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Numericky vypocet
integralu

V mnoha pfipadech nemuze Mathematica dat pfesnou hodnotu integralu a pak je nutné pocitat

pfibliznou hodnotu. Toto téma spada spiSe do numerické analyzy a tak uvedeme jen stru¢né

nékolik prikladd.

Integrate[x*x, {x, 0, 1}]
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NIntegrate[x*x, {x, 0, 1}]

0.783431

Mathematica zna mnoho numerickych metod k vypoétu integrll.Je mozné ji v poZadavcich
specifikovat. My se omezime na vypo&et pomoci Riemannovych sou¢td. Lze brat body v pravych
nebo levych krajnich bodech délicich intervalli. Uz na 5.desetinném misté je vidét rozdil v

hodnotach.

NIntegrate[x*x, {x, 0, 1},
Method -» {"RiemannRule", "Type" - "Right"}]

— Nintegrate::slwcon :
Numerical integration converging too slowly, suspect one of the following:
singularity, value of the integration is 0, highly
oscillatory integrand, or WorkingPrecision too small. >

— Nintegrate:ncvb:
Nintegrate failed to converge to prescribed accuracy after 9 recursive
bisections in x near {x} ={0.0644531}. Nintegrate obtained
0.783437 and 0.0000259724 for the integral and error estimates. >

0.783437
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NIntegrate[x*x, {x, 0, 1},
Method -» {"RiemannRule", "Type" -» "Left"}]

0.783424

Riemannuy integral

Riemannova definice integralu jako limita jistych souctl je viastné metoda pfiblizného vypoctu
integrall. Nehodi se vSak k tomuto Ucelu, protoZe konverguje velmi pomalu. UkédZeme nyni na
pfikladé, jak dolni a horni Riemannovy soucty k integralu konverguiji a jak se tyto souéty chovaji k
ploSe mezi grafem a osou x. Za funkci zvolime polynom 4.stupné a budeme kreslit pfislusné
obdélniky pro déleni intervalu na 10 az 30 stejnych intervali. Nejdfive dolni souéty, jejichz

hodnota je v grafu uvedena vpravo pod hodnotou integralu.

Clear[f]; f[x_] :=x*4-3x*2+1;
Plot[f([x], {x, -1, 2}]

Clear[fmin];
fmin[n_] :=
Table[MinValue[{f[y], -1+3/n*k<sy<=-1+3/n=*(k+1)},
v] // N, {k, 0, n-1, 1}]
Clear[smin];
smin = Table[Sum[3 * fmin[n] [[k]] /n, {k, 1, n, 1}],
{n, 10, 30, 1}];
Clear[tmin];
tmin =
Table [
Table[Rectangle[{-1+k*3/n, 0},
{-1+(k+1)*3/n, fmin[n][[k+1]]}], {k, O, n-1, 1}],
{n, 10, 30, 1}];
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Manipulate[Plot[f[x], {x, -1, 2},
Prolog -> {EdgeForm[Thick] , Pink, tmin[[n - 9]],

Text [Style["[£[x]dx=0.6", Black]|, {2.5, 4}],
Text [Style["dolni soucet'", Black], {2.5, 3}1],

Text [Style[smin[[n - 9]], Black], {2.5, 2.6}]},

Axes » True, AxesOrigin -» {0, 0},
PlotRange » {{-1, 3}, {-1.4, 5}}], {n, 10, 30, 1}]
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Nyni udélame totéz pro horni soucty.

Clear[fmax];
fmax[n_] :=
Table[MaxValue[{f[y], -1+3/n*xk<y<=-1+3/nx*(k+1)},
vl // N, {k, 0, n-1, 1}]
Clear[smax];
smax = Table[Sum[fmax[n] [[k]] *3/n, {k, 1, n, 1}],
{n, 10, 30, 1}];
Clear[tmax];
tmax =
Table [
Table[Rectangle[{-1+k*3/n, 0},
{-1+(k+1)*3/n, fmax[n][[k+1]]1}], {k, O, n-1, 1}],
{n, 10, 30, 1}];

Manipulate[Plot [£[x], {x, -1, 2},

Prolog -> {EdgeForm[Thick] , Pink, tmax[[n-9]],
Text [Style["[f[x]dx=0.6", Black], {2.5, 4}],
Text [Style["horni soucet", Black], {2.5, 3}],
Text [Style[smin[[n - 9]], Black], {2.5, 2.6}]},

Axes -» True, AxesOrigin -» {0, 0},

PlotRange » {{-1, 3}, {-1.4, 5}}], {n, 10, 30, 1}]
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Rosdil mezi hornimi a dolnimi soucty je znazornén na dal§im grafu, opét s pfislusnymi Ciselnymi
hodnotami.Jako posledni poloZka je uveden velky rozdil mezi hodnotou integralu a
Riemannovymi soucty pro nasi funkci.

Clear[tsub];
tsub =
Table[Table[Rectangle[{-1+k*3/n, fmin[n] [[k+1]]},
{-1+(k+1)*3/n, fmax[n][[k+1]]1}], {k, O, n-1, 1}],
{n, 10, 30, 1}1];
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Manipulate[Plot[f[x], {x, -1, 2},

Prolog -> {EdgeForm[Thick], Pink, tsub[[n-9]],
Text [Style["rozdil souc¢td", Black], {2.5, 3.5}],
Text [Style[ smax[[n-9]] - smin[[n - 9]], Black],

{2.5, 3}]}, Axes » True, AxesOrigin -» {0, 0},

PlotRange -» {{-1, 3}, {-1.4, 5}}], {n, 10, 30, 1}]
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ColumnForm[{Integrate[f[x], {x, -1, 2.}] "=ff(x)dx",
smin[[21]]

"=dolni Riemanniv soucdet pro déleni na 30 intervalkua",
smax|[[21]]

"=horni Riemanndv soucdet pro déleni na 30 intervélkﬁ"}]

0.6 = [f(x)dx
0.08999 =dolni Riemanniiv soucet pro déleni na 30 intervalki
1.13963 =horni Riemanntv soucet pro déleni na 30 intervalkl






