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4 Rsj1 41

Jly hq nruw uhghjûuhovh iru ehjuhehuqh �devroxw nrqyhujhqv� rj �ehwlqjhw nrqyhu0

jhqv� lqghq iru yénvwiruvnqlqjhq1

5 Rsj1 51

Ehwudjw hq oxnnhw pdunhgvûnrqrpl phg u q|wwhpdnvlphuhqgh kxvkrogqlqjhu/ �

sur�wpdnvlphuhqgh ylunvrpkhghu rj hq r�hqwolj vhnwru/ ghu vwloohu hq lnnh0ulydolvhuhqgh

surgxnwly |ghovh l péqjghq C su1 wlgvhqkhg wlo uègljkhg judwlv iru ghq sulydwh

vhnwru1 \ghovhq �qdqvlhuhv phg hq sursruwlrqdo lqgnrpvwvndw1 u rj � hu srvl0

wlyh nrqvwdqwhu1 Kyhu kxvkrogqlqj xge|ghu xhodvwlvn 4 hqkhg duehmgh su1 wlgvhqkhg1

Wlovdpphq surgxfhuhu ylunvrpkhghuqh hq krprjhq rxwsxwpéqjgh sè t su1 wlgvhq0

khg/ rj ghqqh dqyhqghv wlo kxvkrogqlqjhuqhv irueuxj � � Su/ wlo C rj wlo lqyhvwhulqj

l i|vlvn ndslwdo g/ gyv1 t ' � nCn �g/ lghw ndslwdoqhgvolgqlqjvudwhq iruhqnohqgh

hu vdw olj qxo1 Gh yduldeoh hu lpsolflw gdwhuhgh/ rj �g hu gl�huhqwldonyrwlhqwhq di

g pkw1 wlghq |1 Lqlwldoyéuglhq gf : f hu jlyhq1 Kxvkrogqlqjhuqh hmhu uhdondslwdohq

rj ohmhu ghqqh xg wlo ylunvrpkhghuqh1 Kxvkrogqlqjhuqh ndq oèqh hoohu oèqh xg wlo ghq

jéoghqgh uhdoh pdunhgvuhqwh o1 Ghu hu shuihnw iruxgvhhqkhg1

Ghq r�hqwoljh vhnwru edodqfhuhu vlw exgjhw1 Ghq ehq|wwhu hq jlyhq wlgvxdikéqjlj

lqgnrpvwvndwwhvdwv � / f 	 � 	 �/ rj rsqèu dowvè vndwwhsuryhqxhw A ' �E�un-gn

��/ kyru � hu uhdooûqqhq/ - ghq uhdoh ohmhvdwv iru ndslwdo/ rj � hu hyhqwxho uhq sur�w1

Surgxnwlrqvixqnwlrqhq iru ylunvrpkhg qu1 � hu jlyhw yhg

t� ' �gk
� ECu��

�3kc f 	 k 	 �c � : fc � ' �c 2c ���c�c +514,
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kyru k rj � hu jlyqh nrqvwdqwhu/ rj t�/ g� rj u� hu kky1 ylunvrpkhghqv rxwsxw/

ndslwdolqsxw rj duehmgvlqsxw1 Ghu hu ixognrpphq nrqnxuuhqfh +rj fohdulqj, sè dooh

pdunhghu1

d, Nrpphqwhu +514,1

e, Ehvwhp ghq ndslwdolqwhqvlwhw &� � g�*u�/ vrp ylunvrpkhg qu1 � ylo yéojh1

f, Ehvwhp l ghq jhqhuhooh oljhyéjw C/ -/ o rj � sè hw ylonèuoljw wlgvsxqnw1 Nrp0

phqwhu1

g, Kydg eolyhu ghq uhqh sur�w � l ghq jhqhuhooh oljhyéjw/ rj kydg eolyhu irukroghw

phoohp t rj g +hoohu phoohp + � t*u rj & � g*u,B Nrpphqwhu1

h, Dqwdj dw dooh kxvkrogqlqjhuqh kdu vdpph hohphqwduq|wwhixqnwlrq

S�3w � �

�� w
c

kyru w hu hq srvlwly nrqvwdqw1 Kxvkrogqlqjhuqh kdu xhqgholj wlgvkrulvrqw rj

hq nrqvwdqw wlgvsuéihuhqfhudwh 4 : f1 Rsvwlo ghq hqnhowh kxvkrogqlqjv ehvoxw0

qlqjvsureohp xqghu khqv|qwdjhq wlo ghq jlyqh ehvndwqlqjvirup1 Xgohg ghq

yénvwudwh l irueuxjhw/ vrp kxvkrogqlqjhq ylo yéojh/ rj lqgvéw uhvxowdwhw iud

snw1 f,1

i, Ndog ghq iuhpnrpqh yénvwudwh l irueuxjhw iru �1 Ghw hu uhohydqw dw iruxgvéwwh/

dw � : f/ rj 4 : E��w��1 KyruiruB Ylv/ dw ghq vlgvwh xoljkhg hu hqvehw|ghqgh

phg/ dw � 	 E�� ��o/ kylonhw ndq ylvh vlj q|wwljw vhqhuh1

j, Xgylnolqjhq l & E� g*u� ndq xg iud prghoohq ylvhv dw iûojh gl�huhqwldooljqlqjhq

�& � �& ' �Sfe
�|c kyru � � E�� ����*kE�u�E�3k�*k� +-,

Ylv ghwwh1 Ehvwhp ghuhiwhu Sf +ylqn = vh irgqrwh 4,1 Nrpphqwhu1

k, Ehvwhp yénvwudwhq l + � t*u1 Kyruohghv dikéqjhu ghq di uB Nrpphqwhu1

l, Ehvwhp ghq yéugl di � / ghu jûu � pdnvlpdo lqghq iru gh jlyqh lqvwlwxwlrqhooh

udpphu1 Nrpphqwhu1

4+-, kdu oûvqlqjhq nw @
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m, Ylo ghq xqghu snw1 l, ixqgqh yéugl di � yéuh yhoiéugvpdnvlphuhqgh lqghq

iru gh jlyqh lqvwlwxwlrqhooh udpphuB Kydg ylooh vyduhw khusè yéuh/ kylv ghu l

vwhghw iru lqgnrpvwvndw ydu wdoh rp hq sursruwlrqdo irupxhvndw phg vdwvhq � /

rj snw1 l, ydu ehvyduhw khuxgiudB +Ghw hu qrn dw ehvyduh glvvh wr vsûujvpèo

xg iud doplqgholj ylghq vqduhuh hqg hjhqwoljh xgohgqlqjhu/ phq hq dqw|gqlqj

di/ kyrugdq vyduhqh ndq xgohghv/ ylo yéuh �qw,1

n, Rsvwlo rj oûv vdpixqgvsodqoéjjhuhqv sureohp xqghu dqwdjhovh di/ dw vdpixqg0

vsodqoéjjhuhq kdu vdpph nulwhulhixqnwlrq vrp ghq uhsuévhqwdwlyh kxvkrog0

qlqj/ rj dw gh hqhvwh uhvwulnwlrqhu hu ghp/ ghu klguûuhu iud whnqrorjl/ lqlwldo0

uhvvrxufhu rj g|qdplvn uhvvrxufhehjuéqvqlqj1

o, Guûiw uhvxowdwhw iud snw1 n, l irukrog wlo/ kydg ghu jéoghu iru pdunhgvûnrqrplhq

phg sursruwlrqdo lqgnrpvwehvndwqlqj1

6 Rsj1 61

Jly hq nruw/ ehjuxqghw yxughulqj di iûojhqgh xgvdjq= �Ndslwdolqgnrpvwvndw iru0

plqgvnhu ghw glvsrqleoh dindvw sè rsvsdulqj rj eûu ghuiru dowlg xqgjèv�1

7 Rsj1 71

Qéyq qrjoh oljkhghu rj iruvnhooh phoohp X}dzd0Oxfdv0prghoohq rj qrjoh di gh

iruvnhooljh Urphu0prghoohu iud shqvxp1

8 Oûvqlqj

814 Rsj1 41

Nlogh= E)V/ divqlw 4151;1

L ghq hpslulvn rulhqwhuhgh yénvwiruvnqlqj kdu pdq eo1d1 xg iud qdwlrqdouhjqvnde0

vvwdwlwln rj dqguh gdwd iru RHFG0odqghqh rj hiwhukèqghq whppholj pdqjh x0odqgh

xqghuvûjw/ kyruylgw gh iruvnhooljh k|srwhvhu rp nrqyhujhqv kroghu1 Odg rv oljhvrp

E)V vwduwh phg ehjuhehw devroxw nrqyhujhqv l ehw|gqlqjhq devroxw q0nrqyhujhqv1

6



Pdq vljhu/ dw ghu iruholjjhu devroxw q0nrqyhujhqv/ kylv ghu revhuyhuhv hq nodu qhjd0

wly vdpphqkéqj phoohp odqghqhv lqlwldoqlyhdx iru + +lqgnrpvw su1 lqge|jjhu hoohu

su1 duehmgvwlph, rj +*v hiwhuiûojhqgh jhqqhpvqlwoljh yénvwudwh } +ehuhjqhw ryhu hq

oéqjhuh èuuénnh,1 L ghq hqnohvwh xgjdyh hu uhjuhvvlrqvoljqlqjhq

} ' k� q *L} +f n � +� kylg vwûm,1 +--,

Kylv hvwlpdwhw 	q : f +vljql�ndqw,/ hu ghu devroxw q0nrqyhujhqv1

Qèu pdq kdu lqwhuhvvhuhw vlj iru ghwwh vsûujvpèo/ hu ghw eo1d1/ irugl vyduhw nxqqh

yéuh di ehw|gqlqj iru/ rp lqgnrpvwnoûiwhq phoohp odqghqh whqghuhu wlo dw plqgvnhv

ryhu wlg1 Wdjhu pdq hq vwru juxssh iruvnhooljduwhgh odqgh +E)V vhu sè 44; odqgh

4<930;8,/ ylvhu ghw vlj noduw/ dw devroxw q0nrqyhujhqv pè irundvwhv1 Yhg qéuphuh

hiwhuwdqnh hu ghwwh lnnh ryhuudvnhqgh1 K|srwhvhq rp devroxw q0nrqyhujhqv ndq wronhv

vrp hq xljhqqhpwéqnw jhqhudolvhulqj di/ kydg ghu xg iud hq vwru gho di yénvwwhrulhq

pè iruprghv dw jéogh iru ghw hqnhowh odqg ryhu wlg/ wlo kydg ghu jéoghu iru hw

wyéuvqlw di odqgh1 Iru hw wyéuvqlw di odqgh ylo qhpolj dqwdjholj jéogh/ dw odqghqh

lnnh dohqh hu iruvnhooljh pkw1 lqlwldoyéugl di +/ phq rjvè pkw1 gh iru vwhdg| vwdwh

uhohydqwh sdudphwuh +lqfo1 whnqrorjl,1 L E)V eho|vhv ghwwh xg iud Vrorzprghoohq1

Hw idwwljw odqg ndq khuxgiud l ehgvwh idog nxq iruyhqwhv dw kdyh kûm yénvw l +/

kylv ghwv + +hoohu vqduhuh rxwsxw su1 hqkhg h�hnwly duehmgvnudiw, hu odqjw xqghu

odqghwv hjhq vwhdg| vwdwh srvlwlrq1 K|srwhvhq rp ehwlqjhw nrqyhujhqv wdjhu kûmgh

khuiru1 Pdq vljhu/ dw ghu iruholjjhu ehwlqjhw q0nrqyhujhqv/ kylv ghu/ qèu gh iru

vwhdg| vwdwh uhohydqwh sdudphwuh +lqfo1 whnqrorjl, hu krogw nrqvwdqw/ hu hq nodu

qhjdwly vdpphqkéqj phoohp lqlwldoyéugl di + rj jhqqhpvqlwolj yénvwudwh l + +ryhu

hq oéqjhuh hiwhuiûojhqgh èuuénnh,1 Ghqqh k|srwhvh ehnuéiwhv di hpslulhq1 E)V

ylvhu eo1d1/ dw qèu pdq vhu sè RHFG0odqghqh iru vlj +odqgh ghu ndq iruprghv dw

yéuh qrjhqoxqgh hqv pkw1 sdudphwuh,/ eolyhu �	q l +--, vljql�ndqw qhjdwly1

Ryhqvwèhqgh ehjuhehu rp devroxw rj ehwlqjhw q0nrqyhujhqv pè lnnh vdpphq0

eodqghv phg hw dqghw nrqyhujhqvehjuhe/ ghu ehwhjqhv j0nrqyhujhqv1 Hq vdpolqj di

odqgh vljhv dw xgylvh j0nrqyhujhqv/ kylv vsuhgqlqjhq l +orjdulwphq wlo, + +hoohu hw

dqghw sdvvhqgh xoljkhgvpèo, sè wyéuv di odqghqh diwdjhu v|vwhpdwlvn ryhu wlg1 Wud0

glwlrqhow ryhuvè pdq/ dw q0nrqyhujhqv lnnh ehkûyhu lpsolfhuh j0nrqyhujhqv1 Èuvdjhq

hu/ dw wlqjhqh dowlg hu lq xhuhw rjvè di wloiéogljh sèylunqlqjhu/ rj vè ylo revhuyhuhw

q0nrqyhujhqv nxqqh yéuh xgwu|n iru/ dw odqghqh eorw e|wwhu udqjrughq l irukrog wlo

klqdqghq sè phuh hoohu plqguh wloiéoglj pègh/ phqv vsuhgqlqjhq sè +orjdulwphq wlo,

+ lnnh qûgyhqgljylv diwdjhu ryhu wlg1
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815 Rsj1 51

Nlogh= E)V/ nds1 7/ lvéu divqlw 717/ vdpw Dohvlqd ) Urguln1

d, +514, hu hq Free0Grxjodv0surgxnwlrqvixqnwlrq phg nrqvwdqw vndoddindvw

pkw1 ndslwdo rj duehmgvnudiw1 Duehmgvh�hnwlylwhwhq vhv dw yéuh sursruwlrqdo phg ghq

r�hqwoljh |ghovhC1 Ghu hu wdoh rp hq lnnh0ulydolvhuhqgh |ghovh/ gd khohC rj lnnhC*u

lqgjèu1 Ndslwdohqv juéqvhsurgxnw hu idoghqgh Ek 	 �� iru jlyhwC/ phq kylvC yrnvhu

l vdpph wdnw vrp g/ vè qhxwudolvhuhv ghqqh whqghqv wlo idog/ rj hqgrjhq yénvw ndq

rsvwè1 Vdjw sè hq dqghq pègh= Dooh ylunvrpkhghu kdu vdpph surgxnwlrqvixqnwlrq/

rj surgxnwlrqvhodvwlflwhwhq pkw1 gh surgxfhueduh lqsxwv wlovdpphq hu qhwrs 4/ gyv1

hqgrjhq yénvw +l vwuhqj iruvwdqg, hu pxolj1

Ghq vdpohgh prgho hu hq Eduur0prgho phg surgxnwlyh r�hqwoljh |ghovhu1

e, Ylunvrpkhghqv ydoj di &� hu ehvwhpw xg iud oûvqlqj di sur�wpdnvlphu0

lqjvsureohphw

4@ 
g�cu�

�� ' �gk
� ECu��

�3k � -g� � �u��

IRF=

Y��*Yg� ' k�gk3�
� ECu��

�3k �- ' fc

Y��*Yu� ' E�� k��gk
� ECu��

3kC� � ' f�

Di ghq iûuvwh IRF �qghu yl/ lghw &� � g�*u�c

&� ' Ek�*-��*E�3k�C� +814,

+Hq gho ehvyduhovhu iruyhnvohu lqgnrpvwvndw phg hq surgxnwlrqvvndw,1

f, L jhqhuho oljhyéjw hu ghu fohdulqj sè idnwrupdunhghuqh/ gyv1[
�

g� ' gc rj +815,

[
�

u� ' u� +816,

Di +814, vhv/ dw dooh ylunvrpkhghu yéojhu vdpph ndslwdolqwhqvlwhw &�/ rj l jhqhuho

oljhyéjw pè ghqqh yéuh olj & � g*u/ ghu hu suéghwhuplqhuhw1 Lqgvéwqlqj l +814,

jlyhu

- ' k�EC*&��3k� +817,
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Phq l ghq jhqhuhooh oljhyéjw hu rjvè C hqgrjhq yld ghq r�hqwoljh exgjhwuhvwulnwlrq

C ' A ' �E�un-g n��c

vè +817, hu lnnh ghw hqgholjh idflw1 Gd su1 gh�qlwlrq � � t � E�un-g�/ ièu yl

C ' �E�un-g n t � �u� -g� ' �tc +818,

kyru lplgohuwlg eègh C rj t hu hqgrjhqh1 Yl kdu +� � t�*u� ' �&k� C
�3k '

�&kC�3k/ rj t '
S

� t� '
S

� +�u� ' +�
S

� u� ' +�u ' �&kC�3ku ' �&kE�t ��3ku/

kyruiru

t ' �&kC�3ku ' E�u��*k� E�3k�*k& +819,

rj

+ � t*u ' ��*kE�u�E�3k�*k&� +81:,

+819, lqgvdw l +818, jlyhu oûvqlqjhq iru Cc

C ' E��u��*k&� +81;,

Lqgvéwqlqj di +81;, l +817, jlyhu

- ' k��*kE�u�E�3k�*k� +81<,

L jhqhuho oljhyéjw phg shuihnw iruxgvhhqkhg pè dindvwudwhq yhg dowhuqdwlyh iru0

pxhsodfhulqjhu yéuh hqv1 Dindvwudwhq yhg dw ehvlggh uhdondslwdo hu E-g�Bg�*g '

-/ gd B � f1 Dindvwudwhq yhg dw oèqh xg hu uhdouhqwhq o1 L oljhyéjw pè dowvè - ' o/

gyv1

o ' k��*kE�u�E�3k�*k� +8143,

Iud ghq dqghq IRF xqghu snw1 e, ièv l jhqhuho oljhyéjw � ' E�� k��&kC�3k/ ghu

nrpelqhuhw phg +81;, jlyhu

� ' E�� k���*kE�u�E�3k�*k&� +8144,

Yl vhu/ dw o hu wlgvxdikéqjlj/ rj dw � hu sursruwlrqdo phg & +ehjjh ghoh wuén/ ghu

hu ndudnwhulvwlvnh iru DN0oljqhqgh prghoohu,1

g, Gd ghu hu nrqvwdqw vndoddindvw rj ixognrpphq nrqnxuuhqfh/ pè �u n

-g ' t rj � ' f1 Iruphow ndq ghwwh ylvhv vègdq= � n -& ' E� � k��&kC�3k n
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k�C�3k&k ' dE�� k��&k n k�&koC�3k ' �&kC�3k ' + iud +819,1 Ghuiru ièv

�un-g ' +u ' t rj dowvè �E� t � E�un-g�� ' f/ kylonhw vnxooh ylvhv1

Di +81:, ièv

+

&
�

t

g
' ��*kE�u�E�3k�*k � 7�� +8145,

Yl vhu/ dw whnqrorjl rj ylunvrpkhgvdgiéug hu vègdq/ dw ghw djjuhjhuhgh rxwsxw0

ndslwdo0irukrog eolyhu hq nrqvwdqw � hqgqx hw ndudnwhulvwlvn wuén yhg DN0oljqhqgh

prghoohu1

h, Vhw iud wlgvsxqnw 3 hu ehvoxwqlqjvsureohphw

4@ 
ES|�

Lf '

]
"

f

S�3w| � �

�� w
e34|_| xe1 +Q,

S| � fc

�@| ' E�� ��E�| n o@|�� S|c @f jlyhq/ +8146,

*�4
|<"

@|e
3E�3��o| � fc +QSJ,

kyru @| hu kxvkrogqlqjhqv uhdoh �qdqvlhooh irupxh sè wlgvsxqnw |�

Oûehqgh yéugl0Kdplowrqixqnwlrqhq eolyhu

M '
S�3w � �

�� w
n b dE�� ��E� n o@�� So c

kyru kméoshyduldeohq b ndq iruwronhv vrp vn|jjhsulvhq sè irupxh +odqjv ghq rswlpdoh

edqh,1 Iûuvwh rughqv ehwlqjhovhuqh hu

YM*YS ' S3w � b ' fc gyv1 S3w ' bc

YM*Y@ ' bE�� ��o ' � �bn 4bc gyv1 E�� ��o ' 4� �b*bc

rj ghq qûgyhqgljh wudqvyhuvdolwhwvehwlqjhovh hu

*�4
|<"

@|b|e
34| ' f� +WYF,

Orjdulwplvn gl�huhqwldwlrq pkw1 | l ghq iûuvwh ehwlqjhovh rj lqgvéwqlqj di ghq

dqghq jlyhu ghq végydqoljh Nh|qhv0Udpvh|0uhjho

�S|*S| ' E�*w� dE�� ��o � 4o � +8147,

Yhg dw lqgvéwwh +8143, rj gh�qlwlrqhq 7� � ��*kE�u�E�3k�*k iud +8145, ièv

�S|*S| ' E�*w�
�
E�� ��k 7�� 4

�
� �� +8148,

:



+Dqj1 vsûujvpèohw rp wlovwuénnholjh ehwlqjhovhu iru hq oûvqlqj ndq yl qrwhuh= Gd

Kdplowrqixqnwlrqhq hu nrqndy l ESc @�/ ylo hq edqh/ ghu rsi|oghu gh wr IRFv vdpw

+WYF,/ yéuh hq oûvqlqj di kxvkrogqlqjhqv sureohp,1

i, Ghw hu uhohydqw dw iruxgvéwwh

� : f +8149,

iru dw vlnuh/ dw yénvw ryhukryhghw hu pxolj l prghoohq1 Iru dw vlnuh/ dw q|wwhlqwhjudohw

nrqyhujhuhu +vè rswlpxp hu yhogh�qhuhw,/ hu ghw uhohydqw dw iruxgvéwwh

E�� w�� 	 4� +814:,

Ehwudjwhv qhpolj ghq wlgvdikéqjljh idnwru l lqwhjudqghq l kxvkrogqlqjhqv nulwhulhixqn0

wlrq/

5| � S�3w| e34|c

kdu yl/ dw lqwhjudohw ylo nrqyhujhuh/ kylv rj nxq kylv yénvwudwhq l 5| hu dv|pswrwlvn

qhjdwly1 Yl xguhjqhu ghuiru

�5|*5| ' E�� w�E �S|*S|�� 4 ' E�� w�� � 4c

ghu qhwrs hu qhjdwly/ kylv rj nxq kylv +814:, hu rsi|ogw1

Yl kdu E�� w�� 	 4 +, � 	 w� n 4/ kyru w� n 4 ' E�� ��o iud +8147,1 Dowvè hu

+814:, hqvehw|ghqgh phg � 	 E�� ��o�

j, Iud ghq jlyqh wlojdqj0olj0dqyhqghovh0oljqlqj/ t ' � nCn �gc kdyhv

�& '
�g

u
'

t �C� �

u
' E��C*t �+ � S

' E�� ����*kE�u�E�3k�*k& � Sfe
�|c

kyru yl kdu ehq|wwhw kky1 � ' C*t / +8145, rj +8147,1 Phg ghq l rsjdyhwhnvwhq

jlyqh gh�qlwlrq di � +� E�� �� 7��kdu yl ghuphg ghq olqhéuh gl�huhqwldooljqlqj +-,1

+Dowhuqdwlyw ndq ghqqh ylvhv xg iud exgjhwehwlqjhovhq +8146,,1

Oûvqlqjhq di +-, hu liûojh irgqrwh 4

&| ' E&f �
Sf

� � �
�e�| n

Sf
� � �

e�|� +814;,

;



Iud snw1 i, kdu yl � 	 E� � ��o ' E� � ��k��*kE�u�E�3k�*k � k� 	 �/ gd k 	 �1

Phq vè pè

Sf ' E� � ��&fc +814<,

kyru � � � : f vrp qhwrs ylvw1 +814<, iûojhu di/ dw gh wr dowhuqdwlyh pxoljkhghu/

Sf 	 E� � ��&f rj Sf : E� � ��&f ndq xghoxnnhv/ irugl ghq iûuvwh xoljkhg lqgvdw l

+814;, phgiûuhu hq xgylnolqj/ ghu ndq ylvhv dw iûuh wlo prgvwulg phg wudqvyhuvdolwhwv0

ehwlqjhovhq +WYF,/ rj ghq vlgvwh xoljkhg lqgvdw l +814;, ndq ylvhv dw iûuh wlo prg0

vwulg phg QSJ0ehwlqjhovhq +rj l ûyuljw vwulghu ghq rjvè lprg lnnh0qhjdwlylwhwvnudyhw

&| � f iru dooh |,1

Lqgvéwqlqj di +814<, l +814;, jlyhu

&| '
Sf

� � �
e�| ' &fe

�|c +8153,

vèohghv dw & iud vwduwhq yrnvhu phg vdpph nrqvwdqwh udwh vrp S +hqgqx hw iru DN0

oljqhqgh prghoohu ndudnwhulvwlvn wuén,1

k, Di +81:, rj +8153, vhv/ dw rjvè + iud vwduwhq pè yrnvh phg udwhq �1 Ghu

hu dowvè lqjhq �wudqvlwlrqdo g|qdplfv�1

Di +D��D, rj gh�qlwlrqhq di 7� ièv

Y�*Yu '
�

w
E�� ��E�� k���*k� E�*k�3�uE�*k�32 : f�

Ghu iruholjjhu dowvè hq vndodh�hnw sè yénvwudwhq= vwûuuh duehmgvvw|unh phgiûuhu +dow

dqghw oljh, vwûuuh yénvwudwh1 Èuvdjhq hu/ dw C hu lnnh0ulydolvhuhqgh/ kyruyhg hq

vwûuuh duehmgvvw|unh phgiûuhu/ dw C rpnrvwqlqjviulw ndq xgq|wwhv di  huh +hoohu dw

su1 fdslwd0rpnrvwqlqjhq yhg dw ohyhuh hw jlyhw C eolyhu plqguh,1 Mr vwûuuh u hu/

mr vwûuuh eolyhu ghq h�hnwlyh duehmgvlqgvdwv Cu/ rj ghuyhg eolyhu rjvè ndslwdohqv

juéqvhsurgxnwlylwhw 0 rj ghuphg yénvwudwhq 0 vwûuuh1 +Kylv C kdygh yéuhw ulydolv0

huhqgh/ ylooh kyhu duehmghu l jhqqhpvqlw yéuh xgvw|uhw phg } ' C*u/ rj surgxnwhw

}u ylooh lnnh dxwrpdwlvn yrnvh/ qèu u yrnvhu,1 Di +81:, vhv/ dw ghu rjvè hu hq vndod0

h�hnw sè surgxnwlylwhwv?��e@�e|1

l, Iru dw �qgh ghq yénvwpdnvlphuhqgh yéugl di � xguhjqhv Y�*Y��

Y�*Y� '
k��*k

w
E�u�E�3k�*k

�
�� �

�

�� k

k
� �

�
W f iru kky1

�� �

�
W k

�� k
c

gyv1 iru kky1 � V �� k� Iljxu 4 looxvwuhuhu1

<



 

1 
1 α−  

*γ  

γ  

τ  

Iljxuh 4=

Edjjuxqghq iru ghwwh uhvxowdw hu/ dw hq vwljqlqj l vndwwhvdwvhq � kdu wr prg0

vdwuhwwhgh h�hnwhu1

� %,

+
C*t %, C*& %, - %, o %, � %c

�� � &, E�� ��o &, � & 1

Qèu � 	 � � k/ grplqhuhu ghq iûuvwh h�hnw/ gyv1 ghq surgxnwlyh h�hnw/ phq qèu

� : ��k/ grplqhuhu ghq vlgvwqéyqwh h�hnw/ gyv1 iruyulgqlqjvh�hnwhq1 Ghq nulwlvnh

yéugl � ' �� k hu idnwlvn ehwlqjhovhq iru vwdwlvn h!flhqv1 Vwdwlvn h!flhqv nuéyhu

mr PE ' PF/ gyv1 Yt*YC ' � +ghq pdujlqdoh hqkhg di C vndo qhwrs elgudjh phg

oljh vè phjhw vrp ghq ehvodjoéjjhu,1 Rj iud t ' �gkECu��3k/ mi1 +819,/ iûojhu

Yt*YC ' E�� k��gkC3ku�3k ' E�� k�t*C +8154,

' �c kylv rj nxq kylv C*t E' �� ' �� k�

+Ghw hu grj hw vshflhow wuén yhg Free0Grxjodv0surgxnwlrqvixqnwlrqhq/ dw ehwlqjhovhq

iru vwdwlvn h!flhqv idoghu vdpphq phg ehwlqjhovhq iru pdnvlpdo yénvwudwh l pdunhg0

vûnrqrplhq phg sursruwlrqdo lqgnrpvwehvndwqlqj,1

m, Md/ � ' � � k hu rjvè ghq yhoiéugvpdnvlphuhqgh vndwwhvdwv +ghq ghu

jlyhu kûmhvw wloedjhglvnrqwhuhw q|wwh wlo ghq �uhsuévhqwdwlyh� kxvkrogqlqj, lqghq

iru gh jlyqh lqvwlwxwlrqhooh udpphu1 Kylv ghu l vwhghw ydu wdoh rp sursruwlrqdo
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irupxhehvndwqlqj/ ylooh ghq yhoiéugvpdnvlphuhqgh vndwwhvdwv yéuh kûmhuh hqg ghq

yénvwpdnvlphuhqgh +ghu l ûyuljw lnnh l ghwwh wloiéogh hu ��k/ mi1 Dohvlqd ) Urguln,51

Ghw iûuvwh ndq ylvhv yhg dw lqgvéwwh S| ' Sfe
�| l q|wwhlqwhjudohw Lf rj lqwhjuhuh1 Yl

ièu

Lf '
S�3wf

�� w
�

�

4� E�� w� �
�

�

E�� w� 4
c

kyru l wloiéoghw phg sursruwlrqdo lqgnrpvwehvndwqlqj

Sf ' E� � ��&f '
k
E�� ��

o

k
� �

l
&f '

�
w� n 4

k
� �

�
&f '

Ew � k� � n 4

k
&f�

Pdq ièu YLf*Y� : f +qèu � : f rj 4 : E� � w��,1 Gyv1 � vndo yéojhv vè kûm vrp

pxoljw/ kylonhw mr qhwrs nuéyhu � ' ��k1 L wloiéoghw phg sursruwlrqdo irupxhehvndw0

qlqj ndq hq wlovyduhqgh phwrgh ehq|wwhv1 Nxq hq uhq ndslwdolvw +lqjhq duehmgvlqg0

nrpvw, ylooh iruhwuénnh ghq yénvwpdnvlphuhqgh vndwwhvdwv1 Ghq �uhsuévhqwdwlyh�

kxvkrogqlqj kdu eègh ndslwdo0 rj duehmgvlqgnrpvw rj iruhwuénnhu ghuiru hq kûmhuh

vndwwhvdwv/ gd hq ûjhw vndwwhvdwv nxq ylo kdyh hq +qhjdwly, 51 rughqv h�hnw sè

yénvwudwhq l lqgnrpvw/ phq hq srvlwly 41 rughqv h�hnw sè oûqlqgnrpvwhqv qlyhdx1

+Ghqqh ehvyduhovh hu pdwhpdwlvn phuh ghwdomhuhw hqg ghw qdwxuoljw ndq iruyhqwhv l

hq hnvdphqvvlwxdwlrq,1

n, Lghw ghq djjuhjhuhgh surgxnwlrqvixqnwlrq hu vrp dqjlyhw oljh iûu +8154,/

hu vdpixqgvsodqoéjjhuhqv sureohp=

4@ 
ES|cC|�

Lf '

]
"

f

S�3w| � �

�� w
e34|_| xe1

S| � fc C| � fc

�g| ' t| �C| � S|uc gf jlyhq/ t| ' �gk
| EC|u�

�3kc +8155,

g| � f�

Ehpéun/ dw gd C hu hw lnnh0ulydolvhuhqgh jrgh/ hu ghw ehnyhpw dw irupxohuh vdp0

ixqgvsodqoéjjhuhqv sureohp l �djjuhjhuhgh whuphu� rj lnnh l �su1 fdslwd0whuphu�1

Oûehqgh yéugl0Kdplowrqixqnwlrqhq eolyhu

M '
S�3w � �

�� w
n b Et �C� Su� c

5Iru dw pdq hqw|gljw ndq wdoh rp/ kydg ghu hu �yhoiéugvpdnvlphuhqgh� l pdunhgvûnrqrplhq/

pè dooh kxvkrogqlqjhu lnnh dohqh yéuh hqv pkw1 suéihuhqfhu/ phq rjvè pkw1 lqlwldouhvvrxufhu1
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kyru kméoshyduldeohq b ndq iruwronhv vrp vn|jjhsulvhq sè ndslwdo +odqjv ghq rswlpdoh

edqh,1 Iûuvwhrughqvehwlqjhovhuqh hu

YM*YS ' S3w � bu ' fc gyv1 S3w ' buc

YM*YC ' bE
Yt

YC
� �� ' fc gyv1

Yt

YC
' E�� k�

t

C
' � hoohu

C

t
' �� kc

YM*Yg ' b
Yt

Yg
' � �bn 4bc gyv1

Yt

Yg
' 4� �b*bc

rj wudqvyhuvdolwhwvehwlqjhovhq hu

*�4
|<"

g|b|e
34| ' f� +WYF-,

Orjdulwplvn gl�huhqwldwlrq pkw1 | l ghq iûuvwh ehwlqjhovh rj lqgvéwqlqj di ghq wuhgmh

jlyhu ghq végydqoljh Nh|qhv0Udpvh|0uhjho

�S|*S| ' E�*w�E
Yt

Yg
� 4�c +8156,

kyru

Yt*Yg ' k�EC*g��3ku�3k ' kt*g� +8157,

Iud iûuvwh gho di +819, ièv yhg lqgvéwqlqj di C ' E�� k�t rj oûvqlqj iru t

t ' ��*k dE�� k�uoE�3k�*kg � ��g� +8158,

Ehpéun/ dw phg ghqqh gh�qlwlrq di �� hu �� olj ghq yéugl/ vrp 7� dqwdjhu/ qèu

� ' �� k/ mi1 +8145,/ phqv � � E�� �� 7� ' k 7� ' k ��c qèu � ' �� k�

+8155, ndq qx vnulyhv

�g ' E��C*t �t � Su ' kt � Su ' k ��g � Su +8159,

iud +8158,1 Lqgvéwwhv +8158, l +8157,/ ièv

Yt*Yg ' k ��c +815:,

ghu lqgvdw l +8156, jlyhu

�S|*S| ' E�*w�Ek ��� 4� � �r� +815;,

Khuhiwhu ndq +8159, vnulyhv

�g � k ��g ' �Sfe
�
r
|� +815<,
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Ghw hu ehnyhpw dw vnulyh +8148, sè iruphq � ' sE�� +dowvè � hu hq ixqnwlrq di �,1

Odg �W ' sE�� k�/ gyv1 �W hu ghq pdnvlpdoh yénvwudwh l pdunhgvûnrqrplhq +phg

lqgnrpvwehvndwqlqj,1 Vè kdyhv

� � �W ' E�*w�ik2��*k dE�� k�uoE�3k�*k � 4j ' E�*w�Ek2 ��� 4�

	 E�*w�Ek ��� 4� � �rc +8163,

kyru iûuvwh oljkhgvwhjq iûojhu di +8143,/ rj dqghw oljkhgvwhjq iûojhu di gh�qlwlrqhq

di ��/ phqv vlgvwh xoljkhgvwhjq iûojhu di/ dw f 	 k 	 �1 Iru dw vlnuh nrqyhujhqv di

q|wwhlqwhjudohw iruxgvéwwhu yl/ dw +814:, ndq vnéushv wlo

4 : E�� w��r� +8164,

Vè hu

�r 	 w�r n 4 ' k �� +8165,

iud gh�qlwlrqhq di �r1

Gl�huhqwldooljqlqjhq +815<, kdu vdpph irup vrp +-,/ kyruiru oûvqlqjvirupohq l

irgqrwh 4 ndq ehq|wwhv ljhq1 Yl ièu oûvqlqjhq

&| ' E&f �
Sf

k ��� �r
�ek

��| n
Sf

k ��� �r
e�r|� +8166,

Phq vè pè Sf ' Ek �� � �r�&f +kyru k �� : �r/ mi1 +8165,,1 Ghwwh iûojhu di/ dw gh

wr dowhuqdwlyh pxoljkhghu/ Sf 	 Ek �� � �r�&f rj Sf : Ek �� � �r�&f ndq xghoxnnhv/

irugl ghq iûuvwh xoljkhg lqgvdw l +8166, ndq ylvhv dw iûuh wlo prgvwulg phg +WYFW,/ rj

ghq vlgvwh xoljkhg lqgvdw l +8166, vhv dw nrpph l vwulg phg lnnh0qhjdwlylwhwvnudyhw

g| � f iru dooh | +gd k �� : �r�1 Khuhiwhu jlyhu +8166,

&| '
Sf

k ��� �r
e�r| ' &fe

�
r
|�

+Dqj1 vsûujvpèohw rp wlovwuénnholjh ehwlqjhovhu iru hq rswlpdo oûvqlqj ndq yl qrwhuh=

Gd ghq pdnvlphuhgh Kdplowrqixqnwlrq ndq ylvhv dw yéuh nrqndy l g/ ylo hq edqh/

ghu rsi|oghu gh wuh IRF*v vdpw +WYFW,/ yéuh hq oûvqlqj di vdpixqgvsodqoéjjhuhqv

sureohp,1

o, Eègh S/ & rj + ' ��&/ mi1 +8158,/ yrnvhu iud vwduwhq phg vdpph nrqvwdqwh

udwh �r/ rj ghqqh ryhuvwljhu ghq pdnvlpdoh yénvwudwh �W l pdunhgvûnrqrplhq +phg

sursruwlrqdo lqgnrpvwehvndwqlqj,/ vrp ghw vhv di +8163,1 Èuvdjhq hu ghq iruyulghqgh
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lqgnrpvwvndw/ � ' ��k/ ghu mr ehylunhu/ dw ghq sulydwh dindvwudwh sè rsvsdulqj eolyhu

E�� ��o ' kk �� 	 k �� ' Yt*Yg ' ghq vdpixqgvpévvljh dindvwudwh sè rsvsdulqj1

L pdunhgvûnrqrplhq phg lqgnrpvwvndw eolyhu ghu dowvè xqghudnnxpxohuhw1 Kylv

ghulprg C nxqqh �qdqvlhuhv phg oxps0vxp vndwwhu/ ylooh pdunhgvûnrqrplhq nxqqh

uhdolvhuh vdpixqgvsodqoéjjhuhqv oûvqlqj1

816 Rsj1 61

Nlogh= E)V/ divqlw 717151

Xgvdjqhw vhu khow eruw iud irugholqjvryhuyhmhovhu1 Ghvxghq= vhoy l hw vdpixqg/ kyru

dooh kxvkrogqlqjhu wéqnhv dw yéuh hqv/ sdvvhu xgvdjqhw lnnh l dooh wloiéogh/ qhp0

olj lnnh kylv ghu hu qhjdwlyh hnvwhuqh h�hnwhu di ndslwdodnnxpxodwlrq1 Ghw ndq ghu

yéuh/ kylv i{ �wuéqjvho� jûu vlj jéoghqgh hoohu vndgholjh plomûh�hnwhu1 Vè ndq lqg0

nrpvwvndw/ khuxqghu ndslwdolqgnrpvwvndw/ yéuh h!flhqvpévvljw ehguh hqg oxps0vxp

vndwwhu1 L rsj1 5 ydu ghu +iru jlyhw C, lqjhq hnvwhuqh h�hnwhu/ rj vè ylo hq ndsl0

wdolqgnrpvwvndw ylunh iruyulghqgh/ lghw ghq sulydwh dindvwudwh yhg rsvsdulqj eolyhu

plqguh hqg ghq vdpixqgvpévvljh dindvwudwh1

Phuh jhqhuhow= Pdq ndq lnnh yxughuh hq ehvwhpw ehvndwqlqjvirup xdikéqjljw

di irupèohw phg dw rsnuéyh vndw= vnd�h suryhqx wlo ûqvnyéugljh r�hqwoljh rs0

jdyhu/ plqlphuh iruyulgqlqjhu +dqguh ehvndwqlqjviruphu ndq rjvè yéuh iruyulghqgh,/

sèylunh lqgnrpvwirugholqjhq1

817 Rsj1 71

Nlogh= E)V/ nds1 8 rj 9/ vdpw Oxfdv1

Di oljkhghu phoohp X0O prghoohq rj gh iruvnhooljh Urphu0prghoohu iud shqvxp ndq

qéyqhv=

d, Gh hu dooh prghoohu phg hqgrjhq yénvw l vqéyhu iruvwdqg/ gyv1 odqjvljwvyén0

vwudwhq l surgxnwlrq su1 kryhg hu srvlwly xdikéqjljw di/ rp qrjhq hnvrjhq

idnwru yrnvhu1 Phg dqguh rug ndq pdq vljh/ dw nloghq wlo yénvwhq nrpphu

�lqghiud�1

e, Prgvdw Eduur0prghoohq iud rsj1 5/ ghu hu hq hqvhnwruprgho phg hqgrjhq

yénvw/ hu X0O prghoohq rj gh vhqhuh Urphuprghoohu wrvhnwruprghoohu/ kyru gh
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wr vhnwruhu hu ndudnwhulvhuhw yhg kyhu vlq w|sh rxwsxw 0 dop1 i|vlvnh yduhu l vhn0

wru 4 rj hqwhq ûjhw kxpdqndslwdo +X0O prghoohq, hoohu ûjhw whnqlvn ylghq2q|h

whnqlvnh �ghvljqv� +Urphu0prghoohuqh, l vhnwru 51 Whnqrorjlhq rj2hoohu pdunhgv0

iruphq l gh wr vhnwruhu hu l doplqgholjkhg rjvè iruvnhoolj1

Ghw iuhpjèu/ dw ghu lqghq iru Urphu0prghoohuqh pè vrqguhv=

+4, Urphuv 4<;90prgho +Ohduqlqj0e|0lqyhvwlqj,= vrp hw xwlovljwhw elsurgxnw di

ylunvrpkhghuqhv lqyhvwhulqjhu l uhdondslwdo iuhpeulqjhv q| whnqlvn ylghq2ûjhw dueh0

mgvh�hnwlylwhw/ phq ghwwh elsurgxnw vsuhghv vwudnv wlo dooh dqguh ylunvrpkhghu rj ndq

lnnh prqrsrolvhuhv di ghq hqnhowh ylunvrpkhg1 Khu hu ghu dowvè srvlwlyh hnvwhuqh hi0

ihnwhu di dw lqyhvwhuh/ rj pdunhgvûnrqrplhq ylo whqghuh wlo dw xqghulqyhvwhuh1 Ghqqh

prgho hu hq hqvhnwruprgho rj iruhqholj phg ixognrpphq nrqnxuuhqfh1

Urphuv vhqhuh prghoohu hu wrvhnwruprghoohu +ndq rjvè dqvnxhv vrp wuhvhnwru0

prghoohu,/ kyru ghu l vhnwru 5 rs�qghv q|h whnqlvnh ghvljqv/ gyv1 dqylvqlqjhu sè/

kyrugdq q|h vshfldolvhuhgh lqsxwyduhu ndq lqguhwwhv1 Qèu hq ylunvrpkhg l vhnwru 5

kdu rsixqghw hw q|w ghvljq/ wdjhu ghq +judwlv, sdwhqw khusè rj iuhpvwloohu rj véojhu

ghuhiwhu hw vshfldolvhuhw lqsxwjrgh lqguhwwhw hiwhu ghw sèjéoghqgh ghvljq/ lghw ylun0

vrpkhghq vhoy véwwhu sulvhq +ghq sur�wpdnvlphuhqgh prqrsrosulv,1 L vdjhqv qdwxu

hu ghu dowvè xixognrpphq nrqnxuuhqfh l vhnwru 5 +idnwlvn prqrsrolvwlvn nrqnxuuhqfh

di Fkdpehuolqv w|sh,1 Glvvh Urphuprghoohu hu=

+5, Urphuv 4<;:0prgho= gh vshfldolvhuhgh lqsxwjrghu hu lnnh0yduljh phoohpsur0

gxnwhu/ rj ghu hu lqjhq hnvwhuqh h�hnwhu di rs�qghovhuqh1

+6, Urphuv 4<<30prgho l iruhqnohw yhuvlrq= vrp +5,/ eruwvhw iud dw ghu hu hq

srvlwly hnvwhuq h�hnw di dw odyh hq rs�qghovh1

+7, Urphuv �uljwljh� 4<<30prgho= vrp +6,/ eruwvhw iud dw gh vshfldolvhuhgh lq0

sxwjrghu hu ndslwdojrghu1

Qx wlo iruvnhoohqh phoohp X0O prghoohq rj Urphu0prghoohuqh1

41 �Yénvwprwruhq� l X0Oprghoohq hu dnnxpxodwlrq di kxpdqndslwdo/ phqv �yén0

vwprwruhq� l Urphu0prgho +4, hu ghq hnvwhuqh h�hnw di lqyhvwhulqjhu l uhdond0

slwdo rj l Urphu0prghoohuqh +5,0+7, hu iuhpeulqjhovh di q| ylghq yld ylun0

vrpkhghuqhv iruvnqlqj rj xgylnolqj xqghu prqrsrolvwlvn nrqnxuuhqfh1 Phqv

kxpdqndslwdo hu hw ulydolvhuhqgh jrgh/ hu ylghq hw lnnh0ulydolvhuhqgh jrgh1

Prgvdw X0O prghoohq lqgheéuhu Urphu0prghoohuqh +5,0+7, ghuiru hq srvlwly

vndodh�hnw +sè surgxnwlylwhwvqlyhdx vèyho vrp surgxnwlylwhwvyénvwudwh,1
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51 L X0O prghoohq +xghq hnvwhuqh h�hnwhu di xggdqqhovh, hu ghu ixognrpphq

nrqnxuuhqfh/ rj pdunhgvoûvqlqjhq hu olj ghw vrfldoh rswlpxp1 L dooh Urphu0

prghoohuqh ghulprg xqghulqyhvwhuhv ghu +hqwhq l uhdondslwdo hoohu l iruvnqlqj,1 L

Urphu +4, hu ghu ehkry iru hw lqyhvwhulqjvwlovnxg/ rj l Urphu +5,0+7, hu ghu eh0

kry iru hw prqrsrosulv0nrpshqvhuhqgh vxevlglxp wlo nûehuqh di vshfldolvhuhgh

lqsxwv rj l Urphu0prgho +6, rj +7, rjvè ehkry iru hw vxevlglxp wlo iruvnq0

lqj sjd1 ghq srvlwlyh hnvwhuqh h�hnw1 L Oxfdv* hjhq yhuvlrq di X0O prghoohq

+nxq vwuhmihw l E)V/ phq ehkdqgohw l Oxfdv, hu ghu lplgohuwlg rjvè ehkry iru

vwdwvlqwhuyhqwlrq/ lghw ghu l ghqqh yhuvlrq hu hq srvlwly hnvwhuq h�hnw di dw

xggdqqh vlj= ghq hqnhowhv juéqvhsurgxnwlylwhw l vhnwru 4 dikéqjhu srvlwlyw di

ghq jhqqhpvqlwoljh kxpdqndslwdo l vdpixqghw1 Ghwwh wlovljhu hw vxevlglxp wlo

xggdqqhovh1

61 Urphu0prghoohuqh +4,0+6, kdu DN0oljqhqgh prghovwuxnwxuhu/ gyv1 whnqrorjl rj

ylunvrpkhgvdgiéug iûuhu wlo hq djjuhjhuhw surgxnwlrqvixqnwlrq/ kyru irukroghw

phoohp rxwsxw rj �djjuhjhuhw ndslwdo� +khu iruvwèhw wlosdv euhgw, hu nrqvwdqw1

Ghu eolyhu gd lqjhq �wudqvlwlrqdo g|qdplfv�1 L X0O prghoohq rj Urphu0prgho

+7, rswuéghu ghu ghulprg wr hvvhqwlhow iruvnhooljh �ndslwdojrghu� +gh ndq lnnh

djjuhjhuhv,/ rj ghu eolyhu ghuiru wdoh rp hq nxq judgylv wlosdvqlqj wlo vwhdg|

vwdwh1
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