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❸❷❹�➆❸��❹��➀�� ❹❽➄➈��➁❷��❻❹❿➀��❽➂❷���❸��❿❸��❽➄➆❸➀�➁❽❷➆❹❽➂❸

�❹�❼❽➅��❽➄❹�❸❹��❽���❻��❹❽➀❽�❹➂➀�❽��❽➆❸��❹➄❽�❸�➃❸�❸➀�❿�➃�❹❽❸�❹

➁❽➂❷��➂�➁❽�����➁❷��❻❹❿����❿❸➀��❹❷➅❹➂❿❹���❻➂��❹❷➅❹➂❿��❹➅➈�➄

➃❽��❸❷❹�➆❸���❹➀❻�➁➄➂�� �❹���❸�❻❹�❽➈➀❹��❽❷❽�➆��❽➂❷���❸��❹❸➀

�❹❿❽�❸�����➈��❹��❹➀❽➆❽❸�����❽�❶��❹➀➀❸��❹❽➂❷��❸��❹❽�❹❶❼�❸�❽��

➁❽�❹�➅�❹➄��➃❽��➃➀❸➀�❼�❹➈❽��❽➈❿❹�➁➀❹�❹�❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂�➀�

�❿�➆➂��➁❽❽❷➅❹➂❸�➁❽➈❹❶❸� ➀��➁❽➄❹�❸�➁❽❷❽�➈�❸� ➃❽�� ❸❷�➈❸❸� ❽❹❹��

�❹❼➆➂��❹➀➀❿➂��❹❽❸➀��❹❽❹�➆�➁❽��❹➄��❹❽❸➀�➁❽❿❽���❸❸❹�❶❸�❸➀❿�❸❸

➁❹❷❽�➀��❹❽�❼❽➅��❽➄❹���❹❽➄❿���❹❽❸➀��❹❽❹�➆❹���❻➂���❹➄❽❹�➂�❸➄❻�➈��

➁��➁❶�❷➅❹➂❹�❷➅❹➂�➀❿➀�❸❽❻➂��❻�➂���➀��❽�❸�❹�➂��❹�❿�➂�➁❽❼➄❷❹❼➅

❹❷❽�➈����❽➆�➁➄❽���➁❽❷➆❽�❹➂�➆➀��❽�➂��❹❸

±



±¥

ÈÈ¯ Ú
Ó„‰ 

¥∂ 
·Â

¯˜
‰ 

¯Â
˘

ÚÏ
 ‰

‰Â
·‚

‰ 
‰Ï

Î˘
‰‰

 ˙
Î¯

ÚÓ

·Ú‰ ̃ Â˘Ï Ì„‡ ÁÂÎ ̇ ¯˘Î‰ ÈÓÂÁ˙· ÂÈ˙ÂÚˆ‰ ̄ ˜ÈÚ ÔÏ‰ÏÁÂ˙ÈÙÏ ̈ ‰„Â

·‡Ï ̈ ¯˜ÁÓ‰·Ú‰ ̇ ˜ÂÏÁÏÂ ‰ÏÏÎ· ̇ Î¯ÚÓ‰ ̇ ÂÎÈ‡ ̇ ÁË· ‰„Â˙ÂÏÏÎÓ‰ ÔÈ

·Ï ‰‡¯Â‰Ï·ÈÂ‡‰ ÔÈ∫˙Â‡ËÈÒ¯

‰„Â·Ú‰ ˜Â˘Ï Ì„‡ ÁÂÎ ˙¯˘Î‰ Æ‡

£➃❹���❸� ��❹�❸� ❽❷❽➂➀�� ➀➀❿���❹➀➀❿➂❸� ➀�� ➃➀��➂���� ➀❽❷❶❸➀��❽

❸��❻❸�❽➆❷➂����❽➆�

£➁❷��❻❹❿�➁❽�❽�❿➂❸�➁❽➂❹❻����❹➀➀❿➂��❽➄����❹��❽❷❹➂❽➀�❻�➈➀��❽

❹➄❽❽❸❷�❞❾❹➄❽❻�❹�➁❽�➅➆�➀❸➄➂��❸��❻❸�❽➆❷➂��❷❻❹❽➂��❸❷❹�➆❸��❹�➀

��❻➂�❽➀❹➀➅➂��➁➄❽���➁❽���

£➁❽���➀�➁❽❷➂❹➀❸����❿❸��❽❷❿��❹➀➀❿➂��➁❷�❸�❻❹❿����❶�❷�➀��❽

��❹❽��❸❸❹�❶❸�❸➂���❸❽❸��❽➄�❸❹�➃❹���❸

¯˜ÁÓ‰ ÁÂ˙ÈÙ Æ·

£��❻➂❸� �❹❽���� ❻❹�❽➈➀� ❻❹❹❼� ❽❿❹��� ➁❽�❽���� ❹❽❸❽�� ❻❽❼�❸➀� �❽

��➂➀���❷❽❽��➇�❽❸��➁❽❼➄�❹❼�❹❷����❿❸➀❹��❹�❼❽➅��❽➄❹��

£❝❸❹�❶��❹➈❽❷➆��❷➅�➁❸➀�➆❹��➀��❽��❸❽❶❹➀❹➄❿❼❸❹�➆❷➂❸�❽➂❹❻��➁❸�❹➀�

➁❽➂❷��➂�➁❽�➂❹❻❹�❹➄➄

❸❽❶❹➀❹➄❿❼❹❽�❹�❸�❽➂❹➄❶

�❽�❹❿�➀➂�❸❽�➄❶❽➀❼➄❽�❹�❸➄❽���❹❿�➆➂

‰ÏÏÎ· ˙Î¯ÚÓ‰ ˙ÂÎÈ‡ ˙ÁË·‡ Æ‚

£❸❸❹�❶�❸➀❿�❸➀��❹❷➅❹➂����❻➂❸❹�❸��❹❸❸��❹❿❽���❻❼��➀�❶❹�❷➀��❽

❽��❻��❸❽❸❽❹��❷❹➅➂�➃➈❹��❹��❿���❷❹�➆❽��❽➆❹��➂�➇❹❶��❹➆�➂���➁❸❽❶❹➅➀

❽��❻��❸❽❸❽�➃❿❹�➁❽�❷❻�➁❽❶❹❻�➁❽�❸➀��❹❷➅❹➂➀��❽➂❷���❸���❸�➃�➂➀

➁❽➂❽❽�❸�➁❽❶❹❻❸❹��❹❷➅❹➂❸��❹❿❽��➀���❽�➈❹���❸❿�➆❸➀



±µ

Æ„· ‰„Â·Ú ˙˜ÂÏÁ·Ï ‰‡¯Â‰Ï ˙ÂÏÏÎÓ‰ ÔÈÔÈ
·ÈÂ‡‰˙Â‡ËÈÒ¯

£❾❹➄❽❻➀��➈➅❸�❽���➃❽�➀�❸��❹❸➀��❹➀➀❿➂❸�➃❽��➁❽���❸�����❷❸➀��❽

➁❸❽➄❽��❸❷❹�➆❸���❹➀❻�����➈�➀❹��❹�❼❽➅��❽➄❹�❸�➀�

Æ‰˙ÂÏÈ˘Ó

£❽➄❹❶��� ➀�➂➂➀� �❹�❼❽➅��❽➄❹�❸� ➀�� ❽➀❹❸❽➄❸� ❸➄�➂❸� ��� �❹➄�➀� �❽

➀❹❸❽➄❹�❸❸❹�❶��❽➂❷����❹❿❽��❻❽❼�❸➀�❸�❼➂����❺❹� �❹��� ❽❿��❽❽❸❹

➀❽➆❽





±∑

·Èˆ˜˙ ÌÈË·È‰ÌÈÈ

❸➀❿�❸� ➀➆���❹➂❸� ❽➂➀❹❶❸� ❽➂❹�➂❸� ��❹�❸� ❺❹❻���❽➂❹�➀➃❽�� ❸�❹❹�❸�

�❹➄❽❷➂➀�➆�❹➂➂����❹��2➀�❸�❹❹�❸����❹��❛2�❜❜��❸❽❸�❸❸❹�❶

❸OECD�❹�❻➈❸��❻�➀���◗�❻❹➀❘�❜❜❜����❹��2➀�❸➀➆�❸❺�❺❹❻��

�➆�❹➂➂❸� �❹➀➆❸� ��❹�� ❽❺❹❻�� ❜2➀� �➂❽❹➅➂� ❸❷❽�❽� ❸➀❻� �❽���❸

❸❽❽➄��❻❹❿�❽❹❹��➁❽�➀❹❷�❽❻➄❹➂���❜❜��❸�❽❽❸�➀���❽��❼➄❷❹❼➅➀

❸��❹�����➆�❹➂➂❸�����➂�❹���❽❸❹�❜❜❜��➀�❸�❹❹�❸�OECD

�❹➄❹�❻�❸�➁❽➄����➂❹➀❿��❸�❽❽❸�❜❜❜��❼➄❷❹❼➅➀�❸��❹❸❸�➃❸��

❼➄❷❹❼➅➀��❹��❹❸��❸❽❽➀➆�❸�❽❽❸��➀

�➈➅➂��❽❽➄➈❸��❽����❝�❹�❽➅��❹➀�➂�❸��➈��❸��❹❽❹➀➆❸�➀➆�❸�❽➂�❸

➀��❹❺➂�❿��❽❸�➃❸��❼➄❷❹❼➅��❹➀➆���❹➀➀❿➂➀�➁❽❼➄❷❹❼➅�➀��❾➀❹❸❹�➀❷❶

➀❹❷❽❶�➀���❽❼➅�❷�❸❼�❸��❽➄��❞�❹�❼❽➅��❽➄❹����❹➆❹��➂�➁�❹��❷➂❹➀❸

➁��➅➆❸��❹➀➆��➉❹❻❸�➃➂�➁❽�❹➂����❹❶��❹➂❽�❹��❽❿�❸❹��❼❹❺❸�❽➂❷��❸�➀❶➅❸

�❹❽❹➀➆�❾❿➂�❸��❹�❿�❸�❹➂❷❽➂➀��➅❻❽❸�➀❹❷❽❶��❽�❽➀��❞◗�❻❹➀❘���❹❽�❸❿❹➂➄

��❹������❹➀�➀��❹➂❹❷�➀���❽��❼➄❷❹❼➅�➀��❹���❿❸OECD◗�❻❹➀❘�

¯ˆÂ˙· ‰‰Â·‚ ‰ÏÎ˘‰Ï ˙ÈÓÂ‡Ï‰ ‰‡ˆÂ‰‰

❸➄❹❽➀➆��❹�❽�❻�➁❽�❹��❹➄���➁❽➄����❹❽�❽���❸��❹�❻➈❸❸��❻�➀�

❾�➂❸�➁�➀���❹���❸❸❹�❶�❸➀❿�❸➀��❽➂❹�➀❸�❸��❹❸❸�➀��❸�➀❻���❽➂��

❸➀❹➀➆���❻���❹❽➄❽❷➂�➀❽➆➀❷��❹➂➀❽❷❸❹�➁❽❷➆❽❸��❹�➀�❹❺��❿�➆➂�➀��❻❹�❽➈❸

�❹�➆��❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂� ➀���❹❻�➈�❸❸� ❽❿�❹����❹�❹➄�� ➆❹❶➈➀

❸❸❹�❶❸�❸➀❿�❸❸��❿�➆➂�❽�❶❹�➀�➁❽�❹�❽���➀❹❷❽❶❸�❾�➂❸�❻❿❹➄➀��❹��❸

Ò‰‚¯˜ÂÁ‰ ÈÓ„˜‡‰ Ï

��❹❻❸�❽➂❷��❸�➀❶➅❸��❽�����➂❽❹➅➂�❸❷❽➂��❸�❻�➄��❹➄❹�❻�❸�➁❽➄��

➃➂�➁❽�❹➂��❹➈❽➀❻❸➀��➀❹��❹�❼❽➅��❽➄❹���❽�❹❿❽��➁❽��❹❻�➀❶➅��➂�➀��❽

��❻➂❸� �➂�� ��� ❷❽�❹❸➀� ❾❿�❹� �❽��❻➂� �❹➀❽➆➈� ➁❸➀� ➃❽��� ➉❹❻❸

�❽❸�❷❽�➆��❸��❹❸❸��❹❽❹➀➆��➀❺❹❸➀�❸❷❽❻❽❸��❹��➈�❸��❹�❼❽➅��❽➄❹��

�❹➀➆�❝➀❹❷❶�➃❹❿➅❽❻��❽➄❽��➀�❸❺�❾➀❸➂�➁➀❹�❹��❹➀➀❿➂➀�➁❽❼➄❷❹❼➅��❽❽➄➈❸

≤
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➁➆❹�➃❸➀��❽➂❷��❸�➀❶➅❸�❶❹�❷��➁➆����➂��❸➀➆���❹➀➀❿➂��➁❽❼➄❷❹❼➅❸

�➀❻��❽❽➄➈❸��❹➆�➂����➂❽❹➅➂�❸❷❽➂��❺❺❹��❹�❽➄�❸���❹�❸�❽❷❹➂❽➀��❻❽�➈

➃➂�➆��❹➀➀❿➂��❸��❹❸❸����➀❽❺❹❸➀�➃�❽➄��❹➀➀❿➂➀�➁❽❼➄❷❹❼➅�➀����❹❽�➀❹❷❶

�❹➀➀❿➂❸� ➃➂��➀❻�➁❹❽❿� ➃❸➂��❻�❹��❻��➀❿��➀❷❶❸�❹� ➃�➈➅➂���➈�❸�

➁❽❷❽➂➀�❸��➈➅➂��➇❹��➀��❽�❞➃❸➀���➀❹�❽�❸��❹➀➂➀�❹➆❽❶❸�➁�❼��❹❽➂❷��❸

➁❽➄❹��➁❽➆�➂�����❺��❹�➆➀��❽❹�➁❽❼➄❷❹❼➅�➀��➃❽��❸❽❸❽�❷➅❹➂�

�❹➀➀❿➂�❶❹❺❽➂��❹➆�➂����❹��➀

·ÈÂ‡· ÌÈË„ÂËÒ‰ È¯ÙÒÓ˙ÂÏÏÎÓ·Â ˙Â‡ËÈÒ¯

❽❷➂❹➀➀�����➄❹❹❿➂��❹➀➀❿➂➀�➁❸➂�➀❹❷❶��➀❻�➀��❸❽➄➈❸❸�➁❽❼➄❷❹❼➅➀�����
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◗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�❹❷❼➅❹➈➀❹� 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¯˜≥∂∞∂∞∞

ÌÈÈÂˆÈÁ ˙Â¯Â˜Ó∞±π∞

˙ÂÈ„ÂÚÈÈ ˙Â·ˆ˜‰Â ˙ÂÈÓÈÙ ˙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 ÈÎË Ï‚Ò±¨≥µ∞≥∞•¥∞µ

‰˜ÂÊÁ˙±¨∞µ∞≥∞•≥±µ

ÌÈ¯ÙÒÂ „ÂÈˆ≥∞∞µ∞•±µ∞

ıÂÁ‰ ÔÓ ÌÈ¯ÂÓ±∏∞∞•∞

˙ÂÈÒÙ¥≤∞µ∞•≤±∞

˙ÂÂ˘≥∞∞≤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¨∞∞∞

˙ÂÂ˘µ¨∞∞∞

˙¢˙Â Î¢‰Ò±¨π¥µ¨∞∞∞

ÌÈÈÂˆÈÁ ˙Â¯Â˜Ó

˙ÂÈÓÈÙ≤≥∞¨∞∞∞

‰Ï˘ÓÓ≤∞∞¨∞∞∞

BSFµ∞¨∞∞∞

GIF≥∞¨∞∞∞

BARD±∞¨∞∞∞

NIH±∞¨∞∞∞

˙ÂÂ˘±≥∞¨∞∞∞

˙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±∏∞¨∞∞∞

˙ÂÂ˘≥≥∞¨∞∞∞

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��
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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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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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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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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
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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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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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