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ùÀ�Ø��î ¢Âî ´�� � 3�øÂµÆ�µ¨� ,�ÖÜ� ×þ ýø¤ �ûñøÀõ ý�Â� 2ø¤�ðe ø 1¢¤�¥� ¤�î ¥� ��úó� � � ,1971 ñ�¨ ¤¢�µ¨¤ �� ²� ý�ûÝµÆ�¨�S �µ¨¤ ¥�) ,AS 
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73 �øÂµÆ�µ¨� �ø¤�ðe �¢¤�¥� ��Ìì 482 â��Âõ A84 �õ�÷ ù��ø B
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¤�µÔÚÈ���î ¢�ªüõ ö��� ,(´¨� ùÀª ��±�� ø ¤�ð ø ¢¤�¥� Í¨�� ÛÖµÆõ ¤�Ï �� �î) �ûñøÀõ ý�Â� éøÂãõ ý���Ìì ¤¢¤�Ï �� ý�ûñøÀõ ¤�¢ ´ú� ý�ûÀ� Ýû �� �î À�µÆû üþ�ûñøÀõ ,�ÖÜ� ×þ ýø¤ ¤��Þû (´¨�¤) ý�ûñøÀõ,[10℄ ¤¢ �øÂµÆ�µ¨� ,ßþ� ��±ª ý��¹�µ÷ �� öÀ�¨¤ ý�Â� ©�� ¤¢ .À�ª��üõ ´¿þÂØþ ¢�¥� ùÀª À�ó�� üû��µõAS À�÷�õ üþ�ûÝµÆ�¨ ,¢�¥� ùÀª À�ó�� üû��µõ ¤�Ï �� ´¨�¤ ý�ûÝµÆ�¨�S ¤�¢ ´ú� ý�ûÀ� Ýû �î ¢Â� ü��ê�� �ú�� �î Àª ���µõ ß��»Þû ø� ,À�îüõ �Ô� �¤ �ûÀ��î Â��Â� ø �ûÂ�°Öä ,AS 
� ö�Úã��� �î À�µÆû.À÷�ªüõ ùÀ�õ�÷ ¤��Þû Â�°Öä �þ ¤��Þû ý�ì ¤�Ï �� ö��î� üþ�ûÝµÆ�¨ ß��� .[1℄ ´¨� üê�î ,ö¢�� �ûÂ�°Öäö�õ¥ Ýû À÷�ªüõ üêÂãõ [10℄ ø [9℄ ¤¢ (E) ø (P) ý�û¯Âª ö���ä ´½� �fÀã� �î ,Íþ�Âª ¥� üä�÷ ¤¢ Â��ç� ��Âû �� .´¨� ýÂþ�Ê� ¥� Â�Ó�ã® �fÀ�î� ý�ì ý¤��Þû �ûñøÀõ ý�Â� .À�û¢üõ �¹�µ÷ �¤ ý�ì ý¤��Þû Ýû ��(ü¨�¨�) ¤�Ï �� ��úÔõ ùø�ä �� .Àû¢üõ �¹�µ÷ �¤ ý¤��Þû ,ý�ì ý¤��Þû �ûñøÀõ ´ó�� é�¡ Â� ,ñ���� ²� (üÜ¬�) ý�ûñ�Àþ� ¥� �ûùÀ�÷�È÷ �ê�� , AS 
� ö�Úã��� ù�ð Âû Àþ�üõ ´¨¢ �� ý¤��Þû Ó�ã®.Àª�� S ý��ýø¤ ü��� °�Âõ ù¤��Ø� ×þ ÛÞä ���õ¥ ¤¢ �øÂµÆ�µ¨� ,ø ¤�ð ,¢¤�¥� ��Ìì ø (E) ¯Âª ö��� ÂÒ�� Â�� ¥� éÀûý¤��Þû «��¡ ýø¤ ¤�î ��õÀÖõ .Àª��üõ ü��� °�Âõ ÝµÆ�¨�S �fÂÊµ¿õ ,ü�Â� °�Âõ �ä�Þ¹õ ×þ,[11℄ �ó�Öõ ¤¢ �fÂ�¡� ø Àª ��¹÷� [4℄ ø [3℄ ¤¢ 1980 ñ�¨ ¤¢ ßþÀó�Â¿ê Í¨�� ,ü��� °�Âõ ý�ûÝµÆ�¨�Sü��� °�Âõ ý�úµÆ�¨�S ý¤��Þû ø ¢�¥� ,ýÂþ�Ê� ,ý¤�Æ÷�� ý�û�ÂÌÜ¬�� �û�ó�Öõ ßþ� ¤¢ .´ê�þ �õ�¢�ø ¶½� ¢¤�õ ¢�¥� ùÀª À�ó�� üû��µõ ¤�Ï �� ü��� °�Âõ ý�ûÝµÆ�¨�S ¤�¢ ´ú� ý�ûÀ� Ýû �õ� ùÀª üêÂãõ.Àû¢üõ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ë�ê °ÜÎõ �ó�Öõ ßþ� �î ,´¨� �µêÂÚ÷ ¤�Âì ü¨¤Â�.Ý��îüõ ¥�è� ,À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ Àã� ý�ûÛÊê ¤¢ �î ü��õÀÖõ Óþ¤�ã� ø Ý�û�Ôõ �� �¤ ñø� ÛÊêÀã� ý�ûÛÊê ¤¢ �î üþ�ûÝó ß��»Þû ø ü��� °�Âõ ý�ûÝµÆ�¨�S ý�Â� (E) ø (P ) Íþ�Âª �ø¢ ÛÊê ¤¢ùÀª ù¢�¢ Çþ�Þ÷ üû��µõ ¤�Ï �� ü��� °�Âõ ý�ûÝµÆ�¨�S ��¨ ÛÊê ¤¢ ,Ý��îüõ ö��� �¤ ,À÷�ªüõ ù¢�Ôµ¨�°�Âõ ý�ûÝµÆ�¨�S ý�Â� ¢¤�¥� ��Ìì ö��� �� Â¡� ÛÊê ¤¢ ø À÷�ªüõ üêÂãõ Ë½õ ý�ûüµ¿þ¤øÂ� ø.Ýþ¥�¢Â�üõ ü���
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1 ÛÊê
��õÀÖõ ø Óþ¤�ã�



.Ý��îüõ ù¤�ª� À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ Àã� ý�ûÛÊê ¤¢ �î üþ�þ�Ìì ø Óþ¤�ã� �� �Àµ�� ÛÊê ßþ� ¤¢
�ûù¤��Ø� ø �ûùøÂðÝ�÷ 1-1ÛÞä ×þ �î S üú�Â�è �ä�Þ¹õ ×þ ¥� ´¨� �¤�±ä (S; �) ýÂ±� ¤�µ¡�¨ �þ ¤�øùøÂð .1.1.1 ÓþÂã�.Àª�� ùÀª ÓþÂã� ö� ýø¤ \ � " üþ��ø¢Âû ý�¥� �� ÂÚþ¢ �¤�±ä �� ,Àª�� ÂþÁ� ´îÂª \ � " ÛÞä �î ü�¤�¬ ¤¢ Ý�þ�ð ùøÂðÝ�÷ �¤ (S; �) ¤�øùøÂð,x; y; z 2 Sx � (y � z) = (x � y) � z:xy � þ x:y ¢�Þ÷ ¥� x � y ý�� �� Å� ßþ� ¥� ø ÝþÂ�ðüõ ÂÑ÷ ¤¢ ü�Â® �¤ ùøÂðÝ� ÷ ÛÞä ,¤�î üµ��¤ ý�Â�.Ý��îüõ ù¢�Ôµ¨�.xy = yx ,x; y 2 S Âû ý�¥� �� ù�ð Âû ,Ý�þ�ð ÂþÁ� Ëþ�ã� �¤ S ùøÂðÝ�÷�¤ 1 ù�Ú÷� ,1x = x1 = x ,x 2 S Âû ý�¥� �� �î ý¤�Ï �� ,Àª�� ¢���õ 1 2 S ÂÊ�ä S ùøÂð Ý�÷ ¤¢ ù�ð Âû�� 1 ö¢�Þ÷ �ê�®� �� ö���üõ ,Àª�±÷ ü÷�Þû ÂÊ�ä ý�¤�¢ S Âð� .Ý�þ�ð ù¤��Ø� �¤ S ø S ùøÂðÝ�÷ ü÷�Þû ÂÊ�ä.¢Âî ÛþÀ±� ù¤��Ø� ×þ �� �¤ ö� ,Âþ¥ �¤�¬ �� �Â® ÛÞä ÓþÂã� �� ø S8s 2 S; s:1 = 1:s = s; 1:1 = 1::Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ S1 ø ´¨� ù¤��Ø� ×þ S [ f1g �¤�¬ ßþ� ¤¢S1 = 8><>: S 1 2 SS [ f1g 1 =2 S:.Ý�õ�÷üõ ö� �� ü÷�Þû ÂÊ�ä ë�½ó� �� S ¥� ùÀõ� ´¨¢ �� ù¤��Ø� �¤ S1�¤ 0 ù�Ú÷� ,0x = x0 = 0 ,x 2 S Âû ý�¥� �� �î ý¤�Ï �� ,Àª�� ¢���õ 0 2 S ÂÊ�ä ø ùøÂðÝ�÷ ×þ S Âð�ÓþÂã� �� ø S �� 0 ö¢�Þ÷ �ê�®� �� ö���üõ ,Àª�±÷ ÂÔ¬ ÂÊ�ä ý�¤�¢ S Âð� .Ý�þ�ð S ùøÂðÝ�÷ ÂÔ¬ ÂÊ�ä5



.¢Âî ÛþÀ±� ¤�¢ÂÔ¬ ùøÂðÝ�÷ ×þ �� �¤ ö� ,Âþ¥ �¤�¬ �� �Â® ÛÞä8s 2 S; 0s = s0 = 0; 0:0 = 0::Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ S0 ø Àª��üõ ùøÂðÝ�÷ ×þ S [ f0g �¤�¬ ßþ� ¤¢S0 = 8><>: S 0 2 SS [ f0g 0 =2 S:.Ý�õ�÷üõ ö� �� ÂÔ¬ ÂÊ�ä ë�½ó� �� S ¥� ùÀõ� ´¨¢ �� ùøÂðÝ�÷ �¤ S0�¤�±ä �� T2 � T ,ù�ð Âû Ý�þ�ð S ùøÂðÝ�÷ Âþ¥ ×þ �¤ S ùøÂðÝ�÷ ¥� T üú��÷ �ä�Þ¹õÂþ¥ .2.1.1 ÓþÂã�.Àª�� �µÆ� S ÛÞä ´½� ù�ðÂû ,´¨� S ùøÂðÝ�÷ Âþ¥ T ÂÚþ¢.1 2 T Âð� Ý�þ�ð S ù¤��Ø� Âþ¥ �¤ T ùøÂðÝ�÷ Âþ¥ ù�Ú÷� ,Àª�� 1 ü÷�Þû ÂÊ�ä �� ù¤��Ø� S Âð�¢Âê �� ÂÊ½�õ ÂÊ�ä s 2 S Âû ý�Â� �î ý¤�Ï �� S À�÷�õ ù¤��Ø� ×þ ¥� ´¨� �¤�±ä ùøÂð .3.1.1 ÓþÂã�.s�1s = ss�1 = 1 �î ý¤�Ï �� ,Àª�� ¢���õ S ¤¢ s�1Âû ý�¥� �� ù�ð Âû ,Ý�þ�ð S ùøÂð Âþ¥ �¤ S ¥� T ù¤��Ø� Âþ¥ ù�Ú÷� ,Àª�� ùøÂð ×þ S Âð� .4.1.1 ÓþÂã�.x�1 2 T Ý�ª�� �µª�¢ ,x 2 T×þ ,S � S ü�¤�î¢ �ÂÌÜ¬�� ¥� � �ä�Þ¹õÂþ¥ Âû .Àª�� ùøÂðÝ�÷ ×þ S À��î ­Âê .5.1.1 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ S ýø¤ üþ��ø¢ �Î��¤.¢�ªüõ ù¢�¢ ö�È÷ B (S) �� S ýø¤ üþ��ø¢ Í��ø ¤ ��Þ� �ä�Þ¹õ: � 2 B (S) �Î��¤;x�x ,x 2 S Âû ý�Â� Âð� ,¢�ªüõ ùÀ�õ�÷ ü���¥�� (1);y�x Àû¢ �¹�µ÷ x�y Âð� ,¢�ªüõ ùÀ�õ�÷ ü÷¤�Ö� (2);x�z Àû¢ �¹�µ÷ y�z ø x�y Âð� ,´¨� ýÀã� (3).¢�ªüõ ùÀ�õ�÷ ý¥¤�Ýû �Î��¤ ,Àª�� �µª�¢ �¤ ýÀã� ø ü÷¤�Ö� ,ü���¥�� «��¡ �î � �Î��¤üµÈú�Þû �¤ � �¤�¬ ßþ� ¤¢ .Àª�� S ýø¤ ý¥¤�Ýû �Î��¤ ×þ � � S � S À��î ­Âê .6.1.1 ÓþÂã�Âð� ,Ý�þ�ð S ýø¤ ²�8s; t; u 2 S; s�t) (us)�(ut)6



Âð� ,Ý�þ�ð ´¨�¤ üµÈú�Þû �¤ ö� ø8s; t; u 2 S; s�t) (su)�(tu); ù�ð Âû ,Ý�þ�ð üµÈú�Þû �¤ ö� ø8s; t; s0; t0 2 S; s�t; s0�t0 ) (ss0)�(tt0):´¨�¤ ñ�Öµ÷� �¤ ,�a : S1 ! S1 ´ª�Ú÷ ,a 2 S Âû ý�Â� .Àª�� ùøÂðÝ�÷ ,S À��î ­Âê .7.1.1 ÓþÂã�ù�ð Âû Ý�þ�ð8x 2 S1; �a (x) = xa: ù�ð Âû Ý�þ�ð ²� ñ�Öµ÷� �¤ ,�a : S1 ! S1 ø8x 2 S1; �a (x) = ax:
�µ¨¤ ü��õÀÖõ Óþ¤�ã� 2-1: ù�ÂÞû �� ,(À÷�ª üõ ù¢�¢ ö�È÷ � � � ø B ,A �� �î) Ǳ��ª� ¥� ´¨� ý��þ�¢Âð ,C �µ¨¤ .1.2.1 ÓþÂã���¹õ �û�ä�Þ¹õ ßþ� C ¤¢ Ǳ��ª� ¥� ´Ô� Âû ý�¥� �� �î MorC(A;B) ÛØª �� �û�ä�Þ¹õ ¥� ý��þ�¢Âð (1.(¢�ªüõ ù¢�¢ ö�È÷ ,f : C ! D �� ø ¢�ªüõ ùÀ�õ�÷ D �� C ¥� ´¿þ¤ ×þ ,f 2 MorC(C;D)) .À�µÆûâ��� C Ǳ��ª� ¥� (A;B;C) üþ�� �¨ Âû ý�Â� (2MorC (A;B)�MorC (B;C)!MorC (A;C)(f; g) 7! gof :À�îüõ ëÀ¬ Âþ¥ Û¬� ø¢ ¤¢ �î ´¨� ¢���õ,f 2 MorC(A;B) ü þ� û´ ¿ þ¤ ø C � µ ¨¤ ¤¢ A;B;C;D Ǳ� � ª� ý�Â � ü � ã þ :ýÂ þÁ � ´ îÂ ª (Ó ó�:Ý�ª�� �µª�¢ h 2MorC(C;D) ,g 2MorC(B;C)h Æ (g Æ f) = (h Æ g) Æ f7



¢���õ A ü÷�Þû ´¿þ¤ ,ö���ä ´½� ,idA : A! A ´¿þ¤ ,C �µ¨¤¤¢ A Ǳüª Âû ý�Â� :ü÷�Þû ´¿þ¤ (�:Ýþ¤�¢ g 2MorC(B;A) ø f 2MorC(A;B) Âû ø C �µ¨¤ ¤¢ B ǱüªÂû ý�Â� �î ý¤�Ï �� ,Àª��f Æ idA = f; idA Æ g = g :â���� ö�Þû �û´¿þ¤ ,�û�ä�Þ¹õ Ǳ��ª� ,¢�ªüõ ù¢�¢ Çþ�Þ÷ Set �� �î �û�ä�Þ¹õ �µ¨¤ ¤¢ .2.2.1ÓþÂã�ýø¤ ü÷�Þû â��� ö�Þû ,X �ä�Þ¹õ Âû ý�Â� ü÷�Þû ´¿þ¤ ø â���� üó�Þãõ °�îÂ� ,°�îÂ� ø �û�ä�Þ¹õ ß��.´¨� XÂð� ,Ý�þ�ð C �µ¨¤ ¥� �µ¨¤ Âþ¥ ×þ �¤ D �µ¨¤ .3.2.1 ÓþÂã�,obD � obC ü�ãþ À�ª�� C Ǳ��ª� ¥� ý��ä�Þ¹õ Âþ¥ D Ǳ��ª� (1),MorD (A;B) �MorC (A;B) ,A;B 2 obC Âû ý�Â� (2).Àª�� C ¤¢ üþ�û´¿þ¤ °�îÂ� ¥� ýÀþÀ½� D ¤¢ �û´¿þ¤ °�îÂ� (3)¤�µ¡�¨ ×þ �� ù�ÂÞû �û�ä�Þ¹õ ,ö� Ǳ��ª� �Þû ù�ð Âû ¢�ªüõ ùÀ�õ�÷ §�ÞÜõ �µ¨¤ C �µ¨¤ .4.2.1ÓþÂã�ø â���� °�îÂ� ö�Þû �û´¿þ¤ °�îÂ� ,B �� A ¥� ¤�µ¡�¨ �ê�� ý�ûâ��� ,B �� A ¥� ý�û´¿þ¤ ø üê�®�.Àª�� ü÷�Þû â��� ,ü÷�Þû ´¿þ¤.¢�ªüõ ùÀ�õ�÷ ×��î �µ¨¤ À�û¢üõ �ä�Þ¹õ ×þ Û�ØÈ� ö� Ǳ��ª� �î �µ¨¤ .5.2.1 ÓþÂã�.´¨� ×��î �µ¨¤ ×þ ù¤��Ø� Âû .6.2.1 ñ�·õÂÑ÷ ¤¢ ùøÂðÝ�÷ ÛÞä ö�Þû �¤ �û´¿þ¤ °�îÂ� ø ù¤��Ø� Â¬��ä �¤ �û´¿þ¤ ,ù¤��Ø� ¢�¡ �¤ Ǳüª �µ¨¤ ßþ� ¤¢.ÝþÂ�ðüõö�Þû ö� Ǳ��ª� ø ¢�ªüõ ù¢�¢ Çþ�Þ÷ Cop �� C �µ¨¤ ö�ðø¢ .Àª�� �µ¨¤ ×þ C Ý��î ­Âê .7.2.1 ÓþÂã�C ¤¢ f : N ! M ´¿þ¤ ,Cop ¤¢ f : M ! N ´¿þ¤ ,Cop ¤¢ N ø M Ǳ��ª� ý�Â� ø ù¢�� C �µ¨¤ Ǳ��ª�.´¨� C �µ¨¤ ¤¢ °�îÂ� Æ �î f Æop g = g Æ f Ýþ¤�¢ ÝþÂ�Ú� ÂÑ÷ ¤¢ Æop �¤ Cop ¤¢ °�îÂ� Âð� ø ´¨�� Æ � = 
 ,ù�ð Âû Ý�þ�ð ÂþÁ� Ëþ�ã� �¤ Âþ¥ ¤�¢�Þ÷ .8.2.1 ÓþÂã�
8



A C6B
-
� ������

�
.fg = hk ù�ð Âû ,´¨� ÂþÁ� Ëþ�ã� Âþ¥ ¤�¢�Þ÷ ß��»Þû-
-A B? ?h fk g

D CC ¤¢ ,A Ǳüª Âû �� �î Àª�� üµª�Ú÷ ,F : C �! D ø À�ª�� �µ¨¤ ø¢ ,Dø C Ý��î ­Âê .9.2.1 ÓþÂã�D ¤¢ F (f) ¢Âê �� ÂÊ½�õ ´¿þ¤ ,C ¤¢ ,f : A! A0 ´¿þ¤ Âû �� ��÷ ø ,D ¤¢ ,F (A) ¢Âê �� ÂÊ½�õ Ǳüª:ÝþÂ�ðüõ ÂÑ÷¤¢ �¤ Âþ¥ Íþ�Âª .Àû¢üõ ´±Æ÷ �¤.F (idA) = idF (A) ,C ¤¢ A Ǳüª Âû ý�Â� ü�ãþ ,´¨� ü÷�Þû �ê�� F (1)ø f1 2 MorC(A1; A2) ,ý�û´¿þ¤ ø C ¤¢ A1; A2; A3 Ǳ� �ª� ý�Â � ü�ã þ ,´¨� °�îÂ � �ê�� F (2),f2 2MorC(A2; A3)F (f2f1) = F (f2) F (f1)ø f1 2MorC(A1; A2) ,ý�û´¿þ¤ ø C ¤¢ A1; A2; A3 Ǳ��ª� ý�Â� ü�ãþ ,´¨� °�îÂ� ùÀ�÷�¢ÂðÂ� F (3),f2 2MorC(A2; A3)F (f2f1) = F (f1) F (f2):Ýþ¤�¢ ´ó�� ßþ� ¤¢ ø Ý�õ�÷üõ ¢¤ø Ýû ö�Úã��� �¤ F ,Àª�� �µª�¢ �¤ (2) ø (1) Íþ�Âª F Âð�F (MorC (A1; A2)) �MorD (F (A1) ; F (A2)) :9



:Ýþ¤�¢ ´ó�� ßþ� ¤¢ ø Ý�õ�÷üõ ¢¤ø ¢�� ö�Úã��� �¤ F ,Àª�� �µª�¢ �¤ (3) ø (1) Íþ�Âª F Âð� ñ��F (MorC (A1; A2)) �MorD (F (A2) ; F (A1)) :,C ¥� X Ǳüª Âû ý�Â � �î 1C : C ! C ö�Úã�� � ,Àª� � � µ¨¤ ×þ C À��î ­Âê .11.2.1 ÓþÂã �.¢�ªüõ ùÀ�õ�÷ C ýø¤ ü÷�Þû ö�Úã��� 1CX = X�ä�Þ¹õ C ¥� X Ǳüª Âû ý�Â� Âð� ,¢�ªüõ �µÔð üþ�Àµ�� Ǳüª ,C �µ¨¤ ¤¢ U Ǳüª .12.2.1 ÓþÂã�C ¥� X Ǳüª Âû ý�Â � Âð� ¢�ªüõ ùÀ�õ� ÷ üþ�úµ ÷� ,T ���Èõ ¤�Ï �� .Àª� � ý�Ìä ×� ,MorC(U;X).Àª�� ý�Ìä ×� ,MorC(X;T ) �ä�Þ¹õ.À�þ�ðüõ ��÷ üõ�Þä Ýû Ǳüª �¤ üþ�úµ÷� Ǳüª ø üõ�Þä Ǳüª �¤ üþ�Àµ�� Ǳüª.À�µÆû ¢Âê �� ÂÊ½�õ ,üµ¿þÂØþ À� ¤¢ (üõ�Þä Ýû)üõ�ÞÞäǱ��ª� [5℄.13.2.1 ��Ìì�¤ A ���õ¥ �ä�Þ¹õ jAj 2 Set ,A 2 C ý�Â� .Àª�� §�ÞÜõ �µ¨¤ ×þ C Ý��î ­Âê .14.2.1ÓþÂã�.Àû¢üõ Çþ�Þ÷ö�È÷ �¤ Set ¤¢ f ���õ¥ ´ª�Ú÷ jf j : jA1j ! jA2j ,f 2 MorC(A1; A2) ø C ¤¢ A2; A1 Ǳ��ª� ý�Â� ø.Àû¢üõùÀ�õ�÷ ¤�î ©�õ�Âê ö�Úã��� ,ùÀª ÓþÂã� ��� �¤�¬ �� �û´¿þ¤ ø Ǳ��ª� ýø¤ �î j � j : C �! Set ö�Úã���.¢�ªüõ:ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ C �µ¨¤ ¤¢ f : A! B ´¿þ¤ .15.2.1 ÓþÂã�Â û ø C � µ ¨¤ ¤¢ C Ǳü ª Â û ý�Â � ü � ã þ ,À ª� � ² � ¥� Â þÁ � éÁ � Â ð� ´ ¨� ü µ ¿ þÂ Ø � f (1):Ý�ª�� �µª�¢ k; h 2MorC(C;A)f Æ k = f Æ h ) k = hÂ û ø C � µ¨¤ ¤¢ D Ǳüª Âû ý�Â � ü � ã þ ,Àª� � ´¨�¤ ¥� Â þÁ � éÁ� f Â ð� ´¨� ü µ¿ þ¤øÂ � ×þ f (2):Ý�ª�� �µª�¢ k; h 2MorC(B;D)k Æ f = h Æ f ) k = h.Àª�� üµ¿þ¤øÂ� Ýû ø üµ¿þÂØ� Ýû Âð� ´¨� üµ¿þ¤ø¢ f10



.¢�ªüõ �µÔð ñ¢�ãµõ �µ¨¤ ´¨� üµ¿þÂØþ üµ¿þ¤ ø¢ Âû ö� ¤¢ �î ý��µ¨¤ .16.2.1 ÓþÂã�f : A �! B Ý��î ­Âê Âð� �Âþ¥ .´¨� üµ¿þ¤øÂ� ×þ ,�ª�� ´¿þ¤ Âû §�ÞÜõ �µ¨¤ ¤¢ .17.2.1 ñ�·õßþ�Â���� .a 2 A×þ ý�Â� b = f(a)Å� b 2 B Âð� .g Æ f = h Æ f �î À�ª�� ý¤�Ï g; h : B �! C ø �ª��.´¨� ´¨�¤ ÂþÁ� éÁ� f �Áó ø g = h �¹�µ÷ ¤¢ .g(b) = g[f(a)℄ = h[f(a)℄ = h(b),À � ª� � ö� Ú ã �� � ,G : D �! E ø ,F : C �! D ø � µ ¨¤ C;D;E Ý � � î ­Â ê .18.2.1 Ó þÂ ã �´¿þ¤ ø ,C ¤¢ A;A0 Ǳ� � ª� ý�Â � Ý � � îü õ Ó þÂ ã � Â þ¥ �¤�¬ � � �¤ F;G ý�ûö�Ú ã �� � ° � îÂ � ù� Ú ÷�,f 2MorC(A;A0)(GF ) (A) = G (F (A))(GF ) (f) = G (F (f)) :B ¥� Ǳüª ,B ü�ãþ) Àª�� Ǳüª�B ×þ B ø ö�Úã�� � ×þ G : A ! B Ý��î ­Âê .19.2.1 ÓþÂã�.(´¨�´¿þ¤�B ø A Ǳüª�A×þ Ûõ�ª �î ý¤�Ï �� ´¨� (f;A) ´Ô� ,B ��õ�¢ �� ùÀª �µ¡�¨�G ´¿þ¤ (1.´¨� f : B ! GA´¿þ¤ Âû ý�Â � ù� ð Âû ¢�ªüõ �µÔð üõ�Þä�G ´¿þ¤ ,B ��õ�¢ � � (f;A) ùÀª �µ¡�¨�G ´¿þ¤ (2�µª�¢ ¢��ø �f : A! A0 À�÷�õ ý¢Âê �� ÂÊ½�õ ´¿þ¤�A ,B ��õ�¢ �� (f 0; A0) À�÷�õ ýÂÚþ¢ ùÀª �µ¡�¨�G:´¨� üþ�¹��� Âþ¥ ¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� .f 0 = G � �f� of �î ý¤�Ï �� Àª��-fB GAG �f?GA0�����Rf 0
,Àª�� Ǳüª�B×þ B ø ö�Úã��� ×þ G : A! B Ý��î ­Âê .20.2.1 ÓþÂã�f : GA! B ´¿þ¤�B ø A Ǳüª�A Ûõ�ª (A; f) ´Ô� ,B ��õ�¢ Ýû �� ùÀª �µ¡�¨�Ýû�G´¿þ¤ (1.´¨�11



Âû ý�Â� ù�ð Âû ¢�ªüõ ùÀ�õ�÷ üõ�Þä�Ýû�G´¿þ¤ ,B ��õ�¢ Ýû �� (A; f) ùÀª �µ¡�¨�Ýû�G´¿þ¤ (2¢��ø �f : A0 ! A À�÷�õ ý¢Âê �� ÂÊ½�õ ´¿þ¤�A ,B ��õ�¢ Ýû �� (A0; f 0) ùÀª �µ¡�¨�Ýû�G´¿þ¤.f 0 = foG � �f� �î ý¤�Ï �� Àª�� �µª�¢´¿ þ¤ ×þ ,B üª�B Â û ý�Â � Â ð� ¢� ªüõ � µ Ô ð ü ì�½ ó� G : A ! B ö�Ú ã �� � .21.2.1 ÓþÂ ã �.Àª�� �µª�¢ ¢��ø B ��õ�¢ �� üõ�Þä�G.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� üì�½ó��Ýû ö�Úã��� ��úÔõ ö�ðø¢ ¤�Ï ��´¿þ¤ ×þ ,B Ǳüª-B Âû ý�Â� Âð� ¢�ªüõ �µÔð üì�½ó��Ýû G : A ! B ö�Úã��� .22.2.1 ÓþÂã�.Àª�� �µª�¢ ¢��ø B ��õ�¢ �� üõ�Þä�Ýû�Gßþ� ¤¢ Àª�� C;D ý�û�µ¨¤ �ÂÌÜ¬�� ,C �D ø À�ª�� �µ¨¤ C;D;E À��î ­Âê .23.2.1 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ ö�Úã���ø¢ ,F : C�D! E ö�Úã��� �¤�¬.¢�ªüõ ÓþÂã� ö�Úã��� À�� ���Èõ ¤�Ï ��üì�½ó� �Ýû G ý�Â� ,F ù�Ú ÷� ,À�ª� � ö�Úã �� � ø¢ F : B ! A ø G : A ! B Âð� .24.2.1 ÓþÂã �.¢�ªüõ ù¢�¢ Çþ�Þ÷ F a G ¢�Þ÷ �� ø ¢�ªüõ ùÀ�õ�÷ ,(´¨�¤ üì�½ó�) üì�½ó� F ý�Â� G ø ,(²� üì�½ó�)×þ ,G ö�Úã�� � Âð� ,ÅØäÂ� .¢¤�¢ F üì�½ó��Ýû ×þ ,G üì�½ó� ö�Úã�� � Âû (1 .25.2.1 ùÂÊ±�Âð� ÍÖê ø Âð� ´¨� üì�½ó� ö�Úã��� ×þ ßþ�Â���� .´¨� üì�½ó� ö�Úã��� ,G ù�Ú÷� ,Àª�� �µª�¢ üì�½ó��Ýû.´¨� üì�½ó��Ýû ö�Úã��� ×þ ,ö�Úã��� ×þ üì�½ó��Ýû ß��»Þû ,Àª�� �µª�¢ üì�½ó��Ýû ×þG ý�Â� ,F ö�Úã��� .Àª�� �µª�¢ üì�½ó� ×þ Âð� ÍÖê ø Âð� ´¨� üì�½ó��Ýû ö�Úã��� ×þ ö�ðø¢ ¤�Ï �� (2ý�ûö�Úã�� � ø üì�½ó� ý�ûö�Úã�� � ßþ�Â��� � .Àª�� üì�½ó� F ý�Â� G Âð� ÍÖê ø Âð� ´¨� üì�½ó��Ýûý�û´�ãì�õ �þ Íþ�Âª ¥� üþ�ûÇ¿� ,�û´Ô� ßþ� �î À�þ�üõ üþ�û´Ô� ¤¢ üã�±Ï ¤�Ï �� üì�½ó��Ýû.À�µÆû üì�½ó�.´¨�ª�� â��� ×þ üµ¿þ¤øÂ� Âû Set �µ¨¤ ¤¢ .26.2.1 ùÂÊ±��� g; h : B ! f0;1g ø Àª�� ´¨�¤ ÂþÁ� éÁ� ,f : A! B Âð� �Âþ¥h (x) = 8><>: x x 2 ImfÂð�1 �¤�¬ ßþ� Â�è ¤¢ ; g (x) = 8><>: x x 2 ImfÂð�0 �¤�¬ ßþ� Â�è ¤¢�� ���� �� �Áó ø gof = hof ßþ�Â���� .g [f (y)℄ = f (y) = h [f (y)℄ ,y 2 A Âû ý�Â� ù�Ú÷� ,À�ª�� ùÀª ù¢�¢12



ß��� ý�Â� .x 62 Imf �î ý¤�Ï �� ¢¤�¢ ¢��ø B �� ÕÜãµõ ý� x ù�Ú÷� ,Imf � B Âð� ñ�� .g = h­Âê.Imf = B �¹�µ÷ ¤¢ .´¨� Ëì��� ßþ� ø 0 = g (x) = h (x) = 1 Ýþ¤�¢ ý� xg ù� Ú ÷� ,Àª� � ü µ¿ þ¤øÂ � g : B ! C ø f : A ! B ´¿þ¤ ø¢ gof °�îÂ � Â ð� [7℄.27.2.1 � �Ìì.´¨� üµ¿þ¤øÂ�.´¨� üµ¿þÂØ� ,×þ �� ×þ ´¿þ¤ Âû §�ÞÜõ �µ¨¤ ¤¢ .28.2.1 ñ�·õx 2 C Âû ý�Â� Å� . fog = foh �î À�ª�� ý��÷�ð �� g; h : C ! A ø ×þ �� ×þ f Ý��î ­Âê :ö�ûÂ�f (g (x)) = f [h (x)℄2.g (x) = h (x) ,x 2 C Âû ý�Â� ,f ö¢�� ×þ �� ×þ �� ���� ��f ù� Ú ÷� ,Àª� � ü µ¿ þÂØ � ,g : B ! C ø f : A ! B ´¿þ¤ ø¢ gof °�îÂ � Â ð� [7℄.29.2.1 � �Ìì.´¨� üµ¿þÂØ�¢��ø g À�÷�õ üµ¿þ¤ ù�ð Âû ¢�ªüõ ùÀ�õ�÷ üµ¿þÂØþ �µ¨¤ ×þ ¤¢ f : A! B ´¿þ¤ .30.2.1 ÓþÂã�.¢�ª üõ ùÀ�õ�÷ f §�Øãõ g ´¿þ¤ .fog = idB ø gof = idA �î ý¤�Ï �� Àª�� �µª�¢ø gof = idA � î À � ª� � ü þ� û´¿ þ¤ h : B ! A ø g : B ! A ,f : A ! B Â ð� .31.2.1 ù¤�� ð.g = h ù�Ú÷� ,foh = idB.Àª� � C ¤¢ Ǳ� �ª� ¥� ý�ù¢�� ÷�¡ (Xi)i2I ø �ä�Þ¹õ×þ I ,� µ¨¤ ×þ C Ý��î ­Âê .32.2.1 ÓþÂã �:Âð� ¢�ªüõ ùÀ�õ�÷ (Xi)i2I ù¢��÷�¡ �ÂÌÜ¬�� (P; (pi)i2I) üþ��ø¢.pi 2MorC(P;Xi) ,i 2 I Âû ý�Â� ø ù¢�� C ¤¢ Ǳüª ×þ P (1)ý�Â� ø C ¤¢ Q Ǳüª Âû ý�Â� �î ü�ãõ ßþ� �� ,À�îüõ ëÀ¬ �û´ª�Ú÷ ü÷�ú� üðÄþø ¤¢ (P; (pi)i2I) (2)Âû ý�Â� �î ý¤�Ï �� ,Àª�� �µª�¢ ¢��ø q 2MorC(Q;P ) ×þ ÍÖê ,(qi 2MorC(Q;Xi))i2I ù¢��÷�¡ Âû:Àª�� ÂþÁ� Ëþ�ã� Âþ¥ ¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� .piq = qi ,i 2 I
13



P Xi6Q
-qiq ������pi

.Ý�û¢üõ ö�È÷ Qi2IXi �� �¤ (Xi)i2I ù¢��÷�¡ �ÂÌÜ¬��ö� Ǳ� �ª� ¥� üû� � µ õ �ä�Þ¹õ Â þ¥ Âû Â ð� ´¨� üû� � µ õ �ÂÌÜ¬�� ý�¤�¢ C � µ¨¤ .33.2.1 ÓþÂã �.Àª�� �µª�¢ �ÂÌÜ¬��.Àª� � �ä�Þ¹õ×þ I ø C ¤¢ Ǳ� �ª� ¥� ý�ù¢�� ÷�¡ (Xi)i2I ,� µ¨¤ ×þ C Ý��î ­Âê .34.2.1 ÓþÂã �:Âð� ¢�ª üõ ùÀ�õ�÷ C ¤¢ (Xi)i2I ù¢��÷�¡ �ÂÌÜ¬�� Ýû ((ui)i2I ; C) üþ��ø¢.ui 2MorC(Xi; C) ,i 2 I Âû ý�Â� ø ù¢�� C ¤¢ Ǳüª ×þ C (1)ý�Â� ø C ¤¢ K Ǳüª Âû ý�Â� �î ü�ãõ ßþ� �� ,À�î ëÀ¬ �û´ª�Ú÷ ü÷�ú� üðÄþø ¤¢ ((ui)i2I ; C) (2)�� ,Àª�� �µª�¢ ¢��ø MorC(C;K) �� ÕÜãµõ ¢Âê �� ÂÊ½�õ k ×þ ,(ki 2 MorC(Xi;K))i2I ù¢��÷�¡ Âû:Àª�� ÂþÁ� Ëþ�ã� ,i 2 I Âû ý�Â� Âþ¥ ¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� .kui = ki ,i 2 I Âû ý�Â� �î ý¤�ÏXi K?C
-kui ������

ki
.Ý�û¢üõ ö�È÷ ì2IXi �� �¤ (Xi)i2I ù¢��÷�¡ �ÂÌÜ¬�� ÝûÝû ö� Ǳ��ª� ¥� üû��µõ �ä�Þ¹õ Âþ¥ Âû Âð� ´¨� üû��µõ �ÂÌÜ¬�� Ýû ý�¤�¢ C �µ¨¤ .35.2.1 ÓþÂã�.Àª�� �µª�¢ �ÂÌÜ¬��,e : E ! X ´¿þ¤ .ÝþÂ �ðüõ ÂÑ÷ ¤¢ �¤ C �µ¨¤ ¤¢ ,f1; f2 : X ! Y ý�û´¿þ¤ .36.2.1 ÓþÂã�,ù�ð Âû ¢�ªüõ �µÔð C ¤¢ ,f1; f2 ùÀ��îÂ��Â�14



.f1e = f2e (1)�µª�¢ ¢��ø �h : H ! E ¢Âê �� ÂÊ½�õ ´¿þ¤ ×þ ,f1h = f2h �� h : H ! X ö�� üµ¿þ¤ Âû ý�Â� (2):Àª�� ÂþÁ� Ëþ�ã� Âþ¥ ¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� ,h = e�h �î ý¤�Ï �� ,Àª��H X Y?E
- --e f2f1�h ������h

Â��Â� ×þ f; g : A ! B ý�û´¿þ¤ ¥� ´Ô� Âû Âð� ´¨� ùÀ��î Â��Â� ý�¤�¢ C �µ¨¤ .37.2.1 ÓþÂã�.Àª�� �µª�¢ ùÀ��îÝû ,e : Y ! E ´¿þ¤ .ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ C �µ¨¤ ¤¢ ,f1; f2 : X ! Y ý�û´¿þ¤ .38.2.1 ÓþÂã�,ù�ð Âû ¢�ªüõ �µÔð C ¤¢ ,f1; f2 ùÀ��î Â��Â�.ef1 = ef2 (1),Àª�� �µª�¢ ¢��ø �h : E ! H ¢Âê �� ÂÊ½�õ ´¿þ¤ ×þ ,hf1 = hf2 �� h : Y ! H ´¿þ¤ Âû ý�Â� (2):Àª�� ÂþÁ� Ëþ�ã� Âþ¥ ¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� ,h = �he �î ý¤�Ï ��
HX Y 6E

--- ef2f1 �h�����R
h

Ýû ×þ f; g : A ! B ý�û´¿þ¤ ¥� ´Ô� Âû Âð� ´¨� ùÀ��î Â��Â� Ýû ý�¤�¢ C �µ¨¤ .39.2.1 ÓþÂã�.Àª�� �µª�¢ ùÀ��î Â��Â�.À�ª��üõ üµ¿þ¤øÂ� ,�ûùÀ��î Â��Â� Ýû ø üµ¿þÂØ� ,�ûùÀ��î Â��Â� .40.2.1 ��Ìì2.¢�ª �ã��Âõ (2.9 ø 2.8 ��Ìì ,[7℄) �� :ö�ûÂ�:À�ª�� ùÀª ù¢�¢ Âþ¥ �¤�¬ �� C �µ¨¤ ¤¢ ,f2 ø f1 ý�û´¿þ¤ Ý��î ­Âê .41.2.1 ÓþÂã�15



X1X2 f1f2 ?- Y:ù�ð Âû ¢�ªüõ ùÀ�õ�÷ (f1; f2) ´Ô� Â�°Öä C �µ¨¤ ¤¢ i = 1;2 ý�Â� pi : P ! Xi �� (P; (p1; p2))´Ô�.f1p1 = f2p2 (1)ÂÊ½�õ ´¿þ¤ ,f1p01 = f2p02 ø p0i : P 0 ! Xi ,i = 1;2 ,�î ý¤�Ï �� (P 0; (p01; p02)) ´Ô� Âû ý�Â� (2)¤�¢�Þ÷ ÂÚþ¢ �¤�±ä �� .pip = p0i ,i = 1;2 ý�Â� �î ý¤�Ï �� ,Àª�� �µª�¢ ¢��ø p : P 0 ! P ö�� ý¢Âê ��:Àª�� üþ�¹��� Âþ¥-
- f1f2p2p02 p1p01pP 0 P X1���RBBBBBBBBBN

PPPPPPPPPq���R ? ?X2 Yf : X ! Y ´¿þ¤ ý�Â� (f; f)´Ô� ¥� (K; (p1; p2)) Â�°Öä .Àª��üõ (p01; p02)´Ô� Â�°Öä ,p Ý�þ�ðüõ.Ý�õ�÷ üõ f �µÆû ´Ô� �¤:À�ª�� ùÀª ù¢�¢ C �µ¨¤ ¤¢ ,f2 : X ! Y2 ø f1 : X ! Y1 ý�û´¿þ¤ Ý��î ­Âê .42.2.1 ÓþÂã�Y1Xf1 f26 - Y2Âû ¢�ªüõ ùÀ�õ�÷ (f1; f2) ´Ô� Â��Ü� �¤ C �µ¨¤ ¤¢ ,i = 1;2 ý�Â� qi : Yi ! Q �� ((q1; q2); Q) ´Ô�:ù�ð.q1f1 = q2f2 (1)16


