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~ ~~ Cf»)c:T0l"6!l\m
~ ~ itCfldId. <n "5rCfl1U11~

~<kn{n~~Jlddl fcfiqr "C1"lT~.

~"{ ~'Ul"Pn fcrPcr~fcn"(Uf[~
~rit~ ~~-;mit.
~ fu'{!dci1C'ci1Q~ iJlf20l-q1

CWR l"["("q $II flll CI( ~ >fCflm mur
~~~m3ffiT~
~. l1TT 31m fetl(oliOlI f~
~:nW':lll~ ~ ~ ~~ oft
("!li 'all Qrit "C1"lTCfiW 31lUfUfR? ~

~mo 3i1~r21~+ft ~~ ~
~ lltm ~m~ $l1icft
m~ 3i1fUT ("!l1C['"lil ~ ~

~~.

WT1~ ~dl'GT;=;:j 1fim ~ ~
mxur cn~ ~lCf.CW1. 3l~ft ~nft 'IJ~

<,:"~ffc)uffi~-1hTtf. ~ ~
~~3,-fffi.



~------------------------- ..

~ wPrc1l:filiR
• Eb

1'\I\J\j\ ~

Ea
•

3i1{<+2I{.,.ft ~ GI@Cl<:1~, ~

~~ 3fUlll~ ~~f;r @I~'Cll
~'31'll~~~

'q' ll~~~, 31TfUr31W~

r<n~TcH GT;r "3~fi'~o'Tllm~
Cf){Cfl(ll;Cl(till ~ (E b- Ea) "Cf)'Rf.r

~CfCfiffi (incident photon), (Rill
~€lCfd1 ~ @I~'tX:l1~

A.

~m 3lTfUT~ "Cf)Tc:f;r ~"{ ~Cflm

(emitted photon), ~~;r ~UfRn

"Cfllif;R ~€lCf~T1~1~ ~ q;CflI~~1

~ Ch~It!JJ ~ ~ ~
(stimulated emission) 3iit l=t\0ldld.

~. 4t\fC41:;;ftT@ ~ ~€l~T1~

~ q;Cfl€l~1 (emitted) lhl211:;;ft"ffi€t

3lTfUTf?~ (energy and phase),

~ ~ ~ (11'S€l~1 (inCident)

q))211:tn~~~.l=t\oIJi:q



<n)lCfiffi(f wf ~ mqpf ~ ~
~ (coherent) ~(f<.ffi~.

3'lTcn Wl~T ;j:f1-qur ~Cfi

l!>ChqChI{1~~1mn~ ~i?lCf?T'4.+11

o{I~Ch 3M(jlqf~~, ~ cr.m
~~ c=m ~ {1![6Iq{ ~

~ ~ 311Ul'i IChdk1 3=Iitoufcrcf;

~~~,CR~~?

)f2fq ~ ~ ~ 3("{1'5f'=t11.-i

~ ~ ~, 1111 ~ ~ :muruft
~~~~~,(m~
:me, ~ moor ... mnm'%C1T

:!OIIChI{ ~ ~ lhI2l'4.1:Clm
~ ~ ~ 31J1If@1 ~

1:fi1Gf~ ~T"%~ 11S1J~ffi ~~TCf~T

(probability) 31f~ ~. tfq ~
~ (laser beam) (j(ffi t\lOl1l:cf\

>r& ~T . ~ )fCfiTU~T fuq~~

(amplication) 31W mrr 311%.~

~~~ (stimulated emission)

m~"Chfuf~ stChI~lfch{oli:q1~

-Rmur Cfi{Ol1l-el1l <n m~~Light
Amplication by Simulated Emission

of Radiation ~~ 3'l~~

LASER 3ffi m~ '=t14Ch{OICfi"{1Rffif

31Ii1 311%.

~BII(j(j1 m ~ ~ ~ ~wf
~, 3lTfUT en ~m ~"{lJTTqT

(interference) ~R ~T.
3~1${OI:q m~ CR qlOl1 Iq{-el1 I

("I$ff-el1l ~ ~ $. ~ ~
~ (jO'5ilI-aH cnrit 31m ~il~,
3TIfUTl:fTIJftm ~ ~, ~~ 311%.

~ ql'"'Qlt!c3 Qlol1l"04l ~(f<.ffi

"01urF~T "(1""Ottm ~Tm(f . 3'lTcn

3:uq~ I~cfi) ~ ~ f3ChTuft ~,

~ ~ ~ -rntmt cnrit QIOl1lq{

41\111("11~ ~ CR ~ ~?
~mrrtcR cWT -RllfuT ~ 3TIfUT00
Q{1{c1l("l. ~ ~ ~ ~ ~

~ CR ~ cWrtt ~ -RllfuT i\oRT
p. t'\ .••••••.. ~ "

iG{1d I("I. 31TC11~ ~{1'"'Q1'1~Q~-+'--o-ICh~:S-"04~1

~~~~cnrit 41\111("11

~ ~ill, CR fcf~ m cWT
-Rmur ~ 00 Qwd)("I. <n .~~

3'lIQ~ 1("11~ eft CilrQICh'{'i (j(ffi

$1°II '"'QI ~ lfB''l1f1TTCf\ l!>Chq ChI(j

<Xld"ICh{OI~, ~~3TIfUT~~

3Wfill- ~ (pattern) (f<.ffi ~. ~ .

~ ~CfiTit 4I\0l1l-cf! ~~

CR d1 31Icfim - fu'il1f fi:m ~.
~~ -Rmur ~1i?lC"111~ W
~~~m~-~~
mTd. ~~fcn\ur~ *rWR
~-fcm1f ~ ~ICh(jI(j, % ~
~I@q(jl~, 31TfUT~~~

~ itit. 31TC11~ (m ~ CfiTit

~~flqIChi1, 11~ ~, 11~ ~

31W (~ ~ ~ '1f1RIT(I"~ C15(j1(j

cr.m~) ~~ 41\111("11~

~'"'



~'ffi:R
~m ti~ tit 2lT6T eni~m "ff11~~
q , . ~,~ d (Y'lllq {3lTill ~ 1:1 ~ <. <:rT;:rcx:n

~ IS{ <OJICf.,g~ 3lTm quf;:r Ch(Y'll1$1111U)

>rcnm - JlB{'all ~ lSllC1d H I 3lTCJUT

~ ild'*li"ClIS{4'1 ~. ~~lldd-

~ ~ Cfi«fRl ~'ijd~cilcfi)<OJ~

WIT1 ~ (phase) 3lTfUT~ *
(d{JIC1icill, ci»Rn. itrr) wRt m
~qq, m=t quf;:r CRUl ~ ~.

1=fJT~ Ww:rrit ti~IId dill 3l~
Cf1T<:r? ciH 3lUl ~ ~ ~ Cf1T<:r?

BT't.<n ~ Billl<OJ:ci~ d1: f?~
3lTfUTTRft <OJlcillcilend ciH ~ ~qq
3l'Tcft ~ ~ ~ d1: ~

. .
~B"1l(f 3lUl (coherent atoms) 3m

~~~.~~f?~
" . . ~~lSllC1dHI d{III'al1 B15IU11 ~

CRUi m-q ~. ~ ~ ~,
~ifcit ~OO (oscillation)

~ d1: Cfif<:f~? qlolllill ~m ~ f?~ ~ J015oldld. 31U(:cm

q{@~ 151C1dHI~, CJUT~~. ~ -mft d{IICh(Yqrjlfcficrr d{II~:tI1

~aC11 61 f?~ ~ -~"fum 3lfi'CfC'cfTcr 3lT%. it~GfT ~~CflT~T

~. ~ ~'ijdcilC'"cill1'tB~ q'S0Il'""ll1 ~'(iqldlB, Efiizq dc-q:tlHI'al1 3c;<OJI'al1

S1ChI~lfct{Oli'Cn -mft ~~~. ~,~G~ (Louis de Broglie)

C'Qj-.:;<OJld~ fcfJcn ~ rjBC'"<OJI~, <:rT~ ..tt. Ch{OIl'""ll1~ ~
~ O'Qd'ICh{OII~~ ~-~ Cflm fcr:crn lfi6~ m-a. mcnTffi;r

~ irn~. -~ ~d{IIId1C1 ~'q 111f%d1il I
3lTm\ ~ r<:rR mi $Ifd q Ic;rj ~,
eRr ~ 3lUL Cf1UT,fcficrr q«( cij U cil{

~dirT 3lBUT~ 3ll%. ~ mIT. ., . , .
d1:1Tfq Cffit(RTf (matter waves) 3m
~F:rCfl\Ufm Cfl~~ cTCfl~. 1J,~T~
3lUl~ B"@~ tim~~ 3lti
crri cfT\ >fC'GfGfH:rit ~ ~FT~ CIfl,

~~ ~ Q2~i'all cillcildld
~ 1JiUTcf3l'Tcft ~ ~. w-fi
eRr ~ ~ Cf1UT~ ~ d1:
cnTtt tlUIT ~ ~ ~. 3lW
tR;riqm GitC1°<OJIB Idt m-rnrn: <:rT
et:tll PiChI~ di1flTfUro lfi6~. ~
'''rn ~. " , ~....;:,.~I 11\ (RTf w"iICh{OI ~~ J015oldld.
EfiW:r d c=q:tlH I~n % 1JiUTcf~ ~
~. <:rT~'SilI~II3lCJtTS~~

~~~~~~~$
eft, >rCf11~lfch{Oli~ ~ti~-mm

GitmT ~ 31m ~~~
C115(I'-.:;<OJ1~Cf Git~ ~ .wi~
~~llddcilt:C1 cillC1dHI crf<l d{lli,,<OJ1
~~itci.
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~~ A€-.;~~~fl~F&:6Lc
31fq; 2Cf.,TI:'1T'J11 (MIT) ~ -ffi:Wr~
hlloolfi ~ ~ ql!{cllMCfl ~

~ ~C"ChIT;:J1 ~ <rRT 'WJl'q"f
-ffi:R'~~~~~
~m'tR ~~ 3fT%. qW-3"iI~~~1{1

~ (condensation) <:fTfic=£l~.,I~~

31TfUT~ 3"i1~~I~., ~ lill{il~g:<n~

'J1Cl0'3qlfi\90 ~cff ~ ~
~~ ~~~'"'I ~ m<ftm
~"1 en~"1 ~I@ q C"lllGl~1:'1~c;m,
cnH(.1 q cfn:R ~ lill{il~i.,1 ~OO~ ~

~fuq:;lill~l=Cl ;ft~~~. <:rrq

3"i1~&:fiI{I:q1~~<iRT ~

-ffi:Rm ~ ~ ~ >lc=<fa;m:r

qiquft Cfl{Ulllfi kfl ~ 3"i1%.

):fenT~T~T ~ t{\11 t~ cft"1 1111!T

~. ~~fcrc:R~ (cavity

resonator), ~"Btt~ &~
llT'al"ll (active medium), 31TfUTfuBft

>:QUl~ ~~"1 31~<it~ (output

coupler). "fu-cR :8ql~CflI'l~ dCl8f'41

fsn~ mt~ ):f~ ~~

~~~q~r<nll~~

"3r~"1 t:r6<t"1 mUL"1 , "3~~"1

~<ft'J1CflI-.;lll m ~m fcn\ur ~\

31TUl~ ~mfTCf. 31u(:qT ~t{\

Gl.,~ UIIIfi IoT ~ c;~ <:rrq enc;TRT

q Iq{C"lll. c=<rf;ft~~ ~ ~

~~ 1:fi"{Cfi

31ld1 m m ~ fi It\~Cfl 3"i1%cfiT,
~ -ffi:R31TfUT'SfCflmfct;{UIi:qI ~

<:fT(f..,-@ Cf)\Cf, q:;p:r?m m ~ <iRT

:RllfoT ~ ~ ~ ~ldll:'1l

~m ~:q qD~ 3fT% Cf,T ..,-nft,
~~ ~~ IPlCfli'1~ :q:qf 3"i1%.LfUTr<n

~ ~ "1 CRi5ill, ~ Cf)\Cf,

~iT:q:q f;r~"lri'"1Tt{ mUlcfT -.)CfTCf.



~ ~ ~ ~~CfS::If.1Cfl ~ 'S1cf1Cfl'!["i \3\JJcf1Cfl;% 9. ~ ~~'iIC:x
3ffix \J1TcfRT, 3rrfup:rT j{'KClI Cflq-Oll'un ~ ~ q;s('f fcrc;m" LITCffiRT.

SlCflI!iII-.:;~1~~ w2lf:an ~

ff~-;r -q)Tc:f~ (~~~
(1~tt) -;ro-m~ cP-lR ~1(n(f fincH
~f«l{'qI(1~. ~~~ 31Ul

(f<:ffi irn ~, (R ~~ ~'8J\("41

~cfiT:q 3FrCfl 31Ul ~ @ I(?l'all

~ (groud state) ~~

31Tuffi ~. 31nTJT ~ ~-;r ~q)T:q

J\'8('8~!i1 ~ fi:'~ ~ ~

~. 31Ull!>Cfl~Cfli-.:;~1 ~1(?l'ClI~I'Cl(

>rmcf e:tcR ~ 311fUr ~ ~

fcrcfiRuT ~~. ~ 31Ufn #1m,
>rcmT -#1m w:rrUr ~ ~ >rcrn1
~ ~-;mft. e;B:q 31Ul~ ~

(''fi~ 'l~Tq)1fUff'CfT :qlTffiT'q

qr't0111OlmciT. ~i5 31U('q1 ~m

~~1foll@lcll ~ ~lT 'CffiUT

Cfl«ft .
~ '44fud~

"ilfcl;:;q1;?T31TfUT~IIOlICldTBm~~

~m 31U(:arr ~~ ~ fcl (1o~ 51
~ "i Ifcl;:;ql{?T 3ffiUTT( 31T%.~

~~WTtt~~
$11J\ ("41 Bm~ itir .

~ ~ ~ l?, l?,\9 "8Tffi <iHClJ\(?l1

~ 31U[qT #1m, 31TfUT~ (f<:ffi

~m(ffi1ll #1m ~tfK1 ~
<il::;qI~ cfi) 1(111dhn 311fUr mit itcfi.
'iijlof •.1!e:i'I(?l lfcm ~ *~ ~
~it(1-m ~~IRCflI(?l1 ~ 3Wt

~~ -cfi), "'JRWrn 31U[qT~

~Tc:rnT 'l~ ~~Cf?, fm F.r1fC1fT

J



A

B

A) '~ fllQroald ~ GIRr-31I~'"1f:cI~'"1-~ ~. ~ ~

QRClC'1'"1~ ~~~ 61"d" 3iffi. QRClC'1'"131arrrfT ~~TT ~ af:n<;rr

~ 3$.
B) ~31'IC'1g~iZll ~ ~CfCM14 QRClC'1'"131af ~ ~ 1)c;rr.

c



C) g\jjllfflcj})~1 ~ ~ 3Taf ~ ~ 6l(>j1~1 ~.~"rn q
fcRi>cc:G ~~"rn 61ulI~1 4RCI(>j'1i~ f?rWJf 3lffi. ~ fcRi>cc:G ~~T;)
61UII~1 4RCI(>j'1 l(>jI ~ $I fcRrn ~. ~ ~ m Gf.:r

'l:fI1Tm.~ 'l:fI1T '<i1400ll1d ~~, m ~ ~ ~ .
fcM'efR ~ ~ ~ ..

D
...•....~ ...~..•....~

~... -4 .•
~ .. ••

D) ~ 3ffi m mm ~ mm, 3ITfUr ~;{iKClICf)'cfull~
~ 6Kn ~1CPffi(f.



~13~ ~ 3ffi1T, en: ~
Fr:m~ ~dSlClI~I-c~1 B~I£~I~

~~~31TfUT~~

1cft~~~.~~~
~ 31m 31Tffi cfiT1 ~ ~ ~ -wffi
(R m cnm cnful ~, 31TfUTc=mcn:cr:m:

~ -B~T ~T~- 31T~;RT-{~ ~~q

(condensate) ~ \iftt TWr ~"dU
~ ti~llddl m~TT~~
tORI~. ~ <:IT~s06I.f1firq-q~
~~dSlClI~I~ f.p:IT1J1 61oll~1 ~<ilcfi)~

~~>rcnRcrr:R~, m~
31TfUT"tim ~ ~ ~'lWlT-O<IT
31llCft \jf{fffi en: (0. ~ -mr-~, ~
R:lCfl2~ ~) mffi. ~ ~~

~ ~ em ~~. 1111 MHt
31Tur&T ~ Ti~ >r<DTf~m.
~~ ~~dSlql~l~ ~ >I"Cflit

<it~ (oscillation) ~~, ~ m
31li~ lJ;~ ~13~ ~~fucf;~
~, 11q.q~, ~~.

2fIs~ld ~ ~ ~ ~-c~lcH

~.~ ~~Ifcflqui ~ GI@q8.
q'''' ~~ "" .;jj -ildl~ W'1.'I.,'Q141C3ldl~ ~11'6I:tlHI

~ m mWfffi. <:ITm 31TdT

CflC'q"ii~n~rit~~~.
$8CfS;IRCfl~ ~ 31TdT'31Ul-

~' ~ ~ m~.~'R1
f'qTl~T 31TCl~, cH 31u( ~ lJ;~~

~~IlIlCl~"i ~ ~ ~ ~

~~. ~ lJ;~ ~~Tf(l ~~

flli'iS4ld <X:icfiCfl{OI~ ~ ~.

"fllT;nonfucn ~ ~ ~ ir:ruT~

~ m~.31m :wi~ lJ;~en:
$8Cfcl'"B fcfJcn ~ ~~ ~
31TUmft~ ~crr:R ~ ~
~. ~ ;JflCl"i1Cl{ fcrfcJea>rcnR
'qTTf-B TlRUTTl1 tgCl TlT6UTF~T

of-ild51:tlHld ~ fcritq ~ ~

~.~~~,31T~
mcm, fcrq-R 31TfUT~ ~ ~

fCj~:qfetd Cfl{O~IBIJ) ~1I1011~ ~-

~ ~ -rffifr cr:m: Cfl{O~IB10"1

31~- fuTl'qT qTTl~ 31-qf~(f 31~.

~~ 31~- ~11~ ~t=iTf(T(f1

~ ~m '~ CflIP1cB'

1l~~crr:R~~ 31B~.

~ ?IKlfC{'iS41 ~ ~ClCfl{:q

~ ~1~fCB ~ mew ~
~ Tr€-r, 31TfUT~ $8Cf?IRCfB
q CflTj:G~iP~ 3i B 141 r:ll >flT{ftmqm

31TBt, cmt '31Ul-~' 1ft ~ ~

t.lTCf8~ SflirnCflRI~ ~ (R

~~?

~:mtm~,~~
1:Rl~. ~ 'f;fl: ~q(cj,:gfcfC:~c.lm,
~f.tot;f*fc.l3lfq;~~l:flGf;, 'i'Q.B.~.
~~~tR~.



~~ 111q ~T1n Cfim f~cf?
~~1"i40114Ifl-;:r ~Cfi ~ f<n~T

CflH I''H ~ ;j,~, ~ lJ1it it. .
~~.~~~~~
r<!lIit(~(1 fcrq-n: ~ .:mrci. flll it(~(1
41 (11<!l:qI >r:rM ~. ~ ~&l

mc3d" mq-r m&'fUT ~~ mmrran
fch({'ld\13lT~ ~ ~ ~

~ 31Bit.
1111c6df41fu~ ~(1I'tXl1 ~

~~ mrn ~ ~ 31TUf@t

~~>r<l(q~, (R ~(1lfllJ)

fucnui -@:i ~ ~. m~ it
~ ~ lfICJ~I~~deti'l:q 'ili'l&5'i{).

m 31TfUr ;:rcpT~n~ 1{lxcn
~;:r tT\:n;:rt9T~ t9T~ ;:rcpT~T

q5TcHlrc;fT 31TCfT ~~c:rTCl q)X'l.

<m=rrcft <i~ :1;'<-<101 d ~Tcj)
ElIC"lI<:lC"l1~ ..crrfu ~ood I~ood Ig)

~~T~~.

lIDf ~ ~ ~, it(fEidc.:if41 ~

>rfcfm SICtffiiga ~ (visualising)

31TfUT~m~ ~ lOlo'f:ll~

o«f. lWf ~~(f{ fcrcm: Cfi~-;:r

r<!ljv<!l144(f q):qO<!lI~IJt ~~m
~ -;mY fu;f~ liWCIT~ 311%.

lfll"fB ~ 31f4lJT ~(1I'tXl1 ~ ~

fu&'fOTT(f 31f4lJT cnm ~ tmt ~ %
~.

<n it~ "iCflll1lIv<!lI ~~

3"il 4:q If{Cfl fua:t 0IIit(~(1 fcf:t:rR Cfl{I<!l:qI

311%. fu;f 31TfUT ;rcnmr ~ ~
~ ~&1T(f ~ 311%.



m mfUr ;rcnmT
f.lfta:f1JTT(f-rTIiT ~ ~ ~ %

~ c€t 3ilqC"4I~1 ~ ~ %

~~~~~~.

~~. @)~n-elll 3iTIf ~

~m~tH, i~~";f ~m~,
-3=flflJlTIl";fR;BOil { H Cfl1q-lll Cl{ -ell I

Cl000 IICl~'"ifuB'urRen:<:IT~~ ~

~~.
~~ ~ \ifffi ~ 311%C'lll'q51q 101

i'ql'q 151 lJ;~ 3i1%. i:q ~q I{JlCfi~
~" .p,. •..• .

;;jj 'iICl~'"i 11 'Sjll{ICl~'"i ~ (f{

R;BOII{ M ~~ ~~1fCi m?t~.
CfiIII~ICl{Thnz;r CfiI~C'lHI~ ~!il<il'"i I~

~ li'lfICfi,g~\ifRf, C'llljBR~

f:q;rT:qT ~Cfln: O\m . ~

worms eye view, (;;jj~-iICl~'"i qlf%~~

~) birds eye view, (3iICfiI:tII«.:t

'lT~~~ ~Cl) m nrflrCf f:q~(f{
elevation ("~:rm~";f),section ('~G

~), plan (~) m ~ m
~. ~0~BICfiC"4I~BillillT.i CfiRUT
";fCfi1:tllBllt 3WfUT ~";f &lQOlll'ql

~'c€ruT' ~ ~ 311%.

trcfmcqn:Uf'luf 31T'lUf 1TT~lcFi~

B11T~";f 'lQTiT. r<lT~ c3 31T'l~T

~~ ~ q1f%~C"4I1ffiftirdTCf.

Ilqdl~I@~ ~ ~ ~. \@,

fcf;crr ;r<ft, lfq(f, Cflci ~ 1Tnft ~

~$£ilOlll~c~I'04I~~.

~ ~ ~. ~ 'fu;r Cfi'~C'lIC'l
ilom 11lit ~ -m .HO('l/ ''q I ~
Wdl'lUf tRm {f('ll 1'04I~ ~

$ilq~~.n ~. ~ ~ICfiOlll'Olll

~{lClIdl 'Olll CflTCOT(f~ 111RfT~

;:wrm BQ~Cfl 31mCf. CflHUf

'BC:fm~: '3'll ~ R;BOII-='QI

BCl<:f) -ell I .~ >rfum 1:RIcf tfCfCf<lT

~~ ~T 31BCfTCf. f:q;{TCl";f rClT'G.

51Rt fcii q')C'lmm. 'fu;r 31TfUT~
~ ~ QT'q~ 311%.'"iCfiI:tIlC'l

:slCO'!li'"ii~cm CfiI~lll:<;f1~'l1T~.

~~~ ~ m CfiI~lll'ql f2r<.p::r

311%.~ ~ q$IOlll-q1, C'llISlqI01

'fu;r CfiI~lll-q"1q ~ ~ ~ Cflti

~~~ Cfi{lll-q1~~

-quf m";fCfi~ ~om ~
~ ~ICfilll=t:f1~.

~~:
~ ~ Bq;;jjOlllBldl ZCfi'SlCl{"ClI

~~~cmt.~~
~ cnZCf t1cOIl'"llI ~ ~ CfiW

~ ~ it ~~ClOlll'J1l~ 311%.

~~ ~ firm, ~ ~il~
mo ~. ~ 'l1T1T~ ~

;ffi{~~~~lllC'lIC'l. JC'l{C'lI'"i1
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3ffiCf. ~~ Cl 1'""414) ~~

~, (ffi ~ ens ~~.
q 1'""41S1~IU1"illsfq){qUII{1 q Id~\!i2~

~~.f~~31~~
murmqqOOj'qiJi) ClI'""4I-q~1~ chluld'lc;1

~cm~~.
qqOOj-iJiJi)Cfill1CRi~% q6IU'4I*iI2>1

J1T11UT'fIUft CR 'q (5q U'41*i Id) q Iq {("41

:::i1IUII'""4I,f~JlI(}*iIHsfl ~ -3'i*i€l("41

31Tfur fP{ff~lfi(H 31~T'ijTq"d'1

fq){UII'""41 ql{qf'l:Cfi qqOOj'ql:l=I-'I't:llm
fl~:::i1I't"i ~. ~ ~ lldt tr m
GI@qc ..n -3'iT%. <nit ~ 'l1TTf~,

firm, ~ mu'l1TTf, itcrit, ~
~~~UII~ ~, -3'i1fUr31T~I{I*iId)'q1
1Rffi. 'q@'tXl1 ftrit'ij11ft ~ ~

Gi'Sil 1'tXlI ~ ~ iWm lll*iq€l<11

~, en: ~ 21 en Ic:'11"ifq-tt. en
<rrmT ~~fBSflllUTT-,n <i;run
'J11:s€lct1 .mm. 3l:::i1rn~~UI ~51U1d'Ic:'1
116.~1~ 'l1TTf~ ~)~m



~~T, ~) ~ T[(ft ti~ ~'l.~

~i$ilI~1 ~<ncft~~~

~ (crank shaft) .:mfOT~) ~
1WR fq;~m ~i~ T[(ft ~

'81ClChil< I -qur ~ N11.:011:::<1I TJCft1::l~

~ ChI.:UII:::<I1~ ~ m.
ClHlIBlc6 firTft 'TWm ~ ~,

.:mfOT~~~.~~~

~. ~tt ~i~c3 m clTT 1J;Cfl

~fdll il<l fcf1cn ~ ~~ ~ CfilTI

~ ~. ~ ~ m 1fCft1:fTUft
CR :q i&Cl0ll 1'6iOl1~, ~ ifK;:ft

~TCf. <:rr:q TT(fT'qT cfTlR cq-h;r

N1I.:Cl0ll 1'81a"1~ ~ f2rqfuTCfi\(I1ir3;
~. BChntffiUl(f: en'iilPI f4en '810'1
~ 41C'lli:q1~ ~ 4Cl'"l'i:l@

~~.
4Cl'"l'i:l@ ~ .:mfOT ~ ~m

Cfi@ ~ ~. 4Cl'"l'i:l@ ~mCfll:UT,

31TfUT~ ~{9'l.lffi Cfi~;r <ft ~

~~, <m1lit<.;IOII:::<lI~a:n

~ filC601l{ ~ ~ ~, w:q

4Cl'"l'i:lft?l 'i:l1~ClOllld 31~ 311%. ~

~TW ThCfiTUft l1CR~ ~'l1T

ChI.:Olll'8lol, 'C'llT~ Cl~h.1~1 fc6ill
Cf1fC6ClI:::<ll'i:lI clTT~ ~ cmm=r

~, tt ~ fil C6Cloj 31ICl~llCh

m:Ri. ClI:::<l141~., ~ filC6Clolll'6iOll

~ ClI:::<lI~ fummom fciI'"l~$'6=lI'i:l1

tR:Cfi311%. ~ ~$'6=lI'i:l1tR:Cfi~,

fa;1fd'iil'8~ictl.: Rim ClI:::<lI'i:l1clTT. <n

~ ~14'"l1'8101 if ~ Cll41.:ctl?o

rm~T ~~c (anemometer)
~$Olctlct. (~11m.) Cllct~~G/-T;lll
N11.:0lll-ql1fCft ~ C'llICl{c\'"lCl1:::<11'6iOlI

mfd'iil'8~ictl.: ~ ~ ql'mlT itctT .
m ChIOIC'llI~~ Cl1:::<1l'i:lIclTTt1cfO

~ 31BCIT. "C'llTd 61011:::<11cil~~i'"ll
~~ ~ 'iillllfdCh 41doolCll.: irn
~ $ClI~HlctJi ~ CflRUft~
mrd. B(f(f cil~ ~ (ll I ~ J II-ell I -;fhft

~ OllCl$14 '"l'8f<lIB)c6 Clld~~GI'6iOl1
~ ctl'8le1'l~ ~ '81.:1'8JJ-q"1~~
--.-.4 ,. " fU
'J1ICl. <n -i1<iICl{c\'"l~ dl'8IlIlCfl Cl1:::<1l'i:lI

fa;1fd'iil '8 ~ jen: clTT fcn<ft ~ ~ en:
'8~'iild'i:l, -qur kCl'8I1?l ~m.:mfOT

~ ~ ~ t.. fucrn <n ""llcfi ~ en:
qqfan ~ .:mfOTfc6ill ~mo
mclTTBT~fc6ill~, m ~$'6=l~i

~1fi;d1~ firoo~~. ~ ~
4Cl'"l'i:lCftllI~'l111.:0lll'8ld1 '81~fCfll.: 311%

cfi't "'"lltt, ~ cHCl0II 1'8101 31m Cf1Ttt
qqfan ~ 31~ CfiDCfT~.

~ 'l1ll.:dl'6iOll $ClI~H@lC'llICh,g
clTTcl~ ThCfiTUft .q~c;m 31m

$I ChiI.:-ell I -;fhft ~'Cl ~, 311fUT

'l1mrrct 4Cl'"l'3'l'iiliPlmen'6iOll ~<n~

~~~~.l:JCR~



,{11~~ :

Cj\jF11~~ 3M qWI~I~ fclJcn ~1r+eCf)~ '{ilxLc<:l13J1Cf)lxl~ trrtr

~, ~1~Cf)'£[1I ~~, "C[CPcrquft, Cf)lll~I611~~q"SOI!:lI~

~ <i?r, Cf)lll~I61I11RT lilxOI!:lI~ '{=eq61x, ~ '!Sll-sx61x~

"C[CP~.

~:

• Cf)1~1~1~fclJcn ~1r+eCf)~ 'tfR ~ t:m. ~ q(Y1!:l1'6\!:lI ~

Cf);G'6\!:l1~ 3mf ~ ~ ~ <i?rR "C[CP'l11cnqr;s-r.

• m q<:rl!:ll611~~"ffmRUr qrq~x-r=rR ~

'tfR ~ qr;s-r. m q<:rI!:l1'6\!:l1Ci001611g) ~ "C[CP'l11cnqr;s-r.

• qf5<:r1!:l1'tfR q<:rl!:liCi61I "C[CP~t:m. ~'l{1Cf)1C11 ~'Cffi>fT.

~~mclcn~3lTfUr'41Cf)I'6\!:l1 '{ililx'6\!:ll ~

~ CfRiR CTCPT.



• ~ ~ ~ 3lTfUr ~ ~ ~ 31~ft:q ~~.

• 3fRIT ~ 'tfR ~ q I\ScY1<:ll 1 lkll l"al I {p-ii '<IfPi I,<"al I

'4lCf)i11 ~ ~ ~ m tWIT. 3fRIT -g c)q;- ~ 'l11cP

3F<i cY1<:ll 1 Rl '{"f"lll q <:ll l"al I '1T~ t:rR1T, 3TIfUT ~

'41Cf)I'<il"f1,<"al1~ ~ ~ CfCf)T.~ ~ 1LflcY1(YIQI

~ q<:lljil) ~ ~ ~~TRT mftcYf <ITclt Cf)105\Jf1'UlT.

• 31RIT ~ ~ 'tfR '4l CpqI<:ll 1q<:ll l"al I \NcY1<:ll I ~ '4l Cf) i11

tWIT 3lTfUr \3,<cY1<:'11~ ~ ~ qlq'{i)'i 31~ft:q ~

cpxf. 'tfR q (YIQiiI) ~ 3JIpcft C1~ 1'!Slq (YIQI>Pi Iu1 El~ 100il1"al I

Cf)ICil l"al I ~~m fcixrr «:IT ~'tf ~~m"lIT<:f<'1T~.

• l1'CWm~~~~~~m=rm, fu~~~~
cl-qoft~ ~ CTCBT.

. • 31RIT<:ITq(YIQl"al I ~ q I\ScY1(YIQI 'J{jCf) 111 qPic;j1-qI i!Sll \S,<61'<
cY1 ~ v , ~+;>,...,.'3J,<i <:'11'l1f1TY<:<"{IC'l~. ~~ \il1\S011,< IY'" \!Sl1\S,<61,<IC1

~ m ~ ~~. 31RIT wm qlC1$~C WTR
~.

q 1C1$ ~ c l"al 1 q Rq <:'1'i I-q 1 <frT cpfff l"f1\ill <:'1? III,<i1en crr=<:lTC1"

qlC1$~cl"al1 flh,<Olllil) ql~ql,<C11 (~f?lf.klC1 6101l"ll 1~)

~. ~ \i'<lT qg05ICf)I,< "l"f"111fcRflh,<C1IC1,~ qfu:r~. qfu:r
3lTfUr C11~ql,<~-q1~OIlCf)I,<~, cBt gqJl<:'11qlC1g5~cl"al1 qRq<:'1'iI-q1

<frT~. 31~ <:IT'{-W:<::rTlIra'C11C131TLfUftr$r, 3fCRTcc:r,~. ~

61<:'1iCf)~~Iff~ ~. qlC1$~cl-q1 ~ m ql"lll"all ~

~ 3$. qur m ~ 1:601Jl-q q l"lll-q I ~ .,-c-g, mft c>flffrclq



'l:fffiTI(i ~~ crRlicR 'i 10000t"i ill "'ilor ~ 3R-fill.
'iT'tf~ 3lf7R:c;~ ~ ~~i<!lC"'l11~ ~~crRCffiKfTCf.
~ ~ 'iT'tf ~ qm) (j If?l<x5"'"iI'~\J1ClCXS~ 3Tff(ff(l.

~ (j1f?lCXS<i1i, .~, ~~, "f!"aRfiq,~, ~~, 3DfuiT
3lTtUT ~ <TiilT fcp.ffit 'l1rT 3lTtUT ~ 3li~, 11. >L q. ~ B. >T.

XT\J1"{~ <)2fic;r~ 4Cl<iI3'i\J1f f?rcxscroT ~m ;mg.
~ f6c:>roT "<iCPT~TIcf ~1~Clc4) ~.

P1flfdh:t1'11 ~ ~ ~ wi,
etiT -rn~ chi 0 I~ I 51Cfll (ql 311fiJT fcncft
P.:p:rn'G'l :q-ijft dm CfiU~, %
6(q 0 lllB I'lltft <:ffq -;jfcft ~ <mmf.

\J1(ctldh.1 6ql~H=t:i ~ ~~

~llRfT.~~~~

em -q -~ w:mm ~ 311fUT 1ffi

QCll B1j)S:;ICfl '{";{ ~ fil.fl Cfl ~ (g Cfl C1ct Ict •



3iTCf2.ldj{'Q!j1wmrn wm ~ ~
~ ~ em: ~ <:'111Idld, J1TiUr

lffiq~OO~ (OiBl~ICfi~<5Cfi<:'1ctl

~. <:fT 'C@i rqr ti~uf ~rmmft~

q 1'""4iull I ~.:mfUr ~ ~
"CfftuTmWomrcn.lOlI4YI*tl3iIJFRq4d

~ fcn;:rm ~ BCf m«mf q l'""lll'ell

~ m~ m:rcn. ~ it ~ <n
CflmTCf'tfuf ~~~ Cf1lft~m em
CfTQ(fT(l,m dl~Cil"i 1{-TXl1fct1"l'""llIq{

<n ~tftr Cflm Cflm ~ll(Oil2'il1 'ell
crm cmm. wm ql'""lll'ell ~ ~

3H1~"<:1't 31~'t ~rrcncft~ fuCflTUl

dli1l05"I'{, ~~, 'J~, ~~,
~~l1H - RCflhrn:, 31Tfnn 31TfUr

lOl61{1~ld ~. ~, 3ii~,

11~ q ~ ~W:m cnnft
~ qq,,3l;5f(Oi161~ ~.

~ ~ -wm: cfffi qt'llq l*tl '1cR
3l;5fql~'"l ~ f.?rfifill ~ ~ 311%.

"6't cft~ ren r<:fT fci ~PTI"'3CiT 1J,~Ci
-qft-q6~r(f ~T6"<:1't ~nit. ~CflT

~~T~~~n:, ~n:(mf -qq;r~~~T
l1T~ 'Jjq 05'Jjq 05 'tt.. 0 0 0 irTTcfG

~ ~ f.?rfifill Cfi{III<:'11CfTCf311%.
3i I'dIq 4d "3'Rff ~ qq" 'elCfCflli'Q!jI

311%. crttm ~ 'Jj IIIRt Cfi q Id 001q {
-qq;rfci~er f.rmcftCf 31m q I'elell I

Sf)lOliCfilq{~.

TT"f<H~11-R crrq - ~QT crsrf-qT~,;[

lOl61{1~ld fcl'{!dRilfdl(Oildl qq,,'qCfCfllI

"3'lOl I{Oll1<:'1I sr),(Oi16" ~ ~ 311%.

~ mcnm ~ ~ lOll<:'1ch1~

fcrfcf~ ~ "3~ ~ ~ ~

~ ~ ~0 irTTcfG ~ f.rfiffi iter
311%. ~-~ lOl6llOll1lf<:'11ldmwu
~C"~ld 'el105ChqIS"1~~ "3'Rff ~

-qq;:r"'q"CfCfCiTHrCi~;r ~ t~ ~~

fu:rcmr. ~ -m-3 --m-3 ~ 31Till

~ B-CfiTuft "3~ WTCf ~.

-qq;r~~-qnl;r fci~er f.rflfcft:cft

'lOl I{d I'el"1m 31TfUr >rrCi~ mer

~ cf]'JjRf4d1 <n(f ~ ~
er-q)Tqer 31T%. 31~T -qftfi'~

S1'iI'.'lOlld%dJ1TiUr3"f.¥lOlIOI8Jl1.:mIT <n

Rwf~'d ~~CfT1R~~
l1oPT~ 31Tfur 31T<:fTer CflUoCiT

<:'111101 l'""llI~~~;mmftr~
f.?rfifill ~ ~ "3~ Cf){Uj~

:<16Iolqoll~ 311%,cncn: (Oiqlrfl'elTTMt<rR

fcrqn: Cfi{III<:'1100.



wrn 9 ~o ~ ~ q-r~'ER-<rAt \i1f1i\Jiciill clllCl61RCfl q

3Dwf1Icp ~1f cn~ ~m~~ q<t,G<fT~n'tf:1 cn~.
8c6Iql'~'i~i1 3lT~ JClc1~$1I'iIi\1 ~~, 3ffl" ~6UII1lC'11

~ ~.' '{!'&Cl1(j1'6£lI "CflTCi5T(ffcbUCl'i 1Cl'< 3lTmfuf ~ 5T

3lT~ J Clc1~ $11'i Iii I wrm Ii 6,ClI ill 'l1flT 6TITI.

~-q~"fiq~~~

~ :m'ClI(~04 i-il~wf ~ fcFicn

~ i1'!l'iI~@ f2rqfuT 6101l~1 ~

~~ Rfifill ~ fcnucR ~

~ ~~. J1Cld;Jil1tiB BClfu

~ 31ffUr ~ Cllq(C'"ll1 'JlIOII~1

~~ fqiuq1fSfi~ ~ ~cfJu<],m

31T'Cl1(~c'!ll q I~~ -mJ ~ 31liUT

fcrfcf'Cl Cl'i 'IAenq I~ "i Cffi9 q CfR1Il ~

MCX5fclO'l.'!l1~lcH4 ~~ 31ffUr

qJcf Cfl(0 '!ll fil 01 CflfUTCfl 31iqqu't ~

~ ~ CflICX5lql~"i3'l1'J1dllll'!ld

~O'~~.

41{4UCfi ~

4~ Plf4efi .:mfUTCflfufCfi~"'!l1 ~

&~ll~it fil @I (1111'!{~:flfl it~~ fi"lV,

(Saccharomyces cerevisiae) ) "'!l1
fch0ClI"'l1 (yeast) ~ ~~.
7;fT fcf;uq~ ~TmoT ~CfJ n~m

Cfllurij~T 3'l'mH~o7;f 'qT~~. 7;fT

3'I'T'Cl\(~04lenC1 fil@~ql~"i fchoclI-.;'!l1

'q7;f~T~ ll~TcfJ (a Ico hoi) 3'l'TfUT

CflIJ'i'SI'!lTCffil$i ~ f.r4iuT ~.

ChCX5i'Clll(fiiql~"i~~HfcldHI C"'!lldC'"ll1

11~ICflf-ilm~~ 4'!lf~qR1Cfl%

Tr#t cfiT ~ fchoClq~ n ~ 31ffUr

m &"'!l1 ~ m. q IClIfl t<:fi CfifUTcn

3'liq~dHI ~ ~'Cl" 3ifioll"'"llI

fil@ql~"i ~ <of CflIJ'i'SI'!lTCfflI{'S

m'qT f.rmdl ~T~. q~~ 7;fT&<10'
04IClt\lf{Cfl ~ 4~ICflfC11 ~ ~

~ 'S1'!lTCffl1$'S'CllI~'S~~i.fl CfifUTCfl



'Jllo51em irut % J:ItfCll~ mm. ~
lftGd)"lj'Q I 1:RT2.lflit-lt 3HRB, ~,

irB, ~~tRT~~ 3ffirq

>rcnR'an fcn 0Cl"'lI g: 1{I 'Jl I(ifl em 4 uTT

31TUfffi ~.

~ ~ ~ 'qIJ:lSilI'<f1

f.r<ffif ire. ~ ChJ:lICl0'QI'q1~

~~~~311%. <IT

&~Cf .f.rwrfCf J1TGCX50II-'Q I ~<lIDU
ChidSilI d1(1 ~ trw, itG ~rtunm~
~ ~ :muJ(fT(f q ChidSilld0

~CfCX5 fucR -a~~ ~ etT
qr~~fcf;crr \%{SiII'qI-31cfi

~-m'fsn<n ~~. CfT@~

Ch{dl"ilf!tG1 ~ ClCX5O'Q1'tlII~

~Tft ;mn ~ q ~6 -qm
410'Qlctl(1 ~ ~ ~ ~
~ ~ q fuwn uourn: cnBur

~ lfT1Rmf W, ~ ~ 31rfUr

~~~~.
m~~
fch0Cl"'li5h'QiCl{ ;mmfuf ;mWrcn "3'WT

% diGCh~~1 ~ ~~ ~%
~CfTlicft€t 31ffimf. ~~etT ~
&<rimit fcrfm ~ a:--q~ \!t~
~, ~ ChllCfih4U) ~:m=r
;m~ 31rfUr~ Cl110Idtf)~~

("Ql(f itum: ~ mft @ii1{c.;Rl, ~

TR'J1'~. mn SlChI{'tlI1 fch0Cl"'li5h'QI

~ i5h~fllal ~ 31m fchOCl"'lQ2Id

tfSCl1 ~TUfTci"Ql ~FT(fm q ("Q'"Rn

~ 31rfUr ~ ~ ~'qI{ld ~

mn fchOCl"'llctl filCX50IR 1:RT~ ~

1l1R 1:ftTT[ ~ :m=r~ ~.
31m SlChI{'tlI1 3'l0'QClt 14 fch0Cl"'l1=41

en..,. de; I t{UI ~ Rffi ~. ~
~~~~ fchOCll'q I CfTlf{

Cfi~1 ~cfl U~lrlf~1TCf fllCi5UTF<:fT

llcitlfHl5 q1~cft~~ -a~ Cf<:fH

Ch{O'QI=41lf~ ~Chmd ~. <:rmTit

~ fcnuq ~ qfll@uJ:lI"(41'{

<ITen..,.f~~ fchOCli'q I ~~

'fGJ:I F{r'QI f.mfuT Ch{O'QId ~ ire. <IT

~ ~ SlJ:lIOlidmu 3{~C"'Q1fl

?-IT%~~ dt1I'tl11 ~ ~

-qW1itit flloCl did q 3'l14 C"'Q1(11 m

q~n41~., %*r filCX5~dl~. fll@~'tlI1

~ ~ (>rfu z.:r~. ~~o) 31rfUr

@'tJd(1lift ~ (>rfuz.:r~. ~o,ooo)
~ fcf:qn: Cfi{ill J:I~14 I~., *r ~

~ ~ :m=rt!~Clldlfl cnz€t im.
lfUT <:fT fCfiUCf1Tq\ CfiUCfT ~UTTU

~ 31rfUr ~ ~ 31rfUr r'Q14I~.,

filCX50Il'"'Q1~m%~~~-m

fchoCl"i5h'Q1O'QCltI4~ m~
Wertt f.ftm;rr.

~m 31'f1JT@~ 'hfl0 (1 I m
'tTCfT ~5rR~-a~TlfT~1 If\!(gT~



&HR10'4lill. ~ ~ % ~ ~

tlGCfii41~"GR(f.~ c:'4T(f ~

m-r >JlilUTT(f Cl'"if4 R1'51r<!:lituT :mfUr
Cl'"ifgctl'51r<!:lif~~ ~~. ~
ituT q ~ cfiftGT ~ 1'441 fc:1 RCfiI

(Candida Lipolytica) -;n1iCf1fcnuq

~ ("4141~<i '51'"iICld-il "@W frmuT

Cfi{O'4I-q~~wm:cfm~~
R1Cfirnd Cfi{Olilct 3Wft, ~ fillllct'H

1ls~~~
<:rT~ 1~~ ~
-PcnlJCRTcl"'"i'I1l030IH.I
>rf~~~.

q ~ ~l~m
~cm)"{ulTq~"'"i' .31B

m ctT flchlllOi Ir<!:l

'fM'51r<!:l 1W~, ~ >rf~, ~

(Starch), ~, ~ Cfi11:'Kfm=an
f;rf-q~Tdl .31ldtfllcfi~-q~
fchOCl'"if$f1111CfI1R1Irm "'"iltt. "Cfi"RUT
itcft"ct 3 ("4 IG'"iIfll 01 ~mm ~-m
~~T41~ ~ ~ :mfUr ~.~
GI-lll"l~05T 4IClfll-il, ~ ~CflG"'l

~. ftrcn<l m~~~f~
~'4ICl'!ll-il ~ ("4lfllJ! fchOCl'"itlG,

~ <:rTfl1{{9111 m"6~ ~-,;lll

GIl<ill,:fhn ~ ~. ~ 3ft 'Q1fll Cfi

Sl~Cfii-il ~ Cfi{OlllflR@\ ~

GlI~lfllal1i8:~~~q~

fchOCl'"iI(jj ~ CflTtt ~ 'Kf~ frmuT

CRill. ~, (f{ ~ .31$Tm ~

~. 3GIt:{01\~1R1,~,~,

~~ lllfll{@1 ~~ f.lf4dld

it fl is4 loA f.ltm c:'4T(fCfi14'"i'g'ffi ~

m ~ ~. % flis410A ~ ~

'"ic<l-ilflilct ~(f{ C'll1'alICl{ ClIi501l-=ll1

~ 8:'1 ~qiCfl~cft "'"i'~ - ;rT«<fT"ct~<l"T

41011ld~1 31f~ mo=m Sl4101lct

~~q~

liffi 3'l TfcR:l '51'"i .31mcft
"ct"6en~"'"i' 1H"ctT"ct. <l"T
CflHUTTBTol <l"T

fiT "6 -qTU<l"T"ct~<l"T

CfiI4'"i'g'ffi~m

fchOCl'"iI~RI Cfilft ~

lJTI if "CfTUft'"i<;~'"ilfllilOiUt ~ ~.

~ 3'Qllliwt.-it % fcnucR ~

Q1~llt<t fcnqT ~~"ct ~~<l"T

@~Sil ilOiUt Cfl\dT"ct. ~ ~ murro
CfiI4'"iSlllTCffiI~S CfT<l~ ~ ~

:mfUr @8'illct0 "CfTUft~'llCHR q

~~~e..Cfilft~. ~~

fcfiucR ~ ~ ~~ ~

31lUT€t (f{ ("414 I~<i ~~ ~

~~ f.riitft iri fi.
~R(Oj:tOI

~~ ~ 3ft'QlflICfi *~
1lISlCfiI{;:j) ~-q~ R1Cfirnct ~ 3TI%



I'
~~ ~R:Rifl (Candida utilis)
<:IT fch0ClI't:lI C{l(R ~ ~ 't 0 ~

flisqlolllq'tlOJ ~&c;{~fcfJuq

f?looCl~ ~. <:ITfchoCllq l*tl 3=cqSlct"r~

q\!@'il~~.

~OlllC"l("lll ~ CfillTG: CflI{(<;II;l{IC"l

flisqlolllql*tl fijiHQT~~ ciI"lfudl

~cr~ CflI(@'""llIC"l't:l~~~

~~~.
en: "fu~c;cn C:l~ 3G I5(Olill't.<l

~~ ~;rur "i5crcit "% CflT<mR

~tHCflI(Cfl ~ m ~ ~ "%

Cfll(@'""llk'll -3'iICl~llCfl't:l ~. 31m

ircit C'lllq l*tl ~ CfiTIft~ 'RT~

Rf-q(ft . ~1ill 0\ ~T~~

~~<i:lOllcHI(.'l ~'G't ~sm
Sl11101lC"lott ~ ir3;m~
3lm lKfm~ 3rqlG"l Cfl\Ul "% ~

Cfll(@'""lli"all 1%C"l1~'t:l :m:rn'. ~
~~HClI<t "'lll R fild'\(.'ll ~ ~ qrq

~~ ~~ ~llflcfi)ll

qlC"looICl(tfI ~8;l' ~ ~ 311%.

~~.mmfl fchucH
fchOCl"lI~ ~ ~ ~'t:l"lClI'!{.dl't:l

, ~ ifB ~ ~501C"l1C"l.ilur, llRcfi

~ fcflcn ~ Chloldtfl mm
11Gf2f IIi..,lll q IJ{OJQT CWi -3'iTffiNH -

fcrofto fchOCl"lI~ f.:rmuT irdT. ~
~ ~ iffiq~ wm ~o ~ ~~

c:~ -m~;:r q ~ ~ ~ ,'t 0 c:~ CflTi;:r

slllTCfflI~s 31Bill. 1l1~ICllll ~ 3fc;q

SlI1I°IIC"l~hf;r ~~"S, CflTi;:r

~l"lTCffll~S, ~~ q -3'i~lRlll ~

~ -3'iIGooC"lIC"l.~ ~q;r~

fijiH QT ~ 3q~lllI't:ll 31Bill.

~ 'Jfu:;:x:n R fil (nfll Jl fcnJ:rR cfH
SI'CflI(=til I ~lClloL.n m fl5Cfllllf~ CfiTI1

~ -3'iICl~llCfl~. <:IT~~

1:fTll'tt ~ -3'if~ ~'m\ -3'iflOIl'"ll1

~~~~~~
~~ Cflm ~'Ulm\ -3'iflOIl-lll tlm
~ll't.~ (~. ~RftCfi ~,
~~, SllfqllTRCfl ~ ~.) ~

Cfl\Ul. <mnOT (.'lIlIOII-lll ~;:rT

-3'i1~'JI"lCfl ~ 31?t J:501dlC"l. ~

~ ~ ~ -3'i1~iqltlOJ ftRCflT

(~ ~), ~ SlllTCfflI~s q

5 11l41'JI"l ~ 'RT2f f.rqfur ~. 1ft~

~ -3'iIOIOIHI \5f)ClloBI 3i?lil~RCfl

(acetogenic) ~ 31?t J:501C"l1C"l.

~'G~ q itcrc::an C:U<ffif CflTi;{

sill TCffII~s 311fUT5 11l41'JI"l 'llitrr ~

~ ~ C'lllq ItlOJ fijiH ~ f.rqfur

~~. <:fTBRft -3'iICl:{llCfl-3'iflOIl'"ll1

~~IClIOLOJIit~lI.,i'I~RCfl ~ J:501C"l1C"l.

<:IT~ ~ fu;:tt ~ ~
~ itumf -3'iIGooC"lIC"l.

f1:r~;:r CWl"C<:rT m-q'(fhnaT



311 fcf"B~";ffcn:m CfTIfTCHlJf, ~ 0 0

~~ en: CfTl11iR 31TfUT~ if <-
~ ~ 311S:<1~S:~Re:~liCh (pH

value) ~ 31lcH'!lCh ~. ~

31T'tlI{~b!jld '"l1'!l?l.JH:t:J >ImUf ~

~~~, ~~QIOII'"'!l1

~31lOiIR'!lI:t:Jm~~.

qfu:r T1~ ~ Cf ~ if 31T~

ClI4{("'llIB 1j),sWl8 rn WIT'tlHChI{Ch

~.
311.JlChI~ I j) cil{IT'6l Fn:rfuT Ch{O'!l1BIo"I

~ ~ ~ $1011(1''1;:11Cfll1\ ~

.~. ?i~~'I'{ql~-l fq~ Rl':lO'!l1'b!JI

f$h~dc.41 ~ 311~141~-i -m~ tt
-iTCR~fq nn<n 311fcrn~Hfcn:m

ClldlCl{Olld 0QTCft ~. cillchl'Olll "Bcf

fsflm 31TfcRhH~m ClldlCl{Olid ~

crft~~.~~~
31T~ S10lldld m fctioCl'"l4151j'i:l I

Cfll1\ ~~. 4ru("'ll14dt ~

m Rf?fd144d'Olll tr<f~ ~
it (fTIf J"lfTIf CfT~lJfT~T \i'{tcHU( ~T



f;Jtt a:luTTcr~";f ftrlr~ ~Hnr ~H

3"lJlCf$ii'S(~<:rRtfR ~~ ~~ ~

qRfB~f1.r.:lI m'q ~. OT m'q
4llll~lllI~ ~ men. -quI f41~(R:C1

~~W'q%~ ~ll~lliXAl ~

:mfUT ~ ~8:11~ ~ ~

M ICI0III d 311it. a;p.:rU"l""fTCI1:( 111&II0I

d(JlC"lll ~cill1l''{~fH ~ SlR!~~CflI'l:l1

W'q Wrtt-~ ~ ~~
m C1ICff111""1q ~ ~"llFft
-z;:rT~T . "ll"T~T "3(,l1T01TBT"61

"f~l:cl11Tmft~ (Stre pto myces)

111511dC"lll lJ"rfu 3m, AA Rl!;Hl ti ,

111={!l!;n:Bti~. ~ Cfl1R~. ~

Tfl;rT('f~"ll"T ~cH Cfinft ~('fl11Rl";f
-P."' "p,-"ls;itilllCfct1""1, 1'13fII1I<{tiH, R'R02.H,

"'-.4" " ~"'~-ti-I~-Cf-<1"""1'8.•..•.~•.....•1'Jl t\1111'!(til""l q' I~ Iq Iq 'q

)fCfl~ ~~ fllCX5C1<11~.

SlR!~~Cfli:q1~ liRCft ~~ ~

m mR ~ 3c-qIG""II'i:ll~

qf(l1lV] .q ~ I1IMloq') \1'I::"G"<ffm
~ Cflll':tihqV] ~ Milldid.

~ ~ 3c-qIG""Ii41fchl1d~ ~

~. -quI ~a;lCfi ~mmit ~

eft fci:ilTcfql'Ji IIIMI cnTufi:q~ 11QT(f

lli"ll"H "ll"T)fCfln:~ fcnuq";fi~T

3("tlIG""IIMICORCflllChI(q01-31~

f.r:m'~ "Jll(f ~.

@f.l;jjt!~
olll CIt\ Ii1:Cfl~~ fcfl~llt~

~~ @R'JiIqIfl"i 'QTClfil CX5~01mtt

"l!;Cfl~ ti 111~ 2 311%,% CORmsw
~ICfli""l1~ 31Wt. ~ ~
~Cfifq( ti0hI~'S (Cus) ~ fC(~qld

~q~Cfifq( ql<{{I~~'Jl(COp-

per pyrites) 3"Iit ~t\0ldld. ti0hI~'S~

fC(~qldMI di011I'l:l1&ffi11TlRmf~(QCX5d
"' "' -fB ...........4 -Fcm-.mft -quI ~MI&I MR YI<.l13"l1 'S1'"*i

(Thiobacillus thiooxidans) "ll"T

~~mdi~~~
lllr~"G"T('f (copper sulphate,

CuS04) ~ ~ cfi't llTf it 11f1Rffif

BTwrr ~(QCX5dq 3Bl Gll'Sl1knql~

~ tit\'Jiqul ~ CflTGffiira. \i'llT

~mTfT(f CfiTCR~~ % ~
~, ~~tt~-RwTfu~ira

q ftr~ md"ilI""lIC"lli~ ~

iO(k'aGI'l:l1~ ~. ~ <ltifIfCfl

fcn 0CI""IIM l'l:l -31T(ff3ftmm ~11

~~~~ 311%.'ff~

tt ~ Wffif 00~ "Jll(f ~

'Jjllld'04I ~ di011I'al1 3('{lIG""IIQcfi)

~ 0 cil ~ ~ ~ ~ filCX5C1Jl~:

3"lqf{ChdC"llI ~ ~~t~ <:frq

~ul-:qT "311"ll"lTfCfi~";f ~~f;J"ll"1l

H0hI~'Sql~ ~ ~~.

~ : 3fT. fa:. ~,
~ ~ lCHT~41~f.kb{c~ -31~PJ.

>rfu't:G ~, W't1 H #I@Cfl.

--------:----=---------------~t.,'?,Q
3lCli - ~ ~ ~anurcn~



.-.J ~
~ 31J{iMbIn ?

(fB ~ m: ~ ~Cfi Cfinui

3ffi(ffif. ~ 11ft~ Cfilft ~ ~

en:m ql$l{dld, 'JIC(Cihlll ~Oll-.-lll

R~ ~ ~:\$! -5ICOl1ltti~ en:

Cfim Cfi~ ~ 6ti~l~cn J5ICOl1ldcrruft

W1cf. -51oollld -mer ~ ~ CfiUT

1BTwt~~ ~fup:nuft~. CfRffif

-iBwt, oo~wt, ~~wt

- ~ CfiT<l'51COlIId l:fIUft ~ ~

CflROilt!63 ~. ~ f.rflN "ctlTtttt ~

wt ~ ~ % crruftJ1~ 3ffi(ffif

:mfUT-a ~ ~ -5ICOl1ld~.

%mcrruft ~ ~~ d)COlIId

~";ffift. fllltil(fl ~ qlqoA'iXl1

\$!rffi Cfi~T ~T~~T ~Tl1T~T

3iICflRI~;n~~~ 3ffiR~ 31~

'""60Idld. ~ PP''lOII'"4T~-~'tl8:11

c(lm;:;qi4~ 31~dB ~ 31~

~qlqon@lc ..n~~. m31~

1;0

-RmUT Cfi~ Wi\$! 1jm. w~
q Iq°A@Ifll 31TfUTCfl;\jj~CfC'OIII 0614'f..it
~ lRd" Cfl{OII-=<jI CflTtft~~ 3ffi(ffif.

qlqolli4cit 3itiJl~1 CflTtft~~~~

~:qr it~G ~ ~ 31ffi'I1.

31~cit ~ wt CfiT<l? ~ crruft

:mfUT~ >flnUTT(fam, f8<'tl CRT2f,

l!f$ll ~l=ti, ~;:21iiiT'5~1'JI .
il~llid 3d{JIJI 31~ ~ ~.

qlqoA'cli 3E4J5q-kiRrRT '51oo11I-.-111

~lP:rTTfIcn: tH:n:~ ~TIIT(f. 31TfUr

'1ICflICflJ5'iXl12.1CflICflg~ ~~.

crran q @I<.1-.-111q Iqoll j-.-lll ~Cf{

~ '1ICflICflJ5'iXlI ~ 'tl8:11m
3ffi(ffif. it~ '1ICfl.,'iXl1QICfli:1l'ld~

?tuTro~ ~. ~>flnUTT(f 31~

ttrfUfi~ m-a. ~ ~ i)COlIId

"BM 31~ f.rmul irn 31m m: it
lll<.1Ic({ ~ Cfiit ~? ~



i:'1llldld.

~ICfldId.

~ 46~I-ql ~ ~ em 'ilc3'
~ .:mB ~. ~ ~a:-q

>f4lUll(f31~ f.rfifcft "ffmJito ~.
~ 31~ Cflm CR'tCfil<:f?~ ~

sTOOl 311m -acrui mfUT sT~

fCI-.-'0d I ~. sloo~ Id ~ 'Cfi"'RT

~~~~ SICOll1ct'"i~~
ir@ ~ ~ \jff(ffif. cffi:q 31$~

3nffi~T -q)Ttt \TfIT~rR-q)

~~ qlqo~i-ql ~ 3ffit

~ cfiT SIOO4I'OqI~wncR
qlqoA."fj CfiS ~ ~CflJl(11

(~) McllOL~1;rm mm.
~ ~ 11f11Uft ~ ~

itoo<:JT~T 1"s'ijTTTTcf{

'Ji tl"il ~ICfl~'dlm~ cIToor

~itooT~~~.
~ Sloo~ld 31l!l~ m
~~ t?lO~I:q1~~

31"ffcrT. "6TOOl'ffif(f -q)T~T

{lmC"'lll~ ~qo~I:q1 ;m:lmmm
~llC6I:q.

qlqo~i=t:ft~ 3ffit ~ cfiT ilCOll 1'OqI % ~ 31~ ~ Cflm. 110l 'iljl~oo~

~'ij"fI1lCf{qlqoR-q1ens ~ lCflJl01 ~ ~ i'rcor 31~Glct'"i ~ ~

~. ~ {:q~!:!@ 31TfUr31~ ~ $1I"llolid 31l!l ~ 31TfUr$lOO~lct'"i

~'ij"fI1lCf{3'l8JlC"'ll13'lrnqldC6 ~ . ~ i:'1IJldld. % SIOO4Ii:'11~~,

~ ~ dIOli!:!@ (m%B ~) iTm cnm Tt~ >rfufa;m fsn~
31l!l ~~. q~14HI~ qlqoR-q"1 1=6Ul~ tls(f. -q)Ttt ~001 -q~-q)~~

ens ~ ~ (f{ 31l!l1TK11CR~'" 31~~ iilC6IC"'llI!:!@~ 31l!l

f.fllfor irmcr % ~:~ fcf1cn 3"l('lit~GI~
tls(f. -q)i~T f:q«rT""lT ~T-q)~T

3tr:~ ~ iilC6IC"'lllq{81~'.

Cfi'ltt ~ "BCff$11C"'lllCl{ 31~ '""ITcfiT(f

\jjlo~I:q1 '4lli ~ mm ~ ir@ ~



~ '"hI $-1 Ii., ~ 31'R f4;G1Cffi m
~, ~ Cf ~miR ~~=<fcl1l:~~ ~ RiCfl'O'QI

Cfllcol d1C"l ~~ I'i fu ~ IICfl fc.'1@I all (11C"l

31f~~3lT%,~B~~.

m cfR ~ )IT. 'fi~ <ri;ft
-Ri"'f.f f.=k - ~ ~~"•Cfl '"h1111 I ~ qco 31["q) CH1C"l1'J\I

(~~.) ~0 ~ q-~~ mill
q <;Cj1 'icf fuw~ fuJlC"lll Jl<F=l*{cH
:mmfuf ~.
m~ >l~ ~~q licit SlCflI~ld

~ 31lfUT ~ fuwm' Cf ma:rCfl

<Wr~ ~ I:1ICflrnll~.

7TI g«1Cfli~ BCffu 1i~("ClI~ ~~IQil

31B ~ ~ : ~ ~ <;~ICj"lq4d

f~a;TUT ita~ 3H~ , ~l=~r~n

~lR1Cfl~II{'ilI'Tel1 ~ 31l% 311%, ~

~ ma:TUT ~ cnnft Cfll{all«1 Cl

~ "'iltt -Fcncn ~ "'iltt, (f{ moo %
~ (~m)l.1-l~t:rt't~
CfT"'qT. "Cfl~T"CflTCi5Ta"'q ~l=~T~T

'li1 fa"Cfl ~T~T('(t~ '3'ir.f 'B "Cfl~-q~T"'qT

'~' ~ ~. muncrCfl ;r"Cfll-CfT

1i~lfu~lC"llll-q1 'cRt!
m 31fu~"ll"htft ~m."CflT{UT"ll"T

8)«1 Cfll'Tell 'l1flf[ ~ 8)«1 Cfliq a:TT~
~ 3lT%. '"h1$.,Ii.,'Cl1 '4IRtCfl~II@Cfl:g

ql~Olll'Cll ~flch'l.,'Cl ~ ~*1IIiI;:;q 3lT%.

if >lrit"Cfl lTTil~T 13,rorm ~TCfTa.
" ~~.,..,.:;-,"'"h1$.,Ii+i1 fCfd":"'q "C'c.c:1~IC', ~

'4IRtCfl~II{'illcnC"l ~ ~ ~Cfl('"q.,1

~~ 31Gtuft ('lilRtCfl~II{'ilI'Cl1 Ti~
., *1JlC"ll, 31BT 31~ urrcn) Ii Ia I*11C"ll-;:ftc:
B~~ ~"31 ~"Cfl~T, "ll"TqT 31~ ('(t
• ..,rl...,;+ "*1Cfl(Yq.,1~ ~ 31BT QIClI.

'~a:TfUrCfl 'BG~' lit~ "ll"T8)«1CflI'Cl1

~ ~~ ~~ Ii ~("ClI~ "CflTJ.:UT

~, w2ffcl~l'ilcnC"ll:@~ ~Cfl(Yq.,1

.~: *11i'JI1ClOJ~ fuwv.ffiT mu:n

~ *11i'JI1'ti ~01l1*11J1 % ~~

~ 311%. BCf ~ m~ m



~lhl~"ili"i (9 ~ 9G-U:)
-g 3H£-],Rq)" q)"T"ooTcftC'f

'~3Rf' ~ 3il05~c'i
\ifTC1R1. 9~ 'dG ~ ~

~ fclE])(j<Ji81cffi(quantum

electrodynamics) <:fT'TJr

'lil fuetTcftC'f 116"TCfllu(

ftr'C:~ i(j lill qm-r Xil<.YIT.<:fT

"ff~Tr~"iI'{i161c=<TFrr~3Ff
~q~-~ (j'lliHI'11

~W~ 9~~~~
qGT~fcr~n"i"r~ "i"lGrC'f

4IR(j'Ii~Cf5 ~ ~. 1JlSCf5OO~ntrGT~~$1IPtCf5i'a1l ~, ~

3nUR5lT ~ li6C'CltL0f"ff~TrtR ~ 4IRC11~Cf5I'a11 ~ "6'Rfi.

~~ "ff~-rr~"iI~(jcfJil ~ fcr$1T"i"maiOIl'{il61 ~ "Cf5Tl1li6'tCl!=6l

31ffi. trGT~fcl$1I"ilcnC'i 3ffir~l<l ~ '{iCf5('"4"i1g) ~ mcm
~ '{ii'lo<Jl01 ~ 6Tdltf fcrc>r~ mw. dlCf5d>~I\J1 q~

fc11%c'ic41 4Idil9)fC1Cp ClTLJW1T.fR. ~t<T ~ ~-lhOOllI'a11
~, <Ji81Cf54ulq 4lx'{i~A fcl$l"R ~1Cf5ClO<JI'64T41~4RCf5 q~

~ ~ool~cil~ ~ ~~. (\RI. tr6T, ~arfUrcp ~'lf,

3lcP ~, ~C'1"--q ~ooo 'lhl~"ili"i ~1@JC'ilit<T')

"ff~Tr'Cf1q mafUT ~ Cf5lli[1)~ 6T lhl~"ili"i'a11 ~ &1RhliC'Cllil I

Cpqoo ~ 'liT'T 6Till. ~ fUl$1I,<~cti ~ 3Acn aRTc=r~
"jCj~ -inc;fT. ~fu3D~~, q)"TurcfTgT~Cjq fch('"('"<Ji~Tm

'3 t:l\SO<J1il1 q)('1T, ~ CfIG"i",~ '3i Cf5C'iI,~. 31.fcp ~ c=<TFrr3!Cf'Tci

~. fUl(jCMI '3f'(iI61~ q ,<ilix'{i~~ ~ "ff~Tr'Cf1q 31~

Cpc'i-.ffl(jCf<Jlil '3f'(i 161~q '{ilix,<i~~ ~ 3J IgtQ1lill ~ CjCC'1T.



~,~:~~,31B%~31l%. 3iICl~lICfl~ llfOldlC1l~ ~ ~~

~(f: l:f)~l1-l" <ri-;ft ~BlcfiT~ ~ ~ l1'f.:~m ~ ~.

S1WICl~d~ ~ 311%- ~ ~-fuc:n uW 3iTfUT~(hjllfOld

'~~maJCflcd~mT2ff~ ~ ~.i)i\jj'ilr~Cfl ft"ijR flifi'ld<:"lIl
p.,.. ":::""'" •• "~..-rhOlIimlld qld~iCl( ~G ~'tT 3iflUlil"'lI ~IQ(l.

3iICl~lICf1(fT311%.% ~(lJRf -Etu) m:q ~-fuc:n~11{.l1"t:1I1lJ~c11Uft ~

m~ fl~f4C1( ~ ~ ~ Efiim AchRCffi (Tr~) ! ~~<tS:Tr:tl

~ 31B lfffi Cff?it. 31m 1i'~ . % q)UT~, 31B ~ qk')"ilSh~ld

fcmr2ff .~ CflC'tHiCl(~~, ~ICfl~dld. ~ '~nCfliRtCf1I'1ft <€t, %

R(R(IOAI ~ ~~, 31TfOT ClIW~Cfl31~311%!~%311%<€t,

~. Clllfd~1 ~ ~ "lfl~l~ ~~f~ % Cfiuri~<:IT~11T(f (f<:

-fcf;cH m&TCfiT-;ft tmf~~'t "3~<:ui 3ild0i5dld'q, ~it ~6H'tllII<.;I (~)

til$'{"i<.;1~fu"Cflui ~ 311%.tfUT fCI~qld 3ild0i5dld! <rrqT 31~ ~~<tS:T'i
-P. ,~......:'.' "\ ..::, ~31T\jj'~<:IT31T~I'1Cfi ~-r.:~T(f "Q',CfiT-m q)UT ~IQ, 3m ~ ~~Cf~1'i -m

m~ ~ fcmr~"lIf;n ~ICflCllci CflullfllH91 'CWTdl'. cffiq ~~Cf~T'i 1ft

~,<€t~~CflI~dtlm '~' 311% 3=Rl~"'i' ~~f"'i' m

W'tTUf~ <mi. Cflc;lMd~ 1ft ~6\lfl1~1I 'CfI1Td1'. 31m "lit ~~

~~ r<n ~R ~Trft c«fi~. '~':;ft~1ft~~

Cfi~ ~~cm ~ ~ \Jfflft Cfi~"'i'Rffi 311%. '~~~fuc€t' ~

~ -~mm&TCfi fci;cn fcrmm <:IT ~ ~ 'liflT- ~ liUt ~ 311%.

~~ CfiTtt mun ~, fcficn lhl~'i~'i ~Cf'qff'tllli 'liflT~ li~~

~CfiTtt~~'qdl~. Cflc;lMd ~~~~~~.

-mcf(fcr;:rr( Cfl(UlIl~ ~~~ >rCfiT~T:c<lT l1UClcf"'i'T~ 31TfUT

- fcficnit~CfiTtt Cfl01'ii'qI3i1Ur@ 3iqClJ'iI-il f.r.Tq~ ~1Cf1q~~.

~ ~.' tfUT~ <:ITRlI~ISI~lul CfiT~?

~ ~ ~, m 31TfOT ~IIOA l'q l1'TlTRCfiT~ "'i'Ttt% lhl~'i~'i

"J'SITRlT, ~~d"Z!"lc€lll ~ (~~ <ITrfi<:IT'~ m~ 311%.

S1CflI~II'qIQlmim iRIT), ~, ~. S1CflI~II-il~ (~-~) 31TfOT

fu~~t1~ 31T%(f. ~'tfucr.m~ ~ (~- ~) % ~'tTll ~



~ 3"lfldlC'i'Cl.

q{IClJ••'IIflltl ~ 8i_= 8,. 31BT
~ ~. 3"lqClJ"ilfllcl ~ ~

Frm 311%;~ J11qUf~ (Snell)

'qT R(fTf l:oUf(fr. TfTf(f 31m Cfft,
3"lqClJ"iI=t?l~CfiH~ 8i q 8,. %
~~8:Tm~~~. ~

8i q 8r (fT~~:fTC1-~~ (m9~OIl{1

~FrmBFTUtfci1crr~~~

~oo-a. cf~ll'1 (fT lJlcfJ ~T~~T;f

8i (~ CfiH ) q 8r (qloljldlC'i

CfiH) % ~8:T ~ ~ ~ ~

(table) ~ ~. tt ~ ~
~.R ~(s'o TfUt 31TfUr8i q 8r ~tiR

~~ flillOII{1 -Rwr (~ ~
~) 3"ll+dc-ClIC"l3ffi11 ~.R ~~~~

TfUt ! ~ ;;jjClC6;;jjCl~C6~~ 00 qq 8i

q 8r -.:rmtiR~~ fllq-sC'iI'Cl-..rrtt!

~ Frm flifllC"lC'i1-ill 31BT-
Sin ei = n Sin er

(n=~)~,

Sin ei .
-.-=n (~)
Smer

n (fT~{iCflIC'iI'Cl J11qUf3"lqClJ"iiCfl

~. %~a:mrw.etiTm n ~fml
11T't:ljllifllcl WR 311%.~ ChIOldlfl

~ 11Tum fcilcrr ~ ~ -..rrtt,

dlq4C"l'Cln mWR.



-RWl fil 051t11, -quf m:n -RWl CflT

m:ncn, ~ fQZ"ICfl\OI~ ~

~. ~ ~ 31'4fl 31Jl1UTm
~,31B~~.

~ f.. ~ 0 -=an"WffiTB,"lfl\m <:ITIIII~l~11~

At1'iXOl1Rlll"lI'iXOl1f4Z"tCfl\OII~la"l~

mq ~. ~ '~ mq' fcflcrr
'~~mq' 31BOO~~.

% mq 31B : >rcfim m ~ fcii~l~

~f~ fcii~4(j 'J11041~1d),flCf~

11Illlqcfil , 'l:j)ffi ~ "J1Il"lf.l ~, \J'lIT
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