsH, tcOBtslsOs N d?2 ftod O



ag+= 1 d@sdz! / &z d ftod HDosr s dV OLsH,S cis@ ddzt
o BHBSteBHA 2 1 dzj SlstesH d Myjlkojdir 2 M dz
SHd&ZOSCsots?2 Isj di3ff jtcOlskzte]. | BHBSHA 2 1 dzj
MtcOo dzj ded W .
]l oBHGESHAMAE 1 dj ClstesH] ftelsj COjIs t6j C
122 2% 2] .

( pdR[T By | 1, o BHBESHA 2 | dzj SlstetsH  dz
ftslsjdydOd jets dzj t0Oo jdz dzedze  tOMmMMmydls:

1
¢ps = b lgay+ —-lgpy, , (7.8)

d Maggd= 1 Olsas,
@ps = b+ lgay+ = —bpH = 0,059 lgay+ = —0,059pH. (7.9)
ddzj Hs9 Olsj dz¥ dzts, L dzj CIstetsH dzr 2 f slsd dzyd C

Csdayj delstcOydd dodeseo otsHBELSHO o tOMmlso tste
d sl IsjBfjtOskzer . ) tbf = &fOtsviylzdzs &5 H O o dzj

0By = P+ Inays . (7.10)
sdMmdzstetsH dz" 2 PRt @jQHS to 5 H
Cdzj SlstetsH dzOV toj OCydw:
0, +2H,0+4ez @H',
Ornens = @5 +bpOH™ = 0,401 + 0,0592 - pOH, (7.11)

f cBp,= 1 ©sd@H Uwu.

{ & dimdzdIs-g tem gl Pz dz’ dz' | dHzdzj EpssEMmd _
Clsts ddzj telsdg" | 1 dzj ClstesHT , - tsiRiHE @ dzded | Is §
MmMtej HEZ.

Pt| Fé", Fé": Pt|SA, Si"; Pt|H, HASO HsAsO;.



[ O
J dzj
d
[ B

kjtedOd { dzj S IstetsH Ko M dzg 6 Oz | L s 6 w
LO, coWdls. deJQIstsist o' ftsdzdzv s s te
qis sigpmB®dztse dls j dz dzr 2 ftetsyj M) fteslsj ¢
hd2 Mizzy02 bktOodsj dzdv 1 jtedzlls O Hdzv g

Pox,Red = 900x Red T2 lg “ox (7.12)

aRed

[ dzv L dzj S Istets H B e REFS(Syg njmd@y O dzts f to j H j o
i FE'JFe) ©OMuyjl fseosHdlsmMw 6 Wistdzdj:

Pres+ pert = Pogat gt + b 1g=LES. (7.13)

aFeZ‘l'

stesdj OClkdodssmlsj2 6CdMmdi ddzs?2 d o smf
o j dzd WRedREY s5lsj dzyd OzO® MdMlsj &5, MmsHjtey O dn
disdetsp BOS COSC o tsffls Odhwwjds diy jd Als AL I

7.2 ulbjCdvwddy 2 {dzjSltesH, {dzjSltesHT
d L d3d tepHibytgd H '

S u d f) dzlz %O d B 5dzj j cOMY etsfls tc Odzj dack
fslsj dzydtsdj stedd, thdss Odadzts?2 2O bktcOo dzj «
Sftej Hjdzj ded s  tg1f) dzte © bigls ests tef@zH € Olsstedz’ 8 ¢ dz
weodw jlsmw flsjCdzvdadyr 2 L dzjClstesH ) oGBHBEEG
MtcOo dzj dzgd™ Gtod dsj dgv j sw ¢ detstefyj o Biow dzr 2 4

| 0o dzOw ~ yOfls: s j C izvirsdgtScdry dzdz d2j € I e
My jydOd desg s msmsosmbu@wmsmmdggsmsm;dzdz
MsHjeydlsimy OHA df EodpkedEgus jBew d 2 1 dzj Cls
COL &i5j ese. [dz Mmikydls bkoStsssosHtsd d
odzzlstoj dgded 2 ©OMotsts d dL dzgjcet. S dzj Cltotst
d ftesisj ¢ Mjslsl WB j uzjtfdlgl)s dztso

Cdzj Chesndddyuj MSOW MR j B0 flsj C dv dzdes @ 15

l dzj "dzed 2 tOMmlse stc | Mmis j ¢ deiClzdz®vWdzlz| Is teo) daialis
pHy | dzJ d3B tc O dzO -tc pH{ | Ag, AgCl



tdMlienj B3O Misj ¢ dzv dzdetse s 1 dzj CIstets

ros2ds?2 1 dzj SlstedujMSd2 Mmds?2 oL ddS O]
flsj C dzv dedets? ) BB e Odz’ o tOMlso SO:

Hy_, + Nal, & H& + Naj_,

Ydetsj 4 dgj tecjilsdyHingNajo MmicsAnfipldse” teiae(jj o
s ¢ bLtHEEESC yeOmfuspat j dzv s sfqw  do5j 3 H
tsflsw d3d (9dzj " dzj 2 d o dzz Istec j dzdzj 2 )
O dztspH, = can® ¢ IsSOCH tsls j dgyd Oz fMyls j € dzw dzdz
s h dzj 5 ttOMlse stcO.

OL dzd
osH(d
J ton dz
4 dzyd
! )

07 b ot
TAES
oo

0] 3
Peron. = ngT.an +b lgaH‘*‘! q dZC{
Peron. = ngT.an —b pH' (715)

[Mdeso dz" d3 1 dzj SlstetsHtsdz MteOo dzj dzd v, ¢ OF
SHEStGEBH d 2 [ @ Ustc s Ho. S H StetsH dz" 2 1 dzj CIstet
J HEMISIO &zt 45 y J dz’ ykzemlseodlsj dzj dz ¢ AW HOd3C
zOls d dz" ¢ dLd3j dzgj dzgde H Oo dzj ded W . ] s1 Istsd3
cOCIsd ¢ yJ Yyomlss dmfsdz Lz Is Hwkzed], a3d
fMcOo dzj dzdvVv, HI&W (Bl n 1 dzj SIstesHdzr 2 f Sis,
' | dz. RL d3d ted o f slsj dzyd Oadz, fs5 BGlsdzsh
IsOIs! 1 dzj SlIstesHdz" 2 §slsy dzyd Odz d mmdzy



[Brydsts o GCOyjfibe) {1 dzjSkttsHse 'fiPeOd dz
Tzt tjBWdy 2 0 {dzjClstesHT . )l dydOd
OCldodzsfyls! & dudzFd). - dksed (todfkdesC

v OB dzd Yi0) Whs jldzyd Odzr S Odesdsj dz! dese s d Rz
fd kj&fj@Okkisj 25 U

| ) Cblebndy 2 65,
s By des COUd T s ) o Mz te |t
0.1 10,3358 +0,290
1,0 +0,2810 +0,238
©OM’ " j dzdz 2 +0,2420 +0,201

cu At rf'O/_

racmbop

bacmbop
KCl

KCl

Hg —

X

2

9

"5
N I

t dM2ien j 3O Mistetsj dzd v :
Q) COdzsdzj dz' detsets 1 dzj SIstetsH O;
B) ndztemjtcjBtoWw dzsets 1 dzj CIstotsH C
[ f)dzd Msd Hddzd Is! fMilsy ¢ dzw dzdzr 2 Mitc@p V43 tdAe

(ndzstemjtejBtewdy 2, COdsdjd d 2), st §sdb
(i) Ag, AgCl | KCI ||HCI | AgCl, Ag (+),

Cru Cohtttet ddphjicOdss os@od dls ©ls



2,303RT

E=E0+

-pH . (7.16)

ltedyH) uwdd® dhf sdz L spDlibz] d wHeag' M isdasdiists
flsj Cdzwdeder 2 {dzj SlstesH COdzdBokzsls 5 BLY

L dzOyJ dgoHy d3dr smistsd dzipls © © d3d Misd ¢ dzv dzdzts G s 1
EmMlsOdetso dzj dedj § tslsj dzyd OdzO, o 5L dxtOxyaets fip Is20 Yt
pH ( s 1 His 11) d Is ts, Ylsts tsdz dzj f
ocsmMmsOdzsodilsjdzj?2 d ojh jMmlse, slstc@o dzw 8 h
L dzj CIstetsH | .

l sLdzd Cdetso jded ] 3 3B tcOdzdets?2 tOL dzsfilsd f &
dLBjte] v OF I diasdetOmyisdf ) ( Ytsdapo . | Odz' o Odzd
sdf O dmfsd Lkzslsmyw, d&Ofweddhite, f§tod pdd di3j &
Crey Mt Misy Sdzw dzede” d3 { dzj CIstesH .

7.3 sdzOmMmdw dSs oydw {dizjLAstedsi-lsfjdiefdufy ldndf (&

| Odz' 9 Odzd uJ MS dadgO Li" dajAi3jlsils's d3dz® B 5§ k2 Mlis
oL sy desils! sz yoOls: 1 dzj Clstedyj mMSd2
~dddyjmMes?2 tjoOSydd. 1 0detsdzr h OV t.OL dz
dZOL "9 0Ojlsmw jets 1 dzj SlstesHady M j2 Mmddzt
] Odz! 9 Qs y juyglz®tL 8 9 O Is ff sfdzj Hise Olsj dz' dzlz!
MmMCOys tso fsls] dz2ydOzO dzO t©OL dzd ydz' = i &
HOdzdzt 3z G Odz 9 Odzd y4 MS tsdzz 1 dzj d3j dzls Iz .

Cdzj ClstesndBdyd MSdd ddzd cOdz 9 Oded ud < d
ftod L &ZOS O:

1) 6 R Ot0f s jftddts yfij k@O tc dAjicOh j ¢ 5 o 151
Clsts &y jl Brk: ddzd SdddyjmSovw tj 061
Cdzyj dzlstce©Oyd 2 Hokn tOMlsotstese HoSEts (
ftedL d&zOSz o' HJ dzWw & Is:

O) mdddud MSdJ;

B) SCtdzyj dzlstcOyd tsdzdz | .

2) fts dzOdzdyd® dud dzef d Hslsth)fizlisdgtisc s M H d dz.
cOMlsea stcORBRd ccOdzr 9 Odzd yd MEBEts 1 dzj d3gd dzls O.
yd g+ BjL fjtjdsmo, §wdf domzdiurtdj datsh s df.dzj

I BT ydets fteddgwilsts LOfdmr eOls! yjtfd I[s0O
tcOMf sdZOcO®,dz® thelagptey dilsj dz' dz" 2 1T MO O.

lesfis j uJUd-

1 BedzOdz! dz" 2 4 dzj A3 dzls 1 j MistsdzO . ( 1§ lds@dzHGda)
Ldzj SlstesmnddBdud MEts?2 yjfd BjL §jtjdsmo, f



1 BtedzOdz! dz" disd dzOL " 9 O Isw sOCdj ¢ Odz' 9 Oc
EydklsOdztsdetsds HdzW dL d3gj toj degdwWw 1 dzj CIlstctsSH 9 (
94 yoOls: Mzj HEzs hdd3 BMmMdtsedzr &3 Istcj Btso Odz
dzd B3Odz! degsd3slz Isj 3 j e Olskztedes gz S 1 WW dydy
fMistsdzO dzzyhj, uUdB Heked] yoPlz o Bdedzulr &
Jdgjdelsy 1 jMmMstsdzO 1 dzj SIstctsH Od3d W o dzw s Isfw
Hdq W, 1 dzj COmsdedsistsd3 dzOMr h jdzde" 2 5 sls
s

g
S
a3
J
1
¢
Eedn @eE@Bass (

o
s
q
J
o
0
B

{ M3 alsOdzH Otelsdz’ 2 ( destedgOdz! dg' 2) { &z
11 OBOdz cOBO i LBIdBTY OBRO dL IlsojteHs?2 M

L O¢ dd edstizdshyls @iGOz~ H0; 51 dzO ' h j dacde’ 2CASOOGIs 0 5
f ZOddzso ™ j kSCSfSHO BH'

Cdzj ¢ stesn d d3d Y Jdig Sog vadzlsiph: J dg@ls sdzO0 dd3j 4 s M
(1) Hg, Cd | CdS®Q| Hg.SO,, Hg (+).

1 Ofr h jdzdzr 2 t©OMlsotste Mmkzd OO § OH®B]Y
Ced s OzzsCIPR GO 3 [ j o 2 | @@ driees@dsdz 2 ¢

fjlcosetts tWHGEz] Cte®aH" dDIsstcse s tisHO.
l totsyj T dz0 { dzj ClstetsH OR



(i) Cdi 2eY Cd* ¢ dMmdzj ded J
(+) Hg,SO, +2e Y Hg+SO” o sMfls Odzts o dzj dzd J

Cd + HgSO, +-H,0 Y C,0-810 +2Hg
(M BEOLdzOY kS EEptcOL Ly h Ow

Cru | dzjdsjdzsO | jMlstsd® boqQde®s de® dilts 0d
1 Qo dmdd&ssMmls! Cru {dzjdsjdgsO | jMmissdz® ks Isj

E, =1,0183—-4,0-10"5 T — 293 . (7.17)
Cdzj Bj dals | jistsdz® B dZOHOjIs Cruw dgj )
WeodzW jlsipw By HEZEZOtesHA O3 + sOdzsdetsds C 1
[tceddy ftodd3j esds fosmists?2 cOdz 9 Odad yj fr
Cdzj 3j dals . [B@ i) sOdzdzd yj MSdn 1 dzj ClstetsH O 1
1 dzj € Is toh8als © (

(i) Zn | H,SO, | Cu (+).
Cdzj ClstetsHdz j ftetsyj i

(1)Zni 2e¥ zZn* ¢ dfdzj dzd j

(+)2H +2eY H, o sfls Odzts o dzj dzqd j

Zn+H,SO, Y ZnSQ, +H,y
(M BEOLdZO" kSECSEREOL Y h OW t5)

HdZtS)|dz,r4 UJUq o | |
gdzsy dz" § ~dBIfd S iyditdtd M 4t detsmtsds.
L ozj d3j dzls; @ deddisdftf #). 7 .



¥
|

|

t dfmel.jaz0 -z teliaso sEts ¢ Odzt 9 Odzd yj Me ts
) M ftedmlsts?2 HJOWtLOGE B2 ; B )

I sMmdzse § 6 Odz' ocQdzep QelztfzgzR d IsjJ § Lt ., 1§ o
sO¢, Yt dz2O0 tSHddsHE dqL 1+ dj SkttsHse (S
(tcOMmMlso &ZMj,ded P dz2O0 Htokzce sd3 i ( of uslighipls) @dsty el
(9" Hjdzjdedj BIH) :

Zn+CuW =Zn*+Cu d dzdZn+ CuSQ =2ZnSQ, + Cu.

(i)Zn| ZnSQ || CuSQ|Cu (+)

(iYZni2eY zn*if tetsyj MM ¢ dMmdzj dadw
(HCU'+22Y Cuiftetsyj MM o tsMmimlsOdzse dzj dz

{ OL deso dH dzsfyls! ¥  fdsydr = Sddduj NS dn

o smmlsOdeso dIsj dz' day ji § dd dzd) deQuiBeofiya j ¥ e ) dzlz
Bjes?2 chzkeddr f tosls jof Okl das © d iy gzdzs jlztize bz
COyd misey ftedddj 6O sy dets Y tod o jtjls gL da@Wd* ded .

(1) Pt|H,SO;, S04, H||Fe*, F&| Pt(+).

stdzy] desteOydsdeds” § ydfd

RL 9 j Misdz GOdz! 9 Odzd yd MSE d 4 1 dzj o34 dzlsr €
sBtOLEZzjIsmw dzj L O-9 fyfigflls O deCoddisdgddis jdeis 2dztstc j |
tcOL dzd ydzets2 € t§ @9 Jsagle tdaBdsdf ) oM jMmlsa 1 dzj G L
Clsste’ j fkhjd Ldzj ClstetsH T dL fGSHUSE
GOWz! 9 0dzd yd MEdJ + dzj d3gd dzlst dzOL " 9 O Isiypw € tsd



sy dets dzOL 9 Ols! yjff+', MmMoMlsOodzj dedzlz® dL He
o wOMkseatste Mkzdzr YOO yddz€ © ttOL dzd ydets?2 ¢ tsd
Crae Ctdyj dzlstcOydodzdets? yJjgfd oL dzdCOJIs

sdzse ©OMsosese | dzj Ctesddlssa. Clt |
Cdzj SstesandBdud MEdd fesyjmmr, Mty EPH O
fjtoj desmsd Jodsse s Bodjj Ctdyjdstds
cOMmlso Sk .

' fesyjfnhj ©Oswis’ cOd o Odd dmbiY d
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