
Ìîñêîâñêèé Ãîñóäàðñòâåííûé Òåõíè÷åñêèé Óíèâåðñèòåò Ãðàæäàíñêîé Àâèàöèè
Êàôåäðà Âûñøåé Ìàòåìàòèêè. Äèñöèïëèíà Ìàòåìàòè÷åñêèé àíàëèç

Ñïåöèàëüíîñòü 10.05.02. Êóðñ 2
Îñåííèé ñåìåñòð 2016 � 2017 ó÷åáíîãî ãîäà

Êîíòðîëüíîå äîìàøíåå çàäàíèå 2.
Òåîðèÿ ôóíêöèé êîìïëåêñíîãî ïåðåìåííîãî.

Îïåðàöèîííîå èñ÷èñëåíèå.

Ñðîê ñäà÷è � äî 23 äåêàáðÿ âêëþ÷èòåëüíî
Îäíà çàùèù¼íàÿ çàäà÷à îöåíèâàåòñÿ â 1 áàëë

Ìàêñèìàëüíîå êîëè÷åñòâî áàëëîâ çà ÊÄÇ-2 ðàâíî 11

Ðåêîìåíäóåìîå ìåòîäè÷åñêîå ïîñîáèå ñ òåîðèåé è ñ îáðàçöàìè ðåøåíèÿ çàäà÷
êîíòðîëüíîãî äîìàøíåãî çàäàíèÿ: Ë.Ä. Æóë¼âà, Â.Í. Øåâåë¼âà, Þ.È.

Äåìåíòüåâ, Þ.À. Øóðèíîâ
”
Ñáîðíèê çàäà÷ ïî âûñøåé ìàòåìàòèêå. ×àñòü 3.

Ðÿäû. Ôóíêöèè êîìïëåêñíîãî ïåðåìåííîãî. Îïåðàöèîííîå èñ÷èñëåíèå“, 2000 ã.
Áèáëèîòå÷íûé íîìåð 1461.

Äàííîå ïîñîáèå ìîæíî ñêà÷àòü â èíòåðíåòå ïî àäðåñó:
http://vm.mstuca.ru/posobia/posobia.htm
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Çàäàíèÿ 1 � 2. Ïðåäñòàâèòü ÷èñëà â òðèãîíîìåòðè÷åñêîé è ïîêàçàòåëüíîé ôîð-
ìàõ. Èçîáðàçèòü ÷èñëà íà êîìïëåêñíîé ïëîñêîñòè.
Çàäàíèå 3. Ïðåäñòàâèòü ÷èñëî â àëãåáðàè÷åñêîé, òðèãîíîìåòðè÷åñêîé è ïîêàçà-
òåëüíîé ôîðìàõ.
Çàäàíèå 4. Íàéòè îñîáûå òî÷êè ôóíêöèè. Îïðåäåëèòü èõ òèï.
Çàäàíèå 5. Íàéòè âû÷åòû ôóíêöèè â îñîáûõ òî÷êàõ.
Çàäàíèÿ 6 � 7. Âû÷èñëèòü èíòåãðàëû ñ ïîìîùüþ âû÷åòîâ.
Çàäàíèå 8. Íàéòè èçîáðàæåíèå ïî îðèãèíàëó.
Çàäàíèÿ 9. Íàéòè îðèãèíàë ïî èçîáðàæåíèþ.
Çàäàíèÿ 10. Ðåøèòü çàäà÷ó Êîøè îïåðàöèîííûì ìåòîäîì.
Çàäàíèÿ 11. Ðåøèòü ñèñòåìó äèôôåðåíöèàëüíûõ óðàâíåíèé îïåðàöèîííûì ìå-
òîäîì.



Âàðèàíò 1.

1. z = −3i 2. z = −
√
2−

√
2i 3. z =

2 + 3i

7− 5i

4. f(z) =
ez − 1

z3(z + 1)2
5. f(z) =

1

z4 − z2
6.

∮
|z|=1

z2 · sin 1

z
dz

7.

∮
|z−1/2|=1

ez + 1

z(z − 1)
dz 8. f(t) = 4t sin t− e2t cos 4t

9. F (p) =
3p2 − p+ 2

(p− 1)(p2 + 4p+ 5)
11.

 x′ = x− y,

y′ = x+ y,

x(0) = 1, y(0) = 010. x′′ + x = 2 cos t, x(0) = 0, x′(0) = 1

Âàðèàíò 2.

1. z = 7i 2. z = 4i+ 4 3. z =
−4− 2i

3 + 7i

4. f(z) =
e1/z

z4 − 1
5. f(z) =

z2

(z2 + 1)(z − 3)
6.

∮
|z−i|=1

1

(z2 + 1)3
dz

7.

∮
|z−1|=3

zez

sin z
dz 8. f(t) = 3t2 − e−2t cos 5t

9. F (p) =
4p+ 5

(p− 2)(p2 + 4p+ 15)
11.

 x′ = x+ 3y + 2,

y′ = x− y + 1,

x(0) = −1, y(0) = 210. x′′ + x = 6e−t, x(0) = 3, x′(0) = 1

Âàðèàíò 3.

1. z = −4 2. z = −6
√
3i− 6 3. z =

3i− 5

2i+ 4

4. f(z) =
1

ez + 1
5. f(z) = z2e1/z 6.

∮
|z|=4

ctg z dz

7.

∮
|z+1|=3

z2 + cos z

z3
dz 8. f(t) = 3e2t sin t− 2e−t cos 5t

9. F (p) =
p+ 3

p3 + 2p2 + 3p
11.

 x′ = −x+ 3y + 1,

y′ = x+ y,

x(0) = 1, y(0) = 210. x′′ + x′ = t2 + 2t, x(0) = 0, x′(0) = −2



Âàðèàíò 4.

1. z = 2i 2. z = 6 + 2
√
3i 3. z =

5i+ 1

7− 6i

4. f(z) = ctg πz 5. f(z) =
z2

(z − 2)3
6.

∮
|z|=2

ez

z3(z + 1)
dz

7.

∮
|z−1|=2

z − sin z

2z4
dz 8. f(t) = (3t2 − 8t)e−t − 4e15t cos 8t

9. F (p) =
p

(p+ 1)(p2 + 4p+ 5)
11.

 x′ = 3x+ 5y + 2,

y′ = 3x+ y + 1,

x(0) = 0, y(0) = 210. x′′ − 3x′ + 2x = 12e3t, x(0) = 2, x′(0) = 6

Âàðèàíò 5.

1. z = −8i 2. z = 4
√
2− 4

√
2i 3. z =

3− 5i

4i+ 1

4. f(z) =
sin πz

(z2 − 1)2
5. f(z) =

1

z2 − 2z + 5
6.

∮
|z−1|=1

e2z

z3 − 1
dz

7.

∮
|z−6=1

sin3 z + 2

z2 − 4π2
dz 8. f(t) = 2e−3t sin 4t− (4t2 + 2t)e−t

9. F (p) =
3p− 2

(p− 1)(p2 − 6p+ 10)
11.

 x′ = 2x− 2y,

y′ = −4x,

x(0) = 3, y(0) = 110. x′′ + 4x = 8 sin 2t, x(0) = 3, x′(0) = −1

Âàðèàíò 6.

1. z = 6i 2. z = −2
√
3− 2i 3. z =

−3− 7i

2i− 1

4. f(z) =
sin z

z3(1− cos z)
5. f(z) =

z + 1

z2
6.

∮
|z−i|=2

z3

z4 + 1
dz

7.

∮
|z+1|=1/2

tg z + 2

4z2 + πz
dz 8. f(t) = 3t2 + t− 2 + 3e−7t cos 2t

9. F (p) =
1

p5 + p3
11.

 x′ = x+ 2y,

y′ = 2x+ y + 1,

x(0) = 0, y(0) = 510. 2x′′ + 5x′ = 29 cos t, x(0) = −1, x′(0) = 0



Âàðèàíò 7.

1. z = 3 2. z = 2
√
3i− 6 3. z =

7− 2i

3i+ 5

4. f(z) =
sin πz

(z − 1)3
5. f(z) =

z2

(z2 + 1)(z − 1)
6.

∮
|z|=4

1− cos z

z3 − π
2z

2
dz

7.

∮
|z−1/2|=1

2 + sin z

z(z + 2i)
dz 8. f(t) = (t2 + 2)e2t − e−3t cos 2t

9. F (p) =
p

(p− 1)(p2 − 4p+ 4)
11.

 x′ = 2x+ 5y,

y′ = x− 2y + 2,

x(0) = 1, y(0) = 110. x′′ − 2x′ − 3x = 2t, x(0) = 1, x′(0) = 1

Âàðèàíò 8.

1. z = −4i 2. z = −3 + 3i 3. z =
4i− 3

6i− 5

4. f(z) = z2 sin
1

z
5. f(z) =

z

(z − 1)(z − 3)
6.

∮
|z−1−i|=

√
2

dz

(z − 1)2(z2 + 1)

7.

∮
|z−2|=3

cos2 z + 1

z2 − π2
dz 8. f(t) = 8e−2t sin 3t+ e2t cos 8t

9. F (p) =
1

p3 + p2 + 2p+ 2
11.

 x′ = −4x+ y,

y′ = −2x− y,

x(0) = 2, y(0) = 310. x′′ − x′ = t2, x(0) = 0, x′(0) = 1

Âàðèàíò 9.

1. z = −7 2. z = −2i+ 2
√
3 3. z =

3 + 4i

2i+ 3

4. f(z) =
zez

sin z
5. f(z) =

z − 1

z2 + 4
6.

∮
|z|=10

sin3 z + 2

z2 + 4π2
dz

7.

∮
|z−1|=2

3z4 − 2z3 + 5

z4
dz 8. f(t) = e−4t sin 3t cos 2t+ t2 sin t

9. F (p) =
p

p4 − 1
11.

 x′ = −7x+ y,

y′ = −2x− 5y,

x(0) = 1, y(0) = 110. x′′ + 2x′ + x = cos t, x(0) = 0, x′(0) = 0



Âàðèàíò 10.

1. z = 3i 2. z = 12i− 4
√
3 3. z =

5i− 1

3i+ 8

4. f(z) = ctg2 z 5. f(z) =
1

z(z2 + 1)
6.

∮
|z|=2

sin2 z

z cos z
dz

7.

∮
|z+1/2|=3

z3 − 3z2 + 1

2z4
dz 8. f(t) = 5e3t cos 3t cos 4t+ 1 + t2e3t

9. F (p) =
4p2 + 16p− 8

p3 − 4p
11.

 x′ = −x− 2y + 1,

y′ = −3x+ y,

x(0) = 2, y(0) = 010. x′′ + x′ = t2 + 2t, x(0) = 4, x′(0) = −2

Âàðèàíò 11.

1. z = 4 2. z = 3− 3
√
3i 3. z =

4− 6i

2i− 3

4. f(z) =
sin 3z

z(1− cos z)
5. f(z) =

z2 + 4

(z − 1)3
6.

∮
|z−1|=1

dz

z4 + 1

7.

∮
|z−3|=1/2

ez

sin z
dz 8. f(t) = t(et + sh t)− 2 sin2 2t

9. F (p) =
p+ 3

p3 + p2 − 2p
11.

 x′ = −y,

y′ = 2x+ 2y,

x(0) = 1, y(0) = 110. x′′ + 9x = cos 3t, x(0) = 1, x′(0) = 0

Âàðèàíò 12.

1. z = −6i 2. z = −15i+ 5
√
3 3. z =

3i+ 1

4− 2i

4. f(z) =
ez − 1

sin πz
5. f(z) =

1

z3 − 1
6.

∮
|z|=2

z2

sin2 z cos z
dz

7.

∮
|z−i|=3/2

dz

z(z2 + 4)
8. f(t) = sh t cos 2t sin 3t+ t3e−3t

9. F (p) =
1

p3 + 8
11.

 x′ = x+ 4y,

y′ = 2x− y + 9,

x(0) = 1, y(0) = 010. x′′ + 3x′ + 2x = 1 + t+ t2, x(0) = 0, x′(0) = 1



Âàðèàíò 13.

1. z = 2 2. z = 5
√
2i− 5

√
2 3. z =

4i− 6

6i+ 5

4. f(z) =
1

cos z
5. f(z) =

z2

(z2 + 1)2
6.

∮
|z|=2

dz

z(z2 + 1)

7.

∮
|z−1|=3

1− sin 1
z

z
dz 8. f(t) = − t

2
sin 2t− e−3t cos t

9. F (p) =
p2 − 3

p4 + 5p2 + 6
11.

 x′ = −2x+ 5y + 1,

y′ = x+ 2y + 1,

x(0) = 0, y(0) = 210. x′′ − x = cos 3t, x(0) = 1, x′(0) = 1

Âàðèàíò 14.

1. z = −5i 2. z = 6i− 6
√
3 3. z =

3− 2i

−6− 5i

4. f(z) =
1

cos2 z
5. f(z) =

ez − 1

z2 + z
6.

∮
|z−1−i|=5/4

2

z2(z − 1)
dz

7.

∮
|z|=1

z3 − i

sin 2z · (z − π)
dz 8. f(t) = 3t4e2t + e−t sin 8t

9. F (p) =
2p2 − 3p+ 1

p3 + 1
11.

 x′ = 3x+ y,

y′ = −5x− 3y + 2,

x(0) = 2, y(0) = 010. x′′ + x′ + x = 7e2t, x(0) = 1, x′(0) = 4

Âàðèàíò 15.

1. z = 7 2. z = 5i+ 5
√
3 3. z =

8i− 3

4i+ 2

4. f(z) =
z + π

z sin z
5. f(z) =

z

z2 + 4z + 5
6.

∮
|z|=1

2 + sin z

z(z + 2i)
dz

7.

∮
|z+2|=4

e3z − 1

z3
dz 8. f(t) = 2t cos 3t− t3e4t + 1− t2

9. F (p) =
p2

p4 − 81
11.

 x′ = −3x− 4y + 1,

y′ = 2x+ 3y,

x(0) = 0, y(0) = 210. x′′ − 9x = sin t− cos t, x(0) = −3, x′(0) = 2



Âàðèàíò 16.

1. z = −5 2. z = −4
√
3i− 12 3. z =

7− 4i

6i+ 1

4. f(z) =
1

sin2 z
5. f(z) =

sin 2z

(z2 + 1)2
6.

∮
|z−3/2|=2

z(sin z + 2)

sin z
dz

7.

∮
|z|=1

cos z2 − 1

z3
dz 8. f(t) = ch 3t sin2 t− t10et

9. F (p) =
2p+ 3

p3 + 4p2 + 5p
11.

 x′ = 2x+ 8y + 1,

y′ = 3x+ 4y,

x(0) = 2, y(0) = 110. x′′ + x′ − 2x = −2t− 2, x(0) = 1, x′(0) = 1

Âàðèàíò 17.

1. z = −2i 2. z = 4 + 4
√
3i 3. z =

5i+ 1

2 + 3i

4. f(z) =
1

ez − 1
5. f(z) =

e2z

z2(z − 1)
6.

∮
|z−3|=1/2

ez

sin z
dz

7.

∮
|z|=1/3

z4 + 2z2 + 3

2z6
dz 8. f(t) = 2− 3t2 + t cos 5t+ e−t sin 3t

9. F (p) =
p2 − p+ 1

p4 + 2p2 − 3
11.

 x′ = 2x+ 2y + 2,

y′ = 4y + 1,

x(0) = 0, y(0) = 110. x′′ + 2x′ = 2 + et, x(0) = 1, x′(0) = 2

Âàðèàíò 18.

1. z = 6 2. z = 3
√
2 + 3

√
2i 3. z =

6i− 8

3− 2i

4. f(z) =
sin z2

z(z2 + 1)
5. f(z) =

z + 1

(z − 1)2(z + 3)
6.

∮
|z−1/2|=1

ez + 1

z(z + 1)
dz

7.

∮
|z|=1

z2e1/z
2 − 1

z
dz 8. f(t) = sh 4t cos2 3t− t cos 5t

9. F (p) =
p3 − 6

p4 + 6p2 + 8
11.

 x′ = x+ y,

y′ = 4x+ y + 1,

x(0) = 1, y(0) = 010. 2x′′ − x′ = sin 3t, x(0) = 2, x′(0) = 1



Âàðèàíò 19.

1. z = −7i 2. z = −5 + 5
√
3i 3. z =

6i− 1

3− 8i

4. f(z) =
z2 + 1

(z − i)2(z2 + 4)
5. f(z) =

z4

(z2 + 1)2
6.

∮
|z−1/2|=1

z(z − i)

sinπz
dz

7.

∮
|z|=1/3

1− 2z4 + 3z5

z4
dz 8. f(t) = t2et + 4e2t cos 5t

9. F (p) =
p+ 5

(p− 1)(p2 − 2p+ 5)
11.

 x′ = x+ 4y + 1,

y′ = 2x+ 3y,

x(0) = 0, y(0) = 1
10. x′′ + 2x′ = sin

t

2
, x(0) = −2, x′(0) = 4

Âàðèàíò 20.

1. z = −2 2. z = −2
√
3− 6i 3. z =

7i+ 4

2i+ 5

4. f(z) =
cos

(
π
2z
)

z2 − 1
5. f(z) =

z6

(z − 1)4
6.

∮
|z−3|=10

sin 3z + 2

z2(z − π)
dz

7.

∮
|z|=1/2

z5 − 3z2 + 5z

z4
dz 8. f(t) = t2 cos t− 1

2
t4e−2t + et sin 3t

9. F (p) =
3p+ 2

(p+ 1)(p2 + 4p+ 5)
11.

 x′ = x+ 3y + 3,

y′ = x− y + 1,

x(0) = 0, y(0) = 110. x′′ + x = sh t, x(0) = 2, x′(0) = 1

Âàðèàíò 21.

1. z = 4i 2. z = −3
√
3 + 3i 3. z =

4− 8i

3i− 1

4. f(z) =
1

z2
+ sin

1

z2
5. f(z) =

z5

z2 − 1
6.

∮
|z|=3

cos2 z + 3

2z2 + πz
dz

7.

∮
|z−1/5|=2

1− z2 + 3z4

2z3
dz 8. f(t) = sh 2t sin2 3t− 3 + t sin t

9. F (p) =
2p2 − 4p+ 8

(p− 2)2(p2 + 4)
11.

 x′ = −x+ 3y + 2,

y′ = x+ y + 1,

x(0) = 0, y(0) = 110. x′′ + 4x′ + 20x = e−2t, x(0) = 0, x′(0) = 1



Âàðèàíò 22.

1. z = 5 2. z = −2i− 2 3. z =
5i+ 7

6i− 2

4. f(z) =
sinπz

z(z − 1)2
5. f(z) =

ez

(z − 3)2(z + 5)
6.

∮
|z|=3

dz

z(z2 + 1)

7.

∮
|z|=1

ezi + 2

sin 3zi
dz 8. f(t) = 1 + 2t5 − sh t cos 4t

9. F (p) =
1

p(p3 + 1)
11.

 x′ = x+ 3y,

y′ = x− y,

x(0) = 1, y(0) = 010. x′′ − 3x′ + 2x = et, x(0) = 1, x′(0) = 0

Âàðèàíò 23.

1. z = −3 2. z = 6− 2
√
3i 3. z =

3i− 5

4 + 3i

4. f(z) =
cos πz

(z − 1)(z2 + 1)
5. f(z) =

cos 4z

(z − i)3
6.

∮
|z+1|=2

sin2 z − 3

z2 + 2πz
dz

7.

∮
|z|=1/3

1− 2z + 3z2 + 4z3

2z2
dz 8. f(t) = 2e−2t sin 5t− t+ t3et

9. F (p) =
5

(p− 1)(p2 + 4p+ 5)
11.

 x′ = 2x+ 3y + 1,

y′ = 4x− 2y,

x(0) = −1, y(0) = 010. 2x′′ + 3x′ + x = 3et, x(0) = 0, x′(0) = 1

Âàðèàíò 24.

1. z = 5i 2. z = 5− 5i 3. z =
2i+ 8

−3− 8i

4. f(z) =
cos

(
π
2z
)

(z − 1)3
5. f(z) =

z

(z − 5)3
6.

∮
|z|=π/2

z2 + z + 3

sin z · (π + z)
dz

7.

∮
|z−i|=3

ez − sin z

z2
dz 8. f(t) = e3t cos t cos 3t+

t

2
− 2 + te−t

9. F (p) =
1

(p− 2)(p2 + 2p+ 3)
11.

 x′ = 3y + 2,

y′ = x+ 2y,

x(0) = −1, y(0) = 110. x′′ + 4x = sin 2t, x(0) = 0, x′(0) = 1



Âàðèàíò 25.

1. z = −6 2. z = 9i+ 3
√
3 3. z =

−4i− 1

3i− 2

4. f(z) =
2z − sin 2z

z2(z2 + 1)
5. f(z) =

z2 + z − 1

z2(z − 1)
6.

∮
|z−1|=3

z(z + π)

sin z
dz

7.

∮
|z|=1/3

4z5 − 3z3 − 1

z6
dz 8. f(t) = 5t cos 2t− e2tt3 + e−t sin t

9. F (p) =
2p+ 1

(p+ 1)(p2 + 2p+ 3)
11.

 x′ = −2x+ y,

y′ = 3x,

x(0) = 0, y(0) = 110. x′′ + x′ − 2x = e−t, x(0) = −1, x′(0) = 0


