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1. Ñóììû, ðàçíîñòè, ïðîèçâåäåíèÿ1.1. Ñóììûsum(a)
umsum(a)sum(A)
umsum(A)sum(A, 2)
umsum(A, 2)a = 1:20,b = 
umsum(a),plot(a, a, a, b)



1Xn=1 1n2 = �26N = 100;n = 1:N;a = n.^(-2);s = 
umsum(a);lim = pi^2/6s(end)plot(n, s, 'b', [0 N℄, [lim lim℄, 'r')gridxlabel('n')ylabel('\Sigma_{k=1}^n {1}/{k^2}')relerr = abs(s - lim)/lim;semilogy(relerr)xlabel('n');ylabel('Relative error');



g(m) = 1Xk=1 1kmn=1000; k=1:n;m=2; f=k.^(-m); plot(
umsum(f))m=1.5; f=k.^(-m); plot(
umsum(f))m=1.2; f=k.^(-m); plot(
umsum(f))



1.2. �àçíîñòèdiff(a)Ïðèìåð: ÷èñëåííîå äè��åðåíöèðîâàíèåh = 0.1;x = 0:h:1;f = exp(x);plot(x, f)d = diff(f)/h;plot(x, f, 'b', x(1:(end - 1)), d, 'r')plot(x, f, 'b', x(1:(end - 1)) + h/2, d, 'r')



1.3. Ïðîèçâåäåíèÿprod(a)
umprod(a)Ïðèìåð: �àêòîðèàën = 200;k = 1:n;kf = 
umprod(k);plot(kf, '.')sum(isinf(kf))sum(isfinite(kf))



1.4. Ñî÷åòàíèå ïðîèçâåäåíèé è ñóììèðîâàíèÿ1Xn=1 xnn! = ex

N = 5;n = 1:N;ni = 1./n;x = 1;M = [1; ni'*x℄;s = sum(
umprod(M))Îòíîñèòåëüíàÿ îøèáêà:abs(s - exp(1))/exp(1)



M =
0BBBBBBB�

1 1 1 : : : 1a1 a+h1 a+2h1 : : : b1a2 a+h2 a+2h2 : : : b2... ... ... ...am a+hm a+2hm : : : bm
1CCCCCCCA


umprod(M) =
0BBBBBBB�

1 1 1 : : : 1a1 a+h1 a+2h1 : : : b1a22! (a+h)22! (a+2h)22! : : : b22!... ... ... ...amm! (a+h)mm! (a+2h)mm! : : : bmm!
1CCCCCCCA



ñì. exptaylor



2. Èíòåãðèðîâàíèå
I = Z 30 xsin xdx

2.1. Ïðàâèëî ïðÿìîóãîëüíèêîân = 100;h = 3/n;x = h/2:h:3;f = x./sin(x);plot(x,f);plot(h*
umsum(f))gridsum(h*f)hold on;



2.2. Ïðàâèëî òðàïåöèéplot(
umtrapz(x, f), 'r')trapz(x, f)



2.3. Ïðàâèëî Ñèìïñîíàquad('x./sin(x)', eps, 3) % tol=1e-3[q, i℄ = quad('x./sin(x)', eps, 3, 1e-4)



2.4. Ìåòîä Ëîáàòòîquadl('x./sin(x)', eps, 3) % tol=1e-6[q,i℄=quadl('x./sin(x)', eps, 3, 1e-4)



2.5. Äâîéíûå èíòåãðàëû
I = Z �0 Z �0 sin(xy) dxdyh = .1;x = [0:h:pi℄;[X, Y℄ = meshgrid(x);F = sin(X.*Y).^2;surfl(X, Y, F)h^2*sum(F(:)) % try h=0.01dblquad('sin(x.*y).^2', 0, pi, 0, pi)



3. Ñèñòåìû ëèíåéíûõ óðàâíåíèé3.1. Âåêòîðíûå è ìàòðè÷íûå íîðìû

kxkp =  nPj=1 jxjjp!1=p ; kAk = maxx6=0 kAxkkxk ;kxk1 = nPj=1 jxjj; kAk1 = maxj=1;:::;n nPi=1 jaijj;kxk2 =s nPj=1 jxjj2; kAk2 = maxi=1;:::;n�j(ATA) �s nPi;j=1 jaijj2;kxk1 = maxj=1;:::;n jxjj; kAk1 = maxi=1;:::;n nPj=1 jaijj:Ñâîéñòâî ìàòðè÷íîé íîðìû: kAxk � kAk � kxk:



norm(a, p) % p = 1, 2, 3, ..., Infnorm(A, p) % p = 1, 2, Inf, 'fro''fro' � �ðîáåíèóñîâà íîðìà:
kAkfro =vuut nXi=1 nXj=1 a2ij



3.2. Êîìàíäû äåëåíèÿ
Ax = b; AX = B; Y A = Bx = A\b (x = A�1b)X = A\B (x = A�1B)Y = B/A (x = BA�1)



ÏðèìåðÏîñòðîèì ñèñòåìó ëèíåéíûõ óðàâíåíèé ñ çàðàíåå èçâåñòíûì îòâåòîì:n = 500;A = rand(n);xp = rand(n, 1);b = A*xp;Òåïåðü íàéäåì åå ðåøåíèå ÷èñëåííî:x = A\b;Íàéäåì íîðìó íåâÿçêè è àáñîëþòíóþ è îòíîñèòåëüíóþ îøèáêó:norm(A*x - b)norm(xp - x)norm(xp - x)/norm(xp)



3.3. Àáñîëþòíàÿ è îòíîñèòåëüíà îøèáêàÏóñòü x � òî÷íîå çíà÷åíèå íåêîòîðîé âåëè÷èíûÏóñòü ex � åå ïðèáëèæåííîå çíà÷åíèå: x � ex

� = jx� exj � àáñîëþòíàÿ îøèáêà

Æ = jx� exjjxj � îòíîñèòåëüíàÿ îøèáêàÅñëè Æ � 10�p, òî ÷èñëî âåðíûõ çíà÷àùèõ öè�ð â ex ïðèìåðíî ðàâíî p.Äëÿ ìàòðèö è âåêòîðîâ òî æå ñàìîå, òîëüêî âìåñòî ìîäóëÿ íàäî áðàòü íîðìû.



3.4. ×èñëî îáóñëîâëåííîñòèAx = b � èñõîäíàÿ ñèñòåìà,A(x +�x) = b +�b � ¾âîçìóùåííàÿ¿ ñèñòåìà,Òîãäà A�x = �b è �x = A�1�b.Îòêóäà k�xkkxk � kA�1k � k�bkkxk � kA�1k � kAxkkxk � k�bkkbk ;k�xkkxk � kA�1k � kAk � k�bkkbk ;


ondA = kA�1k � kAk

îòí.îøèáêà(x) � 
ondA � îòí.îøèáêà(b)Ïîõîæàÿ �îðìóëà ñïðàâåäëèâà è ïðè âîçìóùåíèè ìàòðèöû Aîòí.îøèáêà x � 
ondA � "M:



Åñëè ÷èñëî îáóñëîâëåííîñòè ìàòðèöû íåáîëüøîå, òî ìàëåíüêèå (îòíîñèòåëüíûå)îøèáêè âî âõîäíûõ äàííûõ è â ïðîìåæóòî÷íûõ ðåçóëüòàòàõ ïðè îêðóãëåíèè, ïðèâåäóòê ìàëåíüêîé îøèáêå â ðåøåíèè.Åñëè ÷èñëî îáóñëîâëåííîñòè ìàòðèöû áîëüøîå, òî ìàëåíüêèå (îòíîñèòåëüíûå) îøèáêèâî âõîäíûõ äàííûõ è â ïðîìåæóòî÷íûõ ðåçóëüòàòàõ ïðè îêðóãëåíèè, ìîãóò ïðèâåñòè êãðîìàäíîé îøèáêå â ðåøåíèè.Åñëè ÷èñëî îáóñëîâëåííîñòè ¾áîëüøîå¿, òî ìàòðèöà íàçûâàåòñÿ ïëîõî îáóñëîâëåííîé.Åñëè ÷èñëî îáóñëîâëåííîñòè ¾íåáîëüøîå¿, òî � õîðîøî îáóñëîâëåííîé.
ond(A, p) % ÷èñëî îáóñëîâëåííîñòè
ondest(A, p) % îöåíêà ñíèçó



3.5. Ïðèìåð: ìàòðèöû �èëüáåðòà(ïëîõî îáóñëîâëåííûå) A = (aij); aij = 1i + j � 1ñì. thilb
ondñì. thilb



4. Ñîáñòâåííûå ÷èñëà è ñîáñòâåííûå âåêòîðûd = eig(A)[Q, D℄ = eig(A)


