
�§¢¥áâ¨ï �áâ¨âãâ  ¬ â¥¬ â¨ª¨ ¨ ¨ä®à¬ â¨ª¨. ��¥¢áª. 2002. ò2(25)��� 519.62 �. �. Ǒ¨¬¥®¢Vladimir.Pimenov�usu.ru��������� ������ ���������������� � ������� ����� ����������������-�������������������������1�«îç¥¢ë¥ á«®¢ : äãªæ¨® «ì®-¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï, ç¨-á«¥ë¥ ¬¥â®¤ë, ¨â¥à¯®«ïæ¨ï, § ¯ §¤ë¢ ¨¥, ®¯¥à¥�¥¨¥.Abstrat. General approah to onstruting numerial methods forfuntional-di�erential equations is onsidered. The general approah on-sists of distinguishing the �nite dimensional and in�nite dimensional phaseomponents. As an example, Runge-Kutta-like methods are desribed.�  áâ®ïé¥¬ã ¢à¥¬¥¨ à §à ¡®â ® ¤®áâ â®ç® ¬®£®  «£®-à¨â¬®¢ ç¨á«¥®£® à¥è¥¨ï  ç «ì®© § ¤ ç¨ ¤«ï ¤¨ää¥à¥æ¨- «ìëå ãà ¢¥¨© á § ¯ §¤ë¢ ¨ï¬¨ à §«¨çëå ¢¨¤®¢ (á¬. ®¡-§®àë [1; 2; 3℄ ). Ǒà¥¤« £ ¥¬ë© ¬®î ®¡é¨© ¯®¤å®¤ ª ª®áâàã¨à®-¢ ¨î ç¨á«¥ëå ¬¥â®¤®¢ ®á®¢    ¨¤¥¥ à §¤¥«¥¨ï ª®¥ç®-¬¥à®© ¨ ¡¥áª®¥ç®¬¥à®© á®áâ ¢«ïîé¨å ¢ ä §®¢®© áâàãªâãà¥äãªæ¨® «ì®-¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï (���) ¨ ¨â¥à-¯®«ïæ¨¨ á § ¤ ë¬¨ á¢®©áâ¢ ¬¨, á®áâ®ïé¥© ¢® ¢¢¥¤¥¨¨ ¯à®-¬¥�ãâ®ç®£® í«¥¬¥â  ¬¥�¤ã ¨§ ç «ì® ¥¯à¥àë¢®© (¡¥áª®-¥ç®¬¥à®©) á¨áâ¥¬®© ��� ¨  ¯à¨®à¨ ¤¨áªà¥â®© ç¨á«¥®©¬®¤¥«ìî. � ª ç¥áâ¢¥ ¨â¥à¯®«ïæ¨®ëå ¯à®æ¥¤ãà ¯à¥¤«®�¥ ¨â¥à¯®«ïæ¨ï ¢ëà®�¤¥ë¬¨ á¯« © ¬¨ ¨ íªáâà ¯®«ïæ¨ï ¯à®-¤®«�¥¨¥¬. � ª®© ¯®¤å®¤ ¯®§¢®«ï¥â áâà®¨âì ç¨á«¥ë¥ ¬¥â®¤ë,1� ¡®â  ¯®¤¤¥à�   �®áá¨©áª¨¬ ä®¤®¬ äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ -¨© (£à â 01-01-00576) ¨ �®ªãàáë¬ æ¥âà®¬ �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï(£à â � 00-1.0-88). 75



ï¢«ïîé¨¥áï ¯®«ë¬¨   «®£ ¬¨ ¬¥â®¤®¢, ¨§¢¥áâëå ¤«ï ®¡ëª-®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (���), ¨   ¨å ®á®¢¥á®§¤ ¢ âì ¯à®£à ¬¬®¥ ®¡¥á¯¥ç¥¨¥ ¤«ï à¥è¥¨ï è¨à®ª®£® ª« á-á  § ¤ ç ¬®¤¥«¨à®¢ ¨ï á¨áâ¥¬ á § ¯ §¤ë¢ ¨¥¬ [4℄, ¢ â®¬ ç¨á«¥¨ ¤«ï à¥è¥¨ï § ¤ ç ã¯à ¢«¥¨ï â ª¨¬¨ á¨áâ¥¬ ¬¨.Ǒà®¨««îáâà¨àã¥¬ áª § ®¥   ¯à¨¬¥à¥ ï¢ëå ¬¥â®¤®¢ â¨¯ �ã£¥-�ãââë ¤«ï § ¤ ç_̈x = f(t; x(t); xt(�));x(t0) = x0; xt0(�) = fy0(s); �� 6 s < 0g:�¤¥áìxt(�) = fx(t+ s);�� 6 s < 0g; f : [t0; t0+ �℄�Rl �Q[��; 0)! Rl ;� > 0 | ¢¥«¨ç¨  ¢à¥¬¥®£® ¨â¥à¢ « , � > 0 | ¢¥«¨ç¨ ¨â¥à¢ «  § ¯ §¤ë¢ ¨ï, Rl | l-¬¥à®¥ ¥¢ª«¨¤®¢® ¯à®áâà -áâ¢®; Q[��; 0) | ¯à®áâà áâ¢® l-¬¥àëå ªãá®ç®-¥¯à¥àë¢ëå  [��; 0) äãªæ¨© y(�); ¤®¯ãáª îé¨å ª®¥ç®¥ ç¨á«® à §àë¢®¢¯¥à¢®£® à®¤  ¨ ¥¯à¥àë¢ëå á¯à ¢  ¢ â®çª å à §àë¢ .Ǒãáâì tn = t0+n�; n = 0; 1 : : : N; � = �=N; �=� = m: Ǒà¨-¡«¨�¥¨¥ â®ç®£® à¥è¥¨ï x(tn) = xn ¢ â®çª¥ tn ¡ã¤¥¬ ®¡®§ -ç âì ç¥à¥§ un 2 Rl : �¨áªà¥â®© ¯à¥¤ëáâ®à¨¥© ¬®¤¥«¨ ¢ ¬®¬¥âtn  §®¢¥¬ ¬®�¥áâ¢® fuign = fui 2 Rl ; n �m 6 i 6 ng: �¯¥-à â®à®¬ ¨â¥à¯®«¨à®¢ ¨ï I ¤¨áªà¥â®© ¯à¥¤ëáâ®à¨¨ ¬®¤¥«¨ §®¢¥¬ ®â®¡à �¥¨¥ I : fuign ! u(�) 2 Q[tn� �; tn℄: �«ï «î¡®£®a > 0 ®¯¥à â®à®¬ íªáâà ¯®«¨à®¢ ¨ï E ¯à¥¤ëáâ®à¨¨ ¬®¤¥«¨ §®¢¥¬ ®â®¡à �¥¨¥ E : fuign ! u(�) 2 Q[tn; tn + a�℄:� §®¢¥¬ k-íâ ¯ë¬ ï¢ë¬ ¬¥â®¤®¬ â¨¯  �ã£¥-�ãââë |��� (á ¨â¥à¯®«ïæ¨¥© I ¨ íªáâà ¯®«ïæ¨¥© E ) ç¨á«¥ãî ¬®-¤¥«ì ¢¨¤ u0 = x0; un+1 = un +� kXi=1 �i hi(un; utn(�)); n = 0 : : : N � 1;h1(un; utn(�)) = f(tn; un; utn(�));76



hi(un; utn(�)) = f(tn + ai�; un +� i�1Xj=1 bijhj(un; utn(�)); utn+ai�(�)):�¤¥áì ¯à¥¤ëáâ®à¨ï ¬®¤¥«¨ ®¯à¥¤¥«ï¥âáï á®®â®è¥¨ï¬¨ut(s) = 8<: y0(t+ s� t0) ¯à¨ t+ s < t0;I(fuign) ¯à¨ tn � � 6 t+ s < tn;E(fuign) ¯à¨ tn 6 t+ s 6 tn + a�:�«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ãáâ  ¢«¨¢ ¥â ¤®áâ â®çë¥ ãá«®¢¨ï¯®àï¤ª  áå®¤¨¬®áâ¨.� ¥ ® à ¥ ¬   1. [5; 6℄ . �á«¨ ���-¬¥â®¤ ¨¬¥¥â ¥¢ï§ªã¯®àï¤ª  p1 > 0; ¨â¥à¯®«ïæ¨ï ¯à¥¤ëáâ®à¨¨ ¬®¤¥«¨ ¨¬¥¥â ¯®àï-¤®ª p2 > 0; íªáâà ¯®«ïæ¨ï ¯à¥¤ëáâ®à¨¨ ¬®¤¥«¨ ¨¬¥¥â ¯®àï¤®ªp3 > 0; â® ¬¥â®¤ áå®¤¨âáï, ¯à¨ç¥¬ ¯®àï¤®ª áå®¤¨¬®áâ¨ ���-¬¥â®¤  p ¥ ¬¥ìè¥ ¬¨¨¬ã¬  ¨§ ç¨á¥« p1; p2; p3:�â¬¥â¨¬, çâ® ¢ à ¬ª å ®¡é¥© «¨¥©®© áå¥¬ë ç¨á«¥®£® à¥-è¥¨ï ��� ¬®�® ¯®«ãç¨âì â ª�¥ ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ãá«®¢¨ï ¯®àï¤ª  áå®¤¨¬®áâ¨ [7℄.�  áâ®ïé¥¥ ¢à¥¬ï   ®á®¢ ¨¨ íâ®£® ¯®¤å®¤  à §à ¡ âë¢ -îâáï ç¨á«¥ë¥ ¬¥â®¤ë à¥è¥¨ï ªà ¥¢ëå § ¤ ç ¤«ï ��� § ¯ §-¤ë¢ îé¥£®,   â ª�¥ ®¯¥à¥� îé¥£® ¨ ®¯¥à¥� îé¥-§ ¯ §¤ë¢ î-é¥£® â¨¯®¢. Ǒà¨ íâ®¬ áãé¥áâ¢¥® ¨á¯®«ì§ã¥âáï âà ªâ®¢ª  à¥-è¥¨© ���, ¯à¥¤«®�¥ ï �.�. �§¡¥«¥¢ë¬ [8℄.�®§¨ª îé¨¥ ¤«ï íâ¨å § ¤ ç  «£®à¨â¬ë § ç¨â¥«ì® ®â«¨-ç îâáï ®â ¨§¢¥áâëå ¤«ï ���. � ª, ¯à¨ à¥ «¨§ æ¨¨ ¯à®áâ¥©è¨å¤¨áªà¥âëå áå¥¬ ¤«ï § ¤ ç¨_x(t) = A(t)x(t) +B(t)x(t� �) + C(t)x(t+ �) +D(t); t 2 [a; b℄;x(t) = '(t); t 2 [a� �; a); x(t) =  (t); t 2 (b; b+ � ℄; x(a) = x0¢®§¨ª ¥â § ¤ ç  à¥è¥¨ï «¨¥©ëå á¨áâ¥¬ ¡®«ìè®© à §¬¥à®-áâ¨ ®¯à¥¤¥«¥®© áâàãªâãàë (á ç¥âëà¥å¤¨ £® «ì®© ¬ âà¨æ¥©).�â¬¥â¨¬, çâ® ¯à¨¢¥¤¥ ï § ¤ ç  ®¯¥à¥� îé¥-§ ¯ §¤ë¢ îé¥£®77
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