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¤�µÔÚÈ��ýø� Æ � � � � î ,kId + Tk = 1 + kTk ü õÂ ÷ ýø� Æ � � î ¢�¢ ö� È ÷ 1�ø� ð�¢ 1963 ñ� ¨ ¤¢.([8℄)´¨� ¤�ÂìÂ� C[0;1℄ ýø¤ ù¢ÂÈê ý�ûÂÚÜÞä ý�Â� ,´¨� éøÂãõ �ø�ð�¢¤�Â ìÂ � � � ÷ L1[0;1℄ ýø¤ ù¢ÂÈê ý�ûÂÚÜÞä ý�Â � ý�� ��Èõ ¸þ� µ ÷ ¢Âî ´�� � 2üØ¨�÷�� ó 1966 ñ�¨ ¤¢.Àª ù¢�¢ â �¨� � ÓÜ µ¿õ ý�û�Ìê ýø¤ � ûÂÚ Ü Þä ¥� ýÂ µ ð¤� � ù¢¤ � � ýø�Æ � ß þ� Å³¨ .([16℄)´¨�([1;2;13;19;21;22℄)¢¤�À÷ C [0;1℄ ¥� ü³î º�û �î T 2 L(X) ý�ûÂÚÜÞä ý�Â� �ø�ð�¢ ýø�Æ� ,Àª ù¢�¢ ö�È÷ [20℄ ¤¢ ùÄþø ��.´¨� ¤�ÂìÂ��î Ý�û¢üõ ö�È÷ .Ý��îüõ üêÂãõ �¤ �ø�ð�¢ ´�¬�¡ ��  �÷�� ý�Ìê ×þ ��úÔõ �õ�÷ ö�þ�� ßþ� �ø¢ ÛÊê ¤¢¤�Ï�� ý�ûÂÚÜÞä ý�Â� ýø�Æ� ßþ� ù�Ú÷� ,Àª�� ¤�ÂìÂ� ×þ �±�¤ ¥� ý�ûÂÚÜÞä ý�Â� �ø�ð�¢ ýø�Æ� Âð�.´¨� ¤�ÂìÂ� ��÷ ù¢ÂÈê Ó�ã®Ûõ�ª X ù�Ú÷� ,Àª�� ¤�ÂìÂ� ×þ �±�¤ ¥� ý�ûÂÚÜÞä �Þû ý�Â� �ø�ð�¢ ýø�Æ� Âð� ¢�¢ Ý�û��¡ ö�È÷ ß��»Þû¤�ªÂ¨ ¤�Ï �� �ûñ�Àþ� �M �î Ý��îüõ ´��� ø Ý��îüõ üêÂãõ �¤ ñ�Àþ� �M �õ�¢� ¤¢ .´¨� l1 ¥� ü³î ×þ.À�ª�� üõ �ø�ð�¢ ´�¬�¡ ý�¤�¢ ÂþÁ� ×�ØÔ� ¥�Æ��� �� ý�û�Ìê Âþ¥ ø À�ª��üõ �ø�ð�¢ ´�¬�¡ ý�¤�¢ù�Ú÷� ,Àª�� �ø�ð�¢ ´�¬�¡ ý�¤�¢ X ø Y ÂþÁ� ×�ØÔ� ý�Ìê ¥� �Ìê Âþ¥ ×þ X Âð� �î ¢Âî Ý�û��¡ ´���Àª�� X ýø¤ üÜ¬� �Â÷ Â� Õ±Î�õ ÀþÀ� �Â÷ ßþ� �î ý¤�Ï �� ¢Âî ÓþÂã� Y ýø¤ ýÀþÀ� �Â÷ ö���üõ �¤ Y�þ�� �� üþ�Ìê ¤¢ �ø�ð�¢ ´�¬�¡�� üþ�Ìê º�û �¹�µ÷ ¤¢ .Àª�� �ø�ð�¢ ´�¬�¡ ý�¤�¢ (X;Y ) �ø¥ ø.¢�ªüÞ÷ ùÀ÷�È÷ ¯øÂÈõ�÷ü¨¤Â � �¤ �ø�ð�¢ ´�¬�¡ � �  � ÷� � ý�û�Ìê ¥� ý�ì ý�û�Ìê Â þ¥ ø Ó�ã® ý�û ÂÚÜÞä ��¨ ÛÊê ¤¢�ø�ð�¢ ´�¬�¡ ý�¤�¢ ,�ø�ð�¢ ´�¬�¡ ��  �÷�� ý�û�Ìê ¥� ý�ì ý�û�Ìê Âþ¥ Ý�û¢üõ ö�È÷ .Ý��îüõ.À�µÆûDaugavet1Lozanovskii23
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�õÀÖõö� � � ,À ª� �ü õ ¥� � ÷¢¤� õ � î �¤ � � ó� ÷� ü ¨� ¨� ø ü �� õÀ Ö õ ý� þ� Ì ì ø Ó þ¤� ã � Û Ê ê ß þ� ¤¢.Ý��îüõý�Ìê ø ý¤�¢Â� ý�Ìê ��úÔõ �� °��Â� �� üþ�Àµ�� Ç¿� ø¢ ¤¢ .´¨� ùÀª Ý�ÆÖ� Ç¿� Çª �� ÛÊê ßþ�Ç¿� ¤¢ ö� ¥� Å� ø ö��� �¤ ÂÚÜÞä ×þ Ó�Ï ø 2  �÷�� -1 ö�û ��Ìì ��¨ Ç¿� ¤¢ .Ýþ¥�¢Â�üõ  �÷�� �÷�� ý�Ìê ¤¢ �û�þ�� �� ,Ý¹�� Ç¿� ¤¢ .Ý��îüõ üêÂãõ �¤ ù¤�µ¨ - Ó�ã® ø Ó�ã® üþ�ÂÚÞû �¤�ú�´�¬�¡ ø �À½õ ´¡���Øþ ¤�Ï�� ý�û �ä�Þ¹õ �� â��¤ üþ�Àµ�� Ý�û�Ôõ �� ÝÈª Ç¿� ¤¢ ø Ýþ¥�¢Â�üõ.Ý�û¢üõ ���¤� �¤ 6 §ø�ú��µª� � 5  �÷�� ��Ìì ø �µ¡�¢Â� 4Ýþ¢�Ø�÷ � 3öø¢�¤
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ý¤�¢Â� ý�Ìê 1-1×þ ¥� ´Æ�¤�±ä (�ûÂó�Ø¨� ¥�) F (ÍÜµ¿õ � þ üÖ�Ö�)ö�À�õ ýø¤ ý¤�¢Â� ý�Ìê ×þ .1.1.1 ÓþÂã�âÞ� �� ��¨�õ X ý�µ� X �X ¥� ,+ : (x; y) 7�! x + y ´ª�Ú÷ �� ù�ÂÞû ,(�û¤�¢Â� ¥�)üú��÷ �ä�Þ¹õÂû ý�¥� �� �Øþ¤�Ï �� ,Âó�Ø¨� �Â® �� ��¨�õ ,X ý�µ� F �X ¥� ,: : (�; x) 7�! �x ´ª�Ú÷ ×þ ø ý¤�¢Â�:´¨� ¤�ÂìÂ� Âþ¥ Íþ�Âª X �� ÕÜãµõ z ,y ,x ý�û¤�¢Â� ø F �� ÕÜãµõ � ,� Âó�Ø¨�;x+ y = y + x (1);x+ (y + z) = (x+ y) + z (2)ý�Ìê ÂÔ¬ �¤ �Ìä ßþ� .x+ 0 = x ,X ¥� x Âû ý�Â� �Øþ¤�Ï �� ,¢¤�¢ ¢��ø X ¤¢ "0' À�÷�õ ý�Ìä (3);À�õ�÷ üõ ý¤�¢Â�üõ x ��þÂì �¤ �x .x+ (�x) = 0 �Øþ¤�Ï �� ,´¨� ¢���õ X ¤¢ �x ý�µØþ ¤�¢Â� x ¤�¢Â� Âû ý�¥� �� (4);À�õ�÷;�(x + y) = �x+ �y (5);(�+ �)x = �x+ �x (6);�(�x) = (��)x (7).1x = x(8).À�õ�÷ üõ ÍÜµ¿õ ý¤�¢Â� ý�Ìê �¤ X ,F = C Âð� ø üÖ�Ö� ý¤�¢Â� ý�Ìê �¤ X ,F = R Âð�´ª�Ú÷ .Àª� � F (ÍÜµ¿õ � þ üÖ�Ö�)ö�À�õ ýø¤ ý¤�¢Â � ý�Ìê ×þ X À��î ­Âê .3.1.1 ÓþÂã �:Àª�� ¤�ÂìÂ� Âþ¥ Íþ�Âª ù�ð Âû ,À�õ�÷üõ X ýø¤ �Â÷ ×þ �¤ F ý�µ� X ¥� x 7�! kxk;kxk = 0 , x = 0 ø kxk � 0 ,x 2 X Âû ý�¥� �� (1);k�xk = j�j kxk ,� 2 F Âû ø x 2 X Âû ý�¥� �� (2).kx+ yk � kxk+ kyk ,x; y 2 XÂû ý�¥� �� (3)�¤ ö� ø ùÀ�õ�÷ ¤�¢�Â÷ ý�Ìê ×þ �¤ k:k ´ª�Ú÷ �� ù�ÂÞû X ý¤�¢Â� ý�Ìê .¢�ªüõ ùÀ÷��¡ x �Â÷ ,kxk ¢Àä.À�û¢üõ ö�È÷ X ö�Þû ¤�Êµ¡� �� �þ (X; k:k) ¢�Þ÷ ��6



´ª�Ú÷ .Àª�� üú��÷ ý��ä�Þ¹õ X À��î ­Âê .4.1.1 ÓþÂã�d : X �X ! R ù�ðÂû ,Ý�þ�ð Âµõ �¤.d(x; y) � 0 ,x; y 2 X Âû ý�Â� (1).x = y Âð� ÍÖê ø Âð� d(x; y) = 0 (2).d(x; y) = d(y; x) ,x; y 2 X Âû ý�¥� �� (3).d(x; y) � d(x; z) + d(z; y) ,x; y; z 2 X Âû ý�¥� �� (4).Ý�þ�ð ýÂµõ ý�Ìê �¤ (X; d) �¤�¬ ßþ� ¤¢Â µ õ × þ d(x; y) = kx� yk â �� � ,À ª� � ¤�¢ �Â ÷ ý¤�¢Â � ý� Ì ê × þ X ù� ð Â û .5.1.1 Ó þÂ ã �.Ý�õ�÷üõ üõÂ÷ Âµõ �¤ Âµõ ßþ� .À�îüõ ÓþÂã� X ýø¤
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 �÷�� ý�Ìê 2-1�ó�±÷¢ ×þ �¤ (xn) �ó�±÷¢ .Àª�� X ¤�¢�Â÷ üÎ¡ ý�Ìê ¤¢ �ó�±÷¢ ×þ (xn) À��î ­Âê .1.2.1 ÓþÂã�Âû ý�Â� �î ý¤�Ï �� ,Àª�� �µª�¢ ¢��ø N À�÷�õ üã�±Ï ¢Àä ×þ ," > 0 Âû ý�¥� �� ù�ð Âû ,À�õ�÷üõ üª�î:Ý�ª�� �µª�¢ m;n > Nkxm � xnk < ":�Ìê ¥� ý�Ìä �� �Ìê ßþ� ¤¢ üª�î �ó�±÷¢ Âû ù�ðÂû ,À�þ�ð Ûõ�î �¤ (X; k:k) ¤�¢�Â÷ ý�Ìê .1.2.1 ÓþÂã�.Àª�� �ÂÚÞû.¢�ªüõ �µÔð  �÷�� ý�Ìê ,Ûõ�î ¤�¢�Â÷ ý¤�¢Â� ý�Ìê Âû �� .2.2.1 ÓþÂã�ü Ö � Ö �  � ÷� � ý� Ì ê ,R ýø¤  � ÷� � ý� Ì ê ø Í Ü µ ¿ õ  � ÷� � ý� Ì ê ,C ýø¤  � ÷� � ý� Ì ê.¢�ªüõ ùÀ�õ�÷.´¨� Ûõ�î üû��µõ Àã� �� ý�Ìê Âû .3.2.1 ��Ìì2 .¢�ª �ã��Âõ [3℄ �� .��±���î ,´¨� üÖ�Ö� ¢�Àä� ¥� x = (t1; t2; :::) ý�ÂÚÞû ý�û�ó�±÷¢ ��Þ� ý�Ìê ,
  �÷�� ý�Ìê .4.2.1 ÓþÂã�.¢�ªüõ ÓþÂã� kxk = supfjtnj : n 2 Ng �¤�¬ �� �Ìê ßþ� ýø¤ �Â÷�Â÷ ø limn!1 tn = 0 �î ,´¨� üÖ�Ö� ¢�Àä� ¥� x = (t1; t2; :::) ý�û�ó�±÷¢ ��Þ� ý�Ìê ,
0  �÷�� ý�Ìê -.¢�ªüõ ÓþÂã� kxk = maxn jtnj �¤�¬ �� �Ìê ßþ� ýø¤�î ,´¨� üÖ � Ö� ¢�Àä� ¥� x = (t1; t2; :::) ý�û� ó� ± ÷¢ ��Þ � ý�Ìê ,(1 � p < 1) `p  � ÷� � ý�Ìê -.kxkp =  1Pn=1 jtnjp!1p �� 1Pi=1 jtijp <1kxk1 = maxn jtnj �� üÖ�Ö� ¢�Àä� ¥� x = (t1; t2; :::) ¤�À÷�Âî ý�û�ó�±÷¢ ��Þ� ý�Ìê ,`1  �÷�� ý�Ìê -8



.Àª��üõ.À�ª��üõ (1 � p <1)`p ø 
0 ,Àã±ó� üû��µõ�÷  �÷�� ý�û�Ìê ¥� �ûñ�·õ ßþÂ�ù¢�¨ý�Ìê ù�Ú ÷� .Àª� � X ¥� � µÆ � ý�ÌêÂ þ¥ M ø  � ÷� � ý�Ìê ×þ X À � � î ­Âê .([3℄)5.2.1 ù¤�� ð.´¨�  �÷�� kx+Mk = inffkx+mk : m 2Mg �Â÷ �� ù�ÂÞû X=M üµÞÆì�¤�¡ýø¤ Â� X ¥� üµÞÆì�¤�¡ ´ª�Ú÷ �¤ Q(x) = x+M �� Q : X �! X=M üã�±Ï ´ª�Ú÷ .6.2.1 ÓþÂã�.À�õ�÷üõ X=MÂþÁ�©¤�Þª ñ�Ú� �ä�Þ¹õ Âþ¥ ×þ Ûõ�ª Âð� ,À�õ�÷üõ ÂþÁ� ×�ØÔ� �¤ X ýÂµõ ý�Ìê .7.2.1 ÓþÂã�.Àª��×þ �¤ T : X �! Y ´ª�Ú÷ .À�ª�� F ö�À�õ ýø¤ ý¤�¢Â� ý�Ìê ø¢ Y ø X À��î ­Âê .8.2.1 ÓþÂã�:Àª�� ¤�ÂìÂ� Âþ¥ Íþ�Âª ù�ðÂû ,À�õ�÷üõ Y �� X ¥� üÎ¡ ÂÚÜÞä;T (x+ y) = Tx+ Ty ,x; y 2 XÂû ý�¥� �� (1).T (�x) = �Tx ,� 2 F Âû ø x 2 XÂû ý�¥� �� (2).P2 = P Âð� ,¢�ªüõ ùÀ�õ�÷ ýÂþ�Ê� P : X ! X üÎ¡ ÂÚÜÞä �î Ýþ�ªüõ ¤ø� ¢�þüÎ¡ ×ã��� ×þ �¤ F �� X ¥� üÎ¡ ÂÚÜÞä Âû ,Àª�� F ýø¤ ý¤�¢Â� ý�Ìê ×þ X Âð� .9.2.1 ÓþÂã�.Ý�õ�÷üõ X ýø¤ÂÚÜÞä .Àª�� Y ¤�¢�Â÷ ý�Ìê �� X ¤�¢�Â÷ ý�Ìê ¥� üÎ¡ ÂÚÜÞä×þ T À��î ­Âê .10.2.1 ÓþÂã�x 2 X Âû ý�Â � �î ý¤�Ï � � ,Àª� � � µª�¢ ¢��ø M ö�� üµ �� � ¢Àä ù�ð Âû ,À � þ�ð ¤�À ÷�Â î �¤ T üÎ¡
9



:Àª�� ¤�ÂìÂ� Âþ¥ ýø�Æõ�÷kTxk �Mkxk :´�Þû� üµìø ÂÚÜÞä ×þ ý��� ö�Âî .À�õ�÷üõ T ÂÚÜÞä ý��� ö�Âî ×þ �¤ M ´��� ¢Àä ,ë�ê ýø�Æõ�÷ ¤¢T ÂÚÜÞä �Â÷ ,ÓþÂã� ����� �¤ ý M ß��� .Àª�� ßØÞõ ¤�ÀÖõ (ßþÂµØ��î)ßþÂµú�M ´��� �î À�îüõ �À��´Ö�Ö� ¤¢ .À�û¢üõ ö�È÷ kTk´õ�ä �� �¤ ö� ø ùÀ�õ�÷kTk = inffM > 0 : kTxk �Mkxk; 8x 2 Xg:üÎ¡ ý�ûÂÚÜÞä ��Þ� �ä�Þ¹õ .À�ª�� ¤�¢�Â÷ üÎ¡ ý�Ìê ø¢ Y ø X À��î ­Âê .11.2.1 ÓþÂã�.À�û¢üõ ö�È÷ L(X;Y ) �� �¤ Y �� X ¥� �µ¨���Y Âð� ùø�ã� .´¨� ¤�¢�Â÷ ý¤�¢Â� ý�Ìê ×þ ,Âó�Ø¨� �Â® ø ý��ÎÖ÷ âÞ� �� L(X;Y ) .12.2.1 ��Ìì.ÅØãó�� ø ´¨�  �÷�� ��÷ L(X;Y ) Àª��  �÷��2 .¢�ª �ã��Âõ [17℄ �� .��±��ù�Ú÷� ,Àª�� �Ìê ßþ� ýø¤ üÎ¡ÂÚÜÞä ×þ T ø ¤�¢�Â÷ üÎ¡ ý�Ìê ×þ X Âð� .13.2.1 ù¤��ðkTk = inffM > 0 : kTxk �Mkxk; 8x 2 Xg= supfkTxk : kxk � 1 g= supfkTxk : kxk < 1 g= supfkTxk : kxk = 1 g= supfkTxkkxk : x 2 X;x 6= 0g: 2 .¢�ª �ã��Âõ [3℄ �� .��±��:´¨� ¤�ÂìÂ� ,x 2 X Âû ý�¥� �� Âþ¥ �Î��¤ T 2 L(X;Y ) ¤�À÷�Âî ø üÎ¡ ÂÚÜÞä ý�Â� .14.2.1 �¹�µ÷kTxk � kTk kxk:10



.´¨� (T ¢Â�)T (X) ý�Ìê Àã� ,T : X ! Y üÎ¡ ÂÚÜÞä �±�¤ ¥� ¤�Ñ�õ .15.2.1 ÓþÂã�ùÀ�õ�÷ Àã±ó�üû��µõ T : X ! Y üÎ¡ ÂÚÜÞä .À�ª�� üÎ¡ ý�û�Ìê Y ø X À��î ­Âê .16.2.1 ÓþÂã�.Àª�� Àã±ó�üû��µõ T ¢Â� ý�Ìê Âð� ,¢�ªüõü Î ¡ × ã �� � ù� Ú ÷� ,À ª� � T ¢Â � ¤¢ Â Ô ¬� ÷ ý¤�¢Â � y ø × þ � ± �¤ ¥� Â Ú Ü Þ ä T : X ! Y Â ð�.T (x) = f(x)y ,y 2 Y Âû ý�Â� �î ý¤�Ï �� ¢¤�¢ ¢��ø X ýø¤ f.T = f 
 y ü�ãþ ,Ý�û¢üõ ö�È÷ (f 
 y)(x) �� �¤ f(x)y �õ.´¨�  �÷�� X� ý�Ìê ù�Ú÷� .Àª�� ¤�¢�Â÷ üÎ¡ ý�Ìê ×þ X À��î ­Âê .17.2.1 ��Ìì2 .¢�ª �ã��Âõ [3℄ �� .��±��,x 2 X Âû ý�¥� �� ù�Ú÷� .Àª�� ¤�¢�Â÷ üÎ¡ ý�Ìê ×þ X À��î ­Âê .18.2.1 ��Ììkxk = supfjx�(x)j : kx�k � 1g: 2 .¢�ª �ã��Âõ [3℄ �� .��±��,üÎ¡ ÂÚÜÞä ×þ Âð� ,X s Y À�Æþ�÷üõ ø À�þ�ð ´¿þÂØþ �¤ Y ø X  �÷�� ý�û�Ìê .19.2.1 ÓþÂã�Âð� À�µÆû ´¿þÂØþ Y ø X ,ñ¢�ãõ �¤�±ä �� .Àª�� ¢���õ T : X �! Y À�÷�õ �ª�� ø ×þ �� ×þ ,¤�À÷�Âî�î ý¤�Ï �� ,À�ª�� ¢���õ m2 > 0 ø m1 � 1 ý�û´��� ø T : X ! Y ý�ª�� ÂÚÜÞäm2kxk � kT (x)k � m1kxk :.Ý�þ�ð �³ó�Ï �¤ T : X �! Y ÂÚÜÞä ,kT (x)k = kxk Ý�ª�� �µª�¢ x 2 X Âû ý�Â� Âð�� � Y Âð� ,¢�ªüõ ùÀ÷�È÷ X ¤¢ Y ý�Ìê .À�ª� �  �÷� � ý�û�Ìê Y ø X À��î ­Âê .20.2.1 ÓþÂã�11



.Àª�� ´¿þÂØþ X ¥� üþ�ÌêÂþ¥�ä�Þ¹õ ,Àª�� X ý¤�¢Â� ý�Ìê ¥� üþ�Ìê Âþ¥ Y Âð� .21.2.1 ÓþÂã�Y ? = fT 2 L(X) : T (y) = 0;8y 2 Y g .Ý�õ�÷üõ Y ¥�Æ��� �¤.Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ f ù�ð��Ø� .Àª�� â��� ×þ f : X ! R À��î ­Âê .22.2.1 ÓþÂã�supp(f) = fx 2 X : f(x) 6= 0g:

12



 �÷�� - ö�û ��Ìì 3-1:Àª�� Âþ¥ «��¡ ý�¤�¢ P : X �! R ´ª�Ú÷ ø Àª�� üÎ¡ ý�Ìê X À��î ­Âê .1.3.1 ÓþÂã�;P (x) � 0 ,x 2 X Âû ý�¥� �� (1);P (x+ y) � P (x) + P (y) ,x; y 2 X Âû ý�¥� �� (2);P (�x) = �P (x); (� > 0) ,� 2 R Âû ø x 2 X Âû ý�¥� �� (3)ù�Ú÷� ,À�ª�� ¤�ÂìÂ� (3) ø (2) Íþ�Âª �ú�� Âð� .¢�ªüõ ùÀ�õ�÷ �À½õ ×ã��� ×þ ë�ê «��¡ �� P ´ª�Ú÷.À�õ�÷üõ üÎ¡Âþ¥ �¤ P ×ã���P ,X üÖ�Ö� ø üÎ¡ ý�Ìê ¥� � µÆ � ý�ÌêÂ þ¥ ×þ M À� � î ­Âê :( � ÷� � - ö�û)2.3.1 ��Ìì.f(x) � P (x) ,x 2M Âû ý�¥� �� �î ý¤�Ï �� ,Àª��M ýø¤ üÎ¡ üØã��� f ø X ýø¤ üÎ¡Âþ¥ üØã���,x 2 X Âû ý�¥� �� ø ù¢�� f â�¨�� F �î ý¤�Ï �� ,´¨� ¢���õ X ýø¤ F À�÷�õ üÎ¡ ×ã��� ×þ ù�Ú÷�.F (x) � P (x)2 .¢�ª �ã��Âõ [3℄ �� .��±��¤�¢¤�¡Â� ü¬�¡ ´�Þû� ¥� �Ìê ßþ� .À�õ�÷üõ �ø¢ ö�ðø¢ �¤ ö� ø ¢�ªüõ ù¢�¢ ö�È÷ X�� �� X� ö�ðø¢ ý�Ìê.´¨��¤�¬ �� x� 2 X� Âû ý�¥� �� �î �¤ x! J(x) �Î��® �� J : X ! X�� ´ª�Ú÷ .3.3.1 ÓþÂã�J(x)x� = x�(x) .Ý�õ�÷üõ ü÷�÷�î ´ª�Ú÷ ,¢�ª üõ ÓþÂã�ü ± ó� � «�� ¡ ý�¤�¢ X ,ö¢� � � ª� � �¤� ¬ ¤¢ � õ� ,´ Æ � ÷ � ª� � ü Ü î ´ ó� � ¤¢ J ´ ª� Ú ÷.Ý��îüõ ö��� ÓþÂã� ×þ ö���ä ´½� �¤ ´�¬�¡ ßþ� �Àµ�� �î ,´¨�;ü�ãþ ,Àª�� �ª�� J ü÷�÷�î ´ª�Ú÷ ù�ðÂû ,Ý� þ�ð ü¨�Øã÷� �¤ X ¤�¢�Â÷ üÎ¡ ý�Ìê .4.3.1 ÓþÂã�13



.J(X) s X��.À�ª��üõ 1 < p <1 ý�Â� `p(�) ,`p ý�û�Ìê ,ü¨�Øã÷�  �÷�� ý�û�Ìê ßþÂ�Ýúõ�¤�±ä ,¢�ªüõ ù¢�¢ ö�È÷ BX �� �î ,X À��ø ý�ð ,Àª�� ¤�¢ �Â÷ ý¤�¢Â� ý�Ìê ×þ X Âð� .5.3.1 ÓþÂã�.kxk � 1 �î x 2 X Â¬��ä ��Þ� �ä�Þ¹õ ¥� ´¨��¤�±ä ,¢�ªüõ ù¢�¢ ö�È÷ SX �� �î ,X À��ø ùÂî ,Àª�� ¤�¢ �Â÷ ý¤�¢Â� ý�Ìê ×þ X Âð� .6.3.1 ÓþÂã�.kxk = 1 �î x 2 X Â¬��ä ��Þ� �ä�Þ¹õ ¥� ´¨�.Àª�� Ó�ã® ù¢ÂÈê T (BX) Âð� �ú�� ø Âð� ´¨� ü¨�Øã÷� X ¤�¢�Â÷ üÎ¡ ý�Ìê .7.3.1 ��Ìì2 .¢�ª �ã��Âõ [4℄ �� .��±��À�õ�÷üõ ù¢ÂÈê �¤ T : X �! Y üÎ¡ ÂÚÜÞä .À�ª��  �÷�� ý�Ìê ø¢ Y ø X À��î ­Âê .8.3.1 ÓþÂã�.Àª�� ù¢ÂÈê Y ¤¢ T (BX) ù�ð Âû�¤�¬ ßþ� ¤¢ .Àª�� üÎ¡ ÂÚÜÞä T : X �! Y ø  �÷�� ý�Ìê ø¢ Y ø X À��î ­Âê .9.3.1 ÓþÂã�ùÀ�õ�÷ T üì�½ó� ÂÚÜÞä ,¢�ªüõ ÓþÂã� T �(f) = foT �¤�¬ �� f 2 Y � Âû ý�Â� �î T � : Y � �! X�.¢�ªüõ.kTk = kT �k ø ´¨� ¤�À÷�Âî T � ù�Ú÷� ,Àª�� ¤�À÷�Âî T Âð� .10.3.1 ��Ìì2 .¢�ª �ã��Âõ [9℄ �� .��±��.À�îüõ ö��� �¤ T � ø T üð¢ÂÈê ß�� �Î��¤ Âþ¥ ��Ììßþ� ¤¢ .Àª�� üÎ¡ ÂÚÜÞä ×þ T : X �! Y ø  �÷� � ý�Ìê ø¢ Y ø X À��î ­Âê .11.3.1 ��Ìì.Àª�� ù¢ÂÈê T � Âð� ÍÖê ø Âð� ´¨� ù¢ÂÈê T �¤�¬14



2 .¢�ª �ã��Âõ [9℄ �� .��±��A ý�Â� ùÄþø ¤�ÀÖõ ×þ � 2 C .A 2 L(X;X)ø Àª�� ¤�¢�Â÷ üÎ¡ ý�Ìê X À��î ­Âê .12.3.1 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ A ùÄþø ¤�¢Â� x ,Àª�� ker(A � �)¤¢ ýÂÔ¬�÷ ÂÊ�ä xÂð� .ker(A � �) 6= f0gÂð� ,´¨�:¢�ªüõ ù¢�¢ ö�È÷ Âþ¥ �¤�¬ �� A ùÄþø Âþ¢�Öõ �ä�Þ¹õ��(A) = f� 2 C : ker(A� �) 6= f0gg:�� fxng ý�û¤�¢Â� ¥� ý��ó�±÷¢ Âð� ,Àª��üõ T ÂÚÜÞä ¥� üÔ�Ï �f±þÂÖ� �ÎÖ÷ ×þ � ¢Àä .13.3.1 ÓþÂã�n Âû ý�Â� �î ý¤�Ï�� Àª�� �µª�¢ ¢��ø kxnk = 1ÏÂªlimn!1 kTxn � �xnk = 0:� 2 C¥� ùÀª Û�ØÈ� T Ó�Ï �ä�Þ¹õ .T 2 L(X)ø ¤�¢�Â÷ üÎ¡ ý�Ìê X À��î ­Âê .14.3.1 ÓþÂã�:¢�ªüõ ù¢�¢ ö�È÷ ,�(T ) �� ø Àª�±÷ ÂþÁ� §�Øãõ ,B(X)¤¢ ,T � � �î�(T ) = f� 2 C : T � � =2 invertL(X)g;.Àª��üõ L(X) ý�Ìê ÂþÁ� §�Øãõ Â¬��ä �ä�Þ¹õ ,invrertL(X) �îü�ãþ ,Àª��üõ Çì�½ó� Ó�Ï �� Â��Â� T 2 L(X) ÂÚÜÞä Ó�Ï .Àª�� üÖ�Ö� ý�Ìê X Âð� .15.3.1 ��Ìì�(T ) = �(T �): 2 .¢�ª �ã��Âõ [9℄ �� .��±��.�(T ) � f� 2 C : j�j � kTkg .16.3.1 ��Ìì2 .¢�ª �ã��Âõ [9℄ �� .��±���ÎÖ÷ Âû ù�Ú÷� ,Àª�� Àã±ó� üû��µõ�÷  �÷�� ý�Ìê ýø¤ ù¢ÂÈê ÂÚÜÞä ×þ T 2 L(X) Âð� .17.3.1 ��Ìì.´¨� ùÄþø ¤�ÀÖõ ×þ T Ó�Ï ¥� ÂÔ¬�÷2 .¢�ª �ã��Âõ [10℄ �� .��±��15



ù¤�µ¨ - Ó�ã® ø Ó�ã® üþ�ÂÚÞû 4-1ø Ó�ã® ý��ó���� ,À�ª��üõ �Â÷ ý��ó���� ¥� Â�Ó�ã® ý�ûý��ó���� ßþÂ�Ýúõ ¥� �î ý¤�¢Â� ý��ó���� ø¢ý��ó���� ø ´¨� ���¤� Û��ì ¤�¢�Â÷ üÎ¡ ý�Ìê Âû ¤¢ Ó�ã® ý��ó���� .À�µÆû ù¤�µ¨ - Ó�ã® ý��ó����.¢�ªüõ ���¤� ö�ðø¢ ý�û�Ìê ¤¢ ÍÖê ù¤�µ¨ - Ó�ã®¥� ,� üú�Â�è �b þ�¢Âð ×þ �� ù�ÂÞû ,X üú�Â�è �ä�Þ¹õ ×þ ,×þ��ó���� ý�Ìê ×þ .1.4.1 ÓþÂã��î ý¤�Ï�� ,´¨� X¥�� ý�û�ä�Þ¹õÂþ¥.¢�ª � ¥� ý�Ìä ,� ¤¢ ý�û�ä�Þ¹õ ¥� �þ�¢Âð Âû ,á�Þµ�� (1).¢�ª � ¥� ý�Ìä ,� ¤¢ ý�û�ä�Þ¹õ¥� üû��µõ �b þ�¢Âð Âû í�Âµª� (2).À�ª�� �µª�¢ ÕÜã� � �� X ø üú� �ä�Þ¹õ (3)ý��ó���� ×þ � �b þ�¢Âð ø À�õ�÷üõ ×þ��ó���� ý�Ìê ,À�îüõ ëÀ¬ ÓþÂã� Íþ�Âª ¤¢ �î �¤ (X; �) �ø¥.¢�ªüõ ùÀ�õ�÷ X ýø¤ÂÑ÷ ¤¢ X ý�Ìä� ß�� ö���üõ �¤ Ó�ã® ø �Â÷ ¤¢ ý�ûüþ�ÂÚÞû ,Àª�� ¤�¢�Â÷ ý¤�¢Â� ý�Ìê ×þ X Âð�.¢Âî ÓþÂã� ö��� üõ �¤ ù¤�µ¨ - Ó�ã® ø Ó�ã® ,�Â÷ ¤¢ ý�ûüþ�ÂÚÞû X� ¤¢ ß��»Þû .´êÂðß þÂ � Ó�ã® .Àª� � X� ö�ðø¢ � � ù��¿ ó¢ ¤�¢ �Â ÷ ý¤�¢Â � ý�Ìê ×þ X À� � î ­Âê .2.4.1 ÓþÂã �ø Ý�õ�÷üõ X ýø¤ Ó�ã® ý��ó���� ×þ ,À�ª�� �µ¨��� ö� ýø¤ X� ý�Ìä� ��Þ� �î �¤ X ýø¤ ý��ó����.Ý�û¢üõ ö�È÷ �(X;X�) ��¥� üû��µõ ý�Ìä� ff1; :::; fng ö� ¤¢ �î fx : jfi(x)j < "; i = 1; :::; ng ÛØª �� �(X;X�) ¥� üþ�Ìä��Ìê ×þ ýø¤ Ó�ã® ý�� ó� �� � .À �û¢üõ Û�ØÈ� �(X;X�) ý�Â � ×þ�� ó� �� � � þ� � ×þ ,À� µÆû X��¤ Û¬�� ý��ó� �� � ,Ý þÂ �Ú � ÂÑ÷ ¤¢ �¤ X� ,X ý�� �� Âð� .´¨� �Â ÷ ¥� Û¬�� ý��ó� þ� � ¥� Â � Ó�ã®�¤�¬ �� �(X�;X��) ¥� üþ�Ìä� .Ý�û¢üõ ö�È÷ �(X�;X��) � � ø Ý�õ� ÷üõ ù¤�µ¨-Ó�ã® ý��ó� �� �16



×þ��ó���� �þ�� ×þ ,À�µÆû X ¥� üû��µõ ý�Ìä� fx1; :::; xng �ä�Þ¹õ �î ,ff : jf(xi)j < "; i = 1; :::; ng.À�û¢üõ Û�ØÈ� �(X�;X��) ý�Â�.n �! 1 üµìø ,kfn� fk �! 0 Âð� ,Àª��üõ ý�ì ý�ÂÚÞû f �� L(X; F) ¥� (fn) �b ó�±÷¢ .3.4.1 ÓþÂã�
�� Ó�ã® ¤�Ï �� (xn) �b ó�±÷¢ .Àª�� X ¤�¢�Â÷ üÎ¡ ý�Ìê ¤¢ ý��ó�±÷¢ (xn) À��î ­Âê .4.4.1 ÓþÂã�.x�(x0) = limn!1x�(xn) ,x� 2 X� Âû ý�¥� �� Âð� ,xn w�! x0 Ý�Æþ�÷ üõ ø ´¨� �ÂÚÞû x0 2 X�� ù¤�µ¨ - Ó�ã® ¤�Ï �� X� ¤¢ (x�n) �b ó�±÷¢ .Àª�� ¤�¢�Â÷ üÎ¡ ý�Ìê X À��î ­Âê .5.4.1 ÓþÂã�.x�0(x) = limn!1x�n(x) ,x 2 X Âû ý�¥� �� Âð� ,x�n w��! x�0 Ý�Æþ�÷üõ ø ´¨� �ÂÚÞû x�0 2 X��¹�µ÷ �¤ ù¤�µ¨ - Ó�ã® üþ�ÂÚÞû ,Ó�ã® üþ�ÂÚÞû ø Ó�ã® üþ�ÂÚÞû ,ý�ì üþ�ÂÚÞû .6.4.1 ��Ìì.Àû¢üõ2 .¢�ª �ã��Âõ [3℄ �� .��±��Âû Âð� ,´¨�ù¢ÂÈê Ó�ã® ¤�Ï�� A � X �ä�Þ¹õ .Àª��  �÷�� ý�Ìê ×þ X À��î ­Âê .7.4.1 ÓþÂã�.Àª�� A ¤¢ Ó�ã® ý�ÂÚÞû �ó�±÷¢Âþ¥ ×þ Ûõ�ª A ¤¢ (xn) �ó�±÷¢Ó�ã® ¤�Ï�� �¤ T : X �! Y üÎ¡ ÂÚÜÞä .À�ª��  �÷�� ý�Ìê ø¢ Y ø X À��î ­Âê .8.4.1 ÓþÂã�.Àª�� ù¢ÂÈê Ó�ã® ¤�Ï�� Y ¤¢ T (BX) ù�ð Âû À�õ�÷üõ ù¢ÂÈêüú� A öø¤¢ ù�ðÂû ,´¨� X ¤¢ ñ�Ú� �� º�û X ×þ��ó���� ý�Ìê ¥� A �ä�Þ¹õÂþ¥ .9.4.1 ÓþÂã�.(intA = ?)Àª��¥� ýÂ þÁ �©¤� Þ ª á� Þ µ �� X ù� ðÂ û ,Ý � õ� ÷ ñø� � µ ¨¤ ¥� �¤ X ×þ�� ó� �� � ý�Ì ê .10.4.1 Ó þÂ ã �17


