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1 ÛÊê
��õÀÖõ

ý¢Â�¤�î ø Ýúõ ý ��Ìì À�� ö� Â� ùø�ä ø Ýþ¥�¢Â� üõ ü��õÀÖõ ��úÔõ À�� ö��� �� ÛÊê ßþ�¤¢�� ù�ÂÞû ÂþÁ� ´îÂª �¤ �û �ÖÜ� ý �Þû ¶½� ßþ�¤¢ .Ý��î üõ ��±�� ø ö��� �¤ Ý�û�Ôõ ßþ� ý ù¤��¤¢��) ÛÊê ßþ� ý�û ù¤��ð ø �þ�Ìì ,Óþ¤�ã� ý �Þû �î ´¨� Âî£ �� �¥� .Ý��î üõÂê ü÷�Øþ ÂÊ�ä.À�µÆû ℄14[ ©¥¤� �� â�Âõ ¥� ùÀª �µêÂðÂ� (â�Âõ Âî£ �� Óþ¤�ã� ø �þ�Ìì ¥� Â�è
ö�Úã���ø �µ¨¤ 1.1

� � � ;D;C;B;A �� ��Þãõ �î ü���ª� ¥� ÛØÈµõ ´¨� ý� ù¢��÷�¡ ,C Û·õ 1ý� �µ¨¤ 1.1 ÓþÂã��î üðÄþø ßþ� �� ,Ý�û¢ üõ Çþ�Þ÷üõ ù¢�¢ ö�È÷ HomC(A;B) �� �î ¢�ª üõ ÂÒ��µõ ý� �ä�Þ¹õ ,B;A Û·õ üª ø¢ Âû ý�¥� �� .1,(A;B) 6= (C;D) �î D;C;B;A Û·õ üª ¤�ú� Âû ý�¥� � � � î ´¨� ´�¬�¡ ßþ� ý�¤�¢ ø ¢�ªategory12



3 ��õÀÖõ .1 ÛÊê,HomC(A;B) \HomC(C;D) = �â��� ,C;B;A Û·õ üª �¨ Âû ý�¥� �� .2HomC(B;C)�HomC(A;B) �! HomC(A;C)(g; f) �! gf �î ´¨� ¢���õø g 2 HomC(B;C) ,f 2 HomC(A;B) Â ð� ,D;C;B;A Û · õ ü ª ¤� ú � Â û ý�¥� � � (i,h(gf) = (hg)f ù�Ú÷� ,h 2 HomC(C;D)¥� �Ìä Âû ý�¥� �� �î ´¨� ¢���õ 1A Û·õ HomC(A;A) ¥� ý�Ìä ,A Û·õ üª Âû ý�¥� �� (ii.1Ag = g ø f1A = f ,g Û·õ HomC(C;A) �Ìä Âû ø f Û·õ HomC(A;B)ßþ� ü�ãþ Ýû f : A �! B ¢�Þ÷ .À�õ�÷ üõ B �� A ¥� 2¤�µ¿þ¤ ×þ �¤ HomC(A;B) ¥� �Ìä Âû.´¨� B �� A ¥� ¤�µ¿þ¤ f �î
Â ð� Ý � õ� ÷ üõ ý¥¤� Ýû �¤ f : A �! B Û·õ ¤� µ¿ þ¤ ×þ ,C Û·õ ý� � µ¨¤ ¤¢ 2.1 ÓþÂã�.gf = 1A ø fg = 1B �î Àª�� ¢���õ C ¥� g : B �! A Û·õ ý¤�µ¿þ¤
ø¢ ¥� ÛØÈµõ ü�ø¥ ,D �� C ¥� ¢¤�Þû 3ö�Úã��� .À�ª�� �µ¨¤ ø¢ D ø CÀ��î Âê 3.1 ÓþÂã�â��� ýÂÚþ¢ ø ,Àû¢ üõ ´±Æ÷ �¤ D ¥� F (A) üª ,A Û·õ C ¥� üª Âû �� �î üª â��� üØþ :´¨� â���Û·õ D ¥� ý¤�µ¿þ¤ , f : A �! B Û·õ C ¥� ¤�µ¿þ¤ Âû �� ø Ý�û¢ üõ ö�È÷ F �� Ýû �¤ ö� �î ,¤�µ¿þ¤morphism2funtor3



4 ��õÀÖõ .1 ÛÊê�î üðÄþø ßþ� �� ,Àû¢ üõ ´±Æ÷ F (f) : F (A) �! F (B),F (1A) : 1F (A) ,A Û·õ C ¥� üª Âû ý�¥��� .1.F (gf) = F (g)F (f) ,g : B �! C ø f : A �! B Û·õ C ¥� ¤�µ¿þ¤ ø¢ Âû ý�¥� �� .2
ø¢ ¥� ÛØÈµõ ü�ø¥ ,D �� C ¥� ¢¤ø¢�� ö�Úã��� .À�ª�� �µ¨¤ ø¢ D ø CÀ��î Âê 4.1 ÓþÂã�â��� ýÂÚþ¢ ø ,Àû¢ üõ ´±Æ÷ �¤ D ¥� F (A) üª ,A Û·õ C ¥� üª Âû �� �î üª â��� üØþ :´¨� â���Û·õ D ¥� ý¤�µ¿þ¤ , f : A �! B Û·õ C ¥� ¤�µ¿þ¤ Âû �� ø Ý�û¢ üõ ö�È÷ F �� Ýû �¤ ö� �î ,¤�µ¿þ¤�î üðÄþø ßþ� �� ,Àû¢ üõ ´±Æ÷ F (f) : F (B) �! F (A),F (1A) = 1F (A) ,A Û·õ C ¥� üª Âû ý�¥��� .1.F (gf) = F (f)F (g) ,g : B �! C ø f : A �! B Û·õ C ¥� ¤�µ¿þ¤ ø¢ Âû ý�¥� �� .2
,H;G Û · õ ùøÂ ð ø¢ Â û ý�¥� � � .À ª� � � û ùøÂ ð �� Þ � ý ù¢�� ÷� ¡ C À � � î Â ê 1.1 ñ�·õ4üµ¿þÂÞû ��Þ� ý �ä�Þ¹õ ü�ãþ ,�û ùøÂð ý �þÂÑ÷ ¤¢ ñø�Àµõ Hom(H;G) ö�Þû �¤ HomC(H;G)�¤�¬ �� ��÷ �¤ : â��� ø ÀþÂ�Ú� ,G �� H ¥� üûøÂð ý�û: : HomC(H;K)�HomC(G;H) �! HomC(G;K)(g; f) �! g:f�¤�¬ ßþ� ¤¢ .´¨� g ø f üûøÂð üµ¿þÂÞû ø¢ ñø�Àµõ °�îÂ� g:f ,ö� ¤¢ �î Ý��î üõ ÓþÂã�¢� Þ ÷ ø ¢� ª üõ ��Æ½õ ¤� µ¿ þ¤ ,H � � G üûøÂ ð ü µ¿ þÂ Þ û Â û ,� µ ¨¤ ß þ� ¤¢ .´¨� � µ ¨¤ CG rp � � �¤ ö� ø Ý�õ� ÷ üõ �û ùøÂð ý �µ¨¤ �¤ �µ¨¤ ßþ� .f 2 HomC(G;H) ü�ãþ ,f : G �! HHomomorphism4



5 ��õÀÖõ .1 ÛÊêý�û ùøÂð ý �µ¨¤ �� ,Ý�û¢ ¤�Âì �¤ üÜ�� ý�û ùøÂð ,�¹�þ� ¤¢ �û ùøÂð ý�� �� Âð� .Ý�û¢ üõ Çþ�Þ÷.Ý�¨¤ üõ A b ü�ãþ üÜ��

ø Hom 2.1�û ñøÀõ 1.2.1Å³¨ ø Ýþ¥�¢Â� üõ ñøÀõÂþ¥ ø �û ñøÀõ ý �µ¨¤ ,ñøÀõ À�÷�õ üÞ�û�Ôõ ÓþÂã� �� �Àµ�� Ç¿� ßþ� ¤¢.¢Âî Ý�û��¡ ö��� �¤ üµ¿þÂØþ ý ù¤��¤¢ ü¨�¨� ý ��Ìì �¨ÛÞä �� ù�ÂÞû ,�¤ M .Àª�� üú��÷ ý� �ä�Þ¹õM ø �ÖÜ� ×þ R �î À��î Âê 5.1 ÓþÂã�Âð� Ý�õ�÷ üõ ü÷�Øþ ²� ñøÀõ-R ,: : R�M �!M Âó�Ø¨� �Â® ø + :M �M �!M âÞ�,Àª�� üÜ�� üûøÂð (M;+) .1,r(x+ y) = rx+ ry , R ¥� r �Ìä Âû ø M ¥� x; y �Ìä ø¢ Âû ý�¥� �� .2,(r + s)x = rx+ sx ,R ¥� s; r �Ìä ø¢ Âû ø M ¥� x �Ìä Âû ý�¥� �� .3,(rs)x = r(sx) ,R ¥� s; r �Ìä ø¢ Âû ø M ¥� x �Ìä Âû ý�¥� �� .3.1x = x ,M ¥� x �Ìä Âû ý�¥� �� .4ý�û ñøÀõ ý �Þû Àã� �� ßþ� ¥� .¢Âî ÓþÂã� ��÷ �¤ ü÷�Øþ ´¨�¤ ñøÀõ-R ö��� üõ ��� ���Èõ.Ý��î üõ ¤��µ¡� ü÷�Øþ ñøÀõ ×þ �¤ �ó�¨¤ ßþ�¤¢ ¢���õñøÀõ üµ¿þÂÞû-R �¤ f : M �! N â�� � .À�ª� � ñøÀõ-R ø¢ M;N À��î Âê 6.1 ÓþÂã�ù�ð Âû Ý�õ�÷ üõ�û.f(x+ y) = f(x) + f(y) ,x; y 2M Âû ý�Â� .1.f(rx) = r(f(x)) ,r 2 R Âû ø x 2M Âû ý�Â� .2



6 ��õÀÖõ .1 ÛÊê×þ üµ¿þÂÞû-R Âð�ø Ý�þ�ð üõ 5üµ¿þ¤øÂ�-R×þ f �� ,Àª�� �ª�� f : M �! N üµ¿þÂÞû-RÂð�×þ ö� �� ,Àª�� ×þ �� ×þ Ýû ø �ª�� Ýû f Âð� .Ý�þ�ð üõ 6üµ¿þÂØ�-R×þ f �� ,Àª�� ×þ ��ÂÚþÀØþ �� ñøÀõ-R ö���ä �� N ø M Ý�þ�ð ,¢��ø �¤�¬ ¤¢ ø Ý�þ�ð üõ N ��M ¥� 7üµ¿þÂØþ-R.M �= N Ý�Æþ�÷ üõ ø À�µ¿þÂØþÝ�û��¡ ù¢�Ôµ¨� üµ¿þÂÞû ý �ÞÜî ¥� ,üµ¿þÂÞû-R ý �ÞÜî ý�� �� ,¤�î üµ��¤ ý�Â� Àã� �� ßþ� ¥�.¢Âî
ñøÀõ-R ø¢ Âû ý�¥� �� .Àª�� (´¨�¤)²� ý�û ñøÀõ-R ��Þ� ý ù¢��÷�¡ C À��î Âê 1.1 ù¤��ðü�ãþ ,�û ñøÀõ ý �þÂÑ÷ ¤¢ ñø�Àµõ HomR(M;N) ö�Þû �¤ HomC(M;N) ,M;N Û·õ (´¨�¤)²�¤�µ¿þ¤ ×þ üµ¿þÂÞû ßþ� .ÝþÂ�ð üõ ÂÑ÷ ¤¢ N �� M ¥� üóøÀõ ý�û üµ¿þÂÞû ��Þ� ý �ä�Þ¹õüµ¿þÂÞû ,f �î ´¨� ü�ãõ ßþ� �� ,f 2 HomC(G;H) ü�ãþ ,f : G �! H ¢�Þ÷ ø ¢�ª üõ ��Æ½õ(M R )RM �� �¤ ö� ø À�õ�÷ üõ (´¨�¤)²� ñøÀõ-R ý �µ¨¤ �¤ �µ¨¤ ßþ� .´¨� N �� M ¥� üóøÀõ.À�û¢ üõ Çþ�Þ÷
�¤ Àª�� ¢¤ø¢�� À÷��� üõ Ýû ø ¢¤�Þû À÷��� üõ Ýû �î T :R M �!R M ö�Úã��� ×þ 7.1 ÓþÂã��µª�¢ f; g : A �! B À�÷�õ R ¤¢ ý�û ´ª�Ú÷ ¥� �ø¥ Âû ý�Â� Âð� À�þ�ð üõ üãÞ� ö�Úã��� ×þÝ�ª��:T (f + g) = T (f) + T (g) R-epimorphism5R-monomorphism6R-isomorphism7



7 ��õÀÖõ .1 ÛÊê
�� �¤ ö� ø Ý��î üõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ �ÖÜ� �îÂõ ù�Ú÷� ,Àª�� �ÖÜ�×þ R Âð� 8.1 ÓþÂã�.Ý�û¢ üõ ö�È÷ Z(R)Z(R) = fa 2 R : ar = ra ; r 2 R Âû ý�Â�g.Z(R) = R Âð��ú��ø Âð� ´¨� üþ�¹��� R ý �ÖÜ�

.À�ª�� ²� ñøÀõ-R �¨ ,B0; B;A ø ,Àª�� �ÖÜ� ×þ R �î Ý��î üõ Âê 2.1 ù¤��ð.´¨� M �! A b ¥� üãÞ� ö�Úã��� ×þ HomR(A;�) (iZ(R) ö� ¤¢ �î ,´¨� ñøÀõ-Z(R)×þ HomR(A;B) ù�Ú÷� ,ÝþÂ�Ú� ²� ñøÀõ-R×þ �¤ A Âð� (iiüµ¿þÂÞû ù�Ú÷� ,ÝþÂ�Ú� ñøÀõ-R ø¢ ß�� üµ¿þÂÞû ×þ �¤ q : B �! B0 Âð� .´¨� �ÖÜ� �îÂõHomR(A;�) ø ,´¨� ñøÀõ-Z(R) ø¢ ß�� üµ¿þÂÞû ×þ q� : HomR(A;B) �! HomR(A;B0)×þ HomR(A;�) ù�Ú÷� ,Àª�� üþ�¹��� R Âð� «�Ê¡ �� .À�î üõ ¤��µ¡� Z(R)M ¤¢ �¤ ©Âþ¢�Öõ.´¨� RM �� RM ¥� ¢¤�Þû ö�Úã���.´¨� ¤�ÂìÂ� ��÷ HomR(�; A) ¢¤ø¢�� ö�Úã��� ý�Â� ,ù¤��ð ßþ� ���ÈõÝ�þ�ð üõ .Àª�� M ¥� üú��÷ ý �ä�Þ¹õ Âþ¥ ×þ N ø ñøÀõ-R×þ M À��î Âê 9.1 ÓþÂã�,R ¥� r �Ìä Âû ø N ¥� x; y �Ìä ø¢ Âû ý�¥� �� ù�ð Âû ,N �M Ý�Æþ�÷ üõ ø ´¨� M ñøÀõ Âþ¥ N.rx 2 N ø x+ y 2 N



8 ��õÀÖõ .1 ÛÊêI Âð� .Àª�� M ý�û ñøÀõ Âþ¥ ¥� ý� ù¢��÷�¡ fMigi2I ø ñøÀõ-R×þ M À��î Âê 2.1 ñ�·õ�¤�¬ �� �¤ Pi2IMi �ä�Þ¹õ ,Àª�� üú��÷Xi2I Mi = f nXk=1xk : n � 1; k 2 I; xk 2MkgÝ�û¢ üõ ¤�Âì ,Àª�� üú� I Âð� ø Ý�û¢ üõ Çþ�Þ÷Xi2I Mi = 0:.´¨� M ¥� ñøÀõ Âþ¥ ×þ Pi2IMi �î ¢Âî ´��� ö��� üõ üµ��¤ �� ��� ÓþÂã� �� ���� ��
M ý�û ñøÀõ Âþ¥ ¥� üú��÷ ý� ù¢��÷�¡ fMigi2I ø ñøÀõ-R×þ M À��î Âê 10.1 ÓþÂã�ø ik Û·õ I ¥� �Ìä Âû ,i Âû ý�¥� �� ü�ãþ Àª�� ÛÖµÆõ ý� ù¢��÷�¡ fMigi2I Âð� �¤�¬ ßþ� ¤¢ .Àª��xik = 0;1 � k � n ø k Âû ý�¥� �� �î ¢�È� �¹�µ÷Pnk=1 xik = 0 ¥� ,xik Û·õMik ¥� �Ìä Âû.À�û¢ üõ ö�È÷ �i2IMi ¢�Þ÷ �� �¤ ö� ø À�õ�÷ üõ 8Ý�ÖµÆõ âÞ� �¤ Pi2IMi ý �ä�Þ¹õ ù�Ú÷� ,.À�û¢ üõ Çþ�Þ÷ �ni2IMi�� �¤ Ý�ÖµÆõ âÞ� ßþ� ,I = f1; :::; ng �î üµó��¤¢
ù�ðÂû Ý�õ�÷ üõ M ¥� 9Ý�ÖµÆõ À÷�ãÞ� ×þ �¤ M ñøÀõ-R ¥� N ñøÀõ Âþ¥ ×þ 11.1 ÓþÂã�.M = S � T �Øþ¤�Ï �� Àª�� �µª�¢ ¢��ø M ¥� T ñøÀõ Âþ¥
²� ý�úóøÀõ-R ¥� üú��÷ ý ù¢��÷�¡ ×þ (Ai)i2I ø �ÖÜ� ×þ R À��î Âê 12.1 ÓþÂã�ü�ãþ ù¢��÷�¡ ßþ� ü�¤�î¢ �ÂÌÜ¬�� ¥� ´Æ�¤�±ä Qi2I Ai 10Ý�ÖµÆõ �Â® .À�ª��diret sum8diret summand9diret produt10



9 ��õÀÖõ .1 ÛÊêQi2IMi = f(xi) : xi 2Mi; i 2 IÂû ý�Â�g�¤�¬ �� ��÷ �¤ Âó�Ø¨� �Â® ø âÞ�(xi) + (yi) = (xi + yi);r(xi) = (rxi);�� Â ó�Ø¨� ¤¢ �Â® ø âÞ� ßþ� ù�ÂÞû �� Qi2I Ai �î ¢�ª üõ ùÀþ¢ üð¢�¨ �� .Ý��î üõ ÓþÂã�.Qi2I Ai = 0 Ý�û¢ üõ ¤�Âì ,Àª�� üú� ùÀª ù¢�¢ ý ù¢��÷�¡ Âð� .¢�ª üõ ÛþÀ±� ñøÀõ-R
ùøÂð ×þ ,üµÞÆì �¤�¡ ñøÀõ ù�Ú÷� ,Àª�� M ²� ñøÀõ ñøÀõÂþ¥ ×þ NÂð� 13.1 ÓþÂã�:´¨� ùÀª ÓþÂã� Âþ¥ Âó�Ø¨� �Â® Í¨�� �î ´¨� M=N üµÞÆì �¤�¡:r(m+N) = rm+N.Ý�þ�ð üõ 11üã�±Ï ´ª�Ú÷ ,m �! m+N ý �Î��® �� M �!M=N ´ª�Ú÷ ��
ý �ä�Þ¹õ×þ Í¨��M ù�ð Âû À�þ�ð üõ Àó�õ üû��µõ �¤ M ²� ñøÀõ-R×þ 14.1 ÓþÂã��î Àª�� �µª�¢ ¢��ø X = fx1; :::; xngÀ�÷�õ üû��µõ �ä�Þ¹õÂþ¥ ×þ ,ü�ãþ .¢�ª À�ó�� üû��µõ.M = hXi
ù�Ú÷� .Àª�� üµ¿þÂÞû-R×þ f : M �! N ø ñøÀõ-R ø¢ M;N À��î Âê 15.1 ÓþÂã�Ý��î üõ ÓþÂã�natural map11



10 ��õÀÖõ .1 ÛÊêker f = fm 2M : f(m) = 0g (1)im f = fn 2 N : f(m) = n �î Àª�� �µª�¢ ¢��ø m 2Mg (2).oker(f) = N= im f (3)
ß þ�¤¢ .ü µ¿ þÂ Þ û ×þ f : M �! N ø À � ª� � ñøÀ õ-R ø¢ M;N À � � î Â ê 1.1 ��Ìì,�¤�¬.´¨� Àó�õ üû��µõ ��÷ im f ,Àª�� Àó�õ üû��µõ M Âð� .1.´¨� Àó�õ üû��µõ ��÷ M ,À�ª�� Àó�õ üû��µõ ker f ø im f Âð� .2
f : M �! N ø À�ª�� ñøÀõ-R ø¢ M;N À��î Âê (üµ¿þÂØþ ñø� ý ��Ìì) 2.1 ��Ììù�Ú÷� Àª�� üµ¿þ¤øÂ� ×þ f Âð� ,É¡��� .M= ker f �= imf ,�¤�¬ ßþ� ¤¢ .üµ¿þÂÞû-R×þ.M= ker f �= N
¥� ñøÀõ Âþ¥ ø¢ N;K ø Àª�� ñøÀõ-R ,M À��î Âê (üµ¿þÂØþ �ø¢ ý ��Ìì) 3.1 ��Ìì.N=(N \K) �= (N +K)=K ,�¤�¬ ßþ�¤¢ .M
M ¥� ñøÀõÂþ¥ ø¢ N;K ø Àª�� ñøÀõ-R ,M À��î Âê (üµ¿þÂØþ ��¨ ý ��Ìì) 4.1 ��Ìì.M=NK=N �=M=K ø ´¨� M=N ¥� üóøÀõ Âþ¥ K=N ,�¤�¬ ßþ� ¤¢ .N � K �î üðÄþø ßþ� ��



11 ��õÀÖõ .1 ÛÊêý¤�Æ÷�� �Â® 2.2.1�� Ç¿� ßþ� ¤¢ .´¨� �õ�÷ ö�þ�� ßþ� ¤¢ ùÀª ù¢�Ôµ¨� ü¨�¨� Ý�û�Ôõ ßþÂµÞúõ ¥� ý¤�Æ÷�� �Â®.Ýþ¥�¢Â� üõ ü¨�¨� ��úÔõ ßþ� üêÂãõý�û âÞ� Û¬�� ��Þ � �ä�Þ¹õ �¤ Z(M�N) .À �ª� � üú �� ÷ �ä�Þ¹õ ø¢ M;N À� � î Âê;(xi; yi) 2 M � N ø ni 2 Z ,t � 1 ö� ¤¢ � î Ý þÂ � ð ü õ ÂÑ ÷ ¤¢ Pti=1 ni(xi; yi) Û · õ ý¤�¬¥� ù��¿ ó¢ �Ìä ø¢ Âû .Z(M�N) = fPti=1 ni(xi; yi) : t � 1; ni 2 Z; (xi; yi) 2 M � Ng ü�ã þø¢ ýø�Æ � .Ý þÂ �Ú � ÂÑ ÷ ¤¢ Pti=1 n0i(xi; yi) ø Pti=1 ni(xi; yi) �¤�¬ � � Ý � ÷�� � üõ �¤ Z(M�N)ø¢ ü � ã þ ,Ý � � î ü õ Ó þÂ ã � � ú ÷� Â Ò� � µ õ ° þ�Â® ýø� Æ � ,ü ã � ± Ï ¤� Ï � � �¤ Z(M�N) ¥� �ÌäÝ�Æþ�÷ üõ ø Ý�õ�÷ üõ ýø�Æõ �¤ Pti=1 n0i(xi; yi) ø Pti=1 ni(xi; yi) Û·õ Z(M�N) ¥� ù��¿ó¢ �Ìäüõ ö��î� .ni = n0i ,1 � i � t �î i Âû ý�Â� Âð� ÍÖê ø Âð� Pti=1 ni(xi; yi) = Pti=1 n0i(xi; yi).À�î ÛþÀ±� ( ñøÀõ-Z) ¢�¥� üÜ�� ùøÂð �� �¤ ö� �î Ý��î ÓþÂã� Z(M�N) ýø¤ üãÞ� ÛÞä Ý�û��¡�¤�¬ �� �¤ + : Z(M�N)� Z(M�N) ÛÞä ´¨� üê�î :¢�ª üõ ��¹÷� üã�±Ï �¤�¬ �� ��÷ ¤�î ßþ�tXi=1ni(xi; yi) + tXi=1n0i(xi; yi) = tXi=1(ni + n0i)(xi; yi)( ñøÀõ-Z)¢�¥� üÜ�� ùøÂð �� âÞ� ÛÞä ßþ� �� Z(M�N) �î ¢�ª üõ ùÀþ¢ üµ��¤ �� .Ý��î ÓþÂã�.¢�ª üõ ÛþÀ±�üÜ�� ùøÂð ��÷ �¤ F ø ²� ñøÀõ-R ,N ø Àª�� ´¨�¤ ñøÀõ-R ,M À��î Âê 16.1 ÓþÂã�ý�Ìä� Í¨�� �î Àª�� F ¥� üûøÂð Âþ¥ K ÝþÂ�ð .Àª�� Z(M�N)(x+ x0; y)� (x; y)� (x0; y);(x; y + y0)� (x; y)� (x; y0);



12 ��õÀÖõ .1 ÛÊê(xr; y)� (x; ry);ñøÀõ-Z)¢�¥� üÜ�� ùøÂð ,�¤�¬ ßþ� ¤¢ .r 2 R ø y; y0 2 N ,x; x0 2 M ö� ¤¢ �î ¢�ª üõ À�ó��.Ý�û¢ üõ ö�È÷ M 
R N �� �¤ ö� ø Ý�õ�÷ üõ Nø M ý¤�Æ÷�� �Â® Û¬�� �¤ F=K (ñøÀõ-Z)¢�¥� üÜ�� ùøÂð ¥� (x; y)+K �Ìä ,Àª�� ²� ñøÀõ-R ,N ø ´¨�¤ ñøÀõ-R ,M Âð�.Ý�û¢ üõ ö�È÷ x
 y �� �¤ M 
R N = F=K (
ý¤�Æ÷� � �Â® Û¬�� �¤�¬ ßþ� ¤¢ .Àª�� üþ�¹��� ý� �ÖÜ� R À��î Âê 5.1 ��Ìì:´¨� Âþ¥ ý�û ´�¬�¡ ý�¤�¢.¢¤�¢ üóøÀõ-R ¤�µ¡�¨M 
R N ù�Ú÷� ,Àª�� ´¨�¤ ñøÀõ-R×þ N ø ²� ñøÀõ-R×þ M Âð� (1)ù� Ú ÷� ,À ª� � ² � ñøÀ õ-R × þ N ø ´ ¨�¤ ý� û ñøÀ õ-R ¥� ý� ù¢�� ÷� ¡ fMigi2I Â ð� (2).(�i2IMi)
R N �= �i2I(Mi 
R N)ñøÀõ-R×þ N ø ²� ñøÀõ-S ×þ ø ´¨�¤ ñøÀõ-R×þ M ,Àª�� �ÖÜ� ×þ S À��î Âê (3).¢¤�¢ ²� üóøÀõ-S ¤�µ¡�¨M 
R N �¤�¬ ßþ� ¤¢ .²�ñøÀõ-S ×þ ø ²� ñøÀõ-R×þ N ø ´¨�¤ ñøÀõ-R×þ M ,Àª�� �ÖÜ� ×þ S Ý��î üõÂê (4).¢¤�¢ ´¨�¤ üóøÀõ-S ¤�µ¡�¨ M 
R N �¤�¬ ßþ� ¤¢ .Àª�� ´¨�¤ñøÀõ-S ×þ �¤ L ø ´¨�¤ ñøÀõ-S ×þ ø ²� ñøÀõ-R×þ N ,´¨�¤ ñøÀõ-R×þ M Âð� (5)ù�Ú÷� ,Ý��î Âê ´¨�¤HomS(M 
R N;L) Z�= HomR(M;HomS(N;L)):.N
RR �= N ø R
RM �=M ù�Ú÷� ,Àª�� ´¨�¤ ñøÀõ-R×þ N ø ²� ñøÀõ-R×þM Âð� (6)� .´¨� ùÀõ� ℄23[ ¤¢ �û ´ÞÆì ý ��Üî ��±�� : ö�ûÂ�



13 ��õÀÖõ .1 ÛÊêÝ�ÖµÆõ ý�û À� ø Ý�ÖµÆõ ý�û ù�Úµ¨¢ 3.1
×þ .ÝþÂ�ð üõ ÂÑ÷ ¤¢ �¤ C À�÷�õ �µ¨¤ ×þ ø I12°�Âõ ���� ý �ä�Þ¹õ ×þ 17.1 ÓþÂã�Ý�÷��� üõ �î ,ÝþÂ�ð üõ ÂÑ÷ ¤¢ ((Mi)i2I ; (�ij)i�j) À�÷�õ °�Âõ �ø¥ ×þ �¤ C ¤¢ 13 Ý�ÖµÆõ ù�Úµ¨¢Ǒ��ª� ¥� 14ý¤�Áð ÅþÀ÷� ý ù¢��÷�¡ ×þ ((Mi)i2I) ��� ÓþÂã� ¤¢ .fMi; �ijg Ý�Æþ��� �¬�¡ ¤�Ï ���î ý¤�Ï �� À�µÆû �û ¤�µ¿þ¤ ¥� ý¤�Áð ÅþÀ÷� ù¢��÷�¡ ×þ ��÷ (�ij : Mj �! Mi)i�j .À�µÆû C ¤¢�jk�ij = �ik ýø�Æ� ,i � j � k Âû ý�¥� �� Âþ¥ ÛØª �� üõ�Âð�þ¢ Âû ¤¢ ø �ii = 1Mi ,i Âû ý�Â� ö� ¤¢.¢�ª üõ ¤�ÂìÂ��ikMi ����� �! Mk�ij & % �jkMjù�Ú÷� ,2 � 3 ø 1 � 2 ö� ¤¢ �î Àª�� °�Âõ �f��� ý �ä�Þ¹õ ×þ I = f1;2;3gÂð� 3.1 ñ�·õ:´¨� Âþ¥ ÛØª �� ��Âð�þ¢ ×þ I ýø¤ Ý�ÖµÆõ ù�Úµ¨¢ ×þA f�! Bg #C°�Âõ ´Ô� .Àª�� �µ¨¤ ×þ C ø Àª�� °�Âõ �f��� ý �ä�Þ¹õ ×þ I À��î Âê 18.1 ÓþÂã�15Ý�ÖµÆõ À� ×þ .ÝþÂ�ð üõ ÂÑ÷ ¤¢ I ýø¤ Â� C ¤¢ Ý�ÖµÆõ ù�Úµ¨¢ ×þ ö���ä �� �¤ fMi; �ijg ý�ûpartial ordered set12direted system13indexed family14diret limit15


