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E.r{m &q qI, EKrfi q's-T\e r'{ I qm-{ qlrq IE '{<( 
qT, ,{T-{fr'p s]-<l ccras rY{ eH IEilK''?Kl l

qm$ft Q-cqu|cs ltD $rs$ frflEr@-{ !E r

T"R{IT rE|kcqa <'{-{ qH' dq RhT-{ <qL<-{ T-ElolR I tsF cefrs !-{krtr< fr-+-m € elqr<of +ta-+E qrrt

qqqfis qrrcq 1 e1qffi66a< mtHIFr€ e< ffiu k-<-<q efi€{t {t{ st fr{-<R $qrrEe @ig-bang

cosmology) qr.m {RGE r frut-<rti $qmHk qlrrchr qwcr {qlkffi{ m qGr"rB (model) TEe-{

Nt-cq vt q-$t?r q-s-flftT {fuvlg (energy density) cqro q-{Rrt{ E\{fu r Estfrn'"f cel-r rlq &q

frGd< {PnT ftR wtrls qr{-sl 
"i<-rrX{ frE&Tm ?sk qsm tss q-{ I qQ BB&-{lqBmr< Tc<T &E q{FE

qR@trqq, &ErD-<-{ (qFE cqfiq q4" qstr fiW{ frrr "t6s 
qtrulrqr+{ qsB qlffiI"t), RfrlN

q<( frR frRRN r ml qT{ cq-rs ,qfi +(s qt frq m-qt aq1kt Wg q6-sDf ilqP T<rq I qT6ilgqtccl

{kq qTF qs[ $L< vfft d-{ ?sfr qigrt s+'qc-T(q qr{-s' 'lC{ I ,{(q-< fe W- Ef<K "16 
q<( s'{r{I

T-{Cfi {'iKHM frrq'f<rqK q<T frcT I

$ft-{s{ e5mf&erql< q-{ R"l-<fi(-q< s-mot fiG-{-{ <q{ el-cr r eE {'{s "lTHIk.'F lx-qm< u1E

qfq.Tl< e+'e oIDEE qst qrc-T r cqt q'{'{ cafm q"l+ qfr +gq rpq lTf4fu q<( Ef$ ?e-k-{

rffiueqfi-flg;{ 1 flirrlna{fo-t )ore (qrs-{ "lr cu?"{EWI) q<ffipi$q 
1

erB qsq q-{t 6T frsrc<l qEIktBw qfrs' efr{ Wf m-o,rcql q|t@]-cqq q<( RBr'[c-{ r-5 qwsl

d-q,efr--< pie-< mfoftr <q frqj{.f{ I {-q\o w qlR q{{ {sEI {€-sqK {'ffi q-qfsfr{ qffi{ <EI s'l-q

ar< I q{ q|+d"t <ra{ qelr< qt@.ftqr qaq Rfrsfm{ rs q"lefr *[*R +lrq qrcq r 1E <t 'mq PlcE {
qt F|-rg q<Rg 

'iil{ s.tt qlms rN, sK+T 1fr 1stellar dust) qi 
'R]-c 

Fte q1-41-6q e<( {Nfrs vffi

r-e-t <v qF q|-rs, I? {qffi{ cro (gravitational field) wt{ffi qn I aqepfus sI ql{s 
Er<

q<E qt el3Nltcq-{ strq 6r{ qr{K srsT qls s'Gr I qru aiffq Pte ql$lc{ qlcfl <9 e<( qft q-{,

I-q-mfu ffiq q-{ q11611fu"ffi 1 qQ Efu fE w k{lq {{ 'tll{ fts r <lqEK qmr {EI R(g 'tlr{



Qf6-qsq r iqr{&rE. <EI qr cq[ffiK (Protostar) r w"ffi1u EE-s'f Pfeerqt cql-{ {E ErE efffi

,dqc{cE-T I Erd,{qrTr{{ 
"rba 

U"nqr{ dsq celcs ft-e qiqirrf r cl-qoralcs vlfr dr.r< {Rqr"i q5a+. ffi I

cgl {rt rqls, sl "rffiT Qfq-aq63 T6<rJTI{ qtqrql frrq-fle qlilrd{ qGs qrc(q <6r qIs< $-{-(s

clla$- q<( qrs- q'rm{ slcq D-re qlcc r +r{ {iy <iws {rco r .qt qfu$T fE qT. fr1o st"t r qE EH

'ifu< Bqq eE{lqrlT rql-otrT R-s<{fu (gravitational potential energy) r r<ffi 6s@ q<Qu

<-€.octl Ten 'r<-"K FElofR qfm E{-{ {ql-sfiT fts-{ {fu s{cs qffro r ql-<lrql .ffu qkqs qr \rlel

{fuzo rtfu< fr-slul g wgtft - {fuK @ <t fr-+l-"f rlt, {fu 6a-aq q$ $'t cqfrs q{r mrt "tffi
qcs {11-{ I q{ln\s S's Eft lrD | {-Ef$fu fr-w t&<-<fa1u qq{E E["t ifus s{ffi qn I a{-Efrs
<m{ qsl({ qqrsi}-{-fr{ Qrc-qs-GT csr{- lllm{ {4y q<( EP$E.I qrd-s crg {l{ I T{p q<(

El'Nlq-K $frT l.lq F-'ll1 sr< qls qs*cr qqq vffir 6* , s11qt,at qsE +f[.T cfrqfpr frE&-{'K

frfu$spa3 r eeqrfiGktKfrUstr (nuclear fusion) r

ftU"iT e$F fiE&rt< fr'{&TK (nuclear interaction) qlq r frElr+{ +re qF qm-sf fiEfurq cqg
cqrut esE stfr FEkrm ?ok ql r ftE"r{ frfurm R15 tfu Eq"r* qr r fucsr qR{G ld qiT

"fltml m'tB <q< {c-< G isl"l s ql6{lo {fu fiET"f $-61 D-cq@ g.K cqq6 <1n-6q qt frUffi{ ftB"fq r

frUl.m{ {<El,T Eq[ET"f qrq EE qte@-rcq{ frB&-Tm frrq qsF eBcr<T frBB.q|{ ?sR q{( qq

eU&<T frEffiT{ qrcq ql-<'K\e esB qrQ@]rq-{ frBkrrq q({q <-<'&frr'N-,9 fiEkTl-q fE r qE

Rfr'{ll"-e frBtr-Tm 6e66 fr$:i-6aq lirf, c'f{ "1-{s "ttext nm RFTN-a 6qQ qkcl EB qftqi-6sT{ 1 qQ

Tc.<.l 
qfuTf 6q661fu Eq"ttfrs qr \8 6aX !94-@4-p6rys rE I R qq-s fiEFlm ftts"irq q$t 6i-{

qqi ftB.l-q 6r(T {I "llsrl {lT elfi-< NE{'-s(T{ "[ef$r <G]-e r et EKfcrl E<Ett qesfitcq< ft-cfF5

E:mc2 {a qTqlfr {fus <'"iisks q-< 1 ?q;fiT{ fr<r{ qlE-{I RC{ fu"f q.rE.Ift (alm R -tfu "nt iof<

Esq qrq <fnl;rR-$-RfuT r esB Tmxao frfunT cclrs cr.tfu' ttrgrf !m 91 cn.1}1-1fr +rno irar€E-
zsl+ 'FfuT-{ r 

q$' G'll nrq-dq-rol-B qcq Lls frfuq <l q-,tEq' ffiT-rekfiT qafi 
1 $-l-cqt m mt{

<lqRfr-s RfuTK cum frBftn< ftBfi cefrs qs il mlft ert c<Fi 1fu Bq"r* qt r frE"fc+< +rq
rsrq< mrg frtq "rfrrft"f qfrfis. Et"ItfuT tss-{ qT I €t1fu ft$"1T frfr{K q6rs +r< g-<lftg. e<(
!Es6l frBfi E"ir$ft q'6qq'Eg qp[sl drE-{ frBk-ftT{ {fl<-{R qfl'r€ crrs EEs.| et qfuTrT

q-("iNlTE vlft frB&-{m ?ok s<( l& Bq"Mr+{ {fTI<l.R+_rgT D-{Cs efils I qqq {& EqotlqT F-<-F
qnro 

r ft:u +m-+fr ftErtT RfuTK Bdq<"r 6h'€$ qE-

qlerwq-{frBkrtT + etE@rcsr{ FBFxm-rfuUd-n{ fiB&rm + qffi+, 1fiBfrffir

fr6.[-d-{ wq Eq"r{ fr$ffi qm qsfi qft@.|-cq-ra< llce].F qr_

fuE&<T frB&-:rtr + qlirutsT{ fiBF<m+ffintq-'r FrBkxtq" + ult:rl <Ft

q<'K F.fr"{il.-e q"r< ,{sE RFr'+tl-rr Lq( q.l-cql Ts qr-

Rfr{N-e frukql{ a ffia6-e ftEk{HrRB'siT-a fiGB<ma + {te]Isr{ frBkrm + {t@.rcqr
frBerH

qE ftUfi qfuTm qlt-qtreq 6q166 ffi6 ?sfr er ..!<( qfurt 6risq lfu "||s{t Tt-{ q8.q ffi'tt Wr
-,5-c91.1, I

qffi <ql <eilq, dt-m< c<st-+cqt? Eeg dl q64 frS";6-43 sF qr 4f I Rq-{ qlfuq{ frEfutrq-{
ftU{-{ D@ ss rrcs q6{ esB isrq< cf,e-{ Et"t{i,qi qF q-T eo cs-lB efr c$-{fuT{ ftg mfr r

r<fr<sf't rts< etfld Efqf{ fu.ft ffi 'lm {l{ r +fret isrc< cog'ft' fr{q EBg, q 6{.r fr,.ult Et



cRtl !.i-cp I ,{E q5s fisi1ftU.64-4 tsT{r G-{ erffi[sT{? et ercs{ Es< c"trs Em qNr6q<r itr{-sGtr fi(6{
cs\or< R fr?tfuTl ET frr{F{l-{ qw(g qr{ I c$(FIt ts1'fc{.[, qr{fr ufd q<'-f< fr-q("t +t< t {<l {re Efr
qr{ft urd srre flcq-{ Fs{ ffi"[ aq frry{r{ r et {Ers E-ffi <E <El qr I qt ffiq <q urf EF<

qffl{ et5-{ q<( Etcq< {<rc1-{ E-<ry< B+< fr-v1 $6a I T<y !g; T'{ k-fl(o[ ffi Eg fi-< (ttbmtcl-< sml
<qrs qq, Ugik-c-T{ {rl-tst{ {E.r <E ufeferq]K {fcfi qqTr{< qrE{ffus e<( El-fi-{ et--< q-*T< <c{<

<lstfltGs) 1 ffisi-6r-< sRtm ftr< qtfr r qtQcg:rcer{ Frcxt es[ Em {rc | qlt@'rffi-{ FEBxrcq qrE

$r< cqE{ ql-cq r cqlirdm uref <qfq-s' q<( Tl-fl< ft-o cqrc+ ?cc-GrqT trr(si< {Tl-q r slrqt EE qle@]Iq{

fiUkrrq-{ cssK EEq ft-q(q s[q +r< r {Qqrcqr fiEk{r,{ qfi-< rr<r trY lsi 3a54 ,.!{ ffi{ {E

Etrt <M1u qfs6 r qdts ffift TET <Er slffi uttc< + cq Efr EIe@-rcqr frBtrTE {-a-K FRtore

q|{s I qctu'<rqE o]-ql$TR {'f qHm frUsH qbf{ c+.H wfflt\e cqf r Tqt ffiq56 Er1mf sr{ slcq

qt{F qrEq.ks{ frBfunn-< qt$q-{ EF "lG 
.tfu r lwT < mrg ?sk qex'r frTq vm'Ifu cqr$t

Rl-{st frBk-Tmomf qE {G l& Ets $-c< q<( T-{T <l{l qC@{ a6a ftS"i-q RfuTR q(.t 6ffi I G q?I

'mqPrs 
qr"|s.Es qH-fl EK c+-g vcq? E-rse qLT srb a| I ft$"i-q ee RT 4l ..{<( q<l rN ffi qq6

qRqs Ero "tl-cr r.| r lwq sr{It m<qqm fiq-< qs]sc< frB&TK frU"F D-{-R q<( qk{rT 'ifu E\'flq{

ffi qfcq r alfiq Pte-(cl-cs frUr|-{ e+-< qtal l:is q-<-{|Fm fi6{ qr"r{ qiTaf E{il $<l {l{ 1 ft$r[{ u+-{

qd qrq e$E FrB El-<t< q-{ 
|

qsfr rsrqK q<-cum e*-yt{ Etr ?<fi?t <E sK s{ €<( qEE{ t itGK qHET A-"1 +t-< XE

FT1-6$T gaa 
1 ftgrp5as T1gI m,(E 1} 1fu <ltr6-{ frrs ea1fu qT I q( €f{"fsT <e ffi-qft.T €s

$6a 6ulEl r q1lft"co {frT q'rcdft {q-sd <E DIT rsqBrr qq16s $-{'(s r qt Et fr"tft-rTfr er{"rq 6lT

lds qsrq< qsE {llt (equilibrium) qras-q q'fs s-flT I Rr$lrlT qsB €K'.Ml q"r<Ecn ePl-t,lT cul-cq

qsB isg. qr €s. qq]-<l qqTGE qr"o e+. sr< I T?l-{ esB er<'.lol s-{rE< rrfd'E-T E?la. Es-G< qlrs;r-

R< .fn-o I qi q{qfc$ <EI qr Wfus crxirc$ (hydrostatic equilibrium) r stft qwcq< qsls-({

D-Ers cttcs fr{ e{ ftU"r{ D@ r s+Te eR@'rcqr cqrro &Grtr<-{, q< el< RfriN, ffi r eQ

w<'{R 116-{ reu< ?sk <fr(fr tfu er<n qr+s qq'{ r.KTrsdqsrfie R.s{ bifuT qr&t-{ ffi 1 !$a
\e-qH qrcrLT <g qF etfrs I cs(qT mffi'qE@-rcqq cercf ftU.rcfi {l{reT RfrTN ?skT Rl{ eo ",ftT
+rq qfm (mrqE c+r-g' qQqr6qr{{ Iq4 qftT ir) I mlq" qrt ECs er's qHr{ fr&T RFrN

frE&Tm r sr< e$t q'rcet ftB"r+{B src"m Tm ffim{ +tre flkfrcT q<@ {q@.rcqq. sr{ {E{ srr
ft$fi sF {Cg; "ffr< r eE w<"{tT.ifu Bq"fmr+< qf-{ qKK $ tm q<e. iT-q-E WE. €s EtE. sr s-CT I

esBdsrq<q-dy{<"|rm q$t(${T{ I cs(.'U-{EK"ll6"f E.{y{<.rEr-T c<Ft r m-g cqlrsEtrF-<i-sf{rTlcel

{lq T{y $.r(E qffm I as-G{ €& lqs qclsltE ql-{-f,f qQ <rtLT{ uu<E r ,!sE €E IsG3t <Im(
.jg. cetrs qMf{ et Ik c"fr. {-r{, ql-nu{ Grg ffiE ry61 frfiaa e"f r qt i13[rf{ Ss qsqm qH

ni-+< (Red giant) {fl q({ clr.f I

qtT.{t csrqQ, ffi <xn q1T fu frBr-{ <e< r 1E< "r< ccrcst ffi www< qreqtcq{ ftU.N De.ce I

qt ftU"1a E{5a qtfle 'f6 frFa-4 <q{ {61 I q< 6"tT frrs {l( "tkqs qK qs E1-+ qwr< r <6rtrq Wfu
R ql+t{, Eff, qF-< q.stl{ q]-sr< (qlTsr) fiLT qM-rr{ qm frEr{ srt <9 @-e-:) I {{ €E qF BF

+<rq d-{qul-N< q-+-{ qE €f{E-\r]'.{ E-ss q6 Uac< r {Ff{ sftrr ql-r< r {-{'tl FKI q{ qo ffim {{
qEAE'fis <-s {rr< R "iRrfr gcr qim ffi qsls"(< r frft qTs qrlt6q-< qt q& Qs erqB{ et
wfrK ${f vl-<-68 {l:il't EITICtr. a1-1-61 

1 wK'{B-{ SRff <p q{{ !trfl lBts q{r{Ils'ts m'ttr <q{ ffi
qtcq r EfE 4f{< q"fi {c'i{ <I Eqfu v{ RfiE rsqBr{.K 6"lT "ik"rG 4n 1 v6:{ qfu'q q'{Nf, e<' 

r

ffi-fi {f{cfi srf,{ q?H (crrs qiT 
"ilur"il cotB <e-< "K, $ "tkt{ qlq qwc{ qRqs Rs{l{ 'l-c{



ftU.[-fi {l{nr -tfu Eqtmq rKCs {t{r< qt{ $q m m]E <q< +fu r ism< fr<rq{ et riT q-.t m]B

<qK wqrs EETKqE q<( El-{ {E{6 <fu {<rrg q6a 6qflfe"[h-Idk6i-{ q-"rc<f ftX rm"rr et]-+rg qr< r qi
ffi"ffE ffiqP ++q ctfr q<( c"t tl< r'its&-T scfi fu +r< <Gs, {Erffi ftqrerqt <tn frrl qrl-$Ei

mBt qtruf EH q-{< q<Ttr qqrp-fr esB {Egr q<( q(fus <{l]-< qN{ qlT{I fos {& r

fr-€-) <lrTqtqcsT{{ rurc+ailonqr<T.flT r eFEsE-qtTe-sGq r

qH nl-fi qtH rwcq:r mr{. qlEG]tsrr{ curr Em :p<g frFtE RBrN frBtr-TFT q{I qr r Em my
{ffi {Mfsdq c+o @ sr< q<( dqrq< m1T-\olelxl4t Ifr c"rc. elm r qF qdfrr EnTm q-f co|B

efr ffi{fiTm cfrem I qt Ei'Nfqt RfiTE frU"rq D@ ts+-{ q-rr E"rmfr r q< Tr{ ep q{ frtq qtr-<

rgfiT RGrN ftUfi qfq.Ttx tfu Bqertm r RB'+m fr6"rl" qfu fE q{ or{q q<( q&rs:rr{ !s
vrfr fiBfuio-< 1 3'6{ ?sk-{ etffi E"t-q-qrqq qfurt 4p6q {RG\5 e<( Rr"F qs-yt{ r aqfr6q
qrc6m cq qfuy st qlrl-cq-< qFmcg trffik +.6-{-fi\t( I opfi frBkrrcr< qsB ft-riT ffis
'lfuL<-{E"rRGrs.Gr"6s-Ffut"=kcsqErsqqlrrsyfr-fi<tntrc+slRvixmffiroqtx-<ror6
c{cw1-{lm (q-flm) a6q ffi I omffiq @s <-T{ (Fred Hoyle) qQ w$lrqr ${$ E{-qlfi g-6{ <6q

qrs qc<E c{rql-irrqs <qI Er-T 
qfico r et frrN {{M q.| qu$rE {qtfut $.rfr-fi "rRffi qs gCTq 4a

,{aq sK{-m ffi"r{ sfuv-t qr-g qw< <-s Ur'g r or{e frUkareq-{ qrcq e$E RGrtq frBk-{.l{
ftErr{{ fl<I(I. {s <o 'll-r<, 

q< +rq ?Ek es s&-ffia.- r sfuffi-d\e {i-rt< q-+i qn qqffi d-a r

qql-st\e sr{{ q<( qEw.tcq{ frukrreq-< {fu.{m fE er qt6ffir frBkTm r Qlq-qppr 6rp56 affi
€<( uq-l-{6{ qfurqr s affiftgr{ {Er frU.]-q e'fu{'r(-s e$(q s-f({ Trtrs-{ <i D@ {{f <-T ?tfrs 

I

$ n qK +]qrfi& s< q-'ts rsrcr q-dl €E +.F{{ {iterqt q(R 6.lT frU.tr ue r ffi om qns s{
w RFt? ut<-ome< u-q, qltq:irsT{ 6e1r6 ffisiq ffi-{ efq'Tfi 6"N s$ I ffirK qsq Wfu 6D-G{ q-fls

sr"| sIft fi"tlc{ +.Ffu {ltrsre{ "t<-<-tr 4t[6aqs64l. EEC9 qtfm I q< +Tdr ?oR E{ qfursrr{ cum stfr
d--o a{q r esE {-q.K <Iletl{ q(R, I'-s-G< s{ !s sT Ef{ fr-flsm ss fr{ | qFICE qks'sT €<
$$f$dt {fu< {E sr< q<( qsrq< c$-Sr Ei"Nlq=l wsfs Eoe 1k "nx, q{ Fm ftB.fi E-{fftE qr I {<
frfrrs isrq< 6sir3 frgr;45qag frUk-Tmefr {< wrs fiBr Gq qlt6$-{ <t D@ qrfg s(K I

EfE qFr< {kqg q<K "F, en "6lc-T rsq \ol< <ftcK qq-fFf El.kfrro qfu-e-q &-T I {< 4qq 4rtfs <al-(u

('lcE, q< nKt <uq ftUfi P <Rffi D'[ej q<( qHls(qsrfie e-sffil y6q fip+l-cap-sa I q{ +T{ rsc;r
<Rrd{ sK ftRil 'q]-E lt' qLT rlr q<( ftU.rq 1fu 11l{ qHls(.rqFs fts< -tfuT qr&(-T qlT r-ctT eE
'qffia1-1' qq.tF rsGK DK{jrtT rRTtrt @rT "rcg I rrFeqK cgqc<K frr$-{ Em. q{y ,{<( En{f$ frFtE

sq'l qIts {-ro r qro ql{{i {FG< w<B?R.i <cq qBfrs s;K I i-srq< HRfrr-s @cr "M ceru<-o

qtfrsfrul{e e{fuqrE



(ettqtcw{, RfrT1-6r-{ !s q1-{sf d-q e<( ftg q-fllqr vFFE qiml aft-qBrR o{"ql (Planetary

nebula) <{l qr 1fro-r.) r qE qrql-{ dsrq< Nucr< q(rt TE{ a6"ft$6 um qq.f cErgxK rs qK

5a.6 fi$fta1-4 q-<FB qtc$-Tl r 
.tfu< Bqq fr.r"lT qisap {f$i-a{ef{ fr{fog Dt"t 1E 4-41 qr6 fr56 ry-a

qr 4l I +rq rsG;l eE q<ftBR{ {f$rsfu6r{ eerc{ {(TGg qes cfir$- r W{< qrrar EqfrT vL<-{

EsqtsrEK mre et q(r$15-{ qstr {'if61 q1q 6aftrT 4K I .!< +t<{ <q ?({-G6d-{ *46 61a ffi
s-t-{ct P <R(ft upl r q]Tai <fr electronic degeneracy pressure, <lqqlT lf€fr-s q-;4q1q 5'l"I r

ffi iF* <q ffifr-s sqterql{ e$E q{B ?<ftB, q*r6 qsF qr+F << r d.B-o n"nerqlm Efr

Gtfrrs st"l s-fl Drq- T.|ffir{ (Fermion) q<( c{i-ffi (Boson) 1ai-q.ffi 
aFildRq {FH ffifcr{

4Nf{Tl-C-{) | qsfr FKSrT Efr TTffiT{ $-{-FI qst qr{-n 66-+ +r< <1"1ffi, ,4$8 mffiN dtD; ?tlsts

{lc{ qt I qDtt fr-q..tfr "ilEfr-{ <rf{ frfu (Pauli's exclusion principle) r q"{l frrs {l-$ 6{ffl el-<t

frsn e-g6<, q$E q{-qlT qr+r+K ctrcls mr{ qttfu r+E r Irq-Gq, cqlB{, FW-{ erE TrffiTcffi

Eqfq{"f I qlc{ls-$fi-+T, mlB{, c{Trd-{ .-6 gqE{.f r ds@{ q<FETT I m lfq€qerqt ql(E 6f<l

aqrsl5rffi +rq $Iqrf,l-R D-ffi qtc{ r qF qr-T q(rs]E{ eEilt eF-{ qLT erb m <6{ frB m({ o-qt qi

lgq-ffiaq5a6 q-dr s6-{ qc-r "i@ I 
qq.{ w<-{tT t(flGE\?r{I El-fi-< Tl.fuR-s ertB <q.fT <Ffco FIrnE

$$|-q(crsrfrs c(r$'tD-{ emqEt-{ fr{frrs qrB Dl"f @ +t< r qA ntcr frfrcr qsE {]rrr{qK fE qr

q<( {+-G< wft?'fqt qstr fiffi qrct{ {l-{q sr< I .{t frm q|+fcffi E-igS q{i q(TGs q-sp1s56 6{v

<N{ (White dwarf) <qi qLT q[r+ r 6ts <lr4 {trr{ rs EKI-cq:r 6"lT "lkqG I 
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q<FBf<t <-flt G${, sKt q$ El-{l m r sKl <\5 qm ,q$E qlg]sftq lfu-{ €\q' ?rc(g q-T I 6?E

<Erd-<'gl of r
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w fffr-< e,eo,ooo st I qBs{ 

"1FAK )e,oo,ooo et r qdtq c{s <N{ q"tT Wfu qEfrpp6r1-g ---

<< IRIft-{ yE+tr etT Ee eF[ ert GFi fr-s qlrs{ 
"{RraK {afq I cts <]Trd--{ <.€ tl-{Y qqr6 ,a=F{
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qtrfl r ql+{t qrraR cq-FE, ftU.r+ D@ 6strr dsrq< mrt'Em lqryT qfr ffi-{ t@]W qF allrs'l
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esB emq GT<-{r q{trq qfffib-{tr qIft {k{ I qtffi ffi, ffiffi-{ m-ffi- cfrs cqltr{ qK ftW{ frcr
/t - 
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ffiE FGtsrm, qK G-(g{ DIRfrro Ee-er &Err <flr6 ?trq-6{ r eus El6q{ sKm {$G< Fuc-<
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qfu<.K s$ ql-{rg qc< I qE qt.+T'R esfr cEET q<( qsB lrq-€{ frrq esF 6W{ ?sk er r oii
qlrer IE q-r qsrs EtE-$'f s< ffitE qo d.frs sltsT fiGFc-+ r qgm fiW{ EKm cqfiq q4" ir+Oq
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c<kcr {Is{t{ Bqrx cqQ r 1re-fu+m< EFy qsrs ffi I qNfcq-{ 
"Jftfr {fr of xag qdq +<m uR,

EwE EITS G.lDffi eO C{ffifrDK <i-C]Tf,{ qffi 6'pq-5ai srg-x qi-<q-sr{ mE-F qr{ I <-rHkE nrs-lt<

qrl-$il ei {$q-<v {iersT< qtrE {ici{, {K e{ qrq 1ft4-{ q"{F 
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'mr?t< <T1Kfr <rt'cm sr<-{ Eirq-{ {.6{r cqlq {|g€r]q s EvGaf mfu{ ffi< Ers{rrf'll r

et qrm {ET q-yT drq-{ wk$-K qai <{r{ilft EEn-{ c$ft fu"f D-Ers cfcs q<( )bsb ql6{ +-t

ffi frfrfr crgfr:F "i-6'm {q €M|< +Gi;l s +( q-{]"6 fr{]s ffim-{ "Ffl-{ {f{fr ef<=ic.t 3-54q 1 uK

eE F <6xrcle 1Qv, ur< {q{f(rt {ffi <-T .{?F {r{ftfils aafr eqfuo ffi-{qq mtD >luE

d-E <,6T,A r ffiqT ts(sK ffir\rjrl "BTW ffi{ q-q.Cq.€ <i<+ ef<ffio q_T q<( Rr.N +r< tq-< ffi-cui



qt{ flbR.r s'i5rrq| fr,ft<{ "1hB er<6{ ET r m +< fficq-< cuam ,{t Udn-{ q& srcq-{ qc<r q{rft<

ffiqtf$ c+_fl{ q<{NErs"k{'f'tl 
l

ffi$.|s.rfiT c"rcr{frrs cqsR-e.l-cTqr+s erelqlR$.K C-s rs T{l-T{ fr-6.lr{{efr$iPft-T 6ol(E r

q< r-c<T <1n-A qkl3f{ q1-5qrc E&\ ep1_{ (Efffi.i ffi, :uur), <w <F[ (X-ray q< wl.fu{) \g

{nrcef{ cwr&rcr (qk c<-$rt.<-{ )bb\e, {iqrl< mr{i, Pm<gfr, $k Tkl r vTqFE e<G6 "r'flI{{
skorqiuK {K"[ qt{ E-$ref qI r Rlec;]-esr{ "FTIt{ efr"n <.ftfrcs {ffis qrt{ <"frftK <rKfirg

"tt\e{l cel{ ;{.1 I )bbr {lr{ Rtrt qql.{Rq (q, 6q', rlqT-{ erqtr{ qfiTE sTl(cltu <F[< e"l]e"t {a5;l

nr< et Fmr6g E{ftE qrffi ({ et <F[ a'"|r{ q{E q<( &R ..{t $'"1-m '?mI?f{ {6fi-r s"fi Rqr{
ErdT {.rrr q&fu $KrEq q<( {f,{ lnrqf{ 'fl5fr-s 

sql Rmc{ 6Rs gr5q4 r q{"ns El-<"f qlc-4-s s'Gr{

frq<q {As< Fe.]-T-E-q<. E"f< ffi gr{. ilgt<(TT6 "t<Tlt{ ffir{l{ xrs{ efsK $-m[, {f{ qK"s$ qE cr

"r-flT"X{ mlE' flrg-s qirrq q<( ErfuTE <rt-rfi( RFIE (10-1u fre) frEkTm <rrcq ,{ai irq.€{q{q

frBkstzq-{ u-Ytrc{ Eqrf{ <rg-a r "f<:ilt< \r=(-<-{ ql-l q-<ffi fr,Ek-{rm qfro r tcstqc<l )bo) fiffi
,mdRq {m $(F mT(-{| E-e$ <e 6qffi qffil-E <F[-{ frRK"t {fl"Il{ q-a-r uK {AE-rtft comf6m W
4sK $r<-{ r et EF'q-{rtft mtq Eqq cer.$'fi\qTRs qlc{K'tfu-< qr+ 6aE ffi esB ffifus tBfrct-{

<l {b-qlffi-< efrss-q6o "ll-c< r 
alfiBo eil< qE 

"i]lrsrB-{ -tfu< q-qr $qs efs.K F{m{ (T E:hn

frr|rc{ n Rq {qB? qfffirc fiTa ffi s<( h qoB.fl+o, ctr "rfl{qtg $Iqo fl<"s-qlrl. qfufu

qc-<rq r qE Etr efmlrl $r< qffi wnq$Rq )boc {1r{ qtrqls. sfuq esl-{ <tt<l-fi rer<q q<( qfmK

.rfu-"rk-strc "(!'lt-i" qtrqq&Ro$-Gw I :ilqs-q(Eq{qtc{fcs'Rriew{ "FTlt{aft-a-3ffiapB'|
s<K E(s >s>\e ql-m grffr"i ffi fi-q{ Ff{ EK ef<TW drw €lsl-{ $z<;t r qt EF q-{Ttft qffiT{

:rq-€dq{q frBffifq-< ur8ffi frffi mqpfffip qffic? D-Nf{ cfics q<( frfiB tfur 6sxqcvfrfr-{cl-qa

{f{rer qffi qffi sKCs etl.c< r c<K EF qmt {q@'l-cql,. "ffi"X{ qfE{ <cfffr <fi3iT W-< qcs'\g

EItdqTq-< {q. Aia {rFlrf wK qa att r

)btc ql-m s-{rfr ffi qt qr <ath qr-+dr+< u<-a qc q\5I{ 4r<-d' q<( {iFE "tTr("f{ 
q{, s6tl \3

u<r +1C cx-sl-{ srr qA {<rffi <r{< xc<r q$E q'fr+-{q l:h/p (qT flfr q-fi-f,{"i) ersK $-GFt r

l-R-{qtg frrs-q c-{f{ qm irq-€{-.!a fuTIs-iT "tR$t +r< qE q'frq<q-q< TeffcfuT qTH s<l RC-Tcq r

qs$'l-a rg $-"tl{ gT{T fitBfiTF afi-fi' q<( s{c%I tsT{, saq d-"H efciltt s<I N r cfl-E +.''ffF B-sB

qD-<6i fiq-]{.F atF m q-{ q-{T eI<Mr .frfi'M<-{ srr{;r qErr ffi ,!<Et{ q&{l{ ,{<( qNlq

ffi F<-{t-{ qtcl-q"fi'f, + mmfBm cfi-fq qf6T qffi qr I ,{E Cd.lq qffl 
"f<TrX{ w<-r ?treG{-qa

q{-EH <{qr $KK q-{, mtd'fr-ws elK q-<qlcfi wr<-{K {l{fi er<\fi{ FKI <-Ta q<( "fficls q<( qt{
r'6<T itrq-€fl{ q]E{61<fl"lrl $Et <-TCq r <6q]-{ gals €t d-"m{ etnt"l qflf€ {c3(R r

frqt.iE[Q-{ q$el-cl qKfr-s <q-ls{ firq-{ <rPfs esr{ T6 I qqffiq s $a1TEfrqm-{ {c<r q-qclTFrsK

aaq 'tr<.{c[ 
(q-G rgq fr"fs ffi qT I &kr6 q"1-6T e161ra ffi qfi qtr 'F:ttt{ fusT{ q<( q<

+rq ig,{ de E\'[na. q<( s-fl-{rq'o tRrH .ifu qq6f{q q'rk$-K sr<{ I qI6 {fu K({rqs Bc'qrf

e[Ktcui-{ q-ar <rxnr*fra 1e afidkq-ffi-< ct{ eruAiT eqT {-qt{rffi qrr {FTi@ "rflU clrl te-ft $fi qr

e<( fr-fr{ {-qq6a^ qt{i{. !Rr{ er<Mcn-{ E.RlqIcw, cqt qrr )bsa {rm wutB {rfi ffim s a;a11-a|ft'

.tqr< et 661 fr6q-a1 $a3 $Z{.-$.qbt< qc<r es1ks ct${"f a;e1fr-E_5q Eq"l sKI ql r eE C<Nlqc$r

frmkrt Sq"f$ csqfu{ <FX-{ sfu$T Ssl-{ 1o <s{{ "K q{+3 
"f-<-<-tr <(.l<-<cq-{ q-6<T q5'fr{ Tm(q I



f.r3fr.ar"i< :";l:3. 1\is-{ rrtrlEr8 (rlT (alls) )h8C I[6Tffi1qr-fiElhfl( C<rqifi-(s"fi C{|tr.r{qFICusfiYE

a't?r FEftqrl;i Fr? <;aqia nr ml(rfia *r+1? wrXfra 6[n{fdiT ftnrs.$e'ttra r

"k+fir'E q.til"=i1i;r.. 
'ilB,F?. dT"t {a-..qri}Fi< 

"Ir"D#Er 
ffi(4lq-s $aq6"5 "l-<Tt"I ft-s,,E;l-d{ el-mltl FKfrs

QiI ,{Ke qlft f 
-3eqr[ <rapt<-< 6qt 'l(<{4I E"srft.s a-<I E{ r FtF-{ <q]T{ dI[T <-{|ged- e<,F ago

*{f,J} erltltu -qr r frr".]-< finie *t{br c{lB utftam e$fr <g . $ €q.{s frBm< qB(g Eq:fffrs frkr* qm

,;:rt'icrr erp r FiB&xm f?fu'xm $qrp t8ft cgq&{ (fi-6r ?sfr sil w< qrP, G qrEt =rr{lR< Rrnq"f

Crrl"fq tl{i Gffri riili,Flq fFftqqFl'fr.E 4inEl< aaf qfp 
t

g*.1 *;.rifrcs .qiij<] .{sF {1l6sffi Esr<n EIE TftT nE{t-< I <rTTr;K UHTrd-{ qn* 
"fBqfE <}Tf{r+<

GSrns {o} Lq3i paql ft1to $f frf}E "tfr$r Zse s-$ KqlT{ kwta rN-{ $r<rq r fr1-o -iso,eralfcs

qF:rE r*fiGfr ra:pr [siq offram-{a qr}Ro +tSrnns'q;rT ?Kccf{ E"rnn'r"ff frFrsT. {fE< s-$ts

dqe. $t-r"r aitcai ft?<. eT,ft{sq fifu* rqlrt rT(?i"r;T +c qfr;r{ $f frftB "Fild ?g<.l E{] qrDQ I qNl-m{

ffi;r fr-<rr< :,fr q:fi,r: ffic €E- {<-r;K qifrTm +z*nGf <rTqK sr< ?Ek o$ QL{-[E r

ftqr *tetfi]< wre,rc{ lEro.fu <r:x"rqF-r r{ ,-q<"' qTqlt€ 4}-a ffia6q< qqt qHfro 44rfr fu( B$a-

x(E r {g st{l c"tfiE ft..Gs <-<z,qa q.|rqt6 <F[-{ c"llTq ar?q E]-{I €lls E"l-t ccR-f a,5s qglcq< :t'r
q*.f""6 wiil EIE sil nT I rq! qq6g )buo rlral r'M'l"{ qlksK <qm-d uufu aXq fr"fg Ef-rytuq +r< r ts-
"fiAo"f '.e qB qq-ff"f \F-<.ir- aiFs-c]< qfp"fs <f\ qrm ffiq.K <Ftr r .!t <Ff <l<qf< <hrn affi a5q<

frcex"i $-{-ullcs q$' agd flq| qqf"r scT q<q <4rftRqrr &fts qrd-<larEl frr*q"f ffi"[q-q<

we.e<h-=a-.tqgt 1fr ne-< | cq-,q'f{ &ls-r ,"!t fus{ qqfrqT-{ qzfi?i +r< qG Wo qqqEg <fqfTRs

fifuxla (q4g < hns) qG tfr!'pr w< q{ I qi trrc"K wro Rfuil ct<l<"Fo ffifrs $"r q<( eE eror{

urfb da:lt'r qi'fl<cl frfunl< Rfuxt cd.'tr Wu;{ q{Rrs yfr"ot 4lE-{ 6-(T I "l?FFt, {'E s qELT{ q-"rm

cnft,ofrf-oirm qfu qfu"[qas. q.QiFran, <rqpt, qx-{tqrl "rffi{ffifrTc{ffioap11ffi6{
qr"f .:j r:fifim |qkm q.fua E"fa 

'f6<q'ff €I-cF.,fssra \3(qf{ frqfSr furilrfifi ffiT +-*co q{d

Em?,E r 4I-.qa E"is-qr rlr.3{ frrs R.-6.lfr-<t qs] s-{rE{ m ffiEer.q srqf{ qqqfq]...e.fT flcq r ft-e

st-4 (+1;r qls'rx-q;rs- <]]"Rt "1]s{l {rfiq-4 qr r fre-rft-<t €rql-d-s{ ?EftT <c|I'{ E(gIT-fr qt"sl

oeqftrqar r qfu me' <fu A<t qlh'eqa q.F ftEfq-{ crr qfucsTa "kTIt Sq"[g nm, mE ,!oB qfuffiq'.

qt u<e. q;rl crItSJ;r- ,rlsft qc1T:i[p.f :{$-<F qiqf srn'-r"r Eq"rs +m r s'Ki-< erql-;T qT s{ qsB q&rq-{

Eflq< :t|eat seFc{r Etuc;r frEfh\o q(r EE -qfseE-rr qt Bs"r{ s?"T I qe ${ keETd efuRF"l-c{T

;11q1E$ SrtrBtqsz"e dsB fEr rsceF{ ql4qtiof <q.H {fc{ r fr-qfr+f rfc<{c["ffr< "tftst{ fl<rct qql"f

TflT;r (n. mlkq "|$Tl6J-{ EEQfb fi$m ft1kmE-< ffiTk. "flr {f{ sm qNffi-qlT srqfq qa'{m.-qm

* , friir.rli.i${.'r" Flf}fftfli1 r.ST-rll {rJ(6qilrJ5 ''f[< tr13]r{-ld"E-6it{ |

( 
" 

qt€rflfurq s e{fuwErtr aq{q-T$



)beq qk-{ &-T-{ (C^FrCtr) ffiffi qfRTE q-{ q<( ufr qE-<1a..aq qfuTiT {t{rm ffi.+-<.f {-cq.{ w'g--rg.
$'F{$-{ 'rlT kqK GRE qa r qE 

't{-kt{ ssB fiTr mt ur qsB qrr{.{ frqttm{ qEcl-Fr-T q-ttffi{
qlrql ffi{ +t< om<rB frfuT frm eresof<-o RE.ft .!t dr'l-{ fi$-r-t ffiFft_Terq-{ r ffiFal !rq-
iml"e=( <r<-qu <ti<tlffi 'rsTs rg wfr+t<-o rffi q-q1ts- s qlt6{F$ <Ml-{ catc$.q5a cr6 q<(
6ry+ C"iE \e-fffi-{ qT q'el-{ a-6-q 1 fr-€-nafT ffi &rTq.ErcE-o )brs qtm EiT T<frfu teE<ET
+ll"lDlT effi{ qrfl qltrqlF$'TQqf 

i-6{-{ qE vsrE qi ffi{E{ Etq6 6f<E srrE{ qqg? ffiT
w{rc <T c'fr-fl r dutB fr q-t frfuT m utr vgRu eEtol catr$' (EEr-{ D.m ffiF trc<l qim6-om
$rrffif ffiqrtrL!-{ qm-s}t{ $lpn 

"u 
c"ffis r\eqrrs q<( {t{_&6rrrll srl@l.lT{ xlRs afr.fi qq

qqr qG qRft q<( {ffi qsB {R$ qqr{ +-<-6E-{ m frqx ftv+ vq <fr q-{ vgRio qqml cqrcr
qreK ft'sfrs w< qrql"ffis- qt?tl<{ E{T "R-s cfiqrcu ,tIK, u54 qE ra ft-efrs Es-e-r{ ffimsrqs
ReE ollc{, 

6T.<111-{ q&C<efr <fo <r-trcq r &x-+ ffis6q c{rq qfu<Bfr <fu-< esfr{ ffi <_q
GTk{ {<$t Ee'"r+ $r{ q<( €qrl< @ lDll r wu ffi "fE qtrqT sffiDK \rsm ,Frfi T.u
6qRIm-{ cq &T{ q< <l-+qK D-flru etf+rq so frsfre Es-s1T sol6 ffi sren k-qfu xfm "ffc< r ffirt
&x-q <]TqK-<< Oftp-o ffi'rG q 

"6 
q-e-ffi qnF s-{rE-{ q<( E< Estln-{ Fr-qf q<( {q- Tle.,-{

'Klq'f ftffi{ r &a-q Eqtk-d-sft Frg.tfe-Tt fre <_q EiTq-{ I q_"rB G.mft-{ c+Nf cu*r<q-n srqt-{
w<sr EFrs qn 

'llTTl 
q'RBfu <-cE w?RlfiE srrq{ r frfrfi q-qv sr{r.<-tm{ cerffi $iiffiTfqffi{ fr"JRkrER-{ Dr-Hdr<-q< F+E <rsErrs-qr fr<"ffi-qfuql"i Eq["rq $T5q4 r fu-+rro <qLT{

w<]t )bEc qrc{ qfu.r 6{-f qsr{ ETIBN-*r{ erqF <sw <TCg-{ qlR-6R cqrcs gl3-gri-{ ur<R
q-{lvl'R-r srq1-{ s-<sT eTfftE <EI I "K-{frcu '6q{6ff fiLT q--o11fr-\} frCS {ftFK {FrrCT q<( firo
fic<srqT {I{rcr "erqT4 ffi' 4;6q qeRE q{ ersim{ erqqr<T'iT <fl$l w-{ <ql r et <fi?B]6 €rqr{q<srr &<q-qr Yfr-$t exl+ $r<"cq r Rc"t< ffi frr(fgg1-f e<( ffi{q )bbr qtrq $I-{-sk \EGrl_(E qs {rq-{rT q$qE qrET m &x-q &ktsE-srq \erqf{ q.<s(T-{ +t{d .{<( € 1Rftr$- qQ q_<sr-T{
frGqn F-{fs-{ (cl-r {ttrtr <Fff erc{M-{ r qr-lqrfi ffirqqt "{ffiml erbrc-{ ,no.l, qrcq q&Rs. r qt
ffiN.ff q-irft ft'l {16l &ar- q< <lTqr{ sfr6T qrqr{ e<( {kri-m <-{ +<|f, fi6rs tQs qr r et
6Tl{"lk sffisK +rq trq{6<r ffiNsr+ €rqr{ qrrtu-f ft.-< fo-< th c"r,-< ffi rn qffi <q rqfi Rw'fi$ Tcn.{ R qt frqlw,ffq{ q[-$ q-<\Tn frq{ ECE ffiNs5a srq6 w<TT qr{ q$- $f[-T
cfrqto m qK sr+ qt 

1Qft qp {-qtfterffi{ qqfi-+ qr"1 
r

ft-6H q'lF frq.t 'ffi{ qr< qsB <v- Ear+ o* q{a61ft ,iq?d{ wR$.K s sml{ r frfr-+-{,qrr:ffirm-qq mX mecu q<( frF {s< q.qQpi q,flffir <Tr+qRq s a1qffiq6qr qeBE eru?iTqsIE]T r+-{rq-srSlrrku frrN drt-{ "kTIt qfuqprT $r< s[6q--{ ek;q lfr-{|.REl. fix-q"f 3-a6 ffi-6ffi qn 1 3al-s-afrag ..{t T{ cs-qfcq-< freq-s<f ";5C Esf{m frrN Efr-st Tlcfi r <wq<fiX-<
frEi|-sfi "tRqH s-rn c$-Efc{{ x-c<r "kqrt fr-flq wrd3 'rqfte qc6s q-a , q-{rkT q3. <-m v{_{ffi <-q{ {(HI'I qrE ftkx-<qr-flfr qtD-{f-m pgq 4fi6nffiK qTo u-stq.t EsR-{
+31 q-r, {l< {rq.krr {eE frq1\-frs< q.kfifu w-< qr r Sffit<_€< gfu;a frEn_efur vq{G{
frBrrt{ s fidr"f enfrsc<-{1u+l+z< r 'K{-fr6r qsBfrfus-{ mqrcrn$6ror1-6ufr;Nffi{q-{*ft
en "r<qH {(ql"f{+r{ <-EftqrsE:H&jDK IRBE ffifi-f qffi n ?sBcatidv-$Rfr GC) fi{r"r*"ffi eKfu qr r <6T1r{ +tFf-frRMl"frr rrqrnr r-<{ msfrs rrtusTr IC-ru.WSffir< qp*
o<I qs.{ r IC-q{ EgF<-T ffifi-s {sflG fi{rc+ kefro ?ffi qtcq r <'{tfl{ D6R <,uqg ffi q<p-q
ql{fro n-q"riG fr:(ffi IC <r+qs q{' 

r



tsT{r <-{fT{ .llc6"{ erF <-s B"rqr{ <qT TG{ ffiTlT r 46, cqltr{, <[<K qt {{ qEes

"ffrI.l< qG "rfrGe' <E | frEE..fE.ffiro qe-mK utf,q s <d, Rr|T Pm dcE-< v{ q<( "[BI'K 
q$s

{rql{k q(:lrl, fr{r ffi w-{ qr r <qiT{Rq-Tl R1+ x<ro efq-T {fr{K ?oi} +<p q's{ {({-(q{ I

,qerqT qcl-{ qlTl-6q-<' ?q-{FT{ Q3w{ qTfr r {frRI{ 1Qftftra-qa "GrK;, PET r<Foe ({fr

ffi1ernpzqrO, PL&.fi". (1R fu-*ft* @tflts), c<r+-qli!, (RT{-T<I;{ fuqQs 6&-{), 6v-ffi (ffi

ffi.igrsfQAAg, q<( {ttn. ({A-qrmrqs) sLTsF rle BqR-<q r {BqKm {qP n.+r< Beqr"iT ,q<

$t5rr{.|-Cs qry {s 6q-a ai-{a sJt{K, rrc< qerts ffi efrqPl_{ s-$ <TCq r or{I-(5t{ RtrE 'rBrK
6r16E a1Q-a6 tsfr +r< FKGv qqc{-{ {l{rcr q-{rFr dnq1q q"r{l{"f sr< c$?tr-{ 45iq-46q"5s FrsE <I

o.Fft +.E<K Sq{$ ffit qr r qt sr{-{ FIE<K qlr'Tsfr atfrqm-q< ql& fi?m FFi{-FIq{iK $rql'eD

"jfrql<?e-ft$<IE-T r efr se]r{ql_d-of qqtu ffi"s<ut?r-'ce qR-oqsr{e r ffi( tur BcgfwRfwtr<1o

o.furqr eE <r<rffi <e frcs 53 1 
qfi+ 6fiq <lt1-s(3{ @E{ $'r-i{-FIi<lK s(-{ffi 'rG{iK frcr bofr

s-{tqr I

Wooden racket Carbon fiber reinforced pol1,rner racket

35 metric tons ofcarbon-fiber rcinforced

poiy'nrer ICFRP). made u-ith 23 olcarbon liner

High strength-to-u eight ratro.

qllmt-ffisaaPs{RqTt 3

fr"-r.urfi< 6"tK{ fr66 T"1,6{f-ffi <t lltr-qf-erfi"rc. q"rc{ qsB +E4 erd-n-€a qtft-qfi-a Efi 1

tcsmr<l ffi-fl qT KIfr qt <t q<rlt qsq qm m s8{ .sql-{ ?,0-fr s-c<, El{ {t{, qEG q<( <d

fiRu a_61o qTd qcTe-o. r qtrfl fi"tt TIT ffi ,qt <-<rffi <-q-.$-{|fr{ (po1y-crysta11ine) <-€-{ $( vf{

eree+<rq <r{qs ffifrT go;a fi-$sftq r ofrq "ttrref{ {6Fr s6llq{r<< v-<grd ersrn.src{ "l{6qq

$-{K q-{r TET {{r{{ qtfrmq q-q qlRTs q-T I qT{K6l qfr{fs {8ra 1ffi ffiT <frr <I{ql-{ s-cT

qqF <s Er$ qi <FX-{ Rqffi ,fA$I $z< <s{ B{R-Srq-{ effi refr o<r q-r, Gft {q{ {'6{r stiq'{cq-T

qls6 € qryB qE 1-6<6 Ecf qn6 +r< r frq-t ..rf-fr-{ 4Sf6"K 4.fm TilEBT W m1-a4i-fr

{fiffi<t-itfr(trq-GqqtAt."I!E Ewqrql€s-c r )bb) qlcEEkcl< IBM rot-tfr<ffi
cqr6 RR t eqi {ffiq m.|q{K ErlR. EnqR< qtfts"r rro qrkmr< $-c<Fr I qt {rq{ {RrFt s6{ "lnk"fu

E"tRl,m "k{lt{ R-flrT T{Ek erqs s-{i w?r r qrD {lg< {q Wtd (clr$'Tfi-{ qq.rccf{ E{k-sr{-{
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q{q fu"F frfurR scla qffi lro r ftE rq Rfur'R <t {c? fu{ frfuriT lrD 6-r Er{ ffift | frfi
frfurr< arE. qffi qsrs qft d-{ mq{, Em{ Q) fiGBxtwo qffi elkTH frW{, edR o.otc

eV .tfu< fiW{ qt-<t qFls $rK et pre qt <t seqk$'qrtst-ts qr{-ot dtmr CUfrTffi {Rqs s-$

qr I m. ffir< qi fr"r{ RfuTf qq{Es qr Elt <q qNr{ € 6ffitl< 1o ftm I csfvgi qm6$8 E{s
qT{ m esB ft.F Mr frulg qiT eo <q{ TCr qlsr{q {.<Tlt .ifu 

"rr<x{r 
qfr$l-cT urE qftq r ftet

(TRIGA: Training, Research, Isotope, General Atomic) tlcfi"ff kwllBr qfcq {RGE eE

ffireq6-coqastcstqc<l'fircNe c|l-srs {K r qtol-cr< cqMr<-<sqtqRq-{ ctk{-E "lIs{K
<T ET"f Be,"liq-{ Er-\9=l Gq m"tte<tts (: metts<E = )o ErF sx]ts q<( I is$E = ) trEftTcos) r Erg'<R'

G, qt R-qrrBr mtr frkls Es"r* +m qt r qfr qHrq ,{str FW{ mtd <t fiL{ frC{ effi< qffipt
E\4lhrrE {mR{ rfr<Tcff $'fq s-<t q-T 
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nlTc{{ "FTt"{ Rn;s mm qlT<I cr EEF n-n Ma <clco <t& q<K Er6q-T sqll qlqT {l-s r {f{clf

+<Q m, (EIT<I q-{rt tc-\drr{r ?lTc-< sTriG-3 {I{ICT s iTcffi "Ku frps mrg< ffi cqr{ c'tq r

<'tTc-T{ M( Eitr{ qem{ {klf{ "tl\eTK qc< ql* e,eoo m4lsxB r etrE "f<TU frnn m-q< qeB

emsx|3r nBffi ({t€{r{ EBFts <qrs M<, Bffi+ q<( cr{trKB{ frcur m EBFE EIrs g.RflT) m

tRqH Rk;e' Bs"F{ $,cr EI qKKqs & qR6-{ frBtrflT ffi< qtkTl-E 4i\s{rcr{ qlT &T er6t{ qs

elri <T qfro r ,q Rrq-{ cq-cs fi{f {-(E R, m"fls 4<TU frqfq mr{-{ qGtr "ffsrf{ qBfib (cfrs qm

)too maftig{B frErR Eq{fi\o qc< r qdts EtF "me<f* tBFE qce o.E Qln \,8oo muttextlB REs "[re{t

<[r< r

q<K iffiircq qq{mg frlT k-wr+r.H

foq qrc-{fD-{"m qlql {fs r qlq<f ffi cq

IffimqsB ffi.fr-s "tmd<r{qg qR

<s qqsq +m frfrx w"i qfur'rq]g

sKtrK rt{rc{ Mr< <lrqt{ u"tc$fr

q.fetirrc ntluRs +=Tl q-{ r qR <io qte

!ffirm Tq-5 EiE qtffip;, g-

238 (ss.o%) e<( U-235 (o.t%)

rfffi 1 q64 <l$ q-<-sK m, lRttm e+t
dro-{ v< &n <s cqRff $s r c{lB{

{$,BT qfl{ <m qsrutt e$8 ffiE r ft-€

frW{ nq?m Bd rrq qrnr v< &d qs 
r

qFr<I ,{rq-{ qImH <cq cllfr r U-238 q<( U-235 EffiTkx ntB qFrqdT{ I qrh-{ ffi
cqEEqq?m sq, fu qcmEtsfiW{q(qTl )ss e<(frfficE )8e I qm-{w<r U-235,4l{ ffiqHn1q

o.1%, cqGt qrq qtqtcq-< qtrflGg fr"n Mrr-< {ry trffi I +.Ft-sH tofr CANDU (CANadian

Deuterium Uranium) llcl {R6e Mcr o.\% rJ-235 qltcqlrDl'l wGE nffi <r<qf< +-<l

c{rE€ LV/R (Light Water Reactor) {fc{ tREo Mc< (rlr{ K,l'Icffi Mcr) <l:lqrm{ q*{r

U-235 qlEmltbl-cqK {kl.Fl o.q% cql6$ <l&rl rr cqfc-o c%-,A Efis.e*sq-r I U-235 qfecq]rtrk'K

{R{R <rvft{r{ q'fuTl-cT qqffi (enrichmen0 <qt ET r esB U-235 frUk-{l{ e<( qsB qlKq]-{

frW-d< qrvr qq{Es frlT fr&;fi fr-e-) q 6qarf{ EreT r 
qlkqf{ frW-{-{ {l{re{ qqqmv frfi fr&q]rs

qlT.fl {k{f{ frfi <fr I ?tK{r{ fiqh etrHE fi st.{sE t<i ffi'cvn< <EI qr< 
I

H.*eFgy per{iesianl f,#S BteV {"1 fl+!fiJft / gi
H+. +f neutr**s perfitsio*: I"43

ftq;5 fr.Hfrfu{l
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fr-q-: qcg 6q"tt !l-cq m, ft-f{'RfurK a5q U-llJ fiE&nmB prq qtF ft-rE cqrsib (Fp-l and

FP-2) q<( &lF frW{ Bq"r* <-q6q I q{l6 m Fffier+ Eq"t* qcEI c{erfl qB E6.ifu< (EV 1fu
qm a..) MeV) q<( qsrq|Fr6 (fast) FWqqrcq ffiGs I Ff#frW{ U-235 frEkrk{fr{qRfrqT
!ftE {]-r{ 4l | frs[cfi tsT{] qKfq-{ qr {]q o.o\G eV .tfu< cfliltE. frwc{-{ I q q-Fr fr"n <\5 {ts
+]S fiWdemr$'wc"ts'ttg qffi ffi{, 6!Ta qftqit6sr{, s'KI., tsitfrT frUtr-Tl(T{ ctcet <K <i< qqld

EftTl qr I qm ni{d fu ftq {fu qfRLT flS frW{E54 q$-q'{-r o.ote' eV .i&< qfflr{ frW-{
n.llgRs Em U-235 frUfutrq-< qlrq[ frlT Rfu$ {ft.j q11-56 I G q?Fq d-q <F-qK sr{ TTf frUi{-rs
alkTH frWr{ qkqs $-<l qr Elcq-<cF TslL<tr{ <Et qr r qHKt {tfr (HrO) qcrfi sTft "ttRr (DrO)
qcXcg RqrrH qrtcftq{ q.gl1iB{ Rr<r{ <I<qs qr {cE ew "ffR w-k-<t< Rrqr{ qfrGs I TC{ <Btf

sm 6T, qNffi-< clelcffi ffic( q<( m'ryc-{ cq M< <{kffi qK ccerqK {-sL<f{ qrq qlqKq ffi r

Gq-: fr ..{<f{ sf{ $r{ 6qyff {fs I q"lf54 <N frrsK fro nre< T6<r q"N ffi-{lc{{r{-{ (Gen-l) eeB

lfl-fl1-{ frW{ e<( q$B rJ-235 frBkTm <rr-cq q<( qm{ qfrRs s{ fficficqt <-T(Q ml r "frr< 
qtq

r6sd 1rer rfir <rrcq IJ-235 frB&x.tT mv $ frfi cqffiqTq (Fp-t q<( Fp-2) q<( GqE frfr{
cur{lc{tcl-{ (Gen-2) el$ fr6{ I q(q{ {fuEE v{ ch-all-rfl qc-Tca m2 r qrfim m2 e{ rlq ml qrtsf
+q I qdlq fiRII {lcp m, fr"fq frfuTiK +@ ftq s< qtkcq C'l6E t qq{ ct-S Erw c q8 s< ctq .s.t?|l-{?

qf{6{ $ s&rq ET qrp, qfRLT $€$ v{ ffi qFmf qEs$rtcr< k'afp qfr+-<{, E:mc2 qTT{$

+r<'ffus(.flsksEC{-a (€?llr{, E: Energy<].tfu', m: mass <ls< q<( c: qlcql{ m1-) rqf6qtGs

fu"H frfuTK cx'm et .ifu< {kfici sR \oo MeV qdts \o mrB EB r q{l{ cqtm Rcq< $r< G-?r +<I

<IT m, ) ,$N U-235 q< s-<-$E frBtr$q ft"tr frfuTK {I{rcr csrg mqt <E qi-s ) MWD (Mega

Watt Day) qdn qs MWh (MW hour) *tfu 
"tlerl qlT r U(g?R m q 

"tR$q -tG c"rcu qrE qFi-cq-{

qFt \9,oo,ooo ,{.]-I1 (\,so, m&) $!-{ cells,fce qr{ I FEt-{f ftut qsI sr< elf$r< m, U-235

frBk-{m q<( clKrr{ frW{-{ w<r qq{EE qsB fr"fi Rfu$ c{rs' ff.tfu qrs* <ll Er{ {fuH sFi{
s q&rqr+< w<r qq{Es <mxfr-r frfurT {cg qrr 

"flD clB et c+fr r

q"F IE fi{T <l-s 6-q-) qa q.te $s q-<@ ffi FiS fiW-{-{ frr+ r cn+t !r(E m qrq-{ ,{sE csi-{

3-an frfum rr EErl ffi{ ccts- Gkcr <t(q r esB u-z3s FEkTE{-{ qrc{ frfu sr< pu-239

(Pu-{fiBxm) ?ofr +-<zq r ql< els frWrE qr<lm frWr tRqs qe-{ U-235 frUtrTm ftbH Rfu
EEkR r &g"l +-fl q-<-st-{ m. q]reIfrE futT Rfu$ cercr '|cg 

q|-l q.se frW{ offe<t <tr q<( frfi
cqlvlE Rcqr< frfr* st-<< qfifr{s qko ed e{ d-q Bq"r* q-{ | s'alrfl s?fcqt qf<f< q$E fr"tr frfu{f
ccrcsfrqEft-r+ cqrsrE <I ffi{ 'it\erl ffico qlm I ,! <-<ffi{ft.rdmffi (ternary) ft-n<qIqr r

fr-q-5 q erfio frW{ Gen-2 (<( Gen-3 q qrFE frfi Rfu$ qqffi frW{-{ {$rf wr{. q(E

qlT{I qEro fuEflm Frrs{ a6q ffi r Gen-3 q< fiWrl-{ qq?m ${ <q FrdTtrcs'<Et qr {K-
fumsim ft*{ qK c{fr qm <EI q{ {"tt< fufi-+lm FKS{ r qsB M{ ffi:rco fiRhT q-{rtft

{ffi fuB-+m, {Fr fufr4Trq qqm futrsr{ $<r{ q-{r sdm <-u <r+qK $<t qr r +drq <serql q{{
ffiq 1mq-{, $rtsfr{'N, c<il<;r, q[oEE, ffi) frrr ?"*ft !T frT{ "rfut"r 

qmfi{ fr@{ c.ll-q"t +<cs

"llc< r +zq qstr fuB+lH ffic< $6H <-s UfrLT ftm s'r <fi"fs qfc{ a|l-<qrE ftW{ s(r cq;r q<( q<

ecE M< qK fuE-+rrE qcT q< tl€TK Eoro +r{ qR r fufu{ w{qlT siil{ <-u qfra-s-s E6m

mrq kqflffi {fr< futr+rn qLT "tq q<( qd +rq Mr+{ "||\s{r{ {vrlo qfiro 
r



.q<K t< q(rs-6'l eg€Tl{ kqTfb1 Ra6q <{] <[o r ef<qfqko fuR mu$ m R-sllB<'ert <I{.qe qg slcn-{

t\3Tl{ ffi.T <EI qT I l{TE "[€{K ffir<< {E q('|arfl Sq-q q ffi"t]-6f qcEI 
I

Wfifr q-s r F'rfifr qrs< <tfr bt cl-rs bc% <q
U-238 qrffiH r frq Rseratt Tdiq <-u r ei
Tserqt-{ 85ffi rlTt-c{r{ $ueq k-qrBrfl{ {ls{l{
{qucdr {ivfr{I <i ${lc{l {r r ffiicro ffiE{ DIG$

fu'hm {rfus <r<qm {lurr $dm <s Bbnnl

{Nfc{K slq s-{t qT I {cE aRff q-<-$K m, qoft <9-

ffirr< "tl€{r{ Tdrre-{ q-qr B"rc{iF o6n <-s

eMe 6.lR-s efis <Kqr{ $<I qt-T r;1-561 6frE
efrCs-{ 54y-s-4 aXaffic< {ffi{fqfrW{ Cfi{t sr{

frqx fiwEc-<< qqfrs fr-.-m (qdn, qErrft Efr(

W"K {ficg:) qfrcg;{q{p tffi+z<Mrr< "Il\e{Kft-{-fl"f $$ry<q-T I

ER6E $4ft qs q<( s6$m <-s fr51 qqn <rs< m qq1ft fiRIt {l-6q $ <q Tsk-<f{ r el{-{l qlr"tt <1Ee

m, wrr<tc-E<otqqrqfrfiRfrqrqco qM{i$fiqi{co qtl<a;EfrW-{ {kqsffi 1q.vq q<( q:wfr

<-*- w{Elx. esB frEkxl{ ffir< frtry "rRrr"r FsrfuT ffid q$ ET I qertl qrs ffis qF efisl

cfu[-T-"1{ c?lcs'qrrHtc"K q-{rit q<i cqq-m <s] +-{K e-dT ffir{.-{ DK"ll"f frr{ frfr{ ffirTck le-

Rfr<"l fr6sK qts{t <i m&-m"rq frfuR, Et"rd r<I E-r r frq-l € kqfiAm-{ Dlfllri fum ell.-s-i q-{q <-cB<

fi-TfEEe qrq mG-m"n frfu( r fr-qllarr tr{Tl{. fu"r{ Rfu$ <s 6{ fr"Iq 1fiTH EPr Sq"W qr \51

q4{l{6r4t srl <q Fmft Rs, odm {u q<( kEfiAG-{ w+rFr Sr$EKm sdkxtm-< sl"NW <lwo

<iv-cs qtr q:K ccerqt "rc{ 
frm qsrs frarne-{-s {RRe< fE <o {l-c< r q <-<ct<t tkAG {rtu {r {E

qr c{ erry kwtar< Bq"r{ Epf qkLT clTK q-ql ,q$'RrrT <lrql <lc[ ET r ,{i <]-{qrB tfr( firf:l <f

q-sr <Fqf {P6{ 'rRGe r frcu-< fi-q-\e e qrB pWR <T Pressurized Water Reactor c< Efr< Fl6*{

fi'qfiCfi {ffi I qcff54 B(-S1t m <l.ll{ PWR ffi<erqlrs WER <EI E-T r <l-tl{ stqm 4fim Vada

<ETl ET r WER-q< q?N V AKI 6]-<tfr+l. qCE cq. ..{ k.ql|Er<.{ fi-ss <l coolant qrP ffi r fr-Ox V qKi

54l{q-5fi q(E m ..4 M63. {..gt-C-<f{ Rqr{€ 4fr <r<-qs qcq I 6'kT{ ER e< vd Energy Reactor t

qdtq WER e< qd fuE Water cooled and Water moderated Energy Reactor (WWER) t

c{r{|i_{ {k{Ecf fr-u-'r qqlq-64 <fu S-fl {m r e{lc{ <N

firre-qrfl{ r\o m ffi 6n"[ {lcP \5fce qiq+t <fr

sirtfswifrfo( r qEl6q-<s"tT{ $r-fir qCfrM<to
frm t<"K RE sTCtt{rT$ ffi1 15464 I NErfiI FiffiE
$ffi sq,(tE{erfi q<( <tic{{E ffirs-sr.fr s-.l-Ctis(T$ r

nqm{ ?"-fr e'lffi s-ddtdorfr{ ft-trlE << ).\ fibK

le q<( eE 6nrrc{-{ cssr{{ EE Dlsl etlsr{ v ffifrEr<

ttr c{'tqT{ qls{t frcs r qrtl.tft nqfieswt cc[c$. q[r \
fibK ECT ali:Fm o.G fiDK "I+ nqfut-{ ffirs-sft

',lr*i {:F}a! ir , ar=3iii

:!t:jr: r:::r:!;r-,=: ti,li:-Xr.-q:
rt,l:::r l:r. rJ:i_?i."rr ?r'.:atra'?t

frG: Q eflear< Mra< T{ q(.m{-q

fr-q-\e : Pressurized Water Reactor (PWR) <l

wER-q< Efr( Fiqdvft-se q-<Ei



Trdt{cvB ; (fr ,{msl-c< t"-ft +<r qc-< m q[r a.q BE rsqr+{ qsB frT|q efr{ E4T q]qry lvrq\e
qdiswr+< csr{ sG qr< 4I r qqu-m <afi q-<-sr{ m +adtq,IilrB( dq qrE csl-{ sl-<r.t <fr'Mrr<
Erffi tfrq frr$r cer.s rcqfuT ?n{ ftfu <E crl-rs sr< El-.r aft6 6ple qt frrl s-drtQ{ <l {l<"f

a-411 a-a6fffis Fsr< E|q Tc\s< fr E"lE fiRff {l-CR iol <uq $ffi Efrq qt r qE {6{T q${
q(ter{l qrq fr-stl-lB< ceffi{ Frlal r efr eFF c{RT{ "liq. {K Bs-st q1{ 5a fiEk, <i-{ c filb6,

ft-tlcffi {sB \o cqffifiDt< q4q sE-{ {lT 8oo trq r ffi \THtfr, $6|-e Ts q<( {.g[-<t</ftE-s

{Kffi qi 
"fltrfrt qrEq {.T R-q.fta{ | cq'ql-{ Nrqrq;r qsls6<3r Effi'rN w{tft e<( s6t{ <s q&E

q(.lc$'<El qr REIta{ cor< r qffi Efrq T6"K q-{rFr q(.terflI <e erffi qfr( {-."t, ceqffi{
q<( RB qgcuql-K{ qlffi qqt r RE qqcuwl-c<{ mrrg|ft q(r.l qlrs ffir$eft Efrq {6"r{ tfr <f fr+
<lc"t {kqs qT r qtm {r'K q?FE sq18 te-ft s-{l qr frrtT <-<rf{ dtdmq. fr-{ frrr I )too
malts*tB Rkls ?"-ftT qrqr m M-< Tl<qE qn ul{ 6srr{{ req< fircs ee TBIT QIi[ bs,ooo f{ {ffr
e<Ric= $;rcs q{ t ..{ q-F,r R {< ell-"t <r{qE qt sl-cq-{ qfuFE. sT\gl elT rro CTaffrs:rB r M< c+f<

cefm c{trr{ff, qq'T "[fi'{ ETl{rqt et]-Cs qm 2300C r RE eg,6Fqlr{ Et'f qcV ei ffi acr{ kq]Iacr

csrcffi ercfi "tc{ 
qrE c{-a E-<F EK El{TIq cqm qivlT sK 2000C r ev BE'ut-c'tig fr-s qrffi

{6"K flR s.{rql <rcq {kqe qr df I qr s]-{t qt m, qkcg &-rtfc{f cerqrfltsrr6{-{ {l{tcr qE Tc"tT

"ttfuT SIT )v ffi'tt eBf{rf,{ (qm 2300 psi) ufct <B[ qr frqT {fr WB <tr"q qkqs <s ot|c< qt 
r

qlnt <-qI qrrcq m, ffiq ffiKl-c{K q-ll G <lc""K elc$q-{ EI tsft qr RE qgcu-wl-rfir cryr+-qn|fr

q(rt I Rts egCDWfCffi ffir+-sft 9('i", ffiq, $"lrs{f{ q<( fru "p1='i fr51 toft qg Or+-of?f qfrq

E"t r Mr<-< q<r<qs stlrs qFTffi RE frqre-, qdB qft, qT&' qel<l Eh< ilsxn-+* qfc-r fr(T

<tetl< q-{i <r{qs qs yqT q$E 
E"r $ s-{rcEl< Efrq E"r 4E{ "lkGs r c"lm< qE E.r EtE watir ET*

frWq c$m <r<qs ThR. q"lBrqK q{-s{ qLT cilr-r r eefin qsB RlT es.fu m, ft-i{ Rfuxrr +rq

M< cslt.< E\"l.frE csn csqfuT ffiref {fr mrdsfr<"qffi Efrr Er"r< {t.Rcs firt Fm {|ro ulre

vl +:lq\B c{r$-glfr €<( s-{6s-ff{ Efrr Ec"r< ${terEt qG@{ oz< qfr qeRI qTm lara ctws e[r<{l 
r

frB&T'K Mrs-< qsB fr-nT ft-o et m, qfrco <{- s<K qlet qtcct q< Elet Bqem{ srsl <fl qLT {l{
4l I qs qfqr mts*E frER B"llq-{. srcq qrn qsB kwrB-<{s- sill{ "iT {qcf mTcK c{ EPf E\"r{

<E ctlrs s5a affinFi' 8K qto maltisTiB (rrooo ffifs{E c|i-<TfE 'tNe{l( { r%) r wcI-< affi affi qQ

ET"l Bq'Ilr-rffi RI{ +qm efffi 1 {f{ ?t]-{s 'K q{ {Rqr"r qr{ q]s-ls 4l{ a.c malte<i-cD I {$ {Q f{,
fr"n R-qrr+lq rs' q<r{ "r<e 

qQ ET{ Bsem{ q-<rr€ elrr fr s[c{? qwc{ {l TrA Ef qrq, Mr
DErl{ {m R-qflE-< .srm frt{ {RrH rcGT&T qfid E\"rs qr r E-s"lfig NsrByr'Ttqfum qF <E <q{
qK qG Em. {fur afl-$, frft{q R&d {<u"iT <F[ RftRs qcg ?rcr r RfrRs ei <trXer-cl Mr
mTK{ fre{ 'ml-cd c.[Rs <-T El't ER"W +-m I qq-r< Bq"ll.frE EH "fum QB" 41-6 tRGo 1 <rfffi
<lT{rK ${rc{ M{ .$t-{ cctcr ers Rts s-{rcql r| <E csrc{( EI"t $q <l-wu <iv(E qs- {'{'T trl-dft
nserqt 'lre FilT R1-flT \tsfrE "[r< r E-ce'clT m, )bqb qrc{ qPC{R-rr{ R-TItE qrt{rrs' €<( \o)) {l-6{
qtq]-ffi \TFNK M<,erqlcu qq{Es ES{T 1+ or<$ trr {qtfry:rcr ers Rt q'mmt +Tro ;rt "tKt r

)ba8 ql-ffi srN s-{lc{rl{ (Gen-I) fr-q,IB{ frrr <nnr sF $-cr ilfffiT y€T ffi{K-{,f{ (Gen-III) <++

ft' Gen-III+ frqIIE-< ffit s-fl qrq I q {rrclsr vc<l lRrQ-< fiCkrtr ffierqf< ffiE qBG-sT qiernrq

eK )s,ooo Mr-<wr r <6q[c{ rr"E orrt el-s eeq tr M< iBfiE EE cem Rr.d Bqqffrs ffiE

RITcu< qm )) .lsl(.r w+{-{R $TCR r <.rTC-< qll-{t m M< qlfi +-+O <l& EI Rrd Gen-III+



!-<ql{ r Gen-III+ Mr+-< {n. ?<B? qrct qE R qerEt qtrls frrnn r m c+'l-q q($Bq"Is 1RQBCS,

er{ft R-{rtq qlEryrs frq+ {qFNK qq{EE aqs?srffi "tkQGr'cs ..! frqrtF{qrflK csl{ irE FIT

NsrfuT ffid ,tkc<T.|. @rl etu-K re "tkAG @ << 4l I q q{r6r{ 
Wp fi-fl"tB] frfus s<l rE?t <-TCq

"lrlfis (passive) fr-<H-el <l<-ql <l-<-qfrd{ {I{rcl r "m&s fi-<tlr$ <r<qi <q qr{ qs $mcK <Kql <I

Elffi]-{ cTCl, mf{ frkrcs( efcrM-{ ET {l r +r1Bo <E m:Fr-, $<1ffi"t, {({Gs fuR. + tBIm{ D-["[,

4IIEr<.IE T-{.\rS-.1-q {h(, ffi +tCsr EIFfffi qrl?I kqIlE({{ fiTE FrcSr <l F-fl"f-sl3qq1frfu q
frqn 5i-4 $t{C"f frWe, qT elfsrq\e "mfrs fi-<r"tBl <KqK Ti{rcT fuc-s RB qffirfi +r< R-qltE< .$Kco

fi.r-q aRff ss< q-T r ,!?ll-6{ esB RlT frr"iI-ol-r{ Erg{ s.-fl q-{$'K m, Gen-III+ kwiF{ qKI D'rhe RER

mlq-{ {f,{ fu\ w<<l-q <1aq1 {fr 66F q6{K a6q kf,{ <-T lr9 GEFm.r Rk:s ffig. FT-{E W-TRn)

C{ (sTq q)1q. mrg-{ "ffis fi-gt"t-sl

<I{q'N3rFIt mr{ S"Ilc{acffi q'rqRr

qtvtt 's{qfune[< urE <t Qll r.a

q$t <r< fuC$-Rt q'i{Kct $Ttr{ q<(

q< FTdr M{ mr{ E?tt smfiK
6a-5a ffi qr< TI r q?u-m m qltct{

(a.s rbm) sctt Ucg{ +-+l qcreq

El-m rflt qn "1$4 PIR'{-g" r Erg'qr

m, Gen-II M<, *.1q {Etrirt
Mm< ffirq cfi Ptkxrw< qrd

Eq {E 
'so 

frFB r

K''tlic-<-{ ffinerqm qeftrg q fr wrsEv gdts frErq qmt DtB-'e) q<( b fr "mfisqq mE lc tr

F-+t"tgl <KEl eIFFr< I q ElVt M-< cq{K (srrm=t frcu qr+e< esfr cs'K srlDl< (core catcher) r 4l-l

uoo B{ €qrfit ..qt m'K $mmF col-{ sKrl Mrr-< c$'K q<( cei-ql-{ FrqE ,fffi Fl6T eli-+r{ "rfis
rc-l-{ {K"f rem ui fi^r-E $<r< r q{ +TE FqfuT aaqf 66 q-{qkl,t kqtl.Br frfoq qr flr<l Fq Fr<

<ltr{ qlryF "tK( 6T r qdR .{i ffi< qce s'aP6{]t q-fu<r"K <T q{ ql6"l"ll6"i <q<lq-fifr c4rf,qrdil

m].{. sG <T dl r fr"rq RfuTiK +rq iffirN q.rE.fiK q-sls6{ G {f,{ .ssrfuT fr.F ceTglB Bq"r*

qn uK qKl ffir con q-+qrct {ke<r-K wG + qr 6{ ers, st1-<-{ R_srBe.< "nus{ frR? krF
fr-<mer G?fi-{<r<-{f <FII<Trq r Gq-a q qE tffiu{ cq"ffc{T{e-{cQ t

Erfl{ $-{f r<+TT N Gen-II ffir< mr{ rc'm srFt{ of r e{lc{ qqm fi-+"tsi c<?ft qcR, tffiTN
ultq.gqres-1UOr) $rolft, {r< {t{qn-silffir+<lu I q <-<rt{ $t.r{rcrognrft-< pse<<qqr"i

Bq{fi\o fr5R cet-srB qqeq mkm q|qcs {rc< {'f a5a qFcr qcN fr<Tqgi c?ft Arqm 'fqt s-fl qr I q<

qrd{ c<?fr qq groft-< Em{rrl fi6 ep41 ffim {\a- qmr ?'-fr qr<<.t <t sl.tfuq r y€r sr< <(Tcq

qrQflft Efr( FrcSzl-{ cqTK <ffi <r< ,{sE e({ cqqr< Frq6[, q<( qr s$ qlrtt <qI <a-cq r uq{
q<( qre{ fi-<prg| G?fr RrqC< $rq $,cK {eflGrT q?N q<( fr6x +*??sm$ Rfoq r qqrqK mnB +s

tr qkcs \of ffictl-rfi qc-T6q r e$ft RlT <arf q-fl+t{ m frq-tlF{ frfu< ..!< rrflm ,!sE frffi q<g *io
qEloK ffif+iT{m <-{<l{ sli-cs fiTl qT qI r q .{al-olF "€ggryq m'l-+ (exclusion zone)" 4;6q

{k6E I s'tT{ Rqis mrf< 6s-@ qgflT{ GTi-c{-{ rI{ }oo fiDf< <f qkp fi'<fRnf qr-Tcq t Brsqf m,

qgsl;r cqlc{-< "lr{ q<Rg qiT'lf-qfr ffiq q]gl.fr-E 6y5sr <rdqE qcu atl(T 
r

6q-a : Gen-II VVER fie-.e ffir< <r<qs "tm s< frFtB fi-<f"fet c<?ft



€vq'{{l <qI <q-f qlrlf ok m 9I qp cElr-fl "I|€{K fr-q,IB{ qqrn qsE rK"lt Elv $<-cE c"]-(<q I q

qlVT 6eN.fi ffi g<rrc c"lmq m, Bg.e- ftq< eTfu q<q qfrcu qcts $e$ ftreW q6Tt 6qlrs Ftw.t for[

TW GT{'C{511T{ m k.vrlB< q?t{ fufr o-fi qrq iel wsrs fi<t"tn I "K{1T RWs c4-g-q11l6q-< C+-{ q-f,s6

cq Rrcr frg <rq ql\l{ 6{"ll c"F n-<-< r <6qrr+ qEfcq-< 6qr"l< ftElq Es"l.it-{ srel eL[ )c,ooo

muffrsrlB 1 \o8) {tffi{ :i-HT 6q.l-.$- Bf,E frr"ff qstr Ti€ tkqs srf{ sffir & qm q]qf6q-< em

9o,ooo m"fisflE frqTcsT et-$E-{<< r RWq q]VT 6n-6"1K E$-{ w'-it iT I q q-FI frEsT{-fl <F elfr<i{

R, rf{G3tr s-{Il6cl{ q-{T.ia-6il{ <s eKR G{{ ef(-$q-{ 6q'r"K sry["f .c-a[ E{eK q{f cEI.-{t eJ-cn'fq-{

frkrs q<lcq{ r cqr"K qk w<ns <lr[f, Ersr eG <q{ Rrucg< Bq"n-q{ q]Tlfi-{ <Ifu-rr arsQ qc< 
r

<6rk{ qiTffi-< sl-r s\e .fEI(t nwq Bq"W qr Frq&-{ qlTfus 
'l]H <Ifl{f< $.c< r ql:q-<] ffi m, rW

trFr c+q 'li.sxl ql c'fm qNrfi-< ell-cq< xsln wflft lc/:s <qLT{ wryt Ene ff{ <T {lc{ r frcqrq-{

$TEI {l+ms fr&g +f<c"f sl fuE-{ s<l {lcq;vl r csq <r<qf{ +r< Bq"fffrs frkEEK {qr wsrg c<fr r

mHr{ REl" fi.-T q-msrTu erD-=flB +.|sr s<l ce|ce.s EI frcr <g <g s-q. $rfilF{f D'l-Elcil )N?I qrE q'f r st
qrvl mffi{ Rn1cu< iBFB eG ?ku\e .{{ cdfr r omEt frG{ fr-s fo<DTt $r< qmf6q-{ "FTtt RWrcT

frco mp <q r oFqU frqrc< qk$erql< !-ftI Erma6qrir lkrr.rt R, q{16{ frq {U{ egm $q{fis
qr {1, q.Hlfr ?RrD'E"tI BE"Ifft\o frqTcuT 1_{, 

qmsfTs $'r, qet "tfu"f W{tft efc-<M-{ ET fr{K \ol

q-<e tk++t $Tl <lT, esB f<kls cf,g- {F fr{ tT{-{ qfiq qm lolvo <q{ {GI frWs "[srl:tBt, ffi r

elftEs Ergq q<r R<-+t{ m, "tffi fus Esor'mq Rvcr qtqlrq-{ qqro{ qfu-{ft m{ g.l-<\o q<( frN{
{q|. qk-+-fl-fl ilTe r et qt cq.it lo'ro qlcffi r-6{r sl-Ch-{ <\i{lE. "k$t frk]\ $q{|q--{ s{-sl qm q.Et

<ng,K {afltrttrT 9o,ooo ({{( \,oo,ooo flflI€{TG Bfim o-+f< I €qI6n qsF i<m frr.i!-ore{ Esf sSRl

lg r ffi qi m, .\oeo qtrE"f, {6<T <q qllts 
"RT.lt Rm ccg ENlfi< 6qr"K ql6.i'll6"f vqNi etfs-c{ 

I

qdiq, cq q"T{-qEffi-<frBkTK Mm< qe[c<< wqJt <;r<f{ $srce {r< r fficEg qi:r{l Ui qf< q| DIt

FrcB sRlleg qtTlfi{ frEtrTK Mm< qs.i.< {flc{-{ qcst q|+l€ qrR, 6{re frrq< cqm qmrqfu

qqcBs'kTlt Rqrq cf,g <rfrm st cer-cs' E"ITE qeBrEIt {?ll{ct <rq erq'{TH qr 
r

W

E



"ilBfrmfrgselt
u. qft=41q1o

q{fl'ls
qIGrf,CF-{ is W1+"t kw'r+ frvrEt

6l-+1fr"ffiryrffi I

aqamft-ffi-{ q4i 
"nts B$nq qi.f Eqafq-{sTfr T{-{8 +*, qfr qfqT tkDLTT esE eGEk-<I ffir"K

c'ft<e<lqq cc.]-qK <RqK &fuq-{ {rxer q&E I fi-r"r{ qqft{fus-Xfu qrqnrq-{ 
"tcer "llts Eq wll-rT

qreTlr r fi<ras fir{K <Iqqt-rs frc< qr6T &t'e(T{ rq ER qfrs, fi{lc{ ml{rfr {l({-< cs-csK qfcqf

mmfr qlr"K qrqrBs rtr!< qRe "|]-.imFi E'r{ c"irr sllqcq 
r

Bs{ft', ksr< e qqtsfuo e+-ry< s-l-{ml "ttts +qql&rt ql-<srq-s]E {GT 5l-$<ln qrq r frrt< otts

$qaxqm< bc elrl "flD+qElfi.l, ske, <nf s rq{lE e Bq"flfr\oqr I GrqP "fltsqiqr-ffi-{ 6afrgaqq qEi

q< B-dr{ qNkq<r+t s<-cg {c< r oq4{a54 sr{-{q?fK cnql utRq'r oDITK wr qFfq]qT +qqqq w{il-dl

{Iq]TT{ 61q.q- ffi, utq s (s{qr€lT Tqrq'{ urcq {E qe}Gs qfrcs (qfi$ltE +q E=f{) uls s-{cs

qrR I q< q-{' {Bm fre{ e'r\rTE 9lkrdl. ({rcTc<-EI srcE qrq r ,{i qrs D-iTr{q 6lsrc<ql $<K q-{r

r<-$f{ qfrTq tkr<et qq{q=e. &-{ q*iS 
"fcB< 

qts 
r

qlTlcq<- ffir{ "ffi-< 5tr +wT.,c_ mfr s offi qrc-\9-< <Ipro Dl{ Er r qBl qEffi-< q+rq qdsft T-{fl I

q'Effir ql!fift qftT{ s% ffi cqrm qlc{ r e<( qt trr(q-{ qlca[ qm 
'r m'tB {Ec{-{ frfr-fl erqr'<l

'l6lsslt-{ q 
.fug r qG <q< 

'l-c-u 
<t(Efffir"iK o.ebQ. frGr-{ aA-{ qfrcs 4K o.1b8 frBs-+ f{ {E

$qeilqqqr I c frFa-qwo "rk{r<-{qrf<:Tqqffi+ra "flD r

l-fflRrt olTGr ss{ (T6l) <r<<K 6q {t€{r{ "nBftto-< sRrJ\ {1t Eqn. <r ffie r "tRrmas
qru-EIEK sRT"tt "IFIArg fr-{rqlBs erc"lm {fu qtTGs qrofr <F-qK Kry-rq r sfrq|CE ,{ 'lr6lj.K

<Kqr{ qK\e <t-s-K w'K{I <GtR I

qfrfrE<rvt{1nmt 
"flb

tnt-< 1+ w+d"fml"B gFrs< elvre {qTsT ot< r "t1-6B< W {tftco stfr-< r1q'$1-T q<( 
Vfu< S"fr<<

wc< tfR-< qwq <Lstn r qEM 
'ts. "ts-st 

qnB 
"ttD c$s E6o qG REr< l sq tr{ "t]ul {lEcE {w qm

{fE{ U.furc=t 1fr om r tct-< elD-cq-< 
'16{ 

q< {E sLT{ SK rrs% ?w<dut l.fBcs GItt q{ r "ttts {]G calm

{.EE "{E B{w{ s*t +r* EK )o st rTEF m<-o fi-{ r qql-v-t c<T{ q<( ({rsNl+rw Tffil1g q(G{t

qV1-r{K q-{r q<( {fBcs Re{ $ $+xqnq-< 6r APrlsT frfus $ril{ q-{r ,fltr+'qlTl6q-<"'5ry ft-a11H

qrfr+-<"f +<lEGs r

1ffi vu* gr+tr {F qirrk ftr"K f{fi?r

"fltDn 
qm qFfrs vrr<t quqfr{, qt 

"rfrr<"f <l=+< r qft vm-q q<( yfrq{ c*k< &s-qt (Geo-jute)

q< <-GTq <Il"t$ rwl"Hl r "nB $.ffi qfi {ffig. re gffi1-4o1q ?"-AIg <Il"l-f,sfc{ <I{qE qrE r rusT 9llD

Sl"lrq-< Xs ?sfrf,ee <I<-qs qCv ollC< 
r



fr1s en q-rrs R&{ WE/hrrqT emE Frge-qfr( q-r{ q\e{T .e frT{ 'tRrrrq {frTEK Eefirsr
(molecular marker) qtRE-n-<-< s,t-{rl +-rrc-ffi Re{ kRb ffi &rl-{ q-{qH s +gG €<( qrr:I

R"ll-fiT s 1fr-gqK qfuTf {qrq \e qff-s-sir< ffi o-<r ficq r frrR +r< evk{ "t'fu m ?<FtBrerql<

B-*rq +{]E{ qfuTR ry< q-<fr; Ga-q; qGTE- 
"rktT{ (<{II, ?l<1, hisr, +E"1-; iTqrfr-q-q ffi I q {$EI

?<FiBr qgq-< U$T q"F {fr-f,+t< ffi <l<qK rem qfu qqmt qwur is SiovBT affi a'aq-q5q ffi
{rre 1 Eq]-q<T fo{c< <llT r-qrft-{ rn q{r-nr< : e R-qK ))-ql-{ ) q< sctl tscq cl $<t <ln, <l wfl

{rrr-{ (s-s <q{) qcryt Esl<-{ s<rT <xeq I q$iel-6{ Bsr-ffift-{ E<"l c-qqq-{ {r{ <I {B BqerTq+e

)N"< I <IqElChr"K q-{r m qfeE{ {k61 Fft qTryTni-{s w{r ffir.K q-qr ul qn\o m-Ft-clq1i m r iott

<t(Etfir"K qi"RI\s{l{ $qeXqq E"ir$fr +-{6q qt qQ$q-{sf 
"fAs-I $Kcs qElcq3t FrCq&-G Erq]H frtE

q5a I $qffi{ $KCs qr< Esr-flfr-{ q.esllgf aqafrq.W 1

qfio fr<R-e.m{ qsB i-ql.tFff <t-$Edr<tafre. <f qmrcq-< {rqrlr +r< ,!sE qF{"t&r+{ sFf$Tft-sl

q<( q{@rm ,F([qF{K &fus wr e$E wqr{T &rl-{ $Tsr fr qcg 
"t|c{ El qNt{ +r< mi ffi{

?<ft?, fr<f<{ +-{F r q(+-@ qffi Tq-6ffi q="$ &r+l-cTg eq qmft q-sfr r 6{T-{, <<rT{ "rcficfl-{ 
c<<

qm qlq-cq m qTl e ;r<t qq+fr-qgl< q-a1 qsi<rf,6{.{ $LT+E &-+ +t-e 4a6 I qf4t-s qqT< qf.eEflst

qs'fr{ &-{BHt mr"r qq+ft-egt< &rq-{ s]csr{ {tcqle p r vdn qsB {BrI{ {fuTm 5a5 qF$(s

Bfum q6rft5qt 'FBK ffiqe &r{{ $]-is< qs{'i ef(_{|q-{ r et r< &r{-{ sffs< qefl <I TI q€{l

wc+Oqfit M +r< ftR fiT-qr q"X{ U"K I qlT{ 
"K-'etT fie"ft-{ &-q q<R. Et[r< fir-{6s< oBis{l6

"l-c<{c1 
$r< q{T +T{ T-{frfl qsq $ qrs q€ ql6{ {<t, E<cltFsT rs <;[t qf+frqlc-f< ?<Ftb <qq
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rg q-[Trqft{ .llftRs EI'lcqTs scn El{ E'clT "it6LT frre eirr<-+ I qq-{r qlffil \o)G rtm q€FBt ffi-s
'{q<p-s6-1-q fimtE tcqtrvrrq FM- qfirr gsm-Asia)' 6qffi vlf, e+tr qqqrq cqmR r e e1fu-* E*Ax-+

qsB {ffis {fu, q<( cfts.Cq yqT frrt ql{{t efrc{'qIR r qF[ T3ns ffi qtql6q-{ ,e e1fu
w{l'Fll-6qr,"t\B q&m {gm I

q'fqlr{irElE

$ft-{ e<DT, 'su[ "llsm {ffi qffi ryr<'-qr S"r< qnttq fr"flq qtqIcq-T r sR foqrq{ ffi
qqm eFm& r fr&x rlrcr ftrg'16ffi frg.lq e fi'vt {q"ttq'{ qlTlm-Trs w{qH frcfiq r frg q,Tp--qElT 

"t[T
q{if$ Tl-qlrqr< ql-rcs efrrfl qIc=r r EE <lftero qG$T{ - Tff rc.i e<( G&TmI Hff - Ercq-T qlx,Gr
qtkryfr q$l Rmffi qlrttcq-Tco' frE w{nt{ firrrq r frrt"pr ei11.a3 e1fu eqfuE'q&rl 6q-ap6 q-li ftt.l

ilililr

E



:r4qFrGK {I$TT lo)5 {6{ qErfi1.f CalrS '{S-${ 
ql-qlT 9l[s$ ctrR I qrc{t <-ql qcrrq {sTlrglnt

{rqmT )bbe catm )bbq "t{s c{frrgr qtraf wrrsfr'-r frin cqrqfqE fr'sfr< qErcqr f-drc{ Rr.lT

w{Ef{ crc"I6q I q6r m( q?i-rD-cr W qd qRRT qm' eprsn{ B"WEI frsJMqLT{ tBffirm{ qltE

cEt€tfq ce[F., {l qlffil als \o)) 6e1-56 fiKfip CfiK qI{R, {K {I{Im q]Tfcn< q{ {C<"{ctI qfq \e

cT-FTI6a;rco fi-+q ufarf<n lg 1fu frcs {KR I qrtrcq-< ffis dfrrqefrq eTB< l1, 'lftTr.l< 
qqT

\o)r-)e qlffi E${:q-fr-{ sr',fiELT-{ cql€lfcm qfts s q$r{I qqlTsl fr?"lq slcq '|{mcq r 
q1fut ffi

6ep56 61-4Q5 6a ftfu6 Tr< 'tw' FIE|< q-{T qdGrl efr-r '[4q16"14 frHRtr trqr6e'm Trs-

qF|lf cetro qlffis w{flT "tfs{I c'[R ert qq,m r ffiq qfu 6tftM-<1T dffifrT cElEfcr<'{Krc{'

6Rsqf 'KFr{ e Qqq 6q-fl{ q-{i esB qRKi ERf;q sr<&, qres }rqq's <ifufuTlm-{ TIq ccfrs qRKi

'tNerl c'l(q I <REIfir.Er eve{r6 ..{{ csr{-fr fr-bk-<-{ q$fin ffiKlt{ 6a1r{ s-{t q{fuB 16 ffisrq<

mlffiqsfqsT'qGTq I

{[{615"flTsK{t

q-{'fc6f{ fi-fiq.r{ ENTcffi Esl'qNm 6r{ qlrl-ffir G etct D-qt s+. Emcq sl ,qfi YqT frrt cYP cqTlT

"fft.r um c1e r g&t frrt t< s:r q6T qlTq {-fi ,{ {{rEr {{, qs e Erq-"['frr{ fiBTr e1fu< q{-sfm

qEbt eFlr* frp clrrcq r Efr& {q s qg-r< <-q qlRsf{ qfficq q+-"ls <{CT{s qfcaf, qclD YqT m
<FT F-{I 1Q;AK.E?Fil uo v].at rW qM€ e EF q-rft qrq-{ 6ffil 6qrrs <fuv I qfr {U{ uTe<:TNA-$

Trdof, qK .'{T {{ s'r{"r <q C"rCbrtr< ${IN. q6-EAm 6gc{ fr-"llq {{]TT s<I, m <I{ql T-r<' "fi',Elsl-

qrcT 1ptftcu R"ir{ qqtnfrT t<qrT 1E wsre, fIAK 4K qso mTE ql-1c{r 4K soo mTFt qKfr<F

eTeT {Rqf-<fuv qcr Er+crs< fr++ qT"F s<rq I eflulc-rcr tofr ,a <id s<qt< qsfiq qrT{-{' qE

EBtr 6qc"r fr-<rqr {t{ B-drrd< arcwi emfqfu eq& s {sflB 6Kq-<I EsFil{ e ilffi orr {f, {+l+TT

{K {K ffir"t{ q-{"lc*r erq cfrq mxl r eq-$ qlT{l q]qfffiT ffis {sfi& s e1fu< csl6{l c"l(tt

n<Q.T[, <{s yqrRri-{ffi s erfi-rftrq-{mqfcon-qcqFFm 6q-{ G-{ElKlvffi-< fir{tTqeml

<lRrT E]-ffir cq'rBr TIT{1T c{<I frF "fr{ r qqry qlTfl' ql"l{ TCffi International Centre for

Technology Equalisation (ICTEq) r <fr ffft-< <fuv r1-56q-< fi-fi qffinr eru?m @t <qe E-*s

R-{, w(< ql{rffi-T eTDam'q'sdl:(r{ +fFtr |

l

ItmW

Es



{fuET.[{tlTrt|rff{q|fu
v. {:lElrq{nf{

q{rl"fs, utfis RsFi-, <fsT$ft fr"ffiqliqT

qlx<l 
Tlcat m qrrfrG FrR \orcr eBkrs< qfifrG <t tBk-0x wtfrC rEI qr r EBfts,Prqtrcutr<rq,

qlfc1'fmlfiTiq, (qeg eTrf qqKITct qe\r-f{l{ 
"t@tq-T 

q'fk$]rT atFk_rc-T qt {ffi ofrc<K 1E r vwm
qtfr eQ q.fifr&< ffi fr{rr IE qqfu qaq.

)) $ft-{s]-q (ctm qrfi qlrq ffi' qrifrfus wfu q({ts' ql-sfiT "F frB? ffiiB ",TD <+T,xEE ffi
qlsK (solids) sli-cq r €(h-{ Platonic Solids <Ef qT I qrq-< 1Ru<",

F) Tetrahedron-€{ "I$-sEEfr (surfaces) frVq.l-TG (triangular) {l{ qqqm s, fr{i-s 6{]-<

(edges) R<?m s ,{<(ftdk1< (vertices) {<qlll8;

el) Cube-€< {$rcqsfr <'@ {K {$tll s, frTrs-r<"ff {({rl )\, fidft-{ q(clfl 8b;

al) Octahedron-(K {&sqs6 ftYq@ e<( El-fi-{ q({rl b, frqBt{"fi {(?m )a. q<( fidk-!
RqIII g;

{) Dodecahedron-€{ $sas6 "itpsT@ (pentagonal) q<( Elfi-< R<{Il )Q., fislv-c<=ff qq?BT

rro (<< frdR-{ qstil \o;

v) Icosahedron-<< $se frEqlTfu <l&.< q(?riT qo, frq-s-(<?ff T$Ifi oo, ftdR-g qqfi )a. I

ql.ft-{ fr-s qirRCR $BIf{-*-{k "itrfuE =*q 
qe1ffi 5t wnn Ei-qE',ri qrqT{ <q{ <rcr

lffiufq< ct& mqfcs- 4<|s $r{ c<r<tEq'

s) eqe c{ c$]-{ mTcrm qrfu{fus o<r;

"l) 
qqs C< 64fi j4E (cube)-€< fre"i qmsq frFE sFF r;r-s $rcT

q:Tfsf,E-\9-f q=?ffu .s:fiq- (Axiom): efc\gl-s T{Er{?ll_{ <Rsq m!. fra--( q<T fr6r q$E q<(

crEwlq qffi qrM{fq q.:m(r{l frq]{]T r [..!i nEeFlh-E qsfr qeT.IFlE B"Htq-r Rqlr< ffiE
qro r cr--ut' E':|' <q{ qt?rt eTrFrs qmrq, m efr esB qq$mt'iT R1fu e<< frqniq m]a.

Bttrcqm {ffi €< k-cfl{ of r stt. eE esB MN -lsefiq- 
rl

(n), (.t) s (uf)- (s q<qT{ +.k qNfl qsfrrs 6ql rrft-cgT sr<-sB rsa .it{K 
"r6rc.< 

q-s-tr-{ {qqn'{

"f+,*tk+ R.F|TG< {RDT <I ql=l{ 
"IfE, 

q-+lftro .s{R i-p4 iE{ e<E-Vt{ 1fi-e_.i.;q.1-s qfRs.fL<-{ q-flf{

tl< r qEt qe er<rq-{ U(q-r I q(eE ffiERKq-< e & qtk+r<efr-< frTrr ftR !-c<tTt &reqiB. ecB'ftrT

"tr5-smq-EB s-{Er cu}lTKl qmrq 
I

F)- q m "fiF <:Fr Plaronic Solid-e< $"lt <EI qRTq, qlq<f cqrR, Elcq-{ ei-cq-r+-< q-qi fi-cu-< IFfr qp;'

F T$-'n.l.(qlt - fiqum-.ff{srfi + fidk-!
>t(<lII= Q. (A)

()) q< rs@ (A)-,qd S"i 8-e*8=Q.

(\) q< (sG (A)-,{< ffi e-)l*b=\
(s) q<r$rq (A)-<<<'"t b-)\*s=\
(8) q< rseq (A)-<<nr )\-eo+\o=\

(s) s<rsrq (A)-q<<""l \o-eo*)\=\

a.)

o)



ts1 platonic Solids - E +t, qfrq qi<lts qTEfiT {-qTsT frcT c<Es <l qkq cT Gt{ ffis q?PrffI

(polyhedron) q+re (v; ryfr qqr I Switzerland-€( x{NRl. 
"fFI\o@ 

qTqK (Euler) :qrrs qm eE

{4 qlfu{ s"(T{ \e Qqlt T1-<-{ t Euler (l ro r-: tuo) ft-c-l-< q:iol-(-ffi q-fu$ arfiswm< q{JsT r (o)-

cg <ffio rffis <I ql$t<gfr qrrfrfu< @st"t ccrm "F€K 
-EEa I qt qrsls 6srq-t t q(?[tB< qfk6K

(qqlsrd--s r et <-<ql-K Wr qE-< qc{-cq qlc<-s qfi${"l ulFl-'c-gGsT c?nT[+tc.<{ (Poincar6) ig{
strT $UrT {t Topology s Algebraic Topology q|ca EE "fFs {"tK q{ frmtq, q{T qffi 

'tfdv
.ff?f1-n g1-{ 

'ft<{6ll-{ 
qaq;tr fu1-61. r a_+tf iffi ({TffiLT ()b-c8-)b)\) fr*eq. s sRs 

"tFtr-r< 
qm

etE-rT tl"il{ q'qITK"f 
'tlfu-sr wfq sLT{ q<( q< eTgrsFTg <q e+Yt{ wksK +r< rwefrro qIq'

sr{{ r atfisE.rn< {6<T \ilcs The Last Universalist <qI R-T r

Topologyk 1n RlT qruq Continuous Transformation r qllfrfu< ml-{ qfsf< (form)-6o <fr 64115

{NFI qNriT 1ffi{ S-C qr{s'fr< q{, qfsTK frca sle{f qn, <](tr' qt efr{]T mt{ q(It E* qt q{

q<( qstks E* qqt 6ur19; {l qfc?f, E[<E Topology'( IEmTt ccl-m qN e fr"fri qfs-]-{ qtr {IEqr
qr< r platonic Solids efr Topologyk IErfit calm "f<BK 

q{Eqr r sTcq-{ :rffiT qq frrffi sl-{rl a.

4q?B1E q-il (sG 'lI\B{t ${ r Topologyk qrq'q'fw. Algebraic Topology'li'all.E{ q"lllll Homology

Theoryk erqs'F{45fi5 qt I qq?nfr 
r

Polyhedron-q< (S-@ t q(?BtECO glTal Euler- qqrlfi Kl Euler characteristic {Al q'E I q?t4 qr$

Euler-Poincar6 characteristic {ET q-T 
I

rt)-e wtfr&< q'st {q{l qE tqiurlK <qr {m 
"iFk-\9-< 

cit mrtarq-< "Kls sT{ 6{C{QE 1 ffi q\' 35
qlcei eo fr-qr-$T F-{i-fr'fFM qGq 

'mqiTl (Galois)'< ()b))- )b'et) <-a."ifr q-frq<c"r< q${-{

mlrllET-qRt'ltsl qqfu qs ?<sR-s qlR$lr{{ {I{Im wfifu-{ qr'ry| qfr< vs+-w<tarur q$F\E ET I

rfiffiw q<( {-{s(I;I {<.-O EF]sfrq qlr<E (Abel) '{Egolc{ ffici alaa c "tlD ,{<( "lto-{ mfr {.lql<.

qT{Kt (General) ilq{fr q'fr-sa"f ffi Av.lTft&s "lhfreTs (vdts - mluf, frr<'lui, et, $al s <{qn,

!-{{fl ffi 1r+< nrqT(U) qfl{-{F<'f {g-< q"T r 6sn cof{ mrq :rE-{, Galois of qqm 
"ffr{ EF

qfr56 a6-a r Galois $q q) <q{ <{m (<( Abel $q t1 <g{ <'{m Tw<-<t $r{.{ I

+.) s 
"t) 

ccl-cs {qm $rcu 4kQ m, qKK6I 
TBzu c<E 1-6tr ffus qlffire< rrqlT <r{ {r{ q{, q-{ qtT

q{r sE afis .i'p11-a mFt <z3rq, q<( ,48 {< tFlt{ qRfrs q-<{iFFo.i{ s{qriK {c[d qTB qr{(g qT \3

qTK-6i-{ 
"tcl c{<.s_{cu$ 1

u[)-q< qTCfi <RH ql-{I ceiE m (4F xE.sfra q]q, BfllRI4'{, E'{{ qa ksq @ ruefin-fr5avaf a3t ffi:
qsEF csi-E ffi"cn-{ <Req mr-{ fr-{ frcr c+.,r< q{ls-{tE csl-{ ffi"t| cqt, frffics ,{$.lfr-s qrfs-{H K"tt

frql{tr r tBft-Ba fr{.rGr fql-5eeftT.) wrfre-{ ql-{"i|{ qFq- q.Fftr 
"rFtsE. 

frrrq Biemann)-e<

Riemannian Geometry-F Qq .s:Fmfr {-rcf, qK qi({.RT ttFtEG. Bolyai q<( {lFKm ffifEw

Lobachevski'< qfm rsq \B "k-*i< ffi+ e[< IB Hyperbolic Geometry-(E frfr{.\5:FmE
q-gI r A{rc{-<' qffifus egrsT{ &q mr.r< qxB Et qrmt(t{ (DL{ <V, qrt1Fitsr{lfr-s' q1frfus

egq{ fuq mr.r< qrB Eq 
qrcol-6t{ cum qtB r ffi qit'flT{fr-s qnfrfutu,{sB frWq-{ Eriiq-Tq'

qrcq,${mTtffi{qkTmt,f ,f ,"*qm-< GHrFq }".n | ([:], e{. bo) I

rfcmo qt {F|sw Hyperbolic Geometry qffr6ffi sslcEs, sirqd qlil trE IT m qGfrq 1|s qf':ft{

"tFW Gauss \5[q-{ qr{s qtT"E eE qilfrGK erET R-6{{ r q<.il frfr 6K eE qfRs'lT ei{i;{fr- Erd

&fr 6rq-< chFkxtrcE{, qri<F t({kTJ sl"l-csr 6K {l.&rg 6t< rq=[ & q-< qrRmrc-<-< fr-<<q t Gauss-(d

qr{ fr6 qrd-s Ea r Elliptic Function afcq e$E s+Ft{ {"ffi q-{ ig q$ulG Abel ig Jacobi'( {cs

€



{s- Abel-q< TEr-T 'l{ Jacobi Gauss-(Q ,qt r{ \TIfr$K 6q{IcF[, Gauss <E t3vq F[tfcgi' T-fi Ef{

frcqr qIfrTs et ert sle Jacobi-(o m{fcaFr r 6r* qt qfr$T Abel s Jacobik qrlK qnqt +-<t

qrs'6q r utfi&o ffiilefrT (Astronomy) € Numerical Analysis-q R{fE fi6 <uqt er< a{{a$qK

(Asteroids) €T lqsT ?fsET (Ceres) ut&qq fr6{-T +-K dfrmrof* )ifEfffi efrro 6q.alf{ E-<q slcq ffi'f

s.css <qr <rs {lsl{ Gauss-q( qffis q ffi-flf, e+-vt{ {fieF qlR$'K E-ar{ EHlI{l qqq ffi I

QUeqT qrtfrfuro ic-m{ <Gst-fr'{m Gauss-€( ee-yt{ 'r.fi.tf s qlfr'ffi Riemann-€< wfr&
<D-{l{ frfr r wewfboe .tFlls EolFM, qefoFiio q'ft1T sq-qf{f{i e+-pt{qfrfiK Gauss-cs rF-<q]frT

orars E-6vw csH species-€( :TT{I Rffir{ Rc{DiT s,-{(g effifr\5 SGrCq \i.t< rOn m',r{ et-{$
qesK|q. {fi\o@rq-{ r

serc( Eu,-qfrqTM r-sft {ffi {rc{Fil € c{mr$tc<<r r?[ TEI qrscq r Gtrq-< fiffi( q{T frm frskT

{Ffe-<<q.iFIFrBs< s eW{q6zq 6{{trq- e<l+fi;gi<-ar< r

<-q"iftwfr+-rc.t-*qrHH -G{frBElqyffi rfr<"{6tt+-rcoftcr rltmFl esFl_yq alftsrpx Group Theory-T

q-{ fi-{ 1 
q'frs-<-(6K A-q]ofr{ 'r<qrr{{ RGrr-"Fflr{l}-dT {'cq 

qE q# r e{lc{ Els ensfr me[s-<-E'ff r

frcsT{ Avmboe T6"RsT{-s T\RL< 
qI-t6I ffiffi &R Ellr frfus <r Ftr*Rmq <tm 'lIcEl{l {El-< 

qlc'f{

fr{ R"ms TTft "tfiEw Cauchy-rs E6 frc-f dK qTkfiT s vWT frlm qlF sc<-{ | et qfRE.frd{

qct'lql< s ES'fbFf XEro c<-t T'c-sF <qK qI'S El-cti-r ea +-{cFGIg. "lC( Cauchy ,q<( 1F'f "tFlvw
Cauchy ,41 :TI?fs qroBtx Group q< {l{6tt e q{ fr6T ,ffft$-6. ffi s {5q{"[ tss qs I Cauchyy-(s 6{rll

G6E cqno "rr{ +-{ft rtFlE@. Jordan K.rs-{.eF"f qqrfr w<T{ E({r{ srrslT qK q-{.l{ 
"rl{ I $tr mtq

c{6+' n'||s{ eF,6"K frlT Firrl s.tr,6f qFft{ {fi-'c-e&ET Felix Klein (fiqq) q<( qfrq-fts "tffi
Sophus Lie (ft) {ctlr+-c{ u,nfrfu seilv{ q<( qls-f,q :tft-$Tt (Differential Equation)-e< el-{6r qt
eF"tsF elc${ 6'5a EfircK qsls qspt{ 4-8q. frlT qrfrs-K s;r6o ;r'+-E q{ I stEcr{ qr6o ffi-s
q-fifrG< +"fvjBft-+ <ffo-<"i' (Classification)-1ap ft'{Tlv Uniformisation Theorem-€T q-{l {T r

E-{rfrm Lie-(T a6 R{lr{ Lie Group {16{ ,!T qsrs sryt{ s qlq-{.?flT {E ET, 'tqt{Rqm {l;r

asY s <ITqf{ qEq I W{.lf Uniformisation Theorem fr c"ft*fofme qlfu{ T-Gl-{'r )bb) qIffi

ffiRqil q(@ls qsB slcsr <6{.{ T'c<l EEI-co DqF qSTq lit< rF|l-s qt \fiffi vk{ r {fr-Rg]ffi
c{l{FFlrr "l[Qrt-+ I q r{rffi qrtrfiE[sfuotRftqtp'

3rfta 5vvq {lcffi rr{ nr?m Gottingen calrs BsT qlriT ftK ,4FE rErs-{ qEpfis @-165 ql{ r SK

Asthma &q q<( ES"il@Tr & qm ,h qtrtm c{T{t s 1Eqs 
qt+{tsnT Qq 1 Tm <]F Fttffi{ tlqs?

q{ q<( &fr X+tr.o {r{c6n ql r q'rslT frfr 
"tFts 

ufu qtqRr<t"r +;frrfff I qt Tffi Uniformisation

Theorem $n qHfT \ffffi Lq<q &fr tafi {flt o-+cs qsT q4 r qTlfr& s eFofioq* fiR&rfqq' et
qtRq.[T q$ qA "6-q ffi ffi fqsr{ 6qS {A\o$rc qq \{rfr$'rs{ frrm q<re T'[<.{ I ecq-fr {rq]'

caffTfslm\e RcE-{ 1 3ift5as qRcnrr relt ffi-ffi, q<q{ fr,ft{ Usr< g{ frqr s \nt{q effirt 4a6q
\ffc-ssr{ ,{fr fu{ o-+ro ut?cq-q ql r qK c{lTFFlK ql{fffi{ R, ER e& \ffc"tt \IIRfi( Fr{ m(E(q{ |

et*5lC{ Klein-Poincar6 Uniformisation Theorem q< q-{ q{. 
I

q<r6( c"tl{rslffi{ ft"flq& \TIR$'[-T{ frqr{ {{6il I q{IFs ,qsF:rqr< s.lRfr \ffiq r {?re.Cqr itQI oscar

;qsfinrq-.fr sl-rq qfirc dtffiq, {ffi.{ R{kT ffi{q"l\ (Solar system) {F qT EslW (Stabte or

unstable) I cafltrsf[T rr[<{$ T.ct ,{sE frmr caH <FrT{ t slro stability qrrff 6sr{ ffis "tl\eTl {Kfr,
frU- qro fiEBfu etGRwnq< s {,Rl-|s,ft6f{ q]qfr-{ ql-g{q qft-o-*qefr rNKf{C{I'[ 4| qs$:rCF€ \otfr-(

Uml{Frq,prc6q6{s. qIrFIFFet[5Tff{<r{qlqcse I rFFI, cafiTrorK oscar 'IsslT c'|ffi{ rvr< et ri'rftB-s

E

I
.:

at



{hfr "K<-Cf {ftsw&-< qlr<l {Rqs (developed) \e <fu (extended) Qf,{' Dynamical Systems 4ln.

wEts q+-yt{ r-yT "iFte tF[ q'l6q 
"lRGs qcTrq I ,{<1 er"fFII Rflr{ Chaos Theory 4(( Fractal

Theoryk qT qrrq 1 
qfiftm Bqr*re aIInfu nf$lrg-< x{i celrst frBq' uifrcq{ Topology 46ry furp

'ilafiE{ Eq{fu R'h r Algebraic Topologyk's {q{s q?tlc{ r c"lfftsfiK Topologyto Number Theory

Complex Analysis, Mechanics, Mathematical Physics, qtq< {f{n'lFIl{ <I{{lT T-Gl-{ I

et eK6q-{ E"rqqqtc{ 'tftE furr{ q-ffi-{ R{T-eftq vr<qT {Flsu. TNTqr;K qrB fr{l]rs w{{]T

'Tau Conjecture'-€( eqq Ers.af s'( 68?lI cl{ s<R r Number Theory {g1s- et Conjecture

$$f0 eN'f6f tr"m cq&-TftT-{ {ffi Deligne )bq8 qlcE International Mathematical Union-(K'

Fields Medal w6+ orrq I qr effi66f ffi .q.lgebraic Geometryk etr-yt{ s {qj<]-+ &+( <i-+qt<

+r<Q6aa 1

'ifirs,r.|t.cilT.iF||{ frRv qt€rr-f< frEFl "tkET frrya frz
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fl(q qlT {.ob €s-{ qlTr'fi qry q<q'r{ rc<-cq qi <E irqF I qFIl oR er $flqtr{ ffis frE.l{ qlEq-{

sflry< ){lTe[ fu +Tr{{ q-&-6"i-{ sfrln efquT-{ q-a1 I ffiE rg-qf, qq€]-rq{ {i{rcq R-t ,i-r<fr<

B"fqnr{{ <r<qlsKr<.{ r TI.K fiTH Cct r qT qcq.\3 EtT <Ifftr nclt {<lrEq1frfi qt fr sFfi nk r

<E{rqE 4si qm€ q< F{ fu qrm< !'g <g rs e{ 6qtD rrqr r-c<lt etr6s q,T({t eE qtB ft-e r

<ts"||q< eA Arq< {6<F Eftrr atrs' fu .rfu <r srst r mt.ifu <l srst ffi m qrq-r sE{ s.rqm

cqq sr{ fos "ffc< r cq:F ql, <Eflq reu e&En "[kKr"l, qqTq1s[, qTcF sE sfffiFe=fm q-ficu {l-r< r

"I{clT 
qHFrcbK etts{ +ilrc qlqfr'FfcartT mR fiT[ elms s6-{ 'rfurrrr'$E'rEC{ mry .sd

<ts'[q r qq <E ffwr frK<t qsfrr+{ scff <fr | q|qfM< ffi@.fq wwfi-{ {Hfr{ fuq q<( ffi .!sE

FiT-s frcrFf {As'l frm ur+r ffiTrqrr-{ 6k\qTRE.r{ w{rrq-{ fr-q qrqtqLT{ qfurr Frc{&, qfrqB

ur+t cq&r+-{ srqq D-gm, q-"N EqlT q-<RE r qfr.s.r 6"rc{ &-{ {-6qiq-T \efi.l-+-(q c"frE{ I \e{l-sl-f,I. cq-af

c<< q\BTK:rq-T ffi qErs wo frr+q .flrqT e$fi &Fq m{fc<T <cq r Eilfr q$U q<rt q"TN qIFr<

(T \e{l{?T{ ql<K fr cq"flr<-{ &fr | .dqqq sr{ ,{Frc{ 6af-4f{ r &fr uf+t (I.&rf,{ $rqq R[n"ilu1-6-aa

qlrm ft,T'EFFICE <El-ce;t r qtfr Wonm I ffi aa6q-d', & cR.r er(h-T B"lT qsB AtU <E ffR r tqtr mc+

{c{ qr< qfqgr{ q[q-{ B"K GT{ <I'[{ +-fi q{ cg{fr cl{qr mu ,h <B{rqE ilFI-T KC"Irq 1 
qfu q-41-6

q€{l{ IE I el-fl Fl, fi sST "ifu<6q "fiqtr C<la. qfcqr iq{M qfls' 
'11q"1i-fi 

1lqIV-< gc-o c<to

qt(q q<( c|rsr{ ,[qrdT 
r <Brttg ql{K s-el-C{I 'Kr|i$ qLT W{, rtlTq_{. E"K Ei-{K I "KflqT 

q6T q-{ frc-q cq

vl-< qicffilc<p q"tfeffi,{l-q +r< qa-4sffi c<ro qfco r qst qcT qg-fref, n1 RFq1 q5<15-{ q{T tll-6q

mRt {-r q| r frGq efr-T et <D"flq r <Eumq{ fr-sB qffiT {.{l qtet ffi (Ficus religiosa) r qPtfr

qlcfl m'HE <B"ffR qfR (T.FE qtcl'l.P? <tsflR q|{ qteFilR {{ qqcqt tr{rs 'llf,ml efliol cqrcl r

<Brkq{ "llET F-f {e, wc++ft EF[gtT p €T( "l]eK ft{f$ qn-sfi crll{l$I{ € I.T"f 1 qryfr56

qtqfl(q{ 
"t]Ei <ct-{ Ee-{m "flEql q<( 'llsK ffi 61p-nnr r qt-[ ok, q<"K <B sr< qtq 

'uR

tr{rs mE VE s:rtrr{ ql r <ts qK qtef ,li-q,{rc{-{ ml-f,q{ rs tqfifrfi-{ +]rq qw$fi qECs qlgl s<(

qits + oqr< c+q'Rcqr< qkGs 
r

ffi

E



<E ttqr+ ft-c< qmrcq< qr+s tGqrq qkq Glr, 61-a1 frsffiqp6n-s <fsqt I q"fl-6{t' ffis qr-{&q

qtfrq +qEtffirq< qcN tsl$f 1 qQ <B{i-qIT 6ia1 fr"J|qryrqm-{ € <I(EtrnrK {rkoK qlrqHr+{

{fu+.mm <el qm qrro r <K T{d5Gto qrflql-{ {Rft emqfl"r<ml <a fifrstr< gt &fqft-o
<ts"ttqro K({ Fr< (+T6I I qfi qtfil-<t m <B"tqE uffi ffiqrl-{-ffi-{ saTls-{c{< {lTCd fi'{ks tn qF

ft-s frt <B"|lqE ir I $fr{EK Us--<-sm qfw{ {ffr{ F[-dtr{ q-{ qr c$r{fu <Iqql6q-t srt$l-cE trl-$l

fr,{Rkrmctr{ &ffis <B'ttzq< sreu $ffi'+r< qfitRv <EflR-G-{ qc-a enE .TR-r <E 'ffcqr 
EKI

ml"l"l +r<{, sE <6xl-rq sdlls?r6{-< <i-sqlK <Eflq fuqr< {f,Fr3l sltq "lkGE r 
q<?K qtF q'lqTfuF

qqrq <B{fe( nqt|r r qt"Hffi qsrct q[cr...{. q<( E"rNIuf sr<;t qmr"i-{ qsr]q. {ffi{ Esm "lrq6il

t<r|lrcK Esq< r <l-< sp $l-qK <I{[E r qfu <qa et <Tfi <t{m i-<-<-r{ cstcr{ qRaf mltsK {kal Wccl

tsF qr qiT'trts Tpfu "rffiq- qF {'tr]-fl qfu{sn, $ qI"lI{T qr-sl {r-\1r{ B"npm srF Fl{ Tl

qc-rt WE {iT &ffi6s cqQ <x{< <iTE r efr e"t{ QGqlcrm q(.1 I <I(EI q+.rcsfr D-y--cr\e cE{R qsF

<B"nR qftq {K cfi{cq <lqql q+.l-csfr &fts qcrs'q-iSH qcr qfcr I qE &ffis' 
'ffqemfc<F 

RElq

qkq-{{(<q{6r{<I-{-qf frco trr< r

qa'K wfr 661 frrffiry{T qElsK sr< q<E {RTfur csq{ oq[r r ffi qml Dl+-+eI q-1qq. I qfr

<lqEl-fir"K n<1& qrEr{{ q$E fiEFrm r e{l-r{'. q?t{ elrqEf t<-fir|, 4-{W E\rK, <qB- E\{{ qt$qrrs{

qfml flAro qr I Elfl$EI vpr< esB c{l <g q<( <T'fr <qq 'fP (Mimusops elengi) ql-cq r <t <qq

"|lqfr 
st< r;pql]-{sny[ qK q-{q q]gl frrr frTorrq m{ <g esfi qq.irs q$ fir.q (trm <lcat I .{t rflR q<(

q< Rl-$-{ft^r--{ ftfu <Etwm m-q'rcr<t Dt+-sqT q5m{ +cq {RT&$'q-{bH qLT afim r <r<r qmK ,{E

ffi"ffE {wqr. Erfl fi ++rs <.EE itq fiC{rq{ <I 6EG'{? <-{E itq ri Fqrq\e <-EET4 ftE{t q?F-6{ 65-6fl q

\rq-{ {lqtrs' frr< r q Ern< e+F frE 'E- 
qtcq {t {ITCT-{ {rl vrcq'r<ptl q.lFiLT cul-ffi I fiTkrqt

fuq-dm Rr+r {tEt E"rq]-{ fi{f{ s{f sr<rEt ftq-sto <-En. {r-ffi xnr< ffi {lall{ um ql-csr r rrsfts

Req wqqTl"N-qcn qlts Afts '[clFN]<T 
qE \aq1 {m frfu $13 c11-6s t eq{ qT-. {lrs c'lrrcqn 541-4

wEK sefi <-{& I {l{l Dl+-s-qt{ FrC-!(q{ EKI fi,Dnt tc+r ears]E {L< fir1rcqr r {Kl €rlFl 6qr?a fr,
q-Cq-{ <-qE esfr-{ fr.sTt q..$r g( {i-r<+ r ffi{fr<{. q?[rd- ,ffr-flfl-{tr qqfr-+-fi-{]T +s q]-ql Wq.m {R
5l+-$-{'M{{.rh-T +1furO V"r{.r Wer qtkCX Gr?IR r m<i6q srffiI Enr< e frtl-{ qNK ql-cq 

r

qIffi< mrm q.rqT Rrq{ {N fr <E+ cotr f<s qT sr< <cq ftQ, .tl"til r tHet qsB qqq E&n r

qEst m ffi '[(qT s?[ <cq qIqQ Er{I {srE Frc-6q.m q-+sT Efuq. I qIqrt qE {4 ctls(€ .Il'lEI Fq'
qfqT {q q q{ s<z*ret ellm{ r ,q< Bs{ frt-s <f<f gT.feT qq fr-.fl5-{ sr{(q-{ g]Iqd q5a11 ffi
Effi Rqr< q< {effefgK tsTql <ErcE; ffi g qNlffi-< 6hm qq-{ qq.ls"fr qte ffi{fc{ {r-8-qrm

-["fEl qrq qmo r <m fr-q <i {€V' fircPcq{ uf<f q<$t qI{K qfc?] q$rE qr<'{" fr qt, .Il"lelm q'ffiT

qe frcam fr'flD-{ {cltcf I qmt {IrKqE frq mc< (qlhT, EH s fr{) .il4ql qlcq EK Tr<r {lral {Pffi
qlTfcq< qfqT \E Nymphaea pubescens) r vniv.frm <'<H fr&{ <cBT'tHql Wt qfne E"f{ c-;r effs

<Iiel6h-rK qR Prq erb r 4N <lqqK +eV <l frrE-{ r<r frca cfitqr EEIDTE{ qq ffi6;a E l]-6"i }ll"tql

fi"ll !1-{ r .l["l-qt Tr4{ "llEK $43 a-<6qT $Rlr{.f q]iil TC\s{ <flB fi"fts "[K{, efr fr-{ .ll{EK ffi
qKe <t@a 6qr I tl'tqlqn cll n{fu cs{fr.ll"HI{rtrs'rsqr+r+Tsftqt,{strRrq<k tvlfr
fr-cqrg .ll"tEl {< tq +fr r qFrK hf"K mdrq Afcq r ffi q]qr{ ffiEr+-qlf"ref.{ B"rr\r1"1 $L<A

qem q-{F 
"l-{eE I 

.r{F tl"l4t {E q<( ,{< T{& qNK FlEtfrr{{ {-fr trq I qHfcq-< ,{f6T{ s"r< fim
fle<f-a5r11a qttga-< Ern< +fu "fffrcs 

q<( 419 ,fR-<\fcffi qlcat qlc?t'KNT qFlq,m -ll"lEl $q. w<
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G\5 rr{ q-{t{k I tI"tqt EE RRIIr+ q-$T Cqa[C{ qtfr'nrt $-5q 1 ,qfr esE er<'r6q-{ Ig EE r sR qr+ro

.|t"HI W(E ss (els, qtfris qsa q$E cefglT I qt qlC-T-{ s$-<trq qc{s wr vcr sr{-x[Pffi qcq

ql{sN q<k qtrsr|{ q-{I r $"1r{"1$-<16{l .Il"lEI En frcr Rrl {sm qm c+cat ,l_{l-{ 'Eq{ r R-+ wrs
qtfl etsr qKK frl sr<cqq Rrf {eR qmr{ {ffif qn ffil q1, qfut qr r <fr c+B eE {q frc-T frfi
qqT {re,t ffi F{co Di-+ Erqm .tItEI qm Wqq qn qNK FrR firl qrqr<-{, FF[c-r fr< e s?tl fr{N r

tl"lElEE "tRl-€qCEElCrEIT'| a6E I urr("t-{l-c<r mfrq elrcrEl cqn-o dtqT qilfiqffl{? qfruIl6"t<

*tt <rq {R6s r qerqt q?H q-r.rcft {RLT GeE <rryCq r 
.tl"Hl 

'flrq{ AIDT q(.l cE {fi{ foT >[fBcs

qFq' cctrs "itqrs $tr{ {rcqf qt<q. {Frcs {RIII T1-r q<( $E cafto akq< ql.qrqfu "fifr s {frq "{E
q<<<lR q-rqiT sr<. ct|m r afl,cq* q q(.fcs qNal {{ R6{cT ffi r tl{eK cs(q {E "Iffi <-{

flirql-m "fRqs qT TI.ff{-s 4lrT "tRGs t cqEs ,{fcq {Iry Rcqm "tRG\5 I 
q cefrs C<R[ c{E .ff"tEl3l

q<ffiqmrq< Ftslftn-{{fr r

.]T"tEt< FrrB qfqT {c{l "faTE Q,{elumbo nucifera) r efr esB

<-q<ft q=re SGn q<( eKr',=T u.rqT {T r e{ fr-e <-qe-{ slcEl

cll6r ,{<( )rcE q{cflmr6l-{ q|{tc{ q-q{ ,lraTTET uffl 5E +-<m

a||c< r efifl {[{, qH ),eoo 35 {<-clT E-rr-T-"I( fi-5q-< mr+-{

oihrTltr{ fr(tr ?rg alrfl "l(tr{ frq 6ams {E{ 'wltq qmrq 
I

ffi q<( Tq< qstrd qEs q?td q.l-rrcqir 6q-q (efro elkm 6TCo

<m(q I Trq €{{ {{ qTDr 4qw fi"ll {l-rl ql r ffi m SIcl <9

qc.<Q ui< "tr6l< snqt qsfr ft-{ &q 6q=fl6 qq< 1nTn qfo r

eT-E\o '[EBE-{ RrE-{ cffi q&r q"r*'t I q{q 6qQ eu. "flal-ol

fr6q ,fEWq-{ qF- m.Rrt ftRt Cit I 'iTaWE< 
elt\9.l C-f <-Ei q<( qr{-Sft ct|EK Is 6q"ft8I qr(s 'tq

'|]sK E"f< tV cm FIFK fr-q F{ {s]< lg cqrfis r $ffircr {6"1<. T< "tETrE-{ 
epsl q-a;E fr-qg

R6rye< <r+qs qpl r efre qNl{ fr"flq'qrlr$Q qr+T qT r q|-cq{ {1B + G-{f{ qlT<l <'{r{ <,{(uflflT

fr-{slT.r=f+ fiB< ffif$Ifr c{erql-cr "tq"tlsl{ {W-frcET I 3'ffim< g1 <ertf {< qlkLT ctrcq I 'il"l6i1-{

rE 'IETE "rR{€ ECE C{F q{ EK {]{ <-{t elqsFF I q?ftS ET"l qK etqD'FF EID'lcsl vtt r muro qr<r{ fr
<-{rffi 4E? 'rq}Ts {1Ts-{6l qcrR q{ ql-fG cq[ro r qfr fiRIts qr{sfi fuT< rs qK lET{ ccras

qKq <r{8 q< qN 
"lErD'ro I 'lqElr$-{ {c<T ellco eq-tmler.ilq'kFl fre <r wm[l cqB c+nx cqGQ r e

ffiIIE r{rq fr{R EqT ftR {rl-C.<3r tsT{, qEf{ "mi fr{ q$tn"f GtFlrs 'f-q-fl 
qlTK NmE r sTro &rG{

s.-{N Efi{ a1 ?EEls 6D-61-t? g1-{51 4I ffi54t C<'.{ G-{ &-Ccq. o-<rs trq s-{-ffiI r ieK Es< kq GR.T[ r

qHm F{r< crr{ $-Gr c{ cq Erfi.rqz< <g qmrq qK qlfre Er+- s.{Hl ut"t <l lwuls-CRrr frQfr |

EFil.rqr- qE {< ests[ cq"tT {ts ql r efr qNr<Q rlrfut, qq <l"for{ qK qffi frcs qr< qaq frEN I

{fr T"af6{f {rTI1 ql6{ Eaf{ q-<.5Q \olFF GG-6T cn< r -ff"5qffi !E 'lEqrn< fr{fsRs {E <t <ttcom m

scrtcT[lr mD qm< qffl E{ qt r qNfcq-< cmt eFrs cqlrs qss ffi orlr+ mRfr <l effi r eF
gTWqN tsTt"ln frm r q]"ficq ,{fr K{-+-{-{f6{ 'fRE\r r ffi Ptqtu& &R elC€T q-{r )bb8 {lcq q?Fl

gTl{lr{ qtt r EcFt qqFl-{lcffi !E 'rffi{ ilncq|-CT{ 6"tIT (sft) ?|It <I 'G6t-s-{' R6qcr q.l"tl(i {RGs r

<ftcql6-{ "1sEt Xttq TL< 6TFI 41$s1T twq-+Dt c{;tr6r l-re) frca W<t Nrq N6a 6sq4a4s 6n!f
ts.k s.-{l q1 I rc-<lT qfr C$l-{ rtl6{< q(.l sl q.l-{sN ql I q<"K \oo8 fl6{ a'{{ 6efl? vrAW{ tfr<Ttl-fl

"n-m tsTl{lc{ {lQ E-lH efr csH 'tlcq{ 
q(.i qr{l{ CIfi sk q<( q{rrc{ ql{cs "ttk ,{E {qwq{ {r{-{

R'6e, "fffi<<tirsm+ cflsr
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{ffi q$[ I qE qFK 'K ffi sB-cE "tl<RqN iT 6q" qETr{< s"ttsRs {ry qE {qIT ?tlqr q(g

"[r< I ql"ffrq c-skE. ctm q{ {IT fu€ c+E YE-6-a a1 K{ I qI$ sfr c<fcq tsr{{ + r

qrqT Is € qffiT Eq {{c{ cui @l aal qrol I q{q {fr qrqT T-E arrffi ftg nl <h ERr+ fr 6-s

qc<? qt qqH qNl-cq<r u.fqT +e +tbfq (Artocarpus heterophyl/rzs) qx-5q fu aors uR r qmffi-<

ffir.t qH"ftrqT ls +tbrq-uflRe {< ,{qrsK t\eTI {r{ r sr< fi$l-{ ql6.l"lr"r{ ,qEl$'f fifr1F, $f"fiFBt,

mfr(fo€ Qq-T $l5m qr <cE qlTt{ <K.ff r qtl-fifi q-ocq $ttltallp af 6q-<ffis +IiIE q-sroQ fir{cq{ <t

"mr +15H c{c-T€{ t "tFpt +i5rm-{ +rlt <-{-flT +.r{q +ffi $15-l(e-{ qtn qTlr$t qqq 61-q-4fr r ntul

drHmqtffittuvRcqe< c{rl eflfr 1 
qfuaq1 <qruffi "msi5r{ 6r1-56ffi$irr-{ cqr-et c<Fr €q

ok r fftm n. +rn-$E w +-{ fiRtt {l-{ vK {ffir $ir-{ q{JEr r qfr esB ffiA-s +e r +tbrrq-< esF

fu1T t<Fts, qmf F-qE ry6w sls cqr$t c<Fr <-s qrrro r qrfrs {q .il."Hr{ rs et {teEe qNl6q-<

fr<r+ qqrs qtryt{ r q< q-{ ffi mtrqf {I c$rcfi Ttcsr <l-<'${6Tl'ir r mr{ slfi siSr-{ q<( 'llsf
sjitq-{ fr-q {-<& Rrqr{ q<( "llsl dSiq vq Rcqr{ ,{sE E{kq-T qltqr I efu 6a5q {r{CT{ {l{r(T{

nefi r e<l{ <fr e< "tiEl{ s"ff {t fr-d,I ql'lFtr fra ?IIql r ql"tqFl qsFl $(<"(q{ cord{fi{ Ern "Ns( {&{
"l]r"rt +TbkF-< "t]gl Rfu <u r qdls <i5r-q 'u-RK ust, TEr € ft-q qNr6q-{ FlE]frr{{ qtccf qvrs \e

'f6flFsl6{ 
g?&Z-T uTlcq r q<K qTfr sjitq ap6q{ 6ffij +rtm r "tR"E- siSf-{ afire{ s'6\B qsB stc-{'f ffCffi

nfb r sttpt qfcqr o.fsq-{ q 
'tkq< sl5- frrr fr&-S {<r{T Etl{-<K1q tok +r< efc$ t ,{\5sr"f qlTl6q-<

qreT 1q' q<( q-drfiT fr.R **-vt{ 1s- 
q."{fu ftg qm qql-fi selr {(frs qr+T(.< B"rqpr+ $-{cE

c"lr<Q <54 qfifs gr frtrr r

qntffi< EffiwtE ft-w"r< mlDt"ffi{ "ttrgi{ +jitrE-< qn srqx qtrq

ffi Srqqs'r cctrs qrcrq r ozrrc-{ en qrm{ rN Erqr FfrEq <r gqD
(Artocarpus altilis) I qQ r-{E< {il- er{ .s+ qmf ffi qlirc erP

$T6q? et <EQ, qE F-qE qmsfi sirtqd r'g I Er< q|+Tr< q$E qits,

ctnqG q<( +.tbrc={-{ rs sisDt siDrp +s r qt +qF qrcr+qs q-<k

Rmc{ <KqT{ s-fl qT r ql<K eFrs- pE< r'rrs {I\e{I {|fl <m qr{rs

l{frm +.tr{ R-+-fl Rrqr< &rcf a[Cs-{ r wE< Is CctCE qm ruq q{ft-$-

(qET et&T qk frcr c'ilE EiSq srr E-1cT. ots{'K <r slt e5;6* afoq

wft-< xs Fffi {ts{I qirr r sF{ rs {I€$ qr <rEQ qrs sErD-m <rq r qE

mqf< "ifb-ofa-< 
qTdrsi q dNE qRIT s;{-6e-d <fq ql-{.K {KctT r aifefr ffisrcs

iltm qlTfffi-T rflrv1{ qrq 6q-q-F 'llm{ r

q<K qfi qFlrq-< 6nr.t qK e$E {€ "lRGs aflcg< oqtH r

m tqB qrfl s-fl'fl-q (Musa sp.) r +-+I q-+rqe 6Er+{ I

qNl-ffi-< ffiet fr&{ erq.rc< T-fl'liR qlcq r qlT{l qHKqs

E<-{6iiI $dII GR r qsB wk Qooking banana) R{r{ qlT

q{rB -Fi (Fruit banana) fu{K I F{f qNlfi-<'tfrc-<< q-+l

qgts S"ffi +<& is +q r w<& fuqr< "tRGs sqlr$'
GG: o{K Cql]g 6-C: TaIK flfEf

sjlr-$-{ q<( TEr foqr{ <I{qE T-{16$' ell+]-$El <EI E-T r +tu'r qqr<r {rclf,{I qrdS q-$t(-T{ qi-Cq r nqE

{-{fr(fr qErcK {w<$-{t St {Tk r {q ql$K q-d, qfrfin-{ qtnr etfu orur qqr+ {rcl+qf cffol .{T'lg

6rq. sBr-{



<lq.ftT I sqlflcq{ ffifu'f (s-{l{ aJfr-a qeivrcaF q('f) q<( ceflg- eqlstftq $-{i qHr{ ffi flrq{ sae<

&cL<-{ q(.1") }K& RrqK ?tt€{I qr q<( qflm-{ slcq qqrql quts Qt qr<m r ,!qlc{ ,!sE Rqr EtE'{

4l Slrm $ql{ fllDT s callg ft.a w {<{$r qcs ellc{ r eElsT rerq ffi Rmr$' (qlrs <{EN ffiro mur

w6"l NErc$- cafiv'<q.1 q-T I $-Et, ceflg q<( flID'l{ ek-T 
"lR-q 

q<"1 frr.iT +-cn cfr-q q.rqT 1?.|d eflm a
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'flq El'ftrg Er< r qfq-$lq {lT.&T flIT{, "flffi-r

fif{{ g-yB <-{HlT{ qt<IF' eTr\g-T q-{q'rT{ qlc{Iq.ci qPl'lT{ q-{q q-60-s-{slc{ q('Erq6i s-{cq I qm-f,trF

RE6.1-61 E\{tRo s-fl qNtcq-< q?F(ffir nfrp r qmr&-o <+l-a-{ <T {ffi-s <-4Kclit c+m q<"nt 'KN'f
c11-$64 G-{ q4t ffi6a< ?[q Tl4F1LT fiq {flcfi '1q Ga-4 TGlq, flq' q'i rbxR tffq El"ffC{l{ nqttB xpm

<latcE Er{ I 'tIR{ alxq ffiaq q-{rt{] eTqK frk-s qq6 (cncq I {\9--<l( 
uflR ,{<( w+-q $fr{ sell {Icltl

m"[ffiqm'frfuT<Fksqr{ I 'llq 
qtfsrErl{T ar+r{ qfr cr-{qET N{fr 'llq 

all-sr{q-{tl-{rq-s-{

ffi q-a6a eDle <ts"{ {sl't qt-{<f {smt et frft-< wslE r "lFlft ET{ q-qq {-sf{-q-€& frrs dr(g

uK r q]Trtig ,.et frfov {q-{\r-rr{ d5-CE 5E I qf{4 qlT<I ql:Il6q-< qt 
"{FtfoT {q.{r-w-{f, ffi-

.BlrEI <Fks qfr-s]-<-<6 qt r qmf< eQ AE ffi{ft qscsl q-6{s' tsTf{t-qql.il Ecf firl ql"Ffcq-ffi

qfr-ora<qquNp11at-s;l-Gr r@rqtqTr<qtvlfrqNl< ffi{K{lT-qT *e? ffi r qfrtqNK co{lcs

qf<s Bqq'tfu $<-trr (cE qf{K qs|g frt|{ r vRqrcs q{rsl ql<f{ s"lc{l mlqlls 6qql <-{ qQ efsil'ff

(qq 
I

fl*



{$lTtrq-lFEfr{fr
v. nF{*{qflr 6fr{ft

q?fq-{qtS q{rl'[S', 
"fiio ksf"f, EFFI k{RqitrT

"ffi\5 
F.<ilE qm@ {6FT ccLs r alffi< q-{, 1, 2, 3, 4, 5, ... qqcmefr{ Eg< <lrq l qm-{ qietR-o qq"lri.

{qt qT r qtB-{ eff,s<-6 ffis q{srlls< a qtfr-s ffifutE 0 (W) {q 1, 2, 3, 4, 5, 6, 7 , 8, 9 qE

q.tF qsBt{ $Trcq {$-{ q(?rfcs fficff qT r qqql-li 6r[1 {qfuT. {$l]l'llE;l-<Eil qT r q-{fr-s qqG(g q

q{ {-<-{-ff q.sltl n.Lr 10 <-r"t 6{l E-{ I ql "lq&T q6q ql{<f qKl-ET qkGs <(8, q< $-qfqr E{(ET

sT{-fl s"mk oR {| r mNlq rT(qlletF54 qqeK cm E;4il 4<rEt sN-fl q"ifr-s qqG-{ 1fr{l e esg

{<rzo "u-<-< r 
,{t {fGfrt( fi<rt. qlTfl RrrrT qt *rfl6'f{ niqll frcr ql-rolu-fl s-a< I

1 q< cum <V G q.ilfi ts{{t@ 1 q<( & qq=r,lB er<r $cr"nny frv[Q-I, un+' dfr-o {$rfi TEI qs I eteN

ffifr-s qq?fiB qrq 2; eF q$Tlq csrrg dtfr-s cq{T t

50 q< q-1rd ffifr-s xq{rBfr ECR 2, 3, 5, 7, 11, 13, lJ, 19, 23, 29, 31, 3J, 41, 43,47. ES

qK{, dtfrs qq"BK ri-{ qlcq frf Es< {fr C{fu<b-$'qs, sffi qrs qrs {W q-P{ ffiA-s q(?fi G3I

+r< qt qrT< ft:rrqRl $"Ft fiI !tc< ql r c<tl-ql >[ET {t-E ig{' ig{ ffifr--s q(?m c{.{ s-+-s'dT m;l'

vrcq-< ai?m s=r{E q-st{ qcu '5{6a $ r qsq< ,h ecl-{ U-€< o-Gft-s q5q, sK ft$qnl {fu( {iqrmt

s;l-co q61 I qE qrg< ftn<l't qfft-++nq-{ 'tffi[ ABfflw Elements q]T-s {-EEf.{ "ll\3{l {1T r QBF-s

cnRfmcqq, ffifus qqqBl{ C"iT q|t t fu- 'c"iq dlA' sa[E m q\5?fu[T ffiQK +-CTCR{ t ffi <qcq{,

Prime numbers are more than any assigned multitude of prime numbers.

(Proposition 20, Book IX)

qdR, <-sefr ffifr-s .Tq=rE q.F$ crf-s 4l Gr{, vK <Rrns ffifr-s qim calrs'qlc{ r qBkrs{ q$t

q1-q\e qfficq-{R'TCI-{Eq-+'+r< r&R <-c<frrqF, ,qs<l<nlfs ffiFrs{<rlffpl, P2, ...,p,Effi9lcQ

<f cqsil qt-6e I ffi qt dfr"s q(?meG-{ et+TE{ qcq' 1 C{Ft $r{ ig{ qFE :Tq"[T a ffi 4-s54E :

a: ptpZ ...pr* 1.

qE qq"ffi dtfr-r qro urrlQ qlT{f {ET qrtr d.fus {(?m cqrr 6efqN I m:rq,

pl: 2,pz:3 frrTqlv<.|"fita: 2x3 + 1:7, {tdlfrsq(?mla ffiRO}t(?tIl4] <Esf{qE\5
qsE stq-s (E\"fiq-r) dfur {(?llT qr{ I c+-fll, 1 q< or-{ <9 R- cofq qrfrR_s q(qIK t en Xnw
sfq-s,i-sr<-st ffiA-srT(qflqm I R:r{p, : 3,

pz:5 frcT"[t a:3 x 5 * 1 :16:2x2x2 x 2<lc+. c(rq'rel 24nc"t 6{"lIq-Ttff<ltq (FG

qlT{IqsEffi+Eq ffiR-o{(?m 2 c{EN r 91-+Kpr : 3, p2: 7 fi6 olQ 
1

a : 3 x7 + | : 22 : 2 x 17; qrsrqqlT-<I getrdgR ffifr-oR<?m 2, 1 1 ("ffi r eel-c{E eTffis*T

G, ffifrs {(?Bl-{ c"m {rt r

a_



ts{ EIt T{; R {{fs{ qlTc"r{ arN efT a (R fi{Kt ws-{ d-qT 1 &d cslq {l{Kt (sT{) el-q-s {tt,

CTm-'f ef(EjreE qTlwr q"N[t{ q{(?f, {n dB-$. {(ll qr{ I {,{lg.{ q?f{.q <F[CE 4, a t d, a * 2d, a *

3d,... {<rfl{q(rlllet<Ei-{lr"F6il-<flTrqqqT|g.{qtiqr"l{n-sl 'lhqr<a + (n_ 1) d;k > 1lfra
q<( d-q< qt<t{t slq-r qn, \51q6{ E5; qa1q-rK ers]<5B "tn k E]-<'|"fu6il qc<; 

'c=tq 
EE' {,{|g.-{ qtl{rt{

5a-H aqt ffifrr q(q-ri q64 al l p<p a €<q d-e< ut.qt.e. ({R$ {l{Kt eqfta-o) 1 qs{l Es qqls{

ffiI.c"K csl{ {n ffifr"$. {(?BT R€{K q-{T ermrqfrT.t6 r F-+Qr- <rHr{ (qt cq, q8'i\f "r{ruig <ct r

{eln 44 q<( qKffi q-s.G3r at.ql.e. 1, q<-"f e(_er$E q!ts{ qNr"f{ El{(?l, "fn d.G-o rT(?fT qr{ I qE

qC qfufu-{s'sq rKtfr <(r"|lqE {ffi frk"ftE (P. G. L. Dirichlet, 1804-1859) eaFf s-Ga I

et TE eqirolT q-dI6[T i-yT qfffi{ qdtq a|tfr&o sF Est+r +<cs qr 
t

ftR ftR nq1m ql(q TIrn-< eEs vfq-seG--{ Gf iTq {(?nF{ q'rl-{ I q?tl-[{ effs efq-s nap aiffi a;6a

1 q.q qq{rtB{ qql q-$-{ \e-fq-$m 6<Frm <TCq r q<-el qeN q($fr q(R 6, .+-flf 6-,{< eEe sfsTsefr

qoq1,2,3€<i6:1+2+3.q<'tRq-tl-r<FffinrrB"f(perfectnumber){{lqTlq{"lc<-{fi"F

{$ffi 28, C$-{q,I 28-,4{ effs efq.$\3fr qrP 1, 2, 4, J, 14(!<( 28 : 1 f 2 + 4 + 7 + 14. fiF
{sm q-rc6 iBFrs< q-EEr{ fr-6m rE eqlfte Ec<cq I

qfr sk p qr{ (sE ffifrs q({rl c{'{ 2'-1 qq"lflfts ffifr-o {sll l slqrE N : T' t (2'-l) qsB frF
{sm r

(Proposition 36, Book IX)

p:2, p:3 frrTqlq.-{l{en@H "IR, N:6, N:28;p-€< "K-<q (ffifr--ol {l{p : 5 q<BT{Ig

2,,-1 qqcffi dBsET; {s<t( N:24 x 31 : 16 x 3l:496 "F<-qffiXrRTr 28-'{< ffi-<-tr

ffi nr<ffi 6{ $Tl{ qtfry {Rr "fitcrr qlcu qrs s-<& r

l-1 q{6q-{ {(lTtcs (G"tE{p Frcw{ ffifr-o csfl) {l-<.rq-{ (Mersenne, 1588-1648) {(3fi <fl q-rl

6"p"N ffii-q-s {Kcq-{'&6ryq CFr{. lffi I qrcro CfrFl{ lffi (c"l${ frD.r<-s) +t{t (Piene de

Fermat, l6O1-1666)-Cs G$ qS ffis efr nR sm;r Rp : 2,3, 5,7 , 73, 17 , 19,31, 67, l2J,

257 ffifro qsnefr{ q(ep {1-gcfi xqlltsfi q-<8 dh-s {(3fi qc<; 257 q< qt6 q"K nrrffi ffiFrc

{sBK qrB? {F-rT{ q(?Btefr {-<t qrfrR-o q(?rl Ecr I +l-m{ frRc{ fiRff c'lcq m, rK6lr{;I nrk c*F
qtr rr r fr-q6-{ 31fl{ qt m., {K6ry6K qtfr Tqfqrt qfro r {< <v cs]-{ c$rl ffifr-s fr-+ .m qopl

{-{q.q<T ql; atffi qw{I q'Ffl {-?rtrl-{ Cfrbm Usf<{ sT{qd r )bqs qrffi F{rfr Effi T+l (E.

Lucas, 1842-1891) q$tsL<{ R, {Kcq'r{<:["1

2127 - 1 : 17 o1 41 183 46046923 17 3 1 681 3031 | 588410 51 27

ffifr-r q({JI I "K-<-q cc <q{ +io eAt Rq {lTCr{ qtql Iwq dB-s {(?m I TPIEBI<K qtR-6tr<-<

+r{qfq-st{ qlT"Ri-ETiET ffiFrc{(ql-{ffil-a affsaf {lcq I

ql{-{i ql{K ffi nrq1;< erycr fiFrr <R r tBBwx Bcg.Frs qe6l q-irtft qM er\5lrF frF qq{i

,EsFEt csrlv q(?rfi r q'rcfr 6$l-{ kcsrls fiS n<fi qrcq fr-rl, eE qtrE qftTRfrs sS r R.P. Brent

.!<( G.L. Cohen )bbb ql-Fr fficl-413E m, {fr ml-{ frIq]-u fr'F qq"m qlr$', El q<"rE 10300-q<

M

E



6D"m <-v RC{ r l0:oo {$,BtD fr"{rg 1-,{< v-fm GT.Nfi' xF-, <ql-cg Er< I qF $s <g esB qq?ff, E-f

Sleks-{te EKq r

qrirst s|EcE llmr, qBkru< !-qHr{ gR[ oq qnfifrt ql;l c"trn-q r eeuetcm freutFts .{<(

{$R'lwqT qflo ffi Er{ {qfErq ql-cq r Er{ frq{fi\5 q<( {(llllvryT qlcq-fD-{i qTfrGT stxtr-'cQ s-fi

RR-(q I

vefTq

The Thirteen Books of Euclid's Elements.

Translated from the Text of Heiberg with Introduction and Commentary by Sir Thomas

L. Heath, K.C.B., K.C.V.O., F.R.S., Sc.D. Camb., Hon. D.Sc. Oxford, Honorary Fellow

of Trinity College, Cambridge, Dover Publication (Three Volumes), NewYork 1956

(First published in 1908, Cambridge University Press).
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qtqqkF& ffi qq( 6Hrrn qtR$r
ua it&rro\t{?qsq^

q{il'l$'

{qTd fr-6]-+ frvFt, 661 fr"ffiqpa I

fr<q rg R-6lq ffi{ qreQ 1re tfarf r R-q'rc+< sqric"f qNfffi-< 6-fl aITrE {q-<, T{q qK ai&rx 
r

<tqemft ffi<'t qfi{fu, ,b{{, u[Fls, (q|l-{ s ffi6i-a {q fr-gr.fi RGA qqtslT ErrqT qG-siR

{lsK G-C{rqr r sTcq-{ w<r mE 6s6 frrtr{ Rfrn q+rE ffis'f6<'T"[ $r{ qNffi-< wl{ elslflm- {'Tn

sr< D-cqrq-{ r qt Fr{q-E(o iH{ qq k"r|g <Rqtffifr RElfr re BsKo q<( sfcq-{ fr-flr-+-{ q<qf{

q-"lt6 qrc{D-{'f s.<l q(T-(q 
r

q"rfotuE.cq

qq: eo 4rss-< )bcb; xrq-{frqq, c<q-q ceFT[sfr, RF{vKs

Nlc r..e {sx-{ )ber, FIkfu, r<nq cqFrrsfr, RB{ q-<s

Bm' q.{ft'{ uE. q )bc'b qr6ET eor.i {reT{ RD"i eKcs< c<sE

Cep[rsfr q?p6{ {1q-{frqq q-Safq6t or<ir I ft-ox"f< ffi-:l1_o efm
git{ 

'lfr<l-(<T eEs: <fs-qF &q r E;K PlE| <m ffi -e'r<]T D-g.

T{ Eal-{ TRq"leT-{ cu1tr lTfffits Ard-{ r q{frl D-ffi{ qem EE

tr{ q'n!-{fr(q fu EE r q{fr"f $6r$lEi-{ qTt{ {E cal-s {grmr{.|

s-c-< sbqb RBfrq. cr$ ffie{]{ $-6Eq cel-.r frq {H s'cq. | )bbo

qk-{ frfrq{rR-g.r{ ,i-k5< ffi qselT Uffirqr qt& q'qtq, fu q{qst< st<N c<Frft-{ et lwffFil

ffiTT 6qeu 'ifc<-{fr r "tr< ffi cs{Rrqr G.E# $rErq sffi qq I q{f{ C?l.s Htfi {H $r{{ I )bb8

RB[q ffi q-s-a fuRqItrT cq-rffreqfr t5 q-'tE. +rffr r ruuc R?rcq q{Ar e]-<-cE fr.5s q-6rya qai

ceFrsR $rE-(q. qqpfRBK q{rt"is ftfs e{ | frfr EEr{|AR. q{ins(h.3 w(o GErffi€ +x qd elg

+;l-cs;t 1 q< qfu<'m frfr fu{ 3q{ qffi$'el-(<t q{JTflqI EIAIT ql-{ r ce[F]-csfr +TFnq q<-fi"t{K q"N

qldlr-$ xtzq tsT{fr{ R- {+-q rf(<{6tt FTgT qBt{ sr<.&rE-{ ET Esr{{ v6nq Cq'HIAE{ q.ffte- efflFis q-T 
I

qt 
'|cfi"ff 

et-qtsrqK qF {r<t e-sq frffiqliqr )Eb\e {rrqr ffi ilcq Efcs fueqfr &fr qqF $t-< 1

slGKctfr q{rpFr{ qeN qlrdrr<T {|fl{ 'fcfiGl|{ {6$ {*R aE qftTE u<q"freq 'l-r$ifi I sbbc {lCcT Gfr
qfr\B s-+r @ q<( mF EIK EM qs. qr{ cal-c<F q$ qrfl q c4<.ccl qr-{-sf 4-q r &fr +(q?N {K c
frfrfrDK Effi ?h-qiRftE u<q ffi scfi t ,{ {<6t{ E<qmt<Et EC-T 

qG ne u<q <l \TBrs'lsr{s I

w{frs <IsK, FfrerH q<( {ql-$t t c{ptftTrcffi mrq eE s<ffi< gfr-st qrfr-r6 r {ls ,qr $<lrqt

<rfTH RcsT qk+tit Erelr< qm]-+ ekH E-6 qtr+ r Gfr G&q \e $ft fr-<r{r {lTlr foi ri-6q{c[ $rr{ |

&fr ffi<r{ cq BBfi-{ w<l fr&w EfrfiK (G'{{, ts, <ffi <ro-b) qk<qt ffi.s ertG<,-$

qtr'f <FrirFs eTFw <rq {rq s-{t F r qqi-9le frfr Res Efr"HK S"r< <rqffi-s' ffifrld ,q<q

El"lqlql esFr frm rfr{{cfI $t<-{ |

'IfslT s {qffi qliBw, )b)e; d(-rq frmEm< (TC{I, )b\o; fu e+.rcsfr qr qlt{-q< {T{I, )bQ.b;

sI-<-eT R-e'rq nqr{{-q< )sE{ qkr<,ir-m wq{B, )b{q; offis {Errqr qii< qr +ptttFrl (ft-qlt,

) b oe) ; sf<r\r-< SiK q< w6f< qr $",ffu-{ (fr elwli, ) s ) \) te-ilfr |



EESDE.<l'Sr

q{8 t qt{E >us), <ryfr, {E{t, 6<qq cqFwfr G6{t{ <l(Efm.t),

RFq vr<s

N-n 5s q{ )b88, $-ESlEl,sKs

ffi' Pr fr <m <IqErcqr"R 35{t Csr{t{ {QT"ffqf B"r(srff{ {iqfr
,$6r q-s{qt s1;Ft I \5r{ fl V<T({.tRfr cq-ft q<( fiET qkt D-E <H r

qk E-€ <tr qlftT qFmr{ Rrq-{ | {c-{fr tk<k<{ we'n eTE u-g.

ec-{6<-fl erc$Q +< Rwcs q-qls qclt-u q<( Nrs"rffi Qcq-{ I E]K

{V-mffi tsF qr <f<f< q&ffie *r Q Erq r ffi $e-s'lvH qifq<f EE ercs syqb- RS[cr. emnT'f

"rAs'K eqN frsr6{ Bfr{ q{ r q<"K efr cGTtAB{ Frnsi 1+i+n frqrlcl'K +rarsr) sG qq I )bb)

Rfkq fiRIF c<m qF q tfrsR €ffiffi<l qtD<qfi) frqTR-sm "fl-t+r< cqFi-cufr$(qffiR
q Sl-c{ vE q{ r c{Frcs-fr cqrco Ffqffi 1fu frrr frfr qfqirs-{ qfu{<1 fr{Rqrfq6.T "fu-1l-lF{t $=l-cg

<rq r et fr'{RqIHr 6166 ffi fr ecfr {Fi s-c{ I o1-6-a-fr6p5a e&{-<-$ ffiTqr 6qRF ffi FreiD fu'

s fu qcfr &ft ers +r<=r r 645{ ftr< ceFrufr sr6nq-{ qqflft q<-rl"ts Rcqr< crT'tqtcfi {'Hrcq ffi
T':ffi-<-{ tsF s-GFi r {l-{ {s <q{ frfr qE $rqcq q{rl"t-qt amQ6aq I

rt6fiGtt8 frrq< <ws<r{ cnftx cqq 'ffq fr[.{ 'l-.$rtK {Flr{ Gfr sK ql€ $r{-{ r st< qt

'l-ffi{"tlqq calrst q<T6tfl-cq 6q-q csfr-flrq sE"ll{l{ fE Er <t sr+s<r(-< trr-flKcq EcE"llTt'lT qFot

'ff{.{ sr< | )bbc RSEv ffi qmfrE-ffi.rrffiriE 1HgNoz) wtk$-K +r+q <t Rl-fifr Wrd< IE
+r< r .!E sK wvq q{F qlRs.K r ffi sr< qxe fi-<-6{ ffits >q6 ffiFrs E<t q<( cE qnnrefm

q-lRs]<s-c-<;r 
r

'I{Sl{ s qqffifu Fi-+-$El-{ u-l] ffi "qTu1tf" RrricT qF[1fts, >s:: &6lrq fr"IdkTlqm-{

frffi qqqT Rryffi yft-{E<-{ rs tq{rrs {H q<( ffi{f{ cqtr+t fr qlt t qts $-cfi r rsr> Rfrrq
w<-qlT fr"ofrqIler -lc<s qq]-{-{D-s uffi' &fr fiT I qqlgi :ses Rf[cq' uro R"JRnrrqr .{<(

'K<trflrE {Qts< \3 c<{K{ ffiitrT cetrs€ Cfr sffi t|-{ I )b)b @rcq ffi REt xa+K eqF
qtil$qrR qtv+r<q 

r

fi&qeEqqa

E{r )bct; {E-fi, c<qE cqFrcfr (<6qr{+qE]fi-.f), RE{sks

sE )boG; Es<u*n{H; fu<; RFtvns

Q<ft' ?m <RlE-< $te qteqe {s RcqT REt q-{-qT 
"IBr"| s:ftg

qs-q-{sfu-6 r &frGF't si-{cs< fffil c-{l{ qq-sq6 'mlqlT+r1=tlT1
q-${q6l T-c<T I ftfr qsqlr{r {l{r(T q"rflft mlEs-{ct{ qqfu Eg]T{

$cr6qq r ffi sq-srg| cqFrcsfr $(Gtcsrr 
"fFk_ic-< Rlq &c-fl r uf+frp

ffiiEe c{mfrfr "lRrK eqftqrnfrpr{ r

ol-r<TcttB )Eb\ {l-c{ ftfr TIsr ts+'s-c { s-E$'['or{ <tiBd Rfo<m r srlq q]FcmtxE gF<rqr{{ qtTt'c)

lk.fus q{-{fft-fi-{ t{ls s-<l{ ol-q EEE r qfrcs< qlq q<( cqr {f<-t{r4f{ 4m Dffi 'lts{t ql&Eq

qs'q-slg cDB-K +rE ffi m lqB Esr<T n qfis]< +<rE{. vl-t 'q{k F[cf{' <T 'q{k 
'[q-f\9' 

qr6T

ffi

E



tkGE qr | \oo) qlrq. ffitE Tfr-{ R-sr{ Et.{ ftqK frE{ er{ s"re qleqE {c$-<" 'f(<{Gfl{ dfr-$F
q,jr6 frcrcu Frtx qnkeq, wneHntrs "lqB frrr s1q s<eg l1LT qesl{ {s snt{-s qTk<r-{

qTfr-{ q{ I +rE fircqt El-c_ic-< ql"] 8"[ ffin-i< 6gftR-{'lTs-<?6f{ erft "lqG UvT<-{ +z<E r ffi
gs;aq $r<-{ q$fi 

'|fifuT +{fl r ffiffi <f qlqre-{ ql-("tT $nffi \e"r< &fr sGI ,eqfr cfis apal-a I sQ

c|l-Cffi .rqtr qtkp IE sr{{ )olsfr cq[{ r fuq- qlf,\e qr{]-(q{, )bbt qf{ ql'ftn qs. Et-{ ofuq qis

qler< ffirrfr< fu{ q$ q(Eq 
'tcg FrF.{ r st< qqq-+<-q €E "ffi fiETK Rrt-$r {(q]t Elal EI{
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$r{Cq-{ I qt {$-"T {9E(61T ffe{ro qrcil qH-sf s(Tcq, {l{ TrFr Er-s'lqfqlrqT +rcr ql-tffi ws B{rq w<
qc-Te q<( 6{60 qm {&fi{ Tr+a r s[< ffi c(s-{ fiqarEt qr-)\e s qF-)q {6f<Tffi{ FrEIfr

{Er6r ew-p1{ Efoq c<T"tR r frfr rr>E "m-6rf{qffi r

trrl-{ s rrqrFntB R6rl< <tro cqt-qRtr q< r+fiffi< ftitGs FrEt; {srldr ffiFfleE w oDrqcry<

{h-{I; )bus qlm ffits ffi c",l"ll{ qrtigal6; )bb8 i{IcE o64 'ffiFu k{nt

fr-fiK wnsrr6 q< qfqmq' 16a ffi r

qf${filT:

q-{: )bca. q1-q; TE$; <t(Elfi.l I

ffi' q{tlels qf{T qcqN qs-q-{ <tqE[qfr R-g.ffr, &fr
frffi-{ 'lcfi.n $-c< ${ {<eu v""n6q qrffi-$Ts- {Tfr

tRrtr<-c+< "t6-C 
qfk$T{ sK6R-{ r ffi <-6flH qEf

{rpt-{ EBMfr, GFsr[<rrFlls[, s[ffiflK TqHr+a

q{ilers r ql-fl q:{1T q-e| fr",ftqxqa ,{3 T{Bl-{,. R-qrt

Cafrs )bq( qf6{ k{cfr q<( }bls q.l-6q qqqffi qr,"td Fr{-{ I )bcb qnq ffi $ffi{ {$TIG Estrffi{

Ecqrr.f Tq'-{. s-ril{ I )bE\ qTrE {ETr€r ABr{rr{ ffirq-{ 6qm q;flfrFslr{ <{wcf, Frqiu& fufr

Elss-cfl I

'l-rqq"tlr ffi <tflznt s f wQx Yltcs< 
g.rvq 

"ftRcn qr+t qrr{R-o € qr qfu+.m fr6s 
"rc<T"ff

T-GFI I qsTN qrdfrs frm EiT 
'lr<'TciI 

+{ ew $-GFt )bbe {lai cafrs r q<t q-lr$-{ qf<rmRp ffi
"ltfrcu 

qno,r qrffiro< {lqr q]T fr-W str< frft o-srco qrF:r {q qrksK +r<{ i qt ffi freq-+K"i {qE

T{s q$F frRIr <l Rtsfr frr"R', qt fr\ek-<,-{"f TCd <tfr, reIb +xEt, T{ tcts{ c{l-{t s nt$ qrx-sq

(trffi ffiqr) <r<qm $-{I qr r fuBr< st Riefifr qT{ft-s Bg "ltR{ sR x'qst qlr,{fr-s w<{9 $-sK sr'5l

<rc{ r frG* qtss{res' e ertrs q]..flTE qirtf'rs qfircTs Em.ffirs e|+TfiI {m,-6q r

'ItrslT s {qFHts cq]ITD-s sF< w< qTr.m, q-a1fr"ffiqpa, \oob; iTrfirq' qs.nsfr q'm Ef&ffi<\
cqtql< Dr6qq t(sBr, q{orq-+, qool; c$KIE Rcilr{ qr fr ersm<-{r{S tn"sT{, qoot ffi r

qts.lBqTfu

qqe s 6{, )bca (<sa uo); W6ry$$'rffi-{f, FIrEE, <Iqelfi.| r

ffir <RElcnr"K ffiq-q-{lqtc-<-{ {g-n{l{ frlq. E[BrsT q-g{q6t srfl
ql.g|Eq nRq r 41-<T NRqq' qFE{ vq< c"f.tl{ \rtEf{ RrE{ r Gfr

6+1qql{'{E ilwB $Tdr-sr c?rGF )bsb R*l-(q'Tr<ifr-$" {ft.IF'm DE{N

mm6 qq{ c$fte sd qr+ qk"fi-{ +.c<;t I 55qq &Stcq $m. $<rfr-s

{ftsr-{ Fmts qffi sr6[q 6q1-5E qgp G$ftrg E?lq qr+ qk+.r{ srtr-{ I

sffi fr"1frqrler cafrs )bqs ESkq 'ifiafRgk{ R.eq.fr. g+n{) &ft qrrv< "t( BE Fimt e]@{

;
I

?

:.

1

I
+
I
I{

€



Erqr"rT qlfr{ Twrr€ 'iT-{'sr<-{ | fiiafRG'lr{ {]sK srr qlrnE, tc"rfr-orq af&Fr:nk( e il6K q-'+

ctcrq qqiftqffior+EEBffiEq< q]-cfdNf cqfcs{qff@;c{ 5bqb, )bcb q<( )bb) ql6q r 'fg.-l-ffiql

c"N $iK &fr qt-<-+tlq fr"jRrrtrrr {ETTk q{rTts foqr< ffil't 611{ tauq R#rcq r <6n-q ffi
{s{rGr qffiflK l-<r+Tm q<Rs ee rqRfr{-{iBffi< srtc cqffi ('lrd{"tt) R(rye< ref<s r

rfrqT.lIr ffi so fi-<e c<Ff eqe)T/Pfqiu& 'i-c<{fi 
\oy|<{f{ sT<q r fufr :s fr <1, u,ft <tc-q< qilK q<(

,egc fr 'lr-<{c[rc <E{l s,c$t I s.K fly-6p qsft frT BW Gq q< cqfcAAE{ fi{it $r.il{ r 6ffi dTs
E.qq<f<-qfra<q]{]t{EEr{ I GqEfi{ms$rq- ),\o,ooo CQl6s e,oo,ooo qtffiv;{f{€f6{lqTqr{ 

I

'I{stfr s {rl-44ps q{frqr{ pilflqIgm *oritrgnr6 
()bb'b); iw &s Rrr. qlfs<Ni (5bbo); qrEEffiq

n1rnBswtsxr6 ()bbs); wEl$rtfu<Qf&ffie.ffiwn's$6 ()bbb-) W r

{ls.ffiq\s[*qT

sr{3 )8 furqq<, )bc8; +Rnts., <RElfi.I

IYIa \o furTt<, \o)8;3trT8

ffi' v. {l${T4 qrqq &rq-{ q$q-{ <r(Elcnft frai5Ffrq I qK

cyry uro f,+qRryl-qr, <RElcq-"I {ts a16q{$ Q5ffiffiB s

sRre1fu qfuSn vtDl-++tt{ qsqE Bliift 
"ir<{cFr ffi'cr eruBtr

Q.o )o {K{-{ {l3lF[rfu qq6 ai-6]A &q ro"n s6{.|F'r q-{ r \o)o

crrq'r )s w q{HTfr ci?r qrFra.r qnU-tfr-cvrc< ttrBr &r-{T

frr$"R-Tq qtfrq]-c-<< 6qlx"iT fi;T r s-l-< fi-sT qffie-d q.Rcrq

Ar-dN sqsffr{ "I{ flftgtq. {tt6o-{rr{ GPrwml qs-q-{ srsdi
q<( sK {t RF-{ frRrtq qlqrflT ArET q+"q-{ qriq-s"ft € Fifr-<{ L )b1) qfm <l(Efcq-65K xlRrsl Tcn

g1< f,"fsf .f{fq q{ 1 eg;ffi qff<L<Ef{ ER tq 6qp56:gffio. €<R. trts-t sfE6 6qp5q Q5'il<lftrc ,rrr T-C<

,v.tft{sk 
"K {rs{E-{ qtqr D-6{ {l{ <tFffi r cqru-cq qrsr <tsT k-oftrytq< cqrro qtqlqkwrcq {Fo$,

{lstrts{ (:srs) s PrqiEG ()bb\) {pr{ sr<{ r "rr+frco ffi qlsrR frxftlrtrm flk-{ <R effi
Qfuffi( 6T-Src-< qqorA tRDF-s fu%< RH firT r )bba. )Tlcq qst fr"ofimtqzr< qt6r"< fr-6H R.elc'f

qETrft q{rl"ts R{rr< 6{'t 6qrT I {oo) qrq cetrs {gr-T{ 
qmi ffits 66 qte+tt A"lRqri-qLT-{ q{fi'rs

Rqrc<nt-q+m <rq r

rfGfqcttB \ooo {16{ ffi e Et{ q{+'ft "ffi 41-gp1-4" qlfr{ fr"+Ws {.rmr1-s1Rr+<:l-651 ,!F qq{

$n6K c$E{ q|RsK $-GFt t e qfi$'frd{ {<lTT {|+Irq< 3i't[i e qs-ol. {<f{ q-qr{ qi-c{ | frfr
qtrgslt{F cqr"r< &-q +o.t Bc{|lr s-GFi I q $rq qvpg +<r< {T frwr{ {Efrfr cqffcffi qDqcq q]-{ "ft{
ffi r .{<K:ilF{LTFITI-T {f<l-6T{ &q ro"tt Er$0I4-{ s.l-r\f\B ffi qqq {{ I etr{ &fr {r{lfrr{.f s(-T{

"rlr?(&qq+$kqFrq r

tnst< \e {qrl-fita <REIcq.f q-<-sr{ stco qo:s firET $ft{-sl ol-[g Qaffig6s 1

g



.tR qqFrso

q-{t )bcg, {ctt{, <Rqlc4.t I

ffi' &fr lr"ijr &qr {E, Rmrtqq +rircE F(6t6[,

{r{l{ T<-oIR q{ q{ $rqq 6ei-s+. fr61 qls 6-6 41

)bqb \3 )bqb qlr4 qa1 fr"ffiry66aa <mn-+FE

fr-on cqrr+ fr..lqfr q<( s{qqfr Gfr q]g $r<T I

ftfr tB m-< frfuq ffifrq-T (qfrs )bbb qfrq'

Pfqffi fu-fr "||q r +T+-s Elst e"lfiryr*r<
<tmtr+fiffi RvtrE FN_s_s:r sF <r.fi r ffi "rr<
qs-E4. ffi Req64 qfQfrBfuqf<fr6g; m['f 6qT, q<( q|.qk-s ffiwn frqrT 'i-(.{{6[ 

sp $-6<;]- I

trrfi"tts r5: -il{ qr +T<"-s q<( EK ricfiGtl q4 $r{-ff mr('K st{"r qTR$-r{ sr{a{ r ffi sr< 
'|CEqo||T

ffiFrC-TCq{ frrN {{("K Ertoffirr fr-sre< $(6]-<K rs w(sr c{l"l IE s-{65'u-r{ I

"IfS'tT s tt5lffi[s looc' rtm{ TWA <drq-fl fr,fiB\5 E{, TWAS GFII, REH fr"t es]us-ft
q<( <I(ql-rq-f qs-rrsfr w{ clc.{-cqq qa m(ET ffi r

svil{

E{S )o I',rcs-{ :SVS (<m Aq), TfrTq& B"frq-qT, uuq1q,

<Iqqlprt r

ffi, ss <I{ q$-q-{ alqaErfr-{fffi. ffi q<( TfrT
ft-ffi3" q1ks6s r uf< t"qo fr1m DU{N csTff{ T@-
S"rcsFrr{ c<F$qftkrs r Cu<e{<lmur$'Rffis esB

RqlqLT {m1keo ev <Rrcs sG o-*t qc-{&q I ft-s-eK <r<I

qetlo qFI <trTT c'l$le s1-{-6t )b1s ql-m Etcq-{ Buirsm

Em GCs qt r Bufl-st< e-dgTl frGT-{ ffirr-slk EE cefm

mr$qk flq +r<-cq{ vs trH I q<e6 WdC DrE 41.{-tssi I

+ffiEm ftq-f{, lfiafRe.1{ e tft-m AlrcICT.iT s6.u{
{-sild{ eqttis< qIuB qufrrr s(Gl-st cqtro r ffi >tsc

{tm m-{ srnfr( k-qr\t IEffitr catrs E&-q qrfr"tE s

FBe ,in|.dR.wk{ {.ltr q4q qoo) qrr{ \5&\ erfi-"m rg nffibr< fr.@.l-r{ Pre?uG fufr q!'i{ $-Gt-{ I

)bbb {rc{ frfr fr-sryrs-&frmr <narqer+-q EGffi1 fr-smi qrsrb fr foqr{ ml'i fi:T 1 qoo)

6qffi \oob clq {(ts fi-sqlrs cfts iBfisffi< TfrE <l-c'flc{fum-{ Ef&ffiq c${|ffi( qartft q{rmo
q<( mli ,sm'6r( fiqr\t QBfiotffiF< E&\ erfi"iq e offiEt< R-@lcq( {qntfr q{rl"ts Rrqr{ s{<E
&t-ffi |

'fr<K6ttB 
frfr TCr M< aq-qfr+.6-61 ,qqt-s,f efr ukfrt{ ffiq e<( DT"l {R$q-s qRrqt fi-{-{

ql.ks-i<+r<E<l N+Trsqrql-tuft-ffiqq..{qfrs<sq-+E|frfrs{sgcs<I{q\oqt rffiEmffiUsn-+<
eF qr&mrBs trrq&q e3&R rawkq'r< sr<{ {t flfos qt"F s-fl {-{ r

€



t{$l{ s {qFnfs frFts{ fte-q qltq', $Et EBfin-{$-Fl-sr; q{.qQ.fr.-< TR100 ffi I

Eqq]RNEl-{H

ffi. eq qlfrn qHfi qs-q-{ <Iqarmft "rfidffi r ffi
<\,<rir+ {srl-@d ftEt-{ t{Rnfqrr-{ "rfidF{-6'fcffi 

q{rtqs

Reqm sf<e r qrrspkrct dqrv urrfr s ?tRft 
qrfr-{r m"rcq{ EE

Rr{ \3 qs- G-L{-{ W<r qtRn q-<K <v | {rd{fu q-<-oft <rq-o

ffilfqx ccfr$ )bb\e ql-rq eqeqfrCs qfuGs 6x1-qfrEp

frfrs ig uffi rcrqq (ers' )bkb qrrq ,ltFq{fr(E qat{. {r{
qks'Ksr-T{qtRn r qffic+< d-g.mffirF-T 6q1-56 a1qdfr.s161

XtEs qLT 
"rc< $rrqr+.Ni EEffi cers'ftetDft'sr+{ t qE

c{r ffi eFh $fistffiEro"ivka.m qlrqq 
"Irq r e<t T[<T

SK \o q-{ FiE lfr Ef{ EFf<qlT Prqfu& &fr 4s er+{ I

e|rficfB EK ffiyry qsft qrT aqq <oE {s-q.ll {r{ qi{' 6ns{I q(T(q 'fie;6-4ft-qi'1-E irtrqt<" <l 'qlfrs
qsslo' qfR-sK s-r<{ I ,{ql9 Gfr s-{t{ Quasi Particle, Weyl Fermion q'fR$-K sz<{ r vl<

erolFtg xiglks ffi-r fr.{ffi-{ Et- yftTrtt qpit qrl-cq c}T{, ft&-s [ru, xrmr, ft&-s-fiE fr&B{

{rst{trfr, qfusrlg s R'<ngfu{qNk-frm r

<I(El&r.K ql-<re qno frqflg q<( Bfu{'ffi q[?mE€, qt{fl {Rql-< Elffi-< q-ir6 qfcEffi q<l

ryiTqEill I

{r"f {r"f "lF ft-{ ffiil 6q{'El-fi-{ ql{-s-K qKf {i-ffi s-flr6{ +-fE srr !l-68{ cs{fr sRqrc-'ers EKI slsr

s5g {-5a{ r qK qffi qF1 +k sfcq-{ et {qB <fqq1qfr ffi-fl ql-<rs ffifr T(T q<ql+ <Ftr<{ I

X< : fr-<rt< frfud sqt VQfu46; q<( EqfrI"|frT[Cs Wrs.r-cBqq cqfr+'q(TQs rg qe+fis 
r

ffiq-{ qftq{q tffi' 6rpp6 )Tq'IQs Rnrce r

r
L

ffi

E



qefiHTeHF fr paily cosmetics)
q{rl'lf u. ffi qlTq qlrl{

<cls{ frq{, qPffr-aqEf< kAfimq1

ql{<l q-orc a<qlrst cttl{rq-{ qdT'iA-{ cffi (Body wash), mtvq fuq, 'rJT=t, ofu"Ft{, 1=l-qgq

cffi (Face Wash) $ fr-fl {q{ 'l{{6 (Sweet Smelling), fr-+ffm (Germ Killing), ENW-

{-<{ sKs' (Skin-Softening) q ffi-6ffi {F{'f r<r <I{qK oR r ,{<"K ql-Cg-"ll-cT e+[ rel'ia, {R] qE-sl

a;"i-E (Moisturizer) qK\e q{]tqI ftR fu{ {aus flR[ 6t, {t fr-fl {a-<rs'IE-Stfr ccLs'<-sT or< r 6ts

<;6.sK q-qi fr&* i6r"f{ nfr-r-< c"[6 41. {1-g1-{, W{T Ef"{Tt"iT 
ql$e] \eTr"i <Kqf{ $31(-rcrs gF-+ r 1ffir6'

lalx{w srrc'<t q'f<ro qlofu ffiro qi{f,f ftu cFTl ffi-fl< n{fr n<r (Deodorant), 6f(B ,lQ

ffiFBs, $I{-srf, 6q-11$st{, qr{r<F ('lc?K srFffi T{ F<(g qlt{Fn (Eye Lash), rlx+]-<l eKrs rs
ft'<mqr< +r< ffi qlx-<l B"rc< m fr-<<t frEN, qEIt fr-s t{Rfrs <ttK; q'l-{ m &fi-q'Qrff qlx<I

<l<-qlK +k, qlI-l-cq-{.ifr<m {q-{ \e qrc{fu srcs utt qE ec'Kft 5-{I (Cosmetics) r fr-r+< s+ts{

qN-fi frs ql-{ )q cclrs )c fr n<l <IdqlK sus. cTfr r eDIt qNfffir q<T qfuTI r qfq EI q6{ E{_d qln-<I

qsrEl q*rc6 <d: mrn ffi r eerql ft-, fr'El6q-{ S{Elq, qNlfi-< ffi-q(<(6mAK c+n w&or<o fr-o

qle fiF-$, &r"K qqfftfus q$ cord q<nl-i <FrrP fu, sRETs ft'ffi r

em{fu q(Et (Definition of Cosmetics)

em{fr <Ers c+Iq qs?F &--{t <| frEs E-<rcs {-<flT {l fiF-{f {W{-{ <Ifu-s qq'f-€l-slqrl (Y-s <t D.lT.el, F-4.

d"[, 6lB, cr]rt e frqruf{ <Rqtqq t'o1fr) qq-6qcf$ qlu s yl ei<+ar< qqffi: {k$-Ks Rrqc< <KEIK

$r{g.fcq-{ 6q1a("f $r{, sfE tfigl-<-r$(K cqR{<|fu-sqf<-{r{< "1ffi$t-3qqdftaa6s F]r4ft-e

qrg {frc<-{ ai}-q qs-{' .iiRR-r c+]il fu T-{fcar{ qfr-{6il qI $z-T urffi-{cs slE w{qlT <lrrl r (A

Cosmetic product shall mean any substance or preparation intended to be placed in

contact with the various external parls of the human body (epidermis, hair system, nai1s,

Lips, eyes and external genital organs) or with the teeth and the mucous membranes of

the oral cavity with a vier,v exclusively or mainly to cleaning them, beautifying them,

perfuming them, promoting attractiveness or changing, altering their appearance without

affecting the body structure or functions, and/or correcting body odors and lot protecting

them or keeping them in good condition).

-iE. {s <RK {(<. {r$ eql{{ Eo cuq-s6 EqrysT @-< w+ <KEf-{ +r{ ql{Cq I ql-{I {F fr"t?r<i qcN

qq|<;r <F-qk $r< I sqr{sT{ frrq cu-fe[ <( fiTf <.i {frcd< EN9IT <( fi--Ttt s<n eqp, fqq r fu
qtErs< qi{Rs {crt qrq <t G(-T W q{tfl <rdqkr {< {qFr r w<tt q?F qc{'s r<fr ffi-q( Pt"ttqr

s Ctrqf<.f ft.a Efrt r xl-{{ qfi {{ryT qlT.{fu, w< s Ef"l all+Ts 51-n 1 ffifl <r<qr(.T {EC<-{ Tfl{
qMfu <r&c{ cq"r r u|t qTFn qfqm-{ fr-+cT{ ffifts <r'tl-< I efq]<T r{fifr EIe qffiq-{ fr-<r{r

q(r"f qfifisft-{ q .Cs r qN+t qlTfcq-< er{fsrfuq q-{rtfr frB* <-<r+< eqI{ft <r<qK oR r fr.q

qlIl6q-{ et-rfqi E-{rtft eqi{ftrs RB{ e[< sl"l s-$ q{-



) r "rfrsf<-r-fuT(Cleanser) t r qf6fr-{f{|-q (Exfoliator) e I qlEsfsffls-tssgf <sf $Tft

(Moisturizer) a r 6D]-BR fuT (Eye Cream) c I niqf,t't fur lporrrdation) s t qq-c{.yes-f,{t

(Concealer)rr"ttEv-K(Powder)btElEs(Blush)brDT{vT<(sKs(EyeShadow)5otug

<($T<'o (Eye Liner) )) I {f.rsK| (Mascara) )q r 6tts <$t{s (Lipstick) >'e I 6E cSwK (Lip

Gloss) )s I {'tR-$Ks (Perfume) 56 lan'{fi:f-Ts<BtT (Age Serum).

{F+| q{ffi< em{ft <MIK {<En '|I€{] {lT r ioKvc{I fuq, frPIffio, {'l"R-, uq; uffi, -r* "ttfr"t, prt<

{( s mffi |{?l\-s6E-{ "fiEs-K{lfuflE(s?.Hfur-{ "lcT<Kqr{S?6< 'ffcdr<'uq-{ElIfr+,<,
<-{-q $ffc{f{ fu{ s q{{ Ei-+-{l {6( <FIl{ q-ql {|{qK +r{ I sEvlm WsE? il-{K q-{i ql-fi{{"Cffi fu{,

(q-f, s c+Tmf{ <rEqs qcR I qlT<lcsl FNje qf<ryfrDmcq$ (JTqI< rc-<Q r 4l-{'lil-<'6-{ ffif"F <K{K

s<E.tftc-<-{ E]{glrs 4fl, Eq-q <FI'B[ q-{r- sil{fr{", qlr{..lFr q< {[il Urs"ri r qe "tR+-r< s qrEsr

<FIl{ q-{T qF{f {f,cfi .ill*X € sffi< <Kqf{ ok r 5n< SIEE \e <( ofi{ ET{r i'HK+T (1T, d( <r<{[{

nR r Frfrl$qfirfiMifr ,{aI q-<lt 6D-qffl "rffiq-< q-ql rFil" <=l-c{-{ fr{ <r<-qf{ a61 1 ffi wtrel

ccrcf <T'K q-{r q?l{ rTH-fu-{ <r<-qr{ <q I ntuco {<TI s-fl qNrfi-{ {<t qlTl-s1-{; €E-{I4f{l {{r{.<

trr--( cq$ <r $q-{ <KEr{ nk r er-{< erqt{ft EKI qNf6q-{ <rqK q-'{-Ef{ qLT qlcq qK q]q.<l qerEl

@T s-{Q qNl6q-< 4crMn r +TE qq.HT cs-<q'flq qfTf6q-< eLTffi fiArqqt qBl. qNl6n-{ 6nrK

qqffrfus <V <-?16{-{ q<q|q aRrro 
I

{fuff$'(Cleanser)

ffisK l'kEs-sT qll|ffi-< frIrq< E{r{ s{ r qetREd qvf qr{t {{rffi fu{ <[qo r '[ft-{ ffiq{ ctlsrq

q1fi6q-< xq w-lr:qf ell-rs s q]T.il xlE-;n'qp"a nk r cq-q <I q(rt {k$'K-<-{ q-{t qlT-<f qt<tfis; ql-<li-, fr{
.g "ttR <r<EK +fr r qmq rs "flR 

qlq.-fl fi-sI <I{-qf{ ofr r qiqKt )TK'f{-ffi frcl q<ui-q-'c(ul "fksK
sK5q qr{o wx wqR G.I{ sk r uN.sl eftrq <m, pe-+Ifr E-{ r q cqfro etRqF 

"ll\e{l{ 
q-{T qE<f

fr<-c"m (neutral) qrcta s qtrrqr a6a ffi <KqK +<ro "ttk r qr{s 6sG qI{K{ ql<lcffi tTlxci 1r€
q-fl "rkrr.;{ c<.tfr-s efrs <r S6 (Starch) fr&E "trfr\s <KqK n<co "ffk r qffiq <K-qK {l sr qlT-fl

qr{s qm ffi-o qr-fl{ fuq€ <r<qr{ +<cs ffi I qrqr$- qr+-< qk+-<K fr{ {<qK $r< etfcr

tRE-dg.K qr, I r{rs. Rre. frl-qg qcs 
"ll_6< 1 

qpffi fr fr{ EN9K &ELT elc<'2t szr Dlr-s-lto Nrffirr

e qzEgT <fcr|.? fux qr{-o qrrl D]r-sfcs {fl qt ffie?l.iF rclbf< xo'lF $r{ Y(Fl l ENVK fiItr DffiElg

znfd efir$, eDft DE-sfar q-<"{ TlC?l, sm mlq wT qt Dtr{ ,lkTF $({ c1-m DI{VI sfrTT'is qar {ls I

fuq qt FqreNT qr{ sr< Dll'vrm {-{'{ <l-c{ r fu qrqrcq-< uNgr.s dE' e 5rgl calrs <qt +r< r fuq

a-ffi<-<r+{ "mff 6elrs ?sft q-q, El{ {c<, NcA-{ s afc+|B-{ qqlsq r q $rffi fuT es. DEVfrs c-<{

<tcat r ql<H s G-{TF{ frcxe fuq Zsfr s-fl <E EI fe-4ls DNVI{ q-ql <I<-ql< s-fl q{ I Nqfr{, D"fr €

F{ cql-rs ffi fulemf qE-EftT fuq qK ftlfikq, mfr rs Srtr+rq (Tragacanth) 'tN cclm ?e-fr &T
qq E<fu fuq r furr{ {'c{r q-fl 

"rRrf{ frq6 wg.Es-, ZnO mlal +<cq furr a< frR-ft qTqt qr I G {qs

fuqq'retrrq DNgKB-q-qgl ffiry{tT 6{{'{sfuTffis qfrv, Fqq-g'its, ftmk{ is {fi qllc-o rfrq

{11fr'+g, urt qil rT<rfiq-{ {t T-{R srq r qGFrE qw{-'[fi-{ qfu fuq. <KqK +<t 6o qa I qr{-o

fu{< qcq, flN frEs cl-m, {I fr4.| ses'K-r r oN ull-sl-< B"fr< .ts w<< @ stT 6EN qpr-K fuBrEI

<-fi $r< &-{ q<( ENgtK sq66 efls-{f +m frc< DN9IK TC{, q-ffi'-{ @ rcr< r fuq <-t{qT6<-{ qK qsB

{Flq_s'wfu+fao ft-o qE, qb[ qfl$ 6$?6({. ffifc{-< 1frrs s<tfrE: +t< rs c{|CI-{ vlY <l 'rR!.f{ 1fr. *< ,

ffi

E



qr{s (s-cq* G(Tcq-<'{r{ <I 't]r{ 
q-ET {Eq ffilT tqTF 4sF Ssf {i-{ r fuq <I{qK $-<CE l-drS'rfr E(g 'lrc{

q<( qr{s-cq'G 
"llrE TTk cn<ll <K r

qBRs qKF <r<-qrc<-{ ffirq {rTi {<rffi qrqfi qrs 
"ll-m I 

qc{gqrr c<fr sTfu { qfr&T q]<'r{ <r<-{r<

+<rq qfc-rc-"llR <I.rftcr mfsl q-wE 
"llffi I 

qr{-s qKl-{ er€s-sr<-s cr<rc{ q]{f{T 
'lRTlr{. {<q (Hg)

<K{K $r< {fcr {l DN9IK <(rr sdf +r< r ft-s "tKn.qEr6pi-{ w {<t ftx]g I q $r6ffi {r<H <r<qr{ TI

-.s- 

_-
$<tQ elq I

c{ovt"|/R+lv +<l (Makeup)

+r <r-fr Ncnjll Elffi< cuqr{lT "[ffi, {R{,fu s Eq--e-st 1k< wl Ns-qm elqT{ft <r<qlK a6 q6{q

1fr +r< | cs< <qr<{ +l <rfr Ncrfi< 6rqql'r q{Kft <K{< s-$ 6-s {'{ r qrs el-ffi-{ ft( oatrq

DlTglK G.l sfu qn 1 6q-qfot cfr{'fim 1fr-+r< ftE q< q'r+o xG+rao ft-o qtrq r m+-ql"t furl< rr<l

TIErs"[+, 1ulft-, Fm{ <r[T, cuf(?f{ G{t, $.I$Ifl &-S".f I q1q;I <KqT{ IW {fl, qqtffi, Erq< tB,
ctrl(?K{qqilH e cui-r<l-<fu<-nR(-T frF oll-c{ 

r

6{f'H @otion)/qlE&T (Sun Screen)

qNl6q-< dTp[T I'-<N \3 qIstsT <l{|< q-{T qfrcfus. C{]-l{ <fdq< +fr r carl'l-rq m {5ls <fq6fi-s g-<I

<I{qK S-<t qT El{ {6{r Xe+'r<-O E-{rcr{t q{ mfr-, ffi$- efrs, qIiq$IE.FI{Its, 'lIKIml,
6e1fr1fraN rs eflrqB q-{r'gT t qsrEl <rdEK 436q uffis r<-i frc-q laz{ eT<rl sr{ €<( w{rrfm <r\e--{

w<rfrr{ mes ellr< 
r

6q efi$sK (Face Powder)

rF{ "IIEvr< 
q1qffi{E: &q+-, rElql € {Il'l(I,Fm[ qrrEr rmTR-s qm-< qq({ frRs qllro r nlEKtgl-c<

qsrEl we+.m-o +l \r(< hq]g D'N9R {fr fu{ <r+qlcfi "t1"( {|fu{ <rEqK siTt qr ET <E EN9K

U"n< q4q6 ffi 1 6q "[EE-l-c-< 
Tr\rTks-srm ftR U"|-fr'fr"kq] <l cctcr qNfcq-< qfu3 ry'K{r $[cR r

mfq (Rouges)

clq. qKK{E: G-cl3tt rtlm{ <(rs Er{'ls sKl-< q-dI <rdqK s-c.T I GICE-{:rHl {rrrr6{Fifl, rElql, frRol,

EBe-{ (eosin), cFTlt{ (Carmine) e ftg wrRfr-{ <q frRs {rro r qrfrB.{ <( qrrq-+rs6q Et{Vlrs

srtrT{E+r<,

ffis(Lipsticks)

NLTrh-{ dE <fqf6iK q-lr efi qsft q{l-{ erTKfr r {-{l T( ea fr{ffis ql-cq r fr{FET q< {ffi, fll-{,

W"fiE {E{ (Pomade), cot-rol-+t <tbK, nFTIE{ qr< wfrR-{ <( e||cr r fr"tBr w6-6 rr'{ qlT{i (q-m

mfr; IrqIE {Rrir{ c"rcB cufcq q {Klq$'wfunrao qcg {tc< |

'tIt't (Shampoo)

qlT-{I dftitr {tfts 50 tfrsr< mk, qK EK q-dr frfrn <trs< .n-t <KqlK ok r lI=T <r<qlTT nr{<
Eq-q-sf $ "ttx s mfr{rE ql I 1rlT< ffii-a $oxqlq q{- ffifuTiT E-{rAEf{(Tq {'E-c+t, vlc-<rql-q, \5.It

tqflr+nnffi{ (DEA) 'tr[r<{, eftfr+ Srt$-{ tsl^rfr 1 \oob wm qs fir"ll-6 {EI qr ao% .ll^ia

m
E



Es"Mr{{ TmrTfrs E<rlfr srqqK E\er'Fl-r r <l-qf({ ,{{{ q-fls fr{ llr-Jfrfu qr {.l fr-{l sltEK Ee,"nqs

1w r nr+ vKai+ rsq .i-r[1, rrfi {f,cffi qlfil{ .Rt-T, ftx << (s6'{) 'i]l*T I

ergu-fi +(Deodorant)/ql+-fi rsKs(Anti-Perspirants)

&sv-+f$ qE q?t6-c-T F-ft etfiv qER qq'f<ft r furgwffi 4H[ q<r+{ qfcq: coFEK fiS um-, wqlDf{ 
"i-s-

df{lcrT r qerql qlTr'.{.ifo3-{ 1-{ celr$' mqn fiT I qN<l qfr cErT qlt st qc{ q]T<-f qN-Frcdsr$-

{rBs-r-{ <Kqr{ ffi 1 qm-fr6ili{ssrq'f x'Borf,s qirrqlRfiTN F ?tPcs r wfc-d'tfrBrN qNlcq-< &-cq{

qqT $i sfusi<-r € fr{is r &igwlBerqt qNffi-< orq< fr-flqem[-s K({ $-GI r &rgs-$E e qN-

frmtq$'erqK q{a ${qr{ qE- qq (talc), Elffi{ (Triclosanl, frfr+], qBrcEB, 
'J]l{lcfl ts]Ifr r

E"rros gaffq]qemr DN9IK qrETffi, +-rFprE[, wqqrEqK (Alzheimer) s ffi< q(tr;q545 q-rr ffi r

{E-sK (Powder)

ql{-{i t{c{-{ frrq q|T w<R {rBst< <r<qr< sc< afifr, kc"F"rer< Frerq-{ qh er{il. eq'Kfr r 'rfr< nq$Tcq,

EIT qcq, q.rl"iftT <r{qlrr EITW Erq {m c'lc{ qlx<l 4S-qK <F-qr{ a6 ffi r "ilBsK 
qlTfffi-< S"rstft,

fts e< ft^R sGrf<-o ft-oe qtq r "mUsf< <r<qf6( qms qr-T- {qTrr{ x'fu ql I qK fuq-{-s ft-+ qq

eB[ {REm-< fur"rrr< $i'f{-{f{ (Ovarian Cancer) $qe;pq r orfoe "rTEqK 
qE WET e9l, s-{fl-6,

ql61-6flD egl, +1lBfrq o]-qT, c<frs. mpr ffi< fr-q-q, s:Ilca mrq <'l-qlTfr$ E\enri-o ql.-m;rT 
r

fiN( c'f6< {fq-{ (Toothpaste)

tfio efiof< <l{K q{T qlr-fl <]-p s q-$]-cE e? EkK fu <Ft nk r q'K EIr q4r q-<-+1-{ q]rt-< c"f$ O

q1q-{ I (";6 qKK{g;: D-s 'fiBgi6, t&{ evi', rgcq'6[< 6[E., E<F-{ fulT ?sft s-<t q-T I qqf$ q(9

ffiffi +'rffi, "rf< 
qgttu (tie .TlqT sKK q-{i), <&-{ 1'?6, ettfr-< q-fl-fiflr, q<( qC{..s' (s-@

6ipaftus frRs qpro r mfr "1ftflr+ FKfeu c1rt culcq q< fr{ls qfefu fi"fi {f{ r FNsrq-{ c"lc6

4'rf4s ffil{leu cq-rl $c{ {1, st{{ FNil qnsrsrqt nts <rc'm qqr 6"f# fr6E 66 1

qft qsl n. qNffi3t qffis ?ilfrfu-r em{fr E-{, \e cfr-qfu{fs $oxq'1ry5a| {< er{ ql r qrcqks-K

ffi$ <ra{ F eq1qft &-ffi <r<-qE b\,ooo E"flq.r.fi qo q?TRt {fu1{ FB S"ffnr{ r eK qd qE

{[[ )o,coo FfE. ffiR-sim qqT{ft Er<K e-{l-{ $"rml-{ {I fu frqlE, ftB{Fis, q-+q fuTK ftTr@ ?fid

(reproductive toxins), endocrine disruptors, Slffis E\"[qs (Plasticizer) s 15 'fksK$-

(Surfactant) | q $rfl{ E<r qlTfl .tfo-< ET{E <'f Dl{gr{ {Krcr qElcq{ lft.-<-{ qEfffu q<ef-$sr('i

ig <5"+ffrm ef6 t $r{ q5f6q-< cq-6q-{ sG qK{ $5a 1 frq o.ic'lT <FfTR-$'E54K {N BcE1 s-fl qE 41

fu q{qlwfli ffi q'q-q <-<r+< qqT{ft-cs <r<-ql< s<T qr r <-qurfu-o qlr-flcqtrr {q@-ffii6i. (PAHs), <t

q.Efu<' vfm FTEI, cqGf{ \e 
'lrl-mla-Cq-< 

qq-a $eXq1a r .1ll.T rs fr&{ eml{frN eBI <rdqK $3T qr 
I

,{a Wf\-sl s{ sTlqK 1E or< r BHA BHT(Butylated hydroxy avisol Butylated ) qq effi-

qfg-u-rffi; qf{ q< TI{ql{ qie-sloF-s (Moisturizer), m-+-qf"f fuq s A"iffim< {(<}}T

(preservative) Rcwr< I qmr qr{r elle-<ra-s, m e Gvt< ql@ts q-T I qmsl qlfksi-sl qq-{-{ ftqTils

<iqls EDIE "p116 I aq6qFr E-<I {(<Trt{ q-{I el]l<lr<T (esters of p- Hydroxy benzoic acid)

<r<qs qT I qfi t<t qvf <EfTfrs' dul r q< fr-{T ql-Cq r lrf{fcfl qa q<mf+ <('ffi, sq

sjTq|< 1ffi, frE{r< ts"ilq-s, XEsq tm({sKsl Stt@lq]-{ (Trichlosan, Z-Hydroxy-2,4,4'

re
E



trichlorodiphenyl) qs' {<-rffi fitr{ns'<l frrFX{H$'; qft frflq{r"rs Rrqr< +l-q $-<K q:Gi qEr6q-{

cnrq {'l<fr{"slr< m 6-<U qfu-<sf crK 'iry Ett vt <u <f<Efq $r< +TE qlll6q< frcqr qG<tT{fu

+'cq rfs r qft qiTl-&-< cqrqf, qr6T|+ fiT-q-{ <r+qT<ro qB $r< fiT I €BI fuTR +r< xRqffi-{ mq q<c{l{

(estrogen) q< U"f{ eMf{ fr-sf{ $-L< q<( "f<-{6+.Fffif q{ s-{ $TlEl{ uffq s fr$-{lq Fte< q-q qf+ 
r

{lcrcn-{ K{ qBi q(<fts q-{ r EIEGD-M'[{ tl-c_r-< gingivitis qfur<tq +rn I qt Colgate mi"{ffr Ef6q-{

q]r\g--T c"rcfi eft <Kqr{ +rm r qil {mrRB {l qcE {<{{6{< eqT{ftIg m'q;r Body wash, Hand

Soap, Makeup, Mouth wash, deodorant trc-fifrcs <I<-qE q{

mrfu-TN e-gl88 {HrrsD (SLS) qFlF[, .R]oT, Elc-e-< c"irf{ {Fcl<q S"nqF t 6o% q{|fl e'r<r qDl

<I{.qK s-{l a3 I qil {qcqt qElfi-< Prf,{ qsrgcr el6{t sr< cqrq<. sG +Tcg 'llm r eDf y+rre ffi
+r< q<( F-{ "is--(s cqligl +'c< r qE[ Ys \3 6D'|ccR q-{I B.rE]Es-r SLS neurotoxic endocrine

distruptor eft firqf, rsfcffi "tffi qlrq, Fro mutation s sTf{t{ Esollq-+. I ,{a 1t{ ffi"[ r

(CH: (CH2)1s CH2 (OCHr)n OSOr-Na + (n:3;aKr<n) r

T-ffiu (HCHO)' aE-a q1-qIcq-<t {t{t{"f s"flqrq l qDtt fi{R-{ 6qrq $l]-EK Be,"[q-{ sT<, EkgK
q(({I'I qC-E <relk 1E +r<, {qPtcs-{ -"fq'r{ <IIErlE s-6i \3 t{ET EErs ffi +m m{ t q< qefc<

q-fiqTrT{trq-T, <fr<frsK, tl{sBqT, 6u[rlsr{ \e {Iq|{.<-q-qlR-{ I

arik-qD (Plasticizer) s{lrv: ({88 'Ilfr't, nrE< <w$ ffiqc{ <r<-qE q{ I q< <I{qlL< qtqer{{ TC{r<

E"rc< "r<s Nrr {Rr {t s n(.{<r *}tre-{ ml{ <r{le rrt * r qt <-<c+< arcqts \rreR6tis atTfin? 1DBp)
Plasticizer Rcqr< q<( uttfrefit{ amroB 1DMP) Fm d{fu qn-{ft Gilm) ffis qqnr str r Ew
S{ffi qNlfi-< s'&sK.s' I q< qlkr$r T+rr-{ fr{ lsperm) E\flrd. s-(T {K \s {RqmK fuqr+nq<-

nldsrsl +zq qlT r qil qflcrL{-{ FfuT-sT sfrr.T 6h-r, +T6I qn-o 6x-6 fr-a-an.il FNs< q-d qr, qr+s-

q{.{trsK e ffirtrcrqqt r

DEA-MEA-TEA (Diethanolamine, Methanolamine, Triethanolamine): qsrfl QTtr-"ffT

toft-rg qatk et-<-+ r qrr{ <l<-qK fit{s: qKH, Ttffi{, culcrm "rq$-sr{$(eye Shadows)s nffi*
ei{l{6{, q<I Tl-qr{ q]s?F <( fs-sfr e frsr<-co qE +-m cm r efi Choline Sq"tTn $ fiFil FtBrh-T {fus'
(Brain) E-$r{ {qlT6l45s. slrs 6.[q-{ s-r{ frm q+ u$-{m <|fl crq s-C I q<I qRlcffi GT| ?ofrco
qr{l{'S-r{ 

I

c"t"t (PEG), "ifrtFlhq ilt$-{qq Surfactants, humectants ig Skin Conditioner I qs(Et 
"rfrsKs

s ffis r PEG{< RT]s ig uTT.gl* +fuot<-o I {< ffi(T< $llEl{ Ee,"ilqo, 6{ TTIEK, {s'$rlEK,
\ffi stlql< ffi( {EflTs I'l5q fiE-rets

I *--r 
H

+o--t\ oiL*l

re
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Btr< Wrs <miTR.s E-{fifi- qtvTs el{tfl nr<l FrXfrFts <'trlTR.$'e<lTfr\3 ffis e|qlfl er€s

ffi'r+ <KEr{ +.6{ ell6s:

1 . Octyl-methoxy Cinnamate

2. Para- Aminobenzoic acid (PABA)

3. 3- Betzylidene Camphor (3-Bc)

4. 3 - (4-Methyl-benzylidene) Camphor (4-MBC)

5. 2- Ethylhexyl-4-Methoxy Cinnamate (OMC)

6. Homosalate (HMS)

7 . 2- Ethylhexyl 4 -dimethylamino b enzoate (OD-PABA)

{r1mrcq.|.q (siloxanes)- qE frfr-+-{ Eqttq'<rrFfr-s Be,{iq' I qsrEt qqTq{ E(,lfrrs {<{, qTF \3

q6lnr1-as $64 I qil Rn1F, q{cTf{ fum +efct 311q1e xDm q<( ql-q{m fiH 1E +c< I qTl w{KCs

frE{i< 1E +r<, wcE c"llfts {n (Breast implants) r

}1q (Talc)- ,asil a3q {frq qrsR.r <t {rBur{ I ,!< Bflqr+ qg qii'lr+FmN frFK$E | €B[ qlEl, <rflft

s ruq <( q< E[g "llc{ r qil m]T "[caK <I qHl{-{ 
"ilBs]z-T <KqlK S-{f q-T 

I

fisTct qfuWmfns (Bismuth Oxychloride)- cDt l{sft qqr$Rs <i:rnrfr-o E-<, I qr {6<T fr'R 'r'RTf{

g{fr $\. effrs r N{qpt ,se <-J<ET{ +KI E-r I a{ '|IfrTi € flfr- RC{6{€ qfi {J{qK qa1 gs r eDI

TqTrc (u;cE <I rrf,Kss-<'{ o-<-cn <fr -vK, {pil qrfl <I utEfrnT Ets eltm r eil ei-q-{r+ <i$ erq +m e fr{
5q"itq.T wrrs-t sfr-C-T (h-{ 

r

sfft rfY (Heavy Metal)- efff{"({ qf{f {f,ci-< sfft W q"E-< Rmrd qlq-cs {lc< r {lger4K r-c{Ilead,

Iron, Cobalt, Nickel, Cadmium, Aluminum, Arsenic, Mercury, Chromium, Copper,

Silver, lins qqjsr r S"rr< B(FFM {l:-emK *$ a6-q-sDi qEl6q-< fi-R{ q-{, el.qq.fu ft-e rEfufiF

"tkTl-i. 
qNfcq-< wfu +r< r otfr <ig c-"rf, er{l{fr <r<qr{ sr.{ qNffi-< <m Es rq-< ffiqr{ GTV {lT I

Cr, As, Cd, Hg, Pb, Te qlTfm-< &-(E< cfEfir<.-{ q(rti <ff{ sr{ q<( Ch-R{ qdq.tlN{ FFffi-s]-.s'

<I{Iqe saa | +6a q5l&-{ orq< ffio +re <f<fcrq q-T q<( q.6gi {l-{CT{ TET€ <E; fic< r qt fr{lE'

{ger<T qwffi-< cqrq-< erc{rq-ftT {Eer<rcs qfrqtt{ gcr | +rdI e{w.Rcv{ orftr+rft 67 a{s 66q

qtc(g 
"it-c{ r fl-a-{I qNl-cq-{ <s{rfr, c((sl'lq'r{, Rlv- e $(}l("l-fr tf,q Ee-T {IT I q {EErqT qEffi-< 6q?R

q{t q[E. en-rs q<( qq@'Fts <Ifk{ {R-{kcs qqlT\g-t T-m I qerEl DNA ,{{ 1k-t€ iKf qf{ $(-{; TFI

qwflq'T{qc-T "lk r

ESDO (Environmental and Social Development organization)qTD q'ffi-s qft6'H t lo)G

qfcE eHl{fr EC<I e.tR {EK fr<]gs]. rs 'rfiqf{ frfm e$E eK<{6tf RT{if ef+T'i s6{{ I Ef(o 6q'afC{f

qc-{-6q qK )sE srft rp eqT{ft Er<T ft-{rq{r{, c$Fr mHE< WRB qr+o Gfr {k{lr+ qrcq r RrrrRs

em{ft\tsfr <I(Elm"l, sRNr, efitffs, $lflsl, SIq, trq'RFFi-Sl, ffi&s qt<-< tfrc<E i3 flftsl{ {Cs

nrlRo r $K {< ei-cT{fr-co m * W {< c<-,fr "tkTrcT 
ql-cq r BttdfiTl{ rig; bo% eqT{fu€

rru
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ftt{rq{r{ I qfi 5.ll-glrc qifl +r< r oil{R {rP q]T q<. EEi-{s'Ks eMT{fi-{ Tffir qr(q t <]Y q.l{ w<

-*s*-$.eq.KR-{ {.or qre r {-s-{ Fairress ffi DrecBfiTN qrcq r 19'{rqK "rkflT DttdfiTl*{

)eeoppmlaiffig-1asrq[qr{{k{l4qK{Em{1]lcsmfre<(a'c\e8\e8AC\qqffieqrFrerq-{
ffiI{({€ BRTBFTN 4I€{t frN.q 1 ffi 6py6E &qoe "ffsrr fr6TA r qr-c{fro' frrs-{ .s &qo {$-{ mq

g{|ffisICqre{{gIft{Fstffilqfi-<eg.[C{<fr<frgr<,$altr+l,v.qqC<I{$-fl,.dmsE,

ffi s Gsrc+< r&. qT<-q, qqPris< <s-{rfr"{ $44 el-el-{, TqTrc-{ nFfuqg.f <{q, ffi $-{E.[*Rl-q,

Fte&-< 6q {t6i[<t, R-+qlq"Fte<sqW {ffisqr I

qfiT +wrfton rg ffiq (Local Cosmetics and Toiletries)a <Rn[cn'f q$E $Q-{ qf'ffi <E r

<\r<Trc{ q<-q-fl(ql1 :v m1fi< S1F{; g1-{ w'6ot ffi r +qAfffir6 g1-{E1fl q-q{q?Bt eT q-6{rs-{\e s:t
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