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Abstract 
Basic electronic laborato1y, Department of electronic engineering, Faculty of engineering, 

Chulalongkorn University. Responsible for the activity of teaching courses, electronic-based 
undergraduate class in years 3 enrolment in each education sector. An experiment about diode 
semiconductor (Semiconductor Diode: SD) is one of the lessons of the course Test tool Multiple 
devices together, such as direct-current power supply source signal on a pamantimitoe-lalot Board 
diode test semiconductor, etc. Trial has found an issue with an undergraduate and related 
undergraduate major issue 4 individual users have a basic knowledge of different Lack of skill in using 
experiment Guide tools available to the poor is not easy to learn or review, and the result of the 
relatively less operating Therefore, they did their research has developed a series of experiments, 
diode semiconductor multimedia interaction to online learning, SCORM standards are wild media 
teaching additional undergraduate learned before the actual trial or a trial review anywhere at any time 
by not limited to laboratory. 

Keywords: semiconductor diode experimental set; interactive multimedia; SCORM; LMS 
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[ \Pl 1 O\PI 'ffl'.i ~.;ii1u1~vrmu l~'W ! Hl-11'\Jlti'.i:; 1J1J1J ~111'.i 'O\PI fll'.i 11 cl'W fll'.i 'ffO'W LMS 

SI 

10. 'VI\Pl'ff01J'\i\Pl'YI\PIM/l\PI 1o\P"l'ffl'.i~'1i1'1-Jll!'lJ1JiJj;j~lJl~cJUOJ:YlJvr'W£ 1J'W LMS !tt~l1cJ'WHl'1l'W 1m:;u'.i:;11J'WNJ;l 
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11\'l1l::1H:J!\)1!111<1::\'l111Jfl!Nfm'lJ0,~111.J'W 

. 
r\1111-1,11iiom11n11u1-1001-1'lm111s1dm .:inf 1.:i 

= ,I o ,lo 
11m1:;11 flWWllff'W Offtll'W fl1Hll u1<1 o.:i 

OOflllUll Story Board/ User Interface 

Nfl\'lO,flth::nou Multimedia 

nf 11 SCORM Package 

1111'1/1 LMS 111-1 Web Server 

JiJ~ 1 1~\91ll'W'Wfll'i1'ijcJ\llllJfrHJ'Ull'W1rl~ 

'\JO..:J m~m'W fll'j''WWJ'W l'U'Yll1 cJ'W 

fllj'YlfftHl-:!Ht'l~Nr;'lfllj'Yl~r;'lfl-:1 

~ 
~ 

Home Page 

1111mm«ornio1-111 u1-1 

lt'W::'W1UY!11U'W 

- r'\101i111m1u1'l/1 

- 1\Jlq1h::mn 

.c:S <::I 'J) <JJ d 

IOflff11l11flU1'1JO,fl11U'Yll1U1-! 

, 
ilmrnmrn,is10.:i 

~ " d 111'1JO!HMfl11'1'11:l01 

-1\Jlqu,::«.:inm,11,is10.:i 

- 111-!::'Wl'J/ffYl\'l<1M 
, 

- 'UW\JlOWU11:lO,fl1111'1'11N 

"' 9 " d ,. -1 , - l;]lJO !'l/111-11\'lHMlJO eiumm 

- fflll\Jl I Ml'lo11mn1,11:10.:i 

' " ' 1ilii 2 lflHiYf1..:i1i10111u'Y111c1umrn~1:10/l~ 1o~m1n..:illl1il1 

'illf11\llt)1h ~ff ..:i fl'\JO..:J fll1 it c1 1 vl O'WWJ'W 1,~'Yl~ 1:10..:i 
11~ 1 o~ ff11 ~..:J\l11'W 111 uutl'1:1~Hh~mJfi'tZ:iJ 'W'W £1 ¥lo fll111 cJ'W f 

'l o' d ,;a 'J/ o' O q ""' l 9/ d , _ J o' 
OO'W 1:l'W\llllJlJ7\ll1';i!l'W SCORM ll'IOfff11'.JlU1:l~ft1l..:Jfftll'Wfl11tU'ill1:lO..:J lft'WO nllJfll'j' 1\ll\llO'Uf1111'lfOlJ\llO(j1Jfl'.itl!\llllJ 

' ' " 
1..:i'il1'1i11!0..:im1'Y1~1:10..:i 'illflfll1'WWJ'Wl-nrhwm ~1ic1'Uo1fti10\l11ocl1..:im1'Yl~1:10..:iu1:1~N1:1mrn~1:10..:i'Hi;in 5 .,ro ~..:iii 

'il1niil~ 3 11ouo1~'Yl~1:10..:i
1l~ 1o~m1~..:i\l11tl1 ~i~oom1urnrn~vrwim1ft~'ilu~1 'W'ff\ll~M'Yl~IUcJ'W11c1'W'1'W 

mritlmc1 llnnffnr.J1 2552 'l~'1oil..:i1'Wuo{~'Yl~1:10..:i'1'Wm111c1ur-l1u
1
hJ11~111,1c1i;inr.Jru~uo{~'Yl~1:10..:i'ildM1i~ 1o~ 4 uuu 

" " ~..:Jllft~..:Jl'Wfl'.iO'IJ1..:J5U1:l~flll'l'Yll..:J'\J11lJO 'U11'1..:J'i'l'O..:J'\JO..:J 'l~ IO~\)mr~f15f1'U'l11~0'\JO..:J biding post ('U'W~~~~ HnuUN'W 

l'lmff~fl '1ft 'U'Wmou 
1
lJj'~m~c1:iJirJ1\ll11:1) 1vlo hi'~11c1'W '1oif'Y1~1:10..:inwvl1..:i1u'\Jo..:i i~ 1o~ '1m1'0..:iilfiu~m1'il! ..:i 1~c1m1'1oif 
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inv'lvJ !!"1~"1'11'! 1 'l'lrn tiYl'J'I.Jl~tnJ~el~'UffHlr911"'l-Hl'J 1Jel{~'V1~"1el.:Ji1~mrluel.:Jrl'U'J~f)el'l.J'ff1U'l1i7.:J'Uel.:J'Jj~'Yl~"1el.:J ll~ tel~ 

.J ~ 0 , ,, ,, ,,, 0 ::'1 ' ' ' 1 "' liJ ,,, ,, 
'ffl'Jfl.:J911U1 !W~ 'lf'ff'J1.:J'fftl1Ufl1'JW'il1"1el.:JluU nnage/graphic !!"1~ ammat10n U'l.J'Vll'Jl'JUelelU WU'IJU LMS ~11'! 

l cilarnrw 

'l,i 1irn: Si 
2 !il!JJ°JJ'W!UOlJ 

nhi~urr~ : LED 

~,J~ 3 1Jel{~Y1~"1el/l~ tel~ffl'J~.:i11hw1 Hi'Vl~"1el.:J'il1.:Jimfo.:ii161J~fll'J l!"1~Hiumnunm,u~1"1el.:J 1-vlelm'J'Vl~"1el.:J 

'l.JU'J~'l.J'l.J LMS 

., 
V f et. I 

2. \111fl£1H'll'Wtl1'W'llfl~ Multimedia 

9/a..<V l1 'J) Q.' ~ 1 ;f d J 91 ';lJ d o'o 
f;;!1'ill'J ~'l'lro!Ul'l/U'ff1U'Uel.:J Multimedia 'UUlJl!UU image/graphic l'l'lel!'lffl'J7.:J!UU'fftl1Ufl1'JW'il1"1el.:J 

1 ,,,_ I O ~ ,. 'l 7 ,,, 'l 7 .J ~ 0 

U'J~'l.J'l.J LMS el.:Jflu'J~flel'l.J'Uel.:J'lj~'Yl~"1el.:Jfll'tt'nJfl1'J'Vl~"1el<ll'Jel.:J ~ !el~ Uelfl'il1fl'l.Jel'J~'V1~"1el.:J ~ !el~fll'Jfl.:J911Ul 91111 

'J'U~ 3 El.:J'U'J~f)el1J$J1vof1'11"111'J'ff1U l'lfU ifo~lJ!91el{ !W111JlJ!91el{ 1111cl.:i~1v
1
lvlm~Ufl91'J.:J 1111cl.:in11il~'trruru1w 

" u u 

elel'ff'lf"1 t"1'fftfl'U mvivJ1~el1J~el1.:J'il'J irw t'l'lrn'Uel.:J elel'ff'lf"1hir1fli11.:i'il'J~ioitY1~"1el.:J ~.:ii1elrl1.:i91rniiJ~ 4-5 

' ' ' 'j'U'n 4 i1elVl.:J'lf~'Yl~"1el.:J 1 ci11 'U'Jl!fl'J"11~fl1'1'1 1!"1~91fll!~.:Jfl1'1'1'illflfl1'1'1cill'J'il1.:J 1ci11ui.:i'il'JM1<ilel!1el.:Jfl1'J'Vl~"1el.:Jvi 1 
qJ ' 
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I ,:, ,:::,, oJ 

l!'tttl.:Jllll'WYltlt!Jt!Jlfil 

'.O . ►l 
~ t l .-
1 

·,v. 
l y·' 

, r 
0 

RL VR 

'M\1'J~HnvimM - , 1 

tr1ahwu'll,M 

eiM'lltiltitrlml 

' ' ' -1"' "' ' 9 SI•;_ I ' ' "" 9 S19 "' " "" "' JU'YI 5 \l110V1-:l'l.f~'l'llWmM l'lf rn'Jllf11"11~J1Tl'H!fl::;\l1flll\l1-:Jf11Vitl1V'ilH l'lf !lfl-:l'ilnl1'lJ01'J0-:lf11'J'l'l~fl0-:l'l'l 2 

- Id ,t ' ' d, ?I .,,_ I ll l d, 0, 0 .. 

'illfllu'l'l 4 llfl'~-:l'lflH'l'1'1-!\l11-:l'l 'lJ0-:J multimedia 9/-:Jlu'l-!0-:lflu'J::;f1fl1J'l.f~'l'l~fl0-:I ~ 10~fl'1'Jf1Wl1'1-!1 l'Vi0 

'W 1 'l 'Lit inumn'I-! f11'Jtl!'il1fl0-:J t 'I-! 'IJ'l'll~ V'I-! '1·11'u'mt0-:imrn~r10-:i~ 1 ft'i,ljJ:lfl'l,Jtl!t 'l-!1-:J'il'J~t i'l'l~fl0-:J'iJ::;U'\'l'l-!~1V0'Umru~f u q 

lj " d l 9 """' 9 " ll-·' .. ' -I .,, " " 0, ' t; ' .,, d"' .,, '1 l 'j::;'l.J 11\illl-Jl'LI'l'l 4 !~V m~l'Jtl'I-! l'lffl'ltl l"ll'lf0l-J\l10°QlJfl'Jtl!l'lJ1~1Vf1'1-!m'l-!'lJ1\l10'1.J'l-!'IJ0'J~'l'l~fl0-:J 'l'll-J"Q'Uf1'Jll!llfl::; ~ !0~ 

~~//li'm:t.1if't)ji:lfllltl!f11f1'1.Jfl1Vii1-:i (image) ~11~'1110\llflll~-:J\lll:t.ll'LI~ 4 1,juimh'l-!'llfl-:J multimedia '111'1ilHtl-!'IJ'l'll~V'I-! 

00u
1
lm1vi11,ju animation ur1::;tri1ifo-:ifl'0~11mm'li'1'1il1~rn~:t.1

1l~ 

'illflf11'Jti~1mh-:iiuri1'1-!'lJ0-:J multimedia ~-:Jllfl'~-:Jt'l-!l'LI~ 4 1fl0'111 l'Lif1'!1-:i tttlfl~l,j'l-!fl'f:11'1-!fll'Jtl! 'il1fl0-:J 

, 11 " _ 1 d di ?I o .,,. o , d9 " 9 "' " d 
'l'i'IJ111~Nr1mrn~r10-:im:t.1iu'l'l 6 9/-:Jlu'l-!f11'J'l-!71fl''l-!0f11'Jfl'71i\l1 1m::;u1f11'J\l101-:l'il'J'l'l 1'lf'l'l~r10-:i 1'1-!'111'lJ0 mrn~r10-:i'l'l 

q9J d ~ 0 9) 0 dq9J~ ..:I 9) \;l.,, t t Id 1119J 
i~v 1'lflfl'J0-:J:t.J0 authoring tools '1'11f11'Jfl''JHllfl::;'l-!1lfl''l-!0l'l'i0 1'111fl~f11'Jl'JV'l-!l00'1-! fl'l-!\l11:t.J'lJ'l-!\l10'1-!0V1-:J\l10!'1-!0-:J 1~ 

Front Panel 'Uel.:J 

Htt~.:i~wivlrmamvii.:i 

_IJ o'o 9J , ~ t ~ q 9J.<:::i.-=::i. \;l 0.1 9) d d 
Ju'YI 6 Nflfl'tl1'1-!f11'Jlll'il7fl0-:Jmti animation fl'71i\l1\l101-:l'il'J lflflfl 1'lf9/flf10'1-! ~ 10~ Si-DI t'l-!'111'lJ01'J0-:Jf11'J'l'l~fl0-:J'Vl 1 
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'\llflru~ 6 ll'ffrl.:JJ\lj;jfll'Jl~;'Wl1t'J'W~l~'W multimedia lrlt'J" image 111:l~ animation 'Yll.:Jl'W'J1llfl'Wl~O'I-Jll'ff'W'e) 

m11um'Jru~11:lMfll'J'fflll\ol~o1.:i'il'J 1r1m1'Yl'W'fflcJ
1
lvh~om.:i'il'J~1cJm'J~11:lo.:i1iY1~onmmhu\ol1lJ.rr1~o~r1~w1 ~.:J~'J~'I.J 

' ' I I I O Q.I' .:::I ci .:.1 ll" "! 
\91lllill'VI 'lf1.:J'J~1111.:Jll'ffrl.:J animation 'UO.:Jfll'J\9101.:J'\l'J'\llfl~rl 1 - 12 \olllli:llrl'lJ '\l~W'fft'J.:J'lJ'J'Jli:l.:Jl'Ul'7 'Ylll'Yl'Jf1 1 111:l~llJO 

animation '\l'Ui:l.:J '\l~"lff t'J.:Jl'll'U'J 'J t'Jlt'Jll'W~'I-J lfll'J 'Ylrli:lMl'Villl~ll 1'iito 1,Y ~!1 t'J'W 'Yllfnllll~l l '\lfll'J~01.:J '\l'J~1t'Jil1!0.:J f10'W '\l~ 

'Yllfll'J l~\olO'lJfl'lJ'lJ'Yll1 t'J'W fll'J'Ylrli:l'O.:J~O 'hJ 

ihuru~ 5 1rlo'fff Nl~'W'ff1ll'Wfll'JW~li:l'O.:Jl~O'fflll\ol~01.:J'\l'J lrlt'Jfll'J~li:l'O.:J'fflt'J l'Vl'J'lJ'UO.:JOO'ff'lfj;j li:l'ff lrnJ 

' ' 'I·" " ' ' ll " w " w w " I "' " I"' 111:l~'fflt'J Yi r11t'J Animation i:llflJ\ll'W~rl\oll.:J'7 rlJ\11:lfll'J'Ylrli:lO.:Ji:lflll'ill~flmt'Jfl'Wfl'lJlu'Yl 6 'Vl'lJJ\11:lfll'J'Ylrli:lO.:J\olllllu'Yl 7 

Front Panel 'llcl-1 

i l ooi:r,!lt11 m:rfotl 

V V 
If r ' 

_Id rlo ':J} .<::'.I. 1 c:i 9).:::,,,:::,, t, . o., 9/ J d 
JlJ'l'l 7 Ni:l'ffm'Wfll'JW'\lli:l0.:Jr11t'J animation 'ff11i\ol\ol01.:J'il'J 11:lOfl!'lfCJ/i:lflO'W lri 1ori Si-D2 l'W111'UO!'JO.:Jfll'J'Ylrli:lM'Yl 2 

d .<::'.I. LI d. d. I r/ O rl"J) 
'\llfllU'Yl 7 'ff11i\olfll'Ji:llfl'fflt'J l'Vl'J'lJlli:l~'fflt'J vl l'VIOl'lf'OlJ\olOQUfl'JW\ollll1.:J'\l'J '\lli:lO.:Jl11\9Jfll'JtUr11t'J animation 

d91d.-:,g 9'.d :V-=s o (lJ 

mm1'lt'J'\llfl'\lrll'Jll\ol'W'Yl 1 11.:J'\lrl'ffrl'Yllt'J'Yl 8 'Vl'JOW'fft'J.:J'U'J'Jli:l.:J 111:l~fll'lJ'J'Jt'Jlt'Jl-fj;j.:J'\Jlfl animation '\l'lJM 
' ' ' 

., I 

3. A10f.lH'UtM User Interface 

'J)=.Q.l'l\9/o w l 9' 5'1 9' o'o 99'~( I d;V.:.1 o 
~1'\lt'J rl'Yllfll'J'VIWJ'Wl\ollll fl'J.:J'ff'Jl.:J sto1y board llJ'Wfll'J'ff'Jl.:J'ffm'Wfll'JW'\lli:lO.:J 11-flu'W'ff1'W'Yl~l'Jt'J'W'Yllfll'J 

~ ' ll" 1 ,/ "" w 9 9/cl "' d 1" ;; \olrl\910 r1 ( user interface) ri t'J'J1lJO.:JflU'J ~flO'lJ'UO.:J'ljrl'Ylrli:lO.:Jl'Ulrl1t'Jfl'W 11111J'W 'lJ'Yl!'J t'J'W 'Yl mmn1 \91\olO'lJ\ollll'U'W\olO'W 'ill fl 

a'o Q.I cl ~ ,:::1 l 9' 1 _9-i (lJ ll ':J} Q.I' .ct o 9 9/91.-::::t .::t ~ d. Q.I .:::,, 9 
'ffm'W fll'J 'ill '\l li:l'O.:Jj;j fllltll~'ffm'W fll'JW fl'Oll fll'J \91\ol O'lJ!li:l~'ff .:JJ\jj;j]J'O'W flj;j'jj rl'Yl'W 'Yl 'Yll ! 11 ~l'J t'J'W ll'Yll.:Jli:l'Ofl!'VIO\olrl'ff'W ! '\) 

vl'm'Wlfll'Jl1 t'J'Wf 'Yll l,r~'Wlflt'Jlli:l~l~ll'i1 flll~fll'J H1r1to.:ii'.lo QUfl'JW!~Ol~OlJ~Ofl'W\olllJ1.:J'\l'J 'ff .:JJ\lj;j ,ir"fll'Jl1t'J'Wr 111:l~ 

-=! ,J ,1 dtl':J} do o ll o ,e:,,, rl ':J}.:::,, ':J} 
'Yl'lJ'Y11'W 'lJ'Yll 'J t'J'W mn'U'W u on'il1nu Ni:l mrnrii:lo.:J'Yl r1'\l 1n'ffmu fll'JW '\171:lo.:i mm'Jt1m U'Yllfll'J 11m 1~111 mnr1m1lli 

l~W~ll~O iiJ'l~ 

'ill flNi:l fll'J'Ylrli:lM\ollll ill~ 6 ~11 t'J'W mm'Jt1~rl\ollllftl~1Jerru \91 O'W'illfl'lJ'Y111 t'J'W~01clo.:i'l iJ'M 1 r1cJ~1i cJ '1~ 

vl'w1mri1'W'UO.:J user interface l~O M1i'ir1iJ6illvl''W1l'J~1111.:J~l1 t'J'Wfl'IJ'lJ'Yll1t'J'W tl~ lrlt'JM"m'J l~OlJ~OQUfl'Jtll\ollllfll'J 

'fflll\ol'illfllU~ 6 'Vl'IJ17Ni:l~'Vlll'illflfll'J M\olorn~olJ~oqiJmwo'll~Ni:l~Olclo.:i ~n11w~~.:i~10ch.:i\ol1lliu~ 8-9 
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. ,, . 
_l-=l ilo .::!9' 3,/.::! ')"9' o Q.J Q.I o f <:!i q 

JlJ'YI 8 vHH'l'fll'Wfll'HU'\ll~fl,;j :IJ'Utlf111:IJ fll'Vi u~g; animation ij!'HJ'W !\91\9lt11J\917:lJm\?11J'U'W\9ltl'WU'Wg;'W71)1tJ!mM !'W 

user interface 
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.d. d QI o' 91 d, r o' w d, 1 d d, ..:::i. o'.d. 
'Olm'U'Yl 9 !U'W~Hll:l'Vni animation '01f1f11'.i !\ll\l101Jl:llf1l:l'll'J!'l/0ll\l100'Umru 11M!'l/0ll\l10!1:1''.i'O !ll0fll:lf1!lllff'Yl 

~ ' 

~ll 1 !!l:I~ 2 !!~1\l11ll~1!'J~ll~ 3 1vl0iJf1J~l!'Jlll!!'.i-:J\ol'W
1
lrn10n 'hr'l\ll !0\ll'Wlfl'j~!!l:I' I (µA) 91-:io1ur11m~!!ff!mJ'l~~ 

~1!!11'W-:J'Ul:lll'J!~ll,1J'W'ff!f1l:l'lJ0-:J!!0ll1Ji'l!\ll0{ !!l:1~01'Wfl1!!'.i-:J\ol'W V (Volt) \llf)fl'J0ll
1
l\ll 10\l11J'W'ff1'W!!ff\ll-:JNl:l'lJ0-:JlJl:l~i'l!\l10{ 

t'lfm~umrlmfoJd1:1~1-:ifl-:i\l1111\l11'.i1-:i~ 1 t11:1~'1Juvinr1111H1o1'W\llnr1i011'l\ll t0\ll\lllll~
1
l~1u\l11'.i1-:i~ 1 i10cl1w1iu 1d0iJf1J 

11'.i-:i1o1u'lrn10ft111mmri-:i~1v'lvlm~11ff\ll'.i-:J'Yl1:1~r1111u'l~r11m~t1ff'Yl1:1~r111rlu 3, 6, 10, 30, 60, 100, 300, 600, 1,000 im~ 3,ooo 

\l1111i111o11J 11il1v~t'lf1rlu '1111 mt1011il ~11~01ur1111'.i-:i1o1u\llnr1i011 'l\ll 10\ll~-crmtunnu 
1
l~\llrnil11o11J 1o1-:i\l11'.i1-:i~ 1 1rn~111n 

d, IV w,::,,, IV Q/ o' I IV .d.,::,,, ;f_ IV IV ,::,,,,::,,, 

Nl:lfn'.i'Yl\lll:10-:J !ll0!!ff\ll-:Jl:lf1lltU~ffllll\llfl11llffll'Vi'W1i'Yl1-:Jfl1m~!!ff I (µA) !!l:I~ !!H\ll'W V (Volt) 'Yl!f1\ll'lJ'Wf11J\l11CJ/l:lf10'W 

1
l\ll 10\l111~-:i

1
l~f1JuH1o1u

1
lrn10ff\ll'.i-:J 1uM1<u'0d0-:imrn\l11:10-:i~ 1 11~'l~r--tmrlu~nllru~i10cl1-:i'lJ0-:im1vl\l1111 '.i'U~ 10-11 

~ 

I <tJA> 3 6 10 30 60 100 300 600 1,000 3,000 

V (Volt) 
0.320 0,361 0.372 0.416 0.445 0.466 0.513 0,646 0.570 0.623 

vs 
tlfo,n 11'i'illumia 

m1vi~ 1 m~1m
1
l\ll !0\ll I (µA) !'lf~l-:Jfl-:J ifo~'W'llf11l!!'.i-:J\ol'W'l\ll 10\ll V (Volt) 1d0iJf1Jr1111'.i-:i'1o1u'lrn10ff\ll'.i-:J 

'01f)f11'.i'Yl\lll:10-:J'Yl 1 

:&l() 

l.."00 

1 ]ID) .... 
(ii 

~ 2L'\l0 
(ii 
r 
::s 

'i 1~00 

i 
f 1000 

5ll0 

0 
()32 0351 03ll 0.57 0.623 

l'U~ 10 Linear Scale fl11ll'ffll~'W'll'.i~1117-:Jm~!!fff11J!!'.i-:J\ol'W 'lJ0-:JCJ1i1n0u 
1
1\ll !0\ll 1d0

1
l~frnm1o1u 'lrn10ff\l1H 

'01f1f11'.i'Yl\lll:10-:J'Y1 1 
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10000 -,-----------------------------------

,...., 
<t 
2, 1000 +-------------------------------:;;,.,,.,.. ____ _ 
1-1 

3 

on 0 351 

d 
lllflflll'YI\Pl&l'el,;J'YI 1 

0,372 OA 16 0.44$ 0AS6 0,513 0,546 

ll'NCll.ltlIDA"lQU"tm10Gl: V(Volt) 

' OJ ' .::::I V 
4. ii!1'elt1H Home Page m;i:::1:::uu LMS flfl'JH'illfl MOODLE 

0,57 

Learning Online 

°'623 

tl!)i'.il!ms5u'lm,sn0n<I' 
~Vil4lhOVilll'U1:iJJ 

tk-ru,ti-.ut"n:fl{Coun;:q $yftabui) 

Q QI SI I 

11l\j~ll1'itl!'UT~)"i':::1J1J LMS 

Link 9110U1~1J'l'l!11Jtlfl01-lfl1Hl~tHl~ 

'l~lllflflW\11 SCORM Package 

11 
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e-Learning for EELab CU 

mhuin 

,luh"i''•'t';l>li\1milt~111ad111, "'"•'<M1n,;,wa+,1> "'J&1AL' l~.'.:12 1tra'"~111wi$-n·::::ndm{:.J 
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(Improvement of a Conventional p-i-n Photodiode to be Used 
as a Nuclear Radiation Detector) 
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Abstract 
The main objective of this research is to design and constrnct a low-cost room- temperature 

charge sensitive preamplifier to be used with a conventional p-i-n photodiode for 950 nm wavelength 
with a sensitive area of 56 mm2

• The p-i-n photodiode was then tested for measurement of alpha, beta 
and gamma radiations from Am-241, Sr-90N-90 and Cs-137 sources respectively. The test results 
showed that there was no response for 5 .49 Me V alpha particle but it was sensitive to beta radiation 
from Sr-90N-90 (0.546 MeV and 2.27 MeV) and gamma radiation from Cs-137 (0.662 MeV). These 
results indicated possible use of the p-i-n photodiode as a beta and gamma-ray detector. It is therefore 
possible to develop a low cost, compact nuclear instrnment using the p-i-n photodiode and the 
designed preamplifier for measurement of beta and gamma radiations. 

Keywords: P-I-N photodiode; radiation detector; charge-sensitive preamplifier 
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1fltv-:ii'.lt1\9l'J 1'il11'1:i-:J i:tu1mftvf 111 ci 1tlli-:i ii'J 1m11 V1-:i 1rn:;; 
1
hhil u~1 Ylv-:iV1t1 fl1J1Jfl fl 1m'llt1-:i11il 1v-:i1u 11 rv Q\ol'ff111mrn 

~iim1:uhilulii'v-:i 1~1r1tv-:ii'.lv111ci1tl hfl\91
1
1\P'l 1 Vl'l'lf'Wl'l p-i-n til'WQUflHl!'l'll-:JOl~flmvu fl'ff'lf'W 1'111~-:i~ii fll'J 1~-:i1u nu 

' ' 9 ' 1 9 '-' ?I ~ ,1 .J 1 1 'l 1 "" .J',,. ~ cl .J t1cJ7-:J!!Vl'J11fllcJ 1'Wf,J\9l'ff111mrn\917-:J") 1\P'lcJ'il:;; 1'lf!u'Wm!'lf'Wl'lft1'Jll'ff-:J 'lf.:J 1~ 1\91 l'l 1t1\'l'lf'Wl'l p-i-n 'W:Uflfl1Jru:;;1tlumrn-:i 

i1'111~iil'Jfll 'ff:U1J~!'W fll';j !U~cJ'W 'fft\)t)jlfll!l'ff-:J 1 tt1ilu i:Yt)jt\)lfll 11 ~vh i#i' 'illfll'Jfll 'ff:U1J~~-:iflci11
1
l#i'ihw.:i1u 11lcJ11fllcJ,ef'W~ 

'JW.:Jl'Wti-:Jfll'J'W 1w11~1\91
1
11'11 Vl'l'lf'Wl'l p-i-n "1'l'll'lflt1-:J11lNflfll'J\olt11J'ff'Wt1-:J~t1flt'WmJ111~fl 

1
l~vl1'lf'W\P'lg'W !'lf'W f .:irlwfl'II 

.J ' tl ..:::::,, J' (lJ QJ d O"tl 9/ I CL/ ll} -~ dli 'J/ t d e. ..:::::,, 
'lf-:J'Vlml hfl\91 \Pl 1t1\P'l'lf'Wl'l p-i-n 'W'fflm'Jfl\olt11J'ff'Wt1-:Jfl1J'J-:J'ff!tlfl'lf l'l 1119l'fft1Jt\JltU'l'17.:J rvJ'l'j1'1'1 ll'lt1t1fl"1'W'W:UU'J:;;'ff'1'11im'Vl 

i11 l'lm 1rn1:;; 1~1\91
1
11'11 Vl'l'lf'Wl'l p-i-n 111J1JJ 1

1
1 U~\] flt1t1 fl!! 1J1Jm 1 tt1 ~1ilui1t'lf'Wl'lft1fo 'ff-:J 1 'W f,J\9l'ff111 mrnSv'ffn 

I I 9J j} 

1uv-:i 'illflii'li'v ~ 1111'111 fl wv VN'Yi vii 1 tt U'J:;;ff'1'11l n 7'\11 ! 'W fll';j \91 'J 1'il1\P'I f-:i i;'t;v cJfl-:J 
1
1 u ~.:iuu l{ 1iim'J fll'l'li' v ~1 fl I'll nci iii 1 tt 

it VcJfl-:J 
1
lil 11fl:;;vv flll1J1J1-:J'il 'j m V11:;;1~t1m'Jt1-:if 1J'fft\jt!Jlru ~ 11 ;'il lflfll'J\olt11J'ff'W v-:i f .:ii:r'Jful'liu~ i:111 iu 'ff-:i ~'il:;;ii11u11 tl':u~ 

'i):;;'fflmrni.'hw1 1~1\91
1
ll'l 1t1l'l'lf'Wl'l p-i-n ll1J1Ji1

1
lu ~.:Jii'jlfll\]fl:IJ7U';i:;;Qfll91H1ilu1111\'l:i.:Jrlu11r1~v1~1il'WQUfl'JflJ'Jlfll 

!l'l'-Mi#! 'illfNl'W11lcJ'Virhum J. Chavane!le 1rn:;; M. Pamentier 
1
l#i't111~1\91

1
11'11t1\P'l'lf'Wl'lll'l:i.:Ji:riuu'J:;;flt11Jfl1JN~fl CsI (Tl) 

tl QJ QJ ci, (I 2) ,J d I 9) 0 q 9/ 0 <19 'J}. A ~ QJ QJ .c:l ~ ll QJ Ci I 9) 91 
U11'1H'ff!!fl:um · 'lf-:J'j:;;1J1Jm1mflt1'W'IJ1-:i11V1-:i 'I'll 111mrn1mu'J:;;Qfl\ol 1'lf!'WlrlHM:Ut11\P'IH'ff '\111 uv-:i:uflt1'W'IJl-:J'Wt1cJ 

I !i/ I I 

!'W'\Jru:;;'Yi-:irniiviilii'v-:ifll';i'W'W 1~1\91
1
ll'11t1\P'l!l1J1J'l11

11 U'H-:J';ilfl1U';i:;;11El'l'1 ri111f 1JH11'1:i.:Ji:r11'lcJ\9l';j-:J 11'lcJiifJtU'ff:U1J~! 'W 

fll';j'J\PJ:i-:Ji:r1m1
1

!~cJ-:J11j(l~fl1111111'1
1
lfl!flt111rn:;;11111'1 p-i-n ivn\91

1
11'11 tl\Pl'lf'W\'11\'l'.i-:Jrl~ii';jlfl1!!'\ll-:J(

3
) !'WU'il~1J'W

1
l$JV11J'Jl 

'W'W 1~1\91
1
11'11tl\Pl!!1J1Ji1

1
1 u ~-:iNi1\9lm!~tlfll';j'J\'l!!'ff -:J';ilrlli'ltl'W'li'1.:iu'J:;;11EJl'l!Ylv-:ii1f1:;;U';i:;;mru 200 1Jl'Yl 'ffl:IJl';jfl'Ul:IJl 

d'q,., cl "" "' ~ 'l" u'J:;;Qfl\91 i'lf 1umrnvrn11Jrntlu1r1'Jt1-:i:ut11\'l \'I 

v ,.I d .c\ v 
1v!Q1J'J~IX-:lrlfll'J1'i1tl 

m 1:udJu m1rn:;; m1:u 'fflflt\J~ -:i flci 11vi11 tt1 nl'lu u 1iil'l 1 u fll'J'l1WJ'W11-:J 'il'J vi~ flm vu fl'ff'IJ cJWi:Yt\Jt\J 1ru ri1u nit 1 

(Charge Sensitive Preamplifier) ''W 11'lcJtltlfl!!1J1J'.i1:Ufl1J'W'W 1~1\91
1
11'11t11'1!!1J1Ji1 iu1m1mu'J:;;11EJ\P'I 'ff111:i1J!~!'Wfll';i1\'l 

r -:ii:rl1J\917 !!fl:Um 1rn:;;1wfl~l 1rn:;;vi1fll'J'Vll'l'fftl1Ji5JtU 'ff:U1J~!'W fll';j\91(11J'ff'Wtl.:J~(lfll';i1\'l:i.:Ji:r'lf'W\'l~l-:J") llfl:;;'111 iuu';i:;;Qfl191H 

9 ?I '°" "" ~ "" 9 '-'9 "' "" 1 'W fll'J v v fl!! 1J1J!u'Wlmt1-:i:ut111'1 ! VIV 1 'lf 1 'W fll'J ! rnu fll'j 'fftl'W 'IJ v-:imm'lfl"l 
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Ai::::t O A A QJ 

11ifll1vll!'l-.!'I-Hll11'ilf.l 

fll'J1~i'-:i~~~tU '\1 i;iiltt'ti-:i~·rn 1 vn91 'l~ 1 tl~ll 'IJ1Ji1 i ill!u iiiYqJt\JltU rnn1u-g-:iowdti-:im111fW111 vl191 ,~ 1 tl~ 
I I I 'j} 

rn-:i'Yi'ltt'-&'ruru1rur10ueu'1-:i1<h m1:;;-&'ruru1rurnn1u'Yi1n~111n\l111 vl191 i~ 1ti~r1tiueu'rnx-:i l'l-:iii'um1l'lti\l111 vJ191 'l~ 1ti~n'IJ 
u u u u 'U 

Q.1 Q.I I 'j} 9) A A QI c' I 9) 9) G) 3/ 
1:;;1J m~ 1-:i 111 '\Jell elftt\JtJ! 1 ru mu 11 u 1 91 ti-:i 91~ 'lf~ nu m1:;; m1 ti tin 11 'IJ'IJ 1:;; 1J 1J m 11~ '\J ti-:i 1-:i 111 '\Jell elmu 11u ll'lti-:i ti ti nu 1J 1J 111 

_SI ~ ~ (4) ~ _Id "' ?I "" 9 9J 
1Jtl-:Jf1Uftqjq]lillrnf11U ~-:!1u'l'l 1 9/-:JluUmel'\Jtl-:J1-:J1l'J'\J0-:J IC 8 '\Jl'lf'l-l~ SOIC (Small Outline Integrated Circuit) !'lf 

£llel'l'ltl-:Jll~-:Jli'lu1-:i1m1u (guard ring) 1fomti'IJ'\JliYt\jqjltU'l'll-:J~lUVUVj91'\Jtl-:J\l11 IC (integrated circuit) l~tiil~'l'ltl'l-l 

Q.I I ~ fl 

ftqJqJltUrnf11U!W:;;91tJM !'11U~m11~'\Jtl-:J1-:J1l'J 

111111111111V+ 

11111111111 V 0 

IIIIIIIIIIIIV-

Hllllll------1 Guard ring ~mi-:i 

111u~m11~ 

-4 5 

SOIC package 

_ I"' ,1 di _SI ~ ~ 
JU'YI 1 llft~-:Jfll'Jtltlflll'IJ'IJ'j:;;'IJ'Uml1~ l'l'itl1Jtl-:Jf1Uftt\jt\jlillrnf11U 

f111tltlflll'IJ'U1-:J1l'J'\JellcJ'ff1U'\1Ul (charge sensitive preamplifier) ~11rluloi'ti-:it~tlfl~'Uf1HUVl~flmti'Wflrl' IC 

da1 '1 9 ~ '1' 0 "" "" • 9J "" _1 -"1 "' ~ 9 9J 9 (Integrated Circuit) '\11:l.Jfnl:l.J !111-lflln~-g-:i 1~elfllU-:Jfl-:Jfllf111:lJ911U'l'll'l-ltl'l-l'Vj'l'l'\Jtl-:J IC tltl1Jl!tl:l.J1J 'lf-:J:l.Jfl !'lf FET 11-lfll'J 

'1 9J 9 9Ja1 cl di l 9 9J ,,,_ I • ' 
tltlflll'IJ'IJ1-:J1J'j !~tltlflll'IJ'IJ 1'\1:lJ'\JUl~l~fll'l'itlfl1l:l.Jft:;;~1f) 'j,jfll'j 1'Jf,nu1rn:;;ti-:Jf11J'j:;;f)t)'IJ'\Jtl-:JIINU PCB (Print Circuit 

9) 9 9) c' QJ ' t:l 'j},::i I 31 \;l 9) 
Board) 9'1tl-:Jtltlflll'IJ'IJ 1m:;;1J1Jm11~ftl:l.Jl'Jfl~~'l'ltlUftqJqJltUrnf11U (n01se) ~~ fll'Jtltlflll'IJ'IJ1-:J1l'J'\JellelmU'l1Ul ~ 

o ,1 ~ ?I _I ' 
fll'\1U~lfltUCVlf111'\JellelftqJqJltUtltlf111JU 2 stage u1:;;mru 10 l'\111 

m1titirn11Jrnrn:;;nf1-:i1-:i111'\JellcJ'ff1u11u1<
5

•
6
> ~-:i11n~-:i911:iJiu~ 2 11~:;; 3 ti1rfoeu'm.1~iu,i1u'\111-:11'\11fl'Wf1111n 

~ 'LI m ru1rn:;; '11 ii'-:i 'fftl ~ "tllflt t)-:j '\J tl-:J ~Nit911'1 l-:J 'LI 'j:;; I '\11 fl'(?) 11'.I 'j,j II U1'1'1 l-:J 1 u fll'j tl tl flll 'IJ rnrn:;;1ii tl fl I if u ri1u Olg nm tl 'W nrl' 

" ' 
il1:;;1f1'1'11-:J 111 'hi 1 m (integrated circuit). 1 u fll'Jtltl flll'IJ'IJll'\111-l fll'J 'l sil1-:i 1l'Jll 'IJ'IJIWfliU iY1Ul~:lJ'4f-:Jiifl11:lJ~-:JellflCJ/'IJ~tlU 

m1titirn11J1JU1:;;nti1J~1el1-:i11rn~n 2 ri1u 'l~un 

l, 1-:!1l'J'\Jellel'ff1U'\1Ul (charge sensitive preamplifier) r11'\1Ul~l'U~el'l-ltlU9l'Jfl~ell'\Jtl-:Ji'-:i~~91flm:;;'l'l'IJ 

1vl19l'l~ !tl~trluu1:;;~ivl'Vl19lflfl':ltl:l.Jfll'Ul'lf191tl1 Cf ll'J-:J~Ultll'Yl'l'j9'1911:l.Jft:l.Jfll'j Vf = Q/Cf r11'ltt'1n~iYqJqJltU"W~rl' 

A .::::.1 ef.d.:::.t Q.I 

U1lflM'J'\11:l.Jfl11:lJ'tl-:J'\Jtl-:J ftqJqJltU fll'IJl1£11:lJ19l'JjlU 50 µS. 

O 'j} d Q.I d.tl 9) I 'j} O ,I 
2. 1-:1111'\Jellel'Jtl-:J (second amplifier) '\111'\11-ll'l'l'\JellclftqJqJltU'\11 ~1llf11-:J1l'J'\Jellclft1U'\1Ul fll'\11-l~lfltUCVl 

' " 
il1:;;mru 10 rvh !~eliYqJqjltU'YiN1um1'\JellcJll~111~iir11f111J11m1'Vl11~:lJ 1rn:;;m1:iJ-g-:J'\Jti-:JiYqJqJltU (pulse height) 191;1-l 

' ' 9) "' 0 '1 - I .. 0 'l- I ' ~ .. ~ ~ '19) 'l"l'Jtl:l.J'\1111:;;Ul !1J'l'l~fttl'IJ'\1'JtlUl 1J9'itlfl'Ulfl'Jtl-:J'\JellelfttUqjltU'\1~fl (pulse amplifier) ~ 
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111:l-:J'ulfl,f lH.Jl:IJl'l.h::;rrn'lJfl'lJ hJh1 ll\Pl IO\Plll'lJmY1 iu1rn::;'1'1\P]'fftJ'lJ'U'.f::;ir'YlTifll~!U fll'.f1\Pl~1EJf-:iiY (radiation 

source) :IJl\91'.fjlU 3 'l/U\Pl~ll\olfl~l-:JflUftOf-:iiY11J\oll (Sr-90) llfl'.IJ:I.Jl (Cs-137) llJ:1::;11mrvh (Am-241) fll'.iOOfl!!'lJ'lJ!rn::;i\PJ 

:r::;'lJ'!J1\Pl!!fl\Pl-:Jli1-:J'lJ~Ofl!\PIO::;!!fl'.f:IJ\oll:JJ'.f'U~ 4 1rn::;u:r::;norntlum10-:if101\P1:1J1\ol'.i1!lU'Yl\PlflO'lJ\oll:JJ'.f'U~ 5 'U'.f::;flO'lJ~1EJ 
"' ~ "' 

1-:J'u'.i'IWWthum!i (charge sensitive amplifier) ~'l'iWIUl,l,l'Vll'l11!1~!'U~EJUOlpnmo-:if-:iiY1iluu:r::;~ llvJvh !!J:1::;~m'li'1t11J 

1r110-:i1-fou1mruf-:iiY (counter/timer) !~0'11lfll'.i'U'lJ1\Pl'U1:IJltUf-:iiY~o~1uiu'Uo-:iir't)Jt!JltU'l'il:l'ff hw1r110-:io1uiuirt)Jt)Jltl! 

fll~ (oscilloscope) '117'!1i!7~!!fl\P1-:J'U1:1JltU'fft)Jt)Jltll'!'il:l'ff~OlUl'U'fft)Jt)Jltll li1-:Jl'U~ 6 !W::; 7 1rn::;NJ:1'ulflfll'.i'U'lJ1\P1~1EJ!fljO-:J 

il'1J1\P1f-:iiYuuvinm11u~m1-:i~ 1 

Radiation Sou/'l'c 

o'\ 
'\ 

T 

I Cf 

Rf 

Charge Sensitive Amp Scrnnd Amp 

JU~ 2 !!i'l'\Pl-:J pin Photodiode'.¥1:J.Jfl'lJ1-:J'u'.f'UEJlEJ'tY1U'l1Ul 

JU~ 3 !!fl\Pl-:J!!NU1-:J'u'.i Photo diode '.¥1:J.Jfl'lJ1-:J'u'.i'UEJ7EJiY1U'!1i!l~U!!'lJ'lJ ~OOfl!!'lJ'I.J!W::;flf1-:i~u~NWfl'U'lJfl~U-:JlU1iEJ 

~ ,::::). -=! o' 
fllf11'l/lU1!fli:lEJ'.i"I ~Wl"I 

Radiation Snul'ce 
0 

"-" 
Pholo Diode 

Preamp 
Counter/ 

Timer 

Oscilloscope 

JU~ 4 !!fl\P1-:J'.f::;1J1Jfll'.f'Yl\P1flOm::;1J1J1\P1f-:iiY~oon111J1J 
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IZ 

nturr,E.mLfufuE,tt,\;J&E-m~tt!l,LU'ttl, L,ttutttp!lu:in,E.&r:-t~1rn[1,l, t~rr,rm ;}PO!poioqd N-I-d s ~p,t . . 

8 ~[l,h~r:-~&tlL!:-ffet[l,l,L!;tE-Lur:-at~~!,rr,rr,~m,!;lrt,1,!~Lrtw,ttt, nturr,E.mLfufuE,tt,\;11:-al}~U~l &urr,~tt!l,LU' 

M,1 LM,!,,l,M,(,,l,!fllflfl,f,ll,(:-(,~~11 fl! (,1,1,fl,fl,jj ;}PO!POlOl.{d N-I-d &!,!,fl,~t1,!l,LU'fl,fl,11Uaa~1 ~(,fl,fl,~J;,ll,(g,l,!~l,l,!,LUUL&!:-~1-l, 
. b fb I I "Lt 7 (6 h (ti (t) 

l£1-S:J LftftU11,1,!!:-Wt~,1,!t-E.~ULU l 1tn.t 
i:::t /1) (6 p t'0 (I) r''.., 06-.1S LWfl,1,1,!f:-Wt~,l,!t-E.~ULU 9 u,n.t 

p ttl (6P ro lb r'" 

V ~[l,1 rtwn~a~t,rtLW ~!j,!l, £ t-~~t-flnlrt~[l,~!,fl,,tl!.LUL!:l,fl,(g,1,!~l,l,(g~j;fl~ijj(,tt~!-fl,fl,~!,~],E.LUt-~,l,l,11 s ~p,t 
I ff; I I 

Ll'UltlL)JfllflMll~L " . 
~1m~01 ~v~UA1 



' .-=t. Q.I ..::g Q.I 

\lll'n:n11 U'W'l'lflrrnmn\91 

' 0 "" "'"' ~1'W1'W'W'IJ/1'Wl'n !!'I-HM fl1 t 'W \91 H 'ff 

Cs-137 lOµCi (ttfl:Wm) 1,246 

Sr-90 l0µCi (tmn) 15,600 

Am-241 l0µCi (mnrvh) 'hJuu1\91f-:iiY 

~l'U~HlOl'J1iU 

Nl:lfll'J'l'l\91l:10-:l'Wl'J~'IJ'IJ1\911-:iiY'Vlf o:wvi'W 1vlh11\91 !tl\91tt'IJ'IJJ1 'hJ 'hJuu1\91'.i-:iiYJ-:i'ffl:W'lf'W\91 fiv Ufl:W:IJl Ol:1111 

ttl:l~t'IJ\lll 'Vi'IJ11vi'W 1 vJh1'1\9110\91 \ll0'1.J'ff'WV-:l~Bfll'J1\91t'IJ\lll 1l~~~i'j'\91 'JO-:ll:1-:i:IJlftB'.i-:iirttfl:IJ:IJl ttl:l~ 1ll'ffl:IJ1Hl1\91'.i-:iiYOl:lvll 

,~ t~V-:l'illfl1Jit1ru'l1Ul~WUB-:i'Yi'W 1vn\ll 'l\91 !B\91 lJW'lf'W'l1'W11h~mw 0.5 :w.:w. N'WflVV~l'W'l1Ul'UV-:11111\91l1ll1-H-:iiYol:1111 
" 

"I ' " 'l· ''l " ' " ?I O cl !:W'ffl:IJl'Jtl'l'l~~t'Ul u \91'illflf)'j ~'IJ1'W fll'j VB flt! 1J'IJ1-:i 'il 'J'UfJW'ff1'W'l1'W ltu'W Nl:l ft'lt 'J 'il 'il~'\'17 t-n't 'W B'Wlfl\ll ft'l:IJl'Jtl'Wl 

Q.I .JI!) I Q.I d. ~ Q.I QI ,::i ,:::,. I ,::f. ,:::,. I d 'j) 

'J~1J1J1\91'W !UVBfltt'IJ1J'J1:Wfl'I.Jtfl'JB-:l:WV1\91'J-:l'ff'lf'W\91\lll-:l'l Bfl'Yll:llfJ'lf'W\91 t'lf'W pocket dosimeter, survey meter !U'W\ll'W 

d. ,:!:{ QI d 'j) .<::!3/ ~ I ,J I I I 

1 \9JfJ'j lfll'UV-:itfl'JV-:1:WV1\91'1'1ft'J 1-:l 'il~:W\ll'W'l'J'W\ll lfl1lfll'JCJW 'illfl\lll-:IU'J~t'l'lft':IJlflfl11 10 !'1'11 

'UeU~'Wel!!'I-!~ 

ii-:iuirm'Jvvmmm~uu1\9111:wnu 1111\ll 'l\911 B\91ttuui1 'luu'J~'ffum1:wrl1t~'il 

tt l;j~ t 1J\ll 1!! l{ 1~\ll l:IJ fl 1 'J '11 lU 'j ~ 'ff'l'l 1l .fl l'Vi tt '/;I~ fl ru 'ff :W'IJ~ 1 \91 fJl;j ~ to fJ\91 ~ B fll 'j 1\91 f-:i iY t ~ B fll 'j 'l'1 \91 'ff B 'IJt t.J~ fJ'I.Jt 'Vi fJ'IJ nu fl ru 'ff:W 'IJ~ 
' ' 

"' 'I' 'I' 'l 'I' d q "9 "' "' "' ' • I ?I ,,: d O ?I d " ' '1·' fl'IJ ivJ !\91 \91 !B\91'1'1 !'lf !'Wfll'J1\91H'ff'illfl\lll-:IU'J~t'l'lft'tu'W'ff-:i'l'l'illtu'W'l'l\llB-:1'1'1\91'ffB1J\llV u 

9 I 'j) 'j) 9 'j),::i d 'J) q ')) ,. I ,I,:::,. d ,:::,. ,I ,:::,. 

! 'W B'W lfl\ll fll'JBV flt! 1J'IJ1-:l'il'J'UfJlfJ'ff1'W '11'Wl\llB-:IVV fltt1J1J !'11:W'U'Wl\?ltl:l fl \911f.lfll'j !'lf~u mru BW fl'l'l'JB'W fl'ff'lf'W \91 

do 099) d. ~Q/d,::i I 'j) ... I l'J) ,::i d lL19J 
Surface Mouse 'lf-:l'il~'l'll !'11!fl'JV-:1:WB1\91'1'1:W1-:l'il'J'UfJlfJ'ff1'W'l1'WlUnflB'IJV~\911fJlJ'U'Wl\91Wfll:l-:i\lll:W !U\911fJ 

flvtvim'ail'U'a~Olf'I 

'UV'UV1Jfllli~lfJ1'ilfJ fllli~1ft'1f)'j'j:IJft'l'ff\ll1 'ilWll:1-:if)'jtll :W'l111'1'1fJlflfJ ~ M fll'Jfl'W'IJ'ff'W 'W'l'l'W1'ilfJ ('l'l'Wi't-:lt'ff1:Wfll'J1'il fJ 
q q q q q 

,:::,. ,I QI ,:::,. QI O Q.I Q.I ,:::,. ,I a' ,:::,. QI 

fllli~1ft'1f)'j 'j:IJft'l'ff \ll 'J, 'l'J 'W 'ff'W 1J'ff'4 'W fll'.i'J 'il fJft'1'11rntJ fll:llf)'jft'lfJ'ff'W 1J 'ff'4 'W) fllli~1ft'1f)'j rnft'l'ff \ll 'J ~Wll:1-:1 f)'j ii! :W'l111'1'1f.lll:l fJ 

1. Stanley Electric CO., LTD, PP602 Through-hole PIN Photodiode/Flat Lens Type, 2004/11/17. 

2. J. Chavanelle and M. Paimentier, Laboratories Imageries et ingenierie pour la Sante, (2004) 102-112. 
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(Development of Nuclear Pulse Generator with Attenuation 
Output LCD Display) 
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'Uflfl~U.m 

d, 0 A Q,I Q.I ilA .<:! ,l'j} Q,I 'j} J d. 0 lil 'I "1 "' 
l fl 'HM flll 'U ~ tHyty ltu 'VHl ff'U 11 fl~ l'J:i\ll'UU 'IJ'IJ \] ff\lillll 'U lfll '.i tltl flll 'IJ1J!!ft ~ ff 'H-1'\J 'U ! vrn 'U1 U ! 'If 'U fll '.i 'VI~ ff ti 'lJ'J ~'IJ 'IJ 1~ 

I o di ,:!:I Q.I A ci, ,I <a' ci, I QJ d ,I ..J 'j} 

U ~~CJ/ti :1J 'IJ 1 i-:i ! fl '.i tl--1 :IJ ti 1 ~ 'VI 1--1 'U 1 ! fl~ l'J'.i ! ~ l'J:IJ ff 1'U !! ff~ --11)-1 ~ fl 1 '.i ~~'VI ti 'U ff ty tyl tu 'VI! ti 1'1'1 'VJ 'VI CJ/--1 fl 1 'IJ fl :IJ \ol 1 l'J 

'1:u im IU'.i!CJ1iY!CJ1t11'1lm\ol 8 'U\Pl Vift1mrnuii-~--1!)-l~ttt1~~~ '\J'Ul\ol 2 x 16 \ll1Bf111'.i mrnf1--11fltt1-:il?i'uu1Juii'H'1ii-ri11~~ 

tlUfl'.ituO!~fl'Vl'.itl'Wfl'ff~ihnv'luu'.i~!'l'lff l1llttfflmn1ii-!1--11f1tt1-:il?i'u111J'IJ~ih1mt1flfl')lfl1'.iUl!'li'11f1ft1--11111u\oltYUmnru 
q ~ u u 

imru11fl~v-f111n\il1-:iu'.i~!'l'lffo--1 10 rvh 

1)-1~ mrn \olfft11Jffm '.i o u~'\J t1-:i 1fltt1-:i 1111 'W\ol fftyty1ru i~ rl'i'.i 11fl~v1 l'i'u 11 'IJ'IJ~ ii-! 1-:iiu 'Vi1J11m:uu o 1 tt 1111i'.i~ 

" "' "' ,/ '\" -'"' "' ,/ 11] ""' I '\" ,/ tl" I " "'~ ,/o, fftytyltu'Vi~ff'IJ1fl!!ft~mJ 1\oll'Jff1:IJ1'.it11J'.i'I.Jfftytyltu!tll'l'l'Vj'l'l !~\Pl--1!!\Pl 0 - 10 !1~\Pl ~tll'Jl--1\]fl\Pltl--1 :IJYi--1fl'lfl-lfll'.i~\ol'Vltll-l 

Q.I QJ efA ci ,I d r/ 'Gt I I I .. I " d rl d, d, r/ d ,I 

fftyty1tu'Vi~ffU1!fl~l'J'.it1t1fl'l'l1t1l'l'l'Vj'l'lt1Q 1U'lf1--1 2 - 1,000 !'I'll fll!1Jt1'.i!CJ1U\Plfl1l:Uflm\ol!fl~0umv-:i ± o.5 1ut1'.it'l/U\Pl 

o O Q.I Q.I ,le:::,, .-:! ,I d. O A QI QI fl Q.I 

flltnflqJ: 'Vi~ff'U111'1M'.i; lfl'.it1--1fll!'U\olfftytyltu'Vi~ff; 'Vi~ff 

Abstract 
A prototype nuclear pulse generator was developed a design and constrncted for maintenance 

and measurement system of nuclear instrnment with attenuation output display controlled by 
microprocessor 8 bit including 2 x 10 characters LCD display, The present prototype was constructed 
by using local raw material and electronic components, hence, the production cost for this prototype is 
lower than an import nuclear pulse generator for 10 times. 

The result of competency on pulse generation show that this prototype able to simulate 
positive and negative pulse. The output signal can be varied from 0 to 1 0V accurately. Signal 

attenuation at output is in a range of2 - 1,000 times. The percentage error is only ±0.5%. 

Keywords: nuclear pulse; pulse generator; pulser 
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r11nuihn.J1Ht1~r111a.JtTlrlty'IJ0~if ty111 
I I I j) 

!'W o-i 111n I 'W fll'.iCJIOlJ'.Ul'.i -11r110-iflo1~u1m~v{ fll'.iffflrJTYI~ l;l o-ifrno~ 11u fll'.i 1.lf rn Yi l'J'lJ!l'l1 o-iflo 1~u11r1~ v{i!u 
q 

' ~ 

'1JJmm'.i ri 1 oiliY!,]JtlJllli 'Wmrt ~l'J\91 '.i -111 rnm'.i 1~f -11Y
1
l$i' 1ilo-1111niYt1Jt1Jllli'Wl;lfl111nr111~f-ii'Him1m111'.itl'.i 1u '11 -l'U'W 1~ 
' ~ 

1'111:I.J~ -l'UO -l'Wl;l fl (pulse height) !!l;l~'eJ\91'.il'W 'lJ'W l;l 'ffCJf-l;'W O ~fl'UfJlli 'ff1J'IJ~'UO-llli''W1ll!'W ~'U o-if-iiY '1111ttfll'.if)l'W111'fftljtljllli 

$i'1mr1 r o-iri1u111 irtljtljllli trlvh (oscilloscope) !~otlf 'lJ!'n l'J'lJ 'lJJmm'.i rivh 
1
l$i' t-i ~ ll~'Wlli' 0'1 I oilei11 f)'.itllfll!'W~ iYtljtljllli 

!~ l'J'W!! 'lJ'lJ 'ff t]jt]j llli 'Wl;l fl (pulse simulator) 111 flrl 11~ f-i iYm!~ 'W ${ 'Will! 'W~ 'fft]jt]j ltll!! 'Yl'W (I) el 11 m ru O ll'W~ iYt]jtlj ltl! 'W i;l fl 

!~l'J'Wll'lJ'lJrl11~f-iiY~{inn'Wmh-11rvr:i11mv~o 'Wl;ll'!/0{ (pulser) 1~v~ei1lm11f'llu~tl!~'Wll'lro-1011u~ir't]jt]jllli'Wi;lfll~l'J'J 

~I tt'.i 1.lirww 1ru 111 flou irww1ru 'w' l;lfl'U o -i r111~ f-i iY~ Nl'Wfl ll'l'Ul'Jlmhu m! 111ii'1 1 ~ vm1J 7'.i ritlf 'lJ'U'W 1~ 'Uo-1r1111J 'ff -l'UO -i 
'll u u u u 'll 

~ "'1 'j) I d 9) 0 QJ ~ ~ I O A ~ QJ a, ,::i .,, QJ I 'J} 'j} 'j) I .,A 
'YHl'ff ~Ol'Jl-ll;l~!Ol'J~ l'l/'1'1'11'.i'Ufl'flrJl'Yl~l;lO-l '11'.iO fll'.i 'l/01J'Ul~ '1ll'l'.i0'11J01~'W 1!\'ll;ll'J'.i ~'1flm11Jl!!l;l1'Ul'1\9l'W !'l/'W ll'l'.i 0'1 

w ,v ii QJ cl a. d , i 'j) 

'Ul'Jll'J'fft]jt]j llli 'YW'ff'11l;l fl (pulse amplifier), !l'l'.i 0'11!1'1'.i 1~'11 !t 'lJ'lJ'l1 ml'J'l/0'1 (MCA), '.i11J'Yl'1\9l '.i111 ffO'lJ fll'.i ff O 'lJl'l111JfJ fl\91 O '1 

'U0'1fll'.i'W'lJ!W~fll'.ii-1nm1~f-1iY'U0'1 otlm ru 'W 'Uf '1 ff!rn~i-inm 1 ~ l'JOlffl'Jl'l'JllJ~'UO-l irwru1ru 'Wl;l ff U11111J'W ii-1mr11~" 
q u u q 

.<:::t. o I J e. cf a. -=:,, o' 'j) cl lclci di d , 'j) o'I ' o ~ 
fll'.i Nl;l\911! l;l~ 11111u 1mm o-:J'l/'W ~'WI 'W!'ll-l'Y'lltl! 'l/l'Jl!l;l1 fl\9171Jl!\9l nm 1m11 vrnu o-1111n1J fll'.i I '1111'.i~ tl'J'l/'W 'W fl~lJ-ll'W 111n~ 

~ ~ 

'1171 tt '.ill'llff -imn trn~ fll'.i Nil\91 M-ifo <u 'Yil~'lJ1ii''Yl~1-11l'.i~!'Ylfl''11>1i1u 
~ 

Q.,I .... I d ~QJ 

1VIQ1Jj~t'I' ~rlfllj1'llEJ 

m11Jt~'W1Jll!l;l~m11Jtl1r1w\Pl-1nci11 11il1vff'W'Ufft1m1uiiv mr1i'l/1u11r1~v{rnr11 u ti;!V r1ru~ifl'1mrnfl'lff\ll:i u q 

I 'JJ'l/ I 

11Wll;l'1mru1J111i'YI v1i1v t-i~h1 'W'W fll'.i 'WWJ'W 11r11 o-i 011u~irwru1ru 'Wl;l'ff'W 1tr1~vfw ;'W !'WO'ff'W 'Uff'W 'W fll'.i 11 vu fll'.i ffO'W I 'W 
q u u q 

I j) j) 3J 

mr1i'lll"1 1 ~l'J"!! 'W'Jft~ I 'W fll'.iO O flll 'lJ'lJ!tl;l~ 'fff 1'1!1'110'1 Oll'W~ 'ffilJt]jltl! o;u l'W'.i 1mtl'.ii'l1 il'~ 'ff71Jl'j rimei11 m11r '11'1'111J~ 
1
1 $i' 

~ ' 

l'WtJ'.i~!'Ylfl''Yl~!!'Yl'Wfll'.i'lf0111fl~1'111'.i~l'Ylfl'CJf'1'.ill'll!!'Yi'11Jlflfl11 10 !'I'll (Pulser Model 807 Canbma Company LTD., 

USA)(Z) 1 ~l'J '1$i'" fll'j OOfll!'lJ'lJ I tt"'W-1 fl'lf'W fll'j '111'11'W!!l;l~l'l 111J!!J.J'W rJl I 'W fll'j 011 'W~i:YilJt]jllli '11~! 'YI l'JlJ fl'lJ~l-111'.i ~!'Ylf1''1110 

muon11 ~-i 'l$i'ooml'lJ'lJ 1tt"m'.io11u~i:YilJilJllli!!l;l~tJf rnh'1$i'i-111~ 0-1 o VDC. !!l;l~"vl-iniu 'ffi'Yl'lll;l~'YIO'W'ffilJilJllli 

'Yl1'100fl 2 - 1,000 !'I'll !!ff~-lNl;l'lJ'W LCD (Liquid C1ystal Display) 'ft1'11f'lJfll'.i!~Ofl'fft]jt]jllli!Ol'\'l'Y;j'Yllttl'l11Jl~'ff1Jfl'lJ'.i~'lJ'lJ1~~ 
,, 
\910-lfll'.i'Yl~ffO'lJ 

~t::::l O ~ ~QJ 

1fiflljvll!'W'l-Hllj1'llEJ 

fll '.i O O fll ! 'lJ 'IJ! W ~ 'ff f 1'1 '.i ~'lJ 'U'J-111 '.i fl ll'J I 'W ! l'l j 0'101! 'W ~ 'ff t]j t]jl lli 'W l;l 'ff'W 11l'l~v{,10 lffl'J~ 0 '.IJ i;l ''W ! 1 'W 'YI 1'1 ! 'YI l'l 'W l'l 111 fl 

.... I rl O .0::::,,. QJ QJ d £:!,. d d 'j) a, I ... I (2) .?1 c::I, l 'J) (3) 
tiufl'.illifll!'W~'fftljt]jllli 'Vil;lff'W'Jll'li;ll'J'.i'UO-lrJNi;!\91\911-lu'.i~!'Ylfl' !u'W!!'W'J'Yll-1 :1J I l'l'.i '1'ff'.il'1\9171J1Jl\9l'.i!l'W NIM (Nuclear 

Instrument Module) 1oilift1~'U'Wl~'ffO-l'lf0'1 l1J~l;l'U0'1 NIM 1Jl\9l'.i'ul'W l'Wfll'.iloil-11mr1fo-1011u~irruru1ru'Wl;l'ff'W'J!l'l~l'J{~ cu c<.l u u 

'J} QJ ... Id .... I 'j) QJ I lil,, ' 
OOfll!'lJ'IJ!!l;l~l;l".il-1!!'1'~'1~-lllJ'YI 1 lJ'.i~flO'lJ~11'J1'111'.i'l1l;lf) 3 i;l"J'W ~!!fl 

1. 1-111'.i 011u~'fft)Jt)Jllli 'Wl;l'ff'W 11r1~v{ m~mu fll'.i 011 'W~'fft)Jt)Jlill 11'.i~ no'lJ$i'1vlli'u 011 'W~!! H\Pl'W o'1-1B>1 ± 10 

VDC ~~ll'Jlttfl'lJ~11li'1t1'Y11'Wtlfmh
1
l$i' (Variable Resistor) 'l/'W~irmo'lJ l~l'J~11li'1t1'Yll'W~loi/11f'Url1'1$i'11~'11l'l1u'1~ri-1N1'W 

~ I ,, ,, ~ ~ ,, ,, "' •- I ,h ,elf ,, ~ d 
!!'.i-l~'W 0-I0VDC '111'111'.i'ff'.il-l'fft]jt]jllli'Yil;ll;l'~'Jl'J'.iWl'Ju'.iO'YI (Mercmy Relay) 'l/'1llJ'W1'111'.i'ff'.il-l'fft]jt]jlllil'l111Jtl 50 Hz 

\9171Jl:1t]ji1Jllli 
1
1'1'h3'1u fll'.i 07! 'W~'fft]ji1Jltl! 'Wl;l'ff'W1!1'l~ v{ 11~ "il flrJtl!~!~'W i:Ytljt]jllli!O fl'lll 'Yi!'W 'W!il'Jl;lffl;lll'J (Decay 

1 'J/ I I I 

Exponential) vl"nm'Ul;'Wu'Ol'Jfl11 10 nS nm'UO'lJ'Ull;l-11'1-l'YI 50 µS 'Yl'fft]jt]jllli'Yll-lOOfl\91'.i-l (norm out) \Pl-ll11'YI 4 
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QJ Q..I ./ o 'J) .d QI I 'J} !1:1 o'OJ .:::::. r/ 
2. 1~'il'Hl~'YlO'W'fftyty7fil'VHH1' (attenuation circuit) 'Yl1'11'W1'Ylrl~'YlO'W'fftyty1fil 2 -1,000 l'Yll ~1VTI~fl'lf'W'ff1'Yl"lf 

4 ~1 1h::::no1J~1v'ff1Y1CJ1 x2, xs, x10, x10 1'1'17 1~vir'~ri1um':ir1~'YlO'W'lJV~'fftyty1ru~N1'W1~'il':irl~'YlO'W'fftyty1ru 

(Attenuation Circuit) 'ii:::: Mir'tyty7fil'Yl1~00fll0TYlVj\91~ (Att Out) 1-vtv 'ltt111m::::'ff:iJfl1J'J::::1J1J1~~1li'o~mrn~ft01J 

3, 1~'il':i'ff11-!ll'ff~~Nrlfl1':irl~'Yl0'W'fftyty7fil 1~'ilnh::::n01J~1v MPU (Micro Controller Unit) '1J1-!1~ 8 'U\91 11r1:::: 
' ~ 

I 'J) <=l.d. QI a., ,::::i, 4 QI I t!:i o 

ft1'Wll'ff~~Nrl~1m!Orl"lf~ 'lJ'Wl~ 2X8 \9110fl'j,j'j (LCD 2X8 Character) 0fl'l1'W~'fftyty1fil 'ff11-!llft~~Nrl'Wf111JfJ:iJf11':i'Yl1~1'W 

~1v
1
l1J hi':il'IV'I-! 1mrirnv1'1lm~ s i'J191 (MCU s Bit) 'il1m'r~fll':i'l11~1u ~~':itl~ 1 mm':it1u1

1
ltl«!1~mt0~rh1ii~ir'ruru1ru 

"' u u 

., ,,,,,. "'"'l"'"' .1d "i 9"'"' .I o'd 11"' 9 .I t 'V'lrJ'ffl-!11\'IM':i ~~~lu'Yl 2 i~v t'lf1'fffj~umru'Yl'l11 ~mv 1'Wu':i::::l'Ylff'Yl~'l11J~ 

+10VDC 

r1 Variable 
Resistor 

Jfl p,oc /1 
I 

12VA;-g _____ __/ 

50Hz__J 

Mercury Relay 

Attenuation 
Circuit 

MCU 
8 Bit 

.:::::. " o' .:::::. O,J 

l'l ru:::: 1ff1 m rn ffl'ff \91 ':i ~ w1ri ~ m ru" m 1 'Yl v1M 
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Ntlfll'a1'lltl 

1rlo--in11u\Plirruru1ruTI1nribir1~t1fnJ~ 2 ~fffNt'W flfl'WllhJ'Yl\Plfftl'IJ~--lnJ~ 3 I\Pltlfll'Ji\P)'j::;'IJ'IJ1\91U'J!fl~d'lu 
u u qJ qJ qJ 

flU'Yl\Plfftl'IJ 1h::;nt1'1J~'Jtl!!'11ci--lnl!U\Pl!!N~'W ivlvhmlll':i,Jl'WU'J!fl~tl11:JJI:)~ (NIM= Nuclear Instrument Module) !~tl~ltl 

!!'j--j~'W
1
Mvh'liYnrnr1~t1--lnl!'W\Pl'ffqjqjltllTimYU'J!fl~t1{~fff1-:ituu~::;1r1~t1-:J~l'Wfll'Y'l'ffqjqjltU (oscilloscope) 'Utl-:J Tektronix 

iu 2465 I 00 MHz '\l'l'IJ11'ffqJqJ1WTI~iY~nl!U\9lniim1ru::;r1JuirqJqJltll!tlfl'l/l'\l'l!'W'W!'Jftl~ffmt1 (decay exponential) nnm'lll 
& 'J} I .d. d d I Ill J. O ,::,,, QI \lJ ctd. 
'U'W'Wtltlfl'Jl 10 nS u~::;nm'lll~-:J 50 µS 'Ylfl'Jl:IJl:1 50 Hz fl-:J'Yl 'illflfll'Jtll'Wfll'Y'lffqjqjlW'illfl!fl'jtl-:Jfll!'W\PlffqjqJltll'Y'l~ff'Yl 

TIWJ'W1~--ii'l..l~ 4 nnt~'Uftl'ffi1Ji1JlWTI~ri'u1o1~::;ft1 t\Plt1'1..lfoft1u1-:i~'WTI~ri'm1'1'1'1'j\ll~1vi111!m1ti~1'lffft\llt1{'il::;'ll'i'irqJqJ1ru 

TI~i'f!tll'Yl'l'j\ll~!!\llfl\911--inu Io ftl'Wl 'l'l..l1~vum1vl'll'i'~-:ii'l..l~ 5 

mr11'1/1u1m~v{ t'Ylfl 1u hri r1ru::;1i'i1mrni'ilff\ll{ ~w1Mmrn:JJ1111'Y1t11iiv 
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'ii 1 ni:rt\j t\J 1 w ~!flt t) -.:i Ill! 'W~ i:rt\Jt\J lW i 'Q rl'u 1!fl ~ c1{iiriw fl 7'1'1 'lJ t) -.:i i:rt\Jt!J lW ~ !! 'Q g; iim1 :w ! ~ 'W ! i-.:ilff'W 'ill f)f)l 'JU 11J 

ilt!Jt!J1W!tlll1'Vj9"l~mn bl'l:JJl'Jtl'U 1 'l U'Vl~n'B1Jf11J!fltti-.:ii'.iti1~'l!'W~tu i~ 1 ~cl'illf1f11'J'Vl~'Qtl-.:J t1~thfft!Jt\J1W (nuclear pulse) 

'illf1!fltti-.:i tll!'W~iYt!Jt!JlW imfl uiJB'W ilt!Jt!JlW!~l!fltti-.:J'lJcllcliltljt!JlW '1Hlf1 (pulse amplifier) ~--llU~ 6 ilt!Jt!JlW 'illf1!flt tl--l 

0 ,::::. Q.I Q) r1d I tl 'j} Q.I d ,I ?1 at. d. 'j} ' 

f11!'W~n't\Jt!J1W '\'l'Qn''W 'i)g;Nl'W f)l'J'lJcllcl ~n't\JtljlW 'Vl!tll'Vl'Vj9°1!1J'W 1U!'l/:W!f11!'l/cl'W (Semi Gaussian) tl~l--l\} f19"ltl-.:J~--l1U'n 7 

'liti-.:iiYt!Jt!JlW~ 2 'lJti-.:imtti-.:irhuitliYt!JtlJlW 1~c1lbliii:-rn~1-.:i1~c1-.:i~ti1g;1J1J1~tu 

l'U~ 6 !!n'~-.:imrn~n'B1Jf11J!fltti-.:i'lJcJlclilt\Jt\JltirH~f1 (Pulse Amplifier) 
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Nuclear Pulse 

Semi Gaussian 

ill~ 7 l!'ff\ol·HYqjqjlj,jj~ftr11llf1Nftfll';j'Y]\•H'1'fl'IJfl1J!flrfl,l'\WlcJ'ffqjqJlm'l1t1fl (Pulse Amplifier) 

d; o ai. Q.I Q.I ,1.::::,,, .::t .,,d 91 ,J o .<:::\ Q./ Q.I ,1 

1l 1f1 Nft fll';j'Y]\o] 'fffl 'IJ!fl 'J fl,:j flll 'W \ol flqjqj 1m vrn fl'W 'J!flft l:J';j 'Yl fl fl fl!l 'IJ'Ull []g;'ff';j lsl'U'W fl1" 1 'J tl flll 'W\ol flqjqJlm ~ ft fl 

'W'Jlfl~i:J{~wll'l'Vj\91 'l~\l'lftfl\o!Vl'Wi-:i«qJqJlmmmtftg;ft'IJ 0- 10 V l\oli:JlJfllfl'Jl:IJN\ol~m\olUfli:Jfl'Jl ± 0,5 % 'Wflf11llfli1v-:i 

fll:1J1'Jt1t'l1 '1 U'Yl\olflflmg;'IJ'IJ1\ol'W1m~v1'l~J-:i 1 u fll'J'lifl:u1'l11-:iirng;mrn\olflflmg;'IJ'IJ1\oll!'Yl'W 1111\ol 1l~flcl1-:i~ttv:u11ftg;iJ 
'JJ I I I 

'J 1mr11u fl vn 11 m 'J CJ/fl 11 lfl\ll 1-:iil 'J g;rn flm fl n 11 10 t vi 1 1u fl mm~ 11 t vi 1 nu 111fl ~ n11 i i'1 fl -:i 111 fl Hi1fl\ol 11 '111 Hi' 
' ' 

CJ i~ d QI 916-oQ.l.:s d-~ 91q ~r1d; ct e:::,,,d 
flll:J !'W iJ ';j g;l'Y] fl'Yl-:i fl'W 'W fl fl 111 f1';j lfll'Yl iJ ';j g;11 i:J\olll m fl" 'fflfl qjfl nil ';jg; fll ';j '11'W" fl fl fl'Jl:IJ 1 ! 'W fll';j iJ ';jg; \olll :!! lfl';j fl,:j :IJfl'Jf'W \ol 'W 

'ffl:IJl';j(;l'Ul lhMWJ'Wl\llfl l'Wfl'Wlfl\91 

'Ufl!l:l''IHJll'W~ 

,,A O ~ Q.I Q.I rl.<:::\ d. ifd · 'i.J· Q.I i 'J} ,:::{ ,/ d QI O <:::). 
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Abstract 

Two purposes of this research, the first to compare the affinity stained slides of two methods 
between Harris hematoxylin eosin prepared by the staff at labolatory room and hematoxylin eosin kit, 
the second to compare the affinity stained slides of these two methods after scanning the stained slides 
with light microscope for a period of time. 

Collected autopsy specimen fixed in suitable fixative, washing, dehydation, embedding, 
sectioning, section affix on slide then stained by the two methods. Routine Harris hematoxylin eosin 
and hematoxylin eosin kit. 

The results showed both methods stained got a good contrast between nuclei and cytoplasm 
and got a good detail of cell strncture. After scanning with light microscope for one hour both stained 
slides still got a good contrast. However both methods stained slides faded after 2,3 and 4 hours 
scanned by light microscope respectively. Both staining methods got the similar affinity. 

Keywords: Lab-prepared Harris' hematoxylin; eosin hematoxylin; eosin kit affinity stained; faded 
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91 "' 301'UTfi cJelll'ff path 2 -

~lll'U 70% acid alcohol I 1u1vi -

95% alcohol I "' 15 imvi 2 'Ul'\11 

"' = "' 95% alcohol II 2 'Ul'\11 15 'J'Ul'\11 

2 mvi "' 100% alcohol I l 'UTYl 

"' "' 100% alcohol II 2 'Ul'\11 l 'Ul'YI 

xylene I "' I mvi 5 'Ul'\11 

"' "' xylene II 5 'Ul'\11 2 'Ul'\11 

" <V 

51 .02 ill'fl 26.40 illTI 'J 'J a.JI Ttl 1'l'l <I 'IUJ \ll 

d . 
'J!~ffl!'.i'ill'LI Hematoxylin and eosin stain mercmy free ready for use (Finished in Thailand by C.V. Laboratories 

co.ltd.) l 'l!~ 'U'.itf1el1J~'JcJ 

Path l (modified hemoxylin solution) 

Path 2 (eosin) 

~il\llelilfll'JUelil'\l\lliY~11{'1lJ'U ~<l!!tl'\ll<l1il\lll'J1"~ 1 

'l ,; ,% di dtl91 91 9 , , , d -=t .J '191 q 91 .,= ~= 
'ff cl~!'UelWeltll'J'.i'\11 ~'illf1f11'.icltllln Hams hematoxyhn !!cit eosm '\il!fl'.iclll'IJ'U 'IHtl-:J 1'U'Htl-:J1JjJ1Jflf11'.i !!ci~f11'.i 

8vlJ~'JcJ'l/~flffl!~'il'.i'LI Path! !Wt Path2 JJ'LI'.i~iY'Yl1lfll'V'll'Uf11'.i~~a1n~!ficJ-:Jf1'U JJ'fl'JllJ!!flf1~7-:i!vlcJ-:i!~f1UelcJ 
1
l~uf1 a q ~ 

0 d &::) d. d ~ d. l<l 9) 'J} I J .A d 9,) 9) ,::id d. q ')) ~ I Cl (lJe::\ I 

hematoxylin 'llfl-:J'lj~'ffl!'.i 'il l'LI 'iltfl~'ff'Yl'U 'J!l'lcl cJ'ff ~!'lll.J f1'Jl'llel-:J!'U tl Wfl'\11 cJtllJ~'JcJ'ff'\11 !fl'.i cJlJ!el-:J ! 'U 11 el-:JlJ !JUfl f11'.i 'ff'J'U f11'.i 

9) d • t J .A d9) ')) d. d d. (lJ 1,;19) 9) I d9J . 0 d d 9,J d 
cJillJ'ff'IJ'tl-:J eosm 'U'U !'UtJWtl'Ylcltlll~'JcJ'ff eosin 'Yl!fl'.icJlJ!el-:J'il~fl~ ~!'1Jllf1'Jl'Ylcltll.J eosm 'J!~ffl!'.i'il!clf1'UtlcJ (fll'.il-:J'\11 1) 

I '3,J T I '3) '3) I I 

111 ml 1 r< i c1 ti Ufl 1vvm 11 vii~ 'il 1f1m18v m1-:i r<v-:i 111 'l 'Liff ml 11'11 lll 1'1-:i 'YI u 'IJ 'tl-:J fl'V'l U 11 r< i c1 ;1 ii mvv m 11 vi rifl-:i i vl 
, V V 

~ 'JcJf)~ t)-;j 'il cl m mu 'Ul'U ~~~ t) fl'U I i'1 lll-:J f11'.i ~ ~ fl'IJ t)-;j f11'.i 8'tlll '\1-:J 'ff il-:J11l v-:i m iiv 'Wt~ lJ f11'.i ~ ~fl'\1-:J, 'U i1'J'U 'IJ t)-;j 
q 

-w111'1~cJr<uc1t 
1
l"!f L 'Yl'V'lmc'iilltf1~11'iv-:ii\'u 'bJiim1rntflf1~1-:i 1rlv1vivu nu'll~'ff 'l c1;t if mtmn11~ ili~1u m1 riv-:i 'l vl~'JcJf1~fl-:i 

q 

u~1rlml l'ff 'lc1t1if tlttflm'J'.i~ 'M'illf1f11'.i 8vll ai-:i'fftJ-:J11l '11.lriv-:i i 'W~'JcJf)~t)-;j ~cl'\11'.i mu 'Ul'U ~~~flfl'U 2, 3 !!cl~ 4 
, V V 

i'11"-:i '\l'l1J11 f11'.i ~~fl'IJ t)-;j fll'.i 8vll '11-:J'fftl-:J11l 'il ~flflcl'1 'il 1-:i Mfllll ih\911J u 'ff ~-:Jll f11'.i 8vl.J '11-:J'ff il-:J11lJJl'I 'Jllll'l-:J'\11 'U 'IJt)-;j a iii 
Uflf1~1-:Jf1'U (fll'.il-:Jvi 2 Uc!~ 3) 
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d. ,.., jct .c:i 'J} cf I ct d ct QI ct , 0 d ,.., I mn:rn 1 !1J'.ic.11Jl'l'lt'.11Jnl'HJtJ:1J'ff'J~'1111-:Jrl' hematoxylin & eosin 'l'l!\l"l':it'.l:IJ!tMn1Jrl' hematoxylin & eosm 'l,/\l"lrl'l!Hl11J 

"' "' fll'jfjflaJ'tY hematoxylin & eosin 'Vit\l"l1!'.l:IJW-:J ff hematoxylin & eosin ffrll!~'il1'U 

" ' "' "' "' 'If llvl'Ufl-:!lllfl!f.lfl 0111 

submandibular gland (dog) 

prostate gland (rabbit) 

penis (rabbit) 

tongue (dog) 
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Vll'jH~ 2 '\il~~tl1Jfl11:Wfl-:J'\il'U'\Jtl-:Jff hematoxylin & eosin 'Yi1~~v:wrn-:i 

r,:,---------------------------------------------~ 
~1'.lw o d.., 'i' .J , \IJ .. .1 CJ/ CJJ d 

r.5 'ill'l-!1'1-!'111 !il-:J't'ltl'tl<l !Y'l1>11£lf1lltl<!~ll't'l'j'jft'I,! 
·~;:f ' 

; 1----C-on_t_ro_l_(O_'lf_.;,1_1_:w_-:i_) ~---l-'lf-.;,1_!_:JJ_-:J __ ~---2-~-1-i:w--:i--~---3-'l/-.;,1_!_:JJ_-:J __ ~---4~i-1-i:w_-:i __ ---1 

(;;: 
Q;:f 
<f' 

~ 

& 
"d 
§ 

eh 
!ii 

"5 
~ 
§ 
s 
"§ 

(fJ 
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Vll'H-'l~ 3 'VI\Pl'i1'01Jl'l11:Wrl-:J'Vl'W'\JD-:JiY Hematoxylin & eosin 'ffl!~'ilill 
"" ~------------------,--~,--------------------------

•~.:, o v ', "' I \JL,f 'JI 'JI d •~§ 'ill'l-fJ'kl'l/1UJ.,'J't'HHl.,'J !Tivl1tlfll;lfl.,'J'i}l;l't'l'J'Hrn 
-;;f----------~---------~--------~-------------------1 
~ Control (0 i'1 l:!J-:J) 1 i'11:w-:i 2J11:w-:i 3 J11:w-:i 4J11:w-:i 
@: 

Q;:l 
<I" 

bl) 
.g 
'--' 
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~ ' ' 
fll'J~el:JJ1ili-1\?l!'Wel!Veltll1'J$i'1l'J11l Harris hematoxylin and eosin stain 'tll\?l~l'J'.lJ!el..:Jt'Utt'el..:iiJi)u~fll'Jlli-!~11lfll'J 

:JI :JI d. o d ... I a ... I ,=-,, -=:.. ,=,, d. d.9 9,J d. QJ 9J .. I,=-,, ClJ.o::). q <J)..e:::t.d 

l'Jel'.lJml'l'Ji~Hl'bl'llHlll Path 1, Path 2 '.lJ1J'J~'i:'l''Yl'liflTl•'H1l'J\?l~Hl'lli-!~'fl1l'.lJl'l..:J'Yl'U'llel..:J'tl' 1fli-l!l'll'J..:Jfl'U '11el-.'.l1J{j'JJ\?lfll'J1l~ 1'lf11ifll'J 

" 'l d,i" l'Jel'.lJll'lJ'lJ '11'Ufl !1'1 
' 

fll'J !~el f111l fll'J ~elml' 1 i-11911 'ilel 1telt111'J tu f1'JJ11!mru ..:i l'U 'll el ..:i ,r el..:JiJ i)u~ fll'J tt'el..:i iJ i)u~ fl l'J ~iiiJ! mru HW 'hl 
q <J) d.'.1/ 0 d ... I 1 ~ 0 . <J) I 1119) ~ d. eS. d (LI di d. d 

'.lJlflfll'J l'lf'Jil'l'i:'l'l'Jel'.lJiYll'J1llll Path 1, Path 2 'U11l~\)flli-lelfl'Ul'.lJll'lf 11111~11 '.lJ\?lel..:J'l/el'i:'l''l'!'Jel'i:'l'l'Jll'l'.lJ'11i-lll'J\911'.lJ11'11ell\91'Jl'J'.lJiY 
:iJ I j/ I 

d QI d. d.d..ti I 0 9 <J) I <J) ... I,=,, Q.I<=\ d.ci,.lat. ~ d.~ 

lel..:J el fl'Yl..:J iY!!i-l~'i:'l'l'J 11'1'.lJ 'Yl'l/el'.lJl ell1l1l~'l1'.lJl'l ellQflel'U \) fl'U 1'.lJ 1 ! 'lfi1'1'U '11 el-.'.lll{J'JJ\91 fll'J 'Yl'.lJll 'J '.lJ ltll ..:Jl'U '.lJl fll'l 1'J li-lel fl'Jil'l'i:'l'f.Jel '.lJ 

d d. q 'J/ ... I-=:,, Q.1,::-,, ,,A_ 'l 9,) lil rl ~ di d I q 3' I I d. <J) 

HaITis hematoxylin eosin 'Yll\?l'Jl'J'.lJ!el-.'.l !'U'l1el-.'.11J{j'JJ\?lfl1'J l'Uel-.'.11llfl !'Ufll'Jl'Jel'.lJiY 1:ll'l!'Uelll'Jeltll1'J'.l-Jl'll 1'lf1lll'J\)flf11l'Jil'l'i:'l'f.Jel'.lJ 

o d o d ... I 
'i:'l'll'J1l'i:'1'1111llll Path 1, Path 2 

"' ~ ,I 
'.lJ'l111'Yll'J11:ll'Jlf11'J\91'Jffl'i:'l'\91'J. 

2. Lee G. L. (Editor). 1949. "Manual of Histologic Staining Methods of the Aimed Forces Institute of Pathology 

fd edition" McGRAW-HILL Book Company, New York. 
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91 
QJ QJO QJO QJ ,::S 

6lfYl't'l~UU)~fJ~rl11Jrltl1~Yi1J'Ul 4 ti~ 'tll'tt11Jfll1rlfl'l:Jlfll'irl11Jrltlfl1~1J1'Ufll1 
q q q 

(Four-tank Level Control Experiment Set for Process Control 
Education) 

..,::i ..:::i, e::f A ,/ ,/ ,::::i CV 

f/11'17'1f1'Jfl''Jn'JWlf/1J f/flJ::'Jfl''Jn'JWfl'1ff"11 'iJl41Mn'JflJ1J111'Jntmw n'J-3tn'W'1 I 0330 
q q 

E-mail: kijchai.k@eng.chula.ac.th 

OJ I 

'IJ fl i11 ~U.I el 
)I I V I 

Acvd, d,QI ~ d:!,,di 3} ,, d, Q.I 

..:Jl'U '"HJ £1'1-H'ffl-l fl 'li~'l'l~'1fl..:J'l'l'Vi WJ '\.-1 l'IJ'\.-1 I Vi flfffHJ 1~1'\.-1 f11'Hl 1'1HJlJ m ~'IJ1'\.-I fll';i ! ~£llJ Jl'\.-1 f11'J'Vi WJ'\.-1 l'il 1 fl 

m~m'\.-1 f11'J ~i\'..:i 11~l~ i''IJ mnHrnJi ..:JI U~£l'\.-lll UM i '\.-11J1..:j~~ m~m'\.-1 f11'J ~i\'..:i'!! m~ '\.-1 m~ml-1 f11'j'j~~'IJ'lf t1..:iu ou~ f11'J 

Q.I .J j/ Q.I : dq d, .::!\ I I a., ,, d O 'J} 

ll 'IJ'IJ'H'11a~ 111 u 1 '11..:iu 1 ~ flt1'1.J~1 aM mi,- 1 'IJ "m1 t'lffl" ~fl'J~ '1111..:iflu 1 ~am~'IJ 1u m1 u mmrn fll'Hl-1 ~ i mi irn ..:i 
' ' ,, 

N'1m~'l'l'IJ'\Jflsi~ 11 (11 'IJ'I.Jl!lvl'ff~h-q~11'1~ll'IJ'IJ 'hJiJ1,fa~1-q~) ~fl'VitJ~m 'J lJ'\JflsJ'J~'IJ'IJ nm1..:i N'1m~'l'l'IJ'\Jflsi'Vi'11~ll 'IJ'IJ 'hl 
d A 9! 91 0 Q.I ' i J'\il 9J ,I 9) ,I d, ~ Q.I A 

IU'\.-ll')Ml'ffl-lU'1~'\Jfl'il1fl~~1sl'l '\.-1 flfl'illfl'\.-ll-l'li~f11'J'l'l~'1flsl'\.-I ~U'J~ ~fl~ hf.ju flHIHl'1~H'l'JflsllJfl1~ i l-lf,j~'ffl'H mrn'ilH !Ill~ 
V ' 9,1 !JJ ,, 31 

,~'l!~fl1'1.JfjlJ l£l lflf1111 CENTUM CS3000 'IJ'l'lfl11lJ1r!~t1n'IJ1£J'J~'IJ'IJ'Vi'VlWJ'\.-11,i'\.-l'J1l.J'tlslvil-lJll-lf11'J~~~..:im~ml-lf11'J 

ll 'IJ 'IJ Nflf11'J 'l'l ~ mN~sl * 1tl' '\.-1 f11'J 'WWJ '\.-1111 'IJ 'IJ ~ 1'1 tis! fl £11..:i~ 1 m ~fl, ~I ~'\.-1 'tY'J'\.-1 'H-ds!'IJ flsl1'lf1 f11 'JU 6 u~ f11'J '11111£1 

rlltllflqj: 'li~'l'l~'1flsifl1'1.JfJlJ m~mu m1; Vi'11~'\JflsJ m~mu m1; 'J~'IJ'IJ~ir..:i; f11'Jflfl147f11'Jfi1'1.JfJl.lm~mu m1 

Abstract 
In this work, we present an experimental set developed for process control education. This 

process is based on the four tank process with some modifications. The four tank process is a 
multivariable laboratory process of four interconnected tanks that can be easily configured to exhibit 
the effect of multivariable zero (minimum and non-minimum phase) on the system behavior, as well 
as the effect of non linear dynamics, constraints, etc. Fmthermore, the experimental set has been 
implemented using industrial instrnmentation and Y okogawa CENTUM CS3000 for the control. In the 
paper some of these are described together with the basic setup of the process. Laboratory exercise 
focusing on empirical model development is developed as part of a coutse in the unit operation 
laboratory. 

Keywords: process control experimental set; process dynamics; four tank system; 
process control education 
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r111milumm:i~r111:1-nhr1ru6Uij~if ru'tt1 
u u 

'J) d 9/ I O d, I l I -' Q e. .e:::i, l 
\ll 0-.'.l fl1';i';i~'IJ'IJfl1'1Jl'j:IJ'YI \] mHJ..'.lllfl~ll'.I.JlWl '1/..'.l 'il~ 'ff ..'.l Nfl ! \olV\llN\lleJ1J';i ~'ff'YI 1l fll'Vi'IJ 0-.'.l fl';i ~'IJ1U fll';i'Nfl\ll \ll flO\ol 'ilU fl\ol 10 fll'ff 

1 e. d .ej e. -=ii 1 9/ 9/ d QJ ;; 1 .di ,:::S .-::::l O f'I 
U m';i lfl\ol fl1l'.I.J! 'ff VVi WVi ';i 01'117'.I.J Nl'l 'Vifll\ol'IJ 0-.'.l f)';i ~ 'IJ 1U m';i Nfl\llfl..'.l Vi UV V'YI f{l'l \ol ..'.l U U Ufllfl mrnm,n 'il..'.l '.I.J 1'117'.I.J 'illl 1JU 

I ~ d 9/ e. e. 1 9/,::::1 'J/ 'J) 'l 'l dt QI e. 
OVH V..'.l'YI 'il~\ll 0..'.l Nfl\ll1ft'1f)';i Vi '.I.Jf111'.1.J lllfl ~1'111'.I.J! 'Ill 'il U! ';if.J..'.l 'Vifl 1\ll 'IJO ..'.l m ~'IJ 1U mrnfl\ll!I fl~ m ';i fl1'1JfJ'.I.J fl';i ~'IJ1U 

,:::,, i~dtd ')) I d,e.OJ QJ I dt 'J) 

m ';j Nfl\ll 'YI .:iw'Vio 'YI 'il~ mm ';j m1ni:Jty117\ll H 'l 'II .:iml'l fl'IJ n 1r1 ~\ll mtt n ';j ';j :w\ll fl Ol'l 'il u m:w 7 ';i 1,1il ';j 'IJ!l\ll..'.l ';i ~ 1J1Jf111JfJ'.I.J! 'Vi o 111 

~ 'l 9/ mm~'ff:wn1J~\llm11mrn l'l 

d J' 'j/9/ d 9/ ct QI = e. , 910.1 e.e. 

'lu nn 'YI 'il~~'Viu;g1u m1:wi l'l 7U ';j~'IJ'IJ mrn11JfJ:W m~1J1u m';i 'YI 1 flfllfl v.:i fl'IJ m ~1J1u m';i Nfl\ll'il';i .:i 111 fl'IJU 'ff\ll 

.,\19'.:::i.e. 0 3,1dtl'J)lt] rl'J) 1 'l'J)e. t d Q.I 

l'ViO ttU'ff\ll'fflm';i1,1mm1:wi'YI l'l 1 'LJ'LJ';j~~fl\ll l'1mu UfJ\ll'fflttmrn l'l'ilNUU 'J[l'l'Yll'lflO..'.lm';i'Yl'il~'ff1:wnmo.:irniilu1J1J 
j) I I 'JI jl I 

fll';ifl1'UfJ:WU 'IJ'IJ~7.:i'l i.:iu~u 1J1Jir1~1v 
1
l il 'il u ii.:iu 1J1Jir1J'.im1:wi1Jcff ou i.:iurvfo 'l tt 'W'ff\ll 'ffl:W nm~roiu 7'11 flll~ 'l u fll';j r11'1JfJ:W 

" 
m~mu m';j 'l u 11mn11mvi ilu 1J'IJ!rn~uon'il1nu uil'.:imm';i1,1i'l l'J[l'l'Yll'lflO..'.l 'l ilil';j~~n~1 ~1 u.:i1u 1iv~1.:i") 'l${ 

'lfl'l 'YI l'l flV..'.l 5 .:i m1Jr1m ~~ mf 1 4 5.:i ri111 f 'IJ fll';j ffflll 1 m';jm1Jr1:w m ~ mu m';i t rlu 'lfl'l 'YI l'l fl o .:i ~ .:i mm~ 'ff:w~ o 
q q q q 

m';j 'l ~'l u m';i !~ vu mrnou 1~0..'.l'illfl';i~mu m';i 4 1:1..'.l ,!wrlu m~mu m';j ';j~~'IJtt o.:iilfiu9i mm 'IJ'IJVifllVi111 'LJ';j 

~..'.l'U';i~flo1J${1v1:1.:iJ1 4 5.:i ~J'.inm~o:w~o';i~Vi1Hnu ll'lVm~munnilm:wnrn'lrnul'l Mu'ffl'l..'.lNflm~'Yl'IJ'IJV..'.l'lf h 

(u 1J1JJ'.i11fo~1f!l'llrn~u 'IJ'IJ 'l:iJJ'.i1vl'ff~lf!l'l) ~ O'VitJ9lm ';j :W'IJO..'.l';i~'IJ'IJ ';j 1:wvf .:i rrn m~'Yl'IJ'IJO..'.l'Vifl'J\llU'IJ'IJ 'l:iJ1rlwi.:i1a'uufl~ 

<ilo~1nl'l~w7 i${ 

" " ' u v fl'il lfl'W 'J[l'l'YI l'lfl o.:iii'.:ir11'Ul'Jm~~'IJ'W 1 4 5.:i ri111f 1J m';i fffl1l1fll';i fl1'1JfJ:W m~ mu fll';j il'.:imm';i 1,1 'l ~1v1offnm 

';i~'IJ'IJflUf11'1JfJ:WU'IJ'IJ~W7 'l~ vf .:im';if11'1Jfj:WOl:J7..'.l~W~..'.l!i:Jl!ll'IJ'IJ Single Input !!fl~ Single Output (SISO! 11!0 

m';ifl1'UfJ:W ~.:iiir111:wi1Jcffowrn~1rluu1J1J Multi Input Multi Output (MIMO) 

" " ' " " 
U Ofl'il lfl'W 'J[l'l 'YI \olfl 0-.'.ll:l ..'.lfl 1'Ul'J '.I.J ';i ~~'IJ 'W 1 4 

Q.I o a., .di d Q.I .di d 

1,1 .:i m11';j1Jmrnn111 m rn 1'UfJ :w m ~ 1J 1 um ';i 'YI 'Vi roi l.11 'IJ u u 
'J) ,I 'J) Q.I ,::!! I 1 I ;; lJ 'J) 3) 

'LJ';i~ flO'IJl'l1V 2 O..'.lfl'U';i~flO'IJ\ol1VflU flO mu fl1'UfJ:W!lfl~'ff1U m~'IJ1U m';i 'l u 'ff1U'IJO..'.lmrn11Jfj:WU l!l';il ll'l t 'If Distributed 

Control System (DCS) 'IJO..'.l YOKOGAWA iu CENTUM CS300 1i:Jui1r11'1JfJ:W!lfl~lU't'Y1U'IJO..'.lm~munn,!u 

'LJ';j~flo1J${1v ii'.:iJ141:1.:i 

v ... I d t::l.v-

'J~QU1~~~rJ6Uij~fll1'Ji~ 

1. 'ff f 7-.'.l'J[l'l 'Yll'l fl o .:i ri111 f 1Jff fl1J1Vil'Vifl 1\ll'IJ o .:i m ~mum ';j 

2. iroimin11~ 1 u mrnf 1.:iu 'IJ'IJ ~1flo.:iV11.:ir1t1i\llfl'l'ff\ll{'l tt n'IJ'W'ff\ll 

3. iroimi n11~ 'l u fll';j m'Ul'J:wm~mu m';j 'ltt n1JuiY\ll 

~.i::::t .C::.,OJ 

Tfifll11i~ 

9/ dt ct 
I. fll';i'ff';il..'.l!fl';iO..'.l'.I.JO 

2. fll';jf)f)f)!l'IJ')Jfll';i'Yl\olfleJ..'.l 
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V J ~ 
fll".iJ;Y".iHll'l'Hl·Unl 

'lfft'Vl\?lh10.;ii\'.;imur1m:;;~utl1 4 i\'.;i tl111fom'.ifffllflfll'.imur1JJm:;;mumrn1mrn1wflm'.i00m1uu11¾1ilu 2 rl1u ~0 
q q q 

- rl1m:;;rnJm'UrJl.l (Control system) 

- rl1um:;;u1Ufll'.i (Process) 

tT1U".i:;;1J1Jl'l1UrJil (Control system) 

" !'WtY1'W'U'eJ.;J'.i:;;uumUrJl.l'W'W DCS (Distributed Control System) 'UtN YOKOGA WA iu CENTUM CS300 [l] 

9"?1 ~9' .J' ' 'l"?I ' ',,. l:lfl !'!f!1J'W',i:;;'jJ'jJf11'lJfllJG)/.;j !'Wh1'1'W'W'ff1"1'.itl!!'lJ.;)'e)'e)fl \?l!JJ'W 3 h1'1'WcJ'elclfl'el 
"' q 

fl. Human Interface Station (HIS) 

HIS ! ii 'W rl 1 'W ~ ! 'j 11 <ii1 'W fl 1 '.i ! ~ cl 'WI U '.i !! fl 'j" fl 1 'U rJ" !! bl' \Pl.;) N hi!! hi:;; 'IJ .;j fl 'jJ fl 1 '.i ~!'Ii 'el" 'j:;; '1117.;J 1, <it fl 'jJ 
$/ I I I I 

m:;;m'Wfll'.i'\l:;;~.;i0~1mf0.;imur1mvJ0r1111u'1viuiYl>l.;J<fi'0JJhl'U'eJ.;Jm:;;muflwvirl.;im'\l1fl Field Control Station !'ll'W fll':i"i;Y.;J 
"' q "' 

9 " • • 1d • .!ll ,,. • 1d ?I " ~ 9 1'11'Vllfll'.i!1Jhlcl'Wfll!1J1'11"1cJ (Set Point) '11'.i'elfll'.i!uhlcJ'W'i'l'm'W:;;'lJ'el.;J1.;J'\l'.i'.i:;;'lJ'lJf11'lJfJlJ (Loop status) !u'W\ll'W 'lf.;J 1'Wfl1llJ 

!tl'W'\11.;J HIS ~~'el!fl~'e).;jfl'e)lJ'Yi1!\ll0{rl1m,1r1r1h1~!'.il!oiinu0tjJ1'7 11ltl'urn.;i l\?lcJ~!fl~'e).;jfl'e)lJ'Yi1!\ll'el{~tl1m1oii1ilu HIS 

CPU 

Mem01y 

Hardisk 

Displays 

Min, Resolution 

Recommended 

Best 

Serial Port 

Parallel Port 

OS 

Max Config, 

' ' 

: Pentium 

: 48 MB or Larger 

: 1 GB or Larger 

: 256 Colors 

800 * 600 

1024 * 768 

1080 * 1024 Best 

: RS232C 

: 1 P01t or more for Printer 

: Windows NT 4,0 or higher, Service Pack 

: 8 Stations, 

-1.-::::f. 'j} I dl G} 'j} GJ 3urt 1 !!ff\?l.;)'11'Wl\lll.;)'lJ'e).;j HIS 'If.;) !'lf!!'i'l'\?l.;Jffm'W:;;'U'e).;jf)'j~'lJ1'Wfll'.i' \ll1fl1'lJf,jlJ 
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_, .. ,,, ,,!9,, ,, 
1u't'l 2 !!'tl'~.:J'H'WW11.:J'U0.:J HIS 'lH 1'lf!!'tl'~.:J'tl'tll'W:;;'U0:1Hrn'.i:;;'IJ1'Wfl1'.i!!'IJ'IJ real time 
~ ~ 

'II. Field Control Station (FCS) 

Field Control Station l~'W'H1--!11.Jf11'1.Jfl:J.Jfl'.i:;;'IJ1'Wfll'.i 'l1.:J'U'.i:;;f)eJ'IJ~11.Jfll'.ifl1'1.Jfllll!'IJ'UiJ0um1'1.J (feedback 
' ' 

.<:::l 9J ,I o i ~ I QJ 

Control) l!l;l:;;f)l'.ifl1'1.Jfjll!!'IJ'IJ'lf!fl1'W'lf (sequence control) fll'.i'Y]1.;Jl'W'U0.:J Field Control Station 'W'Wl'.ill'illf1f17'.i0l'W'tl't)jt)jltl! 

'illf1'Q'Ufl'.iW1~flll~i'Y.:JNl'WlYt)jtJ!ltl!lll~ I/O Module 'illm!m:;;(JOi'Y.:Jlh.JiJ.:J processor card !~0'11lfll'.ifll'W1tl!'Hlfll MV 'illf1 

1 , 0.1 9 "l' , ll j/c:v ,J , 1 

N'Ml1.:J'.i:;;'H1N PV O'IJ SV !'W'tl'llfll'.ifll'.ifl'J'Ufjlll!'IJ'IJ PID 1~1.Jfll SV ~'.i'Ulll'illf1 human interface station (HIS) 'lf.:J'tl'.:JNl'W 

" 
llll'llllfllcJ Vnet 'Hi;l.:J'illm!u;.:Jri.:J'fft)jtJJlru MV 00n'hJm'UrJll'Q'Ufl'.iill'U'.i'IJ 1~1.JNl'W'Yll.:J I/O Module 

1'U~ 3 Field Control Station (FCS) GJ1.:Jtoifm'Uflllfl'.i:;;mum'.i, \ll1fl1'1.Jflll 
~ ' ' 

~ 

tY1U'U1:;;m>'IJ'IJ(}.:i Field Control Station i'.l~.:ii'l 

1. Communication Coupler Unit !~'Wi'r1'W~H1oift~'W Terminal ~elfl'IJ Vnet l'Viel'.i'IJ'ff.:J'fft)jt)jlil!'.i:;;wh:i Field 

Control Station fl'IJ Human Interface Station (HIS) 

?I d9 ,, o ,,\ "' 

2. Processor Unit !u'W Cards 'Y11'lf'tl'llfll'.ifll'.ifll'W1tl!l'W0fl1'1.Jfjllfl'.i:;;'IJ1'Wfl1'.iflrnl'l 
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3. Power Unit l~'Ufl1'U~i'u Power Supply l.J11J1fl power distribution board ,nmf uu,J1:1.;i power supply if ui~u 

DC Voltage J.;ii11~t1~'\l~~1vitt'nu cards UJ:l~ unit ~Wl iuu~J:l~ Nest iYllJTHnh.;i1u'l~ 

4. Battery Unit !~'U battery ihrn/li'1~t1 back up 'li'm.i11:1iw7 iuvt'U1clfl11l.J~7'1Jti-;J processor card im~vt11.;i~ 

J. ,:!:! ,J d !ii ' \;ljJ l QI '1., ~ 
117Uf\!1'11tM'Yt'.itl power failure 9M1~t'l~l'JJ:11'Vl battery 1:Y1mrn back up 'llfll,Jl:l\?l1-;J'7 fll'V11f11J 72 'l/1 1l.J-;J 

d I .,A I 

5. Contact Output Unit !U'U1:l'1'Ul'lltll.J~tl I/O 

6. Power Distribution Board l~'U'tY1'U~f11'Yt'Ufl'Yt~tJm~'il1t'l Power 1,Jifori1ui1.;i'7 'IJtJ-;J FCS 1flclff-;J power Nl'U 

1'1i'11,Jm.;i input terminal l!l:l~lJ'fft\jtyltU 1vlvlwtifllJTVrn output connector l~t1mt1.;i'fftyty1tUrnmu~1'1i'1mnu 

l; llJ l,r:::.i ,:!:i QI j} !i/ ,I A. I 

power supply 'U'U FCS '\l~ !l.Jl.J switch ium11Uf\'Yt'.it1Ufl power supply mviu~1 ~ti.;ii'l/~UmtU'Utlfll.Jl~fll'l/'U 

switch 

?1 I I QI .J O 91 d QI QI 

7. 1/0 Modules l1J'U1:l'1'U Interface 1~'Yt17-;Jfl-:i~1J1'Uf11-:if11J FCS 9f-;J'V17'Yt'UTV1rn1:l'tyty7ill Input '\l1flfl-:i~1J1'Uf111 

Ni'i~ui\'1-d .;i '1,Jir.;i FCS !'WtlU-:i ~l.J11:1 NJ:lf11Hl11Jf.) l.JU-ti'1ri ,;J'fft)Jt)Jlill fl11Jf.)l.J ( output) tit! fl '1 ul'111Jf.)l.Jfl-:i~1J1'U f111 

Nil~ 1flcJN7'U I/O Modules 

.. 
I ,J 3/ .ctv.ct. 

tY1'U ';i~fH.111~1'1-! Hardware 'llt'l-:1 Field Control Station l-1~.:1'1-! 

?1 I d _1 rlt .. I QI .d. GJ!il?1 
I. Backboard !1J'U1:l'1'U'V1~1Jfl-:iill~l-;J'7l.J11Jnf1t'l1Jfl'U!'VW 1'l/!1J'U Field Control Station 

d ' ~ 
2. CPU Nest !U'W Nest fimviu,J1~flt11Jf\1t'l CPU Card l!l:l~ Power Supply Card 

d I d\l) !ilG) CJ) d I a., dt QI I QI 1 

3. Communication Couple !U'U1:l'1'W'Vl 111'l/!U'U Terminal ~tlfl'U Vnet !'l"Hl11J1:l'-;J1:l'tyt)J1ill1~'Yt17-;J Field Control Station 

£lf di, 9)-=:i. i dt A. I QI ,. I ,1.t{ t 

4. General-Purpose Communication Nest llJ'W Nest 'V1 !1~fl~-;J Interface Card !l'ltl~fl~tlfl'U~1Jfl-:iilltl'W !'ll'U PLC, 

Darwin 

5. 
d o QI A.! .J d I do !ildQI -=!:i I QI t 

1/0 Modules Nest !U'U Nest invtrn~fl~-;J I/O Modules 9f-;J!U'U1:1'1'W'Vl'V11'Yt'U1'Vl-:i1J'Yt'.iti1:l'-;Jfftyty1ill1~'Yt17-;J Field 

Control Station f11Jm~'I.J1'Uf111NiJ~ 1flcl~H 

O !ildd QI .,A 1 I I ,::lQld 
6. Vnet Coupler 'V11'Yt'U1'VllU'U~1!'lltll.J-:i~'Yt17-;JiYlt'l Vnet UJ:l~ FCS 1:l'1'UU1~fltl'I.J\911-;J'7 iu Vnet Coupler l.Jf!-;J'U 

• Communication Switch 

- ENBL !~'U\911U'Yt'U-;J~U1:l'fl-;J1:l'fl1'Uf111lli~fl~tlf1'Utld1~'Yt17-;J Vnet l!J:l~ FCS ti'1nl'Yt'Ufl\lhU'Yt'U-;J'IJtJ,;j Switch m~ 

ENBL m1ih.;i1ut1diu1:Ym1~,Jn~ 

- DSBL ti'1n1'Yt'Ufl\911ll'Yt'U-;J'IJt:J-;J Switch m~ DSBL U1:l'fl-;J171l.i~t1.;im1Miinn~fl~t1f1'U1~'Yt17-;J Vnet l!l:l~ 

FCS 

• Status Lamps 

'l ;f,:::,,, d .ct ,r:::.i J. d QI QI 9) llJ Id. QI \;l .J' ., 
- RCV 111:ltifl vlu~\Pl!U'Uff!'llcl1ll.Jtil.Jf111rn1:l'tyt)J7illl.J1'\l1fliY7cl Vnet m 1l.Jl.J1:l't)Jt!Jlill'Ytl:lt1\Pl vlu'il~l>l1J 

'let.d.d..ct di ,la,9),:!:t, \1!iltQI I 

- SND-L 'Ytl:ltil>l vl~l>l!U'Uffl'llcl1ll.Jti CPU f1111>l mCJ1Wl.Jt1'1Jt1-;J FCS ll>l1:l'-;J1:l'tlltll1iUN1'U Vnet 
u u 

i'I. Vnet 
pj ,. I o'di d O 9) d I I 9) I & d I 

Vnet !1J'U~1Jfl-:iiU1:l't11:1'71'Vl'V11'Yt'U1'V11:l'-;JN7'U'lltllJl:11~'Yt17-;J FCS 111:1~ HIS CJl-;JiYlt'l Vnet 'Vl~tltltifll.Jl'\llfl FCS 
i j) I I d.:::t I 1 jJ I _,k d d 

'U'U'\l~~tJ-;JN7'Uff1'U'V1!1t'lf111 Vnet Coupler l!J:l~~tll'lJl HIS 11>lclNl'U Vnet Interface Card 91-;Jl.J RJ45 Connector !U'U 

QI J_ 1 QI d Q.ld 
~1!'lftll.J-:i~'Yt17-;J Vnet f11J Vnet Interface Card Specifications 'lJti-;JiYlt'l Vnet '\l~!U'U\Pl-;J'U 
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Cable Type 

Cable Connector 

Communication Speed 

Minimum Bend Radius 

Standard Max. Length 

Maximum Length 

-:i. V net Interface Card 

: Coaxial Cable 

: RJ45 

: 10 Mbps. 

: 50mm. 

: 185 m. 

: 20 Km. (with Optical Repeater) 

: 1.6 I<m.(with Coaxial Repeater) 

Vnet Interface Card l~Ufl1111~~11i-:ih,1 PCI Slot (Peripheral Component Interconnect) 'IHM PC/AT 

Compatible Personal Computer t~otiluqiJmt11t'l1mJ~O-:i:::1111-i Vnet f11J!t1io-it10:JJVht~o{ (HIS) i11cJNlhl RJ45 

..::! J tl'J)o Q.I 1 9 ~ I 

Connector Vnet Interface Card (VF701) 'il::::JJ 2 Ports l'VW 'JIY711-:i'IJ~O Vnet 1;hn1-i 1Ufl1HYOIY1-:i'J:::1111-i FCS m1::: HIS 

ri1u~1'1"] 'UtN Vnet Interface Card 

• RCV Lamp '111;lO\P1'lvlif'iJ:::~11trlo'l~frnr'il!il!lW:JJ1'illfliY1cJ Vnet :JJ11J'1 Vnet Interface Card 'U0-1 HIS ti'1'liJ 
V 

iim1frnYil!tY7W 111;leJ\P1 'lvlil'il:::~'IJ 

• SND 11'/;lel\P1 'lvlif 'il:::~11trl0iim1ri-iir'il!tY1W'il1fl Vnet Interface Card 'Uel-1 HIS 'liJff-imcJ Vnet ti'1
1
lilii 

V 

fl1'JiY-l'ffil!tY1W elel fl 'l iJtt'/;leJ\P) 
1
lvlil 'iJ:::~'IJ 

d Q.I ,A I I 

• RJ45 Connector 'il:::tUU~'Jl'lfel:JJ~eJ'J:::1111'1 Vnet trn::: Vnet Interface Card 'Uel-1 HIS 

tf1'1-Hl'J:::'IJ1'1-Hl11 (Process) 
V 

1 u riTw 'U 0-1 m:::mu fll'J'U 0-1 'lf\P1 'Yl\P11;l 0-iti-1m'I.Jt1m::: ~rn'.l 1 
q q 

Q,I O Q.I -=S 

4 tN m11rnfl1'Jfffl'hllfl1'Jfl'J'IJ~:JJfl'.i:::'IJTWfl1'J'iJ::: 

iJ1:::fleJ'IJ~'JcJiY'JUiJ1:::flel'IJ~Wl ~'1lliY\P1'11UliJ~ 4 
CV2 

l"~ 4 'Jt1P1'Yl\P11;leJ-lil-1m'IJ~m:::~mf1 4 ti-i ri111f'I.Jfl11fffl'hllfl11m'IJ~:JJm:::mum1 
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V V : 9,! I r/ A. A. .J 4 A.A. O QI 

1. f;J~fl1'1Jf1m:;;Y1'1J'Wl 'IJ'WWl!tfWN1'Wff'Wl'JfH'l1'1 14.5 !9/'W\?1!:I.J\?l'.i ff-!! 95 !9/'W\?l!:I.J\?l'.i 9/-!!Ni;JW\l1f1V:;;flnll'l '\l1'W1'W 4 tM 
q ~ ~ 

I 'j} I I 

2. Pressure transmitter viH'ii111'W1'Wl1'1'H:I.J~ 4 H1 GJi-:irhunwr~v~vi 0 ii-:i 100 mbar i:'rtjjtjjla! output 1i:lui:'rtjjtjjla! 
' ~ 

m\?1'.iJ7'W 4-20 mA GJi-:i 'l~\?1'.i1'\l1~'.i :;;191um1:1.J-g-:i'IJ0-:itl1 'lui\'-:i (1~vo1ftvm1m1\?1n~1-:i'IJV-!lfl17:i.J\ol'W 'lui\'-:i1vivutium1:1.J 

Q/ 9' ,.I CJ 9' ?1 Q/ : 9 QI .J i Q.I lil3' ,A I Q/ ,A 
~'W'l.J'.i'.il'Jlf11fl'Ui;J1U1JM !'H!1J'W'.i:;;~1Jfl1l:1.J-g'1'\Jtl'1'W1 !'WtM) 9/'1 pressure transmitter 'VM 4 \911 ~!'lftl:1.J\?ltlf1'l.J FCS !'l'W 

'ff-!lfi1'.i:;;\il'l.Jfl17:I.J-g '1'\JV'1tl7 'lui\'-:imfo 'lilv-:i FCS 1~1')'\l:;;1:Y '1fi1!~'W i:'rtjjtjjla!:I.Jl\91'.ijl'Wl'UU'l.J'l.J 4-20 mA 1vlotl1fi7H1!!'U'.i 

m:;;mu m'.i (PV) ~'fo 'll¾1il1 vrnviv1Jn1Jfi11il111mv(SV) ~n111u~ H11li'1 '\l1m!u!'l1u1ru 'Hlfi7H1!! 'LI'.i'Ui''l.J 

' ' 
m:;;mum'.i (MV) oonm1vJo 

1
lililf-um:;;mum'.i'ltt1vi1ti1J1110 'lnli'11'iv-:itimh1il111mvmnviff~ 

' 
d ?I " I ""::'I 9 "'9 ., IJ ,:' 9 "' ?I tl" I • d 3. 171;l1fl1'Ui'Jil (Control Valve) !1J'WU'l.J'l.J1Jf1\?11J~ (fail closed) !'lf 1'Wf11'.ifl1'l.Jrj:1.J0\?1'.i1f11'.i !'Hi;l'\Jtl-!!'Wl !'H!lJ'W 1J\?11:I.Jfl1'Vl 

' ~ ~ 

ri-:im'il1n1>11m1Jrj:1.J GJi-:i'l'W'Jl~'Vl~i;lo,:iuii11£1m'l.lrJ:1.Jffo-:iH1 1~v11£1u~1;l:;;1>11'\l:;;m1Jrim:;;l'l1J'W1 t~l'J\?1H111mu 

& c1 0.1 Q/ o'.J QI 0.1 Q.I , 1 9' CJ 9/,. I r1 d rl ~I r1 ?1 ~ ?1 d 
'li-!l:1.Jm1:1.Jff:1.J~'W'li'li-!lnu1rn:;;nu \?11ov1-:i1'lf'W m 1m1JV'.i!'li'W\?1f11'.i!1J~11m-g-:iit~11J'W 100% 1rn:;;\?11it~!1J'W 0% '\l:;;mu 

11ti'1J -:ittl~ 11£1f11'l.Jfl:I.J\911~ 1 ~ 70% Uff~-:i11tl1'\l:;; 'l111;lN1'W17£1m1Jrj:1.J!'Vlo 'l ilv-:ii\'-:i~ 1 ~ 70% Ui;l:;;tl1'\l:;; 
1
l'Hi;l i 'LI 

v-:ii\'-:i~ 2 ~ 30% ~,!j'\]:;;ri°i'W11f11'.i!tl~111otl~'Utl'117£1m1Jfl:1.J'\l:;;iiNi;lf)'j:;;'V]'l.J~t)'j:;;1911JJ1i-:i 2 t1'1!!1;l:;;1dv~m~'.i1:I.J ' ~ 

i-:i11:1.J~~'\l:;;~u11nmtl~111otl~'llo-:i11£1flTUfJ:1.JJ-:i 2 1>11 iiNi;1m:;;'Vl1J~o'.i:;;\i11Jtl1'1Jo-:ii-:i 4 i\'-:i rdo-:i'\l1m:;;\i11Jm1:1.J 

-g-:i'IJO-!!tl1'luit-:i~ 1 1rn:;; 3 iiNi;l~OO\?l'.ilf11'.ii'Hi;l'IJ0'1tl1~i'Hi;ltltlf1'\llf1n''W'IJ0'1t1'1~ 1 1rn:;; 3 ~,!j'\):;;'ff-:iN1'W
1
lilv-:ii\'-:i~ 2 

0 ., ,, ., .:' 9 ., d cl O 9 ,, ., tl d ,, ., ,J '1- I ,, I 9 ,, ., 
Ui;l:;; 4 \?17:i.Jm~'l.J 1m:;;~um 1'Wt:M'Vl 1 1rn:;; 3 -g-:in'\l:;;'Vl11'HV\?1'.i7f11'.i 'H1;l'Vlf1'Wt:M-g-:imn'll'W\?17:i.J 1J~11'JU-!!Ni;11m:;;~1J 

-: Q.ld .J '3) I QI · QI 9' 9' QI: 01d d O 9) QI 

'Wl'IJV-!ITH'Vl 2 1rn:;; 4 -g-:i\?17:i.J'IJ'W~1m'lf'Wn'W U1;l:;;t'W'V17'1\?1Hf1'W'IJ7:1.Jm'.i:;;~1J'Wl'IJV-!lt1'1'Vl 1 um: 3 i;1~1;l-!lf1'\l:;;'Vl1t11'.i:;;~u 
;IJ I 'j} 'j} I I 

'Wl'IJV-!!t1'1Yi 2 trn:;; 4 i;J~\?17:1.J1¾1m'll'Wfl'W 11£1m'l.lfJ:I.Jl1'1 2 1>11uil¾~m'li'1ti1J FCS 1vJof 1Jfi7H1U'U'.i'Ufo (MV) GJi-:iri-:im 

ilf 'l.J 0\?1'.i7f11'.i 1tl~1rn:;;tl~11£1 1-vlof mm:;;\ol1Jm1:1.J-g -:i'IJ0-:itl1 'l u i\'-:ir111Jrj:1.J 'ltt1vi1ti1J1110 'lnli'11'iv-:in1Jfi11il111mvmn 

r:ll 'ii 1 I 'j} 
_Of O ,. ,. d 9 ,, ., ,, 0 ., "' 9 "'9 I 0 

4. uit'WlU'IJ'IJl!1~!l'i1U~'tt'I-H;j'I-WmlH (Centrifugal Pump) 1'1f:I.Jtl!\?IV'.i'IJ'W1~ ½ UHIJ7'\l1'W1'W 2 \911 9/~ 1'lf !'Wf17'.i'\lll'J'W1 
'j} 'j} 'j} t'I 'j} I d 9' 'jJ I t'I 'j} ' 

'il1ni\'-:ivl'ntl1iilv-:ii\'-:im1J11 m:;;\ol1Jtl1i-:i 4 i\'-:i 1~vi1:1.Jtl1vi1>11'V1 1 '\l:;;t']f~1vtl1
1
lilv-:ii\'-:ivi 2 1rn:;; 3 1rn:;;i1:1.Jtl1i1vi 2 '\]:;; 

'j} I t:J 'j} 'j} I 'j} 

,~~11'J'W7'lilv-:ii\'-:ivi 11rn:;; 4 1rn:;;i1:wtl1i-:i 2 \911 '\]:;;~Ofl'IJO'W!10{!\?I0{1vJ0Hilf1JO\?l'.i1f11'.i
1
l'Hi;l'.i1:I.J'IJ0'1'W1l'W'.i:;;'l.J'l.]ltt 

t1"' ., 1J d,, 
~\?11:I.JO\?l'.i1f11'.i !'Hi;l'Vl\?10'1f11'.i 

cl ~ ' 

5. eu11oi111rni (Inverter) H'IJ'Wl~ 1 UH"1111'WTW 2 \911 ~m'li'1ti'l.JU:1.J'Wl !~l'JO'W!10{!\?IO{H1vi 1 Hilf'IJO\?l'.i1f11'.i
1
l'Hi;l 

'j} I I . 'j} 1 I 

'.i1:I.J'\Jtl~'W1l'Wtl-:J'Vi 2 Ui;l:;; 3 1rn:;;ouno{1\?10{1>11vi 2 'l~ilfoo\?1'.ilf11'.i
1
l11m1:1.J'\Jtl'1'Wll'Wt1-:Jvi 11rn:;; 4 !'Vltll'HO\?l'.i1f11'.i 

i'Hi;ltl~l'W'l/1-!!~U1:I.J1'.itlf11'l.Jfl:1.J,I¾ 
~ ' 

6. Vl 11J'W1JV1;l11£1'1fu~ 'VlV-:Jmilo-:i'IJ'Wl~ ½ ii1 'l~ilf'l.J0\91'.ilm'.i 
1
l111;l'IJO-:itl1 'l111;looni\'-:i~ 1 

?I o' "" "' 1: 9 ,,_ I ., ., tl ,:' IJ ., d 
7. V2 !1J'W'l.Jtli;111i;l'J'lf'W~ 'Vltl-:J!'Hi;JV-:J'IJ'Wl~ ½ 'W1 1'lf1J'.i'l.Jtl\?l'.ilf11'.i 'Hi;J'IJV-:J'Wl !'Hi;1Vtlf1t1-:J'Vl 2 

8. V311J'W1JM11£1'1fu~ 'Vltl-:J!'Hilo-:i'IJ'Wl~ ½ ii1 l~'Uj'IJO\?l'.i1f11'.i 
1
l'Hi;l'IJO-:Jtl1

1
l'Hi;ltltlf1t1'1~ 3 

9. V41i:lu1Jom1£1'lfu~ 'Vlo-:imiio-:i'IJ'Wl~ ½ ii1 'l~ilf1J0\?1'.ilf11'.i
1
l111;l'IJO-:Jtl1

1
l111;looni\'-:i~ 4 

10. V5 1i:l'W'l.Jtli;J17£1'lfU~ PVC 'IJ'Wl~ ½ ii1 Hilfuom1m'.ii'Hi;l'IJV-!!tl1i'Hi;l!'li'1i\'-:i~ 3 

11. V6 1i:luuo1;l11£1'1fu~ PVC 'IJ'Wl~ ½ ii1 'l~ilf1J0\?1'.ilm'.ii'H1;l'IJO-!!tl1i11m'li'1i\'-:i~ 2 

12. V7 1i:lu1Jo1;l11£1'1fu~ PVC 'IJ'Wl~ 1 ii1 Hilf1J'D\?1'.ilm'.i
1
l111;l'IJO-:itl1

1
l111;lmfoi\'-:ivl'ntl1'1Jo-:ii1:1.Jtl11>11~ 1 

?I ., "" 1:9,,_1.,., tl .:'tl ,,.,d 
13. VS !1J'W'l.Jtli;111i;J1'lf'W~ PVC 'IJ'Wl~ ½ 'W1 1'1f1J'.i'l.Jtl\?1'.ilf11'.i 'Hi;l'\Jtl-:l'Wl 'Hi;l!'\Jltl-!!'Vl 1 
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14. V9 1i'.limmn1t11'lf'W191 PVC '\Jl-!1191 ½ iL Wllf'uo\l111f111'hn1'\JO,:nl1hn11eu'1ti-i~ 4 

15. v101i'.luuoft11t11'lf'W191 PVC 'lll-!1191 1 if1 'loiillfu0\l111fm'111ft'\J0-1J1'111ftni1uti-1Yfr11.f1'\Jo-ifiinl1\ll1~ 2 
~ 

16. o~imh,nnv1 180 X 45 X 20 l'lfl-J&illJ\l1';j 

t I : d <=:\ .J '3,) t ;t :t :f 
17. 'YI01:M'l-!l 11Jl-J'lfl-!191 PVC 1m191 13.5 'lf-l'll1:::f101J1911!'J'Yl0'1Jl-J1191 ½ l-!1, ¾ l-!1 Im::: 1 l-!1 

' y y V 

18. !flHQ'fH;(11fl~tN ii'lll-!1191 180 X 75 X 240 l'lfl-J&ii:JJ911 'l'll'illfll'H~flmlO..:J'IJl-!1191 1 'W1 X 1 'W1 'Y11fftll-!'ff'W:iJ ~l-Jl1~1el 
" 

I 
tY1'1-l'IJO~fll'JOOf1111J'IJfll'J'YlvlilO~ 

,, 
Q.I Q/ O Q.I o Q.I 4 o 

'lf 191'V1191ftO..:Jt1-imurim:::1911Jl-J1 4 n-i m11rn mrnnll1mrn11JfJ:iJ m:::u1u m1 mm1t1mmo o nu uu f11nl191ftO..:J 

'1~1i'.lu €1'0-iri1ui'io ri1u'\Jo-1 m1tinm11 eluf1rn:::'l'l1mrnli'wrwnu m1 '1 oil ocs 1rn:::m:::mu nmrn:::ri1u'\Jo..:imrn1 
" ' 

~ 91 0 

~ft1\l111ft:::m1..:i11u1J'il 1fto>1 m:::u1u m1 

l v ,1 c:; l ':J)a,. a,. '3J d. .<::1. '3,) o 'J/ Q,I 9J 
!191elll-J'ff'll19111'1111 f)l-J l-J'i):;; 'Hl-J 'ff\l1'V1191 ft0'1 l 'lf'l[191'V1191ft0-ll~Ol ';i ell-! l llfl:::'V17fl11"fjl-Jlflclf11Jf11';j l'lf'3li.l';i:;;1J1J DCS 

'l 
Q/ o'.d. '19/c::::,..o:::,, 0 ~ Q./ 'j) 0 I dt '3,)'1 91 

1rn:;;m:;;u1um1 1rn:;; u€Y'll1911'H'Vlll'O-i'il::: t1l-!'ff\l1'Vl1mn1191fto-innm~ft1\l1'1Jo..:im:::u1umrnft1l-!lm'Vl 1191 ll'l'lf'lunn 

'3,) O I I 

'ff11'1111J1J 'illft0-1 Oell-1..:Jlel 

m1 ffflll 7~ ft1\l11rn::: m 1 €1'! Hll 1J1J ~ 7ft o-i m::: u 1u m1191 'il 1 mm m :::'V11J'IJO -inn Ill~ ell-! r11 ir'ruru1ru fl 1uri:iJ (MV) 
'U u u q 

~00\l111f1111U~ell-J1!1Jft-i'1u'llo..:J\ll11!U1m:;;ml-Jf11';j (PV) 11li'1il1rh~'1~'1um111J1J~lftO-lm:::1J1l-Jf11';j 
,, ' ' "' l 91 I -"'l ~ "' o ' "''191'1. I 91 o f11nl191ftO-ll-!'il::: 'lf'J[191'Yl191ftO..:J u mrnnll7~ft1\l1'1JO~m:::u1u m1 momri1'Yl 191 u'ff11>1111J1J'illfto>1m:;;u1unn 

.J O d 'j/ & d '191'1 I ~ " Q.I .d. '3,) d..:::1 d. ll 91 
9f..:Jll1J1J'illftO..:J'V1€1'17-l'IJUl-JffllJl';jt) 'lf l-Jf11';j'H7fll~l';i1:iJl\l10';i'\JO..:J\l11fl11Jfl:iJll1J1J PID 'V1 l'HNft ll-Jf11';jfl11JfllJ'V1191'Yl'ff191 191 

' ' ' 

"""" 11Hll':i'flvltl0~ 

1. 1il191'1[191fl11JfJ:iJm:;;mum1~..:iu1:::nou$J1el HIS 1rn::: FCS 

2. 'l'llfll';i l'Hft1911Urnflrnmuri:iJm:;;mum1'il1fl HIS '11.lff-i FCS 1~0 'ltt'ounnui..:i'ffO-l'ffl:iJl';itl~Off11tll-J'119i' 
' ' 

• I~ ~I ,,\ • I"' I 91 ~I :c'I 3. u1m:::1J1Jf111JfJ:iJ!ul-Jll1J1J manual mode l~Oluftcll-J1:::1J1Jfl11Jfj:iJ '111ul-Jll1J1J1..:J101Jlu191 (open loop) 

:;"I ' 91 4. IU191'J[191'illcJft:iJl'IJ71:::1J1J 
t1 3/ I I 

5. 1iJ191i:J:iJu1\ll1li 1 1rn:;;lll1li 2 
Q.I .J ,:::,i-=::t,-=i Q.I .J' 

6. 'Hl~ft1\l11'1JO-lm:::1J1l-J fll1'11'1"1'1i191..:Jl-J 

6.1 1iJ19111ci'1ri11JfJ:iJ\ll1~ 11rn::: 2 ~r111191r1rnif..:i (~..:inwl-11iJ191-iJ19111t11'1'11'l~1191elfll11lfur11foelft:::'lrn..:i MV ~\ll1 

LIClOO 1rn:;; LIC300 ~..:iod'lu HIS) 11li'110'iJl-J';i:;;\l]1JJ1'1uti..:ii-i~ii1:::\ll1JJ1ri-1~'1:iJ1u~ell-J\l1llJl1ft1 (steady state) 

6.2 'l'llflm'll~elur11foelft:::'IJ0>1m11iJ191-iJ191 11ci'1m1Jrj:iJ\ll1~ 1 (~..:inwA'..:i1U~ell-!fllfoelft:;;'IJo..:im11iJ191-iJm1ci'1'1'11 

'l~l191elfll1Ufur11foelft:;;'llo>1 MV ~\911 LIClOO ~-iod'lu HIS) 1~o~Nftm:;;'Ylu ~ii~on#Ju,l1'lm1-1J..:i 4 11li'110 
I 3' 'J/ 3' I I 

'ii l-! m:;; '11..:J 1:;; \ll1J'W 111-1 4 ti -i iin \ll1J'W lfl-lll '1:iJ 111~ ell-! \l17:iJ 11 ft 7 (steady 
Q/ e:S I ,. I t:!t 

state) 1JU'VlflfllllflquflftUfll1 
' ,, ,, 

11l~ell-!111lft-im:::mum1 (PV) 'llo-1ti~i'l111..:i 4 ti..:i 
I I I j/ V 'j/ I I 

6.3 iJ19111t11fl11Jfj:iJ\ll1l1 l 1rn:;; 2 '1ulifoelft:::tJ'Wl 10'ill-Jm:::11-11:::\ll1J'Wlll-Jtl..:J'l1'1 4 ii1:;;\ll1J'Wlf1'1l1'1:u11l~ell-J\lll:iJl1ftl 

(steady state) 
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6.4 1tl~11i11m1Jfjll\ll1~ 111?1~ 2 ~fill~ll~'Wmhanrw1~\?11J1l1lwt1,n.Y-:i~ih~l>l1J1l1t1-:i~ilJ11l~vu111llnm (steady 

state) 

6.5 l'llfl111'U~l'J'Wfilfov?t~'\HJ·Himtl~-tlm1i11m1Jfjll\ll1~ 2 (~-:ifllnt-:i11l~l'J'Wfilfov?t~'llo-:ifl111tl~-tl~11i11'Vi1i~ 

i~vfl111li'1Jfi1fov?t~'\Jo-:i MV ~\ll1 LIC300 ~-:io~1u HIS) 1~o~N?tm~'V11J~li~o1~\?11J1l1'lut1-:i'tt-:i 4 ui\'110 
1 :;II j} :;IJ I l I 

. 'il'Wm~,1,:i 1~\?11J'Wl'\'1-:J 4 t1-:ii'i1~\?11J'WlM'lnlJ1,J~l'J'W91llll1?11 (steady state) 1J'W°Vif1filll?l~l'Uflti'Wm1 

' " " 
l'U~l'J'Wll1fo-:im~1J1'Wfll1 (PV) '\JO-:Jt1-:J'Wl'11-:J 4 t1-:J 

:c'I " "' d tl· I d " " 6.6 u~ 11?11fl11Jflll911'Vl 1 II?!~ 2 umol'J?t~ff'Wl'J ' ~ 

"' " ' ~2-10Q.l.o:i I 'j) 

6.7 u~ ull'W1911'V1 l 11?1~ 2 ll?l~'JJ~'illl'J?illl'\Jl1~1J1J 

6.8 U~'JJ~fl11Jfjllm~mum1 ~-:J'U1~f101J~11'J HIS 1rn~ FCS 

0 I dlft 3/lil,. I O I I 9' 0 t:1_ 1 3/ 0 ..:::::,, o' 
6.9 'Wlfll'Vl i~ ufll'W1flllllfll parameter 911-:J") 11?11'Wl uin1-:i111J1J'ill?IO-:J'Vll-:Jflfll91ff11:Y911'\JO-:Jm~1J1'Wfl11 

,.,., 
Ntl0l'l1'ilf.l 

l 'W f)l 'j' 'V] ~?I o-:i i'l111 'il ~ fff)'lfl o-:i 'Yi ?I 191 '\J o-:i m ~ 1J1'W f)l 'j' i ~ l'J f)11 I 'U~ l'J'W fi lff i)J i)Jlfll fl11J 11" (MV) ~ 0 ti 9111 

nn I tl~ l'J'Wll 'UM i U'\J o-:i\ll 111,J 1 m~mu fl11 (PV) 11i\'1tl lfil~ 'l ~i tlm111J1J~1?10-:i'V11-:it1ru11 ffl'ff 111 '\Jo-:i m ~mu fl11 'ill n 
I dl Q.I lilj/5'1 I ~ 

mrn~?to-:i111mm1t111rnmrnm,n'Yim11'\Jo-:i1~1J1J i~1uu 2 1:Y1ut10 

1. IU~l'J'Wfilffi)Ji)Jlfllfl11Jfjll (MV) 1~oui'm1i11t111Jfjll\ll1~ 1 'illf) fol'J?t~ 50 1rlufol'J?t~ 70 ~-:J'il~ltt 

N?11101J1:Y'Wo-:i'\Jo-:im~mufll1 \?1-:iiu~ 5 

80 ~-------------~ 

60 

]: 
.s:: 40 
0, 

·a; 
I 

20 

-••-•·-•• Tank 1 
Tank 3 

••••••••••••••• Tank 2 
--- --- Tank4 ., 

•• . ••·········~.:. ......... : ........................... ~ .... 1,,\ ••••• ":'''''-f''''''' 

0+----~-------------< 

0 5 10 15 20 

Time (min) 

_1..J .d. d I Q.I ' r1 ' 9J 
Ju'fl 5 N?t9101J1:Y'WO-:J'\JO-:Jm~1J1'Wfl111llOIU?ll'J'Wfll'ffi)Ji)Jlfllfl11Jfjll (MV) IYIOUi'1l11?11fl11Jfjll\llTn 1 'illmOl'J?I~ 50 

1fluf Ol'J?I~ 70 

2. IU~l'J'Wfilffi)Ji)Jlfllfl11Jfjll (MV) 1~oui'm1£1m1Jfjll\ll1~ 2 'illf)fOl'J?I~ 50 1rlufol'J?t~ 70 ~-:J'il~ltt 

N?11101J1:Yuo-:i'\Jo-:im~mum1 \?1-:iitl~ 6 
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80 

60 ::~~:::\.::.~·.:.::r~::J ........ ~ ................. ; ... . 
•• <- • - ... Tank 1 

E 
s, 
:E 40 
Cl ·.; 
I 

~•✓ Tank 3 
11 ...... Tank2 

•• ~/ --• Tank4 

~;-- --- --- --- --- --- --- --- --- --- -
,j 

20 
' 

0 
0 5 10 15 20 

Time (min) 

_11!:t ,A d I QJ ,A QJ o' QJ d 9.J d 
lU'l'I 6 Nl:WlEl'IJTI''Uel<l'UeMm::;uTl-lnl'.itJJ0!1l"al'J'Ufl1TI'iUiUlt\H'11'1JflJJ (MV) rvrn1lrn11i;'t1fl1'1JflJJ\ilTl'l 2 'illfl'Jfll')(l::; 50 t1J'U 
41 u u q q 

r11~ '1 ~ 'illflfll'J 1'1~ i;'tfl<l TI'lm:i t1m111u u u ~li;'tfl<l m ::;u 1u fll'J'l'l1<1r1t1!1ilft'1TI"lil 1t ~ flt 'Yi vu tiur11'1J fl<l m::; u 1u flu 'il'.1 <l 1 ~ v~u 1 

I dti 9.J I ,:::,, o' I ,A ,/ d QJ .,::2 0 ll 9.J .::!\Ci QJ d' 
m'l'l l~'il1flm1vJm111m'V'l1'J1Wlilfl:ilill<1'1 t'V'lflmm1uml'Jfl:ivl<1fl'lf'U'Ufl<1m::;u1um:i'IM'l'll ~ 2 1n ~<l'U 

' ' " """""" 'l" ' ~ " 1" ! .. I o'~ ~ 1 "' "I ~ "' 1ii'l'l l 'lffllfl11JJ'lf'UTI'<ITI'~'Uel<ltTI''U !fl<lfll'J\ilel'IJTI''Uel<l ( S) 'Ufll'J'1111'l'Jl'UTI'!Yiel'JTI<l'lf'U !~l'J'i)::;JJ'JlJTI'JJfll'J~<l'U 
"' ' "' 

y' (s) Ke~1
,1' 

G(s)=-=
X'(s) ,s+l 

" d 'l" " 1" d"l 'UeJJJ"a'l'l'il::; ~'illmTI"u 1fl<11i1eJUTI''Ufl<1m::;u1ufll'.irnrn 
"' 

l.'IJ'Ul~'Ufl<lfll:it1l~vuu1lm'llfl<1i1u1lwu'1 5 

2. 'IJ'Ul~'Ufl<lfll'J til~vuu 1lm'llfl<1i1u il:iflfl fl ~ 
' ' QJ 9.J ')' 9.J ,::{d, I d. 

3.fl11JJ'lf'U'Uel<l!TI''U lfl<lfll'J\ilel'IJTI''Uel<l S 'l'llJfllJJlfl'l'li:!~ 

(1) 

i O I dlil9.J I _,A I .<C:\ r/ cl ,1,iJ d 
'illfl'U umm'l'l ~mmu 'l'l'Ufllt'V'leimr11'V'l1:i1rnlilfl'J 'llfl<l'l'l:i 1u TI"tl'Jfl:i vl<1 fl'lf'U 'Ufl<l m::;u1u fll'J 'illflTI'JJ fll'J 1'l 2 trn::; 3 

(2) 

(3) 

iii~ 2 111'il7flfl711'U~nmi1u1l:i'IJWflfl~fi1t'V1111u 63.2% [3] 

" d 'l" " 1" d"l 'Uel~"a'l'l'il::; ~'illfltTI''U I fl<l\ilel1JTI''Uel<lfl'J::;1J1'U fll'Jflflel 

1. 'IJ'Ul~'Ufl<lfll:it1l~vuu1l"a<1'1Jfl<1i1u1lwu'1 5 

2. 'IJ'Ul~'Ufl<1flm1l~vuu1l"a<1'1Jfl<1i1uil:iflflfl ~ 

3. nm~i1ttil:iflflfl~filt'V1111uf flv"a::; 63.2 'Ufl<lfiTl:'(~'Ylll'J 

'illfl1!'U'Wlfil~
1
l~m111U'l'l'Ufiltviflmfil'l"ll:ili'ltlilel{'Ue1<1m1uml'Jfl{vl<1niu'Uf!-;Jfl'j::;1J1'Ufll'J'illflTI'JJfll'J~ 2 trn::; 4 

r = h(O) + 0.632(!.\h) (4) 
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CVI 2 
--=---
MV2 (2.8s + l) 

ti-:ivi 2 CV(2) -0.3 
MV(l) = (0.73s+l) 

CV(2) 1.01 

MV(2) (2.86s+l) 

ti-:ivi 3 CV3 = ~ 
MVI (3s+l) 

CV( 4) 1.2 

MV(l) = (3.44s+l) 

CV( 4) -0.21 

MV(2) = (0.77s+l) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

t = ,I I QI 'J} 'J} o .:::l ,..1 ,I rl~ tl !l)w J 
'\'11 fWl TVi 1'.i llJ WI fl '.i'IJ tl-:J U\1'1'1 ~t)-:J'IJ1-:J\l'l 'W mim t1 'W llJll 'IJ V'W 'Vl '.i 1u ·m Yltl 'i vl-:i f)'lf'W 'IJtl-:J f1 '.i ~1J 'J'W f11'.i ~ ~-:i 'W 

(2&+1) 

G(s)= -0.21 1.2 
(0.73s+l) (2.8&+1) (11) 

2.7 
[ 

2 

( 0.77s+l) ( 3.44s+l) 

-0.3 1.01 l 
(3s+l) 

0 ' d' d'.:, 'l- I O "' d' 'j) 'LI 
'W 1mm1u iYtvlt11vl-:in'lf'W'IJt1-:Jm~1J'J'W f11'.i 1J'l11U 1J1J'\'11'1t1-:Jm~1J'J'W mrn1-:iflru \l'lrl'lbl'\l'l'.i~'JV rnrnmlJ Matlab 

E 
-!:!-
:E 
Cl ·;;; 

I 

80 

60 

40 

20 

0 

0 5 

- Tank 3 (Simulation) 
.. ••• Tank 2(Simulation) 
- - • Tank 4 (Simulation) 
-·· Tank 1 (Simulation) 

10 15 20 

Time (min) 

iii~ 7 N'1\l'lt11JiY'Wt1-:i'\'11mi1J1J~1"t1-:im~munmdmil~vmhitY't\JltUfl11JfJlJ (MV) rvlmHm1£1m1JtjlJi1~ 1 

'\'11f1 f t1V'1~ 50 1rJuf t1V'1~ 70 
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E 
$ 

:E 
.Q> 
Q) 

I 

80 

60 

40 

·-··-··-··-··-··-··-··-·· .. -··-· .·····/""'"~:·.:::: .............................................. . 

,._ --- --- --- --- --- --- --- --- ---
;' 

20 

0+------.-----~---~-----< 

0 5 

-··· Tank 1 (Simulation) 
- Tank 3 (Simulation) 
..... Tank 2 {Simulation) 
- - • Tank 4(Simu!aUon) 

10 

Time (min) 

15 20 

l"~ 8 f-HWltl'I.Jfl'WeN'illfl!!'IJ'IJ~lmJ•m'J~'IJ1'Wfll'J!rl01u~cJ'WtlTfft1,Jt1,JlWfn'I.Jf}lJ (MV) !~tlU1'1.J11i)1fn'I.JjSJlJ\911~ 2 

'illflf tlclfl~ 50 !~'Wft1cJfl~ 70 

'111 fl l 'J ! u1 cJ 'IJ ! vi cJ 'IJ fl 1 ~ 11 ,J{ 'il 1 fl fl 1 'J 'YI~ fl tl -:J !! fl~ 'iJ 1 fl!! 'IJ 'IJ ~ 1 fl tl-:J fl 'J ~ 'IJ 1 'W fl 1 'J ! ~ tl l)'l 'J 1 'il fl tl 'IJ 11 !! 'IJ 'IJ ~ 1 fl tl-:1 

d3'J d<V ~li]9-l~liJ,V o d91J 'j/ 

m~'IJ1'W fll'J'YI ii-11-:i'll'W mmrn1 U'W mu 'Yl'W m~ 'IJ1'W fllHH 1 ~ 11m w (mu 'IJ'IJ 'illflt1-:i m~'IJ1'W mrn ii-17-:J'U'W t1 fl\)'! o-:i 

mmrn 1 ~tll\911!! 1h~w7 1 'W m100 m1'1.J'IJ\?11m'I.JjiJ:iJ 1 ttmm~m.1n'I.Jm~'IJ1'W m1~0 i u) 

80 ~---------------~ 

60 

:[ 
:E 40 
0) 

~ •• • .......... ~.;..'- ___ ; ........ ••·-··· .. ·····:,-_,, .. \ ...... "": .. , ..... ~-:1::,•,-. 

20 

0+------,-----~---~-----1 

- Tank 3 (Exp) 
•••" Tank 2(Exp) 
- - • Tank 4 (Exp) 
- .. • Tank 1 (Exp) 
- Tank 3 (Simulation) 
• •• • • Tank 2{Simulation) 
- - • Tank 4 (Simulation) 
- " Tank 1 (Simulation) 

10 15 20 

Time (min) 

iu~ 9 11.l~ cJ'IJ!TI cJ'IJ f-lfl\)'ltl'I.Jfl'W tl-:J'Utl-:J f)'j~'IJ1'W fll'j f)'IJ!! 'IJ'IJ ~lfltl-:J f)'j~'IJ1'W flmrlmtl~cJ'Wtll'ffqjt\JlW fn'I.JjSJlJ (MV) 

.,\ .lw ,1 w d " ?I " 
1vrnurn11mm'I.JjiJ:iJl)'l1'YI 1 'illf1'JtlcJfl~ 50 !u'W'JtlcJfl~ 70 

50 

"' 



E 
-!:'-
E 
Cl ·;;; 
::c 

80 ~-------------~ 

60 

40 

---·r---ir-·-·-·---..., ,_,.,,.. . . . 
.. ~,:~~'''..:'_,.w,_, .... -._ ..... - ............. --1-.......... , .. . 

,;,>"'"' . 
.. /f 

•·'.(I 
_fl------------------

,; 

20 I 

0+----~---~---,-------, 

0 

_ .. , Tank 1 (Exp) 

- Tank 3 {Exp) 

5 

• •··· Tank 2(Exp) 
---Tank4(Exp} 
- • • • Tank I (Simu!atioo) 
- Tank3(S.<fmslatioo) 
••••• Tanl<.2(Simulation) 
--· Tank4(Simu!atk>n) 

10 15 20 

Time (min) 

1il~ to 1il1 vrnli V'IJ N"f't1•rn1rnirn-:i'll o-:i m~m'W fll':i fl'IJU 'IJ'IJ ~1irn-rn':i~'IJ1'W m·arlol'iJ~m.-1 fll'iXt\Jt\Jltlrn1rnp.J (MV) 
.,\ _,., ,, ., ,d 'J) ~, 'J) 

1vrnurn11"f't1fl1'1.JfJ:1.J~1'\'l 2 'il1moti"f't~ 50 !u'W':i'OV"f'I~ 70 

v v 

i 'W-:J l'W 11l V'U!':il 1~11 rot 'Wl'Jil'l'\'l\?l "fl 0-:Jf,)-:Jfl 1'1.Jfl:I.J':i~~'IJ'l'.i 1 4 t:1-:J ri1tt f '1J f11':ifff1111fl1':ifl 1'1.Jfl :I.J fn~'IJ1'W fll':i l!"f'I~ 

'W 11 n''W O 1Ji f11':i '\'l \?I "fl 0-:Jl ;10 i .fl 'W f11':i fff)ll l'Vl "f'l1~'lJO-:J f) ':i ~'IJ1'W f11':i l!"f'I ~ f11':i n-! 1-:J I! 'IJ'IJ ~ l"f'I O-:J'\'11-:Jfllli~ffln'~ { 0 Vl-:J~ 1 V 

'ii 1f)f11':i'\'l\?l"f'IO-:J i ;-:Jl'W 'Vl'IJ11!flf o-:iifo~wrot'W 1,Tu n'l:I.Jl':i tl~O'IJ'ff'W O-:J~1:I.Jf111:I.Jio-:im':i iu f17':i'\'l\?l"f'IO-:J ,~11'.lmJ ci1-:i 

"' 9 9) l'1 9) I O - I o'9 9Jq .,\ tl 9)"1 I 9 9)"1 - I ., I ,, I 

\?I t'lf-:Jl'W !\?l-:JW!!"f't~n'1:I.J1':itl'W1:I.Jlu':i~~f)~ t'lf t'Wf17':i'\'l\?l"f'IO-:Jl!'IJ'IJO'W'l \?!On!'lf'W 1'lffff)lflf11':iurn~'Wfll'Vl1':i1:I.Jl!~Orn7-:J'l 
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(Construction and Test of High Temperature Tube Furnace) 
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Abstract 
The purpose of this research is to construct and test a high temperature tube furnace for using 

in chemical engineering research and laboratory. The furnace consists of upper section and lower 
section in order of open and shut off during section. The outside furnace made of stainless steel 
connected to ceramic fiber blanket and ceramic fiber board respectively. Inside the furnace consists of 
to two heater -coils 1.6 millimeter diameter of 3,000 w. The ceramic tube of 65 millimeter diameter 
and 1 meter length is put in side the furnace for supporting the samples. The temperature and time 
furnace are controlled by digital system which can be set to increases and decreases 7 levels. The 
temperature of the furnace is measured by thermocouple type R. Temperature set up in the tube 
furnace are 300, 500, 700 and 850°C and the result of measured inside temperature the tube furnace 
were 307, 504, 703 and 851 °C respectively. Deviation from setting point temperature were 7, 4, 3 
and l°C respectively. Outside temperature the tube furnace were 32, 41, 53 and 59°C respectively. 
The maximum current of heater-coil equal 12.64 A 

Keywords: high temperature furnace; tube furnace 
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Abstract 
This study aimed to determine factors affecting the performance the graduate study units. 

Questionnaires and sample interview were employed for research methodology. The subjects of the 
study were a total of 793 people consisting of current graduate students, graduates, instructors, 
administrators, and graduate study officers. All data were collected during December 2006 -
December 2007. 

The study found that the 5 external factors mostly affecting the performance of the units were 
the standards and criteria of graduate courses factor, the competition of public and private educational 
institutions factor, the opening of special courses of the institutions factor, the increase of regional 
universities and expanded campuses factor, and the quality assurance factor; respectively. The internal 
factors that mostly affecting the performance efficiency were the curriculums based on the needs of the 
labor market, the management based on the benchmark curriculum, the teaching and learning in 
keeping with curriculum plan, the public education and guidance, the teaching evaluation and the 
curriculum evaluation factors. In addition, results showed that the problems and barriers for the 
performance included standards and criteria did not support the operation, insufficient budget for 
research and learning activities, opporhmities for participation among outsiders, and shortage of 
specialists. Some programs could not operate as assigned plan. Thesis advisors ratio was not 
appropriate. There was a problem concerning learning, teaching, and control standards. Also, the 
university had not enough textbooks and public relations of the university were not thorough. 

The findings from this sh1dy will be useful for university administrators in appropriately 
managing the factors to make sure that the university will have sufficient numbers of graduate students, 
high quality graduates with good ability to get a job and make good reputation for the university. 

Keywords: factors; performance; graduate 
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Abstract 
The samples of the study on the Cause of Receiving an F in Calculus for Engineering I are 

engineering students of Chiang Mai University who failed or received an F in Calculus for Engineering 
I. Thirty three out of a hundred questionnaires distributed to students taught by the same group 
instructor were studied. Twelve out of thirty three are the second year students whereas fourteen, two 
and five students are from the third, forth and higher year respectively. Data are analyzed using SPSS 
program with the statistical methods including frequency, percentage and average. 

The results of a study found that there are four primaty factors of receiving an F in this course: 
unsuitable exam time compare to the difficulty level of the exam, lacking background knowledge, 
lacking communication with the instructors when having troubles on the class material and too many 
courses taken in the same semester so that the students do not have enough time to prepare for the 
exam. Grading criteria should be in group using mean and standard deviation and the grading tools 
should be depending on the instructors. 

Keyword: Calculus 
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~ ff \1 ''1" ., d I o 2. un mn :J.J ~1'1J11'Jt1'Wot11.::i'tl'ml'tl':J.Jo 2.97 1.26 u1u nm.::i 
-~-------.. --

~ ff "'i:J ., c, ., '1., c, I d 

3. lJfl f1ll1lJ tJJ111~1lJfll'Jl.::JlJ\9l'fJ.::J111'Jll'J ~l'tl'rn'J~1111.::Jl'Jl'JlJ 1.42 .79 
., d 

lJ'fll'J'Yli'{~ 

4. U flfff)llll'li'1'11:J.Jfl'ilm'J :J.JvilfllllJlfllfllJ '1 uvi1 i ,r'hHinm'Vl'lJ'V11lJ 2.39 .96 
., 

lJ'fjl'J 
,, 

' "' "'"' llJ'fJ111'Vll'Jl'JlJ 

Q/fl 'J}'J} d \ltcv I ~o,'J} ,:::t 'l'' ~ 5. lJfl flll11'\J111'fJ.::Jl'Jl'JlJ lJ'VllJl1tll'lJ'fll'J'il.::J'V11 'Hfll'Jl'Jl'JlJ lJl>l'flllJ'fJ.::J 2.73 1.03 u1u nm.::i 

6. U flfff1ll1if.::J iii'tY1lJ1Hl'Uf'U~11.,j'1fl'Ufll'J I~ l'JlJ i lJ'J~~'UlJ1111'Vll'J1~l'J 2.58 1.41 'UllJfltll.::J 

OJ ~ i I 'J} 'J} c/3) ,:ti cl i I 'J} i J 
7. lJf)flfllll lJfltlll'\J1'Vi1J'fJ1'\l1'Jl'Jl;jff'fllJllJ'fJlJi:Jtym :J.Jl'llli'il lJ llJ'fJ111 3.79 1.24 lJlfl 

~ ff '1 I ,/., 

1.64 
., 

8. lJfl f)lJ1 lJ'lf'fl1J'fl1'\l1'Jl'Jl;jff'fllJ .96 lJ'fJl'J 

QJ fl d ~ o i 'J},:::t i d Q.I 'J} 
9. lJf) flll1tl.::J'Vl~l1Jl'JlJ11tlll'J1'lf1'V11 11:J.Jnm lJfll'Jl\9l'Jl'JlJ\l'l1'tl''fJ1JlJ'fjl'J 3.67 .73 lJlfl 

l 0. fll'J~U flfff1ll11fll'Jl~ l'JlJ f11~1'lf1l11 itt''1iiot17fll~ l'J'W \911m~'U1J'U f)~ 1.91 .92 
., 

lJ'fjl'J 

d 
2.69 'j'JlJ!'Rtll'J 1.01 'UllJfltll.::J 

O 'J} O Id. ,d I 1/J'J} , Q/ d. I \1)9,J , 
'il1!1lJfl\9llm1l'Jfl1'J'IJ'flfl1tlllJ'Vi1J11lJ 3 'Jll'Jfll'J :J.Jf-ltl\l'l'flfll'J !~lfl'J~ F lJ'J~~'UlJlfl 3 'Jll'Jfll'J lJNtl\>l'flfll'J !~Im~ F lJ 

~ _, "' I "I" , ~ ., "' I 'l" , ~ ., d 
'j~~1J1JllJfltll.::J 3 'jll'Jfll'j lJNtl\l'l'flfll'j !~Im~ F lJ'j~~1JlJ'fjl'J !Ill~ l 'Jll'Jfll'j:J.Jf-1{1\l'l'flfll'j ~lflrn F lJ'j~~1JlJ'fll'J'Yli'{~ 
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f I I I 
.-=I, I d I d 'j) o 'j) 'j) d 'j) dd I 

vll'aH'YI 5 fl 11 'i:i {I ml {l~'ff 11-H 1J l'M I U 'W '.I.J191111 l'W 'lJ 0.:i '.i 1£Jfl1'.i 'llflflltl 1:1.J \9ll'W 'I-HNI 1 V'W II {I~ 'ff fl l'Vi 111~ {10'.I.J 'YI '.I.J r-rn910 fll 1 

il>i'1m~ F 1um~mu1'Jf1llfl{l!;!i:i''ff'ih11fuimn';Vi:1.Jf11ir91{ 1 (206161) 

1fo~uv1rntt'tH1~u-u111;"1~«.n1'Vi111Y1a'6:1J 
-
X S.D. 

., 
1~Yl1J 

1. tttN11vui,Jmm~ir:1.Jnu~1in1-rwnffm11 2.70 .91 1.hunm.:i 

I d l'l I I I 'j) d 
2. 'Jf1.:j!'J{11!1£J'W '.I.Jl'l1'.I.Jl~'ff'.1.J !'lf'W 910'W1J1£J'l1'6.:jl'.itl'W 2.73 1.00 'I.J1unm.:i 

'l:iJij1rlo.:i'I.Jfrn:nmmhttt!uu 

'I.J ".Jt 91'1.J 'l' 3. ~ mru'l'I 'lf 1~n0umrn'tl'W :i.Jmm~'ff:i.J 2.18 .95 u'tw 
d 'J) d 1 1 ei. \il QI o,'JJd 

4. m11'1.J{J£J'W'l1'tl.:i11vu 'Wll91{1~1'lf1 fl{lfl'W'l'll 111irvnm 2.85 1.00 'I.J1unm.:i 
V 

, 'j) QI d 'j) 'j) 'j) 

'Wfl1'.i!'ll1'lf'W!1£J'W (l'll1'110.:j'lf1) 

.J 
2.62 .97 'I.J1unm.:i 11'.I.J!'i:i{ltl 

,11n91111.:i 5 'Vl'111ru1tum'Vinii'V'lui1 il,1ivl>i'1utt0.:i11vu11{1~'ffm'Vi111~~0:1.Jijrrn~'tlfl1'.iil>i'1m~ F tm~~u 

'I.J1unm.:i 1rl0'Vl,11ru1~111un911mwm1,u'0i'i1m:1.J'Vi1Ji1ij 4 11vm1 ijr,rn~um1il>i'1m~ F 1u1~~u'I.J1unm.:i 11{1~ 1 

1wm1"N{1~0m1il>i'1m~ F 1m~~uu''tlv 

' ' ' _tq°V.t:!t .-=t,.-=t, gJ 

'ii. 1J'il'iltl'tl'U9 'Yl!fltl'J'U'tl.:l 

' .. _tlf' V ii V d-=i ~ ~ G) 9/o V V 

1J 'ii 'ilt1Y1 rn '111;"1 fl! nruori rtmm~ «:IJ 1 -um-a 'V-l'ill 1 ru1 1 '11mYl u 'll -u 'ill'U'J'U 

-=I IV~ 
N 1;"1 fll 1 I 1 tl'U!! fl'U fl r1 fl'lfl 

"' .,, 
1. 0.:jlflT,)!"l'I 14 42.40 

19 57.60 

11'.I.J 33 100 

'11fl91111'l~ 6 ll'ff~.:i11'Wflffflll1'ff1'Wtmy1;:iu11mifllfltuct1~1'11'.I.Jl~'t'l".I.Jl'Wfl1'.ittti11~1J~'Wf-Hlfl11!1£J'Wfi0 

~ I Ct. ?1 'j) 
ll1J1J0.:jfl~'.1.J fl~lll'W'.ifltl{l~ 57.60 
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' ' ' " i1 .., ., <!I <!I .. ITT~ .,. 
~1'1-!1'1-! 'il'iltimu 1r1·rn.:iiionmm~ffiin 'If Ufll'JW'ill'HUl Wtl'tl~ 

1tt'ii1~u~um:1m11~uu unii'flfimn 

1. hh11m:u~r11mr1 9 27.3 

"""" o' 

2. ~ftl'J'YfW'il'IJO-'.!Ol'ill'Jl'J 24 72.7 

'J1:IJ 33 100 

I I I j} 

'ill nfl 1'J1-:ivi 7 uari-:i 11ir ntrmnriTw 'l 11 ajdh,11m1 ! o-:i iJovimm~ a:uvi H!'l u fll'J 'l tti\ l\?l'U'U'W Nft fll'J 11 l'J'W 
IQ.I ~ & I (l/ ..:::ii ,c:,\ r/9) I q 9) .,,A ,::!:! q .<::::!, ~I 9) 

llfl'Wfll'lfl111'1J'W0ijfl'IJ~M'Yi'W'il'IJ0-'.10l'ill'Jl'J~'1'0'W11'il~ !'lflfl'JO-:J:IJO !rl flrtlu'W'JO!'Jft~ 72.7 

fl.fl ti ·:m.Jt:Hl 

'illflNft fll'J1,foi1'il 11l'J~iiN'1\910fll'J 'l~1mr1 F 'l um~ mu 1'Jf111flftt]tiaih11f u1rr1m rnrr1af1{ 1 1wnf11:ui1 'illll'Jll\91 
V 

" <V "' ft~rtl'Wrt-:J'W 

" .., fl. m mm fl f!Vl'.i 

U'il 11l'J~rn11tin~fl'J~iiN'1\910fll'J 'l~1mr1 F 'lu m~mu 1'Jf1llflfttJtiari111f u1rr1mrnmaf1{ 1 'l m~\?l'IJ 

1hunm-:i 1~un 

(1) u!mru1i1om1'lfl:1Jlfl 
1
l:iJmm~a:unu11m~'l,aou ~-'.1'1'0rtfli10-'.lf11Ml'W11ll'J'IJtN i-:im'W~ f1'W'l'l~'l1-'.11'J 

(2549) ~'Yi'IJ11'1'1!'11~~'111 'l tt'W f)fffl111fltll~1ff1f1'.i'J:IJffl'1'fl1 :IJ'l111'1'll'Jltil'Jl;('J-:j 'l 11:iJ'M Nft fll'J 11 l'J'W !'Will\?l'IJJ'W F !'W 

m~mu1'lf1~1ilr1aou'luflru~1r11m'J:ufflaf1{ no m~mu1'lf1~11l'Juiiu!moui1ommn 1rn~'l:iJa:u~ftnu11m~Haou 
V 

(2) 1i1om1'lf1
1
l:iJiJ1au !'illlft~ 'l:iJr1um'.fo 

(3) 1i1om1'lfll'Jlfl ~-:iaorifli10-:inmrn111cJ'IJo-:i iyfflu 1~l'J11'il!t1J (2543) ~'Yiu11i1'011l'J~iiNftfl'J~'l'l'IJ\91o 

NmY:IJtj'l'li'l'll-:ifll'J 11 l'J'W 'IJO-:J'W flfffl111'J~\?l'IJU! 11Jt)jlfl1~ii Nft fll'J 11 l'J'W~lfl'Jllfltll C}1 fltll~fffl111ffl'1'fl { :IJ'l111'1'l l'Jl'tl !'JI ;l'J-:J ! '11:W 
V , V 

.<:':le! .:::i.a:t o'3/ 
fl O I 'WO '111 f1'.i ~ 'IJ 1'W 1'lfl 'l'l ao 'W'lfl'l/O'W II ft~ l'Jl fl 

I Q.I dc:t 9) ,::!:! ~ lil I li] I Q./ d d liJ 9) 

a1'WU'il'ill'J'l'l:1JNft'WOl'JflO 1uom'lurnnffl'JU'J~noumrnou :1Jfl'JO'Ufl~:u1rn~ 1:u flHfl'U'Jll'Jft~rnl'Jri'l'l'J~'lJ n 

'lumin~fl'J 

V d V 
'IJ. mUOl'lll'Jtll;jffOU 

U'illll'J~l'W01'ill'JviM~iiN'1\910fll'J 'l~1mr1 F 'l u m~m'W1'lflllflftflt1ari111f u1rr1mrnrr1afl{ 1 'l 'W'J~\?lumn 
"' "' 

,::!:! rllj) 'J) .:::i. l1-'lil I QJ d 21 QJ d-=1 'l Q.I ,.I d ~ (l/ tl" ' flt) Ol'ill'Jl'JN'1'0'WOOfl'IJ0'1'0'1Jl'Jlfllfl'W u !:IJl'l1:IJ1~'1':1Jfl'IJl1m'l'l'1'0'1J u'il'ill'J'l'l:IJNft 'W'J~rt'Uul'Wfl'11-:J:IJ 7 u'il'iltl rlllfl 
"' 

"" .I "'l ' " "I ' !II ! d, !Ii ., .,,., ., ,, (1) Ol'ill'Jtl~'1'0'W'Ulrtu'J~'1''1Jfll'Jtll 'Wfll'Jtill'J'l'lOrlfl11:IJ1 / '1'0'W !:IJl'Ul 'il 'l/-'.1'1'0rlflft0-:Jfl'U-:Jl'W1'iltl'IJO-:J iy'Jfl'W 

1~ v11 'il ! 111 (2543) ~ 'Yi'IJ11i1 'il II v~ii Nft m ~'l'l'IJ\91 o Nft ir:uq'l'li 'l'l i-:i fll'J 11 l'J'W'IJO-:J ,! ntrnm'J ~\?l'IJU!t)Jtylfl 1~ ii Nft fll'J 11 vu 
~ I r/ .dl o' ,::,,, t11 ,:::I 'l 1 -=:i rl I ci,.<::::!,d, tl I -::!:i Ii] I 9) 'l 

fllfl111fltll"l'l fltll~fffl111ff1'1'fl'J :IJ'l111'1'll'JlMl'JftJ.;j '11:IJ flt) Ol'ill'Jl'J'l1'1ltl'l'll'W:IJ11l'1'0'W :umm~a:u '11'J0'1'0'W !:IJl'Ul 'il 
V 

(2) Ol'ill'J 6~aou 'l:w'l'l'IJ'l'l1'Wfl11:IJ{ l~:IJ flO'W '1'0'WI uom 'l 11:iJ 

(3) Ol'ill'JV~'1'0'Wl'Jfl~10Vl-:JU'J~f)O'IJfll'JOli'Ultl'l:iJiril'il'W 
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"" '.c"I 'i q "~ " (4) el1111'Hlr;!ffV'Wlll~ !Vfllff !'11'lffltl1:I.JlHHJ 

(5) t11111-:i6~ffou illiirnn itt'1'1i\vnH~vffvum:wiuri1u~ii'1ihh-u'1111 

(6) tl1117-:i6~ffVU Llll~vmm i 11 iriw:1~'Ul~fll';jitt'o1'ti'1 huntl' flfffllll 

(7) t11111-:i6~ffou'll1~i:w~u'lim'Vi~~nuunffmn I illiim1m~unrnt1'1 
' ' ,I 

vi Vi u 11i111 i c1'Vi ii r--11:1 n -:i ~'Vl u ~ v r-rn i:w q 'V11j 'Vl 7 '1 n 1-:i 
31 9J CJ .o:\Q.I QJ ef .::::t 4':\ 

111fl'UV (6) , (7) ffV~flb!V'1fl'IJ'11U111cJ'UV'1 f!-:i91'W 191cl1111':it\J (2543) 
.d. Q.I ~ QJ at. .d. dct ,:;:f, J 1 " ~ ,I at, QJ .:::!, 9 I .:!-I ,I 

1-:i cJU'IJtJ'1U flfffl'J,Jl';i~~'I.JilntJW191-:i'Vl:I.Jvlblfll-:il-:i cJU917fl111fltuC\'1 fltu~ffflrJ1fflff9l';i :I.Jtt11'Vlcllb!rH'lW-:J 1'11:1.J flV 07111-:icl'Hb!W u u 

v ' 
'l'ilU'IJl~fll-:i 1 tt' f11t1-:J i 1111nu flfffllll Ubl~ iiJ~o cl~llbllell i 11 i iYU flffflrJl UtJ fl111fl'W 01111-:i 6~ffVU 'tY1'W:I.Jlfl'Ul~ff:i.J~U 'Ii fll'Vi'Vi 
d.QJ Q.I ,::£ 

~fl'IJUflfffllll 

i111,fo~iir-rnm~'Vlm~~utl't1c1 ii 4 i111ic1 'l$i'un 

(1) 0111u6~ffouillii~vmrnvu~r1uffl1c1 

"" " "" "LI (2) 07111-:iclr;!fftJU:IJV'IJ'H:I.JlcJ-:Jl'W (mrn1u) :I.JlfllflU !lJ 

"" 'l ' 'j) Q.I • ~ (3) tJ1111WvlffVU :wm blcJ'UtJffV'IJ'HMfll';iffV'I.JcJt)cJ'H';it)ffV'I.Jflm-:tmfl 
"' ,I" "l I " d 9 I .,. d O 9 "-1 ~ "" 9 (4) 01111-:icJNffVU :IJll11-:Ji'l~IIUU!fl'IJ !Ufll-:iffV'I.JcJtJcJ'H-:itJffV'I.Jflbll-:Jflli'l l'\liVUl:I.Jl t'lfll':i~fltJ'I.Jfll';i9l~ffU !11 
"' 

tl0Ufl';i~'l.J1U1'lf1 

" .., ,. 
fl. ~ l '1-! '1-Hll'I fl'lfl 

i111ic1$i'1uunfffllll~iir-ihl~Vfll';iLl$i'1m~ F 1um~'IJ1U1'lfllli'lb!t)'tiff'!:h'H'i"LI1ff1fl';i';i:I.Jfflff9li 1 im~~'IJ 

:I.Jlfl ii 3 i111,foi$i'un 

i111ic1$i'1uunffflrJ1~iiNhl im~~'IJ:I.JlfllJ 3 i111ic1 'l~un 

(1) Uflffflllliil'l17:i.Jflu,J1U'lll1wcJ-:t'\liV ~-:JffV~fl~V-:Jf1'1.J'11U1icJ'UV-:J 'W'lft\Jl Vjflvllf{fl (2548) ~'\li'IJ11 

i111ic1~iivlblff:1.Jt]'Vlf'V11-:tfll';il~cJU'IJV'1Uflfffllll';i~~'IJ1l!t\jt\jl9l~'H'tifl'~9lrn!m-:ivn11ffnlll'lmw1'lflfftl~ 1 ~v UflffflrJl 
$,I g/ I t 

ri1u iMajiivl'u JJlU'Vll-:Ji'ltU 9lff7ff91f''lll1wc1-:i'\lio 'Vil ,,r vlblfll';i I~ cJU 1 u 1'lflfftl~ 1 llb1~1'lfli'ltU9lfflff9li ';i1:1.J'l1-:J1'lf7'VilncJ1-u'v-:i 
Q.I ~ o'.d. .d. ~ 
fl'IJ i'l tu 91 ff1 ff 91 rn Nb! fll';i 1-:i cJU 911 

~ ,. iq , " " "" d "' tq , " q 9 .J (2) Uflfffl'J,Jl !:I.Jflblll'IJ1'\li'IJV111l';icJr;!fftJ'Wl:I.JtJ:IJUt\j'Hl !:I.Jl'lll !11 !'W!UtJ'Hl 

(3) tl' flfffllllhl-:t'V1~1i'ic1uMmcJ1'lf1r11 i tt'iinm 1 u fll-:i 191~ cJ:1.J\ll1ffvutl't1c1 

i111ic1$i'1uunffflrJ1~iir-ihlim~~'IJ1l1unm-:i ii 3 i111ic1 'l~un 

(1) UflffflrJl 'liJ1~1•1h!c1uvtl1-:iffJ1m:wv 

(2) tl' nffnrJ11-u'1tt'v-:i1~ c1u illr1u11m1lvc1i-:irh 1 tt' nm~ c1u illl~v1dt1-:i 

(3) UflfffllllV-:tLlllmm-:it11lfu\ll11-u'1nunm~cJUiu-:i~~'IJ:IJ'H11'VlcJ7'ticJ 

~ Q.I 'j) Q,I ~ dc1 q (IJ 3' ,e::1 ~ 0,/ li) 31 1 

ll1111cl~1UUflffflrJ1'Vl:I.Jvlhl !U';i~~'IJUtJcJ lJ 3 ll1111cl !~llfl 

(1) unffmnii-:iilllmm-:it1tl1u\ll11-u'1nunm~c1u'lu-:i~~umn1'Vlc11'tic1 

~ ,. 'l' "" (2) Uflfffllll :IJ'JfV'IJVl111-:icJr;!fftJU 

(3) fll-:i~tl' nffnlllti'lm~ c1u m~1nvh 1 tt'illt1c11m~ c1u 911m~uutln~ 

i111ic1$i'1uunffnrJ1~iir-ihl im~~utl't1c1~iy~ ii 1 i111ic1 ~tJ unffnmiiut!Jm$i'1unm1mi'v-:im-:i1c1LM1ff!:w 

-:i~M11-:i1!c1u 
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~ QI 9) 9) d, 9) dd, I tl" 'l .::::,, Q/ 0 Q/ 

u 'ii 'ii l:'J\il 1lJ '11 ti~! '.i 1:'J'W !I i:1~ 'ft' fl1YH!1\il i:HJ :IJ'Yl :lJ Ni:l \lHHl1 '.i \ill fl'.i \il F 'W fl'.i ~'U 1'W 1'117!1 fl i:l tJ i:l 1:Y't'\'7'11 '.i 'U 

1fl'1mrnfl'liY\il{ 1 'lm~IPlmhunm~ ii 3 il'ilul:'J '1~un 

(1) tttJ~!~l:'J'W 
1
l:iJmm~mJti'U~1mm!nifo:1,n 

(2) 'li1mm1~1:'Ju'1:iJmm~iY:1J 
' V 

• I"' " "' 'l ' "' ! "' o 'l " "' 'l " "' "' (3) 1'17'.ilui:11:'J'W'Htl~!'.il:'J'W 'Wll\ili:1~1'111 f1i:lfl'W'Yl1 '11!1:Yl:'J!1i:11 'Wf11'.il'IJ7'll'W!'.il:'J'W 

QI d.<::t ' Q/ 'J} d QI cl o'.d'l" '1 ' 
il'il'ill:'J'Yl:IJNi:l 'l'W'.i~\il'U'Wtll:'J :lJ 1 il'il'ill:'J flt) t,J'.Uf1Hll'Yl 'll'.U'.i~f1tl'Uf17'.i't'l'tl'W :JJmm~ff:IJ 

Q/ di d d 'J} '19) I QI 9) Q/ a"d ..:::). 'J} 0 Q.I i d, I Q/ .di 

il'il 'ill:'Jtll-1'7 'Yl!f11:'J1'\Jtl~ \illlf) iJ 'il'ill:'J\il1'W '11i:lf1lf)tll C\'l'Yl!'l1lJ7~1:Y:IJ 'l 'W f11'.i'V'l'il1'.itln 'l 11 i:11\il'IJ'IJ'W Ni:l 1'11'.i l '.i 1:'J'W!I f)'W nfl'mn 

.ti QI ,::. I Q.I 9) di ,:!f d d'l 'J/ QI 'J);f 'QI .::::,, .a,, ,I <j) 

fl t1 m rn\ilm'.i \il!I 'IJ'UtJ ~ f1J;J" 1rn~il 'ii 'ii l:'J\il7'Wlm t1~:1Jt1 'Ylmm~ 't'l':JJ'VI 'll'l u m1 \il\il!m \il 'l 11'\Ju t1~f1'Ul?Ji:l'l'l'W 'il'IJ tJ~ t17'il7 '.il:'ll;J't'l'tl'W 

d, 'J} QJ t:\QJ ' ,/QJ rl d IQ/ .di d ' '19,) t::\ I ci, 

'II~ 't'l'tJ \il fl i:l t1 ~ nm rn 1 'il l:'J'IJ t1 ~ H mu \il nu 'Yl ~ m iY (2549) 'Yl '!'I 'Li 1 rn nfl'n 'lflm 'W 11 m '.i 11 fl~ u u u 11 'Li 'U t1 ~ ni:l "" m rn 
' ' 

,A ,:!f d'l'j/ 9)o QI t .J IQ.I <::\t::\ rl'J) 

mm~ iY:JJ Ui:l~lfl'.itl~:JJtJ'Yl 'll'l u m1 'l11m\il'IJ'IJ'W fl1'.i'IJ'W t11:'Jf1'U\ilM'l'l'W 'il'llt1~t11'il1rnNiYt1'W 
"' ' "' 

.<:\QI ..A di 1il" 
.'il1f1fl1'.i1'ill:'J l'.itl~ f11'.ifl'f11fl't'l'1!'11\l.)'Utl~fl1'.i \il!fl'.i\il F 

V 
<j)~QJ d'J/ QI c:i 

(206161) l;J1'ill:'JlJ'Uel!ff'Wel!!'W~\il~'W 

' i/ -=I V ~V 
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Abstract 
The objectives of this study were to study on: 1) the relationships between selected 

independent variables and first year cumulative grade point average (GPAX) of the students of the 
Faculty of Agriculture, Ubon Ratchathani University (UBU) and 2) the relationships between high 
school GP AX and first year student's GP AX. The independent variables including: gender of student, 
school site (Muang district or other districts), student's high school GP AX and the academic major of 
student. The secondaiy data of students between academic years 2001-2005 from university's 
registration sector was used, which included of 987 freshmen of the Faculty of Agriculture, UBU. The 
data analysis was calculated the one-way ANOVA, t-test, the correlation among factors and regression 
analysis. The results revealed that: 

1. Gender and academic major of student had significant effect (p<0.05) on the first year 
GP AX of student. 

2. The school site had a significant effect (p<0.05) on the first year GP AX of student only in 
academic year 2002 and 2003. 

3. The high school GPAX and the first year GPAX of student during academic years 2001-
2005 had positive correlation (r) with a correlation coefficient value of 0.512, the coefficient of 
dete1mination (R2

) was 0.327 and the coefficient ofregression was 0.572. The correlation equation was: 

Y = l.030+0.561X and Zy= 0.572x 

4. The first year GPAX of the student in area of Food Technology was higher compared to the 
first year GP AX of student in others academic field. 

Keywords: GPAX; correlation; agriculture; Ubon Ratchathani University 
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u~ '\l\olnl'J t1..:ifl m I mM1U'J~ff'Yl'li fll'Vi'Yl 1:l\ol \ol..:J'W u m'J \olffnll lN'i:lm'J !'Jc.It! l'lf ..:J\] nu'J~!lJ'W 1 \olt'.lrjfft1'W 'llt1..:J'W f1fl'f1lll'\l~'Yll I YI 

\J] 9' ,d QI A I I Q./ i \;19'~ & QI 9)~ A ~ ~ 
1 \ol m 11J M 'j ~ \ol1Jfl11:1J mm rn Y11..:i 1'1f1 m 'J 11 t1 ~ 1 u 'j ~ \ol 1J 1 \ol 1 \ol m 11 m~ m 'J \olttnll 1t1..:i 'j ~ \ol 1Jfl 11:iJi 'Vi 'W i l'W!\ol lJ u u fl mm \ol 

d .,A O d ~ ClJ ~ 1;1 ~ 0 d ~ t I Cl' Cl' r/Cl;I cl GI 'j}' 

m Mff~fflJ 1:1Jt1 mi 'j '\l mrnnmlJ 'Ii cJ:1Jttnll l\olt1 u U'i:lW tl '\l'W t1..:i m nr11 H mrnnmu u ff ..:i N'i:l U'i:l~ff:IJ'Vi u 'Ii nu 1 'Vi c.1-.:i 1\ol 'llt1 

'j} d!;]9,J O lil I O .er, .J Cl' .<:::r, r1t I QI 'j} ~ 
fl'W'Vi1J'Yl 1\olu~'Wl ilff m'J 11..:i UN'W m'J \olll 'Wu m'J 1 'Viti m'J'ViWJ'W 1m..:i 1'1f1m'J'llt1..:Jfltu~mll\ol rn11:Y\ol'J \,'l..:JU\ol f1l'j'J1J!'ll 1ttnm 

"' 
"' <l ~ .J' ~ ?I ,: " di 9 Slq O ""~ ' 'l-1"1 """ '\l'Wfl'j~'Yl..:Jfll!'Junl'Jttf)lll 'Wt1f)'\llf1'Wc.l..:J!1J'W~\ol!rn\,'l'W!'Vitl !'If !'Wf)l'J'Y111'\lc.l\?ltl 1J !\oltlf1'Yll..:J 
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QJ ... I d ~v 
1 VI fJ lJ "J :t tT -.'.I rl '1J fl ..'..I fll 'l 1'iUJ 

q 

.J. 4 di Q.J Q.J rl I Q.J 91 d..s 11) 9/ 1 <V di ,,J di <=i 

1. l'l'H)fl'fl'hllfi-:Jfl17JJ1:l':IJV'l'W '.li'.i~TT1Hl'1'1!1lh\9l'W 'Ylfl'fllll !\Pl!lfl !V'lfl''IHJ.;J'W flfl'fllll !'\J\9l'V'l'W'Yl\91.;J 1 H!'.i c.J'W (1 'W!'\J\91 

o ~ .:!! o .:!! d Q.J,::S. r1 ~ Q.J ,:::\ 

f.l l!.fH.JtmN TT '.i fJ 'W fJ fl! '\J\91 fJ l!J) f.l !:lJ f).;j) II l'l~fl~!I 'W um M1:l'~ 1:1':IJ'IJ f).;J'W flfl'f)'lflfltll ~!flEl\91'.if\'11:l'\91'.i :IJ 1171'1'1 c.JlM'QlJ l'l'.i l'li'.li l'W 
'j/ I I I 

'Jf'W TI'Yi 1 iuTirmfffl'hll 2544-2548 ! vfoftflEl 11:1' J11'1'1'\Jf.l.;J!fl'.i \Pll'R ~ cJ1:1'~1:l'lJ'\Jf.l.;J'W flfffl'hllfltll~!fl'hl\91'.ifl'Tff\911 , 'WU~l'l~ 1:l'l'IJ11'lil 

~'JlJ!~lUfll'.ifffllll 2544-2548 

d, ,:::9 di Q.J Q.J r/ I d .J. O d ,=l Q.J Q.J ,=i 

2. !'l'lf.lfl'fl'hl lM 1:1':!Jfll'.i fl'JllJ 'ff:IJ'l'l'W '.li'.i~ TT'Jl.;J fl~!! 'W 'Wt 'U M'ff~ 1:1':IJ !lJf.l 1:1'7! '.i 'ii fll'.i fl'flEl l'.i~\PllJ:IJ'.!i cJ:IJfl'fl'hl l\9lf.l'WiJ l'l lcJ 

' ~ ' 
f)lJfl~U'W'W!'R~cJ'ff~'fflJ!'W'Jf'WUvi 1 '\Jf.l.;J'WflffflEll 

J::!t,.:::::!, O ~ i:::!). V 

1'.limAU'I-Hll'l1'lltl 

1~1'0c.J~Hinf.l fll'.i1'0vti.;J'ff7'.i'J'il 11P1vHi~f.llJl'l'Yl~cJJ)lJfl~!l'W'W!Q~cJ'ff~'fflJ!rif)fffl'hllfJVim'TuTI~ 1 'illflil'W~f.llJl'l 
'U q 'U 'lJ ~ 'U 

'Yl~111vuiJ1~1~unffnEJ1r1iu~tfl'hl\91'.ifl'7'ff\911 1~1111.;ium1ffnm 2544-2548 ~1mu 987 r1u i11uiJ1~u~ffnEJ1
1
l~11n t'l'lfl' 

'\Jf.l.;J'W flfffl'hll !'IJ\91,'W~i.;i 1 rn~ c.J'W (i'W!'ll\9101!J1f.l!iJf.l.;i TT~f.l'Wf.lfl!'\J\910l!J1f.l!iJf.l.;i) fl~!l'W'W!Q~c.Ji;,'~1:l':IJ!rlf.l'ffl!~'ilfll'.iffflEll 

'.i~1P11JlJ'.liV:1Jfffl1'l 7\91 f.l'W iJmv 1rn~ 1:l'l'IJ71'lil~ffnm 1o1111 iJ1\911:1J~ffnm Mu ntm \Pim ~c.J'ff~'ff:IJ'W nftnmtrif.lfffl'hl1JuTI~ 1 1 u 

mm~vu~ 2 'IJf.l.;J'Wflfffl'hl1~fo1~1Tim1ffnEJ1 2544-2548 

fll'.i 1!fl '.i l~lt~f.llJl'l i oilm111m l~ltfl'Jl:IJ!I iJ1iJ1 'J'W 'YI 7.;J!~c.J'J 1!fl '.i l~ltfl'Jl:IJ!l\91 fl~WlHJ.;J~f):IJ[l~'JcJ t-test 1!'i'l'.i1~11 
~ ~ 

~ ~ <I "" <I 'l' 9 "''>. I o cl • I 
m1:1J1:l':1J'l'l'W'.li 1rn~m111m1~11111J1Jfi\Plflf.lc.J 1\Plc.J 1'li iu'.i!!flrn'fflt'.i'illlJ 

''"" NtHll'l1'lltl 

1. t'l'lfl' Ul'l~'ffl'IJ71'lil'\Jf.l.;J'Wflfffl'hll iiNl'l~f.lr1~11uum~v'ff~'ff:1JiuJuTI~ 1 '1Jf.l.;J'Wflfffl1'll!'W'YJflUfll'.ifffl'hll f.lc11.;iii 

'Wc.J'fflfit\J (p< 0.05) 

- 1m1P1m ~c.JiJ'.licJ:1JffflEJl\9lf.l'WiJmvmr111qj.;i'il~iim11P1m ~vi:;r .;in11t'V'lfl''li1c.J ciiJ~ 1) 

- !fl'.i\Pl!'R~cJ'.i~IPl1JiJjt:1JUJ1\9l~mr111ru.;i'iJ~iitm1P1m~v'ff.;in11mr1'l!1cJ ('.iiJ~ 2) 
u u u 'll 'lJ 

2.8 

2.7 

2.6 

,~25 

~2.4 
= 2.3 

22 

2.1 
2544 2545 2546 2547 2548 

UmiAmn 

~ 
~ 

2544 2545 2546 2547 2548 
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- !fl'J~H 'i! ~cJlJ1i cJ:IJftfllJ WIO'U 'U'i:llcJ'ffl'Ul1'lfl!'l'l1'11 'U 1 llfifll'Hlllll'HJ~Jj!f1'.i\9l!'U ~cJ'I;); ~fl1l'ffl'Ul1'lfl!fl1J\ll'Hl'l'ff\ll5 

11l!~'ff1'U11'Jf1u1~"~ cill~ 1) 

- !f1'.i\9l!'U~cJ1~\P1'1.J'Ufomn\ll~'ffl'U11'lfl!'l'l1'1 t'U 1llfifll'J'ellll11'iJ~Jj!fl1\9l!'U~cJ'ff~fl11'ffl'Ul1'lfl!fl1J\ll'Hl'l'ff\ll5 

3 

2.5 

"' 2 
"" 
; 1.5 .. 
s 1 

0.5 

0 

u u ~ 

2544 2545 2546 2547 2548 

iln1~/ilnli1 

m tm:rn, 
Ill 1J;tu~ 

D t\'1AIU11lan1rn1m1 

l,J~ 1 !f1'.il'l!'U~cJJJ1icJ:1Jftf11Jl\llel'U'U'i:llcJ 

2.5 

·"' 2 

; 1.5 ... 
s 1 

0.5 

2544 2545 2546 2547 2548 

iln1,/ilm11 

iltmrn, 
111 th~u~ 

0 l\'1Alu1Af11111;rnm 

SJ I :3J I SJ I 

2. l'IJ\ll'Vj'U'Vi\91~ 11 ~!~ cJ'U 'i]~Jj NllelVl~iiucJiYlflty~ell'l~l!'U'U!'U~cJ'ff~'ff:IJ 1 uiu1Hi 1 'Uel~U flftflmm '\lil~il fl11ftfl1Jl 

2545-2546 

- ,! nl'in111~ 11 ~!~ cJ'U!~:IJeJ ~u ei fl!'U\llBl!neid'.le1~1J~iim1 m iu ~cJ1~1Piull!iyty1\ll~ l!ll~!ml'lm ~cJJJ1i cJ:1Jftn1J1\lle1u 

'U'i:llcJ~'ff~fl17Uflftf11Jl h~!~cJ'U!~:IJelVt'U!'U\ll01!flel!llel~ (1'U~ 3 !Ill~ 4) 
~ ~ ~ 

2.65 
2.6 ,,-----1----- 2.7 r,----nc__ _____ _ 

2.55 
::i 2.5 
,; 2.45 

~ 2.4 
S 2.35 

2.3 

2.25 
2.2 

2544 2545 2546 2547 2548 

iln11/lnu1 

2.6 

2.5 

2.2 

2.1 

2544 2545 2546 2547 2548 

iln11/lnu1 

JJ1icJ:1Jftfl1Jl\llel'U'U'i:llcJ~'ff~fl11Uflftfl1Jl h~!~cJ'U!~:IJelV'Uelfl!'U\llOl!fleJd'.lei~ (1'U~ 3 !Ill~ 4) 1cle1~'illf1Jjfl11!'U~cJ'U!l'UM 
~ ~ ~ 

QI 'J).t.:.i ?I .J oq3/Q.J d. t1• -1 "" 
1~'1.J'I.Jf1111'1.Jl'Ulrif11Jl'illf1'.i~'I.J'I.J Entrance !u'U1~'1.J'I.J Admission '1/~'l'll !ll'Uf1!1cJ'U :IJ'ffl:IJ11f:11J1~!:IJ'UNlll'l~!!'U'U'ffel'I.J'Uel~ 

.ii ,d, j/ I I :3J ~ 
\ll'U!el~!'\liel !'l'l cJ'I.Jl'Ull'ltU~"1 i¢i'e1rJ1~'lfl'l! 'il'U ! 'Wel~ 'ill fl i:i.iiil'lll'l~!! 'U 'U 'I;); ~ix\91-\i!Tf!\91 'UeJ~ilm1ftf11Jlf1el'U 11tl' lU 'U! 1J'U 'I.J'J'Jr1 \91 

Q.J 'J) d. 1 1 0./ Q.J ~ ~I ?1 I .J q ~ 
Jl'U !!ll~'illflfl11'J'I.J!'U1!!'1.J'I.J Admission :IJ1'111'l~l!'U'U'ff1'U GPA 1~\9l'I.J:IJ1icJ:1Ji'l'fl1Jl\llel'U1JlllcJ !1J'U'ff1'UlltM 1'Ufl111'1\9l 
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r1~uuu 'l'hi1r1H11flu~1,i'l 1lfo1nru41m1hi'r1~11uu hi' GPA ~,i,u 'ff,Jf-mhi'irm1flm~~uir1rn:JJflm11111rrnll1:1wl'.i 

m1:JJ m~~io!u!u i u m111111 fl:JJ\9111:l'ou i u 1~uu i 1-nJ 1rn~iJN1:1nu 11 fl'W ~~,u fl17l'J nil 
V ' <I <I 

3, m'l"ln:JJ1li,111~ilm1flmn 2544-2548 i:l':JJm1lilM'il~!~fi1ifo1l1~ir'l11ni:1'11'ff:JJ'Vl'Wli (r) !'1'17f1'1J 0,572 iY:JJ1l1~ir'l11i 

nn'l"lfllnnu (R2) !'1'11nu 0.327 !!1:l'\Pl,111 r1~1rnwu~fli:l'~i:l'm~~uirM:JJffmfl111oull1:11fl oiuwm1:JJ111l11l11u'Uo,1 

fl~!!'W'W!u~fJ'j~~'lJQ\Pl:JJfffl'l,11 i~!Ofli:I~ 32. 7 fil'ff:JJ1l1~ir'l11i'mn1\Plt10fJ:JJlll]'jjJl'W!'l'llf)'lJ 0.572 tl'ufioo'111TI'l"li:1'11ll,l\11H'IJO,I 
I I I :JI I 

r1~11 u w u ~ fli:l'~ 1:1':JJ 1 ~~uir 'Ii m.J fln1111110 'W 1l1:11 fill l'.i~ or1~11 'W 'WI u ~ fli:l'~ 1:1':IJ i 'W iu illi 1 'Uo,iir nfln1111il u O'111 TI 'l"l 1:1m,im n 

1~~ull1un1:11,1 <ill~5 111:1~ 6) t1P1flUl:l':JJm1m1:JJiriivl'u{~,1,d' 

Y = l.030+0.561X 111:1~ 

Zy=0.572X 

' ~ ' 
t\Plfl Y = fi1ll1~mru'Uo,1r1~11uum~fli:l'~i:l':JJ'Uo,1irnflnmiuilli 1 iu11lr1~uuum1111,i1u 

x r1~11 u um ~fli:l'~i:l'lJ i m~~uir'li fllJlllU'W 1l1:11fl 

Zy fi 11l1~mru 'Uo,11li1111l11111ii i 'W 11lr1~1rn um1111,i1u 

2,70 
2.62 

2.60 

2.50 
2.53 

2.40 

2.30 
2.25 -tlmr 

2,20 

2.10 

2,00 

2544 2545 2546 2547 2548 

' ' ~ ·n.lfi s 1m1P1m~fli:l'~i:l'm~~uir'lifllJffnm111uull1:11mrn~ll1ruru11111 lli,iu~ilm1fln111 2544-2548 
~ u u 
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0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

0 

2544 2545 

fi1 R-Square 

2546 2547 2548 

J'U~ 6 fl1f111:1Jfl:IJ'l'l'W'jj (R-Square) 1:::tt11~1m~m ~l'J'J:::~'!JlJ]j l'J:1Jfff)lJ1\9ltl'W1hrn.1n1J'U1t)Jt)JWI~ 
,, 

i~ul'lilm1ffmn 2544-2548 

I :iJ I I I 

umuuii:::r1:::U'W'Wm~l'Jft:::irnh,1i'uilvi 1 'lil~f111ffl'l.111'lf1fl'W'l ciuvi 7) 

3 

2.5 

:::i 
2 

,r.i: 
g 1.5 G 
II" 
5 

0.5 

0 

2544 2545 2546 

ilni<aAmn 

2547 2548 

II Lt11!l'Gl'ivf,'hl 

111.l'i::l-h'l 

□ LVIA b Ub~ fi t11'iel1'1-n'i 

I I V I 
_ 1.c:::1 t=:1 GJ QI ';;ii t:::1 QI .dl <I 

JU't'I 7 fl:::U'W'W!'i:iill'Jft:::ft:IJ !'W'lf'Wu'Yl 1 'l.ltl~'Wf1fl'f1},J1fliU:::!f11'J\9l'Jl'l'lft\9l'J 
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~ V 

fll'jl'Ol'Jl'l'.i-rwd'.lum'Jl'OfJ!;~'IJ'Vi'l'Jll'J (Descriptive research) l\lll'Jli!1'1-l~BlJ'1'1'.l~l'Js;]i'l (Secondary Data) 'il1fN7'1-l 

'l'l~tii l'lmh~1~'1J0~u flfffl'hl7lJ'l111'1'l l'J7~ l'Jo'IJ'1 n1rn 1i1 iJ fll'jfffl'hll 2544 -2548 1J'il\ll~~11 mm~ 0ffnmm1lJ 'fflJ~'l-l TIU '1~ 
' ' ' 

1'117lJ'ffllJ1Hl i '1-l fll'j 'Yl1'1-l 11'J'IJO~lf)'j\ll! 'I! ~l'Jff~fflJ 1rl0 'ffl! 1 'il f)l'jfffl'hllll'li l'JlJfffl'hl Wl omfo 11'Jf)1Jlf)'j \ll! 'I!~ l'Jff~fflJ 1rl0fffl'hl 1 i '1-l 

QI .cl Q.J,dl r1 ,=,. Q/ c::t d. 4 d 
'J ~\ll'IJ el \lllJ ft'fl'hl l'IJ el~ '1-l f)ft'fl'hl 11'1 ru~ ! fl'hl \l]'j ft'l ff \ll 'j lJ '1111'1'l l'J1'1 l'Jtl 'IJ m 1'1/'li 71-lU '1 ~! W tlft'fl'hl lff fl 1W'IJ O~!fl 'J \ll! 'i! '1 l'Jff~ fflJ'IJ el~ 

' ' 
<11 4 ,/ 1 ,::i, d(I.J 9J ..::::t ~ 31 d 'J} .<=:\Q.I i J' d 9' 
u flft'flml'lru~m11\llrn1ff\ll'J iuU\ll'1~'ffl'll71'117 'l'lrnt'IJ1umrnnm 2544-2548 'IJOlJ'1'1'1 l'lll 'l-l fl1'J1'ill'Jl'IH'W!D'l-l'IJtllJ'1'il7fl 

<u <u 

I .<::!I, ,=,. ')' 9,1 dq 91 ?1 'J} ,:::{ ,. I Q.1-"'!I, QI 4 rl vi 'J) I d 
!!'11'1~'1'.l\lll'Js;)lJ I \ll l'J!l'l-l 'IJ O¾J'1 (Database) 'YI I 'l/l1J'l-l'lltl¾j'1 'l'l~!'IJ l'J'l-l 1J'j~1\ll'l-l flft'fl'hlll'lill~! fl'hl\ll'jft'lff\ll'j 1\lll!fl 1m \ll!'U Mff~fflJ 

,A 4 I t c::t d d d_ o d 4 QI Q/ 4 .c:Lt &:::t 4 

moft'n1110~iu'll'l-lU'Vl 1 1m\llm '11'Jff~fflJmomt'J'ilfl1rnnm'J~\ll'IJlJ'lil'JlJft'fl'hl7\lltl'l-l'Uml'J 1wft' !'IJ\ll'l'l\ll~ 1 Hl'J l'J'l-l mrnnm 

'1Jo~il\ll1 nn fffl'hll'llo~m'J\ll 7 o 7'1fW'IJ0~il\ll1 01'JfW'IJ0~m'J \ll7 irn~ir ~ t1\lll'lru~ 1 \ll l'JH~0JJ'1'U0~ir nffnm~·fo1~1 i uil 

fll'j fffl'hl7 2544-2548 u 11 ci~ ~" 7'1J 0~ fll'j 1fi1J 'j 1m 1lJ~ OlJ'1 ri111 f 1J nn 1'0 l'Jl'I f ~ if ft 0~0lJ '1'\ll~t ii l'J'l-l 'U'J d~'IJ o~ ,r nffnm~ 
<u <u 

f rn~1ffn111 i uilm'Jfffl'hll 2544-2548 'IJ0~~1u'\ll~!Ul'Jmhd~u'1~1h~m'1N'1 no~'IJ1fl1'J fl1'jfffl'hl7 ri11! n~1u 0ii mm~ 

lJ'l111'1'1 l'J7~1'JQ'IJm 7'll'li7'W 1.h~'ll1m~i ii u fl1'J1'0 l'J fttl ,1 flfffl'hl7'J~\Pl'IJ'U1t1Jt1J7'Uru 41\ll 1'1ru~1n11\llrn1ff\ll{ iJm1'Vl l'Jl~l'J 

Q'IJm7'll'li7'W ~1mu 5 iu ~1~1ffnmiuil 2544, 2545, 2546, 2547 U'1~ 2548 ~1mu 166,196,223, 190 1rn~ 212 1'11-l 
'J) 'J) ' 'J) 'J) 

\ll7lJ1:17\Pl'IJ 'J1lJ'11~fl'W 987 l'l'W \ll1U'U'J'YJH1'Wfl1'J1'01'Ji'11~'W'U'J~flO'IJri'1l'Jl,11uil'J\llllJ (Dependent Variable) 2 \ll1 fttl lm\ll 
I I 'JJ I I I 

m~l'Jff~fflJ'Wflffnmd'.ioffn111iuilvi 1 iuml'l!~l'J'W'Yl 2 'IJ0~unffnmvifrn~1ilm'Jffflm 2544-2548 l\lll'J11llri'11'Jm\ll'J 

eJ'l-l \ll rn71'1 (Interval Scale) !!'1~ \111!! 'U 'J ! m\llm ~ l'Jff~ ffmrl 0ri11 h fll'Jfffl'hl n ~ \Pl'IJll'li l'JlJfffl'hll\lltl'W 'U ml'J1\llri' 11'JlJ1\ll 'J 

B'l-l\ll'Jflll'I (Interval Scale) 'ff7'111'1J\ll1U'U'Jflff'J~ (Independent Variable) lJ 7 i11$\'un mlllrnllJ'IJtljt)j~ (Nomial Scale) 
' ~ 

7 \ll1 
1
lri'un \ll1U'U'J!Wft' \ll1U'U'Jl'IJ\ll'Yl\ll~ h~l~l'J'l-l \ll1U'LJ'jfl1'jfffl'hl1'1JO~'U\ll1 \ll1U'LJ'jfl1'jfffl'hll'IJO~m'j\ll1 \ll1U'U'J07'JfW'IJ0~ 

,::::,, QI ,.I .<::i Q/ ,.I QJ QI ,=,. .c::i. ,;/9) 1 ?1 d ?1 ,::::,, rl 
'IJ\lll \ll1!!1J'J07'l/W'IJtl~lJ1'j\ll1 l!'1~\ll1ll1J'Jfl1'jff~fl\llffl'IJ11'l/1 fl1'J1!1'1'J1~'11'Utl¾J'1Um!1J'l-l 4 \llO'W \lltl'W'\ll I !1J'l-lfl1'J1!1'1'J1~'11 

<j) .J 9) d d ,::i, ,/ d .<::I I 'J} ,=,. ,::::,, d ,:::{ 'j)J 

'llO¾J'1l'IJ0~\ll'W \llO'l-l'l'l 2 1tlu11m 1~mu'J l'J1Jl'Vl l'J'IJl'l17lJU\ll fl\ll7~\ll1fJ!'Vll'l'Wl'I mn11'1'J1~11 m1iJ11 U'J unu'\ll 1~1\lll'J11 \ll l'J 1'111'17 t 

1rn~ f \lltl'l-l ~ 3 t~'W m'J11m 1~11m1lJ'fflJ~'l-l TI'J~1111~r111'1~U uum ~l'Jff~fflJll'lil'JlJfffl'hll\lltl'l-l U'111'Jt1mh1'1~1mum ~l'J 

ff~ffm~l'l'IJQ\lllJffflm ri'11'J!'l'll'l'Wl'I m'J11m1~11mrnirlJ~'W TIil~ l'J{iu 1rn~\lltl'W ~ 4 !~'W m'J11m1~11t1\lltrnl'J 1~0 fll'j 

O I ci, QI 4 
'l'll'W 11'Ji'11l 'R '11'Jff~fflJ'J~\ll'IJQ\lllJft'fl'hl1 

L N'1fll'J11m1~11~0JJ'1J1
11 U'IJ0~ir flfffl'hl71'1ru~m11\llrn1ff\ll{~f rn~wf ~u~il fll'jffflm 2544-2548 ~1mu 

I I ?1 o .c::i, ?1 'J} O Q/ at. ,:::::f, o ,::::,, ?1 'J} 

1,402 l'l'W W'IJ11ff1'1-llJ1fl!1J'W!Wft''l/ll'J 'il1'W1'W 707 l'l'W l'l\lll1JmOl'J'1~ 50.4 ff1'11rn!Wft''11tlj~lJ'il1'W1'W 695 l'l'W 1'1\ll!1J'W'je}l'J'1~ 

49 .6 ,1 flfffl'hlll'I ru~m11\llrn1ff\ll{ i:hu mn l 'J ~!~ l'J'W!~lJ~ffnmov1rlm~ l'Jm~l'l'IJll'li l'JlJfffl'hlll'IJ\ll~i~ l 'J ~!~ l'J'W 'il~0vu 0 ndj0~ 
<u <u 

~7'W1'W 1,069 l'l'W fi\ll!~uf01'l'1~ 76.2 ri1ui11rulJm'J\lllU'J~fl01J01'Jfwm11mmrn1110'l/111l'J~mmn~ff\ll ~1mu 
u ' 

,::::,, ?1 31 ,. J .c:l 9,/ di Q/ Q/ 0 a,, ?1 9,) 
730 l'l'W l'l\ll!1J'W'jtll'J'1~ 52.1 'JM'1~lJ11J'j~fltl'IJtl1'l/W'IJ1'J1'l/fl1'jrl'J0W'Wrn7'W'IJtl~'J! 'il1'1-l1'1-l 233 l'l'W l'l\lll1J'W'jtll'J'1~ 16.6 

~I 'JJ a,, .::!i. 9J o ,::::,, ~I 9/ o Q/ ~I Q/ QI ,::::,, ,::::,, 9J d o 
!1J'W!'ill'IJO~fl'ilfll'J'l1'JOl'l1'1Jll'J 'il1'1-l1'W 166 l'l'W 1'1\lll1J'W'Jtll'J'1~ 11.8 \ll1lJ'17\ll'IJ l!'1~!1J'l-lW'Wfl~1'W'J'IT1ff1'11fl'il 'l-ltll'J'\llff\ll'il1'W1'W 

~ ' 
V ' 

3 l'l'W fi\ll!~uf01'J'1~ 0.2 ri111f1Jillll1iru ri1uimyillll1'1J0~unffn111u'J~t101J01'Jfmt111\ll'Jm'JiJ1110'l/11u'J~m mnvi-qlll 

0 ,::::,, .?1 9,/ ,. I d 91 di QI QI O ,::,,, ?1 
'il1'W1'W 487 1'11-l l'l\lll1J'W'je}l'J(l~ 34.7 'j'e)~mm lJ'j~fltl'IJtl1'l/W'IJ1'j1'l/fl1'jrl'j'e)W'Wfl~1'1-l'IJtl~'j! 'il1'W1'W 217 1'11-l l'l\ll!lJ'W 

fol'J'1~ 15.5 01'1fwfut1~ ~1mu 63 l'l'W ft\ll!~'WfOl'J'1~ 4.5 \ll7lJ1:17\Pl'IJ U'1~1~uwun~1ufi1m11n'ililol'J~ff\ll~7'W1'W 7 l'l'W 
~ ' 

fi\ll!~'W f Ol'J'1~ 0.5 1@fl1'jfffl'hl1'1Jtl~'U\ll1U'1~m'j \ll1 ti1'W i myilll17U'1~lJ1'j\ll1'1Jtl~'W flfffl'hl7'i)~jj1@ fll'j fffl'hl1~7fl'J1'j ~\Pl'IJ 

lJ'lil'JlJfffl'hll ~7'W1'W 365 1'11-l f tll'J'1~ 26.0 11'1~ 652 l'l'W f 01'J'1~ 46.5 \llllJ1:11\Pl'IJ ffl'IJ11'l/7~lJ'Wflfffl'hl1lJ1fl~ff\llftOffl'IJ11'l/7 
' 
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lfl'hl\l"l'ji'/lft\l"l{ (lfl'hl\l"l'JlY1111) ~lln'W 993 fl'W fifltilu!0cJ1;1g; 70.8 mm-1"1fi0fll'IJ11'l/l!'Ylfl 1u 11:1vrmmm1 ~l'W1'W 

208 fl'W fifl1ilu!vcJ1:1g; 14.8 111:1g; m'IJ11'l/1u1g;:i..1--1 ~1mu 201 fl'W fifltilu!vcJ1:1g; 14.4 \l"lllJ~l~ll 

~ ,:::::,, di I e:::t ~ t 'l .. I ~ ,I e::::l 

llJV'W'ill'JWlffnm11\l"l1:1g;umrnnm11g;'WlJ11 'W1J'Jg;f)l'jffnm 2544 2545 111;1g; 2548 f1rug;1n11\l"lrn1n\l"lag;lJ 
' ~ 

'W nffnmt'Wff'l/Wmnn11t'WffMiy--1 1mg; 'l uil f)l'jffnm 2546-254 7 'i)g;iiu nffn'hlll'WffMiy--1mnn111 'Wff'l/lcJ l'IJ\l"l't1~--1 h:i11 cJ'W 
' ~ 

l~lJ 'IJ0--'.l'W nffn'hl 1dj0 ffn'hl ltl v1g;~rnh cJlJ ffn'hl 1\l"ltl'W U1:llcJ'Wll 11'1'1 nil f)l'j ffn'hl 1~--'.lll~U f)l'j ffnm 2544-2548 ihu 'l m.u V V cu q u 'U 

0 ~ ,:::::,,f'l'J) I ";::ii ..:.1 ,:;:f,0,/~ ,:::::,, ✓ d ,:::::,,?I 
'W 0fll'IJ\l"IVllfl01lJ0--1 fl~! 1JU'J0 c)1;1g;'jg;'yj'Jl--1 7 4.5-81.1 'l'Jnu mrnnm 'i)g;:J__Jl,I f1Mfl'hlli1'l'IJ11'l/llfl'hl\l"l'ji'/lflm mn'l'l-q~fl~l1J'W 

f vm1g;1g;M11--1 67 .0-69.9 rlmf 1J~1u1uunftn111m'IJ11'l/1u1g;lJ--1num'IJ11'l/11'l'lfl 1 u hvmrn1Mu,!u'lm\'1~cJ--1nu fi~ 
~ 

1ilu!0cJ1:1g;1g;M11--1 11.3-19.3 111;1g; 10.8-21.7 mlJ~l~ll rlmfmwlm1ffnm'llv--1ilm1rng;lJu~1uu 'l'lnilm1ffn111 
q q 

ri1u" 1 nil~ 1111:1 g; lJl'J ~ l 'lJ V--1 'W n ff f)'hl iii 1wl n 11 ff fl'hl 1 ~ ~1 n 111 g; ~ lJ lJ 1i cJlJ ff fl 111 In 'j ~ I 'H ~ cJ'j g; ~ lJ lJ 1i cJlJ ff n'hl l\l"l 0 'W iJ 1:11 cJU 1:1 g; 

'jg;~uu!tytyl\l"l1 'IJV--'.l'Wf1ffnm 'lu11~1:1g;ilm1fffl'hll 'Wll111m~m~cJ'jg;~l]lJ1WlJffnm\l"lti'WUmcJ~l'q~0d'Jg;'yj')l--'.I 1.35-1.60 
I I ,:::::,, d I d I O Q.I d 0,/ ,. I..::,_ c.:1 ~ I I 

n--1iY~0cJ1g;M11--1 3.44-3.86 fl~1uumm1:1cJ1g;M11--1 2.53-2.61 mM11Jlflrnm1:1cJ1g;~uurnrnn\l"l1 \l"llfl~vcJ1g;M11--1 1.50-
'U q cu u u q 'U 

1. 71 i,---1n~vv1g;M11--1 3 .62-3 .82 fi~1ilu ftlm ~cJ1g;M11--1 2.25-2.62 il m1ffn111~iift1m ~cJ'IJ0--11m~m ~ cJ1g;~1JJJ1i cJlJffnm 
qJ q qJ 

\l"IV'WU1:IW ff--'.lff~fi0ilm1ffnm 2545 iiftll'Vllflll 2.61 1rng;~7a~ft0 Ufll'Jfffl'hll 2548 iiflll'Vllflll 2.53 111:1g;'ff1Mflllm~ 
qJ q o; 

m ~cJ1g;~uiJ!ruru1\l"l1 um1ftnm~iift1m ~cJ'lJ0--11m~m ~cJ1g;~uiJ!ruru1\l"l1 ff--'.lflflfitiilm1ffnm 2544 iiflll'Vllflll 2.62 u u u u 'U q 

I I V l I 

111:1g;1o11fl~fiV ilf11'Jffflm 2548 iiflll'Vllflll 2.25 diti'Yi'ill'JWl~--'.lll~ilm1ffnm 2544-2548 ftl!'H~cJ'IJV--'.llm~m~cJ'jg;~l] 
q 

.. 1,:::::,, .<::i O,I ci d'e::t. l 31 
1J 'J tyty l\l"l'J 'IJ 0--1 'W f1ffnmf1Wg;lfl1f \J"l 'ji'/lff \l"l rn II 'W 1 ! 'W lJ 1:1 ~1:1--1 

2. i:-rn f11'J11fl 'j 7g;,-fr~ VI U1 cJlJ 1 't1cJ1J fl1llJ 11\l"l n~ 1--1 'Wll 111 'Wff'l/Wfllll 'Wff'rl ij]--1 ii !fl 'j ~I 'H ~cJlJli cJlJ ffn'hl l\l"l Vu iJ m cJ 

11\l"ln~1--1 nu 'l'l nil m1ffn111 I 'WffMru--111g;ii1m ~m ~ cJiY--1n111'Wff'llW vv1--1iiu cJrl1i\'ru~1 g;~u 0.05 1mg; rlrnf lllmflm ~ cJ 
q " 'I.I u 

jJ I I jJ 

1g;~1J0~lJffnmuu'Wu11 'l uu m1ffnm 2548 1'Wff'lllcJfllll'WffMru--1ii1m~m ~cJvi 1h111\l"ln~1--1 nu u0nuu11\l"l n~1--1 nu 1 ~m'Wff 
q u 

'yjU],-'.j'i)g;ii1m~m~cJ'jg;~1Ju!ruru1\l"l1ff--'.ln111'Wff'l/lcJ 0v1--1iiucJ'fflfl'i,U~'jg;~l] 0.05 ilm1ffn11125451mg; 2546 'Wnffn111~ii 
u u u 'U u 

'J) I I I I I 

l'llll"lviu vi~1--1 nu 11g;ii1m ~m ~ cJ1g;~uiJ! tyty7\l"l1 111:1g;1m~m ~ cJJJ 1i cJlJu1:1wvi 11\l"l n~1--1nu 0v1--1iiu cJ'fflflty vi 1g;~1J o. 05 1 ~ cJ 

'W nff fl 11l~!'J--111 cJ'WI ~ lJ V VU 0 fll 'lJ \l"l '01 lfl VllJ V--1 'iJ g; ii Im~ I 'H ~ cJ'J g; ~ lJ 1.J! tll 'i.Ul\l"l1111:I g; Im fl!'H ~ cJlJ 1i cJlJ um cl~ ff --1 n1 l'W f1ff fl 111 ~ 
'U u u 'U 

h--111cJu1~lJvd'lu1'1J\l"lil11nv1iJ0--1 um1ffnm 2544 2546 2547 111:1g; 2548 1m~m~cJJJ1icllJU1:IW'lJV--'.l'Wflfffl11111~1:1g; 

ftl'IJ 11'1/111\l"l n~ 1--1 fl 'W 0 Vl--1 ii 'W cJ'ffl flty ~ 'jg;~ lJ 0.05 1 ~ cJ'l 'WU f)l'j fffl'hll 2544 'W flffnmflrug;1 f)'hl\l"l Hllff \l"l fo1'1J 11'l/1 

m11\l"lrnliY\l"l{111:1g;ff1'1J11'l/11 'l'lfl 1 u hvm1v1m1 ii1m~1'R ~cJ1g;~1JJJ1i cJlJU mcJff--1 n11u nffnmm'll11'l/1iJ1g;lJ--1 'l uil 
qJ 

m1ffnm 2546 u flfffl'hllflWg;lfl11\l"l rn1n\l"l fo1'1l71'llli1'l'IJ71'l/71 'l'lfl 1 u 1rt vm10mu ii1m ~m ~cJ1g;~1JJJ1i cJlJU1:IW~ --1 n11 

'W nffn'hlliYl'IJ 11'lf1U 'jg;lJ,-'.Jl11;lg;i1'7'1Jl1'l/llfl'hl\l"l 'ji'/lff \l"l{ Uf11'J ffn'hl 1 254 7 'W flffnmflrug;!f11f \l"l'J fflfl\l"l fo1'1J 11'l/ll'l'lfl 1u !ft V 

mrn1m1 ii1nrnm ~cJ1g;~uir1i cJlJU1:1w~--1 n11u nffnmm'll11'l/11f111\l"lrn1iY\l"l{ 1mg; 'luil m1ffnm 2548 u flffnmflrug; 

lfl'hl\l"l rn1iY\l"l{ iYi'IJ71'lll!'Ylfl 1 u hvm1vm11 ii1m~m ~ cJ'J g;~lJJJli cJlJU mcJ~ --1n11u nffnmm'IJ11'Jf1111 g;m 1rng;ff1'll11'Jf1 
I V 'JI I I 

lf11f\l"l'jf/lff\l"l{ rl1Mflllmm'R~cJ'jg;~1Ju!ruru1\l"l1'W'W 'Wll11ilf11'Jffflm 2544 111:1g;Uf11'Jffn111 2547 l'Vll'W'W 't11f)'J~l'H~cJ 
u u 

'jg;~lJU1'i.U'i.Ul\l"l1 'lJ0--'.l'W flffnm11~1:1g;iY1'1J11'l/lll\l"l fl~l--1 fl'W VVl--1 iiu cJ'fflfl UJ~'jg;~l] 0.05 1 ~ cJilf11'Jfff)'hl 1 2544 'W nftnmfl rug; 
u u u 

1n11\l"l rnlff \l"l { m '1J11'l/11n11\l"l rn1iY\l"l { 1rng;ft1'1J71'llll'l'l fl 1u h vm101m1 iii m ~m ~ cJ'J g; ~ ll JJ1i cJlJUm cJ~ --1 n11u nffn111 

m'IJ11'l/1u1g;m 1rng;rlrnfuum1ffn111 2547 unffnmflrug;1n11\l"lrn1n\l"l{ i1'1'1J71'llll'l'lfl 1u 11:1vm101m1 ii1m~m~cJ 

'j g;~lJlJli cJlJfff)'hl l\l"IV'W um cJfl--1 fl11'W flfffl'hl li1'1'1J11'l/llfl'hl\l"l'J fflfl\l"l { I 'H 'Wlg; 'l uil f11'j ffn'hll 2546 1WI f11'j ffnm'llti--'.l'U~ 11mg; 
qJ q 

m1 ~ l'll v--1 u nffn11111\l"l n~ 1--1 nu ii v11:1vi 1 'l tt1 n 1 m 'R ~ cJJJ 1i cJlJ iJ 1:11 cJll 1:1 g; 1m ~ I 'R ~ cJu! ty tyl\l"l 111\l"l n~ 1--1 nu v v1--1 ii u cJ'fflfl ty ~ 
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'j~~ll o.o5 hu.1 irntrnm~il~1ur1~m'jmi'i1~fmtrnm~1fdn~~rnr-1rn:1Jffmn mrnm~cJll'lil'Jllfff1'),JWlO'W1.Jmmrn~tm~ 

m ~ cJiJ! tyty 1\ll '.j 'iJ ~ \1.:J n11 u nff n m~il~ 1u r1~ :IJl 'j ~ 1i'i 1~ n n fff1'j,j l'j ~ ~ 1J ll 'Ii l'J:IJ trnm u r1~ \1.:J n 17 'j ~ ~1J ll'li l'Jll ff f1'j,j 1 

3. Nr1f11'j1!fl'j7~11mrnif:1Jvl''W £ 'j~'1-f11.:i1m~1 u~l'J'j~~1JiJ1tyty1lll1 rirnnrnm ~l'Jll'lil'Jllffnm\llo'WiJ mcJ 'l"l1J11 

'luilm'jfff11fl 2544 - 2548 1m~m~cJll'lil'J:1Jffn'j,j1\llo'WiJmcJrirnm~m~cJiJ1tyty1\ll'.j i'ir111:1Jil:1J'Yi'W'fifl'WVV1.:ii'iucJri1fity'l'l1.:i 
I ,/ 'j} I 

'fft191ih~~1J o.o5 1~cJi'ifi1ff:1JiJ'j~ir'l'lnffTT'ff:1J'Yi'W'fi!!1J1J!~l'J{-&'u i.:iu\91 0.451 - 0.663 'luilm'jfff1'j,jl 2545 tm~m~l'J 

"'Ii l'J:IJ fff)'lfl\l) 0 'W 1.Jm l'Jfl1J! m ~ ! ll ~ cJiJ! tyty l\ll '.j i'im1:1J 'ff:IJ 'Yi'W 'fl fl 'W \1.:J ~~ 1 ~ l'li'i fl liY:iJiJ 'j ~ ir'l'l f ft'li ff:IJ 'Yi'W 'fill 1J1J! ~ cJ{ ff 'W 

t'V17fl1J 0.663 'jO.:Jr1.:imfio Uf1l'jfff11fl 2544, 2546 1rn~ 2547 i'if17!'1'17fl1J 0.643, 0.622 ur1~ 0.537 \lll:1Jl;ll~1J trn~'luiJ 

f)l'jfff)'j,j 1 2548 i'im1:1J ff:IJ'Yi'W 'fl fl'W u' 0 l'J~~ 1 ~l'Ji'ifl 11'1'11 fl1J 0.451 fl11:IJ ffll'Yi'W £1 iJ'l 'W 'Ylfl''l'l NlJ'Jf),i 'W fl{) ti' 11m ~! ll ~ l'J 
ll'lil'J:IJfff)'j,jl\llO'W1.JmcJmn !m\llm~cJiJ!tytyl\ll'.jn'iJ~:IJlf) trn~ti'11m~m~l'Jll'lil'J:IJfff)'lfl\llO'W1.JmcJUOl'J 1m~m~cJiJ1tytyl\ll'.j 

n'il~U O l'J\ll 1:IJ'j ~ ~ 1J rl'J 1:IJ ff:IJ'Yi'W 'fl O rliJ l'W nm.:i 'il'W ii.:iiJ l'W f){ll.:jfl O 'W ,u' 1.:i ft .:J 
~ ~ 

4. N'i'1f11'j1tm1~11mn1~trnl'J 1~onwvhuw1m~m~cJ'j~~1JiJ1tyty1\ll11~cJ~i'ii1uiJ'joft'j~i11~cJ1fiotm~ 
I 'j/ I ,/ 

m ~l'Jll'li l'Jllfff1'),Jl\llO'W1.JmcJ 'l"l1J17 m'l"ln:iJi.:iu\91Uf1l'jfff11fl 2544-2548 ft:1Jf11'j 'n i~'il~ 1l~fllff:1JiJ'j~ir'l'lTift'liff:1J'Yi'W'fi(r) 

!lllfl1J 0.572 iY:iJiJ'j~ir'l'lf m'j'l"ll'Jlmru (R-Square) !'1'11fl1J 0.327 !!ft~.:J11 mrnm~l'Jll'lil'J:IJ1.Jml'J Oli1Jll'Jrl'Jl:IJ!!1.J'jiJ'j'J'W'l'W 

tm~tll~l'J'j~~1JiJ1tyty1\ll11~ 32. 7 % ftlff:iJiJ'j~ir'l'lf mrn~flOl'J:IJl\ll'j;}l'W 'il~!li'W110'1'1li'l"l'c1'1'11.:J\llH'UO.:J!f)'j\ll!ll ~l'J 

ll'li l'Jllfff1'j,jl\llO'W1.JmcJ~i'i\91mnrnm ~l'J'j~~1JiJ1tytyl\ll'.ji'if!1 0.572 1rluo'l'1TI'l"l'i'1'1'17.:J1J'Jf1'1.1'W1~1.J1u nm.:i ft:1Jf11'j t~l'J'W 1~ 

" ., ci 

~.:J'W 

Y = 1.030+0.561X 

iuilm'jfff11fl 2544 ft:1Jf11'j~i~'il~i~fllff:1JiJ'j~ir'l'lfflTTff:1J'Yi'W'fi(r) t'V17fl1J 0.646 -&':iJiJ'j~ir'l'lfm'j'l"ll'Jlmru 

(R-Square) !'1'17fl1J 0.418 !!ft~.:i11 tm~m~l'Jll'lil'Jllfff11fl\llO'W1.JmcJ OTI1Jll'Jrl'Jl:1J!!iJ'j,J'j'J'W'l'Wtm~m~l'J'j~~1JiJ1tyty1\ll1 
1M 41.8 % ftlff:iJiJ'j~ir'l'lf f1l'jfl~t10cJ:1J1\ll'j;J'l'W 'il~ttiu110'1'1n'l"lr1m.:i\ll'j .:i'l.lo.:Jm'j~m ~l'Jll'licJ:iJffn'lfl\llV'WiJmcJ~li\?lmm~ 

1u~l'J'j~~1JiJ1tytyl\ll'.jlifi1o.6461rluo'l'lTI'l"l'i'1'1'11.:imn'l.lm~iJ1unm.:ifio'W<u'1.:i\1.:ift:1Jm'jt~cJ'Wi~~.:iil 

Y = 0.989+0.643X 

iuilnnfff)'lfl 2545 ft:IJf)l'j~
1
l~'il~1~fllff:1JiJ'j~ir'l'lf flliff:IJ'Yi'W'fi (r) !'1'11fl1J 0.663 ff:1JiJ'j~ir'l'lf mrncJ1mru 

(R-Square) t'V17fl1J 0.440 !!ft~.:i11 tm~m~l'Jll'lil'Jllfff11fl\llO'W1.JmcJ OTI1Jll'Jfl17:IJ!!1.J'j,J'j'J'W'l'Wtm\llm~l'J'j~~1JiJ1tyty1\ll1 

1~ 44 % filff:iJiJ'j~ir'l'lf mrn\llflOl'J:IJl\ll'j;}l'W 'il~ttiu110'1'1TI'l"l'i'1'1'17.:J\llH'l.lo.:i1m~m ~l'Jll'li cJ:1Jtrnm\llouiJr1w~li\?lomrn 

m~cJ'j~~1JiJ1tytyl\ll'.jlifi10.6631rluo'l'ln'l"lr1'1'11.:imn'l.lm~iJ1unm.:ifiou<u'1.:i\1.:ifl:1Jf11'jt~cJ'Wi~~.:iil 

Y = 0.832+0.678X 
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fuilfll':ifffl'lfl 2546 flllfll'J~i~,i::;i~flliY:UlJ'J::;ir'Vlf'tn·HYll'Vl'U1i (r) !'1'17f1'1J 0.622 i:uiJ'J::;ir'Vlf flWl'HJlmru 

(R-Square) !'1'11f1'1J 0.387 llfl~-:J111m~m~cJlJ1icJllfffl'lfl\?ltJ'UlJtrnJ tJn'IJlcJ.1'111:UlllJ'JlJ'J1'Ui'U!m~m~cJ'J::;~'IJiJ1qjqjl\911 

lM 38.7 % ri1ir':uiJ'J::;ir'Vlf fllH1~t1tJcJlll\91'JJ7'W ,i::;i,'.f'U11ii'Vlivrn'Vl1-:i\91H'UtJ-:itm~m~cJir1icJ:Ufffl1ll\91tJ'U1JmcJ~iJ~mm~ 

d QI .:::i. e:::td I .?1 ~ et, ,.I I 9' .<::I Iii g/01 el 
m l;W';i::; ~ uiJ ml ru 1\91 rnl'll 0 .622 !1J 'U tl'Vl '.li'VHl 'Vll-:J'IJ 1 fl'U'U 1~1Jl'U flill-:Jl'l el 'U 'Ul-:J fl -:i fill fll ';j I 'U cJ'U ! ~~-:i 'U 

u u "' 

Y l.027+0.559X 

I e:::t ~ d1i1 gJ \;l gJ I QI et, cf QI QI o> 
1'WUfll'Jt1fl1Jl 2547 flllfllrn 1~,i::; ~mir:uiJ'J::;fl'V11ifl'11fllJ'Vl'U1i(r) !'1'11f1'1J 0.537 i:uiJ'J::;iYV1f flwvw1mru 
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Abstract 
This study aimed at investigating and comparing classroom management that supported learner 

centeredness classified on the basis of academic disciplines and experiences. In addition, the study 
investigated problems concerning learner centeredness through the perspectives of Mahasarakham 
University lecturers. The samples, selected by stratified sampling, included 270 lecturers who taught 
in the second semester of academic year 1008. The research tool was a questionnaire. Statistical 
procedures included percentage, mean, standard deviation and one-way ANOVA (F-test). The research 
findings indicated that (1) classroom management, when considered singly and wholly, was found to 

- -
be at the high level such as teaching preparation ( X = 4.00), learning and teaching management ( X 

- -
3.99) evaluation and assessment (X = 3.75) and the development of teaching (X = 3.51) (2) overall, 
the lecturers from different academic disciplines put learner centeredness as an integral part of their 
classroom management classified into 3 aspects namely teaching preparation, learning and teaching 
management, evaluation and assessment which were statically significant at 0.01. Teaching's level of 
the group of science and technology teachers on learner centeredness is more important than the group 
of Humanities and Social sciences teachers, and (3) the lechirers with different experiences, when 
singly and wholly considered, showed no difference pertaining to managing their classrooms to be 
those of learner centeredness. 

Keywords: Teaching; learner-centered; teachers 
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