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cS""'" ,\.,;_), 0\o.:....:.;b 0[,.,, 0.,.SI ... _ _,!;; ,:r-1.S s,_,J." 
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,,_,. .0~ 0...,;, I.;,; Jw.' cSL.~ _,,;-1 cS4JL.. ,, 

Prebiologic Systems ·'I'. J.B. S. Haldane .\ 
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.<c.-ol 04P.-J> J ,;.;.J _;liT.::S ?' ,,s,Y. 0TJ. Y..J. • ~ 

.:ii 0t.> ... w1,;;. 0_,;51 6J_,10t.... ,,s,5 <.>" J'l.,;....,I JI 

0.;:;,\.;,;_;liT J>J JJ> A:.;.;f J,, .::.,.,\ J~i; • .;.;j.f.fa JT ,1_,.,, 
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, . t"J!.~ IJ 01.,>- 0l..iw1 

.:it;.L,,lr-"_;..,,1.;.. :,y- ,,s,Jb'-"' r~l Ji...lc:.r.1..r.Jl 
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Archigony . '° Ernst Haeckel (\An.I\\\) .\ 
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4 ,, ~.),)s' .....t,; 4 0,bJl_j .l.J.Ji i.Jif.__,;.. <.>_;-I 
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,_,>, ,1,_,1_,;,1.i..;I ,_,,.1_, 0_,1)(11 ,;,.jj '-""'"'.::.>I,_,, r}" 

,;1 ~, ~ ..k )~ ~- ,,i..._,1 . ,_,,T '?.J'" ,:.~ 
, .s~U'" .:.-I c>_,L.;T ,_,1_,1, .::>\,,> S,.j_,,. '-" r,,k ~ 



:J~J.)J 1 rl.)l_,y ~ c.SL:..~\ :J~J.:>' , "01J_,.; l;-- b :J~ .J.=>• 

_,1~~~_,i...,_,1. «)t.t.f:_,L_,,n, <01_,,_;c,.~ 

,_1_.... _;1 ,..,,;_; wi,,,.._.... ,,;-.., ,,;- , ..,u1 j.> 0,D :,p 
J fo_,.9~ .)\...V.,,r. ~ k d .)y ~ ,_b.....>\ . ..:-.1 o-.1,jj~ ~J, 

0.:>,,~ i..£\.,r. .)\..u.:..:....! J 0t:..I c o_,.;, jl ;~ . .).:>_;-r l5"' «J>-', 
~I~ . .:-I ..r-=:- 0T 0.)~ J JW c j..j , ',,::......! :r::-::..J'> 

~·..,:..,;o .j.;IL .;t.._;, .:-I 0 _,.il4 ..?l)>?J .s,,.:...,. 

J L..;; I J..I 4 ,t,.;I jl ,1__.,,. .1,;.., ""'L ,..,,;_;,,,.._.....Ip. 

(Form)•0_,,,..,.., rr-Y' Jw J~l 4, (Matter) ,.,1,, rli'e 

"'! ~ . "'!TU">?;<, CJ-' 4. (Entelechy) • ._,,_Ii ~ ~ ' 
..:-...,; l,..:.I .,;oil; JU _,i...,_,\ "'-1; ,.,.__,,.._,, '"'-''"'» 6-:,....; I, 

'd..\i~ii ~) W..>_,- CW"~ o.)\.. . ..:,....! ~J'> ~ ~ 
Jw J..I 4 J.k- • ._,=._,. 0_,,:.:r."-' . ..c 4...,. ~4. ~ 
-:-,Ii, ._..;1, Jl.S p, Jio 0~, .::-1 0.c;, ,_,...;.. ~ 

• o,,..; yC I .,,.. _,, .::... , 1 fa , Jio .; _; 1,:... I 6 0 L.; 1 • .::... \;P., Ii 

.:Y.J..r.0.li o, cc~,.Jb_,, t.P.,li Y,t..1, ,,_,i, 1_, J..r. ri.i.. 
6 .:-I •J,I !!_,,...,, •JW1 ~' .;,,J.,r. 0.c; .;,,I , """""' 

0W.,IJ 001,jl.6.. JI..;!!_,,... .::.k, .j._,,,, .:-I j.j ....,.,,;-
. .:-I~'-"*' .,jl.6.. jioL _ _,0 

l..\ ..:;...\ .::,[,,.._;\<SJ lo ...... ~., .,Lo ,,i..._,i ,.,) t.;&1..r. 

0L..jL J ~~Ii ~..r. J .:>~d" o~j c'J <.SJ_;\ d.S~ 
"-'-""d'u[,,.. ., t...., '-"'Ii~ ~4. 0 _, .; ,_,, 01; ·"e 4.<.<" 
ou;.)Ly_,1 .....-l¢;.:> J.:~j\ ~J_;L..I . .).)1.)1.S"' ~ o~.i IJ 0T,, 

~ o-> ,,_,1, ,,,.. , (_,:.; T, 1,. , !IL> , ..,, T t ,..,,;_; 0b,,.._.,. 
. .::-1 !I l> ~ l> <.> ,rS 0 I #" , .:- I _,:.; T, I J" , _,, T.::..,.... t;.. 
""'L c) Ii .: lf _, i;P. ~ l.!oJ <.> r= "'<' 6 er. I., c...., J-'Lr. I jl 

,!11>_;1 0t.t.f.s<.>_,,i,., '""'-T..,. ,,,..,._, ~t;..,..,,;_; 01,-""_.... 

.; 1....T,41 ~, 1,.;1 ~_; 01_,,; ~ ,..,,T ;1 ._,,, T 01_,; ~ 

• "" ,.:. ..,. cl,) ,,r ...,:; T _;I 
Vitnlisrn ....,,1 !:.,,;; .-J ,_;_.y. .bt,;_,I 01,;,,.\/Lc..r".il 

·r - ,,.,."' _,1;:.:. T ,,i..._,1 ~ 4 



J 

r • 

'r ~\.., 1:'-', J .:;.;\i, 14 Jb J..,I '' >"---..W> '-~.;..' 
< 0li LSJ_,.,; > 'f W.L_::.,,, .:;,l_,,.- LSJ.r} , , r ~ 

-' J~ ~.} J..a1 ~ lnneres Prinzlp der Kousalilot . 1 

r.s ~ 1. W' ..> 1 ~.l.!;>::. 0 l.:J _, ..:.-- I ,_;.,...19 t> \ ... _1 J;.,.. ..::...).>- . .:..k 

'-:-"~Y' ~\J v..:...,l;.f' ..:...b \.) o~~ A~-·.'.l 4 . .:..,..,ko..i.:~ 0~ 
.~rl.S"' 0~\.; J)..._.o S-v..:;_p. t.S __ /( .. ,_:. <.Sl"'o~~ o~L;~) 

._; ;-1,;( 1 V Yf-1 A• 1") lmmanue I Kant c:,.;!{ w~ y ~I_}.; 'e 

.:-I__,.,.. J 'e _,..; .r ~ _,;. d-"'. , J.io J-I d, ~ , c} WT 

->>up.- J ~-_,, c:lo'e J_,l~.il 6 c:...\ 0 ,1 J«->\;' c:,.;!>:..i.,.<o'e 

..:.-IJJ\.......j;. 0T.D..:......ts..;C.._.:i ..::.lcJ,,L..,,.:i,;.-=.J.t.,_:;~I 4.)~4<.S" 

, Ji< .0 .;:.;I, .~,..;o c:,.;!>. ""1;<.S" J,L.., .::,h _ii J.J.....; =-> 

j:L.LSl.r ,L;,,.. .s.\J~,\-> .:r:•I; 0t:..1, >->\, LS,L;,:,. ~k 

_, ,,:.....,1 tSJ"~U; 'liir .::.La> ..:r._1 l.AI • .:i.;\_, :>J':!"-' 01.....G_4.1: 0 .t...1 

·~'~). >,~ (..,b- i)l...._1 c.oJ~ ._;;\::. U::.5 .:iJv.""""~ ~\:I; SL.. 
4_) ..::,..._;\,) ~~ J, C..:.1.i.{" J.) (( o~~ DJ lt 4.,,jjd ~if'~ t)~ 

0'..!J. c::...i'D'~J ,j.._l<L,_ . ..;......\ ..::..;).8., ~\.9...;:P a:.\-.iU,) &._;.p 

I; 0\ )<' •-zJ) >.r."4~ \->.:,.Jo J-L; Ji< .0 >Y. .~ 

. ~w J,1... .o,J-'<.S" .;-k Jw,~ _,.1 ..::..,,~->,) (,..r."4<.5' 

, .:i~.....s ... ..Ap ~i T..>~ ~~ U..,.,.)o.5" o!.) ._~ ~Lr..\.)::. J.ic-
0T' ~.,..,.LS).> 0L; 1,,,.. 0)->> -'> "LS.>_,.., ,)Ll l.::_h (I) 

LSJ.> 0W\ >.>-"'"J 0Jfi.->> .$'LS.>_,..\ (r). c:-1 01,-> I;_,..;; 
0 91.i (l:'niverse) ~h:. 6 ~Y..s" ~.: .. <.£\~~~ .~.:iu,. 

Jee§. c:..k de, J~ I-> ,.lL<J 01J->, tl,.;1_,- (r). >rd' 

co\_; .._ .;,,. I c:,.; \;'. ~; I,_;-<.5' Io.;.. I-> JI 6 ~~ C,<.5' Jh ;,.. .::,h ~­

J ~ J .::_h"°'.; ,~ :.0..J.; ,IS' _,b _ilJ J .~ c<.5' co'J ,;.,.,I-> 

JK:.I J 1.,"'o"'l :..,, >->~->, ~T J. ~ _,;G Jl~ if-" ->, ' 

_;I Jil.-.. d-"'. , <# s _,,I ,, \.. LS4 L.3 L J .:.S? 0 ,<; c jf 
·i- .).)\.) ~J.oS-' ..:..-.\ uu\_,y.# 

.J..lu !]~,_$'Georg Withe! m Fridrich Hegel . r J y 



.t 

r 
::: 

"-I 0WT ~)t)0\;r0.)1 (\VV•-\Ar'\)$•(,,J"-',_,; 

(i...k.;.:i-' .:i~ ( Objecti,·e ldeolisn1) 0 .:..p i-Jlf~l -'..)':{-' 

•.).:is. ,1 . ,,:. ...... .,\ I-legeliauis1n ~ ~ il_;~ 0 .:..C ... t.>l.;\:::, 

.r-"' _,, ~ ..,o ~I , ..,._,,.,b <> "'"'~-'-" <.., el c, o ,J.; .0 ~I, 

'~ ~lio> •(Absolute) \jlh. uoyc• ..'..l,>S:.ll,, l, .'l_,L, 

L, World Spi!'it ) el L< uo L, ( Absolute l!eoson) 

0""';.,.,;\ 0T.:..) W, "-I JW j.h. .;r_l . "-I (\\'eltgeist 

<.,, . "-I ( Sell-Cognition ) '-""'Lo >? ~,G fa> L; 

j;~~~ .l,_,ll l)"l-1...r. '.,:..........\ 01o.L.-_,.... .t.... 4.~ ( ... J .. t:; tSk.t....,,_r. 

.,;_,$' d' "'-',,_. Synthese J'-'--J Antitbese YcS"T 'These 

o.:il..- JGo ~¥~ , ~l ~9 ~./' ~~ ,_?; .i.b. ..;"' _}'> 6 

.:,,I_,,~' "-'~ c>l->bc>_;) r <J..;; 4..., 0T J,• ob\,~ 
~s-J:::,\..;.;;:....J""\..:..c.j\_, ..::-...! ~S" r (;1.; :..:..~ :..,->- :i~J.i., ;19 

.)\..,...\..:.9 ~.).!>) :::,:::,..J' if :i,,> 0U.>J u!.J.!> ~,o.ll>' ,.:........\ Q~~ 

c:J.J \....! ·~ o:::,l.~_:i_.J....,._r. v~, ..:...._\C.~ _}'\_, . ...:..,...,! .:.,~ 

..:nl...r.~ . ..::...-1 J::i~.;:::, J:/; J~-' .:,....,1..)1.:...... ~~ ,..:..-\ o.>_,-s 

.'l_,L,_,,.. JC. ..,;_jj-', (Idea)"-'-',,_. , "-1 >? ,,,,.,.., ,rn 
~j\ JC.':.~""' :""'Ii ctU,y 6,-'I, ~1,_, ..,;c_fi'l, 

01.;~ Jlk...c>-> ..::..!\i~J""\ ~~..>.!>J "·-:-·5" v--4~ o;iL._,il_, Jlc.~ 

el 1L )\ ._..:.....; 01->y Le-, i,•l.l,,l" ell.-', cot,,> , "--'d' Jlh. 
..;\,; ,_ <>>\..;.- -11 ,c.)1 Jio 6 .r• .:r."-'. ·"'°-''5" ~' 1-' Jio 
.; I),,;; t, c:..} wl ,;,01; t, ..,; wl el"'"· , '-'"°..,..; 1"'~' 
~~le. C-';»' «01k.. CJJ»~ _,\ 6..::..._.~l'. v...,,_;<..S" u;b-,_; 

-', 0 Ip .s:L c.....,; 0 4e--', l ""- "". ,!'..,. <> , , ..c-o..,. I .» l, 

c'-1.ij..,r:.i' c..L_j_} ~' .,:......\ j-1.. ...:..i::i> '<,.JS"" ,I : .:.,......\~ 

-r - .:.->I ..,le.; 
04,e- 4 u\.> .:.l Loi L,_ Vitalism ,.-ol \:.,_, Vitolists , l' 

!.S"'L:..:. ..:....-;,.) :>_;I, c ..:,......\ ...;:.-.J lf .. l.JJ ~ J...o , u91? o.;G 

•'-"ool,r.,. 0.,.,_-', 61-' .;~ Jt..1:..,. ...-ol""-> . .:.-I•"'-' 

.r-0 ..,,,_,,,;I; J-l 4~ •,_,$'..,."°-'ye'-"~<£,;.,;, ).;c 



~ Ll ..::..J,,S ..;l&"l;4.: \_) j_,,\ .:_:.:.l . ._;.,::..)IS" C..-:---; o;!-') '5.)~ 

_, (Yilul Force. Elon \.itnl) .s~~ L.::_,_,J ' (Entelechy) 

cJJ' ~JCJ> 56. ... Jl _, 0Jl.y,9\ ~I \...vj! ("-J 6., . u.;L.oJ..;:.Al:. o,.r.? 

"':-"'::.C,., L_,;"5-·.)Yrfo~ 0,_}.J.:> ....sl--' !:;;...;r.:--< L>" o1.~_..... v.)_._9_, 
. ' . • , \ . I _--. , ' .\ . ' . 

_:..>.Ji.,_<JJJ)J~ i >~ rS_?...._, J'..s~j~ ~)A~ ..&>J.A.:>o,1>j ~~~ !)J" 

~l!......~ ,_;.;1~ _, ( ~vrt-1A•Y) Pnul Jo~eph Borthez 

> 0L b,..,,], ,...,.J_,; 0);, . ,_;-Jc.; O,j_,i ,,,_ er_,,,-, 0, 

J( \VY 1-1 A• r) Gichot i..!.,,J...,...JlsA, ... ,_ .sl&'-:j) ,,j,; 

OW \..v.j\ . .J...:.:.9 _, ... '""'-! l.J~ l!-'( ' VY ft_ l Arr )Cuvier 4:_JJ5"" 

-1,,_ t I) H. Driesch '"'~J> ol,~<.S"J.ob- 0J;J.). r-J \.:~_,(~ 
' (I AD ~--19f1) fiend Hl'rgson 0_,..!' .JC lS_} l. • ( \ A'rY 

,_,, ;Ll \_,A. Wcmel Jj;J) L. Bertnlanlly d''J~..i 

~ l~ 0~ :;;.La; i.SJJ , ,_:,~ ~~-:.'> J _;-~_,~ :;;.L:...-! L. I"-)~_, 

u.:._\ ~A~ ~y.?jj.z:-"T ~.J l;_,.. lf~~- 0l::>,s ~~~ o~j 

..:.S/j\ u;""'J..;iXA JC:. 0~ Af ,_:.._,.,\_?.-b C...i::h- 0-J.\ 8.).)j\_, 

is"~ ~6::.;l U"L-1._r. _, J ... 15:; )\._.r. 6 ..:-.\ o.:J ... e;~t_,.jl.., _, 

""", v-1 ,..t.:c ._r'Ll tS;l._,,i J=I""" .)I , "-'"\ '""' \""' 

"'L. ,t~0 Lo; .i I \,:.....,,'. G.;, . ~ L. _,;,.s::... 0T _,, c1, L. ~"' .s, _,,; 

~\.,,.;,, .)~~ '0~ ~ ~\....J.:fL,,~)~).) ~ 
_; _,:;;, A_) 0T .x?' ~ _...; . ,_:,~~ .;_,:f<.s ' .,u;) ~?"" 0\.-...:>- L ).) 

~~.,,jJ 110"-"'l:;" o;JooL.o..-1, .i.;\,.i.;,; J...J '5"J.T )\..\; 

~I.SY:?;(>_.) l::._, .,[5~ _?.; )l ~ ~.) 0~J~ )1=.., . .).:...,,.)1.5" 

vL!J. 0;z . ...::...,..,) o.J.~ .Jv..i.... ....,~..ii :..f <S.J_,60.)!.) ~?. 

,\(""" 0~ .;:...,,,], j\ ~.r" _,1.i.; ~ ~ 0o.;, lu,,, ,....J ""·-' 
d0~i.S)~~.l..~ ~4_..;:.,.,.,,.) 0y:) •:>.J; VJ::>!~j O.)J~...r....it.0K..,.\ 

J= \o. .r. _; "-"' 8 ili .,....J ~, J _,,.; L .v-1 r,.. iJ 0T.,:..;. b, 

-s.\o,,.. JI l, ( r) ·v-1 L.,. ....... , tS.c.1 0i.,. l,_ ( \) ,'5 ,_,..,_,. 

o!..r.J)~~ (r) .,,:........! o...i.~T~~ ~ J_,9J.Ju.i.l..'. ~~ ~\.) 

.,;....\J..;'-"' .:.,.,0 ,JhL. .Sy\; ,.J "'' (t".JJ; 0~6 tSb J.~ 
c.,,..,. C.•lw L. .;:..;_,~>..:-I ~.u 0l,.>-~ .,:..;.\.;.:., (1') 

.r _.::.-I _,GI ~;b, ,;~l;, er'\; 



0· 

. c--1 "'· ""'- "l,,;...,l [;,_ J 

IJ 0T S c<I~ ~I, r.W.~ d .• , .L)' fa LJ>_I j\ 

,__;; c} ' I"'-l..; '-"' if J J. .., .r"" L. J ~ <.S" '-6-)\. -~ 
~ ..,;L..;;..L.. ell..· 0\_,.;.<~ .\,;; ·~l.. c--li;;. J 0~ 

J, ,J,Tl.S" >p-J~ ,o.;j c<>p-y 0T;i 01.,.L_ c_JJ, d ,_,. 

JIJ..>- c<l"!o.:..)l~ ~ \J 0 T 0t...;;.L.., , .,,,,.s JG 0 T ._, 

J ~ '-"' .::S .r> J ~ ", _,,; 0 T ~ J , o.; b .$ '-"' <Y. Lb. 

t,,J IJ ~ L)' Ji C-'J S '-"'l(;,,J .i..:5 <.5' ,o.;) IJ 0 T J' J .,J,._, 

S ..:-I 0~ c<oL. ~I> 4;; , ""',cs" <SJJ .5 _,... J o.:5-.s 
• oJ l.<.S" G.~ ...,__;,,.; JG.Jo J •"-;--y, c.s....,l~ 0~ 

ul,>- _yo p- 0) 01_,J 0"-"l~c.sl:...o~ .£ __,,, f ,_.;.,. v.-1 

01Jr., Sul,>- )I .;...-I'-';,_,__,..:;~~ , ~I, J> , ,J )I (c-1 

0'.~J • .:-1,.,..T ~JWl•J,lo)l~J, ~, oJlo 01JI.; 
~ LJ>.I , _,..,1 v.-1 L.I . .:-I .£ _,. ~ 0L,~ .S .;....I .._;..... 

oJ I_,; cf oJ)<.s? .\,;; ,.o.;) J.~ ,l,:., S o)L..u" JJ> faj\ \J 

! ..::..,...\ J ,jjj J~ o::Jr (.} S' ~1 .;1..GT. o:,y ~ i .)Y. 

<S"-':- W JT ~ c<l,;o ci,.J> ~ , cf o.;) ,,_,; J> I_,~) 

. ~T.)_P.'--'~ :,p. ($.).P-~ c._j\_,;~_;f ..:ft' 
:,liTJ...,ll:o...\ c.s)I>..>: l_,,5", \_,Ld J~ _$\~..:,JI 

J ._,, _ _, c.s4-:;LfJI 1.Jl_,J, ~ '-'~J_,~ ct,_ 0\_,;cr, >Y, 

.f'Y 0F 'WJ)-<' u.I JO JJ . OJJT j..."' 0Gel...,lo.;I 

~l;°L,,_!, ,.::.,,I ~JJJ c.sol. ..;_,; cM c.s\), ul,>->P-

4;; . .,:, J,_L;_,~p- LJ>_I oJJ,~ c.s,l,_, u._r;; ~L.._, L_ S c-1 

0JJ> JO s ~ l·J~I 0 T oJJ,~ s .::-1 ,_;,..,; ~ 0JJ> L; 

0~~ fW IJ~J,l. ·r-r d,_o_; i01Y°<.S" '!"-), ~_p­

~)I J !""-'-~ ...;IJy'Jy-i01Y<.S" !.,;; •'-") wloy_,. 

...,p 01.I _,S'"I J. r,;.;1 0.r.-.., """"\ ..;;..L.. IJL.; T..s ~b-



.S..,.; L,""' 0 L; I <.<I_,-~ <->k ~ l,;J. _,(,_, , , _,;;, .w _,,_ "; 
. .;..;5",L,,,,I o..0.) .::..,;J.J> <.<IJ~I ~~~ .,;J~ 

0l,o-/0~ U:...,,L ._;][,;.~ L>..,Ll ol)'"".>.JJ t..;....Jl0jl. 

,;.:,,> c<l,,JY~I 0>5 ~ ~ 0l; T. d cs" j..,G. c;'.b T 
Sd<.s"'C.:L;' '.:..,...\ oJ..<>T ~::>"': r1~ ~j~ 1..'f0~':J::i_,.; 
~ J _,...H.i.~A.; u\ ,,:..;_L:.;;. c.SI ..... -:..' u-\ cS::il, ~-:;, ~~ ..4;l, 0~ 

. ~ c.S.JY , ell) (.;..,j cS., -'='? r$. ..r-:ci l5"'-».r. .:d s u:>-j.) b 
[,,;;.,_; .::....)jl._,b.;I .0L.;_,..lr., 04-e-~ Lll.h. '~-" 

.S::~ ' ~\ 0~ ....l',QY. ::i 7 ;. -:;..>L<1:,~ ,:,-~_, ~ ~\ el.J 

3 >,P- o\yj>~ \J o..0.) .::..,;b ..),_:,Les" J>l_; JJ L, c0-~ 

,_ ... - I .. .. .. , < ~ I A. • \""'.=""':;, ...r:-:" c .__.., _,~ .... Y'"'-?. ... J ~-T"'-?. 

u.1.j \:;,4 ol_p. ii.fl:.;;.~) O\~i l::i j\ ~..' Jjl~-" 

1 ::>_,~Li\~-' ~....A =!.;::i4 "\.J;.._,v_j\.,::i_,W '-:' .... )01.J~:.:i j\ ~ 

L;, 4<.s"' .,,lj.J ..:.~ .s::iL 1W ~~~-r. 1.J c.f-:.Y.. 0\.;.~..r 

,_;.;. 0LJ'6~ I" 0L,,- ,_;.; \, ~ , '->""" k> 0'.1 .;I '"'3""' 

• v..:.; 1.:i ..... .f u"' __;~::i_; w~ _r_r; ~l.:;:,~ \_) L~, ~.JL.if 

J\c£:;,L,, 1* ::ij.J..::>-.;::i u.~ w~J,QJ-=-:- ,~! ::i_,~,4 

• .::i.J.:::. ...... :-_;_; ($.),_\:,.~ tSL~~\-'"': ~1 u-~ 

J.,10.:;:..,, ~.if 0J9~k. ($~_,j::i.J::> AS' ,_;-;k.eo t_):;;~ 

0.J !'""'.i..: wl~---,,:_;.L~, ..::...w \,,~ .he,.-~_> 5 ..... ..-" 1~ Lr 15\.,_:-\._.\; IL·, ::i Y. 

'G~ j 4_:~ ~:--J. 0~)\ J_.,1)1.5?-~J,;; J_r,l;,1:9 ~~ 

~.).!;tSlt:i ~'--·~ ~ l!... <1.; ~w.;j t5~o.l:_JJT Gj\ J,,J) t_?" ...)'~ j 



<....-" I"" _, J T _,.,,.; 01.-. .r. \"""' ..S ,_, b 'yn 0 J; t.; 4_ L,,.u 

. .:.-l ....... ~' ~.)~ ($j_J .. u;.) .;..i\.:iy;.-_¥>.).) .i.) d~~ .. ~~ 

01, re- y ul,..Jf ...;y1:;.-1 ..; _,') __.,,Js:; I "'ll.."'"~ j>u_I-' 

.Sr-"'jif"'l~~ t.0_,; u.1'" . .;:.....,\ JT_,.; "'L,.;;,1_, • ...;.; 

t;J_, 0~ .,(;.,\ L, ~ ,...;) JT_,.; <Sl,.:;I r='_,G ~,L~ 

.5 ~\(., ,J:C,, ~ J.,ls:r '*'-" u.1_,:l~ . ,_,\-c.; 'J~-' 

~ .5 r-"'jcs" '-"'1.;;;:,.,1'" -"_;fl; , """\ ·""" ,,b c;0Y' Jl;> 
...;)(> J. JG._,..~ ,,_,\, crL bl.;.;l.e,sLl :.0 ....;; _,,:i_,.)i; ,1,;; 

i.>'. k., 0~ "''l. ~1 J ""°" iS 'Y. .c:n )\,'( w_:_, u_I 

~ 0uJj0!:.. 9-" yJ-$ s4;_,l,;;_, 0~ EJ.>.J ..:;Li..:,~ ~r.J.~ 

<=,i T _,,,_,,._? ~t..;.....,;K.u..0 L.w_l,; ·' y,);:; lw_ LJ T ~.,&"'L,zl 
~ J_.; ~ J-:ll:,_,, 'r~ ~,, a _ _n; J_,..,..., .s1_, 
"5' r-'"'~l..;L JK.ol '5-.:..-IJ •• ·~-"- "~ ..;J.; 
~ L; L,.. ,j /)u _,') u. I _,l(; I . =L t;.;.,. .>l,..., ,,L. 

• ,,::.......\ ($)l,... o.:il. .).) 1$3.J o;i~)~ 

"""!)w.L. JS?-'' .,L. .~ r-1!.,_,;l. ,lf fa.>I 

r.:.r..1 0~y--_;:;, . .)j.)r..s° d~ ... ~Ki" j.<>-\J.o. <l...J.,., Cl~y,:-..oi.).) 3 
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:..,. , 0LcY."'"""' L.; T . "'-'!Wc.s'w~ (COr)u,_,S ....,.Slc.S> 

u...S JT ..,,i JGcY.1 ;I \.; ~' J .>J..i c,SI-"- o'J JLI_,. 

,y.. 0>.;Y,. l-! I.._ I.;,\_,. 0'_\ 01.;_,;L,- . '"".;'\<5' >r.''-! 

L; ,L,-1 L_..;.;; ~ L._ .;l~L$ ubr._,. ~..;,;;~I.._ 01.,ol,)' 

_:,,; <.#.L:.. ~1..,_..;,;; ~\_,;. '""~ <5' 0W.L$;\ '0~l,l~ 

u 1, r. _,. ~ :,I.A;,.,\,.;_,. J T _,,i ,_,._ 1.;.; e. L;.. L 1.:.4! .S ""-"' 

.;;.;l.iu• t..; T;i .,..S:"'--" L.,;;, .>J_,:;,<5' cil, &~ ~ • .;; 

.S .>J..iL! :.;~~.I.; ;I, ,_,._L.,;;~ ,y.. I.; JT ul,,5'.) 

. c-1 ~;~ Y.! c,S\...,.,Y, ' fay; .;;.;l,, 
0L,,) J':"l-4! <r.>..i :'""; ubr._,. iW ..,..,;Ju."'! 
;I cl- J! u-;L,>- c.S1.,o...,,_,,, 0L;_r.- J> .S ..;,.,[.;. .::...e...i JT 
->-'!jA>.Jy> le.:.rA.> .d r.5> Ju;.) ,..,\j_,~c.s" ~l.w vi.) yr 

~T..il ,Jli.;, ~ .;;.;L,, •c)\>JLI_,.~ ~ .c..-1 ~ 

0br._,. c.SI.._~ U'"' :J~\, ..,_:_;,,.;- J,""""' .o..•J~'-!.S 

J;W;I .t...LI ''""'·""' u.,.i"'-<r.>..i ~Y.;,.S ~ c.Si~.D' 
. .>J\..;,.,[.;. .;:.....) b 

~cY.14! J,_'J,cY.l<.fLI_,!, 0}er..IJ,l,l 0lo..:...:.;b 

~w_,n'""' ~ i,,.1_,.;1 ~ Ll;°\.._,... JT,1_,. .s '""~~) 
' . .>.i}!. 4.:;..L., ,)>~ J_...,..r. (..:,....,!.;.. ~~)o\.;j\) o.>.j) U\.'.lf.""J'.Q 

·1.,;...\.; c.S>ly.J.:-'o;- '""l_i'-"0L; 10_,;)\ .s ~cr.1 
1"'0L;i 1.r,...i !~.)fa'-! ._;.;L:.::.. 010..:....:.;bu.lfaL ,;L_, 

,), T <5', r. ''-! I; <S. 46b ..:;;;&_,! .c..-1 c.Si•'"" ..i , ,~ JA 

ul.cJ> J' ..,,;,,.,'-"' c.SJJo.>lj ubr.y.J> .s (.>'_t,,;L.,.µ,;1 

.(>,~"""'"I_,...(;,_.; u\.;L.J;I'-! \.,~) .>J.;i->l>y-,JT_,i 

.),)-.7!..:i..,~J.>~ ~ c c..i"..>;~ s ~-'f.5"_,.k~~\ 
v:S.;y-S "'-L °\;·.;'J"' 0L; I -"'<Pc.s• ul,>- 6. a:... J-.-.1.; 

0l~ • .>J..iL JLI_,. <.?..,_.;.,; J.K; <,,..,;.;.;> •'""..i ubr.JA .S 



\\A 

J~ .b_lp;> 1,;; ,\_,.. cY-1 ..Sl"J'~_,f\ L.\ . .JJv..To.,_~ 

, "'_,z,c.s" .:>L • .,,.; e>b _..,.. _,_.. ._,;~ <St..:;JL...; uLc_,>-J> 

. >Jl.JJ <S~_,f.\;~·· ..S~\c.s" J-L" JJ>'; .l_,>l; .\J;.. 

~~.; r-}) J ~ ..S ~ T c.s"<h\ c.s"l(;.,,L,,.u JG. cY.. I J J 

• .::-.\ •>_Y. JG. ..wt.. 

ili-- Jo- ~ <S ~' o.,_ ,4 ..Sr.-?. _,f I , ._,s.,.., 
-6_.lp :;l! J> ,_,> .;:.,\..)...." ._,._,,. ~ \; 0T J l"_,z, 4,_;; 
ifJ,.r.>;_,.., _;:_,<SJ\..,.. ti?\,,, ul..>_,> .;t,,,. .;\ t:Jt.;.. 

. .,._,.,; l"•I,> <S_;:_, L,.,.u <; , I"",;\) 

, '-'_iT ol,5_,; <Y..J•>L ..S ~\,c.s" cs.?<; 0_,.<)I 

rl-"'"1 t..;, ·i.,__;;, 0L;~ ucA>.}J l..;Y._,) JJ.Y. 

~ J>J Y. _;.., \ _,.. • "' ,.:.c.s" \";; , ;:;... I _,...,..0 t.;;.J U....S <S JL... 

.::.>U°J~~~b .;,~4 ~l,;) 0'._;;_r,-.s:J T cs. tl?ILJ'_I 

,...,,S if .;:.;..'\;lb\; (Biogenesis) .::.,..[.;.. ~.) ..S ~\p 

c,S~_p,- .)::> '5 c..,...r\ o..A!.~l.: oj!-'~ • ~4 _,~T..'ly:--J~ ~4 
J> ~' o.;:,;,> t,,; T ~.ilJ 0L~;t.:.... .i\<SJ~ 01.iJ.) 

_,.;5" ~_,".<Sl..•;l,,. i:;b J!JWul5" ;L;.... Cr.:! Jl;iJ.ii.S' ,_,....<Sl....r.1 

'-"'L,,!4z.;> ,._;.'l'~J ;bJ[;;,<Sl...;l:.... r"";,, .0L;W\J 

• '"-'',) .)P,J LJ.ijJ¥J &!~ .,::;~;;' ~\cs"~)~~ 
wTcs.JT.;,~ JU-J•>L ..S .:-\'"""~ JJU-1.il 

J~rL..1;, ( ..;~\,;. .::...;._;,!) ~;;;,~~b '-'(;.,.,_ .;:.,~" 

".:..,....; L..;t,,,. ..S .:-L.,., J~ • ..>.J.._Tc.s" ""-"': ~l.. t,M• 

" .}' ..J" '-'lT ,1,,. J ""'~ .._;-,, <St.;,;;,..\ '-"'~ :=i.; cY-1 
,_,z,;~.::..-} _,;~)l.il.. 4T.~4 .;..:.; ~ ._,;L.v.A.. ;_,1 

~.)...) ..;L..iJ>•.J;·)~;l;~\"-'!\ 0\JJ> J>~ ~J_r,cY..\..S 

l."":4.u ~1, .;.;_,f c.s" C>JY4 uT<SJJ ,,Y. .;,~cs. .;y. 

,.:-\ • .;.;D\'-!.LuT .f.<S~' Jfa..J~ :,;....t.;...::....,_.l_;;:;,.. 6 >Y. 



'" 
ul~.i\ ·~0 ._,\o>',t..~,t.<"'L!.>4.,5' ""''~ 
.d '-"'._;:.,...;)t,,l>"\J<.>"' _,; ~ ,.,; _,.;,'-"' .:;:. _5' if!.;.!, .::.,.; 

c0W.I;:;, b,L>.J[,..> \Ll~ cHl,.- '-:-'l;) J> 1<.SJy,_ 

J>' <r.'j J,(!3 11.6,, ~L. ,.) <.>'-~;;, ..s..L>""''-" !JL.J> 

~J.:.W '~4 .:;:._5'0J,~ 0l""!>y-y '-"'~lj,.-1_,. 
..s..I~\ AL,..j., J...it.<"'L\ Jyl sJ_,_,_:.,_p;J;b. ,,$'-"' 

,,._? '-"' ~~, .:_,l,t,.. i;o.Jl; ..z t.. IJ .::.,..i ..s..W 6,); 

,J~J.\J, ·\..,...;.. ,04,)J>J~t;.oJ~I .ij,. \ 

! .;;;, .;;;.L.. 0T_;\ ~ !..~ 0 s.il5' 

~~._;J,(!3...;J.;,;... j,.-1_,.J, J,\.;; • .:_,)j> ~J> . ~ 

! .,;,.w.;;;. ~ 0 JIJ[,.. ~>L,- s4;\_,,.. . \" 

. u\J[,.. i.,;.;L '-" J.,..,.:.,\_,. '-"''-"'" . 'f 

0\ ,J '-"' J y5', r. _,. ;L( , Ji.;< sl... .r. I t.<"'JJ. ~ 

j\ \..~ !..~ 0 ,._?cl:.:;..,\ IJ<SplJ,; J-1 <..;-? J 

.:..--10;,J.....,,. s,L.- •"-o<- J y~ I... .r. I u.. \.;15' • ..>.t. ..:>L. .• vT 
~J> ... ,,~J>) .;;;.L_ 04,S'."""'_,...;.)IS'""'J'-'·fa~,.) 

u._I J> _;,;sf.,_, s~ sL..;Lf, r~ . (0T rr. j) 

~ . .,;,r._,. _ _;;...) .r..>~~ \..\ _.;l)' 'Ji.;< sL...,,r 

, ~ , <>"' T , 0~\ , 0;,.J:l , er...? ..z L. ' rl.<. 

Ir. j) o-J> \Jlf'., ~ L_ \JI.}'~ 1U> •.r.h ~ 

· ~,'-"' ~ fi IJ c:r.I .JI_;;...) i.}>J Ji.;<, ;Lf sl...,,r 

_;..,cL_,.; ,<ft-L.JL.~ .:.>)r ~J> ?> 0 s,I,. 4;; 

>y-J.;;.:...;l,r'-"';Lf UJJ-"''!' ,Y.J¥'-'0L.; 0TJ,.s'' Jl.h. 
j\ ~ JJL.::.;. sl...Jlf <0]JJ.....,,.j\ _,;,Y. C>J~ ~4 ...;:,\, 

----· ·-·--- --~-· 

1, l1rey (Harold C .) The planets, their origin and 

develr1pment. New Haven, Coun. Yale University 
Press, Hl52. 



"' 
<St..,., yJ>C""'~ \_;.,..<; .S (CHf )0l:.._;...,_ 'u' _.? J '-')JJ"';!" 

db- J> .S cSfa..> _,..!.;,, wl;,5'.} . ..,,; l.v.;; cf~ JL,iJ )LS' 
_;,; ..,,; \.o.:. .;;. I.,., 0L:.._ l...v.,,-)iJ t... ).i j\ JI;; JD<:, o...b­

-' ,.,.,S' _,S' 0L,,5'.; .14~ , (L.;l;"""'L, &-JD•d ._,,T""" L.. 

~ ~ ) . ..,,;;\, »> J jlf JJL;i cSl...o>yJ> o_,.,i. J 0JJ~ 

( ,_,;; ..,"'1.,.,.. ._,,l;:S )· T ;> 

Y. I , °'!,.,.,'!' ~ \; _,; cSl.;l:.... , _,_;.. ~) _,;.. ..(;Liu-\ 

W~J> 0 T .._;~ Jbl:. ' ""'T,?. -'": cS"'°" I... CL_, :;~ 

~ j\ JoL w;\v-"" .::;L_"';> . .,,;,;;L,_ ..,r,Lw. 0;\r 

.....S ,_,._., .;\..,,;\ 0W. ·4'_,;; 0T ~ J..-\_,..J J> ~)_,;.. 

. """"" 0 yr' I 

.)~ ~ ".1·~-'_,>~~.>~~:.-\).JIJ., -'.)0~L.>1 

cSl..;;h:.;, 0y;, 'i_,J.., .0J';"""' 0,o.?,<•• cS,\;T cSL.)5'.S 

j\ cSl<b>')lo ~ [; .::-...; . >Y. .v.:; J.,G.; 0 T,, .:i:oj "'""" !.., 

<XI ·"'!,_,)' C!l.:. 0T Jf~ 01.,,?.J> ·~·,:, .b..y- t...,:,if u!I 

'-'.)l..... ,~\.).)..9~-' ~\ _,~_, .JL5"...r.L>.) "5 ... ~ u~.)Jyi->.)~I 

'-"") Jf.:.r :)p ;\ J-!l! ,:,[) u!I ~ )~ ~ . >Ji 

J ~~ ov.Z, ~ o.>l:-.t:.:'T ._r.\ _,1;:,r (54:o..-S.;;:,-' .,v.:;, ~~l; 

'-"~),, .,,;.i.;;<.S°~S:::.:.rb:JL, .SJ;:r. cSL..;~e6..r. 

'l"'L,'-'. l; l.;Y..}'JJ"';!" <XI;\ '5'46.;I~ ~lJ;> I... S" 

) \ _,_; _.r.P .) \ Y' ~...\J. ..:...-.9 1 fa_.) J _):. j \ . J..!. ~ o..U. T .)-' _,;, 
._,_; lS" ;[,,.. _ ,.,.,;.. c:;;,.. t~ <Si.,,-! ~-! L, u! I~ I .• ;l,-.t.,: Y. I 

• ...V~ J~ c:_,.;...,; ~J.) AS' ~4 .. u...;L. lPlan"tesin1ols) 

J;W;\ V:"; ~.; s,;1.,.,'-"" LJ"JJ\J ~1, <Y..1,r.;.,.,.1u_i 

.)>::0--' ~ I ~J. • c-\ ~.)r ~ ~ ..1.:uL. I 0:;G...__,,""'L& 

~~ ... ~I o.)L~ r-9 cl~.>\ _,G~...1..i.~ J!.,, ~ ... .; _, ~j_,;. .U::..:..._l 



'" 
0::-";, <->J; <->i.;;;. <.>t..;,l5' ~,, i .,,L> • o;JJ¥ _,._,t.;. , """"" T 

. .;:....I ~)? <.>JJ )> \.,; T _,._,i.;,. ;I ;;.S ~Ir'! 

t,-;>;>l. .;L,.. .S >;b <.>;~ 01,~.0,SI •¥.:r..I 

j,(.:.;,_,.,, ""Le '-"'L,.I 00.::, C"'" .Jl..r. 0::-cL,·~,_; JJi..r­

J ..W>_Y. .;'.>J\.;;.. l""l-! J. _;; J;l,,J;,\ .s ts"L;-1 ! ."-'1 ·""" 

.;:,L,,Sj0l:....,, JJ ....;; Y. l.@~J 0" T cil:o.. _,,,t.;. <.>l;b 

J. Ji • Y) P'! · ....; , Y. .,; L; I; t;.;;. '-"_l,..,_;);;;, I , ;I_,.; 

<-<I.,,;; <.>~ k-y.. J. _,; '! if-'.~ i l-e- I er. I ..s. \.,_~ 
. 0.::,4 o>_Y. ~ )~ J..S 

0::-") .s <S"-"b- ,1,. Jl~J ~ j°J> , ?. J" <.>l,;iJ\.;; 

0\.,__r.-;> .s-,,,J,J> ~ ~~ .:.k'! ci\.,_j,(.:.;t.,;LI 

uoJ:. i _,f 4 ·1..-""" j..l.0 "''I . ""' __,..,~ 0-:";, '-'""-' j..LCr 

.Jl..r. ·~ )J!."! J >J--? .1_,.. •• ;t,.. cb. ~,. J Lf"".)"' 

. .:;..; _,'f.;:,; y LJ-:'>) J;. b;, ,,;5'1-"-, IJ _,.,u., "'-.r:J 

.:>Ji,r t,-J>J cil,,ubl JLo.:':" 00.::, i .}cr.1.S _;;;, 

'~) ~ ~ ~l~L.. ~.)~ \ •,•. ~ ~) c).!J;) ~ 

J;.i, ,L_;, J\.!.iJl..r. . ....;....:. ~_,; oT """L"" '-'~;,I~ 

<.>\JI,~ ,1,., ....;o..:; (_::,).i ,;_;I oT JJJ> ,1,_, J::';, 

<->L#~i.,.. .S Jb-J> ~; ,_,; § j• ~J, 01,,,1_,; 0 .T 

ir~.ii_, ~_,~, 4 'UL....<J..~ . ...1.;~T '.14 ~<.Sr~ ~ 
:.:,,, J\ J.),0'-"' ~,; _;;LT 0 0::-") <.?".b .;:,~j., JI JL,s' _;; 

;> ....,,Y. .:r..I . oJ:. J::(.:.; er.•),__? cb.J> _;,.,_,;.,] L_ .:r.-J 

01_,;_,.; ;y.., .:-I ~b ...,\,\ '-""b.:r.;, <.>L..•JJ> rWJJ1 

. .;;.....; i, ...;.;1.,_ ol,,L, IJ oT 

.SJJ 0 .:-I "-!'I)' J .::.11;,L;I <.;'.l.:.O 0::-".l:.:,,, Y,;,_,.I 

, 0::-";, :,;,.,y,.r.) J> . .;:....I .;;_,f <-<YJ '-'~;,I ~y,l;oT 
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Ultraba>ic .4;L_ l_,;l,I ,!_,.;I .S ;;b;l_).J.:.-) ~t)lh..I~ 

• .::-1 .:;L_~ J ( (}unites ~J;) ~;,I J\ material 

._H.j _)::> J ..vL.yTts° \.; ~.) ~ ._i...j ;)~.l.;>-.).)~1__,) <.Sl.:l 

..ry l,ik;, .S ,_j)y>)> "-';'-" ,_,;. c..ol.;..;.__,j)I.,_,_~ L.,,;t; 

J> .S(llosnitic envelope) '-';Jl)L_ c>i..:.; .>;Iv.; >J:c-' rl;l 
.;,,; .:r..11..1 ~ v.;l:.-"c.5' l;V=";:,,s'rw, >;b;l_,;oT _,,,;, 

c>t..,.:.._ I..; T u-l..1..r. ,_;,i_f y,, . I . .:-I !l;,t; l.-y t.,;1 _,,,; ;; 

.>.::. ~ i.s.4Z c>l,6,, L_ i.,;.,;""5" c>l'2,;.., ._,,,; :,L_,, ,_,;. 

,1,,... ccl,(A;, ..,,,;, c>l..v.;l.,;L_ UZ'; .,,,_"'~,,~I~ 

. .i.;1,,Y. 1t.,;.,;d y ~5' J .bW;I .S ~ ~; <.s.1~1 

~~ JWICP. .;,,,c.sl JWI~ rY.;,,._, Q!:....;JJ>. I 

,,s::_..,. .)::. 1 ~DY JL .;:. ~,a ... _; <SJJ .;:::. ..::..\,.>. (.:..:._..4! e::::--1_, 

,t..;-1 ~I, A. Vinogrndvv .__;,1_,f J-':J. I '"-')_;S" _~ 

;i~-s~l,._;T~ g_ri-':::'.l.:..~:o 01~ .:;..::...;~:->l~J.)<.SJ-'~ 
,I. ,_,5".;~I l,,~;.W- ~ ..,,~ c>\•G t>I•~ '""'; :;L.J, 

>Y.""-'I, 0,J.... ~I, 0'-1'< 1,,p. ~,; ,, ..:.>L Q\.:.;_.J,t;. 

1_,.J,l c>~ ..,,W y,s·_,; L. ~J.W- ..,,~ ._,..;!'_,; .. s-
0!.I, ::..;l:.J..>lt....;Y6--1~~ ,.:i0l!...,.;;..L:..c ~30_,_,::.Cl.~j~ 

~ w,..,...,.lc-S.:iLMj .. d<>..i.., 1.£)6,. 4;:~_,...uS 4) .::,.....) ,j~JJ::, ,_j)I.::>.\ 

u.!..~r l.S"-'1 . ~ T ,_r.J.:i±l..r·;4Jur ;.L~ '-:-d~iS~;t~ ... _,::, -0 w i 
;,c:-1 ,.,_, .,,;.L ..,,,~ 6..:- ~ ,l_,.._;1 ,, IJ c>l.J.,.._,l'I 6 
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, ,'"?" ,.~~ 1-"'rl.s v.;, bes" <>JJ u T e::.1.. .. ~ S '-""°" <>Lo""'-" 

,)..,cs"°" t;.;., !) .. • u-L~0""A.,·~ _,!; ~ '.::, l.;.,,L. _;.,;, 

.r-. J~ ~ ' oJL,.- J,G <SL.oJJ> <>'-~"""· u~) ,s 
~ <SLt:i.)3~_?' ,.)~ _, u~ ,uTr.s,.;·.).) u~ 0~ 1~.;1 

'.;;~cs" .;;.[.. ...;_,,.. '-"~, J~ _,,o '-"l.,.IJ'! <>_;:..,_, 

~-,}_;.._.;I J 1J~,;~ .J.) ,J\~Y .. .J~ ,LY.AJ ~..r. 

. .;;;._S '-'° 

,/f ~,.,.. '5~ J<IS:l" 

0l!.;L;;.;.. , L.J Y. _,) JJ":" ..,..,;:, IJ JT ..,..,;:, ,j, _,..1 

;,(;I~ '-"~ ..::..l; l>:.l<>IJI, wl,,5 JU!! !_,,) ·"-" b'-'° 

u- <'.-.,.) J,G.J! ,s JL.u*J\._;.. ~ "-1J> . .;;"-"L.<5., 

~.) Y...? J.J~ ...i.-~:>Jcs. I .:.;_.:;,jf' 0 T r$JJ .).) 0~ 0..M:. T ~~ 
. ~,:;;:... <S~I, cY.i .JI <SJl~ ~ Cr."j F J> 

~ ..i.Z~ _r...1).; ...Y.:!;; _:.! . .).) J<J.~ u..U.....; !_,;~ ~JY._,) '.)~ 

0L;.J<1_.,,,_,G_, ,1,.41"', u!.;;,,;..4 !"' 0 v.;,Y._,,_.ft; ~ 
:~JTu~ J ~:>cl~'-">~;,.;\_, ~4 <.S~\_, .;:> 

~,. _,.! ~ . .;;j~ JT.,,0-<>1.,;,,1,. 4 _,,_L;.. JS'<? 
J> L..o ,.,r .;;j. ,1, 1..;1~ • ..:..Lo~ 00...T~,.i.; J;,W )! '-'~b­

.::...;ly-'"'°JTwl,,5..; cf ~~<fil_;;I L,.r.d,. u4..r. 
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~ 4;lu""'I~ • ._) ~;,_,;; \; .,l. .::.Sr--' <.S~l...jl..., 

o.;o..,<.S~\;-' V'L..:.1 4 _,,_L;.. ""-~\;"'-' .:;,_,L.;:. )l.~'-""L....l_r. 

'l Y"-" .i) _r...L!J,; <.Si.,;,_;.;;L; ~ • 1...1 . ""'4 ul~ 00..0 T 

Dy- j\, ~ .,i, 0L:.; j_,\ J..J;> ..S ;_,10[.,, • <.SI ('!.4~ 

. .>lJ .l~ )~ l.. l.;)I. 

.W:-01.,_r.J> ..S\;'-"_t,,.,,o ,\J" <.?-JO: j..t'.r _;\_, >J 

ub F. J" b.. _,; .:.i:,·.; 0""' 0 §:~j\ ..;,. ..s J L.... 0 *A·"" 
I ,_,)J4;> 0\ycs" <;}:.>; • "'-"b ...,\,\ o.>lj 

'°""I !J LY-.l., L.... ..S ~, L.~ ~ .::-1 u(.... J:J I _);; 4 
($_~;, u~ olJ ,4..U ....... J>-~ c)v.};i cl_::._; ~~ c:r..~ 

6' _,5 uW.-_; ..:;,.b-.:-.,j~ :J l,.;,., b; I J<> W tk.._,u6; _,t;..."' 

.:;,~,_,.,.. !J vJ~J!J u..,,J.1,. I_;; c..oJ _,..:,!.,.. ul..);> ..S vcl4 
l,,;,.,~S .i;~,.,j.,(.cr •'> <.S;_,J.0t.,, .::-;>~.'""I.,'-"' ...,i,1 

. ~.)J) <..S"')f. 0:") ~J;J.:(~ 0~.._r::-.J~ \; 

, .w,,'-"' I..'" <.S.;;..J;)J I ul<)ll,1 ...;,JI'-" l.,,.-;_r. ~ 

)> .,(;\ j\ (.)"', ut.,~ ..s """'\,_,.bl-'" \; ~ ""-' ""~ L..1 

·~;j\\J J:Aj <.S!JJ_r. r'>t.,.. Ja,\_;;j\ <.SJ~ .~.To.;_,, u;\..j 

<-"l;,'°""'> _;\<.SJ~~ :~~L· u_,;5"1 . .::PL.... 0/: _,<;, 
,.:..,....\u(~!_j .).i.'.l\.'.lLS,.,, t,Sj.) 0::.:.) r r.SJ./•;} J~ ~:5 .)::. $ 

•'>.::..ii., 01.iu• I; <.Sy <.Sl-".....,!J.J', ,_,(,_,<.Sy j\ 4",)l~J> 

. ~\..}.i ::. y:::; _, ::. Y. u~;::>- v.9Lr rJ::.t:.) S w/~l.6to 

uiJ.i><; l;u.,,0 ,:'.Jrl,. .:;,~ .'> r-;1.,;.y- c:r.1-.r. ~ 

4 .,_,_4 l.. . ~ j;:l.. .j:,;k. ;_,1"' .:il...J~ <.S[,,jlil.>;> 

.::.>L.... .:,4 <.Sl_r. u'-" ~-'if LG, L..;T ~ ~ .;I t::"-' :,L;.;...,I 
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j..u.. h.,. \_,;; v I,, J T, I_,. S <.<!. L,,,J b..;,.., I c.5', ..r. 4 JL,.­

~ J\,_b-)\. J. t.; .;,\_;,..~ \, JY. _;.. vl,A.:S ' JJ..i::._,. 

w.. • to!. . 

.::-L>~J~ .\,JI 01.o,,Y..,s_,,...,..J\~,1.;;. Le;.; 

0~ ..}.J:>i.SJ\.;:lCi.l..a ..>..:.W\_i'5' ,v,j.)Y. o~<l~ft ,_,A..._,;.\.;.) 

J_,;,,0 ,_,J,.;,W. •cr..,S ,\.) 0~.,.; rw ·"-" ~ J4 <:1-'I 

~.)<>.i~ ~4 1.)y~ o~:> ~ c,.;._,..,, 1$~.Jlf:>.J_ri.):> ~ 

· =4 . ..,:;, L,,,,_;...r\ J>b~ c:r.-J ~.,..JI· 

0..i::.\~J\~ ~J_;...r\ •r->b .;,\..:.;~ 0,_,J,.;,L.~ 

)\.I .S..s_,A...i\ 4 ,,Y. • .,;.S[,>-\ ·~ S.i;k..Ju.U 0[,>­

J\ _,s,~.::.;....; Le;; er.I_,!~ . .:;..;\, Cf'LI J.)"'"""' 

v_;,.SIU,..J~ .:;....;\_,;~,L.<'_;...rl~ S cs..L,,,,Y._,)_,,...,.. 

"':-'l~G_ (CO) er..,.) .,,,.SI_,;.. ~,, J >_,:,",.SI J _,(.I.. 

?" ~_,) .,_,....\ _$1 ~I..\ . ,_,:, .:;>.L (COrll') 4'!.)' 

,\.,__;.~ wJ ;.i_,1 _;...;\ ,, .s .:;..;;,IJJ 01>:.1 ,.,:;,L.<' J,G 

L_! cs..~b ,L,.;1 Ar. 1_,,J . ,_,:, t~ ..sl•b-'.1'~ ~t.; 

..S >.J? ~J ~-". ,, t,,;l-'!.,.) JG~_,.;.,.._,.;,,) ..sL.;'4,.­

\~Jl ~,~ ~4'5' .,I.. u.I ..s~_,,.., _, ,_,) l5' ._,,_,,.., 

0[,>- 0..i::. I~ ;I er\ J-' . =4 ."'T "-'~ 0[,>- 0..i::. 
J .:;;,_,')VJ!}"".,::,..,:;,~ "l-_,.,.;... I,,;~_,) j,,(..r ._) >,"-? 

t¥ vG_fi",, 0 ""-" J~.,S ..s~ Jl ~ _,,L;..; op\ 

cr..,S .,,,..S\..s, ,.,,,,,_. u...,!_,; t!u.. Jt.:..;..,.;T ..sL,,,.°"°"' tlyl 

. ,,;;...,. _;...;\ (CO') 

'.,,;,_,. (JL> _,.;.,.. _,.;,,):,! s '-"· L,,,, Y. .,s _,,...,.. ~ .::.;....; 
~, _, ,.,_,;J_,,...;,;_,,...,.. ,!lt,,;_,.T • ..,.,T,~4 ~J eb,, 
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Cr~ \W _,.:.; <f._\ • .::,...,\ oo..T '°"""· JJD.. 0;,.S\.Y. 

<S_,i.....l'by,4 6 .:,...,\c-"\' . .i-:S if. ':"""'-I; ~Jy ,L;_,5' 

.::...J \_,r~0\.,.;>J ;,\;_,r .J ;D..0;,..)\0, -"'' .. dt.,,..\ 

""w_,;.; .sL..w-1, <S'.Y, ""'~1 _,;.....;1 ,, .,,,., ""'', ,Y. 

.s"'-"L.... ~l_r. ~b 1, L,,;T ,\...:..\ 1...,Y.JS",,~0 

. ,,,T,y.,~ 

, J T '-" W U L,.:....I .s \.Y. .sj _; \ ~ ci-" .J.:AJ> 

\;,.;_,,,.., J_,,.i;."'G _ _,;D\.si..,~ .:,...,lc,G .;..,L;."'-!.Jcs! 

_,'-'\,,,;,,,; u_i.SI, .::..i,,f" if.::.>;,_ .::.t,:,),, 6 .,.;;,4 ,,Y. 

.(J.>-;;TJG°'..;4,) ,,1, •• bl 

<.>>L.J;~ .sl~;\>11.,,;\~ .:;,l,,_,,.b. .;:,>-\ .s4JL...,, 

• .,.;;, '-"·l,,;.w ~1,,,;,T er..\ 4 . .._;l • .,_,;L..., 1~ t_)\J,\°' \, 

.,Y.1,,,.,,w::~ ""'~' _;....;\,, "'-!.4"'· 61; ~l_,;;1.; .::-1 

,o;;J..f° if.:;,,,_ ~1.,,.;;0L, 01,JT~.si.,p.)b, o.;..;4 

. d,~1 .~1,,,JT,, _,;JI 

.s\,,I,,,;_,;,,:'\; "'""' .).;:..,,.\,.,.;;, .,\, 01..:.; .;._).Cr.~ 

0l:.0n ... '-"\,;.;;. \;....; ;,lS" ._;;,,. ,J_,.i;. .s\..,~~ ~ 
;,I .s~ J T .:,,~ J J,G eJL... cj-" ~ ~~ "'\_,rif !"', 
,1,_,;...; ',1,,_,r ,s' .;l.,,;j,_;;,; ' ;\.,,;;,..)I .::.>~ :.L.o 



, r~,_,:..~, rci,rt..,J T. 1ci,rt.;,JT .::-Iv(.. .S '""T J~" 

. """'4 

A.:-.) UT 4-! ~ 1.iJ I v ~..; . Ali pl1atic Corn pounds . l 

'"-'I ..iL uT .:r.5c<l<1>;l '=:.J .,,,~._,..cifJT 0L..,>_;..il 

~ Olefins l8.y.l,I . CnHrn+r J,.__,;,, 4',;IJ~ J.c. 

J Cn Hrn-Y J_.,._,;" Acetylenes l~I, CnllYn J_.,._,; 

..,,_,,,.,;L...'! Aleiphar._;l;y_ .i...r..il ~\;JI. l@Twl.i'-'-' 

6.;;l.o.,.l; rl;.:nl•e de00"e IJ 0L..,) _;.:nl. c:,...,l ,.;..:.ciJ 

~IJ.~_;I,, t._;I, ~II, JT,_;t.-1.6.;..:.r,J......l~I 

. r _.,;JI, 1*o.r.- L _,G_,_;; 

~:.iW-..; ~ 4;\ ... _,.)T u~S" ..;- . Aromatic Compounds ·Y 

L_ .:!.L. ,_;IJl,t,;T J,D... c c:...-1 JT ,1,..;1 .,..,,4 ril , )..... 

0-!,I . ..:.....1 Benzene U.,:i~ !.il:..~ ..JJ.r ... ..r~J .._;..:. 4.o.b.~ 
,.;;Jl,,,,_,.b.. t,;T_ftl 0.R, .;;_,:.". ~.uy.,..i\ ,1_... .,_, 

·( _ <.l.i \ou.!. o~\; (\;,:r._~ 

4.,.;::_._;)1:1cS-i..!a... Hetero -.1..i~-Heterocylic Compounds .r 

~ ..;1& _; ~,.?" ,1_.... '""1.)1" • ..ts".c IJ ,~,, 

,_;l),J,Cl.._,a ,_;t,,<il,.t,_ <ib. J ;.:-~I ,_; _,.;L.. t,vT J_,D... c 

. ~ .:r.J ..ii"'"° ( Hetcro- ) .;C,.,,_;1.:.1,, u.5 ,.;I e'l 

, 4_ CoHoN J,._,;.., Pyridine .:n'"'o-r-0 J:.• 

H 
/ c '\,_ 

HC CH 
II I 

He CH 

""N / 



~· .s~..;,,...f ~ 

.),..J .,_,...).,~ <S~ l • .; T ~ .,..tb & _,; <S I.e.~ I_,;'-'"' 

<S .;l5"" J. _,b... .; I I , ._f _...t;. <S l..._,L;,.; .::. ..; I_,; _,I . 1"'5', t.w.. I 

_, ,Y. yTJ~ _, ,:;;_,J"':" .!lt.,;_...T ,,:;\.:..<SY=> .S o.;IJ~ 

<Slf.\ <);_,:_ u >J._,~ .::....>~ <SI.:,,.\ <Sl..""""\ ,:;l,.,CY."! 

<SL,,.,.,_\ j\ L<.. <Sl.. .•. . .....;.:..,. . •• j <1 < • 
~ t#. ~ ~_i; ~~J 

~~-'T. E · Puvlovskoyu l,_k:...;_,J_,~ .b.._,;_;,; .:,,.I 

. .:....I ..;;._f UJ~ ~ <SIJ.,l.. .l;_,5" r:: .... WI j\ .,\;.:...,\ 4 

_;;,;,.,.,4.s '-'"""[;. .b,_\p ~\.:..~_r.>\ <SL._;:...""' 

.;\~ ~ _,.J, JT ,\_... . .i.;Jb <Si.;,_,.,.,....1 , 1"'5' <.s""J-" 

..,..S ""-'..~ ~t;. ,_,;. ,_f ~ <f"..J;._; er.I_,;\ ul,._r.­

-' ,:;\.:.. ~. ,Y. 1<S~, ,:;T_, .::.;;,\.,.; ,Y-' ~ .s~;,_,.; 

CY.I <SIJb ~")\,.:.. _, ~,r...JL._,; .J.;l:.. .,:;T<S~ U-_;.,l,., 

<);_} .,[,., ~: ~ J> c..F .::..,,-b- ""' . ~ .::..,,-b­

<SIJ\, ..,;$ _,. <Sl..~\ :....., l..\ . >Ji.,.; >y-' _;,;.:,,.I'"'"'""'\ 

.~l;. ""' 

'"'!T ~,.,. <o:i.;w r.,,, 
:.._..., , ,1, &-" ~ 01_,r'-'"' IJ JLI_... ,:;JI;; r""' 

JiS::..:.l_,0.;lZ" i~~ c~I,; ..r.,..i slo.c:~Y~ -Dissy1nmetry. l 

!"- ,::,_,.:;, ~1__,A ..JT 
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~ .... IT..,..,;J>. '"'"'1,._... ~Lst.,'.,0.J> 0J~_,.,.; <>~.J~ 
~ __,,,.; ._...;I '-" 4<> J )" !,. t,..; I I J ..,aj); J ~ .c ._,,.,_; _,., 

a 
I 

4.symmetric ) 0J~ # .:;,J ' ,..;1.,5 J!.;.,l(e-C-d) 
I 
b 

-0 .:-I ..:.lo 0!-" .:_,.__,) 0'.i 0Jt;; !~. ~!;_,.( Carbon 

,,.,;,;IJJS"'01'"''l.-"_,.. J,D.;I 0Jl<; ._..:,) ~A..ci, 01_,:;._..; 

'"'""'L.. 0T '-'~c:... 0,,.,....; .,L J [n-tH] 01:.. 

.>J"1l...) • f N-;-OH] J;b 

H 

[n,N-~-COOHJ .:r--Jl") [nfN-1-HJ """){,.::... 

H - II 
,:r.JtSl,1,JLI_,.. ol._,..J._:,._1,J_,..J, . ..::...,;0,t;.,..~ .:r.J 
(..,,. t.;,;:,µ J_,..j) tS~_,s:::,..tW.)I , 0,Li:...~sl~JL. 

0b_,G-\,JG:. ,,_;1, ,_,,,.J_,..J,;,US:::.:....., •,;,JY,,,;_,,_,;\;) 

01,k JG:. ' ( Dexlrogyrous L.. Dexlrorotolory ) 

Meso J/ G. l.:..:> JG:. J (Levogyrous ~ Levorotatory) 

. (Inactive ~) 

•..r..-' c.,,.:..u 0,~_,.;. .:_,._J,.; IJ>~ .ci,_,;_.~ o.;.\ Jl!... 
COOH COOH COOII 
' ! 

HO-C-H H-<'-OH HO-C-H 
I i 

H-\-OH 110-C -H HO-C- H 

COOH COOH COOII 
01,_,i:::""' 01,fa..1, \.!..::>-

u.;~<.54 o~~ sl~T ..r..raS ~~ ~ ..:.-1..> J ~JG:. J:J 

JG:. ,,J.c. .c:.-1_,G_ ... G_fa .,;,,,)'", >; :.,.;,_, .r. 0t"_,; \; .c 



WY 

"'-"'Y~~"! ,s ;;Jb ,"""'JG,,"! 4~, J\,\_,.. 
~ 1 <54'>, )'", 1.,,.;1 <S 1J1, .l:.:o 4; T <S4J ,s:l. . ;; Jl>A-~ 

. .:.--\ w;LA:. !.,,.;\ <54'>,)" "''' '-"!.;.; ¥,.. J, !;;<>-UW. 

.;.;\,JI) .:.--lx-.J> JG 4J> <.5"\;.(Hodicol) 0l.0.)"I 

.~t4 ',_,,')if,\)';"';° .:-J> <Sfa.> J> "'"~ 
<S4J ,s:l. .)\ <S\o>i.,., j.,._. ~ \.i."! .,;; \ y if \.. .,_, ,, 

,y. ,b-J> \J 4; T )"\. ;;,:. ~\, .,\.;.;...\ >JY.4~> 

r-"'P. ,;;AJI; ..:eL.~'J L..:-, ....i5 ,s l"',1""i:::; "'~\;.~ 

J;G-J;\ ;;Jbr~"! ,s w.L.o.r :...,,4 .::.-\J .l ';"';"<SL..:-> ,s ~, 
.::-> .;;,.....;; )" \ • ;; J\, '3 _,; _,(,_ .... s::, 4 0~ <SI ;.o- \ ~ _,; 

• ..:.. ..... \ ..::..,....\.; ~ .);:, ~ .,:........) .;:........!. 1,:.......\ ~ J~.).:l .,:.......\.) 

_,G_, "--"> <Sk.:,tT ~,..; """', _,...,,. ~,f' .iJ ,;r. \ ;\ 

. .::.-\ 

01..,4.•lGc.L.;T J>JT ,\_,..'-"' y..,.,J J4'A <SL• _:,:;;.,.,J, 

<S.lL.:.. J,..1~ 4_,;..,_,, J~l.. J(.c,,_,.,;\ if~ • ...,..,, 

.l"'J'T'-"'"""'>"! (lloccrnic mixture d,_...,IJ.k~~IY'Y) 

-f-..>JG \.,_JG CJ., j,(.c; I_,,; !.::.-\ \_,.;..)lo\> _,.I 0,I 

;I 4 11.0 <SG- ,s ,JI, "'' '~ A - ~ L. .:-IJ ~..;; T 
4 ~ .l.i.;\.:i .;\~ U.;l.;; t~ ~ ~ ..::. ..... \.; .:;._.,,.;;:, $' L.<;.o.r\_,;:, 

;;l....J'5'0J\.;; \_,.;.. >r \..\.>~ct' J-Y' ~'°"" ..,.;\ .,.,$ 
.:r.1.r.~. ~ ..,iW::, <Sl..;_,,; ..;-_,,.. J> fl .l>J" ,;r.1 .5 

tSJJ..J tS~ ...r"'-'2.1 4. (Dissyrnn1ctric forms) 4..,::.~~.:. 

Optic ) <>J,; <SI..> .. »~\; I L, ( Optic! isomers ) 

Optic rS.; J; <.S \;..~._;:.; T ~ J ( Enontiomorphs 

.;::i IJ ..::,......!_, J ~ LS.Jf J""-'..i~: J.0J.:i ,,_,.:::--_,( Antipode.<; 

· i - ~i..'5" Dissyrn1netry r.SJ~~;:, J T ~ 

.:l 

"' l 
·' ., .., 



0y; . .;.....\.;\"'I 4" ";.;; T JG 0TL, U<.i J,(:.r J~I 

0""'1~ o.l) cr0"""'-"W '5~1_, ,,r,, ~t,,.0_,;L; 
k_l_p,, ~\_, ,, _, , .;.....\ J~L ,~ '"" • .;;T cl_ <J-'.)1 

,,~JJ 0T" :,f _,,. <.?L(...,_1.,,jT<St,,_:z...,,_, .~;j_,,< ~ 

~ ,...u,\..:,.......;:,~ ~I 1.SLt.~1 '*_j~l.... .)::> )l!..o. ~ ~ 

. .,.;,Y. ~\J 

<S~_,..S <SI..:,.\ <St,,~"~l.~;j.::;\,F. yJ> ·~4 
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,,:.. .... ~ ... \ u,~ ,.u..;_; ..:..i\;;,.Y."' _,..,, W ~J.!.,..:,;...., u:.1 . u..:....!J~ 

• ;;,.;\v..i ;;,~J U~<S ~.);:,-' 

U<. h : S .:.> L.. 0[.:.; _,J,t.;. ~~ \, ~ U<. I , y,.L,_ 
0 I • y...; ._s"'"" L . ;.; , · • .b- 4;; "' L 6', · .;:.L;. Yer . "'-.- ~ - Jl 

01.!.; h 0_; jt;.Tjl . ,;...,,.f • ..l)j _, .,_,.. ~ ~ 0t,,. 

c:,;1 .JIJJ .h4; • ..llj 01, _,,,. yJ> 0,t;;.L <Sl~ _;:.:..., ·S .i.:;, .ob 

U<.1 ·1...;1 . .::-l..;;;;,b >F.-' L,.;T,,y.,; 0,L;;i""' .O,_,.ocr\°"I_) 

,_, ,1, CJ ,4 0~; .:._,(';' 0,t;; i~ s"""' c._,b ...u.... 
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_,r_,:.-1, 01_,& .::.,,.,; <SIJI,;.. F . Japp~ . ....; • .:. I.,_ .::-1 

~ :.i_,i_, • il(.;,, 0L> S .:.>L.. _,..:.:;;.. ,rr:ll:;-'-' ~ 

-' .,_,,_s' J_,._) • <.S""_,C,, ;1 ,_,];..:. - Configuration .1 

. r - .::-I ,)T,1_,. <..>l,J,D.. '-"W 

~~~,!.;:.....I. ~tereochemit1try and vitalism .r 
I, _,...;I <..> ~ _, .}" L. ~I .;;_.,,j _,. .s· .::- I ._,.,.:.;I ~ '-'""" ~ 
. r - w, 1: <.5" ..,-, Jl ...;h,,;,.. , I _,. <S t,J _,Cl. '-" L.; 0 L.::,;. L,, 
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.).-1~ _,;_,,. 0L, , .::-1 4; _,l ~ r-+. i... : Y..J .;..)I. .s 

.1,4 i.;.;_,_,. cs..4 .sl,,;~\JI .s;~ 0t,..;I .s\.U,.,IJ ~ 

0t,..,, , d c.s" J [;' , I, 0 T ""! tr _,,,.; ~ er.-', .;;,_:?' c.s" J. I, 

cY.. I ,, . .::-\ ._,r ,LA.;. JS""-' e J T, \_,.. J _,l.=. 4 ., ~ 
d-t;; 1, _,s'.. \; fa.~ cs. 4,:,(... .sl.i..J \.,..:....It... J _,k. 

cY..IJ.~ -~c.s" ~~ d,/bl ,_,,..,,, J'J\) ,,, d c.s" 

, rl.1;:;; I 0 T .,.;1; .i..:.;;~c.s" J:(~; J ~- 0'}.o:; ,, .S cs. ti. A 
i...<µJ,_;,.. .::.A... .s .,;,Y.4;_,J_,,, _,.L;.~4 r.}JJ> J;L... 

~' Cl,..b;>rJ,;,,; 1,; . .::-\_,....l...4!\); .sL..,.,,...1, 

\, .;:;:,_S wt_,,. ts! lr.-'.l .s..4 ..:.,,\-"'" 0~.r.- .S .s..4 
~ ... ~_,.\CY-\ l.l'J\il<&_,;.s\J. ,..;,_,) c.s"~ ..... ~~ 

• L. , .' ;~J.;A,.,,.? i.;.; ~ v-_,., t,;1._,.,r,, ~ 4 1.r:- .S 

J y:i...J;-1, .s4ll...;\.s\;\,fa.,.sLo..rJ:J 'lio.>i ,llS"" ;J.; 
, -"'" ,~ Jl&° _; I .r.;-~ • "-'!T-"! "'; .,_.; _,.t; ·~ e,) _,; I 

.sG.,.,,...I, 4:,;;J.. 01...;;.L... 4 01..y>b 01...;;.L... ....S "-'!T 

,, ,,_,...;. ~· 1.r,..l . ~l,; ""'lAA J![; _,....l... 4!15' y 

cY.. I , .>!.; \) J. <.S"'t.:.;~; ,;,,; \ _,; k _,; _r.> \ , I,.. 01...;;. L... 



\~~ 

. '"""T ~"; i..._., ~1; 

u4- .), , :_;;.:,r JY, rl.r .), <>»,., us: ... ~ T ..r. 

4 .)4 4 w Yl.:,.-1 , v-C ... ,sL.,~ u~~l5. ,s4'>,.,5" 

-=.,,.,;,sl,I, Jl.;;.L.4 ~.r.% y ~ d,:1) ;~1 J_,(L. 

.J> 0.J~ ul .J> J_,(L ~ ! ~\ ....__,"; o.;1_,~ ~ .y_; 
,_,.;cs"""~"'•.!::._;,~ t..-'P _;..,,.)<¥> «.s-1~1 .:..;;.~T· 

. "°"cs" :, Ii T J'":, , 
J_,D. dr i:;b-~._,.<.o- ,Sul,> b~ e:cl.) .)_,..;u,.1 

<S _,,.U; _,f ,L .:l.~ , ~cs" ._..,,; L.) JLl Y' '-"""-.).,:; j.i(; 

ul_r..~ cJ _,:.5' ~ .)L;T,, ~ 0'~' "'-I ·~.).)~ u T 

'.r..~L.<S4--J..r..J cs"'.).r.J _; .. $\ • .Y..Y. •.JJ~ jo.J_,d 

.;,i,,t,f, ul.J;le- ,.;,Ll.), 4.-,.,,, 0,1 .~,_,5" .J"-'-; ... ii 

.\:4-i ..S::...J~ ...:; ,_,..... u _,;)1_, ;,; ~cs" 4,).~ :,1 .~ '":"'" _,. 

>.Jy> .)> •.Y..Y. _,..1 u,.1 .o.;.)b ,sl,,L .)~ <S-W ul...o-L 

JL;~ \\DrJL.J, .s'dcs"...;.,,.,0_;_,;C!,fl:,YoV'J..r..J 

•-:--5 _,; J;W :,1 t,,.)_,4 . .,.\""'"',~ J;L;....1., .h.._,; .)_,~ 

4:,1 .::....1 ~.} ,,L. utl . .,.;.,.\_,.!;;~LS""[;. '-"l,...,;, :,L. 

· l...o-LL"'-1 · •- ·•< · · ~ ·.;; "clL ct.:.l) · v.....1 <.s' • '-'""°"J.y.uYt;"!. '-'· -• •. - y -

0_,;_,; .l,f :.u:, J_,L 4 j>b 1.) d .• 0,l_,fl . ._,.~ 

~ .r, 0W. I::'-'"'.)~ J [,>. _;.;.... L, .r,.J Y. _;.. .l,f .)> , .i..:..S 

J, .::-! V'JJ..J :_;._., .:;.;_.. ,s""" .,_,,1p. ,~1 d% y~I, 

~ Virns Filtrunt Ul,_,;-4; i.f JJi_J 4. Fillrable Virus . 1 

_;1 01.:..,WIJ_,; ,s,_,:. ..:..k ~ ..s ,,_:...,. J]t11 .s.l;i..J_r..J 

. r - -" .)"5'°..,. .) L... ,sl,>-1.),.. 



\fV 

.S <SJ~•! ! ,,1.;; >?.J ~L.. 0,r_; ~L.., ~\<SL.~ _r.J> 

..:r.,:;_,..,ili' y <Sl,,l,sJ.. ,_,,;s::;, lo,~\ .s,,:; d .;:....\~ 

. >Jb >yJ if-'.r..' 

' ...;,L.; _;I _r. .\i _,... .S, '""" CP \I_,.... y.) U.. I 

.;:..;;;~T >J><!l,i\.Jy,n_r.~ _,;~IJ_,(.l. ..wl.. J_,().. 
ul..1!."'!, ,_? t,_,::, fa "-I. t.,,.;T J>, .,,.T..,,~ "-"·'~I 
Uo"j <SJJ J. .::il.,o-' ..:.>~ J.:U; ,,..,__;_; J_,(.l. ~ • 

• "-" .Jli. T 

~ •.;;t~T· u.":-J> ~,_r..,.S.::-1er.I~1..1 

.r,.l.._;T <S~ :JW .SI"' J~ ~ • cs°Y....1::-=_,.. J> 

:~ .r,.1.)1 . .,._;,li ._,;s:.; .,._;;\_;...,.; "-"4 ,~.; ,,W\J_,> 

"-"J...,.; _,i;;'!, ,,..,,<5' <SJJ ,.,,;j J,L. J.;.b J> 1,;i ~'--"·' 

:.....,_,.,, '-"'J' ~ ..,;\:, ..(~ '.,.:;4 ...;,L.; 4 ~ c:r.,1 .s 

. - f-"'" J,T,~ ~ .s r':>l;,;_r,J> >y,-y <Jl.:.;.t..., <SJ.;,lt;ls' 

....,_\].,;;~~) •J;J (S"'JJ.J .:,µ _,.,,% yJJ-"'. .d <5' _;;;... 

,,,,._,"!_,;:::,_, <Sl.> ..... ,_,,_,"'~_;;T~l,J J> <SY:? (uT4:.l5' _,; 

jG Y:? <SJ~ IJ J~ _;:.. .s..le; c).l.iJI <:;L.., >JJT..,. 

0T ~ l<..J, .S ,t.;f,? 4:.l5' _,;~\.>,,) _;...;-Y"'! .SJ.Jo>._,. 

,_,:.._,..~ if-'J.' ..:r.Z.r.,ili' y .>,,)_;"! ,d..,.. ~\ ~ 
t::""" ,~_; _r.>l;.. 4! 0T J> , .:.-I .; ~ ,t.;f 4! ~ .S 

.::iy~ 

~.) \*~ J-'..r..' (~'» Aj ...... ,_,;. ~\ ,,_,~\ j\ 



. c-.1 <S 1.i.i ~ J> 0 T •tS;L....;4 , P.• •;J .c-.1 0 T <.S"'L;.::, 

-% _,; 4 ~"":"J ~t; J:G.; ;1 uJY, .,1.>.>J 0L._r.-rw 

u..l .c-.l 0J; J;;f J. c.i~ tSl.,..~, &) '" ._,.,[;. ~..r. 

._s Jl...)l..., >Y.J 4],,;; ""'""'" tS4JJ-" ..s c-.1,_;.:....01~ 
>?.Y' ~ ._..,;; J> J .:.-I ..e...\0K.l .:..-I..:;,~ tJ;J 

..,;::,_, o...:;L. J....J..e..' ~J. '.:;....,\ .,_,,; <.J'J.Y..J 4 . ..,.__;.) 
j ~ l,__, li.._, la;; . ·< t '· .J cL:..\) " tSl..o..-\ J I • '· 
~ - . • <SY-° .Y.. - -" - ~..r. 

.;.;.;.;;,\, J..,# 0K.1.,1.. tS..>.l;' L..;L..., 4; _,) ~ JG 
0L..:;. L.... 4 J _,D.. , «s.. I~ I .;;..:. _?. T, J> _;'I ~ 

~Tr..s°~~J~W ,;I~ r.f'J..r..j~~_,!l)_,; 4V"~ 

•fa.;> ..S, _,,; c:,>:: .... !"' .::..iJ 0T , ( .:..-1 ~ J~ , p. ..s > 

J_,(l.. ~J~ ....... -":, ,"""'"" J,(.:.; L. <tS)l.....)4,_p., J 

tSI·~ <Si...,~, o.:..;L...,J~ ~w,'" 1..e...i . .,.,., tJ 
tSIJb ~..r. tS[-._;; Tj.~ ..J...L., 4'" ·L._,'°""', 4 .ll 

, p. ~ _,;.., t..:, I J .,; , _,f LS" I~ ~~I ._,..t...;;. I 0L..:;. L.... 

. ~T~~ c.i~ tS..>..:.,;i...)L.... ~ J, »~ ..;::_,,, J,,;; 

fo tSl_e. ~-.>\ >?.J l",b 0G )I,> S J_,10(..,, 

:,Z,.,~ ..S Jb.J, ~.:.-I i:/'J 4:JS" _,; tSl...,..,l .;.t.;L..., c.i~ 

JJu._\.)\ .>Jb .)!.,; 4:JS" _,; tSL...,..,16 __,;,'" ·1;JJ.?~..r. 

....,,-.>\ J>.: .....S,~ l,Jii IJ J-J\ u._I 0\..;l ""'"'I r:J4.o· 
tSt...,..,1 L_ ~..r. ,o;o.Z. .c<>L.... J,I ~1.,s 0~ 0.i..T '-"~ 

~.,_; lli... ..S C.....I 4-,~\ Jo.> 0L.,, JI_;... u..I , 4ili" _,; 
>?.J~ ,_;_,..~;I t_.,.. __,., ..S .:.-I e<'IJ . t_.,..~ J t_.,.. 

<Y..i'! C--~. 0L.:,.~ »Jl.;5'° LS"..iJ' IJ ,_;_,.. ~__,.,J '-"TLS" 



JS~ • lr ~I.,. .::-1 • .,.,,Te__,.. J,I .S:::.U.I >Jy>J> ._;.,.J'.. 

4 «! .::-1 .l.!....j I cf, _;,;LAA ~ b _e. .\,.;; l.. \ ., _,.; ,_,. ~u 

d. J-.ob'J- ~;L; j\ Ir. ')l.'6' .;:,;_,,.~ u T J> <Sl_e. ..;.:. ~ 

~I~ I;,_,;. t..:cji t._,r1 .,_,;:,,_,. <?!.:;.:..,\~ ':""'~· • ..,.;j 

J> • uT ~ I"" , lr I"" .S.""-> !"""\_,;. • r-'5"...; _,k.. ~;L; 

<.S\J> '-"· <S~l.)I _J\_e. , <.f.".Jv.r J.\;:;" j>\_,..j\ <SIJ.~._,.. 

4 .S ..,.;.,.,,!""-"': <SY':!.i~I ,..,.;j.;:,by-y '-"L'6', ..f .,.~ 
.~\, <S_;..S .}j[.... u;.,_; >r <S>y-J 1',_lp 

<S~J'.. 1~ 1.s01M1 0,1~ el;~ l"")~LJ:.o'> 

..,,T J> "'-1.ojl.- <St..;W>-L- <Sl;b 4% _,; <Si.,,"Z"'1 t,. '-"' 

i..zi.,,.. uT;, . .::-1 >J~ ,..,.;.,..T~F-'~ '-"l~l ..,._,;t;I 

4 ..,.;,Y. ..s.i.,,A ~~ ""-"':..,;.;...;Ii' tY ~I j\ .S <S>ly> 

Jl,,o-J... ":P ..!" .,.;t;')l,.'6' ..:;ll .S _,;,,[.... ,,w lei_,; J l..jl., 

_;,JI.. Jl,-? J-.b'J- L,_,J', cb-J> j Jr..> Jl,,-? .i.,;.; • ..,.;;Y. 

;_,..J.;ulMI ,_,;y) ~ 4fil' _,;<SL,,.,..-"\\""-'~~\"" .S,Y. 
• ..i.;;;L,_ 

~ W (W J> .S .::-\ ~I 0l,,o- !J!.' 0U..)\ cf, 

'<SI·~;~',_;:.,. <St.,,..IJ:'.;..., .;:,;_,,.~~"""I ·~ 

l:Jl;.<Sl,;>4 ..) .,;.) ._,• J.o:-.:; <,S\ • ..,.;j .;;,\, y-Y' uJ Y""~ ~ 

j... u~ 4 .:;...,~ 0by-Y' 0'_\ • .,__;;b ~ ,,.,.,.. 

~ <SI _e. .S ~ ._,J.;. b J L..::;. L.. <SI; b _, . ..,.; ; b J? i;;;. 
1.,. l_p;, .:ii..;~ J!.. .,.__~ii , <Sjl.. _,; »;.. Le; T.....:... <S~ 

.:.; L,. <.$ _,;. .,u I J _,; <S; IS" j L.. , i: ;I;. ui..P.- <SL. _;..s::,.. 
. .::-I 



1(#1..i_,..T..91"~ 

1...,,. 4 .i.;; .,i.. 6 .;> '.s..i.:f L..;L.. ti cf.. \)I JSJ;, 

Homogenous )<..f-,... J).,....;lj.5' J ,sJ...>..:.e;.s~-..-0""' 
• .....:. ...u;)',<$..1~1.::.!~T, .:ii~ J"t) .S JLI,.( Solution 

~ .:r..1.S""'"'I,:,(....1~1 . .,,T "'-"': c..Jl,,r._,.. • .:-I 

.s~;_,.J'lr. rlf.:...:iLoL.I . ~4 .,Y. ..,._1~1 .,~ 

0T 4 .S .,.;,Y._,,i;,_,s-._,.. 1...,,. .:iW.,,.,..)I 1., 4;T.S ~ 

r1,,r,~L;:. _,;b-L,_,.,~ .~4 ~b ~!.;:. _,;'\r ~ 
.,, ~u· ..,.._,,._,_."~'"~'.st,~- 4~ ..,.,Lw1 0T 4 
~_,,,; J)L.. ...rL..1 , ..wl.! JL ,].i..o if.>t;. ~ J.;lp 

~!.;:. .:;,l_,;b- t1'' Lt~.,;,;,~ cf.I "'J,;..b 0L.;L.. 

LAv,.r~, :.\,_,. :..v..,$" ..Y..J;>b:>c,A ~ l~\ ~r.JJ.. "-:::-.J" 

._,,,..;.. .sv.:..;L.. r.-41.:.o j.ls:.'.r, .>,#~ _,.l<f..I ,,i, J,GI., 

,\_...., ~; .s\,,.,..,..I, ~ .... ~ ...rL.\.,, .) .,,,_? 
,.::...\ .,~ ~· .:il:.;l...;;.l,.. .S.s,\_,.. ,.,1, ;\)_,(;, 
ub y. _.... : _r.,, .:.>Li,., , ,.,1, .s;l.f )l,.. <b Y. _,.. JL..I r~ 14 

• ,J,p;~c.s" uL:.; \J c.} ,,:S g._v:, 

.s_r.:; ~ o .:;...I .>I_,:;, • .,4~1.,, ~_,!;; uob ..:,JI 
I.> • .,.;) ub_,,,__,. :.,.;.,,T.,,"': <./..l~I .s~ ~ L,_,., 
q\.;:;,' d <.5" .>r" jt;f. . , . i;::..,. .>_,10~ . ,,_; ~ 

. ..:;.....,! u~, "'~_,;..;L:,.,..A~ ~I;;, ..:.il,..r·T.,) Cooccrvate. 1 

~ .:il!.l,.1_,oi <'.:!l."')l • .)I 6 c-1 .s.l>·fa .Sl<.·~ ~-' J> 

I.> .S>fo .s~ "-'-'¥' '.,.;,_,f .s" y_L...:. ..,,,.:... "''""" 
.Jl:J rl _,oi\1 .. .,,,1,.0i....::JJ.;. c ~ T :.,.; .; L, 1 r.::JJ.i.6.,; ,i, 

. ' - .i.:S ,_,.. J.) w I< 



,., 
.Jl.e. JT :,\.. .st.>.;;J '-'"'-" \.,.? ~ , Y. ·¥ c:r. I.e. .:.>IY! 

.,J:.,_, JT,.,; .,.,.L,- vlJ; 4. ct _,si;. vlJ>~ ~T '-',,J,,., ..,.,,;.,,. 

.s~J,(.:.;.,JL,-A~.:;1.(.11_,,;.-1 1..,St> ·ct . .::....1.,Y. 

.S- ..:.-1 •"""'-' ul'41 01~1, .ii J-.. Sidney W-Fox .1 

,1 . .::.-.1.,_,o ._,..J_e.lJ ~_,,._,,_t,....,;, ._;I~ J.,il..6 :L 

..,St; . .:-~.r. :y,1 0"'1 "'''"" .jJlp 0,Jo Jl_,;_,t. 

.s~,s\ol l..;IJI )\..:...., <Yf'_; ._,,_l'°'"'I b_l/J><S° .::...\~ 

sl_,, .s-.;~_,, ,..i.:.c • ..i.:. .11.}.r. l'c ,,,,i_,,.J, ..:,,.\ sl>.i,...1 

, ,1 . ..:.-1 .,Y. J'G , .,.o_,. ..Y ,; J;. J_,i,._, .s- '-"T _,.;,,; 

~t; }'t' '"'~~ \..:.>::. \::..:.>_;\ ,_,::--)14' <li \4:-,; \ _,; .. te~ L,_j T .)::.....;.; l_;t..,.i. 

j"'- (linear peptide) Jo>··--.!' ~> :,.,.1 .sl•.i,...I ~ 

0;,- >? ._,;J_,~ ~_ii .,~I c 1 ~OA Jl.J>J. o..:S 

,1,. s.il-_,..,l., .ii •> . .:-I sl.,1. _,..).,y--) _,-.l:Y"" CltJ"-'-"' 

\~.;;;..r. .)::;, >~y- ~\ <.1..:.-I "..,~~~j\ (::.,.:.d" J .... b. ,_,...:~~IJ 

t 1" • • • ._,1_,5::\. 0_;,1, Copolymers ._,._t._,..,l.,y--' Jo.>J 

t•• t; 15'• .,,_,1_,,._;1 \.:,<.:... .:r-1 J> ,1. ~\.., ~··· 
o.).,..T..:;......;,~ ::.\_,... 6::.Y,>5'° 4~ . ._:.....,\ o.:i_,r'o::.l~\ ::;,\~\.... 

c t.;T ._,..l.I 0)G;.I J,. -"Jb '.-_•;.r.•, s,~_; """W. 
..,5 > ~ '°"'~ \_;. cr-5" \; SJ'-'- >I y '5° .::... \ C>°i ~ SI,"""" .r. 
<.\..:.!.) ~..J~..,'-;'"':;-~..::..-.1_,~\.)oj•_J)ti-'J;-' ~_,1<.IJ (Antigenic) 

PrOteinoid 4~..r.,J.:ilr..:..+!I~'&. (~~\;~) 

01)..AT..1.:.~ .jJ1...r- ~..;,..,,9lf'Ll..;~,1 . ..:.-I"~ .. \.; «W~~, ~ 

_, l'\1icrosph(•re b._ri .... _,~ 1.:.i...\.~\~ ,.}1\_;>- ~_,; lii>·'~~ .. ! 

. ..::.. .... \ ci-\.... c__,.b ... I.; "'""_; ul::.,~., ... ~ ~;T J,:...i _, J....IS:; 

_;1_,«5° ""'-" __f:.o:Y-J~. J>=..o s,§ s~ l<>.)->H 
1.S'l..i1..5~t~..ri.,.,-'.;s::::-" .~ Tl..S ... ..:-..)4~ lii>l ... ;~.fi.J~ ~_; ~T..,r::.tli 
) s:,-1 .::..,,...L;. sl;I, ..:.-1 .,;,\ .;:...,., .~1.._;\,, ..,si; 
j:-:i _,. ~.,. (.:;.,l.1_9c.s.;; w.~.)y;i\) ATP ~...)~';_,a; ~ij 



.st.,...,_\;, IJ. ,ho .s JJ I..)"_; \_r. \J .i..0 L.0o:r _,,, J ,(l..w;­

_,..Sl.J) _ J <.Al .s.w;- - ,i, 0l..:.; ~J. ~Ip J> 4\ 

<S~Y, :..;_,_ <S~~~,f ~ >Jy J> R- Gnldocre 

- .:._;.[.., i:Jo• u<P.Y ..,JL,- :¥ l.ipoprotein ~-'\~ 

'":""" _,,. ,s , 4 _,; '(; "'""" [.,~ _,)"""' \ u(.. ,s .,:,5 u' fa'\ 

...,,TJ»r._,,.~ rl-cl .sl,p.h, ~'\ .sk? ~J;__,; 
. ~~ o..U.T:>y,-'"! 1 ,Jj;>.._,)' ~ 

0~ \.,_ ._!::, k :J~ J> \J <SJ~ ..;_,J. 01_,;,_.. 

JT 0L~ J ~ J_,k.. ;,1 J~ ~ :,,i,1 .st.,,,L(;;..., 

>Jy 1...., .s ~'},"' '0• fa~ I..\ - ,_,..; r"'°-';,,,,'J"':" 

\~\ ~ v.I ,_s .:-\ J..:- J~ ',~,_.. ~\_, ~ 

....... 1 """"' dJ.,...T,)~ .. ,;,_,.,, c!.6:,5' .sL..._,Ll VJ,..~ 
. illL 

Joy.;;. I a,..,~-' .~I..;, T ~IP"'""" \J k. _,LlJ~v. I 

,,~;,J_,.(L,0;,,~ ,1_,,.~,, ~-'\ ...;l;,;... .si..J_,k.. :,[.., 

J~ ~...,_14 • ,Ji_,,. ~J>J .jJl...;. vJ\_,,. vl,-J> J> 

"'i..J'(l. ..;,__,!. u.~ _ ,J,T.:-,~ 0ly,_.. J,L..~ ~ 

J> 0~J~~ ~J du' .::Sp 01_,.,... T _,) J,S::.:.;J, ,s 
L; .ll~u' ._.,.:. !"'4 ts""[;_ l,\;;J, .,;,Y. ~ j~ _,.,1.,... 
:;,\.,;I~ ,s ..,;;, L,..uJ_, ,.,; ;,~.).Is' J _,(!.. .sk., ,;L_ [.,,,J)" 

J~ <S>J"""4 c!.6:,5' "'-t.,,_,Jo; JU~ IJ>?•o.<..J,_.. ~ 

.:JG.-~ ..,,.(,.,,h _,,;, J> S ...;S ,_.. 1 ... ,,_ J_,h. ;,\ ._,...:..:... 
J,i.; e-1..~ 45' )\.c:,,I -.M:;;J ~t.;0\:.i_,.1.r.\ ')l..J> JJL;;. 

<SI .i b '-"- !,; l • .:>l-_, '-"-I_,.. ._,,_ [,,,_,;,,. _, ,)...,._ _,, ~ Y. .sl), 
0t,,.. .s .:-I c.;.1_,_,. J, _ ~ J_,L'=" ..,K:., (J_,LJ!A) 

,.;;_; r41 0L..Jl-, Jt.ol ~1; t,;T0L..;l-, Jt.ol ~ 

-r -~ .s,L._.; :L~ 



\Ot 

<SJ~ ,_}Jy> ~ J> .:;...\ ...;,_,... ( Equilibrum liquid ) 

! "'" Y. J_,k.. ,, ~ .:;, e>~<.5" >L.J J _,().. uJJ~ ,\_,..;, T JI 

. "'~c.s" :,) _,..... 01,_,.. T ~ .,.L..._,w,, 1.r.) 

-5 _,.,.:G Y. ill~ . .so.;.\,, .s.i.:..tJ b \; L,,._..c:.,;,¥' CY-\ 

. ..J lb.,, y<SJ~<S4\l...u1 llungenberg de Jong & _,,_,, 

.::.,,,; y, ...... 1 ...... .,.4.LG.,_t..;T.;1 .sJ~ ,, .:iy)b ,i, ,1; 

0~ ,, L.; 1, _,.. T ~ J,G.; .sl .r. d,,,. >15'", I_,. . c..-\~ 

Loi . , ~ is. f C::- J ui'>'; .s4\ .,i.,.. & _,,_,, ,£ _,.,.:G Y. 

.s i...:,:; .r, .lo )I.;> I ~ .S ,, J Tc..->'! '-" L.; I,_,..\~ u I _,; <.5" 

6""_,.,JTL_ lr ~ 6""_,.,JT, Cuseine er.f.il.5' _,\!.. • ._ill;.. 

•.i-J ~!>Is'' (f;~·J)Y.,i!J "Y"I •(f;!}S',,.,,' i.r' 

1, i..;1, ...... T,), .,)I.~ . "-'-"~ ,::;b ~.;; •f.J> .;\ ~ 

,_;~l; ~ Polyoses .sl•.ilJ.; .ct,:.ls' y .sl.."""'\ .;\ ~ 

.sl•~J~ , Araban .;,L\;\ L_ C-4.;...;_,1=.\"""'\..].&j\ 
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,_;L> )1..1.\_,, _,,...].> 0, \..:: ..... 1 • .....:. .o.,tS .::.by,-Y'ir.h 1~ 1 

~~.s <S<¥_,ls' <S~ J;.b .s~h ~_,,1_, c).;;.. 

t;... ·• ·1 ., · JL.;, .~1, ..l!lAAA . .:'lr .:;~_,t;. ~~ J ..r. Y-1 • . J. . 

J.<- l.b.. 1,"! , , uw:'.,.\.:,> .::.!.,: '"=" .R J4':- _,, ~ <Y-1 
. \ • ,,.;,,.;\... •t, ~ . ·u.,J;\;" 4;;' ...,(,;.:;\ . '-" <.>' . • '-"-" • _,....... 

.....,.; \)",I ._;.,;.,~ oJ Y"<.5' - ,. 6 ,_,;\__,,,,;; ) Ji....\ =.) . 1 

• w I,. J.l0) "'-' _;,.,; \...)\.., _;>..,.) .J.Y._,. .:..,,.; ,.. ._;.,l,_r. 

, ul..>L, ~J , \,,'-'JJ. ,:,,_\. ""-"\;..,.-~ <S1"'-'JJ. 

.Y.. I ,=>if .:r.-- \ ) ,,_,; \)".) \ ...;b.. .s _,.a. ._:;1, l'-o JI>, u \... .! L 

·r- "".9 ,,. ( Deterroi_notion) ~ <S3)..,,,.J> l.Jj... 



\Ar 

J,I U.., J> : .i.:;;L, 0L.;L.. ""."":J u..r...J Ji_,_;~ [,~ 

..s~ J Y..J '.:;..JW. <SJ..r..J • .;:;. e:::)L.\ ,_;.;.. ..si_,.,J_njli\> 

u.lJo .;:.;:,. ?W. 4 , ~~\ u.l .;;\j\y~ . ....;,_,..; ~ 

v.::. t_J.P <.S"!_;; T ..s~.,.:.:5"1, ..s~, i_,.,...;z,J il.r, WW 
..s~ e:::)L.I . ""-,__f" ~l::.. '-'~ ..s~ ..s\.r. ..s\._,~' 

J ""-,~ J... ~ Jt...I ..sl_,.,...;z.J .:iv.::.,_;.;,,._,"'\..;,; 0l...JL.. 

UJ_,..._,.(,.,.(,_~~l:;.., ..s~,;w;.L.., 4r.J_;! Al, 
~ ..s.JL..;4 ,_,;. J ~ ,_r... >J"-> l;, ci__f",_,:,.~ ~b;... 

. ,_,..; 0:"'(; IJ ,....;.:, 

..s~l...JL....s\.J,,.,i)jk!,\W, ,.:,4.r._oj\, ~ .. ,,\.;.;;\ 

u.hl~!,, J...1 ..sl,;!,_,...T,5 u.;:..r ll...L; J> ....S IJ 

•vu.I.JI .>_,s"JJ~U.-.J ~.:,\ .::,.;_};' uJ_,... ,....;.:, .::..bP."Y' 

L.l . l"J\o.; ~ ~l_r, J> L.i; T r_;"'J_,~ ..sl.r. ,;K.l ~I.. 

.:;t_,,.. b~ ~ .S u"IJ J> ~ ~Jo;j..k:r.J\ l.. .r..-'"" 
Wl.b,, ~L; ~ ..r..~ 6~1 .. ~ J.r> ~_,J , c-1 "~ 

,.;:;. 1.,.,,. .::..l..bi, ,....;.:, i~lJou_,;S'li .s"'w ..st._,;~ 
. ..,._,.:..;....s~ .:iw;.L.. ~~.r.~'' ....;\,.;:;, ....,s L.i;T.;1 

..s~_,;, ..s_,.;,... .,S _,• ul,_,...T _,) ·!1:-_.5" ..sl_,.,,_,bi ,bi.JI 

\..\ . .:-I~ , ~~' .,L.. ..s1_,.,J_nit;\>_,.(,, '~_;; T 

J,..\_,.J, _,-L... ..sl--,;lS°JI ~l::.. ..s\~l;;... rs"'J.r. ~I 

. 6...,. clS l..~ ~ JI.,..! ' ~J..>J' j..k:; 

;I .:S\~c;. ._,...J.r.~ <.fb~\> .S J,1 uW. .::-J> 

Jb_,..; uL..u.~J o.Jb.r.._,. ~ ulJy~..s4-o\o.;\ <!\; <!\; . 

.,.__; l,r._,. I"' ~-"! , ""-w ~_.; '"\_,;._,. \J 4i T J.k:r 

,,,,,,JI_) ..s \ ~ l;;. _,,..J .r. >J _,.. IJ 0 _,5'\; ~.::.. b?. _,.. ~ L:. 

u.hl~\, >>" <!4>.; .::..l_,,.. ~_,... ,_,;.~,\Ju.I ;I, 



. "'!~,, 1, .:il.s~L...>W\01 

, ~l~<.s" u~I .S .::-I J..'r:r .:,.;;\,J. ~ .1, .>I J.d 

t_, '.P.'' .,.,,<.s" t,~ . .i.;.).:.ib,,,.,. .:;~,, .s ~ ].d..; 

..;.. t ft u * .::..<., '---! c.-J I_,; ~I,;. ~4'> .s:J., , "-">if 

,\_)I... J. I J. ,, .:.it.,.,._,,, y,- '-"'I, .:;..;. ~ .s I J. .St""~ i:-~ 

. .,.; _.$' <.s" 



Dich im UneQ.dlichen zu fin<l.en, :\fusst 

unterscheiden und donn verbinden. 1 

".Ji' 

.,,,.; ci,.;lf 

,\_,..~ ~\_, ..sl.-.-J.r..}'.'.;>J '-;'.r- <5.YJ~I J.:k; 4 
/:l • •' • • • • • • >>l>J>oJ(,..4_.;,\y.~Cn"j__.+<• ~\-",\.> 

,,,;,<5' JI..} _,ft .S .:-I_;.,...;,\"! U! I . .;...\ .,,.,;, ~ JL. 

.:iTLu..~ ,,~ ~ .s\...,;,_..,.,;~b., J> .>--.i ~Jt ,s 

..rl;:; Lr.'>;, 1\larr .>I.. • ci.,S' <5' \, JL. .;,_,.l,. 4 :JJ> 4 
"1,-U!_,.;.T~ 'Lr.'>"',~\_,;'-"' w l....S..:-1 d ~\ 
vi.>.,;[,,. ..st.JI.,(:... ..s4~ . r.>J1) J.L. .JU.. >.>J" I.> 

..,.;,.,'-"' .:i~I I..~ • .,.; \ • .,.;L. ,)4 U!.r.-o~:.>J> ;,\ S u~t! J 

JT 0\.ae- J.I(; .r..O;ll d .r. J~I ..:;,J .;t ,_;:,JJ .o.;I s 
~~\_,.JI,; -~4 4Llb I.> 4Ll.i.f JL. ti•"·· .. ••· 

_,..~_,,_, _;t.;, .>>Ji> u~ 4 .:..L,,,. J.I(; J'i ~ ,\JJ, 

.,__; I,;<..<' J Y. _;. j~ I ..::..> f L.; S .::.~I • ....:. _,,_,..r •J J> U! I 

J:...r-:~..;_;.;_;1 o.;" ..,,1,_,, .,-L;,'J,.,1,,p. ,s:::;T .sl.r... 1 

·..>-' _,, 



oL..l.l!. ~ .s .s_,;..y.,S'!~LI><? ..;.j,\~ .,z._,;_,.>~u.'! 
~ \, ,,;. Wlb ,,,. u>.Y, ,1,. b o\..j oT d.5' '-! 

,, . d <.S" 

,j J' .5 ..r. ~ ,£ ..r. I J ':-'\.;$" 0!. I <S Lt' ..r. .s ..... I.(;;. 
1, JT .sL,;, J.b oL:..b .S ~ 0,\y- :,~,,, ~j<.S" 

,_,; \..j Ll lb .,_,,,<.S" ~ _,.,;. I J L.. 0 _.,1.,.. o • • J _,J. , , 

J.\.0 u.1 ~_,,.. r,1.,.. <AIJI~ 1,_,; , r.-,,T<.S".;... '-! 

. r.-..r.<5' '-"· 
.s;_,l.•i !ci"r <.S" .;;,;,_.sd'-! ·~ \~\ J.bu,.I 

ol.tol,,S'° ......i::i T Li , Y. r j'i ·~ ,, ,. :,,, ...;...; ·~..,,;; ~ .S 

J,-L.. ul:-~) ,, J , . .,.; _,:, J. <>i .s ..r. )I.. I> o l.to (,,) '-! .,.;; I~ 

JL>-,, !.JJ~_;;.u' ~ <SY"'! ,t),~'-? ~I,_,.' Vo~J> 

\..r..j . .,.;,Y. .,_,)1;A,.. ..,,T'! \,if.._,> J.\>~I, j~ .S 

.S0L.:.;~.::...Y. r,1.,.. u>Y. ..,,_,.i._,., t.;\.s~,~ .sl..r. ..,,T 

• ;:, Y. .) '._r, I J.!i U"° Cl:.> J;:, L..~ 
.sl.Ji>)l. ~t; 0\_r... '-! ~ 0\;_,;l,,.. <S<A-'"! J.I;:; 

..yS° J_,J._)'.'.~, Ji.,., 0_.,l.,.. .,_,, d! , \..\ .ci~ vJ3"' _;;.,..__,,.. 

JL..0~v· L; r.,,~1.,,.:!1,.i.;_,;;-,.11;.01S".i.;_;;.1.; 

• V"-.• u,.I...;...; .!,;; • .,.;.,.,..., ,_,;. j.I;:; r;:JI'! .s,Y. <.H. 

.sl,- 015'.,.; _;;. i.>::4: U,L. ...S::.0\l; ~.if JL.. 0,J-,..1'" 0 J'"!. 

0\;_,;lq-u,_\, ,\, • .,.;,, 01,\.,.;l: .. p 01$" .i.l..r., tiJ...,'-! I,,_,;. 

0_.,l.,...::..A..l; ~ ,,..,.,...,, .!.;; \,,_,;.j,_,.I '-,;t .. ;;.L.,.;,~ 
~CY..?i0i....,4! 0wl ~,1.; rl.i . .,.;,_,..; .,.-)~ JL.. 

. , ,:.c.s" ,,,,.,_.. 0~ l:S 

ty; ':"'"r ,Y._;,.. :,,, ,, v~ J.-K; ~I_;.~_,,.. 

ow,.. I .t:>,.sl,;> b~J.\.0 Jt,, ol, _,; l,-, 0Ltot,,f _;,{; \.::..;(!. 



1,\V 

~ ~ ~, j\l\_,.. 4 -:..Y,. j\l\ ,._;,l\ ,L.\ . .::-.I.~ 

~<Sl.4~4 0T<SL.~J.,J,101....J, if'- •u-'-•J. ,,_,,; 
,\(.,.\usne \.,,jJ.>A j.&j\ <S>W.:.. '..fo'<.$ 01Jyl,-J <SI.;;..~ 

>J,.;,. ..r. Trilobites ~,,L.,,;, 01.;.;:._,; •0l:..Y,JL,;. .L,....f 
.•i>yvlJb..,,.., •>yJL;.. 0~L,- .5_;bp-,-\#, ~ <5" 

,~:o.;.l-:.>bp-,- ·~J_,1'-! •J,,S-0.. vlJ,;G-, 01,,1.,S'L.I 

,;'i ,bJ~ J..LCr ~J> iu; .S ~ <Sl.,;il!. ol..jl- Jt,, 
. "-'!l""."", ~l,;<5" .:r.-oj <SJJ J> .::>lo~~ 

~ .s _,.;\,..,,~, ,~1 C».I~ _,.;,.1,16'.IJ> 
0

L;,..; if'-
J "'-'.,$' c1J 0L$u LJ!j;<>I> :J,, ,, '-'"'~..r..> JllT 
<.t:oj <SJJ <ft. jl,... 0.r.Y 0 •• j\ .h,J> .s,,.; \;,;(,,. <S~~ 
t,S\~l,...f.Sl.at~)J..P \....t>~) • ·_.,:...,\ o.l.!.i l:i::io-' .,}j~~~,.Y"' ~ 

_,,.;; J ..... .;,l_;" ,,_1 ..::~ T ,, L~ T ~<;.,; ~ ._<; 

<S~l.:>l- V,S' oJ~ ,;...,_ (Metamorphosis),) ,f'.}' >J 

..:-1 ,..\!, ~l;j_,;>\ ,JG-L>il4 ··~,_,f,yl; ~ \l,µ.L> .. ~--!) 

j\ \y.l,...,;r)\J> 'i...._,...x.. •0;:'>.l .~ <SJJ .kl;;)\ <SJ~ .s 
J~ <S~ <SF vl;,.!._r.jJ, ·~'<S..,.,,,. ,...,.,J µ 
._s,Jb '"'"' .;4' ~!~.'"'*""')\.I> J 6!~1>~..>i 
. .:..-Ir."" .,l.JIJ} \,,lq. ~J>J ..;;~Jfi'J~ .;:,\~ 

.;r.14 • ..\!.jli\ Jji;;'-! 'L;,..; ~.""iJ¥' .;r.1 <.;""Jf. ~_,$' 
'1'L. 01JJ>•~ .ky,.,... <S\J.,..> j\ <SJ~ ~<; 0y)I JG­

._;~ ~ .S .::-1.::-J>6!1 . .:...-\ ·""' ..r..~0LGI U>.r.>1> 

..,•\,fUJ..j\ L.\ •>Jlo.i 'P-' -::..\~ 0T J> ...,;\,,., .. :Jl,S::... 

l.S""U:.LJ;*j vt~ 0'~~..,,; ~ VJJ~ .... .,)..~ ·. Plotform . l 

. ,.1..:...ol_;if « 0\_,!J II l~~ ("~;~! j.) J;J,.~ ·~~.) V¥ \... 
• <SJ\!~.,,;t;:..\ • bW <>l+oJU>li .)\ ~J~ J~ <SI.,._,;;~ 

·( - ~ '<S.r.:"" I Y>J 



\AA 

ti_,;\ j\ c.5.L...o_,; J ..:;,l.bi ).;\ •JY._;. <S4L JO • .,;L. L,. 

J ~~ <.slA ..,. ~~ .1$1..:;;J J ..:;;.L_ct; .slA ~ 

JJU..I .:,\. oy<..S° wL_ '-"\~\ 0L..l,f.:,I~ <.sl.fi..,J '-"T 

.,e.l_r.JO U'._,,..,~0\JJO j\..;.,: 0L..J~ .bY...r' ..:;,~ 0iJJo4 

Riffianera ~J 0iJJo fb~ 1£1.So_,$<..S°J\)L.0~ 

. ..:,......\ o~ o~b 

:)\.,;\~..._.,.u..\ j~ OJ>O<..S° 0L:.i ,S.;:..\<.sJl,..., .,.,\y 

J l\fesozoic ClJ'J)J_t.c ' Paleozoic ~J.)_,~4_,~\ t_y.::>:v> 

.>I.ft> 4.JI r.h! ,..h.; u\_,_,.). c,.....\ o:>Y. Cainozoic ~_:,y.... 

_,_;)\Jo ~ • ) \Jo ).,..., J.;.,, J 0::. tJ _;:, .r.: JI.., 0 _,J.,. 

. ...,..SJ~ . .:-l·~OS' 0.,.Slr Cl;J.i_,:lL. 0IJJ0.JI .S,_;.,,,;I 

0:--JJ.K; &.Jlr ~ ..J.., fl..; ~J 0IJJ0 ..,.i..JU'..~ 

~ \J ~ ..J..,j\ ":.,....; •C,·~.l.r. •J°fe ~~J >y<..S° J.~ \J 

JJr"-o '-:'l.;) V-1 <.sL,,,""'-'~ ;\ <.sJl,..., ..;L<.,\;,,. o_,,f _r.Jo 

)l..~L.;\;I <.sJl,...,J ...;l.~o ..,.....T<.si~:>1.~l>0ljoo" 0l...:, 

~ . .:-I .o::. r"'.r.J r"'Jo ~ ~ ..,.i..J J ,...;\wJ 0~;1 

0~ ,o)_,..)\ <SJl,..., JO o.,; \o"":"'J ~ cf-~ <.)°l;.:,\j\ 

0~6 ,s ~U!L$l..J ""'~ ..:;,l...b; 1$~ ~J <.s4L 

·""o<..S°0L:.i '-'"'bu,_.J ""I y S"<:...10 T .:,\ ..; _,;. 'G. ._,.;\_,..~ 
Proterozoic Cl;J.)J_}'J~ J~\ <S~~-'J"° J.) ~ ')'\!.., 

...;\wl;. '-"L$L.., ...;\_;) <.s4L 0IJJO .:,\ fa...;JL,_, S" 

.by_,..l_,:; .S.,;»..f:J)O Jt. J.ls:'.; 4 ,)L,,~ ~ ... < 

if-,4 L$L..c:r.l S".:-1 ,;,:.JJ "°Y. ..r,,_JL.. 0_,,l.,. ~0·~ 
ii"'~ J v:..o4 wl;. 0Ls:::. J;; j~l4 ..:;,LA;), .JI L><J I .:,\ <.s ~~ 

~1...r.4. ~ 4f_,j-'J-'~ ~ J ..u.J :~.) u~ ~-' 

..::.>L;,l.Jo ,S .:;.:..}'fa Jo IJ ~ c:r.IJ oY. .,.;1_,.. •5'.Y. ~4 



'" 
0L>L,f, _,.;..;.. .:;l...Llj \ cf-;~.:} j c}> L.r <SL>..:>!.; ,fiJ 

01..!.L.Lo-- IS~ _,,.,. 4 \l ti i.,.,;; I.; Cr. I _,,.,. j , Y<.S' ..:;1.; 

. ,,;_'\~ ~ 

¥c}oJ>vl_,,. J..ts:'.; <S4,S" ;,_J 0_,;S\ •er.\ >F.J 4 
.,b i"'l_,r<.S'C_,; •"-"4 '"-"r"' ~_;;Jc})vJ..-~ IJ,fiJ 

01..,_,;. 01..; :....,...;. S°IJ JD~ .r. t,;; 0T ~IJ> I.. 

. ~\.;~ , ""T "'-~"'.-::.....;!_,;'-"<SJ,,.> _,..,.J, I..,;;,.::-\ 

<Y...r.>\;":,,, .)\..w~ ~,fiJ 0\J.P J> vl_,,.'-""'J.>i J..ts:'.; 

JY,~ J..J 01J,, J> <.P..J.,; J..l0 . "-"b <S_J.;;.) 01.;-"" 

Tntrocellular) J_,L 0JJ> 01..jl, .. J,.(; <Sy'"---0 ,....._.,, 

(Mullicellulority)J _,L....-; ~ J..l0 J (Orgonisntion 

• u..:. 0~.J 

.u,;.~ J~ l; .;.!;,> J.-IS:i 

.S ~b >y.J _;L>l$ .:r;.J._J 0IJ,, ;li\J,? 1..1 

J _,101..,,.~b IJ _;::...,_,;; ..::>J...;Jj .;;, Y.~1~ \J~"':" ~ 

~ J.> b cs"!.(;_, , y.) ( )::.... p... _,;; ' !"' b<.S' 0 pl .s 
.;,I_,,. 0..>.!.\"'o:;\..r. :,IJ> J,,,, J.,;; S" .::-fJl.J~ \}I_;>\ 

"'-'\.i<.S' ~:.,;; vby.y _;'Y_,J,J..l0 ~J> 4;;J 

;UT ...<6° <Sl.r. ,_,;. .;.::.:P J> 1.. ':"",;,;u.."'~ . ,_,:, J,(:.r 

Jl...1 ~ .01...JL: ... _,,.,. ~...; r"':,4 0\Jj> 0""'\;" "! vi_,,. 

01...->t... 6 IJ db.')l..;I J .:;\_,,,.,;; . lliflerenlintion . I 

.} 1.r. . ""'-" ~ _,.. ..; I? I , ~ !,'-"' Jr,., .. .<; 0 T ""1...1 _,, ..-,; \5' JI 

<Spo :,;,,.t ,4 ~ U... .:..1.., ..-,; l5') J-"~_,>01...->L J\? \ 

JJ\,;T 0t.:>t...., ~> ,,_,._,. _;._I.:.._;:..~, .s1,,;.>.._;1 ,~ 

. ' - """..,. 1...,, 



0,I~~ <S~,, JJ . .,_.e, !""\_,.;.. _r..}"t.; <!.L,f,;,_,.;,_,,, 

.;.,~ J t...:;.. L.. <S ~ ~ .)\ J,L.,; J , _,;;.. '""{,,....;;~ .b;; ',! ..•• \ 

~;},,,,\_,:;.)\ ~\_;<>" .b;;\,.;,~ ~l·J >F,JJ I"'\, 

, , • .,_.e, ...,.SI 0~T _r..1.,;.; ;\ .;._Y., ~;; .;,i&)'J.\ ..wl. 

01,,,<S~JL<;, .::.,>\.,) _r.;, Ck T ~._..,..,;,~ _r..L>; 

....,.Si<>"T..s,~ ,,T,1)1 ~ ·r-'5'.b~I U....r."~;\ cH; 

._,.(. Y. : ,,~J "'-":fa_,.;; a.,.,,~ 0 ~I ~ ~ ,, • .,_.e, 

,_,r,, j_,k.. J..,; <SI..,(..; J.~ .:•J:"'l..,,Si k-_; ,Y. ,y._..,, 
J'IY.J .::-l>"'-'.lct .Y-J.~ ..S "<. T "'!."-'.J ~JJ.....,~ ~,, 

.L..;J, ·"'"u· ~.; _,.;.....r T ..,"'1., .:.>tA;1,, ..,.,T <-<'-4 _,.;; '-';,,r 

..::...;l.;<>"u..1 >F.J~ !..\' ..::.:._/<>".;,,,~frS-.,_;r:u u..1 

. ~~ ..,\,\ ($.)\,, ,t.,.., 01...l C>..i..o 

,\..:.:; \ .l\ ..S "'-'I >J.,..,. ,~ ,,\ _,.. ,, ~ , ,1 0;o" 

~.5', ,~,_,I..,. I.._,, Lr ,;_,5' .,U:...101_; <>" u.;,) <S4:,; J.fi. I 

.ii) <Sylr ~I~ c,..;\ ..;....t;. "'-'.l<.5. '-"\~\ b;\ <.5.Y'' 

,,\"-l>y.J ..,!.J, ~ •LJ>J >r.JL. . .::-I(. r _ ...,;~ b 
~ T .:r.:-·<.5.r' ~ 4 ..S ""'~ct IF. J\y.. u..I~ ""l_r; ..S 

L;_.;,l,_,~T,) <S{,.._,Ll ;I~ • .,_.e, ..,.e.t.; ''-"1~1 .:;.J;,~ T, ;I 

, _,:; r _,I..,. ~ : .::..-\ ci _$' l:.;.. ·"" .l .;., b ~ _,.. .l \ ~I 

.... T , r. ,.__, .;.,~ 0.,_.e, 1"':: ;I er<. ~ cH; 'Y.:,;. ,1,. w 
. .::-I 

L. ..Sr,'1"" <S"-:.:...., r~J~, .;,_., L. '"'-'_,.;er.~ 

·"<.L.; vl;~ b <Sl_r. "'~ ~J f 01...l~~ ,,[; \, 
~_,...;.,~ .S ~), l",_,s-,t,0T;I ,~~ ~ ..S ~ !..\ 

~L. ,,_,f .s fa.r ~;4, fa.r <.fl.o\0 .,_.e,4_,;...;;_,,,,., 

~4<S'-'-'; J,.-1_,-L ,...,_t.;..,,,0TJ.i.0J,.-I_,. u.__;,,J~l .S 



"' 
I) .. ~I ·""'4 .,Y. <SJ..il,,~I_,.'-! Jl....i <Si,,.,_,,~.).:... 

J.LG- 01,_,, ~ J ,J. re-'~ .s-,_;1....<.S' .:y..._;.,; ~1,, 

Yi...;,,.\.S::4 .. ,_,,;_;.St..z-o <S'°"" <Si,,.,,,rl.r J,J...il .:.>~ 

. c-\ o>Y. I""~ 

,l,..i , ,b'-! 41 o'"'""' _,..) ~ I_,; if ""' d ~.; T ..i I 

'I"'-w 6'-'-"u,...iJ.LG- i;!.Jlr<S I_-. 1, .r....i <S4J...; _,., «.,~ l.._; T 
0\J_,,'-1 i,Y._,. (o.4- .;.::. ,_,o.;. ,,) 0T0L,.;.,~ .::.....> 

<SL.. .... ,J\ C>.i... ~I 04.r.- ,, . >yif l.. :,[,,.._,..., .:.>~<>! 

i,,......,,-" ~I . ""'.,i, c.r-.;..,., J.J ,, ,s,i, <SJJ <SJL.!.-" 

~J~ tS4 l.,.jl..,J ~.) Y. oc)..!.o~~' r2'~ ~.).) J'fi)' J.) 

· ~L, J.l.(; ~l,r<.S' ~T '-! ~ _,, ~\_;\, .....:.;::,\, 

J·~ ~,.,.;'-! JT ,1;_. .S .;;..I..'.;,'-:"'_,.. Ji.,.. ~I 4 J' 
.:..,y .:..1_,_,.,T_,) <.!t,;-_j <Si,,._;,;-'.;;,::. _,..,L,-' .;;,_,r 
·~4,# ~:.;;_; .:..bp-_,.. .:.>Jy'-! rl,.;\_,.,_, .;;_.,o.: 
1. Y.r .:..L,> J.Kr 04.r.- rl..r'-! o .:-I _.;. T o.4-,~ ~ 
>y,_,• _,.,;..\ <S(,,o.4- J..L; 0 J.i... ~\.::.....> c}oJ>. >Y:,if 

<S_,, ,, u;b_,,,._,.. ,_,,,._, ,, .:..~ (0TJ.'6'4,J 4 YI...;,,.\) 

0L.;;.L. 4 .... ,~ ,, 0lt.,;JJ> 0l.;;.L... 0 ""'_,..11;.;. c:r.-..i 
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<Sl.._,,..,J.;. '<->'\~\ .;;..:;,?.T•Jo JTo\_,._;:w... c:._J' .::o)!J-0 

_,, ._s:~ ' ,fa J[,;, IJ a.:.,.i:..., A~ <S~IJ j\ ~ 

fa.,,,.,,,_,;... <S~\,, S "'Wot.;ls:'...,\to"'" 01....,.._,..,1_,.., 

.o.:5"1_,.p~ W.Jo, .>io_,) LS" chL;;,,;,\...:;)l.~.y__,1'" IJ 

cf_. jl(,:,\ :....)\ J):r.)~ t.F ""~ JJU.\)\ -~ 

:,L.. _,,. J" . "--l.l'°'!."': .:-;\_,;LS" JT <Si..._...,L,,, 0~ _,; 

W (,S'.4d\J :v.c. 1<..\.!if5' _jo)l.J J _}o~~ ~_,A r..J"~->...A 

~""~" ,,,._,_?if~ d .:;S _,:, 0TJ,(.!J"Jo .::.-._4if 

JO ._,.L;. bl. u.1 .::.lJ,; J ~if .,;.$_,.I u.1 t; J JW>-1 

u.1.r.~ . o__,_o_$LS" _,w.::.,....; 0t....'" «.,o\~I """?. T, 
lS\,."""'\ ,i..,o.;; t;..\;. .::-~)~ ~ ,),_,)),_,; 01_,;if 

~ 'o\_,. u.1 '5"'L..;;.iy,:i<SL.._,.,lp ~Jy, <Sl»)4 .~\ 

. ci_,5' LS".;:;,,,~"""'"'' 01..;,..'" \,."i fa) yJ.\J \,,*.<..s~ 

J_,(.<.; 45' w_wif ¥. , !"ob 0W >'4 Joo J.,10\.... J-' 
<SI,,. ,oiL...;4 ':"'i _,;4 <!l,.:l) _,; <SI,,."""' I ,, ~ _;; t:,.,L;."'-'.;<5. 

. J.!~ o;:,y, ,:i?.Y ~ ~~ ~ ... w;_,!l)~yy;_,4\ ~I 

'5"'l.;,;.ltJl.;;-L..4 Jl.-.:r.:oJ>JJ..;.$ (..$( ~.4 ol_,. J.I;:; 
'c.5.-1~\ .:.,.:;,~ T1 .;~ ,..::..,....\ 1..}.,:S 1'"""1\';--.r. :..k, .;:...Q..., S' 

.~4.0 Y.J.?. .:0-lu(...0 Lo 01;.~l..I !~4if _,.;4;,.. 



.s_,b; oJb J~ .::.,..~ ~Jl:T J> s '-"'~I wJ> 

J,1 J..; J>, .;_;.,;.;,.. ul~ .:ii~ b ;1 <SJ~ .S .:;...I 

~lf JI~ 1.:..:.. S .:;...lc:.e.I uT, !",_,.., ~ Jl.J4J, 

.s1 • .i.;;.;;.1...., <f,~ .sl.;,,-1_;1 wL.ct, ~..; .;;.;L. .s1._;1.,;1l; 

·~" Jt.,:.I ~I.:.'-! c:JL;.. ~ JJLJ'_\)1. >y, ..:;1.,,J,(.:.; 

J,(.:.;J, S .sj,e;-~ .S .sJ,1"-! o,;;05 • .}ls Jy,_;. .s1.;,,.I 

.r. 1.;,,-1 ._,..bz1, '""', i:J .::...;1,r(.S" J-.1 ~Jo l"'"';l)'J1 

.oy,.,.L;. • .,.;; ,?.,..._,,, JW;..L.. c-Jo i::.,,1~' ~ &.1 
. J.1'4 .::...; I,;~, ., _,,; ul:,,.Jo <.? _,1 0::~ 4 § ./' .,JI 

.:iw,...l_r.; ')1..4 (.S'.L,.,;;, 0..; i;w ;I 0bF.,... ~ 

J~ 0L...;,...1_,o: ')I.. ,S,_,,; .:..le Lr."? c:.e.1, ~b c.a>l,;;, 

u1~ b ;I <SJ~ ..S:4 ..... ) .:.-1 .,,! "~L.,:;..I, ·~ 
.:iw;..L..~..; Soy, ~Lr."! , ~.r. ~ , ("'.,;;.... 

.:it..;;..L...J1J.1'v> 4; T;14;,,1.r.!J.\0 s .sl • .,;;.:;i,F.,... 

r*,_, . .,,;_0,...1->o: ~Jo L. S .s\ • .,;_; 0bF.,... ~ ;;, 

. oy, _,..,L.. .sP..s. ~"-! 

..;.-._ 4 ts'-I~ I .sl._,; LS" JI '-" \~ I 0t..;;.. \...., , .__.,,)"..; 

t I,_; 1 ;\ .s) .• ;;,..s. :"'-" , .u4 ....:;t., ~ Ji-·"'..s. ul.h"-! 

oy,u _,.,,.;.,,1.; d .r. ~"-!, ·""" o,,J" _;...,_4 • .i..Toy.J"-! 

.=Ld 
..Soy,~ ._,..L;.;;\ t~,..r, 4 li,.,IJ"-! ·~J..>J"-! l,;i 

Js:S .sL._,;lfJI <.....Jo .S JL.;L.., 0..; 0L.,;..,.. uT 

J~ ) Y.• .s .;:.....\ ..,=k~JO L.~ b L.\ ,.>,;o.I;, .::...,!; ·~ L,,(.S" 

.;'[;. u~ c:.e.1 .:-JO .S \"'~ .y''\; 4 ..0.,,1 )\ {'!_;,,.(. 

~L; :.;.;.; >J":"J• _,. <S~ .s\,r. _,_G_, <S~ .,, Jl..iL.. 

0wv4J, .s J,10\.... ·~.r. . .:-I <SJJ_,,;. "ltlh. .sJ,..r 



40,)\,) .)> ',)Y.1..5" ...;J"""' ~~~ uG..:r! ~~)"""\ 1~0,)I,) 

, ._,; L.;L. '-"'L> JLG\ L.1 . I",_,)._,.; <S:;,,, ~ _;;.. e-~ 
_r.) .,;~ J...G- 0[,,,.J.K; ;liT u.. .rJ> ·~Ji; i;W;\ 

...:...:-a~ • ...u) w\,)J-'?"r L"" olz., ,~~ ..:..~,; ~!.,; ~ 

0L)_;;....I L,.r,'1 ....,_~ ~T .:;.;..b <Si.e. v.l.e.~ . ....:;;[,_ 

. I"'-"! <SI 

ci_,s"b ~ T ;\ 0[,,,. .S '-"~,\>_,..; LJ<J»L 

r--------, 
I I 

S-~A B Z 
I 
L._ ________ J 

0T.s .:.-I~~~ ._,;t...:<;.L.._,...:o <ft~ 

&c,..; I_,;._,. ~ U>. I . d cs" I/.'= _,:.;_,.I_,;; ')l. ;\ I, 

0T J,w ~L., .;;l,_,,.,T_,5 4;-.,S-:_,i,;4 0t.,.. .,\....!Ip.. 

4~~ J~.;:...; I_,;._,.~ ._,;L..;;..L._,..:.. v.I . ..,~4 

-~_r, ,\'°"'"<!!,.:.-I c.,(~ )ii. ·J·~ "~ ._,;t....;;..L. 

.S ...;4 I J-,. j(_;, ~J0l L., <S4'_ 4J-"'" 4 '1 l.t. <S~ 

ciL_'-"L,;1,_,,.,T.,S-<S~ <SJJ IJ 1_. T ~_,,_,, eS' _r.:Gy 

.;;..L. (l'•>lassium oleate) i"""l.;,• ul.:.11, c:,;;YJ)\ >,> .S 

- .;I,) rU l\Hcelle J...-::A. l\ficellar Forrna1ions.) 

:JI>,) ""l.._,,,,,.;j Jy;:L. <SIJ>.,.,_,;- jl JC:_, • .:-1 _,,u. 
J},.-:. 01_,,.,. IJ t,L.... "'5 _,..:.,,,,,;I, • ..,;_;~ <S.;J,ls" 

_,,,: (; .:.,,,.; 4-\.,,... . , 1, JU_,,.;.; .s.. w _,,.;.; 0 ,...., ) c.>-L.. 

, '""-,-e-u' _..,, .U_,l.(.U_,11' o,,_., .s..l,..,.,l, ..;:.,_.:,J j.I_,. 

~ .)I I.; ov,j.) I"~ <.S~,ls' .:..l l> <1~ .),) J .u.6"' Is'° '-;'r.J 

. r - . '°".e.u' 



~\.,_,..\ .;;L_ c- .sL,,l_,D. )\ '-!>'4 L.oJJ .;x.IJ, . >Y. 

Ji.}~..>; (Unimolecular layer) J_,()..4 i,.>'J> .:>l,.. 

.s\Jb .sl.ii 4 ,_s >Jb ~I.;(; .;x.I~ """,_;. c..::;b 

.SL...~ ( Bimolecular layer ) J_,().. J> <SI,,.'!>' 

,_,.G..,, ch!J (Ji...;\ .dl/u> .sl:.i Ji~ T .J_,1 ~-"'~ 

.;x.I J .::-.I • .,.;; tLe-1:...,, J~L., _,--"' .;x._;...~, >Jb 

• .,;, I~_,.\ .sl~ I) , vl,.> J.k; ol,._,.,-J> .S .,,,,<-<' ot...; 

. c.-1 

~ J ".""""'" .r. 1,,.1..:.i .s .r.. ":,:, ,•u ~ ~ ..,..1 _,;. 

.;x._,.._; .,I.., J> ~ J d <.S' __,# ~_;(!I J4 J t)~l..,J 

u1~I ~, u.;\ • .,_.T c.->~ ·~_,.,_.. .S <5-L#IJ_,....T,S­
o,.1.r.; J_,k. ;I.::..>;~ ,1,. ;\ ~ ~ .:.x.~ . ,Ji, 

4_,G_, ,1,. .S Jl,..J, ! ~L_._,. .IJ <!b;-,s' .si...._,i,,; Ji.\,~ 

. .,.;~._,. t:""'" l,;T vJJ> J> tJl> '>lo .;:.!;l;. ;\cf-;! .;ill 

.r.# j..,..;. o T J> , .,.; ~'-"' Cb;-_i5': fa Ji. b .S .s,1,. JI 
ot,.. .sJ1,._,1 <.!1,..1.:,.> ,._,; J,1..; ,J; L. .r..> , .,.; _,:.; <5-~ 

. ,~ .... Jl.}_r. tJl> •y..J <!b;-,s':'.)J 

.,;,4 ..::;:.b .s;4 ~ ..:L> &:->5' :_,1; .>::iT .sl.r. 

vJ_,...:>TJi.b~ tJl> ~;\<SJ_}\_,..:...... 0L__,.,-4 ""!-4 

( dF-Const ) ~[; Jp vi~; J\.,.;;. .S <SJ,1~ ! >.;f° 
J.::-1 JJb JT ,1,. J_,k. 4J> .s ~ >J>-J, . .,;,4 

""->~ .\J .;x.;u I.., T. .,;,;5":, _,.;; "'T WJJ>~ """!_,;._,. , 1,. .;x. I 

.S, ~'-"' rl,,.; I .s\....,J..r.. U,..J~ tJl> ')WI <SJ_} I v>JJ T 

A'.:;: B c.F5 IJ VJ_,.. ~ <SJb _,.; JG~ I J t) T .;;... \ ,;;;:...... 

. ,i, chW 

,,~,_..,Ji,~ vJJ>~tJl>')l..;\..:...Y.\.S A :,\.. 



"\ 

:,L.~ ('~,S-_,1,_;ft -'Yo~) c>J_,;t~Ji..>.i.. 0,_,),t.>T 4 
., ~<5" •'" \.; C _,t;. ')l. J> b~ B :,L.<.r:"' -> Y<S" J,.y- ll 

.;\.}__,..., ~ _,, <.>3_;\ .>\ J- dt,J ~lt JL..?. _,.\ er..I 

~__$'.;,_.; \.; l,,.!.;S'\, ~.)\ <.S>J"-"<o~ :.,.,. 0\_,;<5" . ..,_;S' <..S' 

c.!.~T) .).) '..,.;u..;.c.s-... ~.)ljT I.SJ_}\ U.:i~:>\.JT~ 6' 

. '",i,<5" i::-' '<S-1~ 1 

.d [,.,..\ _,A-,J-'¥ 0>Y. 4 ~I, er....J.JY, JJ 
Oxidoreductive) LS!l,,>l.c>.,,,.Slc>~\J ,cL0J~...,44 

~u;.,J~ U.J.!. ~'-!~ ~ IS~4..w.,~ ~' (reactions 

. ~4 »Y. 0,_,:(J\ 

~l..o .:J;f"U;f' JlOf 

, j..~~ L:. _,, l.,.:..:S'b ..; _,')er.. I J.;;; .S "-' \ .;,.:. ,_, 

~er..\. <!J>Y. .,\, ~ \.; ~L:. c>L.. ...... ,..r, ~ 

..sl-.-'.r..>1 _;,,;,>'4 .<l!.~ <S-W~.r.> t_,....::.Lb..)l..>l 

L.. ...... ,,.,.. cr-1.s.,.,,<5"0G.;, ,~<5" ..:;_,) c>\~L.:.. ~-"! 

• u,j 1<.SJL7r\ l.:..!1,.,\ u-'~ , ov,;.J ub.P.'"r ~~ ::..>y..>:: 

,.:....,,.. 4 ,t;T ..s5_,;I 4JT _,;1_,., c 1_, .s.~>I, .1 

..:.i.;yc t,)_,~4-? ~ j\ lS;_;\ U4,,r.- ~!.~ j ~~1.-i"' ~~ 

l; ( f.xoergic reuctions) CJ$_,l,§lc>l,.!.SIJ • ,_,.,! v• 

. '"'-"~'-'"' (Exergonic reactions) Cl;,)".;§\ ..sl,.!.SI, 

..:.>!;_,,,._,:I_,., ,.:....,,.. <.>)_,;I ._;.I> , .:.-I ;~ ~ 6',lc Jlt.;, 
&?,~ • :;,_,:,IS"' 01~ ~ j:i-1.:i~ A o::,\A ~JJJ olJjl <SJ)I 

..s l,.!.SI,.::...,..., 0 T t<:-' \> ·YI· ''°""",,.,1,.. .:.J;Jic.?, \; "-;?. 

(:.; <S~ ~ <.SJ;l 04..r.- .;::. ~ ~ ~ L)J.;::. 

. r-<lll>.:i~ 



....,,,\_,.:, j\ .sl<•J•,,._. <.fl..,\ _r. A. Kluyver Jy_,,lS-\ 

: c.-1 ~~ ~' ~~ .:i.;y t_,.:a_r~ .bY...T' .:i~ .)~ 

.::..ll- :y_,,.;;;.~ u.,_;.,LI .S l"""'jif ~ .:r.I': Lo ol...,0'-"!' 

.s\_j'?-\ J>.;:..,.., cl_., i,.;,_,;(ll :.:..Y.', 6 _r >y.J' ,.;;j 

- «.::-1 ..;;.~ 

~;,,..S <S-L,,61; •Y.Y. , ._,,_~\ .so.,..51 .s~IJ 

,L.J_,(l...0""'.S:::;J, .::-1 u: .. ' .;;;,_,,0JJJ"'o" 0""' l-4;~ 

u., I . .>J y J..l:. \J L.; T ( Cond cnsation) (1 _,.; ' ..,..S:::. _r. l, 

' ,1, .;.,.w ..:r..:, c__.1 4 01,;if '-' 
AH+B-> A+Bll 

AHB->A+Bll 

AH+B....., ABH 

~ j;. \, .S .,,1,,.. .:J;l;. , L,p.)\J .:r. I ~ J> 

..?'~ ...:.. J<\ (.;;I·""" ., b ol:J ~.._; _),J,.5' L.; T,, .;; rif 

.:-lx . ...,,J> .S)461J .:;J'i ~ .:.lli w T Jl- ' ""'~if 

~~4 6 _r LY>'_,.\ u.,I . >JJif>'4 (.>JI."",,\, ol:J 

if~ J.;; u;S .r ~ ~IJJ> . .:-I~ J;.bJ> ,1,,.. 

~ , ~ j;.bJ> cP"IJ o~_r. c.<-_,,., .S ,;f if vJy 

'j~u.,\ .s\_x . ...,,,if <.SJJ (Jt;. '-:i.-J> .S ""'L ~_,,.,:,\ 

...,_T ""-"'> oT j> .I?)~ uJJ>J> JJj,,llr~t.i 4 ,,,,.., 
cP"b.J? JI~., J.;; ,i,, .;;\~,).:-.I 1:,Y (>y ~~ 

._; .r'<S-~ ,S::,~ • If_);;:, I Lo)' I . ""-L.; C:'-_,..; \J .b Y. _,. 

.sJ...,J_,f:,\ ,_;.;L,., :JW. r:>l.iif, I".,;. ct,,_; tJ"°Y'': 

..:;\,;if .S~J~i\Ji}"""' ~JT.:;;y _; ~ ,i._;~,t.,.;I 
. d.,jJT_r. \j c~I cr..I 

ol,.. :,\ ,.J.l) ~ .S .::...-\ u.,I .I*" j~ t~Y' JJ 
c-1 .,_,5' '-"C;.:;; I \J • .;-;.J ~ _;ci, J.;; , JW. _,,_vl; K.1 er.. I 



• .,.;j <SY> rl.r ·\;lb <Sl..Y. oJ,J.,_,,. <.S"Y>" J.L~ o_,;)1 .s 
<Sl.,L., I( DPN ) .;.,! .;JS f<Y.."-'P.y.._; <S>•>l. c,;1 . c-.1 

..r.. WI""' I Pyridine nucleotide~ _,!15" Y~~..r.=! .1 

"' ...;,_,...)II '°'_;;T,,>, ( DPN ~..;,_,...)l.-!j;T,,> !l-"'""' 
Diphosphopyridine nucleotide~ DPN . .::.Y. ( TPN 

.;.:i • ..,:....I Triphosphopyridine nucleotide ~~ TPN ' 

_,i:., _,~ _;.,,, <S~\; -'y,j• c<~)lb~I IJ> ._,.b 0to,,.b. 

,}\ _r. JJ, <,).j,,,_:.\,.5"' o::,J~ ,;\:)~ olfol.f ~ jJ.:.Jb J u,,j<..l..!,15" o.:i._r. 

.xc1,_,>i_.A-9<S, _,._Wc<t,.uc .,~,,J...~J-""' •> .;t_;,,;,,; 

_,._w oi..,;.t. ~ o.;,_,i;-_,; 0!'°".,,.»l,.w<S,;, o.;,_,i;-_,; 

. "'kl.o ~ CY."" , .,.;_,I.,; """'lb. 11 '°'~.;T ,,>, I '°'>T,,> 
.xlY,lc.:.-1 ·""'"-et; J,_'Y, CY."" c>_,i.;Gu .;,,Io,,, .bl<. 

45' u~.Jp .J.:i ~ Dinuclcotide ~~ J,>cS::. e:il_,..i.::. o.:il...).) 

(,;t; . .,,;l..,_,._,.;.,,_, i;;.•~I_, .:..,...;1, 21 TPN J llPN c<t.,.u 

<St.,.u -:.-1 .:;,Li,.; "";I .,,,.< c<l_,1, ,y. ""'; ,_<]>' _,; _,. o_.--:­

ul.:.L..::,...J> [.;1, •,,;LI..;.,,, 1_, ulW '-'~J.J' TPN J DPN 

t.~,_,,c)Lll.;,.,, :_,,t..;l '°'j;T u~>,;.:,,_1.)1 . .,,..,.,. 

( DPN )U.,S ,_<]>' _,; CY."-',,.»! _,A-9 <S> c< l,. "< •»,.; .,._ _,;; t,,.; I_:,., 
Nieotinamide""; ,_<]>'_,;._;,.:,,;,I """l',; _,s::.; ..,._ W cYJ...I 

<.S ,.}cS lq-4~ JN A.Dt.> .>l~ lr.S 49 ...r- ~ _arlenint• dinuclf•otide 

01.W ~; _,% y i.S.:i er.;.:il<-\-:-<>L:.; .,.<.::~ ii.; .,.15' _,i<.Y.,~~_,o_; 
4 - Nicotinarnide adenine dinucleolide phosphute 

._;_,J.;Guo_,...,,s . .,;_,., .,_,,_,t;~ NADP <S.Jk>I <S~? 

J..o, ~..It>~ c)Lll.;,., :_,,t..;1~ ~1, 4;,1_,..,..,..,.:. 
~~<.l.U.J!.;.:i 0-'~-'~l .;,_...9_x.:i.,> . .;......I o.::.J L;11~y ~ _r.; 
. ..::-.I~ .;IS'~ I.)~_,_; ,,:,~I 11 u~ u~w (.:.;,.. D rli~ 

_,.> 6. "' LC -' > T P N J DP N , o.,; ,_<]>' _,.; .;,, '"'' .J>l s t,. u u J":' 

6,~.,. L.;,i;; ulf .,,;\y. .)I .,;1.,;_,_,t;., _,,,,,;;, c:Jl~I o,.,, 

., - '"~"· .,;.J, ,1,_.,_ 1_, oi..:...,.... .st.,.u t,;Tt, ,_,,;. _,,_,, 



J.r.!, .sL.JL.;I il,..J'-! • .._,;ft;;,.. J_,(1..J, 0T J> S .::-\ 

~,\ \.,,.._,;ft;_,;_,..;,\~ .J4J · .,.; \,.,:, J....;. r~'-! 01..W 

-U..'-'!..r.!.. c.-1 .,,.t.:.,;~ .s~o0T;,4 ..s JJJ-"J> • .:-I 

J> .....s .;:...,\ ~~ .sL.-,;I>:.. 0'-~ j\ ~.._,;ft; 

, t.;_;_,;IJ t.;_;J?>J>J _;.Jt,, 0IJ;l,-J 0i.,,[$J ~.;::,.., 

..y_,; >p ~ J> \J ...il.:;.. <S\.,,~ .....s '-"L.-,;\S'J\ J> 

J;.; t..;Tu..,) e.l.:..S '-"L.....,.;IS'Ji J>j,JJ, ~ '-"' ..,_S'IJ 

. , "'°"'-"' .;;L,_ '~ .J, Y. _,., <S\.,,J Y. _,) JJ""" c:,,l.;.;.:.. ,;::,_,., 

.::¢.J,s JJ> .sla; \..;, 0L,~ ....,_,_;0.,~ ..,_,;"':.I> ;u,.....,_4 

.::¢.Jo.JI.:;.....; 0T'-! S l,,;Jl;~\, >Y. .>l.:oc.s. ;,_,:.,, ul,>­

.).:>1.:i.;JTu.:_<l~I.> ~y.):._\.j.J($~;.:i f~r 6".:>_,::.<.5'"" .1Y.J-toJY...f<> 

. .:;......\.,_,) J... 03.,J'°""J.ol.- ~Ii.'" '-"l,>-1.s..,_S'l.si:,.<..SIJ 

0 ~ .s\•"'o«'\ :,L... S ....,_ \..; '-"' ":-; u.. I , ,,,_ JL; 

· .,:,4 '°Y. 03JJ¥ J.L>.~ .iJ\.i-'! <>,iftJlU..'""--"'· 

,y. J.o\s'.; 04.?J> L.-,;IS';\ u~ S,.,;'-"" c)'JL..;,.\ 

\;(:;l> ')lo .JI ~·J _,;o>i.,., ;~ u~ _;_}'.'.~,;,\<SJ~ 

. =4 »_r.J\s'.'" 0;.,;'°"" .sL.J...L~ 01,,:.'" 

J> uL>.)L,\ ~ s,Y. '-"_\~\ J~ <Si;.;. u,.l.J\ 

..) J.,_l..-J'-!..) <..S"ID., i""'Le;;". c:,_.? u;J-"'"';j uby-_,.. 

fa ~L; ;i_,(; .s\_r. 1.J'Y ~Ip,.,;;. ""Ip. ~ _,._;, J> 

.sJI-_; I~_,..~_; u,.IJ ....,_,_.? 6->"1; .,_,;ft .YU..'-'!.J!', 

'-" T j\s'. S .s ,;::,_, .sl~.....,; I>:. J , _,) \":\ 4; _,I~ ~ L;..;, 

<S .r. .i., lld .r. ·J _,b'-! ~ '-:'t,;w I_; I .r. , o.;,,;;, b .s _;.S 

..:r. 1.r. ~ .,!"! 4.~ _,,.,L.....sL.-,; IS' JiJ, \;La; TL. . .,.;.,;;....;.;..,. 

01Jlf .JJJ ._;L,.\;, _,;.,,L..sl.....,_ L;..~_,~.sL..=:L;;;<-< _,... :J ,,if 
4J., !.:: .... \ ,,~ \; ul,>- '-"\~I J~ .s\.,,.Jl<T ~ .t,Y._,., 



. !"\ • ...:.cl_,_,.; J~ ..:;,[.,,.- ~J"'"! ""' >?.J 

,\;T <>;_,.;I , """L. <>Jl.,,-~ S <>>Jy> tr..J•>L.,J, -

J L:.z I L. _,5" ..::i J ,,.-"! cs. [.,,.-1 <> .,,_5 I cP' I J 0l,_r.- J> • ...:. 

L_ J# 0J~ ~ :o.:;S U.G-\ <Si..:.O,.) JG- J> ! cil,<5' 

'-"~ .;;L.;;,L.,J cP'IJ ~ ~J> . .,;l..<5' '-"~ u)L. 

~J>cf-10[.,,.-00..:.I-'!; LJ_,;J>l.I v.;,Y.~~j\ jA.:... 

~ . J . J.l:;,~ • ...:. J. Y.J" \"'"! ~ 1-; <>~ L.jL., 

cs.i..:.OJch) <>4--~'-! (::""IJ >? J...Ocs"'J_nJ> F.Schmitt 

'-"\ ._,.\p. ,) """';.Yo .S ~J ~ c:r..I~ ..;J..;,:.,. :";j t4'1 

<>lJ _,s:ld".;,.,IJ .:;.i;J><>lJ JG. J.> \, .;;l.;;. L., IJ~ 

tL..;.; \"!) l,,; T:..... JJ , .,;S if._,.;..;.. r <>_I_,-! JY,_;. 

0JJO! j\ <>3_,.; I .S ~J L_; (\""''.>\.,Ji_.;~~ <>L:.o 

. .,.;; L.cs"j~ ..::i[.,,.-c.t "'· ~-~J ,,.-JG"! .,,..,\ • .>.:.; l,,; T -P- b 
<>;_,.;I , ...:. c'IJ ~ >JJ-A 'l'~ J> S J..-1 ~ >J_,.. J> 

o.;:;t,'5"._.t,\ ~ uJJ>J>.S cs.L,,.-1 <>~1<>4:.;SIJ <>I-A 

.!5"' _,!;; j\ • C7-1-n~ •"--A 01~ ;;_;lyes° tJL> j\ 1A> 

.:-I ~J, <>3_,.;I J.;J~ 00..:. ,1:,T01>:.I 4:;.i """b~j 

j\ .,L;,;.,\j .o..:. ,\j T <>J_,.; \"! i.»_;.l.C ~ , ,), """"'I .S 

,.;;_;.LC<>~!>:.,"! _,.10!.I L.I . .::-I """"'I _;:G-1"' 0T 

~, -r ·"""'' ,:,C...t; ""~ l,,;T~J~ S .::-\,,;,.jt.,; if_,; 

:,l. <SU.:.jl,; '-"_,;,...,[.,\, : ~Y<.5'° •J~ c:r..1 J> M. Dixon 

.;;,Y. I),, .,;L.i '-"~ ,.) ...:.~ ~)I..\ _,s'I , ~ <SIJ! • .,;; 

cs.4:.;SIJ j\ ...,"Ll ,\jT<>;~\ ~J 01~ S .:-I~~ 

L. ..$' uJ ,,_,, "! .(; T ..;. J'-"! , '-" l.i.< , Ir 0 j;"' \~I _,,k; 

.S ..,.,.,_,, '-"i_.,...,J_.;J 4:.;SIJ tl,.;I ....;_,..."-! ,_,:;,J)\il 

JY._r.<>~~ l.....<J"\J' S .)>:~\ c.ulJbi:l;>i<>;_,;I"! 



<S l.,t .. <Sl.,J [,.,.;,.,I u.J,.. 4 ~ J> .s' -:-I er. I >Jb Ji,) 

<S;_,; I J\ <S[Jl...;I 4 ..;l;,S' _,; , .::-1 <S;_,; I .)...I ~ .s' 

J>rcf J_;(L,4 .r.lJJ""" .Jl.r. 4JL.;I er.I . .,,;_,;,<>" .,,!_,; 

;IS JJ-""" J> ! d <>" ,l;T <S;_,;I <S)~\ ..... >J<» 

;I~ L.,.:;.r _,,, ~ ~ r:- , u. _,.) <Si.,,;'IJ""" c) _,...,, .r.J JJ""" 

. ,~cs-l J...i.,.. <S;_,;1 r.? JA.r. <S)~A,;" J4':- lr J> 

~t.JL.;i~ ~l,r<>" JT vl& _,;;I ~J.:X ty;.. •J.J 

,1_,..; ,s' u~.1 ;I • .,,;_;~ J> . .i.;.;.4 \Jb IJ <S>~.i <S;_,; I 

Acyl-J~I) <S..,,_l""-J~I <S[Jl...;\ .f,Jby.-J J~ 

~ T ,_;....l ' ( Pyrophospholic JLWJ_r.: ~ phosphotic 

, • .,,;J.;:,l,y.-_,.J, <S;_,; I :_i,~ ~JI L.I . .,,;Jb_;...,I,.,; L • 

. .::-l<SI ~ .r. 'Glb..::.,,.i _,.. _; !.,.. ( ATP )wLW<S_,; cr.J _,;,I 

'.,.l,j.) 01.:iy.--_jA ~ J.:l 1 ~;JS' _,Jty..~4 ~L. o.:ilc. LJ-!.\ 

. _,;_,;_,.. J.L, vlW<S_,; u_J_,;,\ . ,~<>" .:;~ L;;:;..\ UJ"! 

J,(L,J>'-! uLWJ.r.: <S4JL.;I ll,,.,J'-1 ..S.::-\~,l"'iJ:Js' 

•u.1.r. ~ . .,,; i<S;_,; I_,,, 4JL.;\c:,~I . .:;.,..\.~J..,;.4_;..;..,,_1 

<S> .:r.J_,;,\ , ,_,;, \oq- ATP .>I 4_,.Ll ..,,_\ J,(L, cl._?'\ 

JA.r. <S)~ I~· · • >J=-J>J ""-T <>" .::->~ (ADP) vl.W 

. ,,_,')<>" ,1.;T<S;_,;1 r? 
cs.l.ii,1,.- <lb..;.,\'=""'~ S IJ 'Y4Jlo:;..<SJl... <S.i_,;\ 

J~'-! ADP JI ATP _;:;;.. <Si._n ul,rif', ,~if' ,l;.T J..-1 

. ,_,s-.,,..;.; .;:,L;..;J_r.: "->-IJ JL.,;\ 4 UJJ-""'-1 J >.r. 

~.;:.....;, d.,..;.:; .wl_;<>".s-..;P <S4.....,;t5'Ji 

u-"'"lo.,,-5"1 JI •"'--"f .:;.,..,~ <S5_,_;\ U,...J~ IJ ,~ ATP 

,,~if'J....l,..0~\ k._,;.s'o.;;yJS _,; Cr.""-.r.; <JjJJ""" 

<S4-;;I;:. J,:0,..J> .,,;I_;<>" ,bA;..,:;.)IJc:r..1 \..\ .d <>"_;:;;.. 



~., .1>li <..>L.-,; tr .11 4-" ..S-,.i$ .:..1_,.. <..>l•J!.J ..,•_W 
l.1 ~I, &!I "5' .::-I &!I ..,,.,:u . L.,.;1_,.,u! ...; ~ l.1b 

_,::.,, i.,..,) ,_,) :1, ... 1. L:. \.;;,I .\,;. cl vi -. · .. . '-'""' r-"' '-"- . __,,,... - Y.<.S" 

. (.iJ:. ...... 1_,;. ~ 
<.S..,G_> <.S~J.1 , ATP J.,(.tr J,, c:r-;1 ~.1> l.\ 

~ l:.. ~ ~ J .,; .1b .;;..,. ~ ,.,__;.; <..>[,,;, ;L.r <..>I .r. ..S-~ 

. .,; .; L.<5" u <.S.; I -"'cs! , <..>JI_,., 

'-JI ~., ADP .;,_..,..~_,.;...; • ,.,__;.; ~ ;l.r.1> 

: > __,$" L<° w .I¥ ,r,) .y__). 

cl__,..¥_,;..; .,_,: ..J 1- \" <.SJ I -"'cs! v _..,.. 1.,,.S I ( \ 

: cl _ _,..¥_,;..;-\" ~::""'1., 

\"- Phosphoglyceroldehyde + ADP+Po, Hr+DPN 

-~ \" -Phosphoglyceric acid + ATP + DPN- H 

: 4,,~ ~1., cl........¥ yW-~ ~\ J,_~ (~ 
\-phosphoglyceric acid + ADP -4' Pyruvic acid 

+ATP+ H,O 

r _,:;.,WT <..>L,,~\ 1_,,;1.>.S1 .;,_..,..µ _,_..,~, ( \" 
Ur--~ Y. ...J) ~ Oxidative decor boxy lotion . 1 

~ ..ii (-COOH) J.,.S _,,5 ._,.;I •JJ" ;_;::,_,) '-"'"'- _,,;lu.,..SI 

. r- c-1 vT <..>l,.•~ e-•;....SI .;,..-;L!J, JT"""I 
~loo..,.lrc (Ceto) ~-l~(Keto acid),,_,.!_,::). r 
J(_COOH)J,,.S Y.5 ._,.;I .,_}' 4 <.Si.1!, t,; T J,C... .., .:-I 
vT Js J_,.._,; ~,, . .:-I R.CO.R 0,~-._,.:;1 .,_,.S &_ 

.1>l.1J.,.S _,,5~5Y,~ ,_,:,.,.. R.CO .(CH,)n. COOH 

.st,.:,_,>, (:x) WT~5 ;c., o..,-1_,::5"" J,D.. .?.5 '-:.o.1 
0 
n 

(=~ ...,,1, >?.J _,fl ) ..,.;;_,;~ l.1- C - \; R''"~'"' s..w 
._,.,.,. J,.._,; ""1..r. ~ . '""""'-" ·~, CYJ t..\5" • (~) t:, 



.s.JIY'<.$ .\_,.JI ~ 0.;,..)'I -'J.;,,.-~ .:...-I~ ..S(a- Keto) 

: :i-.r.?'0..Jyc 

a- Ketoglutoric ocid + AllP + PO, Hr + DPN __. 

Snccinic acid + ATP + DPN - ll + CO, 

DPN =~_.%y U!'"'!_r.:) 

( DPN - II = .~~>\ ~_.% y U!'"'!_r.: 

_,, ._,f ,L... .s\_r. ..S _,y,0T) ~IJ ._ U;I .;\ 4 1;":"' 

·~u<l,,..,;; "->IJ J.,. 4 (.::...-\ .~ .,\, 01..!.; YI, uY>I... 

l""JW,'-! ..s .::..-\ JL.ol ~A-'~ :.o_,...,,... .sl • .;l.,;I t; .s::~ 

·~ ~IJ :.o~ &>.i ..S,_s'.;_,.,; 0\y-'5" t..1 . 1.,.;.._Tcs" 

---- ------------
4_1_,,"'" ..,_1 "'"I.. ' c:.-1 R. co.cool! _,;-W r <Sl • .,,...1 

~~ .. LiJT<.l;:--1 J CHr-CO.COOH J_, ... '""94~ Pyro.racernic acid 

. r - coon. CHr.cHr.co.coou J_,.._,;., d _ _,~,15" 
c.,,.14....:::A; tS' l_,.,r.._; 0:L~~ w..)I_,::-. •;..!...) ..::......1 ,,:,G .-1 

. ,.J,GJ,I :L,._,... -''-'l,,J6 01_,.,.,, , "-'•>~,L:.; I_, J,I 
( <>,:..J l_, ... ).S" _,;....;_ r) .}~I., I.. <Sc\J <ll I .,J .:_,,, c:.-1._,.,,) _; 

-~.)T - u,,;~,lS" ~ .)\ Sulphydryl J,_,4J,_ •JJJ 
ij.!I. <.IJb..)~ Uj).J~ ~_,!'k'y LY~WN~~ '-:'-~ _,; ,,:nl. ~..r.. 

:,_,.:,t.f' Acy) mercnptan 0l:.!'6" rJ~I CL~ J~~ ~ .... ..,.,...1 

Phosplioroly~is...)~µ'-""~ . 05..; l .... ~J l..al" I ~·.:..-1 (.§] o..)l..4f" 

R.Co.i~l0l,.;, 01..•).i,.-I 0l,.;,_, ,_,,? _,.. 0_,~ 0~t> _,.. J,.-1 

0~ .iJ _.; _,, ( -OH ) J,,.S '-'""'° ._,J .._;ye-.r. <S" -:..-1 

4 ., 0T ,5 ,r ,.;1 _;1 ( . , _ "'1.."" -='-' 0,.,, i,,.,,_1 

ct~,..,-:.-lr' .,,4-~ tS.:> r -1 ...1.:;'"'I . ..),:,<.$- Jc ... 01.W .,,~ 

c>l.;l,~,...,IJ,.IJ ,,~_,.. =>L( 1-3 diphosphoglycnic acid) 

Carboxyl 01.o...; J~> Y.5 .sj_,_;\ _,-! <S"-'-•_;J .:'..4 
"~ ,,_5 •JJ .)I,;:,\;_; .,J 0 _,.;..YL . -:.-I phosphate 

• >,:._,.- =>L ATP J »J '5" Jc.;.. ADP 

;j: 



"' 
J~~ \Jl;,;T \_,,_:,. "'""" J,.>:; 0l,o.- v"-"l""::,\'""1 <S>Jj~ 

~l!.~ , r-b'-"' 0_,.DI S ~I.;. <S~ ~J> Jib 

. ~li<.S" ~ Jl.rl <Si...W... 

v,_;o_,.v.. <Si_r. >_,::,'-"' .p-1...,JY._;.. <Si._..IJ~ .5° ATP 

J,,> :,\ >I!. , .>JJb r;:~I ,\:,T <S;_; \~ S ._;L,o.- <Sl..·""-""· 

··..x.iJ.;;..) _rJ> cf:;ls::.Jl>,2> J ._,.,.;..,~ .1,Y.J'> <Sp\ JI> 

:,4 ·'-""; ~1~1'""-!L, . .::-\ <SJl..:.;;\l\(:Z"'J J~ <S;.;\ r. 
J> ATP ~I~ IJ J-<Y,. "?-y '-" ~ l,,;.,_1 [..,\ !uS \'!"IY,. 

vJ"'! r0l)J\ s l"'l.J J_,h... <S_;.:;... JW,\ :,\ .... 0T >J)" 

<S\..,__,,,._. . .r.1.r.J> IJ J_,.;..... <S:,1..., :,4 >Y,. .::.-JI_,;~ L;,;T 

· .,,,, rl,.; I ' ,Ji, ...,.i,\ .....,..,, .S 

,o.;l."-"...,....J_r. uJr' .:r-,;;l..1>~ ~ uil:,\ S JL.,,\ 

0; ~L_ .;,.,1.:.; '-':l .i rl.6.. .s"'" ~I_;,_,...,!;~ Jo Y. _,,,JW,\ 

. .w,,<.S, CJ :,) ¥ :,1 

J-:S'IJ'-'4 ~c__,.l. 4 uJr'~ 01_,;'-"' IJ Jw,1 .:,,_\ 

: _:i\,:i ul::; _,.;.j (.S'TJ;>(,S"T 

_;) _,.l) + ATP -> u[;_,..;_r _ _;) _,.l) + AIJP 

0L; .. Lt-_;5' ,,.l) _,. .;:,L.; .. .;_ \-)' ,,.l) 

.;:,L.;...;_, _ _;),,.l) _,. vJ~ + PO, Hr 

- Y ~ "°i.r-\;:.;_.,J> ATP 6 _;;, u I_,;'-"''-'*- i..<....y,__).~ 

: ,\, 01..t; _r.) <SL,,!.;)IJ li..L ~J~ \J (DPi\J ~_,:..ts' 

)nJ L;l\ +ATP _,. .;:,L;...;_o_.:,Y.'_J + ADP 

0L;...;_o_)nJ _,. 0L;...;_,_,nJ · 

.,,,.t:,r ;>:.,; +uL;...;. \_) nJ--+~,:, nJ"'="l:,r J(,; +Po, Hr 

'-"j n J"'="l:,r J(,; +ATP->~_,%_,; y J"_,,.t:,; J(,; +ADP 

o..J <1< . . ..w.i.w <. + ATP ---+ DPN + .;:,L;...; _y-;.;yy)". -~ JA 



_.;5' _,;.J,_5'.i JS. Ochoa\~\ ._,.._el uWlk.~ 

4% f> ..st....,..,1 J.,(.:.;i...J-" o\_;'.,,J .5 _,;.~.I J ~IJ L. 

1 _r.J µ 4 ..,..,\ J-o W,~ J[S'L.. JI J.,(.:.; L. JY. ..u; L. 

ADP :...._..Yo ;<4. • .,_ c_f:i; >Jr cY,.iJ> ";-_,f !~Z.~ '1"~ 

ATP '\AA,... . ATP lr ..,..,\ _;'.,, ..sl.."'ifrf>yr_,;....; <.S> J 

r:ll;:..;_,;.. JI..-_,..41L.I ,d <.S"l:;I ~ l.¥J_;: fa_,,;J> 

• ~ U-Z,j.J 4-t.,....; u.,1 

45' ~.Jl;;\ ..s,A._,,o..;;.. ..s4JL:..._, r:'\.i<.S" oyS\ 

<.SJ~ ~rJ .::....\ ..sJ,;\ <f'I..'\ cf"' ATP .s-.w,,<.5" ol:.; 

,}~<.S-4z°'1 ATP >Jlr)I <.SJ~J> L.\ • ,~<.5" t.._;.;;...,_,,,.;! 

..,..,\ uT J.1..- "'i fr i> <Y..~_,.,, 45' J3JJ~ ~ .c...;, 

..sW._;.;;...,_,,, :_,.J, •J:>I<~ · .,.,_T<.5" i.;'Y l,>I J_,h;.'-;·\J~ 

._;JU :,I.. , ~~ fiJ> ~ 0- JL..r\ 4 J.,(.:.; c:,.:.u. 
i:r..1 . d <.)l,.J>L, ~...,,J, ADP J ATP ..u;I.. .5' .::-\ JJ_,;.. 

. .::....! (CoA) A!'!-;; T ~ c:>lh..141 oi.... .,L. 

T· lynen u;.,l . .::, J , ~ . ._; u~ .5' J_,l,uL... 

oT Jy:l. J .::....\ ..sl·~. ~..;A 1'1-;;T~ c....\ .,i, oL:.; 

J cl,;;_,.;;~ ..,....1 ' cl_µ .,_,,.,I ' "'i fr i> i> r J,; ,J <.SJl..­

..u; L, CoA cY,.l.Y.~ . .:;....\ Thioethonolamine .:no'Yylr\Ji 

J> l.c:,I uT ~I . .::....\<>ifri>i>r~d._ DPN JATP 

4..i _,l _,,, ~ l:.J, .S-.,_,.,J ul;I~ ~I ..,...,1 c:;>L.. JW 

..sL.;IJ~ ot,,. ~ IJ t;b. \_,~) ! >Jb ~ J~ ~ r 

.; I .s.. 4-:; ~ ~I .,_,,.,\ I.. I . c....l.., _r:- J Le.<,:; .:r. J CY.~ 

,...;IJ..,..,s' ,;<;.,t.J> JL..;,; IJ J.i . Phosphorolysis . t 

.:r.J ..st.t;I~ .....,,Lb J> IJ -!l,._,A-.9 .....,JJ....; u..i.:.. I<>" 

. r - """• \; '-"' .r-l _,;...; 



HI 

..:J,J, .;;\~ .DT.;\ ck c:.,"I~,~ . .::-I .Jlu1 ~L:. J;W 
.,,)' JW.;,_J.'-! ....,_~d .::JL;., fl..,.;L,_1c,_,,,.,~\ ~\_, 

r _;;...,\Ji .0, _,.:,if rb,J I A I'!-,; T >5' J,;.~I J.,GL; JlS' er. I 

ul... er.~ .0 <S;;....IJi JL.;\ . .::-\A l'l-,;T>5'-' ~I ""'"I 

;,lJJ..y>,}l_r.uT r )' J_,.Q._,,..;1) .::-1<.SJ_; \->:,_,.:,if J.,G 

fa <Sl_r. ,\.;T <SJ_;\ er.1-r.~ (>_,.:,if,\.;T <S)lS'A~· • 

~J'-!.r...i .;:,Y,L...J;b-r. ....,_L r.J'i <SJ_;\ er.I . .::-\ r.J'i uT 

: >~r"\_) ATP 

.;:,l;...,\ + ATP __,. Acetyl AMP + C>l.A...;J_r.: 

AMP ~\ + CoA __,. A r--',;T _,....)~I + AMP 

( A~IP = Adenosine monophosphol'ic acid ~ Adeny I 
mononuclcotide. ) 

, Y<.S"'"" JW Co A ~-''-! .:ii.~.:.,,.,,_, .0 ~\ :_,,_;.:, 

•'l J ~ uW. )I!. . d .::.S _,:, led\_, er.? y.;..J> .;; I _,r if 

<S~IJJ> •'"".Tes· ck~ Y~ <Sl,,""'"\fa c}rJ> 

j\J>J u...? '-! ,:.r._,S' ....,_~ <S4\l..;\ J.,(,.;'-! ~ r" fl..; 

..:J,;LA,,11 a..L_,,_,,..;1_,G_,<Sl,,""'"\ .,_,:.if..;.....? ~.;.:i....z. 

fl..; <Si.ed\JJ> o..U \_iif Aromatic Cl,;\..J\ J Aliphatic 

. d .::.l L;., ~I """'\: _,,..; uW.'-! 

~er.IJ> A l'l-,;T>5' ~cl)_,)~.::.,.,.\ •er.1-r.~ 

<SL.JL.;\ ~-''-1 JT &;>5'<.S4\_,D.. ,k;\ .0.::-1 ~ 

u.J J ~ <SI·~ vt.,.,5" _,;t.; d if .;.J, L...-' \J u. ._? • u. ..? 
~ J <Sl_p,.\ .;.._JS' .;.ls:.,\ faJ> ,_;.,. ~,j~ ,~j J _,.Q. 

<SI~-'->:~ . .::-\ ~L...\ <Sl,,~J_,..,.;I ..j:~ !.b...\_, r)l,._i_,.., 

(CHr CO-) J,,..lul,.:.,v""-.:,,.:J4-. Acetylation .1 

. r - ""'"""" 0,,_,)l.:..l_.IT 01.,,>.; J> \-' 
·r - R.S.R Jy_)'-! Thioester . Y 



4;_,.Jr.! <.?'!Jo; j.\s:; .:,i '-'~i~i J~ <Si...1.-_,..J; ~4 

.,,_4 (CoA) uT;C,..ii Ji»"# ~k. er..i.Y.l-'!J '-'"4 .o..T..1 ... "" • 
• >Y:, ..:;4 • ...;_; uby,-_,..0t_,_,.,i,_,.,J, 

.,.,.,'-'"0k.i ~A r-_;T>5">r.J .s _,..ier..i""...,,._,; 

<SiJ. ,_,:, ~.;; .... ;.:, ;L,-i JT >ir 4 ~_,) u.,-s'i <S> .S 

ci}.)J_y.,o e::)lk..,i"" .-.,,;; er..i . .::-i ~i_Jb- <S'°"' ~ 

J> L.i . ...,,,'-'"CJ \..;Z..10J~ • ...;.:, ul>r.r:..., J> co, 

fa !'""" <St....., J-'\ j.G Jo;;_,.. I er.. i , ~ <SL.-,; lf Ji 
~ J> i_,,.:, . , _,) ~ I,;~ i r-.4 L;.J, '-'""" _,; ~ t; ,_;;;,:, J , Y. 

~ ciL.,_~ J-!l_;;i ~ JT .::,,~.;; ,i.;T <S3.J i ~ 

1""1_,;. .s J.,bvl.... er..1 >r.J4 . ....:.'-'" ,.;...,l>.:;T .:,i • ~41 

.,,_,._,)cl}.;; _,;i ~ L;. .;I ,_,.... •f. 1.,,,, .p51J er.. i , .,,_, 

. .,... T "<"-:_;;__,,_, J~ .s 
(CoA J ATP' DPN) <5-w ~LC. .... ''-;'i.)LJ;"". 

ti..-.>-" 0~J> .S <5-1...,.:)IJ >J'""-" :"'-" J....:, .,i, [_.!. .S 

, o:,:,;._,f'uJJ- Le;T _;If. if:"..J,,. j.\s:; <5-i~I :,WIJ_,_; 

<S.)4 <S~ Ci~ '1 J..i ...;)S <S~~JJ-.1'-'i 4;4 
J .,__,,,; J~i ~t; ;t,,ui .,_ ...:..ilJ .:>l..:.;l:, ,_,;. .S ...; .... _,._,) 

~ , Jy,_;.. <S~ .S <SJ.,1."" ! '-'" Le;T vJJ>J> ~,; 

wi::. .::..;[,... >i.>M.-1 'i:Jt;: ')l..J! ;Jlo.. ~I.A:.. _,;t- .b,.i_r, 

. .,; ....:. iJ1, ·i J _,..; ,_;.,.-J 

:...;Jb<S~•r->_,5' .:;t..;_,.r.t;:~ .SJ .,J..:>W. ..:) I 

• ...;.:, uby._.. u~.,.;.,~_1~ i .:;i_,;'-'" Jkol 4 iJ l.-,;k. v-1 
' CoA, ATP, DPN <Sl,,.:.A; Jy,jo <Si a ; • •J> . ,_,s-c}J; 

bJ' '-'"4 •'-'" Li.J ,;.SJ~ 4 J~.) .b.y .;~4 
;i4J, ~T .;I,_;.,.-~4 ~.;; '.,__,,,; ~ <Sl..,.:s'i, 



r-,b 0_,;SI .S Jl.._,1.... 4 L.I . o.;;,4 '°Y. _;.ol.... r->b 0L!.; 

j\ er. J....L;)I, ..S 0L,.>- J.l(; fa....; r"'j4 lJJ>'! f" I_;~ 

r-1' ;{! r-, Y-"'" i,;; ~ ! !"" ~ -::..-> , ""'T cAe, 0 T 0....;;,\°"' 

.s r-jl.... .Jya:.. '-"~ t'-"'4 \.; .JY,j.<> j.K; i::~,L; .s 
. "°, Y. Y4 i'.:'_,.,.,. .sL...-0 \;:. ' ~\' ~.; ,:,-:.:.. 

~\, "'""°,..,; j.kr .s~ 04.r.- ;w<fl....I ,j...t,, 

I. PI'igogine ~_,G,_r, . .s\ .;.;\; 4;'3_;\ ~J,l ,,S,\, 

0-!.\'! jL .s~~ :,[!,, ,,;. ct,.[;.,,_,._; 0Wlk. L_~_r. 

~l_;;IJ;I""'" .S -::..-\ 0 T ~""__;..;;_,.:..,., .S -::..-1 • ...,...,"""'" 

J·~ 4 .S ,,i, •¥ ,1 ,,i.>!.\ j\ . o.;;,4 \,b \, cs:_,:;T 

j..K; 0~r,.J> 4;,l~ <S~ ,:;.£ _;..;;~' 0....;;, 

.0 i _,,;.I . ....;;,4 .c;;li_cf.o>ls' t',..ir "! "-"-!. 4 !.,,; T cs:_;; T, ~,..,; 
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,,_,,. c>'-1 ' <f.'!.J,,. J..I;:; · .,;.:) .;:,. t- <5-4z~ · , Y. tj''l 

UJJ_,.:. __ 1 CY.. I ..sl_-. cs-1 _,s:1...,.., J J _,s:1. J_;. b .;,(..;;. \.... 

(>y ._.,,.\_,.. ._,,l.:S' _,;. TJ> ~'A JU~) . .;:.;.\, 

cs-1 ~ \""' :>1:,:,....J> ..,....; I,.;;. I- _,..,{;., u._~j \ _;:,_ 

Endoplasmic) c.r"':>\: uJJ> l.;,.J_,_; • ..,....;;S ..sl.-.,;lS"Jl 

-~ ..sl.,,l...;.j\ .:-I J..~ ,K:.,, 0 T J ! .::...\ (reticulum 

J ,µ ~ i""':>\:,:,.... _,,..\_r"J> ""'.); Jl,,"'! J .i .s..;.;.;..,.., 
JU) Cytoplasmic matrix r')\,·J.,._<.S,'lu.•>I.. ;b~u"lS" 

\ii• A_I; V• >J<»-J> .S)L,,l.:.Ou._I <.SJJ. >Y'<.5' ,u;\_,;.(A 

'I'· ·A. Ir 1 ii • _,t,;~ ~ .r.fi _,; Y.-!.J ..st,,.; b, ( ui Jb ~ 

.;\,\jT_;,; t'"':>l:,:,....r.J, c-i u4-t,,.;i, u._I .uiJb,~, 

r'>l;,:,....j\\J ..s._f:.._> ..sl.,~ <)lAJ.....j\ <SJ~ . "-"'4 JJl;;, 

,. _:;_,..4.:,)..,.. j\ :,..~<SJ_,,;)\,,(.;;,,\ 4.;,;..s~ ..st..J~ 
<5-~ 4 J,... 4 ..w:..., <..s!. ~ _,.... ,_;:-.,. .S ~I ui \., _,$' I"':" 

, ~ut.;;b..s~lS"T J;b.,,, 'I'· .. A_ Ir ii·· fa~ 

, ui,::. ._.,;1-J L.;T ~ ,o.J;, JLl-11,.1 ..st.,-~1.S-<.S°l(:.. 

u;, r ( .. T ..s~ · ) ~ ·•· 0 ·~ _,.; 1.5° ~_,. . • ..,.., ..,. ~ • ..,..,_,.,.., ,, 

.(~JU) 

{A).;..)\<.~•> (Angstrom unit) r_,.:....C;T '-'>IJ. I 

t,0,_,s;:,.. ,.: . •• J,b" .:-I J,b ,,,.\,~,,,_:.if' .,J, .;,Lo.; 

..so.:,..J,_,... 0\..S::,_;,fa r~ u•:...lJT. ~L -
1
--' .. ,. .. ' ... 

. .:-I (IAll'-IAVI') 



>buLi G-palatic ,')'L, .ef _,>Isl Cr.-" .:r_I >ys 4 
5 _,,. _;\_,,) J'.:>-L, '-'i.,, /."." ,G_.; JL.o-1"!4-o ys_).'.,.- 6 

w~ ( . 1 - '-''~ t?;l...;T >Ir s ~_,.... _,/\; G_ J,L 

..w L Y.'5" ~ ..r,sJ cr-'e- .;\ cs!. L:.o \J l€! ~ c:r-1 . .,.; o.;.; L.. 

J_..,L,-s > ~'54 o.,l y <.S'""')\; 0JJ> 4J y ':""fa )'\_,, ._:; 

l.S~L!.i 1.._) .:>.)\.) O<.'':'.";~.) ':/~ • .,:......\ LJ!r:,s _,.;% _9; Y.'!.) iSl..i:4..i \.:> 

ifll:'.;.,.J.,;; 0.:;....,; b cs!. ~.)LsJ .>;. 4 IJ ~J ,; ._,..,)'~ usJ> 

,.,,_..,J c<L..\;'.; JL--" J~ ~ <: ,.,.;.; 1Lo-I..:; .,.;.,..T "'-"'"'· 
i_-"'U; s .,.; _,;; .wG_ ~_;SL r~)l.,Y.,,.., J> "'"!L,; l.,; T . .,.;,r. 
JS/ ~sL _,;,,Lt_,l,-'I J~I 1L,.;\ s<S..>.l,_;l..)l..<.<\_,, 

_;,J l., <.<4-,l lf Ji J> \J L.,; T U"'"-'> T "'"""; , "~ . .;..:::...,; 

,,~~I ..); Li :.,.;, ~ ~ r:b~'! s , 0L~ ~ ,L _;..." \"""""'! 

J;\~;\ <; -'d s • Js!;" <S~:;-L J>-b "!>Ir Jr.<- <.<I_,, 

. ~.}u''"·= .. ~, :i_,.:.1..s-"' u.:.G J.al~ 6~1 .JI S_A~;i\ (.£.;\,_::,::i 

,\J .;\ ~;\_,;;, c:r-1 , 4;,J~ Jlo 0L...;L.. JLo r:b~ .>> 

,,_;L.,'5"\J ~Jy w.>:;-~ c:r-1 J> 0 <.?Jl>- <SW U>Ji'-Cr.C 

• vJ _,;;.LS-"' ,_j _,.1. f. 

Jl.,:0-L _,A:o .:,,_;,,I~\ 0 "'"'"Jiffa;" uL.:,,~ 

:.; \.,.; 10 .;.:.;;4 ~.r.,s:l.5' ,; 3,,.> <St.,,.; b · ._,..,1l,Y.,,.., J>-b 

J,_(Ll,....5:.0.;s4 ~..r., J~\'f)lcf:!'! o.;\y~ L.,;T 

\~ r"" L.,;;5'4 .;\ \J L....; b µ, c:r-1 . .,.,, _,, I" Ci· • • 

.d ··· · '· :WI· · 4:;.,t.,,..;\,, · l..\, .,.;\,,_,) 
..!""""er.<' ..>\ " <.5" '""" • Y' 

<.<W ~ ..>.; 4 Jr._;.<.>[.,,..; b ..) .,.;,l! .::.lo <>'."'! "''Lo _,,.I .:rJ 

. ~~ j..,.:... 0,;.r.r,..,J 

~~ ~~l.S"' if-;,J:, ~ 4 '°'r.::i\::i ..:-~ )~~ 

ti,;;.:;....,; is; 0 -"'4 °>:;-! <.<)4 f-:-'-'"" J,G <.<\_,,,.;>' .b_,;c 



~01_,.:..~ ,.?1 . ,,._? 4;,,i ~ ~J..-rj.ki' <.>1.r. ifJ,Y, 

J..G> u !'!-JJ~ ,~ ~ IJ G.Wald .J IJ ":""L:.. d .J.,h 
,~I ~ r" J _,D., 0!! :~ <.>4;,,f _,_.3 0 _,5'l; _,5' rLll 

•<>Jil<..s"'J_,D., J>b~bl~_P.J <Si_r.<Sl.b-)1..~t; 0\;:.;\ 

JIJ_,.-T ~ <.>l...fa J> ...ili;.. <.>I.._,..!; J,,G <.>1.r. ~ l_r, 

J> l.; ,Y. _,;~L.. ..,.rl_,. ~ • ...,,Y. u'L:.i ~ <SiJI> .s 
·CJI.>~ 

A·~J~I ubJ"'-"" _,;]Lo 01..jL.. 4 j4 <.>~ J> 

..:...J<:<>'-1.,>1 <.>~I c>l..'-J_.; l,,;TJ> .S .,,).ilidj <>'-1~1 

~l,,;T !slA.:....I c>l_r. (ATP) c>J.}I t~L:..J ci_,f' <5" uJJ-

cl.:15' ·.,_\ J ..WI.. . ,_ <Si.. I ..• l,_.., ·.:,,l;\;:.\ •> - _,, - ~~ ~~ y Y. 

~_,..·L.;.1 _,.16!.I . d~ .r,_l_;>I <S>~j Jlz-:01_;,,.. ~ ..zt... 

_..,,. <S~"-¥JJ~ JG~ u'-1....,..J; ~ <Sl,,~ .s.,,:, 
~L..,y. ~_,; ~ J....;~I....,,. >Ir"'-""~:,_,;)\ J_,k. 
u..~ J ...,,_,s'L..r:L,-:-? _,; J "'-fl" 0l,. J,t..; C.SJl,}_r. 

. "'-'!. l..; ~,.;; \J .,;:.;.. <Si..'-J_.; ~ 

J~u,.._,. J> _,.\ u.,l .S,.,,)Jyd 01_,;<5" J,L.. ~ 
~--:% _,;~ c>l...;bJ,,G ...,.L..I ,.:,,i_,,.. j.k;-j\ '-""...;:. 

..;L;;\ '--! "'!l!.1...;b u.,I . .::...\ .,Y. '-"\~\ :....;j rl-,,.1.» 

J,,J.0L... _ ~b >yJ .r..; j\ ..s ~-r.,,,J~ <.>l..L:.i 

0,,:S-1.S 0.:..04 .,Y. <>'-~ \.JJl <.>l..".roJ _ "',1,0t.o.;..S 

~ J\_y_, u;~""' "-;'i~ tS\Jl,) LJ::Z,.;~ VIJ~ jZ..w ~_,... 

01..jL...k,., _,; i-""" •J~ LJ!.I J> . ...,; ,_)" '-"" .:.,.ol<.>l....i.,--1 )I 

J _,(L, 0JJ> r1l il.,-J ~ _;,; J 4' b 0W>L.. J _;(l. ~ 

·"--" ~\ ',~'-"" J>I> 4'1>-:-?' _,; J> ..s 4% y~J..i.,-o\ 
, ,_,-~,I~ I<.>~ J> 04,fl; .s,_,> Jyd ~I.,; L.I . c-\ 



uTJA.er..I, .i..oT .,.,..,,, c1,:15'y.r.;J.,,_.,\ ~ :,\ JA 
<:.,...J JO 'J. l,,.u ~ $ O Y. j.\(;. U~ ,j !...;>\..., .S\J\, .,_;, 

.:;...;\.,;<.5' .~\,..\,\ ~j;-\oJO .s fa .sk...-,Y,cs"~ 

.s.i.l;» ,_,r .tW j I .s..,. ~ J w;. \..., 4 "-"4 ._;..;,; ..>;. L 
~.,.;;~ .J'i ,..JT :.Y., .::.<.. :>\!. .s oJb <5d _,; ul.c; ,_,.;\ 

U..ib er..~l~I o? ul.$L.. . .::-1_,i:'.'.,o..,.~ !'!_;T_,,. 

_,,.w. J~:, ..,..,L..;;.l_,,i J~ L..;T :...;:,L.. .s4JA, 

,_f,. . .;..;;\o ~ J-, lb; 4; ,l ,,! JL.,,\ i~ I ~ ' o Y. 

~.,_;; \.. LJ:'i-'\ :o\.. JO ,_,.;I .sl.,.i.l;»J_,5' ti-j y .J_,l. u;....; \, 

'-:"!J 4 ' ,,_., 01.W .so:,,;:..., J..;.,ll;~_,.\ .s\~\ JO s 
J£:.. J.,; <)[..., ,jys".JYJ..JT UJJO JW _)'\_,. .;.,io J~ 

JD,4 .s\J. la;; t)l.:.;W:;.L., .S\J ...-,) .sk..!4 y..;. .s .;.,..\ 
u~ uw I J_.l(;.. ub.14 ~ .::-\ -:-LAA d _r ts.I~ I 

• .....:., L.; 

t)\..jL..4y,1 .si_..,;t5'J\ ~L:. t)l.j\..., s .;:...,\.;,.; 
ul...J u T ~LAA .s4,.:.JSI, . ~ ~ ., Y. .}'.. • ..; y5" ~ 1.;.. 

'.,;;;_,f c5' C>J~ _,;d <f'Y J.l!_,,i <)\_;,..~ YI.,,.~.::.;.-; 

J-..1 ia;. Jl.<5 Jo . o ,..., ~ J~ 4,; T c1; c1; uY, ?w, 
.SJ,1~ !.;:..;;.\, Oy,J .SJ~~ .s4,.:.JS\, Jl,~ .S~J_r. 

j\ .so4.J o-Jo' ciJ<.5' JO..~ ts.I~ o\,-j\ .soL) J\..,.;,, .S 

J. t.;.;. _,;'\;- :..,,-'\Jo L.I .~<.5' kJ L._,f ..:>J~~ u T .s3_; I 

ko-J>~..,_,L;,,;;li,1"°~.JIJ., .0T ~,~lfJI 

u T .,-i_..,; ~ c1; c1; I"' , •-":, ~ o? I"' , J L.. u ~ 

, <fi_; T .s~ ..-. •.Y.Y. • ...;.,,_.,J JLS .;i .s.,.;J lo .::J 1.,,.., 

4 '-"~ J.i..oTJl5" ~i, .::.ll;..> i.,,;T fa Jo S "'·"'"""'..-. 

• .,;,_,)\"';\ .s~ l"':,4, ~ .Y.lb; 4;,JY.! Jl_.\ 



J.t.s:'.; :JJ> J. J> 6 .::.!.I>·~~ _).[;. ul:,..l.I 4 <'!. 4 
<SIJI> <S[-._;;T lr<S.1~1 .,;ii..~->: <Sl..J_r.lt;~.,;lif.'!J.JJ 

rfil....iT.S-<S4l...,;t.... t I_,; l.;I .~.:iT.~> .,w1..;_,; uW>L... 

J> 6.;;, ~ <.¢. L.; T .,; I .,;..) ~ ·w_. .,; ""-, _$" J.i.>- J .,; ~ 

~ l"'"'-1.!.J .,.;:;;_$" ..:.>J_,... .;,L..; I.:...> J.krJ u~l...,,,.:i~f.' 

. ..M.!i4 o,) Y. 

ul,...il ..p.S' J. t; J _,J,~ <S4 L..,;t.... t I_,; I <Y.. I .::.,.,)) I 

cY....kl~lif>- <)JJ> ul....il.... ..GT.ii ifi;; J~ IJ....i . .,;.:;;J 

..rt;. • .,...J_,J,~L.;T J.kr • .,;.,.T>r.J~_,..,t... :.,;.,; ..:..br._,. 

ul.$-l..<SIJI> <S[-._;; T ~I_,;'-'"° .kdl.. •6'-1J. ~ ->Y. w4. 
<S.L.i,!;->:.L.I .~1~_,..,t... <S4 .... ,,;lS°Jl..il IJj.°K:.J~ 

<S..iJ__,.I:.;;.,; ~ ~ >l.}IJ> ~_;;T ~J~·~ 6 

..; _,; 1"'4 ,_,..,.,J .:ii;,..~ <S. l,,.,,t.°"""L. .i;W.,;I ,.w,,'-'"° r~ I 
- ,.;...; j .;;._,;, J ~ u t.. l,,) ..i :>t:--1 .,;; i..... ~_;) 4 ..i >I:--I . .,; J b 

~..ii ;;...1,_;...;4 .s' c..-1~ -'->: u ,;.~ <St..~_,5' 31:,.:.-1 

<Y..I~ '5"JJ.4 .s' ~ JIJ.,.,,_1 ul_,;'-'"° . >Jb ..;_,; '.>\.o~;.;.t' 

J.tDJ.J• IJ l-.__;;T c)l..I :"""'·..::-;I_,; l""'lp.J_,.I ~ 

' , ,:.<..<" J.t.s:'.; <S~ j..-1__,.~ .l. ~ __,.. .s' ~ _,.,, ' if.'!J.JJ 
. I..; . ,_;,,.; 

• ~ u•-

$ ~ 4.:c _i ~~o::-,..;IJ <Y..I~ ~I_,;-<-<" .bd uy)I 

- l-..;;T,s'- • .;;.,;r~I <S.l~I _, J-1 <Sl..J,r.llr~.JL..!, 

J.\:.::r_,;,) ~ tt~ __,.J, 6 <.¢.([-._;; T) L.-,,;t. =~4 ...., IA.J> 

J u~I":: L,Jr. ,Y.~t; '.>\..~• .;;1,,_,).:il.:J.,..(; ,.,;) :,1.. 

<>~IJ ..ilJ> <St...l...J,. .:.,!;; 6 c-l-.__;;T <Y..I <S~ J.kr 

~ 6 """'I ~b . .;:.;.L...J...i;ut.l IJ <!'.;...t.,.J~~L:. 

IJ <.!J.;SV J ..):It~~~ '-!.L, :k.,_. .S <S.~IJ 



rl-cl <ft,.;.;; J.\5:.; '-''\~\ .t:,...; ~_,...;,, ..w.,...,. J.,(.o.; 

.;Y._r. <S4PS"I, .,w10_,; A.:.zl u.I J,b ...... \,-'"''~ • .,;;, 

t.Y.:... .;l,....; _,,,Lb r~1.;. r.:i>' •ft" l,,;\ S "'""'' c..,,.;1, u.I 

"'!.~ ~ u.1 S "'""'' ._,:,,.; . ..w.,...,. J,G \.; • ..>J;, 0i_ 

>.;U... <!!. ;,\ • I ;, ~~L ·• A.... l;.;;.:..... · J;W ·I -- - ~ .,.>!. • .J'Y' - . <.>' _.; .) 
J_,1 rl.r,;,, ~,;l_,>.e. '-"\~\ .t:,...; <SL • ....,;lf'.;\,;, cr.e. JL 

'0L..l$'r~1.;..;, ~, .;;t. l,,-.e.L, ·'";, :ot. J.15:.; ul.;,, 

• ....LL..0,I :~_,.,.z....;l,....; ..;><: -~~\ <S;,,_,..\ Ji.o u\.;_,;L,­

. .;...\ .,(,t, •. .;J;, 0i_..>""1..>"" ,;o Sc.~\ 0T_,:,,l.,:,1 .::......; 

. J,G ~ , .,,\...,..;,; _,,L...:.; IS"'""'' .J.,.-_,.. u.?T ,;o i,;; 

ul.;_,;l,,-.;o ¥>' .,,,,.., '0t,,l$'.;o u.5 ~"' <S> J j(l\ 

. ,,.:....,. ~ 

<.>'Ll<Sl,,..\.;u._? <Sl,,;I.;....,., <S;,IY".s<:.j.e<>r'J> u.1 

<v~.;» J.-1 <Sl,,,...;..1.;1,;,\,; ...,.1~ I ~I.;. J_okr ~,; 

~4 ..... \,;\>~, rS"ti,;\ j\ <S.Jl,....; '41 . ..>Job J,(.:.; 

~l: ~I ;,I <S.;l,....; • .,.;.;,4 ...... \~": t..;T J.\5:.; 0l,_,,...;, 

;,\ ..;.;.£ .e.u .;_,1'--! .~ J 44,.J ~ _,,L;.;;I Jl.e.'Lol.r 

i,;; ~I t.\ . '"\ • ..>J t. J; ,C.... ~~ ~ , .,.;.;,4 .:;,; 0~ 
<vl.~.;;.;..;,,J..I <Sl.,...;..1.;1;,\ .S.,,;.;..,, ..f );,'-'°.) <Si,,...;..1.;1 

, \.,.;· I"; I,,"'• u _,.:S"I , u. I.e. ~ . '" ! • .,,,,...; l.~, .:; )'"[.:.:. 

cl. LS::. t.\ . I"' L,; \,; <S)lru: ,_,.,.;...; ~ rUI j\ <S>L) 

·'" ,.:....,. _,..,,.;... c.--; <SL,,...,; lf' ,;\;,\ <S>J"=''t:,...; .,_,f ~ t.,,; i 

<Sl_.,..;J.,.. ~.; ' >.Jiy> .D .Jj; c.,_}S"\ .)> ' r" ~_\ <f 
JD I ~.; ,;o .S.,,;.;..,, .s. L,,; W. 't;,. L,,.:.;S" I, .W... J i...; I 
l.,,..\.;S "'""'' &,,,_r.:¥1 J.f.:.r;,i ~L,,;;, ~lo'-'" cl,.:5'>'1, 

[,, ,_,.,.;...; 0! I W. S "'""''u. 1.r. J,l ;w_. _,.-lu. \.'" rc..s"':'"'"':-



. .,; I •..l:<JJ .s""'" \J !l _,.:.:.... t;; .s JJ J .,; I~ b ~ _,.:.:.... b 
JlGI~ IJ ~IJ ....,... .b- ""~ Jb _,..; ( \ • ) JG 

t..J.r' 4JJ_r.:.,,..1 .;1 s ""'».s- 01..:.; .s.;1_,.,<-< _,...;,; ~ 

JGJ> tS, _,.;cs"J,G.; 0 ~IJ ~J .b.. _,; .,L.er.. I ., _,.;cs" 

· .;;, .,\, (.P JG I _,...;,;~ ~IJ (V) 

.s~ tJl .;,b..e. tS .,,.,cs" 01..:.; JI,_,..; <Y.I <f'J..e. 

·CW'IJ(Jljl..ef c.JY~ '"'"'I~',_,$' cs" VJy- tS 

.,,..1 .,..;; L. ..;Y ~l., _,-.., , ct;SY .,,..i., ~_,).,,...SI .s> 

~I,~ y~I I~~"'~ ~I I ~I ~I,~,) 

j J,.,JY, .sl,,K\I J ~ ":'~ c$L..,,..1,A;,J4_,,;Y. 

~_,; •..efJ .sjl3'0;JJ.,_,., .c;:..1 ,J~_,) J.;;. cS> J JiY. 
.......,4 tS .:-.I <Y.IJ>\,,_,.-;.; t_y:;.. •J.$" 01.I J J.!.J • .,;_,.:, 

.sl.-,,;li:. <!lS' ~~J ,_,.,...Jl,..i ,~, .s~IJ u.;;, 

. ~ 4<.S" ~ ' .,; J \, Jl,..i """[,;. .A;~ tS c$J ;.J l;lS' 

<S-W cSL...,1"',J ~J 0l ... ~ _,; tY'~ .i.;; 4w rl.r 
. ,, _,s" cs" _,.,,.;.. 

jl 4 ~.; J ..!l,;S'Y~.; • .)SJ\_,,,.;.;.; , ..:;.II 

~ti.~"'!.~ • .,;.;;, _,); ~ SIJ ,A;, cSjl-"'<-< <Si,,_,,,;.; 

JY._;..,si,,.,.,,Y. W. . ,_,) J1; \~cs"\.._; I cSi,,.,.,,.r.rWI 

J.,;Jb ~ >b.rl J !...;;..\.., ~ l<.o ~ _,; cS~iJ 4 

.des" 1"'1,; L.;T .sl_.-. IJ ..J.Y._,....;1...;;..L..,1_,., .sJ.;I 

, >Jb cS~ c.,.i _,. ~ rWI wJ> tS <!1,.JJ_r.: .,,..1 >I!. 

~ c-1 0 T J.l,.. ..-,; .,X.,; 01."'!._,.,,, .S ..;;JJ.,_,., " !lt,; _,. T4 

, .:,.I cSi....,,..101.....4- j\ J.<J ,_,.;~_,;.,;\_,;cs" ..;L..T 

. "'!.L.; ~_,; IJ .;,:,;YI,_;..... 
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4JJ_r.;..,,.l+NHr +DPN.H,--'>.,J:J'l'i+DPN+H, 0 

.,:,LJ.;.d ..... _,,:'\; .;,.). ~~ _,.(,_, _,.;... <St....,,.1 

• ~ T ..... "'"'> ~ 0::1 l:oi u \I_,.,,... UJ y<'~ 0 <.I- t..J _,(l. 

<Sli>.:<!.J u T _,~ lJ;; J CoA Cl.s' ~ JuJ.,;. C:;-""~JJ .i.U I_,:;._,. 

<S>J.;.... ci,11::,.-J_,:..l,. (Aromatic) <S .,.a,..<St..J _,(l.J)IJ>)~ 

. uJ)~ IJ 

~L:.. ~ i-.i 4J> ~IJ cJL.:i ,.PL~_,,. 

<.1-1~,1,...::..;..;J >JJ._.. J"-"~ _,:S'uTJ> <S;_,;1 , .;;.~ ~ 

~ .,; \.;;J J~ '-! ~ d _,r <Slf.I ul.;;..\... <SI.>! o 
:ii J _,r.i..TN 4;_,J~ .1;W:il • _,>T ~J, J • >rcs· 

. ,,~ ..... .;; (.}..;.. J.k; .LS"_,!;; 

~ >J_,.. ~ o <SI~ I"'~ J~ 4l!l:.. <S~\J t.I 
<S>~J kl • J> 0.....:.;...; t.. la> I ·-.:.JI '..\.!. .J\, 

J , • .r' • <..¢. ..r.-' '&" . L 

J.k; :ii t. c.s"'JJ. >J_,.. ulJJ> _,;,.,JJ<¥> J .dt,,,.-1 _,.<-;I 

..;.:. _,..l....<S~LS"JI J> ·=~ •>Y..J!.~ uk.1.J:>:i <SJJJ. 

tr._,) .... !"I~ !"ii_,:;._,. IJ,I,_., tlb.:....1 ..,.,l;...1:,1 <Sfa_> 

J(,...o uJJI> •¥ff. kornberg .5 A.,,,) . ., J H. Krebs 

U-1 Jb.,.. ( \ \) JU. . .:-\ <Sl.J.,,...J viz 4 .,:,\,;...; :i.,z.. 
. .:-I • .;;. ...; ~ u \; T w l.:5':, I o .:-I .J b.:.... I 

~ >J_,.. ~ o <S~ Jl(.:,\ J>t> ..-.J(... U-IJ> 
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j\ .£ .>j. ..,\.;L;.,\_,j ..,u, J ...:;~ JI.. '.)l.ls° .,.;,_, ~ .s 
0t..l;f fa_,.:; .K;~,..,_ ~ . .,; , Y. • ..:. ct,l, \.:.. <.<t..-.,; \;:. 

0.>y>LJ;~ ~~<.5" _,.\ .:r.\ 0 ,_;l..,,<.S" .;,.l;:.. \_,\.. ,_;,:) 

0Wlbr'-'-r.' .:.~\~~ .,W\J~ -'Ji;..~, . .,.;,~.,Y. 

• ~\ oo!.; (S"'JJ. Jl.\s'AcJ ~': .JY.,. • .>~ 

.s r"y,'-"' j,.. _r....s\...-!. L;.': tY:. Y' 0>,)° ~J.> ..s\Y. 

...,,,, • .JL,-1 . ~I <fi._,;; _,~ ~ J _,..,.. J.,1 ..:.,.\I 

~_,\$°.S r.f . ._,,L>..:;\ \_,~~.>.fr~~ Jl:. 01~..,_ 
, _,r r .:r. I _,Is° • \ _, ..),.;. _,r I 4 _, _,r Y' ;fu "-"> '-"' f L,.; I I, 



, .. 
~ '-0i . J~ :!! ~ , 0 T d.,; lS"'L..1 • .?.-'-! .i.,;;., 

J.I.;; [.,; T .ll ~ OoJb .fa-.. ._J:.,S' .sL.-.,;Ko o.l& cl_'; 

<-<>Y.'-! ..,.~ ¥J rl.S _,___., .s ~ J..I> .s4<ol(;.., 

4Jl.. _ _r.- .;,!_,;, ,)l_p-1 J,;).;.. J;._p.;-J ._,.; ..wl. ~ .;;), 

• <.<Jt:iJJ, 00_,.) cl<> • 1'#· v>.l .;;T .slJ. ,~_; Jl:lJ 

. • __,,.; J """_,,.. ~ ' ..:SF JL;;,; I 

4_,..""4 .i.,;;.,, dJl>vlJJJr.) J_,;_,..GT .slJ. 

.,,_4 ..(;._I .;...... ,_;.,-.S:4 , 6 JI> _;,....J>'-! ~ 01.1 ;,I 

u_r.- . =4 4"!.b J:... r._. r-"4 J t. J J l..l J;b.JJI 

,_,.., [>. ..:.,..> Y' J~ J> 0 >'-.:. 0 , y .,_; """Y' ""4 ~ 
~4 •~ j;.1,..;,,.. "6) JO o.,4 J,;).;.. j' ~4 4"!.b 

• o,.r:?J 

l.l...L..4 J.I.;; J.,;; 0L..l$ ;.w.. _,.;; .\(;.., r"J _,.!. Lr.-" 

<S~c<ol.i..; ~.Di , ~ c1.W .sl....J(;,w.1 lol... 

.st,,.;...,.. _;I J..I> .sl...-._,.,,.. ~ , '-'°l,,.,.:.~ .sl,,!.Sb 
JI> .l I ":'_,lb ~ ,_.; L..; 4;; . .::.... I <S-W _,.;; J <SJ .r.J l;\> 

J~ J:... r._. _)'.'., ..>.(, 4 ° , YLS"° J-lo- J Y. _;.. <-<~ 
J _,h;..01.1 . = 4 4"!. b _,..:... ~ t;:;. __,,; \; _)'.'.,"'""" J. J ..,, ;> 
J L._; J;W _;I o ..,.l> .sl,,!.Sb .U.... 4 ti,-:J'-! i.;;., 

, l.,;T <S-t..:.; ~J k...J; ~.Di, .;;I.~ ~r._. 

c:r.·L _;..v...._,.;; ,((::,.,, J> .sl•_kj .sl.,;L.:>L.. >J-"cJ ~ 

. .>r~ 
4 _,, u;_,.;~ :~.> ~.)~ r.!.l~ 01~~ ~T_;! o.>~I~ 

&_.., _;~, ~<-<" J-i.,,. 0T ~ J> 00~10~,1.;T 

00'; 4 J> . ,_,.)I"". ,_,..,l> u"->-. <S-1.;.; 0L..;L.. U::":" 

.)...-1 Jl""l...l; uV yo=o u""' ,di-" ~~:J"! 4;; .sl.....,JJ\ 

JI IJ l,dlj o .:;...I J'....l; <S-l.,;l.;;.l~ J;-b'-! ;.w.._,;; 



-1 ·-- cL..l:,, • J;l,.J j\ .S < v> · JL.;, ,.,............ - - Y'..J' <.$'"'~ _,.._. ,.. • 

J> .S <SJb..; i...GJ .s~_,;5'4 J> • ~b;,4 01_,;'-"' , .:-I 

_;:.:.... _,;; , l;,T v _r..SI J,(.:.; vJ~ , "'-!;,I-""<$. ~I_,.:. 

.s I • .....:) I .r, _,,,.; ~ \""' )l;_,r .r, _,....l; _,,.. J> L.,.; I ...(; J , .,;,:S '-"' 

..,.. Y' t..:; _;:.:.... _,;.; _,:J ~ JG ' ~, ....; _,.!, j\ . .,; \ • ....:. ~ 

J,(.:.; ~ 4-:l l5° JI <.?"-JoJ j..~ t.. J_r, .S ....:. .r.. ~ 0'6:. I 

. ,Y. .,,,_,_f ftM r}..1-! .JW>-l... <S~~, 

J.....,..~, ~4J!.. 4:....)l;J.,k" , J~ 0L..t,S'" J> 

....;)\> .r. • .::.-Y.,,,_x.,.;l>J'....>.k_,.l;..wJ>..,S w · d '-"' 
J,,.b~IJ _;:.:...._,;.; t..,.r, .S .::.-\.~:.; .;;>" ;,y.s.' JS]\_,,..;.; 

.S d '-"' ~ ..,_,...,\.r. .::.l>'> ,y.. er.I • d .s;,L...;,4 j..\s" 

• .::.-1 • ....:.~\ '-"w 0l..;,L.. u,..,,~ _;::....yiJ> 

01..:.; .J,fl\ .s~,S:::..,.,(,..~ L.1..+-)1; er.I .JU.. 

;,\ 4 _,,,, ~ .sl·~ .sl,,JL.:;;..L.. .s\JI> .S .::.-\ .,b 

.sL>.ul_,.:...1..)0,~ Jl.i.iJ,_,k".st....;b 0T.s,J .SJ'.;Jcs. ..... ;, 

.s _,.;,... I.....; b er. I . ( 1 ~JG) .,; \ • ....:. .di .r, J.G.l \....,,w. 

,l.i.l.J,_,k" ~ ..._,, 4 4 .s .,;\~.r, ~ j\ '-"~, 
r' v\.... j,,;,J~ ..;b J> l.. ':"'i..J er.~ . .:-I • ....:. -?...,; 
rl..,,.14.. ~ .sWJ> .S ~Li_'-"' IJ «.;<•;J<lll...• 0L.:;;..L.. 

~~v~.>L...4 :~.:iv\.)~Y' c..s-")li; u,,.).) ~.).,;.).)~' oJ,j.) 

..k<>-i .s\.,..,_f ~ 0t..;;.L.. er.I l,,.;..)l;J.,k" J> L.I . r-1..;;Li_ 

J L. J~ ~ _;:.:.... _,;.; Jw I r l,.; I <SI~ .s .::.-\ . ....:. 
• .:-I ..;;Li_ 

IJJ,L ,. .. ::t.,j=.,,,. r41_;\ 4_,. . Plastid ~)\; . 1 

Jl..14.J.o r\.e.;1 .s\Y. c(l,t._,:,.;_;;,_,p "°IJ' J_,L •.."-.>•,) 

<S-"""'" <S t....,,_ "A . ""-'.. ,!' ..,. ~,.,... )\! • .,; i..,, 4. ~ <S \ , -"' 

·r - "'"""..,.. .;....~ ,_,.r 1, J,;,_,.r 



.; ,L,. ~ .S .:.-1 ~ ..r._,,.,l ul..:> L ix!=; J> .i.;; 

L.t.,A"-'Jr>...; !_,;'-"' • ..,., T .., _ _;.,,; ~ ._;;:..._,:;;;, u!W 
~ t...~ '""-~ .: ,L.- U>.I • , A "-'J.,.., _;;:.., _,:;; ..G Ls IY. 
j\ 4_,,. .S,,..,) .j..W. _,(,_, cSu,,._,,..r.j\ '-"'[.;' .il; lLL'-! 

cSu,,..,.,_,5\~cSJJ.s,_,;.. •.Y..-'u-!_;; T ~to k_,; L,,;T 
. ,__,.?if G>Jr>' ...;\ • .....:. u\_,...,, J..ls' 

M.Calvin c:r.)ls' . i .S ~lz :o..o ~ j\ ct:,IL. 

cS\ • .....:. .,L .,W\J} Jb_,..; , , ~ c.s" .,t.;;...,\ .:.-1 .;;..,) 

01_,;'-"' IJ L,,; LI 4_,,.. r-",'-"' <J\Ji IJ u,,..,.,..,) c:r.1 Jls°j\ 

rl.,,.; I _;;:.., _,:;; if>-" t., J..r.J> .S, ,_.; ~ J L.o I .i..-J'-! 

: .U,.)~ 

·~J\;J, co,.-.:'; - ~ , J_,(1..0_;:.S\J,U; - \ 

j\ L..o..:;p,.. _ 'f • c:r..? vlJ-¥> 4 eh-l; ro, cSl,>I -I' 

, LJ!"'-!.r.<, JS2.'-! JW ujJJ""" o.J.i- O • L.,jY-J_,;..; 

-<SJ~ TPN ) { TPN-H ~ DPN-H ) • .....:. !.,>\ v.,_i ft y 

ul..:>L..w W. _; l..:>L~ .::-\ cS\.,L.._,,; .,% .Y c:r.<>;4_,;..; 

.,..,) ..., , .::.\.;..; .,_.?,, cS~'-! ul J_,(l.. J'J>L.I DPN 

(ATP) cSj_,;\-Y. cSi.JL.,·\ j,Ur _ r, (>Ji»y-J 0l.;..; 

(. ..,.,.:) Lq-1 .... \I' JG'-! ) 

J1..i,;,.,.is- ~ >''-! .s cSJy ' c:r.,lls' cSjl.,... d J;l.Y. 

"''~ uLI 4 ~.;\ IJ t,.;,_;sJI ~t;'-"' c:r-!r-r._,,.,l .,J 
<cS[,,;.IJy> .;\ JY..:,-. ul..:>L J> .J,..t;~ Le-;,_\,, d '-"' 

c:r.~.::.;!.o)...; ~'-"' \~ ' ...;JI.if'-"'_,.,.::.~ .S ~_,) .::f. 
.S cfi,, ~ .,(. _ _;(l\ c.}MJ~ cSIJb t,p,_;(ll .S J,l> 

J~..;t..,\ ...;;J c-,j\ c.}MJ~ Ji.;;.. uW.'-! ...;_,:.'-"' .dt.,,...;\ 

c:r.-'!..r.; cSl,>1'-! t,p,_;sJ I ( _, ,:.'-"' ,[,,.._! t,.; T cS~ J> .::f. 
cSL..J~ .S Jl.-J> ( (O)•JW.K•·»J>) u.;j\>_,..'-"'.;.,; ft_;; 



. .,, , _$' '-'" 0 T 0.i..:. ~\ ':'""",.., d '-'" .,; ir ..,, T .r. .::.,:.. 
"""> .s\.J...,\_, J'l' _,..,.,.. J-Sl.i c:r-1 . ( ( \) .,L.!. ,[(;..,) 

.st...,...S\ .r.. ~ ( tt,o, ) 0;,,~ ~I...; JG .., ,,_, T Ls"' 

_,.;.;~~ . .,, _,!.'-'" <;.?.<i J _,D.. 0J:-S'I J:.G4 ,s JT 
.,[.:;,.[(;..,,, 0 T.;i ,,,i.,.;..L..\ ~, ,::,'-'" .,b~l..,0J:-S'I 

. ,_,.;(.,-"'.,_,,,~.., 0_-)\, _ _,;...; .s~\ .sL.'-.i.r., .sl.r. (7') 

,, co,.:.,,?; ( (~) .,w .[(;.., ,,) __,G_, ....;_,J, _;\ 

i+-,;K. 0W> ~,..,_,~_,J,0W> ._,')L.\,S,,i,,r., ~,t; 

. "'-"" .... .) .;_, 1, _,.,,.,.. ..r.. L.. J> ,s, _,.; '-'" r L.,u I ( Co A J!..) 

,l(;..,,,,s, _,!.'-'".;J,; u>. t.,._ '.r.. ~ _,._, 4_,..,JS' _,.;....; .,.,_.I 

.st...;.;.;A1 ('f).i(Y'J .st.,.,K:..,,, 1"-'!, .w.,'-'" t, <~J:,w 
4_,..,JS' _,.;....;.,.,_.1 (I") :,w .[(;..,,, ., _,!.'-'" Ji..>.i~ 

,,_,.\ '-"I 1...1 • ,,_$" '-'" ~I ( ..C,:..J l_,...,J.$') .:;..\.A...>_;, Y..J ._, 

<~l:,w.K:..,;,1,s.::..l""-'-'l,;•Jw0;,,~,.., J_,1u,.._,. 

, Yes"._,.,; L..J (TPN-H) ,.;J;, ~\ '"'i ~ _,; LJ<"-;J:!, J(.;..., 

i:;:l,:>1 (ATP) J.-Ji J..... .s3,;\ e.'-"'-1 f.l> U.,_, J>' 

. >,!.'-'" ..:,;L., (i') ;,[.:;, .[(;..,,, ,s,,i, 

<.\,\ (0 :,w ,[(;.., J> .:;..\.A...>) Y..J __,G_, o.,l _,; 

J.il ,s,_,.;'-'" ~ 4; T :,L.. fl_;._, ~ '--'....; '-"' . ~~'-'" 

..S::~\ ~' >,t.<.S""' J:.G :,S $" ~' l#l;,.J .s>.).i_;.G. 

0.;J;, 1....,,, ':'"""_,.. ,S >,!.u- _,,,..:,. .s..,-;·~ • .sL.JL,w..I._, 

4 • 0t..~ J....L.. '-"'t> .st..o.;NL.._,;.. t.... 4µ .sle-L.._;1 

~ ,s .s\d ... ,,_$' <.$" <x~ ri\.,~ ' .;:..;.,,, .Ji.' ~ <J~ 
_;_;J~,_;_,.;.;.,,4_;...; J...._;b_,!.<J".;J,;~\J, .sl•Y..-' ~I 

:Y.__,.s\.J...,\_, J-'""'"" , r..>.;> ~,s ,_,J.0W. .,\.., c:r-1 . .::..I 

J~cfAl .:;..\.A...>_,.;.. _;,,JY,'.J . .;:....,\~.)_,.:.<. • .;_,\.A_; J(,.. 
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4 <>.i..~ u r."'>l<_,4-i .:, I u-1 "-':" ! d <.5' Li,. I fa_,:.; .J> ~ 

L,.;T ,;> J ,,_;,<.5' (~) :,;[..;; .L6,.., J;-b ATP.;,.;.;. J_,-. 

~Jl;.>~ uT·" ~:!jL.,~.>~ co..; lfl....4.. ~;.)j..r...l; 4 ul~~ 

• d<.5' j.. 

"",<.5' .;,!.:.; _;.,... .;,i,,,lf fa_,:.; .L6,.., .;:.,1.:f?. .;:..;.. I.;.;;. 

la; T <>1,,,.,.J_,5" rw ~J ·<>,;_;,lt;L) <>i..-,; 1;:. ..:r..1 ...,., .s 
':;!> ~ ,J:f- ' ,,;\_,~ ~ .J> • ..:.:...,; _,_; ,,,. J ~'! v _,..! 

<>4'?4 .)>~ ill~ <Sl_,3 Lr,;\ .)> \,; .) Y..:,.. <Sl_,3 !;:.. 

. !"'! ~<.5' .d fa_,:.; 

o.;.;.l":o\A.k ~ :..¢.W <>L.--,;i;:...:r..l';-iJ er..~ 

;u..._,:.; ...,;.,.:) Jb\ j.k; .:ii ,;:p u.·.:i <SJJ .)>-*"' .;,i,,,lf 

~.fa. ~ J,S:::.,S <$ \~ J .,.; , Y. ..... :5\r, I.. I ! ~ b , -"" J 

<>L.--,;i;:.,L,.;\ ..:r..I~,;> .o.;,Y.•"'-'".,...5' _,;)<..IS <>"-"'"IJ 

,!.,.;\. <>.!.fa_,.;i .L6,.., ,c,,.~1 .....,,._,,. .s >Y. ,_,,,.Y' ·~L.. 

..rL..1 ~ , L.--,; Lr_,\ <fl!-'..v J.kr u~.r. _,, L.;; .;,; .. Y..:,.. 

.;._,,f...,.;:.,,_,.. .::.-J i_,r<.S'J,S , y, y<Sl..'-J..>', '.,,J_,5" J ~ 

~_,;I.)_,;_,,.~ oi,,,lf _;:.;...._,:.; .L6..,~ :...,~ l""'lr._,5"1 

<>J_,ly(r C:t-'t; .So~ .SI"!-~ ~l_,r<.5', ~ J~, \,; 

<>, y.y 'M ..,.,L;..1 ~ ~ .r. J.,.;; I""~_,; I,;_,; y , .,,,,, <.5' .;,!.:.; 

~ ,;~ J ,;~ u ~ t I_,.:;.\ .:, lcf:: • -" T-" ~ .::.-J \ _,; <.5' 

. ,,.,s-<.5' Jw .D",;:r. ~L; 4 .s I"".)....;_,,. • ..,,;. J Y'~, 

. ,,_;, ..:>L.. <$Jy Y' ~ 4 .s .:;.;,lo.; .;,!;:..\ 

LJ~ J> ~ .,w \J ,,>llo-;.ro t \..:.; _;.:..._,:.; .;,....;.\""\ 

<>>~<>~ ;.rol ..:r..1. ,Y.1.. :,L;.. JT o~ <fl!,..v J.k; 

. ,,.,s-,~1 J,S ,_,,,._,,. ~\JJ .... J> 

,_,,,. _,.J.t.i:;~.;:.,b_,,,. _,,...,.,.. , ,\.:, T o_;.,..51 o...:.l":o\4 



'J t -:;,(; \;:.\ • . \. ll_. "-'- J ... .._,._ .. 1.;,, .sl . . \ ; :>-" !'""'"' c.r- . r=-- _r. .r.' u..-
'-""'l...,l_,0 .:.,f rt:.!'~ .s ..,;lll;:.1 . .;;,_,.; ~ ... .,.,_""" 

.s~~)l>"<s. lJi.,..,.t :>\i. . ,,;. ~ T ~ .sf-.;!>:. J> 

.S,_,)J_,,.; ,;L.,T'-! 0t_,;._,. lJ.sJ~I .s4,.JI_,,,'-! .sJ~I 

~..._,; ""'- , t..i T ~t:.. J> Jl..rl ~ 4 ~ 4 w 
.s.,....S\ 0~,...,,.SY..?>4! .s.Jl,_..'-'1 0,..,,...,,.SY._,), 

. 1..::-il o~ T ~T C4,-'-'~ 

._,..t.:...: ..... ~)J> ( Obligate biosis ) .sA,,.1 .:-..,; . I 

~j ~l_r. .;:::. ...:.,.,.,i ..}' ~j~ o~.) ul:::.F'".Y' .;~I c.S~~ 

,.,. '-"-~?4 . >.)'-! . ..,-:... J .;;_; ..i). 4 :..1,1 J ...,.\, 

. .,_,_,, J.;;; ..:... I , t.;T 0 ;...>I .s !JI, IS' Jo.....J> .b.iiw J..,.,,... 

.>!.IJ '-"Pd" •¥U (Obligate aerobes) .sA,,.I .s~;I_,.. 

( Obligate aerobiosis ) .SJl,,,.I .:-..,;1 _,.. I J t.; T J w ;;_,J. 
J..,,...J, .,,.,;\_,,-._,,. .t.;;,> JJ <F-~fi~ ~,....;_,J. ;I. "-'-"u'-"' 
Obligate ) .SJl,,,.I .s~;l.,-.s. . w_r._,..4!,l;T 0_;,,..SI ,,;a 

.SJl,,,.I ~_;1_,..._,, J .;.;; ;_,J. .;e..IJ , ~.:.._,;._,..(Anaerobes 

.s~,.s~?4 · ,_,..._,. • ..yb( Obligate anaerobiosis) 

. .;;JI, Afi '!IL :.:...,,,,.;,,., \;.,,.. '.s~..;,J, .;,;IJ,,.,. =--",.,. 
J> ~ • wJb (Facultative biosis) t>J\.,:>I ~_; ~T 

;I ·"'-"'> ... 1,1 ,,,;- .:..\,.>'-! .,,.,; !_,;._,.. J Jl IJ_,; J...... ey ,,_,.. 

IJ ,t;T 0;.->I ..UlOJ...... '}_. c .s..l,;T ~?4 .;,;I 01,.. 

..,.> Jl.U.. .sl), .i.,....J, J, "-"'>if~_;,~ J ...;; .sl_,., 

.sA,.~-1 <.>;!, • ._,, , .;.:.s J ...;; .,,.,; 1_,;._,. ,..,1;T 0;,,..s1 
l5 l6'-:.Jl y.:?•.s,J-'. li...;:::,.W y~o~li( Facultativc> anaerobes ) 

..,.>Ji .,;:.. .s I J 1,.i,,,... IS'=--" .s J \,,.:> I .s ~_;I ,-<.:...,, .s A::> I 
J......J,4' ~__,.. :'-""',._,,. t:::o"'_;,,;-J w..i.sl_,,IJ ,1;T0;.->I 

J ...;_; ..iJ. . ..w., -.1,1 >rJ ...;_;., .,,.,; 1_,;.,..~-.,; 0;..s1 ...;1; 

,}' w..i eYJ (F.Anaerobiosis) .sA,::o>I .:-~)I_,....,. JJI <.:...,, 
-r - ,~_,. • .,,,_.u (F.Aerobiosis) .SJ~I .:.....,_;\_,.. u> .,_, 



~ov 

Escherichia J _,)~_,.:,I 0~ <SJ~ l<S~;.l_,..,s. 
4 Streptococcus facalis u-JI>:; U':/; _,) i'\_,.<...I J Coli 

\; \, '"';; .w \_;cs" i,;;.; "'""';.\_,..,s. J.,_I_,.:,,, ,ts" c:r.1 rl,,.l I 

1, 0T .wl_;cs" ~ ~, d "!._;;,.; ci.,:S\' ~I'-'> 

<SJ_,;\ .t;W .JI .S ~w <h¥ ~I .,.,_,\'! .,_;; .,.,..51 

,, ci,.:..I~\ ~ . .::.~I ~,i_,. <Sl..b-)1.. J.?li 01_;,..~ 
<SI • .>.!. ~I J_,..-~ ~ "1.4 •t..;.,.. ,1;.T 0,;,,SI 0,~ 

<S4-;; lf, l<SI _r. Jo,. I_,:;, (J.;)q; ,,.s, _,.;. l_,...,ci,1.,r IJ(l 1.w 1.. 

' ~, J_,J. j\ . .::-I "I.I;. J .,L;;..,I J.?l.i_,.,< <Sl.,L. JY.j-

4 J.;;.; ~~cs' <S_,.:..L.. <S~.J\_,..,s. •'l ~I <S~_,;5'~ 

~I~ I"' I.) ,•!_l_;ljs:JI ~ , <d cs' .h¥ ci,.:..1~14! 1, 

<SJ,;I ~t... .)> 1, 0T 0t...,c:r.~ J '"'°"\.;cs" <h¥ ~I 
]....,_; ~ .S ~ "1.D J_,-. c:r.l ,s.i,;1 .JI •>..$J>b 

• .;;..:) cs' <S.J b J. • fi. • "' 1..'5' .,I.;;,.\ J.? l,; _,.,. )I.. ts" I.,,;_; J _..;., 

)I ,s,~ , • ..v.T "1."'\.Y,._.1. c:r..~ .s .).\;:;" .i.;. c:r.1 

,s~'ll<:)lb-1~ "'L._,.,.,;u .S I,~ ,sJ~I ,s4,;.I_,,. 

. ~1.,.),T ,~J'! ,,;,.,cs"rl,,.ll I, 

<S~ J .r~ ~ t... .'l, Y. J L;;;; I~ 01. \,, V" !¥4! 

. u..T "-!.'""\.,;,; i.,,;_;_;l_,.,.,.;; 0~.,. ,s\ • .,;;. ub_,'?"",.. :Y.., 

.S,Y. .do.,SI, • .,.;.£~I J.,_lp~ j..l; i,;.,, ~,, 

,~ .:;,~k.\ .:;;,..:. _,.t.i .~~I ul~ _; 0~1~1 ,sl_r. 

, ~ J 4! 
0

l ,s:1. 0 _:.,.SI ;. I .,t;,;...1 u Jlw t.L.,I J t:"'' 

. '""'T 
0,;,,SI~ )liTrl(;.,,, ~ .I..~,.),..:,,,,, 

.i,;; ,, ..:ll;.,s. ~4.JY._;. :d ~I <S~IJ, ,1;.T 

J.? Li , I_,.. I J!.;. • o..<:. ~ ill 4. .. b \ ~ ti,;; _,., J .:;;,..:. :.I.;; "' 



LJ!.I t.I . .::.;.!, ,~J er.•.> .sJ.> .sL,. ... ~ .>> u"-" ......SI 

.;:,;; ..,s' <s"u.> J-<> fa-T <~ J .,; , Y. .._,1;. "'-!..><S led IJ 

__,.:.:.:.. u.>i..?JG'-! .,,,_,..,s' CJ' ,1.>T ~JLJ<"'! .0 .sl.s;_; I J 

. .,,,,,..,s' l.S" 

, ..:..t> .::-,,.>~ JT ul,.s' Jr-*' ,,_,s .k,,l_r. .), 

, I_,. u _,,... l......SI .sled I J LJ!. I .,.;;....; I_,; CJ' ....S d !,-"",. 

I ;.s, _;.,l t;~ .s lg....,; Is:. J.>4, l.; J> b , _,> J..ls:i "-".>.)>I.> J T .;-]. 

.)) <S ._;;..... .,_i... .sl J. !.,,; T .sJ _;I~ J.Jl..o IL>!. I <'.:'_,..;.sl.,e. 

..s'.>_:r. .sj(;:.1.)1 ~ _,.J,l.>4! •.l.>l,.;> ·~ ,.,;.)~ >Y,. Li"! 

..U.J.Z~_,;; ~ 1..:-'~1 ~-'~ LY.,1,.r.~J .l,j,)Y. .;l.>J.P.j~ 

• u..::;L_ C:""'J .s.>L:.;; I u-r-J 

.st...-,; 15" .> lrW I. ~.I.,,!_,!..>> , >J.>LS".>liw l...G ~ 

:....:.~! ,1_,. .S d <s" ~.>~LA; u~.>> .s.>J_,..I ..;_,;_,;! 

u .;.-5'14J .;; ..,s' .>I _,i.>J.>.> _,; ..;. _,,,.,, ...... T eb-4! ~.>Lil..<! 
- .,;, ,:;. CJ' .,,_ 1,. _,.;......;I J _,D. 

.)~,,,. J,_,t;.), L,,;_,r_,;1~ ..;,:S .fa LJ!.1-e.~ 
:....:. ~I .;:.,y J uY-""l......SI .sl..<-J..r. W. )(..o • .::-1 ~ 

0" T <>i • .>I.,; I t; , J ul.4.J u)J.>¥> ;,;.J ,,; J' J u.iJ_,.<,; 

-•.>':. .;:.,1,-""_,.dl:"'" .s~W'-! .w.,,'--'° t.>~J,.I.'-! .S 

,,.)!, '-'(.:;...._ <..?"u.<.h 

.>I~ Je_,_; J L,,;_,r_,;I~ .s~J..,s' ~ tP 
~J'-! J .,;kl~! ~L:.. .tW .>I ..S '-""L,,;JJ_;:..4! t,,;T 

I.> uw I , ;.;.,;.~LS" I.,,._,.; 15" Ji .>I ~"! , ~I.> Jk!.I 

~ ...... [,; .,,,_ "> .>4 4 kd .) J ,,r I~ .S >.>L..<s" ...,t;;. 

•J..?' .S ....:.4 ..;t..>4! .bY.r ~~ uT _,;IJ J .;5 .>~T 
. .::-1...;.:.\, >y-J-µ JT,I_,. Jk!.I .>I J.>:r. ty:;.. 



,., 
,~i;;J\ IJ j.b 01.l.S ~ ,J,. :J,,:;,_, b,_\_;. 

f..L;..:, .s\J\, u!l.i< ,_,lT,IY' ,_,.;S.,;1 >Y. uJ~ JJI :.J;.JJ> 

..J::-'>..i e6 b,. I_;. .S '-"'K:..L. I . .s; _; I J T ._r.:i ~ ll. e5' J ~ 

•t;,....; WJ ciJ 0[,....il ""'"r"! ._,,>:, 01. I , ..:;, .d ~I 

·~..r. . .,,_,_:-Lr.-\; y..il..J::-'>..il.:..Y.~~..il .s.i.:S"! 

J, JT ,1_,. :.u1_.. y_,;_,;1_,.;; c:-_,.., .;.:;,J, 0'-"'1~ Jl..r. 

.,.;; W IL. •• '-'" ~ ~ 
• '-"' . _,,..... ~ .,_r ~· n. 

~ .S Jb~,. .s~ j.b J> .. ) .i.;; '":",,__,. _,.1 01.I 

J.b :..w.0L,.?., ....;,Y. • .,.;; JIS'.;L. JT,1_, • .s..i1.., ..wL... 

,1,. 01.I ,L,. ,_,.;S ::,,, . ,,_,S" ..il! ,_,;.I"..;_,....."! .s~ 

.slJbJ_;,rl u\,~,..;I ~,) '-"''_? L.,:;, ciJ 0L,.~"!JJ 

t...u I . ....;l.. ~L, cl) 1 JlS°,L, <!I.vi.: • ._, ···~ ...:;, uJ..i - ~. - yn. - - ~ . ..>'-' -" -

J.,(.!J \_, if."_J.Jj j.b J.-.1 .;L;..,,J ..ii ,_r.) .sl.>l.;:, .hii 

- ~ vW.L,S" j.L;:, 0.,.SI , J.-.1 .sl_,,,.,, 01.I . J..J>b 

.S,_,.!<'-"'0\J_,;L,,. •Y..J"! , .!(;.r.! .::..b_,,,.,.,_ y_,;,r\_,;; 

~ U;..JiJ_;;.;,. ~j.;j :,.;y .;:;, \.; :>~ ~.J.i J J.; .)\~\ 
'-""' ~,,; j. b ~ , ,.;;.<.-_,.;; 0.i..o T .,,_ ~ ..i I LJ"\ L. I . ....; 1., _,.; 

0[.yl,>.sL.~,..r.,J> IJ .,L. T ...;;.1.., JT ,1,. .s Jb_..,,._.. 

..uTLS.,.;; .s "',cl.....; •«.cl "L,., ....;, • J\5".., • . .r-!. - - n. 0-'--' - ..r ..r. '-' . 
·>Y. .:..,I.;.;. )(.\;", ~\, .;,\> 01.1..il <.k. 

,_,,,.,s,Y. _,.<...;I 0,r..SI, £W01.l..il, ~ J.L. 

01(.\ JLI_,. .sJ_,;1 ~ ~J..r., .,,_.,.:.;, .u'i_,;... r-1W"! 0T 

.s ..i I _,..<.s! .st.-,;!(. .;,\.... ~ ~..r. 41;J I .u '} _,;... r-1W 01. I ., b 



J,(.:J IJ..sjU T ..sl,,i_,r _,_;,, ..s.J _;I ~ ~ crL..1 .5', Y. ._,;;.,.. 

. ..ij,)1,) 

j.~ u~fi" J> _, o.;v.;l. J;_,.;,... .5' u!~LfJl 1..1 

""'!_,;;-~ ':-'L;.z 1.i,...,_,., "'-'l.A•"""·""'" kJ_,;:J, , if'?_Jos 

..s~ _, µ ..,..,_,; T ..sl..,.) _,; ..S-.v,Y. '"',t,,;T • ..,;.;;;; 
ul,).Y.-~ ,).ju:;.~~ S ... ,;.)Y. o.)J,,T.)J-?"-'~ IJ LS"-~1., 

.~l.IJ jl .,;,..L>uJ,r. JT,l,.jl .,l.;:;....I 4 o.;;1~ JY,:,-0 

)I ~;_;I -" 0 l.JL.rl • u_:~I a,,.._,., t,,; T J.\s' v>..,f 
. u.;.),T..:...w,)~ ,.;,::,:5' 

: c..:\b vJ.>-.? °""'"" t'-::-.>> .._;,.1.;_, c:nl ..slfi"I ..sl_e. 

"'-'l..:.l_,.,u? ~I_,;: J> 6 03.>J-¥' ~ ..sl..>? ~ , V_,I 

jl) •"'1.~ if:..> r5'vl+,S" J vJ~ l_e.) ,.,,,_?cs' (:'L;, 

..s.;Lf u.i.>J<Y' ~-, ~ 1-! (._,; _, t,,KJl_, l•<>::-1 J,,; 

JW ..sl"'? '-"'[(.;.,, °l,;l.J , ""''-" r}> • ..,;) ,_,,,._,.a,,.._,-, 
J-,G-':-'T-' ,,_?~I 0J.,J..yo 0T~~-''i .5' 0_r.Sl 0,_,f 

J> Le; T . ..,; 1._,..,.,.; J~ J_,1 ~ ..,.L> ..s~ls:. · ,,::. 

..s~\s:.. v..:.:.:.b ,,,,,.._,r" ..sJI_,.,..,. vb_,,,-_,..J, ~ j..,I 

fa.> uy.)1 0 .,_,; J CoA • ATP. DPN .;1 ...:OJ[,. JY,jo 

.:: .... ,_:,1_,., ~1_,;0J> .k;; l,.; T_,,:1;. t'!'"l;:;,'-' .... ,_.;..., lJ l,,;T 

J> 6 >,::.'-" ..i.)_,; °"""'" J_...,.. ..s,l.;,; .k,,lp LJ<lJ>J "'""1 

,_,;... o.;Ji..v ,_,,,., d;SV ~ ...KJl~ ..s~l_, _r.-.,-.;j 

r"' 4'jl-"' J> ~tr._,) viJ"':" 01.,~ ! ~l.w.I -""'u tr..1 

..st.,..Sj_, .J....L.. vb_._,,._,. c:r-IJ> 1..1 . c-l • ...;!.. ~ uJ"? 

..st.,..Sb . oj 1 • ...:..}..:.. JY, jo _,,,,Jj'i '-'"'L>.blA; J> """"'" 

tr.."'-!"°'~ IJ uJJJ..yo l..K::- _, t...W,., <Y-1 .;1 '-'"'l..> 

(6!,J)\i C>~ )Ii.) f-._, '-!I..:... .st.. • ...;""""~ u.,;ft _,; 



• _,_,,,,._,. JI..;;; I 

<S~)l-"'u! J> ..;;.>- ~.;(," L.l.(,... ,;xi Jl...r\ J,,l.;; 

~,. ,;x_..:..+- • .,; \,.,,,;, ~ ·i.;,;, I"' .s, I.,;, I )l.l:l <.<;l,;> 1 

J.Y...,oe.Sl;,..l;J .;:......\ J'.>(....\_,.<.<l.Jo;; .$",;\, C!..JJ.r.:, .,,..11_, 

~~ .::>!.<!'?"" 0 T.;1 <S.>\J~cs.~ 0_,fli,s' Jbl" 

~I>:; U' ~~_,:;_;..I >J,. J> ~ S ; _,1.uW. . .,; _,.;._,. 

u,,,., y.,.S Y. .,,5, U,.. J" .::-I.;::... 4JJ .r.: ...,....1 , r<, l,ul.:.J 

_,,..;.;_,i,,.,_.. <S~_;S'~_,, ., _,;:. ~"i ~1..,...1" <So.,..51 

-~cl~-'-'~. ~1,, ~:lcf> l.SJJ wT LI'~ 4 ... _,J!., c)~~ 

Oxaloacetic acid ~l_,Jl.SI ..,._.I J ,_,;:.._,. ~ __; COr 

J>.r-" .,;_,b ~ .:;._,,u S Jl. c>4.....,; IS" _,1 _,, . ,.;L._,. 

~_,.... J!._,b~ S" 4JJ.r.:, .,,,_.1 '-"-'-' -'Y._;.. '1t,..;..,I t.J..r, 

. ..:....,; -' ~ u 4. l.; ,;x I , L. I . , _,$ ._,. .:;, _, ,_, , , _,;:. ._,. <>) _,; 

..... r:. ....... _,~ '""411...r1 '""'-'b '""L.>..it,..;..,1.;•, '-"»,_,, u..i... 

. ..:.-\ • .,,,;, '"=-'t; µ Y. _,)...., JJ> J(.,.. L. if._,) J(.,.. rL; ~ 

. .::-I ,.,,,;, ..:1_,1 1 t J(:;_,, ;Y._;.. J(.,.. _,i,~ 

......,1~ :,S _,!5' <S.Jl_,.,cs. ~G..:..I uL..r.- ,_,b~ ,;xi;> 

u,_,5" .,1.., '-"I~ .:.-I.,,....,; tr JI :..... ~ !!__;.:... S 4,,..r.: 
.c......\ ~J.!i J.i:.. t_)..dyi 

J:..<;" \_, ·~ J(.,.. ,;x I J 1...r I <Sl.>..;b. :_., L. 

.,;; I.. '-"-'~ <S4.....,; I;:. J(.,.. en I J> . ,_,)~I_,;.; <.S"-' ~ 

.:;,Is:; l..JJ.....:.:) c.s" J.• >? ¥J" , .o.:,,_,)", ~ S CoA 

: !'!_,;:. -'JT,L_ "'!.~ 1_,J..; 

4JJ ..r.: ..,._.1 ,;.r. __,5" rs I .., ~ J(.,.. ,;x I uL__r.- _,, 

!.,;,_$ ._,. ~"i COr "J.,; _,;:.._,. o.,..SlyT uJ, .. SlyL,." 

' 4-:i. ""'""'· ...,: ft_,; d.S" 01...; uW. _,, y T S J b- _,, 



(\'fJU) 

·¥5 J.(.,... .P-b"! • .;b;,J.,.,,.., rll"!, .i.Y._,. .sl-.,_;;T 

.st....._.; T.S Lo..;~ Y..,S'.k.._,; COr ~ l,_;;.; . ,_,:;...,. 

. ,;:...,. tr.-'(; , ..i..:.:..... ( TPP) .:,,L;...;_,.r.\ .:nol:r <>JI.,.. 

, r.s<!._;; T .s4-,; k. .slMl ,<. .:;t.... .....s ~..,. vl.. <Y.. ~ 

~1,Jl,r I..\! ..i.:;S ..,.~ <S.i\_,..c$ r.).,l:.J!. ~iJ> 

.:;;,J.,_,,, .S .::....\ <f..IJ> .~ .. J)l:O. \ • .::.-I .:lL_ ._....L.I _,,.u 

.:;_;,..SI~ vTv.>.!.~I U....I,"! .(4 , ..:..:.(; ....i.L; ,.>.!, ,1.;T 

• ,_,:;...,. ->..r. )> "! .sJ_; I c.;"'+"J.)G.I J\...;.J,..,,.;.sl..r. \_,.. 



IJ .;,T , 4T <S" ""'~ ~ U<I ~J> .s' ~~ .:;.N_,.-.. 

<SJ\.} J. "! _,.\ <r.I ' d 1.5' j..;.. 4. t.:.. .st....:-,.. _,l:'.;,"! 

, u..? .st..;IJ~ ~ t.:..~ ~ L;;..A 1,,~ JL.d 4 
,_,..,t;. Jt.:.. ,_,:,<S" ..r.Wo ~..r., JT .sk....-1 , L..e~ 

!"' • 4 T ts" , ,_,,-'"! ~~ J> .S-,;... .sl......-1 : !'!-J'~ 

ll.,..s"! !"'''"~..:,..I·~ .,.;;\_,;<S" !lL,;_,..T~ ~_.;~ 
.,.,..\ L 4...\; •<.......,\ L ··')I\., .,.;;I - .:.> L:....w\ -• • • Yo' • • J::' • y 1.5' _,.... • J' 

.:,.I .sL......-1 J.,G .s\_r. ,\_,.. U<\,.,.; _,:, ~'"'i 4'°J~I 

6 p ._,.., t-..; T .1.,; _,.J_,.. . ~.r,_;:... J> .s .s_,l:'.;, 

. .,.; _,:, e;' b .,t;.;,.. \ >Jr .,.;; I_,; 1.5' , d ._.. 

<S~<Sl,,61,.J...L"!~..,O.) .sL..J~I JI..;\ 

c:r.bt.1, jl ~ , .J...L .,> T J> 4,,4 .....,1.Y.....J.j\ i.;;.; 

jA ~ u-'-" >J_,. U<I J> . ,_,;.<S" rl.,,; I~ .:.> T ~ 
J(;. J_,:S' o.>.ij U\.>~j'° ~ J.> 6 .>Y<f> .bY../' ~\..W 

. ,_,$ u", _,;."! <Sj\j<o 

..r..? ~ .... .sl.J,,..,b .:;,')/,...,... jl .;,;,J~ .;,.i..:. I"'?" 

.1 _,....s;.; 1.s\.J,;,,. ")\..~ L;J!..,~ .. ~, ~ ()< °'!.~ <>i ft'_,; ll.,. J"! 

_r..j bl. .;,_,...\.,.SI .Jl..r..; 0,,..1.,.St ,ljl.sJ..,;I . .::.-;. 

<Y.."'1.~ .JJ:. ~I§.:. .s~ .;,_,...\.,.SI J.l>"! ~ ' .,1.,; 

.:;, J ,..."! LJ< I L. I ., _,;. u" j., L.,. I_,.. .:.>.;..SI lJ..,. "'! <>i ft'_,; 

l.l,r..r,JlAzl a,..-,"! .D! ',~~ .::-J,.. ....... 1,~,L.,. 4 
:...::5'" .,.SI .s \-..; T .LL.. 4 _,,,,,.; j , \.,;... IJ> \.,; ,?J \, · 
.s!J..L.. j\ 4_,,. Jl;;; I (Y._\ 4 J> . ...,.,u" CJ ...,.,..;;.... 

.:.>~ ...;_,..... ~ '.,.;Jb ,~, uS J~ ..r..>~ .i.;; .S.b-1, 

• ,, .}' <S" .,,_5 I I_,.. .;,;...)I u.,., "!, , _,:,u" ~I .,1.,; _r..j 

~ J,J."! '.;:...\ ri,; .;,_,....~_,.;....; ~ .;,_,...t.,,_sl t-" <f..1 



.;,_,,..,l.;,.51 ti> 0!.I . .::-1 J:_,.. ..,rl.;,.51 .;,_,,.,)I,_;..;'! 

<>J_;lr.:i'l&- <.!!,<>,;I_,.. • .;;; 0b~,. <>1..r. ...(;Jjl ,:.,:,.;) 

t,,;..1, ~lj ,, . .:.-II"' <>l•b.)l.Jli&, ..::..wl ,1.:,T 

..., • .,,.:,~I ... ,;,,:ls'.,; 0!."'<r.: J_.(l. 4 L.;.;.S ,,,;\.,\, .;,L:.; 

J_.(l. rw J~ ...s::;y JG., , .6 '-"' ,~\ Jl.W JWI 

<>J.;I_,..,, <>4JL.,;I ~ .:,\ JL;\ ,, _;:.., '--;"'?">---" kd _,,.:; 

,\,.) ,\,.jl o"_,.:.;. '.>(.b',,.)" ~ • ..;t.-,;!5',1 ,, 

<>t...<.:5 IJ ..L,L,, <h..iJ <>l~4;L.. .;,ly.o•! ..w I_,;'-"' (Uo! L:,,, 

Flavoproteines L,,;,:;_,.,,)\i !,,.~_IL.I ,.....:,_T,\>'1 • .;;;) ~ll 

G.Mahller J...l •. .D' .S ,,1.;,l...,, . ~ (:•L "'.t;;._;.rt~ 

0l.0'" _;.;,) 0!.1.:,1 c.f ,:r. t_,.:.;.. d.)" -:-I .,\,.;,l.!.i t,,;..I 

<Y..i ,;\ ~~ .;;:, . ..::A~ uly~ ~.ijJ ul.a~ 1-l~;:;;,,, ;:,\.)\ .;;:, 

,.;;l.J~ ,lr'L..'°";_;l>,;., 0!.'~i;.,_,f .:..-10(.. .::,,t,.s' _; 

J~:. LJ"' ~ .;,~,. , <>" T ~ .:, I _,,, L.. ).• '! ~ , , _,G_, 

.:,I \, .;,:;j,.,,,.. 0 ;,; -"''.>ll <>l~;; T , ..,..1;.. ,,\r ,, 

~_,,;-"~ L.:iT ~' .;;.x! '-"' ,.,,.:, ~1 ... ,;fr,;0,""-.r.1 
J : .;:.;) '-"' ,, ,.,;;:...,, Ii~_,;.,., .L(;,.,, d _;;<SI_;,,-\,) 

t.5"'.i.;.;'' ,fa.; ..:..-1 !.51 .. ;:,L. ('.J) r=..,,. Cytochrome. l 

Wl...:.>l..... ;:, .. ii;:, ::i~J ~ ... J 01...'n-'"". ~jl_,~ 01;:,-''?"JA .;;:, .i.) 

(<> .r· :_,d _,:.,,:.; _,i_,,i. <> t.•:J "· ~ ..r. .,.,,,>..; ;10 T .s. !.,..,-:. 
. ,_,;,..,. J,G .:,,. ,l.f :•• J,,cL He min.:,,...<> •J.J' _,.];,; 
0T_,jk..<>l,o-I: Jy;J.,. 0_;,.sl:.L,..J'• rJ ,,_,,,., 0_,....lu,,..SI 
. .:...I .,J ,L ,-.,L \.:... ,, _;....;I 0;..s I ..:..J L;., _,LI ,\, 

.r - .:...t,.._,)· ,,_,,,.,ti_,; I ;I J-._ .:r-;,JS ,,..-



ii.':~ :d ~I .st.-,; Ko J'.'.t><t \J 0 T .:-I '-'(~ _;,; 

a...,~ 035J¥' '-"\..: 0_,...I~\ ~,,.. ..;;\_,;if .S 

cS _,:;, ~ J'.'.t> >Jlr" . .,.;; \...r: • .;;,_,)' 1,,.. 0.).,-SI 

_r.) .,\_. ;\ ·~ IJ 0J,J¥.,.;; \_,;if .S -=-~_,;-')ll 

._,;.VI!. dj.;;;..r.)'_,.;,,.,.~,,! IJ0J,"-'iW ~.,t.; 

s \J ..)JJJ.J.'.f" .,;;\_,;if .s oJJb >y,J I"' u'-~Y..')\l 

. "-'iW j.;;;.. J,,D.. 05,.S\~ -~ .>J\.,J,T c->~ 

.st...;_,.; J> 0_,...\.,_,S\ .s4:,:)\_, JI_,;,~; t,Z 
LJ!.I~ ..;i;z J.l>>Y.. 0\J_,;~_,.;it,,.lfcs\i..W........'1;,;... 

.)\ ..L.-_,.. 0t.... J> <.f.'!.J"; J.I;:; 0~.,r.-J> IJ,; . .;..-\ ~ 

tJ0T.s1_;,,... .s~ ~ ~ .;1__..;;1.S,.;;; c.Sl.,;> J.I;:; 

J:;...5' .s;\_,:.. J,,1~ ~ vb;z,,.. J> ~ U!.I, ,i, 

-- .::..ii., 
0_,...\~\.st..,J 6.;;.\:,,;.s..; ~u ~ .sL,,., _ _;; T .::->~ 

_;,;IJ ~~ ""~ d if cS _,:;,..A;,;.. • .;;,\,y,_,,, 0~J> 

($. l..J_;J \;\s' ''-"l,; .,_;-' >) y>)> t .. _,_..;.. _,..\ U!. \ ' ""~ 
;> • .:.-\ ,;,L.. .d if JW ·~ \; J _,(l. 0:;,-)I .S 

<Y.i .JJJJ> ;(,,~I"' ;I d,;~ .1;W ;I .S u'-4-,;lS";I 

er.-'\; u' \AAA )~ <SJ _;J \;\s' .st.-,;\;:.. ,b, _,; ·41 Ii _,,: \; 

~ ;,~r.5' 

)~.st...;_,.; •"'-•)_,A-.;\;> J,,D..0;,.51 ;,W;4 

.sl.e.o_,5",,:;,,... ·~)> .s ..u::...;1,;._.5',L..~ • .;;j <Sl.,;> .;;.,t..w. 

uJ_,.,~ 0.).,-SI 0..;.JW~ L,;Tc,:>L.. JlS",;1 .... 1, ;I IJ>r 

. .;; ~ Jls' ~ • .>.)..:)...,.SI .s 4-,; K. 

.s\-._;;T, Le.o_,5" _,.;,,., .S ""L.;if ~ J;W u.i;I 

J~ ~ .st.. .. ,,..,,... • r _,),,.:,,.. .st..;1~1 • 0\..:...\_,..,, 



t:.;... j ..:.> ~ '(?',. 

.Jl.,-1 <St...,.)., .bY._,.. vby.-_,...J, l.J 4;T t. . =~ ~{.;. 

<S.J~ ~ t..JJ\ .J> •Y.Y. 0~1 1..1 , \"!~<.<" VJL;.;,. 

.J> . c-1 ,L_j <S.Jy~ j_,L. .J> ~,, J-t•.J; vby.-_,.jl 

~1 1.J ·~.fa 4--c:r.1 jl jl.,..51.J.;; ~ _,.:,it. 0t..t$ 

J. ~ J',JJ\,5° jl V.)~ ~jl T ' ~ tr. 1 .)> • .;:S <.<" 

. ...:.:..... c:r.>'il~ {~ <S4;;_,._,s-, ~ '0)J.J""'<S~L.. 

c-1 if-J.J . ....;.)\, 0t..t,) 41 <S.J~ ..,.i...;,;.1 ~~ c:r.I 

..S .,;~ J,.(; <.<"~ 1_;J,l.i 0~r. .J> ~~I .S 

..... ~..,_r,.; ,_,..t,), <S.Jy~ <St...J...L.,.! ~t5'°.>1 
0_;,.S'I 0>_,5JW .bl"')jl .;..t..1$ ~.), , }1,,._f\J\ 

<S.Jy~t;;.~.J> .S ._j.JJ-".J> , .::.-1 r¥.J~0)J.J.,....,.,.51..r. 
. >.Jb ~;·~.fa 

.:-I ~ , 1 J" 0 ;..SI U,... J'-! cs. 4; 0 _,.,..1.,..51 
a,..,.,~...,, ..;1.,.,.5 ~ , jl.,..51 4..J_,(,,T .i...,; 
. ..ll.,..SIJ.;i , jl.....Slr _? _,:.....wl.._t..,<S~l;:.j\ ..... 4 

. ,_,:;_;JlrlS u..J:>li .;,LA::.., j\.,..Sl..r. 
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._;,_,,>u~..iS" j..I;:; J~l.r.jk>-L..._,t'<Sl,;.;,_.,, .r.Jlo..-..iL 

~,.,,._.."'-" ..,.-J. <S"'i.I.;.::.. 1.:1, .:&_,.-L >?.} 1,__,, .I.;...;> I, 

4__;;3_,:;10\w. 6 .:-.I • ...;.) 0b,,,.,. 1$¢} .,.;,; ,.; ~1.r.:r.1 

(Phylogeny) .;J_,l,,;cW...1_;;;_,;:; IJ, l.<..;, . .,,.,_~'-"'..;;_,:;I 

.J.,.;,l":-l ~-;\; 04.-.r.-'-! 6 ..:..I (Phylogenesis) _;;;_.).,; 4. 



'-"'L.r I_,~) !~4 ..i I_;._,.;,.;:._..; .sl"-''->:. ~ ~;54J> 

_,,, .:;,!, ,_,,-,.. .;,t..;;..L.. <S"-'!, '-""'JoJ J,.(r j..G- J.I;::; i:r..1 

. .:-.I ..:>L_ 

• ..i.;..:..b r. _,.l... '-'"'L..I .:.>l,-~ .SJ _,1.:it-•u,. 1..1 

.;,t..;;..L.., ~t:;. jl ·~ - r->~.r. IJ L.;T ')14J> .S 

J.kr uL..r.-J> 6" I"'"'"'"'" .:.>l,-~ • ..ii.~~ .:iG.,L,I 

<f'L..I e>l,-_,....>. jl tfa .i.:Jl_,rlS" ·~Tu•~'"':. '-""'JoJ 

:.., '->:. .s "! L.; cs" ~ .)~ I.. _,1;; '-! i:r..1.r. ~ . ....:.; 4 J Y. _;.. 

.S "'"":" _,.. -.r.) ( _,J.~ .r. I J • ..i j .s l,; > '-""' JoJ J.I;::; .s ~ 

. ~>.JI_,; .;1~ >J,. ...::-1_;;,. c_,1 4 
.:.>by,,. <f'L..\ .:.>L,-,..;. <!.!,~ L<"'J~~'-! "!4 u,:S-1 

._,.., u-:-- . r-jb~ ,.;:...I .~ T')l4J> .S ._;.,.,..,;. ~ ~~·..i:, 

jl '-""'Jo:; J.kr uL..r.- J> .S\.) .s..~S' .:.>L,-3..;. .~ c.s· 

,r., J.kr _,;it. 1.L.-_,. .:;,b,,,_,. J> .i.;;, ..i~ J'~ L.; T 

. !'=' L.; ..,.,..,... ' .>l .) , , 

u!i.;.;;l ':'.i,,-J> • .,.;j r41 u.).a l~I s.,.,.,, .jl;-\ 

IJ .t.,.... ul"'! t..;T~t:;.jl j..G- ,\_,..~,,~.JI ,1,. 

, • ..i;, , r.,.. ~ !;.:.._,; 1r :, ,J l!. .S u.).a 6'. I ·ro' W '-'"'J"' 

IJ~l.s)l<>I""'" .:;,l,,- .:..;..l.;.:;,.si.r. 0,1.r.~' • .:-I .:iT~ 

4. <SJ_,l1',. t,i_,.. _;;,!,,; • ..,...;_,;cr._w. >yif .J.Y._,.. tlfl 

:, l... .s I,,.._,, l$" JI .) _w; ; I .S .) Y _,1 .J ~ .;.... I ..,;., J \; _.> \$ 
<S~ .:.1,,,,_,. ti,;\ Jl_,;:;1, J,lv _,ll..r.J ,,;.,_,. tJr 9,1 

. . • . •\ . i.v- ". L,. 
~ if),/-1' f:.y L}V...:. ~ ~ U.:..,.. ~)W V""~ ~ rf'../"" 



..::-.\~ .c-.lc.Su~<.S""-'...Y.c.;:..:,i cl.5'" c.-IJL.~cl-~_) 1.:>JI.:> 

»l..J~ 'l;-; J,lfaJ> 0 • .;;.;;kcl"""'L;..0!1 S »;:,J_,..; 

. .::-,; ~1..1 ·"'-"I•"-" '-""J_r. JW' "-'"'-i u_,:SI ,.,,t.;'-' • 

• .;;1..c}4 ·'"""..P.. r"'.;y.., .J.~L.. :,_,,;;~t;, c)lb..1'-i u:... 
<'.':""1, '-';J.; C>l_,...L..., •'"';:, 0~ 0T:-'4-', <.S,L;.:;..,,t.;. .c-1 

. >JI, u4.r.- u T 4i 

.::-I ~l,LJ!lu•fa4i 'c"''u.1 '-""l..I J_Y,.;1 ~ 

u T "'-'J> J,.. <.Si_r. 0 .J.:.....0! I J.ois:; 4"-! _,.,l.Jl. J> C 

>Y:,if.J_,.1_/l;Jli .oY:,'-'•'":"Y ~J~ •>.JI>~ wJJ_,.;, 

L, ~ .0T;l. w.Jy.o"-! • .;;_; J,L..4.; ul.;L;p.; J> .L..S 

J5',_,,.,J.ols:; "-"J~<.Sl.P-.b..J,.,.l> 4;,J-"' ubr.r 

J.:.~ .::-.J>L; !IJ>'-i"; 4 J.is:; J..I .;1.::.t.;.; S c....Us:;:, T . r-Jb 

_,,;:, ~ ~ '-"_t..;,;I;.;, 

c.s"" '-'"'lr r"'.lY...J - ..._:;:,_,(! s .;;,Y. .,_,) .:,,l. i>J' 

~ 1_,; ~ ..r. IJ ,1,. ;..s!l;w I ~,, .,,.,.;,,.. ~ t; S ~ '-" 

~<St..!--'" tl_,;1 t,L., ... o ._;....I, ,Jt..:.;; 1~,S::,._;,> J,.... 

J5',J,.J> IJ <Si~ j,_. :_,,.:. ~ 4 .~, &.i <.}'"'"' 

, r., ul,.- <)..\J;; I"'=: .JI J-;;S <.S,;J ,JS .,.i;.. <.SL,;.:;.,,., <.SJJ 

>J JA°'! <.S>J~ l; 01_,;'-" , ..\i;; '-';:,L; l.,; T .JI ul,>, .i.:.;:.1, 

4 '°" 4..;,; ub r. _,., u._,.<,;1~ l'-""J..r. ;I.(;..~ l..l _.:;...; \, 

<.S"; ..,.:~I_,; ,.;:;L,.-0..\i;;l"':e, 41..r..J . .:..;Jcf;:>4.lJl,....,.b~I 

! .;;'"'"T'""-"': .;;,Y. 4;_,J~ 0L..;;.l.., ~l:..'-i .bY._,.s 

:c.;.J1L-~Ut....I, ~l:.. c>Llt..,_r,, ;l.i 1'°"' ~l_,;0W., 
~IJu,.l.r.1 ~;1,1,. cs.l;wl ._,,.;..,. t._,..,.. 'ul-1~1 



~L<..,~.L)Jl~ <Si...~ L_, .0\.1_,;~ <ft""J ._;~ <.>t..J_,L 

'o...J\.~.1 [..,? ,}•\;:; ,,.:;,_, ._;')JJ,-r.-" uj,j\ LJ"', 0 <.>.A,> 

J.\;:;0L__r.-.1> .>Jb <.>fo.? ~j~ ~\ j.l.~i~b ,L_~ 

~ ~ 0L.;... s ~1.;. J <.>.;.;.,;L.jl-Jbl0T.1y,_;.. 

<.>i..k-)\~ JI.; 01_;.. ~ , .,,,,i,'-"' J,G l.1 .v.;j 0byJA 

~ ~ JJ-_:;.:;_.:;, :>.)\y. .)\ ($.)~ .;;::, J ,Jjv.!;:,J J'~i .... ~ 

~!>:.. 0>_,s'd . .- <.>IJ. 0 ._;;,y.:;_,,. ¥,,..~ ,_,~\j\.v.;,,.:;, 

<.>lst. ...... _,__,; !l.f4.!.~ ez_i~ U..\AT~;;:, "'? ._\.;.- lr la.ov.t~ c:rJ ~ 
01,,ru" JUI 4 , "'?.T...,. J.,o ~ ...,,.~~, ._,(, _ _;,,; Jl • .,.;,. 

·~ v.: ... I 

. d._$' u_,,_ ~ ,,;,:;,;5 V.) ~ ~:> .;;::, ~)'{r ~ 

c!> J ":"~ .:..,l;Ll .GT <.>IJ. >y, ._,:.:..,,) J,..1 _,, _,.\ ~\ 

._; t..:;. L,..,...,.1 ,,_;.. !, L_J. 
0

1> _,..., • .;; j 0b y JA 6 ,,r ,\,,..'-" L;,,;; I 

,,,,,,f <-<"J.-'> 1-'r>'\.i ... \ 0 ...:;;..L_._,.,.k-. <.>L:.i. "'-?l:tf:? 3 r) 

re :d '"'~'?"jr 0Tu-L.I .,..,rJ~"'?J ! ,~ .,\, ~.i 

...,,.i..:.i. <S.!YJ \_; ...rl.-1 ~'J. ._,::;,.. <S.!YJ • .;..04 ~j\ ,v.;j 

JjloTU;=U 0 ~-"' ...,__µ0,I .v.;.,,,..bJ_,1.- >y; .:..,l;t; 

,,,,_;..kl~¥,,.. '.;:.,,,\,,,.:;, <S.1l:-? ._,...L..1 vi.,.#.;_.,;.;,,,, 

1_, ...,,. L:.i. '-'-' y; . -=-' ,, .,S .!;_;~ ._,.i., _,L: T _,, 0 .Y)tr 1_, 

,,_,) <.>..C:) ,,.._; _r.j _;\_)~ _;l.;;..\~ 0\y<.S" ~\ v.1y>"? 

_,, 0TJ.,l=. :,t. s ,,.:;,4 _,,..i._;J_,1=._,, J_,L_,s°\ 
j_,L.,p.b_,, ~ ,,.:;,L)"i L_J ,,,.:;,t.,; >y,-y> .1y,_;.. J_,L 

.,L. ~I.:;.;, 0T ,.;..04J_,L 0,,..1.,,,,., ~_,, 0\.:;J;J.ij\_,;:.5° 

<.i"b <.>\..ti. ,._.;if_,.:.:;.;.. J_,L J>b""? c.lli ..,.:Jo JIJ. 

10 # b 0L.:;.L. ..;.;1.J.J ,_,$if-'\_; .1\...:U I ..r.-•-'> J_,L. 

.,,.., 1.1 .1/'.)l.\;' L_, ,j\~ ...,,> '\;~ 1.1 .1~\ ~\ .::-IJ.. 



,L,- uluJ~J uJJ,..., IJ ,1_,..<.s.t,;.;;I u~,_?. ul...c.:r.."!J d 

. ::..ii~ 

o.lAT ~::.~ 'Y-'J, r ~-' 61,..)"""1.>y~,,.) li.>_,4 
hd .UJJ 6!.I . ,Y. 1,1_,; ~ c.sl.:,.; ~ 4;_,.; J.;lJI -:-I 

.,,_,_,s"uL,J,b. .. d_,.. wJ-'1'el..JJ ,i,J~ uk.l "'T"' 
& _;-I ~L.. c.sl_-. IJ uT w. Pieffer A JJ 6!.I .;I 

"":'-',_,; · ..:: ..... ! ~f.Trouhe '-;-'J..}c..si:.,,.._,.a.J,L,~o.Jl!.I . 1 

. ..:-"IJl'" ,.,,.-t:iJ_,;l,-J.} _,,,T J)..;oJ> IJ._,... .;:,W,_ JJL.!4. 

c.sl.:.o .:.i, J,L.. 4 J_,L ..:..J,i,,... & J> J"" ""-I _;I .r. 

'-=5" ""-I . ..:..I J,L,..~ vT J> .,-,,_:,_,. J,G;._,...J_,; 1.-J.} 

( s~mipermeable membrane ) 1,1_,_; .._.,; c.sl.:.i. ~ 

L:.i. 0! I ~ b . .;.;SJ,,,, uT; I .,; I_,;_,.. .,., T .b.ii ~ , ..:.. I 

..:..w,..J_,i.,J,, L,S"u,J,..., ,.,,.-kiJ_,;1.,..,_,;J_,b... c.s.P-" 0 
~ ._,s- J>-1, J> .,.,T c.sJ.» ..,;u.. jl ..r. . ,~_,.. J>-1> ._,... 

....,,,, J! J ""5' if ~ I J ~ u w ,_ J A jl .r-J J , ,.:...,.. 

, ,Ji.,; ..,oL.,;JI .:.,.Li; JY..;,.o W 0~ L.I . >JJ T _,.. JL:.t 

.IJ 0,,,,.,..., uT 0,,, ._,... J,l,.. _,..1-:r.1 ~"J>J ,,_:,_,..JI, 

uJJt,,... ,, ._,... wW,.. J,L.. <DT '-""""'"..., ..,I,. ~t,_..,.. 

.:>tlJ-b., ,,_:,'-' • ..,..,>..; uT43L . .:;.;_,>,!._,; r-i:i,_,;L,..,_,; 

.....,? J ,~ J... 6' ..:..I ._,...,_,; 1.,..,_,;;1 cS";.~ c.sl.:.o ..,..,>.; 

~. uT ~ _, ::.~~? .;,:;~ ~. 4.~ J::.. ::.~IS" l.J 

'M..J~! ~~. Jl..c.I ~-tl _,1..rCi _;I .r. ~_; 0!.l! . ::.::..,! u-­

. ,_,,;-.... >?..., ·~ ;jl.,;I J J>::. J ;.£ _,.._,..; '""' ? J_;r. 

'""' • ..,,.~ ..?-"'~ •J_,l...• .,-.._,,-.:,.,I.,-,_,;-..,..,,_,,; 'o'J..J 

JY.jAJ"- <S"JJ. JJ.:,.,1;1, .;.;S..,.. ..y.;;1, ._..;1, .;.;jJ_,l..._,..; 

·r- .... ,,.;.~ _,..; ...,,.~~,;,,> Jl.•, "..,,.,_,.. 0t..1 



"' 
..,,~ jfL.i; ~_,) uT C!$ ~J >.r.Jls'~ ,fi,> Osmometer 

'-"""L;; L.1 . .,_s J> 0L.:.,t..~J .\J j\ \J 0t..l,f .,.;,;,;_, ..,,T 
_ y:::,_;.,;'-'. J-0"~ \_,; vl,11 . ..sl.r. .!Jo.. T .:.-o~ .Y...)..:r. ~ ,S 

Van' t Ho ff ..; ,_,. .:;.; I J b,... _,_.; .SJ _,k. , I,_.. ).,,.;; I '--""; 

Jt~ ..sl_~t; ~I; ..s;<4, J)J\ !..VoY. • .,,;, ..so..:;l_,._) 

·L¢"l..:.!. ~.) 

•J)t. ,S,Y. ._,..-..;,\J (a priori) j;9J_,_r cl_ .:r.I 41 
.:r."'! . ..v_,:. J>\, J_,!..~ ~)\ "'!.~_;,; ..sfa., ,1_,...,,T,,, 
1:)<.k..I "-: bl_; ..sl•l.:.i )I '5"l;.:;, .::....,_) vWlk. J> , ~ 

wlJ> 0v.;. J> vJ_,...J,J_,l..;J) >Jr ol_,.~ ,s,<.$1.;,;;j, 

•Y..Y. . .;:.,..I .... T J..~ ..s~_, .,Li::..\.,;;\.,\, Jy? 01>:.1 

..sl....;JJJ Collodion 0 -",_,.Is' ..sl......,s'' Cellophune .;,L; _,!.., 

'-" t..l.:.i~ u:.~ , '"_,.; ..s~ t..) T) 1 ..sJ ~ J, ..s fa.,~ L:.. 

vL.L. ol..vl~ L,,;T ;_,;; .::..,4L; . ~;.,,;, ~\_, .,L;::.,\ ,J_,. 

Clll ji.JY._;,.. ..sl...l.:.i -,.,;_;- .:,.._~ . ~\,A L.;T J>lo 

! ..v,1,<5" .1J f J A u)J ..slJb ,1,_..~ _, ,;;,,,.) <5" J.. 
.;:,L.L. ul,,. )I ,,,,;,:..; I .i '-'°" .S '-'tf J :r. <>~ §'.l.. J y? )I J J 

• ,;; , __.) <.5" IS .r.'f _,l.c ' ,;; J~ J Y. _;.. 

«:st....;JJ>:, _,A; .::..,4 L;,J yJ> ,S ..sfa.o ~ L:.. vi.k-)1.o 

.,,. T J..~ .,.,,;. ,, ,jl:; ..st.....;JJ ,, .oJJ Ji~ J,,i )I , ~ 

ob0L:.; ~-' ,__.) r _,).,.. cS>J)~ IJ ""i.,; ~Cl~ J'-'J,l; 

4T .S _,..i cr-1,J.;,.;J, J§J.,. ol..vl , oJly> )\ u~•:J" ,s 

J~uT,'" ~ d;_,;; J_,J~ J>.b~ .::....;1_,r<.5" JY._;,.. J_,(L 

~L;~ ~ ·~. ':"!._,:. t)<.k..l~JI...;. .S ~\,;;~.,,I 
..,, T JO ,,[ • .;,[.,. J:>W I ~ L;~ <.$ _r>;J> ,_,.,_.;..bl. j)\>.O I 

L..."'*1J> ~,J_,. :,L. J:>WI ~L; <=;~ . ~b ~I 



: .;:.;~<.5° .\) J.,L J;.b.,__,:;L.,\d .• 0T ,.,.;;,<.5°~ 

1.l,;J\J_,L <SW .;,L;;.L.,),t,,~ 04:.;.,_t~_,..lu.I 

o.::....; \..<.5° <fi'!J.,.; ~ ~ ..>c, ~ o) ~e>W. Wu. I . .;:.;:, b 

.::.!-*' & ,;<SI,.-.\..\ .,,.z4 • .,.;;,c-.J> ~J ~A <St,,<; 'I' j\ 

.S o..T rj'l J}.-J;.b.,_ v\J, J_,1-~ ,\,,,j\ ~J ':'l>JJJ 

J ~ ,J_,L <SL:.i <Sl,.-...wt. <!l:flj,,, 0l.:>l., 4if .. A 
...,.,_,;J)~,.,,1,,, o .;:.;)<.5° .;,LS.,_,.:, .~..;I 0\<Sl,.-.<S~ 
.\J vT 0JJ>". J.,L <S~ <SL:.iJ> .;,.,.;;, J,.-4 Ilydrophobe 

<S l.,.iAJ... • I J j I '-:' T), J _,b... .. ::A7,5' J o J b. J> : .,_;;; 4<.5" 

.o.;.,.;;,<.5° J.,L J;.b , .,.;,Y. .,_,,) i:.Y") L:.i ), .s '-'i.,;)j,,,_,. 
j\ <SJ~ ::,~), c.s!w <SJfJ ~ ~ u.1 ,y-,4 
""'~ ._,,...1;.. &Y'.::....; l,,r._..; .,.;.,.;;,<.5° •-"'L:... .s c.s!"'·..>c~ 
D. Sopinin ~L.,., ..W l..)_,..l... .;,L;;....j\ <SJ~JJU.\j\j 

(.:>\~, J A. Troshin ,jj:.J_,.; .\ D. Nosonov JJ;!Y"l; .> 

..,.Joli J.ID J_,L <SW .;,L.;;.L., ,_,;. o ...;\.,_,,))\>:.;\\Ju.I 

rt-.,.1 i..._,; ..,.~ .,1...,... c}>J ':'~ ~t; >)y>J>J "'"'' 

..,.1_,;. <SJ"U; .:u.llu.I o o.;Jb • .,,,_;. .;,l; T .ill <.5°..,./lr • ...;j 

.;1,_,.T ,s-~ ... ...,,. _,;~ h<> , c..-1 rJ\:.i-r. rl.r 1<Sjli 

. .::.>L;..:.\) vT .;,l_,;<.5° rJ\:.i.r. 
~ ,J_,i..,.,_ ,\_ •• J_,;., lli.... <f')J.J> .;,l;\u.1..-.~ 

.\J)\ ..,.yo>~ :,1...,... v>bJpJ> J_,L <SW .::>J-il,.-.IJ ·~ 

':'~J> !"")\_,;~ c,,~l> <SJ)~~ ' 4~ L!i ,_,;. 

") 0S::..ll .1,k. 6._ <.>171 jl J?.". ' ..r-'-J> . 1 

<!l,.IJ eJ .,_,\ .1 _,k.. )!!.. • ,_,,.._,.,:£Phase _;1; (..,..; L,..:..il 

~_;"' G4. ~ 4 Gt..; '"="T .s J.;,,-.)::i ~uu-" <S.Jl;,.) ~ 

. "-'\ 



,,,.S-t- uTi..<~ ..,.1_,;. <.SJJ ~ .o_,,.1.r.; ")!.. .;\ >\~ c:r..1 

')l..J t"')\;.i _,,, J::! ~ ~_,.;,ul~~ .::.-1 J_... S d <.5" 

· ~,;,:.i u~ Url..r.; 

..sl...fa~ ....;t,;,. ,\_,,. ~ ..slJ. '-"~ ~JJ 

ul.!.iJ •>JJT.::-.>~ uWol,.; ..s4J,._,J.;.., cs"Y- wlJ_,..,T_.) 

• .,.; .; t"')\;.i _,,, J::! J Y. _;..>I_,,. ~ ..s~ c:r.1 S .::-.I .,i, 

. .>JJI> J~ c.<>I.;;\ url.r.; J_,h., 

'-"\..,.;!I wlJ_,..,T ,s-d ... J ci;;-_,5' <SL..• fa Jo- c:r. IJ. ~ 

cr..4 ·~--!.°': • .,.;.; fl.e-1 <Sl..olf .;,.. ul~~ IJL.; T"JY .r 
<..< L;.;; I y~ ..::,, J.,; <S iJ\, J ,;SI"")\;_;_,,, .,.;; l.. <SI • .;\.,.; I L; 

<.5"l6.,if>-<ft.l..!.r ~ 41 . .,.;.;:,4 •>Y. url.r., ')!...;\ ,1_,,. 
<Sl..L!i<SiJI> & Y._J> ,£ ~ J! <Sl...fa.;;; L.L..,fav.1 .r 
~Sy\ 6,\ J::!l..I . .,.;L.~4 ,,;. ..::,,_,;'! ,.,.;..1.0~_,,,,J 

..s _,.; J, lAi , CJ::-'-;.; <S L.-,l lf JI , .,.; , J! ..::,, ~ u..l.O I ":>, _; \ 

Stotic) u)L <Si....:...:..,~'"":" .c.::.b >r:cJ '-""LI J 

Stationary) < Jlf .>JL. <Si....:...:..> l6'"-"! JJ (systems 

<Sl..ofaJ»i_,,.J,>o~C;""IJS' '-" ~' L..; T,, . .,.;, Y. (systems 

...,,.., .,.; I."-" f\;,.; I ,.) ,_ .;,).~if,:.-.. wlJ _,..,T _.)cl;;-,s­
= r'-! url.r.; J.,b, t.....fa J::! ~ Jl:.z \ J,w 4 

. .::-.I d Ji)J. 

"'''"'J.JoW~•i .,.; 1_;"..;_;f _,,. ·~.A ,.,.;_; r"" 
J_,.L • "'-"4 ,_,;. ")l..J> J_,h. ,1_,,.4 j..\>J,WJo S J,L­
•.Y..J~•·.>J)fl.e-1'! t""IJ .;.._,,,_,,.'! 6,1.A~ ,-:;...\ <S\,,_,.. 

,J_,,. <..<!.;,.;;\ (:}> J ..,,~ 4-)\ l,,l_,.L'-"bl_;~.SJ\_;...,,."'"! 

t..;TJ>b J> s ~t.;. .:;.;.t..; _;_,,,J, .i..;;, ,_r:,<..s"1~_,. 

. ,i, i:'"~ ul_;'-"' ·,Jb ol,r 



<S~ ~ oljj> rlf ~ .s l">b .;,L:.; >Y 1... 

: c-l o>y,.Y..;, c.). ~-" '-'~~IJ u.i.!.I~ ,.,,;;, 

r--------, 
I I 

S I >A B Z 
I I 
L.--------J 

0

>1.o.JI J .:.-I>~_,.. ~j> .SA ,,L.Jiv.<. >jyc:r..lj> 

~ vJj>~ .:iT J_,;.., """-'"'~ .kA;.....; .,,::,,_,. ...;;_,5" cjt> 

.::,1ili • ,ji, cf;,.,_ s :,1... ~ uT J.. • .>.i """-'"'~ ~ ~ 

.JI .so:S ~ ,,L. er.. I .S:::.. I .::.k~ w , ~ j;. b j> A ,,L. 

_;..,__,.., A-+B ~lJj> .S ~Cr.."! ~ •>,:;c.;'(jl> ''.>\.. 

. ...:.~ rS'.oWk,;_,; .:.-I~ •>Jj<.>" .J,,!;I 

cjl> ~ j> .Slj .s>I_,... ·~ 00:-4 6'.1-r.~ 
.b_,..:.~.,;;)l .o:S cl_p.:....l .,,;l_,;,_,..,,;j\,,~J <S~il,j.>I.<.~ 

• .i.J_,.!.j>b ~ :51.j .. ~1j .ii ..;:.,_j, jy,jo ,1_,....s:::..1 

>I.,.; UJ-"i ~j> .,L.4 ~_,5"1 ~ ..,G_, J.).;I JJ 
ul,._r.-~OJj> j> .S .sl'-"4 <Si.i.J~lj>_,s"IJ ·"""'~ 

~ J;.b uT ;,If jlo-! .Y..,L<..~ .kA;, ..:(; .::.5 _,..:. .i.ljb 

• .:i~O"" 

j> .sl.d ~ ~ B ,,1... ~ """-'"' l"'j_,b~ 
.o:S ,_,. l~I uT ~, :jJ> ~ 

• ~L:.. j.k; j,..I_,.. c:r..~1~ I.;,[.., j> Jjc:r..I ;I 

':'~ <Si.i.'-J->1 ~ j> u"'l..I <S_,,,;J '":"':'Y uT ui_,;'\; 

j> .....S .::.> l.. ~ L..;.. '-" l.i.'-J_,; ;I lj L.; T j ·"""' ~, J 

tj Le; T ,_....b... .,i.,..;jj I.,. v)l.. uiJ_,., T _,s- .sl.i..,;,; 

. .,,;,),'-'° 

l"-"-~)oU> lj'-"l"""J_,;.kA; .S ..,;j,...j>,_j>_,..lc:,,;1 



0 ~ _,....;...... • ~,<.<" <.SJJ daU ~4 ~~ ~ lh.J, .s 
J> .:iT.:.J;J.;. .S,yif • .,,;j ~4J>b <-<"K:.. .1,;; ..sld ... 

.Jo~ r" j4 ·~4 J ....:.4 ~ J>l,j\ ift. .;,_,..\R, ')I,. 

.6u" 

J~ cS ..r- .S.:-1 .o.;j .;,!,_,~_,.. !_Y.J .:.i....:r-11...\ 

•"-J,b"! ~ .~ ~ ~J> t..:;.; ~IJ, ,\_,.. t::-r 
J> 'Y_,...... !"""~ ~ . ,_,,! t.5' .:.J~ _;,; vT ~ c.-.J> 

v T daU o "'! 4.<-<" ~ ..s.J.>- "! vlJ _,; t,,.. J .:it..1.,5'" ..sl,J _,L 

.;,_,..\JOI .')\. J> ~ j\ .;.~ .,..rt..,.'-! JY.jA ..sl,J _,L J> 

:,L..LJ.r,. 4.,.; \_,;._...; ~ ~ ,S .:;...\ <.#..o~ .».}'°if 

.;\JI~ ..sl.4 l! i""'.>l\_,r~ ..fa vT J>-' ...._.;,4 J\..!.Z\ 

Jl.:.z\ 61.\ J.\J. ~, 4:-_,5"4. .DJ~ .t;..; _,.;I...,~\ >Jo,p. 

• .....:.(; j Jl,.; 

,.,.;.;) if cS .?" .::J;ll ~ ~ ..::-. J> ,\ _,.. 0 ..J'J 
.... J.r,. 61.1 J> J_,L.. ,_,;.. . .::...,,; ~T !!_,= .; JL:.zl J..t.. 

61.\J.~ J ......_,,,<-<" rl.:dl J\s' <.SJ\.,;. J .,~ cS _,.;, .;'YW 

4J_,l~ ~t... ~ 1.d o >J.<S" JI>"!.;.,,; ..sJ,;\ <>A'-'· 
. ~.,,;I_,; r"\_} 

•J.a ..sl.(;JJ!. \.}~c;!.L.(;J v>J.J\s''-!4 diJJ> 

, J_,L .._f r-S·""L.t. ,_,;t...T"! ~l_,r<S" ,)_,..j\ ..sJ~J, 

..s\J. c ..:-1 ._,GJ ..s;_,l,~ J;b.l .;t ,_,;t,... &J .1 

i.s"".)~ _, ti<lll>L:..- _, ~~o.)~ ..:..!~~_,.. _, 41,L. o..;=---Te..(;.) 
~IS _,;>I ..s ~ l- J> . ,_,:.._,.. ,,_,, Jis''" t,; T .; t;. <> 4::.1 w 

.r-..:-1 J,L ..sl,i..,..J.;.! i,.s:'.;J.;r.1§ _,..;.).... ,,-..:-1 .o.:. 



y.;_,,.. .,;";IW _ .::JJ;.,..,:. ~ J)b. J1 -C::Jt;. ''.>\.jllJ ~J 

.st...;,,! W J _,!- .S, ..,$ ._... 0J _,... ,_;SJ _,.I LY.. I L. I . d ._... 

,~J.;;<. .s_,..;'! ~L:.._,s'I . .,,,, rl.,,.;1 IJ>.P _;l,>-.s>I.. 

. ..;; .,.:.. iJ,; _;,; J'.;J :,L. :.; l'W J_p, .;:.;J .;, T, .,;~ ..; .,...4. 
u,..J'! J:;J :.t.. .;,,_s C""'"Ar. J,J-.,S-1 •J>lo'! .• ~._... 

c.W.i ~ ~ .).) Ci.; r' <Y., 1.;.:i .) Y. .fa :.)La I~ ~ T ~ 
~ lr ].,;; ,, _,.. I.;;. 4. I _,,_j ~ > ~ u' • .,; b _,s' .r. <:: J[;. ''.)(. '! 

. .:-I Jltzl J,.....c:i_,;li 

• .,; j rl.q-1 : Y..J .st.,."-'"" ~ & _,; .s .::-1 ,Y:.JJ 

W U..4 .bd IJ Ji> LY.I L. . .::-1.:,S::...b )(.!> .::.,; t,; 6' \ '":""'" .r. 

.::-1 r:.J:-. , !'!"'" ;l.,,.;I ~l_,;u- ~I.:.. .s~J_,.. j>I_,.. 

~ ~ J>) >Ir l.;l'W ..,.,.;~ 0J.i.i .S """.r. _);;'! ~ 

·1.:.,-; u,.. _,.. 4J> . .;,I"! ~ T t;, J (Jt;. ')l.;,I (.o.hli.,..,:. 

.S .sl~_,..J, ,.,;,4 ,.,.\...,"'; ,.,.;j .s~ ~ ..,,_1~ I 
'"°>JJ T '°"""· IJ .sl.d ~ t... .sl,,....,;i>:. .. .,;;, <..<l,,.::.~..-
0JIJ"'" 0J >"''! c;t 4 .s~IJ ,lj T .sJ_,; I 4; T .!!$ '! J 

<S.3_,ll'!.Suit.,'-J->: ;l.,,.;I .sl,r.~.r. ~ .,.,.,_,_,(; ..l1r 

.,:,~ _,l'.r..LJ ATPJ> •Y..J'!J .~.,L;;..,l~t,;,.,.;,;:,J, c;:~I 

. .:;;....I ,w_,_,s'.p.; .sJ_,;1->: .sl,JL.rl 4 
cf.. I.,; 4 '°'" ~ L.'! .Sr-JI.,.; c.7 r !IJ.i.o ;:;:1'j ~ 

J ~_,., ·"'" T "'-'"" ctt;_,J J~ ~I.:.. c).J> .S .sJ_,; I c:i4.fi" 

c;tl~lh~..;tL,._,..J, L,._,;,,. .IJ ,1,.JW ~,L_ ~ ~ 

.,1,J1_; ,_,;. .itr"""'" 'f-1.,_s ~.;1.J4J, .s .,:.,~ j..k:; 

~t; JU'! .sJ_,; I J,-; .S r-S J,..7~1_,ru- hd L. ·"'-'I 

el-'J>J) .;;;::.,., .::L..;. .::.-o.4LS" JJL<..<L:..; .sl.r. Jld.;.;. ... I 

~1; .:.A..;.;..LJ> r" ,.,;,4 .,j r".r. ·~1J ( • .,.;;, ~ rl.r 



v T e"-" .st,...\,, ,,, _,,.,,, I"' J , L!$ :.,;,;\...., c.!.J> .sl,,J _,D. 

.:r-1 . ...:. t'P .s,,lfa r64 ·41liJ ~ls cJI~ , L,,J _,D. 

1.i_,,, U...J ·-~ l:::Jl> ')lo ,;I ,,_,,. ...,,~ J> s...:. "'"""Y' _,.1 

JI.} .r. ..;..... ~,, ,, Y. _;.. r'" J> b ,,, La; T J, )' J•'"; I"""" 

Jt;.:;\ 0J.W vi,.:.~ ~T .S . ..1;w'-'° ~ .:r-1.r.~ 
rl....,,,.1:-.s.,.;.,;L.,;\...., .,_,JG>?.::-\ • ...:....;,_,...,\_,,. ~'lW 

~\.:>~Y' ~ ~~ c.A.... "-';&ti. ~::;lS"'~!J I; o.M.) 

,,, ,_;;.,.- .S r,.,Z,.>JT >4. c-1 y? .,,4 "'"'J> • .::-1,,...t.. :.,.;; 
..,.,..T , ~;,,b .s.J\_,....,...;.;; ..:;..,,..,.; S ,,...t.. JI.. .s4-,;l5',,1 

JW Jt;:;\ L,J\ .~...., 0T,;I .s_,,s" _,1,,.4. ._.-a~~ v>) 

.sJ.;\.s,,\_,,. 6~,, .S,_,) ..;._,;vi_,;._,. .d ...,.i ....;;y.\,, 

.S, ~ '-'° • .,.i L,, .s,; I >"<.>! r-+. L::. il,,.. J~ , J t;:; I .s I_-. i; '} 

'-"-1~ I 'h:..; LJ-,._.. 4 .>> r,..>;> ~ j..J .>> .S .> .,b uW. 

....s,,_,5' ...,. ,y.,J , ...:. d ~ T ,;\ . .,.,.T ""!.~ 0l.>- J.k::; 

,,,,. J"'!•b ~ c-"l.;.;4. JW c}>J y~ :.,..,-'\ .::-J> ""'"Lo; 

. .).).f' ~ ~ ~.;JJ J...~ u~f..>::; J;!jA L,..J~ v..),..QT 

Jt.;:;14;_,J_,~ .s4-,;~ :J4J> 0_,;S"i.S ...,,.Lp J. ..;l.< • .'l: • 
.:..,..<>I .i;W ;\ , .,.; Y<.5" c:J... ~.st...:.:._,; ,,, ,1_,,. JW 

c-lwL,; J.~, .... ,.,, 4 _,,;.. t,,; T il.5 \;'.:"-' '"1...,i.,,.;,t.,~ 

f .>l...-1 r-+.L::.JY,jA .sL.~J.J> .s .:-1.::.l<er.~. 4:1 ""·'' 
,, ')I.al J...\<;::; .,:;,, vl:...l..S~,, J ,_..:...,.~I, '-'?",; >Jy 

.>y...,.i .;;_? p 
lp J..,; ~ .:r-1 ,;I ._f.;_ 1,A; .::-lc:,S:... ,JL;. .:ii,:.'" 

,,);.. .> u,..,4! 1_,,;-1 .Sr-? _,);J_,L- .s~N"! C'"I, I; 

<S' · •· I . [;; ·J. . ...:, i~I <SJ .s_;...-1 :.,Jr <SJf5 
~ Y., ~ .J "'· Yo 



":\A -

(Hydrophilio)~J"< T ...,,_.i;.,, ~'-"'..:>1..-1.,,; T.Jll.,..SIJ; 

.S cfiJ . d '-"" ,i_,_; J f .W;.;.. ' t_·_;; T Ji 1s .:;..,,.; IJ> r 

..u ~ v",_,;.'!L, IJ • ..:.y.i..;- y T d '-"'IJ J\;' <r.. I JY._;.o ,1_,. 

J> J,,k. ,1_,. J yT.:S .r-'! .,,.-1 <r..I . ......,,._,.or. IJ .:iTl.,J 

., ~'-"'_,,,.:.. ,....;J;,) ._,. W ul.;>.Jl .S ..,tl..1--""" ,\.;;..IJ, 0 T 

..UJ\, IJ-.'~,... fl JJ J A <>4'-J.$<.S_;-1 4-1; ,;r._IJ> 

vJ..W )°I . d ~ y.i..;- IJ J,k.o ,\_,....:;I.,;..,. iS 

.:il,_,~J> l"'J (Hydrolion) <>AT .,1 J> I"' ,1,.. .:,:~\,~ 

JY.jo!....J,r, ,.,;~ ci4~ 0J-'l JJ(Dehydrotion) if"< T 
VJy> .::J;U.,..,.; .::.-.- J> ,1,.. .:iL.f. J o.:. .,...1_,;. JW.,,o 

c.lL>- J> JJ .S v"l(;.. i,;; IJ J,t,... ,1,..)'t . .;:.;}" ,,.,\_,;.. 

.~\,~,d ._rb.y~ <>4.-JJ'U,....J'!ulf'! ..::-1<.Sl•~J 

.c-1 J:...,o ul,f. , .,:. .,_..I_,;.. A; .r. JW JL;:; I ciJ u T 

<>, L:,., I t--"! 1: _,J. er. I ., ~ v J Y' .::..bli .,..,.; .::.-.- ,j'k- .r. 

L; J, ..::-1....:;J JI>'! .;,T~ J> iS 1$1.,W10.,; <>o.W.,.. J 

...;t; IJ..:(; ,;r..~.J_,.:.. ,Jl~Jl. JiucSl.,.J\;'._;._J >y,J 

<S4-,;~ L,.\>JI>' d'IJ ~ _;\ .S .,,,,u-l 01..:.J 1_,;.J . .::-1 

<S4-i.J T_;i if.A!'-! ._,t.:.1 • ,.,:.'-"' l.;_,. r-.4L;..'! ._;.J_,.;.. 

~ .::.> l;;; <> 1 , .,;$' · <!IS" .:ii.,;,,. L.-. >J · I J> L:.i ... • .r. ~ • . }"'(.)!. 

~I"' .s' "'""'\ r.J''f ._;.;;, .:;.;_,.... ,,\_,. JW Ji,;.;; I cS4-,;~ 

.JI 4-1.s',Jb ,.,._.r. ....W JW Jt;;; I J> S ..sl·"!~J"'! 

0 '"1.A T .J~ 4j j ..:.J b.~J. AS'.:......! c.lu~ _,k' J _,1..:... Jj Gel . l 

J_,L,., 6 > J'...,.- > l,; <.SJ.;;., u T (Viscosity) J .,,_,...,. . o.\!.L 

.., IJ -:.! b. J..r. oS _,. 14. IJ w.c;. 4 ._.c~JI ~I> 

l 
• , 

- Dispersion ) cSJL:.-'1 Y.,. J 0.,: _,JS':, L.j>:.,o <SJ_,; 0l.::> L.. 

· r.- ~~IS"~' ~s-if I~ U~.fi"' UT.;~ IS' ( medium 



"'"!Y'! .by) .:.e,.I 'o~<.S° .bY..r rJ:l:.. <S~.l .sl...,;J.,. 

.: l; .:,.,.;- I J cL.L l.:.. .sl,,;.SI' K..!. i L.r .::......<> • .; " • .,,_- -· . .. ., ~:lp 

4 o:\ .0ir~ uJ_,..'-! rJ:L:.. 4 .; ~I I... • .,...,"" JI) 

~ t-""J" :_.,..,;. W t'!.J\, J\s'-' ..r' rJ:l.:.. ~ uJy-

0"\!. • · · , .1.L:.. 0.,_;, •1 I>::.~ 1 · •• 1 w'' ~~ ("'-:"": J"AA • ~) ..-..... U::z.a 

.• • ~ ·~ .. ol JLl Jl.Az I :.; ' J I .. l.;;.L.. R-"' ~ . .r.' ,.. . .r ,,_ I.) 

...,..5 <S"e. "-"" J L..;L.. .sl+f" J!.-' J,S' i;W .; I , ....:.4 .o..,) 

. ....:.4 .o..,) 

..,; ~l;Jl:-1 J.~.:.e,.1 :,4,0 I... .:.ii...).....;,.:.. .;LA..1;. 

~~ct,;~ J,1'! IJ 0T_,,.... ~I~ .S .::-I 0T.;1 

._).,..\_,.Jo .SIJ o1_,.. t VW Jl.Az I 01....;L.. J,S' .sl...,; _,s' ~ o, 

•r-"oJI) ~_,; OJJ", .;;I.ob CJ • .;;.) <S\,,;o j.&:;_:,\ ._..-L.:. 

ol"'1_,J .s ~ 01..:.;_,J.L.;.. 1;; .s ..,;b'-'" r.J'>' ~I 1... 

tVL..; Jl.Az I ...;.J;, .}' ~ -o ....:.,':""" ,_. , 0.,..; .;>4_..r, 

0l,._r.-<SJl).x uJJ_,,;,_,..l.:.e,.1. ~4. ,r._1.)1.oWIJ_,; ,ol_,. 

-ofa J_,.\.. 4 J;..bJo .;_, _ 41 _,.\.. <S~ '>'Jo .:;...Jo IJ>lr 

0 _,s'u _,s' .::..~..,; ..; _;.., 1::-..r' Jl;;; I .SJ 4..r. . >JJ T .;.:.. 

J _,.\.. J.~ .l!'.;,.,, 4 .IJ .;I J.>--' J_,.\..~o '! J _,).,..)\ IJ 

01_,.:..'! .::...-lcf... . o..,) .:,:.'i.r .)\J, Jl:-!J _,).,. J.,? .s4'>1J, 

.sl • .,~ ....... 41_,.\..0L,.. ,1_,.. Jl.Az I.JI .,L..,L:-1 ~ Jli.4 

.JI • ....:. '"-"" <S _,Js' ~ ~ _,5' .sl....J _,J JO s ~ '-:'L;.,:; I IJ 

JU 0 \.;T.::JL.;..,, &:--'5' .sl...J_,l.:.e,.I ·"">if CJ ecy. ~ 

0Ly.;-b :_,.c.. .s .;;~ <.S° o,> '! IJ .}_r.- .sl...'Z..._/ 

I... I ,, ,:. <.S° I""° 1Z. J L.;.. • )l....l I J _,.\.. .::..> I_,; 4 :;,14 U,,.. ''-! 
<.$. ~'-! ....:; I_,;"" '-"'l)'" (L.{;J ....:; I...) (. JL.;..' )l.o.ll.S <S> 1_,. 

. c-- •pJ>. (_J[.;. ~ J;..b <S~ .ll if= .,..rl..l"~ 



J>b"! ._p. :....:.:.5' .J.l.o--1 .st.l_,1.. ¥ut,..JI ,1_,.U<I . ...;_,:. 

:,!..JI~_,; Jl;.,t....__,Y-_,. .st.J,L. >,>-J .,;_,:.""J_;:.;.. .:iT 

. ..ll.>bu-l ..!'.; 1.,p., 
.,~ _,..U;"! :..._~tr.. I t; _,.. T.,.. J.."! S <.S! 4.; )\; :_.. 

:~)l.o~.si_ _},J L.....,,;t.4 °lS'"J ~ J.LJ"! \., .,L 

~li..dJ -.;i.o--_,J .,L .,w1..;,; ,.....,'"'! &Y"<.S!W~~ 
.:r..1 c-,JJ:...,. l_,,J ! .::-1 5_,, J [; )\.o~ """'""' • .::.-1.d 

.:iL 61."!JJT..d..:..:;1.El_,;,r. oT~~4 1.,u:._. 

:"'1.~ ,~IJ.>> .o_,)J> • .,;J :,!.. ,,.:,., J.,.t:;_,._.JI J;.l:,.;4 

0..JJ ~ 4 j.t:; 4 ~_,, i,;; J_,.l.. <SJ..1JI ,1_,. JL.;:; I 

J .::.-1 ..;~ ~_,t; .t;W JI S w.T"'1.~ JW JL;.;;I :...J_,.., 

1.... .'.>::! .5_;.:... S .;:..;4_ ...;:._, ~L;.J.t:; <.tLl->1 ,,;- "'-!Y"! 

• .;;....\ • .,;j .:,,\,~_,. 

ub~.,...s~ if.".-'o:; J.t:;_,, 1.J)-JI ,\_,.._,_,,. 

4; _,J"" j. I_,. s, _,.;-,.-) <S ..J•"*'"'.ck A.A! .::J...;. ·"' j 

_,..~<;;_,!,tr.."! o <.S!i..."~'"'\J 4....:....,... 't;..,1 • .::.-! oT..,,._,. 
..d ..:..:;1- c.s..I~ I .sL.....,J_r, ":-"" .r. ~ r"J4J _;S .,;_,_. T 
.,~ ~!_,;_,. ~11.. . ..u....:. _;::,;~ ~ &.i Jl>JT 
.sL..,;JT,i.;.;.!.,, ""'"'"'w CLS "! I.> oT _,, J_,k.. ,,_,..J '-:'T 
ol_,;c'-! 1., 01.,_,;~.,, 1,_;.;.,i ·~~ c)lk..14! .J~ .:it..t,5'" 

<S..>J;L,.JJ'l,f<S;,J,,,, _,, u~-1 lmbibition. l 

.:,,.I . __.,;lf..11 J>I>'-! 01...,.t. u.L:. ._,,.;,,.. .sl<...." c-1 ..,.~-.. 

' L>J-'.) ~ Im ..>I yS-.r,,. Jmbihere u:..:,;'Y ~_, jl ~ 

~~_;~ 4:;--y~ uT J.)L- ~~i...: .... ..:.-I 0..i.::..y !..;>~ Ribere 

a: ,_;:.,y » .)~ ~! - ~..;:. .. ~"'! - J~ (j~ .. J 1.S,J 
. r - c-1 



.s\...._....,J\ .sl.:...'-1 c)';_,J.'-1 _,,>\ d.:,,I -~ ..,.,~1 JI.!. 

J,L ~'Y 4 ul,.JI ~ ,\,_. 0Ta,.., '-1 ,s,,)<J" N'-1 

.r y 4; ,J ,;_;.,l JI.!. >J y0;_;.+. . ,,; JJ<S" 0 _,.;. j> 1>'1 

'-'""w;..1_;L..;1....,4 ,Iy.;(.:;cJ..S' '-1 ~_,):,,; J> .S .::-.luT 
0 iS>I,. JW JL;.;;\ l...)J\J> ,.....,,<.S" CJ (Villus) .)J\ rl;'-1 

JI .s,4_.; :~ U,..J'-1 o;_,!.<.S" J...\.,.. J;\_,s' Jt...I .JI .Y. 

j,JJ ,l...;J\ ~ J ;_;G. .sl+;.~l .;;J'-1 'if_} .sl...""""· 

. ,,.,,r <S" ~.fa. .... ,.,,., ~.,..,,.. ..;,i> r6; a,.., '-1 

¥,lb> u"L.,\ .s4;' ,L;; ("" .:> 4. 4' vb~_,.;, ..;> 
: '°'!> 01,; <.S" 0 _,)l; _,!' .sl.,,5' _,.,..._,;tr .::-...r ,\_,. t}•J ..,.,.;,,,.. 

,l;\.,.J .)\ .::-1_,:;...I ' • .,._; 4..,..r .;:JI.,..;, 41,L 0 iSJ,b'-! 

.d <S" I~ .sl..b-~ ~Li J_) ,I_,. .i'YWJL;.;;\ v;.,,; 

• ..,.,.;,,,.. ~ j;\.,.J.)I ..:>-4,J\ .si._.,;15';\;, .......,.0!1 

":'J" .::..,. .. 1_;11,,.. ~ .s4-ol,,;b i...;;4~, ,\_,.JL;.;;IJ,t}> 

. ,,.,,r <S" iS _J.4. 

~J 4? ~ .,; Cl~~ 1::iJ.) c.S~.i..r, .)J ~~ t.-J.r., 

.\!'.;...,, J~4 ~ ..s:J.i •~c.1-l~ IS~,} vi_,;\; 

_,:,ll..vb~_,.;, o .::-1 • .,_;,.,\,0~ .,,:.<S" ~ ..,.,t...1 

LA,\\;),~:,.. !_,,J._>\ :d ~..;.;; f::" ~ iSJy\.,;- UJ.,.. 

l>JJ<Sl...JJ\ j\ ,;:.; ~.S.::-1 • .i..e."'"!l: :;,Y.. d<S" 

rl..,.;1 "-1p u-'~101...., '-! '-",r, 0,..> J>b '-! ~_,) 

,.)~(.5"' 

vJ~ J!._,l. .Y.:>"'-1 r;:?J ..s\...""JJ. 0 .::-\ • .;.er ,J... 
.sl.. • .,_.U,..,'-! ,s.,,; .s~_;;T J,1,; 01_;.. )I!...,,;_,!"° 
.s;~ :.b..IJ'-1 ,,,; ,::.<.S" r;:?J .sl•>JJ .s.,.,, .l!'.;...,,'-'""t...;;.\ 

. ,,.,,r <S" ~ .b J_,A.o _,,< J .bJ _,.:... .st..-~ \;I 



-""""".sL.....,,J...;l.sJl,,'"!'..µ._,;_, JJI~ Jl~l .W... 

~owl, Jl. olJ_,;~ J> IJ '-!..;.; L,J.. r" .sJJot.; 

:,L..J_,;.., J)I> J.)l.\>'l,A;.,; '"'"'J..d-1 ..S c-lr:"'I-' .""'-"><.<" 

<>.il-..wt....4 ~ .S::~.c-IJT_,; ,_,.;.;.. ~_,,.~ ,1,. 

<.S"'L..I <.i.) <.1..1~ .:.:.?. T J> J,1;.;. <>~_,(,.. ~' ~ ,1,. 

<>IJ. \J ...l>'<!l~ L. ..S c-IJ~ <>~_p, -¥4 i,,;;d-\ .>JI> 

~IL.I . l"-"-<.S"' JI>'~ ~L;\ • t_.u;, _, ~,_,(.,. ,t_.u;, 

..:;,,L.;.;.J..I;:; <Si.eJ,..J, ~ J;l.,.J.;\ ..s r-Jb •"-!."-!,,, ') ,...1 

• .>lJ b JI_,; 
..S ~ ..r..,,.; IJ •"--!."-\ .,._? 4 ~\_,;<.<" oL.. d-"'! 

P.-fa. <>A, .;1 ..r..;:,. .::.t,,,.. <f.'1.J"" J.I;:; 04..r. J, 

: '"_,:,(.56 
<>~ ~'~ 1"::Jt;. ')(. .;\,\_,.<.I..\~ I '":'~ . \ 

JI.<;;\.~ .c-1 .IP' ._,,i,t ~L:.. 4 d-1,y,, 4 ..S • .>J.; 

lo.._,; ,1,. c}>J '":'~~\; ..S(<>J,;\...;_,..4 .\p>) ,1,.Jt..; 

J> J_,.L.. .,._? 4 .lJ .;\ ,\_,. JW JI.<;;\ .r , c-L.l,L­

.. _,;.'14, olJy~ o,>J;.b~ ,µ_,; ·V' .~4_.f..::.by,,. 

. Jl. olJy~J, '-!..;.;~-fa.:"'!."-\.~ 
~l.:..15L..;t<T.;1 ·~ L.."'!."-\ .,~.:,~I~ .:r.:J,I 

L,.,.:; "'!.4 lJ <>~ J,.-1_,. .;\ 4_,.. L.I . ,.,.f <.<" ~r 

IL.-_,_... 4 ol.,.:<~' ,~..,;); J.,i ot...;L.. J ~ ... .r..1.)1 

C<Jli ..SJ,J.uW. .,_,..;.JU.. o..ll) :,L. ,,,;,J J> •..i!.' J..I;:; 
J,.-1_,.d-\ ~<SJJ.ilo"'!.J..<SI-"- ..S <-<!.4"''.>\l" ,,,..,<.S"' oL:.;L.~ 

.c-1 ·~ .s>,.. :f _,,. , "'!. T «" J..~ 
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J._..~ <Slj '-"-[~ ~ < ,YJI .,-_,;~\ <S~ T ,, '-"-1..i.:,I 

:.;;...,J;G;<.>~IJc)'.;.-1... ~i,, .S .,.;.,.;\... .1;_,.;,... <.>~ 

.r. ~..; .:.T,, .s ....:.<.S" .,i, ..;,.. if<_.1"! ·~ .~L:. 

r.r.- cJ.tl.)I "! ~4<.S" 
0

lrJJ_,.o _,..\~I J 'Y. .,..Jli "!..# 
• .,,_, }' <.S" ~ 

.,Y. <.s!~ _,jl'.> ~ ~4 ,..:. :; ' if,.\.r.~ 

.:.....:.!~ 4 ..::.~ .S ._,.!.(:,, • .:.i_,s"k:.. ~ T j\ ..::.~ .S ....:.4 

.i,;;J .,.;\... ~.r.~J_,,,; ~I ,.,.T,Y."J"! ~ <.>~i.S'""I 

..::.b P.,_.", . ...,:,_,.-5" ..;"\""< L, .::.e.:,,..~ J ,;.; _,.. <.>\._...,.;. 

~ u~ )')\ w L<l.~IJ <.>Li..W...., I.el.(,... , ,.,.;j 

.;;,_}' <.S" "'fa c}r<i J ~l:J,.b"! • ,~<.S" J...\.,,. ~L:. 

.::..ezu..~ J .,.; ,:.<.S" ~ <S ;,z,, d!I ,_. ~-':: J;G; "! J 

.s.,.;, .}' <.S" '-" ~ .:.W> 1-J ~..; J> .:r.:--- Jl; ~ r 

.:.[,,, .;\ J .;;_,,.;.;Ji....,,~ .S '-',\,_. ""!l: .:.L • .r.- >Y."J~ 

J.A> ..::.L;~I 1...1 . .,.;y,<.S" ?J~ J>b.;I, .,;".is" <.S" ~T 

J>-l-~T,.; :,;_ • .;;;,..::.by,-,..~! .,,....1> . ..::-.\ ~ 

.1_,.... ~ t.:...,, ._,.Y" ..::.1_,,.;.;4 • .:.l.:.,,l..~ ~1, T u~.r.­

.,w.::.:.r 1, • .,.;.) .;:,b.P.",_. ,•f::;J_,zl ..i.!.J ~~ _,..! u..1 J >J! 

~".,;J.~.;,4,_;", r-ll.S'""\~_,,. •u~.r.-if..\ t.b\4 .,i, 

,.;'!<>~!....:.A w.:iT _;;;.,z1 ,_,s,,... ..;'!14 .,1'4. "! 

,, ._,.f ~\.)I'! J.A>,.; .fl . .,,_,_}' ..;.~ , ,"b .:iT 
~J\_,_:i\ .)\ .;:,,l-!"....:.J ··~<.S" _,,,,;,. • ....;.;, ~ :.;\.,,;\ 
.:r.,...~ .,,_,;~:SI ..,...l>J,.-1_,.-J> .S .:-I .:iT <>If.I.;,) 

.~Tt,S°w .. ~ 
..::.....:."!._,;!....; .1;W;,\ .S .::...1<.s!Li.....,,->: ~.S ~l:.. 

J4 ~ UJ~ )I.ls'....;\_,;_,.; f _,,. 41 • ..UJb u~'-
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i.: . .:... • .:...~ 

. , y. <5" ( I.el _,L., cS .r.: t)lb. I'-! ) 

~.l..u .::..£ _,., J..I> <S.L..Jll ~ _,.1 c:r..1 , rl,.;IJ""' 

·i., ~ )«,_;,,.; cSL.. .... ,-" ~ {; J,.;; . , ,:...,. _,,,.;..~ (;.. 
_,.t c:r.. I .oy.if' :,Ii T ~ ._,; cSL.. ... ,_,.,_,. (1 6:_:;-" _r.l,J.,,,.. 

~ e5' r'-1 ~, J_,L., .;,t...;;..L.., 4-,;K. ~ ~ 

. >Y.'5" ~· J,L­
t.,..,.. J 01.,> J..~ <.¢.I~ I J,.-1_,.J, ~c:r..I_,.~ 

u.;; ~. e5' _,. .0b,,,._,.. .:i,_;;Jj,J .;1_;;1 ... T ~ j\c.r: 

c.-JoJ .,Y. ~tr.. ~ul~:,i ·~uTcS-*''~i:!:'I 
. ,,; .r.f <5" 0 J y r-l l5" JI_,,. ..s, _; .,.;J .j.J, .S 

~_,....sl..11 ,;;;:_.. .IJ..1> J.d :,t;Tut.....;t ""<P. Ul.~ 

.>.:.~ ~ J .) ~ 1.5° .;.!..; 4. °'") ~4 . ..:;,.!. I.) .) Y. J .) .fo 

...,._,; ..s,,.,,,. l; ullk-1 c:r..1 i"-! . ,~, .,,_,J""' "°'· lt 
, ,> J..~ ult-"1" J> ..:>~cir 0b r.,. J..11 u..,, J> . ..,;.:;~ 

.v;,_,..;.,..SIJ (Cyst) ._,s'L_ (Spore ) .J'L..~ ~{; 

,,...... .::.I.,> .::.l l>- <!L. "-! J ,L- ' ._,s'~ .CL.. ~4 

~L. J>l>,, r.l!S"JI hb- .t;W .ii .S ~<s" ~ 1:,~u T ~ 
.::..!.,,_J, µ.JI , (!:JI> ..,.._,u..1.; ~l_r, J> .;,v;l •• .,;.;•1 .:iT 

~\.)l>- ••..d! -=-!_,l.J if'\>·f~ ,~:, .oWI..;,; uJl_r­

t,.t. .,,; 3 .::....,;bJ> .; ~ li T .:Ji.>- . ,::,..,, I ~ J ~ <.<"'l;.:,.::-~) 
---------

. ..:..-!~ l; y,. ~J .)1 ~ Anahiose 4. Annbiosis -1 

.J ~,,u-.~'-! ~,,~, ~ «•.J~.,,,,»,c.Sl.;... .... _,..:..-... 1 o.l,j~ Ana 

. ..:,......! «..:.il:r-» 1.5'w .... ~ biosis J ..:.-1 «.J4, 1.,S"'.Jl9 o.l,j~ J,,\...... 
.r- ..sluA;;J .:..\.,>.:.Ji> .:!.L_.)I .r. •J4,, J.;:,_;.f"< _;,..,1.;T 
ul_,:.>-, IJ <"---!) _;4, :31_, ulp "<L:. . .:;..,I J _,...,.,:.. 1_,.11; 

• r - >-r.X'< ..,...Jt;J, _;,..,1.;T J,1... 



,,i, .£ _,. 4 1, '-"'!...\ ..J~I ucl ,Y._;.. .::..Jl,.. .,,\, 
0

._,,., 

.s~l,u(:,.t.... "':_;_,~...,. ..:.:.s-i-:l1S"J1.s ._,.LC:...s 
J ~I...""" _,.,.;,L...4 4; LI <SJ~ L..1 ->-'J<.S'~j\ ~L;.. 

· ~~<.S' ...,\,\Ai J<_,....4 '-"'lS" Jo­
,;,~~ ~ &.;.. 4..J ,L. .S ._,.((;... .; J<l 1; T J> ~ ..r. 

L.I !.>J!.u" .64.>- ~L:.. .sl~l,.J'.aW. ,.i.;J~<.S' ~ 

·""","'°~~ ~J "1~<.S'<.f'>\s' \,t..:.., ~,JJ~ 4;T"-"_.­
..,.. ,.t. _,..:.o,~ <!l,r J<i t; T .s4J ,L..:x.1 .S ...,.K;..,,.:x, 1.;I 

ul>:..I ~[,. (Germination) ,fa.JJ ri!'.:..~ • .;; _,!. r f ~­
J.d _,.\ CY.IJ, .,,b •J~, Ji,; J" .;;,;~ l.y Tu.i.,; \of .;4 
'-',r,.:r.1 ;> r-:-4L;.. ~ ~_.; .S .;.,.I J..>.,.:il>:..1 J;J-"')> 

. ~L ..,;;Jw l.S .. . - u- ~ 

<o! Jbl• ,p, _,.. ..s 1..r. 1, ~ ..s Le;.._.; .S lS,.,G_, Jo~ 
~. ( Conjugoli<m)J _;,,.. T ,,i, ..... ,; uW.~.;l.;\J,.. _..,, 

,,Ji.... .:x,I 4 ·•Y. ..:;L....;,L..;L..4 ,_..;.;... :.i.;.; ~,, ,L,.;\ 

't;;,U...r-:-4 L;.. .1.;w.;1 ..i.;,:...i I,;_,.; .:iL:.~ l.:s l.i.4 ......:.. ~ 
~ j;. I, ,, ~ .!!~ L;.. ~""':' ..fSJ . .,:..:,4 uW::~ 
,sl.. ...... J,r, J d if ~ \.;;. _,,; 1; ,.,G_.,,~ ..r. ' ~ uG.. ,.i.;.; 

<.!4,_...; •.;:...,; r_,l... r"' .;~ .S ... ~J."! 'L...l-1 ~ .;t,o. 
~,,; .:;,bF.',..., .;I <SJ~ .s~,, I, _,..I CY.I . .;;_,;;.._,. 

,_;.;..;Y.:,.. ~,,:, .:;,1,,~,,...s ._,.((;... ,,_,5' ....... L.i.. .;,I_,;'-'" 

.k~l~JJ, u.;y~4 ~!.J~~ i~L-~.,.r.;~ ~J:I. j\;,) 

•_,!.u"u~ •o.'!.~<.Ae, .::.!S J;.I• ,, JA"Tfll..1 . .;;,,'-'" 

1,,_,;..Jl,o- .sJ.,;<J .i.;_,:,._,. uly, _,;.;\ ~lS",1 J..,r .S 

.,....S.;1,, J"'" .s\..r. 1, _,-X; Lbi .:;,,.,,; .;4 J ~~if .;4 
. o:.;S._,. 



J.,;, ~' <Sl""J.;; J.~· 0l,._Y.-J> .S ~_,..;I J :.,.. T 

(.,L.J_; ~ «l.J.,L le. 4;.lS"J • ..>..';, ~<S~ 0L, 
' .,;.,.;, 0_,l.O.:._,.(,o..C, 4 JJI 0t,..._,..,;. J ~L;. J;Wjl 

~ <>"l.J JL <J..i.1;, ~ 4 ., J.; ~s' <Sl•5'J Jl,> ~I 

"-'"~. ~l~ .,,_'°"" Jl(.:-1 (·~ r-..:u) 0~.) J,G <Sl...e. 

>Fr<>"~..>..';,~ rw <SJJ ~Jt,..,_,;t- _,..lu._1 J ~Tes" 
<SJl.>.;l<S"l;;. ~0~ .S.::.-1 JJ>er.-'" l;[.,, .>Jb..>Jj 

.::...l .,_,) .,...,5' Jt. .st_..;lS'JI ~ .:..,_,.;s'I J_;.. ...,lyJ> 

~ d-1, ~ L°'-"'· d J ~ d-!.l.)1 gJ~.),) 
, >Jb >L_j .::-.j)l. ~ T .,;,J 4. ~ • .,;.; <S~ _.,;, .S 
0

\;;-; -~ l~I .,;,J er.I '"c;..,) . .::.-1 ~i; .::.,_.,.I .Ji.,.. 
r-ll5" JI"-'""" _<>"[;;JI-"' 4. ul...i JJr'! JJ ,.:;..:,J, <Sl.,L.. 

J·~ l"'j4 J J·~ <..?'1.J.>J j..i;'.; 04.>.; ~t. ::,., 
JA;S" ...,.i.. Jl.. !J, '-'.,,..,J 01;,,.., .s '-" t,,.:.:w rl..;· . .,,_,._,) 

.;IJt. <S~lfJI _,.; .S .,;l.o...TJ..~ J_,~6'-~J .,;I.".:. 

.r.-- ,_;:..;.,, o..:;l.. ·~-u.l,. J_,..) 4 ..,.-.e J"le.L, li .;t&T 
~~.JI_,_..,.,;,._,) ~y '-"(,~le.~__;,.; <Sk...,_,...e., 

• JJ\eo~ ..... ~ i.:::.~y 

ui__,,.,;r.S .::-1 c.~6!ljl 0J~ct,_j_.)H. ~J..>"F. 

, u.;._,$' <.5" 0Jy<> r-llS'JI _,.; 0l,._,..-J> .S ~I..;~~_,) 

~b-)l.J, I> Jo..."-'~~ ·cft5' JL.J.; I t>"Y~ rl,,.; 1.r ~ 

W..~6,1 -'".7-"<.5" ~ ~L;.<.S"J~ ~ul..o.~ <S~ 

0bFr«f,L.T, 0TJ >JJT,F.J.,IJ<S>l~I ~J_,_. 

<Sl.......J._r. <Sl_,..-1 <Sl...e. ( '-""").> <SJ~I 1.,1_,;:, J> ) • .,;.; 

.sl,,l_,L ~[.,;. •fi- ~ .s,Y. ct,_;;;_,;Jy 4. 4;_,J_,,_;J 

. ,~ JY.~ 0bF.r ....iL 



vbye-y.J> ifJJ-P u...Jd .... ~lJ •"'!.";U..I ~l_;'-'"L. 

IJ ~~c.zT .S~Jt; .;I~~. ~ • .,,,Lo.. ~·J; 

rl,Jl lp,J.-,.o.,:,J 1,, :.b_,..J, JAA; 1JJ1s'u..1 def.,_,)_; 

~1.;.. 01...;1.... """""°' 4 Cl,;r.:c,-UT ...,J_; u..1.r.~' .,..,,,cs" 
~ .)\ cr.;·lt...h. "'!.4 cs<!L. 0W>L... """""" . .;......\ .1_,.,, 

cj,,.J, wT Jl.;>I .>I er.; ""-1.;,i .;.:,S J:'"J <.1.'_,(.,. J_,L., 

.. , e:VJ .Di...~ Y:'. J"' • 

• ..:.;. 4.r. <SL.-,; lf )J> ~ I.;. vi Jdl" M CY. I I.. I 

<Sl.,W\Jj,.J~~I, ~_.f",,;.~ <Si·~. •Y.Y.J\;:;.I 

vbyJAu..1 u..~J~IJ> J:'" 'l"'""·>)~.S J_,j,ut.... . .;;.;;L._ 

Jl.<1 :dl_r-1 <S4] }...J> ~ Jlpl ( ~I J> ~ ) 

wl>:.IJ>, bAi Jl.;>1 ~L.I ,,Ji, >J>cJ V"i;. 4;~-"_;,; 

<SL,,l}...J> .Lo.;\.;,1 <SJ,,;~~ ~I.;. vlJdl" .S .;......\ .r..°'; 
JY. _;.. <S4)}... .s <SJ_,],~ : .;; A VJ J"' jG.J \.,.,.._:. J~I 

.d Jw>lJ ·,Li:. <SL.. .la;. .S.;; .... -<'b .. ..>~J> . c.f r." Y' J.. y """' L ; 

.v.l LL..t .. 1....1 ,J\.,L...vJ J-P CY.h 1~ IJ>J:'" ·~~";u..1 

J> .S ~ L;. v I Jdl" .r. .S-=-I C'"' I, . .;......\ • .;; 1...)4 • .,.,.; 

CJ <ft!_J..V j..I;:; 0L,>.;_;;,llo U:, <Sl.-,;lfJl <S>_,J ,,~; 

· .,.,:,4 L.~ <SJ·~A-! ~1; "'!4 ·.,..,,,cs" 
>J~ ~ J,..\_,...)\"" 4 Jo.,:,J,j.;> <S)J_,..1 .L,f ..:" 
\"'<.1.,J> ~;~ Jl_;4, .;;;,T 11)1 wT_;;;y;l <Sl.r. .S 

~ 1.,1_,.;;, ..LL..~ >r ,c,.; I .sJT <Sl.r. 11..0 ""'.,;, T if 
---~-··--------------

\.Sb.)\; .)\ j5:!..:.A d~ ... <S~i _; ''° Ci~ Mycelium . 1 

j...,,.. L, I; r,,L..-. -::..-4':-;U ._,.:.,,; <.<l.,i~l.. J,L 
~licPllur) 1.SL:,...154.;~ ·01_,.:.;:: ~~J.a9J> 4.)\Hcellc 

.r - .)JS-o~I ~~ u.!. o,)I.) ~_,i (Formation 



'f. 1.ysenko µ . .:;., ~)a;J;b . .::...-\ u.:.vl,; ,_;..,;.. ..,.L> 

~ \.:...), J !...;; I ._;,? .:..\~ , ~L. J;W .;\ J,.-1.r uJ 
.s\J. (':"""'C:..~""'1.\pJ> )\J uL.L,S' «.f ,i.. T ,:, _,ll.:.J .;:..,..\ 

.;1,,,...., .bY.J' ,)>.:. .:.>\~)_;J}.r <f~~ J>-\.r tJJJ 
. .,.,,<f' J,s;'.!.; kd·J , .;,,_,s $ • .;,,.; 

~.).)> ~\._, r-.>J........., .:-IJW.- r".JY,,.J.:o" 

•'° ~1"""' .. .;..1 .s~,L.::.,J.) ~t; JI_;>\.;\~ ul.J_,;t.,,. 

~1.:...), ~J .::.i1~ .,,4 , ~ro" ,y.~ ~ ~ .;1 

Dei<'rminotion ~r~'-! "t. .• ~\,t..;T .;,[(.,. .$', Y. J...1.,..1..; T 
• ...:..,L<:;_,. 

V!.\ ...:.., Y. .S """"" ut.I J.;;L. ~ .::.il.. _,J..... .; i;_, l<. 
~~t.,;;.t,. ~JI_;[,,:; c.l>-'.. : ('z'>"! JI.,> \.) L.,.,,_.,,, 
.~ T _,. , p.J'-'; ~ .;.:;,.) J ~ u4r..J> .s ('O! t.,; ~\.) 

,\fa <.>\.)\..;I Ir .s.._,s' .S .:-\ txl.JY.;.. JI_,; ..,.J ~ l...;...> 

• _,J.,i """',.,:; J..~ u\i.fi".J> .S """'~ lS" .)\ J..K.s Jk;,\ 

. "'\..:;.:,\, 4,ZJ 

.:.>!>,,,..,,.. : ,,,;."" d ~.) ...,.-J. '-'; L..; S.) Y,,uW. 

J «.>.U\><f> ~ .s\,_,J,t;., ,,s._,s'>:i>- .JJ> l.;.;;,.;5"j\ Jl.. :o,;j 

~\ .... MS._......,_~.;..? .so.}""".) rll:'.:... \,.;,T ~0'-~ 
..,.iu,..;i~,ll'.'.;J J.~-r. JJ~40.';A .s\d ~ .S .:.£.,t4 
Ji •J)~.., ,.,..,~ if;l ..;-.J>'-'; \, ~ ll"'t.L..J ..::,..\ 

, ~4 Jr i.f.~:.r.j «~ ~.; ~~ ~, ': ~ r.,1-.L:..:;T:~ 

.,,_4 Jl.. ,,,,.,,.. 4 \~ s .. ..i. .. ._.. !).), ~t;_d t,.,.,.. .:,.,.\ 

...,.,;.; Jo\"'<"1 s o:,S Jyo >y .;.:;,,,, \,_,.... 1> uW.\.,__;; 
~k..._..,..., ~ 1; .tr _,.bi.)\ .rl 0,I .s" Jb-.J> ! ..;,,,._;._.. 

. ,,\..; .:;;.JJ_r., .._,. J Ii"""' 



"" 
J> .OIJ 4;JJ5~ ,:,;;I_,.; r-15' ,.>-.:;,>5' ,.fl LJ.o .;,LS <i 

.,._; LJ!.I J><i ..::.iJ uT 'l"~)><i I"'-"'° JJl>l,. <A-. J-i.;LOI 
. ""° r-"1_,;. .!!._,_;; <SJ.i.i 

.;.;.;L... ,~L;. <.l"t;. if'".f', .;,L;IJ JL> .;,IJ_,;l,,-J> 

:..v:,L.. .sl,;.:..SIJ · 1.,_,. JI - .....;,.; l, , ct.:J < 1<" J · ·-'-"-"" . y . .. . .. .. y...,µ J" 

.,:;;1._,.; JIA;I ~ 6!.'-" _,.I 6!.I. ,_,:.if rl,,.;1 Jy,_;.. if'". 

:...,...;.c.f,\ Jl...oJLA,.. 4J> ..s'IJ<Si•..,_"'\JL, o..V.i>r.JA 6 

~~ 4 • d <.5" ' Ji__,5'.:r > c..-1 ., y, <5-1 ~ I .sla! _,(,.. 

Jl>- . c-l ...... T,r.J~ ~Jt;J_,J,~ 6 .,,,.,<.5" cJ JJJ.fa 

<J,$' 'II:'• 4.J)~c)l.....Jl... Ji.GI .sl..r. .0 ~ LJ!.1 ~~ 

,_,_,,..J ~L;. ~J> ...;.J.)... .:,,\,_,...;I ..,.,_i .s..,G_o JI_,; 

JJ<'-0 ..;:,;1_,; ,l) );;.ii'.:.::.~ ..ib >r.J ..vi_,;'-'.; J >Jl..V 

.;,t...,~ .OIJ ~, '-''W. .s~.:.\'IJ .ii <SJ~ ul_,;<.5" ~ 

. .)._)5'.;_,..,,,; ._\j~l..s"' ~ ~ 

J (,,.st.-,; l) Ji J> ~ ...OJ :..,...,.,, .ii ,s ,J>J ·~ 

Cl;4l;. ~4Jol,;.:..:S'IJ :,L..Jl_i;t...J_,b;... ·~,$'" <.5" <fa­

!.::-.IJ I_,; u T J> j..,l>- wl_,.,,;.c cs\ I _iJ _,!;;... ...Ci.: , .::..-.,; ,_,.t;. 

J\5; ~. '~_,;, ~.)~ [.,..:S .JI uJ\_.,; cLR ~ul.,::~_,.S'"'l ~-?. 

r""' .;\ ~ o.!.J rl(:,, ~1.:;_·J> <.<J4-I w\Jd> .::~l:J~ 

JL. LY..i Le . >JbJI_,; 0:'-e- .sl,;l_,L JI_;;\ 1.""-JJ> .0 .::-I 

JL.. J~~ ~ .:,,IJ> ..).>- , csJL> wl>r.J• .S .:-I r:.f-. 
,l,.,_\ .;,L:;,,i., .. >-1 ,S\J d..L...o,.i.; .;,[.,,, , ul,.>- .s~L..il... 

.;,\G.\.s_A,, ..,.,; ... hJ._,,.~,o.,;,S \"'\.) ~0'"' .k;; .,;,._?if 

:~ '-';)\ ,....;_,.. d,;K. ~ 4_;,; ,l) p.;I ~_,5'1 !.i..OL,;..r..°': 

. ,._?JJ..; ..;I_,~ .,,L. 1_, ·"'J.r." .b- <.<JW,s 

"-~=JJ> J..Jl..r., JL> j..!::;~ .._¢(,_-" ~l)"J\f' 



:;J> <r."'' ,,,:,5' 1.5" ,_.; c;)\h..,I~ :,,,_;! t.iw., Y.-<>"> _,;.;.!., 
J>t;>I 4 ri.i I; <>'.J:\ :,J, iL,,.; I_,.., j.,L;;cs"I_,..,.~ I; t_~ 

.S .rJ u T J..'6' <.s!-L...,t;~ .Ji_,.,. .s.,.; 1,5 <.<' ~ t.;.<.?",.;; 

. , rl.5" ~ ~ lS" ;I 

~[;c.s. L'6' u..,,, cY..I .... ,j.J> _,ll,, :.,.;_; .;:,\,_,.,,.._,.. 

, [,,.I.,.; I _;,; J u~ rl.; .;!.J , ,_.;,, ~L... ~..ii<.#"" .i 

ti,....J~~L.,. cY..I .d <.<'..>">U;:. ...il~ <SL...;;.l,.J ~4 

,:,L.[,S" J> 6 »~<.<' ~ ·~ J~ <St_.,;\;:. ..ii if''.)' 
.byJI ulJ_,_l~J> J, c.~I (Humornl) J>l> •"-" J.,1~ 

. ,,1, ~ .LG:.., .:.,,] W~ <S>l,...i 

u> .}'I~ u,...._,~ I; l......,; ts::. cY.. I ~I t-" I ,r u• I.. 

J5i_;,. <>"41~ u>b ~, t.;T _,,;'\;-!.¥-..ii t.,J~ <.>°i-> 

.)'I ·~ cS l,_);I <S>J"-'"l; ._;;4 c;)\h..,I~ .- • s <SL.~;> 

.:>V~J ;_,:;, .~,;LJ l.i,,;) ,_,:;, •>JJl..Y. t.;T<S~.;.;.._;L,; rW 

IJ <>">J""""lJ r-" -' rJ <.s!- l.,J }.~ ~ ( •..r.i--' ,,_,$'...;.), Y. 

• l.,J ~ JI_,;;!_, rlU::! ~ li.i IJ J-' . .,,;,,,<.<' uL:.;,_,>..il 

~~ ..,.1 0 ,1 ~51 ! ~IS" .,..,..,T v,~ <>'>JI_,.. ~J, 

. ~,_,$' ~ U.>p U~_,~~ 4.::?-' 

~,,.-=-\u(... .:;L,;01_,;;1 <Sl.,J ~)"'~<..<fa 

LJ!~ . ,_.r.? .;:,,,,. ,,,_,;.; .:..~>, j..'6'~lS"JI cL. J;.bJ> 

._.;lb_,., <Sl.Jy>y '-"'-'""'"'Tumours L..J_,.._,; .S-=-1 Jo_), 

.)'1 .S ~1 • ....:. ·~ .;1_,, I ~ .,4 utl ,, . .,;.,, TL"°"'-"': 

01..J, IJ 0T J ~ <S_,.,6.,., 0lb_,.._;1 .;_,G:. .s !"!~,, .,.,_4 

0T Y. fl.o-. .:i:" 1_,; _, l.,J ~ ,_.; ~LI ~ o.,. 4 u-: , !"'I..; 
..r. IJ .;~? J_;.:S'uT u,....,~ ,.,.;_; r"" .SIJ ~ts::._;,;_, 

"I"' L.; ....uS' ~ <.<' J L.. I l.,J ~ .;!., _, ,_.; 



o..i.i.i u\:iJ~Y' ~J_, ~ UJ.J A)~~ '-;'iJ ~~ 

·i...,;.;...., _,.I c<I~ !_, j...1.;I , t}>J c<.JL ..w W. c<t.,J_,,,; ..w L. 

J.lC; c}>J>.:,,,:. v..W <fil L.1 . ,~<S' cf>U ~ ~L;...;i 

"f ~ .S-.:;...I ...::,.if .;L..;L Jbl ..... d.)I '-'"'"'-""'"Jo,; 

IJ .,_,_1_;:JI rfb J ~ c:r..1 J .,.;;,<S' _;;.,_;JI..._~ l;;;T 

·i...,;.;....JT_,,.; .::....,,~.r. fb- <J."I;~ ~1,,...4~ vly~ 
.~~ 

~ L......,; lf Ji '-'"'Li :....,...;. ~ ~ ·~ .,.;;,JJ _,..; 

~ · >Y'<S' J.~_,... • ri.>5>~ 0T )I~ .S-fa'-'-'_,,,; 

"-!.l,; , ,51'"""1_.;.- L<"'J..Jl IJ 0T ,S,fa, iW.. di).il-'"'! 

0!.1 t.~.L. ·""'4 .:..,..~ >Jyo '-'~ : ..... ,J!l_)I ~ 

l..,l_,0.. IJW if..l_)I c<Ll....~ ....ts' 0!.1.5' ~b~ ~ IJ 

.>-"!jA LJ.....; ¢-\_,;.. . .:i~ o~__r.Jk'~~4 L,,__,.../!1.._ O~fJ.:i 

UJ_,- J_,b-~ 4~ .;(5" 4J> ,s """4<S-W """'-' <fSl.,4 

~4 ~ ("'~ c<4,..:.:5'b.il J.~~LL 4 .1_,;.._, ,..r.f <S'. 

<ft.."'! . .,;.,J_,qfL_,...;J> ~V~I ~ ..wL. , ~.fa. 

~~ J,G LD! , -=-,;fa r-'Jb ~T ~1.5' .:-I 

L<J~ 4 •J4 LJ!.IJ> .S-~T.;1 . .,_,1 ~V ~I c<l..,l_,0. 

.S-!"JI> J~ "J.>..J en.I J> , r~JI> J:>t:>l _,...l.. 0Lo.:... .;I 

'"~..>; >J_,-J>uT c<J_,l~ i-'<;..'-! •fa•c)\LI JL..w..1 

c<4,..:.:5'1J 0~~J> "l.",,.'5"'-'Y..-' ~...;_,% _,; ....... ~ ~ 
. .,.;;, 4 ~ 0 _,; y c<L$ ...>! :.;; j c<l..,l .,L .J::.,, t,,, ~ L;... 

,s,Jb J~ .::.~~•fa•~ J;W di )I ·~'°'\ c;,.J 
,_,,,.yo~ ~4.,L.T...:>L Cl,X_,;~1 c<t..1.,0..<f"_,;J c<l.r. 

fa.r>- :,_,ii.:, .S-fa.L;... LJ...; >Jyo 0~1 J> L.1 . ~4 

:.;;) ~ 0T .ii~ , .:;;I.;;..;\,; 1.J"J.r..-'~ .::.-I 4J.il-"" 



rr 
-

1· 
c, 

• 
f.: 

-
c· 

• 
-

. 
c· 

r 
L 

...
 

" 
" 

~·
 

• 
f!. 

c, 
-

-
f 

-~ 
[\ 

· 
'r 

(-
-.:: 

.f. 
~ 

{: 
\! 

i 
-<.

 ·
., 

~ 
f. 

'Ii·
 1

 ·
 · 

!J
. 

'c·
 
f ·t

 
1 

_. 
Ii.

 
C\.

 
-

-
!;.

 
c, 

... 
i· 

·\ 
y.

 
. 

C\.
 

1 
G;

 
~
 1

:., 
{;

' 
(.\

 
"--

~
 

:~
 

0 

. 
·c-

1-
1 

r:: 
._._ 

'L 
~ 

· · 
~ 

'l
 ~

 
~. 

j 
1 
~ 
r 

~ · 
t 

t 
%-
~
 ).

 
·~ 

·r 
\ 

{_ 
" 

-
-

·P, 
L

 
'£ 

C
· 

" 
" 

e, 
,c

-
'.~

 
.t 

~: 
·~.

 
1 

L
 

•t
. 

~ 
_:,

 ;
 . 

;:;-
1 

it
 

. 
~ 

(. 
~ 

\; 
'$

 
~ 

F. 
f'

 
f. 

~· 
,c

-
J.

 
'e,

., 
li._

, _
.,.p

 
r'

 
Cf

· 
l-

r 
h 

'--
L 

~
 

• 
• 

' 
• 

r 
<.

.· 
r. 

t 
~
 

,c
-

r.
 

• 
· 

C
 

• 
"'

--
b

 
i
:
· 

t..
 

v 
.._

 .
.
.
 

~y
, 

-l
o

. 
~
.
 

~'t
) 

-
. 

v 
-

, 
~ 

• 
1 

· 
" 

t 
[.. 

~ 
. 

'e
. 

' 
. 

<, 
'i;

-
\,

 
c, 

...
 

\.
. 

r.· 
r, 

.k
 

"' 
.e-

~·
 

, 
<r,

,. 
o 

.L
 

r 
o 

e. 
._ 

1 
·-

\ 
1 

,£;
. 

c· 
")

 
e-;

 
r.. 

e •
 

e. 
r 

G\
 ~.

 
~
 ·

~ 
b 

e.,
 1

 .:
:. 

c, 
·~ 

.c
-

•\.
-. 

..
 

_
, 

:!
-

\ 
<, 

• 
'-•

 
"
' 

"'-
~ 

\-
-

• 
,.

 
-

t\.
 

• 
~ 

"'
 

'"
 

,[>
. 

·r.-
[. 

\! 
~
 f'j

 
\; 

f'
 

F.
 

~ 
Si 

C,
 

't_
. 

. 
::-

fo 
t_ 

·-
C·

 
C

 
·. 

~~ 
!;; 

s. 
.. 

e.. 
s. 

y.
 

_ 
1 

c-
1:

 (
\· 

.•
 ..

_ 
f ..

 · .
 1 i'. 

c· 
. 

c· 
'?--

f. 
a.; 

r 
·~-

. 
£-, 

•
'
I
>

 
1..

-
~
.
,
r
:
:
!
_
-
o
 

~
~
I
 

0 
~ 

C\.
 

.. r 
r [

. "r.
 t 

c· 
.•

 .
. 

·==
 ·

 
0 

J. 
\;. 

~ 
'L

 i 
t: 

.t
 

F. 
:[!. 

1-
L 

0 
c 

r 
-'

-C
\. 

..
 • 

,r
 
~ 

:f; 
\; 

'-
\; 

"-
• 

f 
·f 

't 
. 

-
~ 

e., 
~ 

-i' 
'-· 

., 
1· 

" 
<:

-
• 

·~ 
,.·

 
t 

L 
-

e. 
[, 

G\
.. 

, 
e 

!:-
i 

~ 
. 

<e
' 

.c
-

'£ 
i-

• 
C·

 
t 

,!:-
c, 

; 
~ 

C,
 
~
 

C
· 

('
!·

 
,[

 
~
 

" 
• 

~ 
'-

1
 

"
' 

f' 
't 

f; 
' 

G
 

. 
""

' 
-•

 
v 

. <."
. 

» 
-•

 . 
» 

~·
 

'-
,'r

-
.c

-
~· 

.e-
0-

» 
C\.

 
.'..

 
-

I\
 

·t 
1.

 C
\. 

V: 
'r.-1

. c
""'

 S
 ·

~ 
!::. 

S 
1. 

'e
. 

\ 
.t,

 
L

 
.c

-
c; 

=• 
~· 

<:
;. 

:t
 
~
 ·

~ 
ct 

<. 
...

. 
.c

;-
l7

" 
t!

 
w'o

 
~ 

0 
~ 

' 
~ 

-
0 

..
..

 
b

 
-~
 

I..
.· 

i.
. 

.!l
 

[1>
 

e 
·v 

.t
 

e ..
 
c 

t 
\; 

r.'-
. 

<'.'
 

·..
 

t 
\i. 

·i· 
r 

~·. 
~
 

t. 
c: 

:--
f 

~-:
 
i 

'c
· 
~
 

i. 
~
 ~

-
~
 

" 
·V

 
~· 

I> 
'-

V·
 

'"
 
~ 

. 
' 

• 
f '-

r.
, 

• 
• 

l 
'!>

. 
~ 

·~. 
~
 

~
 

-
Ir.

 
Gi

, 
V

 
c 

U
 

o 
,."

t. 
: 

-,
, 

.c;
:. 

;-t
: 

,. 
\.

.,
 

I 
Y

\ 
p

 
\;

-
' 

c:,,
 
~ 

~ 
·t 

~ 
T. 

J-
~
 1

 J-
\;1 

~ 
.f 

r 
· . 
~
 ):-

\ 
i-

'L
 .

f 
%' 

t .
"-

~ ... 



no 

<>4-,;I>:. 0..__;,I~ jl ~, ~ ..,l..G.;. ~ L_ 

JI.GI ~L_ • .;;j rL;.-1 JW ~ :'"'<-"". , ..,;_;I 0>_;.\.() 

..b...b~ ~JI.GI v._I , . .,;,L_ .;;_.f",,> ~ <>J·"*"· 
,, .....,,L::.wl ··L .S, ATP ·~' · ... , J,~ ·'\; . ..m" . Y. .Y. ~ ..r, . _,-: 

. d .1_,..,. J Y. _;. <S~ I..::> L.. 

t_,;v._l_,...,l... :..uj rL;.-1 ,, .S ..w."! 01.:J ..ul.;...;I_,; 

,\jT ..,;_;I jl J .::-1ATP0_,,...)(,__,.;...;, ~ j,i.;;. _,,;'\; 

..,j,4 ,,,.;~ .So_,:,<.5" .,Li.:..\ J_,L JW ~L,_,., ,, • .,;, 

. .::-1 <!l,.._;,..u I 

JGJ I~~ 'r5°, .::.1,.,,.. T _,). _,6;4 ..,.L;. I 001..::> L.. 
L. I . .;; .,.;.; t.... ·1.,t..1 0 T ~ J..L,.. .;:,w,; v.. \.Y. ~ , .::-1 

• .;;j ..,~ ..,.L;.b Jt_,:;1 , .::.t.,>- .;;o..T >r.J ~ .;=.. ~ 

,_,.,)DJ> •O..O <SJl_,:,o JJV..\j\ J w_>..f" ~ l"'j4 J ~ 

..,..,s-_;,,Jj_,; <S~ jl 4_,,. .s,Y. .:'.>JJ_,.:.61.1 jl .:'.>J~ 

.;:,,_,..<.<,,,.;~ ~ ....w. . di;;.,.. 1, >? J.-1 01..::>L..' 

~t.,_~, .jl..ul ~j\ .i.,;; ...;;t.,_ J,.G <Si?.l .S,_,f" 
<> l;,5::.1..u I'-;__,,. . 0l.j L.. .kW j I ..; ...;.;. 4 ..;;, b J)l.:;. I J.-1 

J·~ <l:...... 61.1 ,J>. ,..:.;;l,<.5" <.<~ JI_,:;\..,...->~.,;_,,, 

<.Sw_~tfts' <.<4-,;k. j...\;:;-,~I L_ .i.,;; _,.lv._I ,,,~~,_.f" <.5" 

\7' JG~) . .,;,-""""•~\.,; >r.Jo..Uj<S~J>.S 
(, _,:, "-c I_,. ... ,A.:5' _,,;. T,, 

4 .i.t,;,1 ,, 4-,;~. v._I :,lJIJ_,; <.S-L~, '-'f ~ 
jy_., • 1'1-"'-, ~ .s,_,i,0t.... . .::.>t.,_ ....... _,; J_,L :..;_,. J,0.; 
jl ....:.~ L,,, ..s T :r.-- <>L.S:;b- ,, tS\...;;t.,_ Jl_,;;1 :..;_,.. W' 

l......,;lf,1 u--tl J>...:..... ,1_,.. ,,\..; >y,-J ~__.;5"4 ti_,;\ 

._;; l..., JG (L,..\ vJ _,.. ~ .::-)\y J_r, _:,) _r J> ,;'»L.. ~ 



1. ~
. 

I\,
 

!<.
.. 
~ 

)
. 

• 
~·

 
~ 

"1
 

\; 
~. 

-;i
. 

C
' 

) 
t· 

:l
 

S::
., 1

 1-
, 

1,
,. 

(' 
~
 

f. 
• 

' 
"
' 

" 
. 

i> 
<-,

 
·~

. 
" 

v 
..

 
...

 
" 

. 
l 

• 
~ 

. 
v 

'·
 

• 
;--

• 
r
~
 

t1
 

O'
\" 

t'
 

\_
< 

rt
• 

.. c
-

~ 
l\o

 
V

 
1i 

1 
f 

I 
.,c

-
i:

:,
 

I 

<, 
!...

, 
&·

 
c; 

c. 
n 

~ 
er· 

t 
1' 

{::: 
I\,

 
·:.

. 
. 

).
 

!<.
.. 

~'.
 

• 
\; 

r-. 
~ 

....
 

I\,
 

·r 
· 

'h
· 

i;;, 
• 

~ 
t 

'6.
 

~-
·• 

--
"' 

, 
~
 

"'-
f"

 
t·

 1
 

" 
J: 

r 
~ 

~ 
·" 

-i
, 

~ 
1 

1 
L 

t.
 

1
r 

t 
·.. 

f.' 
~·
 

~. 
·r 

t~' 
\; 

'I: 
.r.-

.. 
"' 

·,._
 

I; 
1 

f 
~· 

·f. 
t.

 
e •

 
0 

~
 

~ !
 

-
\•

 
~ 

• 
ir

; 
• [

 
'-

· 
1 

"'
 

" 
£ 

"'
 ·

 
1 

''
 

' 
• 

<;_
 

.
;
 
~
 
J 

"' 
~ 

1:~ 
't

 
·1:

 
s. 

t. 
i 

~· 
J.:.

 
/: 

"'.
 :

.. 
t-

r 
~
 '1

; 
~.. 

!'--
c;

-
ff

 
5 

.(
' 

'-
r 

-
-
I
 
~
 

<;.
-

' 
' 

l 
V

\ 
f"

 
t 

C
· 

'-
t'

 
~ 

' 
f 

) 
. 

·..
. 

t 
~
 

. 
.. 

\.;
 

1 
&· 

'Y
\ 

\; 
\;:

 
~ 

~· 
..

 
~ 

re 
I\, 

~ 
r· 

!<.
.. 
ri

' 
' 

·G·
 

t.-.
 

c;.
-

1 
.~

 
'-

t. 
v 

1r
 

t 
e: 

.~
 

·-
' 

:~ 
.. 

" 
~ 

... 
1 

· 
-

~-
i. 

·~
 ~
;:

 t
-

·( 
r-. 

~ 
~· 

·f 
r 

~ 
~ 

~ 
~ 

·_; 
"'B

-;-•
 
'v· 

~"'
;. 

" 
~ 

b 
('.

i 
I\, 

IO
 

'<
. 

'-
<. 

~ 
IO

 
~ 

·V
 

, )
, 

'j;-
i;

 
·t 

'i,._
 

. 
L

 
» 

i;
· 

l 
'-

o 
. 

t 
("

 
;:

'!
..

1
b

 
f
"
 

f 
,..;

..._
 ~

 
.. 

v 
•
. 

c.
·1

.. 
, 

£:;
 

C• 
r 

'e
 

[,
 

~· 
"".

... 
·,

-
~,

 
c; 

C.
· 

r,
; 

.;
,-

,.
; 

,._
 

-
·r 

~. 
(;, 

. (,
 

f• 
r.. 

r 
i;

 
~·

 
~ 

fl
 r;

c 
1,

. 
·~
 

,,
 

~.
 

..
 

~ 
-
1

 
-

' 
• 

.
,
 
~,
 

'(
' 

• 
" 

l 
~ 

;;
-·

 
<, 

-..
.. 

-v 
t 

" 
..

. 
. 

___:
_ 

• 
e-.

• 
(' 

._ 
~
 

\f: 
i;;_

 
G

 
~ 

f"
 

b 
1•

 
'h

· 
0 

\;
 

t•
 

'e
, 

...,
, 

_ 

.r 
.f, 

~ 
F.

 
~ 

r 
F 

0
• 

't..
 

.t~ 
£ 

t 
~ 

~ 
{= 

~ 
.~ 

1 
'[ 

~· 
'f= 
~ 

,'-
f 

-'~ 
G

 
~· 

o 
~
 · 

"
\ 

!-,.
 

<;l'
. 

\.,
 

i 
0 

•
_

1 
I\,

 
"' 

I;,
 

\;
 •

 
I 

• 
i;

-
~
 

~·
 

f, 
C

 
:.-

. 

r-
:1·

 
~,

 
\';.

. 
c 

. "
 

.:.. 
~..

 
""-

.::
 

'f,
 

I\,
 

.f
 ~
 ~
 '

f, 
·~ 

\!'
 

'-£'
.. 

(_
 

!>
 
:~

' 
!>

 
·~

 }
-

~ 
{ 

1, 
-~ 

't 
f"

 ~
 t

· 
.~ 

\. 
t 

I\,
 

.;-_
 

"-
'!', 

1:. 
! 

.!:_
, 

\,
 

I\,
 
~-

.e-
t 
1 

1'-
[ 

1· 
-

"'
 'I

: 
'I: 

~· 
C.

· 
• .-

--
1 

"' 
,[' 

c 
1-

~
 c

 
. .-

--
~· 

t 
1· 

1 
" 

. (
• 

... 
,E-

~·
 

l7
"*

 
"t 

'-b 
(1

 
'-

\V
 

•t-
1' 
~ 

~ 
vi

, 
~
 

vb
 

' 
~ 

• 
' 

1 
-

~
 

• .-
--

·-
~ 

... 
... 

.. 
!-..

 
·v 

• 
.• '

 1
 

,, 
c; 

. 
" 

• 
"'

 
~ 

"'
 

C
 

"-
'. 

·~ 
C

V
\ 

'i,._
 '

t 
:,.-

1 
~
 

!i_
: 

·V
 

"-'.
 

I 
\;

 
\)

, 
il
' 

.e-
i"

 ~
. 

~·
 

("
 !

t, 
t'

 
::! .... 



f\V 

<.S"'l;.;G L_ <.S"'J> ":'!.;)? J> \J j Y.,,. "'-'J> ~ ji 

<.S"'lli. """"V j;l,.J j\ uT cs\ j,;<.s\ j,.\_,.... c.tLi ulji<..r" 

~ l.I . ..o\,.,j <.S"'JJ! .::.u, .. U!fai. '! Mor11holog~ 

, d if_,;'\; ~L.I .s~\G,, ...,,J\ LJ!IJ. .5 J..l_;o 

_,;.>:1 J.(z. 6! I .5' "'"'I u"° JJ • "'"'I .&it. '"'""'-" L. -A ) y., 

l,-J,fa.> u,.<51 JJ>>if tJ ..r"t,.. .st.l ,L.. ;I .sJ~'"! J> .s 

ulJ;cs-i JJLJ!\)I ·""'>iful.;.; \J JLo;L.J ~Jl. J~ 

~>)JA ,_,,..,:;,,<!I,_;,; JJ-MA eivl_,; '="""""-A J>L..<; IJuT 

.sJ~ .SJ~ uTJ..t0 'L:.. WU... <J;f _,,., :,\ J ,\,JI) 

. c.tJ ._;J. , "'" T J>;t J> ..r"t,_. ot.;;... ;I 

_; ·~ .S.;;.. 4-'> .st,....,; tf JI _,,j(; >J"" J> _,...I LJ! I 

~~ r";~ • >JI> J..) oT4 , .:-I J,L.. :,L.. ~;I 

J\_,.;;IJ r-" , _,..; .st..""J..>;U'L..\J. .b;i<J '"'J..>;LJ! I .d if 

~tfJ1 rl.i d,zJ_,:;1 .... .:.J .st.....,,.r, t.~.r. .s:'.J! , L.J,L.. 
. .:-I~ J.\;'....,,.!, ~cl! o1y. "! 

0~1:,~.,,'! .s,J\; vJJf- ... , .::-1,Y:..... ... if-1 

~ J (Vegetnlh·e) if"_JJ Ji.,_,)_,; Ji(;;\ _;,,(;i.::.J.6 J 

r_,P l,,.,uJ J> • ~ lSJ y ~ J ti'!.$ ~l. J> .S (Sexual) 

.s~l;) J> ul.f<..r" cf ,L. <; IJ <S-4> _,;>er.~ . >J"° .,\, 

rY\11,;; ~I J> Lo . ,_,5'1'°"' '-""[.;;;,[$ J <.S"'lli.Jy G- ifJ> 

_,,,:0,.i.;;..4ct vb"" ,._,;s:;<EJ J~I .sl,>~1.S ~ l>v 

:oL.. ~ J> . >,:> o,,_f _);; J> _;)l. ot..l$, ulJyG­

, ,,,! <.5' .;;, J ,_,, 
0

t.;.;...L.; T Ji. ,_,) ,1 , «> L_ ct .s4...,; tf JI 

e,JJ, ~ .r. Loi . .:;....\ ob,_,;- Ji., J"°v J-.G- r"' ~ T , 

cub>_,>- "-" L., ~ T ' -0 4ls" _,,J(; «>1!.r, .s4...,; L5" ;\ 
J 'Y ,,J.ll..L,, .Jo.. I J! , .I.,;; J(:..,) cs,; L.t,, _,,,..; .r. l;; • »)'if 



r-'i.)JI ,,_;.. <..h) 0T ,,;_.;;;I.. w <S~ <Si,, J~I 

<..h. ,_,.:,c..r...J_,;"'-~ t,,;T J-; J> ·~ (. r->l.;_,; 

.:-l~J~, v.;J ,/¥ _,1_,,,....4 .;I J:.)~J> r.>lf JI 
.,Y.~ .S v.; .,..,\_..,;,; 0T~, .:..,P-<J',~' ,_,.:,'-"' d ~ 
, ~L..~ ~ .,wu,; ..;L,o- : ... _.,. c:r.1 J> .s-._;,;1; 

. v.:;..,. .:;,(;; I' u"'J .r. .....,,.:, I.,; !"'.:, _,;... 
• .i.;j.:;,l,y-,.._,.!(;,_,.; <SI; 4 •<S.Ji.,.. .;4,,;_ <SJ.,,} 

vJ~~ • ('!\."'-,~ .SJ_,l.c!W. J . .:..:\l>..;,i>J.o.J)l. 

.:,4 ,,;. '"'-"'. . .::-I • .,,:, J-b r-JY.L;.. .:ii ·~,Y.cstl~I 

.;I .SIJ Jl;,5' J ~ts' Ji .s' .:-I ~ ~ u,.1.r. <SJL.. 

,~ if[.).i>. ·)lo.JI.,; Id~ 01~ .::..,-;"'i.,..,.z. """'I.. J;.W 

J>,;. .::.;, 0W. ,1,.. 4 «> ,,.:S '-"' J; "'i <S> 1,.. <i IJ La; T , 
J>C:Y"' ,_,;l_r.... ~ <i..fa u,.I _,;.1,1 ~ J> <}->- • .,.;.;;;L... 

uJJ> J> ._,..t;. ,1,.. t...r.; ~G.; .s v.;.._,.. ,_,; 1 :.'·: ._,.i.. Jli T 

>Ir u,.I :,\AT ..:;.L,.. <.SL..;_,.; >y-J .;:..!.. <i t,L.; ~i.)J] 

ciJ.._,...:;(.S". ,~ .._,.. .::>J,~ JY._;.~i.S'JI <Sla;..I :,L. J> 

0(;; oL.,u,. "-! , .,.; -"'c..r fa , ,.; _,.; <S4\ ,s:J,.. u.1 .S 

iJJT.._,.. _,bl>~ . d.._,.. c:n--1' IJ ,-""",.. ~ J, .:;1.$l.. 

._,J..0~..r._r..u....)~ L-_;. 4 JI ~4.._,..l.; ,.;k .S 

L; v.;.._,.. .;.;;._,! 0T J> , ,__,) '-"' N .,,~ <S.Jb 01...:i .:>.J.A 

I":: _,....S"11-".; • ~~ o_,;_,; <Sl..,.;b J> ViN .:ii <S.JI 

. ..,_,__,r '-"',;,(....t; .;:;4.,_:,J .t,r J><r.7 h,-""" '&° _,;...z,.._,..; 

,,,,;, '-! IJ .. ,~ .:r_l , ..r"l... JL,o-~ .,.,.\_,.:, l.1 

)\.,~ <S4-,,; I;:. ~ Jt! <St.. fa ..:-t.,: <Sl .r. J ., _? >J ._,J.t; 

.st.,! I_,; v t.,; U" 1.,..1.r. s <ff-4-,,; \;:.. : .::..-1 ., _,.; ._t;S <S _Y. l;.. 

J,G; w ~'-"' I.. . v.:;.... ~ ~ Jt! <S~I, ._,..t;. 



J,G. 4;,._;5'4 tl_,il .JI ~J> 4AY.J ~y <.>t...,,_\ 

w)y-, JL.0t..L,fJ, t,..,,_r}\;:JT, 1L.,:.,;t.,..;;T ,J,;,)S 

I.,,:-~ y.,;S'\J, r ~-l· ,:,_,:.,1,.,;.;_.~~ Jl.~J' ~[;,_, 

La; T J'"~ ,1,.. u. I :,t,, T ..:>L.. <.>t.." _,..; .S.:......,; ~ U-"'! 

'-""\;. '-" L,..,.:I<.> ~I, .S .::-I ~ u. "'! ~ .,; \.::. b , Y"", 

J'o;.:,0\Js>.JI ~a,._,. J> J..I> J~ i"-e-JI_,;- 4 
<.S"L(:,,i.;; 0 _;:·_,;- <.>l..•.:.,J J> .J:J.J'(,; ·.>..Y. ·°"''<..<" i:: Jl,,; T 

,~1~ \.@lJ> if~ <S~,L ~\_;;I .s,_,::,<.5' _.,,U;_,i j\ 

. ,,_,f _.,,..:... 0T _;.;....~<.>I~ r.JY ct,.4l:. JI_,;-
' -· I ,. . . ' . <"" I I < - . I • 
..aa3 c- u-~ """ .J ~ ~ u r.S:> r ~.!.J '-'~ 

r' J> ..;:.,_, JJ-51J u'.J' JJ-51, 0 T J> .S .::-I '-""L;; ._,.\>:,.;I 

:.SLl.- ~~ LaJ_,.(k «(.£.JL.>4 ::._,>, rl u~1 . ..i.~-\.5~ t.) .;?.:,... 

. .::-4; T ~ t: Jl.o\>, '"""' J,,G w ~ , .;;....,; ..i.5 u-'I, 
..)..!.. Cl; ~ ""'"I ,....,,._. j,,(.c; u. I ...rt... I .5 '-" ~\, J I _,i­

r:; \) J \ !""':i\Y°->: 0L..:,t... rW~ '~ 4 •>JI.,; ~6-,_ 
. .::.~l "'""JG.~~ 0L4~ _,;t- 0~_,,,- J' &.-~>Jr 
u.fa.!.\~\ J> cf- , r-<I.,\, 0w 'M '5'J~0i..., 
<->' ·«\,JI • J> ·W • L , .;:,L.- 0~\, ~'.., J,-1_,. ~ y <.$.~. • J .. 

~ .;t...T ..__, .s "'-~ 1_,~.:,. 0.:.4 ·"-" ,1.,,-..,1 ,~t:. 

j\ p if_,.-.;>.)::.~,,~' ~j;:,J~ .)'-.)·~-~!.; ~..\.!. ~ ~ ~-;.)..f ~ 

.. £\>.ij\.15:'.)...Jjl .i.::. ... ;:, ~it; ~;~.,,_:.;T Antocyanins .1 

.:,~.I . .::..- t....; L , t... _,... , l•) .,, , ~l.l'" "5:; ~ 4. er J T 

. .,;;_. t....v...i_.5" ,l.S" :.,..,;I ,i_,.. 

~,.:..:::.fle.y~I,; Streptomycin~~ \.-_H_r...I . Y 

il;~ StreptmJ•Ces ~.:"'~...,,,:....!...r!!?- .)\ ~t;..Actinomyl_·ete 

·i - J.:S if ..Yy Str. Griseus vY:r....f ...,..-~.H..?-- 1 



1..iJT.s,y,i; .sl:...•! v.1, .,;,y, >r <!~t.:!, .:;,l; v>I" .:;...> 

<S""-! 1.i':•• .. .J.Jr J.\;;; vii-"" .J> .s' yl;,;; I LJ-P. l>!. IA~ ,, Y. 

.S::. 1.J .).-I .sl~ .; I • .._ • .:. T J,;; , d }' u .J "4 4; T 
IJ.(,-j,(!J .sl-A ~l:.. K;:;. .s~IJ l,pT .J> .5' ~b 

o . ..,;:,. !"' L 1 ,.,;Jt. .Ji.,S::; ~lJ .J;1"! J.Jt).d. isl...J..L, 

.,;;..;ly_;,; ll-1~14. .. ~ lJ!.I "'L.1"1 y,l.s~\5".Ji 

_,.!;; •>r .;y •.J,,,, ·~ l:~ utw".;; r"'I""';;;,., uJ.;; 
... ;:~i 10~!.J~ &!1 ~~ J-> 1u.o).~ ~IJ ATP~ 4~.;T_,5' 

._;.;,; _,...,, y .st.. .rJ: oW> L. .J> ..:,. I .,...1 JI Ji lf"!J,,; 

. d}'uJ,_, 

.,,_,_? _;.tuz )J~ y.l "! '-"'((:,, _,.>1 J.lo """*"'' 
~~(:A i.G4";5'1, .J....L, J ~J J.,b i.>~.1.J)l .s' 

cSL..J...L,o~Jl..;1 .sL.Q.,..s' .s.~1,.s~_,..,<P. .S ~ 

J.,S• J~ pt.,, cSJl_;.J-'1 """"''"'" ~!J IJ J~;. 
.l-._;•Tu<>t. 1~.JI u-;1A> >y•;..:r.."'. J,; .. ,,_,f JJT rl)I 
.s4'o,}' .;1 ..;.~ c,e.:>l..:.t t..J y::i. ~i, J,,s '-"1.,_~, A ,;.... 

. d J..J.:ulG.I , .:;.;,i,,,.,.., '"';,....I°"" ~t;.:. .bf;;JI ~I 

~ ~ °'", tb.t, ~ 1; _,.. _,.I LY- I r.J bt.s" .SJ ;J..:>t... 

~·~Tu....i ~::, 41 ~;;~~j ~t~!""t o_,.;:..~c:..:;y .)::. 

., "'""'<5'J...l.,..J:!; A~,5° J> J Y.;. _,,,,,;, .li}' ,,;,,1;)). _; IJ. 

,:;o;,; l,.;L... <.}-!. ' <!/~ l:.cS~bJ I_,; ..f .;,,,J if fa~ 

l..1 l.,;;T Ji..,_,),_; u.1..:,1 0..1 • .; ctL.l .S • .,;.; rl->cl JI..,) 

<!!,.Jo..>.!.~ »Ji' .)~J_,.!;.<.. v.1 .slJ. utl# "! ,1,t.s" J,G.; 

.s....;_,;L,.;L... ,.;:,y.. ~\;;; .>.!.J~b.I_,. .ll '-""'l>' _,;,)!. b _,. 

J RN A .:;.:,J; cSt..J .,sJ. Conligurotion <S<>~ ~ 4 cs. W 



j;l..J .)\ • .... r,Jo/, ~RNA 1~,r .$'~ Y.¥.!.J <Sl...ob 

• .,,;. J~ ~\ Jl> Ji. ..,,l,r 
J-Al ...,_¥ , .,; \,.,,;. ,_;,,,) \~\ w ..;L,.il,.;I <SJ~ 

•.k,! • <.!"'L..::>\ .;,l.:;>.l.. <S\Jb <>~.r, foJ> RNA i'4" 

.,b.;,L.:.; ..,.,_Mfo Ji.i.~ S'J.,buL.i. 1..1 • ....::;..., .~_;;T 

44.:,...J <S'J 1.d J-AlUl.I • r.,_,),J~I ul""-J~ """:':>¥,...:. 
j.L., RNA 'JLJl.\)\ • ,_,~\_,,,.\ ..:;...\ ~U"L;.. 4J.!L4. ~ 
..:.>by,,- j!.. ..,,!_,; CIJ..U W .::;..,; <S>_}~ ~ J ~ 

.;,L..;L..~ JJ\ LkJJ> CIJ..U U!\ . .,,;.~ .;,T J,t.. )\.I;',.,;.; 

J.l>:r .>.!.J L,.r,.il <S_,;_,1~ a,,. _,..J, .$',Ji,.,~ ~L:<. 

~ <S-l-'!JJ J .,.J,..(; r...,J~ 4 RNA o ~.;" J ..c.T '°"'~ 
IJ r-+. L:<. .;,L.;L.., ..::-\ ~ ~ ~ Loi , .::-1 _,;. 1;.. 1.:.:.. 

. ,i, l.;;:JI _,:,,!\..-' '°"'""'" ~~ 
>Y,DNAu.J.J:.\ • .., .;;;, ..:.;;,\,.>! c...> .;,\..,.~ .s <S~ rlS'" 

_,..\ <Y-1 . .::....,; rJ>' L..:,,tr.r, .:.>\~_;.;;.... <>1.r. ·L..,A.;-. .s­
Acetahuiari.a ~.JVY.l.:....\~ ~ 0J~~ 4->.;_,.,.J.> IJ 

...:) JoC..\J RNA J 1 • •· ••• ..:.>J.iJ I ·\..ow>.;,\ · c.5' ~ J\~ ..,,.. • ,, c.5' 

~\_,.. ':"l:.'l _,;. T J> w JG~) ..,..;~ ..:.:.b <>I~ .DT c.J. 

. <•r 
Ji~~ J.co. J.C,l;l:<..~) ~~\ _,;\.>! • DNA Loi 

't-~<Sl.dJI"<~ ~~ cl,:<.>1 . .::.-1 <.S'"...,. :d 

41! L:<.:.S:-~.;,,.;1;,J ../ ¥.?:>. .S.,,;. ~ .;..of~ <.5"[6,, 

.,.,..\,4-<.l.:,,• .:.it.,; 4 .:i L, S' >JJ T, Jo/'~'-""'' ~J~ 

~.:,~.r.--J> ,.,;) ~Joi• <>.il...i~•i- <>1.r. <S-i....u~ 

. "",_,s'L..); 

;z.~ DNA• l;.,..L; .S~ '°"',_,; ~\_,;~ '1!..... LJ!IJ> 



_,;.JI lJ c.Set:iT 0L.;;.L... .:;..,..,.),) ..r"'!.a... :...ij.J ul.:i~,.oJ.:i o.l.!. 

~!_,;LS" L. . .::.-! ~b >P.J j_,L ~J> )I,> .s,)1....(.5" 

i_r.>1.Sr~~ l,,,o.iy.\<fJ...~_;.;T_;;.;....;, l;_,..10!1 &'_,; 

.:ii~,, .D' .r.i_.$.i ,_,$"1JL..D' .r.i,_J'.r .ly;-1 . ..,. U...'4? 

.S c.S":i y.l< .Y.}: c.Sl,,,.;,..; ;~;, .bd [,, fa0!1 -~rl,,.; I 

01_,;LS" J;&>J)1 .,,; ,_; ._,,. .- ,:; JO 01._; , ,,; 1 • .i.;. j.;.., :>I,; 

c.S4) f1. , ,,,;.J J_,LJ, ._,...~_,;-"' c.Sl-.._;.; T .s ,_,) ..;..) 
c.S4) _,Q..S d LS"fac.Sl•Y,Jul.,.;;.1.... uW.~ 1J DNA"<~ 

• ,,;,.¥. uT c.S1Jb '.>\;; j_,L ..._,, ~ _; DNA 

J> DNA .S ~,o.s-" ul.!.l _,,..l.... LM- t.,....:, ~ 0W U.. 

~_,..;Jl~J> J_,L_,..;, DNA • .:...1JW; 1.,W1J,>rJ;l.:.. 

w c.SJ ,J. '! , ,, .}'LS" iz 1 _,.;.1 rJ; L:.. ) I .S <S-,5', , ,:.if 

)I,> .SdJP'-? ,,[. 01.1 • ,_,:,LS"~ J_,J.,. j'°'"! .S LS"LG,. 

jA.;;.. ..,;;. , c.S4J _,!... '! .,-# u ~ '.i.;,if _;;.;.... J>l. j _,LJ> 

4--:,; IS' J lc.S.il....)~, ,> ~J~J.L.t!lZ.u J"! _,..16< I ., ,:.u" 
, , _,:,<.5" ~JO .S ._,.;1, ~_,bu T L.1 . .:-4; T c.St..Ll J> 

c.S~I, c.S~l_,;.;,W,.:;..-"I, DNA <.JL..;;.l...:;l; J...,1,4? 

)Y..,' .,,.,.., tJ _;.,;._;;., J.,LJ> J>l. J_,L'-? J,Y._,.. ~l.;. 

J,:S'll> _,.. J> .:iJ LJ!l ,}J . .::-! .,,;L. <!4.Jlr >(.Is° L. Jo 

w:'.;,~JI_; ..b-'.>\.o ,.),. 1J uT ~1,.;<.5" .S if."..J.ii J.k:; 

. ~I o,.\,j.) i;.,\,).Y.'"..Y' ~jl.,j~ .:ip. ll!......o :~Y. 

, j,_L.. J> >y,-JO c.S D:>IA .S "'-"'10!1 J. r,_.,. 1¥ 

U""l.;>1 c.S~J\ _;:.;,. , .:-I r_,l...il ~ .S .ft_,b '-? 

DNA .s d LS" J,..r . d LS"~ 1J !-...;.; TL_,..;...:, 

Jls°'-? _;.w. c.SIJ. c.S>~ c.S1.,L. ~l!.. '-? ~ J,1 '-? 4 
J> .S _;.w. <ft I c.S1.Y. 1J c.SJJ_,.<. ,.:;L.'.>IJ, !, ~ L4 ! .,.,_ T if 



nr 

.du" JA;.;. RNA .IJ .J\ ""--"DNA J.;.l4 01...;;..I... 1<c'5° > 

, , ~ _;; T .:, I if. lt ., _}' J,s::.,.; Jo 01...;;.. L.. c:r.. I JJ c:r.. I .:, I 
.s~\_, ).\ <SJl.i.,~ _,_,.._,..;... JI_,;.}.,(.:.;- Jo .,..,... U.."-! 

.oJb • ...:.:) .:r.,.; ~ i-J:.L;.. ~ 
_.,L.. ~' r5'" .sL.--l:i lc ~--- l,,;; <.?.) ~ )W I.. I 

..,..J_-. ~· . .::-.\ ~ ~..r-,l J~ .u.I.,_:. J • ..il.._,J 

o <$.L..~,"': 0T ..rL..1_,! o .:-1 •""'Y ~'"<$.WY.! 
!JJl.>..o u->'.•.,,...; . .,,;;;4 • .,.:; .,_,) _,; 1,..,,.. .,; I • .>.!. .;. .) rl­
J!. o....r '-! lr .,; .) b c.A I)'..,.,,,.) c:r.. I ..,aA;'-! ~ o""""" .s "'":­
o <$. 4'P4Jo .}'I o .:-1 • .,.:; do 0L:.; 1,.,;. I >Ii. . 0 T 
, ,,;;_,. ..;i J~ .ol.. T ..;;.. L.. Cl,il) _,..; .sL-....,....1 J; L.J .:, I 

r.J''i l~_-,p.. .sl_-. o IJ .soly, .JU.. o.Jy .sl.!h 

.~.:J4.J> o.iJJ_,.:. ~.,; .sL.....,...IJ.,(.:.;-.sl_-.J_,~ 

.,,_}' '-"'...;;.,._ ~'-!4__,.i.;;\~ .s.JJ4_,,.,;'-! l~_-,p.. 

:d .:r.,.; .:.1. o oJJl~ >p-J'-! IJ Jo~\~\ _,..I c:r..1 

o <!l,!lS.,; ....,....1 :ol..T ..;;..L.. 0\J;, op-,<J.li_-,p.. J Y--' 

04..r.- J> .) Y. _;.. u \J;, .;:.;. L.. .) 4 ~ ' , .w .,; JI, ..,... t;. .,s 
. .:-1 ..,.,;i. i-J:I.;.. 

• .,.;. den. .sL...,.._,;.;1_,,.; w ("'> 01..:.; ..(;J .sl_-. 

.sL.'-:"'.) .,.,;_; <S~ .s.JL...J4>Y..J> DNA~'-! C'°\.J 

..;> .J I .o i.;::.. I 4 J o _,;.. '-! , .,.;. 4 ...;.;, b o?. _, .,; I_,; u-_;,; .s fa., 
:.,.;. .,,.,.:.:.. 0\..v.l:... ("'>cs" • .:,!_,,.\(...;)_;. 4 01,:. '-! c.AY-

· !"L.; c_.b. JL..:;.I'-! IJ Commoner.) y5'° fl 

i-J: I.;.. S,..JJo DNA r j l..c. .}.,(.:.;- ' J _,)... _,..; rl.(.;,.'-! 
----------··· 

._,,l:S ~ ~?o .s;~ .sl<...~ ~I Jo"''' Code .1 
·( _,,:.....,! ~;.) _,t) '-! j"J ~)~ 



J ~ ,)' (i DNAu,.I .;it...;;..L..J ~ J . "!4u" .. 1,1 u",.r­

',;;$' ..,..,;4 IJ J,l.,:A> ~IJ>O......,. ..H <>DNA .;iL.:;.>L. 

.:iw,s::i:.r ult_,... J> • flNA ..st...-J_,(1. · >Ji..;,'> ~U.. 

..,. ,..~ l:..::..~J ;t 1,,.:i ,s"'u .t(..sL."f fk' ;..AJ<S• ,,. ,. 
u1-~"!' ~ .,_,,,L;.41 1..,;y,,, t.:,I, d '-" c;:l/W-1 

•1-..J T _,) .:il,a41 IJ..,..,.,,~.,:;>' "',;;..,._;.:.:.... ..... .,,,..~ ... 

~' .;i....:.;,,lS ~. ~1 ...... µ1 ~l:. J> ·~'' l,,6-.1, 

1~.S-~4 4!i;' ;.,.,.,1_;z....,,, ... , ... r~l:.;I JW ,1,.. 

i.:t.- j~ ~ (,$~~ -:r.;,J ~\ ~! .)J~ c.SDNA V°~_. 

S' .::-:l DNA c.-lz>I J_,.(J... u.I ,,,er..1;1 ,,_,!' <S' .:;..,,,.., 

.:iT J.,SJ.; ._..;1, L,J. ~ . 6 o> •Y..' _,,;1; ~l:. ,,, 

fl J >~CJ" c;:l_.>I ~l:.;I .:i~.:. .;d..L., ;IU"', DNA . .:-I 

1..,;T,,,,.....:.; .~:. u;t;.,_,.., ,,, • d ..s~~ .:ii~ 

JA;.;.. "'-".,,,. J,L "I .:il...ir..~ , ,,..,( .... .LW.- _,,.,;:; uJ~ 

..;t>L;,. _;.:.:....,,, 1,,J,,1 ,_;.;.; ..;:.._, ,,44 "'·'""'" J,l~.J•.J ,~ ... 
,,, ....S ,,_,b.;,l... .::...,,, .....,r..;ir..~,, 6 ... ~I DNA"'-"-"'" 

~ r~ 1,, _..:;.., J,L ~t:.. • ,,,_s ... ,,i.:;,, ,,,t.. J,L 

.6'5' 
<>)4 I,, J,I,_;;.; '-';4if <S>,> ..sDNA S' .y,__,.1.ul.~41 

J,L41 J_p., .:il>::.1 <Se• uJ~fl ~ .ul~ <SDNA ,,,;S 

6 ....:.;4 .:il..-0!.I ..,L:. . ,_,) ..,.1_p.~11,, ,_,:;; ir..I ,di":\ 

J;.. i,, ... ..,.:54 ...;:...d~) I DNA.;i,_,51 ~"I .b Y. _,.<SI~ L.; T ,,, 

<S~P4 .:iT.;1~,, ,,,$ <S4 .:;;.),-f..., ...;;.....,,, .:iT.:i • ..,f 

. ...,,_,r u4 ~~;i J,I ...;;_,"I _,.;.I ...;;.... 
._ ~ • ~,,_,s" t__.b .:i,,.01~ o ..sl.....,._; .L(,J,;;;I 

<SI,, I>. o .:.-1 ,..., ; ~ <.>'L.r '-""' , ~ t:.. t:;l .fa. ~..; 



i.5A)..r. :MT .:iL... J> ,A U<I . """'' "'.;L..;4 ,p. .;:..,,,j 

J.ltf,\ ui.>iJ ,_.f"t"1. flNA .;,,.;,\o.;~.JI ck J~ ... p ~I.::. 

.,,. l...,...;-cr.t'°" j..I;::;,, DNA.;,,,.;,\"'<!. Jl...Ul.14 . .::..i.IJJ 

DNA UJ.t\~ . l.J!, U>-&A J~ ll>--'"" .,.Jlj ~\J¥."~ ~ 

•..r. Y4 "'4l...;L. ,)l• ,~ eJ-4! IJ <>.Jl....i4>.P <>J.A 

Ji""l,~ .::.1.,1..;.._, ~,~;... (Cm1serrnt1sm) <SJl><Wl.... J 

... 1.; .:.I. F.,. ~ .:iL,?. ,, 1, ~ t.::. , .;,(..:;. L. ~ _.; 

.;ll,_,..16'1 l..I. ,_,..;~tr,~_,..)'·~~..:...-'!', .S 

4,i,l.t<!.c.Jl....i4 ;_,;.:"t"l. rl.i..s' .;.._,1..;.... ul"'!""'"'~"i 
·I"""'! J~ DNA uL.l~l.. ,_,,;:;:.rel-•"! 0::-J> \J 

1.,b,I) ..:,,,\_,; i"t~ 1>,Jl,;,, .,s.;L..;4 •.P <SJ_,;, 

.;:..t::_,,,.;..:.i,1,r ·"""'' J;ir~4..;1.;..,..., ,~_..;.lr~J, 
. .i.i:.~..,· rLG..:..11, ~.slew :..,, 

.!l, ..s ..,.s::.:;;,1,1 ,,.;,, ..,1..1>:. J.,,i. ~ ,~ ,;,tl.P,i.:;. 

ll~ J:; .JJJ,:>J~JA 4:>;J'IJ ..\!.~.})\;,,,..:.. .... Io>~ ~IS.;\ 

JI;:,;\ .:iT .::SI,,' .,,,;4 ..:.tb ,1_,; J..\>:i .;,4,,_, ;,I .s.;.J~ 

. :,..rf' ~ ,,,,;.."! lS,}'o~ 
j..U:. 'lr,,..,.... ..:;.4_<.!.l; .;:..by,,. 6'.h.l.i.~IJ> .::SIJJ 

.:i~':l_,,;s:.;,,..; .:i4.r..J> Le;T :Y., .!1,.4t.::. 0 11,; iw­

•.P :"t~ , ~.)or j..l;:;;,I J.,.._,.. ,;,tl.J, ,;,tl.P.I.:; ,,,:;.'-"' 

.;.)\, ..:.i.Jly.J> Joi....,_;.:;:, .s.il....i4 

~.;L,J~ 1 1t<.\i.)U\>P.r Ulo.JL.. V<i~~.fa. ~ ~1 

U!... , >.JJT..,. "t~ r~t.::. .J> .S _,..L.I JI.,,.;; u,...1,4! 

<Sle-,;lS'J\ ,,.;,.) !JJ> ,, .du"~ <S~ ~b.Jly 

~~l~ 1.S4.:.:flJ J\yJ:J 0:!"-A UI..,,# ~.) 4 I ~~A 

.,U:.I rJ• ~.)>JI,; .:ii,:."! Le;I"'! ~ L. .S "tT...,. ch'. 



nr 

.::.....IJt. J.~4 ul>.P."_,.. .:.JI_,; J...1~ <!.!._ .;r..1. r->.? 
~ • ,, _,5' ~ .b Y. _,.. ~ L:. c.S~ b,,l I_,; 1'i>'-11.;; .s' 

c.S~ ic.S J-''i ,.,... J ,J.'i •c.S>_,j .,.;,J J>.l_,..jl r-:l lS" JIJ.iS'"4 

., Yif~ _,.;.. r.l; l:..J,~ vi_,,,;; JI_,; 4c.S~..i...ll .r.:# 

~ I JD, uW.'i J 1 _,; .;r..1 ...,.1...1 , r-~, >l;i .S-J ,J.ut... 

c.S4J.-; jlJ, u..L. ..,14 •'l.:Z.iM .,.;,J u4__p,-J> .S- ,~if 

c.S, _;w, J.t. ~ 'i .,; I_,;~ _,..1.;r..1 . .:-I ,.,.;, J,..(; J.;; 
J> .s' ul¥ T IJ ,...;j ,.P."_,.. ul..jl... 1...1 , .,.;,~ ~b A 

.d if~ '.::.....1..:5 J,..(; ~Jl; J,J. 

> l,., I DNA 4_ .......,, , I _,..J> .s' c.S J:'F ;; ,) _,,. .;r..1.r. ~ 

. L_ u-G'-1 IJ J..,; • ..,[.. UJ~ .s ("-~~ ~_,..::; _,,, riS 
~\_,;<S" o ..;l~J> . ~l.; J..>.i J..,;'i IJ ~ ~.Y. 

4 1.;; , riS·""l!...·~ C.:IJ_,'i e--IJ ul..>~ ~ 
Jl_,jJ.\;:;<.S"'L..IJI_,; Ui.Y. o r-JbJ\;"_,_,....;G.)1...1 J t..b;_,J 

~J> Jl_,;4 ..,~,)~IJ> I.... ~L.;if J,..(;IJ uT, .;;Jb 

et.;.....,_,,_; jl ..;_,.:,. r-ld ~ T 41 . r.Jb N,_,..if_,.... 
v.l.Y. .::J'I', >If\ 1...1 • .::-I JJ> J~ c.:IJ, :...,~ rl.r :d 

_;,~ ,_;,Jt. J.kr4 ..::.b.P."_,.J, J_;~;.. ~ .s' d if 

>_P.-J'-14 ul.._;...~_,..I c.Sl~\J> .S .:-I J!.. .,_,)_,; c.SJ..,;.>I 

~4 ~b.).l>'-1 ...,4 ~I... . .i..T~~ ..::.t,.,.. :.,i_,1 uo..T 

• ~ r-:llS"Ji .:.JI_,; ...,.1...1 JI'.> .s' JUl>:.I t.., ul,..>I .s' 

c.SI_,...; <5.-"'t.:.., c.SJ_,_,,,, ~I~ .5' ~~if~ ..,._~T L,.:r 

.,; I_,; if J.;;C.:IJJ <Y-1.Y. ~ . .,.;,4.:;.1,, .P." _, !.o.,.=J> ul!.;.;,,.; 

J.K; .;I ~ c.Sl.U.,.. _,..J, ~ J r-:l lS" Ji .::"""'J ...,.1...1.Y. 

·~ T ""!.~ o.l.ij :;,La ~J.li 

c.SL......:..S iJ JI j.. G. c.S j _,.; I , I"~, >l;i .5' J ,J.ul.,, 



,...,4 .slJ. • .;;j r~IJ> Exoergic reactions <.!l_,5' J\JjS'I 

_;;.;.... , ~ J L> • )\.j b I_,.. 4; 'Y W ~I_,,:.:;... I .s I ..r. _ ul.;,;... ..wlAA 

.slJ.;,lJ .t.,......,;lS"JI _,.!0,_,..; • \"">\YY.. d J .slfi-\ 

CJ~ T J> .s <SJy JI...\ ~J. ~_;(JI • .s_;.....\ JI...\ 

<SJ,..1i\ i.J:-JJ of..Y. J_,..aA :::..)y ~\ . ::,.,Z,f..5" J~ - ..Mlti:::.cf' 

.. :u -'"'~ ..,-W_ • _,{.,_ > ,_j J -'"'~ ct- t.,..,;. IS J _,; \ JU.,.# J Jl _;.. 

. .::-1 ~ lS" JI 0....:. ~~ ~ C>J.,;4. c.f-:lk.. .:.S _,,,. 

d_;> 

~er..~ '-'•T "".'"'; .:..~ ~ jli\ uW.J> J,A v..I 

,o....;j .:..b_,,,._,.....,. ...,..t....1 .st...~ jl ~~~.;;I,;..,.. 

_,.,I...:.;;) .:..bp,_,..)\ .sJ~ .S .:;..,I .:-J>. ~I . ,~ ~ 

_;.,; >JI_,.. v.. IJ> ~ l..I ,.;;JI.;; IJ ·=·~JJ J l> .:.S _,,,. C>J.,; 

.,, ...$ ..,., d ..,...:S -"""J..ls'.::.,) w4 ~ T .sL.l _,l...J> !"">\.i Y.. 

..:...~I:::._,;.. J'_!(; J ~ r~ .).) o._\j.) ~1,)_Y."y> I OJ~ 

. d"".:.S.,,,.~T~ 
.;...I.;::.,. 0~~.::.,...; • .;;j .:..b_,,,._,.. ... ~~~~ 

(t'logellor lcf Jl; <(Ciliory) .slo _;.. • <fa"T J JJJ~j\~~ 
.S u1. ~~ G. tf er..? T · > ~ rl.,,.; I (Muscular) , ,j ')(:.<.J 

J .;...I .:.S-""" J(;;; c:r.._,_l""".-'c >JI> A ,j~ ...;.!.,;; I~ 

c}l_,;;I ~T.st...;;4 .S .:-1 '-'JL. J.k:r4 ,_;by,- :.;;J .:..A.. 

4\...ul • ....;.Jl)'jl.., <f"l;. IS~ ¥J fi.,,.;l~J .;;\.,;4_ JI.. 
. .M) If~:::.,..._>. 0.)~ c.:x,.)'o~~ Jy,jto :~4, ~\ 

.~l..jc:r..~.,;jl.:.S" _,,,. 4;_,J~ JUv..1.S ~v..1 L.I 

uT hl~I Jbl .S ,_s;J,-J, • ....:. '-""'J..r. .,,-, ~J"".""'~ 
~ i;oJlrJ> IJ 4.Ll, .;;I • ....:. cil'.s'°"'" WU.. >J_,...;,J.;;~ 



. c.,...\ o.) <So~ - ..r . ...r _., __ 

.p-1..I . w_ o_! J.). Y. ..,..;; u. I .S .:-I_,;..\_, I u. I t..z 
jl • .,.,,T.::.-~ ...... 1_,~:~l.; '-"'wl jl ~,_;,;_,-.Iv.I rl,.;IJo 

.\W... ..ll_,.:. c.s"'JY. ft. r"'.$'1.S ..lll.oY. JI>'~ IJ <$.~ 

hi"-'!I JK;,1 oW:::S '---! o\~ .S .,;;T jl ~__,;; Jl,~ 

. o5 u!l~jJI IJ.::S .r­

ed .,..G .s ,,_,,,;,, , JU. Y.. .i; d Y. __,,,;; .s .::.-. Us:.:. T 

u. I ..,.,; __; ._;,.- • _,;.. '>' ~ ,, , .:r.,:r J\ v I J'.> _,.4 o '-"'I_,;.-,, , y T 

4. =~.) ul!.; I ~J>:, 4$1.,;,4.Jbj..J' J:l ~~"-! ~ ..::,,\.;~ 

~o~~ ~1 ~ . ..:;......\ 4_jrl~ ..:,.) ,.P"J.).<.$.lu~t .:>\~,.J 

.S ..llJb ATP J 4:,:; - J, !;;_., •'\; L, •. t"• _...,.;~. ~ -~r.5'-"""'~ 

~t:..d .r- .slY..sJ_;I ~ol~~J'-'!k<-<"o_,,,.,)1~_,wo 

. w_T<-<" N~ 

~k..sJ_;I~ u!.W .sJ_;IJ(;;, ~;# t_,;u.1 

oT,, ..:;~ t_,_J, oLGI .,i,1 ,, j~ ~-'\ .s~~Jo ._;,­

J ~ _;. .st.,,..;..,.. o JJo :...:. o lj T .s; _,_; I .S .::.-. I .o Y. <-<" L(;,, 

.di-'\ t.._$' vJ~ kd _,.40 , OJJJ'-';'> oK. jAl _;IY. 

. .::-1..:>b-'\ ATr .sJ_;IJ\ .s~LulJo c-""~ ~.w_o_,G 

_ J,,I u..,Jo _ jl or! vJt,. ""'-'-'I u.1 .s~ J-.ki c)L.I 

ti..,Jo_, .sJ_; I Jt_;;; \_, o..:,.f;~ .1__,... .s~I, t:-~ 

~-'I .slJ-,. ~ .s4:,.; _,.. J I..:> L.. ..,.,; __; ' r6 - r >0 

. l.,; T <Si,,...,,,_f' JO 

ATP J_;:.r oL.r.Jo .S .sl<SJ_;I , db- u._;.ol..Jo 

c.r-.k.. ¥'L, _,...;.,.) \"" )\;_,;' J\ .:i,:r J\ .fa.. .i;i Jo oo _$' <-<" olj T 

_;yS' _r.:... .... 1_,.:. .,_,.:.<-<" ~IJ .oL<:..b_,.. J; db-~ (oT 

.:-I cs!. 4:,:; J\ .s ,b- \"" )l;,r J\ ~ ¥ .S'" J b<-<" JJ.,. 



..s\..s5_;\ . .;;_,;, '-"~ JW;\_, J.j >J\_, ATP 4 ..W\_,;<..<" .S 

)~~ <.S_,,; WoJ ~lJ.,.. <.S\J. ,,_! '-"' ,\_;fo~~ .s 
.r.i' 4 ....... \ 0\~ ~ ,_, J_,L. \_t,:;J JG .s >yif ».r. 

,s .::...-\ e-"" . , _,;, _r-.l. .::S ..>""~ .,; \ _,; '-"' .? <.SJ~ u. \J, 

,0l..L,S" .)\~>J yJ> '-"' J~ \) .::S J"«fl.\'-" l..o"!_w, ~ 

. .,.,.,,'-"' ~ 
~)\;.i_.e. <S~J_r,.r.i' ,s ~)_,...; ,s .:;-ta.),.'i> 

.S "'"'' if.:"T c)lk..I~ .:.5" .r-.:.k ~J.-'4J rJ..~ J; _;\ 
, ~~ L, c:) <S~JL; r.s[-.>_,.,..)l; t.;..:.. .::..<,., 

-~ .r.<ft" T .::S_,~), ·""'4'-"'~,~ I.!... 0b-"'"" ,,._,~ T 
( Pseudopodium = l.,.JIJ~) ~ _,) J,) J ~w; ..... )\;.i _r,.sl.. 

~ . .;; _,;, '-"' .~ ._,.,.. T .::S .r- .:;....,,-)> ,s o..u_ T '-"' , -"'"" ,~ 
01,..u.~' , Yes" .sJL,-~ J. u. I J> b~ • .;; .; :, _,; ~ 

..S c-i\ .,.}.!, o.:il.:i 01.!; . .:i Y!f l:~ L;.- .:i p. ~.> ~ ~.....; 

u..) r." ,s:::,..~ ..J J _,.,..,, .s\. j,.J ~ J. <SY=-~ )L; I",_,.,..)\., 

r~Y~~::-:1-~S" sj_,l~, i.Sj_,.ly,,r-9.;.:i ·Tonus .1 

. "-"_,f .,.- Tonicile •:.,,...} ,; l, ..,.y:; .::..>l_r.1 .:.16. J> IJ 

1.:iYd'o<,.lll>l!..,.. ..:..>I__,:...\ e:_t _,. .. .).) •. :./~.;.:i ~ ~~ \~ ..:J b. 

4 .})l;.o ..r,.S 01.~ 6 ..:...\ .))\.$ .s~,L ._,.,;; ji ..,,1; 
. .:i,:..s 

J_,1...Scol!oidol solution) ..s.;J,KJ,L... l, SoI .r 
! <l.!-~ St.\.J _,.5" .:.J l> .).) Solute ~ I .. ..1.!.J>- :.:il ... wT ..).) 4) .,:......\ 

.r - ...; ,i;- .sL.. )> , .:,.,.o ,.,l T • .,_ w .s l,l ,L... , J\!.. 

<>'-~ _,)... <> ,.,r ,.,_,_,...,)Ii j\ J _,k. . l'losmodium · l" 

<.S-» I , , "1 _,:..o... .-)\ ,.:.,.-~ ,:r_...., , .;; J kl; .,I ,L Ji ..,_,,. 6 .::.- I 

.r _ "'"--" 1_,,,,. ,....;1 L.,,,__.1..1 "-"'>'-"' ~ IJ 



••• 
. ~> ut... ifS'IJ ATP~ .;;l_,;u" S .;......\ Mycomyosin 

.sL.;;IJ> '-'°"'~_;_,;J; ,,~ u" .;;,,J~ ifS'b ,:,._! S .)SJ 

~l.,;J> .s Jl..J> ! ,~"" •.,>'-! c:-1.. .:JL.. u~ !!_,=;... 

u~ • .;; IJ ~,_. J.. 6-1.1 . ,,_,5' u" ~ .s_rj J; •r» 
. ,,_,r u" oJIJ~ j>i>'-! c:-1.. r>l>..i--: 

.s~ :,~ , .::.._., '-"""T 6 .P' St,,.;T ~<'..>!.~ 

.:J~ ~'-! ~ J.. S .,;Ji.;; >~J • .;;:, ~J> .sl.:>L, Jl_;.tl 

~ .sl.;.. 6 .P' SL,.; T . "-"'• rt,,.; I LL.;;. I IJ ~LS' Ji 

ol,,5';.. . .;....I..::;}' .;;,,J3-..J'.,_, J'P' ~ .::.. .... o}';1.; 

0 _,f ~ _,f J~.;;,,\, y.-;..U~J> .ill ,L ,.;,;;..J !l_,=;...sL. • ...:I:, 

.;;,,\,-"'" y>J> I"' J ...:;.. ~ ct ..,i..,....,; LS' Ji J> r" ' ·"" j 6~ 
o.:;,...,,, .sl._;,J J ,L .s~Gi.i.; I L,,);1.; . .,.; IC' l.:.J~...:;..L,-r. 

-.r,-b ,...:;..~ct isi..,....,;LS'°JI :,I .s>Jw.. ;.,..J, IJ ~T .S 

1..,t.. _r,"'J)J> • .::....0L.lf J> .ulJ _,; ~:,\ <SJ~.sL._.,:J:, ;i I.. 

• ,::.;~ 01.;u" •..r.h ~ 
.;;,,~ :,\ <SJ~J> .so¥J;- ~J> ,:r.1 ~I >y,J~ 

.:;!..)[... .;_;,)[,,_,,.;'-! L.5' ;t;.::S J"'j~ ,.i.;Ji, """'~..}'.'~~'-! 

S) JJ~ ...:;!.. L.:;".i L.,);t; ._;,Y. . .:-I .~..,;.~J ..::;~ 

.du" .::..5-.,rr ~ ~,,,.. ~ ~ ~ •(.:....l,i);.. ........,> 

, >J b , _,_..,,. J S .s J~ ,_;,,.. fi J <S .,r:<i ""'I,:. ~J'-! 

~-·~ s <S.ft>;L.;;" . .;:.....,> VZ,JJ l,,5'.il."J L,,5';.. .::S ._rr)Y.., 

.:..'S_r .sl-r-! ..,;_,;! c;4 I'"" ~I .S .;;....\ Uil d 01_,;<.S' 

·~ (Asexual) ~ _,.;. <>41' !. . Zoospores . I 

..sl.:.i.U -~ '<)~_,<<>~-)I,,,;,,, \.._r.J.i. """1;._,.. _r.J.ilJ 

.,,,,4!1;~ ~ •Y. .slJI, .0:::,1~ ~ ~T cS ..r-J-=--- J,1-
·t - .:.-I ,;: ;~ ~ .sl·~"" 



'"'"'' .:..~ ~~ u"!'t.JW J..\('.; 

.» •J-~J <S~J,, .b..ji .S .::-1 ATP v,,..~.) .. h .}'.,ii;:. 

u1. k .. .1 • ...S\,"'°I ~ l!..'-! 4S' .ilr ,4S' y. .> ;$" ..,..vJ ,..r-"J'..Jl' J,, 

~~lS") if.'\J..rj.~ v~-"'"J>JJ ,..us'...,.. J-JZ.. 
JJLr.I jl · . ..ul.:t)'Ji,; ~ .K:~, .:,,Jll;;.:;,,,.; ~_,..jl 

Jl_,:il <.>~l..u I , y.-J);;<bA;jl ~ ,_;;tr, .sl.y. d _,,,. 

~ ~lA..J, ~ !fY 6.>.!. I"<\ J;b.ljl ~' • ..,.._,...,;... :.:;~ 

1...1 • .::.-1,,L,-'-! <->~ !,)"! '"'~lS":.w. • .;,!.:.; , ~ T d,,,.. 

.,WIJ-" .J)l:.o ..;.L;A;I 11..1,.! ,~lS"JI u!.~'-!~ <.>JJ<! 

d _,,.. ~1,,,1...'-! ~ d _,.,..JU c:r..1 ·"'"'I....::. .... TJI>' 

)l.\s'.S,Jb <->J.A J..ivT ,_,,; _,!;;jl r"' """_,.. .1;W jl r" 

<.>l.L.. rJ> i.,;;.s-~ .;.tr"!"""._,:...t;.vl _,.:.'-! IJ v T r:Jb.y 

I~ 4 . .::-1 • .,.L!"'\ <.>Jy~ 41...1.. J..~ .>.!.J jl Jt.·1:~ 

J..-1 ~' r>'-.Jl'J,, ._;I> ..,....y;1 rSJ_,,;.J)l:.o d _,,.. .;,.,:; 

"!,.f- .))\.:.• <.>k~J - <.>l;.1...,. ~ {.;!.4. .. $"'\.<~ L.J _,.\.... 
. .,;),..,.._,...,;..., ·~Jl,-i._,;L..;;..L..,..ul.:i~Jt.jl_,:i\ .S 

~ • ..u • .fa .,_) J4flllJ vW>\... 0 1 ·.J~ c>t....::.J 

c:r..14-! ~~I_,..;..,.. <.1"'1.:;.:.•4 J <SI~(.;..~~ d$ '-! 

j.ID vl-<.?.J• c)~ <Sk.::.J cJ W;. \... r~ .S r:•J' 
'-e:' _,.., i- <.> ~ '-'! U; J r4 I 4 C'.;...r '-! J ....:;;~_,..i; if.'!J,,; 

• .,\)~ .;iS'j\...~ 

.:,,)l:.oc:r..I . .,;.;\, •• 1..,·~ .JW>-1...' u!.l.!.,,..I .;;,y.:,.. 

<.>IA•tl"f_,,. .SJ(;,_;,,.~ ,4;-,f.sL.J_,L..j.L 

~,J_,G. <->i...,..~1._,.,;. .... JJi,'-!~T • .,,:..4...,....:-1 ...:...~<!!! 

! , ~ .:.>J .,~_,.,- .(!'.;,.,,,jl J.;.:.... )(.Is' c-1 ~ .s ~ ~c.5' 
i..,; r ..... ts'. y. ..,,t.... 1 .L(;,.,,, • J t. '"'t_..,; IS" .. 1 JH"C;..? 

. d...,.. .:;,_,tJ;; 



rn 

10[;;~ .wl. •'°-',(Invertebrates) 0lf .A-°<.$.>> 

J F- .._;.;, 0t... J .,_; 1'-',bl .;:.,'.>(;,,. ~ •t:;...; 0~ .;:.,'.>(;,,. 

0l.:;;.L.. .:r.I if<!.>"1 j.l>:; 01;1,, .JI ,_,...4 .o.;.>I> I.>~ 

:,_,:.,..;.,;. ~ 0l.fu.; J 4-o_,s'.>> ~ L.I !>_,.:,'5" _;.~ 

.r. L, 0l.fu.; ..wl. _,.:.,Jl. 0lf .A"<.$ .>> .b.d . .::-I .,L.. •t:;...; 

J .z .;:.,'.>(;.. J ~ ~ 0 T J ~ ..S .::-I C>1 _,.,.,.. 4. _,,. 
v)l:.•er., I J l.:;;.L.. 01_,;>1 . .,,.,.)'5" 01.>l>•.fi" <.S-'¥ I y.;...1 

•.?..Y. 4;T<.?~I .::...-l;.J.::-1 Jl..>~ ,1k;..c)lb..I~ 

·~.> <.S~ ;:(;1.:..A6 ~~~..;.~I v.>.,;J .::.o.r- J;W .JI 

. .::-1 

J..o <.S _; .r. ~ ..S:::, 1 ~. !"_,.:, ~ ..S "'--"' c.;4_ 'f, 

V.)J-4 J ~--- &.)> ..s <.S>fa .;.,I~:,,..;; .)> ·1,W 

..S.::.:. b 0 I ,r ._,.; cl:. 1i"" . , _,.:, j.. L.. .::....; I _,; ._,.; , cJ..,) '5" 

.)> .):'.,_.,.(,_~ ~ ~.r. <.Sr,,....,J_,s' .;:.,~_,,.. '.)'.>(;...>~.)> 

. .,,ub .> ~ ""'""' I ,_.; '.>(;.. b.> 0 l.:;;. L.. 

~ Lo ~ · :, J · ·<1 1 • •- • I · • - .r. . . <..>!. _,,.. <..f.:"-' ~ ..-. <..>!. <..>!. ~ 

M.Lyubimovo I~_,,,) ·\J v. Engel' gorrlt C>.>lf JGl ·J 

1"'4 J> LJ; 1 • .;;S '5" ..i,._; .. ;, \.) ATP ..s.;.... I if<.} T <);.J _,,.. 

0 T d _; <.St..l _,(!.. ..S UJ..i _,,.._,.;)I ru ·~ <>J .JL..'5" d _; 
N..S • .::-1 • .;;. <.S>4..J <.S4~w . <ll.>b ,_;.,.. c.;;L:.; <.S;:,(;.... 

Q,:,_,,.._,.:51:,I l.t...;;.1..S d J..o •.)4J> c.;;t..J.i..4 I.> .i;,. 

•>Y, ->J,)I UJ..iJ:-_,.;5"1 <.Sl...>L;~ ATP_.s'I ·=4 • .,,;;, ..:>L.. 

vl.o.>> J .,_,,~,'5" 1 L,.; 1 .>~ J <ll > _$' '5" ._;.,;;.. .) Y. _;.. <.SL.,,.>L· 

01.>y ~ jl .sl.;.L:, 01.G ....,S- . Coelenlerales . I 

<!.,.. jl '-"· !;.>> ._;,ti:. , l@ L,. _,.. . ~,_,.. ~l.,l'.:.:.; I.> ._,,..._,. 
. r - --" ,.)_,.. .) t.:.~ 0 L:, ...,s" 



nr 

j;. c:,,j_,,..p\Jl; u-;-- • >>1'<.5" c'lj .,I.A;,..\ >Jy> ATP,;;.;! 

U.."! .>._?~\Jul AT1'0>j_;j\ 4.01_,;<.5" •J4.J>j>>1'<.5" 

jL;~_,; c:,,.;_,_;,\ ~cf;;~.;_,,.._,;)\~\ J> '01... 

ATP <.S.i,)\ '., 61.5" (;,\ \J Adenosine lriphosphutose 

. ,, ._? 1.5" J l; ..;-t.,;; I '":""'" Y' -,-i Ju.."! , , j 1...1.5" , I.; T I J 

0 _,;)bS ,_,.;,) _,,.. _,;)\ <SI,,,.;_,..; u..ft. if>" u.. i,-"'" J4. 

Io.,; J )'..:.. b J ~ 1.5" l; "'"'L,z o>ll \_,; ,_,..; , ,,i I .,,.,;, .:<> I... 

.;,L..;L.._A,)l.o J~ J)l.;.o bJ .;,1$1... .S .::-I LJf'JJ .d 

, u...; _,,.. <.S4) ~ cf_,. .::.Sr 4 0 T ..;-t.,;; I _, .::-I .;;4_ 

.::.)\:.. ..;-t.,;; I~ . ..:-1 .1_,..,. l.,; T <.S4;$ _,_; L, ~I 

, ..:-\ .;;4_ 0l...;L..Jl.o <Sr~' c:i.fa. .,W\<5_,;_r.; ~I 

• >>1'<.5" rle.; 1 ...,.,w1 .l(;.., a,.._,~ 

<;Lt; u._J.iJ4 cf.,;k. .::.Sr . >JIY' .JI <.SJl:-! J> 

:..., u~ ~ :.....,..;. w .::-I ( lrrftobility) <.S,x°" 4-r> 
wJ.>i <.S~ 'Y _,.,.,, IJ <.S...:. °" 4.r--' . .:.-\ .,,i.; ,:, by.-Y' 

a,..,~ ~ (Stimulus) ,.? r.o ~ ~ Lf Jl .;,,\, ...,.,1_,.. 

.;,k.,J~4 .::.L.>, .;,LS::., J.r.f JoW.;\ .S o>ll\><.5" ~I, 

~I) Ji er£!, u._I . >Jl,,i ~lb. ' !).?"" >;> .::J...;. ' 

_,;~j, 0T~t.:.. <.S1,,,•'"-""\ 4 if>Y....:.°" .::..5 .r. J,h~ 
~ ...... ~ 4 J> <.S.J,;\ ~.>Ji> <f'\...\ ...;y.;;.\ ,,,ij 

~t,J,I .::JG-~ <.S>?~ ,_,,;. .::..5 .r. (w_,J~ Ji.eW\~) 
d .r. u._I ~.r. , .,,i.; wby.-Y' J>. >Jl,,i Ji.,;>~ \J 

Ji_,s:'.;l..J4 .,;\_,;<.5" ·1;~t.; 4P4 .S<.SJ_,.b~ !'"'>if (.J 



_,..,t... ,.,,.;:.. ot;;.... <St..J:.:>lr .s-d ol_,;,_,. Ji.GI 4 
~ \J 4; _,l Y-1 <S .r-~ Cl,__,,.; ~ G.. <St...~~ w T <SI .r. 

• .JI.,; I ~ ·tr ~ l.; u.:S .,I .• J...\;:; .:.J J ,,s:1. 4 ch.- J> 

JA.r. <S~ .s-,,.-, J~ 01_,;,_,. L.1 . .::.-1 >Jy "! 

'="L.:s'\ ,_,,,..4! 'r'-,~,;..} u~'b. ;,_,JL::. \Ji..,;TS<S.i~ 

<S'J.} <SIJb ,.,;,~ .,Y. ..,,.1~\ 6 r" _,.,;_,.., ~t.;. u<i' 

. ..,.;.:. ol.t; yl_r.: if."Jl;. ''.)I._,; lr .r.1.r. J> <SI.;,_, ~1,, 

)I!.) <S..)_}\ ~ ,_,,,;.:, "":"'">" 6 ..,,.t......,,.r, o.:. I~~ 

<SJ_} \er..\ 6 ....;;;~ uk:.\Jy,j.A <S~J.J.:.,_,. (ATP JG"! 

"! ~4,_,. _,.1 cr..I . ~t.; ~ if."Jt;. !!-"""' &-~ J> \J 

t. _,..,,;...,, ,ui,.,,.. T ,S-<S~ J> ~ 4 <S.,:,; ,15' ul ..># 

,(.,;TJ, ,P.°,. ~.r,..,,:. ul,,S'..; ).:.;;\ :.,,.J, J>.;1~4! 
~ '~ ':'.:.,,. <Sli.,_r.i 'J "~ ..;,\~"! ~ J 

J_,L i-'.>1>.Y_,., 4~ r!C.. "! r" VL> 6 ~[,,,·..,~~ W. "! 

J-1 <S~ J> L.. I . .,;,~ w..,_.; ~ , > .;-:f <.S" uJ _,., 

1,,.,_ <SJ_;I ,,.;-:f ,_,. uJ,,_._,..,L.. i-'.>l>._i.r,J> ..s'J_,J.vl... 

J> s cAt.;. tr,;;,:.._v <St,,:.;S'b _;1.r. . ~,_,r ,_,. «>,.,;\ 

,-=-1)' ,_,..:.>J,,_.<SJ_;\ ,~~,z~\, ,i,,_,.tJ t.,;T 

. d ,_,. .>4 ,;.. J-1 c.!L>~ ~ oT ~ J> 

_;,;..;. _,...,, ~~ .,i,,1 <S~ ,..:,~ ~)'\ 

°'I J> ~ ':'L;.;;1 J..~ ul..cr..~ .,,,;;;)',_,.Ji.) <S>y,l; 

4~ <S~ <.?":._,.,. J..ls:; · , ~ .},,,; ""'t;. C,,.,'4! •J~ 

~.J.) u1<lij ~j1 tJ,,1., ~1 ~~~ul~ lt$J._~ 

~cr..1...rl..l_r., >_,5'1~ .h- Y..~.:..-JY.jA J..~.,;lr 

~ti •Jj!jA ~l~l<S4-,;l5'Ji ...rl-1.r. t.~, '~""" 



.,.;,4 J.;t... .::.J-> rt(:,. uTJ, .S..i...T,_,,,.~"! t..;T,, 1~ 

y I_,,,.. J> I, <.S""t;.. J L.,, I o .::.> L. c.s" J>L; I,.;:, b _,,,.. _,. _, .::.!. b 

· .w,, rl,,.; I c Jl> .st.;, _d\; 

, • ....:. c~icJG. ~J> • .;;.; vb_,,,-_,. J_,;..,4.L; 

J> e _,,. .;I ..,:.,;, ' <.}JJ> 4. ._.JJ.r.! .sl.)-""" _,,,;\; .:;..,,,; 

...;_,.... 4 u) 4.41.;.. .sl,,.:..;5'\_, v.;J; J JI_,; JW d ..r. 

. .,;) c.s",};:J (>_,,f c.s" vJ_,- .sj_; \ J>b .sl..._r.>; 0..t..:. 

·~.r.i·<.)!..;;.I... vi_,,,,;;.;\ .sl•=4vl_,,,,;;,:,,.I ,JG.,:,,.14 
t'· .., >I • • L.;;. i L+.:, < .. j 

<.$"-"' -'!\ !"" . !"" ""'-" .r. ~ <.S"" .... ~ • • Y-'..:r.' 

r 4_,:>:l\_,~ .st..•"".";'! "".4 ul,.. .:r..I .;I . .>JJb ~ 

~_,; f( J~ 4fll .sL.i4..r.--' 4_,:>:ll-"! .sL.1,-;~) 

' <>J,_l y,._;,j J;6J j\ ~ ~ \; .Excitability .1 

~"CJ; <St,,....; \l" Ji _,-La.:>\ .r:'IJ vJ.,; r~·~ <SJ,l _,,;, 

~ 4 . .:...I <l._,~_,.. .slo> _,,... "-! .hJ lo 01,?._,~ .s~L , 
,r. I ,r. ,, ..;.,l+c, J.l(; _,; bl. JI_,;:; I _; V. -::.; ~ J' ..,; !,._,.. 

.L.o) '-"'>if ;,.r. 1, .p_,> ._,.,_..;. • .;.:>I, , ob- <>lo>_,,... 
·• (o..r.}:. J v£' If r::!-J IJ ;:,y> C7..l.. c!'? :<.\~ • ;:,~:.,\.$.,. ~ 
rk r~ <S..r..~ .!.\~_,,.; "4J..; .:.)., t; <>1.r. _,.:.b. ._,,15 J> 

, _,J;..:.. J.,.... <>lo>_,,...-., • .;; j ...-Jii _,: .r. ~ I?. ,rs\, v_i.,; 

..r~ u..-e <S_r.~~ "~ ~ i; .s- ,_,;,_,_,, , .:...I_,];; 
'-'""b-Jl..ol ~<>lo'_,,... &-Iv, • ...:; ,.~_,;_r. ., . .::...\ .w.T 

. ""'>"" r\,,.ll ~".r. "~".:!.\;vi,?._,. ,,t>,, \, 
1, ~~I <SL' .. ""."l. Bioelectric phenomena .r 
4_p::J1_,., <$U•-e."--! '0.-A>if <$)J ,.;lj '51;.l_,L. J> -0 

. r - ,,.;.,.~._... 

.:,..;, ,, .S \, ~fl I .:>"-"" . Action current . r 
. r - ....,.~.,. ,t> ,;,"_,,,., -e.T._,.. ,?.,~ ~T,, .:.>)Woo,!> 



~l.:;'..I~ 'ffP' 

.,, ~ .,!;" t§l.iilu""" o c..iJ'-'" J.,,,U ~l... ~ .,.~ 

uil .s ,~ IJ,J;, rt,,; 1.,, J "-"'>'-'" tJ ._;~, c#'2° .sl,i:<;~ 

.:i_,.:fl L.I .. 1ub IJ .~ ... .;;; .Jt. Jl_,;>1 .slJI• .s~ 

r'Y.;iJJ',.f'J> ct,__;.(ll-':!! .s4l,..lt1i 0 .;:...1 ,..;,,,!, .;,G.; 

~ .~T.~~!"'J\iY°J'. ..u;L.r.,..,;.;t,,; J\_,;91 

.~.)I::. ~Y.-!J O~,j 

c-1..,,;..~ct; .s4--,;lf.,I U!hl~I IJ!J c.L u!l 

¥-J..l:A~, ~_,,it- yl'"""", .i.a ~ r.,, ~dl.,..o 
~lb:!! _ __.- :JJ:. cJ,_,,..,; ~~~ ~. "l.T..,. "l."-'. 

, ,_,.;'-"'_,.,l!; ..;.....TA~ .t.;; ~ ,_,;.oJL,..J, ! •JI> 

.>Jl..U Jl.:.:ul'l .sl..b>){. ~[; J;. 

JJ,# ~J> ,.,;j.;:,f,_,,,._,.. i.ft'_J.;:I J.\;:; _,.,., L.1 

""-y,; ":""'!" _,.. .,,.1 u!'-'..;, .:i,.;..,J .:..W a..._,; L.;_,,, c)l...I 

.s~lfA .s' ..,.tG..jl . ,,,_,_: ~J ~lfJl UO.:.-J 

•Y-y..:..;..i>I _;fl.,.~ t...y- ,..,;,~,'"""' L_,.,._;~ ..;;.~_,,, 

l<>;."'; .s' "",'-'".;,Lt; <Sl~l;,. .s;_,J-'!_;,,; ""''-'"' ·"'"' JJ:r. 
c)l...I ~J...;'-l <.s"'IJ "':';! ul,~if.'!J.;;J.I;.:; v~J"!"J> J1!.:,. 

.ut.,[$..u;L. _.,;Ji.,; wL..\,!.6..,, o '-"-~lfJ1.,, _,,,_,__$ 

U,,,,i~t .. ,..,....,, J_,L'! J_,L 'tu,_,..~,,; ~t;J.t.:01 

_,;IJ! <) ~~'-'" ..,,_,;<s"',,,.;.,,, cJ,.4L<.. vY,..,,.. u"-"l.,..'-ll.,.. 

J... j\ J» J.w ~ .1J .::.~I ;r.1 . ..u_,.;..,. .,Y_,; Ci,_,,..; 

. d"!J<JJ J.\;:;jf .L.-_:,.. 01.I .s~lf)J, ct,__,,..; 

',.,1,. ..5'($..!~I VJJ'<'U!I ~~JI.A.:;!~ 0!.1 

.~\...,,;t;),~.>y.. ,::,_,;' '-"' VJ,,,.p..... T'! 1;...; .St,,; LI 

J> .sl..J;,.'.)l. .P.Ll .s~I_)\ •Y. iJ_ ... r" <fl,..,\ 0!.IJ! ._;~ 

,, L.1 ,, _,.;, j...l.- if.'!J<JJ J.\s:; v~-""'" J> ~ JL;_;; I """_,.., 
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ff A 

J,(:.;\J .s:,) _,,, .,.,i....1.l(:.., .s>l;.l..uJ_,5' 61.\ .ciL.<.H, 

..:;..; ~i.,,.J, .::,,lJ,[,JJ\J, .u::..., 61.\ J..-. ~\ . .,_;,\, 
·~0'."'- Ji.,. • .)j _,$'., 1 • .)jJJ T .,.,t....lll,..-J'; ,l(:..,0'_1 . .::-\ 

..; JJ>J ..; J .r.= .i.,,.....;1 t.,,.)j _,$' S, _,:.,,,. .b Y. .J'>u! le)-""'"" 

ll,.-J'; ..s:? _,,..,.,1 ... 1 ,l(:.,, ,_;:.,_, ...i),j\ .d </' .::.il,.J> 

\"'""?" ..sl,,,,.d\f\ 4. )'}c>,~ ..s~\oj\J. f,.)jJ. .,.,i....1 

61.~ .d if_,/lr •Ji.J ,..>i ~ e.t,;I ,.;:,~ ..wl.. ,.)jj 

.,.,t....I .U::...,, uJ\.Ll; ~ L._,.,d\~\ LJ!.I .,:;.JL.; '-:'-i_,...; 

. ,_,:.<.5' ~ uT ll,.-J'; J "'"".I ..s:?.,.. 

..;,.), U<>.Z '""" u4-,.. '"="t...\ .l(:.., .;,l..)L.. e.,;.:r..1 

.;:...;1_,;.;,T <!LS~ ~LfJI S.:;.;.L..r~t_,; \J..s~~J,5 

.5..;l..jJ)b..r. .~L.; tt;,,_pj\ c.r.A;. ;!J_,,...~_r.l_r.J> 

<SL,,d\J , le) .i"""J. \.r.J> if."" j,;l.. u\JJ> :.)jj.;:,\, y.-,.. 

.::,,~_,,,.; .::.il,.J> J> ' '":'[...\ ,l(:.,, J..I;:; ~ ,..:::.;,\, ._...l.;;cs! 

._,;~ '<..<!\,.:..:. <S~\Jj\) <$"~\ ..sl..,.)j;fll..-J'; ~ 
:,) _,,,<!LS"; ~ Jt.;:; I J ! .....; J..L.. J\_;il ( •Ji.J .._y 

\"~~j\ c~i~J> ,.)jj > y.-,_. cs! \y.- .pS"iJJ .::.i _,5' vJ ,_.,.._,.,..,, 

ti..-J'; •.)j.r.'":'L...1 ..sl....;!.J ~\'""'.sl.,,..\Jj\ ,_;5'" _,,,j\ • .,,,,..J 

J> 6' ""'J..>1 61.\ . ~ rl,,ol ..::SL.~ :d If\ .st.:..\ 

,, ,:.</' ,.)j 1_,;..._,.k:.; I rll., .:-1\*'J~ ulJJ; L,. ..s; .,J Y..;,; 
~<$ Ir. J..~ , , p.. vJ ,- 61.~ I~ I J> ._,.k:.; I <!4, 

d..,,... .st.~J j\ c...,, uT ... "'"JJ T. Afferent .1 

. r-~l..,,_,..._jl., J.,,.,...;>t_,.<i I, .:,is:,._,..; .s-,,_:...s' 

..:.-.!~ r..slAd.:.!i..>)I ot:....~UTrl; o..i;,,r. I Efferent .r 

.v.4 1.r.-1 .s~\.,;\'; IJ .,.,t...t ..s§ .r .~, ..sl,Jt.._) 6 

· r - ..i..ti L.;u"' 



d,._,,,.; I_,;.> . t Jl> d,._,,,.; '! .;..,.. \ r:l l)' j I .; I """! l: _, .). _,.:. 

. ,~u" j.;.;;.. •.kJ <.Sl:..i'! ~§ _,. .\J .)\ Jls°>yJ,J.'! 

l...o.;_,,S\,.:;.; vlJ_,;i.,,. <.i"'!.j...:; J.l;'.; .:..L._r.J> ,Jb. <ftl 4 
-' ~ \, J <.?JL> <.SL.5"-"""" c)I_,;>\ ci4J>4 l...d\_r.\' 

~.).~ ~ ,.i.:;;4 J.>L.~ <.Sly. j~\ <.Sl_r.\ 4 

<.S § _,. .;i,1.;..j, d,__,,,.; tY.:.. , ,......;. JlUI .:..L...;L. "!.~ 

.)\ ·~J f"fe. ,s <SJ_,!.'! !ci4_ <.S>4_) .::..~:,1..-1 yl-1 ~ 

""1..,;.. <.SIJb '"'"="'\... J;W.;\ , ,d\_r.\ <.S~l.!§1_,. .:..T 
j...;.. ~..} J ~ .::.>J..U"-! _,.\ cftl . .,.;.,.;, Jl< <.S"'W>\ 

>y vJJ> ~ ~ ~\_,.::, J tJl> <.Sl,;> ~ .::..\_,..U;; 

. ~bA r:llS'A 

t \,;.; J _;.;..) yl-1 <.S § _,. .l(.w, j.l;:;' u'"" J ~ J> 

~' r:ll5"Ji~<.S"'t...;;.I .::..U.l,rJ\ t'.>1--1 J;W.>I (.}° ~ 
.:.,JW 1.,4 ,S,Y. _,.\<ft\ . ,_,.; -,-5<.S>4..> •.kY. ""'4"\ vi 

. ,i, J,(:.;\J .;,l...;I J vi,.,-~ 

Ivan Petrovitch J,J_,4 ~JJ_;., v\Y..l<.S4!-.>rl._;;.b 

.Jl<,J~ vl....>L. <.S\J\, vlJyi.,,. ~ Jl< .:.,JW Pavlov 

<.S.)\_,l. .)\ u<L.--K.il ~4.r. ~ '.)..,:. <.Si...-K.Ji "L.\_,! 

,j.J> L.--t::.J\ ir..I. c..-1 ~ •.kJ ~4 <.i'Y .>\ J Jl< 
.J. _,.::, .r.O <.SL.--t::.i I :, ,J t.:. <.SJJ _, '°"!. T '5' , r.J'! <.S>.,> .::..~ 

<.SL.--k:.J I , ,j._,.::,._d <.SL.--k:.J I ..;)I_;-.r. . .,.; _,:,'5'~ <.S>i.>J>I... 

.::..\_,,,,;; tlfl :..,.~ .::..~ .)._,.::, <.SL.--ILll . ....:.,.\_,,<$. .)._,.::, 

!,ii\~ .:;;Jr" <.SJJ J .;;...L,,. r:ll5"JI ..r.-Jl>J ~b ~ 

.). _,!.<.SL.--K.l \ .S .::-\.......:.. ..,_.:... LY-\ .J \_r. • .,.;.:...,, ~ IJ 

r:llS'J\ .;,,\,J.>t... _;,;, J <.1l-J _,;~..;lb;\ j~ J;t...J 

:.::...:._,; ...;,JJ4 ·Y .<SI S°J,J.vt.... . .:-\_,,;.;.. ~~4 



,~ t;..,-"'I J,t...; !.;,;,,- .IJ .:.I .i.;.; , ~<!I._ 01_,.;.4! Jyl,-> 

._,.L;. .s~IJU..-IJ4! .;~: .,;~ ,)4 .i.;\_,;"u"~4 

J~ ul.J_,; ~ J> S CJ!> .:.I ·~J .s45' ..:"'"'4! • .,;_;, ~ 

'·"° • I 1-•kut «, . ., wL...l .l(;:., ct.5'<> .:.JL ""'"" -""u" .?." v ..,,..., • . . . J - • 

..,..1,,,_ J c..?"Jl> J,~<!l._ 0::! .!..l,;' JI)'\ ... > "-!.Yu" <r."'JI 

~ <.1"'1(.;I \J uT s .::-1 AJ'.>\>~ ~~ .::.il: vi"'! • .,;,_;,,,,,_,,. 
IJ uT ~4.::,;,_;1d .!..4;'JI .;;._\)'I JJ: ~Ir. .!..J_,:.... 

~IS" JIJ_;i.., S .::,t,b ....... ...; ,lJ~ "l""l;u"o1P if!(.; I 

~IJ.}Y,c)'Jy<>J> .i.;.; •u1P~ .s~~ I 4.5 4! ~4 

(Jl> ~ ~RL.I,,.,; ~ "'!l: ·~ CJL;. ~ S,_,.:.u" 

.:..u.t;;JI , .:;...I .:ii..,_,; J> rl""' •J~'-!J """I ,_,,;.:;. .,w1..:;_,; 

.,;,Jl>c:r..14! c~IJ...;;...,; ~~.:it.:.;,Y. .::.il: .:.k'-! .J-P~ 

C. ..1;~ J..(;' ,_),p .::J_,,. <Sl,.m\(.;I ti,..J'-! S 

.sl;,..K.ll ~ ~IJ , ulJ_,;l,- <.A.JLr j.\.0 ,_),J> 

· .::-1 •>Y...r.:-.#J> .,.>I t;..,, ,_,.,4! oJI_,.,. u1PJ u1P~ 
.s>l)J>l. J~I , ~ ulJl>•fi" J u!S" Ji!•<.<! Jl:JJ >JrJ> 

4 -# J ~ 61J _,; l,- J> . ..i.:.;1 b -# u1 p .sl;,..I(..; I ..Y. 

. ..,; , )' u" __;,} y. J _,::,,.;.fa. ~ S ..::-.1 u1 p .sl;,..ku I 

.sl;,..l(.;l.L..L.. <!1. • .:.1 UJ~ ulJ_,;l,- ~J~ .:..,,lW 

<S>.)~J u~-P.' J> S ~I 0_,ft; _,f J ;..,.;.. rWI 4! J>p 
.:iT ti,..J '--! r>_,.- olJ .sl.;,_). ....;_,):;~ • ~Tls" ,_,,,..J 4! 

•.>..Y. ·'"'"4iu" J, ~u" , d <.5' "'L-1 iJ .AP 1>,,... 

.::.,)W ~.,..;0;"-l · ...,.,u" ~ u1P .sl,.ml(.)I J.. 4! 

Primary signalling) , JI;> 1'-"I~ I .!.(;:..,, L. u1Pr.s"'ku I 

. ..::-.1 uWI J .:ii_,.,-~ !I_;... t..,...> • .::.,.ilJ (system 

rf~ uW I if~I ul.>- J,)... .:..,,lW j.k:; 4 L.I 



. .JJ~.; ~ 6.)W IJ,,; > ,_\j.)~ v.:;,.;J ,_\j~ T J_y; > ~ (.5'°J.) t;,...;; 

.w.t;· .::il.JS .::iJ ~ ~ ,) ~ '-"I~ I f'>I- u._ I f'>I- 4; T 

Secondary ) J~l .s_,;\; .l6..,u._I. "'·';'<.s' ·~>J ·~ 

J> kii ~IJ J> , .:...I~""" J..,s' J;\,..J jl .s' ( signaling 

.;:,J~ ._.~,'), f'>I- f'>I- u..1 J_,J,~ ~_);; .;;b . .:-I uW I 

4; T ' . ~IJ ( Abstraction ) .::il"-!._p.r J .;:,~ jl 

~.,.;I .s' o.;,,,._,.. IJ '-"~; ok.I l.. ~ J ..u.:.,.;b .;:,\,-"""' 

r='- J;-1~1 J, .:>L.. IJ0w1...,.1.> J, .,w1c;_,;, Jl.. 
"--!.~ IJ .sl..i,,..J ~. IJ r1<- rl,,.;1_,.. J »JJT ,?.J ~ IJ 

i-1 lo J> , y.. .;.,.J _,.. .,.Y lo .:.> ~ J;\.,.,l i I .:it...; I .s' »J J T 

< • .:-I uT uY-"" (ZJI.> 

IJ >? .s~ .,\.. e.G))J.i J..~ :iy- L,,wJ J> L.I 

. ..,,,,,,_,. t,_,.. ._,•~I J o,;j J(!.~ ~, oT~""" JU•! 



~ ... 

' ci .}' u I_,;..,.- if.'!. L:u ~ ,,,:, u"'J .r. .S ~ U.. :.JS,; I 
. .;:...\.,L.cS? ~~J~, ,_,.~JG~ 0[.,,.­

)1,9 .S.,;,;, t.SI....,_.;.. t.SIJb .,L. , 0[.,,.- .:i,,,:, I~ 4 
,1, tJ 1 .. :J~-"" .;1 <)"L> <.Sl•J,, J, bd_,..1.:,,,.1 , .:.:.I..; 

. ,,,:, J-G- u T ~ J..~ ,;I, 
,_;.;..t.S~ __,,:) .)~ : ..... k_,;.:r.,o.; I.SJ-'./..::_,[.,,.-

, r., .,, w 0[.,,.- . , _,.:...,.-_,,,l.l;;.. ~ LS'.,! r L; ~ t"" .; I I ~ 

t.Sl.,;>~> .sl.,;>1 .;I<!!~~.,,' >Jb >r,J t_..,; t5" ;\ .:,,,.1 

.:,,,.I .;I i:Jl> .,_,l;i .:it..;\ ,J6~1 .;I.,_,.:.'-'..; wl,. L. JL> 
rL,-1 .; I J.<;.... , , .?."' uJ,.. ._..., 0[.,,.- !J4 J> t_..,; lS" JI 

,r.,.s,1...- rlr.-1 ""!._,!5'1.,,.;,[.,,.-.S .;:...I J.;=J~ 

.s.ilJ>ulJ,, J>("'l. c.r.-.i cf- ...... .:,,,.14 J, ,,,,:,4 ~I..; 

.sL.l.;.; J> .....s ,_,) J_,.,; .:ii_,;'-' •. ,Y. .;,[.,,.- ~;t; J.r" .)\ 
~ ~ , ...;;4 J.~ .... n •• ,w 10 ,, , J l. J'6:;;\ ~ l. ,,..,,..u 
i..ir !J~.)> t.SJ.,..; ~ u_,.<5'1 .s <>JJb >y.J .,L .. cS? 

J~l.:,,,.I <... .S.::.....;; r.i'f .._,..,i'i.="'~ ,;4 JG-0~\ 4 · ~J\.,; 
.sL. .... _,.r, • .:.,ll .1.,r-.i .~I~ .i.:.;i..,.0[.,,.-4\J .,L .. j..~Jt.. 

0,t;w. ~' .J l_r-.. ~ .s,l..., rlr.-1 <... J> j.....~ '-"'" 



.s\ • .,,, •tl-P-"I J& <Y..i JW<.$ C"'"vt,. J> 1..1 . .,.;.;...,_, "°Y. 

.st...-1>- 0t.... ·l;,._;; J_, • =ti ,_,.;.... .::-.1u(... '-';-_,n 

IJ.:r.-J .Sl"A.; d" 0!.1.r.~ . .,;\.,_,..; Jy,\J <r..; J..l>:r 
.sL...).,, .. J,.,l...:S _,,..;\<.#.ii.. Jk:!.I ·~ l~.:..t.,,..~ .. \# 
>yJ"'1.4 - =4JJ> l...;I .1.,>J 4,_;; I..~ .1.,;. - _;,.; _;:,_, 
.1.:dy-'-"' c) ~ .sl,;_,.;L. J L...;IJJ. .k;; 1..1 . =4 .:.;,\, 

_, 1,;;IJ .:..t.,,.. ~ ly-..,.; I.. . ....:,,~ .l!.... U>-1<: ~ c.t Ir. 

,o.:.;....0,SI o.;,~T ,i._,;\5"J\ .:..!,,.._,_> LlU... 4 w 
,_;.,,.••Y..Y. • !""'"~ , 0~~6-Jis <: ~\_,. 0J~ ~ 
• .-; .; rl~I J> o .slu! I:•:'• _, ,_j:.._~ .sL..•'°'i"\ C" 1,,. J,kr 

.::-.J> .:,>[.:;, • .;:.....; . _•I>'. ~t:;, .·""'- .s\ .,;Jb .;,L .~ - u- v- ....... ~-·-.,. J. • ..,r-. 

0 T J.\;:; _, b <: .:.0.,... Y ->-1 J> .k;; .:..t.,,.. .).-1 ~ 

. .::-.1 ..r...l... v~I 

LJ!.kl~ I ..)> J> ._) ....,,,'-"' .;,!.:.; ill-. c:x.1 u"'J_r. 

'1!.J.st.. ... _,J..r. ....,;.J 4~ ~ 1_,; 4:l" I.. :J~ _,... vlJJ> 

.}' ~ u"'J.J..i..J. <f!.l.;J\ . .,;, Ji !.._,.;...(,.. )l..\>'vT '-'i..I;:; 

.;l~ , ,i, tj ~Ip c:r.1 =r o u!l'""i I JT .:..4.f _,; 

..l!.<>i .:JJvT .sl,i..,_;L,;1 _, L..4J> yT 0T j> .s-,,_,T"'~ 

_,...;. •J~l 01~ <ui.1.>o .:;..:,~ T> 01_,:.=r o ...;.J,k.o<: 

.;,.;_, <>:IJb 4-! l.:.. .:..~ _,...; _,(._, _, ..;-;; J. y .:..W.-_,; .;\ 
. , -'! ..;;4 J.G.r ,4.; J _,D.. 

.so.;;o .sL,...;...,,.. JU <: .:..~ _,; LJ!.I o u-l6. 1..1 

,_,.,,.._, .-;...:. \'""'° '-"'_,... J,_l....;I (.:..\_,_,..T_,5' .sl...).J )I!.) 

c:x.1 J.l.O.t. _,.,;1.r .sl..r. rSY J.i.l_,.t . ..u.;;L_vl~ .:.;.J ~ 

c:x.I .s~ J_.i>:; vl....:r.."--< . .uT >r.J<: k,- J L,...;...,,.. 

<J_,il.i.f .... Tj, ~ yL;.z\ J_;:f =r•fo JT.s~ 



v\.i.-r-"'" J> 0,;l9_c:x.I . .:.!.\o.t ,Y-"" ~1 J> ~ ",Y.,; 
4;_,i~ ~ c:r.IJ.~ J .i..T >Y."J'; ul,>- JI~\~\" 

.-c..!,\~ 

l;,.sl ~ 1 ·- '. - .l wbw I ·'\; l.b..I "' . J.<S, ...... ~ .. ,.r.' J, 

J> b vl..iL.. 4 cs..~ ..,,. J'; .S ..,; ""' Jo4,.- .s.,.,, J..~ J 

•<SiL..i4>F-J .;;,\:, .;.;t,,.. J~\ _, ~ JJI..:;. ~I~ .:.."'1 

,..,;j r41 ~~l.A1._,,;'\;~o;..,.,;_,; c:r."'! _..,., Y. .:ti;. JiL.. 

l.i.JiL.._J\J._;,;_,.""' ...,,_,_,; C-""J o; ..S0L:.;_,..1~ v~ J 

~ :~., J~ ~..) u.aT~~- t,Jlo;;.Li I (,)~ u-wr) 
>~rl,;J> _;..) .sJl; v~ _, .:.-1..;!:..I vJ"'! ,..,;) .:>b Y-" _,. 

. ,_,,<S' iJ_,..lo; t; .:iT .st..ilOT .:it.... ii • .;;,~ 

1.#vl_,r~ IJ .;;,~ .s.,.,, ~J.,; j..~ .st.._,.., i.> 

.:ii.,,. i I .;;,(,,,.. ~ . .::.:>G ~ _, 4;.i .:r.,; I_,; ~ ~.r-! 

~l,t c:r.1 Ja,.._,r ,S,_,!' <S' Jj$' .;;,IJ~\ ii <ft"'J .,W\J_,l 

,__? <S'J~, "'='t,;...u\ \J .;~vTl.d J ,,Y. ·""'i4 .fa..JJo; 

. , Y. ., § J,.....; u T '! I J t..; T ..;...... '-""" _, t; .;;, _,, _,,.. .s 
,Y-_,.._,..:.. l>._J ,;is:•J ,;W .so.¥l..iL.. J:l> c:r."'! 

J,L- .:il.l<>L..J4;,i-"! r:-4l:. :,,it:.~ • _,..t.. :..,;j 

.ii~\ 6,.il; J .;;.L,>- ~.)oJ j..~ 6,.il; Ll u.. 4 ].A; 1.i 

J..\;:r utl .;-'"! ·t,.,w,;.\ .S .::.:>~ vl_,r<S' 4;,i ~ .:r.,; 1,; 

·"-'!.I..~ 

J..k..; l.:..J_,; JL.. v-'*' i.....,o; i..,,.,,JL; ull .s~ 

e;; t,.;,,. I ~j <SJJ .r-! .;;. l,>-_,.,. .:>.i.. ...;..; o; "'! l:. J , .;;. l,>-

4 · if,:.... ....,i _,; "'!....,,,; .s 1-1! .s ,_;..w __,,. LJ>J J. ~ . ~ 1, 

"'!4 i4 • ,_,,f ,__..,;,uJ,.- ,..,;j ul>Y.°jA<f.._,)'•>L..~_;.;... 

j\ "'! 4 ul,>- __;.;... ..s .:-I _,~ T. , ,:. .}JJ ., L,,. ,i.,i... J~ 



<.SJJ,;-? .;:,~ <».!.I~ )~T 4J.,;; .S ,_,:, t_J..r- <S.~ 

. ..,; , b._... J,G.; IJ .:r.-j 
v _,;)I ..S <.S \ • ..,; j .;:; by.,.. 1.,1) <.S t.oS" J!J j I <.S, lo..r 

.,wk;_,_; vi...:>L. .>I J t.; T ~ l:. jl .t.;.:-. !""'\.;.!,'-"° 
• ..,; j, Yo,.. I"' l.SJJ .;:;t.,.. ,,P0J,l ,..,; \ • .,,:,,;.llvl.!.• J!J '-'!,_); 

j\ . ..,;jL.._... _;,\...;. JT,,,,;. <.Sl,;, <.S~\ )\ ~ .i;W )\ IJ 

-' ~VW ":--'~ .J~ o<l.i.J :lyy> V.JJ.i 1.JY.:,..O cSl.e.t' .Y..J ti.::-­
v~l:. .;:;'Y,,-.. t}> J vi.!.,,~ j\ ,1,.. u1i.;.;;l 

•<.S)l-)4,_,;. • .,,.}>:; o.J.!.J <.Sl..J_,,; ~J·~ vi....~ 

, y. _,.. _,,. : J!J .S ..;.,,-,,P v T • _,;. 'Y~ J , cS ..r <SJ_,.;. 

~ .;:;\_,.;1r ~ l,,....:>lS"JI c..<IY- .P'IJ ~ , .::-1 • ..,;) 

· .::....l,,; T <.S.r..~ 4_,,,; l,, tJl> 

.;:;t.,.. _,..;. 01.1 ) 14_,,. • l,,....:> lS" JI <.S~ J.\s:; v l,,..P.' J> 

.~Uo.. .J.>W- '< J~\ .. ..S::L '.,,:, •.. .:., I .• ..; 
..T" H o ~ • • ~..r! ~ "-6-<-' 

,,,.... v~ <.?-'1-J..>J J.~ .s~ Li . ..:;.;t,, ..; ~ J, v~ 
<.S>l,,)u1 L...t; I J..,t.;- ,\.,.:..1 J> ~ • •>fa J~, \J <.S.1>\J 

it.; J> .u._T <.S' "'-"'· .S <.S"'!.""'" .;:;\_,,.U;; • .:o-I .:st,, J _;.5" 
.~vT~ ._A,_, t,, <.!!._ J> J.,;;; J ...:Ji..,; >r.J • ..,;j <Si.,;> 

~ l.lr--_,; .;:,~ j\ el,,-<.S.r.,_,..; 1""'1""1 JI ,Jl..01.1 ~ 

· r-A . .,,,,u IJ t.;T ""~ 

_,,.Uo.. o..:.iJ ~ • • ..,;j d>r.ru""_J..>J J.\s:; '"';..;i' 

_,:;...;..,.,. ' <.Sj,J J!l .i;W )\ J _,.:,,o_,.;; ~ .;:,~ "'-""'" 

JI..~ <.St..'-J..r.. ~ IJ t.;Tvl.,;_,.; 01.1..r.~ . ..,;,,_.; ..,...5 
<.?-'1-J..>J J.is:;-'!'"' J,,..; ._,L;.. cf,;1;::.J.,J.~ JT,,,,;. .;:..,,;1 

IJ 4P T ~ l.,;<f' JJ.,_,, J> J.,;;; I.. . ..:;.;_f" • .,,_,t; IJ • ..,;j :,1.. 

<.S~ l...>L._h..1~ I J~\)\ \J vL!.l..\s:; &..Jlr.S !""'~ l..iiJ 



. ~..JU,. cl),ln. 

.;y,...:.Y,.. .,.;..~j> I.. .::..l_,.:.,., Q !'!-"~ ..... _~.it.i...l:. 

u_,.<5'1.;> .S .;:...\ .:.!..:,,!"'! ~ _,..\ c:r..I . .;:..\J.P.- j~ 

J.!....c:r..1 J... <SI .r. ~_;,>l:..<SI• _,,,!. u \.i..:.:.; \,.;I <Sj~ _;,; 

. .,,~if' _,!;; j> \j uT J... cJ..i;:; Jt_,.(,, d <S' ;l;..;\ 

~_,...., 4.,4....~ S' i.:-....1 o.)l.ci c}..o~ ~.) :.;.i..J ~ e,:r.,1 

rt,,.;1..,,;S' <S'.). lj <SM'~~ <S>_,-,_;:,w. c.s'-~' >,;.<S' 

<:~I JL.., u Jh. A.;.• ~~ J T, 1,,... .:..I> -=-~)<S Joi;:; 

<S~j~ ~_,,..4 Joi;:; ,.,,.j "'!."': ..:.Y,.. .S <S'\l:'.'.:... .~\, 

j>ul,> <.?'!j°' Jo~ ul!r.-j> '-"'I...,\ ul..m'1 . d~ ... 1;1 

.:;L;\ Jo~ J j*. ,\, tj Ji,,"'* i._.., 4. [.,.,,.. .j._y 

c?W,,.l<S"1·l1; "'!,"""1 . ..:-I.~ J_,J.Jl..,.:;Jh.4!"'<SJj 

.:;_,;)\ I.. !J '°""',<S' tj .:i_,_; ~ L._ JI_., j\_;.. ~.). j> 

J cv)j>~ <Sl...i...L.:..,.,!J l,,,\"'!.Jj .S ~ ..... ~ ~l_,r<S' 

. .,; \.,\, <SJj .JL..,,, <Sl..ojJ> .;._y j> ~ .:;L; I 

,,:,,\_,_,. J,kr j> ...,.,_.. \j Jo~ .:i_,;t; c:r..I "'!.4 I.. 

~l!.~ .. ~ T :J4.):J .).P IS~~ J.) j.:i J I JJ:J b.0" 
. ~~ ..:.;\, 
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