
Èñõîäíûå äàííûå

Ñõåìà öåïè

e(t)

Z1

Z2

Z4 Z5

Z3

Ñèíóñîèäàëüíîå ÝÄÑ: e(t) = Emsin(2πft+ ψ), ãäå

Em = 179 B;

f = 50 Ãö;
ψ = 60◦.

Ñîïðîòèâëåíèÿ ýëåìåíòîâ öåïè:

Z1 = R = 10 Îì;

Z2 = jXL = j30 Îì;
Z3 = −jXC = −j40 Îì;
Z4 = R = 50 Îì;
Z5 = jXL = j60 Îì.

Òðåáóåòñÿ:

1. Ñîñòàâèòü ïî çàêîíàì Êèðõãîôà â êîìïëåêñíîé ôîðìå, äëÿ ìãíîâåííûõ çíà÷åíèé ñè-
ñòåìû àëãåáðàè÷åñêèõ óðàâíåíèé. Ðåøèòü íà ÝÂÌ.

2. Çàïèñàòü çíà÷åíèÿ íàéäåííûõ â ï.1 êîìïëåêñîâ òîêîâ è êîìïëåêñîâ íàïðÿæåíèé íà
âñåõ ó÷àñòêàõ öåïè â àëãåáðàè÷åñêîé è ïîêàçàòåëüíîé ôîðìå. Ïåðåéòè îò êîìïëåêñîâ
òîêîâ è íàïðÿæåíèé ê èõ ìãíîâåííûì çíà÷åíèÿì.

3. Ðàññ÷èòàòü òîêè è íàïðÿæåíèÿ íà âñåõ ó÷àñòêàõ öåïè ìåòîäîì ýêâèâàëåíòíûõ ïðåîá-
ðàçîâàíèé. Ñðàâíèòü ðåçóëüòàòû, ïîëó÷åííûå â ï.2 è 3.
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4. Ïðîâåðèòü áàëàíñ àêòèâíûõ è ðåàêòèâíûõ ìîùíîñòåé.

5. Îïðåäåëèòü ïîêàçàíèÿ àìïåðìåòðà, âîëüòìåòðà è âàòòìåòðà.

6. Ïîñòðîèòü âåêòîðíûå äèàãðàììû òîêîâ è íàïðÿæåíèé.

7. Îïðåäåëèòü ñîïðîòèâëåíèå êàæäîãî ýëåìåíòà ïðè èçìåíåíèè ÷àñòîòû â n ðàç.

8. Ñîñòàâèòü ñèñòåìó óðàâíåíèé ìåòîäîì êîíòóðíûõ òîêîâ.

9. Ñîñòàâèòü ñèñòåìó óðàâíåíèé ìåòîäîì óçëîâûõ ïîòåíöèàëîâ.

10. Ðàññ÷èòàòü òîê íà R5 öåïè ìåòîäîì ýêâèâàëåíòíîãî ãåíåðàòîðà.

1 Cîñòàâëåíèå ïî çàêîíàì Êèðõãîôà â êîìïëåêñíîé ôîð-
ìå, äëÿ ìãíîâåííûõ çíà÷åíèé ñèñòåìû àëãåáðàè÷åñêèõ
óðàâíåíèé

Ñõåìà öåïè

Ė

Z1 Z2 Z4 Z5

Z3

İ1 İ2 İ4

İ3 İ5

Ė =
Em√

2
cos(ψ) + j

Em√
2
sin(ψ) =

179√
2
cos(60◦) + j

179√
2
sin(60◦) = (63,29 + j109,62) B,

Ė =
Em√

2
ejψ = 126,57ej60◦ B.
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Ñèñòåìà â êîìïëåêñíîé ôîðìå:




İ1 + İ2 − İ3 = 0

İ3 − İ4 − İ5 = 0

Z1İ1 − Z2İ2 = 0

Z2İ2 + Z3İ3 + Z4İ4 = Ė

−Z4İ4 + Z5İ5 = 0

Ñèñòåìà äëÿ ìãíîâåííûõ çíà÷åíèé:




i1(t) + i2(t)− i3(t) = 0
i3(t)− i4(t)− i5(t) = 0

R1i1(t)− L
di2(t)

dt
= 0

L
di2(t)

dt
+

1

C

t∫
0

i4(t)dt+R4i4(t) = e(t)

−R4i4(t) + L
di5(t)

dt
= 0

Çàïèñü ñèñòåìû óðàâíåíèé â ìàòðè÷íîé ôîðìå, îòêóäà íàõîäèì òîêè:

[Z] · [İ] = [U̇ ],



1 1 −1 0 0
0 0 1 −1 −1
10 −j30 0 0 0
0 j30 −j40 50 0
0 0 0 −50 j60



·




İ1
İ2
İ3
İ4
İ5




=




0
0
0

63,29 + j109,62
0




.

Íàéäåì íàïðÿæåíèå:



10 0 0 0 0
0 j30 0 0 0
0 0 −j40 0 0
0 0 0 50 0
0 0 0 0 j60



·




İ1
İ1
İ3
İ4
İ5




=




U̇1

U̇2

U̇3

U̇4

U̇5




.

2 Ðåçóëüòàòû ðàñ÷åòà
Ðàñ- Ðåçóëüòàòû ðàñ÷åòà Ìãíîâåííûå Ðåçóëüòàòû ðàñ-

÷åòíàÿ íà ìàøèíå â çíà÷åíèÿ ÷åòà ìåòîäîì
âåë. êîìïëåêñíûõ çàí÷åíèÿõ ýêâèâ. ïðåîáð.
İ1 A −0,33 + j2,95 = 2,98ej96,30◦ i1(t) = 4,21sin(ωt+ 96,30◦) 2,98ej96,30◦

İ2 A 0,98 + j0,11 = 0,99ej6,30◦ i2(t) = 1,40sin(ωt+ 6,30◦) 0,99ej6,30◦

İ3 A 0,66 + j3,06 = 3,13ej77,90◦ i3(t) = 4,43sin(ωt+ 77,90◦) 3,13ej77,90◦

İ4 A −1,12 + j2,13 = 2,40ej117,67◦ i4(t) = 3,39sin(ωt+ 117,69◦) 2,40ej117,67◦

İ5 A 1,77 + j0,93 = 2,0ej27,68◦ i5(t) = 2,83sin(ωt+ 27,68◦) 2,0ej27,68◦

U̇1 B −3,26 + j29,50 = 29,67ej96,30◦ u1(t) = 41,96sin(ωt+ 96,30◦) 29,67ej96,30◦

U̇2 B −3,26 + j29,50 = 29,67ej96,30◦ u2(t) = 41,96sin(ωt+ 96,30◦) 29,67ej96,30◦

U̇3 B 122,34− j26,31 = 125,14e−j12,10◦ u3(t) = 176,97sin(ωt− 12,10◦) 125,14e−j12,10◦

U̇4 B −55,80 + j106,43 = 120,17ej117,67◦ u4(t) = 169,95sin(ωt+ 117,67◦) 120,17ej117,67◦

U̇5 B −55,80 + j106,43 = 120,17ej117,67◦ u5(t) = 169,95sin(ωt+ 117,67◦) 120,17ej117,67◦
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3 Ðàñ÷åò ìåòîäîì ýêâèâàëåíòíûõ ïðåîáðàçîâàíèé
Ýêâèâàëåíòíàÿ ñõåìà öåïè

Z45Z12

Z3Ė

İ3

Z12 =
Z1 · Z2

Z1 + Z2

=
10 · j30

10 + j30
= (9 + j3) Îì;

Z45 =
Z4 · Z5

Z4 + Z5

=
50 · j60

50 + j60
= (29,51 + j24,59) Îì;

ZÝ = Z12 + Z3 + Z45 = (9 + j3)− j40 + (29,51 + j24,59) = (38,51− j12,41) Îì.
Äàëåå ðàñ÷åò ïî çàêîíó Îìà:

İ3 =
Ė

ZÝ
=

63,29 + j109,62

38,51− j12,41
= (0,66 + j3,06) A;

U̇3 = Z3 · İ3 = −j40(0,66 + j3,06) = (122,34− j26,31) B;
U̇4 = U̇5 = Z45 · İ3 = (29,51 + j24,59)(0,66 + j3,06) = (−55,80 + j106,43) B;
U̇1 = U̇2 = Z12 · İ3 = (9 + j3)(0,66 + j3,06) = (−3,26 + j29,50) B;

İ1 =
U̇1

Z1

=
−3,26 + j29,50

10
= (−0,33 + j2,95) A;

İ2 =
U̇2

Z2

=
−3,26 + j29,50

j30
= (0,98 + j0,11) A;

İ4 =
U̇4

Z4

=
−55,80 + j106,43

50
= (−1,12 + j2,13) A;

İ5 =
U̇5

Z5

=
−55,80 + j106,43

j60
= (1,77 + j0,93) A.
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4 Ïðîâåðêà áàëàíñà àêòèâíûõ è ðåàêòèâíûõ ìîùíîñòåé

Ė ·
∗
Ièñò =

5∑

k=1

Zk · I2
k

∗
Ièñò =

∗
I3 = (0,66− j3,06) A.

Îïðåäåëÿåì ìîùíîñòü èñòî÷íèêà:

Ė ·
∗
I3 = (63,29 + j109,62)(0,66− j3,06) = (376,89− j121,46) B.

Ïðîâîäèì îöåíêó ìîùíîñòè ïðèåìíèêîâ:
5∑

k=1

Zk ·I2
k = 10(2,98)2 + j30(0,99)2− j40(3,13)2 +50(2,40)2 + j60(2,0)2 = (376,89− j121,46) B.

Ïðîâîäèì îöåíêó áàëàíñà ïî ôîðìóëàì:

δP =
Pèñò − Pïð

Pèñò
· 100% =

376,89− 376,89

376,89
· 100% = −1,51 · 10−14%.

δQ =
Qèñò −Qïð

Qèñò
· 100% =

−121,46 + 121,46

−121,46
· 100% = −3,51 · 10−14%.

Ïîëó÷åííîå ðàñõîæäåíèå íàõîäèòñÿ â ïðåäåëàõ ïîãðåøíîñòè âû÷èñëåíèé ÝÂÌ.

5 Îïðåäåëåíèå ïîêàçàíèé ïðèáîðîâ
Àìïåðìåòð ïîêàçûâàåò äåéñòâóþùèé òîê:

IA = I2 = 0,99 A.

Âîëüòìåòð - äåéñòâóþùåå íàïðÿæåíèå:

UV = U4 = U5 = 120,17 B.

Ïîêàçàíèÿ âàòòìåòðà îïðåäåëÿþòñÿ ïðîèçâåäåíèåì äåéñòâóþùèõ çíà÷åíèé:

PW = U2 · I3 · cos(Ū2, Ī3) = 29,67 · 3,13 · cos(96.30◦ − 77.90◦) = 81,38 Âò.
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6 Ïîñòðîåíèå âåêòîðíîé äèàãðàììû òîêîâ è íàïðÿæåíèé
Âåêòîðàíàÿ äèàãðàììà òîêà:

6

-

Im

Re0,5 1 1,5 2 2,5 3−0,5−1−1,5−2

1

2

3İ1

İ2

İ3

İ4

İ5

r

r

r

r

r

Âåêòîðàíàÿ äèàãðàììà íàïðÿæåíèÿ:

6

-

Im

Re
U̇1 = U̇2

U̇4 = U̇5

Ė

30 60 90−30−60−90−120 120

60

120

−30

r

r
U̇3

r r
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7 Îïðåäåëåíèå ñîïðîòèâëåíèÿ ýëåìåíòîâ ïðè èçìåíåíèè
÷àñòîòû

Èñõîäÿ èç òîãî, ÷òî åìêîñòíîå ñîïðîòèâëåíèå îáðàòíî ïðîïîðöèîíàëüíî èçìåíåíèþ ÷àñòîòû,
èíäóêòèâíîå ñîïðîòèâëåíèå ïðÿìî ïðîïîðöèîíàëüíî è àêèòâíîå ñîïðîòèâëåíèå íå çàâèñèò
îò ÷àñòîòû (ïðè ìàëûõ ÷àñòîòûõ), òî:

Z1 = R = 10 Îì;

Z2 = jXL · n = j30 · 3 = j90 Îì;

Z3 =
−jXC

n
=
−j40

3
= −j13,33 Îì;

Z4 = R = 50 Îì;
Z5 = jXL · n = j60 · 3 = j180 Îì.

8 Ñîñòàâëåíèå ñèñòåìû óðàâíåíèé ìåòîäîì êîíòóðíûõ òî-
êîâ

Ė

Z2Z1 Z4 Z5

Z3

İk1 İk2 İk3

İ1 İ2 İ4

İ3 İ5





(Z1 + Z2)İk1 − Z2İk2 = 0

−Z2İk1 + (Z2 + Z3 + Z4)İk2 − Z4İk3 = Ė

−Z4İk2 + (Z4 + Z5)İk3 = 0

Èç ñèñòåìû óðàâíåíèé ñîñòàâèì ìàòðèöû:



Z1 + Z2 −Z2 0
−Z2 Z2 + Z3 + Z4 −Z4

0 −Z4 Z4 + Z5


 ·




İk1
İk2
İk3


 =




0

Ė
0
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Ðåøåíèå ñèñòåìû:

İk1 = (−0,33 + j2,95) A;

İk2 = (0,66 + j3,06) A;
İk3 = (1,77 + j0,93) A.

Òîêè â âåòâÿõ:

İ1 = İk1 = (−0,33 + j2,95) A;

İ2 = İk2 − İk1 = (0,66 + j3,06)− (−0,33 + j2,95) = (0,98 + j0,11) A;
İ3 = İk2 = (0,66 + j3,06) A;
İ4 = İk2 − İk3 = (0,66 + j3,06)− (1,77 + j0,93) = (−1,12 + j2,13) A;
İ5 = İk3 = (1,77 + j0,93) A.

9 Cîñòàâëåíèå ñèñòåìû óðàâíåíèé ìåòîäîì óçëîâûõ ïî-
òåíöèàëîâ

Ė

Z2Z1 Z4 Z5

Z3ϕ̇1 ϕ̇2

ϕ̇3ϕ̇4

İ1 İ2 İ4

İ3

İ5

Ïðèìåì ϕ̇3 çà áàçîâûé óçåë (ò.å. ϕ̇3 = ϕ̇4 = 0), è çàâèøåì ñèñòåìó óðàâíåíèé:
{

Y11ϕ̇1 − Y12ϕ̇2 = İ31

−Y21ϕ̇1 + Y22ϕ̇2 = İ32
,

ãäå:

Y11 =
1

Z1

+
1

Z2

+
1

Z3

=
1

10
+

1

j30
+

1

−j40
= (0,10− j0.01) Cì;

Y12 = Y21 =
1

Z3

=
1

−j40
= j0,03 Ñì;
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Y22 =
1

Z3

+
1

Z4

+
1

Z5

=
1

−j40
+

1

50
+

1

j60
= (0,02 + j0.01) Cì;

İ31 = − Ė

Z3

= −63,29 + j109,62

−j40
= (2,74− j1,58) A;

İ32 =
Ė

Z3

=
63,29 + j109,62

−j40
= (−2,74 + j1,58) A.

Çàïèøåì ñèñòåìó óðàâíåíèé â ìàòðè÷íîé ôîðìå:
(

0,10− j0.01 −j0,03
−j0,03 0,02 + j0.01

)
·
(
ϕ̇1

ϕ̇2

)
=

(
2,74− j1,58
−2,74 + j1,58

)
.

Ïîëó÷åííûå ïîòåíöèàëû:

ϕ̇1 = (3,26− j29,50) B;

ϕ̇2 = (−55,80 + j106,43) B.
Íàõîäèì òîêè:

İ1 =
ϕ̇4 − ϕ̇1

Z1

=
0− (3,26− j29,50)

10
= (−0,33 + j2,95) A;

İ2 =
ϕ̇4 − ϕ̇1

Z2

=
0− (3,26− j29,50)

j30
= (0,98 + j0,11) A;

İ3 =
ϕ̇1 − ϕ̇2 + Ė

Z3

=
(3,26− j29,50)− (−55,80 + j106,43) + (63,29 + j109,62)

−j40
=

= (0,66 + j3,06) A;

İ4 =
ϕ̇2 − ϕ̇3

Z4

=
(−55,80 + j106,43)− 0

50
= (−1,12 + j2,13) A;

İ5 =
ϕ̇2 − ϕ̇3

Z5

=
(−55,80 + j106,43)− 0

j60
= (1,77 + j0,93) A.

10 Ðàññ÷èòàòü òîê İ5 ìåòîäîì ýêâèâàëåíòíîãî ãåíåðàòîðà
Íàõîäèì ÝÄÑ ýêâèâàëåíòíîãî ãåíåðàòîðà Ėýã = U̇àá õõ ìåòîäîì ýêâèâàëåíòíûõ ïðåîáðàçîâà-
íèé. Äëÿ ñõåìû U̇àá õõ = Z4İ

′
4, ãäå İ ′4 - êîìïëåêñ òîêà, ïðîõîäÿùåãî ïî ñîïðîòèâëåíèþ Z4, ïðè

óñëîâèè, ÷òî âåòâü ñ ñîïðîòèâëåíèåì Z5 ðàçîìêíóòà.
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Ė

Z2Z1 Z4 Z5

Z3

İ5

a

á

Îïðåäåëèì òîê İ ′4 ïî ñõåìå:

Z2Z1 Z4

U̇àá õõ

Z3 a

á
İ ′4

Ė

İ ′4 =
Ė

Z12 + Z3 + Z4

=
63,29 + j109,62

(9 + j3)− j40 + 50
= (59− j37) A.

ÝÄÑ ýêâèâàëåíòíîãî ãåíåðàòîâà è åãî ñîïðîòèâëåíèå ðàâíû:

Ėýã = U̇àá õõ = Z4 · İ ′4 = 50(59− j37) = (−3,32 + j90,82) B.
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Îïðåäåëèì ñîïðîòèâëåíèå ýêâèâàëåíòíîãî ãåíåðàòîðà êàê ýêâèâàëåíòíîå ñîïðîòèâëåíèå öå-
ïè ïî îòíîøåíèþ ê çàæèìàì ñîïðîòèâëåíèÿ Z5:

Z2Z1 Z4

Zàá õõ

Z3 a

á

Z12 =
Z1 · Z2

Z1 + Z2

=
10 · j30

10 + j30
= (9 + j3) Îì;

Z123 = Z12 + Z3 = (9 + j3)− j40 = (9− j37) Oì;

Zýã =
Z123 · Z4

Z123 + Z4

= (19,59− j19,07) Îì.

Èñêîìûé òîê:

İ5 =
U̇ýã

Zýã + Z5

=
−3,32 + j90,82

(19,59− j19,07) + j60
= (1,77 + 0,93) A.
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