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 وزن الكون

^{{€=�]4n{{”=^{{€=‚c=⁄^{{–È=¯=≈{{ÃiáÈ===ÏÖ{{◊]=É{{è◊^À=JΩf{{‰È=‚_=É{{e=Ô{{ÿ√=Ó{{ÍeÑ^£]=Â{{äÜ^¥
====]Ö{„=·{‘◊Á=JõÜ˙]=≤c=Â{iÇ^√˛=ÂeÖ¨Á=Âfl]4ú=xf”=Ôÿ√=Ÿ‹ƒÈ=Ò^‹ã◊]=Ë™=Œ�Ö–�È=›ãq

¯======‚_=·{‘∂=Â{fldÀ=I=IÓ{ÍÀ^”=›{ã£]=^‰ÍÀ=÷ávjÈ=;◊]=Ó√áã◊]=kfl^”=]ÑdÀ=J�̂‹Ú]Ç=pÉ≠
===��i=;{◊]=ÄÈÜ]Ë{ì◊^À=J�]É{e_=ÇËƒÈ=·◊Á=IÒ^óÃ◊]=≤c=áÈ^�jÈÁ=�̂€^¥=õÜ˙]=ÓÍeÑ^q=·€=kÿÃÈ==—{�ÿ

JÓÍ◊^ƒ◊]=Ó√áã◊]=ÊÖ„=Ÿn€=≤c=⁄ËíË◊]=º=xr‡i=ÌÜ^Íã◊]=ÓÍÚ^óÃ◊]=·Ãã◊]=
==Ÿ{ìiAl˘{{À˛]=Ó√á{{ä@==≤c=Ó{{qá§]11=F=�̂{{fÈá–i=^{mK›”25000 E^{{äKŸÍ€=-==á{{n”_

========õÜ˙]=Ó{ÿj”=·{€=tá{§]=›œá{◊]=]Ö{„=Ô{ÿ√=Ÿ{ì™=JÌá{€=·Èáèƒe=ÇÜË‘flË‘◊]=Ó√áä=·€=-=
^‰ÈËj°=;◊]=ÌÇ^∫]=ÓÍ‹”=IÏ_=-===Á=J^{„á�œ=Õ{ìfl=·€Á======Ó{ñ3Ã€=Ó{ÿj”=›{ãq=‚^{”=^{‹ÿ”

=========Ô{ÿ√=g{ÿ»j◊]=<{ƒÈ=ÓÍ{ã‹è◊]=Ó{€Ë¿‡∫]=·{€=l˘{À˛]Á=J2{”_=Âv�ä=ÓÍeÑ^q=kfl^”=Iá»í_
====l˘{À�◊=Ó{€à˘◊]=Ó√á{ã◊]=…ÿfiÁ=Wå‹è◊]=ÓÍeÑ^q618 =====Ó{fl^fj◊]=hÜÇ=·{€=l˘{À˛]Á=J^{äK›”

====Iá{}¸]=Œá{�◊]=ºÁ=JÓ√^{ã◊]=º=l]3€ËÿÍ‘◊]=l^Û€=≈óe=^„Ü]É–€=Ó√áä=≤c=�̂óÈ_=t^j≠
È=≤c=Ÿìi=Ó√áä=IÎflÁáiËÍfl=›r‡”=Is€É€=›ãq=·€=l˘À˛]=gÿ�j10000 ==^{€_=I^mK›”

F=ÒËó◊]=Ó√áä=≤c=ŸìjÀ=ÇËä_=›ãq=·€=l˘À�◊=Ó€à˘◊]=Ó√áã◊]300,000=JE^mK›”=
==[‚Ë‘◊]=·€=l˘À˛]=·√=]Ñ^€Á=

==========I^{‰‡€=l˘{À�◊=ÁÉ{fÈ=^{‹”=Ó{À^u=Â{◊=åÍ{◊=IÎfl^{n◊]=Ÿ{ìÃ◊]=º=k‡Íe=^‹”=I‚Ë‘◊]
===^{{‡Í√Ç]=]Ñc=·{{‘◊Á=========ÊÉ{{{‡√=Õ{{œËji=ÏÖ{{◊]=É{{§]=É{{{‡√=≈{{–i=^{{‰fl_Á=IÓ{{À^§]=’{{{ÿi=Ÿ{{n€=Â{{◊=‚_

============Ó√á{ä=‚Ë‘j{ä=I�Ö{ÚÉ‡√=IE�̂{fÈá–i=ÓÍÚË{ñ=Ó‡{ä=‚Ë{Íÿe=á{è√=Ó{ãπ=É{ƒe=Ô{ÿ√F=^‡i]É„^è€
===========ÓÍ{{í^–◊]=l]á{.]=á{n”_=‚˙=IÓ{Í‹„˙]=Ó{»◊^e=Ó{rÍj‡◊]=ÊÖ{„=JÒË{ó◊]=Ó√á{ä=ÇÁÉ{û=l˘{À˛]

==̂‡ƒ{ñÁ=]Ñd{À=JÒËó◊]=Ó√áä=·€=ÓfÈáœ=Ó√áãe=^‡√=≈q]3i======‚d{À=I^{flÜ^fj√]=º=Ó{Í5˛]=Ó{‹Í–◊]
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===Ik{{ÿÃi=‚_=·{{‘∂=^{{‰fl`‘◊=Ô{{ju=Ì4f{{”==Ó√á{{ãe=IÁÉ{{fÈ=^{{‹”=IÌÉ{{ƒjf€=áÈ^{{�ji=l]á{{.]
J�]Ée_=Ωf‰i=·◊Á=�̂óƒe=^‰óƒe=·€=IŸœ˙]=Ôÿ√=IÁ_=‚Ë‘◊]=·€=�̆ ƒÀ=

=========IÉ{{Íƒe=É{{u=≤c=IÂf{{èi=Ó{{–Èá�e=’ÿ{{ãÈ=‚Ë{{‘◊]=≈{{äËi=‚_=±f{{jÈ=I⁄^{{§]=≈{{œ]Á=ºÁ
õÜ˙]=·€=Œ�Ö–�È=›ãq=÷Ëÿä====Ó√á{ä=k{fl^”=]Ñd{À=JÓvñ]Á=ÓÀ^u=÷^‡„=·‘È=%=Ë◊=Ôju=I

===========Ó{Í‹”]3◊]=Ó{ÍeÑ^£]=·{€=k{ÿÃi=ŒË{ä=Ó{ƒq]3∫]=l]á{.]=‚d{À=IÎ{Ã‘È=^{≥=Ì4f”=≈äËj◊]
========Ó√á{ä=k{fl^”=]Ñc=IŸ{e^–∫^eÁ=JÉ{e˙]=≤c=≈{äËj◊]=Ÿ{í]ËjÍäÁ=I‚Ë{‘◊]=º=á}_=ÌÇ^€=Ÿ‘◊

======{e=‚Ë{‘◊]=_ÉfÍ{äÁ=Ó{È^‰‡◊]=º=ÕœËjÍ{ä=Â{fldÀ=I�]Éq=ÓÛÍ�e=≈äËj◊]===ÇËƒj{ä=I�Ö{ÚÉ‡√Á=Jîÿ–j◊^
=≤c=l]á.]AæËf7]@=======Ü^{‰‡È=^€É{‡√=IÓ{ÍÚ^‰‡◊]=Ó{ÍflË‘◊]=Ó{mÜ^‘◊]=’◊Ñ=g–ƒjäÁ=IÉÈÉq=·€

J‚Ë‘◊]=
===Ó{flÜ^–€=Ô{ÿ√=h]Ë£]=É‹jƒÈ=[pÉ≠=ŒËä=ÏÖ◊]=Ë„=l^„ËÈÜ^‡Íã◊]=ÊÖ„=·€=Éu]Á=Ï_
====hÖ{{£]=Î◊^{{∑c=÷^{{‡„=Iá{{}_=Ó{{Íu^fl=·{{€Á=I≈{{äËj◊]=Ó√á{{ä=IÓ{{Íu^fl=·{{€=I÷^{{‡‰À=J±{{‹œÜ

œ^nj◊]‚Ë‘ÿ◊=Îÿ=-=======‚Ë{‘È=‚_=g{qÁ=IË{œ_=hÖ{£]=‚^{”=^‹ÿ‘À=J‚Ë‘◊]=‚àÁ=I≈œ]Ë◊]=º
========Ó√á{{ä=]Ë{{ãÍ–È=‚_=±Í{{‘ÿÃÿ◊=·{{‘∂Á=JÂ{{Íÿ√=g{{ÿ»jÈ=Î{{‘◊=Ó√á{{ä=á{{n”_=‚Ë{{‘◊]=≈{{äËi
===⁄É{£]=·{€=ÒÎé=Ô–fÈ=I’◊Ñ=≈€=WÒ]á‹§]=Óuâuâ◊]=4m`i=Ófœ]á€=—Èáú=·√=Ìáé^f€=≈äËj◊]

ÓÍfl^n◊]=ÓÍ‹‘◊]Á=Jh]Ë£]=ïËìü=�̂‹Ú^œ=-=àÁ=Ï_‚Ë‘◊]=‚=-J�̄ ^‘éc=án”_=
===Â{fl_=x{ñ]Ë◊]=·‹À=WÁÉfÈ=^‹”=IΩfn€=Ÿ‹√=Âflc=[‚Ë‘◊]=‚âÈ=‚_=Òá‹ÿ◊=·‘∂=ÕÍ”

¯===========Â{flàÁ=≤c=Ÿ{íËj◊]=·{€=·‘‹j{fl=É{œ=I’{◊Ñ=·{€=›«á{◊]=Ô{ÿ√Á=JÌáé^f€=’◊Öe=fi^Í–◊]=·‘∂
=======É{{§]=Ô{{ÿ√=⁄Ë{{ì§]=·{{‘∂Á=JÓ{{ÍeÑ^£]=Ó{{Èá¿fl=fi]É�j{{ä^e=’{{◊ÑÁ=It^j‡j{{ä¯]=—{{Èáú=·{{√

·‘∂=JÓ◊Ë‰ãe=ÔflÇ˙]======ÏÖ{◊]=Îÿœ^{nj◊]=hÖ{£]=ç^{Íœ=—Èáú=·√=å‹è◊]=‚àÁ=Ôÿ√=⁄Ëì§]
Ôÿ√=ÂäÜ^¥=========›{©=‚Ë{Íÿe=Ó{Û€=Î◊]Ë{u=Ô{ÿ√=ÏË{j≠=Ó{fl^fj◊]=hÜÇ=‚_=Œáƒfl=·v‡À=Jg”]Ë‘◊]

=========Ó{ÿj‘◊=�̂{Í◊Á_=Ô{flÇ_=�]É{u=]Ö{„=·�€˜{È=IÌÉ{u]Á=ÓÍ{ã6=Óÿj”=IΩäËj∫]=º=I⁄Ç^ƒi=Óÿj”=·€
===Ë{{qË∫]=l]á{{.]=ÇÉ{{√=Î{{ì™=‚_=‚¸]=^{{‡‡‘∂Á=JÌá{{.]=̄ =·{{‘◊Á=J‚Ë{{‘◊]=º=ÌÇ==·{{‘∂

=�̂{ÈÇ]áÀc=h^ã§]=’◊Ñ=Ò]áqc=-======l]á{.]=·{€=4f{”=ÇÉ{√=÷^{‡„=-==={–i=^{µcÁ===·{È˘e=Ìá{èƒe=ÜÉ
==⁄Ç^{{ƒÈ=]Ö{{„Á=JÌá{{¶=10-21====Î◊]Ë{{u=Á_=IÓÍ{{ã6=Ó{{ÿj”4810====º=^‡ƒ{{ñÁ=]Ñd{{À=J�̄ ^{{∑c=�̂{{‡ú

======Â{{fldÀ=IÓÍÚË{{ñ=Ó‡{{ä=‚Ë{{Íÿe=á{{è√=Ó{{ãπ=…{{ÿfÈ=l]á{{.]=·{{€=É{{è§]=]Ö{{„=á{{�œ=‚_=^{{flÜ^fj√]
===Î◊]Ë{u=Ë{„=h]Ë£]=‚_=±fjÈ=V‚Ë‘◊]=·€=l˘À˛]=Ó√áã◊=ÓÈá»í_=Ó‹Íœ=gã™=‚_=^‡‡‘∂
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1%======fiË{{r‡ÿ◊=Ω{{–À=�̂‡ÈÉ{{€=‚Ë{{‘◊]=‚àÁ=‚^{{”=Ë{{◊=Â{{fl_=t^j‡j{{ä¯]=·{{‘∂=JÒË{{ó◊]=Ó√á{{ä=·{{€
=kÿÀ˙^€=≤c=ÂƒäËi=Ÿí]ÁÁ=Îÿœ^nj◊]=^‰eÖq=·€=‚Ë‘◊]=JÓÈ^‰fl=¯=

=====’{◊Ñ=‚_=Ò^{‹ÿƒ◊]=·{€=4n{”=·{¿È=IŸƒÃ◊^eÁ===Ë{„=̂{€=={ä=ŒË===·{‘◊Á=JpÉ{≠=åÍ{◊===Ÿ{”
======JxÍv{í=Ë{™=Ô{ÿ√=l�â{©�_=É{œ=ÓÍe^ã§]=ŸÚ^ã∫]=‚`e=Ó√^‡œ=Ôÿ√=‚Ë‘◊]=Ò^‹ÿ√Á=±Í‘ÿÃ◊]

===Î{{„=^{{ª=Ÿ{{œ_=^{{„]áfl=;{{◊]=ÌÇ^{{∫^À=Â{{Íÿ√==Â{{fl˙=I≈{{œ]Ë◊]=õÜ_=Ô{{ÿ√=k{{ãÍ◊==º=fi^{{ãq˙]=Ÿ{{”
===IÒ]ÇË{{ã◊]=hË{{–n◊]Á=IÓ{{‹jƒ∫]=g{{”]Ë‘◊]Á=fiËr‡◊^{{”=IÓ{{‹ÿ¿∫]=fi^{{ãq˙^À=JÒÎ{{ói=‚Ë{‘◊]
=======Ià^{{»◊]Á=Ü^{{f»◊]=·{€=Ì4f{{”=l^{{Í‹”=�̂{óÈ_=÷^{{‡„Á=J≈{ä]Á=“^{{�fl=Ô{{ÿ√=^{‡j¿u˘€=·{{€=k{ÿÃi

¯=I’◊Ñ=Ôÿ√=ÌÁ˘√=Jxñ]Á=4«=^„án”_=======�̂{€^¥=Ó{Í◊^}=4{«=l]á{.]=±{e=l^«]áÃ◊]=‚_=’é
‘i=Éœ=VÌÇ^∫]=·€J—ÍœÜ=à^«=·€=Ì4f”=l^Í‹”=÷^‡„=‚Ë=

========ÌÉ{√=É{€=Ô{ÿ√=±Í{‘ÿÃ◊]=⁄Ë{óÀ=Ü^{m_=^{∫^ú=ÓÍeÑ^q=án”_=⁄^‹ju]=÷^‡„=I’◊Ñ=≈€
========^{„]áfl=;{◊]=ÌÇ^{∫]=Ÿ{”=ÜÉ{ì€=‚^{”=IÂ{ÍÀ=‚Ë‘◊]=`èfl=ÏÖ◊]=I4f‘◊]=Ü^rÃfl¯^À=Jl]Ë‡ä

€=ÜÉì€=�̂óÈ_=Â‡‘◊ÁÇ]Ë=¯=Ì4n”====·{€=�]É{q=Ü^u=h^vã”=_Ée=‚Ë‘◊]=‚^”=]ÑdÀ=J^„]áfl
=======Ÿ‘{èi=;{◊]=Ó{ÀÁáƒ∫]=l^{flÁáiËÍ‡◊]Á=Il^{flËiÁ2◊]Á=Il^{flÁ3‘◊˛^”=IÓÈÜÑ=‚ÁÇ=l^‹Íãq

===̆ {À=IÓ{ÈÇ^ƒ◊]=ÌÇ^{∫]=========^„É{{ÈÉ°=#=∆]Ë{fl˙]=Ó{À^”=·{€=á{}_=l^‹Í{ãq=‚Ë{{‘i=‚_Á=�̂{óÈ_=É{e
====ÊÖ{{„=á{{n”_=JÌ4{{ÀÁ=l^{{Í‹‘e=k{{fl�Ë‘i=É{{œ=l^‹Í{{ã£]=Ò^{{ÈâÍÀ=Ó�{{ä]Ëe=2{{j�∫]=º=�]á}˜{{€

=={«=l^‹Í{ã£]=·€=á}˙]=tÑ^‹‡◊]=======k{‘‘Ãi=‚Ë{‘i=‚_=g{¨Á=IÉ{Íƒe=É{u=≤c=Ìá–j{ã€=4
===Ì`{{èfl=·{{€=“^{{e=ám`{{”=Ìá{{ñ^§]=Ó{{f–§]=Ô{{ju=á‹j{{ä]=‚Ë{{‘È=É{{œ=^‰{{óƒe=·{{‘◊Á=IÓ√á{{ãe

J‚Ë‘◊]=
=±e=·€=ÎãÍÚá◊]=ám˙]==Ë{‡ÈáiËÍ‡◊]=Î{„=Ó‹‰∫]=Ü^m¸]=’ÿi==◊]=l^‹Í{ã£]=’{ÿi=Il]==Ó{ÍÃÍ�

===j{{ã∫]=º=^‰ú^{{{èfl=á{{‰¿È=;{{◊]====̂{{€=É{{{u=Ô{{ÿ√Á=JE≈{{e]á◊]=Ÿ{{{ìÃ◊]=á{{¿fl]F=l]áƒ===‚d{{{À=IŒá{{ƒfl
¯=l]Ë{{‡ÈáiËÍ‡◊]==========·{{€=Ó{{Ãÿj®=tÑ^{{µ=Ó{{m˘m=÷^{{‡„=Já{{}a=ÒÎ{{é=Ï_=≤c=’{{‘Ãji=‚_=·{{‘∂

===Iá{{{}¸]=ôƒf{{{◊]=≤c=^‰{{{óƒe=⁄Ë{{{vj◊]=Ô{{{ÿ√=ÌÜÇ^{{{œ=‚Ë{{{‘i=É{{{œÁ=Il]Ë{{{‡ÈáiËÍ‡◊]==<‡{{{‘◊Á
=̂{{‡„=É{{Í–ƒj◊]=]Ö{{„=àÁ^†`{{ä====·{{€=á{{û=º=›vj{{ãÈ=‚Ë{{‘◊]=‚_=≈{{œËjfl=^{{‡fldÀ=Igf{{ã◊]=]Ö{{7Á=J

=�ÿ}=;{{{◊]=Ó{{{ÍflË‘◊]=l]Ë{{{‡ÈáiËÍ‡◊]====‚Ë{{{‘◊]=Ó{{{œ^ú=‚`{{{e=^‡‹�ÿ{{{ä=]ÑcÁ=J4f{{{‘◊]=Ü^{{{rÃfl¯]=^{{{‰Ã
===·{{‘∂=�Ö{{ÚÉ‡√=IÓ{{ÈÜÖ◊]=‚ÁÇ=∆]Ë{{fl˙]=Ó{{À^”=±{{e=�̂{{Íú]á–∂Ç=k{{√àËi=É{{œ=k{{fl^”=ÎÚ]É{{je¯]
=====‚c=⁄Ë{–Í◊=h]Ë{£]=Îi`{ÈÁ=JÌÇË{qË€=‚Ë‘i=‚_=g¨=;◊]=ÓÍflË‘◊]=l]Ë‡ÈáiËÍ‡◊]=ÇÉ√=h^ãu
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===={€=g{ƒ‘€=3‹Íj‡{ä=Ÿ{”=º=Ë‡ÈáiËÍfl=‚ËÍÿ€=Î◊]Ëu=…ÿfÈ=^„ÇÉ√= ]á{Ã◊]=·=-====‚Ë{Íÿe=Î◊]Ë{u=Á_
JÓÈÇ^ƒ◊]=ÌÇ^∫]=·€=›Íãq=Ÿ‘◊=Ë‡ÈáiËÍfl=

============Ó{Û€=Î◊]Ë{u=÷^{‡„=IfiË{ÿƒ€=k{œÁ=Ï_=Î{ÃÀ=J�̂{‹Ú]Ç=<eÖ{¨=›{‰∫]=t^j‡j{ä¯]=]Ö{„=‚^”
=====k{Ãÿ¢=I4f{‘◊]=Ü^{rÃfl¯]=^{È^–e=·€=�̂fÈá–i=^‰ÿ”Á=I^flÉu_=›ãq=Ÿ}]Ç=Ë‡ÈáiËÍfl=‚ËÍÿe==·{€

=⁄Á_=Ö‡€=�̂fÈá–i=êÈËèi=‚ÁÇKÎ�ÿÍ€=ÓÍfl^mK=€======Ó√á{ãe=Ÿ{–j‡i=l]Ë{‡ÈáiËÍ‡◊]=‚_=^{≥Á=JÇË{qË◊]=·
===‚Ë{{Íÿe=Ó{{Û€=‚_=Ô{{ju=Ì4f{{”=Ó√á{{ãe=^flÉ{{u_=›{{ãq=2{{√=≈ÀÉ{{‡i=^{{‰fldÀ=I^{{‰‡€=�̂{{fÈáœ=Á_=ÒË{{ó◊]

==÷^{‰jfl¯]=ÊÖ„=Ÿí]ËjÈÁ=>ÓÍfl^m=Ÿ”=›ã£]=]Ö„=“3¢=^‰‡€=‚ËÍÿe==·{€=Á=Õ{œËi=‚ÁÇ==·{€=‚ÁÇ
=̂{∫]=≈€=ÕÍƒñ=l]Ë‡ÈáiËÍ‡◊]=Ÿ√^Ãi=‚˙=I�]Ée_=^flÉu_=Â¿u˘È=‚_====Ÿ{�‹‰�È=Ó{qÜÇ=≤c=IÓ{ÈÇ^ƒ◊]=ÌÇ

====4f{”=ÇÉ{√=ÇË{qÁ=‚c=I]Ö„=≈€=JÂi^Íu=ÓÿÍú=^flÉu_=›ãq=º=^„Éu_=ÕœËjÈ=‚_=⁄^‹ju]=^‰ƒ€
========‚Ë{{‘◊]=·{€=Ó{{«Ü^Ã◊]=à^{Íu˙]=Ÿ{{€^”=º=IÁÉ{fÈ=^{‹”=Iá{{èj‡i=;{◊]=l]Ë{{‡ÈáiËÍ‡◊]=·{€=�]É{q

JÎÚ^‰‡◊]=Ê4ì∫=Ófã‡◊^e=Ó–Í‹√=sÚ^jfl=^7=‚Ë‘È=‚_=·‘∂=
Ÿ{{√^Ãi=‚_=·{{€=›«á{{◊]=Ô{{ÿ√Á===Ó{{ÍeÖq=ÌË{{œ=çÜ^{{¥=^{{‰fldÀ=IÓ{{È^»ÿ◊=ÕÍƒ{{ñ=l]Ë{{‡ÈáiËÍ‡◊]

====̄ =É{œ=Jl^‹Í{ã£]=Ó{À^”=≈{€=÷]3é¯^e=========I^{7Ëu=ÌÇ^{‹ÿ◊=±{‹‰€=hÖ{qÁ=≈ÀÉ{e=�]4n{”=fiË{–i
==========‚àÁ=Î◊^{∑c=≤c=^‰jÀ^{ñc=É{‡√=Ó{5^u=‚Ë{‘i=É{œ=Ìá{é^f∫]=4{«=Ó{ÍeÖ£]=^‰i]4m`i=·‘◊Á

I‚Ë‘◊]=‚àÁ=≤c=l]Ë‡ÈáiËÍ‡◊]=fi^‰äc=É€=Œáƒfl=Î‘◊Á=J‚Ë‘◊]=J^‰jÿj”=Œáƒfl=‚_=g¨=
=======̄ =IÓ{Í–Í–§]=Ó{ÿj‘◊]=‚d{À=IÓ{Í‡ƒ€=Ó{ÍeÑ^£]=‚Ë{‘i=^{‹nÍuÁ====Î{{„=I‚Ë‘{ã◊]=Ó{ÿj”

Ö}˜i=;◊]=Ë‡ÈáiËÍ‡◊]=‚_=^≥Á=J‚^fã§]=º=====^{‰jÿj”=‚d{À=IÒË{ó◊]=Ó√á{ä=·€=�̂fÈáœ=Ÿ–j‡i=l]
====Ì4»{í=‚Ë{‘i=É{œ=‚Ë‘ã◊]=Ó◊^u=º=Óÿj‘◊]=’ÿi=‚_=·€=›«á◊]=Ôÿ√=Ôju=Ó‹‰€=‚Ë‘i=Éœ

=�]É{q=J========ÒË{{ó◊]=Ó√á{ãe=Ÿ{–j‡iÁ=‚Ë‘{{ã◊]=Ó{◊^u=º=�]áÃ{í=^{‰jÿj”=‚Ë{{‘i=É{œ=IÓ{–Í–§]=ºÁ
===≤c=∆Ë{{qá◊]=—{{Èáú=·{{√=Ó{{Í–Í–§]=^{{‰jÿj”=É{{ÈÉ°=·{{‘∂=�Ö{{ÚÉ‡√=I’{{◊Ñ=x{{í=]Ñd{{À=J�̂ {{€^¥
=====^{‰jœ^ú=·{€=IÓ{ÈÜ^”Öj◊]=Ó{ÍflË‘◊]=l]Ë‡ÈáiËÍ‡◊]=Ó◊^u=º=I^‰q^j‡jä]=·‘∂=;◊]=I^‰jœ^ú

=Ü^{{rÃfl¯]=·{{€=^‰jf{{ãj”]=;{{◊]=Ó{{ñ3Ã∫]==Ó�{{ä]Ëe=ÓÍÿ{{í˙]=Ó{{œ^�◊]=xÍv{{ìi=g{{¨=J4f{{‘◊]
==Âe^{{ãu=º=≈{{óÈ=Ÿ{{€^√{{‰‡∫]=4m`{{j◊]====‚_=±f{{jÈ=I]Ö{{„=Ÿ{{”=à^{{©c=É{{‡√Á=J‚Ë{{‘◊]=≈{{äËj◊=’

J‚Ë‘◊]=‚àÁ=Î◊^∑c=≤c=Ó‹‰€=ÓqÜÉe=›‰ãi=·◊=áÃí=‚Ë‘ä=Óÿj”=≈€=l]Ë‡ÈáiËÍ‡◊]=
¯=IŸ{{e^–∫^eÁ=========≈{{ñÁ=º=áÃ{{í=Î{{„=l]Ë{{‡ÈáiËÍ‡◊]=Ó{{ÿj”=‚_=·{{€=É{{”`jfl=‚_=·{{‘∂

=_=·{{€=¯Á=I‚Ë‘{{ã◊]===Ë{{‡ÈáiËÍ‡◊]=·{{€=Ó{{m˘n◊]=∆]Ë{{fl˚◊=‚====≈{{ñÁ=º=^‰{{ãÃfl=Ó{{ÿj‘◊]=^‰{{ÿ”=l]
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=J‚Ë‘{{{ã◊]==Ë{{{‡ÈáiËÍ‡ÿ◊=Î◊^{{{§]=Ïá{{{¿‡◊]=^{{{‡‹‰ÀÁ¯=l]====≈{{{ñÁ=º=ÌÇÁÉ{{{ß=Ó{{{ÿj”=Éƒfj{{{ãÈ
=========lá{”Ñ=^{‹”Á=JÓ{◊^§]=Ó{ƒÍfú=É{ÈÉvj◊=Ó{eá†=Ó◊`{ã€=Ó◊`{ã∫]=xfìi=IÎ◊^j◊^eÁ=I‚Ë‘ã◊]

=]Ñc=Âfl_=Œáƒfl=^‡fldÀ=I≈e]á◊]=ŸìÃ◊]=º========^{‰fl_=É{”˜∫]=·{‹À=I‚Ë‘{ä=Ó{ÿj”=Ë{‡ÈáiËÍ‡ÿ◊=‚^{”
�]Éq=Ì4»í=-===========Ó{ÿj”=·{‘◊Á=JŒÁá{ƒ€=á{}a=›Í{ãq=Ï˙=‚Ë‘{ã◊]=Ó{ÿj”=·{€=4n{‘e=á»í_

========Óf{ã‡◊^e=Ó{Í‹„˙]=Ó{»◊^e=‚Ë{‘i=‚_=·{‘∂=^{‰fldÀ=I�]É{q=Ì4»í=kfl^”=‚cÁ=Ôju=I‚Ë‘ã◊]
=========›{rû=Ì4»{í=Ó{ÿj”=‚c=J�]É{q=—{ÍœÇ=‚à]Ë{i=Â{flc=J‚Ë{‘◊]=‚àÁ=Î◊^∑˛10/1000==”=·{€==Ó{ÿj

=======V4n{{€=4m`{i=p]É{{u˛=Ó{ÍÀ^”=‚Ë‘j{{ä=EŒÁá{ƒ€=›Í{{ãq=Õ{}_=I’{{◊Ñ=Œ˘{üF=‚Á3{‘◊˛]
JfiËr‡◊]=ÓÀ^”=Ôÿ√=l]Ë‡ÈáiËÍ‡◊]=‚àÁ=xqáÈ=I�ÖÚÉ‡√=

==hÜ^{{rj◊]=sÚ^{{jfl=k{{fl^”Á=�]É{{q=gƒ{{í=á»{{ì◊]=]Ö{{„=Ÿ{{n≥=‚Ë‘{{ä=Ó{{{{ÿj”=Œ^{{èj”]
Ó{{‘eá€====Ë{{‡ÈáiËÍ‡◊]=Œ^{{èj”]=fiÉ{{–È=‚_=g{{Èá»◊]=·{{€Á=JÓ{{óœ^‡j€Á=·{{€=l]∫]j{{ãáƒ=›{{¿√˙]=

1978-A===‚Ë‘{{{{ä=Ó{{{{ÿj”=k{{{{fl^”=]Ñc=Â{{{{fl_=⁄Ë{{{{u=�̂–e^{{{{ä=lá{{{{”Ñ=^{{{{‹”Á=J�̂{{{{‹‰€=�̆ Í{{{{◊Ç
Ωfó◊^e=^‰ãÃfl=Ó√áã◊^e=^‰ÿ”=Ÿ–j‡i=‚_=g¨=^‰fldÀ=I�]áÃí=l]Ë‡ÈáiËÍ‡◊]=-====JÒË{ó◊]=Ó√á{ä
========̄ =�]É{q=Ì4»{í=Ë{‡ÈáiËÍ‡◊]=‚Ë‘{ä=Ó{ÿj”=k{fl^”=]Ñc=Iá{}_=Ó{Íu^fl=·€Á====I�Ö{ÚÉ‡√=I�]áÃ{í

==Jl^√á{ã◊]=·€=Ó√Ë‹¶=ÇËqÁ=�̂‡‘ª=‚Ë‘È=Ÿ{‹j≠=====j{ã∫]=·{€=l]Ë{‡ÈáiËÍ‡◊]=‚Ë{‘i=‚_=áƒ
=========Ó{{ÿj”=·{‘i=%=Ë{{◊=Ô{ju=ÒË{{ó◊]=Ó√á{ä=·{€=�]É{{q=Ó{fÈáœ=Ó√á{{ãe=Ÿ{–j‡i=Î{{‘◊=�]É{q=Ó�Í{èfl
=====Ó{ÃÍÃú=l^{À˘j}]=‚d{À=I�̆ ÈË{ú=�̂‡€à=Ò^óÃ◊]=2√=kÿ–jfl]=^‰fl_=^≥=I·‘◊Á=J�]áÃí=^‰flË‘ä

=]=≤c=⁄Ë{{íË◊]=k{{œÁ=º=^‰{{ä^Íœ=·{{‘∂=l^{{À˘j}]=≤c=^{{‰j∑ái=·{{‘∂=Ó√á{{ã◊]=º=JõÜ˙
====·{€=l]Ë{‡ÈáiËÍ‡◊]=·€â{◊]=2√=ÂÍ◊c=láèjfl]=ÏÖ◊]=É∫]=Óä]ÜÉeÁ∫]=áƒj{ã==›{¿√˙]=1987-A=I

=Ë„=^‰flË‘ä=Óÿj‘◊=Ôÿ√_=Éu=≈ñÁ=·‘∂30/1000=J‚Á3‘◊˛]=Óÿj”=·€=
===tÑË{µ=·{€=án”_=IŒáƒfl=^‹”=I÷^‡„=‚˙=I�]ÉÍ–ƒi=án”_=Ó◊^§]=‚c=I¡§]=ÒËã◊Á

====◊=l]áÈÉ{–j◊]=›{¿ƒ€=4{èi=Jl]Ë{‡ÈáiËÍ‡ÿ◊=Éu]Á======�̆ {í_=õ�á{�jÀ]=Ë{‡ÈáiËÍfl=≤c=‚Ë‘{ã◊]=Ó{ÿj‘
e=Ÿfœ=·€^=Î◊ÁPauli====⁄¯Éj{ä¯]=#Á=Â{‡€=‚^{m=tÑËµ=Õ�è�j”]=IÂ‡√=Õè‘◊]=Ö‡€=·‘◊Á=I

=======º=ÌÜ]â{{»e=k{{flË‘i=É{œ=^{{‰ƒÍ∑=Ó{m˘n◊]=∆]Ë{{fl˙]=‚Ë{{‘i=‚_=g{¨Á=Jo{{◊^m=tÑË{µ=ÇË{{qÁ=Ô{ÿ√
====Ó{{ÿj‘◊=IÌá{{é^f€=ÌÜË{{ìe=IÇÁÉ{{u=≈{{ñÁ=�]É{{q=gƒ{{ì◊]=·{{€Á=J4f{{‘◊]=Ü^{{rÃfl¯]‡◊]=±qÑË{{‹

===Ë{{‡ÈáiËÍ‡◊]=·{{€=·Èá{{}¸]======·{{{‘◊Á=I�]É{{q=�̂ƒ{{ä]Á=Ó{{{ÿ‹j-]=›Í{{–◊]=É{{€=Ô{{–fÈ=I�̂{{{ÍfÈá†=Jl]
=ÉÚ^{{ã◊]=4‘Ãj{{◊]=Ë{{‡ÈáiËÍ‡◊]=‚_=Ë{{„=·Èá{{�¿‡∫]=±{{e¯=^{{≥Ü=l]===J‚Ë{{‘◊]=Ó{{ÿj”=Ô{{ÿ√=á�Í{{ãi
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=====Ó{{nÈÉ§]=Ó{{ÍfÈárj◊]=l^{{‹ÍÍ–j◊]=ÒË{ñ=Ô{{ÿ√=Ó◊Ë‰{{ãe=å‘ƒ‡{{È=‚_=·{‘∂=Ï_á{{◊]=]Ö{{„=·{‘◊Á
Jl]Ë‡ÈáiËÍ‡◊]=Ÿj‘◊=

===—{{ÿƒjÈ=^€É{{‡√=Ó{{ä]ÜÉÿ◊=Ó{{ÿ‹j-]=ÌÉ{{ÍuË◊]=Ó{{ÍflË‘◊]=Ü^{{m¸]=Î{{„=k{{ãÍ◊=l]Ë{{‡ÈáiËÍ‡◊]Á
=====ÓÃÍƒ{{ñ=IÌá–j{{ã€=á{{}_=l^‹Í{{ãq=÷^{{‡„=‚Ë{{‘i=‚_=·{{‘∂=J‚Ë{{‘◊]=‚àÁ=áÈÉ{{–je=á{{€˙]
==========]ÑcF=J^{{€=É{{u=≤c=2{{”_=Ó{{ÿj”=l]Ñ=^{{≥Ü=I4f{{‘◊]=Ü^{{rÃfl¯]=Ó�{{ä]Ëe=k{{flË‘i=Ÿ{{√^Ãj◊]

====^{‰q^jfl=‚d{À=I�]É{q=Ì4f”=‚Ë‘ã◊]=Óÿj”=kvfí_======á{}_=l^‹Í{ãù=—{ÿƒjÈ=^{‹ÍÀ=k{�f‘�È
======EÓ{{œ^�◊]=·{{€=É{{Èâ∫]=g{{ÿ�jÈ=^{{‰q^jflc=‚˙=IÓ{{ÿj”=á»{{í_J=====l^‹Í{{ã£]=›{{ä^e=ÊÖ{{„=Œá{{ƒiÁ

===Ÿ{{√^Ãj◊]=ÓÃÍƒ{{ó◊]=Ó{{ÿj‘◊]=Ó{{‹Í¿ƒ◊]Weakly Interacting Massive Particles==Ü^{{èÈÁ
=Œáu˙^{{{{e=�]Ü^{{{{ìj}]=^{{{{‰Í◊cWIMPs=�Ë{{{{ãi=Ó{{{{‹Ú^œ=·Èá{{{{�¿‡∫]=É{{{{◊Á=J=l^‹Í{{{{ã£]=ÊÖ{{{{7=“

]3À¯]=====VŸ{{n€=Ó{{fÈá«=Ò^{{5_=Ÿ{{‹°=IÓÍ{{ñGravitions==ÁHiggsinos==ÁPhotinos==·{{€=^{{€Á=J
======º=^„Ö{{}_=g{{rÍÀ=IÌÇË{{qË€=k{{fl^”=]Ñc=I·{{‘◊Á=I�̆ {{ƒÀ=ÌÇË{{qË€=k{{fl^”=]Ñc=Œá{{ƒÈ=É{{u_

J‚Ë‘◊]=‚àÁ=áÈÉ–i=º=‚^{fã§]=
========ÇË{{{qÁ=Ïá{{{vj◊=Ü^{{{fj}]=Ò]á{{{qc=�̂{{{‡‘ª=‚Ë{{{‘È=É{{{œ=Â{{{fl_=Ü^{{{fj√¯^e=áÈÉ{{{£]=·{{{€Á

]=Óÿj‘◊]=Ó‹Í¿ƒ◊]=l^‹Íã£]=======õ3{ÃÈ=;{◊]=Ó{–Èá�◊]=·{€=Iá{é^f€=Ÿ‘{èe=Ÿ√^Ãj◊]=ÓÃÍƒó◊
======‚d{À=I�]É{q=�̂ÃÍƒ{ñ=‚Ë{‘È=‚_=Ÿ{√^Ãj◊]=]Ö7=≈�œ�Ëj�È=Âfl_=≈€Á=JÓÈÇ^ƒ◊]=ÌÇ^∫]=≈€=^‰ÍÀ=Ÿ√^Ãji=‚_
===========É{{œÁ=JÌË{–◊]=·{€=�]4f{”=�]ÜÉ{œ=á{è°=‚_=Ô{{ÿ√=^„É√^{ãi=l^‹Í{ã£]=ÊÖ{7=Ì4f{‘◊]=Ó{ÿj‘◊]

=====º=x{ÿ‹ÿ◊=›r‡{€=º=hÜ^{†=Ò]á{q˛=ΩÍ{��j◊]=áq====“á{é=⁄^{6c=====há{œ=É{ä=k{°Á=]3{ÿ‘fl
========Ô{{ÿ√Á=JŸ{{√^Ãj◊]=ÓÃÍƒ{{ó◊]=Ó{{ÿj‘◊]=Ó{{‹Í¿ƒ◊]=l^‹Í{{ã£]=ÜÁá{{€=â{{ÍÍ‹j◊=Ë‘{{ãÍãfláÀ=‚^{{ä
=======⁄]Ë{{ú=EõÜ˙]ÁF=^‡€^{{ãq_=“3{{Æ=^{{‰‡€=�]4f{{”=�]ÇÉ{{√=‚d{{À=I^{{‰e=ÒÎ{{ÿ€=‚Ë{{‘◊]=‚_=õá{{À
==========›Í{ãq=Â{m�Év�È=ÏÖ{◊]=lË{ì◊]=Œ^{èj”]=V�]É{q=g{Èá«Á=ÊÜË{ìi=gƒ{í=Óeárj◊]=_Éf€=JkœË◊]

j‘◊]=›Í¿√JÓÈÜÑ=Ì]Ë‡e=fiÉ�ìÈ=^€É‡√=Ÿ√^Ãj◊]=ÕÍƒñ=Óÿ=
==·{€=ÌÜË�ÿe=·€=à^‰£]=Õ◊`jÈ£]==fiËÍfl^{€á=======]Ñd{À=JÉ{È2i=à^{‰q=^{‰e=ΩÍ{≠=‚Ë‘Íÿ{ã◊]=Á_

=====Ì]Ë{{‡◊]=Ÿ{{ƒ¨=Â{{πà=‚d{{À=IÌÜË{{�ÿf◊]=º=Ì]Ë{{‡e=Ÿ{{√^Ãj◊]=ÕÍƒ{{ñ=Ó{{ÿj‘◊]=›Í{{¿√=›Í{{ãq=›{{�iÜ]
====�̂ÃÍƒ{ñ=�]à]â{j„]=Á_=IÓÍiË{í=Ó{qË€=p�Év�i=ÓÛq^Ã∫]=Ó€Éì◊]=ÊÖ„Á=J≈q]3i====ÓÍ‘f{é=º=�]É{q

=======›Í‹{ìi=#=É{–◊=JÓ{ÈÜ]áu=Ó{œ^ú=≤c=⁄Ë{vjiÁ=Ÿv‹{ójä=^‰fldÀ=IÓqË∫]=áèj‡i=^€É‡√Á=JÌÜË�ÿf◊]
=========Ó{{qË∫]=⁄˘v‹{{ñ^e=—{{À]3i=;{{◊]=ÌÜ]á{{§]=·{{€=Ó{{–ÍœÉ◊]=Ó{{óf‡◊]=Œ^{{èj”¯=Ó{{eárj◊]=ÊÖ{{„
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====Õ{{è‘◊]=à^{{‰q=‚d{{À=I—{{ÿ�∫]=áÃ{{ì◊]=·{{€=Ó{{fÈáœ=Ó{{qÜÇ=≤c=Ç2{{i=ÌÜË{{�ÿf◊]=‚_=^{{≥Á=JÓÍiË{{ì◊]
ãu=‚Ë‘ÈJÓÈÜ]áu=Óœ^ú=ÓÈ_=·–§=�]Éq=�̂ä^=

======l^‹Í{ã£]=·{€=l^{√^–À=Ÿ‘{é=Ô{ÿ√=ÇËèu=º=ÌÜË‹»€=l]á.]=‚_=‚Áá�¿‡∫]=·‹Æ
==‚_=·{{‘∂=Ÿ{{j”=l]Ñ=I^{{€=É{{u=≤c=Ó{{”á§]=Ó{{ÛÍ�f◊]=Ÿ{{√^Ãj◊]=ÓÃÍƒ{{ó◊]=Ó{{ÿj‘◊]=Ó{{‹Í¿ƒ◊]

=±{{e=|Á]3{{i1-1000====º=l]3€Ë{{ÿÍ‘◊]=Œ¯a=Óƒ{{óe=…{{ÿfi=Ó{{ÍqÑËµ=l^√á{{äÁ=‚Ë{{iÁáe=Ó{{ÿj”
ÓÍfl^n◊]======Ÿ{”Á=IÎ{Úá€=4{«=á{û=2{√=⁄^j¢=Î‰À=IÎã‹è◊]=^‡€^¿fl=ÜÁÉÈ=^‹”=Ìá.]=ÜÁÉi=J

=======Ó{{ÿj‘◊]=›Í{{¿√=›Í{{ãq=Õ{{◊_=Ü]É{{–≥=ám^{{‡jÈ=‚_=·{{‘∂=õÜ˙]=Ô{{ÿ√=ÌÇ^{{∫]=·{{€=fi]á«Ë{{ÿÍ”
=====̄ =IpÇ]Ë{vÿ◊=Ó√á{{ã◊]=ÊÖ{„=ÒË{{ñ=Ô{ÿ√Á=JfiË{{È=Ÿ{”=Ÿ{{√^Ãj◊]=ÕÍƒ{ñ===�̆ ‹j{{ß=‚Ë{‘È=‚_=É{{e

JÌáé^f€=ÜËìe=l^‹Íã£]=ÊÖ„=Œ^èj”]=
=±u=ºÁ===IŸ{√^Ãj◊]=ÓÃÍƒ{ó◊]=Óÿj‘◊]=Ó‹Í¿ƒ◊]=l^‹Íã£]=ïËìü=ovf◊]=Ÿí]ËjÈ

======Ó{{ÈˆÜ=·{{€=·‘‹j{{fl=%=Ë{{◊=Ô{{jvÀ=J‚Ë{{‘◊]=‚àÁ=Óÿ‘{{è€=Ó{{£^ƒ€=�̂{{óÈ_=‚Ë{{Í‘ÿÃ◊]=Ÿ{{í]ËÈ
=======#=I⁄^{n∫]=ŸÍf{ä=Ô{ÿƒÀ=Já{‰¿i=‚_=·{‘∂=Îÿœ^{nj◊]=ÂeÖq=l]4m`i=‚dÀ=IEÂ√^5=Á_F=›ã£]

=Ü]É{{€=‚_=]Ë{{¿u¯=±Í{{‘ÿÃ◊]=‚˙=‚Ë{{jffl=g{{”Ë‘◊]=Œ^{{èj”]==4m`{{je=ëË{{èi=É{{œ=çË{{fl]ÜÁ_
=====fiâ{{–◊]=›r‡{{◊]=Ó{{–Èá�◊]=ÊÖ{{‰e=�̂{{óÈ_=Õ{{�è�j”]=É{{œ=‚^{{”Á=JŒÁá{{ƒ€=4{{«=›{{ã£=Ó{{ÍeÖq=ÌË{{œ

=çËÈ4{{{ä=›j{{{ƒ∫]=ôÍ{{e˙]-B=JçËÈ4{{{ä=≈{{{€˘◊]=›r‡{{◊]=“Ë{{{�È=ÏÖ{{{◊]=I==≈Í�j{{{ãÈ=I]Ö{{{‘„Á
==========JÓ{{ÍÚá€=4{{«=ÌÇ^{{∫=ÌÜË{{í=]Ë{{f”áÈ=‚_=IÓ{{ÍÚá€=4{{«=fi^{{ãq_=Ó{{”áu=Ó{{fœ]á≥=I‚Ë{{Í‘ÿÃ◊]

=–e^{{ä=k{{‡Íe=É{{œ=k{{‡”ÁF===º=ÇË{{ä_=g{{–m=ÇË{{qËe=Ê^fj{{é¯]=≤c=lÇ_=Ó{{Í‡–j◊]=ÊÖ{{„=‚_=Õ{{Í”=�̂
Óq^qÉ◊]=Óf”Ë”=X-1JE=

========º=fiË{r‡◊]=÷á{°=Ó{–Èá�◊=Ó{–ÍœÇ=l^{ä]ÜÇ=±Í{ñ^∫]=·ÈÉ{–ƒ◊]=Á_=É–ƒ◊]=⁄˘}=k�Èáq�_
=====JÓ‡{ä=‚Ë{Íÿ€=;Û{€=�̂{ÍqÑËµ=àÁ^rjÈ=<€à=É≥=Ófl^fj◊]=hÜÇ=â”á€=⁄Ëu=ÜÁÉi=Î‰À=J^‡iá¶

ïáœ=Ÿ‘é=Ôÿ√=Ó«Ëì€=Ìá.]Á========Jâ{”á∫]=há{œ=fiË{r‡◊]=·{€=Ì4f{”=l^{√^–À=≈€=I�̂fÈá–i
=========⁄Ë{u=g{”]Ë‘◊]=Â{ÍÀ=ÜÁÉ{i=ÏÖ{◊]=IÎ{ã‹è◊]=fi^{¿‡ÿ◊=Ó{rÀ=Óÿm^ª=÷^‡„=IËv‡◊]=]Ö„=Ôÿ√Á
====·{{€=2{{”_=Ó√á{{ãe=÷á{{vji=IÌá{{„â◊]Á=ÇÜ^{{�ƒ”=IÓ{{Íÿ}]É◊]=g{{”]Ë‘◊]=·{{‘◊Á=Wå‹{{è◊]
===hÖ{{{ù=ám`{{{ji=Ó{{{Íÿ}]É◊]=g{{{”]Ë‘◊]=‚˙=I‚Ë{{{jfflÁ=çËfl]ÜÁ`{{{”=IÓ{{{ÍqÜ^•]=g{{{”]Ë‘◊]

ni======g{¨=V�̂{óÈ_=Ìá{.]=Ô{ÿ√=—{f�‡i=ÌÉ√^–◊]=ÊÖ„=‚_=^flÉu_=≈œËjÈ=Éœ=Jå‹è◊]=·€=Ëœ_=Îÿœ^
Jâ”á∫]=·€=ÓfÈá–◊]=’ÿi=·€=2”_=ÒΩfe=ïá–◊]=ΩÍß=·€=ÓfÈá–◊]=fiËr‡◊]=÷ávji=‚_=



 الأخيرةئق الثلاث الدقا

- 76 - 

========Ÿ{{”=º=�̂{fÈá–i=^‰{ãÃfl=Ó√á{{ã◊^e=÷á{vji=fiËr‡◊^{À=J]Ö{{„=ôœ^{‡i=l]É„^{è∫]=·{‘◊Á
==_=Ë{{„=⁄Ë{{–ƒ∫]=Ÿ{{Íÿƒj◊]Á=Jïá{{–◊]=·{{€=‚^{{‘€¯=Ìá{{.]=Ó{{ÿj”=‚==Ω{{äË◊]=há{{œ=â{{”3iI==Ÿ{{e

==Ω{{äË◊]=há{{œ=Ìâ{{”á€=k{{fl^”=Ë{{◊=^{{‹”=ÁÉ{{fi=Ìá{{.]=‚_=Ó{{–Í–uÁ=J�̂{{fÈá–i=ÏÁ^{{ãj◊^e=á{{èj‡i
=========�]4f{”=�]ÜÉ{œ=÷^{‡„=‚_=x{ñ]Ë◊]=·{‹À=JÓ{ì–◊]=·{€=Òâ{q=Ω–À=Î„=ÓÛÍó∫]=ÌÇ^∫]=‚_=≤c=4èi

========Ó{{ÍqÜ^•]=l]Ç]É{{j€¯]=º=^{{„án”_Á=IÓ{{ÍÚá∫]=4{{«=Á_=Ó{{‹ÿ¿∫]=ÌÇ^{{∫]=·{{€===∆�á{{ãi=Iïá{{–ÿ◊
==========Ó{¥^œ=ÌÇ^{€=·{€=ÓÍ{ä^ä_=l^{Í‹”=�̂{óÈ_=÷^{‡„=‚Ë{‘È=‚_=·{‘∂Á=JÓÍu^‡◊]=’ÿi=º=fiËr‡◊]
==========4{«=Ó‹�{ñ=Ó{◊^‰e=Ó{fl^fj◊]=hÜÇ=Õ{ÿ»i=I�̂{€^¥=4‡{∫]=ïá{–◊]=tÜ^{}Á=ÓÍÚá∫]=ÓÀ^§]=Ò]ÜÁ=^‹ÍÀ
==Ÿ{{{m^ª=tÑË{{{µ=á{{{}_=l]á{{{¶=º=É�„^{{{è�ÈÁ=Jl]á{{{.]=±{{{e= ]á{{{Ã◊]=≤c=�]É{{{Íƒe=É{{{j¥=Ó{{{ÍÚá€

=Ó{”ávÿ◊====›�{{ñ_=IΩ{{äËj∫]=º=IÎ{„=l]á{{.]=·{€=Ó{{ÍÚá€=—ú^{{‡€=‚_=≤c=l^{ä^Í–◊]=4{{èiÁ=J
====Œ¯a=Ó{ãπ=Ü]É{–≥=Óf{ã‡◊]=ÊÖ„=≈ÃiáiÁ=IEå‹è◊^e=ÓflÜ^–€F=^‰fl^ƒ∫=ÎuËÈ=^ª=l]á€=áèƒe

JÓÍí^–◊]=—ú^‡∫]=º=Ìá€=
========É{Íœ^‡ƒ◊]=·‹{ñ=l]á{.]=l^{”áu=Ó{ä]ÜÇ=·{€=t^j‡j{ä¯]=·€=ÂãÃfl=∆Ë‡◊]=≤c=ŸíËjfl

==·{{€Á=JÓ{È�á.]=====hÖ{{£]=·{{€=kÿÃj{ä=^{{‰fldÀ=Ó{ÍÀ^”=Ó√á{{ãe=Ìá{{.]=k{”á°=]Ñc=Â{{fl_=x{ñ]Ë◊]
========ÇË{{–‡ƒ◊]=‚d{{À=IÓ√á{{ã◊]=ÊÖ{{‰e=ÇË{{–‡ƒ◊]=º=l]á{{.]=Ÿ{{”=k{{”á°=]ÑcÁ=JÇË{{–‡ƒÿ◊=Îÿœ^{{nj◊]
============º=≈{–È=l]á{.]=·{€=l^{Û€=ÌÉ{√=·{€=Õ◊`{jÈ=ÎqÑË{µ=ÇË{–‡√=÷^{‡„=JÓ√á{ãe=’‘ÃjÈ=ŒËä

=Ó{f”Ë”=====∫]=Ó√á{ã◊]=Jâ{{Í”3e=^‰j{ä]ÜÇ=k{¥=É{{œÁ=IÓ{e]ˆÖ◊]===Ô{{ÿ√_=Ó{e]ˆÖ◊]=l]á{{.=Ó�{äËj
=======̂{€=Iô{ƒe=≈{€=Â{óƒe=’{ä^‹jÈ=ÇË{–‡ƒ◊]=Ÿ{ƒ†=‚_=·€=4n‘e======2{”_=Ó{ÿj”=÷^{‡„=·{‘i=%

====̄ =^{≥=ÓÛÍ{ó∫]=ÌÇ^{∫]=Êá{ãÃi=‚_=·‘∂=^ª=========Ó{ÍqÑËµ=Ìá{¶=‚_=^{≥Á=JÌá{€=Ó{Û$˘m=·{√=Ÿ{–È
===========k{œË◊]=Ü^{fj√]=·{‘∂=’◊Ö{◊=IÓ{e]ˆÖ◊]=ÇË{–‡√=ÜË{fƒ◊=’{◊Ñ=⁄Ë{u=Á_=Ó‡{ä=‚ËÍÿe=Ω–À=“á»jãi

∫]=======·{€=ÒÎ{é=pÉ{≠=%=I’{◊Ñ=≈{€=JÇË{–‡ƒ◊]=kjèj◊=ÎÃ‘È=^≥=�]Éq=�]4f”=‚¸]=Ôju=Îó–‡
=̂{€=Ÿ”=ÇË–‡ƒ◊]=ÓÍ‡e=fiÉ–iÁ=I]Ö„=========�̆ ‘{é=‚_=ÁÉ{fÈÁ=JÓ{ÍeÑ^£^e=É{Í–€=Â{fl`e=∆^{f�fl¯]=Õ{�ÿÆ

=l^Í‹‘e=ÇËqË€=Ó‹ÿ¿∫]=ÌÇ^∫]=·€€Jl]á.]=Ó”áu=Ôÿ√=ám˜ÈÁ=IÓ‹‰=
{{‡„{{{œ]=÷^{{{ñc=|]3{{{qËe=º^{{{€=ÇË{{{«=ÌÇ^{=4{{€{====Óƒ{{ä]Ë◊]=Ó{{Í‡f◊]=î{{vÀ=·{{€=Îi`{{È=ÓÍÚá

“^�‡◊]=‚Ë‘ÿ◊=�]Éq=-==========≈{€=l]á{r‹ÿ◊=Ó{–Ú^Ã◊]=É{Íœ^‡ƒ◊]Á=É{Íœ^‡ƒ◊]=^{‰ÍÀ=≈{‹rji=;{◊]=Ó–Èá�◊]
=========á”Ö{{i=Ó{{–Èá�e=∆àË{{ji=l]á{{.]=‚d{{À=Io{{◊^n◊]=Ÿ{{ìÃ◊]=º=kuá{{é=^{{‹”Á=J�̂{{óƒe=^‰{{óƒe

==l^{«]áÃe=ΩÍ°=Ó‹�ñ=l]Ò˘€=Ÿ‘é=Ôÿ√=Ìáèj‡€=Á_=l]4ƒé=º=Ó€Ë¿‡€=IÉeâ◊^e==JÓ{ÿÚ^„
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¯=====4f{‘◊]=Ü^{rÃfl¯]=Ö{‡€=|^j∫]=kœË◊]=º=`è‡i=‚_=ÊÖ‰”=ÌÉeâ€=IÓÍÿj‘i=ÓÍ‡f◊=·‘∂==·{€
========I≈�j{ãi=%=ÓÍeË{ä^§]=Ì^{”^-]=·{‘◊Á=JÓÛÍ{ó€=4{«=ÌÇ^{∫=Œ^ó∫]=Îÿœ^nj◊]=hÖ£]=‚ÁÇ
============ÌÇ^{€=·{€=ΩÍ{ãe=Ÿ‘{é=Ï`{e=ÌÜË{¿‡∫]=ÌÉ{eâ∫]=Ó{Í‡f◊]=t^{jflc=Ih^{j‘◊]=]Ö{„=≈ñÁ=kœÁ=Ôju

]=Ë√Éi=ÉœÁ=IÓ¥^œJÌÇ^∫]=’ÿi=ŸÍ‘èj◊=É–ƒ€=ΩÍÿ}=fi]É�jä]=≤c=Óq^§=
==========ÌÇ^{{‹”=^‰vÍ{é3◊=Ó{fÈá«=Ó{ÈÜÑ=‚ÁÇ=l^‹Í{ãq=Ô{ÿ√=�]á}˜{€=Î{‹ÿƒ◊]=fi^{‹j„¯]=â{”ái
========fiË{{©=Á_=›{{r§]=Ó{{Íf”Ë”=Ó{{ÈÉÍÿ–i=⁄^‘{{é`e=�̂{{óÈ_=É{{qËi=‚_=·{{‘∂=·{{‘◊Á=IÓ{{‹ÿ¿€
=========·{™Á=^{‡◊Ëu=·{€=‚^{‘€=Ÿ{”=º=›Í{‰i=Ó{‹ÿ¿∫]=fi^{ãq˙]=ÊÖ„=·€=ÇËèu=‚Ë‘i=Éœ=JÓ‹jƒ€

¯=^‡fl˙=Ò]Éƒä===========Õ{è‘i=‚_=·{‘∂=Ó{Í‡–i=�]á}˜{€=‚Ë{Í‘ÿÃ◊]=Õ{èj”]=É{œÁ=JÓ{–Í–§]=Î{ƒfl
===̄ =;{{◊]=Ó{{‹ÿ¿∫]=fi^{{ãq˙]=ÇË{{qÁ=·{{√======ÊÖ{{„=ÉÍÃj{{ãiÁ=JÓ{{ÍÚá€=fi^{{ãq_=≤c=Ó{{ÍeÑ^£]=^„É{{Í–i

=Íjfl=·{{€=Ó{{Í‡–j◊]==̇ =Ó{{ÍeÑ^£]=º=Ó{{€^ƒ◊]=Ó{{Èá¿‡◊]=Ó{{r====Îÿœ^{{nj◊]=çÉ{{ƒj◊^e=Œ�á{{ƒ�i=;{{◊]=·È^j{{è‡È
gravitational lensingJ=

====‚^{”Á=JÒË{ó◊]=Óƒ{é_=<°=‚_=·‘∂=ÓÍeÑ^£]=‚_=Ó–Í–u=ç^ä_=Ôÿ√=Ìá‘Ã◊]=fiË–i
_=============IÓ{ÃÍÃú=ÌÜË{ìe=<v‡Í{ä=å‹{è◊]=há{œ=á{∂=ÏÖ{◊]=Î{‹r‡◊]=∆^ƒ{è◊]=‚`{e=`{f‡i=É{œ=·È^jè‡È

====^€É{{‡√=›r‡{{◊]=≈{{œË€=Ó{{flÜ^–€=—{{Èáú=·{{√Á=JÒ^‹{{ã◊]=º=›r‡{{ÿ◊=á„^{{¿◊]=≈{{œË∫]=|â{{uâÈ=’◊Ö{{eÁ
====={fj}]=·{‘∂=IÊÜ]Ë{ù=å‹{è◊]=‚Ë{‘i=¯Á=‚Ë‘i======Îfl^{�È2◊]=Î{‘ÿÃ◊]=fi^{œ=É{œÁ=JÌÒË{f‡◊]=Ü^

=fi^√=Ìá€=⁄Á˙=I‚Ëj»�fl�Çc=ámÜa1919=ÓÈá¿fl=l^fmde=ÓÍƒ∫`e=I_J·È^jè‡È=
=====o{{Íû=ÒË{{ó◊]=â{{”ái=‚_=·{{‘∂=I’◊Ö{{◊=Ó{{rÍjflÁ=IÒË{{ó◊]=<{{°=�̂{{óÈ_=l^{{äÉƒ◊]Á
======Î”^{{≠=‚_=·{{‘∂=Â{fldÀ=IÎ{{Ã‘È=^{{≥=�̂–{ä^‡j€=›�{{ñ=›{{ãq=‚^{”=]Ñd{{À=JÌÜË{{í=Ÿ‘{èÈ

======ÌÜË{ì◊]=á{�‰¿�iÁ=JÉ{Íƒe=ÜÉ{ì€=·{€=ÒËó◊]=â”áÈÁ=ÓäÉƒ◊]6-1======Ω–{ãÈ=J’{◊Ñ=pÉ{≠=Õ{Í”
=ÜÉì∫]=·€=ÒËó◊]S=Ëó◊]=›ã£]=ÓÍeÑ^q=<vjÀ=IÏÁá”=›ãq=Ôÿ√==≤c=Â{‰qËiÁ=IÂ◊Ëu=Ò

====Ifi^{{ãq˙]=›{{¿ƒ∫=Óf{{ã‡◊^e=�̂{{ÃÍÃú=‚Ë{{‘È=<{{§]=4m`{{iÁ=JÉ{{Íƒf◊]=g{{fl^£]=Ô{{ÿ√=Ó{{ÈÜ˜e=Ó{{�–fl
===Ó{{Í‘ÿÃ◊]=l^À^{{ã∫]=Ô{{ÿ√=Â{{fldÀ=I�̂{{ÃÍÃú=‚^{{”=Ë{{◊=Ô{{ju=IÒË{{ó◊]=ŸÍf{{ä=º=Ò^{{‡™¯]=·{{‘◊Á

======É{Íƒf◊]=›{ã£]Á=õÜ˙]=±{e=Â{ãÃfl=›{ã£]=›vœ_=]Ñc=JÓÈ^‰‡◊]=º=ÌÜ˜e=gfãÈS===4m`{j◊]=‚d{À=I
=‰¿Í{ä=={{{◊=ÌÜË{ì”=áS======Ω{{}=‚Ë{‘È=o{{Íu=ÓÍÚ^‡nj{ä]=l¯^{{u=º=IÁ_=4f{”=É{{u=≤c=Ó{–◊`j€

========Ó{–ÿu={{e=Œ�á{ƒ�È=ÒË{ñ=·{€=Ó{ƒ€¯=ÌáÚ]É{”=I�̂úËfó€=á¿‡◊]_====‚_=�̄ ^{‹ju]=á{n”˙]Á=J·È^j{è‡È
===·{€=á{n”_=ÌÇÉƒj€=�]ÜËí=I�]ÉÍ–ƒi=án”˙]=⁄^‘é˙]=l]Ñ=fi^ãq˚◊=Ófã‡◊^e=IçÉƒj◊]=sj‡È
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===É{{œÁ=JÌÜ˜{{{e=º=Ìâ{{”á€=ÌÉ{u]Á=ÌÜË{í=====Ó{{{Íÿœ^nj◊]=l^{{{äÉƒ◊]=·{{€=�]ÇÉ{√=‚Ë{{Í‘ÿÃ◊]=Õ{èj”]
=Ôÿ√========Ó{ÃÚ]â◊]=fiË{r‡◊]Á=õÜ˙]=±{e=Î◊^{n∫]=·{€=g{Èá–◊]=Õ{í]3◊]=º=l]á.]=VÎflË”=ÉÍƒí

=======l^{{–ÿuÁ=�̂{{ä]Ëœ_=l¯^{{§]=ô{{ƒe=ºÁ=IÓ{{ÃÚ]â◊]=fiË{{r‡◊]=ÊÖ{{7=ÌÉ{{ÈÉ√=�]ÜË{{í=sj{{‡i=ÓÍ{{í^–◊]
JÓÃÚ]â◊]=fiËr‡◊]=ÒËñ=·€=Óÿ€^”=

=

=ÌÜËì◊]6-1=========Óƒ{é˙]=<{≠=EÓ{√^–ÀF=Ó{ÿj‘◊]=›Í{¿√=›{ãq=Ó{ÍeÑ^q=JÓ{Íÿœ^ni=ÓäÉ√=V
=====É{Íƒe=ÜÉ{ì€=·{€=ÓÍÚË{ó◊]S======JÌÜ˜{{e=º=ÜË{‡◊]=â{Í”ái=]Ö{„=gf{ãÈ=IÓ{{Íi]Ë€=Ó{◊^u=º=J

J›ã£]=⁄Ëu=ÒËó◊]=·€=Ó–ÿu=áÈ=ÌÜ˜f◊]=É‡√=É„^è∫]Á=

===l^{€˘ƒ◊]=·{√=‚ËÍ‘ÿÃ◊]=ovfÈ=IÓ‹jƒ∫]=fiËr‡◊]Á=Ó‹ÿ¿∫]=g”]Ë‘◊]=·√=›‰nû=º
=Ó{◊]É◊]======J^{{€=›{{©Á=õÜ˙]=±{e=Ìá{{é^f€=]Ö{{‰”=›{ãq=Ÿ{{}Ç=]Ñc=pÉvÍ{{ä=ÏÖ{◊]=çÉ{{ƒj◊]=Ô{{ÿ√

==========›{ÿ¿∫]=›{ã£]=÷á{vjÈ=^€É{‡√=Ìâ{Íª=Ó{–Èá�e=‚^{ƒ∫=º=Ô{é˘jiÁ=›r‡{◊]=ÌÜËí=≈Ãiái=ŒËä
===============·{€=ÊÇË{qÁ=Ô{ÿ√=⁄�Éj{ã�È=Â{fldÀ=IÎ{Úá€=4{«=Ô–fÍ{ä=Â{ãÃfl=›{ã£]=‚_=≈{€Á=Já{¿‡◊]=Ω{}=2{√

=]=ÊÖ{„=±Í‘ÿÃ◊]=ôƒe=fiÉ�jãÈÁ=JçÉƒj◊]=4m`i=======Ó{◊^„=º=Ó{‹ÿ¿€=fi^{ãq_=·{√=o{vfÿ◊=Ó{Í‡–j◊
==̄ =É{u=≤c=ŸÍÛ{ñ=ÉÍƒe=›©=≈€=—ÍœÉ◊]=Õí]3◊]=⁄^‹ju]=‚_=≈€Á=JÓfl^fj◊]=hÜÇ====‚d{À=I“�É{ì�È

===̂{{€=÷^{{‡„=‚^{{”=]Ñc=¡{{u˘È=‚_=g{{¨=Îÿœ^{{nj◊]=çÉ{{ƒj◊]===º=JÓ{{‹ÿ¿∫]=fi^{{ãq˙]=·{{€=Î{{Ã‘È
===fi^{{√=á{{}]Á_1993=======fiË{{{r‡◊]=g{{œ]áÈ=‚^{{”=I÷3{{è€=Î{{‘Èá€_=Î◊]3{{{ä_=›œ^{{ú=·{{ÿ√_=I=º

==========Â{fl_=ÁÉ{fÈ=^{‹√=Iâ{ÿÈÁ=pÁ^{ä=Ë{Ífl=º=Ëÿ€Á3{ä=Ÿ{fq=É{íá€=·€=Ì4f‘◊]=ÓÍfl˘q^∫]=Óe^vã◊]
J^‡iá¶=Ó◊^„=º=fiâœ=›©=Ó�ä]Ëe=Îÿœ^nj◊]=çÉƒjÿ◊=xñ]Á=tÑËµ=⁄Á_=

======Ó{{Ãn‘€=pË{{û=Ò]á{{qc=#=É{{œÁ=IÓ{{Íÿœ^ni=l^{{äÉƒ”=Ÿ{{‹ƒi=�̂{{óÈ_=Ò]ÇË{{ã◊]=hË{{–n◊]Á
‘ÿä¯=ÜÇ^ì€=fi]É�jä^e=^7Ëu�á¶=tÜ^}=ÓÍ#F=Ó�È====l^{qË∫^”=ÓÍ‘ÿ{ä¯=l^qË€=åÈÉƒi

======hË{–n◊]=‚`{e=∆^{f�fl¯]=Õ{ÿÆ=^{ª=I±véá∫]=·€=�]Éq=ŸÍÿœ=ÇÉ√=Õ�è�j”]=^≥ÜÁ=JEÓÍÚËó◊]
¯=Ó�È�á.]=Ÿj‘◊]=l]Ñ=Á_=ÓÍ‹r‡◊]=Ò]ÇËã◊]=JÓ‹ÿ¿∫]=ÌÇ^∫]=·√=Ó◊Á˜ã€=‚Ë‘i=‚_=Ÿ‹j≠=
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^{{€=·{{‘◊Á=◊]=hË{{–n◊]=Ÿ{{”=ÓÍ{{äÉƒj◊]=Ó{{‡È^ƒ∫]=º=á{{‰¿i=Ò]ÇË{{ãI=i=‚_=·{{‘∂Á=‚Ë{{‘
=====ŸÍ‘{èi=Ô{ÿ√=kƒr{é=É{œ=4ìœ=kœËe=4f‘◊]=Ü^rÃfl¯]=Éƒe=lÇ^ä=;◊]=ÓÍä^–◊]=ŒÁá¿◊]
=====g{¨=fi^{ãq˙]=ÊÖ{„=º=Ó{ÿj‘◊]Á=JÓÈÜÑ=Ì]Ëfl=·€=2”_=·‘i=%=^≥Ü=IÓÈá‰¶=Ò]ÇËä=hË–m
========Ó{{ÿj‘◊]=·{{€=4f{{”=Ü]É{{–€=‚Ë{{‘È=‚_=·{{‘∂Á=J4»{{í=›{{©=Ó{{ÿj‘◊=Ó{{ÛÀ^‘€=‚Ë{{‘i=‚_

===‘{{è◊]=]Ö{{„=º=�]É{{q=Ó{{◊^ƒÀ=ÌÜË{{ìe=�̂{{eËrß====áÚ^{{ä=º=�]á{{èj‡€=‚Ë{{‘È=‚_=g{{¨=^{{‹”=IŸ
============JÓ{fÈá»◊]=l^{fl^Í‘◊]=ÊÖ{„=Ô{ÿ√=Ô{ju=ÓÈÉ{íÜ=ÇË{Íœ=≈{ñÁ=·{‘∂=Â{fl_=ê„É{∫]=·€Á=J‚Ë‘◊]

”Ë„=4m`i=Ô√É�È=^≥=—ÿƒjÈ=gfã◊]ÁÍ======J≈e^{ã◊]=Ÿ{ìÃ◊]=º=Óf{ä^‡€=ÌÜË{ìe=Âjuá{é=ÏÖ◊]=I…‡
=={è∫]=l^‹Í{ã£]=·€=Ÿe]Á=ΩäÁ=º=ÓÈá‰¶=Ò]ÇËä=hË–m=árÃ‡i=‚_=Ÿ‹j≠=IÜ^ìj}^eÁ=ÓflËv

===á»{{í˙]=hË{{–n◊]=Vg{{–n◊]=›{{ru=Ô{{ÿ√=É{{‹jƒÈ=ÇÉ{{ß=·{{€à=É{{ƒe=Ü^{{rÃfl¯]=pÉ{{≠Á=J�̂{{ÍÚ^eá‰”
==========IÓ‡{ä=±{È˘e=Ìá{è√=É{ƒe=á{rÃ‡È=ŒË{ä=4»{í=›{©=Ó{ÿj”=Â◊=�̂f–m=‚c=J2”_=Ó√áãe=árÃ‡i
===========Ó{Ûq^Ã€=Ó{óffl=·ÈË{‘i=Ë{„=]Ö{‰”=Ü^{rÃfl¯=É{u]Á=4m`{i=Já{ñ^§]=k{œË◊]=ÇÁÉû=<ƒÈ=]Ö„

=̂{€=]Ö„=IÓÍ‘ÿä¯=l^qË€=·€=={”˜È========%=Â{fl_=x{qÜ˙]=Ô{ÿ√=JÎ√^ƒ{é˛]=’{ÿÃ◊]=›{ÿ√=Ò^{‹ÿ√=ÊÉ
¯=Âfl_=Ü�É–�È=]Ö7Á=Il^óffl=Õ�è�j‘�i====Ó{m˘m=Ÿ{”=Éu]Á=Ü^rÃfl]=·€=án”_=pÉ≠=‚_=·‘∂

=======Ò]ÇË{{ã◊]=hË{{–n◊]=‚_=<{{ƒÈ=]Ö{{„Á=JÒ^{{óÃ◊]=·{{€=Ó{{fƒ‘€=ÓÍÚË{{ñ=Ó‡{{ä=Ÿ{{”=º=Ó‡{{ä=±{{È˘€
¯=ÓÈá‰.]=J‚Ë‘◊]=Óÿj”=·€=�]Éq=ŸÍÛñ=Òâq=Ëä=Ÿ‘èi=

I�̂€Ë‹√Á====‚_=Ÿ{‹j≠Á=Já{}a=≤c=Î‘ÿÀ=·€=‚Ë‘◊]=º=Ó‹ÿ¿∫]=ÌÇ^∫]=l]áÈÉ–i=Õÿj¢
=Ófã‡e=IŸœ˙]=Ôÿ√=IÓÛÍó∫]=ÌÇ^∫]=·€=2”_=Ó‹ÿ¿∫]=ÌÇ^∫]=‚Ë‘i10/1===Óf{ãfl=�̂{fl^Íu_=ÇáiÁ=I

100/1===̄ =±Í{{‘ÿÃ◊]=‚_=Ó{è„É◊]=≤c=Ë√É{È=^{€Á=J======É{{–À=J‚Ë{‘◊]=›{¿ƒ€=g{{”3È=›{€=‚Ë{ÀáƒÈ
==‚_=Ó{ÿÈËú=ÌÉ∫=õ�3Ã�È=‚^”=======̄ =^{‰fl_=·�Í{fi=·{‘◊Á=I‚Ë{‘◊]=›{¿ƒ€=Ÿ‘{èi=fiË{r‡◊]===Ÿ‘{èi

JÎ◊^∑˛]=·€=�̂fÈá–i=ΩÍãe=Òâq=Ëä=
===̂{{€=Î{{„=I‚Ë{{‘◊]=›{{ÿƒ◊=Óf{{ã‡◊^e=IÓ{{5^§]=Ó◊`{{ã∫]====Ó{{‹ÿ¿€=ÌÇ^{{€=÷^{{‡„=k{{fl^”=]Ñc

==========Õ{œÁ=º=�̂{€^¥=Ÿ{èÃi=;{◊]=ÌÇ^{‹ÿ◊=ÓÈá»{í˙]=Ó{À^n‘◊]=Ô√É{�i=J‚Ë{‘◊]=≈äËi=ÕœË◊=ÎÃ‘i
=≈äËj◊]A=Ó{qá§]=ÓÀ^n‘◊]@=·{‘∂Á=J==========Ó{À^n”=Õƒ{ñ=Ó{Û€=Î◊]Ë{u=…{ÿfi=^{‰j‹Íœ=‚`{e=áÈÉ{–j◊]

============·{{√=o{vf◊]=fiÉ{–È=‚_=⁄Ë€`{∫]Á=JÇ^{‘◊^e=Ë{◊Á=IÓ{‡‘ª=Ô{–fi=ÊÖ{‰”=Ó{Í‹”Á=JÓ{ÍÚá∫]=ÌÇ^{∫]
===ÎÚ^{{‰‡◊]=4{{ì∫]=‚˙=Ih^{{¨˛]=Á_=ÎÃ‡◊^{{e=Ò]Ë{{ä=I�̂v{{ñ]Á=�̂{{e]Ëq=g{{Èáœ=^{{‹√=Ò]ÇË{{ã◊]=ÌÇ^{{∫]

J^‰e=ΩfiáÈ=IáÈÉ–i=Ÿœ_=Ôÿ√=I‚Ë‘ÿ◊=
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„]á◊]=^‡jÀáƒ€=Ÿø=º¯=IÓ‡=^€=⁄Ë–fl=‚_=^‡‡‘∂======≤c=≈{äËjÈ=ŒË{ä=‚Ë{‘◊]=‚^{”=]Ñc
====pÉvÍ{ä=Ô{j€=VË{„=|�á��È=ÏÖ◊]=⁄]˜ã◊^À=Iîÿ–j◊^e=_ÉfÍä=ÓÈ^‰‡◊]=º=‚^”=]ÑcÁ=J¯=fi_=Ée˙]
=====àÁ^{rjÈ=‚^{”=]Ñd{À=Jtá{§]=‚àË◊]=Ôÿ√=‚Ë‘◊]=‚àÁ=ÌÇ^Èà=Ü]É–≥=ÓœÉe=h]Ë£]=ΩfiáÈ=[]Ö„

=Ófã‡e=tá§]=‚àË◊]1%j◊^e=_ÉfÍä=‚Ë‘◊]=‚dÀ=I===={fl^”=]ÑcÁ=WÓ‡{ä=‚Ë{Í◊ái=Î◊]Ë{u=º=îÿ–k=
=àÁ^rj◊]=]Ö„=Ófãfl10%J‚¸]=·€=Ó‡ä=‚ËÍÿe=ÓÛ€=≤c=ŸrƒjãÍä=îÿ–j◊]=‚dÀ=I=

==={�¿‡∫]=ô{{ƒe=É{–jƒÈ=IÒ^{{‡m˙]=ÊÖ{„=º===‚Ë{{‘◊]=‚àÁ=±Í{{ƒi=�̂{‡‘ª=‚Ë{{‘È=É{œ=Â{{fl_=·Èá
=IÊÉuÁ=h^ã§]=Ó�ä]Ëe=·€====l^{‡Ú^‘◊]=‚`{e=Ç^{–j√¯]=JÓfƒì◊]=l]É„^è∫]=≤c=Óq^§]=‚ÁÇ

=======É{Íÿ–i=ÁÖ{u=ÁÖ{≠=⁄¯Éj{ä¯]=ÌË{œ=·{€=Ω–À=Ó–Í‹√=ÓÍflË”=ÓÀáƒ≥=`f‡ji=‚_=·‘∂=ÓÈáèf◊]
˛]=ÓÃä˘À=Ò^€Éœ=≤c=Éj∂=====Ó«^Í{í=‚Ë{‘◊]=Ò^{‹ÿ√=·{€=ÇÉ√=⁄Á^u=I›ÿƒ◊]=áì√=ÎÃÀ=J—Èá«

=====Ó{–Í‹√=^{€=Ó{√Ë‹¶=Ó�{ä]Ëe=Ó‹Í–◊]=º=Óje^m=ÓÍ‹‘”=‚Ë‘◊]=Óÿj”=Î�ƒi=ÓÍñ^ÈÜ=s„^‡€
Ç^f∫]=·€ı=Iï^}=ÂqËe=IÓÈá»€=J====l^‹Í{ãrÿ◊=xÍv{ì◊]=ÇÉ{ƒ◊]=^‰ÍÀ=Ç�Év�È=;◊]=Ó‹¿fl˙]=’ÿi

============·{{€=›«á{{◊]=Ô{{ÿ√=Il˘€`{{j◊]=ÊÖ{{„=·{{‘◊Á=JÓÈáv{{ä=Ó{{ÈÇÉ√=^{{€=Ó»Í{{í=Ô{{‡ƒ≥=‚Ë{{‘◊]=º
=======Ó{{Èá¿fl=Ì4{{}˙]=l]Ë‡{{ã◊]=º=k√^{{é=I’{{◊Ñ=≈{{€=JÒ^{{‹ÿƒ◊]=á{{n”˙=“á{{i=%=^{{‰fldÀ=I^{{‰jÍeÑ^q

===ËÈÜ^‡Í{ä=Â{flc=I‚Ë‘◊]=Óÿj”=⁄Ëu=Óvñ]Á=ÌÒËffl=|á�i=án”_=Óƒ‡–€={ój◊]›�====Ê^‡{äÜÇ=ÏÖ{◊]
Jo◊^n◊]=ŸìÃ◊]=º=

========‚_=õ3Ã‡{{◊=J‚Ë{{‘◊]=º=ÌÇ^{{∫]=Ó{{Í‹‘e=›�{{ój◊]=Ó{{Èá¿fl=l]ÒË{{ffl=·{{€=ÌÉ{{u]Á=—{{ÿƒji
======^„É{‡√=—{ÃÆ=;{◊]=Ó{qá§]=Ó{‹Í–◊]=·€=4n‘e=Ÿœ_=Á_=2”_=^‰jÀ^n”=Óÿj‘e=_ÉfÈ=‚Ë‘◊]
=====É{{u=≤c=4»j{{i=Ó{{À^n‘◊]=‚d{{À=IÎ‹�{{ój◊]=ÜË{{�◊]=‚Ë{{‘◊]=á{{é^fÈ=^€É{{‡ƒÀ=JÜ^{{Í‰fl¯]=pÁÉ{{u

=I4n{{€=========JÓ{{qá§]=Ó{{À^n‘◊]=·{{€=Ó√á{{ãe=h3{{–i=Ó{{À^n‘◊]=‚`{{e=Ó{{Èá¿‡◊]=`{{f‡ji=I≈{{œ]Ë◊]=ºÁ
=========ºÁ=Jtá{{§]=≤c=há{{œ_=Ó{{À^n‘◊]=kvf{{í_=IÉ{{€˙]=Ÿ{{ÈËú=‚Ë{{‘◊]=›�{{ói=‚^{{”=^{{‹ÿ”Á

====̂{{€=IÎ◊^{{j◊^eÁ=I�]É{{q=�]4{{ìœ=�]É{{€_=Ω{{–À=›�{{ój◊]=á‹j{{ãÈ=IÓ{{Èá¿‡ÿ◊=ÓÍ{{ä^Í–◊]=Ó{{∑3◊]==%
fó◊^e=Óqá§]=ÓÀ^n‘◊^e=Ìârƒ≥=_Ée=‚Ë‘◊]=·‘È======Î‹�{ój◊]=ÜË{�◊]=·{€=`{èfl=‚^{‘◊=IΩ

Jtá§]=·€=�̆ Íÿœ=Ÿœ_=Á_=háœ_=ÓÀ^n‘e=
==========o{Íu=IÓ�Í{�ä�_=Ó√á{ãe=pÉ{≠=›�{ój◊]=Ò^{‡m_=Ó{qá§]=Ó{À^n‘◊]=·{€=h]3œ¯]=·‘◊Á
==========Óf{ã‡◊^e=Ô{ju=IÓ{qá§]=Ó{‹Í–◊]=≤c=�]É{q=Ó{fÈáœ=Ó{À^n‘ÿ◊=Ó{ÍÚ^‰‡◊]=Ó{‹Í–◊]=‚Ë‘i=‚_=Ÿ�‹�jv�È

�]Òâq=Ω–À=á‹jãi=;◊]=ÓÍ‹�ój◊]=l]3Ãÿ◊==�]É{q=�̆ ÍÛñ=====Ô{‡ƒ€Á=JÓ{Ífl^n◊]=·{€A=�Î{�ä_@====Ë{„=^{‡„
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========Î{ó–‡Íä=ÏÖ{◊]=·€â{◊]=Õ√^{ójÈ=I›�{ój◊]=^{‰ÍÀ=á‹j{ãÈ=�̂fÈá–i=ÓÍÀ^ñc=Ó‘i=Ÿ”=≈€=Âfl_
=========ë^{‹‘fl]=≤c=›�{ój◊]=·{€=Ó{‘i=Ó{Û€=Ó{‹Íœ=lÇ_=]Ñd{À=Jîÿ–j{◊]=ÒÉeÁ=4f‘◊]=Ü^rÃfl¯]=±e

^‹‘fl]=Ôÿ√=⁄Éi=ÌÉu]Á=Ó‘iÁ=Ó‘i=ÓÛ€=‚dÀ=IÉƒe=^‹ÍÀ=Ó‡ä=‚ËÍÿe=ÓÛ€====Ó‡{ä=‚Ë{Íÿe=;Û{€=ë
========IÉ{ƒe=^{‹ÍÀ=Ó‡{ä=‚Ë{Í◊ái=Ó{Û€=ë^{‹‘fl]=l^{�‘i=áè√Á=Ó‘i=ÓÛ€=ÏÁ^ãi=±u=º=IÉƒe=^‹ÍÀ

›ÿ„Á=J]áq=
^€=¯=[›�ój◊]=Ü]á‹jä]=É€======·{€=É{ÈÉƒ◊]=Ó{Èá¿‡◊]=á{ãÃi=Î‘◊=·‘◊Á=IŒáƒÈ=Éu_

========l^{{‘j◊]=·{€=Ïá»{{í_=ÇÉ{ƒ◊=fiÁÉ{È=‚_=g{{¨=Â{fldÀ=I^‰jÃ{íÁ=;{{◊]=Ó{ÍqË◊Ë€àË‘◊]=Îq^{u˙]
�̂{{fÈá–i=Ó{{‘i=Ó{{Û€F====›�{{ói=]Ñd{{À=JÔ{{ÿ√_=É{{u=÷^{{‡„=åÍ{{◊=·{{‘◊Á=JE^{{€=É{{u=≤c=‚á{{€=›œá{{◊]=W

===^‡i]É„^{{è€=|á{{è◊=fià˘{{◊]=Ô{{flÇ˙]=É{{§^e=Ω{{–À=IÓÍÚ^‡nj{{ä]=^{{€=ÓÀÉ{{í=—{{Èáú=·{{√=I‚Ë{{‘◊]
========Ek{{°=Á_F=“Ë{{À=I›{{‰€=É{{u=≤c=IÔ{{–fi=‚_=·{{‘∂=›�{{ój◊]=É{{ƒe=Ó{{À^n‘◊]=‚d{{À=IÓ{{Í◊^§]

Óqá§]=Ó‹Í–◊]=-=={°=‚_=Ó‘ÍéË◊]=l]É„^è‹ÿ◊=^‰ÍÀ=·‘∂=Ó◊^u===Á_=Ië^{‹‘fl¯]=Ó{f–u=ÇÉ
===========l^{‘j◊]=·{€=ÇÉ{√=É{€=Ô{ÿ√=›�{ój◊]=Ÿ{í]ËjÈ=‚_=Ë{„=�̄ ^{‹ju]=á{n”˙]Á=J�̆ f–jã€=Â€É√
====JÓ{qá§]=Ó{‹Í–◊]=·{€=I≈œ]Ë◊]=º=I�]Éq=ÓfÈáœ=ÓÀ^n”=≤c=ÏÇ˜È=^ª=IÔflÇ˙]=É§]=·€=2”_
======·{€=Ó{ÿÚ^„=ÌÉ{€=Î{ó€=Ÿ{fœ=ê‹‘‡È=·◊=ÂfldÀ=Iê‹‘‡Íä=‚Ë‘◊]=‚^{”=]Ñc=Âfl_=]Ö„=<ƒÈÁ

·€â◊]=-========·{◊=ÓÍfl^{ãfl˛]=l^{‡Ú^‘◊]=‚d{À=I’{◊Ñ=x{í=]ÑdÀ=J‚Ë‘ÿ◊=Î◊^§]=á‹ƒ◊]=Œ^ƒñ_=ÌÉ√
JÂ‡�–i=ÏÖ◊]=‚Ë‘◊]=4ì€=�]Ée_=Œáƒi=

=

  




