
iintllJIUl (ecology) 

.d 
tJ'fl'fl 18 

I I I I 

LiJ'Uff1~m~~fl1;1fl111llf1l~Ut1::'1·r-h,1f ..'l~fln1Jf .:JLL1~~£lll L 'W11d1i .:Ji:lf-5fl 

l3J~1111111£l~lilt~EJ~1~..'1 LLf!;J::fl£l.:JL~EI~£l.:Jfi'1Jf .:JLL1~~£lll~..l't11.:Jt1'1'U~imf LLt~::Lflii 1J'Yl1J1'Yl 
I I I ... : I 11 

LL~::rn1 LnEJ1~t~..n~t~,lf{ "~flflt~l .:JLL 1~ ~£111~ Yh t~L,~fl111llf1l~";fhtJu.,::uuitL 1ff~~h4 

(ecosystems) fl1111~ 111EI"ll£l.:J1::1J1JitL 1ff~~ .:JLU'ULLn'Un ~H"ll£1 .:JT111 ~n 1Yli"J11U 

fl1111f'YlHYl1'U UL 1ffi'YlEJ1 il111'U 1'ULL~1 L ~ cu l.l ;J1n~m~tJ'U"ll£l .:Jll'm.J'f"Jl'qJ1n1n t u 
~~EirJ£1\4 LLflilL 1ffi'YlEI1 l.l~nvh11 m1 t~LU'Uff1~ m1~EID~1::Lrlt~flufffi11~1YUL£J.:J 1~EJtlnf1 
~£l"llLU'U~1"111i"Jl'1~.a..'l"ll£l ~1i'YlEI1 LL ~:: 1Ji.:Jfl~ .:JL1rm11 '!1i'YlEI1'YlHf ..'ILL 1~ ft£111 

I 

LtJUi111~il" 1cuLL"ll'U.:J~1"111i' .:Jfllli'YlEJ1 ~n 1Y11::uuitL 1ff~ ~ 111EIO.:Jfl111li1l~Uf 

fiH , "ll£l.:J~1Yliifuf ..lLL~~ll ~.:J6.t~fl£lifu ~~ 1ffi'Ylt11lt1'l\1L£l1ffi1~LL~::tJ1::~1Jn11 m 
II 

;J1n~~1EI~1"111i"Jl'1 L'lf'U Lfli'J Lff11YJff1~fli Tl11Lii£l.:J i.:Jflll LL~::;J,EJff1~fli rl1Jfini"J11fl 

L~EI1~£l.:J£lrh.:Jll1n ~t~1bi'YlEI1 L~1111111ll'Uff1~flitt 

l~vtJnfiLL~1 L11LLU.:J1::1J1Ji4L 1ff~"ll£l..'lll~lY6LtJ'U 4 ti1::L1l'Yl ~£1 

1) Mature natural ecosystems LU'U1::1JuilL 1ff~f.:Jt~~1u~ 111'W11'111l"D'1fi£ldHLLtin ..'1 
I I 

LL~:: l~EJ,Y1ltll~l.rl.rl~LtJut11:: W"Jl'~ la.l11'YlHYl1'ULff11YJfi;J rn1t1'1... ~miluflla.Jil~fl'U 
I 

I OJ ..J A .l!l.ol .1"1 t] .:'1 ., 
£l~£llffEI L'D'U 1J1L1lUTtllfl1111Lu'U 1 (wilderness) ~L"ll1 'Yl::L~'Yl11EI Lu'Ufl.\4 

~ I . 

2) Managed natural ecosystems 1::uuilL1ff11~11~1Y61Yl'L~1ltltift''l'ULfiEJ1~£l.:JLL~:: 
I I 

~~LLti~.:J L'lf'U L ~£liflqtl1::~ .:Jiitf1~'f1JLU'Ufl~m.Jt~u~d£JUL;J ~i'£1 \ ~HtqfiN~fi11111'11111J1fi 

L'!f'U ~1'U~11r11m:: £l'YlEI1't4 tnnm~£l\4fl11fiL~tlrn1141ifl1 LL~::L'U1JHn£l.:J~"ll£l.:J~'U~1\U , ,"tt . 
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3) ProdtJctlve ecosystems ·na.Jtl~L 1fl\\~11~~6tti'loftJ1:: W'!1\\tlD1~~ ~ ~ L v1t~L~ 
'tl~~fl~llth~ ~ V11tlLiJ\lYI'fVUJ1n71J'l'Ul"J11~ LorlU vhi11 tlftifl~ LV10tl~LLi V.f~.n\4th~ ~ 

4) Urban ecosystems 7::tJtJ~L1fl~~~~Glfimfl'vtl'l::ntltJfl;);\1~1\.l. Lorl\l tnL1m 

D1'-lfltl«1~fl'l'l11 1AL 1tu.Liltl~LAn ut~::Liltl~ LVIll! 

fl1'l ~fl ~1~'!1111\l ~fJ~L 1fl~'Yltt1n' ~\ ~tt-rflil ~~~LLfilf1tJ7::'!11n7 'Yli'V.fJ1 fl'l1J'l'l 11'!11 fl , 
V11tlf ~LL1flftl11fi1~ ~ flfl~1L~tl~fl1'l Lf~fl\l •V.f~~1\l LLi1J1~ ~~fl~11fl~'YlH(\flft1VIfl'l'l11 

. ' A I 

Lfl~fl'ln7111 11111111::fi1~ ~ Lorl\l tl1fl1flLfD \i1LffJ solid wastes tt1thLL1111~LL11::ft1'ltl\l ~ fl 
' ~ 

Lrl\l~~ 1111~bt;}1fl111VI::.,ll'n 1111~~;11m«v~ TY11wm ~• fl11mtl" Lrl"tl'" \l£)fl;}1fli1 

lr-ailm1 ~fl~1~~fl11 LLrlU ~V11fi1~ ~ v.i'tl11fl'tlfl1'l Lft\ltl LL 1-l:: L orl'-l fl11 LLrlU 1lJV11tl1 ::'!11fl"rfl 

L~~\l Tl1'lfl11thL~fl fl1111~LL~\lfl'ltltlfl'f1 ,Yfl\lfl~L~E.I1fltJiJfl'l1Lflfl fl11Lflfl~tl~tl1::'!11fl"r 
I I I 

fltJ\l Wtl1!nltl ~~ ~fl11 fl11LtllrJ\lLLti11~V.q~fl11 a.Mitl~~~6tltll ~LL1fl fil11LL11::fitltn1fl1L oAtl\l 

11~~6 fl~'Yl1~tl1\lLfl1~Jfl;l 'Yli'V.fJ1111 ua::f ~LL 1fl ftlll 7::tJtJ'Yl1~fl1\l\f ~fl11LL11::fl11Liltl~ 
1::\'111~1~ 

fl1'lL~tJ1mJil~tl'l::ou1m~L~~UtlD1~1fiLi1 11JtorlLtl\lfl11Ltl.fJ1-lLLti11~L\lilm1fl11 
I I I I 

Lflfl LLfiLM1::«1LVIf!111;11fl€m1fl1'lfl1D11fl11~ fl17Ltl.fJULLtl11~fi;\1L~tlfl11L~11tl1::'!11fl1tlDH 

111n L,11ilfl1111thflqJL~tltl1::11u" 1 oo t111lu1\l111ULtl~ 
I 

11~~6L,11LL1nlrdv.n(Llit1'1ttnnmlffl~ L~tltl1VIn ilnn;\1vhi3JLLtJtJ~1n~ ;11nnn 

~n~~tl~n lt171tu.fli'ltULLatJfl::~utlnnnt~M ilVI «nJ11-lLL«fl~ l~L ~"11 ~3J'!f" ~ilnnn1vhi 11 

LiJUVI~U1Uiltl{LU1::D::L1111'l::VI'h~ 7,000 LLII:: 5,000 untl\lfl,«lifl'm1'!1 lfn 1tJ'l1tu.fli'l'~ 

t11::111 m-l1 nnLn~mnn11t«L'~'" 1t~nDd1mtlvtl1::111m g,ooo-1 ,ooo ilriDum«liflm1'!1 

1tiilfl11~1'.al1-l1fl11111fl~U LLfiVIfflJ11-lth~ft,LLftfh'L~L~U11fl1'l~_,\l1'Yl1~t1'1ULfl~fl'lfl113J~ 
Ltl\l~tl~flULtl~Lflfl~UL\lfl'i~LL1flL\lLtlLfDfl::~\lflnL«u~Ltl 11~~6LU1::rJt~ilfl17Lfifl~~1-lL0tl~ 
tl~noAou~uLiltl~ Onn«::«11tl1VIntldH~1fJ~ .LLt~:fiil111~Lnflnn.f~~"J11-ltldHtJ11'l~\l ilm1 

rJfl111fl'lJ11-lf'lflt,.;~ ftntft~:fi1~~ t~Ltl'-ltl'l::~ L~'Yltl~LLfl~ flttn _LVI An tlm1n1 

1~fttlU1\l'Yi1VIU:: -:lll-:l Mil11fltJnnLtl.uuutla~'Yl1~1"f ~flll nnLiltl~ Liltl~~L~1lJLiltJ1~" 
fJ1L\\ .Ufl1111D\l011LL vl~flL ~111J1fl~ULtl\l 25-30 tl 
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UlLftJ ~~1tlu~:: 
tJnL11-4 L £1 L tmru 

u fl.fr.l~n U£1~111 £1L~fl1L\'Ii1£l ~t-\4£1L~fl1 l'l1L~rJfl l'l1L~rJfl l£14httv 

1850 1,131 97 26 33 700 247 6 

1950 2,495 200 127 163 1 ,376 576 13 
I I . 

( ~11v ~::L ~rJfl L 'AliL~ll l1.4uY~fln ~11 il.,tl,::or1mf1'1am) 
I 

;)1flfi11HLLfffl"L~L~'I4a"'t!m1fl1'7L'AlJ1.11::or1m L14 l~m::w1H fl.fl'.1850-1950 tl1:: 

ll1 mlfi-l1 o.o8% fl£lu u~::'t!m1tl1::or1m L\4LtlLfr.Jtr"lll5lnnL ~11ll1fl ut~1"'t l1tlu~::LL£1vftfl1 
;)::L~l1Ltlua£1..1Lrh i1\'li'utu~::~uaLmm L~lllf~Ltl\4 5 Lrh l1-4aL~fl1L\'Ii1t~L~,Au 6 Lfh v . . 

nn L ~m£1..1tl1::or,m t"'tl1tJ LL£1~111 ~::~uaLmm LL~::aLmmL \'1 i1m da.,ll1;,1n 

fl11tl~~~flff1\'l fl11ll fl11n1'l\'l\t1f!HLT11!tfl1f11111 fl11~\4ff" fl11ff11f111U"~ LL~::lf..1r.l~ L~ 

i!m1nnfl1rJ~fl~"£ldHll1nfi'lrJ L'liu t"'tl11.ltYm1tt1tl22-24/~u luu .fl.fl'.18so ~fi~"L\'Ifi£1 
I 

18-20/~" L'l4tJHth::Lflfr~fi"1~..1Ltlu 16/~u L1i'14 LfiUliTfn U£11L'l et~LfiU Sl't!m1n11 

t11v 2o;~u tun fl.fr.185o ~fi~"Ltl" 16/~" tun fl.fl'.19oo LiJut1u 

\'1 «"a "fl11ll l ~fl fl'f "~ff£1" fl11 ~fliYfl11fl11fl1rJ L 14tl1::L flfl'fl£lrJ~_,U 1 lfi ~fl ~"ll1fl 
L1iulutJ1::L flfl'fl',f..1fl1 trm1fl1tJlurJ fl.fl' .1945 fltl22/~u r.l~;)1flfl11LfrJ1tl11tJli1~1L1rJ 
lt~rJ1l1L£11flflfiL<fi1ltl\.flutl1::Lnfi'L~£1U fl.11' .1946 th'1nlJ11iYfl11f11rJlti ~flft"\'lfl"L rh~" LU 

1::v::n~1lllil" 1 o tJ u~::ftfllHLU\4 1 o/~1.4 1'140 fl.fl' .1954 \'140 fl.fl' .1972 ftfl~.,ll1mtuil" 

1::tiu 8/~u 

nntl1::atJfl'l1lli1Li;)f11.,.)'1uft11fnm"~ lll1n::LtlWJ1fflfthtt~l1flzlrJfl1"'1 LW 

li1~1L1rJ lfL\'Ift£1" Nfl11!t £l~'l11i u~::11fl~fl£lau, ,,,~~fli!fl11f11!JLUth'::Lnfrflf)rJ~W1 
~"lfl'£lri1"ll1flfiLfirJ'l 

.. I 

u;,,uul1.4tl1::Lnfl'fiH'J LLatJfi£lrJ~W1il ;,::5lnnL'Ali'JJ£lM::'!S1mL1.41::tiu'!"ll1fl 

wh lutl1::L nfl'~~.,","''l LL~::nnfl'f.,~f..,11LtlU tl1::'!S1T11~£1" t~m~,Au 1 flUfl11 lu 1 , . 
I:. I I:. I:. 

U1fiL'Amu 140 fl'l4 1u 1 i''llli.,L'Ali'JJU a,ooo fl'l4 \" 1 1'u L'Ali'JJ\4 19o,ooo fl\4 u~::L\4 1 tJ 
L~~ 70,000,000 flU . tJ1::'!S1fl1LUl~nL~£lfl~1"i1 fl.fl'.1972 533.9 ~Uf1UflU LL~::~1«"L~ll 
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~ti~::Lnilu 2% ~~~111tlfl1111'h;t::t-A~Ltlu 2 Lvht'"~" 35 M1~~,x, 1ua,,tl'"ttt1ihttft1m 

''" l~n~~s~'"~,'"fl'" il'llJ~,~·h lfln;J:: ilih i~fl111lft1111'Hli'u'1'"'l'"th::ou1m \u~'".ta, 'u 

. tluH17 L71fl17;J::1.1'A;J17 ~Un1n'Yli'YUJ1m'Yl1~~'"~'" v.«~~,'" LLfl::LL'l1i1fl Lu\4tJ,::m7LL1fl 
.. ... .. 
,..,..fl~\4 

L dil~~w~m~ 1fln5l 58.4 i1l4fl171~11l' \'"tl fl.fl.1971 fl111l~U1LL'I.i~fit~1t~m\\. ~u 
, 'iltl~i.h::'ll'1fl'1~il 64 fll4/fl171~11l' ~~ff~11l~l41LL\4\4\tfl (~iil 25 17/fll4) ~~\4LU\4mV.U1fl'1 
~ft1flqJ~~n11~ffm~tm::Vi'll'~fl 1Jilil1fl1fl flUUl1V.1lil~~-\4 LL~~~,l1 LL§I~~\4'! ~1.1L~il~\4 
ll~~li LLfi;J1flLde~,f~~llfl«-3fl~11L'FtU~ 30% ~L~tn::L\4fl11"1flim71J 20% 1iJW11J17tlLVn:: 

I " 

tl\'jn1~ L V.71::Lill41JL111~fl 20% LUl4'Yl::Lfl'Yl71u'fh1tJ~ ~ LLfl::~n 20% il~L~'Ll1LLil~ ~iil~ll:: 

(lt~m\lo v.1:: ''"'Yl~uLLil\4flnn~nLL~~L~u1nuLdil~~~ 6 ~,'"",.,,~,11,) an 10% Ltl'"~~'"tJ-,::L1l'Yl 
~\4'! ~~1iJL~1J1::LLflf117LV.1::tJ\'jfl ~~~,f'\.1, iJLdil~L<AU~ 1 L\4 31lil~Ldil~,f-3~1Jfl ~"1f117flifln1J ,.,. 

Ldil~~L V.1::tJ\'jfl1iJ1~ ~iJfl;J::i'J~il1flU1iJ1.;' toll4tJ7L 1 mmifl~fl LLil'Ufllifl~fl ~ 
711J~ ~ WL4il~,I, 'Yl::Lfl'Yl71U 1l~~lift1l4Lwqj~-3il1flUil~1u~1~m11Jft::t~1flfttJ1U il'qj~1L1e~ 
fl17 \.n~~\4iJfl;t::Lnfl;J1flfl17 LL'1i..rifl4~\4fl7 ~ \ ;}fl fl1~L!Jtl ~ ~ ~iJn;t::Ltl\4 ~ti\4 ~L ~ 1J1::'Yl1~.11l4flifl171J 
L"Jiu m ~L 'YlV.11~1'L4fl, LLfl::tJ7L 1 mt~W~fl Lfl~Lflu~~LU'L4~11tJU1flLLiJ,l1 ~~\4LU\4~\4atl\4 . . 
L~1J1::ilEh~~~''"fl11LV.1::tl~fl LLfi~'Ll11J1LfLill4'YlH~fl1~ ft\411JU\4 'li'1\4Lilil~ ~il~ill~U Ul\4 

I 

nnt1'1 v.1~1fum111 Ltl'"ti'" fl~u1ul"n11~1;-li1(L-itJ,:: lu'li'11Lnilu~llt~'Y)flft1l4LL~1 1111n:: 
" I 

LU'L4fl17LV.1::tl\'jfl ~~~~1L~~ffl1 th~~fl~ft fi~fl~il\4~dill41;} d1l4Lilil~ flll'l.l.lflll fl11'Yl~17 

~ft~1l411l~ffl1th n1~L~lfti1 LLfl::~'"'l ~i11i'llJ ~til4LUULL~~~~iflm~n~~1Lilwf~i)';J~t!l4U 
~'" ~ft1'"\~ 'lit'" hn1.1Lnflw mv.fl111lLL~~LL~Auil'"iJw, L ~fl1J1;)1fl . 

I !6 Jll Jll :; 
1) tJ1::L1l'YlfiLfifl1l'L4Lil~fl1111i111l'll'1~ 5lLl4ilfitJ1::1J1lU 36% 1lil~V.l4fi~1Lflfl'Yl~~i.Jfl 

2) tl1::L1l'Yl~Lnfl;J1flfl11fl1::n11ltl~ll~~li 5lLdil~tJ1::1J1tU 9% 1lil~~'"~~1L§Ifl 
,f"~llfl ft 1l1V.LL ~~LL~~ih::L1l'YlULnfl~'l,L;}1flfl17~11\4~Vfi1Lfl~fl7fl11 1J 1 '1.1. tJ7 L 1 IUL ~ ~1U1J'lfitll4 . .. ,. 
~~Lnfl~l41l4'YlliStJfl1~'! 1iJ11;J::Lu\4LLil~fl1L~\te-1fi ililftLfriLirJ mlJ7n1L~\til-1fi' LLfl::LtlL1JrJ 

\4i'Jfl;J1flft1L~flfl-3fl~11ULL~1 fl1'7~t11::'ll'1mL--A~ n1L~Lnfl'll'1l'li''UL~~'"an111fl111U Slm1 . . . 
1JU1Ufl1Lilil-3 tl'L4'L4~'"'YlH 1,~",'" l".rlawf1~~'"'1 LL~::nnLSeaJ lmlMID~~'" nnL'.If1::m'e'" 
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. . .. I ... I 

'!ltl~\4 U.f4tmn~ qfltUln'~ltl.J~lt 1fi14 >th,\\''!qfLfVV.\4 f1.,14ltJ L W11t'n\4 f1ti14ti-G17Yfl ~.wfl1l ,;' 

Jltrcu~,.lt~ ltJnHti,,.a,~,,~ ~" lllL ~u.md1Jm1 Ltiu Lfl'!la.JtJ1t"D"1m lf4n 
" . .. ._ . wa.a.anunrtlfll'WDI ruH .. . 

m1 tf..-.I.J.J11-"IH'I L,,.,,n\11~ 11,,.~,. LLf4tt'h'lf~,,m,il ii-G1u1Uf1ntl '" 

1JHU1tL flfT~~-.J141U. i1 lt15lm1lfv.I.J~114'11mft~L 'n~.JL ~ ~1Ut>dHvlllL ~av lh14~14LL~itil 
tl~ll1fl~~fl~£ln~ llfl ltJ1ti'L14~fl 2-3 i'auOti-3\\11'1 1i1&!ULL fltf'h'lf1r11ll1f1ftit \,Y~ llfl ltJ Li 1 

n-hmu~u 1tn~1~'Ylurta M. King Hubbert L~tl'l1l!L'i4u-h ~nl.htll1lU 100 t1J1&!Uit~llfl 
(11llff~nn fl'u v.u tua f41ffn1t1'1v) nn tfft'l'.lfmlM11fi~ll,t1'LiJ14"Jia'11'Yl1-J~fi~u lt1ilnnLt11vu 

L +1vunnlfv.&l.J.J1ULUt1'1UfiH'f W.J Lf4fl u.f4::tJ1tL flfTft'Wf.Jm~m fi.Jd 
'W'ilR at.lf)4a-iulinn ,,r,f)~ l an·· n.Jf)4a-luAnn 1,;',f)~&nrrsf)amm 

'h"~" 36.6 22.5 .. 
1l1~ 42.7 43.0 

ft1'lf1r111Mf1 ft 18.3 33.0 

lrr Ltl1~Liflfl'fl 2.1 1.3 

il1Lflavi o.3 o.2 

11fl1'!1£l.J'nll.J.J114L~~,d,::q;~uL!arJ'I LtlVLuv.i::~l.r,,~J,&lu ,f.JUL~£l.Jll111fl 
fll1~W1flHtl~14£lflff1~fl11llL14U1tLflfT1hi.J~-.J141,f.J~fl1V f.J41LiJ14ll1flfia.JLfJ1&lULU 

mww .J L1-J.J114£lflff1~flnllflH'I LLftttY-3tlt1'mh1LLf1 ff~f.Jmll'fmLa .J tfJ 1llulul.h::L flfT 
ll1flfl11LtJt~iL-h~£l.Jfltfn1vlu1f4n LflDLu V.1tt>d1~-Jnnlf1avulim1itlt15lm1n1t~u\,;' 
Lon a~LU.£l.J'ni.J.J114 1l£1Vf4-J fl11 LfL~tl .JtJi'1J£l1fl1fT L~ £l.Jfl1 fl11ll'f £114fiH'f ~ fi'J1 itlt1 fltl 

f4'11ti1D 

wa.a.al'U,8 l~1ftlatlf11tl 
L~£1Lt.J1V1JL f1vuifu'nl-3'11114 tlt1'11T1J1&!14 d114~14 U.~tft1'lf~111Mf1ft 'ni.J.J114 flH 

lrr Lfl1~Lifl"'fl~.rlu Lftfl \-rlt1L 'Av.J~ .J~it.J'!J£l.J£1DHU.1fl 11qf~11lflitL1itl~14 tum::L flfTn1 1-J 

~M4, ,..,,::,::lfv.«.J.J114lrrlmilLAflmfllt1~fl£lL~£liinn~-.J",..,.J.;,,.il"",~m'll · tin1f.J 

tn1llff1ll11a'Y1Hfl" 't1fv.6 1'Jf1fl11n1Jfl11 tfnfv.tnm L14fl11 d '11-ft~£lfl"1~ fl11ll~ L i4 ultl'ftfi£1 
nnrlHL~tl14L i4t:~u lfv. f-31 vH41 utlv. « .J.J114 lrr Lfl1D Llfl"' fld+1\t1 11flfl11ffi'HL ~au®t:~41iftl 
£1~~ ffl!114 ~~tl£1-JL i£lfl \,j LL f4t£111fh L 1tL fifl~ ftfl1t't11Jfl£11t1J1JilL 1fJ\1'!1£1-.11h 1m.1 

so 103. 395. 
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'Vttl-3-31,..fl11llf fl\UlltJ 1,..1 an (geothermal energy) 

~LftJ1"1f111JU1~flU"h 'lf~«~~1ud1~umuJ1n LLfl1Uu1~th~L Ylfl1~-Dth~ W"Jf~Lfltlm1 
LLufi~~«~~1Ufl11mt~umu'lu1flmiJu~«~~1"'~~1 L-rlu 'luu1~LYlfl1t~'lfLLfiU~ ~11!LL~).L~, · 

LLfl~~fl1fl LiJUf1U f\Sjl,-~~1U«~mh1 LLfl~£im1\oU~i~~1Ufftt1;nmh~L~1Jli1i't!U, 

Yta-3-31,..~1~;nnuft-3tnilflt1 
UllJV.1ft1U 'lv.ll) L dt~ ~1mnn \un fl1~~u 11li1LLft ~mflfl~v.it~ 'lunft1~1ui1L11'J.IV.11tlfl 

Uflfl~11 vh 'l~tii'ULLft ~tl1Yifl6111L oAu~~tl· v.itl 'luq'JV.U11LLft ~mfl~6~~dl\tt~un·h 'luqf,li'tiU 

11 ~~1U~~~ll-l~fl1W~11t1'1 ,000 L11flf1~1fl~ ~ ~~~ft11111t1~1Dl11~LLft1W~1l~Ti'uLiiti~~SjtJ1~ ... 

"Jf1fl1 750,000 flU1t111 ~~1Uf1t1~LoULdtl~~~ 16 fl11H111' fl11flfl'l~1V.fi1[Jif1tllh~1t)f\~L~U 
~~fl111113J«~fl1Tlfh~'l LLfl01LiJUtfiL 11UL dt~fi'13Jn11.r1111~fl~Sjfl11 'lfLL«1 · L"JiU i11111 \f~«~~1U 
fl111Ji'tiWf1JLLft ~tl1flflh1flV.i~fl1U1U L"Jiu\uLiiti~L·flUL1tli i'J 1fl1fl111fl LiJUf1U 

·~i~~1U~U'f ~1t) L"JiU~1flfl11Lllol1~tl~ 1111,f~~[JfltlfltlH'f ,1'l~'Lfiflfh'lf~U1ti U~ ., 
... 

Tl1 ~ 1J1Ufl11~ti):~Sju ~V\1fl111113J« ~fl1fl ~flV. fi1Uth ~fl11 

'VttW-31,..\h&tlatJi (nuclear fission) 

L m1d11111 'lfll 11!U 1fiV.11fl 1ut1D1~1fl L -!1 11'-\ ,;.6t11~ 11l5l11HL fttlfl111fl\lfl ~~L ~ U 

1t111~«~~1U~1t1'~1flfi11LLflfllf~ti~~L1LtW11v.it~~f~~1Uil1LfliltJi"JfilflU \UV.fl1tJU1~LYlfl1ti 
1l1L~1111 'lfLfltJf111«i'H 11 ~~1U1vH411.J1111~ LLln1fl1~~WJLLft~ft~tl1fl LLflfhnt~«i'H 11 ~~1\4~~ 

ftuLuftt~ ~111mrlt~LtJ'fuuL fluuffu 11 ~~u~'lf~13lu 1111 'lfh ~~1u1~vhtJ1111 ~~~«t~~~3!fl1::1~ · 
'luL~tl.n::U1Jfl111::1J1Dfl111Ji'tiULm1~f1ti~Lf~1L,)11UV.&IUL~DUL~tl1::tJ1tlfl111Ji'tiU111fl ffu .. ,,f 

tfinm~~11::1J1tJfl1111i't~u1Jnu~tltJfl~1tJL m1~ii1vh 'l ~Lfiflfl11 L ~11~ mv.IJD~ Au ~~Slll-lfiLiJu 
'i!Ufl11Utltl\ffl~~1f\ti{LU1J,L11U~U 

. . 
'VtM-31,..U1&tlatJi (termonuclear fusion) 

~ «~~1\4 fl"tti"JfilflUL iJu fl11V. fttl11~tl ~11flf~L1J1 vh t ~L fifl fl1111111f1 L iJu ~ «~~1\4 ~ 
Slti 1V. \l11111~ L "Jiu ~1Tlfl1~1J1\4fl11~Lflfl~U'l'l4fl1~&1flflliLLfl::fl111::Lflfl"JJlH1fJ 1m L ;'I\41Jfl11ti . . 
LLfl~lf ~1)J,ti5lfl11 L1u~fLUT1)1fl1tJflW~Mt11fl11VI ftil111f1L ~il 'l ~fl111Ji'ilU ~t'\1 'l~Lfifl 1 vH~1 ft1U 

'l v. qj¢n1YltJ1fl1« flflti flfl'tt1Uft~ 'l \\'fl11llL ~wh 11 ~.01'14 ~ «~~" «n,;. m::ii ~:: 1t1 L ,J1111 5luY11J1Yl 
. .... 

tfin11'l~LLfl11'1,;.6\uu fl.fl.1 990 fh 'lf·;htJ\UTl11fti1~ 11 ~~1UU~fhU!lu1tJL'JiULfitJ1flu~f~~1U 

'luln,;.m:aL1Tl LLfl;'l:: 'l~U1~ llrtntnd1~llV.1fl1"L~fl l1 ~~uliw1fl 'lv. qJ ""~fi141#1'11J~~'l~fl111J ~ ... 
tJ ftilflli'U111flfl11 L ~11~ 'l~Kli1!Utrf~f\u'41U1U ~~11111 

396 



ni'ViV1717rt1,nd~tumL ~itn 1thnm~D L 'Vi~-3 w1'U.\~ qJW-311l'.i5lm,-tm'U.111::u1" 
I I 

11n~"''l.4tnw1"th::L'Ylflflti1~-3~~"1 LL~1n::5l~1'U.1tunmJ1V~fl111 · LL~~3J11;J::w -.'lilil11 L'U.71l 
- ~ 

'lflafiu~11tf-31117'll1fi'Yl'U.'Yli'Vi6LL~::1~11117L'U.1111fi1Lil'U-31'U.'llil-.'lfl'U.Lil-3L'U.m7~~fli'U.t11 L'U.L~il-.'1 
I , I 

1111 tfni'Viv1m Ld~H'L ~1 Li~l'U.tin -3iim1ti1~ 1.Wl'U.WtJ1V'llil-3~1titf-3 t ".,-::.run D-3~'U.LL ~::1::t1u 
111::L ntt L v1Dm11m~1.i'l11:: 1v~u11111~ft'fl L'U.1::otL1a1~"1"~"fl.i'1v 

I I 

1111 1"1f'Vi~-3-31'U.fi1-.'l'f1flvm -.'lalnrlD 1~Lnflfi1111Lfv~1v~ni -3LL 1fl«n11 twn111111ti L'JI" 

L ~llil-3111'U.~'U. ,1~1V1Jiil17::L'Ylfl 1111~flft'1~7171~L ~ilil-3LL1',1 L~Lflfl~ q11L ~ilil-3 111fi~H'f 
I a. a. " . !li a. I :e 

fi11H1111l1fl-311 -.'I-31'U.ilflft1~ 111111,1 L~ LLll\11 ~1flftil-3LOflfl1111LU'U. ~1Y'll'U. fl11tJ1l13J'U. f1Lnfl'll'U. 
I 

fl13J"Jf1va-3n::La 1111~1' ~~L~ilL 'Vi~-3fl1111Uf'l L!l'U.ft'1L ~flH1fft!Jcn1 t ~ Lnflm111ft'11u7n L'U.il1111fl 

h -3-31'U.1W~1U7111a:~Lflfi;J111m1.f11flr.JU-3Lihl! ,1 L~L f111~1'U.1'U.ft'17fl1!3!'U.d -3f m11~i'il.'llil-3 
LfV;J111Lfi1U~717 nh::fiil-3~11\11 111L~u1 1t~·vh-3111~11"'\1Y6 L ~ilfl1111Uftilflli'V ii-.'ILL~111111 L"Ji 

'Vi~-3-31'U.;J::,1 1 ~Lfifl~~m::nu LDfi1111Lfn 11ft' ~1v ttit-3LL1fl «n11 il~Hh~fl111 'Vi~-.'1..11'U.LU'U. , 

S -3~1L!l'U.LL~::Ltl'U.S -3LiirJ1L 'YI1lf'U.~;J::LiJtLn-.'llith::11nu LtL1117~~fl (r.1m 11-L~fi" LL7 -.'I-.'11'U. LL~:: 
Lfl~il-3i'm ~ -.'1LtltLti1l11::nnu~"'l) . ~ 

waa\l'lf\4 (pollution) 't11f)1Jallll::: 

~il~~ 1flrJfl1 -.1~~ nu~ -.'Ifill 1f1Vl1111ti~ 111r.1 ii-.1ft11~LU'U.~'U.fl11V~ -3tlttilVLih~!n3J"Jf1fl 
111 ;)111~ ~'llil -3fl ;Jf11111'llil -311'1.\ 1Y6 ( 1.11-.'lfl\Lil 1 ;J ;J:: ~fl fl1U. ;)1111 Wt.h~i' il'll'~L Wili1flilil 11 1'lffi ;)111 

1JL'll1,vh::Lflfl LtltL 11~1111:: ~til) 
, ..i. ... ... 

rtaa\}UYIUll (pollutant) 't11a1JartM 

' 
nnL!ltLHnl11::nnun1-.'1LflmilfiLii£J1 L'JitL 91::n1 l11nn ~i'nHnl11::11nunHLflii 

I I " 

~ ~1£J~itfl L 'JitL fiiif1 mi UiltLlliltLil n1'lfli ~i' n 11111111fi1f1'1l'u'lfntLij ..1iitL'llil ..11'91 qtiH'f L'JitL 

fl::fliltL ~i'il'llil-.1Lf£J;J11l'Yiil~1~..1 LfV-3 n11Wm -3f fl11lllil1.L i -3L~tt1diin11LU1.L11~~1Ytf-.'lfitL 
11~~1Yif~~1tl~itfl iJ€tLfl11VUfl1l~HntLililn111 il1;JLLU-.'IL!J'U. 4U1::Lll'YIL,_,qj'l ~il 

(11;J,1!'U.fh11 11~1111:: LL~:: 11~~1j t<iLL'YltLnu.tii) 
I I 

1) flii~ ~~il"'lll11'Vi11"'\1Y61fl£Jfl1..., L'JI" ~1Y;)1nfl::n1 ,.,i'nfl1111ft'nu1n'lln ...,mmtt 

,1L~Lflfl hfliliJfi~\L 

2) ~Sj~~,1~1£JililftLtl1 ui1111tlH'f L'JitLil1111flLfV cn1~1£Jtl1il1fl11U1'U.Li'il1.L 
,1 L~~11~tLtLRrJ,.,1£J 

I 
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l 

3) N1m'h1fl1~ ~IM,bt6~.a\141nv~ "flmtnWWd'm" ~~Wflfflfrfl6lth 
fl11lltaJLtJ141~Li1UtJth~'l 

4) N11'YI1·Ulflli~'Lhh\~L~flfl11liLfD'V11!Jttll1ATl11 ~'Tl11llfiH'I fl1ll1~tJtJfl11ll: 
I li~WJi'!Ja.ar11 ll1f1~ L,ml1ua;\1 \~u lm 11Yl1.a'LI1~ll.a11fl11.3 1111 fl1tJflliTl11 ~ .aYl 111!J'!J&~14 :. 

11fi11-3L~aunff~1nms 'VI;a«1ad1.a~L«14tt\fflfla nn l.l14t.h ~V'!ltl.a~1~t1la'VI~'V1\\'n ua~ · 
" I 

fl'l 1 tJ\t 1 al14fl1 li"Jf1Ua.aYl~L 11 
., 
lil 

~ 1 ~ tlumwD1m~t1n~'V1~14L'lv14 ut\~~m~~ftfl1ll u 'VI-'~ 1 1flftll' ~fl~l1~g41~fl 
~';J~LfLiu.ath~111Tl1 97% '!Jtl~1LU111mtl"~1Yl~L~ ~L'VIifl~Tl 3% Ltl14~11fl LTlfltJ 77% 9Q 

\w~ti'!Jtl-3LLTl1L4frJiLL11~~1LL~..7lflrJL\IiYi1~L14LLtl14fl1iTl"Tl LL11~Tl114LL1114~ 

~1 Ltl14il'•fu~ch«~tiar111 ffl~ tttl1111Nifle1'VI11 1~Tl11f\flft1'V1Tl11ll 1Alnfl 

flll\41flli'!J14ft-3 Tl11Lf'Vi«-3-3114';J111~1 L'Jf14 Tl11fti'HLttl\4 th.aLfttJ~1 L~9Nifl'Vif~~114t~~1 . 

~1!11ll1f1~a.ft.tv6\f•am ..-4atl1~ lv1111t\1.a'l utl.aLtl14 4 t11~UIYI fla .. ' 

1) \t1N14 

2) ~1Yit (~1~!lQ,hfi14) 
3) ~1tJ1fl111 (~1\«fi14) .. 
4) \t1V1~L1I 

.. . 
\t1LSt1 t1w1~'VIfl3 t11~nn t\1tt~fle 

1 ) ll111111t~tftfl•nn nnt11ltlU'!Jtl ""'~ -3Lfu~L tl14fi14 Yl1uw11f "~ndeuw 111utt\ 

2) 11am1~~Lftfl ,,nnn ~ttltl14'!Jil ~•1Jt1~vf .a~ndevw 111utaJtt\ 

3) ll111l11~~Lftfl,1TliUL'VIflVIHfl1U1l1VfU11~~1alU 
1. Uftll11~~•nAtlnn11&tetluw4-utt~ailu~ah8""1ua1144puttuacnu,.f 

1111111~1 lw lmn•1nU114L£1£1~ ~,~_,,,n t1~"114ftflW1'VITl11ll th~LIIVI~thllluwn 
.. I .. 

~un16a.,\uuu\t1 ua~111ua.a"~'" . L'Jf~ ·h .a,.nw.~lfle1'VI11 t1 .,.a,u\t1fl111 11 .a..71U;\1uil.a · .. .. : 

~\htl~'VIf-3 l1.a,n\1.""1Liluf U11tUfl11Tl91J£16 · .\hf\-3,1TlTl11LTl1!tfl1 L'lfuVf1Tl~U'!J9-3Lfa'1Tl : 

nn\fflfiu 1111L\L1Lf!ILL11~Tl11fl1lfi~Tlfl\4 ~1Ufl~ 111111fl11-3'Uf.l-3tl'li1N,i11fl~'V\1111-3·Yl~L11 . 

;\1L~fl11lJLtUll'fiu'!Jtl-3'Ufl-3~fUL~aAu L01lLtJUL,14iiuf1fti1N11Tl1~YltJttfl1~tJtJ~L1ff,VIIJ'rll9-3 
ull\i1 Vl~L11 fltl;\1L~Lftfl111,11fl&tlTlfL1\l~~~~~1bL14~1 1111L~llll'li1NLftl l1fl LiJ14114 
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2. uannt~&n~mnm119mhrua~D"'nuihJ4.tgntitJwalu,Jl1l. 
L"Ji'U.U1U71'Utlil1~"lfVnn~~fl LL~~ta-.,::..,1l'nfiH'f L"Ji'U.U7fl'Yl flt~1 LLflilLriUll 

1f-3ntf 'Ylfl-:JLL~-:1 ft'17..,'U. thWf'Ui!t~1iiLLW~t~L~lf"~'U.flrlH71~Li1LLfttL~'U.1~'Jl'~ Ldfl-:1 u ' u 
I ~ a, a, .:. · I 

ll1~1fltl17LiLUWihu ~lliiU. L'U.'Il13!U.LUWiU.~tlft11fitTi1~tft1Ufl~ 0. 7 nfll/~il7 LLftt..,~-:1 

;nnm7L~11..,~u.Lfl,CJ-:Juu.fi ilt~1t.htll1 m o.4 nfJ.J /~m~::~ntl~CJVCJ£lflli1V-:J~ -:ILL 1~~flll 
'Y1HfiCJ1mfu7t~uu.fi 1u.tl7tL'Ylfl1 'Y1Vtl7tll1mn~11'l'71~13lu. 1 ,6oo ~,"~fl1 ;tl LLftt 6o% 1.'71 

'lu.n~-:JL'YlYUJ..,1U.m u::tfu. flt~1tl1tll1nt. 384,000 n.n./tl ..,7m.htll1nt. 1,052 n.n.;1u. 

1Jt~m.J~CJEJClflflll1~~ -:JLL1~~Clll LU.fl~ -:JL 'Yl~ll..,1\4fl1. q,~1Jflt~1L;h1tJ'Yl1-:J~li..,1Vhll1fl'f ~Clli 
t'n L~Lfi~ hfl1ft~il~N1~ ff1U.fl'1li'1~L~1ff1HfllVft,YtJOaJflllltl\4\4 LL~tL~Cl~U.fln"lftilt~1L..,~1d 

v " 

~ 11t ~-:!~ mJ~ 1 ~1flftfl-:J ii~ ft9JCJ1t1JUUL 1fl'SflEI'r11El-31U)'~-:J~ 19\Cl 1tJ . , .. 
s. uannti1an~mnfl'l.ll11f!'riHflllJill'nUat\lu]~ 

I II "" I 

~U.L "'flllft1111t'YlHflltl111~ 1fl'uri, fl~fJEl\4· fi11L ~ll~ ni."'1J5h!Cl-:JU1 LLfttfl17fi-:J~ -:1 

tJ~~~ L"JiU. q-:J~ft1ft'~fl fi11Lfi~iltfi£1U. L"Ji'UT11'1Lf~~'U.'U;L1nt."lf1Ua-:J ,1L~Lfi~fl11~-:J'Yl~1[J 
I I ai I . ·., 

11Cl-:1..,1~ fi11,1L ..,Sjfl-:JLL'i"lflVa-.1 fl11 L ~llfl nt...,llUiJCJ-:J\1 1 an -:~1~LLrifJ11d1UL '1'1\t 11t1J1Ufl113JiCJ'U. , u 

~1n 17 -:~1~.Yh ..,7CJ11-:J-:11U~flft'l..,flnllfl1-:J'f UCJmnnd~LdCJ-:~~1flfl11f11..,m~il",I,3!u~u n~1 
1J'Ud1EJ'YlHL7CJ ..,7ClfiT1"11~..,1~ 13!U~U L'UU; L 1m 1.., ~'Yl'h.J , 

f)lfllft 

llft1l11t~1flfl1TnflLRu Ltlu~um1Ull1n 1fiEIL~ ~1:: 'luli..,1UmL ~11tii~ft91CJ~"11111~ 

Cllfl1fl Lfu LU'Uif1Ufl"n'" 1liL~LL« "LLflflff.Cl"L~l 1tJw Liia-:~.r "L "Jiu 1.'" umn 1Vflifl Cllfl1fl Lfv ~:: 
. v .. 

tfULL« "LLflfi13J"l~L~1*Sja" 25% L'Uffl1 ln 40% Ufttii\"Ji~tiiL-ArJ"Ufl£11fl1flLfVL..,\t£lLiifl-.1L..,~1U 
L fi1tfu. LLfl1J11V1fl1fl1 au 1ftfl 'lu11mtUih.J;ll1 nt.11fl"£11fl1flLfrJa~ll1fl ll'fl£lfj~li1'YlV11tl~fl 
ii"nq3Jnl'lf'lummfl~Ltl\4fl1fl1flLfviiCJ~1tlu lftmtuf\CJ «ii!lfl (smoke+ fog) L ~utt1'lurnL 1m 

.ff. 
I I .. .. .. ... 

rr L ..,'Uflll..,1ftlj'Yl1 11ftfiL..,'UilLLfttfiCJU'f tlfl ! ' 

t- l ft1L ..,fj"11Cl-:Jfllfl1flLf£J 3J1;)1n..,~1Vt.J1tfl11tl1rJfi'UflCl 

11r 1) fl11"1l'U.ff" 55% 

f3J 2) 11 ·H1'U~f-:J-:J1'U 17% 

3) ~fl«1..,fi173J 

4) "11£Jt~ft~ClU 

5) LLftt~'U.'f 
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i 

·. .. 
El1fl1flLStJ~::l\ft1\l.th::11flUf\i:n;JLLtl~tt)LiJU 3 ~h::um ,, 

I I 

1} tn::LllflfiLiJU,£l~LLii~"'£ltltl~L\1.111~il1fl1fl L"Jf\1. 91::1f1 tnilYl L~l11 il::~ilLfW11 

2) th::Lllfl~LiJUfh'l1 L"Jfu fll'fUil\1. 1flilil11'1'1f~ fll'fUil\1.11£)\l.tln 1'11~ eB'"'L vtil'f

'1t~ila111'l1~ tulfi1L1\I.£l£l111'1f~ tu 1fl1tniuilu 

3) t£)~1 n1 L~Lflfl~11ilnL~ilil1f11fl~\I."'~LiJ\I.ft1L~flL~f111';111;11tlfl'iffl Lflfl~UtlL~fl 
V4'!f~\I.~Lfr.t~1r.t'1.1 

11 ty~1,£l~El1fl1flL fr.t 11111~"" t.t11n111ft11 ;J1n1 avufi f\a fi~'1f~\l.fl11tlfl1iuilu-• 
11il\I.D11l'lf~ 73% tu lt~1miuau 56% tu1mL~\I.flil111'1f~ 5o% r!'"'Lvtai1flil£l111'1f4l 3.4% 

~::L ~\I. tti11LL ~ f!-3£l1fl1fl Lftl~~1~~ty~" fl 1111111fl11 LN1 t ~ aj'll1tl L\1. 1 Vi11tLfl~ () ~tJUfiLN1l ~aj' 
1l1t1LUlm11::LiJUL.,£l~L~ ~L'lf"' ~1ilL"'D~f'i'l'1f fhfLW~1\I.vt1~\l....,-tltl\l.li L1il L.,;El~flu' . 

;,::tJiatJt'i'l'lft!"Utn1tl ~~11111LLi1~~fiu. . 
~ . ' 

ft11 LiJWA1!tL ~ 11~LiJU«1fl11 ~ 11ftyth L ~LflflD1fl1fl LiJUfhtadHLL1 ~ (-3«1ad1~ 

~Ln~\OULt1auf"U1'lflJJ fl.fl.1930 ~~~u1u , Meuse L\I.LU"'Liit111 mmflLiJwA,;Ln~~a~ 
111~111 l1 ~~1U£tflft1Wf11111fl-3L"tJ~ l\fl\1.91111111111111 60 fl\1. 1fltJL;111ht1t1'1tlfl11l\a1f111Nfl 

u1n"YlH1::uu~1tJL' «1t»th~~L~ultift~t1a \uLt1!lUfl~1fl11 fl.fl.1948 Lflflfl1'wA,;~u\u 
L~il~flEl\1.1\1.11 'fJLV4~~11L~ 41-3LfJUL,fl£tflft1~fl1111~1l'n fl\l.fl1tl11111fl11 20 fl\1. LL~:: 
ft11tht1LiJU41\1.1\I. 6,000 fl\1. (l\u1::'!J1n1 14,000 fl\1.} «1Dd1-3tltl111fla\ouL~il\l.f\1.11fl11 

fl.fl.1952 Lnfltl1f11f1Lfi\I.~~L"Jiutfu \uum11a'Uttaoun1 \~O~JJiln~ou1f1uunflq11a-3 4 . 'lu 

N"'n1 '~"ou.,,u ~.soo-4,ooo fl\1, (lhh::'!J1m 8.3 «1\l.fl\4} 

\ufl fl. fl. 1969 l«0fl11tn~llfl11LL vtflli11nJJ~1~Ylt11lt1LLfl~vtm L UtJ "'Dft LL£l-3L 1~ft 
.LL"'::ttii.Lu::1l1L~~~a1tftJL\I.~L1m smog YlHfl£l\I.Lfrutl-3LLfl~vt£liL~ 11fl111::li1'£lvttlvt 

£l£ln1tl11flL,flL ~ I1M -3t.;LLn '111\I.L ut1iu 1f'lu 'L 1£lil'lf~ L ~miJoum1~ lm1t1-311 fl1::uu 

YlHLfl\1.~1tJL1L4a'f -3 l1fl~11£lfl1111~nLftU 11tlUElfl 11fl'll£l-3LfouLiaflfl'tuLitJ-3«1 \;, 11fl11::Li -3 

ltil\m1 LtJ1tJuL fluu t~L «ou1, fl1iuo\l.aJtl\I.£Jnt'lf~L0a~,r.t \;,L ~1tu LLi1;,::lu1111«1KuLu l11-

·111~flou\uLiaflu~:a~,u.nu~nan4·L,\.l L0tat~nfL1U~L~1ltJ\uL'lf"''"'""iltJ"'-3 «1\;J';I::n1 

. -31\1.111~ ON11tltn::utm1t1\, th\~IJ\\v6Lnfl strain lut« flnu£l"U11DU£l11l'lf4l 8o p.p.m. 

: ( ~t,ft1\l.tl£lm\l.ft1\l.) l'»l11L~ na\4tf\Jrt11LSrniDfl ttln11~~-3 L\I.LLUfiW-3LLfl~"'()\l, ( 1 LL11"'"'£l\l, ' 

./~ 3.78 ~m) LL11tL~fl11111n~tnfuD\I.JJDUant'l14l•::0£J(loua1mfla-3 400 p.p.m. a1nn 

. ,£l-3~v~t1'fut)atJ1t~*'v:: fl1wJ1, 11:3mrniauu1 -3 L vtlu Oa1m1fi~Uli ii11\I.LL1 -311111 ' . . 
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;,::~3Jilm11l'i'fmLt'l::fl1EJL'U~ft'fl n11fl1fffl~hi"'"~L"flDft'LLih1L;J~ft' L'U\l fl.fl.1962-1965 
U I U 

L dD"3JH1nfi1'll'fl1'~ 1JD'U3JD'U£Inl'll'~tt «1a'..1la.lt)3J1fl1n11L'Un11fhfil £J1n1flLfEJ n11fl1EI ;,:: 

L~~" u::n" fln;,::lfiijm,.-A;,nm1L'D"ni1fl~1flJ.nMw" ~1~il~1'U1'U7tttJ'U4i LLfl::th::~trt~ 
m1li'J1~" 

L'Uft'WfJmll7m u fl.ff.1970 1fi'Dan clean air act 1t~Eiii2J1fl1nnl"Unnrhfflmn1fl 

L«v ~..11t1V'U~ LLt'l::l,-""1"~ "mmnndlf!th::m~t.fl"tl fl.ff .1975 ~a7tlV"UiifttJftav1fJ lt~7-
fl1itJD'ULLt'l::fl1itJt~'U3JD'UDnl'll'~ ;,::tl'a"rhfflL~fl~ft"O" 90% l'Ulfi7L;J'U£1Dnl'll'.'i 90% ~U 

l~ijn11LLrfl"ll1fiVLL'U::L~dium,;If1~ftJ7~EJUii~iini\\'..1Lfi'U 65 LL7 "li1I'UltJ, L ~~'ULLft:: 
YiEI1EI13JL~lh::'l11"!1'U~'Ull1ft''UhLi'7~'U1flLin ' 

' II 

nn ft~nl~ou1lnh JJln o 
'U 

J1~'UL~m'rii"LtJ'UcD'U~\f~'UD~LUUt,UUU~nh::L11't11r772Jfl1 (Regular) Uft:: 

tJ7::L11't1'l(UL1Jt~i (Premium) n'U Loa1iL~3Jft'17fl::~1~L,Einrl'U,+1 'f 1tJ11 T.E.L. (Tetraethyl 

lead) ~7£1 T.M.L. (Tetramethyllead) ft"ltiLY1m~liDDnL't1'U\t3JLtJDi ~1£lL~3Jflnl.ft'3J~L'U 
nnunmnn'llDfl LLfl::l.ilffi'U3J1~"LLfJft'~rrtJD#Wt,1J~tl 'U1EJ1'Yl~ft' iiflLnft6 1LikJi { 1889-

, I I ' 

1944) u;~~u" ~ ~" 1m1m111n11~\t 1"llD"L't1fl t" lftilon,..,LmD"v"4if\t1D "m'L ~llth::tn! m~ 
I ... ... I 

"llll"~'""1"fillf;,1mt 1~'ULilm Vii" (Thermodynamic Efficiency) vh L~Lfiflfl112J41Ltl'U fitdit~" 
L ~3J~frnR1'U m1 el'fl LL t~~::YI1L ~ fl113J ~1 Ltl'U f1 t::tlD "L'!fft'11tl "n ft11a' "fl"~D~uli·h ;,:: ij1fm7 

~" 'f ~1D«17~" 'f tiLL 'Yl'U 1~ L'li" lt~ 1D~" 1t~1a lfJf ltJ11hv,~L 'YlDiDit£4" ff17t~:: 11ll1~fl 
UH~1 L3J~ft~flfl1£lfltJNfl1 ~1t~m::tJ1'Un17LLfli'fl.fl" m::tJ1'Un11Dt'lfl1EJLM'U LLfJ~ft~lti 
'UDn;J1n;,::l1Jfiuft::ft'::il1nL rhm1Lf f\.L~ll.LL£1\'l. (T.M.L.) LLi1 71fl1~ff"LL~"n"llr1'U3J1n 
" " " J1 I ' J1 I 

U1~'ULU'U'!"UilW1'UL,., 1l)\"lf'l"Un~ "L 't1'ri3J,.,1'Uf17 ~ "il'UYi'Uf1n~ "L n~ 3J~1'Ufl7 ;,diL 'UDfl::r1? 

~"m::;J1EJD~L'Uf"LL1ilit~llL'Uft'll1WflH 'f rl'U 
I I I I I f 

«nfl::~1Ltl"U«n'A,;.f1ijtr"m1Eii'1mL7 "flDi "fliirlfl LLft::Lij"UfiEJmJfu~w;h fl::ri1 

LU'Uft'1L ,.,fj~If1.Yqj~"fladH~~""llD"3Jt'lll11::~LiJ"U'A,;.l"Ummff tl'U LLft::J1 lilEJLu vn~t" 
L~D..1~UD~fltl1Eim7nH7 L ~11::R1'U L~ 1l)3Jft'A,;.t)"n ft111tl2JH1nfh'll'rlll lD LfEJ'lJD "'~V'Uii 

LDn«n1fvL~EJ1~tJm1::f "LL 1fl iD ll~ 1'U 1'Ull1n L'Uth·.n.h::L 'Ylff 712J~"mvl "Uth::L'Yiff 

' L'JiU ;J1n3J~11fiEJ1\\'EJ ft'~11!'U ft1'U71"!1n11 L'li'U n13J~~'U1fttl'U ~ft~ ~'Ua'Wl1 ~"~"!1Ln'l:: 
I I I 

, ffl~tJ«nfl::~1Lfl1tli"1Hmvlti uft::wu11ih::tl'ufl::ri1Ln"UtJnfi LLlim::,Y "L"Ulft'L~D" ~1 

so 103 4'01 



I I 

fl11ll ~~ lUll! ~ thn "'l~"l 111,Ltlili\4LLU~~Yl1~f1~!J~f17"1L~~1,JI::ff1L~1'1.tJL~DtJ\4D~L\4 

fl1~1,'lltl~3J\41;6\ll\4~ftfl LtU\4 i4"Jf ~fl Ldtl ~imL,j'LLfiLfl~tl~ 'l.\4tffl~LU~::~1\4ll~1 , ' ' ' ' 

~,,fl::~1LU\4~\4f1,1llfla~"'J111Vt -~t~ L\4Yll~fl, '1LL~::Y11 ~tJ£111 , 'l\4 fn ,;m::'ll£1 ~'A,; 
~:~3J~£lliLU\4~£lll'1.tJ LtU\4 "1'l~LU\41,fl1~~fl';l1~ L~iiDUV1\t1ll~£l\4Wi~ll "1 L~Lfl~£11fl1, 
Yl1~::1JUUDliU~::Yl1~L~\4£11VI~, ft::ftlJ\ii\'U\fl «u ~1'1,';1 LL~::L\4~lltl" ~1'l~LTlfl£l1fl1, 

Yl1~::uutJ,::ft1Yl LtU\4 ~ll£1~\3JL;J1tyLiiu 1flfl1l!Uflii'l\4L~:fl "1 'l~LUWel3JVt1fl LL~::v.u11 

lJ'~mtJYl£lf1Yl1~fl\ti~Yl11fl \'Urn, /i\iJ \4Dfl ';11fl.(l,.~lf~"1 \V;'LU\4VI~\4 LL 'ti~ LL~::"1 \~LiJ\4aJ::Li ~ 
'l\4£l~D1::~1\4fl1~ 'J LtU\4 \\4m::L Yt1:: ~1\tf ~U 'tfl fl£13.1\ti,Dtl~ fi£13J~flVI3J1fl LL~::lf~L{J\4 

~1L Vlfl~"1 'l~LL wn61~hd'n1, fl~fl L v.,,::iltti~1il~~~tl,;nn'liD~fl::~1Dflil1n 
' 

I I , 

LL£1 ~. f1. ~. ~Dfi1'l1fl'lofffu, tlll'U~sn ~L, 1i'~n n\4 L \4 \413Jfi1'l1~ ~fill~i£1 fi1'l1U1fl, L ~ll3J 
. " , ~ . 

LVI ~1 tJ,::fl£11Jfl1llflT~1J£l\4 fl'€1 1 Vt, L Vi'ULL ~::U1L Yl\4 L\4~ tn1::tJnii~LU\4fi1'l1 Lrl£1"·1 \~L~\4 
LL~::'lifl11ll~\4L ~mtDtJfi;J:LU\4'lJD~L'VI ~1\ti ~\'!in\4£l~~LU\4'll£l ~L ~ ~1L ~ !ieJ\4~ 1~\4 fil'lf~\,Y 

· ThJ,tlll\4~\3-)tjf\3-)i:Jni\4 LLfiL YlD \~f~~fl1,f1'1. VI ~VIi£lm,,::L'VIll£l£lflll1'll£l ~iJ\4 ~~i:Jm,LiiaJ 
~1, Lflti"lft\fl~\t~L~1\tJn1 \~tin ~\4~1, Lfli:Ji{ ~1ir ~f1, ::L ~tJ;J::Lflfle-1 ~fiD,'1~fl1ll 

"" fW vtl!J-utHn1CU 

£le.~~YlH~1JD~flA'1tJL1J\4-lt\4 LLfl£le.~~lJ1flfl11 f\£1 ,::tJUYll~L~\4£11~1, ;J::timm, 

U1fl'ti£l~ tie.~~flm~Dfl «u '" 1flm\\Vt1::fi£Jtl£lfllf1~fll'h'l1L'ihttJaJ1fl n1 'l~Lnfl hflUDfltt1 
I I I 81 I 

J1tJ ~,, rh lJ:: tl\4 fi L U\4~1\4 tJ,:: fl£1\J'lltl ~fi1'l1Dn«1we!" LilmfaJ~~ tru1l1 L,L A'1 ;J:: L tJ~tJ\4Ltl\4 

fl'lfl ~ ~Yh 'l~L,11itflL4JtJ1 m::VIlll~ 1~flfl11tJnii\fl 

LfttJ~-d\4LL~11;J::titJ,:: W"'fl1JiDI ..\~flfifl1a.l fltl LU\4fDfl~HU"'~fl11llLf1h'l\4 
. I 

fl'lUILW~fiLW~\4 fl~£lfl;J\41JH~ ~tl1;1"1 \~ifl11J1-3"!filflL;J1llJL~U 1f1Li1fl11Ufl~\f\' ~imL,j' 
LLfl1flll L ~e.! ~\~iiflfl£lfltl£lfle.l ~ 'tt)~~\4 LLfl\\4'!1 nL:: L~ll1fl\4Lftll~fian L ~ Yl 1;VIi£l LiJ\4 fl,; ,., 

1flmu vn::LitJ~~~~Lnfl~\4DU1~~1 'I 'lflfl 'I Lftli~~L~fl~\4,DUfl1L,,-d\4tifn,; m::~ ft1tltyad 

~£1~1\'n,;m:: fl£1 
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1. fl11lJa.u£HJLfV'I1 l~LLrf fl11111l4~1,!l:'11LSV'11 
2. fl11lJt1~!l'11LfrJ'I1 ~.:J~ll1rJ!.:J 1ttl~lJ~LfV.:J ~.:J5l~U1rJ1'j)Lth~Ltt'iLlJfl 1ttllJ 

I 

· tJnfnle.:~Lfo..mL~lJ1tWlllfu~,nwrJJe.:~~l!t'trn•::ed\u1::.YulllLnu 30 Ltl'iLlJfl fi1Liiou 85 

Ltt'iLlJfl \tu-liLflu~oufl11Vfle",mw · · 

u 'll~1Lfo ~1UT11'U~mlt L iifl luLlle'.:~\ wqJ 'I ~ .:~5lfl11lJL '' 'lJfiH.,-1\U 'YlflitflLL flt 

~flft1~Tl11lJ LfV'11~tl.:JLn'UltJ L'lf'U i1T1Lfl~fl~il'U 1at111fl~'U1tlL~tU l1 .:J.:J1'U~flW1~Tl113J 
1t13J!lLfl!li1'11'~ LWfl.:J'l!lfl 1alw f1ltlfi'UL'UL1ft1'U1'U 'J itLU'Uel'Ufl11Dfle""il111WU.~trh\« 

m1i'u~.:~~1em1ltia'UL;fl lJ Liiflfl11lJfi'I1LflfjrJfl'U!l'U 111~ 1\'u LiJ'ULL~ flL'UTI1tL vn:: m~11 
fl11lJtl'U~ '11 

Lfo'l11flvthn~5l~u1o1'ttLti"Ltt-iLufl L~ lli1m::.ru~,~ o '"·"1.'11th::L 'Ylfll~r, 
Tl~~lJ1Vth~'Uj)1ttlULfD'I1L'U h '11'111\1 l111~tl'I1Lfl'U 8~ Lfl'iLUfl LW11tLfD.:JL'U1~tllJ~!l1~Lb'U 
~'Ufl11D LLrJ "~111W,!l '11fl'U'I11'U l~ 

1ZAU,D~aau~ 
.. 

lftGifiUft 

1ttlUL~lJltW'ULfD'I1 0 

Tl11~1Vli1J11lJtl1 10 

Tl11Tl1t'ilJ 30 

LfV'I1111D L'UU1'UL1!l'U 45 
, .. 

T111ft'U fi'U 11J11lJfl1 60 

L fl~!l .:JlJil!l1~ 11 
' 

80 
I I 

uliL 1mfliim1n1nfotufl''11 100 

Lfl~!l.:Jil'UL.,fl,mt!l!lTl 120 

. ~fl1tlt11tT111 "l't 
I· 

1) 1tDtL1fl1mlJLfttl'11 

2) fl11lli1~fl'11Lfo.:~5lli1Tl~7mtev 
I I 

3) fl11lJMlfl.:JLfD'I1 

so 103 



4) « 111~1Jil-3ufi ~=a~ flfl\~ t 14 m1Yl14 'Yllouflfl m1i't1..; -3 , 

t14~~nmtf!l1::titJfl11llti-31Jil-3Lfu-3tllfl11Lnu '4o-so Lfl41LtJ~ Lflm~~l::tu~il-3 
14il14 ~il-3n1-3114 t1Jfl11Lfl'U 30 Lfl'!Ltl~ 

th·hf114L!Iwvht'VI1flil'U.Lfu tit1 « m1::"JJil-3f114 ~tllun" .~ -3Uiln';l1fl';l::t3JD1cu.1u 

th:: 1tJ"l111LLnll11~tl"l11"Uf1 f~a·r~L~'Yl~LLnli11~U"l11"Lil-3fi1U 

ft1L'VIfjL'VItUil 2 1.h::m1 flil ';l111tf -3flliLL~::';l11111'11ll"l11" ';l11loffm n';l';li -3th1n!J11 

i -3flliD14L!I14L4fl-31lil~~14~'UttiDft'~14 n1l~il14Lftlll111111111'1~ ll"l11" ~ -3L!I14 fl-3Lfltl';l-3L';!LL~:: 
I 

lltfi';l-3L';l tl14Lftfl';l1111 -3LL1fl.ftlll s:ltnfl fl11L';lillJL"tl lfrllil-3ft-3flliL!I14 t1JilUH11flL'1 LL~:: 

\14fn~ n4:: tlJL Yll\ f\tJllfl14 L'lf" fl11li~\41LL \i141Jil-3~ ~Lilil-3LLtl~:: LL V: -3LLflfltl1-3fil4ll11lilU1-3'VI~-3 
,]';)ftJ'YlHLfl1~Jft';ltlJLYl1LflUllrl'U 1111ft11~1tlJLYl1LntJllfi14~1lilU1-3'VI~-3 L!l141fU 

..: I I " 

ft1L'VIf!Yln1LtUi14LStJ L1iil1~41LL1411~-3nli1L~~1::ft114nth.,-'ll ';l::s:iti-3\t 

1. ';)1flft11Lflil~tfl14LTl~fl11111liLL~::tlflft1'V\111"lll '614 tliLLrl 111fl tl1~ Lfllil 

~~fi qu u1.J1LLa.~~-3 ll1U11tJ~"l1+1"11 ~;11',f!tJ1-3ilu1-3'614,1a.~a-3tJ1~ilfl~t~rYllwflrn~i'-3S 
" . I 

fi1u ft11LflliL'VI~h\fl14tRli1'CUfl~flfl11';)::i)1J1:: lrrJ111 LLtl~1li111Ln14ttlm';ln1L~Lfifll'Yl~ tl1-3 

"11ilfliltl m«a-~1.1ifl-3Yl14tliln·,,« ~1utY1 · · Lail«::« li14114Lofi1il1';lli~~-r1u · uDni tl1~iifiiliicu.flil 
';l::n1\~ilcu.Lt14u1 ilcu.Liia.~ LL~::ilcu.«ntl7n 

2. ';l11lf-3tlDTJ~U~::ficu.mu~flq~-3'V\~1U L-!114 ';l111Lflti"JJU::~~~t1U 'lf11lifi1L'"1LriiltJ 
I " 

.tl';l';l11:: 11««11:: ual-l1f -3L 'VIth\t';l:: ll« mv.L!Iuqu11'11ll"l11i LLfi~1ll1mn14ttl';l::n1 t~Lnfl 

L'Yl ~L v.11::';l:: n~1UL!I'Ufl11 LL ,.;«::tA'fiL fil11flfcu. tllli'fl-3ti1u'VIA'nil\41 aju 
.... l 

3. ';l1nm1n1a1u1.htllti1urn,tYflna::~1,h \l'tJ11L!Icu.m,n1l'l1D« m~Vluiicu.lfln . 

. m -3 'VIlX1~fl.nht~L~trfn~1fl11~ufu"JJn~uilu nnLLtl1« tnmil-3th t~flm~ ~1::t1d1~~ 
nnL~11.11';l::,ba1fJ~"l1i4"11~i'n1lt1~'U'l'U'VIllflf14 ~ -3';1::~1 \ ~L nfltlDnitJ1L !lu~n 1-drh l'l1Dficu.~ 
flmda\1TY14 ttl .. . ·~ 

.. 

4. 11T)T11'H~:f.l'V11t)il~ lfll!l~'~l\tn1i'111lt1ft1l1Yitl14 LoU'U fl11n1L 'VI!iti-3LL-ltJH1f1 
' 
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m1~LLli'1n:::~fliiuLL~"J;J:::11t~1J~u~t\'.ua•1l.l utlftrn~11£J-3~ui1-uLu~ouLLl..lt~-31tl w1u~ 
Ltlutl1::: W"trt111~'Ul111"lr:::«N1tlt~£Jn'lfth::: 'bliJM1111'UL11~fi11111~111Lii~~ LLt~:::m1ltlw:::«~ 

lJ ' . '' 

i"JL'ULL ~ ~-3 t~ ~tnni1 'l ~Lnflfi11~'UL;,'U11£J~Yl1-3~1tf111'11 m:::~~EI~LLftLtl~fl1~11'11~"lr1~L~L11 
I a. 

~-3;j'U 

~..t , ,.. ~ .. 
ft11'11f!Yin1 '11~UiftlJYIHI11JI'W1fl 

tlfuri 111'UfVi'-311D-3fl'Ufl1~11'11m1~ t.li~1 nu.Ju ~fl11ft-3~1~111;J:::ila1UL"Ji'UL~ll"Jll'U 
tum1"lr:::~H~1m~~1flqe1uilLLfiLti~'l~Ltl.o-uut.h1tl'lu"H'l~tiuLwotll m1Lfifl~"11zro;~::: 
iJ~ ftfi1'UEI-3L~D"Jrl'U 

I a. 

~~~'UEI-3iluLifo;~:::m:::"um:::L fleu lua-3& -3LL 1., «a~ L1iu ll1LimLt~::: mmHLio 
.. 1 I I ... .., 

·' .!'I A "' '11 11 ... A A o .,. .. A ... 1 .!'I L 'Yi11:::111;J:::Lu'Utf£l'Yifi'Yi1 L £l11Yl£lfi~'U-3 'LLft:::L~D'U 1 LtfDL 11fl'ii'U £11111ff LftDDEilJLu'U~ ftfl1~~1 

i!ty~ 1L ~EI-3fl'UL ftD ;~:::iJ -3fl11 ~m:::Yl um::: L fleufle ~'1.1111 fiLL ft::: D'U 1 aJD'ii£1-3U1 :::"lr1"lr'U 3J1fl1 1111 
I I I 

{]a -3rl'ULLft:::LLrfl.'1J ~-3LiJ'UW -3~1Ltl'U fltl£1-31Um:::fi1 Lft £JLLfiLil'U '1 ~ 1l~LLA'1~ ftLftD~1£J;J::; Lfifl 

~ULtl'UDfl11fl1~m Y\1 L~lf£J-3LftD'Yi«-3YIHLfl1~Jfi;~~~'U 111~11 

1111UEI-3rl'UL ~D"Jrl'Ui!ll}~ lfll-3111 ~"lrl~Ltl'UL 4£J-3~fi1 t~m11 f ..1~L 11fl17 ;~:::1J'1£Jrl'U 
..,,,~iifl£1 • 

- '!b£Jn'Uftfi1111Yi1ft1£11h l~LiJui1d -3L~Lnflfl11'1;~~\l1fi'U 
81 '" I 

- l.Ji'1J1.1'~ -3LLft:::t.h~ -3WUflit-u 'I ~ «..1;11111~i'uu1::: t£J"trULL«1 f!Ni\ilfl17'Vh1111 

L 'Yil:::U\'j11W"lr~~"L1£Juflt~DfiL 1111 ~~£1 'l~~uf1ua1~17lli'11~1U13J1 tu.fl11,A'U 1 11ti ilm1 

ufuu~ -3~-ufiu L ~£Ju£J..1nufl113JLRe~ l""~e..,~\l,.,~ 

LdD-3;J111U7:::L flff1fi£JEI~1:::~1Nui"1JU~ -3Lflf7~Jfi;~ , 1117n1Th1117 ll'UND~N~ -3 

£JnLtlum7YI1t~1D~u,i1u L11ii~1Ltlu;~:::I!EJ .,tl,~t~u1::: w"truui'uu~ "Lff1~Jfi;~'1JEJ"u"::: L fiH 

11neu 'lu'1lm::: LflD"Jn'UL71ii~EJ"~,nHu£J "n\UL t~:::ufut.h .,~-uiiu u1 L 1m~'" 'l ~ilu1::: w"tru 
.~ t . 

, . ' I 

LL 11::: 'l'lim1 1.1 a-.1LLaJ1n::: ~EI -.1L'Ji n ft1 LL ft:::fj'U fli'~M ~1LU'UDDHV" 1111YI1 L ~il£J-.1Ld aJ11 ;~::: ~11 

~D-.11UL'ULLJfl'tuY\1ft1Dmwmm£JD1-.1~'U L1J'U thlli i1ULLft:::~1 LiJU~'U 1-.1Lfifli!ty~1L'Ufll~ 
u~~~ ft1£1U1:::1117 L'Ufi11Yl1L ~il£J-.1Ld..ZuLtluS -.1~1Ltl'Uff1~i''Uu7:::L flflL11 LLflfl11£l11i'11,; 

" ., I ' I 

thla.i fl'U LLft:::tl1 LU'UW-.1~1Ltl'UL1i'ULtltl'lfl'U LLflfh~:::~flrl'Ufi13Jfl113J;J1-.1 i!ty~1il'-311~11;J::: 
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i1LfiD~fluu.1~tf11L!J~ft1~L~qjL Yhd~ ·· Q~~~ th::mfl\\'W1:34f&-3~llJfl'UiJqJ~1dad1~~LL1-3· · · 
~-· ' I . 

L ilfl-3tl1!JLL1~ ttmiJ~~~~1ililnfl'ft1tlqJ'OO~fr7 1tJTl1l'IJ&-3tht L 'Ylfl\ 'Yl!J LLi't Tl11 L Tl \tfl1 Tl11ll : 

~LfJ~tnf~~~!1~'1Ja-3tht'V1'2f~i1.'1·.l~t .4-31i'il-3Tl11tl~ «a~Tl)1~1 u.a::.«a~n11thtliti, .. 
ft1'VIitJ~~ L'2f~Lfl!l1fl'~ 

m1n1 L ~ila-3u.1ilttn L!l~tltlft11flflam1altin~nf~!l1Tl1~~ 'I ~-3df tiL ~il-3111 
LLfi!11l!'2f1tl'!Jil-3Ld L~\\1flt1 LL1~ttnfh~1§~ '1 fi'H~i1fl W.ftll1l1fl-3'Yl~flilfl11 L tl·!J~LLtl i'-3 

'YlH~ftflft LLi'tLfli1 LL1i\ttn1-3~TlVitJi1ltlutJi-3LLflti~.(JL'!J1LL"t~1i'-3li1S~\~\\1~1!J 'U.L~ 
~"fl~-3~11U~Lfn1~1LLi'tn1ft1~l« ·~~~Tl'!Jil-3tl1tLYlfll'YltJitutl1tll1nl. 90% \ti111~1Tl· 
LL~fi-3~1tl '-3L!J~"JJil-3!1111fl1~11tLTlfli1tJ'qJW~~\~ ild1~\1fttltJ'qj~1~li1LTlfl~~L~ft3l'!lWf-3 
t'\a ft3l'U~tht'lf1Tl1fl~1~1~L-Allll1~~+i11ll'f1LiJ'UL~Llfil~il1f~LLi'tfl11llfYil-3Tl11il1~1'1.-3 
P. . !6 
~li1Tl"JJ~ 

/ .. · r . ' 
faLf!l"llil-3Tl11n1L ~0il-3LL1flttflL'\4 'YlH'51f1Tl11LL1 L'!Jfl'll l'l1~LL1 L Yhvhh1Tll)ftSj 

Tl11n1 \\1!lt~il~LLi't Sj~ 1~ofl'~ ~1TlTl11n~·L ~Oil-3ltl,1 '~ \\1fli'il-3ft1~'l1 m::~~L ~ L!J~L ~.'1 
i~Lnfl qnnll'n t~mn~\l, LLa::lh\\1fli'il-3ft1111 ~«~ lt\'i1~il1tfnlf~ 1n 1 Lflttfi1Tl11ll. m1 

flflfltflil~"JJil-3~1~ofl'~~::i)N~Tl1::'YltJTl1tL ~a~flil~'2f ~::«~ L~il~fl1111 '1 fl~LL\\'1 ~tL ~~ 
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