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➁�❿�➆❸�➀➆��❹➅➅❹�➂❸�➁❸❽�❹�➀➂❸�❾➂➅�➀➆❹�➁❽❽➄❹�❽❻�➁❽��❹➅�❽❷❽�➀➆

❽�❽����➁❽��❹➂�➀➆❹➈➀�➃�❽�❹❸➀�➁❽➆❽�➂❸��➀❹❿❽���❹��❹➆�❸❸��❹➄❽❽❼�❸���

➁❽��❹❻➀���❻➂❸

➃��❸�❝❸➀��➃❸�➀���❽����❻➂��❹➄➂➂➂❸��❹❽��❽➆❸��❹❽�❹�❻�❸��❹➄��❸

❽➈❹�❽�❸�❷❹❻❽�❸�➀����❻➂❸�➃���◗❸➄�➀��➀❹❷�➃❹❽➀❽➂�❿❘���❻➂➀��❽➂❹�➀❸

❘��❑❸��➀���❽��❽➂❹�➀❹❷❸�➃��❸�◗�➀❹❷�➃❹❽➀❽➂�❿❘BSF➃❹❽➀❽➂�❿❘�◗

❘�❸❽➄➂�❶➀���❽��❽➂❹�➀❹❷❸�➃��❸❹�◗�➀❹❷GIF◗❸➄�➀��➀❹❷�➃❹❽➀❽➂�❿❘� ◗

➀���❽��❹�➀�❻➀��❽➂❹�➀❹❷❸�➃��❸�❝❸➀��➃❸��❹➈➅❹➄��❹❽�❹�❻���❹➄��

❘� �❑❸��BARD�❹➄��� ➆❷➂❸� ❷��➂� ❽❷❽� ➀➆� �❹➀❸❹➄➂❸� ��❻➂� �❹➄��� ◗

➃❸���❽��❽➆❸❹� ➁❽❽➀���❽�➁❽➄➆❷➂�❽➄➈���❹❻❹�➈❸��❹❽➄�❽�➂���❹❽�❹�❻�

❘�➁❽➄�❽�➂�❸��❹�❽��❸�❽➄❹❿➂�➀����❻➂❸�➃����❽❸NIH➁❽���➂❸�➀➀❿�◗

❿��➁❿�➅❸��❑➅�����❹❽�❹�❻�❸��❹➄��❸��❽➈���❽�❼❽➅��❽➄❹����❻➂➀

❸➄�➀��➀❹❷�➃❹❽➀❽➂

ÌÈÈÂˆÈÁ ˙Â¯Â˜Ó

�➀❹❷�➃❹❽➀❽➂�❿��➁❽➂❿�➅➂�➁❽❽�❹�❻���➀�➁❽❽➄❹�❽❻��❹�❹�➂➂�➁❽���➂

➁❽❽��❽➆❸❹� ➁❽➄❹�❸�❸➀�➂➂❸� ❽❷��➂�➁❸� ❹➀��➁❽➈➅❿➀��❹�❹�➂❸� ❸➄�➀

❸❼❽➀�❸�❷��➂❹�❸❽❽�➆�❹��❻➅➂❸��❹❽���❸�➆❷➂❸�❾❹➄❽❻❸�❝❸➀��➁❸�➁❸�

�❽���� ❽��❻➂� �❹➄➂➂➂� ➀❑❹❻�❹� ➉���� �❹❽�❽❽�➆�� �❹��❻� ➀❽��➂�

➃❽�� ❸�❽�❽� �❹����❸�� ➀❸➄�➂� ❸❺� ➃❹➂❽➂➂� �➀❻� �❹�❼❽➅��❽➄❹��

❹➂�❹❸���❹❷❻❹❽➂❸��❹��❻❸��❹➆�➂����➀❻❹�❸❽❽�➆�❸�➃❽�❹�❸❼❽➅��❽➄❹�❸

➃❹❿➂��❑➆❷❽❑��❽��➆❸�❸❼❽➅��❽➄❹���❑➁❹�❽❽❑�❝�❹�❼❽➅��❽➄❹���❸❺�❾�❹�➀

➃❹❽➄❿❼��❑��❻➂➀�➃❹❽➄❿❼❸�❷➅❹➂❑❹��❽���➀���❼❽➅��❽➄❹���❑�❹➂�❑�➃➂�❽❽❹

➁❽❼➄❼➈��❹�➆��➁❽❶❹➀➂�❸�➁❸��❹➄❹�❻�❸�➁❽➄���➀❷❶❸�➇➅❹➄��❹�➂

˙¢˙Â Ï˘ ˙ÂÈ„ÂÚÈÈ ˙Â·ˆ˜‰Â ˙ÂÈÓÈÙ ¯˜ÁÓ ˙Â¯˜

◗❸��➄❽➂� �❹➄��� ➀➀❹❿❘� �❹�❽➂�� �❹➄��� �❹❷➂❹➆� �❹�❼❽➅��❽➄❹�❸��❹��➀

�❹➀��➂���❻➂➀��❹❷➆❹❽➂❸��❹➄��❸�➃➂��➀❻���❻➂➀��❹❷➆❹❽➂�➃❸❽�❹➅➄❿❸�

➁❿�➅➂��❑�❹➂��❹➀❽��➂❸��❹���❸❸�➀❿�❾➅� �❑�❹➂��❹➀❽��➂��❹���❸
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❸��❹➂�❹➀�❸�➁❽➂❹❿➅❸�➃➂�➆��➂�❸➀➆➂➀� ❹➄�❿�➆❸➀� �➀❹❷�➃❹❽➀❽➂�❿�

❸���❸➀�❷➅❹➂❸�➀���❹�❽❽❻�❸�➀➀❿�❾�❷���❽�❸��➄❽➂��❹➄���❽�❶➀�➁❶���❻➂➀

➁❽➂❹❿➅�❸➄���❸➄�� ❽❷➂�➁❽➀���➂� ➃❿� ❹➂❿� ➀❽❶�❸� �❽���❸� ➃➂�❸➀❽��➂

��❽❿�➀���❹❽�➁❽➀❹❷❶�➁❽➂❹❿➅❹���❻➂➀��❹❷➆❹❽➂❸��❹➂❹��❿��❽➅❻❽�➁❽➄❼�

➀❽❶�❸��❽���❸�➃➂�➁❽➈➅❹➄�➁❽➈➅❿��❹��➂��❹�❼❽➅��❽➄❹�❸�➃➂��➀❻�❷❹❽�

�❹➄��❸��❹�➈➂���❻➂➀�❸��❹➂❸�➁❹❿➅❸�❹➄�❿�➆❸➀���❻➂��❹❽���➀❹���❻➂➀

�❽���❸�➃➂��❹��➆❸➂❹��❹➀❽��➂��❹���❸➂��❹➂❹��➂���❻➂➀��❹❷➆❹❽➂❸

�➀❹❷�➃❹❽➀❽➂�❿��❹❸�➀❽❶�❸

��❶➅➂�� ��❻➂➀� ➁❽❷➆❹❽➂❸� ➁❽➂❹❿➅� ❸➄��� ❸➄�� ❽❷➂� ❸��➂� �❑�❹

➁❽❽➆❷➂��➆� ❽��❿➀� ❷❹❽�➀�➁❽❷➆❹❽➂� ❹➀��➁❽➂❹❿➅� �❹❽❷❹➆❽❽❸�❸❽�❹���❸

➁❽➂❿�➅➂�➁❸❹� ➁❽❼➄�❹❼�❹❷❼➅❹➈➀❹� ➁❽❼➄�❹❼�❹❷➀� �❹❶➀➂➀❹� ➁❽��❻➂➀

❸➄�➀��➀❹❷�➃❹❽➀❽➂�❿�

˙Â¯Â˜Ó‰ ÌÂÎÈÒ

�❹�❼❽➅��❽➄❹�����❻➂➀�➁❽❷➆❹❽➂❸�➁❽➄❹�❸�➁❽➂❹❿➅❸�➁❽❶�❹➂���❸�❻❹➀�

➁❽➀���❽➄❹❽➀❽➂�

˜ÈÙ‡‰˙¢˙ÂÎ¢‰Ò

ÏÈ‚¯ ·Èˆ˜˙±¨¥≤∞±¨¥≤∞

˙ÂÈ˙Â¯Á˙ ˙Â¯˜≥∂∞∂∞∞

ÌÈÈÂˆÈÁ ˙Â¯Â˜Ó∞±π∞

˙ÂÈ„ÂÚÈÈ ˙Â·ˆ˜‰Â ˙ÂÈÓÈÙ ˙Â¯˜±∂µµ≥π

Î¢‰Ò±¨π¥µ≤¨∂∞µ

�❽❸�➃❿�❹➂❿�➀❽❶�❸��❽�������❻➂➀�❸���❸❸��❹➀➂�����➄➂➂➂��❑�❹

��❻➂❸�➃����❽➂❹�➀❸�➃��❸❘��❹❽�❹�❻�❸��❹➄��❸�➃➂��❿❽➄��➀❻��➄➂➂➂

◗�❑�➈➂❹� �❽➂❹❼�� ❸❽❶�➄�➀� ❸❷➆❹❹❸�➁➆� �❹➈�❹�➂❸��❹➄��❸❹� �❽➈❹�❽�❸

➃❹❽➀❽➂�❿���❹➂❿�➅➂��❑�❹�➀���❹❽❷❹➆❽❽❸��❹���❸❸�❻❑��➃❹❽➀❽➂�❿�

❿�❾❹�➂�❻❑��➃❹❽➀❽➂�❜❿��❑�❹��❹➈���➄➂➂➂�➀❹❿❸�❾➅��❻❑�

�❑�❹�➀��❸�➀❻�❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂����❻➂➀�➁❽�❷�❹➂❸�❻❑��➃❹❽➀❽➂

��❻➂➀� �❹���❸❸� ➀➀❿➂� $❿� ❾❿❽➈➀� ❸❹❹❸➂� ��❻➂➀� �❹���❸�

�❹�❼❽➅��❽➄❹��



≥µ

�❹➀➀❿➂❸�❼➆➂➀�➀���❽��❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂�➀��➀➀❹❿❸��❽���❸

�❿��❻❑��➃❹❽➀❽➂�❛❿�❸❺➂❘�❻❑��❽➄❹❽➀❽➂�❜❿��➁❿�➅➂�❸��❹❸➀

❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂����❻➂➀��❷�❹➂❸�➁❹❿➅❸�❸❹❹❸➂�❾❿❽➈➀�◗❷❹➂❽➀

�➂❿�➅➂��❑�❹�➀���➀➀❹❿❸�❸���❸❸�❸❸❹�❶❸�❸➀❿�❸❸��❽����➀➀❿➂�❛$❿

�➀➀❹❿❸�❸����❸➂�$❿�❸❹❹❸➂���❻➂➀�❸����❸❹�❻❑��➃❹❽➀❽➂�❿�

¯˜ÁÓ‰ ˙Â‡ˆÂ‰ Ï˘ ‰Î¯Ú‰‰

➃➂���❻➂➀��❽�❼❽➅��❽➄❹�❸�❸��❹❸❸�➀���❹�❽���❸❿�➆❸��❶�❹➂���❸�❻❹➀�

❻❑��❽➄❹❽➀❽➂��➀❽❶�❸��❽���❸

‰‡ˆÂ‰‰ÏÂÎ‰ ÍÒ¯˜ÁÓÏ ÊÂÁ‡‰¯˜ÁÓÏ ÌÂÎÒ‰

¯ÈÎ· ÈÓ„˜‡ Ï‚Ò±¨∑µ∞µ∞•∏∑µ

¯ËÂÊ ÈÓ„˜‡ Ï‚Ò≥∞∞µ∞•±µ∞

ÈÏ‰ÓÂ ÈÎË Ï‚Ò±¨≥µ∞≥∞•¥∞µ

‰˜ÂÊÁ˙±¨∞µ∞≥∞•≥±µ

ÌÈ¯ÙÒÂ „ÂÈˆ≥∞∞µ∞•±µ∞

ıÂÁ‰ ÔÓ ÌÈ¯ÂÓ±∏∞∞•∞

˙ÂÈÒÙ¥≤∞µ∞•≤±∞

˙ÂÂ˘≥∞∞≤µ•∑µ

Î¢‰Òµ¨∂µ∞≥∏Æ∂•≤¨±∏∞

�❽���❸�➀➀❿➂��❹�❼❽➅��❽➄❹�❸�➀����❻➂❸��❹��❹❸������➂�❻❹➀❸�➃➂

❻❑��➃❹❽➀❽➂�❿�❾➅����❻➂➀���❷�❹➂❸��❑�❹�����❸�➀➆��❹➀❹➆�➀❽❶�❸

➁❽❽➄❹�❽❻��❹�❹�➂➂�➃➂❹➂➂��❹�❼❽➅��❽➄❹�❸�➀����❻➂❸��❽�������
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¯˜ÁÓÏ ˙Â„ÚÂÈÓ‰ ˙Â·ˆ˜‰Â ˙Â¯˜

Ô¯˜‰Á¢˘ ÈÙÏ‡· ÌÂÎÒ

˙¢˙Â ˙Â¯Â˜Ó

‰¯È˘È ‰·ˆ˜‰±¨¥≤∞¨∞∞∞

¯˜ÁÓÏ ˙ÈÓÂ‡Ï‰ Ô¯˜‰≤≤∑¨∞∞∞

© ˙ÈÙÂ¯È‡‰ Ô¯˜‰EU®±±∞¨∞∞∞

‡¢‡Â∏¨∞∞∞

˙¢‡ÙÓ¥¨∞∞∞

CERN≥¨∞∞∞

ESRF≥¨∞∞∞

˙ÂÈ„ÂÚÈÈ ˙Â·ˆ˜‰±∂µ¨∞∞∞

˙ÂÂ˘µ¨∞∞∞

˙¢˙Â Î¢‰Ò±¨π¥µ¨∞∞∞

ÌÈÈÂˆÈÁ ˙Â¯Â˜Ó

˙ÂÈÓÈÙ≤≥∞¨∞∞∞

‰Ï˘ÓÓ≤∞∞¨∞∞∞

BSFµ∞¨∞∞∞

GIF≥∞¨∞∞∞

BARD±∞¨∞∞∞

NIH±∞¨∞∞∞

˙ÂÂ˘±≥∞¨∞∞∞

˙Â¯Á‡ ˙Â¯˜ Î¢‰Ò∂∂∞¨∞∞∞

¯˜ÁÓÏ ˙Â·ˆ˜‰ Î¢‰Ò≤¨∂∞µ¨∞∞∞

‰‰Â·‚‰ ‰ÏÎ˘‰‰ ˙Î¯ÚÓ ·Èˆ˜˙

¯Â˜Ó‰Á¢˘ ÈÙÏ‡· ÌÂÎÒ

˙¢˙Âµ¨∂µ∞¨∞∞∞

„ÂÓÈÏ ¯Î˘±¨∂∏∞¨∞∞∞

˙ÂÓÂ¯˙∑∞∞¨∞∞∞

¯˜ÁÓ∂∂∞¨∞∞∞

ÁÂ˙ÈÙ±∏∞¨∞∞∞

˙ÂÂ˘≥≥∞¨∞∞∞

Î¢‰Òπ¨≤∞∞¨∞∞∞



≥∑

➃➀❷❹❶����❾❽�➆❸➀�➃❹❽➅❽➄��❝��❻➂➀��❿�➆➂❸�❽❿�❹��➀�����❹�➂�❸❿�➆❸

�❿�➆➂�➀➀❿�➀��❸➀❷❹❶➀�➅❻❽����❻➂��❹❷➅❹➂❿��❹�❼❽➅��❽➄❹�❸�➆���➀�

❷❹➂➆��❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂�� ❽❷❿��➁❽❻❽➄➂� ❹➄�� ❸❸❹�❶❸�❸➀❿�❸❸

�❹❽❸➀�❸��➁❽➆❹��❸�➁❽�❹➂❸�➀❿�➁❽�❽❽❻�❸➄❽❷➂➀����❷➄❸��❹❿❽�❸��➂��

➃❽��➅❻❽❸�➆��➄��❹�❻���❹❽➄❿❼��❹❻➄❸❹�❹❺�❸❻➄❸�❾➂➅�➀➆�❽�❽➀����❹��❽➀➆�

❸➀❿�❸❸��❿�➆➂� ❽�❹➂�➀❿����❿❸➀��❽��❻�❸� �❽��❻➂❸��❿�➆➂❸�➀❷❹❶

�❽��❻➂❸��❿�➆➂❸� ❽�❹➂� ❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂�➀➀❿�➀❷❹❶➀� ❸❸❹�❶❸

�❹➆❽���➆❽����❹➆�➂���➀❽➆➈���❻➂���❹➅➆➀�➁❽�❽❽❻�◗�❹�❼❽➅��❽➄❹�❸�➆��❘

�❹�❽���❸❿�➆❸�➀��➀�➃�❽➄��❽��❻➂❸��❿�➆➂����❻➂➀��❷�❹➂❸��❽���❸

�❹❽��❻➂❸��❹�❼❽➅��❽➄❹�����❻➂➀����❷➄❸�❸➆��❸❸�➀�

❸➀❿�❸❸��❿�➆➂���❹�❽�➂➀��❹�❹���❾���❹❽❼�➄❽➅�➃❸�➃➀❸➀���❹❻➄❸❸

➀❹➀➅➂��➁❽❷❽➂➀��➁❸�❑❾➂➅❹➂❑���❹�➀�➁❽❷❽➂➀�❸�➀➀❿➂�$❿�❸❸❹�❶❸

➁❽❷❽➂➀�❸����❹➄➈�❽���❹�❽❻❸����❼�➈➀�❽❷❿�❽��❻➂�➀❹➀➅➂�❹➄❽❽❸❷�❸❺��➁➆

❑�❶❹�❑❸�❽❷❽➂➀�➀�❹➀➀❸

ÌÈ¯ËÓ¯Ù

‚Â·¯ÍÓÒÂÓ¯¢„

‰¯È˘∞Æ≤µ∞Æ≤µ∞Æ≥µ

®ÚˆÂÓÓ© „ÂÓÈÏ ˙Â˘≥Æµ≥ÆµµÆµ

‡·‰ ·Ï˘Ï ¯·ÚÓ∞Æ±≤µ∞Æ¥∞Æ≥≥

�❹�❹��❸� ➁❽➄��� ❹❷➂➀❽� ❸❸❹�❶❸� ❸➀❿�❸❸� �❿�➆➂��� ➁❽❻❽➄➂� ❹➄�

➀➆❹�❛❸�❽�➀❽❶�➃❽�➂�❿�➀➆��➅➅❹�➂�❹❺�❸❻➄❸�➁❽❷❽➂➀��❿

➀➆❹�❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂➀�❸❺❸��❹❺❻➂❸�➃➂�$❿�➀��❸➅❽➄❿��❹➆❽�

����➁❽❻❽➄➂�❹➄��➇➅❹➄��➁❽➄��➆����➃��◗➀➀�❹�➂❘�➆�❹➂➂�➁❽❷❹➂❽➀�❾�➂

❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂➀�➇�❼�➂�❽�❽➀����❹��❽➂❽❽➅➂�❸�❹➀��➃❽�➂�❷❻�

❾❹➄❽❻❸��❿�➆➂��➁❽�➅➆❹➂� ❽�❽➀�❸� ��❹�❸� ❽➂❽❽➅➂� ���� ➆❹��� ❸�❹➂❿

➁❽�❹➂➀�➁❽❷❽➂➀�❸�➅❻❽��➁❽❻❽➄➂�❹➄��➃❿�❹➂❿�❽�➀�➂➂❸���❻➂�❹�❸❽❽�➆��

➆�❹➂➂❸�➅❻❽❸�❾❿❽➈➀❹�❷❻�➀���❹➀➀❿➂�❹�❷❻�➀���❹❸��❹�❼❽➅��❽➄❹��

�❽❸� ❸➄�➅➂❸� ❷❻�➀� � �❹�❽��� �❹❸� �❿�➆➂��➁❽�❹➂➀�➁❽❷❽➂➀�� ➀�

❸�❹➂��➁❽❻❽➄➂�❹➄��➁❽�❹➂�❿�❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂➀�➁❽�❹�❷�

❸➄�� ❽❷➂� ◗➀��➂� ❽❹❹��❘�➁❽��❷➄� ➃❿➀❹� ➁❽➄�� ❛��❿�➆➂�����➂� ➆�❹➂➂

❹❺��❿�➆➂��➁❽�❷❻�➁❽�❹➂�❿�❸➄��



≥∏

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

❸➄��➀❿��➁❽❽➅➀�➁❽❷❽➂➀��❛�➁❽❿❽���➁❽�❹➂�➀��❸❺��➈➅➂��➈➅➀�❽❷❿

�❹�❽���❸❽❸❽�❽�❽➀�❸���❹�❸�❽❷❽➂➀���➈➅➂�❽�❽➀�❸���❹�❸�❽❷❹➂❽➀���

❿�❽�❽➀����❹�➀�❷❹➂➀➀�➁❽➀❽❻�➂❸��➈➅➂❹�

❽➂❽❽➅➂�❿�❹��❷❽❽�❸➄���❸➄��❽❷➂��➆�❹➄��❹➂❷❹�❸��❹❻➄❸❸�➃➂

➃❿➀❹� ❿� ❸❽❸❽� ❸❺� ��❹�➀� ➁❽❷❽➂➀�❸� �➈➅➂� ❽��❻➂� ❽➄�� ��❹�

❽➄�❸���❹�❸�❽❷❹➂❽➀����❸➄���❸➄��❽❷➂�➀❽❻�❸➀�➁❽❿❽���➁❽❷❽➂➀��❿

❽��❻➂❸

❽➄�❸���❹�❸�❽❷❹➂❽➀����➁❽➀❽❻�➂❸�➁❽❷❽➂➀�❸��➈➅➂�����➈➅➀�❽❷❿

❛❿��❾�❹���❽�➃❿➀❹�➃❹������❹��❽➂❽❽➅➂�❜❿�➁❽��❷➄�❽��❻➂❸

❞◗❽��❻➂� ❹➄➄❽��� ❽➄����❹�� ❽❷❽➂➀��➀➀❹❿❘��❿�➆➂�� ➃❹������❹�� ❽❷❽➂➀�

◗❸❺���➀➀�❾➂➅❹➂�❽❷❽➂➀��❿❹��❶❹��❽❷❽➂➀��❿❘�❛❿�➁❸➂

����❸❹��❹�❼❽➅��❽➄❹���❹❷➂➀❽✉�❹➀➀❿➂��

❽❹❹����➂��❹❽❸❽��❹�❼❽➅��❽➄❹���❽❿�➁❽➀��➂�❹➄��❸❺��➆❹�➂��❹�❽❻➂

➁❽❷❽➂➀��❿��❹➀➀❿➂��➁❽❷❽➂➀��❿�➀��➁❸❽❷❹➂❽➀��➀��➂

❹❷➂➀� �❑➅���� ❸�❹❹�❸� ➁�➀� ❜❛❿� ❸❻❹�➈❸� ❸❼❽➅��❽➄❹��❹

�❹❽➂❷��❸��❹➀➀❿➂❸�➀➀❹❿❘��❹➀➀❿➂�❹�➁❽❷❽➂➀��❛❿��❹�❼❽➅��❽➄❹��

��❹�❸��➂❹➆➀�➁❽❸❹�❶❸�➁❽���❸� �❿�❸� ➁❽❼➄❷❹❼➅� ❜❛❿� ◗❸��❹❸➀

�❹�❼❽➅��❽➄❹�❸���❶➅➂���❹��❸��❹�➆��❷❹�➂�❸➄��❽�➃❹���❸

¯˜ÁÓÏ ˘¯„‰ ÌÂÎÒ‰ Ï˘ ‰Î¯Ú‰

➃➂�$❿�❷❹➂➀➀�➁❽�❹➂���❽��❻➂❸��❿�➆➂����➆❷➀��❹➈��➁❽❻❿❹➄�❹➄�

❸➀❿�❸❸��❿�➆➂��❷❽➂➀���❹➀➆�◗$❿�➁�❹➆❽��❸❽❸��❑➅���❘�➁❽❼➄❷❹❼➅❸

�❹❽❸➀�❾❽����❽��❻➂❸��❿�➆➂❸��❽����❾❿❽➈➀❹�❻❑��❿��❹❸�❸❸❹�❶❸

�❷�❹➂�➁❽❽��❻➂❸��❹❷➅❹➂❸��❽���➂��❽�❻➂❿��❸❻➄❸��❻❑��➃❹❽➀❽➂�❿

�❹❽❸➀�❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂����❻➂➀��❷�❹➂❸�➁❹❿➅❸�❸❽❸�❾❽�����❻➂➀

❿��❑➅�����❹�❼❽➅��❽➄❹�❸��❽����❸❽❸�➀➆❹➈��❻❑��➃❹❽➀❽➂�❛

❻❑�� ➃❹❽➀❽➂�❿� ❹➄❽�❹❿�➆❸� ❽➈➀���❻➂➀� ❹���❹��➁❸➂❹� ❻❑�� ➃❹❽➀❽➂

❷�➀�

�❽����➀➀❿➂���❻➂➀�❸���❸❸��❹➆❽��➀��➆�❹➂➂❸��➃�❿��❽➆❸➀�❽❹��

��❹�����❸❸❹�❶❸�❸➀❿�❸❸OECD�❹❸� ❹➄➀����❷❹➆�� ��❹�❽����❹❸�

�❹❸��➂❹➀❿�➂�❸❹�❶��❹❸�❸❽➀❶➄��❹�❸❽➄➂�❶��❷➄➀➄❽➈����❺�➁➆�❛❿

❹➄➀�➂�$❿��❸❹�❶



≥π

➀���❽��➄❽❷➂��❸❽➂❷������❻➂❸�➇�❽❸���❷���❽➂❹�➀➃❽��❸�❹❹�❸�➀❿�

➃❼���➈➅➂�➀���❽���❽��❹�❻���❹❻�❹➈➂��❹���➀�❷❹❶❽➄��❽❿��❹❿❺➀��❹�❻

➁❽➂❹❷❸�➁❽➈❹❶�➃❽��➀���❽��➁❽❽➂❷����➀�➁❽❽❻�❺����❻➂��❹❷➅❹➂�➀��❷❹�➂

➀N.I.H.➀�❽➄�❽�➂�❸�➁❽➄��❸�➃❹❿➂➀�❹��C.N.R.F.➀❹�❽�➈��❸�Max�Planck

�❽❽❻➂�❸❺� ��➂� ❸❺� ❷❽�➈���❹�➀➂➂��❹�❼❽➅��❽➄❹�❸���❺� ➇➀❻� ❽➄➂�❶❸

❽�❼❽➅��❽➄❹�❸���❻➂��❸➂❽��➂�❸➆��❸





¥±

·ÈÂ‡‰ ‰·Ó˙Â‡ËÈÒ¯
ÌÈ˘¯„‰ ÌÈÈÂÈ˘‰Â

➀�� ❸�❹➂❷�❹� ❸➂➀��� ❹❷➀❹➄� ◗➃➂�❽❹� ➃❹❿➂� ❼➆➂➀❘� �❹�❼❽➅��❽➄❹�❸� �❹�

�❹���� ❾❹�➂� ❜�� ❸❷➅❹➄�� ➁❽➀�❹�❽�� �❽��➆❸� ❸❼❽➅��❽➄❹�❸

➀�➂➂❸�◗❸➈❽❻��➃❹❽➄❿❼❸�➁❶�❾❿❘��❽➄➂�❶�❷❻❹❽➂���❽➈❹�❽���❽�❼❽➅��❽➄❹�

�❽�➄�❝❽���❹❷�➀❹❸❽➄�➀➆�➅➅❹�➂�❹➀���❹�❼❽➅��❽➄❹��➀��❽➀❹❸❽➄❸❹�❽➄❹❶��❸

�➀❻�➂� �❹❸� ❾�� ❸❼❽➅��❽➄❹�❸� ���� �❹❸� �❽�➄❸� ❸�❹�❿➀� �❹❼��❹

❸➄�➂❸�❸❼❽➅��❽➄❹�❸�➀��❽➂❷��❸����❸��❹❸���❹❼��❸�➁➆�❹❽�❹❽❹❿➂➅�

➀��❹➅➂��❹❼➀❻❸��➀���❾❽➀❸��➃❹❶❿�➁❽➀❽➆❽�❽�➀��➀❹❸❽➄�❽��➂���❹❽�❽➀�❹❷❸

➁❽�❽❽❻➂�❸➀��➁❽��➂� �❹❼��❸❹��❽�➄❸��❹❽❹❿➂➅� ➀��❸�❹���❸�❷❶❸❽�❹

❽���❹�➁❽➄�❽❷❸� ➃❽�➀�➁❸❽➄❽�❹� ➃�❿➂�➁❸❽➄❽�� ❽�❹❽❻❹��❹❷❸�❸➀❹➆➈�➇❹�❽�

➁❽❶❹❻❸❹��❹❼➀❹�➈❸��❹�➆❹➂�➀��➁❽❽➂❷��❸�➁❽➂❹�❹➈��➁❽�❻�➄❸��❹�➀❻➂❸

➁❸�❸❽��❻�� �❽➈❹�❽��❸❷❹❶���❽❸�❸❼❽➅��❽➄❹�❸�❸�➆➂➀����❹❽� ➃�❿➂

❸❽➀❹➂❶�➂�➁❽➄❸➄❸❹�❸❽➀❸➄➂����➁❽�❻❹�❸

❸�❽❽❸�❽➂❷�❸�➀❶➅❸�➀���❹�❿❽❸❸❹��❹➄❼���❹�❼❽➅��❽➄❹�❸�❹❽❸�❷❹➆�➀❿

➃❹���❹�❸❸❹�❶�❸❽�❹❹❽❼❹➂��❸❹❹➀�� ❽�❽❼�➈❹�❹�❽➈❹�❽�❸�❸➄�➂❸� ❸�❹��

❾�� ❸❽❹����❽�❹❿❽�❹��❽�❹➂❿�❸❻❽➂�� ��➈�� ➁❽➂�❹❶❸� ➀❿� ❷�➂�❻❽➀�❸➀

➁❽❼➄❷❹❼➅❸�➇�❽❸��➁❽➀❹❷❶��❹❷➅❹➂➀�❹➀❷❶❹��❹�❼❽➅��❽➄❹�❸�❹❻➂���❸➆�➂

❹➆➀❶�➄���❻➂❸�❽➄❹❿➂❹��❹�➀❻➂❸��➈➅➂�❹��❹❼➀❹�➈❸�➀❷❹❶��➁❽�❹➂❸��➈➅➂�

❸❷❽�❽➀�➁❽����➆❷➀�❹➂�❶�❸➀���❹❽➀❹➆➈�❸�➀❹❸❽➄❸��❹�➀❹❻➂��❹���❸❺�❸➄�➂�

❷➅❹➂❸�➀��❸❿❹➂➄��❹➀❽➆❽➀❹�❸��❹❸❸❹���❻➂❸��❹❽❹❿❽��

�❹❻❽➀�➂❸��❹�❼❽➅��❽➄❹�❸��❸��➄�❽➄➂�❶❸�➀❷❹➂❸�➀��❸❺➂��❻��❼�➂�

�❹❽❹➄�� �❹❽➈❹�❽���❹�����➈➅➂�➁❶�❾���❑❸���❸➄❹���������❹� ➁➀❹➆�

➁�➂❹�➂�➁❽➄➂�➄���❻�❹➄❽❽❸❷�❞❽�➅➆�➃❹❶��➀�❸➂❹❷❸�❽❿��❽❽❸�❽➄❹❶���❸➄�➂�

❸❼❽➅��❽➄❹�❸�➀��➃❹❽➀➆❸�❽�❹�❽�❸�➇❹❶❸��❹❸�❸❺�➇❹❶�➀❽➆➈❹��❺❻�➀➆❹➈�❷➆❹�❹�

�❹❽➀❹❸❽➄❸��❹❽❹❿➂➅❸�➀➆���❹❸� ❸❼❽➅��❽➄❹�❸��❹❽➄❽❷➂����➆�❹�❸��❹❸

�❹➂❽�➂➀❹�➁❽❽➀❹➆➈�❸�➁❽��❹➄➀�❸❼❽➅��❽➄❹�❸������❽�➄❸�����❻❹�❸��❹❸❹

➁❽➄�❽❷❸���❹�◗�❹❼��❸��❹❸❘�➅❹�❹�➈�����❻❹�❸��❹❸��❽�➄❸��❹❽➂❷��❸

❶❽�❸➀�❷➆❹❽➂�❸❺�❽❿��❽❽❸�❸➄�➂��❹�➀❻➂❸�❽�������➁❽�❻❹��❹➂➆�❷❻❽�➁❸❹

❸❺�❸➄�➂���❻➂❸��❹❿❽�❹�❸��❹❸❸��❹❿❽��❝❸❼❽➅��❽➄❹�❸��❹�❼➂�❽�����

❽��❻❿�➁❽�➂�➂❸�❹❽��❻�➀�❹�❼�➄➅❸�➀��❸➄�❹➂❸�➁❽➄❽❽➄➆❸�❷❹❶❽➄�����❽➂�➂

∑



¥≤

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

➇❹❶❸��❹❽❸➀�➇❽➅❹➂�❼�➄➅❸�❸❺�❸➄�➂���❻��❸➄❹➆�❹��➆��❹❽➀❸➄➂❿❹�➀❶➅❸�❷➆❹

❸➄�➂➀�➁❽➂��❹➂�❹�❿�❸❹�❹❽❷❽�➈��❾��❸❼❽➅��❽➄❹�❸�➀��➃❹❽➀➆❸�❽➂❷��❸

�❷❻❸

�➈❹❻�� ❸➆❽❶➈� ❹�� ➃❽�� ❽➈❹�❽�❹� ❽❼��❹➂❷� ❹➄➄❽��� ❸❺� ❽❿��❽❽❸� ❸➄�➂

➀���❹❽❶�❽❸❸���❹��❹❿❽�❸�����❹➄❽❹�➂❸����❷❷❹➆➂�❸❺�❸➄�➂�❽➂❷��❸

��➂➄❷❹�❷➄➀❹❸�❹➂❿�❹❺��❹�❽�➂➀��❹�➆�❹❽❸��❸➈❹�❽����❹➀�➂➂�❸❼❽➅��❽➄❹�❸

❸❸❹�❶❸�❸➀❿�❸❸��❹❷➅❹➂����➁❷�➀�❾�❹�❸����❽➄❹❶��❸�❸➄�➂❸�❽❹➄❽���❹❸❽❺

�❹❿❽�❹��❹➄❽❹�➂➀�❾�❷��➁����

�❹��❹❶❹��❹❿➀❹❸❸��❹➄➆❼❸❹�❷❻��❷�➂��❽���❸❹�➀❹❸❽➄❸�❽���➂�❻❿❹➄➀

➀�➂➂➀���➆➂�➃❹❻�➀�❽❹���❽➄��❷�➂��❽➀���❽❸�❸❽➂❷������❻➂❸��❹❿❽��➀➆

❽❶�❽❸➀�❽��❻��❸❽❸❽�❸❼❽➅��❽➄❹�❸������❷➂❹➆❸��❽�➄❸��❹���❽❿��❽❽❸�❽➄❹❶��

➀➆❹➈❸�❷➆❹❹❸�❽➄➈��❹❺��❹�❽❹❻➂��❽➂❷��❸��❹❿❽�➀�❸➄❹����❹�����❹�❷➅❹➂❸

�❽➂❽➄➈��❽�➈❹���❸�❽�➅��➀➀❹❿❸� ❸❸❹�❶��❹❿❽�������➁❹❽��❸�❹➆➂�➂

❽��➈�� ❹➄❽��❸❺❿� ❾➀❸➂� ❸❼❽➅��❽➄❹����❹❼➀❹�➈❹��❹�➀❻➂� ➀���❽➄❹�❽❻❹

➁❹❽❸�❹�➄❽❻�➂

➀��❽➄❹❶��❸�❸➄�➂❸����➃❹❻�➀�➁❽➄���➈➅➂�❽➄➈➀�❸�➄➂�➄��➉➀➂��❷➆❹

❸�➆➂➀�❸�❽➀➂❸❹��❹❽❻❿❹➄❸�➀❹❸❽➄❸��❹�➀❹❻����❸�❸❽❺��❹�❼❽➅��❽➄❹�❸

❸❽�❹��➈��❸�❽❽❸�❸❷➆❹❹❸�➀��❸��➀❹❻�❾��❸�❹���❷❹�❽➈���❷�➀���➆➂�➀➆

➃❹❽➅❽➄❸�❽�❼➄➀❹❹�➃➈❹���❸❽�❹�➀➂❸����❹�➂�❽��❹�❼❽➅��❽➄❹�❸��❸➄❹���❹

❽➄❹❶���❸➄�➂�❽❹➄❽��➉➂❽���➀�❷➅❹➂�➁❹��➉➀➂�❻❹❷�➁❹➅�➈��❹�➂➀��❸��❸

�❹�➆➀��❽��❹�❼❽➅��❽➄❹�❸�❸➄�➂�����❹➄�➀�➁❽�❹��➁��➃❿�➀➆�����❽�❹❸➂

➀���❹��❹➆➂�❹���❽❼❽➀❹➈��❹��❹➆➂�➀��❸�❹���❸➆❽➄➂��❶��❸����❹�❽❸❺����❺

�❹❹�❘�❸�❽�❻������❹�➆❽❸➀�➀❹❿❽���❷❸��➁❽�➂❹���❽❹�➁❽�❻��➁❽�❺�➁❽➂�❹❶

❽�➄���❻❽➄❸➀�➃❽��❽❿�❸➈❹�❽���❹➂❿�◗❸❺�➃❽❽➄➆��❸❷❽❻��❸➆❷���❽❶��➀�❸❺

➁�❹❿➂➅➂���➈�❸➀�❹�❷➄�❽�❸�➆��❹❽❹❿➂➅❸�❽➀➆��➁❸��❽➂❷��❸�➀❶➅❸

➁❽➄��� ❹❷➅❹➄�� �❹❽➂❷��❸� �❹➀➀❿➂❸� ➀❿� ❽❷�❹➅��� ❼➆➂❿� ➃➈❹��

�➀❻➀��❺➆���❷❸❹�➀❽➆➀�➆�❹➂❿��❹���❽❿��❽❽❸�❸➄�➂�➀➆��❹➅➅❹�➂��❹➄❹�❻�❸

➁❽❽➂❷��❸❹�➁❽❽➀❹➆➈�❸�➁❽➂❹❻���➁❽➂❽��➂�➁❽➆❹�❽�� ❶❽�❸➀� ➃❸➂� ➀❹❷❶

❹��➈�❽❹�❽➂❷���❷➅❹➂�➀❿�➀��❽➂❽➄➈❸�➀❹❸❽➄❸����❹�❺❻❽�❸❺❿�❶❹➅➂�➁❽❽❹➄❽�

�❿�➆➂� ➀���➀➀❹❿❸�❸�❹➈�❸�❸➀➆��❾❿�� ❹❽�❹�❼➂� ➀���❽��➂�❸❶�❸� ❹➀

➀���❽��❸❸❹�❶❸�❸➀❿�❸❸



¥≥

ÔÂÈ„ ÌÂÎÈÒ
 È˘Â‡‰ ÔÂ‰· ‰Ú˜˘‰‰—‰‰Â·‚ ‰ÏÎ˘‰ 

‡Â·Ó

➁❽➂➆❼�❹➀➆❹❸�❸❽➂❷�
�����➂❸���❽❹❹
�❸➄❹❷❽➄�❸❸❹�❶❸�❸➀❿�❸���➆❸�➃❹❽❷�

�❿�➆➂�❽❹➈❽�❑��❾�❹�❿��
❺�❹�❽❷❶❸��❹❽❸�➃❹��➈➀��❹➆�❸❹����➂➀�➁❽❽❺❿�➂

�
��❹➄�➀�❸�❼➂����❹
❸����➉➂❽
�◗➃➀❸➀❘�➃❹❽❷���❹➆�❸❸�➃➂��➀❻�❑❸➀❹❻

➃❹❽❷❸���❻➂➀�❹❸❽➄�➄��➂��❽❸�❸��❽➈❿�➁❽��❷❸���❽➅➄

ÌÈÂ˙‰ Æ‡

❸❿❹❷➂❸�➀➆���❽���❹❹�❸��❹➄�➅➂��
�❼❷❹���❷❹❷��➂�❶❽�❸�➃❹❽❷❸��➀❽❻��

�➈➅➂��➀❹❷❽❶�◗❘�❝❹�❷❹�➆��❹❽➄❽➆�❷❶➄➀�❹❷➂➆��➁❽❽❺❿�➂❸�➁❽➄❹�➄❸���➂❻��
❹

❸
�❹❸➀��❹➀➀❿➂�➃�❽�❻➂❿�➀�➂�➃❹�❻
❸��❹�➆���❹❽➂❷�
❸��❹➀➀❿➂❸

❜➂�➀❷❶�➁❽❼➄❷❹❼➅❸�➇�❽❸�◗❘�❞◗➆❹����
�➄��❹
❼❽➅��❽➄❹
❸��➈➅➂❘

�
❹�❸� ❽➂❽❽➅➂� ➇�❽❸� ◗❘� ❞❸➄❹�❻
❸��❽➂❷�
❸�❸➄��� ➀� ❜❜�

➁❽➂❽❽➅➂❸�➇�❽❸���
❺��➂❹➆➀❹�❸➄��❸�
➀�❼➆➂❿��❹
❼❽➅��❽➄❹
��➃❹�
�❸

�❼➆➂❿➀�❿➂�➀❹❷❽❶�➀❻�◗❽��❻➂❸�➀❹➀➅➂����❽➆�❘�❽➄�❸��
❹�

➃➂� ,❿� ➀
��❽��❸❸❹�❶�❸➀❿�❸➀�❸
�❹❸❸�❸�❽❽❸� ❜❜❜�� ◗❘� ❞❹❺� ❸➄��

��❹��
❹�◗,❘��❑❸�
��➂❹➆➀���❹�❸OECD❸➀❿�❸➀�❸
�❹❸❸��➂❹➀❿�❞◗,❘�

��❹➄❽❷➂���❹❺➂�❸❸❹�❶�❸�❽❽❸�➀
��❽��❸❸❹�❶OECD�❽���❸�❽�❹�❽��➁➀❹
❹�❞

��❷��➀�❸❿�➆❸❸�❝❸➆�➀�❸➄❹➂�❸��
�❹➄❽���❹➄❹�❻
❸�➁❽➄�❸��❹➀��

❸�❹➂❻�❸➆❽❶➈❸�❾❿❽➈➀❹�➃❼����❹�❸�➁❶��➃❽❹�❽❹❘���❹��❜,�
❽❸�❸
�❹❸❸

���❹❽�➇
✉❷❹➂➀➀�➁❽➀❽❻�➂❸�❺❹❻
�◗❘�❞◗❼➄❷❹❼➅�❽➈➀�❸
�❹❸��,❿��❸❷❽�❽�

,❿�
❹❸��❹➄❹�❻
❸�➁❽➄���➆�❹➂➂�➃❹�➄���❸❸❹�❶�❸➀❿�❸➀��❹❷➅❹➂�

˙ÂÂˆ‰ Ï˘ ˙ÂÈÊÎ¯Ó‰ ˙ÂˆÏÓ‰‰ Æ·

�❹➀➀❿➂❸� ➃❽�❹��❹
❼❽➅��❽➄❹
❸� ➃❽�� ❑❸❷❹�➆���❹➀❻❑� ➀➆� �❹➂�➀��❽

�❹➀➀❿➂��➁❶�◗❽��❻➂�
➀❘�❽➄���
❹��❽❷❹➂❽➀�➁❽❽�➀��❽��
❺��❹�➂➀❹



¥¥

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

❷❷❹➆➀��❽���❺�➇➀❻❹��❹➀➀❿➂❸��➈➅➂�����➈➅❹➄�❸➀❷❶❸�➀❽❷❶❸➀�➃❽�

�❹➀➀❿➂❸�➃❽��❑➁❽❶❹❺❽➂❑

�❹➀➀❿➂��❸��❹❸❸��❹❹������➈�➀��❽

��❷❸�❞➃❸❽❷❹➂❽➀���❹�➃❸❽��❹�����❶�❷�➀��❹❽❶❹➀❹➄❿❼��❹➀➀❿➂�❷❷❹➆➀��❽

➃�❹�❽❶➄���❹❽➅❹➀❿❹���❹➀❽��➃❹❶❿�❽���❻�❷❽�➈��➁❶��➀➂➀�➃❸➀�➆❽❽➅❽

❽❷�❻❸��❺❶➂❸�❽�➄��➃❹❶❿�❸❿❹➂➄�❸❸❹�❶❸�❸➀❿�❸➀

��➀❽➂➂❹��❹�❼❽➅��❽➄❹�❸�❸➄�➂�����❹➄�➀��❽✉➀�➂➂❸��❼❽�����

◗➃➀❸➀�❼❹�❽➈❘��❽❿��❽❽❸❸�❸❼❽�❸�➀���❹�➆➀❹�➃❸�

❷❹➂❽➀❸��❿�����❷❹➆��❽❻➈❸➀�➃❽�

�❹➄❽❹�➂➀�❸➈❽��➀�➃❹��❷�❹�➁❽➀❹➂❶��➃�➂��❽➂❷�����❻➂�❷❷❹➆➀��❽

❛❷��❽➀❽➂�➀�➀���❷��❽➀❽➂�❜➂�❽➀➀❿❸��❽���❸�����❹➀➆❸➀��❽

���❻➂❸��❽������❹�➀��✉➀���❷��❽➀❽➂�➀�➀���❷��❽➀❽➂�➂�

❜➁❽➄❹�❸�➁❽➂❹❻��� ❸❽➂❷��❸��❹❿❽�� ➀�� ❸❿�➆❸➀� ❸❷➆❹� ➁❽�❸➀��❽

➁❽❽➂❹�➀➃❽��➁❽➄❹❽�❼❽���❽➈➀�❸�➆❽��❸❷➆❹❹❸�➀��❸�❷❹�➆❹

· ˙ÂÈÊÎ¯Ó ˙Â„Â˜ Æ‚ÔÂÈ„

ÈÓÂ‡Ï‰ Ò¯ËÈ‡Ï Ì‡˙‰· ·Âˆ˜˙ Æ±

◗�❹���❹�➃❹➄❿�➀�❸❷➆❹❹❸❘��❑�❹�➀���❹���❸�➃➈❹�➀�❹➅❻❽❽�❸�➁❽❷❻��➁❽��❹❷

�➁❸�� ➃❹���❸❹� ➁❽�❹�❽➂� �➈➅➂�✉❽�❷➅➀� ❽❹��� ❽❹❼❽�� ❹�� ➃❽����❹����

��❿❽➄��❹➈❽❷➆���➀❹�❸❺❿��❹❽❹➈❽❷➆��❷➅���❶➀�➉➀➂❹❸�➁❽❽➂❹�➀❸��❹❽❹➈❽❷➆❸

�➄❽❷➂� ➀���❽❷❽�➆�❸❻❽➂�➀�➁❹��➀�➁❽❽❹�➆❸�➁❽➂❹❻�➀��❹�����❸�❹��❹

➃❹❽❷��❼❹➆❽➂❸��➆❷�❽➈➀�1❹❿❹�❸➅❷➄❸�❽➆❷➂❸❹�❽❶❹➀❹➄❿❼❸�❾❹➄❽❻❸�➃❹❶❿�➀���❽

����❹❻�➀��❹❿❺��❽�➁❽❼➄❷❹❼➅➀��➃❹❹❽❿➂�❹❺❿���➄❹❹❿➂�❸�❽�❻��❾�❹��➃❽�

➁��❸��❽➂❷���➆�❽❸��❹➄➆❽❽�➁❽�❹�❽�❸�➀❿��❽❹���➃❿�➀➆❹�➁❸❽❷❹➂❽➀�➁❹❻�

❸��❻❸❹� ❻❹�❸� ❽❷❹➂❽➀� ��� ❻❽➄❺❸➀� ➃❽��� ❹➄➆❼� ➇��➁❽��❹❷❸� ➃➂�➁❽❷❻�

➀���❽���❽❿�➆❸❹��❽�❹���❸�❑❸❻❽➂�❑➀�➁❽�❹�❻❸

· ‰Á·‰ ˙¯ÈˆÈ Æ≤·ÈÂ‡‰ ÔÈ˙ÂÏÏÎÓÏ ¯˜ÁÓ‰ ˙Â‡ËÈÒ¯

�❹�❼❽➅��❽➄❹�❸� ➃➂�➁❽��� ➁❽���➂� ➀�� ❸❶❽➀❺� ❹➄❽❽�� ➁❽��❹❷❸� ➃➂�➁❽��

➃❹❹❽❿➂�❑➁❽���➂�➀❹➀❽❷❑��❽❸�❸❶❽➀❺❸����❹�❹��❹➀➀❿➂❸�➀����❻➂��❹❷➅❹➂❿



¥µ

����➃�❿➂�➁��❸��❹➀❷❶��➀�➁❽���➂❸�❹➀❽�❹�➃�❿➂�❸�❻��❸��❿�➆➂❸�

��❿❽➄� �➅❽❶�❷❻➂� ❝�❹❿❽�❹��❹�❽❶➄� ➃❽��❼�❽➀➈➄❹��❸�❹�❿➀�❸❹❹❸�➄� ➃❿�➀➆

➀❹❷❽❶❸��❹❿❺����❽➆��➁❽❼➄❷❹❼➅❸��➈➅➂��◗➀❽➆➀❷�➁❽➄❹�➄❸�❹❷❽➆❽❹❘�❸❷❻�❸❽❽➀➆

�❹❽➅❹➀❿❹��➀��➁❽❸❹�❶❸�➁❽❷❹➂❽➀➀�➃�❹�❽❶➄�➁❶�❸➀❷❶❹��❹➀➀❿➂❸��➈➅➂���❿❽➄❸

❸❽❽➅❹➀❿❹�❸�➃❹❶❿❘�❸❿❹➂➄�❸�❽❽❸��❹➀➀❿➂❸��❻❽�➈��❸➂�❹➈�❸�❽➄➈➀�➃�❹�❽❶➄�

❸➀❿�❸➀��❹�❽❶➄❸��❹➈❽�❹�➁❽❷➂❹➀❸��➈➅➂��❸❽❽➀➆��➅❽❶�❾❷❽�➂�❞◗�❽❷�❻❸

➁❽���➂�❺�❺�➀❹��❽➂❷��❸��❹➄❽❹�➂��➆❹❶➈➀��❹➀❹➀➆�❸❸❹�❶❸

❝❸�❽❼➂�❹➈➄❽�❹❽�❸❹�❸❽❶❹➀❹➄❿❼❹❽�❸�➁❹❻����❽❸��❹➄❽❹�➂��❸➆❽❶➈➀�❸➂❶❹❷

�❹����❹➀➀❿➂���❻�➀��❿❽➄�➃➈❹���❸�➈��❸�➁❹❻�➀��❹�❽❶➄❸�➁❽➄❹�➄❸�❽➈➀

�❽➂❷��❸�❸➂�❸�❸❷�❽�❾❿���➆�➁➀❹�❹�❹➀➀❸�➁❽➂❹❻����❹�➀❻➂�❻❹�➈➀�❹��❹❸

❸➂� ��� ➁❽❷➂❹➀➀� �❹�❽➄➆➂� ➃➄❽�� ➃❸�� ➁❹�➂� �❹➀➀❿➂�� ➁❽❷❹➂❽➀❸� ➀�

�❹�❼❽➅��❽➄❹�❸❹�➀❽�❹❸���❺➂�❸��❽�➁❸➀��❽➄➆❸➀�❸➀❹❿❽�❸❼❽➅��❽➄❹�❸�

➁❽��❹❽�➀❹❿❸�❾❿❹�❸➂�❸��❷�❹❽�➃❸��➁❶���➆�➂�➁❽���➂��❹❻➈�❸�➆��❹➀��➂

❻�➈➀��❹��➈����❹➈�� ➆❶❹➈�➁❹❻�� ➀❿�� ❷❹➂❽➀❸��❹❷➅❹➂� ❽❹�❽�� ➁❽❷➅➈➄

➀❑❹❻���❹�❼❽➅��❽➄❹���➁❶�❹�❻�❽���❹➀❹➆➂��❹➂����❽��❻➂�❸❽➂❷��

❝❸➂❹❷���➂❸�➃�❿�➁❶�➁❽❼➈�➂❸�❽❷❹➂❽➀���❽❸�➁❽���➂�❺❹�❺�➀�❸➂❶❹❷

��❿❽➄� ❸❷❽➂�� ❸�❻�❹❸� ➃❿� ➀➆❹� ➁❽❼➈�➂� ❽❷❹➂❽➀� �❹➆❽�➂� �❹��� �❹➀➀❿➂

❸❷❹�➆�➁❽��❹➂�➁➄❽��➁❽❷❹➂❽➀❸�❽➂❽❽➅➂➂�➁❽�����❺�➁➆❹�➁❹❻�➀��❹�❽❶➄❸

➁❽❺�❺�➂�➁❽❼➄❷❹❼➅❸���❹➈����❹❽�➁➂❹❻���➁❽�➀��➂�➁➄❽�❹�➁➆❹��➂�

��❹❽�❸����❹➀❽➆❽��➀�➄➀�➁❽➀❹❿❽�❹❽❸�❸➄❽❷➂❸�➁❶❹�➁❸�➁❶��➁❽���➂❹�➃➂❺

�➀�� ➁❽❽➂❷��❸��❹❷➅❹➂❸��➈➅➂����➀❽❷❶❸➀��➀� ❹�❽➀➂❸�➁❽��❹❷❸

➃➂�➁❽���❹�❽❶❷❸�❷❹➆�➁❽➂❽❽�❸��❹❷➅❹➂❸�➀��➁�❹❿❽����➂➆❸��❷�➂�❸➀

➅❻❽����❻➂��❹❷➅❹➂❿��❹�❼❽➅��❽➄❹�❸�➀���❽❷❹❻❽❽❸�➃�❹�❽�❻����➁❽��❹❷❸

❸➀❹❷❶�❸➈❷➆❸�➇❽❷➆❸➀❹�➁❸❽➄❽��❸�❹���❸❽��❽�➄�➈❽❷�➁❽❽�➀�❹��❽�❹��❹➀➀❿➂➀

�❹�❻�❽➂❹�➀�➅�❼➄❽�❿��❹➀➀❿➂❸�❽➄➈�➀➆��❹�❼❽➅��❽➄❹�❸���

£˙ÂÚË ∫„ÂÓÈÏ‰ ¯Î˘ ˙˙ÁÙ‰

❸➆❶➈���❹➆❼�➀�❿�❷❹➂❽➀❸��❿����❻➈❸➀� ❹➅❻❽❽�❸�➁❽��❹❷❸��❽��➂

��❹�❸�❷��➂����❸��❽�❼���❽�➂��➂��❹�❼❽➅��❽➄❹���❸���❸➆❽❶➈

�➈�❹❶❸�❸❻➄❸❸����➀❼�➀�➆❽�❸�❹❽��❷�❹�❸�❻�❸��❸❺���❹➄➀�➅❻❽❽�❸

➀�� �❷❹➅➂� ❾�➆➂� ❸➂❹�➂�� �❹�❽➀❹� ◗❜$� ❸�❹❶�❘� ➁❽❼➄❷❹❼➅❸� ➀➀❿➀

➁❽❽➂❷���➁❽❷❹➂❽➀➀�➅❻❽❽�❸➀��❽�❹❽��❷➀�➁❽❻❹➄�➁❽�➄���❸➄❽❷➂��❹�❹❹➀❸

➁❽❷❹➂❽➀�➃❽�����❸��❽�❽➈➂��❻❿❹❸���❿�➃❿����❷�➀❿➀�❸➆��❸�➀�❿



¥∂

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

➁❸❽�❻�➀��➁❽➂❽�� ❸❷❹�➆❸� �❹��� �❿�❸� ❸�❹❶� ➃❽�➀� ❸❼❽➅��❽➄❹��

❷❹�➂�➁❽��❺➄�➁❽❼➄❷❹❼➅➀��❹❶➀➂�➃���➁❶�➁❽�❸➀���❸�➆❽�❸�➀❽��➂�

£·ÈÂ‡· Ï˘ÓÓ‰ ˙ËÈ˘ ÈÂÈ˘˙Â‡ËÈÒ¯

��❹�❸���❘��❹�❼❽➅��❽➄❹���➀�➂➂❸��❼❽��❽❹➄❽���❹❿➂��➁❽❷❻��➁❽��❹❷

�❹�➀➂❸���❶❸➀��❑�❹��➃❹❽❷➀����➂❼➈➅����➆❹❸��❹❸❹�❸❺�➇❽➆➅�➉➂❽�

��❿���❿��❽➈❿❘�➀���❽���❹�❼❽➅��❽➄❹���❸❽➆�❸�◗❸➄��❾❹���❹➂�❹❽❽�

➃�❹❽➂❸� ❽➀�❹❷❸� ❸➄�➂❸� �❽❸� ◗❜❜� ❑➉��❸❑�� �➀➅�❼�� ❸❽➂❻➄

➀❹❸❽➄❸� ��❷�� ❝�❹➀❽��➂� ❑➀❹❸❽➄� �❹�❷�❑� ❽���� ➃❽❽➈��➂❸

➀❹❸❽➄❸���❷�❹��❽�➄�❸➄➂➂❸�➁❽➄➂�➄���❻�❸����❹�❽�❽❼�❼➅❽➄❽➂❷�❸

➁❶��❽�➄➀�➇❹➈❿�❹➄❽����❹❼��❸����❸➄➂➂❸�❼�➄➅�❸����❹��❽➂❷��❸

❽❷❽�➀➆�➁❽�❻�➄��➀���❽�➄➀�➁❽➈❹➈❿�➁➄❽���❹➄❹�❸��❹❼➀❹�➈��➁❽➄�❽❷❸

➁�❹��➀❸➄➂��❽➂����➁❽�❻❹��➀❶➅❸�❽�➄���❻��➃❹�➀�❸❼➀❹�➈❸���➆❹➂

�❹❽➆��➀➀❹❻➂��❹�❼❽➅��❽➄❹�❸�➀���❽➈➅❿❸��❹�❷�❷❽❸➀�➁�❹��❸❺�❸➄�➂

�❹❸❹��❹❿➂➅�➃❽�➀��❹❽�❻��➃❽������❹��➃❽��➁❽���➁❽➄❽❽➄➆�❽❷❹❶❽➄❹�➀❹❸❽➄

❑➀❹❸❽➄� ��❷�❑➀� �❹�➆➀� �❹➈�� �❽❸� ❸➆�❸❸� ❺❹�❺�❹� �❹➀❽➆❽❽�� ��❹❽

�❻���❽❿��❽❽❸

�❹❻➈�➃➈❹��❹��❽���➀���❼❽➅��❽➄❹����❸�❹➂��➁❽❽��❸❺�❸➄�➂�❽❿�➃❽❹�❽

��❸�❹➂✉❸❼❽➅��❽➄❹���➃❹❽�❹❶➃���❼❽➅��❽➄❹��❹�❸➈❽❻��❼❽➅��❽➄❹���

❽❿��❽❽❸➀� ❽➀�❹❷� ➃❽�� �❹❸� ❸➄�➂❸� ➃➀❽���� �❼❽➅��❽➄❹��❹� �❽��➆❸

➉➀➂❹➂❸�❸➄�➂❸�❽���➃❽❼❹➀❻➀�❽❿��❽❽❸�❸➄�➂❸�➃➂�❽❽❹�➃❹❿➂�❹�➃❹❽➄❿❼�❹

£ÈÏ‡Èˆ¯ÙÈ„ ¯Î˘Â ˙È˙˜ÂÒÚ˙ ˙Â˘ÈÓ‚

�❿�➆➂�❝�❽➀❹❸❽➄❸��❹➀❽➆❽❸��➅❹❻➀�➇➅❹➄�➁�❹❶�❹➄❽❽��➃❹❽❷��➁❽❷❻��➁❽��❹❷

➁❽➄❹➄❶➄➂���❽�❽➀�❸�➅➆❸���❹�❽➂❶➀��❹��➈�❸��➅❹❻�➁❽��➂❸�➀���❿�❸

�❹➄❽➀➈❽➅❽❷❸�➀�❹���❹❽�➁❽�❹❼❸�➁❽��➂❸�➀��❸➄❹��➀❹➂❶�➀❹�➁❽❽�❽❼�➀➅

➀❽➆❽❸�➀❹❸❽➄❸����❷❹�➂�❸��➂���❹❽�❑�❹�❹�❻❑❸

£· ‰„¯Ù‰‰ÈÓ„˜‡Â ‰˜ÈËÈÏÂÙ ÔÈ

��❹� �❽�❹�❽�❸��❹➆❷❹➂❸�����❹➀➆❸➀� ❾�❹�❸� ➃❹❽❷�� ❸➀➆� ❷❻�� ❷�➂

➁❽➄❽❽➄➆�➁❹❷❽��❹�❸❽➂❷�����➅➄❿❸�❽��❻❹�❸➀�➂➂❸�❽���➀��➁�❿❽➂�

➁❽➆➄❹➂❸��➅➄❿�❽��❻��➁❽❷❻��➁❽��❹❷�❹➀���❽➄��❷�➂�❸��➁❽�❹��❸

�❹��➆�➂❸�❸�❽�❻��❹➂❺❽�➁❽➀❽�❹➂�➁❽❽➄❽❽➄➆��➀❹�➁❽❽❼➅❽➀❹➈❹➈�➁❽➀❹�❽�➂



¥∑

➃❻�➂❸� ��� ➀❼�➀� ❸➂❺❽❸� ❸�❽❽❸� ❸➂❶❹❷➀� ❾❿� ❸❽➂❷��❸� ❽➀❹�❽��

�❽��❽�❻� ❸➂❺❽� ❞❹➂❹�➂�� ❑➇��➂❑� ➃❻�➂�� �➂��❸➀❹� ❽�❼➂❹❿❽➅➈❸

�❽� ➁❽❷❽➂➀���➀�����❹�❼❽➅��❽➄❹�❸� ❽➀❹�❽����❹��➆�❸�❸�❹❹❽❸�

�❹➂�➀❹�❸❽➂❷���➃❽�❹�❸�❽❼❽➀❹➈�➃❽���❼➀❻❹➂�❸❷�➈❸�➀➆�❷❽➈�❸➀��❹➈�

➁❽❽➂❷���➁❽➄❽❽➄➆��❸❽➂❷��❸�➀��❸�❹�➂�➆�➀➆



¥∏

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

± Á
ÂÏ

Ò
‰

‚
·ÈÂ‡

· Ï
‚¯‰

 ·Èˆ
˜

˙
· ˙

Â‡
Ë

ÈÒ
¯

ÏÈ
Ï‚Ò

 ‚ÂÒ
Â „Ò

ÂÓ
 ÈÙ

Ï
˙
ÂÓ

Ï˘
 ˙

Â¯˘
Ó
 Í¯Ú ÈÂÂ˘

·

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

˙
Â„Ò

ÂÓ
‰

 ÏÎ
ÏÂÎ‰

 ÍÒ
±

¥
¨≥

∏
≥

±
≥

¨≤
≤

≤
±

≥
¨±

∑
∏

±
¥

¨¥
∞

±
±

¥
¨µ

π
≤

±
¥

¨π
π

≤
±

µ
¨±

±
∏

±
µ

¨¥
∏

≥
±

µ
¨∑

¥
∂

±
∂

¨∞
∏

≥
±

∂
¨±

∑
∂

¯ÈÎ· ÈÓ
„˜

‡ Ï‚Ò
≥¨≥∑¥

≥¨∂π∞
≥¨∏∏¥

¥¨≥∞≤
¥¨≥¥≥

¥¨¥µπ
¥¨µ∂∞

¥¨∂∞¥
¥¨∂¥π

¥¨∂∏¥
¥¨∂∑≥

‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

≤¨∏∂∂
≤¨±µ≥

±¨≥≥µ
±¨¥π∞

±¨∂≥∑
±¨∑∑≥

±¨∑≤∑
±¨π¥≥

≤¨∞∂≤
≤¨≥±≤

≤¨≥∑∂
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

µ≤∞
∂≤≤

π±±
±¨≥π∑

±¨≥¥∏
±¨¥¥∏

±¨¥π∏
±¨µ¥π

±¨∂≤±
±¨∂≤∞

±¨∂≥≤
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
∑¨∂≤≥

≤¨≥≤∂
∑¨∞¥∏

±±¨∏∂≥
∑¨≤∂µ

∑¨≥±≤
∑¨≥≥¥

∑¨≥∏∑
∑¨¥±¥

∑¨¥∂∂
∑¨¥πµ

·ÈÂ‡
‰

·Ú
‰

 ‰
Ë

ÈÒ
¯

˙
È¯

ÏÂÎ‰
 ÍÒ

¥
¨±

∑
≥

≥
¨∏

¥
≥

≥
¨≤

∂
∞

≥
¨¥

∑
∂

≥
¨≥

µ
π

≥
¨≥

µ
≤

≥
¨≥

∂
∂

≥
¨¥

∏
∂

≥
¨≥

¥
∞

≥
¨¥

¥
¥

≥
¨¥

≤
≥

¯ÈÎ· ÈÓ
„˜

‡ Ï‚Ò
π∏∑

±¨∞≥≥
±¨∞≥∂

±¨∞∑∏
±¨∞≥≥

±¨∞¥∂
±¨∞∂¥

±¨∞µ≥
±¨∞≥∂

±¨∞∞≥
±¨∞±∑

‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

∏≥≤
∂π≥

¥¥≥
µ∑±

µ∂µ
µ∂≤

µ≤∂
∂∂¥

µµ≤
∂π¥

∂∏∏
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

¥∞
∑∞

∂π
±≤µ

ππ
±∞∑

±¥∏
±≥¥

±¥∑
±¥π

±∂≥
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
≤¨≥±¥

¥∑≤
±¨∑±≤

±¨∑∞≤
±¨∂∂≥

±¨∂≥∂
±¨∂≤∏

±¨∂≥¥
±¨∂∞µ

±¨µπ∏
±¨µµµ

ÔÂÈÎË
‰

ÏÂÎ‰
 ÍÒ

≤
¨≥

≤
±

≤
¨≤

±
µ

≤
¨∞

≤
¥

≤
¨∞

µ
∂

≤
¨∞

∂
∏

≤
¨≤

∞
π

≤
¨±

∏
∂

≤
¨≤

µ
∑

≤
¨≤

∂
∑

≤
¨≤

∏
∏

≤
¨≤

∑
¥

¯ÈÎ· ÈÓ
„˜

‡ Ï‚Ò
µ∞∑

¥π≥
µ≥≤

µ∂¥
µ∑∑

µ∑π
µ∑∞

µ∂∂
µ∑∞

µ∂∏
µ¥∂

‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

¥∑≥
≥π≤

∂∞
±µ

±∑
±∂

±∂
≤±

≤∑
≤¥

≤∂
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

π∂
±µ¥

≤∂µ
≤π∏

≤π∂
¥¥µ

¥µ∂
µ¥±

µµ∂
µ∏µ

µ∂±
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
±¨≤¥µ

µ¥∏
±¨±∂∑

±¨±∑π
±¨±∑∑

±¨±∂π
±¨±¥≥

±¨±≤π
±¨±±µ

±¨±±≤
±¨±¥≤

ÌÈÓÈ˘¯˙Â ˙ÂÁÂÏ ∫ß‡ ÁÙÒ



¥π

Í˘
Ó

‰
 ≠

 ± Á
ÂÏ

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

·ÈÂ‡
·‡

 Ï˙
 ˙

Ë
ÈÒ

¯
·È

ÏÂÎ‰
 ÍÒ

≥
¨¥

±
¥

≥
¨≤

≥
∑

≥
¨≥

∏
π

≥
¨∂

∏
∂

≥
¨∑

µ
±

≥
¨∑

π
∞

≥
¨∑

∏
¥

≥
¨∑

¥
µ

≥
¨π

∏
±

¥
¨∞

∑
≥

¥
¨±

±
∞

¯ÈÎ· ÈÓ
„˜

‡ Ï‚Ò
∏∞µ

∏∏±
π≤∂

±¨∞µ≥
±¨∞∂∞

±¨∞∑∂
±¨±±∑

±¨±¥±
±¨±¥∞

±¨±∂¥
±¨±¥∑

‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

π±π
∑±∑

µ∑≥
µπµ

µ∏π
∂∏±

∂¥∑
µππ

∏∞¥
∏∂≥

∏π≤
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

±∂∑
≤∞∏

≥≥≤
¥¥≤

¥∑≤
≥∑∑

≥¥µ
≤π∏

≥±≤
≥∞µ

≥∞∞
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
±¨µ≤≥

≥¥∏
±¨µµ∏

±¨µπ∂
±¨∂≤π

±¨∂µ∑
±¨∂∑µ

±¨∑∞∑
±¨∑≤µ

±¨∑¥≤
±¨∑∑∞

·ÈÂ‡
· ˙

Ë
ÈÒ

¯
ÔÏÈ‡

≠
¯

ÏÂÎ‰
 ÍÒ

≥
±

∏
±

¨≤
µ

≤
±

¨≤
π

∂
±

¨µ
∞

∂
±

¨µ
µ

π
±

¨∂
µ

¥
±

¨∂
µ

≤
±

¨∑
±

∂
±

¨∑
∑

¥
±

¨∑
µ

±
±

¨∑
±

π
¯ÈÎ· ÈÓ

„˜
‡ Ï‚Ò

≥≥∂
¥±∏

¥µπ
µ≤µ

µ¥¥
µ∑∞

µ∂¥
µ∂∂

µ∏±
∂∞µ

µ∏∑
‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

≥±π
±µ∂

±∞∏
±∞µ

ππ
±∞≥

±∞≥
±∑∞

±∏∂
±∏¥

±π¥
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

¥∂
¥∞

∂¥
±±∏

±≥µ
±∂≥

±µµ
±µ∞

±∂≤
±∞¥

±∞µ
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
∂±∑

π∏
∂∂µ

∑µ∏
∑∏≤

∏±∏
∏≥∞

∏≥±
∏¥¥

∏µ∏
∏≥≤

ÈÏ‰
ÈÓ

 Ï‚Ò
µ≤∏

µ¥∞
µ≤≥

µπ∂

·ÈÂ‡
‰

Ù
ÈÁ

 ˙
Ë

ÈÒ
¯

ÏÂÎ‰
 ÍÒ

∑
∂

∏
∑

∑
∂

∑
π

±
±

¨∞
µ

µ
±

¨±
≥

π
±

¨±
∏

±
±

¨≤
≥

≥
±

¨≤
π

±
±

¨≥
≤

¥
±

¨≥
∑

π
±

¨¥
¥

∑
¯ÈÎ· ÈÓ

„˜
‡ Ï‚Ò

≤≥π
≤∏¥

≤π≤
≥≥µ

≥∂≥
≥∑≥

≥∏∏
≥∏∑

¥∞∞
¥∞≥

¥±∏
‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

±±∏
π∞

∂¥
±≤∏

±∂≤
±∏∞

±π±
≤±∏

≤±±
≤µ∏

≤∑∑
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

µ≤
¥∏

∏∑
±π≥

±π≥
±∏¥

±∏∑
≤∞≤

≤±≥
≤∞π

≤±∂
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
≥µπ

≥∑
≥¥∏

¥∞∞
¥≤±

¥¥¥
¥∂∂

¥∏¥
µ∞±

µ∞π
µ≥∂



µ∞

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

Í˘
Ó

‰
 ≠

 ± Á
ÂÏ

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

·ÈÂ‡
·‚· ÔÂÈ¯Â‚≠

Ô· ˙
Ë

ÈÒ
¯

ÏÂÎ‰
 ÍÒ

±
¨≤

∞
π

±
¨∞

∑
∏

±
¨±

∏
π

±
¨¥

¥
∏

±
¨µ

¥
∞

±
¨∂

¥
≤

±
¨π

≥
∑

±
¨∏

µ
±

±
¨π

±
π

≤
¨∞

∞
µ

≤
¨∞

∂
µ

¯ÈÎ· ÈÓ
„˜

‡ Ï‚Ò
≤π∑

≤π∞
≥∏≥

¥∑≥
¥∏∏

µ≤π
µ∂π

∂∞≥
∂≤π

∂µ∞
∂∂∑

‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

≤∞∑
±∞µ

∏∑
∑∂

≤∞∂
≤≥≤

≤¥¥
≤∑±

≤∏≤
≤π∞

≤π∏
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

±±π
πµ

π¥
≤±∑

±¥∑
±∂∑

≤∞∞
≤±π

≤≤∑
≤∂≥

≤∏±
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
µ∏∂

≤±≥
∂≤µ

∂∏≤
∂ππ

∑±≥
∑≤∂

∑µ∏
∑∏≤

∏∞≤
∏±π

Ú
„Ó

Ï ÔÓ
ˆ

ÈÂ ÔÂÎÓ
ÏÂÎ‰

 ÍÒ
±

¨±
∏

±
±

¨≥
≤

±
±

¨≤
≥

±
±

¨±
∑

≥
±

¨±
∑

∂
±

¨±
∂

µ
±

¨±
∂

∞
±

¨±
≥

∏
±

¨±
¥

±
±

¨±
¥

≥
±

¨±
≥

∏
¯ÈÎ· ÈÓ

„˜
‡ Ï‚Ò

≤∞≤
≤π±

≤µ∑
≤∑≥

≤∑∑
≤∏µ

≤∏π
≤∏π

≤π≥
≤π±

≤π∞
‰
‡¯Â‰

 È¯ÊÂÚÂ ¯Ë
ÂÊ ÈÓ

„˜
‡ Ï‚Ò

≠
≠

≠
≠

≠
≠

≠
≠

≠
≠

≠
¯Á

‡ ¯˜
Á
Ó
Â ‰

‡¯Â‰
 Ï‚Ò

≠
∑

≠
¥

µ
µ

∂
∂

µ
∂

∂
ÈÏ‰

Ó
Â ÈÎË

 Ï‚Ò
π∑π

∂±±
π∑¥

∏πµ
∏π¥

∏∑µ
∏∂∂

∏¥≥
∏¥≥

∏¥µ
∏¥≤

∫˙
Â¯Ú‰Ò‚

¯Ë
ÂÊ ÈÓ

„˜
‡

 Ï
Æ¯˜

Á
Ó
Â ‰

‡
¯Â‰

 È¯ÊÂÚ ÏÏÂÎ ≠ 
Ò‚

¯Á
‡

 ¯˜
Á

Ó
Â ‰

‡
¯Â‰

 Ï
ÆıÂÁ

‰
 ÔÓ

 Ì
È¯ÂÓ

 ÏÏÂÎ ≠ 
∫¯Â˜

Ó
Æ·Âˆ˜

˙
ÏÂ ÔÂÎ˙

Ï ‰
„ÚÂÂ‰

 Ï‰
Ó

 



µ±

≤ Á
ÂÏ

Ò
‰

‚
·ÈÂ‡

· ¯ÈÎ·‰
 ÈÓ

„˜
‡

‰
 Ï

‚¯‰
 ·Èˆ

˜
˙

· ˙
Â‡

Ë
ÈÒ

¯
ÏÈ

‰
‚¯„Â „Ò

ÂÓ
 ÈÙ

Ï
˙
ÂÓ

Ï˘
 ˙

Â¯˘
Ó
 Í¯Ú ÈÂÂ˘

·

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

˙
Â„Ò

ÂÓ
‰

 ÏÎ
ÏÂÎ‰

 ÍÒ
≥

¨≥
∑

≥
≥

¨∂
π

∞
≥

¨∏
∏

¥
¥

¨≥
∞

≤
¥

¨≥
¥

≥
¥

¨¥
µ

π
¥

¨µ
∂

∞
¥

¨∂
∞

¥
¥

¨∂
¥

π
¥

¨∂
∏

¥
¥

¨∂
∑

¥
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

∂µ¥
π≥∏

±¨∞∑∂
±¨≥≥µ

±¨≥∂∑
±¨¥≥±

±¨¥∑∑
±¨µ≥µ

±¨µ∑≤
±¨µ∏±

±¨µπ∏
¯·Á

 ßÙ
Â¯Ù

∑≤∏
π≥π

±¨∞¥∞
±¨±∞µ

±¨±±µ
±¨±∞±

±¨±≥≤
±¨±≤π

±¨±≤∞
±¨±¥∞

±¨±¥¥
¯ÈÎ· ‰

ˆ¯Ó
±¨±∞∞

±¨±≥µ
±¨±∞π

±¨≤∞≤
±¨±∏≤

±¨≤±π
±¨≤≥±

±¨≤≥π
±¨≤≥π

±¨≤∂¥
±¨≤µ∞

‰
ˆ¯Ó

∏π±
∂∑∏

∂µπ
∂∂±

∂∑π
∑∞∏

∑±π
∑∞≤

∑±π
∂ππ

∂∏≥

·ÈÂ‡
‰

·Ú
‰

 ‰
Ë

ÈÒ
¯

˙
È¯

ÏÂÎ‰
 ÍÒ

π
∏

∑
±

¨∞
≥

≥
±

¨∞
≥

∂
±

¨∞
∑

∏
±

¨∞
≥

≥
±

¨∞
¥

∂
±

¨∞
∂

¥
±

¨∞
µ

≥
±

¨∞
≥

∑
±

¨∞
∞

≥
±

¨∞
≤

≤
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

≤¥∂
≥¥¥

≥∑π
¥≥∞

¥≤±
¥≥µ

¥≤∏
¥≥∂

¥≥µ
¥≤±

¥≥∑
¯·Á

 ßÙ
Â¯Ù

≤∞≥
≤µ∏

≤≥∂
≤≤∏

≤±∂
≤±±

≤¥¥
≤≤π

≤±∑
≤∞∏

≤±≥
¯ÈÎ· ‰

ˆ¯Ó
≤∂±

≤≥π
≤≥¥

≤µ±
≤¥∂

≤¥∏
≤¥±

≤≥≤
≤≥±

≤¥≤
≤¥≥

‰
ˆ¯Ó

≤∑∑
±π≤

±∏∑
±∂π

±¥π
±µ≤

±µ±
±µ∂

±µ≥
±≥≥

±≤π

ÔÂÈÎË
‰

ÏÂÎ‰
 ÍÒ

µ
∞

∑
¥

π
≥

µ
≥

≤
µ

∂
¥

µ
∑

∑
µ

∑
π

µ
∑

∞
µ

∂
∂

µ
∑

∞
µ

∂
∏

µ
¥

µ
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

±≤±
±µ∞

±∏±
±ππ

≤∞¥
≤∞∂

≤≤±
≤≤¥

≤≤≥
≤≤±

≤±±
¯·Á

 ßÙ
Â¯Ù

±≥≤
±µ∂

±∏∑
±∑µ

±∑∏
±∑±

±µπ
±∂∞

±∂∂
±∑∏

±∑¥
¯ÈÎ· ‰

ˆ¯Ó
±∑±

±¥¥
±≤¥

±≥∏
±≥≥

±µ≤
±¥≥

±¥¥
±µ∞

±¥≤
±≥∂

‰
ˆ¯Ó

∏≥
¥≥

¥∞
µ≤

∂≤
µ±

¥∑
≥∏

≥±
≤∑

≤¥



µ≤

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

Í˘
Ó

‰
 ≠

≤ Á
ÂÏ

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

·ÈÂ‡
·‡

 Ï˙
 ˙

Ë
ÈÒ

¯
·È

ÏÂÎ‰
 ÍÒ

∏
∞

µ
∏

∏
±

π
≤

∂
±

¨∞
µ

≥
±

¨∞
∂

∞
±

¨∞
∑

∂
±

¨±
±

∑
±

¨±
¥

±
±

¨±
¥

∞
±

¨±
∂

¥
±

¨±
¥

∑
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

±≥∞
≤±≥

≤≥π
≥≤∞

≥≥∞
≥≥π

≥∂¥
≥∏∏

¥∞≤
¥±∞

¥∞π
¯·Á

 ßÙ
Â¯Ù

±∏∑
≤≤µ

≤µ¥
≤∏∞

≤∏≤
≤∑∂

≤π≥
≤π∞

≤∏≥
≤∏∏

≤∑∞
¯ÈÎ· ‰

ˆ¯Ó
≤∏±

≤∑≤
≤∏π

≤π≤
≤∑∂

≤∑∑
≤∑≤

≤∏≤
≤∑±

≤∏∑
≥∞±

‰
ˆ¯Ó

≤∞∑
±∑±

±¥¥
±∂±

±∑≤
±∏µ

±∏π
±∏≤

±∏¥
±∏∞

±∂∑

·ÈÂ‡
· ˙

Ë
ÈÒ

¯
ÔÏÈ‡

≠
¯

ÏÂÎ‰
 ÍÒ

≥
≤

∏
¥

±
∏

¥
µ

∏
µ

≤
µ

µ
¥

¥
µ

∑
∞

µ
∂

¥
µ

∂
∂

µ
∏

±
∂

∞
µ

µ
∏

µ
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

¥≥
∂¥

∂∑
±±±

±≤∏
±¥≥

±≥¥
±≥∑

±¥µ
±¥µ

±µ≤
¯·Á

 ßÙ
Â¯Ù

µ∞
∑∑

±±±
±≤≤

±≤≤
±≤∞

±±∏
±±∑

±≤∞
±≤µ

±≤π
¯ÈÎ· ‰

ˆ¯Ó
±±∏

±∂π
±µπ

±∏∞
±∂π

±∑∑
±∏∂

±π≥
±ππ

≤∞π
±∏∑

‰
ˆ¯Ó

±≤µ
±∞∏

±≤±
±±≤

±≤µ
±≥∞

±≤∑
±±π

±±∑
±≤∂

±±∏

·ÈÂ‡
‰

Ù
ÈÁ

 ˙
Ë

ÈÒ
¯

ÏÂÎ‰
 ÍÒ

≤
¥

∞
≤

∏
¥

≤
π

≤
≥

≥
µ

≥
∂

≥
≥

∑
≥

≥
∏

∏
≥

∏
∑

¥
∞

∞
¥

∞
≥

¥
±

∏
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

≤≤
≥±

≥¥
µ¥

µ∏
µπ

∂≥
∂∑

∑µ
∏≥

∏±
¯·Á

 ßÙ
Â¯Ù

¥∞
¥¥

µπ
∂µ

∑≥
∑≥

∏∞
∏π

∏∑
π≤

π∏
¯ÈÎ· ‰

ˆ¯Ó
∏∂

±±π
±≤±

±≥µ
±¥µ

±¥¥
±µ≤

±¥∂
±¥∑

±¥≥
±¥≥

‰
ˆ¯Ó

π±
π∞

∑∏
∏±

∏∏
π∏

π≥
∏µ

π±
∏∂

π∂

·ÈÂ‡
·‚· ÔÂÈ¯Â‚≠

Ô· ˙
Ë

ÈÒ
¯

ÏÂÎ‰
 ÍÒ

≤
π

∑
≤

π
∞

≥
∏

≥
¥

∑
≥

¥
∏

∏
µ

≤
π

µ
∂

π
∂

∞
≤

∂
≤

π
∂

µ
∞

∂
∂

∑
ÔÈÈÓ

‰
 ÔÓ

 ßÙ
Â¯Ù

≤π
¥µ

∑∑
±±≥

±≤≤
±¥±

±∂≥
±∑∏

±∏∞
±∏π

±π∂
¯·Á

 ßÙ
Â¯Ù

µ∏
∑±

±∞π
±≥¥

±≥π
±¥≤

±≥µ
±≥∂

±≥π
±¥≤

±µ≥
¯ÈÎ· ‰

ˆ¯Ó
±∞¥

±±∂
±≤µ

±¥∂
±µ∞

±µ∏
±∂¥

±∂π
±∂π

±∑µ
±∑µ

‰
ˆ¯Ó

±∞∂
µ∏

∑≤
∏∞

∑∏
∏∏

±∞∑
±±π

±¥±
±¥µ

±¥≥



µ≥

Í˘
Ó

‰
 ≠

≤ Á
ÂÏ

Ë
¢Ï˘

˙
Â¢Ó

˘
˙

Ô¢˘
˙

„¢˘
˙

‰
¢˘

˙
Â¢˘

˙
Ê¢˘

˙
Á
¢˘

˙
Ë
¢˘

˙
Ò
¢˘

˙
‡¢Ò

˘
˙

±π∑∏Ø∑π
±π∏µØ∏∂

±π∏πØπ∞
±ππ≥Øπ¥

±ππ¥Øπµ
±ππµØπ∂

±ππ∂Øπ∑
±ππ∑Øπ∏

±ππ∏Øππ
ππØ≤∞∞∞

≤∞∞∞Ø∞±

Ú
„Ó

Ï ÔÓ
ˆ

ÈÂ ÔÂÎÓ
ÏÂÎ‰

 ÍÒ
≤

∞
≤

≤
¥

±
≤

µ
∑

≤
∑

≥
≤

∑
∑

≤
∏

µ
≤

∏
π

≤
∏

π
≤

π
≥

≤
π

±
≤

π
∞

ÔÈÈÓ
‰
 ÔÓ

 ßÙ
Â¯Ù

∂≥
π±

±∞∞
±∞∑

±∞µ
±∞∑

±∞∂
±∞∂

±±≤
±±≥

±±≥
¯·Á

 ßÙ
Â¯Ù

µ∏
±∞∏

∏≥
±∞∞

±∞µ
±∞¥

±∞¥
±∞∏

±∞∏
±∞π

±∞∏
¯ÈÎ· ‰

ˆ¯Ó
∑π

∑∂
µµ

∂∞
∂≥

∂∑
∑¥

∑≥
∑±

∂∂
∂¥

‰
ˆ¯Ó

≤
±∂

±π
∂

µ
∑

¥
≤

≤
¥

∂

∫¯Â˜
Ó

Æ·Âˆ˜
˙
ÏÂ ÔÂÎ˙

Ï ‰
„ÚÂÂ‰

 Ï‰
Ó

 



µ¥

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

≥ Á
ÂÏ

®±πππ© „ÈÓ
Ï˙

Ï ¨ÍÂÈÁ
 ˙

Â„Ò
ÂÓ

Ï ‰
‡

ˆ
Â‰

© ‰
ÈÈ˜

‰
 Á

ÂÎ ÈÂÂ˘
 ÈÙ

Ï ¯Ó
Â‰

˘
 ·¢‰

¯‡ ¯ÏÂ„· ¨„ÈÓ
Ï˙

Ï ¨ÍÂÈÁ
 ˙

Â„Ò
ÂÓ

Ï ˙
È˙

˘
 ‰

‡ˆÂ‰
PPP

Ì
ÈÓ

Ï˘
 Ì

ÈÎ¯Ú ÈÂÂ˘
· Æ®

‰
‰
Â·‚ ‰

ÏÎ˘
‰

È„ÂÒ
È≠Ì

„˜
 ÍÂÈÁ

È„ÂÒ
È ÍÂÈÁ

Ì
ÈÈÈ· ˙

·ÈË
Á

‰
ÂÈÏÚ ‰

·ÈË
Á

ÈÂÎÈ˙
 ÍÂÈÁ

È„ÂÒ
È≠ÏÚ ÍÂÈÁ

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

®‰
ÏÚÓ

Â ≥ ÏÈ‚Ï©
Ì
ÈÈÈ· ˙

·ÈË
Á
©

ÈÓ
„˜

‡ ‡Ï
ÏÂÎ‰

 ÍÒ
· ‚ÂÒ

‡ ‚ÂÒ
®‰

ÂÈÏÚ ‰
·ÈË

Á
Â

¯˜
Á
Ó
 ˙

ÂÈÎ˙
Â

˙
ÂÓ

„˜
˙
Ó

®±©
®≤©

®≥©
®¥©

®µ©
®∂©

®∑©
®∏©

®π©

≠
‰

 ˙
ÂÈ„Ó

O
EC

D
™‰

ÈÏ¯Ë
Ò
Â‡

≠
¥∏µ∏

∂∑±∞
∑∞∂∂

∂∏µ∞
∑∂µ∞

±±∑≤µ
∑ππ≥

±≤µ∏∏
™‰

È¯Ë
Ò
Â‡

µ∞∏∞
∂µ∂∏

∏¥≥¥
∏µ∏¥

∏µ∞¥
π±≥±

±≤∞∑∞
®∑©

x
®∑©

x
™‰

È‚Ï·
≥∞≥µ

≥πµ≤
®µ©

x
®µ©

x
∂¥¥¥

®µ©
x

π∑≤¥
®∑©

x
®∑©

x
™‰

„˜
¥¥∂∂

®µ©
x

®µ©
x

®µ©
x

µπ∏±
®∑©

x
±µ≤±±

®∑©
x

±µ¥∑∞
™‰

ÈÎßˆ
≤¥∞¥

±∑∂π
≤ππ∏

¥∞¥≥
≥¥¥π

∏≥≤
µ∂∏∏

±∏∏∂
∂∂∑π

™˜
¯Ó

„
¥≤∞∏

∂∑≤±
∂π∞¥

∏≤∑∞
∑∂≤∂

≠
±∞∂µ∑

®∑©
x

®∑©
x

™„ÏÈÙ
≥∏µµ

¥±≥∏
∂≥π∞

µ¥∑π
µ∏∂≥

®µ©
x

∏±±¥
¥µ∞∞

∏¥∑¥
™˙

Ù
¯ˆ

≥π∞±
¥±≥π

∂∂µ∑
∑∑∂∂

∑±µ≤
µ∏≥π

∑∏∂∑
∏¥µ∏

∑∑∞π
™‰

ÈÓ
¯‚

¥π≥∑
≥∏±∏

¥π±∏
±∞±∞∑

∂∂∞≥
±±∂∑π

±∞≥π≥
µ¥πµ

±±≤∞π
™± ÔÂÂÈ

®≤©
x

≤±∑∂
®µ©

x
®µ©

x
≤π∞¥

µ¥±µ
¥≤∂∞

≥¥≥π
¥∂∞∂

™± ‰
È¯‚Â‰

≤¥µ∏
≤±∑π

≤∞±∑
≤∑µ∂

≤≥∂∏
≤π∏≥

µ∏∂±
®∑©

x
®∑©

x
„Ï¯È‡

≥≥∏∂
≥∞±∏

¥¥∞±
¥≥∂≤

¥≥∏≥
¥±∂∏

π∂∑≥
®∑©

x
®∑©

x
± ‰

ÈÏË
È‡

µ±≥≥
µ≥µ¥

∂≤∞∂
∂∑¥±

∂µ±∏
≠

∑µµ≤
∑±¥∑

∑µµ∑
™ÔÙ

È
≥±µ¥

µ≤¥∞
µ∂±≤

∂¥∂∞
∂∞≥π

®¥¨∑©
x

±∞≤∑∏
∑∂¥π

±∞∑¥π
™‰

‡È¯Â˜
±∑µ≤

≤∏≥∏
≥≤∞∏

≥µπ∑
≥¥±π

≠
µ≥µ∂

≥¥π¥
∂∂±≤

Â˜
ÈÒ

˜
Ó

±≤∞¥
±∞π∂

±±≤π
≤≤≤∂

±¥∏∞
≠

¥∑∏π
®∑©

x
®∑©

x



µµ

Í˘
Ó

‰
 ≠

 ≥ Á
ÂÏ

‰
‰
Â·‚ ‰

ÏÎ˘
‰

È„ÂÒ
È≠Ì

„˜
 ÍÂÈÁ

È„ÂÒ
È ÍÂÈÁ

Ì
ÈÈÈ· ˙

·ÈË
Á

‰
ÂÈÏÚ ‰

·ÈË
Á

ÈÂÎÈ˙
 ÍÂÈÁ

È„ÂÒ
È≠ÏÚ ÍÂÈÁ

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

®‰
ÏÚÓ

Â ≥ ÏÈ‚Ï©
Ì
ÈÈÈ· ˙

·ÈË
Á
©

ÈÓ
„˜

‡ ‡Ï
ÏÂÎ‰

 ÍÒ
· ‚ÂÒ

‡ ‚ÂÒ
®‰

ÂÈÏÚ ‰
·ÈË

Á
Â

¯˜
Á
Ó
 ˙

ÂÈÎ˙
Â

˙
ÂÓ

„˜
˙
Ó

®±©
®≤©

®≥©
®¥©

®µ©
®∂©

®∑©
®∏©

®π©

™≤ „ÏÂ‰
≥∏¥∏

¥±∂≤
µ∑¥∑

µµ∑µ
µ∂∑∞

≠
±≤≤∏µ

∑≤≤∑
±≤≥µ¥

± ‰
È‚ÂÂ¯Â

±±∂ππ
µπ≤∞

∑≥∏∑
∑∏±π

∑∂≤∏
®µ©

x
±≤∞π∂

®∑©
x

®∑©
x

± ÔÈÏÂÙ
±∏π∏

±∏∏∏
®≤©

x
±µ∏≥

±µ∏≥
®¥©

x
≥π±≤

®∑©
x

≥π±≤
™Ï‚ÂË

¯ÂÙ
≤±∂µ

≥¥∑∏
¥πµ∏

µ¥≤≤
µ±∏±

≠
¥∏∞≤

®∑©
x

®∑©
x

‰
È˜

·ÂÏÒ
±∏∏∞

®≥©
x

±∏±±
≤∂≥∑

≤±∂≥
®¥©

x
µ≥≤µ

®π©
x

µ≥≤µ
„¯Ù

Ò
≤∑∏π

≥∂≥µ
®µ©

x
®µ©

x
¥∏∂¥

®µ©
x

µ∑∞∑
µ±±±

µ∑∂∞
‰
È„ÂÂ˘

≥≥π∂
µ∑≥∂

µ∂∑∏
∂∞∑∑

µπ±±
∂∂∑µ

±¥≤≤≤
®∑©

x
®∑©

x
™±¨≥ ıÈÈÂÂ˘

≤∑∂¥
∂∂∂≥

∑∏≤¥
±±∏±π

π∑µ∂
∑π∂∞

±∑ππ∑
±≥¥≤±

±∏µ∏¥
± ‰

ÈÎ¯Â˙
≠

≠
≠

≠
≠

≠
¥≥≤∏

®∑©
x

®∑©
x

™‰
ÈË

È¯·
∂≤≥≥

≥∂≤∑
®µ©

x
®µ©

x
µ∂∞∏

®µ©
x

πµµ¥
®∑©

x
®∑©

x
™¥ ˙

È¯·‰
 ˙

Âˆ¯‡
∂∂π≤

∂µ∏≤
®µ©

x
®µ©

x
∏±µ∑

®∑©
x

±π≤≤∞
®∑©

x
®∑©

x
˙

ÂÈ„Ó
 Ú

ˆ
ÂÓ

Ó
≥∏¥∑

¥±¥∏
µ≤±∞

µπ±π
µ¥∂µ

¥∑πµ
π≤±∞

≠
≠

≠
‰

 ˙
ÂÈ„Ó

O
EC

D
≠

 
ÏÂÎ‰

 ÍÒ
    

≥
∑

¥
∂

¥
≤

≤
π

≠
≠

µ
±

∑
¥

≠
±

±
¥

≤
≤

≠
≠

≠
· ÔÈ‡

˘
 ˙

ÂÈ„Ó
O

EC
D

‰
ÈË

‚¯‡
±¥∞π

±∂≤π
≤±π∏

≤µ≤∏
≤≥≤∑

≠
µ∂∞∂

µ±≥∑
∂∞µ∂

±¨µ ÏÈÊ¯·
±≤≤≤

πµ∂
±∞∂π

±±∑≤
±±∞∞

≠
±≥µ∂∑

≠
±≥µ∂∑

‰
ÏÈßˆ

±¥≥±
±∑∞±

±∑∂∑
≤∞¥±

±π¥±
≠

∂π±±
≥µ¥µ

∑∂µ≤
ÔÈÒ

±∞µ
≥∑≤

¥∑∂
±∑∂∏

∏≥≥
≠

µ∑π∏
®∑©

x
®∑©

x
µ Â„Â‰

∂µ
≥∞≥

≤π∑
≤π∞

≤πµ
≠

≠
≠

≠



µ∂

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

Í˘
Ó

‰
 ≠

 ≥ Á
ÂÏ

‰
‰
Â·‚ ‰

ÏÎ˘
‰

È„ÂÒ
È≠Ì

„˜
 ÍÂÈÁ

È„ÂÒ
È ÍÂÈÁ

Ì
ÈÈÈ· ˙

·ÈË
Á

‰
ÂÈÏÚ ‰

·ÈË
Á

ÈÂÎÈ˙
 ÍÂÈÁ

È„ÂÒ
È≠ÏÚ ÍÂÈÁ

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

‰
‰
Â·‚ ‰

ÏÎ˘
‰

®‰
ÏÚÓ

Â ≥ ÏÈ‚Ï©
Ì
ÈÈÈ· ˙

·ÈË
Á
©

ÈÓ
„˜

‡ ‡Ï
ÏÂÎ‰

 ÍÒ
 ‚ÂÒ

·
 ‚ÂÒ

‡
®‰

ÂÈÏÚ ‰
·ÈË

Á
Â

¯˜
Á
Ó
 ˙

ÂÈÎ˙
Â

˙
ÂÓ

„˜
˙
Ó

®±©
®≤©

®≥©
®¥©

®µ©
®∂©

®∑©
®∏©

®π©

∂ ‰
ÈÊÂ„È‡

µ≥
∏±

≤∞∏
≤πµ

≤¥≤
≠

±∞¥∑
®∑©

x
®∑©

x
Ï‡¯˘

È
≥¥±µ

¥≤¥∞
®µ©

x
®µ©

x
µ±∂¥

¥±±µ
±±≤±∞

∑π∂µ
±≤∞∏∏

± ‰
˜
ÈÓ

ß‚
≥∏∂

∑∂¥
±∞∂µ

±±±¥
±∞∏≤

π∞∏
∂¥∏¥

≤∂µ∞
±≥±π¥

± Ô„¯È
≠

∑∑µ
∑∏≤

∏∞∂
∑∏π

≠
µ∞∏≤

®∑©
x

®∑©
x

± ‰
ÈÊÏÓ

¥≥∑
±∞±µ

®µ©
x

®µ©
x

±∏±≥
∏¥≤≥

∑π≤¥
∑∂∑∑

∑π∑π
È‡ÂÂ‚¯Ù

®≤©
x

∏∑∑
®µ©

x
®µ©

x
±µ¥µ

≠
µ¥∂µ

≤∑π∂
∂∑µ∞

Â¯Ù
¥¥≤

¥∏≥
®µ©

x
®µ©

x
µ∑π

≠
±¥±¥

∂∑µ
≤∞µ∑

±¨µ Ì
ÈÈÙ

ÈÏÈÙ
¥∂

¥∑¥
¥±±

≥∏¥
¥∞∂

π∂≤
±∞∂∞

≠
±∞∂∞

±¨∂ ‰
ÈÒ

ÈÂ˙
≠

π∏∏
®µ©

x
®µ©

x
±∏∂∏

≠
µ∞∞∏

®∑©
x

®∑©
x

± È‡ÂÂ‚Â¯Â‡
±±≥≥

±∞∞∞
±±±¥

±¥∏¥
±≤∑µ

≠
≤≤≥π

®∑©
x

®∑©
x

± ‰
ÂÂ··Ó

ÈÊ
≠

µ≥∑
®µ©

x
®µ©

x
∏±≥

®µ©
x

≠
≠

≠

∫˙
Â¯Ú

‰X
≠‰

 È¯Á
‡
 Ì

ÈÈ¯‚ÂÒ
· ‰

ÚÈÙ
ÂÓ

 ¯ÂË
Ï ‰

ÈÙ
‰
‰
 Æ¯Á

‡
 ¯ÂË

· Ì
ÈÏÏÎ Ì

ÈÂ˙
‰

˘
 Â˘

Â¯ÈÙ
 

X
®≤© ∫‰

Ó
‚Â„Ï Æ

X
Æ≤ ¯ÂË

· Ì
ÈÏÏÎ Ì

ÈÂ˙
‰

˘
 ÂÚÓ

˘
Ó
 

„·Ï· Ì
ÈÈ¯Â·Èˆ ˙

Â„Ò
ÂÓ

 Æ±
Ì
ÈÈ˙

Ï˘
Ó
Ó
 ˙

Â„Ò
ÂÓ

Â Ì
ÈÈ¯Â·Èˆ ˙

Â„Ò
ÂÓ

 Æ≤
„·Ï· ß‡

 ‚ÂÒ
Ó
 ‰

‰
Â·‚ ‰

ÏÎ˘
‰
Ï Ò

Á
ÈÈ˙

Ó
 π ¯ÂË

 Æ≥
„·Ï· Ì

ÈÈ‡
Ó
ˆÚÂ Ì

ÈÈË
¯Ù

 ˙
Â„Ò

ÂÓ
 Æ¥

±π∏∏≠Ï Ì
ÈÒ

Á
ÈÈ˙

Ó
 Ì

ÈÂ˙
‰

 Æµ
≤∞∞∞ ˙

˘
Ï Ì

ÈÒ
Á
ÈÈ˙

Ó
 Ì

ÈÂ˙
‰

 Æ∂
 ˙

Â¯Ú‰
Ï ≥ Á

Ù
Ò
 Â‡

¯ ™
(w

w
w

.oecd.org/els/education/eag2002)
Æ

∫¯Â˜
Ó

‰
 

O
EC

D
Æ



µ∑

¥ ÁÂÏ
≤∞∞± ¨„ÂÓÈÏ ˙Â˘ ˙Â‚ÏÙ˙‰ ÈÙÏ ÌÈÏË·ÂÓ‰ ¯ÂÚÈ˘

„ÂÓÈÏ ˙Â˘ÌÈÏË·ÂÓ‰ ¯ÂÚÈ˘

∏≠∞±≤Æ∑
±∞≠π±¥

±≤≠±±±±Æ∑
±µ≠±≥∏Æ±

±≥´ ∫ÌÎÂ˙Ó∂Æ¥
±∂´¥Æµ

ÏÂÎ‰ ÍÒπÆ≥

µ ÁÂÏ
ÚˆÂÓÓ ˙¯ÂÎ˘Ó≤∞∞± ¨„ÂÓÈÏ ˙Â˘ ˙Â‚ÏÙ˙‰ ÈÙÏ ˙

„ÂÓÈÏ ˙Â˘ÚˆÂÓÓ ˙¯ÂÎ˘Ó˙‰‡ÏÓ ‰¯˘ÓÏÚˆÂÓÓ ˙¯ÂÎ˘Ó˙
®‰ÏÚÓÂ ≥µ©˙È˜ÏÁ ‰¯˘ÓÏ

∏≠∞≥¨∂∞≥Æ∑¥¨µ∞µÆµ±¨∏∞∑Æ≤
±∞≠π¥¨µ±±Æ≤µ¨∞∏≤Æ∑≤¨±∞¥Æµ

±≤≠±±µ¨µ∞∏Æ≥∂¨∞µ±Æ∞≤¨∑±±Æ¥
±µ≠±≥∂¨∑π¥Æ≥∑¨∏≥µÆ±≤¨∂∂≤Æ∞

±≥´ ∫ÌÎÂ˙Ó∏¨µ∏∂Æ∂π¨∂π∞Æµ≥¨¥±±Æ≤
±∂´±∞¨¥±µÆπ±±¨¥∑∞Æ∞¥¨¥≥∑Æ∂

ÏÂÎ‰ ÍÒ∂¨π∑¥Æ≥∑¨∏±πÆµ≤¨π∏πÆ±



µ∏

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

∂ ÁÂÏ
≤∞∞± ¨„ÂÓÈÏ ˙Â˘ ˙Â‚ÏÙ˙‰ ÈÙÏ ÈÂÚ‰ Â˜Ï ˙Á˙Ó ˙ÂÁÙ˘Ó‰ ÊÂÁ‡

„ÂÓÈÏ ˙Â˘ÈÂÚ‰ Â˜Ï ˙Á˙Ó ˙ÂÁÙ˘Ó‰ ÊÂÁ‡ÈÂÚ‰ Â˜Ï ˙Á˙Ó ˙ÂÁÙ˘Ó‰ ÊÂÁ‡
·‰ ÈÂ˙ ÈÙÏ ÈÂÚ‰ Â˜©®ÈÓÂ‡Ï‰ ÁÂËÈ®ÂÏ˘ „Â·ÈÚ ÈÙÏ ÈÂÚ‰ Â˜©

∏≠∞¥∂Æ±¥µÆ±
±∞≠π≤µÆµ≤¥Æµ

±≤≠±±±µÆ∑±¥Æπ
±µ≠±≥±≥Æπ±≥Æ±

±≥´ ∫ÌÎÂ˙Ó±±Æ≥±∞Æ∏
±∂´∏Æ∑∏Æ¥

ÏÂÎ‰ ÍÒ±∑Æπ±∑Æ≥

∑ ÁÂÏ
ÌÈÙËÂ˘ Á¢˘ ÈÂÈÏÈÓ· ¨‰‰Â·‚‰ ‰ÏÎ˘‰‰ ¯Ê‚Ó· ¯˜ÁÓÏ ‰‡ˆÂ‰‰

‰˘ÍÂÈÁÏ ˙ÈÓÂ‡Ï ‰‡ˆÂ‰≥‰‰Â·‚‰ ‰ÏÎ˘‰‰ ¯Ê‚Ó· ¯˜ÁÓ    ≤

¯˜ÁÓ¯˜ÁÓ¯˜ÁÓ ÏÂÎ‰ ÍÒ
·ˆ˜Â˙ÓÏÈ‚¯‰‰Â·‚‰ ‰ÏÎ˘‰‰ ¯Ê‚Ó·

±ππ∞∏¨∑∑∞≤∂µµ≥≥∑π∏
±ππµ≤µ¨≥≥∑∂¥¥±¨≤µ∂±¨π∞∞
≤∞∞≤±¥≤¨∑µπ±¨≤≥∞≤¨∏±π¥¨∞¥π

Æ±Æ≤∞∞≤≠Ï Ì„˜ÂÓ Ô„ÓÂ‡
Æ≤¯˜ÁÓÏ ÍÈÈ˘˘ ¢‰‡¯Â‰¢‰ ÛÈÚÒÓ ˜ÏÁÂ ¢·ˆ˜Â˙Ó ¯˜ÁÓ¢ „¯Ù ·Èˆ˜˙ Ï·˜Ó˘ ¯˜ÁÓ ÏÏÂÎ ¯˜ÁÓ

Æ¢ÏÈ‚¯ ¯˜ÁÓ¢
Æ≥Æ„¯Ù ·Èˆ˜˙ Ï·˜Ó˘ ¯˜ÁÓ ˙ÏÏÂÎ ‰È‡ ÍÂÈÁÏ ˙ÈÓÂ‡Ï ‰‡ˆÂ‰



µπ

∫± ÌÈ˘¯˙±ππµ ¨∂¥≠≤µ ÏÈ‚· ‰ÈÈÒÂÏÎÂ‡‰ ·¯˜· ˙ÈÓ„˜‡ ‰ÏÎ˘‰ ÈÏÚ· ¯ÂÚÈ˘ 
∫¯Â˜Ó Education at a Glance, 2002, OECDÆ
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∫≤ ÌÈ˘¯˙≤∞∞± ¨∂¥≠≤µ ÏÈ‚· ‰ÈÈÒÂÏÎÂ‡‰ ·¯˜· ˙ÈÓ„˜‡ ‰ÏÎ˘‰ ÈÏÚ· ¯ÂÚÈ˘ 

∫¯Â˜Ó Education at a Glance, 2002, OECDÆ
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∫≥ ÌÈ˘¯˙±ππµ ¨˘ÙÏ ‚¢Ó˙Ï ÒÁÈ· ¨„ÈÓÏ˙Ï È„ÂÒÈ≠ÏÚÂ ‰Â·‚ ÍÂÈÁÏ ‰‡ˆÂ‰ 
∫¯Â˜Ó Education at a Glance, 1977, OECDÆ

 0  10  20  30  40  50  60  70  80  

'

-

-



∂≤

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

∫¥ ÌÈ˘¯˙±ππµ ¨‚¢Ó˙‰Ó ÊÂÁ‡Î È„ÂÒÈ≠ÏÚÂ ‰Â·‚ ÍÂÈÁ ˙Â„ÒÂÓÏ ‰‡ˆÂ‰ 
∫¯Â˜Ó Education at a Glance, 1997, OECDÆ
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∫µ ÌÈ˘¯˙±πππ ¨˘ÙÏ ‚¢Ó˙Ï ÒÁÈ· ¨„ÈÓÏ˙Ï È„ÂÒÈ≠ÏÚÂ ‰Â·‚ ÍÂÈÁÏ ‰‡ˆÂ‰ 
∫¯Â˜Ó Education at a Glance, 2002, OECDÆ
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∫∂ ÌÈ˘¯˙±πππ ¨‚¢Ó˙‰Ó ÊÂÁ‡Î ¨È„ÂÒÈ≠ÏÚÂ ‰Â·‚ ÍÂÈÁ ˙Â„ÒÂÓÏ ‰‡ˆÂ‰ 
∫¯Â˜Ó Education at a Glance, 2002, OECDÆ
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∂µ

∫∑ ÌÈ˘¯˙≤∞∞∞ ¨‰‰Â·‚ ‰ÏÎ˘‰Ï ˙ÂÙ¯Ëˆ‰‰ ¯ÂÚÈ˘ 
∫˙Â¯Ú‰

Æ±Æ‰Ê ÏÈ‚Ï ˙Á˙Ó Ì‰ ÌÈ˘„Á‰ ÌÈÙ¯ËˆÓ‰Ó ∏∞•≠Â ≥∞• ¨≤∞•
Æ≤ÆÂËÂ¯· ˙ÂÙ¯Ëˆ‰ ¯ÂÚÈ˘Î ÌÈ·˘ÂÁÓ ß· ‚ÂÒÓ ˙ÂÈÎ˙Ï ˙ÂÙ¯Ëˆ‰‰ È¯ÂÚÈ˘
Æ≥Â ß‡ ‚ÂÒÓ ˙ÂÈÎ˙Ï ˙ÂÙ¯Ëˆ‰‰ È¯ÂÚÈ˘–ÆÂËÂ¯· ˙ÂÙ¯Ëˆ‰ ¯ÂÚÈ˘Î ÌÈ·˘ÂÁÓ ß·
Æ¥Æ±πππ ˙˘Ï ÌÈÒÁÈÈ˙Ó ÌÈÂ˙‰
ÆµÆ≤∞∞± ˙˘Ï ˙ÒÁÈÈ˙Ó ÌÈÂ˙‰
™ ˙Â¯Ú‰Ï ≥ ÁÙÒ Â‡¯(www.oecd.org/els/education/eag2002)Æ

 ∫¯Â˜ÓOECDÆ
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∫∏ ÌÈ˘¯˙„È ÁÏ˘Ó ÈÙÏ ¨ÌÈ‡Ó„˜‡Ï ‰¯ÈÎ˘ ‰„Â·ÚÓ ˙ÚˆÂÓÓ ˙È˘„ÂÁ ‰ÒÎ‰ 
∫¯Â˜ÓÆ≤∞∞± ¨˙ÂÒÎ‰ ¯˜Ò ÈÂ˙ 



∂∑

∏ ÁÂÏ

„È ÁÏ˘Ó˙È˘„ÂÁ ‰ÒÎ‰¯Î˘‰Ó ÊÂÁ‡Î
ÚˆÂÓÓ‰„Â·ÚÓ  ˙Ï˘  ÚˆÂÓÓ‰

‰¯ÈÎ˘ÌÈ‡Ó„˜‡

∞∞ÌÈÏÎÈ¯„‡Â ÌÈÒ„‰Ó±≥¨¥±µÆ∏±Æ≥±

∞±ÌÈ‡˜ÈËÓ˙Ó ¨ÌÈ‡˜ÈÊÈÙ ¨ÌÈ‡ÓÈÎ±≤¨≥∏∏Æ¥±Æ≤±

∞≤ÌÈ¯È¯ËÂÂ ÌÈÁ˜Â¯ ¨ÌÈ‡ÙÂ¯±±Æπµ∏Æ≥±Æ±∑

∞≥ÔÂ·˘Á È‡Â¯ ¨ÌÈ‚ÂÏÂÎÈÒÙ ¨ÌÈÏÎÏÎ±∞¨¥≤¥Æ∞±Æ∞≤

∞¥ÌÈ¯ÈÎ˘ ÌÈ‡Ó„˜‡ ÏÂÎ‰ ÍÒ±∞¨≤≤∏Æ≥±Æ∞∞

∞µÌÈÈÓ„˜‡ ˙Â„ÒÂÓ· ÌÈˆ¯Ó±∞¨±π∑Æπ±Æ∞∞

∞∂ÌÈ‚ÂÏÂÈ·π¨π¥±Æ∞∞Æπ∑

∞∑ÔÈ„ ÈÎ¯ÂÚÂ ÌÈËÙÂ˘π¨∂π∏Æ∞∞Æπµ

∞∏ÌÈÈÂÎÈ˙≠ÏÚ ˙Â„ÒÂÓ· ‰‡¯Â‰ È„·ÂÚ
ÌÈÈ„ÂÒÈ≠ÏÚÂ∑Æ∞≥±Æ∞∞Æ∂π

∞πÁÂ¯‰ ÈÚ„Ó· ÈÓ„˜‡ „È ÁÏ˘Ó ÈÏÚ·µ¨∂∏µÆ∂

„È ÁÏ˘Ó˙ÂÈÙˆ˙ ¯ÙÒÓ˙È˘„ÂÁ ‰ÒÎ‰
ÚˆÓÓ‰„Â·ÚÓ ˙

‰¯ÈÎ˘

∞∞ÌÈ‚ÂÏÂÈ·≤≥π¨π¥±Æ∞

∞±ÌÈ‡˜ÈËÓ˙Ó ¨ÌÈ‡˜ÈÊÈÙ ¨ÌÈ‡ÓÈÎµπ±≤¨≥∏∏Æ¥

∞≤ÌÈÏÎÈ¯„‡Â ÌÈÒ„‰Ó≤≤∑±≥¨¥±µÆ∏

∞≥ÌÈ¯È¯ËÂÂ ÌÈÁ˜Â¯ ÌÈ‡ÙÂ¯±¥µ±±¨πµ∏Æ≥

∞¥ÔÈ„ ÈÎ¯ÂÚÂ ÌÈËÙÂ˘¥µπ¨∂π∏Æ∞

∞µÔÂ·˘Á È‡Â¯ ¨ÌÈ‚ÂÏÂÎÈÒÙ ¨ÌÈÏÎÏÎ±≥≥±∞¨¥≤¥Æ∞

∞∂ÁÂ¯‰ ÈÚ„Ó· ÈÓ„˜‡ „È ÁÏ˘Ó ÈÏÚ·≥∏µ¨∂∏µÆ∂

∞∑ÌÈÈÓ„˜‡ ˙Â„ÒÂÓ· ÌÈˆ¯Óµ≥±∞¨±π∑Æπ

∞∏ÌÈÈÂÎÈ˙≠ÏÚ ˙Â„ÒÂÓ· ‰‡¯Â‰ È„·ÂÚ
ÌÈÈ„ÂÒÈ≠ÏÚÂ    ≤∏≥∑¨∞≥±Æ∞

∞π˙„ È˙Â¯È˘· ÈÓ„˜‡ „È ÁÏ˘Ó ÈÏÚ·¥µ¨∂≥≥Æ∞

„Â·ÈÚÌÈ¯ÈÎ˘ ÌÈ‡Ó„˜‡ Ï˘ ÚˆÂÓÓ ¯Î˘±∞¨≤≤∏Æ≥
· ÈÂ˙ÁÂËÈ®ÂÏÂÎ ˜˘Ó·© ¯ÈÎ˘ ˙¯˘Ó Ï˘ ÚˆÂÓÓ ¯Î˘∑¨∞∑±Æ∏
ÈÓÂ‡Ï¯˜Ò ÒÈÒ· ÏÚ ≠ ¯ÈÎ˘ ˙¯˘ÓÏ ÚˆÂÓÓ ¯Î˘

≤∞∞± Ì„‡ ÁÂÎ∂¨π∑¥Æµ

 ∫¯Â˜ÓÆ≤∞∞± ¨˙ÂÒÎ‰ ¯˜Ò ÈÂ˙
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£·Èˆ‰ ¯Â„È˘· ‰Ó¯ÂÙ¯È¯Â

ÙÂ¯Ùß„ ¨ÈÁ¯Ê‡ ÔÂ¯È ¢·‚Â ¯Á˘≠Ô· È¯ÓÚ ¯ßÏ‡Ï ÏÁ¯ 

£·Èˆ‰ ¯Ê‚Ó· ˙Â˜ÂÙ˙ ÈÙ≠ÏÚ ·Âˆ˜˙ÏÂ ÏÂ‰ÈÏ ˙ÂÂ¯˜ÚÈ¯Â

ÙÂ¯ÙßÈ¯Â ‰ÂÏ‡Â Ò‡ÈÓÁ „Â„ 

£‰ÂÂ˘Ó ÁÂ˙È ∫Î¢·˘‰ ˜ÂÁ ˙Úˆ‰

ÙÂ¯Ù ˙ÈÈÁ‰· ÔÓ¯ÓÈˆ Ï‡È¯‡ß¯ˆÈÓ¯˜ ÈÎ„¯Ó 

£„· ÌÈÈÂÏÈÁÂ ÌÈÈ˙·¯˙ ˙ÓÁÏÓ ∫Ï‡¯˘Èø˙Â

ÙÂ¯ÙßÈ˜ˆÈ·¯ ¯ÊÚÈ·‡ 

£·Èˆ‰ ¯Ê‚Ó· ˙È·Ó ‰Ó¯ÂÙ¯ ˙‡¯˜Ï· È¯ÂÏ‡¯˘È

ÙÂ¯ÙßÈÂ‡¯È ÔÂÏ‡Â ÔÈÊÓ¯˜≠ÔÂ„ Ï¯Ó ¨Ò‡ÈÓÁ „Â„ 

£˙ÂÈ¯Á‡Â ˙ÂÎÓÒ ∫‰Ï˘ÓÓÏ ÈËÙ˘Ó‰ ıÚÂÈ‰

„¢ÙÂ¯ÙÂ ÈÏÈÊ¯· „‚ ¯ßÒ‡ÈÓÁ „Â„ 

£‰„¯Ó‰ ‡Ï ¨‰˙Ò‰

ÙÂ¯ÙßÌÈ‡‚ „Ï‡ÁÂ ¯ˆÈÓ¯˜ ÈÎ„¯Ó 

£˙ÂÈ¯Á‡Â ˙ÂÎÓÒ ∫Ï‡¯˘È ˜·

ÙÂ¯Ùß„Â Ò‡ÈÓÁ „Â„ ¢ÈÏÈÊ¯· „‚ ¯

£·Ï˙˘‰·˜ ˙Â·Á· ¢‰È¯ÙÈ¯Ù¢ ˙ÂˆÂ‰˜ÈËÈÏÂÙ·Â ‰¯

· ÌÈ„¯Á‰ Æ‡ ∫ÌÂÏ˘ Ô„ÈÚ·Ï‡¯˘È

ÙÂ¯Ùß„Â Ô¯˜ Ï‡ÎÈÓ ¢ÈÏÈÊ¯· „‚ ¯

£˙ÂÈ¯Á‡Â ˙ÂÎÓÒ ∫‰È„Ó‰ ¯˜·Ó

„¢ÙÂ¯ÙÂ ÈÏÈÊ¯· „‚ ¯ßÒ‡ÈÓÁ „Â„ 

£˜ÂÒÈÚ‰ ˘ÙÂÁ

ÙÂ¯Ùß„ ¨¯ˆÈÓ¯˜ ÈÎ„¯Ó ¢ÔÓ„ÏÂ‚ ¯Á˘Â ¯Á˘≠Ô· È¯ÓÚ ¯

£˙ÂÈËÈÏÂÙ‰ Ì‰È˙Â‡ˆÂ˙Â ±ππ∂ Ï˘ ÌÈÈ˙‚ÏÙÓ‰ ÒÈ¯ÓÈÈ¯Ù‰

¯„‰≠¯˘ ÚËÂ Ë‰¯ ÔÂÚ„‚
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£ÌÈÂ˘‡¯‰ ÌÈÓÈ‰ ±∞∞

ÙÂ¯Ùß‰ÈË¯˜ÂÓ„Ï ÈÏ‡¯˘È‰ ÔÂÎÓ‰ ˙ÂÂˆÂ Ò‡ÈÓÁ „Â„ 

£ËÙ˘Ó‰ È˙· ˙Î¯ÚÓ· ˙ÚˆÂÓ‰ ‰Ó¯ÂÙ¯‰
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£˜˙±π¥µ ®ÌÂ¯ÈÁ ˙Ú˘© ‰‚‰‰ ˙Â

ÙÂ¯Ù ˙ÈÈÁ‰· ¯Âˆ ÏÎÈÓß¯ˆÈÓ¯˜ ÈÎ„¯Ó 

£· ∫ÌÈ¯„Ò‰‰ ˜ÂÁ‰˜ÈËÈÏÂÙÂ ‰ÏÎÏÎ ÔÈ

ÙÂ¯ÙßÔÈÈÏ˜ Ô¯ÚÂ Ò‡ÈÓÁ „Â„ 

£˙ÂÈÈ„Ó ˙ÂÏ‡˘· ‰ÎÏ‰ ˙˜ÈÒÙ

ÙÂ¯Ùßˆ ‰È„È„È ßÔ¯Ë˘ 

£· ˘ÙÂÁÂ ‰„¯Ù‰ ¨‰¯ÈÁ· ∫˙È˙ÎÏÓÓ‰ ˙Â·¯‰ÈÂËÈ

„Â„ ÈÒÂÈÂ ÔÂÈ ÏÈ‡
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£·Á‰ ÚÒ˘‰· ÈÏÎÏÎ≠È˙¯Ï‡¯˘È
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 ÈÚÈ˘˙‰ ÈÏÎÏÎ‰ ÒÎ‰—≤∞∞± ÈÂÈ 

Â‡Â¯‚ Ô·Â‡¯ ßÙÂ¯Ù ∫Í¯ÂÚ‰Â ÒÎ‰ Ï‰Ó

£· ˙ÈÏÎÏÎ ‰ÁÈÓˆÏ ‰È‚Ë¯ËÒ‡Ï‡¯˘È

£· ÔÂÈÂÂ˘≠È‡‰‡ÏÓ‰ ÒÂÎ‰ ÈˆÁÂ ‰˜È¯‰ ÒÂÎ‰ ÈˆÁ ∫Ï‡¯˘È

£·‰ ˙Î¯ÚÓ· ‰Ó¯ÂÙ¯‰·Ú ∫˙Â‡È¯„È˙ÚÂ ¯

£≤∞∞± ÌÈ˘Ï ˙ÈÏÎÏÎ≠Â¯˜Ó‰ ˙ÂÈÈ„Ó‰—≤∞∞≤

£ ‰ÎÏ‰Â ËÙ˘Ó ¨‰È„Ó—Ï˘ ÌÓÂ˜Ó ∫Â˙Ú¯Ï ÂÈÏÚ·Ï ¯ÂÓ˘ ¯˘ÂÚ Æ· 

·Á· ‰ÎÏ‰‰ Ï˘Â ËÙ˘Ó‰Æ˙ÈÏ‡¯˘È‰ ‰¯

Ô¯Ë˘ ßˆ ‰È„È„È ßÙÂ¯Ù

£˙ÈË¯Ù ‰˜È˜Á

Ò‡ÈÓÁ „Â„ ßÙÂ¯Ù ˙ÈÈÁ‰· ÔÈÈÏ˜ Ô¯ÚÂ ¯„‡Ï· ‰„

 È¯È˘Ú‰ ÈÏÎÏÎ‰ ÒÎ‰—≤∞∞≤ ÈÏÂÈ 

Â‡Â¯‚ Ô·Â‡¯ ßÙÂ¯Ù ∫Í¯ÂÚ‰Â ÒÎ‰ Ï‰Ó

£· ÌÂÈ‡·˘ÓÂ ÈÂÁËÈÈÏÎÏÎ ¯

£‰ÈˆÊÈÏ·ÂÏ‚‰

£‰ÈÒÙ‰ ˙ÂÈÈ„Ó

£≤∞∞≥≠≤∞∞≤ ÌÈ˘Ï ˙ÈÏÎÏÎ≠Â¯˜Ó‰ ˙ÂÈÈ„Ó‰

£ ‰ÈˆÏÂ‚¯—˙Á˜ÙÓ‰ ˙Â˘¯‰ 

Ô¯Ë˘ ßˆ ‰È„È„È ßÙÂ¯ÙÂ Ò‡ÈÓÁ „Â„ ßÙÂ¯Ù ˙ÈÈÁ‰· ı‚≠Ï·¯‡ È¯Â‡

£„ ˙Â˘‚¯·‰ ˘ÙÂÁ ¨ÌÈÈ˙ÈÏÈÏÙ‰ ËÙ˘Ó‰Â ÈÂËÈ
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¯ÈÓË Ô¯ÚÂ ÔÓ„ÏÂ‚ ¯Á˘ ¨¯ˆÈÓ¯˜ ÈÎ„¯Ó ßÙÂ¯Ù

£„ ÛÂÓ¢ ÌÂÒ¯Ù Æ‡ ˙Â‡ÈˆÓÂ ÈÂÓÈ„ ∫ı¢‚·Â ˙—Ú„ÈÓÏ ÊÎ¯Ó‰ 

·‰ ÔÁ·Ó· ¢È„Â‰È˙¯Â˜È

¯ˆÈÓ¯˜ ÈÎ„¯Ó ßÙÂ¯ÙÂ ¯„ÈÏ ÈÏ‡ ¯¢„ ¨Ô‰Î ˙È‚¯Ó ¯¢„
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£·Î ˙È„Ó ÌÓÂ‡‰øÌ„‡‰ „Â

Ô·‡¯‰ ÛÂÏ‡

£ ‰ÈÙ¯‚Â¯ÂÙ—ÏÚ ¯ÂÒÈ‡‰ ÔÂ˜È˙Ï ‰Úˆ‰ ∫ÔÂÈÂÂ˘ ¨˙Â¯ÈÁ ¨¯ÒÂÓ 

·ÚÂ ¨‰·ÚÂ˙ ˙‚ˆ‰Â ÌÂÒ¯Ù·Â¯˜ ˙Â¯È˙Â
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Summary

THE 11TH ANNUAL ECONOMIC
CONFERENCE – JULY 2003

Conference Head and Editor: Prof. Reuben Gronau

Preface

The 11th Annual Economic Conference was held this year during
a pivotal period – between the completion and launch of the
Israeli government’s economic plan and the discussions about
the 2004 budget. Each of the conference’s four subjects touched
on the economic reality of our lives. It appears that the success
of the conference’s deliberations, chaired by Finance Minister
Benjamin Netanyahu, indicates the vital nature of the subjects
that were discussed.

This year, the central topic was the question of investing in
human capital. Investing in human capital has become an asset
of permanent economic value in all developed countries and in
countries seeking to promote their economic standing. Two
teams examined in depth the optimum utilization of human
capital in Israel in the pre-academic and higher education
systems. The first team was led by Prof. Victor Lavi, who
prepared the conceptual infrastructure and developed the model
of reform, and by Ms. Ronit Tirosh, who added practical-
applicable aspects to the proposed model.

The second team was led by Mr. David Brodet.
The third team, which focused on credibility and

transparency in the economy, attempted to clarify the proper
conduct and performance in three economic focal points that
propel the economy: the Ministry of Finance, the Bank of Israel
and the capital market. Prof. Zvi Eckstein led this team.
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The fourth team, headed by Prof. Avi Ben-Bassat, grappled
with the “ship” of macro-economic policy, which was buffeted
on all sides by strong crises from the time the team began its
work prior to the 2003 elections until the conference.

I would like to express my deep thanks to the team leaders
and members for the great effort they invested. And hearty
congratulations from all of us to the man who presided over the
entire group, Prof. Reuben Gronau.

Prof. Arik Carmon
President of the Israel Democracy Institute
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Recommendations Regarding the Higher
Education System

Summary of a Report for the 2003 Annual
Economic Conference

Team Director: David Brodet

● The higher education system has developed impressively in
the last decade, not only quantitatively. A number of significant
changes have occurred, and in particular the establishment of a
network of academic colleges (both public and private). During
the 2002-03 academic year, some 220,000 students are enrolled
in these systems: 7 research universities, the Open University,
22 academic colleges (public and private) and 23 academic
teacher training colleges. The most significant phenomenon is
that commencing from the 2002-03 academic year, more
undergraduate students are studying in the colleges than in the
research universities. This has reduced the cost of student
undergraduate training and constitutes a tangible expression of
greater access to higher education.

● The goals of higher education are: training skilled humanpower
for the labor market; advanced academic research; preservation
of culture; furthering social and national goals; training senior
teaching personnel for the next generation of the higher
education system.

● In the next decade, the higher education system will be faced
with the dilemma of continually adapting the universities to a
condition where the rate of annual growth in the student body
will be lower than it was during the preceding decade.

● Priorities must be established for advanced areas of science
and technology such as: nanotechnology, biotechnology, brain
sciences and artificial intelligence.

● The required policy will supplement and intensify the academic
colleges, raising their academic quality until a quantitative



∏µ

critical mass of at least 3,000 students per institution is reached.
● The allocation of work among the colleges and universities

will be such that the number of Master’s and Ph.D. degrees in
research will increase at the universities, while the colleges
will focus on undergraduate studies and non-research Master’s
degrees.

● The level of national expenditure for higher education in Israel
is presently about 1.9% of the GDP (about NIS 9.2 billion),
which places Israel quite high in the ranking among the other
nations of the world in this sphere.

● During the preceding three years, as a result of the economic
reality in Israel, there have been cuts in the public higher
education budget.

● In view of the needs of the economy and society, it is proposed
to maintain this rate in the coming decade, while continuing to
enhance efficiency and introducing structural changes that will
increase the share of the colleges on the one hand, and
strengthen university research on the other hand. This step will
lead to greater output from this system.

● In order to maintain the academic quality of the higher education
institutions, a professional body should be established that will
specialize in assessing the various faculties, both for the purpose
of recognition by the Higher Education Committee and for re-
evaluation of existing bodies. The possibility of using
international evaluation organizations who do such work in
other countries should be considered, so as to obtain an objective
assessment based on advanced international criteria.

● A major reorganization should be applied to the distribution of
work among the teacher training colleges and the schools of
education within universities. It seems that the colleges have
an advantage over the universities in teacher training and in
providing pedagogical tools, while the universities have an
advantage with regard to training in certain disciplines. Effective
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cooperation between the various institutions will lead to
improving the quality of teachers in Israel.

● The access to higher education has greatly improved in the
recent decade along with the increase in the number of
matriculants, and the opening of the colleges should be credited
with this trend. At the same time, the participation of new
populations that are currently unrepresented in the higher
educational system should be increased, such as the ultra-
Orthodox, Bedouins and Ethiopians. As to the ultra-Orthodox,
it seems that the various college courses are the most appropriate
way to approach this population. We believe that their
integration into the higher education system is vital to the
development of the Israeli economy, owing to the constantly
increasing percentage of this public in the general population.

● University research is particularly vital in order to maintain
the leadership status of Israel’s research universities. The
research budget also dictates the size of the higher education
system, as it determines the final output of Ph.D. graduates
required by the system. The main expenditure on civil research
in Israel is expended at the universities, in the absence of
significant civil research institutions.
The present scope of research expenditure is NIS 2.6 billion,
which is 0.5% of the GDP. A similar rate should also be allocated
in the future while ensuring the introduction of state-of-the-art
science and technology spheres, with objective external control
of the quality of research based on accepted international
standards. If care is taken to rationally distribute the work among
the various institutions, research may produce more effective
outputs.

● The organizational and administrative structure of the research
universities in Israel is problematic. It is based on a two-tiered
management system with a rector and a president, which is a
source for confusion regarding responsibility and authority.
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Moreover, it is run cooperatively because of the great weight
exerted by members of the academic staff on the nomination
of the rector, the deans and the faculty heads.
This reality is not acceptable in countries where university
research is at the leading edge, nor does it foster university
excellence and achievement.

The team recommends shifting to a hierarchic organization and
administrative style, where the chain of command is based on
an involved, high-quality public executive committee. A
university president would be nominated by the executive
committee and would be at the head of the university pyramid
with the authority to nominate the rector, the deans and
department heads, while establishing standards for
accountability, authority and achievement. A select university
senate will constitute an advisory academic body that monitors
the work carried out in the institution.
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