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Û¯ÂÚ·†Û˜˙†¯ÈÂÂ‡‰†ÏÈÁ˘†ÔÓÊ·†¨ÌÈ¯È„Ò≠ÈˆÁÂ†ÌÈ¯È„Ò†‰˘·È†˙ÂÁÂÎ†˙¯ÊÚ·†ÌÈ˜‡¯ÈÚ‰†˙‡†ÂÓÏ·†Ì‰
¯ÈÂÂ‡‰†ÏÈÁ†Ì‚†˘ÈÈ·˙Ó†‰È‰†‡Ï†ÌÈÚˆ·Ó‰†Ì˙Â‡Ó†˜ÏÁ·˘†‰ˆ¯Ú‰†È¯¯ÂÚÓ†‰¯Â·‚†˙Â·¯˜·†˜‡¯ÈÚ
ÌÈÒÂËÓ‰†Ï˘†Ì˙Î‡ÏÓ†˙‡†Úˆ·Ï†‰È‰È†‰‡·‰†‰ÓÁÏÓ·†ÌÈÏÈË‰†„È˜Ù˙†Ì˙ÈÁ·Ó†ÆÈÏ‡¯˘È‰

Ï˘†‰ÙÈ˜˙Ï†¨ÌÈÏ†¯·ÚÓ†Ï‡†Ì‚†¯˙ÂÈ·†ÌÈÎÂ¯‡†ÌÈÁÂÂËÏ†ÌÈ‡¯È‡‰†ÌÈÈÎÓ†ÍÎÏÂ†Æ‡È‰‰†‰ÓÁÏÓ·
ÆÔ‡¯È‡Ó†Ó¢˜†≤∞∞∞†˜Á¯Ó·†˙ÂÈÙÒ†Ì‚Â†¨ÌÈÒÈÒ·†¨˙ÂÁÂÎ†ÈÊÂÎÈ¯
ÈÎ†¨ÈÈÚ¯‚†‡˜ÂÂ„†Â‡Ï†¨·ÈÂ‡‰†Ï˘†ÂÓÂÈ˜†Í˘Ó‰†ÏÚ†ÌÂÈ‡Â†˙ˆÁÂÓ†‰·Â‚˙·†ÌÈ¯‡Ù˙Ó†ÌÈ‡¯È‡‰
¯˙Â˘†‰Ó†ÏÎ†ÆÔÂ·Ï†˙ÓÁÏÓ·†‰ÏÏ‡·ÊÈÁ†Ï˘†˜¢˜¯‰†È„È†ÏÚ†Ò¯‰†¯·Î†Ï‡¯˘ÈÓ†ÈˆÁ†Ì˙ÈÈ‡¯·
®ÆÆÆ©†È˘‰†ÈˆÁ‰†˙‡†ÒÂ¯‰Ï†‡Â‰†˙Â˘ÚÏ
ÂÓÎ†ÆÈÈÚ¯‚†˜˘·†ÌÈÈÈÂÚÓ†ÌÈ‡˘†ÌÈÚÂË†Ì‰Â†ÌÈÈÏ‡ÂÈˆ·Â˜†ÌÈÏÈË†˙¯ÊÚ·†‰Ú˙¯‰·†¯·Â„Ó
Ì‰È˙ÂÂÂÎ†˙‡†¯È˙Ò‰Ï†È„Î†Ó¢˜†≤∞∞∞-Ï†ÌÈÏÈË‰†ÁÂÂË†˙‡†ÌÈÏÈ·‚Ó†Ì‰˘†ÌÈ‡¯È‡‰†ÌÈÚÂË†ÔÎ
˙‡†ÌÈ¯È˙ÒÓ˘†˜˘†È‚ÂÒ†ÌÈ„ÚˆÓ·†ÌÈ‡¯ÓÂ†˙ÂÙÈ˜˘Ï†ÌÈÚÂË†ÌÈ‡¯È‡‰†Æ‰ÙÂ¯È‡†·¯ÚÓ†È·‚Ï
Æ˙ÂÈ˙ÈÓ‡‰†Ì‰È˙ÂÂÂÎ
˙ÂÈ‚ÂÏÂÎË†˙˜ÂÂ˘Ó†¨ÔÂÎÈ˙‰†Á¯ÊÓ·†‰ÚÙ˘‰†˘ÂÎ¯Ï†È„Î†ÌÈÏÈË·†˙˘Ó˙˘Ó†Ô‡¯È‡†≠†‰ÚÙ˘‰‰
‡È‰†‰ÚÙ˘‰‰†Æ‰ÏÏ‡·ÊÈÁÂ†ÌÈ¯ÂÒ‰†≠†¯ÂÊ‡·†ÌÈÈ˙Â„È„È†ÌÈÎ˘†ÌÈÂÎÓ˘†ÈÓÏ†ÈÂÏ‚·†ÌÈÓÚÙÏ†ÌÈÏÈËÂ
ÌÈÏÈË‰†˙ÈÈ˘Ú˙·†‰‚˘Â‰˘†‰Ó„È˜‰†˙‡†ÌÈÈ‚ÙÓ†¨È‡¯È‡‰†ÌÚ‰†Ï˘†Ï‡¯ÂÓ‰†˙‡ÏÚ‰Ï†¨‰ÓÈÙ†Ì‚
‡Ï†ÚÈÙ˘Ó˘†˜˘†¯˜ÈÚ·Â†Ú‚ÂÙ˘†˜˘†¨ÔÎÂÒÓ†˜˘†ÏÈË·†‰‡Â¯†·ÈÂ‡‰†ÆÔÈÚ¯‚‰†˙ÂÈ˘Ú˙†ÌÂ„È˜·Â
Ú‚Ù˘†„Á‡†ÏÈË†¨‰˜ÂˆÈ†˙¯ÙÂÚ·†¨‰Â¯Á‡‰†‰ÓÁÏÓ·†Æ˙ÂÈÏÓÒ‰†ÏÏ‚·†‡Ï‡†ÈÒÈÙ‰†˜Ê‰†ÏÏ‚·†˜¯
Ï˘†¯·¯Ù†ÔÈÚÓÏ†˙·˘Á†‰¯„‚†Ì˙ÈÁ·Ó†¨¯˙ÂÈ·†ÏÂ„‚‰†Ì˘Â¯‰†˙‡†‰˘Ú†˜Ê†ÌÂ˘†Ì¯‚†‡ÏÂ†‰¯„‚·
‰ÓˆÂÚ‰Ó†˜ÏÁ†Â‰Ê†Æ¯˙ÂÈ·†‰·Â˘Á†˙ÈÏ‡¯ÂÓ†˙ÂÚÓ˘Ó†˙ÏÚ·†‡È‰†·ÈÂ‡‰†·Ï·†‰ÚÈ‚Ù‰†ÌˆÚ†Æ·È·‡†Ï˙
˘ÂÓÈ˘†Á¯Î‰·†ÚÂÓ†‡Ï†‰Ê†ÏÎ†Æ„„Ó†ÂÈ‡†ÏÏÎ†Í¯„·˘†˜ÊÏ†Ë¯Ù†ÌÈÏÈË‰†Ï˘†Ì„È˜Ù˙Ó†˜ÏÁÂ
ÆÈ˙ÈÓ‡†˜˘Î†ÌÈÈÈÚ¯‚†ÌÈÏÈË·
˙‡†¨˜ÂÈ„·†‡Ï†¨Í¯Ú·†ÌÈ‡ÏÓÓ†Ì‰†≠†ÈÂˆÈ˜‰†ÌÏÒÈ‡‰†˙Â˘¯·†ÌÈÏÈË‰†˙ÂÚÓ˘Ó†˙‡†ÌÎÒÏ†È„Î
Æ˙È·¯ÚÓ‰†‰ÒÈÙ˙·†‡ÏÓÓ†È‚Ë¯ËÒ‡†È¯ÈÂÂ‡†ÁÂÎ˘†„È˜Ù˙‰

È‡¯È‡‰†ÌÂÈ‡‰
¯˘ÈÙ†ÔÂÎÓ†¨Ó¢·ËÎÂ†ÏÏÁ†¯˜ÁÏ†ÊÎ¯Ó‰†˘‡¯†¨¯·Ú†ÏË†¯Ó
Ì‚†Â¯ÂÊ‡†Ï˘†‰ÈÙ¯‚Â‡È‚‰†ÏÏ‚·†ÆÂÓÓ†Ú·Â‰†ÌÂÈ‡‰†˙‡Â†Ô‡¯È‡·†ÌÈÏÈË‰†‡˘Â†˙‡†ÌÎÈÙ·†‚Èˆ‡
‰‚ÙÒ˘†¯Á‡Ï†ÌÈÏÈË‰†ÌÂÁ˙Ï†‰ÒÎ†Ô‡¯È‡†ÆÈ‚Ë¯ËÒ‡≠ÂÓÎ†˜˘†Ô‰†¨˙ÈÒÁÈ†¯ˆ˜†ÁÂÂËÏ†˙ÂË˜¯
È·≠„‡˜Ò†ÈÏÈË†¯ÙÒÓ†Ï˘†‰ÓÂ¯˙†‰Ï·È˜˘†¯Á‡ÏÂ†Ô‰ÈÈ·†‰ÓÁÏÓ‰†ÍÏ‰Ó·†˜‡¯ÈÚÓ†ÌÈÏÈË†ÈÁËÓ
ÔÂÙˆ·†¯˜ÈÚ·†ÌÈÏÈË†Ô‡¯È‡†‰˘Î¯†ÌÈÁ˜Ï†˙˜Ù‰†¯Á‡Ï†Æ„‚≠˙ÎÓÎ†„„‚·†˙‡†Ì‰·†‰Ù˜˙†·ÂÏÓ
˙È‡¯È‡‰†‰ÈÈ˘Ú˙ÏÂ†Ú„ÈÏ†ÂÓ¯˙˘†ÌÈÙÒÂ†˙Â¯Â˜Ó†Æ‰·Î¯‰ÏÂ†¯ÂˆÈÈÏ†‰È‚ÂÏÂÎËÂ†Ú„È†Ì‚†ÂÓÎ†¨‰‡È¯Â˜
‰¯˜ÂÈÓ†˙È‰†Ô‡¯È‡·†ÌÈÏÈË‰†‡˘Â†·È·Ò†‰ÈÈ˘Ú˙‰†Æ‰ÈÒÂ¯Â†ÔËÒÈ˜Ù†¨ÔÈÒ†Ì‰†˜¢˜Ë‰†ÌÂÁ˙·
Ì‚†‡Ï‡†ıÂÁ†ÈÎ¯ÂˆÏ†˜¯†‡Ï†ÌÈÏÈË†„ÚˆÓ†Ï‰˙Ó†‰˘†È„Ó†Æ˙È‡¯È‡‰†Ï‰˜‰†˙Ú„·†¯˜ÈÚ·†¨‰·¯
ÈÏÈË†˙˜˙Ú‰·†ÂÏÁ‰†ÌÈ‡¯È‡‰†ÆÈÓ‡ÏÒÈ‡‰†¯Ë˘Ó‰†·È·Ò†˙ÈÓÂ‡Ï‰†˙Â‰Ê‰†˘Â·È‚Ï†·Â˘Á†·ÈÎ¯ÓÎ
ÌÈ˜ˆÂÓ†ÌÈÙ„Â‰†Ï˘†‰˜ÈˆÈ†¨‰ÈÁ‰†˙ÂÎ¯ÚÓ†Ï˘†È‡ÓˆÚ†¯ÂˆÈÈÏ†ÂÚÈ‚‰Â†ÈÂˆÈÁ†Ú„È†ÚÂÈÒ·†Ú˜¯˜≠Ú˜¯˜
Æ‰¯˙Ò‰Â†‰‡ÂÂÒ‰Ï†˙ÂÓ„˜˙Ó†ÌÈÎ¯„Â
ÏÏÁ†È¯‚˘ÓÏ†‰È‚ÂÏÂÎË‰˘†¯ÂÎÊÏ†˘È†ÆÌÈÈÈÂÂÏ†È¯‚˘Ó†ÌÈÏÈË†¯ÂˆÈÈÂ†ÔÂÎ˙·†˙˜ÒÂÚ†˙„¯Ù†˙ÈÎÂ˙
Ô·ÂÓÎÂ†ÌÈ‡¯È‡Ï†„Â‡Ó†‰·Â˘Á†‰Ï‡†ÌÈÓÂÁ˙†È˘·†˙ÂÓ„˜˙‰‰†ÔÎÏ†¨˙Á‡†‡È‰†ÌÈÈËÒÈÏ·†ÌÈÏÈËÏÂ
‰ÂÂ‰Ó†È‡¯È‡‰†ÈËÒÈÏ·‰†Í¯ÚÓ‰†ÏÎ†ÆËÂÈ˘†ÈÏÈË†‡˘Â·†˙ÂÏÈÚÙ†Ì‚†ÌÈ‡Â¯†Â‡†˙‡Ê†„·ÏÓ†ÆÂÏ†Ì‚
˙ÂÈÓ‡ÏÒÈ‡‰†˙ÂÈ„Ó‰†ÈÙÏÎ†Ì‚†¨Ï‡¯˘È†ÈÙÏÎ†˜¯†‡ÏÂ†ÚÈ˙¯Ó†Ì¯Â‚Î†Ì‚†˘Ó˘ÓÂ†˙È‚Ë¯ËÒ‡†ÚÂ¯Ê
Æ‰ÓÂ„ÎÂ†‰È„ÂÚÒ†¨˙ÂÂ˙Ó‰
ÌÈÁÂÂË·†ÚÂ·˜Â†Í˘Ó˙Ó†ÏÂ„È‚†ÌÈ‡Â¯†¨ÌÈ˘‰†Í˘Ó·†ÌÈ‡¯È‡‰†ÌÈÏÈË‰†ÁÂ˙ÈÙ†Ï˘†˙ÂÓ‚Ó‰†˙ÈÁ··
ÁÂÂË‰˘†ÁÈ‰Ï†¯È·Ò†ÌÏÂ‡†¨Ó¢˜†≤∞∞∞†„Ú†˜¯†ÂÚÈ‚‰†Ì‰†¨ÌÈ‡¯È‡‰†Ï˘†Ì˙¯‰ˆ‰†ÈÙ†ÏÚ˘†˙Â¯ÓÏ
¯Â„Ó†ÏÁ‰†¨ÌÈÏÈË‰†˙‡†ÌÈ˘Ó˘Ó‰†˜Ï„‰†È‚ÂÒ†Ï˘†Ì˙ÂÏÈÚÈ·†ÈÂÈ˘Â†¯ÂÙÈ˘†˘È†ÆÏÂ„‚†¯˙ÂÈ†‰·¯‰
˜Ï„‰†ÌÚ†ÏÈß‚‡Ò·†‰ÏÎÂ†¨ÔÂÒÁ‡≠¯·†ÈÏÊÂ†ÈË˜¯†˜Ï„·†˘ÂÓÈ˘†‰˘ÂÚ˘† BM≠≤μ≠‰†Í¯„†„‡˜Ò‰
ÏÈË·†Â¯Â˜Ó†BM≠≤μ≠‰†Æ≤∞∞∏≠·†‚ˆÂ‰˘†‰ÓÓ†‰ÏÂ„‚†‰ˆÈÙ˜†ÂÈ‡¯†¨‰ÙÈˆ¯†‰È‡†˙ÂÓ„˜˙‰‰†Æ˜ˆÂÓ‰
ÁÂÂË†ÏÚ†¯·Â„†Ê‡Â†ÌÈÏÈË†˙Â‡˘Â†˙ÂÏÏÂˆ·†Ú·˜†Í¯„†ÔÒÁÂ‡˘†Ó¢‰È¯·†Ï˘†ÔÂ˘‡¯‰†ÏÈË‰†¨ÈËÈÈ·ÂÒ
˙ÓÈÈ˜‰†‰È‚ÂÏÂÎË‰†ÏÚ†Ì‚†ÔÚ˘†ß¯ÈÙÒß†‡¯˜˘†È‡¯È‡‰†ÌÈÈÈÂÂÏ‰†¯‚˘Ó†ÆÓ¢˜†≥∞∞∞†„Ú†≤μ∞∞†Ï˘
Æ‰È˜¯ÂË†˙‡†˜¯†‡ÏÂ†Â¢Ë‡·†˙Â¯·Á‰†˙ÂÈ„Ó†Ì‚†ÔÈÈÚÏ†ÍÈ¯ˆ†¯·„‰†ÔÎÏÂ†BM≠≤μ†ÏÈË·
˘ÂÓÈ˘Ï†Ë¯ÙÂ†¨Ô‡¯È‡Ï†Ó¢‰È¯·†˙ÙÂ˜˙Ó†˙ÂÈ¯‡˘Î†ÌÎ¯„†Â‡ˆÓ†‰Ê†Í¯ÚÓÓ†ÌÈÏÈË†¯ÙÒÓ†≠†ËÂÈ˘†ÈÏÈË
ÏÈË‰†˙‡†ÌÈ‡¯È‡‰†ÂÙ˘Á†≤∞∞∏†¯·Ó·Â·†ÆÈÓˆÚ†¯ÂˆÈÈ·†ÌÈÏÈË†ÁÂ˙ÈÙÏ†Ì‚†Â˘ÓÈ˘†ÌÈ„ÚˆÓ·
¯ÂÓ‡˘†ÍÂ¯‡†ÁÂÂË†ÏÚ·Â†˜ˆÂÓ†˜Ï„·†ÚÂÓ†¨È·Ï˘≠Â„†ÈËÒÈÏ·†ÏÈË†Â‰Ê†¨ß‰¯Â˘‡ß†Ì‚†‡¯˜‰†ßÏÈß‚‡Òß
ÌÈ„Á‡†ÌÈ¯Â‚È˘Â†ß¯ÈÙÒß†¯‚˘Ó‰†Æ˙ÈÒÁÈ†˙˘ÂÈÓ‰†‰È‚ÂÏÂÎË‰†ÏÚ·†ß·‡‰È˘ß‰†˙‡†ÛÈÏÁ‰Ï†‰‡¯Î
‰¯˜ÂÈ†Ï˘†‰ÏÈ‰†ÏÚ·†ÔÂ„ÚÂÓ†¨ÈÓÂ‡ÏÈ·‰†ÏÏÁ‰†ÔÂ„ÚÂÓÏ†Ô‡¯È‡†˙‡†ÂÒÈÎ‰†≠†ÌÈÁÏˆÂÓ†ÌÏÂÎ†‡Ï†≠
Æ‰Ú˙¯‰·Â†ÍÂÈÁ†‡˘Â·†‰ÙÂ˙†Ì‚†Ì„Èˆ·˘†˙È‚ÂÏÂÎË†‰Ó„È˜Â
Ì˘¯˙‰Ï†ÌÈÁ¯Â‡†ÌÈÓÊÂÓ†ÂÈÏ‡†¨¢ÏÏÁ‰†¯˜ÁÏ†ÊÎ¯Ó¢†‡¯˜˘†Ô˜˙Ó†ÌÈ‡¯È‡‰†ÂÙ˘Á†≤∞∞∏≠·
ÏÏÁ·†ÔÈÈÂÂÏ†·Èˆ‰Ï†ÌÈ‡¯È‡‰†Ï˘†È˘†ÔÂÈÒÈ†Ï˘Î†≤∞∞∏≠·†ÆÏÏÁ‰†ÌÂÁ˙·†ÌÈÈ‡¯È‡‰†ÌÈ‚˘È‰‰Ó
Æ‰ÁÏˆ‰·†ÔË˜†ÔÈÈÂÂÏ†¯‚Â˘†≤∞∞π†˙ÏÈÁ˙·Â

·È¯È‰†Ï˘†‰È‚Ë¯ËÒ‡·†˜¢˜¯‰
Òß‚Â¯Ë†¨Ï¢ÎÓ†¨Ô¯È·‡†È„‚†¯Ó†
˙Â¯Â˜ÓÓÂ†‰ÈÂÏ‚‰†˙˘¯‰†ÔÓ†Ú„ÈÓ†Ï˘†ÁÂ˙ÈÂ†¯˜ÁÓ†ÛÂÒÈ‡·†˙˜ÒÂÚ†¨ÌÈ˘†μ†˙·†¨Òß‚Â¯Ë†˙¯·Á
Ô‡¯È‡·†˙„˜Ó˙Ó†ÔÂ¯Á‡‰†ÔÓÊ·Â†¯Â¯Ë†Ï˘†‰È‚ÂÏÂÎË†ÏÚÂ†¯Â¯Ë†ÏÚ†Ú„ÈÓ·†˙˜ÒÂÚ†‰¯·Á‰†ÆÌÈ¯Á‡
ÏÂÏÒÓ‰†ÏÂÏ˙†ÌÂÈ‡‰†ÏÚ†ÌÈË¯ËÈ‡†ÌÈÂÈ„·Â†ÌÈÓÂ¯ÂÙ·†ÌÈÙ˙˙˘Ó†ÂÈ˘‡†ÆÌ˘†ÌÈ¯Â˜‰†ÌÈÎÈÏ‰˙·Â
ÆÌÈ¯Á‡†ÌÈ‡˘Â·Â
˙ÂË˜¯·†˜¯†‡Ï‡†Ú˜¯˜≠Ú˜¯˜†ÈÏÈË·†˜ÂÒÚ‡†‡Ï†¨ÏÂÏÒÓ≠ÏÂÏ˙†ÌÂÈ‡†ÏÚ†È˙‡ˆ¯‰†˙¯‚ÒÓ·
¨˙ÂË˜¯†‰ÏÈÓÏ†ÌÈÏÈË†‰ÏÓ‰†ÔÈ·†Ï„·‰†ÏÏÎ†ÔÈ‡†˙È·¯Ú‰†‰Ù˘·†ÆÈ¯ÏÈË¯‡†ÌÂÈ‡†≠†Ú˜¯˜≠Ú˜¯˜
∫È·¯Ó‰†ÌÂÈ‡·†‰ÏÎÂ†Ó¢Ó†∂∞†‰Ó‚¯ÓÓ†ÏÁ‰†¨ÏÂÏÒÓ†ÏÂÏ˙†˜˘†ÏÚ†¯·Â„Ó†ÆÍÂ¯Ò†≠†ÌÈ‡¯˜†Ì‰È˘
‰Ï‡†¨‰˘Ó˙˘‰†Ô‰·˘†˙ÂË˜¯‰†˙‡†‰Á˙ÈÙ†‡Ï†‰ÏÏ‡·ÊÈÁ†ÆÓ¢˜†±≤∞†Ï˘†ÌÈÁÂÂËÏ†¨≤†ÏÊÏÈÊÂ†¨±†ÏÊÏÈÊ
‰Ï‡‰†ÌÈÎ¯ÚÓ‰†ÆÓ¢Ó†±≤≤†˙ÂË˜¯Ï†ÌÈ·¯†ÌÈ¯‚˘Ó†¯ˆÈÈÂ†Á˙ÈÙ†‰ÏÏ‡·ÊÈÁ†ÌÏÂ‡†¨Ô‡¯È‡Ó†ÂÚÈ‚‰
È·Á¯·†Ë¯ËÈ‡Ï†ÌÈ¯·ÁÂ†ÌÈÏÈÚÙ†¨È˙¯·Á†·‚†ÂÏ†˘È˘†¨È¯ËÓÈÒ‡†·È¯È·†¯·Â„ÓÂ†ÌÈ¯È„Ò≠‡Ï†Ì‰
˙·˙Î˘†‰ÏÈÓ†ÏÎ†˙Â„˜˘·†ÌÈ‡¯Â˜†‰Ï‡†ÏÎ†ÆÚ‚¯†ÏÎ·†ÔÈÈÏÂ‡†¨ÌÈÙÏ‡†Ï˘†ÌÈ¯ÙÒÓ·†ÌÏÂÚ‰
Á¢ÏÓ‡‰†Æ‰Ù¯Â˙†˙Â„Â˜˙†ÌÈ‡ˆÂÓÂ†¨ÌÈ˜„Â·Â†ÌÈ¯˜ÂÁ†¨˙ÈÒÂ¯·Â†˙ÈÏ‚‡·†¨˙È¯·Ú·†Ë¯ËÈ‡·
‰˘˜†ÆÌ˙Â‡†ÔÈÈÙ‡Ó†‡Ï†¯·„†ÌÂ˘†ËÚÓÎ˘†¨‡Â‰†Ì˙Â‡†ÔÈÈÙ‡Ó˘†‰Ó†¨„ÈÁ‡†‡Ï†‡Â‰†¯ˆÈÈÓ†·ÈÂ‡‰˘
ÆÌÈÙˆ†È˙Ï·†Ì‰†ÈÎ†¨‰ÓÈÁÏ†˙¯Â˙†Â‡†‰˜ÈË˜ËÂ†¨ÌÈÈÈÈÙÂ‡†ÌÈÁÂÂË†¨˙ÈÈÈÙÂ‡†‰ÓÈ˙Á†‚È˘‰Ï†ÂÏ
Ï˘†˙Â·¯Â†˙ÂÂ˘†˙Â‡Ò¯È‚†Ô˘È†ÌÏÂ‡†¨ÌÏÂˆ†˜ÏÁÂ†Í¯Ú·†˘Ù˙†˜ÏÁ†¨ÚÂ„È†Á¢ÏÓ‡‰Ó†˜ÏÁ†ÌÓ‡
ÈÓÂÒÁÓ†ÍÂ˙Ó†Ì˜ÏÁ†¨ÌÈ¯˙ÏÂ‡Ó†˙ÂÓÂ˜Ó†ÈÈÓ†ÏÎÓ†ÌÈ¯Â‚È˘Ï†˙ÂÙˆÏ†Ô˙ÈÂ†˙ÂË˜¯†È‚ÂÒÂ†ÌÈ¯‚˘Ó
Æ˙ÈËËÒ†‰¯ËÓ†Ï‡†ÔÂÂÎÓ†¯È˜†ÍÂ˙Ó†ÂÏÈÙ‡†Â‡†¨ÌÈÎ¯„
¨Ó¢Ó†±∞∑†ÈÚÂÓ†ÌÚ†¨ß¯‡˙˘È‡ß†˙ÂË˜¯†‰Ï‡†ª˙ÂË˜¯Â†‰Ó‚¯Ó†ÔÈ·†˙·Ï˘Ó˘†˙Î¯ÚÓ†‰˙‰ÂÊ†˜¯ÈÚ·
Æ˙ÂË˜¯†±∞≠±≤†˙ÂÈ˘†ÍÂ˙†˙˜¯ÂÙ†˙È‡˘Ó†¨„ÂÈÏ†˙ÂÏ˜†¨ıÙ†¯ÓÂÁ†‚¢˜†∑∞≠∏∞†‰ÏÈÎÓ
¯·ÂÚ†Ú„ÈÓ‰†¨ÌÈ¯ÙÂÁÓ†ÌÈ¯‚˘Ó†Ì˘È†ÆÚ˜¯˜≠˙˙Â†Ú˜¯˜≠ÏÚ†Ï˘†„ÓÈÓ‰†Â˘È†˙ÂË˜¯†ÌÂÈ‡·†Ì‚†
ÍÈ‡†¨‰Ê†‚ÂÒÓ†Á¢ÏÓ‡†ÏÎ†¯ÂˆÈÈÏ†ıÂÁ‰†Ú„ÈÓ‰†ÏÎ†˘È†Ë¯ËÈ‡·†Æ‰ÊÚ·†‰Ê†˙‡†ÂÈ‡¯Â†¨‰¯Ê‚Ï†‰¯Ê‚Ó
‰˙Ú‚‰†ÌˆÚ·†‡È‰†‰Ë˜¯†˙ÚÈ‚Ù†Ï˘†‰ÚÙ˘‰‰†Æ·ˆÈÈÏÂ†‰È·‚‰Ï†¨ÚÂ·˜Ï†ÍÈ‡†¨Í˙¯Ï†ÍÈ‡†¨ËÂ¯ÁÏ
‡Â‰†Ì˘Â¯‰†ª˜Ê†‰Ó¯‚†‡Ï˘†˙Â¯ÓÏ†‰È¯ÂËÒÈ‰†‰˙˘ÚÂ†‰¯„‚·†‰ÏÙ˘†‰Ë˜¯‰†ÂÓÎ†¨·Â˘ÈÈ†ÌÂ˜ÓÏ
˙ÓÁÏÓ·†Â¯Â˘©†ÔÂË·†ÈÏÈË†˙¯ÊÚ·†Ì‚†˙‡Ê†‚È˘‰Ï†¯˘Ù‡Â†¨‰ÚÈ‚‰†ÂÈÏ‡†ÁÂÂË‰Â†‰ÚÈ‚Ù‰†ÌˆÚ†È„È†ÏÚ
ÔÂÈÚ¯†ÏÎ†ÆË¯ËÈ‡·†˙ÂÈÓÊ‰†Ï˘†˙ÂÈ·ÈÒÓ‰†ÔÓ†‰‰†ÌÈÏÈÚÙ‰†ÏÎ†ÔÈ·†Â˙ˆÙ‰Â†Ú„È‰†‡˘Â†Æ®ı¯ÙÓ‰
Úˆ·Ï†˙Â¯˘Ù‡†ÏÎ†ÚÂÓ˘†‰Ó†¨˙Â˘ÚÏ†„ˆÈÎÂ†ÍÈ‡†ÍÏ†Â¯È·ÒÈÂ†¨·Â˘Ó†˙ÂÈ˘†ÍÂ˙†Ï·˜È†¨‰ÏÚ˙˘†ÈÂÊ‰
ÌÈÁÓÂÓ†∏∞†ÂˆÙ˜È†„ÈÓ†¨ÔÚËÓ‰†ÔÈÎÓ†Ï˘†˙ÂˆˆÂÙ˙‰Ï†¨Ï˘ÓÏ†¨ÏÈ·Â˙˘†‰Úˆ‰†ÚÈˆ˙†Ì‡†ÆÚ„ÈÓ†˙‡Â‰
ÆÈ·¯ÚÓ‰†ÔÈÚÈ„ÂÓ‰†ÈÙÂ‚Ó†„Á‡†Ï˘†‰ˆÚ·†ÔÎ˙ÒÓ†‡Â‰†ÈÎ†Â˙Â‡†Â¯È‰ÊÈÂ

‡¢ÁÓ†˙‡ˆ¯‰
¯ÈÂÂ‡‰†ÏÈÁ†„˜ÙÓ†¨Ô˙˘ÂÁ†Â„Ú†ÛÂÏ‡‰
‰ÈÈ‡¯·†ÌÎ˙‡†Û˙˘Ï†‰Ò‡†ÌÏÂ‡†¨‰ÚÓ‰Â†ÌÂÈ‡‰†≠†˙ÂË˜¯Â†ÌÈÏÈË†‡Â‰†ÔÂÈÚ‰†ÌÂÈ†‡˘Â†ÌÓ‡
Á˙ÙÏ†Â˙Â‡†·ÈÈÁÓ‰†ÍÈÏ‰˙†Ô‡Î†Á˙Ù˙Ó˘†˜ÙÒ†ÔÈ‡˘†ÌÂ˘Ó†¨ÂÏ˘†˙ÏÏÂÎ†¯˙ÂÈ‰†˙ÈÙÂÒÂÏÈÙ‰
ÆÌÈ˜ÈˆÓ†ÌÈ‡˘ÂÏ†˙ÂÂ¯˙ÈÙ
ÔÎÏ†Û¯ÂÚ‰†¯·ÚÏ†ÌÈÏÈË‰†˙ÈÈ‚ÂÒ·†‰È„Ó‰†ÈÁ¯Ê‡Ï†ÌÏÂ‰†ÔÂÁËÈ·†ÌÈ˜ÈÚÓ†ÂÈ‡˘†ÌÈ˘È‚¯Ó†ÂÁ‡
∫˙ÂÏ‡˘†¯ÙÒÓ·†˜ÂÒÚ‡
Â‰Ó†ªÏÈÚÈ†‰ÚÓ†‡ÏÏ†Û¯ÂÚ·†ÌÈÏÈË†ÌÈÏÙÂ˘†ÍÎÏ†ÂÚ‚‰†„ˆÈÎ†ÔÈ·˘†È„Î†ø‰Ê‰†ÌÂÈ‡‰†Á˙Ù˙‰†ÍÈ‡
‰ÚÓ·†¯ÈÂÂ‡‰†ÏÈÁ†Ï˘†Â˜ÏÁ†Â‰Ó†¨‰Â¯Á‡ÏÂ†øÔÂÎ‰†‰ÚÓ‰†Â‰Ó†øÌÈ„ÓÂÚ†Â‡†ÂÏÂÓ†ÌÂÈ‡‰†ÌˆÚ·
ÆÈÏ¢‰ˆ‰†‰ÚÓ‰†Ï˘†‰·Á¯‰†‰ÂÓ˙‰†ÍÂ˙·†Â˜ÏÁ†‰ÓÂ†¨‰Ê‰
ÏÈË†‰È‰†V-1 Æ‰È˘‰†ÌÏÂÚ‰†˙ÓÁÏÓ·†ÌÈÓ¯‚‰†Ï˘†‰‡ˆÓ‰†ÂÊ†¨Â˙È˘‡¯·†øÌÂÈ‡‰†Á˙Ù˙‰†„ˆÈÎ
ÌÂÈ‡†ÂÂÈ‰Â†ÔÂ„ÂÏ†„Ú†‰ÈÓ¯‚Ó†Í¯„‰†ÏÎ†˙‡†Â¯·Ú˘†ÌÈÂ˘‡¯‰†ÌÈÏÈË‰†ÂÈ‰†‰Ï‡†¨˜¢˜Ë†V-2†¨ËÂÈ˘
ÌÈ¯ÂÙÈÎ‰†ÌÂÈ†˙ÓÁÏÓ·†Æ‰ÓÁÏÓ‰†˙‡†ÚÈ¯Î‰˘†˜˘‰†ÂÈ‰†‡Ï†˘Â¯ÈÙ·†Ï·‡†¨·¯†Ò¯‰Â†‚¯‰·†ÔÈÈÙÂ‡˘
˙ÏÚ˙·†¯˘‚‰†˘‡¯†¯ÂÊ‡·†¢„‡˜Ò¢†ÈÏÈËÂ†¨„ÈÂ„†˙Ó¯†ÏÚ†¢‚Â¯Ù¢†ÈÏÈË†¨ÌÈÂ˘‡¯†ÌÈˆÈ†‰Ù†ÂÈ‡¯
ÔÂ˘‡¯‰†ÚÙÂÓ‰†‰È‰†˜‡¯ÈÚ≠Ô‡¯È‡†˙ÓÁÏÓ·˘†ÈÏ†‰‡¯†ÆÚÈ¯ÎÓ†ÔÙÂ‡·†ÂÚÈÙ˘‰†‡Ï†Ì‰†Ì‚†Æı‡ÂÒ
ÌÈ‡¯È‡‰†˙‡†‡È·‰Ï†ÁÈÏˆ‰˘†¨È‡¯È‡‰†·ÈÂ‡‰†ÏÚ†ÌÈ˜‡¯ÈÚ†ÌÈÏÈË†Ï˘†¨ÔÂÎÈ˙‰†Á¯ÊÓ·†È·ÈË˜Ù‡‰
‰ÚÙÂ˙Î†ÌÈÏÈË‰†˜˘†Ï˘†‰Â˘‡¯‰†Â˙ÚÙÂ‰†‰˙È‰†ÂÊ†Æ‰ÓÁÂÏ‰†˙˜ÒÙ‰Ï†ÌÎÒ‰†ÏÚ†‰ÓÈ˙ÁÏ
Ô‡Î†Æ‰˙·È·ÒÂ†·È·‡†Ï˙·†Â˙Á˘†ÌÈÏÈË†≥π†Ï·˜Ï†¢ÂÈÎÊ¢†ÔÎÓ†¯Á‡Ï†ÌÈ˘†˘ÂÏ˘†Æ˙È‚Ë¯ËÒ‡
ÏÏÂÎ†≠†Ê‡†‰˙È‰†ÂÏ˘†‰·Â‚˙‰†ÆÂÏÂÓ†ÏÈÚÈ†‰ÚÓ†ÂÏ†ÔÈ‡˘†¨˘„Á†‚ÂÒÓ†˜˘†ÌÈÈ˜˘†Ï‡¯˘ÈÏ†¯‰·Â‰
Æ„Á‡†¯‚˘Ó†‡Ï†Û‡†‰ÏÒÈÁ†‡ÏÂ†È¯Ù†‰‡˘†‡Ï˘†˙¯˙ÏÂ‡Ó†˙ÂÏÈÚÙ†≠†˜‡¯ÈÚ†·¯ÚÓ·†ÌÈ‡˜È¯Ó‡‰
˙ÂÓÁÏÓ·†˙˜‰·ÂÓ†‰ÚÙ˘‰†ÏÚ·†ÁÂÎÎ†ÒÙ˙˘†ÈÏ‡¯˘È‰†¯ÈÂÂ‡‰†ÏÈÁ†∫˙È‚Ë¯ËÒ‡†˙ÂÚÓ˘Ó†Â˘‚Ù†‰Ù
¯ÒÁ†ÂÓˆÚ†‡ˆÓ†¨‡¢˜Ë†˙ÂÏÏÂÒ†˙ÙÈ˜˙·†Í˘Ó‰·Â†¯ÈÂÂ‡†˙Â·¯˜·†‰ÏÈÁ˙·†¨±π∏≤≠Â†±π∑≥†¨±π∂∑
„ÂÚ†˙ÚÂÓ†‰È‡†˙È¯ÈÂÂ‡†˙ÂÂÈÏÚ†‚È˘‰Ï†ÂÏ˘†˙ÏÂÎÈ‰†Æ˙È¯ËÓÈÒ≠‡‰†˙Â„„ÂÓ˙‰·†ÌÈ‡˙Ó†‰ÚÓ
ÆÏ‡¯˘È†ÏÚ†˙ÂË˜¯Â†ÌÈÏÈË†ÌÂÈ‡
‡Â‰†¨ÏÂÏÒÓ‰†ÏÂÏ˙†¨‰Ê‰†˜˘‰†Ï˘†ÈÁ¢ÏÓ‡‰†„ÓÓ‰†ÆÌÈ„ÓÓ†È˘†˙Â‰ÊÏ†¯˘Ù‡†‰Ê‰†ÌÂÈ‡‰†ÁÂ˙È·
¨È˙Ú„Ï†¯˙ÂÈ†ÔÎÂÒÓ‰†¨È˘‰†„ÓÈÓ‰†Æ˙È¯ÈÂÂ‡‰†‰‚‰‰†Í¯„†¯„ÂÁÂ†ÌÈ˜ÂÁ¯†ÌÈÁÂÂËÏ†ÚÈ‚Ó†‡Â‰†Æ¯Â¯·
‰Ï‡†ÌÈÂ‚¯‡†Ï˘†‰ÏÚÙ‰‰†˙ÒÈÙ˙†Æ¯Â¯Ë†ÈÂ‚¯‡Ï†ÌÈ¯È„Ò†˙Â‡·ˆÓ†‰Ê‰†˜˘‰†Ï˘†‰‚ÈÏÊ‰†‡Â‰
·˘Á˙‰Ï†ÈÏ·Ó†È¯È†Ì‰Ï†˙¯˘Ù‡Ó†¨Ì·È·ÒÓ˘†ÌÈÁ¯Ê‡ÏÂ†˙È˙˘˙Ï†ÒÁÈ·†˙ÂÈ¯Á‡†È¯ÒÁ†Ì‰˘
Æ˙Â‡ˆÂ˙·
Ì‰†¨ÂÒÈÒ·Ï†ÒÈÈË‰Â†ÒÂËÓ‰†˙¯ÊÁ†ÍÈ¯ˆÓ†ÂÈ‡†·ÈÂ‡‰†Ïˆ‡†È‚ÂÏÂÎË‰†„ÓÓ‰†¨È˙¯ÎÊ‰˘†ÌÈ„ÓÓ·
‰„˘·†ÚÂ‚ÙÏ†ÏÂÎÈ†ÏÈË‰†ÌÏÂ‡†Æ‰¯ËÓ·†Á¯Î‰·†‰È‡†‰ÚÈ‚Ù‰†Ì‡†Ì‚†¨¯ÊÂÁ†‡ÏÂ†ÛÚ˘†ÏÈË†ÌÈÁÏÂ˘
ª‰Ï‡†ÌÈÏÈË†ÌÈ¯‚Â˘Ó†Ì‰Ó†ÌÈ„ÚÈ‰†ÏÚ†Ì‚†¯ÂÓ‡†¯·„‰†ÆÍ˘Ó˙Ó†˜ÊÏ†ÌÂ¯‚ÏÂ†·È·‡†Ï˙·†Â‡†‰ÙÂÚ˙
Ì‰Ó†˙ÂÓÂ˜Ó·†ÆÌ˙Â‡†˜˙˘Ï†ÂÏ†Ì‚†‰È‰†Ï˜†¨ÏÂ„‚†¯ÈÂÂ‡†ÏÈÁÂ†‰ÙÂÚ˙†˙Â„˘†ÂÏÂÓ†Â„ÓÚ†ÂÏÈ‡
ÆÚÂ‚ÙÏ†ÂÏ˘Î†¯„ÂÒÓ†¯ÈÂÂ‡†ÏÈÁ†ÏÚ†‰˘˜È†¨ÌÈ„ÈÈ‰Â†ÌÈ¯˙Ò‰†¨ÌÈÏÈË‰†ÌÈ¯‚Â˘Ó
ÂÚ‚‰†¨ÏÈÏ‚‰†Ï‡†ÌÈÚ˘˙‰†˙Â˘·†˙ÂË˜¯ÓÂ†Ô‡˘†˙È·†¯·ÚÏ†±π∂∏≠·†˙Â˘ÂÈË˜Ó†ÆÂÏ„‚†ÌÈÁÂÂË‰
ÌÏÂ‡†˙Â¯ËÓ·†Ú‚Ù†ÔË˜†ÊÂÁ‡†˜¯†Ì‰Ó†¨ÌÈÏÈË†¥∞∞∞≠Î†Â¯‚Â˘†‰ÎÏ‰Ó·†¨‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓÏ
˙„„Ó†‰È‡†‰ÚÈ‚Ù‰†‰Ù†ÆÔÂÁËÈ·‰†˙˘ÂÁ˙·†ÏÎ†Ì„Â˜†‡È‰†ÌÈÁ¯Ê‡·†‰ÚÈ‚Ù·†˙ÏÏÂÎ‰†‰ÚÙ˘‰‰
˙Â¯˘Ù‡·†¨ÌÈÁ¯Ê‡‰†˙˘ÂÁ˙·†˙„„Ó†‡Ï‡†˙Â„˜ÙÓ†˜Â˙È˘·†Â‡†Á¢ÏÓ‡†˙„Ó˘‰·†Â‡†‡·ˆÏ†˜Ê·

¨ı¯‡‰†ÌÂ¯„·†ÂÓÎ†¨ÌÈ˘†Í¯Â‡Ï†˙Î˘Ó˙Ó†˙‡Ê†˙ÂÏÈÚÙ†¯˘‡Î˘†Ì‚†ÛÈÒÂÂ†¨Û¯ÂÚ·†ÌÈÈÁ†ÏÏÎ·†Ï‰Ï
ÆÔÂÁËÈ·†¯ÒÂÁ†˙˘ÂÁ˙·†·ˆÚ˙ÓÂ†Ï„‚˘†‡·‰†¯Â„‰†ÏÚ†¨ÌÈÈÁ‰†˙ÂÎÈ‡†ÏÚ†‰ÚÙ˘‰†˙ÓÈÈ˜
˙Á‡†ÚÂ¯ÊÓ†¯˙ÂÈ†·Ï˘Ó‰†¨ÈË˜ËÂ†È‚Ë¯ËÒ‡†≠†„Á‡†„ÓÈÓÓ†¯˙ÂÈ†ÏÚ·†‰ÚÓ†Ô‡Î†˘¯„†ø‰ÚÓ‰†Â‰Ó
˙Â¯ËÓ·†ÚÂ‚ÙÏ†˙Â¯˘Ù‡Â†ÔÈÚÈ„ÂÓ†ÛÂÒ‡Ï†˙ÏÂÎÈ†¨¯ÓÂÏÎ†Æ‰ÓÈÁÏ‰†ÍÏ‰Ó·†„Á‡†ıÓ‡ÓÓ†¯˙ÂÈ†Â‡
ÈÙÏ†‡Ï†∫ÈË·Ï¯†ÔÓÊ·Â†¨ÌÈ„Á‡†ÌÈ¯ËÓ†Ï˘†ÈËÂÏÂÒ·‡†˜ÂÈ„·†ËÚÓÎ†¨ÌÂÈÎ†Æ˘¯„˘†ÔÓÊ·Â†˜ÂÈ„·
ÆÔÂÎ‰†¯ˆ¯ˆ˜‰†ÔÓÊ‰†˜¯Ù†È¯Á‡†‡ÏÂ
¯ÓÂÁ†ÔÒÁÂ‡Ó†Â·†ÔÒÁÓ‰Ó†ÏÁ‰†ÆÈÚˆ·Ó‰†‰ÚÓ‰†˙¯˘¯˘·†‰ÈÏÂÁ†ÏÎ·†‰Ù˜˙‰†¯˘ÂÎ†‚È˘‰Ï†ÂÈÏÚ
ÌÈÎ¯„·†¨ÚÂ˘Ó†‡Â‰†Ì‰·˘†ÌÈÚˆÓ‡·†¨·Î¯ÂÓ†‡Â‰†Ì‰·˘†˙ÂÓÂ˜Ó·†¨ÂÏ˘†¯ÂˆÈÈ‰†˙È·Ó†¨‰Ï·Á‰
ÆÌ„Â˜†˙Á‡†‰Ú˘†‰ÙÈÂ†¨ÍÈÏ‰˙‰†˙ÏÈÁ˙Ó†Â˙Â‡†ÌÈÂÂÏÓ˘†ÌÈ˘‡·Â†¨ÚÂ˘Ó†‡Â‰†Ô‰·˘
˙Â¯È‰Ê·†˙‡Ê†¯ÓÂ‡Â†¨ÌÈÏÈË‰Â†˙ÂË˜¯‰†È¯‚˘Ó†ÁÎÂ†‰Ú˙¯‰†Â‚˘‰†Ì‡†¯ÓÂÏ†‰˘˜†∫‰Ú˙¯‰‰†ÔÈÈÚ·
¨ÒÙ‡Ï†·Â¯˜†ÌÈÏÈË‰†·ˆ˜†ÌÈÈ˙È·Â†¨¢‰˜ÂˆÈ†˙¯ÙÂÚ¢†Úˆ·Ó†¯Á‡Ï†¯ˆ˜†ÔÓÊ†ÌÓ‡†ÂÁ‡†¨‰ÈÂ‡¯‰
Æ‰Ê‰†·ˆÓ‰†Í˘ÓÈÈ†ÔÓÊ†‰ÓÎ†˙Ú„Ï†¯˘Ù‡†È‡˘†ÈÙ†ÏÚ†Û‡
„ÈÁÈ‰†‡Â‰†¨·¢ÂÈÎÂ†ÂÈÏÈÈÁ†Ï˘†Ì‰ÈÈÁ†ÔÂÎÈÒ†¨‰˜ÈËÒÈ‚ÂÏÏ†¯˘˜·†¨ÂÈ˙ÂÏ·‚Ó†ÏÎ†Û¯Á†¨ÈÚ˜¯˜‰†„ÓÓ‰
Æ˙Â¯ÙÂÁÓÂ†˙ÂÂÒÂÓ†·ÈÂ‡†˙Â¯ËÓ†˘¯Â˘‰Ó†¯Â˜ÚÏ†¯˘Ù‡Ó˘
‰Î¯ÚÓ·†ÆÏÎ˘ÂÓ†ÔÙÂ‡·†ÌÈÒÎ†¯ÂÊÈÙ†¨‰ÏÈÚÈ†˙ÂÎ¯ÚÈ‰†¨ÔÂ‚ÈÓ†¨˙È·ÈÒ‡Ù†‰‚‰†ÌÈÏÏÎ†È˙‚‰‰†ıÓ‡Ó·
‰ÚÓ†Â‰Ê†¨®ıÁ‰†˙Î¯ÚÓ†¨„Â„†ÚÏ˜†¨ÏÊ¯·†˙ÙÈÎ©†˙ÂÂ¯˙Ù†‰ÓÎ†ÂÈ„È·†ÌÈÓÈÈ˜†ÌÈÏÈË†„‚†ÌÈÏÈË†Ï˘
‰Î¯ÚÓ†Ï‰Ï†ÌÈÙ‡Â˘†ÂÁ‡†ÆÌÈÙÒÂ†ÌÈÂÂÈÎÂ†¯ÊÈÈÏ†˜˘†„È˙Ú·Â†ÁÂÂË†˙ÎÂ¯‡†‰ÈÈ‡¯·†È˙·Î˘≠·¯
˙ÂÚÈ‚Ù†¨ÔÂ¯ÓÈ˙·†˘‡†Ï˘†ÈÙ˜˙‰†‰ÚÓ†¨¯ÓÂÏÎ†ÆÌ„Â˜†È˙ÈÓ˘†ÌÈˆÂÏÈ‡·†¨Ô·ÂÓÎ†Æ‰ÏÈÚÈÂ†‰¯ˆ˜
ÆÈÁ¯Ê‡‰†Û¯ÂÚ‰†ÏÚÂ†ÌÈÒÎ‰†ÏÚ†‰‚‰†ÈˆÓ‡ÓÂ†¯˘Ù‡‰†˙„ÈÓ·†‰Ú˙¯‰†¨˙Â¯ËÓ·†˙Â¯È˘È
ÏÂÎÈÂ†‰˙Â‡†ÁÂÎ˘Ï†ÔÈ‡˘†„ÂÒÈ†Ô·‡Î†˘¯„†¯ÈÂÂ‡‰†ÏÈÁ†ø‰Ê‰†¯ÂÙÈÒ‰†ÏÎ·†¯ÈÂÂ‡‰†ÏÈÁ†‡ˆÓ†‰ÙÈ‡
˙ÂÂÈÏÚ†˙˘¯„†‡Â‰˘†ıÓ‡Ó†ÏÎ†ÏÚ†¯·Â„Ó˘Î†¨ÂÈÏ‡Ó†Ô·ÂÓÎ†ÒÙ˙†‰Ê†˙ÂÂ¯Á‡‰†ÌÈ˘·˘†˙ÂÈ‰Ï
˙ÂÂÈÏÚ†Æ˙˜ÙÒÓ†˙È¯ÈÂÂ‡†˙ÂÂÈÏÚ†‡Ï·†¨È¯ÈÂÂ‡†‡ÏÂ†ÈÚ˜¯˜†‡Ï†¨È˙Ù˜˙‰†ÍÏ‰Ó†ÌÂ˘†ÔÈ‡†Æ˙È¯ÈÂÂ‡
ÛÒÂ‡˘†‰Ê†Ì‚†‡Â‰†¯ÈÂÂ‡‰†ÏÈÁ†ÂÏ˘†Ô„ÈÚ·†Æ‰˙ÁÏˆ‰ÏÂ†‰Ù˜˙‰‰†˙ÈÈ·Ï†„ÂÒÈ†Ô·‡†‡È‰†˙È¯ÈÂÂ‡
¨ÌÈÈËÈ‡Â†ÌÈ¯È‰Ó†ÒÈË†ÈÏÎ†Ï˘†ÔÂÂ‚Ó†˙ÏÚÙ‰·†ÛËÂ˘‰†ÛÂÒÈ‡‰†„ÚÂ†ÏÏÁ‰Ó†ÏÁ‰†ÔÈÚÈ„ÂÓ‰†˙‡
‰ÈˆÂÏÂÊ¯·Â†˙ÂÎÈ‡·†ÔÈÚÈ„ÂÓ†˜ÙÒÏ†ÌÈÏÂÎÈ˘†¨˙ÂÓÎÁÂ˙Ó†˙ÂÎ¯ÚÓ·Â†ÌÈÂ˘†ÌÈ‚ÂÒÓ†¨ÌÈ˜¯ÂÒÂ†ÌÈ‰Â˘
Æ‰Ê·†„ÂÓÚ†ÂÁ‡Â†¨ÔÈÈÚ‰†˙ÈˆÓ˙Â†˙ÈËÈ¯˜†‰˘È¯„†ÂÊ†ÆÔÂÎ†ÔÓÊ†·ˆ˜·Â†‰‰Â·‚

‰Ú˙¯‰‰†˙ÂÚÓ˘Ó
¯˘ÈÙ†ÔÂÎÓ†¯¢ÂÈ†¨È¯·Ú†„Â„†®ÏÈÓ·©†ÛÂÏ‡
˙ÂÏÂ˜†ÂÚÓ˘†®‰˜ÂˆÈ†˙¯ÙÂÚ†Úˆ·ÓÂ†‰È˘‰†ÔÂ·Ï†˙ÓÁÏÓ©†˙ÂÂ¯Á‡‰†‰ÓÈÁÏ‰†˙ÂÎ¯ÚÓ†È˙˘†¯Á‡Ï
ÌÈ¯Á‡†ÂÚË†Ì˙ÓÂÚÏÂ†‰Ú˙¯‰†‰‚˘Â‰†ÈÎ†‰Î¯ÚÓ†‰˙Â‡†È·‚Ï†ÂÒ¯‚˘†ÂÈ‰†Æ‰Ú˙¯‰‰†‚˘ÂÓ†È·‚Ï†ÌÈÂ˘
Æ‰˙Â‡†Â„·È‡†Â‡†‰Ú˙¯‰‰†˙‡†Â˜Á˘˘
‰Ó†Á¯Î‰·†ÂÈ‡†ÂÈ·‚Ï†˘Á†·ÈÂ‡‰˘†‰ÓÂ†¨ÈÂÓÈ„†‡È‰†‰Ú˙¯‰‰†ÈÎ†¯ÂÎÊÏ†˘È†ÆÌÈ˜„Âˆ†ÌÏÂÎ†¨È˙Ú„Ï
¨˙ÂÏÂÎÈ‰†Ï˘†ÈÂÓÈ„†¨„Á‡‰†ÆÌÈÈ¯˜ÈÚ†ÌÈ·ÈÎ¯Ó†È˘†‰Ú¯˙‰Ï†Æ·ÈÂ‡‰†˙Â˘ÂÁ˙†È·‚Ï†ÂÈÚ·†ÒÙ˙˘
¯ÈÂÂ‡‰†ÏÈÁ·† F≠†16†∫„ÂÈˆÏ†¯˘˜·†¨¯Á‡‰Â†Æ˙Â˘ÚÏ†ÂÁÂÎ·˘†˙·˘ÂÁ†˙ÈÈÂÚ†‰È„Ó†‰Ó†¨¯ÓÂÏÎ
˙ÏÂÎÈ†ÌÂÈ‰†ÍÈ¯Ú‰Ï†ÏÂÎÈ†ÈÓ†Æ¯Á‡†¯ÈÂÂ‡†ÏÈÁ·†F≠†16†¯˘‡Ó†‰Â˘†ÈÂÓÈ„†˙ÏÂÎÈ†ÏÚ·†‡Â‰†ÈÏ‡¯˘È‰
Ï˘†˙ÏÂÎÈ‰†˙‡Â†˙ÈÂ¯Ë˜Ï‡†‰ÓÁÂÏ†Ï˘†˙ÂÏÂÎÈ†ÌÂÈ‰†ÍÈ¯Ú‰Ï†ÏÂÎÈ†ÈÓ†øÌÈÓ¢·ËÎ†Ï˘†ÈÂÓÈ„†Â‡
Æ‰Î¯Ú‰ÏÂ†‰„È„ÓÏ†Ô˙È†È˙Ï·†¯·„†˙ÂÈ‰Ï†ÂÎÙ‰†˙ÂÏÂÎÈ‰†¨¯ÓÂÏÎ†øß‰ÓÁÏÓ‰†Ï˘†‰ÏÂ„‚‰†˙¯ÂÓÊ˙‰ß
‡Ë·Ó†‰È‰†¨ÌÈÂÒÓ†ÌÂ˜Ó·†ÁÂÎ†ÊÂÎÈ¯†Â‡†˙ÂÈÊÈÂÂÈ„†È˙˘†ÏÂÓ†˙ÂÈÊÈÂÂÈ„†¥†¨„È„Ó†‰È‰†¯·Ú·˘†‰Ó
¨ÌÂÈ‰†Ï˘†˙ÂÏÂÎÈ‰†ÆÌ‰È‚ÂÒÂ†ÌÈˆÈˆÙÓ†Â‡†ÌÈÒÂËÓ†¯ÙÒÓ†Ï˘ÓÏ†ÂÓÎ†¨‰„È„ÓÏ†Ô˙ÈÂ†ÈÒÁÈ†ÔÂ¯˙È
‡Â‰†¨Á¢ÏÓ‡‰†˙‡†ÏÈÚÙ‰Ï†Ì‰Ï˘†˙ÂÏÂÎÈ‰Â†¨ÈËÈÏÂÙ‰†Â‡†È‡·ˆ‰†‚È‰Ó‰†Ï˘†˙ÂÈÈ„Ó‰†ÛÂ¯Èˆ·
‰ÂÂÎ†ÌÂ˘†‰Ï†ÔÈ‡†Ï·‡†¨È˙‚‰†¨¯˙ÂÈ·†ÈÈˆ¯†ÁÂÎ†‰Ï†˘È†¨ıÈÈÂÂ˘†˙È„Ó†˙‡†Ï˘ÓÏ†ÂÁ˜†ÆÏÂÏÎÓ
ÌÓ‡†¨˜‡¯ÈÚ·†·¢‰¯‡†˙ÓÁÏÓ†¨Ï˘ÓÏ†Â‡†ÆÒÙ‡†‡È‰†ıÈÈÂÂ˘†„ˆÓ†‰ÙÈ˜˙Ï†‰Ú˙¯‰‰†¨¯ÓÂÏÎ†ÆÛÂ˜˙Ï
¨˜‡¯ÈÚ·†‰Ê‰†˜˘·†˘Ó˙˘‰Ï†‰ÂÂÎ†ÌÂ˘†‰Ï†ÔÈ‡˘†Ú„È†„Á‡†ÏÎ†ÌÏÂ‡†¨ÈÈÚ¯‚†˜˘†˘È†·¢‰¯‡Ï
È„Î†¨„Á‡‰†∫ÌÈ‚ÂÒ†È˘Ó†‰Ú˙¯‰†˘È†¨Ô‡ÎÓ†ÆÒÙ‡†‡È‰†˜‡¯ÈÚ·†·¢‰¯‡†Ï˘†˙ÈÈÚ¯‚‰†‰Ú˙¯‰‰†ÔÎÏ
‰Ú˙¯‰‰†˙‡†ÌÈÈ˜ÏÂ†„Á‡†ÌÂÁ˙·†‰Ú˙¯‰†„·‡Ï†Ô˙È†Æ‰ÓÈÁÏ‰†ÍÏ‰Ó·†¨¯Á‡‰Â†¨‰ÓÁÏÓ†ıÂ¯Ù†ÚÂÓÏ
‰Ú˙¯‰‰†˙‡†˘ÓÓÏ†ÈÏ·Ó†ÈÏ‡ÂÈˆ·Â˜‰†ÌÂÁ˙·†‰Ï˘†‰Ú˙¯‰‰†˙‡†‰˘ÓÈÓ†·¢‰¯‡†Æ¯Á‡‰†ÌÂÁ˙·
¯ÈÊÁÂ†˙Â˘ÂÈË˜†˘˘†ÏÚ†˙ÂÈ˙„ÈÓ·†·È‚†Ì‡‰†Æ˙ÂÈ˙„ÈÓ‰†ÌÂÁ˙Ï†ÌÈÒÎ†ÂÁ‡†Ô‡Î†ÆÔÈÚ¯‚‰†ÌÂÁ˙·
‰ÏÏ‡¯Ò†¯Ó‡†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ·†ÆÂÏ˘†‰·Â‚˙‰†˙ÂÈ˙„ÈÓ·†ÌÈÁ·†ÂÁ‡†ÔÓÊ‰†ÏÎ†øÌÈÊ‚Ù†‰˘˘
ÏÂ·‚Ï†„Ú†Â˙Â‡†¯‚˙‡Ï†‰ÒÓ†È·ÈË˜Â·Â¯Ù‰†¯Â¯Ë‰†Æ¢‰˘˜†ÍÎ†ÏÎ†‰˙È‰†‰·Â‚˙‰˘†‰ÊÓ†È˙Ú˙ÙÂ‰¢
ÒÂÊÒÂ˜†ÏÏ‚·†¨Ï‰˜†˙Ú„†ÏÏ‚·†¨ÌÈÁ¯Ê‡·†‰ÚÈ‚ÙÏ†˙Â˘È‚¯†ÏÏ‚·†¨˙¯Â˘˜˙†ÏÏ‚·†ÌÈÚÂÓ†‰È‰†Â·
ÆÁÂÎ‰†˙ÏÚÙ‰†˙ÂÏ·‚ÓÏ†ÚÈ‚‰Ï†≠†ÈÓÂ‡ÏÈ·Â†ÈÓÂ‡Ï
ÔÈ·†‰Ú˙¯‰†ÔÊ‡Ó†ÌÈÈ˜˙‰†¨‰¯˜‰†‰ÓÁÏÓ‰†ÔÓÊ·†Æ˙ÂÓÁÏÓ†ÔÈ·†˙È·ÈË˜‡†‰Ú˙¯‰†ÏÚ†ÌÈÏÓ†¯ÙÒÓ
ÈÎ†‰Î¯Ú‰†¯Á‡Ï†‰·˜ÒÂÓ†ÏÚÓ†ÒÂËÏ†U-2†ÒÂËÓ†‰¯‚È˘˘†ÍÎ·†‰˙È‰†·¢‰¯‡†Ï˘†˙ÂÚË‰†ÆÌÈ˘Â‚‰
·ÈÂ‡‰†˙‡†ÂÚ˙¯‰†ÈÎ†Â·˘Á˘†ÈÙ†ÏÚ†Û‡†¨Â¯ÂÊ‡·Â†ÆÒÂËÓ†˙ÏÙ‰†Ì‚†ÚÓ˙†˙ÈÈÚ¯‚‰†‰Ú˙¯‰‰
ÆÌÈ„ÈÙ¯·†˙ÂÂÎÏ†Â„¯È†∂∑†ÈÏÂÈ·†¯·Î†¨±π∂∑†ÈÂÈ·†‰ÓÈÈ˙Ò‰˘†¨ÌÈÓÈ‰†˙˘˘†˙ÓÁÏÓ·
¯Á‡Ï†È·˘·†ÏÂÙÈ†ÒÈÈË‰˘†ÈÏ·Ó†·ÈÂ‡†ÁË˘†ÏÚÓ†˙ÂÁÈ‚†¯˘Ù‡Ó‰†˘„Á†ÌÂÁ˙†Á˙ÂÙ†Ó¢·ËÎ·†˘ÂÓÈ˘
ÌÂÈ‡†¯Â˙ÙÏ†˙ÏÂÎÈ†Â‡†‰·Â˘˙†ÂÏ†ÔÈ‡˘†˙ÂÓÁÏÓ‰†ÏÎ·†‰Â˘‡¯‰†ÌÚÙ‰†ÂÏ†ÂÊ†ÆÏÙÂ‰†ÂÒÂËÓ˘
˙ÂÂÎ†¨‰È„Ó‰†ÁË˘Ï†¯Â„ÁÏÓ†·ÈÂ‡†ÈÒÂËÓ†ÚÈ˙¯‰Ï†È„Î†ÌÈ·¯†ÌÈÚˆÓ‡Â†·¯†ÛÒÎ†ÂÚ˜˘‰†ÆÌÈÂÒÓ
ø˙ÂÂ¯Á‡‰†ÌÈ˘·†Â¯„Á†·ÈÂ‡†ÈÒÂËÓ†‰ÓÎ†Æ‰ÓÂˆÚ†‰Ú˜˘‰Â†ÌÈ·¯†ÌÈÒÂËÓ†¨ÌÈ˘†Í¯Â‡Ï†˙Â˜„†˘ÓÁ
ÂÏ†˘È†ÈÎ†¯ÓÂÏ†Ô˙È†øÂÏ˘†ÔÂ¯˙Ù‰†Â‰ÓÂ†¨˙ÂÂ¯Á‡‰†ÌÈ˘·†Â¯„Á†ÌÈÓ‡Ò‡˜†‰ÓÎ†Â¯ÙÒ†Ì‡‰
Æ˙Â˘ÂÈË˜†È·‚Ï†‰Ú˙¯‰·†ÒÙ‡†˙ÏÂÎÈ
Ô˙ÈÂ†ÌÈÓ‡Ò‡˜†¯ÙÒÓ†˙È„ÈÈÓ†Â¯‚Â˘†¨‰˜ÂˆÈ†˙¯ÙÂÚ†ÔÂ‚Î†¯˙ÂÈ·†ÁÏˆÂÓ†È‡·ˆ†Úˆ·Ó†¯Á‡Ï†Ì‚
Æ‰·Â‚˙‰†ÌÂÁ˙†Ï‡†Â˙Â‡†‰¯È·ÚÓ†‡Ï˘†˙ÂÈ˙„ÈÓ·†Â˙Â‡†¯‚˙‡Ó†·ÈÂ‡‰†ÈÎ†ÔÈÁ·‰Ï
ÔÂÂÎ˙Ó†È‡†®‰Ú˙¯‰Ï†‰Ú¯˙‰†ÔÈ·†Ï·Ï·Ï†‡Ï©†ÁÂÎ‰†ÔÈÈ·†Ï˘†ÌÈ·ÈÎ¯Ó‰†ÔÈ·†ÔÂÎ†ÔÂÊÈ‡Ï†ÛÂ‡˘Ï†˘È

ÌÂÁ˙·†Ì‚Â†ÈË˜Ë‰†ÌÂÁ˙·†Ì‚†¯·Â„Ó†¨ÔÈÚÈ„ÂÓÏ†Ô·ÂÓÎ†‰¯Â˘˜‰†≠††Early warning†≠†‰Ú¯˙‰Ï
‰ÚÙ˘‰†ÌÚ†‰ÈÈ˘‰†ÌÏÂÚ‰†˙ÓÁÏÓ·†„ÂÚ†Ì‰È˘¯Â˘Â†‰Â¯Á‡Ï†ÏÈ‚¯†È˙Ï·†„ÓÓ†ÂÏ·È˜˘†È‚Ë¯ËÒ‡‰
˙È·ÈÒÙ†‰‚‰†ÏÚ†‰ÚÈÙ˘Ó†‰·ÂË†‰Ú¯˙‰†ÆÌÈÓ‡Ò˜†„‚†ÌÂÈÎ†¢ÌÂ„‡†Ú·ˆ¢†˙Ú¯˙‰·†¯˙ÂÈ·†˙È˘ÁÂÓ
ÆÔÂË·†È¯ˆÂÓ†¯‡˘Â†ÌÈËÏ˜Ó†ÈÂ·È¯†ÏÚ†‰ÙÈ„ÚÂ
È„È†ÏÚ†‰·†˙ÂÚ˜˘‰‰Ó†Â‡†‰ÓÓ†ÍÂÒÁÏ†¯˘Ù‡˘†ÌÈÒ¯Â‚‰†˘ÈÂ†˙È·ÈÒÙ†‰‚‰†‡Â‰†È˘‰†·ÈÎ¯Ó‰
Ì˜ÏÁ†≠†ÌÈÚˆÓ‡Â†˜˘†ÈÏÎ†Ï˘†ÌÈÂ˘†ÌÈ‚ÂÒ†È„È†ÏÚ†˙È·ÈË˜‡†‰‚‰Ï†ÚÈ‚‰Ï†Ô˙È†Æ˙È·ÈË˜‡†‰‚‰
‰‚‰Ï†‰Ó‚Â„†Ì‰†¨Ï˘ÓÏ†¨ßÊ‡¯ÈÓ‰†ÈÒÂËÓ†Æ˜Â‰†ÈÏÈË†ÔÂ‚Î†≠†ÌÈÈ˙ÓÈ˘Ó≠„Á†ÌÈ¯Á‡Â†ÌÈÈÏÈËÒ¯Â
˘·‚Ï†Â‡Â··†Æ‰È„Ó‰†ÈÓ˘†˙‚‰Ï†ÔÎÓ†¯Á‡Ï†˙ÎÙÂ‰Â†‰ÙÈ˜˙·†‰ÏÈÁ˙Ó˘†˙ÈÏÈË‡Ò¯Â†˙È·ÈË˜‡
‰Ó†·Â˘ÁÏ†˘È†Í‡†¨ıÁ‰†˙‡†ÂÁ˙ÈÙ†ªÈ˙ÂÓÎ‰†ÌÂÈ‡·†˙È˘‡¯†ÌÈ˘‚Ù†¨˙ÂË˜¯†„‚†˙È·ÈË˜‡†‰‚‰
˘È˘†¯ÓÂ‡†¨˙‡Ê†ÌÚ†ÆÌÈÙÏ‡†˙Â¯˘Ú†Â‡†ÌÈÙÏ‡†¨˙Â‡Ó·†„ÈÈËˆ‰Ï†Í¯Ëˆ†Ì‡†‰Ú˜˘‰‰†‰È‰˙
‰ÚÓ†‚È˘‰Ï†Ô˙È†‡Ï†ÌÏÂÚÏ˘†¯Á‡Ó†¨È¯˘Ù‡‰†ÌÂÓÈÒÎÓ·†‡ÏÂ†ÈÁ¯Î‰‰†ÌÂÓÈÈÓ·†„ÈÈËˆ‰Ï†˙ÂÁÙÏ
¨‰Ú¯˙‰†¨ÔÈÚÈ„ÂÓ†∫ÌÈ·ÈÎ¯Ó‰†‰˘ÈÓÁ†ÔÈ·†ÔÂÎ†ÔÂÊÈ‡˘†¯ÓÂ‡Â†¯ÂÊÁ‡†¨ÍÎÈÙÏ†ÆÌÈÊÂÁ‡†‰‡Ó·†ÈËÓ¯‰
‡Ï†‡È‰†Ì‚Â†˙ÈÏÓÈÒÎÓ‰†‰‚‰‰†˙‡†˜ÙÒÈ˘†‡Â‰†¨‰·ÈÒÙÂ‡Â†˙È·ÈË˜‡†‰‚‰†¨˙È·ÈÒÙ†‰‚‰
ÆÌÈÊÂÁ‡†‰‡Ó·†˙ÈËÓ¯‰
¨¯ÏÂ„†ÔÂÈÏÈÓ†≤†Â˙ÂÏÚ˘†ıÁ†ÏÈË†ÂÏÂÓ†ÌÈ¯‚˘Ó†Â‡Â†¨¯ÏÂ„†ÛÏ‡†±∞∞†‰ÏÂÚ†„‡˜Ò‰˘†ÔÂÚÈË‰†ÌÈÈ˜
ÌÈÁ˙ÙÓ†Ì˙‡Â†¨Ï˜˘†μ∞∞∞†‰ÏÂÚ†Ì‡Ò˜‰˘¢†ÌÈÚÂË†ÌÈ¯Á‡†ª¢ÌÎÏ˘†‰ÏÎÏÎ‰†ÏÎ†˙‡†Â„·‡˙†Ì˙‡¢
¨È˙Ú„Ï†¨„„Ó‰†Æ‰ÓÈÁÏ‰†˙ÒÈÙ˙Ï†ÏÏÎ†‰¯Â˘˜†‰È‡˘†‰È‚Â‚Ó„†ÂÊ†Æ¢ÂÏÂÓ†¯ÏÂ„†ÛÏ‡†∑∞†Ï˘†˙Î¯ÚÓ
ÌÈ„ÏÈ†È˘†˙‚¯Â‰Â†ÒÂ·ÂËÂ‡Ï†˙˜¯Ê˘†Ô·‡†¨Ï˘ÓÏ†Æ˜ÊÏ†Ì¯Â‚‰†˙ÂÏÚ†‰Ó†‡ÏÂ†Ì¯‚‰†˜Ê‰†‰Ó†‡Â‰
È¯ÓÂ˘†¯¯Â‚†ËÒ†μ∞†‰ÏÂÚ˘†Ó¢Ó†π†¯Â„Î†Â‡†¨ÔÂ¯ÓÂ˘Â†‰„Â‰È·†ÌÈÒÂ·ÂËÂ‡‰†ÏÎ†ÏÚ†‰‚‰†˙¯¯Â‚
ÌÈ˜Ê‰†¯ÂÚÊÓ†Ï˘†¯ÈÁÓ‰Â†¨ÌÈ˜Ê‰†˙‡†¯ÚÊÓÏÂ†ÛÒÎ†ÍÂÒÁÏ†‰ÒÈ†„ˆ†ÏÎ†ÆÔÈ·¯†˙‡†ÂÏ‡˘˙†≠†˘‡¯
Æ˜ÈÊÓ‰†Ï˘†˙ÂÏÚÏ†ÏÏÎ†¯Â˘˜†ÂÈ‡
¯Á‡Ï˘†‰È‰†ÈÊÎ¯Ó‰†ÔÂÈÚ¯‰†¨≤∞∞∂†˙˘·†ÔÂ·ÏÏ†È˙˘·È‰†ÁÂÎ‰†˙ÒÈÎ·†ÆÈ˙˘·È‰†·ÈÎ¯Ó‰†˙‡†ÂÁ˜
¯ÈÂÂ‡†˙ÂÁÂÎ†˜¯†‡Ï˘†ÂÁÎÂ†ÌÏÂ‡†ÆÏÈÏ‚‰†ÏÚ†˙Â˘ÂÈË˜†ÌÂÈ‡†„ÂÚ†‰È‰È†‡Ï†˙È˙˘·È‰†˙ÂÏÈÚÙ‰
Í˘Ó†ÔÎÏÂ†¨ÔÈÂÚ†È‡·¯Â‡†¯ÂÊ‡·†˙Â˘ÂÈË˜†¯Â‚È˘†È¯Ó‚Ï†¯ÂˆÚÏ†ÌÈÏÂÎÈ†ÌÈ‡†‰˘·È†˙ÂÁÂÎ†Ì‚†‡Ï‡
‰Ï†ÂÈÙÈˆ˘†‰Ú˙¯‰‰˘†ÁÈÎÂ‰Â†¨‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ†Ï˘†ÔÂ¯Á‡‰†‰ÓÂÈ†„Ú†˙Â˘ÂÈË˜‰†¯Â‚È˘
¯ÈÂÂ‡‰†ÏÈÁ†È„È†ÏÚ†ÂÁÎÂ‰˘†˙ÂÏÂÎÈ‰†Û‡†ÏÚ†ÒÙ‡Î†ÌÂÈ‰†„Ú†˙ÒÙ˙†‰Ú˙¯‰‰†ÆÒÙ‡†‡È‰†‰Ê†‡˘Â·
ÆÌ˙„Ó˘‰·†‰˘·È‰†˙ÂÁÂÎ†Ï˘†˙È˜ÏÁ‰†‰ÁÏˆ‰‰†Û‡†ÏÚÂ†¨¯ÈÂÂ‡‰†ÔÓ†ÌÈ¯‚˘Ó†„ÈÓ˘‰Ï
‰ÈÈ‡¯·†¨‰˘·È‰†˙ÂÁÂÎÂ†ÂÏ†Âˆ˜Â‰˘†˙Â¯ËÓ‰†ÏÚ†‰ÁÏˆ‰·†ÏÚÙ†¯ÈÂÂ‡‰†ÏÈÁ†ß‰˜ÂˆÈ†˙¯ÙÂÚß†Úˆ·Ó·
Æ¯˙ÂÈ†ÈÏÂ‡Â†˙ÂÁÙ†‡Ï†ÔÎÂÒÓÂ†ÈÂ·†ÁË˘·†¨·ÈÂ‡†ÁË˘·†Ì‰Ï˘†˙ÈÚˆ·Ó‰†˙ÂÏÈÚÙ‰†˙‡†Â¯ÙÈ˘†¨ÈÏ˘
¯Ù˘Ï†‰˙È‰†‰ÂÂÎ‰†Æ‰Ú˙¯‰‰†‡ÏÂ†‰ÂÂÎ‰†¨˙ÂËÏÁ‰‰†ÈÏ·˜Ó†Ï˘†Ì‰ÈÈÚ†ÏÂÓ†‰„ÓÚ†¨È˙Ú„Ï†¨‰Ù
‰Ú˙¯‰†Æ‰Ú˙¯‰Ï†ÍÈÈ˘†‡Ï†ÈÓÂ‡Ï†ÔÂÁËÈ·†Æ¯ÂÊ‡‰†Ï˘†ÈÓÂ‡Ï‰†ÔÂÁËÈ·‰Â†È‚Ë¯ËÒ‡‰†·ˆÓ‰†˙‡
Æ¯˙ÂÈ†·ÂË†ÈÓÂ‡Ï†ÔÂÁËÈ·†‚È˘‰Ï†È„Î†‰ÈÏÚ†¯˙ÂÂÏ†ÌÈ·ÈÈÁ†ÌÈÓÈÂÒÓ†ÌÈ¯˜Ó·†ÆÏÎ‰†˙ÂÊÁ†‰È‡

¢‰˜ÂˆÈ†˙¯ÙÂÚ¢†Úˆ·ÓÂ†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓÓ†ÌÈÁ˜Ï†≠†∫È˙ÒÈÙ˙†·˘ÂÓ
¨È¯ËÓÈÒ‡‰†˙ÂÓÈÚ‰Â†È¯ÈÂ‡‰†ÁÂÎ‰†¯˜ÁÏ†ÊÎ¯Ó‰†˘‡¯†¨ÈÏÂ‚Ò†ÌÈ¯Ù‡†®ßÏÈÓ©†Ï¢‡˙†∫¯¢ÂÈ
¯˘ÈÙ†ÔÂÎÓ†††††††
˙ÂÎ¯ÚÓ†È˙˘Ó†‰‡ˆÂ˙Î†˙ÂÏÂÚ˘†˙Â·Â˙†≠†È‚ÂÏÂÎË‰†‰ÚÓ·†Í˘Ó‰·Â†È˙ÒÈÙ˙‰†‰ÚÓ·†ÌÈ˜ÒÂÚ†Â‡
‰ÏÏ‡·ÊÈÁ‰†ÏÂÓ†˙Á‡‰†ÆÈ¯ËÓÈÒ≠È‡†˙ÂÓÈÚÎ†Â¯„‚Â‰˘†˙ÂÎ¯ÚÓ†ÂÈ‰†‰Ï‡†ÆÌÈÈ˙˘Î†ÍÂ˙·†ÂÏ‰È˘†·¯˜
˙ÂÓÈÚ†Â‰Ê†˙È˙È„Ó≠‡Ï†˙Â˘ÈÈ†ÏÂÓ†˙„„ÂÓ˙Ó†‰È„Ó˘Î†Æ‰ÊÚ·†Ò‡ÓÁ‰†ÏÂÓ†˙¯Á‡‰Â†ÔÂ·Ï·
ÆÈ¯ËÓÈÒ≠‡
‡Â‰†ÈÎ†„ˆ†ÏÎ†·˘Á†ÌÈ¯˜Ó‰†È˘·†ªÔ·Ï†Ï‚„†Â‰˘ÈÓ†ÌÈ¯‰†Â·˘†·ˆÓ·†ÂÓÈÈ˙Ò‰†‡Ï†ÌÈ˙ÂÓÈÚ‰†È˘
ÂÚË†‰˜ÂˆÈ†˙¯ÙÂÚ†Úˆ·Ó†ÏÚ†ÌÈ‚¯Ë˜Ó‰†ÆÌÈ„„ˆ‰†È˘†˙‡†˜ÙÈÒ˘†¯„Ò‰†‚˘Â‰†ÌÈ¯˜Ó‰†È˘·†ÆÁˆÈ
ÆÔÂÁˆÈ†ÂˆÓÁ‰˘
‰‚‰†≠†ÌÈ‚˘ÂÓ†Ì˙Â‡·†˘ÂÓÈ˘†ÍÂ˙†‰‚‰Â†‰Ù˜˙‰†Ï˘†˙È·ÈË¯ÙÂ‡†‰ÒÈÙ˙†˙ÓÈÈ˜†·ÈÂ‡‰†Ïˆ‡
ÌÈÏÏÂ˘‰†ÌÈÚˆÓ‡·†˙‡Ê†‰˘ÂÚ†·ÈÂ‡‰†Æ‰ÙÈ˜˙†ÔÈÚÎ†Ì‰Ï†ÌÈ˘Ó˘Ó‰†¨˙È·ÈË˜‡†‰‚‰Â†˙È·ÈÒ‡Ù
¨ÂÏ˘†„¯˘Ó‰†≠†¢Â¯ˆ·Ó†Â˙È·¢Ï†˙È·ÈÒ‡Ù‰†‰‚‰‰†˙‡†ÍÙ‰†·ÈÂ‡‰†ÆÚÈ¯Î‰Ï†˙ÏÂÎÈ‰†˙‡†Â˙È‡Ó
È·‚Ï†¨‰ÙÈ˜˙·†È˘Â˜†¯ˆÂÈ˘†‰Ó†¨ÌÂ˜Ó†Â˙Â‡·†ÌÏÂÎ†ÌÈ‡ˆÓ†‰ÁÙ˘Ó‰†¨‰„˜ÙÓ‰†¨ÂÏ˘†Á¢ÏÓ‡‰
ÌÈ‡ˆÓ†¨‰Ê†‚ÂÒÓ†ÌÈ¯‚˙‡·†ÌÈÏÙËÓ†„ˆÈÎ†¨˙ÂÈ¯˘Ù‡†˙ÂÒÈÙ˙†ÂÓˆÚÏ†¯È‰·‰Ï†È„Î†Æ¯È„Ò†‡·ˆ
¨˙ÂÊÂ‡Ó†È˙Ï·†ÁÂÎ†˙Â‡ÂÂ˘Ó†ÏÚ†‰·Á¯†˙ÂÏÎ˙Ò‰†ÏÚ·†¨‡Ò‡†ÌÈÈÁ†„Á‡‰†¨ÌÈÁÓÂÓ†È˘†Â˙È‡
ÆÍ˘Ó‰·†ÌÈ¯·„†‡˘È˘†¨Ï˜ÈÙ†¯È‡Ó†Ó¢Ï‡Â

Conceptual Panel:
Dr. Reuven Pedatzur, academic director, The S. Daniel Abraham Center for
Strategic Dialogue
Uzi Rubin, CEO, Rubincon Ltd.
Colonel Moshe Sharvit, Head of Department of Operation Research, R&D
Directorate, I.M.O.D
Brig Gen. (Res.) Ilan Biton, formerly Commander of the Air Defense Forces,
IAF and board member of the Israel Missile Defense Association

˙ÂÊÂ‡Ó†È˙Ï·†ÁÂÎ†˙Â‡ÂÂ˘Ó
ÈÓÂ‡Ï†ÔÂÁËÈ·†ÈÈÈÚÏ†ıÚÂÈ†¨‡Ò‡†ÌÈÈÁ†¯Ó
˙ÂÁÂÎ‰†ÈÒÁÈ˘Î†ÌÈÂ‚¯‡†ÔÈ·†Â‡†˙ÂÈ„Ó†ÔÈ·†˙ÂÁÂÎ†ÈÒÁÈ†‚ÈˆÓ˘†¯Â‡È˙†¨‰ÚÓ˘Ó†ÁÂÎ†˙‡ÂÂ˘Ó
Í¯Â‡†ÔÂ‚Î†¨ÌÈÙÒÂ†ÌÈ·ÈÎ¯ÓÂ†˙È·ÈË¯ÙÂ‡†˙ÏÂÎÈ†¨ÁÂÎ†ÔÈÈ·†ÂÓÎ†ÌÈ·ÈÎ¯Ó†ÏÚ†ÌÈÒÒÂ·Ó†‰Ï‡‰
Ú‚¯Î†¯·Â„Ó†ÆÚ‚¯†Ï˘†‰„ÏÂ˙†Ì‰˘†ÌÈ¯Á‡†ÌÈ·ÈÎ¯ÓÂ†¨ÈÁ¯Ê‡‰†Û¯ÂÚ‰†Ï˘†˙Â„ÈÓÚ†¨ÈÏÎÏÎ†‰ÓÈ˘
Ú‚¯Î†¯ÈÒ†Ì‡†ÆÔ‡¯È‡Â†‰ÏÏ‡·ÊÈÁ†¨Ò‡ÓÁ†¨‰È¯ÂÒ†∫˙Â˙ÈÊÁ†Ú·¯‡·†˙ÂÁÙÏ†ÌÂÈÎ†˙„ÓÂÚ˘†Ï‡¯˘È†ÏÚ
Æ‰ÏÏ‡·ÊÈÁ‰Â†Ò‡ÓÁ†‰‡ÂÂ˘Ó·†ÂÈÙÏ†ÌÈ„ÓÂÚ†¨‰È¯ÂÒ†ÌÚ†Í˘Ó˙Ó‰†˙ÂÓÈÚ‰Ó†ÌÏÚ˙Â†¨Ô‡¯È‡†˙‡
˙ÏÂÎÈ‰˘†¯Á‡Ó†¨ÌÈÈ˘‰†ÔÂÂÈÎÏ†Ë‡Ï†Ë‡Ï†‰ËÂÂ†˙ÎÏÂ‰†Ï¢‰ˆÏ†‰Ï‡†È˘†ÔÈ·†ÁÂÎ‰†˙‡ÂÂ˘Ó
˙‡†ÂÁÊ‰˘†˙¯ÓÂ‡†˙‡Ê†ÔÈ‡†ÆÌÈ¯È„Ò†‡Ï†ÌÈÂ‚¯‡†ÏÂÓ†¯ÒÁ·†‰˜ÂÏ†ÂÏ˘†˙È·ÈË¯ÙÂ‡‰†˙ÈÙ˜˙‰‰
Æ¯·Ú‰†ÏÚ†ÍÓ˙Ò‰Ï†ÔÈ‡Â†¨‰˙Â‡†¯Â˙Ù˘†ÁÂË·†Ì‚Â†‰˙È‡†ÌÈ„„ÂÓ˙Ó†ÂÁ‡†¨‰ÈÚ·‰
˙ÏÂÎÈ·†¯ÂÒÁÓ‰˘†·˘ÂÁ†È‡†Æ‰ÓÈ„˜†·Â˘ÁÏ†˘ÈÂ†±π∏≤†˙˘·†ÂÏ˘†˙ÂÁÏˆ‰‰†˙‡†ËÚÓ†ÁÂÎ˘Ï†ÂÈÏÚ
ÌÈ‡˜È¯Ó‡‰Ó†„ÂÓÏÏ†ÂÏÂÎÈ†‰Ê‰†‰¯˜Ó·Â†ÌÈË¢ÏÓ·†˙Â„ÈÈËˆ‰Ï†¯˜ÈÚ·†¯Â˘˜†ÁÂÎ‰†ÔÈÈ··†˙ÈÙ˜˙‰‰
ÌÈËÓÏ‡†ÂÏ†˘È†¨ÈÂÁË·‰†‚ÂÂÈÒ‰†˙ÂÏ·‚Ó·†¨Ë¯ÙÏ†ÏÂÎÈ†È‡˘†‰„ÈÓ·†ÆÁË˘·†‰ËÈÏ˘†ÏÂˆÈ†ÏÚ
Æ˜ÓÂÚ·†ÛÂÒÈ‡†¯ÓÂÏÎ†¨È¯ÈÂÂ‡†‡Â‰†¯Á‡‰Â†¨Ú˜¯˜‰†ÏÚ†‰ÙÈ˜˙Â†ÔÈÚÈ„ÂÓ†Ï˘†¯˘˜‰·†„Á‡‰†ªÌÈ¯ÒÁ
ÆÌÈ¯Á‡†ÌÈ·Â¯˜†ÌÈÏ‚ÚÓÂ†‰È¯ÂÒ†¨·Â¯˜‰†Ï‚ÚÓ·†‡Ï‡†˜ÂÁ¯‰†ÁÂÂËÏ†ÔÂÂÎ˙Ó†ÈÈ‡
¯Â‚È˘†Ï˘ÓÏ†ÂÓÎ†˙È¯ËÓÈÒ≠‡†˙È·ÈË¯ÙÂ‡†‰¯Âˆ·†ÏÂÚÙÏ†¨˙ÂÈ„Ó†Ï˘†Ô„ÈˆÓ†Ì‚†¨‰ÈÈË†˘È†‰Â¯Á‡Ï
˙ÂÏÈÚÙ†Æ‰‡·‰†‰ÓÁÏÓ‰†˙¯Âˆ†‰È‰˙†‰‡¯Î†ÂÊ†Æ„ÂÚÂ†¨Ë¢†ÈÏÈË†ÌÚ†ÈÂÓ‰†¯¢ÈÁ†Â„ÓÂ˜†¨ÈÂÓ‰†˜¢˜¯
‰ÏÏ‡·ÊÈÁ†¨ÏÈ·˜Ó·†ÆÈ˙ÂÚÓ˘Ó†ÔÙÂ‡·†Â˙ÏÂÎÈÓ†˙ÈÁÙÓ˘†‰Ó†¨Ï¢‰ˆ†ÌÚ†ÍÂÎÈÁ†¯„ÚÈ‰Ï†˙Ù‡Â˘†ÂÊ
ÔÙÂ‡·†‡Â‰†Ì‚†ÏÚÂÙÂ†¨Ì‰Ó†„ÓÏ†Ò‡ÓÁ‰†ÆÔÓÊ†Í¯Â‡Ï†¯Â‚È˘Â†‰„ÈÓÚ†˙ÏÂÎÈ†¯ÂÓÈ˘·†˙Â‡˜·†˜ÒÂÚ
ÌÈÂÈ„Â†ÌÈÁÂÎÈÂ†ÂÈ‰È†„ÂÚÂ†„ÒÙ‰Â†ÔÂÁˆÈ†ÏÚ†¯·„Ï†Â˙Â¯˘Ù‡·†ÔÈ‡†ÔÎÏ†ÆÏ¢‰ˆ†ÌÚ†ÍÂÎÈÁ†ÚÂÓ
Æ‰ÈÚ·†‡Â‰†ÔÂÈ„‰†ÌˆÚ†Æ„ÈÒÙ‰†ÈÓÂ†ÁˆÈ†ÈÓ†‰Ï‡˘·
˘È†ÔÈÚÈ„ÂÓ‰†‡˘Â·†Ì‚†Æ„ÒÙ‰Ï†Â‡†‰Ú¯Î‰Ï†ÌÈ„„Ó†ÂÏ†ÔÈ‡˘†‰˜ÒÓÏ†ÚÈ‚†„ÈÓ˙Â†ÔÂ„Ï†ÂÏ†¯˙ÂÓ
˙ÂÓÏÚÂ†˙ÂÎÏÂ‰˘†˙Â¯ËÓ†Ï˘†‰ÙÈ˘Á‰†ÔÓÊ†Ì‚Â†¨È˙ÈÓ‡†ÔÓÊ·†ÈË˜Ë†ÔÈÚÈ„ÂÓ†¯ÒÁ†„ÈÓ˙†ª¯·˘Ó
Æ¯ÂˆÚÓÎ†‰·†ÌÈ˘Á†‡Ï†Â‡Â†‰ÈÚ·‰†˙‡†Â·‰†ÆÔÈÚÈ„ÂÓ‰†È˘‡Ï†‰˘˜†¯‚˙‡†¯ˆÂ†ÍÎÂ†¨ÔË˜Â†ÍÏÂ‰
‡Â‰†Ì‡†ËÈÏÁ‰Ï†ÈÈ„Ó‰†‚¯„‰†ÏÚ†‰È‰†˙ÂÂ¯Á‡‰†˙ÂÓÁÏÓ‰†È˙˘·†ÆÈÈ„Ó‰†‚¯„Ï†˙¯·ÂÚ†‰ËÏÁ‰‰
ÆÌÈÈ¯‡ËÈÓÂ‰†ÌÈˆÂÏÈ‡†ÔÂ‚Î†¨ÌÈ¯Á‡†ÌÈÏÂ˜È˘†ÍÓÒ†ÏÚ†˙ÂËÏÁ‰†Ï·˜Ó†Â‡†‡·ˆ‰†ÏÚ†ÍÂÓÒÏ†ÍÈ˘ÓÓ
ÛÂÒÈ‡†‡Â‰†Â·†È¯˜ÈÚ‰†·ÈÎ¯Ó‰˘†Ë˜˘†˜·‡Ó†ÌÈÈ˜˙Ó†¨˙È„ÈÈÓ†‰Ú¯Î‰Â†ıÈÏ·†ÈÚˆ·Ó†„ÂÚ†ÔÈ‡†ÂÈÓÈ·
ÆÌÈ·ÂÓ‰†ÏÎ·†˙Â¯Á‡†Ô‰†Â·†ÚÈ˜˘‰Ï†ÍÈ¯ˆ˘†˙ÂÚ˜˘‰‰Â†¯Á‡†˙ÂÓÈÚ†Â‰Ê†ÆÔÈÚÈ„ÂÓ‰
·ÈÂ‡‰†Æ˙ÈÁ¯Ê‡‰†˙ÈÊÁ‰†‰ÂÎÓ˘†‰Ó†Â‡†¨˙ÈÊÁ†˙ÂÈ‰Ï†ÍÙ‰†ÈÏ‡¯˘È‰†Û¯ÂÚ‰˘†‰„·ÂÚ‰†ÏÚ†·Â˘†¯ÂÊÁ
˙Â˜„·†ÈÎ†¨ÌÎ¯ÈÎÊ‰Ï†ÆÈ‚ÂÏÂÎÈÒÙ‰†ÌÂÁ˙·†Ì‚†Â„‚†ÏÂÚÙÏ†Â„ÓÏ†¨‰ÏÏ‡·ÊÈÁ‰Â†Ò‡ÓÁ‰†¨ÂÏ˘
È„Î†ÌÈÏÈË†˙Â‡ÓÂ†˙Â¯˘Ú†·ÈÂ‡‰†„ˆÓ†Â¯‚Â˘†¨‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ·†˘‡‰†˙˜ÒÙ‰†ÈÙÏ†˙ÂÂ¯Á‡‰
ÆÂ„ÒÙ‰†Â‡†ÂÁˆÈ†Ì‡†ÁÃˆŒÏ†ÁÎÂÂ˙‰Ï†ÂÏ†ÌÂ¯‚Ï
Í˘Ó˙‰·†ÈÈ„Ó‰†‚¯„‰†Ï˘†Â˙ÊÂÚ˙†˙ÎÈÚ„†Â‡†˙ÂÏÙ˜˙‰‰†‡Â‰†¨ÔÂ·˘Á·†Â‡È·‰Ï†˘È˘†¨ÈËÓ¯„†¨ÛÒÂ†ÔÙ
Æ‰ÓÈÁÏ‰†ÈÓÈ
¨˙È·ÈË˜‡†‰‚‰†ÆÌÈ·ÈÎ¯Ó†‰˘ÂÏ˘·†„„ÂÓ˙‰Ï†ÂÈÏÚ†ÈÏ‡¯˘È‰†„ˆ·˘†‰˜ÒÓÏ†ÚÈ‚Ó†È‡†˙‡Ê†ÏÎÓ
¯ÒÂÁ†ÆÈ‚Ë¯ËÒ‡†„ÓÓ†ÂÏ·È˜†ÂÏ˘†˙ÈÙ˜˙‰‰†˙ÏÂÎÈ·†ÌÈÓ‚Ù‰†Æ˙ÈÙ˜˙‰†˙ÏÂÎÈÂ†˙È·ÈÒÙ†‰‚‰
ÔÂÁ¯˜‰†‰ˆ˜†˜¯†Ì‰†˙Â¯ËÓ†Ï˘†‰¯È‰Ó†˙ÂÓÏÚ‰Â†ÛÈˆ¯†ÈÈÚÈ„ÂÓ†ÛÂÒÈ‡†Ï·˜Ï†˙ÓÏ˘ÂÓ†˙Â¯˘Ù‡
ÆßÈ˙ÈÓ‡‰†¯·„‰ß†Ï˘

˜¢˜¯‰†ÌÂÈ‡Ï†‰ÚÓ·†ÔÂ¯Ó˙‰†ÌÂ˜Ó
È¢ÊÓ†¨˙ÂÒÈÙ˙Â†Ï¢Â˙†Á¢Ó¯†¨Ï˜ÈÙ†¯È‡Ó†¯¢„†Ó¢Ï‡
˙ÓÁÏÓ·†‰ÁÏˆ‰·†ÚˆÂ·†‡Ï˘†‰Ó†Æ·ÈÂ‡‰†ÁË˘·†˙ÈÚ˜¯˜‰†‰ÏÂÚÙ‰†‡˘Â·†¨¯È˘È†Í˘Ó‰·†Á˙Ù‡
¨ÏÂ·‚Ï†·Â¯˜‰†ÁË˘·†ÁÂÂË≠˙Â¯ˆ˜†˙ÂË˜¯†ÏÂ¯ËÈÂ†˜ÓÂÚÏ†˙ÈÊÁ‰Ó†È˙˘·È†ÔÂ¯ÓÈ˙†¨‰ÈÈ˘‰†ÔÂ·Ï
ÁÂÎ‰†ÈÈÚ·†ÈÚˆ·Ó‰†¯‚˙‡‰†Æ‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ†ÈÁ˜ÏÓ†‰‡ˆÂ˙Î†¢‰˜ÂˆÈ†˙¯ÙÂÚ¢†Úˆ·Ó·†ÚˆÂ·
Æ˘ÂÓÈÁ‰†˙‡†‰ÈÏ‡†¯‚˘ÏÂ†‰ÈÈ‡¯†ÈÚˆÓ‡·†Â‡†ÌÁÂÏ‰†ÔÈÚ·†‰¯ËÓ‰†˙‡†¯˙‡Ï†˙ÏÂÎÈ‰†‡Â‰†È˙˘·È‰
˙Â¯ËÓ†Â‡†¨¯ÚÂÈÓ†ÁË˘†¨ÈÂ·†ÁË˘†¨ÔÂ‚Î†Æ‰·È·Ò·†ÏÂÙÈË·†˙È˙Î¯ÚÓ‰†˙ÈÂÂÊ‰†‡Â‰†¯Á‡‰†¯‚˙‡‰
ÈÙÏ†Â‡†˘‡¯Ó†˙Ú„Ï†ÔÈ‡Â†ÌÈ„˜Ó≠¯Â˙È‡†˙Â¯˙Â‡Ó†˙ÂÈ‰Ï†˙ÂÏÂÎÈ†ÔÈ‡†˙ÂÂ¯Á‡‰†Æ˙ÂÈÚ˜¯˜≠˙˙
ÈÙÏ†È·ÈË˜Ù‡‰†˘ÂÓÈÁ·†„ÈÈËˆ‰Ï†È˘Â˜‰†¯Ê‚†Ô‡ÎÓ†Æ˙Â‡ˆÓ†Ô‰†ÔÎÈ‰Â†˙Â¯ËÓ‰†Ô‰Ó†·¯˜Ï†‰‡ÈˆÈ
Æ‰ÓÁÏÓÏ†‰ÓÁÏÓÓ†ÌÈÓÎÁ˙ÓÂ†ÌÈÓˆÚ˙Ó‰†ÌÈÈÚ˜¯˜≠˙˙†‰ÓÈÁÏ†ÈÎ¯ÚÓ†‡Â‰†ÛÒÂ†ÔÙ†Æ‰‡ÈˆÈ‰
¨ÌÈÁ¯Ê‡†ÌÈÈÁ†Ì‰·†ÌÈ¯ÙÎ·†ÊÎÂ¯Ó†Ì‚†˙‡Ê†ÌÚÂ†¯ÊÂÙÓ†ÏÈÚÏ†¯ÂÓ‡‰†ÏÎ˘†È˘Â˜‰†˙‡†‰ÊÏ†ÛÈÒÂ
Æ¯Â·Èˆ†˙Â„ÒÂÓÂ†ÌÈÏÂÁ†È˙·Ï†ÍÂÓÒ·Â
‰Ï†˙·ˆÚ˙Ó†ÍÎÂ†¨˙ÂÏÈÚÈ·†ÛÂ˜˙Ï†˙ÏÂÎÈ‰†Ì‚Â†ÔÈÚÈ„ÂÓ†ÛÂÒ‡Ï†È˘Â˜‰†Â˙ÓˆÂÚ†‡ÂÏÓ·†‡Ë·˙Ó†Ì˘
Ì‚Â†‰ËÓ·†Ì‚†¨„˜ÙÓÏ†‰˘˜†‰·˘†˙ÈÊÁ†˙ÈÈÙ‡Ó†‰¯‡Â˙˘†‰ÂÓ˙‰†ÆÏ¢‰ˆÏ†‰‡ÈÓÁÓ≠‡Ï†˙ÈÓ„˙
Ï˘†˙Â·ˆÂÚ·†¯·Â„Ó†‰È‰†Ì‡†Ï˘ÓÏ†ÂÓÎ†·ÈÂ‡‰†Í¯ÚÓ†ÏÂ¯ËÈ†Â¯˘Ù‡È˘†„·ÂÎ†ÈÊÎ¯Ó†˙Â‰ÊÏ†¨ÁË˘·
Æ¯È„Ò†‡·ˆ
‰¯Âˆ·†ÒÂ¯˜Ï†ÂÏ†ÌÂ¯‚È†‡ÏÂ†¨·ÈÂ‡‰†Í¯ÚÓ†˙‡†Ï¯ËÈ†‡Ï†‰„˜ÙÓ†Ï˘†‰ÏÂÒÈÁ†¨¯ÂÓ‡‰†·ˆÓ·
¯ÂÙÁ†‡Â‰†¨ÌÂ˜Ó†ÌÂ˘Ï†ÊÊ†‡Ï†‡Â‰†¨˙ÈÒÁÈ†‰ÎÂÓ†·ÈÂ‡‰†Ï˘†‰˜ÈËÒÈ‚ÂÏ·†˙ÂÏ˙‰†Ì‚†ÍÎ†Æ˙ÈÒ‡Ï˜‰
·ÈÂ‡Ï†˘È†‰Ê·†¨Ï¯ËÏ†Ô˙È˘†ÌÈÈËÒÈ‚ÂÏ†ÌÈ‚¯„Â†‰˜ÙÒ‡†ÈÎ¯„†ÂÏ†ÔÈ‡†¨˙ÂÎÂ¯‡†˙ÂÙÂ˜˙Ï†Ú˜¯˜·
Æ‰ÓÈ˘†Í¯Â‡†ÂÏ†¯˘Ù‡Ó˘†ÔÂ¯˙È
˘ÂÓÈÁ†˙ÂÎ¯ÚÓÂ†ÌÈ˘‡†¨ÁË˘·†˙ÂÓ˜Ó˙‰·†·ÈÂ‡‰†Ï˘†‰ÓÎÁ†˙Â‚‰˙‰Â†‰·È˘Á†ÌÈ‡ˆÂÓ†ÂÁ‡†‰Ù
¯˘Ù‡È˘†¯Á‡†¯ÊÚ†ÏÎÂ†ÌÈÎÂ·Ò†ÌÈÁË˘†¨ÌÈÈÁ¯Ê‡†·Â˘È†˙ÂÓÂ˜Ó†¨Ú˜¯˜†È‡ÂÂ˙†¯ÂÓ‡Î†ÌÈÏˆÓ˘
Úˆ·Ó·†‰ÊÚ·†˙ÁÏˆÂÓ‰†‰ÏÂÚÙ‰†ÆÚ‚ÙÈ‰Ï†ÈÏ·Ó†Â‡†˙ÂÏ‚˙‰Ï†ÈÏ·Ó†ÈÏ‡¯˘È‰†Û¯ÂÚ‰†Ï‡†˙Â¯ÈÏ†Ì‰Ï
˙ÂË˜¯‰†ÁÂÎ†˙‡†È˙ÂÚÓ˘Ó†ÔÙÂ‡·†ÏÏ„Ï†ÁÈÏˆ‰†≤∞∞∂≠·†˘Î¯˘†¨ÂÏ˘†ÔÂÈÒÈ‰†ÌÚ†¨ß‰˜ÂˆÈ†˙¯ÙÂÚß
∑∞≠∂∞†·È‰†˘‡‰†˙˜ÒÙ‰†ÈÙÏ˘†ÔÓÊ‰†˜¯Ù·†‰ÏÏ‡·ÊÈÁÏ†˙ÂÓ„È‰Ï†Ì‰Ï˘†‰ÙÈ‡˘‰Â†¨Ò‡ÓÁ‰†Ï˘
Æ„·Ï·†˙ÂË˜¯
ÌÈ·˘ÂÈÓ†ÌÈ˙·†ÍÂ˙·†ÂÈÈ·†‡ˆÓ†·ÈÂ‡‰†¨Â·†ÌÈËÏÂ˘†ÂÁ‡Â†ÁË˘†Â˘·Î†Ì‡†Ì‚†ÈÎ†ÛÈÒÂ‰Ï†ÈÏÚ†Ô‡Î
ÆÂÈ˙ÂÁÂÎ·†˙Î˘Ó˙Ó†‰ÚÈ‚ÙÏ†Ì¯Â‚˘†‰Ó†¨ÌÈÎÂ·Ò†ÌÈÁË˘Â†˙Â¯ÂÙÁÓ†ÍÂ˙·†Â‡
ÏÈÚÏ†ÂÓ˘†˙ÂÏ·‚Ó‰†ÏÎ†ÌÏÂ‡†Æ‰È¯Â‡È˙·†¨¯˙ÂÈ·†·ÂË‰†ÈÚˆÓ‡‰†‡È‰†ÌÈ¯‚˘Ó‰†˙ÙÈ˜˙˘†Â‡ˆÓ
˙Î˘ÂÓÓ†‰È‰˙†‰‡·‰†‰ÓÈÁÏ‰˘†‰‡¯Î†‰È‰˙†‰˜ÒÓ‰†ÆÌÏÂÎ†ÌÈ¯‚˘Ó‰†ÏÂÒÈÁ·†Â˙Â‡†˙ÂÏÈ·‚Ó
ÌÂÈÎ†¯ÓÂÏ†¯˘Ù‡†È‡Â†¨˙ÂËÏÁ‰†ÌÈÏ·˜Ó˘†ÌÈ‚¯„·†Ì‚†ÂÓÎ†¨˙ÂÁÂÎ‰†·¯˜·†‰ÓÈ˘†Í¯Â‡†ÍÈ¯ˆ˙Â
ÆÌÏÂÎÏ†˙Î·ÂÒÓ†‰‡ÂÂ˘Ó†È‰ÂÊ†¨ÔÓÊ†‰ÓÎ†Í¯Â‡ÏÂ†˙ÂÏÂÚÙ†ÂÏÈ‡†ÍÈ¯ˆÈ˘†ÁË˘‰†Ï„Â‚†Â‰Ó
Â·Â†¨ÍÂ·Ò†˜ÏÁ†¨ÈÂ·†˜ÏÁ†Â·˘†‰ÓÈÁÏ†·Á¯Ó†ÍÂ˙·†ÔÓÊ†Í¯Â‡Ï†ÏÂÚÙÏ†„ˆÈÎ†‰ÁÒÂ†ÌÂÈÎ†ÂÏ†ÔÈ‡
ÍÂ¯Ú†ÂÏ˘†¯ÈÂÂ‡‰†ÏÈÁ†Æ˘‡¯Ó†ÔÓ‡˙‰Ï†‰˘˜†È˙¯‡È˙˘†˘ÈÁ¯˙Ï†ÆÌÂ˜Ó·†‰¯‡˘˘†‰ÈÈÒÂÏÎÂ‡
˘¯„ÈÈ†ÒÈÈË˘†˙Â¯˜Ï†ÏÂÎÈ†Ô‡ÎÂ†ÌÈÏÈËÂ†˙ÂˆˆÙ†Ï˘†ÌˆÓÂˆÓ†¯ÙÒÓ·†È˙ÈÓ˘†˙Â¯ËÓ‰†ÔÂÂ‚Ó·†ÌÂÁÏÏ
„‚Î†ÏÈÚÈÂ†ÌÈ‡˙Ó†˘ÂÓÈÁ†ÌÂÈÎ†¯ÈÂÂ‡‰†ÏÈÁ†È„È·†ÔÈ‡˘†ÔÈËÂÏÁÏ†¯Â¯·†Æ„„Â·†ÏÈÈÁ†ÏÚ†‰ˆˆÙ†ÏÈË‰Ï
Æ¯ÈÂÂ‡‰†ÔÓ†˙Â¯‰Ó†Ï˘†Ô˙ÙÈ˜˙Â†Ô¯Â˙È‡†È·‚Ï†Ì‚†¯ÂÓ‡†¯·„‰†Æ¯È„Ò≠‡Ï†¯ÊÂÙÓ†ÁÂÎ
ÏÈÚÈ†‡Ï†Æ˙ÈËÈ¯˜†‡È‰†˙ÂÈÓÊ‰Â†˙ÂÁÂÎÏ†‰„ÂÓˆ†˙ÂÏÈÚÙ†‰ÎÈ¯ˆÓ†¯ÈÂÂ‡‰Ó†‰ÙÈ˜˙†Ï˘†˙ÂÈ·ÈË˜Ù‡‰

Ì‚†È˙Ú„Ï†Ï·‡†¨˙È¯ÈÂÂ‡†‰ÓÁÂÏ·†ÌÈ˜ÒÂÚ†ÂÁ‡†ÌÓ‡†ÆÌÈÒËÓ·†¯ÈÂÂ‡‰†ÏÈÁ†˙‡†ÏÈÚÙ‰Ï†„ÂÚ
˙ÎÏÂ‰†È˙ÂÊÁ‰†ÔÈÚÈ„ÂÓ‰†˙ÂÏÈÚÈ†Æ˙Â¯È˜†˙ÒÈ¯‰ÏÂ†ÈÂ·†ÁË˘·†‰ÓÁÂÏÏ†˘ÂÓÈÁ†¯ÒÁ†‰˘·È‰†˙ÂÁÂÎÏ
ÆÌÈ¯Â‚È˘†ÔÎ‡ÏÂ†·ÈÂ‡†˙Â‰ÊÏ†˙Â¯Á‡†ÌÈÎ¯„†¯Ù˘Ï†ÂÈÏÚ†¨ÏÚÓÓ†Â˙Â‡†ÌÈ‡Â¯˘†ÔÈ·‰†·ÈÂ‡‰†¨˙ÎÚÂ„Â
·ÈÂ‡‰†˙‡†ÊÈÊ‰Ï†È„Î†¢‰·Â‚˙≠ÈÂ¯È‚†ÈÚˆ·Ó¢†˙ÈÏ¢‰ˆ‰†‰‚Ú·†‡Â‰†¯ÂÊÚÈ†È˙Ú„Ï˘†˙ÂÂ¯˙ÈÙ‰†„Á‡
ÆÔÈÚÈ„ÂÓ†ÈÚˆ·ÓÏ†Â˙Â‡†ÛÂ˘ÁÏÂ†‰„Â˜Ï†‰„Â˜Ó
‰ÙÈ˘Á‰†ÔÓÊ†˙‡†ËÈÚÓ‰Ï†‰È‰È†ÂÏ˘†¯‚˙‡‰†ÔÎÏÂ†‰ÊÂÊ˙†ÏÎÓ†‰‡ˆÂ˙Î†Ì¯‚È˙˘†‰ÙÈ˘ÁÏ†Ú„ÂÓ†·ÈÂ‡‰
Æ‰Ï‡‰†ÌÈ¯ˆ¯ˆ˜‰†ÔÓÊ‰†È˜¯Ù·†ÔÈÚÈ„ÂÓ‰†˙ÂÏÈÚÈ†˙‡†¯Ù˘Ï†‡Â‰†ÂÏ˘†¯‚˙‡‰Â

‰‚‰†¨‰ÙÈ˜˙†¨‰Ú˙¯‰†ÔÈ·†ÔÂÊÈ‡‰†≠†È‚Ë¯ËÒ‡‰†‰ÚÓ‰†∫È˙ÒÈÙ˙†·˘ÂÓ
˙È·ÈÒÙ†‰‚‰Â†˙È·ÈË˜‡
‰˙ÂÓÚ‰†˙Ï‰‰†¯·Á†¨¯ÈÂÂ‡‰–ÏÈÁ·†Ó¢‰†˙ÂÁÂÎ†„˜ÙÓ†¯·Ú˘Ï†¨ÔÂËÈ·†ÔÏÈ‡†®ßÏÈÓ©†Ï¢‡˙†∫‰ÁÓ
®Ë¢ÈÚ©†ÌÈÏÈË†ÈÙ·†‰‚‰Ï†˙ÈÏ‡¯˘È‰
·ÈÂ‡‰†˙‡†Ì‚†Â·¯È„†‡Ï‡†Ï¢‰ˆ†˙‡†˜¯†‡Ï†Â˘ÓÈ˘†ß‰˜ÂˆÈ†˙¯ÙÂÚßÂ†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ†ÈÁ˜Ï
ÏÎ†Â¯Â†‡ÏÂÏÈ‡†ÆÌ‡˙‰·†˘„ÁÓ†ÂÁÂÎ†˙‡†˙Â·ÏÂ†˙Â˜ÒÓ†˜ÈÙ‰Ï†¨ÂÈ˙ÂÙÈ˜˙†˙Â‡ˆÂ˙†Ô‰Ó†ÔÈ·‰Ï
ÆÌÂÈ‰†ÌÈ˘ÂÚ†Â‡˘†ÈÙÎ†ÌÈÎ¯ÚÂ†ÌÈÁ˜Ï†ÌÈ˜ÈÙÓ†ÂÈÈ‰˘†ÁÂË·†‡Ï†¨Ì‰È‚ÂÒÏ†˙ÂË˜¯Â†ÌÈÏÈË†Ì˙Â‡
˜ÈÓÚÓ†ÔÙÂ‡·†·Â˘ÁÏ†ÂÏ†Ì¯‚†ÍÂ¯‡†ÁÂÂË†ÈÏÚ·†ÌÈÏÈË‰Â†¯ˆ˜†ÁÂÂË†˙ÂÏÚ·†˙ÂË˜¯‰†Ï˘†ÔÂÂ‚Ó‰
‰‚‰Ï†˙È·ÈË˜‡†‰‚‰ÓÂ†‰ÙÈ˜˙Ï†‰Ú˙¯‰†ÔÈ·†È‚Ë¯ËÒ‡‰†‰ÚÓ·†˜ÂÒÚÈ†‰Ê‰†·˘ÂÓ‰†Æ‰¯˜˘†‰Ó†ÏÚ
‰Ú˙¯‰†ÆÂÏ˘†ÔÂÁËÈ·‰†˙ÒÈÙ˙·†„ÂÒÈ†ÈÎ·„†Ì‰Â†·ËÈ‰†ÌÈ¯ÎÂÓ†‰ÙÈ˜˙Â†‰Ú˙¯‰†ÌÈÁÂÓ‰†Æ˙È·ÈÒ‡Ù
‡·ˆ†˙‡†ÒÈÈ‚Ï†˜ÈÙÒÓ†ÔÓÊ†‰¯ÒÁÂ†È‚Ë¯ËÒ‡†˜ÓÂÚ†‰¯ÒÁ‰†Ï‡¯˘È†˙È„Ó·†È˙ÂÚÓ˘Ó†‚˘ÂÓ†‡È‰
˙ÂÂ¯˙ÈÙ‰†È‚ÂÒÏ†ÏÈ‰Ó˙‰†Â‰Ó†øÈÈÚ¯‚†ÌÂÈ‡Ï†˘¯„˘†‰Ú˙¯‰‰†·Á¯Ó†‰Ó†‰Ï‡˘‰†˙Ï‡˘†ÆÌÈ‡ÂÏÈÓ‰
ÍÂÓ†¨Ï·‚ÂÓ†˙ÂÓÈÚÏ†ÂÎÙ‰Â†˙ÂÈ·ÈÒ‡Ó†¨˙ÂÎÂ¯‡†ÂÈ‰†˙ÂÓÁÏÓ‰†¨¯·Ú·†øÌÈÂ˘‰†ÌÈÓÂÈ‡Ï†Ì‡˙‰·
Ï˘†‚ÂÒ†ÏÎÏ†ÌÈ‡˙Ó†ÔÂ¯˙Ù†ÏÎ†‡Ï˘†ÁÈ‰Ï†˘È†øÛËÂ˘†ÔÂÁËÈ·†Ï˘†ÌÈÓÊ·†ÌÈ˘ÂÚ†‰ÓÂ†Æ˙ÂÓÈˆÚ
ÂÏÂÎÈ†Ì‡‰†¨‰Ó‚Â„Ï†¨ÁÂÎ·†˘ÂÓÈ˘†Ï˘†˙ÂÈÓÈËÈ‚Ï†Ï˘†Ë·È‰†¨ÌÈ·‡˘Ó†Ï˘†Ë·È‰†˙ÈÁ·Ó†Æ‰ÓÁÏÓ
˘È†˙ÂË˜¯†¯Â‚È˘†ÈÙÏÎ†Ì‡‰†øÂÎ˘Ó‰†‡ÏÂ†Â¯ˆÚ†ÚÂ„Ó†≠†ÔÎ†Ì‡Â†¨‰ÊÚ†˙‡†˘Â·ÎÏÂ†ÍÈ˘Ó‰Ï†˙Ó‡·
ÂÈÏÚÂ†Ì¯‚‰†˜Ê‰†˙‡†˙È˙ÂÚÓ˘Ó†ÔÈË˜‰Ï†ÍÈ¯ˆ†‰ÚÓ‰†¨È˙Ú„Ï†ø˙¯Á‡†Â‡†ÂÊ†‰„ÈÓ·†ÁÂÎ†ÏÈÚÙ‰Ï
ÔÂ‚Î†ÌÈÙÒÂ†ÌÈÏÂ˜È˘†Ï˘†ÌÏ˘†ÛÒÂ‡†„·ÏÓ†ÆÌÈ·‡˘Ó†Ï˘†¯˜ÈÚ·†¨ÌÈÂ˘†ÌÈˆÂÏÈ‡†ÔÂ·˘Á·†‡È·‰Ï
Æ˙ÈÓÂ‡ÏÈ·‰†Ï‰˜‰†˙Ú„†¨Ô‰ÈÈ·†¨˙Â¯Á‡†˙ÂÈË·Ï¯†˙ÂÏ‡˘Â†ÌÈÁ¯Ê‡†Ï˘†‰ÙÈ˜˙†¨¯˙ÂÈÓ†ÔÂ‚ÈÓ

˙È·ÈË˜‡†‰‚‰Ï†‰ÙÈ˜˙†ÔÈ·†‰È‚¯ÈÒ
˙¢‡ÙÓ†¨ÌÈÚÂˆÈ·†¯˜Á†Á¢Ó¯†¨ËÈ·¯˘†‰˘Ó†Ó¢Ï‡
ÌÈ˘ÈÁ¯˙·†¯·Â„Ó˘Î†¨ÌÈÂÒÓ†Á¢ÏÓ‡†Â‡†ÌÈÈË¯˜Â˜†ÌÈ˘ÈÁ¯˙Ï†˙ÂÒÁÈÈ˙‰†‡ÏÏ†¨ÈË¯Â‡˙†‡Â‰†ÔÂÈ„‰
˙‡·‰†ÏÚ†ÌÈ˘˜Ó˘†ÌÈÈ„ÂÁÈ†ÌÈÈÈÙ‡Ó†Ì‰Ï†˘È˘†„ÂÚ†‰Ó†¨‚ÂÂÒÓ‰†ÌÂÁ˙Ï†ÌÈ˘ÏÂ‚†˜˘†˙ÂÎ¯ÚÓ·Â
ÆÌÚÙ‰†˘¯„‡†‰Ï‡Ï†‡˜Â„Â†ÌÈÈÏÏÎ†ÌÈÂÚÈË
ÆÌÈ¯Â‚È˘‰†Ï‡ÈˆËÂÙ†ÏÚ†‡Ï‡†ÌÈ¯Â‚È˘‰†¯ÙÒÓ†ÏÚ†¯È˘È†ÔÙÂ‡·†‰ÚÈÙ˘Ó†‡Ï†‰ÙÈ˜˙˘†ÔÂÚËÏ†¯˘Ù‡
ÔÈÚÈ„ÂÓ·†˙˜‰·ÂÓ†˙ÂÏ˙†˘È†Æ‰‰˘ÂÓÂ†¯·ËˆÓ†‰Ï˘†Ë˜Ù‡‰†¨ÌÈ„ÁÂÈÓ†ÌÈË˜Ù‡†‰‚È˘Ó†‡Ï†‰ÙÈ˜˙‰
¯ÙÒÓ†ÆÂ·†ÚÂ‚ÙÏ†˙ÏÂÎÈÏ†¯Â‚È˘‰†Í¯ÚÓ†Ï˘†˙ÂÏÂÚÙ‰†Û˜È‰†ÔÈ·†ÍÂÙ‰†ÒÁÈ†ÌÈÈ˜˙Ó†Æ˙Ó‡†ÔÓÊ
Æ‰Ê‰†Í¯ÚÓ‰†Ï˘†˙ÂÏÈÚÙ‰†Û˜È‰·†ÈÂÏ˙†Æ‰¯Â¯·†Ï·‡†‰¯È˘È†‡Ï†Í¯„·†‡Â‰†Â˙Â‡†ÛÂ˜˙Ï†˙ÂÈÂÓ„Ê‰‰
¨ÈÈÚ·†˙ÈÊÎ¯Ó†‰„Â˜†‡È‰†ÏÚÂÙ·†¯Â‚È˘‰†Û˜È‰†ÏÚ†‡ÏÂ†Ï‡ÈˆËÂÙ†ÏÚ†‰ÚÈÙ˘Ó†‰ÙÈ˜˙˘†‰„·ÂÚ‰
ÆÔ‰Ï˘†ÈËÒÈ‚ÂÏ‰Â†È‚ÂÏÂÎË‰†¨ÈÎË‰†‰·Ó·†ÈÂÏ˙†ÌÈÏÈË‰†˙ÂÏÏÂÒ†˜ÙÒ‰†ÆÏÏÎ†Í¯„·†˙¯ÎÊÂÓ†‰È‡Â
ÂÏÂÎÏ†¯Â¯·†¨ÔÓÂ˜Ó·†˙ÂÈÙÂÏÁ†Ï˘†¯Â·‚˙†ÔÈ‡†Â‡†˙Â¯È˘Ï†˙Â¯ÊÂÁ†ÔÈ‡†Â„Ó˘Â‰˘†˙ÂÏÏÂÒ˘†‰Á‰·
ÆÌÈÓÈ‰†ÛÂÏÁ†ÌÚ†„¯ÂÈ†¯Â‚È˘‰†Ï‡ÈˆËÂÙ˘
¯Â‚È˘†Ï˘†È˘Â˜†Â˘ÈÂ†ÔÈÚÈ„ÂÓ·†˙ÂÏ˙†ÔÈ‡†Ô‡Î†ÆÈ„ÈÈÓ†‡Â‰†ÏÈË†ËÂ¯ÈÈ†Ï˘†‚˘È‰‰†≠†ËÂ¯ÈÈ‰†Í·„
ÆÌÈË¯ÈÈÓ‰†¯ÙÒÓ†ÏÏ‚·†˙Ï·‚ÂÓ†˙ÏÂÎÈ‰Â†¨ÌÈÏÂ„‚†ÌÈÁËÓ
ÆÂÊ†˙‡†ÂÊ†˙ÂÓÈÏ˘Ó†ÌÈÎ¯„†Ô‰†¨ÌÈÏÈË‰†ËÂ¯ÈÈ†Í·„†ÌÚ†„ÁÈ†˙ÂÏÏÂÒ‰†˙ÙÈ˜˙†Í·„

‰Ú˙¯‰‰†˙ÂÎÊ·
¨È‚Ë¯ËÒ‡†‚ÂÏ‡È„Ï†Ì‰¯·‡†Ï‡È„†Æ˘†ÊÎ¯Ó†¨ÈÓ„˜‡†Ï‰Ó†¨¯Âˆ‰„Ù†Ô·Â‡¯†¯¢„
‰È˙†˙ÈÓ„˜‡‰†‰ÏÏÎÓ‰
ÁÂ˙È·†Á˙Ù‡†Æ˙ÂË˜¯†„‚†‰‚‰†ÏÚ†¯·„‡†‡ÏÂ†ÌÈÈÈÚ¯‚†ÌÈÏÈË†„‚†‰‚‰‰†·ÈÎ¯Ó·†ÌÚÙ‰†˜ÒÂÚ†È‡
Æ·¢‰¯‡Ï†˙ÂˆÚÂÓ‰†˙È¯·†ÔÈ·†‰¯˜‰†‰ÓÁÏÓ‰†ÍÏ‰Ó·†ÌÈ˘˘‰†˙Â˘·†·¢‰¯‡·†Ú¯È‡˘†ÍÈÏ‰˙
ÔÓÊ·†¨·¢‰¯‡†¯·ÚÏ†‰·Â˜Ó†Â‡†Ó¢‰È¯·Ó†ÌÈÈÈÚ¯‚†ÌÈÏÈË†Â¯‚Â˘È†Â·†·ˆÓ†ÂÁ˙È†ÌÈ‡˜È¯Ó‡‰
Æ„Ó˘Â˙†·¢‰¯‡†˙ÈÈÒÂÏÎÂ‡Ó†ÌÈÊÂÁ‡†≥∞†ÈÎ†‰‡¯‰†‡ˆÓÓ‰†Æ˙ÂÏÈÚÈ·†‰ÏÚÙ˙†‰‚‰‰†˙ÂÎ¯ÚÓ˘
˙È‚Ë¯ËÒ‡†˙Â·ÈˆÈ†‰‚˘Â‰†ÍÎ†¨˘‡†˙¯Èˆ†ÏÚ†È„„ˆ≠Â„†ÌÎÒ‰Ï†ÚÈ‚‰ÏÂ†‰‚‰†ÏÚ†¯˙ÂÂÏ†‰˙È‰†‰˜ÒÓ‰
¯˙ÈÂ†·ÂÏ†ËÈÏ˘†Æ˜¯ÈÚ†„ˆÓ†ÌÂÈ‡†„ÂÚ†ÔÈ‡†ÆÂ¯ÂÊ‡Ï†Ì‚†ÌÈÁ˜Ï†ÔÈ¯˜Ó†‰Ê‰†‰¯˜Ó‰†Æ‰¯˜‰†‰ÓÁÏÓ·
‰ÚÈ¯˙Ó†‰˘†≤∞≠Ï†·Â¯˜†¯·Î†ÆÈ‡¯È‡‰†ÌÂÈ‡‰†‡Â‰†„ÈÁÈ‰†ÌÂÈ‡‰Â†¨˙ÈÂÓ‰†‰„Ó˘‰Ï†˜˘†ÁÂ˙ÈÙ†ÏÚ
¯˘‡Î†ÌÈ˘ÂÚ†‰Ó†Æ˙ÈÈÚ¯‚†‰ÓˆÚÓÏ†Ô‡¯È‡†‰È‰˙†ÌÈ˘†˘ÓÁ†„ÂÚ·†ÈÎ†Ï‡¯˘È·†ÔÈÚÈ„ÂÓ†˙Î¯Ú‰
ÌÈÏÈË†ÈÎ†‰ÙÂ¯È‡†ÏÎ†Ï˘†‰ÈÚ·†ÂÊ†ÆÏ‡¯˘È·†˜¯†‡Ï†‰ÈÚ·‰†ÈÎ†ÔÈ·‰Ï†˘È†øÈÈÚ¯‚†˜˘†‰È‰È†Ô‡¯È‡Ï
ÆÔÂ„ÂÏ†„Ú†ÂÚÈ‚ÈÂ†‰ÙÂ¯È‡†ÏÎ†˙‡†ÌÈÎÒÓ†Ó¢˜†¥∞∞∞≠≤∞∞∞†Ï˘†ÁÂÂËÏ
Ï˙·†„„Â·†ÈÈÚ¯‚†ÏÈË†˙ÏÈÙ†Ï˘†¯ÈÁÓ†Æ˙È·ÈË˜‡†‰‚‰†˙ÈË·Ï¯†‡Ï†ÈÈÚ¯‚†ÌÂÈ‡†ÏÂÓ˘†ÔÚÂË†È‡
Æ˙ÈËÂÂÏ¯†‡Ï†‡È‰†≠†˙ÈËÓ¯‰†‰‚‰†‰È‡†˙È·ÈË˜‡‰†‰‚‰‰˘†Ú‚¯·†ÆÏ·Ò†È˙Ï·†¯ÈÁÓ†‡Â‰†·È·‡
¯·ÒÂ‰†¨˙È·ÈË˜Ù‡†‰¯Âˆ·†ÔÂ‚˙‰Ï†˙Â¯˘Ù‡†ÔÈ‡˘†¯Á‡Ó†ÈÎ†Ê‡†ÂËÈÏÁ‰†¨Ï˘ÓÏ†ÌÈ‡˜È¯Ó‡‰†
‰·ÂË‰†‰‚‰‰†‰˙È‰†‰Ú˙¯‰‰†ÆÌÈÈ˜˙‰Ï†Ï„Á˙†Ó¢‰È¯·†¨ÔÂ˘‡¯†ÏÈË†¯Â‚È˘†Ï˘†‰¯˜Ó·†ÈÎ†ÌÈÒÂ¯Ï
ÆÌÈ˘†Í˘Ó·†¯˙ÂÈ·
ÌÈÏÈË†„‚†‰‚‰‰†˙ÂÈ‰Ï†¯ÂÓ‡‰†¢ıÁ¢‰†˙ÂÈÈ„Ó†˙ÒÒÂ·Ó†‰ÈÏÚ†‰ÒÈÙ˙†˙ÓÈÈ˜†ÂÏˆ‡†¨˙‡Ê†˙ÓÂÚÏ
·ÈÂ‡†ÏÈË·†¢ıÁ¢‰†Ï˘†‰ÚÈ‚Ù‰†¯ÂÚÈ˘†ÈÎ†¨¢ıÁ¢‰†Á˙ÙÓ†¨·È·¯†·„†Ï˘†Â˙Î¯Ú‰†ÈÙ†ÏÚ†˙‡Ê†¨ÌÈÈÈÚ¯‚
ÏÚ·† SS-21†ÏÈËÏ†‰·Â˘˙†ÔÈ‡†¢ıÁ¢Ï†ÈÎ†ÔÈÈˆ‡†ÌÏÂ‡†¨˙ÓÊ‚ÂÓ†‰Î¯Ú‰‰˘†‡È‰†È˙Ú„†Æ99.9%†‡Â‰
ÏÚ·†ÂÈ‡Â†˙ÈÒÁÈ†˜ÈÂ„Ó†ÏÈË†¨ı¯‡‰†ÔÂÙˆ·†˙Â¯ËÓ·†ÚÂ‚ÙÏ†ÏÂÎÈ˘†ÔÎÂÒÓ†ÏÈË†Â‰Ê†¨¯ˆ˜‰†ÁÂÂË‰
ÆÈÈÚ¯‚†ıÙ†˘‡¯
ÌÈÚÂË†ÌÈ‡˜È¯Ó‡‰†Æ¯ÏÂ„†„¯‡ÈÏÈÓ†±Æ±†‡È‰†ÂÏ˘†‰Î¯Ú‰‰Â†ÛÂÒ·Ï†Ú·˜˙˘†‡È‰†ıÁ‰†˙ÈÎÂ˙†˙ÂÏÚ
≥∞∞∞≠≤μ∞∞†ÏÏÂÎ†ÌÂÈ‡‰†Ô¢Ó‡†ÈÙ†ÏÚ†¨È˙Î¯Ú˘†‰˜È„··†Æ¯ÏÂ„†„¯‡ÈÏÈÓ†±∞†Ï˘†‰ÈÂÙˆ†˙ÂÏÚÏ†Ú‚¯Î
∑∞∞†Â˘¯„ÈÈ†¨·ÈÂ‡†ÈÏÈË†≥μ∞†ÚÂ·˘†ÍÂ˙†Â¯‚Â˘È˘†‰Á‰·†Æ¢ıÁ¢†ÈÏÈË†≤†Â¯‚Â˘È†Û˜Â˙†ÏÎ†ÏÂÓ†ÆÌÈÏÈË
‰Ú„†˙ÓÈÈ˜†ÆÌÈÏÈË†˘Î¯·†˜¯†Ô‡Î†„Ú†¯ÏÂ„†„¯‡ÈÏÈÓ†≤†Æ„Á‡‰†¯ÏÂ„†ÔÂÈÏÈÓ†≥†Ï˘†¯ÈÁÓ·†¢ıÁ¢†ÈÏÈË
¨„Á‡†ÏÈË†Û‡†¯‚˘Ï†ÈÏ·Ó†˙È‡·ˆ†‰ÏÙÓ†ÛÒ†ÏÚ†Ï‡¯˘È†˙‡†‡È·È†·ÈÂ‡‰†Â·†ÈÂˆÈ˜†·ˆÓ†ÔÎ˙È†ÈÎ
È·ÈÎ¯Ó†¯‡˘·†ÚÈ˜˘‰Ï†ÈÏ·Ó†‰‚‰†˙ÂÎ¯ÚÓ·†‰Ú˜˘‰Â†ÌÈÏÈË†˙¯È·ˆ†È„È†ÏÚ†˙ÈÏÎÏÎ†‰ÈÁ·Ó†˙‡Ê
ÆÏÂ˜˘†ÔÙÂ‡·†ÁÂÎ‰
ÂÏ˘†‰¯˜Ó·†Æ˙ÂËÏÁ‰†˙Ï·˜†Ï˘†ÍÈÏ‰˙†ÌÈÈ˜Ï†˘È†Æ˙Â·Â˘˙†È„È·†ÔÈ‡†¨‰Ï‡˘†ÈÓÈÒ†‰ÏÚÓ†È‡
ıÓ‡†Ì‡†ÆÈ¯Â·Èˆ†ÔÂÈ„†Ï‰˙Ó†‡Ï†¨‰ÈÓ„˜‡·†‡ÏÂ†˙¯Â˘˜˙·†‡Ï†¨‰Ï˘ÓÓ·†‡Ï†¨˙ÒÎ·†‡Ï†¨ÔÂÈ„†ÔÈ‡
˙È·ÈË˜‡†‰‚‰†ÔÎÏÂ†¨˙ÈËÓ¯‰†‰‚‰Ï†ÚÈ‚‰Ï†˙Â¯˘Ù‡†ÔÈ‡˘†‰˜ÒÓÏ†ÚÈ‚Â†È‡˜È¯Ó‡‰†Ì‚„‰†˙‡
‡Â‰˘†‰ÈÂÏ‚†˙ÈÈÚ¯‚†‰Ú˙¯‰Ï†¯·ÚÓ†Ï˘†ÔÂÂÈÎ‰†ÏÚ†·Â˘ÁÏ†˘È†ÆÈÈÚ¯‚†ÌÂÈ‡†ÏÂÓ†˙ÈËÂÂÏ¯†‰È‡
ÆÂÈ‰È†Ì‡†¨ÌÈÈ‡¯È‡‰†ÌÈÏÈË‰†¯Â‚È˘†˙‡†ÚÂÓÏ†‰„ÈÁÈ‰†Í¯„‰

ÈÓÏÂÚ†Ë·Ó†≠†˙È·ÈË˜‡†‰‚‰
Ó¢Ú·†ÔÂ˜È·Â¯†Ï¢ÎÓ†¨ÔÈ·Â¯†ÈÊÂÚ†¯Ó
‡Ï†‰ÓÂ†ÏÈÚÈ†‰Ó†¨ÌÈÁ˜Ï†˜ÈÙ‰Ï†È„Î†ÔÓÊ†˜ÈÙÒÓ†¨˙ÂË˜¯†Ï˘†˙ÂÚÈ‚ÙÏ†ÌÈÙÂ˘Á†ÂÁ‡†‰˘†¥∞†‰ÊÓ
Æ‰‡Ï‰Â†‰ÂÓ˘†˙ÈÈ¯˜†ÏÚ†ÔÎÓ†¯Á‡Ï†ÌÈ˘„ÂÁ†≥†¨Ô‡˘†˙È·†ÏÚ†±π∂∏†˙˘·†ÂÏÁ‰†˙ÂÙ˜˙‰‰†ÆÏÈÚÈ
ÂÁ‡˘†·˘ÂÁ†È‡†Á¯Ê‡Î†¨ÛËÂ˘†ÔÂÁËÈ·†Ô‰ÈÈ·Â†˙ÂÓÁÏÓ†ÂÏ†˘È†‰ÈÙÏ†‰ÈˆÙÒÂ˜‰†„Ú·†‡Ï†È‡
¯˙ÂÈ†‰Î¯‡˘†Ë˜˘†Ï˘†‰ÙÂ˜˙†¯ÎÂÊ†ÈÈ‡†¯Â¯Á˘‰†˙ÓÁÏÓ·†È˙Â„ÏÈ†Ê‡Ó†Æ‰˘†¥∞†˙„Ó˙Ó†‰ÓÁÏÓ·
‰ÓÁÏÓ†È‰ÂÊ†ÌÏÂ‡†¨˙Â·¯˜†ÔÈ·Ï†Ú˜¯†˘Ú¯†ÔÈ·†‰˙˘Ó†‰ÓÁÏÓ‰†Ï˘†˙ÂÓÈˆÚ‰†Æ˙Â„Á‡†ÌÈ˘Ó
¯˙ÂÈÂ†±∞¨∞∞∞†ÍÂ˙Ó†¨‰˜ÈÓÚÓ†‡Ï†‰˜È„··†Æ·ˆÓ‰†˙‡†ÍÎ†˙Â‡¯Ï†ÂÈ‚È‰ÓÏ†Ì‚†ÚÈˆÓ†È‡Â†Æ˙„Ó˙Ó
˙È„Ó†¨¯˙ÂÈ†‰˘˜†‰ÂÓ˙‰†ÌÏÂ‡†ÆÌÈ˘‡†±∞∞≠Î†Â‚¯‰†¨ÌÈ˘‰†ÍÏ‰Ó·†ÂÁË˘Ï†Â¯‚Â˘˘†˙ÂË˜¯
¨˜Ê†˙ÓÈ¯‚†¨„‚†˙ÎÓ†∫˙ÂÂ˘†˙Â·Â‚˙†ÂÈÒÈ†Æ‰‚‰†È¯ÒÁÂ†„ÁÙ≠ÈÓÂÓ‰†ÌÈÁ¯Ê‡†¨˙˜˙Â˘Ó†Ï‡¯˘È
ÏÎ‰Â†¨‰Ú¯˙‰†¨ÔÂ‚ÈÓ†¨˙È·ÈÒÙ†‰‚‰†¨ÌÈÁË˘†˘Â·ÈÎ†¨¯ÈÂÂ‡‰ÓÂ†Ú˜¯˜‰Ó†˙ÂÙÈ˜˙†¨¯ÈÁÓ†˙ÈÈ·‚
„·ÎÓÂ†Ú„ÂÈ†È‡†Æ˘‡‰†˙˜ÒÙ‰†Ï˘†˙Â˜„‰†„Ú†˙ÂË˜¯†Â¯‚Â˘†ÌÈ¯˜Ó‰†·Â¯·†Æ˙ÈÒÙ‡†È„†‰ÁÏˆ‰·
ÌÈÁË˘†˘Â·ÈÎ†Ï˘†Í¯„‰†Æ˙ÈÏÏÎ‰†‰ÂÓ˙Ï†¯ÊÚ†‡Ï†‰Ê†ÌÏÂ‡†¨ÌÈ¯‚˘Ó†˜Â˙È˘Ï†‰˙˘Ú˘†˙ÂÏÈÚÙ‰†˙‡
Æ‰ÎÂ˙Ï†ÂÏÙ˘†˙„ÂÎÏÓ†‰˙È‰†ÂÊ†ÈÎ†¯ÓÂÏ†ÈÓˆÚÏ†‰˘¯‡†Ï·‡†ÌÈ¯Â‚È˘†‰ÚÓÂ†‰ÏÚÙ
˙È·ÈÒÙ†‰‚‰†¨ÁË˘†˙ÒÈÙ˙·†˜¯†‡Ï‡†≠†‰Ù˜˙‰·†Í¯Âˆ†ÔÈ‡˘†‡È‰†È˙Ú„†¨‰ÓÁÏÓ†Ï˘†‰˘†¥∞†¯Á‡Ï
ÆÌÈÏÈË†ÌÂÈ‡†„‚†ÂÏ˘†ÔÂÁËÈ·‰†˙ÒÈÙ˙Ï†ÌÈ˘¯„‰†ÌÈ·ÈÎ¯Ó‰†‰Ï‡†Æ˙È·ÈË˜‡†‰‚‰Â

È˙ÒÈÙ˙‰†Ë·È‰‰†≠†˙È˙·Î˘†·¯†‰‚‰
¯ÈÂÂ‡‰†ÏÈÁ·†Ó¢‰†˙ÂÁÂÎ†„˜ÙÓ†¨‡ÂÏÈÓ†Ï‡È„†Ï¢‡˙
˙ÂÈÊÎ¯Ó‰†˙ÂÓ‚Ó‰†ÆÌ‰ÈÏÚ†‰ÚÓ·Â†ÌÈ¯‚˙‡·†ÔÎÂ†¨ÌÈÈËÒÈÏ·†ÌÈÓÂÈ‡†„‚†‰Î¯ÚÓ·†ÌÚÙ‰†˜ÂÒÚ
˙ÂÂ¯Á‡‰†ÌÈ˘‰†¯˘Ú·†ÆÂ˙‚‰‰†Ï˘†˙ÂËÏÁ‰‰†ÔÈ·Ï†¨·ÈÂ‡‰†˙ÂÏÂÎÈ†ÔÈ·†·ÂÏÈ˘†Ô‰†ÈËÒÈÏ·‰†ÌÂÈ‡·
ÏÚÙ˙Ï†‰˘˜˙‰†·ÈÂ‡‰†Æ·ÈÂ‡‰†Ïˆ‡†È˙ÂÚÓ˘Ó†˘‡†·ÈÎ¯Ó†˙ÂÈ‰Ï†ÍÙ‰†ÈËÒÈÏ·‰†ÌÂÈ‡‰˘†‰‡¯
¯˘‡†„Ú†¨ÂÏÏ‰†ÌÈ·ÈÎ¯Ó‰†ÏÂÓ†È„Ó†˜ÊÁ†·ÈÂ‡†¨‰‡¯Î†¨ÂÁ‡†Æ¯ÈÂÂ‡‰†ÏÈÁ†È·‚Ï†Ì‚†ÍÎ†¨ÂÏÂÓ†ÌÈ˜Ë
Æ¯˙ÂÈ·†¯È‰Ó†ÔÙÂ‡·†Á˙Ù˙Ó˘†ÌÂÈ‡†‡Ï‡†ÈÂÈˆÂÏÂ·‡†ÌÂÈ‡†‰Ê†ÔÈ‡†ÆÈËÒÈÏ·‰†ÌÂÈ‡‰†ÚÈÙÂ‰
¨ÌÎÁÂ˙ÓÏ†ÍÙÂ‰Â†ÍÏÂ‰˘†¨ß˜Ë≠ÂÏß†˜˘†‰Ê†¨¯Â¯ËÂ†‰ÏÈ¯‚†˙ÂÁÂÎÏ†ÈÏ‡È„È‡†˜˘†Â‰Ê†ÈÎ†¯ÓÂÏ†¯˙ÂÓÏ
®ÌÈ„„Â·†ÌÈ¯ËÓÂÏÈ˜Ï†‰˘ÙÈË†‰ˆˆÙ©†Ì‡Ò˜Ó†˙ÂÓ„˜˙‰†ÌÈ‡Â¯†ÂÁ‡†Æ¯˙ÂÈ†˜ÈÂ„ÓÂ†ÔÈÚÈ„ÂÓ≠ÒÒÂ·Ó
˜˘† ÏÚ† ÔÈÈ„Ú† Â¯·È„† ‡ÏÂ† ¨ÌÈÓÎÁÂ˙Ó† ÌÈ„ÚËÓ† ÌÚ† ¨ÌÈÈ‚Ë¯ËÒ‡† ¨ÁÂÂË† ÈÎÂ¯‡† ÌÈÏÈË† Ï‡
ÆÈÏ‡ÂÈˆ·Â˜≠‡Ï
ÌÈÏˆÙ˙Ó†ÌÈ˘‡¯†ÂÓÎ†ÌÈÈ˘„Á†ÌÈ·ÈÎ¯Ó†Ì‚†ÂÈ‰È˘†¯Ú˘Ï†Ô˙È†·ÈÂ‡‰†È„È·†˙Â‡ˆÓ‰†˙ÂÈÂ¯˘Ù‡·
ÌÈÂÂÈÎ·†Á˙Ù˙È†‡Â‰†¨Â„‚†˜ÊÁ†˜ÈÙÒÓ†‡Â‰†ÔÈ‡˘†ÔÈ·‰Ï†·ÈÂ‡Ï†ÌÂ¯‚†‡Ï†Ì‡†Æ‡¢Ï†˙ÏÂÎÈ†ÈÏÚ·†Â‡
ÌÈÓÎÁÂ˙Ó†ÌÈÏÈË†˙ÓÂÚÏ†˙˘ÂÈÓ†ÍÙ‰È˙†¨˙Ó„˜˙Ó†˙ÈÒÁÈ†¨È„≠„‡˜Ò†ÌÂÈ‰†‡È‰˘†‰¯ËÓÂ†¨‰Ï‡‰
Æ¯˙ÂÈ
¯ÂÎÊÏ†˘È†¨·ÈÂ‡‰†˙Â„È¯˘†ÏÚ†‰Ù˜˙‰·†Ì‚†‡Ï‡†‰‚‰·†˜¯†‡Ï†‡Â‰†‰ÚÓ‰˘†¯Á‡Ó†Æ˙Â„È¯˘†È·‚Ï
ÏÚ·Â†¯ÙÂÁÓ†ÂÓˆÚ†ÔÈÎÓ†·ÈÂ‡‰˘†ÌÈ‡¯Ó†¨ß‰˜ÂˆÈ†˙¯ÙÂÚß·†Ì‚†ÍÎÂ†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ†ÈÁ˜Ï˘
Æ‰Ó„≠È¯‚˘Ó†Ì‚†Ì‰ÈÈ·†ÌÈ·¯†ÌÈ¯‚˘Ó
Æ‰˜ÈËÒÈ‚ÂÏ†˘¯Â„†ÂÈ‡Â†¨ÈÒÙ‡†‰ÏÚÙ‰†ÔÓÊ†¨‰ÎÂÓ†‰ÓÈ˙Á†ÂÏ†˘È†≠†˙ÂÂ¯˙È†ÏÚ·†‡Â‰†ÈËÒÈÏ·‰†˜˘‰
˙ÂÏÚ·†˙ÂÈ‰Ï†˙ÂÎÈ¯ˆ†ÂÏ˘†˜˘‰†˙ÂÎ¯ÚÓ˘†ÈÏ†‰‡¯†¨˙ÂÈÈÚÈ„ÂÓ†˙ÂÚ˙Ù‰†ÌÚ†„„ÂÓ˙‰Ï†‡Ï†È„Î·
¨˙È‡ÓˆÚ†ËÚÓÎ†‰Ú¯˙‰†˙ÏÂÎÈ†ÌÈ˜‰Ï†˘È˘†‡È‰†Ï¢‰ˆ·†‰ÒÈÙ˙‰†Æ¯Â˙È‡Â†¯ÂÈÒ†Ï˘†‰‰Â·‚†‰ÏÎ‰
Æ‰Ú¯˙‰Â†ÈÂÏÈ‚·†ÌÈÙÒÂ†˙ÂÂ¯˙È†Ô˙È˙†ÂÊ†˙ÏÂÎÈ†Ô·ÂÓÎÂ†¯Â¯Ë‰†˙‡†ÚÈ˙¯‰Ï†ÈÏÂ‡†¯˘Ù‡È˘†‰Ó
ÌÈ‰·‚·†¯ÈÂÂ‡·†˙Â¯ËÓ†„Â‡Ó†‰·¯‰†∫‰ÓÈ‰Ó†ÌÈÈÓ˘†˙ÂÓ˙†˙ÈÈ··†˙Â·Î¯ÂÓ†ÈÙ·†„ÓÂÚ†Ô‚Ó‰
˙„ÈÁÈ·†ÌÁÂÏÏ†ÆÂÏ˘†ÌÈÏÈË†Ô˜ÏÁÂ†¨˙Â¯·˘†Â‡†˙ÂÏˆÙ˙Ó†Ô˜ÏÁ†¨‰¯ÈÙÒÂÓË‡‰†ÍÂ˙·Â†ıÂÁÓ†¨ÌÈÂ˘
‰ÂÎ‰†‰¯ËÓ‰†˙‡†¯ÂÁ·Ï†¨ÍÒÓ‰†ÏÚ†ÚÈÙÂÓ˘†‰Ê‰†ßËÏÒß‰†˙‡†ÔÈ·‰Ï†„Â‡Ó†ÏÂ„‚†¯‚˙‡†ÌÈÈ˜†ıÁ
ÆÏÂÚÙÏÂ
ÆÌÈÓÂÈ‡‰†ÏÎÏ†‰ÚÓ†˙˙Ï†È„Î†ÌÈ‡˙Ó†ÔÂÂ‚Ó·†Í¯Âˆ†˘È†¨„Á‡†ÔÂ¯˙ÈÙÓ†¯˙ÂÈÏ†˜Â˜Ê†Ô‚Ó‰˘†Ô·ÂÓ
Ì‚†¨ÌÏÂ‡†ÆÂÈ·˘Â˙†˙‡†ÂÎÈÒ†Ú·¯†˜¯†Ô‰Ó†¨˙ÂË˜¯†¥∞∞∞≠Î†Â¯·ÚÏ†Â¯Â†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ·
˙ÂÎÂÒÓ‰†±∞∞∞≠‰†ÏÚ†ÂÈ¯È†ÂÏÈ‡†Æı¯‡‰†ÔÂÙˆ·†˙ÂÏÈÚÙ‰†˙‡†˜˙˘ÏÂ†Ï‡¯ÂÓ‰†˙‡†„È¯Â‰Ï†ÂÁÈÏˆ‰†‰Ï‡
ÌÈ·˘Â˙‰Ó†˜ÏÁ†ÌÈÏÈˆÓ†ÂÈÈ‰˘†ÌÈÁÂË·†˙ÂÈ‰Ï†ÈÏ·Ó†˜˙Ú≠ÔÂ‰†ÌÈÚÈ˜˘Ó†ÂÈÈ‰†¨ßÏÊ¯·†˙ÙÈÎß†ÈÏÈË
ÆÌÈ·˘Â˙‰†È·‚Ï†È˙Ú„Â˙‰†Ë˜Ù‡‰†˙‡†ÌÈÈË˜Ó†¯˜ÈÚ·†Â‡†¨‰ÏÎÏÎÏ†˜Ê‰†˙‡†ÌÈÈË˜Ó†Â‡
„Á‡˘†Ô˙È†‡ÏÂ†ÌÈÈÂÈÁ†ÌÈ·ÈÎ¯Ó†ÌÏÂÎ†ø‰Ú¯˙‰Â†‰ÙÈ˜˙†¨˙È·ÈË˜‡†¨˙È·ÈÒ‡Ù†‰‚‰†ÔÈ·†¯·ÁÓ†‰Ó
ÚÈ‚‰Ï†È„Î†¨‰Ê·†‰Ê†·Ï˙˘‰Ï†ÌÈÏ‚ÂÒÓ†˙ÂÈ‰Ï†Ì‰ÈÏÚ†Æ‰ÈÎ¯¯È‰†Ì‰ÈÈ·†ÔÈ‡†ÆÂÓˆÚ†ÈÙ·†„ÂÓÚÈ†Ì‰Ó
ÆÌÈÈËÒÈÏ·†ÌÈÏÈË†„‚†˙È·ÈË˜Ù‡†‰‚‰†≠†„ÚÈÏ
Â‡†¨ÌÈ‡È˙˘ÏÙ†‡ÏÏ†ÔÂ·ÏÂ†‰È¯ÂÒ†˙‡†ÔÂ·˘Á·†‡È·‰Ï†˘È†ª„·Ï·†˙Á‡†‰¯ÈÊ†ÏÂÓ†„ÂÓÚ†„ÈÓ˙†‡Ï
ÏÎ†ÆÂÏÏ‰†ÌÈÙ˙˙˘Ó‰†Ï˘†¯Á‡†ÏÈ‰Ó˙†ÏÎ†Â‡†¨ÛÒÂ·†Ô‡¯È‡†ÌÚ†Â‡†¨‰ÏÏ‡·ÊÈÁÂ†ÌÈ‡È˙˘ÏÙ†ÌÚ
˙Â˘ÈÓ‚†˙Ó¯†ÏÚ·†˙ÂÈ‰Ï†ÍÈ¯ˆ†¯Â˙È‡‰†˙Î¯ÚÓ·†ÌÈÂ˘‰†ÌÈ·ÈÎ¯‰†ÔÈ·†¯Â·ÈÁ‰Â†‰ËÈÏ˘‰†ÌÏÂÚ
‰ÚÓ†Ô˙ÈÈ˘†ÔÙÂ‡·†‰Ê‰†Û¯ˆ˙‰†˙‡†¯·ÁÏ†Ú„†¨„„ÂÓ˙†˘ÈÁ¯˙†‰ÊÈ‡†„‚†‰˘Ó†‡Ï˘†¨˙‡ÊÎ
ÆÈÏ‡ÓÈËÙÂ‡

ÁÎÂÏ†ÆÈÂÏÈ‚‰†ÈÚˆÓ‡†È·‚Ï†Ì‚†ÍÎ†¨¯Ù˙˘ÓÂ†ÍÏÂ‰‰†ßËÂÈ¯ËÙß†Ô‰ÈÈ·†¨˙ÂÂ˘†˙ÂÎ¯ÚÓ†ÌÈÁ˙ÙÓ†ÂÁ‡
¨ÌÂÈÎ†ÂÈ„È·˘†ÌÈÚˆÓ‡‰†˙ÓÂÚÏ†¨ÌÈÊ‚Ù†±μ∞∞†È˙Â˘¯·Â†ÔÁ˙Â˙†È˙ÈÈ‰†Ê‡Ó†‰¯È‰Ó‰†˙ÂÁ˙Ù˙‰‰
ÏÚ·†¨ÔÓÂÈÓ†¯ÈÚˆ†˙ÂÈ‰Ï†Í¯ËˆÈ†ÌÈ˘†¯˘Ú†„ÂÚ·†˙È·ÈË˜‡‰†‰‚‰‰†ÌÁÂÏ†ÈÎ†¯Ú˘Ï†‡ÂÙÈ‡†Ô˙È
ÆÈ„È˙Ú‰†ÌÁÂÏ‰†ÈÈÚ·†Â‰Ê†ÆÌÈÓ„˜˙Ó‰†˙¯Â˘˜˙‰†ÈÚˆÓ‡†ÏÎ·†‰„Á†‰ËÈÏ˘
ËÚÓÎ†˙·˘Ï†ÌÈÎÈ¯ˆ†ÌÈÏÈÈÁ‰†¨‡·‰†ÏÈË‰†„Ú˘†È¯‰†˙È¯ÈÂÂ‡‰†‰‚‰‰†Í¯ÚÓ†Ï˘†˙ÂÏÈÚÙ‰†ÈÙÂ‡†Ï˘·
˙ÂËÏÁ‰†˙Ï·˜†¯˘ÂÎÂ†¨„ÓÈÓ≠˙Ï˙·†‰·È˘Á†¨·˘˜†˙˜ÂÏÁ†¨ÈÚÂˆ˜Ó†Ú„È·†˜ÂÒÚÏ†ÔÓÊ‰†‰Ê†ÆÈÂ¯È‚†ÈÏ·
˘È†‰·†ÌÈËÏÂ˘˘†ÌÈ˘‡Ï†ª˙·Î¯ÂÓ†‡È‰†˙ÈÚˆ·Ó‰†˙ÂÏÈÚÙ‰†È¯ÂÁ‡Ó†ÂÏ˘†˙ÂÈÈ„Ó‰†Æ˙Â¯È‰Ó·
Æ˙ÈÙÂÒ‰†‰‡ˆÂ˙‰†ÏÚ†‰·¯†‰ÚÙ˘‰
˙‡†‰ÒÎÓ†‰È‡˘†¨ÌÂÈ‰†ÂÏ†˘È˘†‰ÓÓ†¯˙ÂÈ†‰·ÂË†˙È·ÈË˜‡†‰‚‰†ÌÈˆÂ¯†Â‡†Æ¯Â¯·†È„†ÂÏ˘†ÔÂÊÁ‰
ÆÏÏÁ·†ÌÈË¯ÈÈÓ†ÂÁ‡†ÌÂÈÎ†ÆÏÏÁ‰†˙ÈÈ‚ÂÒ†Ì‚†‰ˆˆ†Ô‡ÎÂ†¨ÏÎÏ†˙ÂÂ¯˙Ù†˙˙Â†‡ÏÂ†ÌÈ˘ÈÁ¯˙‰†ÏÎ
Æ˙È„È˙Ú†‰Î¯ÚÓÓ†˜ÏÁ†Â‰Ê†ÆÏÏÁ·†ÌÈË¯ÈÈÓ†ÌÈÈÒ‰†Ì‚Â†˙ÂÈ‡˜È¯Ó‡†˙ÂÎ¯ÚÓ†¨ÂÏ˘†ıÁ‰†˙Î¯ÚÓ
ÌÈÏÚÂÙ†˙¢‡ÙÓ˘†ÈÏ†‰‡¯†ÆÏÏÁ·†ÌÈÓÈÈ‡Ó‰†ÌÈÓˆÚ‰†ÏÎ†ÏÚ†‡Ï‡†¨ÌÈÈÈÂÂÏ†ËÂ¯ÈÈ†ÏÚ†¯·„Ó†ÈÈ‡
ÔÂ¯˙ÈÙ†Ï·˜Ï†È„Î†¨˙ÈÙÒÎ‰†‰Ú˜˘‰·†ÈÂÏ˙†ÏÎ‰†ÌÏÂ‡†¨„Â‡Ó†ÌÈ¯˘ÎÂÓ†ÌÈ˘‡†Ì‰†≠†‰Ê†ÔÂÂÈÎ·
Æ·ÈÂ‡‰†Ï˘†‡·‰†ÁËÓÏ†È˙ÂÎÈ‡

˜¢˜¯‰Â†˜¢˜Ë‰†ÌÂÈ‡Ï†‰ÚÓ‰†≠†È‚ÂÏÂÎË†·˘ÂÓ
ÈÙ·†‰‚‰Ï†˙ÈÏ‡¯˘È‰†‰˙ÂÓÚ‰†¯¢ÂÈ†ª‡„‡¯†Ï¢ÎÓÂ†‡È˘†¨¯‚È„Â·†Ïˆ¯‰†®ÆÏÈÓ©†ÛÂÏ‡†∫‰ÁÓ
®Ë¢ÈÚ©†ÌÈÏÈË
˙Ï˘ÓÓ·Â†ÔÂÁËÈ·‰†˙Î¯ÚÓ·†˙ÂËÏÁ‰‰†ÈÏ·˜Ó†ÏÎ†˙‡†˜ÈÒÚ‰Ï†‰ÎÈ¯ˆ˘†˙È˙ÈÓ‡†‰ÈÚ··†˜ÒÂÚ†ÒÎ‰
ÍÏÂ‰†¯ÙÒÓ·†·ÈÂ‡‰†˙Â„ÈÈËˆ‰†≠†‰ÓÈÁÏ‰†‰„˘·†¯˙ÂÈ·†È˙ÂÚÓ˘Ó†ÈÂÈ˘†Â·È·Ò†˘Á¯˙‰†ÆÏ‡¯˘È
ÌˆÚ˙Ó‰†ÌÂÈ‡‰†ÏÂÓ˘†‰Ê†ÒÎ·†¯·Î†˘‚„Â‰†ÆÌÈÂ˘†·¯˜†È˘‡¯†ÏÚ·†¨ÌÈÂ˘†ÌÈ‚ÂÒÓ†ÌÈÏÈË†Ï˘†Ï„‚Â
ÈÂÈÒÈÓ†Æ¢ÌÈÏÈË†ÈÙÓ†˙ÂÂ‚˙‰†ÈÚˆÓ‡†ÁÂ˙ÈÙ·†ÈÏ‡¯˘È‰†„ˆ·†˙ÂÏˆÚÂ†˙ÂÈËÈ‡¢†˙Ó˙ÒÓ
ÂÓÎ†˙Â‡˘ÈÏ˜·†ÌÈ˘Ó˙˘Ó†Ì˜ÏÁ†Æ‡˘ÂÏ†˙˜ÙÒÓ†˙ÂÚ„ÂÓ†˙ÂËÏÁ‰‰†ÈÏ·˜Ó†·¯˜·†ÔÈ‡˘†¯ÓÂ‡
Ï‡¯˘È†È¯ÚÏ†¯˜ÈÚ·†Â¯‚Â˘È†·ÈÂ‡‰†ÈÏÈË˘†ÌÈÚÂË†Ì˜ÏÁ†Æ¢‰Ù˜˙‰‰†‡È‰†¯˙ÂÈ·†‰·ÂË‰†‰‚‰‰¢
ÏÈË†ÈÙ·†‰‚‰Ï†¯˜È†ÏÈË†¯‚˘Ï†ÔÂÎ†‡Ï˘†ÌÈÚÂË˘†ÈÓ†Ì‚†Ì˘È†ÆÌÈÈ˙Ú·˘†‰˜ÊÁ†‰ÎÓ·†·È‚†Ê‡Â
ÆÏÂÊ
˙È·ÈË˜‡†‰‚‰†˜ÙÒÏ†¨ÌÈ·˘Â˙Ï†˙È·ÈÒÙ†‰‚‰†˜ÙÒÏ†¨˙ÈÈÈÚ†‡È‰†‰Ï‡†˙ÂÚËÏ†ÈÏ˘†‰·Â˘˙‰
˙ÂÂ˘‰†˙ÂÈ‚ÂÏÂÎË‰†˙‚ˆ‰·†˜ÒÂÚ†‰Ê†·˘ÂÓ†ÆÔÂÎ†ÔÂÊÈ‡·†ÏÎ‰Â†¨ÌÈÈ‚Ë¯ËÒ‡†ÌÈÒÎÏÂ†˙ÂÈ˙˘˙Ï
ÆÌÈÏÈË†„‚†˙È·ÈË˜‡†‰‚‰†˙ÂÎ¯ÚÓÏ†ÁÂ˙ÈÙ·˘†‰Ï‡Â†˙ÂÓÈÈ˜‰

˙È˙·Î˘≠·¯†‰‚‰
˙¢‡ÙÓ†¨‰ÓÂÁ†˙Ï‰Ó†˘‡¯†¨‚Âˆ¯‰†‰È¯‡†¯Ó
Æ˙È·ÈË˜‡†‰‚‰†˙ÂÎ¯ÚÓ†ÁÂ˙ÈÙÏ†ÌÈË˜ÈÂ¯Ù†ÏÂ‰È·†˜ÒÂÚ˘†˙¢‡ÙÓ·†ÔÂ‚¯‡†‡È‰†ß‰ÓÂÁ†˙Ï‰Óß
‡˘Â·†¨ÌÈÈ‡˜È¯Ó‡†ÌÈÈ˙ÈÈ˘Ú˙†ÌÈÙ˙Â˘†ÂÏ†˘ÈÂ†È‡˜È¯Ó‡‰†Ï˘ÓÓ‰Ó†Ì‚†ÔÂÓÈÓ†ÌÈÏ·˜Ó†ÂÁ‡
˙ÂÈ„ÂÒÈ·†ÌÈ˜ÒÂÚ†Â·†ÔÈÈÚ‰Ó†˜ÏÁ†ÆÌÈ¯Á‡Â†ÔÂ‡È˙È¯†˙¯·Á†≠†˙ÂË˜¯Ó†‰‚‰†‡˘Â·Â†ª‚È‡Â·†≠†ıÁ‰
ÔÎÂ†¨Â¯ÂÊ‡·†ÚÈÙÂ‰Ï†ÏÂÏÚ˘†ÌÂÈ‡†Â‰Ê†ÆÈÏÂÈˆ·Â˜†‡Ï†˘‡¯†ÈÏÚ·†ÌÈÏÈË†„‚†˙È·ÈË˜‡†‰‚‰†‡Â‰
ÁÂÂË·†‡È‰†‰ÂÈÏÚ‰†‰·Î˘‰†Æ˙È˙·Î˘≠·¯†‰‚‰†Ï˘†‰·È˘Á†ÂÁ˙ÈÙ†ÆÍÂÓ†‰·Â‚·†ÌÈÒË˘†ËÂÈ˘†ÈÏÈË
˙ÙÈÎßÂ†ËÂÈ¯ËÙ‰†˙Î¯ÚÓ†˙‡†˙ÏÏÂÎ†‰Â˙Á˙‰†‰·Î˘‰†¨ÌÈÈÈ·†˙·Î˘Ï†˙·˘Á†ıÁ‰†˙Î¯ÚÓ†ªÍÂ¯‡‰
ÂÒÎÂ‰†Ê‡ÓÂ†π∞≠‰†˙Â˘†˙ÏÈÁ˙Ó†ÂÏˆ‡†‡ˆÓ†ıÁ‰†Æ‰ÙÈ†‰ÁÏˆ‰·†ÌÈÈÂÒÈ†Â¯·Ú†‰Ï‡†ÏÎ†ÆßÏÊ¯·
ÆÌÈ‡˜È¯Ó‡‰†ÌÚ†˙Ù˙Â˘Ó†‰„Â·Ú·†ÌÈ·¯†ÌÈ¯ÂÙÈ˘†Â·
È¯ÈÙÒÂÓË‡≠Â¯ËÒ˜‡†Ë¯ÈÈÓ†ÌÈÁ˙ÙÓ†Æ‰ÂÈÏÚ‰†‰·Î˘Ï†ÂÏ†˘Â¯„†‰Ó†≠†¯˜ÁÓ·†ÌÈ˜ÒÂÚ†ÂÁ‡†˙ÚÎ
Ì‰È‚ÂÒÏ†ÌÈÓ¢ÎÓ†¨ÈÂÏÈ‚†ÈÚˆÓ‡†˙ÏÚ·†˙È„È˙Ú†˙Î¯ÚÓ†È‰ÂÊ†ÆÏÂ„‚†ÁÂÂË·Â†·¯†‰·Â‚·†ÌÈËÂ¯ÈÈ†Úˆ·È˘
ÌÈÓÂÈ‡†˙ÂÏ‚Ï†ÂÏÎÂÈ˘†ÁÂÂË†ÈÎÂ¯‡†ÌÈ¯ÂÒÒ†ÌÚ†ÌÈÒËÂÓ†ÌÈÚˆÓ‡†ÔÎÂ†®¯È„‡†Ô¯Â‡†¨˜Â¯È†Ô¯Â‡©
Æ„Â‡Ó†ÌÈÏÂ„‚†ÌÈÁÂÂË·
ÈÏÈË†„‚Â†ÈÂÈ·Â†„·Î†˜¢˜¯†„‚†‰‚‰†Ï˘†Ë˜ÈÂ¯Ù†‡Â‰†®ÌÈÓÒ˜†ËÈ·¯˘¢Î†Ì‚†¯ÎÂÓ©†ß„Â„†ÚÏ˜ß
ÏÚ·†ÌÎÁÂ˙Ó†ÏÈË†Â‰Ê†¨ÔÂ‡È˙È¯Â†Ï‡Ù¯†È„È†ÏÚ†‡ÏÓ†·ˆ˜·†ÁÂ˙ÈÙ·†‡ˆÓ˘†·Î¯ÂÓ†Í¯ÚÓ†Â‰Ê†ÆËÂÈ˘
ÆÌÎÁÂ˙Ó†˙ÂÈ·†˘‡¯Â†ÌÈÓ„˜˙Ó†ÌÈÈÓÈ„Â¯ÈÂ‡†ÌÈÚÂˆÈ·

ÁÂÂË†˙Â¯ˆ˜†˙ÂË˜¯†ÈÙ·†ÌÈÒÏÎÂ‡Ó†ÌÈ¯ÂÊ‡†˙‚‰
ÌÈÏÈËÓ†‰‚‰Ï†‰ÁÓÂÓ†¨‚¯·ÈÂ†È·‡†¯¢„
¨ÈÁÎÂ‰†ÌÂÈ‡Ï†˙ÈÂ¯˜Ú†‰ÓÂ„˘†ÌÂÈ‡†¨±π∏¥†˙˘·†®ÌÈ≠ÌÈ©†ÌÈÏÈË†ÈÙÓ†‰‚‰·†˜ÂÒÚÏ†È˙ÏÁ˙‰
‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ†˙Ú·†¨≤∞∞∂†ıÈ˜·†Æ·È·¯†·„Â†ÒÂÓ†ÔÂ¯‰‡†¯¢„†¨Ï¢Ê†ÒÓ†Ô˙ÂÈ†¯¢„†Ï˘†Ì˙¯ÊÚ·
ÌÈÁËÓ†ÏÚ†¯·Â„Ó†ÆÈÈ¯Â‚Ó†¯ÈÚ†¨‰ÙÈÁ†Ï‡†ÔÂ·ÏÓ†˙ÂË˜¯†Ï˘†Ô¯Â‚È˘†˙Ú·†ÌÂÈ‡‰†˙‡†˙È˘È‡†È˙ÈÂÂÁ
‰Ó‚Â„Ï†ÂÁ˜†Æ˙È‚Ë¯ËÒ‡†˙È˙˘˙†ÏÚÂ†ÌÈÁ¯Ê‡†ÈÈÁ†ÏÚ†È˙ÂÚÓ˘Ó†ÌÂÈ‡†¨˙ÈÓÊ≠Â·†˙ÂË˜¯†≤∞≠±∞†Ï˘
‰„·ÂÚ‰†˙‡†˘È‚„‰Ï†˘È†ÆÌÈ˘†±∞†Í˘Ó·†ÈË˜¯†ÌÂÈ‡Ï†ÌÈ˘‡†ÂÙ˘Á†‰·†¨˙Â¯„˘†¯ÈÚ‰†ÈÈÁ·†„Á‡†ÌÂÈ
ÂÏ†¯˙ÂÓ˘†ÂÊÓ†ÍÂ¯Ú†ÔÈ‡Ï†‰Ë˜†‡È‰†˙ÈÁ¯Ê‡†‰ÈÒÂÏÎÂ‡†‰·†„ÈÓÚ‰Ï†ÂÏ†¯˙ÂÓ˘†ÔÂÎÈÒ‰†˙„ÈÓ†ÈÎ
˙‡Ê†‚ÙÂÒ†˙Â·È˙·†Á¯Ê‡†¨ÌÈÈ˙˘†˙¯˘Ó†ÏÈÈÁ†∫‰ÈÈ‰˘‰†Í˘Ó·†ÏÙÎÂÓ·†‰Ê†ÏÎ†ÆÌÈÏÈÈÁ†‰·†·Èˆ‰Ï
‰ÏÂÊ†‰ÏÚÙ‰†˙ÂÏÚ†ÏÚ·†‡Â‰†ßÒ˜ÏÙ≠Ô˜ÏÂÂß‰†Á˙Â˙†≠†ÌÈÈÎË†ÌÈË¯ÙÏ†ÒÎÈ‰Ï†ÈÏ·Ó†Æ¯˙ÂÈÂ†ÌÈ˘†±∞
Ô‰†®ßÏÊ¯·†˙ÙÈÎß†Ï˘ÓÏ©†ÌÈÏÈË‰†˙ÂÎ¯ÚÓ†Æ¯ÏÂ„†ÔÂÈÏÈÓ†≤μ∞≠Î†‰ÏÂÚÂ†˙È˜Ú†¯ÊÈÈÏ‰†˙Î¯ÚÓ†Æ˙ÈÒÁÈ
Â‡†Ô˜ÏÂÂ†ÈÁ˙Â˙†≥μ†Â‡†ÌÈÏÈË†∂∞≠Î†˙˘¯Â„†˙ÚˆÂÓÓ†¯ÈÚ†ÏÚ†‰‚‰†Æ‰ÏÚÙ‰Ï†˙ÂÁÂ†˙ÈÒÁÈÂ†˙ÂË˜
¯˙ÂÈ·†‰ÏÈÚÈ‰†Ô‰Ó†ÈÓ†·˘ÁÏ†Ô˙È†˙ÂÈÚˆ·Ó†˙ÂÁ‰·Â†·Î¯ÂÓ†ÁÂ˙È·†Æ˙Á‡†ßÏÊ¯·†˙ÙÈÎß†˙Î¯ÚÓ
Æ‰‚‰Ï

ÏÂÏÒÓ†ÏÂÏ˙†˜˘†ËÂ¯ÈÈÏ†¯ÊÈÈÏ†˙ÂÎ¯ÚÓ†˙ÂÓÈ˘È
Û¯ÂÚÏ†Ô‚Ó†˙˙ÂÓÚ†¯¢ÂÈ†¨¯ÊÈÈÏ†˙ÂÎ¯ÚÓÏ†‰ÁÓÂÓ†¨ÈÁÈÓÚ†„„ÂÚ†¯¢„
¯Â˜Ó˘†¯ÊÈÈÏ†Â‰Ê†¨ÈÓÈÎ†¯ÊÈÈÏ·†¯·Â„Ó˘Î†ÆÈÂÏ‚‰†ÏÚ†¯˙Ò‰†·¯†Â·†¯ÊÈÈÏ†‡˘Â·†˙Â¯‰·‰†¯ÙÒÓ†Ô˙‡
‰È‚ÂÏÂÎË†ÂÊ†ÆÈË˜¯†ÚÂÓ†ÈÂÓ„†¨˜Ï„†˙Ù¯˘·†¨ÌÈÈÏ‡ÂÈˆ·Â˜‰†ÌÈ¯ÊÈÈÏÏ†„Â‚È·†¨ÂÏ˘†‰È‚¯‡‰
HFDF†„Á‡‰†¨ÌÈÈ¯˜ÈÚ†ÌÈÈÓÈÎ†ÌÈ¯ÊÈÈÏ†È‚ÂÒ†‰˘ÂÏ˘†˘ÈÂ†¨Ï‡¯˘È·Â†·¢‰¯‡·†∑∞≠‰†˙Â˘·†‰Á˙ÂÙ˘
¨ÏÓ˘Á†˙ÂÁ˙·†¨ÁÂÎ†È˜ÙÒ·†Í¯Âˆ†ÔÈ‡˘†˙‡Ê‰†‰È‚ÂÏÂÎË·†ÔÂ¯˙È‰†Æ·ÈÁ¯‡†ÂÈÏÚ†¨ÔÂ¯˜ÈÓ†≥Æ∏≠≤Æ∑†Ï˘
‡Ï†‰¯ËÓ‰†ÔÓ†¯ÊÂÁ†¯Â‡†≠†ÂÈÈ‰„†¨ÌÂÁ†ÈÙÈÏÁÓ·†Í¯Âˆ†ÔÈ‡†Æ˙Î¯ÚÓ‰†ÏÚÙÓ·†˙È˘Ú†ÌÂÁ‰†˙ËÈÏÙ
ÒËÂÓ†¯ÊÈÈÏÏ†Æ‰¯ÈÙÒÂÓË‡‰†ÏÏ‚·†Ó¢˜†±μ≠±∞†Ï˘†ÁÂÂË†˘È†Ú˜¯˜‰†ÔÓ†¯ÊÈÈÏÏ†Æ¯ÂÂÒÈ†‡ÏÂ†¯ÂÂÚÈ
˘È†˜ˆÂÓ†¯ÊÈÈÏ†‡˘Â·†ÆÓ¢˜†ÈÙÏ‡†≠†ÔÈÈÂÂÏÓ†¯ÊÈÈÏÏÂ†Ó¢˜†˙Â‡Ó†Ï˘†ÁÂÂË†˘È†ÌÈÈËÒÈÏ·†ÌÈÏÈË†„‚
˜ÙÒ‰†ÔÂÈÒÈ·†‰˜ÈÙ‰˘†¨˙ÂÈÁÂÏ‰†≠†˙ÈÒ‡Ï˜‰†¨˙ÈË¯„ËÒ‰†≠†˙Á‡‰†Æ˙ÂÂ˘†˙ÂÈ‚ÂÏÂÎË†È˙˘
≠†˙¯Á‡‰†Æ˙ÈÚˆ·Ó†‰È‡Â†ÌÈÈÂÒÈ·†˙Î¯ÚÓ‰†¨˙Â˜„†˘ÓÁÏ†‰ÏÚÙ‰·†Ë‡ÂÂÏÈ˜†±∞∞†Ï˘†ÈÏ‡ÓÈÒÎÓ
¨Ë‡Â†‰‚Ó†Ï˘†ÁÂÎ†˜ÙÒ†Â˘¯„È†ÌÈ¯Ú†˙‚‰Ï†‰Ï‡‰†˙ÂÎ¯ÚÓ‰†ÆË‡ÂÂÏÈ˜†±∞†Ï˘†˜ÙÒ‰†‰˙†≠†ÌÈ·ÈÒ
ÌÈÁÂÂËÏ†‰„Â˜†˙‚‰Ï†ÌÈ‡˙˙˘†‰ÏÂ„‚†˙Î¯ÚÓ†ÂÊ†Æ‰È‚¯‡†˙¯ÈˆÈÏ†¯ÂË¯‚Â†Ë‡Â†‰‚Ó†Ï˘†ÌÂÁ†ÛÈÏÁÓ
ÆÓ¢˜†≥≠≤†Ï˘
ÆÂÏ˘†˙ÂÈ‚ÂÏÂÈ·‰Â†˙ÂÈÓÈÎ‰†˙ÂÂÎ˙‰†˙‡†˙ÏË·ÓÂ†¨ÌÂÈ‡‰†Ï˘†È·¯˜‰†˘‡¯‰†˙‡†˙Ù¯Â˘†‰È‚¯‡‰
Æ‰˙Â‡†ÏÒÁÈ˘†„Ú†‰ÓÓ†‰Ù¯È†‡ÏÂ†‰¯ËÓ‰†ÏÚ†ÏÂÚ†¯ÊÈÈÏ‰
¨˙¯Ó‚†È˙Ï·†˙˘ÂÓÁ˙‰†¨ÁÂÂË·†ÈÂÏ˙†¨¯ÏÂ„†≤∞∞∞≠±∞∞∞†ÔÈ·†≠†È˙ÂÚÓ˘Ó†ÔÙÂ‡·†ÔË˜†ËÂ¯ÈÈ‰†¯ÈÁÓ
ÌÈ„·Î†ÌÈÚ†¨ËÚÓ†ÌÈÚÈÙ˘Ó†Ì˘‚Â†˜·‡†≠†‰Ë˜†¯ÈÂÂ‡‰†‚ÊÓ†˙ÚÙ˘‰†ÆÏÚÙÈ†¯ÊÈÈÏ‰†¨˜Ï„†˘È†„ÂÚ†ÏÎ
∂≠μ†Æ˙ÂÈ˘†≤†≠†‰ÏÚÙ‰Ï†‰ÒÈÎ†ÆÏ·‚ÂÓ†È˙Ï·†˙ÂÂÎ‰†ÔÓÊ†Æ¯ÊÈÈÏ‰†˙‡†ÂÓÒÁÈ†Ï‚¯†¥μ∞≠Ï†˙Á˙Ó
ÆÌÂÈ‡†ÏÎ†„‚†ÈÚˆ·Ó†‡Â‰†ªÌÂÓÈÈÓ†ÁÂÂË†Ï˘†‰ÈÚ·†ÔÈ‡†Æ„Á‡†Ì¢ÎÓ·†˘Ó˙˘‰Ï†ÌÈÏÂÎÈ†ÌÈ¯ÊÈÈÏ

˙ÂÈ‚ÂÏÂÎË†˙ÂÈÂÓ„Ê‰Â†˙ÂÈÂÁ˙Ù˙‰
˙È¯ÈÂ‡‰†‰È˘Ú˙‰†¨˜ÂÂÈ˘†Ï¢ÎÓÒ†¨È˙Ó¯†¯È‡È†¯Ó
˙Âˆ¯‡Â†‰ÈÏ‚‡˘†ÈÏ†‰‡¯†‡Ï†Æ‰È‚ÂÏÂ‡È˙Ï†ÍÙ‰†‰Ê†Æ¢ÌÈÚ¯‰†Ï˘†Ì˜˘†Ì‰†ÌÈÏÈË‰¢˘†ÌÈ¯ÓÂ‡
˙ÈÚˆ·Ó‰†˙ÂÏÈÚÙ‰†ÔÈ·†¯˘˜†ÌÂ˘†ÔÈ‡†ÆÌÈÚ¯Ï†˙Â·˘Á†ÌÈÏÈË†˙Â‡˘Â†˙ÂÏÏÂˆ†˙ÂÏÈÚÙÓ˘†˙È¯·‰
ÆÚ¯Â†·ÂËÏ
‰ÙÂ¯È‡·†Ì‚†ÆÌ¯ÂÂÈÒ†˙ÂÁÙÏ†Â‡†ÌËÂ¯ÈÈ·Â†ÌÈÈÈÂÂÏ†¯Â‚È˘·†˙Â˜ÒÂÚ†ÌÏÂÚ·†˙ÂÏÂ„‚‰†˙ÂÓˆÚÓ‰†ÏÎ
ÔÂÂÈÎÏ†¯‚Â˘Ó‰†È‡È¯Â˜†ÔÂÙˆ†ÏÈË†‰ÓÂ„†ÔÈ‡†¨ÌÈÂ˘†ÌÈÓÂÈ‡‰˘†Ô·ÂÓ†Æ‰ÓÂ„†˙ÂÏÈÚÙ†˙È˘Ú†Â„Â‰·Â
‰Ï˜˙†ÏÎ†ÆÈÂÏÈ‚·†ÏÈÁ˙Ó†ËÂ¯ÈÈ‰†ÆÌÏÂÚ‰†Ï˘†ÌÈ¯Á‡†ÌÈ˜ÏÁ·†ÌÈ¯Á‡†ÏÂÏÒÓ†ÈÏÂÏ˙†ÌÈÏÈËÏ†‰˜ÒÏ‡
ÆÈÂÏÈ‚‰†·Ï˘·†ÈÂÏ˙†‡Â‰†¨ÌÏ˘ÂÓ†ÂÏ˘†Ë¯ÈÈÓ‰†‰ÓÎ†·Â˘Á†‡Ï†Æ˙È˙ÂÚÓ˘Ó†‰Ï˜˙†‡È‰†‰Ê†ÌÂÁ˙·
ÏÂÏÒÓ†Â‡†‰ÙÂ¯È‡†Á¯ÊÓÓ†‰¯‚Â˘˘†˙È‚ÂÏÂ¯Â‡ËÓ†‰Ë˜¯†ÂÊ†Ì‡‰†¨˙˜ÈÂ„Ó†‰Á·‰†˘¯Â„†ÈÂÏÈ‚‰†·Ï˘
ÏÎÎ†ÌÈ˜ÈÈÂ„Ó†ÌÈÈËÙÂ‡≠Â¯Ë˜Ï‡†ÌÈ˘ÈÈÁ†„ˆ·†Ì‚†Æ‰ÙÈ˜˙‰†Í·„†ÚÈ‚Ó†Ô‡ÎÂ†ÆË¯ÈÈÏ†ÍÈ¯ˆ˘†ÌÈÈ‡Ó
‰Ú¯˙‰‰†‡˘Â†ÏÚ†Ì‚†Â¯·È„†‡Ï†„ÂÚ†Æ˙ÂËÏÁ‰‰†˙Ï·˜†Ï˘†ÈÈ„Ó‰†ÔÙ‰†˙‡†˘È‚„‰Ï†ÈÏÚ†¨ÂÈ‰È˘
‰Ú¯˙‰‰†Ì˘†‰ÈÈ˘‰†ÌÏÂÚ‰†˙ÓÁÏÓ†‰¯˜Ó†Â‡¯†≠†ÌÈÚ‚Ù‰†¯ÙÒÓ·†È˙ÂÚÓ˘Ó‰†Ï„·‰‰†˙‡†‰˘ÂÚ˘
ÈÓ†ÔÈ·Ï†‰ÒÁÓ†ÒÂÙ˙Ï†˜ÈÙÒ‰˘†ÈÓ†ÔÈ·†ÏÂ„‚‰†Ï„·‰‰Â†ÌÈÓ¯‚‰†ÌÈÏÈË‰†„‚†„ÈÁÈ‰†˜˘‰†‰˙È‰
ÆÌÈÁË·Ó†ÌÂ˜ÓÏ†ÚÈ‚‰Ï†˜ÈÙÒ‰†‡Ï˘
˙ÂÈ„Ó†ÂÏÁ‰†ÍÏÈ‡Â†ÂÓÓ˘†ÍÙ‰Ó‰†‰˙È‰†‡Ú˜··†ÌÈÈ¯ÂÒ‰†ÌÈÏÈË‰†Ï˘†‰ÏÙÓ‰˘†·Â˘ÁÏ†ÂÏ†Ï‡
ÌÏÂ‡†¨ÌÈ˘ÈÓÁ‰†˙Â˘†ÛÂÒ·†¯·Î†ÌÈÏÈË‰†ÁÂ˙ÈÙ†ıÓ‡Ó·†ÂÏÁ‰†ÌÈ¯ˆÓ‰†ÆÌÈÏÈË·†„ÈÈËˆ‰Ï†·¯Ú
ÆÌÈ¯ˆÓ·†ÌÈÓ¯‚‰†ÌÈÚ„Ó·†ÌÈÚÂ‚ÈÙ†˙Â·˜Ú·†˙ÈÓÊ†‰˜ÒÙ‰†‰ÏÁ
Æ˜‡¯ÈÚÂ†‰È¯ÂÒÏ†Ì‚†ÌÈÏÈË†ÂÚÈ‚‰†±π∑¥-·Â†¨ß‚Â¯Ùß‰†˙ÂË˜¯†ÂÚÈ‚‰†±π∂π≠·Â†ÌÈ„‡˜Ò‰†ÂÚÈ‚‰†±π∂≥≠·
ÌÈ‡˜È¯Ó‡‰†ÂÚÈ‚‰†¯ˆ˜†ÔÓÊ·†ÆÌÈ‚ÂÒ‰†ÏÎÓ†ÌÈË¯ÈÈÓ†˙ÈÈ·†ÍÈÏ‰˙·†ÌÈ‡˜È¯Ó‡‰†ÂÏÁ‰†∏∞≠‰†˙Â˘·
‰¯ËÓ‰†Ï‡†ÌÈÏÈË†·¯˜Ï†˙ÏÂÎÈÂ†¨˙ÂÈ·†È˘‡¯Â†ÌÈ·˘ÁÓ†≠†˙ÂÓÈ˘¯Ó†˙ÂÈ‚ÂÏÂÎË†˙ÂÈÂÁ˙Ù˙‰Ï
‰È‰†Ï‡¯˘È·†Æ¯ÊÈÈÏ‰†˙ÈÈ‚ÂÒ†ÏÚ†È˙¯·È„†‡Ï†„ÂÚÂ†·¯˜‰†˘‡¯†˙‡†ÏÚÈÈÏ†È„Î†‰ÓÈ‡˙Ó†˙Â¯È‰Ó·
˙Î¯ÚÓ†È˘‡†Ï˘†‰ÎÈÓ˙·Â†˙È˙ÈÈ˘Ú˙†‰ÓÊÂÈ†ÔÈ‚Ù‰†±π∏∏†˙˘·˘†¨·È·¯†·„†ÂÓ˘Â†È˙ÈÓ‡†ıÂÏÁ†ÂÏ
≤μ∞∞≠Ï†Ó¢˜†¥†ÔÈ·©†ÌÈÓÂÈ‡†ÔÂÂ‚Ó†ÈÙ·†ÌÈ„ÓÂÚ†ÂÁ‡†ÌÂÈÎ†ÆËÂ¯ÈÈÏ†ÈˆÂÏÁ†˜˘†Á˙ÂÙ†ÔÂÁËÈ·‰
ÌÈÚ·Â˜†‰Ï‡†ÏÎ†ÆÈ·¯˜†˘‡¯†È‚ÂÒ·Â†˙ÂÈÂÓÎ·†‡Ï‡†ÁÂÂË·†˜¯†‡Ï†ÂÏ˘†¯ÂÊ‡‰†˙‡†ÌÈÈÈÙ‡Ó‰†®Ó¢˜
Æ˙ÈÂÓ‰†‰„Ó˘‰Ï†˜˘‰†˙‡†È˙ÈÈˆ†‡Ï†„ÂÚÂ†ËÂ¯ÈÈ‰†ÈÈÈÙ‡Ó†˙‡
ÆÔ˙È†Í‡†¨‰˘˜†‰Ê†∫‡È‰†‰·Â˘˙‰˘†Ò¯Â‚†È‡†ø‰Ï‡†ÏÎ†ÌÚ†„„ÂÓ˙‰Ï†Ô˙È†Ì‡†‰Ï‡˘Ï†‰·Â˘˙·
Æ˙ÂÈÈ„Ó‰†¨Ô·ÂÓÎ†¨È˘ÈÏ˘‰Â†¨·Èˆ˜˙†‡Â‰†È˘‰†¨ÈÎË‰†‡Â‰†„Á‡†ÆÂ˙Â‡†ÌÈÁÓ†·ÁÂ¯†ÈË·È‰†‰˘ÂÏ˘
‰Ú¯˙‰†ÂÏ†˙¯˘Ù‡Ó†Ì˘Ó†˙Ï·˜˙Ó‰†‰ÂÓ˙‰†ÆÌÈÏÙËÓ†Â‡†‰·†‰·È·Ò‰Ó†˜ÏÁ†‡Â‰†ÏÏÁ‰†ÌÂÁ˙
Æ˙Ó„˜ÂÓ
Í¯ÚÓ·†Ì‚†ÔÎÂ†¨Ì¢ÎÓ·†ÏÈ·˜Ó·†¨ÔÈÈÂÂÏ·†‰‡¯‰†ÛÂ‚†Ë¯ÈÈÏ†ÂÈÏÚ†Æ˙Â¯ËÓ‰†˙Á·‰†ÏÚ†ËÚÓ†·ÎÚ˙‡
ÏÏÁ·†·¯†‰·Â‚·˘†È„Î†ÏÎ‰†¨Á˙ÙÓ‰†ÈÓ¯Â‚†Ì‰†¯Â˙È‡‰†˙ÂÈÓ‡Â†˙ÂÓÈ‰Ó†¨ÈËÙÂ‡≠Â¯Ë˜Ï‡‰†ÈÂÏÈ‚‰
Ï‡†ÆßÏ‡Ù¯ß†˙Â·È„‡·†ÈÎÙ‰Ó†ÔÂ¯˙ÈÙ†ÂÈ„È·†ÌÈÈ˜†Æ„˜Ó˙‰Ï†‰Ó†ÏÚ†˙Ú„ÏÂ†ÈÓ†Â‰ÈÓ†ÔÈÁ·‰Ï†Ú„
‰ÁÈË·Ó†‡Ï†˙Ó„˜˙Ó†‰ËÈÏ˘†˙Î¯ÚÓÂ†ÔÈÈÂˆÓ†Ì¢ÎÓ†¨ÌÏ˘ÂÓ†Ë¯ÈÈÓ†ÂÈ„È·†ÈÎ†‰„·ÂÚ‰˘†ÁÂÎ˘Ï†ÂÏ
ÆÔÁ·Ó†ÔÓÊ·†„ÁÈ†¯·Á˙È†ÏÎ‰˘

ÌÂÈÒ†˙‡ˆ¯‰
‰ÈˆÈÊÂÙÂ‡‰†¯¢ÂÈ†¨È·Ï†ÈÙÈˆ†ß·‚‰†Î¢Á
‰ÓÁÏÓ‰†˙‡†Á˙Ï†‰ÈÈË†˘È†ÆÏ‡¯˘È·†ÈÈ„Ó‰†‚¯„‰†Ï˘†˙ÂËÏÁ‰‰†˙Ï·˜†ÍÈÏ‰˙·†ËÚÓ†ÌÎ˙‡†Û˙˘‡
‰˜ÏÁ·†‰ÒÒ·˙‰†˙ÂÓÁÏÓ†¯Á‡Ï†ÌÈÁ˜Ï†˙˜Ù‰†¨È¯ÚˆÏ†Æ‰‡·‰†‰ÓÁÏÓ‰†˙‡†‰ÈÙ†ÏÚ†ÔÎ˙ÏÂ†‰¯·Ú˘
ÂÓˆÚ†˙‡†ÌÈ‡˙‰Ï†ÍÈ¯ˆ†˙ÂËÏÁ‰‰†˙Ï·˜†ÍÈÏ‰˙Ó†˜ÏÁ†¨È˙Ú„Ï†¨ÌÏÂ‡†Æ‰¯È˜Á†˙Â„ÚÂÂ†˙Â¢ÁÂ„†ÏÚ
ÆÌÈÂ˘†˙Â˙ÈÊÁÏÂ†ÌÈ·ˆÓÏ†¨„È˙Ú·†ÌÈ˙˘Ó†ÌÈÓÂÈ‡Ï
ÈÈ„Ó‰†‚¯„‰†È„ÚÈ†ÔÈ·†¯˘˜†˘È˘†‰Ê†Ô·ÂÓ·†‰Â˘‡¯Ï†¢ÌÈÈÈÚ‰†˙‡†‰Á˙Ù¢†‰ÈÈ˘‰†ÔÂ·Ï†˙ÓÁÏÓ
˙¯ÊÚ·†‚È˘‰Ï†ÌÈÏÂÎÈ†ÂÁ‡†‰Ó†˙Â‡¯ÏÂ†˘‡¯Ó†ÌÈ„ÚÈ‰†˙‡†ÚÂ·˜Ï†ÂÈÏÚ†ÆÈ‡·ˆ‰†‚¯„‰†È„ÚÈ†ÔÈ·Ï
Â‡†˙ÂÈÈ„Ó‰†˙ÂËÏÁ‰‰†Â‡†ÌÈ¯ÊÚ‰†˙¯ÊÚ·†‚È˘‰Ï†ÌÈÏÂÎÈ†ÂÁ‡†˙ÂÓÈÏ˘Ó†‰ÊÈ‡Â†È‡·ˆ‰†Úˆ·Ó‰
Æ˙ÈÓÂ‡ÏÈ·‰†‰ÏÈ‰˜‰†˙¯ÊÚ·
Ï˘†ÔÂÁËÈ·‰†˙ˆÚÂÓ†ÌÚ†‰ÏÂÚÙ†˙Ù˙˘Ó†Ï‡¯˘È†‰Â˘‡¯Ï†¨È‡·ˆ†Úˆ·Ó†Ï˘†ÂÓÂÈÒ·†¨ÌÏÂÎ†˙Ú˙Ù‰Ï
ÌÂÈ‰†„Ú†ÔÂÎ‰†¯·„‰†˙‡†˙ÂÙ˜˘Ó†ÈÈÚ·˘†˙ÂÓÎÒ‰Ï†‰Ù˙Â˘Â†¨ÂÏ†‰Ù˙Â˘†≠†ÍÈÏ‰˙†‰ÏÈ·ÂÓ†¨Ì¢Â‡‰
˙¯·Ú‰†˙‡†ÚÂÓÏ†ÍÈ¯ˆ˘†Ô·ÂÓÎ†Æ¯˙ÂÈ†·ÂË†˙ÂÙÎ‡†˙ÂÈ‰Ï†˙ÂÎÈ¯ˆ†Ô‰†‰·˘†˙ÂËÏÁ‰‰†˙ÈÁ·Ó
ÆÌÈ¯Á‡†˜Á˘Ó†ÈÏÏÎ†˙ÏÁ‰Â†‡·ˆ‰†˙‡ÈˆÈ†˙‡†¯˘Ù‡Ó˘†Ô·ÂÓ·†Ï·‡†¨‰ÏÏ‡·ÊÈÁÏ†˜˘‰
Ì‚†‡È‰˘†‰˘ÂÓÁ†‰ÈˆÈÏÈÓ†„‚†ÌÈÓÁÏ†ÂÁ‡†ÔÂ·Ï·†Ì‡‰†≠†Ï·˜Ï†ÂÈÏÚ†‰È‰˘†˙ÂËÏÁ‰‰†˙Á‡
Ì‚†‰¯Â˘˜˘†˙ÂÈÈ„Ó‰†˙ÂËÏÁ‰‰†˙Á‡†ÂÊ†Æ‰ÏÏ‡·ÊÈÁ·†˜¯†ÌÈÓÁÏ†ÂÁ‡˘†Â‡†ÔÂËÏ˘‰Ó†˜ÏÁ
¨Ï˘ÓÏ†¨ß‰˜ÂˆÈ†˙¯ÙÂÚß†Úˆ·Ó†ÛÂÒ·˘†ÏÏÎ†¯ÂÓ‡†‰È‰†‡Ï†ÍÎÂ†¨˙ÈÓÂ‡ÏÈ·‰†‰ÏÈ‰˜‰†Ï˘†˙ÂÒÁÈÈ˙‰·
·˘Á˙‰·†˘‡¯Ó†Í¯ÚÈ‰Ï†ÂÈÏÚ˘†‰ÓÏ†˙Â‡Ó‚Â„†È˙˘†ÂÏ‡†Æ˙Â·‰Ï†ÚÈ‚Â†Ò‡ÓÁ‰†ÌÚ†„Á‡†¯„Á·†·˘
ÌÂÈ‡Ï†‰ÚÓ†Ô˙È˘†Ú‚¯·˘†ÂÈÏ‡Ó†Ô·ÂÓ†Æ‰·È·Ò·†˙Â˙˘Ó˘†˙Â¯Á‡†˙Â·ÈÒ·Â†ÌÈÈËÈÏÂÙ†ÌÈÈÂÈ˘·
ÂÈÏÚ†‰È‰†¨È‡È˙˘ÏÙ‰†¯Â˘ÈÓ·†¨‰Ó‚Â„Ï†Æ„È˙Ú·†‰Ê†ÌÚ†„„ÂÓ˙‰Ï†Í¯ËˆÂ†ÏÏÎ˙˘Ó†·ÈÂ‡‰†¨ÌÈÈ˜
˙‡†˙Â·ÏÂ†ÍÈ˘Ó‰Ï†Ì‡‰†‰Ï‡˘‰†ÌÚ†¨¯„‚‰†ÏÚ†ÌÈÚÂ‚ÈÙ†ÌÚ†¨ÌÈ„·‡˙Ó†ÌÈÏ·ÁÓ†ÌÚ†„„ÂÓ˙‰Ï
˙ÚÂˆ¯·†ÌÈ˙˘Ó†ÌÈÓÂÈ‡†Ï˘†˙Â‡ˆÂ˙·†ÌÈ˜ÒÂÚ†ÂÁ‡†ÌÂÈÎ†Æ„ÂÚÂ†Ô„¯È†ÌÚ†˙ÂÈÚ·†¨‡Ï†Â‡†¯„‚‰
Ï¢‰ˆÂ†¯ÈÂÂ‡‰†ÏÈÁ†Ï˘†Ì˙ÏÂÎÈ·Â†¨ÌÈÏÈË†ÈÓÂÈ‡·†¨ÌÈÎÏÂ‰Â†ÌÈÏÏÎ˙˘Ó‰†ÌÈÓ‡Ò‡˜·†¨¯„‚·†¨‰ÊÚ
Æ‰„Â˜†˙Â¯ËÓ†ÌÚ†„„ÂÓ˙‰Ï
¨‰Ú˙¯‰†¨‰Ú¯Î‰†¨ÔÂÁˆÈ†≠†ÂÓÎ†¨Ì‰·†ÂÏ‚¯Â‰˘†„ÂÒÈ‰†È‚˘ÂÓ·†ÌÈÈÂÈ˘†Ì‚†ÌÈ¯ˆÂ†ÈÈ„Ó‰†ÌÂÁ˙·
øÈ‡·ˆ‰†„ÚÈ‰†‰Ê†ÌÈÏÈË‰†ÏÎ†ÏÂÒÈÁ†Ì‡‰†¨ÌÂÈ‡‰†ÏÎ†ÏÂÒÈÁ†‡Â‰†ÔÂÁˆÈ‰†Ì‡‰†ÆÔÂÁËÈ·†¨Û¯ÂÚ†¨˙ÈÊÁ
È˘‰†„ˆ‰˘†‰ÁÎÂ‰†ÂÊ†˘‡‰†˙˜ÒÙ‰†¯Á‡Ï†¯˙ÂÈ†Â‡†ÌÈÈ˘†Â‡†ÏÈË†‰¯Â˘Î†Ì‡‰†ø‰Ú¯Î‰‰†˙‡Ê
ÆÈÂÓÈ„†Ì‚†ÔÂÁˆÈÏ†˘È†˙ÂÚÓ˘ÓÏ†ÛÒÂÂ†Ï‡¯˘È†ÈÁ¯Ê‡Ó†˜ÏÁ†ÌÓˆÚ†˙‡†ÂÏ‡˘˘†˙ÂÏ‡˘†‰Ï‡†øÁˆÈ
Æ‰Ú˙¯‰‰†¯˘ÂÎÓ†˜ÏÁ†‡Â‰˘†ÔÂÁˆÈ‰†˙Ó¯†˙‡†˙Ú·Â˜˘†Ï‰˜‰†˙Ú„·†ÌÈÙ˜˙˘Ó†ÌÈÈÂÓÈ„‰†¨Â¯ÂÊ‡·
¯˘ÂÎ†ÏÚ†˙Ú˘†Ï‡¯˘È†¯˙È‰†ÔÈ·†ÈÎ†˙È¯ÂÊ‡‰†‰ÈÈ‡¯·†ÌÈ˘·‚˙Ó‰†‰Ï‡†ÌÈÈÂÓÈ„·†·˘Á˙‰Ï†ÂÈÏÚ
ÌÈÈ˙„†˙ÂÈ‰Ï†ÌÈÎÙÂ‰†ÌÈÈÓÂ‡Ï†ÌÈÎÂÒÎÒ†¨Â¯ÂÊ‡·†¨Â·˘†Í˘Ó˙Ó†ÍÈÏ‰˙†˙Â‡¯Ï†Ô˙È†Æ‰Ï˘†‰Ú˙¯‰‰
Ò¯ËÈ‡†Â‰˘ÊÈ‡†‡ÏÂ†˙ÈÂˆÈ˜†˙ÈÓ‡ÏÒÈ‡†‰„ß‚‡†ÌÈ‚ˆÈÈÓ†ÌÈ¯Á‡Â†‰ÏÏ‡·ÊÈÁ†¨Ò‡ÓÁ†¨Ô‡¯È‡†¨¯˙ÂÈ
‰È‚ÂÏÂ‡È„È‡†ÈÎ¯ÂˆÏ†ÈÓÂ‡Ï‰†ÍÂÒÎÒ·†˙˘Ó˙˘Ó†Ô‡¯È‡†ÆÏ‡¯˘È†˙È„Ó†˙Ó˜‰·†¯Â˘˜˘†ÈÈ˙˘ÏÙ†ÈÓÂ‡Ï
Ì„˜Ï†È„Î†ÌÈÈ˙˘ÏÙ‰†ÌÚ†ÌÈÈ˜‰†ÍÂÒÎÒ‰†˙‡†˙ÏˆÓ†‡Ï‡†¨Ï‡¯˘ÈÏ†‰¯Â˘˜†‰È‡˘†˙ÈÂˆÈ˜†˙È˙„
Æ‰Ú¯Î‰†‚È˘‰Ï†‰˘˜†È˙„†ÍÂÒÎÒ·†ÆÂÊ†‰È‚ÂÏÂ‡È„È‡
˙ÂÎÙÂ‰†˙ÂÈ„Ó†Ì‚†ÆÌÂÏ˘‰†ÍÈÏ‰˙·†ÏÂ˘ÎÓ‰†˙‡†‰ÂÂ‰Ó†‡Â‰†‡Ï†ÆÍÂÒÎÒ‰†¯Â˜Ó†‡Ï†¯·Î†‡Â‰†ÏÂ·‚‰
¯ˆÈÈÏ†‰ÏÏ‡·ÊÈÁ†ÂÓÎ†ÔÂ‚¯‡Ï†˙¯˘Ù‡Ó†¯Ë˘Ó‰†˙˘ÏÂÁ†‰·†ÔÂ·Ï†˙‡†Â‡¯†¨˙ÂÈË·Ï¯†˙ÂÁÙ†˙ÂÈ‰Ï
¯Â¯Ë‰†ÈÂ‚¯‡†Æ‰È„Ó†‰È‡†Í‡†˙ÈÈÂÚ†˙Â˘ÈÈ†‡È‰†Ï‡¯˘È†ÏÚ†ÌÂÈ‡†ÌÂÈÎ†‰ÂÂ‰Ó˘†‰ÊÚ†ÆÂÏ˘Ó†‰„ß‚‡

ÌÂÎÈÒ†È¯·„
¯˘ÈÙ†ÔÂÎÓ†¯¢ÂÈ†¨È¯·Ú†„Â„†®ÏÈÓ·©†ÛÂÏ‡
‰¯˘Ú†˘ÓÁ≠¯˘Ú†ÈÙÏ†˜ÈÙÒÓ†‚‡„†‡Ï†Â‰˘ÈÓ˘†¨È˙Ú„Ï†¨‡È‰†‰Ù†ÌÈ·˘ÂÈ†ÂÁ‡˘†˙Â·ÈÒ‰†˙Á‡
ÆÂÓÓ†ÌÈ¯¯ÁÂ˘Ó†ÂÈ‰È†ÂÏ˘†ÌÈ„ÏÈ‰˘†È„Î†ÔÂ¯˙ÈÙÏ†‚Â‡„Ï†ÂÈÏÚ˘†‡È‰†ÈÏ˘†‰˘È‚‰†¨¯ÓÂÏÎ†ÆÌÈ˘
˙‡†ÌÈÙ˘ÂÁÂ†„Â‡Ó†ÌÈ·Â˘Á†ÌÈÁÂÎÈÂÂ‰˘†·˘ÂÁ†È‡†Æ„Â‡Ó†ÌÈ·Â˘Á†ÌÈÂÈ„‰Â†ÒÎ‰†¨‰Ê†Í¯ÂˆÏ
ÆÈ·ÈË˜ÈÈ·Â‡†˙ÂÈ‰Ï†‰Ò‡†ÌÚÙ‰Â†˙ÂÂ˘†˙ÂÚ„†ÚÓÂ˘†È‡†‰˘†ÌÈ¯˘ÚÎ†¯·Î†Æ˙Ó‡·†˙Â˘˜‰†˙ÂÈÚ·‰
‰‚‰‰†È‡˘Â·†·¢‰¯‡Â†Â¢Ë‡†È„È†ÏÚ†Â˘Ú˘†˙Â„Â·Ú‰†˙‡†ÚÂÓ˘Ï†È˙È‰†ÔÂ˘‡¯‰†ÒÎ‰†ÌÂÈ·
Æ¯˜Â·‰†‡È‰†‰ÈÚ·‰†ÂÏˆ‡Â†¨¯ÁÓ‰†Ï˘†‰ÈÚ·†È‰ÂÊ†¨ÌÏˆ‡†ª˙¯„ÂÒÓ†‰„Â·Ú†˙Â‰ÊÏ†¯˘Ù‡†Æ˙È·ÈË˜‡‰
Æ˙Â¯„˘·†ÂÏ‡˘˙†≠†ÂÏˆ‡Â†ÌÏÂÚ·†ÁÂÂË†˙Â¯ˆ˜†˙ÂË˜¯·†‰·¯†˙ÂÏÈÚÙ†Â‡¯˙†‡Ï†¨‰ÁÎÂ‰ÏÂ
‰¯Âˆ·†˙ÂÈ‚Ë¯ËÒ‡‰†˙ÂËÏÁ‰‰†ÏÚ†ÚÈÙ˘Ó˘†¨ÈË˜Ë†˜¯†‡ÏÂ†È‚Ë¯ËÒ‡†ÌÂÈ‡†‡Â‰†Â¯Â·Ú†‰Ê‰†ÌÂÈ‡‰
ÚÈ‚‰Ï†˙Â¯˘Ù‡†‰‡Â¯†ÈÈ‡†ÆÈ‚ÂÏÂ‡È„È‡†ÌÂÈ‡†ÏÚ†Â¯·È„†ÌÈ¯·Â„†¯ÙÒÓ†Æ¯È‰Ó†ÔÂ¯˙ÈÙ†˘¯Â„Â†˙ÈÂˆÈ˜
ÆÂÊ†‰„Â˜Ï†·Ï†ÌÈ˘Ï†˘È†ÆÂÏ˘Ó†‰Â˘†ÍÎ†ÏÎ†‰È‚ÂÏÂ‡È„È‡†ÂÏ†˘È˘†ÈÓ†È·‚Ï†‰Ú˙¯‰Ï†Â‡†ÌÎÒ‰Ï
Â‰˘ÈÓ†ÌÚ†‡Ï†È˙Ú„Ï†Ï·‡†¨‰ÓÈ‡†ÔÊ‡Ó†È„È†ÏÚ†‰Ú˙¯‰Ï†Â‡†ÌÎÒ‰Ï†ÚÈ‚‰Ï†Ô˙È˘†¯ÓÂÏ†¯˘Ù‡
ÏÈÁ†Ï˘†˙È˙ÂÚÓ˘Ó‰†˙ÂÓ„˜˙‰‰Ó†„Â‡Ó†„„ÂÚÓ†È‡†ÆÍ˙Â‡†„ÈÓ˘‰Ï†‡È‰†ÂÏ˘†‰È‚ÂÏÂ‡È„È‡‰˘
Æ˙ÂÂ¯Á‡‰†ÌÈ˘‰†‰¯˘Ú†˘ÓÁ†ÍÏ‰Ó·†˙È˙ÂÚÓ˘Ó†˙ÂÓ„˜˙‰†¨˙È·ÈË˜‡‰†‰‚‰‰†ÈÓÂÁ˙·†¯ÈÂÂ‡‰
˙È˙ÂÓÎ†‰ÈÚ·†ÈÙ·†ÌÈ„ÓÂÚ†ÂÁ‡†¨·ÈÂ‡‰†Ï˘†‰ÓÈÁÏ†ÈÏÎ†˙„Ó˘‰Â†ÈÂÎÈ„Ï†¨È·ÈÒÙÂ‡‰†„ˆ‰†È·‚Ï
¨ÔÂ·Ï·†˙Â˘ÂÈË˜Â†˙ÂË˜¯†ÛÏ‡†±≤∞†Ô˘È†Ì‡†¨È˙ÂÂÎ†Æ¯È·Ò†ÔÓÊ·†ÔÂÎ†‰ÚÓ†˙˙Ï†ÏÎÂ˘†ÈÏ†‰‡¯†‡ÏÂ
‰ÚÓÏÂ†˙È·ÈË˜‡†˙Â¯˘Ù‡Ï†ÚÈ‚†‡Ï†¨‰˘·È‰†˙ÂÁÂÎ·Â†¯ÈÂÂ‡‰†ÏÈÁ·†ÂÁ˙ÈÙ˘†ÁÂÎ‰†ÏÎ†ÌÚ†ÂÏÈÙ‡
Æ¯È·Ò
ÔÈ‡†˙Â¯„˘†Ï‡†Â¯Â˘†˙ÂË˜¯†‰ÂÓ˘†ÏÏ‚·†Æ˙ÂÓÁÏÓ‰†ÔÈ·†‡Â‰†˙È·ÈË˜‡†‰‚‰†Ï˘†‰ÈÚ·‰†¯˜ÈÚ
˙‡Ê†Æ˙Â¯„˘·†„ÂÚ†‰Ú‚Ù˙†‡Ï†Ô‰˘†È„Î†˙˜ÙÒÓ†‰‚‰†Á˙ÙÏ†‰·ÈÒ†˘È†ÌÏÂ‡†Æ‰ÓÁÏÓÏ†˙‡ˆÏ†‰·ÈÒ
ÆÔÓÊ·†˙‡Ê†ÂÈ˘Ú†‡ÏÂ†˙Â˘ÚÏ†ÂÈÏÚ
ÏÈË†Ë¯ÈÈÓÎ†‰·†‡Â‰†ÆÔÈÚ¯‚†˙ÂÓÈ˘ÓÏ†˜¯†È˙ÓÈ˘Ó≠„Á†ÂÈ‡†‡Â‰˘†ÔÈ·‰Ï†ÂÈÏÚ†¨ıÁ‰†È·‚Ï
‡Ï‡†‰ÓÈÁÏ†˙Î¯ÚÓÎ†ÂÓÊ·†¯˘Â‡†‡Ï†ıÁ‰†Æı¯ÙÓ‰†˙ÓÁÏÓ†Ï˘†ÌÈÁ˜Ï‰Ó†‰‡ˆÂ˙Î†¨Ú˜¯˜≠Ú˜¯˜
·ÈÂ‡‰†ÈÏÈË·†ÚÂ‚ÙÏ†‰˙È‰†Â˙¯ËÓÂ†ÁÂ˙ÈÙ‰†Ï˘†‰È¯ÂËÒÈ‰‰†ÏÎ·†·¯ÂÚÓ†È˙ÈÈ‰†Æ„·Ï·†ÁÂ˙ÈÙ†ÈÎ¯ÂˆÏ
ÌˆÓËˆ‰Ï†Â·†Â¯˙‰Â†¨‰Ê†ÔÂ‚Î†ÍÏ‰Ó†·ˆ˜˙Ï†Â¯˙Ú†‡Ï†ÌÈ‡˜È¯Ó‡‰†Æ‰È„Ó‰†ÈÓÂÁ˙Ï†Â¯„Á˘†Ì¯Ë
Æ„·Ï·†‰‚‰†ÈÎ¯ÂˆÏ
Ú·¯‡†ÈÙÏ†È˙È‡¯†‡Ï˘†‰Ó†¨˙È·ÈË˜‡†‰‚‰·†Í¯Âˆ‰†ÏÚ†‰‡ÏÓ†ËÚÓÎ†‰ÓÎÒ‰†˘È†ÌÂÈÎ†ÈÎ†ÈÏ†‰‡¯
È·ÈË˜‡†ÔÂ¯˙ÈÙÏ†ÌÂ‡˙Ù†˙ˆÁÂÏ†Â˙Ú„˘†¨¯Â·Èˆ‰†ÚÂÎ˘·†Ì‰Ï˘†˙‡†Â˘Ú†ÌÈÓ‡Ò‡˜‰†ÆÌÈ˘†˘ÓÁ†Â‡
˘È†ÈÎÂ†¢ÛÒÎ†ÊÂ·Ê·¢†‡Ï‡†‰È‡†˙È·ÈË˜‡†‰‚‰Ï†‰‡ˆÂ‰‰˘†Â¯·Ò†ÂÓÊ·†ÆÍÙ‰Ó†Â‰Ê†ÆÌÈÓ‡Ò˜†„‚
Æ‰·ÈÒÙÂ‡Ï†ÏÎ‰†¯È·Ú‰Ï
¨‰ÒÁ‡·†¨˙ÂÈÂÓÎ·†‰È‰˙†˙ÂÚÓ˘Ó‰†‰Ù†Ì‚†Æ¯ÊÈÈÏ†˙¯ÊÚ·†‰‚‰†Ï˘†ËÂ¯ÈÙÏ†ÒÎÈ‰Ï†È˙ÂÂÎ·†ÔÈ‡
ÌÈÒÁÓ†Í¯Ëˆ†Æ‰ÏÏ‡·ÊÈÁ‰†È„È·†ÌÂÈÎ†ÌÈÒÁÂ‡Ó‰†ÌÈÏÈË†¥∞¨∞∞∞†ÏÚ†¯·Â„Ó˘Î†¨‰˜ÈËÒÈ‚ÂÏ·
¨˙ÂÓ‚¯Ó†Ï˘†ÌÈÊ‚Ù†È˘‡¯Ï†¯˘˜·†Ì‚†ÍÎ†Æ‰Î¯„‰Â†ÌÈÂÓÈ‡†Úˆ·Ï†¨Ì˙Â‡†ÔÚ¯Ï†¨Ì˙Â‡†˜ÊÁ˙Ï†¨ÏÈÏ‚·
ÏÎ˙Ò†Ì‡†ÆÏÏÂÎ‰†‰ÚÓ‰†˙‡†Ô˙Â†ÂÈ‡†Â„·Ï†Ë¯Ù†ÏÎ˘†ÌÈ‡ˆÂÓ†Â‡†ÆËÂÈ˘†ÈÏÈËÂ†ÌÈË¢ÏÓ†È·‚Ï
˙Â˜ÒÓÏ†¯·„†Ï˘†ÂÙÂÒ·†Â‡È·È†˙ÂÂ˘‰†˙ÂÚ„‰†Ï˘†·ÂÏÈ˘‰Â†¯˘ÈÙ†ÔÂÎÓ†Ï˘†˙ÂÁÈ˙Ù‰†¨ÈÏÏÂÎ†ÔÙÂ‡·
ÆÌÈÈÂˆ¯‰†˙ÂÂ¯˙ÈÙÏ†¯˘˜·†˙ÂÂÎ‰

ÏÂÎÈ†‡Ï†‰ÈË¯˜ÂÓ„‰†˙ÂÂ¯˜ÚÏ†„‚˙Ó˘†ÈÓ˘†È˙¯·Ò‰†ÌÚÙ†‡ÏÂ†¢˙ÂÈË¯˜ÂÓ„†˙Â¯ÈÁ·¢†ÌÈÓÈÈ˜Ó
Ì‰˘†ÈÂÎÈÒ†ÔÈ‡˘†‰·Â˘˙†È˙Ï·È˜†®‰ÏÏ‡·ÊÈÁÂ†Ò‡ÓÁ©†ÌÈ¯˜Ó‰†È˘·†Æ‰ÈË¯˜ÂÓ„‰Ó†˜ÏÁ†˙ÂÈ‰Ï
¯Â¯Ë‰†ÈÂ‚¯‡˘†¨‰¯˜†ÍÎÂ†ÆÔÂËÏ˘‰†˙Â„ÒÂÓÏ†Ò‡ÓÁ‰†Ì‚Â†‰ÏÏ‡·ÊÈÁ‰†Ì‚†Â¯Á·†¨ÛÂÒ·Ï†ÆÂ¯Á·ÈÈ
È˙ÂÚÓ˘Ó†ÌÂÈ‡†ÌÈÂÂ‰Ó˘†˜˘‰†ÈÏÎ†˙‡†Ì‰È„È·†ÌÈ˜ÈÊÁÓ†Ì‚†‡Ï‡†ÂÏÏ‰†˙ÂÈ„Ó‰†ÍÂ˙·†ÌÈÈÁ†˜¯†‡Ï
‰ËÈÏ˘Ï†Ô˙È†‰¯Â‡ÎÏ˘†ÍÈÏ‰˙†¨¯ÂÊ‡‰†Ï˘†˙ÂÚ¯‚˙‰‰†ÍÈÏ‰˙†˙‡†ÛÈÒÂ‰Ï†˘È†‰Ê†ÏÎÏ†ÆÏ‡¯˘È†ÏÚ
ÆÂÓÂÈÒ·†ËÏ˘†‡Ï†¯·„Ï†ÍÙÂ‰†Í‡
ÌÚ†¯Â¯Ë†ÔÂ‚¯‡†ÌÈÈ‡Ó†¨‡ÏÙ‰†‡·ˆ‰Â†˜˘‰†ÈÏÎ†ÏÎ†ÌÚ†Æ‰Â˘†‡È‰†¯Â¯Ë†ÈÂ‚¯È‡†ÏÂÓ†‰Ú¯Î‰‰
Ì„‡‰†ÈÈÁ†Í¯Ú†Ô‰ÈÙÏ†˙ÂÏ·‚Ó†ÂÓˆÚ†ÏÚ†ÌÈÏÈÁÓ†Â‡Â†˙ÈÏ‡¯˘È†‰ÈÒÂÏÎÂ‡†ÈÊÂÎÈ¯†ÏÚ†˜˘†ÈÏÎ†ËÚÓ
˙Â¯˘Ù‡‰†˙‡†Â‡†‰Ú˙¯‰‰†˙ÏÂÎÈ†˙‡†˘·˘Ó˘†‰Ó†¨·ÈÂ‡‰†ÈÈÚ·†ÍÂÓ†Ì„‡†ÈÈÁ†Í¯Ú†ÏÂÓ†¨‰Â·‚†‡Â‰
Ô˙È†‰ÈÏÚ˘†‰Ï‡˘Â†˙ÂËÏÁ‰‰†ÈÏ·˜Ó†ÈÙ·†ÌÈÈ˘˜‰†„Á‡†Â‰Ê†ÆÏ‡¯˘È†ÏÚ†ÌÂÈ‡‰†˙‡†˜ÈÒÙ‰Ï
Ï‡¯˘È†˙È„Ó·†˙ÈÁ¯Ê‡†˙ÈÊÁ†Ï˘†‚ÂÒ†˙ÂÈ‰Ï†ÍÙ‰†Û¯ÂÚ‰˘†¯Â¯·†ÆÌÈÂ˘†ÌÈ·ˆÓ·†‰Â˘†ÔÙÂ‡·†·È˘‰Ï
„ˆÈÎ†¨˙¯Á‡†‰‡ˆ¯‰Ï†‡˘Â†Â‰Ê†Æ¯ÂÊ‡†Â˙Â‡·†ÌÁÂÏ˘†ÛÂ‚·†¯˘‡Ó†˙Â·¯†ÌÈ˙ÚÏ†Ô‰†Â·†˙ÂÚÈ‚Ù‰Â
ÔÈ·Ï†‡·ˆ‰†Ï˘†Â„È˜Ù˙†ÔÈ·†Ï‡¯˘È·†ÌÈÂÒÓ†ÈÎ¯ÚÂ†È‚˘ÂÓ†ÏÂ·Ï·Ï†Ì¯‚†˙ÂÂ¯Á‡‰†ÌÈ˘‰†Ï˘†¯Â¯Ë‰
ÌÈÁ¯Ê‡Ï†¯˘Ù‡Ï†Ô·ÂÓÎ†‰Ï˘ÓÓ†Ï˘†‰„È˜Ù˙Â†ÌÈÁ¯Ê‡‰†ÏÚ†Ô‚‰Ï†ÌÓ‡†‡·ˆ‰†Ï˘†Â„È˜Ù˙†ÆÛ¯ÂÚ‰
ÒÎ‡†‡Ï†ÆÌÈÁ¯Ê‡Ï†‰ÚÓ‰†˙‡†¯˘Ù‡Ï†ÏÂÎÈ†È‡·ˆ‰†ÈÏÎ‰†„ÈÓ˙†‡Ï˘†¯·˙Ò‰Â†ÈÂ·È¯†ÁË˘·†˙ÂÈÁÏ
˙Â·Â˘˙†Ô˘È˘†ÔÈ·‰Ï†˘È†ÔÎÏ†¨ÚÂ·˜†ÔÂ‚ÈÓ·†˙ÂÈÁÏ†ÏÂÎÈ†ÌÚ˘†˙·˘ÂÁ†ÈÈ‡†¨ÔÂ‚ÈÓ‰†˙Ï‡˘Ï
˜ÏÁ†‡Â‰†Û¯ÂÚ‰†ÔÒÂÁ†Â‡†ÈÓÂ‡Ï‰†ÔÒÂÁ‰†¨˙Â·ÈÒÏ†˙ÂÓÈ‡˙Ó†ÔÈ‡˘†˙˙Ï†‰Ï˘ÓÓ†Ï˘†‰˙ÂÈ¯Á‡·˘
Æ˙Â„„ÂÓ˙‰·†„ÂÓÚÏ†ÏÎÂÈ†ÔÓÊ†‰ÓÎÂ†ÔÎÂÓ†Û¯ÂÚ‰†Ì‡‰†‰Ï‡˘‰†˙Ï‡˘†Æ‰ËÏÁ‰‰†È·ÈÎ¯ÓÓ
Ï·‡†ÆÔÁÏÂ˘‰†ÏÚ†Ô‰†˙ÂÈˆÙÂ‡‰†Æ˙ÂËÏÁ‰‰†˙‡†Ï·˜Ï†‰ÏÂÎÈ˘†‰˜ÊÁ†‰È„Ó†‡È‰†≤∞∞π†Ï˘†Ï‡¯˘È
Ô‡¯È‡†Ï˘†‰‚ÂÒÓ†˙ÂÈ„Ó†È·‚Ï©†‰‡Â˘‰†ÌÚ†¯Â˘È˜†¯ÂˆÈÏ†ÔÂÈÒÈ‰†˙‡†˙ÈÈÙ‡Ó˘†‰„¯Á†˙ÓÈÈ˜
Æ®Ï‡¯˘È†˙„Ó˘‰Â†‰‡Â˘†˙˘ÁÎ‰†Ï˘†ÌÈÁÂÓ·†˙Â¯·„Ó˘
¯·„†‰È‡˘†¨˙È‡·ˆ‰†˙ÏÂÎÈ‰†∫ÂÈ„È·†˘È˘†ÌÈÏÎÏ†ÒÁÈÈ˙‰Ï†‰ÎÈ¯ˆ†¨ÏÂ„‚·†¨ÂÏ˘†˙Â„„ÂÓ˙‰‰
˙ÏÂÎÈ‰†ÏÚ†Â˜ÏÁ·†‰·†‰Ú˙¯‰‰†¯˘ÂÎ†Æ˙ÂËÏÁ‰‰†ÈÏ·˜Ó†Ï˘†Ì‰È„È·˘†ÌÈÏÎ‰†„Á‡†‡È‰Â†¨ÈË¯Â‡È˙
ÏÎÂ†‡Ï†¨ÌÈÒÙ˙†ÌÈ¯·„†Â·˘†ÔÙÂ‡·Â†Â·†ËÈ·Ó†ÌÏÂÚ‰†ÏÎ†Æ˙ÂËÏÁ‰†˙Ï·˜·†˜ÒÂÚ†Â˜ÏÁÂ†˙È‡·ˆ‰
ÌÈ¯˜Ó†ÂÈ‰†ÔÎÏÂ†¨‰˘ÏÂÁ†Ï˘†ÈÂÓÈ„†ÂÓˆÚÏ†˙Â˘¯‰Ï†ÏÎÂ†‡Ï†Ì‚†¨ÔÂÁˆÈ†Ï˘†ÈÂÓÈ„†ÂÓˆÚÏ†˙Â˘¯‰Ï
Ï‡¯˘ÈÏ†¯ÈÊÁ‰Ï†È„Î†ß‰˜ÂˆÈ†˙¯ÙÂÚßÏ†˙‡ˆÏ†‰È‰†ÔÂÎ†ÆÌÈÚÂ‚ÈÙ†ÏÚ†‰·Â‚˙·†ÌÈÚˆ·ÓÏ†‰‡ÈˆÈ†Ï˘
ÔÈÙÈ˜Ú·†Â‡†ÔÈ¯˘ÈÓ·†‰ÏÂÚÙ†Û˙˘Ï†‡Ï†˙È‚Ë¯ËÒ‡†‰ÈÈ‡¯†Ì‚†‰ÏÏÎ†˙‡Ê†‰ËÏÁ‰†Æ‰Ú˙¯‰‰†¯˘ÂÎ†˙‡
˙ÂËÈ·Ó˘†˙ÂÂ˙Ó†˙ÂÈ„Ó†˘È†ÆÌÈÈÂˆÈ˜‰†ÌÈÓ¯Â‚‰†ÏÎ†˙‡†‚ˆÈÈÓ˘†Ò‡ÓÁ‰†ÂÓÎ†¯Â¯Ë†ÔÂ‚¯‡†ÌÚ
‰ÏÂÎÈ†Ì‡‰†∫‰Ï‡˘‰†˙Ï‡˘†ÆÏ‡¯˘È·†Ì‚†˙ÂÏÎ˙ÒÓ†ÏÈ·˜Ó·Â†‰ÈÎÏ‰Ó·Â†·¢‰¯‡†Ï˘†‰„È˜Ù˙·
˙ÂÓÎÒ‰Ï†Â‡†‚ÂÏ‡È„Ï†ÒÎÈ‰Ï†Ì‚Â†ÌÈÈÂˆÈ˜‰†ÌÈÓ¯Â‚·†ÌÁÏÈ‰Ï†Ì‚†¨ÌÈÎ¯„†È˙˘·†ÏÂÚÙÏ†Ï‡¯˘È
„ˆÓ†‰˘ÏÂÁ†Ï˘†Ë˜‡Î†ÒÙ˙È‰Ï†‰ÏÂÎÈ†˙‡Ê†Í¯„†Æ·¢‰¯‡†ÌÈ˙ÚÏ†‰˘ÂÚ˘†ÈÙÎ†¨ÌÈÓ¯Â‚†Ì˙Â‡†ÌÚ
ÆÏ‡¯˘È
ÔÂÓ‡Â†Ï‡¯˘È·†‰¯·Á·†˙ÈÓÈÙ†˙ÂÈ¯‡„ÈÏÂÒ†‰È‰˙˘†ÏÎÎ†¨˙ÂÎÂ¯‡†ÌÈ˘†‰Ê†ÂÂÁËÈ·†ÏÚ†ÌÈÓÁÏ†Â‡
ÌÏÂ‡†¨˙ÂÚËÏ†‰ÏÂÎÈ†‰Ï˘ÓÓ†Ì‚˘†ÔÈ·‰Ï†¯Â·Èˆ‰†ÏÚ†ÆÈÓÂ‡Ï‰†ÔÒÂÁ‰†˙‡†˜ÊÁ†¨˙ÂËÏÁ‰‰†ÈÏ·˜Ó·
‰ÈˆÙÂ‡‰†¨ÈÈÚ·†ÆÏÏÎ‰†˙·ÂË†˙‡†ÌÈ‡Â¯˘†ÌÈÏÂ˜È˘·†ÍÂ¯Î†˙ÂËÏÁ‰‰†˙Ï·˜†ÍÈÏ‰˘†ÔÈÓ‡‰Ï†ÍÈ¯ˆ
Â‡†ÌÈÏ˘Ó†‰ÚÓ†˙˙Ï†‰¯ÂÓ‡˘†‰ÈˆÙÂ‡†‡Â‰†ÈÈ„Ó‰†¯Â˘ÈÓ‰†Æ‰˘ÏÂÁ†Ï˘†ÈÂËÈ·†‰È‡†˙ÈÈ„Ó‰
˙ÈÂˆÈ˜†‰ˆÂ·˜†‰˙Â‡Ó†‰˙Â‡†‡ÈˆÂ˙†‰È¯ÂÒ†ÌÚ†ÈÈ„Ó†¯„Ò‰˘†Ì‚†¯ÓÂ‡†Æ˙Â¯Á‡‰†˙ÂÈˆÙÂ‡Ï†ÈÙÈÏÁ
ÆÌÈÒ¯ËÈ‡·†‡ÏÂ†‰È‚ÂÏÂ‡È„È‡·†‰Ï†˙ÎÈÈ˘†‰È‡˘
ÈÏÎ‰†‡Ï†‰Ù†Ì‚Â†¨ÌÈÈÈ„Ó†ÌÈ‡˘ÂÏ†˙ÂÒÁÈÈ˙‰†˙ÚÓÂ˘†È‡†ÈÈ˙˘ÏÙ≠ÈÏ‡¯˘È‰†ÍÂÒÎÒÏ†ÒÁÈ·†Ì‚
‰ÎÈÏ‰·†ÔÂÎÈÒ†˙Á˜Ï†Ì‡‰†ÌÈÏÂ˜È˘‰†˙‡†ÔÂ·˘Á·†‡È·‰Ï†‰ÏÂÎÈ†È‡†ÆÌÏ˘†‰ÚÓ†˙˙Ï†ÏÂÎÈ†È‡·ˆ‰

‡Ï†¨ÛÒÂ·†Æ˜ÈÙÒÓ†ÌÏ˘†ÂÈ‡˘†Â‡†¨ÌÈ˘†¯ÙÒÓ†„ÂÚ·†ÂÏ‚˙È˘†ÌÈÓ‚Ù†Â·†˘È†ÈÏÂ‡†¨ÈÈ„Ó†ÍÈÏ‰˙Ï
ÆÂ‰˘ÏÎ†‚ÂÒÓ†ÔÂ¯˙Ù†‡Ï‡†‰È‡†ÈÏÂ‡Â†¨ÌÂÈ‡‰†Á¯Î‰·†‡Ï†ÈÏÂ‡†‡È‰†˙ÈÈ˙˘ÏÙ†‰È„Ó˘†ÍÎÓ†ÌÏÚ˙
˙È„Ó†‰È‰˙†‡Ï†ÂÊ˘†ÌÈ‡„ÂÂÓÂ†ÍÈÏ‰˙†ÌÈÓÈÈ˜Ó†ÂÁ‡†„ÂÚ†ÏÎ†ÌÂÈ‡‰†Ï˘†ÔÈÈÚ‰Ó†¯¯Á˙˘‰Ï†ÂÈÏÚ
·Â˜ÚÏ†ÂÈÏÚ†Æ‰ÊÚ·†ÌÈ‰ÊÓ†ÂÁ‡˘†ÍÈÏ‰˙Ï†‰ÓÂ„·†˙ÈÂˆÈ˜†˙ÈÓÏÒÈ‡†‰È„ÓÏ†ÍÂÙ‰˙†‡ÏÂ†¨¯Â¯Ë
ÍÈÏ‰˙†È„Î†ÍÂ˙†Â·ˆÓ†˙‡†ÌÈ¯Ù˘Ó†ÂÁ‡†Ì‡†ÂÓˆÚ†˙‡†ÏÂ‡˘ÏÂ†È˘‰†„ˆ·†ÌÈÈÂÈ˘‰†¯Á‡
˙ÂÏÂÎÈ˘†˙ÂÚÙÂ˙‰†ÌÚ†„„ÂÓ˙‰Ï†ÏÎÂ†¨ÌÈÈÈ·‰†˙ÙÂ˜˙·†Â‡†¨ÍÂÒÎÒ‰†ÌÂÈÒ·†Ì‡‰Â†˙Â¯·„È‰‰
ÒÈÒ·†ÌÂ˜È†‡Ï†Â¯·ÚÓ˘†ÁÈË·‰ÏÂ†¯ÎÂÓ†ÏÂ·‚Ï†ÛÂ‡˘Ï†‰ÎÈ¯ˆ†Ï‡¯˘È†˙È„Ó†ÆÈ˘‰†„ˆ·†˙Â¯˜Ï
ÈÈÁ†ÌÈÁ¯Ê‡Ï†˙˙Ï†‰Ï˘ÓÓ‰†Ï˘†‰˙·ÂÁ†Æ‰¯˜È†ÍÎ†Ì‡†‰ÚÓ†˙˙Ï†ÂÈ„È·†‰È‰È˘†Â‡†ÈÓÂÈÓÂÈ†ÌÂÈ‡Ï
¨ÈÓÂÈÓÂÈ†ÌÂÈ‡†˙˘ÂÁ˙·†‰ÈÁ†‰È„Ó‰†ÈÁ¯Ê‡Ó†‰ÓÏ˘†‰ˆÂ·˜˘†·ˆÓÏ†ÚÈ‚‰Ï†‡ÏÂ†¨ÌÈÈ˜˙†ÌÂÈÓÂÈ
Æ®Ï‡Ï†‰„Â˙†¨˙ÂËÚÓ†˙ÈÒÁÈ†ÌÓ‡©†˘Ù·†˙ÂÚÈ‚Ù†ÌÚÂ
È˙ÂÂÓ‡·Â†Ï‡¯˘È†˙È„Ó·†˙ÂËÏÁ‰‰†ÈÏ·˜Ó†Ï˘†ÌÁ˙ÈÙÏ†˙ÂÁÂÓ˘†˙ÂÓÏÈ„·†ÌÎ˙‡†Û˙˘Ï†È˙˘˜È·
ÆÌÈÓÂÈ˜‰†ÌÈÓÂÈ‡‰†ÏÂÓ†‰Ï‡†˙Â·ÈÒ·†˙Â˘ÚÏ†ÔÂÎ†‰Ó†¨ÈÏ˘

The USA Industry Response to Missile & Rocket Changing Threats
Michael W. Booen, V.P. for Advanced Missile Defense & Directed Energy Weapons, Raytheon

At the Raytheon missile company in Tucson Arizona, we make air-to-air missiles, Tomahawks,
some land-combat weapons, so we look a lot like Rafael in a way. We also make about
every radar used in the missile defense business, we make great radars: there is one sitting
a few miles south of here that I am sure you will find great.
I wanted to talk about how we as a missile company are responding to some of the different
problems that our Department of Defense faces.
The policy vector has definitely shifted. If you look at what some of the leaders are saying,
you can feel this drum beat changing 6 months ago [around Jan. 2009].
Short- medium threats shift to the boost-and-essence phase which is affordable and nearterm, and a few of those things get to the inner section. Our company has kind of looked
at these changing things, when the enemy went long, when the enemy went medium, when
the enemy went short, and when we run out of interceptors and anybody who sat in a missile
defense simulation will be able to relate to that.
The enemy is evolving, they have countermeasures, faster boosters and we are trying to
respond. Let me show you an example of the development path we have laid out for the
standard missile 3; we are currently deploying block 1 A's, we have block 1 B's in development
and soon in production, which will change the kill vehicle to 2 color IR seeker and give a
few other advantages. The block 2 rocket we have been making jointly with Japan is the
biggest you can put in a vertical launcher on a Navy ship and it gives you more velocity
of burnout and what not; so we are evolving too.
At Raytheon we have been working on land-based SM3 for probably five or six years. Not
specifically for the defense of Israel but because it is a good idea: it is a weapon system
that exists, if you take it off the ship and link it up to a radar onshore, It is the same weapon
system with the same capabilities, so that is why we have been looking at it for the defense
of Japan, the defense of the southern flight of NATO and I know the missile defense agency
in conjunction with Israel is going to be looking at it as a potential to help Israel as well.
As Arie Herzog mentioned, we are a partners with Rafael in the David Sling weapon system,
a proud partner. I think this is going to be a revolutionary capability for the United States
and I think if anybody wants to look at the essence of what international cooperation can
do this is a fine example. At Raytheon, we build a lot of air-to-air missiles for the United
States; Rafael builds all the air-to-air missiles for Israel. Your competitors in the international
marketplace but on this program, because it is so important, you have two of the best missile
makers in the world sitting side by side. But when you go into the room where Rafael folks
are with our engineers, you see team work, you do not see a nationality line nor who has
what company badge. These guys are working hard to try and get this capability because
our vision is that this program is coming soon to a theater near you.
Our goal is to fill the order of the Israeli Air Force as fast as possible. We have been spending
a lot of our marketing time to sell this to the United States Army, and at the cost that we
project this coming in, they are going to buy it. I think they are going to buy in big numbers
and we are also going to look at other potential customers that are worried about medium-

range threats. But then you have lived this problem.
As I mentioned yesterday, the problem that the United States has faced is mainly in military
installations and that is why they made the decision to deploy those land based systems to
the Iraq and Afghanistan theaters. This system has shot down over one hundred mortars
and katyushas. It is a point defense system, it works, it exists,
but the bottom line is we got a call for feasibility: could we use this?. We took this thing
off the ship, put it on this low buoy that you can barely see and twelve months later we are
deploying it around Baghdad itself.
I am not trying to sell you performance as a be-all, I am merely telling you what the United
States military currently uses this for. As I mentioned in my previous talk it uses ammunition
that can penetrate and kill katyushas as well, and if it does not hit a target after a certain
number of meters it self-destructs; so there is no fall-off shot.
There has been a discussion if the laser is ready or not. In fact, we are working on it as
an adjunct to the Phoenix weapon system because it is not about the laser; it is about the
laser system. If we can figure out a way to reliably shoot down mortars and katyushas with
laser, you can bet that we are going to get it out there. We are working on it; I know other
people are working on it as well. I would be willing to bet that when it does happen it will
have a state-of-the-art laser in it because from a logistics standpoint, this is probably the
only thing that makes sense.
I wanted to point out that one thing every war fighter is worried about is running out of
interceptors. What if I have not bought enough? What if the enemy does put a bunch of
complex countermeasures out there and I have to shoot all these things? What we have
come up with is a program called "net centric airborne defense element". It is a derivative
of an air-to-air missile we make, that goes not only into the high end of the atmosphere,
but the exo-atmosphere, to intersect the boosters in boost or ascent phase before they deploy
the countermeasures, because if anybody looks at the missile defense equation, you find
that if you let the bad guys get out there and deploy their countermeasures, you really
complicate things, as I am sure you know.
The Harold 3 upper tier system is basically a modified Amram. We have taken the warhead
and the radar seeker off the Amram. We have made this into a two-stage rocket, so that the
second stage is a solid propulsion system and the front end is a modified infra-red seeker
s slightly better than Rafael's. Two thirds of our system’coming off our production line that
is actually coming off an existing production line today, the seeker and the first stage rocket.
It has the same center of gravity, the same weight link, it looks just like an Amram, so that
if you already have a platform out there integrated in an Amram, the electrical interface
is the same, it weighs the same, so we do not have to re-qualify this as a weapon on the
plane. Well it is a new weapon system, about as new as SM 3 was to SM 2, because if you
go back in history and you look, we did not just wake up one day and invent SM 3, it came
from about a forty or fifty year legacy of the standard missile family. Likewise, this concept
is the result of working on the Amram for all these years and having existing production
lines and that is about all we have changed, it is a hit-to-kill system, because you are taking
a warhead off. But the nice part is that second stage, which is in exo-atmosphere kill vehicle,
meaning it will go into space, just like EKV, just like SM 3 and it will go after the rockets

while they are still in the ascent phase, before they deploy the countermeasures. Our
challenge was to prove that we can get this seeker to see both the plume of the rocket while
it is burning, and the hard body, so you can target it.
These are two Air National Guard F16 out of Tucson, with a Sidewinder missile strapped
on. We took the seeker of the Sidewinder missiles off and put NK seekers on them, out of
White Sands we shot an Orion sounding rocket, which is basically just a fourteen inch
dumb sub-orbital rocket that is going to fly up there. Our intent was not to intercept it, but
just snap that picture you see in the lower right hand of the quad. So that you can see the
tip of the missile, you can see the booster brain and the fins of the hard body, so we have
proved that we can, in fact; that first missile hit, and since we have launched two, because
they are cheap, the second one had a great front row seat as the first one went through the
booster. Now, I see a lot of war fighters out there, and maybe there are some old war fighters
out there, so how many people have launched an Amram? Come on, there has to be
somebody out there, some fighter pilot who has launched an Amram? Well, if you have,
you can launch an NK, because it is the same, and any platform that the United States or
any of our coalition partners or allies or friends that we have sold Amrams to, can launch
Amrams. You can launch this weapon system, so you can give capability for the boost and
ascent phase at a easy point in time. Now, do you want to dedicate your fighter missions
to missile defense? Absolutely not. Do you want to dedicate your predator or your UAV
missions to missile defense? Absolutely not. And you do not have to. These are Amrams,
three hundred and fifty pounds, you can strap them up on a guy, you can fly these on
predators, for example, while they are doing a surveillance mission, you do not have to
dedicate a platform. This goes to what General Cartwright said about the direction of the
United States missile defense organization, that they have to do more than one thing, they
do not want to dedicate platforms to just this. We have given the Missile Defense Agency
a palm alternative for this so that they can see that it is relatively cheap compared to most
missile defense programs because it leverages off of a lot of existing things.
There are many missile defense programs out there whose cost is typically dwarfed, as you
get it out on the field. This is a case where you already have the operations and maintenance
capabilities, you already have operators who know how to shoot these things, you already
have maintainers, you already have the equipment to move these things and load them up
on jets so a large portion of the cost which would normally go to operations and maintenance
is avoided.
You in Israel obviously get this, you know deterrence may or may not work, you may or
may not have two or three terms in that equation of how you calculate it, but it is certainly
not about the old Mutual Assured Destruction. You have got to have some combat capability
to deal with the bad guys that are going to ignore it anyway.
This is real deterrence, to remain focused on resilience, not just on the threat of disproportionate
punishment. The thing I like the most is that a lot of people are nervous about this new
change in the missile defense vector in the United States and what it means.

The Long Road to the USA Missile Defense
Michael W. Booen, V.P. for Advanced Missile Defense & Directed Energy Weapons, Raytheon

I wrote this lecture prior to the United States missile defense budget coming out. Otherwise
I might have entitled it "the long, long, long, long road to a United States missile defense",
but I did want to give you my perspective on the history because I feel that through my
professional career, I have sort of lived the history of the US missile defense.
The movie Star Wars came out in 1977 when I was a sophomore at the United States Air
Force Academy. In 1983, when President Reagan made his speech I was a lieutenant. I got
to direct the airborne laser program in 1996, when they handed us money and said: "shoot
down a missile by 2002". Obviously, that was a little bit tougher than we thought, and then
I joined Raytheon and beyond, I oversaw the exo-atmospheric kill vehicle program and
lived the challenges of trying to make an exo-atmospheric kill vehicle program and an
upper tier program, if you will, work; then in 2004-2005 to the present, I've had the distinct
pleasure of working on the David Sling weapon system and that brings you back to Israel
as I work with Rafael, the world's second-best air-to-air missile maker. We've had a great
partnership; if you want an example of US-Israeli partnership, just look at that program.
I just want to remind everybody that I am certainly not a historian. I am certainly not a
politician; I am certainly not a policy-maker. I am engineer from an engineering company
specializing in providing military hardware to war fighters in the United States and abroad.
I thought it might be interesting to set the background in history. I wanted to point out that
our company has quite a bit of experience because we've really looked at missile defense
across the sensors, interceptors, command and control elements, we build quite a bit of
that, so I wanted to give you a little bit of history from our perspective because if you are
giving your perspective as a historian, you will have one perspective, when you give the
history as a hardware builder and you have lived through the pain and agony that was
discussed earlier with connection to our acquisition process and trying to get hardware out,
that is a completely different story.
I did really want to try and set up the history of this because when you look at the missile
defense equation, obviously the missile defense agency and Israel want to be able to deal
with the problem in all phases of flights and all missiles, with the exception of attack ops.
You would rather be on the left side of this chart, attacking the missiles on the left side of
the chart, but it turns out that it is much harder to do the problem on the left side and the
middle, and it is easier because of our history on the right side of that and so obviously,
as you try to move from right to left, it becomes harder and more expensive. If I look back
at how Israel prosecuted the second Lebanon War, you got this in the first 45 minutes of
the war: this is where you were, obviously where the US would want to be too. You certainly
want to attack the transportable rocket launchers before they had a chance to launch. That
certainly would be the goal of the United States Air Force as well, but as General Ivri
pointed out, the political situation frequently does not give you that option, so you are not
going to be able to be in that situation where you can conduct these attack operations until
somebody does something drastic, which brings me to what I think is the essence of missile
defense.
Frankly, it is the essence of the debate. When the warhead is in the air, your only alternative
is missile defense and if you think about that, it sounds trite, it sounds simple; you can

debate all day long whether you are worried about where the debris should fall, you can
debate all day long which kinds of systems and how many you should have, but at the end
of the day, when this is the picture out there, you have to have missile defense, certainly
a common theme for most of the participants in this conference. It may be obvious, but this
is the problem, a tough one, and if you look at it again, in the same continuum of terminal
mid-course and boost and ascend phase, the investment policy of the United States makes
sense as well as the reason there is a history there.
Our history of having an air defense was a logical segues into a terminal missile defense
because that is about how energetic the missiles were. We were already used to be able to
detect and track aircraft coming in and so we had systems that could deal with the terminal
phase, so over the last decade you could see the investment has been on the upper tier. It
has been on the mid-course. It has been on the exo-atmospheric kill vehicle and standard
missile 3 because this was like the next leg up on the problem.
In the US missile defense budget that just came out last Friday, there is actually a segue
to the boost and ascent phase, most specifically, the ascent phase, because the US now does
have capability in the mid-course, a capability for the terminal defense and the new
Administration is putting some emphasis on the ascent phase. This continuum of trying to
attack all missiles, in all phases of flight has from a historical perspective, driven the budget
in the United States and no doubt will drive the budget decisions made in Israel as well.
If you look at standard missile 3, arguably the most operational of the missile defense
systems we have today in terms of attack mid-course, this started out a long time ago.
If you go back in history, there was a program called the "lightweight exo-atmospheric
projectile", and there were a couple of companies out there, mine being one of them,
pursuing this technology. The idea is that when you go above that magic line between the
endo- and the exo-atmosphere or basically, going to space, your guidance algorithms, your
control surfaces, do not work the same way; so you have to basically design a spacecraft
with spacecraft-like propulsion to deal with that. We started this before 1991, but here it
is 2009 and we probably had 5 years in front of the first liquid test and we experimented
through the years with different liquid propulsions, different solid propulsions, trying to
get the right thing. This eventually became the operational standard missile kinetic warhead
and it was steeped in the early days of President Reagan's STIO program and some of the
Delta Missions. I actually stole one of Uzi's charts just to show you that you have had so
much experience. The bottom line is that this takes a long time and it takes a lot of money.
This technology really came out and actually started forming into operational systems only
in the last decade. So when we think about what we have to bring to the fight, sometimes
when the war starts and even though you do not want the war to start, you have to take
whatever you have to the war, recognizing that you cannot change your pasture overnight,
especially when it comes to missile defense or trying to move into the upper tier arena.
There are certainly a lot of challenges to go through, and if you look at the exo-atmospheric
kill vehicle program, alone, even though we have had 8 successful kills to date, even though
the latest one was right before Christmas last year and we delivered 35 of these things, it
was well over two decades of development time. I can tell you it was well over $2 billion
of US government investment to get to that point. Similarly on the SM-3 side, people may
think it has come to fruition in the last 10 years, 5 years. Actually, the SM-3 is an outgrowth
of the standard missile family. There was the standard missile, the standard missile 2 and
3 before that. We have been building standard missiles for 50 years and we did not wake

up one night and say: oh, I think we need a standard missile 3 to attack this missile defense
equation.
This came out of a long legacy of working on the standard missile and we delivered over
60 to date; the point I wanted to make is that it did take a long time. The development of
this particular missile system alone probably spans 25 years and well north of a billion
dollars to get to the point where it is operational. You can look at the shift in the US budget
in terms of moving away from mid-course investment, other than to build more operational
rounds like standard missile 3's and THAADs into the boost phase.
There is certainly a long legacy of development behind both of these programs. The enemy
does not sit idle while we build these good missile defense systems, the enemy finds different
ways to try to confuse the systems, to confuse the radars, ways to confuse the electro-optical
seekers and try to fly different trajectories. The biggest two challenges are: number one,
you're in space, and number two, there are no counter-measures there, leading you down
a path where you have to get pretty good at discriminating between what is the target, what
is the warhead and what is everything else floating around with the warhead. You have to
be able to do that and operate in space.
At our plant in Tucson, the lion share of what Raytheon does there is build tactical weapons.
You can walk into almost any of our factories and you will find tactical weapons, it will
look a lot like Rafael. But there is one place that it is way different, in the EKV and the
SM-3 arena, as we build those warheads in a space factory because you have to have a
different level of cleanliness, a different level of mission assurance; basically, we are
building satellites - which is what these kill vehicles really are. They are launched on a
rocket into space just like a satellite. They have to have a space propulsion system, spacequalified sensors because they are a satellite for 7 minutes until they rendezvous with
extreme prejudice with their entry vehicles, but they are spacecraft, a step up that made
this going into the upper tier even more complicated.
I think that as it relates to missile defense, going to space really complicated matters. The
counter measures really complicated matters, which is why I say I suffer from this sickness
of being an engineer. We often get enthused with the technology and the new interceptor
or the new thing coming down the pipe: you have to remember it is not just about the
interceptor, it is about the system. It is a system perspective. You have to have the sensors,
you must have the discrimination because the enemy is going to evolve, the enemy is going
to adapt, so it's not solely about the interceptor, it's about the rest of the system coming
along.
This is different than a tactical missile business, obviously, because you have to test in a
"fish bowl". I don't know if you've ever had the chance to see the movie "The Right Stuff".
It is about the early days of the US space program and trying to get astronauts up into space.
In one scene the astronauts trundle out to the launch-pad. They have a new version of the
2 - 1, and the rocket blows up on the–rocket supposed to take them to space. They go 3
pad. It is a tremendous explosion so the astronauts say: "well, that does not seem too good
for me", but then they turn back to the pad and it blows up again. Failure was tolerated in
those days because the United States was in a race with the Russians to see who can get
to space first, so they were moving fast, they were prototyping things. This is not missile
defense. Every test we do, every test Lockheed Martin does, that Aero does, is expected
to have success and funding is typically tied to that, so that's also a complicating factor.
If you thought it was safe to sift through missile defense and check the box and assure

yourself that you are safe and you have a fancy capability that is going to protect your
population, what happens when the enemy goes cheap? You know, the enemy adapts. This
is exactly what happened to the United States. It happened to the United States when it
deployed troops over in Iraq and Afghanistan. Guys spent a lot of time out in the field,
trying to chase terrorists and they have come back at night, supposedly in the safety of the
Green Zone only to be shelled with mortars and katyushas at the places where they ate and
where they slept. So we came up with a solution. It's a short-term solution but I wanted
to talk about the history of how we got to the point that the Palanx system, which is a shipbased last-ditch defense got on the ground in Afghanistan and Iraq, just to show you how
old this system is - block zero came out the day I graduated from college, and it has evolved
through the years.
Protecting the United States Navy fleet is similar to protecting a city, so obviously, the goal
is not to let any of the bad guys in, not to let any of the bad Cruise missiles in to the aircraft
carriers and the command control fleet, so the whole system is set up to protect it with
multiple layers of defense. It will try to reach out with the standard missile if there is a bad
guy coming in from a long way away and we use our sensors to track that and if it does
not work, we will shoot an evolved Sea Sparrow missile at it and if that does not work, we
will shoot a rolling air-frame missile at it and if it gets by those, then the Palanx closed-in
weapon system, that is CIWS, Closed-In Weapons System, is the last line of defense for
the fleet. So you will find these on most of the larger US naval platforms, as well as some
of the other weapon systems I talked about. In fact, you have them here in Israel on some
of your combatants.
The two toughest problems US troops were facing in Iraq and Afghanistan were the IEDs,
and what to do about that, how to stop mortars from falling on our troops in the Green
Zone. We came up with this idea called "Centurion", a land-based Palanx weapon system,
to see if we had an existing system that can provide some degree of protection for the
troops. In a little less than a year, we took one of these systems off of a navy ship, we put
it on a low buoy trailer and got all of the equipment that supports the Palanx system, the
bullets, the generators, out to the Yuma proving grounds and shot down a whole bunch of
mortars and rockets in flight and the Army, meanwhile, put out an urgent need for this,
asking: can you stop some of these things? We responded with this land-based Palanx
weapons system concept, and it was deployed overseas in less than a year.
That is typically what happens in the US - you can have the greatest PowerPoint briefing
in the world, you can try to go sell systems to the decision-makers in Washington, but when
you have hardware and an urgent need from the war fighters beating on the table this is
actually a pretty simple problem, if you think about the problem definition.
This problem does not have that many requirements. Stop the mortars; it is that simple.
Stop the katyushas, it's that simple, and so we have demonstrated that, we have deployed
quite a few of these weapon systems overseas and we continue to deploy. When you look
at the functions of these systems, you can go check the statistics, they function like a
traditional weapon system. Ever since we have put these systems in the Green Zone and
Bilad and a few other bases overseas, the attacks have gone down significantly. I cannot
give you the exact statistics, but the attacks went down, that was good news in the theater
and, I think, a worthwhile investment.
There were a couple of misconceptions about the system. Everybody always asks: "yeah,
great. You can shoot a mortar down, but where do the rest of the bullets go?" The way this

concept works on ships is that basically it puts up a wall of 20mm gatling-gun bullets and
if you are a high-G maneuvering cruise missile coming at the carrier, it is going to die in
this hail of bullets, it is a little bit harder when you are talking about a 60mm mortar or a
katyusha coming in. Will this detonate, will this cause a katyusha to detonate? Well, this
new ammo we had tested before we went to Yuma self-destructs after it flies a certain
distance and does not hit a target. They are called "frangible rounds" and the software, the
system, will not let the gun shoot if it calculates that it cannot fly enough of that distance.
That is how we dealt with two of the biggest problems people were worried about.
You were once probably willing to take more risks in a war zone, but you never want to
have any collateral damage and this certainly demonstrated it. The following information
is dated from about 30 days ago, but the US government allowed us to talk about it. Up
till then there had been over a hundred kills since we put this in theater, and the British
bought a number of these systems to deploy around their positions in Basra because they
were taking more katyushas than mortars in Basra and this turned out to be even more
effective against katyushas than the mortars.
I cannot really comment on Kassams because I have never seen one. I do not think they
have shot one of those, but if you give us a few, we shall take them out to Yuma and test
them out. This system has been in combat for four years, tested in combat for four years
and it has gotten good reviews from the commanders over there.
One of my college roommates was the Air Force 2-star general in charge of the Air
Expeditionary Wing over in Bilad, the big wing of Operational Air Force, and he called
me about three days after getting over there because this system went off and shot down
he is the guy who had to talk to the families if–one of the mortars that was inbound
someone were to pass away - so he was glad to have our system over there.
Even with a long history going back to 1979, we are not stopping at that. Obviously, there
are range-limitations to a kinetic version of this system so the next logical step is how you
change from a kinetic intercept to a directed energy one. Before you get too excited, let
me just say that this is not ready to go. I am not trying to sell you a Laser-Palanx because
it is just not ready, but it is coming and you saw the Legacy system that Palanx started to
box through in 1979, 30 years ago. We are now working on this. I cannot say a whole lot
about this other than to tell you that it has absolutely nothing to do with laser. I have heard
the debates in Israel and the debates in the United States, as I have been working with
directed energy for most of my professional career. It is not about the laser. Laser is irrelevant.
We use Russian laser for our demonstration. You know why? Because it was available and
I did not have to wait for it and it was solid-state, okay? The missile defense is neither
about the interceptor, nor about the laser because it turns out that it is about the problem.
The problem is simple: how do you stop mortars and katyushas from falling in the Green
Zone? That is a simple problem; do not make it more complicated than that. If a laser can
do it, fine, buy it. If it cannot, do not buy it. It is as simple as that. Right now, it is working
with kinetic 20mm rounds. We are buying it. They are buying it, but this is coming, and I
think it will significantly extend the range. I think it will significantly unload the logistics
tale of bringing 20mm bullets forward and replacing gun barrels when these things get used
a lot and photons weigh a lot of less than a 20mm bullet, but anyway, I just wanted to let
you know we're not stopping at the present.
I know from working with Rafael on the David Sling and a few other projects here in Israel
and talking to a lot of the uniform customers, nobody realizes the importance of the history

and the importance of the future more than Israel. Obviously, it will take a long time. It
will take a lot of money and I wanted to give you this history because everything I talked
about today came out of a Legacy system. There is no magic bullet. Every system we are
using today came out of a Legacy that is probably 20 years old and obviously, we are going
to change the enemy behavior and the enemy is going to adapt and we are going to have
to stay one step ahead of him, so will you. The good news is that I think we are working
on some of these things together - I think we should, and I really appreciate the opportunity
to come here and talk to you. Maybe this kind of a US perspective is not of such great value
to you, but it sort of sets the context of what we went through to get to a point where we
had operational systems in place.
Question from a member of the audience:
You talked about the laser. We have a mutual problem and I hope you will solve it for us
or the other way around. Anyhow, our critical problem is the mortar and the short-range
katyushas or rockets and because we are talking about flight-time of 15, maybe 20 seconds
and missiles cannot do it. The government recognized that we need to put a lot of concrete
to a range of about 4-5 kilometers from the border because the existing missile anti-missile
but we know about the Walter Gruan system which–will not shoot down a rocket, a mortar
can shoot down mortars and shells and katyushas in a very short time, which was developed
with Israel some 7 years ago and is still lying there with nylons and so on. What is your
opinion about that for taking down short-range rockets in any other means, except laser,
that can do it in a very short time?
Mr Mike Booen: Well, that is probably why I started my talk with "I am not a politician".
I will say this: the history lesson that I try to give here was that we were facing the problem,
the US military chose to solve it today with a kinetic version because it is available, it is
operational. Frankly, as I said, it is not about the laser. In fact, when we put this thing and
the laser part of the laser Palanx into operation, it will be right alongside the gun because
the Navy is not about to give up the gun, the gun has utility. I think it has to do with the
urgency of the problem. The United States military deployed overseas looked at this as an
urgent problem. We demonstrated a capability. It got deployed. So, the hardware was
operational and they could make that deployment decision without risk.

Challenges for NATO Missile Defense
General (Ret.) Bernd Kreienbaum, Executive Advisor, IABG, Germany

Let me explain the four parallel tracks of missile defenses addressed at NATO, firstly, under
the NATO Air Defense Committee. This committee is responsible for policy, concept and
doctrine. It is the parent organization of the NATO integrated air defense, whose main
challenge at this point in time is to find the philosophical connection between air defense
and missile defense in NATO.
The NATO ALTBMD program has to provide defense capabilities for the forces, and this
has been one of my key activities in my 9 years at NATO headquarters, and it has a budget
of around 850 million euro, and is heading for an interim operational capability in 2011.
The missile defense feasibility study is where territorial missile defense is discussed.
ALTBMD is geography-free. It is designed to protect deployed forces in an area of 5001,000 kilometers and it is not designed for territorial missile defense and the feasibility
study after the ratification of the ABM treaty in 2002, NATO started to look at the protection
of the homeland. The NATO-Russian council with TMD, is an ad- hoc working group,
working since 2002 on the inter-operability of Russian and NATO systems.
The Bucharest summit was driven by the desire of our biggest ally, the United States, to
get a kind of approval for the third site for missile defense.
These are the statements on missile defense. Firstly, missile proliferation poses an increased
threat. This implies anti-proliferation policy is not working to the extent necessary. It is
part of a broader response, in particular on the political domain, and it recognizes the
substantial contribution to protect the allies from long-range ballistic missiles by the planned
United States asset.
Furthermore, it was explained, it was directed to link these US capabilities with other NATO
capabilities, for example, the ALTBMD program. They recalled the indivisibility of allied
security. This means Portugal has to be protected in the same way as Norway and Turkey;
all studies were based on the assumption the third site is a given and everything has to be
added to this. This changed in Strasburg, with the direction that new studies have to be
taken into account. This still means that the third site has not materialized yet. However,
these studies should focus on alternative, consistent, prioritized threats and the military
requirements. They should address coverage and potential of territories and populations,
looking for system efficiency and technical feasibility.
So what we are going ahead with now is a real feasibility study in the next couple of years
and NATO MD should be based on the planned command and control system for active
layout theater ballistic missile defense taking into account the US BMCQI deployed in
Europe.
The directive issued by NATO heads of state supports increased missile defense cooperation
with Russia and NATO and reaffirms readiness to explore potential linkages between the
US, NATO and Russian missile defense systems.
What does that mean? In Europe, not only NATO, not only in the US missile defense and
the defense of territory, is a given issue. It will keep us busy in the next decade. That is a

key issue, but we do not know the outcome yet because we have not agreed on the threat,
in NATO we have not agreed on the military requirements; we are working on ideas, on
architecture: we do not know what the costs are yet, and we have not found out the substance
of politicians' ambitions.
The next step will be to agree on military requirement, to write acceptable scenarios for
these requirements and to develop a concept of operations. We will agree on a statement
of work for industry studies and the outcome of these industry studies will be a NATO staff
requirement describing how the system will look like. It will be the baseline for an
implementation plan. In Strasburg, we got the guidance to look for architecture options for
third site alternatives, and for the Russian contribution. We expect policy guidance at the
April summit in 2011 to go ahead with these studies and to write a NATO staff requirement
and in 2013, then, probably the start of a program.
Now, let me go to a few aspects regarding the architecture. NATO conducted a very
thorough study with scientific methodology, and came up with the conclusion that to protect
NATO as a whole, including the east coast of the United States, 5 sites are necessary in
Europe, a site in the United Kingdom, with the best protection for the United States, and
these 5 sites are also driven by the fact that sensors are located on European soil. Assuming
you have sensors in Russia, for example, it looks different and you can probably reduce
the number to 3 sites.
When dealing with a nuclear warhead or a weapon or with a mass destruction warhead,
one hit is one too many, so the requirement for the probability of interception was set to
99%. If you assume the same goes for territorial missile defense, if you assume the very
high achievable effectiveness of one missile by 85%, then you know that you need: you
should have 3 missiles in the territory engaging one nuclear missile. The fire doctrine today
is: any way to shoot one missile on any good target, and with 10 GBIs you are good for
3 to 5 engagements. The conclusion the politicians have to draw is that the possible US site
in Poland will be the first carriage of a long European train, or as one politician said: it is
the nose of an elephant behind the curtain.
Some questions arose. What is the motivation for the Polish side in consenting to the site
on their territory? The location is not optimal for protection of the US. The location is not
optimal to protect Europe, but it is certainly helpful. We found out that the best intercept
side would be in the area of Poland and Romania. So the third site is not only driven by
efficiency considerations. The second question had to do with the EMR radar locations in
the Czech Republic, are they adequate? There is no doubt this radar significantly supports
space-awareness to the east. But in all these considerations, as missile defense is not yet a
stable requirement, the architecture considerations have not taken available radars in Europe
into account. There is big tracking radar in Bonn with the capability of 4,000 kilometers
against 8cm resolution. Nevertheless, redundancy is also important in military operations.
However, there is no doubt that more radars are needed and they have to be located further
south, further east, and there Russian territory comes into place.
Finally, the 3rd site assumption, which you can read publicly, is not coherent with the
missile defense feasibility study findings, and these have to be revisited.
Now, what is the European Missile Defense gap? This is the fourth protection aspect of

active layout theater-ballistic missile defense. The lower layout part is pretty well-covered.
In the terminal upper layer, these systems take into account THAD, AEGIS and SM-3 at
this point in time, but we know that additional early warning and tracking centers, radars
and interceptors are needed, and the upper layer area of ALTBMD is overlapping with
continental missile defense, while in the continental missile defense, only the big gun GBI
is committed presently. What we need here is additional continental missile defense, like
exo-guard or KEI-like systems, as well as European early warning and tracking sensors.
There is the area already mentioned by Dennis [Cavin], for development and co-development,
for example, for mobile and transportable upper layer systems. There is a clear tendency
in the discussion to promote replaceable and relocateable mid-course systems before fixed
sites.
Some European nations have been driving forward with the assumed or the agreed priority
of early warning. This includes early warning satellite systems and high flying UAV sensors.
BMCQI based on what NATO is developing, our weapon systems, and, if possible, transAtlantic or European. The contribution focus in early warning is in airborne IR sensors,
satellite IR sensors based on small European satellite systems, Spiral-2 satellites, launched
into space two months ago, and Europe is looking for long-range high resolution radars,
some of which existing, some will be new, and there is the development of the horizon
radar in France.
In the weapons systems area, Europe is looking for a system like Exo-guard. There are no
budgets, however, endo- and exo-atmospheric interceptors are in view with the specific
focus on propulsion and warheads.
Currently, NATO has in place a mix of national and NATO assets, and large air-space
surveillance have also been installed in all new NATO members. This has not driven Russia
to any kind of major reactions. There is a big difference on the political side between these
developments and the development and placement of radars in the Czech Republic. These
radars provide a common operation in Europe and will be based in future on the command
and control system. Now, if a territorial missile defense will be implemented, it will need
systems for space awareness and space tracking, so we have to find a way to connect both
systems, the air defense and the missile defense systems; the development in the United
States is a good hint, we use it in the discussion: the United States has a designated Statcom,
as the future air and missile defense integration authority. This will be the question in the
next couple of months and years, namely, how is this finally put into policy papers in
NATO. But one issue looks already as an agreeable goal, so the command of NATO's
strategic forces will also be in charge of missile defense for European targets. This depicts
the question of the core policy question: will we agree, and this is not happened yet, that
continental missile defense will join this air and missile defense, integrated air defense
concept. I assume we will see in the future this kind of relationship, air defense, cruise
missiles, theater ballistic missile defense, the ALTBMD program, and the continental missile
defense program.
Now, let me come for a moment to NATO-Russian aspects, a command exercise took place
about a year ago in Munich, in the company I am working for, under the auspices of the
NATO-Russian Council. NATO was on one side, on the other side there were some 40
Russian Colonel- rank operators. The war game featured the joint defense of Idaho against
an attack by Canada, and Russian and NATO forces deployed, upper and lower systems,

sea and land-based. The conclusion by the top political representative of NATO, General
Ray Henault, at that time Chairman of the NATO military committee was more or less as
follows: NATO and Russian forces have proved that they can jointly fight and protect
territory and population against missile attacks, however they wish to do so based on joint
agreed procedures, rules of engagement. The work on this has stopped with the Georgian
event. However, to me the openness of the Russian professionals was remarkable, as to
Russian expert views and concerns, certainly not representative, but it gives some insight
into their way of thinking. Missile defense on the third site was for them, at that time, the
second most disturbing hostile western activity after the war. However, with growing
awareness of the risk of a missile attack from the Islamic belt and of the Islamic infiltration
process into Southern Russia and in former Warsaw Pact member states. They have shown
a growing interest in missile defense for the protection of high value targets in Russia and
that the protection should be pursued in a joint Russian-European and NATO effort. It
certainly did not regard the 10 unarmed GBI interceptors in Poland as a military threat to
Russia, so whatever you hear, it is not based on military professional assumption; on the
political Russian side, the main concern or the main awareness was that the US owned and
controlled high performance radar in the Czech Republic. It is clearly seen, also, as an
element of intelligence, space awareness intelligence over the territory of Russia.
Continental missile defense is not new to Russia. The Russians had a space awareness
system contributing to passive defense, deterrence, and the still existing active missile
defense system and the nuclear warning system by the United States has now been amended
to support active defense today. The anti-ballistic missile system in Russia is the exoatmospheric nuclear-tipped, is assumed to be active and always being modernized, but there
is a strong awareness that this tool is not valid any more. The Russians cannot and will not
ignore the growing missile threat. The missile defense upper layer system will be a must,
for Russia also. The Legacy system is pretty risky and I think they want to get rid of it as
soon as possible. European policy should address the nemp problem, not only that of
possible engagements by missile defense against a nuclear warhead, but also the nemp
problems of the Russian ABM system, should seek cooperative ways with the Russians,
interfacing with Russian radar is an advantageous position and a significant benefit for
whatever architecture NATO is going for.
Israel has an integrated missile defense, in place since, I think, 1992, focused on medium,
short and very short-range threats, and in my time at NATO, we have always tried to
participate in the experience of handling such systems here in Israel and I take some pride
in the fact that I organized the first Israeli-NATO meeting four years ago and visited Israel
with missile defense group, three years ago. In a few weeks from now, for the first time,
Israeli experts will participate in a formal meeting of the NATO missile defense project
group at NATO headquarters, so operational and technical capabilities and operational
experience are very valuable, in particular in the area of human-machine interface. We are
also interested in what is going on with the development of Arrow-3 and other systems.
There is a need for additional upper layer systems and early warning and tracking radars
addressing long range threats, in our view. There is a growing position that NATO, Europe
and Israel have common threats and common interests and that there is an opportunity for
cooperative work Some of you know already that there is cooperative work going on in
one area or another.

In conclusion, a continental missile defense, projecting indivisibility of allied security, is
assumed to become a core element in NATO and Europe's defense, probably at the end of
2018-2020.
Agreement on missile defense architecture, command and control principles is the core
challenge; transportable systems are preferred to address scenario developments. Integration
of air and missile defense systems and missile defense authorities is probably the best option
to address all interests, and it is always a United States general. NATO and Russia are
facing the same threats. I have mentioned this, and there are good reasons for NATO,
Europe and Russia to approach missile defense in a cooperative and even synergetic way.
This means using their radars' place, our radars there, et cetera, and in our opinion,
opportunities exist for collaborative programs with the US and with Israel, but the European
Union takes the position that serious European R&D is necessary to avoid an upper layer
monopoly by our biggest ally.
Thinking the future is the theme of our company and mastering the present is our unofficial
one.

Missile Defense - Strategic Principles, Tactical Realities
Lt. Gen. (Ret.) Dennis Cavin, V.P. for International Business Development, Lockheed Martin

I have a history in this business called "Air and Missile Defense". When I first came into
the United States Army, my first assignment was not to the elaborate missile defense network
built around concrete bunkers, I was assigned to operational units, tactical units, with what
the Army considered its newest and greatest capability against the air threat, the Chaparral
and the Vulcan. But over time, my career allowed me to evolve to the position where I was
in charge of Fort Bliss, in combat developments, the requirements generation and, in fact,
the early implementation of the Patriot system, the Pac-3 missile interceptor, the THAAD
program and as was mentioned, the THAAD program.
A rational discussion of US perspective to the threat response of a missile attack must
consider, obviously, many factors, including the nature of the threat and the technology to
negate it. Equally important are the considerations for the general populace and their
perspective of the real nature of the threat.
also–Current events, budgetary constraints, relationships and interactions with our allies
play their part.
Every state has the undeniable right of self-defense. It goes back to General Ivri's discussion
about where deterrence plays in the role of self-defense, and what does the transition and
what are the powers to be utilized when deterrence fails to execute the combat operations
necessary to achieve victory.
Well, if you do not have a very strong standing military capability backing up the diplomacy
you have been using for that deterrence, then your whole campaign strategy is vulnerable,
and it goes without saying that anyone in this room who does not believe that our technologies
are advancing exponentially just needs to look at the latest iPod.. That iPod is no different
than our missile defense systems. By the way, I learned a long time ago the pace at which
our enemy is developing their capabilities, when I was running exercises in the Air and
Defense and Operation Centers, when we would get some practice launches of tactical
ballistic missiles towards our defended assets, somebody kept saying: well, that one is
launched from a friendly country, to impact on our defended assets. So what? There are
no friendly TBMs. I got news for you. If it is coming our way, whether it was intended or
not intended, it is going to create trouble. So our business is about taking things out of the
sky that are headed towards our defended assets.
One thing that we in the United States have habitually accepted, I think, is that missile
defense is expensive and over the last period of the Bush administration, you could see a
rather robust missile defense budget being allocated to organizations like the Missile Defense
Agency. But with our new administration, we can see that there are, in fact, some different
views on how to take on this critical area and where we should focus our assets. So if you
saw Secretary Gates' announcement earlier this week and President Obama's comments
this week on the 2010 budget, you notice there are changes in philosophy in how we are
going to process a missile defense war or a missile defense architecture.
I do not believe we have yet begun to really understand the impacts of cyber-warfare on
Air and Missile Defense. Not only on what we can do to take out enemy systems before
they are launched, because we all know: if you can destroy a tactical ballistic missile on
the ground in the enemy's territory, you have achieved the highest probability of kill, but

it has a far-reaching impact, as you look at our command and control networks, their ability
to communicate the right kinds of data; without those data being altered en route; so we
are at the very peak, if you will, of learning and understanding cyber-warfare. There was
a day when we felt very comfortable because we understood what the phases of general
warfare were, from stable peace all the way up to general warfare. Those of us that have
served in uniform in the 70s and the 80s, when we understood the gap and we understood
who the enemy was, had our operational plans and our concepts and our defensive and
offensive plans put together very finely.
Today, as you look across those at the operational themes and see where missile defense
is playing an active part, it starts here and it goes all the way across. A very daunting task
for any field commander or any nation, as it looks at its policies for missile defense. If you
look at things in an area such as peaceful military engagement and you find things like
rockets and artilleries and mortars being launched into sites in Baghdad, I am not sure you
consider peaceful military engagement inside Baghdad any day, but what you find is that
throughout those spectra, the enemy is using the techniques and the tactics and the procedures
that are most beneficial to them and generally the ones that we are less prepared for, so it
is occurring across the full spectrum of combat today.
This is an Air and Missile Defense audience of experts. So I suspect that if I tell you that
the world is changing, you would probably agree with it. My fear is that as I look around
the world today, I see the re-emergence of a pessimistic statement about the threats existing
around the world. They are either not mature, or they do not exist, or cost too much, as
General Ivry said.
So my concern to this group and to those who are true believers that the world is not safe
is that we cannot yield to the people who will tell us it is safe and that we should not be
spending money on our deterrent capabilities, as well as our offensive and active defense
capabilities. I looked at the last 120 days. You have read of these events, they have been
covered in the Jerusalem Post, CNN or any other newspaper or television station. But when
you present these facts to those nay-sayers, they will give you the habitual: "well, it is just
a remote incident. There is no intent to develop that capability beyond where it is today".
My warning to all of us is: we have been surprised and surprised and surprised again and
we can ill-afford to do that as free peoples in the world.
The rockets-artillery motors have, as each of us would agree, become a real center of
influence, a center of gravity and discussion here in Israel.
The impacts: I spent some time with one of the IAF senior officers over the last couple of
years. One of the interesting statistics that he gave me was this, if you could go back to the
Lebanon War and look at the numbers of casualties and how many of those casualties
occurred because the individuals failed to take protective action, i.e. to take cover, to get
on the ground, to get into a bunker, to take some step that would provide them a degree
of protection against an incoming mortar or artillery round. That discussion fuels those
who will say: "well, then, the necessity is simply for warning and allowing everybody to
have an adequate protective covering of some type", be that a bunker, be that a vehicle,
inside a tent, basement, whatever. But this is not the case. You have to be able, because
there is a psychological element to the rocket, artillery and mortar battle that cannot be
supplanted by simply saying: "everybody, get in the bunker, take cover". That will save
a tremendous amount of lives, but the continuing attacks will have a far more a psychological

impact than an actual military one.
The proliferation of short-range missiles: again, you see the transferring of technology.
We see it coming out of North Korea into Iran, while Russia, China and others are involved
in export of very dangerous capabilities to nations that are not favorable to our intents and
purposes and the recent Shihab-3 launch clearly indicates a continuing development.
My prediction is that there is a Shihab-4, there will be a Shihab-5, and anyone who does
not think so should study a little what is coming out of that region. It is getting more
sophisticated, will continue to be highly sophisticated.
Now to the intermediate range. Our prediction is, obviously, that there will continue to be
a large increase in the rockets, artillery and mortar threats. Why? First of all, you can hide
them easily, secondly, the timelines to destroy those in flight are very, very narrow, which
means you have to have a tremendous amount of capabilities spread across a fairly large
part of the defended area, and this does not necessarily mean you have to cover every square
mile of a country, but you must know which you want to protect, and secondly, these
capabilities are hard to defeat. We have yet to come up with a silver bullet, if you will, that
can defeat rockets, artillery and mortars at an effective cost.
I go back again to the discussion with General Ivri: what is the effective cost? Is it the
assessment of the damage on the ground or the cost of the round to kill the incoming artillery
round? Now, I shall leave that discussion for the intellectuals and the decision-makers.
I have my own personal view, having had a few of those launched at me. Cruise missiles
will continue to grow, as we have seen. Demand by the rogue nations for those short-range
rockets, which are, by the way, becoming far more accurate using more precision-guided
capabilities. The rockets of Desert Shield, Desert Storm, the Scud missiles have fallen apart,
creating multiple targets; those are not going to be as prevalent as they have been in previous
wars and through technology transfer, they are becoming very sophisticated.
As we look at the ability to manufacture medium-range missiles, we see that particularly
coming out of North Korea and other places around the world. What is our US approach?
Well, I figured it out: we put a requirement for a couch. A regular, 3-seat couch, 4 legs,
made of leather. This is the US acquisition system, by the way. Out here came a chair, and
I said: what happened? Well, after we put the requirement in, other folks through the process
decided that they wanted to change the original requirement. Other folks decided that the
cost was too much, and that the schedule was going to be too long, so at the end of the day,
rather than buying a couch like I wanted, I got a chair with 3 legs, not 4. So this is complicated
business.
If you go back and look at how the US has evolved, I would tell you that there are two
errors of US missile defense policy. When we were faced with the nuclear threats from
Russia, we created things like Safeguard, and we call it the nuclear era from 1945-76. In
1976 and around that time, when President Reagan came in and set the stage for what many
called "different kinds of approaches", space-based kinds of capabilities, Star Wars, many
of you have heard all of those terms; but what really came out of that was the technology
that the bulk of the United States' capabilities is built on today, called "hit to kill" technology.
Simple body-to-body contact, creating excessive, massive amounts of energy that destroys
the incoming tactical ballistic missile.
Now, I am here to tell you, I take exception with those who criticized Desert Shield and
the Desert Storm Wars, and the effectiveness that the US systems had. I do not want to get
into the debate about whether we hit warheads or not, the debate has to deal with the

question: did the world have something else we could have used? And the answer is no.
We took to war what we had the capability to do.
We have learnt since then. We, as industry, and two of us are represented here with Raytheon
and Lockheed and the US government, that you have to be very capable, very precise in
identifying the threat, knowing where the warhead is and then being able to destroy that
warhead, and those were the advances, the technological advances that have been made.
You have done the same thing here with your programs with Arrow and the follow-on to
Arrow-3, but the basis of all of our current advanced programs is utilizing hit-to-kill
technology.
Let us look at the evolution of the Strategic Defense Initiative; the phase 1 architecture in
the 1980s consisted both of space-based and ground-based interceptors. As technology
advanced, and interceptor designs became smaller, the need for space-based centers
disappeared and the interceptor design was evolving into a new concept called "brilliant
pebbles". More importantly, with the Cold War ending and the reality of reduced Soviet
attack, the threat emphasis shifted to shorter range ballistic missiles and terrorist attacks.
Responding to the threat-changes, new interceptor designs came into development, including
Pac-3 and THAAD. Then, the last major change in the architecture expanded the emphasis
on tactical missiles, TMD, and dropped the space-based interceptor from the architecture.
New radar technology combined with satellite tracking, upgrades provided required sense
and warning. Exo-atmospheric kill vehicle, the technology implemented in the standard
missile to provide navy theater-wide capability and as you know, the hallmarks of the US
capability reside in our interceptors today: Pac-3, THAAD, Ground-based interceptor and
Standard Missile 3. Missile defense seems like a simple area to focus on. Most of us would
focus down here in the active missile and the active air defense, but if you just look across
the matrix, there are a ton of players that have to be involved and it goes all the way back
to the days when we understood that there are really four pillars of missile defense - battle
command, C4, passive, active and attack operations.
What I have done here [showing a chart] is re-emphasize the way the US has gone in its
missile defense structure. First off, you start with a lower-tier capability, geared primarily
to specific asset defense, today covered by the Patriot program. Recognizing that greater
defensive capability, more intercepts can take place if you are hitting the exo-atmosphere,
so the navy AEGIS SM3 is a part of our architecture, and then combining that gap, filling
that gap is the THAAD program, so if you look at the terminal phases, mid-course to
terminal, those are the programs that the US has built its capability around.
A quick refresher. Passive, active, attack operations, BMC, all are integral and glued together
to make an effective missile defense BMD structure. Those solutions obviously have to be
adaptable and customizable. We have to understand the enemy is at the game and making
changes all the time, it is a dynamic environment. So what is the US doing? My crystal
ball says we shall get a shift away from those space-based programs, more towards
international cooperation, continued improvements to emphasize inter-operability. Shared
cost in the development and co-development of future systems. There are things that change
the game, that are affordable, and those will be done in close collaboration with our allies.
So what are the realities? I think the first one is a fact. If there was a silver bullet, we would
have had it years ago. There is not. I get asked often: well, why cannot one missile do
everything? Can you technologically design a missile that can do all of that? - Maybe. You

could not afford it, that would be the first thing I would tell you, and the likelihood of
designing a single missile that could shoot down rockets and artillery and take on an
intercontinental ballistic missile is far from any stretch of the imagination I have today.
We have also become a zero-defects world, and that concerns me a bit, particularly in the
United States, as we look at our test environment, wanting success on every test. Often, I
remind them of the development of the Volkswagen Beetle in Germany, many years ago,
and how many times they had to redo and change and re-manufacture to get a vehicle that
finally became one of my favorites. The environment allowed our industries and our
government to go out and test and recognized that failure is a part of testing. I see a
constriction of that kind of philosophy. Incidentally, in yesterday's papers here in Israel and
in the United States, a number of noted persons were commenting on whether there is a
need for missile defense.
My last comment is centered around how do you build your architecture in terms of missile
mixes on the battlefield? We try to be really sophisticated, to know how many threats each
enemy has and what kind of systems we will need to defend them, but after having spent
many years in a fire-control center with young soldiers, the thing they see on the screen
coming at them, they do not care what the computer says, they are going to launch the most
capable missile they have in their architecture, every time.
Lethality drives us today to defeat sub-munitions, chemical, biological and nuclear warheads
and previous kinds of technologies will not get the job done, you need hit to kill. You can
go to any library and pick the data up on studies on hydro-coach studies, on how you have
to destroy incoming tactical ballistic missiles, carrying weapons of mass destruction, and
it all centers around on how much energy, i.e. speed and mass, you can get on a precise
point on that warhead in order to destroy it.
Way ahead I think we shall see continual upgrades in guidance and control advances,
counter-measures, and obviously, rocket-motor technologies. So, what are the discrete
game-changers that I think we may be looking at in the somewhat longer term? EMP,
microwaves, lasers, obviously, are out there somewhere. Space-denial technologies and
cyber-warfare. Those are just a few of the things that I think we are going to spend a lot
of time on to defeat the kinds of threats we see today, so, one fact for sure: the threat is
continually evolving on a very vicious cycle and the geo-political environment we operate
in, that we thought was very clear, today does change and far more frequently than we
would have accepted.
We, the US, are going to rely on international partners and co-development of technologies
and capabilities over the next several years. This has got to be an area that we find quick
solutions in and quick partnerships, and education on the ballistic missile defense threat
is a requirement. So you have to address the threat from the cradle to the grave. You have
to know where are the resources, the raw materials, the technologies, and the software
being written on new threats. Where is it being designed at? Where is it being developed?
You have to find it and follow it through production sites, know where they are at, being
able to interdict that. Command and Control, battle management, sensors, those areas where
you can leverage multiple centers on a battlefield, you are looking at that here in Israel in
a very deliberate way, integrate those centers so that you are not wasting interceptors, and
more importantly, you are able to identify, classify and discriminate incoming targets. You
have to do it from multiple places. The land is not the only place that we take on missiles.

It has to come from all three domains: land, sea and air.
Multi-layer defense, there is no question this audience understands that given where we
are today, providing that nearly-proof defense that we all desire requires a layered defense,
and then hit-to-kill.

