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Ñïåöèàëüíîñòü «ÏÎ»


8-îé ñåìåñòð


Ëåêöèÿ 3


	Ñãëàæèâàíèå ýêñïåðèìåíòàëüíûõ äàííûõ ñïëàéí-ôóíêöèÿìè.





	Ïóñòü �EMBED Equation.3��� - ôóíêöèÿ íà íåêîòîðîì îòðåçêå �EMBED Equation.3���. Ôèêñèðóåì ïðî-èçâîëüíîå ðàçáèåíèå �EMBED Equation.3��� ýòîãî îòðåçêà íà N ÷àñòåé


�EMBED Equation.3���;


ñïëàéíîì ïîðÿäêà m îòíîñèòåëüíî ðàçáèåíèÿ �EMBED Equation.3��� íàçûâàåòñÿ ôóíêöèÿ �EMBED Equation.3��� ñî ñëåäóþùèìè ñâîéñòâàìè:


íà êàæäîì èç îòðåçêîâ �EMBED Equation.3��� ýòà ôóíêöèÿ ÿâëÿåòñÿ 


ìíîãî÷ëåíîì ñòåïåíè m: 


   �EMBED Equation.3���;   


íà òî÷êàõ �EMBED Equation.3��� âûïîëíÿþòñÿ ðàâåíñòâà:


�EMBED Equation.3���,


ïðè �EMBED Equation.3���.


	Ïîñëåäíåå óñëîâèå îçíà÷àåò, ÷òî ôóíêöèÿ �EMBED Equation.3��� íåïðåðûâíà âî âñåõ òî÷êàõ �EMBED Equation.3��� è âñå åå ïðîèçâîäíûå ïîðÿäêà, ìåíüøåãî, ÷åì m, òàêæå â ýòèõ òî÷êàõ íåðåðûâíû.


	Òàêèì îáðàçîì, ñïëàéí - ýòî ôóíêöèÿ íà îòðåçêå, ñâÿçàííàÿ ñ ðàçáèåíèåì ýòîãî îòðåçêà. Åñëè �EMBED Equation.3���, òî ñïëàéí íàçûâàåòñÿ ëèíåéíûì. Åãî ãðàôèê - ýòî ïðîñòî ëîìàíàÿ ëèíèÿ. Ïîñêîëüêó ìíîãî÷ëåí ñòåïåíè m çàäàåòñÿ �EMBED Equation.3��� ñâîèìè êîýôôèöèåíòàìè, â îïðåäåëåíèè ñïëàéíà ðå÷ü èäåò î �EMBED Equation.3��� óñëî-âèÿõ, íàêëàäûâàåìûõ íà �EMBED Equation.3��� êîýôôèöèåíòîâ. Ñëåäîâàòåëüíî, ñ äàííûì ðàçáèåíèåì ñâÿçàí íå îäèí ñïëàéí ïîðÿäêà m, à ìíîæåñòâî ñïëàéíîâ ïîðÿä-êà m; âñå ñïëàéíû ýòîãî ìíîæåñòâà ìîãóò áûòü îïèñàíû êàê ðåøåíèå ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, â êîòîðîì �EMBED Equation.3��� êîýôôèöèåíòîâ èç îá-ùåãî ÷èñëà �EMBED Equation.3��� ñâîáîäíû, à îñòàëüíûå ÷åðåç íèõ ëèíåéíî âûðàæàþòñÿ.


	Êîãäà èç ýòîãî ìíîæåñòâà òðåáóåòñÿ îòîáðàòü ñïëàéí, áëèçêèé â òîì èëè èíîì ñìûñëå ê ôóíêöèè �EMBED Equation.3���, ãîâîðÿò î ñïëàéíå ôóíêöèè �EMBED Equation.3���. Íàïðèìåð, ìîæíî ðåøèòü òàêóþ çàäà÷ó: íàéòè ëèíåéíûé ñïëàéí, êîòîðûé ñîâïàäàåò ñ äàííîé ôóíêöèåé âî âñåõ òî÷êàõ äåëåíèÿ äàííîãî îòðåçêà:


�EMBED Equation.3���.





Â ýòîì ñëó÷àå íà �EMBED Equation.3��� êîýôôèöèåíòîâ âîçíèêàåò ðîâíî �EMBED Equation.3��� óñëîâèé.


	Ðàññìîòðèì êîíêðåòíûé ïðèìåð:


Ïðèìåð 1.  Ïîñòðîèòü ëèíåéíûé ñïëàéí, ñîâïàäàþùèé ñ ôóíêöèé �EMBED Equation.3��� â ñëåäóþùèõ åå òàáëè÷íûõ çíà÷åíèÿõ:
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Èìååì: �EMBED Equation.3���. Çàïèøåì âèä ñïëàé-íà �EMBED Equation.3���: íà ó÷àñòêå �EMBED Equation.3���, íà ó÷àñòêå �EMBED Equation.3���, íà ó÷àñòêå �EMBED Equation.3���, íà ó÷àñòêå �EMBED Equation.3���. Äàëåå:


�EMBED Equation.3���


Ðåøàÿ ýòó ñèñòåìó ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé îòíîñèòåëüíî íåèç-âåñòíûõ �EMBED Equation.3���, ïîëó÷èì:


�EMBED Equation.3���


Åñëè áû â òîé æå ñèòóàöèè ïîòðåáîâàëîñü íàéòè íå ëèíåéíûé, à êâàäðà-òè÷íûé ñïëàéí (ò.å. âñå ñîîòâåòñòâóþùèå ìíîãî÷ëåíû èìåëè áû âòîðóþ ñòåïåíü), òî îòâåò óæå áûë áû íå åäèíñòâåííûì - îäèí èç êîýôôèöèåíòîâ áûë áû ñâîáîäíûì.


	Ñôîðìóëèðóåì, â çàêëþ÷åíèå,  îñíîâíûå ïðîöåäóðû, íåîáõîäèìûå äëÿ ïîñòðîåíèÿ ñïëàéíà â îáùåì ñëó÷àå.


	Èñõîäíàÿ èíôîðìàöèÿ: ðàçáèåíèå (*) è ÷èñëî m – ïîðÿäîê ñïëàéíà. Òðåáóåòñÿ ïîëó÷èòü N ìíîãî÷ëåíîâ (**), îòûñêàâ âñå èõ êîýôôèöèåíòû ÷åðåç  óðàâíåíèÿ (***).


	Âñåãî â óðàâíåíèÿõ (***) ó÷àñòâóåò �EMBED Equation.3��� êîýôôèöèåíòîâ �EMBED Equation.3��� â êà÷åñòâå íåèçâåñòíûõ. Ïðåäñòîèò ðåøèòü ñèñòåìó ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé �EMBED Equation.3���, ãäå �EMBED Equation.3��� - ñòîëáåö íåèçâåñòíûõ, �EMBED Equation.3��� - ñòîëáåö ñâîáîäíûõ ÷ëåíîâ, à �EMBED Equation.3��� - ìàòðèöà ñèñòåìû. Áóäåì îðèåíòèðîâàòüñÿ íà êîíêðåòíûé ìåòîä ðåøåíèÿ ñèñòåìû �EMBED Equation.3��� - ìåòîä æîðäàíîâûõ èñêëþ÷åíèé.


	Ïåðâàÿ ïðîöåäóðà – çàïèñü ñèìâîëüíîãî ìàññèâà-ñòðîêè, êîòîðàÿ ðàñïîëîæåíà íàä ðàáî÷åé æîðäàíîâîé òàáëèöåé. Ýòî – òîò æå ìàññèâ �EMBED Equation.3���, íî çàïèñàííûé â âèäå ñòðîêè. Èìååì �EMBED Equation.3��� è (íà ìåòàÿçûêå ñ î÷åâèäíûì ñìûñëîì):


�EMBED Equation.3���


Êàê ñëåäóåò èç âèäà ñèñòåìû (***), ñòîëáåö ñâîáîäíûõ ÷ëåíîâ �EMBED Equation.3��� ñîñòîèò èç îäíèõ íóëåé. 


	Áóäåì ñ÷èòàòü, ÷òî ìàòðèöà M, â êîòîðîé �EMBED Equation.3��� ñòðîê  è �EMBED Equation.3��� ñòîëáöîâ, çàïîëíåíà íóëÿìè.  


	Âòîðàÿ ïðîöåäóðà ïðåäñòàâëÿåò ñîáîé ñëåäóþùåå äåéñòâèå: íà âõîä ïîäàåòñÿ  ëþáàÿ èç òî÷åê �EMBED Equation.3��� è ÷èñëî m; íà âûõîäå – âìåñòî ãðóïïû íåêîòîðûõ íóëåé â ìàòðèöå M çàïèñûâàþòñÿ íîâûå ÷èñëà. Ïóñòü çàäàåòñÿ òî÷êà �EMBED Equation.3���,  òàê ÷òî t  ðàâíî îäíîìó èç ÷èñåë �EMBED Equation.3���


	Ñòðîêè ìàòðèöû M  åñòåñòâåíûì îáðàçîì ðàçáèâàþòñÿ íà ãðóïïû ïî m ñòðîê â êàæäîé ãðóïïå; ïåðâàÿ ãðóïïà – ýòî óðàâíåíèÿ äëÿ òî÷êè �EMBED Equation.3���, âòîðàÿ – äëÿ òî÷êè �EMBED Equation.3��� è ò.ä. Ôèêñèðóåì â ìàòðèöå M ñòðî÷êè �EMBED Equation.3���,


îòíîñÿùèåñÿ ê òî÷êå  �EMBED Equation.3���. Ïðîöåäóðà áóäåò âíîñèòü èçìåíåíèÿ òîëüêî â ýòè ñòðî÷êè. Óðàâíåíèÿ (***)  ïèøóòñÿ ãðóïïàìè: äëÿ êàæäîé òî÷êè �EMBED Equation.3��� - ñâîÿ ãðóïïà. Â ýòîé ãðóïïå ó÷àñòâóþò òîëüêî ìíîãî÷ëåíû �EMBED Equation.3��� è �EMBED Equation.3���. Òàê ÷òî â ìàòðèöó M èçìåíåíèÿ íàäî áóäåò âíîñèòü òîëüêî â ñòîëáöû, ñîîòâåòñòâóþùèå ïåðåìåííûì �EMBED Equation.3���. Âíå ýòèõ ñòîëáöîâ èçìåíåíèé íå áóäåò.


	Âîò ýòè íîâûå ÷èñëà, ðàñïîëîæåííûå â âèäå òàáëèöû (ýòî – êàê áû êóñîê ìàòðèöû M):
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	Ïîëó÷åííàÿ â ðåçóëüòàòå ñèñòåìà ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé èìååò â êà÷åñòâå ðåøåíèÿ íå îäèí, à ìíîæåñòâî ñïëàéíîâ (ñèñòåìà - íåîïðåäåëåííàÿ!). Ñðåäè íèõ ñ ïîìîùüþ òåõ èëè èíûõ äîïîëíèòåëüíûõ óñëîâèé â íåêîòîðûõ çàäà÷àõ ìîæíî âûáðàòü íåñêîëüêî ñïëàéíîâ, îäèí ñïëàéí èëè äàæå íå âûáðàòü íè îäíîãî.
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