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¬ÅêLZ%~ÌÃðÚz̧q5+k,7ƒ$ËZ#J-�Zv»Sfy:ƒZzg¬ÅêL»~ÌËÚ»¼g7ƒYZ#J-�Zv»Sfy:ƒXŠzu~!*]tzZã
LLQkÆ EmF‹?D ûd ]ôÞ$³Ûø³^]øÚû³†öåü]ôƒø]]ø…ø]"øCønû³ò÷³^]øáûm$þ³ÏöçûÙøÖøþ³äüÒöàûÊøþ³nøþ³Óöçûáö óóìXŒÛMyœÆZÖp�:ü Òö³àûÊøþ³³nøþ³Óöçûá g6ec�QkÆZ%Å%áyLL

!*Ç7ìX0 (time element) Z%Å%áyÂtì�Z#z{Ëq»ZgZŠ{™@*ìÂQkÐHìƒYó:z{ƒYCìXóóZk¬ÅêLZ%~z‰Ü»K
iŠy~Ìz‰Ü4ìó²¬ÅêLZ%~ZÚz‰ÜÌ74XZk¬ÅêLZ%Ð0Šz‘‡]�:5ÀZzgZK̈ãZgzZbXZK̈âV»Ÿª³Zãz�ŠÂ¬ÅêL»

ûLL)Z}Ñ(tM\ ½ æømøŠûòø×öçûÞøÔøÂøàô]Ö†%æû|ô ÅÚìópgzb¬ÅêLZ%ÅÚìXOçZkÆ!*g}~ÎZwHŠHåXÎgïµZuZL~ì:ü
û)Me$58(LLM\ÈŠØ�gzb÷}g„ÆZ%~ÐìóóXZk»m¬ÅêL Îö³³Øô]Ö³³†%æû|öÚô³àû]øÚû³³†ô…øeôù³³oû ÐgzbÆ!*g}~7bgì�óóXü

»Ð7ìóZkâœ~¬Åê MÐ7ìótÚ!*ÇŠzu~ìXÂ¬ÅêLZ%~Zv¬\ÆZ©x7gZƒä~8gê FILiŠy»z‰ÜÌ7feX
Z%¬ÅêL»»çntì�z;Vz‰Ü4ìZzgD+g+Cé GESÃðÚz�Š~MCìXOçƒÐ¬â^Ù�»Ñ]ÅðÆ!*g}~�Ãt

Æaik,i}72³¢aDu8-ÅŠ~ˆìX‚³Zßwtì� (verification) óóB@*ìóTÅÂ} Big Bang ƒÐic*Š{=wìz{LL
:ƒYñXeZgzy»ÃtM`J-U*"$7ƒeó®ZZq-ÃbÅwÐ (verify) gLìZ#J-�U*"$ (Hypothesis) ÃtQkz‰ÜJ-Ãt

ÂßvZÐâ…�ópZkÅ”h+#¿ÌìXZkÆ',@t!*]�0*ã;àgzXZzgMxÐï™¯ìóZq-U*"$”{‚³|ìX0*ã
™³óMxZzg;àgzXe{e{z�Š~MYNÐó²;àgzXZzgMxÆZ0+gZ¼u3guÙÂ0*ã0YñÇX hydrolysis»

Zq-ÃtìóZ¤/pZk6,>»½ãZ)qƒ[ìXZkÃtÅgzÐSkâœ~»Ñ]Åð»M¸iZg1V‚w¬Zq- Big Bang ¾qw
z�Š~MñóX»ŠgzwZg]**‡.Þ¦guJ-—)71Ve¤/~v fotons ¹(,}Š}ÆÐƒZåóTÐZVÐÌ.e$gLfgZ]

¤/i+(åZzg�**‡.Þ¦g!gëg~Æ‚BZq-Šzu}ÐŠzg¸vgìó̧TÆË~tMlÍ!w~!~Ð(,k`ŠHZzg%z§iâ:Æ
‚BZyfgZ]ÅwZg]ZzgZyÆ!*bæ…Å̧]z”]~¶MC¬ˆXQt**g~‘\c*$ÑZ”V~ÏY`ŠHTÐKNz�Š
~MNZzgCÙKV~**g~°æ N}aZƒñXM×M×¹Ð™}Q}7,äÑzqƒñóX~ÐZq-øg~i}ÌìXZk‚g}¿

¹ (Crust of the Earth) ~™zh;',kÑ�Xøg~i}Z#Q~ƒðÂZkÆZz6,èÅZq-ŠÜµaZƒ̂&LL¢lç
GI

LZgnóóªi}»Å

Y@*ìXi}ÆZ0+gÂZ[ÌMv½~7,~ìXi}Æù~ÂZkŠgŠgzwZg]ì�z;Vn*]�ƒðßg]~�XZkÆZ0+gÐ
Z#ÑzZZŠìÂè¸ì�Zki}ÆZ0+gHª#Ö—ìX

ð»Ñ]Æîs6,ZªÃ~äÝÑ]~ÑgHìXZq-ÝÑ]Âz{��øg}Š*�ÆZ0+gMD�XZq-ÝÑ]z{��
øg}ß5Yä¥K�ZzgZq-ÝÑ]z{��~äÒyK�óX»mŒÛMyZzg‚bÆ‚BìX~äZyIt#ÃZLZq-Âa

~,ÐÒyHìóT»ÄZyìLLZXŠzZ$+Z»¬ÝÐ¬@ÂÄÜÄJ-ÝwZzgZg»YÆ%ZióóXZk»Ñ]~�6giZzg°æ N}ñ�Š�óZy
ÌXLLNZ"$óóz{�XÆ!*g}~¹Y@*å�z{‚Á�ópZ[¥xƒZ�z{ÌÁZiÁZL (satellites) Ì�Zzg(g} (stars) ~NZ"$

LLjVõwì Å "g6,x̃gì�XÎg`Ì6gìópZL¤/Š̃xg;ìXM`…tÌ¥xì�Zk»Ñ]~jy**xÅÃðÚ7ì
(LLCÙÚ ]ŸÞfn^ðVOOæmF‹?VLP û) 4 ÒöØ'ÊôoûÊø×øÔõm$Šûføvöçûáø Šg]Æ»g{ä~!óó»Ñ]ÅCÙÚw•~ìóTÃŒÛMyä"5¾æ EGZg¹ì:ü

ZLæZg~¾g„ìóóXZk|ÃÂŒÛMyäÅÑózg:Œ̧Y@*å�ŠgZÝi}‚ÁìZzgÎg`ZkÆ¤/Š̃OìXætÐÀ_ìZzgf[
~Y™¾z[ƒY@*ìXˆ~è`�7óÎg`Â‚Áìói}ZkÆ¤/Š̃xg„ìXQ¥xƒZ�Îg`Ìx̃g;ìZzgZkÅÌŠzwQ



6,Ìx̃g;ìX‰i}ZL"g6,Ìx̃g„ìó (axis) �XtËZzg(,}6gÆ¤/ŠÌ6Îg;ìóT»ZÌJ-uZr7Îc*YeóZzgZL"g
TÐŠygZ]z�Š~MD�ZzgtÎg`Æ¤/ŠÌ6ÎCìÂZkÐñÌz�Š~MD�X

ð»Ñ]~H²=ÎóM\¦g7™MhXŒÛMyZk²áÃbŠyHìóptøg}aä]ÆŠy7�XŒÛMyˆ~Zq-Šy»
f™ìDÙZg‚w»óZq-Šy»f™ì�kDÙZg‚w»ó²t™zhzV‚w»Zq-ŠyìótMÃ¹ŠyìX7g~»Ñ]Åw•ÆZ±gÐ%áh+z{Zq-Šy

ªCÙƒðó‰Zóg}ÆZz6,gZÄMYCìóÂZk~™zh;',kµ‰XÂt¬ÅêL crust áCƒXzZvZD!ÂZ#J-�z{**g~™}Q}ƒñZzgi}6,
»ÅD+góìXË%á²äHp[¹ì:C

#Ö™…YâóQ@*ì†',ÎV
A${uÆ6,Š}ÐZK̈yÀ_ì!

ZkÄ~LL',ÎVóóÅ(LLœ-VóógÄ³XZk»Ñ]äÄÝÑ]ðK�óA${uz�Š~MðZzg{uÐZK̈y»‘\¯XZk!*]6,
‚bZzgè<ØŠzâV5��ZK̈yèÐ¯c*ŠHìXŒÛMyÌ¸Hìó‚bÌ¸9ìXZ%èÐZkÅð¾6,ZªÆ�ƒðìó

ó iö³³³³³³³³³³³³³³³†ø]h t!*]Z%°ƒ$ËìX¾qwøgZ³Zãz�ŠóT»m¬ÅêL»ÐìóZk»âŠïðèìXŒÛMyœ~ZK̈yÆâŠïðÆa}

ÆZÖpMñ�Xª}�Ûâc*�ZK̈yÅðèÐƒðó ‘ø³×û³’ø³³^ÙõÒø³^ÖûËøí$³^…ô Zzg} ‘ø³×û³’ø³³^ÙõÚôù³àûuø³Ûø³õ̂Ú$Šûßöçûáõ ó} ›ônûàõŸ$‡ôhõ ó} ›ônûà }

}�Ûâc*Çg}Ðó}d/õ MEƒñ:ŠZgÇg}Ðó}v~ƒðèÆÎÇÇg}ÐZzg}8~Å§b‡DƒñÇg}ÐXÍc*³ZÈ
MŠxÅðÐ¬ZkÆâŠïðLLèóóZzgZkÆÈ§]LL0*ãóóÆZâZ`Ðz�Š~MäzZáLLÇg}óóäZg»YÆÄ„%ZiðKX%iZ
ËwòäZk*yÃ¾pzgCÐÄ»Y)zc*ì:C

CÙŠz¬Ý{u”@*n$©ø
EGI

LMŠò
Z}·§ØZiŠ§pŠƒâg!*l!

ªt7g~»Ñ]Z#ÝÑ]Å2Bð™Æ{uJ-VˆA$ZK̈y»‘\àCÑzqƒZX
ZkÄ»ŠzuẐqKÆaM\Ã¡Òiªî EE0z�Š'7,}ÇXÃ›zu]Zß�ŠZzgzu]ZÅgAð IXŠz){ÅgzÐt»Ñ]ZÝ~ìàìóZk»Ãð
Çz�Š7ìóÍc*tnzxÆŠgZ~ìXÇz�Šc*z�›ÇÜsZv¬\ÅfZ]»ìXZkÆÎZ�¼ìZÐM\‚ñÅ§b™³X
M\jÆ‚t9}�ÂQŠOÌ9}ÃMgì�ó²z;V6,jÆú¼7ìótÂ¡M\»@ì�ÃMg;ìXOç»Ñ]Æ
!*g}~¹ŠHì:C

Ò³³³³³³³³³³³³³³³³³³³³³³³³³³Ø%Ú³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³^Ê³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³o]Ö³³³³³³³³³³³³³³³³³³³³³³³³³³Ó³³³³³³³³³³³³³³³³³³³³³³³³³çáæâ³³³³³³³³³³³³³³³³³³³³³³³³³Üº]æìn³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³^Ù

]æÂ³³³³³³³³³³³³³³³³³³³³³³³³³³³Ó³³³³³³³³³³³³³³³³³³³³³³³³³³³çŒºÊ³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³o]Ö³³³³³³³³³³³³³³³³³³³³³³³³³³³Û³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³†]m³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³^]æ¾³³³³³³³³³³³³³³³³³³³³³³³³³³¡Ù

ª»Ñ]~�¼ìz{zëìc*ìwìóc*MNWÆZ0+gÃMäzZá@�c*¡‚ñ�X‰Šg|#»‚ti}6,7,g;ìóZk‚ñ»ZCÂÃð
z�Š7ìXÂt�nzx)»Ñ](ìZknzxÅ·gZK̈yìXZkð»!̄ZK̈yìXZkjZáÐ%iZËwòZK̈yÃ#¥™ÆÈgì�
�ZKŠgz7ÐMÇ„qÝ™zXt»Ñ]nzxìópZk»²£Õä LƒZ†[»YwZK̈yìXZk»Ñ]äÝwÅX„2BðÅ�óH

nZF,~ìóA$ZK̈y»îaZƒZìX



t]zg‚ª»D+g�Zg»Y
¬ZK̈yÌó̧¬ÑÌZ̧zg¬ d ZK̈yÅðÆD̂+góZzgZg»Y»Zq-Zzg%³ÑzqƒZZzgz{ìt]zg‚ª»Zg»YX|]MŠx

gÎwÌXpt]zg‚ªÅŠ½ãb‚]DÙZg',kÅD+góÆfg)ÐƒðìXZka�t¬ÅêL»ìZzg¬ÅêL»ÆZ0+gz‰Ü4ìX‰

‰ZK̈y»f6Zg»YƒZót]zg‚ª»ÌZg»YƒZX‰ZK̈y»Ç(qƒ@*ìZzgQz{gCgC6,zZymkìÂZk»f6ÅgÌ¢ƒ@*Y@*ìX
6,ZÎ~ÆZq-aÃM\8ZÝe~ågÄŠ,A$Ìz{ZÐH7,JñÇ?z„¼**TÅZka~Z¦ZŠì!z{ZC8ZÝe~»Di',Š4ZkÆ
Z0+g7Z&+sYXZÏ§bZK̈yäŠ*~Zg»YÆ%ZiðKóf6îg6,ÌZzgÕãZ±gÐÌX¬ţgzV~gLåóQZkäÑ;c*V¯**

ÑzqXXQZkäMÐ(,|™DbÅ̂Z(gÅX\»Âx¯XQà~gc*Zz�Š~MNXQ(,~(,~ZL],iz�Š~MIXtZK̈y»f6
Ðá™ d ÃV‰Â‚B„t]zg‚ªÅÌŠƒ̂XZkZg»Y~|]MŠx (maturity) ZzgÕãZg»YìXtŠzâVZg»YZ#ZKé

Z¶gZ]~M@*gLì�Zã |]&A)åƒgÎwZv~VJ-ÁZiÁb‚]DÙZg‚w»̀ìXMŠxú‘tÂ¹6,ZãÚìT»f™eZgÌy™@*ìóZzg
(Homo òMc*ìóT»„Z!*ÇZK̈yÆ„}Åâ#ìXtZK̈yú‘tÂ¹¬¶ópZq-{mZK̈y (fossil) ÑÄ‚w6,Z**ÃË

Ðt]z d T~ZväZKgzb~ÐYïóz{Zq-¿MŠxåXz{MŠxŠkDÙZg‚wÐ6,Zã,7ìX¾qw|]MŠx sapiens)

g‚ª»�̂ÑzqƒZÂz{½ãb‚]DÙZg‚w~|]·~V6,ŠÃVŠHX
]øÖûþ³³³³³³³³³³³nø³³³çûÝø ƒZìóZk~ŠzU�Xt]ÅZ•@Ze$ZzgŠ+h»SÓxzS¾wìXZigzñZÖºŒÛMã:ü (evolution) t]zg‚ª»�Zg»Y

LLM`~ävg}avgZŠ+å™Šc*Zzg?6,ZKÚ»SÓx™Šc*óóX&A)åƒgÎwZv~V E]ÖÛ^ñ‚éVOD û ]øÒûÛø×ûköÖøþ³ÓöÜû"ômûßøþ³ÓöÜûæø]øiûÛøÛûköÂø×ønûÓöÜûÞôÃûÛøjôoû

û)Zp!îEG:33óZ̧:82óZ#:9( âö³³çø]Ö$³³„ôpû]ø…û‰ø³Øø…ø‰ö³çûÖøþ³³³³³äüeô³^Öûãö³‚Fpæø"ômû³àô]Öû³vø³Ðôùý ÃŠzq,Š~ˆ�:Z†òZzgŠ#èGELhXZigzñZÖºŒÛMã:ü
LLz„ìTä5ZLgÎwÃZ†òZzgŠ#èGELhŠ}™'óó@Ze$ŒÛMyÅ̂~åƒ̂ZzgŠ+h)Zsx(Åßg]~ZväZq-»ïÕã

LLZvÆ E,ÙÂ³Û†]áVUMD û ÎÌ ]ôá$]Ö³³‚ôùmû³³àøÂô³³ßû³‚ø]Ö³×#³³³äô]Ÿûô‰û¡øÝö Âx«�ÛâŠc*XtŠ+ZväåÆaå™Šc*ìZzgZ[¸Š+‡.ÞJwì:ü
LL�¿ÌZsx E,ÙÂÛ†]áVQTD ût æøÚø³àûm$þ³³³fûþ³³³jø³ÈôÆønû³†ø]Ÿûô‰û¡øÝô"ômû³ß÷³^Êø×øàûm%ÏûføØøÚôßû³äö 4,Šq-)xZzg=w(Š+ÜsZsxìóóXZzgtÌ�ÛâŠc*�:ü

ÆÎZËZzgŠ+Åcz~™}ÇZkÐz{Jw7HYñÇóóXZÐgœ™Šc*YñÇXÂtÌZq-Zg»Y»¿ìX

Îg>Z=W,ÅMc*]23X63Åz].Zã=ô
Z[ZyMc*]Å§sMØ�~äM¸i~ˆz]Å‰XZyMc*]~t]zg‚ªÆZg»YZzgZkÅŠÅ§sZ%ág{ìX~ZyMc*]

ÑbMðìz{Òy™g;ƒVXÎg>Z=W,ÅMc*]~gÎwZv~V6,t]z (intutive) Å‚Òy7™g;óÉ÷}‚tZyÅ�Zf¬ãZzgz].Zã
g‚ªÅŠ»*yìX&A)åƒgÎwZv~VÐ¬Ì@Ze$Š*~ñ�Š¶ópZÌ**³¶XªCÙ!*]ì�e0+7gZÌƒYñÂÎg`Æ',Z',

ûLLCÙ¦/7ónìe0+Å!óóT§be0+ƒqƒ@*ìZzgD+g+Cé GES(,_(,_aŠ{ŠâV~Y™åƒ@*ìZÏ f ™Òø¡$æø]Öû³Ïø³Ûø†ô gz×7ƒY@*X�Ûâc*:
Ðá™|]&A)åƒgÎwZv~VJ-åƒg„¶X d §b@Ze$|]MŠx
LLZzgnìgZ]Å²z{"ñh™̂Š}óóXZk~Z%ág{¾Å§sì?ŠgZÝ—g~VÅƒÐIZq-îsgZ] —g æø]Ö$þ³³³³nûØô]ôƒû]ø"ûeø³†ø ™

J-Zki}6,ÃðœZ(7Mc*Z#Ãð:ÃðÑñ�Š d Ðá™|]} d ¦/g~ìT~Ãðt]óÃðg‚ªŠ*~7¶X|]MŠx
:ƒXt]åñ�Šg„XZq-Zq-z‰Ü~FFÑÌgìX…�@*gõCðˆìz{ÂÜsZq-{m´º~MäzZá1VÐ0ìóª

æø…ö‰ö¡÷Îø³³‚ûÎø³³’ø³³’û³³ßFþ³³³³³³ãö³³ÜûÂø³³×ønûÔøÚô³àûÎøfû³Øöæø…ö‰ö¡÷Ö$³ÜûÞø³Ïû³’ö³’ûãö³Üû çwZÆó{mîg6,¦ZzgZkÆZgŠ¤/Š»´‘ó²ŒÛMyˆ~t¹ŠHì�:ü



LLZzg)Z}Ñå!(ëäQygÎßV6,)ÌzkÈ(X»qwë)ŒÛMy~(¬M\ÐÒy™`�ZzgZygÎßV6,Ì E]Ö³ßŠ³^ðVPRMD û½ Âø³³×ønûÔø

(LLZzgëäCÙ̧x~Zq-;Š~5ìóóXH ]Ö³†Â‚ û) G æøÖô³³Óö³³ØôùÎø³³çûÝõâø³³³^"õ X»qwëäM\ÐÒy7HóóXŒÛMyˆ~tÌ�Ûâc*ŠHì�:ü
u~̧xM!*Š7¶?Hgzk~ßv7„?̧H-g\)M!*Šå?ZyèV~ÌGÑMñƒVÐXƒYìóôÑƒópë¢

Ð7ÈMhXZq-ìwtì�Í?$+|Zzg™×YÑ¸XZ(Ðeìópë¢Ð7ÈMhXM\Z0+Zi{Ù�ÎZÑÄÑMñ�²ŒÛMy
�ó d �ó|]ƒŠ d ˆ~Üs72c*82»f™ìXZÏ§b313gÎwX̧~ÐŒÛMy~Üs0*õc*‚]»f™ìXgÎßV~|]âb

gÎw�XZk d gÎw�ó:|]-Š d gÎw�ó:|]©[ d �XQ:Â|]ZGt d �XZyÆ|̂]Z',Z� d |]™Ô
ÆˆMy~ÑZzggÎw|]·~V d gÎwMñX|]‘4gö GW d Æˆ"ÑgZmCYMñZzgQ‘4gö GW d gÎwMñ�Xñ\ö W

d Æˆ|]ñ\ö W

Ð—g~VJ-bÎ',kÅ@*gq-gZ]MðZ#ÃðÑZzggÎw7 d MñXOçŠ*~CÙ(6,Gt]zg‚ª»Ÿg;ìXp|]‘4gö GW

LLnìðÅ²z{gz× —h æø]Ö³’%fûxô]ôƒø�]ø‰ûËø†ø åXtìz{gZ]!pZ[—g~VÅMæ6,z{gZ]»ƒg„ìXZ[ZkgZ]ä"ñhàìXü
ƒ̂ìóóXz{ƒ·~åÅðìXZ[Îg`ƒqƒg;ìTÅgzÝegŠZ8-¬Ý~ãÏX)ZyMc*‹Ig�»ƒ·~~VÐmZkÐÌªCÙ
ì�Îg>ZÅ)åO%æIO»M¸iM8g~VÅƒÆf™ÐƒZì!(

ûLLtG¹(,~!*ÂV~ÐìóóX¥xƒZ�&A)åƒgÎwZv~VÅƒZzg4,zÁŒÛMy¹(,~!*ÂV~ÐìX i ]ôÞ$ãø³³³^Ÿøôuû³‚øp]Öû³Óöfø³†ô ü
™zh;‚w¦/g™t%³Mc*ì�&A)åƒgÎwZv~VÅg‚ª»Îg`ƒqƒZìX~Z#ZyMc*]Ã7,kƒVÂz].~MY@*ƒVXZyÆZ0+g�
Ý]�óZ¤/ZyÃZK̈yz].Zãîg6,Ck™}Âz].~YV:Mñ!

ûLLZK̈yÃ̧ŠZg™äÆaóóX·~V7g~â»ZK̈ãÆa2+k,0™Mñ�XtŠg‚ª»1ìXÂZkZ±gÐŠ j Þø³„ômû³†÷]Öôù³×ûfø�ø†ô ü
ÃÂ[ÌŠ}Š~ˆT~@Ze$»ïìXZzgŠ+h»ïÌŠ}Šc*ŠHXZzgg‚ªÅŠHì?ƒÐ¬t�M\åäV» ó t]Hì?M\å

LLßÍ!~äàŠc*�7?óóZkñµ6,ÎZÑÄ»…åóZkŠ*~Î®ZŠ EE]øŸøâø³Øûeø³×$³Çûkö[DD hZŠZ™Šc*XÁZßŠZq~[Æñµ6,M\åä7Y�:
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