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ABSTRACT
 

The purposes of the research were to create and find efficiency validation 

of computer assisted instruction focused on the micro structure of iron, for the 

standard 80 / 80 and analyze the student' learning achievement after using 

computer assisted instruction. 

The samples were the 20 first year,Bachelor of Science in Technical 

Education students enrolled in Industrial Engineering, Rajamangala University of 

Technology Phra Nakhon, North Bangkok Campus. The Researcher experimented by 

using pretest, and then using the computer assisted instruction focus on the micro 

structure of iron, next the students did the posttest. After that the researcher 

calculated to find the computer assisted instruction efficiency and analyzed the 

students' leaning achievement after studying. 

The result revealed that the computer assisted Instruction efficiency was 

efficient for standard 80 / 80. And after studying by using computer assisted 

instruction, the students' learning achievement increased significantly at 0.05. 

( MR. Tinakorn Chankrachang) 

Researcher 
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" '0

~1fl(;l'\llfl1[J1 f1I1..:J ~..:J"'l:;~11~un~nM1L;r11"'l1~vr'Jn..:J eJflV11~"'l1nm1~'El'l.l~..:Jn~1'J'El1"'l11U~~'El'l.l 
I """"

~'el..:JL'\IlU'tl[J'-l1nn~1t1n~ L'V'l11~~'El..:J~'tl'l.l1'l.lLu'El'\ll1L~mrl'l.leD1LL~'JeD1~n'\llfl1[Jf1If..:J LLfldhm1~'El'l.l 
" ,
U'l.l'tl1"'l"'l:;ihrn~nM1U1..:Jf1I'l.l V1u..:J1a,lL;r11"'l'\ll1'Elhln~1ma.J ri~11~un~nM1~..:Jn~1'J hlilf1l'J1'-li 

'Vl~M~LLfl:;hj~1'-l11r1t1~U~(;l1a.Jtj'(;l~t11:;~..:Jrolm1~'El'l.l1~ 'El1"'l11U~~'El'l.l"'l:;~'tl'l.l'Vlu'Vl'J'l.l1~nf1lf..:J 

rihl~1'-l11r1t1~u~1~ L'V'l11~un~nM1t'l'J'l.la.J1nL;rrll"'l lh~'El'l.l1'\1l,j'El1"'l~11~m1L1[J'l.lm1~'El'l.l 

un~nM1~..:J~'El..:J~1;1 ~..:J,r'l.l un~nM1~hJL;hl"'l1'l.lLii'El'\ll1'Vl~M~ LLfl:;m1t1~U~..:J1'l.l un~nM1 

~..:Jn~1'J"'l:;~'El..:J~nM1~'J[J(;l'l.lL'El..:J t~[J~"'l1nL~'El'l.lUn~nM1~L;r11Jntl~U~..:J1'l.lri'El'l.l ti1i1t'Elm~~ 
I I" I 

Lf1I1'El..:J4'mV11ontJnvrnM:;u'l.l~1..:J1,ji10; un~nM1V1hlL;r11"'lri"'l:;hJn~11Jntl~llii..:J1'l.lri'El'l.l L'V'l11:; 

n~'J~1..:J1'l.l~ntl~U~'El'Eln'-l1hj~ "'l1nL'\Il[;JeJfl~n~1'J~11~m11Jntl~u~..:J1'l.l'1l'El..:Jun~nM1~..:J~'El..:J 

~1Lil'l.l1t1'tlU1..:J~1;1 eJfl..:J1'l.l1Jntl~llii '\Il1'El eJfli'-l~'Vlfl'l.lm1~'El'l.lun~nM1~..:J~'El..:Ju..:J'W~Lvl1~f1I'J1 
" 0'

~'Jm'\ll[;Jil~11~04'[J~'l.l1"'l"l.jfu'VIL1[J'l.lf1l'El'-l~'JL(;l'Elf Lt1'l.l~'Ell'l.lm1~'El'l.l" LVl'Ell;t11:;n'Elum1~'tl'l.l 

Li:l'l.ln~'-ll'\1lqJ '\Il1'Eln~ a-I L~ n ri1~L~'Eltl1:;t[J'll'l.l1'l.lm1L1[J'l.lm1~'El'l.l1~'ElU1..:Ji1t11:;~'VlflJl1'V'l 

~~nU'~~~A~~~n1'~~S• 
1. L~'El~11..:JU'VlL1[J'l.lf1l'Ela.J~'JL(;l'Elfrl'J[J~'El'l.l ~'El..:J .. tf1lN~11..:J'flJl1f11'1l'tl..:JL'\Il~n" 

2. L~'El'\ll11J1:;~'Vl flJl1'V'l'lJ'el..:JU'Vl L1[J'l.lf1l'Ela.J~'J L(;l'tlfrl'J[J~'El'l.l~ ~1 Lil'l.lm1~11..:J~'l.l 
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3. L~'e)'i L~11::ieJfl~a-J ~'Vlf'Vn.:Jn11L1EJ'l.l 'j,\~'1"11 n L1EJ'l.l~'JEJU'Vl L1EJ'l.l~'ela-JVl'J L[;]'elf1l'JEJ~'el'l.l 

~'1 .. L~N~11'1'fl111~1J'el'lL'j,\~n" 

tUJ JJ ~.s1U n1'i~..r!l 
, ., 

1. U'Vl L1EJ'1.!~'el'-JVl'J L[;]'elf,l'J EJ~'el'l.lVi ~1 Ltl'l.ln11~11'1~'l.lihh::~'Vlfi111'Vl [;]1a-J Ln ru."Vla-J1 [;]1~1'l.l 

2. 'j,\~'1"11nL1EJ'l.l~'JEJU'VlL1EJ'l.l~'el'-JVl'JL[;]'elf1l'JEJ~'el'l.l~~1LU'l.ln11~11'1~'l.l'l!n~m~1il~'J1'-Ji 
c: J' I .oJ ..I 

L'Vl'-J'-J1n1J'l.ln'J1n'el'l.l'VlIil:: L1EJ'l.l 

""iI .J ....... '" CIII .. .J..J" .......... J'
 
1. n11"i{EJ ~f'lv.l-DLi1'el'j,\1"i'JI1 'Vl ~'JIilEJ~'el'l.l'-J'Vl~'l~'!J'Vl Lnm1J'el'lLLfl::1J!JU[;]flnMru.::L'l.l'el'j,\1 

U'VI L1EJ'l.l~'el'-JVl'J L[;]'elf"l::Li~I'l.ll11 'Vl L~~'el'l.l 't'j,\'J L'J!'l.l LL~ W1'1n11~1fi[;] n111J5~'11'l.l 'j,\1'el~ nMru.::n11 

U11mEJ n11~ 'el'l.l'j,\tJ1""'el'l L1EJ'l.l'j,\1'el ~ C11'l.lvrtJ n1J5 u'i'11'l.l 

2. L~'el'j,\1U'VlL1EJ'l.l~'el'-JVl'JL[;]'elf 1'l.l"i'JI1~ cfi{EJ~1'1n'l ~"I::{W1vh~'l.ll-n LtI'l.la'ell'l.ln11~'el'l.l 

~cfi{EJ1-nL~'el'j,\1U1'1~'J'l.l"i'JI1 Lfl'j,\::"i'Vlml'l.l'l1'l.l"iPl'Jn11'-J ( Engineering Metallurgy ) 1~~"i'JI1 

11 - 413 -404 'j,\~n~[;]11::~Umtk!tk!1[;]1~tPl1~[;]f~[;]~1'j,\n11'-J ~11J1"iPl'Jn11'-J~[;]~1'j,\n11LLfl:: 

'j,\~n~ [;]11::~u1J 1::n1P1v.mr[;]1"i'JI1:a'Vl.r'l.l~'1 LLeJ'l.ln'Jh'I L'Vl ~U~~ [;]~1'j,\n11'-J ~ru.::L 'Vl ~ L'l.lLfltJn11eJ~ [;] 

~lofl'l.ln11L1EJ'l.ln11~'el'l.l 1J'el-1'-J'j,\1"i'Vlm~EJL'Vl ~ L'l.lLfltJn'JIa-J'I ~fl'Vl1::'l.l~1 "i'VlmL" [;]'Vl1::'l.l~1L 'j,\il'el 

1'l.l111~L1EJ'l.l~ 2/2549 

3. 1J1::'JI1n1LLfl::n~'-Jl9l'J'elth'l LtI'l.l'l!n~nM11::~Umtk!tk!1[;]1 ~ru.::~tPl1~[;]f~[;]~1'j,\n11'-J 
." , 

~11J1"i P1'J n11'-J'el[;]~1'j,\n11 -n'l.ltlVi 2 Vi fl'l'Vl:: LiJEJ'l.lL1EJ'l.l"i'JI1 Lfl'j,\::"i'Vlml'l.l'l1'l.l"iPl'Jn11'-J• 
( Engineering Metallurgy ) 1~~"i'JI1 11 - 413 - 404 1'l.ll11~L1EJ'l.l~ 2 t1n11~nM1 2549 n11q'-J 

~'J'elth'l LLUU L"11::"1'1 

4. ~'JLL1J~lofl'l.ln11"i{EJ ~'el 

4.1 ~'J LL1J1~~1:: (Independent Variable) ~'el U'Vl L1EJ'l.l~'el'-JVl'J L[;]'elf1l'JEJ~'el'l.l 

4.2 ~'J LL1J1[;]1'-J (Dependent Variable) ~'el eJfl~'-J~'Vlf'Vl1'1n11L1EJ'l.l"'el'lU'VlL1EJ'l.l 

~'el'-JVl'J L[;]'elf'Jl'JEJ~'el'l.l 

5. L~i'el'l~'el'-JVl'JL[;]'elf ~lofl'l.ln11'Vl W1fl'el'l~ ~'J1il~ru.~'-Ju'i1J'el'l L~i'el'li'l.l~1 ~'el'l LtI'l.lL~i-a'l• 
't'-JL~1~'el'-JVl'JL[;]'elft'l.lPentium II 'j,\'ll'JEJ~'J1'-J41128 MB.il CD - ROM, n1fWlL~EJ'I (Sound Card) 

'Vl1'el'-J~1L'Vl'l 
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., "k., .......
 
"lIillJln~~ L\Jil~ lJI'U"lIil~ n1'i'J~a 

1. Un~n~1'Vlnl"l'l.l~\I1Iiijli1LLtJtJ'Vl~~'tltJ~lfl'l.ln11"ifu LLf'l:: e.Jf'lI"l::LL'l.l'l.l~'1~ 1iij1nLLtJtJ• 
I " I " 

'Vl ~~'tltJ ~-:J ~ 12-J11ClLoDLU'l.lLI"l1'el-:Jil n-:J e.J f'ln11L1U'l.liVl LLVlliijr\l"JI'tl-:J n~2-J l'i'l'tlth\li1'1~ 
... ... JI ';!l 

2. n11"ifUl"lf-:Ji11"l'l12-JLLlP1nIP11-:J'Vl1-:J~1'l.lYl'l.lS1'l.lLM~Sfh i-:Jl"l2-J LLf'l::'tl1tJ"JI'tl-:JUnl"ln~1 

hJiJe.Jf'lIP1'tln11"ifu 
...... , 

3. "ll'l-:JL'lf'l1n11'Vl~'{l'tl-:JhJiJe.Jf'lIP1'tln11"ifu 'ti-:Ji1Lil'tl-:J1iij1nWifuiJll11::n11~'tl'l.l'\.o1f'l1U'l-1'tl-:J.. 
vbL'l-1"ll'l\l L'lf'l1L'l.ln11LoD~'l.l~ L~'elli1n11'Vl~f'l'tl-:JhJ11-:J 

4. ~m'l.l~L1u'l.lhJiJe.Jf'lIP1'tln11"ifu ~-:J~Lrl'tl-:J1iij1nWifuiJ1111::n11~'tl'l.l'\.o1f'l1U'l-1'tl\l li1L'l-1.. 
,,~ ...J'" ~0 &I 

"ll'l-:J L'If'l11'l.ln11L"llYl'l.l'Vl LYl'tl'Vl1 n11'Vl ~f'l'tl-:J"ll1'l1'tl'l.l 

o 0 ..., ... ..., 

A1~1nlJlA'J1~"lIil~n1'i'J~~ 

1. nl1~11'JUVI L1tJUfl!J~~f) LL'l'flf'lifJtJ~'flU vt~ltJtl'J nl1'fl'fln LLUU LL~~~11'JtJV1 L1£fW 

1"l'tl2-J~'lLIP1'tlf"ll'lU~'tl'l.l~'tl-:J " tI"lN~11-:J'f'l1111"l"JI'tl\lL'\.o1~n "~1'\.o1ftJun~n~11::~tJ1.Jtryry11P11 I"lru:: 
... , , 

I"ltI"l1~lP1f'qIP1~1'\.o1n112-J ~1"J11';j1"l'ln112-J'q1P1~1'\.o1n11 -D'l.lUVl 2 Vl~-:J'Vl::LUtl'l.lL1U'l.l"i'll1 tf'l'\.o1::"i'VltJ1 

L'l.l-:J1'l.l"iI"l'ln112-J ( Engineering Metallurgy ) 1t.r~"i"ll1 11 - 413 - 404 L'l.l111I"lL1tl'l.l~ 2 U 

n11~n~1 2549 2-J'\.o11'i'VltJ1-Km'Vll"lt'l.ltf'l~11'll2-J\lI"lf'lYl1::'l.l1"l1 "i'VltJ1L"JIIP1Yl1::'l.l1"l1L'\.o1il'tl t~tlL'l.l 
~ _ a.., ... JI .. I'"
 
'lI'l.lIP1'tl'l.ln11'tl'tlnLLtJtJtJ'VlL1tl'l.l 'lLl"ln::'\.o1L'l.l'tl'\.o11 ,~u1::~-:J1"ln11~'tl'l.l 'tl'tlnLLtJtJ'Vl~~'tltJ LLf'l:: n11
 

... ... 
LL~ ~\1 n11~'tl'l.l~1filP1'ti-:J1111"l'Vl ~'jj fl LLf'l:: u~tJ1i0ftlliij::LU'l.l~~1 LU'l.ln11 ~'l'l.ll 'l.l~'l.lIP1'tl'l.ln1nhtl"'1 

~~t'tl LLf'l:: U1~~t'tl~d1tlVi1 LL~l'l '1U~~1-:JLU'l.ltJ'Vl L1tl'l.lI"l'tl2-JYl'l LIP1'tlfrl'ltl~'tl'l.l 0ftl'1~f~~1-:J~"Ji1'l.l1ry 

1iij1n111tl'l.l'tln~'1~ftJ'tl~mi LL~'l ~1 LU'l.ln11L'l-1 

"'* A"" ... "'* .J ... J' " J'
2. tJ'VlL1tl'l.lI"l'tl2-JYl'lLIP1'Elt'JI'ltlMI'l.l '\.o12-J1tlCl\l tJ'VlL1tl'l.ltU1LLn12-J'Vl~n-:J"JI'l.lm1'''JI'el2olm'l.l'tl'\.o11 

~ , 
L1'tl\l "tI"lN~11-:J'f'l1111"l"JI'tl\lm~n" f'l\lL'l.lLL~'l.lil~1'el2-J U1L~'l.l'el111YlU-:J U1::n'eltJ~1m1tJ1tl 

111YlLI"l~'tl'l.l'1'\.o1'l ;)'tl1"l'l12-J L~tl\ltJ11tJ1tl"JI'tl-:J0ftl t~tl~-ntJ'VlL1tl'l.l~12-J11Clil1LL~'l.l;~1'tl2-J~n 
... ... ... 

1iij1n'l.l'l.ltJ'VlL1tl'l.l 

1"l'el2-J~'l LIP1'tlf~ ~ ~1-:J"'I:: Ltl ~ '1yJ ~bbtJtJ~ IP1t 'l.lmi L'l-1rrt-n~12-J11Cl L~'tl ntJ'Vl L1tl'l.l1P112-J~ ~'tl-:Jn11'1m~tln 
IV ...;". ..,,,J' .J 
~n~ru::LU'l.lL2-J\+ntln11~'tl'l.l L2-J'tlLf'l'tlnL2-J\+11tln11~'el'l.lL~ tU1LLn12-JIiij::LL~~-:J'\.o1'l"JItlL'l.l'el'\.o11'Vl1iij:: 

I " I ....

U1 L~'l.l'tlLL~'ltJ'Vl L1tl'l.lIiij::'l11 L;)1~'el Lil'tl'\.o11tJ'Vl L1tl'l.lL1'tl\lU'l.l 1 "'I'l.lliijtJ "JIru::~tJ'Vl L1tl'l.lI"l'tl2-J~'lLIP1'elf"ll'ltl 
... , 

~t1'l.l ~-n~12-J11Cl'\.o1tJ~111Yl '\.o11-'f) L~'tln"ll'l-:JLil'el'\.o11 "ll'l\ll~'ri'l\l'\.o1il-:J"JI'el-:JtJ'Vl ~tl'l.l LLf'l::~12-J11Cl'tl'elnIiij1n 
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lJ'Vl L1t1'WflIfl1.J~'l bt'lfl foJl'ltl~fl'W 1~t'l~fl ~ b'l~1 ~\Im1~fl~1 N~ bU'W bblJlJ'Vl1\1 b~tI'J hlii bblJlJ'tJn,.r~ 

V11fl bblJlJ'Vl ~~fllJ1'WlJ'Vl L1t1'W 

3. 'l!n~m~1 VI 1.J1 tin "I 'l!n~m~11~~lJmfkj'kJ1t'l1 flIr:u~flItf'\1~t'lf~t'l~1V1m11.J ~1"1J1 

'if'\'lm11.J~t'l~1V1m1 -B''WtI~ 2 ~~\I'Vl~bUtl'WL1t1'W'i"ll1 L~V1~'i'Vltl11'W\l1'W'if'\'lm11.J 
, 

( Engineering Metallurgy ) 1,.r~ij"ll1 11 - 413 - 404 1'Wl1fl1L1t1'WVi 2 tlm1~m~1 2549 

1.JVl1ij'Vltl1~t1 b'Vlfll L'WLflti11"ll1.J\lfI~'Vl1~'WflI1 ij'Vltl1 b"JJt'l'Vl1~'WflI1bVlilfl 

4. ~fl~1.J~'Vli'Vl1\1mdL1t1'W VI 1.J1 t1n\l ~flfll~bb'W'W'"l1nm1VhbblJlJ'Vl~~fllJ "1Jfl\l'l!n~nM1 

n'Cl1.J ~'lflth\l~1~'"l1 nm1L1t1'W~~'ltllJ'Vl L1t1'WflIfl1.J~'l bt'lflf"Ji'ltl~fl'W 
• 'lJ 

5. l.h~~'Vlfi1l1'Vlt'l11.Jbn r:uoyJ1.J1t'l1~1'W V11.J1t1n\l lJ'Vl L1t1'WflIfl1.J~'l bt'lflfoJl'ltl~fl'W~ ~1 bu'Wm1 

~~1\1~'W ii1.h~~'Vlfi1l1'VlMt'llwnr:uoyJ1.J1t'l1~1'W '"l1nm11ejf~t'l1Vl11.h~~'Vlfi1l1'Vl "JJfl\llJ'VlL1t1'W 

flIfl1.J~'lbt'lflfoJl'ltl~fl'W L~1tI1ejf~t'l1 (b~1'lru.u, 2528: 284 ) 

= 
P - M, P 

M, 

P 

,",1"1Jtl\l~t'ln'Zl'l'W~M'"l1n~t'l1~ '"l~ii,",11~V1~1\1 0 - 2 ti1,",1~V11flfln1.J11~ ii,",11.J1nn~1 

iifl~1 lJ'Vl L1t1'WflIfl1.J~'l bt'lflfJ'W1~bnr:uorl1.J1t'l1~1'W 

6. bblJlJ'Vl~~fllJ V11.J1t1n\l bblJlJ'Vl~~fllJrj~~fl'Vl1\1m1L1t1'W bU'Wbfllifl\li1fl~~4't1~11\1 

~'Wb ~fl1 ejf1.h~ b~'W~~ r1fl'WL1t1'Wvl'ltllJ'Vl L1t1'WflIfl1.J~'l bt'lflfoJl'ltl~fl'W bbfl~ V1~\Im1~t1'W~'ltllJ'Vl L1t1'W 

flIfl1.J~ 'l bt'lfl foJl 'l tI ~ fl 'W 

1J~:: t!l'ilu.;l1~i'\J~1 nm~1..r£J 

1. b~fl1m~lJm1t1'WflIfl1.J~'lbt'lflf"JI'ltl~fl'W ~\I"m1~lJ~'W;rfl2Jfl"~~1'Wm1V111.h~~'Vlfill1'Vl 

bb~'l bb~~~11.J11n1ejf1.h~nfllJm1L1t1'W1'W-B''WL1t1'W1~ 

2. 'l!n~nM1~11.J11n1ejflJ'VlL1t1'WflIfl1.J~'lbt'ltlfoJl'ltl~fl'W~~1bn'Wm1~11\1~'W~nM1rifl'W~t1'W 

1.'W-B''W V11fl 'VllJ 'V1'J 'W'Wfl m 'lfl11~ 
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3. L~'fl LLnifty\-11Lt.ln1 14'~n'"I1L111t.ln'"l1~'flt.l'il'fl'l04'1I\-;1'fl'fl1'"l11thi1t.l~t.l1 ~'ll1tJ'Yl L111t.l 

~'fl a.J~':l Ll'l'flfrl':lll ~'flt.l1tnoD L~'flL,x ~fl ~a.J ~'Ylt''Yl1'1n'"11L111t.l~'1;t.l 
"' "' 

4. n'"I111l1 Lilt.ln'"l1ii4'u ~f'li1 Ltl t.ln'"l 11111 Lilt.ln'"l1ii4'lILt.limin.!::1':la.Jn~a.Jt~Nn'"I1 mh':lfo1'fl 

1':la.J ~~ ij ~':l1a.J ~t.lL'"lLt.ln'"ln;1'i4'1I Lt.l,;hll'fl ~'fl'l L~mrlt.l ~'1n~a.J ~i':la.J 1111 Lilt.ln'"l1ii4'1I tJ1'1v11t.liJ 

U1::~tJ n'"I1n.!1t.ln'"l1'ti1'i4'1I a.J1mh.:n!'flll1h.:l LLl'ln (;11'1 rlt.l'fl'fl n1u '\.1'1'fltJ1'1v11t.ltJ'IhJ L~lI'ti 1'11t.lii4'lI 

a.J1ri'flt.l ~'1t!t.l Lri'fl1':la.Jn~ a.J'ti I'llt.lii 4'tJLt.lihll'fl ~'1 L~mrlt.l L,x~':l1a.Ji':l a.Jjj'fl'li':ltJL'\.1~'fl~'1rlt.lLLfl:: 

rlt.l'"lt.lm::-i'l lJ11fl1'l'lnU1::f1'1Pl'il'fl'lt~1'1n'"11 "1 LL~':l ~fl~1(;)'ti1L,x Lii~~':l1a.Ji':la.Jjj'fli':la.JL'"lLt.ln'"l1, , 
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m1~m~1~1'W14'tJPlf~d cJti4'tJ1~~nM1~'WPl1'1L'tln~1N1'W'i4'tJ~L~tJ');r'tl~ L"lmLtl~ 
" ... 

m1~nM1 ntJfl:;L~tJ"l LtI'Wtr'l.jf'tl~~r;1'tl1tlil 
...... .......,.


1. m1'lLPln:;V1L'W'tlVl1'l"Jl1 

2. m1~ T1~U'Vl LTtJ'WfI'tla.JYi'l LlJI'tlfrl'ltJ~'tl'W 

3. m1~ T1~ LLUU'Vl"lf1'tlU1'''ll:Jfl'''a.J~'Vlf'Vl1~m1LTtJ'W 

4. PI'l1 a.JVla.J1tJ PI'tla.JYi 'l LlJI'tlfrl'ltJ~'tl'W 

5. m1V11tl1:;~'Vlfim~"lJ'tl~u'Vl LTtJ'WPI'tla.JYi'l LlJI'tlfrl'ltJ~'tl'W 

.... ~ .¥ .... 
n1 'i'J LPI'i1::\U'U'il \111'J1I1 

m11LPln:;t.fLd'tlVl1 ~'tl m1U1 L'tl1Ld'tlVl1'i"Jl1iDl1nVlin~lJI1a.J1LLtl~'tl'tlnLtI'U~'tl~tI'tltJ1 

V1r'tlVlu'ltJtI'tltJ 1lJ11a.J~a.JPI'l1 n1TLLtl~ Ld'tlVl1d~tJ1tJ1a.J LLtl~'ltr LLr;1fl:;lJI'tl'U'lVIC1J1~ L~tJri'UmiDliDl:;~iu 

tr'l;r'tlU1~ii1~L~'tl 'ltril PI'l1a.J r;1'tl Lti'tl~ri'U V11'tl L~'U~~I Ld'tlVl1lJ1'tl'U'l"l PI'l 1r;1'tl L~a.Jrivi 11~ ;r'tl~1 ~tlJ ~'tl 

hJl"l'l1ilm1l?i"l'Vl'tl'ULd'tlVl1"lJ'tl'lVlin~lJ1T'ltr,r'fltJfl~1tl (L~1'li1U, 2528 : 105 ) 

m 11 LPI 11:;t.1Ld'tlVI1'i'II 1 ~'tl m1~"l L~'tlnLd'tlVl1'i"Jl1 L~'tl 'ltrt~Ld'tlVl11"Jl1~ LVIa.J1 :;~a.J 

LLfl :;~a.J\l 1nr~~ "l LU'Um1'i LPI n:;'\..fLLfl :;"'~ LPln:;t.1Ld'tlVl1 L~'tliDl :;U1a.J1'l-o~'tl'U 'l'UU'Vl LTUl..l,!'U 1 

( n~M,r'U(;j', 2540 : 17 - 23) tl1:;n'tlU~'ltJ 
.. .. J' .- .: 

1. "lJ'tllJL"lJ lJIVl1'tl PI'l1a.J ~a.J\l1n.l"lJ'tl~L 'U'tlVI1'l"Jl1 LU'Um 1~nM1~11'liDl"lJ'tlUL"lJ lJIViffi L'U'tlVl1'i"Jl1 
I I I I" I 

LntJ');r'tl~ri'UViil'tl~'l'U~1nVlfl1tJ 1 L~a.J LLfl:;~1nViu1a.J1'l-oL~'tlnL~'tl~nM1'1!'U PI'lnu'U~1nVi'lVl,.] 

LLfl:;'V1'U~,rtJ L~'tlU1a.J1 LmtJu LVltJU LLfl:;~"l L~'tln Ld'tlVl1~ LV1a.J1:::~ a.J 

.... ~.;II '" dI J' ..J ....
2. PI'l1a.J~nlJl'tl~ LLfl:::fI'l1a.J'V1'U~,rtJ"lJ'tl~ L'U'tlVl1'i"Jl1 PI'tl m1P1"l Lfl'tlnL'U'tlVl11"Jl1'Vla.JPI'l1a.J 

LV1a.J1:;~a.J LLfl:::~ n ~'tl~a.J1n~ ~ "l L"ltJYiiDl11n.l1inMn.l:;"lJ'tl~ Ld'tlVl1r1'tl'ULU'U~'U~U LLTn 

.... 0.., ..t... dI J;... .... .. tl .....J,J
3. m1iDl"lfl1"lU"lJ'tl~L'W'tlVl1'l"Jl1 l"l'tl L'W'tlVl1'l"Jl1 PI'l1a.Jl V11'tl 1:;~um1n.l'Vl'Cl~a.J1iDl1n 

~t'l~1tlii~~fumiDl1,.]Lu'U~L;r11iDl"lJ'tl~~1U1~ V11'tlL;r1'liDl1~'tltl1~tJ1n~1U1n ~~~'tl~tlnu~lJI1a.J~'tl'W1"lJ 
"'l..ll.... ..,~

'l'WmTL"lJ1 iDlL'W'tlVl1'l"Jl1 "l~'W 

3.1 Ld'tlVl11"Jl1 '\.-11'tltl1:;~Ummr ~'tl~~ntl'tltJ V11'tlLLtJnLU'Wt'l'l'W 11~ L"ltJ~~LTtJ'W 
" "'l J' '..1 ~ 
(;l'tl~ L"lJ1 iDlL'W'tlVl1 LLlJIfl:::'Cl'l 'W'W'W 

J' _.. .oJ" ... 
3.2 L'W'tlVl1'l"Jl1 V11'tl tl1:::~Um1nr'Vltl'tlE.ILL~'l'l!'W ~'tl~L1tJ~~1~U 'tltl1~LVla.J1:;~a.J 
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~'1tl1"'lt1'tl~~mJn~1~~'1d ~'tl 

3.2.1 ~'tlU"'l1n~1t111hntl1n 

3.2.2 ~'tlU"'l1n~'1~bbflb~u~1mtluiu1u~iu1.h::;n'tllJ'l-Ifl1t11 ~'Ju'tlth'ltl1n 

3.2.3 ~'tlU"'l1n~'1~YllJb~ui'J 11u1U~~WUYl1::;~bla\1~ ~1'tl 1U~1b~~r.Jfl 

3.2.4 ~'tlU"'l1n~'1~ibb~'J1u~~'1~~'1hJi 

3.2.5 ~'tlU"'l1n~'1~'tl~ln~ 1u~~'1~tl~1nfl 1 

3.2.6 ~'tlU"'l1n~'1~~'VlN,r~b"'lU 1U~~'1aJt'l.l1l1Yl 

3.2.7 ~'tlUl~d1u1uj;!1aJn~aJ"ll1~'JJ'tl'lb~n 

3.2.8 ~'tlUl~~(3!t1u(3!t1uit~m.huu~::;~1'Vl~aJ~~~'1~1 

n1"i'lli',.:I'UVIL;!J t.lfilll ~~'J L~ll*"ll'J !J'lIllt.l 

n1~~r1'1lJ'Vl (3!t1UR'tlaJ~'J bj;!'tlfJl'JtI~'tlU'JJ'tl'lf'j~t1 ~~1~lJ,rUj;J'tlU ~'1~'tl1Ud 

1. n1~ij bRn::;\f~~n~j;!~ntlij"ll1~1'tlb;i'tl~1ij"ll1 bbU'I,rUj;J'tlU1~~'1d 

n) ~mt1bd'tl~1ij"ll1 ~1'tl ~'J4i'tl~tl'l'l1uij~t1'JJ'tl'l0~t1 j;J1aJ~~n~j;!~ 

n1~~m~1~::;~lJtI1'lJ'lJ1j;J1Rru::;Rlf'l1~j;Jf~j;J~1~m~aJ ~1'JJ1ijf'l'Jn11aJ~j;J~1~n1~~bi1~~'tlU~ 

aJ'l-I1ij'Vltl1~t1b'Vll"1tutflUn"llaJ'I r1flYl~::;UR~ ij'Vltl1 b'JJj;!Yl~::;URn~U'tl 

'JJ) 'Jbl"1n::;\ftJj;JQu~::;~'1f01n1~~'tlU 1Ubdtl~1ij"ll1j;!1aJ~'J;r'tl~'tl'l'l1uij~t1 

'JJtl'l0~t1 ~1UR'J12.Ji (Knowledge) ~41 btlUbb~'JU12.J1 bbU'IlJ'Vl (3!t1Ubbfl::;b;ltlutJj;!Qu1::;~'1f01 

n11~'tlU 

~ ... .t ...... J' 1" '" " ...,
R) 'Jbl"1n::;mU'tl'l-l1bYl'tlbfl'tlmU'tl~1m~aJ1::;~2.JnlJ'Jj;!(lU~::;~'1R ~'JtI, 

ijfin1~ ~~(3!t1'1~1 ~lJ bd'tl'l-l11~I?lNj;! 1aJtJj;! QU~::;~'1 f01b;'1Yl ~~m~2.J 
" " 

2. n1~~r1'1'~lJ'Vl(3!t.JUR'tl2.J~'Jbj;J'tlfeJl'JtI~'tlU 'JJ'tl'lf'j~t1 ~,rUj;J'tlU~'1u. 

n) 
....t ... .... ., .al I.-. .... 

6j;J~t12.JbU'tl~1lJ'Vlb~t1U j;!12.J~'J'JJ'tlb1'tl'l'JJ'tl'lr.J'J"'lti 
" 

'JJ) U1tJj;JQU1::;~'1f01b;'1Yl~~m~2.J bbfl::; bd'tl~1 aJ1~~bbU'I'tl'tlmtiu 
..." ,

~'J'JJ'tltl'tltl 1 

'I) 'I!"I~ti1t1'vh~~t'tl b~'tl~~~1 btlU'~lJVI (3!t1URtlaJ~'J bj;J'tlf1l'JtI~tlU 

ti1t1~1j;J12.JlJVI~'1 bbfl::;~mu~lflun1~(3!t1un1~~'tlU 
... 

lJVlb~t1U 
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I"l'fl~~':l LIn'flfJl':ltl~'fl'W"1J'fl'l04'u U1~~L'fl~ci1t1'vh LL~':l hM1 Lil'Wm1~11'1LU1LLm'~U'Vlblt1'W 

I"l'fl~~':l LIn'flfJl':ltl~'fl'W 
,

o.cZlll _ lr"1 OlZIIIo _ .... a q .... .... 

'Yl) 'W1U'Vl L1U'WI"l'Elm'l':l LIn'fl1"ll':ltl~'fl'W'Vl1Pl1 L'W'Wm1~11'1 L~N L1t1U1'fltl LL~':l 

1u1~~L~m"ll1ru~1'W~'fl ~1'W'd'W 2 Vl1'W 1n1'd"'l~'flU LL~':lUfUU1'lLLri1"1J1n1~P11 LL'W~U1 

"ll) u11u1~~L~m"ll1ru~1'WL~'fl"'1 LL~~ ~1'Wm1c.l~In~'flm1~'fl'WLlPltl 

U1~ Li1'WFJruJl1't'lU'Vl b1t1'WI"l'fl~W':l LIn'flf"ll':ltl~'fl'W~~ ~'W1 

~"'l11n.l11n1~ Lnn.lorlm1u1~Li1'W1n1~1"l':l1~~1Pl L~'W"1J'el'l~ L~m"ll1qj "'l1n c.l~"1J'el'l 1"11 L'Yl~U~ 

1~fuIn1~LL'W':l'Vl1'1"1J'el'l LU~'" (Best) ~'1e (Best, 1983 : 179 - 187) 

, ... 
l'l1L'Yl~t1 

4.50 - 5.00 

3.50 - 4.49 

2.50 - 3.49 H1~ 

1.50 - 2.49 I"l':l1ufuu1'1 

1.00 - 1.49 1;n~1~ 
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.. I=I _ 

'lJVl LJ'tJ'WPl'fl3-J'rl'l LI1l'flf'.ll'ltl~'fl'W 

ihttlHi'fl'lJ nfl3-J 111'1 'flth \I• 

... " 
1l1'nVl 1 LL~ ~\I"Jl'WI1l'fl'Wm~~ ~1\1'lJVl ~t1'WPl'fl3-J~'l LI1l'flfrl'ltl~'fl'W 

.., ev IV J 4 

n17~71.:1LL1.J1.JVll'l~'el1.J'Jj;l~~~3JCJVl6V11.:1n17L7!1'W 

m~~ ~1\1 LL'lJ'lJVl ~~'fl'lJrr ~ e.Jfl ~3-J~VlfVl1\1 mn1t1'W 

oQ .. J' ..... "'.J oQCV

1. 'lLPln:::V1L'W'flVl111l1J.JVI'l"Il'flL~'fl\l\l1'W'l"iti 

" " 2. iiLPln:::lFrI1lQtl~:::~\If'1L~\IYl~~nn3-J"II'fl\lLil'flVl1l1\1V13-J~ 

3. ~nM1~1nLLfl:::L'fln~1n~mfl'lJm~rr~LLfl:::m~tl~:::Li1'We.Jflm~~nM1L~'flHi'LtI'WLL'W'lVl1\1 

, " 
4. ~~1\1LL'lJ'lJVl~~'fl'lJL:c1'flnl1l'fl'lJ"Jlil~ 4 I11'lL~'fln VlM'fl'lJPl~3-JLil'flVl1 LLfl::: rrI1lQtl~:::~\If'1 

L~\IYl~~m~3-J 

o .:J J' 1"'''',J '" J' Ii,; 05. 'W1LL'lJ'lJVl~~'fl'lJVl~n\l"Il'W V1~L'ilm'il1'kJ~1'WL'W'flVl1 "i1'W'l'W 2 Vl1'W 11l~'l"i~'fl'lJ LLfl::: 
I I I .... I I 

tlf'lJtll\l LUlt"II L~'flltn~;r'fl~'fl'lJVl~Pl'l13-J LVltl\lI1lNI1l13-JLU'flVl1 LLfl:::~1'W~'W 1 Vl~e.Jfl ~'flm~ii4't1 
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6. 1l1LLUUVI~~'au ~'1~t11Utll'lLLrl1.'1lLL~'J'h.lVl~fl'a'l (Tryout) nU,rn~m~11~~U 

t11~n1fl1UllUln1"i'll1;l'V'liU~'1 lLl:JUn"lh'lLVlflIQI"l'f.Jln~1,.m112-J flInl~LVlflItUtflUn11l:J~ln ~LiI(;l~'au 

1'Wl11"lL1l1U~ 2 i1n11~m~1 2549 nl 2-J,.n"iVlll1~lILVll"ltUtflU11'll2-J'Il"lfl'V'l1~UflI1"iVlll1L'1lln 

'V'l1~UflI1L'VIil'a 41U'JUtl1~2-J1nl 23 flIU L~'a"iLI"l11~'lo1'V111"11fl1'J12-JlI1n4111 ( Level of Difficult) 

" Ufl~ 1"11tl1U1"l41LLUn ( Discrimination Power) t~1Ir1'aLnnl.,rVl"l11nl1 ~'1U 1~;r'a~'au~1"I1 

flI'J12-JlI1n4111 ( P) 'a~1~'VI~1'l 0.2 - 0.8 LLfl~ ~1"I1tl1U1"l41LLUn ( D) ~'1LL~ 0.20 ~u'1t1 LLfl~ 
" , , 

n11'V111iJrw11'V'l "JI'a'lLLUUVI~M)U"''1'UUU n~2-J04'1I 'VI11"11fl1'J12-JL;'a~U "JI'a'lLLUUVI(;l~'aU 

( Reliability) t~1I1;~ln1 ':JLI1I'af 1'''ll1fiu (Kuder Richardson Formular 20 ) 

(~'JULLfl~€'1l"lnl1, 2538: 198) Lri'a'1~1"I1fl1'J12-JL~'a~ULL~'J 1l12-J1~1LQUn11L~'an;r'a~'aU~~1U 
" , , 

Lnnl.,r~'1nfh'J Ufl~ 1l12-J1VI11"11l"l'J12-JL;'a~u~nfll1'1 L~'a'1~1"I1l"l'J12-JL;'a~U ln12-J~~'a'ln1nL~'J 

" 9'11l1;r'a~'aU'(;l\l '11.IHfnun~2-J~'J'ath'l tl1lllLLtJ'I;r'a~'au'a'ami'Ju 2 '111 '(;lLLm1;~1'V11uLi'Ju 

LLUUVlI1I~'aU ri'aUL1l1U LLfl~' 11I~~'a'l LtlUUUUVI(;l~'aU'VIi'l L1l1U t~lI flI1'aU flI~2-J Ln'a'VI11'In'ltl1~~'1l"1 
... It' ...
 
.., " 0 .. I ... IV.c:III ..,


V1'1'V12-J(;l LLfl'JU1 LLUUVlI1I~'aU' 11IV1~'a'l2-J1'V11fl11fl1'J12-J L'll'a2-JU'anl"lN 

" flI'J12-J'VI2-J111"J1'a'lfll'a2-J'Vl(Hln'af'll'J1I~'aU ~,rn'i'll1n11'V1fl111vhu 1~flI'J12-J'VI2-J111H ~'1U 

UU ~'J1'J11nl (2531 : 121) mh'J~1 flI'a2-JVl'JLln'af'll'JlI~'aU LtlUn111l1 flI'a2-J'Vl'J Lln'af 

2-J11ilUn11L1l1Un11~'aU V1Ul'l'JU n11Vi1LLuu'tln~11I 'VI'1'a n111'I1Il:Jfl tl1lllttl1LLn12-J1"l'a2-J~'JLln'af 
" ,

"l~llrILil'a'VI1"i'll1 LLfl~ ~1~u"ifin11~'aU2-J1UuVlmfi]JH flI'a2-J'Vl'JLln'af"'l~"ll'J1I1l1UVlL1l1U~Lln1112-J'1~ 

'ath'lLtlU1~UU2-J1 L~U'a 1UltllLUU~ L'VI2-J1~~2-J~1'V11U~L1l1ULL~fl~I"lU 

"JIQM:I1 '111UUvl (2532: 8) nfl1'J~1 flI'a2-JVl'JLln'af"Jl'JlI~'aU 'VI2-J111n'l n111l1L'e11 

... .. 1" .!"l ... ... 1'" ~ ..J J'... ~I'"flI'a2-J'V'l'JLln'a12-J1 'llLuULM'a'l2-J'il Un1n111Un11~'aULl1IlIVlLU'a'VI1'J'll1 LLUUwn'VIl1l LLfl~LLUUVlI1I~'aU 

" ,
"l~~n~~U1~U2-J1 1upJ"JI'a'lbtl1LLn12-JflI'a2-J'Vl'JLln'af ;'1L1l1n~1 Courseware ~L1l1U"'l~L1l1U 

UVI L1l1UflI'a2-J'Vl'J Lln'af "l1nfll'a2-J'Vl'J Lln'af tl1lllfll'a2-J~'J Lln'af~12-J11m~u'a Ln'a'VI175'll1 ~'a1"'l Lf.lU 

" 
"''1~'J'VI,r'l~'a LLfl~nnv~~n ~12-J11rJrn2-Jfhrn2-J 1U~1ln'aU"'l1n~L1l1U ~12-J11rJln1'J"'l~1ln'aU 

U~I1I'Il:Jfln11L1l1U2-J1ltl"JI'a'l;r'a~fl~'aun~u (Feedback) l~LLri~L1l1U 

75'1111 1lnULVill1 (2536: 57) flI'a2-J'Vl'JLln'af'll'JlI~'aU LtlUn111l1L'a1fl1'a2-J'Vl'JLln'af2-J1'l1'J1I 

~ ... ~t1 _ ...oJ ",J' 41'1'" J' .J~':
~'aU L~1IL111U"l1n L nLn12-J~'a2-J'V'l'JLln'a1V1~n~11'1'llU L'V'l'a L'll~'aULu'a'VI1'11I1111'I1I'VIU'I V1'1U 

~t1 "'''.!''l ~ J' ... ...
L 1Un12-JflI'a2-J'V'l'JLln'a1 "'l~LuUln'JflI'JUIiJ2-JLU'a'VI1 LLfl~ n"'ln112-Jn11L111U 
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~n1 r'tl(;\L~iVl'tl-3 ( 2536 : 72 ) nfh'J~1 1"l'tl~fj'JLUI'tlfJl'JtJ~'tlt.l ,"~1tJii-3 LtlnLnr~ 

1"l'tl~fj'JLUI'tlf,"fi1tJ 1 pJUlJlJ~~oo.It.l1~t.l L~'tl·li'Jm~~tlr:::~Vlfil11~mr~'tlt.l ufi:::mrflJi'll'fl-3~L1tJt.l 

\Irn.l::: ~~itJ (2541: 14) nfh'J~1 1"l'tl~fj'JL(;\'tlfJl'JtJ~'tlt.l ~d:lt.la'tlmrL1tJt.lmr~'tlt.l 

L,"rJ'tlt.lLL~t.lLtl1-31~ (Transparency Film) ~'lfi~ (Slide) ,"1'tl ij~vif'lU (Video) ~H 

tlr:::n'tllJmr~'tlt.l L(;\tJiJ, (;\*"'~1tJ L~'tl1l'JtJl~~ L1tJt.lL;hllilr:::lJlJ 1"l'tl~fj'J LlJI'tlf~1tJ~t.l fl1tJ1t.l 

L'Jfi1tlt.l41ri~ j;]N j;]1 ~tjj;] tJtl r:::~-3 f'1'l1'tl-3lJVl L1tJt.l L~'tl-3lil1 nLtl rLLm~lJVlL1tJt.lI"l'tl ~ fj'J Lj;]'tl fJl'JtJ~'flt.l 
.,., , 

(CAl) U1 L~t.l'tl 'l~vi-3l11~ L~tJ-3 r'J~vi-3tl~i~~t.ltf ( Interaction) ri1J ~L1tJt.l'l~ ~-3v11"'U1Vl'l~ 
., , , 

I"lrlJYI-3a'tllt.lL'Jfi1L~mrit.l LL~::: l"l'JlJrJ~mrU1L~t.l'tl'l~~'JtJlff'J'lI'tl-3LtlnLnr~L'tl-3 L1tJn~1 ~'tl'tlLt.ln 

Ylf'lU ",1'tl ,rfi~ijL~tJ ( Multimedia) v111~tlr:::'"tJ(;\ LLfi::: ijtlr:::~Vlfifl1~~1nn~1 mrL1tJt.lmr 
, 

~'flt.llJl1~tln~ Ufi::: tJ-3~1~1nlnr:::~t.ll~~L1tJt.l 'tlmnL1tJt.l LLfi::: 'tlmnVllil:::~nM1A't.ll"ltj1 L1tJt.li 

... 't "' ...lJVl L1tJt.l L~ ~'JtJ j;]t.lL'tl-3 

1JtlJL~'tl l"l'Jr"'1L'J1l (2542 : 65) mh'J~1 1"l'tl~fj'JLj;]'tlf1l'JtJ~'tlt.l d:lt.lij~Vl1-3'l1'tl-3 

mr~'tlt.lr1tJ1JI"ll"lfi L(;\tJ'tl1 ~tJ 1"l'J1~~1~1rrJ"JI'fl-3LI"l1'tl-3I"l'tl~fj'J Lj;]'tlf ~lil:::4'~,"1tlr:::~lJ mmr ~ij 

1"l'J1~i~~t.ltfrit.l iJmnL~~-3bd'tl,"1j;]1~~1lfflJ~[;h-3rit.l ~'JtJlJVlL1tJt.lLtlrLLm~ ~Lj;]1tJ~H'tltl1-3 

L,"~1:::~~ 1"l'tl~fj'J LlJI'tlfJl'JtJ ~'tlt.l ~-3 Ltlt.lLl"li'fl-3rJ'tl1l'JtJ~'tlt.l'tltl1-3"'~-3 ~ ~ L1tJt.lL1tJt.l~'JtJj;]t.lL'tl-3 Ltlt.l 

~~lil:::t¥f'tl-3tl5~iililm1~lf11-3 1 ~~-3~1lil'tll11~ ~L1tJt.llil:::j;]'tl1J~1m~ V11-3LLtlt.lLL~~-3'tl'fln~1Vl1-3 

lil'tlfl1~ ijvr-3pJfl1~ LLfi::: ~'J",'I!-3~'tl ",1'tl lJ1-3Vl'tl1lilH1'J~rit.lrilJ'f:Jtlmnr'tltl1-3~t.l~'JtJ L1It.l 

~'lfi(9) LVltl iJ~Ylf'lU Ltlt.l~t.l 
I I _... ... 

, 
_ .-011I::III I 

Prenis ( 1977 : 20 nfi1'J'J1 1"l'tl~~'JLj;]'tlr1l'JtJ~'tlt.l "'~1mN 1"l'tl~~'JLj;]'tlrVlll'JtJ 

1~'l!n L1tJt.lir1tJii 111'ltlVl fi:::,rt.lI1l'tl t.l L(;\tJ'lI n.l:::~iJ m rL1tJt.lm r~ 'tlt.l~~t.l'tl~ rilJ m 1j;]'tllJ ~t.l'tl-3'l1'tl-3 
., , 

'l!n L1tJt.l'l!t.l 1"l'tl~~'J Lj;]'tl1lil:::v11V1U1V1 m~~1m~ l~ 1"l'tl~fj'J LI1l'tlf~1~1rmj'tlt.lni1J'ltJ~ntJfi:::L~tJ~ 

~~1t.l~1U~'J 'l~ ",1'tl ~1~1rrJ 1~mr'tln~t.l~1 LLri'l!nL1tJt.l'l~ 

Spencer (1977: 50) mh'J~1 1"l'tl~~'JLj;]'tlfrrl'JtJ~'tlt.l "'~1tJii-3 mrloDl"l'fl~fj'JL(;\'tlfl~ 
., 

Ltlt.lm:::lJ'Jt.lm1L1tJt.lm1~'tlt.l~'Jt.l1Jf'll"lfi L(;\tJl~~1~lJit.l(;\'tlt.l'll'tl-3mrL1tJt.lm1~'tlt.l 'tl~fl1tJl~m1 
., 

l"l'JlJ l'J~'lI'fl-3I"l'fl~~'J Lj;]'flftl(;\nl"l'J1~ri1'J",u11t.lmrL1tJt.l'l!t.l 'tl~rilJlff'J'lI'tl-3'1!n L1tJt.lL'tl-3 1"l'tl~fj'J L(;\'tlf 

1I'JtJmrL1tJt.lmr~'tlt.l ~1~1 rn [;l'tllJ~t.l'tl-3 1"l'J1~~'tl-3mr~'Jt.l1Jl"ll"lfi 'lI'tl-3'1!n L1tJt.lLLl1Ifi :::I"lt.l'l~ 

Orilia (1986: 168) mh'J~1 1"l'tl~fj'J L(;\'tlfrrl'JtJ~'tlt.l ,"~1tJii-3 1l'tl~l11LL'Jf~~n~11-3~t.l 

It.lmrLt¥fj;]'tllJr:::'''~1-31"l'tl~fj'JLj;]'tlf LLfi::: ~L1tJt.l L~'tllflt.lmrL1tJt.lmr~'tlt.l 
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" 
Iil1nrl':l1'-l'IUJ111 rl'el'-lV1':lLIWelfrl':lll~'el'l.l "lJ'el.:J,j'nii"ll1n1r ~1'-l1Hl':;'1'-l1~l1J 1~(;).:Jil 

rl'el'-l~':l L(;l'elfll':lll~'el'l.l 'VI'-l111n.:J ~'eln1rLlll'l.ln1r~'el'l.l'VI1.:Jrl'el'-l~':l L(;l'elfZ1J LLlJlJ'VI~.:J ~.:JH 

rl':l1'-l~1'-l1rCl"JI'el.:Jrl'el'-l~':lL(;l'elfl'l.ln1r'1l1L~'l.l'ela'ellJr~~'-l 1~LLri ;)'elrl':l1'-l 1l1'VlU.:J nr1rlwn 

LLe.J~i:j nnrl 1l1'VlLrl~'el'l.l1'\tl':l 'i;\iPll!LL~~Lall.:J L~'elti111'V1'el~L~'el'VI1lJ'VILlll'l.l'VI1'el'el.:Jf'1f'l':l1'-lfl'l.l 

~m~tn.l~~LL(;lnl'h.:Jn'l.l'el'eln11J ~'l.l'el~nlJfirr'-l"ll1~ LL~~ tf'lN~11.:J"JI'el.:JL~'el'VI1 ihil1'V1'-l111 ~'el 

n1r1~'-l1~.:Jf'l'el'-l~':lL(;l'elfrl':l1l~1l'l.l~~.:J~~f'l':l1'-l~'l.l1"'l"JI'tN~Llll'l.l LL~~lA''el.:Jn1mr~~'l.l~LllI'l.ll~Lii~ 

rl':l1'-l~'l.l1'"l'elll1nLlll'l.li "lhlll~~Llll'l.l~Llll'l.l'fi'el'l.l~1'-l1rClH'L':l~1'l.l'elm':l~1Llll'l.l1'l.lmr1Jn~'l.limt~ 

LL~~L~'-lL~'-lrl':l1'-li L~'el~'"l~lH1J1Jl.:Jn1rLlll'l.l"JI'el.:J(;l'l.l1~i'l.lnlJ~Llll'l.lf'l'l.l~'l.l1~ 
" 

(;).:J,j''l.l ~~'el'l.l ~.:J~1'-l1rCl':;'1f'l'el'-l~':lL(;l'elf"ll':l1l~'el'l.l11JH"ll':l!.ll'l.ln1r~'el'l.lL~1'-l 'VI1'el ~'el'l.l 
"I " I 

'VIlJm'l.ln1r~'el'l.l1Jn~1'l.l-n'l.lLlll'w1~ t~lIV1~~'el'l.l hl~1LiI'l.llA''el.:JLallL':l~11'l.ln1r~'el'l.l;j1nlJ~Llll'l.lVl 

(;l1'-lhli'l.l 'VI1'el 4'~n1r~'el'WL~'-lL~'-l ~Llll'l.l ~1'-l1rCl':;'1f'l'el'-l~':lL(;l'elf"ll':l1l~'el'l.l11Jlfl'l.lmrLlll'l.l 

~':l1l(;l'l.lL'el.:Jl'l.lL':l~1 LL~~ ~m'l.l~~.:J~Llll'l.l~~~':ln ~1'-l1rClLlll'l.l1'l.lL':l~11~ri1~~lA''el.:Jmr ~1'-l1rCl 

~'"l~~.:J1"'l~Llll'l.l (Motivated) ~'"l~Llll'l.l LL~~ ~~n~'l.l1'l.l11JnlJn1rLlll'l.l (Jl1'-lLL'l.l':l~~"JI'el.:J 

n11Llll'l.li1'l.lif'"l,1J'l.l~Lllln':h " Learning is Fun" ~.:J'VI'-l111n.:J mrLlll'l.liLiI'l.l~'el.:J~~n 

(Cl'l.l'el'-l'Vlr 2541 : 7 - 12)I 

tJ~t !I'IU"1l'el~ 'U'VI L'i!lUPI'eIJJVi'J LlJI'eI~"lI 'J!lft 'eI'l.l 

... LJ iI ~ ..J.... .... , • I iI ~ ..~ ".,
rl'el'-l'Vl':lL(;l'elrll':lll~'el'l.l L 'l.lot.:J'VI'-lf'Jn.l~'-llJ(iJL~'l.l'VI~111lJr~n11 LL~~ L 'l.lot'elVI L~1lJrl':l1'-l 

illl'-l'-l1n~q ~"lIil~'VI~.:J 1Jr~ tll'lll!"JI'el.:Jrl'el'-l~':l L(;l'elfll':lll~'el'l.l L~'el~'l.l'el.:J l'l'eln1rLlll'l.lnlltJf'lf'l~ L'Vlr1~ 

LtJ~ t'eln1~1~~Llll'l.l1~Llll'l.li (;l1'-lrl':l1'-l~1'-l1rCl"JI'el.:J(;l'l.lL'el.:J t~lIhJlA''el.:Jr'el 'l....1'el d.:J(;l1'-lL~'el'l.l 

~Llll'l.l~1'-l11m~'elnlJ'VILlll'l.l LL~~ iifin1rLlll'l.l1~'VI~1mLlJlJ ;:jt'eln1~tlA'(;l'ellJnlJrl'el'-l~':lL(;l'elf 

"ll':lll~'el'l.l~':lll (;l'l.lL'el.:Jvh1m"hl1 Lrl'el 

n1'i'\ll1tJ'l::i'VI6111~"1I'eI ~ 'U 'VI b'i!lUPI 'eIJJ\;'J LlJI'eI~"lI 'J!lft'eI 'l.l 

n1riiLrln~lf'VI11J1~~VJfi1l1'Vl"JI'el.:JlJ'VILllI'l.lf'l'el'-l~':lL(;l'elfrl':l1l~'el'l.l ~n~~lfl'l.ln1r'VI1 

1Jr~~'VIfi1l1'Vl"lJ'el.:JlJ'VILlll'l.lf'l'el'-l~':lL(;l'elfrl':l1l~'el'l.l t~1I1-D~(;lr ( L~1':lril!J, 2528 : 284 ) 

= M1 + 

p 
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M1 = ~~"JJ'fl'lPl::;LL'l.l'l.lL'U~£J"'l1nm1fl'fllJri'flt.ln11L1tJ'l.l (Pre - test)
 

M2 = ~~"JJ'fl'lf'l:::LL'l.l'l.lL'U~£J"'l1nm1fl'fllJl-l~'1m1L1£J'l.l(Post - test)
 

P = Pl::: LL'l.l'l.lL~).J"JJ'fl'l;r'fl·Ml fl'fllJ 

fil1"JJ'fl'l€lJ111ft'l'l.l~1~"'l1n~lJ11ii "'l:::2:Jfil11:::l-l~1'1 0 - 2 rhfil1~l-l1'fl'fln).J11~ijfil1).J1nn~1 
... 

Ci'fl~1 lJ'Vl Lffi'l.lf'l'fl).J~'lLlJ1'flf,r'l.l1~Lnruoy]).J1 lJ1131'l.l 

.. ..., .... "...,.. .. ~.J 
4,'l.l'J~!IV1Ln !I'J"D'il4 m.J\JVIL7~'U A'il2J'W'J LlJI'iI'l'1I'J !Jf4'i1'U 

m1~mi11'l.ltf"'l'U'l.l*ft'lLfl1').Jl~~L1£J'l.l i:lPl'l1).Jfl'l.lL~'fll-l11"l11[;]1'11 hj~1 "'l1n'fl1"'l11U 

~fl'fl'l.lt~£JlJ1N l-l1'fl"'l1nmnLfl(Nl-l1Pl'l1).Ji~'l£JlJ1'l.lL'fl'l ~'1m1ija'flm1L1£J'l.lm1fl'fl'l.l~t.hfl'l.l1"'l L~'fl 

"'l:::tl1Lfl'l.l'flL~'fll-l1[;]1'11,r'l.l "'l::'JI'l£J~'1~~Pl'l1).Jfl'l.l1"'l"JJ'fl'l~L1£J'l.l 1'l.lm1~'l.lf'l11l-l1f'l'l1).JiL~).JL~).J 
"''''... II J'... ~ ....I' .... ~ ...... 0 ... II oJ .... 

LLfl::: "Jl'l£Jll-l~L1£J'l.lL"JJ11"'l1'l.l L'l.l'fll-l1'l"ll1'l.l'l.l~"JJ'l.l ~'1'l.l'l.l "'l'l).Jm1'l.l1L'Vl f'lt 'l.lt~£J).J11"ll L'Vl'fl'Vlt*J.l'l.l1 

~'flm1L1U'l.lm1fl'fl'l.lL~).J).J1n~'l.l tf"'l,U'l.lf'l'l1).JL"'llruri1'll-l,j1'Vl1'1L'VlPlt'l.lt~ti vhl~fl1).J11rJ~11l[;]'fl 

';1'lfl11n'l.l1~ LL'VllJ'Vlnl-l'l.l'Vln LL~~l'l.ltfln i:lm11.h:::~MtJ~11l~'l.l~tlnHU~'flfl11 LLfl::: ~'1t11'l.l'l£Jf'l'l1).J,.. ,.. ~ "C 
... , 

fl::l1l'Jnl'l.litilJ1tl1::~1rJ'l.l 'l.l'fln"'l1nilLL~'l U'lijm1tl1::~M! ~11l~'l.l~'flm1~nM11l-l,.j 1 'fl'fln~ 

'ti'fl'llJ1fl111l).J1n).J1£J tl1lm'U'Vl1::'fltl1'1~'1 ~'fl 1f'l'fl).J~'lLlJ1'flf" LLfl:: Mi:lm1tl1Pl'fl).J~'lLlJ1'flf).J11ojf 

L~'flm1~nM1n'l.l'fltl1'1LL'Vl1l-lfl1£J (m).Jm1~nM1'l.l'flntNL1£J'l.l, 2541 ; 2) f'l'fl).J~'lLlJ1'flf~tl1).J11ojf 

~1'l.lm1Lffi'l.lm1fl'fl'l.l (Computer - Based Instruction) fl1).J11rJLLU'I'fl'fln1~Li~'l.l 2 tl1::Lll'Vl 

ll-l'll 1 1~LLri Pl'fl).J~'lLlJ1'e)forl'l£Jfl'fl'l.l (Computer - Assisted Instrution: CAl) LLfl:: 
, 

f'l'fl).J~'lLlJ1'flforl'l£J4'l1lm1L1£J'l.lm1fl'fl'l.l ( Computer - Managed Instuction ; CMI) ;'1"'l::LLU'I 
... 

1J11).J~nMru::m1tl11tlloifl'l.lii"'lm'1).J"JJ'fl'lm1L1£J'l.lm1fl'fl'l.lVf'll-l).J~ (n~M~'l.lI'l, 2536 : 136) 

'fl~L'Vl'Vl (2534) 1~l11m1fl11'1 LLfl:: l-l1tl1::~'Vlfi1l1'Vl lJ'VlL1£J'l.lf'l'fl).J~'lLlJ1'flforl'l£Jfl'fl'U 
4 ~ I 

L1'fl'l ttlnLn1).JL1£J'l.l~'l£JlJ1'l.lL'e)'11l1M1LL'flflLL"lI).JlJ~ Z - 80 nlJLf'l1'fl'l1).JtPl11il'fl).J~'lLlJ1'flf l11m1 
... , 

1::~lJ tl'lfl. oD'l.lUli 2 flrJ1U'l.lL'Vlf'lt'l.ltfltin"ll).J'IPlfl 

ii'Vl£J1L"JJlJ1'Vl1::'l.lf'l1Ll-lll'fl ~1'l.l'l'l.l 14 Iil'l.l ~flm1ii4'£J 'VllJ~1 lJ'VlL1£J'l.lttlnLn1).JL1£J'l.l~'l£JlJ1'l.lL'fl'l ~ 

fl11'1~'l.li:ltl1::~'Vlfi1l1'Vl 85.32/79.92 LtI'l.l1tl1J11).Jfl).J).J~31'l.l~~'1H 

fl1:: (2534) 1~vhm1fl11'1 LLfl:: l-l1tl1::~'Vlfi1l1'Vl lJ'VlL1£J'l.lf'l'fl).J~'lLlJ1'flforl'l£Jfl'fl'l.l 

L~'flfl'fl'l.l ii"ll1 L~U'l.lLLlJlJLlili'e)'1nfl l-l~n~lJ1ru1::mPlil£J1rlJ1f'rl1'1"Ji1'l.l1ru'l1'l.l ii'Vl£J1~m'Vllilt'l.ltflti 
... , 

~lJ1fl1l-lm1).J flmU'l.lL'VlPlt'l.lt~ti'Vl1::"'l'fl).JLn~1'Vl1::'l.llilnl-lil'fl ,rn~nM1oD'l.liHi 1 ~1'l.l'l'l.l 20 Pl'l.l 

~flm1ii4'£J'VllJ~1 lJ'Vl L1£J'l.lPl'fl).J~'l LlJ1'flforl'l£Jfl'fl'l.l~fl11'1~'l.li:ltl1::~'Vlfi1l1'Vl 93.30 / 81.02 
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rity'Y1fj;),r ( 2544) Hhi1m1~11'1 LL~::: ""11.h:::~V1ti1l1V'l UVlL1l1'l.ll°lt1~~'Hj;)t1f,l,)lI~t1'l.l 

~1'l.lL~·i1t1'!i111~'l.lLV1t11Lilj;) ii"ll1 ~(i~ Li~t1'1 ~'l.l ~~m1ii4'1IV'lU~1 UVI L111'l.lf'lt1~~') Lj;)t1fJl,)1I~t1'l.l~1'l.l 

Lf'l1t1'!i111~'l.lLVlt11Lilj;) ~~00J'l.l1~'l.lihJ1:::~V1ti1l1V'l 86.2/87.4 ~'1~'1n~~ILnn.ley]~n1""'l.ll'180/80 

~'l.lj;)'l.l1 ( 2545) 1~vhm1ii4'1I ~t1'1 m1~00J'l.l1UVlL111'l.lf'lt1~~,)Lj;)t1f,l,)1I~t1'l.lL~t1 

~t1'l.lL~l~ ~t1'1 m1HiOll'1""~1t.J~L~nVl1t1ilnri"L1.hLLn1~ Netscape Messenger ~1,..,fu'4f'l~1n1 

'1lt1'1 ~mU'l.lLVlf'lL'l.lL~tlV'l1:::iOlt1~Lm\'1L~1f'Jn.lVl""11~1l'1n1:::U'I Ll'1l1U11tJVll'1~t1'1L;rriU'4f'l~1n1 iOl1n 

""U,)1I'11'l.l1P11'1 1 L'l.l~mU'l.lbVlf'l L'l.lL~tlV'l1:::iOlt1~Ln~1L~1f'Jn.lVl""11~1l'1n1:::U'I ~1'l.l,)'l.l 10 f'l'l.l 

~~m1ii4'1IV'lU~1 UVlL1l1'l.lf'lt1~~,)Lj;)t1f,l,)lI~t1'l.lL~t1~t1'l.lL~l~ ~t1'1 m1HiOll'1""~111~L~nVl1t1ilnri" 

LtJ1LLn1~ Netscape Messenger ~1,..,fU1.Jf'l~1n1 '1lt1'1 ~mU'l.lLVlf'lL'l.lL~tlV'l1:::iOlt1~Ln~1L~1f'Jn.l 

V1""11~1l'1n1:::U'I ihh:::~V1ti1l1V'l 91.56/89/ 69 ~'1~'1n~1Lnn.ley] ~n1""'l.ll'1 80/80 

n~~fj;),r (2546) 1~vhm1~11'1 LL~::: ""11.h:::~V1ti1l1V'l UVlL1l1'l.lf'lt1~~,)Lj;)t1fJl,)lI~t1'l.l 

~1'l.lLf'l1t1'!i111~'l.lLVlt11Lilj;) ii'1l1 LVlf'lL'l.lL~tl~t1~~L~t1m1L111'l.li ~t1'1 mni1'11'l.lL'l.l1:::UU 

f'lt1~~') Lj;)t11 '1lt1'1un ~ nM1~ mU'l.l11"ll.ri!J ~~ m1ii4'1IV'lU~1 l.h:::~V1ti1l1V'lUVI L111'l.lf'lt1~~') Lj;)t1f 
o 

"Jhll~t1'l.l ~1'l.lLf'l1t1'!i111~'l.lL'V1t1fLilj;) HlLnn.ley]~1j;)131'l.l 82.40/83.67 ~'1~'1n~1Lnn.ley]Vi 

n1"..'l.ll'1 80/80 
o 

~1C1'1 (2547) 1~~11'1LL~:::""11.h:::~V1till1V'l UVlL1l1'l.lf'lt1~~,)Lj;)t1fJl,)lI~t1'l.l L1t1'1 m1 

1JntJ~u"iiiUl'1t1n~~1'l.l~,)lInt1 m~~t'i')t1th'l LtI'l.lUn~nM11:::~uillt1Jty1j;)1' ~mU'l.lLVlf'lL'l.lL~tl 

11"ll~'1f'l~V'l1:::'l.lf'l1 iiVlll1L'1lj;)'Vl1:::'l.lf'l1L,..,ilt1 ~~m1ii4'lItJ11n!J~1 tJ1:::~V1ti1l1V'l '1lt1'1UVI L111'l.l 

f'lt1~~,)Lj;)t1fJl,)lI~t1'l.l ~t1'1 m11JntJ~u"iiiul'1t1n~~1'l.l~,)lInt1 1~Lnn.ley]~1j;)131'l.l 90/90 LL~::: 
o " 

"..i'liOl1n L1l1'l.l~,)lIUVI L111'l.lf'lt1~~') Lj;)t1f,l,)lI~t1'l.l un~nM1iif'l,)1~if'l,)1~ dhLiOl L~~~'l.l t1th'lii 
.... 0 ev o .... 

'l.l1l~1f'ltyVl1'1~f:1j;)V11:::l'1U 0.05 

~1C1'1 (2547) 1~~h'lLL~:::""1tJ1:::~V1fl1l1V'l UVlL1l1'l.lf'lt1~~,)Lj;)t1f"Jl,)lI~t1'l.l ~t1'1 m11Jn 

tJ~u~m1n~'1'11'l.li'l.l~'l.l31'l.l n~~j;)')t1th'l LtI'l.lUn~nM1LL~'l.lmVlf'lilf'l~j;)~1,..,n11~ 1:::~U 
" tJ1:::mf'lilllU1JI1ii"ll1;jV'l'i''l.l~'1 I;'1mU'l.lLVlf'lL'l.lL~tl11"ll~'1f'l~ iiVlll1L'1lj;)V'l1:::'l.lf'l1mUt1 ~~m1ii4'1I 

o " 

tJ11n!J~1 tJ1:::~V1 fl1l1V'l'1lt1'1tJVI L111'l.lf'lt1~~') Lj;)t1f,l,)lI~t1'l.l L1t1'1 m1tJntJ~u"iim1n~'1'11'l.l'i'l.l 

" VJ'l.l31'l.l1~Lnn.ley]~1j;)131'l.l 90 / 90 LL~:::,..,i'liOl1nL111'l.l~,)lIUVlL111'l.lf'lt1~~') Lj;)t1fJl,)lI~t1'l.l un~nM1 
.. .... ~..r I .. ev 0.... 4.-.J .... 
~f'l,)1~lLV'l~'1l'l.lt1111'1~'l.l1l~1f'lf:1JVl1'1~f:1lJ1V11:::l'1U 0.05 

~L'1l3 (2547) 1~~11'1LL~:::""1tJ1:::~V1fl1l1V'l UVlL1l1'l.lf'lt1~~,)Lj;)t1fJl,)lI~t1'l.l ~t1'1 m11Jn 

tJnu"iim1V1l'1~t11J1'~~L'l.lVl1'1ii V'I')n11~ n~~t'i')t1th'l LtI'l.lUn~nM11:::~utJ1:::mf'lilllUj;)1ii"ll1;jV'l 

" 
;'l.l~'1 ~mU'l.lLVI f'l L'l.lL~tl11"ll~'1f'l~ iiVlll1L'1lj;)V'l1:::'l.lf'l1mUt1 ~~m1ii4'lItJ11n!J~1 tJ1:::~V1ti1l1V'l 
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'D'el..:JUVlL1l1'l..l~'el~~'JLlWelf,l'JlIM)'l..l ~'el..:J mr1JmJlj~mrVlWl~'elUtj~~L'l..lVl1..:Jijf'l'Jm'r~ Hi'Lnru"Yl 

~1j;]r31'l..l 90 / 90 LLfi:;V1~..:J91nL111'l..l~'JlIUVl L111'l..l~'el~~'J Lj;]'elferl'JlI~'el'l..l Un~mi1ii~'J1~iL~~~'l..l 
oI .. CV 0 cv __ .. (V 

'el1l1..:J~'l..l1l~1~qjVl1..:J~f:lj;]Vlr:;W11J 0.05 

Vi'l..lm' (2547) 1~~r1..:JLLfi:;V111.h:;~Vlfi1l1't'l UVlL1l1'l..l~'el~~'JLj;]'elferl'JlI~'el'l..l ~'el..:J mr1Jn 
.­

1..llj~ L'l..l..:J1'l..lij'll1LfiVl:;ijVlll1 n~~~'J'elth..:J LiI'l..lun~mi1 r:;~u1..lr:;mf'lUlI'uj;]rij'll1;l't'l;'l..l~..:J 

~f:11U'l..lLVl ~ L'l..lLfi£ln'll~..:J~fi 'iVlll1 L'Dj;]'t'lr:;'l..l~nVlU'el l:Jfimrij4'1I1..lr1n!J~1 1..lr:;~Vlfi1l1't'l'D'el..:J 

UVlL1l1'l..l~'el~~'JLj;]'elferl'JlI~'el'l..l ~'el..:J 1Jn1..llj~L'l..l..:J1'l..lij'll1LfiVl:;ijVlll1 1~Lnru"Yl~1j;]r31'l..l 90/90 

Ufi :;V1~..:J1iil1n L1l1'l..l~'JlIUVl L111W"1'el~~'J Lj;]'elf,l'JlI~'el'l..l un~n'li1ii ~'J1~iL ~~~'l..l'elth..:Jiiull~ 11"1qjVl1..:J 
o 

~ti~vh:;~u 0.05 

'4qjfirr~ (2547 ) 1~f1r1..:JLLfi:;V111..lr:;~Vlfi1l1't'l UVlL1l1'l..l~'el~~'JLj;]'elf,l'JlI~'el'l..l ~'el..:J mr1Jn 
.­

1..llj~L'l..l..:J1'l..l12! n~~~'J'elthHU'l..lUn~n'li1 r:;~u1..lr:;mf'lUlI1rj;]rij'll1;l't'l;'l..l~..:J ~f:11U'l..lLVl~ L'l..lLfi£l 

n'll~..:J~fi ijVlmL'Dj;]'t'lr:;'l..l~nVlU'el l:Jfimrij4'1I1..lnn!J~1 1..lr:;~Vlfi1l1't'l'D'el..:JUVlL111'l..l~'el~~'JLj;]'elf 

'll'J1I~'el'l..l ~..:J mr1Jn1..llj~b'l..l..:J1'l..l12! 1~Lnru"Yl~1j;]r31'l..l 90/90 LLfi:;V1~..:J1iil1nL111'l..l~'JlIUVlL111'l..l 

~'el~~'JLj;]'elferl'JlI~'el'l..l un~n'li1ii~'J1~iL~~~'l..l'elth..:Jiiull~1I"1qjVl1..:J~ti~~r:;~u0.05 

~..:J\fLLri''J (2547 ) 1~~r1..:JLLfi:;V111..lr:;~Vlfi1l1't'l UVIL1l1'l..l~'el~~'JLj;]'elf'll'JlI~'el'l..l ~'el..:J mr1Jn 
o .­

1..llj~..:J1'l..lU'l..lL~ffi..:Jn~..:J~j;]L'l..l~"i n~WJr'J'elth..:JLU'l..lUn~n'li1 r:;~u1..lr:;mf'lUlIUj;]rij'll1;l't'l;'l..l~..:J 

~f:11U'l..lLVl~L'l..lLfi£lr1'll~..:J~~ ijVlll1L'Dj;]'t'lr:;'l..l~nVlU'el l:Jfimrij4'1I1..lnn!J~1 1..lr:;~Vlfi1l1't'l'D'el..:J 

UVlL1l1'l..l~'el~~'JLj;]'elf,l'JlI~'el'l..l ~'el..:J mr1Jn1..llj~..:J1'l..lU'l..lL~i'el..:JriWl~j;]L'l..lmi 1~Lnru.,r~1j;]r31'l..l 

90 / 90 LLfi:;V1~..:J1iil1n L1l1'l..l~'JlIUVl L111'l..l~'el~~'J Lj;]'elferl'JlI~'el'l..l un~n'li1ii ~'J1~i~'J1~ L;J1LIiil L~~~'l..l 
oI .. cv 0 cv __ .. (V 

'el1l1..:J~'l..l1l~1~qjV11..:J~f:lj;]Vlr:;W1U 0.05 

~~'ti'l..lfi ( 2547 ) 1~~11..:J LLfi:;V111Jr:;~Vlfi1l1't'l UVl L111'l..l~'el~~'J Lj;]'elf,l'JlI~'el'l..l~'el..:J mr1Jn 
o .­

1..llj~..:J1'l..lU'l..lL~1'el..:JriWl~ nq r:;~u1..lr:;m f'lUliUj;]rij'll1;l't'l;'l..l~..:Jj;]L'l..l~ ~ ~'J'elth..:JLU'l..lUn ~n'li1 

~f:11U'l..lL Vl ~ L'l..lLfi£lr1'll~..:J ~fi ijVl m L'D j;]'t'lr:;'l..lPlnV1U'el l:J fim rij4'1I1..lr1 n!J~11..l r:;~Vl fi1l1 't'l'D'el..:JUVI L1lI'l..l 

~'el~~'JLj;]'elferl'JlI~'el'l..l ~'el..:J mr1Jn1..llj~..:J1'l..lU'l..lL~i'el..:JriWl~j;]L'l..lmi 1~Lnru"Yl~1j;]r31'l..l 90/90 

LL~:;V1~..:J1iil1nL1l1'l..l~'JlIUVlL111'l..lV'l'el~~'JLj;]'elferl'JlI~'el'l..l un~n'li1ii~'J1~iL~~~'l..l'elth..:Jiiull~1I"1qjVl1..:J 
__ ..o cv 

~f:lj;]Vlr:;W1U 0.01 
, 

1..lr:;L~13 (2547) 1~~r1..:J LLfi:; V111..lr:;~Vlfi1l1't'l UVlL1l1'l..l~'el~~'JLj;]'elf,l'JlI~'el'l..l L1'el..:J 

" "" I

mrf:l'elWl1..lr:;n'eluif~~W1U.1ir'l..lL~'elL't'l~..:JL~1'el..:J1I'l..lj;]mL'llfi LLfi:; n~~~'J'elth..:JLiI'l..lun~n'li1 r:;~u•.­
1..lr:;mf'lUliUj;]rij'll1;l't'l;'l..l~..:J f1f:11U'l..lLVl~ L'l..lLfi£ln'll~..:J~fi ijVlll1L'!Ij;]'t'lr:;'l..l~rLVlU'el l:J~mrij4'lI 
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, ~ ~ 

'VlU~1 l.h:;~Vlfifl1'Vl 'JI'eh'lU'I'1 L111'W1"l'tla.J~'l L~'elfrl'lllMl'W L1'el.:J n11n'el11l1.h:;n'tlutr).,J~l1lU1~'W 

L~'elL'Vl~.:JLl"li'el.:JlI'W[;]~L'lIfl 't~Lnru").,J1~1~1'W 90 / 90 LLfl:; Vltr.:J"'l1nL111'W~'lllUVlL111'W1"l'tl).,J~'l L~'tlf 

"lhml'tl'W un~m~1i11"l'l1a.JZL~a.J~'W'tl£l1.:Ji:lumh~ryVl1.:J~ti~~1:;~U 0.05 

.J 
'WL1fl1 (2547) 't~~~1.:J LLfl:; Vl11.h:;~Vlfifl1'Vl UVlL1l1'WI"l'ela.J~'lL~'tlf'll'lll~'el'W L1'tl.:J 

LVll"lL'WLflm~'el~11LLfl:;LI"l1'tl"ll111~'WLVl'elfL'n~ ~fl n11'l"'l1l'VlU~1 UVl L111'W1"l'el).,J~'l L~'flf~1'WL ~U L~'el 

VlUVl'l'W ~'tilijJ'W1~'Wihh:;~Vlfifl1'Vl 82.90/83.75 ~.:J~.:Jn~1Lnru"F1 ~n1Vl'W11l 80/80 

~'Wn1 (2548) 't~~11.:J LLfl:; Vl11.h:;~Vlfifl1'VlUVlL111'W1"l'ela.J~'lL~'elfrl'l1l~'el'W ~.:J n11'tln 
~ 

u~llii 1'W.:J1'W~"ll1LflVl:;~Vlll1 n~).,JtJl'l'el£l1.:J LiJ'WUn ~m~1 1:;~UU1:;n1 flIilll'lj~fj"ll1;lwD'W~.:J 

~ mU'WLVll"lL'WLflmn"ll).,J.:J I"lfl (jVlll1L'JI~'Vl1:;'W1"l1LVlil'el . ~fln11iirorllU11 n!l~1 U1:;~Vlfifl1'Vl'JI'fl.:J 

UVlcm'WI"l'fl).,J~'lL~'elf"ll'lll~'el'W ~'fl.:J 'tlnu~u~1'W.:J1'Wii"ll1 LflVl:;~Vlll1 't~Lnru"F1).,J1~1~1'W 90/90 

LLfl:;Vl~.:J"'l1n L1l1'W~'lllUVl L1l1W·l'el).,J~'l L~'elf"ll'lll~'el'W Un~m~t1i11"l'l1).,JiL~a.J~'W'el£l1.:Ji1Ull~1 ~C1lVl1.:J 
, 

~ii;;Vi1~~U 0.05 

~'el.:J'Vl11ru (2548) 't~~11.:JLLfl:;Vl1U1:;~Vlfifl1'Vl UVl L111'W1"l'tl).,J~'l L~'elf"ll'lll~'el'W ~.:J 

n11"'ll1lU'WYin;)'el~fl L~'flrorl1lVi11111.:J1'WVl1.:Jii"ll1n11 n~a.JtJl'l'el£l1.:J LiI'Wun~m~t1 1:;~U1..J1ryC1l1~1 

I"lru:;l"llfll1~~~~~1Vln11).,J f11"l11iifll'lm1a.J~~~1Vln11 ~mU'WLVlI"lL'WLfl£j11"ll).,J.:Jl"lfl iiVlmL"lI~ 

'Vl1:;'WI"l1LVlil'el ~fl n11iirorllun n!l~1 U1:;~Vlfifl1'Vl"ll'el.:JUVlL111'W1"l'tl).,J~'lL~'flfrl'lll~'el'W ~'el.:Jn11"'l11l 

u'WYin;)'el).,Jfl L~'elrorl1lVi11111.:J1'WVl1.:Jii"ll1n11 't~Lnru"a.J1~1~1'W 90/90 LLfl:;Vltr.:J"'l1nL111'W~'l1i v ~ 

UVl L111'W1"l'el).,J~'l L~'elfrl'lll~'el'W un~mt1i11"l'l1a.JZL~a.J~'W'el£l1.:Ji:lUll~1~ryVl1.:J~ii~~1:;~U 0.05 
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~ ~ , 
n1~ij4't1l"lf'lil Ltlt.lnl~ij4'm=B'I'VI~fl'tl'l (Experimental Research) L~'tlVl11.h::~'VIfif11Yl 

1J'VI ~t1t.lI"l'tl1-J~'J L~'tl f"Jl'JtI~'tlt.l~~ ~1'1;t.l LLfl::ij LI"l~1::,r ~fl ~1-J~'V1 i'Vl1'1n1 ~~t1t.l Vli'l'"l1n ~t1t.l~'JtI 

1J'VI~·t1t.lI"l'tl1-J~'JL~'tlf"Jl'JtI~'tlt.lL~'tlVl1~'tl'l " tl"l~'1~~1'1'"lflf11I"l"jJ'tl'lLVI~n " ;'1n~1t1fl::Liltl~n1~ij4't1• 

2. n~1-J~'J'tlth'l 

3. Ll"li'tl'lij'tl~l flt.lm ~ij4't1 
o _ "~ 

4. m~~1 Lt.lt.lnl~'VI~~'tl'l LLfl::Lnm'J1J~'J1-J"jJ'tl~fl 

5. m~ij Ll"ln::,r;r'tl~~ LLfl::~n~~lflt.lm~ij LI"l~1::,r;r'tl~fl 

~ ~ 

m~ij4't1l"lf'lill;{ LL1J1J LL~t.lm~ij4't1 L=B'I'VI ~fl'tl'l (Experimental Research) t~t1l;{ LL1J1J LL~t.l 
.J<IIliIII Q"I I 0 _ <IIllIII .. I I _ 

m~'VI~fl'tl'l'VI1-J n~1-J~'J'tltl1'1V1t.l'ln~1-J 'VI1m~'VI~~'tl1Jn'tlt.l LLfl:: 'VI~~'tl1JVlfl'lm~'VI~fl'tl'l'VIt.l'VI 

(One - Group Pretest - Pasttest Design) n~LL1J1J~'1~1n'l~ 1 

, ... 
~'tl1Jn'tlt.lL~t1'W m~'VI~fl'tl'l 

~ ... 
~'tl1JVlfl'l L~t1t.l 

T1 X T2 

T 1 

1. l.h::"Jl1m~lflt.lm~14't1 ~'tl ,:rn~mt1~::~1JmtlJtlJ1~1- I"lru::I"lV'11~[;lf~[;l~1V1m~1-J 

~1"jJ1ijf'l'Jm~1-J~~~1V1m~ .ff't.ltl~ 2 ~fl'l'VI::LUtlt.l~t1t.lij"il1 tflVl::ij'VItl11t.l'l1t.lijf'l'Jm~1-J 

( Engineering Metallurgy ) ~~~ij"il1 11 - 413 - 404 lWl11"lL1t1t.l~ 2 t1n1~~mj1 2549 ~LtI~ 

~'tlt.l ru 1-JVl1ij'VItl1~m'VIl"lt t.lbfltj~1"il1-J'Il"lflYl~::t.lfIJ~ ij'VItl1 L"jJ~Yl~::t.lI"l1L Vli1'tl 
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'11 

2. mp.Jj;1'l'Elth:m11'l~t1 ~'El 'l!n~m~11::r1lum'1lC1J1j;11 Pln.!::Pllfll1flj;1ff,jj;1fl1'V1nm..J 

'fl1"J11'i fll'lmn.J'qj;1fl1'V1n11 ,r'lJn~ 2 ~fl-:J'Vl::LUtl'l.l~t1'lJ'i"il1 Lfl'VI::'i'Vltl1L'lJ-:J1'lJ'ifll'lmnJ 

( Engineering Metallurgy) 1'll'fl'i"il1 11 - 413 - 404 1Wl1Pl~t1'lJ~ 2 ;jn1~~m~1 2549 ~Ltl~ 

fl'El'lJ n.! ~'VI1'i'Vltl1itIL'VlPl L'lJLfl~11"il~NPlflVl~::'lJPl~ 'i'Vltl1 L"JIj;1Vl~::UPln'VIil'El L~m::vhn11~~ 

t9l'l'Elth-:J LLU1.JLiDl1::"N 41U'lu'I!n~m~1 20 PlU L~'El\l1~1'Vl~fl'El-:J LLfl::H'u'Vl ~t1UPl'tl~fj'l Lj;1'elf"Jl'lti 

" 1.1 n1~'iLPl~1::l1l1in~(;m1t1'i"il1 'VI1'ElLil'El'l.n'i"il1 Lfl'VI::'i'Vltl11u-:J1u'ifll'lm~~ 

( Engineering Metallurgy ) ~'ll'fl'i"il1 11 - 413 -404 'VIin~j;1~~::r1lum'1l'1l1j;11 Pllfll1flj;1f 

f,jj;1fl1'V1n~~~ fl1"J11'ifll'ln~~~~~fl1'V1n1~ 
"	 , 

n) ~n1f1Lil'El'VI1'i"il1j;11~'ll''l;r'tl~'tl-:J-:J1U'i4't1 j;11~'VIin~j;1~~::r1lum'1l'1l1j;11 

Pln.!::Pllfll1fl j;1ff,j j;1fl1'V1m~~ f11"J11'i fll'l nn~f,jj;1fl1'V1 n1~ LiJ ~fl'ElU~~'VI1'i'Vltl1im 'Vl PlLULfl~11"il 
... .. 

~-:JPlflVl1::UPl1	 'l'Vl tI1 L"JI j;1Vl~::'lJPln'VIU'tl 

"JI) 'i LPln::l1l'~Q1.h::fl-:Jf'1n1~fl'tlU 1UL~'tl'VI1'i"il1j;11~,r'l;r'El ~'tl-:J-:J1U'liDltl ~1U 

Pl'l1~i (Knowledge) ~"hLiju L~t11,x~L~m"il1'11fj~1~n.!1L~'El'VI1~~::fl'ElULti'El-:J~1m~'el'VI1L'I!U'Vl1-:J 

'Vl~1ffl'VI1'tltJnllii LL~'l\l1~1ll1J-:JU'Vl~t1U LLfl:: L;jtlUl'j;1qtJ~::fl-:Jf'1n1~fl'ElU 

Pl) 'i LPl~1::l1Ld'El'VI1 L~'El L~'Elm~'El'VI11,xL'VI~1::fl~nul'j;1{ltJ~::fl-:Jf'1 ~'ltl'ifir1l-:JtJI'tl1tJ~, 

- 4'~ ~t.I-:J~1 r1lu L~'tl'VI11 ,xj;1Nj;11~l' j;1qtJ1::fl-:J f'1L;-:JVl~ ~ nn~ 
o J' 11111".J II.J' 0 , 

- U1LU'El'VI1 'VI~l"ilm"il1C1J~1ULU'tl'VI1 ~1U'lU 2 'Vl1U j;1~'liDlfl'ElU LLfl:: 

II ... ... .. , ...... .... ... " " 1.2	 n1~fln-:J'~U'VlL~t1UPI'El~Vl'lLj;1'El1"ll'ltiM1U ~"JIUj;1'elU ~-:JU 

" , 
n) Lj;11t1~Lil'El'VI1U'Vl~t1U j;11~,r'loii'El~'tl-:J-:J1U'i4't1 

"JI)' \l11'j;1QtJ~~fl-:Jf'1l;-:JVl~~m~~ Llfl:: L~'El'VI1 j;11~,r'loii'El~'El-:J-:J1U'i4't1~14'~u1J-:J 
" 

Lil'El'VI1'El'Elmilu,r'loii'tltl'Elti 1 
o.J' ... 0'" II... 0 II 

Pl) U1LU'El'VI1U'Vl L~t1U~1'Vl1U'Vl Lffi-:J (Scri p) ~'ltlfl m~n.!::Pl1U~~tI1t1 ~'ltl€ m~~ 

-:J) 'I!~~'htlvhfJ~L'ElL~'tl4'~Vi1Lilu,~u'Vl~t1UPl'El~fj'lL(;)'Elf"Jl'ltlfl'ElU rhtlVi1j;11~ .. 
U'VlL~'El-:J 
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o 

Iiij) ~th~vh~~b'il ;-:J~4'~ Ltl'l.l~4'~~1-:Jl~~1L""1Jn11V11u",L1m.l"''il).J~'lL~'ilf 

'Jl'l~~'il'l.l ~1).Ji'l;r'il~'il-:J-:J1'l.l'l4'~ il1il~b'il~th~V11LLt\''l hJ~1Lil'l.ln11~~1-:J b1J1LLn1).JU"'~'l.l 

"''il).J~'l L~'ilfrl'l~~'il'l.l 

'U) il1U",L1U'l.l"''il).J~'lL~'ilf'Jl'l~~'il'l.l ~~~1-:JL~~IiijL1~u~'ilmLt\''l11Jl~~L~m'Jl1tl.J 

~1'l.l~'il ~1'l.l'l'l.l 2 v11'l.l ~1'l9fl'ilULLt\''l1Jfu1J~-:JLLrii.1J~1).J~1LL'l.l:::il1 

'Jl) n11"'~~'e1-:Jl;u",L1~'l.l"''il).J~'lL~'ilfrl'l~~'il'l.l 
I ~ ~ 

n11"'~~'il-:JLVl'il~nM1-lf'ilUnv'li'il-:J~1-:J 1 "'1-:J~1'l.lLil'il"'1 n11~1Lil'l.l L1'il-:J t1J1l1ViLL~::: 

111M1~1; n11L~'il).Jb~-:J L~~-J 1'l).Jii-:JL'l~1~1-D1'l.ln11L1~'l.ln11fl'il'l.l L~'ilil1;r'il~~~1~).J11Jfu1J~-:J 

LLrii.1JnUUn~nM1~hi1'Jlnfl).J'" i?1~'il-:J• 
'II) il111Jl~~b~m'Jl1tl.J~1'l.lL;i'il"'1 LLfl::: ~1'l.ln11~fi~~'iln11fl'il'l.l1J1:::L~'l.l'"Jtull1Vi 

u",L1~'l.l"''il).J~'lL~'ilfrl'l~~'il'l.l~~(ij.l'l.l1 

~1iij11tu1 ~1).J Lntuort n111J1:::L~'l.l~1).J "''l1).J~~ L~'l.l'il'il-:J ~L~m'Jl1 tl.J 1iij1n ~fl1J'il-:J Pl1 L'U~ ~ 
o ~ 

Vi1~fu~1).JLL'l.l'l"'1-:J1J'il-:JbU~'V1 (Best) ~-:Jil (Best, 1983 :179 - 187) 
, , ... 

"'1L'U~~ 

... 
4.50 - 5.00 ~).J1n 

3.50 - 4.49 

2.50 - 3.49 l-rt~ 

1.50 - 2.49 "''l11Jfu1J~-:J 

1.00 - 1.49 l-rt~1~ 

Q.J) il1U." L1U'l.l"''il).J~'lL~'ilf'Jl'l~fl'il'l.l ~~1 Lil'l.ln11fl~1-:J~1).Ji'l;r'il~'il-:J1J'il-:J~4'~~ 

~).J\l1nrLL~'lhl1;Lfiu;r'il~~Iiij1'-J1iij1nn~).J"'~~'il-:J 
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1J'VI L1tJ'l.lPl'el1-lVi'J Ll?l'elfJl'JtJ~'el'l.l 

~11u1;n1Jn~1-I~'J'elU1~--_...... 

.,.... 
111'W'VI 2 LL~ ~'1i'l.ll?l'el'l.ln11~11~1J'VI L1tJ'l.lPl'el1-lVi'J Ll?l'el fJl'JtJ~'el'l.l 

2. n11~11~LL1J1J'VI~'l1'el1J1'~l:J~~1-I~'VIf'VI1~n11L1tJ'l.l 
_ o-J' ..... ",J _..,

2.1 'J LIi111:;\1 L'l.l'el\11l?l11-1\1'J"ll'el L1'el~~1'l.l'JlOltJ 

2.2 ij LPl11 :;lT1'l?lq1.h:;~~ ~L~~Yl ~ ~ m11-1"ll'el~ L~'el\11,r~~1-I ~ 

2.3 ~nM1~111 LL~:; L'eln~11L~mn1Jn111'~ LL~:; n1nh:;L~'l.ll:J~n11~nM1 

" ... ........J J'

2.4 ~11~LL1J1J'VI~~'el1JL~'elnl?l'el1J 'llil~ 4 l?l'JL~'eln 'VIPl1'el1JPlq1-lL'l.l'el~1 LL~:; 

1'l?lq1.h:;~~PlL~~Yl'l~m11-1 

o .J" J' 'l"".J ".: 0 I

2.5 'l.l1 LL1J1J'VIl9l~'el1J'VI~n~"ll'l.l ~\1~L'llm'll1'lJ~1'l.lL'l.l'el\111Ol1'l.l'J'l.l 2 'VI1'l.l l?l1'J1Ol~'el1J 
, I I ... I I 

LL~:; 1Jfu1Jl~LLli't"ll LY;'tlttn~LL1J1J'VI~~'el1JV1iJPl'J11-1LV1tJ~l?lNl?l11-1Lil'el\11 LL~:; ~1'l.l~'l.l1 V1iJl:J~~'el 

n11ijrortJ 
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2.6 U1 LLtJtJ'Vl~~'fltJ~1~tl1tJtll\lLLri'l,''lI LL~'J ltl'VI~~'tl\l (Tryout) rl1J,rn~mi11::~1J 

tl1::n1fl1ilmrj;\1~'Jl1;Vii'L.l~\I LL~'L.lnL'VIl"lill"l~{;1~l",mnJ 1"ln.l::L'VI1"lL'L.lLtlUn11~fl{;1 ~ Ltl~~'tl'L.l 

n.l	 ),J"'1'ij'VItJ1fl£JL'VII"lL'L.lLtlUn'Jl),J\ll"ltlVi1::'L.l1"l1 ~'VItJ1L'IIj;\Vi1::'L.l1"l1L",il'fl L'W111"lL1[J'L.l~ 2 n 
,	 ~ 

n11~mt1 2549 ~1'L.l'J'L.ltl1:::J.J1n.l 23 1"l'L.l ~\lihfl\l L1[J'L.l'ij'Jl1 ",1'fl Lil'fl"'l{;1NrltJtJ'VILm'L.l 

1"l'tl),JVl'JLj;\'tlf-rl'J[J~'tl'L.l ~~lLil'Un11~11\1f'L.l L~'tl'ijLI"l11::\l""'1f'l11"l'J1),JtJ1n~1[J (Level of Difficult) 

LLtl:: f'llti1'L.l1'"l~1 LL'L.ln (Discrimination Power) L~[Jii'flLnn.l.,r~'"l11n.l1~\lil
~ 

l~;r'tl~'tltJilf'll 

1"l'J1),Jmn~1[J ( P ) 'tl~1::"'~1'1 0.2 - 0.8 LLtl::ilf'llti1'L.l1'"l~rILL'L.ln( D ) ~\lLLIJi 0.20 ~'L.lltl LLtl:: 
~ , , 

n11"'1 ~CWl1Vi'll'fl\lLL1JtJ'VI~~f1tJVI\l1l1rtJ ~r.i[J"'1f'l11"l'J1),J L;'l'fl,r'L.l'llfl\l LLtJtJ'VI ~~f1tJ ( Reliability ) 

L~[J1oif~j;\1 ':lL~'flf1'Jl1fi'L.l ( Kuder Richardson Formular 20) (~'J'L.lLL~::t[\l1"ln.l1,2538 : 198) 

Ld'fll~f'l11"l'J1),JL~'flJ'L.lLL~'JU1:J.J1~lLil'L.ln11L~'fln;rfl~'fltJ~~1'L.lLnn.l.,r~\lnfi1'J LL~::U1),J1"'1f'l11"l'J1),J 
I I '" I I I I	 " 

L;'lfl,r'L.l~n 1"l1\1 LiJ'fll~ f'l11"l'J 11-1 L;'lfl,r'L.l{;11),JV!~'fl\ln1nL~ 'J ~\lU1;r'fl~'fltJ~ ~illtl1oifrltJn~),J~'JfI£ll\1 

~ '~.!"I 'I ".!"I ' ... ...l.!"l
~~[JLLtJ\I"Ilfl~f1tJflflnLu'L.l 2 ~~ ~~LL1n ~"IlLu'L.lLLtJtJ'VI~~f1tJn'fl'L.lL1[J'L.l LLtl:: ~~'VI~'fl\l Lu'L.l 

...... 4i" .r.. tl"'~ "o..J I

LLtJtJ'VI ~~f1tJ"'~\I L1[J'L.l ~~[J1"l1'fltJ 1"l~),J L'L.lfl"'l'Jj;\~ 1::~\lI"l'VI\l"'),J~ LLtl'J'L.l1'1 ~'VI~f1\1),J1"'11"l11"l'J1),J 

" " 
L;'lfl,r'L.l~nI"l1\1 

o _ ~ ~ 

n1,j;l1LUUn1'\'I j;l~'eI.:I LL~:::LmJ''Jl.J''J~''1I'eI~~ 
'II 

""	 I " 

n11'V1~tlfl\l1"l1\1il ~9[Jri1"''L.l~n11'V1~tl'fl\l L'W111"lL1[J'L.lV! 2 t1n11~mi1 2549 ~\lil 
, " 

1. n11L{;11[J),J~m'L.lVl H~f1\1tl!j~n11~f1'L.lLtl",:::'ij'VItJ1LL~'L.ln"lh\lLtl"':: -D'L.l 3 fI1l"llrn1\1 

Ltl"':: ),J"'l'ij'Y!tJ1fl£JL'VI1"lL'L.lbtliJ11'Jl),J\ll"ltlVi1::'L.l1"l1 'ij'VItrlL"Il{;1Vi1::'L.l1"l1L",ilfl L~[JL;~f1\1L1[J'L.lLLtl:: 
" ,

~tlmnrl"lfl),J~'J L{;1f1f 1'J),JVI\I L~i1'fl\l1l1[JJllViLtl~L'"l1"l Lj;\'flf"ll'fl\l LL~'L.ln"lll\1 Ltl"':: 

2. LL'"lnLLtJtJ'VI ~~f1tJ 1~n~),J~'J'fl£ll\1Vi1 LLtJtJ'VI~~f1tJrlfl'L.lL1[J'L.l 

3. Vi1n11~'fl'L.l~'J[JtJ'VlL1[J'L.lI"l'fl),J~'JL{;1f1f"ll'J[J~f1'L.l ~f1\1 "LI"lN~11\1'tlJl11"l"llfl\lL"'fln 

.. L~[Jilfl1'"l116~~'fl'L.l 1 V1TW ~'fl ~~Vi1'ijr.i£JLtI'L.l~~'tl'L.l 

4. LL'"lnLLtJtJ'VI~~'fltJ'1l?1L~),J 1~n~),J~'J'fl£ll\1Vi1 LLtJtJ'VI~~'fltJ",fl\l'"llnL1[J'L.l ~'J[JtJ'VIL1[J'L.l 

... .t.J ....I ~" a 0" ~ 
, I"lfl),JVi'JLj;\f1r1J'J[J~f1'L.l L1f1\1" ~01N~n\l'tlJl11"l"ll'tl\lL",~n" 'VI1f1nI"lN 

5. url~tl~l~'"lln m1Vi1LLtJ1J'VI~~'fltJrlfl'L.lL1[J'L.l LLtl:: LLtJtJ'VI~~f1tJ",fl\l'"llnLm'L.l "Ilfl\l 

n~),J ~'JfI£ll\1LtJij LI"l11::\l""'1 ~tl i),J ~'V1 i'VI1\1n11L1[J'L.l LLtl ::U1 ~ tl~l~'"lln n1rii 1 LLtJtJ'VI ~~f1tJ rl'tl'L.lLm'L.l 

LL~:: LLtJtJ'VI ~ ~f1tJ'" fl\l'"ll n L1[J'L.l LtJij LM1::\l""'ltl~::~'VIfiJl1Vi"llfl\ltJVI L1[J'L.ll"lfl),J~'J L{;1f1 f"ll 'J[J~'tl'L.l 
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,~-------------------------------------------
'V1~M)tm'e)'WL1£J'W _I 

...
 
'i LI"l11:;oJ'VI11.h:;~'V1fi[l1'vnJ'V1L1£J'W 

1"l'el~Yi'J Ll?I'elf'Ji'J£J~'el'W 

L-- ~-------------------------------------------• 

... 
tl1~'VI 3 

., ., 
n11'i4'£J1"l1,rU ~4'tJ'1WiLI"l11~oJ;r'el~~ L~£Jn11~1'W'Jn.l'VI1ri1'V11'1~ti~ 1'Wn11'iLI"l11~oJ 

LL1J1J'V1~~'el1J n11~1'W'Jn.lri1m1~mn~1£J (Difficulty Power) ri11"l'J1~L~'elJ'W (Reliability) 

~'1~ti~1'Wn11i)LI"l11~oJ ;r'el~~~'1;i 

1. ~ti~~loi1'Wn11i)Lfl11~oJLL1J1J'V1~~'el1J 

1.1 'VI1ri1wn~mn~1£J (Difficulty Power) LL~~ri1~1'W1.,~1LL'Wn 

(Discrimination Power) "IJ'el'l LL1J1J'V1~~'el1J 
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R p = 
N 

o = 

...o
L~'el o 

o .. 

R u ~'el 41u'lutrnL1tJuVlvh;r'eltru~n1un~~Lri-:J 
, .. 

R ~'el 41u'lutrnL1tJuVlvh;r'eltrucm1un~~'ei'elu
L .. • 

N ~'el 41U'lutrnL1tJu1un~~Lri-:JLLf'l::n~~'ei'elU 
, .... 

L~tJ~"'l11cu1L~'eln;r'el~'el1JVlill"h'el1u1"'l41LLun(;;'-:JLL~0.20 ~u1tJ 

o 0 

1.2 'l-t11"i11"l'l1~L;j'el,rU (Reliability) 'll'el-:JLL1J1J'Vll?l~'el1J 

,!1JI'i\ll1FhFl';l1~~~'il~'U'D'il.:lLL'U'U'VI(;If4'fl'U L~tJ1'~1n1 KR -20 (Kuder Richardson 

Formula 20) (~'lULLf'l::ti'-:JI"lCU1o 2538 : 198) 

pqI ]r - n [ 1 ­tt S 2N - 1 
t 

' 0 .... ... cv IV.. G.' 

L~'el I"l'el 1"l'l1~ L'Jl'el~U'll'el-:J LL1J1J'Vll?l~'el1J'Vl-:J'U1J1Jr tt 

... . .. .. ... ... 
N I"l'el "'l1U'lU'll'el'll'el-:J LI"l1'el-:J~'el'l~ 

... ... ... 
P I"l'el il?lfl'lu'll'el-:J~vh1mu;r'el'l-tti-:J 1 UU I"l'el .. 

i~fl'lu'Jl'fl-:Jl"luvh~n n1JI"lU ~-:J'l-t~l?l 
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q ~'tl ~~fl'J'W"Jl'tl\l~~';hn~1'W;r'tl'\.1~\I1 '\.11'tl ~'tl 1 - P 

2 , '" 
8 ~'tl PI:; LL'W'WPI'J 1~ LLtJ~tJ~'J'W"Jl'tl\l LPl1'tl\ln'tlVl\l'yl1JU

I 

LXx = 
N
 

... ..

X PI'tl 1"11 L'U~tJ~lJ1~lfl'J'W"Jl'tl\lPl:; LL'W'WL~'tl .. '"LX PI'tl ~fl~'J~"Jl'tl\l PI:;LL'W'WVl\l'\.1~ ~ .. 

o '" '"N PI'tl "''W'J'W~ L"Jll~'tlU 

2. n1~1'~ PI'J 1~ L~tJ'IlJ1N"Jl'tl\l;r'tl~'tlU 1J11~1'lJ1~tJ~:;~\Il'l 
tV .. 4V ..I" Ci' ~'" 

~P1'in1'i'JflPl'J1JJL'VI!I{llJI'i{l1Jl1JJ'JlJlql.J'i~'lI{lPl L~tJ L"JI~lJ1~ Rovinell and Hambeton 

(rl\l'Jfl, 2536 : 185 - 186) 

L:n 
Xi 

a.v. = 1=1 

N .., 
L~'tl a.v. ~'tl PI'Jl~L~tJ\l1J1~\I1J11~1'lJ1CltJ~:;~\Il'l• , 

... 0 ,,~ 

N PI'tl "''W'J'W~L"JIm"JI''k! 

X ~'tl PI'Jl~f;lN1J11~1'f;I~tJ~:;~\Il'l iJI"11LU'W + 1 ,0 LLfl:; -1 

~~U~"'~(u' L~'tln;rt1~'tlU~iJI"11P1'Jl~L~tJ\l1J1~\I"Jl'tl\l1' lJ1tJtJ~:;~\Il'l~\1 LL~ 0 .50 ~'W1tJ 

3. n 1 ~'V1 ~~'tlUPI'Jl~ LLlJ1n~ 1\1"Jl'tl\l PI:; LL'W'Wri'tl'W~tJ'WLLfl:;PI:; LL'W'W'\.1~\1 ~tJ'W 

'lI1JI'i'\ll1Pi1LLlJIn9i1{1f1~LL 'U'.lfi'il'UL1!1'ULLft~Pl~LL 'U'U'\II~{IL1!1'U (~'J'WLLfl:;t1\1 PI(ul, 2538 : .. 
104) 

t = 
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4. n1~ii LFln:;'\.h.nth:;~'Vlfi.n1Yl'JJ'tl..:JlJ'YILhn..lFl'tl~.J'vhL(;1'tlf"ll'J£J~'tl'W 

~ ii~m-rL'Wm'i'lll1t1-a-::i'VI6111'W'lI'el.:l1.J'VI L~!I'W fI'el).li; 'JLlil'eli"li'J !I~'el'W t~m 1;{~ (;1 ~ 

(L~1'Jru.tl, 2528: 284) 

= 

, 
l:Jfl'JJ'tl..:JFI:;LL'WuL'Yl~m1nn1~~'tllJri'tl'Wn1~L1£J'W ( Pre - test ) 

, 
= l:Jfl'JJ'tl..:JFI:;LL'W'WL'il~£J1ij1nn1~~tllJ~~..:Jn1~L1£J'W ( Post - test ) 

P 
," , 

1ii1'JJ'tl..:J~(;1n~'J'WVl1~ronn~(;1~illij:;ilIii1~:;WJ1..:J 0 - 2 ti11ii1Vl~1'tl'tln2-J11~ilIii1~1nnrJ1 1 

" ~tlrJ1 lJ'YIL1£J'WFI'tl~~'JL(;1'tlf'l!u1~Lnr;u"~1(;1~j1'W 
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1'ln{l1J1~~~f'l"1l'e),.:m11'i4'tJ f'lf~;i L~'e)~11~ LLfl~V111J1~~Vlfi1l1'Vl1J VI L1tJ'Wf'l'e)'-I~'l Lln'e)f• 
'll'ltJ~'e)'W c;l'e)~"Lf'lN~11~'flll1f'l'JJ'e)~LV1~n" ~1V1f1J't!n~n~11~~1J1~~1JmCYCY1ln1 f'lru.~f'ltfll1~lnf 

'tlln~1V1n11'-1 ~1'JJ1'ifll'ln1nJ'tlln~1V1n11 ~'WtJ~ 2 ~fl~VI~LiJtJ'WL1tJ'W'i"ll1 LflV1~'iVltJ11'W~1'W 

'ifll'ln11'-1 ( Engineering Metallurgy ) 1~~'i"ll1 11 - 413 - 404 It.lJl1f'lL1tJ'W~ 2 tJn11~n~1 

2549 '-IV11'iVltJ1imVl f'lL'WLfl~~1"ll'-l~f'lfl'Vl1~'Wf'l1 'iVltJ1 L'JJln'Vl1~'Wf'l1L V1U'e) LLfl~ 'i Lf'l11~~CJfli'-l~Vlf 

VI1~n11L1tJ'W V1~~linn L1tJ'W~'l tJ1JVI L1tJ'Wf'l'e)'-I~'l Lln'e)f'll'ltJ~'e)'W L~tJ ~4'tJ 1m Lf'ln~~;r'e)~fl ~~e 
, 

... "., oQ Q ... ....... "' ...


1. n11'l Lf'ln:V1V11 f'l1 f'l'l1'-1f'l~ LV1'W"IJ'e)~1JVI L1tJ'Wf'l'e)'-I'Vl'l Lln'e)1"ll'ltJ~'e)'W"'l1n~ L"ll tJ'l"ll1 '1) 

2. n11'i Lf'l11~tfV11Ud~~Vlfi1l1'Vl'JJ'e)~1JVIL1tJ'Wf'l'e)'-I~'lLln'e) f'll'ltJ~'e)'W 

3. n11'i Lf'ln~~CJfliJ..J ~VlfVl1~n11L1tJ'WV1i~"'l1n L1tJ'W~'ltJ1JVI L1tJ'Wf'l'e)'-I~'l Lln'e)f'll'ltJ~'e)'W 

... .. ., 
L:oI~ n1'i':J LPl'M::·W'llil:l.l~... 

n11'i Lf'ln~~V11U1~~'Vlfi1l1'Vl1JVIL1tJ'Wf'l'e)'-I~'lLln'e)f'll'l tJ~'e)'W ~~ .. Lf'lN~ 11~'fl1l1 f'l'JJ'e)~ 

LV1~n" U11n{lCJfl ~~;i 

1 n11'i Lf'l11~~V11~1 (il'l1 '-If\) ~I Lil'W'JJ'e)~1JVI L1tJ'Wf'l'e)'-I~'l Lln'e)f'll'ltJ~'e)'W"'l1 n ~ L~tJ'l"ll1 cy 

x
 
., :or 
~1'WL 'W'e)V11 2 3.75 

~1'Wn11CJ~ln~'e)n11~'e)'W 2 3.93 

.... 
1JI1'MoIJ'VI 2 

"'l1n ln1n~~ 2 LLrl ~~1~Lil'WrJ11JVI L1tJ'Wf'l'e)'-I~'l Lln'e)f'll'ltJ~'e)'W~Wi4'tJ~11~~'W il~1f'1'l1'-1 
" 

iii~L~'W'JJ'e)~~L~tJ'l"ll1CY VI1~~1'WLn'e)V11 'e)~~1~~1J 3.75 LLfl~ ~1f'l'l1'-1~~IL~'W"IJ'e)~~L~tJ'l"ll1CY 

Vl1~ ~1'Wn11CJ~ln~'e)'e)~~1~~1J 3.93 ~ tu1~rJ1 ~ L~tJ'l"ll1 cyil f'l'l1 '-I iii ~ Lil'WrJ11JVI L1tJ'Wf'l'e)'-I~'l Lln'e)f 

..J .. ~" Q.J s-a. Go' 0 Q "J' l't .- ~ 
lI'ltJ~'e)'W L1'e)~ .. Lf'lN~ n'l'flll1 f'l'JJ'e)~ LV1fln" VI ~'l"'ltJ ~1 L'W'Wn11~ 11~'JJ'W'e)~ L'WLnru.erJ ~ VI~ 

., J' ., .. ~ 
VI1~~1'WL'W'e)V11 LLfl~ Vl1~~1'Wn11CJfllnti'e)n11~'e)'W 



28 

2. n11V111.h::~V1filnv'UjVl ~L1'W~'il),J~'J Ll'l'ilf'll'JLI~'il'W 

~a~m"ll''Wm'\111t1-a::i'VI6111'V4"l1'£l.:!'U'VI L~!J'WFl'£l3J~'J L(;I'£l;lI'J!J~'£l'U L~L11 oD~ l'l1 

(L~1'JrilU, 2528 : 284) 

+ 

, 
M 1 = e.J~"lI'il..:l~::LL'W'WL'tl~LIlinnm1~'illlri'il'Wm1~L1'W (Pre - test) 

, 
M 2 = e.J~"lI'il..:l~::LL'W'WL'tl~LIlinnm1~'illlVlft..:ln11~L1'W (Post - test) 

P 
," , 

fi1"l1'il..:ltil'lnt'l'J'WYi1~tiiJ1n~l'l1u. "i::i1fi11::V1~1..:l 0-2 ti'1fi1YiVl1'il'iln),J11~i1fi1),J1nn~1 

" ii'il~1 llVl~L1W·l'il),J~'J Ll'l'ilfu'W1~ Lnruovl),J1l'l131'W 

= 5.35
 

= 14.04
 

P = 23 

14.04-5.35 14.04 - 5.35= + 
23 - 5.35 23 

= 0.492 + 0.378 

= 0.87 

= 0.87 

~..:l,r'W m 1V111h::~V1 TII11YlllVl ~L1'W~'il),J~'J Ll'l'ilfrl'JLI~'il'W c;.'il..:l "L~N~ 11..:l"i~111 ~"lI'il..:l• 
LVI~n" 1~Lnruovl),J1l'l131'W 80 / 80 
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'n 

3. n1~ij Ll"1n::tfI:Jfl i :J.JqVl'iVl1'1 m~L1t1'W '\II ~'1"'l1 n ~t1'W~'J t1lJVl ~t1'WI"1'fl:J.J~'J L(;l'flf-rl'JtI~'fl'W 

n1~ij Ll"1n::tfI:Jfl i:J.Jq Vl'i~::MrJ1'1rl'fl'WLrtl'W LLfl::'\II~'1 Lrtl'W~'JtllJVl ~t1'WI"1'fl:J.J~ 'J L(;l'flflj'JtI~'fl'W 

t~t1Hf~ti~1'Wn1~ijLl"ln::tfn1~'VI~~'fllJl"1'J1:J.JLL(;ln(;h'l~'fl'lI"l::LL'W'Wrl'fl'WLrtl'W LLfl:: M~'1Lrtl'W (t - test: 
s-

One - Group Pretest - Posttest ) tl~1n!ll:Jfl ~'1il 

LD 200 LD 2 1760 N = 23 1"1'W 

= LD 
~NL.o' -I!Dy 

N -1 

...l 
L:J.J'fl D 

.. 
I"l'fl 1"1'J1:J.J LL(;ln (;]1'1~'fl'l1"l:: LL'W'WLL(;]fl::~ 

N 
.. 
1"1'fl ~1'W'J'W~ (1"1'W ) 

= 200 

(23xI760) - (200Y 
23 -1 

= 200 

21.818 

= 9.17 

"'l1n(;l1n'l t ~'1il df = 22 ~::~lJl"l'J1:J.JLOjj'fl~'W 0.05 il~1 2.074 ~'1ti'flrJ1LtI'W"'l~'\II~n• 
LL(;l1"11 t ~~1'W'Jn.l1~ = 9.17 ~'1nrJ1'~'\II~n LLtlflrJ1I:Jfln1~Vl~~'fllJ 2 I"1f'lLL(;ln(;]1'1rl'W LLfl:: 

L~t11~ 95 % ,r'W~'fl n1~~tJ'W~'JtllJVlLffi'WI"1'fl:J.J~'JL(;lt1flj'JtI~t1'W ~t1'1" tI"1N~~1'1"'lflml"1~'fl'l• 
L'\II~n "'I!n~mt1 ill"1'J1:J.Jil"1'J1:J.JL;hhL~:J.J~'W 'flU1'1il'l!t1~1~t1JVl1'1~ti~~~::~lJ 0.05 M1t1 

"'.oIllII.. " " ~ J' .. .J .,,,
~L~t1'W:J.J1"1'J1:J.Jll"1'J1:J.JL~rll"'lLYl:J.J'lJ'W"'lNL"ll'flL~ 95 % 



30 

, ", 
.. ..,. .. I ""=l1lI I ..,." .... .. ....... ... Go"
 

1. lJ'Vl LrtJ'UPl'tl'-l'Yi'J LlMl r"ll'JtJ'Ml'U '-lPl1 Pl'J1'-lPl~ m'U1iil1 n ~ L"II tJ'J"II1 (1J ~1'UL 'U'tl""1'tlfJ'Vlr::~lJ 

3.75 LL~:: c;'h'Un1rl:J~~~'tln1r~'tl'U'tl~~r::r;)lJ3.93 ti'tl~1'tl~1'U r::r;)lJ~ 
, 

2. tJr::~'Vlfi1l1'Yi'lJ'tl'l lJ'VlL1tJ'UPl'tl'-l~'JL~'tlf,j'JtJ~'tl'U Lf'tl'l ..tPlN~11'l'~1l1Pl'JJ'tl'lm~n" 

1"fLnruev1'-l1~rj1'U 80/80 

3. V1i'l1iil1nL1tJ'U~'JtJU'VlL1tJ'UPl'tl'-l~'JL~'tlf,j'JtJ~'tl'U l!n~nM1ilPl'J1~iPl'J1'-lL;h1IiilL~'-l~'U 
,

I q Go" 0 .... __ .. Q.J' 

'tlm'l'-l'UtJ~1Plry'Vl1'l~tl~m::V1lJ0.05 
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--" 

~ ~ , 
n11'i4'£J f'lf'lu iJ1'l?l bltl1:::~'1 fOlL~'el~~1'1 LL~ :::'l.ntl1:::~'Vlfi!l1'Vi1J'Vl L1£J'Wf'l'el2-J~,) Ll?l'elfJl,)£J~'el'W• 

~'el'l Lf'lN~~1'1'~!l1f'l"JI'el'lLVI~n LU'WUn~m~11:::~lJmt1lt1l1l?l1 f'lru:::f'l~f'l1~l?lf'fJl?l~1V1m12-Ju u 

~, , 
~1"J11'if'l')m12-J'fJl?l~1V1n11 i''WuVi 2 Vi~'1'Vl:::Lij£J'WL1£J'W'i":ll1 L~VI:::'i'Vl£J11'W'I1'W'if'l')m12-J 

( Engineering Metallurgy ) 1~~'i":ll1 11 - 413 - 404 1'W!l1f'lL1£J'W~ 2 t1n11MnM1 2549 

2-J'ln'i'Vl£J1i£J L'Vlf'lL'WL~~11":l12-J'I ~~'V'l1:::'Wf'l1 'i'Vl£J1 L"JIl?l'V'l1:::'Wf'l1LVlU'el LL~:::'iLf'ln:::'lf~~~2-J~'Vl~'Vl1'1n11 

L1£J'W Vli'l'"l1n L1£J'W~,)£JlJ'VlL1tJ'Wf'l'el2-J~,)Ll?l'elfJl')tJ~'el'W m:l2-J ~,)'el!h'l~Hl'Wn11'i4'u LU'WUn~nM1• 
1:::~lJmt1lt1l1l?l1 f'lru:::f'l~f'l1~ l?lf'fJl?l~1V1m12-J ~1"J11'if'l')m12-J'fJl?l~1V1n11.ff''WU~ 2 ~~'1'Vl:::LU£J'W 

L1£J'W'i":ll1 L~VI:::'i'Vl£J11'W'I1'W'iP1')m12-J(Engineering Metallurgy)~~'i":ll1 11 - 413 - 404 1'W!l1f'l 

L1tJ'W~ 2 t1n11~nM1 2549 2-JVl1'i'Vl£J1im'Vlf'lL'WL~~11":l12-J'If'l~'V'l1:::'Wf'l1'i'Vl£J1L"JIl?l'V'l1:::'Wf'l1LVlU'el 

~1'W,)'W 20 f'l'W LI"11'el'lrJ'el~H' 1'Wn11LrilJ-if'el~~1'Wn11'i4'£J ~'el lJ'VlL1tJ'Wf'l'el2-J~,)Ll?l'elfJl')tJ~'el'W 

~'el'l LI"1N~~1'1'~!l1f'l"JI'el'lLVI~n LL~::: LLlJlJ'Vl(;l~'el1J1'(;l~~~2-J~'Vl~'V11'1n11L1tJ'Wu u 

~ , 
n11~~1'1lJ'Vl L1tJ'Wf'l'el2-JVj') Ll?l'elfJl,)£J~'el'W 1'Wn11'i4'£JU 13'2-J ~'W '"l1 n ~nM1V1in~ l?l1LL~ :::-if'el~~ 

~ 

1?l1'1 1 n11i) Lf'ln:::'lfLU'elVl1 n11ri1V1'W(;l1'l?lQtl1:::~'1f'l n11~11'1LLlJlJ'Vl (;l~'ellJ n11~11'1lJ'VlL1tJ'W 
, ~, 

f'l'el2-J~,)Ll?l'elfJl')tJ~'el'W L1'el'l Lf'lN~~1'1'fl!l1I"1"J1'el'lLVI~n L(;ltILLU'Ii'Wl?l'el'W n11~1Lil'WL1'el'lu u 

LU'WlJ'Vl L1tJ'W LL~:::LrilJu'WVin 1t)l'WLL~'W;l~h'el2-J~1'W,)'W 1 LL~'W 

n11i) Lf'ln:::'lfVl1tl1:::~'Vlfi!l1'V'llJ'Vl L1tJ'Wf'l'el2-J~,) Ll?l'elfJl')tJ~'el'W~~~1'1~'W loDLnruov1n11V11Fl1 

tl1:::~'Vlfi!l1'V'l 80 / 80 L1tJ'W~')tJlJ'VlL1£J'Wf'l'el2-J~,)Ll?l'elfn1~'i LI"111:::'lf~~~2-J~'Vl~'lI'el'ln~2-J~,)'el!h'l~


'l!')tJ~'el'W L~'elv11LLlJlJ'VlVl~'ellJri'el'WL1tJ'W LL~:::Vli'lL1tJ'W~')mLlJlJ'Vl(;l~'ellJ~,)£J~~~lJ~'Vl~ ~~4'£J~~1'1
 

~'W LL~:::~1'Wn11'i Lf'ln:::'lf-if'el'M.llJ LL~,) L(;ltJl;~ ii~1'Wn11i) Lf'ln:::'lf n11'Vl (;l~'ellJf'l,)12-J LLl?lnI?l1'1"J1'el'l
 

f'l:::LL'W'Wfi'el'WLffi'WLL~:::Vli'lL1£J'W (t-test: One - Group Pretest - PosHest ) 

1. L~'el~~1'1lJ'VlL1tJ'WI"1'f.l2-J~,)Ll?l'elf 'l!,)tJ~'el'W ~'1 Lf'lN~11'1'~!l11"1"J1'el'lLVI~nu u 

, , ~ 

2. LYl'flVl1tl1:::~'Vlfi!lTVi"JI'el'llJ'Vl L1tJ'Wf'l'el2-J~,) Ll?l'elf'l!')tJ~'el'WVi~ ~1'1~'W 

3. L~'eli) Lf'ln:::'lf~~~2-J ~'Vl~'Vl1'1n11L1tJ'WVli'l'"l1n L1tJ'W~')tJlJ'Vl L1tJ'Wf'l'el2-J~,) Ll?l'el fJl,)£J~'el'W 
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iunl~.31'\.m1'l~~!J 
", 

1. U'Vlbltl'U.I"l'el~~';lL~'elfJl';ltl~'el'U.Vi~h:l;'U. n1J1::~'Vlfill1~1~~1~Lnn.levl~1~1S1'U. SO/SO 

2. "'~'11iij1nbltl'U.~';ltlU'Vlbltl'U.I"l'el~~';lL~'elf'Jl';ltl~'el'U.~~h:l~'U. ,rn~nM1nl"l';l1~iL~~~1n 

, , 
m1i)4't1 LT'el'lm1~ T1'1 LL~:: "'11J1::~'Vlfill1~ U'Vl bltl'U.I"l'el~~';l L~'elfJl';ltl~'el'U. L1'el'l 

" 
" tI"lN~r1'1'~1l11"l"JI'el'lL",~n" 1J11n!lt:J~~'1il 

, ",
.oQI 4. .. I q I _ CI '" oIZII '" ell loIZII cv 

1. U'VlL1t1'U.I"l'el~~';lL~'el1"ll';ltl~'el'U. ~1"l11"l';l1~I"l~m'U.1iij1n~L"JIm"ll1ry~1'U.L'U.'el"'1'el~'Vl1::~U 

3. 75 LL~::~1'U.m1t:J~~~'elm1~'el'U.'el~~1::~U 3.93 Ci'el~1'el~l'U.1::~U~ 

2. 1J1::~'Vlfill1~"JI'el'lU'Vlbltl'U.I"l'el~~';lL~'elfJl';ltl~'el'U. ~'el'l .. tI"lN~T1'1'~ll11"l"JI'el'lL",~n .. 

1~Lnn.levl~1~131'U. SO I SO 

3. "'~'11iij1nbltl'U.~';ltlU'Vlbltl'U.I"l'el~~';lL~'elf-rl';ltl~'el'U. ,rn~nM1 

,rtl~1I"1ry'Vl1'1~n~~1::~U 0.05 ",1'el~bltl'U.nl"l';l1~iL~~~'U.1iij1'1L~'el1~ 95 % 

" "	 , 
m1i)4't1I"lT'Iil Ltl'U.m1~ T1'1 LL~::	 "'11J1::~'VlfiIl1~ U'Vl bltl'U.I"l'el~~';l LlPl'elfJl';ltl~'el'U. LT'el'l 

.. tI"lN~r1'1'~1l11"l"JI'el'lL",~n" ~1",T1J,rn~nM11::~1J1.flryry1lPl1 1"ln.l::l"ltPl1~lPlf'rJlPl~1",m1~ 

~1"J11i)P1';lm1~'rJlPl~1",m1 ~'U.t1~ 2 ~~'1'Vl::LUtl'U.bltl'U.i)"ll1 t~",::i)'Vltl1l'U.'11'U.i)P1';lm1~ 

( Engineering Metallurgy ) nr~i)"JI1 11 - 413 - 404 l'U.ll1I"lbltl'U.~ 2 t1m1~nM1 2549 

~"'1i)'Vltl1~m'Vll"lt 'U.t~[h1"J1~'1 ~~~1::'U.1"l1 i)'Vltl1 L"JI~~1::'U.I"l1L",il'el 1J11n!l~1 n1J1::~'Vlfill1~ 

"JI'el'lU'Vl bltl'U.I"l'el~~';lL~'elfJl';ltlf1'el'U.1~ Lnn.l,r~1 ~1j1'U. SO I SO 
" , 

L~'fr~~1dru1 fir, L~~tJGJJ'fJ~ LLUUVI "'~'fJlJ ri'flU~,tJUjjfl1 Lvi1 nu 5.30 Pi, L'U~tJ-n'fJ'I LLlJUVI "'~'fJlJ 

I	 I I " 

L'il~t1"J1'el'l LLUU'Vl~~'eluri'el'U.bltl'U. ;'1 Wi4'mr'U.lliij~1~11iij1n~1L", lPl ~'1il 
V	 • 

1.	 ,rn~nM1~~4't11;Ltl'U.n~~~';l'elth'l ~'el ,rn~nM11::~umryry1~1 1"ln.l::l"ltPl1~~f 
" ,

'rJ~~1",m1~ ~1"J11i)P1';lnn~'rJ~~1",m1 -D'U.t1Vi 2 ~"'1i)'Vltl1~m'Vll"lt'U.t~tJn"ll~'1Pl~~1::'U.1"l1 

i)'Vltl1L"JI~~1::'U.1"l1mil'el ~'1ri1~'1bltl'U.'el~l'U.ll11"l~t1'U.~ 2 t1m1~nM1 2549 m1'Vl~~'el'lnUn~~ 

~';l'elth'l ~4't1lim1'Yl~~'el'lLL1JtI1~hJ'elnl~,rn~nM1ifi';l'l",'I!1~1Ltl'U.~';l'U."'~'1"J1'el'lm1i)4'tl LLlJ11J'eln 
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'lL 

., 
n1JUn~m~1~1d:l'U.n11L1tJ'u.n11Ml'U.1?11tJ1Jn~ LL~:::.yhn11V1I1'lMl1Jn1JUn~m~1V1'1~'tl'l Ll1'ltlhl;:ln11 

2. til1nn11~'tl1Jm~Un~nM1~d:l'U.n~~~'J'tltJ1'1~1 " LPltI'tJnuBUin11~1JA''U.;r'tl2;l~ tJ1r1'tl'U. 

'l..;1'tlhl "1"111?1'tllJ~1~11J 70 % "JJ'tl'lUn~nM1hhPltl'tJn 1J1'1P1'U.LPltI~nM1~1'U.L~'tl'\.nVl~MD LLf;] 
., 

hJ LPltI~'IU5Ui ~1~11Jn11'Vl11'l~'tl'ltil:::V1I1'l~'tl'ln1Jn~~~'J'tltJ1'1V1'1~'tl'l LLf;] n111 LM1 :::,x;r'tl2;l~L'U.n11 

14't1til:::L' n~~~'J'tltJ1'1 20 PI'U.~11LM1:::'lhvh,r'U. 

3. r1'tl'U.V1I1'l~'tl1J ~4'[jtil:::1J'tlnn1JUn~nM1~'I Li:I'U.n~ 3-J ~'J'tltJ1'1~1 PI::: LL'U.'U.~1~til:::;:Il:J~ L'U. 

n11L1t1'U.~~4't1~'tl'U.'tl~ Pl'tl 1'll1 L~~:::1V1t11L'U.'I1'U.1Pl'Jm13-J ( Engineering Metallurgy) 
.... I .... I I 

Q"I Q"I I ... iJ ... _ ........ GoI".. I'" <III 0 

11'l'l'U.'U. n11V111'l~'tl1J n'tl'U.L1t1'U.~'Jtl1JVI L1t1'U.PI'tl~'t'l'J Llil'tl1V1 ~'Jtil[j~11'1"JJ'U. Pl1 L'tl.~t1"JJ'tl'lPl:::LL'U.'U.til'llil1 

... ':5 ... ...J; 'I J; ..l ... ::. ... ..: ..... '" ":.!"I .. 
L't'l11:::'U.n I"lnM1~PI'J1~l't'l'U. ~1'U. ~'U.L'U.'tl~1V1 L1t1'U.'U.'U.3-J1'U.'tltl LL~::: L~'tl ~'Jtiltl 'll'l Lu'U.'tl1til11t1 

., 
~~'tl'U.u1:::411'll1 L'U.LU'tlV111JVIL1t1'U.PI'tl3-JW'JLI?1'tlf"1 ~'Imh'J L~un~nM1~1JVlL1t1'U. 

, ., . ,.. ... 
Lij 'tlun~flM111'l1JVI L1t1'U.L~1til~'IL ~~1 LL1J1JVlI1'l~'tl1J L~~~n Pl1'1V1'U.VI 'll'l"JJOJ:::V1 

" 
un~nM1~1JVlL1t1'U.PI'tl~W'JLlil'flf "1 ~'ILflI?1~1 

un~nM1;:1P1'J13-J~'ILtil L1t1'U.~1n L't'l11:::V1111J~1 til:::~'tl'l~1 LL1J1JVlI1'l~'tl1J L~~~n Plf.'I ~'IL'U.n11~1 
., ." 

Pl1'1 LL1flUn~nM1'tl1tiltil:::~1 hJ~'tltl1~ ~'Iu'U. l:J~1"11 L'tl.~t1"JJ'tl'l LL1J1JVI~~'tl1J '\.Ur'ltil1n~~'Jtl1JVlL1t1'U. 

PI'tl3-Jw'J Llil'tlfrl'JtI~'tl'U. ~'I;:I 1"11 L'tl.~t1~'1 n~1l"h L'tl.~t1"JJ'tl'l LL1J1JVI~~'tl1Jr1'tl'U.~1JVI L1t1'U.PI'tl~W'J LI?1'tlf "1 

L'U. ~'J 'U."1I'tl'ln111 LPl11::;,xl:J ~~3-J ~V1 fVl1'1 n11L1t1'U. 1::;VI11'1 r1'tl'U. L1t1'U. LL~::;~ ~'I L1t1'U.~'JtI 

1JVI L1t1'U.PI'tl~W'J Llil'tlf'1i'J[j~'tl'U.bL~'J L~[j L'~ ii~L'U.n111 LPl11:::,xPI'J13-J LLlilnf;]1'1"JJ'tl'l PI::; LL'U.'U.r1'tl'U. 
, 

LL~::;~~'Iiffi'U. (t-test : One-Group Pretest-Posttest ) til1nli1111'1 t ;'1;:1 df = 19 1::;~1J 

PI'J1~L~'tl,r'U. 0.05 ;:11"11 2.093 ~'In'tl~1LtI'U.,~~~n LLf;]1"11 t ~1"11'U.'JOJ1~ = 8.18 ~'In~1 

'11'l~~n LLU~~1l:J~n11V1~~'tllJ 2 Plf'l LLlilfl f;]1'1nU ,r'U.Pl'tl n11L1t1'U.~'Jtl1JVI L1t1'U.PI'tl3-JW'J Llil'tlf 
I I .... I 

'1i'JtI~'tl'U. L1'tl'l LM'I ~T1'1'~Jl1PI "JJ'tl 'I m~n un~nM1;:1 PI'J13-JiLW3-J~'U.'tltJ1'1;:1Utl ~1 ~'\lVl1'1~ ii~ VI 

1::;~1J 0.05 L~'tl1~ 95% 

" .....
1. "JJ'tlL~'U.'tlLL'U.:::L't'l'tlmn1[j'U.n11~'tl'U. 

, , ., 
til1n l:J ~ n1ru1::; L~'U."JJ'fI 'I ~L;t1 'J'll1 '\l 1~1"l11::;~1JPI::: u.'U.'U.L'tl.~t1 L'U.n11U1:::L~'U.V11 'I ~1ULU'tl~1 

Lvhn1J 3.75 LL~::;1"i11::;~tJ PI::;LL'U.'U.L'tl.~t1L'U.n1ru1::;L~'U.V11'1~1'U.LVI PlilPln11l:J~ 1?1~'tlLvhn1J 3.93 

lil1~'1i'J'I1"l11"l::;U.'U.'U.L'tl.~t1 flI'l13-Jiii I1'l L~'U."1I'tl'l~ L~£J'J'll1 '\llil13-J LL'U.'JVI1'1"11 'tl 'I L1J~l1 ;:I 1"11'tl~L 'U.1:::~1J ~ 

'tl1til LU'U.l:J~~1til1 n1JVI L1t1'U.PI'tl:J.JW'J Llil'tlfrl'JtI~'tl'U. ~ Wi4't1~ 11'1;'U. LU'U.L~'tl~11fi n11~'tl'U.~ Wi4't1 
" " 
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~1.h:;~umnl1 LL~:;PI'J1'-JA''WlfltJl'Wmd~'el'W'-J1'l-l~1tJ~utl LL~:; 1'Wmd~1 LU'WmdChtJ'vh~~~'eltDj:;• 
tl1~~~'el~chtJ'vh LL~'J hJ4'~V11 dJ'WUVl L1tJ'WPI'el'-J~'J Lt;1'elfl'Wmd~1 Lil'Wmdij4'tJl'WPlf'l~ 04'tJhjL~ 

~1 Lil'Wmn'el'l LLlJI4'~{1'1 ~fU{1'1tDj1 n1l1tJ'W'el n~1 Lil'Wmdl~ ~'1V111 ~ ~1tJ d:; Lij'W~L~'el~1'Wd:;~1J ~ 

LL~ti'l'el[h'lhrit;11'-J 04'tJ~l'l~1 iJ'IiHf'elunYd'el'l'fl~U1'1 ~'1tDj:;~'el'lL~fumdYrl'J.J'W1LL~:;LLri1'JJ1'W 

~'elm~lJI'elLtJ L"ll'W mdtl1Lojh~UVlL1tJ'W~'el'W;)1'1U'eltJ L~'el'l-l1d1tJ~:;L~tJ~iJ'Ihj~Yi'el 1l1Yi LLi'l:; 

L~tJ'IiJ'Ihj ~'eltJ ~~ L~tJ'I LLVl m LL~:;ih~tJ'Idum'Wu1'11'W'JJ n.l:;ChtJV11 Lti'el'ltDj1 nmnhtJV11iJ~l'l~1ri ~ 

~'Jm'J~1LL~:;~m'W~ ~'1,r'W md~'el'W ~~'el'WtDj:;~'el'l~l1mt:;l'WmnhtJVl'el{?)mdtJDu1imd ~1'W 

~PlN~~1'1'~1l1P1'JJ'el'lL'l-l~n '-Jlrl'el'W ~1'-J1d(l~tDj:;t;1'elU~1m'-J Lri'el,:rn~m~t1~;)'el~'1itJ LL~:; 

Yi~'el'-J~tDj:;LL~~'1md~1fit;1~Pld'l~~1'1'~1l1P1'JJ'el'lL'l-l~nl~,:rn~mt1~L~'el[h'l;{11 LL~:;tJ~'el{?)iltJ 

2. ;)'el L~'W'elLL'W:;L ~'el n1dij4'tJPlf'llJl'elLtJ 

tDj1nmnhtJV11 ~'eln1'd~tJ'Wmd~'el'W'{?)~ LiI'Wmd~'1L~'el'l-l1ij'll1U1'1t;1'el'W Lvh,r'W ~'1,r'W 
J'..J ... "" oII:iII.J ,.: 0_

L'W'f)'l-l1Vl~'-J\Jdn.l t;1'el'l1'llL'J~1Ll~:;mnt;1dtJ'-JmdVltJ1'J'W1'W l'WmdmL'W'WmdLL~:; L'l-l'-J1:;~'-Jm1'W 

ij4'tJl'W~mtn.l:;L~tJ'Jri'W~ tDj:;A'el'l~L'J~11'WmnhtJV11~~~'ell~'-J1n ci1tJ~1d'el'l'l-l~1tJPlf'l L~'eltl1'-J1 

~~L~'eln1l1Yi~~~~~ ~1'l-lfUfhloD~1tJ tDj:;~'el'l~'11J~1d'el'l~1'l-lf1J,"h4'~~1'1~fu~'-J~'11'Wij4'tJ LL~:;• v 

~1tj~ ~~l;{l'Wmd~1 LU'WmdtDj ~~'el'l4' ~ Lt;11'tJ'-JH mdV11'11'Wl'W~mtn.l:; LiI'Wn'Zi '-J PI n.l:;tDj:;~'el'liJmd 

'J1'1LLl:J'Wt;11d1'1md~1Lil'Wmd tDj:;~'el'l~mrud:;''-J ~1'l-lfun~'-J~1'J'-JV11'11'Wij4'tJ L~'flV111~n~'-J 

~4'tJVJn PI'WVld11J PI'J1'-J rl1'J'l-lii1'JJ'el'l L~'el'W,:rnij4'tJ LL~:;L~'ell~Ln~ PI'J1'-J1'J'-Jii'el LLri1'JJUC\J'l-l1~ Ln ~~'W 

1'Wm1~1Lil'Wmdij4'tJ 
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_ JJ 

n2-Jflfj;1u ~2-Jl"'1. 2546. "md~l?J.l'W11J'VlL1EJ'WI"l'tl2-J~'JLj;1'tlf"Jl'JEJ~'tl'W~1'WL,"i1'tl'1hEJ~'WL'Vl'tlfL'ilj;1'tj"ll1 

L'VlI"lL'WLfl~~1~~'WL'Vlf'lL~'tlm~L1EJ'Wi ~'tl..:J mn;1..:J1'Wl'W~::1J1JI"l'tl2-J~'JLj;1'tlf ~mU'W~1"l1.n~r 

i'VI!J1U'VtU6i'VI!J1"1~11I*~'VI1,r1U;;11I ~1'111'tj"ll1m~~n~1'tj'VlEJ1f'11~j;1f Ur;uonj;11'VlEJ1~EJ, 

~mU'WL'VlI"lL'WLfl~~~:::"'I'tl2-JLn~1L~1'"Jr;u'Vl'\.ol1~fl1I?)m::U..:J, 

m2-Jm~~m~t1'W'tlnLNL1EJ'W, m::'Vl~'J..:J~n~1fim~. 2541, i..r!JFt'J1~lJi'£l·m1'i1.J'VIL~!JU 

Ft'£l~VhLI1I'£I*"ll'J!J~'£IU. nl..:JL'Vl~2-J'\.ol1'W1"l~: 1Jm'Vl~'Wum~~2-JlfLLfi'W~'W'Vlf "hli'l?) , 

ntl~,r'Wj;f 1'00-I'W1r;uNI"l. 2536. L'VIFt1u1ftiiL'VIFtUFtAnin nl..:JL'Vl~2-J'\.ol1'W1"l~ : 1111"l'tj"ll1I"llf'l1~j;1f 

L'Vl1"lL'WLfl~ 1"lr;u::l"llf'l1~j;1f'eJj;1~1'\.olnn2-J ~mU'WL'Vl1"l L'WLfl~~~::"'I'tl2-J Ln~1~~::'Wl"ln'\.ol\l'tl, 

.,	 ..oIilII., IV" tI ~,k.,11­
n..:J'Jfl L'VlEJ'Wnr;u'YIL'Vlf'l'W. 2540. m'i'J11I m'i'JLFt'i1::'VI m'i 'i::L~U'VI1·m1'il"lnti1L1.J'£I.:Jf1IU. 

nl..:JL'Vl~2-J'\.ol1'W1"l~ : ~'WEJ1'tlL~12-Jnl..:JL'Vl~, 

., Go' __ I	 .CIII _ ... , 1.aII I _ ... f:I'­

nqjqj1~j;1'W 'C!j;1::Ll11. 2544. lJ'Vl L~EJ'WI"l'tl2-J~'J Lj;1'tlr'll'JEJ~'tl'W~1'WL1"l~'tl"1l1EJ'tl'WL'Vl'tln'Wj;1 'J"lI1 

~i1~Ln'tl..:J~'W " i'VI!J1u'Vtu6i'VI!J1"1~11I*~'VI1,r1U;;11I ~1"111'tj"ll1m~~n~1'tj'VlEJ1f'11~j;1f 

ur;uonj;1'tj'VlEJ1~EJ, ~ mU'WL'Vl1"lL'WLfl~~~::"'I'tl2-J Ln~1 L~1 '"Jr;u'Vl'\.ol1~fl1I?)n~::U..:J, 

"1Iil~.s1	 "lI1'W'W'Vl. 2532. "L'Vll"lb'WLfl~I"l'tl2-J~'JLj;1'tlfri1Jm~L1EJ'Wm~~'tl'W" L'VIFt1u1ftii'VI1.:Jm"iAnti1. 

1, 1 : 8. 

l"l2-JYr'Wlf "lI2-J~~m. 2547. "m~~11..:JLLfl::'\.ol11h::a'Vlfil11~1J'VlL1EJ'WI"l'tl2-J~'JLj;1'tlf"Jl'JEJ~'tl'W ~'tl..:J 

m~1JmJ~~..:J1'W1J'WLf11'tl..:Jn~..:J~j;1L'W~"'i1!J.:J1um'ii..r!J ~1"111'tj"llrILl"li'tl..:J~mnfl~j;1L'Wa.J1i 

1"lr;u::ijf'l'Jm~a.J f'l1~ j;1f a.J'\.ol1ij'VlEJ1~EJL'Vll"l L'WLfl~~1'll2-J..:Jl"lfl~~::'Wl"l~, 

, 0­

"'I1EJ1 L~fi~1~. 2543. "l"l'tla.J~'JLj;1'tlf"Jl'JEJ~'tl'W L1'tl..:J 1"l'J1a.JiVJ'W.s1'W..:J1'Wa.J1~EJ" i'VI!J1U'VtU6 

Ft'i"1~ 111*'£1 f1I~1'V1n'i"i~ ~'VI1,r1U;; 111 ~1'111'tj"ll1 L'Vll"lL'WLflEJ m~~n~1'Vl1..:Jm~'tl1'il 'J::Ufl:: 

L'Vll"lill"l~n~1 ur;uonj;1~'VlEJ1~EJ, ~mU'WL'Vll"lL'WLflEJ~~::"'I'tla.JLn~rIL~1l"lr;u'Vl'\.ol1~fl1I?)m::U..:J,• 
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9t.lL'lt.l1	 PI'I'lJqj. 2545. tJVl L1t.Jt.lPl'tl2-J~'J LL'l'tl1'Jl'JtI~'tlt.lL~'tl~'tlt.lL~1'2-J ~'tl'l n111-if9 InVl2-J1t1 

~L~nVl1'tlQntf bUmm2-J NETSCAPE MESSENGER ~1V1ftJ'lJPI~1m"ll'tl'l~mUt.l 

LVl PIbt.lb~~h~1~9'tl2-J Ln~1 L91 Pln.lVlVl11~1 In m~u'I" ~V1!11'O'Yit.l6~V1!11 P11~ lJIfJ.l'lll1iJ~;; 1JI 
q 

~1"l11'i'll1n11~mi1'iVlt.l1fl11~ L'l1 Un.loViL'l'iVlt.l1~t1, ~mUt.lLVl PIbt.lb~~h~1~9'tl2-JLn~1 

rlt.l'tl2-J'Vi1 L~1V19f~ LL~'1. 2541. fli'lJ.l.w'JLlJIi'lf"li'J!I~i'l'U. nl'lLVl'Vi2-JVl1t.lPl1: Jl1P1'i'll1 

b~L'lVffllt.l~mt1 Pln.l~P1lfll1~L'l1 r,p.q1~'1nmr2-JVl1'iVlt.l1~t1. 

Vit.lm	 4't.lVl1m~91'1. 2547. "n11~11'1LL~~Vl1U1~~VlfiJl1'VitJVl·L1t1t.lPl'tl2-J~'J ~'tl'lLL'l'tlfrl 'JtI~'tlt.l 

n11'tJ nuntJ~1t.l'l1t.l b~VI~'iVl t.I1"~!I':I1'Un1~~..r!l~1"l11'i'll1'Jl1'1 b~VI~Pln.l~'i flI'J m12-JflI1~ L'l1 

2-JVl1'iVlt.l1~t1 LVl PIbt.lb~ €h1'll2-J'I PI~'Vi1~t.lPl1. 

o ,...QIj Cl/ _.. .. <llCIrrt. <llCIrrt. tI tI 

L1'tl'l L"lItlt.lLLtJtJJl1'Vi L'l In 'J'll1 L"lItlt.l LLtJtJ LPl1'tl'l n~" 'JVI !I1'U'Yi'U fifl~P11~ 1JI~i'l1Jl~1'111n~~J.I 

.: 
'lJqjLn'tl PI'J1V11L'J'll. 2542. 'U.j'lJIn~~J.lVl1{1n1~Am~1. nl'lLVl'Vi2-JVl1t.lPl1 

,"ti1~'1mnr2-JVl1'iVlt.l1~t1. 

1~qjfi112-J vi'J'I~1. 2547. "n11~11'1LL~~Vl1U1~~VlfiJl1'VitJVlL1t1t.lPl'tl2-J~'JLL'l'tlfrl'JtI~'tlt.l ~'tl'l n11 

'tJ nuntJ~1t.l'l1t.l13!" ~1!1{11'Un1~~..r!l ~1"l11'i'll1 LVl PlQPI~ L'l~1V1m12-J Pln.l~'i flI'Jm12-JflI1~ L'l1 

2-JVl1'iVlt.l1~t1 LVl PIbt.lb~~n'll2-J'IPI~'Vi1~t.lPl1. 

\l1n.l~	 ~2-Jitl. 2538. n1~~~1{11JVlL~!I'Ufli'lJ.l.w'JLlJIi'lf"li'J!I~i'l'U(CAl). nl'lLVl'Vi2-JVl1t.lPl1: 

bN~UYiu1lnV111t1. 
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...l 
1.Jn:L~1'3 'ib"l'l..ll1''l..l. 2547. "m~~hmfl:::vn1.J~:::~'Vlfi1l1'V'l1J'VlL111'l..lf'l'fl3-J~'JLIPl'flfrl'J1I~'fl'l..l L~'fl\l 

" oI:lIl :: ... J' .- oJ..... ..""-.
m~(l'fl~1.J ~:::ntl1Ji13-J'Ui?l'l..l13-J'l..lL''flL'V'lfl\l Lf'I~'fl\lll'l..llPl ~ L"lIfl" 'M!I~1'lJn1'i'J"l!l ~1'JJ1'J'1 

Lf'l1'fl':Jnfl f'lru:::'iPl'Jnnwal1~lPlf 3-J'\.n'i'Vlll1~lIL'Vlf'lt'l..ltflun'3-J\lf'lfl'V'l~:::'l..lf'l~, 

, , 
... ... ... "" .c:II... 0 __ .. ..., __ 

L~'fl\l mN~1J'l..l'Vln'JJ'fl~fl L'V'l'fl"li?l'Vl1nll\l1'l..l'Vl1\1'J'1m~"'i1!1~1'lJn1'i'J"l!l ~1'JJ1'J'1 

'iPl'Jm~3-J~1Pl~1'\.m1~ f'lru:::'iPl'Jm~3-JPl1~lPlf 3-Jvn'i'Vlll1~lIL'Vlf'lt 'l..ltflun'3-J\lf'lfl'V'l~:::'l..lf'l~, 

ih1.J~:::L~1'3'J\lI''''' 2547. "m~~~1\1 LLfl:::vn1.J~:::~'Vlfi1l1'V'l1J'Vl L1l1'l..lf'l'fl3-J~'J LIPl'flf'll'J.lI~'fl'l..l 

m~!ln1.Jn1J~m~'Vl~Ml1J1'~~1'l..l'Vl1\1'iPl'Jm~3-J" 'M!I~1'lJn1'i1..r!l ~1'JJ1'll1\1tfl"'::: 

f'lru:::'iPl'Jm~3-J l"11~ IPl f3-J"'1'i'Vl1l1~1I L'Vl f'I t 'l..ltflun'3-J\I f'lfl'V'l ~:::'l..lf'l~, 

~'l..l ~'J1'J~~ru. l~tFl'iFl'a~et;'JLlJl'ai.2531 ... m~H'1.3-Jtf'l~f'I'fl3-J~'JLIPl'flfrl'JlIl'l..lm~L1l1'l..lm~~'fl'l..l"


3,36 : 121.
 

., , 
~'J'l..l ~11111Pl LLfl:::~\If'1ru1 ~11111Pl. 2538. L'VIFlUFln1'i~..r!l'VI1~n1'iAnH1. ~3-J-.{f'l3"\IVl 4. 

nt\lL'Vl'V'l3-J"'1'l..lf'l~: ~'i1111~1if'l..l, 

'i'~1 3"1Pl'l..lL'Vlll1. 2536. "L'fln~1~1.J~:::n'fl1Jmn;3-J3-J'l..l1L"il\l'i'1m~ m~il1f'1'fl3-J~'JLIPl'flfL;r13-J11fl'l..l 

~:::1J1Jm~~mf1'JJ'fl\ltNL111'l..l" nt\lL'Vl'V'l3-J"'1'l..lf'l~: f'lru:::'iPl'Jm~3-JPl1~lPlf 

,'ri1fl\lnm!3-J",1'i'Vl1l1 ~1I, 

~\It.fLLfi'J iJ'flm~\I. 2547. "m~~~1\1 LLfl:::"'11.J1:::~'Vlfi1l1'V'l1J'Vl L1l1'l..lf'l'fl3-J~'J LIPl'flfrl'JlI~'fl'l..l ~'fl\l 

m1!ln1.Jn1J~\I1'l..l1J'l..lLf'l1'fl\lri~~lPlt'l..l3-J~" 'i1!1~1'lJn1'i1~!1 ~1'JJ1'i'1Lf'l1'fl\l4'nmfl~lPlt'l..l3-J~ 

f'lru:::'iPl'Jm13-JPl1~lPlf 3-J"'1'i'Vl1l1~lIL'Vlf'lt'l..ltflun'3-J\lf'lfl'V'l~:::'l..lf'l~, 
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_'.lL_ 

~113'\1 LL~\Ipil 2547. "n11'6'l11\1 LL~::'I-l11.h::~'VlfiT11'Y'llJ'VI Lffi'WPl'fl~~'l LIWflfrl'lll~'fl'W ~'fl\l n111Jn
 

tJnmin1m~\I\11'Wi'W~'W~1'W" 'n!l.:l1'Un1'i;~!1 ~1"l11ijl"l'lnn~'fJ[;I~1'1-ln11
 

PlCU::ij l"I'ln11J..l1"l1 ~ [;If 2-J'I-l1ij'VI1l1~1IL'VI PlL'WL~U11"ll~\1 Pl~'Y'l1::'WPl1,
 

~n1- 1'fl{;lL'Y'li'VI'fl\l. 2536. "L'Elm'l1nh::n'fllJn11~~~'W1L~\Iij"ll1n11n1nJ.1Pl'fl~~'lL[;I'flfL;r12-J11.jf 

1'W1::lJlJn11~n'l3'1"l1't1'lLN L111'W" nl\lL'VI'Y'l~'I-l1'WPl1: "ll~1~~'I3'~Lfi1ijl"l'lm1~Pl'fl~~'l L[;I'flf 

Plcu::ijl"l'lm1~1"11~(;1f ,ri1~\InnU~'I-l1~'VIlI1ill, 

L~1'lru.~ ~n"lI1UCU;;(;1. 2528. L'VIflt'Ut~ii'VI1.:1n1'iAmi1. nl\lL'VI'Y'l~'I-l1'WPl1:LN~~i~mu'W 

L'VIPlL'WL~U'Y'l1::"'l'fl~ Ln~1'Y'l1::'WPl1L'I-lil'fl, 2528. 

'tI~L'VI'Y'l 't~L'Y'l"ll1. 2534. "n1'j'~11\1LL~::'I-l11.h::~'VIfiJl1'Y'llJ'VIL111'WPl'fl~~'lL(;1'flfrl'l1l~'tI'W~'fl\l 
., , 

LtJnLm~Lffi'W~'l1l(;1'Wb'fl\lJl1'13'1LL'fl~LL'Il2-JU Z - 80 rilJLPl1'fl\l't2-JLPl1Pl'fl~~'lL(;1'flf" 

;'VI!l1U"''U6f1'iPl1il (;1~il~il1'111n'i'i3-l3-l'lll1,jCI.I';;~ ~1"l11~"llrl L'VIPlL'WL~Un11~n'l3'1 
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111 fIeJ'U'Jn 

"...l ~ 
- ntJu.1a.J~L"llU'J"ll1ry(;ld'J"'l~'elmd~'eI'W 

- "nr\l~'tl'll'elL'ry~L~U'J"ll1ry(;ld'J"'l~'elmd~'elu. 
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..., ...a 
';l1J'VI 20 fi'l.l'J1f1J.J 2549 

(;l1J.J~ Lf1Nm1ij4'tJ m1t'lh:l LLfl::: 'VI11h:::~'Vlfi1l1~1J'VlL1tJ'l.lf1'flJ.J~'JL(;l'flf-rl'JtJt'l'fl'l.l ~'fl'l 

"Lf1Nt'l11'l'fl1l1f1'!1'fl'lL'VI~n"1~11J'fl~~Ll-1~1Lil'l.lm1 U'l1Jlh:::J.J1n.l2549 ~4'tJ 1~mm~1~1tJ 

ii4'tJ"1 L~'fl'!l'flL1tJ'l.lL;ry 'fl11Dj11U1.h:::t'l'l~ rl1'l.lLLff'J ~nFJn.lt'lJ.J~L'VIJ.J1:::~J.J L'l.lmnU'l.l 

~ L~m"Jl1ry (;l1'J1Dj~'fl m1t'l'f)'l.l~1'l.lL'Vlf1ilf1m1CJ~(;l L~'f)'l11CJflJ.J11.h:::n'f)1JL'l.lm1~rl Lil'l.l 

Lf1Nm1ij4'tJ~'ln~1'J 
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_11. 

IV ..,j 
'J'U'VI 20 fi'U'l1~3.J 2549 

j;113.J~ L~Nn1114'U n11~h:J LL~:: 'l.nU1::~V1fiJl1'ViUV1L1U'U~'el3.J~'lLj;1'elf'Jl'lUMI'U ~'el-:J 

ILl"lN~11-:J'~Jl1l"l'JI'el-:JLt.l~n"1~fU'el~~1~~1Lij'Un11U-:JUU1::3.J1fL.l 2549 rfi4'u1~mmj1 

cl1U14'U LL~::'tJn'elU13.J L~'el'JI'el ~U'UL:nn I 'el1iOl11U'Vl L'JIM~ ;ihU1::L~1~'l-:Jpf Ltl'W~i1I"lfL.l~3.J~
1I1d cUi cUi III .. 

Lt.l3.J1::~3.J 1'Wn1ntl'W~ L~m'JI1 '1! j;11'liOl~'elm1~'el'W~1'WLV1l"lijl"lm1l:J~j;1 L~'elt11 r.J~3.J1u1::n'elul'W 

n11~1Lij'WLI"lNn1114'u~-:Jnfl1'l 

_... 
r.J'liOlU 
" 
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_11 

L1'i1.:1 "1I'el L'il 'lJ Lij'W~ L~ tJ'J'lI1 'lJl'lr'J"'l~'elm r~'el'W~h'WL ii'elVl1"11'el..:JU'Vl L1£1'WI"l'el'-JVl'J Ll'l'el f'll'J£I~'el'W 

L'WLf'lNmrii4'£1 "1I'el..:J ii'VlmL"1Il'lVir::'Wl"lrLVlil'el 

..., ...,j 

'J'U'VI 20 fl'W'J11"l'-J 2549 

l'l1'-J~ LI"lNmrii4'£1 "n1r~r1..:J LLfl:: Vl1ur::~'Vlflll1ViU'VlL1£1'WI"l'el'-JVl'JLl'l'elf'll'J£I~'el'W Ll'el..:J 

"Lf'lN~r1..:J'fl1l1I"l"1l'el..:JLVI~n "hlfU'el~~L~~1Lil'Wmr u..:JUUr::'-J1ru 2549 ~4'£I1~tl1m.'t1 

~1£1ii4'£IUfl::1Jn'elUr'-J Vl"'l1~ru1 "1I'elcr£l'WL'il'lJ 'el1"'l1r!Jt1'VlflVi..:J1.f ~1l'lJfl'l'l! ijf'Jru~'-JUl'l 

LVI '-J 1::~ '-J L'Wn1 rL11 'W ~ L~ [J 'J'lI1 'lJ l'l r'J "'l ~ 'el n1 r~ 'el'W ~1 'W Lii'el Vl1 "11 'el..:J U 'Vl L1£1'WI"l'el '-JVl 'J Ll'l'el f 

Lf'lNmrii4'£1 ~ 'el mr~ r1..:J Ufl::Vl1U r::~'Vlfl1l1ViU'Vl L1£1'WPl'el'-JVl'J Ll'ltl f'll'J£I~'el'W C~'el..:J 

"LI"lN~11..:J'fl1l1I"l"1l'el..:J LVI~n" ~1V1f1J't!n~m.'t1r::~tJtfi'lJ 'lJ1l'l1 I"lru:::1"l1~1~l'lf~l'l~1V1mr'-J 

~1"111ii~'Jnrr'-J~l'l~1V1mr ~ d:Jl'l~'el'W ru '-JVl1ii'Vlm~m'VlI"lL'WLfl~n'll'-J..:Jl"lflVir:::'Wl"lrii'VlmL"1Il'l 

Vir:::'Wf'lrLVlil'el" ur::n'elU1'Wm~~rILil'WLm..:Jmrii4'£I~..:Jmh'J 
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..., ...I 
'J'U'VI 20 fiU'J1P1~ 2549 

L1'el.:! 'lJ'fl L~ ry Lilu~L~m'lll ry 1n1'J1Oj~'fln11~'flU~lUL~'fl"'l'l1'fl..:JU'VlLltlUPI'fl~~'JLIn'flf,l'JtI~'flU 

lULPlNn11iir.rtl 'lJ'fl..:J ii'Vltl1L'lJIn'Vi1::UPln",il'fl 

, 
L1!1'U 'f)1lOjl1!J'Vi111l"1'll lJry~..:JiJ 

Inl~~ LPlNn11iir.rtl "n11~rl..:J LL~:: "'11.h::fl'Vlfilll'ViU'VlL1t1UPI'fl~~'JLIn'flf"J!'JtI~'flU ~'fl..:J 

" LPlN~rl..:J'~lllP1'lJ'fl..:JL",~n " 1~fU'fl't~1~~lLilUn11 ;j..:JU1.h::~lt1J 2549 rfi4't11~mmil~1t1 

ii4'mL~::!ln'flU 1~ ~lOjl1t1J1 'lJ'fl LltlUL'D ry 'f)1lOjl1!J'Vi111l"I'll lJ ry,r..:JiJ iJ fl t1J~ ~illi L"'~1::~~ 
I I" 

lUn1nilu~L;lm'lll ry 1n1'J1Oj~'Eln11~'flU~lULil'fl"'1 'lI'fl..:JU'Vl LltlUPI'fl~~'J LIn'flf LPlNn11iir.rtl ~'fl 

n11~rl..:J LL~ ::l-tlU1::fl'VlfilllViU'Vl L1t1UPI'fl~~'JLIn'flf"J!'JtI~'flU L1'fl..:J "LPlN~ rl..:J'~lll PI'lJ'fl..:J L",~n" 

~1l-tf1J'l!n~n'lil1::~umry ry lln1 Plt1J::Pltl"ll~Inf~ 1n~1",m1~ ~l'lJliil"l'Jnn~~1n~1"'n11 ~ Ltl ~ 

~'flU t1J ~"'lii'Vltl1trm'Vl PI LUL~~n'll~..:JPI~'Vi1::UPl1 ii'Vltl1 L'lIIn'Vi1::UPlnl-til'il u1::n'flulun11 

~lLiluLPlNn11ii4't1~..:Jmh'J 

I 
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a­" .......
 
n£J"ll~~-.3'W 

1. m1mh':rW1 

.... .. .. 
2. m1L"ll£J'WLL~'WJl1'V1~UJ~~"ll~-.3L",~n-1"l11lJ~'W 

3. m1~mj1LI"l1-.3~r1-.3'"l~1l11"l"ll~-.3m~n, 

a­

5. i'W~~'Wm1tJ!j~,:n'W 

6. ;r~I"l'J11~~-.31'Wm~tJ!jllii-.31'W 

,... II...... _ _ r ".q " 
L~~~ L1£J'W L1£J'WlJ'Vl L1U'WI"l~~Vl'J LIn~1'"llJ LL~'J ~1"l'J1~l 1"l'J1~~1~11(1 

a­

1. ~filJ1£Ji'W~~'Wm1tJ5llii-.31'W LI"lN~r1-.3'~1l11"l"ll~-.3m~n 

2. ~filJ1£Ji)fii)Ll"ln~",1I"lN~r1-.3'~1l1P1"ll~-.3m~n 

3. L;)tJULL~UJl1W~3-J C91fi1l'f)~ L"'~ n-f111UtlU, 
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U'VI L1tJUf'l'e12-J~'J Ll'l'e1 f~vi1urh~~th~Li3U'e1~~ nf'JOJ1l1'rl'e1~1 U1~~U l~ hh~Vi1 Lf'li'e1~V12-J1tJ D 
fl~l u"Jl'e1~U'e1m~~u f'lOJ1l1'rl LYitJ~"Jl'e1~ L~m l'l12-Jf'l'J12-J ~~ L~U'JJ'e1~Vi1U• 

.. 
1. V12-J1tJrl~ 1~~Uf'l'J1J-J~~L~uL~mriua'e1~1l"l'J1nn1nJfut.lr~ .. 
2. V1~J1tJrl~ 1~ ~U f'l'J1J-J ~ ~ L~UL~m riUa'e1~1nf'l'J12-J ~n~'e1~,r ~ L"'lUVlr'e1 LV12-J1 ~'rl'e114f .. 
3. V12-J1tJrl~ 1~~U f'l'J1J-J i"i ~ L~uLfimriua'e1~1nf'l'J12-J ~n ~'e1~,r~ L"'lUVIffi LV12-J1 ~~2-Jt.l1unfl1~ .. 
4. V12-J1tJrl~ 1:: ~Uf'l'J1J-J ~ ~ L~ULfim riUa'e1~1 nf'l'J12-J\jn ~'e1~,r~ L"'lUVlr'e1 LVI2-J1:::~2-J ~ .. 
5. V12-J1tJrl~ 1:::~U f'l'J1J-J ~ ~ L~uLfimriu~'e1~1nf'l'J12-Jrln ~'e1~,r ~ L"'lUVlr'e1 LV12-J1 ~~2-J~ 2-J1 n 

OJ 

1 2 3 4 5 

.f 0'-.4
1. LU'e1V11 LLfl~n11(1)1 LUUL1'e1~ 

... 
1.1 Lil'e1V11ii f'l'J12-Jfl'e1 (7) f'l~'e1~riU'~ (1)*V12-J1tJ L;l~'rl ~ ~n n2-J 

... .... ... ..
1.2 f'l'J12-J"ll (1) L"'lU~n l'l'iN'JJ'e1~ LU'e1V11 .. .. . .. .. .. .. .. .. .. .. . .. . .. 

1 t.l ..... 01.3 f'l'J12-JLVl2-J1~~2-J 'Ul LLUULLfl:::'Jli'n1dW1L~U'e1 . 

2. 1l1'rl 

2.1 f'JruJl1'rl'JJ'e1~1l1'rl . 

2.2 f'l'J12-JLVl2-J1:::~2-J"ll'el~1l1'rllUn11~'e1f'l'J12-JVl2-J1tJ .. 

23 ~ ......, .... ~ 
. f'l'J12-J'Cl2-J'rlUli'1::V1'J1~1l1'rlnU Lt'ltJ~U11U1tJ .. 

..... 1 ...
2.4 f'l'J12-J LVI2-J1::~ 2-J'JJ'el~ L'VI f'lUf'lfl11~1l1'rl UU'VI L1tJU . .. . . 

2.5 f'l'J12-JLVl2-J1~~2-J"ll'el~~1U~hunnvJYJn .. 
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, , 
(;-'fl 'I ~~ ::lh::LiJ 'W 

1 2 3 4 5 

3.1	 f'1'l12.J m2.J1::gq 2.J"iI'a'l L~ [J..:J1J rrmu 

3.2	 f'1'l12.J'iVI L~'W"iI'fl'l b~U'I1Jrrm U 

3.3 

4.	 L'l~1 

o ... J' 
4.1	 f'1'l12.J m2.J 1::gq 2.J"iI'a'l L'l~1 mr'W1 Lgq'W'fl n1J L'W'fl,-",1 

1'lUl1Vi .. 

o J' 
4.2	 f'1'l12.J L,-",2.J1::gq2.J"iI'a'l L'l~1 m r'W1 Lgq'W'fln1J L'W'fl,-",1
 

R11JrrU1U
 .. 
" ,o ..... 

4.3	 f'1'l12.J L'\.U,J1::gq2.J"iI'a'lL'H'l1 mr'W1 Lgq'W'fl'Vl'l Lr'fl'l . 

, 
~ ~I 4 

~'1"il'fl ~lJr::L2.J'W 

( ) 

............ ./ ./ . 
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UVI b1U'WI"l'tlaJYi'J b~'tlf~'Vh'Wn1i\llh::bij'W'tl~e iJ~Ml1~'tl~L'Wd::~UL~ hh~lh bl"l~'tl\ll-1aJ1U 0 
fl\lL'W"ll'tl\lU'tlm::~ufJn.lJl1~ bYiU\I"ll'tl\I b~m (;l1aJ 1"l'J1 aJ ~~ b~'W"Jl'tl\l'Vh'W 

.. 
1. l-1aJ1UCl\l d::~UI"l'J1~~~b~'Wb~mriu~'tl~11"l'JdiJmnJfutll\l .. 
2. l-1aJ1 UCl\l d::~U 1"l'J1~ ~ ~ b~'Wb~mriu~'tl~1iJl"l'J1aJ~n tIi''tl\l-D~ b"'l'Wl-1"1'tl bl-1aJ1 ::~'tl H .. 
3. l-1aJ1UCl\l d::~U 1"l'J1 ~~ ~ b~'Wb~m riU~'tl~1iJ 1"l'J1aJ ~n tIi''tl\l-D~ b"'l'Wl-1"1'tl bl-1 aJ1 ::~aJtl1'Wnfl1\1 .. 
4. l-1aJ1UCl\l d::~U 1"l'J1~ ~ ~ b~'Wb~mriu~'tl~1iJ 1"l'J1aJ ~n tIi''tl\l-D~ b"'l'Wl-1"1'tl bl-1aJ1 ::~aJ~ .. 
5. l-1aJ1UCl\l d::~U 1"l'J1~ ~ ~ b~'Wb~mriu~'tl~1iJl"l'J1aJ ~n tIi''tl\l-D~ b"'l'Wl-1ffi bl-1aJ1::~aJ~aJ1 n 

1 2 3 4 5 

1. 
J; 0 _ .J 
b'W'tll-11bbfl::md~1b'W'Wbd'iJ\I 

J; q ~ ~ I Q_ 

1.1 b'W'tll-11aJl"l'J1aJ~'tll9ll"lfl'tl\lnU~~1-J\ll-1aJ1m'll\l~~(;lmdaJ 

... " .:1.2 1"l'J1aJ'Il~b"'l'W~ntweWJl'tl\lb'W'tll-11 

.. 

.. 

1.3 1"l'J1aJmaJ1::~aJL'WltlbbUUbbfl::ijfimn11b~'W'tl . 

2. 111~ 

2.1 ~Ml1~"lJ'tl\l1l1~ 

2.2 1"l'J1aJ bl-1aJ1::~aJ"lJ'iJ\lJl1~L'Wmd~'tl1"l'J1aJl-1aJ1U 
23 x. ....., ... ~ 

. 1"l'J1aJfiaJ~'Wfid::l-1'J1\1Jl1~nUbrlU\lUddmu 

2 -" 'I ....4 1"l'J1aJ bl-1aJ1::~aJ'JI'iJ\I bVl ~'WI"l~n\lJl1~ L'WU'VI bdU'W 

.. 

.. 

. 

. 

2.5 1"l'J1aJbl-1aJ1::~aJ'JI'iJ\I\l1'W~h'Wnd1'V'IYJn . 
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1 2 3 4 5 

3.1	 Pl'J1~L'L-l~1::~~"lJ'r)..:l L~ tJ..:lU~~tJ1tJ 

3.2	 Pl'J1~-n~L~'W'lI'tl..:lL~tJ..:lmrn1tJ 

3.3 

4.	 L'Jfl1 

o ~.li' 
4.1	 ~'J1~ m~1::~~"lJ'r)..:l L'J fl1 m ~'W1 L~'W'r)nU L'W'tl'L-l1
 

lWl1'Vi
 .. 

o ~.li' 
4.2	 Pl'J1~ L'L-l~1::~~"lJ'r)..:l L'Jfl1 m~'W1 L~'W'tlnU L'W'tl'L-l1 

fhu~~tJ1tJ . 
., , 

o ~ ...

4.3	 Pl'J1~ L'L-l~1::~~"lJ'eNL'Jfl1m~'W1L~'W'tl'VI..:lL~'tl..:l . 

, 
~fl..:l'JI'tl U -~ ~::L~'W 

( ) 

............ ./ ./ . 
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mrl.Jr:aih.lI'l'J1~f\i(;H ~kl 1Ol1nm rlWeJU LLUUMIUm~1Ol1 n~ L~tml1 t1,j ~'JtJ~1Pl1 L'tl~tJ'IJ!l'l 
, 0­

oii!l~1m~ LLlJIfl~;r!l LL~'J~1 ~flr'J~'ll!l'lPl1 L'tl~tJ'IJ!l'l LLUU~!lUm~l1'1'tlUU LL~'J LLl.Jfll'l'J1~~~1tJ 
" 

"'f}~ f:JfirfJ~fil L'il~tJ 
, 

Lf1'f)~1 Ln ruevl~1 L'il~tJ"'f}~UVlLrtJUf)'f)~rlfJ L(;l'Elf..nlJtJ~'f}u 

, , 
mnLl.Jfll'l'J1~~~1tJ 'IJ!l'lPl1 L'tl~tJ'll!l'lmrlJ1!lU LLUU~!lUm~ 1J11~'1l'J'I'IJ!l'lPl1 L'tl~tJ 

I t,I I ... 

1'l'J1~f\i(;)L~kl'IJ!l'l~L'iim1l1t1,j 1J11~LLkl'J'V11'1'IJ!l'lLU~"" (Best) ~'1u. Pl1L'tl~tJ[;]'1LLlJI 

..
 , 0­

4.50 - 5.00 ~~1tJn'l ~ L'iimll1t1,jill'l'J1 ~ L~kl~1;r!l ~1 m~'I!kl!l~1 klLnn.lerl~~1 n ..
 , 0­

3.50 - 4.49 ~~1tJn'l ~ L'iimll1t1,jill'l'J1 ~L~kl~1;r!l ~1 m~'I!kl!l~1klLnn.lerl~ ..
 , 0­

2.50 - 3.49 ~~1tJn'l ~L'iimll1 t1,jill'l'J1~ L~kl~1;r!l ~1 m~'I!kl!l~1klLn n.l"V\1-Di.~ ..
 
1.50 - 2.49 ~~1tJn'I ~ L~m'll1 t1,jill'l'J1~ L~kl~1;r!l ~1 m~t!kl!l~1klLnn.lerl l'l'Jrl.Jful.J t'l ..
 , 0­

1.00 - 1.49 ~~1tJn'l ~L'iim'll1t1,jill'l'J1~L~kl~1;r!l~1m~'I!kl!l~1klLnn.l"Y11-Di.~1~ 



50 

1. 

2. 

3. 

... 0 _ .. 

Lt.l'tl'ln LLfl::n11~1 Lt.lt.lL1'D'I 
~ - ~ ~ I __ 

1.1 Lt.l'tlln),J~'l1),Jt'l'tlI'1~fl'tl'lnU'~2-J'IV1),J1m'll'lYi~l'1n11),J 

" J'1.2 ~'l1),J~nl'1'tl'l"ll'tl'lbt.l'tlV11..... 

"'I oovJ' ;,
1.3 ~'l1),J~nl'1'tl'l ~t.ln11fl1~ULt.l'tlV111'11),J"Dt.lI'1'tlt.l ........ 

" J' ,1.4 ~'l1),Jt'l'tl~~fl'tl'l"ll'tl'lLt.l'tlV11LLl'1fl::I'1'tlt.l 

ov 'I .. J'
1.5 ~'l1),J'll~L"'lt.l ~t.ln11'tlfjU1mt.l'tlV11 

lV .., "' ..1.6 l"l'l1),JLV1),J1::t'l),Jnm::~lJ~L1tJt.l .. 

lUfl1Yi LLfl::.r1Trl'1 

" • I J'2.1 ~'l1),J~nl'1'fl'l"ll'tl'llufl1YiI'11),JLt.l'tlV11 . 
, 

II ....fl " 
2.2 ~'l1),J~nl'1'tl'l"ll'tl'lfl1'li1lh'll . 

2.3 ~'l1),Jt'l'tl~~~'tl'l1:::;V1~1'1xtJfl1YinU~1U11mtJ .. 

L'lfl11t.ln11{l1Lt'lt.l'tl 

o ov J' 'I
3.1 ~'l1),JLV1),J1::t'l),J"ll'tl'lL'lfl1t.l1Lt'lt.l'tlnULt.l'tlV11 ~t.lfl1Yi ... 

o ov J' 0 

3.2 ~'l1),JL'V1),J1::t'l),J"ll'tl'l L'l fl1t.l1 Lt'lt.l'tlnU Lt.l'tlV11~1U11mtJ 
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..l 
11tJ'll'tl 
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3 
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4 

5 

4 

4 

4 

2 

4 

4 

3 
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3.0 

3.5 

4.0 

3.5 

4.0 

4.5 

4.0 

3.5 

4.0 

3.75 

3.3 

'\IIiJ1!1L'\II9j V13-J1tJLfl"ll 1 ~'fl ~'tl~'U1::Li1t.l 'tl1"'l11tJQ'VltYi'l1t ~1lClJf1'11I 

V13-J1tJLfl"ll 2 fl'tl ~'fl~U1::Li1t.l 'tl1"'l11tJYi1l1fl1lI 1JCY~'1~ 
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1. L~'e1'\!11 LLfi::m~~1Lih,l~If)\1 
~ 4 ~ V I __ 

4.0
 

4
 

4
1.1 L\,I,'e1'\!11~f'1'J1~~'e1(?lf'1fi'e1\1n1J'l?ll.J\I'\!I~1t1L"ll\l'rHl(;JmnJ 4
 

4.0
 

5
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4
 4.5 

2. 1l1'Vi 

4.04
 4
2.1 f'Jn.l1l1Vi"1l'il\l1l1Vi .. 

3.54
 3
2.2 f'1'J1~L'\!I~1::~~"1IIf)\I1l1Vi1\,1,m~~'e1f'1'J1~'\!I~1t1 . 

4.04
2.3 f'1'J1~-K~vr\,l,1h::'Iid1\11l1'Viri1JL~t1\1m~tI1t1 . 4
 

..." '1 ~ 3.52.4 f'1'J1~L'\!I~1::~~"1IIf)\ILVlf'1\,1,f'1~n\l1l1'Vi .b\,l,UVIL~t1\,1, 3
 4
 

4.02.5 f'1'J1~L'\!I~1::~3-J"1IIf)\I\11\,1,~1\,1,nnyjYln . 4
 4
 

3. L~t1\1 LLfi::1l11i1 

4.04
 4
3.1 f'1'J13-JL'\!I3-J1::~3-J"1I'El\lL~t1\1m~tI1t1 . 

4
 4.03.2 f'1'J1~;(;JL~\,I,"1I'e1\1L~t1\1m~tI1t1 .. 4
 

" 'I"3.3 f'1'J1~~n(;J'il\l"JI'e1\1n1~ b"ll1l11i1 .. 4
 4
 4.0 

4. L'Jfi1 

3.54
 3
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f'111J~ffi1t1 4
 4
 4.0 

4
 4.04
 

x
 4.00 3.85 3.93 

1.2 

1.3 
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4.2 
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lJl1'1{1;! 4 ~fim~t1~::L~\,I,~'eJn1~~'e1\,1,~1n~L~m"ll1'Y ~1\,1,LVlf'1ilf'1m~~~(;J~'e1 
o 

'VIJJ1!1L'VIPj '\!I3-J1t1Lfi"JI 1 ~'e1 ~'i)~l.h::L~\,I, \,I,1t11..h::~\If01 r'h\,l,LLrl'J 
o 

'\!I~1t1Lfi"JI 2 ~'i) ~'i)~1..h::L~\,I, \,I,1t1WL"ll3 ~~1.h::L~13'J\lPl 
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11 

'" ~tl ~ L~m"ll1t1Jlh:;Li1'U ~~f'i1 

O.v.
..l 

f'l'U'Vl 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

..l 
f'l'U'Vl 2 

1 1 1 

2 1 1 

3 1 1 

4 1 1 

5 1 1 

6 1 1 

7 1 1 

8 1 1 

9 1 1 

10 1 1 

11 1 1 

12 1 1 

13 1 1 

14 1 1 

15 1 1 

16 1 1 

17 1 1 

18 1 1 

19 1 1 

20 1 1 

, 
.... "i"" « 

LLlJ1J'Y1~~tllJ L1tl~ Lf'lN~r1~'~ll1f'llltl~ L'VI~n 

41'U~'U 20 ~tl ~n~tl~1~nlJ~~Qur:;~~~n1r~tl'U 
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Yi ~ft -D'BfttlU;n,r"""ft1lU fi~ 

20ftl1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 481202071101-0 0 1 1 0 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 12 

2 481202071102-8 1 1 1 0 1 1 1 1 0 0 0 1 0 0 1 1 1 1 0 1 13 

3 481202071103-6 0 0 1 0 1 0 0 1 1 1 1 1 0 0 1 1 1 1 0 0 11 

4 481202071104-4 0 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 0 10 

5 481202071105-1 1 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 6 

6 481202071106-9 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 0 0 8 

7 481202071107-7 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 0 1 0 0 12 

8 481202071108-5 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 17 

9 481202071109-3 0 1 0 0 0 1 1 1 0 1 0 1 0 0 1 0 0 1 0 1 9 

10 481202071110-1 0 0 1 0 1 1 0 1 0 0 1 1 0 0 1 1 1 1 0 1 11 

11 481202071112-7 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 8 

12 481202071113-5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 18 

13 481202071114-3 1 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 14 

14 481202071115-0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 6 

15 481202071116-8 1 0 1 0 1 1 1 1 0 0 1 1 1 0 0 1 0 1 1 1 13 

16 481202071118-4 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 12 

17 481202071119-2 1 1 1 1 0 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 16 

18 481202071120-0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 14 

19 481202071121-8 1 1 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1 0 1 0 8 

20 481202071122-6 1 0 1 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 14 

21 481202071123-4 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 14 

22 481202071124-2 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 15 

23 481202071126-7 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 16 

1'U.JI'I::\lUU11EJftl ( R ) 15 14 16 7 16 15 14 18 8 15 16 17 12 9 16 14 15 18 9 13 277 

1'i11'1')1l.JEJ1n~1EJ(0.2-o.8) 0.6 0.6 0.7 0.3 0.7 0.6 0.6 0.7 0.4 0.6 0.7 0.7 0.5 0.4 0.7 0.6 0.7 0.7 0.4 0.5 

R = 

= R / N 
.­

N = ~1'lJ,)'lJFl'lJV1~'lUJ~ = 23 Fl'lJ 
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.... IV '" ;h '" 'VI ''\IItI "II'iltl'iltJ'VI ll'VIlJltl'iltJ ,'U, 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20;Jtl 

1 481202071113-5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 18 

2 481202071108-5 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 17 

3 481202071119-2 1 1 1 1 0 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 16 

4 481202071126-7 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 16 

5 481202071124-2 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 15 

6 481202071114-3 1 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 14 

7 481202071120-0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 14 

8 481202071122-6 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 14 

9 481202071123-4 1 0 1 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 14 

10 481202071102-8 1 1 1 0 1 1 1 1 0 0 0 1 0 0 1 1 1 1 0 1 13 

11 481202071116-8 1 0 1 0 1 1 1 1 0 0 1 1 1 0 0 1 0 1 1 1 13 

12 481202071101-0 0 1 1 0 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 12 

13 481202071107-7 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 0 1 0 0 12 

14 481202071118-4 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 12 

15 481202071103-6 0 0 1 0 1 0 0 1 1 1 1 1 0 0 1 1 1 1 0 0 11 

16 481202071110-1 0 0 1 0 1 1 0 1 0 0 1 1 0 0 1 1 1 1 0 1 11 

17 481202071104-4 0 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 0 10 

18 481202071109-3 0 1 0 0 0 1 1 1 0 1 0 1 0 0 1 0 0 1 0 1 9 

19 481202071106-9 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 8 

20 481202071112-7 1 1 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1 0 1 0 8 

21 481202071121-8 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 0 0 8 

22 481202071105-1 1 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 6 

23 481202071115-0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 6 

1'UJfll:: LL'I.l'l.l11EJ;Jtl 15 14 16 7 16 15 14 18 8 15 16 17 12 9 16 14 15 18 9 13 277 
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LLlI (;J.:J I:.IfI n1'itl'l::LiI'U 'VI1 fh'ei1'U1~41 LL'U n"JI'el.:J LL1.JU'VI (;JlI'elU (L;!I.:J PI:: LL'U'U~1n~l1n 1tIU'el!I) 

1:::~'IJ lb£'!. u~'\.m'lh~LVl~il~~~£'!1\.m11~ ~ru:::LVl~L'WLflum1~~~ .. 
ri''' ., m"'VI 'II'il"'iltJ'VI "ll'VIr;}"'iltJ 'i'nl 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20;Jfl 

1 481202071113-5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 18 

2 481202071108-5 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 17 

3 481202071119-2 1 1 1 1 0 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 16 

4 481202071126-7 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 16 

5 481202071124-2 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 15 

6 481202071114-3 1 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 14 

7 481202071120-0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 14 

8 481202071122-6 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 14 

1'J~~:::U'W'W11tJ;rfl (RU) 8 6 6 4 6 7 7 7 4 7 8 6 6 5 8 5 6 7 5 6 124 

LLlI (;J.:J I:.IfIn1'itl'l::LiI'U 'VI1 fh'ei1'U1~41 LL'U n"JI'el.:J LLUU'VI (;JlI'elU (L;!I.:J PI:: LL'U'U~1 nJJ1n1t1U'el!l) 

r:::~u1J'J~. LLeJUn,h.uJu(;] filClJ:::Ll"ii'fl,mfl (n~~ fil~LLUU~1)•.. 
'i"''' ., m"'VI 'II'il"'iltJ'VI "ll'VI""'iltJ 'i'UI 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20;Jfl 

16 481202071110-1 0 0 1 0 1 1 0 1 0 0 1 1 0 0 1 1 1 1 0 1 11 

17 481202071104-4 0 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 0 10 

18 481202071109-3 0 1 0 0 0 1 1 1 0 1 0 1 0 0 1 0 0 1 0 1 9 

19 481202071106-9 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 8 

20 481202071112-7 1 1 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1 0 1 0 8 

21 481202071121-8 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 0 0 8 

22 481202071105-1 1 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 6 

23 481202071115-0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 6 

1'J~~:::U'W'W11tJ;rfl (RL) 2 4 4 2 4 3 3 5 1 4 4 4 2 3 3 3 4 5 3 3 66 
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IV ;h IV IV ..a 
'M!lm'i ~~.~~~ ~~~.~~(~~~) 

1 2 3 4 5 6 7 8 9 10 

1'J~~::LL'W'W11t.1;rtl (RU) 8 6 6 4 6 7 7 7 4 7 

1')~~::LL'W'W11t.1;rtl (RL) 2 4 4 2 4 3 3 5 1 4 

N/2 8 8 8 8 8 8 8 8 8 8 

f'i1ti1'W1'"l~1LL'Wn ( 0 ) 0.75 0.25 0.25 0.25 0.25 0.5 0.5 0.25 0.375 0.375 

'M!lm'i 
IV ;h IV IV ..a 
'lJ~'II~~~ ~~~.~~ ('lJ~~) 'i'nl 

11 12 13 14 15 16 17 18 19 20 20;rtl 

1')~~::LL'W'W11t.1;rtl (RU) 8 6 6 5 8 5 6 7 5 6 

1'J~~::U'W'W11t.1;rtl (RL) 4 4 2 3 3 3 4 5 3 3 

N/2 8 8 8 8 8 8 8 8 8 8 

f'i1'fi1'W1'"l~1LL'Wn ( 0 ) 0.5 0.25 0.5 0.25 0.625 0.25 0.25 0.25 0.25 0.375 

911'11.:1;11 0 LL~~..:I ~~'m111.h:::Lij'lJ \'11 jih~1'lJ1~~1 LL'lJn".ll'fl..:l LLUU'VI ~~'flU 

~(;J~ l"l1~1'lJ1~~1LL'lJn = RU - RL-...,--­

N / 2 

Yl~11tu1;r'fl~'flU~ij l"l1~1'lJ1~~1LL'lJn ~..:ILL~ 0.2 ~'lJLt.I 

~tu LLUU'VI~~'flU~,..n'lJn11~~t1YJn;r'fl ijl"11~..:ILL~ 0.2 ~'lJLt.I 



LL~ U1.:1n1'i"'1Fh Fl'J1JJ ~;'elJtU'!l'el.:l LL'U'U'VI U1~'el'U (~'i!l.:lFl~LLUU~1nJJ1n\t1U'el!l) 
.. AI

1::lA'1Jtb~. Ll.1:J'l.m,h-3LVlflijfl~(;J~1'Vmm.J flt1..l::LVlflt'l.lt~um11:J~lJl 3.JVl1'iVltJ1~tJ LV1flt'l.lt~U11'l13.J-3fl~Yl1::'l.lfl1 1V1tJ1L'lIlJlYl1::'l.lfl1LV1'l.ltl 

YI fl411 " lYi'lt,.t1l1t11JYI '!IYlIllltl1J 1'1~ 
X~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20ffJ 

1 481202071113-5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 18 324 

2 481202071108-5 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 17 289 

3 481202071119-2 1 1 1 1 0 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 16 256 

4 481202071126·7 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 16 256 

5 481202071124-2 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 15 225 

6 481202071114-3 1 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 14 196 

7 481202071120-0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 14 196 

8 481202071122-6 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 14 196 

9 481202071123-4 1 0 1 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 14 196 

10 481202071102-8 1 1 1 0 1 1 1 1 0 0 0 1 0 0 1 1 1 1 0 1 13 169 

11 "OI~V<:V, '0-0 1 U 1 U 1 1 1 1 u u 1 1 1 U U 1 U 1 1 1 l,j 1b~ 

12 481202071101-0 0 1 1 0 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 12 144 

13 481202071107·7 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 0 1 0 0 12 144 

14 481202071118-4 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 12 144 

15 481202071103-6 0 0 1 0 1 0 0 1 1 1 1 1 0 0 1 1 1 1 0 0 11 121 

16 481202071110-1 0 0 1 0 1 1 0 1 0 0 1 1 0 0 1 1 1 1 0 1 11 121 

17 481202071104-4 0 1 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 0 10 100 

18 481202071109-3 0 1 0 0 0 1 1 1 0 1 0 1 0 0 1 0 0 1 0 1 9 100 

19 481202071106-9 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 8 81 

20 481202071112-7 1 1 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1 0 1 0 8 81 

21 481202071121-8 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 0 0 8 64 

22 481202071105-1 1 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 6 49 

23 481202071115-0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 6 36 

filJl'I::U.UUTlU'lifJ 15 14 16 7 16 15 14 18 8 15 16 17 12 9 16 14 15 18 9 13 277 3657 

P 0.652 0.609 0.696 0.304 0.696 0.652 0.625 0.78 0.375 0.652 0.696 0.739 0.522 0.391 0.696 0.609 0.652 0.78 0.391 0.542 

Q 0.364 0.391 0.304 0.696 0.304 0.384 0.391 0.22 0.625 0.364 0.304 0.261 0.478 0.609 0.304 0.391 0.364 0.22 0.609 0.458 

PQ 0.25 0.24 0.21 0.21 0.21 0.25 0.24 0.17 0.23 0.25 0.21 0.19 0.25 0.24 0.21 0.24 0.25 0.17 0.24 0.25 4.51 

• I ~ ~ 
U11'i1.:1'V1 11 LL~(;l ..:m1~V11f11f1'J1JJL"1l'flJJU'jJ'fI'ILL'lJ'lJ'V1(;lIMI'lJ 

(J1 
-..J 
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'JI 

2I pq = 4.51 Ix = 277 IX = 3.657 

= 

= 23 x 3.657 - ( 277 ) 2 

23 x 23 

= 13.95 

= n 2:: pq ]n - 1 

, , " 
f1'f1 fl~13-J L;reUrU'1l'fl'l LLUUVl t'l~'f)Uli'li):U'J 

, 
.dI 0" .0::1141., 

n fil'tl ~1'W'l'W"!I"!I'1Lm!l'l~t1'l~ 

p Pi'tl i~~'l'W"t1'1~~11;t'W;r!l\-ld'l1 li''WPi!li~~'l'W''!I'1fil'W~1~nnufil'W 
" 
't1'l\-l~~ 

Pira i~~'l'W'1I!I'I~~~1~~1'W;r!l\-ld'l1 \-l1!1 ~!1 1 - p 
, " 

Pi ra fil~ LL'W'Wfil'l1~ LLU1U1'l'W'1I!I'ILfil1!1'1ntl't1'1 ~UU 

LL'Yl'W~1 r tt 20 1 4.51 ] 

- 13.95= 20 - 1 = 0.70[ 

" "I I .... ., Cl./ ... ... .dI., 

~'1'W'WLLUU'Yl~eltlU~UU'W ~fil'l1~L"lI!I~'W 0.70 
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~ii~~lfl.lJn1nn1.h~~Vlfi1l1~"1I'e:l\lUVlLffilJf'ltl~~'JLl11'e:lfeJI'JlIfl'e:llJ LVllll;~1Jl1 (L~l'JNtr, 

2528: 295) 

LX 
= N x 100 

A 

LF 
N= x 100 
B 

.J ... 
L~'e:l E1 PI'e:l l.h::~Vl fi 1l1~"1I'e:l\lLLUUVl Vl~'e:lU1' Vl ~ fl d'~ ~Vli1::~~1\I L1l1lJ~ Vl LUlJ1'e:lllfl::; 

...
E2 PI'fl l.h::~Vl fill1~"1I'e:l\l LLUUVl Vl~'e:lU1' Vl ~ fl d'~ ~Vli~i\l L1l1lJ~Vl LUlJ1'e:lllfl:: 

... 
PI'e:l fl::; LLlJlJ1'J ~"1I'e:l\l LLUUVl Vl~'flU1' Vl ~fl d'~ ~Vl i1::~~ 1\1 L1l1lJ~ ~ L1l1lJVi11~LX 
...

LF PI'e:l fl:: LLlJlJ1'J~"1I'e:l\l LLUUVlVl~'e:lU1' Vl ~fl d'~~Vli~i\l L1l1lJ~ ~ L1l1lJVi11~ 
...

A f'I'e:l PI::: LLlJlJL~~"1I'e:l\l LLUUVlVlfl'e:lU1'Vl ~ fl d'~ ~Vli1::;~~ 1\1L1l1lJ 

... 
B I"l'e:l fl::: LLlJlJL~~ "1I'e:l\l LLUUVl Vl fl'e:lUl'Vl ~ fl d'~ ~Vli~i \I L1l1lJ 

l ­... . ...... ..,
N f'I'e:l "'IllJ'JlJ~LffilJVl\l~~ Vl
 

"
 

, I ­

LL~ Lil'e:l\l"'ll n ilJl11'e:llJn11~4'1I ~4'lIhJ1~Vi1 LLUUVl Vl~'e:lU1' Vl ~ fld'~~Vli1::~~1\1 L1l1lJ ~\lhl 
I ­

~1~11tll;~1J11~\ln~1'J1~lJn11~11.h::~Vlfill1~"1I'e:l\lUVl L1l1lJf'I'e:l~~'J Ll11'e:l feJI'JlI~'fllJ ~\I,rlJ rfj4'lI 

~\I"1I'fll;~11111~2J ~'e:l 

~ ii~~lfl.lJn11~11.h::~Vlfi1l1~"1I'e:l\lUVl LVllll;~1111 ( L~l'J Ntr ,LffilJf'I'e:l~'W'JLl11'e:lfeJl'JlI~'e:llJ 

2528: 284 ) 

= + 

, 
~fl"1l'e:l\l Pl::;LL'WlJL~~1I"'11nn11~'e:luri'e:llJn11L1l1lJ (Pre - test) 

, 
... .., ... = ~fl"1l'e:l\lI"l::LLlJlJL~flll"'llnn11~'e:lU~fl\ln11L111lJ (Post - test) 

.. ...
P = Pl::LLlJlJLl11~~'e:l\l"1l'e:lVlVl~'e:lU 
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'II 

"'1"11'el'l'eil'l11~')u~1~"'l1n~lJ11i1 "'l::ilR11::'wh'l 0 - 2 t'hR1~l11'el'elm.J11~ilR13.nn 
.. 

ntJ1 ~'eltJ1 lJVlL1tJUfl'el3-J~'lLlJ1'elruu1~Lnn.lor13-J1l'l1~1U 

= 
= 

p = 

= 

= 
= 

= 

5.35 

14.04 

23 

14.04 ­ 5.35 + 
23 ­ 5.35 

0.492 + 0.378 

0.87 

14.04 ­ 5.35 

23 

0.87 
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'JI 

Uflfl.:lm'7V1f1f1f1\JUtli41AcytlJ1!1f11A!Jn1'7LL~mL'"l.:l'llfl.:lVi (t - test ) 

~'fJ.:J LflIN~~1.:J'"lt'l1l1fl1ll'fJ.:JL~~n• 

..I 
'Vl 

ritl'U (X) "'~.:J (y ) (y- X) =D D t1nri1~.:J 2 

487302061101-4 5 16 11 121 

2 487302061102-2 5 13 8 64 

3 487302061105-5 6 15 9 81 

4 487302061106-3 4 13 9 81 

5 487302061107-1 6 15 9 81 

6 487302061108-8 7 16 9 81 

7 487302061109-7 5 15 10 100 

8 487302061110-5 6 14 8 64 

9 48730206111-3 6 14 8 64 

10 487302061112-1 4 12 8 64 

11 487302061113-9 7 16 9 81 

12 487302061114-7 8 18 10 100 

13 487302061115-4 7 16 9 81 

14 487302061116-2 5 13 8 64 

15 487302061117-0 3 12 9 81 

16 487302061120-4 4 12 8 64 

17 487302061122-0 4 12 8 64 

18 487302061123-8 6 16 10 100 

19 487302061125-3 3 10 7 49 

20 487302061126-1 5 12 7 49 

106 280 174 1534 

, ,.. 
1'l1L~fltl 5.3 14 

, 2 
( t:Jfl~1.:J ) 
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'jl 

1534 N = 20 f'l'l.l174 

= 

D 

N 

~'eJ 

~'eJ 

f'l'l12.JLLlJImh'l'!l'eJ'If'l:::LL'l.l'l.lLLl'1fl:::~ 

41'l.l'l'l.l~ ( f'l'l.l ) 

LL'YI'l.lf'11 

= 174 

(20x1534)-(174Y 

20-1 

= 174 

21.263 

= 8.18 

"l1nlJl111'1 t ~'1il df = 19 1:::~1JPl'l12.JL~'tl~'l.l 0.05 ilf'11 2.093 ~'1~'eJ~1LiI'l.l,(;\"'in 
, 0­

LLl'1f'11 t fI;;1'l.l'lru1~ = 8.18 ~'1n~1,(;\".in LLtJfl~1 t:Jflm1'Yl(;\~'eJ1J 2 Plf'lLLlJInl'11'1n'l.l LLfl::: 

L~'eJ1~ 95 % ,r'l.lR'eJ m1~tJ'l.l~'ltJ1J.,,~tJ'l.lf'l'eJ2.JW'lLlJI'eJn'ltJ~'eJ'l.l ~'eJ'I 'i:PlN~11'1'fl1l1Pl'!l'eJ'IL'\..l~n 

'l!n~mi1ilf'l'l12.Ji f'l'l12.JL;r11"L~2.J~'l.l 'eJtJ1'1il'l!tJ~1~C\J"'1'1~ii~~1:::~1J 0.05 ".1'eJ ~~tJ'l.lil 
" "'I..:.r... d 1kf'l'l12.Jlf'l'l12.JL'!I1 L'iLVi2.J'!I'l.l'iNL"ll'eJ 1'1 95 % 
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1. 

2. 

LLt1t1'V1Ul~'iltl"L 'L.In1'3~..r!l 

LLUU'YIlPl 'MlU L1'fl~ n111J mJnu~l 'l.l~1'l.iij"1l1 Lfl'VI::ii'YIll1 
., 

;)'flfl'flUih,~'VIJ,JlPl 20 ;)'fl l~Vi1'YJn;)'fl 

1~n1LFl1'fl~'VIJ,J1£J X fl~1'l.lm::lPl1'l3'~~h~'flU ~~n~'fl~~~lPlLVi£J~;)'flL~m 

n. 1	 'tI. 2 

Fl.	 3 ~. 4
 
., ,
 

[2] Ferrite (a) "'l::ii carbon fl::fl1£J1'l.lLij'flL'VI~nl~~~~lPln% 

n. 0.008 % 'tI. 0.025 % 

1"1. 0.43 % ~. 0.83 % 

[3] Ferrite (a) "'l::fl::fl1£J carbon 1~~~~lPl~~n.l'VI1J~LVh1lPl 

n.1539°C 'tI.1130°C 

Fl. 910 ° C 

[4] ;)'fl1lPl ij F1,)1J,JiJ,J~'l.ltfflU Eutectic 

n. Ledeburite 'tI. Ledeburite + Pearlite 

Fl. Ferrite + Austenite ~. Pearlite 

[5] ;)'fl1lPl L~!I'Ji'£l.:l flU;)'fl~fl'll'fl~ Pearlite 

n. 1'l.lLFlNi'/11~1.h::n'flult1~,)£Ja flU Y
 

'tI. 1'l.lLFlNi'/11~lJ1::n'fllJl1M,)£J a fllJ 8
 

Fl. 1'l.lLFlNfl11~t11::n'flult1~,)1I YflU Fe3C
 

~. 1'l.lLFlNi'/11~t11::n'[)ult1~,)1I a flU Fe3C
 

"1" "	 Iron[6] '!I'fl lPl Fl'£l '!I'fl~fl'tl'fl~ Gamma ­

n. LtI'l.li'/11fl::fl111't1'f),,'J LL;j~'fl~l'l.lztl~~mLuu F.C.C. 

'tI.	 'f)~1'l.l"1l,)~~n.l'VI1J~ 910- 1493 °c 'VI1'fl Austenite 

CI~" ..J - ° 1"1. i'/1J,J11tlfl::fl111 carbon 1'l.lL'VIfln LlPl~~~lPl 2.0 % 'YI~n.l'VI1JJ,J 910 C 

~. iirJn.li'/J,JU~LL;j~LLfl~iil"l,)1J,JLil'l.lLL3JL'VI~n ( non - magnetic) 
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'JI 

II '1 .....
[7] 'lI'il ~~fll'il'1J'il~~'1J'il-:l Delta - Iron 

n. ;:jLfllN~~1-:1~~mtltl Pearlite 

'1J. ;:jLfllNfl~1-:1I:J~mtltlLL1JU F.C.C. 

fll. Lii~'il~1tl"Jl':l-:l~N~JJij 1400 - 1539 °c 

-:I. ~1~1~f:l~::~1t1 carbon Ltlm~n1l1l~-:I~~ 0.5 % ~~N~.Qij 1493°C 

[8] ~N~1JmnqlJl ( Recrystallization Temperature ) 1tlLLI:J'lUl1Yifl~~~U 'il~~~N~.Qm~ 

n.723°C '1J.910°C 

fll. 1130 °c 

1800 

1400 

~ 

il!! 1000 

8. 
E 

t!!! 

600 

o 
Fe ,..L-----=--____=; C 

% Carbon (C) 

[9] L~~n Hyper - Eutectoid N ~N~.Qij~'il-:l1.h::n'ilul1l':ltl Phase 'il::hU1-:1 

n. Ferrite + Cementite '1J. Pearlite + Cementite 

fll. Ferrite + Austenite -:I. Ferrite + Pearlite 

n. Ferrite + Cementite '1J. Pearlite 

iii. Ferrite + Pearlite -:I. Pearlite + Cementite 

n. Austenite '1J. Ferrite 

fll. Pearlite -:I. Ledeburite
 
,
 

[12] L~~n N ~N~.Qij 650 °c ~':ltll:J~~ 0.83 % C LIiIN~~1-:1Vl1l1liii'il 

n. Ferrite + Cementite '1J. Pearlite 

fll. Ferrite + Pearlite -:I. Pearlite + Cementite 



65 

'11 

n. Ledeburite '11. Ledeburite + Cementite 

~. Austenite + Ledeburite -3. Austenite + Cementite 

n. Ledeburite '11. Ledeburite + Cementite 

1"1. Austenite + Ledeburite -3. Austenite + Cementite 

A B C 

[15] L~'N~r1-3'flJl1~'1I'tI-3L'VI~n "'l1nm'Vi A iii'tl 

n. Ferrite '11. Ferrite + Cementite 

~. Pearlite -3. Pearlite + Ferrite 

[16] LI"1'N~r1-3'flJl1~'1I'tI-3L'VI~n "'l1nJl1'Vi B iii'tl 

n. Ferrite '11. Ferrite + Cementite 

~. Pearlite -3. Pearlite + Ferrite 

[17] L~'N~r1-3'flJl11"1'11't1-3L'VI~n "'l1nJl1'Vi C iii'tl 

n. Ferrite '11. Ferrite + Cementite 

1"1. Pearlite -3. Pearlite + Ferrite 
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'11 

D 

[18] LlilN~h.:J'~ll1lil"1l'fl..:lLVI~n IOl1n1l1Vl D ~'J'\.d~Li~hJL~'\.d~1Vi1Jfi'fl 

n. Ferrite "11. Pearlite 

f'. Cementite ..:I. Graphite 

" cr ..J .r ~ ..
[19] Lf'N~:i'1..:1'~1l1f'"1I'fl..:lLVI~n IOl1n1l1Vl E ~'J'\.d'V1LtI'\.dVl'\.d'V1..:1V12-JlPlf''fl 

n. Ferrite "11. Pearlite 

f'. Cementite ..:I. Graphite 

n. Ferrite "11. Pearlite 

lil. Cementite ..:I. Graphite 

•••••• *•••••••***•••*********.***••••*** 
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'11 

. 
.. U _Iou
'lft) "111i:ru"i::::91~1 . 

. .. 
flUT.,'I 1. ~t)i:rt)tJihi'.,'I11~~ 20 ~t) 1,rnnJn~t) . . . 

1"" 'I 0 ... "......" ...2. 11nllfl"1t).,'I11~UJ X ll.,'ll'Un"1::::~nlfll~t)tJ n\Jn~t).,'I'rIt'~I"'UWUt)I~[J1 

1. fl. '\I. fl. .,'I. 

2. fl. '\I. fl. .,'I. 

3. fl. '\I. fl. .,'I. 

4. fl. '\I. fl. .,'I. 

5. fl. '\I. fl. .,'I. 

6. fl. '\I. fl. .,'I. 

7. fl. '\I. fl. .,'I. 

8. fl. '\I. fl. .,'I. 

9. fl. '\I. fl. .,'I. 

10. fl. '\I. fl. .,'I. 

11. fl. '\I. fl. .,'I. 

12. fl. '\I. fl. .,'I. 

13. fl. '\I. fl. .,'I. 

14. fl. '\I. fl. .,'I. 

15. fl. '\I. fl. .,'I. 

16. fl. '\I. fl. .,'I. 

17. fl. '\I. fl. .,'I. 

18. fl. '\I. fl. .,'I. 

19. fl. '\I. fl. .,'I. 

20. fl. '\I. fl. .:I. 
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. 
4. u _Iou 
'lf6 'i't1i:1''U'i:::1l1Vl1 . 

1. n. X. fl. .:J. 

2. n. X fl. .:J. 

3. n. '1.1. fl. x: 
4. X '1.1. fl. .:J. 

5. n. '1.1. fl. x: 
6. X '1.1. fl. .:J. 

7. n. '1.1. X. .:J. 

8. X '1.1. fl. .:J. 

9. n. X fl. .:J. 

10. n. '1.1. X .:J. 

11. X '1.1. fl. .:J. 

12. n. X. fl. .:J. 

13. n. '1.1. fl. X 

14. n. '1.1. X .:J. 

15. K '1.1. fl. .:J. 

16. n. '1.1. fl. x: 
17. n. '1.1. X .:J. 

18. n. '1.1. fl. X 
19. n. X fl. .:J. 

20. fl. '1.1. X .:J . 

........................................................................................................................
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Engineering Metallurgy 
... 

2.	 • .n1"'~!I'1"Jl1 ~"ll1b'Uvn:::~1"lJ1L'l.l'VI~n~(;l1~tI3l1~(;lf~(;l~1'V1n1nIUtlJ.;j(;l 
. " , 

3.	 'l::~'U'l1!I~"Jl1 Jl1 ~ b1~'l.lVl 2 -D'l.liJVl 2 

.K
4.	 ..,1.1311.1 

5. L'1ft1P1mt1	 68 mULr~'l.l(;lfl'eJ(;1 18 itJ(;11~ 'VI~'Mlj 2 ~1U tJBUii 2 ~1Ur;l'eJ 

itJ(;11~ LLfl:::trn~n'M1~'eJ-1H'L'Jfl1~'l.l~~1'l.l'eJm'Jfl1 3 ~'JL~-1lJi'eJ 

itJ(;11~ 
o ....

6.	 'il1'U'1'U,,",'U'1!1n[;l 3 'VItJ'J~n(;l 

7.	 'iI~nJ.II,,",3J1!1~!I~"Jl1

3. L;hh L~N~h-1"lJ'eJ-1 Lfl'VI:::LLfl:::n11Ln(;1 eJ~ n 

4. L;J1L'"ln11LLtJ1tt1Lfl'VI::: 

5. L;JrIL'"l~-1~~u'1lLfl'VI:::eJ~~ 

6. L;J1L'"l LLeJ'l.lJlTW~~~fl"lJ'eJ-1 Lfl'VI:::eJ~~ 

"'III	 CI"7. L"lJ1 ~'"lLLeJ'l.lJl1'W~~{;Jfl L'VIfln - ~11U'eJ'l.l 

8. L;J1L'"l~fin1ffiU1UL'VI~n 

~ n'M1 LLfl:::!J ntJBmi L~~'J r1U ~tJ n 1NLLfl :::L~1'eJ-1rJ'eJ~HfL'l.l-11'l.l 

Lfl'VI:::~'VI~1 ~ tlJ~~Uii L;-1 nfl"lJ'eJ-1 Lfl'VI::: L~ N~ h-1"ll'eJ-1Lfl'VI::: LLfl :::• 
n11Lfl (;1 eJ ~ n n11LLtJ1ltl"lJ'eJ-1Lfl'VI::: ~~u'1l"lJ'eJ-1 Lfl'VI:::"lJ'eJ-1 Lfl'VI:::eJ~~ 

LLeJ'l.lJl1'Vi~~ (;1fl"lJ'eJ-1Lfl'VI::: LLeJ'l.lJl1'Vi~~ (;1fl L'VI~ n - ~l1fu'eJ'l.l 

n11'eJU1tlLfl'VI::: L'VI~n'VI~'eJ Lfl'VI:::i.)JL"llL'VI~n LLfl:::~tlJ~~U'1l 
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.., ... 
3.	 ~fltJ11!1';1'i11 

~ 
4.	 ,"U.!1U 

5.	 L';I'inPin 'l!t1 

8.	 Fi1'ilfitJ1!111!1~'il1 

04-402-112 Lfl"":::~'Vlm 

METALLURGY 
., 

'ii'll1;~ L'U~1:::~1"l111. 'W~in~ [;]1tl1:::n1 Plilmr[;]1'ii'll1;~eD'W~-:J 

~1"l11'ii'll1'lh-:J Lfl"..::: 
I	 ., , 

fl1,",n11~m~t1Vl 1 eD'WtlVl 

90 ,",1UL1tJ'W[;]fl'el1Jl 18 itl1Jl1tf 'Vl~~D 2 fil1U tlllu~ 3 fil1U[;]'tlitl1Jl1tf 

LLfl:::irn~n~1~'tl-:J1.eif L'Jfl1 ~'Wfiltj'1'W'elm'Jfl1 2 .r'JUJ-:J [;]'tlitl1J11tf 

3 WL,l'JtJn[;] 

1. b;h1."'lLfilN~11-:JeJ~n"lI'el-:JLfl""::: 

2. b;]11."'l~~~"lI'el-:JLfl""::: 

3. b;]11."'ln11LLtl1l,J"lI'el-:JLfl"..::: 

4. ~"'l11ru1L~'tlmLeJ'Wfl1~~~lJlfl"ll'el-:JLfl"":::• 

6. [;]1'J"'l~'tlULfl~:::n~~L"..~n 

7. [;]1:::"..irn~-:Jfil'J1~~1~~"lI'tl-:J-:J1'WLfl"..:::'ii'VltJ1 

~n~1LLfl:::!Jntlllu~L~tJ'Jtiu LfilN~11-:JeJ~n"ll'el-:JLfl""::: ~~~"lI'el-:JLfl""::: 

n1'dLLtl1:;tl"ll'el-:JLfl"..::: LLeJ'Wfl1~~~(;Jfl"ll'tl-:JLfl""::: LLeJ'Wfl1~~~(;Jfl L"..~n 

- fil1fu'el'W LLfl:::Lfl"..:::n~~L"..~n 
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'11 

.K 
4. 'WU.!1U 

5. L';lfi1Am!t1 

I ...

7. ~(;l3.Jo:I'LUJ1!1'i1!1';l"Jl1

04-403-101 

INDUSTRIAL METALLURGY 
0­

1"Jl1:nYlL~'fln 't'l.l'VI~n~[;l1tJ1:;mfll;jmj[;l11"Jl1:nYl-n'l.l~-:I 

~1"lJ11"Jl1·lh-:lLl"l1'fl-:l4'nm~~[;lL'l.l~ 

Jl1l"lm1~nM1~ 1 -i'l.ln~ 1 

90 l"l1UL1tl'l.l[;l~'fl(;l 18 ~tJ(;l1\f V1~'Mn 2 l"l1U tJlj~ 3 l"l1U(;]'fl 

~tJ(;l1\f LL~:;,rn~n~1iJf'fl-:l'tojfL'J~1~'l.ll"lt)1'l.l'flm'J~1 2 -i'J'UJ-:I(;]'fl~,J(;l1\f 

3 'VI'l.l'Jtln[;l 

1. b;h't~Ll"lN~11-:1LL~:;m1Ln(;leJ~n"lJ'fl-:lL~'VI:; 

2. b;h't~~nJ~~~V11-:1n~"lJ'fl-:lL~'VI:; 

3. b;h't~ LLI:-J'l.lJl1Yl~~ (;l~"lJ'fl-:l L~'VI:; LL~:;L'VI~ n-l"l1fU'fl'l.l • 
4. b;h't~m1LtJ~tl'l.ltu"lJ'fl-:lL~'VI:; LL~:;m1'flU'UL~'VI:;~'Jtll"l'J1~1'fl'l.l 

5. ~vin'M:;'t'l.lm1'flU"JL'VI~nn~1 

6. b~'l.ll"l'J1~~1~'lJ"lJ'fl-:lL~'VI:;1V1m-:l1'l.l~[;l~1'V1n11~ 

~n'M1LL~:;tJ~U~L~tl'Jri'U Ll"lN~11-:1 mnn(;leJ~n"lJ'fl-:lL~'VI:; ~nJ~~~ 

V11-:1n~"lJ'fl-:lL~'VI:; LLI:-J'l.lJl1Yl~~~~"lJ'fl-:l~11 L'VI~n-l"l1fu'fl'l.l m1LtJ~tl'l.lltJ 

"lJ'fl-:lL~'VI:; LL~:;m1'flU'UL~'VI:;~'Jtll"l'J1~1'fl'l.l 
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04-402-111 L~'Vl:;iiVlm-:l1U~(;l~1'Vlm1~ 

INDUSTRIAL METALLURGY 

" 
ii"Jl1;-W L~'em 1.U'Vl~n~ (;l11.J1:;n1PlU[JU(;l1ii"Jl1;'W"nU~-:I 

"	 " 
~1".111ii"Jl1'lh-:l LVlf'1ilf'1~(;l~1'Vlm1~ 

..... ...	 I " , 

3.	 ~(;ltJ'l1!1'J1f1 111 f'1n11~mnVl 2 oiutiVi 2 

.K 
4.	 '"\131\1 

5.	 L'J'il1An'l!t1 90 f'11'JL1[JU(;l~'e1~ 18 ~,J~1,r Vl~'MD 2 f'11U u~,~ 3 f'11U(;]'e1~,J~1,r 

LL~:;'I!n~n'M1lX'e1-:11.ejfL,)~1~uf'1~1u'e1m,)~1 2 .r')L~-:I(;]'e1~U~1,r 

3 V1u')[Jn(;l 

1. bejf"I1.IOlLf'1N~11-:1LL~:;n11Ln~~~ml'e1-:1L~'Vl:; 

2. b;)11.1Ol f'JCl.l~~1ThiVl1-:1n~"1l'e1-:1 L~'Vl:; 

3. b;)11.IOlLL~U1l1-W~~~~".II'e1-:1L~'Vl:; LL~:;L'Vl~n-f'11fu'e1U• 
4. b;)11.1Oln11LU~[JU1U".II'e1-:1L~'Vl:; LL~:;n11'e1U"JlUL~'Vl:;'~l'J[Jf'1,)1~1'tlU"	 . 

.,..... 1. .. " 
5. ~Vln'M:; Un11'e1U'UL'Vl~nn~1 

6. b,"Uf'1,)1~~1~CY".ll'e1-:1L~'Vl:;iiVlm-:l1U~(;l~1'Vlm1~ 

~n'M1LL~:;u~1ThiL~mriu Lf'1N~h-:l n11Ln~~~n"1l'e1-:1L~'Vl:; f'JCl.l~~u'1i 

Vl1-:1n~".II'e1-:1L~'Vl:; LL~U1l1-W~~~~".II'tl-:l~11 L'Vl~n-f'11fu'tlU n11LU~[JUiU 

".II'e1-:1 L~'Vl:; LL~:;n11'e1'J'tIL~'Vl:;~'J[J f'1,)1~1'e1U 
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~4'tJ"'C;)'U:i'ffi1tJLui');rtl 'UVI'U.1" ~1'~~fiIfu'l!n~mnLL~~~~uL"'l'Vlnvhu ~1'V1fuitlm:i' ., ... .. 'q
'" , , 

Lffium~tlu"J1c;)i1 Lilu~tln1:i'~tJun1:i'~tlUL;r1J:i'~ntl'Uri'U'i"JI1t~'VI~'i'VltJ1 'VI1tl Metallurgy ~\lLilu 
I I II II 

~tlm:i'LffiuYi4'c;)vi1IJitl"'l1n"JI c;)fltJU'VIU1i1 ~UteA'LLfl n1:i'LlJi1tJ2-J~U\l1U'Vl c;)~tl'U m:i'vi1 ~')Lffiu m:i'•'" ,
ij;l~,)'VIU1\11U ";\liC;)'VItJ1'U iC;)~~L~tJC;)LL~~ic;)~u :i")2-Jt1J~\lm:i'ric;)mC;)LY4tlc;)..tfl:i'\l~11\1"'1~.n1fi1. 
~')tJni\'tl\l"'l~'Vl:i':i'flIU ~1'V1fu LiitJ'VI1'i"JI1Luitlm:i'L1tJum:i'~tlu"JI c;)~ 1J~ntl'Ut1J ;r,)tJ~12-Ji');rtl teA' 

LLfl n1:i'~mn'itim:i'L;jtJuLL~U111"'~2-J C;)~lItl\l L'VI~n-fl1futlu m:i'~nM1 tflN~11\1"'l~111fllltl\lL 'VI~n 
'" 

n1:i''iLfl:i'1~'VI1fl:i'\l~11\1,~.n1f1 iUlJltlUn1:i'1J~~\l1U LL~~;rtlfl,):i':i'~1'\lLum:i"lJ~'~\l1U 'VI1'\I 
I I.., I 

LilUtlth\lu\l~1~tln1:i'Lffium:i'~tlu"JIc;)i1fl\lLilu1J:i'~ttJ"JIu1um:i'~nM1 LL~~1Jn1Jii'U~ ~1'V1fu~Yi~u• dJ .. 
, '" 

L"'I ~C;)1Jl12-JtrnU~tln1:i'Lffium:i'~tlu"llc;)i1• 
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210 

j I~)<)
1 1.$91 

,'~ I.$(XI 

" I, ,, , 

, I 
l.+ Fe)C i 

r---...;:.:.;.::~-....;;;:o"""----1 1130 

I 

y. fc)C 
I 

Aulotelaulc I 

: 
10 partile • 

rr •i\USlentile 
I ~ -ferTile 

[ 
6 • Delta iron L 
CM - Ccmenlilc 

,- -_._._ ... _.._-~_.-"--,_ .. _.._--,._--~ 

y 

I 
I 
I 
I 

I a+ fe~C : 
: : Mapetic dUlftJC ~ Fe~ 

-----~~------ ,~----------------~---~------------l----~!~
O.OO8~ I 4.J • 

240"J ' 

_ non 
:- ~ 

~ 
~ 

. EFe~""""J ~ . ~ 

'Jill ~ 
I 
I 

-j1frO 
727 

, O~ 0 71f 1'1 2 II'J W .at; ~'l 

~--- 1I),pG-Cut«loid ..... 1I)'pcr<Uk"o:loid -,

f.. ~,tc<'1 Ca~1 iron' ..j"'!" 

"'ll.J1'"i!l'l!l 2 lJ~~tJ1tJlL.l~'J~'J;r'il LLI:J'Wl1't'ltUJ~~"lI'iI\lL",tln - ~l1ru'il'l.l 

rl'il'l.l~tGj~).J1~mi1~\I UI:J'Wl1't'l~).J~~"II'iI\lL",tln - fnru'il'l.l (Fe - C) 1'l'J~tA''iI\I~mi1• 
UI:J'Wl1't'l~).J~~t~"'~'IIil~~'l.l 1 ).J1rl'il'l.l L'Ii'l.l UI:J'Wl1't'l~).J~~"II'iI\I V1'i1\1U~\I nlJ ilmn~ (Cu - Ni) 

"'ffi j;1~rr'J nu ~1jn (Pb - Sn) L~'iI~1tJ~'iI~'J1).JdhltGj"ll'il\l~L1tJ'l.l1'l.lLi1'i1\1tA''l.l tGj1mr'l.l~\I~m~1 

L~mnlJL",tln -1'l1ru'il'l.l trltJLt).JtGj1mL'l.l'JVI1\1n11L;jtJ'l.lLf;\''l.ln11Lth..l~'J'tItNt~",~(cooling curve) 

n1';j"Lti'l.l~'J"II'iI\It~"'::;"'~'iI).J~~~1tJ 1'l.l~~"').J1tJ5\1 L",tln tGj1nn1m"'~'iI\I t~tJ"'~'iI).J L",~n1~ 

~~~1tJ~'ilnJ"'llii~\lLii'l.l 1600 °c LL~~tlflJLtl~tJ'l.lLtl'ilfL;j'l.l"ll'il\l 1'l1ru'il'l.l (Carbon) tGj1nl'h~'I!'iltJ 
• OJ OJ 

~~~ (0.008 % C) tGj'l.lm~...r\l1'l1flJ'iI'l.l~).J~'J (6.67% C) bJ~1).J1~tl~~~1tJl'l.lL",tlnl~ l'l.lm~ 

"'~'iI).J~~~1tJ L",tlnl:J~).JnlJn1rufuLtl~tJ'l.lLtl'ilfL;j'l.l"ll'il\l1'l1flJ'iI'l.l tlfl'iltJl~ Lti'l.l~'J~\ltGj1n'ilnJ"'llii 
• OJ 

"'~'iI).J~~~1tJ al'ilnJ"'llii~'1)\I 't'l~'iI).JnlJtGj~U'l.l~nfi11).J'II1~n11Lti'l.l~'J"II'iI\lL",~n - 1'l1flJ'iI'l.l1'l.lVln 1\1 q 'IJ q 

~'J'l.lI:J~).J tGj'l.lm~...r\ll~ul:J'l.lJl1't'l~).JVJ~"II'iI\lL",~n -I'lTllJ'iI'l.l j;11).J~tlnn!J 



75
 

9 

r....................! . 

17 

I [i] 
18 V 1i9l ...................................j /.... ~ j . 

A11.J'i'i!l1!1 3 U11tJ1tJl'l..l,r';l,rIJ;)tl LLCJ'W11~~UJ~~'lItl\lL~~n - 1"11rUtl'l..l (j;jtl) 

Lritl d-~ L~m.lLLCJ'W11~ 'bUJ~~ ~\I~ ~tl\l ~nM1'1l1~11.h:::ntlunum 1L~tJ'1..l tl'l..l~1J LL1n1~ LLrl• 
1. Lt\''I..lj;j1\11~ L~m;)tl\l L"ll'l..l 

o 

Lt\''I..l AO tl~V1~r;u~1Ji3 210 DC 
o 

Lt\''I..l A 1 tl~V1~r;u~1J~ 723 DC 
o 

Lt\''I..l A2 tl~V1~r;u~1J~ 768 DC 
o 

Lt\''I..l A3 tl~V1~r;uWJi3 910 - 723 DC 
o 

Lt\''I..l A4 tl~V1~r;u~1Ji3 1493 DC 
o 

Lt\''I..l Acm tl~V1~r;u~1Ji3 723 - 1130 DC 
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·
 , 
.... I ......" I

2. ~n.l"'J,J3J~1..:J1 V1Lnt.l':l'll'tl..:J L'llt.! 

210°C 

1130°C 

3. i'l':lt.!~~3J'lI'tl..:Jf'l1f1J'e1t.! (% C)(;]1..:J1 ~L~m;rtN L"lit.! 

0.008%C 0.025% C 0.83% C 0.1 %C 

0.18%C 0.5%C 2.0%C 4.3%C 

6.67% C 

4. ~'e1~11~~~111'l1'e1..:JLL~..:J (Solid Solution)(;]1..:J1 ~L~lI':l;r'tl..:J L"lit.! 

a (Alpha) 

y (Gamma) 

o (Delta) 

Fe3C (Cementite) 

5. ~'e1tf'1N~11..:J",~n1 ~L~lI':l-li'e1..:J L"lit.! 

Alpha Iron Ferrite 

Gamma Iron Austenite 

Delta Iron Delta Ferrite 

Cementite 

Ferrite + Cementite 

Ledeburite Austenite + Cementite 

6. ~'tlL1l1m",~n - f'111u'e1t.! ~~':lt.!~~3J(;]1..:J1 L"lit.! 

Eutectoid Steel 

Hypo Eutectoid Steel 

Hyper Eutectoid Steel 

Eutectic Cast Iron 

Hypo Eutectic Cast Iron 

Hyper Eutectic Cast Iron 
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o .... "'" "'"U'VI1J11L'U'UL'iil.:l lJ1il'U'VI 2 

md~mt1tPlN~h.:l"lflll1f'1'll'el'lL",fln - fnfu'elu• 

Ferrite Ferrite + Pearlite Ferrite + Pearlite 

A1t1'i'i!l1!1 4 U11t11tllwX');J'el tPlN~11'1"1flll1fl'll'el'lL"'fln - fl1ru'elU• 
Lri'el L;J11"1'" trnm1L~tJULLCJ'Wl1'V'l~2-J".lfl LLfl::m1n1",ut"l~'ellu~'JUl'h'l1'll'el'lLLCJ'Wl1'V'l LL~'J 

iJI'el'l2-J1v11fl'J12-JL~11"l LritJ'JnU~US1U'll'el'l tPlN~11'1~ Lnt"l~U lULL~fl::' t"l LL~fl::~U~'ll'el'l LLCJ'Wl1'V'l 

tPlN~11'1 Ferrite LuutflN~11'1L"'fln~iJPI'J12-J'e1'elU L",i1m 'll'J'Imnnt"l'WLnu 0.025%C 

~'Jul"..qjlu111'V'l"l::tJ11n!JLiluL~U'll'elULn1U(grain boundary) UU~U~'ll1'J ~'JU't"l~1~'V'lulULL~ 
.. .... .J.... cv.J' cr 

fl::Ln1U P1'el~112-Jfl'YlU (Impurity) 'Ylj;]t"l2-J1nULU'elL"'fln 

tPlN~11'1 Ferrite + Pearlite Li~utPlN~11'1L"'fln~iJPI'J12-JLL;j'l L",i1m 2-J1nn~1tflN~11'1 

Ferrite t\''JU1 'll'J'Imniit"l'el~1~""~1'1 0.025 - 0.83%C 1'Wl1'V'l~tJ11n!J"I::LiluLmu 2 ~ 'lI1'J - ~1 

LmU~'ll1'J "..1'elLmU~~'e1'elUn~1 LtlUtPlN~11'1'll'el'l Ferrite ~'JULn1U~~L;J2-Jn~1"..ffi~~1 LtlU 

tM'I~11'1'll'el'l Pearlite m2-J1b1.l'll'el'l Pearlite "I::2-J1n",1'el,j'eltJ~u'el~nu %C ~CJ~2-JluL"'fln t'l'l,ru 

..l ...: J' . I": ~ 0 J'~. I " " ~ 
L2-J'el %C L'V'l2-J'llU u12-J1n.lLmUt'lt"l1 (Pearlite) "I::2-J1n'llUm2-J ~1.Jt"l'JtJ Cl1'lltl1tJ'llU1t"l'Jl'el'lLn1Ut'l 

~1~'JtJ'fij;]11'lltl1tJ~~'1~U"I::'V'lU~1 lu~u~~1,rutJ1::n'elU~'JtJ ~U"..trn~Ltlu Ferrite (~'ll1'J) ~'JU 
I " I, 

fl1m~uvhJ11n!JUuYlU'll'el'lFerrite LUU Cementite (Fe3C) ;'1LuutPlN~11'1VlLL;j'l2-J1m'V'l11::'el~ 

lU~111'V'l'll'el'l Carbide vhl,", Pearlite (~~1)iJfl'J12-JLL~'1n~1 Ferrite (~'ll1'J) 

Pearlite = Ferrite + Cementite 

=
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Low carbon steel Medium carbon steel High carbon steel 

.cal ~" Q''' I111'WVI 5: LLj;q",'1 LflINJ;Q11'1'flfl1f'l1l'El'lLVltm - f'l11lJ'flU «(;]'fl) 

fi11.J'i'i!l1!1 5 lJ11tJ1tJLU1X',l'if'EI Lf'lNJ;Q11'1'flfl1f'l1l'fl'l LVI~nf'llflJ'Elu 

Lunqtlll'El'l LVI~ mVlUtJ1V1"ffi LVI~ nnt\'l (Steel) L"'tJ~11l.JL ULL~Wll'Vi~~ ~fl"l:: LLti'lnq~ LVI~n 

'EI'EImilu 2 n~~ ~'fl LVI~m",utJ') (Steel) LLfl::LVI~nVl~'fl (Cast Iron) L"'tJrilV1u"'LLti'lm~ %C• 
~ 1.7 V11'E1 2.0%C 41U')U %C ~i.l'EltJn~l 2.0% 4'~'fl~Lunq~lI'E1'1 LVI~mVlum 

LVI~mVlutJ') (Steel) L"'tJtJn~"I::LLti'l'El'Elmilu 3 'Jlil",~'EI 
, ~ 

Low carbon steel LVI~mVlilmf'llflJ'Eluj;]l "I::iJf'llf'IJ'ElUfl::flltJ'EI~1tJLnu 0.25%C LVI~nn~~u 

ehULV1q1"1:: L1tJn~l LV1~ m 'l-Ium Lii'El'l"llniJ41U,)UflIlflJ'Elui.l'fltJ1tJ~1~11Cl 1lJLL;'1 LtJ~tJU 

Lf'lN~11'11~ 

Medium carbon steel L'\.-1~nnt\'lfl11fu'ElutJlunfll'1 "I::iJf'llflJ'flUfl::flltJ'fl~1::V1~1'1 0.3 ­
, ," 0.65%C LVI~nnq~uri,)ULVI'1!"I::L1tJn~l LVI~nnt\'l LU'EI'I"IlniJ41U')UflIlflJ'ElU LnU 0.3% ~'1 

.. .I..l 'i' "'I ''I'''' J' 1"
~1~11Cl1lJLL'Jl'lLufltJULflIN~rI'I LVI~ LVI LLlI'111U '" 

High carbon steel LVI~nnt\'lfl11fu'ElU~'1 "I::iJf'llflJ'ElUfl::flltJ'EI~1::V1~1'1 0.7 - 1.4%C LVI~n 

nq~;1"1::iJ f'llflJ'ElU~l n J;Q lWldCl1'IJ LL'ii'l LtJ~tJU LflIN~11'1LVltlL~ LL'ii'l~u1~~ n~l 

LflIN~11'1L"'tJ1')tlll'El'lLVI~nn~~f'llfu'ElU ( Carbon Steel) ~tJl1n!JLUlll'Vi'Jl'El'lLf'lN~11'1'fllll'Vi 

tJ1::n'EllJ1tJ~')tJ Ferrite + Pearlite ~'141U,)UlI'EI'I Pearlite "I::tJ1nVl1'E1,r'fltJ~U'fl~rilJtJ1~lru 

ri,)U~~~lI'E1'1f'llflJ'flUL ULd'EI LV1i1n ~lU,)Uf'llflJ'Elu~'1tlln~U~ Lmu~iJ~ L;r~ ri"l::~~ n(;]l~ 1tJ~,)tJ 
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Grey Cast Iron 

... <i'.... GI' I111,...., 6: UM1-:J ~PlNM1-:J'~1l1Pl"JI'el-:JL",~m.,~'el 

~1\J"''''!I1!1 6 lJd1111111'1.l~'J;r'el LPlN~~1-:J'"l~1l1Pl"JI'el-:JL",~n"'~'elL'Vl1• 
1'1.lnq~"JI'el-:JL",~n",fl'el (Cast Iron) Yl'"l11N1'"l1mLl:J'l.lfI1Yi~~l'J~'"l::LL1J-:Jnq~L",~n",fl'el'el'eln 

, CJ ... ..l 'I . ..J" 'la'::-" ~.! 1 Ji' CJ'l"''''
'"l1nn~~L",~m"''I.l1l':l'Vl 2.0%C ~'I.l'1l':l-:J"'~-:J'"l1n 2.0%C u'l.l'l.l Pl11lJ'el'l.llJ.J~::~111 'I.lL'I.l'elL",~n ~~ 

.. 'I CJ..... Ji' CJ a' 'I. 'i' '" 'I, '" CJ
L"'~'tl'l.l ~'I.lL"'flm"''I.lll':l Pl11lJ1l'l.l'"l::LLlIn'el'eln'"l1m'l.l'elL'\.olfln u11n!l ~'l.lfI1Yi ~PlNM1-:J'fl1l1Pl~"'L"''I.l 

1'1.lpJ"JI'el-:J m1'lYh, (Graphite) L~1I~1n'"l::'el~1'1.llU"JI'tl-:Jm1'lvh'Ln1~ (Flake) im1N::LiI'I.lL~'I.l~~1 

1I1':lU1-:J i'l.lU1-:J 'el~m::'"l111lJ'I.l~'I.l"JI'el-:JLPlN~~1-:J Ferrite ",1'el Pearlite 

~-:J,r'l.lL;j'elnd1 'lYJvf 'el~U ::U'I.lLL'Vl1nnlJ L~'el L",~n vh1~L",~n~ ~ L~m~~lJ'1i Pl':l1~ L",ilm'lu 

(Ducti Ie) 1'1.lnq~"JI'el-:J L"'~ n'l-lfl'el"1-:J LiI'I.lL",~n~ LL;j-:J LL~::LUd1:: L~'elij LLNa.J1m::vh1'1.lLL'I.l':l"JI'el-:J LL1-:J 

m::LL'Vln (Impack) rivh1~L",~mL~n~n'l~~111 

Malleable Nodular 

.. 'i'.... " I ....111,...., 7: LL~i?I-:J ~PlN~11-:J'~ll1Pl"JI'el-:JL",~n"'fl'elL"''I.lm 

~1\J"''''!I1!1 7 lJ11111111'1.l~'J;r'el LPlN~~1-:J'flll1Pl"JI'el-:JL",~n",fl'elL'\.olilm 
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11 

~,nr'l.lL~,[) LtI'l.lmnJfu LLnflm'Yim1LLlJ1min~111'J1,[)'1L'VI~n'VI~tl ~'1'Yill1l11JJvhl~ n111.,.hr~ 

u11n{ll'l.lflm'Yi Lnll'l ufu LU~1I'l.lLtI'l.ln111vlvf~inMru:;f'i,[)'l.lojf1'1n~JJ 'VI'1'[)1')JJ LtI'l.ln~JJ Lii'[)un~JJ 
" " 

(Nodule) LYl'[)"ll,)1IL~JJf'l,)1JJLL~'1 L'VI\J.m1~nu;'l.l'l1'l.l 

" L'VI~nl'l.lnqJJ\J. ~'1fiJnL1l1n~1 L'VI~n'VI~tlL'VI\J.m LLlIntltlmtl'l.l 2 '1lill'litltl 

1. L'VI~n'VI~,[)L'VI\J.m Malleable 

2. L'VI~n'VI~,[)L'VI\J.m Nodular 

f'l')1JJLLlJ1nlJh'l'JI,[)'1n111vlvf '[)~~inMru:;lui1'1 '1lill'l Nodular ilinMru:;'JI,[)'1n111vlvf~f'i,[)'l.lojf1'1 

n~JJn~1 1,)JJ1ui1'1n11JJijfil'wm1~~1J1 L"ll'l.l L'VI~n'VI~,[)L'VI\J.m Malleable 1~lil1m'VI~n'VI~'[)a'JI1,) 

'Il1JJ1'[)U (Annealing) "'l'l.ln1~~'11~~lU'VlNn111vlvfLii'[)un~JJ ~,)'l.lL'VI~n'VI~tlL'VI\J.m Nodular 

1~"'l1nm1'Vl~,[)JJL'VI~n'VI~'[)aL'Vll Ld,[)L'VI~n'VI~,[)JJ~:;~111 LL~,) ri"'l:;L'VlJ1~~'VI:;~'1LU1fuJ1 ~~'VI:; ~ 
" , 

111111'l.ln'l.lLu1il LLJJn\J.L;lllJJ (M g),)1'1'[)~ri,[)'l.lLL~,) ~l'lllil L'VI~ m'VI\J.m,)1'1l1uHiin-n'l.l'VIil'l 'VIi'l"'l1n L'Vl 

J1~~'VI:;1'l.l~'YiNLLUU "'l:;1~ n·J11vlvfn,[)'l.ln~JJ 

o .... ... ... 
1.J 'VI1Pl'"1 L'L.I 'L.I L'i'fl.:l j;'J 'fI 'L.I'VI 3 

n11ij Lf'l11:;'VI1f'l Nfl11'1'~1l1 f'l 

Ferrite + Pearlite Pearlite Pearlite + Cementite 

"'" 'i''' <II ..1l''nVl 8: LLfll'l'l Lf'lNfl11'1'~1l1f'l'JI,[)'1L'VI~n - f'l11U'[)'l.l 

~''U''!I'!1 8 U11111111'l.ltr'lojftl n11ijLf'l11:;'VI1f'lNfl11'1"'l~ll1f'l• 
th'VIflJn11ijLPl11:;'VI1f'lNfl11'1'~ll1Pl'JI,[)'1L'VI~n - f'l1fu'[)'l.l ~f'lNfl11'1~LU~1I'l.l1Ul'l.lLLlJl~:; 

"ll,)'1~'l.l'[)~nu Lu'[)fLID'l.llJi"'JI,[)'1f'l1 fu'[)'l.l LL~::~ru'VI1Ji1~LU~1I'l.l1U ~'1 L"ll'l.l 
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Ferrite 
- .......... ­

1600 rI------,----­
C 

1400 
C 

1200 
C 

1000 
C •I

BOO 
C 

600 

..OO~---~-- • 
11'1,";1 9: Ufl~'l1f'lNflr1'l'fl1l1f'l'Dtl'lL14flnHypo Eutectoid 

R'1\J'l'l!l'1!1 9 u1:i'tJ1111'l.lir'J;Jtl n11'ii Lf'l11::141f'lNfl11'l"fl1l1f'l Ferrite• 
'i' '" ...... .t 1'" ... .. '" bf'lNfl11'l"ifl1l1 f'l'VI Ln (?)'D'l.l1l111 lJ1 LLe.l'l.l1l1'Yifl).J~fl 'VIf'l11..h::).J1r;u 0.02%C 14ffi'l.ltllln~1 

0.025%C "i1n1l1'YiL~tl1fl14::Vlfltl).Jfl::fl111Ln'l.l~r;uWJi1 1550 DC ut\''JtJfltl1l1mfl14::Lij'l.l~'Jfl'l "i'l.l 

I I " " 

tlr;u141Ji1~1n~1 910 DC fl'lm 141fltJ1::).J1r;u 750 DC 1f'lNfl11'l~hn~;'l.l1'l.l'1l'J'ltlr;u141Ji1U ~tl 

. '" 
1f'lNflr1'l'Dtl'l a (Ferrite) "i::LU'l.lL14flnVi'tltl'l.l L14Um ufl::;'l.lpJl;r~1111flll'1JJ~tl'lHf'l'J1).Jrtl'l.l 

, ...... .:"1 1.t'i' tJ'"
'1I'J1I tl1"i).Jfl11).Jfl'VI'l.lLlJ'l.l'~1 'l.lL'l.ltl bfl14:: 'l.lU1'l 

Ufl::ujflLij'l.l~'l~,h'l.ldh).J11'l.lL'DlJ1 2 Phase ~'fJr;u141Ji1~fl'l 1f111'lfl11'l,,::tJ1::ntlUltJ;r'JlI 

Ferrite nu Cementite Lflm!tltl 



82 

- --.-­ - -.- ­ - -.-- --.--- -. - --.­ - ---­ - --.-- --.-­ ----­ --.-­ 1_ 

IlOO .+r..., 

o 
100" 
I'll 

Hypo eutectoid steel
 
--.­

111,,;1 10: LLt'V1..:J ~Fl·Nt'~1..:J'fl1l1Fllltl..:JL~~n Hypo Eutectoid 

A11.J....!J1!1 10 Ud'ltJ1t1l'w~'Jitl n1'lijLFl'l1~~1Fl'l..:Jt'~1..:J~fl1l1f'1 Ferrite + Pearlite• 
O"''i''' ..J""..r 'I" ..Jo. 1 ... 
t'1~'lULFlNfl'l1..:J'fl1l1Fl'YILnVlll'Wl1t1 LPlLLI:J'Wl1~flJ.J"Jfl 'YIFl1u'l~J.J1Cl.l 0.4 ~ffi 0.5%C 

~1tl,rtltln~1 0.83%C fl..:JJ.Jl ~1n1l1~Ldtl~fl~~~fltlJ.Jfl~fl1t1Lii'WtlCl.l~l1ij 1550 °c LLfl'Jtl~tltll~ 
• 'lJ 

~fl~~Lti'W~'Jfl..:J 9'WfJCl.l'lil.fJi1~1n~1 1400 °c fl..:JJ.J1 ~flNt'l11..:J~fl'lil~9~Ltl~tI'\..lLiI'Wt'l1'lfl~fl1t1l1tl..:JLL;..:J 
o 0 0 

;jLmn~1 y (Austenite) ~ffi Gamma Iron LLfl~LjjtlLti'W~'Jj;JtlJ.J1 ~1n~1 910 DC ~ffi~..:Jn~1 

Lt\''W A1 lh~J.J1Cl.l 750 DC l'WL"lJPl 2 Phase ~f'lNt'l11..:J~ LiiVl;'Wl'W''J..:JtlCl.l~l1ne 
• 'lJ 

;;tl ~flNt'l~1..:J 

lItl..:J a (Ferrite) nu y (Austenite) ~1m~J.J LLfl~LdtlLti'WI'i'J[;jtl'ltltln~'Wm~i..:JL;1LlIPl 
I " I I " 

tlCl.l~l1n~tl..:J ~flNt'l11..:J~~Ltl~t1'Wtlnfl1..:J~i..:J~1n;jtlCl.l~llij~1n~1 723 DC ~1tlLt\''W A1 "ll'J..:Jmfl~~ 
~ ~ ~ ~ 

~~n~f1Nfl~1..:JLiI'W a (Ferrite) n1l Pearlite (a + Fe3C) ~flINd1..:J'fl1l1Fllltl..:JL~~n~Lit'W~~LiI'W 

ft"lJ1'J (Ferrite) LLfl~~1 n~1t1 (Pearlite) mJ.J1Cl.l Pearlite ~~J.J1n;UPl1J.Jt11J1'l1n1'lL~J.JlItl..:J 

flI1rutl'l.l (%C) 
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1000 ')' 

o 
lOOl5 ... 

111~v1 11 : LL~~..:I tfllN~r1..:1'fl1l1f11'J1'il..:lL'VI~n Eutectoid 

A1\J'l'l!l1!1 11 U1111111hl'lr'J;)'il n11i) LfII11::'VI1f111..:1~r1..:1'fl1l1f11 Pearlite 

~1'V1 rutfllN~11..:1'fl1l1fII~ Lii~~Wl1l1llA'LLeJ'IUl1Yl~'-J~fl ~ f'11'J1'il..:l LtI'ilfL;'U~f111fu'il'U 

L~'-J~'U~'il1l1 til'Um::~..:I~..:I O.83%C Yl'il~ n11LU;1I'UtfllN~r1..:1til1n'JI'il..:lLL;..:I 1 Phase 'luLi~J'U 

'JI'il..:lLL;..:I 2 Phase 'VIffi y ---> a + Fe3C UnnW1n11LU;1I'ULLUfl..:lL,j'U~L1l1n~1 unnrll1 ~ 

LVlfll~'illi (Eutectoid Reaction) LiJ'Un11LU;1I'ULLUfl..:l~~ru'VIoQi1~1~~~ 
., , , 

~..:It!'UtfllN~11..:1V1'l~ 'VIi..:ltil1ntfl'VI::Lfj'U~'J~1'U'~ Eutectoid fl..:l'-J1 tfll1..:1~11..:1V1'l~til::LiJ'U 

tfllN~r1..:1'llU~ Pearlite ~~'-J\!1nr 'VI'-J111f11'J1'-J~1hJiltfllN~r1..:1"JlU~~'U'-J1U::U'U tfllN~11..:1 

Pearlite 100% til::Lii~~'U~~'J'W~~'-J 0.83%C L'Vht!'U 
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~oo~--+--

l I , • 
t.(> &(. 8J) 

1 CF. 

600 

1000 
C 

1200 
C 

10400 
C 

1600,----;___­
C 

Hyper eutectoid 

800 

C J-r------'''''''''''''_+_­

L. 
8:; 

11'''.;\ 12: LL~~..:J L~N~11..:J'fl111~"IJ'fl..:JL\olflnHyper Eutectoid 

,hU"i'i!l'!l 12 U11tJ1tJ1'L.l~'J;r'fl n11(h~n::\ol1flN~11..:J'fl111fl Pearlite + Cementite 

~1\olfuL~N~11..:J'f1111fl~ Ln~;'L.l111tJ1~LL~'L.l111~~J.J~fl ~~1'D'fl..:J L1J'flfL;j'L.l1Jl~1fJJ'fl'L.lL ~J.J;'L.l 
• II I I I 

L1tJtJ1 Ln'L.l O.83%C ~'L.l'ltJ LflN~11..:JVi1~n~::L1J~tJ'L.lu1Jfl..:J(;\'fl'h.l L~tJL~'flLfl\ol::Lii'L.l~'JtJ1'L.lL;r1J.J1 

l'L.lL'D~'D'fl..:J Austenite ~..:JLiI'L.l'D'fl..:Ju;j..:J Phase L~m ~'L.lm::i..:JtJ1'L.lLt\''L.l Acm Ln~n1n1J~tJ'L.l 

L~N~11..:J~1n'D'fl..:JLL;j..:J1 Phase 11JLiI'L.l'D'fl..:JLL;j..:J 2 Phase ~1n y ---> Y + Fe3C Ufl::Lii'L.l~'J(;\'fl11J 
, ., 

tJ1'L.lLt\''L.l~n.l\ollJmn~~ (A1)L~N~11..:J'D'fl..:JL\olfln~::L1J~tJ'L.lu1Jfl..:J~n~f..:JLiI'L.l Pearlite nu Cementite 
... _... 

"l'L.lrl..:J'f,j n.l\ollJ J.J\ol'fl..:J 

... 'i'''' J' ~ "'i''''!'I. ,J. 
. mJ.J'fl..:J"l1n111~ ~flN~n..:J'fl111fl ~'L.lVl..:J\olJ.J~"l::J.J ~~N~11..:JLlJ'L.l Pearlite (fl1tJLVl1) 'Cl'J'L.l 

, ., ., 
Lt\''L.l~''IJ1'JVi1J11n!lLiI'L.l L~1'fl'!i1tJffiU 1 Lnrwl!'L.l~'fl Fe3C(Cementite) ~1'L.l'J'L.lJ.J1n\ol1'fll!'fltJ;'L.l'fl~ 

nU~'J'L.l~~J.J'D'fl..:J~1fu'fl'L.l 
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C I". 2% .1",0 4% l% 6% 6.67 

Cast Iron 
- ..... --.....--..... ---.....-- .....-- .....-- .....--.....-­

"11,J'1'1!l1!1 13 lJ11m£J1'\.,l~'J;r'tl n111wVl1'\.,lL\-!~n'l-!fl'tl 

~1'l-!t'lJLflN~h:l,~.nlfl~Lii~~'Wl1£J1I1fLL~'Wl1Vi~).JVJ~ 1'\.,l~'J'\.,l1'tl-1Ltl'tlfLtjj'\.,l~flI1flJ'tl'\.,l~ 

).J1nn~1 2.0%C ~'\.,l1tl ,r'\.,lVl).J1£Jfl'J1).J~1 L'l-!~n~LtI'tlfLtjj'\.,l~flI1flJ'tl'\.,lLn'\.,l 2.0%C mflN~fi-1~ 

tl1::n'tllJ~'J£Jn111WvlLn1~(Flake) Lti'tl-1~1nm1~::~1£J1'tNflI1flJ'tl'\.,l 11.1~1).J11tl~:;~1£J1Mlnli\'tl1tl 

r.;,m~~-1'tl'tln).J11'\.,lltll'tl-1 n111WvI (Graphite) ~1'l-!t'lJn1ri~Ll'il£J).J~'\.,l-11'\.,ltl1::UlVlL\-!~n'l-!~'tl 

'l-!i-1til1ni~CJ-1'l-!U1~'\.,l-11'\.,l1~LL~'J u11tllJ1r'Jtil~'fIlJ~'J£Jnt\''tl..:Jtil~VI1rfll,r Lvm1~~'tl-1U11tlri~~'J£Jn1~• 

" " ,
1l1ViLflN~11-1'~mfl ~'\.,lvr-1V1).J~til::jjLflIN~11-1LtJ'\.,l Pearlite (~1mVl1) fl'J'\.,lL~'\.,l~~1Yitl11n!J 

,r'\.,lf)'tl n11LWvI(Graphite) 4TU'J'\.,l).J1 n'Vil'tlu'tl£J;'\.,l'tl~rilJfl'J'\.,l~~).J1'tl-1fl11flJ'tl'\.,l 
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~11J'i'i!l1!1 14 1J11tJ1tllu,r'J4ftl1J'YIt'lTU 

1'l.l'i"ll1Lfl'\il:i'i'YItJ1 L~m~'Yn:~tlm1L1tJ'l.l m1t'ltl'l.l"ll ~e LU'l.lm1Ul LL~'Wll'Yit'l2J ~fl"lltl..:J 

L'\iI~nrl1Jf')lrutl'l.l (Phase Diagram) 2Jltlfl1Jlmh:ntl1Jrl1Jfll'YiLf')Nt'l11..:J[;]I..:J 1 ~..:Jhl2Jlmrn l'l.l 

m1~mn~..:J"lltl..:JLf')Nt'l11'1,,!flfl1f')lm~wn2Jif')'n2JL4fll"1~~ IA'tl..:Jil~'Jtlth..:J1J1:ntl1Jl,x2Jln 

LLfl:lA'tl..:Jilm11ln1J~'illi i..:Jm1!lnL~tJ'l.lLL~'Wll'Yit'l2J~fl m1iil'\i1'l.l~l1tJ~tlfl1tJl'Wll'Yi LLfl:~tl 

Lf')Nt'l11..:J[;]1..:J1 ~Ln~;'Wllt1llA'u~'Wll'Yi Phase Diagram "lltl..:JL'\iI~n- f')111Jtl'l.l 1J1:LtJ"ll'l1"ln 
, 

~ .. 'i''' 0 "I .,.,... ., "1"1 .. 
~ 

.!'I ~ ., 
m1l'1m~n L1tl..:J"lltl..:J Lf')Nt'll1..:J"Iflfll~'YIrl L'\iI~ L1tJ'l.lL"ll1 L"I L'l.lL'l.ltl'\ill LLfl:Wn2J LlJ'l.l2Jl"lltl..:J U~'l.lfll'Yi L~ 

• OJ 

~ LL[;]t1..:Jtlth..:Jhfi[;I12JLf')1..:1 ~11..:J"I1 n L'\iI~ n [;]1..:J1~ iltl~l'l.lVltl..:J [;I fll ~ fil"Ji~I"1:Ln ~;'l.l[;lI2J LL~'l.lfll'Yi~ 

~m11 L'Yi11:l'l.lwn2JLu'l.l91'..:JLL~'JL'\iI~n~14frl'l.ltl~'YJn'r'l.le 'Wl"JiilLL[;] L'\iI~n rl1J f')lrutl'l.l LV;tJ..:J 

'eltJl..:JL~m u[;]ni1Jilfilj;lLfl'\il:L~tl~'l.l1 ~"I:L~2Jt'l2J'illi"lltl..:JL'\iI~nl,x~;'l.l1J'l.l'eltJtin2Jln2JltJ 
• OJ 

~..:Jt!'l.ltil"1: lm~f')'JI2Jif')'JI2J L;rll"1~~ f')'J~"I:~n111i..:Jfllf')'YI'lMn LLfl:1J~'illi f')'J1J~rl'l.l 

11J ~tl1~e~..:JLU'l.lLV;tJ..:Jbb'l.l'J'YI1..:J1'l.lm1~nM1 Ufl:llni'iLf')11:~~Lf')Nt'l11..:J[;]1..:J1 "lltl..:JL'\iI~n 

L~m~'Yil:Lf')Nt'l11..:J~1J1:ntl1J~'JtJ Ferrite LLfl: Pearlite ~L~'l.li~L"I'l.l1~~~t1~ 1'l.l~tlm1L1tJ'l.l 

m1t'ltl'l.l"ll ~ [;] tl11J"I: Li.l'l.l~'1 m1i'i L~11:'\iI1f')Nt'l11..:J"lltl..:JLfl'\il:L~'Yil:1Jl..:J~'J L"Ji'l.lLfl'\il:~'llI2Jltl1J"ll1J 

L~2Jf')'JI2JLLoYi..:J m:1J'J'l.lm1l'l.lm1tl1J11JLLfl:t'lI1"I1J[;]1..:J1 ~L~m4ftl..:J 'Yi1tl2Jrl1Jm1LUffi1JLVitJ1J 

Lf')Nt'l11..:J"!flfllf')'tItl..:J L'\iI~nritl'l.l"l11J LLfl:'\iIi..:J11JuoYi..:J LL~'J LU'l.l~I~1J[;]tl11J 
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