
� ���������� �������������� �������� 167Ǒ���������� ������� ��� ���������������� ����������������.�. �å¬¥âè¨­, �.�. �®«ì¢®¢áª¨©, �.�. �à¨ç¥¢¥à1. �¢¥¤¥­¨¥. �à ¢­¥­¨ï  ááá®æ¨ â¨¢­®áâ¨ (¨«¨WDDV ãà ¢­¥­¨ï) ¡ë«¨ ¢¢¥¤¥­ë ¢ ­ ç «¥90-å £®¤®¢ ¤«ï ®¯¨á ­¨ï á¢®¡®¤­®© í­¥à£¨¨ â®¯®«®£¨ç¥áª¨å ª¢ ­â®¢ëå ¬®¤¥«¥© â¥®à¨¨ ¯®«ï (á¬.[1℄, [2℄). � ¯®á«¥¤­¨¥ £®¤ë íâ¨ ãà ¢­¥­¨ï ¯à¨¢«¥ª îâ ª á¥¡¥ ¢á¥ ¡®«ìè¥¥ ¢­¨¬ ­¨¥ ¡« £®¤ àï ¨åá¢ï§ï¬ á ¨­¢ à¨ ­â ¬¨ �à®¬®¢ {�¨ââ¥­ , ª¢ ­â®¢ë¬¨ ª®£®¬®«®£¨ï¬¨ ¨ â¥®à¨¥© �¨§¥¬ .� ª ¡ë«® § ¬¥ç¥­® ¢ [3℄, ¯à®¡«¥¬  ª« áá¨ä¨ª æ¨¨ â®¯®«®£¨ç¥áª¨å ª¢ ­â®¢ëå¬®¤¥«¥© â¥®à¨¨¯®«ï, ¨«¨ ¯à®¡«¥¬  ¯®áâà®¥­¨ï ®¡é¨å à¥è¥­¨© ãà ¢­¥­¨ï  áá®æ¨ â¨¢­®áâ¨ íª¢¨¢ «¥­â­  ¯à®¡Ä«¥¬¥ ª« áá¨ä¨ª æ¨¨ �£®à®¢áª¨å ¬¥âà¨ª á¯¥æ¨ «ì­®£® â¨¯ . �£®à®¢áª¨¥ ¬¥âà¨ª¨ { íâ® ¯«®áª¨¥¤¨ £®­ «ì­ë¥ ¬¥âà¨ª¨ ds2 =Pni=1 h2i (u)(dui)2 â ª¨¥, çâ® �ih2j(u) = �jh2i (u), £¤¥ �i = �=�ui.�ª §ë¢ ¥âáï, çâ® ¤«ï «î¡®© �£®à®¢áª®© ¬¥âà¨ª¨, ã¤®¢«¥â¢®àïîé¥© ¤®¯®«­¨â¥«ì­®¬ã ãá«®¢¨îPnj=1 �jhi = 0, äã­ªæ¨¨(1) 
mkl(x) = nXi=1 �xm�ui �ui�xk �ui�xl ;£¤¥ xk(u) ¯«®áª¨¥ ª®®à¤¨­ âë ¬¥âà¨ª¨, ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬(2) 
kij(x)
lkm(x) = 
kjm(x)
lik(x);ª®â®àë¥ íª¢¨¢ «¥­â­ë ãá«®¢¨î  áá®æ¨ â¨¢­®áâ¨  «£¥¡àë �k�l = 
mkl�m. �®«¥¥ â®£®, ®ª §ë¢ Ä¥âáï, çâ® áãé¥áâ¢ã¥â äã­ªæ¨ï F (x) â ª ï, çâ® ¥¥ âà¥âì¨ ¯à®¨§¢®¤­ë¥ à ¢­ë(3) �3F (x)�xk�xl�xm = 
klm(x) = �mi
ikl(x); £¤¥ �pq = nXi=1h2i (u) �ui�xp �ui�xq :�à®¬¥ â®£®, áãé¥áâ¢ãîâ ª®­áâ ­âë rm â ª¨¥, çâ® ¤«ï ¯®áâ®ï­­®© ¬ âà¨æë, § ¤ îé¥© ¬¥âà¨ªã¢ ¯«®áª¨å ª®®à¤¨­ â å ¨¬¥¥â ¬¥áâ® á®®â­®è¥­¨¥ �kl = rm
klm(x).�à ¢­¥­¨ï (2) ¨ ãá«®¢¨¥ áãé¥áâ¢®¢ ­¨ï äã­ªæ¨¨ F , ¤«ï ª®â®à®© ¢ë¯®«­¥­ë à ¢¥­áâ¢  (3),íª¢¨¢ «¥­â­ë ãá«®¢¨ï¬ á®¢¬¥áâ­®áâ¨ «¨­¥©­ëå ãà ¢­¥­¨© (á¬. [3℄)(4) �k�l − �
mkl�m = 0;£¤¥ � á¯¥ªâà «ì­ë© ¯ à ¬¥âà. �â¬¥â¨¬, çâ® íâ® ãâ¢¥à�¤¥­¨¥ ­®á¨â ¢ ®¯à¥¤¥«¥­­®¬ á¬ëá«¥ å Äà ªâ¥à â¥®à¥¬ë áãé¥áâ¢®¢ ­¨ï, ¯®áª®«ìªã ¢ ®¡é¥¬ á«ãç ¥ ï¢­®¥ ¢ëà �¥­¨¥ F ç¥à¥§ £®à¨§®­Äâ «ì­ë¥ á¥ç¥­¨ï ¯«®áª®© á¢ï§­®áâ¨ ∇k = �=�xk − �
mkl ¡ë«® ­¥¨§¢¥áâ­® (¢ àï¤¥ ç áâ­ëå á«ãÄç ¥¢ â ª¨¥ ¢ëà �¥­¨ï ¡ë«¨ ­ ©¤¥­ë ¢ [3℄{[5℄). �á­®¢­®© æ¥«ìî ­ áâ®ïé¥© § ¬¥âª¨ ï¢«ï¥âáï ¯®Ä«ãç¥­¨¥ ï¢­®© ¯®à®�¤ îé¥© ä®à¬ã«ë ¤«ïF . �­  ¡ë«  ¬®â¨¢¨à®¢ ­  à¥§ã«ìâ â ¬¨ à ¡®âë [6℄,£¤¥ á®®â¢¥âáâ¢ãîé ï ä®à¬ã«  ¡ë«  ¯®«ãç¥­  ¤«ï  «£¥¡à®-£¥®¬¥âà¨ç¥áª¨å à¥è¥­¨© ãà ¢­¥­¨© áá®æ¨ â¨¢­®áâ¨. �â¬¥â¨¬ ¯à¨ íâ®¬, çâ® å®âï ®¡é ï ä®à¬ã«  ¢ [6℄ (â¥®à¥¬  5.1) ¯à ¢¨«ì­ , ¢¥ñ ç áâ­®¬ á«ãç ¥ (â¥®à¥¬  5.2), ª®â®àë© ¯à¥¤áâ ¢«ï¥â ®á­®¢­®© ¨­â¥à¥á, ®¤¨­ ¨§ ç«¥­®¢ ¡ë«¯à®¯ãé¥­. �ë ¢®á¯®«ì§ã¥¬áï ­ áâ®ïé¥© ¢®§¬®�­®áâìî ¨á¯à ¢¨âì íâã ­¥â®ç­®áâì.2. � áá¬®âà¨¬ �ij(u) = �ji(u) à¥è¥­¨¥ ãà ¢­¥­¨© � à¡ã{�£®à®¢ : �k�ij = �ik�kj ;Pnm=1 �m�ij = 0, i 6= j 6= k. �«¥¤ãï [3℄, § ä¨ªá¨àã¥¬ ¥¤¨­áâ¢¥­­ãî �£®à®¢áªãî ¬¥âà¨ªã,®¯à¥¤¥«¨¢ ª®íää¨æ¨¥­âë � ¬¥ hi(u) á ¯®¬®éìî ãà ¢­¥­¨© �jhi(u) = �ij(u)hj(u); �ihi(u) =
−Pj 6=i �ij(u)hj(u) ¨ ­ ç «ì­ëå ãá«®¢¨© hi(0) = 1.Ǒ«®áª¨¥ ª®®à¤¨­ âë íâ®© ¬¥âà¨ª¨ ­ å®¤ïâáï ¨§ á¨áâ¥¬ë «¨­¥©­ëå ãà ¢­¥­¨© �i�jxk =�iij�ixk + �jji�jxk, i 6= j; �i�ixk =Pnj=1 �jii�jxk, £¤¥ �kij ï¢«ïîâáï á¨¬¢®« ¬¨ �à¨áâ®ä¥«ï:�iij = �jhi=hi, �jii = (2Æij−1)(hi�jhi)=(h2j ). � ä¨ªá¨àã¥¬¥¤¨­áâ¢¥­­®¥à¥è¥­¨¥ íâ®© á¨áâ¥¬ëá ¯®¬®éìî ­ ç «ì­ëå ãá«®¢¨©: xk(0) = 0,Pk;l �kl �ixk(0)�jxl(0) = Æij . �¤¥áì �kl § ¤ ­­ ïá¨¬¬¥âà¨ç¥áª ï ­¥¢ëà®�¤¥­­ ï ¬ âà¨æ .



168 � ���������� �������������� ���������¨áâ¥¬ � à¡ã{�£®à®¢  íª¢¨¢ «¥­â­  ãá«®¢¨ï¬ á®¢¬¥áâ­®áâ¨ á¨áâ¥¬ë «¨­¥©­ëå ãà ¢­¥­¨©(5) �j	i(u; �) = �ij(u)	j(u; �); �i	i(u; �) = �	i(u; �)−Xk 6=i �ik(u)	k(u; �):� áá¬®âà¨¬ ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ 	i = (	1i ; : : : ;	ni ), ­®à¬¨à®¢ ­­®¥ ­ ç «ì­ë¬¨ ãá«®¢¨Äï¬¨ 	ki (0; �) = ��ixk(0). �§ á¨áâ¥¬ë ãà ¢­¥­¨© (5) á«¥¤ã¥â, çâ® à §«®�¥­¨¥ 	i ¨¬¥¥â ¢¨¤	i(u; �) = h−1i (u)P∞s=0 �i�ks (u)�s, £¤¥ �k0 = rk ª®­áâ ­âë (ª®â®àë¥ ¬ë ®¯à¥¤¥«¨¬ ¯®§�¥),�k1 (u) = xk(u) ï¢«ïîâáï ¯«®áª¨¬¨ ª®®à¤¨­ â ¬¨,   �ks ¤«ï s > 2 ­ å®¤ïâáï à¥ªãàà¥­â­® ¨§ãà ¢­¥­¨© �i�j�ks = �iij�i�ks + �jji�j�ks , i 6= j; �i�i�ks =Pnj=1 �jii�j�ks + �i�ks−1 ¨ ­ ç «ì­ëåãá«®¢¨© �ks (0) = 0, �i�ks (0) = 0. �âáî¤  á«¥¤ãîâ ãà ¢­¥­¨ï(6) �2�ms�xk�xl = nXp=1 
pkl ��ms−1�xp ;£¤¥ 
pkl ®¯à¥¤¥«¥­ë ¢ (1). �¡®§­ ç¨¬ �k2 (u) ¨ �k3 (u) ç¥à¥§ yk(u) ¨ zk(u), á®®â¢¥âáâ¢¥­­®.�§ (5) á«¥¤ã¥â, çâ® �	i = Pnj=1 �j	i. �âáî¤  ¨¬¥¥¬Pni=1 �i�ks (u) = �ks−1 ¤«ï s > 1.Ǒ®á«¥¤­¥¥ à ¢¥­áâ¢® ¤«ï s = 1 ®¯à¥¤¥«ï¥â ª®­áâ ­âë rk.3. �¯à¥¤¥«¨¬¯®à®�¤ îéãî¢¥ªâ®à-äã­ªæ¨î à ¢¥­áâ¢®¬� (u; �)=Pni=1 hi(u)	i(u; �).�¥¯®áà¥¤áâ¢¥­­® ¯à®¢¥àï¥âáï, çâ® �i (u; �) = hi(u)	i(u; �). Ǒ¥à¢ë¥ ª®íää¨æ¨¥­âë à §«®�¥Ä­¨ï k-®© ª®¬¯®­¥­âë íâ®© äã­ªæ¨¨ ¯® ¯ à ¬¥âàã � ¨¬¥îâ ¢¨¤:  k(u; �) = rk + xk(u)� +yk(u)�2 + zk(u)�3 + P∞s=4 �ks (u)�s. �â¬¥â¨¬, çâ® ¨§ (6) á«¥¤ã¥â, çâ®  ï¢«ï¥âáï ¯®à®�¤ Äîé¥© äã­ªæ¨¥© ¨ ¤«ï ¯«®áª¨å á¥ç¥­¨© á¢ï§­®áâ¨ ∇k. �®ç­¥¥, ¨§ (6) ­¥¯®áà¥¤áâ¢¥­­® ¢ëâ¥ª Ä¥â, çâ® äã­ªæ¨¨ �k(x) = � (x)=�xk ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬ (4). �®«¥¥ â®£®, � (x) =Pnk=1 rk�k(x).�¥¬¬  1. �ã­ªæ¨¨ xk(u), yk(u) ¨ zk(u) ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬:nXq=1 �kqyq = nXp;q=1 �pq„xq �yp�xk − rq �zp�xk«:�¥®à¥¬ . �ã­ªæ¨ï F (x) = F (u(x)), F (u) = 12Pnp;q=1 �pq`xq(u)yp(u)−rqzp(u)´, ã¤®¢Ä«¥â¢®àï¥â ãà ¢­¥­¨î (3).� ¬¥â¨¬, çâ® ¨§ ãâ¢¥à�¤¥­¨ï «¥¬¬ë ¢ëâ¥ª ¥â à ¢¥­áâ¢® �F=�xk = Pnq=1 �kqyq. Ǒ®á«¥íâ®£®, ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ (1) ¨ (6) ¤«ï s = 2.�®ª § ­­ë¥ à ¢¥­áâ¢  ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë ¢ ¢¨¤¥ ãà ¢­¥­¨ï â¨¯  à¥­®à¬-£àã¯¯ë:F (x) −Pnk=1 xk �F�xk = −Pnp;q=1 �pq rqzp. � á«¥¤ãîé¥© à ¡®â¥ ¬ë ¯« ­¨àã¥¬ ¯®«ãç¨âì¡®«¥¥ ®¡é¥¥ à ¢¥­áâ¢®, ¢ª«îç îé¥¥ ¢ F § ¢¨á¨¬®áâì ®â ¡¥áª®­¥ç­®£® ç¨á«  ¯¥à¥¬¥­­ëå,®â¢¥ç îé¨å £à ¢¨â æ¨®­­ë¬ ¯®â®¬ª ¬ ¯à¨¬ à­ëå ¯®«¥©.�Ǒ���� ����������[1℄Dijkgraaf R., Verlinde E., Verlinde H. Notes on topologi
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