
êÆÏ�(2012): 151ò19Ï, 11–6�ê Æ � ? Ú�7{
(�®���Æ)·�ln�ý¡5�	y�êÆ�?Ú: 1!zJK�»), 2!ïÄ+��ÿ�, 3!�?¬m�'5. Þü��¡5gêÆSÜ,1n�¡´	Ü�¸. ·�Ø=�±lêÆu��{¤¥á�åþ, ��±l¥��Nõé&.

§1 zJK�»)'uJK�»),4·��u�C 30. 1 1�JK´ 1984»)� Bieberbachß�.dß�´ Ludwig Bieberbachu 1916JÑ� (Ï�uz). �Äù�����X¼ê f , §òmü � 1-1 N�E²¡.kò f �¤�?ê: f(z) =
∑

n>0 anz
n. X7�,��e²£,�� a0 = 0.db�,��� a1 = 1. u´�b½ f(z) = z +

∑

n>2 anz
n. ùpk��{ü�~f[OÖ, 2013  8 �]:

f(z) =
z

(1− z)2
=

∞
∑

n=1

nzn.¯K´'uXê an§·�U`
�oº~X´�∑n>2 |an| = ∞. ÄK f3ü 	þk.. e¡´�Ǒ�õ�JK.zJK 1.1 (Bieberbach ß�½ de Branges ½n). 1 n �Xê��Ø�L n: |an| 6 n.A�`§ù´ Bieberbach �~�ÿ�ß�§ÏǑ��<�y²

n = 2 �/. 3�����õVp§Ǒ�yÑ n 6 6 �¤á. {I
Purdue �Æ� de Branges 45 �âm©?�ù�JK. �
 7 , �¤

355��ý<�. ǑNÏǑ©Ù��§��3{IÓ1¥�6¿���v
À. 3$�´���{I��éV>Ü��6�Å¬. 3�p�
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X�üù. ²L[%�ï?§é�
�Ǒ{z�y². ��uL�©Ù�k�A�.\w
ù�JK�»).ék¿g�´§3 de Branges 72�(2004)�,�\¡y²
iùß�.�J3� 78 �(2010)�, 3��Ì�þrÑ©Ù: “Apology for the proof

of the Riemann hypothesis”.�ØXÛ, de BrangesïÄêÆ�)Ø��° §́ ��·�Ú±Ǒ¹�. ��êÆJK, k�ê<ã+
.)�°å%��8. ùp,�}´ÊH�,¤õK´ó,�. �
�%u�ÆJK�î��Æö,�®���,4��2«ÉØä��Ø!µ',¢3´�«�L.

Louis de Banges The Shaw Prize to Andrew Wilese��JK´�[¤9G�zJK 1.2 (¤ê�½n). � n > 3 �,�§ xn + yn = zn ���ê).ù´ 1637 JÑ5�, �� 1995 âd Andrew Wiles Ú Richard

Taylor )û. ùo“{ü”�¯K§%²{
 358 â)û. �wwùÏm�.u)
�oµ
• 1666 §Úîu²
�È©.

• 1684 Ú 1686 §4ÙZ℄u²
�©ÚÈ©.

• 1769 �Aï�Ñ
�ðÅ�Å.

• 1776 ,{IïI.

• 1831 §{.1Á�Ñu>Å.

• · · · · · ·A�`, .C²u)
�UC/�Cz. J% Fermat �½n�¼)¬�þNõ�r�Þ�.nzõm,kõ��êÆ[GÑ
��.)�%É,�Ñ���Áz. ·�NoUXd3$/)�3ù��§�yù�JK�»)?!
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Princeton �Æ� Andrew Wiles 3g[�¢þ��/�' 7 �,

1994 , �3êx�ÚîêÆïÄ¤\Ùy²
 Fermat �½n. ��ØÈ, "v<uy��y²k�É.ddm©
��/������: 3.êÆ[�Ê8�e§qJ/?Ö�y²¥��É. �«3çV¥££¹¢!�Ø�1��ò�, �k��²{L�<, âUk¤N¬. 3$�´§3��ÏÆ) Richard Taylor (Cambridge �Æ)�ÆÏe, �ªrÑçV,��¤õ. ü�Ø©uL3 Annals of Mathematics 141 (3), 1995.g 2011 å, Andrew Wiles ¤Ǒ?�uÚ9�Æ�=I�[Æ¬ïÄ�Ç. �Q¼ISêÆ[é�¤Ç��Õø (1998) Ú
ºÅ�Æø
(2005) �õ�øy. 'u Fermat �½n��õ�¯,� [4].e�JK'þ��� 26 JÑ,� 3 ¼�»). ù�´XÛæÈ�Ô±~�Ó �m.zJK 1.3 (Kepler (¥æÈ)ß�). (3 �)�m¥¥æÈ��Z�Ý´

π√
18

≈ 0.74048.

1998,�[�(Pittsburgh)�Æ� Thomas Hales3��Æ) Samuel

Ferguson �ÆÏe,�^O�Å9Ïy²
Keplerß�.ù«y²´ò�¯K©)Ǒêþé���«�¹,,�dO�Åéz��U��¹?1u�. 'ud;K(½�©¤�9��Ü©;K)�Nõ�¯ÚáÆ,þ�l�þé�,Xhttp://www.math.pitt.edu/ thales/kepler98/

Thomas Hales Grigori Perelman
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O�Å9Ïy²´êÆ¤þ��¯. ¤y²�1 1 ��¤J´oÚ½n(1890–1976), ù´ 30 õd Illinois �Æ (Urbana-Champaign) �
Kenneth AppelÚ Wolfgang Haken ¤)û.e¡´{I Clay êÆïÄ¤¤℄ü(2000)� 7 �VJK��§z��ø7Ǒ�z�{�.zJK 1.4 (Poincaré ß�). z��4�üëÏ 3 �6/Ó�u 3 �¥¡.ÿÀÆ'%�´�Û,Ø3�.�!Ø �a�ëY/C.~Xý¥¡, Ø�ØÒC¤¥¡
,§�Ò�ÀǑ�N. “üëÏ”¿�²ëYÂ �¬C¤�:. ~X¥¡Ò´,�ÓÆ¡Ø´. dd�n)dß��¹Â.ù�ß�´ 1904 JÑ�. 3 2002–2003 m, �*��(Saint Pe-

tersburg)� Grigori Perelman 3Í¶�ý<�¥% arXiv.org þ�«
 3�Ø©. �5²LA�ïÄ�|�Ø�,(&ÙØy�(,\w
 Poincaréß��»). dJK�»)T�²{
�z.ISêÆ[�¬QÇ� G. Perelman Fields ø(2006), Clay êÆïÄ¤Ç��z�ø7(2010), þ���ý. ¤±3·�ù���, Ǒ�k�1r7aÚ¶|w�é��<. 3�8õ|ÌÂî1�.p, ù«Lk�Æ�ö�Æö,�w�,U�B.'u Poincaré ß�,®kA�=©�ÊÖÔ,~X#C� [3].£��g�(¡)�©a,BØJn)eãJK��5. �JdKLu;�,Ø��XÛ��Ï��)º.zJK1.5 (k�ü+�©a). k�ü+Ó�ueá+��:�ê�+,��+, Lie .+,½ 26 «"Ñ+.k�ü+�©a©u 1892 . �
 1983 , <��Ý�Ǒdó�C�¤. �5uykØ,q�
A,Ñ�
üò�Ö�É.�
 2004,ÊH�Ǒ®�ª�¤
©aó�. z5, �L5Ø©CuL 500 õ�,�9 100 õ�ö,k 1�� 1.5 ��.ÏdJÑ
�nÚ{zCk¤J�1 2�ã?Ö.3 1994–2005 m,CÑ� 6 ò(OyÑ� 12 ò),� 5000�. ��ó§�Ó�.J%k<`: tk�ü+�©a�<,�o“Y��·”,r{ü�¯Ká�ù�E,;�o“h²�ÑÛ”,UrùoE,�¯�t�Ù.'uk�ü+©a{¤��¡�	,� [2].zJK 1.6 (Ì)�êß�[OÖ, 20138�]). �3�¡õéÌ)�ê.
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ù´ 1849d A. de Polignac¤JÑ�ß�.¤¢Ì)ê,D´ü��ê�éf§§��� 2, ~X
(3, 5) (5, 7) (11, 13) (17, 19)

(41, 43) (101, 103) (881, 883) . . . . . .r“�� 2”�°Ǒ“�� 6 N”, Ò�Ñ“fÌ)�êß�”.

Ü�/ �µd8, u<êÆ[Ü�/ Yitang [Tom] Zhang ({I New Hampshire�Æ) ��
â»5?�,�y²
 N 6 7 Z�. ,�m©
_�m: 8���(J�Ǒ N 6 5 Z. Ù¥�Ñ��z�<Ô´u¾êÆ[>óZ Terence Tao. �Ïy²
“�3?¿�����ê”J¼ 2006 � Fields ø. A��Ñ, �µdéuÌ)�êß�Q�ÑL{¤5�z
(1973):
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·�C²0�
L� 30 m 6 �JK�»), �9�Ä:êÆ��õ©|: êØ, �ê, AÛ, E©Û9lÑêÆ.dd��§30 5§êÆ��
�¡�?Ú.ù
JK�»),é�§Ýþ��upY²þ�Æ��K. ~X Fermat �½n§��Ñ��êØ��Æ§�´ÏǑ�â�êAÛ�¤Ù§â�±y²' Fermat �½n�Ǒ���ß�.ù4·��å�“5g9 5g±þ�§Ø�)”JK�»)§Ò´ÏǑu�Ñ“+Ø”ù�êÆóä. qX Poincaréß�,��´��ÿÀß�,�§�»)%´�~©Û�. 3��êÆJK�?§¥,  u�Ñ#�êÆnØ,íÄ
êÆ�u�¿ÅÚA^�Ù§+�,ù´êÆJK�Ì�d�.y�êÆ�u�, Ø=kêÆSÜ�©|m��K, �k�Ôn��K. P� 1980 �§Ú9� Simon Kirwan Donaldson A^ Yang-Mills nØ, y²
1w 4�6/ØÓÿÀ(���35,QÚå����À,±�u3'u 4 �6/�1 1 �;Í���þ�X:êÆ[I�ÆSÔn.

§2 ïÄ+��ÿ�öV��Ü©§êÆ[s¤é�°å#��½�Ó�©|Æ���Ä. ké�����6��únz$Ä.~X 1933 ïá
y�VÇØ�únXÚ.�kAÛÆÄ:,ênÜ6Ä:��. ²{
ù|$Ä�Wr, y�êÆâk
�~O���Ä. k�, <�rù��Ï��
Hilbert ��.êÆ�Ôn��l 1970 �m©§êÆ8g,, Ǒ��?\ Poincaré ��.=�Ôn�#�K. ~X�þf|Ø���'ß, �)Ñ“uØ”!“�é¡”Ú“���AÛ”�êÆ#©|. qX�ǑVÇØ�ÚOÔn���§1970�Ñy
“�Å|”Ú“�p�^âfXÚ”!1982Ñy
“'6nØ”ù
VÇØ½êÆÔn�#�©|Æ�.4·�ù:'6nØ.§AO�êØ,¯Ké��!�%éJ�.�´l��Ä��.m©. �Ä d ���fã. b½z^>m�VÇǑ p (4�VÇǑ 1−p). �>m½4�pÕá. ùÒ´>'6¹.(meã). XJ�^´��g�pë��>Ñ´m�,K¡Ǒ��mG.w,, e p = 1,K¤k�>Ñ´m�, Ï�3����mG.��, e p = 0, KØ�3mG.ùÒÚÑ�.� pc �½Â:

pc = inf{p ∈ (0, 1) :�3�¹�:��¡mG�VÇ�u"}.

6



:'6 >'6éu�� (d = 2) �/, ®� pc =
1
2 . �� d > 3 �, pc %´�8�<U
(½�. er>�m!4�¤�:�m!4§Kþã>�.ÒC¤:'6�.. d�§=�üº:þm�§¤é(�>â´m�(�þã: +GÏ��¤mG).éu��nÆ/:'6,C� pc Ǒ�u 1

2 . Ï~,ÔnÆ[����õ. ~X, ��Ø=��nÆ/:'6� pc =
1
2 , ����eª � p ↓ pc �, �:áu�¡mG�VÇ= (p − pc)

α¥��.�ê α = 5
36 + o(1). ù´�«ÚOÔn¤ïÄ�Ê·~ê. ,, ��Ï±5, êÆ[éÊ·~êå��ü, ïÄG¹?u��ý��G�. �� 2001 , âd S. Smirnov ��â» ()û
ÔnÆ[ J.L.

Cardy (1992) Äu�/|Ø�ß�). �uÓJ¼ Clay ïÄ¤�ïÄø. ¤�^�óä´ÙK$Ä��/Nì. ù�:é�)ÛêØ, �^E©Û (ëY) 5?nêØ¯K (lÑ). ù��þ�ïÄC¼ 2 g FieldsøµWendelin Werner (2006), Stanislav Smirnov (2010).

“�Å|”Ú“�p�^âfXÚ”´·�ÚÄ��*~Æ�, ¥%�K��´ïÄ�Cy�.ù´�¡�êÆ,Ck�êÆóäé�. ùr�·�#�	k��êÆ��U^u�¡���
óä,Ǒr�·��ÏéÚu�#�êÆóä. ~X3ïÄù
êÆ¤u�å5�ÍÜ�{ÚVÇål(½ optimal transport)�, C¤õ/A^u �©�§!AÛ©òÚêÆÔn�õ�+�.qX�éuÙ�� Sobolev Ø�ª(�6u�ê), k·^u�¡��éê Sobolev Ø�ª. ù�®´ïÄ�¡�êÆ(“�p�^âfXÚ”Ú“Winner �mþ�©Û”)�Ä�óä��, �§� Perelman ^uy² Poincaré ß�,%´-<¯Û�.
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êÆ��ä�ä��´y��ÆEâ����¤Ò.·�±|¢Ú�Ǒ~,`²�äI�êÆ. kÑ\'�, |¢��, O�Åþ�g�Ñ���üS. �o, üS�5K´�o? �YXe. ò��IPǑ {i, j, k, . . .}. e i� j �mkó�§K· aij = 1. ÄK� aij = 0. ·��� 1 ��K�

A = (aij). UìÝ
Ø���²;(J, �K�
(IëÏ5��^�)k��AÆ� λ∗!§éAu 1 ���AÆ�þ u = {u1, . . . , um}:

uA = λ∗u. (1)ù� u=Ǒ¤�: �Ù1 i�©þ ui Ǒ�� i� PageRank. ·�¤�����Ò´�ì ui ���üS�. ùÒ´ Larry Page Ú Sergey Brin Mï Google |¢Ú�(1998)�êÆ�â.<�~`,�äUC
·��)¹. Ù¢, �äǑ�êÆ�5Nõ℄Ô5�K(~X�äS�). ��/,�ä7òé·���ÆïÄÚ���5�ǑC�. �X`, òÜ©¯K3�Ööl�þÏé�Y, ù�¡Ǒ�«�ä9Ï��. w´�, ùpké��u��m: ïá�ä�,!�ä�6²��.êÆ�²LêÆéu²L��5ǑNCk�£,�Ǒ�õêì��²LÆø�¼�öÑ´êÆ[. Ǒ\�n),·��´ww�«{ü�..d (1) ª(§L« u ´�
�f A/λ∗ ��ØÄ:)��,

uAn =λ∗nu ½�d/, uA−n = λ∗−nu, n > 1. (2)�d;��'�´eã²L�.. y3± A L)��Ç�
,±
xn =

(

x(1)n , x(2)n , . . . , x(m)
n

)L1 n �Ñ��¬¤�¤�1�þ,K�òÍ¶�Ý\�Ñ{�¤
xn = x0A

−n, n > 0,Ù¥ x0 ´��(% 0)�Ý\. eã½n¥�1 1 ^�Ñ
 (2) ª�²LÆ¿Â.
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½n 2.1 (uÛ�, 1984–85). ± u L�KÝ
 A (ëÏ)���AÆ� λ∗¤éA��AÆ�þ(7½ > 0).

(1) X� x0 = u, K xn = x0λ
∗−n, n > 1. d�k�¯O��Ýλ∗−n.¡d�{Ǒ�AÆ�þ{.

(2) X� 0 < x0 6= u, K7½�3 n0 Ú j0 �� x
(j0)
n0

6 0.d�¡²Lr��$.u¼½nJø
 PageRank ��«Ün)º: ��AÆ�þ u ´�K�
 A ���½�(ØÄ:). d½n� Û�?´Ù1 2 Ü©. ¯K´�p� n0 ¬Ø¬é�,'X n0 = 104 (),1eXd,·�ÒØ7+§
. �w~ 2.2 (uÛ�, 1984). �Äó!à�ü«�¬. �
A =

1

100

(

20 14

40 12

)

.Ku=(5(
√
2400 + 13)/7, 20). Ù¥ (5(

√
2400 + 13)/7 ≈ 44.34397483. �Au

u �ØÓCq�,k
x0 T x0

(44, 20) 3

(44.344, 20) 8

(44.34397483, 20) 13Ù¥ T x0 ´l x0 Ñu�Äg�$�m n0.éuù�{ü¹.,°(��ê:� 3  ´�1�§ÏǑ 7 Ø¬�$, ·���½ 5 Oy. Ùg, 4·�ww�Å�.. b½z�
aij ± 1/3 ��VÇ� 1% ���Ä. 2b½� a

(n)
ij (i, j =1, 2, n > 1) �pÕá. �´l x0 = (44.344, 20) Ñu,�o

P[T x0 = n] =



















0, e n = 1,

0.09, e n = 2,

0.65, e n = 3.ù�, P[T 6 3] ≈ 0.74. ǑÒ´`, ù�²L�.3 3 S�$�VÇ�� 0.74, ��$1 2 ��Ò7IN�(P�éuû½5�/,�$�
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T x0 = 8 ). ¯¢þ,·��±y²µ3·�^�e,éu�� x0 > 0, Ñk
P[T x0 < ∞] = 1,=eØ9�N�,²Lò±VÇ 1 r��$.·�C²w�²L�¯a5: �â¤ä���*^�, k§g��Ün�u��Ý,�¯!�úÑØ�.XØ�Ä�ÅÏ�,Ò¬E¤é���ý. �ÅêÆ�$^, ¬�¯K�)�'û½5�?n�°�Ø´�o÷. ²L�`z�êÆ�.´���m��êÆïÄ+�, k�þk�¿���)û�K(~X�$�m��O,�`Ý\üÑ��).ù���´XdǑ<§±�u�Ǒm��\ [1], l¥�é���[�SNÚ©z.^B�Ñ§3ïÄ�Å�.�,·�^�
�ÅÝ
nØ.ù�nØ3ÔnÚÚO¥Ñ´4Ǒ��. ·IN�è´ù�nØ��Ïmÿö�� (1939). ù�nØ��¼©Û��K, �)
gdVÇØ (1985) �#�êÆ©|,¿�¤õ/A^u von Neumann�ê�©a¯K.

2010 ´uÛ�ÚN�è�z��.

uÛ� N�èǑ,�´!���§·��,�±aÉ�êÆÒ3��§3·��F~)¹¥. ��¡, êÆ3g,�ÆÚó§Eâ��õ+�¥krkå�A^. ,��¡, êÆǑ�Ù§Æ��K,/¤��Ú���N, ¿����ÆEâ�?ÚØä/ÿ�g��ïÄ+�.

§3 �?¬m�'5êÆÚêÆ[U
���¬�OoÚ'5�Ì��Ï´ÏǑ��k��/�. ¯¤±�, <a)��ü�Uå: �óL�Uå, ©Û¯KÚ
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)û¯KUå, �ö��Ü©��uêÆÔö. êÆ�Ü6'g�M,XJÜ6Øé,ÒéJL'.ÏdêÆ[3ó�Ú)¹¥~~kgC�;�A:.êÆ¥%!��¬éuêÆ�|±,Äk���´3Ü�,d�¯ð�℄Ï� OberwolfachISêÆ¬Æ¥%. ï3��Õá��ìþ. p¡�kãÖ,,®	¥�. z±��IS¬Æ,¯4��,ØÂ¬Æ¤.

Center for Mathematical Sciences, Cambridge University�·<�����êêxêÆ¥%(êx�Æ),ïu 1995 . ¥%�k 10 �ïÓ, 9 � 1 �. ì¡¥mþÆ´ãÖ,, meÆ´ÚîïÄ¤,§ï���:.

2003 , �T��“XêÆ�ÚOX”XÌ?�·÷þÙ¥�Å�¢º, ú"Xdí��êÆ¥%�, %(�?É�
����À. Ǒ�o3êxù�é��/�þ,3ù��èX�7�/�,�ï��ùo��êÆ¥%? ���,²¤� 80% 5g¬m. ǑØ����==�,3·�I[âUkùo��êÆ¥%?kXU��,3 2��� 2005,Ò3�®�Æ¤á
“�®ISêÆïÄ¥%”. ù´I[?�êÆ¥%,k���5�. A�`,·�?�ÚxǑ
¯
.�?'5þãISêÆ¥%±9ISǑêØ��êÆïÄÅ�,Ñ´·I�?�ã��±|±�. ùl��ý¡�NÑ·I�?éuÄ:ïÄ�À.
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ù�Ù�I[�?�'5,A�J� 2006 4� 18F,{IoÚ�1�·-,¤á“I[êÆ�
¬”. ù´1��I[?�êÆ�
¬. �
¬��I´ÒXÛ��/|^k'êÆ�ÆÚÆS�ïÄ¤J�oÚÚ��Ü�JøïÆ. 2006  5� 15 F, 17  êÆ[!��Æ[ÚêÆ��[�?·ǑI[êÆ�
¬¤
.Ùg, A�J�nê 2011 I�\©. Ù¥ügJ�êÆ: “¥IÚ<Ý�I®¿£�. . . . . .��m©é���¯f?1��Ú���m���§�\ÀêÆÚ�Æ"” “3�5�§·�òI�O� 10�¶�Æ!Eâ!ó§ÚêÆÆ���.”¬m℄ÏÒ·�¤�, �8���¬m℄Ï5g Simons Ä7¬. 2010 , ìÄ7¬Ý\ 4 Z�{�^uêÆ�Ä:nØïÄ. L�{II[�ÆÄ7¬ 2009 ℄ÏêÆ�rÝ´ 2 · 2 Z�{�.ù  Simons´ÛN<Ǒ?�þ`: É0d#Ü�d(James Simons)´.þ����éÀÄ7²n��. ¯¢þ, �´� ék¤Ò�êÆ[. �Ú���uy
Í¶�“Chern-SimonsØCþ”.

2011 ´����zÆ�.uÛ�!N�èÚ���s¡Ǒ·��¬x=<. ��A�l²/å, ²{
Ô��·��{���qJ(£,ÅÚ¯Ì¤ǑºUá/�1�1u¾êÆ[.

��� James Simons

30 5, �õêÆVJK�»)Ǒ·�äá
ØA�´; ïÄ+��Øäÿ�/¤
÷��
³; �?¬m�'5�)Ñr��íÄå; Ïd, ·�k¿©�nd�&êÆ7½¬k�\���²U. k3ÆêÆ!�êÆ½�êÆ�<,Ñ´���3!��ÚǑgÍ�.
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