
Ñàìîñòîÿòåëüíàÿ ðàáîòà � 4
Çàäàíèå 1. Ìåòîä Ôóðüå äëÿ îäíîìåðíûõ ýâîëþöèîííûõ óðàâíåíèé.
• Íàéòè ñîáñòâåííûå ôóíêöèè è ñîáñòâåííûå çíà÷åíèÿ ñîîòâåòñòâóþùåé
ñïåêòðàëüíîé çàäà÷è, äàòü ïðåäñòàâëåíèå ðåøåíèÿ îäíîðîäíîé ñìåøàííîé
çàäà÷è (ñ íóëåâîé ïðàâîé ÷àñòüþ è ãðàíè÷íûìè óñëîâèÿìè) â âèäå ðÿäà;

• ïîäîáðàòü ÷àñòíîå ðåøåíèå íåîäíîðîäíîé çàäà÷è ïðè óêàçàííûõ â òàáëèöå
ïðàâîé ÷àñòè è ãðàíè÷íûõ äàííûõ;

• íàïèñàòü ôîðìóëó îáùåãî ðåøåíèÿ íåîäíîðîäíîé çàäà÷è è íàéòè ýòî ðåøå-
íèå (â âèäå ðÿäà) ïðè óêàçàííûõ â òàáëèöå íà÷àëüíûõ äàííûõ;

• íàéòè ñîáñòâåííûå ôóíêöèè ñîïðÿæåííîé ñïåêòðàëüíîé çàäà÷è;
• ïðîâåðèòü áèîðòîãîíàëüíîñòü ñîáñòâåííûõ ôóíêöèé èñõîäíîé è ñîïðÿæåí-
íîé ñïåêòðàëüíîé çàäà÷è;

• ñâåñòè çàäà÷ó ê ñèñòåìå îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé, ðå-
øèòü ýòó ñèñòåìó ïðè óêàçàííûõ â òàáëèöå ïðàâîé ÷àñòè, íà÷àëüíûõ è êî-
íå÷íûõ äàííûõ è ïîëó÷èòü ïðåäñòàâëåíèå ðåøåíèÿ â âèäå ðÿäà; ñðàâíèòü
ïîëó÷åííûå ðåøåíèÿ.

Óðàâíåíèå, Íà÷àëüíûå Ïðàâàÿ ÷àñòü,
ãðàíè÷íûå óñëîâèÿ óñëîâèÿ ãðàíè÷íûå äàííûå

1. utt = uxx − 2ux + f(t, x) u(0, x) = 1 f(t, x) = x + t sin πx

u(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = x(1− x) ν(t) = 1, µ(t) = 1 + t

2. ut = uxx − 2ux + f(t, x) u(0, x) = x f(t, x) = x + t sin πx

ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = 1 + t, µ(t) = 1

3. utt = uxx + ux + f(t, x) u(0, x) = x2 f(t, x) = 1
ux(t, 0) = ν(t), u(t, 1) = µ(t) ut(0, x) = 1 ν(t) = t2, µ(t) = 0

4. ut = uxx − ux + f(t, x) u(0, x) = 1 f(t, x) = t2 + sin πx
ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = 1, µ(t) = 1

5. utt = uxx + 2ux + f(t, x) u(0, x) = x(1− x) f(t, x) = xt + x2

u(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = 0 ν(t) = t, µ(t) = t

6. utt = uxx + 3ux + f(t, x) u(0, x) = 1 f(t, x) = etx + t

u(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = 1 ν(t) = et, µ(t) = et

7. ut = uxx − ux + f(t, x) u(0, x) = ex f(t, x) = xe−2t

ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = t + 1, µ(t) = 2t + e

8. utt = uxx − 3ux + f(t, x) u(0, x) = 1 f(t, x) = xt2

u(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = 0 ν(t) = 1, µ(t) = 1

9. ut = uxx − 3ux + f(t, x) u(0, x) = 1 f(t, x) = x(1− x)
ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = et, µ(t) = et

10. utt = uxx + ux + f(t, x) u(0, x) = 1 f(t, x) = t2 sin 2πx

ux(t, 0) = ν(t), u(t, 1) = µ(t) ut(0, x) = 0 ν(t) = 1, µ(t) = t



11. ut = uxx + ux + f(t, x) u(0, x) = 0 f(t, x) = xt2 − 1
ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = t, µ(t) = t− 1

12. utt = uxx + f(t, x), u(t, 1) = µ(t) u(0, x) = 0 f(t, x) = sin πx + sin t

ux(t, 0)− u(t, 0) = ν(t) ut(0, x) = cos πx
2 ν(t) = 1, µ(t) = 0

13. ut = uxx + f(t, x), u(t, 1) = µ(t) u(0, x) = 0 f(t, x) = xt

ux(t, 0)− u(t, 0) = ν(t) ν(t) = t, µ(t) = 1

14. utt = uxx + f(t, x), u(t, 0) = ν(t) u(0, x) = 1− x f(t, x) = t cos 2πx

ux(t, 1) + u(t, 1) = µ(t) ut(0, x) = 0 ν(t) = 1, µ(t) = t

15. ut = uxx + f(t, x), u(t, 0) = ν(t) u(0, x) = 0 f(t, x) = t2(1− x) + 1
ux(t, 1) + u(t, 1) = µ(t) ν(t) = t2, µ(t) = t2

16. utt = 4uxx + f(t, x) u(0, x) = 1 f(t, x) = sin 2πx
ux(t, 0)− u(t, 0) = ν(t) ut(0, x) = 0 ν(t) = 1− t2

u(t, 1) = µ(t) µ(t) = 1 + t2

17. ut = 4uxx + f(t, x) u(0, x) = −1 f(t, x) = t3 − x
ux(t, 0)− u(t, 0) = ν(t) ν(t) = t− 1

u(t, 1) = µ(t) µ(t) = 2t− 1

18. 4utt = uxx + f(t, x), u(t, 0) = ν(t) u(0, x) = x f(t, x) = tx + e−3t

ux(t, 1) + u(t, 1) = µ(t) ut(0, x) = x ν(t) = 0, µ(t) = t

19. 3ut = uxx + f(t, x), u(t, 0) = ν(t) u(0, x) = x f(t, x) = x− x5

ux(t, 1) + u(t, 1) = µ(t) ν(t) = 0, µ(t) = 1

20. utt = uxx + f(t, x), ux(t, 0) = ν(t) u(0, x) = −1 f(t, x) = e2t − xet

ux(t, 1) + 2u(t, 1) = µ(t) ut(0, x) = 1− x ν(t) = −et, µ(t) = −e2t

21. ut = uxx + f(t, x), ux(t, 0) = ν(t) u(0, x) = 0 f(t, x) = xt− t2x2

ux(t, 1) + 2u(t, 1) = µ(t) ν(t) = 1, µ(t) = 1

22. utt = uxx + f(t, x), ux(t, 0) = ν(t) u(0, x) = 0 f(t, x) = x cos t

ux(t, 1) + 2u(t, 1) = µ(t) ut(0, x) = x ν(t) = µ(t) = sin t

23. ut = uxx + f(t, x), ux(t, 0) = ν(t) u(0, x) = sin πx f(t, x) = xt

ux(t, 1) + 3u(t, 1) = µ(t) ν(t) = t, µ(t) = 0

24. utt = uxx − 2ux + u + f(t, x) u(0, x) = cos πx f(t, x) = xt2

u(t, 0) = ν(t), u(t, 1) = µ(t) ut(0, x) = 1 ν(t) = 1, µ(t) = −1

25. utt = uxx + 4ux + u + f(t, x) u(0, x) = cos 2πx f(t, x) = te−2x

u(t, 0) = ν(t), u(t, 1) = µ(t) ut(0, x) = 0 ν(t) = 1, µ(t) = 1

26. ut = uxx − ux − u + f(t, x) u(0, x) = x f(t, x) = x− tex

ux(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = 0, µ(t) = 1

27. ut = uxx − 2ux − u + f(t, x) u(0, x) = x(1− x) f(t, x) = x2 − sin 2πx

u(t, 0) = ν(t), u(t, 1) = µ(t) ν(t) = 0, µ(t) = 0

28. utt = uxx + ux − u + f(t, x) u(0, x) = 0 f(t, x) = t2

u(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = 3 sin πx ν(t) = t2, µ(t) = t2

29. utt = uxx − 2u + f(t, x) u(0, x) = 1 f(t, x) = x sin πx

ux(t, 0) = ν(t), ux(t, 1) = µ(t) ut(0, x) = 1 ν(t) = 1, µ(t) = 1 + t

30. ut = uxx + u + f(t, x) u(0, x) = sin πx f(t, x) = 1
ux(t, 0) = ν(t), ux(t, 1) = µ(t) ν(t) = 0, µ(t) = t2



Çàäàíèå 2. Ðåøèòü ñ ïîìîùüþ ïðåîáðàçîâàíèÿ Ëàïëàñà çàäà÷è:
1. ut = uxx + 2ux + tx, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = t, u|t=0 = 0;
2. ut = uxx − 3ux + t2, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = x;
3. ut = uxx−ux+x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t, u|x=π = 0, u|t=0 = 0;
4. ut = uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = t, u|t=0 = 0;
5. ut = uxx + u + et sin x, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,

u|t=0 = 1;
6. ut = uxx + 2ux + u, 0 < x < +∞, 0 < t < +∞, u|x=0 = 1, u|t=0 = 1;
7. ut = uxx + ux − 2u, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = 0,

u|t=0 = sin 2πx;
8. ut = uxx − 2ux + 5u, 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t, u|x=1 = 0,

u|t=0 = 0;
9. ut = uxx + et−2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = et, u|t=0 = 0;

10. ut = 4uxx +ux + tx, 0 < x < 1, 0 < t < +∞, ux|x=0 = 0, u|x=1 = 2t, u|t=0 = 0;
11. ut = uxx + 3ux − t2, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 0, u|t=0 = −x;
12. ut = uxx − 7ux + x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t2, ux|x=π = 0,

u|t=0 = 0;
13. ut = 2uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 2t, u|t=0 = 0;
14. ut = uxx + u − e−t sin 2x, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,

u|t=0 = 0;
15. ut = uxx + 2ux + u− 1, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 1, u|t=0 = 1;
16. ut = uxx + ux − 2u + et, 0 < x < 1, 0 < t < +∞, ux|x=0 = 0, u|x=1 = 0,

u|t=0 = sin 2πx;
17. ut = uxx − 2ux + 5u + tx(1 − x), 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t,

u|x=1 = 0, u|t=0 = 0;
18. ut = uxx + 4e2t+x, 0 < x < +∞, 0 < t < +∞, u|x=0 = e2t, u|t=0 = 0;
19. utt = uxx + 2ux + tx, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = t, u|t=0 = 0,

ut|t=0 = 0;
20. utt = uxx − 3ux + t2, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = 0,

ut|t=0 = −x;
21. utt = uxx − ux + x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t, u|x=π = 0,

u|t=0 = 0, ut|t=0 = 0;



22. utt = uxx − ux − sin 2t, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,
u|t=0 = 0, ut|t=0 = cos x;

23. utt = uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = t, u|t=0 = 0,
ut|t=0 = 0;

24. utt = uxx + u + et sin x, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,
u|t=0 = 1, ut|t=0 = 0;

25. utt = uxx+2ux+u, 0 < x < +∞, 0 < t < +∞, u|x=0 = t, u|t=0 = 0, ut|t=0 = 1;
26. utt = uxx + 2ux + u, 0 < x < +∞, 0 < t < +∞, u|x=0 = 1, u|t=0 = 1,

ut|t=0 = 0;
27. utt = uxx + ux − 2u, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = 0,

u|t=0 = sin 2πx, ut|t=0 = 0;
28. utt = uxx − 2ux + 5u, 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t, u|x=1 = 0,

u|t=0 = 0, ut|t=0 = 0;
29. utt = uxx + et−2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = et, u|t=0 = 0, ut|t=0 = 0;
30. utt = uxx+et+2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = 0, ut|t=0 = e2x.



Çàäàíèå 3. Ðåøèòü ñ ïîìîùüþ ïðåîáðàçîâàíèÿ Ôóðüå çàäà÷è:
1. utt − 2ut = uxx + 2ux + tx, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = t,

u|t=0 = 0, ut|t=0 = 0;
2. utt +3ut−u = uxx−3ux + t2, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = x,

ut|t=0 = 0;
3. utt +ut +u = uxx−ux +x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t, u|x=π = 0,

u|t=0 = 0, ut|t=0 = 0;
4. utt + 2ut = uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = t, u|t=0 = 0,

ut|t=0 = 0;
5. utt + 6ut + 9u = uxx + u + et sin x, 0 < x < π, 0 < t < +∞, u|x=0 = 0,

u|x=π = 0, u|t=0 = 1, ut|t=0 = 0;
6. utt − ut = uxx + 2ux + u, 0 < x < +∞, 0 < t < +∞, u|x=0 = 1, u|t=0 = 1,

ut|t=0 = 0;
7. utt + ut = uxx + ux − 2u, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = 0,

u|t=0 = sin 2πx, ut|t=0 = 0;
8. utt + ut = uxx− 2ux + 5u, 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t, u|x=1 = 0,

u|t=0 = 0, ut|t=0 = 0;
9. utt + 2ut− 3u = uxx + et−2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = et, u|t=0 = 0,

ut|t=0 = 0;
10. utt+4ut+3u = 4uxx+ux+tx, 0 < x < 1, 0 < t < +∞, ux|x=0 = 0, u|x=1 = 2t,

u|t=0 = 0, ut|t=0 = 0;
11. utt + ut = uxx + 3ux − t2, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 0, u|t=0 = −x,

ut|t=0 = 0;
12. utt − ut − 2u = uxx − 7ux + x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t2,

ux|x=π = 0, u|t=0 = 0, ut|t=0 = 0;
13. utt + 5ut + 6u = 2uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 2t,

u|t=0 = 0, ut|t=0 = 0;
14. utt − ut = uxx + u− e−t sin 2x, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,

u|t=0 = 0, ut|t=0 = 0;
15. utt +ut = uxx +2ux +u− 1, 0 < x < +∞, 0 < t < +∞, ux|x=0 = 1, u|t=0 = 1,

ut|t=0 = 0;
16. utt− 2ut = uxx + ux− 2u + et, 0 < x < 1, 0 < t < +∞, ux|x=0 = 0, u|x=1 = 0,

u|t=0 = sin 2πx, ut|t=0 = 0;
17. utt+3ut = uxx−2ux+5u+tx(1−x), 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t,

u|x=1 = 0, u|t=0 = 0, ut|t=0 = 0;



18. utt +ut−2u = uxx +4e2t+x, 0 < x < +∞, 0 < t < +∞, u|x=0 = e2t, u|t=0 = 0,
ut|t=0 = 0;

19. utt − ut = uxx + 2ux + tx, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = t,
u|t=0 = 0, ut|t=0 = 0, ut|t=0 = 0;

20. utt +2ut +u = uxx−3ux + t2, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = 0,
ut|t=0 = −x;

21. utt−ut−u = uxx−ux +x sin t, 0 < x < π, 0 < t < +∞, u|x=0 = t, u|x=π = 0,
u|t=0 = 0, ut|t=0 = 0;

22. utt − u = uxx − ux − sin 2t, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,
u|t=0 = 0, ut|t=0 = cos x;

23. utt + ut = uxx + ux + 2t, 0 < x < +∞, 0 < t < +∞, ux|x=0 = t, u|t=0 = 0,
ut|t=0 = 0;

24. utt + 2ut = uxx + u + et sin x, 0 < x < π, 0 < t < +∞, u|x=0 = 0, u|x=π = 0,
u|t=0 = 1, ut|t=0 = 0;

25. utt − ut = uxx + 2ux + u, 0 < x < +∞, 0 < t < +∞, u|x=0 = t, u|t=0 = 0,
ut|t=0 = 1;

26. utt − 3ut = uxx + 2ux + u, 0 < x < +∞, 0 < t < +∞, u|x=0 = 1, u|t=0 = 1,
ut|t=0 = 0;

27. utt + ut = uxx + ux − 2u, 0 < x < 1, 0 < t < +∞, u|x=0 = 0, u|x=1 = 0,
u|t=0 = sin 2πx, ut|t=0 = 0;

28. utt−2ut = uxx−2ux +5u, 0 < x < +∞, 0 < t < +∞, u|x=0 = sin t, u|x=1 = 0,
u|t=0 = 0, ut|t=0 = 0;

29. utt + u = uxx + et−2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = et, u|t=0 = 0,
ut|t=0 = 0;

30. utt − u = uxx + et+2x, 0 < x < +∞, 0 < t < +∞, u|x=0 = 0, u|t=0 = 0,
ut|t=0 = e2x.



Çàäàíèå 4. Ôóíêöèîíàëüíûå ïðîñòðàíñòâà è îñîáåííîñòè ôóíêöèé.
Âûÿñíèòü, ïðè êàêèõ çíà÷åíèÿõ ïàðàìåòðà α äàííàÿ ôóíêöèÿ ïðèíàäëåæèò
óêàçàííîìó ôóíêöèîíàëüíîìó ïðîñòðàíñòâó.

Ôóíêöèÿ Ïðîñòðàíñòâî
1. |x|α H1(R)

2. |x|α H1[0, 1]

3. |x|α H2(R)

4. |x|α H2[0, 1]

5. |x|α H1(R2)

6. |x|α H1([0, 1]× [0, 1])

7. |x|α H2(R2)

8. |x|α H2([0, 1]× [0, 1])

9. |x|α H1[−1, 1]

10. |x|α H2([−1, 1]× [−1, 1])

11. |x|α H1[1, 2]

12. |x|α H2([1, 2]× [−1, 1])

13. (x2 + y2)α H1(R2)

14. (x2 + y2)α H1([0, 1]× [0, 1])

15. (x2 + y2)α H2(R2)

16. (x2 + y2)α H2([0, 1]× [0, 1])

17. (x2 + y2)α H1([−1, 1]× [−1, 1])

18. (x2 + y2)α H2([−1, 1]× [−1, 1])

19. (x2 + y2 + z2)α H1(R3)

20. (x2 + y2 + z2)α H1([0, 1]3)

21. (x2 + y2 + z2)α H2(R3)

22. (x2 + y2)α H3([0, 1]3)

23. xα + yα H1(R2)

24. xα + yα H1([0, 1]× [0, 1])

25. xα + yα H2(R2)

26. xα + yα H2([0, 1]× [0, 1])

27. xα + yα + zα H1(R3)

28. xα + yα + zα H1([0, 1]3)

29. xα + yα + zα H2(R3)

30. xα + yα + zα H2([0, 1]3)



Çàäàíèå 5. Ôóíêöèîíàëüíûå ïðîñòðàíñòâà è ðÿäû. Íàéòè è îáîñíî-
âàòü, êàêîìó ôóíêöèîíàëüíîìó ïðîñòðàíñòâó (óêàçàòü íîðìó) ñîîòâåòñòâóåò
ñõîäèìîñòü óêàçàííîãî ðÿäà. Â ñëó÷àå ðÿäà ïî ôóíêöèÿì Áåññåëÿ ξk � íóëè ñî-
îòâåòñòâóþùåé ôóíêöèè Áåññåëÿ. Â ñëó÷àå, êîãäà âçàèìíî îäíîçíà÷íîãî ñîîò-
âåòñòâèÿ íàéòè íå óäàåòñÿ, óêàçàòü äâà íàèáîëåå áëèçêèõ ïðîñòðàíñòâà, ïðèíàä-
ëåæíîñòü îäíîìó èç êîòîðûõ ÿâëÿåòñÿ íåîáõîäèìûì óñëîâèåì äëÿ ñõîäèìîñòè
ðÿäà, à äðóãîìó � äîñòàòî÷íûì.

Ðÿä Êîýôôèöèåíòû
1.

∑ |ck|4 < ∞ ck =
∫ 2π

0 f(x)eikxdx

2.
∑ |ck| < ∞ ck =

∫ 2π

0 f(x)eikxdx

3.
∑

k|ck| < ∞ ck =
∫ 2π

0 f(x)eikxdx

4.
∑

k2|ck| < ∞ ck =
∫ 2π

0 f(x)eikxdx

5.
∑

k|ck|2 < ∞ ck =
∫ 2π

0 f(x)eikxdx

6.
∑

k2|ck|2 < ∞ ck =
∫ 2π

0 f(x)eikxdx

7.
∑ 1

k |ck| < ∞ ck =
∫ 2π

0 f(x)eikxdx

8.
∑ 1

k |ck|2 < ∞ ck =
∫ 2π

0 f(x)eikxdx

9.
∑ 1

k2 |ck| < ∞ ck =
∫ 2π

0 f(x)eikxdx

10.
∑ 1

k2c
2
k < ∞ ck =

∫ 2π

0 f(x)eikxdx

11.
∑ |ck|4 < ∞ ck =

∫ π

0 f(x) sin kxdx

12.
∑ |ck| < ∞ ck =

∫ π

0 f(x) sin kxdx

13.
∑

k|ck| < ∞ ck =
∫ π

0 f(x) sin kxdx

14.
∑

k2|ck| < ∞ ck =
∫ π

0 f(x) sin kxdx

15.
∑

k|ck|2 < ∞ ck =
∫ π

0 f(x) sin kxdx

16.
∑

k2|ck|2 < ∞ ck =
∫ π

0 f(x) sin kxdx

17.
∑ 1

k |ck| < ∞ ck =
∫ π

0 f(x) sin kxdx

18.
∑ 1

k |ck|2 < ∞ ck =
∫ 2π

0 f(x) sin kxdx

19.
∑ 1

k2 |ck| < ∞ ck =
∫ 2π

0 f(x) sin kxdx

20.
∑ 1

k2c
2
k < ∞ ck =

∫ 2π

0 f(x) sin kxdx

21.
∑

c2
k < ∞ ck =

∫ 1
0 f(x)J0(ξkx)xdx

22.
∑

kc2
k < ∞ ck =

∫ 1
0 f(x)J0(ξkx)xdx

23.
∑

k2c2
k < ∞ ck =

∫ 1
0 f(x)J0(ξkx)xdx

24.
∑

c2
k < ∞ ck =

∫ 1
0 f(x)J1(ξkx)xdx

25.
∑

kc2
k < ∞ ck =

∫ 1
0 f(x)J1(ξkx)xdx

26.
∑

k2c2
k < ∞ ck =

∫ 1
0 f(x)J1(ξkx)xdx

27.
∑

c2
km < ∞ ckm =

∫ 2π

0

∫ 2π

0 f(x, y)eikxeimy dxdy

28.
∑

c2
km < ∞ ckm =

∫ 2π

0

∫ 2π

0 f(x, y) sin kx sin my dxdy

29.
∑

k2c2
km < ∞ ckm =

∫ 2π

0

∫ 2π

0 f(x, y)eikxeimy dxdy

30.
∑

(k2 + m2)c2
km < ∞ ckm =

∫ 2π

0

∫ 2π

0 f(x, y)eikxeimy dxdy


