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˙Ó¯Â‚‰†‰ÏÙ‡†‰È‚¯‡†ÌÈÚ·¯†‰˘ÂÏ˘Â†¨˙¯˜ÂÁ†È‡˘†˙‡Ê†ÂÓÎ†˙ÂÈ·ÈË¯ËÏ‡†‰ÈˆËÈ·¯‚†˙Â¯Â˙

ÆÂ˙ÂË˘Ù˙‰†˙‡†ıÈ‡‰Ï†ÂÏÂÎ†ÌÂ˜ÈÏ
·Á¯Ó·†˙ÂÂ„‡†¨‰„È·Î†ÈÏ‚†Ï˘†ÌÓÂÈ˜†Æ˙ÈÙÂÏÁ†‰ÈˆËÈ·¯‚†˙¯Â˙Â†‰„È·Î†ÈÏ‚†ÈÈÈÙ‡Ó†˙¯˜ÂÁ†È‡
ÌÈÂ˘‡¯‰†ÌÈÈÂÒÈ‰Â†ÔÈÈË˘È‡†È¢Ú†1918†˙˘·†¯·Î†‰ÊÁ†¨˙ÂˆÈ‡Ó†˙ÂÒÓ†È¢Ú†˙ÂÓ¯‚†¯˘‡†ÔÓÊ
‰„È·Î†ÈÏ‚†ÌÂÈ˜Ï†ÛÈ˜Ú‰Â†„ÈÁÈ‰†¯Â˘È‡‰†ÌÂÈ‰†„Ú†¨˙‡Ê†ÌÚ†ÆÌÈ˘È˘‰†˙Â˘·†¯·Î†ÂÏÚÙ†ÌÂÁ˙·
ÍÚÂ„†¯ÒÏÂÙ†‡Â‰†ÌÈÂ¯ËÂÈ†·ÎÂÎ†Ï˘†ÂÏÂÏÒÓ†ÈÎ†Â‡¯‰†¯˘‡†¯ÂÏÈÈËÂ†ÒÏÂ‰†Ï˘†Ì¯˜ÁÓÓ†Ï·˜˙‰
Ì‰†ÍÎ†ÏÚ†Æ‰„È·Î†ÈÏ‚†˙ÂÚˆÓ‡·†¯¯Á˙˘‰Ï†‰ÈÂÙˆ‰†‰È‚¯‡‰†˙ÂÓÎÏ†˜ÂÈ„·†‰ÓÈ‡˙Ó‰†‰„ÈÓ·

Æ1993†˙˘·†‰˜ÈÊÈÙ·†Ï·Â†Ò¯Ù†˙‡†ÂÏ·È˜
ÌÈÙˆÓ‰†„Á‡†˙ÂÚˆÓ‡·†Ì‡†ÔÈ·†¨‰„È·Î†ÈÏ‚†Ï˘†¯È˘È†ÈÂÏÈ‚Ï†‰¯ÂˆÚ†‰ÓÈ˘·†‰ÙˆÓ†Ú„Ó‰†ÌÏÂÚ†¨ÌÂÈÎ
ÌÈ¯È„‡‰†ÌÈ‚ÂÏÂÎË‰†ÌÈÏÚÙÓ‰†„Á‡†¨¢‰ÒÈÏ¢†˙ÂÚˆÓ‡·†Â‡†ÔÙÈ·Â†‰ÙÂ¯È‡·†¨·¢‰¯‡·†ÌÈÏÚÂÙ‰
˙ÂÎÂÒ†¨‡¢Ò‡†È¢Ú†¯Â˘Ú‰†ÛÂÒ†˙‡¯˜Ï†¯‚Â˘Ó†˙ÂÈ‰Ï†¯ÂÓ‡†¯˘‡†¨ÏÚÂÙÏ†˙Â˘Â‡‰†‡ÈˆÂ˙˘†¯˙ÂÈ·

Æ˙È‡˜È¯Ó‡‰†ÏÏÁ‰
ÂÎ¯Â‡†˙‡†˙Â˘Ï†ÈÂÙˆ†‰„È·Î†Ï‚†Ï˘†Â¯·ÚÓ†ÔÎ˘†¨¯È„‡†‡Â‰†‰„È·Î†ÈÏ‚†ÈÂÏÈ‚·†È‚ÂÏÂÎË‰†¯‚˙‡‰

ÆÔÂËÂ¯Ù†Ï˘†ÒÂÈ„¯‰†˙ÈÙÏ‡Ó†˙ÂÁÙ·†„Á‡†¯ËÓÂÏÈ˜†Ï˘
È„¯‡ÈÏÈÓ†Û‡Â†ÈÂÈÏÈÓ†˙Â‡Ó†Ï˘†˙Â‡ˆÂ‰·†‰ÎÂ¯Î†‰„È·Î†ÈÏ‚†ÈÂÏÈ‚Ï†ÌÈÙˆÓ†Ï˘†Ì˙˜ÂÊÁ˙Â†Ì˙Ó˜‰
ÌÂ¯˙Ï†˙Â¯˘Ù‡†ÂÏ†˘È†¨˙‡Ê†ÌÚ†ÆÌ‰·†„ÂÓÚÏ†‰ÏÂÎÈ†‡Ï†ÂÏ˘Î†‰Ë˜†‰È„Ó†¯˘‡†˙Â‡ˆÂ‰†¨ÌÈ¯ÏÂ„

ÆÂÈ¯˜ÂÁ†·ËÈÓ†Ï˘†Ì‰È˙ÂÁÂÓ†˙ÂÚˆÓ‡·†˙‡ÊÂ†ÂÏ‡†ÌÈ˜˙¯Ó†ÌÈÈÚ„Ó†ÌÈˆÓ‡ÓÏ
È‡˙†Â‡†˜ÙÒ‰†·¯†¯ÊÈÈÏ†˙ÈÈ·Ï†ÌÈÙÒÎ†˙‡ˆ˜‰Ó†‰·Â˘ÁÂ†˙È˙ÂÚÓ˘Ó†˙ÂÁÙ†‡Ï†‰ÓÂ¯˙·†¯·Â„Ó

ÆÌÈÏÏÎÂ˘Ó†ÌÂ˜‡Â
Ú„È‰†˙‡†˜ÈÓÚ‰Ï†ÌÈˆÓ‡ÓÏ†Ú„Ó‰†„¯˘Ó†Û¯ËˆÓ†‰·†˙Á‡†Í¯„†˜¯†‡È‰†ÔÂÓ¯†ÔÏÈ‡†˘¢Ú†‰‚ÏÈÓ‰

ÆÂÈ„È†‚˘È‰Ï†·Â¯˜†¯˙ÂÈ†˙ˆ˜†ÌÈÈÓ˘‰†˙‡†‡È·‰ÏÂ†È˘Â‡‰
ÆÔÂÓ¯†ÔÏÈ‡†˘¢Ú†‰‚ÏÈÓ‰†ÏÚ†‰È‚ÂÏÂÎË‰Â†Ú„Ó‰†„¯˘ÓÏ†ÔÂÈ†Ì˘·Â†ÈÓ˘·†˙Â„Â‰Ï†‰ˆÂ¯†È‡



¯Á‡†Ë·Ó†≠†ÌÈÏ˜‡†ÈÈÂÈ˘
˙È¯·Ú‰†‰ËÈÒ¯·ÈÂ‡‰†¨Á˜¯†ÔÂÎÓ†¨·È·˘†¯È†ÆÙÂ¯Ù

ÌÈ¯·„†¯ÓÂ‡†ÆÌÏÂÚ·Â†ı¯‡·†˙Â¯˙ÂÎ·†‡˘Â†¨˙ÈÏ·ÂÏ‚‰†˙ÂÓÓÁ˙‰‰†‡˘Â·†˙Â„·ÂÚ†ÌÎÏ†‡È·‡
¯˜ÂÁ†¨ÔÚ„Ó†ËÂ˘Ù†È‡†¨ÈÏ†˙ÂÓÏ˘Ó†‡Ï†ËÙ‰†˙Â¯·Á ¨¯ÓÂ‡Â†ÌÈ„˜‡†ÔÎÏÂ†¨¢Ì¯Ê‰†„‚†ÌÈÁÂ˘¢˘
¯Â˘˜Â†ÏÏÁÏ†¯Â˘˜˘†˙È··†È˙Ï„‚†Æ˙ÂÓÈÚ†ÈÎ‰†‡Ï†ÌÈÓÚÙÏ†Ô‰˘†˙Â˜ÒÓÏ†ÚÈ‚ÓÂ†¯˜ÂÁ†È‡˘†‰Ó†˙‡
ÈÏ†˙ÙÎÈ‡˘†‰Ê·†‰‡‚†È‡Â†¨Ï‡¯˘È†˙È„Ó·†ÈÏÂ‡†ÌÈÂ˘‡¯‰Ó†„Á‡†¨È¯ÏÂÒ†˙È··†È˙Ï„‚†¨‰·È·ÒÏ
È¯˜ÈÚ‰†‡˘Â‰†‡Ï†‡Â‰†˙ÈÏ·ÂÏ‚†˙ÂÓÓÁ˙‰†Ï˘†‡˘Â‰†¨˙Ú„Ï†˘È†Ï·‡†Æ‰·È·Ò‰†˙ÂÎÈ‡†Ï˘†‡˘ÂÓ

Æ‰·È·Ò‰†˙ÂÎÈ‡Ï†ÏÂÚÙÏ†ÌÈÎÈ¯ˆ†ÂÁ‡†ÂÈËÚ·˘
·Ï˙˘Ó†¯·„‰†ÍÈ‡Â†ı¯‡‰†¯Â„Î†ÏÚ†ÚÈÙ˘Ó†‰Ó†Æ˙ÈÏ·ÂÏ‚‰†˙ÂÓÓÁ˙‰·†˙ÂÈÚ·‰†Ô‰Ó†¯È·Ò‡†¨˙È˘‡¯
ÌÂÈ†È„Ó†ÌÈÚÓÂ˘†ÂÁ‡˘†‰ÓÓ†˙ÈËÙÈÏ˜ÂÙ‡†˙ÂÁÙ†‰·¯‰†ÂÏÊÓÏ†‡È‰˘†¨˙·Î¯ÂÓ†¯˙ÂÈ†‰ÂÓ˙Ï

Æ˙ÂÂ˙ÈÚ·
˙Â‡¯Ó˘†˙ÂÈÂ„Ú†˘È†¨‰¯ÈÙÒÂÓË‡·†ÈˆÓÁ≠Â„‰†ÔÓÁÙ‰†˙ÂÓÎ†˙‡†ÂÏÚ‰†ÂÁ‡†≠†‰ÏÈ‚¯‰†‰ÂÓ˙‰
ÔÓÁÙ‰†Ï˘†ÈÙÂËÂÊÈ‡‰†·Î¯‰‰†˙„È„Ó†È¢Ú†ÁÎÂÓ†¨Ì„‡‰†È·†˙ÂÏÈÚÙ†ÏÏ‚·†‡È‰†ÂÊ‰†‰ÈÈÏÚ‰˘
¨‰ÏÚ†ÌÈ‰†ÈÙ†‰·Â‚†¨‰˙ÏÚ†≤∞≠‰†‰‡Ó·†‰¯ÂË¯ÙÓË‰˘†ÌÈ‡Â¯†È˘†„ˆÓ†Æ‰¯ÈÙÒÂÓË‡·†ÈˆÓÁ≠Â„‰
‰·¯‰†˙ÂÈ·ÈË˜ÈÈ·Â‡†Ô‰†ÈÎ†ÂÊ‰†‰ÈÁ·‰Ó†˙Â¯„‰†Ô‰†ÌÈÈÈÂÂÏÓ†˙Â„È„Ó‰†ÆÌÈ·Ë˜·†Á¯˜†˙ÂÁÙ†˘È
ÂÏÂ†¨Ú·ˆ‡†˙ÚÈ·Ë†ÌÂ˘†ÔÈ‡˘†¯·˙ÒÓ†Ï·‡†ÆÌÈ˘‡†È¢Ú†ı¯‡‰†¯Â„ÎÓ†˙Â˘Ú˘†˙Â„È„Ó†¯˘‡Ó†¯˙ÂÈ
ÂÏÈÙ‡†ÔÈ‡†Æ≤∞≠‰†‰‡Ó·†‰¯ÂË¯ÙÓË·†‰ÈÈÏÚÏ†¯˜ÈÚ·†‰Ó¯‚˘†ÂÊ†‡È‰†CO2≠·†‰ÈÈÏÚ˘†‰‡¯Ó˘†¨˙Á‡
ÔÓÁÙ‰†˙ÂÓÎ·†ÌÈÈÂÈ˘†ÂÈ‰†Ô‰·†˙Â¯Á‡†ÔÓÊ†˙ÂÏ‡˜Ò†ÌÈÁÂ·†Ì‡†¨‰ÊÓ†¯˙ÂÈ†ÆÍÎÏ†˙Á‡†˙Â„Ú
‰ÚÙ˘‰‰†˙‡†˙ÓÎÏ†‰˙¯ÊÚ·†¯˘Ù‡˘†˙Á‡†˙È¯ÈÙÓ‡†˙Â„Ú†ÌÂ˘†ÌÈ‡Â¯†‡Ï†¨‰¯ÈÙÒÂÓË‡·†ÈˆÓÁ≠Â„‰

ÆÈˆÓÁ≠Â„‰†ÔÓÁÙ‰†Ï˘
Ï˘†‰Ï‡˜Ò†ÏÚ†ÌÈÈ¯ÂÊÁÓ†ÌÈÈÂÈ˘†ÌÈ‡Â¯†¨‰¯ÂË¯ÙÓË†ÈÈÂÈ˘†Ì˘È†˙ÂÈ‚ÂÏÂ‡È‚†ÔÓÊ†˙ÂÏ‡˜Ò†ÏÚ
ÌÂ˘†ÔÈ‡˘†‰ÏÂÚ†‰¯ÈÙÒÂÓË‡·†ÈˆÓÁ≠Â„‰†ÔÓÁÙ‰†Ï˘†˙ÂÙÈ˜Ú†˙Â„È„Ó·†ÆÌÈ˘†ÈÂÈÏÈÓ†˙Â‡Ó
Æı¯‡‰†¯Â„Î†ÏÚ†˙ÈÏ·ÂÏ‚‰†‰¯ÂË¯ÙÓË‰†ÔÈ·Ï†‰¯ÈÙÒÂÓË‡·†ÈˆÓÁ†Â„‰†ÔÓÁÙ‰†˙ÂÓÎ†ÔÈ·†‰ÈˆÏ¯Â˜
˘È˘†‰ÓÓ†¯˙ÂÈ†Á¯˜†‰È‰†Ï·‡†‰¯ÈÙÒÂÓË‡·†CO2†¯˙ÂÈ†±∞†ÈÙ†‰È‰†¨Ï˘ÓÏ†¨ÌÈ˘†ÔÂÈÏÈÓ†¥μ∞†ÈÙÏ
¯˙ÂÈ†‡Â‰†‰Ê‰†ÌÒÁ‰Â†CO2†Ï˘†‰ÚÙ˘‰‰†ÏÚ†ÌÒÁ†ÌÈ˘Ï†ÌÈÏÂÎÈ†ÂÊ‰†‰ÈˆÏ¯Â˜‰†¯ÒÂÁ†ÏÏ‚·†ÆÌÂÈ‰

ÆÔÚÂË†¨Ì¢Â‡‰†ÔÂ‚¯‡†¨IPCC≠‰˘†‰ÓÓ†ÔË˜
„Ú†˙Á‡†‰ÏÚÓ·†‰ÏÚ˙†‰¯ÂË¯ÙÓË‰†¨ÈˆÓÁ†Â„‰†ÔÓÁÙ‰†˙ÂÓÎ†˙‡†ÏÈÙÎ†Ì‡†¨‰Ê†˙‡†˙ÓÎÏ†¯˘Ù‡

ÆÂ˙Â‡†ÌÈ„ÈÁÙÓ†Ô‰·˘†¨˙ÂÏÚÓ†˘ÓÁÏ†ÈˆÁÂ†‰ÏÚÓ†ÔÈ·†‡ÏÂ†¨ÈˆÁÂ†‰ÏÚÓ
Ï·‡†ÆÌÈÈ¯ÓÂ†ÌÈÏ„ÂÓ†È¢Ú†≤∞≠‰†‰‡Ó·†‰¯ÂË¯ÙÓË·†‰ÈÈÏÚ‰†˙‡†¯È·Ò‰Ï†¯˘Ù‡˘†ÂÏ†ÌÈ‡¯Ó
È‡˜ÈËÓ˙Ó‰†ÆÔÂÚÈË†ÏÎ†ÌÈ‡˙‰Ï†ÌÈÏÂÎÈ†ÔÎÏÂ†‰ÏÂ„‚†‡È‰†‰Ï‡‰†ÌÈÏ„ÂÓ·†˘È˘†˙Â‡„ÂÂ‰≠È‡˘†¯·˙ÒÓ
ÊÈÊ‡Â†È˘ÈÓÁ†¯ËÓ¯Ù†ÈÏ†Â˙†¨ÏÈÙ†ÌÎÏ†ÌÈ‡˙‰Ï†ÏÎÂ‡Â†ÌÈ¯ËÓ¯Ù†‰Ú·¯‡†ÈÏ†Â˙¢†ÌÚÙ†¯Ó‡†ÔÓÈÂ†ÔÂÙ
¯Â„Î†Ï˘†˙Â˘È‚¯‰†˙‡†‡·Ï†ÌÈÚ„ÂÈ†‡Ï†ÂÁ‡†ÌÈÈ¯ÓÂ‰†ÌÈÏ„ÂÓ‰†ÌÚ˘†¯·˙ÒÓ†Æ¢ÂÏ˘†˜„Á‰†˙‡
˙ÂÈ‰Ï†ÏÂÎÈ†˙ÓÈÂÒÓ†˙Â¯·˙Ò‰·†Â‡†¨ı¯‡‰†¯Â„Î†˙‡†ÂÓÓÈÁ†‰ÓÎ†Â‡†¨Ì‡‰†ÌÈÚ„ÂÈ†‡ÏÂ†ı¯‡‰

Æı¯‡‰†¯Â„Î†˙‡†Â¯¯È˜˘†ÂÏÈÙ‡
ÌÈÏÎ˙ÒÓ˘Î†¨Ï˘ÓÏ†Æ˙ÂÓÈ‡˙Ó†‡Ï†˙ÂÈ„Ú†¯˙ÂÈ‰†˙ÂÓ‡˙‰‰Ó†‰·¯‰†¨˙ÂÈˆÈˆ·†ÌÈ˜„Â·†Ì‡˘†¯·˙ÒÓ
‰‡ÂË˜¯˜†Â‡†Â·ÂËÂÈÙ‰†ÂÓÎ†≠†ı¯Ù˙Ó†ÏÂ„‚†˘Ú‚†¯‰†Ì‡†¨ı¯‡‰†¯Â„Î·†˙ÂÈ˘Ú‚‰†˙ÂÈÂˆ¯Ù˙‰‰†ÏÚ
‰¯ÈÙÒÂÓË‡‰†Ï˘†ÔÂÈÏÚ‰†˜ÏÁ·†˙·˘Ï†ÏÂÎÈ†‰Ê‰†˜·‡‰†Æ‰¯ÈÙÒÂÓË‡Ï†ÏÂ„‚†˜·‡†ÔÚ†‰ÏÚÓ†‡Â‰†≠
¯ÈÊÁÓ†‡Â‰†¨ı¯‡‰†¯Â„ÎÏ†ÚÈ‚‰Ï†˘Ó˘‰†Ï˘†‰È¯˜‰Ó†˜ÏÁÓ†ÚÂÓ†‡Â‰†Ì˘†‡Â‰˘†ÔÓÊ·†¨ÌÈÈ˙˘≠‰˘

Æ„¯˙†ı¯‡‰†¯Â„Î†ÏÚ†‰¯ÂË¯ÙÓË‰Â†ÏÏÁÏ†‰˙Â‡



˙ÂÈ˘Ú‚†˙ÂÈÂˆ¯Ù˙‰†˙Â·˜Ú·†‰„È¯È‰˘†ÌÈ‡¯Ó†¨‰¯ÂË¯ÙÓË·†‰ÈÈÏÚ‰†˙‡†ÌÈ¯È·ÒÓ˘†ÌÈÏ„ÂÓ†Ì˙Â‡
‰„È¯È‰†‰˙ÈÈ‰†‰Ó†˜Â„·†Ì‡†¨ÏÚÂÙ·˘†„ÂÚ·†Æ˙ÂÏÚÓ†0.5≠Ï†0.3†ÔÈ·†¨ÌÈÏ„ÂÓ†Ì˙Â‡†ÈÙÏ†¨˙ÂÈ‰Ï†‰ÎÈ¯ˆ
‡È‰†˙ÂÚÓ˘Ó‰† Æ‰ÏÚÓ†0.1†‡È‰†˙ÚˆÂÓÓ‰†‰„È¯È‰† ¨˘Ú‚‰†È¯‰†˙Âˆ¯Ù˙‰†˙Â·˜Ú·†˙ÚˆÂÓÓ‰
„È˙Ú†ÂÏ†Â‡·È†Ì‰†¨È„Ó†ÌÈ˘È‚¯†Ì‰†„È˙Ú·†‰¯˜È†‰Ó†‡·Ï†ÏÈ·˘·†Ì‰·†ÌÈ˘Ó˙˘Ó˘†ÌÈÏ„ÂÓ‰˘

ÆÈËÙÈÏ˜ÂÙ‡
ÌÈÈÈÂÂÏÓ†˙Â„È„Ó†˘È†Ô‰·†˙ÂÂ¯Á‡‰†‰˘‰†≥∞≠·†˙ÂÓÓÁ˙‰‰†˙ÂÈ‰Ï†‰ÎÈ¯ˆ†‰ÙÈ‡†ÔÂÁ·Ï†ÌÈÒÓ†Ì‡
˙ÂÏ˙Î†¨‰„ÈÁ‡†È„†‰¯Âˆ·†ÌÓÁ˙‰Ï†‰ÎÈ¯ˆ†‰¯ÈÙÒÂÓË‡‰˘†ÌÈÚ·Â˜†ÌÈÈ¯ÓÂ‰†ÌÈÈÂ·È‰†¨ÌÈÂÏ·Ó†Â‡
·¯†‰·Â‚·Â†¯˙ÂÈ†˙ÂÏÚÏ†‰ÎÈ¯ˆ†‰˙ÈÈ‰†‰¯ÂË¯ÙÓË‰†ÌÈÈÂÂ˘Ó†ÌÈ¯ÂÊ‡·†¯˘‡Î†¨‰·Â‚·Â†·ÁÂ¯†Â˜·

ÆÚ˜¯˜‰†ÈÙ†‰·Â‚·†¯˘‡Ó†¯˙ÂÈ
ÆÌÈÈÂÂ˘Ó‰†ÌÈ¯ÂÊ‡·†˙ÂÁÙÂ†¨ÌÈÈÙÂ¯Ë·ÂÒ‰†ÌÈ¯ÂÊ‡·†¯˙ÂÈ†‰ÚÈÙÂ‰†˙ÂÓÓÁ˙‰‰˘†ÌÈ‡Â¯†¨ÏÚÂÙ·
ÆÌÈÈ¯ÓÂ‰†ÌÈÏ„ÂÓ‰†Ï˘†ÈÂ·ÈÏ†„Â‚È·†‰¯ÈÙÒÂÓË‡‰†¯‡˘†¯˘‡Ó†¯˙ÂÈ†≤†ÈÙ†‰ÓÓÁ˙‰†Ú˜¯˜‰
¯˘Ù‡†ÔÈÈËÚ·˘†˙Â„ÈÁÈ‰†˙Â·ÈÒ‰˘†¯·˙ÒÓ†øCO2≠‰†˙‡Â†Ì„‡‰†È·†˙‡†ÌÈ˘‡‰Ï†˙‡Ê†ÏÎ·†‰ÓÏ

∫ÌÈ˙˘†Ô‰†Ì„‡‰†È·†˙‡†ÌÈ˘‡‰Ï
ÆÌ„‡†È·†˙ÂÈ‰Ï†·ÈÈÁ†‰Ê†ÔÎÏÂ†¯Á‡†Ì¯Â‚†ÌÂ˘†È¢Ú†‰ÈÈÏÚ‰†˙‡†¯È·Ò‰Ï†¯˘Ù‡†È‡†ÈÎ†Æ±

Æ‰‚È¯Á†ÏÂÎÈ·Î†‡È‰†≤∞≠‰†‰‡Ó·†‰ÈÈÏÚ‰††Æ≤
≤∞≠‰†‰‡Ó·†Ú˙ÙÏÂ† ¨ÔÓÊ·†„ÈÁ‡†È„†‰È‰†‰¯ÂË¯ÙÓË‰†Ï˘†¯ÂÊÁ˘‰˘†Ú·Â˜†Ì¢Â‡‰†Ï˘†Á¢Â„‰
ÔÓÊ†˙ÂÏ‡˜Ò†ÏÚ†¨ı¯‡‰†¯Â„Î·†‰¯ÂË¯ÙÓË‰†ÈÎ†‰ÏÂÚ†ÌÈ¯Á‡†˙Â¯Â˜Ó·†ÔÂÈÚ·†Æ‰˙ÏÚ†‰¯ÂË¯ÙÓË‰
Optimum†Medieval†≠‰†˙ÙÂ˜˙†Ô‡Î†‰¯¯˘†ÌÈ˘†ÛÏ‡Î†ÈÙÏ†¨Ï˘ÓÏ†Æ‰˙˘Ó†¨˙ÂÎÂ¯‡Â†˙ÂÈÂÈ·
Ælittle Ice Age†˙ÙÂ˜˙†¨¯˜†‰È‰†±∑≠‰†‰‡Ó·†˙‡Ê†˙ÓÂÚÏ†Æ˙ÈÏÓÈËÙÂ‡‰†ÌÈÈÈ·‰†ÈÓÈ†˙ÙÂ˜˙

Æ˘Ó˘‰†˙ÂÏÈÚÙ†ÏÏ‚·†ÌÈÚ·Â†‰Ï‡‰†ÌÈÈÂÈ˘‰
¨˙ÂÂ˘‰Ó†ÏÂ„‚†˜ÏÁ†¯È·ÒÓ˘†¯Á‡†Â‰˘Ó†˘È†¨˙È˘‡¯†ÆÌÈÂÎ†‡Ï†‰Ï‡‰†ÌÈÂÚÈË‰†È˘˘†ÌÎÏ†ÁÈÎÂ‡

Æ‰‚È¯Á†‰È‡†≤∞≠‰†‰‡Ó·†‰ÈÈÏÚ‰†¨˙È˘†Æ˘Ó˘‰†˙ÂÏÈÚÙ†È‰ÂÊ
‰¯È˘È†‰„È„Ó†È„È†ÏÚ†¯‡˘‰†ÔÈ·†¨‰È¯ÂËÒ‰‰†Í¯Â‡Ï†‰¯ÂË¯ÙÓË‰†˙‡†¯ÊÁ˘Ï†ÌÈ·¯†˙ÂÂÈÒ†Â˘Ú
ÌÁ†Ì˘†‰È‰†ÌÈÈÈ·‰†ÈÓÈ·˘†¯¯·˙‰Â†Æ„ÏÈ¯‚·†ÌÈÂ˘†ÌÈ˜ÓÂÚ·†Á¯˜‰†˙Â·Î˘·†‰¯ÂË¯ÙÓË‰†Ï˘
‡Ï†¨„ÏÈ¯‚†‰Ï†Â‡¯˜Â†„ÏÈ¯‚·†Â·˘ÈÈ˙‰†ÌÈ‚È˜ÈÂ†ÌÈÈÈ·‰†ÈÓÈ·†Æ‰Ï‡†ÂÈÓÈÓ†˙È˙ÂÚÓ˘Ó†¯˙ÂÈ
ÌÈ¯·˜†ËÒÂ¯Ù‡Ó¯Ù·†ÌÈ‡ˆÂÓ†„ÏÈ¯‚·†ÒÓ†Á¯˜‰˘Î†Æ‡˘„Ó†‰˜Â¯È†‰˙È‰Â†¯Á‡Ó†‡Ï‡†Á¯˜‰†ÏÏ‚·

Æ‰Ó„‡·†¯ÂÙÁÏ†Ê‡†Ô˙È˘†‰ÁÎÂ‰†¨ÌÈ‚È˜ÈÂ†Ï˘
¯„Á†‰Ó‚Â„Ï†Á˜†ø˙ÈÏ·ÂÏ‚‰†˙ÂÓÓÁ˙‰Ï†ÒÁÈ·†ÂÏ˘†˙ÂÚÓ˘Ó‰†‰Ó†¨˙ÈÓÈÏ˜‡†˙Â˘È‚¯†‚˘ÂÓ‰†È·‚Ï
Â‡†Í¯Âˆ†¯Â˙‰†Ë‡ÂÂ†‰ÓÎ†ÌÈÚ„ÂÈ†ÆÔÂ˙†¯„ÁÏ†Ô‚ÊÓ†Â‡†¯Â˙†Ï˘†˙ÂÏÈÚÈ†·˘ÁÏ†ÌÈÚ„ÂÈ†ÂÁ‡†ÆÏÈ‚¯
¨Ï˜˘Ó†ÈÂÂÈ˘·†¯„Á·†‰¯ÂË¯ÙÓË‰†‰˙˘˙†‰ÓÎ·†˙Ú„Ï†ÌÈˆÂ¯†Ì‡†¨Ô‚ÊÓ‰†Ï˘†¯Â¯È˜‰†˜ÙÒ‰†Â‰Ó

ÆßÂÎÂ†ıÂÁ‰Â†¯„Á‰†ÔÈ·†¯ÈÂÂ‡‰†˙ÙÏÁ‰†ÍÈ‡†¨˙Â¯È˜‰†Í¯„†Á¯Â·†ÌÂÁ†‰ÓÎ†˙Ú„Ï†˘È
¨ı¯‡‰†¯Â„Î†Ï˘†‰È‚¯‡‰†ÔÊ‡Ó†˙‡†ÌÈ˘Ó†ÂÁ‡†‰ÓÎ·†·˘ÁÏ†Â‡†ÍÈ¯Ú‰Ï†Ô˙È†Æı¯‡‰†¯Â„Î·†Ì‚†ÍÎ
˙ÈÒÁÈ†¨Ú·Â¯Ó†¯ËÓÏ†Ë‡ÂÂ†¥≠·†Í¯Ú·†‰È‚¯‡‰†ÔÊ‡Ó†ÈÂÈ˘Ï†˙ÈËÏÂÂÈÂÂ˜‡†CO2≠‰†Ï˘†‰ÏÙÎ‰†Ï˘ÓÏ

Æ˘Ó˘‰Ó†ÌÈÏ·˜Ó†ÂÁ‡˘†≤¥∞≠Ï
˙Â‚‰˙‰‰†˙‡†˙Ú„Ï†˘È†¨‰¯ÂË¯ÙÓË·†ÈÂÈ˘Ï†‰È‚¯‡‰†ÔÊ‡Ó·†‰Ê‰†ÈÂÈ˘‰†˙‡†Ì‚¯˙Ï†ÌÈˆÂ¯†Ì‡

Æ˙ÈÓÈÏ˜‡†˙Â˘È‚¯†ÌÈ‡¯Â˜†ÂÊ‰†˙Â‚‰˙‰Ï†¨˙ÈÓÈÏ˜‡‰†˙Î¯ÚÓ‰†Ï˘
ÔÊ‡ÓÏ†ÂÚ¯Ù‰†Ì„‡‰†È·†ÂÁ‡†¨ÌÈÈ¯ÓÂ‰†ÌÈÏ„ÂÓ‰†ÈÙÏ†ø˙ÈÏ·ÂÏ‚‰†˙ÂÓÓÁ˙‰‰†È·‚Ï†¯ÓÂ‡†‰Ê†‰Ó
˙ÈÓÈÏ˜‡†˙Â˘È‚¯†Ï˘†ÔÂ˙†ÌÈˆÓ‡Ó†ÂÁ‡†≤∞≠‰†‰‡Ó·†˙ÂÓÓÁ˙‰‰†˙‡†¯È·Ò‰Ï†È„ÎÂ†‰È‚¯‡‰
ÏÂ„‚†¯˙ÂÈ†ÈÂÈ˘†¯Â¯‚È†ÈÂÈ˘†Â˙Â‡†¨ÈˆÓÁ†Â„‰†ÔÓÁÙ‰†˙ÏÙÎ‰Ó†‰‡ˆÂ˙Î˘†¨Ï˘ÓÏ†¯ÓÂ‡†‰Ê†Æ‰‰Â·‚



Æ≤±≠‰†‰‡Ó·†‰¯ÂË¯ÙÓË·
ÌÎÏ†‰‡¯‡†ÆÍÂÓ‰†„ˆ‰†ÏÚ†‡È‰†˙ÈÓÈÏ˜‡‰†˙Â˘È‚¯‰˘†˙Â‡¯Ó†˙Â¯Á‡Â†˙ÂÈ‚ÂÏÂ‡È‚†˙ÂÈÂ„Ú†¨ÌÏÂ‡

Æ‰È‚¯‡‰†ÔÊ‡ÓÏ†˙ÂÙÒÂ†˙ÂÓÂ¯˙†˘È†ı¯‡‰†¯Â„ÎÏ˘
·ˆÓ†˙‡†‰˘Ó˘†·ÎÂÎ†‡Â‰†˘Ó˘‰˘†ÔÈ·‰Ï†˘È†¨˙È˘‡¯†Æ‰ÙÈ˜Ú†‰¯Âˆ·†¨˘Ó˘‰†‡È‰†ÛÒÂ‰†ÈÂÈ˘‰
ÌÈ¯ÂÊ‡†‰Ï‡†¨˘Ó˘†ÈÓ˙Î†ÌÈ‡¯˜˘†ÌÈ¯ÂÊ‡†‰‡¯†ÙÂ˜ÒÏË·†˘Ó˘‰†ÏÚ†ÏÎ˙Ò†Ì‡†ÆÂÏ˘†˙ÂÏÈÚÙ‰
˘Ó˘‰†Ï˘†ÈË‚Ó‰†ÔÂÙˆ‰Â†ÌÂ¯„‰†¨ÂÏ˘†˙ÂÈ·ËÂ˜‰†˙‡†‰˘Ó†ÌÈ˘†±±†ÏÎ·˘†¨˜ÊÁ†ÈË‚Ó†‰„˘†ÌÚ
˜ÊÁ†¯˙ÂÈ†‡Â‰†¯ÂÊÁÓ‰†ÌÈÓÚÙÏ˘†ÁÂÂË†ÍÂ¯‡†ÔÂÙÈ‡†ÂÏ†˘È†ÛÒÂ·Â†ÌÈ˘†±±†ÏÎ†˙ÂÈ·ËÂ˜†ÌÈÙÈÏÁÓ

Æ˘ÏÁ†¯˙ÂÈ†ÌÈÓÚÙÏÂ
¨˙ËÏÂÙ†˘Ó˘‰˘†ÏÂ‚Ò≠‰¯ËÏÂ‡‰†¯Â‡‰†˙ÂÓÎ·†ÌÈÈÂÈ˘†Ì˘È†ÌÈ˘†±±†Ï˘†ÂÊ‰†˙ÂÈ¯ÂÊÁÓ‰†ÌÚ
ÌÈÚ·Â˘†ÌÈÙÒÂ†ÌÈÈÂÈ˘†‰ÓÎÂ†‰ÓÎ†„ÂÚÂ†¨˘Ó˘‰†ÁÂ¯†˙ÓˆÂÚ·†¨˘Ó˘‰†ÈÓ˙Î†¯ÙÒÓ·†ÌÈÈÂÈ˘

Æ˘Ó˘‰†˙ÂÏÈÚÙÓ
Ì‰†‰¯‡‰‰†˙ÓˆÂÚ·†ÌÈÏÏÂÎ‰†ÌÈÈÂÈ˘‰†Ï·‡†¨‰Ï˘†˙ÏÏÂÎ‰†‰¯‡‰‰†˙ÓˆÂÚ†˙‡†Ì‚†‰˘Ó†˘Ó˘‰
Æ˘Ó˘‰†˙ÂÏÈÚÙÏ†ÏÈ·˜Ó·†ÌÈ‡Â¯˘†ÌÈÏ˜‡‰†ÈÈÂÈ˘†˙‡†¯È·Ò‰Ï†ÏÈ·˘·†˜ÈÙÒÓ†ÂÈ‡˘†¨ÊÂÁ‡†0.1†˜¯
ÌÈ˘†ÛÏ‡·†¨Ï˘ÓÏ†Æ˘Ó˘‰†˙ÂÏÈÚÙÏ†ÏÈ·˜Ó·†ÌÈÈÂÈ˘†Ì˘È˘†‰Ï‚†ı¯‡‰†¯Â„Î†ÌÈÏ˜‡†˙ÈÁ··
˙Â¯Á‡†˙ÂÙÂ˜˙†Â‡†‰Ë˜‰†Á¯˜‰†˙ÙÂ˜˙†Â‡†ÌÈÈÈ·‰†ÈÓÈ†Ï˘†ÌÂÓÈËÙÂ‡‰†˙ÙÂ˜˙†¨˙ÂÂ¯Á‡‰

Æ˘Ó˘‰†Ï˘†˙ÂÏÈÚÙ·†ÌÈÈÂÈ˘†ÌÚ†Â¯Î˙Ò‰
˙ÂÏÎ˙Ò‰·†˙‡Ê†˙Â‡¯Ï†¯˘Ù‡†¨ÌÂÈ‰†Ì‚†ÂÓÎ†¨‰Â·‚†˙ÂÏÈÚÙ†·ˆÓ·†ÌÈÈÈ·‰†ÈÓÈ·†‰˙ÈÈ‰†˘Ó˘‰˘Î
¨‰ÎÂÓ†˘Ó˘‰†˙ÂÏÈÚÙ†‰˙È‰†±∑≠‰†‰‡Ó·†ÆÌÁ†‰È‰†ı¯‡‰†¯Â„Î˘†‰ÏÂÚ†¨ÌÈˆÚ†ÈÚÊ‚†ÈÎ˙Á·†14†ÔÓÁÙ·
¨‰Ë˜‰†Á¯˜‰†˙ÙÂ˜˙†¨¯˜†ÂÓÏÂÚ·†‰È‰†ÂÏ‡†ÌÈ˘·Â†˘Ó˘†ÈÓ˙Î†Â‡¯†‡Ï˘†ËÚÓÎ†‰˘†50†Í˘Ó·

Æ‰˘†ÏÎ†‡Ù˜†ÔÂ„ÂÏ·†‰ÊÓ˙‰†¯‰
„ÁÈ·†‰˙˘Ó†‡È‰†¨˙ÙÂ‡Ó†ÂÊ‰†‰È¯˜‰˘†¯Á‡Ó†¨˙ÈÓÒÂ˜†‰È¯˜Ó†‰¯ÈÙÒÂÓË‡·†¯ˆÂ†±¥†ÔÓÁÙ
ÌÈÏ‚ÓÂ†¨¯ÂÁ‡Ï†ÌÈ˘†ÈÙÏ‡†Í˘Ó·†˘Ó˘‰†˙ÂÏÈÚÙ†Ï˘†„„Ó†Ï·˜Ï†Ô˙È†ÍÎ†¨˘Ó˘‰†˙ÂÏÈÚÙ†ÌÚ

Æ˘Ó˘‰†˙ÂÏÈÚÙÏ†ÈÓÈÏ˜‡†„„Ó†ÔÈ·†‰ÓÈ‰„Ó†‰ÈˆÏ¯Â˜
ÌÈ˘†±±†Ï˘†‰Ï‡˜Ò†ÏÚ˘†˙Â¯ÓÏ†ÆÈÓÈÏ˜‡†„„Ó·†ÏÂ„‚†ÈÂÈ˘†˙Â‡¯Ï†ÌÈÏÂÎÈ†ÌÈ˘†±±†Ï˘†‰Ï‡˜Ò†ÏÚ
ÌÈÒÂÈÈ˜Â‡‰˘†‡È‰†‰·ÈÒ‰†¨ı¯‡‰†¯Â„Î†Ï˘†‰¯ÂË¯ÙÓË·†ÌÈÏÂ„‚†ÌÈÈÂÈ˘†˙Â‡¯Ï†ÌÈ¯ÂÓ‡†‡Ï

ÆÌ˙Â‡†¯¯˜ÏÂ†ÌÓÁÏ†‰˘˜†ÔÎÏÂ†˜Ú†ÌÂÁ†¯‚‡Ó†ÌÈÂÂ‰Ó
ÌÈ‰†ÈÙ†‰·Â‚†Â·˘†·ˆ˜‰†È¢Ú†‰ÊÂ†¨ÌÂÁ‰†˙ÂÓÎ†ÈÂÈ˘Ï†Â‡†ÌÂÁ‰†˙ÂÓÎÏ†„„Ó†ÏÚ†ÌÈÏÎ˙ÒÓ†Ì‡†Ï·‡
ÆÌÈ‰†ÈÙ†‰·Â‚†ÈÂÈ˘†·ˆ˜†˙‡†˙Â‡¯Ï†ÌÈÏÂÎÈ†¨˙ÈÓ¯˙†˙ÂˆÂÂÎ˙‰Â†˙ÂË˘Ù˙‰Ó†‰‡ˆÂ˙Î†‰˙˘Ó
˙ÂÓÓÁ˙‰‰†Ï˘†ÁÂÂË‰†˙ÎÂ¯‡†‰ÈÈÏÚÏ†Ë¯Ù†≠†ÌÈˆÂÂÎ˙ÓÂ†ÌÈÁÙ˙Ó†ÌÈÒÂÈÈ˜Â‡‰†ÌÈ˘†±±†ÏÎ˘†ÌÈ‡Â¯
˙¯¯˜ÓÂ†˙ÓÓÁÓ†˘Ó˘‰†„ˆÈÎ†ÌÈ‡Â¯†ÌÈ˘†±±≠‰†Ï˘†˙ÂÈ¯ÂÊÁÓ·†≠†ÌÈÂÁ¯˜‰†Ï˘†‰ÒÓ‰‰Â†˙ÈÏ·ÂÏ‚‰
Ì˙ÒÓ†‰ÏÂ„‚†¯˙ÂÈ†μ†ÈÙ†˙ÂÁÙÏ†‡È‰†ÌÈÒÂÈÈ˜Â‡Ï†‰ÓÈÙ†˙ÒÎ˘†ÌÂÁ‰†˙ÂÓÎÂ†¨ı¯‡‰†¯Â„Î†˙‡
Ï˘†‰ÚÙ˘‰‰†˙‡†˙ÓÎÏ†¯˘Ù‡Ó†‰Ê‰†¯·„‰†ÆÌÈÏÂ„‚†ÌÈÈÂÈ˘†¨˘Ó˘‰†Ï˘†‰¯‡‰‰†˙ÓˆÂÚ·†ÌÈÈÂÈ˘

Æı¯‡‰†¯Â„Î†ÏÚ†˘Ó˘‰
‰¯Âˆ·†‰ÚÈÙ˘Ó†˘Ó˘‰˘†‡È‰†¨ı¯‡‰†¯Â„Î†ÌÈÏ˜‡†ÏÚ†˘Ó˘‰†˙ÚÙ˘‰Ï†˙Ï·Â˜Ó‰†‰È¯Â‡È˙‰†¨ÌÂÈÎ
ÌÈÚÈ‚Ó†Ì‰†Æ˘Ó˘‰†˙Î¯ÚÓÏ†ıÂÁÓ†ÌÈÚÈ‚Ó†˙ÈÓÒÂ˜†‰È¯˜†ÌÈ‡¯˜˘†ÌÈË‚¯‡‰†ÌÈ˜È˜ÏÁ‰†¨‰ÙÈ˜Ú
˙ÂÈÂˆÈÁ‰†˙Â·Î˘‰†˙‡†ÏÈ˘Ó†‡Â‰†˙Ó†‰·Â¯ÙÂÒ†¯˘‡Î†Æ˙Â·Â¯ÙÂÒ†Ï˘†ÌÈ„È¯˘Ó†Â‡†˙Â·Â¯ÙÂÒÓ
˙‡†ÌÈˆÈ‡Ó˘†ÌÏ‰†ÈÏ‚†ÌÈ¯ˆÂ†È·ÎÂÎ≠È·‰†ÍÂÂ˙·†˙Ú‚ÂÙ†ÂÊ‰†˙ÙËÚÓ‰†¯˘‡Î†ÆÏÂ„‚†ıÂˆÈÙ·†ÂÏ˘

ÆÔÈÈÚÓ†„È˜Ù˙†ÈÏÚ·Â†ÌÈË‚¯‡†‰Ï‡‰†ÌÈ˜È˜ÏÁ‰†Æ˙ÈÓÒÂ˜‰†‰È¯˜‰ØÌÈ˜È˜ÏÁ‰
˘Ó˘‰†ÁÂ¯†Æ˘Ó˘‰†ÁÂ¯†È‰Ó†¯¯·Ï†˘È†¨˘Ó˘‰†˙Î¯ÚÓ·†˙ÈÓÒÂ˜‰†‰È¯˜Ï†‰¯Â˜†‰Ó†˙Ú„Ï†È„Î



ÆÂÊ‰†ÁÂ¯‰†ÏÏ‚·†˘Ó˘‰Ó†˜Á¯‰†ÌÈÂÙ˘†˙Â·Ê†Ì‰Ï†˘È†ÆËÈ·˘‰†È·ÎÂÎ†Ï˘†˙Â·Ê‰†˙‡†˙¯ˆÂÈ
¨‰ÈÊÂÙÈ„†ÌÈ˘ÂÚ†Ì‰†È·ÎÂÎ≠ÔÈ·‰†ÍÂÂ˙·†ÌÈ··Â˙ÒÓ†˙ÈÓÒÂ˜‰†‰È¯˜‰†Ï˘†‰Ï‡‰†ÌÈ˜È˜ÏÁ‰˘Î
ÌÈˆÂ¯†Ì‰†Ì‡†¨‰ÓÈÙ†ÚÈ‚‰ÏÂ†˘Ó˘‰†ÁÂ¯†‰ÏÚÓ·†˙ÂÁ˘Ï†ÍÈ¯ˆ†‡Â‰Â†˘Ó˘‰†ÁÂ¯Ï†ÚÈ‚‰Ï†ÏÂÎÈ†Ì˜ÏÁ

Æı¯‡‰†¯Â„ÎÏ†ÚÈ‚‰Ï
Ï‡†ÌÈ·¯˜˙Ó†Ì‰†¯˘‡Î†Ì‰Ï˘†‰È‚¯‡‰Ó†Â„·‡È†‰Ï‡‰†ÌÈ˜È˜ÏÁ‰†¨‰˜ÊÁ†¯˙ÂÈ†˘Ó˘‰†ÁÂ¯˘Î
ÚÈ‚‰Ï†ÌÈÏÂÎÈ†‰Ï‡‰†ÌÈ˜È˜ÏÁ‰Ó†˙ÂÁÙ†¨‰˜ÊÁ†¯˙ÂÈ†˘Ó˘‰†ÁÂ¯˘Î˘†≠†Ô‡ÎÓ†Æ˘Ó˘‰†˙Î¯ÚÓ†ÊÎ¯Ó

Æı¯‡‰†¯Â„ÎÏ
ı¯‡‰†¯Â„Î†Ï˘†ÈË‚Ó‰†‰„˘‰†˙‡†¯Â„ÁÏ†ÌÈÏÂÎÈ†Ì‰†¨ÌÈÈË‚¯‡†Ì‰Â†˙ÂÈ‰†¨‰Ï‡‰†ÌÈ˜È˜ÏÁ‰
ÌÈÈ˘Ó†ÌÈ˜È˜ÏÁ†Ï˘†Ì˘‚†ÌÈ¯ˆÂÈ†¨‰¯ÈÙÒÂÓË‡·†ÌÈÚ‚ÂÙ†Ì‰†Æ‰¯ÈÙÒÂÓË‡‰†˙‡†¯Â„ÁÏ†ÌÈÏÂÎÈÂ
Æ˙ÈÓÒÂ˜‰†‰È¯˜‰†È¢Ú†˙ËÏ˘†‰¯ÈÙÒÂÓË‡·†ÌÈÂÈ‰†˙ÂÓÎ†¨‰˘ÚÓÏ†Æ‰ËÓÏ†Í¯„‰†ÏÎ†ÚÈ‚‰Ï†ÌÈÏÂÎÈ˘

Ï˘†‰ÏÈ„‚·†·Â˘Á†„È˜Ù˙†˙˜Á˘Ó†‰ÈˆÊÈÂÈ‰˘†¯·˙ÒÓ†øı¯‡‰†¯Â„Î†ÌÈÏ˜‡†ÏÚ†ÚÈÙ˘Ó†‰Ê†ÏÎ†ÍÈ‡
ÈÊÂÁ‡≠˙‡Ó†˙‡†¯Â·ÚÏ†Ô˙È†¨˙ÂÁÏ†ÈÊÂÁ‡†‰‡ÓÏ†ÚÈ‚Ó†ÔÈËÂÏÁÏ†È˜†¯ÈÂÂ‡†Ì‡†Æ‰Èˆ‡Ï˜Â†ÈÈÚ¯‚
˙¯ˆÂ†˙ÂÁÏ†ÈÊÂÁ‡†‰‡ÓÏ†ÌÈÚÈ‚Ó˘†Ú‚¯·†ÈÎ†ÚÂ„È†ÌÏÂ‡†ÆÌÈÓ†È„‡†Ï˘†˙Â·Ú˙‰†¯ˆÂÂÈ˙†‡ÏÂ†˙ÂÁÏ‰
˜·‡†Â˘È†‰˘·È‰†ÏÚÓ†Æ‰Èˆ‡Ï˜Â†ÈÈÚ¯‚Î†ÌÈ˘Ó˘Ó˘†ÌÈ˜È˜ÏÁ†Ì˘È†¯ÈÂÂ‡·†ÈÎ†Æ˙ÂÚÂ†˙Â·Ú˙‰
ÌÈ˜È˜ÏÁ‰†˙‡†Ï„‚Ï†˘È†ÌÈÒÂÈÈ˜Â‡‰†ÏÚÓ†Ï·‡†¨‰Èˆ‡Ï˜Â†ÈÈÚ¯‚Î†˘Ó˘Ó˘†Ì„‡†È·†Ï˘†ÌÂ‰ÈÊÂ
Â˘È˘†È˘ÙÂÁ‰†ÔÚËÓ‰†˙ÂÓÎÓ†ÚÙ˘ÂÓ†‰Èˆ‡Ï˜Â‰†ÈÈÚ¯‚†˙ÏÈ„‚†ÍÈÏ‰˙‰˘†¯·˙ÒÓÂ†Â‰˘ÓÓ†‰Ï‡‰

Æ‰¯ÈÙÒÂÓË‡·
ÌÈ˜È˜ÏÁ†˙ÂÁÙ†ı¯‡‰†¯Â„ÎÏ†ÌÈÚÈ‚Ó†‰˜ÊÁ†˘Ó˘‰†ÁÂ¯˘Î†Æ˘Ó˘‰†ÁÂ¯†˙ÓˆÂÚ·†ÌÈÈÂÈ˘·†ÈÂÏ˙†ÏÎ‰
˙ÂÚ†˙¯ˆÂ†‰ÊÎ†‰¯˜Ó·†Æ‰¯ÈÙÒÂÓË‡·†‰ÈˆÊÈÂÈ†˙ÂÁÙ†‰˘È†ÔÎÏÂ†·ÏÁ‰†ÏÈ·˘Ó†˙ÈÓÒÂ˜†‰È¯˜†Ï˘
¨‰ÏÈÚÙ†¯˙ÂÈ†˘Ó˘†¨¯ÓÂÏÎ†Æ‰‰Â·‚†¯˙ÂÈ†‰¯ÂË¯ÙÓË†Ï·˜˙˙Â†¨ÏÏÁÏ†‰È¯˜†˙ÂÁÙ†¯ÈÊÁ˙˘†‰·Ï†˙ÂÁÙ

Æı¯‡‰†¯Â„Î†ÏÚ†‰‰Â·‚†¯˙ÂÈ†‰¯ÂË¯ÙÓËÂ†‰·Ï†˙ÂÁÙ†˙ÂÚ
¯Â„ÎÏ†‰ÚÈ‚‰˘†˙ÈÓÒÂ˜‰†‰È¯˜‰†ÛË˘†ÈÎ†Â‡¯‰†˙ÂÂ¯Á‡‰†ÌÈ˘‰†≥∞≠≤∞≠·†ÌÈÈÈÂÂÏÓ†˙Â„È„Ó
‰È‚¯‡‰†ÔÊ‡Ó·†ÈÂÈ˘†ÌÈ¯ˆÂÈ†¨ı¯‡‰†¯Â„Î†Ï˘†˙ÂÚ·†ÈÂÈ˘ÏÂ†˘Ó˘‰†Ï˘†˙ÂÏÈÚÙÏ†‰‡ÂÂ˘‰·†ı¯‡‰

Æ˙ÈËËÒÈÒÂ˜†‰ÂÓ˙Ï†˘·‚˙Ó†ÏÎ‰†¨ı¯‡‰†¯Â„ÎÏ†˙ÒÎ˘†ÌÂÁ‰†˙ÂÓÎÏ†ÌÈ‡˙Ó˘
‰˘†ÔÂÈÏÈÓ†±¥μ†ÏÎ˘†¯·˙ÒÓÂ†·ÏÁ‰†ÏÈ·˘†·È·Ò†··Â˙ÒÓ†ı¯‡‰†¯Â„Î†¨˙ÂÈ‚ÂÏÂ‡È‚†ÔÓÊ†˙Ï‡˜Ò†ÏÚ
¯ÊÁ˘Ï†¯˘Ù‡†Æ˙ÈÓÒÂ˜†‰È¯˜†¯˙ÂÈ†˘È˘†¯ÂÊ‡·†·ÏÁ‰†ÏÈ·˘†Ï˘†ÚÂ¯Ê†Í¯„†¯·ÂÚ†ÂÓÏÂÚ†¨ÚˆÂÓÓ·
‰¯ÂË¯ÙÓË‰†̇ ‡†̄ ÊÁ˘Ï†̄ ˘Ù‡Â†ÂÊ‰†̇ ÂÈ¯ÂÊÁÓ‰†̇ ‡†̇ Â‡¯ÏÂ†ÌÈËÈ¯Â‡ËÓ†̇ ¯ÊÚ·†̇ ÈÓÒÂ˜‰†‰È¯˜‰†̇ ‡
˙ÂÁÙÏ†¨ÌÈÈÂÂ˘Ó‰†ÌÈÈÂÈ˘‰†·Â¯˘†˙Â‡¯ÏÂ†˙ÂÈ‚ÂÏÂ‡È‚†ÔÓÊ†˙ÂÏ‡˜Ò†ÏÚ†˙ÂÈÓÈÎÂ‡È‚†˙Â„È„Ó†˙¯ÊÚ·
¯Â„ÎÏ†‰ÚÈ‚Ó˘†˙ÈÓÒÂ˜‰†‰È¯˜‰†Ï˘†ÛË˘·†ÌÈÈÂÈ˘‰Ó†‰‡ˆÂ˙Î†Ô‰†¨˙ÂÈ‚ÂÏÂ‡È‚†ÔÓÊ†˙ÂÏ‡˜Ò†ÏÚ
‰‡Ó·˘†ÌÈÚ„ÂÈ†ÂÁ‡†¨ÛÈ˜Ú†Ì¯Â‚†Í¯„†ı¯‡‰†¯Â„Î†ÌÈÏ˜‡†ÏÚ†‰ÚÈÙ˘Ó†˘Ó˘‰˘†¯ÓÂ‡†‰Ê†Æı¯‡‰
¨Ì„‡‰†È·†Ï˘†˙ÂÓÂ¯˙‰†ÌÚ†¨‰È‚¯‡‰†ÔÊ‡Ó·†ÈÂÈ˘Ï†˙ÙÒÂ†‰ÓÂ¯˙†˘È†‰Ï„‚†˘Ó˘‰†˙ÂÏÈÚÙ†≤∞≠‰
‰‡Ó·†‰ÈÈÏÚ‰˘†ÌÈ‡·Ó†ÂÁ‡†Æ˙ÈËËÒÈÒÂ˜†‰ÂÓ˙†ÌÈÏ·˜Ó†„ÁÈ·Â†˘È‚¯†˙ÂÁÙ†ÌÈÏ˜‡†Ï·˜˙Ó

Æ‰Â˙Ó†¯˙ÂÈ†‰·¯‰†‰È‰˙†≤±≠‰
‰ÓÓ†‰Â˙Ó†¯˙ÂÈ†‰·¯‰†‰È‰˙†≤±≠‰†‰‡Ó·†‰ÈÈÏÚ‰†¨¯ÓÂ‡†IPCC≠‰˘†‰ÓÏ†‰Ê†˙‡†ÌÈÂÂ˘Ó†Ì‡

ÆÂÏ†‡·Ó†IPCC≠‰˘
‰Ê†˙Â¯ˆÏ†Â‡†˙ÂÈÚ·Ï†Â˙Â‡†ÒÈÎÓ˘†‰Ó¢†¨ÒÓÏ˜†Ï‡ÂÓÒ†˙‡†ËËÈˆ˘†¯Â‚†Ï‡†Ï˘†ËÂËÈˆ·†ÌÈÈÒ‡
Æ¢ÔÂÎ†‡Ï†‡Â‰˘†Ï·‡†¨ÌÈÚ„ÂÈ†ÂÁ‡˘†ÌÈ·˘ÂÁ†ÂÁ‡˘†‰Ó†‰Ê†‡Ï‡†ÌÈÚ„ÂÈ†‡Ï†ÂÁ‡˘†‰Ó†‡Ï



¯ÈÂÂ‡‰†ÏÈÁ†„˜ÙÓ†¯·„
Ô˙˘ÂÁ†Â„ÈÚ†ÛÂÏ‡

Ë·Ó‰†˙„Â˜Ó†˙ÂÈÂÁ˙Ù˙‰‰†˙‡†¯Â˜ÒÏ†‰Ò‡†Æ˙Â¯È‰Ó·†‰˙˘ÓÂ†˙Á˙Ù˙Ó†‰·È·Ò·†ÌÈÈÁ†ÂÁ‡
ÌÈ¯„‚ÂÓ†˙ÂÓÈ˘ÓÂ†„ÂÚÈ†ÏÂÓ†¨‰·È·Ò·†˙È‚Ë¯ËÒ‡‰†˙ÂÁ˙Ù˙‰‰†˙‡†˙Â¯˘Â˜˘†¨¯ÈÂÂ‡‰†ÏÈÁ†Ï˘
˙‡†¯Â˙ÙÏ†È„Î†ÌÂ¯˙Ï†ÏÂÎÈ†ÏÏÁ‰˘†ÌÈ˘ÂÓÈ˘‰Â†ÌÈÓÂ˘ÈÈ‰†˙‡†ÔÎÂ†¨„ÁÓ†ÌÈÎÏÂ‰Â†ÌÈÁ˙Ù˙ÓÂ

Æ˙Â˙˘ÓÂ†˙Â¯ˆÂ‰†˙ÂÈÚ·‰
Ï‡¯˘È†ÌÚ†ÏÎ†ÂÓÎ†¨ÌÈÈ¯‰ˆ‰†È¯Á‡†≤∞∞≥†¯‡ÂÈ·†±∂≠‰Ó†ÈÏ†˘È˘†ÔÂ¯ÎÈÊ·†ÏÈÁ˙‰Ï†‡Ï˘†ÏÎÂ‡†‡Ï
8.5†¨ÌÈ˘¯Ó†„Â‡Ó†Ô˘Ú†„ÂÓÚ†Æ‰È·ÓÂÏÂ˜†ÏÏÁ‰†˙¯Â·ÚÓ†Ï˘†¯Â‚È˘‰†˙‡†ÂÈ‡¯†¨‰ÈÊÈÂÂÏË·†ÂÈÙˆ
‰¯ÈÙÒÂÓË‡Ï†ıÂÁÓ†Ï‡†˙ÈÏÏÁ‰†˙‡†‡ÈˆÂ‰Ï†‰ˆÂ‡˙Ï†Á˜ÂÏ˘†ÔÓÊ‰†‰Ê†¨¯·‚ÂÓ†˜ÙÂ„†Ï˘†˙Â˜„
ÌÈÈÚÂ·˘†Ì˘†ÂÈÏÈ·Â†ÔÂÓ¯†ÔÏÈ‡†ÌÚ†„ÁÈ†ÏÏÁÏ†≠†·˘ÂÁ†È‡†¨Ï‡¯˘È†ÌÚ†ÏÎ†≠†Â‡ˆÈ†Ê‡Â†Æ‰·Â¯˜‰

ÆÈ˘È‡‰†ÆÂÏ˘†ÔÂ˘‡¯‰†ÈÓÂ‡Ï‰†ÏÏÁ‰†ÚÒÓ†‰È‰†‰ÊÂ
¨Ú„ÓÏ†‰Ó¯ÂÙËÏÙ†¨˙È˙ÂÚÓ˘Ó†„Â‡Ó†ı¯Ó†˙˜È¯Ê†˙Ó‡·†‰˙ÈÈ‰†ÏÏÁ‰†˙ÈÎÂ˙†¨˙ÈÓÂ‡Ï‰†‰Ó¯·
¯Â˜Ó†‰È‰†‰Ê†¨¯ÈÂÂ‡‰†ÏÈÁÓ†ÔÏÈ‡†Ï˘†ÌÈ¯·Á‰†¨ÂÏ†Æ·Â˘Á†„Â‡Ó†Í¯„†ÔÂÈˆ†¨‰‡¯˘‰†¨‰È‚ÂÏÂÎËÏ
ÁÈÓ†È‡†ÆÌ˘†˙ÂÈ‰Ï†‰ˆÂ¯†‡Ï˘†Â‰˘ÈÓ†ÔÈ‡Â†¨Ì˘†˙ÂÈ‰Ï†‰ˆ¯Â†ÏÂÎÈ˘†ÈÓÏ†‰‡˜†ËÚÓ†‡Ï†Æ‰ÂÂ‡‚Ï
¨˙¯‡ÂÙÓÂ†˙Î˘ÂÓÓ†¨‰ÎÂ¯‡†‰¯ÈÈ¯˜Ï†„Â‡Ó†ÌÈ‡˙Ó†‡È˘†‰È‰†‰Ê†¨ÌÈÈÁ†ÌÂÏÁ†Ì‚†‰È‰†‰Ê†ÔÏÈ‡Ï˘
Â˙Â‡·†È˙¯ÚÈ˘†‡Ï†ÆÂÈÈÁ†ÈÓÈ·†‰‡¯˘†ÌÈËÚÓ†‡Ï†ÌÈÂÎÈÒ†Ì‚Â†‰ÒÈË†˙ÂÚ˘†¨ÈÚˆ·Ó†ÔÂÈÒÈ†‰·¯‰†ÌÚ
È˘†ÌÂÈ·†ÆÂÓ˘†ÏÚ†‡¯˜˘†ÏÏÁ†ÒÎ·†¨È¯Á‡†ÌÈ˘†7†¨Ô‡Î†„ÂÓÚ‡˘†·ˆÓ†‰È‰È˘†≤∞∞≥†¯‡ÂÈ†Ï˘†ÌÂÈ
ÌÈ˘„ÂÁ†‰˘ÂÏ˘†ÈÙÏ†¨ÔÂÒ‡‰†Ï„Â‚ÏÂ†ÆÂÓÏÁ†‡Ï†ÍÎ†ÏÚ†¨Â˙ÏÈÙÏ†ÌÈ˘†7†ÔÈÈˆ†¯‡Â¯·Ù·†≤≠‰†¨·Â¯˜‰
ÔÁ·Ó†˙‡†ÛÒ‡†ÌÚ†ÒÂËÏ†È˘È‡†ÔÙÂ‡·†ÈÏ†‡ˆÈ†Æ¯ÈÂÂ‡‰†ÏÈÁ·†ÌÈÂÓÈ‡†‰Â‡˙·†¨ÛÒ‡†¨Â·†Ì‚†ÏÙ
ÍÈÁÎ†‰˘†ÈˆÁ†ÈÙÏ†ÌÈ¯„ÒÓ‰†˘¯‚Ó†ÏÚ†Â˙¯‡Ù˙†‡È˘·†Â˙Â‡†˙Â‡¯ÏÂ†ÒÈË‰†Ò¯Â˜·†ÌÂÎÈÒ‰

ÆÂÏ˘†‡·‡†ÂÓÎ†¨ÔÈÈËˆÓ

ÌÈÎÈ¯ˆ†ÂÁ‡†Æ‰˙˘ÓÂ†˙ÈÚ·Â˙†„Â‡Ó†¨‰·Á¯†„Â‡Ó†˙È‚Ë¯ËÒ‡†‰·È·Ò†ÍÂ˙·†ÏÚÂÙ†¯ÈÂÂ‡‰†ÏÈÁ
Ï˘†ÌÈ„È˜Ù˙Â†˙ÂÓÈ˘ÓÏ†Â˙Â‡†Ì‚¯˙Ï†˙Ú„ÏÂ†˙‡Ê‰†‰ÏÂÚÙ‰†˙·È·Ò·†È‚Ë¯ËÒ‡‰†„ˆ‰†ÏÚ†ÏÎ˙Ò‰Ï

Æ¯ÈÂÂ‡‰†ÏÈÁ
˙Â˜ÂÁ¯†˙Â¯ÈÊ·†Ë¯Ù·†¨ÂÏ†˙˙Ï†ÏÂÎÈ†ÏÏÁ‰˘†ÌÈÈÚˆ·Ó‰†ÌÈ¯ˆÂ˙·†ÈÊÎ¯Ó†˘Ó˙˘Ó†‡Â‰†¯ÈÂÂ‡‰†ÏÈÁ
ÈÙÂ‡†Ï˘†˙ÂÈ‚Ë¯ËÒ‡‰†˙ÂÓ‚Ó·†ÈÂÈ˘†˙Â‡¯Ï†¯˘Ù‡†ÌÈ˘†˙ÎÂ¯‡†‰·ÈË˜ÙÒ¯Ù·†ÆÌ˘†˜¯†‡Ï†Ï·‡
ÈÏ‡È¯ÂËÈ¯Ë‰†ÌÂÈ‡‰†ÏÏ‚·†Ô‡Î†Âˆ¯Ù†˙ÂÓÁÏÓ‰†ÌÈÓÈ‰†˙˘˘†˙ÓÁÏÓ†„Ú†ÆÔÂÎÈ˙‰†Á¯ÊÓ·†˙ÂÓÁÏÓ‰
ÌÈÏÂ„‚† ¨ÌÈ¯È„Ò†˙Â‡·ˆ†Ï˘†È˘ÓÓ†ÌÂÈ‡†¨‰È„Ó‰†ÌÂÈ˜Ï†È˘ÓÓ†˘˘Á†‰È‰†ÆÏ‡¯˘È†˙È„Ó†ÏÚ

ÆÌÈ„ÈÂˆÓÂ
¨¯ÎÈ†ÌÂ˜Ó†‰ÒÙ˙Â†‰ÎÏ‰†˙È¯ÈÂÂ‡‰†˙ÂÂÈÏÚ‰†¨Â‰˘Ó†ÌˆÓËˆ‰†ÈÏ‡È¯ÂËÈ¯Ë‰†ÌÂÈ‡‰†∑∞≠‰†˙Â˘·

ÆÌÈÈ˙ÂÚÓ˘ÓÂ†ÌÈÏÂ„‚†¨ÌÈ¯È„Ò†˙Â‡·ˆ†ÔÈ·†˙ÂÓÈÚ†ÌÈÈ˜˙‰†ÔÈÈ„Ú
‰¯ÈÊÏ†¨‰ÁÂÎÓ†˙„·‡Ó†¯ÈÂÂ‡≠Ú˜¯˜†ÈÏÈË†˙ÂÓ„·†˙È¯ÈÂÂ‡†˙ÂÂÈÏÚÏ†‰·Â˘˙‰˘†‰‡¯†∏∞≠‰†˙Â˘·
‰˘˜˘†˜˘†Â‰Ê†ÆÚ˜¯˜≠Ú˜¯˜†ÏÈË†¨˜¢˜Ë‰†≠†˜¯ÈÚØÔ‡¯È‡†˙ÓÁÏÓ·†˜ÏÁ†Á˜Ï˘†˘„Á†Ô˜Á˘†ÚÈ‚‰
ÈÏ‡È¯ÂËÈ¯Ë†ÌÂÈ‡†˙ÓÈÂÒÓ†‰„ÈÓ·†˙ÈÁÙÓ†‰Ê†˜˘†ÆÛ¯ÂÚ·†‰ÚÈ‚ÙÂ†ıÁÏ†ÏÈÚÙ‰Ï†Ï‚ÂÒÓ˘†¨Â·†ÚÂ‚ÙÏ

Æ˙Â¯Á‡†˙Â˘˜†˙ÂÈÚ·†¯ˆÈÈÓ†Ï·‡
¨˜¢˜¯Â†˜¢˜Ë†∫ÌÈÎ¯„†¯ÙÒÓ·†ÈÂËÈ·†È„ÈÏ†‡·˘†¨˙ÂÓÁÏÓ‰†ÈÙÂ‡·†˜ÂÓÚ†ÈÂÈ˘†ÌÈ‡Â¯†π∞≠‰†˙Â˘Ó

Æ˙È˙ÂÚÓ˘Ó†˙È‡·ˆ†‰ÓˆÂÚ†ÈÏÚ·†ÌÈÈ˙È„Ó†‡Ï†ÌÈÓ¯Â‚Â†¯Â¯Ë



ÏÎÓ†˙ÂË˜¯†¨È‚ÂÏÂÎË†ÈÂÈ˘†‡Â‰†˜¢˜Ë†ÆÈ‚ÂÏÂÎË†‡ÏÂ†ÈËÈÏÂÙ†˙ÓÈÂÒÓ†‰„ÈÓ·†ÂÈÙÂ‡˘†ÈÂÈ˘†Â‰Ê
˙ÂÓˆÂÚ†ÌÚ†˙ÂÈ˙È„Ó†‡Ï†˙ÂÈÂ˘È†≠†˙ÂÚÓ˘Ó‰Â†¨˙È‡·ˆ†‰˜ÈË˜Ë†Â‡†‰˜ÈÎË†‡Â‰†¯Â¯Ë†ªÌÈ‚ÂÒ‰
ÍÏÂ‰˘†ÁÂÎ†‡Â‰†Ò‡ÓÁ‰†¨ÔÂ·Ï†‡·ˆÏ†¯˘‡Ó†˜ÊÁ†È‡·ˆ†ÁÂÎ†˘È†‰ÏÏ‡·ÊÈÁÏ†Æ˙ÂÈ˙ÂÚÓ˘Ó†˙ÂÈ‡·ˆ
ÌÈ˜ÊÁ‰†˙Â‡·ˆ‰Ó†‡Â‰†‰ÏÏ‡·ÊÈÁ†ÆÌÈÈ˙È„Ó†ÌÈÚˆÓ‡†ÏÚ†‡Ï‡†¯Â¯Ë†ÈÚˆÓ‡†ÏÚ†˜¯†‡Ï†‰·Â

Æ˙ÂÈ„Ó†Ï˘†˙Â‡·ˆÏ†‰‡ÂÂ˘‰·
˘‡†Ï˘†ÔÂÂÎÓÂ†¯·Â‚†ÌÂÈ‡†Â˘È†ÆÌÈËÂ˘Ù†‡ÏÂ†ÌÈ˘˜†¨ÌÈ˘„Á†ÌÈ¯‚˙‡†ÂÏ†ÌÈ¯ˆÈÈÓ†‰Ï‡‰†ÌÈÈÂÈ˘‰
ÏÚ†¯Â˙ÈÂ†‡Ë·Ó†‰Ê‰†ÈÂÈ˘‰†Æ‰È¯ÂËÈ¯Ë‰†ÏÚ†ÌÂÈ‡†˙ÂÁÙ†ÌÚ†¨ÈÁ¯Ê‡‰†ÈÏ‡¯˘È‰†Û¯ÂÚ‰†ÏÚ†˙ÈË˜¯

Æ˘‡·†‰ÓÈÁÏ·†‰¯ÈÁ·Â†˘Â·ÈÎÂ†ÔÂ¯Ó˙
¨˙ÂÏÈ‚¯‰†˙ÂÓÁÏÓ‰Ó†¢‰ÁÈ¯·¢†˙Ó˙ÒÓ†Ï‡¯˘È†„‚†ÌÈ¯È„Ò†˙Â‡·ˆ†˙ÏÚÙ‰†Ï˘†ÔÂÏ˘ÈÎ‰†¯Â‡Ï
Ï‡¯˘È†˙È„ÓÏ†˙Â¯˘Ù‡‰Â†Ï‡¯˘È†ÈÁ¯Ê‡Ï†ÔÂÁËÈ·†Ô˙Ó†Ï˘†ÌÈÈ„È˙Ú‰†ÌÈ¯‚˙‡‰†ÌÈÓÈÈ˜†ÔÈÈ„Ú†ÌÏÂ‡

ÆÌÈÈ˜˙‰ÏÂ†ÍÈ˘Ó‰Ï
˙ÂÈ¯Á‡‰Â†ÔÈÈÚ‰†ÌÂÁ˙†Â‰Ê†ÆÌÈ˜ÂÁ¯†ÌÈÏ‚ÚÓÓ†ÌÂÈ‡†≠†˙Á‡‰†Æ˙ÂÙÒÂ†˙ÂÓ‚Ó†Â·È·Ò†˙ÂÁ˙Ù˙Ó
˙ÂÏÂÎÈ˘†˙Â˜ÂÁ¯†˙ÂÈ„Ó†ÌÈ‡Â¯†Æ˘ÂÓÈÁ≠¯Â‚È˘†˙ÏÂÎÈ·†ÏÎ†Ì„Â˜†ÈÂËÈ·†È„ÈÏ†‡·Â†¯ÈÂÂ‡‰†ÏÈÁ†Ï˘
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ÆÁË˘·†ÂÏ†¯ÒÁ˘†ÌÈÂÒÓ†È‚Ë¯ËÒ‡†˜ÓÂÚ†ÂÏ
˙È„Ó·†˘È˘†‰‰Â·‚‰†‰È‚ÂÏÂÎË‰Â†È˘Â‡‰†ÔÂ‰‰†‡Â‰†‰ÓÂÈ˜†¯Á˘Ó†Ï‡¯˘È†˙È„Ó†Ï˘†„ÂÒÈ†ÔÂ˙
¨‰ÂÓ˘‰†ÔÂ„ÚÂÓ†ÏÚ†˙ÈÓ†‡È‰˘†‰„·ÂÚ·†˙Â‡‚˙‰Ï†‰ÏÂÎÈ†˙Ó‡·†Ï‡¯˘È†˙È„Ó†ÔÎÏÂ†ÆÏ‡¯˘È
ÌÂÈÎ†Æ‰˘ÂÚ†‡È‰˘†‰Ó†‰Ê†¨ÌÈ‚ÂÒ‰†ÏÎÓ†¨ÏÏÁ·†ÌÈÈ˙ÈÓ‡†ÌÈ·ÈË˜Ù‡†ÌÈÈÈÂÂÏ†·Èˆ‰Ï†ÌÈÚ„ÂÈ˘
ÆÍ˘Ó‰Ï†Ì‚†˙ÈÎÂ˙†ÂÏ†˘ÈÂ†ÏÏÁ·†ÌÈ‡ˆÓ†ÌÈÏ‡¯˘È†ÌÈÈÈÂÂÏ†9†ÆÌÈÈÈÂÏ†Ï˘†ÌÈ˘¯Ó†¯ÙÒÓ†Â˙Â˘¯·
ÌÈÈ¯Â˜Ó†ÌÈÏ‡¯˘È†ÌÈÚˆÓ‡†ÌÈ¯ˆÈÈÓ†ÂÁ‡Â†˙È¯Â˜Ó†˙ÈÏ‡¯˘È†˙È‚ÂÏÂÎË†‰Ó„È˜†‡È‰†˙ÂÈÈÂÂÏ
˘¯„˘†‰ÚÓ·†¯ÈÂÂ‡‰†ÏÈÁÏ†·Â˘ÁÂ†È˙ÂÚÓ˘Ó†˜ÏÁ†Ì‰†ÌÈÈÈÂÂÏÂ†ÏÏÁ†ÆÂÏ˘†ÌÈÎ¯ˆÏ†ÌÈÓÈ‡˙Ó˘
ÌÈÏÂÎÈ†ÂÁ‡˘†ÏÎÎ†Á˙Ù˙‰ÏÂ†˙Â·È‰ÏÂ†ÍÈ˘Ó‰Ï†ÂÈÏÚ†ÆÏÏÎ·Â†˙ÂÓÁÏÓ‰†Ú·Ë·Â†ÈÙÂ‡·†ÈÂÈ˘Ï

Æ„È˙Ú‰†È¯‚˙‡†˙‡¯˜Ï†Ï‚˙ÒÓÂ†˘ÈÓ‚†ÔÙÂ‡·



‰È‚ÂÏÂÎËÂ†˙ÂÓ‚Ó†¨ÌÈÚÈÓ†≠†Responsive Space 
¯˘ÈÙ†ÔÂÎÓ†¨Ó¢·ËÎÂ†ÏÏÁ†¯˜ÁÏ†ÊÎ¯Ó‰†˘‡¯†¨¯·Ú†ÏË

ÆResponsive Space†ÌÈÎÓ†ÌÏÂÚ·Â†ÂÁ‡˘†ÌÂÁ˙†‡Â‰†Ì‰·†„˜Ó˙‰Ï†ÔÂÎÏ†ÂÈ‡¯˘†ÌÈ‡˘Â‰†„Á‡
ÏÚ†Â‡†Responsive Space†ÏÚ†¯·Â„Ó˘Î†ÆÂ‰Ó†˙ÈÏÏÎ†‰ÂÓ˙†˙˙Ï†‰Ò‡Â†·Î¯ÂÓ†ÌÂÁ˙†Â‰Ê
¨˘È‚†¯˙ÂÈ†ÏÏÁ‰†˙‡†˙Â˘ÚÏ†‰„ÚÂ˘†‰ÒÈÙ˙Ï†ÌÈÂÂÎ˙Ó†¢Operationally Responsive Space¢

ÆÌÈÂ˘†ÌÈÚˆÓ‡·†¨ÔÈÓÊ†¯˙ÂÈ
Ï˘†‡˘Â·†˜ÒÚ˘†¯˜ÁÓ·†Æ≤∞∞¥†˙˘Ó†ÏÁ‰†‡˘ÂÏ†˙ÂÈÂÒÁÈÈ˙‰†¯ÙÒÓ†ÂÈ‰†¯˘ÈÙ†ÔÂÎÓ·˘†ÔÈÈˆÏ†˘È
˙˜ÒÂÚ˘†˙ÙÒÂ†‰Ò¯‚†ÔÎÂ†Responsive Space≠‰†ÌÂÁ˙†Ï˘†‰È‡¯·†È¯ÈÂÂ‡†¯Â‚È˘Â†ÌÈÈÈÂÂÏÂ¯˜ÈÓ
„ÂÚ†·¢‰¯‡·†¢Responsive Space¢†ÒÎ·†ÔÂÎÓ‰†ÌÚËÓ†‰‚ˆÂ‰Â†˙ÈË˜Ë‰†‰Ó¯·†ÏÏÁ‰†‡˘Â·

Æ„È˙ÚÏ†‰·˘ÁÓ†ÈÂÂÈÎ†‰ÓÎ†„ÂÚ†ÂÏ†˘ÈÂ†Æ≤∞∞∂≠·
¨˘¯„˘†ÔÓÊ†Ï˘†Ë·È‰·†Ì‚Â†¯ÈÁÓ†Ï˘†Ë·È‰·†ÏÏÁ‰†‡˘Â†˙‡†Ì„˜ÏÂ†˙Â·Â˘˙†˙˙Ï†‰„ÚÂ†‰ÒÈÙ˙‰

ÆÌÈÈ‚ÂÏÂÎË†ÌÈË·È‰†¯ÙÒÓ†ÌÈ¯Ê‚†‰ÊÓÂ
˙‡†ÔÈÎ‰ÏÂ†ÔÈÈÂÂÏ‰†˙‡†¯‚˘Ï†¨˙Â·ÏÂ†Á˙ÙÏ†˙ÏÂÎÈÏ†‰ÂÂÎ‰†¢Responsive Space¢†ÏÚ†ÌÈ¯·„Ó˘Î
¯ÂÚÈ†¨¯˙È‰†ÔÈ·†¨‰ÂÂÎ‰†Launch on demand†‡˘ÂÏ†ÛÒÂ·†Æ˙Â¯È‰Ó·†‰ÂÂÏ‰†ÈÚ˜¯˜‰†Í¯ÚÓ‰†ÏÎ
‰ÒÈÙ˙‰˘†˙Â¯ÓÏ†¨ÈÂÁËÈ·‰†ÌÂÁ˙·†˜¯†‡Ï†¨ÌÈÈ¯˘Ù‡†ÌÈÎ¯ˆ†¯ÙÒÓ†¯ÈÎÊ‡†Æ¯Á‡†Â‡†‰ÊÎ†Í¯Âˆ
Ï˘†‰ÈˆÊÈË¯„ËÒ†ÏÚ†ÌÈ¯·„Ó†ÆÈÂÁËÈ·‰†ÌÂÁ˙·†ÌÈÂ˘†ÌÈË·È‰Ï†‰ÚÓ†˙˙Ï†Í¯ÂˆÎ†‰„ÏÂ†‰ÓˆÚ
ÌÂÈ‰†ÌÈ‡ˆÓ†‡Ï†ÂÁ‡†˙‡Ê‰†‰Ó¯·†¨˙ÂÈÓÊÂ†˙ÂÎÂÓ†Û„Ó†˙ÂÈ‚ÂÏÂÎË†Ì‰˘†ÌÈËÈ¯Ù†ÏÚ†¨ÌÈ·ÈÎ¯
ÆÌÈÁÈË·ÓÂ†ÌÈÈÈÚÓ†ÌÈÂÂÈÎ†‰ÓÎ†˘È†Ì˘Â†‰Ù˘†˙Â¯ÓÏ†¨·Â¯˜‰†„È˙Ú·†‡Ï†Ì‚Â†ÏÏÁ‰†ÌÂÁ˙·
‰ÎÂÓ‰†‰Ó¯‰†∫ÌÈÎ·„†3†ÏÚ†¯˜ÈÚ·†·¢‰¯‡·†¯·Â„Ó†ÌÂÈÎ†¨ÌÈ˘‰†ÍÏ‰Ó·†‰˙˙˘‰Â†‰ÎÏ‰†‰ÒÈÙ˙‰
ÌÈÓÈÂÒÓ†ÔÈÈÚ†È¯ÂÊ‡·†‰Ï˘†„Â˜ÈÓ‰†Ï·‡†¨ÏÏÁ·†˙‡ˆÓ†¯·Î˘†˙ÂÈÈÂÂÏ†≠†ÏÏÁ†ÈÒÎ†‡È‰†¯˙ÂÈ·

ÆÁË˘‰Ó†˙Â˘È¯„‰†ÍÓÒ†ÏÚ†¯˙ÂÈ†¯‰Ó†˙Â˘ÚÈ‰Ï†ÏÂÎÈÂ†ÍÈ¯ˆ
„ˆÈÎ†≠†ÌÈÈ˜†‡Â‰˘†¯ÈÎÊ‡†¨ÁÂÎÂÂ·†‡˘Â†≠†¯Â‚È˘Ï†‰˙Ó‰†ÏÚ†¯·Â„Ó†¨È˘‰†Í·„‰†≠†‰ÈÈ˘‰†‰Ó¯‰
„·Î†øÈ¯ÈÂÂ‡†¯Â‚È˘†Ì‡‰†¨Responsive Space†¨·È‚Ó†ÏÏÁ†Ï˘†ËÙÒÂ˜‰†˙Á˙†ÌÈÈÈÂÂÏ†ÌÈ¯‚˘Ó

ø‰˘·È‰Ó†Â‡†ÌÈ‰Ó†øÏ˜†Â‡
¨ÔÂÎ˙‰†ÌÂÁ˙·†˘‡¯Ó†ÌÈÎ¯Ú†‡Ï†Ì‡†Æ˘„Á†ÔÈÈÂÂÏ†ÌÈ·ÈÎ¯ÓÂ†Í¯Âˆ‰†¯ÂÚÈ†¨ÌÈ˘„Á†ÌÈÒÎ†¨ÔÂ¯Á‡Â
˙ÂÙÈ˜Ó‰†˙Â˜È„·‰†ÏÚ†¯˙ÂÂÏ†ÈÏ·†¨ßÂÎÂ†˙Â¯È‰Ó†˙Â˜È„·†¨‰ÈˆÊÈË¯„ËÒ†¨ÌÈ·ÈÎ¯†Ï˘†‰ÈÈ·‰†ÌÂÁ˙·

ÆÌ˙Â‡†¯ˆ˜Ï†¯˘Ù‡˘†ÌÈÂ˘†ÌÈÎÈÏ‰˙†Ï·‡†¨¯Â·ÚÏ†ÍÈ¯ˆ†ÔÈÈÂÂÏ‰˘
˙ÏÂÎÈ†Ï˘†¨˙ÂÈ·ÈÒÂÙÒ¯‰†Ï˘†˙ÂÂ˘‰†˙ÂÓ¯‰†˙‡†¯È„‚‰Ï†ÔÂÈÒ†·¢‰¯‡·†‰˘Ú†ÌÈ˘†¯ÙÒÓ†ÈÙÏ
¨¯‚˘Ó†ÍÂ˙·†‡ˆÓ†ÔÈÈÂÂÏ†¯ÓÂÏÎ†¨‰ÓÏ˘†˙Î¯ÚÓ†ÏÚ†ÌÈ¯·„Ó†ÆÌÈÎ¯ˆ‰†ÈÙ†ÏÚ†‰ÚÓ†˜ÙÒÏ†ÌÈÈÈÂÂÏ‰
˜¯Ù†ÍÂ˙†¯Â‚È˘Ï†˙ÂÂÎ·†ÔÈ˙ÓÓÂ†¨‰ÈÙÒ†ÍÂ˙·†Âˆ¯˙†Ì‡†Â‡†¨ÏÂÏÒÓ‰†ÏÚ†ÒÂËÓ·†Â‡†¯Â‚È˘‰†ÔÎ†ÏÚ
ÏÎ†¨Responsive Range†‰ÂÎÓ˘†‰ÓÏ†ÌÈ¯Â˘˜˘†ÌÈÂ˘†ÌÈË·È‰†ÌÈ¯Ê‚†Ô‡ÎÓ†Æ¯˙ÂÈ·†¯ˆ˜†ÔÓÊ
ÏÈË‰†Ï˘†˙ÂÈÓˆÚ†˙Â˜È„·Ó†ÏÁ‰†¨ÌÈÎÏ‰Ó†ÈÈÓ†ÏÎ†ÌÈÏÈ·ÂÓ†‡¢Ò‡·†Æ¯Â‚È˘†È¯˙‡†Ï˘†‡˘Â‰
∫˙ÂÈ·ÈÒÂÙÒ¯†Ï˘†˙ÂÓ¯†¯ÙÒÓ†ÔÏ‰Ï†ÆÌÈÓÊ‰†˙‡†¯ˆ˜Ï†È„Î†ÌÈ¯Â‚È˘‰†‰„˘Ï†˙Â¯Â˘˜˘†˙ÂÂ˘†˙ÂÎ¯ÚÓÂ
˜Ï„Â˙Ó†‡Ï†®ÈÏÊÂ†˜Ï„·†¯·Â„Ó†Ì‡©†¯‚˘Ó‰†¯˘‡Î†¨˙ÂÂÎ·†˙·Î¯ÂÓ†˙Î¯ÚÓ†ÏÚ†¯·Â„Ó†¨˙Á‡†‰Ó¯

ÆÌÈÎÂ¯‡†ÔÓÊ†È˜¯ÙÏ†˙ÂÂÎ†˙Ó¯†ÏÚ†¯ÂÓ˘Ï†¯˘Ù‡†‰Ï‡Î†ÌÈ·ˆÓ·†ÆßÂÎÂ
È„Î†˘¯„˘†ÔÓÊ‰†˜¯Ù†¨‰ÒÁ‡·†˙‡ˆÓ˘†˙Î¯ÚÓ†ÏÚ†˙¯·„Ó†¨·¢‰¯‡·†‰¯„‚Â‰˘†ÈÙÎ†¨ÌÈÈ˙˘†‰Ó¯
≠†˙ÙÒÂ†‰Ó¯Â†¨˙ÂÂÎ·†‡Ï†ÌÈ˘‡†¨A†ÌÈÈ˙˘†¨‰˘Ó†˙Ó¯†‰ÊÏ†˘È†¨Í¯‡˙Ó†ÏÏÁÏ†ÔÈÂÂÏ†‡È·‰Ï
¨‰ÓÏˆÓ©†¨ÌÈ„ÚËÓ‰˘†‰„·ÂÚ·†˙Â·˘Á˙‰†ÍÂ˙†Ô·ÂÓÎ†¨ÂÓˆÚ†ÔÈÈÂÂÏ‰†˙‡†ÌÈÓÈ†¯ÙÒÓ†ÍÂ˙†·ÈÎ¯‰Ï



Æ¯È‰Ó†ÔÙÂ‡·†‰Èˆ¯‚ËÈ‡†Úˆ·Ï†ÍÈ¯ˆ†˜¯†¨˙Â˜È„·‰†˙‡†Â¯·ÚÂ†ÌÈ‡ˆÓ†®˙¯Â˘˜˙†¨SAR

˙Â¯Ê‚˘†˙Â¯Á‡†˙ÂÓ¯†˘È†ÆÏÏÁÏ†˙Â¯‚Â˘Ó†˙ÂÈ‰Ï†˙ÂÎÈ¯ˆ˘†˙ÂÎ¯ÚÓÏ†˙ÂÈ·ÈÒÂÙÒ¯†Ï˘†˙ÂÓ¯†‰Ï‡†ÏÎ
Í¯Âˆ†¯¯ÂÚ˙‰Â†¨ÏÏÁ·†‡ˆÓ†¯·Î˘†ÔÈÈÂÂÏ†ÆÏÏÁ·†˙Â‡ˆÓ†¯·Î˘†˙ÂÎ¯ÚÓ†Ï˘†˙ÈÏÂÏÒÓ‰†‰˜ÈÎÓ‰Ó
˙ÈÂÂÊ·†¯ÓÂÏÎ†¨‰ÈˆÈÏ˜È‡·†¨ÔÈÈÂÂÏ‰†Ï˘†‰ÈÈË·†ÈÂÈ˘†ÏÚ†¯·Â„Ó†ÏÏÎ†Í¯„·†¨ÔÂ¯Ó˙†Úˆ·Ï†ÛÂÁ„
ÔÂ¯Ó˙Â†¨ÔË˜†¯˙ÂÈ†ÔÂ¯Ó˙†¨ÏÂ„‚†∫ÔÂ¯Ó˙≠˙ÂÓ¯†˘ÂÏ˘†Â¯„‚Â‰†‰Ù†Æ‰ÂÂ˘Ó‰†Â˜Ï†ÔÈÈÂÂÏ‰†ÏÂÏÒÓ†ÔÈ·

Æ®ÂÏ˘†ÈÂÒÈÎ·†˜ÈÈ„Ï†È„Î†ÂÏÂÏÒÓ†ÍÂ˙·†‡Ï‡©†ÔÈÈÂÂÏ‰†Ï˘†ÏÂÏÒÓ‰†ÈÂÈ˘†‡ÏÏ
¯‚˘Ï†„ˆÈÎ†‡È‰†˙ÂÈÚ·‰†˙Á‡Â†Responsive Space≠‰†Ï˘†‡˘Â·†ÌÈ¯‚˙‡†„Â‡Ó†‰·¯‰†Ì˘È
Â‚ˆ‰˘†¨ÔÂË¯Ò†Â˘È†Æ‰Èˆ¯‚ËÈ‡‰†Ï˘†ÌÈÓÊ‰†˙‡†ÌˆÓˆÏ†‡È‰†‰ÂÂÎ‰†Æ‰¯È‰Ó†¯˙ÂÈ†‰¯Âˆ·†ÌÈÈÈÂÂÏ
˙Î¯ÚÓ†‡Â‰†ÂÓˆÚÏ†ËÈ¯Ù†ÏÎÂ†ÌÈÎÂÓ†ÌÈ·ÈÎ¯Ó†ÔÈÈÂÂÏ†˙ÈÈ·†ÍÈÏ‰˙†ÌÈ‚„Ó˘†¨‰¯·Ú˘†‰˘·†Ì‚

Æ˙ÂÚ˘†¯ÙÒÓ†ÍÂ˙†˙‡Ê†Â˘Ú†≤∞∞∏†˙˘·†‡Ò‡·†Í¯Ú˘†ÈÂÒÈ·†¨‰˜Â„·
‰ÂÎÓ˘†‰Ó†‡Â‰†·¢‰¯‡·†˙ÂÂ¯Á‡‰†ÌÈ˘·†Responsive Space†˙ÒÈÙ˙†Ï˘†ÌÈÚÈÓ‰†„Á‡
ÌÈÎÂÊ†„ÈÓ˙†‡Ï˘†¨¯˙ÂÈ·†ÌÈ¯ˆ˜†ÔÓÊ†È˜¯Ù†˙ÂÈÁ˘†˙Â¯ËÓ†ÈÈÓ†¨Global War on Terrorism≠‰
¨ÔÂÒ‡†È·ˆÓÏ†‰ÚÓ†˙˙Ï†È„Î†˙ÂÈÈÂÂÏ·†˘Ó˙˘‰Ï†¯˘Ù‡˘†Ì‚†ÂÈ‡¯†Æ˙ÂÈÈÂÂÏ†È¢Ú†˜ÈÙÒÓ†ÈÂÒÈÎÏ
Disaster Monitor and††≠¯ÂˆÈ˜·†ÌÈ‡¯Â˜†ÂÁ‡˘†‰Ó†¨·¢ˆÂÈÎÂ†ÈÓ‡Âˆ†¨˙ÂÙˆ‰†¨‰Ó„‡†˙„ÈÚ¯·

ÆControl
ÈÂÒÈÎ†Í¯ËˆÂ†¨‰Ó„‡†˙„ÈÚ¯†ÌÏÂÚ‰†È·Á¯·†˘Á¯˙˙†È˙Ó†‰˘‰†ÁÂÏ·†˙Â‡¯Ï†ÏÂÎÈ†‡Ï†„Á‡†Û‡

Æ˙Â¯Á‡Â†‰Ï‡Î†ıÂÏÈÁ†˙ÂÈÂÏÈÚÙ·†ÚÈÈÒÏ†È„Î†ÌÈÂÒÓ†ÈÈÈÂÂÏ
‡˘Â‰†‡Â‰†‰ÒÈÙ˙‰†Ï˘†ÌÈÂ˘†ÌÈË·È‰·†È„ÓÏ†·ÂË†‰ÚÓ†˙˙Ï†ÌÈÏÂÎÈÂ†ÌÈÁ·˘†ÌÈ¯·„‰Ó†„Á‡
Æ„ÁÈ·†ÌÈÈÈÂÂÏ†¯ÙÒÓ†„ÈÁÈ†¯Â‚È˘·†¯‚˘Ï†Ô˙È†¯˙È‰†ÔÈ·†¨ÌÈÈÈÂÂÏ†Ï˘†ÌÈ¯È·ˆÂ†‰·Ó†˙ÂÒÈË†Ï˘
ÆÌÈ·ÈÈÁ†‡Ï†Â‡†ÌÈ·ÈÈÁ†Ì‡†‰„ÓÚ†ÚÂ·˜Ï†ÈÏ·†¨˙‡Ê‰†‰ÒÈÙ˙·†ÌÈÂÒÓ†·ÈÎ¯Ó†‰Ï†˘È†¨˙ÂÈÈÂÂÏ†Â¯˜ÈÓ
Ì‰†ÌÏÂÚ·†ÌÈÓÈÈ˜˘†ÌÈ¯‚˘Ó‰†·Â¯†ÌÂÈ‰Ï†ÔÂÎ†ÈÎ†¨ÈËÈ¯˜†‡˘Â†ËÏÁ‰·†‡Â‰†¯Â‚È˘†Ï˘†‡˘Â‰Â

Æ‰Î‰†„Â‡Ó†‰·¯‰†ÌÈ˘¯Â„Â†ÌÈ¯È‰Ó†‡Ï†ÌÈ¯‚˘Ó
¨˙È·ÈË¯ÙÂ‡‰†̈ ˙È‚Ë¯ËÒ‡‰†‰Ó¯‰Ó†ÏÏÁ‰†̇ „¯Â‰†ÏÚ†Ì‚†ÌÈ¯·„Ó†Responsive Space†ÏÚ†ÌÈ¯·„Ó˘Î
ÁÈÓ†‡Ï†È‡†ÆÙ¢Ó†ÏÎÏ†Â‡†„¢‚Ó†ÏÎÏ†ÔÈÈÂÂÏ†ÏÚ†¯·Ú·†Â·˙Î˘†ÌÈÂ˙ÈÚ†È˙È‡¯†¯·Î†Æ˙ÈË˜Ë‰†‰Ó¯Ï
¨ÌÈ¯Á‡Â†‰Ï‡Î†‰„˘†È‚¯„Ó†ÔÈÈÙÂ‡Ó˘†Í¯Âˆ†Ù¢Ú†¨¯‰Ó†¨ÌÈ¯ˆÂ˙†‡È·‰Ï†‰ÂÂÎ‰†¨‰¯˜È˘†‰Ó†‰Ê˘

ÆÌÈ·Â˘Á†ÌÈ¯·„†‰Ï‡
Ï˘†ÔÂÂ‚Ó†ÌÚ†ÌÈÈË˜Ë†ÌÈÈÈÂÂÏ†Ï˘†˙ÈÎÂ˙†‰˘È†·¢‰¯‡·†¨ÌÈÈË˜Ë†ÌÈÈÈÂÂÏ†ÏÚ†ÌÈ¯·„Ó†Ì‡
˙‡†ÂÚˆÈ·Â†ÏÏÁÏ†Â¯‚Â˘†¯·Î†‰Ï‡‰†ÌÈÈÈÂÂÏ‰Ó†˜ÏÁ†Æ˙¯Â˘˜˙Â†SAR†¨˙ÂÓÏˆÓÓ†ÏÁ‰†¨ÌÈ„ÚËÓ
ß¯Ò˜Ëß†ÂÓÎ†ÔÈÈÂÂÏ·†¨‰¯‰ˆ‰·†˙ÂÁÙÏ†¨‰‡Â¯†ËÏÁ‰·†·¢‰¯‡†ÆÔÂˆ¯†˙ÚÈ·˘Ó†‰¯Âˆ·†Ì‰Ï˘†˙ÂÏÈÚÙ‰
˙ÈÁ·Ó˘†ÔÈÈÂÂÏÏ†‰Ó‚Â„†ÂÊ†Æ˙È‡˜È¯Ó‡†˙ÈË˜Ë†˙ÂÈÈÂÂÏ†Ï˘†ÂÏÏ‰†˙Â˘È¯„‰†ÏÚ†˙ÂÚÏ†ÏÂÎÈ˘†ÔÈÈÂÂÏ

ÆÔÈÈÂÂÏ†Â¯˜ÈÓ†‡ÏÂ†ÔÈÈÂÂÏ†ÈÈÓÎ†Â˙Â‡†ÌÈ¯È„‚Ó†ÂÁ‡†ßÂÎÂ†ÌÈ¯ÈÁÓ†¨ÌÈÏ˜˘Ó†¨Ï„Â‚‰
ÆÌÈ·Â˘Á†ÌÈ¯·„†‰Ï‡†¨ÌÈÈÈÂÂÏ‰†Ï˘†˙ÂÏ‚˙Ò‰†˙ÏÂÎÈ†¨‰˘È¯„†Ù¢Ú†¯Â‚È˘†¨·Â˘Á†¯·„†‡È‰†˙ÂÈÓÊ
‰Ó†¨‰È‚ÂÏ‡·†¯Ó‡†Æ˙Ó‡†ÔÓÊ·†ÔÈÚÈ„ÂÓÂ†˘‡†ÈÏ‚ÚÓ†Ï˘†‰¯È‰Ó†‰¯È‚Ò†Ï˘†‡˘Â‰†‡Â‰†ÈÊÎ¯Ó†¯·„
¨ÔÈÈÚ†¯ÂÊ‡†ÏÚ†ÈÂÒÈÎ†Ï˘†˙ÂÙÈˆ¯†˜ÈÊÁ‰Ï†¨ÌÈ˘ÈÂ‡Ó†È˙Ï·†ÒÈË†ÈÏÎ†ÌÚ†˙Â˘ÚÏ†ÌÈÏÂÎÈ†ÂÁ‡˘

ÆÌÈÏ‚ÂÒÓ†‡Ï†ÔÈÈ„Ú†ÂÁ‡†ÏÏÁ‰†ÌÂÁ˙·
Ì˘È†ÚÂ„Ó†ÔÈ·Ó†ÈÈ‡†¨˙È˘È‡†Æ˙Â·ÈË¯ËÏ‡†„Â‡Ó†‰·¯‰†˘È†‰˘È¯„†ÈÙ†ÏÚ†¯Â‚È˘†ÏÚ†¯·Â„Ó˘Î
Â‰Ê†¨ÌÏÂÚ·†„Á‡†È¯ÈÂÂ‡†¯‚˘Ó†˘È†ÌÂÈ‰Ï†ÔÂÎ†ÆÈ¯ÈÂÂ‡†¯Â‚È˘†Ï˘†‰ÒÈÙ˙‰†ÏÚ†˜¯†ÌÈÏÂÚ˘†ÌÈ˘‡
˙ÓÂÚÏ†ÔÈÈÂÂÏ†Ï˘†„ÚËÓ†Ï˜˘Ó†ÔÈ·†ÒÁÈ‰˘†¯ÂÎÊÏ†ÌÈÎÈ¯ˆ†„ÈÓ˙†ÆÈ·ÈÒÂÙÒ¯†‡ÏÂ†¯˜È†¨ßÒÂÒ‚Ùß
ÍÈ¯ˆ†‰È‰È†ÔÈÈÂÂÏ‰†Ì‚†ÔË˜†¯˙ÂÈ†‰È‰È†¯‚˘Ó‰˘†ÏÎÎÂ†È˙ÈÈÚ·†ÒÁÈ†‡Â‰†¨¯‚˘Ó†Ï˘†‰‡¯Ó‰·†Ï˜˘Ó‰



Æ¯˙ÂÈ†ÔË˜†˙ÂÈ‰Ï
Ï˘†˙Â¯È‰Ó·Â†‰·Â‚·†˙ÓÈÂÒÓ†˙ÂÈË‚¯‡†˘È†¨ÔÂÎ†È¯Ó‚Ï†‡Ï†‰Ê†¨·Ï˘†ÍÒÂÁ†‰Ê˘†ÌÈ¯ÓÂ‡˘†Ì˘È
¨ÈÚ˜¯˜†¯‚˘ÓÓ†‡˜ÂÂ„†‡Â‰†ÌÈ·ÈÒÂÙÒ¯†ÌÈ¯Â‚È˘Ï†ÔÂ¯˙ÈÙ‰˘†˙ÂÈ‰Ï†„Â‡Ó†ÏÂÎÈ†Ï·‡†¨ÌÈÒÂËÓ

ÆÈÙÈ†˘„Á†¯‚˘Ó†Ï˘†‰ÒÈÙ˙†¨ßÔÂ˜ÏÙß‰†Ï˘ÓÏ†¨¯˘Ù‡‰†ÏÎÎ†ÈËÓÂËÂ‡
¯ÙÒÓÏ†‰ÂÂÎ‰†¨¯ÊÂ·Ó†ÔÈÈÂÂÏ†Â‡†ÏˆÂÙÓ†ÔÈÈÂÂÏ†‡Â‰†·È‚Ó†ÏÏÁ†ÌÂÁ˙·†ÌÈÈÈÚÓ‰†ÌÈ‡˘Â‰†„Á‡
ÏÏÂÎ˘†ÌÈÈÈÂÂÏ†¯·ˆ†˙¯‚ÒÓ·†‡Ï†¨˙„¯Ù†‰ÓÈ˘Ó†„Á‡†ÏÎÏÂ†ÏÏÁ·†¯ÂÊ‡†Â˙Â‡·†Â‡ˆÓÈ˘†ÌÈÏÂÏÎÓ
ÌÈËÂ¯ÈÈÏ†¨ÌÈ˘Â·È˘Ï†˙ÂÈÒÁ†Ï˘†ÌÂÁ˙·†¨ÌÈÈÈÚÓ†˙ÂÂ¯˙È†ÏÚ·†‰Ê‰†ÔÂÈÚ¯‰†Æ˙ÂÓÈ˘Ó‰†ÏÎ†˙‡
„Á‡†ÌÚÙ†È„Ó†ÛÈÏÁ‰Ï†˙Â¯˘Ù‡†Ô·ÂÓÎÂ† ¨ÌÈÈÈÂÂÏ†ÏÚ†˘‚¯˙‰Ï†˙ÂÏÂÎÈ˘†˙Â¯ˆ†¯‡˘ÏÂ†ÏÏÁ·

Æ„ÂÚÂ†‰˘„Á†‰ÓÏˆÓ†ÛÈÏÁ‰Ï†Â‡†ÔÈ˜˙‰Ï†¨Ï˘ÓÏ†Æ˙ÂÏÂÎÈ†ÌÈˆÚ‰ÏÂ†ÌÈÏÂÏÎÓ‰
‰ÈÈ˘Ú˙‰†Ï˘†¯ˆÂÓ·†Ì‚„ÂÓ†˙‡Ê†˙Â‡¯Ï†¯˘Ù‡†¨ÏÚÙ‰Â†¯·Á†¨Plug and Play†Ï˘†‰ÒÈÙ˙†È‰ÂÊ
Â˙Â‡Â†¨Ó¢ÎÓ†ÔÈÈÂÂÏ†˙ÂÈ‰Ï†ÍÙÂ‰†ÔÈÈÂÂÏ‰†Í¯Âˆ‰†˙Ú·†ÆÌÈÈÈÂÂÏÏ†È¯‚†·Î¯Ó†‰Á˙ÈÙ˘†˙È¯ÈÂÂ‡‰

ÆÌÂÏÈˆ†ÔÈÈÂÂÏ†˙ÂÈ‰Ï†ÏÎÂÈ†·Î¯Ó
ÏÂÏÒÓ·†˙ÂÎÁÏ†¯˘Ù‡†¨¢ÏÏÁ·†˙ÂÎÁÏ†‡Ï‡†Ô‡Î†˙ÂÎÁÏ†‡Ï¢†ÏÚ†˙¯·„Ó†˙¯Á‡†˙ÈÈÚÓ†‰ÒÈÙ˙
ÍÈ¯ˆ˘†„Ú†¨ÌÈÈ˙ÓÓ†ÌÈÈ˙È·˘†ÌÈË˜†ÌÈÈÈÂÂÏ†¯ÙÒÓ†¯‚˘Ï†¯˘Ù‡†ÆÍÈ¯ˆ˘Î†ÍÂÓ†¯˙ÂÈ†˙„¯Ï†¨‰Â·‚
˙ÂÈÂ¯˘Ù‡†‰ÁÈË·Ó†Ï·‡†˙ÂÈÚ·†„Â‡Ó†‰·¯‰†ÔÈÈ„Ú†‰Ï†˘È˘†‰ÒÈÙ˙†¨ÌÈÈÈÂÂÏ†˙‡˘Â†ÏÚ†¨Ì˙Â‡

Æ˙ÂÈÈÚÓ
ÔÂ¯˙Ù†Ï˘†˙„ÂÎÏÓÏ†ÏÂÙÈÏ†‡ÏÂ†ÌÈˆÂ¯†˙Ó‡·†‰Ó†˙Â‡¯ÏÂ†ÔÈÈÚ‰†ÏÚ†·Â˘ÁÏ†ÍÈ¯ˆ†¨‰ËÂ˘Ù†‰˜ÒÓ‰
˙ÂÚÏ†¯˘Ù‡˘†˙ÂÙÒÂ†˙ÂÈ„ÓÏ†Ì‚Â†Ï‡¯˘È†˙È„ÓÏ†¨ÌÈÈ˙ÈÓ‡†ÌÈÎ¯ˆ†ÂÏ†˘È†Æ‰ÈÚ·†ÂÓˆÚÏ†˘ÙÁÓ˘

Æ·È‚Ó†ÏÏÁ†Ï˘†¯˘˜‰·†Ì‰ÈÏÚ



Ô·Ï†ÏÂÁÎ†Responsive Space
Ë¢·‰˘Ó†¨ÏÏÁ‰†˙Ï‰ÈÓ†¨„ÈÙÏ†¯ÙÂÚ†Ï¢‡Ò

¨Ú·Ë†˙ÂÚÙÂ˙†ÏÚ†Ú„ÈÓ†ÏÏÁ‰Ó†Ï·˜Ï†¯˘Ù‡†¨‰Ó‚Â„Ï†ÆÈ˙·Â‚˙†ÏÏÁ†‡Â‰†‰Ó†¯È·Ò‡†È¯·„†Á˙Ù·
˙‡ÈˆÓÏ†¨‰Ïˆ‰Ï†˙Â‚¯‡˙‰ÏÂ†˜Ê‰†˙Î¯Ú‰Ï†˘Ó˙˘‰Ï†‰Ê‰†Ú„ÈÓ·Â†¨„ÂÚÂ†¯ÈÂÂ‡†‚ÊÓ†¨Ú·Ë†˙ÂÂÒ‡
˙ÂÏÂÙÓ†Ï˘†‰ÈÈÚ·†‰˙ÈÈ‰†Ì˘†¨ÈËÈ‡‰·†‰Â¯Á‡Ï†˙‡Ê†ÂÈ‡¯†ÆÌÈ¯Á‡†ÌÈÂ˘†ÌÈÎ¯ˆÏÂ†¨‰˘È‚†ÈÎ¯„

Æ‰ÈÊÂ„È‡·†ÈÓ‡Âˆ‰†ÔÂÒ‡·†Â‡†¨ÂÓÏÚ˘†ÌÈ˘È·ÎÂ
‰ÏÂÚ†˙Â˜„†ÍÂ˙˘†¯Ù‡‰†‡Ï‡†¨‰·Ï‰†˙ËÈÏÙ†‡˜ÂÂ„†Â‡Ï†¨˘Ú‚‰†È¯‰†Ì‰†‰¯˙Ù†‡Ï†ÔÈÈ„Ú˘†‰ÈÈÚ·
·È‚‰Ï†¯˘Ù‡Ó†È˙·Â‚˙†ÏÏÁ† ÆÌ˙Â·ÎÏÂ†ÌÈÚÂÓ·†ÚÂ‚ÙÏ†ÏÂÏÚÂ†ÌÈÚÒÂ† ÈÒÂËÓ†˘Ó˘Ó‰†‰·Â‚Ï
ÈÒÂËÓ†ÈÙ·†ÚÈ¯˙‰ÏÂ†¯Ù‡†ÔÚ†ËÏÙ˘†˙Â‡¯Ï†¨·È‚‰Ï†˙Â˜„†5†Í¯Ú·†˘È†Æ˙Â¯Â˜˘†˙ÂÈÂ˘Á¯˙‰Ï
ÏÏÁ·†ÈÒ‡Ï˜‰†˘ÂÓÈ˘‰†Æ¯Ù‡‰†˙‡†ÌÈ‡Â¯†‡Ï†ÈÎ†‰ÏÈÏ·†‰Ï·‚Ó†˙ÓÈÈ˜†¨¯ÂÊÈ‡Ï†ÂÒÎÈ†‡Ï˘†ÌÈÚÒÂ
ÈÏÎ†˙ÙÈËÁ†Ï˘†‰¯˜Ó·†¨Ï˘ÓÏ†Æ‡ˆÓ†‡Â‰†‰ÙÈ‡Â†‰˘ÂÚ†‡Â‰†‰Ó†¨·ÈÂ‡‰†‰ÙÈ‡†˘ÙÁÏ†¨ÈË˜Ë†‡Â‰

ÆÏÏÁ‰Ó†‡Ï‡†ÏÂ„‚‰†ÌÈ‰†ÏÚ†ÔÂ·˙‰Ï†˙¯Á‡†Í¯„†ÔÈ‡Â†ËÚÓÎ†¨ÏÂ„‚‰†ÌÈ·†ËÈ˘
˙‡†ÌÈ˘ÙÁÓ†ÆÏÏÁ‰Ó†ÌÈÚˆÓ‡†˙ÂÚˆÓ‡·†ÔÓÊ·†·È‚‰Ï†¨˙Â‰ÊÏ†¨˙ÂÏ‚Ï†˘Ó˘Ó†¨ÈË˜Ë≠È˙·Â‚˙†ÏÏÁ
¨‰ÓÈ„˜Ó†‰ÏÂÚÙ†ÈÏÂ‡†¨˜Ê†˙ÚÈÓÏ†˙Â¯˘Ù‡†¨‰Ú¯˙‰‰†˙¯ÈˆÈ†¨ÈÂ‰ÈÊ†¨ÈÂÏÈ‚†¨˙ÈÙˆ˙†Ï˘†ÌÈ·Ï˘‰†ÏÎ
ÔÙÂ‡·†˙˘Ó˘Ó†ÏÏÁ‰Ó†˙ÈÙˆ˙†ÆÌÂ˜È˘Â†‰Ïˆ‰†¨ÛÂÒ·ÏÂ†ÆÚÓ†˙ÏÂÚÙ†È¢Ú†˜Ê‰†¯ÂÚÊÓÏ†˙Â¯˘Ù‡Â
ÌÈÒÓ†ÏÂÏÎÓ‰ÓÂ†˙Á‡Ï†˙Á‡†˙ÂÂÓ˙‰†˙‡†ÌÈÙÒÂ‡†¨ÌÈÂ·˙Ó†ÂÁ‡†¨È‚Ë¯ËÒ‡†ÛÂÒÈ‡Ï†È˙¯ÂÒÓ
Ô‡Î†Ï˘†‡È‰†‰ÈÚ·‰†ÈË˜Ë†ÛÂÒÈ‡†ÌÈ˘ÂÚ˘Î†Æ˜ÂÁ¯Ó†ÌÈÂ·˙Ó†ÂÁ‡˘†˙Â¯ÓÏ†ÌÎÁ†Â‰˘Ó†„È‚‰Ï
ÏÚ†ÂÏÈÙ‡†ÈÏÂ‡†¨ÚÂˆÈ·†ÏÚ†‰ËÏÁ‰†Æ‰ÏÏÙ‰†¨‰ËÏÁ‰†¯ˆÈÈÏ†‰ÎÈ¯ˆ†ÌÈÓÚÙÏ†˙Á‡†‰ÂÓ˙†¨ÂÈ˘ÎÚÂ

Æ˜˘†˙ÏÚÙ‰
ÛÂÒÈ‡†˙Â¯˘Ù‡Ï†„Â‚È·†ÆÔÂ·˙‰ÏÂ†ÌÂ˜Ó·†¯ÂˆÚÏ†Ô˙È†‡Ï†¨˙Î·ÂÒÓ†‰ÓÈ˘Ó†‡È‰†ÏÏÁ‰Ó†˙ÈÙˆ˙
Ì‰˘†ÔÓÊ·†ÌÈÓÏˆÓ†¨ÌÏÂÏÒÓ·†ÌÈ‚Á†ÌÈÈÈÂÂÏ‰†ÆÔÈÂÂÏÓ†ÛÈˆ¯†Ú„ÈÓ†ÛÂÒ‡Ï†„‡Ó†‰˘˜†¨Ë¢ÏÓÓ†ÛÈˆ¯
ÔÓÊ·†ÛÂÒÈ‡·†˜ÂÒÚ†ÔÎÏÂ†¨‰¯ÂÁ‡†¯ÂÊÁÏ†ÌÈÏÂÎÈ†‡Ï†Ì‰†ÚÈ˙ÙÓ†ÔÙÂ‡·†¨‰¯ËÓ‰†¯ÂÊ‡†ÏÚÓ†ÌÈ¯·ÂÚ
¨ÌÈ·¯†ÌÈ·‡˘Ó†˘¯Â„†‰Ê†ÈÎ†ÚÈ‚Ó†ÔÈÈÂÂÏ‰†Â·˘†ÔÓÊ·†ÌÈËÏÂ˘†ÂÈ‡†Æ‰˘˜†˜ÈÙÒÓ†‰Ê†Ì‚†¨ÈËÂÂÏ¯
ËÚÓÎ†‚È˘‰Ï†¯˘Ù‡†ÏÏÎÂ˘Ó†„Â‡Ó†ÔÈÈÂÂÏ‰†Ì‡†¨Í„È‡Ó†ÆÔÈÈÂÂÏ‰†ÔÓÊ†ÈÙÏ†ÛÂÒÈ‡‰†˙‡†ÌÈÎ˙Ó†ÔÎÏ
¨¯·ÚÓ‰†ÔÓÊ·†¨‰ÈÈ˘‰†¯Á‡†˙Á‡†˙ÂÂÓ˙†„Â‡Ó†‰·¯‰†ÛÂÒ‡Ï†Ï‚ÂÒÓ†˘È„Á†È‡˜È¯Ó‡†ÔÈÈÂÂÏ†ÆÛˆ¯

Æ˙Â·Â¯˜‰†˙ÂÚ˘‰†¥∏≠·†Ì˘Ï†¯ÂÊÁÈ†‡Ï†‡Â‰†≠†Ì˘†‡Ï†¯·Î†‡Â‰˘†Ú‚¯·†Ï·‡
¯ÓÂ‡†‰ÊÂ†Í¯ÚÏ†ÌÈÈÓÂÈÏ†˙Á‡†˜¯†ÔÂ˙†„ÚÈ†ÏÚÓ†¯Â·ÚÈ†ÈÏ˜ÈÊÈÙ†ÏÂÏÒÓÏ†¯Â˘˜†Â˙ÂÈ‰†Ï˘·†¨ÔÈÈÂÂÏ‰
‰Ó†ÏÎ†‡Â‰†È‚Ë¯ËÒ‡‰†ÛÂÒÈ‡‰†¨ÌÈ˙ÈÚÏ†Ï·‡†¨„„Â·†ÔÈÈÂÂÏÏ†ÌÈ‡˙Ó†˜ÂÈ„·†‡Ï†ÈË˜Ë†ÛÂÒÈ‡˘

ÆÌÈÎÈ¯ˆ†ÂÁ‡˘
˙ÂÏ‡˘‰†˙Ï‡˘Â†¨ÔËÒÈ˜Ù·†„È˙Ú·†¨Ô‡¯È‡·†¨‰ÈÏÓÂÒ·†¨Ô„Ú†ı¯ÙÓ·†øÔÈÚÈ„ÂÓ†ÛÂÒÈ‡Ï†ÌÈ„ÚÈ‰†Ì‰Ó

ÆÌÈÚ‚ÙÏ†ÚÂÈÒÂ†Ú·Ë†ÈÚ‚Ù†˘È˘Î†Ô·ÂÓÎÂ†ø‡·Á˙Ó†Ô„‡Ï≠ÔÈ·†‰ÙÈ‡†≠
Ê‡Â†ÌÂÈ·†˜¯†ÌÈÓÏˆÓ†ÂÁ‡˘†·ÈÂ‡‰†˙‡†ÌÈÏÈ‚¯Ó†ÂÁ‡†Ì‡‰†ø‰ÏÈÏ·†˙Â‡¯Ï†ÌÈˆÂ¯†ÂÁ‡†Ì‡‰
ÂÁ‡†Ì‡‰†ø¯ÈÂÂ‡†‚ÊÓ†ÏÎ·†¨·ˆÓ†ÏÎ·†˙Â‡¯Ï†ÌÈÏÂÎÈ†ÂÁ‡˘†Â‡†¨‰ÏÈÏ·†˜¯†ÏÂÚÙÏ†Ï‚¯˙È†‡Â‰
˜¯†‡Ï†øÚ˜¯˜≠˙˙†˙ÂÏÂÎÈ†Ô‰Ó†øÌÈÁÂ˙Ù†ÌÈÁË˘†ÌÈ˘ÙÁÓ†ÂÁ‡˘†Â‡†ÌÈÈ·¯Â‡†˙ÂÂ¯˙Ù†ÌÈ˘ÙÁÓ
Æ‰Ó„‡·†˙ÂÈÁÏ†ÏÈÁ˙Ó†‡Â‰†˙ÈÙˆ˙†˘È˘†Ú„ÂÈ†·ÈÂ‡‰˘†Ú‚¯·†¨ÌË‡ÈÈÂ†ÈÓÈÓ†„ÂÚ†¨ÂÏ˘†·ÈÂ‡‰†Ïˆ‡

ø¯Â¯Ë†¨˙ÂÁ¯·‰†øÏÂ„‚‰†ÌÈ‰†ÌÚ†‰ÓÂ
ÏÂ„‚†ÔÈÈÂÂÏ‰†‰‰Â·‚†‰ÈˆÂÏÂÊ¯‰˘†ÏÎÎ†ø˙˘¯„†‰ÈˆÂÏÂÊ¯†ÂÊÈ‡†¨‰ÏÏÙ‰†Úˆ·Ï†ÌÈÏ‚ÂÒÓ†˙ÂÈ‰Ï†È„Î

ÆÈÏ‡ÂÊÈÂ†ÔÈÚÈ„ÂÓ†ÌÈÎÈ¯ˆ†ËÈÏÁ‰ÏÂ†ÏÈÏÙ‰Ï†È„ÎÂ†‰¯È¯·†ÔÈ‡†ÌÈÓÚÙÏÂ†¯˙ÂÈ†¯˜È†¨¯˙ÂÈ†„·ÎÂ



‡Â‰†Ì„Â˜†È˙ÈÓ˘†ÌÈ¯ËÓ¯Ù‰Ó†„Á‡†ÏÎÂ†ÌÈÁ·†‡·†‡Ï†¯·„†ÌÂ˘†¨ÛÒÎ†‡È‰†˙ÈÊÎ¯Ó‰†‰ÈÈÚ·‰
˜ÈÙÒÓ†¯ËÓ†Ï˘†‰ÈˆÂÏÂÊ¯†Ì‡‰†Æ˜Ù˙Ò‰Ï†‰Ó·†‡È‰†‰Ï‡˘‰†ÆÔË˜†‡Ï†ÈÙÒÎ†Ï˜˘Ó†ÏÚ·†¯ËÓ¯Ù

ø·ÂË†˜ÈÙÒÓ†¨ÌÂÈ·†ÌÚÙ†¯·ÂÚ˘†ÔÈÈÂÂÏ†Ì‡‰†ø‰·ÂË
ÔÂÁËÈ·‰†„¯˘Ó†Ï˘†˙ÂÈÈÂÂÏ‰†˙‡†ÌÈÏÈÚÙÓ˘†ÔÂÈˆÏ†ÌÈÈÂ‡¯†ÌÈ‡ÏÙ†ÌÈÏÈÈÁ†È„È†ÏÚ†‰˘Ú†‰Ê†ÏÎ

Æ‰È„Ó‰†ÈÎ¯ÂˆÏ†ÌÈÈËÒËÙ†˙ÂÂ¯˙Ù†ÌÈ˙ÂÂ†‰˘˜†ÌÈ„·ÂÚ†¨Ï¢‰ˆ†Ï˘Â
ÌÈÈ¯ÁÒÓ†ÌÈÈÈÂÂÏ·†Ï·Â˜Ó‰†ÏÂÏÒÓ‰†ÆÏÏÁ·†ÏÂÏÒÓÏ†ÌÈÈÈÂÂÏ‰†˙‡†¯‚˘Ï†˙ÂÏ·Â˜Ó†ÌÈÎ¯„†È˙˘†˘È
¯˘Ù‡Ó†¨ı¯‡‰†¯Â„Î†ÏÎ†˙‡†‰ÒÎÓ†‡Â‰˘†≠†ÂÏ˘†˙ÂÂ¯˙È‰†Æ˘Ó˘Ï†Ô¯ÎÂÒÓ†¨·ËÂ˜Ï†·ËÂ˜Ó†¯·ÂÚ
‰Ú˘·†¨ı¯‡‰†¯Â„Î†ÈÙ†ÏÚ†‰¯ËÓ†ÏÎ†ÏÚÓ†ÌÈÈÓÂÈ≠ÌÂÈ†ÏÎ†¯·ÂÚ†Æı¯‡‰†¯Â„Î†·È·Ò†˙ÂÂÓ˙†¯ÂÎÓÏ
˙ÂÂ¯ÒÁ‰†ÆÌÈÙÈ†ÌÈÓÂÏÈˆ†ÛÂÒ‡Ï†¯˘Ù‡Ó˘†‰Ó†¨˙ÈÂÂÊ†‰˙Â‡·†¯˙ÂÈ†Â‡†˙ÂÁÙ†˘Ó˘‰†¯˘‡Î†¨‰ÚÂ·˜

ÆÍ˘Ó‰·†ÂË¯ÂÙÈ
ÔÈÈÂÂÏ‰†˙‡†¯‚˘Ï†‡È‰†ÌÈ‡˜È¯Ó‡†ÌÈÈÈÂÂÏÂ†ÌÈÏ‡¯˘È†ÌÈÈÈÂÂÏ†ÌÈ˘Ó˙˘Ó†‰·†≠†˙¯Á‡‰†Í¯„‰
¨˙ÂÁÙ†ÛÒÂ‡†‡Â‰˘†ÔÂÂÈÎÓ†Ï·‡†ÌÈÓÈÂÒÓ†·ÁÂ¯†ÈÂÂ˜†ÔÈ·†˜¯†ÛÒÂ‡†‰ËÂ‰†ÏÂÏÒÓ‰†¨‰ËÂ†ÏÂÏÒÓÏ
˙Â‡¯Ï†ÌÈÏÂÎÈ†‡Ï†ÈÎ†˙ÂÈÚ·†˘È†‰Ê‰†ÛÂÒÈ‡Ï†ÆÌÈ¯Â˜È·†¯˙ÂÈ†˘È†≠†ÁË˘†˙ÂÁÙ†‰ÒÎÓ†‡Â‰†ÔÓÊ†Â˙Â‡·
‡Â‰†¨ÈÈÏÚ†Û„ÚÂÓ‰†ÔÂ¯˙Ù‰ ÆÏÏÎ†ÌÈ‡Â¯†‡Ï†Ì‰·˘†˘„ÂÁ·†ÌÈÓÈ†¯ÙÒÓ†˘È†Æ‰¯ËÓ‰†˙‡†ÌÂÈ†ÏÎ·
ÆÌÈÈÈÂÂÏ†¯ÙÒÓ†Â˙Â‡Ó†¨ÔÈÈÚÓ‰†¯ÂÊ‡·†ÌÈ¯Â˜È·†ÌÈÈÏÙÎ†ÌÈÏ·˜Ó†Ì˘†‰ËÂ†ÏÂÏÒÓ·†ÌÈÈÈÂÂÏ
‡Â‰˘†‡„ÂÂ†ÍÈ‡†ÆÈË˜Ë†ÔÈÈÂÂÏ†‡Ï†‡Â‰†¨È˙·Â‚˙†ÔÈÈÂÂÏ†‡Ï†ÔÈÈ„Ú†‡Â‰†¨ÏÏÁ·†ÏÂÏÒÓÏ†ÔÈÈÂÂÏ†¯‚˘†Ì‡
˙ÂÂÓ˙‰†˙‡†Ï·˜˘†‡„ÂÂÏ†ÍÈ‡Â†øÔÓÊ·†Ô˙Â‡†Úˆ·Ó†‡Â‰˘†‡„ÂÂÏ†ÍÈ‡†øÂÏ˘†˙Â„Â˜Ù‰†˙‡†Ï·˜È

ø‰¯ÊÁ
˙Â„Â˜Ù‰†¨˙ÂÏÈÚÙ‰†¯ÂÊÈ‡·†˙‡ˆÓ˘†˙„ÈÈ†‰Á˙†È¢Ú†ÔÈÈÚ‰†¯ÂÊ‡†ÍÂ˙Ó†ÛÂÒÈ‡·†˜ÒÂÚ†ÈË˜Ë†ÏÂÚÙ˙

Æ„ÈÓ†˙ÂÂÓ˙‰†˙‡†¯ÈÊÁÓÂ†ÌÏˆÓ†‡Â‰†¨ÔÈÈÚ‰†¯ÂÊ‡Ï†·¯˜˙Ó‰†ÔÈÈÂÂÏÏ†˙ÂÏÂÚ
˙‡¯˜†˙‡Ê‰†‰¯Â˘·‰†Æ˙ÂÁÂ˜Ï†¯ÙÒÓ†˙¯˘Ó†„Á‡†ÔÈÈÂÂÏ†¨ÌÈ·‡˘Ó†Û˙˘Ï†ÌÈ‚‰Â†ÛÒÎ†ÍÂÒÁÏ†È„Î

ÆÌÈ„Á‡†ÌÈÎ¯ˆ†¯Â·Ú†ÛÂÒÈ‡†Úˆ·Ó˘†È¯ÁÒÓ†ÔÈÈÂÂÏ†Dual Use
ÌÈ˘¯Â„˘†ÌÈÓ¯Â‚ÏÂ†˙Â‡·ˆÏ†È·ÈË˜¯Ë‡†Â˙Â‡†ÍÂÙ‰Ï†˙Ó†ÏÚ†¨‚˘‚˘Ó†˜ÒÚ†Â‰Ê†˙Â·¯†˙ÂÏ˘ÓÓ†¯Â·Ú
ÌÂÈ‰†˙¯‚˘†ÏÚ†ÚÈÙ˘‰Ï†˙ÏÂÎÈ‰†¨Ï˘ÓÏ†ÂÓÎ†Æ¢˙ÂÈË˜Ë¢†˙ÂÏÂÎÈ†ÂÏ†ÌÈÙÈÒÂÓ†ÌÈÏÈÚÙÓ‰†¨ÈË˜Ë†ÏÏÁ
ÏÎÏ†„È¯Â‰Ï†¨ÔÂ¯ÎÈÊ·†ÂÏˆ‡†Ô˙Â‡†¯Â‚‡Ï†¨˙ÈÓÊ†Â·†˙ÂÁÂ˜Ï†¯ÙÒÓ†¯Â·Ú†˙ÂÂÓ˙†ÛÂÒ‡Ï†¨ÔÈÈÂÂÏ‰†Ï˘

Æ¯˙ÂÈ†Ï·˜˙†ÈÏÂ‡†¯˙ÂÈ†ÌÏ˘Ó†‰˙‡†Ì‡†≠†Û„Ú˙Ï†ÂÏÈÙ‡Â†˘˜È·†‡Â‰˘†‰Ó†˙‡†ÁÂ˜Ï
ÌÈÈ¯ÁÒÓ†ÌÈÏÂ˜È˘Ó†ÌÏÂ‡†¨‰¯È˘È†‰¯Âˆ·†ËÂÏ˜Ï†Û‡Â†‰¯È˘È†‰¯Âˆ·†„˜ÙÏ†Ô˙È†ÌÈÈÈÂÂÏ‰†˙È·¯Ó†ÏÚ
Â˙Â‡·†ÌÈÒË†ÌÈÈ¯ÁÒÓ‰†ÌÈÈÈÂÂÏ‰†ÏÎ†¨ÁË˘†ÈÂÒÈÎ†Ï˘†ÌÈÈ¯ÁÒÓ†ÌÈÏÂ˜È˘ÓÂ†‰ÂÓ˙†˙ÂÎÈ‡†Ï˘
ÏÂÚÙÏ†È˙Ó†Ú„È†ÈË‚ÈÏËÈ‡‰†·ÈÂ‡‰Â†¯ÂÊ‡·†˙ÂÚÂ·˜†˙ÂÚ˘·†ÌÈ¯·ÂÚ†¨·ËÂ˜Ï†·ËÂ˜Ó†È·ËÂ˜†ÏÂÏÒÓ
ÌÈÈ¯ÁÒÓ†ÌÈÈÈÂÂÏ†ÏÚ†˙ÂÎÓ˙Ò‰†ÍÂ˙†ÈË˜Ë†ÛÂÒÈ‡†‚È˘‰Ï†ÏÎÂ†‡Ï†ÍÎÈÙÏ†Æ‰Ó„‡·†‡·Á˙‰Ï†È˙ÓÂ

Æ‰Â˘‡¯‰†‰˜ÒÓ‰†ÂÊ†Æ„·Ï·
ÂÁ‡†ø‰˘·†ÌÈ˘„ÂÁ†¯ÙÒÓ†ÔÂÎÈ˙‰†Á¯ÊÓ‰†˙‡†ÌÈÒÎÓ‰†ÌÈÚ‰†ÌÚ†ÌÈ˘ÂÚ†‰Ó†¨‰ÈÈ˘‰†‰ÈÚ·‰
ÌÈÈÈÂÂÏ†ÌÈˆÂ¯†ÂÁ‡†¨ÂÏ˘†ÈÚˆ·Ó‰†ÔÂÈÙ‡‰†ÈÙ†ÏÚ†Æ‰ÏÈÏ·†Ì‚†ÈÏÂ‡Â†ÌÈÚ‰†Í¯„†˙Â‡¯Ï†ÌÈÎÈ¯ˆ
‡Â‰†¨ÌÈÚ‰†Í¯„†‰‡Â¯˘†˘„Á†ÔÈÈÂÂÏ†‡Â‰†ß¯Ò˜Ëß†Æ‰ÏÈÏ·Â†ÌÂÈ·†ÛÂÒÈ‡†∫ÔÂÂ‚Ó†ÌÈˆÂ¯Â†ÈÂË†ÏÂÏÒÓ·

Æ‰ÏÈÏ·†Ì‚†‰‡Â¯Â†‰˘˜†¯ÈÂÂ‡†‚ÊÓ†Í¯„†‰‡Â¯
ÚÈ‚‰Ï†˙Á‡†‰ÂÓ˙Ó†ÌÈˆÂ¯Â†ÌÈÏÎ˙ÒÓ†ÂÁ‡˘†Ú„ÂÈ†·ÈÂ‡‰†¨˙ÂÈÚË‰Â†ÌÈ‡Ó„†Ï˘†‰ÈÚ·†‰˘È
˙Â‡Â‰†ÌÚ†„„ÂÓ˙‰Ï†ÌÈÎÈ¯ˆ†ÂÁ‡†ÆÂÏ†ÚÈ¯Ù‰Ï†È„Î†ÏÎ‰†‰˘ÚÈÂ†¨‰ÏÏÙ‰Ï†¨˙Î˙ÂÁ†‰˜ÒÓÏ

Æ˜ÈÙÒÓ†‡Ï†Ó¢ÎÓ†ÔÈÈÂÂÏ†ÌÈ˙ÈÚÏ†¨¯ÊÂÚ†Ó¢ÎÓ†ÔÈÈÂÂÏ†ÌÈ˙ÈÚÏ†ÆËÂ˘Ù†‡Ï†‰ÊÂ†˙ÂÈÚË‰Â
ÌÈÏÈÎÓ†Ì‰†ÆÈ˙¯„ÈÒ†¯ÂˆÈÈ·†È‡„ÂÂ·†¨ÌÈÏÂÊÂ†ÌÈË˜†ÌÈÈÈÂÂÏ†‰Ï‡†ÆÌÈÈÈÂÂÏ†Â¯˜ÈÓ†≠†‰¯Â˘·‰†



·¯˜˙‰Ï†È„Î†Æ‰¯ËÓ‰†Ï‡†·¯˜˙‰Ï†ÍÈ¯ˆ†ÔÈÚÈ„ÂÓ†Ï˘†‰Ó¯†‰˙Â‡Ï†ÚÈ‚‰ÏÂ†ÌÏˆÏ†È„ÎÂ†‰Ë˜†‰ÓÏˆÓ
Æ¯ˆ˜˙Ó†ÌÈÈÁ‰†Á¯Â‡†¨¯¯‚‰†‰ÏÂÚ†Ê‡Â†¨¯˙ÂÈ†ÍÂÓ†ÌÈÒË

¨ÍÎÏ†ÌÈÂÂ˜Ó†ÂÁ‡†¨¯˙ÂÈ†ÏÂÊ†‡Â‰†„Á‡†„ˆÓ†ÆÔÓÊ†˙ÂÁÙ†‰ÈÁÈÂ†˜Ï„†˙ÂÁÙ†˙‡˘Ï†ÏÂÎÈ†ÔË˜†ÔÈÈÂÂÏ
ÌÈ˙ÈÚÏ†¯ÂÊÁÈ†‡Â‰†ÍÂÓ†ÒË†‡Â‰˘†ÔÂÂÎÓÂ†ÔÓÊ†˙ÂÁÙ†‰ÈÁÈ†‡Â‰˘†ÂÏ†¯Â¯·†È˘†„ˆÓ†ÆÂÁÎÂ‰†‡Ï†„ÂÚ

ÆÌ‰Ó†ÌÈ·¯†Í¯Ëˆ˘†¯ÓÂ‡†‰Ê†¨‰¯ËÓ‰†‰˙Â‡†Ï‡†¯˙ÂÈ†˙Â˜ÂÁ¯
ÂÊÂ†‰·Â˘˙†ÈÏ†ÔÈ‡†Æ¯ÈÁÓ≠ÈÈÓ·†ÔÈÈÂÂÏ≠ÈÈÓ†ÂÙÈÏÁÈ†¯ÈÁÓ≠Â¯˜ÈÓ·†ÌÈÈÈÂÂÏ≠Â¯˜ÈÓ†‰ÓÎ†≠†‰Ï‡˘‰

Æ˜ÈÓÚÓ†ÔÂÈ„Ï†‰ÈÂ‡¯˘†‰Ï‡˘
Ì‡†ÂÏÂÎ†Í¯ÚÓ‰†˙‡†ÏÈÊÂ‰Ï†Ô˙È†≠†‰ÚË‰†Æ‰˘È¯„†ÈÙ†ÏÚ†¯Â‚È˘†Æ˘ÂÓÈÓ†ÈË·È‰†≠†‰ÈÈ˘‰†‰Ï‡˘‰
‰ÓÎÂ†ÍÈ¯ˆ˘†È˙Ó†¯‚˘†Í¯Âˆ‰†¯ˆÂÂÈ˘Î†˜¯Â†ÔÒÁÓ·†Â·˘È†ÌÈÈÈÂÂÏ‰†¨¯ÓÂÏÎ†ÆÂ˙Â‡†¯‚˘†‡Ï†ËÂ˘Ù
˙Ú„Ï†Ô˙È†‡ÏÂ†˙Â„Á‡†‰ÓÈÁÏ†˙Â¯ÈÊ·†˙ÏÚÂÙ†·¢‰¯‡†ÈÎ†øÚÂ„Ó†¨ÈÂÈ‚‰†„Â‡Ó†‰Ê†·¢‰¯‡·†ÆÍÈ¯ˆ˘
ÌÈ·‡˘Ó†ÌÈ˘¯„†¨ÏÂÏÒÓ‰†˙‡†˙Â˘Ï†È˘Â˜†˘È†Æ‰„Â˜Ù‰†ÚÈ‚˙†ÔÎÈ‰Ó†¨‰‡·‰†‰¯ˆ‰†ıÂˆ˙†ÔÎÈ‰†˘‡¯Ó

ÆÌÈ·¯
Â‡†¨ÈÓÈ†¯Â‚È˘†¨ÈÚ˜¯˜†¯Â‚È˘†ÛÈ„Ú†Ì‡‰†≠†˘„Á†ÁÂÎÈÂ†Á˙Ù†¨‰˘È¯„†ÈÙ†ÏÚ†¯Â‚È˘†ÏÚ†¯·Â„Ó†Ì‡
ÌÈ˘·†Ì‰ÈÏ‡†ÂÚÏ˜˘†˙ÂÈ˙ÓÁÏÓ‰†˙ÂÏÂÚÙ‰†ÏÎ†¨¯ÂÎÊ†ø‰˘È¯„†ÈÙ†ÏÚ†ÌÈ¯‚˘Ó†È˙Ó†øÈ¯ÈÂÂ‡†¯Â‚È˘

Æ‰Ú˙Ù‰·†ÂÈÏÚ†Â˙Á†Ô‰†¨Ô˙Â‡†Â˘˜È·†‡Ï†¨Ô˙Â‡†ÂÓÊÈ†ÂÁ‡†‡Ï†¨˙ÂÂ¯Á‡‰
˙ÂÁÏ†˙ÂÏÈÁ˙Ó˘†Ú‚¯·†Â‡†ÔÂ·Ï‰†¯„‚·†ÌÈÙËÂÁ‰†È¯Á‡†ÛÂ„¯Ï†ÌÈÏÈÁ˙Ó†ÂÁ‡†Â·˘†Ú‚¯·†Ì‡‰
‡Ï†Ì‚†È‡†Ï·‡†ÁÂË·†‡Ï†È‡†˙È˘È‡†øÌÈÈÈÂÂÏ†¯‚˘Ï†ÏÈÁ˙‰Ï†ÔÓÊ‰†‰Ê†¨ÂÏ˘†Û¯ÂÚ‰†ÏÚ†˙ÂË˜¯

ÆËÈÏÁÓ
Í¯ÚÓ†ÏÚ†ÌÈÓÏ˘ÓÂ†Â˙Â‡†ÌÈÂ·†ÂÁ‡†Ì‡‰†øÈÚ˜¯˜‰†Í¯ÚÓ‰†ÌÚ†‰Ó†¨‡È‰†‰˘˜†ÈÎ‰†‰Ï‡˘‰
¨ÂÓÓ†‰‰†Â‡Â·†¨Â˙Â‡†ÂÈ·†¯·Î†Ì‡†Ï·‡†Æ¯˜È†Í¯ÚÓ†Â‰Ê†øÌÈÈÈÂÂÏ‰†ÌÂÓÈÒ˜ÓÏ†ÈÂ·˘†ÈÚ˜¯˜

Æ‰¯‚˘·†Ì‚†ÔÈÚÈ„ÂÓ†Â˜ÙÒÈ†Ì‰Â†ÏÂÏÒÓ·†ÌÈÈÈÂÂÏ‰†˙‡†·Èˆ†Â‡Â·
Æ‰·†ÈÂÏ˙†ÔÓÊÂ†·¯†ÛÒÎ˘†‰Ï‡˘†ÂÊ†¨¯Á‡†¯˜ÁÓ†ÔÂÎÓ†ÏÎÏ†Â‡†¯˘ÈÙ†ÔÂÎÓÏ†˙ÈÓÈËÈ‚Ï†¯˜ÁÓ†˙Ï‡˘†ÂÊ

¯·„†‡Â‰†ÈÏÏÁ‰†¯ÈÂÂ‡‰†‚ÊÓ†Æ‡¢Ò‡†˘‡¯†¯ÈÚ‰˘†ÂÓÎ†¨ÏÏÁ·†ÂÏ˘†„È˙ÚÏ†¯Â˘˜†È˙·Â‚˙†ÈË˜Ë†ÏÏÁ
Ô‰˘†Ú‚¯‰Ó†‰Ú˘†Í¯Ú·†Á˜ÂÏ†¨˘Ó˘†˙ÂÈÂˆ¯Ù˙‰†Ô˘È†ÏÏÁ·†ÆÌÈ„‡ÓÏ†ÂÏÈÙ‡†ÂÏ˘†ÚÒÓ‰†˙‡†ÚÂÓ˘
ÔÎÂÒÓÂ†¨ÌÈÈÈÂÂÏÏ†‰ÎÒ†È‰ÂÊ†ÆÂÏ˘†¯ÂÊ‡Ï†ÌÈÎÂÒÓ†ÌÈÂÈ†Ï˘†„Â‡Ó†‰ÏÂ„‚†˙ÂÓÎ†‰ÚÈ‚Ó˘†„ÚÂ†˙Â¯Â˜
Æ˘Ó˘†˙ÂÈÂˆ¯Ù˙‰Ó†Â¯ˆÂ˘†·¢‰¯‡·†˙ÂÏÂ„‚†ÏÓ˘Á†˙Â˜ÒÙ‰†ÏÚ†ÚÂ„È†¨ı¯‡‰†¯Â„Î†ÏÚ†˙ÂÈ˙˘˙Ï
˜ÈÙÒÓ†ÔÓÊ·†‰Ú¯˙‰†˙˙Ï†ÌÈ·ÈÈÁ†‰È‰†¨ÏÏÁ·†¯Á‡†„ÚÈ†ÏÎÏ†Â‡†ÌÈ„‡ÓÏ†ÌÈ˘‡†ÁÂÏ˘Ï†‰ˆ¯†Ì‡
„ÈÁÈ‰† ÌÂ˜Ó‰Â† ‰˜„† ˙ÈÒÁÈ† ÔÙÂ„‰† ¨˙ÈÓÂ‡ÏÈ·‰† ÏÏÁ‰† ˙Á˙·† ÆÔ‚Ó˙‰Ï† ÌÈËÂ‡Â¯ËÒ‡Ï
¯˘‡Î†ÆÏÏÁ‰†˙Á˙·†Ô‚ÂÚ˘†¢Ò¯‚Â¯Ù¢†ËÂÏÈÓ‰†·Î¯†‡Â‰†ÌÓˆÚ†ÏÚ†Ô‚‰Ï†ÌÈÏÂÎÈ†ÌÈËÂ‡Â¯ËÒ‡‰˘
ÆÔÓÊÓ†‡Ï†‰¯˜†‰ÊÎ†ÚÂ¯È‡†¨Ô‚Ó˙‰ÏÂ†·Î¯Ï†ıÂ¯ÏÂ†˙ÂÙÈÏÁÏ†ÒÎÈ‰Ï†‰Ú˘†Ú·¯†Ì‰Ï†˘È†ÂÊÎ†‰Ú¯˙‰†˘È
ÈÏÏÁ‰†Ï·Ê‰†ÌÚ†˙Â„„ÂÓ˙‰Ó†Ì‚†‡Ï‡†‰È¯˜†˙ÎÒÓ†˜¯†‡Ï†Ô‚Ó˙‰Ï†ÌÈÎÈ¯ˆ†ÌÈËÂ‡Â¯ËÒ‡‰
Ó¢˜†8†Ï˘†˙Â¯È‰Ó·†ÏÏÁ·†¯Á‡·†Ú‚ÂÙ†ÌˆÚ˘†Ú‚¯·†ÆÌÈÈÈÂÂÏÏ†¯˘‡Ó†Ì„‡‰†È·Ï†¯˙ÂÈ†¨ÔÎÂÒÓ‰

ÆÈÒ¯‰†‰Ê†¨ÔÂÂÈÎ·†ÈÂÏ˙†¨‰ÈÈ˘·†Ó¢˜†16†Â‡†‰ÈÈ˘·
˙Î¯ÚÓ†ø‰˘Ú†‰Ê†„ˆÈÎ†ÆÔÂ‚ÈÓ‰†˙‡†¯˘Ù‡Ï†È„Î†È˙·Â‚˙†ÏÏÁ†Ï˘†‚ÂÒ‰Ó†˙ÈÙˆ˙†˙ÂÎ¯ÚÓ†˙Â˘¯„
‰‡Â¯†˙Î¯ÚÓ‰†Æı¯‡‰†¯Â„ÎÓ†Ó¢˜†ÈˆÁÂ†ÔÂÈÏÈÓ†¨˘Ó˘‰†˙·¯È˜·†˙Ó˜ÂÓÓ†¢Â‰ÂÒ¢†˙‡¯˜˘†ÔÈÂÂÏ
‰˙Â‡˘†ÈÙÏ†‰Ú˘†ÈˆÁ†Í¯Ú·†¨È˙ÈÓ‡†ÔÓÊ·†‰Ú¯˙‰†ı¯‡‰†¯Â„ÎÏ†˙˙ÂÂ†˘Ó˘·†˙ÂÈÂˆ¯Ù˙‰‰†˙‡

ÆÏÏÁ‰†˙¯Â·ÚÓ·†Ì„‡‰†È·†˙‡†ÔÎÒÏ†‰ÏÂÎÈ†˘Ó˘†˙Âˆ¯Ù˙‰
Ú˙ÙÏ†ÂÏÈ‚†Â˙Â‡†ÂÏÈÚÙ‰˘†ÌÈÚ„Ó‰Â†ËÂ˘Ù†ÈÚ„Ó†ÔÈÈÂÂÏ†‰È‰†Â‰ÂÒ†¨ÂÊ†‰¯ËÓÏ†‰˙·†‡Ï†Â‰ÂÒ



ÆÈ˙·Â‚˙†ÔÈÈÂÂÏÏ†Â˙Â‡†ÍÂÙ‰Ï†¯˘Ù‡˘
ÌÈ˘‚˙Ó†‡Ï†ÌÈÈÈÂÂÏ‰˘†‡ÏÙÂ†ÌÈÎÂÓ‰†ÌÈÈÈÂÂÏ‰†Ï˘†‰ÚÂˆ¯·†Ì‚†¨‰ÓÂˆÚ†‡È‰†ÈÏÏÁ‰†Ï·Ê‰†˙ÂÓÎ
ÔÈÂÂÏ†È„È¯˘†ÌÚ†¢ÌÂÈ„¯È‡¢†ÏÈÚÙ‰†ÔÈÈÂÂÏ‰†Ï˘†˙Â˘‚˙‰‰†‰¯ÂÎÊ†ÆÏÏÁ·†ÌÈÙÙÂÚ˙Ó‰†ÌÈÓˆÚ·
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ÌÈÈÈÂÂÏ‰†Ï˘†‰È¯Â‚Ë˜Ï†ÔÂ˘‡¯‰†„Úˆ‰†˙‡†‰˙˘Ú†˙È¯ÈÂÂ‡‰†‰ÈÈ˘Ú˙‰†¥†ÒÂÓÚ†Ë˜ÈÂ¯Ù†˙¯‚ÒÓ·
Ï˘†ÔË˜†˜Â˘†¨ÌÈË˜†ÌÈÈÈÂÂÏ†Ï˘†‰È¯Â‚Ë˜·†ÂÈÈ‰†3†¨2†¨1†ÒÂÓÚ†ÈÈÈÂÂÏ·†ÆÔÂË†¥†Ï˜˘Ó·†ÌÈÈÂÈ·‰
˙¯ÊÚ·Â†˙¯Â˘˜˙‰†ÈÈÈÂÂÏ†˜Â˘·†ÈÊÎ¯Ó‰†‡Â‰†ÔÂË†¥≠‰†˜Â˘†ÆÌÏÂÚ‰†ÏÎ·†‰˘·†ÌÈÈ˘†Â‡†ÔÈÈÂÂÏ

ÆÈÊÎ¯Ó‰†˜Â˘Ï†ÒÎ†¨¥†ÒÂÓÚ
ÂÁ‡†‰Â˘‡¯Ï†ÆÈÚ˜¯˜‰†ÚË˜Ó‰†˙‡Â†ÈÏÏÁ‰†ÚË˜Ó‰†˙‡†˙ÏÏÂÎ˘†˙Î¯ÚÓ†ÂÊ†¨ÔÈÈÂÂÏ†ÂÈ‡†¥†ÒÂÓÚ
Úˆ·Ï†Ì‰Ï†¯˘Ù‡Ó˘†¨˙ÂÁÂ˜ÏÏ†‰ˆ˜†ÔÂ¯˙ÈÙ†ÌÈ˙Â†ÂÁ‡†¨È˙·Î˘†·¯†‡Â‰˘†ÈÚ˜¯˜†Í¯ÚÓ†ÌÈ„ÈÓÚÓ
¨ÌÈ„˜˙†¯ÒÁ†¨‰¯˜·Â†‰ËÈÏ˘‰†˙¯˘¯˘†ÏÎ·†‰ÓÈ˘Ó†Ï˘†‰¯˜·†ÔÎÂ†¨‰ÓÈ˘Ó†Ï˘†ÏÂ‰ÈÂ†‰‡ˆ˜‰†¨ÔÂÎ˙

ÆÈ˘„Á†„Â‡Ó
¯·„‰†ÆÌÈÈÓÂ‡ÏÈ·†ÌÈ˜ÂÂ˘·†Ë¯Ò†˙·Á¯†¨˙ÈÂÂÈÎ†Â„†¨˙„ÈÈ†˙¯Â˘˜˙†˙Á˙Ù˙Ó†˙ÂÂ¯Á‡‰†ÌÈ˘·

ÆÌÂ¯Ë˜ÙÒ‰†ÏÚ†ıÁÏ†¯ˆÂÈ†‰Ê‰
¨‰Â˘‡¯‰†˜‡¯ÈÚ†˙ÓÁÏÓ·†ÈÎ†‰ÏÂÚ†¨˙¯Â˘˜˙·†˘ÂÓÈ˘†È·‚Ï†È‡˜È¯Ó‡‰†‰‚‰‰†„¯˘Ó†ÈÓÂÒ¯Ù†ÈÙ†ÏÚ
¯˙ÂÈ†‰˘†±≤†¨‰È˘‰†˜‡¯ÈÚ†˙ÓÁÏÓ·†ÂÏÈ‡Â†per second†ËÈ·†‰‚Ó†‰‡Ó†‰È‰†˘ÂÓÈ˘‰†ÏÎ†ÍÒ

Æ¯ˆ˜†„Â‡Ó†ÔÓÊ†ÏÚ†≥≤†ÈÙ†Ï˘†¯ÂË˜Ù†¨per second†ËÈ·≠‰‚È‚†3.2†‰È‰†¨¯ÁÂ‡Ó
¨È‡·ˆ‰†˜Â˘‰†È¯Á‡†¯‚ÙÓ†‡Ï†È¯ÁÒÓ‰†˜Â˘‰˘†Ô·ÂÓÎ†Ï·‡†¨˙¯Â˘˜˙‰†Ï˘†˙Â„ÈÈ‰Ó†Ú·Â†‰Ê†ÏÎ

Æ‰Ï‡‰†ÌÈˆÁÏ‰†˙‡†¯ˆÂÈ†‡Â‰†Ì‚
¯Á‡‰Â†¨Ka≠‰†ÌÂÁ˙†¨˘„Á†¯„˙†ÌÂÁ˙Ï†„ÂÈ†‡Â‰†¨„Á‡‰†∫ÌÈ¯·„†È˘†¯¯Â‚†ÌÂ¯Ë˜ÙÒ‰†ÏÚ†‰Ê‰†ıÁÏ‰

ÆÌ‰ÈÏ‡†ÚÈ‚‰Ï†‰˘È¯„†˙ÓÈÈ˜Â†ÈÂÒÈÎ†‡ÏÏ†ÌÈ¯ÂÊ‡†¨‰ÈˆÊÈÏ·ÂÏ‚‰†‡˘Â†≠
Ku band≠Â†C band†ÌÂÁ˙·†‰ÙÂ¯È‡†˙‡†˙ÂÒÎÏ†È„Î†ÆÔÂ˘‡¯‰†ÈÎË‰†¯‚˙‡‰†‡Â‰†Ka≠‰†ÌÂÁ˙

Æ˙ÂÏ˜·†ÚÂˆÈ·Ï†Ô˙ÈÂ†¨˙ÂÏÚÓ†∑Æμ†Ï˘†‰ÓÂÏ‡†˙˘¯„



‰ÓÂÏ‡‰†·ÁÂ¯˘†¯¯·˙Ó†KA≠‰†ÌÂÁ˙·†‰ÓÂ„†ÔÈÈ‚†ÌÚ†‰Ë‡·†ÌÈ‡˙Ó†ÈÂÒÈÎÏ†ÚÈ‚‰Ï†ÌÈˆÂ¯†Ì‡
˙ÏÚ·†‰ÓÈ˘Ó†ÆÔÂ¯ÙÚ†˙ÂÓÂÏ‡†¨˙ÂÓÂÏ‡†˙Â¯˘Ú†ÌÈÎÈ¯ˆ†‰ÙÂ¯È‡†˙‡†˙ÂÒÎÏ†È„Î†¨‰ÏÚÓ†ÈˆÁÏ†ÚÈ‚Ó
ÆÏÂÏÒÓ‰†Ï˘†‰˜ÈÓÈ„‰Â†ÔÈÈÂÂÏ‰†Ï˘†‰˜ÈÓÈ„‰†Ï˘†ÌÂÁ˙·†ÏÏÁ·†È˘†¯„ÒÓ†˙ÂÚÙÂ˙·†ÌÈÏ˜˙†¨¯‚˙‡

ÆÈÂÒÈÎ·†ÌÈ¯ÂÁ†ÌÈ¯ˆÂÂ†ÛÈˆ¯‰†ÈÂÒÈÎ‰†˙‡†ÌÈ„·‡Ó†¨‰Ï‡‰†˙ÂÚÙÂ˙·†ÌÈÏÙËÓ†‡Ï†Ì‡
μ≤†‰˘ÚÓÏ†Ô‰˘†¨˙ÂÓÂÏ‡†μ≤†Æ„ÈÁÈ†¯ÂË˜ÏÙ¯†ÌÚ†˙ÂÓÂÏ‡†˙·Â¯Ó†MBA†‰Ë‡†¥†ÒÂÓÚ†ÔÈÂÂÏÏ
˙ÈÏÓÈËÙÂ‡†‰¯Âˆ·†ÌÈÚÂˆÈ·‰†˙‡†˙ÂˆÓÏ†È„Î†„ÂÈÏ†˙ÏÂÎÈ†ÔÈÂÂÏÏ†ÆÏÙËÏ†ÍÈ¯ˆ†Ô‰Ó†˙Á‡†ÏÎ·†¨˙ÂË‡
‰Ë‡‰†˙‡†Ì‚†Æ‰Ï˘†ÌÈÚÂˆÈ·‰†˙‡†ÌÒ˜ÓÏÂ†ÌÈÂÒÓ†¯ÂÊ‡Ï†ÌÈ·≠ÈËÏÂÓ‰†˙Ë‡†˙‡†„˜ÓÏ†È„ÎÂ
˙Â¯‡˘†ÔÈÈ„Ú†‰Ú·ˆ‰‰†˜ÂÈ„†˙ÂÈÚ·†˙‡†ÌÈ¯ÚÊÓÓ†ÂÁ‡˘†˙Â¯ÓÏ†Æ‰ÓˆÚ†ÈÙ·†„ÈÈÏ†Ô˙È†‰ÓˆÚ
¯ÓÂÏÎ†¨ÌÈÈ˙Î¯ÚÓ†ÌÈÚˆÓ‡·†ÌÈ¯˙ÂÙ†ÂÁ‡†Ô˙Â‡Â†Ô‰·†ÏÙËÏ†˘È˘†È˘ÈÏ˘Â†È˘†¯„ÒÓ†˙ÂÚÙÂ˙
ÆÏÏÁ·†‰˜ÈÓ˙È¯Â‚Ï‡Â†Ú˜¯˜‰†ÏÚ†‰˜ÈÓ˙È¯Â‚Ï‡†¨ÈÚ˜¯˜‰†Í¯ÚÓ‰†¨ÔÈÈÂÂÏ‰†Ï˘†‰˜ÈÂÈÂÂ‡‰†˙ÂÚˆÓ‡·
„Â„ÓÏ†˙Ó†ÏÚ†˙ÈÚ˜¯˜†‰‡Â˘Ó†ÌÚ†˙Â„È„Ó†¨˙Î¯ÚÓ‰†Ï˘†ÌÈÏÂÈÎ†„ÈÓ˙Ó†ÔÙÂ‡·†ÌÈÚˆ·Ó†ÂÁ‡
‡ÏÏ†ÛÈˆ¯†ÈÂÒÈÎÏ†ÚÈ‚‰Ï†È„Î†¨ÏÏÁ·†¨on the fly†ÔÂ˜È˙†ÌÈÚˆ·ÓÂ†‰Ú·ˆ‰·†˙Â·ÈˆÈ‰≠È‡†˙‡†Í¯Ú˘ÏÂ

ÆÌÈ¯ÂÁ
ÔÈÈÂÂÏ†ÔÈ‡†Ú‚¯Î†¨ÌÈÈ„È˙Ú‰†ÌÈÈÈÂÂÏ·†ÂÊ‰†‰ÈÚ·‰†˙‡†¯Â˙ÙÏ†˘È†Æ‰È‚ÂÏÂÎË‰†˙ÈÊÁ·†˙ÂÏÈÚÙ†È‰ÂÊ
ÔÂÓÈÓ·†ÔÂ¯˙Ù‰†ÏÚ†ÌÈ„·ÂÚ†¯·Î†¥†ÒÂÓÚ·†¨‰Â˘‡¯†‰‚¯„ÓÓ†˙È¯‚˙‡†‰ÈÚ·†Æ‰ÚÓ†‰ÊÏ†Ô˙Â˘†ÏÏÁ·

ÆÂÏ˘†ÈÓˆÚ
‰Ë‡‰†·È·Ò†ÆÔÈÈÂÂÏ‰†˙‡†¢˙ÁÙÓ¢†˙ÂÓÂÏ‡†Ï˘†‰·¯†˙ÂÓÎ†¨ÔÈÈÂÂÏÏ†MBA†˙Ë‡†ÂÒÎ‰˘†Ú‚¯·
¨‰ÏÂÊ†¯˙ÂÈ†‰·¯‰†‰È‰˙˘†ËÈ·†ÏÎ†Ï˘†‰¯·Ú‰†Úˆ·Ï†„ˆÈÎ†≠†‰ÈÈÚ·†˙¯ˆÂ†¨‰¯ÓÂÁ†„Â‡Ó†‰·¯‰†˘È
ÌÈËÓÏ‡‰†ÏÎ·†ÌÈÚ‚Â†¥†ÒÂÓÚ·†ÆÌÈÈÈÂÂÏ†˙¯Â˘˜˙†˙¯˘¯˘†Ï˘†ÌÈËÓÏ‡‰†ÏÎ·†‰Ú˜˘‰†˘¯Â„˘†¯·„

ÆÔÂ¯˙Ù†Ì‰Ï†ÌÈ˙ÂÂ†‰Ï‡‰
ÔÈÈÚ˙Ó†ÁÂ˜Ï‰†¨‡Â‰˘†ÔÈÈÂÂÏ†ÏÎ·†Â‡†˙¯Â˘˜˙†ÔÈÈÂÂÏ·†Æ‰Ó¯ÂÙËÏÙ‰†ËÓÏ‡†¨ÔÂ˘‡¯‰†ËÓÏ‡‰
‰ÓÈ˘Ó‰†Æ¯È‰Ó†‰Ú˜˘‰†¯ÊÁ‰†¯˘Ù‡˙È†ÍÎ†ÏÈÚÈ†¯˙ÂÈ†„ÚËÓ†‰Ó¯ÂÙËÏÙ†ÒÁÈÏ†ÚÈ‚˘†ÏÎÎ†Æ„ÚËÓ·
ÆÏÂ„‚†¯˙ÂÈ†ÌÈÈÁ†Í¯Â‡†Ï·˜Ï†Â‡†ÏÂ„‚Ï†„ÚËÓÏ†¯˘Ù‡Ï†È„Î†‰Ê¯Â†‰˜„†‰Ó¯ÂÙËÏÙÏ†ÚÈ‚‰Ï†‡È‰
¨„ÚËÓ†‡Â‰†ÔÈÈÂÂÏ‰Ó†≥μ•©†¨ÊÂÁ‡†≥μ†Ï˘†ÔÈÈÂÂÏØ„ÚËÓ†ÒÁÈ†Â‡†ÔÈÈÂÂÏØ‰Ó¯ÂÙËÏÙ†ÒÁÈ†‡Â‰†ÈÈÈÙÂ‡‰
„Â‡Ó†ÌÈ·Â¯˜†ÂÁ‡†¨‰·ÂË†¯˙ÂÈ†‰·¯‰†‰„Â·Ú†˙„Â˜·†ÌÈ‡ˆÓ†ÂÁ‡†¥†ÒÂÓÚ·†®‰Ó¯ÂÙËÏÙ†∂μ•

Æ˙ÂÏÂÎÈ·†È˙ÂÚÓ˘Ó†¯ÂÙÈ˘†¨μ∞•≠Ï
˙ÂÓÂÏ‡†μ≤†ÌÈ·≠ÈËÏÂÓ‰†˙Ë‡†‡È‰†˙Á‡‰†ÆÔÈÈÂÂÏ·†˙Â„ÁÂÈÓ†˙ÂË‡†Ô˘È†˙ÂË‡†¯˘Ú†ÍÂ˙Ó
È‚ÂÏÂÎË†‡˘Â†Â‰Ê†Ì‚†ÆË¯Ò†˙Â·Á¯†Ka≠Â†Ku≠‰†ÌÂÁ˙·†˙ÂÏÚÂÙ˘†ßı·†Ï‡Â„†˙ÂÙÒÂ†˙ÂË‡†È˙˘Â

Æ‰È‚ÂÏÂÎË‰†˙ÈÊÁ·
ÌÂÁ˙†˙‡†ÌÈ‡˙‰Ï†¯˘Ù‡†¨˙ÂË‡‰†˙‡†„ÈÈÏ†¯˘Ù‡†¨˘ÈÓ‚‰†„ÂÏÈÈÙ‰†˙ÂÎ˙†˙‡†‰Á˙ÈÙ†ÏÏÁ†˙¯·Á
Ï‡ÈˆËÂÙ‰†˙‡†ÌÒ˜ÓÏ†ÏÏÁ†˙¯·ÁÏ†¯˘Ù‡ÏÂ†˜Â˘Ï†˘ÈÓ‚†ÔÙÂ‡·†˙ÏÂ·È˜†·˙Ï†¯˘Ù‡†¨ÌÈ¯„˙‰

Æ„ÚËÓ‰†Ï˘†‰‰Â·‚†˙ÂÏÈÚÈÏ†ÚÈ‚‰ÏÂ†‰¯ÓÂÁ‰†Ï˘
„ÂÈ†Ï˘†‰‰Â·‚†ÍÎ†ÏÎ†˙Â˘ÈÓ‚†˙Ó¯†ÌÚ†¨˘ÈÓ‚†‰ÎÂ†·Î¯ÂÓ†‰Î†ÔÈÈÂÂÏ†ÏÚ†ÌÈ¯·„Ó˘Î†¨‡·‰†ËÓÏ‡‰
È„Î†Ú˜¯˜‰†ÏÚ†˙ÂÈ‰Ï†˙·ÈÈÁ†‰ÓÎÂÁ‰†¨˘ÈÓ‚†ÌÈ¯„˙†„ÂÈ†¨˙ÂË‡†ÔÈ·†˙ÏÂ·È˜†„ÂÈ†Ï˘†¨˙ÂË‡

Æ‰˘ÈÓ‚†¨responsive†˙ÂÈ‰Ï†‰ÎÈ¯ˆ†˙Î¯ÚÓ‰†Æ‰Ï‡‰†˙ÂÈÂ˘ÈÓ‚‰†ÏÎ†˙‡†¯˘Ù‡Ï
Æ„ÚËÓÏ†‰¯˜·Â†‰ËÈÏ˘†Ï˘†‰·Î˘‰Â†ÔÈÈÂÂÏÏ†‰¯˜·Â†‰ËÈÏ˘‰†˙·Î˘†¨˙Â·Î˘†È˙˘·†˙‡Ê†ÌÈÓ˘ÈÈÓ
È¢Ú†‰˘Ú†ÏÂÚÙ˙‰Ó†ππ•†Æ˙ÈÙˆ˙‰†ÈÈÈÂÂÏÏ†‰ÓÂ„†¨È¯Ó‚Ï†˙ÈËÓÂËÂ‡†‡È‰†ÔÈÈÂÂÏ‰†ÏÚ†‰ËÈÏ˘‰

ÆÈËÓÂËÂ‡†ÔÙÂ‡·†˙Î¯ÚÓ‰
ÔÈ·†ÔÈÈÂÂÏ†È·‡˘Ó†˜ÏÁÏ†‰˙ÏÂÎÈ·†¨˙ÂÂ˘†˙Â˘·È·†ÌÈ‚Ë¯ËÒ‡†˙ÂÁÂ˜Ï†¯ÙÒÓ†˘È†Ï¢ÏÁ†˙¯·ÁÏ



˙Á‡†‰Ë‡†Ï·˜È†ÈÚÈ·¯‰†¨˙ÂË‡†˘ÂÏ˘†Ï·˜È†È˘‰†¨˙ÂË‡†È˙˘†Ï·˜È†„Á‡‰†¨‰Ï˘†˙ÂÁÂ˜Ï‰
ÂÏ†¯˘Ù‡˙˘†˙Î¯ÚÓ†ÂÈ„ÈÏ†Ï·˜È†„Á‡†ÏÎ†ÆÂÏ˘†ÌÈ·‡˘Ó‰†˙‡†Ï·˜È†„Á‡†ÏÎ†¨˙˘¯„˘†‰˜ÂÏÁ†ÈÙÏ

ÆÂÏ˘†ÈÏ‡ÂË¯ÈÂÂ‰†„ÚËÓ‰†ÏÚ†ËÂÏ˘Ï
Ï‚Â¯˜ÈÓ†È„ÚËÓ†¨ÌÈ‚ÂÏ‡†ÌÈ„ÚËÓ†ÌÂÁ˙·†ÂÈÈ‰†ÂÈ˘ÎÚ†„Ú†ÆÍ˘Ó‰†ÈË˜ÈÂ¯ÙÏ†ÁÂ˙ÈÙÂ†¯˜ÁÓ·†ÂÁ‡
‡˘Â†ÏÚ†„Â·ÚÏ†ÌÈÏÈÁ˙ÓÂ†ÈÏËÈ‚È„†„ÚËÓ†Ï˘†‰Ò„‰Â†ÁÂ˙ÈÙ†Ï˘†ÂÓÂˆÈÚ·†ÂÁ‡†ÂÈ˘ÎÚ†ÆÌÈ‚ÂÏ‡

ÆÈÂËÂÙ†„ÚËÓ†Ï˘
˙ÂÓÂÏ‡Ó†˙Á˜Ï†‡Ï‡†Ë¯Ò†˙Â·Á¯†‰ÒÈÎ†˙ÂÓÂÏ‡·†˜¯†‡Ï†ÏÙËÏ†ÂÏ†¯˘Ù‡Ó†ÈÏËÈ‚È„‰†„ÚËÓ‰
˙‡†¯Ù˘Ï†È„Î†˙ÂÈˆÏÂÙÈÓ†Ì‰ÈÏÚ†˙Â˘ÚÏÂ†ÌÈÏ·‚ÂÓ†Ë¯Ò†È·ÁÂ¯·†ÌÈ‡˘Â†ÌÈÏ‚†Ë¯Ò†˙Â·Á¯†‰ÒÈÎ

ÆÏ‚Â¯˜ÈÓ‰†„ÚËÓ†Ï˘†˙ÂÏÈÚÈ‰
ÆÌÈÏ·‚ÂÓ†Ë¯Ò†·ÁÂ¯†ÈÚË˜Ó†ÌÈ‡·†˙ÂÂ˘†˙ÂÓÂÏ‡Ó†¯˘‡Î†˙ÂÓÂÏ‡†˙·Â¯Ó†‰Ë‡Ó†‰ÒÈÎ†¨‰Ó‚Â„Ï
¨¯Â„È˘†˙ÓÂÏ‡Ï†¯È·Ú‰ÏÂ†‰ËÈÏ˜†˙ÓÂÏ‡Ó†Â‰˘Ó†ËÂÏ˜Ï†ÌÈˆÂ¯†Ì‡†¨ÏÈ‚¯†È‚ÂÏ‡†Ï‚Â¯˜ÈÓ†ÔÈÈÂÂÏ·
‰‚Ó†‰¯˘Ú†˜¯†¯È·Ú‰Ï†˘ÈÂ†ı¯‰†‰‚Ó†‰‡Ó†‡Â‰†¯„ÂÙÒ¯Ë‰†Ì‡†Ì‚†¨ÌÏ˘†¯„ÂÙÒ¯Ë†˙Á˜Ï†Ô˙È
˙Á˜Ï†¨‰ÓÂÏ‡†ÏÎÏ†˙˘‚Ï†Ô˙È†ÈÏËÈ‚È„‰†„ÚËÓ‰†˙¯ÊÚ·†Æ˙ÂÏÈÚÈ†¯ÒÂÁ†Ï˘†‰Èˆ‡ÂËÈÒ†˙¯ˆÂÂ†¨ı¯‰
ÌÒ˜ÓÓ˘†ÔÙÂ‡·†¯Â„È˘†˙ÓÂÏ‡†ÍÂ˙Ï†„ÁÈ·†Ì˙Â‡†ÊÂ¯‡ÏÂ†¨Â˙Â‡†ÔÈÈÚÓ˘†¯„˙†ÚË˜Ó‰†˙‡†‰ÓÓ

Æ‰Â˘‡¯†‰Èˆ˜ÈÏÙ‡†ÂÊ†ÆÈÏ‚Â¯˜ÈÓ‰†„ÚËÓ‰†˙‡†¨˜ÙÒ‰‰†˙‡†¨Ï‚Â¯˜ÈÓ‰†ÈÚˆÓ‡†˙‡
Æ˙ÂÓÂ˜Ó†¯ÙÒÓÏ†‰˙Â‡†ıÈÙ‰Ï†ÌÈˆÂ¯Â†˙Á‡†‰ËÈÏ˜†˙ÓÂÏ‡Ó†¯Â„È˘Ï†ÌÈÏÂÚ†≠†‰ÈÈ˘†‰Èˆ˜ÈÏÙ‡
È˘†ÌÈÏÚÓ†ÌÂÈÎ†Æ‰˜È¯Ó‡†ÌÂ¯„ÏÂ†‰˜È¯Ù‡Ï†ÌÈ¯Â„È˘†ıÈÙ‰Ï†‰ˆÂ¯†˙È˙Ù¯ˆ†‰ÈÊÈÂÂÏË†˙˘¯†¨Ï˘ÓÏ
˙˘¯„‰†‰ÈˆÏÂÙÈÓ‰†˙‡†Úˆ·Ï†¨ÂÓˆÚ†ÔÈÈÂÂÏ·†¨˙Ù¯ˆÓ†„ÈÁÈ†carrier†˙ÂÏÚ‰Ï†Â˙Â¯˘Ù‡·†Æcarriers
¨Ì˘‚†‰·¯‰†„¯ÂÈ†‰˜È¯Ù‡·˘†ÔÂÂÈÎ†Æ˙ÂÓˆÂÚ‰†˙‡†ÌÈ‡˙‰ÏÂ†¨˘¯„˘†ÔÎÈ‰Ï†¯Â„È˘†˙ÂÓÂÏ‡·†¯„˘ÏÂ
quality of service≠‰†˙‡†ÂÏ†ÁÈË·‰Ï†È„Î†˜ÙÒ‰†¯˙ÂÈ†carrier†Â˙Â‡Ï†Ô˙È†¨˜ÙÒ‰†¯˙ÂÈ†˘¯„

ÆÔÈÈÂÂÏ‰†È·‡˘Ó†ÌÂÒ˜ÈÓ·†ÔÂ¯˙È†ÆÂÏ†˘¯„˘†ÏÂÙÈË‰†˙‡†Ï·˜È†carrier†ÏÎ˘†ÍÎ†¨˘¯„‰
ÆÏ˜˘Ó†Ï˘†Ô·ÂÓ·†„ÚËÓ‰†˙‡†ÏÚÈÈÏ†‡È‰†‰Ó‚Ó‰†Æ‰˜ÈÂËÂÙ†‡˘Â†ÒÎ†È„‡ËÒ‰†·Ï˘†¨‡·‰†·Ï˘·
¨‰ÈˆÏËÒÈ‡‰Â†˙¯ˆ‰†Ï˘†ÌÈËÓÏ‡‰†ÏÎ†Ï˘†¨ÌÈÒ˜ÂÂ˜‰†Ï˘†¨ÌÈ‡Â·Ï‚‰†Ï˘†Ï˜˘Ó‰†˙‡†„È¯Â‰Ï
¯ÊÁ‰†¯˘Ù‡È˘†ÔÂ¯˙È†ÆÏ˜˘Ó†Ï˜†Ï·‡†ÌÈ‰Â·‚†ÌÈÚÂˆÈ·†ÌÚ†„ÚËÓ†¯˘Ù‡ÏÂ†‰˜ÈÂËÂÙ‰†ÌÂÁ˙Ï†¯Â·ÚÏ

Æ‰Â·‚†‰Ú˜˘‰
È˙¯ÎÊ‰†‡Ï†¨˙ÈÏÏÁ‰†‰È„Ó·†ÌÈËÈ·‰†˙¯·Ú‰†˙ÂÏÈÚÈ†Ï˘†ÌÈÓÂÁ˙‰†ÏÎ·†ÌÈ˜ÒÂÚ†˙È¯ÈÂÂ‡‰†‰ÈÈ˘Ú˙·
¨È˙ÈÈˆ˘†ÂÓÎ†¨¥†ÒÂÓÚ†ÆÌÈÙÈ†ÌÈ‚˘È‰Ï†‰ÚÈ‚ÓÂ†ÌÈÏÈÓ¯Ë‰†Ï˘†ÌÂÁ˙·†˙ÏÚÂÙ˘†‡˙Ï‡†˙¯·Á†˙‡
˙‡†ÁÎ˘†‡ÏÂ†Æ˘ÈÓ‚†„ÚËÓÂ†˙È·ÈÒÂÙÒ¯Â†˙ÈÓÈ„†˙ÈÚ˜¯˜†ÏÂ‰È†˙Î¯ÚÓ†Æ‰ÏÈÚÈ†‰Ó¯ÂÙËÏÙ†‡Â‰

ÆÈÂËÂÙ‰Â†ÈÏËÈ‚È„‰†ÌÂÁ˙·†˙ÂÈ„È˙Ú‰†˙ÂÈÂÏÈÚÙ‰



˙„ÏÂÓ‰†˙‚‰Ï†ÏÏÁ†˙¯Â˘˜˙†Ï˘†‰Èˆ˜ÈÏÙ‡

˙ÂÎ¯ÚÓ†˙ÏÈ‚†≠†È·˙Ú†Ê¯‡

ÂÁ‡†¨ÈÚ˜¯˜‰†„ˆ·†˜¯†˙˜ÒÂÚ†‰¯·Á‰†Æ‰˘†20†ÏÚÓ†ÌÈÈÈÂÂÏ†˙¯Â˘˜˙·†˙˜ÒÂÚ†˙ÏÈ‚†˙¯·Á
ÌÈÈÈÂÂÏ†Í¯„†¨Â‡„ÈÂ†¨‰ÈÂÙÏË†¨ÌÈÂ˙†¨˙¯Â˘˜˙†˙Â˙ÂÂ†Ú˜¯˜‰†ÏÚ†˙Â‡ˆÓ‰†˙ÂÎ¯ÚÓ·†˜¯†ÌÈÏÙËÓ
ÌÂÈ‰†„Ú†Â˜ÙÈÒ†‰„ÒÂÂÈ‰†Ê‡ÓÂ†‡¢˙·Â†˜¢„Ò·†˙¯ÁÒ†¨˙È¯Â·Èˆ†‰¯·Á†È‰ÂÊ†ÆÌÈ¯ÂÈˆËÒ≠Â‡È‚

ÆÌÈÈÈÂÂÏ†˙¯Â˘˜˙·†˙Â˘Ó˘Ó˘†‰ˆ˜†˙Â„Â˜†ÛÏ‡†750≠Î†Í¯Ú·
ÏÏÎ·†‰ÓÏ†¨ÌÈ¯È‰Ó†„Â‡Ó†ÌÈ·ˆ˜Â†DSL†Ï˘†˙ÂÈÚ˜¯˜†˙ÂÈ‚ÂÏÂÎË†˙È·†ÏÎ·†ËÚÓÎ†˘È†ÂÈÓÈ·

øÌÈ¯ÂÈˆËÒ†Â‡È‚†ÌÈÈÈÂÂÏ†˙ÂÚˆÓ‡·†˙¯Â˘˜˙·†˘Ó˙˘‰Ï
ÂÏÈÙ‡†Â‡†‰ÓÏ˘†‰È„Ó†¯È‡Ó†Â‡†‰‡Â¯†È¯ÂÈˆËÒ≠†Â‡È‚†ÔÈÈÂÂÏÂ†¯Á‡Ó†Æ„ÈÁ‡†ÈÂÒÈÎ†ÏÏ‚·†¨˙È˘‡¯
ÌÈÈÂÂÈÎ†Â„†ÌÈ·ˆ˜·†¯·Â„Ó†¨Ë¯Ò†˙·Á¯†˙¯Â˘˜˙†¨˙˘¯„‰†˙¯Â˘˜˙‰†˙‡†Ï·˜Ï†¯˘Ù‡†¨‰ÓÏ˘†˙˘·È
Â‰Ê†¨˙ÈÚ˜¯˜‰†˙˘¯·†˙ÂÏ˙†ÌÂ˘†‡ÏÏ†ÌÂ˜Ó†ÏÎ·†¨ßÂÎÂ†‰ÈÈ˘Ï†ËÈÈ·†‰‚Ó†‰¯˘Ú†¨ÌÈËÈÈ·‰‚Ó†Ï˘

ÆÔÈÈÚÓ†ÔÂ¯˙È
ËÚÓÎ†¨ÍÈ¯ˆ˘†‰„Â˜†‰ÊÈ‡·†¨˙¯Â˘˜˙‰†˙‡†ÍÈ¯ˆ˘†ÈÂ˙ÈÚ·†¨˙Â¯È‰Ó†˙Â˜˙‰†¯ˆÈÈÏ†¯˘Ù‡†¨˙È˘
ÊÎ¯Ó‰†ÔÈ·†˙È˙˘˙†ÌÂ˘†ÒÂ¯ÙÏ†ÌÈ·ÈÈÁ†‡ÏÂ†˙¯Â˘˜˙†˘È†Ú‚¯†Â˙Â‡ÓÂ†‰„Â˜Ï†ÚÈ‚‰Ï†¨ÌÈÚˆÓ‡†‡ÏÏ

Æ‰„Â˜†‰˙Â‡Ï
˙Â„Â˜·˘†≠†˙ÂÏÈ‚¯†˙ÂÈÚ˜¯˜†˙Â˙˘¯·†ÌÈÈ˜˘†ÈÙÎ†≠†·ˆÓ†ÔÈ‡†¨ÔÈËÂÏÁÏ†‰„ÈÁ‡†‡È‰†˙˘¯‰†¨˙È˘ÈÏ˘
Æ‰„ÈÁ‡†˙ÂÎÈ‡‰†¨¯˙ÂÈ†‰ÎÂÓ†˙˘¯‰†˙ÂÎÈ‡†˙Â¯Á‡†˙Â„Â˜·Â†¯˙ÂÈ†‰‰Â·‚†˙ÂÎÈ‡†ÌÈÏ·˜Ó†˙ÂÓÈÂÒÓ
‰È‚ÂÏÂÎË‰Â†¯Á‡Ó†Æ˜ÂÁ¯Ó†˙ÂÈˆ˜ÈÏÙ‡†ÛÈÒÂ‰Ï†Ì‚Â†¨‰Ï·‚‰†‡ÏÏ†˙Â„Â˜‰†¯ÙÒÓ†˙‡†ÏÈ„‚‰Ï†¯˘Ù‡
Í¯„†‰ˆ˜‰†˙Â„ÈÁÈÂ†ÌÈÓ„ÂÓ‰†Ï˘†‰ÎÂ˙‰†ÏÎ†˙‡†ÔÂÚËÏ†ÌÈÚ„ÂÈ†ÂÁ‡†Â·˘†·ˆÓÏ†‰Á˙Ù˙‰†˙‡Ê‰
ÂÁ‡†ÆÔ‰ÈÏ‡†ÚÈ‚‰Ï†ÈÏ·Ó†˜ÂÁ¯Ó†‰Ï‡‰†˙Â„ÈÁÈ‰†Ï˘†˙ÂÏÂÎÈ‰†˙‡†‚¯„˘Ï†ÌÈÚ„ÂÈ†ÂÁ‡†¨ÔÈÈÂÂÏ‰

ÆÏÂ„‚†ÔÂ¯˙È†‰ÊÂ†ÊÂÁ‡†99.95†Ï˘†˙ÂÈÓÊ†ÏÚ†¯·„Ï†˙ÂÈÈÈÂÂÏ†˙Â˙˘¯·†ÌÈÏÈ‚¯

ÌÈ„¯˘Ó†21≠Î†Â˙Â˘¯·†Æ˙ÂÈ„Ó†90≠Î·†˙ÂÎ¯ÚÓ†ÂÏ†˘È†¨ÌÏÂÚ‰†ÏÎ·†ÌÂÈÎ†˙ÂÒÂ¯Ù†˙ÏÈ‚†Ï˘†˙ÂÎ¯ÚÓ
ÆÌÏÂÚ‰†È·Á¯·†˙ÂÏ˘ÓÓÂ†ÌÈ¯ÂË¯ÙÂ‡Ï†¯˜ÈÚ·†ÌÈ¯ÎÂÓ†ÂÁ‡Â†¨ÌÏÂÚ‰†È·Á¯·

‰È·ÓÂÏÂ˜·†˙Á‡Â†·¢‰¯‡·†˙Á‡†¨˙Â¯È˘†˙Â·ÈËÁ†È˙˘†Ì‚Â†GNS†Ì˘·†˙È‚ÂÏÂÎË†‰·ÈËÁ†˘È†‰¯·ÁÏ
·ËÈ‰†‰Ï‡‰†ÌÈÎ¯ˆ‰†˙‡†ÔÈ·‰Ï†ÂÏ†˙¯˘Ù‡Ó†˙Â¯Á‡†˙ÂÈ„Ó·†˙Â¯È˘†˙¯·Á†ÂÁ‡˘†‰„·ÂÚ‰†ÆÂ¯ÙÂ
Ô˙È‡†ÌÈ„·ÂÚ†ÂÁ‡˘†˙ÂÈ‚ÂÏÂÎË‰†ÆÌÈ‡·‰†˙Â¯Â„·†‰È‚ÂÏÂÎË‰†Ï˘†ÔÂÎ˙‰†ÍÂ˙Ï†‰Ê†˙‡†ÒÈÎ‰ÏÂ
ÚˆÂÓÓ†Ï„Â‚·†‰Ë‡†ÌÚ†ÈÈÈÂÂÏ†˙¯Â˘˜˙†ÏÈÓ¯Ë†‡Â‰†Ë¢‡ÒÈÂ©†ÌÈË¢‡ÒÈÂ‰†ÆÈÁ¯Ê‡‰†¯Ê‚ÓÏ†ÂÁ˙ÂÙ
ÌÈ˜·‰†ÔÈ·†ÌÈÂ˙†˙¯Â˘˜˙Ï†¯˜ÈÚ·†¨ÈÁ¯Ê‡†˘ÂÓÈ˘Ï†ÂÁ˙ÂÙ†®¯ËÓ†1.80†ÔÂˆÈ˜‰†‰¯˜Ó·Â†¯ËÓ†1.20

Â˜†Ì‰Ï†ÔÈ‡˘†ÌÏÂÚ‰†È·Á¯·†ÌÈ¯ÙÎ†ÈÂÈÏÈÓ†ÔÈÈ„Ú†˘È†ÆßÂÎÂ†˙Á˜¯Ó†È˙·†ÂÓÎ†˙˘¯≠˙ÂÈÂÁ†ÔÈ·†Â‡
‡·ˆ†Æ‰Ï‡‰†˙ÂÓÂ˜ÓÏ†ÔÂ˘‡¯‰†ÔÂÙÏË‰†Â˜†˙‡†‡È·‰Ï†‰˙È‰†‰ÂÂÎ‰†¨„ÈÈ†‡ÏÂ†ÁÈÈ†‡Ï†¨ÔÂÙÏË
ÌÂÈÎÂ†¨ÌÈ˘†¯˘ÚÎ†ÈÙÏ†‰Ê·†˘Ó˙˘‰Ï†ÏÈÁ˙‰†‡Â‰†Æ˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·†‰·¯‰†ÌÂÈÎ†˘Ó˙˘Ó†·¢‰¯‡

ÆÌÏÂÚ·†‰Ê‰†ÌÂÁ˙·†ÏÈ·ÂÓ†‡Â‰
ÍÈ‡†¨‰ÁË·‡†¨‡·ˆ†¨‰‚‰†Ï˘†ÌÈÎ¯ˆÏ†ÌÏÂÚ‰†ÏÎ·†˙Â¯¯ÂÚ˙‰†˙ÓÈÈ˜†˙ÂÂ¯Á‡‰†˘ÂÏ˘≠ÌÈÈ˙˘·

ø‰Ï‡‰†ÌÈÎ¯ˆÏ†˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·†˘Ó˙˘‰Ï†¯˘Ù‡
˜¯ÈÚ·†ÔÎÓ†¯Á‡Ï†¨ÔËÒÈ‚Ù‡·†ÌÈÏÚÂÙ†ÌÈ‡˜È¯Ó‡‰†¨ÌÚÙ†È„Ó†‰˙˘Ó†‰¯ÈÊ‰††≠†‡È‰†˙Á‡†‰·ÈÒ
„Â‡Ó†¨Ë¯Ò†˙·Á¯†˙¯Â˘˜˙†ÒÂ¯ÙÏ†ÌÈÎÈ¯ˆÓ†‰Ï‡‰†ÌÈ¯·„‰†ÆÈËÈ‡‰·†„Â·ÚÏ†ÌÈÎÈ¯ˆ†ÌÈÈÚÂ·˘†ÈÙÏÂ

Æ˙ÂÓÂ˜Ó†ÈÈÓ†ÏÎ·†¨˙ÂÊÈ¯Ê·†¨‰ÈÓ‡



˙ÂÈÂ˘¯†Ì‚Â†ÏÂ·‚†¯Ó˘Ó†¨‡·ˆ†ª˙‡ÊÎ†˙¯Â˘˜˙·†˘Ó˙˘‰Ï†ÌÈˆÂ¯˘†ÌÈÙÂ‚†Ï˘†‰ÏÂ„‚†‰ÓÈ˘¯†˘È
ÍÈ¯ˆ†‰È˜·†Æ·¢‰¯‡·†˜¯†‰¯È‚‰‰†˙ÂÈÂ˘¯†Ï˘†‰ÈÚ·†‡Ï†ÂÊ†¨˙ÂÏÂ·‚‰†˙¯È‚Ò†ÏÚ†ÌÈ¯·„Ó†¨‰¯È‚‰
Ì˘†ÔÈ‡†¨Â˜ÈÒ˜ÓÏ†·¢‰¯‡†ÔÈ·†ÏÂ·‚‰Ó†‰·¯‰·†ıÂ¯Ù†ÏÂ·‚†¨‰ÈÏÓÂÒÏ†‰È˜†ÔÈ·†ÏÂ·‚‰†˙‡†¯Â‚ÒÏ
ÌÈ˜Â˜Ê†Ì‰†¨‰Ê‰†ÏÂ·‚‰†Í¯Â‡Ï†Â¯Ó˘È˘†ÌÈ¯ËÂ˘Â†ÌÈÏÈÈÁ†ÌÂ˜ÓÏ†‡È·‰Ï†ÍÈ¯ˆ†ÆÏÏÎ·†˙¯Â˘˜˙

Æ˙¯Â˘˜˙†Ì‰Ï†‡È·‰Ï†˘ÈÂ†¨Ú·˜†˙ÂÁÓÏ
¯·Â„Ó†Æ‰Â·‚†·ˆ˜·†Ú„ÈÓ†¯È·Ú‰ÏÂ†ÊÎ¯ÓÏ†‰„Â˜†ÏÎ†¯·ÁÏ†¯˘Ù‡†˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·˘†‡Â‰†ÔÂ¯˙È‰
˙Â„ÈÁÈ‰†ÔÈ·†¨ÁË˘Ï†‰ËÓ‰†ÔÈ·†„Â·ÚÏ†¯˘Ù‡†ÆÌÈÙÒÂ†ÌÈÂ˙Â†‰‰Â·‚†˙ÂÎÈ‡·†ÌÈÂÂÈÎ‰†È˘Ï†Â‡„ÈÂ·

Æ‰È„Ó†‰˙Â‡†Ï˘†ÌÈÂ˘†ÌÈÙÂ‚†ÔÈ·†Ì‚Â†ÔÓˆÚ†ÔÈ·Ï†ÁË˘·
¨¯ÏÂÏÒ†È¢Ú†‰ÒÂÎÓ†ÂÈ‡˘†ÌÂ˜Ó·†¨˙¯Á‡†‰·ÈË¯ËÏ‡†ÔÈ‡·†‡Â‰†ÌÈÈÈÂÂÏ†˙¯Â˘˜˙·†È¯˜ÈÚ†˘ÂÓÈ˘
‰˙ÈÈ‰†ÈÏÂ‡˘†˙ÈÚ˜¯˜‰†˙¯Â˘˜˙‰†¯˘‡Î†≠†ÌÂ¯ÈÁ†È·ˆÓÏ†·ÂË†ÔÂ¯˙Ù†Â‰Ê†ÆÚÈ‚Ó†‡Ï˘†È‡„ÂÂ·†DSL

‰ÒÈ¯Ù†‰˙ÈÈ‰†‡Ï†Ì‰·˘†ÌÈ˘„Á†ÌÈ¯ÂÊ‡·†‰¯È‰Ó†‰ÒÈ¯Ù·†ÚÂˆÈ·Ï†Ô˙ÈÂ†≠†˘ÂÓÈ˘·†‡Ï†¯·Î†Ì˘
Ï˘†‰·Á¯‰†ÏÏÂÎ†¨ÌÈ˘„Á†ÌÈÈÁ¯Ê‡†ÌÈÓÂ˘ÈÈ·†Â‡†‰ÓÁÏÓ†˙Ú·†ÌÈ˘Â·Î†ÌÈÁË˘·†¨Ï˘ÓÏ†ÆÌ„Â˜
ÏÚ†‰ÏÈ‚¯‰†˙È¯ÏÂÏÒ‰†˙¯Â˘˜˙‰†˙˘¯Ï†¯·ÁÏ†Ô˙ÈÂ†¨ÌÈÁ„È†ÌÈ¯ÂÊ‡·†˙ÓÈÈ˜‰†˙ÈÚ˜¯˜‰†˙˘¯‰

Æ˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·†˘ÂÓÈ˘†È„È
Ï˘†ÈÂ·È‚†˙Î¯ÚÓ†ÌÈÈ˜˙Ó†‰Ê†Í¯ÂˆÏ†Æ˙ÈÚ˜¯˜‰†˙˘¯·†‰Ï˜˙†Ï˘†‰¯˜Ó·†ÈÂ·È‚Î†‡Â‰†ÛÒÂ†ÌÂ˘ÈÈ
‰Ï˜˙·†˘Á†˙‡Ê‰†‰„Â˜·†·˘ÂÈ˘†¯ËÂ‡¯‰† ÆÈËÓÂËÂ‡†‚Â˙ÈÓ†Úˆ·Ï†¯˘Ù‡†¨˙ÈÈÈÂÂÏ†˙¯Â˘˜˙
‰¯ÊÁ†‚˙ÓÓ†‰„Â·ÚÏ†¯ÊÂÁ†ÈÚ˜¯˜‰†Â˜‰†¯˘‡Î†Æ˙ÈÈÈÂÂÏ‰†˙˘¯Ï†‚˙ÓÓ†„ÈÓÂ†˙ÈÚ˜¯˜‰†˙¯Â˘˜˙·

ÆÈÚ˜¯˜‰†Â˜Ï
ÌÈÂ˘†ÌÈ¯˙‡·†‰¯Â˜†‰Ó†ÔÈÚ·†˙Â‡¯Ï†È„Î†¨Â‡„ÈÂ†Ï˘†‚È¯ÂËÈÂÓ†˘¯„†˙Â·¯†˙ÂÈˆ˜ÈÏÙ‡·†¨‰Â¯Á‡Ï
˙ÂÚˆÓ‡·†ÁÂÎ†˙ÂÁ˙·†Â‡†ÌÈÓ†È¯‚‡Ó†˙Â¯˘Ú·†‰¯Â˜†‰Ó†˙Â‡¯Ï†ÌÈˆÂ¯†Ì‡†¨‰Ó‚Â„Ï†ÆÌÈ˜ÁÂ¯ÓÂ
˙‡ˆÓ˘†‰ÓÏˆÓÏ†¨ÌÈ¯‚‡Ó‰†˙Â¯˘ÚÓ†„Á‡†ÏÎÏ†ÈÚ˜¯˜†˙¯Â˘˜˙†Â˜†¯·ÁÏ†˘È†¨Ú˜¯˜‰†ÏÚ†ÌÈÂÂ˜

Æ¯‚‡Ó†ÏÎ·†˙ÂÓÏˆÓ†¯ÙÒÓÏ†Â‡†‰Ï‡‰†ÌÈ¯‚‡Ó‰Ó†„Á‡†ÏÎ†„ÈÏ
˙˘¯·†ÆÌÈËÈÈ·‰‚Ó†‰ÓÎ†Ï˘†·ˆ˜†¯˘Ù‡Ï†È„Î†‰„Â˜Â†‰„Â˜†ÏÎÏ†Â˜†ÒÂ¯ÙÏ†ÌÈ·ÈÈÁ†˙ÈÚ˜¯˜†˙˘¯·
ÍÈ¯ˆ†˙ÂÒÂ¯Ù†˙ÂÓÏˆÓ†‰‡ÓÏ†ÂÏÈÙ‡†¨˙ÈÊÎ¯Ó†Ï‰ÂÓ†Ë¯Ò‰†·ÁÂ¯†ÏÎ˘†ÔÂÂÈÎ†¨¯·„‰†ÍÎ†‡Ï†˙ÈÈÈÂÂÏ
ÍÈ¯ˆ˘†‰Ó†ÏÎ†‰ÊÂ†È˙ÈÓ‡†‚ÈÓÈ¯ËÒ†Â‡„ÈÂ†Ï˘†ÌÈÚÂ¯È‡†È˘Ï†Â‡†„Á‡†ÚÂ¯È‡Ï†˜ÈÙÒÓ˘†Ë¯Ò†·ÁÂ¯
‡Â‰˘†ËÈÏÁÓÂ†‰ÈÚ·†‰‰ÊÓ˘†ÈÓ·†ÈÂÏ˙†‰Ê†ø‰Ê‰†Ë¯Ò‰†·ÁÂ¯†˙‡†Ï·˜˙†‰„Â˜†ÂÊÈ‡†ÆÔÈÈÂÂÏ·†˙Âˆ˜‰Ï

Æ‰„Â˜†‰˙Â‡Ó†‰ÈÁ†Â‡„ÈÂ†˙ÂÓ˙†˙Â‡¯Ï†‰ˆÂ¯
˙Â˘Ó˙˘Ó†¨‰ÈÏÂ‚ÂÓÂ†ÔËÒÁ‡Ê˜†ÂÓÎ†˙ÂÏÂ„‚†¯˜ÈÚ·†¨˙ÂÈ„Ó†‰·¯‰†≠†˙È¯ÈÂÂ‡†‰¯Â·Á˙·†ÌÈÓÂ˘ÈÈ
Ì‰·Â†ÌÈÏÂ„‚†ÌÈ˜Á¯Ó‰†ÆÌÈÒÂËÓ‰†ÌÚ†ÌÈ¯˘˜˙Ó˘†ÌÈ¯˙‡‰†ÔÈ·†¯·ÁÏ†È„Î†˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·
‡ÏÂ†‰¯Â˜†‰Ó†‰‡Â¯†‡Ï†„Á‡†Û‡Â†‰ÒÈË†Á˜Ù†ÔÈ‡˘†ÌÂ˜Ó·†ÆÌÈ˘ÈÂ‡Ó†‡ÏÂ†ÌÈË˜†‰ÙÂÚ˙†˙Â„˘
ÏÚ†Á˜ÙÏ†¨Â‡„ÈÂ†˙ÂÓÏˆÓ†Ì˘†ÌÈ˘Ï†˙Â¯˘Ù‡†˙˙Â†˙ÈÈÂÂÏ†˙¯Â˘˜˙†Æ‡È¯ÓÓ†ÈÓÂ†˙ÁÂ†ÈÓ†¯Â¯·
˙ÂÓÂ˜Ó·†ÈÎ†¨ÌÈÎÂÓ†ÌÈ˜ÙÒ‰·†„Â·ÚÏ†˙ÂÚ„ÂÈ†‰Ï‡‰†˙Â„ÈÁÈ‰†Æ˜ÂÁ¯Ó†‰¯Â˜†‰Ó†˙Â‡¯ÏÂ†ÌÂ˜Ó‰
˙Î¯ÚÓ‰†˙‡†ÏÈÚÙ‰Ï†˘È†ÆËÏÂÂ†220†Â˜†ÔÈ‡†Æ‰È‚¯‡†ÔÈ‡†Ì‚†¨˙¯Â˘˜˙†ÔÈ‡˘†˜¯†‡Ï†ÌÈÁ„È†‰Ï‡Î
‰„·ÂÚ‰†ÆÁÂ¯†˙ÈÈ‚¯‡·†ÌÈÓÚÙÏ†Â‡†¨ÌÈÈ¯Ë˜Ï‡ÂËÂÙ†ÌÈ‡˙†ÌÚ†˘Ó˘†˙ÈÈ‚¯‡†¨˙È¯ÏÂÒ†‰È‚¯‡†È¢Ú

Æ‰¯È·Ò†„Â‡Ó†˙ÈÒÁÈ†‰Ú˜˘‰·†‰Ê†˙‡†˙Â˘ÚÏ†¯˘Ù‡Ó†Ë‡ÂÂ†30≠Î†˜¯†ÍÂ¯ˆÏ†Ú„ÂÈ†Ë¢‡ÒÈÂ˘
ÏÈÏÎ†ÌÈ¯˙ÂÙ†ÌÈ‡†¯·Î†ÌÈË¢ÏÓ†Â‡†˙ÂÈÚ˜¯˜†˙ÂÓÏˆÓ†¨¯„‚†Æ˙ÂÏÂ·‚‰†˙‡†¯ËÏ†˙ÂÙ‡Â˘†˙ÂÈ„Ó

ÆÏÈÚÈ‰†ÔÂ¯˙Ù‰†˙‡†˙˙Â†˙ÈÈÂÂÏ†˙¯Â˘˜˙†¨‰ÈÈÚ·‰†˙‡
Ì‚Â†¨˙¯Â˘˜˙†¨ÌÈÎ¯†ÌÈ·Î¯†¨Ó¢˜¯†ª˙ÈÈÈÂÂÏ†˙¯Â˘˜˙·†˙ÂÚÂ¯Ê‰†ÏÎ†Ï˘†˘ÂÓÈ˘†˘È†·¢‰¯‡†‡·ˆ·
Â·‚†ÏÚ†‡˘Â†ÏÈÈÁ˘†Ê¯‡Ó†Á˙ÂÙ†‰Â¯Á‡Ï†ÆßÂÎÂ†ÌÈ‰†ÏÈÁ·†Â‡†¯Ê†ÁË˘Ï†ÌÈÒÎ˘†ÌÈ„ÁÂÈÓ†˙ÂÁÂÎ·



¨‰„˜ÙÓÏ†˙ÈÂÂÈÎ≠Â„†˙¯Â˘˜˙†ËÈÈ·‰‚Ó†˙Â¯˘Ú†Ï˘†·ˆ˜·†˜ÙÒÓ‰†®‰ÏÏÂÒÂ†Ì„ÂÓ‰†¨‰Ë‡‰†ÏÏÂÎ©
Æ‰„˜ÙÓ‰Ó†Â‡„ÈÂ†Ï·˜ÏÂ†¯È·Ú‰Ï†Ì‚Â†¯Â·È„†˙¯˘Ù‡ÓÂ

Ì˜ÏÁ†Æ˙ÈÈÈÂÂÏ†˙¯Â˘˜˙†¨ÁË˘·†˙¯Â˘˜˙†˙Â„ÈÁÈ†Ï˘†ÌÈ·¯†ÌÈ‚ÂÒ†Ì˘È†Æ‰Èˆ¯‚ËÈ‡†≠†‡·‰†„Úˆ‰
˙¯Â˘˜˙†¨ACPC†Ì˜ÏÁ†¨ÌÈÂ˘†ÌÈ·ˆ˜Â†ÌÈ¯„˙†ÔÈ·†ıÂÙ˜Ï†ÈË¯‰È‡†ÔÙÂ‡·†ÌÈÚ„ÂÈ˘†ÌÈË¢‡ÒÈÂ†Ì‰
Ï˘†‰Èˆ¯‚ËÈ‡†˙Â˘ÚÏ†≠†ÌÈÁ˙Ù˙Ó˘†ÌÈ˘„Á‰†ÌÈÂÂÈÎ‰†ÆÌÈÏÂ„‚†¯˙ÂÈ†Ë¯Ò†È·ÁÂ¯Ï†‰„Â˜Ï†‰„Â˜
‰‰Â·‚†˙ÏÂ·È˜†Ï˘†¯È‰Ó†‚Â˙ÈÓ†˙¯˘Ù‡Ó˘†˙Á‡†˙ÈÊÎ¯Ó†ÏÂ‰È†˙Î¯ÚÓ†˙Á˙†‰Ï‡‰†˙Â„ÈÁÈ‰†ÏÎ
˙ÂÙÈ„Ú†Ï·˜Ï†ÌÈ¯ÈÎ·†¯˙ÂÈ†ÌÈ‚¯„Ï†˙¯˘Ù‡Ó˘†ÏÂ‰È†˙Î¯ÚÓ†ÏÏÂÎ†¨È˘Ï†„Á‡†ÌÂ˜ÓÓ†ÔÈÈÂÂÏ‰†Ï˘
ÏÎÏ†‰‚Ó†≤∞≠Ï†‰‚Ó†ÈˆÁ†ÔÈ·†ÌÈ·ˆ˜†ÏÚ†¯·Â„Ó†Æ˘‡¯Ó†˙Ú·˜˘†˙ÂÙÈ„Ú·†Â‡†‰˘È¯„†Ù¢Ú†‰‡ˆ˜‰·

Æ‰¯ÈÊ·†ÌÈˆÂ¯˘†ÌÂ˜Ó
ÆÔÂÒ‡†È¯˜Ó·†ÚÈÈÒÏ†ÌÚÙ†È„Ó†ÌÈ˘˜·˙Ó†˙ÏÈ‚†˙¯·Á·†Æ‰¯È‰Ó†‰·Â‚˙Â†ÔÂÒ‡†È¯˜Ó†ÏÚ†ÌÈÏÈÓ†‰ÓÎ
¨˙¯Â˘˜˙†‡ÏÏ†‰È‰†¯ÂÊ‡‰†ÆÌÈ¯ÈÊÁ‰†˙ÚÙ˘†ÒÂ¯ÈÂ·†ÚÂ‚†¯ÂÊ‡Ï†Â˜ÈÒ˜Ó·†Á¢È·†˙ÒÈ¯Ù†˙Ú·†Â¯ÊÚ

Æ˙ÈÈÈÂÂÏ†˙¯Â˘˜˙†ÌÚ†Ì˘Ï†ÂÚ‚‰
‰„ÈÁÈ‰†Í¯„‰†¨˙ÂÈÚ˜¯˜‰†˙ÂÎ¯ÚÓ‰†ÏÎ†ÂÒ¯˜†˙Â„Á‡†ÌÈ˘†ÈÙÏ†ÔÈÒ†ÊÎ¯Ó·†‰Ó„‡†˙„ÈÚ¯†ÔÓÊ·

Æ˙ÈÈÈÂÂÏ†˙¯Â˘˜˙†Ì˘Ï†‡È·‰Ï†‰˙ÈÈ‰†ÌÂ˜Ó·†˙¯Â˘˜˙†¯ÂˆÈÏ
¨Ô·ÂÓÎ†‰ÈÂÙˆ†È˙Ï·†‰¯Âˆ·†¨Â¯˜È†ÔÂÒ‡†È¯˜Ó˘†ÔÂ·˘Á·†ÌÈÁ˜ÂÏÂ†ÔÂÈÏÚ†ÁÂÎ·†ÌÈÈÓ‡Ó†‡Ï†¯·Î†ÌÂÈÎ
ÔÈÈÚ‰†Í¯ÂˆÏ†ÆÂÏ‡†ÌÈ¯˜Ó·†‰·ÂË‰†‰ËÈ˘‰†ÂÊ†ÈÎ†˙ÈÈÈÂÂÏ†˙¯Â˘˜˙†ÏÏÂÎ˘†ÚÂÈÒ†˙˙Ï†Í¯ÚÈ‰Ï†ÍÈ¯ˆÂ
ÒÎ˘†Ê¯‡Ó†ÔÈÓ†¨instant communication†¨ÌÂ˜ÈÈ‡†‡¯˜˘†Â˜ÒÈÒ†˙¯·Á†ÌÚ†„ÁÈ·†¯ˆÂÓ†ÂÈ·
ÂÏ†˘È†¨È¯ÂÈˆËÒ†Â‡È‚‰†ÔÈÈÂÂÏÏ†„·Ï†˙ÂÂÎ˙ÓÂ†¯Â˙ÙÎ†˙ˆÈÁÏ·†˙Ò¯Ù˘†‰Ë‡†ÏÚ·†¨·Î¯†ÍÂ˙Ï
˙¯Â˘˜˙†˜ÙÒÓ†¯Â˙ÙÎ†˙ˆÈÁÏ·Â†ÁË˘Ï†ÚÈ‚Ó†·Î¯‰†ÆßÂÎÂ†ÔÂÙÏË†ÈÂÂ˜†‰ÓÎ†¨·˘ÁÓ†¨Ò˜Ù†¨˙ÒÙ„Ó

ÆÔÓÊ†ÏÎ·Â†ÌÂ˜Ó†ÏÎ·†¨‰È·ÈÎ¯Ó†ÏÎ†ÏÚ
˙„ÈÚ¯·†ÆÂ·†ÌÈ˘Ó˙˘ÓÂ†ÌÈ‡˙Ó‰†„ÂÈˆ‰†˙‡†ÌÈÈÎÓ†¨˘‡¯Ó†ÌÈÎ¯Ú†ÌÈÙÂ‚Â†˙ÂÏ˘ÓÓ†¨˙ÂÈ„Ó
Â¯˘ÙÈ‡˘†˙¯Â˘˜˙†˙Â„Â˜†‰ÓÎ†·¢‰¯‡·†ÂÏ˘†˙Â¯È˘‰†˙¯·Á†ÌÚ†„ÁÈ·†ÂÒ¯Ù†ÈËÈ‡‰·†‰Ó„‡‰
ÌÈ¯Á‡†ÌÈ¯˜Ó·Â†Â¯Ù·†‰Ó„‡†˙„ÈÚ¯†ÔÓÊ·†Ì‚†ÍÎÂ†ÆÚ„ÈÓ†¯È·Ú‰ÏÂ†Ï·˜Ï†¨ÏÂÚÙÏ†‰Ïˆ‰‰†˙ÂÁÂÎÏ

ÆÌÈÙÒÂ



ÏÂÏÒÓ†ÈÎÂÓ†ÌÈÈÈÂÂÏÏ†¯ÊÈÈÏ†˙¯Â˘˜˙
Ï‡Ù¯†¨ÏÏÁ‰†˙Ï‰ÈÓ†¨ÔÓ‚¯·†˙ÈÓÚ

ÏÚ†‰ÈÈ˘†‰„Â˜Ï†˙Á‡†‰„Â˜†ÔÈ·†¯ÊÈÈÏ†Ô¯˜†È·‚†ÏÚ†Ú„ÈÓ†¯È·Ú‰Ï†Í¯„†‡È‰†ÏÏÁ·†¯ÊÈÈÏ†˙¯Â˘˜˙
ÁÚÙÏ†Ô˙È˘†‰Ú¯Ù‰†¨¯ÊÈÈÏ‰†Ô¯˜†ÏÚ†˙¯˜Â·Ó†‰Ú¯Ù‰†˙¯ÈˆÈÏ†‰ÏÂÚÙ†‡È‰†ÔÂÙÈ‡†Æ¯ÊÈÈÏ‰†ÔÂÙÈ‡†È„È

ÆËÏÂ˜‰†‰ˆ˜·†‰˙Â‡
¨ÌÈÈÈÂÂÏ†ÔÈ·†∫ı¯‡‰†¯Â„Î†˙Â·È·Ò·†„Á‡†˜ÏÁ†ÆÌÈ˜ÏÁ†È˘Ï†ÏÏÁ·†¯ÊÈÈÏ‰†˙¯Â˘˜˙†˙‡†˜ÏÁÏ†¯˘Ù‡
¨ÏÏÁÏ†ÌÈÁÏ˘˘†ÌÈ·Â¯Ù†¨ÒÈÈÙÒ≠ÙÈ„Ï†È˘†˜ÏÁÂ†¨Ú˜¯˜†˙ÂÁ˙†¨ÌÈÒÂËÓ†¨Â‡ÈÏ†ÈÈÈÂÂÏ†¨Â‡È‚†ÈÈÈÂÂÏ
Æ¯ÊÈÈÏ†˙ÂÚˆÓ‡·†ı¯‡Ï†‰¯ÊÁ†‰˙Â‡†ÌÈ¯„˘ÓÂ†‰ÈˆÓ¯ÂÙÈ‡†Ì˘Ó†ÌÈ‡È·Ó†¨Ò¯‡ÓÏ†¨Á¯ÈÏ†ÌÈÁÏ˘
ÌÈÈÈÂÂÏ‰Ó†ÚÈ‚Ó˘†Ú„ÈÓ‰†·Â¯†Æı¯‡‰†¯Â„ÎÏ†·È·ÒÓ†˙ÙÂ‡Ó˘†¯ÊÈÈÏ†˙¯Â˘˜˙·†˜¯†Ú‚‡†ÌÂÈ‰
ø‰·ÂË†¯ÊÈÈÏ‰†˙¯Â˘˜˙†‰ÓÏ†ø¯ÊÈÈÏ†˙¯Â˘˜˙†˙Â˘ÚÏÂ†ÁÂ¯ËÏ†‰ÓÏ†Ê‡†¨RF≠·†ÚÈ‚Ó†ı¯‡‰†¯Â„ÎÏ
Æ‰Â·‚†¯˙ÂÈ†‰·¯‰†·ˆ˜·†Ú„ÈÓ†¯„˘Ï†˙Â¯˘Ù‡†‰˘È†¨˙È˘‡¯†Æ˙Â·ÈÒ†‰ÓÎÓ†‰·ÂË†¯ÊÈÈÏ†˙¯Â˘˜˙
˙¯Â˘˜˙·†¨‰ÈÈ˘Ï†ËÈ·†‰‚Ó†400-600†Ï˘†Ú„ÈÓ†·ˆ˜·†ÌÈÈÈÂÂÏÓ†ÌÈ¯Â„È˘†ÏÚ†ÌÂÈ‰†ÌÈ¯·„Ó†ÂÁ‡†Ì‡
ËÈ·†‰‚Èß‚†5.5†Ï˘†Ï„Â‚†¯„Ò·†ÏÏÁ·†ÈÂÒÈ†¯·Î†ÂÚˆÈ·†ÆÏÂ„‚†¯˙ÂÈ†„Á‡†Ï„Â‚†¯„ÒÏ†ÚÈ‚‰Ï†¯˘Ù‡†¯ÊÈÈÏ

Æ‰ÈÈ˘Ï
RF†˙¯Â˘˜˙†ÌÂÈ‰†¨Ë‡ÂÂ†È˘†Ï˘†Ï„Â‚†¯„Ò·†˙¯„˘Ó†¯ÊÈÈÏ†˙¯Â˘˜˙†Æ‰ÒÓ†˙ÂÁÙ†‰·¯‰†≠†˙È˘
¨˜ÙÒ‰‰†˙ÎÈ¯ˆ†ÏÚÂ†¨Ï˜˘Ó‰†ÏÚ†‰ÎÏ˘‰†‰ÊÏ†˘È†¨¯˙ÂÈÂ†Ë‡ÂÂ†±∞†Ï˘†Ï„Â‚†¯„Ò·†‡È‰†Ú˜¯˜Ï†Â‡È‚Ó

Æ‰¯È‰Ó†¯˙ÂÈ†‰·¯‰†¯ÊÈÈÏ†˙¯Â˘˜˙†ÔÎÏ
ÁË˘†ÏÚ†˜ÙÒ‰‰†˙‡†˙¯ÊÙÓ˘†¨RF†˙¯Â˘˜˙Ó†‰ÈÒÁ†¯˙ÂÈ†‰·¯‰†¯ÊÈÈÏ†˙¯Â˘˜˙†Æ˙ÂÈÒÁ†≠†˙È˘ÈÏ˘

ÆÚÈ¯Ù‰Ï†Ì‚†ÈÏÂ‡Â†˙˙ÂˆÏ†¨ÚÂÓ˘Ï†¨·È˘˜‰Ï†ÏÂÎÈ†‰ÓÂÏ‡‰†ÁË˘†ÍÂ˙·†‡ˆÓ˘†ÈÓ†ÏÎÂ†ÏÂ„‚
ÔÈ·†¯·ÁÓ˘†Â˜‰†ÏÚ†¯·ÂÚ†Ú„ÈÓ‰†¨‰È˘Ï†˙Á‡†˙ÂÂÂÎÓ†˙Â¯ˆ†˙ÂÓÂÏ‡·†˙„·ÂÚ†¯ÊÈÈÏ†˙¯Â˘˜˙
‰ÈˆÏÂ‚¯†˘È†Â‡È‚‰†˙¯Â‚Á·†Æ¯ÊÈÈÏ‰†˙¯Â˘˜˙Ï†‰‰Â·‚†˙ÂÈÒÁ†Ô˙Â†‰ÊÂ†¨È˘†ÏÈÓ¯ËÏ†„Á‡†ÏÈÓ¯Ë
ÏÏÂÎ‰†Ë¯Ò‰†·ÁÂ¯†ÆÂÏ˘Ó†Ë¯Ò†·ÁÂ¯†˘¯Â„†ÔÈÈÂÂÏ†ÏÎ†¨ÌÈÈÈÂÂÏ†„Â‡Ó†‰·¯‰†Ì˘†˘È†¨ÌÈ¯„˙†Ï˘
¨‰ÈˆÏÂ‚¯†Ì‰ÈÏÚ†ÔÈ‡˘†È¯Ó‚Ï†ÌÈ¯Á‡†Ë¯Ò†È·ÁÂ¯·†˙¯·ÂÚ†¯ÊÈÈÏ†˙¯Â˘˜˙†Æ‰ÈˆÏÂ‚¯†˙˘¯„†ÔÎÏ†Ï·‚ÂÓ
ÆÌÈÏËÂ·Ó†‡Ï†˙ÂÂ¯˙È†¯ÊÈÈÏ‰†˙¯Â˘˜˙Ï†˘È˘†ÍÎ†¨¯‚˘ÏÂ†ÌÈˆÂ¯˘†ÌÈÏÈÓ¯Ë†‰ÓÎ†ÒÈÎ‰Ï†Ô˙È
ÔÂÂÈÎÏ†ÏÏÁÏ†‰ÏÚ†ÒÈÓË¯‡†Ì˘·†È˙Ù¯ˆ†ÔÈÈÂÂÏ†≤∞∞±†˙˘·†ø¯ÊÈÈÏ‰†˙¯Â˘˜˙†‡˘Â·†ÌÏÂÚ·†ÚˆÂ·†‰Ó
‡ˆÓ˘†Ú˜¯˜†˙Á˙†ÔÂÂÈÎÏ†¯ÊÈÈÏ†˙¯Â„˘˙†ÁÏ˘†¨¯˘˜˙†‡Â‰†„Á‡‰†ÆÌÈÈÂÒÈ†È˘†ÚˆÈ·Â†¨Â‡È‚‰†˙¯Â‚Á
Â‡ÈÏ‰†ÔÈÈÂÂÏ‰†ÔÂÂÈÎÏ†˙¯Â˘˜˙‰†·ˆ˜†¨¥†ËÂÙÒ†Â‡ÈÏ†ÔÈÂÂÏ†ÔÂÂÈÎÏ†¯„È˘†‡Â‰†≠†È˘†ÚÂ¯È‡†ÆÛÈ¯Ë·
‰·Â‚·†Ú˘†ÒÂËÓÏ†¯‚È˘Â†Â‡È‚‰†˙¯Â‚ÁÏ†¯·Î†ÚÈ‚‰†ÔÈÈÂÂÏ†Â˙Â‡†≤∞∞∂†˙˘·†¨‰È˘Ï†ËÈ·†‰‚Ó†μ∞
¨≤∞∞∏≠·†‰È‰†ÌÏÂÎÓ†‰ÙÈ‰Â†ÔÈÈÚÓ‰†ÈÂÒÈ‰Â†‰ÈÈ˘Ï†ËÈ·†‰‚Ó†μ∞†Ï˘†·ˆ˜·†¯ËÓÂÏÈ˜†6-10†Ï˘
ÌÈ‰„Ó†·ˆ˜·†¨¯ÈÈÙ‡Â†Ò˜È‡†¯Ò‡¯Ë†≠†ÌÈÈÈÂÂÏ†È˘Ó†È˘Ï†„Á‡†Â¯„È˘†ÌÈÓ¯‚‰Â†ÌÈ‡˜È¯Ó‡‰

Æ‰ÈÈ˘Ï†ËÈ·†‰‚È‚†μÆμ†Ï˘
ËÈ·†‰‚È‚†μÆμ≠·†≤∞∞∏·Â†¨‰È˘Ï†ËÈ·†‰‚Ó†È˘·†≤∞∞±≠·†ÌÈÏÈÁ˙Ó†ÆÏÂ„È‚‰†·ˆ˜†˙‡†˙Â‡¯Ï†·Â˘Á

ÆÌÈ‰„Ó†ÏÂ„È‚†·ˆ˜†Â‰Ê†Æ‰È˘Ï
¨Â‡È‚†ÔÈÈÂÂÏÏ†Â‡ÈÏ†ÔÈÈÂÂÏ†ÔÈ·†¯ÒÓÓÏ†¯˘Ù‡†¯ÊÈÈÏ†˙¯Â˘˜˙·†ø¯ÊÈÈÏ‰†˙¯Â˘˜˙†ÌÚ†˙Â˘ÚÏ†¯˘Ù‡†‰Ó
¯ÒÓÓÏ†¯˘Ù‡†¨Â‡È‚†ÔÈÈÂÂÏÏ†ÌÈÒÂËÓ†ÔÈ·†¨ÌÓˆÚ†ÔÈ·Ï†Â‡ÈÏ†ÈÈÈÂÂÏ†ÔÈ·†¨ÌÈÒÂËÓÏ†¨Ú˜¯˜†˙ÂÁ˙Ï

Æ¯È‰Ó†„Â‡Ó†·ˆ˜·†˙Â¯Â„˘˙†¯È·Ú‰ÏÂ
¯·Î†ÂÈÏÚ†ÌÈ¯·„Ó˘†¯·„†‡Â‰†Â‡ÈÏ†ÈÈÈÂÂÏ†Ï˘†‰·Ó†˙ÂÒÈË†¨Ì‰·†„˜Ó˙‰Ï†¯˘Ù‡˘†ÌÈ˘ÂÓÈ˘†Ì˘È
¯ÂÓ˘Ï†„Â‡Ó†·Â˘Á†Ì‚†Ï·‡†ÌÈÈÈÂÂÏ‰†ÔÈ·†Ú„ÈÓ†¯È·Ú‰Ï†„Â‡Ó†·Â˘Á†‰·Ó†˙ÂÒÈË·†¨ÔÓÊ†‰·¯‰†È„



Æ˙Î¯ÚÓ‰Ó†ÈË¯‰È‡†˜ÏÁÎ†˜Á¯Ó†„Â„ÓÏ†˙Ú„ÂÈ†Ì‚†¯ÊÈÈÏ†˙¯Â˘˜˙†¨˜Á¯Ó†„Â„ÓÏ†ÍÈ¯ˆ†Æ‰·Ó‰†ÏÚ
‡Â‰†¯ÊÈÈÏ†˙¯Â˘˜˙·†ÌÈ·Â˘Á‰†ÌÈ¯·„‰†„Á‡†¨Ï˜Â†ËÂ˘Ù†ÏÎ‰†‡Ï†¨¯ÊÈÈÏ‰†˙¯Â˘˜˙·†ÌÈ¯‚˙‡†˘È
¨ËÂ˘Ù†¯·„†‡Ï†‰Ê†¨È‡Ï‚‰†ÏÚ†‰È‚¯‡‰†˙‡†ÊÎ¯Ï†ÌÈ·ÈÈÁÂ†ÌÈÎÂÓ†ÌÈ˜ÙÒ‰·†ÌÈ„·ÂÚ˘†ÔÂÂÈÎÓ†Æ˜ÂÈ„‰

Æ˙Â¯ˆ†˙ÂÓÂÏ‡·†„Â·ÚÏ†ÌÈÎÈ¯ˆ
˜ÂÈ„†ÏÚ†¯ÂÓ˘Ï†ÌÈ·ÈÈÁ†¨¯Â·ÚÈ†Ú„ÈÓ‰˘†È„ÎÂ†‰ÈÈ˘‰†Ï‡†˙Á‡†„Â‡Ó†˙Â¯ˆ†˙ÂÓÂÏ‡†ÔÂÂÎÏ†È„Î
‰¯˘Ú†‰Ê†‰Ó†˘ÈÁÓ‰Ï†È„Î†¨Ô‡È„¯†Â¯˜ÈÓ†‰¯˘Ú†ÏÚ†¯·„Ó†È‡†‰Â·‚†¯ÓÂ‡†È‡˘Î†Æ‰Â·‚†‰ÂÂÎ‰
Æ¯ËÓÂÏÈ˜†È˘†Ï˘†˜Á¯ÓÓ†Ó¢Ó†20†Í¯Ú·†ÂÏ˘†¯ËÂ˜‰˘†Ï˜˘†Ï˘†Ú·ËÓ·†ÚÂ‚ÙÏ†ÂÓÎ†≠†Ô‡È„¯†Â¯˜ÈÓ
˘È˘†ÛÒÂ†¯‚˙‡†Æ„Â‡Ó†˙Â˜ÈÂ„Ó†‰¯˜·†˙ÂÎ¯ÚÓ†˙ÂÈ‰Ï†‰Ù†˙ÂÎÈ¯ˆÂ†‰˘˜†¯·„†‰Ê˘†È¯Ó‚Ï†¯Â¯·
ÏÎ†ÔÂÚÓ†¯ÂÊ‡·†¨˙Â¯˙Ò‰†È„Î†„Ú†ÌÈ˙ÂÁÈ†˙¯ˆÂÈ†‰¯ÈÙÒÂÓË‡‰†ÆÌÈ˙ÂÁÈ†Ì‰†Â˙È‡†„„ÂÓ˙‰Ï
Æ˙¯Â˘˜˙†ÔÈ‡†ÍÎÓ†‰‡ˆÂ˙Î†¨ËÏ˜ÓÏ†¯„˘Ó‰Ó†¯Â„ÁÏ†‰ÏÂÎÈ†‡Ï†¯ÊÈÈÏ‰†˙ÈÈ‚¯‡Â†¯˙ÒÂÓ†¯ÂÊ‡‰
˙ÂÁ˙†ÏÎ˘†˙Â¯È·Ò‰˘†ÍÎ†¨ÌÈ¯ÂÊ‡†¯ÙÒÓ·†Ú˜¯˜†˙ÂÁ˙†¯ÊÙÏ†‡È‰†ÌÈ˙ÂÁÈ†ÏÚ†¯·‚˙‰Ï†Í¯„‰
ËÂÏ˜Ï†ÏÎÂ˙†˙Á‡†Ú˜¯˜†˙Á˙†˙ÂÁÙÏ†¨‰ÎÂÓ†˙ÈÒÁÈ†˙Â¯È·Ò†‡È‰†¨˙ÂÚ·†˙ÂÒÂÎÓ†‰ÈÈ‰˙†Ú˜¯˜‰

ÆÚ„ÈÓ‰†˙‡
ÏÚ†ÚÒ˘†ÈÓ†ÏÎ†Æ‰ÈˆÏÂ·¯ÂËÏ†˙Ó¯Â‚†‰¯ÈÙÒÂÓËÒ‡‰†¨ÌÈÈˆÏÂ·¯ÂË†ÌÈË˜Ù‡†ÌÚ†„„ÂÓ˙‰Ï†˘È
ÌÈË˜Ù‡†ÏÏ‚·†¯Â‡‰†È¯˜†Ï˘†‰¯È·˘†È‰ÂÊ†¨Ú˜¯˜‰Ó†ÌÈÏÂÚ˘†ÌÁ†¯ÈÂÂ‡†ÈÏ‚·†Ï˜˙†ÌÁ†¯ÂÁ˘†˘È·Î
Ô¯˜‰˘†ÍÎÏ†ÌÈÓ¯Â‚†ÌÈËÏÂ·¯ÂË†ÌÈË˜Ù‡†¨¯Â‡†Ô¯˜†‡È‰˘†¯ÊÈÈÏ‰†Ô¯˜Ï†Ì‚†‰¯Â˜†‰ÊÂ†ÌÈËÏÂ·¯ÂË
·ˆ˜·†‰„È¯ÈÏÂ†˙Â‡È‚˘Ï†Ì¯Â‚˘†‰Ó†Æ‰È‰˙˘†ÌÈˆÂ¯†ÂÈÈ‰˘†ÈÙÎ†‰˜ÏÁ†‡Ï†Ï‚‰†˙ÈÊÁÂ†˙Á˙Ù

Æ˙¯Â˘˜˙‰
ÌÂÁ˙†¨È„È˙Ú†ÌÂÁ˙†Â‰Ê†¯ÊÈÈÏ‰†˙¯Â˘˜˙˘†Â‡ˆÓ†ÈÎ†¯ÊÈÈÏ‰†˙¯Â˘˜˙†‡˘Â·†˜ÂÒÚÏ†ÂÏÁ˙‰†Ï‡Ù¯·
˙¯Â˘˜˙˘†ÌÈÓÂÁ˙·†˙Â˜ÒÂÚ˘†˙ÂˆÂ·˜†Ï‡Ù¯·†ÂÏ†˘È†¨Á˙Ù˙‰Ï†ÈÂÙˆ˘†ÌÂÁ˙†ÆÂ·†ÚÈ˜˘‰Ï†È‡„Î˘
‰ÓÓ†„·Î†˜ÏÁ†Ì˘ÈÈÏ†Ô˙ÈÂ†RF†˙¯Â˘˜˙·†˙˜ÒÂÚ˘†‰ˆÂ·˜†Ï˘ÓÏ†ÂÓÎ†¨Ì‰·†˙·¯ÂÚÓ†¯ÊÈÈÏ‰
˙ÂÈËÙÂ‡†˙ÂÎ¯ÚÓ†‰Á˙ÈÙ˘†‰˜ÈËÙÂ‡†˙ˆÂ·˜†Ì‚†‰˘È†Æ¯ÊÈÈÏ‰†˙¯Â˘˜˙†Ï˘†‡˘Â·†‰˘ÂÚ†‡È‰˘
‰ÊÓ†‰‡ˆÂ˙Î†ÆÌÈ‰Â·‚†ÌÈ˜ÂÈ„·†ÌÈÁ˙ÙÓ†ÂÁ‡˘†˙ÂÎ¯ÚÓ‰†ÏÎÏ†‰¯˜·†˙ÂˆÂ·˜Â†Æ¯ÊÈÈÏ·†˙Â·¯ÂÚÓ
È˘„Á†ËÙÒÂ˜†‡Â‰˘†Ï¢ÈÏ¯˜†‡¯˜˘†Ë˜ÈÂ¯Ù†ÌÈ˘†¯ÙÒÓ†ÈÙÏ†ÂÚÈ˙‰†ÔÂÈÎË‰ÓÂ†Ï‡Ù¯Ó†ÌÈ¯˜ÂÁ
˙Î¯ÚÓ†˙‡Ê†¨®˜ÈÏ†ÈÈÏË‡Ò¯ËÈ‡†¯ÊÈÈÏ†‚Èß‚ÈÈ¯†„‡†Ô˘ÈÈ˜ÈÂÈÓÂ˜©†Ï¢ÈÏ¯˜†Æ¯ÊÈÈÏ†˙¯Â˘˜˙Ï

ÆÚ˜¯˜†˙ÂÁ˙Â†ÌÈÒÂËÓ†ÔÈ·†¨ÌÈÈÈÂÂÏ†ÔÈ·†ÁÂÂË†˙„È„ÓÏÂ†˙¯Â˘˜˙Ï†¯ÊÈÈÏ†˙ÒÒÂ·Ó†˙¯Â˘˜˙
È˙Ï·†‡Â‰†‰Ï˘†ÔÂÂÎ‰‰˘†¨˙ÈÓÂÂËÂ‡†˙Î¯ÚÓ†ÂÊ†ø˙Â¯Á‡†˙ÂÎ¯ÚÓÓ†‰·ÂË†¯˙ÂÈ†ÂÊ‰†˙Î¯ÚÓ‰†Ì‡‰
˙Î¯ÚÓ†È‰ÂÊ†Æ‡È‰˘†‰ÏÂÚÙ†ÏÎ†Â‡†¨ÌÏˆÏ†‰ÏÂÎÈ†¨··Â˙Ò‰Ï†‰ÏÂÎÈ˘†¨‰Ó¯ÂÙËÏÙ‰†Ï˘†ÔÂÂÎ‰·†ÈÂÏ˙
‰Ó¯ÂÙËÏÙ‰†ÔÂÂÎ‰·†˙ÂÏ˙†ÈÏ·†˙‡Ê†˙Â˘ÚÏ†‰ÏÂÎÈÂ†È„‚‰†ÏÈÓ¯Ë‰†ÔÂÂÈÎÏ†ÔÂÂÎ˙‰Ï†‰ÎÈ¯ˆ†¨˙ÈÓÂÂËÂ‡
ÈËÙÂ‡‰†Á˙ÙÓ‰†˙ÂÚˆÓ‡·†‰Ê†˙‡†ÌÈ‚È˘ÓÂ†ÌÈ„ÓÈÓ†˙Ï„†¨Ï˜˘Ó†˙Ï„†‡È‰˘†˙Î¯ÚÓ†˙‡Ê†Æ˙‡˘Â‰
˘Ó˘Ó†‡Â‰†¨‰ÂÂÎ‰Ï†¨‰ËÈÏ˜Ï†¨¯Â„È˘Ï†˘Ó˘Ó†‡Â‰†¯ÓÂÏÎ†¨˘¯„˘†‰Ó†ÏÎÏ†˘Ó˘Ó‰†˙Î¯ÚÓ‰†Ï˘
Ï˜˘Ó†‰·¯‰†ÌÈÎÒÂÁ†ÍÎ†¨È„‚‰†ÏÈÓ¯ËÏ†ÔÂÂÎÏ†È„Î†ÌÈÂÂÎ˙Ó†‰ÈÏÚ˘†Ô¯˜†‰˙Â‡†¨ÔÂ˜È·‰†˙ËÈÏ˜Ï

Æ˜ÙÒ‰Â
¨‰ËÈÏ˜Ï†¯Á‡‰Â†¯Â„È˘Ï†„Á‡†¨¯ÊÈÈÏ†Ï˘†Ï‚†ÈÎ¯Â‡†È˘·†ÌÈ˘Ó˙˘Ó†Æ˙ÈÂÂÈÎ†Â„†‡È‰˘†˙Î¯ÚÓ†ÂÊ
˜ÂÈ„‰†˙‡†¨„Â‡Ó†˙˜ÈÂ„Ó†˙Î¯ÚÓ‰†ÆËÂÏ˜Ï†Ì‚Â†¯„˘Ï†˙Á‡†‰ÂÚ·Â†˙Ú·†ÌÈÏÂÎÈ†‰ÊÓ†‰‡ˆÂ˙Î

Æ˙ÒÎ‰†Ô¯˜‰†ÔÂÂÈÎÏ†˙‡ˆÂÈ‰†Ô¯˜‰†˙‡†ÌÈÂÂÎÓ†ÈÎ†ÌÈ‚È˘Ó†‰Â·‚‰
¯·„†‰Ê†¨ÌÈÏÈÓ¯Ë‰†È˘·†ÌÈÚÂ„È†˙Â¯È‰Ó‰Â†ÔÂÂÎ‰‰†¨˙¯Â˘˜˙†¯ÂˆÈÏ†ÏÈ·˘·†‰ÏÁ˙‰†È‡˙†ÌÈ˘Â¯„
ÆÂÏ˘†ÔÂÂÎ‰‰†‰ÓÂ†ÂÏ˘†˙Â¯È‰Ó‰†‰Ó†¨È˘‰†ÏÈÓ¯Ë‰†‰˘ÂÚ†‰Ó†˙Ú„Ï†·ÈÈÁ†ÏÈÓ¯Ë†ÏÎ†ÆÈ˙ÏÁ˙‰
ÏÚ†ËÂÏ˘Ï†Ú„ÂÈ†ÏÈÓ¯Ë†ÏÎ˘†ÔÈÈˆÏ†·Â˘ÁÂ†È˙ÏÁ˙‰†·ˆÓ†‰Ê†¨È˘Ï†„Á‡†ÌÈÂÂÎÓ†‡Ï†ÌÈÏÈÓ¯Ë‰
¯ˆ‰Ï†Ë‡Ï†Ë‡ÏÂ†‰·Á¯†‰ÓÂÏ‡Î†ÏÈÁ˙‰Ï†‰ÏÂÎÈ†‰ÓÂÏ‡‰†Â·˘†ÔÂ‚Ó†ÌÈÈ˜†ÆÂÏ˘†‰ÓÂÏ‡‰†·ÁÂ¯



Pointing, Acquisition†∫ÌÈ·Ï˘†‰˘ÂÏ˘†Í¯„†ÌÈ¯·ÂÚ†ÂÁ‡†‰Ê†Ú‚¯Ó†Æ‰¯ˆ†‰ÓÂÏ‡†Ï˘†·ˆÓÏ†ÚÈ‚‰ÏÂ
ÆTracking≠Â

ÏÎ†Æ˙¯Â˘˜˙†¯È·Ú‰Ï†‰ÈÁ‰†ÌÈÏ·˜Ó†¨È˘Ï†ÏÎ˙ÒÓ†‡Ï†ÏÈÓ¯Ë†Û‡†¨ÔÂ˘‡¯‰†·Ï˘‰†≠†Pointing 
‰ÂÂÎ‰‰†˙Î¯ÚÓ†ÆÙÂ˜ÒÏË‰†˙‡†ÂÈÏ‡†˙ÂÙ‰ÏÂ†È„‚‰†ÏÈÓ¯Ë‰†‡ˆÓ†ÔÎÈ‰†˘ÙÁÏ†ÏÈÁ˙Ó†ÙÂ˜ÒÏË

.˙‡˘Â‰†‰Ó¯ÂÙËÏÙ‰†Ï˘†ÔÂÂÎ‰‰†˙Î¯ÚÓ†ÏÚ†˙ÒÒ·˙Ó
¯ÊÈÈÏ†˙ÈÈ‚¯‡†Â·˘†·ˆÓ†¯ˆÂ†Ê‡Â†˙ÂÓÂÏ‡‰†ÔÈ·†‰ÙÈÙÁ†‰ÏÈÁ˙Ó†¯˘‡Î†ÌÈÈ˙ÒÓ†‰Ê‰†ÍÈÏ‰˙‰

ÆÈÂÂÈÎ†Â„†ÍÈÏ‰˙†ÆËÏÂ˜‰†ÏÈÓ¯Ë‰†¨È˘‰†ÏÈÓ¯Ë‰†Ï˘†È‡Ï‚‰†ÏÚ†˙ÏÙÂ†„Á‡†ÏÈÓ¯ËÓ
‡¯˜˘†ÍÈÏ‰˙†ÏÈÁ˙Ó†È˘‰†ÏÈÓ¯ËÏ†‰ÚÈ‚Ó†„Á‡†ÏÈÓ¯ËÓ†¯ÊÈÈÏ†˙ÈÈ‚¯‡Â†‰ÙÈÙÁ†˙¯ˆÂ˘†Ú‚¯Ó
‰ÂÚ·Â†˙Ú·Â†‰ÈÈ˘‰†Ï‡†˙Á‡†ÔÓˆÚ†˙‡†ÔÂÂÎÏ†˙ÂÏÈÁ˙Ó†ÌÈÈ¯˜‰†‰Ê‰†ÍÈÏ‰˙·†≠†Acquisition
Æ‰ÏÂ„‚†˜ÈÙÒÓ†‡È‰†È„‚‰†È‡Ï‚‰†È·‚†ÏÚ†‰È‚¯‡‰†˙ÂÙÈÙˆ†Â·˘†·ˆÓÏ†ÚÈ‚‰ÏÂ†¨ÔÓˆÚ†˙‡†¯ˆ‰Ï†˙Á‡
ÛÒ†˙¯·ÂÚ†È„‚‰†È‡Ï‚Ï†‰ÚÈ‚Ó˘†‰È‚¯‡‰†˙ÂÓÎÂ†˜ÈÙÒÓ†˙Â¯ˆ†ÌÈÈ¯˜‰†¯˘‡Î†¯Ó‚†‰Ê‰†ÍÈÏ‰˙‰
Ï‡†˙Á‡†˙ÂÂÂÎÓÂ†˙Â¯ˆ†ÌÈÈ¯˜‰˘Î†˜¯†Æ‰Â·‚†·ˆ˜·†Ú„ÈÓ†¯È·Ú‰Ï†˙¯˘Ù‡Ó˘†‰È‚¯‡†¨ÌÈÂÒÓ

Æ‰Â·‚†·ˆ˜·†Ú„ÈÓ†¯È·Ú‰Ï†Ô˙È†Ê‡†˜¯†¨‰È˘‰
ÏÚ†ÆÚ˜¯˜†˙Á˙†¨ÒÂËÓ†¨ÔÈÈÂÂÏ†˙ÂÈ‰Ï†‰ÏÂÎÈ˘†‰Ó¯ÂÙËÏÙ†ø˙Â‡¯‰Ï†‰¯ÂÓ‡†ÂÊ‰†˙Î¯ÚÓ‰†ÍÈ‡
Æ‰ˆÂ¯†‡È‰˘†Ô‡Ï†ÚÂÏÂ†˙ÈÓÂÂËÂ‡†˙ÂÈ‰Ï†ÏÎÂ˙†˙Î¯ÚÓ‰˘†È„Î†Ï·ÓÂ‚Ó†ÈËÙÂ‡†˘‡¯†‰Ó¯ÂÙËÏÙ‰
ÌÈ„„ÂÓ†¨˙‡ˆÂÈ‰†Ô¯˜‰†ÏÚÂ†˙ÒÎ‰†Ô¯˜‰†ÏÚ†ÌÈËÏÂ˘˘†ÌÈÂ‚Ó†Ì˘È†ÈËÙÂ‡‰†˘‡¯‰†ÍÂ˙·

ÆÈËÙÂ‡‰†˘‡¯‰†˙‡†ÚÈ‰Ï†ÌÈ¯˘Ù‡ÓÂ
˙‡†‰¯ÈÓÓÂ†‰¯È·ÚÓÂ†ÔÂÂÎ‰†ÈÂ˙†˙Ï·˜Ó†¨‰˜ÈÂ¯Ë˜Ï‡†‰˘È†ÈËÙÂ‡‰†˘‡¯‰†Ï˘†ÔÂ‚Ó‰†È¯ÂÁ‡Ó
˘‡¯‰†Æ¯ÊÈÈÏ†Ï˘†ËÓ¯ÂÙÏ†Ú„ÈÓ‰†˙‡†‰¯È·ÚÓÂ†¨˙¯„˘ÓÂ†˙ÒÎ‰†Ô¯˜‰Ó†˙ËÏÂ˜†Æ¯ÊÈÈÏ†Ô¯˜Ï†Ú„ÈÓ‰
˘‡¯Ï†‰„ÂÓˆ†‰È‡†ÔÎÏÂ†ÌÂÁ†˙¯ˆÈÈÓ†‰˜ÈÂ¯Ë˜Ï‡‰†˙Î¯ÚÓ†¨ÌÈÈÓ¯˙†ÌÈÈÂÈ˘Ï†˘È‚¯†ÈËÙÂ‡‰

ÆÌÈ·ÈÒ†Í¯„†ÈËÙÂ‡‰†˘‡¯Ï†¯·ÚÂÓ†‰˜ÈÂ¯Ë˜Ï‡‰†‡˙·†¯ˆÂ˘†¯ÊÈÈÏ‰†ÆÈËÙÂ‡‰
ÌÂ˜Ó·†ÏÏÁ·†ÌÈÈÂÏ˙†¨ÏÏÁ·†ÌÈ¯ˆÂÚ†ÂÈ‰†ÌÈÈÈÂÂÏ‰†ÂÏÈ‡†‰ÙÈÂ†·ÂË†‰È‰†ÂÈ˘ÎÚ†„Ú†È˙¯Ó‡˘†‰Ó†ÏÎ
Â˙Â‡Ï†˙‡ˆÂÈ‰†Ô¯˜‰†˙‡†¯„˘†Ì‡Â†˙Â¯È‰Ó·†ÌÈÚ†ÌÈÈÈÂÂÏ‰†¨ÌÈÏÂ„‚†ÌÈ˜Á¯Ó‰†ÏÏÁ·†Ï·‡†¨ÚÂ·˜
‰È‰È†‡Ï†¯·Î†‡Â‰†È„‚‰†ÔÈÈÂÂÏÏ†ÚÈ‚˙†˙‡ˆÂÈ‰†Ô¯˜‰˘Î†¨˙ÒÎ‰†Ô¯˜‰†˙‡†ÂÏ·È˜†ÂÓÓ˘†ÔÂÂÈÎ

Æ„‰†‡†ËÈÂÙ†≠†ÌÂ„È˜†˙ÈÂÂÊ†˙˙Ï†ÍÈ¯ˆ†ÔÎÏÂ†¨Ì˘
ÂÁ‡†Â·˘†·Ï˘‰†≠†Ground Demonstrator, Ground Demonstration≠‰†‡Â‰†È˘ÈÏ˘‰†·Ï˘‰
¨‰È˘Ï†ËÈÈ·†‰‚È‚†±†¨‰Â·‚†·ˆ˜·†¯„˘Ï†˙ÏÂÎÈ†ÌÈ‚„‰Ï†ÌÈˆÂ¯†ÆÈÚ˜¯˜†ÌÈ‚„Ó†˙ÈÈ··†ÂÈ˘ÎÚ†ÌÈ‡ˆÓ
·ˆ˜‰†‡Ï†È‡„ÂÂ·†‰Ê†Æ‰Â·‚†·ˆ˜Ï†ÚÈ‚‰Ï†ÌÈÂÂÎ˙Ó†Ï·‡†Ú˜¯˜‰†ÏÚÂ†‰¯ÈÙÒÂÓË‡‰†ÍÂ˙·†ÌÓÂ‡

ÆÂÊ†‰È‚ÂÏÂÎË·†ÚÈ‚‰Ï†Ô˙È˘†È·¯ÈÓ‰
Ï˘†‡Ï†È‡„ÂÂ·†¨˙ÂÙÈ„Ú·†ÌÈ‡ˆÓ†‡Ï†ÂÁ‡†¨ÍÂÓ†·ˆ˜·†ÌÈ˘†≥≠Î†¯·Î†˙Î˘Ó†‰ÏÂÎ†˙ÈÎÂ˙‰
ÌÈ‡ˆÓÂ†ÌÈ‚„Ó‰†˙‡†Ú‚¯Î†ÌÈÂ·†ÂÁ‡†ÆÈËÈ‡†˙ÈÒÁÈ†·ˆ˜·†ÌÈÓ„˜˙ÓÂ†Ï‡Ù¯†Ï˘†˙ÂÏÂ„‚‰†˙ÂÈÎÂ˙‰
Úˆ·†ÔÂ˘‡¯‰†ÔÂÚ·¯·Â†¨˙˘¯„‰†‰¯ÓÂÁ‰†ÏÎ†˙‡†ËÚÓÎ†¯·Î†ÂÏ†˘È†¨˙ÂÈˆ¯‚ËÈ‡†Ï˘†·Ï˘·†Ú‚¯Î
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Education from Space
Dr. Chris Fuglesang, Astronaut, NASA and ESA

Education from Space is extremely important: during almost every space flight that goes
up we hold sessions and through a connection with the ground children get a chance to talk
and pose questions to the astronauts on board. The children are just fascinated when they
get this chance to put questions directly to the astronauts in space. They can ask any kind
of question and they get the answer.
Another tool we have on the space station is amateur radio; every astronaut on the space
station often likes to use it, school children from anywhere in the world can actually make
contact with amateur radio operators around the world who know about this and there are
special sessions when astronauts on the space station connect to this amateur radio system
in a school and answer questions. The questions are prepared beforehand, they are sent up
by e-mail or through the radio and we have a chance to look at the questions in advance,
so we can also prepare the answer.
 It is also a good way for the students to get much more involved with issues that have to
do with space; they have to think through in advance what questions they want to pose.

ISA produces material on DVDs - different topics related to the kinds of science done in
space and topics which are easy to visualize in space. The first DVD shows Newton laws
and the other one shows many experiments focusing on how differently the body behaves
when in space. In the third one an astronaut shows the structures of matters in which also
you can see how different they are in space. The fourth DVD is about robotics in space –
all those DVDs are available on line, I think you can even download them.
Go on, look them up and get some ideas.
Another lesson produced here has to do with gyros rotation and you can see how things
rotate in space, so you get a better understanding of spinning objects. The astronaut is
playing with a rotating or spinning object, showing how it spins and gyrates in weightlessness.
 It is always fascinating to see things when they spin in space.
You can entertain a lot of students with a very simple experiment. For example, the
experiment called 'Seeds in Space'. The Dutch astronaut brought with him some seeds
which he was going to grow in space and he put them in two chambers, one with light and
the other with no light, then he would give them a little bit of water every day. Now, every
school class in the Netherlands wanted to do exactly the same experiment together with
their astronaut in space. They did it in class rooms, some 60 000 students in middle school
ages participated in this experiment. Later they could compare how the seeds were growing
in weightlessness and on Earth and the difference between having light and having no light.
A very simple experiment created a lot of interest.
Competitions also engage a lot of people. Right now ISA has a competition going on, this
one is aimed at university students, invited to propose an experiment and the best one will
hopefully fly on the space station. The experiment can be in any one of the fields of science
that we normally experiment with on the space station, like life sciences or physical sciences,
space sciences, technology or observation.
Some astronauts are more creative than others and maybe the most creative I know is my



friend Don Petit from NASA. He spent six months on the space station in 2000 and 2003
and he is still going back there. Don is a physicist and when he was up there he made some
small experiments himself, filming many of them and kind of making educational videos.

One of the videos shows cities by night from space, and it underlines a few facts: one, that
the space station is moving very quickly at 8 kilometers per second and when you take a
camera wishing to take a picture of the night city you need exposure time of a couple of
seconds, but then you get a very fuzzy picture. Well, he built himself a checking device
using material he had up there, he just found some things and put them together. You could
track a certain point on Earth while the space ship is moving over it and then he shows how
he can get a much sharper pictures of the cities by night. This also becomes a geography
lesson of sorts because you see the shape of those cities and you can learn about the
geography that way. I am very glad that he will get another chance to fly to space because
that is why we send inventive people to space: they come up with new ideas.
 I am not as creative as Don is but I too wanted to come up with my own little idea, trying
to have an education project in Space in my field of research which is radiation trying to
show in a very instructive way the radiation which is up there. On the space station radiation
is in fact about a hundred times stronger than it is on Earth. The radians are particles coming
from space, most of which are charge particles, protons, alpha particles, charged ions. They
have very high energy, so the space station does not stop them, actually it can create even
shower effects, when they hit and just go through. This varies from where you are in orbit
in space and where you are in the space station, if you are more shielded or less shielded.
So you just build a very simple detector which shows this. The particle flux demonstrator
is simple. There are two simple sensors here and there and when the charged particle goes
through it will create an electrical signal which will be seen as a blinking dial on the panel
here.
You can see or hear when you have a charged particle go there and you can correlate that
with where you are in orbit around the Earth and where you are in the space station.
There is more than one way to educate from space, the first one is to have the astronauts
up there to communicate with the students directly, which is very exciting for the students
but it is hard to reach very many of them that way, though we try. Then we also produce
material with the astronauts to thrill and stimulate the students and finally every astronaut
coming back from the flight talks often about the experience at schools and universities
and that inspires them.
 I think that the major benefit is that so many young people are fascinated by Space and
by getting a chance to interact with something close to Space or even someone who has
been up in Space helps to inspire them. We need more people studying technology and
science in our society; it is a general problem in most of the western countries. We try to
find ways to increase the number of young people going into these fields so here is another
very important use of the space station which will be up there at least for another ten years.



Space Museums as a Tool for Education
Roger Launius, Curator of the National Air and Space Museum, Smithsonian Institution,
Washington D.C.

 I want to take you on a short survey of the National Air and Space Museum and what we
are doing in terms of education. We are very proud of what we do there, justifiably so, I
think. That is not to say that we must rest on our laurels because there are a lot of things we
have not yet accomplished.
 The motto or the strategic vision for the National Air and Space Museum is very simple;
it is to commemorate, educate and inspire the next generation. We take that very seriously.

We are also very proud of the fact that we are the most visited museum in the world. Opened
in 1976 we have more than 7 million visitors per year, sometimes even 8 or 9 million. Most
people who visit Washington spend some time in this museum. We have authoritative
information about air and space, we have an Imax theater that shows the latest movies, as
well as a planetarium. We have a very extensive web site presence which allows us to reach
people who cannot come to the museum, and we are a teaching resource for people literally
around the world; we are very focused on what is known in the United states as STEM
education, science technology engineering and math, and we are trying to work very hard
to enhance the capabilities of our educational systems along those lines.
On show are milestones of flight. Everybody can see the iconic objects on display. including
'The spirit of St. Louis' that Charles Lindberg flew across the Atlantic in 1927 and the Bell
X1 aircraft that Chuck Yeager flew faster than the speed of sound in 1947, as well as the
Apollo 11 command module and John Glenn's space capsule from the Mercury program.
These well known achievements in air and space indicate the rapid pace at which aerospace
technology evolved in the 20th century. All these exhibits tell the particular story of flight
in the 20th century - and what a remarkable experience it has been - as we have moved from
very simple aircraft that the Wright brothers flew in that first generation of fliers, all the way
to spacecraft that has taken us to the moon and the robotic craft that have gone beyond to
all of the planets of the Solar system.
 We have just opened a new exhibition dealing with human space flight since the moon
landings, focusing on the Space shuttle era, the Space station era, and the era of international
cooperative ventures in Space that dawned in terms of human space flight with the advent
of the space shuttle in the 1980.

Last week we had a major event with some of the members of the crew from the STS 129
shuttle mission that has recently returned to Earth who participated in an educational event
with school children from around the area as well as linkages all over the globe through the
internet, with distance learning processes.
 The presentation center has a television capability, which allows us to do programming we
have never done before, thus we make connections to people outside the museum.
We have created a new air transportation gallery which opened just about two years ago and
deals with the issue of flying in an airline, the one experience that virtually everybody relates
to. Air travel has changed the way in which our world operates. I would like to think it is
for the better, I believe it is for the better most of the time.



It is however a significant part of a story that must be told as we try to explain to youngsters
especially how the world came to be the way in which it is.

We opened a new building in 2003, at the Dulles international airport - it is the biggest
airplane hangar you have ever seen, you can see a Concorde in the foreground, various
other aircraft hanging in the background. There are three levels of hanging aircraft and lots
of various other types of aircraft on the floor. We are still fitting it out; it's not fully stocked
with all of the aircrafts that are going to be placed in there. We have a separate hangar for
space; you can see it in the distance with the space shuttle Enterprise, the test vehicle flown
in the 1970's to prepare for the shuttle on its approach and landing test.
We have more than 25 thousand artifacts, everything from small aircraft to models of Spirit
and Opportunity, the little rovers that have been operating since 2005 on the Martian surface.

Also displayed is the Dash 80, the original Boeing 707 aircraft, the classic air liner from
the 1950's, the basis for literally thousands of airplanes like it that were built later. In our
Sea Air gallery we have a naval aviation exhibition. There you can see an aircraft built by
Howard Hughes in the 1930's, known as the Hughes racer, used for racing at that particular
time, a very sleek and elegant aircraft for its time.

We have many educational programs at the museum. We develop curricular materials, we
have teachers' workshops that enable us to bring those to the public, and we have public
lectures and a story-time. There is a new observatory, a public observatory and we have
just built this year, now used for solar observation. We take people out and show them a
little bit about the Sun and talk to them about astronomy. There is also a series of what we
call discovery stations, where our people work with some kids to talk about the principles
of gravity and centrifugal force.

Of course we have guided tours, learning labs and various types of demonstrations. We
have also started developing electronic field trips where we are able to connect to outside
organizations, schools, scientific centers and other museums to talk about air and space
activities. We are doing that on a world wide basis, too. There is also a variety of formal
symposia and lectures - an annual lecture called the John Glenn lecture. We also have what
we call "Webenars" - one day symposia done through the internet. All of that is a part of
the process of reaching to the public and broaden the presence of air and space knowledge
beyond the walls of the museum.
 We have three academic departments at the museum; one is dedicated to the history of
aeronautics, another to the history of space and the third is dedicated to planetary science.
We are not just museum curators, we are also scholars and we are engaged in publication
and research all the while hoping to advance knowledge through that particular process.



Space Indexes as a tool for Decision-makers
Jay Gullish, Senior Analyst, Futron Corp.

 Futron helps decision makers make better decisions, that includes government decision
makers as well as those in the private sector and the common theme is our vision of Space.
 Many think of space as just satellites and rocket ships. Others think of it as in-orbit
applications, or as the telecommunications applications of GPS. We take a broad view of
our vision of Space starting with the manufacturing chain for components for ground
systems, very often excluded from the space industry, but they are satellites as well, rocket
ships, launchers, operators and so forth. We also look at some of the downstream applications
and where the tremendous excitement in the industry comes from, the new applications
that bring together GPS systems with imagery and telecommunication, combining them
in ways never thought of before the internet, before GPS.

The space competitiveness index provides four things: it is a quantitative data base; behind
the scenes we have this massive Excel spreadsheet with hundreds of tabs collecting
information across a variety of different areas. It is an overview of the top ten countries
and we statistically rank those to a complex model. Most importantly, perhaps, is that in
addition to the core index we understand that companies and decision makers see themselves
in a very unique way so a telecommunications provider may not even think of themselves
as a space business per se versus others in earth observation, but may be crunching data
and providing value added services of images and so forth.
I just wanted to point out in terms of the size of the industry, this is always an interesting
chart, in total we estimate that the space industry is closing in on 300 billion dollars a year,
and basically you can see that the commercial infrastructure represents about 32 percent
of the overall industry, a third. Another third roughly is the commercial satellite service
providers, those are the actual revenues from selling space products and then of course,
governments are there.
This year we have seen pretty good growth across almost all these segments. One of the
largest segments that grew is the GPS ground equipment segment and government spending
also increased not only within individual governments, but the number of government
spending with comparison to my earlier list.
What is the space competitive index and why is it important? It is important because it
provides us now, for our third year running, with yearly information for decision makers
to benchmark actions. So if a country changes some of its policies how does that impact
its relative competitiveness? The answer is relative. It is important to know because it is
not about a certain point in time, because the industry is constantly moving. This is really
a race, the time that you win that race in does not matter, what matters is that you win and
get a gold medal, or a bronze or silver, if that is your objective. This index crunches together
statistics. We probably have 65 different statistics and then on the one hand we aggregate
them, we glue them in government industry and human capital metrics. In addition, we tag
them for segments such as telecommunications metric or earth observation metric, or
technology metric. There are some sub categories in groupings as well.
I am a strong believer if a government has a framework for which industry can understand



its roles and responsibilities, it allows other participants in society from civil society
organizations, individuals and companies to move together, to focus, to bring their own
resources to the table, to invest in technologies that they think the government may buy.
It rallies people, you have a strong strategy. Canada does this perhaps best in the world
with a very clearly defined strategy; on the one hand Canada has decided it will be part of
ISA as a member, keep a hand in the European cookie jar, so to speak, while on the other
hand it integrates closely with the United States. Canada works very closely with NASA
and with the US military but they also work with the federal aviation administration on
GPS and augmentation technologies. In addition, Canada says 'we are focusing, we are
going to do three things excellently: We are going to provide money and structure to our
universities, develop skill sets for those industries' and Canadian companies do extremely
well, much better than you would expect because they have a very good policy. There are
gaps, of course, and they actually addressed some of those gaps recently.
I want to just point out three interesting thing about the current index. One, the US is the
leader but much of that is kinetic, it reflects the US military, and much of that technology
is not available for sale, for export. Therefore some of that 'competitiveness' dissipates
because it is not shared, sold resold and so forth. The second thing is that there is a top tier
and a lower tier of countries and the interesting thing about the second tier of countries is
how close they all are, small movements impact the economy and competitiveness. Japan
jumped year over year; this is the power in the weakness of this tool, it is just statistics, I
am an economist, we crunch the numbers, we put words around it and yet it created a
political maelstrom in Japan: what did we do right? What did we do wrong? Is this going
to change? Are we going to be higher next year? Will they be lower next year? When we
published this we got a call from Japan's Space Agency, asking for the details, so we took
them through the model and showed them specifically why they jumped. Firstly they jumped
in that second tier, small enhancements statistically make a big difference, because of how
close the second tier is, but then we said, well, did you have a good year? And they say,
yeah, we think we had a good yea.
Japan is going to launch a satellite for South Korea, it is the first commercial order of a
Japanese-made rocket; that was in January. In March Japan was considering robots on the
moon by 2020 and astronauts by 2030. Japan space policy will include a missile warning
system, and a military-civilian high command was created to organize space activities.
Japan's probe crashes into the lunar surface, that lunar probe created debris and they later
identified water out of that. Japanese scientists also reported finding uranium on the moon;
that certainly a commodity item that raises some interest. The Japanese budget for space
exploration increases by 10 percent.
In July Hawaii may be the first place for point to point sub-orbital flights between the island
and Japan. The point to point actually would suggest that space tourism is actually space
transportations, so it becomes an aviation transportation industry rather than just fun and
games.
Japan had a really good year and so the numbers bear that out. But more than the individual
program successes they have the structure behind that, so when we look at Japan we see
the potential to have a very structured policy and spending plan. Of course, politics is
politics and the new government is talking about cutting the budget, so it is possible that
Japan might fall out of that ranking in our next analysis.
So I also mentioned our segmentation analysis and I think this is important because you



have to look at the industry how the industry looks at itself.
Science and exploration are generally state-funded but increasingly we are starting to see
commercial ventures get involved, principally providing infrastructure services to governments
in science and exploration. Telecommunications and remote sensing is a very broad industry
that includes imaging weather observation and so forth. Position navigation and timing,
we all know that as GPS, then you have manufacturing and launch and space services.
There are groups of bankers and financiers who focus on space.
In areas where we all know Israel is strong, perhaps the tactical military, Israel bumped up
a little bit, in earth observation, Israel bumped up, in PNT sector where there is not much
going on, it bumped down, and then obviously exploration, there is very limited activity
in Israel in that regard. Lastly I want to point out our technology index where Israel did
very well, it actually ranked above Canada in this area, it is manufacturing exploration
GNSS communication systems, remote sensing and launch vehicles.
 How can this tool, the index, be useful for decision makers? It is an external view validated
by some of you in the room, to help you understand your strengths, your weaknesses, what
are your opportunities and your threats. I hope that through understanding this those amongst
you working on Space policy that is currently under review will take this into account and
structure a policy that obviously will include the visions and the objectives, clear objectives
of the Space community, but also outline things that the rest of us need, such as clear
coherent policies and program regulations, budgets, multi-year budgets preferably.
At the same time I would suggest taking the broadest perspective of Space. The Indians
do a great job at this, they incorporate it into their entire development plan, looking for
water and housing in rural communities. Then of course there are opportunities which we
can build on and so hopefully the policy will have a mechanism for governments to assist
all stake holders to realize some of these opportunities. Governments cannot do everything
and Israeli industries should come together to form trade associations and lobbying groups
and export support organizations.
 All of us also need to look at our threats, but collectively there is a framework for decision
makers, statistically derived year over year, providing data to help people understand and
make better decisions about the space industry.



Responsive Launch Operations
Christoph Bauer, Sales Director, Space X  Ltd.

Space X was created by an entrepreneur, Elon Musk, with a single vision, namely that
private entrepreneurship has a role to play not only in launching satellites but also in
launching human beings into space. We have 800 employees today with headquarters in
Los Angeles, California. We manufacture about 80 percent of the rocket ourselves; we try
to be self reliant. We do the testing of all our engines and rocket structures in central Texas
and have a couple of launch sites. Today we are launching from Cape Canaveral and we
have a very important launch coming up in March 2010 which will be the first Falcon 9,
the rocket we designed for NASA to launch, to replace the space shuttle and launch cargo
to the Space Station.
The Falcon 1 is a rocket we developed in six years with a hundred million dollars. It is a
red rocket perfect for the Venus mission that IAI is currently building and we also have a
very important contract we are proud to announce today with Space.com of Israel. They
bought the Falcon 9 for one of their Amos missions and we cannot thank you enough for
your business, because we are a young company and the trust you are placing in us is very
important for us.
We have also developed an Apollo-type capsule with re-entry capability for NASA, the
capsule has windows and a door, and those windows are not for the cargo, just to look
outside because we are willing to send astronauts in this capsule. Actually it is the same
design we shall be using for cargo and for crew. As you know the road to space is a very
difficult one; we had three failures, yet we learned a lot from them as well as from two great
successes that followed. The Falcon 1 flight on 28 September 2008, which was a demo
flight, was extremely successful and recently in July 2009 we launched earth observation
for Malaysia.
In 2010 there will be an announcement of the new Falcon 1 called Falcon 1E for the end
of the year and most importantly we have four Falcon 9 flights on a manifest, with the first
one launching from Cape Canaveral in March. Rapid response is important because we are
a private company and time is money, so we need to operate as efficiently as possible and
the less time we spend on the launch site and on bringing the rocket, putting it together and
making it ready to launch means more efficiency and less cost. This allows us to propose
a rocket for typically half the price that you could get from the competition. The new Falcon
1E costs 11 million dollars for a launch. It is an incredible price. The Falcon 9 sells today
for 50 million S dollars, which is about half the competition's price. Our fourth flight was
very interesting, having taken place some six weeks following that of our third flight. Since
we built the rocket ourselves and knowing ourselves so well we were able to identify the
issue encountered on the third flight, rapidly analyze what the problem was and fix it, so
we are able to put together a replacement rocket and launch in less than six weeks.
It is very critical for us to launch as fast as we can, so we were ready to launch at 07:00,
we started the countdown at 09:00 and by 13:00 the satellite was in orbit. It was a great
flight. The next one was flight number 5 - that mission too was a total success, as we had
a window of 50 kilometer and we were within 10 kilometer of the target. Our Malaysian
customer was extremely satisfied. We are looking forward to some four successful launches
of Falcon 9 in 2010.



Space as a National Asset for the US
General Kevin P. Chilton, US STRATCOM Commander

I am grateful to the Fisher Brothers Institute for Air and Space Studies for inviting me to
be part of this event, celebrating the life and the vision of Ilan Ramon, a hero not only to
Israel but to all Space faring nations and certainly to all men and women who have left the
planet earth as astronauts.

As the Commander of United States Strategic Command, I have the opportunity to oversee
a command that has global responsibilities. Unlike other unified commands in our military.
Our missions are not constrained by lines on a map or by national boundaries, or even by
oceans and continents. We are ordered to provide strategic deterrence for America, we are
ordered to provide military space operations for America and we are ordered to provide
military cyber space operations for America. These are our three principal areas of focus.
Or as we call them, our three main lines of operations because we are not only tasked to
plan for crisis situations in these three areas, but we also conduct daily operations in each
of these three areas that require our utmost and focused attention.
Keeping with our global charter we are also asked to support other cross regional mission
areas such as mission defense, intelligence, surveillance and reconnaissance, information
operations and the challenge of combating weapons of mass destruction. But today I am
both pleased and relieved as I only have to speak to you about one of those mission areas,
and as you might have guessed it is my favorite. Space.
While Space is undoubtedly a tremendous national asset for the United States, it is equally
so for the world - space capabilities benefit every nation, and I am always amazed when I
reflect upon the fact that the capabilities that we enjoy today did not exist when I was a
young boy growing up in California. Yet Space has become an integral part of our daily
lives, so much so that it is difficult to imagine life without them. We see the benefits of
Space all around us, global communications enabling international commerce and
telecommunication move at the speed of light connecting people in ways never thought
possible all around the world. Position navigation and timing systems such as GPS guide
travelers in the air and on the ground and indeed in Space. GPS enables global banking
and local ATMs as well as precision manufacturing, precision farming, precise military
operations and recreational times. Not to mention that it has saved me personally more than
once from having to stop and do something that the American male never wants to do while
driving, ask for directions. It would be hard for me, or I would argue, for any of us to
envision also not having the benefits of satellite imagery. Can you imagine waking up in
the morning and turning on the news and not seeing a satellite image that tells you what
the weather will be today and perhaps tomorrow even on the other side of the world?
Simultaneously Space industries have become an important economic engine providing
thousands of jobs and development of new products and services all around the world and
meanwhile our scientists continue to unlock the mysteries of the universe with unmanned
probes and telescopes enabling us to look not only up at this wonderful universe, but back
down on this planet that we call home. Today astronauts work 24 hours a day 365 days a
year in orbit around the Earth on the International Space Station. Yet all the benefits of our
abilities in Space today are under a constant threat from a growing enemy, and I am not



just talking about the budget pressures that we all are challenged with in our countries as
we try to increase our participation in Space.
I would like to tell you a brief story from my last flight in Space, aboard the space shuttle
Atlantis. It was about the third or the fourth day of the flight and I drifted down from the
flight deck to the mid-deck, which is just below the cockpit to conduct some business and
on the side house [?] which is mounted on the mid-deck is a porthole, just about this big
round and the porthole we keep covered up all the time when we are in orbit because the
glass in that porthole has no filter on it, so there are no ultra violet filters to shade the sun
and protect your skin as we have on all the other windows. It is a perfect glass for observations
of the Earth. But we cover it. Well, I was working near the porthole and I thought I would
take a peek through this glass window just to see if it was that much better or that much
clearer. When I peeled the cover back I was amazed to find in this small porthole, in the
top right hand section, a crater of about three centimeters in diameter in the outer glass
pane. Now this got my attention. Fortunately I knew that there were three panes of glass
and only the outer pane had been cracked, but what caused this crack? All my crewmates
came down and took turns looking at it. It looked as if someone had shot a small pellet gun
at a window in your house and left that scalding mark; what could it have been? Well, when
we landed the engineers and scientists were quite interested - they replaced the outer pane
and sent the glass to be examined by an electron microscope and concluded that this crack
had been caused by a small fleck of paint. How could something so light and insignificant
crack the glass on the outer pane of the space shuttle window? Moving at such tremendous
velocity, even a small fleck of paint has tremendous power. So this is the challenge I want
to talk to you about today.
I would like to describe this challenge facing us while operating in Space called orbital
debris. Before 1957, before there was no orbital debris in space caused by man, and now
we count and catalogue those objects.

Rocket bodies and mission and space craft related debris are growing, as you would expect,
but not particularly in a steep slope over the years, what does seem to have the biggest
impact on operations up there and on debris in orbit is what we have titled fragmentation
debris, debris that is caused by satellites breaking up, boosters breaking up, or collisions.
 In 1988 a satellite broke apart on orbit and caused an increase in debris, and then a Pegasus
booster from the United States exploded, causing a bump in the debris but the most dramatic
were the impacts of the Chinese NI satellite test that occurred in this time period followed
by the collision between a US Aream [?] satellite and a Russian Cosmos satellite. The worst
case scenario is if we were to have a cascade of collisions as a result of these break ups.
A chain reaction if you will, amongst other satellites on orbit, which would create thousands
upon thousands of more pieces of debris. These could grow up to over 50 thousand in total
numbers in the not too distant future. That could be a problem for any of us who would
want to operate on the low Earth orbital environment.
We have so far catalogued objects that are approximately larger than my fist but there are
many smaller objects, equally important, that we do not see. The simple fact is that Space
dependant commerce and communications, as indeed are human space flight programs, are
at risk every time we send a satellite into orbit. Clearly we must continue to have access
to Space, but the growing problem with space debris if left unchecked, could eventually
make this essential domain uninhabitable by man or machine; so what can be done to



mitigate this threat, a threat to our continued free access to the Space environment?
I would like to offer and propose to you three different but parallel methods for your
consideration. One, we should encourage, in fact we should demand, responsible space
operations of all space going nations. Secondly, we should improve space surveillance
capabilities. Three, we should increase data sharing between space faring nations. Responsible
space operation means that all space faring nations need to take the necessary steps to
minimize debris caused by routine launch and satellite operations. Rocket body upper stages
that necessarily must achieve orbital velocity need to be designed to shed the minimal
amount of debris possible, while placing their payloads into transfer orbits. Additionally
they should have engineered into their fuel tanks relief valves designed to relieve the
pressure inside from excess fuel left over, so that they don’t build up pressure and lead to
an explosion. Furthermore, prudent satellite and mission design should allow for the disposal
of satellites at the end of their missions so that they can free up room for other satellites
and again, minimize the likelihood of future collisions that could create more debris.
 At the same time we need to improve our space surveillance capabilities; collision avoidance
maneuvers are possible if we know precisely the location not only of the debris but of the
satellites on orbit that can maneuver. One of the big challenges is keeping track of the debris
and satellites precisely enough to calculate accurate and timely collision avoidance maneuvers.
Tracking these objects in orbit requires frequent observations with radars and optical
telescopes. No one nation has the resources or the geography to do this adequately today.
The US has quite an extensive array of sensors, radars and telescopes to survey the heavens
but even that is not enough in spite of the investments made and space-based satellites that
will improve our sensing of the geo stationary belt and the enhancements to our radar in
the near future that will improve our situational understanding of low Earth orbit.

We have the opportunity to share data from various radars and telescopes to make the
tracking and collision avoidance problem manageable. We can make it simpler because we
can make it technically simpler with more observations. The more often you observe the
satellite the more often you observe the debris, the more precisely you know its location,
the more precisely you can predict a potential collision, the more precisely you can calculate
a maneuver to avoid the predicted collision. But sometimes that is not the most difficult
thing to do. Information sharing requires agreements between countries, it requires finding
the middle ground on common lexicon, on common types of data formats and units, etc.
we cannot be reporting in feet in one case and meters in another.
So what is the United States Strategic Command doing to address this problem of space
debris and space situational awareness? In December, the United States Strategic Command
assumed responsibility for the commercial and foreign entities program, a so-called
experimental or pilot program that looked at opportunities to share information with other
countries and commercial entities. Today my joint component command for space at
Vandenberg Air Force Space Base in California is tasked with the day to day operation
command and control of our geographically disperse space surveillance radars and telescopes,
but I have also tasked him with not only building and maintaining this catalogue of debris
but also with conducting collision avoidance calculations to be in a better position to share
this so we can avoid collisions in the future. We have taken responsibility for this program
in the US Strategic Command and we have renamed it Space Situational Awareness Sharing,
to emphasize our desire and intent to share information with the international community



and commercial partners interested in Space flight safety. We provide transparency into
our satellite data base and make orbital and positional satellite information available today
on the website  www.spacetrack.org. We maintain this database to make collision avoidance
calculations and ultimately if required to notify the right people of potential collisions. This
sharing program consists of two services; first, the basic service is just the population of
the website which is available to anyone who would like to log onto it to gather data. The
second service is a little more advanced and one that envisions direct cooperation and
partnerships with satellite owners and operators and international entities via negotiated
agreements. Per United States law, my Command on behalf of the government must enter
into written agreements with perspective international partners before these types of services
can be granted, but they include things that make sense like calculations before the launch
of a satellite to predict safe orbit and safe orbital insertion, for example. These two programs,
these two parts of the Space Situational Awareness Sharing program, are maturing and
evolving right now.
 There is another program I feel will have a significant and positive impact on Space
awareness and help us reduce the threat of Space debris. Yet in order for this program to
be truly successful we need help in three areas: sensors, participation and innovation. We
need to increase the number and the capabilities of the sensors that contribute to our
situational awareness to give us better fidelity of the debris in the domain; moreover, space
faring nations need to develop these common protocols I mentioned earlier as well as
languages so that via networks we can share the sensor information and pass it more
efficiently and effectively. We need participation in space situational awareness service,
partners who will work with us to expand our capabilities and services, and we need partners
who are committed as we are to addressing this critical threat to every nation's ability to
explore and operate in a Space domain.

Finally we need innovation. Rona and Ilan's vision, Rona's vision to carry Ilan's vision
forward was to stimulate the youth of Israel with educational opportunities to promote
science and mathematics so that you could solve great problems for your country in the
future. Here is one for you to tackle. We need an innovative process and technology not
only to minimize space debris but we need technologies to help us avoid collisions and
here is the really hard one: we need to find opportunities or technologies that would allow
us to eliminate space debris.  It is a very difficult problem; the way we eliminate space
debris today is by waiting for it to come down. Sometimes it can take a very long time for
this debris to re-enter the atmosphere. I am confident that together we can invent new
technologies and techniques to not only mitigate debris in the future but perhaps even to
remove debris currently threatening every satellite in orbit and every man and woman
working in Space. So these are the challenges in front of us but there are also opportunities
for young minds to go out and solve these challenges for us in the future. That is the exciting
part of the Space business, it is never completely solved, and there is always another hill
to climb.

In closing, if you will permit me, I would like to add a small personal reflection, and I will
again go back to my third and final flight on the space shuttle Atlantis in 1996. I was sitting
in the cockpit of the Atlantis in the Commander's seat, snuggled in my pressure suit, tightly
strapped in, while we waited for several hours before launch. I squeezed in a little nap,



because I was so relaxed and comfortable and because you do not want to move around
too much as you get very hot in that suit. Then I awoke as we got later in the count, got
into the checklists, prepared things with my crew, reviewed all the instruments prior to
flight. I will tell you and I think every astronaut would tell you, there is no place on the
planet I would rather have been that day than in the cockpit of Atlantis. I had no worries;
I had complete faith in my crew and in the ground crew supporting us. It was not until after
the flight that I reflected on another perspective of that morning. A friend of mine was
escorting my family to the launch and they were standing on top of the launch control
center about three miles from the space shuttle Atlantis, and so here is the picture that he
described. My wife Cathy with a six year old daughter in one hand, a four year old in the
other hand, my friend holding our two year old daughter and Cathy is eight months pregnant
with our fourth daughter. Now I ask you: who is the hero that day? I know I could not have
stood on that roof and watched her fly; I had the easy job that day. Astronauts are often
referred to as heroes; there are other heroes as well. And so it was on a bright February
morning in 2003 that I had the privilege of sitting 20 meters away from another group of
heroes at the landing strip at the Kennedy Space Center. The family members of the STS
107 crew of Columbia. It was they who bore the greatest burden that day. A burden only
slightly eased by time. Rona, and the family members of Rick, Willie, Dave, Cassie, Mike
and Laurel, they remain heroes today. Let us never forget them, they are heroes that we
live with, and they walk among us today and they, along with heroes like Ilan continue to
inspire each and every one of us. They certainly inspire me.



Advance Payloads for Planetary Space Missions

Jeff Sneler, Sar Radar Program Manager, Northrop-Grumman

Synthetic aperture SAR radar has many advantages, one principal advantage is that the
resolution of a synthetic aperture radar system is in sensitive range so if you think about
using a pair of binoculars, or something like that, the farther away something is, the smaller
it is with an optical system, and you have to point very carefully in order to see it and keep
it in focus. That is not the case with a synthetic aperture radar system; you can actually
resolve things at very long distances if you have enough power to eliminate the object at
that distance. Therefore, if you have a powerful satellite with a large antenna you can
actually create a very large access area where you potentially could image a target at high
resolution, where a similar optical satellite would have much more area of access. This
gives you the ability to revisit the targets much more frequently. That is a big advantage
with observation, especially for what is time-critical like disaster response, or for national
defense applications. The other big advantage of SAR is that since it is providing its own
illumination it can work at night, obviously not something that the electro-optical systems
are so good at, and it can also penetrate through cloud layers. The ability to provide assured
high resolution access is really the main reason why people like SAR so much.
So because of these advantages, the last few years saw an explosion in the number of high
resolution imaging satellites orbiting the earth.

From about 2007 when the pioneering Canadian radar set system was the principal satellite
in orbit, more than a dozen satellites were launched in the span of a few years. The only
other precedent in the space business that looks anything it is the explosion of communication
satellites because of the advantages: having an earth-observing satellite system providing
high resolution day and night, in all kinds of weather. There numerous applications for this
type of capability. The fact that it was not done before 2006 or 2007 shows there were
conversions of technologies in the late 1990s and around the turn of the 21st century,
specifically in power technologies and in terms of high power density solar cells and high
power density of lithium batteries - the same kind of battery technology that you might
have in your cell phone or in electric cars. You find it also in lightweight structural technology
like carbon graphite composites and finally, very importantly, in high performance computing;
Moore's law with which we are familiar is important to synthetic aperture radar because
when you receive the data on the ground you have to do quite a bit of computation before
you are able to resolve that raw radar data into a high resolution image. The convergence
of these things enabled the explosion, a few years later, after focused development
simultaneously in a number of countries in the world.
At Northrop Grumman we have been studying these developments ourselves. I was in
charge of a lot of the mission engineering for making a similar system at a much larger
scale for the United States a few years ago. But we recognized that this was coming, so
we went out and looked for a partner already in this business, already developing this class
of system, someone with a high degree of performance, a high degree of mission applicability
across a range of different missions as well as expandability. We think we found this partner
and that would be of course Israeli Aerospace Industries. Northrop Grumman and IAI are
complementary in a lot of ways; Northrop Grumman has been around - we used to be



known as CRW - we have another division which used to be known as Westinghouse, we
are an aggregation of companies, but many of the components in Northrop Grumman were
actually around at the birth of the US Space program 50 years ago. We have been continuously
involved in space exploration and in national defense space, including work on the great
observatories, several NASA great observatories including the Compton and the Chandra
telescopes, complementary to the famous Hubbell telescope and now with the web space
telescope, a giant optical astronomical telescope currently in development, scheduled to
be launched a few years from now.
Having been involved for many years in the development of numerous very complex and
very expensive systems Northrop Grumman have been leading the way in a lot of ways in
the United States. Here, on the other side of the water we have our partners IAI who have
been focused on applying high technology in a very practical way, in order to get an
affordable capability quickly, and they have come up with this Tecsar solution, which is
really a brilliant design filling an area of capability complementary to the systems Northrop
Grumman has been working on. With the know-how we have brought, we have gained
over 50 years of working in the US on high space exploration missions and with the practical
knowledge and the operational experience brought by IAI and their long legacy of developing
high performance radar systems, it has been a great match and we have been able to apply
these ideas to things like operational response of space in the national security domain as
well as scientific missions and planetary exploration.

Tecsar is an inherently modular design, it has an interesting feature that you know I
deliberately designed this so that it would be supportable for either optical type of sensors,
for multi spectral sensors, for electro optical sensors, plus the ability to create and test this
payload and verify its operation. Its high performance operation very quickly led to a design
that is very flexible and potentially expandable to new missions like those to Venus. It fits
into a number of different development models in the United States: we are talking about
the potential for a turning key that could be something like directly taking a Tecsar type
satellite and inserting it into the United States national security system. The advantage of
having the kind of modular capability that I developed with very practical ends in mind
has been a great enabler for us to envision so many different futures.
We have also been able to demonstrate what we call in the US 'the tasking processing
exploitation and dissemination profile which is a measure of how responsive the satellite
is in product tasking and in delivery to end users, so that they can get the picture as quickly
as possible for situations where time is of the essence like disaster response and many
national security situations; this is a critical measure of performance. It is something that
has been very important for our team to demonstrate with the system. So in order to do
that, we built in the United States, with some help from IAI and the MOD, a mobile ground
station. It is this mobile antenna which, believe it or not, is actually a trailer, normally used
to haul a boat around, we welded this tracking antenna to a boat trailer: a very simple, low-
cost practical way of creating a mobile terminal and then we packed a delivery truck, with
low cost off-the-shelf equipment, with very high tech software we have been developing
for decades in Northrop Grumman, in addition to the insights provided by IAI into the
operation of their satellites.
We have been very successful with this model, essentially from the first time that we turned
this on, within about a day it was working this is a testament to the fact that we have a very



practical system and one that is flexible and expandable to multiple applications. This would
not have been possible at all without the support of the state of Israel; the MOD and the
IDF have both been very flexible in terms of helping the United States understand its
capability and there is an ongoing contract that Northrop Grumman has with the US
Department of Defense in which IAI and Northrop Grumman are allowed to facilitate this
government-to-government transfer of data. It has provided the US government with great
insight into the potential capability of this class of system, which we had not been able to
evaluate before, because this kind of capability just did not exist until only a couple of
years ago. So this has been a true partnership for success, with government-to-government
exchange and we have been privileged to be part of it.

So I would like to switch gears now from the operation responses to space domain, to what
the topic of this session, namely, space exploration. We realized in our analysis of Tecsar
and looking at its powerful radar system, that it was actually a very good instrument for
doing interplanetary exploration. Our analysis convinced us that Tecsar would be a very
good sensor for imaging the surface of Venus. Venus is a particularly difficult image because
it is covered in a thick cloud layer. We are interested in Venus because it is at about the
same distance from Earth as Mars, but we are interested in going to Mars because we can
imagine life there, while we are interested in studying Venus because we cannot imagine
life there. In fact it has reached an equilibrium point that is truly catastrophic, runaway
greenhouse effect, a very thick carbon dioxide atmosphere with surface temperatures above
460 degrees C and crushing pressures at the surface of the planet. All this is due to complex
interaction between the geophysics of the planet atmosphere, the chemistry and climatology.
As some kind of a living laboratory, visiting Venus and studying what happened to this
planet, trying to solve that mystery, holds a potential to give new insights about some of
the similar geophysical processes happening on Earth - of course, not nearly at the scale
but this is additional data helping us to gain insight into the formation of planets and their
evolution over time.

There is tantalizing evidence that perhaps Venus at one point was much more Earth-like
than it is today, and since we realize that this was a great application for the sensor, we are
currently working with IAI and with NASA, to put together a proposal to get into the 2016
launch of the Discovery program. The Discovery program is designed to be a rapid low-
cost mission capability that is going to deliver revolutionary science for a very affordable
price, and very quickly. So if you look back at the history of Venus exploration, back in
the years of superpower competition, a series of radar mappers steadily improving performance
were sent to this planet to start understanding the overall geology of the planet and how
its atmosphere interacts with the surface, etc. These have been steadily improving over
time. My country sent the Pioneer 12, the first radar mapper to penetrate through the clouds
at close range and get some altimetry data of the planet; but it was very coarse resolution
at about 150 kilometers. The next mission that shortly followed was that of the Soviets,
the Venera mapper missions where first they mapped a whole hemisphere of the planet with
a pair of satellites and improved the resolution of the map by two orders of magnitude, a
fantastic achievement in only a couple of years after the first time we had had a chance to
look through the clouds of Venus at close range. The Americans came along a few years
later in the mid 1990s with the Magellan satellite. The Magellan was really a home-run



kind of mission - it has been a long time since Magellan but we are still learning things
from that data. Magellan mapped over 96 percent of the surface of Venus and in fact looked
over many areas more than once which allowed them to get very high resolution for such
a civil mapping mission, around 100 meters, as well as some information that allows them
to understand the difference between the high lands and the low lands, the different kind
of terrain on the planet and even some really intriguing phenomenology associated with
things like the potential for metallic array like lead, rain and crude metals on the surface
of the planet, which is bizarre and we still do not quite understand. But with this global
view we know now where the interesting locations are on the planet of Venus.
We believe it is a great time to go back and look in very high resolution at the most
interesting spots on the planet that we have identified through the series of historic global
mapping missions. We know where we can go back and use a sensor like Tecsar to get
another two orders to improve in resolution, to get a finer level detail of what is going on
in the planet and try to resolve some of these remaining mysteries of the evolution of a
planet like Venus. We think that this is going to be a leap forward like MRO for NASA just
a couple of years ago especially as it is based on a mature capability, Tecsar, and an
international collaboration for the first time.

The SAR will do a couple of different missions; the SAR instrument is fundamentally
flexible, it has the ability to both support imaging modes in which the surface is illuminated,
penetrating with a radar through the clouds to the surface of the planet, receiving that
reflection back, in order to make maps like a black and white radar map.
Synthetic aperture radar  gives us additional information beyond the fine resolution about
the surface composition and structure, the fine structure of the surface, to get even more
inferences about the processes that cause the planet to be the way it is today.
 Using the repeat pass SAR and also potentially altimetry like the prior mapping missions
use, being ten to one hundred times better terrain height information, so this is very exciting,
so we can go to features on the planet that we really do not quite understand so areas that
show potential erosion or wind direction information where we can actually look at the
terrain height and get a very accurate height map very much like the shuttle topography
mission that Dr Evans talked about earlier but this time at a completely different planet.
Also using the interferemetric technique, the potential for looking at centimeter scale ground
variations, over the two year span of the mission, now this would be very exciting because
there is some thinking that Venus is a dead planet, in other words there is no motion or
plate tectonics or volcanism active on the planet. It would be a revolutionary discovery if
over a span of two years we were able to detect this kind of change with an instrument like
SAR - so these very fine scale details could be discovered through comparison of multiple
looks at the same targets.

We also have the potential to operate the radar in other modes, besides the SAR imaging
mode. The first is the potential to do something like Magellan did and actually many of
the previous radar missions did: transmit a radar beam through the atmosphere of Venus
and back to Earth, using Earth receivers you can profile just like doing a CAT-scan as used
in medicine, you can profile the density and temperature of the atmosphere; this gives us
a great deal of insight at least into the upper atmosphere layer composition.
 Finally, there is a possibility of having a passive radar mode which is a direct temperature



measurement of the surface of the planet,  a very interesting capability because you can
fly over a spot where you see hot temperature on the surface; that could indicate a surface
change in progress, something that would be a rich source of scientific data for further
investigation, so again these are all detected by the flexibility of the Tecsar.
In conclusion, we have been working with IAI for three years now and we are grateful for
the opportunity and the support we have received from the government of Israel for
developing and demonstrating these new mission applications for Tecsar both in national
security domain as well as for science missions.
We think that there are very exciting new opportunities in the US for applying these kinds
of technologies, they are very well maxed to Tecsar's capabilities and we are looking forward
to expanding our partnerships with both the national security side as well as that of the
science community with NASA and with ISA in order to fully exploit the this type of
system.



Life aboard the International Space Station
Dr.  Chris Fugelsang, NASA and ESA

When asked to come to this conference take part in the proceedings I was very glad and
proud, knowing that astronauts come here every year, and I really feel I represent all
astronauts particularly from Houston and NASA but also from the European Space Agency
and all astronauts in the world - we are not very many and on behalf of all astronauts I
would like to pay tribute to Ilan Ramon, to Rona and to Israel and thanks for having me
here.

I want to talk about what I call life on the International Space Station - I have been fortunate
enough to visit it twice. It is up there, some 350 to 400 kilometers above the surface of the
Earth, orbiting around it, completing one orbit in 90 minutes, thus making almost 28,000
kilometers per hour. You can reflect a few minutes and compare this to the distance to the
Moon. The 51 degrees inclination actually means how far north or south you get, but you
are high enough to even see Sweden. I was very glad when I got the chance to see Sweden:
when you are up in space nothing feels as good as seeing your own home. You can see
most of the earth from the space station, in particular almost all of the inhabited parts of
the earth.
The solar rays give about 80 kilowatts of power and that is important because it is really
what you need up there, and you can use half of it to do science. This is the main occupation
of the six astronauts, and the atmosphere inside it really normal.
 People sometimes ask me how it is when you go to Space. Well, you do not feel anything,
because in Space we have the same pressures as in earth.
How do you build a space station? It is a fantastic international collaboration by many
countries in the world, as much a technological feat as a sociological and cultural one, to
get all these people and countries together, some of whom did not work very well together
15 years ago.

Since the station is almost 400 tons and nothing can send all that to space at one go, you
had to send up one piece at a time. The space station is more than 100 meters wide and 80
meters long, the first piece was sent up already in 1998, and it has taken some time to build
it, as well as almost 30 launches. The space station is almost complete.  It has been
permanently manned for over nine years. The first crew arrived at the space station in
November 2000 - two Russians and then one American, and now we have Japanese and
Europeans as well as Canadians.
One typical question is well, how do you communicate? Well, there is a kind of a telephone
there; some of you may know Skype was invented by Sweden.
A very important integral part of the space station is the control center or maybe I should
say control centers, as they control most of the space station. We do not really run the space
station technically from up there. Up there we work and live and do many experiments but
taking care of the space station itself is mainly done from the ground by Mission Control
Center. The main one is in Houston but we also have one in Moscow and another one in
Japan, one in Europe the Canadians also participate in this.
 So what do we do there? We do a lot of science. We built the space station as an international



laboratory and the main thing you do up there is utilize the weightlessness, the lack of
gravitation, micro gravity we call it. Without gravity you have no circulation in fluids and
gases and you can study phenomena which are very hard to study on earth.
We study biology and humans, since you are as much as a guinea pig up there; you can
learn how the body works in space.  The space station is naturally also a fantastic observatory
platform to observe Earth. For an astronaut there is nothing as nice as looking at the Earth,
it is so beautiful, all those colors and the white of the oceans and the clouds, the red color
of the deserts or of the forests, lots of interesting shapes; you never get tired of looking at
that. You can actually see 16 sunsets and sunrises a day, because that is how quickly we
go round Earth.
 When you see how thin the atmosphere is, it really hits you out there that you have to be
very careful with this fragile thin atmosphere, so we should not risk our own survival here
on this planet. We do not take wonderful pictures as Hubbell does but we have instruments
studying particles coming from Space, including what you call anti-matter. There is another
thing coming from Space, particles from the Sun come and hit the atmosphere close to the
polar radiance thus creating the beautiful auras; you get very interesting and beautiful
pictures of auras in the space station and study them. In addition to all the direct science
done in the space station, this is also a way for humans to learn how to live in space, how
to build in space, we need to go further.
Eventually we hope to go back to the Moon, maybe in ten or fifteen years, and as NASA
Administrator said, next time we will probably do it together; there will be many space-
faring nations who continue on this natural partnership,  the space station, in order to go
back to the moon. I wish and hope we will stay there, do this kind of Space research on
the Moon and prepare what we need to know to reach further one day to Mars.
My second and most likely final space flight took place in August-September; there were
six guys and one girl on the Discovery, all Americans except me. We had tried to launch
four days earlier than we actually did but the weather did not permit that.
 Lift off is a fantastic feeling. It is physically and psychologically exhilarating; everything
around you is shaking, when the boosters on the sides - some 50 million horsepower - give
a pretty big kick in the back on the way up to Space. Two minutes later the boosters had
done their job, they actually fold down into the Atlantic with parachutes where they are
picked up to be reused. It is a much smoother ride for another six and a half minutes, the
acceleration builds up but in 3G you really get pushed back in your seat, breathing starts
to get a little hard and in a split second the engine stops and there you are in weightlessness.
That is another extremely happy moment. Then you can undo your seat belts and slowly
start to float out into the space vehicle like a bird or a fish swimming around. It is like a
completely new life starting there. It is very easy to move around in weightlessness, but
it is hard to keep yourself in place without gravitation and it is very easy to move things
around because you just give them a little push and they float through the room. Doing
things is also very easy but you have to be careful where you put something, so have a lot
of Velcro, you can stick it to the wall; if not, it just floats away and then you have to look
for it everywhere.
Once we got up, there is a lot of work to do for some hours. We put up a complete network
of computers including the connection for the e-mails we send home. It is very important
to do physical training in Space, in particular if you are on the space station for several
months. You have a very strict training program, you actually have to exercise twice a day



for an hour otherwise you are a wreck once you get back to Earth.

In the last few minutes before the docking at the space station, the commander is flying
manual; it is a little bit tense. Everybody is contributing somehow on the flight now.  A
yellow light comes on, signifying we have been caught by the station, and then we just
wait for some confirming lights in the space station. We get the lights and everyone is very
happy. It took us two days to get to the space station and another couple of hours to verify
we didn’t have any air leaks or anything like that and we could open the hatch to the space
station.
They were expecting us, the commander, a Russian general, gave a dong to the ship's bell,
the traditional sign that guests are coming on board. Of course they were very happy to see
us but even more happy that we brought them some fresh food. Our main payload on the
shuttle was the logistic module Leonardo, actually built in Italy for NASA with some 7
tons of various things, from food to new experiments, and the robotic arm grappled it.
Then we had to prepare all the things in the hatch in order to open it, because there is always
a risk that when the shuttle took off Earth some dirt was left on the floor, then in Space it
might have floated around the air, so we put on masks and goggles to inspect it, but it was
clean. Then we started to unload hundreds of these bags which is very easy in space, you
just push them along like this.

Ilan Ramon's picture is on the hatch to the air lock, from where we go for our space walks.
We have various mementos up there on the shuttle for fallen astronauts.
There are three space walks to be performed during this flight; all the space walks are
conducted by an astronaut from the inside. He has the check list and he tells us outside
what to do and reminds us of other things, while Mission Control Center is also following
the whole time. It is wonderful to go outside, exciting too, particularly  first time you go
outside the air lock, you certainly have the feeling of 'I better keep hold a little bit extra
hard here to the hand rail so I don’t float away'. But you learn very soon how to move
along. There is a beautiful view when you look through the windows, but when you get a
chance to be outside and look down on earth it is even more beautiful.
 Space walks typically last some six to seven hours. The last space walk took seven hours
and one minute and it is very nice to get some help and to get out of the space suit as quickly
as possible. During these full seven hours plus another hour in the suit before you can take
it off you have no chance to eat anything; the only thing you can do is drink water through
a straw. Space walks were performed every second day.

After nine days we have to leave the station. The pilot, by tradition it is the pilot that flies
the shuttle when you leave the space station, is maneuvering us away slowly, we back out
200 meters in front of the space station and then we make one full circle around it. I must
say I left the space station with some mixed feelings, because it was fun to come back home
and be back home again but I just loved the time on the space station: it is a wonderful
place, with so much to do and an enormous amount of science to be done, also the experience
of weightlessness, having a view of the Earth, I certainly miss it. But you do get one of
your best views ever from the space flight when you leave the space station shuttle flying
over the earth at an altitude of 350 kilometers.
Coming in towards Air Force Base in California the cameras could pick us up in the



afternoon sun shining on the shuttle, with the shuttle coming in like a glider plane. In fact
you only have one chance to do the landing correctly, but the pilot and the commander are
very well trained since they did this thousands of time in the training aircraft and they
know what they are doing. Touchdown speed is around 200 knots, almost 400 kilometers
per hour, which is very high speed, on the other hand the runway is pretty long, 4 and a
half kilometers. So coming back there after my second space flight was wonderful experience.
 Did my space flight change my view of life? I don’t think so. Maybe my self-confidence
has improved but you do get to see the world in a different light. It is beautiful from up
there, but you do not see any borders and you think that you should better take care of this
wonderful beautiful Earth. On the space station you had people from five different countries
working together and we did not have any problems and seeing earth you hope we can
work together as well on Earth too.



Climate Change -  A View from Space

Dr. Diane Evans, JPL, NASA

Let me give you a little bit of background on remote sensing. With remote sensing we make
it possible to see what our eyes are not able to see; our eyes are only sensitive in a very
limited part of what is called the electro magnetic spectrum. With our technology we make
different instruments that can be sensitive to different components of the Earth system. We
make technology that is sensitive to carbon dioxide and measurements of carbon dioxide,
sources of carbon dioxide and zincs, and water vapor, another important greenhouse gas.
Then we move further in the infra-red and to what is called to the sub-millimeter wave
length, that together with the infra red are two areas where we study the so-called bad
ozone, the ozone in the air we breathe in the troposphere. The good ozone is the ozone that
is ten kilometers in the atmosphere and the stratosphere and protects us from the Sun's
harmful radiation.

 I chose a small area of Earth system science to talk about today, mostly using technologies
in the radar wave length. I want to point out the two main roles that these satellites and
these sensors have had and will continue to have in understanding global change. The first
is in improving climate models. According to a report put out by  the inter-governmental
panel in 2007, there are several scenarios or story lines as they call them of different amounts
of CO2 being put in the atmosphere, different amounts of population growth, different
amounts of deforestation, and they all had these little stories and the forecast of what would
be the potential warming if those scenarios came true.
The real concern, especially on the part of decision makers is the error in the models people
are looking at, how much they differ. So you can imagine politicians are saying what, you
cannot tell me whether it is going to be one degree for this scenario? You cannot tell me
if it is going to be one degree warming or if it is going to be four degrees warming? That
is not very helpful.
Over the next year we shall prepare for the next IPCC (Inter governmental Panel for Climate
Change) report, making sure there is a much more rigorous comparison of these models
with actual observations, since it was not done very well on the last IPCC report. Now we
are going to work with the IPCC to make sure that the observations are used.  Our goal for
the next IPCC is to do a much better job of showing which models are giving a better
assessment of the current conditions, so that we can trust them better to predict the forward
conditions.

 Let us focus now on the facts, what we can really see in terms of change.
 NASA has been flying satellite radar altimeters since 1992, a pretty straightforward
technology: all we do is ranging, using radar, you send out a pulse, a known pulse and you
receive it back after it bounces off the ocean, and then you have incredibly precise orbit
determination on GPS and the French laser ranging system. Having these measurements,
over time with averaging, we have been able to come with the continuous measurement
from 1994 to the present: the sea level is rising on average about 3 millimeters a year. So
that is well understood. The details of the global sea level rise are more interesting. So if
we have to make decisions as to building a new sea wall, where to build it, what kind of



infrastructure is needed, one should understand more about how this change could continue
in the future, and you want to get it at a better and higher resolution.
 We have to understand why the sea level is rising for two reasons; one is simply because
of the global warming - it expands. As things get warm they expand, and 80 percent of
the temperature in the atmosphere is taken up by the ocean, so this is a significant factor:
as the atmosphere warms, more of the heat is being taken up by the ocean. But we also
have a component of the sea level rise caused by the addition of water, new water, massing
into the ocean. How do we separate these two things? Until very recently it was a mystery,
solved by a very clever mission put together by the German space agency, the DLR and
NASA, called the gravity recovery and climate experiment, or GRACE for short. In this
case we have two satellites and we are doing distance measurements with two satellites
using radar, but in this case they are chasing each other around in their orbit. As one
approaches an area of higher gravity, it is pulled and then the distance between the two
changes, until the second one catches up and they come closer together. We are measuring
the distance between these two satellites to a micrometer, like the size of a human hair.
After about a month in space we were able to make a gravity model of the Earth that was
one hundred times better than anything that had been done in the past.
 We make a new gravity map every month, and as we have been flying since 2002 we now
have changes in gravity with incredible precision. We see the ice sheets change, the change
in mass of Antarctica from 2002 till the present and the change in mass in Greenland from
2002 to the present. The west Antarctic ice sheet is changing much more than the east
Antarctic. Similarly the mass of the Greenland ice sheet is changing and the majority of
that change is in the south-eastern part of Greenland.

We set this up to separate how much of the sea level rise is mass change and additional
water and how much is temperature, it is a straightforward mathematical equation.
Of course it is verified by buoy measurements. I should always state the importance of
buoy measurements for validating our measurements.  Now the mass is changing dramatically
but what is the mechanism? How is it happening? Is it going to continue to happen at a
given rate or will it accelerate? So now we bring in our third technology, the INSAR
Now we demonstrated interferometry on the Space radar Laboratory in 1994 but then we
flew it again with a modification where we added an extra antenna on a 60 meter mast
and another antenna. Thus we can get extremely precise height measurements with estimates
of elevation. Once again, we have to have very accurate knowledge of spacecraft and orbit
determination, but once we have that we can then get height elevation. What we did in
the 11 day mission in February 2000, almost exactly ten years ago, made the highest
resolution digital elevation model of the Earth of all the land masses plus and minus 55
degrees.

We flew the space radar laboratory twice, in April and again in October, and we demonstrated
what is called repeat pass interferometry: you come back to the same place after some
time and then you get the topographic change from those two times you went over that
area.
As for topographic change or motion, one of the changes and one of the motions we are
interested in detecting is the glaciers and how they are moving. My first job was to take
surveys of the south cascade glacier in the north cascades of Antarctica every day. Nowadays



this is done in the laboratory using satellites to see the changes in the glazier motion. It is
possible for one person to study one small glacier, but imagine trying to do something like
that on the whole continent of Antarctica! Luckily we have this satellite technology enabling
us to see the ice motion.

With Canadian radar data set as the base and European Space Agency radar interferometry
data that is used to see changes in glacier motion, we have discovered that the glaciers are
indeed accelerating out of the center of the ice sheet and ice is moving faster. Mostly
because when you have an ice shelf break down like the Wilkinson ice shelf that broke up
a couple of years ago, that allows the glaciers free access to head out to the ocean. The sea
level rise is important because it impacts your shoreline infrastructure; with the erosion as
sea level rises, some places will eventually no longer be above water. It is also important
to know by how much the sea level will rise and how much it is warming because the ocean
is the key to keeping our climate temperate. The way it does that is an interesting concept
called the ocean conveyer belt, showing ocean circulation.
The cold dense salty water sinks in the north Atlantic and then works its way. It takes a
hundred years to work its way all the way around, until it comes up in the Pacific where
it gets warm and then comes back again, and this warmer water comes up to the surface
and this is the Gulf Stream, still keeping Europe warm throughout the year.
We now have evidence that if the circulation somehow gets perturbed Europe gets extremely
cold and climate records show that this correlates to massive influx of fresh water caused
by glacier melting and ice sheet melting; therefore the amount of fresh water coming into
the ocean is a significant issue.

 In the Pacific it is also important to keep track of ocean salinity and the ocean temperature
because as the ocean gets warmer you get more evaporation, more evaporation results in
more condensation and then more rainfall and also the water vapors contribute to the
greenhouse gas. That is why our next mission will be Aquarius, also an international mission,
this time with the Argentine space agency. There is also a CNES and an ASI instrument
as well on this active platform to be launched at the end of 2010 and our Aquarius will be
measuring the sea surface salinity.
What are we doing to better understand water storage and water availability? We are seeing
changes in mass resulting from the excessive pumping of ground water. The pumping has
gone on without recharge so long that water level is declining by about a meter every three
years. This change can be seen from Space, it is happening in California, in the western
United States, as well as India.
Las Vegas was growing very, very fast and the City Council did not even realize that they
were pumping so much water that they were actually deforming the surface and then they
started to see cracks in their sidewalks and their roads, but did not even know why. In Los
Angeles it is not quite as dramatic but we have the same changes. We studied the deformations
with INSAR and we discovered they are associated with the pumping of water and also of
oil, as we still have some old oil wells around.
Future NASA missions will continue to collect data to optimize the data we have on the
ice sheets and their impact on ocean circulation. The role and the importance of satellites
in understanding global change is in helping us know our past, our present but most crucially
our future.



Heads of Space Agencies Panel
Moderator: Dr. Zvi Kaplan, Director General, Israeli Space Agency

Today we have a unique gathering of distinguished group leaders who significantly influence
the future space exploration and science for the upcoming years. Mr. Charles Bolden,
NASA Administrator, Mr. Enrico Saggese, president of the Italian Space Agency and Dr.
Thierry Duquesne,  President of CNES, the French Space Agency and director for strategy
programs and international relations.
These gentlemen are the ones who will write a new page in the ongoing saga of Man's
venture to Space; they will also determine what will be done next and point the future
course for development and growth in space. They represent the countries dominating
Space exploration nowadays.
 Visions are wonderful and necessary but what do we do in order to develop and achieve
the vision? This is the prime responsibility of the members of this panel. There are many
basic questions about what we do not understand or have no answers for.
Major General Charles Bolden, clearly there is a difference between science missions which
are knowledge driven and are mainly funded by the public sector and commercial missions
which are profit driven. Hence, the private sector addressed space funding in a more mature
stance as telecommunication and its rapid expansion. Nevertheless, a few high risk
technologies were transferred to the private sector which learned to produce and earn high
profits by using those technologies like the PC and the internet revolutions, for example.
What is your perspective in regard to the private sector's involvement in space exploration
and its development, relative to the public sector investment?

Charles Bolden: Quite a timely question as a matter of fact. As most of you know we are
expecting President Obama to announce within days his vision on the future of human
space flight for the United States and subsequently for our international partners since we
are all together in this collaboration. I think we shall all find that there will be extensive
involvement of entrepreneurial entities. Whether it was General Chilton launching rockets
or me launching rockets, we have always had  commercial involvement in our space
ventures, because private companies, publicly traded companies, build the rockets and the
other systems we fly and we contract for that; so commercial space flight is nothing new.
We have been doing that since the very early days of NASA. The difference is that we are
not about to engage those I call entrepreneurial entities, people who dream, people who
have an idea that they can gain access for normal individuals whether it is sub-orbital flight
or orbital flight. Space flight is risky. NASA intends in the years ahead to help these
entrepreneurial entities develop as rapidly as they can so that they can carry cargo into
orbit. We can use them to get supplies and equipment to the international space station and
eventually they will help us to get humans there, because as everyone in this auditorium
is hopefully aware, we have five more flights on the space shuttle. It has been the work
horse for some 30 years, getting large payloads and people into Space and it will be
discontinued. NASA has made an arrangement with one of our partners, the Russian Space
Agency, to utilize the used vehicle at least to take humans back and forth to the International
Space Station between now and 2015. But it is imperative if we are to have a reliable
redundant access to space that we involve commercial entities, entrepreneurial entities and



most importantly our international partners.
I will give you two examples: the European Space Agency has a vehicle called ETV,
demonstrated this past year. It is a cargo-carrying module they flew to Space, it did some
station keeping and showed some proofs of ability to Control and the crew of the International
Space Station reached out and grappled it with the arm, pulled it in, berthed it to the
International Space Station where it stayed a few days. We took the equipment out, and
then it undocked and came back to Earth and burned up during re-entry. Some months
later our Japanese partners flew something called HTV, their autonomous transfer vehicle,
with a similar profile; it flew itself up to the International Space Station, did the station
keeping demonstrations, flew close enough so that we could reach out with the arm, berth
it to the International Space Station, unload its cargo, let it stay for a while and then it
came back to Earth and burned up on re-entry.
What I continue to say to our international partners is OK, we have demonstrated that we
can get it there; we need a capability to bring things back to Earth intact and safe. I hope
that the Europeans and the Japanese will demonstrate along with us that we can not only
get things into Space but there were things like ETV and HTV, we can de-orbit safely and
intact, bring cargo back and maybe one day bring crews back because we are going to
need to replace the shuttle if we want to have reliable redundant access to space. So I think
the future is commercial, if you want to put it that way, the future in entrepreneurial and
international.

Dr. Zvi Kaplan: ASI is a member of ESA, the European Space Agency; what is ASI's
involvement in ESA space exploration strategies, for example, the Vega launching system
and the Cosmos Sky-Med satellites?

 Enrico Saggese: Italy is a country which is in quite a precarious situation, we are very
rich with scientists but we are not so rich in money, so the obvious fact is that we have
to cooperate, both with Europe outside Europe. The cooperation in Europe is with the
European Space Agency. All the countries in Europe are taking part in the budget, in order
to cooperate in very large projects like a mission to Mars to which we contribute something
like one billion Euros. But even with this effort we cannot go it alone and we have to set
up cooperation with NASA in such a way that this mission will become a joint mission
with NASA. As Charles [Bolden] has just said, international cooperation is a must; still,
Italy has to provide infrastructure for itself. We are perhaps in a same situation as Israel,
so we are not only a research and development agency but also provide infrastructure.
The Vega, as mentioned before is a European launcher with a large base in Italy and Italy
will provide the capability to have a medium size launcher. We are also to provide facilities
in terms of observation. There is a constellation of Radar satellites now flying around the
Earth, we have three satellites and we will launch another satellite at the end of the year
so as to have a constellation capable of seeing each point of the Earth with maximum
delay of six hours, every day and night, in any weather.
The market for science in Italy and Europe is not so large as to allow entrepreneur companies
to invest their own money at the moment. In Italy and in Europe we are spending quite a
lot of money and at the moment we cannot count on the capability of private entities to
invest unless we have a public or private partnership. In Italy and Europe we shall have
what we call PPP, public private partnership, in the near future: a partnership between the



public and the private to produces results in Space which will then enable the development
of a completely private entrepreneur situation.

Dr. Duquesne:  I would like to emphasize what space exploration means for France. Space
exploration aims at extending human presence physically and virtually beyond the limits
of our planet. Why we are interested in space exploration? There are many different reasons,
I would like to point at three of them without any ranking order.
 The first reason is a scientific one; as you know there is a fundamental, essential question
about the origin of the universe, about the origin of life: did life appear anywhere else in
the universe, anywhere else in the Solar system? Space exploration should improve our
knowledge and understanding towards solving this mystery.
The second reason has to do with technology. For an ambitious program like the Space
program we have to push the limits of technology, we have to innovate in order to achieve
the goals. As you know, innovation is a key driver for economic rules.
 The third reason is a political. We have to gather our resources, do our very best in order
to achieve and to realize the program. I think this is a very strong message we have to send
to the world and also to the next generation, namely, that countries, whatever their history
or culture, can work together to achieve a common program.
 In France the priority for Space exploration is Mars, the red planet. There are two main
reasons for such choice. The first one is scientific, since Mars may have preserved all traces
of its planetary history. Gathering data and information about Mars could help us better
understand the Solar system and the history of the Earth. Mars may be the only planet in
the Solar system where life may have emerged.
The second reason has to do with future human missions. Mars could be our next mission,
a new flight destination. Mars is the only planet where it might be possible to use humans
in the future.
 I should like to mention a few missions currently being developed, such as the Mars Science
Laboratory with NASA and also a Phoebus mission. Phoebus is one of Mars' moons and
this mission is in cooperation with Russia.
Even though Mars is our top priority, there are also celestial bodies like the Moon, other
planets, comets and asteroids and of course we are interested in them too.
We are currently on a different mission, a mission to Saturn, Mars, Venus through Mars
express, Venus express and a mission to Mercury in cooperation with Japan.
Our ambition is to be an active actor in future, to be involved in the preparation of Space
exploration and to make concrete proposals.
There is another mission, Jupiter and its satellite, Europa, and we also have a study for an
asteroid mission and Aprophis rendezvous, this is the asteroid which will come very close
to the Earth in 2029, some 40 thousand kilometers from the Earth, so we are studying the
possibility to send a mission to this asteroid.
I want to say a few words about ISS, the International Space Station, it is an opportunity
for scientific mission and we have developed different mission, different instrument in at
least three scientific domains.
 In conclusion I would like to recall what our Minister of Education and Research said at
the Prague conference in 2009, about space exploration: it should be an international
undertaking; it is the adventure of mankind in which cooperation must be appreciated in
a spirit of solidarity without any exclusivity and without any appropriation by one or another



nation. France strongly supported a space exploration program and we are firmly engaged
in promoting and contributing to the definition of such program.
At the end of 2009 the Lisbon treaty will go into effect and that is a major step for Europe,
but for Space too, to be shared among the European Union states, thus Space has achieved
a political dimension that was missing before. Europe has already decided that space
exploration is a priority for Europe.

Dr. Zvi Kaplan: Charlie Bolden, Space science exploration has historically depended on
both human and robotic missions complementing each other, taking into consideration
diverse political and economical views. What is your opinion on how men-robotics
interaction will affect future social structure?
Charles Bolden:  I think I would have to say that we have seen what effect robotics has
on human space exploration because since I entered the Space program in 1980. At least
in America, we have always been trying to marry up robotics and human exploration in
an optimal way. One of the things that we have not done very well and we are trying to
do now, is come up with a pre-planned agreement on what we should rely on robots to
do and then when we need to interject the human, since as I keep telling people, space
is risky. Space flight is risky. So what we want to do is put the human at a minimal amount
of risk.
If you talk about going back to the lunar surface or going to the Martian surface, there
is no reason to send an astronaut or a cosmonaut to the Moon to build a habitat in this
environment, as we already have the capability of sending robotic instruments into places
around the world, where the robot builds a structure. We should be thinking about doing
the same thing on the surface of the Moon, on that of Mars. The United States has had
robotic rovers on Mars for some six years, even though they had been intended to be
there for 90 days. Robots have proved that they are resilient, they can do things that we
did not know they had the capabilities of doing. We have [robots] Spirit and Opportunity,
Spirit is a little stuck, and it will probably remain stuck but its cameras still work and it
is still an incredible asset to have on the surface of Mars. Opportunity continues to roam
around the planet with the Mars science laboratory that we hope to launch in a year or
so. It is going to be an incredible robotic capability on the surface of Mars that will use
a digger, if you will, to gather samples and put them into a spectrometer on board the
vehicle so that we can analyze it. Those are the things that robots should do. They should
be precursors; they should do the scouting before we decide to put humans at risk. And
the last example occurred this past year on the STS125 mission, which we think was the
final human mission to the Hubbell space telescope. On this mission we combined the
robotic arm on the shuttle with humans, with astronauts who went out and were maneuvered
around the telescope with a robotic arm to get into position to change many of its
instruments, they replaced  batteries and left it as a brand new observatory, much better,
much more capable than we had ever imagined it would be, so we have already demonstrated
the important cooperation between humans and robots and I do not think we are going
to see any change in the years to come.

Dr. Zvi Kaplan: Mr. Saggese, what are the ramifications of Italy's achievement via the
Cosmos satellite and its unique radar?



Enrico Saggese:    First of all, we will have the International Space Station working until
2020, and this is quite important for Italy. Italy has contributed very much to the space
station; the pressurized volume of the space station is being built in Italy. In future there
will be three missions in which we are very interested. The next one will carry node three
and the cupola which is a window from the space station to the Earth and this node and
the cupola were built in Italy.
One of the missions will carry the AMS, an instrument which will be attached to the space
station to study anti matter and dark matter. Italy has paid 25 percent of AMS which is an
instrument that cost us something like one billion Euros, to study the anti matter, dark
matter and dark energy. And finally we are cooperating with NASA to attach one lab, an
Italian lab, to this space station. The lab has already been built and NASA is modifying it
with our help, so when it will be attached to the space station there will be a piece of the
station which is completely Italian.
We think that the space station will be the tool for human exploration and we want to use
it as much as possible. Then in other fields of exploration we rely completely on Charles
Bolden's words, we are working with robot exploration. The robot, as all of us know, can
give all the possible answers to the questions. Unfortunately, robots cannot put the questions,
so we need Man in space to put the right question. Human curiosity is quite important. Still,
very few men can go outside the Earth, all the rest of us have to remain on Earth and we
need to know very much about the Earth until we can really stay safely on the Earth.

Dr. Zvi Kaplan: Dr. Duquesne, what political technological and social obstacles need to
be removed in order to expedite and increase space science and exploration?

Dr. Duquesne:  It is an interesting question and also very difficult to answer. But when
considering some very ambitious programs in Europe, in France for example, nothing is
possible without strong support from politicians. When CNES was created in 1961, the
decision was made at the highest level; it was the decision of the president of France. When
I look at some very ambitious program like GMES, the global space system for environment
and security, when I look at Galileo, these programs would never have been approved if
they had been based only on technological approach or that of the agency. I think the Lisbon
treaty is a very important point because in Europe we now have a political dimension to
Space, and without this political dimension it would not have been possible to work on
such ambitious, broad programs.



Keynote Lecture - The USA Space Vision
Charles F. Bolden Jr., NASA  Administrator, USA

 I wanted in my first year as the NASA Administrator to take time to commemorate the
STS107 crew, especially Ilan Ramon so that the lessons we learned working together could
be remembered. I will return shortly to the United States so that my wife Jackie and I can
be there Friday morning for a day of commemoration on which we remember the sacrifices
of three different space crews; Apollo 1, whose crew we lost in a launch pad fire at Cape
Canaveral, STS51L Challenger, the crew we lost in 1986 and of course STS107, Ilan Ramon
and his crew aboard the shuttle Columbia. It is a week of commemoration for us, but I
think it is also a week in which we are asked to dream and to reflect about what we can
do to make our world a much better place.
 It is with the spirit of Ilan and his crew in mind that I am here to continue the pursuit of
peaceful cooperation in Space between our countries and it is with them in mind that we
always remember how fragile and how beautiful life can be.
In honor of the memory of Ilan and the rest of the courageous crew of the Columbia I want
to share with you today some things about what NASA has done and about what we intend
to do in the years ahead. The review of the human space flight program for President Obama
has been completed and we will receive his vision and directions for the future of NASA
in a few days.  Two things stand out in the President's vision. One is the necessity for
international cooperation, so you will see us vigorously engaging with Israel and other
nations as we try to peruse and exceed the boundaries of science in Space. Also clear to
me is his dedication to the necessity of education and particularly education in science,
technology and engineering, so once again I expect that our two nations will be cooperating
in those fields in the days, months and years ahead.
It is interesting that NASA has hundreds of international agreements, but more than 50
percent of those are with about ten nations only and it is my desire that we extend or expand
our international cooperation to what I call non-traditional partners, so that we can reach
out to smaller nations who wish to become space-faring nations but may not have the
physical assets or the wealth to do so.
 Let me give you a short review of NASA history, spanning over 50 years now. We count
among our objectives the expansion of the scientific understanding of Earth and the universe
in which we live. Many of you know that Ilan was involved in an experiment designed to
understand the earth soils and dust of the desert and their impact on other parts of the world.
On my very first space shuttle mission - General Chilton sitting down here can probably
remember this too - we passed across the many deserts of the world and each one of them
is very distinct, each has its own unique color but what was most interesting, particularly
when passing over the Sahara and the deserts of the Middle East was the sight of those
massive looms of dust that would be kicked up some days and would drift across the
Atlantic Ocean heading to the North American and the South American continent. Those
kinds of studies will help us understand much more about our planet.
We also need to extend and sustain our human and robotic presence across our Solar system



and that means we have to be there. We hope to extend the life of the International Space
Station into the year 2020 together with our international partners, we may want to use it
as a platform from which we can further study our earth.
We want to share the result of NASA missions to inspire Americans and now, even more
importantly, international public, to encourage scientific literacy, and to foster innovation
in a strong national economy. We wish to promote international and commercial participation
in exploration. Space operations involve coordinating an integrated system of spacecraft,
launch vehicles, communications and navigation networks, crew training and operations
as well as mission support personnel and many other aspects. Today it involves primarily
the International Space Station and the space shuttle, but beginning at the end of this year
when we retire the space shuttle, the future will include commercial and international
vehicle operations.
It takes many people from a variety of cultures, working as a team, to make all this come
together. The space shuttle will retire at the end of this year, we still have five flights
remaining; our next scheduled flight is next Sunday, February 7th. After that new vehicles
will be developed, in partnership with our commercial and international partners for travels
to the International Space Station and beyond low earth orbit. There are 63 international
astronauts from fifteen countries who have flown on 87 of our 130 shuttle flights. Space
flight is a challenging and risky business, NASA works hard to mitigate risk but space
flight will never be risk free. One of my highest priorities at this time is flying the remaining
five space shuttle missions as safely as possible through the end of the program.
The International Space Station is the largest and most complex international and scientific
engineering program in history. There are fifteen countries represented by five space
agencies that participate in the International Space Station. The ISS with its full complement
of six crew members is a world-class laboratory open for full- time research. We are
continually trying to develop new systems, needed to replace the space shuttle for transporting
crew and logistics to the ISS and beyond low earth orbit.
NASA is working with an international group of 14 space agencies to develop a strategy
for exploration by humans beyond low earth orbit. Many opportunities for international
cooperation will be available as we move forward.
We are learning more today from instruments like the Hubble space telescope and others
that roam our universe and help us to understand much, much more, not just about what
we know but what we do not yet know of the world in which we live. Planetary science
looks at the origin and history of our Solar system. The potential for life on other planets
came up again in an image of Saturn taken by the Cassini satellite. We also study the Sun's
effect on Earth and our Solar system.
Over half of these science activities are carried out through international cooperation.
Science activities are by far the most international at NASA with over 250 agreements. In
addition to our space flight and science activities NASA also conducts cutting-edge
fundamental research to help transform the air transportation system in the United States.
Right now we are working on a program called "Next Gen" - the next generation air transport
system. It is intended to transform and modernize our air transport system for passengers,
and we are working feverishly on that as the number of people who travel the skies increases



exponentially each year. Most international cooperation occurs in the areas of aviation
safety and fundamental aeronautics research. Yesterday and the day before, I was privileged
to visit some of your facilities here in Israel to learn of things that you are doing in this
area.
Let me shift my focus now to an area of NASA activities that have significant global
implications. Of the four science areas, Earth science is becoming one of the most important
for NASA. It is inherently international: in order to understand the Earth as a system there
are lots of opportunities for cooperation, as discussed between my delegation and the
different industries here in Israel while we traveled around over the last few days.
There are multiple inter-connected processes that affect the Earth, some are natural, and
some caused by human activity and with the help of space-borne and ground-based
measurements scientists can monitor existing conditions and create models to better
understand these complex processes. Contributions from our global partnerships to the
gathering of data are essential to enable us understand those phenomena and devise ways
to mitigate the negative impacts to human activity and to respond to natural disasters. Israel
is a great part of that partnership.
We now work with you continuously on an internet access program for elementary school
children called Globe, designed to allow them to look at data of environmental science in
their own classrooms. We are very happy for the work that we have been able to do with
you on Globe.
It has been a pleasure to be here. I want to thank Rona and the family for making this
conference possible each year. I want to add my thanks to you for your incredible courage,
you never asked for this responsibility but you wear it incredibly well and all of us are here
to honor you and your family in the remembrance of Ilan and Asaf, as we talk these days.
International cooperation is critical for us, we found that well structured and managed
international cooperation will contribute significantly to national goals of each of our
partners.
I want to challenge each and every one of you here to ensure that this partnership between
Israel and the United states is enhanced as part of the commemoration of Ilan Ramon and
his legacy. It is a legacy of achievements in life. I want to ensure that we work together,
that the themes he dreamed of and the conditions of Earth of which he dreamed and often
spoke, come true. We can bring these thoughts together in this conference and I ask all of
you to help us make it so.


