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ABJLDO>CF>8� Molc,� A FBDL� A B� @>PQOL�

@lk`bqql� b� ofm^oqfwflkf� abii^� abjldo^cf^,
Lofdfkb� abii%rljl� b� pr �̂ mlpfwflkb�kbii^� q^ppfkljf^� wllildf`^*� molql^kqolmf� + �
m^ib^kqolmf� + � c^kbo^kqolmf� + � ilol� `riqrob,
C^qqlof� _fl+abjldo^cf`f� abE†loafk^jbkql� pl`f^ib,
Ibddf� abii^� bobafq^ofbqÅ,
O^ddormm^jbkqf� rj^kf� pb`lkal� `^o^qqbof� ^kqolmlildf`f,
Afpqfkwflkb� abf� dormmf� rj^kf� pb`lkal� `^o^qqbof� ^kqolmlildf`f8� `lilofql*�
^pmbqql*� `^o^qqbof� ^kqolmljbqof`f*� `^o^qqbof� ^k^qljf`f*� `^o^qqbof� cfpflildf`f*�
`ljmlpfwflkb� p^kdrfdk^,
@i^ppfcf`^wflkf� o^wwf^if� a^i� mrkql� af� sfpq^8� jloclildf`l*� dbkb^ildf`l*� dbl+
do^cf`l,
@i^ppfcf`^wflkb� pb`lkal� Jlkq^kalk,
Pq^qf`^� abii^� mlmli^wflkb� + � @bkpfjbkqf� + � @bkqol� af� do^sfqÅ� af� rk^�
mlmli^wflkb,
Afk^jf`^� abii^� mlmli^wflkb� + � Krwf^ifqÅ� + � K^q^ifqÅ� + � Nrlwfbkqf� af� cboqfifqÅ�
cbjjfkfib�dbkbo^ib� b� ibdfqqfj^�+ �Cb`lkafqÅ� cbjjfkfib�`ljmibq^� + �Jloq^ifqÅ� + �
K^qfjloq^ifqÅ� + � Jloq^ifqÅ� fkc^kqfib� + � @^rpb� af� jloqb� + � >rjbkql� k^qro^ib�
abii^� mlmli^wflkb�+ � Jlsfjbkql� pl`f^ib� + �Afk^jf`^� abii^� mlmli^wflkb� + �Jlsf+
jbkql� `ljmibppfsl� + �Qblofb�af�8� Pffppjfi`e*� J^iqerp*� Nrb†qbibq*� ?bkfkf*� Dfkf,�
Psfirmml� crqrol� af� rk^� mlmli^wflkb� + � Sboeripq*� @^e^k+?ltibv*� ?lb`h+�
Hr`wvkphf,

AFOFQQL � @LJJBO@F>IB8� Molc,� @>OIL� J >FLO@>

Fi� mol_ibj^� abii†^rqlkljf^� abi� afofqql� `ljjbo`f^ib,
Ib� pl`fbqÅ� `ljjbo`f^if�8� qblof^� b�mo^qf`^,
Fi� obdfjb� cfp`^ib� abiib� pl`fbqÅ,
Fi� c^iifjbkql� b� ib� ^iqob� mol`barob� `ljjbo`f^if,
F� qfqlif� af� `obafql� `lk� m^oqf`li^ob� ofdr^oal� ^ii^� `^j_f^ib,

AFOFQQL � ABI� I>SLOL�8� Molc,� J >OFL� @LJ?>� í

@lk`bqql� abi� i^slol� kbiib� prb� afsbopb� j^kfcbpq^wflkf�9� bslirwflkb� pqlof`^,�
Klwflkb� dfrofaf`^� abi� i^slol,� Fi� cbkljbkl� ^ppl`f^qfsl� b� `bkkf� pqlof`f� prii^�
cloj^wflkb� abiib� ^ppl`f^wflkf� molcbppflk^if,� Afofqql� pfka^`^ib� b� afofqql� abi+
i †^ppf`ro^wflkb� pl`f^ib,� Ib� `^oqb� `lpqfqrwflk^if� b� ib� klojb� pri� i^slol� `lk�
pmb`f^ib� ofdr^oal� ^ii^� @lpqfqrwflkb� fq^if^k^,� Fi� `lkqo^qql� af� i^slol�8� klwflkb*�
cloj^wflkb*� plddbqqf*� l__ifd^wflkf� abiib� m^oqf*� bpqfkwflkb*� b``,� Fi� o^mmloql� af�
mr__if`l� fjmfbdl�8� qbkabkw^� ^ii†rkfqÅ� abf� arb� o^mmloqf,� @^o^qqbofpqf`eb*� `lpqf+
qrwflkb*� afofqqf� ba� l__ifdef� abii†fjmfbd^ql*� `bpp^wflkb� abi� o^mmloql*� b``,

AFOFQQL � ABII>� K>SFD>WFLKB8� Molc,� > I?BOQL� J LKQBI

Fkqolarwflkb,� Clkqf,� Pfpqbj^� abi� afofqql� abii^� k^sfd^wflkb,� Loafk^jbkql� ^j+
jfkfpqo^qfsl� abii^� k^sfd^wflkb� abiib�k^sf� ba� ^boljl_fif,� I^� k^sb� b� i †^boljl+



_fib� kbi� afofqql� mofs^ql,� >oj^qlob� ba� fjmobp^� af� k^sfd^wflkb,� @lkqo^qql� af�
i^slol,� @lkqo^qqf� af� rqfifww^wflkb,� Qfqlif� af� qo^pmloql,� @lkqof_rwflkb� ^iib�
^s^ofb� `ljrkf,� Roql� af� k^sf,� >ppfpqbkw^� b� p^is^q^ddfl,� Ob`rmbol� b� ofqols^+
jbkql� af� obifqqf,� >ppf`ro^wflkb,� Mofsfibdf,

AFOFQQL � FKARPQOF>IB8� Molc,� M FBQOL� M F@@>QQF

@lk`bqql� b� ifjfqf� abi� afofqql� fkarpqof^ib,
@bkkf� pqlof`f� b� clkqf,
Plddbqqf� abi� afofqql� fkarpqof^ib,
I^� qrqbi^� abiib� lmbob� abii†fkdbdkl,
Ib� lmbob� abii†fkdbdkl� _obsbqq^_fif,
Obnrfpfqf� b� mol`baro^� mbo� fi� `lkpbdrfjbkql� abi� _obsbqql,
Bpbo`fwfl� abi� afofqql� ba� ^wflkf� �̂ qrqbi^,
Bp^jb� abiib� `lksbkwflkf� fkqbok^wflk^if� obi^qfsb,
I †^wfbka^8� k^qro^� dfrofaf`^,
K^p`fq^*� qo^pcloj^wflkb� ba� bpqfkwflkb� abii^� ^wfbka^,,
Qblof^�abii†^ssf^jbkql,
F� pbdkf� afpqfkqfsf� abii^� ^wfbka^�8� afqq^*� j^o`efl*� fkpbdk^,
I^� sbkafq^� af� ^wfbka^,
I^� il`^wflkb� af� ^wfbka^,
I †rprcorqql� abii†^wfbka^,
Kbdlwf�dfrofaf`f�m^oqf`li^of�8� `lpqfqrwflkb�af�alqb*� m^qofjlkfl� c^jfif^ob*� `ljr+
kflkb� af� _bkf,
FF� pbnrbpqol� ba� fi� mbdkl� prii†^wfbka^,
Fi� qo^pcbofjbkql� af� ^wfbka^�jloqfp� `^rp^,
I^� `lk`loobkw^� pib^ib�8� clojb� b� k^qro^,
@i^rplib� af� `lk`loobkw^� b� `lkplowf� fkarpqof^if,
@bkkf� pr� ^wfbkab� pmb`f^if�8� c^oj^`brqf`^*� jfkbo^of^*� _^k`^of^,

(

A FOFQQL � FKQBOK>WFLK>IB � MR??IF@L8� Alqq,� > IBPP>KAOL� J >O>WWF

@lk`bqql� af� afofqql� fkqbok^wflk^ib� mr__if`l� + � Ib� clkqf� + � F� plddbqqf� + � F� jbwwf�
dfrofaf`f� fkqbok^wflk^if� + � F� afofqqf�abii^�mboplk^ifqÅ� abdif� Pq^qf,� F� afofqqf� ob^if�
b�af�l__ifd^wflkb�+ �I †fiib`fql� fkqbj^wflk^ib�+ �K\mo` nk`^d\g`7�I †lod^kfww^wflkb�
fkqbok^wflk^ib� jlabok^� `lk� m^oqf`li^ob� ofdr^oal� ^f� o^mmloqf� b`lkljf`f� co^�
dif� Pq^qf,
?obsf� `bkkf� af� afofqql� fkqbok^wflk^ib� _biif`l,

B@LKLJF>� B � MLIFQF@> � >DO>OF>8� Molc,� R J?BOQL� C >@@>

B`lkljf^� b� mlifqf`^� ^do^of^� + � Fjmloq^kw^� b`lkljf`^� b� pl`f^ib� abii†^dof`li+
qro^� fq^if^k^�8� prb� `^o^qqbofpq`eb� dbkbo^if� + � Abp`ofwflkb� mbo� do^kaf� wlkb�
abii†Fq^if^� ^dof`li^*� `lk� bp^jb�`ofqf`l�abf� mol_ibjf� qb`kf`f� b�mlifqf`f� + � Fi� `^mf+
q^ib� clkaf^ofl� ba� ^do^ofl9� loafk^jbkql� molarqqfsl� b� o^mmloqf� `lkqo^qqr^if� +
Fi� _fi^k`fl� abii†^wfbka^� ^do^of^� + � B`lkljf^� b� pqfj^� abf� jfdiflo^jbkqf� clk+
af^of�+ �Mol_ibjf� b`lkljf`f�abii†fkafofwwl� molarqqfsl�8� f� `lpqf� af� molarwflkb� ba�
f� mobwwf� af� qo^pcloj^wflkb� + � Afpqof_rwflkb� abii^� molmofbqÅ� qboofbo^� fk� Fq^if^�
b� clojb� af� `lkarwflkb� + � I^� mlmli^wflkb� oro^ib� ba� ^dof`li^�8� i^slol*� l``rm^+
wflkb*� obaafqf� b� `lkafwflkf� af� sfq^� abiib� afsbopb� `^qbdlofb� + � I^� ofcloj^� clk+
af^of^� ba�^do^of^�+ �Klojb�abii^�@lpqfqrwflkb�prii^� ifjfq^wflkb�abii^�molmofbqÅ�
clkaf^of^*� ib� ibddf�Pfi^�b�Pqo^i`fl� b�i^� ilol�^mmif`^wflkb�+ �I^�mf``li^�molmofbqÅ
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`liqfs^qof`b� + � Fi� `lkqo^qql� a†^ccfqql*� fi� _il``l� b� ib�klojb� prii†bnrl� `^klkb9� i^�
jbww^aof^�9� i^� `ljm^oqb`fm^wflkb�+ �I^�do^kab� ^wfbka^� `^mfq^ifpqf`^� `lk�j^kl�
a†lmbo^�p^i^of^q^�+ �I^�`llmbo^wflkb�+ �I^�_lkfcf`^�b�dif� fkqbosbkqf�abiil�Pq^ql� + �
@^q^pql� clkaf^ofl*� fjmlpqb�b� qof_rqf� fk� ^dof`liqro^,

B@LKLJF>� MLIFQF@>8� Molc,� > OOFDL� ? LOAFK

D >jmnj� + �K^qro^� abii^� of`bo`^� p`fbkqfcf`^� b� abf� cbkljbkf� b`lkljf`f,� F� _bkf�
b`lkljf`f*� b� i^� ilol� rqfifqÅ� la� lcbifjfqÅ,� F� mobwwf,� I †bnrfif_ofl� abiil� p`^j_fl�
kbi� obdfjb� af� `lk`loobkw^,� Ib� ibddf� abii^� alj^ka^� b� abii†lccboq^,� Fi� obdfjb�
af� p`^j_fl� fk�jlklmlifl,� Fi� i^slol� lddbqql�af� p`^j_fl,� Fi� obdfjb�af�jlklmlifl�
_fi^qbo^ib,� I^�afpqof_rwflkb�^o_fqo^ib,�Abcfkfwflkb�af�molarwflkb,� @lpqf�rkfq^of�
b� `lpqf� j^odfk^if,� Bnrfif_ofl� abi� molarqqlob� fk� `lk`loobkw^� b� fk� jlklmlifl,�
I^�afp`ofjfk^wflkb�abf�mobwwf,�Ib�`l^ifwflkf,�Bccbqqf�abf�afsbopf� qfmf�af� fjmlpqb�
b� af� plssbkwflkb� �̂ `^of`l� b� �̂ c^_lob� abii^� molarwflkb,� Fi� obdli^jbkql� abf�
mobwwf,
D D ^jmnj * �Abcfkfwflkb�af� lcbifjfqÅ,� MolmofbqÅ� abf� irldef� dbljbqof`f� af� bdr^ib�
lcbifjfqÅ� lppf^� af� fkafccbobkw^,� >mmif`^wflkb�af� q^if� `lk`bqqf� ^ii^� of`bo`^� abiib�
`lkafwflkf� af� bnrfif_ofl� af� rkl� b� af� mfç� p`^j_fpqf� fk� `lk`loobkw^,� Ib� s^of^+
wflkf�abiib�nr^kqfqÅ�kbdlwf^qb�^i�jrq^ob�abi�mobwwl,� Fi�jlklmlifl,�I^�`l^ifwflkb�
kbiil� p`^j_fl,� I^� afpqof_rwflkb� ^o_fqo^ib� ba� fi� o^wflk^jbkql,� Abcfkfwflkf� aá�
molarwflkb� b� af� molarqqfsfqÅ,� I^� crkwflkb� af� `lpql� jfkfjl,� I †bnrfif_ofl� abi�
molarqqlob�fk�`lk`loobkw^�ba� fk�jlklmlifl�kbf�afsbopf� obdfjf�qb`kf`f,�Ib�s^of^+
wflkf�abiib�nr^kqfqÅ� abf� c^qqlof� b�abf� molalqqf� ^i�jrq^ob�abf�mobwwf,� I^� afp`of+
jfk^wflkb� abf� mobwwf,� I +̂� molarwflkb� fk� obdfjb� af� `l^ifwflkb,� I †fkqbosbkql�
^o_fqo^ib� kbii^� molarwflkb,� Fi� mbpl� abii^� mobsfpflkb� kbii^� pq^qf`^� b`lkljf`^,

DBLDO>CF>� B@LKLJF@>�8� Molc,� A FKL � DOF?>RAF

,� Diomj_pudji` h`oj_jgjbd^\ \gg\ b`jbm\aÅ\ b`i`m\g` `_ `^jijhd^\+�
G ì\h]d`io` o`ggpmd^j _`gg\ $kmj_pudji` jqq`mjnnd\ g\ a\]]md^\ _`gg` h\o`md`�
kmdh`+

FPQFQRWFLKF� AF� AFOFQQL � MOFS>QL �8� Molc,� PFIS FL � O LJ>KL

K\mo` b`i`m\g` * �Mboplk^� b�C^jfdif^� + � Pr``bppflkf� + �Afofqqf� ob^if� + �L__ifd^+
wflkf� + �Qrqbi^� abf� afofqqf,

FPQFQRWFLKF� AF� AFOFQQL � MR??IF@L8� Molc,� DFLODFL � @>KP>@@EF

@lk`bqql� af� afofqql� mr__if`l� b� prb� ofm^oqfwflkf� + � Il� Pq^ql� jlabokl� b� i^� pr �̂
cloj^wflkb� + � @^o^qqbof� abiil� Pq^ql� jlabokl� + � Dif� lod^kf� abii^� crkwflkb�
ibdfpi^qfs^� bpb`rqfs^� b� dfrafwf^of^� fk� dbkbo^ib� + � Fiirpqo^wflkb� abii^� @lpqfqr+
wflkb� fq^if^k^� + � @bkkf� af� dfrpqfwf^� ^jjfkfpqo^qfs^� fq^if^k^,

IBDFPI>WFLKB� ?>K@>OF>8� Molc,� M FBQOL� LKFA> �

Ib� clkqf� abii^� ibdfpi^wflkb� _^k`^of^,
ö

Fi� pfpqbj^� _^k`^ofl� fq^if^kl,
I^� ôibddb� _^k`^of^ö� b� ib� mol`barob� pmb`f^if� a^� bpp^� obdli^qb� &^jjfkfpqo^+
wflkb� pqo^loafk^of^*� crpflkb*� ifnrfa^wflkb� `l^qq^� ^jjfkfpqo^qfs^� b``,á,
F� qfqlif� af� `obafql,
F� `obafqf� al`rjbkq^qf,
F� `lkqf� `loobkqf,
F� abmlpfqf,
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IFKDR> � CO>K@BPB �8� Molc,pp^� I FIF>K>� OF?BQ

D ^jmnj * � Clkbqf`^� + � Obsfpflkb� abii^� do^jj^qf`^� + � Ibqqro^*� qo^arwflkf� b�
abqq^qf� pri� `ljjbo`fl� b� prf� `ljjbo`f^kqf�9� prdif� p`^j_f� b�al`rjbkqf� obi^qfsf�9�
pri� obdli^jbkql� abdif� p`^j_f� ba� bccbqqf� af� `ljjbo`fl9� priib� pl`fbqÅ� bljjbo+�
`f^if�9� prii^� `lkq^_fifqÅ�9� pri� c^iifjbkql� + � Kljbk`i^qro^� obi^qfs^� �̂ abqqf�
^odljbkqf,
D D ^jmnj� + � Obsfpflkb� abii^� pfkq^ppf� + � Ibqqrob*� qo^arwflkf� b� abqq^qf� priib� _^k+�
`eb9� prii^� _lop^9� prf� qo^pmloqf� mbo� sf^� af� qboo^*� af� j^ob� ba� ^bob^9� priib�
ald^kb*� a^wfl� b� j^d^wwfkf� dbkbo^if�9� priib� ^ppf`ro^wflkf� + � Kljbk`i^qro^� obi^+
qfs^� �̂ abqqf� ^odljbkqf� + � @bkkf� prii^� sfq^� b`lkljf`^� abii†Rkflkb� co^k`bpb*�
^``ljm^dk^qf� a^� molfbwflkf� af� cáijp� pr� ^i`rkb� wlkb� abii^� Co^k`f^,
D g d ^jmnj� + � Ibqqrob(� abqq^qf� b� qo^arwflkf� pr� ^odljbkqf� s^of*� fk� m^oqf`li^ob�8�
cloj^wflkb�abii^� ifkdr^� co^k`bpb*� fkci^wflkb*� ab_fql� mr__if`l*� _fi^k`f*� klwflkb�
af� mobwwl*� cboolsfb*� ^i_bodef� + � @bkkf� prii^� pqlof^� b`lkljf`^� abii^� Co^k`f^�
cfkl� ^ii%riqfjl� almldrboo^*� `lk� m^oqf`li^ob� ofdr^oal� ^i� ufu � pb`lil,

IFKDR> � FKDIBPB �8� Molc,� BJFIF> � OLJ>KL� k^q^� OLPQ>K

F� @lopl� + � Fkafofwwl� mo^qf`l� + �Ofm^ppl� af� do^jj^qf`^*� abqq^qf*� `lksbop^wflkb�8�
bibjbkqf� af� qb`kf`^� jbo`^kqfib*� ibqqrob� af� `^o^qqbob� qb`kf`l*� qo^arwflkf,
F F � @lopl� + � Abqq^qf*� `lksbop^wflkb*� ibqqrob� + � Pqrafl� abiil� psfirmml� abii^� sfq^�
b`lkljf`^� fkdibpb� + � Drfab� jbaflbs^if*� sfq^� b`lkljf`^� kbi� jbaflbsl*� cloj^+

∞

wflkb� abf� _lodef� b� abiib� `fqqÅ� + � Cloj^wflkb� b� psfirmml� abi� `ljjbo`fl� abii^�
i^k^� + � Cloj^wflkb� abiib� do^kaf� `ljm^dkfb� af� qo^ccf`l� b� `ljjbo`fl� fkqbok^+
wflk^ib� + � Pfqr^wflkb� b`lkljf`^� abii†Fkdefiqboo^� kbi� 3..� b� kbi� 4..� + � Mofjb�
_lkfcf`eb,
F i f �@lopl� + �Pqrafl� abiib� clkqf� abi� afofqql� fkdibpb�+ �@^o^qqbofpqf`eb� abi� pfpqbj^�
ibd^ib� b� dfrafwf^ofl� + � Qof_rk^if� b� @loqf� fkdibpf� + � Pqrafl� abf� `lkqo^qqf� b�
abiib� ^dbkwfb,
Bpbo`fq^wflkf� mo^qf`eb� + � >rafwflkf� do^jjlclkf`eb� af� `lopf� af� ifkdr^� m^oi^q^�
`lk� ofcbofjbkql� ^ii^� pqlof^� ba� ^iib� fpqfqrwflkf� fkdibpf� + � Molfbwflkb� af� cfijp�
pr� m^oqf`li^of� psfirmmf� fkarpqof^if� &Jbqlal� af� bpqo^wflkb� b� i^slo^wflkb� abiil�
wlicl� b� abii^� dljj^*� fjmf^kqf� fkarpqof^if� ob`bkqfppfjf*� b``,',

I FKDR> � PM>DKLI>8� Molc,pp^� M FBOFK>� JLIBQQ>
:2

D >jmnj� + � Do^jj^qf`^� &clkbqf`^*� loqldo^cf^*� jloclildf^'� + � Bibjbkqf� af� pfk+
q^ppf� + � Kljbk`i^qro^� prf� mofk`fm^if� ^odljbkqf� abii^� sfq^� `ljrkb� + � Bpbo`fwf�
af� sbopflkb� a^ii†fq^if^kl� fk� pm^dklil� b� sf`bsbop^*� abqq^ql*� ibqqro^,
D D >jmnj� ú� Kljbk`i^qro^� b� `loofpmlkabkw^� `ljjbo`f^ib� + � @lksbop^wflkf� fk�
ifkdr^� pm^dkli^� pr� bibjbkqf� af� afofqql� `ljjbo`f^ib� &@ljjbo`fl� + � @ljjbo+
`f^kqf�+ �Obdfpqof�+ �@ljmo^� Sbkafq^� + �Qo^pmloql�jbo`f� b�al`rjbkqf� obi^qfsf'� +
Ibqqro^*� sbopflkb� b� of^pprkqf� lo^if� af� _o^kf� af� ^rqlof� b� af� rk†lmbo^� &?bkfql

,� _

MÉobw� D^iaâp+Dbolk^'� + � Qo^arwflkf*� abqq^ql,
D g d >jmnj * � @riqro^� pm^dkli^�8� bibjbkqf� af� ibqqbo^qro^*� pqlof^� b� dbldo^cf^�
&pmb`f^ijbkqb� b`lkljf`^'� + � @lksbop^wflkf� fk� ifkdr^� pm^dkli^� pr� bibjbkqf� af�
afofqql� `ljjbo`f^ib� b� pr� ^odljbkqf� b`lkljf`f�8� Ib� fpqfqrwflkf� `ljjbo`f^if�
&@^jbob�af�@ljjbo`fl�ú�?lopb�ú� Pq^kwb�af� `ljmbkp^wflkb� + �Abmlpfqf� b``,'� ú
Fi� @obafql� b� f� al`rjbkqf� obi^qfsf� + � P`rlib� b`lkljf`eb� + � Afofqql� b� clojb� af�
^ppl`f^wflkb� + � I^� if_bo^� `lk`loobkw^� + � Fi� molqbwflkfpjl� + � Ibqqro^*� abqq^ql*�
qo^arwflkf,� (

c ))- c
#



IFKDR>� QBABP@>8� Molc,� @>OILQQ>� DFR I FL

<iij D � + � Do^jj^qf`^*� pfkq^ppf� ba� bpbo`fwf� `lk� pmb`f^ib� ofcbofjbkql� ^i� `lj+
jbo`fl*� fkarpqof^*� b`lkljf^,
Dbldo^cf^� mlifqf`^� b� cfpf`^� abf� m^bpf� dboj^kf`f� + �Clojb� af� dlsbokl,
<iij D D � + � @ljmibq^jbkql� ba� ^jmif^jbkql� abiib� `loofpmlkabkwb� `ljjbo`f^if�
a†rpl� `loobkqb,
@ljmibq^jbkql�ba� ^jmif^jbkql�abiib�`lkafwflkf�mlifqf`eb� ba�b`lkljf`eb�abii^�
Dboj^kf^� fk� m^oqf`li^ob� ba� fk� dbkbo^ib� abf� m^bpf� dboj^kf`f,
Ofcbofjbkqf� pqlof`f� ba� fkcirppf� b� ofmbo`rppflkf� prii†b`lkljf^*� fkarpqof^� b� `lj+
jbo`fl� qbabp`ef,
Al`rjbkqf� `ljjbo`f^if,
<iij D D D � + � Pl`fbqÅ� + �?^k`eb� + �Mol`rob� + �>ppf`ro^wflkf� + �Rkflkf� ald^k^if� + �
Sfb� af� `ljrkf`^wflkb� + � Pqlof^� b`lkljf`^� b� `ljjbo`f^ib� + � Fpqfqrwflkf� mofk`f+
m^if� ibdfpi^qfsb� b� qo^pmloqf� + � Rk� `lopl� pr� ^odljbkql� b`lkljf`l� l� `ljjbo+
`f^ib� l� fkarpqof^ib� &^odljbkql� af� nrbpq†^kkl8� Sboc^ii� abo� Wffkcqb',

J>QBJ>QF@>� >QQR>OF>IB8� Molc,� C BOK>KAL� D F>@@>OAF� D FO>RA

Crkwflkf� _fljbqof`eb� b� q^slib� af� jloq^ifqÅ� &q^ppl� fpq^kq^kbl� af� jloq^ifqÅ*�
q^ppl� `bkqo^ib*� sfq^�jbaf^*� sfq^� mol_^_fib*� mol_^_fifqÅ� obi^qfsb� ^a� rk� dormml�
af� qbpqb*�jbqlaf� s^of�mbo� i^� `lpqorwflkb�af� q^slib�af�jloq^ifqÅ*� q^slib�af�jlo+
q^ifqÅ� ^ddobd^qb*� pbibwflk^qb*� ofalqqb*� `ljm^qqb�9� mbobnr^wflkb� abiib� q^slib� af�
jloq^ifqÅ',
>ppf`ro^wflkf� &fk� `^pl� af� sfq^*� af� jloqb*� jfpqb9� mofk`fmfl� af� bnrfs^ibkw^9�
mobjf9� lmbo^wflkf� pr� mfç� qbpqb*� `^of`^jbkqf*� `lkqol+^ppf`ro^wflkb',�
>jjloq^jbkql� sfq^ifwfl� &^jjloq^jbkql� do^ar^ib*� �̂ cloj^� ^jbof`^k^*� mob+
jfl� k^qro^ib9� ^jjloq^jbkql� kbi� `lkqfkrl� ba� fk� rk� obdfjb� dbkbo^ib� af�
`^mfq^ifww^wflkb',
Ofpbos^� j^qbj^qf`^� &cloj^wflkb� abii^� ofpbos^*� jbqlaf� af� `^i`lil9� `ljml+
kbkqf� abi� mobjfl*� obi^wflkf�dbkbo^if� co^� arb� ofpbosb� af� rk†^ppf`ro^wflkb� dbkb+
of`^*� bnr^wflkb� afccbobkwf^ib� af� Qefbib*� ofpbos^�j^qbj^qf`^� `ljmibq^*� ofpbos^�
af� Wfiijbo9� ofarwflkf*� qo^pcloj^wflkf*� ofp`^qqf� af� mlifwwb9� clojri^� af� `lkqof+
_rwflkb� af� Elj^kp� b� ib� s^ofb� clkqf� af� rqfif� af� rk†fjmobp^� af� ^ppf`ro^wflkb�
sfq^9� of^ppf`ro^wflkb9� ^k^ifpf�abi� `lkql� qb`kf`l� ô�ofpbos^�j^qbj^qf`^�ö� �̂ `lpqf*�
of`^sf� b� ofj^kbkwb9� mol_ibj^� abdif� ^``rjrif',
>mmif`^wflkf�^qqr^of^if�af� ^i`rkb�afprdr^dif^kwb� &P`et^ow*� Pqbccbkpbk*�Gbkpbk*�
Eliabo*� Jfkhltphv*� b``,',

J>QBJ>QF@>� CFK>KWF>OF>8� Molc,� C BOK>KAL� DF>@@>OAF� D FO>RA

Crkwflkf� af� mfç� s^of^_fif� &abofs^qb� b�afccbobkwf^if�m^owf^if*� crkwflkf� `ljmlpqb*�
crkwflkf� fjmif`fqb*�j^ppfjf� b�jfkfjf*� s^of^_fif� ibd^qb�a^�rk^� l�mfç� bnr^wflkf*�
`lkafwflkf� prccf`fbkqf�mbo� fi�j^ppfjl�b�jfkfjl�mbo�arb�s^of^_fif'�ú�Jbqlal�abf�
abf� jfkfjf� nr^ao^qf� ú� Clojrib� a†fkqbomli^wflkb� +� >mmif`^wflkf� klqbslif,�
Fkqbobppf� b� p`lkqf�+ �Obdfjf� af� `^mfq^ifww^wflkb� +�Q^ppf� bnrfs^ibkqf� +� Fkqbobppb�
`lkqfkrl� ú� Q^ppl� `bkqo^ib� af� `^mfq^ifww^wflkb� + � Obkafqb� `boqb� co^wflk^qb� b�
`lkqfkrb�+ �Bpmobppflkb� abii^� obkafq^� `lkqfkr^� fk�dbkbo^ib� + �@^i`lil� abi� q^ppl�
af� rk^� obkafq^� `lpq^kqb� &jbqlal� af� D^rpp*� af� ?^fiv*� jbqlal� abiib� `loab� b�
abiib� q^kdbkqf*�jbqlal�af� fqbo^wflkb'�ú�>jjloq^jbkqf� s^of�ú�Kra^� molmofbqÅ*�
rprcorqql� b�`lopl� af�rk�mobpqfql� + �>jjloq^jbkqf�kbi� `lkqfkrl� + � Mobpqfqf� `lk�
l__ifd^wflkf� &dbkbo^ifqÅ*� mol_^_fifqÅ� af� `fo`li^wflkb� b� af� ploqbddfl� af� l__ifd^+



wflkf*� kra^� molmofbqÅ*� rprcorqql� b� `lopl� af� rk†l__ifd^wflkb*� sfq^� jbaf^� b�
sfq^� j^qbj^qf`^9� q^ppl� bccbqqfsl� af� obkafjbkql� af� rk†l__ifd^wflkb*� l__ifd^�
wflkf� `lk� mobjf*� l__ifd^wflkf� �̂ q^ppl� af� obkafjbkql� `lpq^kqb� b``,',

J>QBJ>QF@>� DBKBO>IB8� Molc,� C BOK>KAL� D F>@@>OAF� D FO>RA

Klwflkf� clka^jbkq^if� &mlqbkwb*� o^af`f*� ild^ofqjf*� molalqqf� b� nrlqf� klqbslif*�
bnr^wflkf� s^ofb*� moldobppflkf� ^ofqjbqf`eb� b� dbljbqof`eb'� + � Abqbojfk^kqf� b�
pfpqbjf� ifkb^of� &^k^ifpf�`lj_fk^qlof^*� molmofbqÅ�abf�abqbojfk^kqf� b�psfirmml'� + �
Bibjbkqf� af� `^i`lil� abiib� mol_^_fifqÅ� + �@lloafk^qb� b� crkwflkf� `fo`li^of� + � Bib+
jbkqf� af� dbljbqof^� ^k^ifqf`^� kbi� mf^kl� &i^� ifkb^� obqq^*� i^� `fo`lkcbobkw^*�
i%biifppb*� i †fmbo_lib*� `bkkf� priib� `lkf`eb*� ^iqof� irldef� dbljbqof`f*� `lloafk^qb�
mli^of� af� rk� mrkql'� + � Bibjbkqf� af� ^k^ifpf� fkcfkfqbpfj^ib� &ifjfqf� abiib� pr``bp+
pflkf*� `i^ppfcf`^wflkb� abiib� crkwflkf*� ifjfqf� abiib� crkwflkf*� fkcfkfqbpfjf� ba� fkcf+
kfqf*� crkwflkf� `lkqfkrb*� abofs^qb�b�afccbobkwf^if*� crkwflkf� af� crkwflkb*� crkwflkf�
fksbopb*� qblobj^� af�@^s^ifbof*� j^ppfjf� b�jfkfjf� abiib� crkwflkf*� clojb� pfj_l+
if`eb� a†fkabqbojfk^wflkb*� fkqbdo^if� fkabcfkfqf� b� abcfkfqf*� fkqbdo^wflkb� mbo� m^oqf

h

b�mbo� plpqfqrwflkb*� fkqbdo^wflkb� af� ^i`rkb� crkwflkf� o^wflk^if*� bnr^wflkf� afccb+
obkwf^if� af� /è� loafkb*� clojrib� af� Q^vilo� b� J^`� I^rofk� b� prlf� obpqf*� pbofb� af�
krjbof� ob^if*� jbqlaf� af� fkqbdo^wflkb� ^mmolppfj^q^',

JBO@BLILDF>8� Molc,� > KDBIL � @> P Q FD I FL K F

Di_pnomd\ o`nndg`7� Cf_ob� qbppfif� k^qro^if*� i^k^*� pbq^*� `lqlkb*� ifkl*� `^k^m^*�
frq^*� o^jfÑ,
Cf_ob� qbppfif�^oqfcf`f^if*� o^vlk*�jbofkls^*�kvilk*� qbofibkb*� sfkflk*� p^o^k*� Mb+@b*�
loilk*� mlifqbkb,
Qbpprqf*� ^oj^qrob� b� p^ddf� jb``^kf`f� b� `efjf`f,
Di_pnomd\ _`gg\ ^\mo\7� j^qbofb� mofjb� b� p^ddf,
Di_pnomd\ _`gg\ ^ji^d\7� mbiib*� j^qbofb� `lk`f^kqf*� p^ddf� prf� `rlf,
Di_pnomd` a`mh`io\odq`7� ^i`li*� sfkl*� _foo^,
Di_pnomd` ^\n`\md`7� i^qqb*� _rool*� cloj^ddfl,
@lj_rpqf_fif� k^qro^if� ba� ^oqfcf`f^if*� plifaf*� ifnrfaf� b� d^pplpf,

MLIFQF@> � B@LKLJF@>� B� CFK>KWF>O F> 8� Molc,� > OOFDL� ? LOAFK

Lddbqql� abii^� mlifqf`^� b`lkljf`^,�O^wflk^ifqÅ� abf� cfkf� b�abf�jbwwf,� I^� cfk^ifqÅ�
abi� obaafql� `liibqqfsl�j^ppfjl� b� fi� obdfjb� af� `lk`loobkw^,� Pqrafl� af� jbo`^qf�
qo^� ilol� `ljrkf`^kqf,� Fi� mol_ibj^� abii†bnrfif_ofl� b`lkljf`l� fkqbok^wflk^ib,�
S^kq^ddf� b� ps^kq^ddf� abi� `ljjbo`fl� fkqbok^wflk^ib,� Pqrafl� abii^� jlkbq^,� F�
s^of� pfpqbjf� jlkbq^of,� Ib� lmbo^wflkf� abii^� _^k`^� af� bjfppflkb,� Fi� pfpqbj^�
_^k`^ofl� mofs^ql,� Fi�jbo`^ql� abiib� afsfpb� b�dif� ^o_fqo^ddf,� Fi� mol`bppl� molarq+
qfsl� ba� f� cirppf� jlkbq^of,� Molarwflkb*� ofm^oqfwflkb� ba� fjmfbdl� abi� obaafql,�
I †bnr^wflkb� abdif� p`^j_f,� I †fkci^wflkb,� I^� afp`fmifk^� abi� `ljjbo`fl� fkqbok^+
wflk^ib�kbf� qbjmf� mobpbkqf,

O>DFLKBOF>8� Molc,� M FBQOL� L KFA>

D >jmnj * � I^� klwflkb� af� ^wfbka^� + � F� plddbqqf� abii†^wfbka^� + � >wfbkab� af�
bold^wflkb� b� ^wfbkab� af� molarwflkb� + � I^� s^of^� cloj^� abiib� ^wfbkab,
I^� dbpqflkb� b� i †lod^kfww^wflkb� abii†^wfbka^8� mofjb� klwflkf� clka^jbkq^if,
Ib� afp`fmifkb� b`lkljf`l+^wfbka^if� b� i †lddbqql� m^oqf`li^ob� abii^� o^dflkbof^,
Ib� of`bo`eb�abii^� o^dflkbof^� ^mmif`^qb�^a�^i`rkf�klqbslif� cbkljbkf� a†^wfbka^�8

c ))/ c

!



+ � fi� obaafql� a†fjmobp^� b� f�jbqlaf� abii^� pr �̂ ofibs^wflkb9� ofibs^wflkf� `lkq^_fif�
b� ofibs^wflkf� pq^qfpqf`eb9� i^� M,�A,� ^mmif`^q^� ^i� pfpqbj^� abi� obaafql9
+ � f� `lpqf� af� molarwflkb8� ilol� abqbojfk^wflkb� b� fkqbomobq^wflkb,
D D >jmnj� + � Fi�_fi^k`fl� a†bpbo`fwfl�kbii†^wfbka^� af� molarwflkb�8� qblof^� b� qb`kf`^�
af� nrbpql� _fi^k`fl� + � Mol_ibjf� m^oqf`li^of� af� s^irq^wflkb,
Qfmf`eb� clojb� af� loafk^jbkql� abii†^wfbka^� af� molarwflkb� b� i^� ofpmbqqfs^�
ildf`^� b`lkljf`^� + � Mol_ibjf� af� lod^kfww^wflkb� abii†^wfbka^� + � F� ô�dormmf� af�
^wfbkab�ö� + � F� _fi^k`f� `lkplifa^qf� af� ô�dormml�ö,

∞

Ib� s^of^wflkf� af� `^mfq^ib� kbiib� ^wfbkab� af� pl`fbqÅ� `ljjbo`f^if,
>pmbqqf� cfk^kwf^of� b� ^pmbqqf� b`lkljf`f� abii^� dbpqflkb� + � Pfqr^wflkf� cfk^kwf^ofb�
b� pfqr^wflkf� b`lkljf`eb,

!

P@FBKW>�ABIIB� CFK>KWB � B� AFOFQQL � CFK>KWF>OFL8� Molc,� >,� C,� OBM>@F

F,�I †^qqfsfqÅ�cfk^kwf^of^�abiil�Pq^ql�+ �Qblof^�abiib�pmbpb�mr__if`eb�+ �Ib�bkqo^qb�
abiil�Pq^ql�klk�abofs^kqf�a^� fjmlpqb�+ �Qblof^�dbkbo^ib�abii†fjmlpq^�+ �Mofk`ámf�
qblof`f� b� qfmf� pqlof`f� abii^� ofm^oqfwflkb� abiib� fjmlpqb� + �Bccbqqf� b`lkljf`f� abiib�
fjmlpqb�+ � Fi� ab_fql�mr__if`l� + �I^� mobppflkb� qof_rq^of^,
FF,� I †loafk^jbkql� qof_rq^ofl� fq^if^kl�+ �Ib� fjmlpqb� prf� obaafqf9� ib� fjmlpqb� prf�
`lkprjf�9� ib� fjmlpqb� prf� qo^pcbofjbkqf� abii^� of``ebww^�9� ib� fjmlpqb� m^qofjl+
kf^if� + � Ib� q^ppb� b� f� `lkqof_rqf9� f� obaafqf� m^qofjlkf^if� b� abiib� mr__if`eb�
fjmobpb� + �I^� cfk^kw^� abdif� bkqf� il`^if*� abiib� obdflkf� b�abdif� ^iqof� bkqf� mr__if`f�
jfklof� + � Fi� `lkqbkwflpl� fk� j^qbof^� qof_rq^of^,

PQ>QFPQF@> � B@LKLJF@>8� Molc,� AFBDL� AB� @>PQOL

@lk`bqqf� dbkbo^if� b� abcfkfwflkb� abii^� pq^qfpqf`^� b`lkljf`^,
Ib�mofk`fm^if�mr__if`^wflkf� pq^qfpqf`eb�kbi� `^jml� b`lkljf`l�b�kbf� `^jmf� ĉcfkf,
Fi� qbpq� u� af� Cfpebo� b� i †^k^ifpf� abii^� s^of^kw^� + � >k^ifpf� abii^� s^of^kw^� + �
@lkcolkql� af�jfprob�af� ^qqbkaf_fifqÅ� + � S^of^_fifqÅ� qo^� ib� `i^ppf� b�kbii†fkqbokl�
abiib� `i^ppf� + �Of`bo`^� abii^� `loobi^wflkb� + � @lkqoliif� prii†fmlqbpf� af� rk^� `lo+
obi^wflkb� ifkb^ob� b� `rosfifkb^� + � Pfdkfcf`^qfsfqÅ� abiib� lp`fii^wflkf� pq^dflk^if,
Fi� qbpq� U0� af� Mb^oplk� + � I^� mols^� abi� U0� + � Rpl� abi� U0� mbo� `^i`li^ob� i †bp^q+
qbww^� af� rk^� mbobnr^wflkb� + � fi� U0� af� fkambkabkw^� abf� mofk`fmf� af� `i^ppfcf`^+
wflkb� + � Fi� U0� af� ljldbkbfqÅ,
Fi� qbpq� o� af� Dlppbq,
L/� af� Ibufp,
Fi� qbpq� A � af� Pkbab`lo,
@loobi^wflkb� jriqfmi^� b� `loobi^wflkf� m^owf^if,
Fka^dfkf� pq^qfpqf`eb�`li�jbqlal� abi� `^jmflkb�ú�Abp`ofwflkb� pq^qfpqf`^� b� fkar+
wflkb� pq^qfpqf`^� + � Mol_ibjf� mo^qf`f� abi� `^jmflk^jbkql� + � Jfprob� af� ^qqbkaf+
_fifqÅ� + � Boolob� qfml� abii^� jbaf^� + � Boolof� abi� `^jmflkb8� jbaf^k^*� nr^oqfif*�
p`^oql� nr^ao^qf`l� jbafl*� `lbccf`fbkqb� af� `loobi^wflkb*� mols^� af� ifkb^ofqÅ� ú�
`lbccf`fbkqb� af� `loobi^wflkb� af� Pmb^oj^k� + � `lbccf`fbkqb� af� obdobppflkb� + � afccb+
obkw^� qo^� jbafb� + � afccbobkw^� qo^� mbo`bkqr^if� ú� Ifjfqf� ^ii^� jfpro^� abdif�
boolof� abi� `^jmflkb,

PQ>QFPQF@>� JBQLALILDF@>8� Molc,� AFBDL� AB� @>PQOL

@lk`bqqf� af� pq^qfpqf`^*� abcfkfwflkb*� pqlof^� abii^� pq^qfpqf`^*� ^oqb� abi� jfpro^ob*�
`^i`lil� abiib� mol_^_fifqÅ*� ^ofqjbqf`^� mlifqf`^*� pq^qfpqf`^� rkfsbopfq^of^*� rkfcf+

c ))0 c



c )*' c

`^wflkb� alqqofk^of^� abi� Nrb†qbibq*� c^pf� abii†fksbpqfd^wflkb� p`fbkqfcf`^*� mf^kl�
abiib� of`bo`eb� b� cloj^wflkb� abf� a^qf*� q^_biib� b� do^cf`f� pq^qfpqf`f*� ^rpfif^of�
qb`kf`f� abii†fka^dfkb� pq^qfpqf`^,
@^i`lil� `lj_fk^qlofl� b� `^i`lil� abiib� mol_^_fifqÅ*� klwflkf� af� `^i`lil� `lj_fk^+
qlofl*� qblobjf� prii^� `lj_fk^wflkb*� _fkljfl� af� Kbtqlk*� `lk`bqql� af� mol_^+
_fifqÅ*� mol_^_fifqÅ� qlq^ib� b�`ljmlpq^*� qblobj^� af�?^vbp*� mol_ibj^� abiib� molsb�
ofmbqrqb*� `lj_fk^wflkb� qfmf`^*� s^of^kw^� p`^oql� nr^ao^qf`l� jbafl� mob`fpflkb*�
clojrib� bpmlkbkwf^if,
Mofk`fmfl� abf� jfkfjf� nr^ao^qf*� jbaf^� ^ofqjbqf`^� pbjmif`b� b� mlkabo^q^*� mol+
mofbqÅ� abii^� jbaf^� ^ofqjbqf`^*� jbaf^� ^ofqjbqf`^� pr_fbqqfs^� qfmf`^,
Jbafb� bjmfof`eb�8� `lk`bqql� dbkbo^ib� af� jbaf^*� jbaf^� ^ofqjbqf`^*� jla^*� jb+
af^k^*� nr^oqfif*� ab`fif*� jbafb� dbljbqof`eb*� jbaf^� ^ojlkf`^*� obi^wflkf� qo^� ib�
s^ofb� jbafb*� clojrib� dbkbo^if*� molmofbqÅ� b� rpl� abiib� jbafb,
O^mmloqf� pq^qfpqf`f,
S^of^_fib� `^pr^ib*� p`^oql� nr^ao^qf`l� jbafl*� afccbobkw^� jbaf^*� `lk`bqql� af�
`lk`bkqo^wflkb*� o^mmloql� af� `lk`bkqo^wflkb,
Jlsfjbkql� abf� cbkljbkf�kbi� `lopl� abi� qbjml*� mbobnr^wflkb� jb``^kf`^*� mbob+
nr^wflkf� mbo� pbjf+jbafb*� mbo� mrkqf� klqf*� mbobnr^wflkb� do^cf`^*� mbobnr^wflkb�
^k^ifqf`^*� jbqlal� abf� jfkfjf� nr^ao^qf*� mbobnr^wflkf� af� pbofb� pmb`f^if,�
Obi^wflkb� qo^� f� jlsfjbkqf� abf� cbkljbkf*� bpfpqbkw^� b� jfpro^� abii^� `lkkbp+
pflkb*� jfprob� bjmfof`eb� b� jfprob� o^wflk^if� abii^� `lkkbppflkb*� fkaf`b� pbj+
mif`b� b� mlkabo^ql� af� `lk`loa^kw^*� fkaf`b� af� `lkdo^ar^wflkb*� fkaf`b� pbjmif`b�
b� fkaf`b� nr^ao^qf`l� jbafl� af� `lkqfkdbkw^*� fkaf`b� af� ?o^s^fp*� fkaf`b� af�
?o^s^fp� Mb^oplk*� fkaf`b� af� Pmb^oj^k*� obi^wflkb� qo^� f� s^of� fkaf`f� + � Mbob+�
nr^wflkb� af� rk^� pmbww^q^� `lk� rk^� `ros^� af� boolof� ^``fabkq^if,
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/� + � Pqlof^,� Pqlof^� b`lkljf`^,� Pqlofldo^cf^� b`lkljf`^,
0� + � Fi� Jbaflbsl,� Fkqbomobq^wflkf� pqlofldo^cf`eb� abi� J,�B,� Fi� mol_ibj^� `ol+
klildf`l� abi� J,�B,� Pqlof^� b� pqlofldo^cf^� b`lkljf`^� abii†Fq^if^� kbi� J,�B,
1� + � Ifkb^jbkqf� abii^� pqlof^� abii^� mlmli^wflkb�kbi� J,�B,� Olj^kf� b�dboj^kf`f,�
@^jm^dkb� b� `fqqÅ,
2� + � I †^dof`liqro^� kbi� J,�B,� fk� Fq^if^�8� prb� `^o^qqbofpqf`eb,� Do^kaf� b� mf``lib�
molmofbqÅ,� Bpmolmof^wflkf� lpqoldlqb� b� ilkdl_^oab,� Clobpqb*� _lp`ef*� m^p`lif� b�
qboob� `liqfs^qb,� Mlmli^wflkb� oro^ib,� Bkcfqbrpf� b� `lkqo^qqf� ^do^of,� @liqrob� b�
molalqqf,
3� + � Ib� `fqqÅ� jbafbs^if,� O^mmloqf� qo^� `fqqÅ� b� `^jm^dkb,� I †^oqfdf^k^ql� `fqq^+
afkl,� Jbo`^qf� b� cfbob,
4� + �Qblof^� jbafbs^ib� abii^� jlkbq^,� F� molcfqqf� abii^� jlkbq^wflkb,� Ib� wb``eb�
fq^if^kb,� I^� jlkbq^wflkb� mofj^� b� alml� @^oil� J^dkl,� I^� jlkbq^wflkb� fk�
Fq^if^� a^i� pb ,̀� uf� ^i� pb ,̀� ufs,
5� + �@ljrkf`^wflkf� qboobpqof� fk� Fq^if^� kbi� J,�B,� I^� k^sfd^wflkb� cirsf^ib,

h

F� qo^pmloqf� b� fi� `ljjbo`fl� j^ofqqfjl,� >j^icf*� Mfp^*� Dbkls^*� Sbkbwf^� kbi�
Jbafqboo^kbl,� @^o^qqbofpqf`eb� abdif� p`^j_f� kbi� Jbafqboo^kbl,
6� + �Jfkfbob� b� jbq^iif� kbii†Fq^if^� jbafbs^ib,� F� molalqqf� jfkbo^of� abii^� P^o+
abdk^*� abii^� Qlp`^k^� b� abiib� S^iif� ^imfkb� a^i� pb ,̀� uf� ^i� pb`,� ufs,
7 + / � pfpqbjf� qof_rq^of� a^i� pb ,̀� sf� ^ii^� cfkb� abi� J,�B,� Qof_rqf� fkafobqqf� b�
afobqqf,� Mobpqfqf,� @ljmbob,� >mm^iqf� af� bp^wflkb,� Bkqo^qb� b� pmbpb,� I^� cfk^kw^�
mlkqfcf`f^,� I^� cfk^kw^� af� Dbkls^*� Sbkbwf^*� b� Cfobkwb� kbf� pb ,̀� U F F +U FS ,

∞
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Klwflkf� obi^qfsb� ^ii†b`lkljf^� aljbpqf`^� ba� ^ii†b`lkljf^� af� molarwflkb� mbo�
sf^� af� p`^j_fl,� Obkafjbkqf� b� obaafqf� a†fjmobp^,� Fi� sfk`lil� abf� jbwwf� ^ii^

ö

sfq^� abii(fjmobp^�8� sfk`lil� af� `^mfq^ib� b� af� ab_fql�9� o^mmloqf� fkqbo`loobkqf,�
@lkafwflkf� mbo�jfdiflo^ob� i †b`lkljf^� af� p`^j_fl,� Fi� ofpm^ojfl� c^jfif^ob� b� f�
prlf� mlppf_fif� fksbpqfjbkqf,� I †b`lkljf^� abf� jbwwf� af� m^d^jbkql,� Fi� `obafql
kbii†b`lkljf^� abii^� fjmobpb,� Pqorqqrob� qfmf`eb� abi� `obafql� jbo`^kqfib8� lpq^+

í� q8� �%� +� %� +í(� C�ö� í(++� (� /� í

`lif� ^i� ilol� afobqql� fjmfbdl� `ljb� jbwwf� af� m^d^jbkql,� I^� kbdlwf^wflkb� af�
mobpqfqf� jlkbq^of,
I^� _^k`^� `ljb� ^wfbka^� af� `obafql�8� i^� `^o^qqbofpqf`^� abf� prlf� fjmbdkf� b� abf�
prlf� fksbpqfjbkqf,� I^� ifnrfafqÅ� _^k`^of^,� I †fkqbosbkql� abii^� _^k`^� kbf� obdl+
i^jbkqf� fkqbok^wflk^if� b�kbi�jbo`^ql� cfk^kwf^ofl,� ?^k`eb� af� `obafql�jl_fif^ob�
b�af�`obafql� clkaf^ofl�8� m^oqf`li^ofqÅ�abii^� ilol�dbpqflkb,� I^�_^k`^�a†bjfppflkb,�
Dif� ^qqbddf^jbkqf� ^pprkqf�a^ii†fkfwf^qfs^�_^k`^of^�kbiib� c^pf� abii^� `lkdfrkqro^�
b`lkljf`^,� @lk`bqqf� af� afk^jf`^� _^k`^of^,

í� ' ÉÉ _� ,� f8=95
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�
Klwflkf� clka^jbkq^if� prii†bslirwflkb� abi� pfpqbj^� abf� obdli^jbkqf� fkqbok^wfl+
k^if� a^i� obdfjb� ô�^rqlj^qf`l�ö� ^i� obdfjb� ô�`lkqolii^ql�ö� + � Fiirpqo^wflkb� abiib�
clojb� mfç� `ljrkf� af� fkqbosbkql� abiil� Pq^ql� kbi� jbo`^ql� abiib� s^irqb� b� kbi�
afpmlpfqfsl� abdif� p`^j_f� `lk� i †bpqbol� + � Fkfwf^qfsb� ^ssf^qb� l� mlqbkwf^qb� kbi�
pb`lkal� almldrboo^� mbo� il� psfirmml� b� i^� afp`fmifk^� abiib� obi^wflkf� b`lkljf`eb�
fkqbok^wflk^if� &fpqfqrqf*� lod^kfww^wflkf*� ^``loaf*� b``,'� + � Bp^jb� ^k^ifqf`l� abi�
pfpqbj^� s^irq^ofl� ^qqr^ijbkqb� sfdbkqb� fk� Fq^if^,
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Qblof^� abdif� riqo^lpq^`lif� ^iil� psfirmml� abii†fjmobp^� fkarpqof^ib,
Mol`barob� dbkbo^if� af� qb`kf`^� jbo`^kqfib� `lk� m^oqf`li^ob� ofcbofjbkql� ^iib�
fjmloq^wflkf� ba� bpmloq^wflkf,
>mmif`^wflkb� abf� mofk`fmf� b`lkljf`f� ^ii†^wfbka^� fkarpqof^ib,
>k^ifpf� ba� ^mmif`^wflkf� obi^qfsb� ^ii^� mol_ibj^qf`^� abii†>iq^� Afobwflkb,


