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ÊÎÍÒ�ÎËÜÍÎÅ ÄÎÌÀØÍÅÅ ÇÀÄÀÍÈÅ

Çàäàíèå 1. Äàíî óðàâíåíèå.

1. �ðà�è÷åñêè îòäåëèòü êîðíè óðàâíåíèÿ.

2. Ïåðåíåñòè âñå ÷ëåíû óðàâíåíèÿ â ëåâóþ ÷àñòü, ïðèâåñòè èõ ê îáùåìó

çíàìåíàòåëþ è ìåòîäîì äåëåíèÿ îòðåçêà ïîïîëàì óòî÷íèòü îäèí èç êîðíåé

(ëþáîé) ñ òî÷íîñòüþ äî 0, 01.
Çàäàíèå 2. Äàíî óðàâíåíèå.

1. �ðà�è÷åñêèì ìåòîäîì îòäåëèòü êîðíè óðàâíåíèÿ.

2. Íà ïîëó÷åííîì îòðåçêå ïðîâåðèòü âûïîëíåíèå óñëîâèé ïðèìåíåíèÿ

ìåòîäà õîðä è êàñàòåëüíûõ.

3. Âû÷èñëèòü êîðíè óðàâíåíèÿ ñ òî÷íîñòüþ äî 0, 0001.
Çàäàíèå 3. Äàíà ñèñòåìà óðàâíåíèé.

1. Íà÷åðòèòü êðèâûå, îòâå÷àþùèå êàæäîìó èç óðàâíåíèé, íàìåòèòü íà-

÷àëüíîå ïðèáëèæåíèå ê ðåøåíèþ.

2. Ìåòîäîì ïðîñòûõ èòåðàöèé íàéòè ðåøåíèå ñ òî÷íîñòüþ äî 0, 01.
Çàäàíèå 4. Äàí èíòåãðàë.

1. Âû÷èñëèòü èíòåãðàë ïî �îðìóëå òðàïåöèé äëÿ n = 10.
2. Âû÷èñëèòü èíòåãðàë ïî �îðìóëå Ñèìïñîíà (ïî �îðìóëå ïàðàáîë)

äëÿ n = 10.

Âàðèàíò 0.

1. x2 + 2x =
x− 1

x+ 1
. 2. 2 ln(x− 1)− 7 + x = 0.

3.

{

sin(x− 0, 6)− y = 1, 6;
3x− cos y = 0, 9.

4.

2
∫

0

x

1 + x2
dx.

Âàðèàíò 1.

1. x2 + 5x =
x− 1

x+ 1
. 2. x2 + ex − 2 = 0.

3.

{

sin(x+ 1)− y = 1, 2;
2x+ cos y = 2.

4.

1
∫

0

cos(x+ x3) dx.

Âàðèàíò 2.

1. x2 − 6x =
x + 1

x− 1
. 2. 3 ln(x+ 1)− 5 + x = 0.

3.

{

cos(x− 1) + y = 0, 5;
x− cos y = 3.

4.

1
∫

0

sin(x4 + 2x3 + x2) dx.

Âàðèàíò 3.

1. x2 − 5 =
x

x+ 1
. 2. 2 sinx− 1

3 + x = 0.

3.

{

sin x = 2− 2y;
cos(y − 1) + x = 0, 7.

4.

1
∫

0

esinx dx.
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Âàðèàíò 4.

1. x2 − 6 =
2− x

x
. 2. 2 cosx− 1

2 + x = 0.

3.

{

cosx = 1, 5− y;
2x− sin(y − 0, 5) = 1.

4.

1
∫

0

e−x2

sinx dx.

Âàðèàíò 5.

1. 2x2 − 5x =
x− 1

x+ 1
. 2. sin x

2 − 1
2 +

x
3 = 0.

3.

{

sin(x+ 0, 5)− y = 1;
cos(y − 2) + x = 0.

4.

1
∫

0

ecosx dx.

Âàðèàíò 6.

1. 2x2 − 3x =
x+ 2

1− x
. 2. 2 sin(x− 1)− 1 + x2 = 0.

3.

{

cos(x+ 0, 5) + y = 0, 8;
sin y = 2x+ 1, 6.

4.

π/4
∫

0

x cosx3 dx.

Âàðèàíò 7.

1. 5x− x2 =
x− 2

x + 2
. 2. 3 cosx+ x− x2 = 0.

3.

{

sin(x− 1) = 1, 3− y;
x− sin(y + 1) = 0, 8.

4.

1
∫

0

cosx2 dx.

Âàðèàíò 8.

1. 6x− x2 =
4− x

x + 1
. 2. 3 log2(x+ 3)− 5 + x = 0.

3.

{

2y − cos(x+ 1) = 0;
x+ sin y = −0, 4.

4.

1
∫

0

sin(x+ x3) dx.

Âàðèàíò 9.

1. x2 − 7x =
x + 3

x
. 2. log3(x− 3)− 4 + x2 = 0.

3.

{

cos(x+ 0, 5)− y = 2;
sin y = 1 + 2x.

4.

1
∫

0

e−x2

cosx dx.

Âàðèàíò 10.

1. x2 + 7x =
x

x+ 3
. 2.

3
√
x− 2− x2 = 0.

3.

{

sin(x+ 2)− y = 1, 5;
x+ cos(y − 2) = 0, 5.

4.

2
∫

1

e−x2

sin 2x dx.
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Âàðèàíò 11.

1. 7x+ x2 =
3 + x

3− x
. 2. 5 log4(x− 3)− 2 + x2 = 0.

3.

{

sin(y + 1)− x = 1, 2;
2y + cosx = 2.

4.

π/4
∫

0

ln(1 + cosx) dx.

Âàðèàíò 12.

1. 4x− x2 =
3 + x

3− x
. 2. 2x + x2 − 10 = 0.

3.

{

cos(y − 1) + x = 0, 5;
y − cosx = 3.

4.

2
∫

1

lnx

x+ 1
dx.

Âàðèàíò 13.

1. x2 + 5x =
x− 2

x+ 1
. 2. 3x − 2x2 + 5 = 0.

3.

{

sin y = 2− 2x;
cos(x− 1) + y = 0, 7.

4.

π
∫

π/2

e−x2√
x dx.

Âàðèàíò 14.

1. x2 − 6x =
2− x

x + 1
. 2. 2x + 3x− 7 = 0.

3.

{

cos y = 1, 5− x;
2y − sin(x− 0, 5) = 1.

4.

1
∫

0

cosx3 dx.

Âàðèàíò 15.

1. x2 + 6x =
x

2x− 3
. 2. 3x − 8 + 2x = 0.

3.

{

sin(y + 0, 5)− x = 1;
cos(x− 2) + y = 0.

4.

1
∫

0

cosx2 dx.

Âàðèàíò 16.

1. x2 − 5x =
3x

3− x
. 2. 2x + 3− 4x2 = 0.

3.

{

cos(y + 0, 5) + x = 0, 8;
sin x = 1, 6 + 2y.

4.

π/2
∫

π/4

ln sinx dx.

Âàðèàíò 17.

1. 5x− x2 =
6x+ 2

3x
. 2. 3 sinx+ x− 2 = 0.

3.

{

sin(y − 1) + x = 1, 3;
y − sin(x+ 1) = 0, 8.

4.

π
∫

0

cos(2 sinx) dx.
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Âàðèàíò 18.

1. x2 − 3x =
4x+ 1

x
. 2. 3 cos(x− 1)− x+ 2 = 0.

3.

{

2x− cos(y + 1) = 0;
y + sin x = −0, 4.

4.

π
∫

0

e−x2

x2 dx.

Âàðèàíò 19.

1. 2x2 =
11− 4x

x
. 2. 2x− 5 + ex = 0.

3.

{

cos(y + 0, 5)− x = 2;
sin x = 2y + 1.

4.

π/4
∫

0

x sinx3 dx.

Âàðèàíò 20.

1. x2 =
2x2 + 4x+ 1

x
. 2. 3x− 2 + lg(x+ 2) = 0.

3.

{

sin(y + 2)− x = 1, 5;
y + cos(x− 2) = 0, 5.

4.

π
∫

π/2

cos(x+ x3) dx.

Âàðèàíò 21.

1. 2x2 + 4x =
13

x
. 2. tg x+ x2 − 1 = 0, |x| < 2.

3.

{

sin(x+ 1)− y = 1;
2x+ cos y = 2.

4.

2
∫

1

sin x3 dx.

Âàðèàíò 22.

1. x =
4− x3

x
. 2. arctg x+ x− 1 = 0.

3.

{

cos(x− 1) + y = 0, 5;
x− cos y = 2.

4.

2
∫

1

ln(1 + x)

x
dx.

Âàðèàíò 23.

1. 2− x2 =
x2 + 1

x
. 2. arctg x− x2 = 0, x > 0, 1.

3.

{

sin x = 1, 6− 2y;
cos(y − 1) + x = 1.

4.

2
∫

1

ex

x
dx.

Âàðèàíò 24.

1. 1− x2 =
5

x
. 2. arctg(x+ 1)− x = 0.

3.

{

cosx = 1, 2− y;
2x− sin(y − 0, 5) = 2.

4.

π
∫

0

sin(2 cosx) dx.
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ÎÁ�ÀÇÅÖ �ÅØÅÍÈß

ÊÎÍÒ�ÎËÜÍÎ�Î ÄÎÌÀØÍÅ�Î ÇÀÄÀÍÈß

�åøåíèå âàðèàíòà 0

Çàäàíèå 1. Äàíî óðàâíåíèå x2 + 2x =
x− 1

x+ 1
.

1. Äëÿ ãðà�è÷åñêîãî îòäåëåíèÿ êîðíåé óðàâíåíèÿ íà÷åðòèì ãðà�èêè

�óíêöèé y = x2 + 3x è y =
x− 1

x+ 1
.

�èñ. 1. Ïåðåñå÷åíèå ãðà�èêîâ �óíêöèé y = x2 + 2x è y =
x− 1

x+ 1
.

Àáñöèññû òî÷åê ïåðåñå÷åíèÿ ïîñòðîåííûõ ãðà�èêîâ îòäåëÿåì îòðåçêà-

ìè òàê, ÷òîáû êàæäûé îòðåçîê ñîäåðæàë òîëüêî îäèí êîðåíü. Â íàøåì ñëó-

÷àå ãðà�èêè �óíêöèé ïåðåñåêàþòñÿ òîëüêî â îäíîé òî÷êå. Íà ðèñ. 1 îòðåçîê

[−3;−2] îòäåëÿåò ýòîò îäèí êîðåíü: ξ ∈ [−3;−2].
2. Â ïåðâîì ïóíêòå ìû îòäåëèëè êîðåíü óðàâíåíèÿ ξ. Íà îòðåçêå

[−3;−2] ðàñïîëîæåí òîëüêî îäèí êîðåíü óðàâíåíèÿ. Ïðåîáðàçóåì èñõîäíîå

óðàâíåíèå ê âèäó:

(x2 + 2x)(x+ 1) = x− 1 ⇔ x3 + 3x2 + x+ 1 = 0.

Îáîçíà÷èì

f(x) = x3 + 3x2 + x+ 1.

Ìåòîäîì äåëåíèÿ îòðåçêà ïîïîëàì íàéä¼ì êîðåíü óðàâíåíèÿ f(x) = 0
íà îòðåçêå [−3;−2] ñ òî÷íîñòüþ äî 0, 01. Ëåâûé êîíåö îòðåçêà a0 = −3,
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ïðàâûé êîíåö îòðåçêà b0 = −2.

f(a0) = f(−3) = −2 < 0, f(b0) = f(−2) = 3 > 0 ⇒ f(a0) · f(b0) = −6 < 0.

Â êà÷åñòâå íóëåâîãî ïðèáëèæåíèÿ èñêîìîãî êîðíÿ âîçüì¼ì ñåðåäèíó

îòðåçêà [−3;−2], òî åñòü

ξ0 =
a0 + b0

2
=

−3 + (−2)

2
= −2, 5.

Ìàêñèìàëüíàÿ ïîãðåøíîñòü ïðè ýòîì ðàâíà ïîëîâèíå äëèíû îòðåçêà

[−3;−2], òî åñòü ïîãðåøíîñòü ∆ = 1
2. Ïîëó÷åííàÿ ïîãðåøíîñòü ïðåâûøà-

åò òðåáóåìóþ (12 > 0, 01), ïîýòîìó â êà÷åñòâå íîâîãî, áîëåå óçêîãî îòðåçêà

[a1; b1], îòäåëÿþùåãî èñêîìûé êîðåíü, íàäî âûáðàòü òîò èç îòðåçêîâ [a0; ξ0]
è [ξ0; b0], êîòîðûé ñîäåðæèò èñêîìûé êîðåíü. Íóæíûé îòðåçîê îïðåäåëÿåòñÿ

èç óñëîâèÿ, ÷òîáû íà êîíöàõ îòðåçêà �óíêöèÿ f(x) èìåëà ðàçíûå çíàêè.

f(ξ0) = f(−2, 5) = 1, 625 > 0 ⇒ a1 = −3, b1 = −2, 5.

Â êà÷åñòâå ïåðâîãî ïðèáëèæåíèÿ èñêîìîãî êîðíÿ âîçüì¼ì ñåðåäèíó îò-

ðåçêà [a1; b1], òî åñòü ξ1 =
a1+b1

2 = −2, 75. Ìàêñèìàëüíàÿ ïîãðåøíîñòü òåïåðü

ðàâíà ïîëîâèíå äëèíû îòðåçêà [a1; b1], òî åñòü ∆ = −2,5−(−3)
2 = 0,5

2 = 0, 25. Òàê
êàê ∆ = 0, 25 > 0, 01, òî ïðîöåññ ñóæåíèÿ îòðåçêà ïðîäîëæàåì àíàëîãè÷-

íî äî òåõ ïîð, ïîêà ìàêñèìàëüíàÿ ïîãðåøíîñòü íå ñòàíåò ìåíüøå èëè ðàâíà

çàäàííîé ïîãðåøíîñòè.

f(ξ1) = f(−2, 75) = 0, 141 > 0 ⇒ a2 = −3, b2 = −2, 75, ξ2 = −2, 875.

Íà äàííîì øàãå ïîãðåøíîñòü ∆ = 0, 125 > 0, 01, ïîýòîìó ïðîöåññ ïðîäîëæà-
åì.

f(ξ2) = f(−2, 875) ≈ −0, 842 < 0 ⇒ a3 = −2, 875 b3 = −2, 75, ξ3 = −2, 813.

Ïîãðåøíîñòü ∆ = 0, 063 > 0, 01, ïîýòîìó ïðîäîëæàåì.

f(ξ3) = f(−2, 813) ≈ −0, 333 < 0 ⇒ a4 = −2, 813, b4 = −2, 75, ξ4 = −2, 781.

Ïîãðåøíîñòü ∆ = 0, 031 > 0, 01, ïîýòîìó ïðîäîëæàåì äàëåå.

f(ξ4) = f(−2, 781) ≈ −0, 087 < 0 ⇒ a5 = −2, 781, b5 = −2, 75, ξ5 = −2, 766.

Ïîãðåøíîñòü ∆ = 0, 016 > 0, 01, ïîýòîìó ïðîäîëæàåì âû÷èñëåíèÿ.

f(ξ5) = f(−2, 766) ≈ 0, 024 > 0 ⇒ a6 = −2, 781, b6 = −2, 766, ξ6 = −2, 774.

Ïîãðåøíîñòü ∆ = 0, 008 < 0, 01, ïîýòîìó íóæíàÿ òî÷íîñòü äîñòèãíóòà è â

êà÷åñòâå ðåøåíèÿ ñ çàäàííîé òî÷íîñòüþ ìîæåì âçÿòü çíà÷åíèå ξ6 = −2, 774.
Âû÷èñëåíèÿ óäîáíî îðãàíèçîâàòü â âèäå òàáëèöû.

f(a0) = f(−3) = −2 < 0, f(b0) = f(−2) = 3 > 0.
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i ai bi ξi =
ai + bi

2
f(ξi) ∆

0 −3 −2 −2, 5 1, 625 0, 5
1 −3 −2, 5 −2, 75 0, 141 0, 25
2 −3 −2, 75 −2, 875 −0, 842 0, 125
3 −2, 875 −2, 75 −2, 813 −0, 333 0, 063
4 −2, 813 −2, 75 −2, 781 −0, 087 0, 031
5 −2, 781 −2, 754 −2, 7664 0, 024 0, 016
6 −2, 781 −2, 766 −2, 774 −0, 035 0, 008

Çàäàíèå 2. Äàíî óðàâíåíèå 2 ln(x− 1)− 7 + x = 0.
1. Ïðåîáðàçóåì óðàâíåíèå ê âèäó

ln(x− 1) =
7− x

2
.

Íà÷åðòèì ãðà�èêè ëåâîé è ïðàâîé ÷àñòåé óðàâíåíèÿ.

�èñ. 2. Ïåðåñå÷åíèå ãðà�èêîâ �óíêöèé y = ln(x− 1) è y =
7− x

2
.

Îäíà �óíêöèÿ âîçðàñòàþùàÿ, äðóãàÿ � óáûâàþùàÿ, çíà÷èò, èìååòñÿ

åäèíñòâåííûé êîðåíü óðàâíåíèÿ (ñì. ðèñ. 1). Àáñöèññà òî÷êè ïåðåñå÷åíèÿ ïî-

ñòðîåííûõ ãðà�èêîâ îòäåëÿåòñÿ îòðåçêîì [4; 5]. Ïîëó÷àåì, ÷òî êîðåíü óðàâ-
íåíèÿ ξ ∈ [4; 5].

2. Îáîçíà÷èì f(x) = 2 ln(x− 1)− 7 + x.
Ïðîâåðèì âûïîëíåíèå óñëîâèé ìåòîäà õîðä è êàñàòåëüíûõ. Íàäî ïðî-

âåðèòü 3 óñëîâèÿ:

1) íà êîíöàõ îòðåçêà [4; 5] �óíêöèÿ f(x) = 2 ln(x−1)−7+x ïðèíèìàåò
çíà÷åíèÿ ðàçíûõ çíàêîâ;
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2) íà ðàññìàòðèâàåìîì îòðåçêå [4; 5] ïåðâàÿ ïðîèçâîäíàÿ f ′(x) ñîõðàíÿ-
åò çíàê;

3) íà ðàññìàòðèâàåìîì îòðåçêå [4; 5] âòîðàÿ ïðîèçâîäíàÿ f ′′(x) ñîõðà-
íÿåò çíàê.

Îáîçíà÷èì a0 = 4, b0 = 5.

f(a0) = f(4) ≈ −0, 803 < 0 f(b0) = f(5) ≈ 0, 773 > 0.

Íà êîíöàõ îòðåçêà [4; 5] �óíêöèÿ f(x) ïðèíèìàåò çíà÷åíèÿ ðàçíûõ çíàêîâ.

f ′(x) = (2 ln(x− 1)− 7 + x)′ =
2

x− 1
+ 1 > 0 ïðè x ∈ [4; 5].

Ïåðàÿ ïðîèçâîäíàÿ ïîëîæèòåëüíà íà ðàññìàòðèâàåìîì îòðåçêå.

f ′′(x) = (f ′(x))
′
=

(

2

x− 1
+ 1)

)′
= − 2

(x− 1)2
< 0 ïðè x ∈ [4; 5].

Âòîðàÿ ïðîèçâîäíàÿ îòðèöàòåëüíà íà ðàññìàòðèâàåìîì îòðåçêå.

3. Êîðåíü óðàâíåíèÿ âû÷èñëÿþò ïî ñëåäóþùåìó àëãîðèòìó:

a) åñëè f(ak) · f ′′(x) > 0, òî

ak+1 = ak −
f(ak)

f ′(ak)
, bk+1 = bk −

bk − ak

f(bk)− f(ak)
f(bk);

á) åñëè f(ak) · f ′′(x) < 0, òî

ak+1 = ak −
bk − ak

f(bk)− f(ak)
f(ak), bk+1 = bk −

f(bk)

f ′(bk)
.

Çíà÷åíèÿ ak+1 íàäî âû÷èñëÿòü ñ íåäîñòàòêîì, à çíà÷åíèÿ bk+1 � ñ èç-

áûòêîì âî èçáåæàíèå

”
ïðîñêàëüçûâàíèÿ“ êîðíÿ.

�åçóëüòàòû âû÷èñëåíèé óäîáíî î�îðìëÿòü â âèäå òàáëèöû.

k [ak; bk] f(ak) f(bk)
çíàê

f(ak)f
′′(x)

f ′(bk), åñëè
f(ak)f

′′(x) < 0;
f ′(ak), åñëè

f(ak)f
′′(x) > 0

ak+1 bk+1

∆k+1 =
= bk+1 − ak+1

0 [4; 5] −0, 80278 0, 77259 + 1, 66667 4, 48166 4, 50959 0, 02793
1 [4, 48166; 4, 50959] −0, 02332 0, 02059 + 1, 57444 4, 49647 4, 49650 0, 00003

Òàê êàê óæå ïîëó÷åíà âîçìîæíàÿ ìàêñèìàëüíàÿ ïîãðåøíîñòü ∆ =
= 0,00003

2 = 0, 000015 < 0, 0001, òî â êà÷åñòâå èñêîìîãî êîðíÿ ìîæíî âçÿòü

ëþáîå èç ÷èñåë îòðåçêà [4, 49647; 4, 49650]. Òðåáóåòñÿ íàéòè ïðèáëèæ¼ííîå

çíà÷åíèå êîðíÿ ñ ÷åòûðüìÿ äåñÿòè÷íûìè çíàêàìè, ïîýòîìó â êà÷åñòâå îòâåòà

ìîæíî âçÿòü ÷èñëî 4, 4965 èëè 4, 4964.

Çàäàíèå 3. Äàíà ñèñòåìà óðàâíåíèé

{

sin(x− 0, 6)− y = 1, 6;
3x− cos y = 0, 9.

1. Âûðàçèì ïåðåìåííûå x è y è çàïèøåì äàííóþ ñèñòåìó â âèäå

{

y = sin(x− 0, 6)− 1, 6;
x = 1

3 cos y + 0, 3.
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Ïîñòðîèì ãðà�èêè ïîëó÷åííûõ �óíêöèé (ñì. ðèñ. 3).

�èñ. 3. Ïåðåñå÷åíèå ãðà�èêîâ y = sin(x− 0, 6)− 1, 6 è x = 1

3
cos y + 0, 3.

Óâåëè÷èâ ìàñøòàá, îïðåäåëèì íà÷àëüíîå ïðèáëèæåíèå (ñì. ðèñ. 4).

�èñ. 4. Óâåëè÷åí ìàñøòàá îêîëî òî÷êè ïåðåñå÷åíèÿ.
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Ïî ãðà�èêó îïðåäåëÿåì, ÷òî ñèñòåìà èìååò îäíî ðåøåíèå, óäîâëåòâî-

ðÿþùåå óñëîâèÿì

0 < x < 0, 4, −2, 2 < y < −1, 8.

Â êà÷åñòâå íà÷àëüíîãî ïðèáëèæåíèÿ âîçüì¼ì x0 = 0, 2, y0 = −2.
2. Îáîçíà÷èì

{

f(x) = sin(x− 0, 6)− 1, 6;
g(y) = 1

3
cos y + 0, 3.

Ó÷èòûâàÿ, ÷òî y = f(x) è x = g(y), êàæäîå ñëåäóþùåå ïðèáëèæåíèå áóäåì
èñêàòü ïî �îðìóëàì

{

xk+1 = g(yk);
yk+1 = f(xk).

Ïðîöåññ îñòàíàâëèâàåòñÿ, êîãäà äîñòèãíóòà íóæíàÿ òî÷íîñòü 0, 01, òî åñòü,

êîãäà âûïîëíåíû óñëîâèÿ

∆xk
= |xk+1 − xk| < 0, 01 è ∆yk = |yk+1 − yk| < 0, 01.

�åøåíèå óäîáíî î�îðìèòü â âèäå òàáëèöû.

k xk yk xk+1 = g(yk) yk+1 = f(xk) ∆xk
∆yk

0 0, 2 −2 0, 1613 −1, 9894 0, 0387 0, 0106
1 0, 1613 −1, 9894 0, 1645 −2, 0248 0, 0032 0, 0354
2 0, 1645 −2, 0248 0, 1538 −2, 0219 0, 0107 0, 0029
3 0, 1538 −2, 0219 0, 1547 −2, 0315 0, 0009 0, 0096

Òàê êàê íàì òðåáóåòñÿ òî÷íîñòü äâà çíàêà ïîñëå çàïÿòîé, òî ïîëó÷àåì

x ≈ 0, 15, y ≈ −2, 03.

Çàäàíèå 4. Äàí èíòåãðàë

2
∫

0

x

1 + x2
dx.

1. Âû÷èñëèì èíòåãðàë ïî �îðìóëå òðàïåöèé. �àçáèâàåì îòðåçîê èíòå-

ãðèðîâàíèÿ [a; b] íà n ðàâíûõ ÷àñòåé òî÷êàìè

a = x0 < x1 < x2 < . . . < xn−1 < xn = b.

Ïî �îðìóëå òðàïåöèé

b
∫

a

f(x) dx ≈ h ·
(

f(x0)

2
+ f(x1) + f(x2) + . . .+ f(xn−1) +

f(xn)

2

)

,

ãäå h =
b− a

n
� äëèíà êàæäîãî îòðåçêà.

Â íàøåì ñëó÷àå

f(x) =
x

1 + x2
, n = 10, a = 0, b = 2, h =

2− 0

10
= 0, 2.
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Òàê êàê n = 10, òî �îðìóëà ïðèíèìàåò âèä

b
∫

a

f(x) dx ≈ h ·
(

f(x0)

2
+ f(x1) + f(x2) + f(x3) + f(x4)+

+f(x5) + f(x6) + f(x7) + f(x8) + f(x9) +
f(x10)

2

)

.

Âû÷èñëÿåì çíà÷åíèÿ �óíêöèè f(x) â òî÷êàõ ðàçáèåíèÿ îòðåçêà:

f(x0) = f(0) = 0,
f(x1) = f(0, 2) ≈ 0, 19231,
f(x2) = f(0, 4) ≈ 0, 34483,
f(x3) = f(0, 6) ≈ 0, 44118,
f(x4) = f(0, 8) ≈ 0, 48780,
f(x5) = f(1) = 0, 5,
f(x6) = f(1, 2) ≈ 0, 49180,
f(x7) = f(1, 4) ≈ 0, 47297,
f(x8) = f(1, 6) ≈ 0, 44944,
f(x9) = f(1, 8) ≈ 0, 42453,
f(x10) = f(2) = 0, 4.

Ïîäñòàâëÿÿ íàéäåííûå çíà÷åíèÿ â �îðìóëó òðàïåöèé, îêîí÷àòåëüíî ïî-

ëó÷àåì

2
∫

0

x

1 + x2
dx ≈ 0, 2 ·

(

0

2
+ 0, 19231 + 0, 34483 + 0, 44118 + 0, 48780+

+0, 5 + 0, 49180 + 0, 47297 + 0, 44944 + 0, 42453 +
0, 4

2

)

≈ 0, 80097.

2. Âû÷èñëèì èíòåãðàë ïî �îðìóëå Ñèìïñîíà. �àçáèâàåì îòðåçîê èíòå-

ãðèðîâàíèÿ [a; b] íà n ðàâíûõ ÷àñòåé òî÷êàìè

a = x0 < x1 < x2 < . . . < xn−1 < xn = b.

Ïî �îðìóëå Ñèìïñîíà

b
∫

a

f(x) dx ≈ h

3
·
(

(

f(x0) + f(xn)
)

+ 4
(

f(x1) + f(x3) + . . .+ f(xn−1)
)

+

+ 2
(

f(x2) + f(x4) + . . .+ f(xn−2)
)

)

,

ãäå h =
b− a

n
� äëèíà êàæäîãî îòðåçêà.

Â íàøåì ñëó÷àå

f(x) =
x

1 + x2
, n = 10, a = 0, b = 2, h =

2− 0

10
= 0, 2.
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Òàê êàê n = 10, òî �îðìóëà ïðèíèìàåò âèä

b
∫

a

f(x) dx ≈

≈ h

3
·
(

(

f(x0) + f(x10)
)

+ 4
(

f(x1) + f(x3) + f(x5) + f(x7) + f(x9)
)

+

+ 2
(

f(x2) + f(x4) + f(x6) + f(x8))
)

)

.

Çíà÷åíèÿ �óíêöèè f(x) â òî÷êàõ ðàçáèåíèÿ îòðåçêà [0; 2] áûëè âû÷èñ-

ëåíû â ïåðâîì ïóíêòå. Ïîäñòàâëÿÿ ýòè çíà÷åíèÿ â �îðìóëó Ñèìïñîíà, îêîí-

÷àòåëüíî ïîëó÷àåì

2
∫

0

x

1 + x2
dx ≈

≈ 0, 2

3
·
(

(

0 + 0, 4
)

+ 4
(

0, 19231 + 0, 44118 + 0, 5 + 0, 47297 + 0, 42453
)

+

+ 2
(

0, 34483 + 0, 48780 + 0, 49180 + 0, 44944
)

)

=

=
0, 2

3
·
(

0, 4 + 4 · 2, 03099 + 2 · 1, 77387
)

=

=
0, 2

3
· 12, 0717 ≈ 0, 80478.



15

�åêîìåíäóåìàÿ ëèòåðàòóðà

1. �ìóðìàí Â.Å. Ýëåìåíòû ïðèáëèæ¼ííûõ âû÷èñëåíèé. Èçäàòåëüñòâî Âûñ-

øàÿ øêîëà. 2005.

2. Ïîðøíåâ Ñ.Â. Áåëåíêîâà È.Â. ×èñëåííûå ìåòîäû íà áàçå Mathad. Èç-

äàòåëüñòâî ÁÕÂ. Ñàíêò-ïåòåðáóðã. 2012.

3. Ïðîòàñîâ È.Ä. Ëåêöèè ïî âû÷èñëèòåëüíîé ìàòåìàòèêå. Èçäàòåëüñòâî �å-

ëèîñ À�Â. Ìîñêâà. 2004.



16

Ñîäåðæàíèå

Êîíòðîëüíîå äîìàøíåå çàäàíèå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Îáðàçåö ðåøåíèÿ êîíòðîëüíîãî äîìàøíåãî çàäàíèÿ . . . . . . . . . . . . . . . . . . . . . . . .7

�åêîìåíäóåìàÿ ëèòåðàòóðà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15


	титул
	«МОСКОВСКИЙ ГОСУДАРСТВЕННЫЙ ТЕХНИЧЕСКИЙ
	УНИВЕРСИТЕТ ГРАЖДАНСКОЙ АВИАЦИИ» (МГТУ ГА)
	Кафедра высшей математики
	Ю.И. Дементьев, В.В. Солодов
	ПОСОБИЕ
	Москва-2015

	аннот.
	ББК 518
	Д30
	Рецензент доц. В.А. Ухова
	125993 Москва, Кронштадтский бульвар, д.20
	125493 Москва, ул. Пулковская, д.6а



	Вычислительная математика 230100 курс 2



