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6
ý¤��Ú¨�³¨

ý¤�ØÞû �� �î Ýþ�Þ÷ üõÂµ½õ À���¨� ÝþÀÖ� �¤ ¢�¡ ü±Üì ��ÂØÈ� ßþÂ��÷�Þ�Þ¬ ´¨� �µÆþ�ª.À� µ¡�¨ Â �¤�� µ¨� ,��ù¢�Þ ÷ ¥�è� �î ýÂ�Æõ ¤¢ �¤ Ý þ�û��ð ö�È��ÂÑ÷ ø �± ��ªü� �Àä�Æõ ø¤¢ ö�ªÀ�õ¢�¨ ý�ûüþ�Þ�û�¤ ø ýÂ�¡ Âµî¢ ý�ì� ���� ,�À�Þ�¤� ý�Þ�û�¤ ¢�µ¨� ¥� «�Ê¿�.Ýþ�Þ÷üõ ÂØÈ� ¢��ø ��Þ� �� ,�õ�÷ö�þ�� ßþ� ßþøÀ� ø ��ú�,À ÷�ù¢�õÂ ê ñ� ± ì �¤ �õ� ÷ö� þ� � ß þ� ù¤ø�Èõ ø �ã ó�Îõ ´Þ�¥ �î ü»þ�� Â µî¢ ý�ì� ���� ¥�.Ý�îüõ ý¤��Ú¨�³¨�ÆÜ� ¤¢ ö�ª¤�Ì� ÂÏ�¡ �� ù��¡´½¬ Âµî¢ ý�ì� ���� ý¢Â�¤�î ü®�þ¤ ùøÂð ùÀ�þ�Þ÷ ¥�.Ýþ�Þ÷üõ ÂØÈ� ��ä�ê¢üû� ªøÂÆ¡ ù¢�¥¥� �Â ¨ Â¬� ÷
1388 ù�õ ¤£�
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4 �õÀÖõ�õÀÖõýÂ�ð¤�Ø� ��ÜµÆõ �ú÷� üðÄþø Â��ç� ø ¤�µ¡�¨ ùÀû�Èõ ø ´ã�±Ï ¤¢ �ûùÀþÀ� ´�û�õ ü¨¤Â�üØµõ �ûñÀõ ßþ� °Üè� .Àª��üõ ü®�þ¤ ý�ûñÀõ ¤¢ �ú÷� ýÀ�� °ó�ì ´ú� À�õøÂ�÷ ý¤����.À�ª��üõ üØþ��ê ù�Úµ¨¢ ×þ «�¡ ý�û¤�µê¤ ÂÚ÷��� �î À�µÆû ��¢�ãõ ¥� ý��ä�Þ¹õ Â��¤ ý�ùÄþø ý�ûÛ� ù�¤ ,��¢�ãõ ßþ� üð¢ÂµÆð �Áó .´¨� ¤���� ßþ� �b ÜÞ� ¥� Û�Æ÷�ÂÔþ¢ ��¢�ãõ.À±ÜÏüõ �ú÷� ý¢Àä ý�ú���� ßµê�þ ´ú�A(u) = g üÜî ÛØª �� Û�Æ÷�ÂÔþ¢ ��¢�ãõ Û� ý�Â� ÀþÀ� �µêÂÈ�� ©ø¤ �¨ ,�õ�÷ö�þ�� ßþ� ¤¢´½� �¨ ßþ� .Àª��üõ ��Üãõ â�� � ×þ g ø üõ�Þä ÂÚÜÞä ×þ A ö� ¤¢ �î ´¨� ùÀª ���¤�.À÷�ªüõ ü¨¤Â� ü����Þû ��ó�÷� ©ø¤ ø ü����Þû ñ�µ¡� ©ø¤ ,ö��õø¢� �þ�¹� ©ø¤ ,ßþø��ä.´¨� ùÀª �ÂÎõ ýÀã� ý�ûÛÊê ¤¢ ¥��÷ ¢¤�õ ü¨�¨� Ý�û�Ôõ ø Óþ¤�ã� ñø� ÛÊê ¤¢ÛÊê ¤¢ �¤ ,´¨� ùÀþ¢Âð ���¤� 1ö��õø¢� �¤�� Í¨�� 1981 ñ�¨ ¤¢ �î ö��õø¢� �þ�¹� ©ø¤ÂÚÜÞä �þ�¹� ø ýÂ¨ ÛØª �� ü���� ßµê�þ �þ�� Â� ©ø¤ ßþ� .Ýþ�ù¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �ø¢ý�úþ��ÜÞ�À�� ¥� ù¢�Ôµ¨� �� üµÈð¥�� ¤�Î� ö� ��Þ� �î ,´¨� üû��µõ�÷ ýÂ¨ ×þ �� üÎ¡Â�è.À÷�ªüõ �±¨�½õ ö��õø¢�,ùÀþ¢Âð üêÂãõ 2üû ö��û ü� Í¨�� ,Ýþ��µ¡�¢Â� ö� �� ��¨ ÛÊê ¤¢ �î ü����Þû ñ�µ¡� ©ø¤,´¨� ýÂ¨ ×þ �¤�¬ �� ���� �î ,´¨� ü����Þû ��ó�÷� ©ø¤ ø ñ�µ¡� ©ø¤ ø¢ ¥� ü±�îÂ� �î.À÷�ªüõ Û¬�� üµÈð¥�� ¤�Î� ö� ��Þ� �îü¨¤Â� ¢¤�õ ,ùÀþ¢Âð �ÂÎõ 3����ó Í¨�� 1988 ñ�¨ ¤¢ �î ü����Þû ��ó�÷� ©ø¤ �¤�ú� ÛÊê ¤¢�±�Âõ ÛØª Â��ç� ��¢�ãõ Û�ØÈ� ø ü����Þû ×þ ßµ¡�¨ �þ�� Â� ©ø¤ ßþ� .´¨� �µêÂð ¤�Âì¤�Î� ��÷ ö� ��Þ� �î ´¨� ýÂ¨ ×þ �¤�¬ �� ���� �î ,´¨� ùÀª ù¢�ú÷ ��� Â���� ø ÂÔ¬.À�þ�üõ ´¨¢ �� üµÈð¥��ý¢Àä ¸þ�µ÷ �î ´¨� �µêÂð �¤�¬ ©ø¤ �¨ üþ�ÂÚÞû ø ´ì¢ à�½ó ¥� ý��Æþ�Öõ Ý¹�� ÛÊê ¤¢.´¨� �µêÂð ¤�Âì Û�Ü½� ø �þ�¹� ¢¤�õ ¤�ú� �� ø¢ ý�úÜÊê ¤¢ ùÀª ���¤� ý�úó�·õ ý�Â� ©ø¤ �¨
George Adomian1Ji-Huan-He2Liao3



1 ÛÊê
��óø� Ý�û�Ôõ ø Óþ¤�ã�

Û�Æ÷�ÂÔþ¢ ��¢�ãõ 1.1�ó¢�ãõ ,Àª�� ÛÖµÆõ Â�çµõ À�� �þ ×þ �� ´±Æ÷ Ç��ÖµÈõ ø �µÆ��ø Â�çµõ ×þ Ûõ�ª �î ý��ó¢�ãõ�� �f ø��î ´¨� üã��� ßµê�þ ,Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ×þ ���� ¥� ¤�Ñ�õ .¢�ªüõ ùÀ�õ�÷ Û�Æ÷�ÂÔþ¢.À�î ëÀ¬ �ó¢�ãõ ¤¢ �f�÷�� ,ù¢�� ÂþÁ� ÕµÈõ �ó¢�ãõ �±�Âõüó�Þãõ Û�Æ÷�ÂÔþ¢ ��¢�ãõ 1.1.1,Àª�� ÛÖµÆõ Â�çµõ ×þ �� ´±Æ÷ Ç��ÖµÈõ ø �µÆ��ø Â�çµõ ×þ Ûõ�ª �î ý��ó¢�ãõ .1 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ üó�Þãõ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ�¤�¬ �� ��n �±�Âõ üó�Þãõ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ×þ üÜî ÛØª :�µØ÷F (x; y; y0; � � � ; y(n)) = 0; �þy(n) = F (x; y; dydx; � � � ; dn�1ydxn�1 ); .´¨�
.À�õ�÷üõ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ö� �±�Âõ �¤ �ó¢�ãõ ×þ ¤¢ ¢���õ ÕµÈõ ßþÂ���� �±�Âõ .2 ÓþÂã�5



6 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊêÛØª �� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ .3 ÓþÂã�a0y(n)(x) + a1y(n�1)(x) + � � �+ an�1y0(x) + any(x) = Q(x);.À�þ�ð n �±�Âõ üÎ¡ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ �¤
ü��� ��ÖµÈõ �� Û�Æ÷�ÂÔþ¢ ��¢�ãõ 2.1.1ü��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ �Â÷� Àª�� �µª�¢ ¢��ø ÛÖµÆõ Â�çµõ ×þ ¥� Ç�� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ¤¢ Âð��¤�¬ �� t ø x ÛÖµÆõ Â�çµõ ø¢ �� �ø¢ �±�Âõ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ×þ ñ�·õ ö���ä �� .À�õ�÷üõL(u) = F (x; t; u; ux; ut; uxx; uxt; utt) = 0;ø �ûÂ�çµõ ßþ� �� �µÆ��ø u ñ�ú¹õ â��� , t ø x ÛÖµÆõ ý�ûÂ�çµõ Ûõ�ª �î ,¢�ªüõ �µª�÷À � ÷� õ üã �� � ß� � ã � ,� õ éÀû .Àª� � üõ u â�� � ¥� utt ø uxt ø uxx ø ut ø ux ü��� ��Ö µÈõý�ú���� ,¢��ø �¤�¬ ¤¢ üã���� ß��� .À�î ëÀ¬ D ��õ�¢ ø �ó¢�ãõ ¤¢ �î ´¨� u = u(x; t).À÷�ªüõ ùÀ�õ�÷ �ó¢�ãõÝ�ª�� �µª�¢ Âð� ,¢�ªüõ ùÀ�õ�÷ üÎ¡ ,ü��� Û�Æ÷�ÂÔþ¢ ÂÚÜÞä ×þ .4 ÓþÂã�8u1; u2 L[1u1 + 2u2℄ = 1L(u1) + 2L(u2);Ý�û¢ Ý�Þã� ��÷ ÂÚÜÞä üû��µõ ¢�Àã� ý�Â� Ý�÷���üõ �¤ ´ó�� ßþ� .À�µÆû ´��� 2 ø 1 �îù�Ú÷� ,À�ª�� �úµ��� 1; 2; � � � ; k ø â���� u1; u2; � � � ; ukÂð�L( kXj=1 juj) = kXj=1 jL[uj℄:��m �±�Âõ �� �î À�µÆû [a; b℄ ýø¤ ùÀª ÓþÂã� â���� �ä�Þ¹õ Cm[a; b℄ ¥� ¤�Ñ�õ .5 ÓþÂã�.À�ª�� �µª�¢ �µ¨��� ÂþÁ� ÕµÈõ¢���õ t0 �ÎÖ÷ ñ�� ö� ÕµÈõ °��Âõ üõ�Þ� ù�ðÂû À�þ�ð üÜ�Ü½� t0 �ÎÖ÷ ¤¢ �¤ f â��� .6 ÓþÂã�.Àª�� t0 �ÎÖ÷ ¤¢ ¤�Ü�� ÍÆ� ý�¤�¢ ÂÚþ¢ �¤�±ä �� ,Àª��.Àª�� üÜ�Ü½� ù¥�� ßþ� öø¤¢ ¤¢ âì�ø �ÎÖ÷ Âû ¤¢ ù�ðÂû À�þ�ð üÜ�Ü½� [a; b℄ ù¥�� ¤¢ �¤ f â��� :�µØ÷�ÎÖ÷ ¤¢ ö� üó��µõ ��ÖµÈõ ø y ¤�ÀÖõ ,ùÀª ù¢�¢ Û�Æ÷�ÂÔþ¢ �ó¢�ãõ Â� ùø�ä Âð� .7 ÓþÂã�



7 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê.À�þ�ðüõ ��óø� ¤�ÀÖõ �ÜÿÆõ �¤ ö� ,À�ª�� ß�ãõ x = x0üû��µõ ��(n + 1) �±�Âõ ÕµÈõ x0 �ÎÖ÷ üÚþ�ÆÞû ¤¢ f â��� Âð� (¤�Ü�� ��Ìì) 1.1 ��Ìì�¤�¬ �� üÚþ�ÆÞû ßþ� �� ÕÜãµõ x �ÎÖ÷ Âû ¤¢ f ¤�ÀÖõ �¤�Ê�þ� ¤¢ ,Àª�� �µª�¢f(x) = f(x0)+ (x� x0)f 0(x0) + 12!(x� x0)2f 00(x0) + � � �+ 1n! (x� x0)nf (n)(x0)+Rn(x);ö� ¤¢ �î ,Àþ�üõ ´¨¢ ��Rn(x) = 1(n + 1)!(x� x0)n+1f (n+1)(�); øf (k)(x0) = dkfdxk jx=x0; .´¨� x ø x0 ß�� ý��ÎÖ÷ � ø.℄1[ �� À��î á��¤ .��±��2d : X �X ! R+ [ f0g �¤�¬ �� üã��� d ø üú��÷ �ä�Þ¹õ ×þ X À��î Âê .8 ÓþÂã�Ý�ª�� �µª�¢ 8x; y; z 2 X Ǒ�¥� �� ù�ðÂû À�þ�ð ×þÂµõ ý�Ìê ×þ �¤ (X; d) �ø¥ .Àª��,d(x; y) � 0 ø d(x; y) = 0() x = y (1,d(x; y) = d(y; x) (2.d(x; y) � d(x; z) + d(z; y) (3X ýø¤ �Â÷ ×þ �¤ k : k: X ! R â�� � ,Àª� � ý¤�¢Â � ý�Ìê ×þ X À��î Âê .9 ÓþÂã�Ý�ª�� �µª�¢ 8� 2 R ø 8x; y; z 2 X Ǒ�¥� �� ù�ðÂû ,À�þ�ð,k x k= 0() x = 0 ø k x k� 0 (1



8 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê,k �x k=j � jk x k (2.k x + y k�k x k + k y k (3ø À÷�ªüõ ù¢�¢ ö�È÷ l1 ø l1 ,l2 ý�û¢�Þ÷ �� °��Â� �� ×þ ø ´þ�ú÷ü� ,ü¨À�Üì� ý�úõÂ÷.À÷�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� x = (x1; : : : ; xn) ¤�¢Â� ý�Â�,k x k2= (Pni=1 xi)1=2 (1,k x k1=Max j xi j ø 1 � i � n (2.k x k1= Pni=1 j xi j (3�ÎÖ÷ �¤ x 2 A ,Àª�� A 2 X ø üú� Â�è ×þÂµõ ý�Ìê ×þ (X; d) À��îÂê .10 ÓþÂã�ù�ðÂû À�þ�ð A ü÷ø¤¢9 r > 0 ; Nr(x) � A:×þ �¤ A ,Àª� � A 2 X ø üú � Â �è ×þÂ µ õ ý�Ìê ×þ (X; d) À� � î Âê .11 ÓþÂã �.Àª�� ö� ü÷ø¤¢ �Ìä ×þ A �Ìä Âû ù�ðÂû À�þ�ð ¥�� �ä�Þ¹õfxng�� �¤ ö� .Àª�� üã�±Ï ¢�Àä� �ä�Þ¹õ ©���õ�¢ �î ´¨� üã��� ,�ó�±÷¢ ×þ .12 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ �ó�±÷¢ üõ�Þä �ÜÞ� �þ â��� �Î��® xn �î ,À�û¢üõ ö�È÷�¤�¬ �� üä�Þ¹õ ( ýÂ¨ ×þ �þ ) üû��µõ�÷ ýÂ¨ ×þ .13 ÓþÂã�1Xi=1 xn = x1 + x2 + � � � ;.´¨� ùÀª �µ¡�¨ fxng �ó�±÷¢ ��Þ� ö¢Âî âÞ� ¥� �î ´¨�×þ ,Àª��üõ ÛÖµÆõ ýÂ�çµõ z ø ¢�Àä� ¥� ý��ó�±÷¢ fang ö� ¤¢ �î , 1Xn=0 anzn ýÂ¨ .14 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ ü÷��� ýÂ¨¢��ø � 2 X ,ù�ðÂû ,À�þ�ð X ¤¢ �ÂÚÞû �¤ X ¤�¢�Â÷ ý�Ìê Â¬��ä ¥� fxng �ó�±÷¢ .15 ÓþÂã��î ý¤�Ï �� ,Àª�� �µª�¢limn!1 k xn � � k= 0;



9 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê�î ´¨� ö� ��ÜµÆõ ßþ� ø8� > 0 ; 9N (n � N =)k xn � � k< �):ù�ðÂû À�þ�ð üÈî �ó�±÷¢ �¤ X ¤�¢�Â÷ ý�Ìê Â¬��ä ¥� fxng �ó�±÷¢ .16 ÓþÂã�8 � > 0; 9N ; 8k (n � N =)k xn+k � xn k< �):.Àª�� �ÂÚÞû ,ö� ¤¢ üÈî �ó�±÷¢ Âû �î ´¨� üþ�Ìê ,��� �þ Ûõ�î ý�Ìê .17 ÓþÂã��¨ ¥� � Âð� Ý�þ�ð X ¤¢ ý��ó���� ×þ �¤ X �ä�Þ¹õ ý�û�ä�Þ¹õ Âþ¥ ¥� � �þ�¢Âð .18 ÓþÂã�Àª�� À�õùÂú� Âþ¥ ´�¬�¡,X 2 � ø ; 2 � (1,V1 \ V2 \ � � � \ Vn 2 � ù�Ú÷� ,(i = 1; : : : ; n) Vi 2 � ý�¥� �� ù�ðÂû (2(ÂþÁ��÷ ©¤�Þª �þ ,ÂþÁ³ª¤�Þª ,üû��µõ) � ý�Ìä� ¥� üû��¿ó¢ �þ�¢Âð fV�g ù�ðÂû (3ù�Ú÷� ,Àª��[�V� 2 �:Y �� X ¥� g ø f ´ª�Ú÷ ø¢ ,À�ª� � ×þ��ó� �� � ý�û�Ìê Y ø X Ý��î Âê .19 ÓþÂã�ý¤�Ï �� ,Àª�� �µª�¢ ¢��ø Y �� X � [0; 1℄ ¥� F ´ª�Ú÷ ×þ Âð� ,À÷�ªüõ ùÀ�õ�÷ ×�����ÞûÝ�ª�� �µª�¢ x Âû Ǒ�¥� �� �îF (x; 0) = f(x) ; F (x; 1) = g(x):¥� �µ¨��� Â��ç� ×þ ü����Þû ÂÚþ¢ �¤�±ä �� ,¢�ªüõ ùÀ�õ�÷ g �� f ¥� ü����Þû ×þ F �¹�þ� ¤¢.´¨� g �� f��� ùÀª ÓþÂã� Âµõ �� H ù�ðÂû ,À�þ�ð �Â±Ü�û ý�Ìê �¤ H ×þÂµõ üÎ¡ ý�Ìê .20 ÓþÂã�.Àª���Ü�¨�� ùÀª ÓþÂã� Âµõ �� X ù�ðÂû ,À�þ�ð  �÷�� ý�Ìê �¤ X ¤�¢�Â÷ üÎ¡ ý�Ìê .21 ÓþÂã�.´¨�  �÷�� ý�Ìê ×þ �Â±Ü�û ý�Ìê Âû ñ�·õ ö���ä �� .Àª�� ��� ý�Ìê ×þ ,ÇõÂ÷



10 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê�ÎÖ÷ �¤ x 2 X ù�Ú÷� ,Àª�� ©¢�¡ ýø¤ �� X üÎ¡ ý�Ìê ¥� ÂÚÜÞä ×þ T Âð� .22 ÓþÂã�.Tx = x ù�ðÂû ,À�þ�ð T ´���ö�� üµ��� Âð� ,À�þ�ð �±Ö÷� ´ª�Ú÷ ,B(z; r) ý�ð ¤¢ �¤ T : X ! X ´ª�Ú÷ .23 ÓþÂã��î ý¤�Ï �� ,Àª�� ¢���õ 0 � � < 18x1; x2 2 B(z; r) k Tx1 � Tx2 k� � k x1 � x2 k :�� �î ´¨� r á�ãª ø z �îÂõ �� ý� �µÆ� ý�ð ,B(z; r) ý�ð ø À�þ�ð �±Ö÷� °þÂ® �¤ �¢�ªüõ ÓþÂã� Âþ¥ �¤�¬B(z; r) = fz j k z � z0 k� rg :À��î Âê ( �÷�� ´��� �ÎÖ÷ �þ �±Ö÷� ´ª�Ú÷ ��Ìì) 2.1 ��Ìì, �÷�� ý�Ìê ×þ X (1,T : X ! X (2,(0 � � < 1 �±Ö÷� °þÂ® ��) �±Ö÷� ´ª�Ú÷ ×þ B(u0; r) ý�ð ¤¢ T (3, 11�� k u1 � u0 k= r0 � r (4ù�Ú÷�.´¨� B(u0; r) öø¤¢ u� ¢Âê �� ÂÊ½�õ ´��� �ÎÖ÷ ý�¤�¢ T (Óó�.´¨�ÂÚÞû u� ´��� �ÎÖ÷ �� ,(k = 1; 2; : : :) uk = Tuk�1 ¤�ÂØ� �ó�±÷¢ (�k uk � u� k� �kr0: (�.��±��8k k uk+1 � uk k=k Tuk � Tuk�1 k � � k uk � uk�1 k= � k Tuk�1 � Tuk�2 k� �2 k uk�1 � uk�2 k...= �k k u1 � u0 k= �k(1� �)r0:



11 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê: k uk � u0 k� r0(1� �k) ¢�¢ ö�È÷ ö���üõ Ǒ�ÂÖµ¨� ��ý�Â� Ý��îüõ ´��� ,Àª�� ¤�ÂìÂ� k Ǒ�¥�� Ý��î Âê .´¨� ¤�ÂìÂ� Âê Õ±Ï k = 1 Ǒ�¥�� ÝØ�.´¨� ¤�ÂìÂ� ��÷ k + 18k k uk+1 � u0 k=k uk+1 � uk + uk � u0 k � k uk+1 � uk k + k uk � u0 k� �k(1� �)r0 + (1� �k)r0= (�k � �k+1)r0 + (1� �k)r0= r0(1� �k+1):ü�ãþ .´¨� üª�î �ó�±÷¢ ×þ fukg Ý�û¢üõ ö�È÷8� > 0 9N 8n (k � N =)k un+k � uk k< �):
k un+k � uk k = k un+k � un+k�1 + un+k�1 � � � �+ uk+1 � uk k� k un+k � un+k�1 k + � � �+ k uk+1 � uk k� �n+k�1 k u1 � u0 k + � � �+ �k k u1 � u0 k� �k[�n�1 + �n�2 + � � �+ � + 1℄(1� �)r0� �k(1� �)r0 [ 11� � ℄= �kr0< �:u� �� uk �î ý¤�Ï �� 9u� 2 X Å� .´¨�ÂÚÞû , �÷�� ý�Ìê ¤¢ üª�î �ó�±÷¢ Âû Ý�÷�¢üõÝþ¤�¢ ßþ�Â���� .Àª�� �ÂÚÞûu� = Tu� .´¨� T ´��� �ÎÖ÷ u� ü�ãþ.Àª�� T ü®�±Ö÷� ´ª�Ú÷ ý�Â� ýÂÚþ¢ ´��� �ÎÖ÷ um Ý��î Âê .´¨�µØþ u� Ý��îüõ ´���



12 ��óø� Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊêü�ãþ8u�; um 2 X u� = T u�; um = T um Ýþ¤�¢ �¤�¬ ßþ� ¤¢k u� � um k = k T u� � T um k� � k u� � um k< k u� � um k :.´¨�µØþ u� Å� .´¨� Ëì��� ×þ �îÝþ¤�¢limk�!1 k uk � u0 k � limk�!1(1� �k)r0; ü�ãþ ßþ� øk u� � u0 k � r0:2 .´¨� �B(u0; r) öø¤¢ u� Å�



2 ÛÊê
ö��õø¢� �þ�¹� ©ø¤

�õÀÖõ 1.2Û��Æõ ¥� ý�ù¤� � ß��»Þû ø ü��� ø üó�Þãõ Û�Æ÷�ÂÔ þ¢ ��¢�ãõ ¤¢ üÎ¡Â�è Û��Æõ Û�1ö� � õø¢� �¤�� .´¨� ù¢� � ö� ÷�À �®� þ¤ ��� � ¢¤� õ ¥� �Â þ¢ ¥� ×þ� � ê ü®� þ¤ ¤¢ ý¢Â �¤� îÛ� ý�Â� ,´¨� ��Æ�õ ©¢�¡ ���� �î ,�¤ ý��þ�¹� ©ø¤ 1981 ñ�¨ ¤¢ (1920-1996).¢�Þ÷ ���¤� üÎ¡Â�è ø üÎ¡ Û�Æ÷�ÂÔþ¢ ��¢�ãõ©ø¤ ������ ø ��õ�ú�� ¥� ý¤��Æ� ,¤�îÁõ ©ø¤ á�À�� ¥� �û¢ ø¢ ¥� Ç�� ´ªÁð ¥� Å� ö��î�¥� ý¤��Æ� ¤¢ ø ù¢�� Ýúê Û��ì ß�ÖÖ½õ ý�Â� üµ��¤ �� ©ø¤ �î ý¤�Ï �� ,´¨� ùÀª ßªø¤.¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ü¨À�úõ ø ��Üä ý�û�¡�ª

George Adomian113



14 ö��õø¢� �þ�¹� ©ø¤ 2 ÛÊêö��õø¢� �þ�¹� ©ø¤ üÜî ¤�µ¡�¨ 2.2Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ,(ADM) ö��õø¢� �þ�¹� ©ø¤ üÜ¬� ùÀþ� ö¢�¢ ö�È÷ ý�Â�A(u) = g; (1.2)ö���üõ .´¨� ��Üãõ ýÂ±� â��� ×þ g ø üõ�Þä ÂÚÜÞä A �î ,ÝþÂ�ðüõ ÂÑ÷ ¤¢ üÜî ´ó�� ¤¢ �¤�� (1.2) �ó¢�ãõ Å� .¢Âî Ý�ÆÖ� ,´¨� üÎ¡ Â�è N ø üÎ¡ L �î ,N ø L ÂÚÜÞä ø¢ �� �¤ AÛØªL(u) +N(u) = g; (2.2)´ª�÷ Âþ¥ �¤�¬ �� �¤ (2.2) ö���üõ Â�°¨��õ ¤�Ï �� .Àþ�üõ ¤¢L(u) +R(u) +N(u) = g; (3.2)´ÞÆì R ø ´¨� ÕµÈõ �±�Âõ ßþÂ���� ý�¤�¢ �î ´¨� ÂþÁ�§�Øãõ üÎ¡ ÂÚÜÞä L ö� ¤¢ �î�¤�¬ �� (3.2) ýÂÚÜÞä ÛØª .Àª��üõ Â�ß�þ�� ÕµÈõ �±�Âõ �� üÎ¡ ÂÚÜÞä ùÀ÷�Þ�ì��L(u) = g � R(u)�N(u); (4.2)Ýþ¤�¢ ,´¨� L ÂÚÜÞä §�Øãõ L�1 ø ù¢�� �ø¢ ÕµÈõ ÂÚÜÞä L �Ø÷� Âê �� .¢�ªüõ ö���u = f � L�1(R(u))� L�1(N(u)); (5.2)´¨¢ �� ��Þ� ÂÚ÷�þ�Þ÷ f(t) â��� ÂÚþ¢ �¤�±ã� .Àª��üõ f(t) = � + �t+ L�1g(t) ö� ¤¢ �î���� ,ö��õø¢� �þ�¹� ©ø¤ ¤¢ .Àª��üõ �ó�bÆõ ��óø� Íþ�Âª ¥� ù¢�Ôµ¨� ø g ýÂ�ðñ�ÂÚµ÷� ¥� ùÀõ�ýÂ¨ �¤�¬ ��u = 1Xn=0 un; (6.2).À÷�ªüõ ß��ã� üµÈð¥�� ¤�Î� un ý�û�Ôó�bõ ö� ¤¢ �î ,Àþ�üõ ´¨¢ ���¤�¬ �� An ý�úþ��ÜÞ�À�� ¥� üû��µõ�÷ ýÂ¨ �� Nu = F (u) üÎ¡Â�è ÂÚÜÞäF (u) = 1Xn=0An; (7.2)



15 ö��õø¢� �þ�¹� ©ø¤ 2 ÛÊê�î ý¤�Ï �� ,¢�ªüõ �þ�¹�An = An(u0; u1; u2; � � � ; un): (8.2)ùÀ�õ�÷ ö��õø¢� ý�úþ��ÜÞ�À�� ø ù¢�� un ø � � � ,u1 ,u0 ¥� üþ�úþ��ÜÞ�À�� �û An ÂÚþ¢ �¤�±ä ��.À÷�ªüõÛØª �� ö���üõ �¤ (5.2) ,Àª �µÔð ö��î�� �»÷� �� ���� ��1Xn=0 un = f(t)� L�1R 1Xn=0 un!� L�1  1Xn=0An! ; (9.2)ÛØª �� �¤ ui ��Þ� ñ�� .¢�¢ Çþ�Þ÷u0 = f(t);u1 = �L�1(Ru0)� L�1(A0);u2 = �L�1(Ru1)� L�1(A1);...un = �L�1(Run�1)� L�1(An�1); .Ý��îüõ ÓþÂã�.À�þ�üõ ´¨¢ �� Âþ¥ üµÈð¥�� �Î��¤ Í¨�� un ý�û�Ôó�bõ üõ�Þ� ,ÂÚþ¢ �¤�±ä ��( u0 = f(t)un = �L�1(Run�1)� L�1(An�1); n � 1: (10.2)´¨¢ �� ñ�ÂÚµ÷� �ó¢�ãõ �î ý¤�Ï �� ,¢¤�¢ üÚµÆ� L °¨��õ ��¿µ÷� �� ©ø¤ ßþ� üþ�¤�î :�µØ÷.Àª�� Û� Û��ì ü÷�¨� �� ,(4.2) �ó¢�ãõ éÂÏ ø¢ Â� L�1 Â���b� ¥� ùÀõ�
ö��õø¢� ý�úþ��ÜÞ�À�� ü��±¨�½õ ©ø¤ 3.2Âþ¥ �¤�¬ �� ,¢�Þ÷ ���¤� ö��õø¢� ý�úþ��ÜÞ� À�� ö¢¤ø� ´¨¢ �� ý�Â� ö��õø¢� �î �¤ üªø¤.´¨�An = 1n! dnd�n "F  nXi=0 �iui!#�=0 ; n � 0: (11.2)



16 ö��õø¢� �þ�¹� ©ø¤ 2 ÛÊê.À÷¢Âðüõ �±¨�½õ Âþ¥ �¤�¬ �� F (u) üÎ¡Â�è â��� ý�Â� A2 ø A1 ,ñ�·õ ö���ä ��A1 = 11! dd� [F (u0 + �u1)℄�=0= d(u0 + �u1)d� F (1)(u0 + �u1)j�=0= u1F (1)(u0); øA2 = 12! d2d�2 hF �u0 + �u1 + �2u2�i�=0= 12 dd� h(u1 + 2�u2)F (1)(u0 + �u1 + �2u2)i�=0= 12 h2u2F (1)(u0 + �u1 + �2u2) + (u1 + 2�u2)2F (2)(u0 + �u1 + �2u2)i�=0= u2F (1)(u0) + 12u21F (2)(u0):,n = 0; 1; 2; � � � Ǒ�¥� �� ,F (u) üÎ¡Â�è â��� ý�Â� ö��õø¢� ý�úþ��ÜÞ�À�� üÜî ´ó�� ¤¢ :�µØ÷.À÷¢Âðüõ �±¨�½õ Âþ¥ �¤�¬ ��A0 = F (u0);A1 = u1F (1)(u0);A2 = u2F (1)(u0) + ( 12!)u21F (2)(u0);A3 = u3F (1)(u0) + u1u2F (2)(u0) + ( 13!)u31F (3)(u0);A4 = u4F (1)(u0) + �( 12!)u22 + u1u3�F (2)(u0) + ( 12!)u21u2F (3)(u0) + ( 14!)u41F (4)(u0);A5 = u5F (1)(u0) + [u2u3 + u1u4℄F (2)(u0) + �( 12!)u1u22 + ( 12!)u21u3�F (3)(u0)+( 13!)u31u2F (4)(u0) + ( 15!)u51F (5)(u0);A6 = u6F (1)(u0) + �( 12!)u23 + u2u4 + u1u5�F (2)(u0)+ �( 13!)u32 + u1u2u3 + ( 12!)u21u4�F (3)(u0) + �( 12!)u21( 12!)u22 + ( 13!)u31u3�F (4)(u0)+( 14!)u41u2F (5)(u0) + ( 16!)u61F (6)(u0);A7 = u7F (1)(u0) + [u3u4 + u2u5 + u1u6℄F (2)(u0)


