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Abstract�©XÚ�ã
K�'uÔ���nØ�ª§Ø%3u^é¡5»"�SëþÚ�£ãÔ���C"©ÙÄkJÑS�*ÜVg§?
Ú\é¡5gu»"Å�µp§�äk��é¡+G§�§Ýü$§XÚÏLSëþ¼��"Ï"�§é¡5»"�f+H§l
¢y/S�*Ü0"ëY�CdSëþgdU�m��g�XêCÒǑx"©Ù?�Ú?ØëYé¡5»"���{�dÏ�!��5Ü�ç�.9ÿÀ"�£XÓÔ+©a�ei"�¤§vöÑ/Ô���K��ª0"��§±����¬Ǒ~§Ú\QÜþSëþ£ã��Ó5-����?�C§�«K�-de GennesnØ3^Ô�Ôn¥�A^§¿�Ñ£ã��/C�Frank-OseengdU"K�á�C�Ø§±é¡»"Ǒ�§SëþǑj"p§�ä���é¡§$§�Kgu5ºÙ+§d´S±*Ü"�.©Øp��§�CkëY�Ï"d�ªÚ�Ô�Ǒ2§,u©êþf¿��A�Û�§g��Ù©Ǒ"———–KP
1 ÚÚÚóóó<�~`Ô�kn«G�(n«�)µ��!��Úí�"¥I��óÆKkÊ1Æ`§��´`Ô�kÊ«G�µ7!7!Y!»!è§ù38U®²��Ǒ´�«Ǒ&"��
)�:�Ê�<�U��§���k�«/�lfN0�§§�¤
ð(��Ü©"����n«G�§X8®üC¤
¯õa."l­��°(�¿Âþ`§^N´�«ÕA�Ô�/�"7á�ýÆNØÓ"��NÚ�6NK´Ú<58�#Ô�G�"\>M��¬¶4´¯õØÓ�¬Ô�G�¥��«£���!ÿQ�!7�.!7�/Ú7Ò�!C¬�A!B!C!C*!D!I�¤"�3�L200«äk���É�¬Na.§�Ø^`�kO¬N
"�k�g^Àæù���SÔ�G�§±9�©êþf¿��Aù�äk>ÖǑe/3�-u�(aq§�)�Ô�G�"o�§Ô�G�õ«õ�§Ïd§·�Ò7Lïá��NX§§�U��5/©aÔ��ØÓ�§�(£ãØÓ��ØÓÔn5�§$���U
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£ãØÓ��m��C"ù�n)Ô��NXÌ�´dK�ïáå5�(L.

D. Landau, On the theory of phase transitions, Zh. Eksp. Teor. Fiz. 7, 19

(1937).)"0�K�'uÔ���ù��ªÒ´�©�Ø%8I"ØL§K�ù�NX¿ØU)º�X©êþf¿��Aù��#Ô�§ù
#Ô��uyQ²-<��úM5§Ǒ,�ª<�á²x
§�ǑÛ¬k���Ly§¿�ddÿ�
·�n)Ô��NX"ØL§XJ\�?�Ún)ù
#�ÿ�§�ÒI�3�©�	?�Ú��>�ï�
÷
"
2 ���������CCC���ÄÄÄ���VVVggg�CØ´|¤Ô��©f��*UC§ǑØ´�þ©f�UC§
´÷*êþ�©f÷*Ôn5��UC"Ï~kØ���Cþ�±KǑÔ���"~X�±ÏLü$§Ý½öO\Ør5���ív("·��^�ã5w«²ï��§ÝÚØr�'X§ùÒ´¤¢�T − p�ã"3T − pãþ�ØÓ«�I«ÑÔ��A��§ØÓ��m�©.�§Ò´¤¢��.�"Ǒ
²ßå�§·�Ì�?ØT − p�ã§w,§ù�Au�§�Ø�XÚ"¯K´§�½��ØrÚ§Ý§XÛ�äXÚ¬?u=��QºǑ
£�ù�¯K§�Ä,�Ú§ÝǑT�9¥�>§NÈ�C§�´Ør�9¥��Ǒp�XÚ"b�²L,�L§§XÚ�NÈu)
UC§Ó�l9¥¥áÂ
9þQ§du9¥é�§Ù�9L§�±w�´�_�§Ïd9¥��CǑdSR = −Q/T"b�XÚ��CǑdS§KXÚÚ9¥�å�o�CÒ´dS+ dSR,duùüö�å�¤
�����áXÚ§¤±�â�O\�n§7k

dS + dSR ≥ 0. (1)éXÚA^9åÆ1�½Æ§=kQ = dE + pdV , dE´þãL§¥XÚ�UþO\þ§dV´ÙNÈO\þ§l
=k
dS + dSR = dS − 1

T
(dE + pdV ) = − 1

T
(dE − TdS + pdV ) = − 1

T
dG ≥ 0. (2)
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ª¥G = E−TS+pVǑXÚ�3ÙdgdU"Ïd�O\�nw�·�§�§�ØXÚ�?ÛguL§Ñ7,¬��3ÙdgdU~�§=
dG ≤ 0. (3)AO�§�XÚ��9²ï�§3ÙdgdU�4��"òþã�n^��C¯Kþ§=kµ3�½�§ÝÚØre§­½��[�´Pk�$3ÙdgdU���Ùg,íØ´§3ü��m��.�þ§ü���3ÙdgdU7½���{üå�§ùp�?Ø�NÚíN��.�§aq�?Ø�,Ǒ·^u?Û�.�"·��Ä�½þ�Ô�§'X1mol"·�®²��§3�.�þ§�NÚíN�3ÙdgdU(©OPǑGlÚGg)7½��§=

Gl = Gg. (3�.�þ) (4)÷X�.�3ÙdgdU�±���(ØǑ�±`¤´µ÷X�.�§ü��zÆ³��"ÏǑ�âGibbs-Duhem'XªkG = µN , 
Ø+Ô�?u=��§Ùâfê�½´���§¤±3ÙdgdU��Ò�duzÆ³��§=
µl = µg. (5)Ï~¡ù�^�Ǒ���²²²ïïï^̂̂���§§Ǒ�±^,�«�{5��§=�Ä���ü�§r§�w¤���áXÚ�ü�fXÚ§ü�9²ï�7,íØÒ´µüüü������§§§ÝÝÝ������¶¶¶üüü������ØØØrrr������¶¶¶ÓÓÓ���§§§üüü������zzzÆÆÆ³³³ǑǑǑ������"du�C
�§3ÙdgdU�±��§ǑÒ´3ÙdgdU3�C
�´ëY�"�´§XJ�C
��ÚNÈÑu)
ØëY�âC§
�ÚNÈÑ´3ÙdgdU��� �(©OéTÚp)§�ùÒ`²§éuù«�C§�C
�3ÙdgdU��� �´ØëY��ù���CÒ¡�Ǒ���???���CCC§ǑÒ´3ÙdgdUëY�´Ù�� �ØëY��C"�´§�k�«�C§XÚ�L�.�l�«�?\,�«��§�Cd9�u"§½ö`�ÚNÈǑÓ�vkâC"�ó�§éuù«�C§Ø=3ÙdgdU´ëY�§�Ǒ´ëY�§aq�NÈǑ´ëY�"�
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ù��§Ø=3ÙdgdUëY§
�Ù�� �ǑëY��CÒ¡�ëëëYYY���CCC"��5¿�´§ëY�CǑ¬�)Ônþ�ØëY½ö�¡k¸�ÛÉ1Ǒ§�´ù
ÔnþÑ´3ÙdgdU���±þ� �§´�XØ Ç!^zÇù��Ônþ"
3 ééé¡¡¡555ggguuu»»»"""���SSS���***ÜÜÜ3�����ín�¥§��Úí��m��C�é'��n)"
�N�¬N���«O3u§�N´��Ó5�§
¬N´��É5�"l¬N��N§½�äkØÓé¡5�¬N�z�g�C§Ñ�,
é¡�����½Ñy�'é"�é¡���o�3§�oØ�3§Ø�U�3¥m�¹§¤±��í�m�«OØÓ§�NÚ¬N�m�«O�ä��5"5¿§�N�¬N�m½é¡5ØÓ�¬N�m��~�C´k�Cd9�§Ù¥ÔN�G�£AO´Uþ¤�u)ØëYCz§ù«�CǑ,­�§�¿��©�'5­:"·�Ì�a,��´ù��«=Cµ=�é¡5u)ØëYCz§ÔN�G�£AO´Uþ¤%´ëYCz�§ùÒ´
¡`L�ëY�C"5¿§§���-í=C�ëY5¿Âk¤ØÓ§ùp3?Û�Ǒ§·�ÑU�äÔNäkù«½�«é¡5"
3.1 ������ééé¡¡¡555Ä:ué�N�¬N�m«O�*	§Ó�ǑÄ:uØÓé¡5�¬N�m�«O§K�JÑµÔ��z���ÑéA��é¡+H(�Ø��M�îþ· )§Ø�Pù��(Phase)ǑPH"b�XÚ�*�p�^�é¡+ǑG§�oH�½´G�f+§H ⊆ G, ÏǑH�N�´Ô�÷*��é¡5§§�,´�*é¡53÷*þ��N§��¬'�*�p�^�é¡5�"é¡5HØÓ���m¬��.��«�§ǑÒ´¬u)�C"3p§�§|¤Ô��©f9$Ä�Uþ���L©f�m�p�^�Uþ§Ïd§ù
©f�gǑ�§z�©f�$ÄG�Ñ�Å/UC§�«$ÄG���é¡§��XÚ´é¡
��S�"ù�ÿXÚ�÷*G�äk�*#N���é¡5G, �A��PGǑ´��S�"�ó�§p
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§��é¡5´�*�p�^¤U#N3÷*þLyÑ5���é¡5"�X§Ý�eü§©f�m��p�^�Am©�L�5K9$Ä��A§ù�ÿ¬u)�� Û�¯�µù
©fm©gu�ÆN��/1Ä§/¤�«5Æ5�÷*�ª"�ó�§XÚl�S�9$Ä¥gu�)
kS"�´§ù«5Æ5�÷*�ª��5`ØU�±���é¡5G, 
�U�±§���f+H"K�¡ù«d�*�p�^�é¡5G�÷*G��é¡5H�m�=CǑé¡5gu»""~X¬Ngu»"
�m²£é¡5§
^Ngu»"
g^^=é¡5"�Xé¡5�gu»"G → H§XÚǑÒu)
�CPG → PH"dup§�PG´��S�§é¡5»"±���PH´3�S¥�)
kS§¤±·�Ǒ¡PG → PH��CǑSSS���***ÜÜÜ§P�PG ⊂ PH§ù�ÎÒ�¹ÂØ´`PG��¹3PH��¥§
´`PH�'PG�kS§½ö`S��"5¿§é¡5��¹'XH ⊂ GÚS��¹'XPH ⊃ PG´���"¯¢þ§3K��
§�D�#Øp3ïÄ^5�§®²rN
+ØÚé¡5»"�­�5(Curie, P., Sur la symWtrie dans les phWnomYnes
physiques, symWtrie d’un champ Wlectrique et d’un champ magnWtique, J.
Phys. Theor. Appl. 3, 393 (1894))"¯K´§é¡5gu»"�Å�´�oQº±9§lù�é¡5�ÆÝ5w§ëY�CÚ���Ck�oØÓQº
3.2 ééé¡¡¡555ggguuu»»»"""���ÅÅÅ���y34·�5ïÄXÚXÛläk��é¡5G�p§�gu»"�äké¡5H��PH"�p§�PGd��ǑφG�÷*G�þ£ã§duù�ÿGǑ´XÚ�÷*é¡5§¤±G�ǑXÚ�*�p�^�é¡5�^3φGþ�§AT��±§ØC§P�

g · φG = φG, g ∈ G (6)ª¥g · φGL«+�g�^3φGþ"3p§��XÚ�3ÙdgdU�,´φG�¼ê, P�G(φG) ≡ GG§�,GGÓ�´§ÝTÚØrp�¼ê,

GG(T, p)"
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�XÚé¡5gu»"�H�§�Cu)
§XÚ�SǑ*Ü
PG ⊂
PH"Ǒ
£ãPH�¥õÑ5��S§·�Ú\SSSëëëþþþφi, du§´PG��	��S§¤±φi�,Ø´GØC�§Ø�b�§�¤
+G��5Ø��L«§�IiL«�Ò´�5¥þ�1i©þ§P�

g · φi ≡
∑

j

R(g)ijφj, g ∈ G, (7)ª¥R(g)L«+�g�L«Ý
"Ó�§duφi£ã�´PH��S§¤±§�äkHé¡5§=3H��^e�±ØC§P�
h · φi = φi, h ∈ H. (8)ØL§φi·�´w���Cþ§§äN�Û��½§�±�Ǒ§�´φi�ª�äN��âÏÏÏLLLþþþªªª(((½½½


$$$§§§������ééé¡¡¡555H"·�I�)º�§�´φi´XÛlp§����Ǒ"§�BL�.�±����"§l
��XÚé¡5gu»"�"Ǒd§·�I�Ó�ògdUw�φi�¼ê§P�G(φG, φi), ,�ÏLgdU4��^�5(½φi�äN��"duG´XÚ��*é¡5§¤±·���b�§Ǒ,φi�¤G�L«§�gdUG���´GØC�",	§dup§�φi = 0§¤±Ǒ
ïÄ�CXÛu)§·��±rφi���þ§,�ògdUG(φG, φi)éφi?1?ê�m"�m�"��,Ò´GG, 
dudØ��L«�{�E���GØCþ§Ïd�m����´"��§dØ��L«�E���GØCþÒ´�g.∑

i φ
2
i , ¤±·�k

G(φG, φi) = GG(T, p) + A(T, p)
∑

i

φ2
i + · · · (9)Ǒ
(�éup§�PG§gdU�4��éAφi = 0, Ò7L��3p§�A(T, p) > 0"aq�§Ǒ
(�3PH�§gdU�4��éA�"�φi,Ò���3PH�§A(T, p) < 0"¤±§PG�ÚPH��m��.�deª½Â

A(T, p) = 0. (10)

7



�´§Ǒ
(�ù^�þ�:ý�±φi = 0ǑgdU�4�� �§�I��m�n���u"§ÄKù�n��Ò�±����K��"φi�"Ǒd§·�b�éu·�¤�Ä�A½Ø��L«φi§ØØØ���333nnn���GØØØCCCþþþ"Ǒ,Ø´¤k�¹eù^b�þ¤á§���¡b�¤á��¹é~�('X§XJ3G��^�e§φi�±UC�KÒ§�¤kÛê��GØCþÑòØ�3)§,��¡§ù�b�kÏu{zéK��CnØ�©Û"�dÓ�§XJgdU?ê�m�o��ð�§KPG�ÚPH��m�.�Òd(10)ª��(½"ØJwÑ§ù½Â�´T − p�ãþ��^­�§Ï~¡�ØØØppp���½ö�.�"é¡5gu»"�Å��3u§BLØp���§A(T, p)d�C¤
K§��φigÄ¼�
���"��§ù��"���,Ø´GØC�§��âSëþφi�½Â§§�½´HØC�§l
��XÚ÷*G��é¡5gu»"�
H"Ǒ
w���Ù�:§Ø�½Â
∑

i

φ2
i ≡ φ2, φi/φ ≡ γi. (11)KgdU�±�mǑ

G = GG + Aφ2 +Bφ4 + · · · , (12)Ù¥¤k�XêÑ´T, p�¼ê§�b�B > 0ð¤á"��5`§B�¬�6uγi,ù�ÿ�gdU�4��Ò��k�ÑB(γi)éγi�4�� �"ØL§�,´Ǒ
{z©Û(Ó�Ǒ´é~���¹)§·�b�B�γi�'§ù��u`o��GØCþk�=k(
∑

i φ
2
i )

2 = φ4ù��"Xd�5§3Øp�±þ(p§�)§A > 0, B > 0§gdU�4��éAφ = 0, XÚ�÷*G�äké¡5G"
3Øp��e(BLØp�),

A < 0, B > 0, l4��^�∂G
∂φ

= 0�±��
A + 2Bφ2 = 0 ⇒ φ2 = −A/(2B) ≡ φ2

H . (13)l
φ¼�
���"��φH, XÚ�é¡5gu»"�
f+H"?�ÚØJwÑ§ù�ÿgdU��Ǒ
G = G0 − A2/(4B). (14)
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du3�.�þA = 0§ØJwÑBL�.���ÿ§gdU´ëY�§aq�§ǑØJwÑgdUéT, p��� �Ǒ´ëY�§l
§ù���CǑëY�C"¤±§ééé¡¡¡555ggguuu»»»"""éééAAA���~~~~~~´́́ëëëYYY���CCC"ØJ�Ñle¡�PH���ªCuØp���½Ø9Ncp, Ǒ
cp = −T ∂

2G
∂T 2

= cG +
T

2B

(∂A

∂T

)2
, (15)ª¥cGǑGG��z�9N"5¿§Ǒ,3Øp�þA = 0, �´∂A

∂T
��5`�Ø�u"§ùÒ`²§lpé¡5�PGBLØp���$é¡5�PH�§XÚ�9Nu)
��ØëY�aC§ù�´�C3Ônþ��N"

3.3 ���ããã���(((������fff+++���3�ä��5��/¥§o�XêB�U�6uγi, ¤ǑB(γi), ù�ÿgdU�4����Ó�(½B(γi)'uγi�4�� �"duH´dφi�äN��¤�±�é¡5¤(½�§l
ǑÒ´dγi�ù���(ù���´�6uT, p�)¤�±�é¡55(½�"ù�ÿÒ�Uu)ù��¯�§=Øp��ØÓÜ©(½
ØÓ�$§é¡5H"ù«�¹��ãò¬aquã(3.3)"

ã(3.3)¥�J�Ò´Øp�§I«�Ò´pé¡�PG�(φi = 0)§II!IIIü�«�´ü�ØÓ�$é¡�§§��φi�"��¤�±�é¡5ØÓ"b�II!III«��é¡+Ø´*d�f+§l
3üö�m�{u)þãé¡5gu»""�ùü�«��m��.�§=ã¥�BD�§ÒØ�U´Øp�"l
§ùü�«��m��C��5`ÒØ¬´ëY�C§
��U´���C"
9



�,§��Uu)ù��¯�§=�gé¡5gu»"vkrp§é¡5G»"1§�{�é¡5�U2gu)é¡5gu»""ù�ÿÒ�UÑyã(3.3)ù��Øp�����/" 3ùÌã¥§I«�´pé¡

�§II!III«��é¡5Ò$�
§§��é¡+©O´I«�é¡+�f+"IV«��é¡5K2$�
§§�é¡+Q´II«�é¡+�f+§Ǒ´III«�é¡+�f+"lI«�BLØp��II«�¬u)é¡5gu»"§XÚ�S*Ü
§lII«��IV«�2gu)é¡5gu»"§XÚ�S2g*Ü"·��±^aqueã�f+�5Ǒx���ã�oN(�"ã¥��ÞL«é¡5gu»"���§z��ÞÑl�����+��Ùé¡5gu»"���f+"�,§'�`H2Ǒ�U´H3�f+§�ã¥vklH3��H2��ÞÒ`²vku)lH3�H2�é¡5gu»""
G

H2 H3 H4

H1

{e}

(��é¡)

(��»")

10



�²(�§·�Ǒ�±ré¡5gu»"���f+�¹'X±9é¡5gu»"��S�Øä*Üx¤Xeã«"5¿§3ã¥S�*Ü��Úf+��¹'Xf�´���"
G

H2 H3 H4

H1

{e}

(��é¡)

(��»")

⊂ ⊃

⊃

⊃

⊃

⊂

⊃

PG

PH2 PH3 PH4

PH1

P {e}

(�S)

(S��)

⊃ ⊂

⊂

⊂

⊂

⊃

⊂3T − p�ãþ§U
ÏLé¡5gu»"éXå5�ü���m��.�´Øp�§
�þã¥PH2ÚPH3ù�ØUÏLé¡5gu»"éXå5�ü��§§��m��.�ÒØ´Øp�§
  ´���C�"
4 ëëëYYYééé¡¡¡555ggguuu»»»"""XJp§é¡5GÚgu»"±��{�é¡5HÑ´ëYé¡5§�o�¬k�
#�Ôn�A"Ǒ
ù�Ùù��A§·���u�Ä(3.2)�!¥b���/§=b�o��GØCþk�=k(

∑

i φ
2
i )

2 = φ4ù��"
4.1 SSSëëëþþþ���ÞÞÞááá�â(3.2)�!¥�?Ø§ù�ÿ3$§�§Sëþ����÷veª

∑

i

φ2
i = φ2 = φ2

H , (16)ª¥φH´�½�"�éw,§ù�ªf¿ØU��(½φi, ?Û��÷vþª�A½φi���u3��XÚ���mÀ���A½�φ−/��0§l
ré¡5lp§��Ggu»"�$§��H"duz��φiÑ´HØ
11



C�§éw,¤k÷v(16)ª�φi�8Üf��¤�8�m
G/H. (17)�´§du÷v(16)ª�φikéõ§¤±Ǒ���Uu)3�mØÓ«�φi�ØÓ/��0�¯�§$�ØÓ�mÛ�þφi���3(16)ª#N�¤k�U5¥�ÅÀ�§·�¡�ǑSSSëëëþþþ���ÞÞÞááá"§��φi´�m:x�¼ê, l
��(16)ªC¤

∑

i

φ2
i (x) = φ2

H . (18)Ïd§é¡5gu»"±�§XJ�Ä�Sëþ�/��0�±3���8�mG/HþÞá§éuëYé¡5§�$§kS��Sëþ¢SþÒ´ln��m�G/Hþ�ëYN�§=
R3 → G/H. (19)$§kS��Ôn5�Ò�ûuSëþ�ù«Þá"¤±Ǒ
£ã$§kS�§ÒI��Ñ$§�gdU�Ǒ÷v(18)ª�Sëþ|φi(x)��¼"ØL§duSëþ�/��0����N�UC(J3Ônþ���d§Ǒ=´`§Sëþ/��0��NUC��vkÔn�A§l
�±��§gdUéSëþ�?ê�m¥Ø
(3.2)�!¥�Ñ5��N�zÜ©�	§SëþÞáÚå��	�zGe7½��6uSëþ|��m�Cz�¹§ǑÒ´Sëþ|��mFÝ"ùp���íØ´§Sëþ|Þá¤�z�gdU�±?¿/�§�I�4Sëþ|v
²w§��m�Czv
�ú"ù�íØ�¡Ǒ{�dÏ½n",	§Ge�,Ø�6u�mG/H�ÛÜ�IÀ�"ÏdéGe�{ü��z�Ud�86/G/Hþ�GØC��

ds2 =
∑

α,β

gαβ(ψ)dψ
αdψβ. (20)Ù¥ψαǑ6/G/Hþ�ÛÜ�I§�Iα = 1, 2, ..., m, mǑ�mG/H��ê"Ïd§3dÛÜ�Ie, ψα(x)�ǑSëþ|Ò½Â
N�R3 →
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G/H"�o(Üùüã�?Ø§'X(ÜGeØ�6uG/HþÛÜ�I�äNÀ����§�±��Ge��$��z7½�±�¤
Ge =

∫

d3xρs
∑

α,β

gαβ(ψ)∇ψα · ∇ψβ + ... (21)Ù¥·�®²�Ä�
n��m�^=ØC5§ª¥�ρs´,�'A~ê"ª¥ù��´(∇ψ)2��§�ÑÒL«�X(∇ψ)4ù��äk�õ� ��p�?��"ù
�õ ����¤±U��Ñ§´ÏǑ·�Ì��	��mCz'�²��SëþÞá§§��m �´é��§Ïd,�¥�¹� ��ê�õÒ�U
��Ñ§ù�ØyǑ·^u�©��'/�§��·�Ø2­E"éw,§Ge´|Cþψ(x)��¼§
�Ø´²�a.��¼§
´ý���5�§¤±§Ǒ¡���5Ü�ç�."5¿§§£��´$§kS��SëþÞá"ù����5Ü�ç�.3lÑé¡5gu»"¥´Ø�3�§§´ëYé¡5gu»"Ak�Ôn"|^$§��ù�Ge§·�Ò�±O�$§�SëþÞá¤�z��©¼ê§úª´
Z =

∫

Dψ(x)e−βGe[ψ(x)], (22)ª¥ψ(x)«¿5/��¤kψα(x)"�,§O�ù��¼È©¿Ø´��{ü�¯�§a,��Öö�g1�ÖÚO|Ø��'Ö7"
4.2 


^̂̂���CCCØ�Þ
^�CǑ~"
^N�±w�´d�
g^|¤�§3�*þäk�^3g^þ�n��m^=é¡5§Ï~¡�ǑO(3)é¡5"�C�g^�m�3�p�^§§����Cg^�����§XÚ�Uþ��'�$"p§�§9$Ä�AÓâ
þº§g^m��p�^�'Ø­�§ù�ÿz�g^Ñ�Å��§��XÚ3÷*þLyÑ��Ó5§ÏdäkG = O(3)�n�g^^=é¡5"$§�§g^m��p�^Ó
þº§§��¤kg^ª�u��Ó���m��§XÚ�é¡5gu»"�7ù�A½���^=é¡5§=H = O(2)"ù�$§�Ò´¤¢�
^�"

13



Ǒ
£�
^�C�ù«é¡5gu»"§·��±òg^^Ý3Ôn��ÛÜ«�þ�²þ§?
½Â^zrÝ§y3§Ó�´n�¥þ, P�m(x)"m(x)´�mþ�¥þ|§�±��¤´z��m:þ�þ����Þ(L«m���Ú��)§�ØL§z�:þ���Þ��Ñ�±?1?¿�n�^="3��p§�äkO(3)é¡5��§duz��g^Ñ�Å��§Ïdm���Ǒ"§vk=���AÏ"3�.§Ý±e§z���m:NC�Ôn�«�S�g^Ò¬ÏǑ�p�^
ÆNå5§?
Ñ��,��A½���§�)
÷*þ��S§ù«�SÒLyǑ^zrÝm(x)Ø2´"
§XÚÑy
gu^z�Ïdm(x)l��Ǒ"C¤�"ÒI�XXÚlp§�S�=C¤
$§
^�§Ïdm(x)Ò´Sëþ"<����±�ìK���{§ògdUéSëþ?1�V�m§?1ïáþã
^�C�Ôn�."éw,§3p§�§gdU�4���m = 0"aqu
©�?Ø§3$§�§gdU�4���m(x)Ǒ~¥þ§�
|m(x)| = mH , (23)ª¥mH > 0´~ê"Ǒ=´`§3Øp��e§�p�^¬ÆN�mz�:þ���Þ§��§��ÝÑǑmH§���Ñ��"·�®²w�§XJØ�ÄSëþ�Þá§�oØp�±e§�m:þù
�Ý�����ÞÒ¬ÓÓÓÚÚÚ/À���A½��m��n (ùpn´��Ø�6u�m:x�ü ¥þ§÷v|n| = 1)§?
»"Kn�^=é¡5"�ó�§Øp��e§Sëþ�±�¤m(x) = mHn"�,§��Þ�äNÀ=���´�Å�§?Û����ÑÓ��U"Ïd3Øp��e§O(3)é¡5gu»"
�ØL§»"��Ù¢��{�«é¡5§�Ò´§À½
�m�����Þ���±7X�g�¶�^=?¿��ÆÝ§Ï~¡ùǑO(2)é¡5§ǑÒ´ü�²¡7X,�ç�¶�^=é¡5"¤±§3Øp��e§
^N�O(3)é¡5gu»"�
O(2)é¡5"¤kØÓ���´/ ²��ü �þn�8Ü�¤
n��m¥�ü�ü ¥¡S2"37ng�¶^=�O(2)é¡5��^e§ù�S2þ�:´�±ØÄ�§�3��O(2)�O(3)^=�^e§n¬UC��§l
¬
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rS2þ��:C��,�:"�´3ù�¿Âþ§·�`ù�S2�±�Óu»"
�é¡5O(3)��»"��{�é¡5O(2)§P�
S2 = O(3)/O(2). (24)�,b½3Øp��e"ØL§XJ�Ä�Sëþ�Þá§���nÒ�±�6u�m:x, Ǒ=´`ØÓ:���Þ�±��ØÓ���
"ù�ÿ�SëþÒ´��Øþ!�|©Ùm(x) = mHn(x), |n(x)| = 1"éw,§n(x)½Â
��n��m�S2�ëYN�§
n(x) : R3 → S2, (25)ù�N�û½
$§
^�Sëþ|m(x)��m©Ù"$§
^��Ôn5�w,dù
Sëþ�Þáû½"·��±�¤k���ÞÑÓÚ��,�A½���§SëþÞá�	�z�gdUGe = 0"�´§du¤k���Ñ´�d�§¤±XJrù
��,�A½�����ÞÓÚ/=L��?¿���§(JgdU��	�zò�,Ǒ"§=�,kGe = 0"dd·��±íä§Ge��"�z�U5gum(x)�ØÓ�m:�Cz(ÏǑÓÚ���CzØ�zUþ)§ǑÒ´�6um(x)��mFÝ§?
ǑÒ´�6un(x)��mFÝ"dun(x)Ò´��R3 → S2�ëYN�§XJ�rù�N�����Ù�{§ÒI�3S2þÚ\ÛÜ�IX§'X¥�I"ùp��:´§S2þ�ÛÜ�I��´<Ǒ�§ÏdØ��±�¥�I§¢Sþ´�±k�êõ«ÛÜ�I§�´§gdU�¼Ge[m(x)]�,Ø�6uS2þÛÜ�I�À��ª"Ïd§Ǒ
�ÑgdU�¼§·�Äk�¯§S2þ�oÀÜ´Ø�6uÛÜ�I�§£��Uéõ§��{ü��½´§ü����C�:3S2þ�ål²�Ø�6uÛÜ�I�À��ù�ål²�éw,´ds2 = (dnx)

2 + (dny)
2 + (dnz)

2, Ù¥n = (nx, ny, nz), �÷v�ån2
x + n2

y + n2
z = 1"Ñu�
XêÆþ��B§�±3S2þÚ\E�ÛÜ�I(ψ, ψ)(ψL«ψ�Eê�Ý), Ù½ÂXe

nx + iny =
2ψ

1 + |ψ|2 , nx − iny =
2ψ

1 + |ψ2| , nz =
1− |ψ|2
1 + |ψ2| . (26)
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|^ù�ÛÜ�I§²L��O�=�±òS2þ�ds2�¤
ds2 =

4dψdψ

(1 + |ψ|2)2 . (27)5¿ù�ªfǑ,´3A½ÛÜ�Ie�Ñ5�§�ds2��¢Sþ¿Ø�6uÛÜ�I�À�"
R3 → S2�ëYN��,Ǒ�±w�´dψ(x)Úψ(x)û½"
gdU�¼Ge��6un(x)��mFÝǑÒ´��6uψ(x)Úψ(x)��mFÝ"(ÜGeØ�6uS2þÛÜ�I�äNÀ����(ÏddS2þ�ds2û½)§��§éGe��{ü�z7½�±�¤

Ge =
∫

d3xρs
4∇ψ · ∇ψ
(1 + |ψ|2)2 + · · · . (28)

4.3 ÿÿÿÀÀÀ"""���3
^�§Sëþ´R3 → S2�N�"Ï~ù�N��UÒXY¡þ��ï-"�´§k�ÿǑ�±Ñy�ÛA�N�"'XXã(1)¤«���§^zrÝl�:�o±uÑÑ�§/¤aquei���Sëþ| /"ù��| /´¤¢ÿÀ"���«"¤¢ÿÿÿÀÀÀ"""���§´�3,
ÔnXÚ¥§du�N(��/ÿÀ5�0��§
�{ÏL²wëY���Cz�Ø�!­½�Ø5K5½ö/×\0"

Figure 1: 
^�ei/�ÿÀ"�
16



�o��Xã(1)¤«ei/ÿÀ"���N(�´�oQºǑ
£�ù�ù�¯K§Ø������ü�¥¡��ei¥%����:§ÏǑei�z��eÑéASëþ�mS2þ���:§Ïdù¥¡þ��
/e0Ò½Â
��S2 → S2�ëYN�§���S2L«�´Sëþ�m§ǑÒ´O(3)/O(2)"
�§äNéuã(1)¥x�ei§éw,§ù�N���´^
��S2�K���S2�g"ù«�K�,�{ÏLëY���Cz�Ø§Ïd´��ei/ÿÀ"���N(�",
§<�Ǒ�±��N�S2 → S2Ø��K�ö�g§
´�±�K?¿�êg§Ù¥K�êL«S	�=��K"éw,§ØÓ��Kgê�mØUëY/LÞ§Ïd�Kgê�ØÓÒL«ØÓ�ÿÀ"�§�Kgê©a

^��ei/ÿÀ"�"�Kgê�U´�ê§¡�ei/ÿÀ"��ÿÿÿÀÀÀþþþfffêêê"¤kØÓgê��K8Ü3�åÒ�¤�ê8Z,êÆ[Ï~¡�ǑSëþ�mO(3)/O(2)�1�ÓÔ+§P�
π2
(

O(3)/O(2)
)

= π2(S
2) = Z. (29)Ǒ=´`§
^��ei/ÿÀ"�dπ2(O(3)/O(2))©a"b�rü�ÿÀþfê©OǑn1Ún2�ei/ÿÀ"��p�C§�ª§�Ò�U(Ü¤��/��0�ei/ÿÀ"�§ù�/��0�ei/ÿÀ"��ÿÀþfê7½´n1 + n2"Ǒ=´`§3ÿÀ"��(ÜL§
�§ÙÿÀþfê´Åð�"Ó�§��/�0�ei/ÿÀ"�Ǒ�U©�¤ü�/�0�ÿÀ"�§©�
�ÿÀþfêǑ´Åð�"AO�§b����ÿÀþfêǑn�ÿÀ"�§Ú��ÿÀþfêǑ−n�ÿÀ"�§4§�(Ü§(JÒ¬��ÿÀþfê0, ǑÒ´Ø�3ÿÀ"�
§Ǒ=´`§ù��ü�ÿÀ"��p�«
�ùÒÚ��âfé¬�p�«��"��5¿�´§ÿÀ"��gdU�½´k��§ØU?¿�"Ïd§\7LÑ¤�½�k��UþâU-uÑÿÀ"�"í2�(4.1)�!?Ø����¹§��§XJÑ\�Uþv
§�oÒk�U3$§kS�¥-uåÿÀ"�§'�`aqu
^N�/��«eiGÿÀ"�§a'u
^N�/��'?Ø�±��§ù«ÿÀ"�
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dG/H���ÓÔ+©a§Ǒ=deª©a
π2(G/H). (30)ØL§3k
~f¥§dué¡5GÚHØ
n|§��π2(G/H) = 0, �Ò`²3ù
~f¥Ø�3ù«eiGÿÀ"�"

4.4 ÔÔÔ���������KKK������ªªªe¡·��±V)�eÌ�Ô���K��ªµéu�p�^�±,«é¡5£�¤��+G¤�XÚ§�dé¡5XÛgu»"5«©§ØÓ��d��»"�é¡5f+HIP§dØÓHIP��o´��C©�m§äkoNé¡5H1 ⊂ H2���m�±�3ëY�C"ù«ëY�C��XÚS�*Ü§§dSëþ�Þá°Ä§TSëþ3H1eC�²�§�3H2eC��²�"éuëYé¡5�/§Sëþ�z�«ÞáéA��R3 → H2/H1�ëYN�"
éu�p�^Ø�±?Ûé¡5�XÚ§�ã¥ØÓÜ©�mvkkb�«©§��3���"
5 ���¬¬¬���ÔÔÔnnnÆÆÆØ��G½A�G©f3�½§Ý«m¬?u,«�����¥m�))�¬�"§�Ø´�N§Ù©f�% ����S§LyǑ�N¶�§�ǑØ´Ï~��N"Ù©f��k²w���É5§U�)1�Vò��¬N¥Ak�y�"Ǒ,�3�zõ

Òuy
�¬§�XÚ�ÔnïÄ�´CA�
�¯"�¬ÔnÆ´��ª�Ä:�Æ�A^Eâ�;�+�µ3nØ�¡§§Jø
ïÄé¡5»"!ÿÀ"�Ú�²ïÚOÔn�n�²�; 3A^�¡§§| 
d�Z·�w«¶��§¿±Y�^NÅì<!)Ô�Æ�#,+�ÿ�"�¬¶�Ê9�´��'�¥I�E�Çå�DÛ�¯§��q��¥Ió§�ÏLó²{z!áÆM#Ú5�*Ü�n­s§òQ²[B�s'/�N�70��¬¡�§�ÚÚx?
Ï~z6["
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�¬kéõ�§'X���!ÿQ�!7�.!7�/Ú7Ò�!C¬�A!B!C!C*!D!I�"3�����¬¥§�G©fk��²þ��§^��¥n �L£�ã(2)¤§
�% ����S§LyǑ�N"����¬äkü¶��É5§vk	|�§n¶���´?¿�"�!·�Ò±����¬Ǒ~§?Ø�e�¬�ÔnÆ"

Figure 2: ����¬m©nØ?Ø�
§Ø�J��EâA^þ��JKµ�¬´�N§p¡�©f��+BÑ�Æ)§À�Ü�"�4§��àü�âUw«ã�§DÚ�{´3ÀæþǑéõ/��ø0§%©füè"�Ǒ�øé¤¯§
���ǑØ�§¶4Ò¬Ñy/YÅ«0§�ÚØþ!"u(�ó§��
�h²�{µ3�¬p�\�«AÏ/�Y0£àÜÔ¤§,�^b	��ì§ù�YÒ3©füÞ/¤
wØ��/�¹f0§r�¬©f�½¤ý����ÆÝ"ùÒ�'Ø^3/þxx�§
´�z�Æ)�þ��Û/|e§4��g,Õ¤�à��^"�?á^�Kµ1. Ø^ǑE,��ø§ó²{ü
"2. �¬ü���à§ß1ÇJp
15%§¿�XÓ��ÝI������§�>q�¤�"3. ¶4UØ�Ø¬ÑyJw�YÅ«"®À�Kr
,�^´§mu
�«�”ADS”�M¶Eâ"�naq§Ǒ´ÏL`z>4�O§4�¬f{ü�"(J´§¶4�F^§�Ú�mý§¤��$"
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5.1 KKK���-de Gennes nnnØØØ�!·�?Ø�¬áÆXÛdp§����Ó5�N=CǑ$§�����(Nematic Phase)��C§ǑÒ´¤¢�IN=C(Isotropic-Nematic=C)"b��¬áÆd�G©f|¤§z�©f��¶(÷X�)÷Xü ¥þ~ν, du3¤�Ä��¹e�G©fvk45§ÙÞ�´�d�§Ïd~νÚ−~ν�d"p§�§z�©f���~ν´�Å�§��áÆ3÷*þLyÑ��Ó5§ǑÒ´äké¡5G = O(3)"$§�§�G©fk��²þ��n(�,§Ǒ�÷vnÚ−n�d)§�5�é¡5gu»"
§��áÆ�C����"Ǒ
£ãù«IN�C§·�I�½Â��Ü·�Sëþ§§3p§���Ǒ"§$§��""��g,��{´�~ν3��÷*wé��*wé��«�S�²þ�〈~ν〉(=òù�«�Sz�©f�~ν�\2Ø±ù�«��o©fê)ǑSëþ§�ù��{?n~νÚ−~ν��d"��)û�{´Ú\Xe��é¡�,ÜþQij

Qij = 〈νiνj〉 −
1

3
δij , (31)ª¥�²þ�,´3��÷*wé��*wé��«�S?1§νi, i =

1, 2, 3´ü ¥þ~ν�n��m©þ"du〈1〉 = 1§éw,Qij´é¡�,�"éw,§Qij3�d'Xνi → −νi��^e´ØC�"p§�§duz�©f���~ν�Å§¤±éw,〈νiνj〉 = 〈~ν2〉1
3
δij =

1
3
δij , ¤±Qij = 0"
�Qij �¤
^=+O(3)���Ø��ÜþL«"¤±Qij�ǑSëþ´Ün�"�Ǒé¡Üþ§Qij(�A�3×3Ý
P�Q)�±3��Ü·�n����I¶¥éÆz§éÆ�´§�n��Æ�§ØL§�,^�w�·�§ùn��Æ�¥�kü�´Õá�§Ï~�±�XeÀ�

Q =









−1
3
S1 + S2 0 0

0 −1
3
S1 − S2 0

0 0 2
3
S1









. (32)rn���¶�����z§Kk
Q = S1(nn− 1

3
I) + S2(mm− ll) (33)
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ª¥IǑ3 × 3ü Ý
§n,m, l©OǑn���¶�ü ¥þl = n ×m§ØJwÑÙ¥S1 =
3
2
〈(~ν · n)2〉 − 1

2
"XJS2 = 0§Ò¡XÚǑü¶�§ÏǑù�ÿ�I�Ìü�¶nÒU��(½Q"�âK��nØ§Ǒ
�EgdU�m§·�I�|^Q5�EG =

O(3)�ØCþ§éw,ù«ØCþ7½äkXe/ª
Tr(Qn). (34)�´§3× 3é¡�,Ý
k��êÆ5�§=§�?Û��Tr(Qn)Ñ�±L«¤Tr(Q2)±9Tr(Q3)�õ�ª"¤±§ý�Õá�O(3)ØCþ�ke¡ü�

Tr(Q2), Tr(Q3). (35)5¿§ù�~f�3n�ØCþ"Ïd§XÚ�gdU�±�m¤
G = GG +

1

2
ATr(Q2) +

1

3
BTr(Q3) +

1

4
C[Tr(Q2)]2 + · · · (36)ª¥XêA,B,Cþ´T, p�¼ê"5¿§(36)ª#N�3n��§�X·�ò�w��§ù�����-��Ó5�=C¤Ǒ�?�C"��Ó5�-���=Cu)3A = 0NC"A = 0(½
T − p�ãþ��^­�T ∗(p), �½Ørp§·��±rA3T ∗NC�mǑA = a(T − T ∗), Ù¥a´���~ê"duIN=Cu)3T ∗NC§ÏdǑ
�	ù«=C§·��±Ün�b�B,Cü�XêþǑ~ê(�½Ør)"|^Q�éÆ/ª§ØJ�Ñ

Tr(Q2) =
2

3
S2
1 + 2S2

2 , Tr(Q3) =
2

9
S3
1 − 2S1S

2
2 . (37)�\gdU��mª(36),=�

G = GG +
1

3
AS2

1 +
2

27
BS3

1 +
1

9
CS4

1 + S2
2 [A− 2

3
BS1 +

2

3
CS2

1 ] + CS4
2 + · · ·Ǒ
é�­½��§�Kþ·�7L�ÑGÓ�'uS1, S2�4��"ØL§ùp·��'%S2 = 0�üüü¶¶¶���§Pù�ÿ�G = GG + G1

G1 =
1

3
AS2

1 +
2

27
BS3

1 +
1

9
CS4

1 + · · · . (38)
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�����3k��S1 = S∗?§C7LǑ�"�â�¡�Ñ�O���§B�ÎÒ�S∗�ÎÒ��"Ïd§éuDÚ��G©f����¬(S∗ > 0)§B < 0¶
éu�G����¬§B > 0"XJT > T ∗(5¿§T ∗¿Ø´�C§Ý)§l
A > 0, KS1 = S∗�ù��ò(��5�gdU�m¥S2
2��XêǑ�§l
�y
ù�ÿS2 = 0�(´G'uS2�4�� �"ùǑ�´·�'%�ü¶�/"

S∗�±d∂G1

∂S1

= 0�Ñ§
S∗ =







0

1
4C

[

− B ±
√
B2 − 24AC

]

.
(39)ý��S∗�,´ùn��¥��G1���$���"Ǒ
é��C��.§Ý§·�UC§Ý(l
UCA), ?
UCS∗, ���S∗ = SIN�§gdUG1 = 0, d�XÚu)���C?\���§�A��C§ÝP�TIN"ÏL�¡��êO��±��

SIN = − B

6C
, TIN − T ∗ =

B2

27aC
> 0. (40)5¿SIN 6= 0, ÏLúªS1 =

3
2
〈(~ν · n)2〉 − 1

2
§ùÒ3n��m�Ñ
����¶n§w,§Ǒ÷vn�−n�d"aq��Ä�±(½,��§ÝT I > TIN"(1) T > T I�§gdU���éA��Ó5�§S1 = S∗ = 0¶(2) TIN < T < T I�§���éA��Ó5�§d	�3��ÛÜ���§éA�U�3�L9���¶(3)

T ∗ < T < TIN , ���éA���§Ó��3��ÛÜ���§éA�U�3�Le��Ó5�¶(4)�T < T ∗�§���éA���"3ü¶���¥§XÚk7��¶n^=?¿ÆÝ�é¡5§k�m�üé¡5§k'uR�u��¶n�Y²º¡�º�é¡5σh§�k'uL��¶�?¿R�º¡�º�é¡5σv, ù
�{é¡5�¤+D∞h"�,§§´p§O(3)é¡5�f+§D∞h ⊂ O(3)"�5<��uy§ü¶����±?�Úu)é¡5gu»"§»"Kº�é¡σhÚ�m�ü§?
����45���§ù�ÿ��¶´k���§ØUÞ��d§ÏǑXÚk���"�÷X��¶�4z¥þ"45����é¡5´C∞v, �,ǑkC∞v ⊂ D∞h"
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45����é¡5��±?�Ú»"§?\�G�§'XC¬C�§§�é¡5´C2v"¤±§lp§����Ó5�Nm©§�±u)�X��é¡5»"§§�df+óO(3)⊃ D∞h ⊃ C∞v ⊃ C2vǑx"�õ�?Ø3�Öög1���'©z"
5.2 ������¶¶¶���///CCCü¶�����d��¥nǑx§¿�§÷v�d'Xn ≡ −n"�´��¥��Ǒ�±Þá§½ö��¶�±3	å�^eu)/C§l
3�¬¥Ú\
����|n(x)"��¶�/C�,égdUk�	�z§Pù��zǑGe"é²w§Ge��mª��U¹k¥þn�©þ9Ù�ê�Iþ|Ü"o���3ü«'u���ê��5Iþ|Ü: ýIþ∇ · nÚ�Iþn · (∇×n)"Ù¥
ö3éNÈÈ©�CǑéÔNL¡�È©§Ïd§3�ÄáÆ�N5��¿Ø­�",	§�m�üé¡½öº�é¡qÄ½
�Iþ���z"¥���ê�g�ýIþ�±ÏL�eo�Üþ

∂nk
∂xi

∂nl
∂xm

(41)¿d§ ¿�é�I½ö�¥þni?1Ü· ¿��{5��"ù��AT�Ä�nǑü ¥þ§l

0 =

∂n2

∂xi
= 2nk

∂nk
∂xi

, (42)ª¥·�®²%�
�Ú�½§=éL�ª¥�­E�I%��Ú(eÓ)"̂ù«�{�±��XeIþ
[(n · ∇)n]2,

∂nk
∂xi

∂nk
∂xi

, (∇ · n)2, ∂nk
∂xi

∂ni
∂xk

. (43)�´§��üª*d����ÑÝ
∂ni
∂xi

∂nk
∂xk

− ∂nk
∂xi

∂ni
∂xk

=
∂

∂xi

(

ni
∂nk
∂xk

− nk
∂ni
∂xk

)

, (44)¤±§�éGe��z���¿ÂØ��L¡È©�"qdu
∂nk
∂xi

∂nk
∂xi

= [n · (∇× n)]2 + (∇ · n)2. (45)
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¤±ù��EÑ5�Õá��ke¡n�
[(n · ∇)n]2, [n · (∇× n)]2, (∇ · n)2. (46)
�ùn�þ3n → −n��dC�e�±ØC"¤±§ü¶����¬��¶�/C(½öÞá)�z�gdU�±�¤

Ge =
∫

d3x
[1

2
K1(∇ · n)2 + 1

2
K2[n · (∇× n)]2 +

1

2
K3[(n · ∇)n]2

]

(47)ù¡�Frank-OseengdU§ª¥K1¡��­(Splay)�5~ê§K2¡�Û­(Twist)�5~ê§K3¡��­(Bend)�5~ê"
6 (((���µµµ���ªªª������������>>>...K��ª±é¡5»"Ǒµ§±SëþǑ�§Ǒª�E,�Ô��­.±�
�ÌÚ�
`{�ãµ"l^5���§l�¬��6§ù��ªØ=¤õ©a
ê±ZO�Ô�§��Ǒ�«
�C��))S�*Ü�é¡5�Û℄"K�nØ��ÛÉ�3u§§ò�Cù�÷*y���*é¡5(�°©é(§Ǒvà�ÔnÆC½
j¢�VgÄ�"äN�K��ª3�¬ÔnÆþ�A^"l4Z℄�Á+¥�¶Z�N§��·?½|�w«2I§�¬�z
{§�y
�ÆuyXÛ²dEâM#§�ª¨L<a)¹"K�-de GennesnØ3Ù¥�ü
Ø�O��ÆÚµ§Ø=´n)�¬Ôn�Vgµe§�´��áÆ�O�ó²`z�¢^óä"8U§�<�ßLp�¶4*w­.�§½N�Q��§�C��1K��§vàX���ÔnÆ[!ó§�Ú��ó<ég,�S��ǑÉ	�Ø��¢",
§?Û���nØÑkÙ>."K��ª3�.:NC;�
�Ǒ�℄Ô"�Ǒ�«²þ|nØ§§�Ñ
�.Þá��§'é§��é�.�ê�ýó�¢�9î�)�3XÚ l"ù�����
3u§�ªC�.:�§'é�ÝuÑ§Þá�ÌÝ�ºÝ��²þ|Cq�$"�´ù�(¸§x)
­�z+nØ��)))%�Ö�ó�Ø=�Í
�.y�nØ§��Ǒ­�
·�éIÝÆ�Ê·a�n)"����Û�5gÿÀS�uy"©êþf¿��A!g^�N�#ÛÔ��«
��K��ª�{>9�Û�­.µù
NXvkÛ�Së
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þ§vké¡5gu»"§Ù÷*{¿��Û�-udÿÀþf|ØǑx§Ä��OÏd"-ÀÚÚO�?¿fÚO��"K��é¡5»"�ª3d��§�
���´�Ä��ÿÀþf|Ø�Üþ�ÆnØ"�´ù
>.���§��vk~�K��ª�1�§�
Úw
�Æ�ª�ü?��µ���nØØ=ÏÙ)º­.�2Ý
�µP§�ÏÙ3e�¯KǑ�<m8
#�õ�"K��¢�§Q´�����´
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