
~ 

~1"l.Jru
IV
 

1
 
~ !.TV!~"

1.1	 'IM..I1:U'Yll"llllfl"H:IJb~Ul:uni;1' . 2
 
... d.J !.TV!~"


1.2	 n£J"l.IfI'YlVlU"l'Yll"llllfl1~:U ~~Ul:uni;1' . 4
 
..... !.TV!~"


1.3 n£J"l.IfI'Yli;1'f1"l'Yll"llllfl1~:U ~~Ul:uni;1' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12
 

1.4	 l!J~n1 (Cycle) 15
 
... ~ ~ !.T"
 

1.4.1 1~1"li;1'1l"l"l.lfln!J'IIn1m1~Wil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20
 
.ol	 .. 

1.5 l~1f1-:J~U~ (Engines)	 23
 
d	 6' Q... Q... 

1.5.1 l~1f1"ltJU~'IIlnl!J'IIn1lllJlJtI~ (Closed-Cycle G-L engine) . . . . . . . . . .. 23
 

1.5.2 l~~f1"l~U~'IIlnl!J~n1lllJ1Jltl~ (One-Pass Open-Cycle G-L engine) ... 24
 ..,	 .. ~ 

1.5.3 l~1f1"l~U~ll1-:J~U (Rankine engine) . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24
 

1.5.4 l!J~n1ll1"l~UlllJlJ1~~ll:U1f1U~l(Reheat Rankine cycles). . . . . . . . .. 28
 
QJCV ~ AQ...oQJ 'Jl 4Cil 

1.5.5 l!J'IIn1lllJlJ'YllJll~ VI 1f11!J'II n1lllJlJ blJUl1 (Binary cycles) . . . . . . . . .. 37
 

1.5.6 1~1J1J':hm-J~~rlli"lbl~~~ll:U1f1U(Cogeneration system) . . . . . . . . . .. 37
 

0	I.5 .7 1~lJlJ' Fit
 (f' .)Yll~ll:Ul~U Re ngeratlOn	 43 

o	 Fit .. (
1.5.8 1::lJlJ'Yll~ll:U l~UlllJlJ~~ n~u Absorption refrigeration)	 46
 

o 1'" !:"I	 ( )
1.6 n11'Yll VIluU"l.I f1"ll VI ~l Liquefaction	 50 

I.7 ~rnVl1JiJ1l-l.VI"bm~~lu (Kelvin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 54
 

1.8 h'Ylrf.......................................................... 55
 
... ~ 

lflni;1'l1f1l"lfl"l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 61
 

2 ~1111~1I\1"fi"1\1 LIitl{[1I1lPl"1iimf. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 63
 
q.,.d& !.T'Vl A""q.,
 Q,..o

2.1 11:un£J"l.IfI'YlVlU"llL~::i;1'f1"l'Yll"lmfl1~:U ~~Ul:uni;1'L"l.Il~l~nU . . . . . . . . . . . . . . .. 64
 

Training05
Stamp



4.32.1.1	 j~uutl~..................................................64
 

4.42.1.2	 j~UUbtl~ 66 
Q.; oU b I Q..o~ d.c.. .,t 'l-" Q.;~.d. Q.; VI 'lI 

2.2 flll:JJ~:JJl'lUITj::Vlll~tnJU~'Ylum:JJ"lJUnUi.nJU~'Yll~ b~ ....••........•••• 71
 
Q.;.c.. t: d 4.52.3 ~:JJU~l'lljl"lHJt'l (Partial properties). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75
 

Q.; Q.;,;' .CIt. 6' .c..	 6' 4.62.4 flll:JJ~:JJl'lUIT"lJeJ~nuu~-~~:JJ:JJ(Gibbs-Duhem) . . . . . ... . . .. . . . . . . .. . . .. 81
 

"" c' '"2.5 f1mHfl:JJ (Chemical potential) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82
 

2.6 hmf	 83 

'" ~ 
beJn~ljeJ1~eJ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 87
 

3 ,Ul'lJGl~t1\1n1CZf (Properties of ga es) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 89
 

3.1 fh6Jl1U~1l1'W~~:JJfl~ (Ideal gas) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 89
 
4.7 

3.2 ~:JJu~"lJeJ~fh6Jle.J~:JJ~~:JJfl~.........................................
90 

3.3 ~:JJU~~lU~l~ (Residue properties)	 94 
.. 

... 1 &::It. a Q.;" I A A ... 1	 .CIt. d

3.4 ~m6Jl~bbt'l~~:JJlJj~~'YlIT~m6Jl~ (Fugacity & fugacity coefficient) 96 

3.5	 ~:JJmj1l11~ (Equation of state) 98
 

.. '"
 3.5.1	 ~:JJmj1l11~neJjbjr.Jt'l (Virial equation of state) . 103 
4.8 

3.5.2	 ~:JJmj1l11~'Ylj~nt'l:JJbbiJ~(Hard spheres equation of state) . 114 
.. .. 

3.5.3	 ~:JJmj1l11~bnUb~eJjllt'l~(van der Waals equation of state) . 117 

3.5.4	 ~:JJmj1l11~bj~~fl-meJ~(Redlich-Kwongequati n of state) . 118 
bEln~ 

5.13.5.7	 n£Jmje.J~:JJ"lJeJ~~lje.J~:JJ(Mixing rule) . 124 

... 5.23.5.8	 ~:JJmjbbUjmn~~ (Rackett equation) . 124 

o o~ '" 1'" 0 5.3 ..9 fllbbU~UlbUmjbt'leJn	 "1lbbUU~lt'leJ~ . 125 .. , 
Q.; .Q AeyJ ~1J .c..dQ..o 

3.5.1O~:JJ j~~'YlIT "m6Jl~eJUbUeJ~~ln~:JJmj1l11~	 . 125 

3.6 l~'Ylrf	 . 128 

'" ~ 
beJn~ljeJ1~eJ~	 134 

4 ~3JUGl~t1\1~l'H~:::~111	 (Properties of solutions) 135 

4.1 ~ljt'l~t'llr.J~~:JJfl~ (Ideal solution)	 135 

4.2 ~:JJU~~lUbnUbbt'l~~:JJU~e.J~:JJ(Excess and mi ing properties)	 137 

"'.1"" .1	 ~ 3.5.5	 ~:JJ mj1l11~'YllJjUlJ1~~ln~:JJmj1l11~bj~ t'lfl-m eJ~ . 120 
'" 

a , '"	 b1 5 fUll;)35..6 mjfllUlrnVllmfl~'Yl	 a bbt'l~ U~:JJmj1l11~ 121 

5 

5 

4.9 



143 
<' 

4.4 lleJnYll&ill~:;~:lJU1:;~'Y1lille:JnYll&i(Activity and activity coefficient) , 146
 .. 
Q....o •	 a...- .. I A A AA~ 

4.4.1	 r-J~'1JeJ"Ifll1:IJ~UWleJ~:lJu1:;~'Y11HleJn'YnWl 149
 

4.5 f11f1"1YileJU1 (Henry's constant)	 149
 
<' 

4.6 lluu"i11~eJ"I~:JJu1:;~'Y1lilleJnYll&i(Activity coefficient model)	 , 151
 

4.6.1 l1~'~f1-\il~lWleJf (Redlich-Kister)	 153
 
... 

4.6.2 lnU~1~ (van Laar)	 ISS 

4..3 11~U (Wilson) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 157
 

4.6.4 NOll Random Two Liquids, (NRTL)	 160
 

4.6.5 Universal Quasi Chemical, (UNIQUAC)	 . 162
 

4.7 n!Jm1r-J~:lJ5uli1e:J"I~1n'Wi"l"l1U~lUlnU(Excess free energy mixing ntles) . 165
 

4.7.1 ~11e:JU-l~~ (Huron-Vidal)	 . 166
 
A A QJ a.... ",I

4.7.2 eJl1e:JU-l~~ ~~llu~"I (Modified Huron-Vidal)	 . 166
 
... ... 

4.7.3 leJ"I-W'lJ'U~l~eJ1 (Wong-Sandler)	 . 168
 ..	 , 
4.7.4 ~:lJ1J1:;~'Y1li~mtn&i~1nn!Jm1t-J~:IJ	 . 169li1eJ"I~1n'W~-'I"I1U~"mlnU 

AA~ d,,1
4.8 lleJn'YllW1'1Jfl"l~11~:;~1tJ:lJu1:;~(Activity model for Electrolyte Solution) ..... 169
 

4.8.1 n!J~iJWI'1Je:J"I~U1tJ-~~ln~ (Debye-Hiickel limit law) ..........•.... 173
 

4.9 t~'Y1rf	 . 174
 

" A
leJn~11eJ1"1eJ"I	 . 177
 

179
 

5.1 ~111J1~'Y1TI- (Pure substance)	 180
 

5.2 f111:IJ~ULeJ (Vapor pressure)	 182
 

5.3 ~11t-J~:IJ'Y11~11 (Binary mixtures)	 . 186
 

a.- a.- ...	 0.1 01 a.- G'"'A1 1
5.3.1	 f111:IJ~:IJ'WWil'1JeJ"I~:IJ'lJWI U~:IJ~~lYi~ '\A,Ju~:lJm1eJ'J1>'WUn . 187
 

5.3.2	 ~:IJ~~lvJ~LeJ-'1JeJ"IlVl~l (Vapor-Liquid phase equilibrium) . 190
 

5.3.3	 ~:IJ~~HvJ~'1Je:J-'llVl~l-'1JeJ"IlVl~l(Liquid-Liquid phase equilibrium) . 201
 

5.3.4	 ~~~~bvJ~fh']'-n1,],(Gas-Gas phase equilibrium) . 203
 

5.3.5	 ~:IJ~~lvJ~Le:J-'1JeJ"IlVl~l-'1JeJ"IlVlWJ(Vapor-Liquid-Liquid phase
 

equi'librium) 204
 

5.3.6	 "i11llun1J1:;llm'1Ja"lJ1Jll'lJ1J~:IJ~~(Classification of phase diagrams) ... 207
 

.. 5 



5.4 ~T'H.Jl,nJ~1~11 (Ternary mixtures)	 213
 

5.4.1	 ~:IJ~l.H'W~"1JEJ"lb'VI~l-"lJEJ"lb'VI~l (Liquid-Liquid phase equilibrium) 214
 

5 .4.2 ~ ~ n 1~ 'YlU "1J EJ"l ~m'VI1J ij ~ EJ~:IJ ~ ~ b'W~"1J EJ"l b'VI ~1-"1J EJ"l b'VI ~1
 

(Temperature effect on Liquid-Liquid phase equilibrium)
 

5.4.3	 bb~U.n1l'l~:IJ~~b'W~~-rruim.~1u~11~~:IJ~1~11(Complex phase
 

diagram in ternary mixture)
 

5.5 hmf
 
... A 

bEJn~11EJ1"lEJ"l
 

6 n1'.i~1'",Jmi1l3J~'Hy.ji1l (Phase equilibrium calculation)
 
J; 

6.1 l'lU~1U"lJEJ"l~:IJ~~ (Equilibrium principle)
 

6.1.1	 ~:IJ~~"1JEJ"lb:IJ:lJbU1U (Membrane equilibrium)
 

6.1.2	 ~:IJ~~b'W~ (Phase equilibrium)
 

6.2 m1f11Ulrn'Vl1~~UmU~~~n~U~l (Bubble Dew points Calculation)
 

6.3 ~:IJ~~b'W~"1JEJ"lb'VI~l-"1JEJ"lb'VI~l (Liquid-Liquid equilibrium)
 

215 

215 

220 

224 

. 225 

. 226 

. 229 

. 230 

. 235 

. 242 

6.4 ~:IJ~~b'W~I,EJ-"1JEJ"lb'VI~l-"1JEJ"lb'VI~l(Vapor-Liquid-Liquid phase equilibrium) . 248
 
.r=:lo 6' I Q...; Q...; 

6.5 m11b~11~'VI1~fJ~'VI1"l"1JEJ"l1~U1U~:IJ~~(Tangent plan distance analysis)
 
, 

o .d1J n~ I Q...; Q...;

6.5.1	 m1mUlrn'Yl 1~~n~ "D'1~fJ~'VI1"l"1JEJ"l1~U1U~:IJ~~
 

6.6 n1'll'~~~1fJ1U"1JEJ"lb'VI~1 (Solubilities of gases in liquids)
 

..: 1 d ""6.7 "1JEJ"lbb"1J"l~~~1fJ U"1JEJ"lb'VI~1'V11EJm'll'
 

6.8 m1f11Ulrn~'ilEJ~"D'1EJ1'Yl1U (Azeotrope point calculation)
 

6.9 m1f11Ulrn'VI1~'il11Ul'W(Flash point calculation)
 

6.10 hmf
 

..... 250 

. 254 

256 

, 259 

263 

269 

, 273 

7 n1'.i~1~'Jm~'J13JLi1I{hJ'.iL'LiiI~,!Vl~nflGl (Stability and critical point calculation) 277
 
,	 .-

&t VI a .:::ll.. Q

7.1	 b"l EJU b"1J "1J EJ"lWd1:IJ b~n fJ1"1J EJ"l~11U1~'Yl!i' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 277
 
.-


7.1.1	 l'l(]~n11:IJ"1JEJ"l~:IJm1.n11~~EJ~11:IJb~nfJ1"1JEJ"l~11U1~'YlIT 280
 

7.2 l'l(]~n11:IJ"1JEJ"l~:IJm1.n11~~EJ~11:1Jb~nfJ1"1JEJ"l~11~~:IJ'Yli~11 . 284
 
..:=t 0 Q...; ~ 6' I &:>. 

7.2.1	 n11'V11fll1:IJ b~n fJ 1:U1nbbUU:U1~ EJ"ll'l ~"l"l1UnUU~~lUbnu . 288
 

.. VI '"	 6'.17.3 b"l EJU b"1J"1J EJ"lWJ1:IJ b~n fJ 1"1J EJ"l~11~~:IJ'VI ~1 fJ EJ"l~u1~n EJU	 . 292
 

7.4 b~EJUI,"1J"1JEJ"l~'illn(]~ (Critical point criteria)	 . 299
 

7.5 

7.6 

bEJn 

8 "3.11 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

ban~ 

9 mUf 

9.1 

9.2 

9.3 

9.4 1
 

9.5 

9.6 



o	 = 1 ~ U7.5	 mdfllUlrn~~ln~<il UeJn~ UlJlJ 303
 

7.6	 1~'t'lrf 306
 

" = 
beJn~ldeJ1.JeJ.J	 310
 

... (	 • •••

8	 Glf3J~n !In'H.J1L~3J Chemical eqUIlIbna) . 311
1.1 AAA 

",I~~A .d 

8.1	 ~1Jmd~1J~~u!Jndtllbfl1J (Chemical equilibrium equations) . 311
 

8.2	 ~1J~~eJ~<ileJ1J (Atomic balances) . 312
 

8.3	 ~<ileJtI~1eJb1J<il1n (Stoichiometric) . 313
 

8.4	 UeJU-~<ileJtI~1eJb1J<il1n (Non-Stoichiometric) . 316
 
, ,
 

.. Ia "I I ~ ~ Q...oo A

8.5	 mdbu ~ t1Ubbu ~.J"lJ eJ.JfIlfl.J 't'l~1J ~ ~ bfl1J nlJ ~rn'VI1;] 1J . 320
 

01=== , "-'= ~ "1 ="
 8.6	 ~~"lJeJ.J~1J~~u!Jndtl1<ileJ~1JlJ<illlHldb1J . 327
b~Ul1Jn~ 

"-'=	 ~ "1 =.. ~= = 
8.7	 ~1JlJ<il't'll.Jb1ieJdb1J b~U11Jn~"lJeJ.J~ld't'lbn~mdd~blJ~ . 332
 

8.8	 ~1J~~·h1Jd::'VI11.J~1J~~bvJ~bl~~~1J~~U!.1n1t11lfliJ(Chemical and Phase
 

equilibrium) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 335
 

8.9	 h't'lrf 342
 

" = leJn~ldell.JeJ.J	 344
 

tf:;} AA	 ( •• • )9	 nn~1GlfGl'H'1J\lGlfflGl Statistical mechamcs 345
 
I	 J A 6" 

9.1	 ~lUtleJtI 6) "lJeJ.JnlJlJ~ (Gibbs ensemble) 345
 

.ol
 '1	 (9.2	 lld.J~.J~~d~'VIll.J 1JL~~~ )Intermolecular forces 348 
a...- 6"odA,f

9.3	 ~1JUd::~'t'l1illeJdldtl~ 350
 
~ .....:.. "1 I
 

09.4	 't'l~~!llnUb~eJdll~~'t'llbu (Generalized van der Waals Theory) 353
 

"-' ~ "1 A" (S d)
9.5	 "ll'eJ~ll"ll'Ul1ieJdb1J b~Ul1Jn~ olvation thermo ynamics 355 

9.6	 h't'lrf 364
 

" Al eJ n ~1 1m.J eJ.J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 366
 

, 
I 1.::( I
 

n	 V1"dmLn::~1~\I'Y1Gl1\1 c:J .............•......•......................... 367
 

~ tf 
'7J	 nl"HL1.1 n\lLnenH)\IGl":i (Legendre transform) 391
 

Q...oo Q...oo 6"	 I Q...oo 6" I w: 6' 

"lJ.l	 f1111J~1J~U1id~Vlll.JeJ11YiU1itleJtI"lJeJ.Jmdll ~.Jl~eJ"ll'eJ.J~d 395
 
U 

A Q."f .....IQ.; 
~	 "dGl"-":i1Ttill" (Newton-Raphson) 399
 



J'" 0 '"\I nl'i''YI61~tlUiltl~aLLa::'YIl' ..nmJt)~a (Correlation of Data) 405 lJ'YJ'YJ 

o .... <f
~19f""'Y1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 411 o
 

U,,\-I 
.... '" 6l~U 421 

l. 

Yl 

~I 

2. j: 

3. n­

J m 

4. j" 

'iJ1nmj~ 

'Y11U1£Hllj 

blHlfT~lm 

'" ."
bfl~ bb~nf1 

fI111Ji1JW\ 

~1Jnl'~lih.:J 

2 



allYn \bfJnlil~Uanlil, , 

-

LtlEl113Ji.~ulijmf~1'V1:r1Ji~lm,mflii I altln 'l'llfJ lil~uanlil, 
I. LtlEl1hJ'l~U1ijmf. 6(,0. 29~9 

Ab~~660.2969 
25~" 

ISS 978-974-03-2948-0 
1Q30h 

a'il~. 1543 

.li­
SSF./Uui1J7J7n1.· OflJJ 

2 0'0, 
11A-2/£ 

www.ChulaPress.com 

/n 'wfecfge t )1[[ 
BSTI DEPT. OF SCIENCE SERVICE 
Ihiln\lilllllr;a., n'tSJil1U111111111l{\J";m't 

~ , 
Wln~Yl1"Yi 1 -;Jl1-m.t 1000 L~:JJ ~.I'l. 2555 111111111111111111111111 OOIII~111111111111I111111111 

1110014016
n1-:i~~~ LLlil:::n1-:ilil Eln L~ fJU'VIUJ~ElL~JJUt.JllJtl LL1J1J'l~~J~U 

~ BJ'l~:r1J El~qj l~ LUUlill fJ ~myrnam;l,'illn ~lunoW JJvfIJ.vi J ~Wllil J n 

"'_ o' I(' Q..o dI It ~ Q.oo 

t-J'il~'ill'V1UlfJ YfUfJ 'VI UJ a El'ilWllil,l mrnJJ'VI11Y1 f.J1lil fJ 

•	 ~uuvHuli.'Yl \'lJ~tl'YlJJ1U mJL'Yl~'1 10330 

al'lJl	 I'1llill"";:::L~fJl 1m.' 0-221g~7000-3 hmn, 0-2255-4441 

a-f.J1JJlmm1 1m. 0-2218-9881-2 1mal, 0-2254-9495 

JJ.UL'I'11' 'il.oW rn1liln 1'Yl'. 0-5526-0162-4 1'Yl,lil'l, 0-5526-0165 

JJ.LYlYl1u1lil~~1u~1 'il.um-1l'll~m 1m. 0-4421-6131-4 1mal, 0-4421-6135 

JJ.\!,.,.,l 'il.'llCl'l.{~ 1m. 0-3839-4855-9 Imal1 0-3839-3239 

h,lL1fJUUlfJ~EltJ 'il'lh. 'il.UYldUltJn 1m. 0-3739-3023 Imal, 0-3739-3023 

i61:ra-'illJJ~1( HAMCH RI SQ ARE),ffu 4 1m. 0-2160-5301-2 1mal, 0-2160-5304 

:r~U1ITL1Jl'1f (LWnLLYldlfJ) tm. 0-2950-5408-9 1mal, 0-2950-5405 

all Center (~lfllhttl1.h:::LYlI'l)1YI'. 0-2255-4433 http://www.chulabook.com 

L1'I1El'!JlfJ lJurf'VIU"~El 3J,LL~Y1l'V1i.'l1J 'il.L.:EfJ,J,lfJ 1m. 0-5391-7020-4 1mal, 0-5391-7025 
6'~"	 ~ ~ 6' .. 1 1Y,jUfJ'VIU,laEl JJ.llilfJlilnlYrn 'il.uml'l,tl1dJJJ1'll 'Yl1.0-7567-3648-51 'Yl'ilil'l,O-7567-3652 

~lU'VIUJ~B1J~UmL~'lll (ffJvI ff,l'VILau) 11JJY)lLL'VIJ 43/1 1m. 0-2538-2573 1mal, 0-2539-7091 

~urf'VIUJ~El :IJ."i'l'll.rl!JL.:EfJ,l"i'lfJ 'il.L.:EfJJ1lfJ 1m. 0-5377-6000 
G' 0,.... A 0=01 IQ 1 

~UfJ'VIUJlil'eJ :IJ.~'lJi.'l1l'lltllU 'il.~'lJlil'l'll15'lU YI':!.0-4535-3140, 

0-4528-8400-3 ~El i803 hmn, 0-4535-3145
 

~utf'VIUJ~B :JJ .':!1'll.rl!J~1'11Y£]1tllU 'il.\1"lti£]flllU 1m. 0-7735-5466,
 

0-7791-3333 lY1,al':! 0-7735-5468 

':lurf'VIu,laBh,lL1fJULYlYllu1i.'l~'lBBlfYl:O 'il.1:::fJBJ 1m. 0-3889-9130-2 ~B 331 

1mal, 0-3889-9130 ~El 301 

~lU~\ 'VIu"thlL'ifli L1(JU ~~~mL~Un"IJ1(JffJ al'lJl:r~U1ITL1J1'l1 (LLfJnLLfnlfJ) 1m. 0-2950-5408-9 

1mal. 0-2950-5405 

ntl,lm,rnlITnl, : nY1i:ttf ~l'lh oWa'ilUernti':!: ""'L~ru :r~u1.,.,iLLa,l1'l1 
- 6' • tl' ~ i..!

ElElnLLU'lJ tl n: 'll1U'Yl'l Ul:JJ:IJ,lI'lrn. tlBnLLU'lJ':! Li.'l:IJ : .1'1. m.lil'l!in 'llfJni.'l'lluani.'l 

oW~vf~ 1J1~'Yli ..,.,~u'Y1 (l9~1)'-;Jln~ 1m. ~-2451-3010 Ima11 0-2451~3014 ' 




