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I 4 . 1-< ,,, I .. 

Yln 1 Yl1'WYlmru1'flut)l-Jf1LL't'l::: IW-1'l1l-J'll'lUL~'cl'fl , , , 
flru:::m1l-Jn111111il'flu1-:i~~-:i r.iu~1l-J1rnvfu~1 

~tl~nf\~1-:i 11tl1~ 

- I -'lllll L~'t'l1'l1J,1.J'W1 

tl1:::n1w•1ru:::nnl-Jn11f111-:i1u '1 

K..rtllT 4 T6CI-I' 



iin'1'1flfl1'11nflf "r aii 4 I 

~ -
i----------___,J flSOll 

1 ~11;ru1 :: if -ui • 
1. Lv1e:m.JmL~ 1ffl1ll1bb&1:: ri1tJ'YHlolL'Y\fl t'I-I t&iLJfi 

" " 
1.h::'lmrt. LU'\.ln1 ,a-11J,Hnu'l-ln1,i-lnb'11i 

iifi1'\.I 11ll fltl1J'il 1 JiJ 1 '\.ln7 .~~'\.111.h::b'Ylfl 

2 . L v1e:rtJ ,::"l!1ffll~'\.11Il iuflfl&i'Yl n ,::.i'u'l.,Hu 
' ' 

'Yl,11.J·L -n1 ha- mu'I-ILL&1di.im1lla-m, '1 l'\.I 
I 

<:> ,._. ci., i-' A : ff 

n7, 1,JtJ -~~'\.11J1'\.l'Y\7Jol1'\.l 1'YltJ1fl1ffol,LL&1:: 

L'Ylfl t'l-lfoLJ 

3 . L y;ilbba-olJ ~Jffl1Wl1 1V.U1'lJ[)J1 'Yl tJ1fl1ff'11 

bL&i::L'Y\fl fo foij '1Gl[),l,l'\.l[),lff1V.nn~~;1 
' 

.Yru ']fl'\.l'il::ih'l ,Ja n1,~~'\.11bft,b',n'ilbL&1:: 
' .., 'H ~ 

fl,1ll[)LI~n'\.l~'l)[)-Ju,::"l!1"l!'\.I 
" 

4. Lv1[),~.,J~iu,::'ln'Jl'\.I WU1tJ-J1'\.l,J1-J ') JJ 

'lJ[)J1! f~1a-1v.n,Lw::L,:in"l!'l-l~'l-l.i°1LLGl::a-'l-lh 

J1'\.l'Y\1J<i71'\.11 'Y\1J1fl1ff'11bbGl::L'Y\fl 1 '1-1 foij t.itJ 

a-,:i.iflt[) J nrnbi:-.J'\.l~~mLft, b' ! n,LL&i:: « -Jflll 

,:.uuri s (~.ft. ;, •,?~-~s29) 
.; 

i:Hlllll'l 

1H111.1uin11iulfl11wu 1111u1i1~'1 nUlj1 '!l[)tJ 

~'l!fflffi 48 (l'\.l'\.IU,::'Jll[)l1ft bl'lJ1-JlJ1-Jll'1 L'lJ'111b'nf 
' ' :.J 

unu.:: n, -Jb'Yl~'1 14 
" ' 
1lJlli1 ::n;:i l 

·ru:n 8 · 15 1iU??flil W. fl. 2525 l?i:v7 9 00· 1,B.00 U. 

r;niu 

lri-:i -rnh:uihlm 

tmJJ1'\.lum,ftn1, 

1m JJ1'\.1!71fl1"l!1 

- -n,:ill&1 l'\.lnT~ftnb'1LL.iGl::mfll"ll1 
" 

· [)Uff'iill Lfl~[)Jii[)fJ'\.l~'\.lfflJtJ 
' A.._. ..... <1,, d 

· i:-.JGlJ1'\.l 1'iltJLLGl::~~'\.11'lJ[)J'\.ln.i nb'l 
, ~ Q 

· flllil'ill,tJi:-.J'Yl, Jfif,'U,')~ 
'I.I 'I 'I. 

~ 

· 11ll~JV.ll'1 11 !71fl1"ll1 

n-h 1 ~o 1m JJ1'\.I 

K..ffllT 411,, TbCl-1' 

tm JJl'\.l~Lftb' 

- L'.l'lfl fo foti~mm::a-ll 

- 11~mn1,,11U~L&1nmeJUfl; 

· €1'1ff1V.ff'i,lln7,i:-.J~'1fflJtJL'l'ilJ 
' 

- ~G1JJ1'\.l'Y\'1LL'Y\'\.I 

- 1ft1n11llq)iJb1€1, n11'111L1€Jl~L1Jel'fn~1a-

- €11J1lJ-illll'\.11'Y\1J1"ll1n11 

- n11€1€Jn17\<LLffolJ -~ 1V.1-t1tJ fi'\.lfl1'Y\1JL'Ylfl fo foij 

' ' 
- n71LLff'1J'il7 nv,,-i 1tJJ1'\.l 1 jl.J7 &iriLiltJ,'LJ[)J fll.JJ7'\.I 

Y17J $i'1'\.11'YltJ7ft7ff'11LL&1::L'Ylfl fo foij 

tm JJ1'\.lu,::n,:i u 

- 11tJn1,,:i1hh1 tJ 

- m11..l,::m.iu'Ylm7ll 

· !71~tJ'\.l<i11'YltJ7 fl1ff'11LL&i::L'Y\fl fofoij 

- u1i:-.J&1J1'\.l,1nm1 ,J,::n1.i~ Ju1::~b' jmLLff.i-J 

- n11'1€1 1JUqJV.7'Y\7-J1'Yl tJ1ft1ff'11LLG'l::L'Y\f) fo foii 
- LL'\.l::LL'\.11m1i-l n b'1.ieJ.i1-J1h::mft 

- u,::m.itliieJ'l!7 J 

· t.i'11ri 
.. 

- n11tJ€117'Yl - n11LLff'1Ja'\.I ') 

'\.I[) m1 nd 'Yl7J<i77'\.lffl7ll11lli'.ieJ,1 n117'mh.·:-mf'I 

'1,,1~.i.i,:i nuu ,:: mft.i1J 'l 1iL-n111llJ1'\.lum,ftm1'1 

flfJiiL'\.l n7 ,LLffolJL'Ylfl1'1-1foii1mJ ') 'l)€JJLL,JG'l:: u 1::mft 

lt'U ') L'\.l,ULLl.JlJ m~,J,::neJlJ bL.iGl eJtimrn Lfl~eJJ 
" ' 

iieJ.ilJ ') ,l'\.l~Ji'\.la1'1-1Lfl~ €1Jimn&i~U7ff'\.ll'il [)7'1L'l!'\.I 

m , LLff .iJ,1n;11X11 J1'\.la-1,uL 'Ylf'f 1 ::v.-:i1J"l!7~LL V:Ja-v. f .! 

mll1 m 1mi1-neJ tm JJ1 '\.l,:i1 n1ft tm JJ7'\.ln71~,:ia-11 

tm JJ1'\.l~ G1JJ1u LU 'l-l.i''I-I 

u fommrn ::: lri-:i-Mrn 
L'l-ln1,i.iJ1'\.lumrn n1,mflfofo1j flfJ~ 4 

mJt1rn:: m ,ll mn l<i7L'11tJllb~eJ'l'i71i n11J;1v, fuuf! 
' 

f!Gl 1m::.i'u.i1J 'l ,::L~,:i n.i .i°Jd 
" 

-,::.i'rn.i1tJll[)'1llftnb'7 LLGl::l.JflflGl~1 'ltJ 
' ' 

· 1::.i'um,h:: LL!'l::tl1 qJqJ1.i1 LL 'lJ'I-IJ1'YltJ1ITTa-.if 
Q , 

LL&1::1.i1 m ,llft7ffm 
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- 1::irnXn1,nm1 itmnn,i bbt,::~~mJ1u.-i,m1 
' " " 

El'1ff1'Vln11lJ 
' 

1.iujj11trn::10u.i 3 1m,,1u1V1qj fi0 

1AlH1\.lll1fl1'1l1 

fftnU'UUl'YlAtufouvn::,im.11nir1 TiU~1 LUJJ,ii 

'UUbUUff muum1fim,11 LUff1'lJ11WJn11lJ 1YlU1ft1 

11''11 bbt,::mA1uhum,'r'ltJ,1U ~, 'l.i'~ii.i1Jflflt,1n1L½ 
' 

11ri1,n110.iff1V1m1m1t,:;,Xn1iu1uff1'lJ1.i1, 'J 1th 
' ._, .J <1.,, d ,:,,..., Q., A 

'V\lJ1UEJU'VIU,'lJEJ,fftn1JW-t fltl n111,JU'r'l<n!U11YlU1ft1 

ff.i111t,::mA tu t"u1~0m1~<n1m1h::mft ,1u1iu'llEJ, 

ffmuu1uu,i,iuu~ff1fi'ru'l.i'11ri m1~<n1m,1uu0m1uu-' ~ ' 

(NON-CONVENTIONAL ENERGY) 1,lu Ylt,,1Ublff, 

01ii.iu 'r'lt,,1Ut,lJ'r'li,,1u,i1nuriffi1m'r'l eJUi,UU~UEJlJ 

fu1u1,n11~1~u1i0, 

u0mnn~m,ffmuw1 'l.i'i.,i.YJ "~)l\Utl\Juti1rn 
'1t1111m·i wlilJU l" b~El1rnbnl'llU(lJVl1.it,EJ"1,JU11JeHJ mb1J1J 

-i"1ff 11,EltlmrnW11rih J,1UEJ'1ff1'VI m , l.J elUbUU'V\U 
' ' 

m,~,i::t11UY1El"1bYlfl tu fou,:nnfftn'UUfif\1UUEln J,u, 
" 

1tlum 1tl ,:::11"1U,1U, ::V111,V1U1UJ1UbEJn'l!'Ul,bia::ffmuu 

n7 ,fi nlfl eJUsl::U 1l.J1~ J n7 , ~<n!U 1U ,:::b Ylft'l!1@i.i0 LU 

~1'V\11JLUJ1UUY111ft n71bYl fl tu fauwfJ~ 4 

jju 1umm1;a:: 1m ,J1ui,d 

1. n71bl111Ul.JbUEJ 'V\1 

- jj n1,1<111Ul.Jb d0m,11 n'IYuJ1u~1V111J~~ 
" 

hijj~u~1w,uiiJ1::irn1u1ium,1'l!1m, 

- 1-uuV1un 1mJ,1ur\1tiu LflLffn (H ightlight) 

0m1::1tlu~ ,~J•1•1flU~ffU 1,mu1u'r'l1::m.hJ 
" 

lJ7'l!lJ J7U U Yl11 ft nl 1'1 

2.n71bbft "1J <;)EJ Jjjll.Jb,rn, E!Un1lli, bfl~EJ,i'.JEJ 
' 

n111mtlm, 111 (operate) '11n1mJJ7U 1,1uH 

- 0Un1lli bfl~tJJi'.JEJeJU't1UftlJU'lJ EJJfttn'UU 
' 

- i"1 fl 17J:UUlJ7bEJJ 

- ~1V111J hi , JJ1u~jj'lJEJ1J"!l1md0V11n11J 

1~@ii,i.iEJV1ii1r1J1uwn'l!u f~u1;a 'lltlLilJ 

0Un1 lli bfl~tl Ji'.JtllJ7bft1lJ 1m JJ7UlXU ') 
' -
1 ~ftl.Jm rn 

" 
- Y/tlnilJJn mtl'WIJ f r1, JJ7'U !'Uilm1 [U!'7J7in 

(chart) u,it'WlJJDu'rn ;,m 

3. r;n f '11 JJ7'UW;J'HJ!'iJw ni'f n'?'ff?n?"ith!'nDLJ 

r 'lllJLJ".i7yt ifuYl?Dd?Jf/!'talJ'I/ r mnwtiJuwn 

i'f n fo ,Jnu ii1miw1u , m1un 

4, ,r'I/ iYl"'iJnmwnmrmYl;jt i!uY/7'1/WV,!'U)rl 
&' "':to 4j a., l: 

t'UDY/7?'ff7n?'JY/WW'U'li7'U1/DJrJ'U'II WW3.JrlJ .. " 
'11DJiJnntl,!''ff7tv3.JW'UiDd1Ji'llt vu 

.s. v~'II n°1t,JiV'II J! 'i4uu 'U!''U
0

7 iun ?J'll~'IIIV'U 1 vun' 

H'ff3.J 1 un 1 J!~D nYl3.J?Yl~'ll7M w 71/DJH'll!Uv!' 
ti ti 11 ll 

D7'UW 

6.fl~'IIDLJWin'llim,Mvtifum, mnurl t'i4url 

v!' ii1wfomf.J i~r11mm!'~·1Jun'tj'ffm1ut 'i4u 

1 ~'II, J'I/Wt LJ7Yl3.JWrf 1 7J i ir;ntl,!'m , 

K..rtl 1 T 4 T/;CJ..1' 



li11 ·H1Ull1i11111illU~l911il~1 

1. li11H1Uililll'H'J L9leli (Computer) 

1.1 m, tl ,:Qn/tl1m11Jvhll>l1Jf'ltl1,r\uii~m,1J~H '1 

1.2 1111Wfl!l1J~11\ll1Jfn1mutl ,rn1n 1~11!1~ 

1.3 U1:1flll111Jl~ll1Jl'll!l~fl!l1J~11l>l!l'l 

1,4 mll1~1,s1unufl.i~!lfl!l1J~11l>l!l'l (Software) 

1.5 ffliil>lfll11,l'fl!l1J~11l>l!l'l 

1.6 i11Jo1~ Program ~~1;au 1.iat!nilnlll 

2 . li11•H1ue1ii~1h::nn~ . 
.-. < """"' d o -., 

2. 1 m111m1:11m~fflll>l~1n.i111na1Jn1n~n,vw1m 

(land Sad) 

2 .2 nni1m1nfm ,Wu1n11'111J~UVl 'lllllllalll>l'l 

3. li11H1u lth'ililt1il'.IUn~ntt1 

-3. 1 Moving object in geometric bounderywith 

gravity 

3.2 Variation of the horizontal component of

suspension bridges .cable tensk 

3 .3 Mobius Path 

3.4 mi~~lllfl~lll'l:111 (minlll'!fla~rn:111) 

... a • d 
3.5 lfl1!l~ 1J!ll'IIOll1~1 

3.6 Hypo cycloid 
.. . 

3.7 1m1Jn.ifl171J'i!~ 

3.8 Hanging Roof 

3.9 Cycloid 

3 .10 1mi'uun~ Parabola 

3.11 Spiral Curve 

4 . lY11H1u~ug1u't'l1'.IY1W9lil1C1 9l i 

4.1 Mathematic Model 

4 .2 Napier's Bones 

4 .3 Reflection Propetties of the Parabola 

4.4 Pythagorus theorem 

4 .5 ti1:~fl111Jl~ll1Jl'll!l~nl1\JU 

5. li11H1UilW9lil1Cl9l i610 'il • 
ti 

... - ,4 ,... . 
5.1 m1 1:Qnm~mrn1~flw.imnm1vi1J 'If 1umrn1ma 

1~a1nu~,ii~ (Forcasting) 

- ll'lf1Ufl1un11m.ifl : 1uninl~iiuti11J!ln 

- n,11,l' Polynomial Function 1u niniima 

6. rn11d'ua::91e1ml'l!'ll1 

? 
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li1H~1,rn1i11U1rnii 
1. lY11H1UUU::U11l1Yll tl1 

2. 1YIH.:11U Instrumental Laboratory 

2.1 Potentlomiter 

2.2 Conductometer 

2.3 Refractometer 

2.4 polarimeter 

2.5 Spectonic 20 

2-6 UV - VIS Spectrophotometer 

2.1 IR Spectrophotometer 

2. s Atomic absorption Spectrophotometer 

2.9 Polarographic Analiser 

3. lY11H1un111h::anl'f111.:itY1ii . 
3.1 1fljjti'unnli'\'f~u11i\'n~1U 

3.2 nWl!Ulfl~llU~11'tl,j 

3.3 nmi1J11Ju71p1i 

3.4 mrnnll rt!11!'1~n 

4 . 1Yl1H1U011fla\11Uil::a.:it Yl11::'ffll11trlii 

4.1 mnh Ion Selective Electrode 

4.2 m1!'lti'.i Indicator ~,nvl'lf 

4.3 1!'1~.i, 

4 .4 Activated Carbon 

4.5 n Cananul 

5 . lYl1H1Ull11tYIMtiluwtt 

6. ria.:i1uun~ntt1 

1. \lle1t11l'l!"1 

~hat 

li11~~1un1i11U1~ai~1ffn1 
q 

1. n11ria\llue1t1ff1ue1a.i,nu11,h.:i'M11u 

1.1 tli'utl1 ~1mtl~n'li'11v-h~1111U l.iuH1iim1! u~ 
!'l1lJ1111.i1 ~, u 1.i11 ~u ~1 nlllnlf'r1.i'1 'li'1,/1u 

1.2 ilmrnrn:!'l!rni'~111Jn&~!lmrn1Jn111rnnlln!ltl'~1n'li'11 
v-h~1111U 

• .J, .:,1.1-:i. 1.3 mrn1n1n"t1&11!1!l~1nmrnum flt1,1'iu11lJn 
" 2 . 01':U 'H1::t'M\ll 

....... ... I d 2.1 11!'1'1~1fi/11rnt1>1&'!f!ll11'1 . 2.2 11!'1,1~n111m:111,1 

3 . n11'ti11i1t.la1 

3.1 11!'1,1~1iin1ni1J1t1111 

3.2 tli'ut11Aiimrnii,11~!Jt1,imn1umrnii~J,t1111 
4. n1u1a\111I1a11a1n11 .. 

4.1 mrniiimrnii,1J1!¥lJ!'l1Vtl,luiii Column, Quick 

Process 

5. n11t w11riaria\11111 .:i n11rntt\1111"n' ,r .. aut11rf 
~\111.:I, u l\111tllU '1.~ • 

5.1 nml11tlH1'1i'lJ'&i'u 

5.2 ~mh1tlH11uJ1111~ll~ 
6 . Single Cell Protein 

6.1 nm11 Sep ~,n Photosynthetic Bacteria 1,iuWJ, 
.... ., " ... 't'l~~,n n1111lJn m'll'lf 1111rt 

1 m H rn u fl 1 ·1rrn 11 'II Mm fl l 'lf rn un ua:: N-:rni, 
1. fll1U'U::thfl1fll'lfl U1:0!JU.)1U 

1.1 llflUIJfi 

1.2 atlmrt 

1.3 mr~n!l 

1.4 l't1 UIJUTI0/11Ytl~U111U/11fl1'!fl 

2 . m11lf .:imrv1.:i MINI SOUND LAB 

3. 1ltlfll1'1'11::'IJ'UITI.:! 

3.1 11,/~,i'u,1!luil!\1111nnn ti~nqll 

3.2 &nlJl!'tlnnnl,l'ml!1ti~nqll 1,/u Scrabble 1rn: 
Communication Game 

l{..(f]lT 411,, TbC~· 



""" J.I d d d ~ I.I l1'lfi;Jfllrn'1lWlllUIJ-\HlOll llU9ffl1 

1.2 l1'1n;in11!1'{1~m{1rnu1;ioon 19f.f1,i'19f o{ri1li'~!J ~ 

1.3 nnim ~o: TIH.1'101111'~ 

1.4 n11-~ol1'11.1'1m1119fo{1111:1ffu1o1vhuo{ 

1.5 fll1i.i~u11:mHhrn1fllr1.1'1011!1'~ 

1.6 111~ o~i.i1111:TI.i!Youll,Jm ufTirn1!1' ~ 
I. 7 f1111'1llilJlOJJ1m111u111to~~IJ,\'lVll1l9fO{ 

2 . li1H'11U't11~~1'U~lilil 1 'tnUfl 

2. I 111to~'!l'~iJ111111mu11 

2.2 Liquid crystal display , 

2.3 1111o~n11u.i11111Ji ultrasonic 

2.4 nn HlYmlJ 1vJvl1n1li'~!J ~'11101unnvluii 

3. li11H1un1~~1u-r~ii 

3, 1 111to~im:.i'u'IJo~m1111um'lfu:iJ;i,\'1oi'~ii 

3.2 fll1m1tl1'ouil1'~ 1.io11hhmoil1'~.1'1oi'~ii 
., .., ii .... Q 

3.3 fllD'1111llJl1lll'IIOnl)~'1101~l1' 

4 . lflH'l1U't11~~1U1::tJtJ9'l!'l!101il 

4. I fll1lflnOU~1!1':ll'olllll1' ~,ll!J\\l\\llf11" 

1. lflH'l1UUU::U1lill01Ullilii 

1.1 11u:l111r11mrn111jj 

1.2 fll1u1:11o~Y1H1rl1mrn1fljj 
, 

1.3 fll11llVfllYWll;i1 

I.4 'IIU1llnm>i~;i1uh~~lll!l;i l1'rnn n 1J 

2. '.lilH~1uiJl1111Latnma::uJl1111Li1:Uilil 

" ~ 2.1 fll9f~l11J'ln;i 

2.2 1u1mlflii1111 

3. li11H1U 1 'HaU1e1iu.t::'Ha1a~n 

' 
3,1 Ju~eufllrn~m·rn1!1'~n 

3.2 f11'HlltJffl'tl~ 

3.3 I TI fl 1u h~m~11~u1to5~1fmnf 

li11~~1Ulill011MilltlilM,Uell'ld1~011Mlilii 4. - q q 

"",,: JJ 4.1 Ylq'llQIUll~~ll'IIO~nnfllU!Jm:uu 

4.2 mmnoutTIOU'u'e~'li'o1tto'IJlJ~1:UUfl1UIJIJIIUU~l~ '] 
o ., .t, a 

4,3 fll l1Jl1'lfl\\l'IIO~lfl10~1J llfl1UIJIJ 

4.4 llll11UlJ'IJO~flllH'lfl1M11omu111J1llu1:mff 

5. li11H1U~1'UMil.ll1l:: 

5,1 fll1111U1J1J1J11m1:~1n h ~~1u11;ilfrnmrn 

- m1n1~.i<i11vlof1.ieen19f.f~1n'llu1umrn~;irl1uiiu 

- Wet Scrubber 

- 11uu~111o~nnn1~;iJ11iio 

6. li1H~1u1h::~Ovt'HaH1U 

- nn1'1l'loJ1mh~jjiJ1:iiY1nmw 

- 11um~'ll101um1u1: l1U;JYillmllrill11Uf1l11'1i'loJ1 

- lllll llilo~fill fll l!J\\l lffOfllllJ!ou 

7, fli1~1uun~ntt1 

- Alcohol Pilot Plant 

9 
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1~1~~1un1~1u11~1n11Mt~i~~na 
1. lft1H1UD1UOU~ (Automotive) 

1.1 n11H14vniii~1n'i11 

- Alcohol + Diesel 

- Bio Gas + Diesel 

1.2 ifl)!111,i',1,i'e~h1rnout 

- Ul)!l17l'll~.i'1w111e~out 

- Ul)!11ll'll~.i',m:uu1vl1urnout 

1.3 m,1nm~.i',mcwut (Automechanic) 

- 111111f n,1Hrnomi"tui!~,uu 

1.4 1h:n1.i1li'.ie,/1~ 

- n,1nomf~m11Tiq1JQ1m:,Jfiillhrn.i'1urnvHt 

2 . lit1H1U\ili'l1t 

2.1 ll01JYi11,iO{ 

- Ol>'Ulf101JW11,iOf1,J1.,J'~lH~l~ '1 .J~n110!JOLLUUIL<1: 

n1nti1u1111 

- n11tl111011w11.,011iJHnm1w11to~nft 

2.2 1Jlm~1HffHl11!l'1ff1110111J 

- lMll111Jf1rn:1111111,i', 1~1~01nun1111111,m ~lll1!Hl11 

Q'1ffll10111J'IJ!J~ll'10 

- l111nn,11il'mm~lllffH111Q'1ffll1mrn 

3. lit1H1U Lab 

3.1 nl'lff1ff.i{'llom'll~ (Mechanic of so lid) 

-nirn.inoui'n~ 1.ion,1~~ (Tensi le Test) 
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3.2 mwnn.i{m~nft'ln 

- Balancing 
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3.3 Applied Thermodynamic 

- Lll~OWHt ste rling 

- Variable gas burner 

3.4 1ml, (Steam Techonology) 
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·- 111~o~;i'm10J1 
• a 3.5 1:UUl'llll111JWH 

- Pump 

3. 7 n,rnom1uui111o~;i'nrnft (Machine Design) 

Fire Tube Boiler 
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3 .4 Ferro resonant 
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16.7 Model ~H 'l 
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Arc Wesding 

Plasma-are welding 

Friction welding 
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18. Ekx:tro1Jluting 
18 . 1 Hard Chrom 

- 'IJU1\J.fllnii hard chrom 
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11.hi1 

- tl,:1v,sunwrh hard chrom 

- 1;iau chart 
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1. L 'Hill U 'ian'HaH1UUi!l181'nilri 

1.1 ll'lrl1uhu911fo11nwr-lm1u . 

- Single glaze 

- Double glaze 

- Nonselective surfaces 

- Selecfive surfaces 

- Mefallic bodies 

- Fibre glass bodies 

- Water as working fluid 

- Thermal oil as working fluid 

- Reverse Flate plate . ' - L91111t,ilJLll'-l'U1lU 

11n.it~ud1u,iottitln1of911foi'ti111uu11r-l1mu 

1.2 1l'lr11u hilinntlfomm11 

- LiBr and LiCI absorpt ion system 

- luem idificafion a nd de lumidification 

- passior cooling 
o o d ,i "" tf 

- Ol11'1l'Ulll'IJt'1101111'~0ll'l,10 

1.3 111r11u h11imrnu1111t 
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- f111~111.i'1u1vliuv{ 

- .i111tntn:ii,!1J1vllJ 
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- m : ~m5u~ 111i'io-1.i 
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J.4.4 IIUU!JHl'-lfflJ.ft 
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1.5 10 kw th solar electric power system 

1.5.1 IO kw th solar electric power system par-

abolic trough 

1.5.2 Hybrid units (Trough & Heliostate) 

1.5.3 Refractor surfaces testing 

1.5.4 Steam accumulafor 

1.5.5 Balck chrome selecive surface 

1.6 ll'lfl lu hli.i1111111lY~ 

1.6.1 Water lens 

1.6.2 Prism Concentators 
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1.6.4 Heliostate 
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2.3 Propeller wind turbine A 

2.4 Propeller wind turbine B 
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2. 7 n~11u1111~1nu1\l'l'll!ln'l!u 
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- Batch type 
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4.3 ,nf1111lY.i~11-n~~11-i'l11u1h.iiu1hm111'hw 
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• 0 -=,, .ct ' " lfl1tl~ffltlH fllfl1'lfllfliJ 11l'l'.i~mrnli'uu11JU'11VlJl:1'11U 

,1011rn,n9i, ll'lflJ1:j , l'I'\}, ih.ll'l'9in, tl1'11VlJf1UQ~ "ll'l"l 

(PNEUMATIC DRILLING MACHINE) 
l'l'llJlltlfll'l1U,1111llJiin'IIV~l1lml: i1vu~1U 1Jm1u'1.i' 

o~lumi li'n1,1w:nnli1mi 1i'lu11uu"il1111wif nlJnu il11LlJ9imf 

lfl'Hl~1J11~1ff~ 

H'm11in~~,~ '1 1,/u J1~1l'l'tlm l'l'l~ l'l;n1nu J1 
'" "' • 1 l : ~ ..J. i• l'IJU1 IUU~U .iu U'IJtu:un, l'l'l1Jlltll11UfllJUl'l1UO'tl~!Nnll ,1 

,1nml'l iiv 11umhl'lv~ 1~vli'lunniln1,11l'l'm1:m1i'utll'l1i!n 

HOVERCRAFT 
1uv~~m,1~um~.i'1m;mi'lu1tJ1.i',J'1 1mmi'v~1;vnlJHl'I' 

J,,h1111ii.i fr iction m·n ~{llJl\i~'l.i'iinnw\lllUll;O l~{ll'l,1 fr iction 

M ~~1i'lu~lJl'IIO~ Hydrofoils 1m: Hovercraft 11~ Hovercraft ~n-hm~ 

~l'l'1m1oi~Mif~uuum1l'l:lutl1 1.iuo111u'l1li'nn110.ii,lJ1'1J1itl 

mul~u1u~~1i'lu11v~ 1~vurn11u1ul11Muvl'utl1 ~~~=ii11~'1JVU 
skirt 1n1l!u~l1lJHl'l'f1Utl1 li1l11 friction ii1foulJ1n ii~lf1~!)~~,.r 

n,11~1 n111;vlJ1n ii ~ilulJ 1,l"i.i ul'1'1111l'1:'IJU ?I~ l u 1: u: m ~ ~u 

1,lu1rn11~1m: , ,lv~lll1U"1 ll~nll~ friction uvuli1ll1iii!111'111 ll'lll: , 

fl1Ul)lJiil'f't1Hi.i'u1n 

21 



22 

A • ., 
lfl1MUll fa't1::ll1J1Jfltllll (MECHANICAL PRESS) 

Capacity 25 tons. 

Hiu~,u - J 1Ji.i (blanl.ing) 

- ~ 1J i.t (bending) 

• ,l ' 
- U1J'll'UJ U'1H '1 (forming) 

act .mt 41:t ~ ' 
UltUJll-Utltl'U fll'lf "11'1161 

.i,.u , .... • , ' 
'H~ 'Ul'l'U llll~H 11111'U(l~nl1lllH11l'l!J.tlrll'H!ll 'ljflllU 

• ~ ,_., ~ • .: _J ' ti ,.J,.., 
ma~ nm mrn,~,u 11l'1 : '11'UIT1'U.iH '1 'llll~'l nlQl'rl '111-u . , 
nnlllHll'll'H!ll 

:= 

A A 
lfl1t>~rnovtTwvnu (BAND SAW) 

i.i 11'111: 1l'lu 3tl~,~ '1 1.i' lll1Jl1(l i .im~, 1fi'~ 1.iu i .i 

11'111 : 1.i'11m 3 d1 

/t..(fi 1 T 4 Tb Cl-I' 
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Waveleng th A Method Application 
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l, rnr1,u.mLtY~t!.LUtt1,Jl.1,Ll.!.GJb1 
p re " rJ> 

/JUL l, HJfl,lJIMLWUJUU (n. 

1lf:?!t/::·;·•··. ..... ·.·-· . ' 
.:.:,':..:. ~-"~ .. : '.•:: . 
' .. .:, .. .... ·:: ·;.· . 

. ... 
. . .......... 
' ' . 

. ' ' ..... '\ ... 
'·." '\ '.. ',. 
' \ • • • •• I 
\ -\ . . \ \ .. , 

I • .... '• 

. \ 

.. .. 

... 
-. 

~om::umrnuuc-a~ 
.. " 

1,1,G nt-G !. YI Ull t-.L! 11 t-LLl.t tt llt-Lt!. LU 
r .. t ' 

::lmGLl.t-Lt.!.LU 
' 
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LI. tt t U Hflttl,ttLt-Jl.1,!. LU Hfl Gt~ 
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1lJt'l'lflll'Utl~n1'll 11"1::ff111h::fltl1J~H 'l TUBE BODY Ml RROR . 
lJ1fllJ1 w11u n1'llm1utlu i~trnfl i'lll, 

imvfofl~tltlfli'lll, ij,nu, iu~fomm 

i tf d d..::il ..., t 
'II~, W'itltl'U 11"1::rnnnu ~~'U'U rn 

I'll!) 1 ~, 'Iii u ~l'U tl'1::;:, !) ~ i1'lurn l'lltl5~ 

d O V 1 ff1lJ1Hl!'Ufl11lJOff1'11'i1J lJ!llfl'l'l 

I I Ji" 
~1~ 'l l'11"11'U ~ '11fl01'i1~!'i1ff1 

lJ1 Hl'l11 U1lJ1W'IJ!J~ 1lJtnfl"1'1J tM01'll 

un :; ffl 1 iJ 1:; fl vuu~ ll : 'b'u ~ i ~ fl d1 1 

i;:, 

lth.Jl4Ufffi..Jn111.ill~ll71: l uo1mfl ff114itJfi1,3 

Ufffl,J n111tttl1 JJ 7 mfli'U~thiou'i1 m.hiD..Jfli\.l.f1 7 ll I 1,1-371.4~" ff7 ~ ff'l,. lJ 

:::;::,--

-~:~ ~~\\---
~ ·:·:~,'~. ~-

- ~ 

<~ '---------
· ~ 

---,./ 

LASER ROD FLASH LAMP LASERHEAD POWER CABLE 

2 . m,1-im1<lft1ihrnfl • 
ff l't1 fl,,,., 

n) nnii?u'llu111n1111ii,i 

'll iNQ'1tfWn 1W fo If~, 'fi07tfnFlltfl~ 

un 

il'1~uuiu~1~u1 : mt1i;:,iifln 

l-11tn!'lltl5n1'1~~~ l'lf'U fl151JtJ'Ui~ 

tl tl fl i 'II It ll l 'll tl 5 lJ 1 i ,ii 'U 'IJ 1J 1 'U fl 1 'i 

.Q I ,, ~ i >I I V 

N'l'l~tlfJ1~fl1N'IJ1N 'II~ ~llfl fll'i~~, 

1'11: 11n:1~t1lJ;:,1mn1'lltJ5 1~u;i'u 

di>' d d l ild ~1'U'l1 M:lJflWfll'Vi~l'Vi'il:1 1 lJlJ 

I fflll '11~ tl'IJ tl~l ff ~t '11i'.i tl'U OHfll Hi~, 

1'11: '11-;tll~tllJ 1~uiiln1rnm~ii'nu 

v~J1iiJ 
' ~ .Q I .., ..., 

fJ~fl11'U'U fll'i'Vi\JlJ'U1'111~ 

;1uti1<1~ '1J t1~1n1'!lv{ -rhi~ti'~rn!1 

..., 4 d ~ J 
'Utl~~~, 1'11: 11"1:l'b'tllJ'i1~l'i1fJ~'IJ'U 

1,/u m{uvui~vvfli'lllrn1'llv111uu 

in'if'IJ'Ul~ 450 1'~9i°'IJtJ~U1leJ'l1 Fer-

ranti U'i:l'l'lfftJ~f)(]ll ff1lJ1'i09l~ll~'U 

" A A 1'11"1flffl~'Ul'l'lff'l1'U1 2.8 lJ'l'l'l'l!lJ~'i 

;:,1u'o~rn!1 1.2 11Jm~vu1ii 1~u 

.Q ..J. -., ,, d d 
N1 '11~~11 '111 '1 :lJfl 111) I 'i fJ1JlJ1 fl 

K..ffllT 4#,_ Tf;;CI-I' 
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'U ) fl n iii ll'UU1 IIWl'Ulti,i 

~ Uf/1f/J8lf/FI Tmumfo 117fllflfll./?fl ? 
J .., ,, .... 1 'IJW:'l'lfll'n'Hlll'Ul~l'Ut:il'rlfl '111 

I 
l,S'U 

n1'lth:~1a{ Integrated Circuit l11fl 

IC 1J1i,r"lu-rnl'1Drnfl 1milmf 1~u~ 

IC ll~'rl:ill,jj'IJ'Ul~l~f)lJlf) ~fofu iu 

fll'il~t:llJ'\JlfltJ')~IJ'iillUi'U'lltH IC Ill 

?i SI ~ SI V -4 J.. d 
IU'U~t:l~ 1,Sl1')l,St:JlJ'l'llJ'IJ'Ul~IMlJlfl 

ci ~'11') I~ t:llJ 1flv111i 'i'ilJ~l il!n'llJl HI 

, Slv ,4 d ,J',,, 'lfflU~llll'lffllJ'IJUl~l'rlfl "] l'IIUU ~ 

1~ U ~nlll ff ~rnl'lf t:l1n'llJ1 rnn1i ~jj 

'IJ'Ul~l~flll'11i~~,~ ~1U~l'Ufll'i1,}' 

~ -4 .x .. "' l'rl I'll t:l 'i 1 'U fl 1'i l,S t:llJ IIUU'UIJ ~IU'Ul'l'lfl 

1uhn111,J 1rn:11:jj1,r"lu1-il~w1w,rri' 
..: J' 

lJlfl U~'IJ'U 

3. nnWuw1rnfh,m1~t:1n11 
,, ..,. -4. ,, d' 

'\Jt:l~'IJD~fll'in'Dn'l'i~1Ul'rll'IID'i 

-4 .. V -4 SI ,:/ 
llJ DI 'l'1 UUflUfl 1'i n'Dn'l 'i~') U rr l)jl)jl W 

4 J, SI V 1 ! it.I d"I 1'1'1Q'1'1 ,Sfl'U ~U'l'l') 'l flflD 

I 



HYDROGEN 
FLAME 

APERTURE 

~ GOLD 
BALLS 

Llff" ,l n, 'J L.; El1J'U1, El'ff 1il tJ l 'nA1YlflfJ,l 

---·- ··- ·· 

. ·· - ,-. ~ . ,-

--- - . 
/ . Ir - -~ -.. } ,,,,/,.. 

r;-·. 
---,< 

SPOOL 

GOLD WIRE 

GOLD BALL 

IC PAO 



1) 1l1ff11J1'501~ 1J fl111Jn''U 

"' J9 ,v,\ ~ >'d !'I 
'IJ 6 ~'1J fl),lt1'l'l 1'lftrt1tr111~~ 1vn1::1u 'U 

,\ I I 

fll 'i trfltrl n::1111~,~~fl,~ 

2) tr1JJ1rn'l'i'1i;vfrnumr1 

~'U~'U, i'Ufl l fllff ~t1 fl ~ll'Ui'Ufl1fllff 

3 ) tr 1 lJ 1 Hl ff~ 1 ;~ ~ 1 0 7 

channe ls i 1.111t11'1"4 f t1lJ 'l nu1; 1rn:: 

.. J "' ., 1 5 
lJ band wid th 'l'lfl1N'IJ1 1~M 10 Hz 

I 9 ,V I 9 ,\ 
4) fi l l'lfllHJ l'Ufll'itrfltrl'i 

J' I 

ll1J1J'UIJ :: ~flfl11 

191 d, V 
4. flr:l 'llHWIHl1 lHll 'U 

fll 1fl't'll °l 

· i 'li',/1aium11~~1111il111JJ1a m 

~ Q ~ ,.,~~1 . 1 -~ 
l'11fl'i'il :: ~fl~~ 11fl1Ju'Uu1 ::111~1 '1J fl~ 

'l'll11'ilrn ::ilutl1::~1rn ti'~ 1~am1d ~ 
CV CV (I' (I' J q J 

tr(\! (\!1 OJ'l"4t1 tr'IJ fl ~Lt11'11 fl'i '11 ~lJrl11lJ(l 

tl 1:: lJ1ru 3 kH z flfl fl1 tl ti'u1111il1 

I d o Q >I ~ d 
11lJ1tJfl!l'U'l'llJ :: '1'11fll'i(J~ mfftyqJltll'l'l 

ff~ !lflfl 1 tJ~ fl~ 'i ~~ l lll1l.l~'IJ 6 ~LiJ1~11 :: 
I 

.-::t Q/ ,, IV CV i,IQ 4 

lJtr(\!(\!lOJff :: '1'1 6 'Uflt11JlJ1tJ~li;j(J~ '11~ 

d . I ~ ~ ~ ,\ 'I "' 
'il ~ lJ ~ u fl 'i tll'ilJ~(\!(\!1tllll"4!l 11'1'1'i11J 

I ..J ..,. ,r, i/ ,:!f CV 

111~11lJ1 (I '\'I (J ~'U'U ~fl~ !l~l1'i !l tJ ~ 

5 . nr:i1 -u'rn 1"llt:111wt1N 
d 

fll1U't'f flfJ 

tl'u1 11~u1 'l'lfi 1 uh i1'h11Hifl 

,., J ~ .'I ~ ~ " 
m'Ul1'U~'IJ fl ~Lt1l'11 tl'i U'il11J'Ul 'i lfl~ I~ 

vu m 1i 'li'1 t11'11 t1 { i u m 1 ~1.i'~nu t1 ~ 
QI t I I 'I d .f 

lfflJtl '7 ~~'U'U 'il ::1lJ1Jtl fl flt11 1 'U'\'l'U 

II~ V ~ii fl 1'i 'I,i'1t11'116 fl 'U'l'l l ~ fll 'j LL '1"4'\'l tf 
d ~ d.-!!6 g,/ cv 
flfl ffl'IJ111'U~ flfifl '\'l l ~~ l'U'\'l'U~ 

U'1"4'1'1tf fl~11fl tl iufl11'ii ~ vlu;1 a 

'i 'I "' , ~ !'I ~ ,\ 
1t1l1 :: l'il1J:: 'lflt11 '11 tl ':il U 'U~ 1 L'b'6lJ 

d d'd d 
1 '1"4 'i 1 :: "1111 ff~ I t1 l'116 'i lJ'IJ 'U 1~1 t1 fl lJl fl 

,\ ~ >' I '\' 
ff1lJ1 nl fi11JfllJfll'il'b' {l lJ 1~ ~1(1 L~(I 

ti'111i,-~hl1tl~ fl ff1'U t u 'l maiu 

Ulfl 

~ \\ 
t 

' 

'\-,...;::~~ 

3 thJUUfffl-.1 n1 i-rn'-.1Vi1LU1Vi1J1tJ lflu l iLtU'lf Elf 
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AEG-TELEFUNKEN 

BERLI J!t~KER 
Engineer Division 

Electrical 

BERLI ]!JL~KER 

THE LEADER IN Mechanical ENGINEERING 
Industrial 

2524071 

• Compact construction 
• High operating dependability and safety. 

• Short erection times due to delivery ready for connection. 

e Standard ized assembly groups, therefore easily extended. 



SPEFRV~Ml!,~~M~ 
CONTROL SYSTEMS 

fl'W~ 'i1lH)'Ufl'Hii , ~1v1'iil fl lnl~tHJ 
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ll1 ' _, r! q <! 'j} q e tl~ 1l1tl lltl~ tJUi1HlfYli1'1fl-!AlJl"l'ltllJU1i111 

<! q 'j} .,i "t 'I 'j} 1 'j} 0 • _ , ~ e lJ1ff1i11fH'lft11'1flUJ l"l'ltllJ l1flllll-l~'U l U'li1'1fllltl~tltl i1 11UU 
"' u 

- -UlJIAU1 POWER UNIT umi UlJ tl i1 cfU 

rJ ::, V 

1l1tlvl--lfl1llJA'\.I 

il lJl"l1 .:JlJl tl'U 

iii 
111~1vlvh -------...._ 

"'-ii-.»✓ 

I 
i V 

1l1tll"l1.:J lJl tlU 

"' 

111~ilt> lun 

~ 

V V ~ 

il'i ~ Utli1 U--lflUltlU 1 

& PNEUMATICS 

e1 u m oh rn ('W 1rn ~ fl) 1;rinn..,u h -:i -:i1u e1 v1 t1 111m1 lJl'ltlU1~ lill'l ' . ' 
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1m. :192 ·9°1;rn . :rn2- 1; ; ,1u. :wi-;~~4 . :w2-rn:1 1 ' 
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I " 
Cl)l,-_:a,!j,-_:a,fjl 

q 

il9lfl,'Vln~~IJ 
q 

, 

UUL'M\1 S'H1aau111:na s~aii tiuiiiut1~ii . .. . 
sa~uti L&f1St1ii~i'111u1 \.la:-wuti 21ui'Vlal11J\Jt1al . . 
uiiflu aj'uifl~U'Vltl'l 

0.------------------ 0 
0 

L 'Uri ·m 
.'f v .:, 'i '1 '1./i v ., '\ '\ "'1 I 
U'il'il1J'U'Vl11'1fl ~\ll'U\l11fl1Jl'Vlfl l'U 1'11'.J 11lJ 

' 
.d .:ui1J1'1J1miiu'Vlrn'Vl~V"nlll1h:;~1iurnfl~'U 1~ v 

'j/ = t .a I tf 
mm:;m~~l'U V\llff111mrnN'1\ll'U'U flV 11u l'.J'U\ll 

' ' 
I Q.I I I tf ~ Q.I _J o 

V\llff111fl'j'jlJ fl'111fl'U11 11'Ul'.J'U\ll'i):;!U'U\l11'Vl'Vll 
' ' 

ltt'1n~fll'jtla'Wicilllffl11fl'j'rnfl-r~~ 2 vd1~'1'j~ 
o I d' '1 , ,,., 

\llllJfll'j'Ul'),J'Ul'.J'U\lll'\JllJl 'If l'U~l'U'fl\llffl11fl'j'rn 
I ' d~J"'Ji • l"J '1 ~ I 

fllu'U'Vl!Hl~'illflfl'1lJN l'lfll'j ~~l'U l'UV~'illfllfl'j ~11 
'II ' 'II 

I d' 
'i):;lJlllt'.J ~ ~l'U lJ'U iW 

' J't di ~ii lo 

1wuru:;u'V11 hfllJ'l1'Ul'.J'U\ll 1'b'Vl'.J'ill'U1'U 
' 'II 

'j/ I d I Q./ 

lJlfl1Jl~IVflffl'jtJN11lJVQ'j11 40,000 li111Jl~ 
I " , 1 . 1 .. . 11 • 1 "' .. IV fl ffl 'j Vl ~11 'Uu 'j:;l'Vlrl'UJu'Uu 'j:;l'Vlfl'l~l'.J1lJ 

u ' 

I I Q./ J o a., d .J! 
VQfl11 70,000 \l11 ffll111iJ'Vlfflflqjfll'UV~lJl'illfl 

o .:::::. I d'd I Q.I 

fll'U 1'.Jl lJ'IJ V ~lJ'U l'.J'U \lllJfl 1 llJll\ll fl\lll ~ fl'U ff lJlfllJ 

~'UV'Ut'IJV ·HY'W:il'b'VltUl,lfl'j (British Robot 

Association) 1 ttr11u l'.JllJ'IJ V~'l1'U l'.J'U tv;ff111 
' ' 

fl'j'jlJll "1rlu01Jmuf~m,mmtl~vu 1tl'jumlJ 
' 

fll'j't11~1uM°¥f ~fll'jtl~u1\~1u11'1:;1r1~vwhv~u 

..J ./i "' "' . I .- ~ ./i 'i 
'11'U 1mo~lJV'l1'jtJ'flumrum'jr-J'1\llV'U '7 1~1'.J 

ffllJl'jmtl~vu11tlMfll'jlfl~vu'1111~1~ '7 1iJu'1tl 
J 'j} Ji Jo I 

\llllJ'Vl 1tl'jl!flrn'11 IYlO'Vl'Vll~l'UmYn:;ol'.Jl~'Vll~ 

'1 ~ 1 '1 o d '1 "" \lll'UN'1\ll 11ffll'j'iJ ~ 

iJ ,=-, ' 0 .:::Ii 

t11Yl'ill'jt\Jl'illflfll'Ul'.JllJ'IJV~ BRA 'i):;Ylu 
I 

I d I d' I aJ C, ( Q.I d -:ti I 
1llJ'),J'Ul'.J'U\llVQ'Vl11'1fl 'U1J()~u YI.fl'. 2524)VQ 

Q.I 'j} Q.I J' 
14,000 \l11 fl'j:;'i)ll'.Jfll'j1'lf~l'U~~'U 

K..ffl 1 T 4 Tf;CI-I. 

I 

uh'Ju 6,000 i1 
u ' 

ff11f !VllJ1fll 3,500 i1 
., .. 

11'.Jt)'jlJ'\.j'\.j 1,250 i1 .. 
ff11~'U 1,200 i1 

ffml'b'VltUl,Jfl'j 371 i1 
Ii 

ff1'UV'U 'l 'IJV~~htl 1,750 i1 

°¥f ~rl tJ ~ '11h 1lJ'l1'U l'.J'U llli 'U tJ 'j:; l'Vlrl'flOlJii1 
' 

~ d' 

'U ff\ll 
o I ,f 

2. m ·rn 1 m.m 'tttm u (;I 0 (;I a-, 'ti m ·rn 
q q 

J . I ~ d I tf 
1umrn'il°:;ff'jtl11vtlfl'jOJ 1~1U'U'l1'Ul'.J'U\ll 

' ' ' 
'11j V h] fl1'j'iJ:;m1uii~ul'.JllJll'1:;fl7'j~lll'Ufl 

~'U vu~ ri1111' u1 'U'l11'1J vtl 'iJ:; '1~i'lf11i~111u fl 
I tf .JI J Vo d I 

'),J'Ul'.J'U\ll'IJV~qj~'U 'lf~i~'illll'UflVVfllU'U 6 fl'fJlJ 

11v~mm11ium'jvi1~1uMi~d 

"' .,.,., "' IM. I 2.1. irnml'lHil1J~1mrn (l\fonuu J umtm at-

i< lll) 
d .<!t J o ~ Q.I 

1 U'UlJVfl'1'VlffllJl'j tl'Vll~l'U '1~ 1'1, l'.Jflnm 

riu~1viiv 11llvii1vitlvmlllof11~vNu~riu l'i1 
'II 

V J Q.I cv '- o I Q.I ..J 
11'\.l l'VlU ~fl1Jfll 'j'VJNl'U V l'.J\l1'1V~l1'11 ffUJ UJl'U 'VJ 

'II u u 

i ~ ~l'U 'ill fl rl'UU~r11J11j O~lJU~rlUOl 'il ff~ ~l'U 

-qtlmuf 001~ 1~v VN11rl~ 115v01'il1ilwilqiqi1u 

~ di '1 
1'Vll'.Jfl ~ 

' 
I '"0 0 U ~ 

2.2. 'l'iuouvim-nu~n:umnu11uvie1u (Fixed--• - . 

Sequence Robot) 
~I I .-J 1 '1 o 'i "' 

lu'U11'Ul'.J'U\ll'VlVVflll1J1J 11'Vl1~1'U l~UlJ • 



CHtGrt1t1.ll,l!\U1t-tl flLU::irtrtUUH-Glt1t1.t-lA fllt· 't f' t,, L, l"p t,, p fl) I 

l!lG 1:: i l!ll\ i Lu l!l k! 1,ll l L!,I,~ rt Lt rl~ JI, l~ 1 ~rt~ i Lrt LQ 

ft1lAl1,1,ffi£lftUIJ\11l!\l!\I rtYrlt.YLMJJ.I Wlll!Grt l!\I Lill • F' pp,1 J:;>",-il/1 n-r"li\.P "'Ll l'I) 

l!\GlHLrtLQ.YLULG UL&tGltlULfl l!\I rtLtllH LUrtY fl) t /f, lri 0 

rlWl!\11 UIJLYLmUlllrt11LltffiWrlGGYLUW flQ1 I p ,;;, 'OJ) I.. l'r I p 

G~;:1;m~G~tf~LL~Ut~tJL!f lt~_!tliU[1G 

rll!\L~rtll!l m; ;:~11 08 ~ 0 

::~r:iarn,6rtLMt-tt Wlllmrt::~11 u1J1rt11Lrt t~LUrtl!l /f,(f; p Ji-l,tp ,;;, ""' fl) 0 ff, 

rigur1arir11 u~ail!lijl lbl lllrtr:irtkta!I. 09 ::~r:iai ,P I .. IP ,;;, '1\1i bi I /f, 

rt,(l&&J:,lrtt Ltt,t-tlJGlllmrt::m1 U!;!Gil!lijL 'u~rt11 

Lit U11l!\1 rlrl::i 8 fJGlbl rtt~LUrtl!lrtC,ll ,;;, I /f, ln I /f, 61-7 II) 0 {f, I 

N'!LU11,1Mtt~ 'f' rt> 0 ~ • 

t~UIJLYLWL& 

t Grim.Ht rin.u Lrtlllrtr:irtuGl!l1ALr11Ar1mmn.1l!l1 l;i"!7~ f' ,P I I P (fi/f,l.ri 

Wl!l1t.MrtGYrtrt::~11Wl!l1t.MrtGYWLrtl ltll!ltLIAfl ,P t,, ,;;,,;;, ,P "' ln /f, p 

~1 ri1 Y1A1t1.r1&&riri1 rtL1J1ui1 tLflGIJ\11 l!lrtr:irtktGll, l'I) k" 6 p, Li 1 1 .P , 

rll!l:: mun G ltll,l!lrtfl ltUrtYrlW i LUrlrl:: i l'I) /'I) I 'f'JJ I 

It• b b 
w nr:mM,t-@ll.tt1HtttM1rt::: t · E: ? I 

U LrtlL Ut ~ IAltJl,fl ~lltlY IA 1 ~ ltfl i lt GI!\ I F ~ p /f, p (f, 

::&r1~::irtLll,lllltflltULlt~M::&Ll1ll111 flLtl!\I LIAltU (f,,P I t11 {(; I I ,t ln o /'O 

C,fll!\lrll!l::rn1 flLU'Llt~MUU LLl!ll mi1A1,1,I LIAGM1 Pfb b ,,, 1t1,lri (f;bofi>' 

u r:i ~lltlY IA ml!\:: i riri llll rir:i rtkl!l & IA i Lu · p, p ,,, IP ,P I ,,, F 

tGll!lt l!\Ylllrtr:irtk GY dJnu::t,·(t) /f, L, t,,,P I Jr ,.,, 

ll,~1t.~r:irnrtYr1rnU:1J11tr:i rik::m1 L 1 u IArtrllAt Q /f, f'.P I /f, P ,,, f' 7 
LYrtLlllltltLIAlllltflltU GY iuwnu::t:(Y) o o ,P I J;> n 

ltGllllt,tl, 
,. 

rll!lL~rtLlllLIAlllrtr:irtk GY L.un_u::!. ·(ll,) "' o o ,P I i,;, ~v 

GrtflLl!lrlYtri~uart GY uhrnnu::t,·(u) J?' /f, /'I) ,,, Fr" ft:>' 0 ,.,, 

' 
~~1ri1 

YIAltGll,rll!l::i t 1tf!1l!l11tUtflY1lW11Afl~l1tlYIA1 ,,, P,/f, ,,, P/f, bf"'P 

rt1ArttWrt[!Rr111&LGrtrtiW 9 lllltflrtUUL& F='f" I P, I !7 I ,P I 

~11tLtL!,l,iLU&lrtgl!l~l]iLrtLQ Q,t;Jrtp lt~ltGrt 

ri11,1 UQ ~ mm IALQ ::i rrrt1Alll rtfl rikrirr 1 , P/f, l"pr,P , 1? 

(10qo~ lU;:)ll!JPlUJ) ~t.t-@rn!t_!!lnBn~ ·9·z 

L, ltGGrnWllllLM 'It F?' ,P ,;;, 

rtGYltl&ltl':lll Wl!l1t.MrtGYrllA1tGll,rl~rtl fJGl!lltfl I ,P ,;;, l" I" 61 ,P 

ltUrlYtrllbllAtQLY (1mp jE;)U;JWnN) Jl,~ILl!lltfll ,,,,,,,"'F'70 ,,,Jp 

;:roR,U~rtlll rir:i rikta n.mt LIAi LUrlYtm QLY ""P,P I o lb ,,, ftl o 
I 

(loq<)}( [llJlllO'.) [l!;'l!J 

-;-i11m,-: )\:) 1tmt¥Btl!l1ti,mrn~nBnit. ·s·z ... ll , • 

HrtW11 

ir ~U!.rtll!lltltL0,,,l!lrtr:iri~~u-grnua a ur:i i1u[j 
I ' 

::&LL~Ut~t ¥ L~ rixi~Ql tr,1,1,m~rl,t:[1iLU 'mt 

L!,l,iLUlt~rl~L~ ~1111 L~rtLWU~rt_{ltGiYllt!J-1 

U~rt_{lu[j;:& ltltL!:!,UUt _kl,L~ (loqO}[ ~pnq 

-.\ll[d) t 1 uu.nruuxiu~~L~nuwMnBnit. ·i,·z ,tilfl&-nir,o o;) I 

('; IArlrl 11 
f' 

LLU ltlt LIA~ LUt QLYt ~rum,fl ~[11 i LUG IJIU Ll!l;:Q I O 7' 0 F I 

,lll L!,I, nL,rnl!l~1 rtfl~[11rl_kl,l1 iLmQpa~~iH L~ 
I I I 

riutLl!l i 1Arti2ur1ur:iL~Y1Alllrtr:irtkrtr11 ,,, I F I ,,, If F'J) I IP 

( lOt[O}[ ;'l;'ltt;>llll;)S ;'l[t[ll!Jll.\) 11.ll,~l~t~(l,11 

nB~(l,1U.n@~nllll,l!lUlltL~nuLu.~nBnM. TZ r r ~ n O o;> .• 

ft/,\, b rtl!rlt.Y i &tr, t~ [1111tfl ~[11t GI!\ 
I If 

::&ft/,\, l rtLtL!A, i LU ltJrl~L~ ltfl ~[11 iL UL!A,::& L_\'.l lt,tl 
~ I •• ~ 

UL&uari ::rntJtu,1,1,::~t kYrtLH!,I,::& ~rt~uri 6 I ,. ,. 

1flGl!lJ~11tfllt~ 11~U~G~l!lQ1G~I,\, U~rt11L(} 
I 

'Y~GmYm~ 'Lttt-t11:'LIA~&tL1tQ1&LG}GJ!,11tW1 

a,r1r111rtYrlt.YtG~Yl f11r1~L~rtlllltfl il ltltL!,1,1:-P 
' I 

rt~l~& 8 IALlll rnn ('; IALllltQLYrtll!l&iQmLtLIA 
~ f",,,/1:i f"""7'0_ p 0 

Grtl ltltLIAtQrti1::& ('; IALlll rnmQLYrtllll&rn1 'r' 07~ i,,,f1i';'O p 

ltltLIAGrtl ltLHIAtQUi1Klll Lill 01 WJ!,1t1.t.Y1 0 if O 7 /'ti ,,,. J) 

jl:,ftll] ltlbll:'LflGLlll rll!\L~rtLlllrnimLttQIALltl-1,rt PP((; I I ,,, ,,, o p ,,,F=>'(6 p 

tJ!, (.1a:,uanbas) WJ!,1t1.C,Y1J!,rlr111rtY~L
1

YtGW1 
r ,. "' ~ 

• • ----nssuuL~meanenu---- ,J/1 • 
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• 
5 . fltl,fl't'lHl'U 

rm imn 1'1'11 -:n'u~o.:iiir1111Jl:l:;1;u~l:l:;iJ 

I Ji J 'j)J -!! iJ I d' 

fllfl'JllJflcll~lflcl'O'U'Ylll'OlJ1 mn !Yrn 1l1"'!'Ull'U\il 

o ii I I o _J 'J) 

'Yll.:i1ui~ou1.:iu1Juu1 9l.:im,ioornruu1ml1lJ1:; 

Q.I Jvi1 1 ~J 
f)lJ.:il'U'Ylh ,~!!fl fll';j!flcl'O'U'Yl\illlJU'U'JUfl'UX-

' Y, Z (Catesian) fll':i!fl~'O'U~\illlJUflW\HJ.:i 

m.:im:;u on (Cylindrical) fll ':i!fl~'O'U~uuu 

'i 6" -!I « 'i I 

1'Yl1:l l':i (Polar) 111:l!;fll':ilfll:ltl'U'Yl!!lJlJ 1m.:i11.:i 

1i.1wri-

• 

"' 11~1 

lJ'UllV (Anthropomorphic) i~vmrnonuuuul:l:; . 
iJ J.c:1 I -=i (LI o Q.I 

fll ':i ff':i H'Yl lJfl'Jl lJ.:il ll lll fl! ':i ti .:ifl'U\illlJJ:ll~U 

6. 11uuu~hhmv1 
1 

~'UU'U\ill':ilUlJ~ (ROBO - MOD) 1tlu 

~uvut~ ff f i.:itu 1 u,rn 1uu1 nfl Tu foiiw'i:::vau 
V ...,OQ.IQ.I J.!\1 I <, 

lnil71i'IJU'i ffll1':iU\il'J!l';if19l.:i'lf'O'Jl "'H 'IJfJ'IJ'fl i'i 
' ' I 

-;- ?I I .... ,um, (" (ROBO - MOD]) !u'Ul1'Ull'U\il'Ylfl'JU . 
fJlJ;1ui1J im 1u119lff!9lo{ ul:l:;Y1rnu;1u'i:;uu 

u 1111J~fl ~ .:iffllJl':i m1ff~.:i1tlum-1uJ1iJMi.:id 
" 

1¼1u 
"" el 

OJJ~1lCllffi 

1.J~ju;)-lUil 

1rJrJ1 'lrJw, m~U!lfl~1J . 
M1.J11--£ 

t 
220V 

t 
D,fY,~D<n 

-n.1~ 1 UN'Ulll!fll'.i'l'lNl 'U'Uo.:iliuuu\il''h iulJm 
QI 'IJ q 

I 6"', ', o '1 J/ 
"'!'Ull'U\il ! '.i !lJlJ~ 1 ?l'llJl '.itl 'Yll.:Jl'U ~ 5 

V i d Q.I I )) 

1mu u1 :; nou~1um11r11:lti'U'Yl'Uorn1'1,-,1:l \il 'U 

. I " "' "' "l " 
U'\J'U ucll ll!!'\J'U 'IJ'OlJ'O 111:l !; lJfl !~'O'OfllllJlJ 

d'al ~ Q,I Q.I ,,ij, J Q.I -=i. Q.I 

~u m OJlJ'O!'Yl'Oi1Jl111'1101Jn .:io\il I 'UlJ\il ~.:iuff~.:i 

1u1u~ 2 

l(fnlT 4 TbCI-I' 



.. ~ ~ 
• • • • • • • • 
• • • • • • • • 

~
 

• • • • • • • • 
• • • • • • • • 

t--
• • • • • • • • 
• • • • • • • • 

-
• • • • • • • 

~
 

• 
• • • • • 

'::::J. 



tN 

n1u 
~ 

fi1111111W 
CV 

n11n11 
CV 

'Hi11U1 

. 
tnn.n 

flt/ I -., , I .JI 
n'tn'Ufl1'iW'11'UIIMM'ViM-31'U 'U'lf'H'l'lr-.ll'UlJl'IJU-3 

' V 

i'l'lu flV '1£Nn~i/-,,Tuut1::n1710,n,h~i/1::mf'lt'UW, 'l'llflfl 
. ii" .., J,, ,,,t .., 

l IJ1£Jl/tl:f 75 'IJV-3'ViM-31'U'\'1,t()-3fl1'i '!1'1'1'3MlJ'1'ViM-31'U 

iinfvun:: 25 i~1J1111n11Mfl-3'Vit1muiu1h::mff tio 'Vitl-3 

'37'1Hnm~vu~n1mi' rl1u vJu mniva m, ::unnu 

imvu 20 il~Hl'U1J1i'l'lu;M~1ui~um1~m.lmviffL~o 

i,3J1:uuL'li'1L~1J~uou1,31Jmff1n L'Vi 11::uomnnr1111J 

;V-3fl1'ill::L~1J~'Ullf\1 'i1fl1Jl:U'UU-3i;L~lJ\T~lJ1fl;,U 

iui'l 2503 i'l'lui,3J1:uu1'1i'111'lu1Jnt11 1,0.24 

>I (" I~ >I >I t ) - ,:'i 
lll'Ull1'1'1 mun:: 11 'IJV-31Jllfl1'1'Uflll'IJ1'1'1-3MlJ'1 n'Uu 

~VlJlflViJ 2513 1Jllt11J1:u'Ui-31'1i'11~1Jl~'U 2,356 lll'U 

~ I ~ -.i 
I V ..,! d jl 

Ul'l'l U 2516 lJllfll'U11J'U'/f-3l'IJ11'VilJLU'U 4,831 tll'U 

Ul'l'l 11n::iuil~o1J1 (2517) 1~011mJ1:uu111n 1mur11~1J 
,l ,~ _, 1,,..,! -=t d 

'IJ 'U \T-31J1 fl lJ" fll'UllJ 'U ff '3l 'IJ1l'VilJ'Vi'i1'11'1 U 1 l U'U 
., 

12,476 '11'UU1'1'1 

~ I ~ _, I SI i ... 
iuu 2523 1Jllfll'U11J'Uff-3l'IJ1'1J(),3 '1'1U\T-3lH 

., - "' ., ~ ., ., t 
,57,874 t11'Ull1'1'1 fl'1l1J'U'i()Ut1:: 31 'IJ'fl-311'Ufl1l'IJ1'1'1'3 

>I d V I .J - "' >I ~. >I 
M1J'1 ml'l'lUUflUlJllfll"Cl,3()()f) fl'111J'U'iVUn:: 44 'IJ'tl-3'1Ufl1 

ovn.tf '3M1J'1 M~'fll'Vll OU11l'ili'fl-31Y '3 nufi',oon 'i'llJO'U 

~-3 4 'b'U,1 fl'fl 'Ii',, U1'3'Vil'i1 :U'Uthu::Mn~ 11n::'li'11 

l'Vi'1 1~mrnnnuJ1:u'ULYiU-30UNl~U'l! 

1-uiJ 2524 1Jllt11J7:u'Ui ,31,i'11~1Jl;'J'U 63,000 
., 

'11'UU1'1'1 

yt1Fhn1·i!~1-u111~1,Tui/1iuefummilut11t'H'}if?Rf!J 

a11Hd~ifn·1 iHinrr,nm;t1m'iF1Wt1iJfl1J1 iuwu 20 ii 

m 1~J1:uu~m1muon111n11::'1'111M1'1'1u~1m1wffoJ1:uu 

,¥ ., V., I - .K ~ .,,1 .I 
ll'Vi~'IJ'Ulltl'l V~,t'fl-31l1£JL-3'U'll011'Ufl1'fl'U '7 lllflu'i::l'\'lff 

.., .,r ,, 
'Vi\Jll'Ul ~" n-rnn 11 l.J u 'Vi ~'IJ'U .i, u 

'i ., 1 ., .,,.I 
'U 1rJ1JlrJ'YUH~l'U 'Ullfl'U'YtfM'Ul"I iltJtJfl 5 

.., "'"' ,!!I I ""' ""..J 
W--l'U'Vi\Jll'Ullff'ilJJfllllLn:: 11 '3fl1JIIM-3'!11,t UUU'\'15 

(2525-2529) 1nn°1»JJ'1lU1'H1JWi1JmWflfln~m,nn 

ir~,.;-,J-,,ru 111n~lflaJ,31'1i',~vun:: 75 '1Jo-3m11.J;o,3m1 

WVit1~'31'U.tf-3MlJ'1i'UU'i::1'1'1ffL'UU 2523 lJlLMnof OU 

n:: 46 'luif 2529 1.iu11::1tl~U'U1J1'l'li''Vinmumu'lutl-i:a'1'1ff 

,¥ ::, ., .I V V I 

lJlfl'IJ'U 'i 'llJ'l'l-3 '!11J1,t'ifl7'ifl1'iu'i::MU'1'ViM-31'U,t1'3 '7 

fl'lU~n'Uitl 1.iun1ihM1J1tJl):: t1.ifl.i'ilfll 'ii'1i''Vit1m'U1'U 

um'l'lffi1J1-n'llu1ui11iiuom1founi 4.8 ~oil 1.imu~u 

1-u 5 MNMu'1 1.iu'Viti'mu1uu1:a'l'lff1J :: i;11,n ;r-,,, 

DH1J'll1ii'lwJn 7nu, m1~ii.iivM,;1u'Via-3Jmn 

.4, I """ ""' 1 d' V .. 

l'IJV'U, lllfltn'UM'Utlfl 'U'l'1, 'Vit1'3'31'U'U'flflllUU'fl'U '7 

l'lf'U 'Vit1'3'31'Ull1flll'fltlll'fl!Jmf 'IJU:: 11J"1.i1~1 -nuJ,:uu 

n,'ll;,m'Vi r1111JfvuM~n'Vi un-~u.i,11rn::n1J 1rlulu 

"" "' fll'lf1i'l12.J'lrlfl 

H'1h::fo,ni 
'luo~.i1.ffomii~~'\,,."1.iu'i11tl tio J,:uu u~'lu 

.'f V .. .K - ... I .J.. • V i ,._ 
ull~U'UlJL'!ltll'ViM'flflu'i :: lfl'l'1'1'11Jfl111Jn'1flqJ1J1fl 'U'!l'l,1 

U'i :: frl'U ~fl'fl fl1'll1i'i'i1J'!l1~ M~'flfl'U'i1iu1'1i'111111 

o, >I I <'I - >I o, >I <'I d .J 
fll'lll! ,3,tlJ ll,lfl'lllJIU'Ull 'i ~lltl'l fll'lll! ~,tlJIU'Ul'Vi U -3 Cl 1 'U 

J r:-1 .... , t t w .Q !'.., 
M'U~'IJ0-3fl1'll1il71J'!l1.i1muu mm'lllin1J'!l1.i1m::u11J'U 

V 

lU'Un'1'iU'i::nou1!J L'1'ifl7!uou 11~'1'1 -hu,:uuntrn,u:: 

1,'J'U'IJ'fl~IMtl'l tY'l'Ufll'llli'i'ilJ'!ll~ijn-mu::1,'Ju fll'llMj'fl 

1 o n1'll n'irn'!l1~i11ii.i111 n m-i11u(l1J1 rn:: m -i LLU'i n'fll'Vi 

87 



blttflt-Gtij!t,Gfl,ttLt-LlA.tLUUUUttll.TttLt-LLl.tLUUUUttllUf11 
,P 't O ,..,p O ti> j 

Bf: !f 2: ,.ul L0u::w 

lJ!.LftLYIJIT.lftjltllt-BF l:Jln,!Jft,./jiU.IT.L ,Y,.ll. L !. Lu 

tt1tt!J' t-tLtt~rn~ij' 

Lttf\.Ut-Gtij! Ufl.lKttt-Gtijl ll1 llt ttJl,l tbl~UU,LUGM.ll!Jl,l~ 
~ .. ,< .. ~ I .. F> 

blttflt-Gtij1f1Urtlllt-ti.Jl,LUJl,1 tLU::un t-LLI.Llli::tf1tl.lW~1 blttflllt 
,, t ,.. " 11,0(I: I, 0 ,¥ 

• 11,VN tt,Jl,1 QJl,1~,JOM.1Jt-G~U111~11~t-ltJl,LY~LtlU 

1Lt-~M.m:,1tt!J1tt~ttmtt,ctLN,L 

lltlrtL,Ln_tl~Tlt-~M.TG:,!tt!Jl,ll,L~1n~1111;:t -

rn~1t-Lpo1it-~Mm:,m1J1,11,L~N~1111::t -

Gij 1111::t 11 ttUllt.~rte:-,11, M!M.TGJ1,1ttn.1rtlllt-k,11,Lu 
w ,.. ",.. r ""' K 1p " P 

Jl,1 LftttUULrtttt.ttL&ttll.lblttfllltft~1 ttf10,l!,ll.tt1 flLl.1 ULl.1 
"I, /'a O 1,;, ,_.{I: In (11 jav I, In 

::tf111tUL.Ll-11,11,11.mh!11.1Jui:.nurih!t-tu,LuJ1,LtLU 111 o ,;,,, ? n 11 ,c,,15 

t-llrt1f11 t,U.blLJl,fttt!lJl,LUGLI.LI.UU1 HUfJGLl.fttWUL.Ll,blG 
S,,I In In ]._,. f,tJ I j In I I r 

ttmtt ttLt-~M.1G:,ltt1Jl,Ll1£"L¥::LrtU1t-~ttrt-~ fl~~GUf1 

::unuc.~::.Ll,~1 ~t,l,l,t,(!,::Ubllltt1 l, t-LblLl.ttlll.Ll,t-Jlf11 Gt! 
(5 In,.. t11 I I, I j t11 In '7 

HLI.G;" ,lllttflllt tALlltt-LLl.fl~lt-/,!ttn. l. H~~Lttn.t-» 

u.1 ~Gfl~lt-uttn.ututL.Llrtlllt-u,11,LuttUL&UGtt t-AMwmtm 
r1.,. r " Pf' ,., 

LrtUGG~! LI.Ut-:lb!Ut-:1"1 LLI.M~ tLUt-GblftLWftLbl~1 Gft.Ll,!Lft.Ll,Ul 
,cL,j w,cl,op t1 (Sin t"l, 

ttGtrtLt.ij::UTTt,tL t.l!f1TrtYl1t.UlltLrtl.Ll, ~LG::.Ll,Ll.t-UM.1GJl,Tttr.!T 
,< f' b .t' p 

rtblt,UJl,LUULl!,t-Gttl flt.~rtttU"L.Ll,blGttLt-t-tt ttLt-UM.IGJl,lttll.! 
,. "' .. fl b K .,, 

Jl,111tUL.Ll,::Lrt"Tt-llttttttGtlt.Wtt1 IIGJl,1 LI. (&M.UGTT) rtbl 
11 1i, ,.. o ,. ~ .... ... "' " "r ,..,... " 
t,UJl,L~ llttU"l.Uh!OM.lt-Hl M.Lll~t-UllolY~LtLU 

utucrnuui t.J,11,L~ 

rtUL"Ll}f\,1 UllttUt-Gll.11t::UT111LtL1.Jl,l H"' GM.1 Ul-l.1 U.Jl,LU 
P' " llri ,.. ~f ... " '"" l, t In 7 p 

~u,mwmm~, ::&J1,1 HGM.TttUUrtlllT::&lllUHHllln .Ll-t 
,,;,op, ""' "'" t ';"" ""'•""'"' 

::un ttuu ~rtrtLlllf1rt.Ll-m~rt J1,LtLUttLut.~::.1it-L1.UGt,tL 
:'"" ""' _,, P' " ~ I=" 

tt~ij::unqtn.T!:ftL ::LtM.T ULrtttG;Tt.£ ijtt ui, L rtfl U~t-~MT 

. . GJl,lttrlTftblt-UJl,LU 11.Gtlt.tUM.Lllhlt-"llolUll.LtLU 
K Ip" P ~ n II ~II 

((H,4,l.1@11) ttl!lt-M.JloLUJl,LtLU 
l="P' " ie.,,g 

rtijmh blUHl1~lllllt.ttmJ1,,1 ::un lllttftl 
,... 1.: ""' ""' ,.. Ip" " .P 

~tt~ttlt-H l Lf;tt,tLt-tt ttLt-~M.TG:,1tt!Jlf1L GfALQ-lt-/,!G~l 

bit' uuL11ullttLU 9t<I ::uttc. ttu.m,11,Lu -
r, " ,.. ,.. p 

l, t-Lbl~ttJI, I b 

U~.Ll,LUM.bl~t-:1 tt/1-1 UGij!;ij!tbll[!ftttuUL.Ll,blGttLl1~ 

lllllt.ttmll.L ttlll ooo'ot& ::un. ttu.m,11,Lu - ,.. lp,c ,.. t,; ,.. p 

l. t-Lllllllttllrnrnmu I ,P °t ,.. 

JI.' L1.ttrtLttttu.11~1,1,J1,1 ::un rtlllt-Ut-UM.1GJ1,1ttn.,J1,1f11 LttGM.1 
"t,i ,.. ~ "b " ""' K Ip" b In o 'If 

ttlll ooo'&9t ::uri (&Muon) rtlllt-UJl,LU - ,.. I,; f:>'P ,i: p 

~t-~!; Jl,L~Uflllt-tt 

UL&~' ::&u.u.m11blut-:1 blltuuL11ullttLu 09& ::uttt.mLrt 
"In j.P ,. ""' I"";> " ,.. 

:[tttL~LJl,fttt!lJl,L~UflTllltLftL.Ll, l<l9<1 l;lt-LUUttLtLUttt;!l 

L~rt~T::UTTl!,~.Ll,lt.~TT::llt-~ t-Gfl::t~lUt-~ 11t,tl1t-GttUttL~ 

t,Mfl LJl,ttLll.Ll, mt. It 11LI. Ut TT flt. tt"Jl,LU U llm t tt-Lt.Ll, GU 
~• p, ..,. r I p (Ii I 

tLUttttlL~t-ULU flLl.1 ULl.1::tf1~UllrtflU!tbllll.tLU b o ~ o ~ I f' J,; 

b t-Lii'JAoll1,V-~Ulhl!?l-:lfl!IA.l;l!f1!2llhl_t-M.[!lfL '(I 

blttft!Jl,ttf'r , b ,. 

ttLt-t-tt::un ij[:LtJ1,1ttLt-M.l ~11Gt-tt c.~nttLHtl tt/1-T 

rt!.tu"L.Ll,blGttLt-HL ttlt-~M.1G:,1tt~TN -

n t ijtt::tM.Lf;ttAt t-t 1 ::umu::f1H11Lf:ttAL ~ t l~ 

Lt;tt,t6.Ll-n::w~~Hf1£"L~t-~Mrn:,ftl!J'N -

t-tl!Hl~! t-!?M.l@:111.r.p~L ·1 

ttJl,l I 

~LG tLU::!.f11lLUU,t..ttJl,fll ::!.f1tL Lrtlttll!.Lrtl.Ll, flLl.1 U? 

u1::u.~ Luu,11,L~t-~"nuL&1L lll~H ~~LJl,rttt !l,ll,L~ 

l!llll.ttf.t!lJloLUtiJl.lll::tnJ1,1 tLU 1;;r /.:Jf> l"'11lo 

6119<1 

r.!tt1,lll~UUL11UllttLU 9<19 ::uttt.ttr.!TftM.T::un bl~UULl1 
p, > " "' p "j' , 

ullttLU 0011 ::uttt.ttr.!TmLrttf1rtM.T::&tt~tt Lil LIJLt.~Lij 
(Ii "' p v "j' ..r p, I 

~,11, lll~uuL11ullttLU ot1-0&1 ::uttt.rtu lllLtYtt::tM. 
r , " "' " 

Lroi Lf;tt,tLt-t 1~::un t-U::f1t-Lmroi Lf;tt,tLt-t l~Lt;ttAL.Ll-" 

::wlll~t-:10~,t-~Mm:,m!J'N Lrtfl IAL t.L?ttL~LJl,rtt tUL~ 

Ltt~' llLI.' uu.1::!.f1tt::mn.fl~l (blltuuL11ullttLU 91 ::uttc. 
o" Li L, !' r·, " ,.. 

tt1tttfl,Ult.~tt!J1ttJ ~::mn.tt ~6 tt(:l::tf1t-~ tt~TlttGn. 

t-GM.Lr~Jl,L~t-~""::un 1Ltt[:l::tf1ll!.LftL.Ll,ftL~ttt./,! 

rtC.!.ftLC:-_tl(;!t-~ a a; L,WL,u,nz..uz..n.L IJUt(LIJ::l! bl~_}lULl1 
. . ' 

ullmu 0011'1 ::uttc.uu.1::tf1ttlflLIJJ1,LflUtlTLtuLu) 
(Ii "' (Ii F I 

~fouurnufinumrn c: 1 row::t(lngiunun::onuz lLB 
.,, ..... " " :l ,... ' 

N' n.LUtBn.tBUIJ!IJLt(!fl Lt.liULtf1 9z9z tt'flLRrtl 1 LI. 
~ M o ;;/" I f' 

ttlt-~tt(!, t19<1 ~ttLttLLl.f1rti,flft~1~!1~, flLI.Lt.L?ttL 

11~ttrtLtt::U11blLJl,ft!. t !l,ll,LU LUI!, t. t L.U t LU UH U LI!, 
.... "' :: .... p 0 

u 11 tt11::unu, ::u.tt L t-l,11,L~ G fA 

~LU.LUNftflt;!Ltl flL1.LUL1.T::tf1ttLJl,L~ft~UULl!,~LJl,fttt!l 

Jl,L~t-~ttn.tLUl1£"L¥ flL1.Lt.L?ttLl1M.::&~flL1.Lt:-G~TttL tt/1-1 

_u,::u.ttLl1M.::L&,~fl.Ull::&~LJl,fttt!l,11,L~f1L C.ffl~l uut ttr,i 

lllllttGtrtLWl1Urtt.t~Gf1mt11uLl!,~GttltL.UfltLl.ttGt-Gn. 
" "' "' p, .. P' .... 
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Q ~ 0/ I .Id ,\ ~ 
llJ'U'll'U · 1111111 f11'ilu'1£J'U'IJ'U711f1'itlJllf1~lJ'\Jll~lfl'jll-3£J'U~ 

1~1~f1'1~ lflill-3£JUtll::i,Ji'.J111u11tl7lJ'Ull~lltlJ1111l1£J'U 
o G.I ..,. Jt. d' G.1 J' ~ Y J ....,..,.J'd Y d 

'1'1'11'ilJ111'itllJ111m ll-3£J'U~ 11~'ULU'U~'U 'II -31 ti'UlJ'\Jll11 

.. , Yr:-1 ii :'I .f ...,. !' Q.I d 
fill l'n'1'1lJ1'iO 'llf11'11'!1-3~lJlu'Ul'll'lll'VIMl')1111'1'1'U'U1lJ'U11 

~ OJt I dOI ,'I ,\ Q I _:: .J 
1'11'1111'1'1~l1lJ11 ll~lltlJ'\Jlll'CIU llJll'Vlll1'H\1111 'll'UI11ll'\Jll-3 

,\ ~d ~ OJ I JI 
Lmll~tlll~111'11'1 1111Lf1 Lffll~lJ ~f)~lJ f1'itlJllf1~lJ l'Vl'11 

0/ d "'t OJ i Olv • v v ~ OJ 
'\Jllll11tl~ IUll~ll ~f1llllf111lJlJlJ1 l1'ilJf11MUHll11111 

V t .,.1 V O ,\ ... ~ I 
~-3 11~llll f11 'Hu'1tllll1'1f1f11'i'1'11-31ll'\Jll~lfl'jll~tlll~ll~ Ill 

Ltlll f11'i 1i'1r1i ll-3 tlll~'i 11"iiu'itff'l'lfi!11'Vlff -3ff11 . ' 
...,.-,4' 1 C'I OJ V - ,nnna~ 11t1mrnff1Jf11'11'!1-3~llf1Ull1f11ff 

11i:i'1 u11rl1 ll f,I ff1Jd1'1i'1 i ili ll~ll~ lf-11 i ,,,,j''IJ ll ~lfl ill-3 

till; 111£J1iidmill~t1lltu~r1,3i'.J11tl'nm'i'll1-31ll11urnr1ill-3 

t1llt~1'11'1L'l1i'.ill'Ul~lJ 1m::i'li'tl1lJll~l'll'1Ltlll1.ffll1'Vl~-3'11tl'f1 

Q.I t:'J SI ?I Jf """ ..,. o'\OI 
f1lJf11'11'!1-3~lJLUlll'lllll'Vl'1-31ff'ilJ '1'11 '111'i1ff1lJ1'i0'111f11'i 

i '1i'tl11Jll ~1'11'1 '1 ~ i uiiu1 ~r/1 ll '11tl -3 

o C'I OJ i YQ.I J,, d'd o ca1 I 
f11'ill1f11'11m~lJlJ1 'llf11Jlfl'jll-3tlll~111'11'1f11Mlltl . . 

, ~ 'jJ " Q,I , " .:, 'U'\Jll'l'111M~flllfl11 11'1t'Vl\11Jll1 '11U'i::'b'7'llll'l'11 iuff1ll1rn 

,Mili'll"ii~ll iil 

"" .. fll"lf 1i1Ul'lflVI 

mrn~"llll!llmh1ii111~1J/~u~nwdm,i'IJ11111 

"' 0 C'I ,,f ., .I I L t J' f11'1!Lm::m'ill1f11'11'U'UlJ10~u1f1'11~lJ 11tl ll'\Jllllf11'i'1-3"lll 

• I ><, 0/v ,f:/ .I C'I Q lltf1'i::'1'11 11tll;j 111'ilJcilJu'l'11ll'IJ1111l1::'111f11'11ti'i'ilJ'll1~ 

,iun uWvi~LUtllllllltJfi 1m::1vif1'1!ff1LUciivlfl ~llll7f1l!ll 

V 1 ~11 .. I • I ~ :II " I 'i!lJ1'1 11tlf11'iu ~'il'1tllJll'l1-3u'jtl'l'lff l'l'ltllltlulli;j11-3'1'1ll 

.JC'I . I v_~dv v d 
·c, -3111'11 ll 1f1 u1 f1 '11~lJlJ1 ti -3Ji'I -3'\'lll ~'11111 'j:: till ~lJfl11lJ tl11 

'l'lll 425 n1mllm 1m::mnN'l'lll1Jll1JM1m::t1ll-3~~ l'j~ 

iwvl1'Vl'j::Umhi'i'.lm11J£J11U'j::lJ1ru 160 nlmllm l11tl 
I J' .., d Y y..,., I 

1m ~f11'i17~'1'1llll 'iJrnn1illli;j'1~'1'lll l11t1i'll1~ll1J1nn11 

" 10,000 '11'UlJ1'1'1 

f11'j'1-3"lllflf1U'i::lf1'1'1'\Jll-3f11'jffim1~t11J1111~il'jt1'1'1ff 

ivit1 fill f11'iffr1~ h~~1'Ulltlf101'11 111t11Jl,j'1fl1f111 

" Q .J 'l •:11 Q " 4,500 '17lllJ1'1'1 l-3ll'1-3"lll ''11ll '11t1Jlulll-3ll,Jll1f1fl1£Jllllf1 

U'itl'l'lff 

illf11'i~f1'1~'i1fl1,ll'IJ1tlf1ll'Ull~fi1'11ti'i'ilJ'll7~\!u 

O I V I ~11 d V Q V ><, OJ 
,i::m::'1'17'i1llf1ll'i::l111~m'iu ~'irnt11J"1 f1lJlJ'ill'l'll;j 111 

V ,f:/ • I 1 V JI .., .1_, 
'ilJ'1 lJU'l'11ll 11tlllt~f1M'i1fl1'ilJ'llllf11'11'1'1u1f1'11~lJ 1m:: 

il1 
.. "'t " • .., 

f11 'i ~'i1'1tllJllt lUlll;j'IJ1tl un:: m l1ll11'i1fl1'\J1!Jf11'11ti'i'ilJ 

'll1~iirnur/1u~H '] ~lliU 

K..ti11T 4/i T bCI-I' 

., ., cl ., , "· I 1 J IINU'W(l)l'Ul"I il1.J1.Jfl 5 fl1.Jfll1 'lfu1::: tl'IIU 

"" .. illflfll'llfi'l'nJ'lflVI 
.., .I 1 .., " .J J f11'11'1'1~f11Wf11l1f1 Hlltlf1f11'11U'11 'll1'U'l1ll~ll:: 

OflU1iili'll"lll 1m~f11'ill~ff1'11f1'i'ilJ'l1Uf1 Mun ll~ff1'11-. . ' 
f1'i'i1Jtl1m1fl1Jflll'1 ~~ff111n'irn l'11111LLll'll~mfli'.l 1rn:: 

d J y Q,I 1 OJ J 
~~ff1'11f1'i'ilJL'l1'1!1 'll-31l::ffll11fl'1ll~f1lJ'U £JlJ1tl'Ull'l1ll~ 

..,. ..,. ,v I """ "" .J 
'\Jll-3Uf-lll'VI\IIJll11ff'illJf11ll1'1tff~fllJLL'11~'ll1~ \'llJlJ'l'l 5 

i V .I O , OJJI .I Q -~ V 

llllllV111::m11u11 '11'VIU'l'llJ'il1 W'll1 t1H~'l'l::rn~::1llllllf1 

:II ~ Q :II I V 
I ull ~ll ti f1 '11 -3fl 11lJI 11 'i t1J I rn:: I ulll 1'11'1 ~ ~~ ff1'11f1 'i 'i lJ'11ll f1 

'\Jll~U'itl'l'lffi'Ull'U1fl~ 

.I ~OJ I I 'l" I 
u'i::1J1ru 1111 fl1 'llll1tl'1~"lll~1lJUf,lll-31llLrn:: 

1 V JI.IQ -~ V t 
m~mrn111Jll7'VlllV1m11ru'l11t1H~'l'l::rn~::1llllllf1 '1'1~'11ll11 

11::1tllll1llU'i::lJ1ru 99,000 i:i'1lllJ1'1'1 1Lt1f11tlllf11'iMl'lll . 
m,3i1ll~~m11mrnu'i::mru 68,500 i:i'1ll1J1l'l 1rn::1tlll 

i .., """ t J' I I :,,, 
f11'i'1~"l'U 'Uf11'jV'l\llJ'U1lJ'if11'i'\Jll'VlllJ1ll l'llll LL'l1'1~ll1 'II, 

Ollll, 'jOiW, l'l'l'iff'l'l'l'i', l'l'l'ifllJll1fllJ "1M U'i::ll10l 

0/ Q I J'J i I ~ 0/ I 30,500 '17lllJ1'1'1 l~llM"llll'l1'11ll"11ll l1tyll:: 1111l1f111'11'1~ 

11ll"lll~1~U'i::l'l'lff 

ti'ii 'i1 ff7 lJ 1'i0 U1fi1'11tll 1J1 '\ ,i"limuli1u1ll~llJ 

1iJ1'11mt11rn::1n111m~m'i~~ff111nn1J11unmrni'1u"ln 

1m~nrn1i:i'1 ~lliiliw1h~ 20 il'li'1rnu'1d (2544) 1ll 
A'Jv v .I Qi" ' d OJ 'Vlll'l'l'VI\IIJ'U1~~ff1'11f1'i'ilJ'l1'Uf1 u'i::LlJll 1111l::lJf11'ill1~ 

I J' 11 II I 

~1'UIWlJ'\Jll'i1lJ'n4ffll 466,000 fl'U l11tllltlf11tl'Uf11'ilWlJ 

.I Q .! ,\ 
mllffil1'Vluf1~ 335,000 fill 1rn:: f11 'il'VllJlllll~ll1f1f11'i 

~\11Jll1 131,000 fill 

t:f .t::!lt.U U 

Nt1fl1:::f11.J'llfl~fll'111i11il'lf1Vlfl1.Jfll'l'W9MU1 

lfl1'1!19 Oil'll fl~U'l:::lflfl 

1. 'li·u.11'1,!Ji°nn½.:m,;,mm'l,!::m,i~'l,!'llMil1::mt1 
ii I Cl/ J' 

'lll111ll~N 'l 11m 

- m'iu'i::11u1111ll~n~1~u'i::1'1'1ff t5'll1~ll~ 

lJ11l1f1f11'i'111f11'iJ.JllJ1l1u1.fffl1'Vl~-3ru'11J11'1i'mt11uil'i::mff 

l'Vl'i1::1Jf11'ii,i'n1'11'1'11111'1'1llf11'ii,i'tl11Jlll.fffll'Vl~~lJH 

rl1ll ~~,i::1illlM,i1nm'iW\lllll1fi1'11ti'i'ill'lll~ll1n1111a~ 

n1'111vlt1-3 s 1111a~ (m'i11ru, n::'Vl-3-Um'l'lfl~ 11'1::1vin 'li'ff 

uuciivlfl) 1llmlJ10l 625 i:i'1ll~f11J1fftf~~~fl'l'U ,i:: 

ff1lJ1'iOU'i::'11U1111ll~'i1~1~U'i::L'l'lffii1illl11llu'i:: lJ1W 

ii IV -., I SI ti 1 Q 

30,000 '17lllJ1'1'1 11~01~11f1llflt11-3~f1~fl~ll'11 ~tltl'l'lti 

" Q .I • I V i " 4 , ""' 11'111~'U~'i1'1'11'i11l::u'i::'11t111 111lH '] ll1f1f11'i '11111'11 
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1i 'i 'ill'lf1 ~'IJ n ~ 1 'i m :iilinnu i1hn n n d,~~ mh1 i {,i', ~ 
lu J~d1vm:: ·:hi.l'i::rm1ln~~1m1u~m~1~i.l'i::LY1ff 

i . 1° Ji A',:; J.I Q~ 

ulll'U 1 'U 'lf'U~ 'U fl1 'j'lf 't) fl1'11Ylu1fl'lf'l)lJ ~1fl1J'ill'l'l'!l 111 

i '" :: '3'i"' 1111:: un:: 'Ufl1'iMl)'U1H'l'l'tlfl1'11'i1lJ'l'l~fl1W:ltlfl1 'lflllU 

J ~ . I ' ,, J I . I .. 
111 a 1 nu~ufl 'i ornn :: lijl'lf tl1'lfHIJll1flm ~u'i::L'l'lff'tlfl 

,, I .. I 1 Q ,, . I ~ " ~ . I ~ 
ma 11111l'lf'tl11 111t1'1)'Yl1illt11u'i:: l'l'lff 1Ylt1fl1J::t1~u'i:: '1ft1111 

11um1~1~ilm 'l'lffi~ 

i ""~ i . I' q Q - 'ilU 111L'IJ1'i! u 4umfl1fl'lfn1~11n::m1J1~u 

i " Q ~ "~ ~ • I ~ ~ II J 1111l1fl1J'ill'l'liij'i1Jff1Ju'l'l1'Ul1111Jl'l 'i:: 'i1'lf1Ji\ji\jl11u mLMlJ 

~ - ., Q i °'='l"i J un::l'l'i :: 'i1'lf1Ji\ji\j111f11lll~'U 111u 1111'ilntllJ l'l.ff. 2514 

1J1J1M :: i~Nfll11'tl1JU'l'l'Ull1 flfl1fl1fl'lffl1 ~f mm :: 12. 5 

Q .. Q i ,, .. " . i Q 
'IJ'tl~NMfl111 11n ::mlll~'U l11'tlflrnt1n:: 50 'IJ'tl~fl1 'i'l)'Yl1i 

""' ., ~ ""' ,:,I J ,X,:,1 d _J 
ll1fllJ'ill'l'llijNfll11fl1'11 ( 'II ~'IJOJ :: 'Ufl1'lllJ'i1f11'1'1U1fl'lf'l)lJ 

1"111nui.l'i::1J1ru 2. 60 m1aqJff'lf 1J~n 1,000 nu.~111) 

an.i'1ndrn'lf°u ti'1 ti111'i1nni'lfn'Un~n1'111i'.lu 200 ii'1u 

• .I I ~ " i1 ~ ~ i " i " nu. ll111111n1u 11111J'i1mm'II 11~1JU'iJ1J1n11:: mw 111 

ll1flfl1fl1fl'lfn1~i.l 'i:: 1J1ru 1.4 ii'1uu1'1'l~niu 'lf~'tl525 

ii'1u1J1Yl~ntl u n n111mfu a~11 :: i~'i1t1i~111n111iit-hi'i 

.Q. d o J J ~ _r ., d I 

'l)'Yl1i'tlflll7U1U'lfU~ 'll~'luumn '7 u n11111 :: ,rnnui1J 

i 
Y Q ~ ~ I 'l " I 'l 

111 Ll'l'i1 ::1Jnl'l'lff11J1Hl'lfflf11 'lfll1tl l.Jfl1'i'\1111Lll7 :: 11n:: 

N~l11f11'llll'Ufl~ ii.Jii ti, i 'i i lJl11'tllJd 

2 . iu~nm,,&-.:11l;l'i,.,nm, .:rnu iruJ~11~'1Tu • 
111 nu fl1 'itl1 'i1 ll'lf1 n1n 'i rn'lf 1 ~1rn::tl1i1u Ju i ~ ii 

-d1u'lf°1 a 'l u m 'i -d~1ff11Jm'i a1mffm'in~lju'l ui.lm'l'lff 

1,r~~u111nn1111J1 1m1::nnMlJU'lu im~m'i~111ffl'lffl'i'i1J 

W SI V,o, o ., t d ~ 
1 ..J 'l " 

fl1'11111ML'lfl~Ul)Ull1'U1UlJ1fl 111~uu 11~1uuit~m1ff111~ 'If 

d 4 t ~ ""' 
I '111-J (l ~fl 11 lJ lJ lJ fl ~'1'11 ~ fl1 'i LlJ fl~ I 111 :: L ff 'ill! fl ll'IJ fl ~U 'i :: I Yl ff 

tiu11::1i'.lul;!nL'lf-J~~ Lil 'l iru1l1Yl 'If~ flffmuu nm1 u 

.. ' ' 
~,~i.l'i ::LY1ffnu1ii 111m11J1JUL11ii11 ::n~lj'ULU1h::1Y1ffi'l'lt1'lu 

1 I d d .. I ,.I 
f1Hfl1'im~ '7 Ylll :: l'l~lJl11'tl u 

• I 'i ' , " "' Q Q ti 3 . u1:: HJ'lf'Uilflfll1 'lffll'll1i11)J'lflvlfH'lll'I "tJ 
n1n'irn'lf1 ~ WNii111~mfliiu'i :: urniu 1111'i111u 1111 a 

~ ~ Q I .. 'l . I • 'l " Nff1Jfl1J1111Q1111J'tltl1~'tl'Ull1fl 1-Ju 'i::1Ylffll:: ff11J1rn'l'l1 'If 

i "'ti "i" • ~ . I i y I lflll111'ifl'i YltllJ"<ULfllJ 'lfff1'1f'i1Jfl1'ill'l1::u~fl 111'tltJH 

ul'l1"11n1a1vi,Hl'l'tl 1i'.lunrn~1JNnNii111~ni l'IJ'tl~ 

mll111rn'i tiu11 :: 'l'i1'lir'i1t1M~m11'1Jn~'lf11u1 'lf11 i1'lf11 

ff11-J l~lJ~lJ 111fl'tll111llJfl1'il~lJNflN~l11fl1'ilfllll11'il~'tl'l,j' 

I i'.Ju ') 111 Q~1J l lJ fl1 'ilf 91JU 1 ~111 ff1 'If fl 'i 'i lJ lfl ll111 'i 

a-1t.l 
111nu'i:: 1a,nfun:: Nn m::Ylu'l'lrnff'ill! ii11'1Jn~ 

n 1'111i 'i 'i lJ'lf 1 ~ ~ ij~ 'tlU 'i:: I Yl ff'lf 1 ~ II fl:: U 'i ::'lf 7'lf 'U ,1 ~ i~ 

mh11J111ii'1 'l'i1iirml'lnm111lfi~it:h n7'111i'i'ill'l11~ 

I i1 ,,, ~ . I 
ll ::'111 an 111 qJ'lf1ffOl'Ufl1 'iOJl111'Ul'lM~1'U'IJ~~u'i::mff 

• 'l" Q ~ Q .IJ . 11n ::m 'If! 11-J::Yll~lff 'illf fllllln::u ~fllJ'IJ'tl~'l111111ufltl'U 

• J· , . l'l J.. J "' Y J I I 
lluM u 1'U'l'l1~'1'1111 'll~fl~IU'U'lflJ1Yl'IJN'lf'U1tl~l'Ul11H '7 

~dd ,,, ~ .1 OQ .I~·.:,., 
'IJ'tl~'if'l'llfltJ1'1JM unu'l'l11::11111uum'imt11nrnrn~u 'If 

Q . I 1 '° QS/ 
4 i" J lfll11u'i:: tl'l1lJl11'tl'lf11111J1lJllJ'tl~ 'lflJ1fl'1'1'1)'111 

,, ... 
16flffl18HtN 

1. 1J'l'lfl111J "Ull,Ul.Jllfl:: 'tl'U1fll11'1J'tl~ll'lfn~ 

l'l 'l\~~11-J'IJ'tl~ i Yl ti" 11'iff1'ilff'illf fill, 1ilJ1f11'ifl'j ~l'l'll'l 

' 
li1n111, tlii 14 1n1J 8 ( iY~mfllJ 2525) 

2. 1J'l'lfl111J "n1'111i'i'ilJ'l11~ i1tym11n::11u1 

1u1J", l~ff'j'jfl 1iiffiun111tf, 11n::u'l'ln1JtnllW 

"111'i.mwl'ln ~lJ'l'lll'l ,i°", 11'iffl'i ffffYl. UU1Jl'l'lfl 1uitiii, 

i'JY1 10 UU1J~ 48 (fl'iflQ1fllJ - n~mfllJ) 2525 

3. 1J'l'lfl?11J "l'i11l::i~n::huHll1flfl1'jW91J'U1 

n1n'i'i1J'l11~; , , n-n :: ff'ii1Ylt1mff, 11'iffni'l'lt1, ti~ 
~ J ( Q ) 1 U1J1JYl 2 llJll1tllJ - 1JQ'U1tllJ 2524 

4. n-1uum~ui1qJm1m::'li'mn-un u 1tiuw11n:: 

~ A'.IQ ~ ~ 
II lJ 1 'I'll~ fl 1 'i l'l91J'U1l'llJ YllJ'i 11 OJ'l11 ti H ~'1'1 ::1n111::1u 't)'t)f), 

nn~1,~11N1-Jtnfl ri1un~1uf1ru::n,rnm,lf91Ju11ff'illJii11 

llt1 :: n~f11JU11~'lf1~, itrn7fllJ 2525 

5. l'tlflffl'i "f11'111i'i'ilJ'l11~", t,utfi.J'i::'l11n1JWU{ 

fl1 'iil1111 'ii~ tllJll11~U'i::l'l'lffi Yltl 

K..ffllT 411,, TbCI-I' 



41 

, D 

ITTl § ~ M ~MU lliJ@JilU ~M~~~roo ~t1~IBi1 

c;i,-. 'jfl1J1 

m. ~n,uvri 11iii'fl1J ... 

l fl11JJth 

11.HH'Vl~el H,11n h-J-J7'1-1el<ilff7Vinn ~m'Vln~m{iw11el-J 
' ' 

1m1~u~;i~~1Li'.ti.ii'ilm, t~i.11nmt1Lm1i,-mti.~rn1.h11J1i 

d'.l~t<t'lt<~;'il::Lit<t-11iJ.i'~,hnum,M'Yl'U LL'1t<~Ldel-Jm'il'7~n71 
' ' 

mu,i~i,-111,::Ln<iliel~ o/11 linnri1f<,11i,-m 'Vl~el Hlieltili.i,-rm'i 

~;ii,-1,m1t1~-Jeleln'il1n h ;i;irn Mih1mii; 1~1n~i.L~m1 ; LLt-1::t<t-1 

Ldel-J~H7nff 117W'Yl7-JLfl1l!ljfl1ff<il7LLt'l::L 'Ylfl 1-u fom~ -JLt!it1'ULL1.h 

eltjflt'lel<ilL 'lt-17 ~-Jo/11 L v,'jjm,fin'l!l7LLt'l::1ft111'Uel~l-JLL W7'V\ t'l7!1~7n 

~,,.~ s1::ih1i,-m 'VI ~el H~1Li'.Ji. 1flTI~rn ~ell Yi1.it<~flt<flW t-1elt1M 
' ' 

1ff<ilb Yii11<J 1-a's11n<J<ilff1Yim,~mm1-i1;id'.Ji.,m;iLLii-J ff·rncl1;i 
' ' 

L"lii. Lt!~<Jnff'ut!::,<il, mmJi., mn~::wi'11, mnB'elt1 itt1~H' 

n71"17nnt'll-JLL~;J LLi'lLLt!,,t!1t!LiJ'Um'Vl71ff<il~ 'V\1<l1Jtl ff'l'U 

i'i,-m 'Vl~<l Hli.,t!'llel-JL 'VI i,,Ji.Lrl<J1iJjjmnt1n i,~~a;iLi'Ji. 
' " 

t!, :: Tu,rii n'il::~;i1t!nu~1~rnnN'l'U'17-J 1 'llri-J h-J-Jl'U "1717-J~ 1 

LLff<il-Jfl7 BOD 'llel-J~1~-J'il1n h ;i;i1i.G<ilff7'Vlm,~mm, li.t!,::L'Ylfl 

1'17 BOD ~TinLLff<il-JLiL~i.~;it!'imrn'll<J-Jff7,fl'U'Yl1ULi.~1~;i 
" 

ff71fl'U'Yl1UL'Vl~1dm'ilLili. 1t!,~i.. LSi.1'll'ii, LLU-J 'Vl7elm<ilfl'U'Yl1U 

ti. 1 ~ ;iti'1i,-1~nmLt1ni,-m 'VI ~1dmin s11nii1~;iMLLt-1::ih1t! 

LLt!nt! nelHLili.nnL'Ylmw1.;r'Vl1el"1i,t1t-1<i14ri.rmli.m,ri1f<il 
" ' 

lff']L'V\~1d ~<iltl,::ff-J~'Vlinii~m~elt'l<ilm~1rui,-n~'il::4iel-Jri1f<il 

n<Ji.t!~<Jt1<Jelns11n h -J-Jl'ULLt-1::L ~<l H''Ylfat11m~jj<JtilITT.;r1h:: 1t1"llii 
' " 

mnfi~<il 

Ldelrnni'ff<ilL 'VI ~el H'iins1::elt1L'Uff mw~jji,i.,11-J I t<ff ~ 
' " 

t<ffrnni.elti o/11lit11nolelnnit11t!Li'.Ji.1<ilt1~u'llel-Jm::mi.m, 
" ' 

,11;i 1 1.;relti1-JjjtJ,::~'Yl~ mwLLt-1:: li.nnit~elHjjff nt<ff ~elti1iJ 

~1ml'nnifn'il::jjm1~Lifmi.i1~1n m::mi.ni,LLtln~-JLi'.J'Um::~'l'U 

m,~ ;ijjm1~«1~ ru~1n li.m,it 11ff "1L 'VI ~el L'li~1o/11 l iLi'.li.t< t-1t<~<il 
~ ' 

~Li'.li.t!,:: 1t1,rii m::mi.m,Lwn~t'lijjelti~1n~1t1Yit-11t1,r\t<,1~i.elti 
' " " 

nutn'l!lrn::'llel-JL'Vl~elLLt-1::t<t-1t<~<ilfi4fel~m, ~,mb-J'llel-Jm::mi. 

mrnt1mLuu,11-J 1 ~Heltjli.nnit11ff']L'Vl~<JH'il1nel1'V\n~1H 

liLili.t!1dt1,rii 1iLLn mn::L Yim ~mLt1n~1L ~elo/11 lii,-Trn::t-11t1 

Lii~iii., m,elrnLi-J'Vl7elm,iluliLL v,';i, mrnnt<~ni,-1·rn::t-11t1 

Liimu bbt-1::m,Lmn l<i1t11-a'1iiauu'ummn'.:» (Synthetic membrane) 

nmLt1n 1"1t1 t'liLtmL~i.« -JLm1::v;Li'.Ji.m::mi.nT'Hlel'Uii1-J . 

1 'VI iJ ~ ;i 1if um,~ ,im 1 ~n1 n m1 ~wt11t11 ~~ 'il:: LLtm~ 1 u'i ff Yl i 
'il1n~1'Yl!:Lt-1 1<i1t11i.l.;fel-Jellflt1Wl¾-J-J1i.m1~1eli.nnLLt1n'V\7el~n 

L vi~mi~Lii~iii.1<ilt1 t'liLtlmL~i.dLt!'it1u1~num,mel-J,::~u foL i,ni, 

m:: mi.m,dr111¾ ;i1.;rfum1 ~i,-i. L 'ileltl7 ;in 11 -J'll'l 7 ;i'l't ;im ;i.i'1'-u 

;i1i..i'i.ffl'11 ft1 LLt-1::m, t'li-J1i. L'Uel<ilff7'VI nn ~J;idL w-11:: L~u 

m::mi.m,~mel~n11m::mi.m,ti. ~ L"li'U ~nmii., n711::L'V\tJ, 

mm ll<il~'ltJ'llel-JL 'VI t'l'l L'Uiiel~17ff 7 m, TILLl'.Jnff 71'1'11el L vi ~ml~ Lii mi. 
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~ .t.~m~1 '11,t,~ ~»nr,p~~t,il,\ t...t.LUL.t.~~ ULllllG,tl,L~i;!llLt,i::i,i.t.L)}~(l,!I. 

~~Ill )}(l,(!'11,~lllt,~ L '11.~U~rnlrnm1 .t.L»::i,inLrULIWGG ~r:11 

•n~.t.111 n11-1 firnti,ilrnm1.t.L»um111JI.\L~2't~~ ::1n .t.wnw::w 
rtfl.\L~ ~~111 »GC!'tt~rtLt.~::i,i1mi,i::i,iu»µ11~t~n~rtLrn~L~l.\::.t. 

~L~t,it-:l11,V~ .t.~ll~l 'ttt.;»~_!!'11.r,!1::t. (xn1::1) t,il.\t...t.LUL.t.~J '11.~llLW 

~t llLl1'11.~11G~mL~t,i I.\ l..lllt,i ::i,i .t.L» G!J1 '11.~11(l,~1'11.L~t,i I.\ k L ti::i,in 

nu~ua '11,(!~~ 'G~um11-1 L u~rn~i,imlNL~ ~~fll)}(l,(l,'11,~"reLw 

L~U~l:iL~i;!rn~llLt,i::i,i.t.L»µ11~w't1.~llLW OH .t.LU'ltt.11::W'ltt 

lllt,i ::i,i.t.L»'ltt /,, Uf 11lUl11tCl !Ll/~C!!l.'11.fll,ll,1fllt.~ll~ rn~ 1LrC!&I.\ 

llLi,i::i,iL~t.~ummJI.\L~ oH 2-t t.~11 ,iiJuL llumn1 u11um111JI.\L~ ::1n 
2-t ll~l '11.,\;1~11t.~.t.LU't1.U1::w~C!»~~2-t .t.LUi;!HC!')!lW~Lmit '11.,\;l~L~ 

'11.L~ ft .t.LU::t,i11Ull11~C!!I.U\..t,iU~C!!l.::'1lRU~~t L~~C!flllt,il.\rC!i;!~ 

(c: ~~L.t.L~~) .t.LU't1.U1::wrn»rnrr.nfhU~111lLWllL~~.t.i_c-LpC! 

n~u~t-:i~ .t.1mr,!m~rtLt.~i;!ll~l i,ilm111111~::.t.u»um111JI.\L~2-t .t.LU 

'11.t.11::wrn»~fL~~'ttt.;»'ttt'tt!l~~~llL~~llLW!j ::In 28 OH 

n-:n.wntt¼Ltl!l~e.~m, n.,,.~un,rmu,ttt ~BB · ~-z 

L '11.C!l.\::L.t.~,~ .ll't1.t-:l11Gll1.t.LU't1.t.11::WLWULll If"-' ,. I r I 

.t.LI.\LC!rt.t.wl.\L»~hntnL~2-t.t.LuniMwllu»i;i~~ ::1n ::~,, OH 

.t.LU't1.U1::W::LMtm~u!:lu::~~~'11.t (l ~11't~
0

) (::In) U0!ll?.Qj!Jl?.Q 

-In ::t,!11 (OH) S!S0WS0 as1a11aH .t.LU'ltt-11::W '11./',1 flL~::~kL» 

µ,,~t~'lt~llLW '11.r,!1HC!'t1.~U~t-:lH11 sisli1eipo1pa13 C!lt'W.t.LU 

'11.U1::WL~~1 '11.C!~~1H11'11.f:!1Lll::~11 'S!Slijl?!O Lt,'11,'11..t.LU't1.ll1::W k r • ,. . :: 
u fl~ 1'11.fll,ll, 111 Lrn~ C!!l.~Lfh~ t-:l'tt!;i11t.. Lrt~::L.t.~,~ ,!1'11.~1rn~mL~.t.L» 

rnrr.i,ilrnmlNL~~n~u~t-:i~ .t.11L~ L n~~u11,u~~trnm1 ~~uuLrt1t.. 

11\..'11.L~ L ~?}l.\~u~~u~m1 ::~1rnLi,i::~L
0

~l..l6NllC!ll~~ n~,rn~111,V 
' ' ' 

»~rt,!lrC!?}llL~::~.t.L» fl.\..'11.~~):JI. C: .t.L»rnrr.~U~11ll. lll~l1C!U::.t.[l. . . ~~llLt,i::i,iu»i;i C!~'lt,\;1'11.C!(;l.\1~::mRuj\l~UJl.::~!h,, ~UJl.lll~I.\ 
' ' 

u~~t..11l..C!fh1?Jl.lll ::.t.112-tl1~l..llC!~M~t-:iLti::~,, 

~ l:i J! IA~~111llt.~1\.. .t.L»U ll11ll .t.Lll L» ::L.t.M 1~_@1.\::.t.[l.~.t.LU'ttt,11 ::W 

'11,rt;::~ '11.L~Jl,1 .t.LU~C!~IAl111::.t.~G!l.::mRu~m~~Urt»::Lrtl.\ 11A I.D ,. I, "f" ,.. ,.. r 
'11..t.1111lll1::t,rn1;11 wri.hrnrr.~u.a.uC!~1C!~1L~l1M ~UJl.lll~l.\ll.t.WI.\L.ll~G 

· ntnL~2-t11VWHnmg.i11~1 Ullnwmrn::wLti.t.LUUL~ .t.LI.\LC! 

l,l,'11¥~~t-:l '11./1-1 ~ »aiil.\mG~MLl/,U~flC!~1HC!~ ~mv~~t-:lC!&I.\ 

lllt,i ::i,i .t.L.lll1}1.\L ~::Lill.\ 1::i,i11 '11.L~~j M~_@l.\::.t.[l.~.t.LU't1.ll1 ::W 

nr,p~~ ~wriin11~111.t.Lu11»LC!~C!~f't..ll~1~u11aii~mh~u»rnrr. 
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2.2. Concentration Polarization (C.P .) 

lum:::m·1.rnn RO Li1el 1lJL~TI~'V\1el~elelm1mfl,m~u.i'ni.i' 
' u 

,i::;'t'h 1~\n.iTITHi:::trn"llel-.l foL~n~.i'-.1n~11 1J1L 'l rn1mWl.iLflmL~~ 

'Yh 1 iLfioifl'll lJLL,JTI~l-.l'llel -.lfl'll,lJL'lllJ'lJU'l':::'V\17-.l~Lflel LL~U nu1 U 

bulk 'V\1el1J1L'lrn~V:1-.1,11ni1,LflmL~U (.i,1.J~ 2) L1£1TI11 Lfioi 
u u ' 

concentration polarization (CP.) lf1d'.lum:::u1unn RO i:-rn-n 

.i1lJlJl~el m1lJ.i'Uelelff 1lJ~'1'llel-.lNn~:::~1m~lJ~U ei'.i11m,lv1~ 

~rn~mL~u,1:::~.i~-.1 LL~:::.i'1un~:::~1v,1:::~1uLflelL.i'lJ1n~1,1 'V\1el 
u 

BL'1'1'!TU~oi~-.l UelTI'17ndm.Ln.i.i:::nelU'llel-.lLTI~el1J1-.l'l!Uoi1J'\,li1'l 

'llel-.l Lfl mL~u 'l'i11iLflmL~uNniJ,n Ln~m,~.i.i'u 5m1m,L'V\~ 

~ol~-.l Concentration Polarization rhn.i1iuthwt'1Jffl"i~:::~1£1 

rn~ii.i 

~n'b!-rn:::L'liud,1:::'l'i11iLn.inn.in.i:::nelU LL~:::ii~m~rn:::d'.lu "gel" 

'1TU'llel-.l gel Lu1vrnNi'.1eJmflmL~UBmL~uv,~,:,1.h:::nel1JeltjnuiL~u 

L~lJ Li'.lu nn L ~ lJm1lJ<111u mu~elm, 'l 'V\ ~ei'.i11m,'l 'V\ ~~ -.1~.i ~,:, 

TI71Lfioi gel ffllJ71tlLfioiL~U1:::£1:::b'l~71'lolb1'llJ1TI LL~:::~ff rm::; 

'1-.l~nm ~lJm1lJ.i'u,1::'liJiii:-rn 1iei'.i11m,'l 'V\~L ~lJ~ULL~,1:::'l'i11 i 
gel N:::NlJLL'\.tu~u 1L~W!TU'llel-.lLflmL~U~el.i',~n~:::mv'llii.iv,~,:, 1 
,1::;~uela!l1J'1 ruff lJ~'llel -.l gel lf1'1TU'llel -.l gel Li.lLL U'\,I 'V\1mi'.lu 

u ' 

viscous fluid LL~:::.i'1t1n~:::m£JffllJl"it1~11,1 gel LU!J-.lLflmL~u'l.i' 
u 

1L~'1'1Tu,1:::~.-i~,:, 1um,:,m ,:,nw1J1lJtf1iu'llel-.l gel Lm:::wf,num.iu 

ii-;i:::rn1iN1lJm.i'nwf1~n~:::mmm'li't~ 1umrn~L~'1'1Tm:::L~Ju 

s. i~mu.h-1,ii'~ im1 ::!~a11-1foe1e1tf rnmFJuuni'U .ur1::! ~r111111Jh-

1111rnu 

~~LilJumfln1'\.\m,~~.iLflmL~'\.\ff-.lL'177:::~~el Loeb & 
u ' 

Sourirajan (Blais 1977) 1.-itJ~~.iLflmL~U~ -.lLm1::~ '11TI. Cellulose 

scetate thwfum:::m'\.\m, Desalination LV!lLL~'\.\'1~~,i,i'"ffllJ71tl 

1Lfovnmn~elL.i'«,:,~-.1 99.5% LL~H1lJ1,uH,:,1'"1~u,i,,:, pH 3-8 

LL~:::~elru.V111i:i'liJ;,:,n11 3o·c L'Yl1iiu ~m.111.i'iinn.i'.iLLU~-.l, 

~,;.im~n ~i.iLflel:L~uif,:,Lm1:::~,11n 1YlilLlJel75u I BTI'V\~7£J'llii.i. 
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L'liu '17TI cellulose nitrate , polyamides, polyurea LUUfl'\.\ LL~:: 

Y1u11N1 lJ1, t11.JfuiJ1,:, •'" 'l.rLflel LL~'" if -.lLm1:::~ ~ iim1 lJ'Yl'\.\ m'" 
' 

~elff17L'1ii l'li.J1'\.\L.r~elru.'V\1li:i« -.lLL~:: 1,..,i,.,, pH TI11-.l 
' u u 

r.m~ ~fl Lfl el LL~ '\.\ if -.l Lm1::~ ell '1 iii lf nntl NTiaeltJ~~l -.lfl'\.\ 

~ ,:,d~'\.\eltj1u LL1J1J'llel -.lLlJlJL1J7'\.\ ~it 7lJ11,i -.ll'\.\ LL~m:::1J1'\.\TI77'V\ i~ . 
ri1ii~el1lf "Phase inversion" 'l'i1'l.r1.im.i1£JlJH77~::m£J'llel.J 

1vii1LlJel71'\.\ff'l'\.\U"i:::nel1JflllJflel-.lTI17 LL ~'lU7lJ7 cast LU'\.\LL~U 

,:::L 'V\£J~1'1'i1~:::~1£J1Jl-.lff'l'\.\ LL~'l'n7 liLLii-.l~'l l'\.\'11 (coagulation) 

1.i£J1i1dri1lv,"'t,i'lm,:,Nf1,1'llel -.lLfl mL~'" 2 i,'"~~1,:,11'" ~el if'\.\11, 
LL.~::;,f1,1~7,:, ~-.lL1£JTI11 microporous substrate (~11.J~ 3) L1£JTI 

LVmL~U'llil.iit11 Asymmetric ..,1el Anisotropic 

LVmL~uff°,:,Lm1:::~1hv,1um:::mum1 RO iim1lJ'V\'\.\l'llel-.l 

'1T'\.\i1'l (skin) iJ,::lJ1rno.2-1r'llm.i'llel-.l"i'Y'l"i'\.\<10A ff'l'\.\7Yl7~ 

'llel-.l'1TU~7-.l ii'll'\,17oi 0.} ·1j'- 1UTI711JelTI •s~~cification il£J
0

~1J~TI 

LU'\.\elfl17TI11LV\~'llel-.lU7LL~:::L1.Jel7L.ff'\.\1L~'1'nU'llel-.l NaCl ri« 117YI 

TIWYloi~el-.l (mllJ,1'1-\, -qrn'V\{!i:!LL~:::m1lJLiilJ'lJ'\.\'llel-.l NaCl) 

~L_lJ_ll_l~T\1~1'!_11_ 

!
0 .... -

~ 
~ .... ..... ,..., ..... 

' ,. . .... 

rurf 3 Asymmetric membrane 

LmelLL~'\,lff-.lLm1:::~ti1'V\11Jm:::munniJfW/17W1W/'i7/1J ii . 
~n"rrrn:::m1 H,:,11,1~~1,:,,11n Ro ~el H1hw11 ;Lw n«11 foL~fl~lv,qJ 

elelTI'11nJ1~m1lJ.i'U 1-10 bar LlJlJL1J7U~~Nfl'll7tJ1Wnel .Jfl~Wl 

el1'1ff-.lL'117:::~lJ1'11TI Polyamides, Polysulfones, Polyelectrolyte 

complex, ::ellulose acelate ii~n"rrrn:::Li'.1'1-\ Asymmetric L'li'\.\L~tl'lTI'\.\ 

'111 lJ'V\'\,17'llel-.liui11tl1::lJ1 tu, 0.1 ·2 .A' LL~::'IJ'\.\7~'1Jel-ITYl7'\.\ 10-200 A 
/ u ' 

lum,1JelTI specification 'llel-.lLflmL~Uff-.lL'177:::~ (UF) il£JlJ1JelTI 

'17elfl17TI77L'V\~'llel-.ltl7LL~:: Molecular Weight Cut-off-MW 

cut-off LU"J'17~1JelTI'1111 1 a-.lm7lJffllJ17t11'\.\m7LL£JTI hJL~fl~ 
' . ' 

'llel-.lff11'llel-.lLUelLL~'\,l'llil.i-u'\.\ 1 i1elal,JL'Jj'j.\ LVmL~'\,li-.lLfl77::~ 

ii MW cut-off 60,000 'V\lJ7£J'117lJ17Lflm~u«1lJ1,t1in foL~n~~ii 
' 
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-u..-u.. 1:1-nt'l~t'lLt1111-u.V1~e11J1nn11 60,0001.i' so% ~-u.1t.l hiLi'l~t'l 

~ -u..-u..1lJLt'l~t'l~7TI17d,J::ffllJ71tl~-h-u.LnmLr-l-u.1tJ1.i' elUHhiiflllJ 

~1-;i::fie1,ivl-;i11 ru.1ii,1« mv.t-u. i '1Je1,1m1 H',11-u. flt'le1m-u.1t.l11,1 

'1Jll'11lJLt'l~t'l tJ~n1tm::V111'1LnmLr-J'ULLt'l:: fai'l~mf-u. j tJ1::nmJ"1'ltJ 

1-u.m::tn-u.mnan 1~aH'LnmLr-J'u.1''1Lfl1l::~ !{,1fimfie1,im1~e1 

ei'm1nn1Vli'l'IJel'1ff11t'l::t'llaii~lff,l LLt'l::LnelLLr-J-U.~iim12JH7lJ11tl 

l-u.m1~n 1lJLt'lTit'lff'1 ~el Rei·ecti;n coefficient• ii~mi'1ln~V1~'1 
' " 

• Rejection coefficient = 

., ., 
a,ta:tnUL1111U (retentate ) 

> 
0 

I 

C w 

ll11H~ll 2 fl11JJ lLlllfll111U~l-111Ull~tnUfl1l 

1. 'IJ'Ul~'IJel,l hJLt'l~t'l 
.: 
'Yl~TILLtJTI 

2. '1113.J~'Uelelff 13.J~ 

'1Jel'1ff11fl::fl7[J 

3. '1113J~'U~l'D'11'U 

4. nn1Vlt'lr.l1-u.,ie1,1 

1lJLt'l~fl'IJel1J7 

5. nn1Vlt'lr.l1-u.,ie1,1 

__., 

1lJLflTit'l'IJel1ff11 
' 

C p 

'U. -U..13.JL t'lTI t'l¼eltlTI'll 
' 

100-500 

(! '1, elH1J1TITI11 

60 bar 

10-80 bar 

solution-diffusion 

diffusion/ molecular 

sieving 

I I ~ 

L m>LLtnUl'•U Plt1:\l 

'U.-U..11JLflTifl 
' 

(! ,1n11 1,000 

¼elt11J1TI 

1-10 bar 

flow through 

pores 

diffusion/ 

molecular sieving 

t"; m lla~~n1rLn~coneentration polarisation LUnt:uiU011RQ/UJI 

It I I t 

C • 
C 

fl11U .1UW~U1LUEUOU 

,i11u L ;u;u~,,t\,, "1 
' 

,i11uL;u;ulun1r~:~,u~JwL;1~r:uu . 
fl11UL;u;ulu91r1:a1uL;E,1~ 

4. r1umru ri1l-lfonwmumrnr1t1 biiutttl'umfu utt~rlttlll'.i1 -. . 
tl1t1J111fu 

9t.lmclff7V\7llm::tn-u.nn RO & UF ~m1alwrfo,191t'l1~ 

iie1clV1 t'l1a1t.lLLt1t1 nm~e1ne1t.lm ruff1V1ft1m1 H11-u.iim12Jff1.'fru 
tJ tJ , " 

1J1n 1~a,1::fie1,1vl,i11 n.1ii1,im~,ie1,11::t1t1 f)n.~n~n.::'1Je11«11 
' ' . 

fl:: flltJ filfo 1m1 LLtJ n, '!fit~'IJeJ 1Liie1 LLr-l-u. n lJ'Yl ,1,i'e1 lJt'l'IJeJ ,1e19111m1 

1Vlfl, 7L~fli-u. -u.e1n,11ndffe11m1u~n~n.::m1rh,11~,ie1,1L~e11im, 

m12Ju1n~1ul-u.nnrh11-u., m1l'\1m12J«::mm111in1m 91717"~ 4 

., ... ., - t.l ' ' .. LLff~,l'l)eJ~, 'IJ£JLfftl'IJel'19 n1U.LLllllfl1'1 j 1"1tJt'l::Lel!J~TI71"l'\7'11'U 

'l)e) ,lLLf1fl:: LL llllff1"tl1.i'~ ,lf)e) 1t.Jd 
' 

1. lW1111iJ (Tubular) 

fi 4z) ffl1"t'l::mm~e11Vlflr-l1mtmLr-l-u. permeate ,1::~h-u.m)nm,1 

'11'U'UelTI'IJel1 casing l-u.9t.lmciLLllt1d,1::t.l1::ne1t1.i1tJt1elV\flltJ j 

r1e1ijm,1111-u. 1~tJ'Yl1'1elelTI'IJel'1 permeate LLfl:: retentate 111JTI'u. 

9i1e1cl11L'!f-U.9t.lmci'IJel'1ll1M'Yl PC! (Peterson Candy Interna

tional) 

2. U1111UNIIUfl::nrn11 (Plate & Frame) l-u.9t.lmciLLllt1ft 

Ln£JLLr-J'u.~'11"el'1'11tJ porous substrate ,1:;11,1£Jtj,f,1ff£J'1i1l'U'IJ£J'1 

LLr-J'u.Lff11J LLr-J'u.Lff71Jt.l1::n£Jt1.i'1ui1£J'1Vll£J1L~n j ~" permeate 

,i:; 1 VI flr-Jl'U ,11 n ~mliJ-u.1ili, 1JTI'u.Ur-J'u.Lff11JLL fl::~£) Ur-J'U ,i::cn£J'U TI'u.£1 tj 

Li'.l-u.i-u., ii'Yll,lffl1"fl::fl1tJhflL'IJ1LLfl::£J£JTI711JTI'U li',£JUHt.il-u. 

9t.lmci'IJ£J'1ll1M'Yl DDS (Denmark) , Schleichur & Schull 

(Germany) Lfl~£J'1il£Jt.l1::Ltl'YlUr-J'Ult1 (Flat leaf 'IJ£J'1ll1M'Yl 

Dorr Oliver H~£J~'l-u.t.li-::ftl'YlftLil-u.n-u. 

K..rtl 1 T 4 Ti;c1-1• 



C,sin~, · , 
' 

a) 11tJ1JVI a 

I 

End plate n 
Concentrate 

' ' ' ' I 
Fiber St,ell 

3. u1111rf0,lw (Spiral wound) LmmL~\tuahrahrn~LL~l-1 
u u 

L~tJ u1..h:: nu uuci nu LL~l-lL tl"1 lJLL ~ 1 if 1\-IL i'.lu ri uni, lJ1 tJ uri u LL nu 
u 

rimLnl-lLUl-l'Yll~tltlfi'lltl~ permaeate (~11.J 4 c) rimmmL~l-l~ii1u 

b) LLlJlJLHJULLa~mtiu 

i1Hi 4 Ltl'/flJi/UmnrLiii!ul-iutfJ,m1::HU!J!J'11J '/ 

... I ., 

LLlJlJVI tl J.J 1U 

., 
a) LL1J1JL~u'luna1~ 

I 
I 

I 

I 

Porous feed 
d1itrihutor tube 

I 

O-ri"'.)~al 

' ' I 

End plate 

45 

LL~1du11,rnci1uthrnn ~~rim~L~H711'1::trni1~t-nii, u,i.Jmnt 
' u 

LLuudm"ili.J1::nuu.i'1t1riu~1mu~l'l1t1riu L~ut~"t.i'~u~,rn~ 

LlJlJL l.J1l-lmlJ'1tl ~n71 



46 

4. 1w111d'11?umm (Hollow fibre) ri1v.frnL1J1Jdnn111:,1~i) 

LtflLL~'lutluLiu'lvnirm~m::fl~1tHiu~iA,1111v1umn,1 Liu~, 

~uiimrn111vut1nniiu1m.h::1-nm 100-300 f- m11Jv.miit1,1~'1l',1 

25-50 JI'- Liu LUL v, ~1d«11JTHmum11Jiu(! ,11.iLflv1iJ4ifl,1jjLL~u 

Lff~JJ~m~m::L~Uilfl,lLL1Jud tit11li~u~tH Lvm::«11JTn1m1,1 

LHULVLlJlJLUrn ~1flvij'm,JJnu1mfa (~{tl~ ~ d) 1um1l'ii,11~ 
., ' fl. "' ' ~ 1 "" .,.li .. flH~1'YlflL&iTI j ~lJilflTIULL1J1J,Jl,l,7'1,l, Yi Lfl'YiU'Ylilfl,lLlJlJL1J1Uil7lJ 

/ifl.,:,nn 

mrnrf 3 imuwfiuu11unnifiiiDuiJu uuu,/1J ') !Goldsmith et al 1 970) 

ilfl1:IU!gifl1'i't11~1'U'UeM'ig/\J\J 

w11 
I 

ILtnllltl 

ILlJlJUUUUU 

nulll 

I • 

111J1111!lll1U 

11tn11;u'lun111~ 

(ahell-■14e 

fHd) 

u111JLau1un111~ 

('l'ube-aide 

feed) 

t~u"tt1ttlm::mum1~l'liLtflLL~ud 

~n~m::~1unutit1 

'l!I~ ;e11u 

•• i1fl11U:!l'.'IM1U, 1\1111: •• tJ?11111t!l~l111111uvi111 

tl'11ul11h,.,.,r (held lip) ,~ 
... 1~udi'rn~.nn,rllflllw ... 11t1,u11~ 

• I • 

uo: 'l ,~1w111u,~fu11 
• ' "'I I • 

... u,u1r1111l1uu11u11:'ltt1 •• 'l1wtlumtftril~t1t111 
J I • 

11Jt1uuuh 11~11,n 

•• tJ?111111 held lip ~•1 •• !l111flfltlflflUH~li!l 
' 

Coamerei&l 

l!. 

o-rioal 

&Ta:l.lable 

uC:Ufl1lllflia,n: e,u 
• ""' .. co-•rci&l. 

11~,iih11rn hn, 

•• 1~\\tf'n, 1;~,uma~ lo. 'li11111lJI :81flU101~ I \1111: &T&ilable 

!l~,~~u;, 
.,. 'l;fud'lun1rflfll~ 1~1110 .,, 

!1'11ul,ili~11m 

11fl1U'U 

•• r1111~n 

.:. n,rnJ1uu1i!lu~u1~ 

a:111n,'l;1,111 

•· 1fltln1rv,itl'u, am.Jrn;,u eo-eroial 

•• 1u1,inr:l1'11f11, tiold up •· ,1111111Jl:!l111u1n l~L\1111: ai,&ilabl• 

!1'11ul,in~1111r 

•· 1~~i'f'n,'l;~,u1J1u1uu;, 

I 

•• r1,i1an111n •• am.Jrn11?t11 ""V"""~,u . 
-. • '!IU1fl0t :'Ml1fl •• 'il

0

1fl111Jl:ll111U1111J10 Ccaaero1al 
for RO 

•• r1fl1~n1110 •• 1n~rn11?111 fltl~fl'1il;,u c-arc1a1 

... ,u,t1nr:l1'11f,i 1o. ~i1111111:e1,iu1n111n f or 117 

•• i~ll!ln~,i111111~1ull'n, • 
01r'l;~,utTnirl'tt 

b v.JJ1::ri1wfu1~~~,1~u'Yl1Vb,J1ruL~1J lilt~~ Lw11::1~~,1::fi1~ , , "' , 

fl7,lLLU'1MLtlU 3 fl~Luti.,:,ilt1mtlunmmu '117 lv;t1rnii~nmLili~ mwb~fl~wmv (Lti1) 

1~fltJ~7tJ b1ULifoLb~17,J:: Lli1::1J1Jl'l1,17'1,l,~fl n4Y,1l)ji1lJ7TI (1 OC) 
' u 

I. mnhn11111111 batch (~.ntl~ 5) t~ulli~n~::lmJ~ 

fl mv,11ijLL~:: fl17lJ~U ~Yifl L YilJ1::t Yi ~,11nti ~il flU~m1::1J1JLL~'l 

'l'\1fl(!~lJ7TI (48°C) 

2. nm1nw111111no1rnf11na11 (~itl~ 6) 1um1l'11~1u 
' u ' 

tv.~n~rnif1Hti~iJt1u 1uiim::riLut1ifot1m::Tintl~fltJL~Yi~flfln 
u u 

,11m::uul'11llim11Jbif1Jifulmi~ilt1ub ~lJ~Ub~fltJ 1 1f m1d1iJ 

LL1J1Jd «11~::~,u~TITIUflU (feed) Lif1H-&ilt1U~v.~,1 LL~::1J7~thu 
u u 

'JJfl~1L 'YlUL 'Yl'Yl (~ ~ijfl17lJLif lJifUilfl~~71 ~:: mt!~ ~TI17~7'l ~::~7tl 

K..((11 T 4 Tf;CI-I' 



nrltiniluu) ,1::t1ntl1JL1fi.V1~1uL1tJu'lw11m::~Lvlt>~jjL;int1n~.:it>t>n . . . 
,11nan~1uV1~-.l'llt>,ILdmLuu 7L nuL nniin«"iu V1~,1;i::~n« ,i1tJff ,i 

,Yut1t1u ~irn,i 'Yi1 'liiim11JL'limw11t1,1H17 ~::~1!Jff ,1~un11 tu 
I I I \,I ., 

l:, A .. 'l ~ A .., A I 
WfltlUYIVIU,I U'llt\4::TI permeate ,i::~flf),lt)t)fl;)1fli11U'lltl,ILUDLLUU 

~iifl111J~U~1 Li/UL~!J1TitJLU,;:UfltlU~Vl~,I LL~::~flt!Ufltl 11tJ 

~,1Jum11JL'li1J'1iU'IJ;.:J7L't1UL nm::H ,l~UL~tl!J rr ;JU ff ,l~ffi) tu 
\I I tJ , 

,Yut1t1uH.in1v ih11d'Yi1 tiH11J11 t1tJfuH11 ~::~1!J'lltl,ILL.i~:: 
' 

~flDU '?it1tj~~t1~~~"t1 ri1V1fum11JL'lill'iiuifu 11.'i't.iv Hm11J 

L11'1Jtl,l f1171 VI ~~L VIIJ1::ff lJ LUf117~fl concentration polarization 

LL~:: fouling ~ ,1m11'Yi1 'li~1 LUU'1t1,1 L'JitllJL i1Jfl111JL11 LULL.i~:: 

,Yut1t1u 

3. mnhnu1111117,JiJrrm?t11mt1"iJ (once through) (,,ntJ 

~ 1) 'lum1'Yi1.:i1uLLtJudH11~::~1v,i~h~~1u1::uu1tJ~.ivhlii 

m1'Yi1'liiinmivun~u Li/u LULLUU-n 1 V11t1 2 LL~::Lwt1-rhli 

tim,m,1 VI ~ff .:it111Jlfo.:im1 m1'Yi1,11uLLuud'Yi1 l i~u ~tl1,it1.:i . 
L~tlLL~U'1t1,1~f)~,l;J1fl'!YUfltlUV14,i1tJff,ianiUfltiUVl~.:J 

;1Hi6 n11ri1J1UUIJIJH1J11J.J'u , wu 

fl1\-t1l 

A a, I A I ._, ' ... '-' tl,ILLIJ'l1m::u,um7L!JtlLL~Uff .:JLm1::V1 ,i:; IJf'I fl!J ll1Ylfl: .:I 

ri1V1fut1t1H1V1m11JmV1111.ivi,1tJ LL.iluit,i,iuuiih .:i.:i,u ~H' 
. ' ' 

m::munndlu1::~ulV1nlml1iJ1J1n1Xn -rf .:idurntlt1.:imn,11n .. 
L nti 1u 1~~,lff ,1e1rilui/1.:i'lle1 ,1m1~1UJu ,~ .:iiinn LtJ~vmLtJfl.:it1ri1.:i . 
n.i L 11 LL fl:: m1n.i flei .:it u 1:: .i'rn ti~ t> ,ii'.iei ~ULL uu~1 L tlu~t> .:i . ' 
iim1~,1nufluu'li1,1H.:, ue1m1nilLLi,im,1~ri1~.im,i, Y11:: uri1.:1 ' . " 

~.J'lie11J~1::v::m1ff,1ii~1n.i ~.:i.ifuue1mV1ite11tJ,11nm1'Yi1~1~ 
._ll ._, 1 

;i1n'lt1n1uvV11t1tt1n::L~ -i1.:1Hm::m-u.m1t1t1ff t1J~t1~-u.miun-u. 

tlU1,ILLYl7VI ~1!JLLi'l (vm -i-u. tum m~iim11J1tl'U.L VI ~ti Ht1tj LLi, 

tmlT 4 Tbc1-1· 
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pei-meate 

11Hi s nmilJJULWIJ batch 

~.:1'111hi multi-stage evaporator iim11JmlJ1::fflJffll) eit1fflVlflTilJ 

t11V111~.:iiinnL'lim::m-u.nmtt1LL~-u.if.:iLm1::'li iit1tj1iJmn1Xn 

LLfl::~1n.iB!JL-U.Bt1ff1V1m11J1.h::L11n-u.1J-L'U.!JLU-U.1.'h-u.lV1nl qf.:,mh.:i . ' . 
1iLLfl 

1. flTl7'1nr::11wnnaaifiJ.Jiimlimt1"iJ l-u.tJ1::LY1f'lffV11°!

m1J~mLLfl:: lu~ htJ LL'Ylumn::LV1mm~1,ie1n,11nffnfl::fl1£J~ 

LVl~mnnm1''111L'U.!JLLil.:i (Whey) (Delaney & Donnelly 1977, 

Glorer et . al. 1978, Mathews 1979, Zall et.all . 1979) Liiei 

fl11lJL"lilJ"li'U.eJUtwih.:i~~1f117 20% (total solid) ~f117lJL"lilJ"li'U.ff.:J . . 
n11d Dfl1'7f111'1Vlfl'JJel.:J permeate Uti!JLTIU1tJ 'Yi1lv.'m11::LV1!J 

iifl17lJL VI m::ff lJfl'll f111''Yl'1LL 'Yl-U.-drh 1 v:iu 'YlUf111'~~fll1'1fl.:J 
' 

LLfl::'Yi1 tv.'nm i1J~fl~~t1'1Jt1.:i h .:i.:irnLn1'Yi11i~1£J~u 
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2. umi77fi/onnr/11m111J iwnvi11JitfoiiF11111novtv.m1 
-~~flff11mvm 1tMiv.~ .JLL~::,l 7fl7~LL~f11fln1n Whey (Delaney 

·and Donnelly, 1977; Glorer et. al. , 1978; Mathews, 1979, 

Mau~ois 1980) 

3. Un?l i'1i1iJif fonF11tUll11/ LV.m::tnV.fl11~~fl~flfl'lHl 
1.itJri1v."lt'1~~ri1i.'i1 L~a lJL ia ,11.J 1 ~jjm1 m 'UlJ'lJV. ii.J 25 -30 % 
(Vane , 1977) LL~::1.i°o7.J11ff 1lJ11tlL1!Jfl'YlV.tiv.1.iLv.1::!J:: L'l ~1 , 
hlii.J 1 ii 

v.un ,nnitLLli°,ff .Jjjnnflfll!l71 v.n~u Lfl~ u .Ji'.la.i°'.LLL 1J1JD n 
lllfl lJl!J L riv. fl11~ ,i::'ll i ll1rJ1.JTI.J t n V. ~d1.rtt .J'l'l lJfl ~. mh .J 1.i°LL fl 
m11im::mv.m1~mL~v.i .JLm1::~i'f1J'lltl.JLR!J'11n h .J.J1w1l1ifl'i 
'lltl.JLR!J'17n h .Jv-lunv.il'.J 'IJu.JLifu,11n h .JLLU.JlJV. 'llu.JLR!J'17n 

h .JlJ::Ylf11 h rnv.«i'f.i 1tMiv.,11ni1 Li'.lv..i'v. 1fl!Jff,;t.lLLii, 
· m::mv.nnuuff UJ~ffi°v.n~u v.i'u m::mv.n11't11i9~m1thLmi'1l 
LL~::au« lll~fl1,1.Ji'fv.«1m1t1~,i,h BOD 'llu.J'IJu.JLRtJ1.i 1::v.11.J 

85.1 -99.7% (Pepper, 1975) 

~ cl I Q.I i lilUlJ'U1ue1~ m:::mumnue1 Lmum lflJ1::IVi 

' , I i<:il A .. t, 4 I CV .. fltlV. 'Yl ,1::1 Lm1::v.flV. 'YlV.'IJtl .Jm::u1v.m1 b!J tl LL~V.ff ,l Lf111:: V, , 
'5,nm,i::.i'u.J1Lf117::~m7lJLUV.1t.l1.i'm.JL'Ylfliif1Lff!JfltlV. i .JLL1fl 

~~1Li'.lv.iitia LnmL~V.LL~::91.lmt1hh::na1J~LV,lJ7::«mhv.fu 
fl11 LL!Jfl~.i°u.Jfl11 l'Y.JitL Yl17:: LnmL~V. ~ff 1lJ71 tlLL!Jnil 1m~ LV. il 1 
tfu1.l::1flutl n ,11ni.'i 1m,11i-h v, m:: ri 1 v.frnw ni.'i 1 m ~ ,11 nil 10 u!J 
tltlfl'17fl'll1 v.i' tl LLlJLLfl LL!J n ff 71 '11fl LL V, t-1 .JL~!J'l i'fv.1 v.rm:: ~1iJ 
Lv.i'.lm.1/'fv. .i'.Jii'v.i.Jij°njjm1lJ~1Li'.lv..i'u.Jri1m1'Yl.i~u.J.'i1uL~u~i'.lu 

.i'v.LL1J1JL~uv.1ialJm~a.J.i'v. iJulJ~~ff1riru1.i°LLnv-limf'llu.J " " ~ 

LY"l tl1 faufl (permeate flux) ,i,1;i::~tl.Jfl;.JLW!J.J','-ltl~;J::ri11i 
m ::mv.nnitjjmuJL v, m; ff lJL Yl7L ti!JlJflV. v.1 u~ n11m:: mv.m1 
tv.d'.Jv.11111::ma v.an,11nitLLii,ff.J.i'a,1finl!l1Vi11im1v.1uiv.fluV. 
1v.nnri1m1 lJff :: m.i L ~a u11 .Jf n 1!17 Lnu LL~mi'.Jv. ~ L v, m:: ff lJDn.'i,!J , 

Lriu 1.i'LLff .i.Jm7lJLi'.lv.11.l.'im .JL m1iiflLLii1 m11Lm1::~m.J 
Lfl1l!l!fl7«fl1 ifn,i:: LLU.Juun 1.i'Li'.lv. i,ia.i' .Jit 

1 . .i'w11v.'1Ju.J1::uu ~.J.i'u.J1'llJLfl~u.Ji'.la1.l1::nuutv. i 
fY .JV, lJfl L'llV.fl11Lfl1!JlJff 11 ~:: ~1!JfltlV. ~,i::~7V.L'll1fi 

Al I .., .. 1::1J1JL!JuLL~V.ff .JLf117::V. 

2. mqn,1Li'.J7V.'IJtl.JLnmL~V. (iJ1:: lJ1nLfl11) 

3 . .i'v.'Ylv.lv.nmt.litJv.LtmL~v. , 
4. '1V.'YlV.LL1 .J.J7V. , 
5. '1V.'l'jV.Y"li.J.J1V. 

6 . .i'v.'l'Jv.m1ri1m11.Jff::m.i 

7 . .i'V.'l'jV.1J1,;.Jffll!l1 

8 . .i'v.'l'Jv.lv.m1u1u.ii1v.~,1::1iJit111.lH'1.l1:: ttJ,111 

" 

9. U7lJ7nLLL~::nm1.l~t1v.u.t.l1'1la.J1flq~u 
10. t.l7lJ1nLLL~::tjnLfl7'1Jtl.J~~~~fl 

' ' 1.itJ'1'l1tJLLii'lL170.J1iJjj,j'm;/~L Viti .JY"ltlfi ,1::t.J1:: lJ1 nLflV. YjV. 
'lltl

0

.Jm::u:v.nm~au.~v.1.i'~ LLfliflljrn::~ti1ttiymh.Jv.~.J~tia ; 
Lf11tl.J1Jatim~miimL~v.jjinl!lru::Li'.lv. modular nt-i11tia flV.'YlV. I , 
'IJtl.JLfl~a.Ji'.la~L~!J,ia.J 1.it1m .JnrntmL~v.,1:: Li'.lv.i.iff1v. l.it1m .J 

ff~~~~ ~fl .i' .Jii'v.tim1ff ,v. m1 ~.i ~.J'!Ja .JflV. 'Ylv.Lria ilm1 L ~ lJ~ ~-, 
~~fl'1::Uu!Jfl17fl1 ::1J'lV.fl11U1::L1l'Yltv. j (L,lv. fl111::Lv.!J) 

ucl1.J11ii~1.i'jj~iJ1::lJ1 rnfiv. Y1v.'11L itv.m1'1Ja .Jm::mv.m1 ' ~ , 
tl~fl11~'lLfl1"nV. H.i'.Jit , 

fi1L~mmm • mim~a 39◄38 

fi1Lt.J~!J'U.L~ !JLL~V. 20-27 

fi1LL1JJ7V. 25-10 

wcr,1,11v. • ~, 8-16 7 % 'llOJflV.YjV.t°17LitV.n71 

fi1frn~lfnllJ~::fll fi 3-5 

fi1tl11Jfnl!l1 5-3 

qj'v. 'YlV..17 L itv.m1.i'.Jn t-i111m1lJTI .Ji!V. 'YlV.'IJtl.J1flt1iiuat.l mm , , , ' 
1.l1:: nuutv. i fiv. '11'" 1 v.m1'1J1~ ,i:: L .;;v.1.i',r.i ,11nfi1L~a lJ11m 
LL~::.ium fltJ11m::mv.nndfia.Jm1L1V.~.J'YIV.« .J LL~::fi1L1.l~!Jv. , " 
Ltu LL~V.fluV.i7.Jff .Jl'Y .Jitb m1:: Lna L~V.ff .Jjjtll!Jfl11 L'n .J1V.fltlV.i1.Jtrv. " , 
(3 L~tlV.-3 ti) «1V.fl1Yli.J.J7V.~V.?tj~u91.lmru~HLi'.lv.uclmnn 
Spriral wound ,i:: jjfimtr.J.J7V.917ti~.i fl71fll!l1fl'l1lJff::m.i 
jjfi11i.llJ1nil'mL~::jjLLV.1 ti.tlJ~'1::~.i~.J11.lL~tl!J 1 LY"l17::LtmL~V.~ 
~i\~~V.lJ11 V, iJjjtj tl,l,ff lJmi~~'U, 

ti1wfum::tnV.fl11tltlff 1ll9ifl~v.niu ~.Jma1-1'Lt.l1!J1J 
m:: 1J'lV.fl111:: b V.!J LV.'17V.4fV. 'YlV.,jj .J~lfl17 LLfl:: ff 1m::m1 L"ntl rnv,11ij , , " 
~ .Ji11117 LL'1muLR!JLU1!J1J~ii.i ~1i'ffl'lltl .Jfl'l13JL'lllJiiV. ~Li'.Jv.1iJ1'1° 
(25-30%) LL~::LY"ltl1ijLtlfli:Jfl7 BOD ~.Jifn,i::~.Jfl11 fltlv.LflV.L'll'Yl 
(condensate) ,11nm11::LV.!J 1.i!Ji,1t.lLLii'1 RO ,i:;jjmn.J'YlV.~.J ., 
« .Jfl17LL'1jjqfv. Y1~'11 L itv.m1~1n11nn1:: L V.!J Lv.Lil .Jwiirnv.aaff fo~fl " , 
~v.n~m::jjqfv.'Ylv.L~arnnv-l~.J.J1V.tl1::lJ1ru 25°% '!Jtl.Jqf'U,'Ylv.fY.JVilJ.i 

' ' 
tr.Jd 1l1!JLqi°m1::~mlJ1::fflJ«1v.fom::mv.m1auff 1lJ~fl~v.m\u 
n~11tium1lJLilJiiv.911 ( 30% total solid} ' .. .. .. 

'Ylfl'lllJL'IJlJ'IJV.ff .J 
" 

aaff 1lJ9ifl~v.ntrnlalJ1iJilm1lJL v.m::« lJ 

m:::mumn~e1 uciutf~ lF1J1:::,ttmh::: l 11f1 l11u 

W'/ln 7nlltFIUtrorn jjn,-,~~fl,l 1~';17fl1J1fl1~ .Jjjm7lJ 
n1::.i'1.Jfiuv.i1.J« .J t.i!J H'm::1nv.m1uaff 1i.J9ifl~v.niu 1nm1d 

" 
lv.'m1lJ~lJ'l'jV.~fl17fl11 H' ion-exchange 

m::'17.JtHlJlfl 
" 

L ~a .J'11nil 1iiujjm1lJ 

K..rr11T 4 TbCI-I' 
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{fflWIJ/nFI /1J foifm::oa11mil? ti'lllp ii~1-u.'iitJ1.h:: lv'llu 
111n11H1Lv.illelH'rn-rnwmmtJhi1m~m~'iit1'llel~n~1Jri1~1-u.11rn 

w,Lmi-u. H,-u.~Li'.l-u.~1~ru.m'l'l'l'lel~~11::ihn~u'tul-al-u. h ~~1-u. 
H'l'U. ~«el A ~iim11JL'U1Jii-u.« ~Ylelff11J11 {l~,i::,l 1 'tuliiLi'.l'U. 1fltiiiu ' ' ' u ' 

rntliel1'lirn~mm1'llel~mL'1lrm (ASEAN Working Group on 1i1V111Jr-J~fli,rnt-u.11fltJ'iiimrn1~~t1,h'i'YltJ1't.i~ LLt1::'t.iiim1 
Food Waste Materials) ~~tt1m::u1-u.m1LtmL~'U.ff~Lm1::v; 
m1.h::~n4iH'nuitH1LVlill.i H'rn~mm1 l-u.1.h::L 'YlflL'YltJ 1m ~nn 
.i~n~1,elcil-u.1::wJ1~~1.it-u.m1 1fltJ1wff-u..i-u.'t.i~m-t1nnLLtJn 
11'1'fl~iiu;:: 1tJ'll¼'11~ '1 111n'llel~LV1illelH'111n.ifl1'1'7Vlm11Jff1JU::1fl 

' I ' 

~n1Y1n'U.el~hl'l't11U'U.ILt1::1JV111'YltJ1~£mt11mLV:~L,i'U, ~11V\11'YltJ1~tJ 
Ln1YmmH1 11m'i'YltJ1~t11J~flt1 ,1.,,1t1~m m11V11'i-nt11~t1 

' ' LLt1 ::«t11U'U.L mi fo fotim::,1el1JLnli1 
-u.eln,11nd u1u-u.L'Ylfl fo foi'l'l1::,1el11Lnli1 im-11 «~'t.i 

~ n 1!11~~m·rn'iiil -u.m1r-J ~fl Lt el LL~'U. « ~,m1:: v; ,11n «11Yl t11«iin 
L~elt1fl.i-u.'Yl-u.l-u.m1r-J~flLtmL~-u. LLt1::~n1Y1mw~flLtelLL~-u. 

m::tlel~ 9fl«1V1m11J1J::Yl111LLt1::,ifl«1V1m11JLLU~lJ'U. nn~n1Y1d 
~~~11::LL«fl~m1mi'.l-u.'tuMhnn.wn~1Li~tJelelnLi'.l-u. 3 H,-u. 
't.iL.ri H,-u.~ii«11u1::L1m foLt1~t1lV1q) 1flt1H'm::m-u.m1,it1m1- ' li1Vl'l1J l,jfiU«1Wl Yll::'llitfl. 
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~llf1Uill't1'1-11tl llfl~l~tl1 U1J1::1m1 lfltJ 

S(llm 
PROOUC rs USED All OVER TH[ W ORL D 

1niitlwori,h-11 ti111111-11untn1•;1-1ii'1 it.1 

NiiflllWori>J1911f11-1'11fla;)1flU1:: IYlfl tl'1fll.Jll 

• SEALOCRETE EPOXY ADHESIVE 
;,;.,n~ ,eiliirid 

• ·sEALOCRETE RELEASE AGENT 
J101'1lUUlJt1ri ef18 Unftl 

• SEAW'l'AK BONOING ADMIXTURE 
OTINlflJ~'U· llJ 'U" ,; ,,., fllnflfJ \m;".~'UilltJ 

• SEALODEC 
J1~nn,11run-n'u-i lJ ua::1'\,¥1 

• PLAZ-MORTAR PLASTICISER 

J1tnNfflJ~'U1l11JUft'U~'U'Ul l 

• SEALOPLAZ-STANDARD 

u'lu1.,i11J,ivun'!9' , fi1Jn'l~\lLLo~tJ,~.,,,ff~\Ju 

• SEALOBOND G.P . ADHESIVE 
ln-~1;011An-un1fl-~"U1111J ua:: la~n11'1R'Wi1R 

• S.EALOCRETE CONCRETE SURFACE DRESSING 
JuJrn1N1t1nun;" 1~eflunulAH J,,ru 
11n::llu~u1n1::N1t1eun1fl 

• SEALOCRETE CURING LIQUID STANDARD 
J,unJ1Jt1eun1t1 

• SEALOPRUF-INTIEGRAL WATERPROOFER 

J 101flu.;lJ-NtU.J f18l.lO;fl l'tl ,1\,l-fllfl~l 

• SEALOPl,AZ-RETARDING GRADE 
J ,uunnJflO"Un1,i 1~t.1flui'-111a::b~n111•Y1fl1 

• SEALOCRETF FLORSHIELD 
J1urn11niinu'1u'Jn'lnR hft111uu.;-111n'J-1 fl-unnHiH fl,ni,ci" 
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-- - -H'15:>0a oa: wmu,wa\lnsonu 

U'1\Jtls:1nn luansga1usn, W .'1. 2525 

1.JY1fl.J[!e) 

ff \,rf J mm m \mftJLLfl::~~U Wi~-3-llU 't'lfl LL 't'lU 

V.fll!Jl.h::Lll't'l ,iu~'1iUff7ifl LLfl::Ltlwrmil.'l!UTI11lJLL&'1 

L'l1U Yl~-3-37ULLff-3D7YiflV,t-3't'l1-3fl1-lLLfl::'t'l1-3'18lJ ~U J 1lJU 

Ltiuiu 

rm-n1J11aui1tJLLff -l81ri flli1iLtlu,i flff rn nn lJ 

'IJU1t11v. qjLL&', m1 Hm1mau,11mLff -ltll'nfla1um::mu 

!jfl6W,nn1Jatj1::v.1Nm1H1ifl i1unn'1'11m11JLiiu,11n 

LLff-ltllYiflli\Xu ff-3atj1::v.11-lm11ttJLLfl::~~u1 LLfl::iim1 

fflifl lt1t1L-n1::uu~t1-i11Jatju1-l 

m1~ilfl 1 wvhi,hum::1.J1Ufl17lJ18U '11TILLl'i -ltll'nfltl 

.\Xu 1~tunn~~u1atlv.mu~n~m:: "tf-n::rn..n-1-lYlm lu~t1 • 
'17UYl7111'1Jflfl LLfl::1::'IJ'IJV.8fl8!JTifl7-l'1JU7fl 10 LlJTI::1fl4i 

~ -lLtiu1::uu~ ilfl 1 wvl1i:J1um:: u1um11Jf au ,n n LL ff -lmri fl a 
'IJUlflLV.qj~"fl1uif,i~uu , 

m1~i\91J1Jjuif-3Lm1::~,11n~uJ1Jju 1iti.Jm1 

~~1LUffV.!J<1Lmmatjv.fl1t1m::mui1vriu L'liu m::mu 

Yl117 trl't'l8ff tn ,2 ~Lilvuii ~8TI'nLflUlfl 1t1Yl81Yl Ltiuiu 

if,1~wm::1.J1~Lil!Juihrh\Xu~~1L<tum1a'1iuYl1m'l!!JTI11lJ 

l(rtllT 411,, Tf;CJ..1' 

-USCll 3uava)ao 
V 

8Q'1tlu L'WIP1tut1tiitt1:~BIILA9'1 auui .. 

\J '1 \111 ti n'!\1 L 'Witt '1 10140 

1::u'IJL'lf~LL6-ltll'nflU 1iiimrn1iflm1~ilfl1wvl1 H 
tuu1uatjmH!J LLfl~U8ULi7~61tJ1WLL1-lfl;-l nn1tt11::uu 

~ilfl1 w~11wrium1mau 1t1t1 L-nL'lf ~LLff -ltll'nflU11lJ71'1JL ~u-E 

11lJLLff-l 

1::'IJ'IJ!l-l~U fl lJ~ flfl1 WYI l'IJU lfl L tin iinn~ flfl LUU 

qflff1v.m11J1mh::L't'l~ LLfl::m1~~un::uuri-lv.'U~lJLLnui-l 

i1u1::uu,iu1t1lv.ru~-l 7 LlJn::1fl4i atl1::v.11-lm1aamL'IJ'IJ 
~ . 

1J'Y1¼1 

m1~J 11Jutltm Lit1lJ~ -lLUULL v. ~-lYl ~-3~1u v. ~n,rn-3 

1fln1i~u11mau1-lnflL,1 i-lLLfitl vi.~. 251s Ltiuiu1J1 

'Y\1 Lv.'Hv.t~mmnJ ~Ltlu1.h::L Yl~ill-nvi~~~1u1J1n~l'ifl lu fon 
~ , 

~1Ltluia-lrilJ~U1..h:: lJl umfl::ih ~~t1u~1u 1u1J1n L ~ a1 fv 

LL~::~~UlL~fl fo foriYl~rnU't'lflLL't'lUfll-l 1 

O-lLLIJ171uHmu::mYlif ,i~uu ,1::1..h1nlJ17Yl ~mu 

V.l:jUL1tJUfl7-31 Ju «~tiJm,1't'lt1U't'lUJ1JJU1~lJ1TI ufiii1i 

LLfffl-l LiL ~u11m1 LiYl~~~1uv.i.iuLiuult'u~lJfl1 Lu v. mvm iil 
L'l1U TI11 Hm1mau,11mL6 ~Dl'nflU L'lfflLLff ~81'nflU ~lJ LUU~U 

L Ylfl hi. 1~rivi~-l-l7U't'lflLL't'lUV.~1Ul..h:tL1l't'l'IJ8-l6W7J· 

a LlJ7 m 1i~-l'lTUff 7hLL &'1 ,i'a lJ~,11 nm1 ff 1i '1L v. ~ii ,i::,hv . 



54 

li«llJTHl~~UlL 'r'lfl fa fom;iuii-r!Tt.LUU Wl til'!ftJm11J1.i1J1n 

~u Dv1-.111n.i11J 7171~mn,!1JjutJlmLiv1Jii1.iL~lJ~t.Dn 

luif ;i;iuu ,111 i~111'Vlm..h:: L 'Ylt1111-.1fiuLi1 h11 fon1.i~u 

;i1n1n~.inm'i~-.1°-.11t.LLt1 LL.JnLuu~m1rniuDtjLLt111m1J1ru. 

L~tlLWfl-.l;)lT1UtmLit11J1tuii~1TI'1 UqJ'V\77171'1J7'1LLrlt'IU,!1Jj~ 

;i::n~111J1DmLu LLN:: if 1ii1.iL.i1tJlJ'Vl7Wtr-.1-.11u 'Yl,m 'YlU ii 

L 'Vl1J~::«1JH 1n~.i7171w~rnurl~ -.1.iD1tl;iquLL1 -.1n11~1.i 
A d ., 

LTloi'IJUlJ7LLt'l1 

m1'1'11 m1 :iJ1uULL ~:: m1 :1JL~u ,n mLH .;im'Yi '1V ( 1 
•
2

•
3

•
4l 

ii-.1LLJJ117171,l1,! 1t DU ;i1n LL« ..imfi .iiil u« '1'11 ! tl Lm 717 

1ti'ii« mwLUUtlflffl'Vlm11JLLt1 LL.iinvmw lunn Hw~rnu , 
LL« -.1mfiqi{i,l1m11Jf BmLN::m11JLauff-.1iiBtjDn 1J1n il'n1f~ 

lu«'Vl1_!eJLlJ7717ri1tr-.1.iuf1111n::umhm11JtBuLLN::ri1 

m11JLautl1::L1l'YlL'1 . ;)!:L 'V\lJ7!:ff lJTI1J7171 H-.11ULUff tllU~ 

LLt'l!:L11'17L'1 

1u~ 2 ., 
ii 0t. d'""'d ..., I . 

Ul'Ull n' ~ fll'Yl .i tl'Yl lJILl'l n Ull n' ~ II lJU'Yl fln'UJ 
• u 

()Jlnlff lJ1171'YltJlti't11111~r! 1'11,m hi 

lJ'V\71'YltJ700ffi-.l , Lim lJ'V\71'Ylt/700~t'lel7'17 lJ'V\71'Yl!J700 

LL~-.11_! t~fo111.i1.i«77-.lLLt'l!:'Yloifftl1JlJ7ULLff-.leJlfifl{j L ~tl 

tl1::Liiu«m1nu::'IJD-.1ti'111JLL«-.1tl1::L11'Yl.i1-.1 i lumnh 

fl17lJ7tlULLt'l!:fl17lJLfiu;i7mLff -.ltllfifl{j W7tllJJ-.l~Tilfl7171 L'!I 
'llt.1.itf-.1«::«1Jm1mtlu LLN::9i'1,l1m1mDuri11D-.1~L'l'\1J1::«1J 

nmnU'Utll;Jt'lil7717171'YloifftllJ1!:tJ!:tl71 ,hvli«11Jnntl1::Lw 

m11J~1Jfl1'1Jei-.11::1111qiNtJ.ii'.11.i tln9iu1mL« -.1mfiqi{i~-.1mfo 

1.i'Yl.it'ltl-.1 L'IILLff -.1mfiqi{i,l1m1mtlULU'Vlil'7'VIU71 LLN::,11 

m11JLau 1 u 'Vlil' 1f Duti'1v1::uu',)~1J~L'Ji,! 1v1 fl L ifo lJ 111111J~ 

Luu«11,l1-.11u 

LL~ nu LL« -.1mfiqi{j~l,i"l~«'V11_!«1umnLuutl1:: Lll'Yl 

LL~U171JLrl~tlutl1L~tln1-.1ifoN:: Hm::;inih lfv (tempered) 

u.i.i1uuu 1.iL~lJii7171 H'Gi11rnL« ~«m1nu::ti; -.1 t/1:: Ln'Yl 

Yltlti', qJllJ7717t11J1-.1 Yltlti', qJllJ7717t1ii~1m 'Ylm1mtlu;i1mL« -.1 

mriflii1.it1ih11wYi (heat pipe) LLN::iiLL~utti'-.1«::li'tlULLff-.l 

tlcl.i1u~1-.11tu ii« lJ11TIU!:ff -.llJln LLY117rllfiff -.17117LL~-.111J 
" " " 

LLff-.lLL~U171J 

·nJ~ J .. Ill Q ' (f O II,' 0 Q 
I Ll'l ~ 'i lJ LI n' ~ fl l'Yl ,i ti n'l11'i lJ 'i!: UlJ'Yll rl17 lJLtl'U 

L'Ufllrll'i 1i'io~vHin4 o::11'lf'U l 

7171 «1i '17171 Hm11Jf Du;i1mL« ..imfiqi{j\ um::mu 
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m 
for Turbines .. Motors .. Centrifuges ... Mi~er/Blenders .. Fans ... Blowers ... Mills ... Shafts ... Transmissions ... Compreaors ... Couplers 

... Gears ... Spindles ... Flywheels .. Rollers ... Chucks ... and everything else that rotates. 

M742. 
Vibration Analyzer 

, Incorporating a tuneable filter, the 
M742 Vibration Analyzer is more 

, ~-· .,..... ... 

. \ -
..... 

than just a meter. It is a full-fledged 
machinery vibration analyzer built 
for rugged day-in, day-out 
industrial use. 

• Uses inputs from acceleration, velocity or dis-
placement pickups 

• Works from 120 cpm to 312 kcpm 

• Built-in power for vibration pickups 

• Liquid crystal display for 'clear readings in direct 
sunlight 

Equally accurate at high and low frequenc ies 
Battery-powered, compact and lightweight-yet a full- point for a complete preventat ive maintenance and trouble

fledged analyzer with all the basic capabilities of costly, com- shooting prog ram based on vibration analysis. It is appl icable 
plex instruments-the M742 offers an affordable starting to a wide variety of rotating and reciprocal machinery, 

turbines , pumps, pipi ng systems , and other industrial 
equipment. 

rhe M742's flexibility allows the use of either fixed or hand-held pick: 
,ps, e.g. (clockwise from upper left) the M61 Eddy Probe, MB/ Veloc
ty Transducer, M93 Industrial Accelerometer or the M92 Hand-Held 
~ccelerometer. 

Two filter bandwidths are provided: "wide" for making a 
fast scan and "narrow" for making a precise frequency de
termination when vibration peaks are close to one another. 
A tuning meter aids in finding vibration peaks plus providing 
a quick indication of whether the fu ll-scale range is set prop
erly for full, accurate measurement on the digital display. 

Multiple filter modes 
Several filter modes are selectable: 

All Pass Unfiltered readings 
Low Pass . Reading be/ow dial setting 
High Pass Reading above dial sett ing 
Band Pass . Reading at dial setting 
Band Reject ..... Unfiltered reading, except 

rejected at dial sett ing 

YII-CO SOUTH EAST ASIA PTE. LTD. 
lulte 1404 Shaw Towers, Beach Road, 
llngapore 0718 
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KONTRON ELECTRONIC 

MICROCOMPUTER PSI-80 

DEVELOPMENT SYSTEM 

PROM PROGRAMMER 

LOGIC ANALYZER 

FREQUENCY COUNTER 

DIGITAL WATTMETER 

DIGITAL MULTIMETER 

DIGITAL DATAPRINTER 

MULTICHANNEL RECORDER 

HAMEG OSCILLOSCOPE 

W+W 

Recorder 

• SALE & SERVICE lruslfn 1nsu ~u1nc>s1utfu11ua 11n-n 
TRANE INTERNATIONAL CO .. LTD. 
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Many people have no idea of what a chemical engineer does. They 

know that civil engineer is responsible for bridges, roads, or large buildings 

that will not fall down. They know that a mechanical engineer is responsible 

for engines, automobiles, tractors, or forming metal into useful equipment. 

But they do not have a clear idea of the relationship a chemical engineer 

has to chemicals, or to industry. Is the chemical engineer possibly someone 

who takes some strange-smelling liquid that a chemist makes and puts it 

into bottles so that it can be sold? No, indeed. In fact, the products that 

a chemical engineer is responsible for are more likely to be loaded or pumped 

into railroad cars, huge ships, pipelines, tanks that hold 10 million liters , 

containers und_er high pressure, and other giant-sized equipment. Sometimes 

the products of chemical engineering will be large quantities of explosives; 
i 

sometime radioactive materials; often highly inflammable materials. Ver:y 

little chemical engineering work goes into putting chemicals into bottles. 

K..ffl 1 T 4 Tf;Ct-1' 
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If you have ever seen the large towers, t he furnace ch:Lmneys, 

and other equipTient of an oil refinery, you can get an idea of the things 

that a chemical engineer is responsible for: they are big, they have 

complicated pipes going everywhere, they let off steam, smoke, noise, and 

sometimes even fire at the top of a tall chimney. Sometimes if they have 

a problem, there can be fire in other places, too. Problem fires do not 
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happen in oil refineries or natural gas plants nearly , as often as they did 

60 years ago, mostly because of engineering knowledge. Thousarxis of 

refinerieB and natural gas plants have been wilt and operated all over 

the world by now and the experience gained from mistakes, problems, or 

accidents in these plants has been pooled together and used to make these 

plants safer and safer. '!here is no question that the industry and government 

want plants that will not burn down, even though they mustdeal with inflamnable, 

explosive materials like gasoline and LPG. 'Ihailand needs engineers that 

can desigri, maintain, build, and improve these kinds of plants. These 

include mechanical, civil, electrical, and chemical engineers. 

Unfortunately for Thailand and its people, very few Thai 

chemical engineers have had the opportunity to do any of this kind of 

work, and thereby learn the know-how of the process design, and re-design 

of refineries and natural gas plants. Thai chemical engineers generally 

are given jobs in distribution, marketing, management, economics, arrl 

or::,erating, but the technical work is done by foreign engineers. r-t.lch of 

their know-how stays with them. The chemical engineering school at KMITI' 

is trying to correct part of this deficiency by modifying many of its courses 

to include know-how along with many of its more fundamental courses. In 

addition it has greatly enlarged its variety of elective courses in order 

to give specific knowledge on technology important to Thailand particularly. 

'Iwo of these courses have to do with petroleum, petrocn~:icals, and natural 

gas-one course being introd4ctory and general; the other lJelng specific 

knowhow and design calculation of natural gas plants from the well-heed 

to qas separation to r::,etrochemical manufacture. 'Ihe general course mainly 

helps the student engineer to learn the vocabulary and the kinds of chemical 



82 

unit operations used in refining and natural gas industry: In other words, 

to speak the language of th.at industry. The second course is the one that 

contains know-how and calculation methcxis used, but it needs the first course 
'· 

in order to be understood. 

It could be hopeq that a qiemical engineering graduate choosing 

these electives will be able to work well with e~rienced foreign engineers 

in all chemical engineering process design, trouble-shooting, and plant 

improvement functions. With experience, the Thai chemical P.ngineer should 

' be well on the road to being the engineer resp:>nsible for the future design 

of Thailand chemical processing equipnent. 

K..mlT 411,, TJ;c1-1' 
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What are the main types of processes and equipment in which a 

Thai chemical engineer must become expert, in order to become important 

to the petroleum and natural gas industry? For the coming 5 years, distillation, 

absorption, refrigeration, heat exchange, pipe-still furnaces, and the movement 

and storage or oils, hydrocarron liquids, and gases will be of the most 

importance. In any oil refinery, you will see tall, cylindrical towers, 

some as wide as 5 meters and as tall as 60 meters. These are the distillation 

and absorption towers that are the hei'lrt of a natural gas separation plant, 

and make up 1/3 of a petroleum refinery. They are not simply full of oil 

or gas; they are full of devices for contacting liquids with vapors, then 

separating~, then contacting them again under slightly different conditions. 

This happens again and again in any one of these tall towers until finally 

a p~oduct comes out the top that has been separated completely from another 

product that comes out the rottom, or from the sides at a lower position in 

heat exchangers 

1((!11T 4 T/;C'-'' 



the tower. 'lbese towers can be under very high pressure, or no pressure, 

or high vacuum. 'Ibey can be hot, or at normal temperature, or deeply refrig -

erated. 'Ibis is why there are furnaces, heat exchange, pumps, compressors, 

tanks, ~ and drums, along with the tall absorbers arxi distillation towers. It 

,. is experienced chemical engineer who calculates and designs the gas and liquid 

flows, the internal separation devices, th~ p;ressures, the heat and temperature 

duties, the diameter and height of the towers, the materials of construction, 

the refrigeration systems, and all other process parts necessary for a plant 

that is efficient, competitive, and safe. 

K..m 1 T 4 Tr;c1-1' 
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Air conditioning System Water Treatment System 
Duot Work, Sheet Metal Work Solar Energy System 
Industrial Piping Work Electrical System 
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HL!,l wd.l Ol.Ol. ~L,~l1Mfl~~SLUt;~ULb t;l!,1~n_ttLrnu,, 

t;ll,f\Lg{l,~t:;t,,~l'C~["ttt-l3t,lll,1~f\_ttLr:;t;11t,l{l,f\L,gll,it-{l,ll.f\,[\ 

bbJ:lL..l,IL..LntL..~~tn~1b\;!~~s1tJ1t-~\11:;Lsl,11~SL..UUL..b 

1,QUf1 

l'CL..l!lliJ~t,_r.nL..fl~rl t L..~1t-{l,t-~L..!J, 1t,ll!, 1~f\_ttL..rnt,~ l,JL,UL,ll, 

11y11 t.i~:;t;11;ll,l!l1S1rl}L..l,IL..!J, 1t,ill,nLg {l,1ft{l,J;ifll!Jl t,111, ,~n_tt 

l..!"111f.\!1t-t,lM1{l,~,nr,pt;{l,t\L,g{l,lui1tt-~pr.~~Sl,Ut\t t,11!,1~ 
. . . )llt\flt-ll,f.l,11111) ~ t t-{l,t;l!J IASL.. U ~~rtt!Jl11flLt;rlf M 11t-L ,fl{l, ny n~ 

11, l t.iu1,Jllnflt-{l,£_l,!111y~ t:;t;11 n~nmn_ttL..p11y11t.i~t;{l,t\L,g 

ll,~ t t-{l,t;l!JIASLU~~t l,JIA 1:;Sf1ll,!JlULl'Ct-Lrll,~t;~t\~ 1:;t,,~ 

t-L..~1~t t;I!, 1~t\_ttLrt\lA ,, t L..f'Ct;{l,t\L,g{l,1L!tl1 SLl'CL..\!L!,l npt-~ 

Sl!l~U1SL..Ut;~l!l~~UL..b~tl!l~~~~{l,[lll,Ut,lll,11t\[:l1t;ll,t\Lg{l,1 tL1, 

ll,!JlSl!l~t\L..~ <;T t\.ll,l'C:;Sf1t-~1,J1A1:;Sf1t'L..!JlUL..t,,t,ll!,1~n_ttL..rll,} 

t'll,_\flt\[:l1L..l't'~ t\~t\111n£tL!tll,!Jlt;l!,1~t\_ttL:t l!l~~SL..Ut\t,~ 
. ' ' 

L..Sl!llJ,L~Ut-\!t-~ 8"L t\.lL,l'C:;Sf1111JL..!A11,JtA1:;Sf1t\1,il,t~11.~t\111 

n_t!L..rt\.ll,l'C£f1ll,!Jlt,lll, ,~n_.l'CL..rt\.ll,l1£)1t-~,11,t\t,~Ul!l lJ, 

L't\lAl1 "L 

f1t I.. t,~t\~l!,l\!U11]11t\flt-{l,£_l,11t'{l,fl,fl~1{l,t 

n t L~Uflll,):1,~t-13~11, t l,l{l,t\l'Cl t\ll,l1}L..l,l:;t;11_,r;rn t L..~irtt~n{l,11 

}Ll,ILl!JlClttllt.11Hl!Jl11 nyn~1~L~n[:lini11~,r.~1{l,in1.,l!l11,t 

l,l{l,t\f'Cl t\ll,l1f l..l,lt-r U~r\ t l,~1:tt~nll,l1}l..l,ISl!ll CJt :;t;11t\L,t

t-{l,fl,f"jt., )'\rlll,!Jlfll..!"~ t l,~ l1~L,~t\[:l 1t\il'C ~ 1t\L,t-t-{l,l),f"jt., )'\rlll,!Jl 

t\Lt-t-~Mt-ll,~f11n1SL..UUl!llJ, t-t;l!lt;:;t,,t\{l,_,ff'CL..t.,l,lt-LIAML,l/ 

l!tA~:;sr ntt-~l'C\!~t\t.,~Ul!l_g,~:;ru11.nt Sl!ll..l'C£)1fll!ll O<; 

t\l(1["tt t;II, 1~t\_ttl..r;!t;11t; ll,t\L,g{l,1t-L..~r\:;m \!~t\t.,~L..Sl!llJ,L!,l 

~~t t\L..t-l..!A_\11 t\fl t-ll,~ l,11l..~ VU L Sf111 ll, \!l!l IASL U t; ~ 

)llt\flt-{l,£_l,11t-ll,ll.l!l~t-~l!lQt-S11t-ll,ll, x ,08 t\.1L..l'C:;Sf1111JL!A 1:;t;11 

l!lll,t;l!lfllill~t-l,ll!lQt-S1~~tl1{l,t,!l!JIASLUt\t _\ilt\flt-{l,il,11t-t;f111 

l!l~~trttfll!ll L~t-s,, e l!lLt\ll.LJl1111 ~{l,.,r.~w~,11~_\ilt\flt-ll,f.l,11 
I~ ' • I 

~ Ft;11 l!lQt-S111!l_1,}ll,l!l1(:l'Cl L, nl!lt l!l~t;t,,',~ t t\t.,~t;I!, 1~n_ttLrN 

~ UJW111JflL!"~ t L~ :;t;11fl~1ll,t t\bl!lll,t;l!lt\L..t-t-{l,fl,flt., )'\rlll,!Jl 

nLt-t-~Mt-ll,~f1m11'CLt,l,ILLl!llJ,11fl~111r."11c.,~11 ny L t-L!Jl. 

t;ll,1~t\_ttLr:;t;11t;ll,t\L,g{l,1t-L..~r\:;Snt.,~Ul!llJ,~t~Uf11'CL..l!l 

l!l\!!t,X-t\Lfl~rl t L../'11t-ll,t-~L..!l-1t,lll, 1~t\_ttl..rt\t,~ l,JLULll,111)11\!~ 

:;t;,,Sll,l!l1S1rlLLl,ILll, 1t;ll,t\Lg{l,,n{l,rtfll!ll t,ll!, 11!ll!lt\flt-{l,Ll,11 -' ,, "' h. b I"="',, ~ 
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'ilvlnLL1 ,lUv1 \'l-l\'lv1 " , 2.7 ; 1800 (nn .- l-ln tlU~tlU 1V1 ) 

1::urn:: u 1,11r1 'l1 lJ1tlu 

1::uun1mn 1,.,,i)' 
~ ~ 

0 ..... ,di """ 

U 1lJU L'DtlL~ 1'l -l 
~ ' 

t.hlJU vl 'cltl;U 

' .. 
1:: 1J1Jvl1'l tl 1'lU 

5:; 1JU~v1Ll'l1tl-l!JU (;] 

ill lJ1v1rn'l1lJ"l,.,, i)'tlJ 1 , 

~ ~ 
\I O .... 4 

vllJtlU 11,ltN 

1Xtl-lL~1L ,.,,i)''cl 'l,lvlU1 

~L'D1'l'DUv11'11 

SAE 30,20 

LLN111U 1JlJLT vl1j 

iJ tlvllJU l'l'l1lJL~'l \'l tl -lL Vl1 , 
1.6 (;vii) 

m""i:i1v111'1'l1lJ'1tl-lJ 1iru 8. (; v11 ) 
r ~ ~ 

U1vlUn~Vl fi 86 (nn. ) 

'1lUnHW'lv1LL1,Uv1~tl fluid dynamometer ~tlL~ 1'l1 

Lv1!Jvl1, 17UL"11tl-l!JU (;] 

'1lUnHU'lv1"1'l1lJit.Lui'1Wlltl-lJ1iru~L'D1'l LL1'l:: 

.r-=Y \I .c,j 

LLtl 1'l n tl eltl 1'll'ltlvl1'ltlv1LLn 'llJ\'lL n1'l 

tlUn,oHvimlJ1CUtl1n11'1L'll1Ll'li'11,1'.JUlil~tltl-l~ , 
i'1 ori fice LL1'l::Cel1Uf'l'l1lJLLvln~1-11 Uf'l'l1lJiii°U"l1n 

incli ne m ano m eter 

"11{rnnv1'11{~1iLi'.Juf'l1frnnv1tl{ K ei-H in H°nu 
~ ~ 

rn~nrn1u 1JU (;]!J1lJ1eJ1'llU1vi 150 =il=il'11 u 
" 

U tlUl'lUL~!J'l!11,LL\'l v1-l1UTU~ 1 
" . 

1t111v1LLu1'l ,,nf-ym~1'1lf1 ..Xl'l1m, o,Jfo-0v1nn1, 

1 vl1'l'lltl-lLLtll'lntleJtl'i1Lviuuf rnL~,1'l mi ,LL1'l::L ,J~!Jt.LL ul'l, ,, 
'!IU1Li1'!1'11-l main jet 1'1i''11!.11,LUU:S\'l,::~tl17U 

tl ,J m ru ')(i)'t) (U1,,lJlm '1lLlfo 1'1l~LL1'l::J 1vl'cltlLtJU , , . 
~tld igita l therm o m eter i'llJlllJ thermo-couple 

-nilvi chromel-alum el 

'1lUni fW1Ll'IJ"-;i::vl1tlL~l'.J 

tif'li Sun In fra- red 

2.2 '1iin'lt1Lnmiil~jil 

i-i'11'11tlm rureiL ~l'1Vl,'1l , 

Llli!JUL 'Vll'.JUl'llJn ~U::'ll'11,Ll'11'1l-l!JU!il~L 'Dmil'111-n 

J 1iJU~L 'D1'lL Y1t1 ,'11!.11-lL~!J'l171Jn11 l 'DJ1iJU~L 'D1'l5'llJ17ULL'111'l 

n'1leJtl1'l1uii'vin 30 40 50 60 10 '!1'11,LL'111'ln'11 

eJtl1'lLv1t1mmv11 L"11'11-l!Jt.vi1i.J1'1i'ft1n1,,JfrnL~-i LL~1~vi 

~ ""nirnnv1'1l{~vi'1lv1v1tl 1n 11'1L 'i11m::u'1lnl'lUL vl'1111XLL'1ll'l 
'\' 'I• I • 

K..m 1 T 4 T1;c1-1' 
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n1ut.Jfrn:;v:;~mi,l 

2 U'ilvlUfu1LlJUL"l'Vl ' 

6 ilL'ilantll!tlGi.vlaL'U1 

7 L-\il-J 'LUJvlU • " 
3 \'lm -iami-i 

" 
8 ~nfltlt.J 

4 1'lnL1-l . 9 ll-JUl"l'Vl (Ltltlf 200) .. ,, 
5 l'l'ill'lU"lT • 10 vltl,lana'ilt.J 

" 
vllJ1 !JLvlvl '!IU1v11iuc.l1l'luuna1~'lltl,ll'ltlL'l'W <i°1 = 24.o 

' " " 
iJa~LlJvl1 

.. -- .. ,r !\J,i 1LLl'l v1 -lJl1~vlv1'lltl,1'111\!L1Ll,l'iJ1 

nM'11"1LUU~'11!J1'l::tl®-l1 vl1'lL -ii'1m::u®nl'lu 'Vlli11'l '1l \..J 1v1111 tX • 
' ' 

LLJ'-lUv1'll'il-lLl'l1'1l,!JU (;]f'l -lV1LL1'l ::Lvi1nu,J1::mru 80% 'll'il~ 

LL1-l1.lv1'11,\'lv1 LL1'l::LU~!JUl'l'l1 lJLt'l1'il \..J Lv1!Ji'J'lvl(1U1::'11,1'1 " , , 
vl~n~'1! 1utl 
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l 4 11",c,I..., 

l. mi:.i~m:::Vl1.Jlll'cl~l-J11tl'W!::'ll'1Ml.f'lrn~tl'Wll1Yl'clll111 

i:.J~:1-J1111-i 1 'll'1l~LL'1l~n'1l!'.1'1livim1M11rnu1111-i 1 
4 ~ 

Ll-J'1lfl11:::mrn~-i1.1.~:::f'l~YI • 
I q ') I,, 

2. Yltil~'cl1J'l1Ylfl11:::mrn~~ 1 ~1l-J11tl l'lll.L'cl~n'cl 

1'.i 'cl ii:.i~ l-JL~LU'cl1L 'D'WiJlfl'cl'WLf'l 1'1l ~tl'WiJlU'clf'l 

3. 1Lf'l11!::\.1~1n11U'1lf'lLn1,1'•nn detonation knock 

~1'1l diese U 'clf'l Ltilmf-i1.n111~1n11U'1lf'lil-Jv1°''Wfi 

n u i111n~'l'W i:.J~ l-J 'll'cl~LL'1l~n'1l!'.l'1liLL~:::f'l'l1l-JLT'l 

1'1lu'1lu1~h 

40 

3. ernnT11~u 
"nmtl~ 2 ni:.i~n111~u~i.l1~-w1r.i~'1l • 
,,. B l\ ih tl1 :::jqY1fifl1Yif'l'l1l-Jt'cl~I.Yi~~1~1~~d'.l-w 

o ..., di ..., I fl' ,,,,,, "4 

~1tillJLl-J'cl'clll111~'l'Wi:.J~l-J'll'cl ~LL'cl~n'cl!'.i'cl~I. Yil-J'll'W I.L~!::f'l'l1l-J 

LT'l1'1l1Jni:.i~m:::Y11JU'1lUlll'cl B"lth 
' ' 

2. l.f'l1'1l ~U'W iJlU'clf'lYI f'l'l1l-JL T'l~ ~ ci'1i 111111'l'l'Wi:.J~ lJ . 
'll'cl~LL'1l~n'1l!'.1'1liLn'W 50% LtilUllil-J11111 

3. i111nf'l'J1:1-Jiw tl~ '1l ~w ~~~1-w'-i'11. w1::1. mf'l 

(Bsec. MJ_ ) i<l~~-wd'.1-wihv'i'u 1.ri'1li111111'l'l'Wi:.J~l-J'll'1l~ 
KW-h,~ ' 

tf' .,d r;J Q 1.- I 

LL'1l~n'1le'.1'1l~~~'llU LL~::f'l'l1l-JL1'l1'1llJ).Ji:.J~n1::Y11JU '1lUll1'1l 
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" 

1. mf'li 111nm1l-Jiw tl~'1l ~L ~'1l1. w~ ~~11. w 1::1. m f'l 

i111nm1l-Jiu1.~'1l~W~~~1u~11.w1::1.mf'l ~f'l'l1l-J 

1.r'l1'1llJlll1~ 1 LL1~Utilf'l~~1tilutl1::mru ( 25.3 -

24.5 U'l~U-Ll-J1111 ) 

lt..((JlT 4 TbCI-I' 
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l'el~~il1ln'i'l'MJjqlJLL'tl'Cln'tl11'el; LU'tlfL'lli.iii\r,h~ 1 
L viuu nUf'l'l1lJL~'l,,aur,\,au 1vi LLnt111lf'l~~111lu 

tJ,::lJ1ru (25 .3_ 20 ihifu LlJl1l,) 

2200 

.s. ,tJ~ a LLjqfil~11,aru1,1J1i'.J'lJ'tl~tl11,1~'elLt11.i hiLi.muu , , , '\J 

RPM 

lJ1n~11,1fumru~1-nJ1iru~L'll'Cl~'lULL'Cl!:m'ill~L'nLL'fl'Cln'el 

1l'tl'ClLU'1Jl1l51'i'l'lUlil1~ 1 LUUL:a''tlL''l1~~Ljq.hJ 'i'l'lU'elC\.l\1Jli'.l , . 
mru~HJ1iru~L'll'Cl'tl~1~L~tJ'l '1)~1~L1AUli;)'DfilLi'Cl::~~iJ 

LU'tlfLifiuii\LL'tl'Cln'tlel'tl~lJ1n,aru1,1J1i'.l'll'tl~L'tl~ii~~~1 'elru\1/l , '\J 1 ,, 

i'.ll'el~~1.9:;vi111X,:;u:;L'l'Cl1n'tlUn1,LC.J1Lm! (delay time) 

'll'tl~l'tl~Lumru~i'.JLL'tl'Cln'tlel'tl~Li'.IUL~'tlLYi~~LjqTlJ"l!:~1n11 LvilJ~U vi11 iXLnliln1,UM Li;1~1tJLL'Cl!:5\JLLN;U , 

l(ffl 1 T 4 Tf;Cl-l' 
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RPt-: 

6. rtJ~ s LL~~~11i1i,,fonmLL'il~n'ile'.l'il~ 7 .12 ,, ~ 

1J1V)li\i;ir LL~:::n1-11i.l1~t.l~L'll~,.,,l-JULf'lnf'n 7.39 U1YI / 

i\i;ir 1-hH~1uli1'il KW-h i 1i,,fumcil~1'DLL'il~n'ile'.l'il~d'.lu 

L~ 'ilL~i\~1~1:i.J ~~n11mcil~HJ1~u~L'll~~riu 
' , 

K..tnlT 41A, TbCI-I' 
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4. Ul'l~"i'U 
' 

Vlll11!:nnl-J~~il\'1)LLnUl1\ 80'~ 'll'1l~LLnu111~~~11\ 
'\' '\) ~ 

LL~!:A'l1l-JLJ''l'\n~f1'l1l-JLj'l~~~l1\'ll'1l~LAi'1l~tJ'W(;l 12,200 . ' 
1'elUlil'1l'W 1V1 ' ~1mrn L'DLL'1l~n'1leJ'1l;Li'.i'WLi'1lLW~~L~1l-J Lf;1 

c1~ 50 ; 171L'DLL'1J~n'1lel'1l;l-J1nnr.h11w,~Ln111n11u'1lf1 

LLliln111-nLL'1l~n'1leJ'1l;LU'WLi'1lLW~~vi111X1.h::~V11irnwm1:1-J 

f'1l'WLw~1~1~~ ifllnm11.i'WLU;'1l~wi~~1'W~1Lm::1rnr1 

~~~1"11 Hc.i1tilil'1J\,N'.ltJWi~~1'W~-l~ LL~!:f11fu'1l'W Ll-JU'1lf1 . . 
L'Di;l LL~!:LelLl1\1f11fu'1JULUL'1JLifo~-l~U . 

n11U'1JALn111~u1ci'1lLU'1lfL-n'WiiiLL'1l~n'1leJ'1l;~~ LL~:: • 
f1'l1l.JL~'l1'1JU~~ 

Lu'1lfL-n'WiiiLL'1l~n'1leJ'1l;~~ vi111X'1Jru1,1nij1'1liii~1 
.'I.! , \J 

~~Ln111r1'l1l.J~1-n1n'1JULn111n1m.n1m!!11~11u~-li'.h.nl.J1ru 

'11.JU'1JUl-J1nn'1lULfll1\n1mn L '1,1~ 

' 
Q '-" \I I \I I """ 

Vlf1'l1l-JL1'l1'1JU~-l (11f1'l1l-J~1'1l1n'1JULn111n1m.J1 • 
11,1~"'~~ J1.Jw'l::L-ii1m::u'1ln~umn L'W1::w-i1~r1'.l1:1-J~1 • 
'n1 illmruJ1.JUL'U1~'W17Ul-Jl-Jn1rnl-JU'll'1l~Lf1i'1l~tJU(;l ) 

, ' \ 

LL~::i'ln1rn~:1-Jnu'111n1l'lmnLw11::r1'l1Ml''l'll'11~'111n11'1~~ • 
n11i'lllil-J1 rt.I J1.J'W'1l~l.J1nn'1JULf111\n1m.n L '1,1~ 

tL~::i'ln1rn~l-JflU'111n11'1l.J1nvi111Xi'l€11111n11L~l-Jf1'l1l-J!i1U 

~~LU'l!'l~i'ln1w.n11,1~ ~-3.n111n11u'1lr1 n11u'elr1tuin~ru:: . 
CLi'.JuiiiL'D~U'1lf1LL~!:Ll-lL'l! detonation knock ~Lfl111flULf1i'1l~ 

uuiiiLLn~ 1-n~u 

1u~1u1~uC ijl(;)f111€111nn11~nm'1l'll'1l-1Lf1i'1l~Wiii 

L ~'1JL mum VltJU1!:Wl1 ~mru ~L 'DLL'1l~LL'1lel'1l;LUUL i'1JL w~~ 
L~1l-J nunnu~HJ1.JuiiiL'll~~'lU r1ru::wi~tJ'Di11Cr.i:: . , 
LllitJUL VltJU®flln~ nm'11!11~n~1'l L un111~ui'Wlil'1l Lu 

5. trcycytrn~ru 
Bsec 

Bsfc 

B'1th 

HC 

PPM 

Te 

Ti 

Tw 

y -
Ltln~7"i'tl1~tM 

f1'.l1l-Ji'WLU;'1l~Wi~~1UL'ilW1!:LU1f1 

f1'l1l-Jiw u ;'1l~L:['11L w~~~11 w 1::Lrnri 

U1!: iqVl fi ll1WVl 1 ~f1 '.l1l-Jf '11UL U1f1 

1e1l1111r11fu'1l'W 
I o s, 

~'.l'Wfll'11~1U 

'1Jrt.l'l,lflij\'11Liqtl , . 
'1Jrt.l'\,lflm'1liii , . 

~ 

'1lrt.l'\,lflfrJ11,1~'1]LUU , . 

l . 'DLnm~ f1Ufll1'W'WY1. ~ l.J1Hl'W!:'ll'1l~Lf1i'1l~tJ'W(;liiiL'D~ . , 
1ci'1l t 'DLL'1l ~ n'il eJ'il;i:J~l-JnuJ 1.JuiiiL 'D ~LUUL :['11L w ~ ~. 

1V1mu wu {1:: !11Ulli '1! C1J111'1'lmrnl'l1~ fllr:1-Jmu ru 'Yifll 

~rnuuLVlf1L'WL~uw1::r.i'1l:1-JLn~11VlmL'llfllfiu u! 2523 , 
2. uru1uVlf '.l~i;:m, n11L'DLL'1l~n'1lel'1l;LUUL:['1JLW~-li:J~l-J , ~ 

~11,1frnAi'1l ~uuiiiiiiL 'DR 1V1mu wu {1:: !11lJlli C1J (1)111'1'.l 

mrnl'l1~ 1ilfl-JmUru'Yifll ~ (111J'WL Vlf1 L 'W h um!:"l'ill.J 

" ~ .. 
Ln~1 'lVltJ1L'llfllfi'WU1 252 4 , 

3. Bolt J .A .. A Survey of Alcohol as a Motor Fuel, 

The Universit y of Michigan , n .d. 

4. Lichty L.C ~. Inte rnal Combustion Engines, sixth 

edition. international student edition, McGraw

Hill book Co .. lnc .. Kogakusha Co. ,Tokyo. 

5. Rogowski A.R .. Elements of Internal Combustion 

Engines. Tata McG r<1w-Hill Publish ing Co ., Ltd . , 

Bomba y-New Delhi. 
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~,., ., 
Ul'l fl 11 lJ 'U ,in U ':i11J fHl .:Jl 'U '11 'U n7 'j 

.ci. d' Q.I V QI 

11m1:;'ttVHl.:J.:Jl'U '11J fil 'j OOnllUUff'jl.:Jn'U 

ll'u i;11J ~1;10,1,iu oum of ~Wnun.:iiu i;11J~Mi,i . 
fi1tu1utff17l/Jllnr7 LJJfoll'l'l'i::fJ81./lfl/J7 !iJJU; 

' 

. 
1. 1J'tl'U1 

- .-::. ' v ~ Q.I Jt ~I 1 n q ~ m 'j ru l'l 7.:J'17'U u llJ'UllJ o u'Vl. ff. 
•'l>'a J/i ~ 'l o ~ 

2517l'11!'ttln'1fil'j~'U~11'UnU'Ul'Vl'1.:J.:Jl'Ul'l'1 

lll'l'U1J11'1f'lll'1'UJ'llJ'Ut1'Ulf111;1n fftll'U'Ull'lfl 1-u 1ft 
.d iJ ..::t d voe! V .c. Q.I 

U'Vl'j:;,101J1n1;11 1i'Um ni,11rn,11um'j1,imrn:; 
' cv QI ..._. t I I cv I 

Vi \llJ'U l'VlM.:Jl'Ul'1'1lll'l'U ~.:Jll~'lf 1-:JI 1 '11'1.:J n '111 
~ iJ ,d 'j/ V 

1,i U ! 'j 1J I 'U 'U I l'l fl 1 u 11;1 U l'l 1.:J '11 'U )'(ii~~ 7 JI II if~ 
"" tr' ,a., 9 I di 87n'llll 1rn :; 'l'li1N7Jlil1./ 1rn:; !'U'j :; [J :; ~OlJl'il.:J 

i ., ~ 'i 'i "' ~ ., J/i .,! ? I 
'1Vl\llJ'Ulll'lfl !'U !'1U'VlM.:Jl'U'1l'UO'Ul'VllJIU'U 

.:i1u1;11J i~i,il'i1~u1ul'ln1Pi'1u l'Y-:inu1 1m1:; ,,f 
' 

.Q.Q,I j) 'j} 

1'ilUl'll.:J'1l'UIOnffl'j 'IJO l,! '1 ~'10\ol'il'Unl 'l OOnlllJU 
9/ o d Q.I iJ IC) v 

ff'jH!rn:;mm':il'l\olffOU lJfil'j'iJ\oll'UlOtJ !'U'IMn ... 

nm . n7':iffO'U1'U'j :; iumtytyl~~'IJO.:JU1.:Jfllfl 
I 

a ?I_\,. a 9 ~ ~ 
1'lfl 1m:;1u'UI11'U'tt'U.:J'IJO.:J1'lfl 1'U'tt'1ff~~':i':i :; 1o1u 

mtyty11V1'1Jo.:imfl1'lf11l'lf11-u 1'1v'Vli:i'-:i.:i,u flru :; 

Vli:i'.:i.:i1u1rnd'ir~ 1-uul'I fl11ud ,1 :; 'IJ0~111u n Ni:l 
I 

d d' G.I d e.. I i " .:i1'UV1flru:;01,11w1rn:;unr1mn mm'lf1~1.:i '7 1o1 

i1o1l'i1H 11o1u11umilui1'1i'vi.:il1 

.ci, drv cv 
fl . fll'Jllfl'H::'ttftfltlfll'Yi'YHl.:J.:JllHUJ 

'II . m1..r11Um tl.:J'H'I-H'l)J 
., A • a 1' • .l .li .,;'I.,., 

fl . fll'j'Yi\lU'Ullfl'HHflll'U~ mnl'YI !'Vfl.:J 

'H'Ut'l)J 

4 €jy V 2. n1nrn-n~1h1no.n1-w-wa-u1uat1 

nu11m1:; ,,fff'n tJfllVlVli:i'-:i-:i1u '11J i1Pi'1~ 1J 

ca.1 o .:f d t Jt d 1"• 
'il\oll'll'IJ'U!U'Um -:i11 ':i m1J-ou'Vl.ff. 2522 1rn:; 1o1m 

I Jt ~ cv j) J i:'\l) iJ 
~'Ol'U'O.:JlJl'iJ'Ufi'j :; l').:JU'il~U'U 'IJ'Ol,J'1l'lh l\o11Jl'illn 

~ .... ~I 1 9 1 ..,,. tf 'j} 
nwa'IIJJ£/1./W£/71u'Uff1'W 1'ttru m':i11m1:; 'tt'IJ V 

' ' u 
~ i iJ ~I I ~ - tf 'j) lJ'1ffllJUtl'il\o1 \ollu'U 2 n'11Jfl0 nl'l1lfl'jl :; 'tt'IJ 'O ... . 

d J X ,=it. - QI ,::-0 d' V 
lJ'1f11llJl 'l 1'1lJVl'Vl'U N 1\ol'U nlJfil'j 11 m1:; 'tt'IJ 'O ... 

I 
d Q.I I G.I Q.I d 

l;Ji:l'1lJl'l';i :; \,1Uf117lJ~.:J~l.:J '7 nu ' \91 ,:j 'j l(Ji;l :; lt)(J\91 

~viud 

.ci. til d .ci. - i \91 2.1 fll':il~fl'n :;wu0i,i
1

t1i:l)J'Ylf!1~u 
"' .. 11 'il ni1 'il -:ifl 11 lJ rnrn :; fl 1 m t1 i,- :; fflJ'IJ v -:ifl 1 m 

d J d I 

!'j 1i;llJ 91.:Jl':itJn 1 7 Frequency Distributio n 1rn :; -

' 
Dura tio n cur ve ~ll~~tJ'IJ'O.:J fl 17lJ1! 1i:llJ!U'U':il tJ 
~ -:ti I I 

l\ol'O'U ':i ltJ(]~ 'l ltJu ~ '1'0\ol'il'Ull \Pli;1 :; 'lf1 .:J l1 '1l'IJ 'O .:J 
I 

Q.I .c. d' I d 
1'U 11m1:; 'ttfll fl .:Jl'l'IJ 'O .:JfflJfil 'j Weibull Distribut -

I 
d ~ I ~I 

ion 91.:Jtl 'O 171 U'U n7 'l fi'j :; 'ill tJ lJl~ 'j~ l 'U'IJ 'O .:Ji:llJ 

-=:t. dV .d v 
2. 2 fll'j llrl':i 1:; 'tt'II fl)J i:l'IJ'O.:J i:l)Jfl'j :; ffl.J 

" I 
I i .,,. . I"' • I flll)J~.:J~H 9 1o1r1n,1,rnrn :;1uM'U llu'1-:i fl17lJ 

d """' d c,., I G.I 

1'i1 '1lJl rn:; V1ffV11-:iV1 'j:;1o1 u fl1 rn ~ -:im -:i '7 nu 
Q.I Q.I d' d Q.I Q.I 

'ttl fl17lJfflJ'Vl'U 1i'IJ v-:ifl1llJl 'i 1 ,rnnm :; 1o1 umrn 

~ -:i 'li'Vl,! '1i-:in~71'iJ :; lJu 'j:; 1 £J'll''U, 'U nl 'J U'j:; l]J 'U 
I 

cv a., d cv ~ G.I 

ffn (Jfll'Vl'Vli;l.:J,:jl'U i:llJVI 'j:; \o1U fl 17lJ~ .:Jl'tt'U 'i)'j:; \olu 

tu~1 l~'0~ \?1 ; -:in-:i 'l1'Ui:llJN~~ m :::11irivh:i1'1J'Ul \o1 

~ I ( "' o ~ ~ ~ mqi 'j 7a1;1 :; rn tJ\ol'IJ v-:i m 111m 1:; 'ttffn tJfll'Vl'Vl M 

-:i1umJ M 11ir1o1-:i1u~1 1 1-:i~ 1) 
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3. nT~~'il.lu1n-nYua:u 
n-:ittu mJvi' 111 'in ~M1i mY! 1-:itu1 iJu vi' 1 

ll'inl~.,tlUYl.rl'. 2518 U,J~'lJUlJfl-:J'l1UtllJ~'il~ 

" d ., ~ I :II 
ff'il-:J'IJU 1'1J'IJW'l/€NiJf17U'IJtl~ 5 111J1J lltl~luU 

1m-:im'i~1JJn1Jm'i ivh~1N1vi:-Jiilll 1 11uu 1u 

'1 
i/d 'j) .J' .-=,, Q.I Ji .:::9 ... ~ 

1Jl-:Jll1J1J ~JJm 'i ff'il-:J'IJU'l ,J £.l!Yltlrl'n'lfluqp11m-:i 

" 1 'j/ I t I 
~1u m-:iff'i1-:imnn11 1 m-:i 111J1J\l11-:J '1 'Uti-:i 

., 
Q.I Q.I d Q.I d 

n -:Jl!U ti JJJJ~ -:JU 

2.1 11<1i,Hnn11l1tiiaa (a,rn.1) 

2.2 11<1iua11 ~1,1na iilr11<1a11<11u 

e1g 3 uuu (a,rn 2 n,11,ri) 
2.3 11<1iuam\'e1,1n101u (a,rn 3) 
2.4 11<1iuamrnun1::~n (a,rn 4) 

2.5 11<1iua11amh 8 1u (at16 5) ., 
2.6 11<1iua11'1.e1 l 1-l1u1e1-i (at16 / 

nth.1 1) 

,d 
\l'll1H'l1 2 

1 . I ~I ◄ 0 
"' ,4 

Uutll£.lu'Vl.r1. 2525 lf1Wrn71'1Jfltl1J!Yltl 

1,, .,., iiJI ii od 01" 
'l!'Yl~fftl1Jfi-:Jl!UtllJ ~fitlff'il-:Jffll'i,J 'Yll lfffl-

0 Q.I IV 'j) I d' 
JJl'i ()l11nl'i'Yl~fftl1Jfi-:Jl!U tllJ'IJUl~I ffU i:-l1rl'U£.1 

" 
nt11-:J 1.5 1JJ\ll'i MYJn11uu'1~1u'l1ti-:iu~u1\ 

nu '1'17 l '11ff~~'l n~tinwrl\1lJu1n-:i11u aJJi ,r 
CV ... I ~, I .:-- "'"" 

llfJJ1~ffJJn1Ju'i~l'Ylffluuvv1-:imn '1/flJ::'IJ 1,mn 
J~atl#Trnh:: aam 7fl 7'117 7fl7fl 'iWlfl iarna " . 

VJ.et I , 'jl Q.I Q.I • 'j) 

f;J'YI JJ ir1u ff 'i 1-:i n-:ilfu tlJJU 'i~ n vu~ 1 v 
d' Q.I .:::! Q - Ji 

tll,'17 'i mrn~u nr1mnmrn'l!11r11 m 'i JJ1r1 'iti-:ina 

iwvh 1v1il lltl~tl\llffllfnl'i 1ff~~'1,11r1vihm w . . 
1 " 1 ., ., "' I = '1" I '1" Unl'iff'iWJ!~ 1Jfi-:Jl!UJJV~lfcll£.l'l/U~ ~llfi lJ 

'1~ VtllJUJJll~U VtllJUJJ~~tu'iu m~nll~U 
" " " 

'1 
. .1 <f • 1 " .. .'I " • ., 
Y'1l1Jtl'ificllff 'Yll lf'Yl'i11J()-:Ju()Jlfl 'IJV,Jlfi~lltl~ 

'j) .-::t Q.I I -==,, d 

'IJ tl~'Utl-:J'lff~ll\lltl~'l!U~ ( 'i1£.I tl~IV £.l~'Utl-:Jfl-:J 

'11Ut1JJ'1,)ff1UlU\lll'il-:J~ 2) 

1>mHa1iJm,~!lllu1n<111ua11 • 
0 CV d 

tllRUfl 

1 n<111ua11°1n l11ilua (t1<111ua11 mrn 1) 

(1) 

2 
vv ,cl cvv 
iHll'UtlllR111Uif (Ml'i'Ui:lll if'il1i 2) 

(12) 

vv tlv vv 
3 fl •rn'Utllltlf>'iltl1Ul'U (fl'lll'Utlll if'ilti 

3) (13) 

l((Ti1T 411,, Tf;CI-I' 

11na::tBOft lftna-:JtmJ 
n<111ui:,1111uu'll1 h1ilua"Uurn 

,, ' ' lif'UNlfl'UUfltlH 940 ll.ll . if-:J 
" " 0 ,, .Cit, .cl 

18 30 ll ,ll , 'fllR1UV~lll'UUll 

' IINU 
.., .., "' 
fl-:Jll'Ui:lllRl11Uif'IJ'Urn 4 ,50 

lllA1 x 4.50 lll\;11 ;)l'U1'U 3 

iu lfl1<1a11<11miluv~i11ilu11 
,, ,, ... J ' .,..., 
l!llR1U rnlUV'lfltllif llfl-:J 

li'Ui:lll'lll hilua 2 i1 1ilui;i'1,i'u 
,! ..,: 

lllf>l'lllll~'U 
V V ti ' t! 
fl-:Jll'U tlll'IJ'U l Rltf'UNlfl'UU mn:i 

" 
3.2 mi;i, ;)l'U1U 32 1u 1u1ilu 

, .c::tt.cl cvt" .£:S 
IIN'UV~lllUUllRR lfl'I rJRUU 
~ f a ,cl V _1 ~ ~ 
I flHi:llRllllll'itlfl llifllu'l:::if'111i . .., .., 
'IJV-:JfllM-:Jl'U o.23 11a:::vi;i11 

' " ,dtl , if1Ufllllll11TI tllrJ U L 75 

ii tt.il. 

2518-2520 

2519-2520 

2521-2522 
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" " n\lnuau 
. 

(~11H'H 2 9iei) 

V V <d V V 

4 fH't'i'Ui.'lll~ll1rJff (n-:l't'i'Ui.'lll ffilti 2 

'II) 

5 i1~'11'Ui.'lllll'U'Ufl1:::~fl (i1~'11'Ui.'lll ffiilti 

4) (14) 

Q..IQJ cl QJQ.I 

6 fl~'t'i'Ui.'lllll'U'U~l11(Jff (fl~'t'i'Ui.'lll mm 

2 fl) (15) 

7 n~tt'Ui.'lllamh s 1u (n~11u1rn ffilti 
" 

5) (16) 

s n~tt'Ul.'lll111 h-hi~u:,{ (i1~'11'Ui.'lll ffilti / 

fl'WH 1) 

9 1 fl~ 0 ~fl 11 u ~ i.'l lllli.'1::: 0'1.lm of i~ fl ur~ • 
V V . 

~l'Uillfln-:l't'i'U i.'11' 

Q..I Q..I <d. 

fH't'i'Ui.'lllml1rJff'IJ'Ul~ 4.50 
0 

lll\ll1 x 4 .50 lll\ll1 91'U1'U 3 

1 '; V ~· a I I 'U lf1Hff1HIU'Ul't'ii.'lflllf.l'U 11\ll 

i.'l:::1uih1mu.u:::1i'Ju1uAH s 
: 1 A, V 

'lf'U \llfll'lfflllfl'U 

n~tt'Ui.'lllll'U'Um:::~n lfl1~a;H 

1ilu1"'1N 1rnilu1t0i1m-rn 1-u 
., 
0 

ff'U'Ul 
" V V .. 

fl~'t'i'U i.'lllml1rJff'IJ'Ul~ 
0 

4 .50 

lll\ll1 x 4.50 lll\ll1 ill'U1'U 3 

1u 1fl1~ff1Hltl'U Fiber-glass re

inforced ,Plastic f)~'l1'Ui.'lll1'U fo't'I::: 
V I d 

'll'Urnlff'Uf.llfl'U(Jfli.'IH 5 lll\ll1 
" 

2522 

2522 

'ilrn1u s 1u 2s2a 

1-ulum1~mi1 " 

f1Ufl1wht't'IH,¥u1v\'1~ao\ll 1u • 
v,,:::i, A v v t dv 

ll\ll lllfli.'lll-V.~il~ l~rJlli.'lflllW::: 

!tl'UliN'U'1'Ui.'lll'IJ'Ul~lilfl (Side 

Vane) 2524-2525 

V V '-' 'i 'i d "' 
fl~'t'i'Ui.'lllll'U'U Iii 11- !11\llfl1 'lf'U~ 

"'1 14 I "' 'fl 'U !ll-V.i.'lfl 'IJ'Ul~ 11 x 11 lll\ll1 

1 O I/ "'V V J -• O 

'U'fll~lrJflilll'Ull 1~'1J'U11J'i)l 
" " 

'U1'U 41'U 
A o .c::!t, ,., , J 

I fl1 M flll 'U ~i.'lll'IJ'U l~lff'Uf.11 ff'UrJ 
" 

flilH 2 .1 lll\ll1 ffl"111lfll1U~ 

tn.11v\'t~ll~fl11"1;1i.'lll 0 
..:S 1 .c::!t. d 

ll~ 12 lll\ll1\llfl1'Ul'fl ff1"111l 

'fl~fffl'U li,1~i.'1i)~'l1'Ui.'lll 'll'Ul~ 

li:J'UNll'l'Utifll.'IH1ihnu 1.5 
" '"Ill, "0tln,llfr~m1i,1hn~ . ' 

V o V d\lJ j/ V 

't'i'Ui,'llllli.'l:::fllM~l'U'fl l~illfln-:1 

'11'U i.'lll 

2522-2525 

2522-2525 

1((111 T 4 Tf;CI-I' 



.., .., 
n\lnuau 

4. n11-wi11u1ir1ie1~n1t iivi 1 thl1ihcwi''U 
ll~'WUglfl 

./i o o ,_J_,j o o, o, o, o, i y I 
lfl'Hl-:Jnll'U~ TIYilffl'\1 'HJn-:J'\1U1:11Hl~ ~11 ., 

d C,,", CV tf ~ CV ,el .ct 
ri-:i11mt1n 1'11v1v1 uvn,i1nut1-:ilJm"Sffmrnrn::: 
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l~Ul'Ylfl 11,J 1'1V~II\Plf1~Hf11Jlfl~U -:Jf1llii~ ivlvl, 
.!, tJ'Ji d cvcv 

1~til11 itJ l'l-:JUlUU ·Hllf1fl1llJl 'S1'SV U'IJ U-:Jf1-:J'\1U 
-ri\ilJUlVUmru1R UYi rl'-:i-:i1u i vlvl, 1rn::: viJm tlJ 

'1 lJ~lJ1'1JUl fl~ U-:J fill ii~ i yjvf 7 ~l 11 '1::: lJ nl 'S 
.d ct.J' Ji 0 

1uMUllU'1-:Jfl1llJl "S1'UUM\PIM~11m 1mv-:im 

l ii~ ivJvf 1i11rrn1~U 1'Ji'nUf1-:Jl1U '1lJli lJ'ri\PlJUltU 
., -ii ~ I 'i ., _ I -!i • a 

v11mrnlJVul"l.ff. 2518 l~tl~~llU'1-:J,Jlf1lflW-:Jf1ll'l,J~ 

' .d 
\lll'JHfl 3 

. . 
1 iJ~ au i vlvf 1 n "S::: 11 ffv1 "S-:J1~u ivlvl1n "S::: uffffrl'u 

d c,, cv V ,,ij, o .:::i. -~ V o .J 
( fll 'j fffl '!fl 1,J ti~ l'l,Jl fl 'j cl -:!fl 11 U ~ i vJm i~l1ll1 

m fl 1'1111ff1 n "S rn ivlvl11rn:a l1 fl 1 uh VYi rl'-:i 

-:Jl'l,J ~-:J ff1Ui~'iUvll'SH~ 3) 

\lll'n:nnt.lm1..r\!lnmt1t~n11il~ ,~vt, • 

0 .., .d 
t'll~'lJfl 

1 

3 

A ,Vu v v 
lfHl '110Ufl.:i'l1'1HUJ 

mn 1) (11) 

.., ' 500 1A\ll 

A O ,. lJL.I _!If V V 

(ltl 'lfHI 011 U~ !TI TI l'IJ 8 ~ fl.:i'l1'Ut'ltl-

tf'il1 2) (17) 

1t11a~fll!U~1~'Wln1:::&HY\ll"J~'IJ'Ul~ 

1 nla1\ll\ll, 15 hati' 
A O ,. lJLJ _!If V V 

(ltl18~0ll'U~ !TITil'IJ8~0~'11'Ut'ltl-

tH11 3) (18) 

iJ ff.ff. 

~~ut.la ,ut110~n11u~ i~vl,~1-u 2518-2520 

nu·rnvulll m1-utfrnl'rn'll1111 
,d,d d 

ll'lJ\ll\lll1fltl1ltll'l1'l8'lJ 400 'lfl'lJ 
... 

turn 

ltl~fl~flll'U~ ,~vf 101:::Utf\llH 2520-2521 

.., ' 'IJ'Ul~ 5001A\ll Rated Voltage 15V, 

Rated Current 33A tl1ltll;1'l8'lJ 500 

' d rpm tfltll'lt'lillVO'l :::Utf 12 A fl 

Rated Voltage Ut'l:::iit.J1:::a'flfifllTI 

.d ' 55% fl Rated Current tll Terminal 

Voltage !UU 5V t.11:::nflfifll'Yf 42% 

Ut'l:::t.J1:::a'flfifl.l'Yftf~tf~ 58% ~ " . 
12Vllt'I ::: 17A 

1t110~n11u~ ,~vllfl'l:::Utl'AH 2521-2522 

~er u ,! 
'IJ'Ul~ 1 n 1t'11\llfl . Rated Voltage 

15 V, tl1ltll;1'l8U 500 rpm. 
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4 1t1itHflllUY1 ,~w 101::ua,i, .:J'll'UlYI 

.. l ., ' l ' 1 fl lllflfl, 240 lll'fl 

(lfl 1o.:i 011 UY! i~;t,,, tl~ n.:i't1uaii-

ffi1 4) (19) 

5 
A • .. ,~W ., .. 

1f110.:im1uY1 101::uaaauiruYI 

iulf11u'a 'll'lllYI 2.5 lfl11tl, 11rl.:i1tia, 

220 hati, 50 Hz 

A • .. ,~W ., ., 
(lfl1tl.:iflll'UYI l'lltl.:in.:i11uaii-

ffi1 5) (ll.O) (21) 

., ~ 

lflOD'11fl1-Ul-:I 

.. _,_ .. 
m11wnl:il'rlmJ'111'1.1fl1 11t1-:i1um::mmm1nmn 

1'111 Advanced Fluid Mechanics flW::'t'la-:i -:nu 

V V ,.,... I' .. 

ua::-nt~ a01uumt1 ,u 1at1't'l1::;ifllJma11u1p 

2522 

II .o:t ,d ct. ,/ er 
2. m1u a91::1u mnm11::'tffl'lllJ1nall w m-:im't'I • 

lJ'l11'1.1fl1 11t1-:i1utl1::ntitJ011ftOll11'111 Ad-

Vanced Fluid Mechanics t1W::'t'la-:i-:i1u11ad'a~ 
V ,. ,. .. I' .. 

D'tlltJ'I.IIYlfl !'I.I !i.'ltl't'l_1::iltllJlni.'11 1i'l.ltp 2524 

I I _( -. , ., ~I 
3. ~ il1-:lll1::Q1 011'llfl11::'mltl'Ji.'li.'llJ lJ 'Yi.ft. 2523 

11t1-:i1utl1::nfltJ011ftOlf 11'111 Ad vanced 

Fluid Mechanics t1w::'t'la-:t-:i1U11a::1 a~ D'tlltJ'I.I 
,. ,. .. ., .. 

lllfl 1'1.11atJ't'l1::i1fllJlni.'ll 1iUtp 2524 

4. D'lJtlff TIY!ITitllJ 01111fl11::,.;''t'la-:i-:i1uamrn-:i 

\1-:l'tf1Yl0't'l~1 . 11t1-:i1utl1::ntitJ011ftOll11 '111 

Aclvanced Fluid Mechanics t1W::'t'la-:i-:i1u11a::1 a~ 
V ,. ,. _J S, .. 

D'tlltJ'l.llllfl 1'1.1 !i.'ltl't'l1::;itilJlni.'11 1i'l.l~1 2524 

5. 'lll'lJ ID'14tlifu,i' 01111fl11 ::,.;''t'la-:t>:il'l.li.'lll'll fl -:I 

. \1-:l'tf1Yl~tJa11'111i114 11tl-:11'UU1::nfltJ011ftOll1 

1'111 Advanced Fluid Mechanics fltl.l::'t'la-:t-:il'I.I 

V V 'I" 'I".. I' .. 
ua::"Ja~ a01uumt1 ,u 1at1't'l1::;itillma1 1u~, 

2524 

A • .. ,~W ltl1fl.:Jflll'UYI 101::Uff\!IH 2521-2522 

'll'UlYI 1 kw RatedVoltage 240 V, 

" fllliJl111tl'U 500 rpm . 

~ ... ,~w ., .. 
lfl1t).:JflllUYI 101::uaaauirUYI 2522-2523 

iulfl1Uff 'llUlYI 2.5 kVA, i phase, 

220 V, 50 Hz, fllliJl'i11tlU 500 

rpm , th::ff'flfiill't'i 75% 
.. 
'YI rated 

output power 

t ' _1 4 i c:, 4 
6. 10lli.'I ill-:iu1::Q1 Ol1'llfl11::'tffl'lllll1'li.'llll'tf'l.ltl 

<v' .ed. ' .ct 
1:: flmn-:i 1 lli.'l'tll'l.llllniltllnlfftJH'l.ll 11tl-:11'1.1 

tl1::nti1J011ft0ll11'111 Advanced Fluid Mecha-

nics fltl.1::'t'la-:i-:irn11a ::1i.'l'f1 i.'l'tll'IJ'l.llflfl lu faii • 
. ., .. 

't'11::;itilllni.'ll 1i'l.l~1 2524 

7. OA't'l-:l'M iujjm Ui.'1 ::t1w::m1tl1::1jjunnt1m't'I 

'llfl-:ti.'llllll.'l::'IJUWIM'11'1.1i.'lll 'll'I.IWI I kwc m1tl1::'11l1 • 
.c. ~ d .di 

l1H'l'll1011 fl1-:il1 3 11fl-:i Non-Conventional 

Enengy and Applications nrull't'l"I 3-5 't'lt)fti

Oltl'I.I 2524 

ct.ct. Cl! d V ct, 

8. 't'l'l.lil ft1't'ltj0ll't'l-:lll , 'IJ'l.llll-:1 i'l11tl.llll1::~a, ~'lJ 

'lltl 1~ul.'l'1i.'I"~ ua :: n1,u iTA::1il m1tl1::1jju 

ff0tlill't'l't'la-:t-:il'l.ll.'lll1UtJ1::mnillt1 m1tJ1::1l1 

ct. .1J d A 
l1H'l'll1011fl1-:ll1 8 11tl-:I Non-Conventional 

Energy and Applications n1-:im'rl<1 8· 5 't'lt)ffi-

01tl'I.I 2524 

9. a>J1ii 'l9Mu::tJ1:a11Wna n1111fl11::ti'ua ::tn • • 
,;v ,v,/ c:I 'IJ V 

fl'lllli.'l"ll't'l'l.l 1i'lltl-:lfl'lllllni.'lll nu1::f11Jfl'l llli.'I" -:i 
' u 

I _J .. 
lllH 1 lli.'l"tll,'l.llllnilfllnlfftJl-:1'1.11 (l'li.'11 7.00'1.1.) 

11t1-:in1tl1 :: nfl1J011ftOlf 11'111 A dvanc ed 

Fluid Mechanics fltl.1::'t'la-:i-:inuaa::1i.'l"fli.'l"tll'IJ'I.I • ,. ,. .. ., .. 
lllfl 1'1.1 !i.'1£J't'l1::;itilllni.'11 1i'l.l~1 2525 

K..ffl1T 4 TbCI-I' 
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10. 
.. , .cri, ,I d _.J; ,n.nrn 1'iJ!'t'tl ,n fl11'llfl11::'t1fl'lliJl11i:UJYI 

V -• .. 1::Y1umm~.:i 10 DJfl1 111:i.:i1uu1::nt>tJfl11flfl'l,fl 

1'111 Advanced Fluid Mechanics tuu::V1a.:i.:i1u 

V V 11"' OJ .. m1::1i:T~ i:TflltJUIYlfl U i:'ltl't't1::\lfliJlfli:'11 1i'U1'1 

2525 

11. i:T11fl'II IV1'11::t11i:T'll l'll ui:,:: loiJi:'1 1.:iriV111ilrum't't 
• • u 

Vii:lH1Uhlvl1\llflfl.:!'11Ui:'liJ 1TitJ1UV1Ufi1::~tJ 

tl'iiJ!iJ!l\111 i:Tl'll11fl'lfl11iJ,.rlvl, i:Tmuumt1 lu 

l .. " ., -::'I .. 
i:'ltJV11::\lfliJlfli:'11 1i'U1'1 ufll"Jflfl'l,fl 2519 

' v.o::C: "-e u ""-· o.A 12. '1JiJ! i:TWJ TIU.:iflflfl i:Tfli:'IVit)~ u1tJ'l\JU n,t1141111 

1m:: 'UWWl f11tJTI1ifffl~ fl.:!'11Ui:'liJlltJtJml1tJi:T 
u u • 

A ct, d v _F- .ct .c:1to 

'lTI tJ1U't'tU1i1 ::fltJu1iJ!iJ!11111 i:Tl'lll'lfl'l fl11iJ 

A V l l .. " .. lfl1fl.:!fli:'I i:TflltJUIYlfl U i:'ltJV11::\lt>iJlfli:'ll 1iU1'1 

iJ011t1fl'l,ll 2519 

13. ·hn.:i 1i11iJl\l1Wu {1111 1\lMUlU"lAi:Tfli:'I 1m:: • • 
.c:1to ' .ct vv tlv 

\l1UTI1 fl1i:T.:!f111iJ M't1Ui:'liJlltJtJ'l.:!i:'lfl'ilfl1 

tJlU 1TitJ1UV1U1i1::~tJtniJ!iJ!11111 i:Tl'll11fl'lfl11il 

A V l t .. " .. lf11fl.:!fli:'I i:TflltJUIYlfl U 1i:'ltJV11::,it>iJlfli:'11 1iU1'1 

iJ011ftfl'l,fl 2522 
V A A .r:I oQi _. V 

14. uum.:i i:pnw1111::1Ja, 11'11t11 ,11::u,::nt>tJ'lltJ, 

~TI1iflli:'I uunfa ua:: 0\11~ hfo.:io'ilfl11 011 

TIY1i:TfltJillfli:!UliJ'llfl.:!fl.:!'11Ui:'liJlltJtJfl1::Y1fl tJTI 

m1iJ1i:TUt>011tl1::1"1'11101111t>.:i mt1 lu li:,~ 
0 V V <Q V f 

i:Tl't11tJfl11Vi\lMUl'IIUtJTI W iJ't111TitJli:'ltJ'llfl'UllflU 

23-24 iJfl11fliJ 2524 

V V j .<Q J Clo 

15. ir11Y1'11 ,iun11~1n'l,I, \11w:: \ll'll'lnlliJ!• v111n 

1ifo1n11rf 1m:: ,i,at>.:i f11urm.:iri-n'ui 1umu 

fl11l~UTI1.:i,tJTIY1i:TfltJfl.:!'11Ui:'liJ fllfl1'1111fl'l 

l V '"l.. " .. fl11iJ tllil i:TflltJUIYlfl 1U i:'ltJVi"J::\lt>iJlfli:'11 1i'U1'1 

2523 

16. i111101 numtmm il'l l't1~111lMU1 il~ t>Wi:flflH 

tl1::1u fl1i:TUTI1,TI fl.:!'11Ui:'liJi:TtJJ111tJtJ 8 1u . ,. 
11v.:irn1::~utl1::mfliivu11111'111;iV1,fui:T.:i i:Tl'lll 

u 

1fl'lfl11iJlfl1t>.:ina i:TfllUUIYlfl lu fauV11::\Jf))J 

" .. lfli:'11 1iU1'1 

17. 

18. 

iJlU't't iv h'1liiiJ-n'ui' 1::1 11n1iJ Tu, 11f>tli 

O ~ -• V ' ,/ 

Y111.:i11tJfli:'I, u1::mw vot1,i::1u 1m:: fl'J'l,IW't't.:!'1,1 

01A01 011flflm1uuua::i:T;H1t11fl.:in11uY1iY!vl1 

u ,/ o U V V 

01::UifflH 'll'Ulfl 500 'lflfl i:Tl't11tJfl.:i't1UaiJ 

111i:T111,i'v11a::-n'f>tu1 'i:T\lli il~ 2 uuu~ 1 

liJ'l,lltJU 2521 

-• .. -• ... ... ',A ' u1::mu lfltliJffi4TI1, u1::1i:T19 Fli:1fllil1W, l<Q1tl 
14 u 1 v-.-
Hl1tJ.:i1::tJtJflQ ua::fJ'ltJ'WtJ fl11'1Ul fl11flflfl • • 
,,um,a ::i:T;1.:i1t1ifl.:in,1uY1 ivlvl,01::11i:TV11.:ii:i,mu 

F1a\11Vii:lHlU,Jlfli:'liJ 11tl.:!1U lt11.:i.:irn1::~u 

tl'iiJ!iJ!11fl'lfl11iJflll:TfliUW'nfl i:Tl'll11fl'lfl11)J 

ivlvl, i:Tu1u'.umt1 lu li:,u't't1::\lfliJ10a1 11u1'1 

2522 

d ,I -=iu "'II CV ,/ II <IC ,/ 

19. 1i1Vi.:!'1,1 11'11fli:'I, 'lTI'lfMU llfl'l\JU, i:TiJ'llltJ 'l.:!fl 

20. 

1\lMUfllUA fl11f)flfllltJtJ Ui:'1::tlfotl1.:i1t11t>.:i • 
flllUY1,Ylvl101::11i:Tf1H'llUlfl I kW, 240 V 11tJ 

.:i 1 u l t11.:i.:i1u1::~utl1iJ! iJ!11 t11011iJfl 1i:T,i i 

UW'nfl i:Tl'll11fl'lfl11iJ,Y!vl, i:TfllU'UITifl Tu 
l .. " .. i:HJY:"J::,it>iJlfli:'11 1ill1'1 2524 

A • ,l,v "' V 1 ... II ... 
un, flllTI"Jflflfl, TI1.:!'lltJ 'l' ~i:Tfl, llf)tJ Fl'lTifl.:i 

1t11t>.:ifl11Ufl ivlvl101::11i:Ti:Ti:ltJ 1 1Yli:T 11tJ.:!lll 

lt11.:i.:i1111::~tJmiJ!iJ!11fl'lfl11iJflll:Tfliuwcnfl 

i:Tl'll11fl'lfl11iJ,vlw, i:TfllUlllYltl fo la~'n1::\Jf))J 

" .. lfli:'11 1ill1'1 2522 

4 .I/ .. I.. , i ,, -1 
21. 11:: Tifl.:illfl.:!, li:T1 ll'lllfltJ'l, Vi"i:'ltJ ~ 'Wtlu1:: 

... A .... lLIIII V • .I 
1a-19 1t110.:in,11.1Y1 mv-n n1::11nnau 1 1-nn 

.. l V -~ ... -
(flfl\,!'t1 2) 1_w.:i1u t11.:i -:nu1::Y1uu1tyqp1t11 

011iJflll:Tfliua i:Tl'U11f11011,,,,Ylvl, i:Tuwu 

l l 
.. ., .. 

IYltl ll atJV11::\lfliJlflal 1i'U1'1 2528 

22. 0111A't't.:ili iuijV11 m1,i1i:,fJ.:it1Wi:TiJ1mm.:iiY1vl1 • 
'llt>.:i1::tJtJF1afl,WWlflfl.:!'11UaiJ '111.!lfl 1 ola1V1A 

A ct, d v -~ .cri, d 
'lTitJ1U't'tll1i1::fltJll1qJiJ!11fl'lfl11iJffli:Tfl1iJ't11 

UW'n\11 i:Tl'llllYltl lulauV1a.:i.:i1u i:TfllUUIYltl lu 

l 
.. ., .. 

i:'ltJV11::\lfJiJlfli:'11 1i'U1'1 2525 



106 

t'h'l'l1nL-t1~8Jfluhhrn.mt1flut.i' 

'YlTIH 1111::mmf! Lfl~aJflunflJ,1::tiJ , ~ ' 
w,:: Tt.nruUln lJ1[J('l!U 'YlTI~U it ii Jlil~ru , ~ 

~YhLiLfl~8JUUU~UflJ1'Uo1.i'i!fl8~ 
L 1matl1JUfl8~/\uM\a "atfifl,ITBUna" 
uau fl~ J L 1n:: L,u n11 Lai a ait n t\ 
(avionics) D'UoLUUt'hr-lHlJ1::'l'\11J 

mmu (aviation) ffuatRR,iWUna (elec-

· tronic: ) 

iuiiwus:>i 
FAA certified pi lot 

tiu~,17 JLfl~B Jflu~tiJjjt1iJ mm 
· DL~nmaitmfiiwtii atl1JL'l!UL~BJW 

il8J~\4fl._)fl1::Qflt1,i Li'.lufiu • LL91 
.. A I t,, ... fl! • Lfl18 JUUL 'I'\ fl1U,i::lJU?!J'1'11ti'Uo Tl LlJ8 

LTI~UUL-ir,tut~'l'l~LlJ'j.J r-Ju 'l'\lJ8TI 

LLIJLL91LUL 1m 

n fl1 Jtu Yi'a Jvl 1LL ~lJ LH '1'11n L ii~ lJB J 

~~ufontw11m::flULLi1tiJ111ari~t~ . . " 
~8 LTI~'I'\ flJ'Y11JTI ,i::yilL i'l'l1H'Uo 1lJtl'Uo 
flJtiJt.i' ,i:; ,i8~tl1lJ'l'\1'Y11J,i1TI LfliTI 

ti.Jt~ Lvm::'1'11~,ia~tiJViu .iJit'u~J 

~1Li'.lumhJ~J~,1::9iaJjjLfl~aJiia,hu 

LUTI11U'Uo 



Lfl~chlllDYi ttn~Lfl~D .Jflu ,h LUU 

~~fl~1l::i£J.J9iflfY.J'l!iHL7TI 6 iu t1tl 

' ' 
1. Lfl1il~11ilfl11J.I Ll'l Lfllil~ uu 

(Airspeed Indicator) 1.i1.im11JL11 

Lfl~tl.JUU 1.i!JTI171flffl1lJL11 ~lJ~ 

,. "'~~1'"'JJ1.JLfl~tl.JUU~ .JL.r1l1TITI171fl 

ffl1lJ'1Utl1TI1fl'iltl.J~lJ~LYi~L'li7Yltl1fl 

L fit1 tJTitJtl1TI1ff~.JYltl1fldL ~'" M"ll'.i 

LULfl~tl.JUU'ltJ t1£lU~1tJLL'\l~lJ~Wlfl 

u~,!J~,Lfl~o"n'" Dci,.,,lmfl~D" fl'" 

F-5 Ltlu4iu .i.Jiium11JL1,'llD.JLfl~D.J 
A d.di -., I 4 f!t I 

tJUU1l.Jtl11l1l:: '!f71711 "17£lL71n11ffl1lJ 

L1'l'lltl.JLfl~tl.JUU1l1.J 1 ~Lfit1unm::!J:: 

m.Juw~u. fon ff7L Yi~Ld£J.J1l7TI~lJ1Xu 

Ltl.J LL,IL~lJLfl~tl.Jlltld1l::Li tuiilii 

(bellow) Ltlu4f11.im11J.iu LL~1~7U. 

Lfit17LUYil.jUL'lllJ~Y,,t7,Jm'.i ,J,i~uu. 

L11 l,iW,ifl fflllJ.i'WJ!iifl 1'11~flff Lwi1l '1..i 

~.J1l:: L.,_;;LL1 .J4fULYH41DDTilJl ~1UL'l1l'J!fl 

AID LL~11ntJ~lL~tlLLfffl~mi'.Ju.qi1L~ 

fi~n9i'D.J 

2. UB'tli1t1tl lt111 (Attitude gyro .. 
Yi1£l Artificial horizon) LUUL~D.Jl!D 

tJDTI tv;unuu 'mltJ11Lfl~tl.JUU lwum:: 

iiuDciluim;m::l.i LtmfitJunrnttu 
u 

'llvuvl1 Liluri1~.JLfi~u ri1~.J~m::.i'u 

ri7~.JL~!J'l "11Dri7i.J~~.JTI1 Li'.Juiu 

itu11Li'.Jmfl~D.Jllmh~ru~fffl lum1 
~ , 

'Jl,!JUU .i'.J,XULfl~D.Jtt11::9i.ifY.JL1m .J 

n ~l.JL ~D.JYiti1\l'nflu. 

3. Lfl1il~'llil1g/OllJfl11J.liH (Alti

meter) LitJDTifflllJff .J"IJD~Lfl~D.JUU. 
' ~ u 

Lllmfit1unm::.i'uil1'1'1::L~ 1fltitl1fltl 

TI111fl fflllJ'1U'll£l .Jtl1TI1fl tJ1 L 1 tu..im 

irnfl~D.Jflu. LLflL~lJLfl~D.Jl!Ddii1.i 

LU~ fo L'liU.L~tl111U ,J,i~uu.iiL~Luiuu 

Li'.Ju.~h~nmDiin~ 1fluL'n'W11.im11J 

~kJ!Ufl 1'11~flff Lwi1lLL'l'lU. LL~::L 'l'lfl fa foi 
.i'1uL1.i'11iiL.i''ll 11J1 H'lum1iflfflllJff ,i 

' u 

'lltl.JLffitl.JUU.L'llu.nu.t1tl Radio/ Radar 

altimeter Lfl~tl.Jlltl'Jliifld 1fl L.i'LLl!U.~7 

n11'J!iiflLL1TilJln LL~::1flffl1lJtj; .JL fiuu 

/~-·-·- -------- '"'"" 
- -., . - efrl±l ~. 1 1.9~ .• , ... ~·31 ..... - . 
~ . . J 

~---~ 
• . •:.:-. . , .,;,. ' - · ';; i 'J .... - .. J 

111YiLLff fl .Jqum ruLU.Lfl~tl .JUU.L in 

·9 0 I' 
-8 fLT 2)-: :• - ~., 

~7 .. . " . . ,:= 
-. n 5 J.. ,· -· ,;: ~ ' .. 

'·,: 1 1 \' ' 

~ 

1uLLfffl .JLfl~tl .J ifl1::.iumrnff" 
u " 

r..rn 1 T 4 Tf;c1-1' 
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nu~u'lil.Jt'll "~ .JL1!~7 LUUti'D .JLUU 
1::.ru~ 7'1'1:: L ~ LLif LLfl tan T,wun nli 
Radar altimeter lum11.i1::.irn ~tl 

fm;im11Jti .J'lJD.,,;luu 111 tv;atj1::v,11.J 

1-2 LlJm LYiilm::.itJ~7'1'1::L~ L~tl 

Lm::~~7 i,lLV1"11LU1 L7inf11m.id 
unwi,i::Hm11Jilu1::lJltu. 4.3 GHz 

ff1'"fl'lllJ'i .Jff11JTH11fl Li~.J 50,000 vj fl 

' ., 
4. Lfl1il~'llilJ.IJ.lfl11LilU1 (Turn 

qi , I I 

and slip indicator) 'lltu.::fiLfl1£l.JUU 

L~t11iln.irn~mJlufif!'l'lHLfl~D.Jflu 
II, I 1J I I I,, 

L~t11,i::ii1 nNin.r1u.Yiil.J LfilD.JllD<l 

1l::tJDTI11L~tl.JUUL8!J .JlJlTiti tl!J L Yi!J,l Lfl 
LL~::li'1L,mL~t11Liiflnntui.fl~ 

.. 
fl£) 

Lfl~ D ,i\ju Ll!!J D lJL ~!J1 '1.u lJl n fll lJ m11J 

iD .JTI11'llD .J'll' n flu. eiuL d D .JlJH7 n LL~'" 

Yil.J~.Jtl!JLUii7LLYiU.JL1!YitlL YilJl:: L~tl,1 
u 

i'.iDttii,i::uDnL.rL'llm~tJ,nu 

• _., 4C1C ..,_ ID\ IC 

m.,,. ... ~ ,"', , 

.:_~_: 
,, ___ ,, 

I 4!l I 

..... i' ', I.,.-.--~ l .. --.~ ... .. 
1tJLLfffl.JLLfl'l'lfi1lflL,) h 
" u 

e; r' -. ,.;.-i",,-.;-:;:_ 
I ·/, ,,~ J ,, 
' .... ~'"J O".,~ 

.;~ m~ 

~3: ~--1/ 
~,? ~ ,~--,,,._ I,? :, 

'I , / , I,~ I ' 

' l• I• 

1ULLfffl.JL1l hfiff'Y11.J 
u 
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5 l,i lniflm~ (Directional gyro) 

1'!!'uvnii,m,Jn;fl1£)JLJUfht.tJLJU h/v:: 

l,hrnn~f!'Yl7 ~~Lfl~u ~fl" rh ti' ~flu hJ 
.i::uumtll4u~f!1 1iltJL~~f!L~ilmtll4 o 
~f!fl::1"4tltlnLUl4 90 ~f! Lf!LU'-4 180 

mi::~f!.i::11,4.imtli.4 210 ~-m.J~~n1~~ u 

LLffil~ l~m1u11 Lfl~u ~fl" n1 ti'~fl" 'lt.l 

u~~f! 300 fiu~f! W.N.W. 

' ' A Q,,,, ~ A 

6. Lfl'Hl-31'1ff:J1:IJL 11LL'U.1'1-l 

(Vertical speed indicator) lirninom1 

n11'l911:iu~1on11~.i1:iu ,i:1.i 

Li'lw,~,19101,nri nwrhnu,d,ih h , 
LLnm~rn 

l4um~itu.i1n91.lm ru~ti'n 6 ~"~ 
n~m·h~fi'-4 iiiiiiL'10~~L~!J1111JTIWY11 

~7WiJ,J~L~O~!Jl44i L"l!'-4 L~tl~1il~1'U1l4 

1tl1J'lJtl~Lfl~tl~£Jl44i Lfl~tl~1'1fl173J~l4 

J1iji.4Lfl~O~ Lfl~tl~1ilunm1liiLfl~tl~ 
' u 

Lfl~u ~1i15m1m1 h ~'lJu ~J 1 iji.4L iu -

L'Vi~~ Lfl~u~'i'i11.l1mru.J1iji.4Lim Yi~~ 
' . 

LU'-4fll4 91.lmrurin~71lJ7Usl::LUl4 

"l!il.i1Lfl~u~nflLmL'Yl1JJ~i" iifa~n -

• Lum:: Radio/ Radar altimeter LY17UU 

Lrlmfl~u~fl'U. L'1~il~~91.lm ru.i~ 

n~11ih~ffi.4~~lJilLL~1 1.l11n!J17L~u~

fli.4u~fl" 'l~'l.i'utj~ L<lurnTITI71Ul4tl4 . 
A A 11; t A 

fl~sl7Tiffl4 73J1JU ~1'1LLlJLL'1TI71 Lflfltl'-4 

~ Lfl~u~fl" 1-u. u'l L 1 ru.Hml-lfl'-4 .i::ffu~ 

'lMuu~tyH1,nmii'1wlt1~ff'U.73Jfll4 

ri,m mru~ii~ulJ~fl1Jn71Ul4iiflB~ 

'l)e)e)i.4ru1.i~Bu~ffu'1 riB" .i::rh.i1lJ '. 
tl1L1lB h'l~'l.i' m1~~wiBiiff ~@iB~m'Ylq 

(VHF Communication) Ll4n77~'191B 
' ' . Al , A A d 11; 

'IJBB'-4 tlJ7'1 LL fl:: LlJ,JLfl1e)~1J'U.'lll4LLfl1 '. 
iifi'B~ii1::urn.tl'Yl1~~~ 'l.i'LLri VOR/ 

ILS , Glideslope, ADF, DME, 

Transponder, Marker LLfl:: TI7LU'-4 

Lfl~B~flul~q)~uB£Jii.i::iiL~lJ ~B 

Autopilot, HF communication, 

weather radar, Initial guidance 

~7e) Ll4Lfl1B ~fli.41uii ,i:: ih:: 1J1JTI71 

U~i11.lm1tr Lf13Jil'U.~nLUl4fll4 
' 

VHF Communication Hi1~fo 

~.iqi.i9101:~11~Lfl10~Ul4171Jff"13JUU 

i,t.Jfl'-4 fl113J5~H~B 

118-136MHz LLU~BBTILU'-4720"l!tl~ 

LLflfl::"l!B~i,~n'-4 25 kHz m1Hm1lJ~ 

. ;.~:, , ~ I I I I I I 
11,1 T" u, t C ■ t •..; u.t• 1t.1,1 &If .,_. 1,111 

""' ·-= .. 
..... , 0 ~ 0 .,.-;,/ 

I ~ I "" .,. 
I ,I 5.3 .. •• ~ 

IUD "'' IUI O 112.00 0 
.,, L-!!L.J 

·-"" .., 
···- - =· ••"' - I 2 0 0 ,., ... 

118.0-121.4 MHz ~tllJ~fl1Jn71ff"7lJ 

flu l'li@i.iflmfl~B~flu 

121.5 MHz l'li@i.ifimum::LjjBi:h~~ 

;i:nLum"l!ULfl~B~flu.in 

121.6-121 .9 MHz Hu1L1tu.ffl473Jfl'U. 

121.95 MHz H'1hwfum1'Yl'1ffB1J 

TI71'YlilflB~flu 

122.0 MHz Hiiml'nnuHmil.u1m1 

m1 fluL "l!UL ii a 111u 11 ii.:nmf! 
u 

123.1 MHz Hm1.i~1LLt'l::'lhtJL~~tl 

mtitLTiili\~L~'! Lil'-4 Lfl7u~fll4.in 

123.6-128.8 MHz ~,iu~t'fum1Hl473J 

fl" 1-n~ilfiunrnfl~u~fl" 

132.05-135.95 MHz ~uu~ffum1 

Hml-lfl'-4 L"n~ilfiunrn~B ~fli.4 

l~'U'UU1111~ (Navigation) 

B1.lmrull4n~~~1ht'fru fiB voR: ' ' . 
LOC, MB, ILS, GS, ADF, DME, 

Transponder LLfl:: Weather Radar 

VOR (Very hight frequency Omni

Range) Ltlm::uui'YlqH1.i.4m1m 

411LL~U-1!Jel~L~tl~WL'U.'lJm::W fl173J~ 

'lltl~ VOR Balw1h~ 108-117.9 MHz u 

m1lJ~~ ~~il.i'Ylf!il.a lJLrim tluL t'l'llfl ~v 
' u 

108.2-111.8 MHz .i::LfJu VOR i1u 
' ' fii'l~'117!J~1!JLt'l'lJ~ fiB 108, 1-111,9 MHx 

.i::Ltlu ILS Localizer. 

MB (Marker Beacons) LU'U.Lfl~B~11J 

i'YlaH'm1lJ~ 75 MHz s1::l-X«ruru1ru. ' .. 
'l WLL fl:: LH!l ~trlu Lfl~B ~fli.4ri1 i ~fl" fl~ 

Hurnflu L'liu ~~.iii~,11n1.lmatru1lJ 

uu~1u,1::~~ 3soo vj~ -;i::i'.hftyqprn 

LH!l~ 1300 Hz Lrn::LLff~iimilB~i.J11n!] 

tu d'.luffu 

ILS Localizer (Instrument Landing 

system Localizer) .i:: 1-XH'tyty7tu.Lff!J~ 

90 Hz fllJ 150 Hz 1JBnunflu t.iaun 

fli.4~,i ~flu 1 v.'Liia ~J ~ff u Jiim1 lJ.i ~ 
LYllflU ~~.i::LLff'1~17 Lfl~e)~UU!ll~~ 

fl~~1!J~ f! 'Yl7 ~LL fl:: ljlJelUL ~ m:: ff lJ 

GS (Glide Slope) LUULfl~u~fui'Ylq 

H'm1lJi 329.3 ~~ 335_0 MHz LLU~ 

Luu 20 "l!uJ m1lJ~dffB1l'limuTinu u 

Localizer 



ADF (Automatic Direction Finders) 
H'«1 WllJ'r'I 1~f'I' 'Yll .J,Jt) -lff \411JU\4 ~ 
unul4fia..im,-\l 1Lfif a..iul4t-1.J L Ylv..il..i 

m111t\ ADF ,Jt).Jff\411JU\4J\4 L-l'i1Jn,1:: 
iuannl4n11 wl4111wJl4atjrn..i~fl Lfl 
LrlmntJ1JTI1J~'l,Jtl.JLfift1.Jll\4 m11Jtl~ 

H'atj1.w1h..i 90-1800 kHz 

DME (Distance Measwing Equip

ment) LU\4L7.i'11 'ti1.J1\41.w,h..im111il 

960 MHz ~-l 1215 MHz 'n1-l1l41fltJ 

m7ff .J~t'lthill4n ~>.J n ~1Jt'l::wa ..i~t-1ff 

Lrlaw m<t1m1~l4ill41.if rnf tJJ ty1 m d n 

I Clock 
l Airspeed indicator 
l A,-tifici:al horizon 
◄ Altimeter 
S ADF 
6 VOR/ILS 
7 Turn co~ordiniltor 
8 D irectional 1rro 
9 Vertical speed 

10 RPM 
11 Suction &iluce 
12 Audio panel 
1 l Autopilot 
I ◄ VHF nav /com 
IS ADF 
16 Transponder 
17 Enc1ne ind icators 

,1:: ff -lff tjjtjj1 t\4fltl 1J'1\4 n Lrlm1~a .J 

ll\4 M'i'rnf tytjj1 mflaun~1\41 nu 1 t-11 

LI t-1:: Ltl ivl4L U\47:: v ::m ..i ,nn L fl~tl .J ll\4 

1ilff..iwl411Jt1\4 Lfif ll..iflw;i::H ..i~m111t\ 
962-1024 MHz, 1151-1213 MHz LLt-1:: 

'i'u~m11Ji11025-1150MHz il.JU\4 

Lfl~tl .Jd ,i:: 1Jtl nun ll\4,. im, 1J11,J m:: . ' 
\4\4Lfl1tl.Jli\4tlU~1.J,11nff\411JllU LUU 

" 
7::v::m.JL'Yl1Lfl 

Transponder LUUL7.i'17L'lfUL~tJ1!11J 

DME Lrla'ti1..i1u,::'ti11.iLiiflllWHilu 

lilfl'r'l1tl~fl 'l!itfl~1-l 1 LL~1LL~1fifl~1.,j 

L..........:.:'--....J) 13 (!!] 

0 ~ 
8 = OC>OC~~KJO-'--=-:----'-...J 

29 30 

0 
J2 

~ D JJ 

18 He;adphone juk 
19 Ignition swHch 
10 Muter sw itch 
11 Scarter 
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U71n!j1J\4 ,lt) L 7.i'11~'r'ltl U-lfl1Jfl17UU 

tln~v,au..it'iu"'.l ,i::uanunuu1.il..i 
' ' ' transponder n1t'iflDU'r'lit.J ,n-3,1::~1.J 

nrnfl~a..iflutu 11.uuirnl~Ju L~a 

1.im~~tl,-1n,Duu,1a,L7.i'11 i,..i~~~ 
~'1LL~fl'11TIL'17th1flU~U fl171.lflf1 

wu11JllUH ..i~u1J1tia 1030 MHz ff'lU 
' ' transponder ,i:: i ..i1tltim111~ 1090 

MHz Hifli:ifi,Lt-1,iatj 4 v,~n tln~,i:: 

IA!~ 1200 ~A1 mtiti:im,-iLfl~tl.J 

flu unflu,i::l..i 1fifl~Lf'IH (1t'ifldLiJu 

1fifl ~uf Lu ~,::ttnflunuv,a u ..itru"'.l 
" 

22 Electrical switche.i 
ll Panel-lichtinc rheostat 
14 Cabin heat 
15 Pukinc. bnke 
16 Fuses and 

ctrcuic-breaken 
27 Air vent coiicrol 
28 Carbureuor heu 
29 Throttl e 
JO Mixture control 
JI Ene 1ne primer 
)1 Fuel port and surboud 
ll Fuel selector 



tio 

m11foih11t11f1 (Weather Rader) 
" 

H'ueinr-JlUlfl L'lhu~rnriu~iifli~mi.J 

tunit~mmfflJel-mlJel.rCiui.J (~riu«UJ) ,, 
tJnii,i::i'.JLit41~~ue1m::a::v11~,i1n~1 

Lfl~ei~u\4 m1i.J11~1int4 ~e1,l1~LLtJtJ 

IS 5.2-5.9 GHz 

10.0 GHz 

., . 
LLfl::LLtJtJLeJTI'1 8.5-

,itJm rnDL finmeiiin tf ~n t'l71'!J7 ~ 
il\4d LU\4eJtJn,ruthtiru'!JeJ~Lfl~el~U\4 

j~LLflLfl~el ~U\4 ~i'.J1iJ~itt~ ~t41tJ ,J\4 

ii~Lfl~ei~ut41flv«17'1J\47fl lv. qi v,7,rn,j' 

LLfltJ7\4'1J\4!f ~el1TI7fl LLfl:: Lfl7el ~U\47 tJ 

fi,~ 1 MieJ~i'.i,itJmruLV.t'lld '1!1!JL\4 

m1ut4 lli'tJfleifllfa 

i ~~m, tJTI\4eJV17 fl L fin m eiii n If 
V 

1iL ,i1{!!if 11v.\!1nf1L71i.J1n Lt47::v::11l 

~nd 1ll 1m 1tJml«L'll'el7 LL fl:: LSI 

1~L'lJ7lJ1i'.JtJ'YltJ1'Ylll1TI~\4 

Le11,rniin iiL'l!\4L~!J1TI\4 ,J,i~uuLfl~eJ~ 

uu 1fltJ«17'1JU1fl lv.ruML~ll lieitJm ni 
~ , 

~1~n t'i11i1 ~~u 1 li'Lrnfl ~eiei TI'YlH-;JeJ 

CRT (L"nV.flelf1111V'lfi1) il":;U~LL«fl~ 

,r,~i:i,~it 

1l1V'lLL«fl~e1tJmnilmfl~e1~uu1u F-15 , 

ue1n,i1nd1::uulv.111 lunn\!1 

m~ii1i'11i.J1L'll Liluriu Lilum1l-nfl11 

L fivi.J Navstar lum1ue1nfi1 LLVii.i~ 

'!JeJ~Lfl7eJ~uu LL fl:: tiu·e1nm1i.JL,, 

1ii,a LL,j'LLflLL« ~LflL'lie11ii1i'11 m ti 

LUL7i17V.7el~ L1!J TITI\417 L flL'lieJ7 L 7 i11 

m1 u ~tirn "~ e1 ~nu ii ii ~u 1m11 tJ ,iu 

ii~'llu u~tiu 1fl!J L"nLL« ~ 1fl!J ti fiber 

optic LL'YlUTI77U~tiu 1fl!JL'li«1!J1w~ti 

riueitlluu-;i.iuu ii~mnnm~i,u 
tJ 1 a, I 

L e11e1e1ii n ,i:: 11li'.im1iit4 « fl m 1 u Lflfi , 
fafinmeiilnlf u~fl~~~t41n11v.u1i~ 

L ,lu ~U71Til) luu,i~u\4 d 

/t..rtllT 411,, Tf;CI-I' 



Cockpit key 
I Arrener-hook panel 
l Flap indicator 
l Fire-warnini panel 
◄ Arm.ament control panel 
5 Undercarriaie selector 
6 Pitch racio panel 
7 Vertic:1.I situiltion display (VSD) radar scope 
8 ASl /machmeter 
9 Angle-of-auack indicacor 

10 Accelerometer 
11 Emerz:ency jettison button {air-to-1round wea 

pons) 
12 Steerin1-mode panel 
ll Emergency bn.ke and steerin& 
14 Head-up display panel 
IS Attitude indicacor 
16 Horizontal situuion indicuor 
17 Standby ASI, horizon and altimeter 
II Master mode panel 
19 Tactical electronic warfare syuems (Tews) display 
10 Altimeter 
11 Vertical speed indicator 
ll Clock 
ll Engine uchometers 
l◄ Engine temperature indica.cor-s 
15 fuel ftowmeters 
26 Nozzle-position indicators 
27 Oil pressure 1au1es 
l8 Hydraulics panel 
19 Fuel-quantity panel 
30 Jet -fuel surter 

tmlT 411,_ TJ;c1-1' 

11 Cab..,n pressure cauce 
Jl Caution pilnel 
)) lff remote control 
14 UHF remote control 
35 OxY&en panel 
)6 Environmental control system 
)7 Cabin tempenture 
l8 Internal fi1htin1 
39 lnertiill na'f'ication control panel 
40 Engine-sun panel 
◄ I Navication aids pilnel 
◄l Control aucmentation system (CAS) 
43 Throttles with switches for radar elevation. 

microphOl'let ' airbrake, IFF tarcet desicnator, 
missile reject, we;apons mode and ensine sun 
and relight 

◄◄ External lichts 
45 lntegcated communiutions panel 
46 Built-in test panel 
◄7 Aileron/rudder interconnect control 
41 IFF panel 
◄f. Tactical electronic warfare systems (Tews) panel 
SO Radar control 
SI Fuel control panel 
51 Miacellaneout switch panel 

SJ Stick with weapons releue and radar slave to 
reticule aim inc button 

S◄ Stick-force transducer box 
SS McDonnell Douglas Electronics head-up displ•~ 

., • .., LJ LJ □ ' . # 

□ c• ,., .. . 

;·· 
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• 1. MUII\GU LCLnnLe111u !ILU01919 .... c 'l:./'l:.L ~ae1nL_!l 
I 

■ 

<nnuu»lnn1eeu • enn ... 

tll'!('JY !!ll11\lY1A.,1l,UIIIIIIL\~ . .. 





.., 
uaauuauu 

• 
\I, uu nss r;1n,s1n a Tula a 

--- - - 0 -us1tn wcuuiaaa o,na 

332/32-33 

on:iuiulnu 

tlaa oMJ,aunsni 24 (a:>u n a :>u > 
• 

tnmtJnuiu nsu1nw, s 
• • 

1 YI -:i. 2140046 

2140631 

• ■ G -o,nu,a1nannnt1uR 
• 



113 

nis1HSoalooaa,nnssu 

u'\1'\lui..1inm-1u11JN ~10 fof'fffm.JrJN 1t.JH 
' ::: ., 

li..n'\lnTHl1-:J ') mmrn.J ~-:1~1-:1~1¼El~ff7~n11:IJ 
' 

Ln~mnn:IJ LLtl::m-:im1LLvm6 '\li..01'\ln~111i-h 

LLmmn~ibtJ-:11i..'\1::i;i0-:inm1Hf-:,ff m1rn:1Jmi'JJ0,l 
' ' 

f-:iff~nm1u11t.lH1.h:: fo'Jlii ni-:id 

1. f)ni,ff:1J1J1ili..m1ri0liLn~m1LL~ni1 ~-:, , 
ri1lv.'nm1Lt.l~tJ¼bLl.fa-:ilw-r~~ 

2. f)ni,ff:1Jmili..m1ri11v.'Ln~f-:,ff1i..1m1 
' ' 

3. f)nl,ff:1Jmi~1~1iJ1tJ 
' 

4. f1rnH:1Jmili..m1'lJ11-:irri..f-:,h0-:,1~t1 
' ' 

s. flrnH:1Jmili..m1H::-n0i..f-:,h0-:,1~t1 
' ' 

1i..~d'\1::n~71Ll:tYn::m1u1f-:1ffLt.ll-nli..n'\1 

m1.i1-:i 'l m-:ii1i..0~H1~m1:1J 1~rnLtl-:1m:1Jflrn ' , 
H:1Jmi'll0-:if-:iffi-:in~11ih-:ii;ii.. 

.., .,.,., ' 1 !II ... - 1.d 
1. ell ff tJ fl W ,.nm \l'I '1-Hl rrn el 't1 !fl~ fll 1 I lH'ltl U • 
111.lt1.:i1u1v1t'I i1mJw,li.. • 

o. m1Ti1'1i71dmi0u111mnr.uilu'h~1d011'1i~ 
H71Lflij1J1-:i'lli.~~L1tJn11 1:IJ 1i..L:1J0f L~0t1nf-:iff '\1:: 

'II 

fitlltJLU¼Ynn 1'V1~L:IJElf ~,lLLil-:J:IJlfi ~-:,1i;iijm1U7LlJ 

Ldrnfoi..:1J10~ 1:1J 1m:1J0fLi11t.lhi0-:111-:i'lJ0-:1L'!ltlflv.' 

i1ti-:i LLt1u11t.l01uf-:1ffLLnmh ~tlff~'nltJ'\1::L~lJ 
' 

~ij1Y1~L:1J0f0~0ui1-:11i.. ~-:iLLii-:imn ij~'lt11t.lHri1 
'II 'II 

11-:J hJ~-:JL~~El¼ll¼ 

'IJ. flTnh,4v l·rn 1u01l11,ci'rn111't'l'Yl[J 0t.lmrn 
' ' 

' 1 A A I ca., A' d 'i' ""' ~1-:Jn11bL'V1~tJ L'll¼ Lfl1El-:J:IJ0~1~~ L'lJ:IJQ~tJ7 ~7Ym 

bb~tl 6'1~ ri0i..H'\1::i;i0-:inm1..J1Li011fl~ijqj~0£1 
'II 

ri0i.. 11r~Hni..nn m10ui1tJm7:IJ1El¼ ~1Eln111:IJ 

K..tnlT 4 TbCl-1' 

• 

~l:4W\1tl 
.: ~ , 
Vcl\11:tfttJf111 

i1tJL0'lJ0-:1H11Lfln 1 i..u'\liui..n~tl1rnL ~-:i 1i~i..:1J1 H 

f-:1ffLLn:1Jl-h'J.11Li011f1Lmi.. L'V117::ff7:IJ11tl'111Linu 

v-n n0t.lmrn~LUWf~tl1Hqjn ~-:,~i..m1:1J10i..1iJH-:i 
' 'II 

LLtl ::U-:Jff1:IJ11t1'JJ1Li011fl L ¼~El~1Eltl-:J~tJ~ij~:a~ , 
LLt1Lii1tJ 

fl . rn,1-rh.11l,::~nilml'li:l'1t1~0-rh 1~tJm1 

qj~ff11ll:1JlJ¼qJ7-:JffL1~tl1¼tJEl~'lJEl-:Jff1tJ~El'l:r1 f-:i« 

'\11nH11n:1JiTi..qif-:1«'\1::LL~00n:1J1 ri11 v.'01mr1u1 

L1rn'l"El1J ') Ln~mnqini1Li'.li..000i.. LU¼n11L'Yl:IJ 

t.l1::i~imY1'lJEl-:JHltJ~m:f11i~~,.. -ci'i..~0 '\1::1iJM1 

~1tl-:ihu1L1rnlXi..LLit ') t.l1:::'\1'\1::~-:itl-:1tl~i..m-:1H1tJ 
' 'II . 

~0..:r1~:1J~ 
.., .,.,., 0 1 !II ... .., ... ..f 1 

2. ellfft1r1winmv1 unnm ttlfl~Htf'IIU u • 
1\l'lt'I -:11i..~1i..dtl1i..l~ruLi'.li..-:11i..li..1t.lm11Lm1::'11 

• ~ 'II 

~nHni..0£11iLLn 
'II 

.ct.<Ct cY ' _.I ' fl . lli "ltl f1'11 11tl Tii6611i:l'l'lll!i:l'" (X-rays flu -

A """"'"" "'' A ..... ..,. orescence) 1i1~1J1-J1i1~ L:IJ1l:IJ1-JHL1J n"l!Wrn1-JffLLn:IJ 

iJ1 ~10f-:iihui;i1~-:iLt.l'Jli..-;i::ri1lv.'Li1~f-:iffLiin'll ~-:, 

btli..ti'n~rn::LQ'V17::i1'lJEl,l1ilq)~tln'JI¼ -ci'i..~0 "filq)LL,l 
' 'II ' 

tl::1nqi '\1::lv.'f-:,ffLiini~ijY1ti'-:,-:11i...i1-:ini..00n1t.l i-:, 
' 

,Xi.. 1~tJn1'i"qJ11'\11~f-:,«Lii n'll~Ln~~¼ nH7:IJ1'i"tl 

u0n1i11Ltli..1i1qi0:::11 1irm1dL~m::li..m1~1 
' 

n11:IJL'll:IJ'll¼'lJEl-:J fo~::1¼LL1'11-:I ') 



iit'1~nLitlbL~~LlbLni.t ,., 
• ~Lrn(:f t llibk~~~i::~13~1 t'l31l1f1Jf1f t ~~rn?u, 

n.~t',.Ctftin.~u t' ~~Fl3 ?u,u L~mLfu m»u::~i: ft i 

• ~t,iLni.t~LrnUL~Ul313~~~llibknr-:i11L~t'~M11 ~UftUL~ 

rti~t.J~t'Jrt.J::tLJ M~ltt'L~U~~~Jrt.J::t~kl~11 

' L~Ul313~~~llibknr-:i1mLt1rn~~~kHtLuri~1 tLu 

' ~13~~L~Lni.t~LlU~~ t 13~ 1L11bknt111~ 13rr.Lni.t~LlU 

' ~un.rn~~kz.tu_ci ri_ciMn~~ RL~::w ::11.t!!1nr-:i111b~H 

• nLt't' t 1 n t Olllxltt:lllt-@fl,utl-l,rtltUlllxtLU ·u 

nf[,1t'Lrl3l1 

• • O~U(Hl..lH-f.11.Ut-Ltll,f.lUI.Mlrt.LHOIMllH@ ·t n f;>'rt>~ ~ n 

n, n, 
~in.MUt!!nrn11t'l3f!,13t11,U~tLUf1.LtUlltL~LM\;I 

n, n, 

~t' k 'tUL~f;rt~irti n);lrt.MU t!!n~13~11,~t'13~U1n,C!L)iL!t 
"f> ' ' ' " 

nruL~ f1.13M~UftiL:tl~11 ~t'J~n,ei~~::i.tt!!l nQ1rlLt!!U 
n, n, n, 

r13~MH~::i.tt!!Wt L!,J, nl3tlbl1;:~t' Jf1.L13ftirt.MUt!!nurn 
n, n, 

L:tl: f1.MUt!!nli.t11t'l3f!,13t11,U~tLUf1.LtUtLUrn_lf np-., 

lt,V¼!lllll¼!l~::1-1,Ql t-@n.@r.1-1,u¼!r.LULR.U~ ·n 

~iLrftnntnl3U::lbt'l3f!, 

~nl3~U1tLULf'\U~lltL~LM\;I (, t'L!!J'tUl1f;f1.~Lib~k~Llb 

~~~t' k~Fl3?u,z. t fl~l Lf'\U~tLU~l3_1f~'tUl 1f;rt.n t 

t't!!U1ftiLrinruL~ ~~Jlbn_ci~~~L.!LnQ1rlLt!!UH~MH 

' n. ' ~lbL.!Lf \ L!,J,fti L!tl~11 fll~r13~MH~1;:Jl.t'Lf1.lbL.!L!:!!J11 

lbLJl.~t t .!L~Llb~Unl3 ~11, 1 ::mf'l U t!! ~Ut' 13 t!! L~ nl3U ::lb .., F"'f" p ..,. F"'f" 0 

t'L,tM lf\\dLlt@U::lllt-@fl,~lt@~UltLULR.U~ ·& 

fll~~'tU,Vib~HM.LlJ~U~::tft~~rnlp-. ~MHtLUntLt!!l1 

' n!),fllj!,::~,~~ rti ~13t!!lb~~u::~~i~i~~t' k mL~f;ft 

lt!!11rnlULll 
"" IP' 7 "" 

n. 
tLU L~~in.Lt u::~i: ~Ml1l1U 13nrl3~t' k ~F 13? u,z. t 

• n, 

l'.,~11 fll~ftiL~1~t'Jlbn_ci~~~Mk13~1LJ 1nm~nftlb~H 

tLU nJl.1 nUfll~Lf!,1~Lfll3flLt!!l1,rnf!,t'MLt!!U1U~U~MH I ...,, ,'fl. ,1, I ~ ,t, 

tLUUt'13~~nLt'nt ri.1u:1tLU1tLLQt1L1-t,tLU ·t

~iL~W~11,11 

~Ulb 

L~f1.LtutLUrn_lf~'tUl1f;f1n\LrU1fl13Ul~11 (, f1.13trl3 

~ (, ~L!!J~~11,11~LlbLrntftVt!!13~1 (, t'Ll!J~t'Jlbn_ci~~ 

• • ~MkZ,t~Ll3\;I M.L!t nj!,1t'Lrl3l1 n11.irn~1~U\L!tt'~i.t11 
~ ~ 

UL~L~~LrnQ1 ~µi.tml1f;f1.LrL~f1.LtutLU~l3J.&nQ1 

L~~LW~t' tUt'Lrt. Lltt-@fl,LftlA.t-Q!-1,IILl-l,tlU ·u 0 ,... -;: : F' • 

t!!H~irtiL~~U.!L~kt'13?U1 

Z, \ 13~1::L~i.t,,~~ ~it,111, WLrt'l3f!,l'.,~ mLrnmlnL~ 

lltL~LM\;I ~µ11,~u~~kUJftUt'k~F13?u,_nr,~11 

' ~µ11.mt.1f;n.~!~Jlbn_ci~~~MHtri~~ilbk~Ll3t!!i.ti 

~Lrt'l3rr.t.~ mLt,U Lr,t-@n.t~lrtltUlllxtLU ·n, 

rtiUl31313!),ln11UL~~Ll1, 

t'LlU'tt1l1f;rt.nQ1t111~t'Jrt.M.~Ulb::~ Ulb1113!),ni.t V tlb 

C. n13?1rtil3!),ln1mLlb n~n~131;:11,1~in~1!t'JKtL~ 

' t'l3?u,_nr,~,, 13!).ntftVt!!~MH!t'Jlbn,.CC~~~MkH 

n~~i~UlblltL~LM!!J11 ULn~in.M.~Ulb::~Ulb1113~11, 

lf ~~1LJ (, U~n~n~J.&trl3~_t1~ n_ciLr13~11, Lrt'~ 

131), lt~ltr_\dLUlllll@!'t-?1,l-l,IIL~L!-1,&UllltlU ·u 

np-.1 (, t'L!!Jt'~ (1a::i1211) ~Llb~~l1nQ, !t'JftUlJJ.113i 

' tv-Lu~~v~ ,lbl41rR~ ~i~iutL~LMt',Ql: lb~~aibf! 
n, n. 

~::nJI.LVntrl313~11, ~in!1-1t'l3~lltL~LMftV~~nirl3 

~t'J~1;:1L~nJ.&!!J11,C!1113~11, ~i~kt',Q\;I UL~rll3J;t'tUL~~ft 

• ~::~m, 13UlLt!!U IUN11 ~tU.~rlrt.LHOYBUL@ ·s ,... 'fl .., ' , ,g IA nt71;:;;ill"b n 

~i~illtL~LM\;lnl~nL~ntnl~t'µi.t 

~fl~iu::~_ce,, UL~~,~~fl~l~ktLUntli~LW tiL)A1 

n. ' 'tUL~~ft!:::t!!11rl3~MHt i::131bL.!LUnrt'~ L~~iul3n. 

lltL~LMUnrr.~U1UMt't~l~ltlblt!!11 nl3tlblnM~t ~ .f .., f""' ..,. ..,. "" .., .... ..,, 

f1.L13ftiL:t\;lt i::l3rl!\~M nr~J L~Ul313l1::LM.'01!t'Jt111 

l, l, '. 
::~t'~ !~Jlbn_ci~~lbL.!LnQmrlbL.!LftL!,J,U,C! ti::131bL.!L 

nJl.ftV~13~1 nl3tlbl1;:!t'k (s1sti112u12 uo1112111p12 uo11 

-nau) .. ·,ij!!;>QLLlt@ 11,!@i~U@lllt@tll\t~. !!; ·11, 

tLMt'l3tnLK 

Ul3f1.t'13tU1 
r 

tn 



.. 
Lfl71l.J~11'il 

0-iun,cu,,,; 

«11-nn n1~LLti1 
'I! 

Lfl11l.JtJ1ln 

"'· fll'J1v1,::~ui.:i,,M1uo-m'hi h h "~1-uri 

ih1.JLnui.J'IJ1l.J~.JU'1~tJ L'li¼ tl.JLntJ~U~.Jluh,1 

.J1U~fimlu•fo.m;i tl.JL ntJLl'l~ LlJL U 17 .J.J1¼ LlJel,i 
" 

v,111t1.JLntJ'IJ1J.JLVifl1~1" 'l 1iiim1Hf.JffLi'.Jm.i411" 

U.JtJ1l ffl1L~i.JV,11ltJ.J 1.itJn17~'1ff17 lli.JlJU~f.Jff L1 
u11nti'.Ji1uv,'1.,, LLfl::~.iL.i411.J1.if.JffL -iu11nt1.J'Yrn 

Lri 11i .J'IJ1l.Jff J~.J1::iu n,i::tJ.inU 1-Jff " " '11¼~7 ,1'1)1).) 
" 

'111 Wfi1ri1.i 1iifot.JflJ'r1U'n Lri11~,1,Tud n,i::iiiqJqJ1lli 

,11m.i411.J1.i Ll.J1fo1u1 ~v,u.im1L~i.Ji J'IJ1lJflJ ti',1~-u , 
fl . lll-:ivin,i"°m'VimtJ1u1do hi't1:: 1 um1 

v,a11v,1m*11i.J 1flv,::111,iii-n11unvd11,1 v,111.i1v,u.1i 

L'liu iilvm111mH 1f1 111u111 v,1m*11i.JL11«il.'Yi 
" ~ .JtJ1.Jfl f ,11)1,l).)1) "L11L i-:u i .JLVia1d«1i.J17 (1~11,l 

ff 1ltJL~'1t.J Hf JffLL ni.J111 Vi 1111.Jff Lii non Cl1t.J111Yli1t.J 

vhfo m,1huii1f1 1Yl7.J1l1n11'l Vi11l71lt.J111l'\.t 
" 

wti.J,i::iJ11 n!Jff.i1 n-i11i1u5u 1i1du,i,pTu Hnui.J1 n 

m1'Yl.i«11utli'.i111 um1L *11i.J nl mi1d.Y.i~u 

qj'urhil..if,1ff 

=fiU.J1¼ 

LL~UWti.J 

K..rr11T 4 T6CJ..1' 

115 
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5. tllfttlflWff)J'UPlfll1ff:::'m'l'l!1-:Jff,it)nflO • • 

fl. 1vlfl1liJ't1'Ul'lltl.:ifll'JUltJN1 lt'l'tt:: 1.JffLtJqj'1 

«::ri'11uniru1i~1hv,fu:r;1~rii'.jLfl'IJi.J1flri« ,1n-i1 LLfl::i'.j , " 
.i11i.JViU1i.J1nn11 1~t.1111fi'uv,irnn11d«1i.J11n1.i.i11i.J 

A 1 I I ~ ..J. ... .., II V,¼1'1J1l.Jn170.1tJ~1 flVi:: L"JIU LL~ULVifln'Yl'J~tJ~i.in L~ 

'II . 1v1fl11iJ'ttu111llu :r;1~rii'.jLfl'IJi.J1fl Li.ii,- .J~n , " 
I.I ._, ._, .al I .l' ._, · 

m1«::'Yl11UnfltJ'IJ1l .J7 .Jft'LLni.Jm ,i::'IJU num1i.Jv,u1 

miu 111fi'uv,anm1d t.ium11.if,1ffriff::'Yi11u~um 

n«1i.J17(11'1fl11i.JVi'U1'1J1l.J~U Vi11lfl1l¼n1~lun11 

i,-11,1nuu1i 
V ,l ~ .. A 1 "~ .t 1 fl. 1.vlfl1liJ'll'U 7.Jft'Wlm1l¼ "Jl1'1fl11i.J"JIU U 

~,.. Vi11lfl1l¼n1~Li L'Vi71::n11ff::ri'11unatJ'IJ1l.JU.1 

m11u ,i::~unul.J1i.J1ru.m1i.J,uv, 111J1rii'.jmJ1 u~u ,, 
v,111.i11un1~ 

~ n-tu i1L 'Yl .iil..im ,1il. 1Lfl ~t.J ftiL -n1i.J1i'.ju'Ylt11'Yl 

1 un,im1~~i,-1v, m--.).)i.J1n 1.imo.'1'i1:: 1 ¼~1.JU7::L'Yll'l 

iTnlmi1m1i1Lv11lmtJfli.Jn17~1'i~LLtJtJ1)~ fomi 1-u , 
iJ-:i::L'YlHL 'Ylt.1ii17.J.J1u11~ i,-1v, n ni.JVifl1mL l'I.JLii" ' . 

Lfl41J.Ji'.i1Ji.Jna11L"n1i.J1ti'L1l.J LL~qj'1l.J'IJ1l1l'UOJ1m1n '~ 
.iru.::nni.Jm1Ylir.J.J1ul.J1i.J1ru.L'Y111iu~ (-w.iJ.i,- .) 

" 
nou i,u 1 v, qiiTnu 1m l i'l um::mu m1~fi~rimu 

.ii.Jluirn~ru.::~,15~ fomi 
' 

1:: uuri n11v,u1ri ff .i 1:: uuv,'1.,, 1 U'IJ ru.::d 
' 

LiLLn 1::uuil.1L.i~uf 0Lflfl 1mii.n~ l'i1v,fumu.ii.J 
' 

m1~fi~m::.i1~ ~.JLi'lu1::uuriH.i11i.JW1L~11f'li1t.1 

L i..n11ri1"1i.. ~,i,;Y,i,ir.Jrih ""1U'IJEJ,ltl~,;'YltHJ1i.J ,, 
m1Yl'Yl i1n.i riu1uttl.J 11,ri.i1 h.J.J1Ui11ifum-:i 

tl'1L~ 1l n 1 ~L i'Ju 11 .J.J1¼'1'1~~LLfl::tJ n1ltJ7i.JL ~t.11 lltJ 

11~«1v,n11i.J~~~m::m~mt.1l~m,1m1i1W1iim.iL11 , " 
LimLfl::LLl.Jiftw.i 1.it.1Lifum1i.J«~u«uu,11nl'i1~n 

' 
.J1¼ l.i1.Jm1w~u1LL'l'\ .J U7::,r1,r1~LLf1::'YltJ1.Jn17 

Yla.J.J1'UU7i.J1ru. 1::v,11.Jl.J-:1::L'Yll'l 1.it.1~1'U'Yl1.Ji1~m1u 
" 

Yl.U.«. 

u11m1nd luiJ1::L'Yll'lL'Ylt.JtJ.Jnl1,1,11u~f\~;,.. 

ff1¼0Lflfl 1mii..i~ iJ1::L11'Yl1.J'il7L1l.'n. (integrated 

circuits) 1lUVifl1!.J h .JriHfh'llf.Jffflfil.J~1l'U·85 LUU 
" 



r, r, 

~t~~L'k~'tPH1't1.~fVCl~l,I L'.ll~L'J't1.~U~~UtUtl.,.ll 

' ~t.,t,1,1~~:~M1nt.~L~:'t1.U.LUL~ :'11.U.LUL~ft~~.llk 

:M,KM ~ iL'Clrr.L' Clrr.~uu.11.v ~.ll :t.,~~ ,~ t ~ L' k ~ it.~: toi,, 

.llL't~'t1.1LU't1.l&UClM1tLU (ll,\U lM~1L'CllT.11~:t.~Ut.,U 
"",.,, ""' o I'\ p P.l!I' '"" '"" 

Ut.t.,~t.,,ll~L,W~Ul~1L'CllT.UL,l?.L'Cl't1.1'11.L'IA lKULCl:toi11 ... ... P' ... 
' ~ ,. 

t,t,l~1L'CllT.L'l.,~~:t.:'t1.J!.LV't1. tnLVL'L,t,lU l,1,bL'tol[111'11.n~[11 

t.Lu~~:mrr.M1~,.t1,~i~~k m L~;ftL'toift mw~[11t.Lu 

'11.»mtL~L.llL'~ r. L't.,~111::uri~ nL~~t.,t&~L' k mL~;ft 

UIA't1.11t.t.,Ul.,IA't1.'t1.U t.,I?, p ... 0 -;; 

t.i\1i't1.Vtoi't1.~;l-'lt1,Vt&~t-:1L'ilrr.111::t.t1.Cl~1t.Lun~1 ;1-m_v 

• l&~t-:1'11,l.,~t,i:IA~~L' k 'IUL~H,~.t-tLU Lk4't1.rUL,1?, ~L'1~1 

t,~:M11.llL' t.~'t1.1LU't1.~L't.,t,~::t.L't.,t,UtlA,'lt1U~t,lt-:ll.,Cl1~11 ..,. .... ..,. ""' o ,ti I ,:t ,.,, ..., I 

L'nMi~, ~t.,~UClCl~n1t.Luu11uLn1Arnn::w~u11t.toi~1 .., ,.. L\ 1.; , f" I+" 

t'CllT.'t1.f;!1~;1-'1t1,Vl&~t-:IL'f~U (, L't.,~~t.[11.ll~Ul!.~'111,V° 

r, ' 
l&~t-:1 '11.fl,1 ~u:t1.U.Wt1.tnLVrClHt.11~Ul~1L'CllT.L'CllT. 

11J:t.t~~kt.LUL~::l?.Ut.t.,~l.,.ll /dl.,Ut.,Cl::toi11ltol~1L'CllT. 

r, 
L'L~~:t. t1.,VL'L~~~L' k t1.~u~~t.wu »~n»LCln~1 

~n.::t1.J1.L U't1.Lrn1-1.1t-0n.n.~::t~u.LU ·z ,~ l"t) I"& 

.llL't~'t1.1LU't1.l&--t--• .... ,.,, .... 0 "' 

L't1.~~t.,WUCl11l,1,b 

L' t.l&n~~irr.M1l,\,b't1.f,\1L~UClCl 

l.,'11,~~l.,t,l,\L,,1,1'11,l.,(l, Ut.t.,~l.,.ll C-Cl1't1.IT.L'L,t..ll~1 IA.lll,\'t1.t1Al 
I ,f '1> ,ti L\f"/1 ""' 

,r. ~-~-r, 
U t,11~~ t.U[1Cl~Lf 1Ltt,r,1, VLIA 'lt1l.,11J 11J!l't1.Q1L' ~ U U ::I?. 

' . ~i~.t-~iL'k 'ltll.,~;ft ~.llk't1.~11't1.l.,~t,i:IA~~C-J 'IUL,~;[1 

~_t,l,1,b'ttf,\1 (1a1uno:) 1a6!a9) }ClU1U i11m,~L' k~k 

t,~::Mn (/V}f 09) ~Mll't1.Clt.l&Ut,l1~t,lw 09 l.,~'11,l.,L'L'»M 

Lft~U11~L'k~V~ lvi-~n~i;Clm:Cl ~L'J~u,l.,~'11,~ 
r, 

ftn~1 L'l.,11~mJ1aM::Cl't1.~11::M11 U~.llt.,tolM't1.~111AU1::t.[1 

' ~.llk't1.~11C-CllT.L,'11,~~l.,t,l,l~_t, t. l&l.,~'11.r,\ 1£, t l.,~~L' J[11A 1 

l!,1 Clit.,Cl1L!1,t.LUL'~t1.»1~v~.lln~i ~U~~t.,J!,~l,\L,V 

C-l.,IA ,C-Jl,\~Ml't1.l l,\IA1L'UA.t.L,U/dUIAU't1.LL''t1.t 

t1.~t1.1;11 Lfy1,toiCl11Cli~ t.,~m~c-k 

~t~~L'k~U1L~'t1.~f1J;I ~L~::w u~.llLMM '11.f!,1 t.,~ 

" .llL't.'11.tolU~~Ut.t.,~t.,,ll~t.,t,l,\~Clt.~ nCl't1.'t1.'t1.11L't1.~~t.,W~ F",.,, II?' ,., Iii" ,1, I P" 

' . " ~~.llk't1.Q1L~ ~_t,::l?.~~.llk't1.~11C-Clll.L't1.~~Lrn~_vrCl't1.~ 
r, 

1,1 l.,~'11,l.,L'C-_t!MCli~ L'.ll'!:1.l.,L'L'»M't1.j;1::1?.Lft~U11~C-JN~ 
r, 

~L'k~U1L~'t1.~f1J;I '11.~'11.f,\1 ~n1;:1atoi::Cl •~::uc-» •u~~, 

r, " " 
'11.lf-1 L'.ll~L'J't1.~U~~Ut.t.,~l.,.ll~l.,W~Cl~~ L'.ll't1.)'l11 

. ' l.,'11,~~t.,w~~~.ll,t,t1.1;11t.,~ ~1t.t.,ut.,~::l?.~~.llkL'Clrr.~uu. 

11,V~.ll::L~~,~ t~L' i~.t-t.~::toii,~L' k~U 1l.,~'11,~U Cl~1C-Cl~ 

::I?. Cl~l,I L't1.~~t.,rn~,t,t.LU't1.tm~t.,~L'~~l.,lbl,lt.VLr(l 

' ~i (, 't1.,t1,~Ul!.~.ll_t,'t1.~11L'Clll.l.,'11,~~l.,t,l,\l.,~Ut.t.,~l.,.ll ,. . 
• l,ILt.1 lb.llkL'CllT.L't1.~~LW::toiii~L'J'lt1L~;ftC-Clll. (a/\ln:> 

UOljl?l9!1lD) l1J[1~n~1r,1,Lwn»LCln~1 L'toinClJ;l'IUL~f.[1 
I 

~~i ~1~~L' k 'ltll.,~;ft~ t L!-4 '11.~U l.,~~UC-J '11.~U 
r, • • 

~~Ut.t.,~t.,.llU 't1.IT.Ut.,~t.,'t1.~~t.,W~~.llt,t.,U ~.lll'ttt-:111 ,,, ,f ... ,.,, I'& ,.,, ' 

" rnrr.t.,t1.~~t.,w11_vrClt1.~:1?.~i ~1~it,~~~~L' k mt.,~~rt 

.llH~t,t,~::toi11.llC-t.~'t1.1LU't1.lbL'Ll~::t.~ClL't.,Ul!, (, '11.'11. ... ,.,, ,.,, ,.,, ,., ,.,, V o 1'1!, I I F' -;; 

' r, 
~.lli''t1.~11L'Clll.~C-J't1.~U~~t.L,UU»~n»L(lnlb~iL~::w 

Ut.L~L.ll t1.~t1.1;11 ~L~::w ·u~.llLMM •~::uc-» •u~~, 

•~n't1.1~~Cl '11.J!.1 (, C-t.,l&~.lll't1.t-:111t'Clll.l.,'t1.~~t.,rn~Ulbt.,~ .... ..., I I ,.,, I ,.,, • 

'11.f,\1£, t t.,~ (ado1os!o1p111) ~C-J[11A ll!,1 Cli t.,~t.t.,U 

L 
~X!ttl.Hllt-@R.ltl.1-1.ttlt~~ULU ·1 ,. . ,. 

t1.~t1.1;1 t1.LL"tt}t1.tldLULClC-t.Ml ~Cl~rnClt. t.L}nClt. 

11Cl.lli?.Ulbt.LU::M11 ~Q::'t1.J!.LV't1.tUl~1t'Clll.t'Clll.11j::t. 

~_t,t.LU •u~.llLMM •::~toitt1.~11L'Clll.Lt1.~~t.,W~kt.LU 

'11.f!,1 (, L'L~~uu~L.lllbGL'L1A~_t,t.LUt1.t£,tL~}n~1,11 

lUL'LIAl,\Ul,\1A1l.,Cl1l.,!1,tLUC-~'t1.» ,~ v~.ll11::I?. ~u ~~l.,J!,~ 

l,\l.,VC-LIA ~?il,\~t,ll '11.l l,\IA1t.LU/dt.t.1AU't1.LL"t1.t 

'11.IT. 
r: 

" U L~f t ~nu~~c-» L~ 1,111 Cl_U:: t. ft't1.l~'t1. t 't1. )'l 11U iJt-:1111111 

~C-Jt.L.ll£,t IAU1::t.[1Ltt,Cl~ nL.lll~~::toi11 t.l?.L'lL'Clll.'11. )'l 11 

' Ut!t-:l~LW't1.L~\W ~.ll'tlll,\11 Cl.ll~IAt. t.,U 't1. t~Llb~~t. L.ll 
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""".. I I l,I O ... .... id ._, ...I 1,11rnm.11J1 LLfltnm'l!u::m.i1uvrn1Hfln '1'17tl1~~'Yl 

iim11Jff11J17TIY!Ylfi~W7-.l«~1 n,i::L'ff~Mf11Li4.tf-.l«~ 
" 

lif-.l«L1J~1 

l u ,:nuUm7tln17flf-:1d L~LLff.i-:1liL~uti-., 

n'.] 71917::iu'lltl-.lL 'l'lfl1 h~afl1ln4't1'l!i4.tff L 1h!J i1 

~1n«HL1hu LLa ::u1'1.l1LL1Jfl-.l ~-.,u1n~-;i :::1.i t~?i'1uii 

!i 'r1 1JY11'Y1'1L1..J LUflf-.,dt~ic;i'un1LU.t f -.l« 1'l!L~[JIJ -

22 Tl1J~11111 1-.l«1'll L~[JIJLtl lot.ifi' ,nml~rh m-r 
d .... .... .... ..... I t La ou 1::.iu'll t1 -:1~a11111m'Yl'Y111-.l t1£J 1111 -., na1-.,1:: '1'1 11-:1 

'IJ 

~uri1LU.if-J«LLa::~11.if-., i 1i~ua-:11uLm1~-:1 LLti1 

uufim.l11J1n41-.l« l1111J.i1LL'l'\U-.lol1-.l ') ~ -.lff11.117TI'l'\1 

1 ::iu'll tl -.lL 'l'\a1 l um'l!u::t ~~u m 1i-.lL n111 m 1Ll.l~uu 
' 

LL Ufl-.l'IJ tl -.lU 11.11 m f-J« ~ L nfl~U 1::'l'\11-.l7 EJ[J oltl 'll tl-.l 

'1J tl -JL'l'lfl1LL!'l ::EJ1n1tl 

... 0 ........ ""' ,i'Un1LUl117 -.l l:1' 

~11fl1-.l if 

i1u -.l 1J tl n 

3. ill~vl"ll'il tH>1Jl l1J1J,ihht1lfJ1tYYJ 

1.iu 01.rufl rn i:,-:1.1mil um n11-., rru f -.l«'llo" 
' 

i1na1-.,~iifl11:1.1'1'\u1.i1-:1nu ff1:1.111Tiu1tuli.i11,i 

i:,-ou 1~1-:101mtl 1f1 1om:fio :1.1 1u1m'l:::1?i' u1L1rn 
'IJ 

~Luu 1 ~1 -.l'l'l101ouf11-;i::iim1 :1.1 '1'\U1 '1J t1-.lL doi:,-11 

l:1'WUEJ[Jfi111J1b1nltu ') i-.,itu ~-J'IJ11-.lrruf-.,ii-t?i' 
~ I .... A .cii.d ' ... t UtltJ n111J 7 L 1 nl tl'U'Yl1Jfl11 1J 'l'\U11J1 n n11 fl-.l'U U 

l.l1mru f-.,h:::'Yl::ar-J1uu1L1rn 1~1-:101mtl '1'11tl7tltJ ' . 

111 t ?i'mn "111 tiu11n!JLtlu 1ou.i1 n111hutuuu 

bLf.Ju v-l t1.1~ ()1 [Jfl1~'i11 [J 1-J if LL nlJl-)1'1'\ 1 Elf" « Lii ni 

Lri o 1 ic;i'u rh LU.if-., «LLa::v-lt1.1or.Jt"1ua::iu 'llt1-.lLLf.Ju1i:,-111 
'IJ ' 

/(.({/ 1 T 41A, T6CI-I' 
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fi9111,1Hou m19171,ii:,-ou 1.iuiidLi'.Ju~Uu:1.1or.J1-., 

fi11-.l'IJ11-.l L'JiM fiT7f171,JfftltJ1tltJ11 7tltJ711 'lltl-.l 

i1t1-.lL1t1.i1J1 Lfl401uu 'l'l>JEJJ1 m1>JiUff-.lLM 
" 

h-.,-.,1u~fll:1'1'1'1n771J m19111,ii:,-m~mul ML do 

fo'1'1:::lum1'1'\~tl LUM~M 

1 um1LLt1"111-.lUm1tlm7flf-.,d -;i:::LLtl"l1l-.lL iL~M 

ti-.,n119111-;it1"out~1-.,01n1t'ILMLdota'1'1::ua:: n11 

fl71,Jfftl1J7tl[JL ;tllJ'IJtl-.l La'I'\:: 1111£Jt11ft[J m 7ffLLnM 
~ 

(scan) 'lltl-.l7-.l«LLn1Jl-i1r-J1u:au-.,1u LLti1"111n171.t 

U1 IJ1 nlfl111JL 'JJIJ'IJ tl-.l 1-.l «LL fi1Jl-J1~'Yl:: ~ r-J1Mf111J 'YI 

.i1-., 'l 'llt1iiu-.,1u ,11mlo1Jam11.1L"JJ1J7-.l«~uufinH 
'IJ 

l UL fl 1El1iLfl11::~t1"11J17TIU-.l1Jtl nU-.ltl"m~mul u 
Ldo 1a'l'l::Li lum1LLtl"Yl-.lflf-.ldt~i'~un1LU.tf-.l« 

LLfilJl-)1 :nLontJIJ -137 Tl1J~111111-.l«1'l!L~[JlJLtl tot111fi' 

f ' ~ .I 
... o A ._, ,oil 

111u m m.i 1-., ti" LL~M1tl"~'Ylf171,J 

□ 
~111111-.l« .. .... '"" Lfl7tl-.l1Lfl71::'l'\'1Jtl1.lfl . " 
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• - ... ., . .. .. o ou:,0:,,u0a1na:,nu0,suauauuaa .. . . - . 
1Waltin,arunniiauiiuu,uriaun,s1iiau 

• 

. . 
il1'U1 

u fli'l'U r1 1 1,-nn ur1u~i.i'thnn 

J QI d Q d 
tf1 U 1 f1Ufl1llJll 'IJ ~'IJ tl ~U 'l 11 W'l'l ~f1fl1llJ 

,, i ~ I ~ >' 
'ltl'U 'Ufllll'lftllJ (urnlilllJ LflHiY'll~'IJtl~ 

I • 

,1 ,rn::) cii~ hi'uli')W fflJ~'l1Hf1l1Uiu-w 

,n 'l Wl i '11fflJ~'U nnUff1'UHfflJ'11NlflU 

'IJtl~l '11~f) L\ilUfll 'l i'li',h fflJU'l :: ff'11 ll 

a,'11ruu~l1:: 1i ,,i~ H fflJtl ~i u i u'IJ tl~m 
d' d' J I ..., 

lJlW fflJl;jl'l tJ'IJ tl ~flllUtl'U 'I! ~fll'IJ tl ~fflJ 
.o. .,,fJ V ~ V J' I cv 

U'l :: ff'111i'11i'l1lJlll ::lJlf1'11'ltl'UtltJ'IJ'Utl~f1U 

ii'l1Ti'Yil1'1Jtl~U~l1::1il,J'll lil,Jilil iMHl'lhi' 

l'l'llf1UlnlJ1Wfl11Utl'UlJlf1'11~tl'Utl Ul'l'll 

i.i 

'l)'lil'l'iY1'11fonnmmfotiufflJ 
d' I I .<!t 

lJMtltJN~ltJfltl 

[c] = c + M!!. + .§L 
4 4 

I • 

cii~'l)'lil 'l ili.i'n1JHl1'1Jt1~m1 u ~m 

f 11fll tJ i'U'ltltJL~tllJ i -flu fflJf11 'l fl11Utl'U . 
fflJl,!l'lrfu.i'1ami'1 U~~t1lJli.i'u1Hl1 

I ~ VV I V d o 

'IJ tl ~fll 1 tl'l-j'lf 'U ~l'U i 'l1'l tl'U fl tl'Ulll111l~'l11 
~ .::. V ..., t 

f111l'lftllJlJ1Vi\ll 1 Wl\il1 l'.J \il~'U'U f111'111 

d' d'd ~I 
fflJf111 fll'lUtl'U fflJl;jM ll ~fl '11 Ulu'U 

(C) = C+Ml} + Ni + (Cr + Mo+V) (I) 

20 15 10 

.. • 

~tlm i.i'i'.iir ni'lu r111'1Jt1~w t11iru 

i.i'u1Hl1fl1llJ'l1'Ul'IJtl~ Ll1'11::-if'U~l'UlJ1 

vl,mru1.i'1viumrn1T11mfot1uff1Jl,Jl1u' 

~tllJl Sdfcri,111 ~i.i'1ff'Utl'l)'lil'l 
0 QI If ,,....,. 

ffl'\11 U fll 1 '111 fll 'lU tl'U fflJ l;Jl1 tJ tl fl 'I)',! 1 
I • 0 '11u~ 1.,amrn1Ji,i~1,m~n 2 oii'U'ni'.i~.,-

:-.1 s (:\lurtcnsitc poin t) l'l'llfl'U'il::Ui')~ 

""""" Q ...-d 
fflJU,l'IJ tl~fl11lJU'IJ~ LLl'l :: i')W fflJU,1'11 

mm1 t:1 i'lf"'lunrn~t11Jium~ Ll1'11::1'l'lu1 
I u 

l'l'llfl'U 

,~~ 

tJs:aua 
.. 

nJUBU 
..:-

:\ Is = 550 - .l<il "f, C (2) 

J Q "ii <I d 1il,JHfflJ'l1l,llJL'IJ1 U 'Ul'l1l1f1ll::lJ 

Hl1~tl~lU'\1l.l~'IJtl~ :\ Is tl,l'llff1'U 

1::'1111~u1mru~uu1~~iu11::1n,1~'U 

l~tl~lllf1 U1lJlW'IJtl~fl11Utl''U~l~(Jf)'Jl 

d'1J1.h::ir'l'lll'llt1~m1n-1J1Jl1u' ~fofu11::m 

I "I" fl1 :\ Is lilll l fl'l)'lil'l 

:\ Is = 550 - 'l<i)C + 40(:\ 111 

+Cr)+ 20:\i + 28:\1, } (J) 

..-: 
a~ 

c;:;;> 
:s: 
a ..,. 2ooj 1--1-~ ---4--

- .._ ':I, .... . 

' 
0 -~~ 

0 , ..: o.• o, .. o.• 1_2 1.~ . ' 

fl11Utl'Ul1 H fflJ o/o 

JU~ I lliflNO~iJfl Ms (1J1nn111'un) ;j~efuau' nuu°i1J10/'l/ i} m1fuau~au'111111unn111 

iu i u~ 1 Ufflil~~~f11 1 11U1N'U 
o Q.I d J..,. d' 

'IJtl~~,i :\ Is ff1'11'lUL'l1l1f1'11lJ1DlJ10Jfl11 

Utl'U~H fl'U iumt.UL'11~f1~U u 1 mru 

fl11U tl'UtlQ 'l:: '11'lN 0.1 1rn:: 1% fl11lJ 

. I u ::'I " Uu 'l H'U'IJ tl ~ :\ Is IJ ::Lu'U lff'U,!'l~,lllJ 

~ I d I ::'I 
fflJfln Llil tJfll :\ 111 lJ'l1'U 1 tJLu'U tl~ffl 

d 

l'lll1l'l!Uff 

,;;i ""'""' " u "' .,J ff.irn 'If Llillilff1'!1'lUl'l1'1f1f1l11'11 
~t I I 

Uff1UHfflJ~l (Lo\\' 11 l1oy slL'cl) l1U 

1m~n-f,~rvfof'lnf 1rn::mJiun-m'Yi t1U 
' . 

Q " 

'UlJUl1 1 , 

1,1um1 fflJ1J ~H11 '11~nmi',Yii'.i ' . . 
ff 1 'UHfflJ~l'l1~ff tl ~UTll :\I s l'l'llfl'U 

d ...- d I 111 

I Ll1 :: lJi')OJ fflJU ,l'IJtJ ~fl 11lJU'IJ ~1'111 fl'U IJ :: 

ffllJl'lilUlfflJfll 'l (2) 1rn :: (3) m1'l'l1 

n u"l .i' 

K..m 1 T 411,, TT;c1-1' 



360[C ]= 360 C + 40 (Mn + Cr) 

+ 20 Ni + 28 Mo 

,1,3Ju11::-emmmmh [ c 1 
(fflJ~no'mfm>u) 'IJ0-3Ll1gnn"'1mrlJ1~ 

~1od1,3 l'll'U 1l1gnn"'11m1rlulJ lllJ-301 
.. .1 .. _1 ~ J' 
mr (Cr - Mn steel) 'Y1lJn1'UHfflJ,i-3'U-

C =UIS % Cr=4.6% 

Mn= Q80 % MoCl00 % 

r11fflJlJ'il ri''ll o ,3mfoou 11 ::l111~ 
~~ 

IJ70n'lJ01 '.i,1-3 'U 

JW[C]= (JW x 015) + 

(4() X 5.4) + (28 X (16) 

[cl= noo 

,1,3Jumgnn"'1mfoou o.s% 
..,. d I -, d SI 1 J 

IJ!:lJfl'lllJll'IJ-31'111 OlJI l1'i!Qfl 'ill fl'i llJ !JlJ 

1 ""' """!, ..J Q.I I 
lJ'illJ,i'UlJ (Cr - Mo stcd) 'Y1UnmouH 

J' .. -.I'\"' ii 
•lJl'U IL'il!:lJrlOJ fflJ1J<;l'Y1 'II l'U nlWIIOlJ 

l'U'YlH hl1::1'Y1!J ll'\'1lf1'U~1!J 11~'1'111 
a J'~ I .. ~ >ISi 4.. ~ 

ll1'i!O'U LlJOllJl'IIOlJ 1,i,i1!J11i1inlJ<;ll,i-3 
:: ,, · ,, ii 1 , ·~ ,, .. _'I 

'U'U(ll<;l!J-301'.il'IIOlJ ,i!J lJ ll1lJu()jl11 
..J ,a,, V d j,/ o I .,:' 

IO!J101Jnl'.ill'ilO 'i11 IJ-3'il0-3'Y1101'.ifl'U'll'U 

-3l'UhHouno'U 

n11i~au,11t J01'110W'M.flii 
q cu 

~i,Y0uiu~1uii10u 
q 

(Deti.,nninution of prcheutinil tl.~nper-

uturc 

n. in B. W.R.A (Bristish-

Welding Rcsc,1rch Assoeiution) 

Cottrell 1rn:: Brndstrl.'Ct i\1i' 

I .a ,, ,, d 
fl1llJ'll1 !JI 'tt'i!O'IJ0-3 fflJlfll.lfl'U fl1ll0 !J 1 

~ ii I ,J ~ 
OlJOl'.il'b'Ol.lllm '.i::1'11ff0-30C]ll (B. \\'. -

.d !'I ii .J V 

R. A) 'IMHMl'U'IJ0-31'\JllU'Ul'.iO~IO£J10lJ 

m rn, 0 OJ l1flii~i'li' OU -iu-371-l i irr 01-l .. ~ .. ""' 

t J,d d I 

'Y1 -3 '11lJ'1'1'1 lJ H 'ii n '.i ::'Y11J O'.i:: 1'1101-l 'il O 07 '.i 

I~ OlJ 01 { fllJlW 'ill '.i OJ l ~ 1lJf1 lJ 0-3 r1,J '.i:: 

V 
I ..... 

001Jll1'ill'\.lfl0 

K..rt11T 411,, T6CI-I' 

1. d1uHfflJ'Yll-3lflii'llo-3m~n 

m-rl11nOJ1'1uail'llo-3m{ 

lJOU 

2. 'IIU,i'IJ0-3'.iOu~o 1rn:: di 

mensions . 'IJ0-30-3flil'.i:: 

noudoum-rlH:iOJli'Uail 

'IJ0-3 1l1crm11l Sc\'eritr 

:'\:umber ('I~ S. :-.:. ) mlJ 

,,.n,I 11n::'1Ju1,1'\Jo-3ail 

ii 
l'b'OlJ 
~ I ./j 

3. 'il10!JH01'.i'Yl,iff01Jl'Yl0 

'111 fl OJ '11.fJ ij ~wf U-3l'U I J 

!ou'Yfl'll"l"Um'.i,J~lf.i (1,;ia 

B. \\'. R. A.) i~~Of17'11'U'1 

l~'U!Mflil'.i::OOlJ'IJ0-3l!JtJ 
.. ,, .J ... J' 

1 '11 o lJ 11,;i n '.i 11 '111 n ,1'\J u 

iu :\ln-Cr-:\lo skcl ~ 
flOJ'111Jii 300°c iumolJ 

1~a111utfuM11n-.i,3ii\u 
I 

'ill'.iHii 1 llff'1-30'11im1 
QI d ..., I 

'\JO ~0<;1'.il0l 'ilf.l'U'il1'il0 
I 

SI d ~ 

n 1 rn,;i n '.i 71'11 fl OJ l1lJ lJ 

' 
300°ciYll1i°uflOJl1.fJiiLllJ 

V 0 
""" d I caJ 

11 '.iO'IJ0-3'11'U-3l'U'l1'ilHO'U 
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?r1'UHfflJ'IJ0-3 h'l1:: 

C 0.14 % :-.:i 0.2 3 % 

:\'In 1.14 % Cr 0.66 % 

Si 0.30 % :\lo 0.24 % 

V 

'ilO'UUIJ::W1Jl'.iOJln~o,3r1iJ'.i::nou 

'11n ci ~1~WlunnmoOJ'11nii~Wuu 
~ .. "' .. 

9i'U-3l"UiJf o'U~1tJ1n B. \\'.It .\. 
' I " d 

1. ff1'UHffl.l'IJO~L'11'ilO'Yl~Ollff,i~ 

1miJ'IJo~fflJlJ'ila'mfooutfu un-.i~~1a . . 
fflJOl'.i 

(c]= C +Mn+ ~i + 
20 15 

(Cr+ Mo+ V) 
10 

V 
I tf tf d 

(1) 

IJlOfllfflJl,j'iltlfll'.ilJ0'\.11-llJ!:ffllJl'.itl 

iii aum r11 .i''!IU'\Jo~m11.1m1.11'.i t1 i'll''lu 

' 
1L'l'luM111n,;i1'.iNl1 2 r11.i''!fil'IJo~m11J 

n-m n t1 h"li ii m'.i 1~01.1tl \l ::~1~11u i il '.i:: 

'1117~ Busie 1rn:: R11tile h:1se eb:trode 

2 . iiJ~ N'IJ O~'.iO tJ~ O ll'il!:fl111.I 

'11'\.ll'\JO~ (; llllllC >11e11t \l!: l'ii'll1tJlJf)lJ,1'!1l/ 

' ' 
Bnod1~'11U~fio T. s. :--:. rna~oiiii'YlH 

. . 
mrni/ 1 ll~Mo~iJn5W/11/~~il'1nn~1W1J'1J,iannu,infnni/fllH{]ii 300°C rl1'11foflOJl1!;]ii 

.,,. -=,. ..,. I a., 

I '.ilJll'.iO'IJ0-3'11'\.l-311-l'l'l'ill~O'\.l 

• ..J t II .. i 
'fltll't11JlJl191~911-l T .S.N ,iui.11ti1'!f OlJ lrili'rnuo1{fl fl1llJII~~~ ~J!'1 vm1m1 vm1m~a 

Jd 
' 

• • ..l 
C of ,io~u111tuYllJ W1Hl1l'I ,io~nl~ll91f1 . 

test S.W.G KJ / in. nmtl~au11tl<1~ 300 * 
D.P.N C/ sec 

- 50 6 4 82 .5 326 3 .8 0 c: in. 
2 4 64.5 314 5.5 21 

plate) 
6 41.0 J69 10.8 72 

8 31.7 421 16 70 

20 6 48.0 38 8 4 .-8 0 6 

(~ in . 
2 6 40.8 385 6.5 5 

plate) 6 37 . 3 398 6. 7 10 

6 3·3_5 392 10.3 60 

100 10 10 26.9 381/. 12 0 

(1 in . 10 16.3 395 21 8 

plate) 10 14.5 418 31 28 
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1~ud1'11fuHm11Jf oun1:1J1uoon 

i,J 2 '11N ('i!lU~!l'lf'U) 1J:i'.it1lJU'i:ff'11i 

,nn~# .J u11M iim'111a~ T.S.N. (Termal Severity number) 

d , I .J I 
1uu 2 1m 'lJru:mou.i!l'f1'7lJ'l17~ (TL'C-

Q I 

.loint) 1J:iJt1lJU'i:ff'11i1i'Ju 3 ff7'11fo 
'lf'U'1'\J!l~'i!lU.ttl fl17lJ'l1'U7'\Jtl~;f'U~7'U I T. S. N. 

cmcifornmdd ~~jj 4 '11Nff7'11fum : 

1J1um11Jfou t11Ju1dr"11i11:1i'lu 4 
.Ji.1~1 ~ 1 I 

fl1 7lJ'\1'W7'11l'lffl!l 4 'U1 fl7 T. S. :'\. '117fll 

i.i'1.iam1~ru .Joint lb,iiln L,>efficicnt 

(117'W1'U'l1H'cl7'11fUfl H IJ7fJfl17lJ · 

v v ',J .J ~I 'i!l'U) '11U!l~fl 'i : fl!lUfl17lJ'\1'U7'11Lu'U 

!. tl1 
4 

i~Ju11Hwilm1'U'l1'U7 ¼ tl1 2 

' Ji ' mm L'lf!llJLLUU'\J!lU.t!l'lJ!lU (L'll!!c to 

cd!!c) \J : lJ T. S. :'\. L'Vl70U 2 ff7 
cv I I I 

mu rna.i !l'lf'Wl : '1111 ~ui:-iu ~11.111-w 1 1 

tl1 1'17 T.S. :'\. \J : (VllOU 8 

ff7ttf rnotJ~!ll'l'llJ'117~ (Tu: .i< KIJt) 

1:1111wHu~rn11m 1 tl1 mi: µ 1 

1'17 T. S. :'\ = 4 1 2 
Gl = 9 

( :mLif, >nil .i< ,int 1: tt17~1(~1ll~7lJ 

mn !. m1:; ~ tl1 mi;nnf ~Mn'll rl ~ 
2 I 4 'ii 

mlurn6imn 1 u 1 11 : Dft1 T.S.:'\. 
I V 

(l17fl1 J 12 

~ 
1~/ 

~I ,1- -i 
,JlJ --· 

~ 
I if i 

' I 

fl Ii Nn 2 /IM/UIY /11/1N f/11IJl1 11 ,~ 1JJ 1md'l11 71Jn rn£rm 

. . 
fi' lJl,j l:HJfll 'i Utl 'U 

' ' . I.. = . I .. = V V .. ~ul'll!llJ'lf'U,Jfflll'l!Jf) ] ul'll!llJ'll'U'1ffWY'l!lf) .t1 !l f)lJ'j'lJ!)~,l'j 'j'lf'U'lJ!l~ 

,, 
m:1J1am11Jrn'U 

0.25 mi: 0.25 

0.25 uci: o.5 

0.25 1rn: o. 75 

o.5 uci: '0.5 

1.0 Lrn: 1.0 

1.0 uci: 2.0 

2 

3 

4 

4 

8 

fl'tl~'l1H 

12 

,, 
m:; 111 am1m ou 0.25 uci: 0.25 

0.5 LL!\: 0.5 

1.0 mi: 1.0 

3 

6 

12 

f!'7lJ'l1H 

,, 
m : ll7fJfl17lJl!l'U 0.25 uci: 0.25 

o.5 mi: o.5 

1.0 1rn: 1.0 

4 

8 

16 

' 
ff'11H 

0.25 + 0.5 + 0.5 + 0.5 7 

!llllttflii~Hou.ffu~1'Ulnfnud 
~ "j/, '\I .J , -4, I • 

\J : '1171.i\J7fl.tl'i7~'11 4 llJtlm71J17 'I: S. :'\. 
I I cv d 

'IJ!)~'j!)[J,l!) 1m: fll,l'lf'U'\Jtl~fl17lJ f!'7lJ7rn 

'lum1'l'li'1~!llJ (Wckl:ihilitr Index) ~'117 
• • 11 7 f) fi'lJlJcl fJ fl7 'iU !l'UILcl: '\J'U 7'1'\J !l ~cl1'1 

,it V u I I I ii 
L'lf!llJLLcl1 "1!lfJH L'lf'Ufll'i.t!l'll'U'11fJ 

Ji 
fl 1 rn u 1 n 41u 'lu nn L'lf !llJ ~1J1i'lum.i ~lJ!i'J'U~H m~n 25 CD-1-

.. 
fl t) 

llll to C = 020 llll to C = H::?:'i .\ 

11ll to H::?1 -H::?.1 llll to 02(,-(L\() II 

llll to H::?+H::?7 t1ll to ( U l -( l.1:'i C 

llll to H::?H-(l.1::? llll to (l.1<>-0 -to I) 

till to (l.\1-<l.1H till to (l.j.J .(l.J..'i ,~ 
(1-1-.'i (l;'i() (; 

C = (l::?:'i ",.. Cr= I ",. , .\111 = (l8"u, 

.\lo = <l::?:'i ",. 

1'17fflJlJclUfllfo!l 'Ull : '117M\J7f) 

ff ,t'j 

lcl = 0.25 + o.s 
20 

+ (1 + o.25> = 0.415 
10 

o cv .,!\ ..,: d I . , 
mmu~UL'll!llJ'11LU'U'1H (B:1~,c 

ck'Ctrodc) \J:'1~1'17 i 'll'Wfl17lJffllJl'i(l'l'U 

fll 'i W1~orn'Vl1nu E 1'17 ·i: s. :'\. 'll!l~rnu 

~ !l 'lf'U = 4 
' 

\J7fl.tl'iNl1 4 11 : i111'17!llU'l1flU 
I ,,:' "J/ '1/ 'I .,!\ ,J 

!l'U'lf'U ~7'U ltt'i !l'U "7lJ'lJ'U7'1'\J!l~1iUl'lftllJ ' . YiH 

K..((llT 411,, Tf;CJ..1' 
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.in'lfU'UMfl1llWln 

~1u1u0111~lllJ 

• .1,: : .I~•· .... 
fltlll11Jll'l'lfl\1'11\l~l\191ll!.t'l'11'1f ffll11Ul'lf !llJ.t1 U 

'Ulll.t;1.h~!llJ91H '1 

T .S.N. 2 

T.S.N . 3 

T .S.N. 4 

T.S.N. 6 

T.S.N. 8 

T.S.N. 12 

T.S.N. 16 

T.S.N. 24 

. 
'\"1-lmW-U fil TS.:\" lTilflU 4 

m1::fi1i'b'-um11Jn'l1Jl~(l i"l-lfll l W1~01J 

l~"\.l E rimfo'IJ"\.17~ 10 S\\'G fl0l'l1flii 
I ti 'I 'U di ii I '°' 'I 1/V ~ o V 

l1 'llt)"\.l'lf"\.lHU 1'1150"\.lfH) 125C m,n~ 
;\ d ~ ~I • 

l'l!lllJlJ'IJ"\.ll~ 8 S\\'G. ~Ol'H)JlJlu"\.l 75C 

D 

E 

F 

C 

D 

E 

F 

D 

E 

F 

B 

C 

D 

E 

F 

A 

B 

C 

D 

E 

F 

A 

B 
C 

D 

E 

F 

A 

B 

C 

D 

E 
F 

A 

B 

C 

D 

E 

F 

I0S.W.G 

("C) 
0 

50 
125 

0 

75 
100 
150 

50 
100 
125 
175 

50 
100 
150 
175 
225 

25 
75 

125 
175 
200 
225 

75 
125 
150 
200 
225 

250 

75 
125 
175 
200 
225 
250 

75 
125 
175 
200 
225 
250 

8 S.W.G 

(°C) 

0 

25 

0 

25 
100 

25 
75 
125 

25 
100 
125 
175 

27 

75 
125 
150 
200 

25 
75 
125 
175 
200 
225 

25 
75 

150 
175 

200 
250 

25 
75 
150 
175 

200 
250 

o ..., .,!\ ..,J ~ ii I If 

t1'7'11~ rn, 1 ~1 'b'O lJll lJ'IJ "\.l 7 ~ l trn !fl ~"\.l U 
, , I J''I I o s'i ., , , .,., 

mm 1'11qJf717"\.l lJllllu"\.l~fl~~u mou 

ci'1hi',n~1~0lJ'IIU~ Rutilc husc llll\J 

Busic electrode fili'IIWfl17lJt1'7lJlrn 'lu 
rmWL~o1J,i::1~u F ~ TS.:\". 1vl1 

6 S.W.G 

CC) 

0 

25 

0 

75 

25 
75 
125 

25 
75 
125 
175 

25 
75 
125 
175 
200 

0 

50 
125 
175 

200 
225 

0 

50 
125 
175 

200 
225 

4S.W.G 

(°C) 

0 

0 

75 

0 

50 
125 

0 

75 
100 
150 

0 

50 
125 

150 
200 

25 
75 
125 
175 
200 

2 S.W .G. 

( C) 

0 

25 
50 

0 

50 
125 

25 
50 
JOO 

150 

25 
100 

150 
200 

nu 4 ~Ol'Hflii~uhHou,i::1~-u 115°(: 
• • :t • 

t1'7'11rntl,~l'b'fllJ'IJU7~ 10 SWG. 125C 
0 Cl,' .. 0 0 

t1'7'11lUtl1~l'IIOlJ 8 SWG lltl:: 75C n'l . ;\ 
muti,~l'b'OlJ'IJ\Jl~ 6 S\\'C 
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'\I. 1fi scfcriun 

&fcriun 1~~lY9l'l~l!J 'l ihnfo 
flTW,Wfll'vl.l.l'nflll!lU;u~1u1~ffluei/~ . . . 

.ri " " " . I <l ~9l'il-l ,1'11f1nl 'ifll-lfl11'111 l ndcr m1 

~ " " I lurdmcss lllf1nl'i '11,1 l'rn ~f1Ul'l1'1f1f1'1 7 
' ' 

Yiii111uNlYlJ'1l (Low ulloy stL'CI) 

~1.1.111i;iu~uiu~1u1~fou (Tp) 
mi.i'111nlY.i'l ___ _ 

Tp = 350/[c]-0.25 ... (4) 

fll [c ] fi!l flllY lJ);J '1amfoou 
V _J d I d' ({ 

,; ~111J,1'111uu N'11 ,lJ'llfl ~m lYlJl;JM m 1 

U!ll-1 

fllN (IU'lf)'\J!J~lYlJlJ (l[Jfllfoou . ' 
ll :::1\Ju fll N (IU'l f)'IJ !l ~ lYlJlJ '1 [J fll {Um~ '11 

" . 
NlYlJ!JOLUl'n~f)f)li'l 1m:::u1nnU'lil,l~U'l 

I • 1 " 

'WU~!) 1\JiJfll Chc111ic:1l C:1rh1111 LXilli 
r. I , , , 

Y:1lcnt L( : e' 1rn:::vflllYlJl).'1Ufll 'i U!ll-l'Utl~ 

m11J11mu~luiu~111 (c] 1 

Lc] = [cl c + [cl 1 

fll 0.2 5 lllf1Lll1.'f'1'i Tl' = 
,l:;(>.}rq - <1.::?S \l ::: l\JiJftl'Utll)l~,1~~'1'" 

tf o ..., d JI rlrl 

1Jtl ~ fll 11 J!l ii i:!7'11 'illl 11 '1 ll ll cl ll1lJ rl1 llJ 
9 " .... lY llJl Hl t'l/1'11 tllJll1Jl J'li 'i '.i )J,1 l 
I ti rl d' 

fl 11.YlJl.j (l (J lfl) J'\J tl ~fll 'i'!J!l1 J \J ::: 11 1 

'J.i'll lll 

360 Ce 360 C + 40 (Mn 
+ Cr) + 20 Ni + 28 Mo ... (S) 

·fl1 ff l Jl~~c, rf ri 1 {1 Jfl lJ ff l ll f 1Jfl1 llJ 

Hlll 111tl ( : t \J ::: tlQlll ], 'U'U tl ~rl1 llJ'nlll 

11~111~111 11ci ::: h:1rdc11:1hility '\J r) ~IH ~ ll 

[c]t =JO.OOSxL{<Jc ... ((1) 

ftl cfl tl r1lrl1llJ\'llll11111 tJ1\J1J 
,,.._ ,-., I ~9 ;r 11 ,J 

lHli:l llJ,l'i fl lfl~l111li1',1'il!Hl '1 1l lllt1 l'.i 
V • • 

~ rl 
'11 ,1 ;:lt) ~,l~il 

[cJ = [<J c x (I+ (l(kh c) 

lJl'Yllll 'HlJl !JHf)!Jllfl tl 25 Cl) •I 
V 

11dtun~nna nnll !_ ib ( 12 iJ ci~llJ,l'l ) 
rl I d' rl

2 ti I ..., 

\J ::: lJfl l li'lJl.1 cl fJlfllJ'\J tl ~fll '.i l Jtl lll'YI l 111! 

.1m[dc = (,YOx (l.::?S) + -l()((lk +I) 

+ (.:?k - O.::?S) 

[cl C = (l.t(1 

11(1 :::~ :] = H-U1(l + (10h X I.:?) 

= (l -4.'i 

,foT,1 ou1n!liJ~l'li'rJ11~ 11m1hi' ' ., , 

360J0.48 - 0.25 
170°( : 

I I ti I 

oil ~fl1Yi1.iu 11::: 1mi'1flu~nu1nvi 

111mi.i'111111n B. \\'. IL\. lJlf1 

i1e1ri1~ 01.1.111nii~'l'1i'!luiu~1u1~ . . . 
f ou~111 i.i'111nm1'Y!,1M~ 

' 
lYlllfU '.\In - '.\lo StL'CI Yi 

'11Ul 110 lJlJ. (4.33 U1) 

eil~i'll"'lum1tl1 ::: nou :'\11 
' .. .. ' 

d u 1r Jlll\\ \.'I' stution 'YllJfll 

- rvhnu 200c fll lcl'n::: 

NlYlJ~L'll,Uf1l 'i flll-111.l.1'117 

' , , 
i'll lYlJ l;J M'\J o ~m rn ou 
"' fl!) 

C = ()21 ",, • .\111 = 1.3) ",, , .\lo=()~/',, 

<LI t I rf d rf 
,1~ui1 irn.'flJlJMlfllJ'U!l~mrnou ., . 

' , , 
C c = 0 -lO flllYlJ);JM'Utl~fll'i 

,.. 
1rni1 '.i1 lJ ,rn 

C = 0 -lO(I + (UHh x 110) 

= (l(I.::? 

Tl' = .1SO (l(I.::? - O.::?S 

I J t1.J' t,I d 41 I J 
m Tp n1,iu1muflu~num'Y! 

i " Ii _IS! .. 
'11llf1 f1l'i'l1'1cl !l~lJlf) L'Vi!JIU'i!JUl'll!JU 

I ..., 'JI 0t, d 

mrn1m 1p ,110,'li B.W.R.A 1rn::: -

Scfcriun 11 :::vl1>11umhodH Mn - Mo 
' . 

steel fiiirl'lllJ'nl-17 70 lJlJ. (2. 79 u,) 
Q .. • Ii 
,'limrn1uuu B. w. R. A llJO 

0 

• Ii ' I '1 'Yllf1J'il'll!llJ~!l'lfU {Bnttm : d) i\ln - " o 
J..,. ... "1" 

stcct:''l'llJfl'l llJ'nl-17 70 lJlJ. 11:::m 1 p 1,1 
~ .r 

,i~u 

= n.::?.1 + 1.2 + ns = <u4 
20 10 

'1.i' fll,l'lfU fl'lllJlY llJl'i ti LU f)l'j 

<!\ I <LI O a., A l -4 Q .,J..,. 
l'll!llJl'Yl lf1U C lYl'n'iU~ Ul'll!llJ'lll-1 ,l'YllJ 

" ~, ' lYl'i'l'rnf1'1-llJluU'1N 

fll'U!l, T.S.:'\ = (12 x 12)x2 
2 

= 24 
' 

,nni;11'l1'3'Vl 4 fl1 T.S.:X 24 
' ~ .. ~ i ., Ii 

1rn::: m.i'l1Ufl'lllJlYllJl'i\l tl.Jf)l'j 'lH'llOlJ 
, u .... d ,, 1 ~ 9 j/j/ 

l'11lf1U C ~U.11-li;)lJ'l'll'll~U'lll-l~lU t'n'i!ll-1 
d I I G.1 o o cv .if. 
lJflll'l'llf1U 175(: lY7'11'iUcl1'11'll!llJ'Ul-l l ,1 

= .::?l<I: 10 SW<;. 
tfu:ckness ,n u'zch.r&. 

0 ·S 1·5 20 2 ·5 .JO 3-5 .f,O 
·350°C 

u 
0 

~ 
::i 
tj 
~ 

l 
\I .... 
~ 

~ .. 
~ .. 
'-

,Q_ 

300 

250 - · 

200 

15 

100 

50 

o~ _l _. 
10 20 30 40 50 60 70 80 · 90 100 

t h.u:kne$!J i. n millimetres 

,;JR 2 1m,Nii,qru11 r,ih1,1m 11,j11 iJµ, 1117n1rw i miun m£n11 ri 1JJ1ruo lnil/J/flllh 1ii Y,m11 fu011 

11n~rn w1111111rN11wi1 ii11, 111 11 l/J 101JiN Sefe1'ia11 



1iimnnmm Scfcfiun 

f c]., = (l4 

lc1 = <l 4 x (I + um; x 70) 

Tp = .1:::,<)/ <l54 - <l25 

= )9() . ' 
i ~UU ft7~1~v701fi07~tt l 

!ltJU B. \\". IL\ ·w:1:; Scfori:111 v:-:lnm, 
imiitiu~nu 

v1ni,J~ 2 v:; plot ftl 'lHM Tp 

1.i"i.im~u f111u .. -tion 'lJ il~ C <'11'1::':fllllJ 

ttm'llo~u~u hm::.ju~1u i~Jum~n 
dd d' If 

'l'llJfflJ~Mmrnou = o.5 m,:-:mm 

ttm 30 lJlJ. v:-:.i'o~QU 11;1tt:;'llu~1u'l11 
V I 'll o rnuou1rnou 200c 
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1. '(be 111(,tallurgr of in:l<ling 

hr D. SEFEli IA:'\ 

Doctcurcs Sciences 

21 Welding for Engi1wcrs 

hr l "<lin Funk Wulff. 
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FERRO RESONANT 

TRANSFORMER 
"" "" G' V 4'\ n,1mv•n1 ,1uuwi 

a,ontf1.h::fhnw1'11,1F11n1w 'lrNh 
... ~ 

fl OJ:: 1 Fl1 mW Fl 7 fl Wi 

flmuumr1 TufoiJw1::oaumo, iuu1 • 

0 

1.0 U'Yl'l-!l 

U'il'il1JUtti'.i0tJn1 rnm,Dti'lflrlWUflt9lJ1nlJ11.J'V\iil11.J'D'¼"1~ff1lJ1'i n Hcllul:it,xl ,::.Jl.J'JJ€JJ LL 'i J.JU 1wn,::LLff,J'i J 
' ' 

LL<il FLTTCITL':i011:l11t tru11fon11cr LU'U€JUn'irn'VllJ€JLLUiilJ 1 wvh'D'¼"1'Vlrt,~ff1:1Jl'i n lk'llulatcd ,::.Jl.J'JJ€JJLL 'i J.J'U 1 wn,::LLffff ~l.J 
' 

1 i.i,~~~l'Vlrt, 1.i n,LLlJ11U 'i Jfil~U~~1 1.JL i1:1J1uz./m.JN~umiLfflJ€J fl,JllJ LLiil::'VllJ€JLL Uiil J'D'ii.idu,M01 m!.11lJLJ~€J 
~ 

• 11mnn 
~ 

. ff11J-:111.J 

• 1iJ.i0,i'.i~1::u11.Jm11110u 

· i'.i1::.Jl.J'JJ€JJ :\'oi ,;c @11 

· 1-nLi'Ju.i'1i10,nu t~:111 :sic11t 1u .\ .C. po\\'cr li11c 

· 014n11H,1u1.J11u1u 

2 .0 hn~~;H 
'Vlif mLtJiil,LWvl1'D'ii.iittJ1::n0u1tJ .i11.J 1m ,ff 11,-:i11.J 'l i,d~0 

1. 'lJ"1iil1"1 11.JLLiil::~11.JLW 

2. 'JJ,J L-C Rcso11:111t 

3. 'JJ"1iil1"1'D'"1L'D'1.J (Co111pc11 &1tio11 \\i11di11g) 

4. LLn'UL'V\~n Fcrrorcso11:111t ~1€JlJ .\ir-1::1p 

"" - I .d 'YHll 'J tU l'hJ 'YI 1 
'II , 

'Vlrt, 

'JJ"1iil'l"1.i1u1u1w.::,,.;-um.iihu X 'lJ€JJLLnUL'Vl ~n LLiil::i'.i'lJ"1iil1"1'D'"1L'D'1.J (Crn11pc11 :s,1tirn1 \\illlli11!.l) ,,.;-,..l1l.J0n'D'"1 
~ ' 

'lJ"1iil1"1 Hcsrn1:111t "i11di11 ll .::,,.;-u0r.iuuLLnm'Vli1mhu Y LLiil::,,.;-U'lJ"1~71.JLWl11.J0nri'Vlrt, 
~ 

.\ir-llap J,ff€JJ'lJ€JJLLnUL'V1i1n'i1::Li'Ju.i'~LL1.Jn'lJ"1iil1"1'D'"1~,,.;-U€JLJti1U X LLiil:: Y LL1.Jn€J€Jn'i17nflU 
' ' ~ 

K..fl11T 4 T6CI-I' 
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I.AP 
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-~-1.-1 . . ;!).L•. . 
~ : -· . . 

!,~-e ' ·. - : 

. -=~i;:~{,._"e~=UL: 

All! GAP -

0 
o----,__ • 

olll::; COMP!NsAT,oN 
0 • . 0 ""'"'" 0 

Ir 

IIESOHATIN'; SECONCAIIY "-
CAPA(;!TOR 0 

• ll!SOl<At,T 

0 
• 
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0 

OUTPUT 

n/n 1 dJu11},r,,,n?J'f/€JJ!!n'UiYl;nY11J€J!!LJf/J Fcrrorcsonunt . . jtlr1 2 dJu circ11it .<li:11lrn111 'f/€JJY/3J€J!!Uf/J Fcrrorcson:111t 

0 

3.0 fll'lflHll! 

LrtflJ,nn Fcrrorcso111111t tnmsfonm.'I' u1::nmJi1t1'JJ<;lol1<1l'l'lol1tl'Jl<;ILL<l:::ii .\ir-i.111 11 lu1J,1LL~L'l'l~n ,i',iJu~J'Yl11i1,l,1 . , 
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111vfuf'I 

·rnaucKv 

1~,~~1udLuuLiL~u~1 ,:rnMn~1iY1v 

a11J1,nu7~,11Jj;1uv1uvui1J1'l-at;

EU1~nu,~:Y1!n1~~~L~LJ1J~1~u,~LY1~ 
~. U7LYJ~1u1~~ ;,u1wLuE1ni1a 

1J1'liLthJ~,~~ L~E~Ylirop,1n11~n~Eu 

LL l'l~u'i~i'.l'n ~imJ~~'l 11m11Ja-:iv~11J 

n~1LflE~~1nLWLUD1ni1aa11J11n~~'li1 

1 ;;~ L ')11;1J1nm'1 

w. Y11n11u,~nEuinvui u1fud-:iu1J1 

~ 1mnvu ifl'l i1i..i111 LL ;-;i1J1 ~Yl LL u~~ 

'li1 rn1J1~a1J LL;-:iu,~1rnu L.;1 Yl1fi11YIYl ', 

QEU LL~~ U~UU1~viE L l1!JU1 ~~Yl~111~~~"{Yl 

.;E~~nELJ1 ~Mi1~~E~ LLt-1~a1-

!v10~Ei'J~U 1 Yl L M~ tit~Y11Ltt~L~LJU 

ff~ttE~a11J11TI Ll1Un11LLQYl~L; 

EJ1~-ifYl ~~U 

K..((11 T 4 Tb Cl-I' 



,J ~ I _. 

i.r11 eJ\'ln1:: L 'Vl1:: L tl~hrn L lJ~YllJ ::lJ,\'l~lJVi 1uv1 

LL\JtJ Centrifuge 

LLr-Na1~v1 multioibrator ~tl11 

n~eJ~Lun1Vid L~aiV1~uu1::neJun11L~tJu 

n11aeJUL~el\'I astable, monostable, 

bistable LL~:: trigering multio~ 

ibra tor LLt-J\'ld~:: LLaYl\'IL ,;-~ni:tru::n11V1i 
I I 

\'111.J~el\'l'l\'1~1 LL~::~tJf)LeJ1a'l'Uvl1\'l,~E\'I 

,\'1~1lJ1~tJ1tJL'YI~ L~Ea::Y1,nLun11L1tJu 

i ~'l'IJLLr-Na1~v1~~vlel~ ai'Yl~U'VlYl~el\'I 

Lnti,nu~~vlel~L;tl,::neJUf)11L1tJ'UL;t-J~ 

~~u 

K.lfllT 411,, TbCI-I' 

L Yl~el\'lm:: L 'V11:: L 'U~elnLLUUileJ1?f'tJ 

'Yl~nn11 Centrifuge LYltJL'YlitJ\'ILlJ~Yl 

vi~1un11 Lvl'1tJlJ~1f)f111elU~ •. lnlJ 'Yl1el Lt-J1 

~ ,_; L ~flf)'Ue)f)L tl11:: LLilf\'IYl\'l~f)~1 L deJ 

L lJ ~"m tJ "l u"l ,.;eJFJ'°l uamVi~ L 'Yl0tJ, LL~:: flyi 
I 1., A d ~ I 

'Yl~'U YllJ1f)Vl~Yl LlJelLel1LlJ~Yl~::lJ,\'I~ 
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L'Y1~1d"la~\'IL'ULYl~el\'ILlJ~Y1~::~nL'Yl~tJ\'I 

~11.J slots ~\'ILfleJL~lJYl'l1lJL1,~'U~\'I 

Yl'l1lJL~'l~L'YllJ1::alJ ft~:;~f)L'Yl~tJ\'lelelf) 

L'U'IJ'Ut"i'Ut-J~\'1~1el\'l~Uel~ 'V11L,.;L'U~elf)'Ue)f) 

LL vi neJeJn~1nt"fu 

~1fl'Yl~f)f111~Ufl L11a1~11~~rll'IJ1 

lJ 1 LL'Vl'IJ LL 1\'l\'111.JYl'IJ ~1nn11n1:: L 'V11 ::~~:: 

L lJ~Yl~'IJ L iJ'U-i~n11vf.;1 LL~:; L ~t.J\'liel~'IJ 

vl11tJ~L~Yl~1f)U~\'ILlJ~Yl~\'lflan1ViL-Dun1Y1 

~1nn11V1Y1~el\'ILY11eJ\'I 6 slots a11J11~ 

L'Y11tJ\'ILlJ~YlL;~\'I ~~o ~L~f)~lJ/1,LlJ\'I 

LfleJL'U~tJUL~tJunu1~n1 1 ~u~uL-Du'i~n11 

n1::LV11::L'U~elfllJ::~,\'l~lJVi1U;vfL'YllJ1::vi 

~::l1l'rll'IJ1nu d'.leJ\'l 1 V1ti·1;~ri\'I 
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~U,'UfiL1LULD~~~\1 LiJu'IJU,'Ufi'"\1~~ 

LUfiL1fii~~l'1L1UtlL'U~ fiD'U~~=ui~uui 

if-µ 1 i.h r-n L Ot1\1~'ln~uuiifu~:t1,:nm.1 

;,t.11'1L.;Utl L 'µ~LL~:SL1Dil'UYJ,tJ~Utl~ 

1t!U~L1L~'U ~\1;D\1fi7~~1')'1.;Ut1L'U~Dtlfi 

fitllJ~\1~=ui1t1Lf.J'lL;1;uiifu~u L~tl~~ 

fiL11~Yi~\l\ll'U LL~:~:S'llJ'11tl&t"i'~U1lJ'U 

1;lJLn~u1;tl.:lJ'lW ~o / 'IJU,Un'li1u 

1 tl~~'lt\1uL11t.lLLUl'19! L ~t.J~O~ thiobacillus 

thiobacillus thioxidant (~\1fl~w 

&lJ~i.unl1ail\1n,~~~~~1'11~v~,LD\1) 

~\1~=~=~Lt.l~L1UDL'U~utln1t11; 

L_1'1iti\1m: L vn:th~a\1 

L Du L 1'11'El\1~mn~'ilu'l'lff\1'ii\1 LLS~\1L,; 

L~'U~\1n'l,~rlJU'lLYJl'1L'UL~O~un'li 

L m!I~, 1~t.1~i.~;uviui.umit-J~~viiLLvi 

t1,:~YJifi'l~L'Ufi'l1Yl1\1'1'U~\1lJ'lfi L\'11\1 

a-i''l\1 L Du~Luu,.i'lv'l lz1\1LLU\1 L i'Jm~,utl,: 

n'ElU'l'l~ni.'l'l~'l ~\1~~D L1'1~u\1;uni~\1 

~~n,:LYJ'l: .~~~~~lJLJ'lLU~Dn,~~ 

i'ti'WLLt.lfi LlJi~LL~= L U~'Elnrl.~a\1~~=i.-u 

n 1: L W1: L tlt:ieln;el\1flm 'llJLL;\1~eltl,: 

lJ'lW 'l'l~'U ~ Lffv~ff YJ7L;Ltl~'Eln~, 

LLt.JfiuufilJ'l~'ln LlJi~ vi'El~'ln~u~,«~ 

~lJ~:LJ'lLU~elfieltlfiYl'l\1tl~el\1~\1Yl1LW 

~lJL~t.J\1U1:lJ'lW ~o D\1~'1 LlJ~~~\1 

ri u .u ,lJ'lnLL~:«uvi'l'lu'l~~uuvm·'l 

L t.l~elnri~= .i, \1lJ'lU'U~ 1: LLn 1\11
1

el'ULLvin' 
' I '9i . I IV IV 

flLt.lt:it1n~'"lL'U'UU'l\1S,'UU'UlJ'l~,t.1 ~\1U'U 

'II~,.u'U~\1;el\1YI~ L W ~ .fiu .fiuLL 1nLLVfi 

L tl~t1n!ht1t1n~nl'1f\1 .fiu 1£1 LL~:.fiu ~ 

LLVfi'IJ'U'"\'1 LlJ~~!f,elelfi L W 1£1 'IJ'U'l~ ~u 

LlJ~~~rru LlJ~~LL~n L ~t.l'l'l'lt.l ~\1~'U'l'l~\1 
~ ~ 

~'lnn'lin,:LYJ'l:LS1~LL~'"lL1'1S'llJ'11tl 

ui~,u'Elnl'U'IJ'lVL;L~v i,uLlJ~~Lffv 

L 1'1S'llJ'11tl'U1 L UYJ1el'1'1'1'11i'r~--i LL~= 

L t.lt:iunrl,a'llJ'litiYJi~v1; i'li.~~·'lt.J 

i.un'lin,:LYJ'l:Lu~mLi, -.,er a.~. 

vitin,n. S1'1'1~U1'11'1'1i'ln'El&1'1\1LJ 

,,lJ L 1')1e)\1;'Un7~\1 LLi,~ntl, :lJ'lW 

ct 1 cf'.oo U'lYI i'J'U~'l L'l'llJ'l :&lJt"i'USfi'l~ 

L~,~~n~'llu\1U1:LYJ~1YJulJ'ln 

K..ffl 1 T 4 Tr;c1-1• 
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UNI - FLEX CO., LTD. 
158-166 ~vn 26 t1:vn::1111 6 TI'YllJ. 1m. 2140660, 2143444 

~1am..'l u1ll'Yl ijt4LWt-1n'li ~1ff.i d'.Ju.~1LL'Ylu.u1LihLLt-1::t.i~1v.ti1a "'1'11.lVl,lL!J 1.i1~,i'' (HYDRAULIC 

HOSE) LLt'l:; "'Y11.lV7..'ltlYlff7V.m111" (INDUSTRIAL HOSE) ~~.i.nru.sn,nm.h::L'YlflffV.1j1.lL111TI7 ~..'ltf,1~uu.d'.Ju.~\la111u. 

L~1.l ..'l~ ru.mv;, m111t1..'l'YlU.LLt-1::11,miJu.ffu.La ..'l 1u. 1..'lJ1u.,i.iff 1v.m111i1 li.J 1.h:: nauffum..'lL17~ ..'li:i1r11m "'.l ~'lhu. 1ty..'l1u. 

r1aa 1 'I-Wh1..J!fo'l!r1 LLu.::it 1 .it-1amu. m11 iu1m1aci1..'l11.i L11l1U. h 

~~.iif ru.<n~t.i~1v.ti1ai:i'Y11JV7..'lLll' 1.i1~r1 LLt-1::'Yl1JVl..'ltlYiff1v.m111YJn'llil.iYJTI'llU1.i (i..'lLL.i'IJu. 1.i H 1 / a" -
¢ 24") v;f m,rift1.iamulf1u. 'l1r1aau1m1v;famm;1t-1m..'lmr1ufl al'riL'riu. 

1) yi'f:,111fa1~fl iJLLfflJ'U.7'1 / 3/16' - 2
1 LL1..'l~U. 250 PSI - 7,100 PSI 'YjTI'IJ'U.7'1 j..'lLL'1'l!\\'1t'l1'1 1, 2, 4,Tu, 

2) TitHllJ (AIR HOSE) LLU..'lLUU. Multi Purpose ; General Purpose ; Air Drill ; Air and Vapor Duct ; 

Spray Hose LLt'l:: Welding. 

3) Tifltil (WATER HOSE) LLU..'lLUU. Water Suction and Discharge; Clean - Up; Water; Multi-Purpose 

LLt'l:: General Purpose. 

4) l'itm91u (STEAM HOSE) LLU-J"ll\l.i.i111~m,ru.::nnH..l1u. ~u.ffum111~u.LLt-1::,inm1JiJ ('Y1U.LL1..'l~u.111n 

TI'll 250 PSI 'l UIV.1J11TI'l7 450 F ) 

5) TI'flrill~U'311'ltl~1J (MATERIAL HANDLING HOSE) LLU..'lLUU. Beverage and Food ; Sand Suction; 

Dredge ; Cement Placement ; Plaster ; Vacuum ; .Sand Blast and Fish Handling. 

6) l'intirn11r1u (ACID-CHEMICAL HOSE) LLU..'lLUU. Acid; Anhydrous Ammonia LLt'l:: Acid-Che

mical Transfer Freon. 

7) TI'flrill~U'3il'3tilm1~1J (PETROLEUM TRANSFER HOSE) L'liu. Fuel Oil; LPG; Hot Asphalt; 

Submarine. 

a) TI'fltilml~vl / 6'3tilJJll (OIL SUCTION AND DISCHARGE HOSE) LLt-1:: Oil Field. 

LLt-1:: LL¥i.i.i1iian,11nu1ll'Yl"'.l 'l~.it-1a.int-11 ~ ..'l'Yll..'ltJ11l'Yl"'.l WJ..'lLuu.aci1..'li..'l11 'Yl7..'ltJ1ll'Yl"'.l fl..'li:i1timffftJ H11t-1::u1m1'Yl1u. 

~..'l'll1J'IJ1JtJ"W1::r1 ru.tici7Jff JlJ7 ru. 11.lmHit,'f'"la , " 

'IJ1JLLff '1..'lfl17lJUtJTI1.l 



g~!~2A "The Ultimate in Hoses,, 

INDUSTRIAL HOSE 

t 

HYDRAULIC HOSE 

Sole distributor in Thailand 
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