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2009 ls��7 (Galileo Galilei, 1564—1642) |��P�I$e0. 400 rl�q�B�G01DV0�0bl��nK℄6��gI<X�(P�IR�EE!n/6	��7s>�d4/\HZX�sd4gI/Y6	�(�;	dI�(G�'v�X)l�dI$i��4oq�?6dU/d4ALhb���6�����gjI/d4	��746�\/>��d4�10�	�BYn���:EG�6�bY/8[	_:	
1 ���80`�u�hk

1609 k 7 %���6�Q�|5^XO�H.�u��q '�H:��MnQ�?W�?>HBW�$>H�hu�W�j�5U 3 ?.O�H�8k8���'O�H.j�?�+�'� 32 ?��y#h m��Xv9�5�.w��^��Wx!b��Z^�./-������O�H^�%(PS�5W����F�S!�T/�}��'%(H�5yRF�nQb��[;	�B�=�o�y[Z�h�n+H;Wt%SA��PC%(�RSW^)�iM M)���6��-.O�H^��� 4 b_!/T4!2}��[{R^��B!)Z� MK�� M.�}�/!B�!.yt���%(.q<Bq%/�F�btsIr�h�O!�u33��X[I�Za#dBH�)/��)u/-)F.�`��S>8
9Y (Cristoforo Colombo, 1451—1506)^�����1�WO���6^�����u��J�L.�goz.#d'3�&u�Q
)j<��qÆ��.V|� 1610 k 3 %���6'#h'3BQ
)j (Nicolaus

Copernicus, 1473—1543) 3�.l��u!~�h� [1] W��/Qj	�[^P�/%`.vtNbkX�L�z�����6�y?.3�B+�.ZQ���DHQ%`.�!!i+��4=�1'�!b.W�SV{�A{�mX�<�"r�L�.)^m,RD��9�����6.Æ



� 2 �������0�b�4�8�:������� 28 W�f������U.3ZQBlu�<��m�,��B0�k.9����oR.r���6�5J9l�S��v�.9e�2.3ga�v�Za#hBHy�)�2.LE��Za�:B�3npy)u�#h.�����6r=�m�3.�j5��{�'Ht7�3�S��HB�3�'F.ga�{R0C���>-)F+4�()C4�,.3`)C4�F�C4�|M-)F+43oR.�3C4���y�K�o���L���L3m����S���>.�3P�k�Æk��L�m.+��r�3fHS�	y9fi.q��pU��i�C�T��3k.F�3℄n��|3�a�	 (Christiaan Huygens, 1629—1695) /��6��.k�H�D&��!,.q��kB����L.�3P�k�u/3�pT
(Isaac Newton, 1643—1727)/x;9�'���6�[	~ (Johannes Kepler, 1571—1630)�a�	35.��R��m,��L�t�C4B)FAC4���6*�R5.AT`}rqÆ5..���6��.�oR.��/���'=rgaB3H2Q'F/W���C�=�3.ga:k��Jn�ga�hm�3	Q�y#^d�&XH3B�6C)�uU:Q7�D�>5�gT�g�HBgoz.3���9DF�=��3.#X�^9�Sr/JÆfiH���6AtU3Hga.�j5B=�3.�k5��p	$ (Albert Einstein, 1879—1955) 6JO������6.^��bt���.3D�ga�r5���fH�X�.uNYW�X�Od�=�m�3.LS[M��[2]

2 �7�S�v0'�,S�1X9(�e6�03RH�9W�uW℄r5�.L��5�W℄xAQ?$.�u��F�.)u�k/ 5+�4�/�Bd/��k/:�3G?M [3] (78—139) 6C+���YPhq�uYMh&�.h��u�m� vxF3�*wA (Plato �"��� 427— ��� 347) 9U�uk.m-w���KI.�&)F��u��Æ!g�u��/�WÆ�u.k�� vx./a3�G~Q (Claudius Ptolemaeus, " 90—168)+��9���9U9(r�u.k��
)j+��<���pT+��m�.�u#�9U/;WDF�.��z��u!Dm�)F.+4)(��a/5w	w	 (Pierre-Simon Laplace, 1749—1827)B*/5_* (Immanuel Kant, 1724—1804)+��!'3��9U�umjr�!'x�KXX&u.�=�39U�8DWn�u3�hG\%�JH-C4#dhH.�H�_iuUA	N%~.3�:���/aO�H3#dBnp^�.fnB�7�5�Q�u.9e��$sp}�1781k�R�u//a3�J�Z (Friedrich Willhelm Herschel, 1738—1822)h�O�H^��/M!�Jr5�;W��O�H^�.(!�/M!^�R�5J^���r����|�.-)��r�/a3�^d�//M!YJ[�/Wb(!��.t��3�/M!.)(�
1846 k�u/.=%	 (John Couch Adams, 1819—1892)Ba/.~W! (Urbain Le Verrier,

1811—1877)K�Q�7(��K�|��Jb�(!v���.`�B9=�*//a3�



� 1 � 0&
��NP"n(Æ�!n 3��~ (Johann Gottfried Galle, 1812—1910)//a#dkL9�Jb�(!���|.-)j 1 L�6M!.^��X�/a#dk�:`&.oRfi�/�:.`&z�W4i�0C�/-^�.*ÆB`m��oR.r�i�$l��#d��.3fi�3.�mfiW4/�^��2��/�F�9)u�2���#y#{7.#d�np3z�zO���#y#>5.�:B�3�S�5�Q��u.�KWPSXBI9� 17 n�10^��W�#".I9/-�5Jt�JU�!'��|s�!'rÆk��.WÆ�"�rsIxh�[rsIxJ./-�W℄�Q:�
1924k�I//a3�5U (Edwin Powell Hubble, 1889—1953)h�%`n+H��. 2.4 mqJO�H�/|s�!'	C'�3{K!���3{K!.)Kq�B)L.Qx"x�0C��!'.T��TX�0r/sIxYJ�X�T�sIxWO�r�x�dbO!bt!'B!~mj�u.IJ!x��0�aC^���" 10 dÆIJ!x�/a3��|IJ!x.��/�dÆbH�

1967 k�u//a3�*[a (Antony Hewish, 1924— ) B>[ (Jocelyn Bell Burnell,

1943— ) w29^����!���!^M.M?��q�koeC�5JQ�6�'Lui�WeWL^dJgir�uki`X[^�.�>�X/�Y��m�3�^�k�RWM� 1932 k}) (Lev Davidovich Lendau, 1908—1968)N+�gi��k��u.fQ!�
1934k&* (Wilhelm Heinrich Walter Baade, 1893—1960)B�Qk (Fritz Zwicky, 1898—1974)+��k�!.�m� 1939 k%D6_ (Oppenheimer, 1904—1967) 374|����k�!\%���q{aC��"�k�!.�:�3+Ls9N09���!r�q��n.s��}.k�!�J�rWÆ�:`&3^�.>%#���u�88\%�r�:`&^�.C>#�� 1915k��p	$ (1879—1955)+��*i�Q:��C����u3.�:k���Q*i�Q:.Dd��uWreC#.�Wr�ANry�� 1922 k�Æ��u3�x	*C (Aleksandr Friedmann, 1888—1925) �Q�p	$.�Q:�+���u�883��C4Ry.U3�.SXBp}�uU�u�88\%�Jn��x�uU�u���GX.y+�� [4] ��Q�u�88\%�/�u.�2��vT0�" 137 dk�h�2�0/�#d'..℄mjn+;;sk/WÆL�.dTh�`Lq��QLq����88[j��uÆC�	}i`����`��"�`� (5 U) �/ 100 U��^X�AFu�kX!B7��ubsMUy��88^XR" 38 Lk�`Lz�' 4000 K �k)#[j&u��u7?F'`��)�Bmjn��)�uU�u=EsM��u7?bmjUy.K"`��W℄'�" 2 dk�;W�O!B!x[j&u��ux�AD���R.xdk��;W�r�!BKI&u��" 10 dk�E!x��~L.!xC&u�!xY�^XFS3V#GXeF�O!x;&u�C4�Dp.GX�&u�0/5J�^'&&CC.�u [5] ��u�88�:10,'W�#d.T� 1929 k�5U^�!xT�5J#����5J.�L#s�AtU5UC4��XT�%�.�u���A�#�5UC4��u�88\%.�CWf�aA 28 000 Æ!x.P℄ (hF(�L) �T�."x.#d�Q�T�



� 4 �������0�b�4�8�:������� 28 W�
20 n� 60 k��I/>[Hv.~�=	 (Arno Allan Penzias, 1933— ) BQ[;

(Robert Woodrow Wilson, 1936— ) &d'� 3 K ��.�uST=EsM�J� 1948 kVeI/3��^r (George Gamow, 1904—1968) BE�`5~F* (Georges Lemaitre,

1894—1966)3�7.�u�88\%ko9uF�v5J0/#d'.=S��8).�uST=EsM�r�u�A�/')�W.B�umj^X�U��`*z.F'�\o��%`.�u`L"U 4000 K �!D�u.�A�5�'0/�=U 3 K ���
1989kI/^M. COBE_!QST=EsM.AQd�7WZPX�/ 10−4 ALh��urZ(���8).�JON7WZT��u�88\%��u�88\%�C�u0/.k%"U 137 dk��uk./-�>O!�!x3�Jr/�u&ubRx�&u.��b�J.k%H-���uk%�JTuFd�.#d��u�88\%�C��uk"��7.pL"U 25% �#.pL"U 75% �Uky5JQ/-"��pL.#d'3�S=��u�88\%.�C�Wf��XuU�u�88\%.TQ [6] ��u�88\%.+�BT.W�PX��u3.�K+R�/W8'Æ3�.2QF���u3.�K�W4+R�:H.���X�T+R#dBnpzO.���

3 �7�'�"o0H��	:XCÆ�k%o,0e6BU&� mr5�� by.L��k//Æ'=/`�N� WC%.	��X��WÆ#�LV�.l/���A�U;WÆ��f�F��</YL.{+�"r�℄-���pr}h3�:`&�Thz�5�4B� 100Uk��V/3��%[r	k
(Tsiolkovsky, Konstantin Eduardovich, 1857—1935) ^P��f�D7l(�&��u�.3:a�;W�x;9l���u<(.kD�:Bga�����9(r5�.P{�"5Wi|�Xe/P{	��JWP9�J&8�X�.m����r��oo9����g�2RNrPvRÆ Mx���2/%`.z5�z�.L�hauL�"/Uf�z�B!~<(�C�kD�:��.ZCW℄p�5�UOH�9.��7?B&� m7(�W�.r����5�z���.WP+�� 1957 k��Æ�^M�5�;Wb53_! Sputnik 1>�w[���</qU./b�'� 20 n�℄�a� 20 UÆ/�B�\7?�� mU�℄��F|7(����. m^M�' 5 000 UÆ��_!� m&d���ul
�</lmH m�e0/5J=BH;� 1 000 Ub_!���_!�7:_!�?w_!�Q�_!� GPS 3�U5J+����vo�

1961k 4 %�Æ��<���$ (Yury Alekseyevich Gagarin, 1934—1968)x��Eg 1>�l
[m�/���LU 301 �O.-)H49(l(Wq�Ku�n+H{�-5�ul(� 1969 k 7 %�I/��T< 11 >�l
{-�.5�.L�l7%(��<��a	*} (Neil Armstrong, 1930— ) uU21%(;W5�J�Jr5�</qUk.	y9kq����<mz.^9�5�a�/ mk.N06*�^9'gb/ mkp�Xe��



� 1 � 0&
��NP"n(Æ�!n 5�/a�5/ m>Xe�Wk��0�.n+a^M� 9 Æm�>��Æ�r{{^M-5m�>./��Æ�} 1 >m�>/ 1971 k 4 %^Mu��I// 1973 k 5 % 14 <u�^M�/mHv.m�>��Æ�� 1986k 2 %^M��%.B�>m�>�JÆm�>.p 13.13 m ���℄J 4.2 m �o 21 t �/~m�>� 1993 kKuP|�[j^��m�>bI/�V<	U{�� 16 Æ/�b��h�ÆP|}[U 10∼15k��uR�j���
438 t �p 108 m � m>.���U5�|0�K mZF���So�ZF�Km��Xm�X33f,�SXQmjtÆ)F+4.9e��K5�/ mX�`.X�B��KX��3�5��k/� 1970 k 4 %^M�;Wb53_!�EgP�W>� 2003 k 10 %K�Xx��Tp�j>l
u���k/;W�-5 ml(� 2008 k 9 %k/�Tp�>�<�6d�u�97(�;W� m(� 2007 k 10 % 24 <�g/� W�W>&%_!u�^M[m�S/�R.Wk	�A9Ku�%(&d8o�k/�UWÆ mz.R^/��.rW55<?���l��y^9.)/���/WM.�y�k/</zWCb���.l$��U/�}��W�N$����.���5�/&� m.Æyk�TCÆ����WetZ�bI/U��'d�Ua�I/�tZ 17 Z�<�� 1967 k 1 % 27 <�T< 1 >℄q�tZ 3 Z�<�� 1986 k 1 % 28<4=G>℄q�tZ 7 Z�<�� 2003 k 2 % 1 <
9E=>℄q�tZ 7 Z�<��?'/� m.PykÆC℄-�"5�aC,,�^℄.uN�X�[byg�.=3�5�&� m.�F��Ny�5�hO9WB�j#n+.3AT���6�R{B�|.TSrJnAT�Jn3AT_,�d�R3.HWÆ5�GX.A�-�|�SW��W�9^L)��
4 �_�0�:
e60:\z�zO.�7�NNi��7�We.kX�7X�73.7Z�/a3�m�3�X33Æ�Y�U��23WO�r��/#dBHk�H.3�/a3�K.7Z}+R�:.���^9�T+R#dnp^�.���HW�/a#dgaBP�.�[)�7�JhW�J9t^�/a3�K.r#^9�O�Hs)i��m��`�nL53)i.+��NNt^/a3�D'Æ.��)79��g�)3TO'M?TO�.^9'�J�PJ� X M�t γ M��.?�TO/a#d�5J[��.�.�u#d�qBw �4b 20 n� 60 k�U����;℄�n+�=k��z�.79�M?/a3H{X��℄%&f��!-���!�!~n�B�uST=EsM��	y9k/a^��T��g,�jÆu>[m�3����m�z�.l�^9����W�m�O�H�/a_!3&dzO�g,����.#d�Q�p}�5JQ�u.9e����.��Nr5U mO�H (Hubble

Space Telescope, HST) ��O�H� 1990 k[m�yH℄J 2.4 O�5U mO�H��
19 ky�QSmk. 2.6 LÆ/-yL� 50 L?bH.D���QQ5U mO�H.



� 6 �������0�b�4�8�:������� 28 W�#d'3.�K�kX�r4 7 000 U�3:a�5U mO�HauUk���./a3P�YW [7] �5U mO�H3{3�dC��uk%�T�U�!xkJJ�/KI�^��k"O!qT+�(!.s�z�09�uS���A�[+���uk�/"i�.TQ�.E> 2000k[j.	,�
9/|W (Sloan Digital Sky Survey,��t SDSS)�#d�
25%./m�g,�r4W+LÆ/-.UCd)� B)
�Q�g/�y�h. LAMOSTO�H�a�`yFK&M^Q*�S0B 4 000 �)}8`A0C\z��b��Z�. 4 O7)qJ8`S� 5 L#dwn�|W�5�Q/-.)
9/�Q.5�WÆ��w��'�Lw�/n+Ha�./a#dP�k� LAMOSTuU�skS�+\x�=g 2009 ku>[m�3�.�Æx�u3�)}7:B?�'F&d�� CCD .�U>%./aO�H (4 000 �)} +32 Æ 4 000×4 000 CCD &d�) �J7WZ�X�/a3Bz�x�Y�.MT"x�v/a3}Zz�DFz�x�.^9� 2003 k[j�Y�Q.Q[/DST��n)&d� (Wilkinson Microwave Anisotropy Probe, WMAP)��AC��uST=EsM.`LY�.S�jn�b3{HT�"�u���GX.�n�:�J�z�zO.^XB�7�b��Z�.AL'5J�?'�A0�u3�`���{�WPSX5�Q�u.9e�/a3.^9�W[Æ�3�8O�/a3.^9T�7�Æ�3.7Z� Mx.(!)Fr��.pT�3Hv�Xk�!�KIfeRÆ�u4r�H�p	$t��:.Hv�/a3+���H�nqMm�5��>So��q� (5)`�q� (5) <�q� (�) t��q� (5) QL�q� (5) �n3.m��:.��uHv���u/GXk&u�9(HxS��.X3���S�J���kX��nhmn�B�mn��p�X[mj.��LgiSWr9(K�.�/�uÆ�/-kTgi�/� k�3X[mj��JÆfiH���uTxrX[���GX.Hv���/-m�3k+�."mj�"i��mj3f,��Qm�3.k�kXo�.z�/���q�P�H\O;℄\.��7�r{{/Q M)
.#hk^�.��2dC)�.gaYW�Sr���!_!.Fb���5�6Cp�&� MR�i�.y�f,� 19 n�℄�^����.jM)�u/3�.Bw
(Ernest Rutherford, 1871—1937)+��i����.#A�~Rgi^XPKx�Jgir Mi.y��ZaAPK�:BH�5�^X�#$� 50 Uky�.U/��/�KbgpAPK�U�%i��*i�Q:^PR.WO`�	�W℄,W'H.HT� 1919 k�u//a3��AT (Arthur Stanley Eddington, 1882—1944)/<.b��#d'� M~=O!\g.�℄�d,.�℄��*i�Q:.|�'3uF,L=�*i�Q:;W�,'�#dTQ.V|��HRy./!��_TB}�(!=<=.7F� M)
B)�!)
t�P℄3��.^��*i�Q:,'�7WZHT�/a^�.����`QTi8`�7Æ�3.^9�O�Hr#d�u.�S�ÆHWÆÆf^9&O�Jr�{7.AQ)3m�?�z�.su�O�H.�^�7�WP



� 1 � 0&
��NP"n(Æ�!n 7����z�th3z�+�4=��X�F���z����LUk�O�H.z��u3�gb*fx��/WC{B/i�P��>�p/a3+)X^9�y.�tx)3z��p)&!��+\T�&d�B�S�3z��gx��Sm��m�)7:�p))�B)3u�R&�ph3�/a3PJ&d�z�.^9�����Vw&<��D�_!���6����,8Q��Y3u�MP3'Æ,,��)79�
5 ��v'� —— }ibG0e6�E��6�-�!.O�H�^���{ZW. Mxk.W����5�ZaWP�7.#dP��7WZ9e� Mx�sIxbJ.�u�0/�5�.�K� aQ��u#XY��Q��u.J��2X��u&�r|haF.3�D�5JaW.�u���E�5JZW.�u%P�>86W��5�Q�u.9W�N���3bx(.wYWO�[�Q�./y�?'�u7A�88\%,,�L�.u��"r5JQ�7A.mhB�88.S-4yJW$��[G�)X�u.w+��)��u3o�3oRf,�[K.W�)y&�u�~L'�.&uBGX."mjB"i��[G�K.9e�ukSmj.WQt).���TG�.S$l�ukKI.&uB5pbt!x.&uBGX.+4�*Qr"mj�"i�BKIf,�A9Ur�u�Kk�S4=).l,�� �7WZ.S?&��"mjr�ukha℄%#d'.mj�"�/i�3!-^�.)Tht���b3�gb9e'"mj.�/�"mjr�u.oR�u℄n�"mj.�j�r	7mj. 6.3?�X5Jgb^'.mj<�u�mj. 10% W'�"mjgiy&��u'�.&u�3�6Q"mj.*)+��Un
P�""mj.Dj�/[rÆM [8] �"i�rWnWg�.�iDF�u)F.i��"i�.�/℄' 1998 k_A/a3��ZT�"i�r=k�u3�K.)WÆS�	y9k.o�u3��3�Dd��uk��.O!B(!.)FkDJr�"i�yDF.�V|"i�.yRTQ��Æ�WrQQ�.r�!�7(.��#dPX��u/���A�!D�p	$t�ngy�i�����A.��D:��uk�/�<�U|.�"i���)WÆTQy��=kQST=EsM.�KA09d��.�ukmj�QL�_,|f.r�#d,�.mji����r4�	7mjB"mj.j�YB��bH-�`nun��>"i��y3VeÆj_��F3. Ly��"mjB"i�.�/Q5J.#mrW�q�.�jB���%k
)j44��u.k��9(.' M�Nt��.n+.12�T�5JW,Wo�Vw�R/�uk�2G. C�/a3H.^�WP9��5J��0C."��uk�We-x�℄'�p	$+�*i�Q:R�5J_^��u�DG��^.k��"mjB"i�8Orb�5�ha��.q%�"�JN�/�RÆ�uk�S/�u.�uB�



� 8 �������0�b�4�8�:������� 28 W��3gSO�y&9\�mjr����u.mj�j��k�B?�>3�j��k��?�eO'F�yN&u����mjSrW/mj.Q�S�XW/mj�u�u.yR℄n�mj�mj.'F�b>8�����'FW/�&f�G�V�SpXuj��i)� (>�?M�) ��Q�p	$zZ.ji"xk ——E = mc2 �>3j��V�NbkXi��Smj�V`j�xS�℄�?�kX.i�EoA"KB"APKkX.K.j�jn�,U�b� 100% j�}Xui��X��PKx.#$4�"� 7% .ji}\5�5�� m.Py8OTr���Z��� 1961 k 2 % 12 <�Æ�^M�/!�>&d�Cy/!by'�/��n�u&d�a{RQ%(��!�/!�f!�!�B!�/M!�6M!��M!�5��!bt.U�(!B_!7(�=T�h9`h�g,�p�.u3�X�WP��.^��-{ m&d��5J^'/!m<KH.WgQlq't`tn+��)�f!H.�^5�)IBX[�/YM�#h'B!.�n)ZB_!���bt!tÆq)E#3�h5�Q� Mx.9e��$s��/�I/� 1977k 8 %^M.�3(G 2 >� m&d�aCl� Mx�S/�Æ�!x�5��2aC/=9-)��9-)fe%(*z��o�"JZ'�Æ�(!�[�Dp. mPy3 5�-&���u.(���u&�.4=)��u*9.p}3f,�h`U!k59l�y.���U5�+[�3� �+��h�9E.k���dGx���6eO�h[�~�^��)�WP&��WP[I�.3'Æ�SX5�Q�u.9e�5J�m��6�W4rU��m�Q3.R�����R3w��{B^L��6.~����G���BU3L�X�R.AT�U+�g/.�y��i���P��%/��WP�������*3>A�
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