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Ðåöåíçåíò � ê.ô.-ì.í., äîöåíò Ì.Ï. Æåëèôîíîâ

Ð.À. Äàèøåâ, Á.Ñ. Íèêèòèí. Ðàñ÷åòíûå çàäàíèÿ ïî
ìàòåìàòèêå. Óðàâíåíèÿ ìàòåìàòè÷åñêîé ôèçèêè. � Êà-
çàíü, 2005.

Ïðåäñòàâëåííîå ïîñîáèå ïðåäíàçíà÷åíî äëÿ ñòóäåíòîâ òðåòüåãî êóðñà
ôèçè÷åñêîãî ôàêóëüòåòà è ÿâëÿåòñÿ åñòåñòâåííûì äîïîëíåíèåì ó÷åáíîãî
ïîñîáèÿ òåõ æå àâòîðîâ "Óðàâíåíèÿ ìàòåìàòè÷åñêîé ôèçèêè. Ñáîðíèê çà-
äà÷". Ïîäáîð çàäà÷ â äàííîì ðàñ÷åòíîì çàäàíèè òåìàòè÷åñêè ñîîòâåòñòâó-
åò ýòîìó ñáîðíèêó. Îí ñîäåðæèò 25 âàðèàíòîâ çàäàíèé; êàæäûé âàðèàíò
ñîäåðæèò 12 çàäà÷. Âñëåäñòâèå äåôèöèòà âðåìåíè, îòâåäåííîãî äëÿ èçó÷å-
íèÿ äàííîãî ðàçäåëà ìàòåìàòèêè, à òàê æå äîñòàòî÷íî áîëüøîãî îáú¼ìà
âû÷èñëèòåëüíîé ðàáîòû, íåîáõîäèìîé äëÿ ðåøåíèÿ çàäà÷ ýòîãî êóðñà, íà
ïðàêòè÷åñêèõ çàíÿòèÿõ íå âñåãäà âîçìîæíî îõâàòèòü âåñü êðóã âîïðîñîâ,
ñ êîòîðûìè áûëî áû æåëàòåëüíî îçíàêîìèòü ñòóäåíòîâ. Ïîýòîìó ñàìîñòî-
ÿòåëüíàÿ ðàáîòà ñòóäåíòîâ â ýòîé ñèòóàöèè îêàçûâàåòñÿ íåîáõîäèìîé è
÷ðåçâû÷àéíî ïîëåçíîé.

c©Êàçàíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, 2005.



Ðàñ÷åòíûå çàäàíèÿ ïî óðàâíåíèÿì ìàòåìàòè÷åñêîé
ôèçèêè.

Çàäà÷à 1. Ïðèâåñòè óðàâíåíèå ê êàíîíè÷åñêîìó âèäó è íàé-
òè åãî îáùåå ðåøåíèå.

1.1 uxx + 2uxy + uyy + ux + uy = 0.

1.2 uxx + 4uxy + 4uyy − ux − 2uy = 0.

1.3 uxx − 2uxy + uyy + 2ux − 2uy = 0.

1.4 uxx + 6uxy + 9uyy + ux + 3uy = 0.

1.5 uxx − 6uxy + 9uyy − 2ux + 6uy = 0.

1.6 uxx + 2uxy + uyy − 3ux − 3uy = 0.

1.7 uxx − 4uxy + 4uyy + 3ux − 6uy = 0.

1.8 9uxx + 6uxy + uyy − 9ux − 3uy = 0.

1.9 uxx + 8uxy + 16uyy − ux − 4uy = 0.

1.10 uxx − 2uxy + uyy + 4ux − 4uy = 0.

1.11 16uxx + 8uxy + uyy − 8ux − 2uy = 0.

41.12 4uxx + 4uxy + uyy + 8ux + 4uy = 0.

1.13 uxx − 8uxy + 16uyy + 3ux − 12uy = 0.

1.14 9uxx + 6uxy + uyy − 12ux − 4uy = 0.

1.15 16uxx + 8uxy + uyy + 16ux + 4uy = 0.

1.16 uxx + 10uxy + 25uyy + ux + 5uy = 0.

1.17 uxx + 2uxy + uyy + 5ux + 5uy = 0.
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1.18 uxx − 10uxy + 25uyy + 2ux − 10uy = 0.

1.19 4uxx − 4uxy + uyy − 10ux + 5uy = 0.

1.20 25uxx − 10uxy + uyy − 15ux + 3uy = 0.

1.21 uxx + 6uxy + 9uyy + 5ux + 15uy = 0.

1.22 25uxx + 10uxy + uyy + 20ux + 4uy = 0.

1.23 uxx + 8uxy + 16uyy + 5ux + 20uy = 0.

1.24 uxx − 10uxy + 25uyy + 5ux − 25uy = 0.

1.25 uxx + 12uxy + 36uyy + ux + 6uy = 0.

Çàäà÷à 2. Ìåòîäîì Ôóðüå ðåøèòü îäíîðîäíîå óðàâíå-
íèå òåïëîïðîâîäíîñòè ñ íóëåâûìè ãðàíè÷íûìè óñëîâè-
ÿìè.

2.1 ut = 2uxx; u(x, 0) = sin 3πx; u(0, t) = u(8, t) = 0.

2.2 ut = 9uxx; u(x, 0) = 2 sin 2πx+3 sin 3πx; u(0, t) = u(1, t) = 0.

2.3 ut = 3uxx; u(x, 0) = 3 sin 2πx; u(0, t) = u(7, t) = 0.

2.4 ut = 2uxx; u(x, 0) = 4 sin 3πx+5 sin 4πx; u(0, t) = u(2, t) = 0.

2.5 ut = 4uxx; u(x, 0) = 5 sin 3πx; u(0, t) = u(6, t) = 0.

2.6 ut = 7uxx; u(x, 0) = 6 sin 2πx+7 sin 3πx; u(0, t) = u(3, t) = 0.

2.7 ut = 5uxx; u(x, 0) = 7 sin 2πx; u(0, t) = u(5, t) = 0.

2.8 ut = 6uxx; u(x, 0) = 8 sin 3πx+9 sin 4πx; u(0, t) = u(4, t) = 0.

2.9 ut = 6uxx; u(x, 0) = 9 sin 3πx; u(0, t) = u(4, t) = 0.

2.10 ut = 5uxx; u(x, 0) = 10 sin 2πx+3 sin 3πx; u(0, t) = u(5, t) = 0.

4



2.11 ut = 7uxx; u(x, 0) = 11 sin 2πx; u(0, t) = u(3, t) = 0.

2.12 ut = 4uxx; u(x, 0) = 12 sin 3πx+5 sin 4πx; u(0, t) = u(6, t) = 0.

2.13 ut = 8uxx; u(x, 0) = 13 sin 3πx; u(0, t) = u(2, t) = 0.

2.14 ut = 3uxx; u(x, 0) = 14 sin 2πx+7 sin 3πx; u(0, t) = u(7, t) = 0.

2.15 ut = 9uxx; u(x, 0) = 15 sin 2πx; u(0, t) = u(1, t) = 0.

2.16 ut = 2uxx; u(x, 0) = 16 sin 3πx+9 sin 4πx; u(0, t) = u(8, t) = 0.

2.17 ut = 2uxx; u(x, 0) = 17 sin 2πx; u(0, t) = u(2, t) = 0.

2.18 ut = 3uxx; u(x, 0) = 18 sin 3πx+3 sin 4πx; u(0, t) = u(7, t) = 0.

2.19 ut = 3uxx; u(x, 0) = 19 sin 3πx; u(0, t) = u(3, t) = 0.

2.20 ut = 8uxx; u(x, 0) = 20 sin 2πx+7 sin 3πx; u(0, t) = u(6, t) = 0.

2.21 ut = 4uxx; u(x, 0) = 21 sin 3πx; u(0, t) = u(4, t) = 0.

2.22 ut = 4uxx; u(x, 0) = 22 sin 3πx+5 sin 4πx; u(0, t) = u(5, t) = 0.

2.23 ut = 5uxx; u(x, 0) = 23 sin 3πx; u(0, t) = u(5, t) = 0.

2.24 ut = 6uxx; u(x, 0) = 24 sin 2πx+9 sin 3πx; u(0, t) = u(4, t) = 0.

2.25 ut = 6uxx; u(x, 0) = 25 sin 2πx; u(0, t) = u(6, t) = 0.

Çàäà÷à 3. Ìåòîäîì Ôóðüå ðåøèòü îäíîðîäíîå óðàâíå-
íèå òåïëîïðîâîäíîñòè ñ íåíóëåâûìè ãðàíè÷íûìè óñëî-
âèÿìè.

3.1 ut = 9uxx; u(x, 0) = 5 sin 2πx−1+3x; u(0, t) = −1; u(2, t) = 5.

3.2 ut = 8uxx; u(x, 0) = 6 sin 3πx+2−3x; u(0, t) = 2; u(3, t) = −7.
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3.3 ut = 7uxx; u(x, 0) = 7 sin 2πx−3+4x; u(0, t) = −3; u(1, t) = 1.

3.4 ut = 6uxx; u(x, 0) = 8 sin 4πx+4−5x; u(0, t) = 4; u(2, t) = −6.

3.5 ut = 5uxx; u(x, 0) = 9 sin 3πx−5+2x; u(0, t) = −5; u(3, t) = 1.

3.6 ut = 9uxx; u(x, 0) = 8 sin 3πx+6−2x; u(0, t) = 6; u(4, t) = −2.

3.7 ut = 8uxx; u(x, 0) = 7 sin 2πx−7+3x; u(0, t) = −7; u(3, t) = 2.

3.8 ut = 7uxx; u(x, 0) = 6 sin 3πx+8−3x; u(0, t) = 8; u(4, t) = −4.

3.9 ut = 4uxx; u(x, 0) = 5 sin 4πx−9+5x; u(0, t) = −9; u(2, t) = 1.

3.10 ut = 3uxx; u(x, 0) = 4 sin 5πx+9−4x; u(0, t) = 9; u(3, t) = −3.

3.11 ut = 2uxx; u(x, 0) = 3 sin 6πx−8+5x; u(0, t) = −8; u(2, t) = 2.

3.12 ut = 3uxx; u(x, 0) = 2 sin 4πx+7−5x; u(0, t) = 7; u(1, t) = 2.

3.13 ut = 5uxx; u(x, 0) = 3 sin 3πx−6+4x; u(0, t) = −6; u(3, t) = 6.

3.14 ut = 6uxx; u(x, 0) = 4 sin 4πx+5−4x; u(0, t) = 5; u(2, t) = −3.

3.15 ut = 8uxx; u(x, 0) = 5 sin 2πx−4+3x; u(0, t) = −4; u(1, t) = −1.

3.16 ut = 7uxx; u(x, 0) = 6 sin 3πx+3+2x; u(0, t) = 3; u(2, t) = 7.

3.17 ut = 6uxx; u(x, 0) = 7 sin 4πx−2+x; u(0, t) = −2; u(3, t) = 1.

3.18 ut = 2uxx; u(x, 0) = 8 sin 7πx+1−x; u(0, t) = 1; u(2, t) = −1.

3.19 ut = 4uxx; u(x, 0) = 9 sin 3πx−1−2x; u(0, t) = −1; u(1, t) = −3.

3.20 ut = 6uxx; u(x, 0) = 8 sin 4πx+3−4x; u(0, t) = 3; u(2, t) = −5.

3.21 ut = 7uxx; u(x, 0) = 7 sin 3πx−5+6x; u(0, t) = −5; u(1, t) = 1.

3.22 ut = 8uxx; u(x, 0) = 6 sin 2πx+7−5x; u(0, t) = 7; u(2, t) = −3.

3.23 ut = 9uxx; u(x, 0) = 5 sin 3πx−9+4x; u(0, t) = −9; u(3, t) = 3.
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3.24 ut = 8uxx; u(x, 0) = 4 sin 3πx+8−3x; u(0, t) = 8; u(2, t) = 2.

3.25 ut = 7uxx; u(x, 0) = 3 sin 2πx−6+2x; u(0, t) = −6; u(3, t) = 0.

Çàäà÷à 4. Ìåòîäîì Ôóðüå ðåøèòü îäíîðîäíîå óðàâíå-
íèå êîëåáàíèé ñ íóëåâûìè ãðàíè÷íûìè óñëîâèÿìè.

4.1 utt = 64uxx; ux(0, t) = ux(6, t) = 0; u(x, 0) = 0, ut(x, 0) = 8π cos πx.

4.2 utt = 81uxx; ux(0, t) = ux(5, t) = 0; u(x, 0) = 2 cos πx, ut(x, 0) = 0.

4.3 utt = 36uxx; ux(0, t) = ux(5, t) = 0; u(x, 0) = 0, ut(x, 0) = 12π cos 2πx.

4.4 utt = 49uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 4 cos 2πx, ut(x, 0) = 0.

4.5 utt = 16uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 0, ut(x, 0) = 12π cos 3πx.

4.6 utt = 25uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 6 cos 3πx, ut(x, 0) = 0.

4.7 utt = 4uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 0, ut(x, 0) = 8π cos 4πx.

4.8 utt = 9uxx; ux(0, t) = ux(2, t) = 0; u(x, 0) = 8 cos 4πx, ut(x, 0) = 0.

4.9 utt = uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 0, ut(x, 0) = 5π cos 5πx.

4.10 utt = uxx; ux(0, t) = ux(1, t) = 0; u(x, 0) = 10 cos 5πx, ut(x, 0) = 0.

4.11 utt = 9uxx; ux(0, t) = ux(1, t) = 0; u(x, 0) = 0, ut(x, 0) = 18π cos 6πx.

4.12 utt = 4uxx; ux(0, t) = ux(2, t) = 0; u(x, 0) = 12 cos 6πx, ut(x, 0) = 0.

4.13 utt = 25uxx; ux(0, t) = ux(2, t) = 0; u(x, 0) = 0, ut(x, 0) = 25π cos 5πx.

4.14 utt = 16uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 14 cos 5πx, ut(x, 0) = 0.

4.15 utt = 49uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 0, ut(x, 0) = 28π cos 4πx.

4.16 utt = 36uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 16 cos 4πx, ut(x, 0) = 0.
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4.17 utt = 81uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 0, ut(x, 0) = 27π cos 3πx.

4.18 utt = 64uxx; ux(0, t) = ux(5, t) = 0; u(x, 0) = 18 cos 3πx, ut(x, 0) = 0.

4.19 utt = 4uxx; ux(0, t) = ux(1, t) = 0; u(x, 0) = 0, ut(x, 0) = 14π cos 7πx.

4.20 utt = uxx; ux(0, t) = ux(2, t) = 0; u(x, 0) = 20 cos 7πx, ut(x, 0) = 0.

4.21 utt = 16uxx; ux(0, t) = ux(2, t) = 0; u(x, 0) = 0, ut(x, 0) = 24π cos 6πx.

4.22 utt = 9uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 22 cos 6πx, ut(x, 0) = 0.

4.23 utt = 36uxx; ux(0, t) = ux(3, t) = 0; u(x, 0) = 0, ut(x, 0) = 30π cos 5πx.

4.24 utt = 25uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 24 cos 5πx, ut(x, 0) = 0.

4.25 utt = 64uxx; ux(0, t) = ux(4, t) = 0; u(x, 0) = 0, ut(x, 0) = 32π cos 4πx.

Çàäà÷à 5. Ìåòîäîì Ôóðüå ðåøèòü íåîäíîðîäíîå âîëíî-
âîå óðàâíåíèå ñ íóëåâûìè ãðàíè÷íûìè è íà÷àëüíûìè
óñëîâèÿìè:

u(0, t) = 0; u(π, t) = 0; u(x, 0) = 0; ut(x, 0) = 0.

5.1 utt = uxx + 65e−8t · sin x. 5.2 utt =
1

4
uxx + 3 sin 2t · sin 2x.

5.3 utt = uxx + 16 cos 8t · sin 8x. 5.4 utt =
1

9
uxx + 8 sin 3t · sin 3x.

5.5 utt =
1

16
uxx +50e−7t · sin 4x. 5.6 utt =

1

25
uxx +3 cos 2t · sin 5x.

5.7 utt = 4uxx+28 cos 14t·sin 7x. 5.8 utt =
1

36
uxx+8 cos 3t·sin 6x.

5.9 utt =
1

49
uxx+37e−6t·sin 7x. 5.10 utt =

1

64
uxx+15 sin 4t·sin 8x.
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5.11 utt = 9uxx+36 cos 18t·sin 6x. 5.12 utt =
1

81
uxx+15 cos 4t·sin 9x.

5.13 utt = uxx + 26e−5t · sin x. 5.14 utt =
1

4
uxx + 24 sin 5t · sin 2x.

5.15 utt = 16uxx+40 cos 20t·sin 5x. 5.16 utt =
1

9
uxx+24 cos 5t·sin 3x.

5.17 utt =
1

16
uxx+17e−4t·sin 4x. 5.18 utt =

1

25
uxx+35 sin 6t·sin 5x.

5.19 utt = 25uxx+40 cos 20t·sin 4x. 5.20 utt =
1

36
uxx+35 cos 6t·sin 5x.

5.21 utt =
1

49
uxx+10e−3t·sin 7x. 5.22 utt =

1

64
uxx+48 sin 7t·sin 8x.

5.23 utt = 36uxx+40 cos 18t·sin 3x. 5.24 utt =
1

81
uxx+48 cos 7t·sin 9x.

5.25 utt = uxx + 5e−2t · sin x.

Çàäà÷à 6. Ìåòîäîì Ôóðüå ðåøèòü óðàâíåíèå êîëåáàíèé
ïðÿìîóãîëüíîé ìåìáðàíû.

6.1 utt = ∆u; u(x, y, 0) =
xy

64
(2− x)(3− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(2, y, t) = u(x, 3, t) = 0.

6.2 utt = 4∆u; u(x, y, 0) = xy(3− x)(4− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(3, y, t) = u(x, 4, t) = 0.

6.3 utt = 9∆u; u(x, y, 0) = xy(4− x)(5− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(4, y, t) = u(x, 5, t) = 0.

6.4 utt = 16∆u; u(x, y, 0) = xy(5− x)(6− y); ut(x, y, 0) = 0;
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u(0, y, t) = u(x, 0, t) = u(5, y, t) = u(x, 6, t) = 0.

6.5 utt = 25∆u; u(x, y, 0) = xy(6− x)(2− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(6, y, t) = u(x, 2, t) = 0.

6.6 utt = 4∆u; u(x, y, 0) = xy(2− x)(4− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(2, y, t) = u(x, 4, t) = 0.

6.7 utt = 9∆u; u(x, y, 0) = xy(3− x)(5− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(3, y, t) = u(x, 5, t) = 0.

6.8 utt = 16∆u; u(x, y, 0) = xy(4− x)(6− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(4, y, t) = u(x, 6, t) = 0.

6.9 utt = 25∆u; u(x, y, 0) = xy(5− x)(2− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(5, y, t) = u(x, 2, t) = 0.

6.10 utt = ∆u; u(x, y, 0) = xy(6− x)(3− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(6, y, t) = u(x, 3, t) = 0.

6.11 utt = 9∆u; u(x, y, 0) = xy(2− x)(5− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(2, y, t) = u(x, 5, t) = 0.

6.12 utt = 16∆u; u(x, y, 0) = xy(3− x)(6− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(3, y, t) = u(x, 6, t) = 0.

6.13 utt = 25∆u; u(x, y, 0) = xy(4− x)(2− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(4, y, t) = u(x, 2, t) = 0.

6.14 utt = ∆u; u(x, y, 0) = xy(5− x)(3− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(5, y, t) = u(x, 3, t) = 0.
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6.15 utt = 4∆u; u(x, y, 0) = xy(6− x)(4− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(6, y, t) = u(x, 4, t) = 0.

6.16 utt = 16∆u; u(x, y, 0) = xy(2− x)(6− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(2, y, t) = u(x, 6, t) = 0.

6.17 utt = 25∆u; u(x, y, 0) = xy(3− x)(2− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(3, y, t) = u(x, 2, t) = 0.

6.18 utt = ∆u; u(x, y, 0) = xy(4− x)(3− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(4, y, t) = u(x, 3, t) = 0.

6.19 utt = 4∆u; u(x, y, 0) = xy(5− x)(4− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(5, y, t) = u(x, 4, t) = 0.

6.20 utt = 9∆u; u(x, y, 0) = xy(6− x)(5− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(6, y, t) = u(x, 5, t) = 0.

6.21 utt = 25∆u; u(x, y, 0) = xy(2− x)(2− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(2, y, t) = u(x, 2, t) = 0.

6.22 utt = ∆u; u(x, y, 0) = xy(3− x)(3− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(3, y, t) = u(x, 3, t) = 0.

6.23 utt = 4∆u; u(x, y, 0) = xy(4− x)(4− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(4, y, t) = u(x, 4, t) = 0.

6.24 utt = 9∆u; u(x, y, 0) = xy(5− x)(5− y); ut(x, y, 0) = 0;

u(0, y, t) = u(x, 0, t) = u(5, y, t) = u(x, 5, t) = 0.

6.25 utt = 16∆u; u(x, y, 0) = xy(6− x)(6− y); ut(x, y, 0) = 0;
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u(0, y, t) = u(x, 0, t) = u(6, y, t) = u(x, 6, t) = 0.

Çàäà÷à 7. Ðåøèòü çàäà÷ó Äèðèõëå äëÿ óðàâíåíèÿ Ëàïëàñà

∆u = 0

â êðóãå
0 < r < 1, 0 ≤ ϕ < 2π,

ãäå
r, ϕ

- ïîëÿðíûå êîîðäèíàòû, íà ãðàíèöå êîòîðîãî èñêîìàÿ ôóíêöèÿ

u(r, ϕ)

èìååò ñëåäóþùèå çíà÷åíèÿ:

7.1 u(1, ϕ) = cos 9ϕ. 7.2 u(1, ϕ) = 2 sin 8ϕ.

7.3 u(1, ϕ) = 3 cos 7ϕ. 7.4 u(1, ϕ) = 4 sin 6ϕ.

7.5 u(1, ϕ) = 5 cos 5ϕ. 7.6 u(1, ϕ) = 6 sin 4ϕ.

7.7 u(1, ϕ) = 7 cos 3ϕ. 7.8 u(1, ϕ) = 8 sin 2ϕ.

7.9 u(1, ϕ) = 9 cos 2ϕ. 7.10 u(1, ϕ) = 10 sin 3ϕ.

7.11 u(1, ϕ) = 11 cos 4ϕ. 7.12 u(1, ϕ) = 12 sin 5ϕ.

7.13 u(1, ϕ) = 13 cos 6ϕ. 7.14 u(1, ϕ) = 14 sin 7ϕ.

7.15 u(1, ϕ) = 15 cos 8ϕ. 7.16 u(1, ϕ) = 16 sin 9ϕ.

7.17 u(1, ϕ) = 17 cos 9ϕ. 7.18 u(1, ϕ) = 18 sin 8ϕ.
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7.19 u(1, ϕ) = 19 cos 7ϕ. 7.20 u(1, ϕ) = 20 sin 6ϕ.

7.21 u(1, ϕ) = 21 cos 5ϕ. 7.22 u(1, ϕ) = 22 sin 4ϕ.

7.23 u(1, ϕ) = 23 cos 3ϕ. 7.24 u(1, ϕ) = 24 sin 2ϕ.

7.25 u(1, ϕ) = 25 cos 2ϕ.

Çàäà÷à 8. Íàéòè ðåøåíèå óðàâíåíèÿ Ëàïëàñà

∆u = 0

â êðóãîâîì ñåêòîðå

0 < r < 1, 0 < ϕ < α,

(
r, ϕ

- ïîëÿðíûå êîîðäèíàòû,

α < 2π

), íà ãðàíèöå êîòîðîãî èñêîìàÿ ôóíêöèÿ

u(r, ϕ)

óäîâëåòâîðÿåò ñëåäóþùèì óñëîâèÿì:

8.1 u(1, ϕ) = sin 6ϕ; u(r, 0) = u(r, π/3) = 0.

8.2 u(1, ϕ) = 2 cos 2ϕ; uϕ(r, 0) = uϕ(r, π) = 0.

8.3 u(1, ϕ) = 3 cos 15ϕ; uϕ(r, 0) = 0, u(r, π/6) = 0.
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8.4 u(1, ϕ) = 4 sin 14ϕ; u(r, 0) = 0, uϕ(r, π/4) = 0.

8.5 u(1, ϕ) = 5 sin 3ϕ; u(r, 0) = u(r, 2π/3) = 0.

8.6 u(1, ϕ) = 6 cos 6ϕ; uϕ(r, 0) = uϕ(r, 7π/6) = 0.

8.7 u(1, ϕ) = 7 cos 10ϕ; uϕ(r, 0) = 0, u(r, π/4) = 0.

8.8 u(1, ϕ) = 8 sin 7ϕ; u(r, 0) = 0, uϕ(r, π/2) = 0.

8.9 u(1, ϕ) = 9 sin 4ϕ; u(r, 0) = u(r, 3π/4) = 0.

8.10 u(1, ϕ) = 10 cos 4ϕ; uϕ(r, 0) = uϕ(r, 5π/4) = 0.

8.11 u(1, ϕ) = 11 cos 5ϕ; uϕ(r, 0) = 0, u(r, π/2) = 0.

8.12 u(1, ϕ) = 12 sin 3ϕ; u(r, 0) = 0, uϕ(r, 3π/2) = 0.

8.13 u(1, ϕ) = 13 sin 6ϕ; u(r, 0) = u(r, 5π/6) = 0.

8.14 u(1, ϕ) = 10 cos 3ϕ; uϕ(r, 0) = uϕ(r, 4π/3) = 0.

8.15 u(1, ϕ) = 15 cos ϕ; uϕ(r, 0) = 0, u(r, 3π/2) = 0.

8.16 u(1, ϕ) = 16 sin 21ϕ; u(r, 0) = 0, uϕ(r, π/6) = 0.

8.17 u(1, ϕ) = 17 sin 9ϕ; u(r, 0) = u(r, π/3) = 0.

8.18 u(1, ϕ) = 18 cos 4ϕ; uϕ(r, 0) = uϕ(r, π) = 0.

8.19 u(1, ϕ) = 19 cos 21ϕ; uϕ(r, 0) = 0, u(r, π/6) = 0.

8.20 u(1, ϕ) = 20 sin 15ϕ; u(r, 0) = 0, uϕ(r, π/6) = 0.

8.21 u(1, ϕ) = 21 sin 6ϕ; u(r, 0) = u(r, 2π/3) = 0.

8.22 u(1, ϕ) = 22 cos 12ϕ; uϕ(r, 0) = uϕ(r, π/3) = 0.

8.23 u(1, ϕ) = 23 cos 14ϕ; uϕ(r, 0) = 0, u(r, π/4) = 0.

8.24 u(1, ϕ) = 4 sin 10ϕ; u(r, 0) = 0, uϕ(r, π/4) = 0.
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8.25 u(1, ϕ) = 25 sin 3ϕ; u(r, 0) = u(r, π) = 0.

Çàäà÷à 9. Ïðèìåíÿÿ èíòåãðàëüíîå ïðåîáðàçîâàíèå Ôó-
ðüå, ðåøèòü çàäà÷ó Êîøè äëÿ óðàâíåíèÿ òåïëîïðîâîä-
íîñòè.

9.1 ut = uxx; u(x, 0) = e−x2+x. 9.2 ut = 2uxx; u(x, 0) = e−x2

.

9.3 ut = 3uxx; u(x, 0) = e−2x2

. 9.4 ut = 4uxx; u(x, 0) = e−2x2+x.

9.5 ut = 5uxx; u(x, 0) = e−2x2−x. 9.6 ut = 6uxx; u(x, 0) = e−x2−x.

9.7 ut = 7uxx; u(x, 0) = e−2x2+2x. 9.8 ut = 8uxx; u(x, 0) = e−3x2

.

9.9 ut = 9uxx; u(x, 0) = e−3x2+x. 9.10 ut = 10uxx; u(x, 0) = e−2x2−2x.

9.11 ut = 11uxx; u(x, 0) = e−3x2−x. 9.12 ut = 12uxx; u(x, 0) = e−4x2

.

9.13 ut = 13uxx; u(x, 0) = e−3x2+2x. 9.14 ut = 14uxx; u(x, 0) = e−4x2+x.

9.15 ut = 15uxx; u(x, 0) = e−3x2−2x. 9.16 ut = 16uxx; u(x, 0) = e−4x2−2x.

9.17 ut = 15uxx; u(x, 0) = e−x2+2x. 9.18 ut = 14uxx; u(x, 0) = e−3x2+3x.

9.19 ut = 13uxx; u(x, 0) = e−2x2+4x. 9.20 ut = 12uxx; u(x, 0) = e−x2−2x.

9.21 ut = 11uxx; u(x, 0) = e−3x2−3x. 9.22 ut = 10uxx; u(x, 0) = e−2x2−4x.

9.23 ut = 9uxx; u(x, 0) = e−x2+4x. 9.24 ut = 8uxx; u(x, 0) = e−x2−4x.

9.25 ut = 7uxx; u(x, 0) = e−4x2+2x.

Çàäà÷à 10. Íàéòè îáùåå ðåøåíèå óðàâíåíèÿ.

10.1 y′′+
1

x
y′+(12− 252

x2
)y = 0. 10.2 y′′+

1

x
y′+(22− 242

x2
)y = 0.
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10.3 y′′+
1

x
y′+(32− 232

x2
)y = 0. 10.4 y′′+

1

x
y′+(42− 222

x2
)y = 0.

10.5 y′′+
1

x
y′+(52− 212

x2
)y = 0. 10.6 y′′+

1

x
y′+(62− 202

x2
)y = 0.

10.7 y′′+
1

x
y′+(72− 192

x2
)y = 0. 10.8 y′′+

1

x
y′+(82− 182

x2
)y = 0.

10.9 y′′+
1

x
y′+(92− 172

x2
)y = 0. 10.10 y′′+

1

x
y′+(102− 162

x2
)y = 0.

10.11 y′′+
1

x
y′+(112−152

x2
)y = 0. 10.12 y′′+

1

x
y′+(122−142

x2
)y = 0.

10.13 y′′+
1

x
y′+(132−132

x2
)y = 0. 10.14 y′′+

1

x
y′+(142−122

x2
)y = 0.

10.15 y′′+
1

x
y′+(152−112

x2
)y = 0. 10.16 y′′+

1

x
y′+(162−102

x2
)y = 0.

10.17 y′′+
1

x
y′+(172− 92

x2
)y = 0. 10.18 y′′+

1

x
y′+(182− 82

x2
)y = 0.

10.19 y′′+
1

x
y′+(192− 72

x2
)y = 0. 10.20 y′′+

1

x
y′+(202− 62

x2
)y = 0.

10.21 y′′+
1

x
y′+(212− 52

x2
)y = 0. 10.22 y′′+

1

x
y′+(222− 42

x2
)y = 0.

10.23 y′′+
1

x
y′+(232− 32

x2
)y = 0. 10.24 y′′+

1

x
y′+(242− 22

x2
)y = 0.

10.25 y′′ +
1

x
y′ + (252 − 12

x2
)y = 0.

Çàäà÷à 11. Ðàçëîæèòü â ðÿä Ôóðüå - Áåññåëÿ ôóíêöèþ

f(x) = xp,
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ïî ñèñòåìå ôóíêöèé
Jp(µix)

â èíòåðâàëå
0 < x < 1,

ãäå
µi

- ïîëîæèòåëüíûå êîðíè óðàâíåíèÿ

Jp(x) = 0.

11.1 f(x) = x−1/2, (p = −1/2). 11.2 f(x) = 1, (p = 0). 11.3 f(x) = x1/2, (p = 1/2).

11.4 f(x) = x, (p = 1). 11.5 f(x) = x3/2, (p = 3/2). 11.6 f(x) = x2, (p = 2).

11.7 f(x) = x5/2, (p = 5/2). 11.8 f(x) = x3, (p = 3). 11.9 f(x) = x7/2, (p = 7/2).

11.10 f(x) = x4, (p = 4). 11.11 f(x) = x9/2, (p = 9/2). 11.12 f(x) = x5, (p = 5).

11.13 f(x) = x11/2, (p = 11/2). 11.14 f(x) = x−1/4, (p = −1/4).

11.15 f(x) = x−1/3, (p = −1/3). 11.16 f(x) = x1/4, (p = 1/4).

11.17 f(x) = x3/4, (p = 3/4). 11.18 f(x) = x5/4, (p = 5/4).

11.19 f(x) = x7/4, (p = 7/4). 11.20 f(x) = x9/4, P = 9/4).

11.21 f(x) = x11/4, (p = 11/4). 11.22 f(x) = x6, (p = 6).

11.23 f(x) = x1/3, (p = 1/3). 11.24 f(x) = x2/3, (p = 2/3).

11.25 f(x) = x4/3, (p = 4/3).
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Çàäà÷à 12. Ìåòîäîì Ôóðüå ðåøèòü óðàâíåíèå êîëåáà-
íèé êðóãëîé ìåìáðàíû.

12.1 utt = ∆u, 0 ≤ r < 25, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

25

)2
]
, ut(r, 0) = 0, u(25, t) = 0.

12.2 utt = 2∆u, 0 ≤ r < 24, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

24

)2
]
, ut(r, 0) = 0, u(24, t) = 0.

12.3 utt = 3∆u, 0 ≤ r < 23, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

23

)2
]
, ut(r, 0) = 0, u(23, t) = 0.

12.4 utt = 4∆u, 0 ≤ r < 22, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

22

)2
]
, ut(r, 0) = 0, u(22, t) = 0.

12.5 utt = 5∆u, 0 ≤ r < 21, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

21

)2
]
, ut(r, 0) = 0, u(21, t) = 0.

12.6 utt = 6∆u, 0 ≤ r < 20, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

20

)2
]
, ut(r, 0) = 0, u(20, t) = 0.

12.7 utt = 7∆u, 0 ≤ r < 19, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

19

)2
]
, ut(r, 0) = 0, u(19, t) = 0.

12.8 utt = 8∆u, 0 ≤ r < 18, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

18

)2
]
, ut(r, 0) = 0, u(18, t) = 0.
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12.9 utt = 9∆u, 0 ≤ r < 17, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

17

)2
]
, ut(r, 0) = 0, u(17, t) = 0.

12.10 utt = 10∆u, 0 ≤ r < 16, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

16

)2
]
, ut(r, 0) = 0, u(16, t) = 0.

12.11 utt = 11∆u, 0 ≤ r < 15, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

15

)2
]
, ut(r, 0) = 0, u(15, t) = 0.

12.12 utt = 12∆u, 0 ≤ r < 14, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

14

)2
]
, ut(r, 0) = 0, u(14, t) = 0.

12.13 utt = 13∆u, 0 ≤ r < 13, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

13

)2
]
, ut(r, 0) = 0, u(13, t) = 0.

12.14 utt = 14∆u, 0 ≤ r < 12, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

12

)2
]
, ut(r, 0) = 0, u(12, t) = 0.

12.15 utt = 15∆u, 0 ≤ r < 11, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

11

)2
]
, ut(r, 0) = 0, u(11, t) = 0.

12.16 utt = 16∆u, 0 ≤ r < 10, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

10

)2
]
, ut(r, 0) = 0, u(10, t) = 0.

12.17 utt = 17∆u, 0 ≤ r < 9, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

9

)2
]
, ut(r, 0) = 0, u(9, t) = 0.
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12.18 utt = 18∆u, 0 ≤ r < 8, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

8

)2
]
, ut(r, 0) = 0, u(8, t) = 0.

12.19 utt = 19∆u, 0 ≤ r < 7, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

7

)2
]
, ut(r, 0) = 0, u(7, t) = 0.

12.20 utt = 20∆u, 0 ≤ r < 6, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

6

)2
]
, ut(r, 0) = 0, u(6, t) = 0.

12.21 utt = 21∆u, 0 ≤ r < 5, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

5

)2
]
, ut(r, 0) = 0, u(5, t) = 0.

12.22 utt = 22∆u, 0 ≤ r < 4, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

4

)2
]
, ut(r, 0) = 0, u(4, t) = 0.

12.23 utt = 23∆u, 0 ≤ r < 3, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

3

)2
]
, ut(r, 0) = 0, u(3, t) = 0.

12.24 utt = 24∆u, 0 ≤ r < 2, 0 < t < ∞;

u(r, 0) =
1

8

[
1−

(
r

2

)2
]
, ut(r, 0) = 0, u(2, t) = 0.

12.25 utt = 25∆u, 0 ≤ r < 1, 0 < t < ∞;

u(r, 0) =
1

8

[
1− r2

]
, ut(r, 0) = 0, u(1, t) = 0.
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