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1. Èíòåðïîëÿöèîííûé ìíîãî÷ëåí

x1 x2 : : : xny1 y2 : : : yn xi 6= xj (i 6= j)

f(x) : f(xi) = yi (i = 1; 2; : : : ; n)

f(x) = a1xn�1 + : : : + an�1x + anÄëÿ ëþáîé òàáëèöû èíòåðïîëÿöèè èíòåðïîëÿöèîííûé ìíîãî÷ëåí ñòåïåíè < nñóùåñòâóåò è åäèíñòâåíåí.Åñëè èíòåðïîëèðóåìàÿ �óíêöèÿ g(x) â íåêîòîðîé îáëàñòè èìååò n íåïðåðûâíûõïðîèçâîäíûõ òî äëÿ ëþáîé òî÷êè x èç ýòîé îáëàñòè ïîãðåøíîñòü èíòåðïîëÿöèè ðàâíàg(x)� f(x) = g(n)(�)n! (x� x1)(x� x2) : : : (x� xn); ãäå � 2 [x1; xn℄.f = polyfit(x, y, n - 1)



1.1. ÏðèìåðÔóíêöèþ y = ln x áóäåì èíòåðïîëèðîâàòü êóáè÷åñêèì ïîëèíîìîì ïî òî÷êàì 0:4, 0:5,0:7, 0:8.x = [0.4, 0.5, 0.7, 0.8℄;y = log(x);f = polyfit(x, y, 3)Ïîëó÷èì: f(x) = 1:6836x3 � 4:5239x2 + 5:2760x� 2:4106:Íàéäåì �àêòè÷åñêóþ àáñîëþòíóþ îøèáêó:polyval(f, 0.6) - log(0.6)xx = (0.4:0.01:0.8);norm(polyval(f, xx) - log(xx), Inf)plot(xx, log(xx), xx, polyval(f, xx))



1.2. Ïðèìåð. Ôóíêöèÿ �óíãå
R(x) = 11 + 25x2 x 2 [�1; 1℄:ñì. runghe.mÑ ðîñòîì n óäîâëåòâîðèòåëüíûå ðåçóëüòàòû ïîëó÷àþòñÿ ëèøü äëÿ x 2 [�0:73; 0:73℄.Âíå ýòîãî îòðåçêà èíòåðïîëÿöèîííûé ïðîöåññ ðàñõîäèòñÿ. Ïîïðîáóåì ñãóñòèòü òî÷êèîêîëî êîíöîâ îòðåçêà [�1; 1℄. Â êà÷åñòâå óçëîâ èíòåðïîëÿöèè âîçüìåì êîðíè ïîëèíîìîâ×åáûøåâà: x = os (2i� 1)�2n (i = 1; 2; : : : ; n):



2. Êóñî÷íî-ïîëèíîìèàëüíàÿ èíòåðïîëÿöèÿÔóíêöèÿ f(x) íàçûâàåòñÿ êóñî÷íî-ïîëèíîìèàëüíîé, åñëè íà êàæäîì èç îòðåçêîâ[xi; xi+1℄ (i = 1; 2; : : : ; n� 1; x1 < x2 < : : : < xn) îíà ïðåäñòàâëÿåò ñîáîé ìíîãî÷ëåífi(x) = ai1xk + ai1xk�1 + aikx + ai;k+1:Ôóíêöèÿ Èíòåðïîëÿöèÿinterp1(x,y,xx,'nearest') ñòóïåí÷àòàÿinterp1(x,y,xx)interp1(x,y,xx,'linear') êóñî÷íî-ëèíåéíàÿspline(x,y,xx)interp1(x,y,xx,'spline') êóáè÷åñêèé ñïëàéíphip(x,y,xx) interp1(x,y,xx,'phip')interp1(x,y,xx,'ubi') êóáè÷åñêèé èíòåðïîëÿíò

Ïðè ðàâíîìåðíîé ñåòêå x ìîæíî èñïîëüçîâàòü áîëåå áûñòðûå ìåòîäû `ñî çâåçäî÷êîé',íàïðèìåð:interp1(x,y,xx,'spline*')



ñì. runghe, interpshow, spoon



3. 2d èíòåðîëÿöèÿZZ = interp2(X, Y, Z, XX, YY, ìåòîä)Ìåòîä:� 'nearest' ñòóïåí÷àòàÿ èíòåðïîëÿöèÿ,� 'linear' ëèíåéíàÿ èíòåðïîëÿöèÿ (ïî óìîë÷àíèþ),� 'spline' êóáè÷åñêèé ñïëàéí,� 'ubi' áèêóáè÷åñêàÿ èíòåðïîëÿöèÿ,



3.1. Ñðàâíåíèå ìåòîäîâ[X, Y℄ = meshgrid(-3:1:3);Z = peaks(X, Y);surf(X, Y, Z)[XX, YY℄ = meshgrid(-3:0.25:3);ZZ1 = interp2(X, Y, Z, XX, YY, 'nearest');ZZ2 = interp2(X, Y, Z, XX, YY);ZZ3 = interp2(X, Y, Z, XX, YY, 'spline');ZZ4 = interp2(X, Y, Z, XX, YY, 'ubi');



subplot(2, 2, 1), surf(XX, YY, ZZ1)subplot(2, 2, 2), surf(XX, YY, ZZ2)subplot(2, 2, 3), surf(XX, YY, ZZ3)subplot(2, 2, 4), surf(XX, YY, ZZ4)subplot(2, 2, 1), ontour(XX, YY, ZZ1)subplot(2, 2, 2), ontour(XX, YY, ZZ2)subplot(2, 2, 3), ontour(XX, YY, ZZ3)subplot(2, 2, 4), ontour(XX, YY, ZZ4)



Ñðàâíèì áèêóáè÷åñêóþ èíòåðïîëÿöèþ è èíòåðïîëÿöèþ ñïëàéíîì:ontour(XX,YY,ZZ4,10);hold onontour(XX,YY,ZZ3,10);



4. Ëèíåéíûé ìåòîä íàèìåíüøèõ êâàäðàòîâ

x1 x2 : : : xmy1 y2 : : : ym xi 6= xj (i 6= j)

f(x) = a1f1(x) + a2f2(x) + : : : + anfn(x):Íåîáõîäèìî íàéòè a1; a2; : : : ; an, íà êîòîðûõ äîñòèãàåòñÿ ìèíèìóìmin mXi=1 (f(xi)� yi)2 :

1. Ïîëèíîìèàëüíàÿ àïïðîêñèìàöèÿ: fj(x) = xn�j�óíêöèÿ f = polyfit(x, y, n)2. Ïðîèçâîëüíûé ëèíåéíûé ìåòîä íàèìåíüøèõ êâàäðàòîâ: êîìàíäà \



4.1. Ïðèìåðx = (1:10)'; y = 3*x.^2-x+5*randn(10,1);xx = (1:.1:10)'; yy = 3*xx.^2-xx;plot(xx, yy, 'k', x, y, '.')
f(x) = ax2 + bx + 4.1.1. Ïåðâûé ñïîñîá: ñ ïîìîùüþ �óíêöèè poly�tf = polyfit(x,y,2)err = norm(polyval(f,x) - y)yyf = polyval(f,xx);plot(xx,yy,'k',xx,yyf,'m',x,y,'.');4.1.2. Âòîðîé ñïîñîá: ñ ïîìîùüþ êîìàíäû nA = [x.^2, x, ones(size(x))℄;p = A\y



5. Ïðèìåð

y = �1e��1x + �2e��2xèìåþòñÿ äàííûå x1; y1x2; y2. . . . . . .xm; ym�1, �2 èçâåñòíû è íàäî îïðåäåëèòü C1, C2 � ëèíåéíàÿ çàäà÷à íàèìåíüøèõ êâàäðàòîâ.C1, C2, �1, �2 íå èçâåñòíû (èõ íàäî îïðåäåëåèòü) � íåëèíåéíàÿ çàäà÷à íàèìåíüøèõêâàäðàòîâ.Ïåðâàÿ çàäà÷à ñâîäèòñÿ ê íàõîæäåíèþ ïñåâäîðåøåíèÿ ñ.ë.ó. X� = y, ãäå

X =
0BBBBB�

e��1x1 e��1x1e��1x2 e��1x2. . . . . . . . . . . . . .e��1xm e��1xm
1CCCCCA ; y =
0BBBBB�

y1y2...ym
1CCCCCA ; � =  �1�2 ! :


