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AVANT-PROPOS
¡aS�R<P$XK~;XKU<V£¢$XKU<R¤M;XKP$R<U<S¥Y�¦jO;T§M;P$N/WAP¨X©x�x�S¥Y;S¥P¨SKª q SKP$ª q S¥SKR¤Y;wK~/SKV<N;M;M;SKx�SKT;R¤SKT;R<P¨SKM;P$U s SKT�{}«;«;¬

M;XKP�V<S®­¯XKQ;N/P$XKR<N;U<P$S°Y�¦ � T;T;Syª r Y;S p±q�rts U<u;O;S°Y;S s²p XKP$R<U<ªKO;V³S s²´ ­ �]pCpC�¶µ P¨XKT;ªKSy· � V¸¦º¹�T s R<U<R<O;R§Y;S s
p P$N;Q;V<»Kx�S sZ¼ O;ªKV<wKXKU<P¨S s Y;S���U<T s � ´ ¹ ¼]p±� ��U<wKV<N;P$O s"s U<Sy·�SKR�V<S7Y;wKM/XKP$R<SKx�SKT;R�Y/S7P$Syª q SKP¨ª q S7Y;S7V½¦j¾ s U<T;S
R<SKª q T;N;¿;ª q U<x�U<u;O;SÀY;SÁ��N/WAN;P$N;Y;U<R s � ´ ��ÂE¡ pC�  aO s"s U<SK·ÃY;XKT s V<SÄªKXKY/P$SÄY;S s T;N;O;~/SKXKO;v
Y;wK~;SKV<N;M;M;SKx�SKT;R s T;wyªKS s"s XKU<P¨S s M;N;O;PZV<X�ªKXKV<N;P$U<x�wKR<P$U<S%wKV<SKªKR<P$N;x�XyWAT/wKR<U<u;O;S�XKO;M/P$» s Y;S s XKªKªywKV<wKP¨XKR<SKO;P s
XKV<N;P s SKT�M;P$wK~;U s U<N;T!�t¹�V!X�R³P$N;O;~;w s N;T�XKQAN;O;R<U s"s SKx�SKT;R � T;N;R<XKx�x�SKT;R�Y;XKT s�s X7M q X s S7U<T;Y;O s R<P$U<SKV<V<S � XK~;SKª
V¸¦jXKY;N;M;R<U<N;T7ÅZV¸¦jXKO;R<N;x�T;S�{}«;«;Æ7Y;O7R<O;T/W s R<XKR<SZY;SZM;V<N;x�Q ´$pCÇ²È ·�M;XyP�V<X�ªKN;V<V<XKQ;N;P¨XKR<U<N;TÉ¡a��Ê¶M;N;O;P s N;T
ªKXKV<N;P$U<x�»KR<P$S�wKV<SKªKR<P$N;x¥XyWAT;wKR<U<u;O;S � SKR s ¦ºS s R�M;N;O;P s O;U<~;U�Y;SKM;O;U s Y;XKT s ªKS�ªKXKY;P¨S��

¡aS�M;P$N;W;P$XKx�x�S�Y;SËP$Syª q SKP$ª q S�SKR
Y/w©~;SKV<N;M;M;SKx�SKT;R
T!¦ºXKO;P¨XKU<R
M;X s SKOÉV<U<SKO s XKT s�s N;T s N;O;R<U<SKT�U<T;U<R<U<XKV
M;XKP%V<S
M;P$N/WAP¨XKx�x�S�¹ ¼ Â � ÊÌ«;¬;�$¬;¬ÍSKR7V<S
M;P¨w s SKT;RÉR<P$XK~;XKU<VÉM;N;O/P%V<X
M;XKP$R<U<S
u;O;U s ¦ºS s RÉY;wKP$N;O;V<wyS
Å
V¸¦j¾]T;U<~;SKP s U<R<w�Y;S�ÊCXK~;N;U<S s XKT s V<S s N;O;R<U<S©T � Y;XKT s�s X�M q X s S�U<T;U<R<U<XKV<S � Y;S�V¸¦ � x�Q;X s"s XKY;S�Y/S µ P¨XKT;ªyS�Å
��U<T s �¥SKR s XKT s V<S s N;O;R<U<SKT¥M;XKP£V<X s O;U<R<S'YAO p P$N/WAP¨XKx�x�S�¹�T;R<SKP$T/XKR<U<N;T;XKV!Y;S�¡aN;N;M;wKP¨XKR<U<N;T�ÊCªKU<SKT;R<U<¢$U<u;O;S
¬;�;Î7Y;SZV¸¦º¹ ¼ | p ¬!�

­¯XÏR q » s SÏªKN;x�M;P¨SKT;YÐu;O;XKR<P$SÑª q XKM;U<R<P$S s SKRÒO;T;SÑªKN;T;ªKV<O s U<N;T � SKV<V<SÏS s RÒX s"s N/P$R<U<SÑY!¦jO;T;S
Q;U<Q;V<U<N;WAP$XKM q U<SZY/S�{}|;Ó7P$wy¢$wKP¨SKT;ªyS s �©­h¦jS s8s SKT;R<U<SKV�Y/S s P$w s O;V<R<XKR s S s R�U<V<V<O s R<P$w�SKR
P¨w s O;x�w�SKTÉÓ;ÔÉY;S s"s U<T s SKR
|;�7R<XKQ;V<SKXKO;v��

� XKT s V<Õ U<T;R<P$N;Y;O/ªKR<U<N;T²N;T²¢$U<v/S�V<SÖª©XKY;P$SÖY/XKT s V<SKu;O;SKV�ªySÖR<P$XK~/XKU<V s ¦jS s R�Y;wKP$N;O;V<w×SKT�P¨XKM;M;SKV<XKT;R
Q;P$U<»K~;SKx�SKT;RhV<X s U<R<O;XKR<U<N;TÖM;P$w s SKT;R³S�SKRhV�S s Y;U<P$SyªKR<U<N;T s SKRhM;SKP s M;SyªKR<U<~;S s Y;S s wKR<O;Y/S s SKv/M;wKP$U<x�SKT;R<XKV<S s
Y;XKT s V<XÌM q�rØs U<u;O/SÌY;S q XKO;R<SÙwKT;SyP¨WAU<SÌXyªKR<O;SKV<V<SÚY!¦jO;T;SÚM;XyP$R�SKR�Y!¦ºXKO;R<P$SÚM/XKP$R � V¸¦jS s"s SKT;R<U<SKV�Y/S s
U<T;¢$N;P$x�XKR<U<N;T sÜÛ O;Y;U<ªKU<SKO s S s M;N;O;P®ªySÝR<P$XK~;XKU<V s O;P®V¸¦ºSKv/M;wKP$U<SKT;ªKSÞ¡a��ÊÐSKR s O;P®V<SßªKXKV<N;P$U<x�»KR<P$S
wKV<SKªKR<P$N;x�XyWAT/wKR<U<u;O;SZÅZªyP$U s R<XKO;vÉSKT7M;XKP$R<U<ª©O;V<U<SKP6�

­¯S¶ª q XKM;U<R<P¨SÖ{�S s R�ªKN;T s XyªKP$w�Å¶V³Õ wKR�O;Y;S¶Y/S s M;P$N;M;P$U<wKR<w s�s ªKU<T;R<U<V<V<XKT;R<S s SKR s M/SKªKR<P$N;x�wKR<P$U<u;O/S s Y;S s
ªKP$U s R<XKO;v�Y;S'R<O;T;W s R<XKR<S'Y;O¥M;V<N;x�Q!� È T¥x�SKR�T;N;R<XKx�x�SKT;R�SKT�wK~;U<Y;SKT;ªyS�V¸¦jU<T;¢$V<O;SKT;ªyS�Y;S s R<P$O;ªKR<O/P$S�SKR!Y/S
V<SKO;P s Y;wK¢$XKO;R s Y/XKT s V<S s M;P$N;M;P$U<wKR³w s Y;S s ª©P$U s R<XKO;vÉY;S pCÇ²È SKR�V<S s x�N r SKT s Y�¦ r M;N;P$R<SKP�P$SKx�»KY/S��� XKT s V<SZª q XKM;U<R<P¨SZ|7N;T7wKR<O;Y;U<SZV<S s M;P$N;Q;V<»Kx�S s Y/Õ N;M;R<U<x�U s XKR<U<N;TÉY;S�V<X�ªKN;V<V<SKªKR<U<N;TÉY;S�V<X�V<O;x�U<»KP¨S�Y;S
s ªKU<T;R<U<V<V<XKR<U<N;TÍY;XKT s O;TÍªKP$U s R<XKVÉY;S
R<O;T;W s R<XKR<S
Y;OÍM;V<N;x�Q � u;O;U s N;T;R�S s"s SKT;R<U<SKV<V<S s SKT°P$SKW;XyP$YÜY;S�V<X
u;O;XKT;R<U<R<wZY;SZV<O;x�U<»KP$SZM;P$N;Y;O;U<R<S�ªKN;x�M;XKP¨X©R<U<~;SKx�SKT;R�ÅZY!¦jXyO;R<P$S s ªyP$U s R<XKO;vÉM;V<O s ªKV<X s"s U<u;O;S s �à T�M;XKP$R<U<ªKO;V<U<SKP � N;T�¢¨XKU<R£V<Õ XKT;XyV rts S�YAS�V³Õ U<T;¢$V<O;SKT/ªKS�Y/S s R r M/S s Y;U<~;SKP s Y!¦ºSKx�Q;XKV<V<XyWAS¥P$wK¢$V<wyª q U s"s XKT;R
Y;S s ªKP$U s R<XKO;v¥SKRCY;S]V¸¦jO;R<U<V<U s XKR<U<N;T¥Y;S'WAO;U<YAS'Y/S'V<O;x�U<»KP$S'Y;S s R<P$O/ªKR<O;P$S s Y;U<~;SyP s S s M;N;O;P£V<X�ªKN;V<V<SKªKR<U<N;T¥Y;S
lumière.

� O�ª q XKM;U<R<P$S]¬¥N;T�SKv/XKx�U<T;S'V<S s M;P$NAQ;V<»Kx�S s P$SKV<U<w s Å'V<X'ªySKP$R<U<¢$U<ªKXKR<U<N;T¥Y;S'V³X'u;O;XKV<U<R<w'Y;S s ªyP$U s R<XKO;v
Y;S�R<O;T;W s R<XKR<S�Y/S�M;V<N;x�Q-V<N;P s Y;S�V<SKO;PZM;P$N;Y;O;ªKR<U<N;TáSKT s wKP$U³S%SKR�SKTáM/XKP$R<U<ªKO;V<U<»KP¨S%V<X%ªySKP$R<U<¢$U<ªKXKR<U<N;TáY;S s
M;XKP$XKx�»KR<P¨S s Y;SZV<X s ªKU<T;R<U<V<V<XKR<U<N;T7SKR�V¸¦jwK~;XKV�O;XKR<U<N;T7Y;SZV<SKO;P!R<SKT;O/SZXKO;vÉU<P$P$XKY;U<XKR<U<N;T s �
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¹�V�S s R�XKV<N;P s M;P$N;M;N s w�O;T s ª q wKx�X�Å¥M;V<O s U<SKO/P s T;U<~;SKXKO;váM;N;O;PZV<S�ªKN;T;R<P$â;V<S�Y/S s M;XKP¨XKx�»KR<P$S s Y/S s
ªKP$U s R<XKO;veY;S pCÇ²È M;SKT;Y;XKT;R�V<SKO;P¥M;P$N;YAO;ªKR<U<N;T�SKT s wyP$U<S��¤¡aS s ª q wKx�X � u;O;U7X×wKR<w
P$SKR<SKT;O � M/P$wK~;N;U<R
V¸¦jSKv/wKªKO;R<U<N;T1Y;S¶~;wKP$U<¢$U<ªyXKR<U<N;T s ªKN;x�M;V<SKv;S s Å¶R<N;O s V<S s T;U<~;SKXKO;v�Y;O1ª r ªKV<S�R³SKª q T;N;V<N/WAU<u;O;S�Y;SKM;O;U s V<X
P$wKªKSKM;R<U<N;T�M;XyP]V¸¦jO s U<T;S�Y;S�x¥XKR<U<»KP$S s M;P$SKx�U<»KP$S s SKTÖM;P$N;~;SKT/XKT;ªyS�Y!¦jO;TÖ¢¨XKQ;P$U<ªyXKT;RhSKv/R<wKP$U<SKO;P Û O s u;O!¦jÅ
V¸¦jU<T s R<XKV<V<XKR<U<N;TÉY;wK¢$U<T;U<R<U<~;S�Y;OÉªKP$U s R<XKV
Y;XKT s V<S�ªKXKV<N;P$U<x�»KR<P¨S�wKV<SyªKR<P$N;x�XyWAT/wKR<U<u;O;S�� p N;O;P¯ª q XKu;O/SËwKR<XKM/SËY;O
ªKN;T;R<P$â;V<SZY;S s wKu;O;U<M/SKx�SKT;R s SKR�Y;S s x�wKR q N;Y;S s Y/SZªKN;T;R<P$â;V<S s N;T;R�M;P$N;M;N s w s N;O7N;T;R�wKR<wZªKN;T s R<P$O;U<R s �

­¯Õ XKT/XKV rts S�Y;S s Y;U s R<P$U<Q;O;R<U<N;T s SKv/M;w©P$U<x�SKT;R<XKV<S s1s SKV<N;TÜV<X�R<SKT;O/S�XKO;v®P$XKY;U<XKR<U<N;T s Y;S s ªKP$U s R<XKO;v
M;P$N;Y;O;U<R s XK~;XKT;RaSKRaXKM;P¨» s V¸¦jN;M;R<U<x�U s XKR<U<NAT�Y;S�V<X�R<SKª q T;N;V<N/WAU<S � X�M/SKP$x�U s Y;Õ S s R<U<x�SKP'V<S s M;P$N;Q/XKQ;U<V<U<R<w s
Y;Õ U<T s R<XKV<V<XKR<U<N;T%Y;XKT s V<S7ªyXKV<N;P$U<x�»KR<P$S7Y/S7ª©P$U s R<XKO;v¶T;N;T%ªKN;T;¢$N;P$x�S s SKR¯V<XÉM;P$N;Q;XKQ;U<V<U<R<wÉY;S�P$S Û SKR¯Y;SÉQ;N;T s
ªKP$U s R<XKO;vÉSKT7XKM;M;V<U<u;O;XKT;R�V<S s x�wKR q N;Y;S s YASZªKN;T;R<P$â;V³SZM;P$N;M;N s wyS s �
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XKO;v�SKx�M;V<N r w s Y;SË��ÂE¡ p M;N;O;P
V<S s wKª q XKT;R<U<V<V<N;T s Y;S s ªKP$U s R<XKO;vÉXKªKªKN/P$Y;w s �

¹�V�P¨SKx�SKP¨ªKU<S%V<X%Y;U<P$SyªKR<U<N;T1Y;O�­ �]pCp±� V¸¦j¾]T;U<~;SKP s U<R<w¶Y;S���U<wKV<N;P$O s"s U<S¶SKR�V¸¦º¾]T;U<~;SKP s U<R<w¶Y;S¶ÊCXK~;N;U³S
M;N;O;P!V<SKO;P!XyªKªKO;SKU<V�Y;O;P¨XKT;R�ªKSZR<P¨XK~;XKU<V¸�
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� ªKR<O;SKV<V<SKx�SKT;R
V<X�M q�rts U<u;O;S�Y;S s�q XKO;R<S s wKT/SKP¨WAU<S s S s R
ªKN;T/ªKSKT;R<P¨wKSËM;P$U<T/ªKU<M;XKV<SKx�SKT;R±Y;XKT s Y/SKO;v
Y;U<P$SKªKR<U<N;T s ã¤V<XáM;P$N;V<N;T;W;XKR<U<N;T�Y;S s SKv/MAwKP$U<SKT;ªyS s M;N;O;PÉV<S1ªKN;T;¢$U<P$x�XKR<U<N;T�Y;O�x�N;Y;»KV<SáY;U<R�PË��N;Y/»yV<S
Standard R ´ ��ÊC· [1], SKR¤V<X¥M;P$wKM;XKP$XKR<U<N;T�Y;S s SKv/M;wKP$U<SKT;ªKS s Y/XKT s V<X¥P$wyWAU<N;T-Y/Õ wKT;SKP¨WAU³S�Y;O-ÂESK��� È T
s O;M;M;N s S§u;O;S§M;N;O;P�V<X§Y/S s ªKP$U<M;R<U<N;T
Y;S§M;P$N/ªKS s"s O s Y;XKT s ªySKR<R<S-P$wyWAU<N;T
Y/Õ wKT;SKP¨WAU³S-Y/Õ XKO;R<P$S s x�N;Y/»KV<S s
ªKN;x�M;P$SKT;XKT;R�V<SZx�N;Y;»KV³S s R<XKT;Y;XKP$YÉªKN;x�x�SZªyX s�s M;wKªKU<XKV s SyP$N;T;R�Y;wK~;SKV<N;M;M;w s2d 2,3].

­¯SZx�N;Y/»KV<S s R<XKT;Y;XyP$Y7U<T;ªKV<O;R�Y;S s ªKN;T;ªySKM;R s R<SKV s u;O;SZY;S s M/XKP$R<U<ªKO;V<S s Y;S�x¥XKR<U<»KP$S � Y/S s ¢$N;P$ªyS s SKR
V<S§x�wKªKXKT;U s x�S§Y;S-ä]U<W;W s [4,5e ��­�S-x¥w©ªKXKT;U s x�S-Y/S p ��ä]U<W;W s X-wKR<w-M;P¨N;M;N s w-M;N;O;PÉSKv/M;V<U<u;O;SKP7V<S
x�wKªKXKT;U s x�S-Y;SáW;wKT;wKP¨XKR<U<N;T
Y;S-V<X-x�X s8s S-Y/S s M;XKP$R<U<ªKO;V<S s ¢$N;T;Y;XKx�SKT;R<XKV³S s"� V<SKM;R<N;T s"� u;O;XKP$� s SKRËV<S s
Q;N s N;T s Y;S Û XKO;W;SËXKO�x�N r SKT�Y/Õ U<T;R<SyP$XKªKR<U�N;T�XK~/SKª]O;T¥ª q XKx�M s ªyXKV<XKU<P$S]u;O;UCS s RCY;U s R<P$U<Q;O;w]Y;XKT s V³Õ S s M;XKªyS
��R<SKx�M s �
¡aS%x�wKªKXKT;U s x�S¶S s R�P$SKV<U<w%Å¶V³Õ SKv/U s R<SKT;ªKS¶Y/S¶M;XKP$R<U<ªKO;V<S s�s ªKXKV<XKU<P¨S s M q�rØs U<u;O;S s XKM;M;SKV³wKS s V<S s
Q;N s N;T s Y;S°ä]U<W;W s ��­¯S s Q;N s N;T s Y;S°ä]U³W;W s N;T;R§wKR<w®M;P$N;M;N s w s R q wKN;P$U<u;O;SKx¥SKT;R¸�7­¯S®M;XKP¨XKx�»KR<P¨S
M;P$U<T;ªKU<M;XKV<S�U<T;ªKN;T;T;O�Y;S s Q;N s N;T s Y/S�ä]U<W;W s S s R£V<SKO;Pax�X s"s S���ÊCSKV<N;T§Y;S s wK~;XKV<O/XKR<U<N;T s R q wKN;P$U<u;O;S s"� V<X
x�X s"s SZY;S s Q;N s N;T s Y;SZä]U³WAW s M;SKO;R.fKR³P$ShY;SZM;V<O s Y;S�Ô�gÉ�'SK� � R<N;O;R<Sy¢$N;U s U<V r X�O;T/S�M;P$N;Q;XKQ;U<V<U<R<w�u;O/Õ SKV<V<S
s N;U<R�M;V<O s WAP$XKT;Y;S×XK~;SKª×O;T/S×V<U<x�U<R<S s OAM;wKP$U<SKO;P¨S×Y!¦jSKT;~;U<P$N;TeÆ;|;�Í�]SK��� p SKT;Y/XKT;R7V<S s SKv/M;wKP$U<SKT;ªyS s
SK¢$¢$SyªKR<O;wKS s Å§V<Õ XKªyªKwKV<wKP¨XKR<SKO;P7­ à p { ´ ¡ à   ¼ · � V³S s Q;N s N;T s Y;S-ä]U³W;W s T/Õ N;T;R�M;X s wKR<w-Y/wKR<SKªKR³w s"� ªKSyªKU
M;SKP$x�SKR'Y;S�¢$U<v/SKP�O;T;S�V<U<x�U<R<S�U<T;¢$wKP$U³SKO;P�S�Y/S�V<X�x�X s"s S�Y;S s Q;N s N;T s Y;S�ä]U³W;W s Å�Ó�g � |²�'SK���¤­¯S s
SKv/M;wKP$U<SKT;ªKS s�s O;P�V³Õ XyªKªywKV<wKP$XKR³SKO;PE­ à p | ´ ¡ à   ¼ ·¯M;SyP$x�SKR<R<N;T s Y;Õ wKR<O;Y;U<SKP¯V³Õ U<T;R<SKP$~/XKV<V<SËY/Õ wKT;SyP¨WAU<S Û O s u;O/Õ Å
O;T7T;U<~;SKXKO7Y;S�{}�;�7�'SK���

� U<T s U � Y;XKT s V<X§M q/rts U<u;O;S§Y;S s¥q XKO;R<S s wKT;SKP¨WAU<S-XKªKR<O;SKV<V<S-U<V�SKv/U s R<S-O;T
Q;S s N;U<T
S s"s SKT;R<U<SKV�Y;S
x�N r SKT s R<Syª q T;U<u;O;S s XKY/XKM;R<w s M;N;O;P�Sy¢$¢$Syª©R<O;SKP�Y/S s P$Syª q SKP¨ª q S s Y;XKT s V³X�P$wyWAU<N;TÉY/Õ wKT;SyP¨WAU<S�Y/SËM;V<O s U<SKO;P s
ÂESK��� p N;O;P�P$SKx�M;V<U<P�ªyS�Q;S s N;U<T²V<S�T;N;OA~;SyXKO²ªKN;V<V<U s U<N;T;T;SKO;P¥­¯ä]¡ÞS s R�XKªKR<O;SKV<V<SKx�SKT;R'SKT�ªKN;O;P s Y;S
ªKN;T s R<P$O;ªKR<U<N;TÉXKOÉ¡ à   ¼ �K­¯S s SKv/M;wKP$U<SKT/ª©S s�s O;P�V<S�Q/X s S�Y;SËªKSËªKN;V<V<U s U<N;T;T;SKO;P�Y;SK~;P$N;T;R
ªKN;x�x�SKT/ªKSKPESKT
|;�;�;Ó!�¤¹(V'¢$N;T/ªKR<U<N;T;T;SKP$X Û O s u;O/Õ Å�O;T;S�w©T/SKP¨WAU<S�Y/Se{}Æ²ÂESK�ÏXK~;Syª�O;T;S�V<O;x�U<T;N s U<R<w�Y;SÖ¢$XKU s ªySKXKO�Y/S
1034 ªKx -2s-1. ­�S§ªKN;V<V<U s U<N;T;T;SKO;P�­¯ä]¡�MASKP$x�SKR<R<P¨X�Y;S�¢¨XKU<P$S�Y/S s SKv/M;wKP$U<SKT;ªyS s¥s O;P'V<X�P$Syª q SyP$ª q S§Y/S s
Q;N s N;T s Y;SZä]U<W;W s XK~;SKªZO;T;S�x�X s"s SZY/XKT s O;T7U<T;R<SKP$~;XKV<V<S Û O s u;O!¦ºÅZÎ;�;�7�]SK� [6-9].

p V<O s U<SKO;P s WAP$XKT;Y/S s SKv/M;wKP$U<SKT;ªyS shs N;T;R!M;P$N Û SKR<wKS s XKO�ªKN;V<V<U s U<N;T;T;SKO;P�­¯ä]¡7� à T%M;XyP$R<U<ªKO;V<U<SKP � V<S s
SKv/M;wKP$U<SKT;ªKS s Y;SÖ¡a��ÊÒSKR�Y/Õ � R<V<X s§s N;TAR�M;P$U<T;ªKU<M;XKV<SKx¥SKT;R�Y;S s R<U<T;wKS s ÅÖV³XÖY;wKR<SyªKR<U<N;TeY;OeQ;N s N;TeY;S
ä]U<W;W s"� Y;SÉV³XÉx�XKR<U<»KP$S s O;M/SKP s6r x�wKR<P$U<u;O;S � XKO s"s U¯Q;U<SKT¶u;O;SÉu;O;SKV<u;O/S s XKO;R<P$S s M q wKT;N;x�»KT;S s M q�rts U<u;O;S s
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T;N;O;~;SKXKO;v [10]. ­¯Õ SKv/M;wKP$U<SKT;ªKS�­¯ä]¡a�$� S s R�M;XKP$R<U<ªKO;V<U<»yP$SKx�SKT;R�ªKN;T s XKªKP¨wKS�Å²V<X²P$Syª q SKP$ª q S²Y/S²V<X
~;U<N;V<XKR<U<N;TÖY;S§¡ p �!­¯Õ SKv/M;wKP$U<SKT;ªKS � ­E¹�¡ à Y;SK~/P$XKU<R Û N;O;SKP�V<S§P$â;V³S§U<x�M;N;P$R<XKT;RZY;XKT s V<X§P¨SKª q SyP$ª q S§Y;O
M;V<X s x�XZY;SZu;O;XKP$�/�¨WAV<O;N;T7Å q XKO;R<S s R<SKx�M;wKP$XKR<O/P$S s M;N;O;P!V<X�ª q P$N;x�N;Y r T;XKx�U<u;O;SZu;O/XKT;R<U<u;O;S��

¾]T7Y;S s WAP$XKT;Y s M;P$N Û SKR s u;O;U�S s R�S©TÉM;P$wKM/XKP$XKR<U<N;TÉXKOÉ¡ à   ¼ S s R
V<S�M;P$N Û SKR
ÊCN;V<wKT;N�h<Y;S�¡aN;x�M;XKªKR
ÅÜ��O;N;T ´ ¡aN;x�M;XKªKR���O;N;TÚÊCN;V<SKT;N;U<Y � N;OÚ¡a��ÊC·�Å®­�ä]¡7� d 2,11,12e �'­�S°Y/wK~;SKV<N;M;M;SKx�SKT;R�Y/S
V<Õ SKv/M;wKP$U<SKT;ªyS�¡a��ÊÖX�ªKN;x�x�SKT;ªyw�SKT
{}«A«;�!��­¯Õ U<Y;wyS�M;P$U<T;ªKU<M;XKV³S�Y;S�V<X¥ªKN;V<V<XKQ;N;P$XKR<U<N;T�S s R£Y;S¥ªKP$wySKPaV<S
x�SKU<V<V<SKO;P£ªKXKV<N;P$U<x�»KR<P¨S'wKV<SKªKR³P$N;x�XyWAT;wKR<U<uAO;S ´ à ¡ � ­¯· � ªKN;x�M;XKR<U<Q;V<S�XK~;SKª�O;T s6rts R<»Kx�S7Y;S�Y;wKR³SKªKR<U<N;T�Y;S
x�O;N;T s M;SKP$¢$N;P$x�XKT;R¸�� S�{}«;«;�ÉÅ¥{}«;«;Æ�V<S s X s M;SKªKR s�s ª©U<SKT;R<U<¢$U<u;O;S s"� R³SKª q T;U<u;O;S s SKR±Y/Õ N;P¨W;XKT;U s XKR<U<N;T�Y;O�M;P$N Û SKR±N;T;R±wKR<w
Y;wK~;SKV<N;M;M;w s M;SKO%Å�M;SKO!� � ªKR<O/SKV<V<SKx�SKT;R � V<S7M;P$N Û SKR�U<T;ªKV<O;R�M;V<O s Y;S�{}Ó;�;�%M q�rts U<ªKU<SKT s Y/S�{}¬;Î%U<T s R<U<R<O;R s
P$SKM;XKP$R<U s�s O;P!¬!{aM/X rØs �

­¯XÉY/S s ªKP$U<M;R<U<N;T¶Y;wKR<XKU<V<V<wySÉY;SÉV<XÉªKN;T;ªKSKM;R<U<N;T¶Y;O¶Y;wKR<SyªKR<SKO;P�M/SKO;RBfKR<P$SÉR<P$N;O;~/wKSÉY/XKT s [13] �;¹(ªKU
T;N;O s M;P$N;M;N s N;T s�s SKO;V<SKx�SKT;R±O;T;SËP¨SK~;O;S�R<P¨» s Q;P$»K~/SËSKv/R<P$XKU<R<SËY;SËªySËY;N;ªKO;x�SKT;R¸�y­¯XË~;O/S]WAwKT/wKP$XKV<S]SKRCV<X
s SKªKR<U<N;TeV<N;T;WAU<R<O;Y;U<T;XKV<S×Y;OeY;wKR³SKªKR<SKO;P�Y;S×¡a��Ê s N;T;R7M;P$w s SKT;R<wKS s Y/XKT s V<X µ U³WAO/P$S 1.1 ´ X � Q;·6��­¯S s
M;XKP$R<U<S s M;P$U<T;ªKU<M;XKV<S s Y;O§Y/wKR<SKªKR<SKO/P s N;T;RËãCO;T sèrts R<»Kx�S�x¥XyWAT;wKR<U<u;O;S�SKR�Y/S s ª q XKx�Q;P$S s Å�x�O;N;T s"� O;T
Y;wKR<SKªKR<SKO;P�Y/S�R<P$XyªKS s"� V<S s�s6rts R<»Kx�S s Y/S�ª©XKV<N;P$U<x�»KR³P$S s ªKN;x�M;P¨SKT;XKT;R
V<SËªyXKV<N;P$U<x�»KR<P$SËwyV<SKªKR<P$N;x¥XyWAT;wKR<U<u;O;S
Å-ªKP$U s R<XKO;v�Y;S q XKO;R<S-P¨w s N;V<O;R<U<N;T
XK~;SKª§Y;SKO;v�ªKXKV<N;P$U<x�»KR<P$S s Q;N;O;ª q N;T ´ SKT;Y;ªyXKM s · � V<SáªyXKV<N;P$U<x�»KR<P$S1Å
q XKY;P$N;T � SKR¤V<S¥ªyXKV<N;P$U<x�»KR<P$S�Xy~;XKT;R¸� à T-P$XKU s N;T-Y;O-W;P$XKT;Y-P$X r N/T-Y;O s N;V<wKT;N�h<Y;S�x�XyWAT;wyR<U<u;O;S�SKR�Y;S�V<X
ªKN;T s R<P$O;ªKR<U<N;T1ªKN;x�M;XKªKR³S�Y;S s ªyXKV<N;P$U<x�»KR�P$S s wKV³SKªKR<P$N;x�XKW;T/wKR<U<u;O;S�SKR q XKY/P$N;T;U<u;O;S � R<N;O s V<S s�sèrts R³»Kx�S s
ªKXKV<N;P$U<x�wKR<P$U<u;O;S sas N;T;RCÅ]V¸¦jU<T;R<wKP$U³SKO;PEY;O s N;V<wKT;N�h<Y;S'SKRCM;SKP$x�SKR<R<SKT;RCY!¦jN;Q;R³SKT;U<PEO;T;S q XKO;R³S]P$w s N;V<O;R<U<N;T�Y;O
détecteur.

iB����
	�Kf
1.1 j 
�kml;g8
9��
Cf��������)��
��<fZd	
%d	���$f��)�$f�
	�ZdCfZ^&%�n j d�iK
��	�� ��2n 13]).



9

iB����
	�Kf
1.1 j ÿ	kml;g8
9�"f��)�������7�����	������
Cd����	
��<fZd	
�d	���$f����$f�
	�ZdCf�^2%�n j d�iK
��	�� ��2n 13]).

1.2
���%*��!,$�!��#$���� "���%��,���*� "�/�������!)��� 8#65�.��%��� Y íÏ	

­¯X%Y/wKªKU s U<N;TáY;S¶ªKN;T;ªKSK~;N;U<P�O;TáªKXKV<N;P$U<x�»KR<P¨S%wKV<SyªKR<P$N;x�XKW;T;wKR<U<u;O;S%Y/S q XKO;R<S¶P$w s N;V<O;R<U<N;TáQ;X s w
s O;P!Y;S s ªKP$U s R<XKO;vÉY;S pCÇ²È XZwKR<wZXKªyªKSKM;R<wKSZM;XyP!V<XZªKN;V<V<XKQ;N;P¨XKR<U<N;T7Y;SZ¡a��Ê¶Å�V<X�¢$U<T�{}«;«;Æ!�©ÊCSKV<N;T d 2e V<S
ªKXKV<N;P$U<x�»KR<P$S®wKV<SKªKR<P$N;x¥XyWAT;wKR<U<u;O;S s S®ª©N;x�M;N s SKP$X®Y/S®ªKP$U s R<XKO;v s ªKU<T;R<U<V<V<XKT;R s Y;S pCÇ²È]� XK~;SKª®Y;S s
M q N;R<N;Y;U<N;Y;S s Å7XK~;XKV<XKT/ª q S ´¨�]p � ·�ªKN;x�x�S7M q N;R<N;Y;wKR<SKªyR<SKO;P s �A­¯SÉ~;N;V<O;x�SÉR<N;R<XKV¯Y;SÉªyP$U s R<XKO;v�Y;XKT s V<X
M;XKP$R<U<S�ªKSKT;R³P$XKV<S�Y;O�ªyXKV<N;P$U<x�»KR<P$S¥S s R£Ô � {6Æ�x 3� V<S¥~;N;V<O;x�S¥Y;S s Q;N;O;ª q N;T s S s RË{ � g;|§x 3 ��­�X�u;O/XKT;R<U<R<w
R<N;R<XKV<S]Y;S]ªKP$U s R<XKO;v¥S s R�Y!¦jSKT;~;U<P$N;T¥Ô;¬;�;�;� � ªyS'u;O;U�S s R�M;V<O s U<SKO;P s ¢$N;U s M;V<O s WAP$XKT;Y¥u;O;S�Y;XKT s R<N;O;R<S s V<S s
SKv/M;wKP$U<SKT;ªKS s M;P¨wKªKwKY/SKT;R<S s �

­¯S s M/P$S s ªyP$U<M;R<U<N;T s M;P$U<T;ªKU<M;XKV<S s P$SKu;O;U s S s M;N;O;PaV<S¥ªyXKV<N;P$U<x�»KR<P$S�wKV<SKªKR<P$N;x�XyWAT/wKR<U<u;O;S ´ à ¡ � ­¯·
Y;wKªKN;O;V<SKT;R�Y;S7V<X7T/wKªKS s"s U<R<wÉY/Õ XKT;XKV rts SKP�V�S�M;P$N;ªyS s"s O s Y;SÉY;w s U<T;R<wyWAP¨XKR<U<N;T¶Y;S s Q;N s N;T s Y;SÉä]U³W;W s Y;XKT s
V<XZ�yN;T;SZY;SZx�X s"s SZU<T;R<SKP$x�wKY;U<XKU<P¨S�� � XKT s ªKS�ªKX s V<SZM;XyP$XKx�»KR<P¨SZªKP$U<R<U<u;O;S�S s R�V<XZP$w s N;V<O;R<U<N;T7SKT7x�X s"s S�Y;O
x�N;Y;S]Y;S]Y;w s U<T;R<wyWAP¨XKR<U<N;T�SKT�Y;SKO;v¥M q N;R�N;T s9d 14]. ­¯X'P$w s N;V<O;R<U<N;T¥SKT¥x�X s"s S'Y;wKM;SKT;Y¥Y;S�V<X'P¨w s N;V<O;R<U<N;T
Y;S s wKT;SKP¨WAU³S s à 1� à 2

SKR�Y;SZV<X s wKM;XKP$XKR<U<N;T�XKT/WAO;V³XKU<P$S θ Y/S s Y;SKO;vÉM q N;R<N;T s M;XKP!V<XZP$SKV<XKR<U<N;T¶ã

( )
op
qrst

⊕⊕=
2/tan2

1

21

21

θ
σσσσ θ

EEM
EEM (1.1)

È2uwv Y;wKT;N;R<S×O;T/S s N;x�x�XKR<U<N;Teu;O;XKY;P$XKR<U<u;O;S � E S s RÉSKTÍ�]SK� SKR θ S s RÉSKTÜP$XKY;U<XKT s ��­EX
P$w s N;V<O;R<U<N;T7Y;Õ wKT/SKP¨WAU<S�S s R q XKQ;U<R<O;SKV<V<SKx�SKTAR�M;XKP¨XKx�wKR<P$wySZªKN;x�x�SÉã
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xy
z{|} ⊕⊕=

E
c

E

a

E
NE σσ (1.2)

È2u a S s R£V<S�R<SKP$x�S s R<N;ª q X s R<U<u;O;S � c, V<S¥R<SyP$x�S¥ªKN;T s R<XKT;R¤SKR σN, V³Õ wKu;O;U<~;XKV<SKT;R¤SKT-wKT;SKP¨WAU³S¥Y;O
Q;P$O;U<R¸��­�S¥R³SKP$x�S¥Y;S¥Q/P$O;U<R¤X¥Y;SKO;v s N;O;P$ª©S s"� V<S�Q/P$O;U<R�Y;S�V<Õ wKV<SKªKR<P$N;T;U<u;O/S�SKR�V<Õ wKT;SyP¨WAU<S�Y!¦jSKx�M;U<V<SKx�SKT;R¸�
� ¢$U<T7Y;SZP$wyXKV<U s SKP!O;T;SZQ;N;T;T;S�P$w s N;V<O;R<U<N;T�SKTÉwKT;SKP¨WAU<SZR<N;O s V<S s R<SyP$x�S s Y;S�V<XËªKN;T;R<P$U<Q;O;R<U<N;TÉY;N;U<~;SKT;R~fKR<P$S
x�XKU<T;R<SKT;O s M;SKR<U<R s �

��P$U<»K~/SKx�SKT;R � V<S s M;XKP¨XKx�»KR<P$S s Y;N;T;R�U<V�S s R�T;wyªKS s"s XKU<P¨SîY;SîR<SKT;U<P°ªKN;x�M;R<SîM;SKT;Y;XKT;R�V<X
ªKN;T s R<P$O;ªKR<U<N;T7Y;O7ªKXKV<N;P$U<x�»KR<P¨SZwKV<SyªKR<P$N;x�XKWAT;wKR<U<u;O;S s N;T;R�V<S s�s O;U<~;XKT;R s ã

• V<S s P$w s N;V<O;R<U<N;T s wKT;SKP¨WAwKR<U<u;O;SZSKR�XKT/WAO;V<XKU<P¨SZN;M;R<U<x�XKV<S s]å
• V<SZP$S Û SKR�Y;S s x�S s N;T s	�m� ;

• V<X�R<SKT;O;S�XKO;v�Y;N s S s d'exposition XKOAv�P$XKY;U<XKR<U<N;T s Y;S s T;SKO;R<P$N;T s SKREY;O�¢$N;T;Y�Y;S�W;XKx�x�X
u;O;U�SKv/U s R<SKT;R�ÅZV<Õ U<T;R<wKP$U<SKO;P!SKR�XKO;R<N;O;P!Y;OÉªKXKV<N;P$U<x�»KR<P¨S ;

• V<Õ XyªKªKSKM;R³XKT;ªKS�W;wKN;x�wKR<P$U<u;O;S�P¨SKV<U<wKSeÅ�V<X�V<U<x�U<R<S�Y;S�V<Õ U<T;R<SKP¨~;XKV<V<S�Y;SeP$XKM;U<Y;U<R<ww� ��� ´ ~;N;U<P
Fig. {}Q/· � SKR�V<XZV<U<x�U<R<SZY;SZM;P$wyª©U s U<N;T7Y;S s x�S s O;P$S s Y/Õ wKT;SKP¨WAU³S ;

• V<XZP$w s N;V<O;R<U<N;T7Y;SZx�X s"s SZXKO;v7T;U<~;SKXKO;vÉQ;X s SKR q XKO;R�Y;SZV<XZV<O;x�U<T;N s U<R<w .
¡aS s M;XKP$XKx�»KR<P¨S s�s N;T;R�ªKN;T s U<Y;wKP¨w s SKT7Y;w©R<XKU<V s Y;XKT s2d 2,13].

1.3
\Ë����2��/#$�� "�/47����)����/��,$�/47���/47*/�/#$4� 8��.�01���% ".�)���4y "�� 8�%���%2�,������
¾]T×x�XKR<wKP$U<XKO s ªKU<T;R<U<V<V<XKT;RZU<Y;wKXKVhM;N;O;P�V<S s XKM;M;V<U<ªKXKR<U<N;T
Y;XKT s Q;SyXKO;ªKN;O;M
Y;S-Q/P$XKT/ª q S s Y;S-V<X

s ªKU<SKT;ªKS1SKRËY;SáV³Õ U<T;Y;O s R<P$U<SáY;N;U<RËM;N s"s wKYASKPÉO;T/S q XKO;R<Sáu;O;XyT;R<U<R<wáY;SáV<O;x�U<»KP$SáwKx�U s S1SKRËO;T;SáY;SKT s U<R<w
wKV<SK~;wKS � O;T/S�ªKU<T;wKR<U<u;O;S�Y/S s ªKU<T;R<U<V<V<XKR<U<N;T¥P$XKM;U<Y;S � SKR!O;T�M;P$U<v¶P$SKV<XKR<U<~;SKx�SKT;R�Q;X s � � U<T s U�V<S s ª q SKP$ª q SKO;P s
SKR¯V<S s ªKN;x�M;XyWAT;U<S s Y;SÉM/P$N;Y;O;ªKR<U<N;T�Y;S s ªKU<T;R<U<V<V<XKR<SKO;P s ªKN;T/ªKSKT;R<P¨SKT;REV<SKO;P s Sy¢$¢$N;P$R s XKO�Y/wK~;SKV<N;M;M;SKx�SKT;R
Y;SÉu;O;SKV<u;O;SÉª q N s SÉu;O;U¯XKO;P$X�O;T¶x�XKP$ª q w s R<XKQ;V<SÉM;SyT;Y;XKT;R¯V<N;T;WAR³SKx�M s XKO�x�N;U<T s Y;XKT s ªKSKR<R<S�Q/P$XKT;ª q S
M;XKP$R<U<ªKO;V<U<»KP$S�Y�¦jXKªKR<U<~;U<R<w���­¯S¥ªKP$U s R<XKV£Y;S�R�O;T/W s R<XKR<S�Y/S�M;V<N;x�Q ´$p Q Ç²È 4��p±Ç²È ·hS s R¤O;T§Q;N;T§SKv/SKx�M;V<S
N u V<S s Q;S s N;U<T s Y;SÉV<XÉP$Syª q SKP¨ª q S�SKv/M;wKP$U�x�SKT;R<XKV<SÉY;XKT s V<X�M q�rts U<u;O;S�Y/S q XKO;R<S�wKT;SKP$W;U<S�N;T;REV<XKT;ªKw�O;T
Y;wK¢$UCM;N;O;PEV<S]Y;wK~/SKV<N;M;M;SKx�SKT;RCSKRCV³Õ N;P¨W;XKTAU s XKR<U<N;T�Y;S]V<X]M;P$N;Y;O/ªKR<U<N;T�SKT s wKP$U<S]Y�¦jO;T¥x�XKR<wKP$U<XKO¥T;N;O;~;SyXKO!�
¡aS s ªKU<T;R<U<V<V<XKR<SKO;P s SKP$X�V<S s ªKU<T;R<U<V<V<XKR<SKO;P�V�S�M;V<O s O;R<U<V<U s w�Y;XKT s V<X�M q/rts U<u;O;S¥SKv/M;wKP$U<x�SKT;R<XKV<S�Y;S s'q XKO;R<S s
wKT;SKP¨WAU<S s Y/XKT s V<S s Y;U<vÉXKT s ÅZ~;SKT;U<P6�

­¯S�ªKP$U s R<XKVÉY;S
R<O;T/W s R<XKR<S�Y/S�M;V�N;x�QÜS s R�ªKN;T;T;OÜY;SKM;O;U s V<N;T/WAR<SKx�M s [15,16e ����XKU s ª�¦jS s R
s SKO;V<SKx�SKT;REP$wyªKSKx�x�SKT;REu;O;S�Y;S s M/P$N/WAP$» s N;T;R¤wKR<w�¢$XKU<R s Y;XKT s V<S�Y/wK~;SKV<N;M;M;SKx¥SKT;R£Y;S�V<X�R<SKª q T;N;V<N/WAU<S
M;N;O;PEV<X'M;P$N;Y;O;ªKR<U<N;T¥Y;S�WAP¨XKT;Y s ªKP$U s R<XKO;v¥XK~;Syª'Y;S s M;XyP$XKx�»KR<P¨S s Y;S s ªKU<T;R<U<V<V<XKR<U<N;T¥XKªKªySKM;R<XKQ;V<S s M;N;O;P£V<X
M q/rts U<u;O;SeY/S s
q XKO;R<S s wKT/SKP$W;U<S s [17-20]. ­�S s P$w s O;V<R<XKR s Y;SeP$Syª q SKP$ª q SeY;S s ªyP$U s R<XKO;vÌY;O pCÇ²È
M;SKT;Y;XKT;R¯V<S s M;P$SKx�U<»yP$S s wKR³XKM;S s N;T;REx�NAT;R<P$w s u;O;S � SKT�ªKN;x�M;XKP¨XKU s N;T�XK~;Syª�Y!¦jXKO;R³P$S s]s ªKU<T;R<U<V<V<XKR<SKO;P s SKR
wKx�SKR<R<SKO;P s V<O;x�U<T;SKO;v�O;R<U<V<U s w s M;N;O;P�V<S s ªKXKV<N;P$U<x�»KR<P$S s wKV<SKªKR³P$N;x�XyWAT;wKR<U<u;O;S s"� V<S�ªKP$U s R<XKVEY;S pCÇ²È X�V<X
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Y;SKT s U<R<w�V<X�M;V<O s WAP¨XKT;Y;S � O;T;S�V<N;T;WAO/SKO;P�Y/S�P$XKY;U<XKR<U<N;T�ªKN;O/P$R<S�SKREO;T�M;SKR<U<REP¨X r N;T�Y;S���N;V<U<»KP$S � ªKS�u;O;U
M;SKP$x�SKR¥Y;S²¢¨XKU<P$S²O;TÒªKXKV<N;P$U<x�»KR<P¨S²wKV<SKª©R³P$N;x�XyWAT;wKR<U<u;O;S�ªKN;x�M;XKªKR¸�hÂEN;O;R<SK¢$N;U s"� Å²ªKS²x�N;x�SKT;R � V<S s
Y;w s XK~;XKT;R<XyW;S s Y;S�ªyS�ªKP$U s R<XKV�wKR<XKU<SKT;R�ã;OAT;S�u;O;XKT;R<U<R<w�Y;S�V<O;x�U<»KP¨S�wKx�U s S�Q;X s"s S ´ Æ%M q S��<�ÖSK�]·�ÅÉªKXKO s S
Y;S V<X q XKO;R<SîXKQ s N;P$M;R<U<N;T N;M;R<U<u;O;S U<TAR<P$U<T s »Ku;O;S Y;XKT s V<X P$wyW;U<N;T Y;S s V<N;T/WAO;SKO;P s Y!¦ºN;T;Y;S s Y;S
s ªKU<T;R<U<V<V<XKR<U<N;T � O;T;S�R<SKT;O;S�XKO;v§P$XKY;U<XKR<U<N;T s M;SKO�wKV<SK~;wyS � x�XKU s T;wKXKT;x�N;U<T s's O;M;wKP$U³SKO;P$S¥XKO§�a� È]� SKR¤V<X
M;P$w s SKT;ªyS�Y;S§ªKN;x�M;N s XKT;R<S s V<SKT;R<S s Y;XKT s V³X s ªKU<T;R<U<V<V<XKR<U<N;T!�!¡aSKM;SKT;Y;XKT;R � SKT×M;P¨SKT;XKT;RZSKT×ªKN;x�M;R<S§V³S s
M;SKP s M;SKªKR<U<~;S s Y�¦jXKx�wKV<U<N;P$XKR<U<N;T s U³WAT;U<¢$U<ªKX©R<U<~;S×Y/S×ªKS s M/XKP¨XKx�»KR<P$S s SKR7M;XyP$ªyS×u;O;S×Y/S s ªKXKM/XKªKU<R<w s Y;S
M;P$N;Y;O;ªKR<U<N;T s U<WAT;U<¢$U<ªyXKR<U<~;S�ªKXKM/XKQ;V<S s Y;S�Y/wKx�XKP$P¨SKPaO;T/S�M;P$N;Y;O;ªKR<U<N;T�Y;S s wKV<wKx�SKT;R s�s ªKU<T;R<U<V<V<XKT;R s XKM;P$» s
O;T;S%x�N;Y;SKP$T;U s XKR<U<N;TáP$SKV<XKR<U<~;SKx¥SKT;R�U<T s U<WtT;U<¢$U<XKT;R<S¶SKv/U s R<XKU<SKT;R�Y;w Û Å � V<X%ªKN;V<V<XKQ;N;P$XKR<U<N;T1¡a��Ê�X¶M;P$U s V<X
Y;wKªKU s U<N;TÉY;S�ªKN;T s R<P$O;U<P¨S�V<SËªyXKV<N;P$U<x�»KR<P$S�wKV³SKªKR<P$N;x�XyWAT/wKR<U<u;O;S s O;P¯V<XËQ;X s SËY;S]ªKP$U s R<XKO;v�Y;SËR<O;T;W s R<XKR<SËY;O
plomb.

� M;P$» s V<S s Y;SyP$T;U<»KP$S s wKR<O;Y;S s U�V¥X²wKR<w²M;N s"s U<Q;V<S²Y/S²Y;wK~;SKV<N;M;M/SKP�Y;S s ªKP$U s R<XKO;vÒXK~;SKª²Y;S s
M;P$N;M;P$U<wKR<w s M q�rts U<u;O;S s SKRÉª q U<x�U<u;O;S s X©ªKªySKM;R<XKQ;V<S s ªKN;x�x�S
N;TÍM/SKO;R�~;N;U<P¶Y;XKT s V<S�ÂEXyQ;V<SKXKO�{;�j{;�
ªKN;x�M;XKP$wyS s Å�ªySKV<V<S s Y;S�u;O;SKV<u;O/S s XKO;R<P$S s]s ªKU<T;R<U<V<V<XKR<SKO;P s V<N;O;P$Y s SKREªKP$U s R<XKO;v�Y;S�R<O;T;W s R<XKR³S�Y;O�M;V<N;x�Q
XK~;XKT;R£V<SKO;PaN;M;R<U<x�U s XKR<U<N;T d 13,19,21-26e �;­¯S¥M;P$N;Q;V<»Kx�S¥V<U<w¥Å�V<X¥¢$XKU<Q;V<S¥u;O/XKT;R<U<R<w¥Y;S¥V<O;x�U<»KP$S¥wKx�U s S
M;XKP�V<S s ªKP$U s R<XKO;v�X�wKR<w s O/P$x�N;T;R<w�M;XKP�V¸¦ O;R<U<V<U s XKR<U<N;T�Y;S�M q N;R<N;Y;U<N;Y;S s Å�XK~/XKV<XKT;ª q S�XK~/SKª�O;T;S s O/P$¢$XyªKS
s SKT s U<Q;V<SZX s"s SK��W;P$XKT;Y;S��

­¯X µ U³WAO;P¨S 1.2 M;P$w s SKT;R<S�V<X�ªKN/P$P�wKV³XKR<U<N;T�SKT;R<P$S�V<X�P¨w s N;V<O;R<U<N;T�SKT�wKT;SyP¨WAU<S�Å-{É�'SK�Ùx�S s O;P¨wKS
SKv/M;wKP$U<x�SKT;R<XKV<SKx�SKT;RÉSKRÉV<X
V<N;T/WAO;SKO;P%Y;S
P$XKY;U<XKR<U<N;TÍY;OÍx�U<V<U<SKOÍY;wKR<SyªKR<SKO;P¶M;N;O;P¶Y/S s ªKXKV<N/P$U<x�»KR<P$S s
Y;U<¢$¢$wKP$SKT;R s2d 13,19,27].
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1.1Ç�' �����	�������������	�	��������
Cf���f��<���	���!���	
Cf���dCf�������������
�
	�7dCf 'BA \éd	
��	��
	�Cf���(�!�	
���
��������7
��;f����	
Cf����	
Cf����������	��������
��$f�
	��������
	�Kd	��f��<�)�¶f��"�$f�
	������
=�!���Cf�
	�9�����	�	
	�

Cristal NaI (Tl) CsI BGO CeF3 YAP:Ce BaF2 PWO

1995

PWO

1999

� SKT s U<R<w � W��<ªKx 3 3,67 4,51 7,13 6,16 5,55 4,89 8,28 8,28

¹�T;Y;U<ªySZY;S
réfraction

1,85 1,80 2,15 1,62 1,91 1,49 | � {}Ó9�
2,30

| � {}Ó9�
2,30

­¯N;T/WAO;SKO/P!Y;S
P$XKY;U<XKR<U<N;T � ªKx

2,59 1,85 1,12 1,68 2,2 2,05 0,89 0,89

Longueur
Y;Õ U<T;R<SKP¨XKªKR<U<N;T � ªKx

41,4 37,0 21,8 26,2 38 29,9 22,4 22,4

 aX r N;T7Y;S
��N;V<U<SKP$S � ªKx

4,80 3,50 2,25 2,63 3,7 3,4 2,19 2,19

MaximumY;Õ wKx�U s"s U<N;T � T;x
410 315 480 300/

340
347 210/

310
440-520 440

QuantitéP$SKV<XKR<U<~;SZY;S
V<O;x�U<»KP$SZwKx�U s S �
%

100 20 18 8 40 20/4 ~0,1-0,2 1,3

τ1 230 16 60 8/25 28 0,9 4(62%) 4(95%)

τ2 300 630 23(13%) 15(5%)

Durée
d’émission,
ns

τ3 230(25%) 100(<1%)

Référence [21� 22] [19,

21,

22]

[19,

21,

22]

[19,

22]

[23� 24,

25� 26]

[19,

21,

22]

[13� 19]

È T M;SKO;R
~;N;U<Peu;O!¦jXKM/P$» s V¸¦jN;MAR<U<x�U s XKR<U<N;T SK¢$¢$SyªKR<O;wKS Y/S s M;XKP¨XKx�»KR<P$S s Y;O Y/wKR<SKªKR<SKO/PÍV<S
ªKXKV<N;P$U<x�»KR<P$S¥Y/S¥¡a��Ê×XKO;P$X¥O;T;S�R³P$» s Q;NAT;T;S%P$w s N;V<O;R<U<N;T-wKT;SKP¨W;wKR<U<u;O;S��
­¯S%��� È s SKO;V<SKx�SKT;R�¢$N;O;P$T;U<R
O;T;SZP$w s N;V<O;R<U<N;T7ªKN;x�M;XKP¨XKQ;V<SZx�XKU s V<S���� È T!¦ºXZM;X s O;T;SZR<SyT;O;SZXKO;vÉP$XKY;U<XKR<U<N;T s�s XKR<U s ¢$XKU s XKT;R<S��

­¯S s M/XKP$XKx¥»KR<P$S s�s ªKU<T;R<U<V<V<XKT;R s SKRËN;M;R<U<u;O;S s Y;S s ªKP$U s R<XKO;v²Y;S pCÇ²È]� XKU<T s U]u;O;S1V<S s X s M;SKªKR s
R<SKª q T;N;V<N;WAU<u;O/S s"� U<T;¢$V<O;SKT�ÈKXyT;R�ªKS s M;XyP$XKx�»KR<P¨S s"�;s SKP$N;T;R�Y;U s ªKO;R<w s Y/XKT s V<S s ª q XKM;U<R<P¨S s XKM;M;P$N;M/P$U<w s Y;SËªKS
travail.
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2.1
ì���47��*�3���)� "#�,�,$��)�47���/47���!)���*��/#$4y "��.�01�� h���/47���� "3������/47���%����4�.����

2.1.1 Î,Ï�Ð$Ñ�Ò�Ó<Ô<Õ8ÖL×LØ�ØÚÙHÕ<Ð�Û8Ï�Ð9Ü$Ù<Õ<Ù8Ò(ÝË×ÚÐ~ÖÚÔmÞ(ß
­¯S s U<x�M;wyP$XKR<U<¢ s M;P$U<T;ªKU<M/XKO;v¥MAN;O;PEV<X]M;P$N;Y;O;ªKR<U<N;T�Y;S s ªKP$U s R<XKO;v¥Y;S]R<O;T;W s R<XKR³S'Y;S'M;V<N;x�Q s N;T;REã

Y!¦jO;TîªKâ;R<wÌY;SÚP$SKR<SKT;U<P�Y/S s M;XKP¨XKx�»KR<P$S s Y/S s ªKP$U s R<XKO;vÞY;XKT s V<S s V<U<x�U<R<S s Y;S s M;wKªKU<¢$U<ªyXKR<U<N;TÝY;S
CMS d 13,28e¨� SKR±SKT�xMfKx�SËR<SKx�M s Y;S�x�U<T;U<x�U s SKP¯Y;SËM;P$U<v�Y;S s ªKP$U s R<XKO;v�� � XKT s V<SËªKX s Y;SËV<XËx�wKR q N;Y;S
Y;SË¡a�yN;ª q P$XKV s �;U±u;O;U±S s R±O;R<U<V<U s wKSËM;N;OAP¯V<X]M;P$N;Y;O;ªKR<U<N;T�Y;S s ªyP$U s R<XKO;v¥Y;S]R<O;T;W s R<XKR<S]Y;S]M;V<N;x�Q�ªyS s Y;SKO;v
U<x�M;wKP$XKR<U<¢ s1s Õ SKv/ªKV<O;SKT;R�x�O;R<O;SKV<V<SKx�SKTAR¸�a¹(V�SKv/U s R<S�Y;S s wKu;O;U<M;SKx�SKT;R s ªKN;x�x�SàPË¡aP¨U s R<XKV�¬;�áR�u�O/U
M;SKP$x�SKR<R<SKT;R7Y;S
R<U<P$SyP%Y;S s ªyP$U s R<XKO;vÍXK~;SKª
Y;S s x�X s"s S s¥Û O s u;O!¦ºÅ
|Í�/WeY;N;T;RÉV<S s ªKP¨SKO s SKR s M;SKO;~;SKT;R
ªKN;T;R<SKT;U<P�O;T;S×x�X s"s S×Y/S×¢$N;T;R<S×Y/SâgeÅ×Îe�/W�� p N;O;P�XKO/WAx¥SKT;R<SKP�V³Õ Sy¢$¢$U<ªyXKªKU<R<w×Y;S
ªKN;T;~;SKP s U<N;TÍY;S s
x�XKR<U<»KP$S s M;P$SKx�U<»yP$S s�´ à ¡a� p ·¥U<V�S s R�T;wKªyS s"s XKU<P¨SÖY/Õ XKO/WAx�SKT;R<SyP¥V<XÖu;O;XKT;R<U<R<wÖY;S s P$SKªKP$U s R<XKV<V<U s XKR<U<N;T s
M;N;O;PEO;T�ªKP$SKO s SKRCXK~;Syª]XKY;Y;U<R<U<N;T�Y;S]x�XKR<U<»KP¨S'M;P$SKx�U<»yP$S'Å'V³X'¢$N;T;R<S���¡aSKR<R<S�XKM;M;P$N;ª q S'M;SKP$x�SKR�Y/Õ N;Q;R<SKT;U³P
O;T�T;U<~;SKXKO�Y;S à ¡a� p�Û O s u;O!¦jÅ�g;��ã � x�XKU s XK~/SKª�V³Õ XKO/WAx�SKT;R³XKR<U<N;T�Y;O�T;N;x�Q;P$S7Y;S s ªyP$U s R<XKV<V<U s XKR<U<N;T s V<S
M;P$N;ªKS s"s O s Y;S%M/P$N;Y;O;ªKR<U<N;TáY;S%Y;wy¢$XKOAR s Y;SK~;U<SKT;R�M;V<O s U<T;R<SKT s S��C­h¦ºXKO/WAx�SKT;R<XKR<U<N;T1Y;S¶V<X¶u;O/XKT;R<U<R<w¶Y;S s
Y;wK¢$XKO;R s ªKN;x�x�S'V<S s Y/wK¢$XKO;R s Y;S s R<P$O/ª©R<O;P$S�XKU<T s U�u;O;S'V<S s Y;wK¢¨XKO;R s Y;S'Y;N;M;XyW;S'M;P$N;~;N;u;O;S'V³X�ª q O;R<S�Y/S s
M;XKP$XKx�»KR<P¨S s Y;S s ªyP$U s R<XKO;vÉSKR�SKT7M;XKP$R<U<ª©O;V<U<SKP!V³Õ XKM;M/XKP$U<R<U<N;T7Y;S�ªKN;x�M;N s XKT;R<S s V<SKT;R³S s SKR
Y;U<x�U<T;O;S�V<X�R<SKT;O;S
XKO;v×U<P$P$XKY;U<XKR<U<N;T s � à TÖxMfKx�S�R<SKx�M s8�!Û O s u;O!¦jÅ§V<X§Î ème ¿×Ô ème ªyP$U s R<XKV<V<U s XKR<U<N;T×N;T×M;SKO;RZN;Q;R<SKT;U<P�Y;S s
ªKP$U s R<XKO;v�XK~;SKª'Y;S s M;XyP$XKx�»KR<P¨S shs XKR<U s ¢�XKU s XKT;R�XKO;v s M;wKªKU<¢$U<ªyXKR<U<N;T s Y;S'¡a��Ê s U!N;T�O;R<U<V<U s S�Y;S s x�XKR<U<»KP$S s
M;P$SKx�U<»KP$S s�s M/wKªKU<¢$U<wyS s"� SKTÚW;XyP$Y;XKT;R¶V<X°M;P$N;M;N/P$R<U<N;T s R�ä]ª q U<N;x�wKR<P$U<u;O;S°Y;S°V<X®¢$N;T;R<S°M;SKT;Y/XKT;R�V<S s
ªKP$U s R<XKV<V<U s XKR<U<N;T s �y¹(V±¢¨XKO;R±T;N;R<SKP¯u;O;SËM/S©T;Y;XKT;R±Y;S s wKR<O;Y/S s T;N;O s XK~;N;T sas wKV<SyªKR<U<N;T;T;w]M;N;O;PEV¸¦jXKT/XKV rts S]Y;S s
ªKP$U s R<XKO;vÉXK~;SKªZY;S s M;XyP$XKx�»KR<P¨S s�s XKR<U s ¢�XKU s XKT;R�XKO;v s M;wKªKU<¢$U<ªyXKR<U<N;T s XKU<T s U�u;O;S�Y;S s wyª q XKT;R<U<V<V<N;T s XK~;SKª�Y/S s
M;XKP$XKx�»KR<P¨S s M;V<O s x�XKO;~;XKU s"� x�N;Y;U<¢$U<w s M;XKP!Y/S s Y;N;M;XyWAS s Y;U<¢¨¢$wKP¨SKT;R s N;O7M;XKP!Y/wK~;U<XKR<U<N;T7Y;S s M;P$N;M;N;P$R<U<N;T s
s R�ä]ª q U<N;x�wKR<P$U<u;O;S s Y;SZV<XZªKN;x�M;N s U<R<U<NAT7Y;SZV<XZ¢$N;T;R³S��

ÂEN;O s V<S s ªKP$U s R<XKO;v1XKT;XKV rts w s N;T;R�wKR<w%M;P$N;Y;O;U<R s Å%M;XyP$R<U<P�Y;S%x�XKR<U<»KP¨S%M;P¨SKx�U<»KP$S%u;O;U�ªKN;T;R<U<SKT;R
Y;S s N;v r Y/S s Y;SÉR<O;T/W s R<»KT;SÉSKR¯Y/SÉM;V<NAx�Q¶XK~;SyªÉO;T;SÉM;O;P¨SKR<wÉY/Õ XKO¶x�N;U<T s «;« � «;«;«�ã Y;XyT s Y;S s ªKP¨SKO s SKR s
Y;SeM;V<XKR<U<T;S s N;O s O;T;SeXKR<x�N s M q »KP¨S�Y;N;T;R%V<XeªKN;x�M;N s U<R<U<N;TéS s R%M;P$N;ª q SeY/SeV³Õ XKU<P � SKTÌO;R<U<V<U s XKT;R¶V<X
R<SKª q T;U<u;O;S§Y;S§¡a�yN;ª q P$XKV s �;U¸� � XK~/XKTAR<XyWAS§Y/S-Y;wKR<XKU<V s%s O;P7V<XáªKP$N;U s"s XKT;ªyS-Y;S s ªyP$U s R<XKO;v s N;T;R�Y;N;T;T;w s
Y;XKT s&d 29e � � S s ªKP$U s R<XKO;v�Y;N;M;w s XK~;SKªZY;U<¢$¢$wyP$SKT;R s Y;N;M;XKT;R s ªKN;x�x�S���N � ­¯X � ­¯O � æ ��¼ Q�N;O�N;Q;R<SKT;O s Å
M;XKP$R<U<PÌY/Õ N;v r Y;S s wKM;O/P$w s"� N;T;RÜwKR<w M/P$N;Y;O;U<R s Y;XKT s Y;S s ªKP$SyO s SKR sÝs wKM/XKP$w s SKT O;R<U<V<U s XKT;R°O;T;S
ªKP$U s R<XKV<V<U s XKR<U<N;T7M;X s ÅZM;X s �
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­¯XZx¥X Û N;P$U<R<w�Y;S s ªyP$U s R<XKO;v�N;TAR
wKR<w�Y;N;M;w s XK~;SKª�Y;OÉV³XKT;R q XKT;S � Y/S�V¸¦ r R<R³P$U<O;xÌN;OÉY;OÉT;U<N;Q;U<O;xÌXKO
T;U<~;SKXKO�Y;S¥{}�;��M;M;xÙSKRCN;Q;R<SKT;O/S s Y;X©T s Y;S s ªKN;T;Y;U<R<U<N;T sas SKx�Q;V<XKQ;V<S s ��­¯S s M;XKP$R<U<S saq XKO;R<S s Y;S s V<U<T/WAN;R s
M;P$» s Y;O¶WASKP$x�S�N;T;R¯wKR<wÉO;R<U<V<U s wKS s M;NAO;P�V<XÉP¨SKª q SKP$ª q S s M;SKªKR<P$N s ªKN;M;U<u;O;SÉY;wKR³XKU<V<V<wKSÉSKR¯ªySKP$R<XKU<T s Y/Õ SKT;R<P¨S
SKO;v
N;T;RZwKR<w§R<S s R<w s XK~;SKª§V³Õ XKT/XKV rts S§� � ��Ê ´ �]V<N�å Y;U s ª q XKP¨W;S-x�X s"s%s M;SKªKR<P$N s ªKN;M r ·7M;N;O;P7~;N;U<P7V³X
ªKN;P$P$S s M;N;T;Y/XKT;ªKS§SKT;R<P$S�V³S�R r M/S§Y;S�x�XKR<U<»yP$S�M;P¨SKx�U<»KP$S-SKRZV<X§ªKN;T;R<XKx�U<T;XKR<U<N;T×Y/Õ U<x�M;O;P$SKR<w s Y/XKT s V<S s
ªKP$U s R<XKO;v d 30].

p N;O;P¯V<S s P$SKª q SyP$ª q S s Y;SËY;wKR<X©U<V � V<S s wKª q XKT;R<U<V<V<N;T s wKR<O;Y;U<w s Y;XKT s ªySËR<P$XK~/XKU<V±N;T;R±wKR<wËM;P$wKM/XKP$w s Å
M;XKP$R<U<P'Y;S s M;XyP$R<U<S s¥q XKO;R<S s Y;S s V<U<T/WANAR s �!­¯S�P¨S s R<S�Y;S s V<U<T/WAN;R s X§wKR<w-SKx�M;V<N r w s M;N;O;P�M;P¨wKM;XKP¨SKP�V<S s
wKV<wKx�SKT;R s�s ªKU<T;R<U<V<V<XKT;R s O;R<U<V<U s w s Y;XKT s V�S s S s"s XKU s SKTÉ¢$XKU s ªKSyXKOÉXKOÉ¡ à   ¼]� Y;XKT s V<S]ªKXKY/P$SËY;SËV³XË 8æ � Y/S
¡a��Ê p±Ç²È SKR
M;N;O;P�V<S�Y;wK~;SKV<N;M;M;SKx�S©T;R
Y;S s x¥wKR q N;Y;S s Y!¦jXKx¥wKV<U<N;P$XKR<U<N;T�Y;SËªKN;V<V<SyªKR<U<N;T�Y;SËV<O;x�U<»KP$SËSKR
Y;SZªKSKP$R<U<¢$U³ªKXKR<U<N;T7Y;SZªyP$U s R<XKO;v��

p N;O;P§wKR<O;Y;U<SKP§V<S�x�wKªyXKT;U s x�S�Y;S�Y;N;x�x�XyWAS s M/XKP§V<S s P¨XKY;U<XKR<U<N;T s Y;XKT s V<S s ªyP$U s R<XKO;vÌY;S
R<O;T;W s R<XKR<S�Y;S�M;V<N;x�Q � M;V<O s Y;S�{}�;�;��w©ª q XKT;R<U<V<V<N;T s Y;S�ªKP$U s R<XKO;v�Y;N;M;w s SKR±T;N;T;Y;N;M;w s"� Y/wK~;SKV<N;M;M;w s XK~;SKª
Y;S s x�XKR<U<»KP$S s M;P¨SKx�U<»KP$S s�s M/wKªKU<¢$U<wyS s"� N;T;R�wKR<wZwKR<O;Y;U<w s �

2.1.2 Î,Ï�Ð$Ñ�çmÞ<× è9Ï�Ü,Ï�ÕmÖKÐ$Ï(ÖéÖ�Ï�Ò�Ó=Õm×KçmÞHÏ�Ð$Þ<Ö�×LØL×KÐ~Ñ�Ð
­¯X�R³SKª q T;U<u;O;S�Y/S�x�S s O;P$S²S s R�Y;wKªyP$U<R<S�SKT°Y;wKR³XKU<V¥XKU<V<V<SKO;P sÆd 29e � p N;O;P�V<S s x�S s O;P$S s Y;S s

s M;SKªKR<P$S s Y;SÉV<O;x�U<T;S s ªKSKT;ªySÉO;T s M;SKªKR�P¨N;x�»KR<P$SÉÊ � ­¯�$| ´ ­ È � È ·�S s REO;R<U<V<U s w��;¾]T s M;SKªKR<P$N;M q N;R<N;x�»KR<P¨S
¡ �  aæ { à ´ �]XKP$U<XKT/·£X�wKR³w�O;R<U<V<U s w�M;NAO;P¤V<S s x�S s O;P$S s SKT�V<XKQ;N;P$XKR<N;U<P¨S�Y;S sZs M;SyªKR<P$S s Y/S�R<P$XKT s x�U s"s U<N;T!�
¾]T;Sex�N;Y;U<¢$U<ªKXKR<U<N;T s M;wKªKU³XKV<SeXewKR³w�X Û N;O;R<wKSÍXK¢$U<TéY;SeM/SKP$x�SKR<R<P$SeY/S s x�S s O;P¨S s Y;SÍR<P$XKT s x�U s"s U<N;T
V<N;T;WAU<R<O;Y;U<T;XKV<S�Y;S s ªyP$U s R<XKO;v§Y;S pCÇ²È XK~;SKª¥Y;S s V<N;T/WAO;SKO;P s�Û O s u;O/Õ Å¥|;¬;��x�xá� p N;O;PhV<S s wKR<O;Y;S s Y/S s
s M;SKªKR<P$S s Y;S¶R³P$XKT s x�U s"s U<N;T1N;M;R<U<u;O;S%V<N;T;WAU<R<O;Y;U<T;XKV<S¶SKR�R<P$XKT s ~/SKP s XKV³S � T;N;O s XK~;N;T s O;R<U<V<U s w¶wyWAXKV<SKx�SKT;R
Y;S s�s M;SKªKR<P$N;x�»KR<P¨S s u;O;UZN;T;RZwKR<w§P¨wKX©V<U s w s Å§V³Õ ¹�T s R<U<R<O;RZY;S s�p P$N;Q;V<»Kx�S s�¼ O;ªKV³wKXKU<P$S s SKT×~;O;S§Y/S-V<SKO;P
XKM;M;V<U<ªKXKR<U<N;T-XKO s6rts R<»Kx�S�XKO;R<N;x�XKR<U<uAO;S�Y/S�ªKN;T;R<P$â;V<S�Y/S�u;O;XKV<U<R<w�Y;S s ªKP$U s R<XKO;v � ¡a¡ È Ê (Automatic
¡aP rts R<XKV�¡ È T;R<P$N;V�Ê rts R<SKxé¿7~;N;U<P!¡ q XKMAU<R<P¨SZÆ;·6�

p N;O;P¯U<Y;SKT;R<U<¢$U<SKP¯V<S s ªKSKT;R<P¨S s Y;Õ wKV<SyªKR<P$N;T�SKR±Y;SËR<P$N;O � Y/S s Y;N;T;T;wyS s Y;S s M;SyªKR<P$N s ªKN;M;U<S]N;M;R<U<u;O;S s"�
Y;S�V<O;x�U<T;S s ªKSKT;ªyS�R q SKP$x�N;� s R<U<x�O;V<w ´ ÂEÊ�­¯· � Y;S%ªKN;O;P¨XKT;R�R q SKP$x�N;� s R<U<x�O;V<w ´ ÂEÊC¡a·�SKR�V<S s Y;N;T;T;wKS s Y/S
s M;SKªKR<P$N s ªKN;M;U<S à p  
Y;wKªyP$U<R<S s Y;XKT s2d 31-35e N;T;R�wKR<wZwyWAXKV<SKx�SKT;R�M;P$U s S s SKT7ªKN;T s U<Y;wyP$XKR<U<N;T!�

­¯S s x¥S s O;P$S s Y/S sÙs M;SKªKR<P¨S s YASÝV<O;x�U<T;S s ªKSKT/ªKSÝR q SyP$x�N;� s R<U<x�O;V<w s Y;XKT s V<XÝP$wyWAU<N;T Y;SÝV³X
R<SKx�M;wKP$XKR<O;P¨S�Y;S�Ô;��Å�¬;�;����N;T;R£wKR�w�wKR<O;Y;U<wyS s ��­¯S s ªyP$U s R<XKO;v§N;T;R£wKR<w�XKªKR<U<~;w s Å�V<X�R<SKx�M/wKP$XKR<O;P¨S�Y;S
V<Õ XK�yN;R<SÚV<U<u;O;U<Y;SÚXK~;SyªÚO;T;SÙV<XKx�M;SÚY/Õ q�r Y/P$N/WA»KT/SÙwKu;O;U<M;wKS�Y/Õ O;T;SÙ¢¨SKT�fKR<P¨SÙY;S s XKM q U<P6�¥­ES�R<XKO;v
Y;Õ XKO/WAx¥SKT;R<XKR<U<N;T§Y;S¥V<X¥R<SKx�M;wyP$XKR<O;P$S�M/SKT;Y;XKT;R¤V³Õ SKT/P$SyWAU s R<P$SKx�SKT;R¤Y;S¥V³Õ U<T;R<wyW;P$XKV<S�Y/S s M;SKªKR<P¨S s Y;S�ÂEÊ�­
wKR<XKU<R�� � g7�2� s �

p N;O;P�V¸¦jXKT;XKV rts SÉY;wKR<XKU<V<V<wyS s Y;S7V<XÉªKN;x�M;N s U<R<U<N;T¶Y;SÉx�XKR<U<»KP¨SÉM;P$SKx�U<»yP$S�SKT�x�U<ªKP$N;�$wKV³wKx�SKT;R s V<X
x�wKR q N;Y;SZY;SZ� � ��Ê ´ WAV<N�åeY;U s ª q XKP¨WAShx�X s"s�s M/SKªKR<P$N s ªKN;M r ·�XZwKR³wZO;R<U<V<U s wKS .
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­h¦ºwKR<O;Y;S�Y;S s R<P$O/ªKR<O;P$S�Y/S s ª©P$U s R<XKO;v s ªKU<T;R<U<V<V<XKT;R s wKR<w�¢$XKU<R<S�XK~;Syª�V<X�x�wKR q N;Y;S�Y�¦jXKT;XKV rAs S§Y;S
Y;U<¢$¢$P$XKªKR<U<N;T7Y;S�P$X r N;T s�ê SKR�Y;SZY;U<¢$¢¨P$XKª©R<U<N;T7Y;SZT/SKO;R<P$N;T s �

­¯S s6rts R<»Kx¥S¶Y/Õ XKªKu;O;U s U<R<U<N;T1YAS s Y;N;T;T;wyS s SKv/M;wKP$U<x�SKT;R<XKV<S s M;N;O;PËV<S s wKR<O;Y;S s Y;S¶u;O/XKT;R<U<R<w�Y;S
V<O;x�U<»KP$S�wKx�U s S�SKRaY;S�T;N;T/�$O;T;U<¢$N;P$x�U�R<w�Y;S�u;O/XKT;R<U<R<w�Y;S�V<O;x�U<»KP$S�wKx�U s S�M;XKP]V<X�x�wKR q N;Y/S�Y/Õ XKT;XKV rts S
Y;Õ XKx�M;V<U<R<O;Y;S s�s S�ªKN;x�M;N s SZY/Õ O;T p � ê]p |;|;Ó;| � Y;SZx�N;Y;O;V<S s Y;Õ wKV<SKªKR<P$N;T;U<u;O/S�XKO s R<XKT;Y/XKP$Y ¼ ¹�� � P$SKV<U<w s
Å§O;T×N;P$Y;U<T;XKR<SKO;P�u;O;UZ¢$N/P$x�S§V<S s M;SKªKR<P$S§Y/Õ XKx�M;V<U<R<O;Y;S s � ´ ~;N;U<P7V<X µ U³WAO;P¨S 2.1 Xy·7¡aS s"rAs R³»Kx�S-X-O;T
s O;M;M;N;P$RËY;SáªKP$U s R<XKV s M;wKªKU³XKVËu;O;UËM;SKP�x�SKRËV<SáM;N s U<R<U<N;T;T;SKx�SKT;RËM;P$wyªKU s Y;O�ªKP$U s R<XKVËY;S pCÇ²È ´ ~;N;U<P�V<X
µ U<WAO/P$S 2.1 Q;·6� p N;O;P�V³S s x�S s O;P$S s"� OAT/S s N;O;P$ªyS�Y;S�ëáY;O 60¡aN�X�wKR<w�O;R<U<V<U s wKS ´ à ëíìe{ � |���SK�]·6��­¯S s
s M;SKªKR<P$S s SKT/P$SyWAU s R<P$w s N;T;R�wKR³wZR<P$XKU<R<w s ÅZV³Õ XKU<Y;SZY;O7V<N/WAU<ªKU<SKV pC�]Çïî	î [36].
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� SKO;v�x�wKR q N;Y;S s Y;Õ XKT/XKV rts SÉYAS s Y;N;T;T/wKS s N;T;R¯wKR<wÉO;R<U<V<U s wKS s �;­¯XÉM/P$SKx�U<»KP¨SÉXÉx�U s SÉSKT]ä]O;~;P$S

V<X¥Y;wKR<SKP$x�U<T;XKR<U<N;T§Y;S¥V<X¥M;N s U<R<U<N;T§Y;O�x�XKv/U<x�O;x Y;O-M;U<ª�Y!¦jXKQ s N;P$M;R<U<N;T-M q N;R<N;wKV<SKªKR<P$U<u;O;S�Y;O s M;SKªKR³P$S
Y;Õ XKx�M;V<U<R<O;Y;S s"� Y;wKR<SyP$x�U<T;XKT;R � M;XKP�Y/w©¢$U<T;U<R<U<N;T � V<X�u;O;XKT;R<U<R<w�Y;S�V<O;x�U<»KP$SÖwKx�U s S�Y;O²ªKP$U s R<XKV [37e � La

s SKªKN;T;Y;S²x�wKR q N;Y;S�X²O;R<U<V<U s w²V<Õ U<T;R<wyWtP¨XKR<U<N;T®Y;S sÖs M;SKªKR<P¨S s SKT;P¨SyWAU s R<P$w s [38] �h¡aS s x�wKR q N;Y;S s×s N;T;R
Y;U s ªKO;R<wKS s SKT7Y;wKR³XKU<V�Y;XKT s V<SZ¡ q XKM;U<R<P$Sh¬!�

­¯S s6rts R<»Kx¥S¥Y/Õ XKªKu;O;U s U<R<U<N;T-YAS s Y;N;T;T;wyS s SKv/M;wKP$U<x�SKT;R<XKV<S s"� M;N;O;PZV<S s wKR<O;Y;S s Y;S�u;O/XKT;R<U<R<w�Y;S
V<O;x�U<»KP$S°wKx�U s S � Y;S°T;N;T;�$O;T;U³¢$N;P$x�U<R�w°Y;S°u;O;XKT;R<U<R<w°Y/S°V<O;x�U<»KP$S°wKx�U s S®SKR�Y;S°V<X°ªKU<T/wKR<U<u;O;S®Y;S s
s ªKU<T;R<U<V<V<XKR<U<N;T s Y;S s ªKP$U s R<XKO;v�Y;SËR<O;T;W s R<XKR<SËY;SËM;V<N;x�Q�M;XKP¯V<XËx¥wKR q N;Y;SËY;S s ªKN�h<T/ªKU<Y;SKT;ªyS s P$SKR<XyP$Y;wKS sh´ V<X
x�wKR q N;Y;S%Y;S s Y;wKx�XyP$P$XyW;S s ��XyP$P�fKR s · � X%wKR<w%x�U s S%XKOáM;N;U<T;R�Å¶V³Õ ¹�T s R<U<R<O;R�Y;S s�p P$N;Q;V<»Kx�S s�¼ O;ªKV<wKXKU<P¨S s
´ ��U<T s �;·�SKT�ªKN;V<V<XKQ;N;P¨XKR<U<N;T�XK~;SKª�V³S�­¯XKQ;N;P¨XKR<N;U<P$S�Y/Õ � T;T/SKª r Y;S pCq�rts U<u;O;S�Y/S s'p XKP$R<U<ªKO;V<S s'´$� T;T/SKª r �
V<SK�$�]U<SKO;v/· � ªKN;x�x�S1ªKN;x�M;N s XKT;R]Y;O s6rts R<»Kx�S1XKO;R<N;x�XKR<U<u;O;S1Y/S�ªKN;T;R<P$â;V<S�Y/S�u;O;XKV<U<R<w�Y;S s ªKP$U s R<XKO;v
� ¡a¡ È Ê ´$� O;R<N;x�XKR<U<ª
¡aP rts R<XKVÉ¡ È TAR<P$N;VÉÊ rts R<SKx�·6��¡hS sèrts R³»Kx�S�S s R�M;P$N;M;N s wyS�M;N;O;P¶V<S�ªKN;T;R<P$â;V<S
P$XKM;U<Y;S]SKRCV<S s wKR<O;Y;S s Y;S]u;O;XKT;R<U<R<w]Y/S]V<O;x�U<»KP$S'wKx�U s S � Y;S�V<X'T;N;T;�$O;T;U<¢$N/P$x�U<R<w'Y;S'u;O;XKT;R<U<R<w'Y;S'V<O;x�U<»KP¨S
wKx�U s S
SKRÉY;S
V<X
ªKU<T/wKR<U<u;O;S
Y;S sás ªKU�T;R<U<V<V<XKR<U<N;T s XKO s"s UÉQ;U<SKTÍu;O;S
Y;S
V<X�R<P¨XKT s x�U s"s U<N;TÜN;M;R<U<u;O;S�Y;S s
ªKP$U s R<XKO;vÉY;SZR<O;T;W s R<XKR<SZY;SZM;V<N;x�Q!�

­¯XZx¥wKR q N;Y;SZY;SZx�S s O/P$SZY;SZYAN;x�x�XyW;SZY;S s ªyP$U s R<XKO;v�Y;S�R<O;T;W s R<XKR<S�Y/S�M;V<N;x�Q s N;O s P$XKY;U<XKR<U<N;T s
S s R¤Y;wKªKP$U<R<S¥Y/XKT s V<S s P$wy¢$wKP¨SKT;ªKS s!d 39,40e ��­�X¥x¥wKR q N;Y;S�S s R�Q;X s wKS s O;PZO;T-x�N;Y;»KV³S�Y/Õ wK~;N;V<O;R<U<N;T-Y;S s
Y;N;x�x�XKWAS s Y/S s ªKP$U s R<XKO;v¶Y;S7R<O;T;W s R<X©R³S7Y;S7M;V<N;x�Q s N;O s V<S s P$XKY;U<XKR<U<N;T s u;O;SÉT;N;O s XK~;N;T s Y;wK~;SKV<N;M;M/w��� XKT s V<S�ªKXKY/P$S�Y/S�ªKS�x�N;Y;»KV³S � V<S s P¨XKYAU<XKR<U<N;T s U<N;T;U s XKT;R<S s T;SËªKXKO s SKT;R±M;X s Y;SËY;N;x�x�XyW;S s XKO;v�ªKSKT;R<P$S s
Y;S�V<O;x�U<T;S s ªKSKT;ªyS�M;P$U<T;ªKU<M;XKO;v d 41e � à TÖªKN;T s wKu;O;SKT;ªKS � V<S s M;SyP$R<S s Y;S�u;O;XKT;R<U<R<w�Y/S�V<O;x�U<»KP$S§wKx�U s S
SKT;P$SyWAU s R<P$wyS s%s N;T;R�ªKXKO s wyS s%s SKO;V<SKx�S©T;R�M/XKP7V<S s Y;N;x�x�XKW;S s Y/S-R<P$XKT s x�U s"s U<N;T
N;M;R<U<u;O;S���¾]T;S-XKO;R<P¨S
ªKXKP$XyªKR<wKP$U s R<U<u;O;SËY;S]ªKSËx�N;Y;»KV³SËS s R±u;OASËV³Õ XKQ s N;P$M;R<U<N;T�Y;O pCÇ²È U<T;Y;O;U<R<SËM;XKP¯V<S s P¨XKY;U<XKR<U<N;T s Y;wKM;SKT;Y�Y;S
V<Õ U<T;R<SKT s U<R<w]Y;S'V³Õ U<P$P¨XKY;U<XKR<U<N;T d 42e ��¡aSKV<X]M;P$N;~;U<SKT;R�Y;O¥¢$XKU<R�u;O;S'V<S s Y;N;x�x�XKW;S s ~;U s U<Q;V<S s Y;S s P$XKY;U<XKR<U<N;T s
S s R¯V<SÉP$w s O;V<R<XKR¯Y/Õ O;T¶Q;U<V<XKT s R<XKQ;U<V<U s wÉS©T;R<P$SÉY/S s M;P$N;ªyS s"s O s Y;SÉªyP$wKXKR<U<N;T¶SKR¯Y;SÉY/S s R<P$O;ªKR<U<N;T¶Y;S�ªKSKT;R<P$S s
Y;S7ªKN;O;V<SKO;P�u;O;U�¢$N;T/ªKR<U<N;T;T;SKT;R�XK~;Syª�Y;S s P¨XKM;U<Y;U<R<w s ªKN;x�M;XKP¨XKQ;V<S s �A­¯S s M;P$N/ªKS s"s O s Y;SÉY;N;x�x�XyW;S s M;XKP
P$XKY;U<XKR<U<N;T s�s N;T;R�Y;U s ªKO;R<w s SKT7Y;wKR<XKU<V s Y;XKT s V<SZM/XKP$XyW;P$XKM q SZ|!� ¬!�
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C ªKXKO s S%Y/S%V<X%M;SKR<U<R<S%u;O;XKT;R�U<R<w%Y/S%V<O;x�U<»KP$S%wKx�U s S%M/XKP�V<S s V<N;T/WáªyP$U s R<XKO;v�Y;S¶R<O;T;W s R<XKR<S¶Y;S
M;V<N;x�Q ´&D {}��M q S��<��SK�]·¤U<V!S s R!U<x�M;N s"s U<Q;V<S�Y;Õ Sy¢$¢$SyªKR<O;SKP¤Y/S s x�S s O;P$S s Y/S�u;O;XKT;R<U<R<w7Y;S7V<O;x�U<»KP¨S7wKx�U s S
Y;S
V¸¦jN;P$Y;P$S
Y/S®{×Å g(ã Y;S�ªKSyV<V<S�w©x�U s S�M;XyP¶O;T s ªKU<T;R<U<V<V<XKR<SKO;P¶Y;S ¼ Xy¹ ´ ÂEV<·¶XK~;Syª�O;T;S�M;P¨wKªKU s U<N;T
x�SKU<V<V<SKO;P$S�u;O;S1{}��ã � SKT-O;R<U<V<U s XKT;R�OAT;S s N;O;P$ªKS�Y�¦jU<P$P$XKY;U<XKR<U<N;T s R<XKT;Y/XKP$Y-Y!¦ºwKT;SKP¨WAU³S Eγ ≤ { � |�g MeV.

� V<N;P s"� U<V s SKx�Q;V<S�P$XKU s N;T;T;XKQ;V<S�Y/Õ Sy¢$¢$SKªKR<O;SKP¤Y/S s x�S s O;P$S s Y/S�R<SKT;O;S�Y/S s ªKP$U s R<XKO;v¶XKO;v¶U<P$P$XKY;U<XKR<U<N;T s XKO
x�N r SKTÚY!¦ºO;TÚªKN;T;R<P$â;V<SÜM/SKP$x�XKT;SKT;R¶Y;OÙª q XKT/WASKx¥SKT;R�Y;S°R<P$XKT s x�U s"s U<N;TÙN;M;R<U<u;O;S°XKO;v�V<N;T;WAO;SKO;P s
Y;Õ N;T;Y;S s Y/S s Q;XKT;Y;S s Y/Õ XKQ s N;P$M;R<U<N;T×U<T;Y;O;U<R<S s M;XKPÉV³Õ U<P$P¨XKY;U<XKR<U<N;T � M;SKT;Y;XKT;RËSKRËU<x�x�wKY;U<XKR<SKx�SKT;R]XKM;P$» s
V<Õ U<P$P¨XKY;U<XKR<U<N;T!� � XKT s ªyS]ªKX s U<VCT/Õ S s RCM;X s T/wKªyS s"s XKU<P$S]Y/Õ N/P$W;XKT;U s SKPEY/S s x�S s O;P$S s Y/S'P$N;O;R<U<T;S'SKT¥O;R<U<V<U s XKT;R
O;T�¢$XKU s ªKSyXKO�Y/Õ XKªyªKwKV<wyP$XKR<SKO;P}�/¹�VES s R s SKO;V<SKx�SKT;RET/wKªKS s"s XKU<P$S�Y/Õ wKR³XKQ;V<U<P�O;T;S�ªKN/P$P$wKV<XKR<U<N;T�SKT;R³P$S�V<X�ª q O;R³S
Y;S§V<X§u;O;XKT;R<U<R<w§Y;S§V<O;x�U<»KP¨S§wKx�U s S�Y;S s ªKP$U s R<XKO;v
M;SKT;Y;XKT;RZV<SKO;P�U<P$P¨XKY;U<XKR<U<N;T×M;XKP7Y;S s M/XKP$R<U<ªKO;V<S s Y;S
q XKO;R<S7wKT;SyP¨WAU<SÉSKR¯V<XÉu;O/XKT;R<U<R<wÉY;Õ XKQ s NAP$M;R<U<N;T s R<U<x�O;V<wKSÉY;XKT s Y;S s P¨wyWAU<N;T sËs M;SKªKR<P¨XKV<S sËs M;wKªKU³¢$U<wKS s �A¾]T/S
R<SKV<V<S×ªKN;P$P¨wKV<XKR<U<N;TeX×wKR<w
wKR<XKQ;V<U<S×M;S©T;Y/XKT;R7ªKS s wKR<O;Y/S s ��¡aSKV<X s U³WAT;U<¢$U<S×u;O;S×V³Õ N;TÍM;SKO;RÉN;Q;R<SKT;U<P%Y/S s
P$w s O;V<R<XKR s ªKN;P$P¨SKªKR s SKT
x�S s O/P$XKT;R�Y;S s ªyP$U s R<XKO;v�M;XKP7V<Õ U<P¨P$XKY;U<XKR<U<N;T
XK~;Syª-O;T;S s N;O;P¨ªKSáP$XKY;U<N;XyªKR<U<~;S-Y;S
WAXKx�x�X�ªKN;x�x�S � M;XKP'SKv/SKx�M;V<S � V<S 60¡aN�N;O�V<S 137¡ s"� ªKS�u;O;U s U<x�MAV<U<¢$U<S�V<S s wKR<O;Y;S s Y;S�R<SKT;O;S�XKO;v
U<P$P$XKY;U<XKR<U<N;T s � � XKT s ªySËªyX s M;N;O;P¯¢$XKU³P$S�O;T;SËU<P¨P$XKY;U<XKR<U<N;T�R<N;O;RCV<S]V<N;T;W�Y;O¥ªKP$U s R<XKV � ª�� �$X�� �$Y!�yM;N;O/P s U<x�O;V<SKP
V<Õ U<P$P¨XKY;U<XKR<U<N;T�Y;O�ªKP$U s R<XKVËM;XKPÉO;T/S1WASKP$Q;SáwKV<SyªKR<P$N;x�XyWAT/wKR<U<u;O;SáY;S s M;XKP$R<U<ªKO;V³S s Y;S q XKO;R³SáwKT;SyP¨WAU<S � V<S
ªKP$U s R<XKVÜY;N;U<R fKR<P$S U<T s R<XKV<V<w M;SKP$M/SKTAY;U<ªKO;V<XKU<P¨S XKO ¢¨XKU s ªKSyXKO Y!¦jU<P$P¨XKY;U<XKR<U<N;T Y;S WAXKx�x�X x�N;Y;O;V<w
wK~;SKT;R<O;SKV<V<SKx�SKT;R�M;XyP!O;T7¢$U<V<R<P$SZSKT7M;V<NAx�Q7Y;S�¢$N;P$x�S�XKM;M;P$N;M;P$U<wyS [43].

p N;O;P�V<S s wKR<O;Y;S s Y;S s M;SyªKR<P$S s Y/Õ XKQ s N/P$M;R<U<N;T s R<U<x�O;V<wKSËY;S s ªKP$U s R<XKO;v�Y;S pCÇ²È T;N;O s XK~;N;T s x�U s
XKOîM;N;U<T;R1O;T sèrts R<»Kx�SÚY/Õ wKu;O;U<M;SKx�S©T;R�u;O;U�M;SKP$x�SKR�Y/SÚx�S s O;P$SyP�V³Õ wK~;N;V<O;R<U<N;TÝY;S s°s M;SKªKR<P¨S s Y;S
R<P$XKT s x�U s"s U<N;TÉY;XKT s V<X�P$wyWAU<N;TÉY;S�¬;�;�7��Ô;�;�ÉT;xÚSKTÉ¢$N;T;ªKR<U<N;TÉY;S�V<X�M;O;U s"s XKT/ªKS�Y/S�Y;N s SËN;O�Y;SËV<XËY;N s S
XKQ s N;P$Q;wKSZM;N;O/P!O;T;SZM;O;U s"s XKT/ªKSZY;wKR<SyP�x�U<T;wKSZY/Õ U<P¨P$XKY;U<XKR<U<N;T!�

p XKP$ªKS²u;O;S²Y/S s ªKN;T;Y;U<R<U<N;T s Y/Õ U<P$P$XKY;U<XKR<U<N;T � XKOÒx�N;U<T s M;N;O;P§V<XeªKN;x�M;N s XKT;R<S�Y/SeWAXKx�x�X �
Y;N;U<~;SKT;R fKR<P$S M;P$N/ª q S s Y;S s ªyN;TAY;U<R<U<N;T s Y;S ª q XKP¨W;S Y/Õ U<P$P$XyY;U<XKR<U<N;T Y;XKT s V<S ªyXKV<N;P$U<x�»KR<P$S
wKV<SKªKR<P$N;x�XyWAT/wKR<U<u;O;S�Y;S�¡a��Ê � XKV<N;P s V<S s x�S s O;P¨S s N;T;R�wKR<w7SK¢¨¢$SyªKR<O;wKS s Å7O;T/S7M;O;U s"s XKT;ªyS7Y/Õ U<P$P$XKY;U³XKR<U<N;T
~;XKP$U<XKT;RCSKT;R<P¨S�{Wg�SKR�{}�;��P$XKY�� q SKO;P$S � ªKS]u;O;UCªKN/P$P$S s M;N;T;Y¥XKO;v�ªKN;T;Y;U<R<U<N;T s SKv/M;wKP$U<x�SKT;R<XKV<S s XKR<R<SKT;Y;O;S'Å
­¯ä]¡7�§¡aSyªKU�Y;SKx�XKT;Y;SÞY/SÞx�SKR<R<P$SÝSKT ä]O;~;P$SÞO;T s6rts R<»Kx�S XKY;XKM;R³wßXKOÑR<P$XK~/XKU<VeªKN;T;R<U<T;OÑSKT
¢$N;T;ªKR<U<N;T;T;SKx�SKT;R�Y;O;P$XKQ;V³S ´ M;SKT;Y/XKT;R�uAO;SKV<u;O;S sCÛ N;O;P s · � SyT7x�N;Y;SZXKO;R<N;x�XKR<U<u;O;S��

¼ N;O s XK~;N;T s ªKN;T s R<P$O;U<R�Y;SKO;v1Y;U s M;N s U<R<U<¢ s Y;S¶ªKS¶R r M;S¶u;O;U�N;T;R�wKR³w¶U<T s R<XKV<V<w s"� V¸¦jO;T1Å¶ÊCXKªKV<X r
´$µ P¨XKT;ªKSy·aM;N;O;PawKu;O;U<M/SKPaV<S s6rts R<»Kx�S�Y/Õ U<P¨P$XKY;U<XKR<U<N;T�¡ È ¡ � Ê à ´ ¡aN;Q;XKV<R£¡aX s SKx�XKR<SK·aXy~;Syª�O;T;S s N;O;P¨ªKS
Y;S 60¡aNÙY;Õ XKªKR<U<~;U<R<w°Y;S {}ÆÙ¡aU d 40,44e SKR§V¸¦jXKO;R<P$S®XKO�¡ à   ¼ ´ ÊCO;U s"s SK·ÖQ/X s w s O;PÖV<S s6rts R<»Kx�S
Y;Õ U<P$P¨XKY;U<XKR<U<N;T¶�'¹ µ1´ �'SKT;SKP¨XKVE¹�P$P¨XKY;U<XKR�U<N;T µ XKªKU<V<U<R<U<S s ·�XK~;SyªÉO;T;S s N;O;P¨ªKS�Y;S 137¡ s Y;Õ XKªKR<U<~;U<R<w�Y;S�|;��¡aU
[45,46e �E¡aS s�sèrØs R³»Kx�S s M;SKP$x¥SKR<R<SKT;R]Y;S�¢$XKU³P$S�Y;S s x�S s O/P$S s Y;S�R<P¨XKT s x�U s"s U<N;T s N;M;R<U<u;O;S s M;SKT;Y;XKT;R
V<Õ U<P$P¨XKY;U<XKR<U<N;T�SKRE¢$N;O;P$T;U s"s SKT;REY;S s Y;N;TAT/wKS s]s O;P�V<X�Y r T/XKx�U<u;O;S�Y;S�Y;N;x�x�XyW;S�SKT�¢$N;T;ªKR<U<N;T�Y/S s Y;N s S s
XKQ s N;P$Q;wKS s N;O²Y/SÖV<XÖM;O;U s"s XKT;ªySÖY;S�Y;N s S���­¯S s§s N;O;P$ªyS s M;SKP$x¥SKR<R<SKT;R�V<SÖP$wyWAV<XyW;S×WAwKN;x�wKR<P$U<u;O/SÖY;S
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M;O;U s"s XKT;ªKSáY;XKT s V<X1P$wyWAU<N;T�Y;Sá¬�Å g;��P$XKY�� q SKO/P$SáM;N;O;PÉY/S s Q;V<N;ª s Y;Síg�V<N;T/W s ªyP$U s R<XKO;v��£­�X1~;O;S
WAwKT/wKP$XKV³SZY;O s6rts R<»Kx�SZ�'¹ µ S s R�x�N;T;R<P�wySZY;XKT s V<X µ U³WAO;P$S 2.2.

p N;O;P�V<S s x�S s O;P$S s Y;SÉª q XKT;WASKx�SKT;R�Y/S s�s M;SKªKR<P¨S s Y;S7R<P$XyT s x�U s"s U<N;T%M;SKT;Y;XKT;R�V<Õ U<P$P¨XKY;U<XKR<U<N;T%N;T
X�O;R<U<V<U s w�O;T;S s N;O;P$ªKS�Y/S�V<O;x�U<»KP$S�X©~/SKª�Y/S s V<N;T;WAO/SKO;P'Y;Õ N;T;Y;S§~;XKP$U<XKQ;V³S s N;Q;R<SKT;O;S s Å§M/XKP$R<U<P�Y/Õ O;T;S
XKx�M;N;O;V<SËY;S]v/wKT;N;T�ä]XKx�XKx�XKR s O¥­¯|A¬;Ó;��X s"s N/ªKU<wKS'Å]O;T�x�N;T;N;ª q P$N;x�XKR<SKO/PEªKN;T;R<P$â;V<w]M/XKPEN;P$Y;U<T/XKR<SKO;P �
u;O;UÉ¢$N;O;P$T;U<RÉY;S s ¢$XKU s ªKSyXKO;v s N;T;Y;S s ∆λ= {}�ÍT;x Y;S
V<XKP$WASyO;P%XK~/SKª
O;T/S�~;U<R<S s"s S�Y;S�Q;XKV³X r XyWAS�Y/S
V<N;T;WAO;SKO;P]Y/Õ N;T;Y;S¶Y;SÖ{}�;�1T;xM� s �C­¯X¶R<P¨XKT s x�U s"s U<N;T�N;M;R<U<u;O;S�S s Rax�S s O;P$wKS�Å$g�V<N;T;WAO;SyO;P s Y/Õ N;T;Y;S s ã
¬;Î�g � Æ;|;� � g;�;� � Ó;�;�7SKR�Ó;Ó;�7T;x � V<XZYAO;P$wKSZY/SZx�S s O;P$S�Y;SZª q XKu;O;SZV<N;T/WAO;SKO/P!Y/Õ N;T;Y;SZS s R�Y;SZ¬;� s �

­¯S ª q XKT/W;SKx�SKT;R Y;S R<P$X©T s x�U s"s U<N;T S s R x�S s O;P¨w M;XKP V<X Y;wyR<SKªKR<U<N;T M;XyP Y;S s
M q N;R<N;x�O;V<R<U<M;V<U<ªKXKR<SKO;P s�pCq U<V<U<M s#êËp {}«A|!{'ªKN;T;T;SKªKR<w s Å7O;T � � ¡Ù{}¬%Q;U<R s XK~;SKªÉU<T;R<wyWAP¨XKR<U<N;T¶Y;SÉª q XyP¨WAS
SKR¤O;T§R<SKx�M s Y;Õ U<T;R<wyWAP¨XKR<U<N;T§Y;Sá{}�;�§T s ��¡aU<T;u-ªKP$U s R<XKO;váM;SKO;~;SKT;R�fKR<P$S�x�S s O/P$w s Å�V<X�¢¨N;U s � p N;O;PZV<SKO;P
M;P$N;R<SKªKR<U<N;T�ªKN;T;R<P$S�V¸¦jU³P$P$XKY;U<XKR<U<N;T�V<S shp �ÑSKR!V<S s ¢$U<Q;P¨S s Y/Õ U<T Û SKªKR<U<N;T s N;T;R!M;V<XKªKw s Å�«;�@E�M;XKP�P$XKM;M;N;P$R�XKO
ªKP$U s R<XKV¤SKT§¢$XyªKS¥Y/S�x�U<P$N;U<P s XKV<O;x�U<T;U s w s �
­¯S s U<x�M;O;V s U<N;T s ¢$N;O;P$T;U<S s M;XKPZV<X s N;O;P¨ªKS�Y;S%V<O;x�U<»KP$S s N;T;R
U<T Û SKªKR<wKS s Y;XKT s V<S]ªKP$U s R<XKV±M;XKP¯Y/S s x�U�P$N;U<P s x�wKR<XKV<V<U<u;O;S s SKT�¢¨XKªKS]Y/S s ¢$U<Q;P¨S s �y¡aSKR<R<S]W;wKN;x�wKR<P$U<S]M/SKP$x�SKR
V<Õ O;R<U<V<U s XKR<U<N;T7Y;SZV<XZxMfKx�SZU<T s R<XKV<V<XKR<U<N;T�M;N;O;P!wKR<O;Y;U<SKP�XKO s"s U�V<S s Y;N;x�x�XKW;S s SKTÉSKT/P$SKW;U s R<P$XKT;R
V<X�V<O;x�U<»KP¨S
wKx�U s S s N;O s O;T7¢$XKU s ªKSyXKO7Y;SZM;XyP$R<U<ªKO;V<S s�´ T;N;R<XKx�x�SKT;R�Y;S s wKV<SKªKR<P$N;T s SKR�Y;S s x�O;N;T s ·6�
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­¯S s6rts R<»Kx¥S¶¢$N;O;P$T;U<R�Y;S s x�S s O/P$S s Y;S�R<P¨XKT s x�U s"s U<N;T�N;M;R<U<u;O;S�Y;S s ªKP$U s R<XKO;vÖV<N;T;W1XK~;Syª�O;T;S
P$w s N;V<O;R<U<N;T�Y;S]� � |Mã×� p SKT;Y;XKT;RCV<S]Y;w©~/SKV<N;M;M;SKx�SKT;RCY;O s6rts R<»Kx�S'O;T/S'XKR<R<SKT;R<U<N;T s M;wKªKU<XKV³S'X'wKR³w'M;N;P$R<wKS
ÅËV<X s R<XKQ;U<V<U s XKR<U<N;T�Y;SËx�XKP$ª q SËY;O sèrts R³»Kx�S s N;O s V<S s ªKN;T;Y;U<R<U<N;T s Y;Õ U³P$P$XKY;U<XKR<U<N;T!� à T�M;V<O s Y;S s g�ªyXKT;XKO;v
SKT§R<S s R¤XK~;SKª¥Y/S s ªKP$U s R<XKO;v-U<T s R<XKV<V<w s"� V<S sèrts R<»Kx�S�ªKN;x�M;P$SKT;Y§¬áªKXKT/XKO;váY;S�ªKN;T;R<P$â;V<SÉãC|áªKXKT/XKO;váY;S
ªKN;T;R<P$â;V<S�Å�Q;X s S�Y;S p � M;N;O;P�V<SËªKN;TAR<P$â;V<S�Y;S s V<XKx�M/S s SKR£{hªKXKT/XKV
Y;S�ªKN;T;R<P$â;V³S�ÅËQ;X s SËY;SËM q N;R<N;Y;U<N;Y;S
M;N;O;P!V<SZªKN;T;R<P$â;V<SZY/SZV<X�­ àE� s N;T;R�U<T s R<XKV<V<w s ÅZV¸¦jU<T;R<wKP$U³SKO;P!Y;SZV<XZ�yN;T;SZY/Õ U<P¨P$XKY;U<XKR<U<N;T!�
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ÂEN;O s V<S s]p � N;T;REY;S s U<T s R<XKQAU<V<U<R<w s Y;S�WAXKU<T�Å�V<N;T/W¶SKREªKN;O/P$RER<SKP$x�S s Y;S¥u;O;SKV<u;O;S s M;N;O;P¨ªKSKT;R
´jÛ O s u;O;Õ Å²Y;U<v/· � u;O;U¥Y;wKM;SKT;Y®XyO s"s U�Y;O®ªKN;O;P$XKT;R¥Y!¦ºXKT;N;Y;S d 22e � � XKT s V<Õ U<T s R<XKV<V<XKR<U<N;T®Y;S��'¹ µC� V<S s
ªKP$U s R<XKO;v s N;T;R�U<P$P$XKY;U<w s XK~;SKªZY/S s U<T;R<S©T s U<R<w s Y;S�Y;N s S�Y;S¥{WgÉP$XKY�� q V<S�V<N;T/W7Y;S�V³SKO;P�W;P¨XKT;Y;S�Y;U<x�SKT s U<N;T!�� XKT s ªKSËªKX s Å�V³Õ U<T;R<wKP$U³SKO;P�Y;O�ªyP$U s R<XKV
V<XËV<O;x�U<»KP$SËXKM;M/XKP$X-e<R � ªKN/P$P$S s M;N;T;Y/XKT;R±ÅËO;T�ªKN;O/P$XKT;R±Y;SËu;O/SKV<u;O;S s
x�U<ªKP$N;XKx�M;»KP¨S s"� Y;N;T;ª�Q;SyXKO;ªKN;O;M�M;V<O s u;O;S�V<S s � � { µ� P¨SKªKN;x�x�XKT;Y/w s M;XKP]V<S�M/P$N;Y;O;ªKR<SKO/P]Y;S p �
M;N;O;P�O;T;S�N;M;wKP¨XKR<U<N;T s R<XKQ;V<S��K­¯S�R<P¨XK~;X©U<V±Y;XKT s ªySËP$wyWAU<x�SËM/P$N;~;N;u;O;SËY;S s W;P$XKT;Y;S s U<T s R<XKQ;U<V<U<R<w s Y;S s�p �
Å×V<N;T;WeSKR7Å×ªKN;O;P$R7R<SyP$x�S s � p N;O;P�V�S p �e{}«;|!{ÖT;N;O s XK~;N;T s O;R<U<V<U s w
O;T;S
M;P$N;ªKwyY;O;P$S s M/wKªKU<XKV<S
Y/S
M;P$wKM;XKP¨XKR<U<N;T � u;O;U]U<T;ªKV<O;R�{}| q SKO;P$S s Y/Õ U<V<V<O;x�U<T;XKR<U<N;T�Y;S1V<X1M q N;R<N;ªKXKR q N;Y;S1M/XKP�Y;S s U<x�M;O;V s U<N;T s Y;S
Y;U<N;Y;S-Q;V<SKO ´ ­ àE� ·ÉXK~;Syª-O;T;S-¢¨P$wKu;OASKT/ªKSáY/SáP$wKM/wKR<U<R<U<N;T�wKV<SK~;wKSáx�XKU s Y;S1¢$XKU<Q;V<S s XKx�M;V<U<R<O;Y;S s u;O;U
¢$N;O;P$T;U s"s SKT;R�O;T7ªKN;O;P¨XKT;R�Y;S#ggf � �©¡aSKR�R<S�M;P$N/ªKwKY;O;P¨S�Y;U<x�U<T;O;S�V<S s U<T s R<XKQ;U<V<U<R<w s Y;S�WAXyU<T q XKQ;U<R<O;SKV<V<S s Y;Sg;�6{}� ã Û O s u;O;Õ Å%{}�$| ã×�t­¯SÉWAXKU<T�Y;O p �ÑS s R!wyWAXKV³SKx�SKT;RBPËªKN/T/R<P$N;V<w>R¥M�XyP¤O;T s U³WAT;XKV!Y/Õ U<V<V<O;x�U<T;XKR<U<N;T
Y;S�V<X�M q N;R<N;ªKXKR q N;Y;S�M/XKPaO;T;S s N;O/P$ªKS�Y/S�V<O;x�U<»KP$S�M/P$N;Y;O;U<R<S�M;XKPaO;T/S�­ àE� s R<XKQ;U<V<U s wKS�XKO§T;U<~;SKXKO§Y/S
� � { ã d 47e �
­�S s ~/XKP$U<XKR<U<N;T s Y;S¶WAXKU<T-M/P$N;~;N;u;O;w s M;XyP�V<S s U<T s R<XKQ;U<V<U<R<w s Y;S¶V¸¦jXKV<U<x�SKT;R<XKR<U<N;T1Y;S q XKO;R<S
R<SKT s U<N;T1SKR�Y;S¶V<X¶R<SKx�M;wKP¨XKR<O;P$S s N;T;R�ªKN/P$P$U³WAwKS s M/XKPËV<X¶T;N/P$x�XKV<U s XKR<U<N;T1XKO;v�P$wKM;N;T s S s Y/Õ O;T�N;O�Y;SKO;v
ªKXKT;XKO;v-Y;S¥ªKN;T;R<P$â;V<S¥~;U<Y;S s"� ª�¦jS s R�Å�Y;U<P$S � V<X¥xMfKx¥S¥U<T s R<XKV<V<XKR<U<N;T§x�XKU s�s XKT s ªKP$U s R<XKO;v���­�X¥M;P¨wKªKU s U<N;T
R<N;R<XKV<SZXKR<R<SKU<T;R<SZM;XKP!V<S s6rts R<»Kx¥SZS s R�x�SKU<V<V<SKO;P$SZu;O/S�{Wã×�

­¯S]ª r ªKV<SËY/S]x�S s O;P¨S]S s RCY;U<~;U s w]SKT�R<P$N;U s wKR<XKM/S s � � XKT s V<X]M/P$SKx�U<»KP¨S]wKR<XKM/S]V<X]R<SKx�M;wyP$XKR<O;P$S'SKR
V<S]W;XKU<T�Y;S sap � s S s R<XKQ;U<V<U s SKT;RCM;SKT;YAXKT;R�{}| q SKO;P¨S s � à T s O;U<R<S]V<S s ªKP$U s R<XKO;v s N;T;RCU<P$P$XKY;U<w s M;SKT;Y/XKT;R�Æ;Ô;�
Î;| q SKO;P$S s XK~/SKª�O;T%Y/wKQ;U<R�Y;S7Y;N s S7R r M;U<u;O;S7Y;S�{Wg¶P$XKY�� q;� XKM;P¨» s u;O;N;U�V<X7P$SKV³XKv/XKR<U<N;T%Y;S s�s M;SKªKR<P$S s Y;S
R<P$XKT s x�U s"s U<N;T�S s RaSKT;P$SyWAU s R<P$w�M;SKT;Y/XKTAR7{}| q SKO;P¨S s � � ~;XKT;RhV<X�x�S s O/P$S � V<S s ªyP$U s R<XKO;v×M;X s"s SKT;RhM;XKP'V<X
M;P$N;ªKwKY;O;P¨S s R<XKT;Y;XyP$Y%Y;S7P¨SKªKO;U<R�R q SKP$x�U<u;O;S7u;O;U�U<T;ªKV<O;R�O;T%ª q XKO/¢$¢$XyW;SÉV<SKT;R¯M;SKT;Y/XKT;R¯¬ q SKO;P$S s¤Û O s u;O/Õ Å
O;T;SËR<SKx�M;wKP$XKR<O/P$SËY;SË|;�;� o¡ � V<SËP$SyªKO;U<R
ÅË|;�;� O¡�M;SKT;Y;XKT;R±Ó q SKO/P$S s SKR±O;T�P$SK¢¨P$N;U<Y;U s"s SKx�SKT;R Û O s u;O;Õ Å]V³X
R<SKx�M;wKP$XKR<O;P¨SZXKx�Q;U<XKT;R<SZM;SKT;Y/XKT;RE{}� q SKO;P¨S s �
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­¯XËªKN;x�M;P$w q SKT s U<N;TÉY;S�V<X s R<P�O;ªKR<O/P$S�Y;OÉªyP$U s R<XKV
SKR
Y;S s S s T;N;T;� q N;x�N/W;wKT;wKU<R<w s V<N;ªKXKV<S s S s R±R<P$» s
U<x�M;N;P$R<XKT;R<S-M;N;O;P7Y;wK~;SKV<N;M;M/SKP7O;T
x�N;Y;»KV<S-Y/S s ªKSKT;R<P¨S s Y/Õ wKx�U s"s U<N;T�ÅáV³Õ N;P$U³WAU<T;SáY;S s¶s ªKU<T;R<U<V<V<XKR<U<N;T s
Y;XKT s V<SZªKP$U s R<XKV�Y;SZR<O;T/W s R<XKR<SZY/SZM;V<N;x�Q!�� Õ XKQ;N;P$Y � M;XyP'XKT;XKV<N/WAU<S-XK~;SKª§Y/Õ XKO;R<P$S s ªKP$U s R<XKO;v
Y;S§V<X§¢$XKx�U<V<V<S§Y;S s R<O;T/W s R<XKR<S s"� ªKN;x�x�S§V³X
CaWO4� N;T�X s O;M;M;N s w�u;O;S�V<S�R<O;T;W s R<XKR<S�Y/S�M;V<N;x�Q%X7O;T;S s R<P$O/ªKR<O;P$S7Y;S s ª q SKSKV<U<R<S��t¡aSKM/SKT;Y;XKT;R � Y;S s
wKR<O;Y;S s Y;wKR<XKU<V<V<wKS s N;T;R�x�N;T;R<P$w'V³Õ SKv/U s R�SKT;ªKS'Y/Õ XKO;R³P$S s R r M;S s Y;S s R<P$O/ªKR<O;P$S'Y/XKT s V<S s u;O;SKV<V<S s V<S'R<O;T/W s R<XKR<S
Y;SZM;V<N;x�Q7M;SKO;R�ªKP$U s R<XKV<V<U s SKP6�� XKT s V<X�T;XKR<O;P¨S�V<S p Q Ç²È 4

SKv/U s R<S s N;O s V<S s ¢$N;P$x�S s Y;S s R<N;V<�yU<R<SËR<wKR<P$XKWAN;T;XKV ´ O;T;S s R<P$O;ªKR<O/P$SËY;S
R r M;S s ª q SKSKV<U<R<SK·áSKR%Y;SeP¨X s M;U<R<Sex�NAT;N;ªKV<U<T;U<u;O;S d 48,49e � C V<XeR<SKx�M;wKP$XKR<O;P$SeXKx�Q;U<XKT;R<SÍV³XÍM q X s S
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s ª q SKSKV<U<R<S�S s R s R<XKQ;V<S��/�ÖXKU s U<V£X�wKR<w�R<P$N;O;~;w�u;O/S�V<S s ªKP$U s R<XKO;v sèr T;R q wKR<U<u;O;S s Y/S�R<O;T;W s R³XKR<S¥Y;S¥M;V<N;x�Q
N;T;R�Y;S s M;XKP$R<U<ªKO;V<XKP$U<R<w s Y/S s R<P$O;ªKR<O;P$S/�
¡aS s M/XKP$R<U<ªKO;V<XyP$U<R<w sÉs S%¢$N;P$x¥SKT;R�Å%ªKXKO s S%Y;S s P$SyªKN;T s R<P$O/ªKR<U<N;T s
Y;S s P$w s SyXKO;vÉªKP$U s R<XKV<V<U<T s Y;XKT s V<S s ªKN;TAY;U<R<U<N;T s Y;SZx�XKT;u;O;SZY;SZM;V<N;x�Q7M;N;O;P!Y;S s ªKP$U s R<XKO;v�N;Q;R<SKT;O s M;N;O;P
O;T;S°ªKP$U s R<XKV<V<U s XKR<U<N;TÙN;P$U<SKT;R<wKS���­¯S®ª©P$U s R<XKV s6r T;R q wKR<U<u;O;S®Y;SÒR<O;T;W s R<XKR³S®Y;S®M;V<N;x�Q�S s R§O;T�ªKP$U s R<XKV
Q;U<P$wK¢$P$U<T/WASKT;R�O;T;U<XKv/S��

p N;O;P�V<S s wKR<O;Y;S s Y;S s R<P$O;ªKR<O;P¨S � Y;S s ªyP$U s R<XKO;v�Y;S�Y;SKO;v�R r M/S s N;T;R
wKR<w�M;P$N;Y;O;U<R¸�K­¯S s ªKP$U s R<XKO;v�Y;S
M;P$SKx�U<SKP!R r M;SZN;T;R�wKR³wZR<U<P$w s ÅZM;XyP$R<U<P!Y;Õ O;T;SZ¢$N;T;R³SZXK~;SyªZO;T;S�ªKN;x�M;N s U<R<U<N;T s R�ä]ª q U<N;x�wKR<P$U<u;O;S�Y;O p Q ÈÆî
WO3

�}­�S s ªKP$U s R<XKO;vÉY;O7Y;SKO;v/U<»Kx�SZR r M;SZN;T;R�wKR<wZR<U<P$w s ÅZM;XyP$R<U<P!Y;Õ O;T/SZ¢$N;T;R<S�XK~;SKªZO;T7Y/wK¢$U<ªKU<R�SKT p Q È �
­¯S s P$SKª q SKP¨ª q S s Sy¢$¢$SyªKR<O;wKS s S©T�O;R<U<V<U s XKT;R±V<XËx�wKR q N;Y;SËY;Õ XKT;XKV rts SËY/SËM;N;O;Y;P$SËY/SËªKP$U s R<XKVCM;XyPEV<S s

Y;U<¢$¢$P$XKªKR<U<N;T s Y;S¶P$X r N;T s�ê d 50e X¶x�NAT;R<P$w¶u;O;S¶V<S¶ªKP$U s R<XKV�M;P$N;Y;O;U<R�Å¶M;XKP$R<U<PËY/S¶x�XKR<U<»KP$S s M/P$SKx�U<»KP¨S s
XK~;SKª�O;T/S�ªKN;x�M;N s U<R<U<N;T s R�ä]ª q U<N;x�wKR�P$U<u;O;S�S s R£ªKXyP$XyªKR<wKP$U s w�M/XKPaV<S s M;XKP$Xyx�»KR<P¨S s Y;S�P¨w s SKXKO s O;U<~;XKT;R s ã
X�ìCQ�ì	g � Æ;Ó�g ´ |;·ih � ª)ì�{}| � �;|;� ´ |;·jh � SKR7V<S
WAP$N;O;M/S s M;XKR<U<XKVÉ¹�Æ 1

�<X���­¯S s M;N s U<R<U<N;T s XKR<N;x�U<u;O;S s-s N;T;R
wKT;O;x�wKP$w s Y/XKT s V<SZÂEXKQ;V<SyXKO7|!�j{ � SKR�V<S s Y;U s R<XKT;ªyS s U<T;R<SKP$�$XKR<N;x�U<u;O;S s Y/XKT s V<SZÂEXKQ;V<SKXyO 2.2.
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2.1

l;gaf����	
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��! ����Kf���dCf����"��
	����
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	�Cf����	
�����
���l=k

1/a

Atome Site x y z Occupation

W 4a 0 1/4 1/8 1,0

Pb 4b 0 1/4 5/8 1,0

O 16f 0,2388 0,1141 0,0429 1,0
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2.2

l;gaf���d�������
��	�Kf������	�$f���
����(�!���	
Cf�� j&l k!d	
��	� ' ÿ A \ 4

W -4O 1,795(8)

Pb -4O 2,580(8)

-4O 2,637(8)

� U<T s U � V<S'ªKP$U s R<XKV�Y;S p Q Ç²È 4
X©~;SKª'V<X s R<P$O;ªKR<O;P$S'T;N/P$x�XKV<S'Y/S s ª q SySKV<U<R<S s S'ªKXyP$XyªKR<wKP$U s S'M;XyP¤O;T

P$w s SKXKO²ªKXKP¨P$w1Y/S�ªKN;V<N;T;T;S s U<Y;SKT;R<U<u;OAS s Y!¦ºXKR<N;x�S s Y;S p Q²SKR'Y;S Ç M;XKP¨XKV<V<»KV<S s Å�V³Õ XKv/S�� � ª q XKu;O;S
ªKN;V<N;T;T;SÉS s R¯ªKN;T s R<U<R<O;w�M;XKP�O;T�SKx�M;U�V<SKx�SKT;REP$wyWAO;V<U<SyP�Y!¦jXKR<N;x�S s Y;S p Q�SKREY;S Ç �/­�X µ U<W;O;P¨S 2.3 ´ Xy·
x�N;T;R<P$SZV<XZM;P$N Û SKªKR<U<N;T7Y;SZV<X s R<P$O/ªKR<O;P$S p Q Ç²È 4

V<SZV<N;T;W�Y;SZV³Õ XKv/SZª��
­¯S s XKR<N;x�S s Y;S Ç N;T;R s U<R<O;w s XKO;v�ªKSKT;R<P$S s Y;S s R<wKR<P¨XK»KY;P¨S s P$wyWAO;V<U<SyP s U s N;V<w s"� V<S s XKR<N;x�S s Y;S

p Q%Å7V<Õ U<T;R<wKP$U<SKO/P�Y/Õ O;T%M;N;V r »yY;P$S7u;O;U�M;SKO;RHfKR<P$S7Y/wKªKP$U<R�ªKN;x�x�SÉªKXKP¨P$w � Y/wKªKSKT;R<P¨w7M;XKP�O;T�XKR<N;x�S s O;P�O;T
ªKâ;R<wZSKR�O;T7R<P$U<XKT/WAV<SZY/SZV<Õ XKO;R<P$S�ªKâ;R<w��
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W(0)
Pb(1/2)

W(1/4)
Pb(3/4)

W(0)
Pb(1/2)

W(3/4)
Pb(1/4)

W(1/2)
Pb(0)

W(3/4)
Pb(1/4)

W(0)
Pb(1/2)

W(1/4)
Pb(3/4)

W(0)
Pb(1/2)

iB����
	�Kf
2.3Ç(j 
�kml;g8
9�	���WV6f)����������dCf���
9������
	����
	�yfZdCf 'BA \C�<f������	�7dCf���? 
��;f�� Ç gaf����Cf���������Kf��)���<f����	�<f����	�����Cd	�I�	
Cf��	�!dCf���
��L���¶f���dCf A :��<f�������
��Cd	���Kf)�����<f��5J<�<f���
����(��f���dCf ' ÿ Ç gaf���	���¶ÿ	�Kf���f��	���Kf��	
��yf��	���	 ��"f����������<�<f����	
���
(�$ ����yf���dCf�N Ç gaf���
����(��f���d�? �������� ��Cf������	�<�(�!���

(d’après
n
50]).

­¯S s P$SKª q SKP¨ª q S s Sy¢$¢$SyªKR<O;wKS s S©T¶O;R<U<V<U s XKT;R¯V<XÉx�wKR q N;Y;SÉY;Õ XKT;XKV rts SÉY/S s M;N;O;Y;P$S s Y/S�ªKP$U s R<XKVEM;XyP
V<XÉY;U<¢$¢$P$XyªKR<U<N;T êád 50e X�M;SKP$x�U s Y;S�MAP$N;M;N s SKP�u;O;S�V³S s ªKP$U s R<XKO;v�N;Q;R<SKT;O s Å�M;XKP$R<U<P�Y;S�¢$N;T;R<S�XK~/SKª�O;T
Y;wK¢$U<ªKU<RaSKT�M;V<N;x�Q s N;T;RaªKXKP$XyªKR<wKP$U s w s M;XKP]V<S§W;P$N;O;M;S s M;XKR<U<XKV p Æ��<T;T;ª�SKRhV<S s M/XKP$XKx�»KR<P¨S s Y;S§P$w s SyXKO
s O;U<~;XKT;R s ã�X/ì°Q ì°Î � Î!{}« ´ |;·mh � ªíì {}| � �!{}Ô ´ |;·nh��E¡aSKR<R<S s R<P$O/ªKR<O;P$S�ªKN;P$P¨S s M;N;T;Y²Å�V<X�¢$N/P$x�O;V<S
ª q U<x�U<u;O;S Pb7W8O(32-x)� N u x=3,2(8) ����XKU s"� Y;XKT s ªKS�x�N;Y;»KV<S � V<S s V<XyªKO;T;S s Y/S s XKR<N;x�S s Y;S�M;V<N;x�Q �
T;S s N;T;R�M;X s M;N s U<R<U<N;T;T;wKS s Y;S�¢$X)ÈKN;T¥ª q XKN;R<U<u;O;S�x�XKU s ¢$N;P$x�SKT;R!Y/S sZs R<P$O;ªKR<O;P$S s P$wyWAO;V<U<»KP¨S s SKR!ªKXKO s SKT;R
V<XÉ¢$N;P$x�XKR<U<N;T¶Y;S�ªKN;V<N;T;T/S s u;O;U s N;T;R¯ªKN;x�M;N s wKS s M;XKP�Y;S s XKR<N;x�S s Y;S p Q s SKO;V³SKx�SKT;RESKREY;S s XKR<N;x�S s
Y;S Ç Y;XKT s V<X�xMfKx�S¥ªKN;V<N;T;T;S���¡aSKM;SKT;Y;XKT;R � V³Õ wyWAXKV<U<R<w¥Y;S s�s SKªKR<U<N;T s Y;S¥Y;U<¢¨¢$O s U<N;T§Y;S s P$XKY;U<XKR<U<N;T s ê
s O;P�V<S s XKR<N;x�S s Y;S�M;V<N;x�Q²SKR'Y;S�R�O;T/W s R<»KT;S�T/S�M;SyP$x�SKR'M;X s O;T;S�Y;U<¢¨¢$wKP¨SKT;ªKU<XKR<U<N;T²¢$U<XKQ;V<S�Y/SÖªyS s
wKV<wKx�SKT;R s �/¡7¦jS s R£M;N;O;P$u;O;N;U � V<S s wKR<O;YAS s N;T;R¤wKR³w¥SK¢¨¢$SKªKR<O;wyS s SKT§O;R<U<V<U s XKT;R¤V<X¥x�wKR q N;Y;S¥Y/Õ XKT/XKV rts S¥Y;S s
M;N;O;Y;P$S s Y;S�ªyP$U s R<XKVEM;XKP�Y;U<¢$¢¨P$XyªKR<U<N;T¶Y;S�T;SKO;R<P$N;T s d 51e �/­�S s P¨w s O;V<R<XKR s Y;S�ªKS s wKR<O;Y;S s N;T;REM;SKP$x�U s Y;S
M;P$N;M;N s SKPhO;T;S¥T;N;O;~/SKXKO§x�N;Y;»KV<S � Y/X©T s V<SKu;O;SKV�V<S s ªKP$U s R<XKO;váN;Q;R<SKT;O s Å�M;XKP$R<U<PZY/Õ O;T;S%¢$N;T;R<S�XK~/SKª�O;T
Y;wK¢$U<ªKU<RÉSKTÍM;V<N;x�Q s N;T;RÉªKXKP$XyªKR<wKP$U s w s M;XKP¶V<S�W;P$N;O;M;S s M;XKR<U<XKV _

4P o-pnq+o-rts@u-v&u-wyx-p+v&o-rtz@o{v1|-r=o�u-}
suivants ~8u��j�M�j�@�.�@�@�@�@�����c�����t�����@�.�@�������&�@�n�i�(��o-p+p+otr=p+v&}��-p+}@v&o��-�@v&v1o-r=s@�@�@z��tq+ut�&��v&wm}@q+o
�-�@�+wm�+�@}@o Pb7,5W8O32.� o-r�s@�@r=�+p+�+�@�@r�u-p+�@wm�+�@}@o-r�r=�@�@p�|-�@}@wm|-v1|-o-r�z@u-�@r�q+o¡ /u-�@q+o�u-}¢��� £@�¤q+o-r�z@�+r=p+u-�@�-o-r
�+�@p+o-v&u-p+�@wm�+�@}@o-r¥z@u-�@r¥q+o� (u-�@q+o�u-}M��� � .
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_8
;ÿ	�<f�
�

2.3

l;gaf����	
���
��! ��"�©f���dCf����"��
	����
	�KfZd�f
Pb7,5W8O32

:�������
	�Cf����	
�����
�� _
4P

Atome Site x y z Occupation

Pb(1) 4h 0,260 0,251 0,752 1,0

Pb(2) 2g 0 1/2 0,497 1,0

Pb(3) 1c 1/2 1/2 0 0,5

Pb(4) 1a 0 0 0 1,0

W(1) 4h 0,259 0,252 0,250 1,0

W(2) 2g 0 1/2 0,001 1,0

W(3) 1d 1/2 1/2 1/2 1,0

W(4) 1b 0 0 1/2 1,0

O(1) 4h 0,034(3) 0,183(3) 0,571(2) 1,0

O(2) 4h 0,049(3) 0,670(3) 0,082(2) 1,0

O(3) 4h 0,061(4) 0,300(3) 0,332(2) 1,0

O(4) 4h 0,203(3) 0,056(3) 0,161(2) 1,0

O(5) 4h 0,291(3) 0,452(3) 0,154(2) 1,0

O(6) 4h 0,331(3) 0,555(3) 0,419(2) 1,0

O(7) 4h 0,452(3) 0,197(3) 0,332(2) 1,0

O(8) 4h 0,542(3) 0,183(3) 0,069(2) 1,0

_8
;ÿ	�<f�
�

2.4

l;gaf���d	�����L
��	�Kf������	�$f���
����(�!���	
Cf�� j&l k!d	
��	� Pb7,5W8O32

Pb(1) -O(5) 2,51 Pb(2) ¦&�M§¨�&£@� 2,56 W(1) -O(7) 1,84

-O(7) 2,55 ¦&�M§¨�&�@� 2,58 -O(3) 1,86

-O(6) 2,58 ¦&�M§¨����� 2,62 -O(4) 1,90

-O(2) 2,59 ¦&�M§¨�&©@� 2,75 -O(5) 1,94

-O(3) 2,63 Pb(3) ¦&�M§¨�&ª@� 2,48 W(2) ¦&�M§¨�&�@� 1,68

-O(4) 2,68 ¦&�M§¨�&�@� 2,60 ¦&�M§¨�&�@� 1,68

-O(8) 2,75 Pb(4) ¦&�M§¨�&�@� 2,53 W(3) ¦&�M§¨�&©@� 1,68

-O(1) 2,84 ¦&�M§¨�&�@� 2,76 W(4) ¦&�M§¨����� 1,67

« �+�@r=�+�¬q+o¨p+}@�@­dr=p+u-p+o¨z@o¨s@q+�@wm�ns@o-}@p]�-v&�+r=p+u-q+q+�+r=o-v(|�­du-qXo-wmo-�@p®u-¯@o��¨q+u�s@�@u-r�o�r=�-�@o�o-q+�+p+o�o-p]u-¯@o��
}@�@o¨r=}@s@o-v&r=p+v&}@�-p+}�v&o¨z@o¨p"°±s@o¨¯@�@�+r=�+�@o²z�o¨q+u¨r=�-��o-o-q+�+p+o³� � u�r=p+v&}��-p+}@v&o¨z�o��@u-r=oIo-r=p]z@|-p+o-v&wm�+�@|�o��-�@wmwmo
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}@�@o�r=p+v&}@�-p+}@v&o�z�o�´®�@µ¶§�·I�@}@���-�@�@p+��o-�@p�}@�@o�wmu-�+q+q+o��-u-v&v&|-o¸v&|�­d}@q+�+x-v1o¸z@o¸�-�@}��-�@o-r¹z�º u-p+�@wmo-r¹z@o
p+}@�@­dr=p+x-�@oZo-p¬z@oZs@q+�@wm�c�@v&z@�@�@�@|�o-r»q�oZq+�@�@­Mz�om¼��c�½��¾�� � o-r»u-p+�@wmo-r»z�oZp+}@�@­dr=p+x-��oZr=�@�@p¿o-�@p+�@}@v&|-r»s�u-v
�@}@u-p+v&ocu-p+�@wmo-r²z�º �@À³°±­@x��@oc�@}@�Á�&�@v&wmo-�@pÁ}@�Âp+|-p+v&u-x-z�v&o³�d���@u-�@}�onz@o-}@À��+x-wmon�-�@}@�-��ono-r=p(z@|-s@q+u��-|-onz�o
wmu-�@�+x-v&om�@}@oyqXo-rIu-p+�@wmo-rIz@}¹wm|-p+u-q/o-r=p8s@�@r=�+p+�+�@�@�@|yu-}¹��o-�@p+v&oyz@}Ã�-u-v1v&|yz�oyq+uy�-�@}��-�@oys@v1|-�-|-z�o-�@p+o³�
´®u-v&�-oc�@}@ocqXo-r²u-p+�@wmo-r²z@on´®�Äo-p(z@onµ�§ 4 z@o-r¨p+|-p+v&u�x-z@v&o-r�u-q+p+o-v&�@o-�@p(q+onq+�@��­Âz�o¹¼��Ä�Å��¾1��z@u-�@r¨�-o-p+p+o
z@�+v&o-�-p+�+�@�Æq+º }@�@�+p+|jz�ojp+v&u-�@r=q+u-p+�+�@�Æ�-�@v&v&o-r=s@�@�@zÆ�j�@}�u-p+v&oj���@}@�-��o-r��¿Ç¨u-�@rcq+ujr=}@s@o�v&r=p+v&}@�-p+}@v1oÂp+v&�@}@¯@|�o-�
q+o-r�q+u-�-}@�@o-r�z@u-�@r�q+u¡s@�@r=�+p+�+�@�Èz@o-r�s@q+�@wm�@r�z@o¡�-��u-�@}@o¡�@}�u-p+v&�+x-wmo¡�-�@}��-�@oÉs@v&�@¯@�@�@}�o-�@p
q+º u-}�­dwmo-�@pXu-p+�+�@�jz@oMq+º }@�@�+p+|Mz�oMp+v&u-�@r=q+u;p+�+�@�Âz@u-�@r²q+ocs@qXu-�Â�&�Â�¸���&��o-pÁq+ocs@u-v1u-wmx-p+v&on�c�@oc�-��u-��­docs�u-r��� u¹Ê �X­d}@v1o 2.3 �&�@��s�v&|-r=o-�@p+o½qXo-ris@�@r?�+p+�+�@�@riz@o-riu-p+�@wmo-riz@o¹´®�Åo-p�q+o-rip+|-p+v&u�x-z@v&o-riµ¶§ 4 s@�@}@vI}@�@o
s@v&��Ë)o-�-p+�+�@�mq+o¨q+�@�@­nz�o¨qXº u-À�oi¼��m�Æ��¾�� � o-rgv&�@�@z@rg�@�@�+v&rgwmu-v&�@}�o-�@p]q+o-rgq+u-�-}@�@o-rgp+v&�@}@¯�|-o-r�� � o�rgu-p+�@wmo-r
z@oÌs@q+�@wm�Íz@u-�@rÎq+oÏ´®�@µ¶§ 4 r=�@�@p��-�@�@v&z@�@�@�@|-o-rÎs@u-v¶�@}@�+p¸u-p+�@wmo-rÎz�Ð.�@À³°±­@x-��oÏs@v1u-p+�+�@}@o-wmo-�@p
|-�@}@�+z@�+r=p+u-�@p+r (4×�@�.ª@�@�c� ×�@�.©@�@�&�n�@}@�y�&�@v&wmo-�@piz@o-}@ÀÑp+|-p+v&u-x-z@v1o-rÅ�-�@�@��o-�@p+v&�+�@}@o-r=�nq)Ð.}@�¤z�Ð�o-}@ÀÑo-r=p
s@�@r=�+p+�+�@�@�@|Iz@u-�@r�q+oIs@q+u-�iq+oIq+�@�@­yz�o�qXº u-À�oÄ¼��M�Ä��¾1�®o-p4q+oMz@o-}@À@�+x-wmoMo-r=p4p+�@}@v&�@|Mz@oMÒ@� o v&o�q+u-p+�+¯@o-wmo-�@p
u-}½s@v&o-wm�+o-vgo-p/s@�@r=�+p+�+�@�@�@|-omq+omq+�@��­Âz@oÃ¼��M�Ä��¾��³ÓRq/o-r=p8|-¯@�+z@o-�@p8�@}�oyq+o-rIq+u-�-}@��o-rIz@u-�@r Pb7,5W8O32,

´®�@�&£@�&�³r=�@�@p s@�@r=�+p+�+�@�@�@|-o-r��¨z@o-r�z@�+r=p+u;�@�-o-r�s@q+}@r��-�@}�v&p+o-r�z@o-r�u-p+�@wmo-r�¯@�@�+r=�+�@r��@}@o¨q+o-rgu-}@p+v&o-r�u-p+�@wmo-r
z@ois@q+�@wm��� � uiz@�X�&�&|�v&o-�@��oiq+uis@q+}@rMr?�+­d�@�+�&�X�-u-p+�+¯@oio-�@p+v1oiq+o-rM�@}@u-p+v1ojs@q+}@rc�-�@}@v&p+o-rno-p»q+o-rc�@}@u-p+v&ojs@q+}@r
q+�@�@­d}@o-rZz@�+r=p+u-�@��o-rZo-r=p4u-}@r=r=�Á�@�@r=o-v&¯@|-ocs@�@}�v»�-o-p+p+ocs@�@r=�+p+�+�@�Âz@ocs@q+�@wm�Âu-}@r=r=�Á�@�+o-�Â�@}@ocs@�@}@v»´®�@�&������ o-rI¯@�@�+r=�+�@rIz@oi´®�@�&£@��r=�@�@p¥s@v1|-r=o-�@p�|-rMz�u-�@rMq+uiÊ �X­d}@v1o 2.4 � � o-rc�&q+x-�-��o-rMo-p¥r=�+­d��u-p+}@v&o-rnÔ²s@q+}�r¥ÕÂo�p
« wy�@�+�@rÖÕ�wm�@�@p+v1o-�@pZq+uÃz@�+v&o-�-p+�+�@�×z@oÃz@|-s@q+u��-o-wmo-�@pZz@o-rjs@�@r=�+p+�+�@�@rÂz@o-rÂu-p+�@wmo-rÂ�@}@�²o-�@p+�@}@v1o-�@p²q+u
s@�@r=�+p+�+�@�Mz@o�¯@u-�-u-�@��o-�@v&o-qXu-p+�+¯@o-wmo-�@p¬�gq+u�s@�@r=�+p+�+�@�Mz@u-�@r¥q+o��-v&�+r=p+u-q¬r=p+Ø¨�-�@�+�@wm|-pXv&�+�@}@o�z@}M´®�@µ¶§ 4.
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��;f n.àMà9Ä@á Ç gaf��������Cd����	���������!
����	
Cf��	�<�<f�����
���
	�Cf���������
	���Kf�� j d�iK
��	�� ��2n 51]).



24

+

-

+ -

+

-

+-

Pb(3)

Pb(1)

O(8)

O(5)

W(1)

W(2)

âãåäÛæ"ç è1é"ê ëíì�îãåäÛæ ï"è1éð æ.ç�èdé"ê ëíñ�éð æ ë1èdé"ê éíéíçò æ ñÛè¥éÛê ç�ñXìò æ îÛè¥éÛê éíóXô
õÛö ÷:øXù ú

  
ú
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iB����
	�Kf
2.4

l/gaf��������������	��dCf ' ÿ j&û k Ç gaf���@"�� ����Cf���f��<�������	
���
	�yf��¥ü9�	��
	�»ý7f���ü[�!�����	�»ý9�!���	���Kf��	���
7d	���Kf����������%dCfZd	���	��
��Kf���f��	�!dCf�� �	�������������	��dCf���
�������f����	
	��f��	����
	�Kf��	�<��
9�	�������������%dCf���
���
	�Cf�:
�Kf���
������;f)��f��	�<Ã9��
9�	���������I���%d	
��	� �<f�����������
��.���&þ2���	�����$�)�������	
CfZd	
 ' ÿ A \ 4

j d�iK
��	�� ��2n 51]).

� o-r�u-p+�@wmo-r¨z�º �@À³°±­@x-�@onr=�@�@pÁz�|-s@q+u-��|-r¨s@q+}@p+ÿ@p(q+omq+�@�@­Äz@omqXº u-À�oÃ¼��½�×��¾�� � o-r��-�@wms@�@r=u-�@pXo-r
z@u-�@rtq+o{s@q+u-� �&� �����Âs�o-v&wmo-p+p+o-�@pcz�º |-pXu-�@q+�+vÂq+u{z@�+r=p+u-�@�-o{u��-��o-s@p+u-�@q+o�o-�@p+v&o{q+o-rtw � wmo-rtu-pX�@wmo-r
z@º �@À³°±­@x-��ono-p(qXº u-p+�@wmonz�onp+}@�@­dr=p+x-��oco-�Äs@�@r=�+p+�+�@�Äµ¶�������@��o-r¨z@�+r=p+u-�@�-o-r�u-}�­dwmo-�@p+o-�@p(z@o¹���.�@Ò Å o-�
PbWO4 Ë)}@r=�@}@º �Å���.�@�@¦����.Ò@���i�®Ç�u-�@rnq+oÄw � wmo½�-u-r=�¥q+o-rmz@�+r=p+u-�@��o-rmz@u-�@rmq+o-ryu-}@p+v&o-rmp+|-p+v1u-x-z@v1o-ryz@o
WO4 r=oyv&|-z@}@�+r=o-�@p Ë)}@r=�@}@º �Æ���.©@�¹�i� � ui�-�@�@|-r=�+�@�¹z�u-�@rMq+o-rMp+|-p+v&u�x-z@v&o-rMµ¶§ 4 o-r=p¥p+o-q+q+oi�@}@oiqXº �@�Ã�@o
r�Ð.u-p+p+o-�@zÄs@u-r¨�nq+uns�v&|-r=o-���-onz�onq+u-�-}d��on�nq+uns@�@r=�+p+�+�@�Äz@º �@À³°±­@x��@o³���¨�@om�+z@|-oms@q+}@r�s@v&�@��u-�@q+omo-r=p/�@}�o
q+º u-�@r�o-�@�-oÆz�oÆ�-u-p+�+�@�@r ~1/16 ´®� 2+ o-r=pZ�-�@wms@o-�@r=|�oÆs@u-vcq+º |-pXu-p²z�º �@À³°±z@u-p+�+�@�{s@q+}@rÂ|-q+o-¯@|Æz�o-rÂu-}@p+v1o-r
�-u-p+�+�@�@r¥z@}Ms@q+�@wm���

§¨�Ås@o-}@p�z@�+v&o¹�@}@o¹z�u-�@riq+o½��u-riz�Ð.}@�Åz@|-�&�X�-�+p�r�°±r=p+|-wmu-p+�+�@}@oÃo-�×s@q+�@wm�×z@u-�@rjq+oÃ��v&�+r=p+u-qZq+u
r=}@s@o-v&r=p+v&}@�-p+}@v&o²z@o-r»q+u-�-}@��o-r»z@oZ��u-p+�+�d�cu-s@s@u�v&u��+p)�;��o-p+p+oZr=p+v&}@�-p+}@v&o²o-�cv1u-�+r=�@�cz@}nz@|-�&�+�-�+p z@o²�-��u-v1­@o²o-r=p
�-�@wms@o-�@r=|-ojs�u-vZq+ojz�|-s@q+u-�-o-wyo-�@p»z@o;rcu-p+�@wmo-r����¨�@}@rnu-¯@�@�@rc¯@}t�@}@oÂq+o-rn��v&�+r=p+u-}@À�z@oÂp+}@�@­dr=p+u-p+oÂz@o
s@q+�@wm� r=�@�@pIz@o-r¹r=�@q+}@p+�+�@�@r¹r=�@q��+z@o-r¹z@oÅz@o-}@À s@�@u-r=o-rÃo-pM�@}@oÅq+o-rÃr=p+v&}@�-p+}@v1o-rÃs@v&�+�@�-�+s@u-q+o-rÃz�oÅ�-o-r
r=�@q+}@p+�+�@�@rcr=�@�@p»z@o-rc�-�@wms@q+o-À�o-rnz@º �@À�°±­dx-��o-r −2
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z@º u-�@r=��v&s@p+�+�@��z@}��-v&�+r=p+u-q)�$�¨�@o p+o-q�q+o o-À�s@q+�+�-u-p+�+�@��o-r=p{o-��u-�-�-��v&z�u-¯@o�� q+u �-��v&v&|-qXu-p+�+�@��o-�@p+v&o
q+º u-�@r=�@v&s@p+�+�@� �+�@�+p+�+u-q+o¤z@o-r �-v1�+r=p+u-}@À z@u-�@r q+u¤v&|�­d�+�@� z@o¤£@�@ª �@w o-pÆqXº u-�@r=�@v&s@p+�+�@� �+�@z@}@�+p+oÑs@u-v
�+v&v&u-z@�+u-p+�+�@�Ä¼ 71].

�¨�Ãwm�@z@x-q+oiz�º u-s@s@u�v&�+p+�+�@�Ãz@o;rM�-o-�@p+v1o-rMz�º |-q+o��-p+v&�@�@rMo-p¥z@oip+v&�@}@rno-p»z@ojq+o-}@vZv1o-q+u-À�u-p+�+�@�Æz@u-�@r
z@o-r �-v&�+r=p+u-}@À z@oÑp+}@�@­dr=p+u-p+oÑz�oÑs@q��@wm� o-r=ptr=�-�@|-wmu-p+�+�@}@o-wmo-�@ptwm�@�@p+v1|�z@u-�@r q+u�Ê �X­d}@v1o����.��� .� º �+v&v1u-z@�+u-p+�+�@�Ä�+�@�@�+r=u-�@p+on�-v&|�onz�o-r¨z@|;�1u-}@p+r¨z@�+�&�&|-v1o-�@p+r¨�@u-r=|�o-r¨r=}@vÖq+o-r¨q+u-�-}@��o-r¨z@o0� o s@u�v�qXum�-u-s@p+}@v1o
z@oR���@�@oZz@oZ�-�@�@z@}@�-p+�+�@�c�@}cs@u�v4q+º �+�@p+o-v&u��-p+�+�@�cu-¯@o-�²z�o-r�­dv&�@}@s@o-rÖv1|�­d}@q+�+o-vÁ�1u-�Á�@}n�@�@�@¦&v&|-­@}�q+�+o-v(�&�@�Áz@o
p+}@�@­dr=p+x-�@o³��	®�+wm}@q+p+u-�@|-wmo-�@p(z@o-r��-o-�dp+v&o-r¨z�onz@�+¦&p+v&�@}Äu-s@s�u-v&u-�+r=r=o-�@p/o-�½v&u-�+r=�@�½z@omqXum�-u-s@p+}@v1omz@omp+v&�@}
s@u-v�z@o-ryq+u��-}@�@o-ryz@o¹�-u-p+�+�@���À�¨�@o½p+o;q+q+o½r=�+p+}@u-p+�+�@�¸wm|-p+u-r=p+u-�@q+o¹o-r=pgv&|-r=�@q+}@o½s�u-v�q+uÃv&o-q+u-À�u-p+�+�@�Å�@�@�@¦
v&u-z@�+u-�@p+o�v1u-s@�+z@o�o-p¬q+o-�@p+oZo-p¬u-}@r=r=�¬s@u-v]}@�co-�&�1o-p¬p+}@�@�@o-q¬q+o-�@p¬�&�-���� u��-�+�@|-p+�+�@}@o¨z@}ms@v&���-o-r=r=}@r��;�@wms@q+�+�@}@|�z�Ð�u-�@�@�+�@�+q+u-p+�+�@�yz@o-rgz@|-�&u-}@p+r�o-r=p]�-u-v1u-�-p+|�v&�+r=|�s@u-v/z�o-r
p+o-wms@r»�+�@p+v&�+�@r=x-�@}@o-r»�@}@�¿¯@u-v&�+o-�@p¿z@u-�dr»q+uZv1|�­d�+�@�cz@oZ�@}@o-q+�@}�o-r»wm�+�@}@p+o-r»�²�@}@o-q+�@}@o-rÖ�@o-}�v&o-r��-´®�@}@vÁz@o-r
�-v&�+r=p+u-}@À �@�@� z@�@s@|-o-r z@o-}@À s@v&�@�-o;r=r=}@r r=�@�@pt�@�@v&wmu-q+o-wmo-�@pt�@�@r=o�v&¯@|-r z@u-�@r q+uÌv&o-q+u-À�u-p+�+�@� z@o
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q)Ð.u-�@r=�@v&s@p+�+�@� �+�@z@}@�+p+on~ }@� s@v&�@�;o-r=r=}@r v&u-s@�+z�o � τ Ái�Mwy�+��� o-p }@� s@v&���-o-r=r=}@r q+o-�@p
(τ Áy�@�@�@�@�Mwm�+�@� [72].
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s@o-�@z@u-�@p8r=�@�Ã�+v&v&u-z@�+u-p+�+�@�Ãz@u-�@rMqXoiz@��r=s@�@r=�+p+�+����§¨� « 	 � �&q+º �+v&v&u-z@�+u-p+�+�@�Ãu-¯�o-�iz�o-rMs@�@�@p+�@�@rMz@º |-�@o-v1­d�Xo
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�¨�@o �-�@v1v&|-q+u-p+�+�@�Ño-�@p+v1o q+u s@o�v&p+o z@o q+u �@}�u-�@p+�+p+| z@o q+}@wm�+x-v&o |-wm�+r=o détectée s@o-�@z�u-�@p
q+º �+v&v1u-z@�+u-p+�+�@�Äu-¯@o��n}@�Ä�&u-�+r=�-o�u-}Äz�º |-q+o;�-p+v&�@�@r¨z�º |-��o-v1­d�+onz�o¹���@�èå¨o��Ìo-p(q+ums@o�v&p+omz@omq+ump+v1u-�@r=wm�+r=r=�+�@�
r=�@}@r¹�+v&v&u-z@�+u-p+�+�@� z@o-rÃ­du-wmwmu-r¹z�º |-�@o-v1­d�+oÅz�o ���.�@ª � o�� �@�@r�o-v&¯@|�oÅs@�@}@vi�@}@o-q+�@}�o-rÃ�-v&�+r=p+u-}@À o-r=p
s@v&|-r=o-�@p+|�o�r=}@v�q+uZÊ �+­d}�v&o 2.14.

� ��u-s@s@v&�@À��+wmu-�@p¨q+utz@|-s@o-�@zdu-�@��oto-�@p+v1otq+utz@�@wmwmu�­dotz�otq+u��@}@u-�@p+�+p+|�z@o�q+}@wm�+x-v1o�|-wm�+r=o
détectée o-p4q+uMs@o�v&p+oMz@oMp+v1u-�@r=wm�+r=r=�+�@�i�@s@p+�+�@}@oMs@u-v¥}@�j�&�@�@�-p+�+�@�jq+�+�@|-u-�+v1oM�@�js@o-}@p4�-�@�@�&�Xv&wmo-v¥�@}@oMqXu
s@o-v&p+oÎz@oÎp+v1u-�@r=wm�+r=r=�+�@���@s@p+�+�@}@oÎ�+�dz@}@�+p+o ∆T �j�& (¦&  0)/T0 �¤q+u¤q+�@�@­d}�o-}@vÅz�º �@�@z@o¤z�o¤ª@�@� �@w
�-�@v&v&o-r=s@�@�@z �{q+u{s@o�v&p+o{z@o{q+u{�@}�u-�dp+�+p+|�z@o�q+}@wm�+x-v&o¶|-wm�+r=o ∆I � β×∆T�n��` β �i�@�.��� ±0.01 � � u
�-�@v&v&|-qXu-p+�+�@�n|-p+u-�@q+�+o²u²|-pX|²}@p+�+q+�+r=|-o²s@o;�@z@u-�@p qXº �@s@p+�+wm�+r=u-p+�+�@�nz@o-r��-v&�+r=p+u-}@Àyz@o¨´®µ¶§ s@�@}@v(q+u¨p+o-�@}@o¨u-}@À
�+v&v&u-z@�+u-p+�+�@�@r¥u-}M�-�@}�v&r¥z@}Mz@|-¯@o-q+�@s@s@o;wyo-�@p¬z@o�q+u�p+o��-�@�@�@q+�@­d�Xo�z@o�s@v&�@z@}��-p+�+�@���

�¨�@p+�@�@rmu-}@r=r=���@}@oÄq+º }@p+�+q+�+r=u-p+���@��z@oÄwmu-p+�+x-v&oÄs�v&o-wm�+x-v1o½s@}@v&�+�&�+|�o½z@o-ry�+wms@}@v&o-p+|-ryr=s�|-�-�+�&�+|�o-r=�
q+º u��-�-�@v&zyr=p+Ø��-�@�+�@wm|-p+v&�+�@}@o�o-p]q+o�z@�@s@u�­do��@s@p+�+wmu-q]�&�@}@v&�@�+r=r=o-�@p]}@�@o��@�@�@��o�}@�@�+�&�@v&wm�+p+|Iz@oIq+uIpXo-�@}@oI�
q+º �+v&v1u-z@�+u-p+�+�@�Mq+o�q+�@�@­Iz@}c�-v&�+r=p+u-q)�

iB����
	�Kf
2.14

l;g8
9�������)����
��������%f��	���©f���
7d	�(�$�!
��/fZdCf���
9�	
	
��	�������ZdCf���
	�!�� )�Kf��)�!���èf
détectée�Cf��Cd	
��	�<��? ������
;d	��
��������7�	
���
	� @"
����*�Kf�
�
%d�? ���<f����������	��d�? ���Cf������<fZdCf�Ä@B@à9Å�fKmef)�<�<fZd	�(�$�$
��;fZdCf

��
9����
��	���!�����������7�	
��ZdCf�����
(�$�!
��¤d�? ���Cf������<fZdCf�Ä�:.B % %�fKmw�;ÿ	�"f)�����Kf��	��
	���	
Cf����	
Cf�������������
�
	� Ç
� uIÊ �X­d}@v1o����.��ªywm�@�@p+v&o�q+u��-�@v&v&|-qXu-p+�+�@�io-�@p+v&oIqXº u-�@r=�@v&s@p+�+�@�iq+�@��­d�+p+}@z@�+�@u-q+oI�+�@z@}@�+p+oI�Iª@�@�i�@w

r=�@}@r¥v&u-z@�+u-p+�+�@�Mwmo-r=}@v&|-o�s@�@}�v�z@o-r¥|-q+|-wmo-�@p+r¥q+�@�@­M�&�@£@�Mwmwm��o-p¬qXº u-�@r=�@v&s@p+�+�@�M�+�@z@}@�+p+oZ�&p+v&u��-|-oZqXoZq+�@�@­
z@oIq+º |-�-�@o-q+q+oIz�º u-�@r=�-�+r=r=o-�¥wmo-r=}�v&|�oMu-¯do��Mz@o-rZ|��-�@u-�@p+�+q+q+�@�@rZo-À�p+v&u-�+p+rZz@o-rZs@u-v&p+�+o-rZ�@u-}@p+o-rZz@o-r²�-v&�+r=p+u-}@À4�



40

´®o-�@z@u-�@pgq+u½�-v&�@�+r=r=u-�@��o½z@o-ri�-v&�+r=p+u-}dÀÅs@u-v�q+u½wm|-p+�@�@z@o¹z@o¹�����@�-�@v1u-q+r*�@�+��q+u¹s@u-v&p+�+o¹r=}@s@|-v&�+o-}�v&o¹z�o-r
�-v&�+r=p+u-}@Àts@v&x-rcz@}Æ­@o-v&wmojuj}@��oj�@�@�d�@ojs�o-v&�1o-�-p+�+�@�tr=p+v&}@�-p+}@v1u-q+oÂo-pÖ�@u-�@�+p+}@o-q+q+o-wmo-�@pÖq+o-rns@q+}@rn�@u-r=r�o-r
�-�@�@�-o-�@p+v1u-p+�+�@�@r�z@omz@|-�1u-}@p+r���Ç¨u-�@rIq+o;rI��v&�+r=p+u-}@ÀÃ�&�@v&p+o-wmo-�@p8v&|-r=�+r=p+u-�@p+rI�@�@p+o-�@}@r=�Áq+uyz@�+�&�1|-v&o-���-oyo-�@pXv&o
q+o-r�z@�@wmwmu-­do-r�z�o¨p+v&u-�@r=wm�+r=r=�+�@�yq+o�q��@�@­mz�o�p+�@}@p]q+o��-v&�+r=p+u-q]o-p]r=o-}@qXo-wmo-�@p]z@u-�@rgr=u�s�u-v&p+�+o�r=}@s@|-v&�Xo-}@v&o
o-r=p/�mq+º �+�@p+|�v&�+o-}@v�z@oy£@��éÅ� � �¹u-s@s�v&�dÀ��+wmu-�@p8u-¯@o-�y}@�@oy�&�@���-p+�+�@�¹q+�+�@|-u-�+v&oy�@�¹¯@�@�+vg�@}@oyqXº u-�@r=�@v&s@p+�+�@�
�+�@z@}@�+p+ocs@u-v»wmx-p+v&ocwmo-r=}�v&|-onu-¯@o-�cz�o;r²|��-�@u-�@p+�+q+q+�@�@r²o-À�p+v&u-�+p+r²z@o-r²s@u-v&p+�+o-r²�@u-}@p+o-r²z@o-r²��v&�+r=p+u-}@À ∆ktop

�-�@v&v&o-r=s@�@�@zÆ�iqXº u-�@r=�@v&s@p+�+�@�Ã�+�@z@}@�+p+oywmo-r=}@v&|�ojs@�@}@vZq+o-rc|-qX|-wmo-�@p+rcq+�@�@­Æ�&�@£@�Æwmwm�Zq+ojq+�@�@­Æz@ojq+o-}@v
u-À�o ∆kfull � η×∆ktop�@��` η ���;�.�@ª ±0.01

iB����
	�Kf
2.15

l/g8
9�������)����
��������%f��	���©f���? 
;ÿ	�������	�������7���Cd	
	���$f������	������
±d	���	
��<f�Ã % à@à9�	� �¶f���
	�)�Kf
�	��
	�ZdCf�����������f��	����dCf������	��
Cf�
���B û à9�$� j ����
	���yf 60̂2��:���
7d	���"f�
�����
	�!
	���Kf û à�¼	��
;d	k�f����? 
;ÿ	�������	�������7�I�Cd�
	���$f���f���
	���Kf�
��/f��ZdCf����)���	
��	�����������	��f�������
�������Ã9�	
��������ZdCf����	
������<f����	
�
	�$f��

dCf����èê)�¶f��5����������
�
	� j ����
	���yf 60̂2��:���
7d	���"f�
�����
	�!
	���Kf�Ä@à@à�¼	��
;d	k�:;_ ! û à@à�� Ç
� Ð.}@�@�+�&��v&wm�+p+|¶z@o¶z@�@wmwmu�­do�z�o¶q+u¶p+v&u-�@r=wm�+r=r=�+�@�Î�@s@p+�+�@}@o¶�@�@p+o-�@}@o wm�@�@p+v&o �@}�º �@�¤s�o-}@p

}@p+�+q+�+r=o-v{�-o-r �-v&�+r=p+u-}@ÀÍs@�@}@v�q+uÌ�-�d�@r=p+v&}@�-p+�+�@� z�º }@� ��u-q+�@v&�+wmx-p+v&oÏ|-q+o-�-p+v&�@wmu�­d��|-p+�+�@}@oÌz@oÌ�@�@�@��o
homogénéité.



41

2.4
��� *�#�)��� 8#65�.�� ��� 4�*/#$)� 8#�,$,��� 8#$�!)�ëÄ,$�/4 *�����2���4y��)� 8��4 ,$��)� "�/4 �� ,��
2���4y ",$.���#$)��/4�*���)�*��²����)�41,��Ò4y*�#$)� 8#�,$,��� "#���) ��. ����)��!*���#�4� 8��,����� ".�)���4y 8�� "�����

plomb

�¨�@o×­dv&u-�@z�oÅv&u-s@�+z@�+p+|×o-r=pM}d� z@o-rÆu-¯@u-�@pXu�­do-rÆs@v&�+�@�-�+s�u-}@À z@o-rÆ�-v&�+r=p+u-}@À z@o×p+}@�@­dr=p+u-p+o×z@o
s@q+�@wm���;Ç¨u-�@r»�-o-v&p+u-�+��o-r»u-s@s@q+�+�-u-p+�+�@�@r¥q+oZr=�-�+�@p+�+q+q+u-p+o-}@v4z@oZ´®µ¶§ u²s@o�v&wm�+rÖz@º u-p+p+o-�+�@z@v&o²}@�@o¨v&|-r=�@q+}@p+�+�@�
o-�×p+o-wms@rjwmo-�+q+q+o-}@v&oÃ�@}@o���£@�×s@�+�-�dr�o-�-�@�@z�o-r=�g�@}@�²o-r=p²r=}@�&�&�+r=u-�@p+oÆs@�@}�vc�@o-u-}��-�@}@s{z�Ð.o-À�s@|-v&�+o-���-o-r
u-�-p+}@o-q+q+o-r¨¼ 73].

´®�@}@v q+o-r�|-¯@u-q+}@u-p+�+�@�@rÌz@o-r�s@o-v1�&�@v&wmu-���-o-rÌz@o qXº o-À�s@|-v&�+o-�@�-o � � 	É}@�@o �-�+�@|-p+�+�@}@o z@o
r=�-�+�@p+�+q+q+u-p+�+�@�Ãwm��°�o-�@��oiz@o-rM��v&�+r=p+u-}@ÀÃz@oi´®µ¶§ z@ot���Ã�@rM|-p+|i}@p+�+q+�+r=|³� � oip+o-wms@rMz@oi�1�@v&wmu-p+�+�@�Ãz@o-r
s@v&|-u-wms@q+�+�&�+�-u-p+o-}�v&rnz@u-�@rnq+oÄ�-u-�@u-qÖz�º o-�@v&o�­d�+r=p+v&o-wyo-�@pÖz@oÂqXº � � « � z@oÂ� � 	�uÄ|-p+|½�-�@�@�+r=��z@oÄ�@���@r��
��o-�-�gs@o-v&wmo-pgz�º u-p+p+o-�+�@z@v1o½}@�¸�-�@wms@vÛ�@wm�+ryv&u-�+r=�@�@��u-�@q+o¹o-�@p+v1o¹q+o-ri�-�@�@z@�+p+�+�@�@riz@o¹wm�+�@�+wm�+r=u-p+�+�@�Åz@o
q+º o-wms@�+q+o-wmo-�@pÖz�º }@�@oÂs�u-v&pÖo-pÖq+uÂwmu-À@�+wm�+r=u-p+�+�@�tz@oÂq+uÂ�-�@q+q+o-�-p+�+�@�tz@oÂq+}@wm�+x-v&oÂz�oÂr=�-�+�@p+�+q+q+u-p+�+�@��o-p�q+u
v&|-z@}@�-p+�+�@�Mz�º |-�@}@�+¯@u-q+o-�@p¿|-�@o-v1­@|-p+�+�@}@ogz@}M�@v&}@�+p¬|-q+o��-p+v&�@�@�+�@}@o�z�º u-}@p+v1o�s@u-v&p(¼ 13].� u�s�u-v&p+�+�-}@q+u�v&�+p+|�z@}Mr=�-�+�@p+�+q+q+u-p�o-}@v�z@o�´®µ¶§ o-r=p¿r=uZr=o-�@r=�+�@�+q+�+p+|Zu-}@Àn�-�@�@z@�+p+�+�@�@r»z@oZ�-v&�@�+r=r=u-�@�-o³�� q+q+o¨o-r=p®z@|-p+o-v&wm�+�@|-o¨s�u-v(q+o¨wm|��-u-�@�+r?wmo¨�@�@�mp+v&�+¯@�+u-q]z@o�r��-�+�@p+�+q+q+u-p+�+�@�ys@v&�@¯@�@�@}@|�s@u-v/q+uI�-�@wm�@�+�@u-�+r=�@�
z@oÃ�-o-�@p+v1o-rjv&|�­d}@q+�+o�v&rjo-p²�@�@�@¦&v1|�­d}@q+��o-v&r¸¼ 74¾�� � o-rÂ�-�@�@p+v&�+�@}@p+�+�@�@rÂv&o-q+u-p+�+¯@o-rÂz�oÆ��o-�@p+v&o-rÂz@ot­@o-�@v&o-r
z@�+�&�&|-v&o-�@p+rj�¹q+u¹�@}@u-�@p+�+p+|¹z@o¹q+}@wm�+x-v&o¹|-wm�+r=oÃ¯@u�v&�+oÃu-¯�o-�Ãq+o-rÂ�-�@u-��­do-wyo-�@p+rjz@oÃq+uÃp+o-�-�@�@�@q+��­d�+oÃz�o
�-v&�@�+r=r=u-�@�-oco-p4o-r=p4p+v&x-rZr=o-�@r=�+�@q+oc�Mq+uIs@}@v1o-p+|Mz@o-rZwmu-p+�+x�v&o-rZs@v1o-wm�+x-v&o-rm¼ 55,61� 75¾��(�¨�Âu-}@p+v&ocu-r=s�o-�-p
o-r=pMq+uÅs@u-v&p+�+�-}@q+u-v&�+p+|×r=p+v&}��-p+}@v&u-q+o×z@} �-v&�+r=p+u-q)�»���@wmwmo×�@�@}@rÆq+º u-¯@�@�@rÆz@|)Ë)�×�@�@p+|×z�u-�@rÆq+o×r�°±r=p+x-wmo
PbO-WO3 o-�ys@q+}@rgz@o�q+uIr=p+v&}@�-p+}@v&oIzdoIr=�-��o-o-q+�+p+oIs@}@v1oI�+q4°yuIu-}@r=r=��}@�@oI�-�@wms@�@r=�+p+�+�@�ir=p+u-�@q+oIs@v&�@�-��o
z@o�q+uZr=p+v&}@�-p+}@v&o²�-v&�+r=p+u-q+q+�+�@oZo-�cr=p+v&}��-p+}dv&oZz@oZr��-�@o�o-q+�+p+o³� � u²�-�@���-}@v&v1o-�@�-oZz�oZ�-o-r»z�o-}@Àns@�@u-r=o-r»s@o-�@z@u-�@p
q+oÆs@v&�@�-o-r=r=}@rÂz@ot�-v&�@�+r=r=u-���-oÆz@}���vÛ�+r=p+u-q¨�-v&|�otz@�+�&�1|-v&o-�@p+rÄp"°±s@o-rÄz@otz�|-�1u-}@p+rÄz@u-�@rÄq+ot�-v&�+r=p+u-q¨�&�+��u-q)�« �+�@r=�+�¥�+q�o-r=p�p+v&x-rm�+wms@�@v&p+u-�@p�z@º |-p+}@zd�+o-v�q+u½z�|-s@o-�@z�u-�@�-o½z�o½q+u½�-�+��|-p+�+�@}@o½z@o½r=�-�+�@p+�+q+q+u-p+�+�@�¸u-¯@o-�½qXo-r
�-�@�@z@�+p+�+�@�@rÉz@o¢�-v&�@�+r=r=u-�@��o¢z@} �;v&�+r=p+u-q s@�@}@v�r=}@s@s@v&�+wmo�v�q+o-rÉ�-�@wms@�@r=u-�@pXo-rÉq+o-�@p+o-r o-pÍq+u
postluminescence.� un�-�+�@|-p+�+�@}@ocz@ocr��-�+�@p+�+q+q+u-p+�+�d�Äz@o-r¨�-v&�+r=p+u-}@À½z@on´®µ¶§Ìs@o-}@p � p+v&onz@|-�-v&�+p+om�-�@wmwmonq+unr=�@wmwmo
z@o�p+v&�@�+r¥�-�@wms@�@r=u-�@p+o-r¥o-À�s@�@�@o-�@p+�+o-q+q+o;r¨¼ 56,72,75] ~

)/texp(A)t(F
3

1i
ii

ì
τ−=

=
(2.2)

§5` « i o-p τi r=�@�@p]s@u-v/�-�@�@r�|-�@}do-�@��o�qXº u-wms@q+�+p+}@z@o�o-p]q+u��-�@�@r=p+u-�@pXo�z@o�p+o-wms@rgz�º |-wm�+r=r=�+�@�iz@oIq+u
�-�@wms@�@r=u-�@p+o��@}@wm|-v&�M�)�

�¨�@oZ�-�@wms@�@r=u-�@p+o²v&u-s@�+z@o²o-r=p¬�-u-v1u-�-p+|�v&�+r=|-oZs@u�v4}@�@oZz@}@v1|-oZz�º |-wm�+r=r=�+�@�cpX°±s@�+�@}@oRí 1 �Â�ïîcªc�@r��� q+q+o¤o-r=pÃ�-u-}@r=|�o¤s@u-vÅq+uÑv&|�­d�+�@� ¯do�v&p+o¤o-pÃ�@q+o-}�oÑz@oÑq+uÑq+}@wm�+�@o-r=��o-�@�-o ¼ 75¾{o-pÆv&o-�@z �-�@wms@p+o
�@u-�@�+p+}@o-q+q+o-wmo-�@p¬z@o�q+u�wm�@�+p+�+|��@}Ms@q+}dr¥z@o�q+u�q+}@wm�+x-v&o�z@oZr=�-�+�@p+�+q+q+u-p+�+�@���



42

� o-rÖ�-�@wms@�@r=u-�@p+r»wm��°±o��@�@o-r¥u-¯�o-�Zq+o-r�í 2 �¸���n¦4�@�co-p¿©@�c¦����@�c�@r=���@}@�¿�-�@�@p+v&�+�@}�o-�@p¿s@�@}@vÁu-}
wm�@�+�@r¥ª@��é u-}@Àcr=�-�+�@p+�+q�q+u-p+�+�@�@r¥r=�@�@p³s@v&�+�@�-�+s@u-q+o-wmo-�@p¬v&o-q+�+|-r¥u-}@Àc�-o-�@p+v&o-r¥z@oZv&u-z@�+u-p+�+�@�M¯@o�v&p+o³�

� �@�&�+�@�8z@o-rn�-�@wms@�@r=u-�@p+o-rnq+o-�dp+o-rmu-¯@o��Âz@o-r0í 3 �¤���@�t¦y���@�@���@ryu-s@s@u-v1u-�+r=r=o-�@p��Ä��u-}@r=oÄz@o
v&u-�+r=�@�@rÖz@�+¯@o-v&r=o-rÖz@�+r=�-}@p+|�o-rÖ�-�+¦&z@o-r=r=�d}@r���´®u�v&�&�@�+r�q+o-}@v(�-�@�@pXv&�+�@}@p+�+�@�ms@o-}@p®u-p+p+o-�+�@z@v&o¥Ë)}@r=�@}�º �¨�@}@o-q+�@}�o-r
z@�_��u-�+�@o-r¥z@o�s@�@}@v��-o-�@p)�

�¨�@o¶s@�@r=p+q+}@wm�+�@o-r=�-o-�@��o¶u-¯@o-�¶z@o-r¸�-�@wms@�@r�u-�@p+o-r¸z@u-�@r¸q+u¶v1|�­d�+�@�Îz@o-rÅwm�+�-v&��¦¹o-piwm�+q+q+�+¦
r=o-�-�@�@z@o-r²o-À��+r=p+oc|�­du-q+o-wmo-�@pÁz�u-�@r²q+o;r²r=�-�+�@p+�+q+q+u-p+�+�@�@r²z@}Ä´®µ¶§i��	®�@�Ä�d�+¯@o-u-}Äz@|-s@o-�@zÄ�&��v&p+o-wmo-�@p(z@o-r
s@u-v&p+�+�-}@q+u-v&�+p+|-r¥p+o��-�@�@�@q+�@­d�+�@}�o-r¥o-p¬r=og��u-v&u��-p+|-v&�+r=o��@�Xo-�Ms@u-v�}@�Ms�u-v&u-wyx-p+v&o α �X��p+v&�@z@}@�+p¬z@u-�@r¨¼ 76] ~

α ���;�d��é ×(IPS/ITotal ��� (2.3)

§5` IPS o-r=piqXº u-wms@q+�+p+}@z@o z@o¶r=�X­d�@u-qiz@o �-�@wms@�@r=u-�@p+o z@o s@�@r=p+q+}@wm�+�@o-r=�-o-���-o o-p ITotal o-r=p
q+º u-wms@q+�+p+}@z@o�p+�@p+u-q¬z@o�r=�X­d�@u-q¬z@}Mr=�-�+�@p��+q+q+u-p+�+�@���

���@wmwmo½�@�¸q+º u½z@|)Ë)�½�@�@pX|½q+o;ry��o-�@p+v&o-riv1|�­d}@q+�+o-v&r −2
4WO ð�ñóò�ô_ô_ò�õ�ôVö�÷�õ�ø2ù_÷4úið�û(ü_ý�õXþ�ù_ò�ÿ�ò

(λmax = �����Yõ�ñ����
ò�ô�ù_ò�ø	��ò�õ�ô_úiò�ø	
�þ�÷�ø*ò�ö�ò���
 3 ø*ý�õ�ô úiò�ø���ý�õ�ø*÷�þ�ù_ò�ø�ö�òïù�� ÷�����÷�úÇò�õ���òïö�òïþ�÷�õ�ö�ò�ø�ö�ò
ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò���ò�úiô_ò���� ÷���ý�õ�ô_úiü_þ�ÿ�ô_üUý�õ ö�ò ù_÷ ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò4úiý�ÿ�û(ò�
4ùÒ÷4þ�÷�õ�ö�ò4ö�ò4ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò
ô_ý�ô_÷�ù_ò�ò�ø*ô���ò�ô_ü_ô_ò ò�ôàý�õ���ò�ÿ�ôàõ�ò���÷�ø ù_÷���ý�ñ���ô_ò�ú�� 65 !�#"
ý�ÿ�øVúi÷�ö�ü_÷�ô_ü_ý�õ�øVü_ý�õ�ü_ø*÷�õ�ô_ò�øVù_ò�øVø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�ø
÷�����÷�úi÷�ü_ø*ø*ò�õ�ô$��ý�ñóñóò0ÿ�õ�ò0ø*ÿ���ò�ú���ý�ø ü_ô_ü_ý�õèö�ò0ö�ò�ÿ�%���ò�õ�ô_úiò�ø5ö�� ð�ñóü_ø*ø*ü_ý�õè÷�ÿ ñóý�ü_õ�ø��'&�ÿ�ü$��úiý���ý�&�ÿ�ò�õ�ô
ù�� ÷�����÷�úiü_ô_ü_ý�õ ö�� ÿ�õ�òèþ�÷�õ�ö�òèö�òèù_ÿ�ñóü_õ(ò�ø���ò�õ���òèù_÷�úÇû(òè÷���ò��èÿ�õ ñó÷�%�ü_ñóÿ�ñ ö�÷�õ�ø3ù_÷ úið�û�ü_ý�õ ö�ò������(

500 õ�ñ)�+*Gõ,��ù_ÿ�ø0ö�ò�ø0û(úiý�ÿ���ò�ø0úið�û(ÿ(ù_ü_ò�úiø0ò�ô õ�ý�õ�-iúÇð�û(ÿ�ù_ü_ò�úiø��9ù_ò�ø���ò�õ�ô_úiò�øóö�� ü_ñ���ÿ�úiò�ô_ð�ø�&�ÿ�ü�ý�õ�ô�ö�ò�ø
ô_úi÷�õ�ø*ü_ô_ü_ý�õ�ø úi÷�ö�ü_÷�ô_ü���ò�ø ö�÷�õ�ø ù_ò�ø úÇð�û(üUý�õ�ø ö�ÿóø���ò���ô_úiò.��ü_ø*ü_þ�ù_ò.��ò�ÿ���ò�õ�ô
÷�ÿ�ø*ø*ü0/i÷�ü_úÇò5ÿ�õ�ò1��ý�õ�ô_úiü_þ�ÿ�ô_ü_ý�õ�

ù_÷Vø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ���ñó÷�ü_ø9÷���ò��Vù_ò�ÿ�úàô_ò�ñ2��ø9ø���ð3��ü�/iü�&�ÿ�ò�ø9ö�òVù_ÿ�ñóü_õ�ò�ø���ò�õ���ò��4 ý�õ�ø*ü_ö�ð�úiý�õ�ø ù_ò�ø ø*ý�ÿ�ú���ò�ø5�(ý�ø*ø*ü_þ�ù_ò�ø ö�ò6��ý�ñ���ý�ø*÷�õ�ô_ò�ø ù_ò�õ�ô_ò�ø ò�ô$ö�ò6��ý�ø*ô_ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò
÷�����÷�úi÷�ü_ø*ø*÷�õ�ô�ö�÷�õ�ø9ù_ò�ø9ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�ø ö�ò870��
9� 75 ;:

� ò�ø þ�÷�õ�ö�ò�ø ö�ò ù_ÿ�ñóü_õ�ò�ø���ò õ���ò ü_õ�ô_úiü_õ�ø�<�&�ÿ�ò�ø
ö�ÿ=70��
 ø*ý�õ�ô>/iý�úiô_ò�ñóò�õ�ôXð�ô_ò�ü_õ�ô_ò�ø?��÷�ú
ù�� ü_õ�ô_ò�úi÷3��ô_ü_ý�õèñóÿ�ù_ô_ü���@�ý�õ�ý�õ�ø#����ò�ÿ�ú þ�úiü_ù_ù_÷�õ���òó÷�ÿ�û(ñóò�õ�ô_ò0ö�ò2��ù_ÿ�ø.&�ÿ�� ÿ�õèý�úiö�úiò0ö�ò3û(úÇ÷�õ�ö�ò�ÿ�ú�ò�ô ù_ò�ÿ�úiø
ö�ÿ�úið�ò�ø ö�� ð�ñóü_ø*ø*ü_ý�õ τ ��ü_ò�õ�õ�ò�õ�ô$ö�÷�õ(ø ù_÷ úið�û(ü_ý�õ ö�ò�ø ñóü���úiý�-iø*ò���ý�õ�ö�ò�ø ÷���ò�� ù_÷ ö�ü_ñóü_õ�ÿ�ô_ü_ý�õ ö�ò
ô_ò�ñ���ð�úi÷�ô_ÿ�úÇò(� 54 !�+� ÷A��ü_õ�ð�ô_ü�&�ÿ�ò$ö�òYø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ¾÷�ÿ�ø*ø*ü ö�ð���ò�õ�ö¾ö�ò$ù_÷èô_ò�ñ���ð�úi÷�ô_ÿ�úiò5� 56 !�0B.� ÷�ÿ�ô_úiò
��÷�úiô��0ù_ò�øXö�ð���÷�ù_÷�û(ò�øXö�òC"
ô_ý�D�ò�øXö�ò øXþ�÷�õ�ö�ò�øXö�ò.ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò.ö�ð�ôÒò���ô_ð�ò�øXö�÷�õ�øXù_òE70��
 ø*ý�õ�ô
ø*ÿ���ð�úiü_ò�ÿ�úiò�ø�
(F ×103 ��ñ -1 ò�ô ñóý�õ�ô_úiò õ�ô ÿ�õ�ò$ò�%�ô_ü_õ���ô_ü_ý�õ,/iý�úiô_ò$ö�ò�ø0þ�÷�õ�ö�ò�ø0ö�ò$ù_ÿ�ñóü_õ�ò�ø���ò�õ���òA
èù_÷
ô_ò�ñ���ð�úi÷�ô_ÿ�úÇò5÷�ñóþ�ü_÷�õ�ô_ò��3*GõóúÇ÷�ü_ø*ý�õóö(ò5ùG� ò�%�ô_ü_õ���ô_ü_ý�õ���ù_÷1��ü_õ�ð�ô_ü�&�ÿ�ò�ö�ò�ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò�ø*ò�ö�ð���ù_÷���ò�ö�÷�õ�ø
ù_÷ úið�û(ü_ý�õ2ö�ò�øVõ�÷�õ�ý�ø=ò���ý�õ�ö�ò�ø#�IH5ð�÷�õ(ñóý�ü_õ�ø���ý�õYö�ý�ü_ô�ô_ò�õ�ü_úJ��ý�ñ���ô_ò�ö�ò�ù_÷���úið�ø=ò�õ���ò�ö�ò���ý�ñ���ý�ø*÷�õ�ôÒò�ø
ù_ò�õ�ô_ò�øRúiò�ø*ô_÷�õ�ô_ò�ø	��÷�ú���ò�&�ÿ�ò�ù_ò�ñóð3��÷ õ�ü_ø*ñóò�ö�ò�ùG� ò�%�ô_ü_õ���ô_ü_ý�õYò�ø*ô�÷�ù_ð�÷�ô_ý�ü_úiò�� 4 ò���ò�õ�ö�÷�õ�ô��Àõ�ý�ø�ñóò�ø*ÿ�úiò�ø
ö�ò�ù_÷1��ü_õ�ð�ô_ü�&�ÿ�ò�ö�ò�ø þ�÷�õ�ö�ò�ø ö�ò�ù_ÿ�ñóüUõ�ò�ø���ò�õ���ò1��ò�úiôÒò�ò�ôÀþ�ù_ò�ÿ�ò1��÷�úK��@�ý�ô_ý�ò�%���ü_ô_÷�ô_ü_ý�õ2ø*ÿ�ú ÿ�õ�ò ð3��@�ò�ù_ù_ò
ö�ò2F!������õ�ø9ý�õ�ôL��úiý�ÿ���ð8&�ÿ�òVùG� ÷�ñ���ù_ü_ôUÿ�ö�òVúÇò�ù_÷�ô_ü���òRö�ò�øM��ý�ñ���ý�ø*÷�õ�ô_ò�ø�÷���ò3� τ ö�÷�õ�ø�ùG� ü_õ�ô_ò�ú���÷�ù_ù_òRö�ò���ÿ�ü_ø
ù_÷	��ò�õ�ô_÷�ü_õ�òRö�òRõ�÷�õ�ý�ø*ò3��ý�õ�ö�ò�øONJÿ�ø�&�ÿOPQ÷�ÿ�%óñóü���úiý�-iø*ò���ý�õ�ö�ò�ø�ò�ø*ô+��ù_ÿ�ø;��ò�ô_ü_ô_ò�&�ÿ�ò�Q�R 10-4 � 4 ò���ò�õ�ö�÷�õ�ô��
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ñ�S�ñóò�ø*ü�ù�� ÷�ñ���ù_ü_ô_ÿ�ö�ò�ö�ò�ø	��ý�ñ���ý�ø*÷�õ(ô_ò�ø�ù_ò�õ�ô_ò�ø�ò�ø*ôT��ù_ÿ�ô�U�ôT��ò�ô_ü_ô_ò��Àù_òïõ�ý�ñóþ�úiòïö�òV��@�ý�ô_ý�õ�ø�ð�ñóü_ø���÷�ú
ò�ù_ù_ò�ø5ö�÷�õ�ø5ù_÷2��ü_õ�ð�ô_ü�&�ÿ�ò0ö�ò0ù_ÿ�ñóü_õ�ò�øW��ò�õ���ò2��ò�ÿ�ôGõ�ð�÷�õ�ñóý�ü_õ�ø5÷�ô_ô_ò�ü_õ�ö�úiò8NJÿ�ø�&�ÿ�� 
2&�ÿ�ò�ù�&�ÿ�ò�ø1��ý�ÿ�ú�-���ò�õ�ô
ö�ò�ô_ý�ÿ�ô_ò�ù_÷ ù_ÿ�ñóü�<�úiò ö�ò ù_ÿ�ñóü_õ�ò�ø���ò�õX��ò�� 4 ò�ô_ô_ò�&�ÿ�÷�õ�ô_ü_ô_ð ö�ò ù_÷���ý�õ�ô_úiü_þ�ÿ�ô_ü_ý�õ2ö�ò ù_÷���ý�ñ���ý�ø*÷�õ�ô_ò ùÒò�õ�ô_ò
ò�ø*ô�÷8��úiü_ý�úiü�ÿ�õ�õ�ü���ò�÷�ÿ�ñóü_õ�ü_ñó÷�ù�ö�òVùU÷8��úÇð�ø*ò�õ���òVö�òVùÒ÷8��ý�ñ���ý�ø*÷�õ�ô_òVù_ò�õ�ôÒòVö�÷�õ�ø9ù_ò�ø9ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�ø#�

� òV��úiü_ø*ô_÷�ù�ö�ò�ô_ÿ�õ�û(ø*ô_÷�ô_òïö�òV�(ù_ý�ñóþAY�70��
.�O7
þ���
 4��ò�ø*ô ÿ�õ$ñóò�ñóþ�úiòïö�òïù_÷ïû(úÇ÷�õ�ö�òV/Ç÷�ñóü_ù_ù_ò
ö�ò�ø2ô_ÿ�õ�û(ø*ô_÷�ô_ò�ø�&�ÿ�ü8��ý�õ�ô_ü_ò�õ�ôVÿ�õ ò�õ(ø*ò�ñóþ�ù_ò ö�ò øZ��ü_õ�ô_ü_ù_ù_÷�ô_ò�ÿ�úiøYù_ò�õ�ô_øYô_ò�ù_ø[&�ÿ�ò 4 ö���
 4 ò�ô	\ õ���
 4

÷�ÿ�ø*ø*ü þ�ü_ò�õ(&�ÿ�ò ö�ò�ø]��ú_^>ø*ô_÷�ù_ý���@�ý�ø���@(ý�úiò�ø#�'`;ù_ø2ý�õ�ôVö�ò�ø2þ�÷�õ�ö�ò�ø2ö�ò4ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò4ø*ü_ô_ÿ�ð�ò�ø2ö�÷�õ�ø2ù_÷
úið�û(ü_ý�õïþ�ù_ò�ÿV-'��ò�úiô_òR÷���ò��Rö�ò�ø�ö�ÿ�úið�ò�ø9ö�� ð�ñóü_ø*ø*ü_ý�õïôG^I��ü�&�ÿ�òRö�òRùÒ÷	��ü_õ�ð�ô_ü�&�ÿ�òRö�òRùÒ÷�ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò�ö�÷�õ�ø
ù_÷ úið�û(ü_ý�õ ö�ò &�ÿ�ò�ù�&�ÿ�ò�ø¾ñóü���úiý�ø*ò3��ý�õ(ö�ò�ø �;
5õa��ý�õ�õ�÷�b_ô0ð�û�÷�ù_ò�ñóò�õ�ô0ÿ�õ�òc��ù_÷�ø*ø=ò ö�òd��ý�ñ���ý�ø*ð�ø ö�ò
ñóý�ùG^>þ�ö�÷�ô_òe&�ÿ�ü ø*ý�õ�ô ü_ø*ý�ñóý�ú���@�ò�ø ÷�ÿ�%f��úiü_ø*ô_÷�ÿ�% ö�ò ô_ÿ�õ�û(ø*ô_÷�ô_ò�� 4 ò�úiô_÷�ü_õ�ø.ö�� ò�õ�ô_úiò
ò�ÿ�%g��ý�ñóñóò
PbMoO4 ý�õ�ô�ÿ�õ�òRù_ÿ�ñóü_õ�ò�ø���ò�õ���ò	��ò�ú;ô_òRø*ý�ÿ�ø�ù_÷	��@�ý�ô_ý�ò�%���ü_ô_÷�ô_ü_ý�õïñó÷�ü_ø�õ�òRø���ü_õ�ô_ü_ù_ù_ò�õ�ôh��÷�ø�� 75 !��`Cù
ò�ø*ô
ö�ý�õ��Xð���ü_ö�ò�õ�ô�&�ÿ�òXù_ò�ø ü_ý�õ�ø þ�ü���÷�ù_ò õ�ô_ø)��ý�ñóñóòXùÒò�ø 4 ö��.\ õ��.i ûX� 4 ÷Xý�ú�i ý 6+ &�ÿ�ü���úið�ò�õ�ô�ö�ò�ø
ñó÷�ô_úiü���ò�øèö�ÿ ôj^I��ò¾ö�ò¾ùÒ÷¾ø���@�ò�ò�ù_ü_ô_òaý�ÿ ö�ò¾ù_÷,k5ý�ù�/Çúi÷�ñóü_ô_òl��ò�ÿ���ò�õ�ô�ü_õ�/iù_ÿ�ò�õ���ò�úóù_ò�ø���úiý���úiüÒð�ô_ð�ø ö�ò
ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ1ö�ò�øl��úiü_ø*ô_÷�ÿ�% ö�òd70�d
m��÷�ú ù_ò�ÿ�ú ü_õ���ý�ú���ý�úi÷�ô_ü_ý�õ ü_ø*ý�ñóý�ú���@�ò[ö�÷�õ�ø ø=÷[ñó÷�ô_úiü���ò��n`;ùÒø
��ò�ÿ���ò�õ�ô0ø*ÿ�����úiü_ñóò�úèö�ò�ø(��ò�õ�ô_úÇò�ø ö(ò úÇ÷�ö�ü_÷�ô_ü_ý�õ1ò�%�ü_ø*ô_÷�õ�ô_ø ý�ÿ1ò�õe��úið�ò�úèö�ò õ�ý�ÿ���ò�÷�ÿ�% ÷���ò�� ö�ò�ø
ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�ø9ù_ò�õ�ô_ò�ø���ý�ÿ�ü_ù_øJ/iý�ÿ�úiõ�ü_ø*ø ò�õ�ô�ö�òVù_÷8��ý�ø*ô_ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò��

`;ùL/Ç÷�ÿ�ô�õ�ý�ô_ò�ú���÷�úiô_ü���ÿ�ù_ü�<�úiò�ñ3ò�õ(ô�ù_òVú�U�ù_òVö�ò�ø9ü_ñ���ÿ�úÇò�ô_ð�ø9ö�òVñóý�ùj^>þ�ö�<�õ�ò��
*Gõo��úiò�ñóü_ò�ú��>��÷�ú���òp&�ÿ�ò ùUò ñóý�ùj^>þ�ö�<�õ�ò ò�ø*ô ü_ø*ý���÷�ù_ò�õ�ô ÷�ÿ ô_ÿ�õ�û(ø*ô�<�õ�ò ò�ô�/iý�úiñóò ö�ÿ

ñóý�õ�ý���úiü_ø*ô_÷�ùàö�ò�7
þ�i ý�
 4 Y�70il
.�9÷���òq��ÿ�õ�ò�ø*ô_úiÿ���ô_ÿ�úiò�ü_ö�ò�õ�ô_ü�&�ÿ�ò�÷�ÿ[7
þ���
 4 ñó÷�ü_øRø*÷�õ�ø	��úiý���úiü_ð�ô_ð�ø
ø���ü_õ�ô_ü_ù_ù_÷�õ�ô_ò�ø9ø*÷�ô_ü_ø�/i÷�ü_ø*÷�õ�ô_ò�ø#�

*Gõ ö�ò�ÿ�%�ü�<�ñóò��Yù�� ü_ý�õ ö�ò1ñ0ý�ùG^>þ�ö�<�õ�ò ò�ø*ô ô_ú�<�ø���úiý���@�ò1ö�ò1ùG� ü_ý�õ ö�ò ô_ÿ�õ�û(ø*ô�<�õ�òr��÷�ú ù_ò�ø
��úiý���úiü_ð�ô_ð�ø	��@�ü_ñóü�&�ÿ�ò�ø��0��ò�&�ÿ�ü'/i÷�ü_ô�ùU÷0û(úÇ÷�õ�ö�òïö�ü�/�/iüG��ÿ�ù_ô_ðïö�òïø*ð���÷�úi÷�ô_ü_ý�õ$ö�÷�õ�ø�ùG� ð�ôÒ÷���òïö�òV��úiý�ö�ÿ���ô_ü_ý�õ
ö�òVñó÷�ô_ü�<�úiò8��úiò�ñóü�<�úÇò��

*Gõ�/iü_õ��
ù�� ü_ñ���ÿ�úiò�ô_ð�ö�ò�ñóý�ùG^>þ�ö�<�õ�òV��úið�ò�ö�ò�øRö�ð3/i÷�ÿ�ô_øRö�ð�ô_ò�úiñóü_õ�ð�ø	&�ÿ�ü�ý�õ�ô�ÿ�õ�ò�ü_õ�/iù_ÿ�ò�õ���ò�ø*ÿ�ú
ù_÷8&�ÿ�÷�õ�ô_ü_ô_ðVö�òVù_ÿ�ñóü�<�úiòRð�ñóü_ø*ò8��÷�úàù_ò øZ��ü_õ�ô_ü_ù_ù_÷�ô_ò�ÿ�ú;� 32].

� ÷1s�üÒû(ÿ�úÇò.���tF!u�Yi÷���þ�� ü_ù_ù_ÿ�ø*ô_úiò5ù_÷1��ü_õ�ð�ô_ü�&�ÿ�ò�ôj^I��ü�&�ÿ�ò�ö�ò�øZ��ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ3ö�ò�øn��úiü_ø*ô_÷�ÿ�%2ö�ò170��

��úiý�ö�ÿ�ü_ôT��ò�õ�ö�÷�õ�ô ù_÷V��úiò�ñóü�<�úiò2��úiü_ø*ô_÷ ù_ù_ü_ø*÷�ô_ü_ý�õèö�ò�ø5ñó÷�ô_ü�<�úiò�ø.��úÇò�ñóü�<�úiò�ø.��ÿ�úiüG/iü_ð�ò�ø.Yi÷3� ò�ôGö�ý���ð�ø5÷���ò3�
ö�ÿAi ýAYiþ��MY����tQA��ý�ÿ�ú;��ò�õ�ô ò�õA��ý�ü_ö�øRö�÷�õ�ø�ù_÷2/iý�õ�ô_ò��v��� ÷2&�ÿ�÷�õ�ô_ü_ô_ð0ö�ò0ù_ÿ�ñóü�<�úÇò0ð�ñóü_ø*ò2��÷�ú ù_ò2��úiü_ø*ô_÷�ù
ö�ý���ð3ò�ø*ô ô_úiý�ü_ø�/iý�ü_ø ñóý�ü_õ�ö�úiò]&�ÿ�ò]��ò ù_ù_ò3ö�ò�ø���úiü_ø*ô_÷�ÿ�% õ�ý�õ�-iö�ý���ð�ò�ø ò�ô ù_÷]��ü_õ�ð�ô_ü�&�ÿ�ò2ö�ò2ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ
÷�/�/iü���@�ò ÿ�õ�òm��ý�õ�ô_úiü_þ�ÿ�ô_ü_ý�õ ö�òw��ý(ñ���ý�ø*÷�õ�ô_ò ù_ò�õ�ô_ò ò�ô ö�òw��ý�ø*ô_ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò ø*ü_û(õ�üG/iü���÷�ô_ü���ò��
�T� ð3��@�÷�õ�ô_ü_ù_ù_ý�õ2ñóý�õ�ô_úiò ÿ�õ�ò ÷�þ�ø=ò�õ���ò�ý�ÿ2ÿ�õ�ò ø*ÿ�����úÇò�ø*ø*ü_ý�õ2ö�ò ù_÷���ý�ñ���ý�ø*÷�õ�ô_òïúi÷���ü_ö�òïúið�û(ÿ�ù_ü�<�úÇò�ö�÷�õ�ø
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ù�� ò�%�ô_ü_õ���ô_ü_ý�õ���úið�/ið�úÇò�õ�ô_ü_ò�ù_ù_òVö�òVù_÷Vù_ÿ�ñ0ü_õ�ò�ø���ò�õ���òVö�ò�ø�û(úiý�ÿ���ò�ø9úið�û(ÿ�ù_ü_ò�úiø���ùÒ÷	/iúÇ÷���ô_ü_ý�õïö�ò�øM��ý�ñ���ý�ø*÷�õ�ô_ø
úi÷���ü_ö�ò�øaö�÷�õ�øaù_ò�ø,��úiü_ø*ô_÷�ÿ�%1ö�ý���ðc�(÷�ú$ù_òci ý ò�ø*ô0úÇð�ö�ÿ�ü_ô_òc��ý�ñóñóò ý�õa��ò�ÿ�ô0ù�PMý�þ�ø*ò�ú���ò�ú$ö�÷�õ�ø¾ù_÷
s�ü_û(ÿ�úiò 2.16 Yiþ��8���v�}�T� ÷�ÿ�û(ñóò�õ�ô_÷�ô_ü_ý�õ ö�ÿc��ý�õ�ô_ò�õ�ÿ ö�ò�i ý ñ�<�õ�ò�
aùÒ÷���ù_ò�ü_õ�òaø*ÿ�����úiò�ø*ø*ü_ý�õ ö�òaù_÷
ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�� 75].

7
÷�ú�ö�ò�ø0ð�ô_ÿ�ö�ò�ø0ø���ò3��ô_úiý�ø���ý��(ü�&�ÿ�ò�ø0õ�ý�ÿ�øó÷���ý�õ�ø0ô_úiý�ÿ���ð�&�ÿ�òèùG� ÷�ÿ�û(ñóò�õ�ô_÷�ô_ü_ý�õ ö�òèùG� ü_õ�ô_ò�õ�ø*ü_ô_ð
úiò�ù_÷�ô_ü���ò�ö�ò�ù_÷�þ�÷�õ�ö�ò ö�� ò�%���ü_ô_÷�ô_ü_ý�õ�
 ��� � F!�2õ�ñ ö�÷�õ�øVù_ò ø���ò���ô_úiò ö�� ò�%���ü_ô_÷�ô_ü_ý�õ2ö�ò ù_÷ ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò
��ò�úiô_ò�� ò�ø*ô���ý�úiúið�ùÒð�òa÷���ò��aùG� ÷�ÿ�û(ñóò�õ(ôÒ÷�ô_ü_ý�õ ö�òaù_÷���ý�õ�ô_úiü_þ�ÿ�ô_ü_ý�õ ö�ò�øA��ý�ñ���ý�ø*÷�õ�ôÒò�ø$ù_ò�õ�ô_ò�ø$ö�÷�õ�øèù_ò�ø
ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�ø;Y���ý�ü_ú ö�ò�ù_÷�s�üÒû(ÿ�úiò 2.18 ÷�-��3�v��|5ù_ý�úiø ý�õ���ò�ÿ�ô0��ý�õ���ù_ÿ�úiò.&�ÿ�ò.��ò�ø�ôj^I��ò�ø ö�ò.��ò�õ�ô_úiò�ø��L&�ÿ�ü
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÷�����÷�úi÷�ü_ø*ø*ò�õ�ô�÷���ò��VùÒ÷8/iÿ�ü_ô_òVö�ÿ���ù_ý�ñóþ ö�òVù_÷8/iý�õ�ôÒò8��ò�õ�ö�÷�õ�ô�ù_÷	��úiý�ü_ø*ø*÷�õ���òRö�ÿV��úiü_ø*ô_÷�ù���ø*ò�õ�ø*ü_þ�ü_ù_ü_ø*ò�õ�ô�ù_÷
ù_ÿ�ñóü_õ�ò�ø���ò�õ���ò���ò�úiô_ò���÷�ú�ùG� ü_õ�ô_ò�úi÷3��ô_ü_ý(õ ñóÿ�ù_ô_ü���ý�ù_÷�ü_úiò ö�ò 4 ý�ÿ�ù_ý�ñóþ ý�ÿ(��÷�ú�ò�/�/Çò�ô ô_ÿ�õ�õ�ò�ù��OB5ò ô_ý�ÿ�ô_ò
/i÷���ý�õ�� õ�ý�ÿ�ø ÷���ý�õ�ø�ò�õ�úiò�û(ü_ø*ô_úÇð2ö�ò2ô_ò ù_ø���@�ð�õ�ý�ñ�<�õ�ò�ø�ö�÷�õ�ø�ö�ò�øV��úiü_ø*ô_÷�ÿ�%aý�þ�ô_ò�õ�ÿ�ø�÷���ò��2ö�ü�/{/ið�úÇò�õ�ô_ò�ø
ñó÷�ô_ü�<�úiò�øJ��úiò�ñóü�<�úiò�ø���÷�ü_õ�ø*ü�õ�ý�ÿ�ø9÷���ý(õ�øM��ý�õ���ù_ÿ�&�ÿ�� ò�ù_ù_òVõ�� ò�ø*ôL��÷�øJ��úiý���ý�&�ÿ�ð�ò	��÷�ú�ù�� ÷3����ÿ�ñóÿ�ù_÷�ô_ü_ý�õïö�ò�ø
ö�ü�/�/ið�úiò�õ�ô_ø9ôj^I��ò�ø9ö'PMü_ý�õ�ø9ö�ý�õ�ô�õ�ý�ÿ�ø9÷q��ý�õ�øJ��÷�úiù_ð8��ù_ÿ�øJ@�÷�ÿ�ô��
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2.5
�)�j#$)J�",$.���)�*������/4�2��!�������/ "����4�����,$�Ö*�#$)��� "#65�.�������4y*�#$)� 8#�,$,��� 8#$��)e��.Í*/��#�4� 8��,����
\�� � 4�.��e,���.��e�!2�2�,�#$*/�! "#���)î2���.���,$��4×���� "��*� "�/.���4×�/��2�#$���/4×���e�/����#$�! 8#$��)�4

ionisante

x5õ�òóö�ò�ø�ñóð�ô�@�ý�ö�ò�ø1��ý�ÿ�ú�÷�ÿ�û(ñóò�õ�ô_ò�ú�ù_÷]&�ÿ�÷�õ�ô_ü_ô_ð3ö�ò3ù_ÿ�ñóü�<�úÇò3ð�ñóü_ø*ò]��÷�ú ù_ò�ø ø���ü_õ�ô_ü_ù_ù_÷�ô_ò�ÿ�úiø
ö�ò.70��
1ò�ø*ô
ù_÷5ö�ü_ñóü_õ�ÿ�ô_ü_ý�õóö�ò5ù_÷�ô_ò ñ���ð�úi÷�ô_ÿ�úiò�ö�÷�õ�ø ù_ò�ø ÿ�õ�ü_ô_ð�ø ö�ò�ö�ð�ô_ò3��ô_ü_ý�õ�� 13 !����÷�ô_ò�ñ���ð�úi÷�ô_ÿ�úÇò
ý���ð�úi÷�ô_ü_ý�õ�õ�ò�ù_ù_ò�ý���ô_ü_ñó÷�ù_ò1��ý�ÿ�ú ù_ò170�d
 ò�ø*ôÀö�÷�õ�ø ù_÷ úið�û�ü_ý�õ]��z � -$��� � ��� 4 ò���ò�õ�ö�÷�õ�ô���ù_÷���ü_õ�ð�ô_ü�&�ÿ�ò
ö�òVø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ�÷Vÿ�õ�òVü_õ�/iù_ÿ�ò�õ���òRø*ÿ�úàù_ò�øM��ò�ú{/iý�úiñó÷�õ���ò�ø�ö�ò�ø�ö�ð�ô_ò���ô_ò�ÿ�úiøM
Rþ�÷�ø=òRö�ò	��úiü_ø*ô_÷�ÿ�%0ö�ò	70��

��÷�ú���ò5&�ÿ�ò ù_÷c&�ÿ�÷�õ�ô_ü_ô_ð ö�ò ù_ÿ�ñóü�<�úiò ð�ñóü_ø*òc��÷�ú$ù_ò�ø,��ý�ñ���ý�ø=÷�õ�ô_ò�ø¾÷���ò3� ö�ò�ø¾ö�ÿ�úÇð�ò�ø¾ö�� ð�ñóü_ø*ø*ü_ý�õ
ö�ü�/�/ið�úiò�õ�ôÒò�ø9ö�ð���ò�õ�ö�ö�òVù_÷Vô_ò�ñ���ð�úi÷�ô_ÿ(úiò��4 ý�õ�ø*ü_ö�ð�úiý�õ�ø���ò.��@�ð�õ�ý�ñ�<�õ�ò�ò�õ���úÇò�õ�÷�õ�ô
ùG� ò�%�ò�ñ���ù_ò5ö�ò1��úiü_ø*ô_÷�ÿ�%2ö�ò�ô_ÿ�õ�û(ø*ô_÷�ô_ò�ö�ò1��ù_ý�ñóþ3ö�ò
ôG^I��ò�ø ö�ü�/�/Çð�úÇò�õ�ô_ø6&�ÿ�òäõ�ý�ÿ�ø ÷���ý�õ�ø ý�þ�ô_ò�õ�ÿ�ø6
äö�üG/�/ið�úiò�õ�ô_ò�ø ð�ôÒ÷���ò�ø ö�ÿ ö�ò���ò�ù_ý�����ò�ñóò�õ�ô¾ö�ò ù_÷
ô_ò���@�õ�ý�ù_ý�û(üÒòVö�ò8��úiý�ö�ÿ���ô_ü_ý�õ�ö�ò�øJ��úiü_ø ô_÷�ÿ�%'�

"
ò�ù_ý�õ[ù_ò�ÿ�úiø ö�ü�/�/ið�úÇò�õ�ô_ò�ø ù_ÿ�ñ0ü_õ�ò�ø���ò�õ���ò�ø ü_ù_ø ø*ý�õ�ô�ö�ü���ü_ø*ð�ò�ø ò�õ�&�ÿ�÷�ô_úÇò û(úiý�ÿ���ò�ø#:n��úi÷�� üÒö�ò
aqua-bleu � ÷3��ò��Rö�ò�ø�ô_úi÷3��ò�ø ö�ò.��ý�õX��ò�õ�ô_úi÷�ô_ü_ý�õ�ø ö�ò�ñóý�ùG^>þ�ö�<�õ�ò.YvF!���h��úi÷���ü_ö�ò�þ�ù_ò�ÿ��1��úÇý�ö�ÿ�ü_ô_ø ö�÷�õ�ø
ù_ò�ø���ý�õ�ö�ü_ô_ü_ý�õ�ø ý���ô_ü_ñó÷�ù_ò�ø ÷���ò�� ÿ(õ ö�ý���÷�û�òpY������c��úg÷3��ü_ö�òp��ò�úiô�� ÷3��ò3� ÿ�õ�ò���ý�õ���ò�õ�ô_úÇ÷�ô_ü_ý�õ
÷�ÿ�û(ñ3ò�õ�ô_ð�ò3ö�ò�ø���ò�õ�ô_úÇò�ø ö�ò]��
 3 Y � ���K����ò�úiô9ù_ò�õ�ô�� ÷3��ò��2ö�ò2ù�� ü_ñ���ÿ�úÇò�ô_ð2ö�ò�i ý ö�ò���ù_ÿ�ø�&�ÿ�ò,F!���
����ñyY����v� 4 ò�ô_ô_òVö�ü_ø*ô_úiü_þ�ÿ�ô_ü_ý�õ���ý�ÿ���úiò ô_ý�ÿ�ø9ù_ò�ø9ôG^I��ò�ø9ö�ò8��úiü_ø*ô_÷�ÿ�%ïð�ô_ÿ�ö�ü_ð�ø#�

� ò�øVð���@�÷�õ�ô_ü_ù_ù_ý�õ�ø ø*ÿ�ü���÷�õ�ô_ø ÷q��ò���ù_ò�øn��÷�úÇ÷�ñ�<�ô_úiò�ø8��ü_ô_ð�øVö�÷�õ�øVù_ò��G÷�þ�ù_ò�÷�ÿ���� Q2ý�õ�ôàð�ôÒð���@�ý�ü_ø*ü_ø
��ý�ÿ�úïù_÷aúiò3��@�ò�ú{��@�ò¾ø*ÿ�ú0ù_÷¾ö�ð3��ò�õ�ö�÷ õ���ò¾ö�ò¾ù_÷¾ô_ò�ñ���ð�úi÷�ô_ÿ�úÇò¾ö�ò¾ùG� ð�ñóü_ø*ø*ü_ý�õ ö�ò¾ù_ÿ�ñóü�<�úiò¾ö�÷�õ�øèö�ò�ø
��ý�úiô_ò�ø9ö�òVô_ò�ñ���ø9ö�ð�ô_ò�úiñóü_õ�ð�ò�ø#�
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(�$ ����yf���dCf�������������
�
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Cd	�����
Echan-
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�� ��
max

dCf4��
;d	����J
luminescence,
nm
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��	�����L�¥dCf ��
	�!�� ��Kf7�)�!���"fÃ�B�"�Ä � j"' %�_�� ' B@B # B�:�	�����$f�Ä@àdà@à9�	��k�:��	� Ç f Ç æ�%�fKm
[2
	���Kf§dCf �¸iK�)�$�����������Æ�	��
	�ÃB�"�Ä �
f�� �����	�����<ÿ	
	�������Òd	
��	� ��
w��
	
��	�������
dCf���
	�!�� ��yf��)�!���"f#������
���:��	� j � k

1 450 40,6 u��t��Y�u�F!����z��tQ�Y � ���;F ��  Y   �
2 430 44,6 Q��tu�Y�Q����������t��Y � F!�;F!����YvF�F!�
3 500 42,6 Q��tQ�z�Y�Q�������u�Y � ���;F!��FqYvF!���
4 500 38,4 ��� � Y�u � ������YvF!Q���������Y������

� ò�ø2úið�ø*ÿ�ù_ô_÷�ô_ø3ö�ò ñóò�ø*ÿ�úÇò�ø]�(ý�ÿ�ú�ö�ò�ø3ôÒò�ñ���ø3ö�� ü_õ�ô_ð�û�úi÷�ô_ü_ý�õ ø���ð���ü�/iü�&�ÿ�ò�Y � ���MQ����1F!����� � �����
F!�����ïõ�ø�����÷�ü_õ�ø*üh&�ÿ�òRù_ò�ø�úið�ø*ÿ�ù_ô_÷�ô_ø�ö�òVùG� ò�%�ô_úi÷���ý�ù_÷�ô_ü_ý�õï÷�ÿ0ô_ò�ñ���ø ý�¡  �  �  �¢ ö�ò�ù_÷�ù_ÿ�ñóü�<�úiò5÷��3��ÿ�ñóÿ�ù_ð�ò
ò�ø*ô�ð�ñóü_ø*ò8��ý�ÿ�úàö�ò�ÿ�%ïô_ò�ñ���ð�úi÷�ô_ÿ�úÇò�ø9ö(ü�/�/ið�úiò�õ�ô_ò�ø9ø*ý�õ�ôL��úÇð�ø*ò�õ�ô_ð�ò�ø9ö�÷�õ�ø9ù_÷8s�üÒû(ÿ�úiò 2.19 Yi÷3�Mþ��v�
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	���KfZf����<�)�!���"f Ç(j 
�k!_ ! B�'@à�� Ç(j ÿ	k!_ ! B�"@à�� Ç
� ÷�ö�ð���ò�õ�ö�÷�õ���ò�ö�ò�ù_÷�&�ÿ�÷�õ�ôUü_ô_ðïö�òïù_ÿ�ñóü�<�úiòïð�ñóü_ø*òV��÷�ú�ù_ò�ø���úiü_ø*ô_÷�ÿ�%èö�òV70��
 ö�òV��ò�ø�ôG^I��ò�ø

ò�õV/iý�õ���ô_ü_ý�õïö�òRù_÷Rô_ò�ñ���ð�úi÷�ô_ÿ�úÇòR÷5ð�ô_ðRð�ô_ÿ�ö�ü_ð�ò��3
5õ0ô_úiý�ÿ���ò�&�ÿ�ò�ö�÷�õ�ø ù_ò�ø ð3��@�÷�õ�ô_ü_ù_ù_ý�õ�ø�F8- � ��&�ÿ�ü�ø*ý�õ�ô
« úÇ÷3��ü_ö�ò�ø;�#� ù_÷5&�ÿ�÷�õ�ô_ü_ô_ð úÇò�ù_÷�ô_ü���ò ö(ò ù_ÿ�ñóü�<�úÇò ò�õ�úÇò�û(ü_ø*ô_úið�ò ö�÷�õ�øaù_ò�ø���ý�úiô_ò�ø,��ý�ÿ�úiô_ò�ø�Y � ����Q��1ò�ô
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100 õ�ø��V÷�ÿ�%�&�ÿ�÷�õ�ô_ü_ô_ð�ø�ò�õ�úiò�û(ü_ø*ô_úið�ò�ø ö�÷�õ�øïù_ò�øV��ý�úiô_ò�øïö�òlFq�����aõ�øïö�ü_ñóü_õ�ÿ�ò�� ò�õa÷��3��ý�úiöa÷���ò��l� 56]

÷���ò���ù_÷�ö�ü_ñóü_õ�ÿ�ô_ü_ý�õ0ö�ò�ù_÷�ô_ò�ñ���ð�úi÷�ô_ÿ(úiò�� ñ3÷�ü_ø;&�ÿ�ò�ù_÷�&�ÿ�÷�õ�ô_ü_ô_ð�÷�þ�ø*ý�ù_ÿ�ò5ö�ò�ù_ÿ�ñóü�<�úiò�ö�÷�õ�ø�ù_ò�ø�ñ�S�ñóò�ø
��ý�úiô_ò�ø ò�ô�ù_÷�&�ÿ�÷�õ�ô_ü_ô_ð�ô_ý�ô_÷�ù_ò�ö�ò�ù_ÿ�ñóü¤<�úÇò�ò�ø*ô
÷�ÿ�û(ñ3ò�õ�ô_ð�ò���� ÷�ö�ð���ò�õ�ö�÷�õ���ò5ö�ò5ù_÷.&�ÿ�÷�õ�ô_ü_ô_ð5ö�ò5ù_ÿ�ñóü�<�úiò
ð�ñóü_ø*ò�÷���ò�� ùÒ÷ ô_ò�ñ���ð�úÇ÷�ô_ÿ�úiò�ò�ø*ô�-vF�� �]¥���� � ¢�¦�4 � 77 !��7
ý�ÿ�ú ù�� ð���@�÷�õ�ô_ü_ù_ù_ý�õ��2ù_÷�&�ÿ�÷�õ�ô_ü_ô_ð úiò�ù_÷�ô_ü���ò ö�ò
ù_ÿ�ñóü�<�úiò5õ�PMò�ø*ô0��÷�ø8��@�÷�õ�û(ð�ò3��þ�ü_ò�õ]&�ÿ(ò�ù_÷1&�ÿ�÷�õ�ô_ü_ô_ð�÷�þ�ø*ý�ù_ÿ�ò�ö�ò�ù_ÿ�ñóü�<�úiò�ð�ñóü_ø*ò�ø*ý�ü_ôÀ÷�ÿ�û(ñóò�õ�ô_ð�ò�� 4 ò�ô
ð���@�÷�õ�ô_ü_ù_ù_ý�õ ñóý�õ�ô_úiò¾ð�û(÷�ùÒò�ñóò�õ�ô5ÿ�õ(òl��ù_ÿ�ø���ò�ô_ü_ô_ò ö�ð���ò�õ�ö�÷�õ���ò ö�ò ù_÷l&�ÿ�÷�õ�ô_ü_ô_ð ö�ò ù_ÿ�ñóü�<�úiò ö�ò ù_÷
ô_ò�ñ���ð�úi÷�ô_ÿ�úÇò���ò�&�ÿ�ü3ò�ø*ô�-vF�� Qr¥��O� � ¢�¦�4 �	� ò�øXúið�ø*ÿ�ù_ô_÷�ô_øXö�ò�ø ð�ô_ÿ�ö�ò�øXø*ý�õ�ô���úið�ø*ò�õ�ôÒð�øXö�÷�õ�øXù_÷
s�ü_û(ÿ�úiò 2.20.

iB����
	�Kf
2.20

l;g8
7d	���Cf��Cd	
��	�KfZdCf��I
9�	
	
��	�������ZdCf���
	�!�� ��Kf��)�$���"fZdCfZd	��@"@"���Kf��	���������Cf�������������
�
	�
dCf 'BA \Òf��7@"���	���������%dCf���
9�$f)�!�	����
���
	�yf Ç

� ÷Xúi÷�ü_ø*ý�õ.ö�ò>��ò�ø���÷�úiô_ü���ÿ�ù_÷ úiü_ô_ð�ø4ö�ò�ø)��úiü_ø*ô_÷�ÿ�% ÷���ò�� ÿ�õC��ý�õ�ôÒò�õ�ÿ ö�ò>i ý ÷�ÿ õ�ü���ò�÷�ÿ ö�ò
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NJÿ�ø�&�ÿ�� 
(&�ÿ�ò�ù õ�ü���ò�÷�ÿ.ü_ù�/i÷�ÿ�ô�÷�ñ3ð�ù_üUý�úiò�ú2ù_ò�ø)��úiý���úiü_ð�ô_ð�ø ö�òXùÒ÷Xñó÷�ô_ü�<�úiòXö�ÿ ô_ÿ�õ�û(ø*ô_÷�ôÒòXö�ò>��ù_ý�ñóþ��
7
ÿ�ü_ø�&�ÿ�ò3ù_÷]��ý�ø*ø*ü_þ�ü_ù_ü_ô_ð3ö�PM÷�ñóð�ù_ü_ý�úi÷�ô_üUý�õ4ö�ò3ù_÷]&�ÿ�÷�õ�ô_ü_ô_ð3ö�ò3ù_ÿ�ñóü�<�úiò2ð�ñóü_ø*ò2ò�ø*ô9ò�õ)��úiü_õ���ü���ò2ù_ü_ñóü_ô_ð�ò
��÷�ú ù_ò4ñóð���÷�õ�ü_ø*ñóò ö�ò ø���ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õX��ù_ò�øYò�/�/iý�úiô_ø[��ý�ÿ�ú�ùG� ÷�ñóð�ù_ü_ý�úi÷�ô_ü_ý�õ ö�ò ùÒ÷)&�ÿ�÷�õ�ô_ü_ô_ð ö�ò ù_ÿ�ñóü�<�úÇò
ð�ñóü_ø*òV��ý�ÿ�úM&�ÿ�ò�ù�&�ÿ�ò�ø�ö�ü�~�÷�ü_õ�ò�ø���ý�ÿ(ú�-���ò�õ�ôT��ò�ÿ���ò�õ�ôTS�ô_úiò0ü_úÇúi÷�ü_ø*ý�õ�õ�÷�þ�ù_ò�ñ3ò�õ�ô}��@�ò�ú��àò�õ���úÇò�ñóü_ò�ú ù_ü_ò�ÿ
��ý�ÿ�úGö�ò�ø�úi÷�ü_ø*ý�õ�ø�ô_ò3��@�õ�ý�ù_ý�û(ü�&�ÿ�ò�ø#�3H�ý�ÿ�ø�÷���ý�õ�ø�ô_úiý�ÿ���ð��L&�ÿ�ò5ù_÷.&�ÿ�÷�õ�ô_ü_ô_ð5ö�ò5ù_ÿ�ñóü�<�úiò5ð�ñóü_ø*ò.��÷�ú ö�ò�ø
��úiü_ø*ô_÷�ÿ�%ïù_ý�õ�û(øJY�� � ��ñóñ���ö�PM÷�ÿïñóý�ü_õ(ø1F!�V��@�ý�ô_ý�ð�ù_ò���ô_úÇý�õ�ø ¦ i ò�Þ6Y�70iåä.70����u�����ò�ø*ô�ø*ÿ�/�/iü_ø=÷�õ�ô_ò	��ý�ÿ�ú
/i÷�þ�úiü�&�ÿ�ò�ú5ÿ�õ(��÷�ù_ý�úiü_ñ�<�ô_úÇòè÷���ò��èù_ò�ø2��÷�úi÷�ñ�<�ô_úÇò�øóø*÷�ô_ü_ø�/i÷�ü_ø*÷�õ�ô�÷�ÿ�%Xö�ò�ñó÷�õ�ö�ò�ø3ö�ÿ(��úÇý!NJò�ô 4 il"0��ò�õ
ô_ò�õ�÷�õ�ô}��ý�ñ���ô_ò0ö�PMÿ�õ�òóúið�ö�ÿ���ô_ü_ý�õè÷�ö(ñóü_ø*ø*ü_þ�ù_ò0ö�òóù_÷�&�ÿ�÷�õ�ô_ü_ô_ðóö�òóù_ÿ�ñóü�<�úiò3ð�ñóü_ø*òóð�û(÷�ùÒò�
)F!� ¢ ø*ý�ÿ�ø
ù�PMò�/�/iò�ô�ö�ò�ø9úi÷�ö�ü_÷�ô_ü_ý�õ�ø#�

� ò���úiý�þ�ù�<�ñóò�ö�PMý���ô_ü_ñóü_ø*÷�ô_ü_ý�õYö�òïù_÷V��ý�ù_ù_ò3��ô_ü_ý�õ$ö�òïù_ÿ�ñóü�<�úiòïö�÷�õ�ø�ù_ò�ø���úiü_ø*ô_÷�ÿ�%èö�òV70��
 ò�ø*ô
ÿ�õóö�ò�ø���ù_ÿ�ø ü_ñ���ý�úiô_÷�õ�ô_øn
�úið�ø*ý�ÿ�ö�úÇò.��ý�ÿ�ú ù_÷1��ý�õ�ø*ô_úiÿ���ô_ü_ý�õ3ö�ò�ø øv^>ø*ô�<�ñóò�ø ö�ò�ö�ð�ô_ò���ô_ü_ý�õ3ò�õ]��@�^>ø*ü�&�ÿ�ò
ö�ò�ø§@�÷�ÿ�ô_ò�ø ð�õ�ò�úÇû(ü_ò�ø#� 4 PMò�ø*ôå��ý(ÿ�ú�&�ÿ�ý�ü ö�÷�õ�ø ù_÷æ��ý�õ�ø*ô_úiÿ���ô_ü_ý�õ ö�ò õ�ý�ÿ���ò�÷�ÿ�% øZ^>ø*ô�<�ñóò�ø
ò�%���ð�úiü_ñóò�õ�ô_÷�ÿ�%,
Yþ�÷�ø*òYö�ò[��úiü_ø*ô_÷�ÿ�%aø���ü_õ�ô_ü_ù_ù_÷�õ�ô_ø2��ý�ñóñóò$ù_òA70��
.� ý�õ¾ö�ý�ü_ô ø���ð���ü_÷�ù_ò�ñóò�õ�ô ð�ô_ÿ�ö�ü_ò�ú
ù�PMý���ô_ü_ñóü_ø*÷�ô_ü_ý�õ3ö�ò�ù_÷1��ý�ù_ù_ò���ô_ü_ý�õ3ö�ò�ùUÿ�ñóü�<�úiò�ò�ôÀù_÷�ø*ÿ�����úÇò�ø*ø*ü_ý�õ3ö�ò ù_÷ õ�ý�õ�-iÿ�õ�ü�/iý�úiñóü_ô_ð ö�ò���ý�ù_ù_ò3��ô_ü_ý�õ
ö�ò4ù_÷�&�ÿ�÷�õ�ô_ü_ô_ð4ö�ò4ù_ÿ�ñóü�<�úÇò4ð�ñóü_ø*òc� 79-85 !� 4 ò���úiý�þ�ù�<�ñóò4ò�ø*ôVúiò�õ�ö�ÿ ò�õ���ý�úÇò���ù_ÿ�ø2ö�ü�/�/iü���ü_ù_ò4ö�÷�õ�ø
ù�PMò�%���ð�úiü_ò�õ���ò 4 il"?��÷�ú3ü_ù�/i÷�ÿ�ô�ÿ�ô_üUù_ü_ø*ò�ú2ö�ò�ø)��úiü_ø*ô_÷�ÿ�% ø���ü_õ�ô_ü_ù_ù_÷�õ�ô_ø þ�ü_úið�/iúiü_õ�û�ò�õ�ô_ø ÷���ò3�Xÿ�õ û(úi÷�õ�ö
ü_õ�ö�ü���òRö�òRúið3/iúi÷3��ô_ü_ý�õVY���� � ����ÿ�õ�ò�/i÷�ü_þ(ù_ò6&�ÿ�÷�õ�ô_ü_ô_ð�ö�ò�ù_ÿ�ñóü�<�úiò�ð�ñóü_ø*ò.Y�ç$F!��è�F!� photoélectrons/MeV)

ö�ò�ø ù_ý�õ�û(ÿ�ò�ÿ�úiø ö�PM÷�ÿ[ñóý�ü_õ�ø�� � �[ñ0ñ ÷���ò3� ÿ�õ�ò ø*ò3��ô_ü_ý�õ.ö�PMò�õ���ü_úiý�õ 20×���.ñóñ 2 �KB5ò(��ù_ÿ�ø���ù_ò�ø
��@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�úiøY÷���ò��4ÿ�õ�ò���ò�ô_ü_ô_ò4ø ÿ�ú�/Ç÷���ò4ø*ò�õ�ø*ü_þ�ù_ò�&�ÿ�ü8/i÷�ü_ôVñóý�ü_õ�ø2ö�ò���� ¢ Y�� ×��Q ñóñ 2��ö�ò ù_÷
ø*ÿ�ú�/i÷���òVö�òVø*ý�úiô_ü_òVö�ÿV��úiü_ø*ô_÷�ùL��ý�õ�ôLS�ô_ú;òVÿ�ô_ü_ù_ü_ø*ð�øJ��ý�ÿ�úàù_÷Vö�ð�ô_ò���ô_ü_ý�õ�ö�ÿ�ø*ü_û(õ�÷�ù��4 ò�ø[��ý�õ�ö�ü_ô_ü_ý�õ�ø$õ�òaø*ý�õ�ô���÷ ø$ý���ô_ü_ñó÷�ù_ò�ø$ö�ÿc��ý�ü_õ�ô�ö�ò���ÿ�òaö�òaù_÷���ý�ù_ù_ò3��ô_ü_ý�õ ö�òaù_ÿ�ñóü�<�úiò��4 ý�ñóñóò�ù_ò�úið�ø*ÿ�ù_ô_÷�ô���ù�PM÷�þ�ø*ý�ú���ô_ü_ý�õ2ü_õ(ô_úiü_õ�ø�<�&�ÿ�ò ö�ÿ���úiü_ø*ô_÷�ùàö�÷�õ�øVù_÷ þ�÷�õ�ö�ò ø���ò���ô_úÇ÷�ù_ò ö�ò øZ��ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ��
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ù_òäôG^I��ò ò�ô¾ù_÷�&�ÿ�÷�ù_ü_ô_ð ö�ÿ ô_úi÷�ü_ô_ò�ñ0ò�õ�ô¾ö�ò�øa/i÷3��ò�ø ö�ÿp��úiü_ø*ô_÷�ù¾ò�ô¾ù_ò�øa��úiý���úiü_ð�ôÒð�ø ö�ÿ ñó÷�ô_ð�úiü_÷�ÿ
úið�/iù_ð3��@�ü_ø*ø*÷�õ�ô�ö�PMò�ñóþ�÷�ù_ù_÷�û(òïö�ÿ[��úiü_ø*ô_÷ ù�ø*ý�õ�ô ö�ò�ø�/Ç÷���ô_ò�ÿ�úiø�ö�ý�ñóü_õ�÷�õ�ô_ø�&�ÿ�ü ö�ð�ôÒò�úiñóü_õ�ò�õ�ô ù_÷V��ý�õ�ö�ü_ô_ü_ý�õ
ö�ò�ù_÷���ý�ù_ù_ò���ô_ü_ý�õóö�ò5ù_ÿ�ñóü�<�úiòL�3�Gý�ÿ�ø���ò�ø�/i÷3��ô_ò�ÿ�úiø�ö�ð�ô_ò�úiñóü_õ�ò�õ�ô
ù_÷.&�ÿ�÷�õ�ô_ü_ô_ð5ö�ò5ù_ÿ�ñóü�<�úÇò5ô_ý�ô_÷�ù_ò.&�ÿ�ü
ò�ø*ô
ò�õ�úiò�û(ü_ø*ô_úið�òe��÷�ú ùÒò�ø���@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�úiø[÷�ÿ�ø*ø*ü þ�ü_ò�õ�&�ÿ�ò ù�PQ÷�����÷�úiü_ô_ü_ý�õ ö�ò õ�ý�õ�-iÿ�õ�üG/iý�úiñóü_ô_ð ö�ò ù_÷
&�ÿ�÷�õ�ô_ü_ô_ðVö�òVù_ÿ�ñóü�<�úiòVö�ð�ôÒò���ô_ð�òVø*ÿ�ü���÷�õ(ô�ù_÷8��ý�ø*ü_ô_ü_ý�õ�ù_ý�õ�û(ü_ô_ÿ�ö�ü_õ�÷�ù_òVö�ò�øJ��@�ý�ô_ý�õ�ø9ð�ñóü_ø9ö�÷�õ�ø9ù_ò8��úiü_ø*ô_÷�ù��

�nPQð�ô_ÿ�ö�ò���ý�ÿ�ú�ùG� ÷�ñ3ð�ù_ü_ý�úi÷�ô_ü_ý�õèö�òóù_÷]��ý�ù_ù_ò3��ô_ü_ý�õ4ö�ò3ù_ÿ�ñóü�<�úiò2÷3ÿ�õ�ò3ü_ñ���ý�úiô_÷�õ���ò]��÷�úiô_ü���ÿ�ù_ü�<�úiò
��ý�ÿ�úïù_ò�ø$÷�����ù_ü���÷�ô_ü_ý�õ�ø$ö�ò�øA��úiü_ø*ô_÷�ÿ�% ö�òaô_ÿ�õ�û(ø*ô_÷�ô_òaö�ò���ù_ý�ñóþ ö�÷�õ�ø$ù_÷¾úið�û(ü_ý�õ ö�ò�øèð�õ�ò�úÇû(üÒò�ø���ù_ÿ�ø
þ�÷�ø*ø*ò�øJ&�ÿ�òVù_ò8ã�ò�Þ9� 86].

B5÷�õ�ø[��ò���@�÷���ü_ô_úiò õ�ý�ÿ�ø$ò�%��(ý�ø*ý�õ�øYù_ò�øYúið�ø*ÿ�ù_ô_÷�ô_øYö�ò�øYð�ô_ÿ�ö�ò�ø$ö�PMý���ô_ü_ñóü_ø*÷�ô_ü_ý�õ ö�ÿ øZ^>ø*ô�<�ñóò
��úiü_ø*ô_÷�ù�ö�ò870��
Eè���@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�ú�&(ÿ�òVõ�ý�ÿ�ø9÷���ý�õ�ø9úið�÷�ù_ü_ø*ð�ò�ø#�

3.2
����47���� "3������/47�� h����+���)�4�.� "#�,�#$4��/472���)�����)� h,��/47�� ".����/4

3.2.1 é&Ï�Ð9Ü,Ñ�ÖÚÓ<ÙHÛ8Ï�Ð$Ï�ß�è9Ñ(ÝË×KÜ,Ï�Õ5ÖKÔmØ�Ï�Ð
|5ÿ=��ý�ÿ�úiø
ö�ò�øäð�ô_ÿ�ö�ò�ø
ò�/{/;ò���ô_ÿ�ð�ò�ø
õ�ý�ÿ�ø
÷���ý�õ�øä÷�õ�÷�ùj^>ø*ð ù�PMü_õ�/iù_ÿ�ò�õ���ò ö�ò�øäö�ü�/�/ið�úiò�õ�ô_ò�ø

ò�ñóþ�÷�ù_ù_÷�û(ò�øl��ý�ñóñóò ù_òd�K^I��ò�DXêX��ù_òci>^>ù_÷�ú�êX��ùÒòdi ü_ù_ù_ü���ý�úiòqêX��ù_òd�Gò�/iù_ý�õXê1ø*ÿ�ú ù_÷C��ý�ù_ù_ò���ô_ü_ý�õ ö�ò
ù_ÿ�ñóü�<�úiò ò�ôàù_÷ õ�ý�õ�-iÿ�õ�ü�/iý�úiñóü_ô_ð ö�ò�ù_÷���ý�ù_ù_ò3��ô_ü_ý�õYö�ò�ù_ÿ�ñóü�<�úiò�ö�ò�øZ��ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õYö�ò�ø	��úiü_ø*ô_÷�ÿ�%$ö�ò�70��

ö�ò�/iý�úiñóò�ø$ö�ü�/�/Çð�úÇò�õ�ô_ò�ø�Yiö�ò�ø�/iý�úiñóò øèúÇò���ô_÷�õ�û(ÿ�ù_÷�üÒúiò�ø��Vö�ò�ø�/iý�úiñóò�øèö�ò,��^>úÇ÷�ñóü_ö�ò�øèô_úiý�õ�&�ÿ�ð�ò�ø��Vö�ò�ø
/iý�úiñóò�ø ö�ò�ö�ò�ÿ�%���^>úi÷�ñóü_ö�ò�ø ô_úiý�õ�&�ÿ�ð ò�ø��v��H5ý�ÿ�ø�÷���ý�õ�ø ð�ô_ÿ�ö�ü_ð5÷�ÿ�ø*ø*ü
ù_÷5ö�ð���ò�õ�ö�÷�õ���ò5ö�ò5ù_÷.��ý�ù_ù_ò���ô_ü_ý�õ
ö�ò2ù_ÿ�ñóü�<�úiò2ö�ò2øZ��ü_õ�ô_ü_ù_ù_÷�ô_ü_ý�õ ò�õ�/iý�õX��ô_ü_ý�õaö�òYù_÷Yø*ÿ�ú�/Ç÷���òYö�ò[��ý�õ�ô_÷3��ô�ý���ô_ü�&�ÿ�òYò�õ�ô_úiòYùÒò[��úiü_ø*ô_÷�ù�ò�ô�ù_ò
��@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�ú(��ý�ÿ�ú ö�ò�ø ö�ü_ñóò�õ�ø ü_ý�õ�ø ö�ò?/Çò�õ�S�ô_úiò�ø ö�ò
ø*ý�úiô_ü_ò
ö�òpF!� × F!��
?��� ×24 ñóñ 2 ��� ÷
��ý�ù_ù_ò���ô_ü_ý�õ ö�ò ù_ÿ�ñóü�<�úiò ø#PQ÷�ñóð�ù_ü_ý�úiòèö�÷�õ�ø2ù_ò���÷�ø2ý�¡XùÒ÷���÷�úiô_ü_ò4ö�ò4ù_÷�/Ç÷���ò4ö�ò4ø*ý�úiô_ü_ò4ö�ÿ>��úiü_ø*ô_÷�ùVò�õ
ö�ò�@�ý�úiø ö�ò ù_÷d~�ý�õ�ò ÷3��ô_ü���ò ö�ÿe��@�ý(ô_ý�ö�ð�ô_ò���ôÒò�ÿ�úèò�ø*ôóúÇò���ý�ÿ���ò�úiô_ò ö�PMÿ�õ úið�/iùÒò���ô_ò�ÿ�ú ö�ü�/�/Çÿ�ø*÷�õ�ô��8� ò�ø
úið�ø*ÿ�ù_ô_÷�ô_ø�ý�þ�ô_ò�õ�ÿ�ø�õ�ý�ÿ�øïý�õ�ôM��ò�úiñóü_ø�ö�ò[��ý�õ���ù_ÿ�úiò[&�ÿ�òYù�PMÿ�ô_ü_ù_ü_ø*÷�ô_ü_ý�õaö�ò�øïúið3/iù_ò���ôÒò�ÿ�úiøïö�ü�/�/iÿ�ø*÷�õ�ô_ø0ò�ø*ô
��úið�/ið�úi÷�þ�ù_òR÷�ÿ�%ïñóü_úiý�ü_úiø.� 38,81].

� òïøv^>ø*ô�<�ñ3òïö�PM÷3��&�ÿ�ü_ø*ü_ô_ü_ý�õ$ö(ò�ø�ö�ý�õ�õ�ð�ò�ø�ò�%���ð�úiü_ñóò�õ�ô_÷�ù_ò�ø���ý�ÿ�ú�ù_ò�ø�ñóò�ø*ÿ�úiò�ø�ö�ò0ù_÷2&�ÿ�÷�õ�ô_ü_ô_ð
ö�òYù_ÿ�ñóü�<�úiòYð�ñóü_ø*ò$ò�ô�ö�òYù_÷$õ�ý�õ�-iÿ�õ(ü�/iý�úiñóü_ô_ð$ö�ò$ù_÷A&�ÿ�÷�õ�ô_ü_ô_ð$ö�ò$ù_ÿ�ñóü�<�úÇò$ð�ñóü_ø*òA��÷�ú�ÿ�õ�ò$ñóð�ô�@�ý�ö�ò
ö�PM÷�õ�÷�ùj^>ø*òVö�PQ÷�ñ���ù_ü_ô_ÿ�ö�ò�ø9÷Vð�ô_ðVö�ð���úiüUô_òVö�÷�õ�ø9ù_ò8��÷�úi÷�û(úi÷3��@�ò8���tF�� ���

B5ò�ÿ�%$ôG^#��ò�øRö�� ÷�õ�÷�ùG^>ø=ò�ö�ò�ö�ý(õ�õ�ð�ò�øRý�õ�ô ð�ô_ðïÿ�ô_ü_ù_ü_ø*ð�ø#�XB5÷�õ�ø�ù_òV��úÇò�ñóü_ò�ú�õ�ý�ÿ�ø�÷���ý�õ�ø�ñ3ò�ø*ÿ�úið
ù_÷.��ý�ø*ü_ô_ü_ý�õóö�ÿóñó÷�%�ü_ñóÿ�ñ ö�ÿóø���ò���ô_ú;ò5ö�PM÷�ñ���ù_ü_ô_ÿ�ö�ò�ø��L&�ÿ�ü
ö�ð�ô_ò�úiñóü_õ�ò��L��÷�ú ö�ð�/iü_õ�ü_ô_ü_ý�õ���ù_÷1&�ÿ�÷�õ�ô_ü_ô_ð�ö�ò
ù_ÿ�ñóü�<�úiò ð�ñóü_ø*ò ö�ÿ���úiü_ø*ô_÷�ù�&�ÿ�÷�õ�ö.ù_ò(��ü��(��@�ý�ô_ý�ð�ù_ò3��ô_úiü�&�ÿ�ò ò�ô_÷�ü_ô þ�ü_ò�õC��÷�úÇ÷���ô_ð�úiü_ø*ð [37 !�KB5÷�õ�ø4ù_ò
ø*ò���ý�õ�ö�òaõ�ý�ÿ�ø$÷���ý�õ�ø$ÿ�ô_ü_ù_ü_ø*ðaùG� ü_õ�ô_ð�û>úi÷�ô_ü_ý�õ ö�ò�ø$ø���ò3��ô_úiò�øèò�õ�úiò�û(ü_ø*ô_úÇð�ø [38 !� 4 ò�ô_ô_òañóð�ô�@�ý�ö�òa÷ été

ÿ�ô_ü_ù_ü_ø*ð�òVù_ý�úiø�&�ÿ�òVÿ�õ�ò8��÷�úiô_ü_òVø=ò�ÿ�ù_ò�ñóò õ�ô�ö�òVù_÷�/i÷���òRö�òRø*ý�úiô_ü_òRö�ÿV70��
 ð�ô_÷�ü_ô�ò�õ2��ý�õ�ô_÷���ô�ý���ô_ü�&�ÿ�òR÷���ò��
ù_÷ë��@�ý�ô_ý���÷�ô�@�ý�ö�ò ö�ÿß70i ò�ô õ�ò=��ò�úiñóò�ô_ô_÷�ü_ô6��ù_ÿ�ø ö�ò ö�ð�ô_ò�úiñóü_õ�ò�ú ÷���ò3�å��úÇð���ü_ø*ü_ý�õ ù_òå��ü��
��@�ý�ô_ý�ð�ù_ò���ô_úiü�&�ÿ�ò0ö�÷�õ�ø�ùÒòóø���ò���ô_úÇòóö�P�÷�ñ���ù_ü_ô_ÿ�ö�ò�� 4 ò�ô_ô_ò�/Ç÷���ý�õ ö�PMý���ð�úiò�ú�÷3ð�ô_ðóÿ�ô_ü_ù_ü_ø*ð�ò���ý�ÿ�ú�ø*ü_ñóÿ�ù_ò�ú
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ò�%���ð�úiü_ñóò�õ�ô_÷�ù_ò�ñóò�õ�ô$ö�÷�õ�ø õ�ý�ô_úiò ö�üUø���ý�ø*ü_ô_ü�/aù_ò�øc��÷�úiô_ü���ÿ�ù_÷�úiü_ô_ð�ø ö�ò�øc��÷�úi÷�ñ�<�ô_úÇò�ø ô_ò���@�õ�ü�&�ÿ�ò�ø ö�ò�ø
��@�ý�ô_ý�ö�ü_ý�ö�ò�ø?
 ÷���÷�ù_÷�õ���@�ò�ø?&�ÿ�üXý(õ�ôXð�ô_ðf�3@�ý�ü_ø*ü_ò�ø?��ý�ñóñóòf��@�ý�ô_ý�ö�ð�ô_ò���ôÒò�ÿ�úiøäö�ÿë��÷�ù_ý�úiü_ñ�<�ô_úiò
ð�ù_ò���ô_úiý�ñó÷�û(õ�ð�ô_ü�&�ÿ�ò 4 il">� 13 v�37
ý�ÿ�ú ù_ò�ø�|.70B1ö�ò5ö�ò�úiõ�ü�<�úÇò�û(ð�õ�ð�úi÷�ô_ü_ý�õóö�ð���ò�ù_ý�����ð�ò�ø���ý�ÿ�ú 4 il" ù_÷
ø*ÿ�ú�/i÷���òXø*ò�õ�ø*ü_þ�ù_òXò�ø*ô�ö�ò>��Q ñóñ 2 �JH�ý�ô_úiòXð���÷�ù_ÿ�÷�ô_ü_ý�õ ñóý�õ�ô_úiò>&�ÿ�ò���ò�õE��úiò�õ�÷�õ�ô�ò�õ6��ý�ñ���ô_ò ù_ò�ø
ö�ü�/�/ið�úiò�õ���ò�øRö�PQò�/�/iüG��÷���ü_ô_ð�ø	&�ÿ�÷�õ�ô_ü�&�ÿ�ò øRö�ÿ[70ißä.70����u��Yÿ�ô_ü_ù_ü_ø*ð�ö�÷�õ�øRõ�ý�ô_úiòïö�ü_ø���ý�ø*ü_ô_ü�/�ö�òïñóò�ø*ÿ�úiòïò�ô
ù_÷2ö�ð���ò�õ�ö�÷�õ���ò2ö�òYù�PMò�/{/iü���÷���ü_ôÒð[&�ÿ�÷�õ(ô_ü�&�ÿ�òYö�òYù�P�|.70B ò�õ�/iý�õ���ô_ü_ý�õaö�òYù_÷Yù_ý�õ�û(ÿ�ò�ÿ�úRö�PMý�õ�ö�ò�ø�� ÷�ü_õ�ø*ü
&�ÿ�ò�ù�PMò�/�/Çò�ôÀö�ò1��ý�õ���ò�õ�ô_úÇ÷�ô_ü_ý�õ3ö�÷�õ�ø ö(ò�ø8��úiü_ø*ô_÷�ÿ�%[��^>úi÷�ñóü_ö�÷�ÿ�%���ù_ò ø*ü_û(õ�÷�ùàü_õ�ô_ð�û�úið ö�ò ù_ÿ�ñóü�<�úÇò ö�ý�õ�õ�ð
��÷�úGÿ�õ�ò.|.70B ÷���ò��5ÿ�õ�ò5ø*ÿ�ú�/Ç÷���ò5ø=ò�õ(ø*ü_þ�ù_ò5ö�ò.Q ×Qóñóñ 2 ��ý�úiúiò�ø���ý�õ�ö2÷�ÿ3ø*ü_û(õ�÷�ùÀý�þ�ô_ò�õ�ÿ3÷���ò3��ÿ�õ]70i
ä.70����u���÷���ò��Vÿ�õ�ò	/iò�õ�S�ô_úiòVö�PQò�õ�ô_úið�ò ö�ò2F!� × F!��ñóñ 2 ü_õ�ø*ô_÷�ù_ù_ð�òVø*ÿ�úàù_÷8��@�ý�ô_ý���÷�ô�@�ý�ö�ò��

*Gõ�ò�/�/iò�ô���ù_÷8&�ÿ�÷�õ�ô_ü_ô_ðVö�òVù_ÿ�ñ0ü�<�úiòRð�ñóü_ø*òVò�õ�úÇò�û(ü_ø*ô_úið�ò8��÷�úàù_ò870i ò�ø*ôT:
LYPM

� �Tì t×SW1eff ×QEPM (3.1)


.¡ LYt ò�ø*ôàù_÷�&�ÿ�÷�õ�ô_ü_ô_ð ô_ò���@(õ�ü�&�ÿ�ò ö�ò ù_ÿ�ñóü�<�úiò ð�ñóü_ø*ò���÷�ú ù_÷ ñó÷�ô_ü�<�úiò ø���ü_õ�ô_ü_ù_ù_÷�õ�ô_ò�� SW1eff la

ø*ÿ�ú�/i÷���òaò�/{/iò���ô_ü���òaö�òaù_÷,/Çò�õ�S�ô_úÇò¾ö�òaø*ý�úiô_ü_ò,�yF)Yiñóñ 2�0ø*ÿ�ú0ù_÷�&�ÿ�ò�ù_ù_ò¾ù_ò,70i ò�ø*ô5ü_õ�ø*ô_÷�ù_ù_ð��Vô_ò�õ�÷�õ�ô
��ý�ñ���ô_òYö�òYù_÷Yö�ð���ò�õ�ö�÷�õ���òYö�ÿ�/iù_ÿ�%aö�ò[��@�ý�ô_ý�õ�øïø*ý�úiô_÷�õ�ô�ö�ÿ���úiü_ø*ô_÷�ù ò�õ,/iý�õ���ô_ü_ý�õ¾ö�ò$ù_÷A��ý�ø*ü_ô_ü_ý�õ,

��÷�ÿ�ø*ò ö�ò ùG� ò�/�/Çò�ôàö�ò���ý�õ���ò�õ�ô_úÇ÷�ô_ü_ý�õ��(ý�ÿ�úK��ò�úiôÒ÷�ü_õ�ò�ø	/iò�õ�S�ô_úiò�ø�� QEPM ò�ø*ô�ùG� ò3/�/iü���÷3��ü_ô_ð�&�ÿ�÷�õ�ô_ü�&�ÿ�ò�ö�ò�ùÒ÷
��@�ý�ô_ý���÷�ô�@�ý�ö�òVö�ÿ�70iE�

B5òVñ�S�ñóòVõ�ý�ÿ�ø9ý�þ�ô_ò�õ�ý�õ�ø9ö�÷ õ�ø9ùÒò8��÷�ø9ö�ò8|.70B�:
LYAPD = LYt×Sí ��îGï ï ×QEAPD×KImm (3.2)


.¡ LYt ò�ø*ô ù_÷V&�ÿ�÷�õ�ô_ü_ô_ðïô_ò���@(õ�ü�&�ÿ�òïö�òïù_ÿ�ñóü�<�úiòïð�ñóü_ø*òïö�òïù_÷0ñó÷�ô_ü�<�úÇò0ø���ü_õ�ô_ü_ù_ù_÷�õ�ô_ò�� SW2eff la

ø*ÿ�ú�/i÷���ò�ò�/{/iò���ô_ü���ò�ö�ò�ù_÷�/Çò�õ�S�ô_úÇò�ö�ò�ø ý�úiô_ü_òV���AYiñóñ 2��ø*ÿ�ú�ù_÷�&�ÿ�ò�ù_ù_òïù�Pt|.70B ò�ø*ô ü_õ�ø*ô_÷�ù_ù_ð�ò��àò�õ$ô_ò�õ�÷�õ�ô
��ý�ñ���ô_òïö�ò0ù_÷0ö�ð���ò�õ�ö�÷�õ���ò0ö�ÿ�/iù_ý�ô ö�ò�ø.��@�ý�ô_ý�õ�ø.&�ÿ�üGø*ý�úiô_ò�õ�ôGö�ò0ù_÷�/iò�õ�S�ôÒúiò0ö�ò0ø*ý�úiô_ü_ò0ö�ÿ���úiü_ø*ô_÷�ùGò�õ
/iý�õ���ô_ü_ý�õ[ö�ò ù_÷l��ý�ø*ü_ô_ü_ý�õ�
l��÷�ÿ�ø=ò ö(ò ùG� ò3/�/iò�ô�ö�ò(��ý�õ���ò�õ�ô_úi÷�ô_ü_ý�õ���ý�ÿ�ú���ò�úiô_÷�ü_õ�ò�ø�/iò�õ�S�ô_úÇò�ø�� QEAPD

ö�ð���ò�õ�ö�÷�õ���òóö�PQò�/�/iü���÷���ü_ô_ð�&�ÿ�÷�õ�ô_ü�&�ÿ�ò0ö�òóù�Pt|.70B ò�õ�/iý�õ���ô_ü_ý�õ ö�òóù_÷óù_ý�õ�û(ÿ�ò�ÿ�ú�ö�PMý�õ�ö�ò�ø���ò�ô KImm ÿ�õ
��ý�ò�/�/iüG��ü_ò�õ�ô8&�ÿ�ü	��úiò�õ�ö ò�õc��ý�ñ���ô_ò4ù_÷)��ý�ù_ù_ò3��ô_ü_ý�õ ù_÷ ù_ÿ�ñóü�<�úiò ø*ÿ�����ù_ð�ñóò�õ�ô_÷�ü_úÇò ö�ÿ�ò)
aù�PMÿ�ô_ü_ù_ü_ø*÷�ô_ü_ý�õ
ö�� ÿ�õ�òl��ý�ù_ù_ò¾ý���ô_ü�&�ÿ�ò¾ö�� ü_õ�ö�ü���ò¾ö�ò¾ú;ð3/iúi÷3��ô_ü_ý�õ ö�òCF�� z ÷�ÿ ù_ü_ò�ÿ ö�� ÿ�õ�ò û�úi÷�ü_ø*ø*ò¾ý���ô_ü�&�ÿ�ò ö�� ü_õ�ö�ü���ò ö�ò
úið�/iúÇ÷���ô_ü_ý�õ�ö�ò2F�� Q�ÿ�ô_ü_ù_ü_ø*ð�òV÷���ò��Vù_ò870iC�

B5ò8Y � �tF!��ò�ôLY � � ���àõ�ý�ÿ�ø9ý�þ�ô_ò�õ(ý�õ�ø9ù_÷Rúiò�ù_÷�ô_ü_ý�õ�:
LYAPD

� �Tì PM×(SW2eff/SW1eff)×(QEAPD/QEPM)×KImm (3.3)

`;õ�ô_úiý�ö�ÿ�ü_ø*ý�õ�ø ù_ò���ý�ò�/{/iü���ü_ò�õ�ô K ð3ñ ò$íd&�ÿ�üO��úÇò�õ�ö3ò�õ]��ý�ñ���ô_ò�ù�PQò�/�/Çò�ôÀö�ò1��ý�õ���ò�õ�ô_úÇ÷�ô_ü_ý�õ]��ý�ÿ�ú ù_÷
/iò�õ�S�ô_úÇòVö�PMò�õ�ô_úÇð�òVö�òVô_÷�ü_ù_ù_ò8����ü_õ�ø*ô_÷�ù_ùUð�ò8
Vù_÷Vø*ý�úiô_ü_òVö�ÿ���úiü_ø*ô_÷�ù��q7
ý�ÿ�ú�õ�ý�ô_úiòRð���÷�ù_ÿ�÷�ô_ü_ý�õïõ�ý�ÿ�ø�ÿ�ô_ü_ù_ü_ø*ý�õ�ø
ÿ�õ.ñóý�ö�<�ù_ò ø*ü_ñ���ù_ü�/iü_ð���ö�÷�õ�ø4ù_ò�&�ÿ�ò�ù KF.E í ò�ø*ô ÿ�õ�ò(��ý�ò�/{/iü���ü_ò�õ�ô ö�òXõ�ý�úiñó÷�ù_ü_ø*÷�ô_ü_ý�õ ö�ò>��÷�úiü_÷�ô_ü_ý�õ
úiò�ù_÷�ô_ü���ò$ö�ÿ,/iù_ý�ô ö�ò���@�ý�ô_ý�õ�ø�
èô_úÇ÷��(ò�úiøóù_÷�/iò�õ�S�ô_úiò���ý�ÿ�ú5ùÒ÷èø*ð�úiü_òèö�ò�/iò�õ�S�ô_úiò�øóö�òèø*ý�úiô_ü_ò�&�ÿ�òèõ�ý�ÿ�ø
÷���ý�õ�ø9ð�ô_ÿ�ö�ü_ð�ò�øJY���ý�ü_ú's�üÒû(ÿ�úiò 3.12 ÷��v�
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Alors :
S��ó{îGï ï � " 25×KF.E.25 (3.4)

Sô �"� îGï ï � " 25×KF.E.25+(S100-S25)×KF.E100 (3.5)

B5ò�ù_÷���ý�õ�ö�ü_ô_ü_ý�õ0ö�� ð�û(÷�ù_ü_ô_ð�ö�ò ø LYPM ò�ô0�Tì APD ö�÷�õ�ø ù_ò.��÷�ø ö�PMÿ�õ�ò�/Çò�õ�S�ô_úiò S100
� F!���óñóñ 2

ü_õ�ø*ô_÷�ù_ù_ð�òVø*ÿ�ú�70i ò�ô�ö�PMÿ�õ�ò8|.70B ö�òVø ÿ�ú�/i÷3��ò8" 25
� ��Q�ñóñ 2 ü_ù�/i÷�ÿ�ôL&�ÿ�ò2:

S100×KF.E100×QEPM
� " 25×KF.E25×QEAPD×KImm (3.6)

H5ý�ÿ�ø0÷���ý�õ�ø0ð���÷�ù_ÿ�ð$ùÒò�ø2��÷�ùUò�ÿ�úiø0ö�ò�ø2��ý�ò3/�/iü���ü_ò�õ�ô_ø2��÷�ú�ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ ö�ò�i ý�õ�ô_ò�- 4 ÷�úiù_ýlY���ý�ü_ú
��÷�úi÷�û(úÇ÷���@�ò � � ��� � ò�ô]� 38� 87 !�T7
ý�ÿ�ú�ø*üUñ���ù_ü�/iü_ò�úïù_ò�øA��÷�ù���ÿ�ù_ø���úiò�õ�ý�õ�ø KF.E100 = F��TB5÷�õ�øA��ò�ø���÷�ø
KF.E.25

� F��tF!Q��!|5ù_ý�úiø9ö�ò8Y � � ��� � � Q��àõ�ý(ÿ�ø9ý�þ�ô_ò�õ�ý�õ�ø.:
S100eff

� ��Q�ñóñ 2× F��tF!Q�õ0zXQ ñóñ 2 � F!� � ,z�Q��X" 25eff
� ��Q�ñóñ 2×1, F!Q � ��� ,z�Q�ñóñ 2

7
÷�ú���ò�&�ÿ�ò���ý�ÿ�ú9ÿ�õ[70ißä.7)����u��[
�ù_÷�ù_ý�õ�û(ÿ�ò�ÿ�ú9ö�� ý�õ�ö�ò�ö�ò���Q��Yõ�ñ QEPM
� ������Q��Àò�ôT&�ÿ�ò

��ý�ÿ�ú ÿ�õ�ò�|.70B?ö5÷�ñ3÷�ñó÷�ô_ø*ÿ QEAPD
� ����z���ò�ô KImm

� Fq� � Q�Y���ý�ü_úJ�G÷�þ�ù_ò�÷�ÿ � �tF!�����0/iü_õ�÷�ù_ò�ñóò�õ�ô�õ�ý�ÿ�ø
ý�þ�ô_ò�õ�ý�õ�ø#: S100eff × QEPM = �XQ��   �3ò�ô0" 25eff × QEAPD × KImm = ��z��{F!z��h&�ÿ�üÀò�ø*ôÀò�õ2þ�ý�õY÷�����ý�úiö2ö�÷�õ�ø
ù_÷Vù_ü_ñóü_ô_òVö�ò8Q ¢ �

x5ô_ü_ù_ü_ø*ý�õ�ø�ù_÷1/iý�úiñóÿ�ù_ò1Y � � � ����ý(õ]��ò�ÿ�ôÀ÷�/{/iü_úiñóò�ú$&�ÿ�ò�ù_÷1&�ÿ�÷�õ�ô_ü_ô_ð�ñóý�^>ò�õ�õ�ò�ö�ò�ù_ÿ�ñóü�<�úiò ð�ñóü_ø*ò
ý�þ�ô_ò�õ�ÿ�ò1��÷�ú ù_÷�ñ3ò�ø*ÿ�úiò ÷���ò���ÿ�õ]70i÷ä.70����u��3÷���ò���ÿ�õ�ò�/iò�õ�S�ôÒúiò�ö�ò 24×���3ñóñ 2 &�ÿ�üÀò�ø*ôÀö�� ò�õ���üÒúiý�õ
11 ��@�� ò�� ¦ i ò�Þ ò�õ ÿ�ô_ü_ù_ü_ø*÷�õ�ôRö�ò ù_÷aû>úÇ÷�ü_ø*ø*ò ý���ô_ü�&�ÿ�ò)YiùG� ü_õ�ö�ü���ò ö�òaúið�/Çúi÷3��ô_ü_ý�õ õ � F!�tQe� 88 {��÷���ò�� ÿ�õ
ô_ò�ñ���ø0ö�� ü_õ�ô_ð�û(úÇ÷�ô_ü_ý�õ¾ö�ò(F!��� õ�ø��J
(F!� o4 � ÷���ò��$ù_÷$ø*ý�ÿ�ú���ò$ö�� ü_úÇúi÷�ö�ü_÷�ô_ü_ý�õ ü_õ�ø*ô_÷�ù_ù_ð�ò�
���� ñóñ ö�òèùÒ÷
/i÷���òóö�òóø*ý�úiô_ü_ò�Y���ú�<�ø�ö�ÿ���@�ý�ô_ý�ö�ð�ô_ò3� ô_ò�ÿ�ú{���'��ý�úÇúiò�ø���ý�õ�ö�÷�õ�ô$
óÿ�õ�ò�&�ÿ�÷�õ�ô_ü_ô_ð3ö�ò3ù_ÿ�ñóü�<�úÇò3ö�ð�ô_ò3��ô_ð�ò3ö�ò
���tzm��@�� ò�� ¦ i ò�Þ ò�õ�úÇò�û(ü_ø*ô_úið�òo��÷�ú ÿ�õ�ò÷|.70BøYiù_÷ ø*ÿ�ú{/i÷���ò ö�ò ø*ý�úiô_ü_ò ò�/�/Çò���ô_ü���ò ö�òù��úiü_ø*ô_÷�ùT:
S24×24eff

� � � ���t�   ñóñ 2 ú ù_÷Vø*ÿ�ú�/i÷���òVòq/{/iò���ô_ü���òVö�òVù�Pt|.70B�: S5×5eff
� ��Q ñóñ 2 û F!�{FqQ � ������z�Q�ñóñ 2).

B5÷�õ�ø8��ò�ø	��ý�õ�ö�ü_ô_ü_ý�õ�ø���ò�õ2ô_ò�õ(÷�õ�ô���ý�ñ���ô_ò�&�ÿ�ò�ùÒ÷�&�ÿ�÷�õ�ô_ü_ô_ð�ö�ò�ù_ÿ�ñóü�<�úÇò�ø*ý�úiô_÷�õ�ô�ö�ÿ[70��
äò�ø*ô
úiò�ù_÷�ô_ü���ò�ñóò�õ�ô þ�÷�ø*ø*ò��ÀùÒ÷ïö�ð�ô_ò�úiñóü_õ�÷�ô_ü_ý(õ$ö�òïùÒ÷2��ý�ø*ü_ô_ü_ý�õèö�ÿ���ü��0ò�ø*ôGô_ú�<�ø5ö�ü�/�/iü���ü_ù_ò2��ý�ñóñóò0ý�õ���ò�ÿ�ôGù_ò
��ý�ü_ú ö�÷�õ�ø�ù_÷�s�üÒû(ÿ�úÇò 3.1 ��B5÷�õ�ø���ò���÷ ø�ü_ù ò�ø*ô$��úið�/Çð�úi÷�þ�ù_ò3ö�ò���÷�ù���ÿ�ù_ò�ú�ù�PMü_õ�ô_ð�û(úi÷�ù_òóö�ÿ ø���ò���ô_úÇòó÷���ú{<�ø
ø*ý�ÿ�ø*ô_úi÷���ô_ü_ý�õ�ö�ÿ�þ�úiÿ�ü_ô��
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iB����
	�Kf
3.1

l/n	�Cf������yfZd�iK
��$�	������
CdCf���d	
7����������
���dCf ' ÿ A \ 4.


5õ���ò�ÿ�ô
ÿ�ô_ü_ù_ü_ø*ò�úGù_÷5ñóð�ô�@�ý�ö�ò5ö�PMü_õ�ô_ð�û(úÇ÷�ô_ü_ý�õ3ø*ò�ÿ�ù_ò�ñóò�õ�ôO��ý�ÿ�ú ÿ�õ�ò ÷�õ�÷�ùj^>ø*ò���ý�ñ���÷�úÇ÷�ô_ü���ò�ö�ò�ø
��÷�ù_ò�ÿ�úiø úiò�ùÒ÷�ô_ü���ò�ø ö�ò�ø;&�ÿ�÷�õ�ô_ü_ô_ð�ø ö�ò�ùUÿ�ñóü�<�úÇò5ð�ñóü_ø*ò.��÷�ú{��ò.&�ÿ�ò5ø*ü
õ�ý�ÿ�ø�ü_õ�ø*ô_÷�ù_ù_ý�õ�ø�ÿ�õ���ò�úiô_÷�ü_õóõ�ü���ò�÷�ÿ
ö�ò0ø*ò�ÿ�ü_ù}��ý�ÿ�ú ù�Pt|.B 4 õ�ý�ÿ�ø.��ý�ÿ���ý�õ(ø5ø*ü_ñóÿ�ù_ô_÷�õ�ð�ñóò�õ�ôGÿ�õ�ò���ò�úiôÒ÷�ü_õ�ò���÷�úiô_ü_òóö�ÿ ø*üÒû(õ�÷�ù���B5ò�ÿ�%4ø*ð�úiü_ò�ø
ö�� ò�%���ð�úiü_ò�õ���ò�ø3ý�õ�ô ð�ô_ð4ò�/�/Çò���ô_ÿ�ð�ò�ø3ö(÷�õ�ø3ù_ò�ø�&�ÿ�ò�ù_ù_ò�ø3ù_ò õ�ü���ò�÷�ÿ ö�ÿ ø*ò�ÿ�ü_ù ð�ô_ð)��@�÷�õ�û�ð4ò�õ�ô_úÇòcF!���Xò�ô
228 ñ�Þü��ý�ÿ�ú2ö�ò�ÿ�%6/iò�õ�S�ô_úiò�øaö�ò ø ý�úiô_ü_ò ö�ü�/�/Çð�úiò�õ�ô_ø�F!� × F!� ò�ô�F!Q × F!Q ñóñ 2 �;��ò�ø¾úið�ø*ÿ�ù_ô_÷�ô_øaø*ý�õ�ô
��úið�ø*ò�õ�ô_ð�ø9ö�÷�õ�ø9ùÒ÷8s�üÒû(ÿ�úÇò 3.2 Yi÷��Mþ������v�

� ÷1s�üÒû(ÿ�úÇò 3.2 Yi÷3�Gñóý�õ�ô_úiò5ù_ò�úÇ÷�����ý�úiô
ö�ò�ø���ý�ø*ü_ô_ü_ý�õ�ø�ö�ò�ø�ñó÷�%�ü_ñóÿ�ñóø�ö�ò�ø ø���ò���ô_úiò�øn��ý�ÿ�ú$��ò�ø
ö�ò�ÿ�%V/iò�õ�S�ô_úiò�ø9ò�õV/iý�õ���ô_ü_ý�õ�ö�ÿ�ø*ò�ÿ�ü_ù ö�òVùG� |.B 4 �q� ÷8s
ü_û�ÿ�úiò � � ��YÇþ��àñóý�õ�ô_úiòVù_ò�úi÷�����ý�úiô�ö�ò�ø�ü_õ�ô_ð�û(úi÷�ù_ò�ø
ø*ý�ÿ�øVù_ò�øVø���ò���ô_úiò�ø8��ý�ÿ�úJ��ò�øVö�ò�ÿ�%[/iò õ�S�ô_úiò�øVò�õ[/iý�õ���ô_ü_ý�õ2ö�ÿ2ø*ò�ÿ�ü_ù�ö�ò�ùG� |.B 4 � 4 ý�ñóñóò�õ�ý�ÿ�øRù�PM÷���ý�õ�ø
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÷���ò�� ÿ�õp70i ä.70����u��p
 ù_÷ þ�÷�ø*òq�4õ�ý�ÿ�ø ÷���ý�õ�ø ø*ü_ñóÿ�ù_ð ù_ò øv^>ø*ô�<�ñóò ÷���ò�� ÿ�õp70i ��ý�ñóñóò
��@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�ú3÷���ò�� ÿ�õ�ò ò�/{/iü���÷3��ü_ôUð(&�ÿ�÷�õ�ô_ü�&�ÿ�ò(��ý�úiúiò�ø���ý�õ�ö�÷�õ�ô�
(��ò�ù_ù_ò ö�� ÿ�õC70i ä.70����u����Kx5õ
ñóý�ö�<�ù_òXôG^I��ü�&�ÿ�òXø*ü_ñóÿ�ù_ðXò�ø*ô�úÇò���úið�ø*ò�õ�ô_ðXö�÷�õ�øaù_÷5s
üÒû(ÿ�úiò 3.3 �M7
ý�ÿ�úYô_ý�ÿ�ô_ò�øaù_ò�øaø*ü_ñóÿ�ù_÷�ô_ü_ý�õ�øaù_ò�ø
ö�ü_ñóò�õ�ø*ü_ý�õ�ø9ö�ò�øJ��úiü_ø*ô_÷�ÿ�%ïý�õ�ô�ð�ô_ð8��@(ý�ü_ø*ü_øJ��ý�ñóñóò [24×24]×[20×20]×� � � millimètres.

3547698:8

y

0 ; 45<98:8
=56>8:8

y

PM

?A@7B C7D:C5D9E @ 8 B F�G D

HJI�@7K5E L5M7D:I�KONPB Q�@OD

PWO

R I�B SON TUC�V 8 B T(T�B I�SJC7D5TWK7XOI7N I�SOT
é

x z

HJI�E E D:I�K�N�B Q�@OD

Y D�S�Z5NPG D�[\D�S�N I�@5G D9K�L�G(C5D>E L 8 L5NPB F�G DG ]5^PE D
_`NPB a`D:I�@JL5b7T`I�G b5L�SON D

iB����
	�Kf
3.3

l/gaf#�!�;d	 ��<f������	���	
Cf������!
	��� Ç



61

B5÷�õ�ø9ù_÷8��÷�ö�úiòVö�ÿ�ù_ý�û(ü���ü_ò�ù 421 `­"O�}|1� ý�õV��ò�ÿ�ô�ø*ü_ñóÿ�ù_ò�ú�ù�PQò�ñóþ�÷�ù_ù_÷�û(ò	��÷�ú�ö�ü���ò�úiø=ò�ø�ñó÷�ô_ü�<�úiò�ø#�
"
ÿ�ú]��@�÷�&�ÿ�ò(/Ç÷���ò ö�ÿC��úiü_ø*ô_÷�ù���ý�õ.÷l��ÿ.ø*ü_ñóÿ�ù_ò�ú3ö�ò�ø���ý�ñóþ�ü_õ�÷�ü_ø*ý�õ�ø4ö�� ò�ñóþ�÷�ù_ù_÷�û�ò�ø ö�òXö�ü�/�/Çð�úiò�õ�ô_ø
úið�/iù_ò3��ô_ò�ÿ�úiø���ý�ñóñóò5ö�ÿ Tyvek® ��ö�ÿ Mylar® ÷�ù_ÿ�ñóü_õ�ü_ø*ð���ö�ÿ]�Gò�ö�ù_÷�úOc ò�ôàÿ�õ3÷�þ�ø*ý�úiþ�÷�õ�ôO��ý�ñóñóò�ö�ò�ùÒ÷
��ò�ü_õ�ô_ÿ�úiò õ�ý�ü_úiò ý�ÿ2ö�ÿ�� ò�ö�ù_÷�ú ® õ�ý�ü_úv�#|�ÿ�%Yò�õ�ö�úiý�ü_ô_øVö�ò���ý�õ�ô_÷3��ô_øVý���ô_ü�&�ÿ�ò�øVý�õ2÷ ø*ü_ñóÿ�ù_ð ù_ò���ý�ÿ���ù_÷�û(ò
ý���ô_ü�&�ÿ�ò���÷�ú ö�ò[ù_÷.û�úi÷�ü_ø*ø*ò[ý���ô_ü�&�ÿ(ò�Yiü_õ�ö�ü���ò[ö�ò[úÇð�/iúÇ÷���ô_ü_ý�õ õ � F�� Q��4ý�ÿ
ö�ò.ù_÷C��ý�ù_ù_ò.ý���ô_ü�&�ÿ�ò
Yiô�@�ò�úiñóý���ù_÷�ø*ô_ü�&�ÿ�ò2i ò�ù_ô_ñóý�ÿ�õ�ô ® ú ü_õ�ö�ü¤��ò0ö�òóúið�/Çúi÷���ô_ü_ý�õèõ � F!�tz ú ��úiý�ö�ÿ���ô_ò�ÿ�ú�- 1 � 7J� 4 ÷�úiû(ü_ù_ù_ò�� ÷�þ�ø#�4 ò�ö�÷�úKã5úiý���ò��+H�� dI�#��z����   -vF!���   x."+|.�v�#B5÷�õ�øVù_ò øv^>ø*ô�<�ñóò ø*ü_ñóÿ�ù_ð�ý�õ[��ò�ÿ�ô�÷�ÿ�ø*ø*ü�ü_õ���ù_ÿ�úiò�ÿ�õ$û(ÿ�ü_ö�ò
ý���ô_ü�&�ÿ�ò�/i÷�ü_ôàö�ò ö�ü�/�/ið�úiò�õ�ô_ò�øVñó÷�ô_ü�<�úiò ø8��ý�ñóñóò ö�ÿ���ùÒò�%�ü_û(ù_÷�ø���ö�ÿ�&�ÿ�÷�úiô�~�ò�ô���� �
ý�ÿYý�õ[��ò�ÿ�ô�ñóý�ö�ð�ù_ü_ø*ò�ú
ù_ò5��úiü_ø*ô_÷�ùV��ý�ÿ�úYö�ò�ø,��ý�õ�ö�ü_ô_ü_ý�õ�øaö�ò>��ý�õ�ô_÷���ôïý���ô_ü�&�ÿ�ò ÷���ò3� ù_ò570i ÷���ò�� ö�ò ùÒ÷ û(úi÷�ü_ø*ø*ò ý���ô_ü�&�ÿ�ò
ø*ò�ÿ�ù_ò�ñóò�õ�ô��]B5ò�ør/Çò�õ�S�ô_úÇò�ø ö�ò ô_÷�ü_ùUù_ò�ø ö�ü�/�/ið�úiò�õ�ô_ò�ø
ò�õ�ô_úiò ù_÷f/i÷���ò ö�ò ø*ý�úiô_ü_ò ö�ÿë��úiü_ø*ô_÷�ùXò�ôXù_÷
��@�ý�ô_ý���÷�ô�@�ý�ö�ò ö�ÿc70i ò�õ�ô_ý�ÿ�úið�ò���÷ úïö�ò�ø$ñó÷�ô_ü�<�úiò�øèúið�/iù_ð3��@�ü_ø*ø*÷�õ�ô_ò�ø�� ö�ü�/�/iÿ�ø=÷�õ�ô_ò�ø$ý�ÿ ÷�þ�ø*ý�úiþ�÷�õ�ô_ò�ø
(Tyvek® � Mylar® ÷�ù_ÿ�ñóü_õ�ü_ø*ð����Gò�ö�ù_÷�ú ® ò�ôG��� ����ò�ÿ���ò�õ�ô�÷�ÿ�ø*ø*üLS�ô_úiòVø*ü_ñóÿ�ù_ð�ò�ø#�e ü_ò�õ]&�ÿ�ò�ù_ò�ù_ý�û(ü���üÒò�ù 421 `­"0�T|1�(��ò�úiñóò�ô_ô_ò ù_÷ ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ2ö�ò ùG� ð�ñóü_ø*ø*ü_ý�õ2ö�ò�ø8��@�ý�ô_ý�õ�øVø*ò�ù_ý�õ
ÿ�õ�òVö�ü_ø*ô_úiü_þ�ÿ�ô_ü_ý�õ�ö�òVù�� ð�õ�ò�úiû�ü_òVö�ò�ø�û�÷ ñóñó÷Vý�ÿ�ö�ò�øJ��÷�úiô_ü���ÿ�ù_ò�ø���ö�ð���ý�ø*ð�òVö�÷�õ�ø9ù_÷Rñó÷�ô_üG<�úiò�����÷�ù���ÿ�ù_ð	��÷�ú
ò�%�ò�ñ���ù_òc��÷�ú$ù_ò ù_ý�û(üG��ü_ò�ù2ã.*}|.H.�}� ö�÷�õ�ø õ�ý�ô_úiò ô_úÇ÷���÷�ü_ùóõ�ý�ÿ�ø ÷���ý�õ�øl��úÇð�/ið�úið ÿ�õ�ò ñ3ð�ô�@�ý�ö�ò ö�ò
ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ1ö�ü_úiò���ô_ò ö�� ð�ñóü_ø*ø*ü_ý�õ1ü_ø*ý(ô_úiý���ò[ö�ò�ø(��@�ý�ô_ý�õ�ø ö�÷�õ�ø(��ù_ÿ�ø*ü_ò�ÿ�úiø(��ý�ü_õ�ô_ø(
[ù�PMü_õ�ô_ð�úiü_ò�ÿ�ú ö�ÿ
cristal. � ò�øA��@�ý�ô_ý�õ�øA��úiý�ö�ÿ�ü_ô_ø$ý�õ�ôRÿ�õ�òaö�ü_ø*ô_úiü_þ�ÿ�ô_ü_ý�õ ö�òaù_ý�õ�û(ÿ�ò�ÿ�úiø$ö�� ý�õ�ö�ò�&�ÿ�ü.��ý�úiúÇò�ø���ý�õ�ö ÷�ÿ�%
��÷�úi÷3��ô_ð�úiü_ø*ô_ü�&�ÿ�ò�ø ö�� ð�ñóü_ø*ø*ü_ý�õ[ö�� ÿ�õC� úiü_ø*ô_÷�ù ö�ò(70��
 úið�ò�ù�� 4 ò�ô_ô_ò ñóð�ô�@�ý�ö�ò ò�ø*ô ð���ü_ö�ò�ñóñóò�õ�ô���ù_ÿ�ø
úi÷���ü_ö�ò���ò�ô ò�ù_ù_ò4ò�ø*ô ÷�ø*ø*ò�~���úið3��ü_ø*ò�&(ÿ�÷�õ�ö ù_÷4ø*ý�ÿ�ú{��ò ò�ø*ôVúi÷�����úiý���@�ð�ò���ý�ñóñóò4ù�� ò�õ�ø*ò�ñóþ�ù_ò4ö�ò���ü_õ�&
��ý�ü_õ�ô_øïö�� ð�ñóü_ø*ø*ü_ý�õaö�ò[��@�ý�ô_ý�õ�Y���ý�ñ0ñóòYñóý�õ�ô_úiðYø*ÿ�úRùÒ÷[s�üÒû(ÿ�úÇò � � � ò�õl��ý�ÿ�ù_ò�ÿ�ú�õ�ý�ü_úÇò���ý�ÿ¾ö�ò$ø=ò���ô
��ý�ü_õ�ô_ø�Yiö�ò�ÿ�%(��ý�ü_õ�ô_ø3ø*ÿ����(ù_ð�ñóò�õ�ô_÷�ü_ú;ò�ø3ñóý�õ�ô_úið�ø3ò�õ>��ý�ÿ�ù_ò�ÿ�ú û(úiü_ø*ò3�v��� ÷���ý�ø*ü_ô_ü_ý�õ ö�ò ù_÷ ø*ý�ÿ�ú{��ò ù_ò
ù_ý�õ�ûYö�òïùG� ÷�%�òïö�ò�ø1^2ò�ø*ôG÷�NJÿ�ø*ô_÷�þ�ù_ò��àñ0÷�ü_ø.��ý�ÿ�ú;��ò�úiñóò�ô_ô_úiò0ù_÷���ý�ñ���÷�úi÷�ü_ø*ý�õèö�ò�ø5úið�ø*ÿ�ù_ô_÷�ô_ø5ù_÷2��ù_ÿ���÷�úiô
ö�ò�ø0ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ�ø0ò�ô ö�ò�øóñóò�ø*ÿ�úiò�øóò�%���ð�úiü_ñóò�õ�ô_÷�ù_ò�øóý�õ�ô�ð�ô_ð�/i÷�ü_ô_øó÷���ò3�èù_÷���ý�ø*ü_ô_ü_ý�õ ö�òèù_÷èø*ý�ÿ�ú���ò�

80 ñóñ9
���÷�úiô_ü_ú ö�ò�ù_÷�/Ç÷���ò�ö�ò�ø*ý�úiô_ü_ò	Yiù�PMò�%�ô_úið�ñóü_ô_ð5ù_÷.��ù_ÿ�ø�ù_÷�úÇû(ò��Gö�ÿ]��úiü_ø*ô_÷�ù0��ý�ñóñóò5ñóý�õ�ô_úið5ö�÷�õ�ø�ù_÷
s�ü_û(ÿ�úiò � � � .

B5ò�øy��@�ý�ô_ý�ö�ü_ý�ö�ò�øy
 ÷���÷�ù_÷ õ���@�ò ý�õ�ô ð�ô_ðg��@�ý�ü_ø*ü_ò�ø���ý�ñóñóò���@�ý�ô_ý�ö�ð�ô_ò���ô_ò�ÿ�úiø���ý�ÿ�ú ù_÷
��ý�õ�ø*ô_úiÿ���ô_ü_ý�õèö�ÿ���÷�ù_ý�úiü_ñ�<�ô_úÇò0ð�ù_ò3��ô_ú;ý�ñó÷�û(õ�ð�ô_ü�&�ÿ�ò�
0þ�÷�ø*ò0ö�ò2��úiü_ø*ô_÷�ÿ�% ö�ò�70��
 ö�÷�õ�ø�ù�PMò�%���ð�úiü_ò�õ���ò4 il"J� 4 ý�ñóñóò õ�ý�ÿ�øVù�� ÷���ý�õ�øVö�ð�N�
 ö(ü_ôàù_÷ ø*ÿ�ú�/i÷3��ò�ø*ò�õ�ø*ü_þ�ù_ò�ö�ò�ø	|.70Bäò�ø*ô'��ò�ô_ü_ô_ò�YÇò�õ���ü_úiý�õ[��Q ñóñ 2),

÷�ù_ý�úiø�&�ÿ�ò3ù_÷2ø*ÿ�ú{/i÷���ò2ö�ò2ø*ý�úiô_ü_ò2ö�ò�7+��
 ò�ø*ô9ö�PMò�õ���ü_úiý�õ)Q�z�� ñóñ 2 ò�ôJ&�ÿ�ò2ù_÷�&�ÿ�÷�õ�ô_ü_ô_ð2ö�ò2ù_ÿ�ñóü�<�úiò
ð�ñóü_ø*ò�
 ù_÷4ø*ý�úiô_ü_ò4ö�ÿ>��úiü_ø*ô_÷�ùVò�ø*ôVúiò ù_÷�ô_ü���ò�ñóò�õ�ô8��ò�ô_ü_ô_ò���|5ù_ý�úiø2ù�PMý�þ�ô_ò�õ�ô_ü_ý�õXö�� ÿ�õ�ò���ý�ù_ù_ò3��ô_ü_ý�õXö�ò4ù_÷
ù_ÿ�ñóü�<�úiòïñó÷�%�ü_ñó÷�ù_òïö�÷�õ�ø�ÿ�õ�òV��ò�ô_ü_ô_ò�/iò�õ�S�ô_úiò0ò�ø*ô ô_ú�<�ø�ü_ñ���ý�úiô_÷�õ�ô_ò���|5ü_õ�ø*ü��àò�õèõ�ý�ÿ�ø5÷�����ÿ�^>÷�õ�ôGø*ÿ�ú ù_ò
þ�ý�õó÷�����ý�úiö3ò�õ�ô_úiò5ùÒò�ø�úið�ø*ÿ�ù_ô_÷�ô_ø�ò�%���ð úiü_ñóò�õ�ô_÷�ÿ�%3ò�ô
ö�ò�ø�úið�ø*ÿ�ù_ô_÷�ô_ø�ö�ò5ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ�ø���÷�úGù_÷5ñóð�ô�@�ý�ö�ò�ö�ò
i ý�õ�ô_ò�- 4 ÷�úiù_ý���ý�þ�ô_ò�õ�ÿ�øJ��ý�ÿ�úàö�ò�ø9øv^>ø ô�<�ñ3ò�ø9÷���ò3�Vÿ�õ�70il��õ�ý�ÿ�ø�÷���ý�õ�ø�ò�/�/Çò���ô_ÿ�ðRö�ò�ø�ø*ü_ñóÿ�ù_÷�ô_ü_ý�õ�øM&�ÿ�ü
õ�ý�ÿ�ø ý�õ�ô���ò�úiñóü_ôïö�PMð���÷�ù_ÿ�ò�úYù�PMü_õ�/iù_ÿ(ò�õ���ò ö�ò ù�PMÿ�ô_ü_ù_ü_ø*÷�ô_ü_ý�õ ö�ò ö�ü�/�/ið�úÇò�õ�ô_ò�øañó÷�ô_ü�<�úÇò�øaò�õ�ô_ý�ÿ�úÇ÷�õ�ôïù_÷
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/iò�õ�S�ô_úÇòXö�òXø*ý�úiô_ü_ò ò�ô�ö�òXö�ü�/�/ið�úiò�õ�ô_ø û(ÿ�ü_ö�ò�ø ö�òXù_ÿ�ñóü�<�úÇòXø*ÿ�ú2ù_÷c��ý�ù_ù_ò���ô_ü_ý�õ ö�ò ù_ÿ�ñóü�<�úiò ö�÷�õ�øaö�ò
øZ^>ø*ô�<�ñóò	��úiü_ø*ô_÷�ù�-�|.70B ò�ô�õ�ý�ÿ�ø9÷���ý�õ�ø9÷�õ�÷�ùj^>ø*ðVù_ò�ÿ�úiøJ��ý�ø*ø*ü_þ�ü_ù_ü_ô_ð�ø9ö�PMý���ô_ü_ñóü_ø*÷�ô_ü_ý�õ��

3.3
��)M�",�.���)�*������¶,��Í5�.���)� 8#$ "�¶����,$.���#$���������� 8��*� "��� ë�����,��×)���)0f(.�)�#��8������#$ "������,��
5�.���)� 8#$ "������,$.���#$���������� 8�/*� "������ %����,��® "��)�.��²���/4�*��/#$4� 8��.�0Ò���ï\�� � ��.�0
������#$�� 8#���)�4 4�.�� ,���4 �/��4y��,�.� "#���)�4 ��)����/���� 8#65�.���4 ��. */��,����/#$���� "���

électromagnétique

4 ý�ñóñóò õ�ý�ÿ�ø ù�PM÷���ý�õ�ø ö�ð�N�
 õ�ý�ô_ð ö�÷�õ�ø ù�PMü_õ�ô_úiý�ö�ÿ���ô_ü_ý�õ��2ù_÷1úið�ø*ý�ù_ÿ�ô_ü_ý�õ ð�õ�ò�úÇû�ð�ô_ü�&�ÿ�ò ö�ÿ
��÷�ù_ý�úiü_ñ�<�ô_úiòRð�ù_ò���ô_úiý�ñ3÷�û(õ�ð�ô_ü�&�ÿ�ò σE

¦ *���ò�ÿ�ô�ø#PQò�%���úiü_ñóò�úàö�÷�õ�ø9ù_ò8��÷�ø�û�ð�õ�ð�úÇ÷�ù_ò8��÷�ú

2
222

c
E

b

E

a

E

g
E +

hi
jklm

+
hi
jklm

=
hi
jklm

(3.7)

N;O à S s R!V¸¦jwKT;SKP¨WAU³S�SKT��'SK� � a S s R!V<X'ªKN;x�M;N s XKT;R s R<N;ª q X s R<U<u;O;S � b S s R�V¸¦jwKu;O;U<~;XKV³SKT;R�wKT;SyP¨WAwKR<U<u;O;S7Y;O
Q;P$O;U<R � c S s R�V<SZR<SKP$x�S s6rts R<wKx�XKR<U<u;O;S��

­¯X'ªKN;x�M;N s XKT;R<S s R<N;ª q X s R<U<u;OAS'S s R�P$SKV<U<wyS'XKO;v�¢$V<O;ªKR<O;XKR<U<N;T s Y;S'V<X'u;O;XKT;R<U<R<w'Y;S'V³Õ wKT;SKP¨WAU<S'Y/XKT s
V<X W;SKP$Q;S wKV<SKªKR<P$N;x�XyWAT/wKR<U<u;O;S u;O;UéS s RÚXKQ s N;P$Q/wKS Y/XKT s V<S s ªKP$U s R<XKO;v s ªKU<T;R<U<V<V<XKT;R s SKRÚÅ V<X
photostatistique.

­¯X×ªKN;x�M;N s XKT;R<SÖY/SÖQ;P$O;U<R�X�Y;SKO;vÍM;XKP$R<U<S s ãhV<S s Q;P$O;U<R s Y!¦jwKV<SyªKR<P$N;T;U<u;O;S×SKR7Y�¦jSKx�M;U<V<SKx�SKT;R
wKT;SKP¨WAwKR<U<u;O;S s Y/S s�s U<WAT/XKO;v��

­¯SZR³SKP$x�S s6rts R<wKx�XKR<U<u;O;SZM;SyO;R s SZY;wyªKN;x�M;N s wZY;SZV<X�¢$X�ÈKN;T s O;U<~;XKT;R³SÉã
c2 ì%ª

G
2î ª NU

2î ª NL
2î ª C

2 (3.8)

È2u ª G
2 P$SKM;P$w s SKT;R<S%V¸¦jSy¢$¢$SKR�WAwyN;x�wKR<P$U<u;O;S%SKR�U<T;ªKV<OáV<X¶¢$O;U<R<S%Y;S s WASyP$Q;S s Å¶R<P¨XK~;SyP s V<S s ¢$XyªKS s

XK~;XKT;R � XKP¨P$U<»KP$SÖSKR'M;XKP�V<S s ªKN;R<w s Y;O²Y;wKR<SyªKR<SKO;P�SKR�ÅÖR<P$XK~;SyP s V<S s x�XKR<wyP$U<XKO;veT;N;T;�$XKªKR<U<¢ s SKT;R<P¨SÖV<S s
wKV<wKx�SKT;R s Y;wKR<SKªKR³SKO;P s"� ª NU

2 S s R±P¨SKV<U<wËÅËV³Õ SK¢¨¢$SKRCY;S]T;N;T/�$O;T;U<¢$N;P$x�U<R<w]Y;S sas U³WAT;XKO;v ´ u;O;XKT;R<U<R<w]Y;S]V<O;x�U<»KP¨S
wKx�U s SK· � ª NL

2 P¨SKM;P¨w s SKT;R<S°V<S s SK¢$¢¨SKR s Y;S°T;N;T;�$V<U<T;wKXyP$U<R<w°SKR�Y;S°T;N;T;� s R³XKQ;U<V<U<R<w°Å°ªKN;O;P$R�R<SKP$x¥S®Y;O
M q N;R<N;Y;wKR<SKªKR<SKO;P¶SKRÉY;O sèrts R<»Kx¥S�Y/Õ S©T;P¨SyWAU s R<P$SKx�SKT;R�u;O!¦jU<V�S s R�U<x�M;N s"s U<Q;V<S�Y;S s O;M;M;P$U<x�SKP¶M/XKP¶Y;S s
x�wKR q N;Y;S s Y;SZªKXKV<U<Q;P¨XyWAS � S s R�ª C

2 S s R�V¸¦ SKP$P$SKO;P!Y�¦jU<T;R<SKP$ªyXKV<U<Q;P$XyWAS�� C Q;X s"s SËwKT;SKP¨WAU<S ´jÛ O s u;O!¦jÅ�{h�'SK�]·�V<X
ªKN;x�M;N s XKT;R<SÌY;SÌQ;P$O;U<R1S s R1Y;N;x�U<T;X©T;R<SÌx�XKU s SKV<V<SÌY;U<x�U<T;O;SÚP$XKM;U<Y;SKx�SKT;R�XK~/SKªÚV³Õ XKO/WAx¥SKT;R<XKR<U<N;T
Y!¦jwKT;SKP¨WAU³S��¯­¯X-ªKN;x�M;N s XKT;R<S s R<N;ª q X s R<U<u;O;S-S s RËY;N;x�U<T;XKT;R<SáY/XKT s V<S s P$wyWAU<N;T s Y/Sáx�N r SyT;T;S s SKRËY/S
q XKO;R<S s wKT;SyP¨WAU<S sCÛ O s u;O!¦jÅZO;T7x�XKv/U<x�OAxéN u V<XZªKN;x�M;N s XKT;R<S sèrts R³wKx�XKR<U<u;O;SZS s R�Y;N;x�U<T;XKT;R<S d 98].

p P$wKªKU s N;T s V<S�P$XKM;M;N/P$R ´ ¬!� Î;·]Y;XKT s V<S-ªKX s Y/S§V<Õ O;R<U<V<U s XKR<U<N;T×Y;S§Y;U<N;Y;S s Å-XK~;XKV<XKT/ª q S§ªKN;x�x�S
M q N;R<N;Y;wKR<SKªKR<SKO;P s Y;O¥ªKXKV<N;P$U<x�»KR<P$S'wKV<S©ªKR³P$N;x�XyWAT;wKR<U<u;O;S���­¯Õ XKx�M;V<U<¢$U<ªyXKR<U<N;T�Y;Õ XK~;XKV<XKT/ª q S]Y/Õ O;T/S �]p � S s R
O;T7M;P$N;ªKS s"s O s�s R<N;ª q X s R<U<u;O;SZu;O;U�x�»KT;S�Å�V³Õ XKM;M/XKP$U<R<U<N;TÉY;S�¢$V<O;ªKR<O;XKR<U<N;T s�s O;M;M;V<wKx�SKT;R<XKU<P¨S s Y;S�V<XËª q XKP¨W;S
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XKªKªKO;x�O;V<wyS��¯¡aS s ¢$V<O;ªKR<O;XKR<U<N;T s¶s N;T;R�ªKXKP¨XKªKR<wyP$U s wKS s M/XKP�V<S1M;XyP$XKx�»KR<P¨S µ±� PËV<S×¢$XyªKR<SKO;P�Y!¦ºSKv/ªK» s Y;S
bruit R±�©¹�V�S s R�SKv/M;P$U<x�wZªKN;x�x�SÉã

2

2
M

2M
F

M

σ+
= (3.9)

ou ã

µ ≈ � ×M+(2-1/M)×(1-k) (3.10)

È2u � S s R7V<S×ªKN;Sy¢$¢$U<ªKU<SKT;R7Y;Õ XKx�M;V<U<¢$U<ªyXKR<U<N;TeY;S×V<Õ �]p � � σM
V<X×Y;U s M;SKP s U<N;TeY;OeªKN;SK¢¨¢$U<ªKU<SKT;R

Y;Õ XKx�M;V<U<¢$U<ªyXKR<U<N;T � � V<S P$XKM;M;N;P$R�Y;O ªKN;SK¢¨¢$U<ªKU<SKT;R�Y/Õ U<N;T;U s XKR<U<N;T M;N;O;PÍY;S s R<P$N;O s XKO ªKN;SK¢¨¢$U<ªKU<SKT;R
Y;Õ U<N;T;U s XKR<U<N;TÑM;N;O;PéY;S s wKV<SKªKR<P$N;T s � � XKT s V<S ªyX s Y;S s �]p � P¨wKªKSKT;R³S s XK~;Syª O;T ªKN;Sy¢$¢$U<ªKU<SKT;R
Y;Õ XKx�M;V<U<¢$U<ªyXKR<U<N;T7� D g;� � V<XZ~;XKV<SKO;P!Y/S µ S s R�Y;Õ SKT;~;U<P$N;T7| [13,99,100].� XKT s ªKS
ªKX s XKOeV<U<SKOeY/S×V<XÖªKN;x�M;N s XKT;R³S s R<N;ª q X s R<U<u;O;S
Y;XKT s V³Õ SKv/M;P$S s"s U<N;T ´ ¬!� Î;·%U<VÉ¢$XKO;R
O;R<U<V<U s SKP!V<XZªKN;x�M;N s XKT;R<SZSK¢¨¢$SKªKR<U<~;S s R<NAª q X s R<U<u;O;S d 13] ã

aeff = aS ⊕ X
photo (3.11)

È2u X S
S s R!V<S�R<SKP$x¥S�u;O;U!Y;wKM;S©T;Y�Y/S s ¢$V<O;ªKR<O;XKR<U<N;T s Y;S�V<X7W;SKP$Q;SÉSKV<SKªKR<P$N;x¥XyWAT;wKR<U<u;O;S � aphoto

V<S
R<SKP$x�Sáu;O;U]Y;wKM;SKT;Y s SKO;V<SKx�SKT;R]Y;S1V�X1M q N;R<N s R<XKR<U s R<U<u;O;S � XK~;Syª ¼ pe

V<S1T;N;x�Q;P¨S1Y;S1M q N;R<N;wKV<SyªKR<P$N;T s
M;P$U<x�XKU<P$S s ªKP¨wKw s Y;XKT s V³S�M q N;R<N;Y;wKR<SKª©R<SKO/P¤M;XKP¤O;T;U<R<w�Y/Õ wKT;SyP¨WAU<S ´ x�S s O;P¨wKS7T;N/P$x�XKV<SKx�SKT;R�SKT%�ÖSK�éN;O
�]SK�]·�SKR�V<SZ¢$XyªKR<SKO;P!Y;SZQ/P$O;U<R�SKv/ªKS s"s U<¢ d 13e N;T7N;Q;R<U<SKT;R¸ã

pe
photo N

F
a = (3.12)

­¯S s Q/S s N;U<T s Y;S�V¸¦jSKv/M;wKP$U<SKT;ªySZ¡a��Ê�Y;wKR<SKP$x�U<T;SKT;R±V<S s ~;XKV<SKO/P s�s M;wKªKU³¢$U<u;O;S s T;wKªyS s"s XKU<P$S s Y/SËV<X
P$w s N;V<O;R<U<N;T%SKT%wKT;SKP¨WAU³S�� � ªKR<O;SKV<V<SKx¥SKTAR�V<X7~;XKV<SKO;P�x¥XKv/U<x�XKV<SÉY;SÉV<XÉªKN;x�M;N s XKT;R<S s6rts R<wKx�XKR<U<u;O;SÉY/SÉV<X
P$w s N;V<O;R<U<N;T�S s REXKªKªySKM;R<w�ªKN;x�x�S��!� g�g�ã×� p N;O;PaV³X�M;XKP$R<U<S¥ªKSKT;R<P¨XKV<S�Y;O�ªKXKV<N/P$U<x�»KR<P$S�V<S s ªyN;x�M;N s XKT;R<S s
s R<N;ª q X s R<U<u;O;SZSKR
Y;S�Q;P$O;U<R
Y;N;U<~;SKT;R~fKR<P$S�U<T;¢$wKP$U³SKO;P s Å E/%7.2 n�o>p�qrqtsun�vxw`n�y{zrn�|�o�}�~rn���n��ro>� 3,11-

13,101].� w-��|�}�y{�r�ry���� }��r�-���rn���|�n���n����t�r�r���ro�}�o����rn����r��}���w`n�����}�y{n�y{�rw�����w-��y{�r���ro�}��r�����rn�w`�r��o�}��r�rn��r�
|������rw-}�����o�w-nU�������ry���n�|���y��r�x|�������w-}�����o�w-n��r�r����������n���|�o�}��-��n��x|��r��zro����rot�r�rn������r�����ro�}�o����rn
���r��}���w-n��r��o�n�|�o ��n�zr��wA|��r���r��n�|�w-}�y{o��¡�¢n�y{o:������£���n�n�o:n���z�w-n��r���ro¤n���|��r��zro�n�� � }��r�-���rn��r|�n��r���`��|�o�n��rw
�¦¥�n�§�|���y��rn©¨rw-�r}�o«ª¬� 13,102,103­®�r���ry¯�r¨ro�n��r�r�ry¯�rn±°-²¦��p�³r´����±|��r�ro�w-}�¨r�ro�}��r���rn±���±|��r��zr�ry{���ro�n
zr�r�ro��ry{o���o�}�y{o�}��r�rn�µ�����w-��y{�r���ro�}��r�®���rn¡w`����o�}��r�rnt¶

( )
E

g/F

E

a

E
photoE ξ

==σ
(3.13)
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�����ry9�7¥����r�r��o�}��r�®°-²¦��p�³�´¦�r�r�ry·��~r�r�ry9w`n���zr����|��¹¸�º{î�zr��w¦��n�zrw-�r�r�r}�o ξ×g�U��»
ξ ¼ SW2eff/S í	ô�îGï ï (3.14)

n�y{oW��n®w-��zrzr�rw-oW�rn®� �®y{�rw-�`��|�ntn��-�`n�|�o�}\~rnt�rnt����o�n�|�o n��rw�½¾³¿��� 2 µt���ty{�rw-�-��|�n�n��-�-n�|�o�}�~rnt��nty{�rw-o�}�nt�r�
y{|�}��ro�}�������o�n��rw®½¬p©��� 2 zrw-n��r���ro¹n���|��r��zro�n�� � n��-�-n�o¹�rn�|��r�r|�n��ro�w-��o�}��r�r�«�������r�r���ro�}�o����rn����r��}���w`n
|��r����n�|�o���n¿��n�y�|�w-}�y{o����r§uy{|�}��ro�}��������ro�yt��n�y{�rw-��n¿n��Àzr��n -Á�Â n�v¯�:Ã����rw-y{�·��n¿zr��w`������o�w-n¿�un�y{o�w-n���}���µ¿���
�r�r���ro�}�o��Ä�rnÄ���r��}���w-nÄ����}�y{nÄ��n�y�|�w(}�y{o����r§xy{|�}��ro�}��������ro�y���n�y{�rw-��n���~rn�|��r� � sÆÅ � ³r³rÇr³Èzr��w¯��n
w-��zrzr�rw-oÉ°-~r�r}�wW��Êr�r��o�}��r�ry9°-²¦��p��r²¦� ³r´¦�rn�����zr��w`����w-��zr��n�²¦� ³¦��p�´�¶

��¼¿ËAÌ PM×(QEAPD/QEPM)×KImm (3.15)

ª¢}��r����n���n��ro��r�r�r�ry9�r¨ro�n��r�r�ry·�rn¹°-²¦��p�²rÍ¦²¦��p�qr´

ξ⋅⋅⋅
=

ImmPMAPDPM
photo K)/QE(QELY

F
a (3.16)

Î�ÏrÐ¹Ð{Ñ�Ò�ÓrÔ�Õ�Ö�Ñ�Ïr×rÐ¹Ïr×rÖWÒ�Ïr×rÖ�Ø-Ù®ÚrÓrÛtÜrÏrÓrØ�Ô�ÛtÝ�Õ�Ð�Þ�ß ÓrÖ�Ñ�Ô�Ñ�Ð{Õ�Ö�Ñ�Ïr×¿ÞrÛ�Ð�ÞrÛ�Órà�á�â:ãäÝ�årÕ�Ý�Ór×rÛ�Õ�ærÛ�Ý
Ór×rÛ�Ð{ÓrØ-ç-Õ�Ý�Û�ÞrÛ�è

×
è®Ò�Ò 2 [104é`ê ξ ë�ì�ê-í�î¦ï�ð Õ¹Ð{ÓrØ-ç`Õ�Ý�Û�Û�ç`ç-Û�Ý�Ö�Ñ�ærÛ�Þ�Û�ÞrÛ�Óràtá�â:ãÈÛ�Ð{Ö
S25eff ñ î è®Ò�Ò 2× í�ê(í è®ò î è®Ò�Ò 2 ñ èró ê�ô è®Ò�Ò 2,

Ô�Õ�Ð{ÓrØ-ç-Õ�Ý�Û�Û�ç-ç-Û�Ý�Ö�Ñ�ærÛ�ÞrÛ�Ô�Õ�ç`Õ�Ý�Û�ÞrÛ�Ð{Ï�Ø-Ö�Ñ�Û�ÞrÓ®Ð�Ý�Ñ�×rÖ�Ñ�Ô�Ô�Õ�Ö�Û�ÓrØ¦Õ�ærÛ�Ý�ÞrÛ�Ö�Õ�Ñ�Ô�Ô�Û îrõ ×îrõ Ò�Ò 2 ö
S576eff ñ õ ór÷ ê ÷rø®Ò�Ò 2.

á�Ô�ÏrØ-Ð ê ÞrÓ�Ø-Õ�ÜrÜrÏrØ-Ö�ù-ó ï�í�ú�û ×rÏ�ÓrÐtÏrürÖ�Û�×rÏr×rÐtÔ�ÕýÞrÙ�Ü�Û�×rÞrÕ�×rÝ�ÛýÞrÛ�Ðtæ�Õ�Ô�Û�ÓrØ-ÐtÞrÛýÔ ÕýÝ�ÏrÒ�ÜrÏrÐ{Õ�×rÖ�ÛÜrårÏrÖ�ÏrÐ{Ö�Õ�Ö�Ñ�Ð{Ö�Ñ�ÚrÓrÛ�þ�Ô�Õ�Ø-Ù�Ð{ÏrÔ�ÓrÖ�Ñ�Ïr×®Ù�×rÛ¡Ø`ÿ�Ù�Ö�Ñ�ÚrÓrÛ�ÞrÓtÝ�Õ�Ô�ÏrØ-Ñ�Ò���Ö�Ø`Û�Ù�Ô�Û�Ý�Ö�Ø-ÏrÒ�Õ�ÿ�×rÙ�Ö�Ñ�ÚrÓrÛ¹Û�×®ç-Ïr×rÝ�Ö�Ñ�Ïr×tÞrÛ¹Ô�Õ
ÚrÓrÕ�×rÖ�Ñ�Ö�Ù©ÞrÛ±Ô�ÓrÒ�Ñ���Ø-Û±Ù�Ò�Ñ�Ð{Û±Ü�Õ�Ø�Ô�Û�Ð�Ù�Ô Ù�Ò�Û�×rÖ�Ð¯Ð{Ý�Ñ�×rÖ�Ñ�Ô�Ô�Õ�×rÖ�Ð ê Ð���Ñ�Ô�Ð¯Ð{Ïr×rÖ�Ñ�ÞrÛ�×rÖ�Ñ�ÚrÓrÛ�Ð ï¦ð Õ±Ý�ÏrÓ�Ø-ürÛ±ÞrÛÞrÙ�ÜrÛ�×rÞrÕ�×�Ý�Û¿ÞrÛ�Ð�æ�Õ�Ô�Û�ÓrØ-Ð�ÞrÛ¿Ô Õ¿Ý�ÏrÒ�ÜrÏrÐ{Õ�×rÖ�Û¿ÜrårÏrÖ�ÏrÐ{Ö�Õ�Ö�Ñ�Ð{Ö�Ñ�ÚrÓrÛ¿þ¿Ô�Õ©Ø-Ù�Ð{ÏrÔ�ÓrÖ�Ñ�Ïr×uÙ�×rÛ�Ø`ÿrÙ�Ö�Ñ�ÚrÓrÛ�ÞrÛ�Ô�Õ
ÚrÓrÕ�×rÖ�Ñ�Ö�Ù¯ÞrÛ¯Ô�ÓrÒ�Ñ���Ø-ÛýÙ�Ò�Ñ�Ð{ÛýÜ�Õ�Ø¹Ô�Û¯Ð{Ý�Ñ�×rÖ�Ñ�Ô�Ô�Õ�Ö�Û�ÓrØ¹Þ�Ûýâ���� ê Ò�Û�Ð{ÓrØ-Ù�ÛýÛ�×�ÜrårÏrÖ�Ï�Ù�Ô�Û�Ý�Ö�Ø-Ïr×rÐtÜ�Õ�Ø
	0Û��Õ�ærÛ�Ý�Ô�Õ�Ò�Ù�Ö�årÏrÞrÛ�Þ�ß Õ�×�Õ�Ô�
JÐ{Û¹Û�×®Õ�Ò�ÜrÔ\Ñ�Ö�ÓrÞrÛ ê Û�Ð{ÖÉÜrØ`Ù�Ð{Û�×rÖ�Ù�Û�ÞrÕ�×rÐ9Ô�Õ��¢Ñ ÿrÓrØ-Û 3.4 öâ:Ø-Û�×rÕ�×rÖ2Û�×uÝ�ÏrÒ�ÜrÖ�Û�Ô�Õ�Þ�Û�Ò�Õ�×rÞrÛ�ÚrÓ�Û�Ô�Õ�Ý�Ïr×rÖ�Ø-Ñ�ürÓrÖ�Ñ�Ïr×uÞrÛ©Ý�Û�Ö�Ö�Û�Ý�ÏrÒ�ÜrÏrÐ{Õ�×rÖ Û©×rÛ©ÞrÏrÑ�Ö«ÜrÕ�Ø
Û�à�Ý�Ù�ÞrÛ�Ø¦Ô�Û�Ð îrê ó����

13é`ê Ïr×®ÜrÛ�ÓrÖÉÙ�Ö�Õ�ü�Ô�Ñ�ØWÚrÓrÛ¹Ô�Õ¹Ô�Ñ�Ò�Ñ�Ö�Û¹Ò�Ñ�×rÑ�Ò�Õ�Ô�Û¹ÞrÛ¹Ô�Õ¹Ý�ÏrÔ�Ô�Û�Ý�Ö�Ñ�Ïr×tÞrÛ¹Ô�ÓrÒ�Ñ���Ø`Û¹Ù�Ò�Ñ�Ð{ÛÞrÓ Ð{Ý�Ñ�×rÖ�Ñ�Ô�Ô�Õ�Ö�Û�ÓrØtÞrÛÀâ���� Û�Ð{Ö�÷ Ürå�ÏrÖ�ÏrÙ�Ô�Û�Ý�Ö�Ø-Ïr×rÐ����uÛ�� ê Ò�Û�Ð{ÓrØ`Ù�ÛuÕ�ærÛ�ÝÀÓr× â�����â îrîrúrîrê ÚrÓrÕ�×rÞÖ�ÏrÓrÖ�Û�Ô�Õ�Ð{ÓrØ-ç-Õ�Ý�Û�Õ�Ø-Ø-Ñ���Ø`Û�ÞrÓ®Ý�Ø-Ñ�Ð{Ö�Õ�ÔÉÛ�Ð5Ö Û�×®Ý�Ïr×rÖ�Õ�Ý�ÖÉÏrÜrÖ�Ñ�ÚrÓrÛ�Õ�ærÛ�Ý�Ô Õ�ÜrårÏrÖ�ÏrÝ�Õ�Ö�årÏrÞrÛ¹ù-ÞrÏr×rÝ¹Ór×rÛ�ç-Û�×���Ö�Ø-Û
ÞrÛ îrõ ×24

Ò�Ò 2û Õ�ærÛ�Ý®ÞrÛ®Ô�ÕtÿrØ-Õ�Ñ�Ð{Ð{Û®ÏrÜrÖ�Ñ�ÚrÓrÛtÞ�ß Ñ�×rÞrÑ�Ý�ÛtÞrÛ�Ø-Ù�ç-Ø-Õ�Ý�Ö�Ñ�Ïr×¿× ñ í�ê è¿ù��2årÏrÞrÏrØ-Ð{Ñ�Ô û-ê Õ�æ�Û�ÝtÓr×Ö�Û�Ò�ÜrÐ�Þrß Ñ�×rÖ�Ù�ÿ�Ø`Õ�Ö�Ñ�Ïr×±ÞrÛ í�ìrì ×rÐ ê þ�Ó�×rÛ�Ö�Û�Ò�Ü�Ù�Ø-Õ�Ö�ÓrØ`Û�ÞrÛ í ÷ o� ê Û�Ö·Ð{Ñ·Ô�Õ�Ð{ÏrÓrØ-Ý�Û�Þ�ß Ñ�Ø`Ø-Õ�ÞrÑ�Õ�Ö�Ñ�Ïr×±Û�Ð{Ö·þ
80
Ò�Ò¬ÞrÛ�Ô�Õ�Ð{ÓrØ-ç-Õ�Ý�Û�ÞrÛ�Ð{ÏrØ-Ö�Ñ�Û�ÞrÓtÝ�Ø(Ñ�Ð{Ö�Õ�Ô ï
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�! �"�#�$�%
3.4 &�')(+*�,�- %�. *�( .�/�% * %�0 (21�( 0�%�#�$ * %�0 ( /�3�4 - 3�5 ( .�6�%�576�3�/�8 ( 5�6� �9�#�%�:+0 ( $ , 5�3�0�#�6� �3�.
, .�%�$�" , 6� �9�#�%�%�.<;=3�.�/�6� �3�. * %�0 (+1�( 0�%�#�$ * %�0 ( 9�# ( .�6� �6 ,�* %�0�#�4> �?�$�% , 4@ �5�%�A

photoélectrons/GeV.

ð ��Ñ�×rç-Ô�Ó�Û�×rÝ�Û Þ�Û Ô�Õ ×rÏr×�B-Ór×rÑ\ç-Ï�Ø-Ò�Ñ�Ö�Ù ÞrÛ Ô�Õ ÚrÓrÕ�×rÖ�Ñ�Ö�Ù Þ�Û Ô�ÓrÒ�Ñ���Ø-Û Ù�Ò�Ñ�Ð{Û Õ Ù�Ö�Ù Ù�Ö�ÓrÞrÑ�Ù�Û
Û�à�ÜrÙ�Ø-Ñ�Ò�Û�×rÖ�Õ�Ô�Û�Ò�Û�×rÖ�Õ�ærÛ�Ý Ór×rÛ Ò�Õ¡Ö�Ø-Ñ�Ý�Û ÞrÛ

5×
è Ý�Ø-Ñ�Ð{Ö�Õ�Órà ÞrÛ â���� Õ�ÓrÐ{Ð{Ñ©ürÑ�Û�× ÚrÓrÛ ÜrÕ�ØuÞrÛ�Ð

Ð{Ñ�Ò�ÓrÔ�Õ�Ö�Ñ�Ïr×rÐ�ÞrÛ2�uÏr×rÖ�Û�B � Õ�Ø-Ô�ÏC� 105é�ï â:Û�×rÞrÕ�×rÖWÝ�Û�Ö�Ö�Û®Ù�Ö�ÓrÞrÛ®Þ�Û�Ð¹Ý�ÏrÛ�ç-ç-Ñ�Ý�Ñ�Û�×rÖ�Ð¹ÞrÛtÝ�ÏrØ-Ø`Ù�Ô�Õ�Ö�Ñ�Ïr×ýÏr×rÖWÙ�Ö�ÙÙ�Ö�Õ�ürÔ�Ñ�Ð2Û�×rÖ�Ø-Û�Ô�Õ�ærÕ�Ô Û�ÓrØ�ÞrÛ�Ô Õ�×rÏr×�B-Ór×�Ñ�ç-ÏrØ-Ò�Ñ�Ö�Ù�Ô�Ïr×�ÿ�Ñ�Ö�ÓrÞrÑ�×rÕ�Ô�Û�ÞrÛ�Ô�Õ�ÚrÓ�Õ�×rÖ�Ñ�Ö�Ù�ÞrÛ�Ô�ÓrÒ�Ñ���Ø-Û0Ù�Ò�Ñ�Ð{Û0ÞrÕ�×rÐ
Ô�Õ�Ø-Ù�ÿ�Ñ�Ïr×�ÞrÛ�Ô�Õ0ç-Õ�Ý�Û�Õ�ærÕ�×rÖ:ÞrÓ�Ý�Ø-Ñ�Ð{Ö�Õ¡Ô:þ�Ô�Õ�ÞrÑ�Ð{Ö�Õ�×rÝ�Û�ÞrÛ í�ìrì Ò�Ò ÞrÓ�ÜrårÏrÖ�ÏrÞrÙ�Ö�Û�Ý�Ö�Û�ÓrØ�Û�Ö:Ô�Õ�æ�Õ�Ô�Û�ÓrØ�Þ�Û
Ô�Õ�Ý�Ïr×rÖ�Ø-Ñ�ürÓrÖ�Ñ�Ïr×®ÞrÛ�Ô�Õ�×rÏr×�B-Ór×rÑ�ç-ÏrØ-Ò�Ñ�Ö\Ù�ÞrÛ�Ô Õ�ÚrÓrÕ�×rÖ�Ñ�Ö�Ù�ÞrÛ�Ô�ÓrÒ�Ñ���Ø`Û�Ù�Ò�Ñ�Ð{Û�þ�Ô�Õ¹Ø-Ù�Ð{ÏrÔ�ÓrÖ�Ñ�Ïr× ïá�Ô�ÏrØ-Ð ê ÜrÏrÓrØ�ÚrÓrÛ�Ô�Õ�×rÏr×�B-Ór×�Ñ ç-ÏrØ-Ò�Ñ�Ö�Ù�ÞrÛ�Ô�Õ�ÚrÓ�Õ�×rÖ�Ñ�Ö�Ù�ÞrÛ©Ô�ÓrÒ�Ñ���Ø-Û±Ù�Ò�Ñ�Ð{Û©þ©Ô�Õ©Ý�ÏrÒ�ÜrÏrÐ{Õ�×rÖ ÛÐ7
JÐ{Ö�Ù�Ò�Õ�Ö�Ñ�ÚrÓrÛ�×�Û�Ð{ÏrÑ�Ö¹ÜrÕ�ÐýÜrÔ�ÓrÐýÚrÓ�Û ìrê�î � ê Ô�Õ�×rÏr×�B-Ór×rÑ�ç-Ï�Ø-Ò�Ñ�Ö�Ù�Ô�Ïr×rÿ�Ñ�Ö�ÓrÞrÑ�×rÕ�Ô�Û�Þ�Û�Ô�Õ�ÚrÓrÕ�×rÖ�Ñ�Ö�Ù�ÞrÛÔ�ÓrÒ�Ñ���Ø-Û�Ù�Ò�Ñ�Ð{Û�ÞrÏrÑ�ÖD��Ö�Ø-Û�Ñ�×rç`Ù�Ø-Ñ�Û�ÓrØWþ ìrê órè��@��� 0

ÜrÏrÓrØ¦ÞrÛ�Ð�Ù�Ô�Û�Ý�Ö�Ø-Ïr×rÐ�Û�Ö ìrê�î è��@��� 0
ÜrÏrÓrØWÞrÛ�Ð�ÜrårÏrÖ�Ïr×rÐ êÏ�E+�

0
Û�Ð{ÖÉÔ�Õ�Ô�Ïr×rÿ�ÓrÛ�ÓrØ¦Þ�Û�Ø-Õ�ÞrÑ Õ�Ö�Ñ�Ïr×®Þ�Ó®Ò�Õ�Ö�Ù�Ø-Ñ�Õ�Ó®ÚrÓrÑÉÛ�Ð{ÖÉÞrÏr×r×rÙ�Û�ÜrÕ�Ø¦Ô ß Û�à�ÜrØ-Û�Ð{Ð{Ñ�Ïr× ö

( ) ( )Z287/ln1ZF Z
716,4A

0 +
=X (3.17)

GIH�JLK�M�NPO�QSR�Q�M�M�KTQ�N�U�R�V�WYX�KSK�Z\[Y]�R�U�O�^
_`O�KSZ�X�R�acb�U�Q�N�U�R�V�W�X�K�^
K�N
ρ
O�QSd�K�Z�M�V�N�aTK�Z

g/cm3 e 106].f Q>ghV�[YX�b=K
3.5 i b�a�M7K�Z�N�K<O�Q<jkU�X�b�l�K<V�d�acQ�O�K<d�K<Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a<d�K>O�Q>W�X�Q�Z�N�V�N�a>d�K>O�X�R�V�o�b�Ka�R�V�M�K i Q�bpO�Kqj�b�V�M�N�Q�O e 12rts JIV�Z�M�V�^ i U�XYbuO�K
j�Q�MvV�d�a�Q�O�^�O�Q
j�U�X�b�l�K
d�K
Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a
d�K
O�Q
W�X�Q�Z�N�V�N�a
d�KO�X�R�V�o�b�Kwd�a�N�K�j�N�a�Kwd�U�V�Nyx�N�b�K i O�Q�N�Kzd�Q�Z�M{O�Q|b�ac[YV�U�Z}d�X}R�Q�~�V�R�X�R�d�KwO�Q|[YKcb�l�K s�� Z�K i K�N�V�N�KQ�X�[YR�K�Z�N�Q�N�V�U�Z�d�KSO�QTj�U�O�O�K�j�N�V�U�Z\d�KSO�QTO�X�R�V�o�b�K�K�Z\d�V�b�K�j�N�V�U�Z\d�KTO�QTn�Qcj�K�Q�b�b�V�ocb�KTd�X\jcb�V�M�N�Q�O2��K�Z
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d�V�b�K�j�N�V�U�ZTd�X i�� U�N�U�d�a�N�K�j�N�K�X�b�� i b�U��YU�W�X�K�X�Z�K�j�U�R i K�Z�M�Q�N�V�U�Z�d�K�O�Q�n�X�V�N�K�Q�b�b�V�o�b�K�d�KcM<[YK�b�l�K�M�W�X�VM�U�Z�NDQ�b�b�V���a�K�M i O�X�M�N�Q�b�d�K�NDd�V�R�V�Z�X�K�O�K�M�W�X�K�X�K�M�d�K�l�Q�M�M�K�M�a�Z�K�b=[YV�K�M s
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�! �"�#�$�%
3.5 &�')( /�3�#�$�¥�%� *�,�( 0�% * %�.�3�.�¦�#�.� �;=3�$�4> �6 ,�* %�0 ( 9�# ( .�6� �6 ,�* %�0�#�4> �?�$�% , 4> �57%

(d’après § 12]).

¨ K�[YQcb�d�U�Z�M\O�© V�Z�n�O�X�K�Z�jcKªd�K«O�QªN�K�Z�X�KªQ�X�~¬V�b�b�Q�d�V�Q�N�V�U�Z�M­d�K�M­jcb�V�M�N�Q�X�~}d�Kz®�¯�G°M�X�b�O�Q
b�a�M�U�O�X�N�V�U�Z+a�Z�K�b=[Ya�N�V�W�X�K�d�X�j�Q�O�U�b�V�R�okN�b=K�a�O�Kcj�N�b�U�R�Qc[YZ�a�N�V�W�X�K st± U�R�R�K�V�O²Q
a�N�a
d�V�N²Q�X ±)� Q i V�N�b�K
³�^�O�K�Mb�Q�d�V�Q�N�V�U�Z�MqV�U�Z�V�M�Q�Z�N�K�MIZ�© K�Z�d�U�R�R�Qc[´K�Z�N i Q�MIO�K�R�a�j�Q�Z�V�M�R�K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z@d�K�MIj�b�V�M�N�Q�X�~�d�K�®�¯�GR�Q�V�M i b�U���U�W�X�K�Z�NµO�© Q i�i Q�b�V�N�V�U�Z�d�© X�Z�K�Q�l�M�U�b i N�V�U�Z�V�Z�d�X�V�N�K s�± K i�� a�Z�U�R�o�Z�K�d�V�R�V�Z�X�K�O�Q i b�U�d�X�j�N�V�U�ZK�n�n�Kcj�N�V���K�d�K�O�Q�O�X�R�V�o�b=K�d�K�MIjcb�V�M�N�Q�XY~�^pQ�X�M�M�V¶l�V�K�Z@W�X�© V�O i b�U���U�W�X�K�O�Q���Q�b�V�Q�N�V�U�Z�d�K�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�ad�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�d�a�N�Kcj�N�a�K s·± K�MTd�K�X�~ i b�U�jcK�M�M�X�M i K�X���K�Z�N�V�Z�n�O�X�K�Z�j�K�b�O�Q�b=a�M�U�O�X�N�V�U�Za�Z�K�b=[Ya�N�V�W�X�KPd�X�j�Q�O�U�b�V�R�o�N�b=K�^²O�K i b=K�R�V�K�b i Qcb¸O�K2j � Q�Z�[YK�R�K�Z�Npd�K2O�Q+j�U�R i U�M�Q�Z�N�K2M�N�U�j � Q�M�N�V�W�X�K2K�NpO�Kd�K�X�~�V�o�R�K i Q�bpO�K�j � Q�Z�[�K�R�K�Z�NDd�K�O�Q�j�U�R i U�M�Q�Z�N�K�Mº¹´M�N�a�R�Q�N�V�W�X�K s

± U�R�R�K�V�O�Q�a�N�a�N�b�U�X���a�Q�X�j�U�X�b�M+d�K�M+N�K�M�N�M�^¶O�Q�j � X�N�K�d�K<O�Q<d�a�N�K�j�N�V�U�Zyd�K<O�Q<O�X�R�V�o�b=K<d�K�Mj�b�V�M�N�Q�X�~@Z�K�N�K�Z�Q�Z�N i Q�MqQ�X�~@V�b�b�Q�d�V�Q�N�V�U�Z�M i K�X�N!Q�N�N�K�V�Z�d�b�K�»�¼�½¾K�N!O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�Q�W�X�Q�Z�N�V�N�a
d�K�O�X�R�V�o�b�K�d�a�N�Kcj�N�a�j � Q�Z�[YK�j�U�Z�M�V�d�akb�Q�l�O�K�R�K�Z�NµQ i b=o�MPX�Z�K�V�b�b=Q�d�V�Q�N�V�U�Z�Q���Kcj�X�Z�K�d�U�M�K�d�K�¿�ÀSb�Q�d s®�Q�bPK�~�K�R i O�K�^ i U�X�b2d�K�M�j�b�V�M�N�Q�X�~ÁQk��K�j�X�Z�d�U�R�R�Qc[�K�V�R i U�b�N�Q�Z�N�j�K�j � Q�Z�[�K�R�K�Z�N i K�X�N�Q�N�N�K�V�Z�d�b=K
7%/X0

e 82,107].f Q
ghV�[YX�b=K
3.6

R�U�Z�N�b�K�O�Q�d�a i K�Z�d�Q�Z�j�K�d�K�O�Q�j�U�Z�N�b�V�l�X�N�V�U�Z+M�X i�i O�a�R�K�Z�N�Q�V�b�K
Â�O�Q
j�U�R i U�M�Q�Z�N�KM�N�U�j � Q�M�N�V�W�X�K i b�U���U�W�X�a�K i Qcb«O�QÃj � X�N�KÃd�KÃN�b=Q�Z�M�R�V�M�M�V�U�ZLU i N�V�W�X�KÃd�K�MÄj�b�V�M�N�Q�X�~ÅV�Z�d�X�V�N i Q�bV�b�b�Q�d�V�Q�N�V�U�Z�^ÆR�K�M�X�b�acK i K�Z�d�QcZ�N­O�© V�bÇb=Q�d�V�Q�N�V�U�ZÈQ���KcjÉd�K�M}[�Q�R�R�QÉd�KÉl�Q�M�M7K�M}a�Z�Kcb=[YV�K�M sy± K�N�N�Kd�a i K�Z�d�Q�Z�j�K+Q�a�N�a+U�l�N�K�Z�X�K i Q�b�O�K�jkQ�O�j�X�O!d�X>b=Q i�i U�b�N!��Ê s ¿tË��vK�Z i b=K�Z�Q�Z�N!K�Z@j�U�R i N�K�O�Q�j�U�b=b�a�O�Q�N�V�U�Z
i b�a�M�K�Z�N�acK+M�X�bvO�Q�ghV�[YX�b�K 2.14

d�X i QcbÇQc[Yb=Q i�� K�¿ s Ê s�Ì O¶n�Q�X�N!Z�U�N�K�bvW�X�K�d�Q�Z�MqjcK�jcQ�O�j�X�O!Z�U�X�MqZ�© Q���U�Z�M
i Q�M i b�V�M+K�Z�j�U�R i N�K�O�Q<j�U�Z�N�b�V�l�X�N�V�U�Z�M�X i�i O�a�R�K�Z�N�Q�V�b�K�Â�O�Q�j�U�R i U�M�Q�Z�N�K<Mº¹´M�N�a�R�Q�N�V�W�X�K i b�U���U�W�X�acK
i Q�b�O�K\j � Q�Z�[YK�R�K�Z�N�d�K\O�Q\Z�U�Z�m�X�ZYV�n�U�b�R�V�N�a­d�K­O�Q­W�X�Q�Z�N�V�N�a­d�K­O�X�R�V�o�b=K­d�a�N�Kcj�N�a�K{K�N<W�X�V i K�X�Nj�U�Z�N�b�V�l�X�K�b�ÍÎX�M�W�X�© Â�O�Q�R�U�V�N�V�a�d�K�O�Q
jkU�Z�N�b�V�l�X�N�V�U�Z+N�U�N�Q�O�K�Â�O�Q�b=a�M�U�O�X�N�V�U�Z+a�Z�K�b=[Ya�N�V�W�X�K

[108].
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�! �"�#�$�%
3.6 &�ÏI,�- %�. *�( .�/�% * %�0 ( /�3�.h6�$� �¥�#�6� �3�.<5�# -�- 0 , 4>%�.�6 (  �$�%�:+0 ( /�3�4 - 3�5 ( .�6=%�5�6�3�/�8 ( 5�6� �9�#�%

- $�3 1 3�9�# , % -�( $�0 ( /�8�#�6�% * %�6�$ ( .h574> �5�5� �3�.<3 - 6� �9�#�% * %�5�/�$� �5�6 ( #�Ð+ �. * #� �6�% -�( $� �$�$ (�*  ( 6� �3�.�Ñ
f K�M>K�~ i a�b�V�K�Z�j�K�M>Q���Kcj�X�Z�K�R�Q�N�b�V�jcKyd�KyÒÆj�b�V�M�N�Q�X�~ÆK�n�n�Kcj�N�X�a�K�M>K�ZÆn�Q�V�M�jcK�Q�X�^·U�Z�NqR�U�Z�N�b�aW�XpÓÔX�Z�K2j � X�N�K2d�K2W�X�Q�Z�N�V�N�a2d�K2O�X�R�V�okb=K2d�a�N�Kcj�N�a2d�K>¿tÕ�½ i b�U���U�W�X�K+OÎÓÖQ i�i Q�b�V�N�V�U�Z<d�© X�Z�K�j�U�Z�N�b�V�l�X�N�V�U�ZM�X i�i O�a�R�K�Z�N�Q�V�b�K\Â\O�Q\j�U�R i U�M�Q�Z�N�K�M�N�U�j � Q�M�N�V�W�X�K­d�K­b=a�M�U�O�X�N�V�U�Zwa�Z�K�b=[Ya�N�V�W�X�K­d�K­¼�^Ô³�½×W�X�V<K�M�N

j�U�Z�M�V�d�a�b�acKIj�U�R�R�KIQcj�j�K i N�Q�l�O�K e 108rºscØ K�M·ghV�[YX�b�K�M·Ê s Ë�K�NÙ³ s ¿tÚ�U�Z i K�X�NÙj�U�Z�j�O�X�b�K2W�X�KPjcK�N�N�KPj � X�N�Kd�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�d�a�N�Kcj�N�a�K·j�U�b�b�K�M i U�Z�d�Â�X�Z�K
Q�l�M�U�b i N�V�U�Z+V�Z�d�X�V�N�K�d�K�³�Ê�½ s®�Q�bpd�a�n�V�Z�V�N�V�U�Z�^�O�© Q�l�M�U�b i N�V�U�Z2V�Z�d�X�V�N�K�K�M�NDj�Q�O�j�X�O�acK i Q�bpO�© a�W�X�Q�N�V�U�ZpÛ

( ) ( )[ ]Ü/T
Ü

Tln
L

1
0=∆k (3.18)

GIH f K�M�N¶O�Q�O�U�Z�[YX�K�X�bÝd�X�j�b�V�M�N�Q�O�^
T0(λ)

O�Q�N�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K�Â�O�Q�O�U�Z�[YX�K�X�b)d�© U�Z�d�K λQ���Q�Z�NDO�© V�b=b�Q�d�V�Q�N�V�U�Z�^
T(λ

�pO�Q�N�b�Q�Z�M�R�V�M�MÞV�U�Z+U i N�V�W�X�K�Â�O�Q�O�U�Z�[YX�K�X�bpd�© U�Z�d�K λ
Q i b�o�M�O�© V�b�b�Q�d�V�Q�N�V�U�Z sJIO�U�b�M�^pQ���K�j

L ß ¼�^Ô³�Ê�R�^ T0(λ)/T(λ) ß ¿º]�¼�^Ôà�à�^uU�Z i K�X�NµQ�n�n�V�b�R�K�b)W�X�K�O�© Q�l�M�U�b i N�V�U�Z�V�Z�d�X�V�Nd�K
∆kfull ß ¿t^�¿tÚ�R -1 d�Q�Z�M2O�Q�l�Q�Z�d�K�d�© a�R�V�M�M�V�U�Z�d�K�M+M�j�V�Z�N�V�O�O�Q�N�V�U�Z�M+Z�K�j�Q�X�M�K i Q�M+d�K<j�U�Z�N�b�V�l�X�N�V�U�ZM�X i�i O�a�R�K�Z�N�Q�V�b�K«Â«O�Q«j�U�R i U�M�Q�Z�N�KáM�N�U�j � Q�M�N�V�W�X�K«d�K i O�X�M�W�X�K«¼�^Ô³�½ s ®�b=K�Z�Q�Z�N�K�Z¬j�U�R i N�KªO�Qj�U�b�b�a�O�Q�N�V�U�Z}M�X�bÁO�QwghV�[YX�b=K

2.15̂
�ZYU�X�M{N�b�U�X���U�Z�MáW�X�K|j�KcN�N�K|��Q�O�K�X�bâd�K|OÎÓÖQ�l�M�U�b i N�V�U�ZãV�Z�d�X�V�N�Kj�U�b�b�K�M i U�Z�d>Â+O�© Q�l�M�U�b i N�V�U�Z<V�Z�d�X�V�N�K ∆ktop ß ¼�^ÔÕ<R -1 R�K�M�X�b�a�K+M�X�b�d�K�Mqa�j � Q�Z�N�V�O�O�U�Z�M
j�U�X i a�Mqd�Q�Z�MqO�Q

i Q�b�N�V�K2M�X i a�b�V�K�X�b�K2d�K�M�j�b�V�M�N�Q�X�~ s�Ø Q�ZYM�j�K+j�Q�M�^hO�Q�j � X�N�K+j�U�b=b�K�M i U�Z�d�Q�Z�N�K+d�K+O�Q+W�X�QcZ�N�V�N�a+d�K+O�X�R�V�o�b�Ka�R�V�M�K�d�K�¿tÕ�½¾n�U�b�R�K�X�Z�K�O�V�R�V�N�K�Â+O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K�R�V�Z�V�R�Q�O�K�d�K�Mqjcb�V�M�N�Q�X�~�W�X�V¶K�M�N
¿t¼ i�� U�N�U�a�O�K�j�N�b�U�Z�M�]�ÀSK�ä s
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3.4 åçævè�éÇêvëìævíìë�îçêvïâéÇð«í�ñuéÇé�ëìí�òÞóÇñuæÄôvëâéÇêvõ\ó�öìïìëâôvëìî�îçí�ó�ævò�óÇéÇé�ðuòÞóÇñuævîyô�ëâéº÷øêvòÞó�éÇóÇîçðpò�óÇñuæ
ôvë<õ\ðuò�ó�öìïìë�î+ïìùìèÞé�ùìíìú�ó�îçîcðpæ�ò�ë�î+ôvó�è�èÞùìïìëìævòÞëìî+í�ñuõ­õ\ë<ëìõ\ûvðué�é�ðpüuë<ôvêÆíìï�ó�îcò�ðpé

3.4.1 ýqþ�ÿ�� ��� �������
	���
 � ����������	��
����� � ��������������������� � ��� �����������
! U�X�M`Q���U�Z�M i b�U�jca�d�aãÂãO�Qãb�Kcj � K�b=j � KÃd�KÃd�V�n�n�acb�K�Z�N�K�MÄR�Q�N�V�o�b=K�MÄb�acn�O�a�j � V�M�M�Q�Z�N�K�MÄU�XQ�l�M�U�b�l�Q�Z�N�K�M�W�X�K@O�© U�Z i K�X�N)X�N�V�O�V�M�K�b i U�X�bIO�© K�R�l�Q�O�O�Qc[YK@d�K�M�j�b�V�M�N�Q�X�~TM�j�V�Z�N�V�O�O�Q�Z�N�M i U�X�bIO�K�M�b�Q�V�M�U�Z�M

suivantes
Û

–
Z�a�j�K�M�M�V�N�a�dpÓÖQ�X�[YR�K�Z�N�K�b�O�Q�jkU�O�O�K�j�N�V�U�Zªd�K�O�X�R�V�o�b=K�d�K�MTjcb�V�M�N�Q�X�~zd�K\®�l�¯�G

4
Q���K�j\O�K�X�b

W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K�l�Q�M�M�K���"µ¿t¼ i�� U�N�U+a�O�K�j�N�b�U�Z�M i QcbpÀSK�äP�$#
–

Z�a�j�K�M�M�V�N�a2d�K+[�Q�b�d�Kcb¸X�Z�K2Z�U�ZYm�X�Z�V�n�U�b�R�V�N�a2d�K2W�X�Q�Z�N�V�N�a2d�K2O�X�R�V�o�b�K2a�R�V�M�K2d�Q�Z�M�d�K+O�Q+O�V�R�V�N�K
d�K�¼�^ÔÊ�»�½@]�%

0
#

–
Z�a�j�K�M�M�V�N�a�d�© U i N�V�R�V�M�K�bÝO�© K�n=n�K�N!d�K�j�U�Z�j�K�Z�N�b=Q�N�V�U�Z@d�K�O�Q�O�X�R�V�o�b�K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z�MPM�X�b)O�© JI® ØW�X�VDK�M�NDV�Z�M�N�Q�O�O�a�K�M�X�bpO�Q�n�Qcj�K�dYK�M�U�b�N�V�K�d�X+j�b�V�M�N�Q�O s
Ø V�M�j�X�N�U�Z�MâO�K�MÆW�X�Q�O�V�N�a�MÆd�K{O�QáR�Q�N�V�o�b=KáW�X�V i U�X�b�b�Q�V�N@x�N�b�K«X�N�V�O�V�M�a�Káj�U�R�R�KáK�R�l�Q�O�O�Q�[�Kb�a�n�O�acj � V�M�M�Q�Z�N i U�X�b)O�K�MPj�b�V�M�N�Q�X�~�M�j�V�ZYN�V�O�O�Q�Z�N�MPd�K�®�¯�G s�& Q�X�n)Â�n�U�X�b�Z�V�b·X�Z�K�j�U�O�O�Kcj�N�V�U�Z�d�K�O�X�R�V�o�b�KR�Q�~�V�R�Q�O�K�^�O�© K�R�l�Q�O�O�Qc[YK@d�U�V�N)Q�X�M�M�VÝQ���U�V�bId�K�M i Q�b=Q�R�o�N�b�K�M�j � V�R�V�W�X�K�M�^ i�� ¹´M�V�W�X�K�M�K�N·R�a�j�Q�Z�V�W�X�K�MM�Q�N�V�M�n�Q�V�M�Q�Z�N�MTj s m�Â s m�d s V�O�d�U�V�N�x�N�b�KÆV�Z�K�b�N�K\Q�X�~zV�Z�n�O�X�K�Z�j�K�M�j � V�R�V�W�X�K�M�^�b�a�M�V�M�N�Q�Z�N�Q�X�~wb�Q�d�V�Q�N�V�U�Z�MV�U�Z�V�M�Q�Z�N�K�M�^ÝK�N�j�U�Z�M�K�b���K�b2j�KcM i Q�b=Q�R�o�N�b�K�M�M7Q�Z�M<j � Q�Z�[YK�R�KcZ�N�M<M�V�[YZ�V�n�V�jcQ�N�V�n�M i K�Z�d�Q�Z�N
O�Q�d�X�b�acK�d�KOÎÓÔK�~ i a�b�V�K�Z�j�K ± À & ��K�Z���V�b�U�Z}¿t¼zÂz¿t»ªQ�Z�Z�acK�M�� s J O�Q�M�X�V�N�K�d�K�M�b�a�M�X�O�N�Q�N�M�d�K�MÁa�N�X�d�K�M i Q�M�M�a�MO�© K�R�l�Q�O�O�Qc[�K
b�acn�O�a�j � V�M�M�Q�Z�N²d�V�n�n�X�M7Q�Z�NDd�a�Z�U�R�R�a('¸¹´��K�) ® KcM�Nhj � U�V�M�Vhj�U�R�R�KqO�K i O�X�MÝj�U�R�R�U�d�Kq����U�V�b

i Q�b�Qc[Yb=Q i�� KPÊ s ¿ s d�K2j�K+j � Q i V�N�b�Kc� s�± K i K�Z�d�Q�Z�N�^hj�K�NpK�R�l�Q�O�O�Q�[�K i b=a�M�K�Z�N�K2d�K�M�d�a�n�Q�X�N�M�^�K�Z i Q�b�N�V�j�X�O�V�K�bV�O�K�M�N�Q�M�M�K�*Pa i Q�V�M)��"²³�¼�¼ µ
R��µK�N�O�K�M i Q�b�N�V�j�X�O�Qcb�V�N�a�M)N�K�j � Z�V�W�X�K�M·d�KPM�Q i b�U�d�X�j�N�V�U�Z�j�U�Z�d�X�V�M�K�Z�NÙÂPX�Z�KZ�U�Z�m�X�Z�V�n�U�b�R�V�N�a�M�V�[YZ�V�n�V�jcQ�N�V���K<d�K<M�UYZCa i Q�V�M�M�K�X�bqK�Nvd�K<M�Q<W�X�Q�O�V�N�a<d�K<M�X�b�n=Q�j�K shØ © X�ZyQ�X�N�b�K>j�U�N�a<O�QR�V�Z�V�R�V�M�Q�N�V�U�Z�d�KSO�© V�Z�N�K�b���Q�O�O�KSK�Z�N�b=KCO�K�M�j�b�V�M�N�Q�X�~\j�U�Z�d�X�V�N2ÂTX�Z�KTQ�R�a�O�V�U�b�Q�N�V�U�Z\d�KTO�QTb=a�M�U�O�X�N�V�U�Z

M i Q�N�V�Q�O�KId�X�j�Q�O�U�b�V�R�o�N�b=K�^DQ�V�Z�M�V�W�XpÓÔÂIX�Z�KPR�V�Z�V�R�V�M�Q�N�V�U�Z�d�KPM�K�M·d�V�R�K�Z�M�V�U�Z�M·K�N i Q�bµj�U�Z�M�a�W�X�K�Z�jcKPd�X
i b�V�~ s ®�K�Z�d�Q�Z�NÝO�Q>b�K�j � K�b=j � K>d�K>R�QkN�V�o�b�K�M�Q�O�N�K�b�Z�Q�N�V���K�M�Z�U�X�M�Q���U�Z�M�a�N�X�d�V�a@X�Z�K@Z�U�X���K�O�O�K@R�Q�N�V�o�b�K
i U�X�bÝO�© K�R�l�Q�O�O�Qc[YK�^pO�K+'µK�d�O�Q�b ® W�X�V¶Q�XYZ�K�a i Q�V�M�M�K�X�b)R�V�Z�V�R�Q�O�K�d�K�³�» µ

R N�b=o�MPX�Z�V�n�U�b�R�K sìÌ O¸K�~�V�M�N�KX�Z�KI[�Q�R�R�KId�K,'µK�d�O�Q�b ® d�KId�V�n=n�a�b=K�Z�N�K�M)a i Q�V�M�M�K�X�b�M)��³�».-y¿t¼�¼ µ
R��=^hQ���K�jPd�V�n�n=a�b�K�Z�N�K�M·j�U�X�O�K�X�b�M���d�K

l�O�Q�Z�j � K�Â�Z�U�V�b=��^�K�NDd�K�W�X�Q�O�V�N�a�d�K�b=a�nÇO�K�~�V�U�Z+��d�K�R�V�b�U�V�bpÂ�d�V�n�n�X�M�� sf K�M�N ¹ i K�M�M�X�V���Q�Z�N�M�d�K�R�Q�N�V�okb=K�M�U�Z�NDa�N�a�N�K�M�N�a�M i K�Z�d�Q�Z�NDZ�U�M�a�N�X�d�K�MqÛ
–

R�Q�N�V�o�b�K�b=a�n�O�a�j � V�M�M�Q�Z�N�K�d�V�n�n�X�M�Q�Z�N�K('¸¹´��K�) ® �=a i Q�V�M�M�K�X�bpd�K�³�¼�¼ µm)
#

–
R�Q�N�V�o�b�K�b=a�n�O�a�j � V�M�M�Q�Z�N�K�R�V�b�U�V�bpÀT¹´O�Q�b ® Q�O�X�R�V�Z�V�M�a���a i Q�V�M�M7K�X�bpd�K�»�¼ µm)

#
–

R�Q�N�V�o�b�K�Q�l�M�U�b�l�Q�Z�N�K/'!Kcd�O�Q�b10
�=d�K�j�U�X�O�K�X�bpZ�U�V�b�K�^�a i Q�V�M�M�K�X�bpd�K�»�¼ µm)
#
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–
R�Q�N�V�o�b�KÈb=a�n�O�a�j � V�M�M�Q�ZYN�KÈd�V�n�n�X�M�Q�Z�N�K2'¶K�d�O�Q�b10 N ¹ i K3'¶¯54I³�¼76�8¶Ê ��d�K j�U�X�O�K�X�b
l�O�Q�Z�j � K�^�a i Q�V�M�M�K�X�bpdYK�»�¼ µm)

#
–

R�Q�N�V�o�b�KÈb=a�n�O�a�j � V�M�M�Q�ZYN�KÈd�V�n�n�X�M�Q�Z�N�K2'¶K�d�O�Q�b10 N ¹ i K3'¶¯54�¿t¼76�8¶Ê ��d�K j�U�X�O�K�X�b
l�O�Q�Z�j � K�^�a i Q�V�M�M�K�X�bpdYK�³�» µm)

#
–

R�Q�N�V�o�b�K�b=a�n�O�a�j � V�M�M�Q�Z�N�K�d�V�n�n�X�M�Q�Z�N�K('¶K�d�O�Q�b ® N ¹ i K/'¶¯54I³�¼76 & Ê+��d�K�j�U�X�O�K�X�bul�O�Q�Z�j � K�^a i Q�V�M�M�K�X�bpd�K�»�¼ µm)
#

–
R�Q�N�V�o�b�K�b=a�n�O�a�j � V�M�M�Q�Z�N�K�d�V�n�n�X�M�Q�Z�N�K('¶K�d�O�Q�b10qN ¹ i K/' ± ¯�³�¼76�8¶Ê+��d�K
j�U�X�O�K�X�bul�O�Q�Z�j � K�^a i Q�V�M�M�K�X�bpd�K�»�¼ µm)

#
–

R�Q�N�V�o�b�K b=a�n�O�a�j � V�M�M�Q�ZYN�K d�V�n�n�X�M�Q�Z�N�K3'¶K�d�O�Q�b10 N ¹ i K9' ± ¯w¿t¼76�:�¿L��d�KÈj�U�X�O�K�X�b
l�O�Q�Z�j � K�^�a i Q�V�M�M�K�X�bpdYK�³�» µm)

#
–

R�Q�N�V�o�b�Kqb=a�n�O�a�j � V�M�M�Q�ZYN�Kqd�V�n�n�X�M�Q�Z�N�K,'¶K�d�O�Q�b70IN�¹ i K;'<8<6Ý³�¼�6�8¶»���d�Kqj�U�X�O�K�X�b!l�O�Q�Z�j � K�^a i Q�V�M�M�K�X�bpd�K�»�¼ µm)
#

–
R�Q�N�V�o�b�KÈb=a�n�O�a�j � V�M�M�Q�ZYN�KÈd�V�n�n�X�M�Q�Z�N�K2'¶K�d�O�Q�b10 N ¹ i K3'¶¯54�¿t»76 f Ê ��d�K j�U�X�O�K�X�b
l�O�Q�Z�j � K�^�a i Q�V�M�M�K�X�bpdYK�»�¼ µm).

± K�MÝR�Q�N�V�o�b�K�MÝU�Z�Nha�N�aqX�N�V�O�V�M�akK�M i U�X�b¶K�R�l�Q�O�O�K�b!O�K�M·j�U�N�a�M)d�K�M)jcb�V�M�N�Q�X�~�^DO�QIn�Q�j�KIU i�i U�M�acKIÂIO�Qn�Q�j�K�d�K�M�U�b�N�V�K�K�NDO�Q i Q�b�N�V�K�d�K�O�Q�n�Qcj�K·d�K�M�U�b�N�V�K�W�X�VDK�Z�N�U�X�b�K�O�Q�n�K�Z�x�N�b�K�d�K�M�U�b�N�V�K s
3.4.2 =.���>� � �?�����@����� ����������� ��A��@��	B�ÔþC������� � ���

Ø Q�Z�MyO�QÁghV�[YX�b=K 3.7
�=Qâm>n��<jcV�m�d�K�M�M�U�X�MCK�M�N�R�U�Z�N�b�aâO�Qâj�U�R i Q�b=Q�V�M�U�Zád�K�MCb=a�M�X�O�N�Q�N�MCd�Kd�V�n�n�a�b�K�Z�N�K�MyR�Q�N�V�o�b�K�MCb�a�n�O�a�j � V�M�M�Q�Z�N�K�MyK�N�Q�l�M�U�b�l�Q�Z�N�K�My�D'¶K�d�O�Qcb ® d�KÁj�U�X�O�K�X�b>Z�U�V�b�K��>W�X�V�U�Z�N�a�N�aX�N�V�O�V�M�a�K�MqM�U�V�N i U�X�bvOÎÓÔK�R�l�Q�O�O�Q�[�K�d�K+N�U�X�N!O�K�j�b�V�M�N�Q�O!��g�V�[�X�b=K 3.7

Q�^pl���^pM�U�V�N¶M�K�X�O�K�R�K�Z�N i U�X�bÝO�Q�n�Qcj�KU i�i U�M�a�K�Â�O�Q�n�Q�jcK�d�K�M�U�b�N�V�K���d�Q�Z�MqjcK�j�Q�MIN�U�X�MIO�K�MPQ�X�N�b�K�MIj�U�N�a�MIM�U�Z�N¶K�R�l�Q�O�O�a�MIQ���Kcj�d�X '¸¹´��K�) ®)

(
ghV�[YX�b�K

3.7
j�^+d�� s f KcMSb�a�M�X�O�N�Q�N�MSdYK�MTa�N�X�d�K�MSd�KÆO�QE*cU�Z�KÆQ�X�N�U�X�b@d�KÆO�QÆn=K�Z�x�N�b=KÆd�KÆM�U�b�N�V�K�d�K

10×10
R�R 2 M�U�Z�N i b�a�M�K�Z�N�a�M�M�X�b¸O�Q2ghV�[´X�b�K 3.7

�=K�^�n�� s´Ø Q�Z�M
O�Q+ghV�[�X�b�K 3.7
�=l�^�d�^�n���O�K�M
��Q�O�K�X�b�M
d�K�M

V�Z�N�a�[Yb=Q�O�K�M
M�U�Z�NuZ�U�b�R�Q�O�V�M�a�K�M
M�X�bvO�K+b�a�M�X�O�N�Q�N!d�K�R�K�M�X�b�K�d�X>jcb�V�M�N�Q�O!Q���Kcj�O�© X�N�V�O�V�M�Q�N�V�U�Z>d�© X�Z�K�n=K�Z�x�N�b�K
d�K

10 F ¿t¼�GHG 2 K�Z�N�U�X�b=a�K i Qcbpd�X�'¶K�dYO�Qcb ® Q�l�M�U�b�l�Q�Z�NDZ�U�V�b�^ i b�V�M7K�j�U�R�R�K�b=a�n�acb�K�Z�jcK s
± U�R�R�K�U�Z i K�X�N+O�K���U�V�b�^PO�KC'µ¹´��K�) ® K�M�N�O�QÁR�K�V�O�O�K�X�b<R�Q�N�V�o�b=K�^PR�Q�V�MyV�O�ZpÓ�¹\Q i Q�Myd�Kd�V�n�n�a�b�K�Z�j�K�M+M�V�[YZ�V�n�V�jcQ�N�V���K�M+Q���Kcj�O�K�M2b�a�M�X�O�N�Q�N�M+U�l�N�K�Z�X�K�M i Q�b�dpÓÖQ�X�N�b�K�M�b�a�n�O�Kcj�N�K�X�b�M s f ÓÔV�Z�n�O�X�K�Z�jcK<d�KOÎÓÔK�R�l�Q�O�O�Qc[YK�d�K�O�Q�n�Qcj�K�U i�i U�M�acK�Â�O�Q<n�Q�jcK�d�K�M�U�b�N�V�K<Q�V�Z�M�V�W�X�K�O�K�N ¹ i K<d�K>j�U�O�O�K<d�K<OÎÓÖK�R�l�Q�O�O�Qc[YKM�U�Z�NpR�V�Z�V�R�K�M�^hR�Q�V�M�O�K2j � U�V�~<d�X�N�¹ i K2dpÓÔK�R�l�Q�O�O�Qc[�K2d�K2O�Q@*cU�Z�K+Q�X�N�U�X�b¸d�K2O�Q+n�K�Z�x�N�b=K2d�K+M�U�b�N�V�K�K�M�NN�b�o�M�V�R i U�b�N�Q�Z�NDK�NDO�K/'¸¹´��K�) ® R�U�Z�N�b�K�O�K�R�K�V�O�O�K�X�bub�a�M�X�O�N�Q�N s
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�! �"�#�$�%
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* #<5 - %�/�6�$�%�Ñ
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3.7 I / JÝ&�K .�;=0�#�%�.�/�% * %�0MLÔ#�6� �0� �5 ( 6� �3�. * %�5 *  �;=; , $�%�.�6�%�5�4 ( 6� �?�$c%�5�/�3�4@4@%�%c4>¥ ( 0�0 ( "�% * %�0 (; ( /�% * #</�$� �5�6 ( 0D3 -�- 3�5 , %�:+0 ( ; ( /�% * %�5�3�$�6� �% I : - 0�%� �.�%�3�# 1 %�$�6�#�$c% J 5�#�$�0 (+- 3�5� �6� �3�. * # -  �/

photoélectr ique.

�! �"�#�$�%
3.7 I�*NJÝ&7K .�;=0�#�%�.�/�% * %�0MLÔ#�6Ç �0� �5 ( 6� �3�. * %�5 *  �;�; , $�%�.�6�%�5v4 ( 6� �?�$c%�5�/�3�4@4@%�%c4>¥ ( 0�0 ( "�%�5 * %0 ( ; ( /�% * #</�$� �5�6 ( 0D3 -�- 3�5 , %�:+0 ( ; ( /�% * %�5�3�$�6� �% I : - 0�%� �.�%�3�# 1 %�$�6�#�$�% J .�3�$c4 ( 0� �5 , %�:+0 (+1�( 0�%�#�$

* %�$ , ; , $k%�.�/c% * %�0MLÔ �.�6 , "�$ ( 0�% * #<5 - %�/�6=$�%�Ñ
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�! �"�#�$�%
3.7 I ; JÝ&7K .�;=0�#�%�.�/�% * %�0MLÔ#�6� �0� �5 ( 6� �3�. * %�5 *  �;�; , $�%�.�6�%�5v4 ( 6� �?�$�%�5v/�3�4@4@%�%c4>¥ ( 0�0 ( "�% * %�0 (
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f Q+ghV�[YX�b=K
3.8

R�U�Z�N�b�K2O�K�M�b=akM�X�O�N�Q�N�M�d�K�M�R�K�M�X�b�K�M�U�l�N�K�Z�X�K�M i U�X�b¸X�Z�K2M7a�b�V�K+d�K+n�K�Z�x�N�b�K�M
d�KM�U�b�N�V�K�Q���K�j�d�K�Mqd�V�R�K�Z�M�V�U�Z�Mqd�K�¿t¼
×
¿º¼�^v¿tÊ

×
¿tÊ�^v¿tË

×
¿tË�^Ù³p¿

×
³p¿t^Ù³�Ú

×
³�Ú>R�R 2 K�Z�N�U�X�b�a�K�M i Q�bÝd�K�O�QR�Q�N�V�o�b�K�b=a�n�O�a�j � V�M�M�Q�Z�N�K�d�V�n�n�X�M�Q�Z�N�K�^pd�XS'¸¹´��K�) ® U�X i Q�b)d�K�O�Q�R�Q�N�V�o�b=K�Q�l�M�U�b�l�Q�Z�N�K�^ud�XT'¶K�d�O�Q�b ® d�Kj�U�X�O�K�X�b+Z�U�V�b�K�^)V�Z�M�N�Q�O�O�acK�M<K�Z�N�b�K�O�Q�n�Qcj�K�d�K�M�U�b�N�V�K�d�Xâj�b�V�M�N�Q�OqK�NqO�Q i�� U�N�U�j�Q�N � U�d�Kyd�Xâ®�À s ®�U�X�bN�U�X�N�K�MPO�K�MPR�K�M�X�b�K�MPO�K�M�K�X�V�Oµd�K�O�© J Øq± Q�a�N�a�n�V�~�a�Â�³�³�à�R�ä i U�X�b)R�V�Z�V�R�V�M�K�b)O�K�l�b�X�V�N¸j�U�R�R�K�O�KR�U�Z�N�b�K�O�Q�ghV�[YX�b=K

3.1.

�! �"�#�$�%
3.8 &�UI, 5�#�0�6 ( 6�5 * %�5v4@%�5Þ#�$�%�5�3�¥�6�%�.�#�%�5 - 3�#�$�#�.�%�5 , $� �% * %�;=%�.NP�6�$c%�5 * %�5�3�$�6� �% * %

*  �4>%�.�5� �3�.�5VQ7R ××××
Q7R�A7Q7W

××××
Q7W�A7Q7X

××××
QYX�A7Z7Q

××××
ZYQ�A7Z7[

××××
ZY[+4>4 2 %�.�6�3�#�$ , %�5 -�( $ * #]\�^ 1 %�_ ®

$ , ;=0 , /�8� �5�5 ( .�6p%�6 *  �;=;�#�5 ( .�6p3�# -�( $ * #]\)% * 0 ( $ ® ( ¥�5�3�$�¥ ( .�6 * %�/�3�#�0�%�#�$�.�3� �$�%�Ñ ' %�5 1�( 0�%�#�$�5�5�3�.�6.�3�$�4 ( 0� �5 , %�5 ( #<$ , 5�#�0�6 ( 6 * %�4@%�5�#�$�% *V` #�.</�$� �5�6 ( 0D5�6 ( . *�( $ *<(�1 %�/�#�.�%�;=%�.NP�6�$�% * %
10××××
Q7R+4>4 2 %�.�6�3�#�$ , % * %/\)% * 0 ( $ ® .�3� �$�Ñ

Ì O·n=Q�X�N·Z�U�N�K�bPW�X�K�O�K�M�b�a�M�X�O�N�Q�N�M�W�X�V�M�U�Z�N�R�U�Z�N�b�a�M�d�Q�Z�M�O�K�M<ghV�[YX�b�K�M�Ê s à�K�N�Ê s Õ U�Z�N�a�N�a
Z�U�b�R�Q�O�V�M�a�M�Q�X\b�a�M�X�O�N�Q�N2d�KTR�K�M�X�b�KSd�X­j�b�V�M�N�Q�O2Q���KcjTX�Z�KTn=K�Z�x�N�b=KTd�K{¿t¼

×
¿t¼\R�R 2 K�Z�N�U�X�b�a�KTd�X

Tedlar® Z�U�V�b¶R�V�M�KIj�U�R�R�KIb=a�n�acb�K�Z�j�K�^ i Qcb�j�KIW�X�KId�Q�Z�M·jcKPjcQ�M·O�QP��Q�O�K�X�bµd�KPO�QPW�X�QcZ�N�V�N�aPd�KPO�X�R�V�o�b�Kd�a�N�K�j�N�acK<K�M�N i b�U�j � K<d�K<O�Q<b=a i U�Z�M�K�Z�U�R�V�Z�Q�O�K<d�© X�Z�K<JI® Ø � i b�U�d�X�V�NÝd�K>O�© K�n�n�V�jcQ�j�V�N�a>W�X�Q�Z�N�V�W�X�K>Q�XM�V�[YZ�Q�OµM�U�b�N�Vµd�K�N�U�X�N�K�O�Q�M�X�b=n�Qcj�K�M�K�ZYM�V�l�O�K��)M�VµO�Ka'µK�d�O�Q�b ® d�K�j�U�X�O�K�X�b·Z�U�V�b=K�K�M�N¸j�U�Z�M�V�d�acb�a�j�U�R�R�K
¿t¼�¼�½¾Q�l�M�U�b�l�Q�Z�N!����U�V�b i Q�b�Qc[�b�Q i�� K+Ê s ³ s ¿t� s f ÓÖQ�Z�Q�O ¹´M�K�d�K�Mqb�a�M�X�O�N�Q�N�M i b=a�M�K�Z�N�a�Mqd�Q�Z�MIO�Q�ghV�[�X�b=K 3.8Z�U�X�M i K�b�R�K�N²d�K
j�U�Z�j�O�X�b�K
W�X�K i U�X�bpd�K�Mvd�V�R�K�Z�M�V�U�Z�MvKcn�n�Kcj�N�V���K�Mvd�X i�� U�N�U�d�a�N�K�j�N�K�X�bud�K�¿t¼ ×

¿t¼�R�R 2

O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�j�U�O�O�K�j�N�a�K�Q�X�[YR�K�Z�N�K�d�K�³�»�½LM�VµO�Q�n=Q�j�K�U i�i U�M7a�K�d�K�O�Q�n�Q�jcK�d�K�M�U�b�N�V�K�K�M�NK�R�l�Q�O�O�a�K i Qcb¸X�Z�K2R�Q�N�V�o�b=K2b=a�n�O�a�j � V�MÞM�Q�Z�N�K2d�V�n�n�X�M�Q�Z�N�K2QcX�O�V�K�X�d�© X�Z�K2R�Q�N�V�ocb�K2Q�l�M�U�b�l�Q�Z�N�K s ®�U�X�b�d�K�M



74

d�V�R�K�Z�M�V�U�Z�MáK�n�n�K�j�N�V���K�Mád�K i�� U�N�U�dYa�N�K�j�N�K�X�bâd�K|» ×
»ãR�R 2 O�Q|W�X�Q�Z�N�V�N�a|d�K|O�X�R�V�o�b�K|jcU�O�O�K�j�N�acK

Q�X�[YR�K�Z�N�K�d�K�Ú�»�½ s
3.4.3 =.���>� � �?�����@���������ÔþC� � ������b��c�@���.��d��>��e�þC�]��	B������� ��fhg;i

f K�MvghV�[YX�b=K�M�Ê s Ò+K�NDÊ s ¿t¼ i b�a�M7KkZ�N�K�Z�NDO�K�M�d�V�n�n�acb�K�Z�N�M�R�U�d�o�O�K�M�M�V�R�X�O�a�M sf K�Mvb�a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�ZYM�K�NDd�K�M�K�~ i a�b�V�K�Z�jcK�M�M�U�Z�N i b�a�M�K�Z�N�a�M�d�Q�Z�M�O�K�M$'¶Q�l�O�KcQ�X�~�Ê s ¿·K�NÊ s ³ skÌ j�VDN�U�X�M�O�K�M�b�a�M�X�O�N�Q�N�M�M�U�Z�N²Z�U�b�R�Q�O�V�M�a�MvQ�X�~���Q�O�K�X�b�Mvd�K
O�Qqj�U�O�O�K�j�N�V�U�Z�d�K
O�X�R�V�o�b=K
d�Q�Z�MvO�K
jcQ�Mvd�Xj�U�Z�N�Q�j�N
j�U�R i O�K�Nq��»�à�ËâR�R 2��d�KyO�Q�n=Q�j�Kyd�KyM�U�b�N�V�Kyd�Xâjcb�V�M�N�Q�OqQ���KcjyO�Q i�� U�N�U�j�Q�N � U�d�Kyd�Xâ®�À Â
80
R�R d�© X�Z�K­M�U�X�b=j�K­dpÓÖK�~�j�V�N�Q�N�V�U�Zzd�K 60± Uw� EjDß ¿t^Ô³�»+ÀSK�äI� s f Kk'µQ�l�O�K�Q�XwÊ s ¿ i b�a�M�K�Z�N�K­O�K�Mb�a�M�X�O�N�Q�N�M·j�U�R i Q�b=a�M·d�K�M·d�U�Z�Z�acK�M·M�V�R�X�O�a�K�M�K�NpK�~ i a�b�V�R�K�Z�N�Q�O�K�M i U�X�b¸d�K�M�j�Q�M
b�K�O�Q�N�V���K�R�K�Z�NpM�V�R i O�K�MW�X�V�V�Z�j�O�X�K�Z�N�OÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�d�KIn�K�Z�x�N�b�KkM)d�KIN ¹ i K�M)d�V�n�n�acb�K�Z�N�M)j�U�R�R�KIU�Z i K�X�N�O�KI��U�V�b¶d�Q�Z�M)O�KPR�U�d�o�O�K®�Àl'¶³�d�KPO�QPghV�[YX�b�K

3.9 s f K2R�U�d�o�O�KI®�Àl'�¿qd�KPO�QPg�V�[YX�b�K 3.9
KcM�NÙO�KPjcQ�M·d�X�j�U�Z�N�Q�j�Npj�U�R i O�K�NÙd�KPO�Qn�Q�j�K
d�K
M�U�b�N�V�K
d�X�jcb�V�M�N�Q�O²Q���Kcj
O�Q i�� UYN�U�j�Q�N � U�d�K
d�X�®�À¾j � U�V�M�V²j�U�R�R�K
b�a�n=a�b�K�Z�j�K�^�O�Kqj�Q�MÝ®�Àl'¶³�K�M�NO�K�R�U�d�o�O�K�Q���Kcj�X�Z�K�n=K�Z�x�N�b=K<V�Z�M�N�Q�O�O�a�K<K�Z�N�b=K<O�Q<n=Q�j�K<d�XyM�U�b�N�V�K<d�Xyj�b�V�M�N�Q�OvK�NvO�Q i�� U�N�U�j�Q�N � U�d�K<d�X®�À s)Ø Q�Z�MSN�U�X�MSO�K�MSj�Q�MSO�K�j�b�V�M�N�QkO�a�N�Q�V�N�K�R�l�Q�O�O�a�O�Q�N�a�b=Q�O�K�R�K�Z�N i Qcb�d�Xm'¸¹´��K�) ® s ®ÙK�Z�d�Q�Z�N�O�K�MM�V�R�X�O�Q�N�V�U�Z�M¾O�K�M i U�V�Z�N�M¾dpÓÔa�R�V�M�M�V�U�Z�M¾d�K�M i�� U�N�U�Z�M¾M�U�Z�N i U�M�V�N�V�U�Z�Z�a�M�j�U�R�R�K O�K R�U�Z�N�b�K

O�Q�ghV�[YX�b�K
3.3 s f Kn'¶Q�l�O�KcQ�X�Ê s ³ i b=akM�K�Z�N�K�O�K�M�b=a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�d�K�j�U�Z�n�V�[YX�b�Q�N�V�U�Z�M i O�X�Mj�U�R i O�V�W�X�a�K�MvR�U�Z�N�b�a�K�Mvd�Q�Z�MÝO�QqghV�[YX�b�K 3.10 s�Ø Q�Z�MÝO�K�MÝR�U�d�o�O�K�MÝ®�Àl'¶Ê�^ì®�Àl'¶»�^ì®�Àl'¶Ë�^ì®�Àl'¶Õ�d�KO�QqghV�[YX�b�K

3.10
O�KI[YX�V�d�KqU i N�V�W�X�KqK�M�N²M�V�R�X�O�aqj�U�R�R�Kqn�Q�V�Nhd�K i O�K�~�V�[YO�Q�M)U�X�d�KI��Kcb�b�KId�KIW�X�Q�b�N�*c^Dd�Q�Z�MO�K�M)R�U�d�o�O�K�M)®�Àl'¶Ú�K�N�®�Àl'¶à�O�KI[YX�V�dYKIU i N�V�W�X�KPK�M�N�M�V�R�X�O�aIj�U�R�R�KIX�Z�K i Q�b�N�V�KPV�Z�N�ac[�b�a�KPd�X�j�b�V�M�N�Q�O s

Ø Q�Z�M2N�U�X�M2O�K�M2j�Q�M2O�K�j�b�V�M�N�Q�O¸Q�a�N�a�KkR�l�Q�O�O�a i Qcb·d�Xn'¸¹´��K�) ® s ®�K�Z�d�Q�Z�N�O�K�M+M�V�R�X�O�Q�N�V�U�Z�M+O�K�M i U�V�Z�N�MdpÓÔa�R�V�M�M�V�U�Z+d�K�M i�� U�N�U�Z�M�M�U�Z�N i U�M�V�N�V�U�Z�Z�a�M�j�U�R�R�K�O�K�R�U�Z�N�b�K�O�Q�ghV�[YX�b�K 3.3.

PWO PM

o�pDq�rDs t�uDv7pDrDw x yDqDv

z�{D|7}~}
y0

{D�7}7}
��|�}7}

��p�q�� ��v7�DvD�BrD��pDw p��D�
PWO

zD{D|7}~}
y0

{���}7}
�D|7}7}

��pDqh� ��v���vD��r��Dp�w pD��� � vD��vDw � v�� |�� � |~}7}
PM

o�pDqDr�s tDu�v�p�rDw x y�qDv

�����l� �������~�
è

�����l� �������~�
è

�! �"�#�$�%
3.9 &�' %k5v4>3 * ?�0�%�5�5� �4>#�0 , 5�%�6u%�Ð -�, $� �4@%�.�6 ( #�Ð�Ñ
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���1�~��� �������7 ���1�~��� ���¡����¢ ���1�~��� ��������£

���h�~��� ���¡����¤ ���1�~��� �������7¥���1�~��� ��������¦

PWO

§1¨�©Bª�ª y0
¨1«Bª�ª
¬1©�ªBª

­M®1¯±° ²´³�µ1³1¶¸·1¹�®1º ®�»1¶¼�®1¯1·�½ ¾1¿�³B®�·1º À Á�¯1³
PM

Â�¯�À µ1³�®1·±º À Á1¯�³¼�®1½ ½ ³B®1·�º À Á�¯1³
PWO

ÃhÄhÅYÆYÆ y0
¨�«Bª�ª
¬1©Bª�ª

PM

­M®1¯±° ²�³Bµ�³1¶¸·1¹�®1º ®1»�¶¼Ç®�¯1·1½ ¾1¿�³B®1·�º À Á�¯1³
PWO

Ã�Ä�Å~ÆYÆ y0
¨�«Bª�ª
È�Å~ÆYÆ
Â¸¯1À µ�³B®1·±º À Á�¯1³¼�®1½ ½ ³B®�·1º À Á�¯1³

PM

­M®�¯�° ²�³Bµ�³1¶¸·1¹1®�º ®1»1¶ ¼�®1¯1·�½ ¾1¿�³B®�·1º À Á�¯1³

PWO

§�¨1©�ªBª y0
¨�«Bª�ª
¬1©Bª�ª

PM

­M®1¯±° ²�³Bµ�³1¶¸·1¹�®1º ®1»�¶¼Ç®�¯1·1½ ¾1¿�³B®1·�º À Á�¯1³
PWO

§1¨�©Bª�ª y0
¨1«Bª�ª
¬1©�ªBª

PM

­M®1¯±° ²´³�µ1³1¶¸·1¹�®1º ®�»1¶¼�®1¯1·�½ ¾1¿�³B®�·1º À Á�¯1³

Â¸¯�À µ1³�®1·�º À Á1¯�³¼�®1½ ½ ³B®1·�º À Á�¯1³
PWO

§1¨1©�ªBª y0
¨�«Bª�ª
¬1©Bª�ª

PM

­M®1¯±° ²�³�µ1³1¶¸·1¹�®1º ®1»�¶ ¼Ç®�¯1·1½ ¾1¿1³�®1·�º À Á�¯1³

Â¸¯1À µ1³�®1·±º À Á�¯1³¼Ç®�½ ½ ³�®1·�º À Á�¯1³

�! �"�#�$�%
3.10 &�' %�5v4>3 * ?�0�%�5�5� �4>#�0 , 5�Ñ

'¶Q�l�O�K�Q�X+Ê s ¿+Û f K�Mvb�a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�K�NDd�K�M�K�~ i a�b�V�K�Z�jcK�M�Q���Kcj�O�K�M�R�U�d�o�O�K�M�®�Àl'â¿t^�³ s
Modèle ÉÆ( 6� �?�$c% ( #�6�3�#�$

* %�0 ( ;=%�.NP�6�$�% * %
10××××
Q7R+4@4

Ï  �5�6 ( .�/�%�%�.�6�$c%�0�%/�%�.�6�$�% * %�0 ` , 4@ �5�5� �3�.
* % - 8�3Y6�3�.<%�6p0 ( ; ( /�%
* %�5�3�$k6� �% * #</�$� �5�6 ( 0�A

mm

Quantité.�3�$�4 ( 0� �5 , %�Ê * %
photons%�.�$�%�"� �5�6�$ , % *�( .�50 ( 5� �4>#�0 ( 6� �3�.

')( 9�# ( .�6� �6 ,.�3�$�4 ( 0� �5 , %�Ê * %
photons%�.�$�%�"� �5�6�$ , % *�( .�5

l'expér ience.

PMT1 - 80 1 1

PMT1 - 115 1,015 1

PMT2 Tyvek® 80 0,262 0,286

PMT2 Tedlar® Z�U�V�b 80 - 0,229

PMT2
®�K�V�Z�N�X�b�K�Z�U�V�b�K

80 0,190** 0,207

PMT2 Tyvek® 115 0,255 -

PMT2 Tedlar® Z�U�V�b 115 0,187** 0,229

*
'¶U�X�N�K�M
O�K�M
d�U�Z�Z�a�K�M
M�U�Z�NuZ�UYb�R�Q�O�V�M�a�K�M
M�X�b�O�Q+W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�a�R�V�M�K�U�l�N�K�Z�X�K�d�Q�Z�MqO�K
R�U�d�o�O�K<®�Àl'�¿�Q���K�j<X�Z�K i UYM�V�N�V�U�Zyd�K<O�Q<M�U�X�b�j�K>Â<Õ�¼yR�R�d�K>O�Q>n=Q�j�K>d�K>M�U�b�N�V�K>��O�Q i O�X�MO�Q�b�[�K��pd�X�j�b�V�M�N�Q�O s

**
d�Q�Z�M�O�Q�M�V�R�X�O�Q�N�V�U�Z+mpR�Q�N�a�b�V�KkO¶¿t¼�¼�½¬Q�l�M�U�b�l�Q�Z�N s
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'¶Q�l�O�K�Q�X+Ê s ³@Û f K�Mvb�a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�Q���K�j�O�K�M�R�U�d�o�O�K�M�®�Àl' 3-8.

Modèle Matière

* #<"�#� * %
optique

Ë)4>¥ ( 0�0 ( "�% * #<"�#� * %3 - 6� �9�#�%�3�# * %�0 (
-�( $�6 * #]Ì�ÍÏÎ

tronqué*

Ï  �5�6 ( .�/�%�%�.�6�$c%�0�%�/c%�.�6�$�%
* %�0 ` , 4> �5�5� �3�. * %�5

- 8�3�6�3�.�5�%�6p0 ( ; ( /�% * %5�3�$�6� �% * #</�$� �5�6 ( 0�A�4@4

Quantité.�3�$�4 ( 0� �5 , %�Ê7Ê * %
photons%�.�$�%�"� �5�6�$ , % *�( .�50 ( 5� �4>#�0 ( 6� �3�.

PMT3 Plexiglas Tyvek® 80 0,207

PMT3
äIK�b�b=K�d�K
quartz

Tyvek® 80 0,204

PMT3
äIK�b�b=K�d�K
quartz

& Q�Z�M�K�R�lYQ�O�O�Q�[�K 80 0,121

PMT4 - Tyvek® 80 0,250

PMT4 - Tyvek® 115 0,222

PMT4 - Mylar® 115 0,238

PMT5 Plexiglas Tyvek® 80 0,179

PMT6 Plexiglas Tyvek® 80 0,193

PMT6 Plexiglas & Q�Z�M�K�R�lYQ�O�O�Q�[�K 80 0,155

PMT7 - Tyvek® 80 0,173

PMT7 - Tyvek® 115 0,232

PMT7 - Mylar® 80 0,189

PMT7 - & Q�Z�M�K�R�lYQ�O�O�Q�[�K 80 0,163

PMT8 Plexiglas Tyvek® 80 0,175

*
®�U�X�bpO�K�M�ÀSU�d�o�O�K�M�®�Àl'¶Ú+K�Nì®�Àl'¶à

**
'¶U�X�N�K�MqO�K�Mqd�U�Z�Z�a�K�MqM�U�Z�N!Z�UYb�R�Q�O�V�M�a�K�MqM�X�bvO�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�d�a�N�Kcj�N�a�K�U�l�N�K�Z�X�K�d�Q�Z�M
O�K�R�U�d�o�O�K�®�Àl'�¿�Q���K�j�O�Q i U�M�V�N�V�U�Z�d�K�O�Q�M�U�X�b�j�K�Â�Õ�¼�R�RÉd�K�O�Q�n=Q�j�K�d�K�M�U�b�N�V�K���O�Q i O�X�MO�Q�b�[�K��pd�X�j�b�V�M�N�Q�O s

± U�R�R�K�U�Z i K�X�Nµ��U�V�b)d�Q�Z�MIO�Ka'¶Q�l�O�KcQ�X�Ê s ¿�V�O¸¹>Q�X�Z�l�U�Z�Q�jcj�U�b�d�K�Z�N�b=K�O�K�M2b=a�M�X�O�N�Q�N�M2d�K�MM�V�R�X�O�Q�N�V�U�Z�MvK�N²O�K�Mvb�a�M�X�O�N�Q�N�Mvd�K
R�K�M�XYb�K�MÝK�~ i a�b�V�R�K�Z�N�Q�O�K�M s f KIb�a�M�X�O�N�Q�N i b�V�Z�j�V i Q�OhK�M�NhW�X�KqO�KqMº¹´M�N�o�R�KQ�M�M�K�*PM�V�R i O�KIW�X�V�V�Z�j�O�X�N�X�Z�KIn�K�Z�x�N�b�KIK�Z�N�U�X�b�a�K i Q�b¶d�KIO�QIR�Q�N�V�o�b=KIb�acn�O�a�j � V�M�M�Q�Z�N�KId�V�n=n�X�M�Q�Z�N�KPn�U�X�b�Z�V�NO�K�M>R�K�V�O�O�K�X�b�K�M>j�U�Z�d�V�N�V�U�Z�M i U�X�b�O�Q�j�U�O�O�Kcj�N�V�U�Zâd�KyO�X�R�V�o�b�KyK�Z�j�U�R i Q�b=Q�V�M�U�ZÆd�K�M@M�¹´M7N�o�R�K�M i O�X�Mj�U�R i O�V�W�X�a�M�Q���K�j�d�K�Mv[YX�V�d�K�M�U i N�V�W�XYK�M�d�K�N ¹ i K�M�d�V�n�n=a�b=K�Z�N�M s! U�X�M�Q���U�Z�M�N�b�U�X���a�W�X�K�O�K�M�b�a�M�X�O�N�Q�N�M�d�K�O�Q�M�V�R�X�O�Q�N�V�U�ZTd�XTR�U�d�o�O�K�®�Àl'¶àTZ�K�M�U�Z�N i Q�MM�N�Q�l�O�K�M s JIO�U�b�M�^·Z�U�X�M>Q���U�Z�M>n�Q�V�Nqd�KkM@a�N�X�d�K�M>M�X i�i O�a�R�K�Z�N�Q�V�b=K�M@d�KCjcK�N�N�KCn�U�b�R�KS[Ya�U�R�a�N�b�V�W�X�KCd�X
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j�b�V�M�N�Q�O s f K�M@b�a�M�X�O�N�Q�N�M@U�l�N�K�Z�X�M@R�U�ZYN�b�K�Z�NIW�X�KCj�K�N�N�KSn�U�b�R�KSK�M�NIN�b�o�M@M�K�Z�M�V�l�O�KCQ�X�~ i U�M�V�N�V�U�Z�M@d�K�M
i U�V�Z�N�M)dpÓÔa�R�V�M�M�V�U�Z�M)d�K�M i�� U�N�U�Z�M)��dYU�Z�jIÂIO�Q i U�M�V�N�V�U�Z�d�KIO�QPM�U�X�b�jcKPd�KPb=Q�d�V�Q�N�V�U�Z�j�U�O�O�V�R�a�KPd�Q�Z�M·O�K�MK�~ i a�b�V�K�Z�j�K�Mqb=a�K�O�O�K�M�� sY± K�R�U�d�o�O�K�Q�X�Z�K���Q�b�V�Q�N�V�U�Z@d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�d�a�N�K�j�N�a�K i b�U�j � K�d�K»�¼�½¬W�X�VDZ�© K�M�N i Q�M�M�N�Q�l�O�K���V�M�Â���V�Q�dYK i K�N�V�N�M�j � Q�Z�[YK�R�K�Z�N�M�d�K i U�M�V�N�V�U�Z+d�K�O�Q�M�U�X�b�j�K�d�K�b=Q�d�V�Q�N�V�U�Z s! U�X�M+Q���U�Z�M+n�Q�V�N�X�Z�K�M�acb�V�K�d�K�M�V�R�X�O�Q�N�V�U�Z�M i U�X�b�a�N�X�d�V�K�b�O�K�M i b�U�jcK�M�M�X�M+d�K<j�U�O�O�Kcj�N�V�U�Zyd�KO�X�R�V�o�b�K�K�N¶O�K�X�bÝd�a i K�Z�d�Q�Z�jcK�K�Z�n�U�ZYj�N�V�U�Z@d�K�O�Q�M�X�b�n�Qcj�K�d�K�O�Q�n�K�Z�x�N�b�K�d�K�M�U�b�N�V�K�K�Z�N�U�X�b=a�K i QcbÝd�K�MR�Q�N�V�o�b�K�Máb�acn�O�a�j � V�M�M�Q�Z�N�K�MáU�XÃQ�l�M�UYb�l�Q�Z�N�K�Mád�V�n�n�acb�K�Z�N�K�M«j�U�R�R�K|O�K`R�U�Z�N�b�K`O�Q`ghV�[�X�b�K 2.1(b).f Q+ghV�[YX�b=K2Ê s ¿�¿I��Q�^hl��¸R�U�Z�N�b�K2O�K�M�j � Q�Z�[YK�R�K�Z�N�M�d�K2��QcO�K�X�b¸d�K2O�Q2W�X�Q�Z�N�V�N�a2d�K2O�X�R�V�o�b=K+d�a�N�Kcj�N�a�K�K�Zn�U�Z�j�N�V�U�Z�d�KIO�QIM�X�b�n=Q�jcKId�KPO�QPn=K�Z�x�N�b=KId�KPM�U�b�N�V�KPU�l�N�K�Z�X�K2d�Q�Z�M·O�K�M·M�V�R�X�O�Q�N�V�U�Z�M·Q�X�M�M�VÙl�V�K�Z�W�X�KPd�Q�Z�M
O�K�MyR�K�M�X�b�K�MyK�~ i a�b�V�R�K�Z�N�Q�O�K�M i U�X�b�X�Z�KÁM�a�b�V�KÁd�Kân=K�Z�x�N�b=K�MCd�K 5 F »�^>¿t¼ F ¿t¼�^>¿tÊ F ¿tÊ�^>¿tË F 16,

21 F ³p¿t^D³�Ú F ³�Ú mm2 s '¶U�X�N�K�M·O�K�M·d�UYZ�Z�a�K�M·M�U�Z�NÙZ�U�b�R�Q�O�V�M�a�K�M·M�X�bµO�QPW�X�Q�Z�N�V�N�aPd�KPO�X�R�V�o�b�KPd�a�N�K�j�N�acKd�Q�Z�M>O�KyÀSU�d�o�O�K
PMT1 s!Ø Q�Z�M>O�Qyg�V�[YX�b�KyÊ s ¿�¿���Q���U�Z i K�X�Nq��U�V�b�W�X�K�O�W�X�KCd�V�n=n�a�b=K�Z�jcKCK�Z�N�b�KCO�K�Mb�a�M�X�O�N�Q�N�M)d�K�M)M�V�R�X�O�Q�N�V�U�Z�M)K�N�O�K�M)K�~ i a�b�V�K�Z�j�K�M)W�X�V�K�M�N�jcQ�X�M�a�K�^hÂPZ�U�N�b�K2Q���V�M�^ i Q�bµO�QPd�V�n=n�a�b=K�Z�j�K2K�Z�N�b�KO�Q<R�Q�N�V�o�b�K<Q�l�M�U�b�l�Q�Z�N�K>ÂS¿t¼�¼�½ÈM�V�R�X�O�a�K<K�NvO�K]'µK�d�O�Q�b ® Z�U�V�bqX�N�V�O�V�M�a>d�Q�Z�M�O�K�M�K�~ i a�b�V�K�Z�j�K�M sh± K�N�N�K

� ¹ i U�N � o�M7K@K�M�N)j�U�Z�n�V�b�R�a�K i QcbIO�K@n=QkV�N)W�X�© X�ZSR�K�V�O�O�K�X�bIQcjcj�U�b�dSK�M�N)U�l�N�K�Z�XTK�Z�N�b�K@O�K�M�b=a�M�X�O�N�Q�N�M�d�K�MM�V�R�X�O�Q�N�V�U�Z�M<K�N
O�K�M<K�~ i a�b�V�K�Z�j�K�M<W�XYQ�Z�dÁd�K�O�Q i K�V�Z�N�X�b�K�Z�U�V�b=K�Q�a�N�ayX�N�V�O�V�M�a�KCj�U�R�R�Kyj�U�X���Kcb�N�X�b�KQ�l�M�U�b�l�Q�Z�N�K�Q�X�N�U�X�b)d�K�O�Q�n�K�Z�x�N�b=K s ®hU�X�b)O�K�MPM�V�R�X�O�Q�N�V�U�Z�MPd�K�MPR�U�d�o�O�K�M2Q���Kcj�X�Z�K�n�KcZ�x�N�b=K�K�Z�N�U�X�b=a�K
i Q�b¶d�Xa'¸¹´��K�) ® Z�U�X�M)Q���U�Z�M)X�N�V�O�V�M�aIO�K�M i Q�b=Q�R�o�N�b�K�M)d�KIb�acn�O�K�~�V�U�Z�K�N�d�KPd�V�n�n�X�M�V�U�Z�R�K�M�X�b�a�M e 87r W�X�Vn�U�X�b�Z�V�M�M�K�Z�NDX�Z+l�U�Z+Q�jcj�U�b�d+K�Z�N�b=K�O�K�M¸b=a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�K�NDO�K�M�K�~ i a�b�V�K�Z�j�K�M s

�! �"�#�$�%
3.11 I�(7JÝ&�ÏP,�- %�. *�( .�/�% * %�/k3�0�0�%�/c6� �3�. * %�0�#�4> �?�$c%�.�3�$c4 ( 0� �5 , % -�( $�#�.� �6 ,�* %�5�#�$�; ( /�%�%�.;=3�.�/�6� �3�. * %�0 ( 5Þ#�$�; ( /�% * %�0 ( ;=%k.NP�6�$�% * %�5�3�$�6� �%
%�.�6�3�#�$ ,�-�( $ * %�5v4 ( 6� �?�$�%�5 ( ¥�5�3�$�¥ ( .�6�%�5�Ñ
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�! �"�#�$�%
3.11 I ¥ JÝ&�ÏI,�- %�. *�( .�/�% * %·0 ( /�3�0�0�%c/�6� �3�. * %�0�#�4> �?c$�%�.�3�$c4 ( 0� �5 , % -�( $�#�.� �6 ,�* %�5�#�$ face%�.<;=3�.�/�6� �3�. * %�0 ( 5Þ#�$�; ( /�% * %�0 ( ;=%k.NP�6�$�% * %�5�3�$�6� �%�%�.Ù6�3�#�$ , % -�( $ * %�5v4 ( 6� �?�$c%�5�$ , ;=0 , /�8� �5�5 ( .�6�%�5

diffusantes.

f K�M{n�U�b�R�K�M­d�K�M{j�U�X�b�l�K�M\d�KzO�QzghV�[YX�b�K
3.11

��l���R�U�Z�N�b�K�Z�N�W�XpÓÔV�OC¹ÄQwX�Z}Kcn�n�K�Nyd�K
j�U�Z�j�K�Z�N�b=Q�N�V�U�Z�M�V�[YZ�V�n�V�jcQ�N�V�nµd�Q�Z�M·O�KPj�Q�M·d�KPO�Q2n�K�Z�x�N�b=KPK�Z�N�U�X�b=a i Q�bµd�XÐ'¸¹´��K�) ® KcNpW�X�K2O�Q2d�K�Z�M�V�N�a2d�X
n�O�X�~�d�K�M i�� U�N�U�Z�M�K�M�NDR�Qk~�V�R�Q�O�K�d�Q�ZYMvO�K
j�K�Z�N�b�K
d�K
O�Q
n=Q�j�K
d�K
M�U�b�N�V�K
d�X�jcb�V�M�N�Q�O skØ ÓÔX�Z�Q�X�N�b=K
j�U�N�a
O�K�Mb�a�M�X�O�N�Q�N�MPd�K�MPK�~ i a�b�V�K�Z�jcK�MPK�Nµd�K�MPM�V�R�X�O�Q�N�V�U�Z�MPd�K�Mº¹�M�N�o�R�K�MPQ���K�j�X�Z�K�n�K�Z�x�N�b=K�K�Z�N�U�X�b=a�K i Q�b)d�K�O�QR�Q�N�V�o�b�KIQ�l�M�U�b�l�Q�Z�N�K i b=a�M�K�Z�N�a�M)d�Q�Z�MÝO�QPghV�[YX�b=K 3.11

��Qc�µR�U�Z�N�b�K�Z�NÙW�X�KPOÎÓÖK�n�n=K�NÙd�KPj�U�Z�j�K�Z�N�b=Q�N�V�U�Z�K�M�N
b�a�d�X�V�N i Q�báOÎÓÔQ�X�[YR�K�Z�N�Q�N�V�U�Z�d�KãOÎÓ Q�l�M�U�b i N�V�U�Z�M�X�báO�QÃn�Qcj�Kãd�KãM�U�b�N�V�Kãd�X�j�b�V�M�N�Q�O�Q�X�N�U�X�b«d�X
i�� U�N�U�d�a�N�K�j�N�K�X�bvK�NuV�OuK�M�NuM i a�j�V�Q�O�K�R�KkZ�NuV�R i U�b�N�Q�Z�Nud�K+Z�U�N�K�b�W�X�K+O�Q i U�M�V�N�V�U�Z<d�X<R�Q�~�V�R�X�R}d�K�n�O�X�~d�K�M i�� U�N�U�Z�M�M�K�d�a i O�Q�jcK�Â�O�Q i a�b�V i�� akb�V�K�d�K�O�Q�n=K�Z�x�N�b=K sf K+O�U�[YV�j�V�K�Oud�K+M�V�R�X�O�Q�N�V�U�Z ± ¨ Ìh& '¶J f Q i K�b�R�V�MqQ�X�M�M�V!dpÓÔU�l�N�K�Z�V�bvd�K�MqV�Z�n�U�b�R�Q�N�V�U�Z�MqM�X�bvO�K�M
i Q�M�M�Qc[YK�M d�K�M i�� U�N�U�Z�M Â N�b�Qc��K�b�M j � Q�W�X�K j�U�Z�N�Qcj�N U i N�V�W�X�K d�Q�Z�M O�K Mº¹´M�N�o�R�K M�V�R�X�O�a sf Q�ghV�[YX�b=K

3.12
��Qc��R�U�Z�N�b�K�O�K�M+d�K�ZYM�V�N�a�M+d�K�M+n�O�X�~yd�K i�� U�N�U�Z�M+W�X�V�M�U�Z�N�M�U�b�N�V�M+d�X�j�b�V�M�N�Q�O�K�N�M�U�Z�NK�Z�N�b�a�Mvd�Q�Z�MvO�Kqj�U�X i O�Qc[YK
U i N�V�W�X�K�^ìK�NDO�Q
ghV�[YX�b=K 3.12

��l��uR�U�Z�N�b=K
d�K�Mvd�K�Z�M�V�N�a�Mvd�K�M)n�O�X�~�d�K�M i�� U�N�U�Z�MW�X�VDM�U�Z�NDQ�b�b�V���a�M�Â�O�Q i�� U�N�U�jcQ�N � U�d�K·d�X�®�À¾Â
N�b�Q���K�b�MvO�Kqj�U�X i O�Qc[YK
U i N�V�W�X�K
K�N²M�U�Z�N²K�Z�b�Kc[YV�M�N�b�a�M i U�X�bO�K�M�d�V�n�n�a�b=K�Z�N�M�R�U�d�o�O�K�M�Q���Kcj�b�K�M i K�jkN�V���K�R�K�Z�NDX�Z�K
n�K�Z�x�N�b�K�K�Z�N�U�X�b�a�K i Q�bpd�K�O�Q�R�Q�N�V�o�b�KqQ�l�M�U�b�l�Q�Z�N�K
Â¿t¼�¼�½ãK�NhQ���KcjqX�Z�Kqn=K�Z�x�N�b=KqK�Z�N�U�X�b=a�K i Qcb¶d�KIR�Q�N�V�o�b=KIb�acn�O�a�j � V�M�M�Q�Z�N�KId�V�n�n�X�M�Q�Z�N�KPj�U�R�R�KIO�K,'¸¹´��K�) ®.®�Q�b¸K�~�K�R i O�K�^hd�Q�Z�M�O�K2j�Q�M�d�K2O�Q2n=K�ZYx�N�b�K2d�K2» ×
»<R�R 2 OÎÓÔX�N�V�O�V�M�Q�N�V�U�Z<d�K�'µ¹���K�) ® QcX<O�V�K�X<d�K+R�Q�N�V�o�b=K

Q�l�M�U�b�l�Q�Z�N�K+Q�X�[YR�K�Z�NpO�Q2j�U�O�O�K�j�N�V�U�Z�dYK2O�X�R�V�ocb�K i Qcb¸X�Z�n�Qcj�N�K�X�b�d�K 1,68/0,76 ß ³�^Ô³�^�d�Q�Z�M
O�K�j�Q�M
d�K
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O�Q�n�K�Z�x�N�b=K�d�Kâ¿t¼
×
¿t¼ÁR�R 2 i Q�b+X�ZÁnÇQ�jcN�K�X�b+d�KÆ¿t^ÔÊ s f K�M<n=Q�j�N�K�X�b�M<M�U�Z�N
K�ZÁl�U�ZÁQ�jcj�U�b�dÁQc��K�j�O�K�Mb�a�M�X�O�N�Q�N�M�K�~ i a�b�V�R�K�Z�N�Q�X�~ i b�a�M�K�Z�N�a�M¸d�Q�Z�M�O�Q�g�V�[YX�b�K 3.8.

23 photon/mm2
20 photon/mm2

17.9 photon/mm2
16.1 photon/mm2

13.3 photon/mm2
11.9 photon/mm2

La fen tre entour  par TYVEKê ée
13

 m
m

24
 m

m

5 
m

m
10

 m
m

16
 m

m
21

 m
m

11.9 photon/mm2
13 photon/mm2

12.3 photon/mm2
12.2 photon/mm2

11.6 photon/mm2
11.9 photon/mm2

La fen tre entourê ée ê par de la mati re absorbante

13
 m

m

24
 m

m

5 
m

m
10

 m
m

16
 m

m
21

 m
m
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1.68 photon/mm2
1.54 photon/mm2

1.49 photon/mm2
1.24 photon/mm2

1.13 photon/mm2
0.98 photon/mm2

La fen tre entourê ée par  TYVEK

13
 m

m

24
 m

m

5 
m

m
10

 m
m

16
 m

m
21

 m
m

0.76 photon/mm2
1.21 photon/mm2

1.06 photon/mm2
1.10 photon/mm2

0.99 photon/mm2
0.98 photon/mm2

La fen tre entourê ée ê par de la mati re absorbante

13
 m

m

24
 m

m

5 
m

m
10

 m
m

16
 m

m
21

 m
m

�! �"�#�$�%
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! U�X�M2Q���U�Z�M2Q�X�M�M�V¸a�N�X�d�V�a�O�KkM i U�M�M�V�l�V�O�V�N�a�M2d�K�b�a�d�X�V�b=K�OÎÓÔK�R i V�O�K�R�K�Z�N¸d�K�M2M�V�[YZ�Q�X�~�d�Q�Z�M2O�Kj�Q�O�U�b�V�R�o�N�b�K i Q�bµO�© X�N�V�O�V�M�Q�N�V�U�Z�dpÓÔX�Z�KkR�l�Q�O�O�Qc[YKPQ�l�M�U�b�l�Q�Z�NÙM�X�b¸O�Q+n�Q�jcK2d�K2M�U�b�N�V�K2d�X�®�¯�GzQ�X�N�U�X�b¸d�X
i�� U�N�U�d�a�N�K�j�N�K�X�b sÙØ Q�Z�M�jcK�j�Q�M�^vM7K�X�O�K�R�K�Z�N·O�K�M i�� U�N�U�Z�M�W�X�V�Q�b�b�V���K�Z�N
Â�O�Q i�� U�N�U�j�Q�N � U�d�K i Q�b2d�K�MN�b�QÎÍÎK�j�N�U�V�b�K�M�Q���K�j«X�Z�K«W�X�Q�Z�N�V�N�a«dYKªb�a�n�O�K�~�V�U�Z�M�R�V�Z�V�R�Q�O�K«M�U�Z�N�K�Z�b�Kc[YV�M�N�b�a�M s JIXÄj�U�Z�N�b�Q�V�b�K�^<O�QR�QÎÍÎU�b�V�N�a�d�K�M i�� U�N�U�Z�MqW�X�V!U�Z�N!d�K�MqN�b�QÎÍÎK�j�N�U�V�b�K�MqO�U�Z�[YX�KcMqK�N!j�U�R i O�V�W�X�a�K�MIM�Kcb�U�Z�N¶M�X i�i b�V�R�a�M i Q�bÝO�QR�Q�N�V�o�b�K+Q�l�M�U�b�l�Q�Z�N�K s´± K i K�Z�d�Q�Z�N�^�U�Z<ZpÓÔQ i Q�MqN�b�U�X���a�d�© Q�R�a�O�V�U�b�Q�N�V�U�Z>d�K�M i Qcb�Q�R�o�N�b=K�Mqd�K�N�K�R i Mqd�Kd�a�N�K�j�N�V�U�Z{d�Q�Z�MyO�K�MyM�V�R�X�O�Q�N�V�U�Z{Q��YK�jÁd�K�Myj�b�V�M�N�Q�X�~ád�X{®�¯�GÈd�Kâ³�Ê�¼áR�R d�KâO�U�Z�[YX�K�X�b@K�N�d�K
O�U�Z�[YX�K�X�b�dpÓÔQ�l�M�U�b i N�V�U�Z�dpÓÔKcZ���V�b�U�ZS¿IR}Â+O�Q+O�U�Z�[YX�K�X�b�dpÓÔU�Z�d�K+d�K+»�¼�¼<Z�R s f K�MqghV�[YX�b�K�M¸Ê s ¿kÊ2��Q�^Öl��
i b�a�M�K�Z�N�K�Z�NuO�K�M
j�V�Z�a�N�V�W�X�K�M
d�© K�Z�b=Kc[YV�MÞN�b�K�R�K�Z�Nud�K�M i�� U�N�U�Z�M
M�X�b�O�Q i�� U�N�U�jcQ�N � U�d�K�d�X>®�À s f ÓÔQ�Z�Q�O ¹�M7K
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d�K�M
d�U�Z�Z�a�K�M
R�U�Z�N�b�K+W�X�K+O�Q+W�X�Q�Z�N�V�N�a+d�K i�� U�N�U�Z�M i Q�b�X�Z�V�N�a+d�K+N�K�R i Mqd�V�n�n=o�b=K�M�K�X�O�K�R�K�Z�N i K�Z�d�Q�Z�NO�K�M i b�K�R�V�o�b�K�M�»�¼�m�à�»+Z�M�d�K�OÎÓÔacj � K�O�O�K�K�Z+N�K�R i M s ®�U�X�buO�K�Mvd�K�X�~�j�Q�MvQ���Kcj
O�Q
n=K�Z�x�N�b=K
K�Z�N�U�X�b�acK i Qcbud�KO�Q+R�Q�N�V�o�b�K�b=a�n�O�acj � V�M�M�Q�Z�N�K�U�X>Q�l�M�U�b�l�Q�Z�N�K�^ÙÒp¿t½¾d�K�M i�� U�N�U�Z�MqQ�b�b�V���K�Z�N¶Q�X i�� U�N�U�d�a�N�K�j�N�K�X�b i K�Z�d�Q�Z�NO�K�M i b�K�R�V�o�b�K�M�¿t¼�¼<Z�M s ÀTQ�V�M�^�O�Q+j�U�O�O�K�j�N�V�U�Z<d�K+O�X�R�V�o�b�K�K�M�Nub�a�d�X�V�N�K+d�K+Ê�¼�½ i Q�b�OÎÓÔX�N�V�O�V�M�Q�N�V�U�Z>d�K�O�QR�Q�N�V�o�b�K
absorbante.

�! �"�#�$�%
3.13 I�(7JÝ&�' %�5v/� �. , 6� �9�#�%�5 *V` %�.�$�%�"� �5�6�$�%c4@%�.�6 * %�5 - 8�3�6�3�.�5�5�#�$�0 (+- 8�3�6�3�/ ( 6�8�3 * % * #

PM.

�! �"�#�$�%
3.13 I ¥ JÝ&�' %�5�/� �. , 6� �9�#�%�5 *V` %�.�$�%�"� �5�6�$c%c4>%�.�6 * %�5 - 8�3�6�3�.�5�5�#�$�0 (+- 8�3�6�3�/ ( 6�8�3 * % * #

PM.
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®�U�X�b���a�b�V�n�V�K�b�O�K�M�b�a�M�X�O�N�Q�N�M>d�KCM�V�R�X�O�Q�N�V�U�ZÆU�Z i K�X�NIn�Q�V�b=KCO�QSj�U�R i Qcb�Q�V�M�U�Z�d�K�M�b=a�M�X�O�N�Q�N�M
i b�a�M�K�Z�N�a�M2d�Q�Z�M2O�Q�ghV�[YX�b=K 3.13

Q���Kcj�O�K�M2b=a�M�X�O�N�Q�N�M2K�~ i a�b�V�R�K�Z�N�Q�X�~ i b�a�M�K�Z�N�a�M2d�Q�Z�M2O�Q�ghV�[�X�b�K 3.8.

± U�R�R�KPZ�U�X�M·O�© Q���U�Z�M·d�aÎÍÎÂPZ�U�N�aPd�Q�ZYM·O�K�M·K�~ i a�b�V�K�Z�j�K�M·����U�V�bµghV�[�X�b�K 3.8
�¸O�Q2j�U�O�O�K�j�N�V�U�Z�d�K2O�X�R�V�o�b�K

Q�X�[YR�K�Z�N�K2d�© K�Z���V�b�U�Z�³�»�½ Q���Kcj2O�© X�N�V�O�V�M�Q�N�V�U�Z<d�K+R�Q�N�V�o�b�K+b=a�n�O�a�j � V�M�M�Q�Z�N�K+K�Nud�V�n�n�X�M�Q�Z�N�K+Q�X�N�U�X�b�d�K+O�Q*cU�Z�KÈM�K�Z�M�V�l�O�KÈd�X d�a�N�K�j�N�K�X�b}d�K
10 F ¿t¼ mm2 sE& K�O�U�Z O�K�M�d�U�Z�Z�a�K�M i b�a�M7K�Z�N�a�M�d�Q�Z�M�O�Q

ghV�[YX�b�K
3.13

�=Q�^Ôl���O�Q i b�U i U�b�N�V�U�ZwKkZ�N�b�K­O�Q­W�X�Q�Z�N�V�N�a­d�K i�� U�N�U�Z�MâK�Z�b�Kc[YV�M�N�b�a�Mâd�Q�Z�MâO�Káj�Q�Mâd�KOÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�d�© X�Z�K�n�K�Z�x�N�b�K�K�Z�N�U�X�b�a�K i Q�b�d�Xn'¸¹´��K�) ® K�N�d�© X�Z�K<n=K�Z�x�N�b�K>K�Z�N�U�X�b�acK i Q�b
X�Z�K<R�Q�N�V�o�b=KQ�l�M�U�b�l�Q�Z�N�KPÂ�¿t¼�¼�½ÃK�M�N�d�K�¿t^ÔÚ�Õ sc± K i K�Z�d�Q�Z�N�V�O�n�Q�X�NÙj�U�b�b�V�[YKcb¶j�KPb�a�M�X�O�N�Q�N i Q�b¶O�QId�V�n�n�acb�K�Z�jcKIK�Z�N�b=KPO�QR�Q�N�V�o�b�K�Q�l�M�U�b�l�Q�Z�N�K�Ây¿t¼�¼�½ M�V�R�X�O�akK�K�N¸O�K.'µK�d�O�Q�b ® d�K�j�U�X�O�K�X�b·Z�U�V�b=K�X�N�V�O�V�M�a�d�Q�Z�M+OÎÓÔK�~ i a�b�V�K�Z�j�K sGIZ i K�X�NvK�M�N�V�R�K�b
O�Q<j�U�b�b�Kcj�N�V�U�Z i Q�b�OÎÓÔQ�Z�Q�O ¹´M�K<d�K�M�d�U�Z�Z�a�K�M i b=a�M�K�Z�N�acK�M�d�Q�Z�M�O�Q>ghV�[�X�b�K 3.11
��Qc� s8¶O�O�K�K�M�NDac[YQ�O�K�Â�¼ s Õ�³ i U�X�bpO�K�jcQ�M�d�K�O�Qqn�K�Z�x�N�b=K
d�K 10 F ¿t¼ mm2 s JIO�U�b�M�^�n�V�Z�Q�O�K�R�K�Z�N²Z�U�X�MvU�l�N�K�Z�U�Z�MX�Z�K i b�U i U�b�N�V�U�Z+d�K�¿t^Ô³p¿)W�X�VDK�M�NDK�Z+lYU�Z�Q�j�j�U�b�d+Q���K�j�O�K�M�b=a�M�X�O�N�Q�N�M�K�~ i a�b�V�R�K�Z�N�Q�X�~ s

3.4.4 =.���>� � �?�����a�����.���ÔþC� � ������b��c�a���Ñ��	���������b�	B����� � ��þÑ��e�	��a������� � �a�Bd�����e�þC�n��	��?�>�?� ��f
APD

f K�M�d�V�n=n�a�b=K�Z�N�M�N�¹ i K�M�d�K<Mº¹´MÞN�o�R�K�M�a�N�X�d�V�a�M�W�X�VvV�Z�j�O�X�K�Z�Nvd�K�M�[YX�V�d�K�M�U i N�V�W�X�K�M�d�K>n�U�b�R�K�M��Q�b�V�a�K�M�U�Z�N i b=a�M�K�Z�N�a�M�d�Q�Z�M�O�Q�ghV�[YX�b�K 3.14 spØ Q�Z�M�O�K�M�R�U�d�o�O�K�M�JI® Ø Ê�^ÝJI® Ø Ú�^ÝJI® Ø »�^ÝJI® Ø Ë�^JI® Ø à�^�JI® Ø Õ�^�JI® Ø Ò�^�JI® Ø ¿t¼�^�Jq® Ø ¿�¿t^�JI® Ø ¿�¿t© ^�JI® Ø ¿t³wK�N<JI® Ø ¿tÊwO�K�Mâ[YX�V�d�K�MÁU i N�V�W�X�K�MM�V�R�X�O�a�M+M�U�Z�N�n�Q�V�N�M+d�K i O�K�~�V�[YO�Q�M+U�X�d�K���K�b�b=K�d�K�W�X�Q�b�N�*<Q���K�j�d�K�M+K�R�l�Q�O�O�Qc[YK�M�K�Zn'¸¹´��K�) ® U�XyK�Z
Mylar® ^�d�Q�Z�M
O�K+R�U�d�o�O�K+JI® Ø ³>O�K�[´X�V�d�K�U i N�V�W�X�K�K�M�N!X�Z�K i Qcb�N�V�K�Z�U�Z�m�M�a i Qcb�acK�d�X>j�b�V�M�N�Q�O�^Ùd�Q�Z�MqO�KR�U�d�o�O�K
JI® Ø ¿t^�O�© JI® Ø K�M�N²V�Z�M�N�Q�O�O�a�K�M�X�buO�Q
n=Q�jcK
d�KqM�U�b�N�V�Kqd�X�jcb�V�M�N�Q�OhK�NhO�K�MÝQ�X�N�b=K�M i Q�b�N�V�K�MÝd�KqO�Qqn�Qcj�Kd�KPM�U�b�N�V�KPM�U�Z�NÙM�V�R�X�O�a�K�M·j�U�R�R�KPK�R�l�Q�O�O�acK�M i Q�bµd�X.'¶¹Y��KB) ® ��O�QPn�KcZ�x�N�b�K2K�Z�N�U�X�b�acK i Q�b¸O�K2b�acn�O�K�j�N�K�X�bd�V�n�n�X�M���^hd�Q�Z�M�O�K�M�R�U�d�o�O�K�M�JI® Ø ¿�¿t^hJI® Ø ¿�¿�ÓhK�NpJI® Ø ¿t³�^�O�K�M
JI® Ø M�U�Z�NuV�Z�M�N�Q�O�O�a�K�M
Â+O�© V�Z�N�acb�V�K�X�b�d�X[YX�V�d�K�U i N�V�W�X�K<Q���K�j�O�Q�n�Qcj�K<Qcb�b�V�o�b=K�V�Z�M�N�Q�O�O�a�K<j�U�Z�N�b�K<O�K>j�b�V�M�N�Q�O s²Ø Q�Z�M�N�U�X�M�O�K�M�jcQ�M�^µO�K<j�b�V�M�N�Q�OvK�M�NM�V�R�X�O�a+j�U�R�R�K+K�R�l�Q�O�O�a i Q�b�d�X]'¸¹´��K�) ® s f Q+j�U�O�O�K+U i N�V�W�X�K�K�M�N!M�V�R�X�O�a�K�j�U�R�R�K�d�X>ÀSK�O�N�R�U�X�Z�N ®.®�K�Z�d�Q�Z�NqO�K�M>M�V�R�X�O�Q�N�V�U�Z�M>O�K�M i U�V�Z�N�M>dpÓÔa�R�V�M�M�V�U�Z�M>d�K�M i�� U�N�U�Z�M>M�U�Z�N i U�MÞV�N�V�U�Z�Z�a�M>j�U�R�R�KCV�OIK�M�NR�U�Z�N�b�a�d�Q�Z�M�O�Q�ghV�[YX�b=K

3.3 s f K�Mvb�a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�M�U�Z�N i b�a�M�K�Z�N�a�M�d�Q�Z�M�O�K/'µQ�l�O�K�Q�X+Ê s Ê s
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PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Ú

å Û�æ æ ß�Û�á�ã ç è�Ü�ß

é�ê�ë¡ì�í î7ï�ðBñ7ò

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

APD

Ø�Ù�Ú�Û�Ü±Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Ú

å Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ óhô�õ Õ�Õ
ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

PWO

APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

÷ 24m
m

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APD

Ø�Ù�Ú�Û�Ü±Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß
PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

PWOö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

PWO
ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

÷ 34m
m

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú?Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0 3.5

×�Ô�Õ�Õ

÷ 34mmö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú?Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ õ�ø Õ�Õ

APD13

APD10

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß APDØ�Ù�Ú�Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Ú

å Û�æ æ ß�Û�á�ã ç è�Ü�ß
PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ ùûú�ü ô�ô�ý Ò�Ô�Õ�Õùûú�ü ô�ô�þ ý�õ�ø Õ�Õ

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APDØ�Ù�Ú?Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß
PWO

Ò�Ó�Ô�Õ�Õ y0
Ó�Ö�Õ�Õ
×�Ô�Õ�Õ

ö Ü�ç à�ß�Û�á�ã ç è�Ü�ß

APD

Ø�Ù�Ú?Û�Ü�Ý Þ±ß�à�ß�ÚÇá�â�Û�ã Û�ä�Úå Û�æ æ ß�Û�á�ã ç è�Ü�ß

écê�ë¡ì�í îYï�ðBñ ÿ é�ê�ë¡ì�í î7ï�ðBñ��

é�ê�ë¡ì�í î7ï�ðBñ�� écê�ë¡ì�í îYï�ðBñ�� é�ê�ë¡ì�í î7ï�ðBñ��

é�ê�ë¡ì�í î7ï�ðBñ�� écê�ë¡ì�í îYï�ð�ñ�	 é�ê�ë¡ì�í î7ï�ðBñ�


Modèle
ï ð�ñYò��cî�
�ïNðBñYò��

Modèle
ï ðBñ7ò�òcî�
Çï�ð�ñYò�ò�� écê�ë¡ì�í îYï�ð�ñYòhÿ

�! �"�#�$�%
3.14 &�' %�5v4>3 * ?�0�%�5�5� �4>#�0 , 5 .
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\ ( ¥�0�% ( #]W�Ñ�W &�' %�5�$ , 5�#�0�6 ( 6�5 * %�5�5� �4>#�0 ( 6� �3�.�5 (�1 %�/�0�%�5v4>3 * ?�0�%�5�� Ì Ï Q�¦�Q7W�Ñ

Modèle Matière

* #<"�#� * %
optique

L’emballage

* #<"�#� * %
optique

')(+*  �5�6 ( .�/�%%�.�6�$�%�0�%
/�%�.�6�$c%
* L , 4> �5�5� �3�. * %�5
- 8�3�6�3�.�5�%�6p0 (; ( /�% * %�5�3�$�6� �%
* #</�$� �5�6 ( 0�A�4@4

')(+- $�3 - 3�$�6� �3�.%�.�6�$�%�0 (9�# ( .�6� �6 ,�* %
photons5�3�$�6 ( .�6p%�6%�.�$�%�"� �5�6�$ , 5�A��

')( 9�# ( .�6� �6 ,�* %0�#�4> �?�$c% , 4> �5�%.�3�$�4 ( 0� �5 , %�:/�%�0�0�% * #<4>3 * ?�0�%�,Ì Ï Q�A��

APD1 - - 80 1,38±0,05 1

APD2 - Mylar®* 80 0,97±0,05 0,70

APD2 - Mylar®* 115 1,02±0,05 0,74

APD2 - Mylar®* 160 1,12±0,05 0,81

APD2 - Mylar®* 220 1,25±0,05 0,91

APD3 Plexiglas Tyvek® 80 0,85±0,05 0,62

APD3
äIK�b�b=K�d�K
quartz

Tyvek® 80 0,79±0,05 0,57

APD3 Plexiglas Mylar® 80 0,80±0,05 0,58

APD3
äIK�b�b=K�d�K
quartz

Mylar® 80 0,80±0,05 0,58

APD3 Plexiglas Ø K�M�M�X�M�K�NDl�QkMV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb ®

80 0,80±0,05 0,58

APD3
äIK�b�b=K�d�K
quartz

Ø K�M�M�X�M�K�NDl�QkMV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb ®

80 0,76±0,05 0,55

APD4 Plexiglas Tyvek® 80 0,83±0,05 0,60

APD4 Plexiglas Mylar® 80 0,72±0,05 0,52

APD5 Plexiglas Tyvek® 80 0,80±0,05 0,58

APD5 Plexiglas Mylar® 80 0,83±0,05 0,60

APD5 Plexiglas Ø K�M�M�X�MV'µ¹´��K�) ®,O�K�M�j���N�a�M
Mylar®

80 0,82±0,05 0,59

APD6 Plexiglas Tyvek® 80 0,77±0,05 0,56

APD7 Plexiglas Tyvek® 80 0,76±0,05 0,55

APD8 Plexiglas Tyvek® 80 0,75±0,05 0,54
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1 2 3 4 5 6

APD8 Plexiglas Mylar® 80 0,69±0,05 0,50

APD9 Plexiglas
Plexiglas

Tyvek®

Mylar®
80
80

0,65±0,05
0,59±0,05

0,47
0,43

APD10 Plexiglas Tyvek® 80 0,65±0,05 0,47

APD10 Plexiglas Ø K�M�M�X�MV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb ®

80 0,57±0,05 0,41

APD11 Plexiglas Tyvek® 80 0,63±0,05 0,46

APD11 Plexiglas Mylar® 80 0,63±0,05 0,46

APD11 Plexiglas Ø K�M�M�X�MV-
Mylar® ^�O�K�Mj���N�a�MV-�'¸¹´��K�) ®

80 0,62±0,05 0,45

APD11 Plexiglas Ø K�M�M�X�MV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb��

80 0,65±0,05 0,47

APD12 Plexiglas Tyvek® 80 0,54±0,05 0,39

APD12 Plexiglas Mylar® 80 0,65±0,05 0,47

APD11’ Plexiglas Tyvek® 80 0,54±0,05 0,39

APD11’ Plexiglas Mylar® 80 0,47±0,05 0,34

APD11’ Plexiglas Ø K�M�M�X�MV-
Mylar® ^�O�K�Mj���N�a�MV-�'¸¹´��K�) ®

80 0,41±0,05 0,30

APD11’ Plexiglas Ø K�M�M�X�MV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb ®

80 0,43±0,05 0,31

APD13 Plexiglas Tyvek® 80 0,46±0,05 0,33

APD13 Plexiglas Ø K�M�M�X�MV-
Tyvek® ^�O�KkMj���N�a�MV-+ÀT¹´O�Qkb ®

80 0,47±0,05 0,34

�)K�R�l�Q�O�O�Qc[YK�d�K�O�Q i Q�b�N�V�K�N�b�U�Z�W�X�a�K�dYX+jcb�V�M�N�Q�O s

± U�R�R�K�U�Z i K�X�N!O�K���U�V�bvd�Q�ZYMqO�K '¶Q�l�O�KcQ�X>Ê s Ê s ^pO�K�R�U�d�o�O�K�JI® Ø ¿+W�X�V¶K�M�N¶O�K i O�X�MIM�V�R i O�K�^n�U�X�b�Z�V�N²O�K�MvR�K�V�O�O�K�X�b�Mvj�U�Z�d�V�N�V�U�Z�Mvd�K�j�U�O�O�K�j�N�V�U�Z�d�KqO�X�R�V�o�b=K s�& K�O�U�Z�O�KqN � a�U�b=o�R�Kqd�K f V�U�X���V�O�O�KqV�OhZpÓ�¹Q i Q�M�d�K i U�M�M�V�l�V�O�V�N�aSd�KSj�U�Z�jcK�Z�N�b�K�b�O�KSn�O�X�~\d�KTO�X�R�V�o�b�KTW�X�V2M�U�b�N2d�X\M�j�V�Z�N�V�O�O�Q�N�K�X�b�d�KTR�Q�Z�V�ocb�KV�M�U�N�b�U i V�W�X�K�M�X�bpX�Z i K�N�V�N i�� U�N�U�d�a�N�K�jkN�K�X�buQ���K�j�X�Z�[YX�V�d�K
U i N�V�W�X�K
U�X�X�Z�U�ltÍÎK�j�N�V�n e 109rtst± K i K�Z�d�Q�Z�N�^O�K�MPM�V�R�X�O�Q�N�V�U�Z�MPd�K�j�K�MPR�U�d�o�O�K�MPZ�UYX�MPU�Z�N i K�b�R�V�MPd�K�j � U�V�M�V�b)O�K�N ¹ i K�MPd�K�[YX�V�d�K�M2d�K�O�X�R�V�o�b=K�O�K�M
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i O�X�MvK�Z�j�U�X�b�Qc[�K�Q�Z�N�M i U�X�buO�K�Mva�N�X�d�K�M�d�K
R�a�N � U�d�K
d�K
j�U�Z�j�K�Z�N�b�Q�N�V�U�Z�dpÓÔX�Z�n�O�X�~�n�O�X�U�b�K�M�j�K�Z�N²W�X�V²M�K�b�Qd�V�M�j�X�N�a i O�X�M�l�Q�M�d�Q�Z�M�O�K i Q�b=Qc[Yb=Q i�� K·Ê s Ë s ¿ sf QPW�X�K�M�N�V�U�Z�V�R i U�b�N�Q�Z�N�K2d�Q�ZYM�j � Q�W�X�K2M�V�R�X�O�Q�N�V�U�Z�K�M�Npj�K�O�O�K2d�K2O�Q2jcK�b�N�V�N�X�d�K2M�N�Q�N�V�M�N�V�W�X�K2d�K�Mb�a�M�X�O�N�Q�N�M�U�l�N�K�Z�X�M s ! U�X�M�Q���U�Z�M�n=Q�V�N·X�Z�K�M�a�b�V�K�M i a�j�V�Q�O�K�d�K�M�V�R�X�O�Q�N�V�U�Z�M�Q���K�j�O�K�R�U�d�o�O�K�JI® Ø ¿d�Q�Z�MqO�K�M�W�X�K�O�O�K�MqZ�U�X�MqQ���U�Z�Mq��Qcb�V�a�O�Q���Q�O�K�X�bÝQ�O�acQ�N�U�V�b�K�dpÓÔU�b�V�[YV�Z�K s f ÓÔQ�Z�Q�O ¹´M�K�M�N�Q�N�V�M�N�V�W�X�K�K�n�n=K�j�N�X�acKR�U�Z�N�b�K+W�X�K+O�K+O�U�[YV�j�V�K�O ± ¨ Ìh& '¶J f Q2X�Z�K+M�N�Q�l�V�O�V�N�a+d�K�b�a�M7X�O�N�Q�N�Mqd�Q�Z�MqO�Q�O�V�R�V�N�K�d�K�Ú�½¾��O�K�Z�U�R�l�b�K
R�U�¹´K�Z+d�K�M i�� U�N�U�Z�M�b�Kc[YV�M�N�b�a�K�M�NDË�à�ÚY^�� ß 27).

3.5 åçævè�éÇêvëìævíìë|ôvë�î{ò����vë�î{ôvó�èÞèÞùìïìëìævòÞî{ôP÷øëìõ\ûvðuéÇéÇðuüuë�îáôvë�îáíìï�ó�îçòÞðuê! îçê�ï`é�ðÃævñuæ#"
êvævó�èÞñuïìõ\ó�ò�ù<ôvë%$Ùêvðpævò�ó�òÞù<ô�ë<é�êvõ\ó�öìïìë<ùìõ\ó�îcë&�vðuï�é�ë�î+íìïìóÇîçòÞðuê! Côvë&')(+*

3.5.1 =.���>� � �?����� ��A�����	B�ÔþC����������A
f K>Mº¹´M�N�o�R�K>J ±)± G & Q>a�N�a<d�a���K�O�U i�i a i b�V�Z�j�V i Q�O�K�R�K�Z�N i U�X�bqOÎÓÔU�b=[YQ�Z�V�M�Q�N�V�U�ZSd�XSj�U�Z�N�b���O�Kd�K�M i Q�b�Q�R�o�N�b�K�M�d�K�M<j�b�V�M�N�Q�X�~ÁM�j�V�Z�N�V�O�O�Q�Z�N�M�d�Q�Z�M�O�K�M�j�U�Z�d�V�N�V�U�Z�M�d�K i b�U�d�X�j�N�V�U�ZÁK�ZÁM�a�b�V�K�����U�V�b+O�Kj � Q i V�N�b�K�Ú�� sp± K i K�Z�d�Q�Z�N�^ÝQ�XÁj�U�X�b�M�d�K�M�N�K�M�N�M�V�O�M�© K�M�N�R�U�Z�N�b�a�ac[�Q�O�K�R�K�Z�N
j�U�R�R�K�X�ZÁV�Z�M�N�b�X�R�K�Z�NM�j�V�K�Z�N�V�n�V�W�X�KSj�U�R�R�U�d�K i U�X�b�O�© a�N�X�d�KSd�K�M i Qcb�Q�R�o�N�b=K�M�d�K�M�jcb�V�M�N�Q�X�~­K�N2d�K�M i U�M�M�V�l�V�O�V�N�a�M�d�KTO�K�X�bQ i�i O�V�j�Q�N�V�U�Z s 8¶Z i Q�b�N�V�j�X�O�V�K�bvO�K�M7¹´M�N�okR�K�J ±)± G & Q�a�N�a�X�N�V�O�V�M�a i U�X�bvO�K�Mqa�N�X�d�K�Mqd�K�OÎÓÔV�Z�n�O�X�K�Z�j�K�d�K�Md�V�n�n�a�b�K�Z�N�M
N ¹ i K�M
duÓÔK�R�l�Q�O�O�Qc[�K+d�K�M
j�b�V�M�N�Q�X�~>M�X�b�O�K�M
j�U�Z�d�V�N�V�U�Z�M
d�K+j�U�O�O�K�j�N�V�U�Z<d�K+O�X�R�V�o�b�K�K�N!M�X�bvO�QZ�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�a�R�V�M�K sf QIghV�[YX�b=K

3.15 i b�a�M7K�Z�N�KIO�K�MÝj�U�X�b�l�K�M)d�KIO�QIZ�U�Z�m�X�Z�V�n�U�b�R�V�N�aId�KIW�X�Q�Z�N�V�N�aId�KIO�X�R�V�o�b�KPa�R�V�M�K
i Q�bµX�Z�j�b�V�M�N�Q�OÙd�KP®�¯�Gª��d�KPO�U�Z�[YX�K�XYbµd�KP³�Ê�¼�R�R�^²O�QPn=Q�jcKPd�KPM�U�b�N�V�KPO�ac[�o�b�K�R�K�Z�NÙa�b�Qcn�O�a�K�^²OÎÓÔX�Z�d�K�Mj���N�a�MÆK�M�N�d�a i U�O�V���^<U�l�N�K�Z�X�K�M\Q���KcjáOÎÓÔX�N�V�O�V�M�Q�N�V�U�ZÄdpÓÔK�R�l�Q�O�O�Q�[�K�M�d�V�n�n=a�b�K�Z�N�MqÛ�¿t�SO�Kªj�b�V�M�N�Q�O�M�Q�Z�MOÎÓÔK�R�l�Q�O�O�Qc[YK�^�³��SQ���K�jáX�Z`K�R�l�Q�O�O�Q�[YKád�K '¸¹´��K�) ®̂<Q���K�jáX�ZÄK�R�l�Q�O�O�Qc[YKád�KÏ'¶K�d�O�Q�b ® d�K«N ¹ i K
TWH10BE3

dpÓÔa i Q�V�M�M�K�X�bpd�K�³�» µm.GIZ i K�X�N
��U�V�b+W�X�KyOÎÓÔX�N�V�O�V�M�Q�N�V�U�Zâd�KyR�Q�N�V�o�b�KCb�a�n�O�acj � V�M�M�Q�Z�N�Kyd�V�n�n�X�M7Q�Z�N�KyQ�R�a�O�V�U�b=KyO�QyZ�U�Z�mX�Z�V�n�U�b�R�V�N�aPd�KPO�QPW�X�Q�Z�N�V�N�aPd�KPO�X�R�V�okb=KPa�R�V�M�K i QcbµO�KPjcb�V�M�N�Q�O s f K@'¶K�d�O�Qcb ® duÓÔa i Q�V�M�M�K�X�b¸d�K2³�» µ
R¬Z�K

n�U�X�b�Z�V�N i Q�M�X�ZTZ�V���K�Q�XTd�© X�Z�V�n�U�b�R�V�N�a�d�K�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�a�R�V�M�K�M�X�n�n�V�M7Q�Z�N�K�Â�jcQ�X�M�K�d�K�O�K�X�bN�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K�b�K�O�Q�N�V���K�R�K�Z�N¶a�O�K���acK i U�X�b)X�Z�K�N�K�O�O�K�a i Q�V�M�M�K�X�b sìØ ÓÖQ i b�o�M2Z�U�M2b=a�M�X�O�N�Q�N�M2O�K�X�bN�b�Q�Z�M�R�V�M�M�V�U�ZSU i N�V�W�X�K@d�Xl'¶K�d�O�Q�b,' ± ¯w¿t¼76�:�¿,�¾Q���K�j�X�Z�K�OÎÓÖa i Q�V�M�M�K�X�bPd�K�³�» µ
RÅKcM�N·d�K�à�m�Õ�½

d�Q�Z�M�O�Q�b�ac[YV�U�Z+d�K�Ú�¼�¼�Â�à�¼�¼+Z�R s
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3.15 &.- 3�#�$�¥�%�5 * %�0 ( .�3�.h¦�#�.� �;=3�$�4> �6 ,�* %�0 ( 9�# ( .�6� �6 ,�* %�0�#�4> �?�$c% , 4> �57%�8�3�$�5 * #/�$� �5�6 ( 0 * %(Ì�ÍÏÎ I 0�3�.�"�#�%�#�$ * #</�$k �5�6 ( 00/�Z7W7R+4@4@A�0 ( ; ( /�% * %�5�3�$�6� �%�0 , "�?�$c%c4>%�.�6 , $ ( ;=0 , %�A�0MLÔ#�.
* %�5�/�1�6 , 5�%�576 *�,�- 3�0� J 3�¥�6�%k.�#�%�5 (�1 %�/ * LÔ#�6� �0� �5 ( 6� �3�. * LÔ%�4>¥ ( 0�0 ( "�%�5 *  �;=; , $�%�.�6�5�Ñ
®�U�X�bÝU�l�N�K�Z�V�bÝX�Z@Z�V���K�Q�X@Q�jcjkK i N�Q�l�O�K�d�K�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�KK�N�^¸K�ZCR�x�R�K>N�K�R i M�^¸d�V�R�V�Z�X�K�bqO�© K�M i Qcj�K�K�Z�N�b�K@O�K�M�j�b�V�M�N�Q�X�~ i Q�bIb�Q i�i U�b�N·Q�Xl'¸¹´��K�) ® Z�U�X�M�Q���U�Z�M

a�N�X�d�V�aâO�Q i U�M�M�V�l�V�O�V�N�aâdpÓÔX�N�V�O�V�M�Q�N�V�U�Z{d�© X�ZáK�R�l�Q�O�O�Qc[YKâK�Zád�K�X�~«j�U�X�j � K�MCR�V�Z�j�K�MSj�U�R�l�V�Z�a�K�M s f QghV�[YX�b�K
3.16 i b=a�M�K�Z�N�K�O�K�M2jcU�X�b�l�K�M2d�K�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�a�R�V�M�K � U�b�M+d�XR�x�R�KIj�b�V�M�N�Q�O�d�KI®�¯�G«��O�U�Z�[YX�K�X�b¶dYX�j�b�V�M�N�Q�ON-�³�Ê�¼�R�R�^Dn�Q�jcKId�KIM�U�b�N�V�KIO�ac[�o�b�K�R�KcZ�N�a�b�Qcn�O�a�^DX�Z�d�K�M

j���N�a�M{d�a i U�O�V���^�U�l�N�K�Z�X�K�M«Q���K�j|O ÓÔXYN�V�O�V�M�Q�N�V�U�Zãd�© X�ZãK�R�l�Q�O�O�Qc[�K|d�K|d�K�X�~Ãj�U�X�j � K�Mád�V�n�n=a�b=K�Z�N�K�MqÛ
1)
K�R�l�Q�O�O�Qc[YK2d�K2d�K�X�~<j�U�X�j � K�M�d�K '¶K�d�O�Q�b ® d�K2N�¹ i K�'¶¯54�¿t¼76�8¶Ê<Q���K�j+X�Z�K+a i Q�V�M�M�K�X�b�d�K�j � Q�W�X�Kj�U�X�j � K@d�K@³�» µm

#u³��IK�R�l�Q�O�O�Qc[YK@Qk��K�j�X�Z�K�j�U�X�j � K�V�Z�N�K�b�Z�K�d�KT'¶K�d�O�Qcb ® d�K�N ¹ i K TWH10BE3dpÓÔa i Q�V�M�M�K�X�b�d�K+³�» µ
R�^pK�N!X�Z�K�j�U�X�j � K�K�~�N�K�b�Z�K�d�K�ÀS¹´O�Qcb ® QcO�X�R�V�Z�V�M�a�dpÓÔa i Q�V�M�M�K�X�bvd�K�»�¼ µm

#ìÊì�
X�Z�K�R�l�Q�O�O�Qc[YK2d�K2d�K�X�~<j�U�X�j � K�M�d�K@'µK�d�O�Q�b ® d�K+N ¹ i K�'¶¯54�¿t¼�6�8¶Ê<Q���K�j+X�Z�K�a i Q�V�M�M�K�X�b�d�K+³�» µm

i U�X�buj � Q�W�X�Kqj�U�X�j � K�^�j�U�O�O�aqQ���K�jqd�K
O�Qqj�U�O�O�KIQ�X�O�V�K�X�d�KqO�Qql�Q�Z�d�Kqj�U�O�O�Q�Z�N32qM�jcU�N�j �54 WDX�VÙK�M�NhX�N�V�O�V�M�aZ�U�b�R�Q�O�K�R�K�Z�NpK�NpW�X�VpQ2X�Z�K2V�Z�n�O�X�K�Z�jkK2Z�ac[YQ�N�V���K+M�X�b�O�K�M i b�U i b�V�a�N�a�Mqb�a�n�O�a�j � V�M�M�Q�Z�N�K�M
d�K+O ÓÔK�R�l�Q�O�O�Qc[YKd�Q�Z�M�O�K�j�Q�M�d�K�OÎÓÔX�N�V�O�V�M�Q�N�V�U�Z+d�© X�Z�K�R�Q�N�V�ocb�K�N�b�o�M�R�V�Z�jcK�K�N i Qcb�N�V�K�O�O�K�R�K�Z�NDN�b�Q�Z�M i Qcb�K�Z�N�K s
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± U�R�R�KIU�Z i K�X�N�O�KP��U�V�bµK�Z�jkU�R i Q�b=Q�Z�NÙO�K�M·j�U�X�b�l�K�M·d�K�M�ghV�[YX�b�K�M·Ê s ¿t»�K�NÙÊ s ¿tË l’utilisationd�© X�Z�K�d�K�X�~�V�o�R�K�j�U�X�j � K�d�Ka'¶K�d�O�Qcb6�}d�K�³�» µ
RÉZ�K�n=Q�V�N i Q�MPdpÓÔQ�R�a�O�V�U�b=Q�N�V�U�Z�M�V�[YZ�V�n�V�jcQ�N�V���K�M�X�b)O�K�Mb�a�M�X�O�N�Q�N�M s 8¶Z>R�x�R�K�N�K�R i MqOÎÓÔX�N�V�O�V�M�QkN�V�U�Z>d�K�O�Q�j�U�O�O�K i U�X�bÝj�U�O�O�KcbÝOÎÓÔK�R�l�Q�O�O�Qc[�K�Q�R�a�O�V�U�b�K�X�Z i K�X@O�Qj�U�X�b�l�K s f KTb�a�M�X�O�N�Q�NPO�K i O�X�M�V�Z�N�a�b�KkM�M7Q�Z�N2d�KTjcK�N�N�KTM�a�b�V�KTd�KTR�K�M�X�b=K�M�K�M�N2W�X�KTOÎÓÔX�N�V�O�V�M�Q�N�V�U�Z\d�© X�ZK�R�l�Q�O�O�Qc[YKPK�Z�d�K�X�~�j�U�X�j � K�M·Q���K�jPXYZ�K2j�U�X�j � KPV�Z�N�K�b�Z�K+K�ZÐ'¶K�d�O�Qcb ® Qc��K�j2X�Z�K2a i Q�V�M�M7K�X�b¸d�K2³�» µmK�N·X�Z�K�j�U�X�j � K�K�~�N�K�b�Z�K�K�ZTÀ�¹´O�Qcb ® QkO�X�R�V�Z�V�M�a�Q���K�j�X�Z�K�a i Q�V�M�M�K�X�b2d�K�»�¼ µ

R n=U�X�b�Z�V�N�O�K�R�x�R�K
Z�V���K�Q�X�d�K�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�Q�W�XYQ�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K�W�X�K�j�K�O�O�K�U�l�N�K�Z�X�Q���Kcj�d�Xn'¸¹´��K�) ®

dpÓÔa i Q�V�M�M�K�X�bw³�¼�¼ µ
R K�N{N�U�X�N{K�ZÈd�V�R�V�Z�X�Q�Z�NáOÎÓÔa i Q�V�M�M�K�X�b`d�K¾OÎÓÖK�R�l�Q�O�O�Qc[YK¾d�© K�Z���V�b�U�Z Ë�¼�½ sghV�Z�Q�O�K�R�K�Z�N)O�Q@M�U�O�X�N�V�U�ZSQ�d�U i N�a�K i QkbPO�Q�j�U�O�O�Q�l�U�b�Q�N�V�U�Z ± À & K�M�N·X�Z�K�Q�O�X�R�V�Z�V�M�Q�N�V�U�ZTV�Z�N�K�b�Z�K�d�K�MQ�O���a�U�O�K�M�d�K�M�X i�i U�b�N�M�d�K�M�jcb�V�M�N�Q�X�~ s

3.5.2 =.���>� � �?����� ����� ���ÔþC� � ������bc��� ��� ��	���������b�	B� ����� �87�b���b���� ������� � ��� ��d�����e�þC���
cristal-PM
! U�X�M
Q���U�Z�Mqn�Q�V�N!d�K�MqM�V�R�X�O�QkN�V�U�Z�Mqd�K�O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=K�a�R�V�M�K�O�K

O�U�Z�[+d�X�jcb�V�M�N�Q�O²d�K
®�¯�G s f K�MÝb=a�M�X�O�N�Q�N�MÝd�K�MÝM�V�R�X�O�Q�N�V�U�Z�MÝK�NhO�K�MÝR�K�M�X�b�K�MÝU�l�N�K�Z�X�K�MÝQ���KcjqO�KqMº¹´M�N�o�R�KJ ±)± G & ®�b�U�N�U�N�¹ i K\¼ [110r M�U�Z�N i b�a�M�K�Z�N�a�K�MÁd�Q�Z�MÁO�Q­ghV�[YX�b=K 3.17 s f K�MÁM�V�R�X�O�Q�N�V�U�Z�M i Q�b�O�QR�a�N � U�d�K>d�K>ÀSU�Z�N�K�m ± Qcb�O�UCR�U�Z�N�b�K�ZYN)X�ZSl�U�ZSQ�jcj�U�b�dSQ���Kcj@O�K�M�d�U�Z�Z�a�K�M�K�~ i a�b�V�R�K�Z�N�Q�O�K�M�d�Q�Z�M�O�Q
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b�ac[YV�U�Z|d�K�Mâd�V�M�N�Q�Z�j�K�Mâd�K{à�¼|Â{³�³Y¼2R�R d�K{O�Q i�� U�N�U�j�Q�N � U�d�K{d�X|®�À s ! U�X�MÆK�~ i O�V�W�X�U�Z�MÆO�Qd�V���K�b�[�K�Z�jcKqW�X�VhQ i�i Qcb�Q�9�Nhd�Q�Z�MÝO�Q;*cUYZ�Kqd�Kqd�V�M�N�Q�Z�jcK�MÝd�Kq¼�ÂIà�¼�R�R i Q�b¶O�QIj�U�Z�M�N�b�X�j�N�V�U�Z�M i a�j�V�n�V�W�X�Kd�K2O�Q2n�K�Z�x�N�b�K2dpÓÖK�Z�N�a�K2d�X<j�Q�Z�Q�OpdpÓÔQ�b�b�x�Npd�X�Mº¹´M�N�o�R�K2J ±)± G & ®�b�U�N�U�N�¹ i K2¼<W�X�VuV�Z�j�O�X�NuX�Z<d�V�n�n�X�M7K�X�bd�KSO�X�R�V�o�b�KSM�X i�i O�a�R�K�Z�N�Q�V�b�Kc^
d�U�Z�NIOÎÓÔV�Z�n�O�X�K�Z�jcKSZ�© Q i Q�M�a�N�aTj�U�R i N�acKTd�Q�Z�M�O�K�M�M�V�R�X�O�Q�N�V�U�Z�M s f KR�U�d�o�O�K{X�N�V�O�V�M�a{d�Q�Z�MÆj�K�MÆM�V�R�X�O�Q�N�V�U�Z�MÆV�Z�j�O�X�MÆX�Z�KáR�a�N � U�d�KáM�V�R i O�KádpÓÔV�Z�M�N�Q�O�O�Q�N�V�U�Z`d�X`j�b�V�M�N�Q�Od�V�b�K�j�N�K�R�K�Z�NhM�X�b!O�Q i�� U�N�U�j�Q�N � U�d�Kqd�Kq®�À�ÂqN�b�Q���Kcb�MÝX�Z�j�U�X i O�Qc[�KqU i N�V�W�X�K e 111rts f K�MÝd�U�Z�Z�a�K�M)M�U�Z�NZ�U�b�R�Q�O�V�M�a�K�M·ÂPO�QP��Q�O�K�X�bµR�K�M�X�b�a�K i UYX�bµO�Q i U�M�V�N�V�U�Z�d�K2O�Q2M�U�X�b�jcK2d�K2b=Q�d�V�Q�N�V�U�Z�� 60± U��¸Â2Õ�¼�R�R¬d�KO�Q i�� U�N�U�j�Q�N � U�d�K s

�! �"�#�$�%
3.17 &�UI, 5�#�0�6 ( 6�5 * %�5�5� �4>#�0 ( 6� �3�.�5�%�6 * %�5v4>%�5�#�$c%�5 * %�0 ( .�3�.�¦�#�.� �;=3�$�4> �6 ,�* %�0 (9�# ( .�6� �6 ,�* %�0�#�4< �?�$�% , 4> �5�%�0�%�0�3�.�" * #</�$� �5�6 ( 0 * %(Ì�ÍÏÎ�Ñ

3.6 *:�vò�ó�õ\ó�îcðuò�óÇñuæ�ôvë<é�ðCíìñpé�éÇë�íìòÞó�ñuæ�ôvë<é�êvõ\ó�öìïìë>ôvë>îçíìó�æ�ò�óÇé�éÇðuòÞó�ñpæ\ôvðuæ�î�é�ð%;�ñuævë@ôvë
íìñuævòÞðuíìò·ôvêÆíìï�óÇîçò�ðpé¶ð�<uë�í<éÇë&�vú�ñuòÞñuôvùìò�ë�íìò�ëìêvï

3.6.1 =)>�� � �7������b�� ����	 ���ÔþC� � �$����b�� ��� i b������ f�? ��	 � b ��� � � þC���@7�b���� ��� � �
��b�����������	�������b�� ���H
 � ��A$
 � ��b�	�� �>�������
f Q�R�a�N � U�d�K�d�K�j�U�Z�j�K�Z�N�b�Q�N�V�UYZ i Q�bvd�a i O�Q�jcK�R�K�Z�N!d�K�O�U�Z�[YX�K�X�bvduÓÔU�Z�d�K�K�M�N¶l�V�K�Z�j�U�Z�Z�X�K�K�NK�M�N²X�N�V�O�V�M�a�K i U�X�buO�© Q�X�[YR�K�Z�N�Q�N�V�U�Z�d�X+b�K�Z�d�K�R�K�Z�N²d�K
O�Q
j�U�O�O�Kcj�N�V�U�Z�d�K
O�X�R�V�o�b�K
d�Q�Z�MvO�K
j�Q�MÝd�Kql�Q�M�M�K�MW�X�Q�Z�N�V�N�a�M@d�KCO�X�R�V�o�b�KCa�R�V�M�K�M i Qcb�O�K�M@M�j�V�Z�N�V�O�O�Q�N�K�X�b�M e 22,109,112rts¶± K�N�N�KCR�a�N � U�d�KCj�U�Z�M�V�M�N�KCK�ZX�N�V�O�V�M�Q�N�V�U�Z�d�Kq[YX�V�d�Kqd�KqO�X�R�V�o�b�K�^Dn�Q�lYb�V�W�X�aqQ���KcjqX�Z�d�a i O�Qcj�K�X�b!d�KqM i Kcj�N�b�K sc� Z�d�a i ��N�R�X�O�N�V�j�U�X�j � K�M
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W�X�V!K�M�N!N�b�Q�Z�M i Q�b�K�Z�N i U�X�bÝO�KcM i�� U�N�UYZ�MIa�R�V�M i Q�bÝO�K�M�j�V�Z�N�V�O�O�Q�N�K�X�bÝR�Q�V�MIK�M�N¶b=a�n�O�acj � V�M�M�Q�Z�N�K i U�X�bÝd�K�M
i�� U�N�U�Z�M�b�K�m�a�R�V�M�Q���Kcj�X�ZTd�a i O�Qcj�K�R�K�Z�N·d�K�O�U�Z�[YX�K�X�bPdpÓÔU�Z�d�K�K�M�N·d�a i U�M7a�M�X�bPO�K�[YX�V�d�K�U i N�V�W�X�K sJIV�Z�M�V�^�O�K�M i�� U�N�U�Z�M
b�K�m�a�R�V�M�K�M
M�K+j�UYZ�j�K�Z�N�b=K�Z�Nud�Q�Z�MqO�K�[YX�V�d�K�d�K�O�X�R�V�o�b�K�K�N!O�Q i b�U�l�Q�l�V�O�V�N�a�d�K�O�K�X�bK�Z�b�Kc[YV�M�N�b�K�R�K�Z�N²Q�X�[YR�K�Z�N�K s®�U�X�b¶O�K�M)K�M�N�V�R�Q�N�V�U�Z�M)d�K�M i bÇU�j�K�M�M�X�M)dpÓÔQ�l�M�U�b i N�V�U�Z�d�K�M i�� U�N�U�Z�M�^Dd�KPO�K�X�bµb=K�m�a�R�V�M�M�V�U�Z�K�NÙd�KO�K�X�bÝK�Z�b=Kc[YV�M�N�b�K�R�K�Z�N i Q�bÝO�K i�� U�N�U�d�akN�K�j�N�K�X�b)Z�U�X�MPQ���U�Z�MPac[�Q�O�K�R�K�Z�NµX�N�V�O�V�M�a�O�Q�R�U�d�a�O�V�M�Q�N�V�U�Z�d�K�O�Qd�V�n�n�X�M�V�U�Z@d�K�O�Q�O�X�R�V�o�b�K�d�QcZ�MIO�K�MPM�¹´M�N�o�R�K�MPj�b�V�M�N�Q�Oµm i�� U�N�U�d�a�N�K�j�N�K�X�b i b�a���X�MPd�Q�Z�MPO�K i b�U�[Yb=Q�R�R�K
CRISTAL.®�U�X�b i b�K�Z�d�b�K­K�Zzj�U�R i N�K�O�K�M i Q�b�N�V�j�X�O�Q�b�V�N�a�M�d�XzO�U�[YV�j�V�K�O�^�O�K�M�M�V�R�X�O�Q�N�V�U�Z�M�d�K�Mâ[YX�V�d�K�MU i N�V�W�X�K�M<Q���K�j�X�ZÁd�a i O�Q�j�K�X�b+d�K�M i Kcj�N�b�K�V�Z�j�U�b i U�b�ayÂ�O�Q�R�Q�N�V�o�b=KyM�U�Z�Nqn�Q�V�N�K�M i Q�b�X�Z�KyR�a�N � U�d�KV�Z�d�V�b�K�j�N�K
W�X�V²j�U�Z�N�V�K�Z�N²d�K�X�~�a�N�Q i K�MIÛ Ø Q�Z�MvO�Q i b�K�R�V�o�b=KqZ�U�X�MÝQ���U�Z�MÝM�V�R�X�O�aqO�KqM�¹YM7N�o�R�KIj�U�R i O�K�N�^ yj�U�R i b�V�MÝX�Z�j�b�V�M�N�Q�O�^ìO�KI[YX�V�d�KqU i N�V�W�X�K
K�N�O�© JI® Ø ����U�V�b¶O�K i Q�b=Qc[Yb�Q i�� KIÊ s Ú s Ú�� scØ Q�Z�M)j�K�N�N�KPa�N�Q i KIZ�U�X�MQ���U�Z�MPQ�Z�Q�O ¹´M�a�O�Q�N�b=Q�Z�M�R�V�M�M�V�U�Z�d�K�M i�� U�N�U�Z�MPM�U�b�N�V�MPd�X�j�b�V�M�N�Q�OµK�NµK�Z�N�b�a�M2d�Q�Z�M2O�K�R�V�O�V�K�X�d�X�[YX�V�d�KU i N�V�W�X�K>Â>N�b�Q���Kcb�M�X�Z�K>j�U�X�j � K>d�K@jkU�O�O�K>U i N�V�W�X�K (Meltmount®) s�Ø Q�Z�M�O�Q>d�K�X�~�V�o�R�K>a�N�Q i K@Z�U�X�MQ���U�Z�M+M�V�R�X�O�a�M�K�X�O�K�R�K�Z�N�O�K�Mº¹�M�N�o�R�K<[YX�V�d�K�U i N�V�W�X�KÐ-�JI® Ø K�N�d�K�M i�� U�N�U�Z�M+U�Z�Nva�N�a>[Ya�Z�acb�a�M�d�KR�Q�Z�V�o�b�K>V�M�U�N�b�U i K>d�Q�Z�M�O�K>[�X�V�d�K>U i N�V�W�X�K i b�U�j � K>d�K>M�Q@n�Qcj�K>dpÓÖK�Z�N�b�acK>j�U�R�R�K>d�Q�Z�M�O�K>j�Q�M�d�© X�Zd�a i O�Q�j�K�X�b�d�K�M i Kcj�N�b�K<b�a�K�O s f ÓÖK�n�n=K�N¸d�K�b=a�n�O�K�~�V�U�Z�Q�X�~yn�b�U�Z�N�V�o�b�K�M+d�XC[YX�V�d�K<Q>a�N�a<M�V�R�X�O�a<Q���Kcj<X�ZOÎÓÔK�R�l�Q�O�O�Qc[YKPM�V�R�V�O�Q�V�b�KPÂPd�X�À�¹´O�Qcb ® QkO�X�R�V�Z�V�M�a sçØ Q�Z�M·O�QPM�X�V�N�K2Z�U�X�M�Q i�i K�O�O�K�b�U�Z�M�jcK2N�¹ i K2d�K+[YX�V�d�KU i N�V�W�X�K�^�X�Z+[YX�V�d�K�U i N�V�W�X�K
Q�j�N�V�n sf K�M�R�U�d�o�O�K�M�d�K2N ¹ i K�M�d�K52q[�X�V�d�K2U i N�V�W�X�K@-�JI® ØA4 M7U�Z�N i b�a�M7K�Z�N�a�M
d�Q�Z�M
O�Q+ghV�[�X�b�K 3.18.

Ø Q�Z�M@j�K�M@R�U�d�o�O�K�M@O�KCj�b�V�M�N�Q�OPZpÓÖK�MÞN i Q�M�M�V�R�X�O�aSK�NPK�M�NPR�U�Z�N�b�aSM�K�X�O�K�R�K�Z�N i U�X�b�X�Z�KSR�K�V�O�O�K�X�b=Kj�U�R i b�a � K�Z�M�V�U�Z s f K Meltmount®
��Z�UYZ@R�U�Z�N�b�a�d�Q�Z�MIO�Q�n�V�[YX�b�Kc�ÝQ�a�N�a�M�V�R�X�O�a�j�U�R�R�K�d�K�O�Q�j�U�O�O�K

U i N�V�W�X�K s f K�M2[YX�V�d�K�M2U i N�V�W�X�K�M2U�Z�N¸akN�a�M�V�R�X�O�a�M2K�Z i O�K�~�V�[YO�Q�M2U�X�K�Z�W�X�Q�b�N�*�U�X�j�U�R�R�K�X�Z�K�l�U�9�N�K��V�d�K
K�R�l�Q�O�O�a�K i QcbuX�Z�K
R�Q�N�V�ocb�Kqb=a�n�O�acj � V�M�M�Q�Z�N�Kq��'¸¹´��K�) ®̂ìÀ�¹´O�Qcb ® U�X�Q�O�X�R�V�Z�V�X�R`d�a i U�M�a�� s�Ø Q�Z�MÝO�KR�U�d�o�O�K f :�¿t»@O�© JI® Ø K�M�N i U�M�V�N�V�U�Z�ZYa�K�Â�O�© V�Z�N�a�b�V�K�X�b)d�X�[YX�V�d�K�U i N�V�W�X�K�Q���K�j�O�Q�n=Q�jcK�Q�b=b�V�o�b=K�M�X�b)O�Kj�b�V�M�N�Q�O s '¶b�U�V�M�N�¹ i K�M�d�K�M�U�X�b=j�K�M�d�K iY� U�N�U�Z�M�d�V�n�n=a�b�K�Z�N�KcM�U�Z�NDa�N�a�M�V�R�X�O�a�K�MIÛ
1)

X�Z�KyM�U�X�b�j�KyM i Q�N�V�Q�O�Kyd�K�M7K i N i U�V�Z�N�M>����U�V�b�O�QyghV�[YX�b=K 3.3
��K�N i U�M�V�N�V�U�Z�Z�a�KCQ�X�j�K�Z�N�b�K[Ya�U�R�a�N�b�V�W�X�K�d�X�[YX�V�d�K�U i N�V�W�X�K�W�X�VDa�R�K�NDà�¼�¼�¼�¼ i�� U�N�U�Z�M�Q�X+N�U�N�Q�O<#

2)
X�Z�K2M�U�X�b�j�K i O�Q�Z�K2d�K+j�V�ZYW i U�V�Z�N�M�����U�V�b¸O�Q2ghV�[YX�b=K 3.3

��K�N i U�M�V�N�V�U�Z�Z�a�K�Â+¼�^Ô»<R�R}d�K+O�Qn�Q�j�K�V�Z�n�a�b�V�K�X�b�M�d�X�[YX�V�d�K·U i N�V�W�X�K�W�X�VDa�R�K�ND»�¼�¼�¼�¼ i�� U�N�U�Z�M�Q�X+N�U�N�Q�O<#
3) i U�X�buO�K
R�U�d�o�O�K f :�¿�Q
akN�a
M�V�R�X�O�a
O�Q
M�U�X�b=j�K i O�Q�Z�Kqd�Kqj�V�Z�W i U�V�Z�N�MÝ����U�V�b!O�QqghV�[�X�b�K 3.3)K�N i U�M�V�N�V�U�Z�Z�a�KSÂ­¿yR�R d�KSO�QSn�Qcj�KSV�Z�n=a�b�V�K�X�b�KSd�X\[YX�V�d�KSU i N�V�W�X�KSW�X�V2a�R�K�N2»�¼�¼�¼�¼

i�� U�N�U�Z�M�Q�X+N�U�N�Q�O s
Ø Q�Z�MvO�K�M$'¶Q�l�O�KcQ�X�~�Ê s Ú s ��O�Q
MÞU�X�b�j�K
d�K
N�¹ i K�¿t�uK�N²Ê s »���O�Q
M�U�X�b�jcKqd�KqN ¹ i Kq³��!O�K�MÝb�a�M�X�O�N�Q�N�MÝd�KM�V�R�X�O�Q�N�V�U�Z�M>d�KyR�U�d�o�O�K�M>M�U�Z�NqV�d�K�ZYN�V�W�X�K�M�^·K�n�n�K�j�N�X�a�M>Q���Kcjyd�K�M>Z�U�R�l�b�K�M>d�V�n=n�a�b=K�Z�N�M>d�K i�� U�N�U�Z�M
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a�R�V�M s ®�U�X�b·O�K�R�U�d�o�O�K f :IÊ�^!O�K�M2b�a�MÞX�O�N�Q�N�M2j�U�R i Q�b�a�M2Qc��K�j�d�K�X�~yZ�U�R�l�b�K�M+d�V�n�n�a�b=K�Z�N�M+d�K i�� U�N�U�Z�Ma�R�V�MIR�U�Z�N�b�K�Z�NµX�Z�Q�j�j�U�b�d�d�K�³�m�Ê�½ sìØ Q�Z�MPO�Ka'µQ�l�O�K�Q�X�Ê s Ë�O�K�M2b�a�M�X�O�N�Q�N�MPd�K�MPM�V�R�X�O�Q�N�V�U�Z�M i U�X�b)O�KR�U�d�o�O�K f :�¿|W�X�Q�Z�d O�QÄN�Q�V�O�O�K d�X [YX�V�d�K U i N�V�W�X�K¬K�M�N�R�U�d�V�n�V�a�K Q���K�j d�K�X�~Éa i Q�V�M�M�K�X�b�Mzd�Kj�U�Z���K�b�M�V�U�Z�M)d�X�d�a i O�Qcj�K�X�bµd�KPM i K�j�N�b�KPd�KP¼ s »�K�Nv¿qR�R b�K�M i Kcj�N�V���K�R�K�Z�NÙ��O�K�M·M�U�X�b�jcK�M·d�KPN ¹ i K�M·³�K�NÊ+b�K�M i K�j�N�V���K�R�K�Z�N�� s

APD

PWO

BDC�E�FHG I�J,K�LNM G OPFQJ,CQR M G SDJ
APD

PWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APDPWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ
APD

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

PWO

BDT�U�VDWQX�Y�Z [�\,\BDT�U�] VDWQXQ^�Z [_\,\

APD

PWO
^�\�\ [_\,\

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APDPWO

BDC�EPFHG I�J,K�LNM G OPFQJ�CQR M G SDJ

APD

PWO

BDC�EPFQG I�J,K�LNM G OPFQJ,CQR M G SDJ

APD

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ
PWO

Y�\,\

WQXP`ba�c�Z [�\,\

APDPWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APD

PWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

PWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APD
APD

PWO

BDCbEPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APD
PWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ

APD

PWO

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ
APD

BDC�EPFHG I�J,K�LNM G OPFQJ,CQR M G SDJ@d

PWO

*
APD

BDC�EPFHG I�JK�LNM G OPFQJ,CQR M G SDJ

PWO

h=
20

m
m

egfih�j�k j!lHmon egfih�j�k j!lHmqp egfih�j�k j!lHmqr egfih�j�k j!lHmqs

egfih�j�k j!lHmqt egfih�j�k j!lHmqu egfih�j�k j!lHmqv wyxHz|{H}|~�lPmq��~ylPmq���

egfih�j�k j!lHmq� egfih�j�k j�lHmonP� egfih�j�k j!lHmon6n egfih�j�k j!lHmonPp

egfih�j�k j!lHmonPr egfih�j�k j�lHmonPs egfih�j�k j!lHmonPt egfih�j�k j!lHmonPu
�! �"�#�$�%

3.18 &�' %�5v4>3 * ?�0�%�5�5� �4>#�0 , 5�Ñ

\ ( ¥�0�% ( #]W�Ñ�[ &�' %�5�$ , 5�#�0�6 ( 6�5 * %�5�5� �4<#�0 ( 6� �3�.�5 (�1 %�/�0�%�5v4>3 * ?�0�%�5 '�� Q�¦�Q7X I #�.�%�5�3�#�$�/c%�5 -�( 6� ( 0�%
* %�5�% - 6 - 3� �.�6�5 J Ñ

Modèle ÉÆ( 6� �?�$c% * #<"�#� * %
optique

Ë)4>¥ ( 0�0 ( "�% * #<"�#� * %
optique

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0 ( 9�# ( .�6� �6 ,
* % - 8�3�6�3�.�5�%�.�$�%�"� �5�6�$ , 5�%�6 �.� �6� ( 0�%�4>%�.�6 , 4@ �5�A��

LG3 Plexiglas Tyvek® ³�Ë�^Ô¼
±
¼�^Ô³

LG3 Plexiglas Mylar® ³�»�^ÔÊ
±
¼�^Ô³
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1 2 3 4

LG3 Plexiglas
JIO�X�R�V�Z�V�X�Rwd�a i U�M�a ³�³�^ÔÚ

±
¼�^Ô³

LG3 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�MV-+À�¹�O�Q�b ®
³�»�^�¿

±
¼�^Ô³

LG3
6ÝU�9�N�K���V�d�K

Tyvek® Ò�^Ô»
±
¼�^�¿

LG3
6ÝU�9�N�K���V�d�K JIO�X�R�V�Z�V�X�Rwd�a i U�M�a ¿t¼�^Ôà

±
¼�^�¿

LG3
6ÝU�9�N�K���V�d�K Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�Q�O�X�R�V�Z�V�X�R Ò�^ÔÊ

±
¼�^�¿

LG6 Plexiglas Tyvek® ³�Ú�^ÔÕ
±
¼�^Ô³

LG6 Plexiglas Mylar® ³�»�^�¿
±
¼�^Ô³

LG6 Plexiglas
JIO�X�R�V�Z�V�X�Rwd�a i U�M�a ³�³�^�¿

±
¼�^Ô³

LG6 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�Q�O�X�R�V�Z�V�X�R ³�³�^ÔË
±
¼�^Ô³

LG6 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�À�¹�O�Q�b ®
³�Ú�^ÔÊ

±
¼�^Ô³

LG7 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�À�¹�O�Q�b ®
³�Ú�^Ôà

±
¼�^Ô³

LG9 Plexiglas Tyvek® ³�Ú�^Ô³
±
¼�^Ô³

LG9 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�À�¹�O�Q�b ®
³�³�^Ôà

±
¼�^Ô³

LG11 Plexiglas Tyvek® ³�Ê�^ÔÚ
±
¼�^Ô³

LG11 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�À�¹�O�Q�b ®
³�³�^ÔÊp¿

±
¼�^Ô³

LG15 Plexiglas Ø K�M�M�X�M�K�NDl�Q�MV'¸¹´��K�) ®,O�K�M�j���N�a�M�À�¹�O�Q�b ®
¿tÊ�^ÔË

±
¼�^�¿

LG16 Plexiglas Tyvek® ¿t³�^ÔÒ
±
¼�^�¿

LG16 Plexiglas Mylar® ¿tÊ�^ÔË
±
¼�^�¿
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\ ( ¥�0�% ( #]W�ÑN� &�' %�5�$ , 5�#�0�6 ( 6�5 * %�5�5� �4<#�0 ( 6� �3�.�5 (�1 %�/�0�%�5v4>3 * ?�0�%�5 '�� Q�¦�Q7X I #�.�%�5�3�#�$�/c% - 0 ( .�%
* %�/� �.�9 - 3� �.�6�5 J Ñ

Modèle ÉÆ( 6� �?�$c% * #<"�#� * %
optique

Ë)4>¥ ( 0�0 ( "�% * #<"�#� * %
optique

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0 ( 9�# ( .�6� �6 ,
* %�5 - 8�3�6�3�.�5�%�.�$�%�"� �5�6�$ , 5�%�6 �.� �6� ( 0�%�4>%�.�6 , 4@ �5�A��

LG2 Plexiglas Tyvek® ³�à�^ÔÚ
±
¼�^Ô³

LG2 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�à�^Ôà
±
¼�^Ô³

LG3 Plexiglas Tyvek® ³�Ë�^Ô»
±
¼�^Ô³

LG3 Plexiglas
JIO�X�R�V�Z�V�X�Rwd�a i U�M�a ³�³

±
¼�^Ô³

LG3 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�Ú�^�¿
±
¼�^Ô³

LG3
6ÝU�9�N�K���V�d�K JIO�X�R�V�Z�V�X�Rwd�a i U�M�a ¿�¿t^Ô¼

±
¼�^Ô³

LG4 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�Ë�^ÔÚ
±
¼�^Ô³

LG5 Plexiglas Mylar® ³�»�^Ôà
±
¼�^Ô³

LG5 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�»�^Ô¼
±
¼�^Ô³

LG5 Plexiglas Ø K�M�M�X�MV'µ¹´��K�) ®,O�K�M�Q�X�N�b�K�M�À�¹´O�Q�b ®
³�»�^Ô»

±
¼�^Ô³

LG6 Plexiglas Tyvek® ³�Ú�^Ôà
±
¼�^Ô³

LG8’ Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

¿tÒ�^ÔÒ
±
¼�^Ô³

LG8 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

¿tÒ�^Ôà
±
¼�^Ô³

LG10 Plexiglas Tyvek® ³�Ê�^Ôà
±
¼�^Ô³

LG10 Plexiglas Mylar® ³p¿t^Ô³
±
¼�^Ô³

LG10 Plexiglas Ø K�M�M�X�M�ÀT¹´O�Qcb ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�Ê�^�¿
±
¼�^Ô³

LG10 Plexiglas Ø K�M�M�X�M�K�NDl�Q�M�À�¹´O�Q�b ®,O�K�M�j���N�a�MV'¸¹´��K�) ®

³p¿t^Ô»
±
¼�^Ô³

LG10 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�Ê�^�¿
±
¼�^Ô³

LG12 Plexiglas Mylar® ³�³�^ÔÚ
±
¼�^Ô³
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1 2 3 4

LG12 Plexiglas
6ÝQ�M�K�NDO�Q
j���N�a�j�U�Z�N�b=K�d�KO�Q�JI® Ø ÀT¹´O�Qcb ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

³�³�^Ô³
±
¼�^Ô³

LG13 Plexiglas Tyvek® ³p¿t^ÔÒ
±
¼�^Ô³

LG13 Plexiglas Mylar® ¿tÕ�^ÔË
±
¼�^Ô³

LG14 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

¿tà�^ÔÚ
±
¼�^Ô³

LG14 Plexiglas Mylar® ¿tË�^�¿
±
¼�^Ô³

LG16 Plexiglas
6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

¿t³�^ÔÒ
±
¼�^Ô³

'¶Q�l�O�K�Q�X+Ê s Ë@Û f K�Mvb�a�M�X�O�N�Q�N�M�d�K�M�M�V�R�X�O�Q�N�V�U�Z�M�Q���K�j�O�K�R�U�d�o�O�K f :`¿)��X�Z�K�M�U�X�b�jcK i O�Q�Z�K�d�K�j�V�Z�W
points).

Modèle ÉÆ( 6� �?�$c% * #
guide

optique

Ë)4>¥ ( 0�0 ( "�% * #<"�#� * %
optique

\ (  �0�0�% * #
guide3 - 6� �9�#�%�A�4@4

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0 (9�# ( .�6� �6 ,�* % - 8�3�6�3�.�5%�.�$�%�"� �5�6�$ , 5�%�6 �.� �6� ( 0�%�4>%�.�6 , 4@ �5�A��
LG
¿ * Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
1,5

³�¼�^Ôà
±
¼�^Ô³

LG
¿ * Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
2,5

¿tÒ�^Ô³
±
¼�^Ô³

LG
¿ * Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
3,5

¿tÕ�^Ô³
±
¼�^Ô³

LG
¿ * Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
4,5

¿tà�^ÔÚ
±
¼�^Ô³

LG
¿ ** Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
1,5

³�¼�^ÔÒ
±
¼�^Ô³

LG
¿ ** Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
2,5

¿tÒ�^�¿
±
¼�^Ô³

LG
¿ ** Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
3,5

¿tÕ�^ÔÊ
±
¼�^Ô³

LG
¿ ** Plexiglas

6ÝQ�M¸À�¹´O�Q�b ®,O�K�M�Q�XYN�b�K�MV'¸¹´��K�) ®
4,5

¿tà�^ÔË
±
¼�^Ô³

* f Q�M�U�X�b�j�K�d�K�N ¹ i K�³ s
** f Q�M�U�X�b�j�K�d�K�N ¹ i K�Ê s
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®�U�X�b�O�K�M
W�X�K�O�W�X�K�M
R�U�d�o�O�K�M�O�K�M i O�X�M i b�U�R�K�N�N�K�X�b�M
d�K+O�Q+ghV�[YX�b�K 3.14
Z�U�X�M
Q���U�Z�Mqn�Q�V�NuX�Z�K

Q�Z�Q�O ¹�M7K i O�X�MÁd�a�N�Q�V�O�O�a�K­d�K�MÁN�b�QÎÍÎKcjkN�U�V�b�K�MÁd�K�M i�� U�N�U�Z�Mâd�Q�Z�MâO�K{Mº¹´M�N�o�R�K i U�X�byd�a�N�Kcb�R�V�Z�K�byO�K�M
i b�U i U�b�N�V�U�Z�M+K�Z�N�b�K�O�Q�W�X�Q�Z�N�V�N�a�d�K iY� U�N�U�Z�M+a�R�V�M+d�Q�Z�M+O�K�jcb�V�M�N�Q�O�K�N�j�K�X�~yW�X�V�M�U�Z�N�K�Z�N�b�a�M+d�Q�Z�M+O�K[YX�V�d�K�U i N�V�W�X�K s f KcM�b�a�M�X�O�N�Q�N�M�d�K�OÎÓÖQ�ZYQ�O ¹´M�K�M�U�Z�N i b=a�M�K�Z�N�a�M�d�Q�Z�M�O�K/'¶Q�l�O�KcQ�X+Ê s à s
\ ( ¥�0�% ( #]W�ÑN� &�' %�5 - $�3 - 3�$�6� �3�.�5�%k.�6�$�%�0 ( 9�# ( .�6� �6 ,�* % - 8�3�6�3�.�5 , 4> �5 *�( .�5�0�%�/�$� �5�6 ( 0D%�6p/c%�#�Ð9�#� D5�3�.�6Ù%�.�6�$ , 5 *�( .�5�0�%�"�#� * %�3 - 6� �9�#�%�Ñ

Modèle Ï  �5�6 ( .�/�%�%�.�6�$c%·0�%�/c%�.�6�$�% * %0ML , 4> �5�5� �3�. * %�5 - 8�3�6Ç3�.�5�%�6p0 ( ; ( /�% * %5�3�$�6� �% * #</�$� �5�6 ( 0�A�4@4

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0 ( 9�# ( .�6� �6 ,�* %�5
- 8�3�6�3�.�5 , 4> �5�%�6u/�%�#�Ð+9�#� D5�3�.�6p%�.�6�$ , 5

*�( .�5�0�%�"�#� * %�3 - 6� �9�#�%�A��
APD4 80 31,4 ± 0,2

APD6 80 30,8 ± 0,2

APD5 80 25,1 ± 0,2

APD7 80 20,7 ± 0,2

8¶Z�j�U�R�l�V�Z�Q�Z�N²O�K�Mvd�U�Z�Z�a�K�MvdYK�M$'µQ�l�O�K�Q�X�~�Ê s »�^�Ê s Ë�K�N²Ê s à�U�Z i K�X�Nha���Q�O�X�K�b!OÎÓÖK�n�n=K�NhR�Q�~�V�R�Q�OdpÓÔX�N�V�O�V�M�Q�N�V�U�Z\d�X\d�a i O�Q�j�K�X�b�d�KTM i Kkj�N�b=KTK�Z\j�U�R i N�Q�Z�N2OÎÓÖK�n�n�V�jcQ�j�V�N�aTd�KTj�U�Z���Kcb�M�V�U�Z\Â{¿t¼�¼�½ s f K�Mb�a�M�X�O�N�Q�N�M)M�U�Z�N i b�a�M�K�Z�N�a�M)d�Q�Z�M)O�K '¶Qkl�O�KcQ�X�Ê s Õ s ®�U�X�bµd�K�M·jcQ�O�j�X�O�M·n�V�Z�Q�X�~�Z�U�X�M·Q���U�Z�M·j � U�V�M�VÙO�KPM�K�X�ON�¹ i KqdpÓÖK�R�l�Q�O�O�Qc[YKqd�KI[YX�V�d�KqU i N�V�W�X�K
W�X�VhZ�U�X�MÝM�K�R�l�O�Q�V�NhM�V�R�X�O�K�b!d�KqR�Q�Z�V�ocb�K i O�X�M i b�acj�V�M�KIO�KP[YX�V�d�KU i N�V�W�X�Kqb�a�K�OhQ���K�jqX�Z�d�a i O�Qcj�K�X�b¶d�KqM i Kcj�N�b�KPK�N�X�Z�d�a i ��N�M�K�R�V�m�N�b�Q�Z�M i Q�b�K�Z�N�M�X�b¶O�QPn�Qcj�KIV�Z�n�acb�V�K�X�b¶d�X[YX�V�d�K�U i N�V�W�X�K s
'¶Q�l�O�K�Q�X+Ê s Õ &��)1�( 0�# ( 6� �3�. * %�0ML %�;=;=%�6p4 ( Ð� �4 ( 0 * LÔ#�6� �0� �5 ( 6� �3�. * # *�,�- 0 ( /�%�#�$ * %�5 - %�/�6�$�%�Ñ

É 3 * ?�0�%�/�3�4 - 0�%�6��@4@3 * ?�0�%
* %�5Ç^�5�6�?c4>% * %�"�#� * %3 - 6� �9�#�%�/��,Ì Ï

Ë)4<¥ ( 0�0 ( "�% * #<"�#� * %
optique

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0�%�5 - 8�3�6�3�.�5
, 4> �5�%�6p%�.�$c%�"� �5�6�$ ,�*�( .�5�0MLN�,Ì Ï A

%

JI® Ø Ë�� f :I» 6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

à�^Ôà
±
¼�^�¿

JI® Ø Ú�� f :IÕ 6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

Ë�^Ô³
±
¼�^�¿

JI® Ø Ú�� f :IÕpÓ 6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

Ë�^Ô³
±
¼�^�¿

JI® Ø »�� f :IÊ 6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

Ë�^Ô¼
±
¼�^�¿

JI® Ø à�� f :I³ 6ÝQ�M�À�¹´O�Q�b ®,O�K�M�Q�X�N�b�K�MV'¸¹´��K�) ®

»�^Ôà
±
¼�^�¿
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ghV�Z�Q�O�K�R�K�Z�NµOÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�dpÓÔXYZ�d�a i O�Q�jcK�X�b)d�K�M i K�j�N�b=K i K�b�R�K�Nµd�K�j�U�O�O�K�j�N�K�b)K�Z���V�b�U�Z�d�K�Ë�Â
8
½ d�K i�� U�N�U�Z�M+a�R�V�M i Q�b�O�K<j�b�V�M�N�Q�O¸K�Z�j�U�R i Q�b�Q�V�M�U�Z�d�K�M@¿t^ÔÚ2½ÈW�X�VvK�M�NvU�l�N�K�Z�Xyd�Q�Z�M�O�K>j�Q�M�d�K

OÎÓÔV�Z�M�N�Q�O�O�Q�N�V�U�Zâd�KyOÎÓÔJI® Ø d�V�b�K�j�N�K�R�KkZ�NqM�X�b�O�KCj�b�V�M�N�Q�Oqd�Q�Z�M@O�QSn�K�Z�x�N�b=KCK�Z�N�U�X�b=a i Q�b�X�Z�b�a�n�O�K�j�N�K�X�bd�V�n�n�X�M�Q�Z�N�K\d�K '¸¹´��K�) ® ����U�V�b�O�Q '¶Qkl�O�K�Q�XzÊ s Ê s ^�O�K\R�U�d�o�O�K\JI® Ø ¿t� s 6ÝV�K�ZwM�X�b�^�OÎÓÖK�n�n�V�jcQ�j�V�N�a­d�Kj�U�Z���K�b�M�V�U�Z@d�X�[YX�V�d�K�U i N�V�W�X�K�Qcj�N�V�nvb�acK�O¶K�M�N¶V�Z�n�a�b�V�K�X�bÝÂ�¿t¼�¼�½@^pj�K i K�Z�d�Q�Z�N¶V�O i K�X�N¶x�N�b=K�dpÓÔK�Z���V�b�U�Zd�K�à�¼�m�Õ�¼�½�K�NµR�x�R�K�d�Q�Z�MPjcK�j�Q�MPXYZ�[�Q�V�Z i U�M�V�N�V�n)K�M�NµK�Z�j�U�b=K�U�l�N�K�Z�X�R�Q�V�MPM�K�X�OµO�K�b=a�M�X�O�N�Q�NµdpÓÔX�ZN�K�M�NDK�~ i a�b�V�R�K�Z�N�Q�O i K�b�R�K�N�N�b�Q�n�V�Z�Q�O�K�R�K�Z�NDd�K�j�U�Z�j�O�X�b�K s
± K�MvK�~ i a�b�V�K�Z�j�K�MvU�Z�N²a�N�a i QcbÇN�V�K�O�O�K�R�K�Z�NhKcn�n�Kcj�N�X�a�K�M)Q�X f Q�l�U�b=Q�N�U�V�b�KqdpÓÖJIZ�Z�K�jç¹+d�KI® � ¹´M�V�W�X�Kd�K�M)®�Q�b�N�V�j�X�O�K�M·��JIZ�Z�K�jç¹´m�O�Kcm�äIV�K�X�~��

[113rts f K�M·R�K�M�X�b�K�M i b�a�O�V�R�V�Z�Q�V�b�K�M·U�Z�NÙa�N�a2K�n�n=K�j�N�X�acK�M·Q���KcjPX�ZM7¹´M�N�o�R�K}K�~ i a�b�V�R�K�Z�N�Q�O�K¬j�U�b=b�K�M i U�ZYd�Q�Z�NÁQ�XÉR�U�d�o�O�K f :IË s f Q}��Q�O�K�X�b­K�~ i a�b�V�R�K�Z�N�Q�O�K¬d�K¬O�Q
i b�U i U�b�N�V�U�ZTK�Z�N�b�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�M iY� U�N�U�Z�M�K�Z�b=Kc[YV�M�N�b�a�M�d�Q�Z�M�OÎÓÔJI® Ø K�N·O�Q�W�X�Q�Z�N�V�N�a�d�K�M i�� U�N�U�Z�Ma�R�V�M>d�Q�Z�M>O�Ky[YX�V�d�KyU i N�V�W�X�KyQ�j�N�V�n�K�M�Nqd�Ky³p¿t^Ô» ±

¼ s »�½@^·W�X�VqK�M�NqQ�M�M�K�* i b�U�j � KyQ�X�b�a�M�X�O�N�Q�NId�KCO�QM�V�R�X�O�Q�N�V�U�Z+a�[YQ�O�K
Â�³�Ú�^Ôà
±0.2

½¬����U�V�bÙO�Q/'µQ�l�O�K�Q�X+Ê s »�� sf K�M�b�a�M�X�O�N�Q�N�M+U�l�N�K�Z�X�K�M+Z�U�XYM i K�b�R�K�N�N�K�Z�Nvd�K>j�U�Z�j�O�X�b�K<W�X�K<OÎÓÔX�N�V�O�V�M�Q�N�V�U�Zyd�Xyd�a i O�Q�j�K�X�b
d�KM i K�j�N�b�K�Q���K�jÆO�QÆR�a�N � U�d�KÆd�K�j�U�ZYj�K�Z�N�b�Q�N�V�U�Z«d�X«n�O�X�~ªn�O�X�U�b�K�M�j�K�Z�N�Q�X�[YR�K�Z�N�K�O�Q�j�U�O�O�Kcj�N�V�U�Zªd�KO�X�R�V�o�b�K�^�K�N i U�X�b�b=Q�V�NÆx�N�b�K i b�U�n�V�N�Qkl�O�K i U�X�báOÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�d�K�M`j�b�V�M�N�Q�X�~Ld�KÃ®�¯�G d�Q�Z�MÄd�K�M
K�~ i a�b�V�K�Z�j�K�M�Q���K�j�d�K�M�Z�V���K�Q�X�~�dpÓÔa�ZYK�b=[YV�K�M i O�X�M�l�Q�M�W�XpÓÔQ�X f 4 ± ��R�U�V�Z�M�d�K�¿�:IK�äP� e 86].

3.6.2 =)>�� � �7������b�� ����	 ���ÔþC� � �$����b�� ��� i b������ f�? ��	 � b ��� ��� ��
�
c���Ñ� � ����� � �?�B������b�� ���
��d�����e�þC������� g)� ������� �7�Ð�$�������������

®�K�Z�d�Q�Z�N�X�ZªN�K�R i MTO�K�M i b�UYd�X�j�N�K�X�b�M�duÓÔJI® Ø U�Z�N i b�U i U�M�a\X�Z�K\X�N�V�O�V�M�Q�N�V�U�Zzd�K\ÚzJI® ØV�Z�M�N�Q�O�O�a�K�M2d�Q�Z�M2X�Z�R�x�R�K i Qcj�)�Qc[YK s ! U�X�M+Q���U�Z�M+a���Q�O�X�a�O�K�M+Q���Q�Z�N�Qc[YK�M i U�M�M�V�l�O�K�M+d�K<j�K�N ¹ i K�d�K
i�� U�N�U�d�a�N�K�j�N�K�X�b s f Q2ghV�[YX�b�K 3.19 i b=a�MÞK�Z�N�KPO�K�M·R�U�d�o�O�K�M
a���Q�O�X�a�M s´Ø Q�Z�M�O�K�M�R�U�d�o�O�K�M�®�Q�jB)p¿t^h®�Q�j�)�³K�N2®�Q�j�)�Ê\O�KTj�b�V�M�N�Q�O+QTa�N�aTK�R�l�Q�O�O�a i Q�b�d�X '¸¹´��K�) ®̂qd�Q�Z�M�O�K�R�U�d�o�O�K�®�Qcj�)p¿SO�K�M�Ú­JI® Ø M�U�Z�N
V�Z�M�N�Q�O�O�a�K�M�M�X�bpO�Q�n�Qcj�K�d�K�M�U�b�N�V�K�d�X+jkb�V�M�N�Q�ODK�NDOÎÓÖQ�X�N�b�K i Qcb�NDd�K�O�Q
n=Q�jcK
d�K
M�U�b�N�V�KqQ
a�N�a
M�V�R�X�O�a�Kqj�U�R�R�KK�R�l�Q�O�O�a�K i Qcb!d�X+'¸¹´��K�) ® ��O�QIn�K�Z�x�N�b=KqK�Z�N�U�X�b=a�K i Qcb¶O�KIb=a�n�O�Kcj�N�K�X�b¶d�V�n�n�X�M7��^Dd�Q�Z�M)O�K�M)R�U�d�o�O�K�M)®�Qcj�)�³�^®�Q�j�)�Ê�^�®�Q�j�)�³ f : K�N)®�Q�j�)�Ê f :ÃO�K�[YXYV�d�K@U i N�V�W�X�K�Q@a�N�a@M�V�R�X�O�a@j�U�R�R�K�n�Q�V�N)d�K i O�K�~�V�[YO�Q�M�U�XSd�KW�X�Q�b�N�*+Q���K�j+X�Z<K�R�l�Q�O�O�Qc[YK+K�Z]'¸¹´��K�) ® U�X<K�Z<À�¹´O�Q�b ® sYØ Q�Z�M
j�K�M
R�U�d�o�O�K�M
O�K+j�b�V�M�N�Q�Oud�K+®�¯�GwZpÓÔQ
i Q�M�a�N�a2M�V�R�X�O�a+K�NuK�M�NuR�U�Z�N�b�a+d�Q�Z�M�O�K�M
d�K�M�M�V�Z�M
X�Z�V�W�X�K�R�K�Z�N i U�X�b�X�Z�K+R�K�V�O�O�K�X�b�K+j�U�R i b=a � K�Z�M�V�U�Z sf K

Meltmount®
��Z�U�Z>R�U�Z�N�b�a�d�Q�Z�M
O�K�Mqd�K�M�M�V�Z�M��vQ�a�N�a�M�V�R�X�O�a�j�U�R�R�K�d�K�O�Q�j�U�O�O�K�U i N�V�W�X�K s�Ø Q�Z�MO�K�MvR�U�d�o�O�K�Mv®�Q�j�)p¿t^�®�Q�j�)�³�K�N²®�Q�j�)�Ê+O�K�M i U�V�Z�N�MÝdpÓÔa�R�V�M�M�V�U�Z�d�K�M i�� U�N�U�Z�MÝM�U�Z�N i U�M�V�N�V�U�Z�Z�a�MÝj�U�R�R�KV�OuK�M�NuR�U�Z�N�b�a+d�Q�Z�M
O�Q�ghV�[YX�b=K

3.3 s f KkMqb=a�M�X�O�N�Q�N�Mqd�K�MqM�V�R�X�O�Q�N�V�U�Z�MqM�U�Z�N i b�a�M�K�Z�N�a�Mqd�Q�Z�MqO�K 'µQ�l�O�K�Q�X
3.9.

± U�R�R�KqU�Z i K�X�NhO�Kq��U�V�b!Q���KkjqO�QIj�U�R i Q�b=Q�V�M�U�Z�d�K�MÝb�a�M�X�O�N�Q�N�MÝU�l�N�K�Z�X�M i U�X�b¶R�U�d�o�O�K�M)®�Q�j�)p¿��'¶Q�l�O�K�Q�X�Ê s Ê��uK�N²JI® Ø ¿t^ìOÎÓÔX�N�V�O�V�M�Q�N�V�UYZ�dpÓÔX�Z�M7¹´M�N�o�R�Kqd�K�2qW�X�QcN�b=KqJI® Ø K�Z�X�Z i Q�j�)�Qc[�K 4 Q�Xì[�R�K�Z�N�K
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O�Qyj�U�O�O�K�j�N�V�U�Zâd�KyO�X�R�V�o�b�Kyd�KSR�Q�Z�V�o�b=KCZ�U�Z�m i b�U i U�b�N�V�U�Z�Z�K�O�O�KCÂCOÎÓÖQ�X�[YR�K�Z�N�Q�N�V�U�ZÆd�KCO�QCM�X�b=n�Q�jcK�^�Âj�Q�X�M�K�d�K�O ÓÔK�n=n�K�NDd�K
j�U�Z�j�K�Z�N�b=Q�N�V�U�Z s

PWO

�|���i�

����� � � ��¡P¢ £ ¤�¥��
¦�§�¨|©|© y0

§�ª|© ©
«�¨|©|©

¬�­|® �P¥�¯ °��|±�� ® ¡�²���¢ ��³ ®

�|���i�
PWO

´,¥�£ ±��|��¡�¢ £ ¤�¥�� ­ °Q¢ £ µ

�|���¶�
PWO

´,¥�£ ±��|��¡�¢ £ ¤�¥�� ­ °Q¢ £ µ
PWO

¦�§�¨|©|© y0
§�ª|© ©

«�¨|©|©
´,¥�£ ±��|��¡�¢ £ ¤�¥��

�b�P� � �|��¡�¢ £ ¤�¥�� � ���¶�¬�­|® ��¥P¯ °��|±�� ® ¡P²���¢ �P³ ®

PWO

¦�§P¨ ©|© y0
§�ª|©|©

«�¨ ©|©
´,¥�£ ±��|��¡�¢ £ ¤�¥��

�|���i�¬�­|® ��¥P¯ °��|±�� ® ¡P²���¢ �P³ ®�b��� � �|��¡�¢ £ ¤P¥��

·�¸b¹,º�» ¼�½g¾b¿�À�Á ·�¸b¹,º�» ¼Â½�¾b¿�À�Á�Ã,Ä·�¸�¹,ºb» ¼Â½�¾�¿�À�Å

·�¸b¹,º�» ¼�½g¾b¿�À�Æ ·�¸b¹,º�» ¼Â½�¾b¿�À�Æ�Ã,Ä
�! �"�#�$�%

3.19 &�' %�5v4>3 * ?�0�%�5 (�1 %c//[�� Ì Ï  �.�5�6 ( 0�0 , %�5 *�( .�5�#�. -�( /�_ ( "�%�Ñ

\ ( ¥�0�% ( #]W�ÑNÇ &�' %�5�$ , 5�#�0�6 ( 6�5 * %�5�5� �4<#�0 ( 6� �3�.�5 (�1 %�/�0�%�5v4>3 * ?�0�%�5 * %�5V[È� Ì Ï  �.�5�6 ( 0�0 , %�5 *�( .�5�#�.
package.

Modèle Matière

* #<"�#� * %
optique

Ë)4>¥ ( 0�0 ( "�% * #"�#� * %�3 - 6� �9h#�%
Ï  �5�6 ( .�/�%�%�.�6�$c%�0�%/�%�.�6�$�% * %�0�L , 4> �5�5� �3�.

* %�5 - 8�3�6�3�.�5�%�6p0 ( ; ( /�%
* %�5�3�$�6� �% * #</�$� �5�6 ( 0�A

mm

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�% * %�0 (9�# ( .�6� �6 ,�* %�5 - 8�3�6�3�.�5
, 4> �5�%�6p/c%�#�Ð+9�#� D5�3�.�6%�.�$�%�"� �5�6�$ , 5 *�( .�5�0MLN�,Ì Ï A

%

Pack1 - - 80
»�^Ô¼

±
¼�^�¿

Pack2 Plexiglas Tyvek® 80
³�^ÔË

±
¼�^�¿

Pack2 Plexiglas Mylar® 80
³�^Ô»

±
¼�^�¿

Pack2LG Plexiglas Tyvek® * Ê�à�^Ôà
±
¼�^ÔÊ

Pack2LG Plexiglas Mylar® * Ê�Ò�^Ô¼
±
¼�^ÔÊ

Pack2LG Plexiglas Ø K�M�M�X�M�K�Nìl�Q�M
Tyvek® ^�O�K�Mj���N�K�M�ÀT¹´O�Q�b ®

* Ê�Õ�^Ô³
±
¼�^ÔÊ
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1 2 3 4 5

Pack2LG Plexiglas
6ÝQ�M�À�¹´O�Q�b ®̂�O�K�MQ�X�N�b�K�MV'¸¹´�YK�) ®

* 38,1 ± 0,3

Pack2LG Plexiglas
f Q
j���N�a�j�UYZ�N�b�Kd�K�O�Q�JI® Ø

Mylar® ^�O�K�MQ�X�N�b�K�MV'¸¹´�YK�) ®

* 37,7 ± 0,3

Pack3 Plexiglas Tyvek® 80 2,6 ± 0,1

Pack3LG Plexiglas
f Q
j���N�a�j�UYZ�N�b�Kd�K�O�Q�JI® Ø

Mylar® ^�O�K�MQ�X�N�b�K�MV'¸¹´�YK�) ®

* 36,7 ± 0,3

*
O�Q�M�U�X�b�j�K i O�Q�V�Z�K�Q i U�M�V�N�V�U�Z�ZYa�Â�¼�^Ô»+R�Rwd�K�O�Q�n=Q�jcK�l�Q�M�d�K�O�Q
[YX�V�d�K�U i N�V�W�X�K s
8¶ZÁj�U�R�l�V�Z�Q�Z�N
O�K�M<d�U�Z�Z�a�K�M<d�K�M
'µQ�l�O�K�Q�X�~ÆÊ s ÒâQ���KcjyO�QyW�X�Q�Z�N�V�N�ayd�K�M i�� U�N�U�Z�M>W�X�VqM�U�Z�NQ�b�b�V���a�MâQ�X`j�b�V�M�N�Q�O>M�X�byO�K{d�a i O�Q�jcKkX�byd�K{M i K�j�N�b�K{U�l�N�K�Z�X i U�X�bCO�KáR�U�d�o�O�Ká®�Q�j�)�³`K�N@ac[�Q�O�KáÂ

29,4±
¼�^Ô³�½@^@U�Z i K�X�N�a���Q�O�X�Kcb�OÎÓÔK�n�n�K�NyR�Q�~�V�R�Q�OydpÓÔX�N�V�O�V�M�Q�N�V�U�Z}d�© X�Z}d�a i O�Q�jcK�X�bÁd�KwM i K�j�N�b�K|K�Zj�U�R i N�Q�Z�NpX�Z�K2K�n=n�V�j�Q�j�V�N�a2d�K+j�U�Z���K�bÇM�V�U�Z�Â>¿t¼�¼�½ s f Q i b�U i U�b�N�V�U�Z<U�l�N�K�Z�X>K�Z�N�b�K+O�K�M i�� U�N�U�Z�M
a�R�V�M�KK�NDj�K�X�~�K�Z�b�Kc[YV�M�N�b�a�M i Q�bpO�© JI® Ø K�M�NDdYK�¿�¿t^Ô» ±0,1%.

3.6.3 =)>�� � �7������b�� ����	 ���ÔþC� � �����?b��k��� i b������ f�? ��	 � bk���@�@	�b����������7�T�������C�7� ��b����?�����
b��@���@É����]������	�� � �]��	B�?�>��� � ��� ��Ê� g)�
! U�X�M)Q���U�Z�M)a�N�X�d�V�aIOÎÓÔV�Z�n�O�X�K�Z�j�KId�KIO�QI��Q�O�K�X�bµd�KPOÎÓÔV�Z�d�V�j�KPd�KPb�acn�b�Qcj�N�V�U�Z�d�X�j�U�Z�N�Q�j�NÙU i N�V�W�X�KK�Z�N�b�K­O�K­jcb�V�M�N�Q�O<K�N<O�© JI® Ø K�ZwV�Z�jkO�X�Q�Z�N<OÎÓÔa���Q�O�X�Q�N�V�U�Z|d�K{Mº¹´M�N�o�R�K�MâR�X�O�N�V�j�U�X�j � K�Mâd�Káj�U�Z�N�Qcj�N�MU i N�V�W�X�K s f K�MvR�U�d�o�O�K�MvM�V�R�X�O�a�MvM�U�Z�N i b�a�M�K�Z�N�a�Mvd�Q�Z�MvO�QIghV�[YX�b=K 3.20 s f K�MÝb=a�M�X�O�N�Q�N�MÝd�K�MÝM�V�R�X�O�Q�N�V�U�Z�MM�U�Z�N i b�a�M�K�Z�N�a�M�d�Q�Z�M�O�K/'µQ�l�O�K�Q�X+Ê s ¿º¼ s f Q i b�U i U�b�N�V�U�Z+K�Z�N�b�K�O�K�M�b=a�M�X�O�N�Q�N�MvU�l�N�K�Z�X�M i U�X�buO�K�MvR�U�d�o�O�K�MG ± ¿�K�N�G ± ³�K�M�NI¿t^Ô¼�» s f K�M+R�K�M�X�b�KkM�K�~ i a�b�V�R�K�Z�N�Q�O�K�M+U�Z�N�a�N�a�n=Q�V�N�K�M�Q���Kcj<OÎÓÔX�N�V�O�V�M�Q�N�V�U�ZydpÓÔX�Zy®�ÀQ���K�jÃX�Z�KÃn�K�Z�x�N�b�KÃd�K

10 Ë ¿t¼ mm2 K�Z�N�U�X�b�a�K d�K '¸¹´��K�) ® s f Q i b�U i U�b�N�V�U�ZÅU�l�N�K�Z�X�K d�Q�Z�M
OÎÓÔK�~ i a�b�V�K�Z�j�KqK�M�Nµ¿t^Ô¼�Ê s f K�Mvb�a�M�X�O�N�Q�N�M�d�K
R�K�M�X�b�K�Mvn=Q�V�N�M i U�X�buO�Q
d�a�N�Kcb�R�V�Z�Q�N�V�U�Z�d�K
OÎÓÔV�Z�n�O�X�K�Z�jcK
dpÓÔX�Z�Kj�U�X�j � K�d�K�W�X�Q�b�N�*
M�X i�i O�a�R�K�Z�N�Q�V�b�K�V�Z�M�N�Q�O�O�acK�M�X�bpO�Q�n=K�Z�x�N�b=K�d�K�M�U�b�N�V�K
d�X�j�b�V�M�N�Q�O²d�K 10 Ë ¿t¼ mm2 W�X�V
K�M�N²K�Z�N�U�X�b�a�KqQ���Kcjqd�K�MÝR�Q�N�V�o�b=K�MÝd�V�n�nÇacb�K�Z�N�K�MÝM�U�Z�N i b=a�M�K�Z�N�a�MÝd�Q�Z�MÝO�QqghV�[�X�b=K 3.21 s f KcMÝb=a�M�X�O�N�Q�N�MÝd�K�MK�~ i a�b�V�K�Z�j�K�MSK�N�O�K�MTM�V�R�X�O�Q�N�V�U�Z�MTR�U�Z�N�b�K�Z�N�W�X�K�OÎÓÔX�N�V�O�V�M�Q�N�V�U�Zªd�K�M7¹´M�N�o�R�K�MTd�K�j�U�Z�N�Qcj�N�U i N�V�W�X�KR�X�O�N�V�j�U�X�j � K�M�Z�K i K�b�R�K�N i Q�M�OÎÓÔQ�R�a�O�V�U�b=Q�N�V�U�Z+d�K�O�Q�j�U�O�O�K�j�N�V�U�Z+d�K�O�X�R�V�o�b=K s



98

PWO

APD

Ì�Í�Î Î Ï�ÍPÐ�Ñ Ò ÓPÔ�Ï�ÕPÖ�×QØ Ù�Ú ÛPØ ×
Û�Ü�Ý�Þ�Þ y0

Ü�Ù�Þ�Þ
ß Ý�Þ�Þ

à�á�â ÍPÔ�ã äQÏ�åPÏ â Ð�æPÍ�Ñ Í�Õ â
PWO

Ì�Í�Î Î Ï�ÍPÐ�Ñ Ò Ó�ÔPÏ�Õ�Ö6×QØ ç
Û�ÜPÝ_Þ�Þ y0

Ü�ÙèÞ�Þ
ß Ý�Þ�Þ

APD

à Ï�éNÏ�ã ã Ï�ÕPÖ�×�Ø Ù�êPë�Ð á Ò âHâ Ï�ÔPã�Û�Þ�Þà�á�â ÍPÔHã äQÏ�åPÏ â Ð�æPÍ�Ñ Í�Õ â
PWO

Ì�Í�Î Î Ï�ÍPÐ�Ñ Ò ÓPÔ�Ï�Õ�Ö6×QØ ç
Û�ÜPÝ�Þ�Þ y0

Ü�Ù�Þ�Þ
ß Ý�Þ�Þ

APD

à Ï�éNÏ�ã ã Ï�ÕPÖ�×�Ø Ù�êPë�Ð á Ò âHâ Ï�ÔPã�Û�Þ�Þ

Ì�Í�ÔPÐ�Î ÏÍ�Ð�Ñ Ò ÓPÔ�Ï�ÕPÖ�×QØ Ù

àPá�â Í�ÔPã äQÏ�å�Ï â Ð�æ�ÍPÑ ÍPÕ â

ì�íPîðï ñ�òôó�õ
è

ì�íPîðï ñ�òöó_÷
è

ì�íPîðï ñ�òöó_ø
è

�! �"�#�$�%
3.20 &�' %�5v4>3 * ?�0�%�5 (�1 %c/ *  �;=; , $�%�.�6�5�6�^ - %�5 * %�/�3�.�6 ( /�6p3 - 6� �9�#�%�5� �4 ulés.

\ ( ¥�0�% ( #]W�Ñ�Q7R &�' %�5�$ , 5�#h0�6 ( 6�5 * %�5�5� �4>#�0 ( 6� �3�.�5 (�1 %�/�0�%�5v4>3 * ?�0�%�5VÎúùÐQ�¦�W�Ñ

K . *  �/�% * %$ , ;=$ ( /�6� �3�. * %�0 (/�3�0�0�%�3 - 6� �9�#�% - 3�#�$0�%�4>3 * ?�0�%/Î - Q

Ì!$�3 - 3�$c6Ç �3�.<%�.�6�$�%�0 (9�# ( .�6� �6 ,�* %k5 - 8�3�6�3�.�5 , 4> �5
*�( .�5�0�%�/�$� �5Þ6 ( 0D%�6p/�%�#�Ð+9�#� 5�3�.�6 ( $�$� 1�, 5�:+0MLÔ �.�6 , $� �%�#�$
* %�0 ( /�3�0�0�%�3 - 6� �9�#�%�A��

Angle

limite

*�( .�5 * #
cr istal,

degrés

Ì!$�3 - 3�$c6� �3�.<%�.�6�$�%�0 (9�# ( .�6� �6 ,�* %�5 - 8�3�6�3�.�5
, 4> �5 *�( .�5�0�%�/�$� �5�6 ( 0D%�6/�%�#�Ð+9�#� D5�3�.�6p%�.�$�%�"� �5�6�$ , 5
*�( .�5�0 ` �,Ì Ï A��

1,5 1,7 ± 0,1 44 0,97 ± 0,04

1,7 2,3 ± 0,1 52 1,4 ± 0,04

1,9 2,7 ± 0,1 62 1,6 ± 0,05

2,1 3,3 ± 0,1 72 1,8 ± 0,05f Q�R�U�d�o�O�K�G ± ³ 2,2 ± 0,1 52 0,81 ± 0,04f Q�R�U�d�o�O�K�G ± Ê 2,2 ± 0,1 52 0,77 ± 0,04

�! �"�#�$�%
3.21 &�UI, 5�#�0�6 ( 6�5 * %�5v4@%�5Þ#�$�%�5�; (  �6�%�5 - 3�#�$�0 (+*�, 6�%�$c4> �. ( 6� �3�. * %�0MLÔ �.�;=0�#�%�.�/�% *V` #h.�%

- 0 ( 9�#�% * %�9h# ( $�6 O 5�# -�- 0 , 4>%k.�6 (  �$c%� �.�5�6 ( 0�0 , %�5�#�$�0 ( ;=%�.NP�6�$�% * %�5�3�$c6� �% * #</�$� �5�6 ( 0 * %
10 ËË ËË Q7R mm2 9�#� D%k5�6p%c4>¥ ( 0�0 ,�-�( $ * %�5�4 ( 6� �?�$c%�5 *  �;=; , $�%�.�6�%�5�Ñ
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4.1 'qðuïìò�óÇíìêvéÇðuï�ó�ò�ù�î<ôvëCíìëìïìòÞó�èÞóÇí�ðuò�óÇñuæªôvë�î>íìï�ó�îçòÞðuê� ÆôvëCò�êvæ�üuîcò�ðuòÞëCôvë �véÇñuõ\û �vñuêvï
é�ë&�vï�ñ���ëìò·ôvë û�� � �vëìævô�ðpævò)é�ëìêvï&�vï�ñuôvêvíìòÞóÇñuæÆëìæÆîcùìïìóÇë
f Q i b�U�d�X�j�N�V�U�Z>d�K�MqM�j�V�Z�N�V�O�O�Q�N�KkX�b�Mqd�K�N�X�Z�[YM�N�Q�N�K�d�K i O�U�R�l i U�X�bvO�Q�j�U�Z�M�N�b�X�j�N�V�U�Z>d�K�OÎÓ�8 ± J fd�K�O�Q�j�U�O�O�Q�l�U�b=Q�N�V�U�Z ± À & K�M�N!j�Q�b�Q�jkN�a�b�V�M�a�K i Q�bvO�Q i Q�b�N�V�j�X�O�Q�b�V�N�a�W�X�K�O�Q i b�U�d�X�j�N�V�U�Z>K�Z>j � Q�9�Z�K�d�U�V�Nn�U�Z�j�N�V�U�Z�Z�K�b¸Q���K�j2X�Z�K i b�U�d�X�j�N�V�U�Z�R�Q�~�V�R�Q�O�K i K�Z�d�Q�Z�N i O�X�M�V�K�X�b�M�Q�Z�Z�a�K�M i U�X�b i b�U�d�X�V�b�K+O�K�M
Õ�Ê�¼�¼�¼j�b�V�M�N�Q�X�~@d�K�®�¯�G|M�Q�Z�MqK�R�R�Q�[YQ�M�V�ZYQc[�K�d�K�O�Q�R�Qcb�j � Q�Z�d�V�M�K i b�U�d�X�V�N�K sY± K�O�Q�M�V�[YZ�V�n�V�K�W�XpÓÔX�Z>d�a�n=Q�X�Nd�X�b�Q�Z�NqOÎÓÔa�N�Q i Kyd�K i b�U�d�X�j�N�V�U�Zâd�K�M<j�b�V�M�N�Q�X�~ i K�X�Nqj�Q�X�M�Kcb�d�KCM�acb�V�K�X�~�V�Z�j�U�Z���a�Z�V�K�Z�N�M i K�Z�d�Q�Z�NIO�Qj�U�Z�M�N�b�X�j�N�V�U�Z�d�X�d�a�N�K�j�N�K�X�bµK�N i K�X�NpV�Z�n�O�X�K�Z�j�Kcb¸d�K2R�Q�Z�V�ocb�K2jcb�V�N�V�W�X�K2Z�ac[YQ�N�V���K2O�K2N�b=Q���Q�V�Opd�K2N�U�X�N�K2O�Qj�U�O�O�Q�l�U�b�Q�N�V�U�Z s JIO�U�b�M�^uO�Q i b�U�d�X�j�N�V�U�Z@K�NµO�Q�O�V���b�Q�V�M�U�Z�d�K�M2jcb�V�M�N�Q�X�~�U�Z�N¸l�K�M�U�V�Z�dpÓÔx�N�b�K�M�X�V���V�K�M2Q���KcjX�Z�M7¹´M�N�o�R�Kqd�KqR�K�M�X�b�K�MÝl�V�K�Z�U�b=[YQ�ZYV�M�aIW�X�V�n�U�X�b�Z�V�N�X�Z�K i b�U�d�X�j�N�V�U�Z�Kcn�n�V�jcQ�j�KId�K�M)j�b�V�M�N�Q�X�~�Q���K�jIO�K�M

i Q�b�Q�R�o�N�b=K�M�b�K�W�X�V�M�K�Z�Q�M�M�X�b�Q�Z�NDX�Z+R�V�Z�V�R�X�Rwd�K�b�K�N�U�X�b�M sf K�M�d�U�Z�Z�a�K�M�K�~ i a�b�V�R�K�Z�N�Q�O�K�M i U�X�bIO�K�M i b�U i b�V�a�N�a�M i�� ¹YM�V�W�X�K�M�d�K�M�jcb�V�M�N�Q�X�~TM�j�V�Z�N�V�O�O�Q�Z�N�M�d�KN�X�Z�[YM�N�Q�N�K�d�K i O�U�R�lTU�Z�N i Kcb�R�V�M�dpÓ U�b=[YQ�Z�V�M�K�bPX�Z i b�U�N�U�j�U�O�K�d�K�R�K�M�X�b�K�M�Z�a�j�K�M�M7Q�V�b�K�M�Â�K�~�a�j�X�N�K�bQ���Q�Z�NDO�Q i b�U�d�X�j�N�V�U�Z+d�K�Mvj�b�V�M�N�Q�X�~�^ i K�Z�d�Q�Z�NDO�Q i b�U�d�X�j�N�V�U�Z�d�K�MÝj�b�V�M�N�Q�X�~�^ i K�Z�d�Q�Z�N²O�Q i b�U�d�X�j�N�V�U�Z�d�K�Ma�O�a�R�K�Z�N�M+M�j�V�Z�N�V�O�O�Q�Z�N�M+��X�M�V�Z�Q�[�K���^µO�KkX�b
O�V���b=Q�V�M�U�ZyK�NvO�K�X�b
K�~ i O�U�V�N�Q�N�V�U�Z s GIZ i K�X�Nvd�V���V�M�K�b
N�U�X�N�K�M�O�K�MR�K�M�X�b�K�M�Z�a�jcK�M�M�Q�V�b=K�M�K�Z+d�K�X�~�[�b�U�X i K�M�^�O�K i b=K�R�V�K�bpZ�U�X�M�OÎÓÔQ i�i K�O�O�K�b�U�Z�M�R�K�M�X�b=K�M�d�K
j�K�b�N�V�n�V�jcQ�N�V�U�Z�K�NO�K�d�K�X�~�V�o�R�K�Z�U�X�M�OÎÓÔQ i�i K�O�O�K�b�U�Z�M�R�KkM�X�b=K�M�d�K�j�U�Z�N�b���O�K s
' %�5q4@%�5�#�$�%�5 * %�/c%�$�6� �;= �/ ( 6� �3Y.�Ñ ! U�X�Mqd�a�n�V�Z�V�M�M�U�Z�M i Q�bvO�Â�X�Z�K�M�a�b�V�K�d�K�R�K�M�X�b=K�MIM i a�j�V�n�V�a�K�MW�X�V�n�U�X�b�Z�V�M�M�K�Z�N�d�K�M+d�U�Z�Z�a�K�M i U�X�b·O�K�j�O�V�K�Z�N�^¶d�Q�Z�M+Z�U�N�b=K�j�Q�M+O�K�M+K�~ i K�b�N�M+d�K�O�Q�j�U�O�O�Q�l�U�b=Q�N�V�U�Z�d�K

± À & ^ i K�b�R�K�N�N�Q�Z�N²dpÓÔQ�j�jcK i N�K�buO�K�MÝj�bÇV�M�N�Q�X�~ i U�X�buO�K
d�a�N�K�j�N�K�X�b sk± K�N�N�K
M�a�b�V�K
d�K
d�K�R�Q�Z�d�K�MvK�M�N²n�U�b�R�a�K
i Q�b�O�Kyj�O�V�K�Z�NqK�ZÆn�U�Z�j�N�V�U�Zâd�K�M>l�K�MÞU�V�Z�M>d�Xâd�a�N�K�j�N�K�X�b�K�Nqd�Q�Z�M>O�KSj�Q�M@d�K ± À & K�O�O�KCV�Z�j�O�X�KCX�Z�KM i a�j�V�n�V�j�Q�N�V�U�ZÁd�K�M i Q�b�Q�R�o�N�b�K�M<R�a�j�Q�Z�V�W�X�K�M<��O�K�M<d�V�R�K�Z�M�V�U�Z�M<K�N
n�U�b�R�K�Q�V�Z�M�VqW�X�KyO�K�M>N�U�O�acb�Q�Z�jcK�MQ�j�jcK i N�a�K�M���^!d�K�M2M i a�j�V�n�V�j�Q�N�V�U�Z�M2U i N�V�W�X�K�M2K�N¸M�j�V�Z�N�V�O�O�Q�Z�N�K�M2��O�K�M i K�j�N�b�K�d�© a�R�V�M�M�V�U�Z�^¶O�Q�N�b�Q�Z�M�R�V�M�M�V�U�Z
i U�X�bud�V�n�n�a�b=K�Z�N�K�MvO�U�Z�[YX�K�X�b�MÝd�© U�Z�d�K�MvU i N�V�W�X�K�MÝR�K�M�X�b�acK�MÝO�KqO�U�Z�[�d�X�j�b�V�M�N�Q�OhK�NhN�b=Q�Z�M���K�b�M7Q�O�K�R�K�Z�N�^ìO�QW�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K�^ÝO�Q�j�V�ZYa�N�V�W�X�K�d�K�M7j�V�Z�N�V�O�O�Q�N�V�U�Z�K�N�O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�W�X�Q�Z�N�V�N�a�d�K
O�X�R�V�o�b�K�a�R�V�M�K��pW�X�VDM�U�Z�NDd�a�jcb�V�N�M�d�Q�ZYM�O�K i Q�b=Qc[Yb�Q i�� K�M�X�V���Q�Z�N s

' %�5+4@%�5�#�$�%�5 * %�/�3�.�6=$�1�0�%�Ñ 8¶O�O�K�M+M�U�Z�N�d�a�n�V�Z�V�K�M�j�U�R�R�K<X�Z�K<M�a�b�V�K<d�K<R�K�M�X�b=K�M�M i a�j�V�n�V�a�K�MW�X�Vun�U�X�b�Z�V�M�M�K�Z�Nud�K�M
d�U�Z�Z�a�K�MqQ���K�j2O�K�M�W�X�K�O�O�K�M
O�K i b�U�d�X�j�N�K�X�b i K�X�N!��a�b�V�n�V�KcbvO�Q�b�K i b=U�d�X�j�N�V�l�V�O�V�N�a�d�K�Mj�b�V�M�N�Q�X�~ãd�KwN�X�Z�[YM�N�Q�N�Kwd�K i O�U�R�l¬K�Nyd�K�M{a�O�a�R�K�Z�N�M{M�j�V�Z�N�V�O�O�Q�Z�N�M i b�U�d�X�V�Nyd�Q�Z�MáO�K|j�Q�d�b�K|d�K�M
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M i a�j�V�n�V�j�Q�N�V�U�Z�MPj�U�R�R�Q�Z�d�a�K�M i Qcb)O�K�j�O�V�K�Z�N s f K�MPR�K�M�X�b�K�MPd�K�j�U�Z�N�b���O�K�V�Z�j�O�X�K�Z�N�Q�O�U�b�M2O�K�M2R�K�M�X�b=K�Md�K�j�K�b�N�V�n�V�j�Q�N�V�U�Z�Q�X�M�M�V²l�V�K�Z�W�X�K
O�Q
M7akb�V�K
d�K�MvR�K�M�X�b�K�MvM�X i�i O�a�R�K�Z�N�Q�V�b�K�MvQ�V�d�K�Z�N²Â
O�Q
b=K i b�U�d�X�j�N�V�l�V�O�V�N�ad�K�M i Q�b�Q�R�o�N�b�K�MId�K�MPj�b�V�M�N�Q�X�~ i K�Z�d�QkZ�N¶N�U�X�N¶O�K�N�K�R i MId�K�O�Q i b�U�d�X�j�N�V�U�Z s 8¶Z�Kcn�n�K�N�^uO�K�MPR�K�M�X�b�K�MPd�Kj�U�Z�N�b���O�KId�U�V���K�Z�N�n�U�X�b�Z�V�b¶d�K�M)V�Z�n�U�b�R�Q�N�V�U�Z�M)M ��b�K�M i U�X�b¶j�U�R i b�K�Z�d�b�KIO�© a���U�O�X�N�V�U�Z�d�KIO�QIN�Kcj � Z�U�O�U�[YV�Kd�K i b�U�d�X�j�N�V�U�Z i K�Z�d�Q�Z�NDO�Q�n=Q�l�b�V�j�Q�N�V�UYZ+d�K�M�jcb�V�M�N�Q�X�~�^�K�Z i Q�b�N�V�j�X�O�V�K�b�^ i U�X�b ± À &�s
4.1.1 !��@����� 
N����������b�� ����	 � ���
����	��uþCe���	B���l�>���?����� ��� �������l����� ��	��?��������A ��� g#"%$
���;��	�b'&c������� ?(i !
Ø Q�Z�M�O�K<j�Q�d�b�K<d�K�M�N�b�Q���Q�X�~ i U�X�bqO�Q>j�U�Z�M�N�b�X�j�N�V�U�ZCd�XCj�Q�O�U�b�V�R�o�N�b=K>a�O�Kcj�N�b�U�R�Qc[YZ�a�N�V�W�X�K>d�K

� Q�X�N�K i b�acj�V�M�V�U�ZÁd�K ± À & ^·O�K�M i Q�b�QkR�o�N�b=K�M>O�K�M i O�X�M>V�R i U�b�N�Q�Z�N�M>d�K�M>j�b�V�M�N�Q�X�~Æd�Ky®�¯�G¾U�Z�Nqa�N�a
d�a�n�V�Z�V�M�d�Q�Z�M�O�K�M�b�acn�a�b=K�Z�j�K�M�M�X�V���Q�Z�N�K�M e 13̂ 28̂ 110r K�N i K�X���K�Z�NDM�K�d�V���V�M�K�bpK�Z+Ú+[�b=Q�Z�d�[Yb�U�X i K�MIÛ
1. ' %�/�3�.�6�$�1�0�% 1  �5�#�%�0 * %�0 ( 9�# ( 0� �6 , 3 - 6� �9�#�%�Ñ

± © K�M�NhO�Q i b�U�j�a�d�X�b=KqM�N�Q�Z�d�Q�b=d i U�X�b!j � U�V�M�V�b!d�K�M)j�b�V�M�N�Q�X�~�Q���K�jqX�Z�a�N�V�W�X�K�N�Qc[YKqj�U�b�b�Kcj�N�K�N�M�Q�Z�Md�a�n�Q�X�N�M�R�Q�jcb�U�M�j�U i V�W�X�K�M�j�U�R�R�K�d�KkM�l�X�O�O�K�M�^�d�a�n=Q�X�N�M�O�Q�V�N�K�X�~�K�N�j s®�K�Z�d�Q�Z�NDO�K�j�U�Z�N�b���O�K���V�M�X�K�ODdYK�O�Q�W�X�Q�O�V�N�a�U i N�V�W�X�K�V�ODn�Q�X�ND��a�b�V�n�V�K�bpW�X�K�Û
−

X�Z+j�U�d�K�m�l�Qcb�b�K�M�V�Z�d�V���V�d�X�K�ODKkM�NDV�Z�M�N�Q�O�O�a�d�Q�Z�M�O�Q�l�U�Z�Z�K i U�M�V�N�V�U�Z #
−

V�OÙZ�© ¹�Q i Q�M·d�KPd�a�n=Q�X�N�M·R�a�j�QkZ�V�W�X�KP��V�M�V�l�O�K�M·j�U�R�R�KPd�K�M·Q�R�U�b=j�K�M·d�K2n�K�Z�N�K�M�^�ac[Yb�Q�N�V�[YZ�X�b=K�M�^V�Z�a�[�Q�O�V�N�a�M�^�N�Q�j � K�M�^�j�b�Q�W�X�K�O�X�bÇK�M,#
−

V�ODZ�© ¹PQ i Q�M�d�K���U�V�O�K�M�U�X+d�K�dYacn�Q�X�N�M�d�Q�Z�M�O�K
j)(IX�bpd�X�j�b�V�M�N�Q�O<#
−

X�Z+j�b�V�M�N�Q�ODd�U�V�NDx�N�b�K�N�b�Q�Z�M i Qcb�KkZ�NDK�NDM7Q�Z�M�j�U�O�U�b�Q�N�V�U�Z #
−

N�U�X�N�K�MPO�K�MPn�Q�j�K�MPd�X�j�b�V�M�N�Q�OµMÞQ�X�n)X�Z�K�^uM i a�j�V�n�V�W�X�K�K�Z�n�U�Z�j�N�V�U�Z�d�X�N�¹ i K�d�K�jcb�V�M�N�Q�O�^!d�U�V���K�Z�Nx�N�b�K i U�O�V�K�M s
2. ' %�5 *  �4>%�.�5� �3�.�5C%�6>;=3�$c4>% Q�V�ZYM�V�W�X�K 0 ( $�#�"�3�5� �6 , d�K�MSM�X�b�n=Q�jcK�MSd�K�MSa�O�a�R�K�Z�N�MSd�KÆ®�¯�Gd�U�V���K�Z�NDx�N�b�K�d�Q�Z�M�O�K�M 6�3�0 , $ ( .�/c%�5 ( /�/c% - 6 , %�5 Â�M�Q���U�V�bvÛ

−
O�K�MCO�U�Z�[YX�K�X�b�MCK�N�O�K�MCO�Q�b=[YX�K�X�b�MCd�K�MSj�b�V�M�N�Q�X�~«d�U�V���K�Z�N�j�U�b�b�K�M i U�Z�d�b=KâÂÆj�K�O�O�K�MCW�X�V�M�U�Z�NM i a�j�V�n�V�a�M i U�X�buj � Q�W�X�K�N ¹ i K
dYK�jcb�V�M�N�Q�X�~�Q���K�j�d�K�M�N�U�O�a�b=Q�Z�j�K�M���¼+R�R�^�m�¼�^�¿)R�R #

−
O�K�M�N�U�O�a�b�Q�Z�jcK�M�M�X�bpO�K�M�Q�Z�[YO�K�M¸d�K�M�n�Qcj�K�M

≤
³+R�b�#

−
O�K�M i O�Q�Z�a�V�N�a�M�d�K�N�U�X�N�K�M�O�K�M�n=Qkj�K�M�d�X�j�b�V�M�N�Q�ODM�U�Z�NDR�U�V�Z�M�W�X�K ±

¼�^Ô¼�³+R�R #
−

O�K�M�j � Q�Z�n�b=K�V�Z�M�M�U�Z�NDd�K�¼�^ÔÊ)ÍÎXYM�W�X�© Â�¼�^Ôà+R�R #
−

O�K�M�b�X�[YU�M�V�N�a�M�d�K�M�n�Qcj�K�M i U�O�V�KkMqÛ ¨ Q+*<¼�^Ô¼�³�¼
µ
R #

−
O�K�M�b�X�[YU�M�V�N�a�M�d�K�O�Q�n�Qcj�K�Z�U�Z�m i U�O�V�K�Û ¨ Q�*<¼�^Ô³�¼

µm.

3.
ù - %�/�6�$�%�5 * %/\)$ ( .�574> �5�5� �3�.]Î - 6� �9�#�%�Ñ
')( 6�$ ( .�5�4> �5�5� �3�.�6�$ ( .�5 1 %�$�5 ( 0�%�Ñ f KcM�M i K�j�N�b�K�M s

U�Z�NuR�K�M�X�b�a�M
N�b=Q�Z�M���K�b�M7Q�O�K�R�K�Z�NuÂ+OÎÓÖQ�~�K+d�X
j�b�V�M�N�Q�O!M�X�bvK�Z���V�b�U�ZT¿t¼�m�³�¼ i U�V�Z�N�MqO�K+O�U�Z�[<d�K�OÎÓÖa�O�a�R�K�Z�N sY± K�Mqd�U�Z�Z�acK�M i K�b�R�K�N�N�K�Z�N¶d�K�j�U�Z�N�b���O�KcbÝO�QZ�U�ZTX�Z�V�n�U�b�R�V�N�a�d�K�N�b�Q�Z�M�R�V�M�M�V�U�Z i b�U���U�W�X�a�K i Q�bPX�Z�K�ac��K�Z�N�X�K�O�O�K�d�a���V�Q�N�V�U�Z�d�K�O�Q�W�X�Q�O�V�N�a�d�K�O�Q
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N�K�j � Z�U�O�U�[YV�KIK�N�d�K�M)R�Q�N�V�o�b�KcM i b�K�R�V�o�b�K�M sç± K i Q�b�Q�R�o�N�b�K i Kcb�R�K�N�N�b�QPd�K2b�KÎÍÎK�N�KcbµO�K�M·R�Q�X���Q�V�M�j�b�V�M�N�Q�X�~K�NDd�K i b�a���U�V�bpO�Q�N�K�Z�X�K�d�K�M�j�b�V�M�N�Q�X�~+Q�X�~�b�Q�d�V�Q�N�V�U�Z�M sf QqN�b�Q�Z�M�R�V�M�M�V�U�Z�N�b�Q�Z�M���K�b�M�Q�O�K
d�U�V�Nhx�N�b�KqR�K�M�X�b�a�KIQ���K�jIX�Z�KIKcb�b�K�X�b¶Q�l�M�U�O�X�KId�K
±
¼ s »�½Ãd�Q�Z�MN�U�X�NDO�Q�b�a�[YV�U�Z+d�X+M i K�j�N�b�K��=d�K�Ê�¼�¼�Â·à�¼�¼+Z�R��pQ���Kcj�X�Z+R�V�Z�V�R�X�Rwd�K�¿t¼ i U�V�Z�N�M�O�K�O�U�Z�[2d�X+j�b�V�M�N�Q�O s

')( 6�$ ( .�5�4> �5�5� �3�.Ã0�3�.�"� �6�# *  �. ( 0�%�Ñ f K�MÆM i Kcj�N�b�K�MÆM�U�Z�N@R�K�M�X�b=a�MÆO�KáO�U�Z�[|d�K�MÆa�O�a�R�KcZ�N�MM�j�V�Z�N�V�O�O�Q�Z�N�M i U�X�bTd�a�N�K�b�R�V�Z�K�bTO�QªO�U�Z�[YX�K�X�bTd�© Q�N�N�a�Z�X�Q�N�V�U�Z d�KªO�QªO�X�R�V�o�b=Kªd�Q�Z�M\O�KzM i K�j�N�b=Kzd�KM�j�V�Z�N�V�O�O�Q�N�V�U�Z sì± K i Q�b�Q�R�o�N�b�K i K�X�N�x�N�b�K�X�N�V�O�V�M�a i U�X�b�O�© X�Z�V�n�U�b�R�V�M�Q�N�V�U�Z�d�K�O�Q�j�U�O�O�Kcj�N�V�U�Z�d�K�O�X�R�V�o�b�Kd�Q�Z�MPO�K�MPa�O�a�R�K�Z�N�M2M�j�V�Z�N�V�O�O�Q�Z�N�M s 8¶Z i b�V�Z�j�V i K�U�Z i K�X�N¸b=K�jcQ�O�j�X�O�K�b·O�Q�N�b�Q�Z�M�R�V�M�M�V�U�Z�O�U�Z�[YV�N�X�d�V�Z�Q�O�K�Â
i Q�b�N�V�bµd�K�M·b=a�M�X�O�N�Q�N�M·d�KPR�K�M�X�b�KPd�KPO�QIN�b�Q�Z�M�R�V�M�M�V�U�Z�N�b�Q�Z�M���Kcb�M�Q�O�K s ÀSQ�V�M·d�Q�Z�M·O�KPj�Q�M·d�X�®�¯�GzV�OpK�M�NV�R i U�M�M�V�l�O�K�dpÓÔX�N�V�O�V�M�K�b)j�K�N�N�K�R�a�N � U�dYK i Q�b=j�K�W�X�K�O�Q�b�acn�O�K�~�V�U�Z�d�K�ghb�K�M�Z�K�Oµd�K i K�Z�d�d�K�O�© U�b�V�K�Z�N�Q�N�V�U�Zd�KâOÎÓÔQ�~�KâU i N�V�W�X�Kâd�Xáj�b�V�M�N�Q�O e 110rts ! U�b�R�Q�O�K�R�K�Z�N�^2O�© U�b�V�K�Z�N�Q�N�V�U�Zád�K�MSQ�~�K�MSd�KÆj�b�U�V�M�M�Q�Z�j�KÆd�K�Mj�b�V�M�N�Q�X�~TK�M�N)j�U�Z�Z�XSb�K�O�Q�N�V���K�R�K�Z�N)Â>OÎÓÖQ�~�K@j�b�V�M�N�Q�O�O�U�[�b�Q i�� V�W�X�K a

d�Q�Z�M�d�K�M�O�V�R�V�N�K�M�d�K
±
»�½ s f K�MO�V�R�V�N�K�M�d�K�O�Q�N�b�Q�Z�M�R�V�M�M�V�U�Z+O�U�Z�[YV�N�X�dYV�Z�Q�O�K�M�U�Z�N¶Û

−
'

≥
¿t¼�½ i U�X�bpd�K�M�O�U�Z�[YX�KkX�b�M�d�© U�Z�d�K�M�d�K�Ê�»�¼+Z�R #

−
'

≥
»�»�½ i U�X�bpd�K�M�O�U�Z�[YX�KkX�b�M�d�© U�Z�d�K�M�d�K�Ú�³�¼+Z�R #

−
'

≥
Ë�»�½ i U�X�bpd�K�M�O�U�Z�[YX�KkX�b�M�d�© U�Z�d�K�M�d�K�Ë�¼�¼+Z�R #

−
O�Q i K�Z�N�K�d�X�l�U�b�d�d�X�M i K�j�N�b�K�d�K�N�b�Q�Z�M�R�V�M�M�V�U�Z�O�U�Z�[YV�N�X�d�V�Z�Q�O�K�R�K�M�X�b=a�K�d�Q�Z�M+O�Q�b�a�[�V�U�Zd�K�M<O�U�Z�[YX�K�X�b�M<d�© U�Z�d�K�M<dYK�Ê�Ú�¼âÂ�Ê�Õ�¼ÁZ�RÈd�U�V�N
x�N�b�K &-, ¿t^Ô»�½@]�R�R su± K�N�N�K�d�Kcb�Z�V�o�b�Kj�U�Z�d�V�N�V�U�Z i K�X�N·M�K�b���V�bPj�UYR�R�K�jcb�V�N�o�b�K�d�K�j�U�Z�N�b���O�K�d�K�O�Q�N�K�Z�X�K�Q�X�~ÁV�b�b�Q�d�V�Q�N�V�U�Z�M sp± Kj�b�V�N�o�b�K
K�M�NDK�Z�j�U�b�K�K�Z�j�U�XYb�M�dpÓÖa���Q�O�X�Q�N�V�U�Z s

4. ' %�5{/ ( $ ( /�6 , $� �5�6� �9�#�%�5 * %w0 ( 9�# ( .�6� �6 ,w* %w0�#�4> �?�$c% , 4@ �57%�A * %w0 ( .�3�.�¦�#�.� �;=3�$�4> �6 ,|* %9�# ( .�6� �6 ,�* %�0�#�4> �?�$�% , 4> �5�%�%c6 * #<6�%c4 - 5 *V` , 4> �5�5� �3�. * %�5�/� �.�6� �0�0 ( 6� �3�.�5�Ñ
')( 9�# ( .�6� �6 ,�* %�0�#�4> �?�$�% , 4> �5�%�Ñ ± ÓÔK�M�N¶X�Z�K�R�K�M�X�b�K�d�K�O�© K�n�n�V�jcQ�j�V�N�a�d�K�N�b�Q�Z�M�n�U�b�R�Q�N�V�U�Z�d�KO�© a�Z�K�b=[YV�K2d�K�M
b�Q�d�V�Q�N�V�U�Z�M�V�U�Z�V�M�Q�Z�N�K�M·K�Z<a�Z�K�b=[YV�K2d�K�M i�� U�N�U�Z�M�d�K2O�X�R�V�o�b�K2��V�M�V�l�O�K�M i Qcb¸O�K2®�ÀÈU�X<O�Q

i�� U�N�U�d�V�U�d�K2Â2Q���Q�O�Q�Z�j � K2��JI® Ø � s f Q2W�X�Q�Z�N�V�N�a+d�K+O�X�R�V�o�b�K�a�R�V�M�K+K�M�NuK�~ i b�V�R�a�K+K�Z i�� U�N�U�a�O�Kcj�N�b�U�Z�M
i Q�bpÀSK�ä{K�Z+N�K�Z�Q�Z�NDj�U�R i N�K�d�K�M�K�n=n�V�j�Qcj�V�N�a�M�W�X�Q�Z�N�V�W�X�K�M�d�K�M�d�a�N�K�j�N�K�X�b�M sf Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�MÞK�K�M�N!R�K�M�X�b=a�K�K�Z i O�X�Mqd�K�¿t¼ i U�V�Z�N�MqO�K�O�U�Z�[>d�X@jcb�V�M�N�Q�O¶Q���KcjX�Z�K�a���Q�O�X�Q�N�V�U�Z­d�K�O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b=KÁa�R�V�M�K i b�acj�V�M�KÁÂÁ¼�^�¿k½ i Q�bO�U�Z�[YX�K�X�bud�K/%

0.

± U�R�R�K<Z�U�X�M�OÎÓÔQ���U�Z�M���Xy���YU�V�b
O�K i Q�b=Qc[Yb�Q i�� K<Ê s Ê��
O�Q<��Q�O�K�X�b
d�K<O�Q<W�X�Q�Z�N�V�N�a<d�K<O�X�R�V�o�b=Ka�R�V�M�KPd�U�V�NÙx�N�b�KPM�X i a�b�V�K�X�b�K2Â2Õ i�� UYN�U�a�O�K�j�N�b�U�Z�M�]�ÀSKcäzd�Q�Z�M�O�K+j�Q�M�dpÓÔX�Z�K2R�K�M�X�b�K2Kcn�n=K�j�N�X�acK i Q�b¸X�Z®�À %I®�³�³�Ë�³�^ìW�X�Q�Z�d�N�U�X�N�KqO�Qqn�Q�j�KIQkb�b�V�o�b�Kqd�X�j�b�V�M�N�Q�OhK�M�NhK�Z�j�U�Z�N�Q�j�NhU i N�V�W�X�KqQ���K�jIO�Q i�� U�N�U�jcQ�N � U�d�K��O�Q�n�K�Z�x�N�b�K�d�K�M�U�b�N�V�K�K�M�Nµd�K�³�Ú
×
³�Ú�R�R 2�)Â�N�b�Q���Kcb�MPd�K�O�Q�[�b�Q�V�M�M�K�U i N�V�W�X�K�d�© V�Z�d�V�j�K�d�K�b�acn�b�Qcj�N�V�U�Z

n ß ¿t^Ô»�� i Q�bµK�~�K�R i O�K ¨ � U�d�U�b�M�V�O��¶K�NhQ���K�jPX�Z�N�K�R i M·d�© V�Z�N�ac[�b�Q�N�V�U�Z�d�K<¿t¼�¼�Z�M�^²ÂPO�QPN�K�R i a�b�Q�N�X�b�KPd�K¿tÕ o± ^ÝW�X�Q�Z�d�O�Q�M�U�X�b�jcK�d�© V�b�b�Q�d�V�Q�N�V�U�Z�K�M�N�Â�Õ�¼�R�RÈd�K�O�Q�n=Q�j�K�d�K�M�U�b�N�V�K�d�XÁjcb�V�M�N�Q�O suØ Q�Z�M<O�K�M
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R�x�R�K�M
j�U�Z�d�V�N�V�U�Z�M
d�K+R�K�M�X�b�K�^�M�VuOÎÓ U�Z<N�V�K�Z�Nuj�U�R i N�K�d�X>d�U�R�R�Qc[YK�d�K�Mqj�b�V�M�N�Q�X�~@M�U�X�MqV�b�b�Q�d�V�Q�N�V�U�Z�^U�Z i K�X�Náa�N�Q�l�O�V�b|X�Z�K¾��Q�O�K�X�b`R�V�Z�V�R�Q�O�K�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�KLa�R�V�M�K�R�K�M�X�b�acK�d�K
10 i�� U�N�U�a�O�K�j�N�b�U�Z�M�]�ÀSK�ä s

')( .�3�.­#h.� �;=3�$�4> �6 ,�* %�0 ( 9�# ( .�6� �6 ,�* %�0�#Ù4> �?�$c% , 4> �5�% I�'/.10,J Ñ ± ÓÖK�M�N
O�K�j � Q�Z�[YK�R�K�Z�Nb�K�O�Q�N�V�n�d�K<O�Q<W�X�Q�Z�N�V�N�a<d�K<O�X�R�V�o�b�K>akR�V�M�K<O�K<O�U�Z�[�d�K<O�© a�O�a�R�K�Z�Nvd�K<M�j�V�Z�N�V�O�O�Q�N�V�U�Z s 4IQ�l�V�N�X�K�O�O�K�R�K�Z�N�^j�© K�M�NhX�Z�Kqd�a i K�Z�d�Q�Z�jcKqd�K�MÝ��Q�O�K�X�b�MÝdYKqO�QqW�X�Q�Z�N�V�N�aqd�KqO�X�R�V�o�b=Kqa�R�V�M�KqK�Z�n�U�Z�j�N�V�U�Z�d�KIO�Q i U�M�V�N�V�U�Z�d�KO�Q<M�U�X�b�j�K�^µR�K�M�X�b�a�K�M�K�Z i O�X�M�V�K�X�b�M i U�V�Z�N�M��º¿t¼yU�X i O�X�M��
O�K<O�U�Z�[yd�XCj�b�V�M�N�Q�O sh± K i Qcb�Q�R�o�N�b=K>Q>X�Z�KV�Z�n�O�X�K�Z�j�K2M�V�[YZ�V�n�V�j�Q�N�V���K2M�X�bvO�Q i b�acj�V�M�V�U�Z<d�K�M
R�K�M�X�b�K�M
d�K+O�© a�Z�Kcb=[YV�K+d�K�M i Q�b�N�V�j�X�O�K�M
K�Z�b�Kc[YV�M�N�b�acK i Q�bd�K�M�d�a�N�K�j�N�K�X�b�M�M�j�V�Z�N�V�O�O�Q�Z�N�M�W�X�V�N�bÇQ���Q�V�O�O�K�Z�N�K�Z b�ac[YV�R�KªduÓÔQ�l�M�U�b i N�V�U�Z N�U�N�Q�O�K s f32,! i K�X�N�x�N�b�KK�~ i b�V�R�a�K�Z+½ i Q�bpX�Z�V�N�a�d�K�O�U�Z�[YX�K�XYbpd�K
b�Q�d�V�Q�N�V�U�Z s
� Z�KP��Q�O�K�X�bµM�X i a�b�V�K�X�b�KPd�KPO�QIZ�U�Z�X�Z�V�n�U�b�R�V�N�aPd�K2O�Q2W�X�Q�Z�N�V�N�a2d�K2O�X�R�V�o�b�K+a�R�V�M�K2Q2a�N�a+n�V�~�a�KÂ
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0
����U�V�buO�K
j � Q i V�N�b=K
Ê��!K�N � Q�l�V�N�X�K�O�O�K�R�K�Z�N�^ìK�O�O�KqK�M�NhR�K�M�X�b=a�K i U�X�b!d�K�X�~�b�a�[YV�U�Z�M2Û�d�KqÊ�»�Â¿�¿t»+R�RwK�NDd�K�¿�¿t»+Â�¿tÕ�»+R�Rwd�K�O�Q·n�Qcj�K
Q���Q�Z�NDd�X+j�b�V�M�N�Q�O s

')( /� �. , 6� �9�#�% * %P5�/� �.�6� �0�0 ( 6� �3Y.�Ñ ± ÓÔK�M�NÙX�Z�KPj�Q�b=Q�j�N�acb�V�M�N�V�W�X�KPW�X�VÙd�a�j�b�V�NÙO�K2j � Q�Z�[YK�R�K�Z�Npd�K2O�Q��Q�O�K�X�b�d�KyO�QyW�X�Q�Z�N�V�N�ayd�KyO�QyO�X�R�V�okb=Kyd�KyM�j�V�Z�N�V�O�O�Q�N�V�U�Zâa�R�V�M�KyQ���KcjyO�KyN�K�R i M>Q i b=o�M@OÎÓÔV�R i X�O�M�V�U�Zd�© K�~�j�V�N�Q�N�V�U�Z s 4IQ�l�V�N�X�K�O�O�K�R�K�Z�N�^@K�O�O�Kzb�K i b=a�M�K�Z�N�KzO�Qwn�U�b�R�Kzd�KwO�© V�R i X�O�M�V�U�Z}d�KwM�j�V�Z�N�V�O�O�Q�N�V�U�Z}K�Zn�U�Z�j�N�V�U�Zwd�K­N�K�R i MÁK�Z�b=Kc[YV�M�N�b�a�K i Qkb�X�Z�K{j�K�b�N�Q�V�Z�K­R�a�N � U�d�K s 8¶Z|X�N�V�O�V�M�Q�Z�N>O�K�M i Q�b=Q�R�o�N�b�K�Mâd�KO�© V�R i X�O�M�V�U�Z@d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z@V�O¶K�M�N i U�M�M�V�l�O�K�d�K�d�a�N�K�b�R�V�Z�K�bÝO�Q�W�X�Q�Z�N�V�N�a�d�K�O�Q�O�X�R�V�o�b=K�a�R�V�M�K�d�Q�Z�MX�Z�K i U�b�N�K@d�K@d�X�b�a�K�j � U�V�M�V�K@K�N)d�© ak��Q�O�X�K�bIO�Q i b�U�l�Q�l�V�O�V�N�a�d�K�O�© K�R i V�O�K�R�K�Z�N i U�X�bPX�Z�K�b�Q i V�d�V�N�a�d�Kj�U�R i N�Q�[�KIM i a�j�V�n�V�W�X�KId�X�d�a�N�Kcj�N�K�X�b s f KcM i Q�b=Q�R�o�N�b�K�M)d�KIO�QPj�V�Z�a�N�V�W�X�KPd�KPM�j�V�Z�N�V�O�O�Q�N�V�U�Z i K�X���K�Z�NÙx�N�b�K
i b�a�M�K�Z�N�a�M�j�U�R�R�K�O�K�M�N�K�R i M�d�© a�R�V�M�M�V�U�Z�d�K�M�j�U�R i U�M�Q�Z�N�M�d�K�O�Q�O�X�R�V�o�b=K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z�K�N�d�KO�K�X�b�M�Q�R i O�V�N�X�d�K�M�U�Xyj�U�R�R�K<X�Zyj�K�b�N�Q�V�ZyZ�U�R�l�b�K<d�K i�� U�N�U�Z�M�d�K<M�j�V�Z�N�V�O�O�Q�N�V�U�Zya�R�V�M i K�Z�d�Q�Z�NvO�K�Md�X�b�a�K�M�j � U�V�M�V�K�M sf Q�j�V�Z�a�N�V�W�X�K�d�K�M�M7j�V�Z�N�V�O�O�Q�N�V�UYZ�M�d�U�V�N·M�Q�N�V�M�n�Q�V�b�K�Q�X�j�b�V�N�o�b=K�M�X�V���Q�Z�N�Û¶O�K�b�Q i�i U�b�N�K�Z�N�b�K�O�K�MW�X�Q�Z�N�V�N�a�M�d�K2O�X�R�V�o�b�K+a�R�V�M�K+R�K�M�X�b�akK�MqQ���K�j+d�K�M
N�K�R i M
d�© V�Z�N�ac[Yb�Q�N�V�U�Z�M
d�K@¿t¼�¼>K�Nud�K@¿t¼�¼�¼<Z�M
d�U�V�NK�~�j�a�d�K�bÝO�K�MPÒ�¼�½ s f Q i U�M�N�O�X�R�V�Z�K�M�jkK�Z�jcK�d�U�V�Nµx�N�b�K ≤

¼�^Ô»�½Ld�K�O�© Q�R i O�V�N�X�d�K�d�K i V�j�dpÓÖa�R�V�M�M�V�U�Z�d�KM i K�j�N�b�K�M�U�X�M�O�© V�b�b=Q�d�V�Q�N�V�U�Z+d�K�O�Q�M�U�X�b�j�K�d�K 60± U+Q���K�j�X�Z+N�Q�X�~�d�K�j�U�R i N�Qc[YK�d�K�¿)Àl4,* s\)%�.�#�%�:>0 `  �$�$ (�*  ( 6� �3�.�Ñ Ø Q�Z�MqO�K�j�Q�MId�K�O�Q i b�U�d�X�j�N�V�U�Z@d�K�MIj�b�V�M�N�Q�X�~�K�Z@M�a�b�V�K�^pV�O¶K�M�N¶Q�M�M7K�*d�V�n�n�V�j�V�O�K d�© U�b=[YQ�Z�V�M�Kcbzd�K N�K�O�O�K�M¬R�K�M�X�b�K�M i U�X�bwj � Q�W�X�K a�O�a�R�K�Z�N­d�X ®�¯�GI^ÆK�Z b�Q�V�M�U�Z d�K
OÎÓÔV�R i U�b�N�Q�Z�j�KTd�K�M�b�K�M�M�U�X�b�jcK�M � X�R�Q�V�Z�K�M�Z�acj�K�M�M�Q�V�b�K�M s ! acQ�Z�R�U�V�Z�M�M�K�X�O�K�R�K�Z�N+jcK�b�N�Q�V�Z�M�j�b�V�M�N�Q�X�~
i b�U���K�Z�Q�Z�Nud�K+O�U�N�M
d�V�n�n=a�b�K�Z�N�M i K�X���KkZ�Nux�N�b�K+N�K�M�N�a�M
K�Z<d�a�N�Q�V�O�M
Â+O�Q+N�K�Z�X�K�Q�X�~@b�Q�d�V�Q�N�V�U�Z�M�^ÙO�K�MqQ�X�N�b�K�Md�K���Q�Z�N�x�N�b�K\a���Q�O�X�a�M i Q�b�d�K�MTR�K�MÞX�b�K�MTd�K\j�Kcb�N�V�n�V�j�Q�N�V�U�Zzd�K\b�U�X�N�V�Z�K­K�N i Q�b�O�Q­j�U�b�b=a�O�Q�N�V�U�Zzd�Kd�V�n�n�a�b�K�Z�N�M i Q�b�Q�R�o�N�b�K�M�Q���K�j�O�Q�N�K�Z�X�K·Q�X�~�V�b�b�Q�d�V�Q�N�V�U�Z�M�W�X�Q�Z�d+jcK�O�Q�K�M�N i U�M�M�V�l�O�K e 28,108].®�U�X�b!x�N�b�Kqj�U�Z�M�V�d�acb�a�MÝj�U�R�R�Kqb�a�M�V�M�N�Q�Z�N�MÝQ�X�~�b�Q�d�V�Q�N�V�U�Z�MÝO�K�MÝj�b�V�M�N�Q�X�~�d�U�V���K�Z�NhM�Q�N�V�M�n�Q�V�b�KIQ�X�~
j�U�Z�d�V�N�V�U�Z�M�M�X�V���Q�Z�N�K�MIÛ
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−
O�© Q�l�M�U�b i N�V�U�Z�V�Z�d�X�V�N�KSd�Q�ZYM�O�KTj�b�V�M�N�Q�O2Q i b=o�M�M�Q�N�X�b�Q�N�V�U�Z\d�U�V�N2b�K�M�N�Kcb µ ≤

¿k^Ô»\R -1 ÂTO�Q
O�U�Z�[YX�K�X�b�d�© U�Z�d�KTd�KTÚ�³�¼�Z�R d�Q�Z�M�O�K�M�j�U�Z�d�V�N�V�U�Z�M�d�© V�b�b=Q�d�V�Q�N�V�U�Z­O�Q�N�a�b=Q�O�K�M�Q���K�j�X�Z�K
M�U�X�b�j�K@d�K 60± U i U�X�bIX�Z�K i X�V�M�M�Q�Z�j�K�d�K�d�U�M�K�Q�l�M�U�b�l�a�d�K i O�X�M�d�KÁ¿t¼ )�b�Q�d�] � K�X�b�K�K�N
i U�X�bpX�Z�K�d�U�M�K�Q�l�M�U�b�l�a�K·d�K i O�X�M�d�K�»�¼�)�b=Q�d #

−
O�Q­j � X�N�K­d�K­O�Q­W�X�Q�Z�N�V�N�a\d�K­O�X�R�V�o�b�K{a�R�V�M�K­d�U�V�N<x�N�b�K­V�Z�n=a�b�V�K�X�b=K{Â{Ë�½ i U�X�byX�Z�KO�© V�b�b=Q�d�V�Q�N�V�U�Z@n�b�U�Z�N�Q�O�K�d�K�O�Q�M�U�X�b�jcK�d�K 60± U@Q���K�j�X�Z�K i X�V�M�M�Q�Z�j�K�d�K�d�U�M7K�Q�l�M�U�b�l�acK�d�K
i O�X�M�d�K�¿t»+b�Q�d�] � K�NDX�Z�K�dYU�M�K
Q�l�M�U�b�l�a�K�d�K i O�X�M�d�K�³�¼�¼�b�Q�d #

−
O�© Q�l�M7K�Z�j�K�d�K�j�U�Z�M�N�Q�Z�N�K�M�dYK
b�K�O�Q�~�Q�N�V�U�Z+d�K�d�U�R�R�Q�[YK�M i O�X�M�j�U�X�b�N�K�M�W�X�K�¿ � K�X�b�K s

± U�R�R�K U�Z i K�X�N ��U�V�b�^|jkK�MÅd�K�R�Q�Z�d�K�MÅd�K N�K�Z�X�K Q�X�~ V�b�b�Q�d�V�Q�N�V�U�Z�M M�U�Z�N¬R�U�V�Z�M
j�U�Z�N�b�Q�V�[YZ�Q�Z�N�K�M�W�X�K@j�K�O�O�K�M�WYX�V)U�Z�N)a�N�a�a�Z�U�Z�jca�K�M�d�Q�Z�M�O�K i Q�b�Qc[�b�Q i�� K@Ê s Ê s f Q�b=Q�V�M�U�ZTd�Kj�K�N�N�Kqd�V�n�n=a�b�K�Z�j�KqK�M�NhW�X�KqZ�U�N�bÇKqa���Q�O�X�Q�N�V�U�Z�Qqa�N�Q�l�O�Vhd�K�MÝO�V�R�V�N�K�M)M�X i a�b�V�K�X�b�K�M)d�K�M i Q�b�Q�R�o�N�b�K�Md�K�M)j�b�V�M�N�Q�X�~�W�X�V�j�U�b�b�K�M i U�Z�dYK�Z�NÙQ�X�~�j�U�Z�d�V�N�V�U�Z�M)O�K�M i O�X�M)d�X�b�K�M)d�© K�~ i O�U�V�N�Q�N�V�U�Z�d�K�M)j�K�b�N�Q�V�Z�Ma�O�a�R�K�Z�N�M�d�X+j�Q�O�U�b�V�R�o�N�b=K�a�O�K�j�N�b�U�R�Qc[YZ�a�N�V�W�X�K s! U�N�b�K�a�N�X�d�K
Q�R�U�Z�N�b�a�W�X�K�O�KkM�M i a�j�V�n�V�jcQ�N�V�U�Z�Mvb�K�W�X�V�M�K�M i U�X�buO�K�MÝj�b�V�M�N�Q�X�~�d�X�j�Q�O�U�b�V�R�o�N�b�K
d�K

± À & ^!j�U�Z�j�K�b�Z�Q�Z�N¸O�Q�W�X�Q�Z�N�V�N�a�d�K�O�XYR�V�o�b�K�a�R�V�M�K�^¶d�K�j�V�Z�a�N�V�W�X�K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z�K�N�d�K�N�K�Z�X�K�Q�X�~V�b�b�Q�d�V�Q�N�V�U�Z�M�M�U�Z�N i Q�b�n=Q�V�N�K�R�K�Z�NDQ�d�Q i N�a�Mv����U�V�bpO�K�M i Qcb�Qc[Yb=Q i�� K�MI¿ s »�^�³ s Ê�� s
4.1.2

i ���N7�b������ ���¾þTb�d������ ��b���	 � ���×þC������	���� ��� ����	B��� 
N���������?b�� �����
����	��uþCe���	���������� � � ��þC������� �>��������� ��� �����>��� g#"%$

' %�5I4 , 6�8�3 * %�5 - 3�#�$�4>%�5�#�$�%c$�0 ( 9�# ( .�6� �6 ,�* %�0�#�4> �?�$c% , 4> �5�%�%�6Ý0 ( .�3�.�¦�#�.� �;=3�$�4> �6 ,�* %�0 (9�# ( .�6� �6 ,�* %�0�#�4> �?�$�% , 4> �5�% &f K�M)R�K�M�X�b�K�M)d�KIO�QIW�X�Q�Z�N�V�N�aIdYKIO�X�R�V�o�b=KIa�R�V�M�K i K�X���K�Z�N�x�N�b�KPK�n�n�Kcj�N�X�acK�M i Q�b¶O�QPR�a�N � U�d�KPd�KM i K�j�N�b�U�M�j�U i V�K�d�K�M+Q�R i O�V�N�X�d�K�M�K�ZyXYN�V�O�V�M�Q�Z�NvX�Z�K<M�U�X�b�j�K>b�Q�d�V�U�Qcj�N�V���K s²� ZyMº¹´M�N�o�R�K<d�K<j�K<N ¹ i K<d�KR�K�M�X�b�K�M�Q�a�N�a�d�a�jcb�V�NDd�Q�Z�M�O�K i Qcb�Qc[Yb�Q i�� K�³ s ¿ s ³ sf K�M
R�K�M�X�b�K�M
d�K+O�Q+W�X�Q�Z�N�V�N�a2d�K�O�X�R�V�o�b=K�a�R�V�M�K�� f32 �vK�N!O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�W�X�Q�Z�N�V�N�a�d�K
O�X�R�V�o�b�K
a�R�V�M�K
� f32 ! � i K�X���K�Z�N²x�N�b�K
K�n�n=K�j�N�X�acK�MvK�Z�X�N�V�O�V�M�Q�Z�N²O�Q
n�U�b�R�K
d�X�M i Kcj�N�b�K
U�X�O�Q i U�M�V�N�V�U�Z�d�X
i V�j i�� U�N�U�a�O�K�j�N�b�V�W�X�K�^hQ���K�jPd�K�M·Q i�i bÇU�~�V�R�Q�N�V�U�Z�M·Q i�i b�U i b�V�a�K�M�K�NÙd�K�M·K�~�N�b�Q i U�O�Q�N�V�U�Z�M·Q�X�l�K�M�U�V�Z s ®�Q�bK�~�K�R i O�K�^ìM�ÓÔV�OhK�M�NhQ�M�M�K�*Il�V�K�Z�M�a i Q�b�a
d�K�MÝa���a�Z�K�R�K�Z�N�M ± U�R i N�U�Z�K�N�d�X�l�b�X�V�N�d�X�®�ÀS^DO�Q i U�M�V�N�V�U�Z�d�K
i V�jâd�K i�� U�N�U�Q�l�M�U�b i N�V�U�Z«N�U�N�Q�O�K ! Co

d�Q�Z�MSO�KÆM i K�j�N�b�KÆdpÓÖQ�R i O�V�N�X�d�KÆd�K�M i�� U�N�U�Z�MSd�X 60± U�^+K�M�N
i b�U i U�b�N�V�U�Z�Z�K�O�O�KTÂTO�QTW�X�Q�Z�N�V�N�aTd�KTO�X�R�V�o�b�K�a�R�V�M�K f32 ß�± ×

!
Cô
2U�H ± K�M�N+X�Z­j�U�Kcn�n�V�j�V�K�Z�N+d�K

calibrage.

± U�R�R�KÈO�QÈW�X�Q�Z�N�V�N�aÈd�KÈO�X�R�V�o�b�K a�R�V�M�K i U�X�bãO�K ®�¯�G K�M�N`b�K�O�Q�N�V���K�R�K�Z�N i K�N�V�N�K
(5-20 i��ps K s ]�ÀSK�äI^�j s m�Â�m�d s ^�Ë�m�³�Ú iY� U�N�U�a�O�Kcj�N�b�U�Z�Mád�Q�Z�MáO�K i V�j|d�© Q�l�M�U�b i N�V�U�ZãN�U�N�Q�O�K|d�X 60Co),O�© K�R�l�Q�O�O�Qc[�KTb�acn�O�a�j � V�M�M�Q�Z�N2d�X\jcb�V�M�N�Q�O2K�N2O�KTj�U�X i O�Qc[�KTU i N�V�W�X�KTK�Z�N�b=KTO�KTj�b�V�M�N�Q�O+K�N2O�K�® s À s M�U�Z�N
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n�U�b�N�K�R�K�Z�NÝZ�acj�K�M�M�Q�V�b=K�M s�± K�M�j�U�Z�d�V�N�V�U�Z�M�d�V�R�V�Z�X�K�Z�N)d�K@R�Q�Z�V�o�b�K@M�V�[YZ�V�n�V�jcQ�N�V���K@O�Q@n�O�K�~�V�l�V�O�V�N�a@K�N)O�Qb�Q i V�d�V�N�a d�K jcK�N�N�K R�a�N � U�d�K d�K R�K�M�X�b�K°K�NÉQ i�i U�b�N�K�Z�NÉd�K�M V�Z�jcK�b�N�V�N�X�d�K�M Mº¹´M�N�a�R�Q�N�V�W�X�K�M
M�X i�i O�a�R�K�Z�N�Q�V�b�K�M s�± K�N�N�KqR�a�N � U�d�KIK�MÞNhQ�jcj�K i N�Q�l�O�K i U�X�b¶d�K�MÝR�K�M�X�b=K�MÝd�U�Z�NhO�Qqb�Q i V�d�V�N�aqZpÓÖK�~�j�o�d�K i Q�M³+U�X+Ê+j�b�V�M�N�Q�X�~ i Q�b � K�X�b�K s

� Z�K
Q�X�N�b�K
R�a�N � U�d�K
d�K
R�K�M�X�b�K
K�M�N²O�Q
R�a�N � U�d�K
d�K�Mvj�U54�Z�j�V�d�K�Z�jcK�Mvb�K�N�Qcb�d�a�K�MvW�X�V²K�M�N²X�N�V�O�V�M�a�Kd�Q�Z�M«O�K`M7¹´M�N�o�R�K`J ±)± G & K�Z X�N�V�O�V�M�Q�Z�NTO�KÄM i K�j�N�b�KÄd�KÄO�QÄj�V�Z�a�N�V�W�X�KÄd�KÄM�j�V�Z�N�V�O�O�Q�N�V�U�Z ����U�V�b
i Q�b�Qc[Yb=Q i�� K�Ú s ³�� s

')( 4>%�5�#�$c% * %�0 ( /� �. , 6� �9�#�% * %�5�5�/� �.�6� �0�0 ( 6� �3�.�5�Ñf Q�R�a�N � U�d�K�d�K�j�U�R i N�Qc[YK�dYKú2qX�Z i�� U ton 4 KcM�N!j�U�Z�Z�X�K�K�N!X�N�V�O�V�M�a�K i U�X�bvO�K�MqR�K�M�X�b�K�Mqd�Kn�Q�V�l�O�K�M+M�V�[YZ�Q�X�~yd�Q�Z�M+O�Q�M i K�j�N�b�U�M�j�U i V�K�U i N�V�W�X�K<K�N i U�X�b�R�K�M�X�b=K�b
O�Q<W�X�Q�Z�N�V�N�a<d�K<O�X�R�V�o�b�K>a�R�V�M�K s
Ø Q�Z�M�j�K
j�Q�M�O�Q
O�X�R�V�o�b=K
d�K�MvM�j�V�Z�N�V�O�O�QkN�V�U�Z�MvK�M�N²b�a�d�X�V�N�KµÍÎX�M�W�X�© Â
X�Z�Z�V���KcQ�X�N�K�O²W�X�K
O�K�MvV�R i X�O�M�V�U�Z�Mvd�K®�ÀÈd�K�X�Z�m i�� U�N�U�Z>M�U�Z�N!b�a�M�U�O�X�K�MqK�Z<N�K�R i MqM�Q�Z�MqK�R i V�O�K�R�K�Z�N sYØ Q�Z�Mqj�K�j�Q�MqU�Z>R�K�M�X�b�K�O�Q���V�N�K�M�M�Kd�Kyj�U�R i N�Qc[YKCW�X�V�^�Q i b�o�M@M�X�l�M�N�b�Qcj�N�V�U�ZÆd�XÆl�b�X�V�N�^�K�M�N i b�U i U�b�N�V�U�Z�Z�K�O�O�KCÂCO�QCW�X�Q�Z�N�V�N�aCd�KCO�X�R�V�o�b�Ka�R�V�M�K st± K�N�N�K�Q i�i b�U�j � K�K�M�NDX�N�V�O�V�M�a�K i U�X�b i b�U�j�a�d�K�bpÂ�O�Q�R�K�M�X�b�K
d�K
O�Q
j�V�Z�a�N�V�W�X�K
d�K
M�j�V�Z�N�V�O�O�Q�N�V�U�Z�^�U�ZX�N�V�O�V�M�K«O�Q«R�a�N � U�d�K«W�X�V�M�ÓÔQ i�i K�O�O�KáO�Q«R�a�N � U�d�K«d�X 2qdìacR�Q�b�b=Qc[YKÏ- Qcb�b=x�N 4 U�X R�a�N � U�d�Kªd�K�Mj�U54�Z�j�V�d�K�Z�jcK�M�b�K�N�Qcb�d�a�K�M e 114,115r m�O�Q�b�[YK�R�K�Z�NPQ i�i O�V�W�X�acK i U�X�b�O�K�M�R�K�M�X�b�K�M�d�KTO�QTd�X�b�a�K�d�K�Ma�R�V�M�M�V�U�Z�M)d�KIM�j�V�Z�N�V�O�O�Q�N�V�U�Z�M s f QId�V�R�V�Z�X�N�V�U�Z�d�KIO�© Q�R i O�V�N�X�d�KId�KIM�j�V�Z�N�V�O�O�Q�N�V�U�Z�K�Z�n�U�Z�j�N�V�U�Z�d�X�N�K�R i MR�o�Z�KâÂâO�© Q�X�[YR�K�Z�N�Q�N�V�U�Zád�KâOÎÓÔV�Z�N�K�bÇ��Q�O�O�KÆd�KÆN�K�R i MSR�U�¹YKcZ«K�Z�N�b=KÆO�© V�b=b�Q�d�V�Q�N�V�U�Z«d�X«®�À i Q�b@O�K�M
i�� U�N�U�Z�M|d�V�n�n�a�b�K�Z�N�M s JIO�U�b�M�^TU�Z¾R�K�M�X�b�K}O�K}N�K�R i M|d�© Qcb�b�V���acKãd�K�M i�� U�N�U�Z�M`d�V�n�n�acb�K�Z�N�M`Q i b�o�MO�© K�~�j�V�N�Q�N�V�U�Z V�Z�V�N�V�Q�O�K s GIZ X�N�V�O�V�M�KÅX�Z�KÈM�U�X�b�j�KÈdpÓÖQ�Z�Z�V � V�O�Q�N�V�U�Z j�U�R�R�KÈO�K 22! QÈW�X�V|a�R�K�N
M�V�R�X�O�N�Q�Z�a�R�K�Z�Nµd�Q�Z�MPd�K�X�~�d�V�b�K�j�N�V�UYZ�MPU i�i U�M�a�K�MPd�K�X�~�[YQ�R�R�Q�MPduÓÔQ�Z�Z�V � V�O�Q�N�V�U�Z�Q���K�j�X�Z�K�a�Z�K�b=[YV�Kd�K@»p¿�¿
)�K�ä s f © X�ZTd�K�M�d�K�X�~ i K�X�N)x�N�b�K�X�N�V�O�V�M�a�d�Q�Z�M�X�ZTj�Q�Z�Q�O·d�K�d�a�R�Q�b�b=Qc[YK i U�X�b i b�U�d�X�V�b�K�X�Zb�K i o�b=K�d�K�OÎÓÔV�Z�M�N�Q�Z�NDd�K�OÎÓÖK�~�j�V�N�Q�N�V�U�Z #çN�QkZ�d�V�MvW�X�K
O�K
M�K�j�U�Z�d�K�~�j�V�N�K
O�Q
M�j�V�Z�N�V�O�O�Q�N�V�U�Z�d�Q�Z�MvO�a�j � Q�Z�N�V�O�O�U�Za�N�X�d�V�a�^�M�j�V�Z�N�V�O�O�Q�N�V�U�Z+W�X�VDK�M�NDd�a�N�K�j�N�akK�d�Q�Z�M�O�K
j�Q�Z�Q�ODd�© Qcb�b=x�N s

' %�5�4 , 6�8�3 * %�5 * %�0 ` , 6�# * % * %�6�%�.�#�% * #]Ì�ÍÏÎ ( #�Ð+ �$�$ (�*  ( 6� �3�.�5 &f KSMº¹´M�N�o�R�KTd�KTj�U�Z�N�b���O�KTd�KSO�QTN�K�Z�X�KTd�K�M�j�b�V�M�N�Q�X�~­Q�X�~­b�Q�d�V�Q�N�V�U�Z�M�d�U�V�N2M�Q�N�V�M�n�Q�V�b�KTQ�X�~
j�U�Z�d�V�N�V�U�Z�M�M�X�V���Q�Z�N�K�MIÛ

–
V�Opd�U�V�N i U�X���U�V�b�K�n�n�K�j�N�X�Kcb¸d�K�M
R�K�M�X�b=K�M
d�K+jcb�V�M�N�Q�X�~>d�K+[Yb=Q�Z�d�K�M
N�Q�V�O�O�K�M
��³�Ê�¼<R�R���Q�X�M�M�Vl�V�K�Z+W�X�K�d�K�M�acj � Q�Z�N�V�O�O�U�Z�M¸M i a�j�V�Q�X�~T#

–
O�K�M{N�b�Q�Z�M�R�V�M�M�V�U�Z�M{U i N�V�WYX�K�Mád�U�V���K�Z�NCx�N�b�K|R�K�M�X�b�acK�M i U�X�bâd�K�MáO�U�Z�[YX�K�X�b�Mád�© U�Z�d�K�MM i a�j�V�n�V�a�K�MvK�N i K�Z�d�Q�Z�NDd�K�M¸jç¹´jcO�K�M�d�K�R�K�M�X�b�K�Mvj�U�X�b�N�M;#

– i Q�b�j�K�W�X�K�O�K�d�U�R�R�Qc[YK�V�Z�d�X�V�N i Q�b)O�K�MPb�Q�d�V�Q�N�V�U�Z�MPd�a i KcZ�d�d�K�V�Z�N�K�Z�M�V�N�a�d�© V�b�b=Q�d�V�Q�N�V�U�Z�V�On�Q�X�N>K�n�n=K�j�N�X�Kcbyd�K�MâR�K�M�XYb=K�Mâd�Q�Z�Mâd�K�MÆj�U�Z�d�V�N�V�U�Z�Mâb�a�K�O�O�K�M sq± ÓÔK�M�N@Â{d�V�b�K{Q���K�j{d�K�MV�Z�N�K�Z�M�V�N�a�M�d�K2b�Q�d�V�Q�N�V�U�Z�M�dYK>¿t»�Â@¿t¼�¼>b�Q�d�] � ^�jcK+W�X�Vuj�U�b�b=K�M i U�Z�d<Q�X�~>j�U�Z�d�V�N�V�U�Z�M
b�a�K�O�O�K�M
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d�K�M�K�~ i a�b�V�K�Z�j�K�M i b�a���X�K�M sÙÌ O
n�Q�X�N·Q�V�Z�M�V·n�Q�V�b�K�X�ZTMº¹´M�N�o�R�K�Q i�i b�U i b�V�a�W�X�V�N�b=Q���Q�V�O�O�K�K�Zj�U�Z�N�V�Z�X+�ÔÍÎX�M�W�X�© Â�W�X�K�O�W�X�KkM�ÍÎU�X�b�M��uK�Z+b�ac[YV�R�K
Q�X�N�U�R�Q�N�V�W�X�K #
–
O�K�M7¹´M�N�o�R�K�d�U�V�NDKcn�n�Kcj�N�X�K�bÙO�K�M�R�K�M�X�b�K�M�d�K i O�X�M�V�K�X�b�M�j�b�V�M�N�Q�X�~�K�Z+R�x�R�K�N�K�R i M sf K�M
R�a�N � U�d�K�M
K�NuO�K+Mº¹´M�N�o�R�K i U�X�b�O�K+j�U�Z�N�b���O�K+d�K+O�Q+N�K�Z�X�K+d�X>®�¯�G|Q�X�~@V�b�b�Q�d�V�Q�N�V�U�Z�MqU�Z�Na�N�a�d�a�jcb�V�NDK�Z+d�a�N�Q�V�O�M�d�Q�Z�M�O�K i Q�b�Qc[�b�Q i�� K�³ s ¿ s ³ e 40,46].

' %�5�4@%�5�#�$�%�5 * %�0 ( 6�$ ( .�5�4@ �5�5� �3�.<3 - 6� �9�#�%�Ñf K�M i K�j�N�b=K�b�ac[YX�O�V�Kcb�d�K�N�b�QkZ�M�R�V�M�M�V�U�ZªU i N�V�W�X�K�d�Xªj�b�V�M�N�Q�O�d�K�®�¯�G M�K\j�U�R i U�M�K\d�© X�Z
i O�Q�N�K�Q�X�d�Q�Z�M�O�© V�Z�N�K�b���Q�O�O�K2d�K2»�¼�¼�m�à�¼Y¼�Z�R¬M�X�V���VpdpÓÔX�Z�K+j�U�X�b�l�K2d�K+N�b�Q�Z�M�R�V�M�M�V�U�Z<d�a�j�b�U�V�M�M�Q�Z�N�K+O�V�M�M�Kd�Q�Z�M�O�Q�b�ac[YV�U�Z+Q�X�m�d�K�M�M�U�X�M�d�K�»�¼�¼+ZYR s

Ø K�M}M i K�j�N�b�U i�� U�N�U�R�o�N�b=K�MãdYX N�¹ i K¾d�K ± Qcb ¹ ¿ 8 ��äPQ�b�V�Q�Z��|d�U�N�a¾dpÓÔX�Z a�W�X�V i K�R�K�Z�NM�X i�i O�a�R�K�Z�N�Q�V�b�K¾M i acj�V�Q�Oád�a���K�O�U i�i a i U�X�b|OÎÓÔV�Z�M�N�Q�O�O�Q�N�V�U�Z d�© a�j � Q�Z�N�V�O�O�U�Z�MãO�U�Z�[YMã�ÔÍÎX�M�W�X�© Â¾X�Z�K
O�U�Z�[YX�K�X�b«d�Kã³�Ê�¼�R�R��áU�Z�NÆa�N�a}X�N�V�O�V�M�a�M i U�X�b«O�QÃR�K�M�X�b�K d�K�MÄM i Kcj�N�b�K�MÄd�KÃN�b�Q�Z�M�R�V�M�M�V�U�ZO�U�Z�[YV�N�X�d�V�Z�Q�O�K�d�K�M�jcb�V�M�N�Q�X�~�K�Z+O�Q�l�U�bÇQ�N�U�V�b�K s®�U�X�b�O�KCj�U�Z�N�b���O�KCd�KCO�QCN�b=QkZ�M�R�V�M�M�V�U�ZÆU i N�V�W�X�K�M@d�KCO�Q i b�U�d�X�j�N�V�U�Z�K�Z�M�acb�V�KSZ�U�X�M�Q���U�Z�MX�N�V�O�V�M�aqd�K�MÝM i K�j�N�b�U�R�o�N�b�K�MÝU i N�V�W�X�K�Mvj�U�R i Q�j�N�M)d�a���K�O�U i�i a�M)M i a�j�V�Q�O�K�R�K�Z�N�j�U�R�R�KIj�U�R i U�M�Q�Z�N�K�M)d�XM7¹´M�N�o�R�K�J ±)± G & W�X�VDK�M�NDd�a�jcb�V�NDj�V�m�dYK�M�M�U�X�M s

' %�5�4@%�5�#�$�%�5 * %�;=3�$c4>%�" , 3�4 , 6�$� �9�#�%�%�6 * %�5 *  �4>%�.�5� �3�.�5�Ñ®�U�X�b¸n�Q�V�b�K2O�K�M
R�K�M�X�b�K�M
d�K�M
dYV�R�K�Z�M�V�U�Z�M
K�Nud�K+O�Q i O�Q�Z�a�V�N�a+d�K�M
M�X�b�n�Qcj�K�M
U�Z i K�X�NuQ i�i O�V�W�X�K�bO�K�M�R�U�¹´K�Z�M�M�N�Q�Z�d�Q�b�dzX�N�V�O�V�M�a�M�d�aÎÍÎÂ�d�Q�Z�M�O�Q i b�U�d�X�j�N�V�U�Zzd�K�MÁl�Qcb�b�K�MÁd�K­O�Q�M�Kcb s 6ÝV�K�ZwW�X�K­jcK�MR�a�N � U�d�K�M i X�V�M�M�K�Z�N¶x�N�b�K�X�N�V�O�V�M�a�K�MIdYQ�Z�MIO�K�MPj�U�Z�d�V�N�V�U�Z�MId�K�O�Q i b�U�d�X�j�N�V�U�Z@K�Z@M�acb�V�K�^pV�O¶Q�a�N�a�d�a�j�V�d�ad�© X�N�V�O�V�M�K�bµX�Z�KPR�Qcj � V�Z�KPÊ Ø ^²W�X�V i Kcb�R�K�NÙd�KPR�K�M�X�b=K�bµd�QcZ�M·O�K�M�j�U�Z�d�V�N�V�U�Z�M�d�K i b�U�d�X�j�N�V�U�Z�X�Z�K2M7a�b�V�Kd�K�n�U�b�R�K�M2j�U�R i O�V�W�X�acK�M+Q���Kcj�X�Z�K�[Yb=Q�Z�d�K i b�a�j�V�M�V�U�Z s ®�Q�b�R�V�O�K�M+Z�U�R�l�b�K�X�M7K�M+R�Q�j � V�Z�K�M�K�~�V�M�N�Q�Z�NM�X�b�O�K+R�Q�b�j � a+Q���Kcj+d�K�M i b�acj�V�M�V�U�Z�M�a�W�X�V���Q�O�K�Z�N�K�M�^�O�K+j � U�V�~>d�K+O�Q+R�Q�j � V�Z�K+d�K767U � Q�Z�Z�M�U�Z e 116r Qa�N�aCn�Q�V�NIK�Z�b�Q�V�M�U�Z�d�KSM�QTn�Q�j�V�O�V�N�aSdÙÓÖQ�d�Q i N�Q�N�V�U�Z�Q���K�jSOÎÓÔK�Z�M7K�R�l�O�KSj�U�R i Qcj�NPd�K�M�V�Z�M�N�b�X�R�K�Z�N�M�d�KR�K�M�X�b�K�M�U i N�V�W�X�K�M s
4.1.3

i ���N7�b������5���ÝþTb�d������.��b���	 � ���yþC������	����n��� ��b�����	98 � �n�����.����	��uþCe���	����
�>���?����� ��� �����?������� � � ��þC�����?�@��� g#"%$
Ø V�M�j�X�N�U�Z�MSO�K�MSR�K�M�X�b�K�MSW�X�V�^2K�Z�M�K�R�l�O�K\Q���K�j�O�K�MTR�K�M�X�b�K�MTd�K�j�Kcb�N�V�n�V�j�Q�N�V�U�Z�^�n�U�b�R�KcZ�N�O�K[Yb�U�X i Kªd�K�M\R�K�M�X�b=K�M\d�Kzj�U�Z�N�b���O�K s+Ì O�K�M�N�b=Q�V�M�U�Z�Z�Q�l�O�Kªd�K i Q�b�O�KcbTQ�X M�XtÍÎK�N�d�Kwj�K�M­R�K�M�X�b=K�MM�X i�i O�a�R�K�Z�N�Q�V�b�K�MLZ�acj�K�M�M�Q�V�b=K�MLd�Q�ZYMLO�© U�b�d�b=K j � b�U�Z�U�O�U�[YV�W�X�K d�K O�Q j � Q�9�Z�K d�K i b�U�d�X�j�N�V�U�Z

technologique.

' %�/�3�.�6�$�1�0�% * %�5 -�( $ ( 4@?�6�$c%�5 * %�0 ( 4 ( 6� �?c$�% - $�%c4> �?c$c% - 3�#�$�0 ( /�$�3� �5�5 ( .�/�% * %�5�/c$� �5�6 ( #�Ð�ÑGIZ i K�X�NhK�n�n=K�j�N�X�Kcb!O�Kqj�U�Z�N�b���O�K
d�K�M i Qcb�Q�R�o�N�b=K�MÝd�KqO�QqR�Q�N�V�o�b=K i b=K�R�V�o�b�K i Q�b!O�K�M)R�a�N � U�d�K�M)d�KO�© Q�Z�Q�O�¹´M7K<j � V�R�V�W�X�K<U�X i Qcb
O�K�M�R�K�MÞX�b�K�M�d�K�M i Q�b=Q�R�o�N�b�K�M�d�K�M�j�b�V�M�N�Q�X�~�m i V�O�U�N�K�M�W�X�VÝM�U�Z�N i b�U�d�X�V�N�M
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d�Q�Z�MÝj � Q�W�X�KIM7a�b�V�KId�KIR�Q�N�V�o�b=K i b�K�R�V�o�b=K s f K�M i Q�b�Q�R�o�N�b�K�M)M�X�V���Q�Z�N�M)d�U�V���K�Z�N�x�N�b=KId�a�N�K�b�R�V�Z�a�M·Q���Q�Z�NQ�j�jcK i N�Q�N�V�U�Z+d�K�j � Q�W�X�K�M�a�b�V�K�d�K�R�Q�N�V�ocb�K i b=K�R�V�o�b�K
Â�O�Q i b�U�d�X�j�N�V�U�Z@Û
1.

O�Q�j�U�Z�n�U�b�R�V�N�a�d�K�O�Q i X�b�K�N�a�d�K�O�Q�R�Q�N�V�o�b=K i b�K�R�V�ocb�K�Q���K�j�O�K�MId�K�R�Q�Z�d�K�MIN�Kcj � Z�V�W�X�K�MId�K
i X�b�K�N�a|d�K|O�Q`R�Q�N�V�o�b�K i b�K�R�V�o�b=K`j�U�Z�jcK�b�Z�Q�Z�NSd�V�n=n�a�b=K�Z�N�M«a�O�a�R�K�Z�N�M«��Z�U�N�Q�R�R�K�Z�NSO�K�Ma�O�a�R�K�Z�N�M�d�X+[�b�U�X i K�d�X+n=Kkb�^�d�K�M�N�K�b�b=K�M�b�Qcb�K�M�^�d�X+R�U�O�¹´l�d�o�Z�Kc�$#

2.
O�Q`j�U�Z�n�U�b�R�V�N�a`d�KÄO�QÄR�QkN�V�o�b�K i b�K�R�V�o�b=KÄQ���KcjÄO�K�Mªd�K�R�Q�Z�d�K�MªN�K�j � Z�V�W�X�K�M i U�X�b�O�Q
granularité

#
3.

O�Q>j�U�Z�n�U�b�R�V�N�a>d�K>O�Q>R�Q�N�V�o�b�K i b�K�R�V�o�b=K@Q���Kcj@O�K�M�d�K�R�Q�Z�d�K�M�N�K�j � Z�V�W�X�K�M�j�U�Z�jcK�b�Z�Q�Z�N)O�Q
i b�a�M�K�Z�jcK�d�K
j�U�R i U�M�a�M�U�bÇ[�Q�Z�V�W�X�K�M s8¶Z i b�V�Z�j�V i K�^)U�Z i K�X�N
j�U�Z�N�b��YO�K�b+jcK�M<N�b�U�V�M<N�¹ i K�M<d�K i Q�b=Q�R�o�N�b=K�M i Q�b�O�QCj�U�R�l�V�Z�Q�V�M�U�Zâd�K�MR�a�N � U�d�K�M�d�K�O�© Q�Z�Q�O ¹´M�K�d�KS: Ø À & ��:IO�U5: Ø V�M�j � Q�b=[�K�ÀSQ�M�M &�i K�j�N�b�U�R�K�N�b ¹´��^Ýd�K�O�Q�R�V�jcb�U�M�j�U i V�KU i N�V�W�X�K@K�N)d�K@O�© Q�Z�Q�O ¹´M�K�j � V�R�V�W�X�K s ®�U�X�bPO�K�d�K�X�~�V�o�R�K�K�N·O�K�N�b�U�V�M�V�o�R�K�N ¹ i K�O�K i b�U�d�X�j�N�K�X�b i K�X�Nn�Q�V�b�K­d�K�MÁR�K�M�X�b�K�M i Q�b�O�X�V�m�R�x�R�K�^�R�Q�V�MÁO�K i b=K�R�V�K�b�N ¹ i K­d�© Q�Z�Q�O ¹´M�K­d�U�V�N<x�N�b=K{j�U�Z�n�V�a{Â{X�Z�Kj�U�R i Qc[YZ�V�KSM i a�j�V�Q�O�V�M�a�KSd�Q�Z�M�O�© Q�Z�QkO ¹´M�KSj�U�R�R�K�^ i Q�b�K�~�K�R i O�K�^qÂ &�� V���Q '¶Kcj � Z�U�O�U�[�¹Æ� France).

Ø Q�Z�M�j�K�j�Q�M�^)K�ZÁN�K�Z�Q�Z�N
j�U�R i N�K�d�K�OÎÓÔa�O�U�V�[YZ�K�R�K�Z�N
d�K�OÎÓÖK�~�a�j�X�N�K�X�b+d�K�O�© Q�Z�Q�O ¹´M�K�d�K : Ø À & ^)O�Qn�U�X�b�Z�V�N�X�b�KId�K�M·j�U�Z�j�O�X�M�V�U�Z�M)d�© K�~ i K�bÇN i K�X�N�x�N�b�KPb�K�N�Qcb�d�a�KId�KI³�m�Ê�M�K�R�Q�V�Z�K�M�^Dj�KPW�X�VpK�M�NÙV�Z�Q�j�jcK i N�Q�l�O�Kd�Q�Z�M�O�K�M�j�U�Z�d�V�N�V�U�Z�M�d�K�O�Q i b�U�d�X�j�N�V�UYZ+K�Z+M7a�b�V�K s
± ÓÔK�M�N i U�X�b�W�X�U�VuZ�U�X�MqQ���U�Z�M i b�U i U�M�a�d�© X�N�V�O�V�M�K�bvO�Q i b�U�d�X�j�N�V�U�Z>d�K�j�b�V�M�N�Q�X�~�m i V�O�U�N�K�Mqd�K i K�N�V�N�KN�Q�V�O�O�K s�Ø Q�Z�MÝO�K�MÝj�U�Z�d�V�N�V�U�Z�MÝd�KqO�Q i bÇU�d�X�j�N�V�U�Z�K�Z�M�a�b�V�KIO�K�X�b i b�U�d�X�j�N�V�U�Z i b=K�Z�d�M�K�X�O�K�R�K�Z�N�³�m�Ê
ÍÎU�X�b�MQ���K�j�OÎÓÔX�N�V�O�V�M�Q�N�V�U�ZÁdpÓÔX�ZÁn�U�X�b�K�N
M�K�XYO�K�R�K�Z�N
»ÁÂ�ËÁN�V�b=Qc[YK�M i Qcb+R�U�V�M<M�U�Z�N
Z�a�j�K�M�M�Q�V�b�KcM i U�X�b�X�Z�K

i b�U�d�X�j�N�V�U�Z�d�K�à�¼�¼�Â�Õ�¼�¼�jcb�V�M�N�Q�X�~ i Q�b
R�U�V�M�K�NvX�Z�K<O�V���b�Q�V�M�U�Zyd�K<R�Q�N�V�o�b=K i b�K�R�V�ocb�K i Qcb
O�U�N�M�d�K
400

)�[ sf K�M
R�K�M�X�b�K�M
d�K+O�Q+N�b�Q�Z�M�R�V�M�M�V�U�Z<U i N�V�W�X�K�^�d�K+O�Q+j�V�Z�a�N�V�W�X�K+d�K�M
M�j�V�Z�N�V�O�O�Q�N�V�U�Z�MqK�N!d�K�O�Q�N�K�Z�X�KQ�X�~yV�b�b�Q�d�V�Q�N�V�U�Z�M+d�K�M+j�b�V�M�N�Q�X�~�m i V�O�U�N�K�M i K�b�R�K�N�N�K�Z�Nvd�K<W�X�Q�O�V�n�V�K�b
O�K�M i Q�b=Q�R�o�N�b�K�M�Z�acj�K�M�M7Q�V�b�K�M�d�K<O�QR�Q�N�V�o�b�K i b=K�R�V�o�b�K sf Q�N�b�Q�Z�M�R�V�M�M�V�U�Z+U i N�V�W�X�K�d�U�Z�ZYK�X�Z�K�V�Z�n�U�b�R�Q�N�V�U�Z�M�X�buO�Q i b�a�M�K�Z�j�K
duÓÔa�O�a�R�K�Z�N�Mvd�X�[Yb�U�X i K
d�Xn�K�bpd�Q�Z�M�O�K�Mvj�b�V�M�N�Q�X�~�^�K�Z i Q�b�N�V�j�X�O�V�K�bÙd�X�n�K�bpd�Q�Z�M�O�K�M�a�N�Q�N�M�d�K���Q�O�K�Z�jcK�³+K�NDÊ sf QCj�V�Z�a�N�V�W�X�Kyd�K�M>M7j�V�Z�N�V�O�O�Q�N�V�UYZ�M>d�U�Z�Z�Kyd�KyO�© V�Z�n�U�b�R�Q�N�V�U�ZÆM�X�b�O�Q i b�a�M7K�Z�j�KCd�XÆR�U�O�¹Yl�d�o�Z�Kd�Q�Z�M�O�Q�R�Q�N�V�o�b�K i b�K�R�V�o�b=K sf K�MIR�K�M�X�b�K�MPd�K�O�Q�N�b�Q�Z�M�R�V�M�MÞV�U�Z�U i N�V�W�X�K�V�Z�d�X�V�N�K i K�b�R�K�N�N�K�Z�Nµd�K�j�U�Z�Z�Q�9�N�b�K�W�X�K�O�MPN ¹ i K�MPd�Kj�K�Z�N�b�K�MÝd�Kqd�U�R�R�Qc[YKIQ i�i Qcb�Q�V�M�M�K�Z�Nhd�Q�Z�M)O�KIj�b�V�M�N�Q�O s f QPj�U�R i Q�b=Q�V�M�U�Z�d�KIO�QIn�U�b�R�KId�X�M i Kcj�N�b�KIK�N�d�KO�© Q�R i O�V�N�X�d�K d�K O�© Q�l�M�U�b i N�V�U�Z V�Z�dYX�V�N�K i K�b�R�K�NÉd�K°d�a�N�K�j�N�K�b O�Q i b�a�M7K�Z�j�K°d�K�M V�R i X�b�K�N�a�M
� a�N�a�b�U���Q�O�K�Z�N�K�M�^�j�U�R�R�K/8¶X�^ 2 l�^�ghKk^ ± X e 39].

' %�/�3�.�6�$�1�0�% * %�6=%�/�8�.�3�0�3�"� �%�Ñ
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f KqM�X�V���Vhd�K�M·j�U�Z�M�V�[YZ�K�M)N�K�j � ZYU�O�U�[YV�W�X�K�M·K�M�N�X�Z i U�V�Z�N�V�R i U�b�N�Q�Z�N�d�Q�Z�M)O�QIb�K i b�U�d�X�j�N�V�l�V�O�V�N�aId�KO�Q i b�U�d�X�j�N�V�U�Z+K�NDj�U�Z�M�N�V�N�X�K�O�Q�d�V�M�j�V i O�V�Z�K�N�K�j � Z�U�O�U�[YV�W�X�K s
� Z�N�K�O�j�U�Z�N�b���O�KIK�M�N�b=a�Q�O�V�M�a i Q�b¶O�© Q�Z�Q�O ¹´M�KId�K�M·d�U�Z�Z�a�K�M·U�l�N�KcZ�X�K�M i K�Z�d�Q�Z�NÙO�QPj�Kcb�N�V�n�V�j�Q�N�V�U�Z s�Ì OM�K�R�l�O�K�b�Q�V�M�U�Z�Z�Q�l�O�K�d�© K�n�n=K�j�N�X�KcbpO�© Q�ZYQ�O ¹´M�K�d�Q�Z�M�O�K�M�N�b�U�V�M�d�V�b�K�j�N�V�U�Z�M�M�X�V���Q�Z�N�K�MqÛ

1.
f K�j�Q�O�j�X�O!d�K i Q�b=Q�R�o�N�b�K�MIj�K�b�N�V�n�V�a�MqR�Uì¹´KcZ�M i Q�bvO�U�N�Mqd�K�O�V���b�Q�V�M�U�Z�MqR�K�Z�M�X�K�O�O�K�MIj � K�*�O�K�j�O�V�K�Z�N sf © Q�Z�Q�O ¹´M�K¬d�K�Mw��Q�O�K�X�b�MwR�U�¹YKcZYZ�K�M i K�b�R�K�NÁd�© a���Q�O�X�Kcb­d�K�M|N�K�Z�d�Q�Z�j�K�M|d�© a���U�O�X�N�V�U�Z¾d�K}O�Q
production.

2.
f © Q�Z�Q�O ¹´M�K�d�K�MP��Q�O�K�X�b�MPR�U�¹YKcZ�Z�KkMPd�K�M i Qcb�Q�R�o�N�b=K�MPd�K�MPjcb�V�M�N�Q�X�~�M�j�V�Z�N�V�O�O�Q�Z�N�MPU�l�N�K�Z�X�M i K�Z�d�Q�Z�NX�Z�KIj�K�b�N�Q�V�Z�K i acb�V�U�d�K�^ i Q�b¶K�~�K�R i O�K�^Dd�X�b=Q�Z�N�j � Q�W�X�KPR�U�V�M i K�Z�d�Q�Z�NÙO�© Q�Z�Z�acK�^ i U�X�b¸j � Q�W�X�K2n�U�X�b s
� Z�K�N�K�O�O�K�Q�Z�Q�O�¹´M7K i K�b�R�K�N¶d�K�M�Ó Q�M�M�X�b=K�bÝd�X@l�U�Z@M�X�V���V¶d�X i b�U�jcK�M�M�X�MPN�K�j � Z�U�O�U�[YV�W�X�K�Q�V�Z�M�VµW�X�Kd�X+R�Q�V�Z�N�V�K�Z+d�K�M i K�b�n�U�b�R�Q�Z�jcK�M¸d�X+R�Q�N�a�b�V�K�ODV�R i O�V�W�X�a s

3.
f © Q�Z�Q�O ¹´M�KId�K�M i Q�b�Q�R�o�N�b�K�M)K�N�d�KkM)j�U�Z�d�V�N�V�U�Z�M)d�K i b�U�d�X�j�N�V�U�Z�d�K�M·j�b�V�M�N�Q�X�~�W�X�VÙZ�© U�Z�N i Q�M i Q�M�M�a�MO�Q�j�K�b�N�V�n�V�jcQ�N�V�U�Z i U�X�bpK�R i xcj � K�bÙO�Q i b�U�d�X�j�N�V�U�Z+d�K�jcb�V�M�N�Q�X�~�Q���K�j�X�Z�K�W�X�Q�O�V�N�a�Z�U�Z�m�M�Q�N�V�M�n�Q�V�M�Q�Z�N�K s
' %�/�3�.�6�$�1�0�% * %�0 ( 6�%�.�#�% * %�5¸/c$� �5�6 ( #�Ð ( #�Ð+ �$�$ (�*  ( 6� �3�.�5�Ñf Q+N�K�Z�X�K+d�K�Mqj�b�V�M�N�Q�X�~>Q�X�~>V�b�bÇQ�d�V�Q�N�V�U�Z�M
K�M�NuO�K i Q�b�Q�R�o�N�b=K�O�K i O�X�Mqj�b�V�N�V�W�X�K�W�X�V!d�a�N�K�b�R�V�Z�K�O�Kn�U�Z�j�N�V�U�Z�Z�K�R�K�Z�Nµd�X�j�Q�O�U�b�V�R�o�N�b�K�Â�O�U�Z�[�N�Kcb�R�K�Q���K�j�O�Q�b=a�M�U�O�X�N�V�U�Z�a�Z�K�b=[�a�N�V�W�X�K�Q�jcj�K i N�Q�l�O�K sì± © K�M�N

i U�X�b�W�X�U�V�^¸X�Z�K@Q�N�N�K�Z�N�V�U�ZSj�U�Z�M�V�d�a�b=Qkl�O�K@Q�a�N�a@d�U�Z�Z�acK@Â@O�© a�O�Q�l�U�b�Q�N�V�U�ZSd�K�M�R�a�N � U�d�K�M�d�K@j�U�Z�N�b���O�KQ�M�M�X�b�Q�Z�NDO�Q�R�V�Z�V�R�V�M�Q�N�V�U�Z+d�K�O�Q�W�X�Q�ZYN�V�N�a�d�K�jcb�V�M�N�Q�X�~�V�Z�M�N�Q�l�O�K�M�M�U�X�M�b�Q�d�V�Q�N�V�U�Z i U�X�bpO�K�j�Q�O�U�b�V�R�o�N�b�K s
Ì O¶K�M�N¶V�R i U�M�M�V�l�O�K�d�K�n=Q�V�b�K�d�KkMIR�K�M�X�b�K�MId�K�N�K�Z�X�K�MIQ�X�~�V�b�b�Q�d�V�Q�N�V�U�Z�M i U�X�b)N�U�X�MPO�K�MPjcb�V�M�N�Q�X�~O�V���b�a�M s JIO�U�b�M�^ i U�X�b¶O�© a���Q�O�X�Q�N�V�U�Z�d�KqO�QIN�K�Z�X�KId�K�M)j�b�V�M�N�Q�X�~�Q�X�~�V�b�b�Q�d�V�Q�N�V�U�Z�M)Z�U�X�M)X�N�V�O�V�M�U�Z�M)O�Q i K�Z�N�Kd�X�l�U�b�d�d�KqM i K�j�N�b�Kqd�KqN�b=Q�Z�M�R�V�M�M�V�U�Z�O�U�Z�[YV�N�X�d�V�Z�Q�O�KIR�K�M�X�b�a�KPd�Q�Z�M)O�QPb�ac[YV�U�Z�d�KIO�U�Z�[YX�K�X�b�M)d�© U�Z�d�K�Md�KáÊ�Ú�¼`ÂáÊ�Õ�¼`Z�R�����U�V�b i Q�b=Qc[Yb=Q i�� KáÊ s ¿ s ¿{K�N@ghV�[YX�b�K 4.6

Qc� s 8¶Z`R�x�R�KáN�K�R i MÆV�O�M�K�R�l�O�Kb�Q�V�M�U�Z�Z�Q�l�O�Kyd�© Kcn�n�Kcj�N�X�K�b�d�KcM>R�K�M�X�bÇK�M>M�X i�i O�a�R�K�Z�N�Q�V�b�K�M>d�KyO�QyN�K�Z�X�KCQ�X�~ÆV�b�b�Q�d�V�Q�N�V�U�Z�M i U�X�b�X�Z�K
i Q�b�N�V�K�d�K�M�jcb�V�M�N�Q�X�~�M�j�V�Z�N�V�O�O�Q�Z�N�M�Q���K�j·O�K�M�j � a�R�Q�M�X�V���Q�Z�N!Û

a)
J i b�o�MvO�K
j � Q�Z�[YK�R�K�ZYN²d�KqR�Q�N�V�o�b�K i b�K�R�V�o�b=KqV�Ohn�Q�X�Nhn�Q�V�b�Kqd�K�MÝR�K�M�X�b�K�MÝd�© Q�l�M�U�b i N�V�U�ZV�Z�d�X�V�N�KTQ���K�j�O�K�M i Q�b�N�V�K�M � Q�X�N�K�M�d�K�Myj�b�V�M�N�Q�X�~ i U�X�b�O�Q i b�K�R�V�o�b=K�K�N+O�Q�d�K�b�Z�V�o�b=KQ�j�jcK i N�Q�l�O�KÁjcb�V�M�N�Q�O�O�V�MÞQ�N�V�U�Z sv± K�O�QÁd�K�R�Q�Z�d�Kâd�KâR�K�M�X�b�K�bT¿t¼ i Q�b�N�V�K�M � Q�X�N�K�MCd�Q�Z�Mj � Q�W�X�K�O�U�NDd�K�¿t¼�¼�j�bÇV�M�N�Q�X�~ s

b) Ø Q�Z�M�O�K2j�Q�M�U�H�X�Z�KPd�K�M�R�K�M�X�b�K�M�d�K2OÎÓÖa�N�Q i K+��Q���Q2d�U�Z�Z�a2X�Z�K+��Q�O�K�X�b�d�© Q�l�M�U�b i N�V�U�ZV�Z�d�X�V�N�K i b�U�j � KÄd�K`O�QÄO�V�R�V�N�KÄM�X i a�b�V�K�X�b�KÄd�KÄO�QÄM i acj�V�n�V�j�Q�N�V�U�Z i U�X�b\X�Z�K d�K�MO�U�Z�[YX�K�X�b�M�d�© U�Z�d�K�M�M i a�j�V�n�V�a�K�M�^vd�K�M�j�U�Z�N�b���O�K�M�Q�O�acQ�N�U�V�b�K�M�d�K�M�j�b�V�M�N�Q�X�~�O�U�Z�[YM�M�U�Z�NZ�a�j�K�M�M�Q�V�b=K�M s
' %�/�3�.�6�$�1�0�% * #�$ ( .�6p0�%
4>3�.�6 ( "�% * # *�, 6�%c/�6�%�#�$�Ñ
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± KIj�U�Z�N�b���O�KIK�M�N�b=a�Q�O�V�M�a i Q�bµOÎÓ Q�Z�Q�O ¹´M�KId�© V�Z�j�V�d�K�Z�N�M·O�U�b�M·d�KPO�© V�Z�M�N�Q�O�O�Q�N�V�U�Z�d�K�M·j�b�V�M�N�Q�X�~�d�Q�Z�M·O�Kd�a�N�K�j�N�K�X�b�^¶W�X�V�U�Z�N�jcQ�X�M�a�O�K�X�b
d�K�M�N�b�X�j�N�V�U�Z s²± K�N�N�K<Q�Z�Q�O�¹YM7K<d�U�V�N i K�b�R�K�N�N�b=K<d�K<j�U�b�b�V�[YKcb
O�K�M�n�Q�X�N�K�MN�¹ i V�W�X�K�M�W�X�VDU�Z�N i b�U���U�W�X�a�O�Q�d�K�M�N�b�XYj�N�V�U�Z+d�K�M�a�O�a�R�K�Z�N�M s
' %�/�3�.�6�$�1�0�% * %�0 ` ,�1 3�0�#�6� �3�. * %�5 -�( $ ( 4@?�6�$c%�5 * %�5�/�$� �5�6 ( #�Ð ( #</�3�#�$�5 * %
0�%�#�$
#�6� �0� �5 ( 6� �3�.>:0�3�.�"+6�%�$c4>%�Ñ
± KCj�U�Z�N�b���O�KCK�M�NIKcn�n�Kcj�N�X�aCM�XYb�O�K�M@d�U�Z�Z�a�K�M@d�KSR�U�Z�V�N�U�b�V�Z�[ÆU i N�V�W�X�KSd�K�M�jcb�V�M�N�Q�X�~ e 47r KkN

i b�U i U�M�a i U�X�bpM�X�V���b�K�OÎÓÖa���U�O�X�N�V�U�Z+V�Z�ak��V�N�Q�l�O�K�d�K�M i b�U i b�V�a�N�a�M�d�K�d�a�N�K�j�N�V�U�Z+d�K�M�jcb�V�M�N�Q�X�~ s
4.1.4 � � ��b�	B���@7uþC� ��� �>� � ��������b�� ����� ��	��?��������A �>���?����� ��� �����?� ��b���	 � ����	
����� � �?�������?b��m������� � �E��� � b�	��ÔþCe���	��5� � ������	�buþ �����������@É���� ������� � ���k��b�����������b���� ���
� �.��	�b�����������b�� ��� �>��	B���
'¶U�X�N�K�MPO�K�MPR�K�M�X�b�K�MPZ�acj�K�M�M�Q�V�b=K�MPÂ�O�Q�j�K�b�N�V�n�V�jcQ�N�V�U�Z�K�N¸Q�X�j�U�Z�N�b���O�K i K�X���K�Z�N�x�N�b�K�K�n�n=K�j�N�X�a�K�Md�Q�Z�MyO�KÁj�Q�d�b�KÁd�X{M�j � a�R�QÁd�Kâj�U�ZYN�b���O�K i b=a�M�K�Z�N�aÁd�Q�Z�MyO�QÁghV�[YX�b=K 4.1 sv± KÁM�j � a�R�Q i b�a���U�V�N�O�Q

i Q�b�N�V�j�V i Q�N�V�U�Z>Q�X�M�M�V!l�V�K�Z>d�X i b�U�d�X�jkN�K�X�bvW�X�K�d�K�O�© X�N�V�O�V�M�Q�N�K�X�bÝd�K�MIj�b�V�M�N�Q�X�~ s�Ø © Q�X�N�b�K i Q�b�N�^pX�Z�K�N�K�O�O�Kj�U�U�b�d�V�Z�Q�N�V�U�Z i K�Z�d�Q�Z�NvO�Q i b=U�d�X�j�N�V�UYZyK�ZCM�acb�V�K i K�b�R�K�NÝd�K>M�N�Q�Z�d�Qcb�d�V�M�K�bqO�K�M�Z�V���KcQ�X�~SdpÓÔa�~�a�j�X�N�V�U�Zd�K�M�d�a�j�V�M�V�U�Z�M s f Q � V�a�b=Q�b=j � V�K�dpÓÔK�~�a�jkX�N�V�U�Z+d�K�M�d�acj�V�M�V�U�Z�M�K�M�N i b�a�M�K�Z�N�a�K�d�Q�Z�M�O�Q�ghV�[�X�b=K 4.2.

± U�R�R�K
U�Z i K�X�N²O�Kq��U�V�b!M�X�b!jkKqM�j � a�R�Q�^ìd�Q�Z�MÝX�Z i b�K�R�V�K�b!Z�V���K�Q�X�^ìW�X�Vhn�U�Z�j�N�V�U�Z�Z�KIÂqOÎÓ � M�V�Z�K'¶K�j � Z�U�m=j � V�R�V�W�X�K�d�KS6ÝU�[YU�b�U�d�V�N�MÇ)Y^ÝV�Oq¹TQ�OÎÓÖQ�Z�Q�O ¹´M�K�d�K�M<j�b�V�M�N�Q�X�~�m i V�O�U�N�K�M<Q���K�j�O�K�M<R�Uì¹´KcZ�M<d�KR�K�M�X�b�K�d�K�O�Q�l�U�b�Q�N�U�V�b�K�K�NµQ���Kcj�X�Z@Mº¹´M�N�o�R�K�d�K�j�U�Z�N�b���O�K�d�K�N�K�Z�X�K�Q�X�~�V�b�b�Q�d�V�Q�N�V�U�Z�MPl�Q�M�a�M�X�b)X�Z�K
M�U�X�b�j�K
d�K<;>= ± U�^�Q�V�Z�M�V²W�X�K
O�K
j�U�Z�N�b���O�K
Q�O�acQ�N�U�V�b�K
d�K�MvR�Q�N�V�ocb�K�M i b=K�R�V�o�b�K�M)Q���K�jqO�QqR�a�N � U�d�K;: Ø À &�s8¶Z�M�X�V�N�K�O�© Ì Z�M�N�V�N�X�NDd�K ¨ K�j � Kcb�j � K�d�K�M¸®�b�U�l�O�o�R�K�M ! X�j�O�a�Q�V�b=K�M�� Ì ! ®���^ìj�U�R�R�K
U�b=[YQ�Z�V�M7Q�N�V�U�Z�d�© K�~ i K�b�N�MV�Z�d�a i K�Z�d�Q�Z�N�M�^¸W�X�V i U�M�M�o�d�K>N�U�X�M�O�KkM�U�X�N�V�O�O�Q�[�K�M�dpÓÔQ�Z�Q�O ¹´M�K>Z�acj�K�M�M�Q�V�b=K�M�K�N)O�K i Kcb�M�U�Z�Z�K�O)W�X�Q�O�V�n�V�a�^n�U�X�b�Z�V�N�O�© Q�Z�Q�O ¹�M7K«K�N�O�Q«��a�b�V�n�V�jcQ�N�V�UYZÄQ�O�a�Q�N�U�V�b�K«d�K�M�d�U�Z�Z�a�K�M\U�l�N�K�Z�X�K�M s@& V�O�K�M\b�a�M�X�O�N�Q�N�M\M�U�Z�NM�Q�N�V�M�n�Q�V�M�Q�Z�N�M�j�K�O�U�NDd�K�R�Q�N�V�o�b=K i b=K�R�V�o�b�K
K�M�NDQ�j�jcK i N�a i U�X�bpO�Q i b�U�d�X�j�N�V�U�Z+d�K�Mvj�b�V�M�N�Q�X�~ s

Ø Q�Z�M)X�Z�d�K�X�~�V�o�R�KIZ�V���K�Q�X�^DO�K�MÝjcb�V�M�N�Q�X�~�d�X�O�U�N i b�U�d�X�V�N i Q�M�M�K�Z�N i Q�bµO�QPj�K�b�N�V�n�V�jcQ�N�V�U�Z�Q���KcjPO�KM7¹´M�N�o�R�KÆJ ±)± G & m�³«W�X�V�K�M�N�V�Z�M�N�Q�O�O�aÆÂÆOÎÓÔX�M�V�Z�K�^�K�N�Q�X�M�M�V�O�KÆj�U�Z�N�b���O�K�Q�O�a�Q�N�U�V�b=KÆd�KÆN�K�Z�X�KÆQ�X�~V�b�b�Q�d�V�Q�N�V�U�Z�M s f © Ì ! ®�n�Q�V�N)O�© Q�Z�Q�O�¹´M7K@dYK�M�b=a�M�X�O�N�Q�N�M�W�X�V)M�U�Z�N)n�U�X�b�Z�V�M�Â@OÎÓÔX�M�V�Z�K sN& X�bIO�Q@l�Q�M�K@d�K@jcK�Mb�a�M�X�O�N�Q�N�M i U�X�bµj � Q�W�X�KPj�b�V�M�N�Q�OÙU�Z i b�K�Z�d�O�Q2d�acj�V�M�V�U�Z i U�X�b¸O�K�X�b¸O�V���b�Q�V�M�U�Z�Q�X ± 8 ¨�! s f © Ì ! ®yn�U�X�b�Z�V�NO�K�M�b�a�M�X�O�N�Q�N�M�d�© Q�Z�Q�O ¹´M�K�d�K�M�j�b�V�M�N�Q�X�~+O�V���b�a�M�Q�X ± 8 ¨�! s
Ø Q�Z�M
X�Z<N�b�U�V�M�V�o�R�K+Z�V���K�Q�X�^�O�K+j�K�Z�N�b=K+b�ac[YV�U�Z�Q�Ou��Q�j�N�X�K�O�O�K�R�K�Z�N!O�K�O�Q�l�U�b=Q�N�U�V�b�K�³�à>d�X ± 8 ¨�! �

i b�U�j�o�d�K<Â�OÎÓÔK�Z�b�Kc[YV�M�N�b�K�R�K�Z�NvK�NvQ�XyjkU�Z�N�b���O�K<��V�M�X�K�Ovd�K<N�U�X�M�O�K�M�j�b�V�M�N�Q�X�~CO�V���b�a�M s 8¶Z�M�X�V�N�K�^µQ���K�j<O�KM7¹´M�N�o�R�K2J ±)± G & mº¿IW�X�VpK�M�NpM�V�R�V�O�Q�V�bÇK2Q�X<Mº¹´M�N�o�R�K�J ±)± G & m�³<U�Z i b�U�j�o�d�K+Â+X�Z�K+jcKcb�N�V�n�V�j�Q�N�V�U�Z<d�K�Mj�b�V�M�N�Q�X�~�Q�V�Z�M�V�W�XpÓÔÂId�K�M)N�K�M�N�M)Q�O�a�Q�N�U�V�b�K�M)d�X�j�U�R i U�b�N�K�R�K�Z�NÙd�K�M·jcb�V�M�N�Q�X�~�K�Z�n�Q�V�M�j�KcQ�X�d�K i Q�b�N�V�j�X�O�K�MK�ZCX�N�V�O�V�M�Q�Z�NÝO�K>M7¹´M�N�o�R�K>d�K@j�U�Z�N�b���O�K>a�N�Q�l�O�VÝQ�X i b�o�M�d�K>O�Q>O�V�[YZ�K>d�K>n=Q�V�M�j�KcQ�X %I»CQ�X ± 8 ¨�! d�Q�Z�MOÎÓÔV�Z�M�N�Q�O�O�Q�N�V�U�Z : Ì g ��:PK�Z�K�b�Q�O Ì b�b=Q�d�V�Q�N�V�U�Zzg�Q�j�V�O�V�N�¹´� s J i b�o�Mâj�K�MÁU i acb�Q�N�V�U�Z�MÁU�Zwj�O�Q�M�M�K­N�U�X�MÁO�K�M
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j�b�V�M�N�Q�X�~�M�X�V���Q�Z�N¸O�K�X�b�M i Q�b�Q�R�o�N�b=K�M s f K f Q�l�U�b�Q�N�U�V�b�K�³�à�d�X ± 8 ¨�! Q���K�j�O�© Ì ! ® i b�U�j�o�d�K�Z�N¸Q�O�U�b�M+ÂO�© Q�Z�Q�O�¹´M7Kyd�K�M>d�U�Z�Z�a�M>U�l�N�K�Z�X�K�M s�& XYb�O�Qyl�Q�M7Kyd�K�M>b=a�M�X�O�N�Q�N�M>d�Kyj � Q�W�X�Kyj�b�V�M�N�Q�OIO�QSj�U�O�O�Q�l�U�b�Q�N�V�U�Z
± À & Q�X ± 8 ¨�! d�a�j�V�d�Kád�KáO�Q i UYM�M�V�l�V�O�V�N�aád�© X�N�V�O�V�M�Q�N�V�U�Z`d�K�MÆj�b�V�M�N�Q�X�~Äd�Q�Z�M�O�K�M�R�U�d�X�O�K�M�d�X
détecteur.JIO�U�b�M)O�KIM�j � a�R�QId�KIj�U�U�b�d�V�Z�QkN�V�U�Z�d�KIN�U�X�N�K�M)O�K�M i Q�b�N�V�K�M i b�U i U�M7a�K�M)K�NÙO�© acj � Q�Z�[�KPd�KPd�U�Z�Z�acK�MU i�i U�b�N�X�Z�K�M�d�U�V���K�Z�NDn�U�X�b�Z�V�bpX�Z�K i b�UYd�X�j�N�V�U�Z+M�Q�N�V�M�n�Q�V�M�Q�Z�N�K i K�Z�d�Q�Z�NDO�K�O�U�Z�[2N�K�R i M�Z�acj�K�M�M�Q�V�b=K s
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4.2
ý û û *Â�A"µé�ë@î|�pîçò�öìõ\ë@ðuê�òÞñuõ\ðuò�ó�$Ùêvë�ôvë�í�ñuævòÞï\Ípé�ë�ôvë@é�ð $Ùê�ðpé�ó�òÞù�ôvëìî�í�ïìóÇîçòÞðuê� 
�vëìævôvðuævò)é�ëìêvï<í�ëìïìòÞó�è�óÇíìðuòÞóÇñpæ
� ZTM7¹´M�N�o�R�K�d�K�j�U�Z�N�b���O�K�d�K�O�Q�W�X�Q�O�V�N�a�d�K�M�j�b�V�M�N�Q�X�~�^ÝQ�d�Q i N�a�Â�X�Z�K�X�N�V�O�V�M�Q�N�V�U�Z�d�Q�Z�M�O�K�Mj�U�Z�d�V�N�V�U�Z�M)d�K i b�U�d�X�j�N�V�U�Z�K�Z�M�a�b�V�Kqd�U�V�N�x�N�b�KIQ�X�N�U�R�Q�N�V�M�aPQ�X�R�Q�~�V�R�X�RÄQ�n�V�Z�d�KIb�a�d�X�V�b�KIO�© V�Z�n�O�X�K�Z�j�Kd�Xyn�Q�j�N�K�X�b � X�R�Q�V�ZyK�Nvd�U�V�N i U�X���U�V�b�n�U�X�b�Z�V�b
X�Z�K i b�U�d�X�j�N�V���V�N�a<d�© Q�XyR�U�V�Z�M�Ú�¼Cj�b�V�M�N�Q�X�~ i Q�b¸ÍÎU�X�b s

± K�M�M7¹´M�N�o�R�K�M�d�U�V���K�Z�NÝx�N�b�K i b�U�d�X�V�N�M�K�NÝV�Z�M�N�Q�O�O�a�M�d�Q�Z�M�O�K�M�X�M�V�Z�K�M�d�K i b�U�d�X�j�N�V�U�ZSd�K�j�b�V�M�N�Q�X�~TK�Nd�Q�Z�M�O�K�M�j�K�Z�N�b=K�M�b�ac[YV�U�Z�Q�X�~ i U�X�bpO�K·j�U�Z�N�b���O�K�K�NDO�Q�jcK�b�N�V�n�V�jcQ�N�V�U�Z+d�K�M�j�b�V�M�N�Q�X�~ s e 13,110,117,118]
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� Z�M7¹´M�N�o�R�Kqd�KqjcKqN�¹ i Kqd�U�V�N²x�N�b�KIn�Q�j�V�O�KIÂqX�N�V�O�V�M�K�b!K�N�d�K�R�Q�Z�d�K�b¶X�Z�R�V�Z�V�R�X�RÄd�K i K�b�M�U�Z�Z�K�ON�K�j � Z�V�W�X�K s f © V�Z�M�N�Q�O�O�Q�N�V�U�Z+d�X+M7¹´M�N�o�R�K�Z�K�d�U�V�N i Q�M�d�K�R�Q�Z�d�K�bud�K
d�a i K�Z�M7K�MvM�X i�i O�a�R�K�Z�N�Q�V�b�K�MvM�X�buO�K�M*cU�Z�K�M�d�KTn�U�Z�j�N�V�U�Z�Z�K�R�K�Z�N�^IN�K�O+W�X�KTb=K�j�U�Z�M�N�b�X�j�N�V�U�Z i U�X�b�O�K�M�l�K�M�U�V�Z�M�d�K�M�acj�X�b�V�N�a i K�Z�d�Q�Z�N+O�K�MN�b�Q���Q�X�~>Q���K�j+O�Q�b�Q�d�V�U�Q�j�N�V���V�N�a�^�Q���K�j2O�K�M
O�Q�M7K�b�M�^ÙO�K�M i b�U�d�X�V�N�Mqj � V�R�V�W�X�K�M�^ÙK�N�j sYØ K�MqN�K�O�O�K�Mqd�a i K�Z�M�K�MM�X i�i O�a�R�K�Z�N�Q�V�b�K�M�K�ZSV�Z�[Ya�Z�V�K�b�V�K@Q�d�dYV�N�V�U�Z�Z�K�O�O�K�^�R�Q�N�a�b�V�K�O·K�N·n�U�b�R�Q�N�V�U�ZTd�X i K�b�M�U�Z�Z�K�O·��M7K�b���V�jcK�d�KM ��b�K�N�azd�Kzb=Q�d�V�U�Q�j�N�V���V�N�a�^@Q�X�N�U�R�Q�N�V�M�Q�N�V�U�Z¬V�Z�M�X�n�n�V�M�Q�Z�N�KzKcN�j s �Áj�U�Z�N�b�V�l�X�K�b�U�Z�N�Q�X i b�V�~}n�V�Z�Q�Oyd�K�Mj�b�V�M�N�Q�X�~ s ®�U�X�b·O�Q�R�x�R�K�b�Q�V�M�U�Z�X�Z�N�K�O¸M7¹´M�N�o�R�K�Z�K i K�X�N�j�U�Z�N�K�Z�V�b·d�K�R�Q�N�a�b�V�K�O¸K�N¸dpÓÖa�W�X�V i K�R�K�Z�N�Mj�U5��N�K�X�~ÁN�K�O�M�W�X�K�d�K�M�M i K�j�N�b�U�R�o�N�b�K�M�X�Z�V���K�b�M�K�O�M�d�K�O�X�R�V�Z�K�M�jcK�Z�jcK�^Ýd�K�M�R�U�Z�U�j � b�U�R�Q�N�K�X�b�M�^Ýd�K�MM�U�X�b�j�K�MvdpÓÔV�R i X�O�M�V�U�Z�d�K
b�Qç¹´U�Z�M�%{UYX�d�K�MvR�V�j�b�U�N�b�U�Z�MÝK�N�j s ^�N�U�X�N²R�Q�N�a�b�V�K�O²W�X�V i K�X�N²Z�acQ�Z�R�U�V�Z�MÝx�N�b�KX�N�V�O�V�M�a�^�M�VDd�V�M i U�Z�V�lYO�K�M�X�b i O�Q�j�K�^ i U�XYbpd�K�M�R�K�M�X�b�K�Mvj�U�R i O�a�R�K�Z�N�Q�V�b=K�M s®�K�Z�d�Q�Z�N�O�Qzj�U�Z�M�N�b�X�j�N�V�U�Z¬dYK�M­jcQ�O�U�b�V�R�o�N�b�K�M­d�Q�Z�M{O�K�M{Q�Z�Z�acK�M{Q�Z�N�acb�V�K�X�b=K�M�^�j�U�R�R�KwO�K
j�Q�O�U�b�V�R�o�N�b�KCa�O�K�j�N�b�U�R�Qc[YZ�a�N�V�W�X�Kyd�K�O�Q ± U�O�O�Q�l�U�b=Q�N�V�U�Z f Ê�^·W�X�Vqj�U�Z�M�V�M�N�Q�V�NqK�Zª¿t³�¼�¼�¼âj�b�V�M�N�Q�X�~Æd�K6�:IG M�K�X�O�K�R�K�Z�N�^2O�K�MCR�a�N � U�d�K�MCd�KÁO�Q�l�U�b�Q�N�U�V�b=Kâd�a�jcb�V�N�K�M i O�X�M � Q�X�N�U�Z�N�a�N�aÆX�N�V�O�V�M�a�K�M i U�X�b@O�Qj�K�b�N�V�n�V�jcQ�N�V�U�Z�d�K�Mvj�b�V�M�N�Q�X�~ sk± K i K�Z�d�QkZ�N�^ìd�Q�Z�MÝO�KIj�Q�MÝd�X i b�UtÍÎK�N ± À & O�QqM�V�N�X�Q�N�V�U�Z�K�M�Nhj�U�R i O�o�N�K�R�K�Z�NZ�U�X���K�O�O�K�^uK�NµO�© X�N�V�O�V�M�Q�N�V�U�Z�d�K�M2R�a�N � UYd�K�M2d�K�O�Q�l�U�b�Q�N�U�V�b�K�K�M�N i b�Q�N�V�W�X�K�R�K�Z�N¸V�R i U�M�M�V�l�O�K�Â�jcQ�X�M�K�d�KO�K�X�b i b�U�d�X�j�N�V���V�N�a i K�Xªa�O�a���a�K�^+d�X i b�V�~ªa�O�K���aÆd�K�MTQ i�i Qcb�K�V�O�MTM i acj�V�Q�X�~zK�N�d�K�O�Q�Z�a�jcK�M�M�V�N�a�d�KO�© U�b=[�Q�Z�V�M�Q�N�V�U�Z\d�K�M�j�U�Z�d�V�N�V�U�Z�M�M i a�jkV�n�V�W�X�K�M�d�KTO�K�X�b�X�N�V�O�V�M�Q�N�V�U�Z�^qK�N2Q�X�M�M�V2d�KTO�QTZ�acj�K�M�M�V�N�a�d�K�O�Qn�U�b�R�Q�N�V�U�Z�K�NÙd�KPOÎÓÔK�R i O�U�VÙd�KPl�K�Q�X�j�UYX i d�K i K�b�M�U�Z�Z�K�OÙd�K � Q�X�N�KPW�X�Q�O�V�n�V�j�Q�N�V�U�Z i U�X�bµN�b=Q���Q�V�O�O�K�b¸Q���K�jj�K�M�Q i�i Qcb�K�V�O�O�Qc[YK�M s! U�MÝa�N�X�d�K�MÝU�Z�NhN�K�Z�X�j�U�R i N�K
d�KPj�K�M)Q�M i K�j�N�M)M i acj�V�n�V�W�X�K�M)K�N�Z�U�X�M i b�U i U�M�U�Z�M)d�K�M)M�U�O�X�N�V�U�Z�M
i U�X�bpQ�N�N�K�V�Z�d�b�K�Z�U�M�l�X�N�M�d�Q�Z�M�X�Z�K�ZY��V�b�U�Z�Z�K�R�K�Z�NDV�Z�d�X�M�N�b�V�K�O s®�U�X�b!O�Qqn�X�N�X�b�K i b�U�d�X�j�N�V�U�Z�KkZ�M�a�b�V�KIO�QIj�U�Z�jcK i N�V�U�Z�dpÓÔX�Z�Mº¹�M�N�o�R�KIQ�X�N�U�R�Q�N�V�W�X�KId�KPj�U�Z�N�b���O�Kd�K�M�j�b�V�M�N�Q�X�~Á��JIX�N�U�R�Q�N�V�j ± b=¹´M�N�Q�O ± GIZ�N�b�U�O & ¹´M�N�K�R m2J ±)± G & �2Q�d�Q i N�a�Q�a�N�a i b�U i U�M�a i Q�b Ì ! ®��ÀSV�Z�MÇ)�^ 6ÝK�O�Qcb�X�M���^ f JI®�®���JIZ�Z�Kcjç¹´mÇO�K�m�äIV�K�X�~�^hghb�Q�Z�j�K���Q i b�o�M
j�U�Z�M�X�O�N�Q�N�V�U�Z�d�K�M�l�K�M�U�V�Z�M�d�X ± 8 ¨�!��:IK�Z�o���K�^ & X�V�M�M�K�� i U�X�bvO�Q�jcK�b�N�V�n�V�jcQ�N�V�U�Z>d�K�Mqj�b�V�M�N�Q�X�~@d�Q�Z�MqO�K�Mqj�U�Z�d�V�N�V�U�Z�Mqd�K i b�U�d�X�j�N�V�U�Z@K�Z@M7a�b�V�K
[46,110rts2Ø K�M\R�a�N � U�d�K�M\M i a�j�V�n�V�WYX�K�M\U�Z�N�a�N�a i b�U i U�M�acK�M­K�N�d�K�M{j�U�R i U�M�Q�Z�N�M­M i a�j�V�Q�X�~�^@K�Z
i Q�b�N�V�j�X�O�V�K�b)d�K�M2M i K�j�N�b�U i�� U�N�U�R�o�N�b�K�M2j�U�R i Q�j�N�M2Q�M�M�U�j�V�a�Â�X�Z�O�U�[YV�j�V�K�O¸d�a�d�V�a�l�Q�M�a�M�X�b f Q�l�ä Ì 8¶¯�^U�Z�NDa�N�a�d�a���K�O�U i�i a�M sf K�Mº¹´M�N�o�R�K�J ±)± G & K�M�N!a�N�XYd�V�a i U�X�bvKcn�n�Kcj�N�X�K�bÝd�K�MIR�K�M�X�b�K�MId�K�n�U�b�R�K�K�N¶d�K�d�V�R�K�Z�M�V�U�Z�^d�KÈN�b�Q�Z�M�R�V�M�M�V�U�Z U i N�V�W�X�KÈO�U�Z�[YV�N�XYd�V�Z�Q�O�KÈK�N|N�b�Q�Z�M���K�b�M�Q�O�K�^ªd�K�M¾R�K�M�X�b=K�M¾d�K j�V�Z�a�N�V�W�X�K d�K
M�j�V�Z�N�V�O�O�Q�N�V�U�Z�^Ýd�K�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�okb�K�a�R�V�M�K�K�N�d�K�O�K�X�b+Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�K�ZÁR�U�d�K�Q�X�N�U�R�Q�N�V�W�X�K
d�Q�Z�M�O�K�j�Q�d�b�K�dpÓÔX�Z�a�W�X�V i K�R�K�Z�NDj�U�R i O�K�~�K�X�Z�V�W�X�K�Q���K�j�O�U�[YV�j�V�K�ODd�a�d�V�a s

� Z�Kân�U�Z�j�N�V�U�ZáV�R i U�b�N�Q�Z�N�KÆdYXªj�U�Z�j�K i N�dpÓÖJ ±)± G & K�M�N�OÎÓÔX�Z�V�n�V�j�Q�N�V�U�Z«d�K�M i Q�b=Q�R�o�N�b�K�MTÂj�K�b�N�V�n�V�K�b i Q�b!OÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�d�KqR�a�N � U�dYK�MÝK�NhdpÓÖQ i�i Qcb�K�V�O�MÝV�d�K�Z�N�V�W�X�K�MÝW�X�V i K�b�R�K�N�d�KPn�U�Z�j�N�V�U�Z�Z�K�bµQ���K�jX�Z�K�l�Q�M�K�d�K�d�U�Z�Z�a�K�M+X�Z�V�n�V�acK�d�Q�Z�M2O�K<j�Q�d�b=K�d�X i b�U�[Yb�QcR�R�K ±+s ¨ s Ì7s &�s ' s J s f s e 119,120r ^¶N�U�X�N�K�Z
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i U�M�M�a�d�Q�Z�NÝO�Q@n�Qcj�X�O�N�a@d�K@n�U�Z�j�N�V�U�Z�ZYK�bIM�K�X�O)M�V)Z�acj�K�M�M�Q�V�b=K s 8¶Z�n�V�Z�^�R�Q�V�M�Z�U�ZSR�U�V�Z�M�V�R i U�b�N�Q�Z�N�^�O�Qn�V�Q�l�V�O�V�N�ayK�NqO�K�M i b�V�~ÆR�V�Z�V�R�Q�XY~Æd�U�V���K�Z�Nqx�N�b�K i b�V�M>K�Zâj�U�Z�M�V�d�a�b�Q�N�V�U�ZâQ�X�N�Q�Z�NqW�X�K i U�M�M�V�l�O�KyQ i b=o�MM�Q�N�V�M�n�Q�j�N�V�U�Z+d�K�M�l�K�M�U�V�Z�M�M�j�V�K�Z�N�V�n�V�W�XYK�MvK�NDN�K�j � Z�V�W�X�K�M�Z�acj�K�M�M7Q�V�b�K�M sf KTMº¹´M�N�o�R�K�Q�a�N�a�a�O�Q�l�U�b�aTd�KÁn�Q)Î�U�Z­R�U�d�X�O�Q�V�b=K�K�Z­X�N�V�O�V�M�Q�Z�N+Q�X�N�Q�Z�N+W�X�K i U�M�M�V�l�O�K�d�K�Ma�O�a�R�K�Z�N�MqM�N�Q�Z�d�Q�b�d�MqW�X�V i K�X���K�Z�N!x�N�b�K�Q�j � K�N�a�Mqd�Q�Z�MqO�© V�Z�d�X�M�N�b�V�K�K�N!d�K�MIa�O�a�R�K�Z�N�MIM i a�j�V�n�V�W�X�K�M i U�X�bOÎÓÔK�~�a�j�X�N�V�U�ZCdpÓÔa�N�X�d�K�M�M i a�j�V�Q�O�K�M�d�U�ZYN)OÎÓÔV�Z�M�N�Q�O�O�Q�N�V�U�Z i b�a���U�V�N)X�ZSd�a�R�U�Z�N�Qc[YK@K�N)X�ZSb=K�R i O�Q�jcK�R�K�Z�Nn�Q�j�V�O�K s 8¶ZÁU�X�N�b=K�^)O�Q�M�N�b�X�j�N�X�b=K�d�XÁM7¹´M�N�o�R�K�Qya�N�a i b=a���X�K�Qcn�V�ZÁd�K i U�X���U�V�b�x�N�b=Kya�W�X�V i a i Q�b�d�K�MV�Z�M�N�b�X�R�K�Z�N�MvM�X i�i O�a�R�K�Z�N�Q�V�b�K�M i U�X�bpO�K�MvR�K�M�X�b=K�Mvj�U�R i O�a�R�K�Z�N�Q�V�b=K�MvW�X�V i K�X���K�Z�N²x�N�b�K
V�Z�N�ac[Yb=a�K�MvÂqO�Qd�K�R�Q�Z�d�K i QcbpO�Q�M�X�V�N�K sf K�M�j�b�V�M�N�Q�X�~Td�K@N�X�Z�[YM�N�Q�N�K@d�K i O�U�R�lSM�U�Z�N)Q�M�M�K�*�n�b�Qc[YV�O�K�M�K�N i K�X���K�Z�N·x�N�b=K�K�Z�d�U�R�R�Qc[Ya�Mn�Q�j�V�O�K�R�K�Z�N s ®�Q�bµM�X�V�N�K�^²O�K�X�b=M·R�Q�Z�V i XYO�Q�N�V�U�Z�M·d�U�V���K�Z�NÙx�N�b�KPR�V�Z�V�R�V�M�a�K�M s ®�U�X�bµj�K�O�QPO�K�M�j�b�V�M�N�Q�X�~<M�U�Z�NV�Z�M�N�Q�O�O�a�M�d�Q�Z�M�d�K�M�M�X i�i U�b�N�M�M i a�j�V�Q�X�~{M�X�b�X�Z i O�Q�N�K�Q�X­N�U�X�b�Z�Q�Z�N+d�K�d�V�M�N�b�V�l�X�N�V�U�Z s f K�Myj�b�V�M�N�Q�X�~b�K�M�N�K�Z�N{V�R�R�U�l�V�O�K�M}b�K�O�Q�N�V���K�R�K�Z�N­Q�X i O�Q�N�KcQ�X i K�Z�d�Q�Z�NáN�U�X�NáO�K¾jc¹´jcO�K¾d�K¾R�K�M�X�b�K�MãK�NáO�K�M
M i K�j�N�b�U�R�o�N�b�K�M�M7K�d�a i O�Qcj�K�Z�N�O�K�O�U�Z�[�d�Kyj � Q�W�X�Kyj�b�V�M�N�Q�O
K�ZÁR�K�M�X�b�K su± K�N�N�K�M�U�O�X�N�V�U�ZÁQ�b�K�W�X�V�M<O�Kd�a���K�O�U i�i K�R�K�Z�N�Myd�KÁM i K�j�N�b�U�R�o�N�b=K�MyM i a�j�V�Q�X�~ sÝØ Q�Z�MCOÎÓÔU�X�N�V�O�O�Qc[YKâd�a���K�O�U i�i aâO�K i U�M�V�N�V�U�Z�Z�K�R�K�Z�N
i b�a�j�V�M�d�K�M�jcb�V�M�N�Q�X�~�^�b�K�O�Q�N�V���K�R�K�Z�NDQ�XY~�Q i�i Q�b�K�V�O�M�d�K�R�K�M�X�b�K�M�^�K�M�NDQ�M�M�X�b�a s'¶U�X�N)O�K@M7¹´M�N�o�R�K�Q���K�j@O�Q@R�Q�j � V�Z�K�Ê Ø K�M�N·V�Z�M�N�Q�O�O�a�d�Q�Z�M�X�Z�K i V�ocj�K�N � Kcb�R�U�M�N�Q�l�V�O�V�M�a�K�K�NV�M�U�O�a�K�d�K�O�Q�O�X�R�V�o�b�K sÌ!3�#�$+0 ( /c%�$�6� �;= �/ ( 6� �3�. * %�0 (<* #�$ , % *V` , 4> �5�5� �3�. * %�5q5�/� �.�6� �0�0 ( 6� �3�.�5q%�6 * %�0 ( 9h# ( .�6� �6 ,�* %0�#�4> �?�$c% , 4> �5�% Z�U�X�MCQ���U�Z�MyX�N�V�O�V�M�a�O�QÁR�a�N � U�d�KÁd�K�Myj�U54�Z�j�V�d�K�Z�jcK�Myb�K�N�Q�b=d�a�K�MC��O�QÁR�a�N � U�d�KÁd�K
«
d�a�R�Q�b�b=Qc[YK -|Qcb�b�x�N 4 � sIØ Q�Z�MâO�K�MÁj�U�Z�d�V�N�V�U�Z�Mâd�K i K�N�V�N�K{W�X�Q�Z�N�V�N�aád�KáO�X�R�V�o�b�KáO�Qá��V�N�K�M�M7Kád�Kj�U�R i N�Q�[�KÁd�Q�Z�MyO�Kâj�Q�Z�Q�O�d�© Qcb�b=x�N�KkM�N i b�U i U�b�N�V�U�Z�Z�K�O�O�KÁÂÁO�QÁW�X�Q�Z�N�V�N�aÁd�KÁO�X�R�V�o�b=Kâa�R�V�M�K i Qcb>O�KM�j�V�Z�N�V�O�O�Q�N�K�X�b sh± K>n�Q�V�NÝQ>a�N�a>X�N�V�O�V�M�a i U�X�bqO�Q>d�a�N�K�b�R�V�Z�Q�N�V�U�ZCd�K>O�Q>W�X�Q�Z�N�V�N�a@d�K@O�X�R�V�o�b�K�a�R�V�M�K i Q�bO�© V�Z�N�ac[Yb�Q�N�V�U�Z d�K�M\M i K�j�N�b=K�M\d�© a�R�V�M�MÞV�U�Z�M\d�K�M\M�j�V�Z�N�V�O�O�Q�N�V�U�Z�M s JIX¬j�U�Z�N�b�Q�V�b�Kzd�KzO�QzR�a�N � U�d�Kzd�Kd�a�N�K�b�R�V�Z�Q�N�V�U�ZÁd�X i V�j�dpÓÔQ�l�M�U�b i N�V�U�Z�N�U�N�Q�O�K�d�Q�Z�M>O�KyM i K�j�N�b�Kyd�© Q�R i O�V�N�X�d�K�M�^·d�Q�Z�M>O�QyR�a�N � U�d�Kyd�K

«
d�a�R�Q�b�b=Qc[YK,-�Qcb�b�x�N 4 V�OÙZpÓÔK�M�N i Q�M·ZYa�jcK�M�M�Q�V�b�KPduÓÔX�N�V�O�V�M�K�bµd�K2[Yb�Q�V�M�M�KPU i N�V�W�X�K i U�X�bµX�Z�j�U�X i O�Qc[�KPU�Xd�© K�R�l�Q�O�O�Qc[YK@Q���K�j@d�XSR�Q�N�acb�V�K�O)b�acn�O�K�j � V�M�M�Q�Z�N i U�X�bIO�K�M�j�b�V�M�N�Q�X�~ s f Q�d�a�N�K�b�R�V�Z�Q�N�V�U�ZTd�K�O�Q���Q�O�K�X�bQ�l�M�U�O�X�K>d�K>O�Q>W�X�Q�Z�N�V�N�a@d�K@O�X�R�V�o�b�K>a�R�V�M�K�K�M�N)b�a�Q�O�V�M�acK i Q�bIO�Q@j�U�R i Qcb�Q�V�M�U�ZSQ���Kcj@O�K@b=a�M�X�O�N�Q�N)d�KR�K�M�X�b�K�dpÓÔX�Z�jcb�V�M�N�Q�O�a�N�Q�O�U�Z�^µd�U�Z�NvO�Q<W�X�Q�Z�N�V�N�a<d�K<O�X�R�V�o�b=K<a�R�V�M�K<Q>a�N�a<R�K�M�X�b=a�K i Qcb
O�Q<R�a�N � U�d�KdpÓÔQ�Z�Q�O ¹´M�K�d�© Q�R i O�V�N�X�d�K�MqK�Z>O�Q�l�U�b�Q�N�UYV�b=K sY± K�j�b�V�M�N�Q�O!W�X�V!d�K�R�K�X�b�K�M�X�bÝO�K�d�V�M i U�M�V�N�V�nÝK�M�N¶b�K�R�K�M�X�b�a�Âj � Q�W�X�KIjç¹´j�O�Kqd�KqR�K�M�X�b�K i U�X�b!X�Z�ZYU�X���K�Q�X�O�U�Nhd�KIj�b�V�M�N�Q�X�~�K�N i K�b�R�K�N�d�KPj�U�Z�N�b���O�K�b¶O�QIM�N�Q�l�V�O�V�N�aId�K�Md�V�n�n�a�b�K�Z�N�K�M�n�U�Z�j�N�V�U�Z�M�d�K�O�Q�R�Q�j � V�Z�K sf K�M7j � a�R�Q�d�X+M i K�j�N�b�U�R�o�N�b=K·K�M�N i b=a�M�K�Z�N�a�d�Q�Z�M�O�Q�ghV�[�X�b=K 4.3.
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VME

Discrimina-ÏTÐ Ñ ÒÓ Ò ÔÖÕvÏT× Ø Ù
constante

à Ú Ø�Û�ÑÝÜ Ð�Û[ÐÜ ØßÞy× àyÑ Ð
rapide

Convertis-á Ð Ñ ÒvÏ�ÐÝâ<ã á�ä
digital

KF.KI

å Ù�Ò±Ô�Ï�ÐÝÑ¦ÒÛyæ × â<ãÝÑ¦Ü á × Ø¦Ù áç ÚOèßé
é é

Delai

LeCroy1176

Demar-
rage

Arr tê

Hamamatsu
R5900

PM
d’arr tê

ê è ØßÏTØ Ù á Û	Ðscintillation

Hamamatsu
R5900

ê Ú Û[Ð
d marrageé

BaF2

Na22

*

PWO

�! �"�#�$�%
4.3 &�' %�5�/�8 , 4 (+* #<5 - %�/�6�$�3�4>?c6�$�% * %+ë *Ù, 4 ( $�$ ( "�%�/ ( $ rêt ì�* #<5Ç^�5�6�?�4@% � -#- Îúù�Ñ
f K}j�Q�Z�Q�OÁd�K¬d�a�R�Qcb�b�Qc[�K¬dYXÉM i K�j�N�b�U�R�o�N�b�K}j�U�R i b�K�Z�dÉX�ZÉ®�À 4IQ�R�Q�R�Q�N�M�X ¨ »�Ò�¼�¼

28×28×
³�¼SR�R 3 Q���K�j@X�Z�K�M�K�Z�M�V�l�V�O�V�N�a�M i K�j�N�b�Q�O�K�a�N�K�Z�d�X�K�Â�O�Q�b�ac[YV�U�ZTX�O�N�b�Q���V�U�O�K�N�N�K�j�U�X i O�a�Â�X�ZM�j�V�Z�N�V�O�O�Q�N�K�X�bvd�K 6)Q�g

2
d�K�³�¼

×20×
³�¼>R�R 3 sY� Z�K�M�U�X�b�j�K�d�K�[YQ�R�R�Q�dpÓÖQ�Z�Z�V � V�O�Q�N�V�U�Z�MId�K 22! Q avecX�Z�K�Q�j�N�V���V�N�a�d�K�³�¼�¼T)�6ÝW�K�M�NµV�Z�M�N�Q�O�O�a�K�O�K i O�X�M i b=o�M i U�M�M�V�l�O�K�d�X�M�j�V�Z�N�V�O�O�Q�N�K�X�b·K�N i b�U�d�X�V�N¸K�Z���V�b�U�Z³�¼�¼�¼�¼�M�V�[YZ�Q�X�~ i Q�b¸M�Kcj�U�Z�d�K s ®�U�X�bµn=Q�V�b�K+d�K�M
R�K�M�X�b�K�M
d�K+Z�U�Z<X�Z�V�n�U�b�R�V�N�a+d�K+W�X�Q�Z�N�V�N�a+d�K+O�X�R�V�o�b�Ka�R�V�M�KyO�KyO�U�Z�[Ád�X�j�b�V�M�N�Q�O�^�O�KC®�À d�KCd�a�R�Qcb�b�Qc[�KCQ���KcjCO�QCM�U�X�b=j�KCM�U�Z�NIR�U�Z�N�a�M@M�X�b�X�ZÆM�X i�i U�b�NR�U�l�V�O�K�K�NµM�U�Z�NµV�Z�N�a�[Yb�a�M2Q�X�R�U�X���K�R�K�Z�Nµd�X�M i K�j�N�b�U�R�o�N�b�K�U i N�V�W�X�K�N�b=Q�Z�M���K�b�M7Q�OµW�X�VµM�K�d�a i O�Q�jcK�O�KO�U�Z�[�d�X<jcb�V�M�N�Q�O s f K+j�Q�Z�Q�Oud�© Q�b=b�x�NuK�MÞNun=Q�V�NuQ���K�j+X�Z<®�À34IQ�R�Q�R�Q�N�M�X ¨ »�Ò�¼�¼<³�Õ ×28×

³�¼>R�R 3 Q���K�j
X�Zwn�Q�V�l�O�K­j�U�X�b=Q�Z�N<dpÓÔU�l�M�j�X�b�V�N�a s f Q{d�V�n�n=a�b�K�Z�j�K{d�K�MâN�K�R i MâK�Z�N�b�K{O�K{R�U�R�K�Z�N>dpÓÖK�~�j�V�N�Q�N�V�U�Z|K�NOÎÓÔV�Z�M�N�Q�Z�NDdpÓÔQ�b�b�V���acK�d�X i�� U�N�U�Z+V�Z�d�V��YV�d�X�K�ODa�R�V�M i Q�bpO�K�j�b�V�M�N�Q�O�^�R�K�M�X�b�a i QcbuX�Z�j�U�Z���Kcb�N�V�M�M�K�X�buN�K�R i M�md�V�[YV�N�Q�Ou��' ØI± �vÂ+Q�b=b�x�NuX�Z�V�W�X�K+Q���K�j2b=KÎÍÎK�N�M
d�K�M i U�M�M�V�l�O�K�M
Q�b=b�x�N�M
R�X�O�N�V i O�K�M s´± K�N�¹ i K�d�K ' ØI± Q�a�N�aj � U�V�M�V�K�Z�n�U�Z�j�N�V�U�Z�d�K�M i Q�b=Q�R�o�N�b=K�MÝd�KIO�QPj�V�Z�a�N�V�W�X�KPd�K�M·jcb�V�M�N�Q�X�~�d�X�N�X�Z�[YM�N�Q�N�KPd�X i O�U�R�l sç± U�R�R�KOÎÓÔQ�Z�Q�O ¹´M�K
O�K
R�U�Z�N�b�K
O�© X�N�V�O�V�M�Q�N�V�U�Z�dpÓÔXYZ+' ØI± ÂqQcb�b�x�N�MÝR�X�O�N�V i O�K�MÝK�M�NhO�QqR�K�V�O�O�K�X�b�KqR�a�N � U�d�KqW�X�Q�Z�d�O�Qj�U�R i U�M�Q�Z�N�K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�ZTO�Q i O�XYM�b�Q i V�d�K�K�M�N�l�K�Q�X�j�U�X i�i O�X�M�O�U�Z�[YX�K�W�X�K�O�K�N�K�R i M�R�U�b�N�d�Xj�Q�Z�Q�O�dpÓÖQ�b�b=x�N���jcK�ZpÓÔK�M�N i Q�M+O�K<j�Q�M i U�X�b�O�K�®�¯�GI��R�Q�V�M+O�KÐ' ØI± Â�Q�b=b�x�N�X�Z�V�W�X�K�Q���K�j�b=KÎÍÎK�N�M�d�K�MQ�b�b�x�N�M�R�X�O�N�V i O�K�M�K�M�N�O�K�R�K�V�O�O�K�X�b2j � U�V�~�^ÝW�X�Q�Z�d�O�Q�j�U�R i U�M�Q�Z�N�Kyb�Q i V�d�K�d�Q�Z�M<O�Q�M�j�V�Z�N�V�O�O�Q�N�V�U�ZÁK�M�NV�Z�n�a�b�V�K�X�b=K{U�X|j�U�R i Qcb�Q�l�O�K{Qc��K�j{O�K{N�K�R i MâR�U�b�N>d�X|j�Q�Z�Q�O>duÓÔQ�b�b=x�N�^�j�U�R�R�K{jDÓÔK�M�N>O�K{jcQ�MÆd�XM�j�V�Z�N�V�O�O�Q�N�K�X�bpd�K�®�¯�G e 115,121].f QSd�V�M�N�Q�Z�j�KTK�Z�N�b�KSO�Q i�� U�N�UYjcQ�N � U�d�KSd�X�jcQ�Z�Q�OPdpÓÖQ�b�b=x�NPK�NPO�QSn�Qcj�KTQ�b�b�V�ocb�KSd�X\jcb�V�M�N�Q�O2K�M�NK�Z���V�b�U�Z�¿t¼�R�R�^Dd�Q�Z�M)j�K�M)j�U�Z�d�V�N�V�U�ZYM�^DO�QIW�X�Q�Z�N�V�N�aIR�U�¹´K�Z�Z�KId�KIM�V�[YZ�Q�X�~�d�Q�Z�M)O�KIj�Q�Z�Q�O�d�© Q�b�b�xcNÙ�=j s mÂ�m�d s d�K�M i�� U�N�U�Z�M·d�K�M·M�j�V�Z�N�V�O�O�Q�N�V�U�Z�M)K�Z�b�Kc[YV�M�N�b�a�M7�µK�M�NÙd�K2¼�^ÔÊ i Q�b¸K�~�j�V�N�Q�N�V�U�Z i U�X�b¸O�K�M�®�¯�GzQ���K�j2O�Q
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W�X�Q�Z�N�V�N�aPd�KPO�X�R�V�o�b�KPa�R�V�M�KPO�Q i O�X�M�akO�K���a�K s f QP��V�N�K�M�M�KPd�KPj�U�R i N�Qc[YK2d�K�M�a���o�Z�K�R�K�Z�N�M�X�N�V�O�K�M���j s m�Â�md s d�K�M i�� U�N�U�Z�M�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z�M�d�X2®�¯�G­W�X�VDM�U�ZYNDK�Z�b�K�[YV�M�N�b�a�Mvd�Q�Z�M�d�K�M i K�j�N�b�K�d�© a�R�V�M�M�V�U�Z��uK�M�N²d�KÕ�¼�¼�m
¿t³�¼�¼�j�U�X i M i Q�bµM7K�j�U�Z�d�K�^hj�KIW�X�V i Kcb�R�K�NÙd�© Q�j�W�X�a�b�V�bµX�Z�M i K�j�N�b�K2Q���Kcj2X�Z�K2l�U�Z�Z�K2M�N�Q�N�V�M�N�V�W�X�KK�Z@¿)R�V�Z�X�N�K s f Q�b�a�M�U�O�X�N�V�U�Z+K�Z+N�K�R i M�d�X+M i Kcj�N�b�U�R�o�N�b�K
K�M�NDd�K�¿)Z�M sf QÄj�V�Z�a�N�V�W�X�K`d�K`M7j�V�Z�N�V�O�O�Q�N�V�U�ZÃN�¹ i V�W�X�K`d�XÃj�b�V�M�N�Q�OSd�KÄ®�¯�G K�M�N i b�a�M7K�Z�N�a�KÄd�Q�Z�MªO�QghV�[YX�b�K
4.4

�=Q���^�K�NpM�U�Z�V�Z�N�a�[Yb=Q�O�K�^hjcQ�O�j�X�O�acK i Q�b¸O�K+O�U�[YV�j�V�K�OuQ�Z�Q�O ¹´N�V�W�X�K+d�X<Mº¹´M�N�o�R�K+J ±)± G & m�d�Q�Z�MO�Q�ghV�[YX�b�K
4.4
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4.4 I�( A�¥ JÝ&�')( /� �. , 6� �9�#�% * %�5�/� �.�6� �0�0 ( 6� �3�.<6�^ -  �9h#�% * #</�$� �5�6 ( 0 * #]Ì�ÍÏÎ I�(7J %�6p5�3�. �.�6 , "�$ ( 0�% I ¥ J Ñ

Ì!3�#�$ã0 ( /c%�$�6� �;= �/ ( 6� �3�. * %k5`6�$ ( .�574> �5�5� �3�.�5`3 - 6� �9�#�%�5 d�K�M`j�b�V�M�N�Q�X�~ÅU�ZLX�N�V�O�V�M�KÃd�K�M
M i K�j�N�b�U�R�o�N�b�K�MqU i N�V�W�X�K�M�^Ùd�U�Z�N!O�Q�R�V�M�K�Q�X i U�V�Z�N¶Q i b�V�MIK�Z@j�U�R i N�K�O�K�MPj�U�Z�M�V�d�a�b=Q�N�V�U�Z�MIM�X�V���Q�Z�N�K�MIÛ®�Q�b�j�K+W�X�K+O�K+®�¯�GwK�M�NuX�Z<j�b�V�M�N�Q�OulYV�b�a�n�b�V�Z�[�K�Z�NuK�NuW�X�K+O�K�M
n�U�b�R�K�M
d�K�Mqa�O�a�R�K�Z�N�MqM�j�V�Z�N�V�O�O�Q�Z�N�M�^Ùl�V�K�Z
W�X�K�M�V�R i O�K�M�^¶M�U�Z�N�Q�M�M�K�*<��Q�b�V�a�K�M+K�N�Z�U�ZyMº¹´R�a�N�b�V�W�X�K�M�^µV�Ovn=Q�X�NvX�N�V�O�V�M�K�b
d�K�M i�� U�N�U�d�a�N�K�j�N�K�X�b�M�Q���KcjX�Z�KSO�Q�b=[YKTQ�j�jcK i N�Q�Z�jcK s JIV�Z�M�VPOÎÓÔX�N�V�O�V�M�Q�N�V�U�Z�d�KSR�Q�N�b�V�j�K�M�d�K i�� U�N�U�d�V�U�d�K�M�ZpÓÖK�M�N i Q�M�Q i�i b�U i b�V�a�K s
Ø ÓÔX�Z�Q�X�N�b�K<j�U�N�a�^¶O�K�M i Kcj�N�b�K�d�K�N�b�QkZ�M�R�V�M�M�V�U�Z�d�X�®�¯�G¬Z�© Q i Q�M+d�K�l�Q�Z�d�K�M+d�© Q�l�M�U�b i N�V�U�Z�a�N�b�U�V�N�K�MQ�O�U�b�M)V�O�ZpÓÔK�M�N i Q�M)Z�a�jcK�M�M�Q�V�b=KId�KIn=Q�V�bÇKId�K�M)R�K�M�X�b�K�M·Q���K�jIX�Z�[�b�Q�Z�d�Z�U�R�l�b=KId�KPO�U�Z�[YX�K�X�b�M·d�© U�Z�d�K�M s®�U�X�bub�K�j�U�Z�M�N�V�N�X�K�buO�K
M i Kcj�N�b�K
U�Z i K�XYN²R�K�M�X�b�KcbuO�K
M i K�j�N�b�Kqd�KqN�b=Q�Z�M�R�V�M�M�V�U�Z�M�X�b!W�X�K�O�W�X�K�MÝO�U�Z�[YX�K�X�b�Md�© U�Z�d�K�M�M7a�O�K�j�N�V�U�Z�Z�acK�M�j�K�W�X�V i Kcb�R�KkNDd�K�d�V�R�V�Z�X�K�bpO�K�N�K�R i M�d�K�M�R�K�M�X�b�K�M s�Ø Q�Z�MvO�K�MvM i Kcj�N�b�U�R�o�N�b�K�MU i N�V�W�X�K�MPd�X�M7¹´M�N�o�R�K�J ±)± G & U�Z�nÇQ�V�Nµd�K�MPR�K�M�X�b�K�M i U�X�b)O�K�MPO�U�Z�[YX�K�X�b�MPd�© U�Z�d�K�MPÊ�Ê�¼�^uÊ�Ú�¼�^!Ê�Ë�¼�^Ê�Õ�¼�^�Ú�¼�»�^�Ú�Ò�³�^�Ë�³�¼�^�à�¼�¼�Z�R s f KqMº¹�M�N�o�R�KqU i N�V�W�X�Kqd�X�M i K�j�N�b�U�R�o�N�b�KqN�b�Q�Z�M���K�b�M�Q�O�K�M�N i b�a�M�K�Z�N�aqd�Q�Z�MO�K�ghV�[YX�b�K

4.5 s f K�M i K�j�N�b�U�R�o�N�b�K�U i N�V�W�X�K�V�Z�j�O�X�N¶X�Z�K�O�Q�R i K � Q�O�U�[Yo�Z�K�d�K i X�V�M�M�Q�Z�jcK�d�K�³�¼�¯�^uX�Zj�U�O�O�V�R�Q�N�K�X�bzÂ Ú O�K�Z�N�V�O�O�K�M�^ÆÊ U�lºÍÎK�j�N�V�n�M�^ÆX�ZÈd�V�M�W�X�KÉb�U�N�Q�N�V�n|Q���K�j ¿t¼ i U�M�V�N�V�U�Z�M}��ÕÈn�V�O�N�b�K�M
V�Z�N�K�b�n�a�b=K�Z�N�V�K�O�M�^�X�Z�K i U�M�V�N�V�U�Z�d�K
j�Q�O�V�l�b�Qc[�K�^�X�Z�K i U�M�V�N�V�U�Z�d�K;*ca�b�U���^ìX�Z�R�V�b�U�V�b!d�KqR�V�M�KqQ�X i U�V�Z�N�^ìX�ZR�U�d�X�O�Q�N�K�X�b�^>X�Z�K i�� U�N�U�d�V�U�d�K 4IQ�R�Q�R�Q�N�M�X & Ë�Ê�Ê�à¬d�Kz³�¼ ×

³�¼¬R�R 2 d�KzM�K�Z�M�V�N�V���V�N�azM i K�j�N�b�Q�O�K
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a�N�K�Z�d�X�K2d�Q�Z�M�O�Q+b�ac[YV�U�Z�X�O�N�b�Q���V�U�O�K�N�N�K+K�Nud�K�M
R�U�d�X�O�K�M
a�O�K�j�N�b�U�Z�V�W�X�K�M
dpÓÔQ�R i O�V�n�V�jcQ�N�V�U�Z<d�K�M
M�V�[YZ�Q�X�~K�N|d�KÈM7¹´Z�j � b�U�Z�V�M�Q�N�V�U�Z d�KÈO�Kcj�N�XYb�KÈd�KÈOÎÓÔJ ØI±+s f K�M�d�V�R�K�Z�M�V�U�Z�M�d�X M i Kcj�N�b�U�R�o�N�b�K M�U�Z�N
70×80×220

R�R 3 i U�X�b>X�Z i U�V�d�MCQ i�i b�UY~�V�R�Q�N�V�n>d�KâË�¼�¼á[ sÝ± K�N�N�Kâj�U�Z�M�N�b�X�j�N�V�U�ZáN�b�o�MCj�U�R i Qcj�N�K
i K�b�R�K�NDd�K�n=Q�V�b�K
b�Q i V�d�K�R�K�Z�NDO�K�M�d�a i O�Q�jcK�R�K�Z�N�M�K�Z�N�b�K�O�K�M i U�M�V�N�V�U�Z�M�d�K�jcQ�O�V�l�b�Qc[YK�KcNDd�K�R�K�M�X�b=K�M s®�K�Z�d�Q�Z�NIO�KCn�U�Z�j�N�V�U�Z�Z�K�R�K�ZYN�^�O�KCd�V�M�W�X�KSK�ZÆb�U�N�Q�N�V�U�ZÆV�Z�M�N�Q�O�O�KCM�X�j�jcK�M�M�V���K�R�K�Z�NIO�K�M@n�V�O�N�b�K�M
V�Z�N�K�b�n�a�b=K�Z�N�V�K�O�MIM�X�bÝO�K�n�Q�V�M7j�K�Q�X@d�K�O�X�R�V�o�b�K�^uK�N i K�b�R�K�N¶O�Q�R�K�M�X�b�K�d�X@M�V�[YZ�Q�O¶Â�O�Q�O�U�Z�[YX�K�X�bÝd�© U�Z�d�Kj � U�V�M�V�K s f K�N�K�R i M�d�K�R�K�M�X�b=K�K�M�N²dpÓÔK�Z���V�b�U�Z�¼�^Ô»�M i U�X�buX�Z�K
O�U�Z�[YX�K�X�bud�© U�Z�d�K s f Kqjç¹´j�O�K
d�K
R�K�M�X�b�KN�U�N�Q�O i b�K�Z�d+»�^Ô»+M�^�¹2j�U�R i b�V�M�O�Q�R�K�MÞX�b=K�d�K�jcQ�O�V�l�b�Qc[YK s

õ'ö¤÷ ø¤ù>úû>øKü>ý¤þÖþÖø¤þ

Filtres

Lampe

Modulateur

Photodiode

Miroir

PWO

Objectif

Miroir
Objectif

Objectif

�! �"�#�$�%
4.5 &�' %�5Ç^�5�6�?�4@%�3 - 6� �9�#�% * #<5 - %�/�6�$�3�4>?c6�$�%
6�$ ( .�5 1 %�$�5 ( 0�Ñ

f K�M2M i K�j�N�b=K�M+N�¹ i V�W�X�K�M+d�K�N�bÇQ�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K�d�K�M+j�b�V�M�N�Q�X�~yd�K�®�¯�G¬R�K�M�X�b�a�M+O�K�O�U�Z�[��Q��ãK�N`N�b=Q�Z�M���K�b�M7Q�O�K�R�K�Z�N`��l�� i Qkbãb=Q i�i U�b�N`Â OÎÓÖQ�~�K d�X j�b�V�M�N�Q�O`M�U�Z�N i b�a�M�K�Z�N�a�MLd�Q�Z�MLO�Q
ghV�[YX�b�K

4.6
�=Q�^�l�� s GIZ i K�X�~\��U�V�b�O�QSd�V�M�N�b�V�l�X�N�V�U�Z�d�K�M���Q�O�K�X�b�M�d�K�M�O�U�Z�[YX�K�X�b�M�d�© U�Z�d�K�M ∆λ desM i K�j�N�b�K�M
d�K+N�b�Q�Z�M�R�V�M�M�V�U�Z�^�R�K�M�X�b�a�M�N�b�Q�Z�M���K�b�M�Q�O�K�R�K�Z�N i Q�b�b=Q i�i U�b�NuÂ+OÎÓÙQ�~�K+d�X>j�b�V�M�N�Q�O�^ÙK�N!O�Q i K�Z�N�Kd�X+l�U�b�d+d�X+M i K�j�N�b=K�d�K�N�b�Q�Z�M�R�V�M�M�V�U�ZY^�R�K�M�X�b�a�O�K�O�U�Z�[2d�X�j�b�V�M�N�Q�O sJ i b�o�M�OÎÓÔQ�Z�Q�O�¹´M7K\d�K�M�d�V�n=n�a�b�K�Z�N�K�M i U�M�M�V�l�V�O�V�N�a�M i U�X�b�O�Q /�%�$c6� �;= �/ ( 6� �3�. * %�5 -�( $ ( 4>?c6�$�%�5

géométr iques
Z�U�X�MPQ���U�Z�MPj � U�V�M�VµXYZ�K�R�Q�j � V�Z�K�Ê Ø '¶GI®�JP_Æà�d�K�67U � Q�Z�M�M�U�Z e 116r W�X�V i K�b�R�K�Nd�K�MPR�K�M�X�b�K�MPd�V�R�K�Z�N�V�U�Z�K�O�O�K�MPQ���K�j�XYZ�K i b�a�j�V�M�V�U�Z�MPd�K ±

»
µ
R�^¶j�U�R�R�K�O�Q i O�X i Qcb�N¸d�K�M2R�Q�j � V�Z�K�Ma�W�X�V���Q�O�K�Z�N�MÝR�Q�V�MÝU�n�n�b=Q�Z�NhX�Z�Kq[�a�U�R�a�N�b�V�K i O�X�MÝU�X���K�b�N�K i K�b�R�K�N�N�Q�Z�NhX�Z�KqV�Z�N�ac[�b�Q�N�V�U�Z i O�X�M)j�U�R i Q�j�N�Kd�K�OÎÓÔK�Z�M�K�R�l�O�K�d�K�R�K�M�X�b�K�U i N�V�W�X�K
QkM�M�U�j�V�a���M i K�j�N�b�U�R�o�N�b=K�M�K�NDj�V�Z�a�N�V�W�X�K�� sf K�d�a���K�O�U i�i K�R�K�Z�NDd�X logiciel

Q�a�N�a
n�Q�V�N i U�X�bpX�Z i b�U�j�K�M�M�K�X�bp®�K�Z�N�V�X�R|Q���K�j
O�K
Mº¹´M�N�o�R�K
d�KÀSV�j�b�U�M�U�n�ND¯�V�Z�d�U5:IM ! ' ®.f Q i Q�b�N�V�K
O�U�[YV�j�V�K�O�O�K
d�X�Z�V���KcQkX�O�K i O�X�MvV�Z�N�K�b�Z�K
V�Z�j�O�X�NhO�K�M i V�O�U�N�K�MÝd�K�MÝQ i�i Q�b=K�V�O�MÝM i a�j�V�Q�X�~�K�NO�K�M�O�V�l�b�Q�V�b�V�K�M�dì¹´Z�Q�R�V�W�X�K�^ i b�U�l�O�o�R�K�M�m�U�b�V�K�Z�N�acK�M�^�W�X�V)[�o�b=K�Z�N)O�Q@j�U�R�R�X�Z�V�j�Q�N�V�U�ZSK�N)O�K�M�acj � Q�Z�[�K�Md�K�M·d�U�Z�Z�a�K�M·K�Z�N�b�KPO�K�M·d�b�V���Kcb�M·d�© Q i�i Q�b�K�V�O�M·K�NÙO�QPj�U�X�j � KPM�X i a�b�V�K�X�b=KPd�X�O�U�[YV�j�V�K�O s ÀSV�j�b�U�M�U�n�NpäIV�M�X�Q�O
± �y�ªQSa�N�aTj � U�V�M�V i U�X�b�O�KTd�a���K�O�U i�i K�R�K�Z�N2d�K�M i V�O�U�N�K�M�d�© Q i�i Q�b�K�V�O�M�M i a�j�V�Q�X�~­K�N2d�K�M�O�V�l�b�Q�V�b�V�K�Md�¹´Z�Q�R�V�W�X�K�M i b�U�l�O�o�R�K�M�m�U�b�V�K�Z�N�a�K�M s f KªO�U�[YV�j�V�K�O�d�K«O�Q«jcU�X�j � KªM�X i a�b�V�K�X�b=Kªn�U�X�b�Z�V�N�OÎÓÔV�Z�N�K�b=n�Q�jcKX�N�V�O�V�M�Q�N�K�X�b i U�X�bÝO�© Qcj�W�X�V�M�V�N�V�U�Z�^pK�N¶O�© QkZ�Q�O�¹´M7K�d�K�MId�U�Z�Z�a�KcMIQ�X�M�M�V¶l�V�K�Z@W�X�K i U�X�b)O�K�X�b)M7Q�X���Kc[YQcb�d�K�K�NO�K�X�b i b�a�M�K�Z�N�Q�N�V�U�Z sÝ± KâO�U�[YV�j�V�K�O�V�Z�jkO�X�MTQ�X�M�M�V�O�KÆM�X i�i U�b�N�d�KÆj�U�R�R�X�Z�V�j�Q�N�V�U�Z«Q���K�jÆO�QÆl�Q�M�KÆd�K
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d�U�Z�Z�a�K�M ±+s ¨ s Ì�s &�s ' s J s f s W�X�V i K�X�N i b�U�d�X�V�b�K<K�Z�n�U�Z�j�N�V�U�Z�Z�Q�Z�N�d�Q�Z�M�j�K<R�U�d�K<X�Z�K<O�V�M�N�K<d�K<NTÿ�j � K�M
i U�X�b�O�K�M7¹´M�N�o�R�K�d�K�R�K�M�X�b�KcMqK�N!M�Q�XY��Kc[YQ�b�d�K�bvO�K�Mqb=a�M�X�O�N�Q�N�Mqd�K�R�K�M�X�b=K�M s f K�O�U�[YV�j�V�K�O!d�K�O�Q�j�U�X�j � KM�X i a�b�V�K�X�b�K
Q�a�N�a�d�a���K�O�U i�i a
Q���Kcj�O�K·Mº¹´M�N�o�R�K f Q�l�ä Ì 8¶¯ s
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4.3
�PO ðpævðpé��pîçëzôvë�î ��ðuïìðuõ\öìò�ï�ë�î­ôvëìî­ù�é�ùìõ\ëìævò�î\îçíìó�æ�ò�óÇé�éÇðuævòÞî­ôvë ')(+*�ñuûvò�ëìævê�î
ôvðuævî2é�ë�î+íìñpævôvó�òÞóÇñuævî+ôvë&�¸ïìñuô�êvíìò�óÇñuæÆëìæâîçùìï�ó�ë

4.3.1 Q Ê ��������� ��� � � 	��û�@	�b�����������b�� �����k	������ � �?���?�l���CþC������	B��� buÿ��������7� ��>����
��Ê ���?��� ���Ð�Bd�����e�þC��� ?ú?�$ !
� Z�Kyd�K�M>d�K�R�QcZ�d�K�M>O�K�M i O�XYM>V�R i U�b�N�Q�Z�N�K�M i b�a�M7K�Z�N�a�K�M i U�X�b�O�KCMº¹´M�N�o�R�KCJ ±)± G & K�M�NIO�Qb�K i b�U�d�X�j�N�V�l�V�O�V�N�a�d�K�MIb=a�M�X�O�N�Q�N�MId�K�R�K�M�X�b�K�M s GIZ�Q i b�U�jca�d�a�Â�d�K�MIM�acb�V�K�MId�K�R�K�M�X�b�K�MIj�U�Z�M7Q�j�b=a�K�MPÂO�© a�N�X�d�K�d�K�O�Q�b=K i b�U�d�X�j�N�V�U�ZÁd�K�M>b�a�MÞX�O�N�Q�N�M<U�l�N�K�Z�X�M s JIXÁj�U�X�b�M>d�KyjcK�M>N�K�M�N�M>O�K�M>R�K�M�X�b�K�M@a�N�Q�V�K�Z�Nb�K i b�V�M�K�M i O�X�M�V�K�X�b�M{n�U�V�MáQ���K�j|K�Z�N�bÇK|K�O�O�K�M{d�K�M{Q�b=b�x�N�M{d�K�M{M i Kcj�N�b�U�R�o�N�b=K�M i K�Z�d�Q�Z�Nyd�V�n=n�a�b=K�Z�N�MV�Z�N�K�b���Q�O�O�K�M�d�K�N�K�R i M���d�K�O�Q�d�V�*cQ�V�Z�K·d�K�R�V�Z�X�N�K�M�ÍÎX�M�W�X�© Â�d�K�X�~·ÍÎU�X�b�M�� e 122].®�U�X�bqO�© a�N�X�d�K>d�K>O�Q>b=K i b�U�d�X�jkN�V�U�ZSd�K�M�b=a�M�X�O�N�Q�N�M�d�K@O�Q@R�K�M�X�b=K@d�K@O�Q@W�X�Q�Z�N�V�N�a@d�K@O�X�R�V�o�b�Ka�R�V�M�K\K�N�d�K\O�Q\j�V�Z�a�N�V�W�X�K\d�K\O�Q\WYX�Q�Z�N�V�N�a\d�K\O�X�R�V�o�b�K\a�R�V�M�K\U�ZwQ i U�M�M�a�d�a{Â­X�Z�K­M�acb�V�K­d�K
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10
R�K�M�X�b�K�M s´Ø Q�Z�M
O�Q�ghV�[YX�b�K 4.7

��Q�^�l��vM�U�Z�N i b�a�M�K�Z�N�a�MqO�K�Mqb�a�M�X�O�N�Q�N�MqN ¹ i V�W�X�K�Mqd�K�O�Q�R�K�M�X�b�K�d�K�O�QW�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K���Q��)K�N¶dYK�O�Q�j�V�Z�a�N�V�W�X�K�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K���l���^uU�l�N�K�Z�X�M
i U�X�b·O�K�j�b�V�M�N�Q�O¸Z�X�R�a�b�U�³�¼�Ò�Õ ¨ i U�XYb�O�Q i U�M�V�N�V�U�Z�d�K�O�Q�M�U�X�b�j�K�d�K<[YQ�R�R�Q<ÂC¿tÊ�»2R�RÉd�K�O�Q�n�Qcj�K
Q���Q�Z�Nud�X<j�b�V�M�N�Q�O s ®�U�X�b�N�U�X�M
O�K�M
j�b�V�MÞN�Q�X�~>a�N�X�d�V�a�M
O�© K�b�b�KcX�b�Q�l�M�U�O�X�K+d�K+O�Q+R�K�M�X�b�K�d�K�O�Q�W�X�Q�Z�N�V�N�a�d�KO�X�R�V�o�b�KPa�R�V�M�KPZ�© Q i Q�M·K�~�j�a�d�aP¼�^ÔË�½>^h� i Q�bµV�Z�N�ac[�b�Q�N�V�U�Z�d�X�M i K�j�N�b=KPd�KPO�Q2j�V�Z�a�N�V�W�X�KPd�K2M7j�V�Z�N�V�O�O�Q�N�V�U�ZM�X�b)³�¼�¼+Z�M��)K�NµO�© K�b�b=K�X�b)d�K�O�Q�R�K�M�X�b�K�M�X�b)O�K�N�K�R i MPdpÓÔV�Z�N�ac[Yb=Q�N�V�U�Z�d�K�O�Q�j�V�Z�a�N�V�W�X�K�^ i U�X�b·j�U�O�O�Kcj�N�K�bÒ�»�½¬d�K�O�Q�O�X�R�V�o�b�K�d�K�M�j�V�Z�N�V�O�O�Q�N�V�U�Z�M¸a�R�V�M�K�^�Z�© Q i Q�M�K�~�j�a�d�a�Ê�½ s
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®�U�X�b¶O�© a�N�X�d�KId�KPO�QPb=K i b�U�d�X�jkN�V�l�V�O�V�N�aPd�K�M·b�a�M�X�O�N�Q�N�M·d�K�M·R�K�M�X�b�K�M·d�KPO�QPN�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�KO�K�O�U�Z�[2d�K�O�© Q�~�K�d�X+j�b�V�M�N�Q�ODU�Z+Q i b�U�j�a�d�a
Â�X�Z�K�M�acb�V�K�d�K�¿tÒ+R�K�M�X�b�K�M s
Ø Q�Z�M�O�Q>ghV�[YX�b=K 4.8

K�M�N i b�acMÞK�Z�N�a>X�Z � V�M�N�U�[Yb�Q�R�R�K>N ¹ i V�W�X�K>d�K�M���Q�b�V�Q�N�V�U�Z�M�d�K�M�b�a�M�X�O�N�Q�N�Md�K�M@R�K�M�X�b�K�M@d�KCO�QCN�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�KSO�U�Z�[YV�N�X�d�V�Z�Q�O�K i U�X�b�O�KTj�b�V�M�N�Q�OP³�¼�Ò�Õ ¨ ÂSO�QSO�U�Z�[YX�K�X�b
dpÓÔU�Z�d�K@d�K�Ê�Õ�¼TZ�R�^vW�X�V·K�M�N·j�b�V�N�V�W�XYK i U�X�bPO�Q�R�a�N � U�d�K�V�Z�d�V�b�Kcj�N�K�d�© K�M�N�V�R�Q�N�V�U�ZTd�K�O�Q�N�K�Z�X�K�Q�X�~V�b�b�Q�d�V�Q�N�V�U�Z�MÆ����U�V�bCO�K i Qcb�Qc[Yb=Q i�� K{Ú s ³ s ¿k� sIØ Q�Z�MÆO�K 'µQ�l�O�K�Q�X`Ú s ¿­M�U�Z�N i b=a�M�K�Z�N�acK�MÆO�K�MÆK�b=b�K�X�b�MR�U�¹´K�Z�Z�K�M�d�K�M�R�K�M�X�b=K�M�d�K�N�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K�O�U�Z�[YV�N�X�d�V�Z�Q�O�K�d�XÁj�b�V�M�N�Q�O i U�X�b+O�K�M<O�U�Z�[YX�K�X�b�MdpÓÔU�Z�d�K�M)R�K�M�X�b�acK�M s f K�M·K�b�b=K�X�b�M)d�KqR�K�M�X�b�K i U�X�b¶O�K�M)O�U�Z�[YX�K�X�b�M·dpÓÔU�Z�d�K�M·Ê�Ê�¼�K�NÙÊ�Ú�¼�Z�R Z�© U�Z�N i Q�Ma�N�a2V�Z�j�O�X�M�K�M
d�Q�Z�M
O�K+N�Q�l�O�K�Q�X�^ i X�V�M�WYX�K+Â�j�K�M
O�U�Z�[YX�K�X�b�M
dpÓÔU�Z�d�K�M
O�Q+N�b�Q�Z�M�R�V�M�M�V�U�Z<d�X<j�b�V�M�N�Q�Ou®�¯�GQ���K�j�X�Z�K�O�U�Z�[YX�K�X�bpd�K�³�Ê�¼+R�RwK�M�N i b�U�j � K�d�K/*ca�b�U s
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®�U�X�bÝO�K�M i K�j�N�b�U�R�o�N�b=K�d�K�R�KkM�X�b=K�d�K�O�Q�N�b=Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K�O�K�O�U�Z�[@d�K�O�© Q�~�K�d�X�jcb�V�M�N�Q�OU�Z«Q i b�U�j�a�d�aÆÂÆO�© a�N�X�d�KÆM�X i�i O�a�R�KkZ�N�Q�V�b=KÆd�KÆO�© K�b=b�K�X�b@M�X�b�O�QÆR�K�M�X�b=KÆd�KÆO�QÆO�V�[YZ�KÆd�K�l�Q�M�K�d�XM i K�j�N�b�U�R�o�N�b�K s ®�U�X�buj�K�O�Q�U�Z�n�Q�V�N²X�ZYK
M�acb�V�K
d�K�¿t»�R�K�M�X�b�K�Mvd�K
O�Q
N�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K
M�Q�Z�Mvj�b�V�M�N�Q�OÂ�N�b�Q���Kcb�M�O�© V�Z�N�Kcb���Q�O�O�K�Qca�b�V�K�Z+KcZ�N�b�K�OÎÓ U�ltÍÎKcj�N�V�npd�K�M�U�b�N�V�K
K�NDO�K i�� U�N�U�b�a�jcK i N�K�X�b s
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Ø Q�Z�M)O�QIghV�[YX�b=K 4.9
K�M�N i b�acM�KkZ�N�aPOÎÓ � V�M�N�U�[Yb�Q�R�R�KPd�K�M·��Q�b�V�Q�N�V�U�Z�M·d�K�M·b�a�M�X�O�N�Q�N�M·d�KPR�K�M�X�b=K�Md�K
O�Q
N�b�Q�Z�M�R�V�M�M�V�U�Z�U i N�V�W�X�K
Â
N�b�Q���KcbÇMvO�© Q�V�b i U�X�buN�U�X�N�K�MÝO�K�MÝO�U�Z�[YX�K�X�b�MÝdpÓÔU�Z�d�K�MÝj�U�Z�N�b���O�a�K�M s f © Kcb�b=K�X�bR�U�¹´K�Z�Z�K i U�X�bpOÎÓÔK�Z�M7K�R�l�O�K�d�K�M�O�U�Z�[´X�K�X�b�M�duÓÔU�Z�d�K�M�K�M�NDd�K�¼�^ÔÚ+½ s
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N ¹ i V�W�X�K
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4.12
��Q�^Ýl�� i b�a�M�K�Z�N�K�O�K�M�b=a�M�X�O�N�Q�N�M�d�K�M�R�K�M�X�b�K�M�d�K�O�Q�Z�U�Z�m�X�Z�V�n�U�b�R�V�N�a�d�K�O�QW�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K i U�X�b�dYK�X�~yb�ac[YV�U�Z�M@Û�d�K�Ê�»�ÍÎX�M�W�X�© ÂC¿�¿t»�R�RÉ��Q���^µK�Nvd�KS¿�¿t»�ÍÎX�M�W�X�© Â
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R�RÄ��l��¶d�KIO�QIn�Qcj�KPQ���Q�Z�N�d�X�jcb�V�M�N�Q�O sc± U�R�R�KPU�Z�O�KP��U�V�N�^²O�QPZ�U�Z�m�X�Z�V�n�U�b�R�V�N�aPd�KPO�QPW�X�Q�Z�N�V�N�aPd�KO�X�R�V�o�b�KÆa�R�V�M�K�d�K�O�Q i O�X i Qcb�N�d�K�MSjcb�V�M�N�Q�X�~za�N�X�d�V�a�MTd�a i Q�M�M�K�O�K�MTO�V�R�V�N�K�MTd�K�O�Q�M i a�j�V�n�V�j�Q�N�V�U�Z s

± K i K�Z�d�Q�Z�N�^wO�K�MLj�b�V�M�N�Q�X�~ d�U�Z�Z�a�M�Z�© U�Z�N i Q�M i Q�M�M�a O�Q i b�U�jca�d�X�b�K d�© U i N�V�R�V�M�Q�N�V�U�Z d�K O�Q
non

m�X�Z�V�n�U�b�R�V�N�aqd�KqO�QqW�X�Q�Z�N�V�N�aqd�KqO�XYR�V�o�b=Kqa�R�V�M�K s JIX�R�U�R�K�Z�Nhd�K�MÝN�K�M�N�MÝO�Q i b�U�j�a�d�X�b�KqM i acj�V�Q�O�KId�KN�b�Q�V�N�K�R�K�Z�NPd�K�M�j�b�V�M�N�Q�X�~\K�Z���X�KSdÙÓÔU�l�N�K�Z�V�b�X�Z\Z�V���K�Q�X\Qcj�jcK i N�Q�l�O�KTd�KTO�QTZ�U�Z�m�X�Z�V�n�U�b�R�V�N�aTd�KTO�QW�X�Q�Z�N�V�N�a�d�K�O�X�R�V�o�b�K�a�R�V�M�K�d�K�M�j�b�V�M�N�Q�X�~�M�K�N�b�U�X���Q�V�NDK�Z�j�U�b�K�Â�X�Z+M�N�Q�d�K�d�K
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f Q�ghV�[YX�b=K
4.13

��Qcm�j�� i b�a�M�K�ZYN�K@O�K�M�b�a�M�X�O�N�Q�N�M�d�K@O�© a�N�X�d�K�d�K@O�Q�N�b=Q�Z�M�R�V�M�M�V�U�ZTU i N�V�W�X�K�d�K�Mj�b�V�M�N�Q�X�~wd�Xz®�¯�GI^�R�K�M�X�b�a�K\O�K\O�UYZ�[ªd�K\O�© Q�~�K i U�X�b�O�K�MÁO�U�Z�[YX�K�X�b�MÁd�K�MÁU�Z�d�K�MÁÊ�»�¼wZ�R ��Q���^
420

Z�Rw��l���K�N!Ë�¼�¼>Z�Rã��j�� s f Q�ghV�[YX�bÇK 4.13
��d�� i b�a�M7K�Z�N�K�O�K�Mqb=a�M�X�O�N�Q�N�Mqd�K�Mqa�N�X�d�K�Mqd�K�O�Q i K�Z�N�K�d�Xl�U�b�d�d�X�M i K�j�N�b=K�d�K�N�b�Q�Z�M�R�V�M�M�V�U�Z�O�K�O�U�Z�[�d�K�O�© Q�~�K�d�X�j�b�V�M�N�Q�O�d�Q�Z�M+O�Q�b�ac[�V�U�Z�d�K�M+O�U�Z�[YX�K�X�b�M+d�K�MU�Z�d�K�M+d�K�Ê�Ú�¼�ÍÎX�M�W�X�© Â�Ê�Õ�¼yZ�R s²± UYR�R�K<U�Zy��U�V�N�^µO�Q i O�X i Q�b�Nvd�K�M�j�b�V�M�N�Q�X�~Ca�N�X�d�V�a�M�M�Q�N�V�M�n�U�Z�NvQ�X�~d�K�R�Q�Z�d�K�M�d�K�M i a�j�V�n�V�jcQ�N�V�U�Z�M�M�K�O�U�Z+jkK�M i Qcb�Q�R�o�N�b=K�M s
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M�U�Z�Nµd�UYZ�Z�a�MPO�K�M2b=a�M�X�O�N�Q�N�M2d�K�M2a�N�X�d�K�M2d�K�O�Q�d�V�M i K�b�M�V�U�Z�d�K�M2��Q�O�K�X�b�Md�K�MzO�U�Z�[YX�K�X�b�Mzd�K�MzU�Z�d�K�M
∆λ

d�K�MªM i K�j�N�b�K�Mzd�K N�b=Q�Z�M�R�V�M�M�V�U�Z N�b�Q�Z�M���K�b�M�Q�O�K�^SQ�X Z�V���K�Q�XÉd�K
N�b�Q�Z�M�R�V�M�M�V�U�Z ' ß »�¼�½ i U�X�b<O�K�Myjcb�V�M�N�Q�X�~ i b�U�d�X�V�N�MyQ�Xáj�U�X�b�MCd�Xáb�ac[YO�Qc[�Kâd�KâO�QâN�Kcj � Z�V�W�X�Kâd�K
i b�U�d�X�j�N�V�U�Z���Q��
K�N�d�K�M+j�b�V�M�N�Q�X�~yd�X i b�K�R�V�K�b�O�U�N�d�KC¿t¼�¼yj�b�V�M�N�Q�X�~yd�K i b�U�d�X�j�N�V�U�Z�K�ZyM�acb�V�K<��l�� s f Q
i O�X i Q�b�Npd�K�M�j�b�V�M�N�Q�X�~<a�N�X�d�V�a�M�d�X i b�KkR�V�K�b¸O�U�Npd�K i b�U�d�X�j�N�V�U�Z�K�Z�M�acb�V�K2M�Q�N�V�M�n�U�Z�NpQ�X�~<d�K�R�Q�Z�d�K�M
d�K�MM i a�j�V�n�V�j�Q�N�V�U�Z�M�M�K�O�U�Z+jcK i Q�b=Q�R�o�N�b�K s
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Ó¥Ô�Õ�Ö9×�Ø
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Ú å�Ø�éZÖ9äewoxNy8wiz�z�{�z ø

Ó¥Ô�Õ�Ö9×�Ø
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Ó¥Ô�Õ�Ö9×�Ø
4.17 Ù	Ú�ÝBÞ�ß(ÚHà ô�â9Ø�ä à9Ú ä9éCØ à Ø æ�Ú å Ú�æ Ø�Ö9×EëJã�q�Ø�ä9ä9Ø à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9ó Û

Ô�ä à Ö[Ô�ê	ØZâ Ú ×Z× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à ÖIä[Ö9ëJô�×�ã à ØEé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9óHã Ü ê	Ø�ä9Ö9á
â9Ø�ä à9Ú ä9ê æ³v ã�â9ê	Ô�ëIÔ�á Ú ê	Ô�ã�ä à Ø�áfé�ã�ä à Ô�ê	Ô�ã�ä9á à ØZâ9×�ã à Ö9é�ê	Ô�ã�ä ø
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Ó¥Ô�Õ�Ö9×�Ø
4.17 Ù	Ü9ÝBÞ�ß(ÚHà Ô�á�ê	×�Ô Ü Ö9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9óHá�Ø æ ã�ä æ�Ú å Ú�æ Ø�Ö9× à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä Û Ô�ä à Ö9Ô�ê	ØZâ Ú ×

× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ö!ä9Ö9ëJôC×�ã à ØEé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9óHã Ü ê	Ø�ä9Ö9áfâ9Ø�ä à9Ú ä9ê
æ³v ã�â9ê	Ô�ëJÔ�á Ú ê	Ô�ã�ä à Ø�áfé�ã�ä à Ô�ê	Ô�ã�ä9á à ØZâ9×�ã à Ö9é�ê	Ô�ã�ä ø

Ó¥Ô�Õ�Ö9×�Ø
4.18 Ù	Ú�ÝBÞ�ß(ÚHà ô�â9Ø�ä à9Ú ä9éCØ à Ø æ�Ú å Ú�æ Ø�Ö9×EëJã�q�Ø�ä9ä9Ø à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9ó Û

Ô�ä à Ö[Ô�ê	ØZâ Ú ×Z× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ø�áfä9Ö9ëJô�×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9óHã Ü ê	Ø�ä9Ö9á
à9Ú ä9á æ Ø�áfé�ã�ä à Ô�ê	Ô�ã�ä9áfã�â9ê	Ô�ëIÔ�á�ô�Ø�á à Ø æ�Ú â9×�ã à Ö9é�ê	Ô�ã�ä Ú å�Ø�éZÖ9ä à ã�â Ú ä9ê Ù	æ�Ú ä9ê	õ Ú ä9Ø Ý	ø
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Ó¥Ô�Õ�Ö9×�Ø
4.18 Ù	Ü9ÝBÞ�ß(ÚHà Ô�á�ê	×�Ô Ü Ö9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9óHá�Ø æ ã�ä æ�Ú å Ú�æ Ø�Ö9× à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä Û Ô�ä à Ö9Ô�ê	ØZâ Ú ×

× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ø�áfä9Ö9ëIô�×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9óHã Ü ê	Ø�ä9Ö9á à9Ú ä9á æ Ø�á
é�ã�ä à Ô�ê	Ô�ã�ä9áfã�â9ê	Ô�ëJÔ�á�ô�Ø�á à Ø æ�Ú â9×�ã à Ö9é�ê	Ô�ã�ä Ú å�Ø�éZÖ9ä à ã�â Ú ä9ê Û�æ�Ú ä9ê	õ Ú ä9Ø ø
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Ó¥Ô�Õ�Ö9×�Ø
4.19 Ù	Ú�ÝBÞ�ß(ÚHà ô�â9Ø�ä à9Ú ä9éCØ à Ø æ�Ú å Ú�æ Ø�Ö9×EëJã�q�Ø�ä9ä9Ø à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9ó Û

Ô�ä à Ö[Ô�ê	ØZâ Ú ×Z× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ø�áfä9Ö9ëJô�×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9ó Ú å�Ø�éZÖ9ä
à ã�Ö Ü9æ Ø à ã�â Ú Õ�Ø ø

Ó¥Ô�Õ�Ö9×�Ø
4.19 Ù	Ü9ÝBÞ�ß(ÚHà Ô�á�ê	×�Ô Ü Ö9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9óHá�Ø æ ã�ä æ�Ú å Ú�æ Ø�Ö9× à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä Û Ô�ä à Ö9Ô�ê	ØZâ Ú ×

× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ø�áfä9Ö9ëIô�×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9ó Ú å�Ø�éZÖ9ä à ã�Ö Ü[æ Ø
dopage.
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Ó¥Ô�Õ�Ö9×�Ø
4.20 Ù	Ú�ÝBÞ�ß(ÚHà ô�â9Ø�ä à9Ú ä9éCØ à Ø æ�Ú å Ú�æ Ø�Ö9×EëJã�q�Ø�ä9ä9Ø à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9ó Û

Ô�ä à Ö[Ô�ê	ØZâ Ú ×Z× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä[é�ê	Ô�ã�ä à Ø�áfä9Ö9ëJô�×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9ó
â9×�ã à Ö9Ô�ê	á Ú å�Ø�é à Ø�áfë Ú ê	Ô�p�×�Ø�áfâ9×�Ø�ëJÔ�p�×�Ø�á à ØZ×�ô�é�Ö9â9ô�× Ú ê	Ô�ã�ä à ã�â9ô�Ø�á ø
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Ó¥Ô�Õ�Ö9×�Ø
4.20 Ù	Ü9ÝBÞ�ß(ÚHà Ô�á�ê	×�Ô Ü Ö9ê	Ô�ã�ä à Ø�áfé�×�Ô�á�ê Ú Ö9óHá�Ø æ ã�ä æ�Ú å Ú�æ Ø�Ö9× à Ø æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�ä Û Ô�ä à Ö9Ô�ê	ØZâ Ú ×

× Ú�à Ô Ú ê	Ô�ã�ä Û Ø�äe}�ã�ä9é�ê	Ô�ã�ä à Ø�áfä9Ö9ëJôC×�ã à ØZé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�äIâ9ã�Ö9× æ Ø�áfé�×�Ô�á�ê Ú Ö9óHâ9×�ã à Ö9Ô�ê	á Ú å�Ø�é à Ø�á
ë Ú ê	Ô�p�×�Ø�áfâ9×CØ�ëJÔ�p�×�Ø�á à ØZ×�ô�é�Ö9â9ô�× Ú ê	Ô�ã�ä à ã�â9ô�Ø�á ø
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Ó¥Ô�Õ�Ö9×�Ø
4.21 Ù	Ú�ÝBÞ�ß Ø�áfå Ú�æ Ø�Ö9×�áfëPã�q�Ø�ä9ä9Ø�áfá�Ö9× æ Ø�áfâ9×�Ø�ëJÔ�p�×�Ø�á à Ô�óHé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�ä9á à Ø

æ³v Ú�Ü á�ã�×�â9ê	Ô�ã�äIÔ�ä à Ö9Ô�ê	ØZâ Ú ×+Ô�×�× Ú�à Ô Ú ê	Ô�ã�ä Û�à Ø�áfé�×�Ô�á�ê Ú Ö9ó Ú å�Ø�é à ã�Ö Ü9æ Ø à ã�â Ú Õ�Ø ø

Ó¥Ô�Õ�Ö9×�Ø
4.21 Ü�Þ�ß Ø�áfå Ú�æ Ø�Ö9×�áfëPã�q�Ø�ä9ä9Ø�áfá�Ö9× æ Ø�áfâ9×�Ø�ëPÔ�p�×�Ø�á à Ô�óHé�×�Ô�á�ê Ú�æ�æ Ô�á Ú ê	Ô�ã�ä9á à Ø
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Tr imestre Ë�Ë ê ø ÷�Ì�Ì�� Ë�Ë�Ë ê ø ÷�Ì�Ì�� Ë�Í ê ø ÷�Ì�Ì�� Ë ê ø ÷�Ì�Ì�Ì Ë�Ë ê ø ÷�Ì�Ì�Ì
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���
G0 � ��!#"%$�& '%� ()()*+& *,� $%!#-%�.$%'%/)021 3+*+��1 !+*+'%$%4 σ � ��!#"%$2� /)/5� "%/6-%��3+1�087 !+9%'%-%��-%��02� ��":/)� 4 x0

� ��!;3+1=<%1 3+� "%/>3+*+02*+!+�=1 -%02*+����*+?%3+�=-%�=3A@B1 ?%��'%/)C%!+*+'%$D*+$%-%"%*+!+� 4%E%"%*;-%1 $%�F3+�=&G1 �F-%�=3+1=027 !+9%'%-:�=-%�.02� ��"%/5�
-%�H3+I 1 ?%��'%/)C%!+*+'%$�*+$%-%"%*+!+�H-%� �J& /)*+��!+1 "%K�3+'%$%LM�J<%1 "%!ONP4RQ20 -14;� !S-%1 $%�T3+��&G1 �T-%��3+1�027 !+9%'%-:��-%��02� ��"%/5�
-%�U3+I 1 ?%��'%/)C%!+*+'%$�-%� �H7 & 9:1 $%!+*+3+3+'%$%�H� K:!+/V1 *+!+�H-%� �HC%1 /)!+*+� �H9%1 "%!+� �H-%� ��&G/)*+��!+1 "%KW<%1 "%!=NP4RX%QY0 -1 Z <%'%*+/J3+�
C%1 /)1GLM/51 C%9%�=[>\RN%\RNP]^\_ 1=E%":1 $%!+*+!+7=02':`a�G$%$%�=-:�=?%'M$%�F& /)*+��!+1 "%K:4%E%"%*;C%� "%<%� $%!;b !+/)�./)�AcA� !+7 ��4 M d

e
−=
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x
dxxxGxFM
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���
xm � ��!f3+1g<%1 3,� "%/h021 K:*i021 3+�g-%�g3+I 1 ?%��'%/)C%!+*+'%$j*+$%-%"%*+!+� 4�C%'%"%/h3+� �k& /)*+��!+1 "%Kl1 $%1 3m`a��7 �

xm npo%4RoD0 -1.q `a1G$%!S02*+� Z [>\RNP])4 Z [>\ r%]O� ! Z [�\ s%]ut Z [>\ v%]u� ! Z [>\ w:]u1 C%/5x �y3+� �y!+/)1 $%�z()'%/)021 !+*+'%$%�y7 <%*+-%� $%!+� �y$%'%"%�
'%?%!+� $%'%$%�y3+� �y*+$%!+7 LM/51 3+� ��4{E%"%*�'%$%!�7 !+7|& 1 3+& "%3+7G� �yC%1 /u3+1|087 !+9%'%-%�}$%"%027 /)*+E%"%�}-:� �=!+/)1 C:x ~G� ��\ _ I � /)/5� "%/
-%�D3+I � ��!+*+021 !+*+'%$p*+$%& 3+"%�D3+I �G/)/)� ":/F��!+1 !+*i��!+*+E%"%� 4SE%"%*�()1 *+!��%�Y4S3+I � /)/5� "%/�-:�U3+I *+$%!+7GL%/)1 !+*+'%$�$%"%027 /)*+E%"%� 4�N��Y4
� !;3+I �G/)/)� ":/>-%�=3,I 1 C%C:/)'%K:*+021 !+*+'%$D-%�=3+1y()'%$%& !+*+'%$D-%�=3+1=-%*+��!+/)*+?%"%!+*+'%$D� ��!+*+027=C%1 />$%'%"%�F7GLM1 3+�.t=r%�k\



137

� '%"%�h� ��!+*+02� /)'%$%�h3+1�02':`a�G$M$%��-:�k& /)*+��!+1 "%K�$%'%$�& '%$%()'%/)02� ��-:1 $%��3+�k&G1 3+'%/)*+02x !+/)�k� !D3+1
02':`a� $%$:�|-%� �y?%'%$%�y&G/)*+��!+1 "%Kf/)�AcA� !+7 �TC%'%"%/u3+� �=& /)*+��!+1 "%Kp$%'%$f'%C%!+*+02*+��7 �=� !>'%C%!+*+02*+��7 �=��� 3+'%$f3+1}!+� $%"%�
1 "%KU/)1 -%*+1 !+*+'%$%��\� '%"%/�3+�U& 1 �H-%�U3+1U-%*+��!+/)*+?%"%!+*+'M$Y-%� ��&G/)*+��!+1 "%KW��� 3+'%$Y3+1�!+� $%"%��1 "Y/)1 -%*,1 !+*+'%$%4>& '%0202��-%1 $%��3+1� *+LM":/)� 4.22 Z 1 ])42&GI � ��!+�)tG�)-%*+/)�g1 <:� &�3,I "%!+*+3+*+��1 !+*+'%$j-%�g3+1g027 !+9%'%-%�g-%��& '%$%!+/)�%3+�g-%�g3,1g!+� $%"%��1 "
/)1 -%*+1 !+*+'%$�C%1 /�3+1H08� ��"%/)�H-%��3+I 1 ?%��'%/)CM!+*+'%$�-%� �J7G& 9%1 $%!+*+3+3+'%$%�T� K:!+/)1 *+!+�T-%� �TC%1 /)!+*+� �T9%1 "%!+� �T-%� �y& /)*+��!+1 "%K
$%'%$�'%C%!+*+02*+��7 ��4�C%/)� $%1 $%! σ n σ7 � ! G0 npQ:4Rs%Q�$%'%"%��'%?%!+� $%'%$%��C%'%"%/f3+� ��o%X%X�& /)*+��!+1 "%K�7 !+"%-%*+7 �
3+I � ��!+*+021 !+*+'%$2-%��3+1�E%"%1 $%!+*+!+7�02'�`a� $%$%��-%�|& /)*+��!+1 "%K8$%'%$2& '%$%()'%/)02� ��4;E%"%*SC%� "%!Sb !+/5��*+$%��!+1 3+3+7 �T-%1 $%��3+�
& 1 3+'%/)*+02x !+/)� �

1 n�NPo%r ±sY� !63+I � ��!+*+021 !i*+'%$Y-%��3+1�E%"%1 $%!+*+!+7�02':`a�G$%$%��-%��?%'%$%�}& /)*+��!+1 "%K:4�E%"%*uC%� "%<%� $%!
b !+/)�=/5�AcA� !+7 �F� 1 n�NP[%X ±9.

� $�C%/)� $%1 $%!|� $g& '%$%��*+-%7 /51 !+*+'M$�E%"%��3+��$%'%02?%/)��-:� �W& /)*+��!+1 "%Kg-%1 $%�h3+��& 1 3+'%/)*+02x !,/)��7 L%1 3,�
s%o%X%X%X%4u$%'%"%�U'%?%!+� $%'%$%�UC%'%"%/.!+'%"%!�3i�p& 1 3+'%/)*+02x !+/)� N1 npo%v:r%Q%[ ±r%o%w%X�� ! M1 nfo%w:[:[%s ±r%Q%o%X>\{�T� 3+1
��*+LM$%*+()*+��E%"%���z1 $%�p'%C%!+*+02*+��1 !+*+'%$�()1 *i!+��-%��3+1�!+� $%"%��1 "%K�/)1 -%*+1 !+*+'%$%�p-%� �p& /)*+��!+1 "%K:4T02b 02��1 <%�G&�3+�
& '%$%!+/)�%3+�U-%�U!+'%"%�H3+� �H&G/)*+��!+1 "%KY��� 3+'%$p3+� �H7 & 9%1 $%!+*+3+3+'%$%��4�*+3�� ��!�� $�C%/)*+$%& *+C%��*+02C%'%����*+?%3+��-%��()1 ?%/)*+E%":� /
"%$D& 1 3+'%/)*+02x !+/)�.1 <%� &=3,1=��!+1 ?%*+3+*+!+7=-%� 0�1 $%-%7G�=-%1 $%�F3+� �F& '%$%-%*+!+*+'%$%�F->@R*+/)/51 -%*+1 !+*+'%$>\q C%/)x �J3,I '%C%!+*+02*+��1 !+*+'%$�-%�H3+1H!i� $%"%�H1 "%K2/)1 -%*+1 !+*+'%$%�J-%� �J&G/)*+��!+1 "%K:4�& I � ��!+�)t �)-%*,/)�H-:1 $%�T3+��&G1 �T-%�
3+1|-%*+��!+/)*+?%"%!+*+'%$%4{& '%0202�|-%1 $%�y3+1 � *,LM"M/)� 4.22 Z ?%])4{1 <:� &|3,I "%!+*+3+*+��1 !+*+'%$8-%�|3+1}027 !+9%'%-%�}-%�D& '%$%!+/)�%3+�}-%�
3+1�!+� $%"%��1 "%K�/)1 -%*+1 !+*+'%$%����� 3+'%$�3+1�0�� ��"%/5��-%��3,I 1 ?%��'%/)C%!+*+'%$�*+$%-%"%*+!+��-%� ��7G& 9%1 $%!+*+3+3+'%$%�2� K:!+/)1 *+!+�2-%� �
C%1 /)!+*+� �.9%1 "%!+� �.-%� �H& /)*+��!+1 "%K:4�C%/)� $%1 $%! σ n σ7 � ! G0 npX%4R[%�%4�$%'%"%�H'%?%!+� $%'%$%�HC%'%"%/�3+� �Ho%X%X�&G/)*+��!+1 "%K
3+I � ��!+*+021 !+*+'%$U-%�H3+1HE%"%1 $%!+*+!+7H02'�`a� $%$%�H-%��& /)*+��!+1 "%K2$%'%$�& '%$%()'%/)02� ��4�E%"%*#C%� "%<%� $%!#b !,/)�H*+$%��!+1 3+3+7 �J-%1 $%�
3+�h& 1 3+'%/)*+02x !+/)� N2 n�NP4)NPQ ±X%4RX%vk� !=3,I � ��!+*+021 !+*+'%$k-%�h3+1�E%"%1 $%!+*+!+7�02'�`a� $%$:��-%��?%'%$%�p&G/)*+��!+1 "%K:4TE%"%*
C%� "%<%� $%!�b !+/)�U/)�AcA� !+7 � M2 npX%4Rv%v ±X%4RX%QM4�� !�C%'%"%/�!+'%"%!�& 1 3+'%/)*+02x !+/5�U3,I � ��!+*+021 !+*+'%$�-%'%$%$%� N2 nfo%r%X ±21

� ! M2 npr>NPo ±14.
q <%� &�3,I "%!+*+3+*+��1 !+*+'%$2-%��3+1�027 !+9M'%-%��-%"2& '%$%!+/)�%3+��-:��3+1�!+� $%":��1 "%K8/)1 -%*+1 !+*+'%$%�T��� 3+'%$23+1�02� ��"%/)�

-%�=3+I 1 ?%��'%/)C%!+*+'%$D-%� �F& /)*+��!+1 "%KU3+'%$%LM��4MC%/5� $%1 $%! σ n σ8 � ! G0 n�NP4Rr%r%4%' �

2
6

2
5

2
28 σ+σ+σ=σ n�N%\ v%o%� (4.10)

$%'%"%�|'%?%!+� $%'%$%�}1 $%1 3+':LM*+E%"%� 02� $%!OC%'M"%/y3+� �}o%X%X�& /)*+��!+1 "%K�3+I � ��!+*+021 !+*+'%$h-%�83+18E%"%1 $%!+*+!+7802'�`a� $%$:�8-%�
& /)*+��!+1 "%K�$%'%$�& '%$%()'%/)02� ��4�E%"%*gC%��"%!gb !+/5��*+$%��!+1 3+3+7 ��-%1 $%��3+��&G1 3+'%/)*+02x !+/)� N3 nfX%4�w ±X%4RX%��� !
3+I � ��!+*+021 !+*+'%$�-%�H3+1HE%"%1 $%!+*+!+7H02'�`a� $%$%�H-%�H?%'%$%�T&G/)*+��!+1 "%K:4;E%"%*SC%� "%<%� $%!Sb !+/)��/5�AcA� !+7 � M3 nfX%4R�:r ±0,04.
� '%"%/>!+'%"%!;3+�=& 1 3+'%/)*+02x !+/)�=$%'%"%�F'%?%!+� $M'%$%�F3,I � ��!+*+021 !+*+'%$ N3 npr%Q%X ± NP�D� ! M3 n�NPv%r ±11.

q *+$%��*�3+� ��� ��!+*+021 !+*+'%$%��02'%$M!+/)� $%!�E%"%��3+� ��02� *+3+3+� "%/)��/)7 ��"%3+!+1 !+��C%'%"%/�3+1�C%/57 <%� $%!+*+'%$ -%�
3A@R*+$%��!+1 3+3+1 !+*+'%$W-%�8& /)*+��!+1 "%K�$%'%$h& '%$%(V'%/)02� �}-%1 $%�}3+�8&G1 3+'%/)*+02x !+/)�8��'%$%!O'%?%!+� $%"%�}C:1 /y"%$h& '%$%!+/)�%3,�8-%�
3+I 1 ?%��'%/)C%!+*+'%$Y*+$%-%"%*+!+��-%� ��& /5*+��!+1 "%KW3+'M$%LM��\%�T� C%� $%-%1 $%!+4>*+36()1 "%!6/5� 021 /)E%":� /JE%"%��3,��& '%$%!+/)�%3+�21 <%� &23,� �
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7 & 9%1 $%!+*+3+3+'%$%�W-%'%$%$%��1 "%����*|-%��?%'%$%�Y/57 ��"%3+!+1 !+��4.3+1�E%"%1 $%!+*+!+7�-%��&G/)*+��!+1 "%Kg$%'%$�& '%$%()'%/)02� �W()�G/)1�-%�
3+I '%/)-%/5��-%��o%X%X>\y�T� 3+1g��*,LM$%*+()*+�g3,1�/)7 -%":& !+*+'%$j-%�g3,I � (5()*+& 1 & *+!+7g-%"j-:7 !+� & !,� "%/h& '%02C%/5� $%1 $%!fs%o%X%X%X
& /)*+��!+1 "%KU-%�=X%4R[D�Y4%& �=E%"%*;� ��!;1G& &G� CM!+1 ?%3+��\q *+$%��*+4�-%"�& '%$%!+/)�%3+�W-%"�-%'%0�021 L%�WC%1 /}/)1 -%*+1 !+*+'%$�-%�W!+'%"%�83+� �f& /)*+��!+1 "%K�C%1 /}3+� �f027 !+9%'%-%� �
C%/)'%C%'%��7 � ��4�*+3D� ��!DC%'%����*+?%3+�k-%�kC%1 �����G/f<%� /)��3,�k& '%$%!+/)�%3+�kC:1 /f7G& 9%1 $%!+*+3+3+'%$%$%1GLM�k-%��3,1�!+� $%"%��1 "%K
/)1 -%*+1 !+*+'%$%��-%� ��& /)*+��!+1 "%K:4D!+'%"%!2� $�& '%$%��� /)<%1G$%!23+� ��C%1 /51 02x !+/)� ��'%?%!+� $%"%��-:��3+1�-%*+��!+/)*+?%"%!+*+'%$¡-%� �
& /)*+��!+1 "%KU��� 3+'%$D3+� "%/>!+� $%"%�=1 "%KU/)1 -%*+1�!+*+'%$%��\� $ULM1G/)-%1 $%!{3+1.!+�G& 9%$%'%3+':LM*+�.-M1 $%��3+� ��&G1 -%/5� ��1 ����"%/)1 $%!{3+1.-%*+��!+/)*+?%"%!+*+'%$U!,`aC:� 4:02'%$%!+/)7 �H-:1 $%�J3+1� *+LM":/)��[>\ r%r Z ?:])4|*+3U��� 02?%3+��C%'%����*+?M3+��-%��()1 *,/)��"%$�&G1 3+'%/)*+02x !+/)��1 <%� &�"%$�& '%$%!+� $%"�02*+$%*+021 3�-%�
& /)*+��!+1 "%KU$%'%$D& '%$%()'%/)02� �F� !;3,I "%!+*+3+*+��1 !i*+'%$D021 K:*i021 3+�=-%�=?%'%$%�F& /)*+��!+1 "%K�\
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CONCLUSION
q "2& '%"%/)�T-%�|& ��!+/)1G<%1 *+3S-%��!+9Mx ����3,� �TC%/)'%C%/)*+7 !+7 �T-:� �T& /)*+��!+1 "%Kf-%�|!+"%$%LM��!,1 !+�|-%�|C%3+'%02?8� !�3+� �

C%'%����*+?%*+3+*+!+7 ��-%��3+� "%/H1 C%C%3+*+& 1 !+*+'%$�'%$M!J7 !+7�7 !+"%-%*+7 � �2� $�<%"%��-%��3,� "%/H1 C%C%3+*+&G1 !+*+'%$�t�3+1�&G1 3+'%/)*+027 !+/)*+�
7 3+� & !+/)'%021GLM$:7 !+*+E%"%� 42-%1 $%��3+� ��& '%$%-M*+!+*+'%$%��� K:!+/)b 02� ��-%1 $%��3A@R� $%<%*,/)'%$%$%� 02� $%!p� $ /)1 -%*+1 !+*+'%$%��-%� �
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�	�®�ý
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