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1 ÛÊê
�û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã�

.Ýþ¤�¢ ¥��÷ �ú÷� �� ü�� ñ�Êê ¤¢ �î Ýþ¥�¢Â�üõ üÔþ¤�ã� ý���¤� �� ÛÊê ßþ� ¤¢
üÖ�Ö���ó�÷� ¤¢ �þ�� Ý�û�Ôõ 1.1ù�ðÂû À�þ�ð R ýø¤ ý¤�¢Â�ý�Ìê ×þ �¤ üÖ�Ö� ¢�Àä� �ä�Þ¹õ ¥� X �ä�Þ¹õ 1.1.1ÓþÂã�Âþ¥ Íþ�Âª ¤¢ �î ý¤�Ï �� À�ª�� �µª�¢ ¢��ø (:) : R:X ! X �þ ø (:) : X:X ! X À�÷�õ üã����:À��î ëÀ¬�8x; y 2 X; x+ y = y + x�8x; y; z 2 X; (x+ y) + z = x+ (y + z)�90 2 X;8x 2 X; x+ 0 = 0 + x = x�8x; y 2 X;8� 2 R; �(x+ y) = �x+ �y�8x 2 X;8�; � 2 R; (�+ �)x = �x+ �x�8x 2 X;8�; � 2 R; (��)x = �(�x)�8x 2 X; 1x = x1 = x .1



2 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊê.À�û¢üõ ý¤�¢Â� ý�Ìê ×þ Û�ØÈ� Mm�n ý�û ÅþÂ��õ ý�ä�Þ¹õ 1.1.1ñ�·õ×þ R+ �� X ¥� k�k â��� �� .Àª�� R ýø¤ ý¤�¢Â� ý�Ìê ×þ X À��î Âê 2.1.1ÓþÂã�:℄21[ù�ðÂû À�þ�ð �Â÷,kxk = 0 Âð� �ú�� ø Âð� x = 0 ø kxk � 0 , x 2 X Âû ý�¥� �� (1,k�xk = j�j kxk Ýþ¤�¢ x 2 X ø � 2 R Âû ý�¥� �� (2: kx+ yk � kxk+ kyk Ý���þüõ x; y 2 X Âû ý�¥� �� (3. Ý�þ�ð ¤�¢�Â÷ üÎ¡ ý�Ìê ,´¨� �Â÷ ×þ ý�¤�¢ �î X üÎ¡ ý�Ìê �� 3.1.1ÓþÂã�,d(x; y) = kx� yk Ý�ª�� �µª�¢ x; y 2 X Âû ý�Â� ø Àª�� ¤�¢�Â÷ üÎ¡ ý�Ìê ×þ X Âð�¤�¢�Â÷ ý�Ìê Âû ßþ�Â���� .(´¨� �Â÷ �Ü�¨ø �� ùÀª À�ó�� Âµõ ×þ d ) Ý�þ�ð X ýø¤ Âµõ ×þ d ��.´¨� ýÂµõ ý�Ìê ×þ�� ø ù¢�¢ ö�È÷ k�kp ¢�Þ÷ �� p �Â÷ ,X ý¤�¢Â� ý�Ìê ¥� x øÂÔõ ¤�¢Â� ý�Â� 4.1.1ÓþÂã�:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬kxkp = ( nXi=1 jxijp) 1p ; p 2 N; x = 266664 x1x2...xn 377775 ::¢¢Âðüõ ÓþÂã� Âþ¥ �¤�¬ �� ´þ�ú÷ü� �Â÷ ,x øÂÔõ ¤�¢Â� ý�Â� ß��»Þûkxk1 = max jxij1 � i � n�� M ¥� k:kâ��� .Àª�� n� n ý�ûÅþÂ��õ �Þû ý¤�¢Â� ý�Ìê M À��î Âê 5.1.1ÓþÂã�℄23[:À�î ëÀ¬ Âþ¥ Íþ�Âª ¤¢ ù�ðÂû À�þ�ð üÆþÂ��õ �Â÷ �¤ R+



3 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊê.A = 0 Âð� �ú�� ø Âð� kAk = 0 ß��»Þû ,kAk � 0 ù¤��Þû A 2M ÅþÂ��õ Âû ý�¥� �� (1.k�Ak = j�j kAk , A 2M ø � 2 R Âû ý�¥� �� (2: kA+Bk � kAk+ kBk , A;B 2M Âû ý�¥� �� (3: kABk � kAk kBk , A;B 2M Âû ý�¥� �� (4:¢¢Âðüõ ÓþÂã� ß��� AÅþÂ��õ �Â÷ - Lp 2.1.1ñ�·õkAkp = 0� nXi=1 nXj=1 jaij jp1A 1p :.À�þ�ð ü¨À�Üì� �Â÷ �¤ �Â÷ ö� ù�Ú÷� Àª�� p = 2 Âð�Âþ¥ �¤�¬ �� A ÅþÂ��õ ýÂÎ¨ ý�û �þ�¤¢ á�Þ¹õ �Â÷ �þ A ÅþÂ��õ �Â÷ - L1 3.1.1ñ�·õ:¢�ªüõ ÓþÂã�kAk1 = max1�i�n nXj=1 jaij j:Âþ¥ �¤�¬ �� A ÅþÂ��õ ü÷�µ¨ ý�û �þ�¤¢ á�Þ¹õ �Â÷ �þ A ÅþÂ��õ �Â÷ - L1 4.1.1ñ�·õ:¢�ªüõ ÓþÂã�kAk1 = max1�j�n nXi=1 jaijj:ý�Â� ù�ðÂû À�þ�ð Â±� ×þ �¤ M ö�� X ý�ä�Þ¹õ Âþ¥ ¥� üú�Â�è ù¢��÷�¡ ×þ 6.1.1ÓþÂã�:Ý�ª�� �µª�¢ M ¤¢ B ø A Âû, A [B 2M (1. X �A 2M (2



4 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊêù�ðÂû À�þ�ð Â±� �� ×þ �¤ M ö�� X ý�ä�Þ¹õ Âþ¥ ¥� üú�Â�è ù¢��÷�¡ ×þ 7.1.1ÓþÂã�.Àª�� �µª�¢ ¤�Âì M �ä�Þ¹õ ¤¢ M Â¬��ä ¥� ÂþÁ�©¤�Þª á�Þµ��À ª� � X ýø¤ Â ± � �� × þ M ø ù�� ¿ ó¢ � ä� Þ ¹ õ × þ X Ý � � î Â ê 8.1.1ÓþÂã�: Ý�ª�� �µª�¢ ù�ðÂû Ý�þ�ð ù¥�À÷� ×þ �¤ � :M ! [0;1),�(;) = 0 (1.�( 1Si=1Ai) = 1Pi=1�(Ai) ù�Ú÷� Àª�� M ¤¢ ��¹õ ý�û�ä�Þ¹õ ¥� �ó�±÷¢ ×þ fAig1i=1Âð� (2ù¥�À ÷� â �� � ×þ � ö� ¤¢ �î Ý � þ� ð ù¥�À ÷� ý�Ìê ×þ �¤ (X;M;�) üþ� � �¨ 9.1.1ÓþÂã�.Ý�þ�ð ÂþÁ�ù¥�À÷� ý�û�ä�Þ¹õ �¤ M ý�Ìä� .´¨� X ýø¤ M Â±� � Â� ùÀª ÓþÂã��î f : [a; b℄ !6 C ÂþÁ� ù¥�À÷� â���� ��Þ� ¥� ÛØÈµõ ý�Ìê ,1 � p <1 ý�Â� 10.1.1ÓþÂã�:´ª�¢ Ý�û��¡ Å� .Ý�þ�ð Lp[a; b℄ ý�Ìê �¤ À�þ�Þ÷üõ ëÀ¬ R ba jf(x)jpdx <1 ¯Âª ¤¢Lp[a; b℄ = ff jf : [a; b℄!6 C ; ÂþÁ� ù¥�À÷� f ø R ba jf(x)jpdx <1g:ù�ðÂû Ý�þ�ð üÜ¡�¢ �Â® ý�Ìê ×þ �¤ X ( üÖ�Ö� �þ ) ÍÜµ¿õ üÎ¡ ý�Ìê 11.1.1ÓþÂã��µª�¢ ¢��ø ,Ý�û¢üõ ö�È÷ ( , ) ¢�Þ÷ �� �¤ ö� �î X �X ýø¤ ( üÖ�Ö� �þ ) ÍÜµ¿õ â��� ×þ:Ý�ª�� �µª�¢ � 26 C Âû ø X ¥� z ø y ,xÂû ý�Â� �î ý¤�Ï �� Àª��,(x+ y; z) = (x; z) + (y; z) ( 1,(x; y) = (y; x) ( 2,(�x; y) = �(x; y) ( 3.(x; x) � 0 ø (x = 0 , (x; x) = 0) ( 4.¢�ªüõ ùÀ�õ�÷ yø x üÜ¡�¢ �Â® (x; y) ù�Ú÷�:À�îüõ ÓþÂã� Âþ¥ �¤�¬ �� �Â÷ ×þ üÜ¡�¢ �Â® ßþ�8x 2 X; kxk = q(x; x):



5 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊê�¤ T : X ! Y üÎ¡ ÂÚÜÞä .À�ª�� ¤�¢ �Â÷ üÎ¡ ý�Ìê Y ø X À��î Âê 12.1.1ÓþÂã�:Ý�ª�� �µª�¢ x �� �ÂÚÞû fxng ý�ó�±÷¢ Âû ý�Â� ù�ðÂû Ý�þ�ð �µ¨���limn!1 kTxn � Txk = 0:¥� fG�g�2J ù¢�� ÷� ¡ ,À ª� � M � X ø × þÂ µ õ ý� Ì ê × þ (X; d) Â ð� 13.1.1ÓþÂã�.M � S�2JG� ù�ðÂû Ý�þ�ð M ý�Â� ¥�� Çª�� ×þ X ¥�� ý�û�ä�Þ¹õù�ðÂû À�þ�ð ù¢ÂÈê X ¤¢ �¤ M ,Àª�� M � X ø ×þÂµõ ý�Ìê ×þ (X; d) Âð� 14.1.1ÓþÂã�.À÷�ª�³� �¤ M ,ö� ¥� üû��µõ Çª�� Âþ¥ ×þ M ý�Â� fG�g�2J ¥�� Çª�� Âû ý�¥� ��ÂÚÜÞä×þ A : X ! Y ÂÚÜÞä .À�ª�� ý¤�¢Â� ý�Ìê ø¢ Y ø X À��î Âê 15.1.1ÓþÂã�ý�ä�Þ¹õ Âþ¥ Âû ý�¥� �� ø ù¢�� �µ¨��� ÂÚÜÞä ×þ A ù�ðÂû ¢�ªüõ ùÀ�õ�÷ ù¢ÂÈê �þ Ûõ�î �µ¨���.Àª�� ù¢ÂÈê �ä�Þ¹õ ×þ A ÂÚÜÞä ´½� M Âþ�Ê� ¤�µÆ� ,X ¥� M ¤�À÷�Âî�ÎÖ÷ Âû Âð� ´¨� ñ�Ú� X ¤¢ M ,M � X ø ×þÂµõ ý�Ìê ×þ (X; d)ù�ðÂû 16.1.1ÓþÂã�.Àª�� M �� ÕÜãµõ �þ M ýÀ� �ÎÖ÷ ×þ �þ X�µª�¢ I¤¢ x2 ø x1Âû ý�¥� �� ù�ðÂû À�þ�ð �À½õ I ý�Ü¬�ê ýø¤ �¤ f â��� 17.1.1ÓþÂã�:Ý�ª��f(x1 + x22 ) � f(x1) + f(x2)2 :
:Ý�ª�� �µª�¢ I¤¢ x2 ø x1Âû ý�¥� �� Âð� À�þ�ð ÂãÖõ I �Ü¬�ê ýø¤ �¤ f â��� 18.1.1ÓþÂã�f(x1 + x22 ) � f(x1) + f(x2)2 :



6 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊêýø¤ f(x) ù�Ú ÷� À�î ëÀ¬ f 00(x) < 0 ¯Âª ¤¢ ,x 2 I Âû ý�¥� � � f â�� � Âð� 1.1.1��ÌìÀ�î ëÀ¬ f 00(x) > 0 ¯Âª ¤¢ ,x 2 I Âû ý�¥� �� f â��� Âð� ß��»Þû .Àª��üõ �À½õ I �Ü¬�ê.´¨� ´±·õ ý�ûy ´Þ¨ �� ü�½�õ ÂãÖ� ý�¨ ø Àª��üõ ÂãÖõ I �Ü¬�ê ýø¤ f(x) �¤�¬ ßþ� ¤¢â���� °þÂÖ� 2.1
¢�Þä y Â� �¤ x .À�ª� � x; y 2 X ø üÜ¡�¢ �Â® ý�Ìê ×þ X Ý��î Âê 1.2.1ÓþÂã�.Ý�û¢üõ Çþ�Þ÷ x?y ¢�Þ÷ �� �¤ ö�ø (x; y) = 0 Ý�ª�� �µª�¢ x 6= y ý�Â� ù�ðÂû Ý�þ�ð:Ý�ª�� �µª�¢ x; y 2 A Âû ý�¥� �� Âð�(x; y) = ( 0 ; x 6= y;� > 0 ; x = y;. Ý�þ�ð Àõ�ãµõ �¤ X ¥� A ý�ä�Þ¹õÂþ¥ ù�Ú÷�. Ý�þ�ð ñ�õÂ÷ �þ �Øþ Àõ�ãµõ �¤ A �ä�Þ¹õ ,kxk = 1 Ý�ª�� �µª�¢ x 2 A Âû ý�Â� Âð�ø L2(a; b) ¤¢ (�Øþ) ñ�õÂ÷ Àõ�ãµõ â���� ¥� üû��µõ ý�ó�±÷¢ fn ø : : : ,f2 ,f1Âð� 1.2.1��Ìì.¢�ª ÝÞ���õ f � nPi=1�ifi2 �î ¢¤�¢ ¢��ø ý �n ø : : : ,�2 ,�1 ù�Ú÷� À�ª�� f 2 L2(a; b).℄28[À�þ�ð ��ã�Âõ ßþÂµÞî °þÂÖ� nPi=1�ifi��:´ª�÷ ö���üõ üÜ¡�¢ �Â® ø �Â÷ ¯�±�¤� Õ��Îõ :��±��f � nPi=1�ifi22 = (f � nPi=1�ifi; f � nPi=1�ifi)= (f; f)� nPi=1�i(fi; f)� nPj=1 ��j(f; fj) + nPi=1 nPj=1�i ��j(fi; fj)::Ý���þüõ Å� . �i = (f; fi)Ý��îüõ Âê øÂ�þ� ¥�
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f � nPi=1�ifi22 = kfk22 � nPi=1�i��i � nPi=1 ��i�i + nPi=1�i��i + nPi=1 �i��i � nPi=1 �i��i= kfk22 + nPi=1 (�i � �i)(��i � ��i)� nPi=1 j�ij2: :´ª�¢ Ý�û��¡ �¹�µ÷ ¤¢f � nXi=1 �ifi22 = kfk22 � nXi=1 j�ij2 + nXi=1 j�i � �ij2::Ýþ¤�¢ �¤�¬ ßþ�¤¢ .�i = �i Ý�ª�� �µª�¢ i = 1; 2; : : : ; n ý�Â� �î ´¨� ÝÞ���õ üµìø �¤�±ä ßþ�f � nXi=1 �ifi22 = kfk22 � nXi=1 j�ij2:ù�Ú÷� Àª�� L2(a; b) ¤¢ ñ�õÂ÷ Àõ�ãµõ ù�Úµ¨¢ ×þ ffigni=1 ý�ä�Þ¹õ ø f 2 L2(a; b)Âð� �Áóf � nXi=1 �ifi2 ;2 .´¨� Ûì�À� f � nPi=1�ifi2 ù�Ú÷� , f ' nPi=1 (f; fi)fi Âð� ,ÂÚþ¢ �¤�±ä �� .´¨� Ûì�À��¤�Â� ñ�Öµ÷� 3.1�¤�Â� �¤ Àû¢üõ Â�¢Â¨ ´ÞÆì �� ö� ù¢�õ �þ ÝÆ�×þ ÂµõÂð ´ÞÆì �î ý�ý�Â÷� ¤�ÀÖõÓÜµ¿õ ý�û´ó�� ¤¢ ù¢�õ �þ ÝÆ� ø¢ ß�� ý�Â÷� ßþ� ñ�Öµ÷� �Àª ,�¤�Â� ñ�Öµ÷� ÝÜä .À�þ�ð.À�îüõ ü���Ç�� �þ ���¤� �¤ ¥�ð �þ âþ�õ ,Àõ���� .À þ�üõ ¢��ø �� �¤�Â� ��¤¢ é�µ¡� Â �� ¤¢ �î ´¨� ý�Â÷� ñ�Ö µ ÷� ,�¤�Â� ñ�Öµ ÷�ý�Â÷� ¤¢ ü��Â��ç� ¶ä�� ,ÓÜµ¿õ ý�û�¤�Â� ��¤¢ ¤¢ �þ� ø¢ ß�� üØþ��ê §�Þ� ÂÚþ¢ �¤�±ä.Àª�� ÝÆ� ý�ûÝ�� �þ �ûñ�Øó�õ ´äÂ¨ ¤¢ ��Â��ç� ´¨� ßØÞõ �î ¢�ªüõ ÝÆ�,¢¥�¢Â�üõ ö� é�ÂÏ� Í�½õ �� ÝµÆ�¨ ×þ ¤¢ ¤�î ø �õÂð Û��Öµõ Â���b� �� �î ÝÜä ¥� ý��¡�ªÝµÆ�¨ ö�Âî ¥� �î ´¨� ý�Â÷� ¥� üÜØª �õÂð ×�õ� � þ¢�õÂ � ¤¢ .¢�ªüõ ùÀ�õ� ÷ ×�õ� � þ¢�õÂ �.À�îüõ ¤�±ä ,¢¤�¢ ¢��ø Çê�ÂÏ� Í�½õ ø ÝµÆ�¨ ß�� �î üþ�õ¢ é�µ¡� �Î¨�ø �� üØ�õ��þ¢�õÂ�



8 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊê¶ä�� �õ¢ é�µ¡� �î ´¨� ÝµÆ�¨ ý��÷�Âî Í¡ ¥� �µê�þ ñ�Öµ÷� ý�Â÷� ö�Þû �¤�Â� ÂÚþ¢ �¤�±ä ��ñ�Öµ÷� ö���õ ù¤��¤¢ ö���üõ ´¨� ñ�Öµ÷� ñ�� ¤¢ ý�Â÷� ,�õÂð ö�� .¢�ªüõ ö� Çþ��ê� ø ¤�Èµ÷�.¢Âî ¶½� �õÂð ö�þÂ� �þ ø �¤�Â��¤�Â� ñ�Öµ÷� ý�ûÝÆ�÷�Øõ 1.3.1,ý�Â÷� ÛþÀ±� ÝµÆ�¨ ×þ �þ ü�¤�Â� ÛþÀ±� �¤�¬ �� �¤�Â� ,ö� Í¨�� �î üÞÆ�÷�Øõø üþ��±õ ÝÆ�÷�Øõ �¨ §�¨� Â� �¤�Â� ñ�Öµ÷� ,¢��ø ßþ� �� .´¨� ùÀ�»�� �f õ�î ,À��þüõ ñ�Öµ÷�:¢Â�ðüõ �¤�¬ ÛÖµÆõÇ÷�¨¤ �þ ´þ�Àû -1Ç��� �þ âÈãÈ� -2´êÂÞû �þ üþ�¹��� -3� � À ª� � ¢� �� õ �¤�Â � � �¤¢ é� µ ¡� À þ� � ë� ê ©ø¤ � ¨ ¥� × þ Â û ¤¢ � î À � � î � �� �.´¨� ¢Â¨ �� �Âð ÝÆ� ¥� ù¤��Þû ñ�Öµ÷� ´ú� .¢Â�ð �¤�¬ ñ�Öµ÷�´þ�Àû¤¢ ø ¢Â�ðüõ �¤�¬ �ûñ�Øó�õ Ç±�� Í¨�� �î ´¨� �¤�Â� ñ�Öµ÷� ¥� ýÀ�þ�Âê ,´þ�Àû�þ âþ�õ ,Àõ��) ÝÆ� ×þ ö��õ ¥� ,ý��Ø±ª ��ª�ã�¤� ø �ûöøÂµØó� ¢�¥� ö�þÂ� Í¨�� ¢¤��õ üÌã�ÕþÂÏ ¥� �¤�Â� ñ�Öµ÷� .¢�ªüõ ��¹÷� Â�ß�þ�� ý�õ¢ �� ý����÷ �� Â���� ý�õ¢ �� ý����÷ ¥� (¥�ðÝÆ�÷�Øõ .¢Â�ð �¤�¬ �ø�Ôµõ ý�û�õ¢ �� ÝÆ� ø¢ ß�� ñ�Ê�� �þ §�Þ� Â�� ¤¢ ´¨� ßØÞõ ,´þ�Àû��¹÷� �ûñ�Øó�õ ´îÂ� Í¨�� üÈ±�� ý�Â÷� ñ�Öµ÷� Â�� Â� ,�û¥�ð ø ��ãþ�õ ¤¢ üµþ�Àû �¤�Â� ñ�Öµ÷�üÈ±�� ý�Â÷� Çþ��ê� .À��þüõ Çþ��ê� ö� üÜ¡�¢ ý�Â÷� ,ñ��¨ �� üþ�õÂð ý�Â÷� ñ�Öµ÷� �� .¢�ªüõ,ùÀª ýÂ�ðù¥�À÷� ý�õ¢ Çþ��ê� .¢�ªüõ ýÂ�ðù¥�À÷� �õ¢ Çþ��ê� Í¨�� ,�ûñ�Øó�õ ©�ã�¤� ¥� üª�÷¥� üÈ±�� ý�Â÷� ñ�Öµ÷� Â�� ¤¢ üþ�õÂð ´þ�Àû ,�Áó .Àª��üõ �ûñ�Øó�õ üÈ±�� ý�Â÷� Çþ��ê� éÂãõ,Â�ß�þ�� ý�õ¢ �� ü���÷ ¤¢ âì�ø ý�ûñ�Øó�õ �� ��� ý�õ¢ �� ü���÷ ¤¢ ¢�þ¥ ´�ó�ãê �� ý�ûñ�Øó�õö�Þµ¡�¨ �î ü��Àõ�� ¤¢ �õÂð ´þ�Àû ,ÂÚþ¢ ö��� �� .¢Â�ðüõ �¤�¬ üó��µõ ý�û¢¤�¡Â� Â�� ¤¢�µÆ��ø ¢�¥� ý�ûöøÂµØó� ù¢�� ´îÂ� ø �û�Ø±ª ©�ã�¤� ¥� üª�÷ ý�Â÷� ñ�Öµ÷� �� À÷¤�¢ üó�µÆþÂîùÀª ÛÖµ�õ ý�Â÷� ¥� ÂµÈ�� °��Âõ �� ¢�¥� ý�ûöøÂµØó� ´îÂ� ¥� ý�Â÷� ñ�Öµ÷� ,üÜî ¤�Ï �� .´¨�
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�¤�Â� ñ�Öµ÷� ý�ûÝÆ�÷�Øõ :(1.1) ÛØª.´¨� ý��Ø±ª ©�ã�¤� ø �ûñ�Øó�õ ´îÂ� Í¨��âÈãÈ��� .´¨� Å�Ï��çõøÂµØó� ���õ� ÛØª �� ü�¤�Â� ñ�Öµ÷� ,Ç��� ù¢�¨ ö��� �� ø ü�¤�Â� âÈãÈ�,���õ� ßþ� ø À�îüõ Àä�Æµõ ¢�¡ ¥� üÆ�Ï��çõøÂµØó� ���õ� ¢¤�¢ �î üþ�õ¢ Â�� ¤¢ ÝÆ� Âû üÜî ¤�ÏÍ¨�� �¤ ý�Â÷� ßþ� �Á� ´�Ü��ì �È�Þû ø À�îüõ ÛÖµ�õ é�ÂÏ� ��Æ�� ø Í�½õ �� �¤ ÝÆ� ý�õÂð�� ¤¢�ì Ç��� ß��»Þû ø ¢�ªüõ ��¹÷� ��Æ�� ¤¢ Ç��� ù��ª �� �¤�Â� ñ�Öµ÷� .Àª��üõ �¤�¢ âÈãÈ��î ´¨� üó�� ¤¢ ßþ� .Àª��üõ �b ¡ ¤�Ï ß�Þû ø é�Ôª �Þ�÷ ø é�Ôª À�÷�õ ¢��õ á��÷� ö��õ ¥� ¤�±ä×þ ñ�·õ ö���ä �� .¢¤�¢ ý¤øÂ® ¥��÷ ý¢�õ Í�½õ ×þ �� üþ�õÂð ´þ�Àû ÕþÂÏ �� �õÂð ñ�Öµ÷�



10 �û¥��÷ Ç�� ø �þ�� Ý�û�Ôõ ,Óþ¤�ã� .1 ÛÊêßþ� ¥� �¤�Â� ñ�Öµ÷� ýù�½÷ .ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ ë��� ×þ Û¡�¢ ¤¢ ùÀ��î �Âð ×þ À�÷�õ �Âð ÝÆ�ñ�Öµ÷� ,��û ö�þÂ� Û�ó¢ �� ß��»Þû .Àª��üõ âÈãÈ� á�÷ ¥� ÂµÈ�� Çê�ÂÏ� Í�½õ �� ùÀ��î �Âð.¢¤�¢ ¢��ø ��÷ (üþ�¹���) ´êÂÞû ù��ª �� �¤�Â�´êÂÞû������ ¢�¡ �� �¤ ü�¤�Â� ý�Â÷� ø ù¢�� íÂ½µõ �ûñ�Øó�õ ,´êÂÞû �Ü�¨ø �� �¤�Â� ñ�Öµ÷� ¤¢.¢ÂþÁ�üõ ��¹÷� ´êÂÞû ÛÞä ø ùÀª ¯�Ü¿õ ÂÚþ¢ ´ÞÆì �� ñ��¨ ¥� üµÞÆì ´ó�� ßþ� ¤¢ .À��îüõ�¤�¬ �� �¤�Â� ñ�Öµ÷� ÝÆ�÷�Øõ ,Àª�±÷ �Ñ��õ Û��ì ñ��¨ ´îÂ� ø Ç±�� ,�û¥�ð ø ��ãþ�õ ¤¢ Âð�À÷���üõ ß��»Þû ý�Â÷� Àª�� �µª�¢ ü��Ø¨øÂî�õ ´îÂ� ,ñ��¨ Âð� ,¢��ø ßþ� �� .Àª��üõ ´þ�Àû.´¨� ´êÂÞû ,ñ�Öµ÷� ©ø¤ ßþ� �î ¢¢Âð ÛÖµ�õ ñ��¨ ´îÂ� Í¨�� üÜ¡�¢ ý�Â÷� ÛØª ��.¢�Þ÷ �ã��Âõ ,℄13[ â�Âõ �� ö���üõ ÂµÈ�� �ãó�Îõ ´ú��¤�Â� ñ�Öµ÷� �ó¢�ãõ 2.3.1ù¢�¢ �Âª ÂÊµ¿õ ¤�Ï �� �õÂð �ó¢�ãõ �� éøÂãõ ý�ó¢�ãõ öÀõ� ´¨¢ �� ©ø¤ ,´ÞÆì ßþ� ¤¢.¢�Þ÷ �ã��Âõ ,℄13[â�Âõ �� ö���üõ ÂµÈ�� üþ��ª� ý�Â� .¢�ªüõ¥� �î Àû¢üõ ö�È÷ Çþ�õ¥� ,Àª� � �µª�¢ ¢��ø ÝÆ� ×þ ¤¢ �¤�Â� ��¤¢ ö� þ¢�Âð Âð��� ÝÆ� À��ø ý�Â� ý�Â÷� ñ�Öµ÷� ßþ� �Àª .´ª�¢ Ý�û��¡ ý�Â÷� ñ�Öµ÷� ¢Â¨ ´ÞÆì �� �Âð ´ÞÆì:ü�ãþ ,´¨� °¨��µõ �¤�Â� ��¤¢ ö�þ¢�ÂðqA � �u�x;:Ý���þüõ ø �µêÂð ÂÑ÷ ¤¢ �¤ k °þÂ® ,ýø�Æ� ¢�¹þ� ý�Â� �îq = �kA�u�x: (1)´õ�ä .Àª��üõ �¤�Â� ��¤¢ ö�þ¢�Âð �u�x ø ÝÆ� ¼Î¨ A ,ü�¤�Â� ö�þÂ� �Àª q ,ë�ê �Î��¤ ¤¢�¤�Â� ��¤¢ Çþ��ê� ´ú� é�¡ ü�¤�Â� ö�þÂ� ´ú� �î ´¨� ´ú� ßþÀ� (1) �Î��¤ ¤¢ üÔ�õ°Æ� Â� ÓÜµ¿õ ¯�Ö÷ �¤�Â� ��¤¢ ü�ãþ ,Àª�� ´��� ü�¤�Â� ö�þÂ� ÝµÆ�¨ Âð� .´¨� ÝÆ� ¤¢´¨� üê�î ø ù¢�� ù¢�¨ �ó�bÆõ ,¢ÂþÁ� �¤�¬ x ¤�½õ ´ú� ¤¢ �¤�Â� ñ�Öµ÷� ÍÖê ø À�Ø÷ Â��ç� ö�õ¥Âð� �þ ø À�î Â��ç� ö�õ¥ °Æ� Â� ÝÆ� ¤¢ �¤�Â� ��¤¢ Âð� üóø .Ý��î ýÂ�ðñ�ÂÚµ÷� (1) �Î��¤ ¥�


