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Ââåäåíèå

Êîíòðîëüíûå ðàáîòû ðàññ÷èòàíû íà çàêðåïëåíèå òåîðåòè-
÷åñêèõ çíàíèé, ïîëó÷åííûõ â ïðîöåññå èçó÷åíèÿ äèñöèïëèíû
¾Òåîðåòè÷åñêèå îñíîâû ýëåêòðîòåõíèêè¿. Ñòóäåíòàì ïðåäëàãà-
þòñÿ äëÿ ñàìîñòîÿòåëüíîãî ðåøåíèÿ çàäàíèÿ, êîòîðûå ñîñòîÿò
èç âàðèàíòîâ, îáðàçóåìûõ òðåìÿ öèôðàìè îò 0 äî 9, òî åñòü
îáùåå êîëè÷åñòâî âàðèàíòîâ äëÿ êàæäîãî çàäàíèÿ 103 = 1000,
÷òî èñêëþ÷àåò âåðîÿòíîñòü ñîâïàäåíèÿ çàäàíèé õîòÿ áû ó äâóõ
ñòóäåíòîâ.

Âàðèàíò çàäàíèÿ ñòóäåíòîì îïðåäåëÿåòñÿ ïî òð¼ì ïîñëåä-
íèì öèôðàì íîìåðà çà÷¼òíîé êíèæêè. Äëÿ ýòîãî íóæíî âçÿòü
ýòè öèôðû è ïîñòàâèòü â îáðàòíîì ïîðÿäêå. Íàïðèìåð, íîìåð
çà÷¼òíîé êíèæêè 543210, ïîñëåäíèå öèôðû � 210, ìåíÿåì ïî-
ñëåäîâàòåëüíîñòü íà îáðàòíóþ � 012.

Îò÷¼òû âûïîëíÿþòñÿ íà ëèñòàõ ôîðìàòà À4 èëè íà ðàçâ¼ð-
íóòûõ òåòðàäíûõ ëèñòàõ, ìîãóò áûòü íàïèñàíû îò ðóêè èëè
îôîðìëåíû íà êîìïüþòåðå, ïðè ÷¼ì êîìáèíèðîâàíèå ýòèõ ñïî-
ñîáîâ íå äîïóñêàåòñÿ çà èñêëþ÷åíèåì ãðàôè÷åñêîãî ìàòåðèà-
ëà. Ãðàôè÷åñêèå ìàòåðèàëû (ãðàôèêè, äèàãðàììû è ò.ä.) ìî-
ãóò áûòü âûïîëíåíû íà ìèëëèìåòðîâîé áóìàãå. Íà òèòóëüíîì
ëèñòå äîëæíû áûòü óêàçàíû: íàçâàíèå âóçà, êàôåäðû, íàèìåíî-
âàíèå è íîìåð çàäàíèÿ, íîìåð âàðèàíòà, ó÷åáíàÿ ãðóïïà, Ô.È.Î.
àâòîðà è ïðîâåðÿþùåãî ïðîïîäàâàòåëÿ.
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Çàäàíèå �1

Ýëåêòðè÷åñêèå öåïè ïîñòîÿííîãî òîêà

Öåëü çàäàíèÿ: Íàó÷èòüñÿ ñàìîñòîÿòåëüíî ðàññ÷èòûâàòü
ñëîæíûå ýëåêòðè÷åñêèå öåïè ïîñòîÿííîãî òîêà ñ íåñêîëüêèìè
èñòî÷íèêàìè ýíåðãèè è îñâîèòü îñíîâíûå ìåòîäû ðàñ÷¼òà.

Çàäàíèå

1. Ïðåäâàðèòåëüíî ïðåîáðàçîâàâ ïàññèâíûé òðåóãîëüíèê â
ýêâèâàëåíòíóþ çâåçäó, ðàññ÷èòàòü òîêè âî âñåõ âåòâÿõ ñõåìû
ìåòîäîì óçëîâûõ ïîòåíöèàëîâ.

2. Ðàññ÷èòàòü òîêè â èñõîäíîé ñõåìå ìåòîäîì êîíòóðíûõ òî-
êîâ.

3. Ìåòîäîì ýêâèâàëåíòíîãî ãåíåðàòîðà îïðåäåëèòü òîê â Nk-
îé âåòâè.

4. Ñîñòàâèòü áàëàíñ ìîùíîñòåé.
5. Ïîñòðîèòü ïîòåíöèàëüíóþ äèàãðàììó äëÿ êîíòóðà, ñîäåð-

æàùåãî äâå ÝÄÑ.
Èñõîäíûå äàííûå íàõîäÿòñÿ â òàáë. 1.1, ñõåìà � íà ðèñ. 1.1.
Ïåðâàÿ öèôðà âàðèàíòà ñîîòâåòñòâóåò íîìåðó ñõåìû è ïî

íåé çàäà¼òñÿ íîìåð âåòâè Nk. Ïî âòîðîé öèôðå çàäàþòñÿ ÝÄÑ
èñòî÷íèêîâ, ïî òðåòüåé � ñîïðîòèâëåíèÿ âåòâåé ñõåìû.
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Òàáëèöà 1.1

� ï/ï Nk E1 E2 R1 R2 R3 R4 R5 R6

Ñõåìà � âåòâè Â Â Îì Îì Îì Îì Îì Îì
0 5 200 100 20 16 12 50 80 80
1 4 100 300 12 24 16 60 50 40
2 5 150 200 10 15 20 50 30 90
3 6 300 150 25 30 20 80 100 60
4 4 100 250 40 20 30 100 60 40
5 5 200 350 18 20 25 80 50 90
6 6 300 200 16 12 18 40 80 50
7 6 280 150 15 12 16 30 70 80
8 4 150 250 10 20 15 70 120 60
9 5 50 250 24 36 28 90 60 40
1 öèôðà 2 öèôðà 3 öèôðà

Ïðèìåð ðàñ÷¼òà

R2 R5

R6
R3 R4

R1 E1

E2
0

2

3 1

I2 I5

I6

I3
I4

I1

IK2 IK3

IK1

Nk = 4, R3 = 20 Îì,
E1 = 150 Â, R4 = 80 Îì,
E2 = 200 Â, R5 = 100 Îì,
R1 = 25 Îì, R6 = 60 Îì.
R2 = 30 Îì,

Ïðåîáðàçîâàíèå òðåóãîëüíèêà â ýêâèâàëåíòíóþ çâåçäó

Ïðåîáðàçóåì â èñõîäíîé ñõåìå òðåóãîëüíèê R4�R5�R6 â ýê-
âèâàëåíòíóþ çâåçäó R45�R56�R46:
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R2 R56

R46R3

R45R1
E1

E2

I2

I3

I1

R56 =
R5R6

R4 +R5 +R6

;

R46 =
R4R6

R4 +R5 +R6

;

R45 =
R4R5

R4 +R5 +R6

.

Äàëåå óïðîñòèì ñõåìó, çàìåíèâ ïîñëåäîâàòåëüíî ñîåäèí¼í-
íûå ñîïðîòèâëåíèÿ R1 è R45, R2 è R56, R3 è R46 íà R

′
1, R

′
2 è R

′
3

ñîîòâåòñòâåííî:

R'2

R'3

R'1E1

E2 I2

I3

I1

2 1
U12

R′1 = R1 +R45;

R′2 = R2 +R56;

R′3 = R3 +R46.
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Ðàñ÷¼ò ñõåìû ìåòîäîì óçëîâûõ ïîòåíöèàëîâ

Ïðîèçâåä¼ì ðàñ÷¼ò ìåòîäîì äâóõ óçëîâ � ÷àñòíûì ñëó÷àåì
ìåòîäà óçëîâûõ ïîòåíöèàëîâ.

Íàéä¼ì íàïðÿæåíèå ìåæäó óçëàìè 1 è 2:

U12 =

E1

R′
1

+ E2

R′
2

1
R′

1
+ 1

R′
2

+ 1
R′

3

.

Íàéä¼ì òîêè ïî çàêîíó Îìà:

I1 =
E1 − U12

R′1
;

I2 =
E2 − U12

R′2
;

I3 =
U12

R′3
.

Íàéä¼ì îñòàâøèåñÿ òîêè â öåïè èñïîëüçóÿ çàêîíû Êèðõãî-
ôà.

E2 = I2R2 + I6R6 + I3R3;

I4 = I3 − I6;
I2 = I5 + I6,

îòêóäà

I6 =
E2 − I2R2 − I3R3

R6

;

I4 = I3 − I6;
I5 = I2 − I6.

Ðàñ÷¼ò èñõîäíîé ñõåìû ìåòîäîì êîíòóðíûõ òîêîâ

Ñîñòàâèì óðàâíåíèÿ ïî ìåòîäó êîíòóðíûõ òîêîâ äëÿ èñõîä-
íîé ñõåìû:
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R11IK1 +R12IK2 +R13IK3 = EK1;

R21IK1 +R22IK2 +R23IK3 = EK2;

R31IK1 +R32IK2 +R33IK3 = EK3,

ãäå
R11 = R1 +R3 +R4;

R22 = R2 +R3 +R6;

R33 = R4 +R5 +R6;

 � ñîáñòâåííûå ñîïðîòèâëåíèÿ êîíòóðîâ,

R12 = R21 = R3;

R23 = R32 = −R6;

R13 = R31 = R4;

 � îáùèå ñîïðîòèâëåíèÿ êîíòóðîâ,

EK1 = E1;

EK2 = E2;

EK3 = 0;

 � êîíòóðíûå ÝÄÑ.

Äëÿ ðåøåíèÿ ïîëó÷åííîé ñèñòåìû ëèíåéíûõ óðàâíåíèé èñ-
ïîëüçóåì ìåòîä Êðàìåðà. Äëÿ ýòîãî ïðåäñòàâèì ñèñòåìó â âèäå
ìàòðè÷íîãî óðàâíåíèÿ:∣∣∣∣∣∣

R11 R12 R13

R21 R22 R23

R31 R32 R33

∣∣∣∣∣∣×
∣∣∣∣∣∣
IK1

IK2

IK3

∣∣∣∣∣∣ =

∣∣∣∣∣∣
EK1

EK2

EK3

∣∣∣∣∣∣
Íàéä¼ì îïðåäåëèòåëè:

∆ =

∣∣∣∣∣∣
R11 R12 R13

R21 R22 R23

R31 R32 R33

∣∣∣∣∣∣ =

= R11R22R33 +R21R32R13 +R31R12R23−
−R11R32R23 −R21R12R33 −R31R22R12;
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∆1 =

∣∣∣∣∣∣
EK1 R12 R13

EK2 R22 R23

EK3 R32 R33

∣∣∣∣∣∣ =

= EK1R22R33 + EK2R32R13 + EK3R12R23−
− EK1R32R23 − EK2R12R33 − EK3R22R12;

∆2 =

∣∣∣∣∣∣
R11 EK1 R13

R21 EK2 R23

R31 EK3 R33

∣∣∣∣∣∣ =

= R11EK2R33 +R21EK3R13 +R31EK1R23−
−R11EK3R23 −R21EK1R33 −R31EK2R12;

∆3 =

∣∣∣∣∣∣
R11 R12 EK1

R21 R22 EK2

R31 R32 EK3

∣∣∣∣∣∣ =

= R11R22EK3 +R21R32EK1 +R31R12EK2−
−R11RK2E23 −R21R12EK3 −R31R22EK1;

Íàéä¼ì êîíòóðíûå òîêè:

IK1 =
∆1

∆
;

IK2 =
∆2

∆
;

IK3 =
∆3

∆
.

Îïðåäåëèì èñêîìûå òîêè â èñõîäíîé ñõåìå, èñïîëüçóÿ ïðèí-
öèï íàëîæåíèÿ:
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I1 = IK1;

I2 = IK2;

I3 = IK1 + IK2;

I4 = IK1 + IK3;

I5 = IK3;

I6 = IK2 − IK3.

Îïðåäåëåíèå òîêà I4 ìåòîäîì ýêâèâàëåíòíîãî

ãåíåðàòîðà

Èçîáðàçèì ñõåìó ýêâèâàëåíòíîãî ãåíåðàòîðà:

R4
R0

E0 I4

3

1

Äëÿ îïðåäåëåíèÿ òîêà I4 ñëåäóåò íàéòè ÝÄÑ ýêâèâàëåíòíîãî
ãåíåðàòîðà è åãî âíóòðåííåå ñîïðîòèâëåíèå.

Îïðåäåëåíèå ÝÄÑ ýêâèâàëåíòíîãî ãåíåðàòîðà

Äëÿ îïðåäåëåíèÿ ÝÄÑ ýêâèâàëåíòíîãî ãåíåðàòîðà èñêëþ÷àåì
èç ñõåìû âåòâü ñ èñêîìûì òîêîì I4:
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R2 R5

R6
R3

R1 E1

E2
0

2

3 1

I'2

I'3

I'1

U13

Äàëåå íàõîäèì íàïðÿæåíèå ìåæäó òî÷êàìè, ê êîòîðûì áû-
ëà ïîäêëþ÷åíà âåòâü 4. Äëÿ ýòîãî çàïèøåì óðàâíåíèå ïî âòî-
ðîìó çàêîíó Êèðõãîôà äëÿ êîíòóðà R4�R5�R6, âìåñòî ïàäåíèÿ
íàïðÿæåíèÿ íà ñîïðîòèâëåíèè R4 çàïèñûâàåì íàïðÿæåíèå U13.

0 = U13 − I ′3R6 − I ′1R5 ⇒ U13 = I ′3R6 + I ′1R5.

Âèäíî, ÷òî äëÿ îïðåäåëåíèÿ íàïðÿæåíèÿ íóæíî íàéòè òîêè
â ïîëó÷åííîé öåïè. Èñïîëüçóåì ìåòîä äâóõ óçëîâ:

U20 =
E1

R1+R5
+ E2

R2

1
R1+R5

+ 1
R2

+ 1
R3+R6

;

I ′3 =
U20

R3 +R6

;

I ′1 =
E1 − U20

R1 +R5

;

E0 = U13.

Îïðåäåëåíèå âíóòðåííåãî ñîïðîòèâëåíèÿ ýêâèâàëåíò-

íîãî ãåíåðàòîðà

Äëÿ ýòîãî èñêëþ÷àåì èç ñõåìû âåòâü ñ èñêîìûì òîêîì, à òàêæå
óáèðàåì âñå èñòî÷íèêè ÝÄÑ:
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R2 R5

R6
R3

R1

0

2

3 1

Äàëåå íàõîäèì ñîïðîòèâëåíèå îòíîñèòåëüíî òî÷åê, ê êîòî-
ðûì áûëà ïîäêëþ÷åíà âåòâü 4. Ïðåîáðàçóåì òðåóãîëüíèê R3�
R6�R2 â ýêâèâàëåíòíóþ çâåçäó:

R2

R5R6

R3 R1
0

2

3 1
⇒

R23

R5R26

R36

R1

0

2

3 1
⇒

R363

Ra

Rb

1

R36 =
R3R6

R3 +R6 +R2

;

R23 =
R2R3

R3 +R6 +R2

;

R26 =
R2R6

R3 +R6 +R2

;

Ra = R1 +R23;

Rb = R5 +R26;

R0 = R36 +
RaRb

Ra +Rb

.
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Îïðåäåëåíèå èñêîìîãî òîêà

Èñõîäÿ èç ñõåìû ýêâèâàëåíòíîãî ãåíåðàòîðà è åãî ïàðàìåòðîâ
íàéä¼ì èñêîìûé òîê:

I4 =
E0

R0 +R4

.

Ñîñòàâëåíèå áàëàíñà ìîùíîñòåé

Äëÿ ïðîâåðêè ïðàâèëüíîñòè ðåøåíèÿ èñïîëüçóåì áàëàíñ ìîù-
íîñòåé.

Ìîùíîñòü èñòî÷íèêîâ (âûðàáàòûâàåìàÿ):

Pèñò =
∑

EiIi = E1I1 + E2I2.

Ìîùíîñòü ïðè¼ìíèêîâ (ïîòðåáëÿåìàÿ):

Pïð =
∑

I2i Ri = I21R1 + I22R2 + I23R3 + I24R4 + I25R5 + I26R6.

Ïîòðåáëÿåìàÿ è âûðàáàòûâàåìàÿ ìîùíîñòü äîëæíû ñîâïà-
äàòü, ò.å. äîëæåí ñîáëþäàòüñÿ áàëàíñ ìîùíîñòåé:

Pèñò = Pïð;

Ïîñòðîåíèå ïîòåíöèàëüíîé äèàãðàììû

Âûäåëèì êîíòóð, ñîäåðæàùèé äâå ÝÄÑ:
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R2 R5

R1 E1

E2
0

2

b

1

I2 I5

I1

a

Ïðèìåì ïîòåíöèàë òî÷êè 0 ðàâíûì 0 è, îáõîäÿ êîíòóð, íàé-
ä¼ì ïîòåíöèàëû îñòàëüíûõ òî÷åê:

ϕ0 = 0,

ϕa = ϕ0 + E2,

ϕ2 = ϕa − I2R2,

ϕ1 = ϕ2 − I5R5,

ϕb = ϕ1 − E1,

ϕ0 = ϕb + I1R1 = 0.

Ïðè îïðåäåëåíèè ïîòåíöèàëîâ óçëîâ ñëåäóåò ðóêîâîäñòâî-
âàòüñÿ òåì, ÷òî ïðè ñîâïàäåíèè íàïðàâëåíèÿ ÝÄÑ ñ íàïðàâëå-
íèåì îáõîäà ê ïîòåíöèàëó òî÷êè ïðèáàâëÿåòñÿ âåëè÷èíà ÝÄÑ,
åñëè íàïðàâëåíèÿ íå ñîâïàäàþò, òî âåëè÷èíà ÝÄÑ âû÷èòàåòñÿ.
Â ñëó÷àå ñ ïàäåíèÿìè íàïðÿæåíèé íà ýëåìåíòàõ íàîáîðîò � ïðè
ñîâïàäåíèè íàïðàâëåíèÿ òîêà ñ íàïðàâëåíèåì îáõîäà âåëè÷èíà
íàïðÿæåíèÿ âû÷èòàåòñÿ èç ïîòåíöèàëà òî÷êè, åñëè íàïðàâëå-
íèÿ íå ñîâïàäàþò, òî íàïðÿæåíèå ïðèáàâëÿåòñÿ.

Ïî ïîëó÷åííûì ïîòåíöèàëàì óçëîâ ñòðîèì ïîòåíöèàëüíóþ
äèàãðàììó (ðèñ. 1.2). Êîîðäèíàòû ïî îñè àáñöèññ ñîîòâåòñòâóþò
ñóììå ñîïðîòèâëåíèé ìåæäó òåêóùåé òî÷êîé è òî÷êîé íà÷àëà
îáõîäà êîíòóðà, ò.å. îáùåå ñîïðîòèâëåíèå ïðîéäåííîãî ïóòè.
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0 R, Îì

ϕ, Â

ϕ0

ϕa

ϕ2

ϕ1

ϕb

ϕ0

20

20

Ðèñ. 1.2. Ïîòåíöèàëüíàÿ äèàãðàììà, ìàñøòàá: Mx = 1 : 20,
My = 1 : 20
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Çàäàíèå �2

Îäíîôàçíûå öåïè ïåðåìåííîãî òîêà

Öåëü çàäàíèÿ: ïðèîáðåòåíèå íàâûêîâ àíàëèçà öåïåé ïåðå-
ìåííîãî òîêà.

Çàäàíèå

1. Îïðåäåëèòü òîêè âî âñåõ âåòâÿõ ñõåìû è íàïðÿæåíèå íà
êàæäîì ýëåìåíòå öåïè ñëåäóþùèìè ìåòîäàìè:

• ïðîâîäèìîñòåé;

• ñèìâîëè÷åñêèì ìåòîäîì ýêâèâàëåíòíîãî ïðåîáðàçî-
âàíèÿ ñõåìû è óçëîâîãî íàïðÿæåíèÿ.

2. Ñîñòàâèòü áàíàñ ìîùíîñòåé.

3. Ïîñòðîèòü âåêòîðíóþ äèàãðàììó òîêîâ è òîïîãðàôè÷å-
ñêóþ äèàãðàììó íàïðÿæåíèé.

Èñõîäíûå äàííûå ïðèâåäåíû â òàáë. 2.1, ñõåìà � íà ðèñ. 2.1.
×àñòîòà òîêà f = 50 Ãö.

Ïðèìåð ðàñ÷¼òà

R1

R2

R3

L3

C2

C1

E1
I1
.

I2
. I3

..

f

a b c

d e

E = 100 Â,

R1 = 2 Îì,

R2 = 4 Îì,

R3 = 6 Îì,

L3 = 25,5 ìÃí,

C1 = 637 ìêÔ,

C2 = 796 ìêÔ,

ω = 2πf = 314.
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R2 R3

L2 C3
E1
.

L1

0
R1

R2

R3

L3

C2

C1

E1
.

1

R2 R3

L2
C3

C1

E1
.

2

R1

R2 R3

L3
C2E1

.

L1

3

R2 R3

L3C2

E1
.

L1

4

R2 R3

L3C2

E1
.

R1

5

R1

R3

L2

C3

C1

E1
.

6

R1

R3

L1

C3

E1
.

C2

R2

7

R2 R3

L2
C3

E1
.

R1

8

R2 R3

L3
C2E1

.

L1

9

Ðèñ. 2.1.
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Òàáëèöà 2.1

� E1, R1, R2, R3, C1, C2, C3, L1, L2, L3,
ï/ï Â Îì Îì Îì ìêÔ ìêÔ ìêÔ ìÃí ìÃí ìÃí

0 200 8 6 7 530 212,3 354 63,9 17,75 28,65

1 100 1 3 5 396 354 796 12,75 38,2 12,75

2 120 2 4 6 265,25 1060 454,7 28,65 15,92 22,29

3 130 7 8 1 637 796 396 9,55 19,1 25,5

4 140 9 2 3 530 637 353,8 15,92 28,65 38,65

5 110 4 5 6 354 530 637 12,75 38,2 15,92

6 150 5 4 3 265 796 212,3 19,1 31,95 17,75

7 160 2 1 2 318 265 796 9,55 63,9 12,75

8 170 3 4 5 159 530 318,3 38,2 47,75 31,95

9 180 6 5 4 212 796 265 19,1 25,5 38,2

1 öèôðà 2 öèôðà 3 öèôðà

Ìåòîä ïðîâîäèìîñòåé

Ðåàêòèâíûå ñîïðîòèâëåíèÿ ýëåìåíòîâ

XC1 =
1

ωC1

,

XC2 =
1

ωC2

,

XL3 = ωL3.

Ïðåîáðàçîâàíèå âåòâåé 2 è 3 ê ïàðàëëåëüíûì ñîåäèíåíèÿì

Z2 =
√
R2

2 +X2
C2
,

g2 =
R2

Z2
2

,

b2 =
−XC2

Z2
2

,
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Z3 =
√
R2

3 +X2
L3
,

g3 =
R3

Z2
3

,

b3 =
XL3

Z2
3

,

g23 = g2 + g3,

b23 = b2 + b3.

Ïðåîáðàçîâàíèå ïàðàëëåëüíîãî ñîåäèíåíèÿ â ïîñëåäîâàòåëü-
íîå

Y23 =
√
g223 + b223,

R23 =
g23
Y 2
23

,

X23 =
b23
Y 2
23

.

Ýêâèâàëåíòíîå ñîïðîòèâëåíèå öåïè

R = R1 +R23,

X = −XC1 +X23,

Z =
√
R2 +X2.

Îáùèé òîê â öåïè

I1 =
E

Z
.

Íàïðÿæåíèå íà ïàðàëëåëüíîì ó÷àñòêå
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Z23 = 1/Y23,

U23 = I1Z23.

Òîêè â âåòâÿõ 2 è 3

I2 =
U23

Z2

,

I3 =
U23

Z3

.

Ðàñ÷¼ò ñèìâîëè÷åñêèì ìåòîäîì

Êîìïëåêñíûå ñîïðîòèâëåíèÿ âåòâåé

Z1 = R1 − jXC1 ,

Z2 = R2 − jXC2 ,

Z3 = R3 + jXL3 ,

Êîìïëåêñíûå ïðîâîäèìîñòè âåòâåé

Y 1 =
1

Z1

,

Y 2 =
1

Z2

,

Y 3 =
1

Z3

.

Ñîïðîòèâëåíèå ïàðàëëåëüíîãî ó÷àñòêà

Z23 =
Z2Z3

Z2 + Z3

.

21



Ïîëíîå ñîïðîòèâëåíèå öåïè

Z = Z1 + Z23.

Íàéä¼ì òîê İ1

İ1 =
Ė

Z
,

Íàïðÿæåíèå íà ïàðàëëåëüíîì ó÷àñòêå:

U̇23 = İ1Z23,

Îñòàâøèåñÿ òîêè

İ2 =
U̇23

Z2

,

İ3 =
U̇23

Z3

.

Ïðîâåðêà

İ1 − İ2 − İ3 = 0.

Ðàñ÷¼ò ìåòîäîì äâóõ óçëîâ

Óçëîâàÿ ïðîâîäèìîñòü

Y = Y 1 + Y 2 + Y 3.

Óçëîâîé òîê

J̇ = ĖY 1.

Óçëîâîå íàïðÿæåíèå

U̇10 =
J̇

Y
.
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Òîêè

İ1 = (Ė − U̇10)Y 1,

İ2 = U̇10Y 2,

İ3 = U̇10Y 3.

Áàëàíñ ìîùíîñòåé

Ïîëíàÿ êîìïëåêñíàÿ ìîùíîñòü èñòî÷íèêà

S̃ = Ė
∗
I1,

çäåñü
∗
I1 � ñîïðÿæ¼ííîå çíà÷åíèå òîêà İ1.

Àêòèâíàÿ ìîùíîñòü ïðè¼ìíèêîâ íàõîäèòñÿ, êàê ñóììà ìîù-
íîñòåé âñåõ ðåçèñòèâíûõ ñîïðîòèâëåíèé

P = I21R1 + I22R2 + I23R3.

Ðåàêòèâíàÿ ìîùíîñòü ïðè¼ìíèêîâ íàõîäèòñÿ, êàê ñóììà ðå-
àêòèâíûõ ìîùíîñòåé âñåõ ðåàêòèâíûõ ýëåìåíòîâ. Ïðè ýòîì ìîù-
íîñòü íà èíäóêòèâíûõ ýëåìåíòàõ áåð¼òñÿ ñî çíàêîì ¾+¿, íà ¼ì-
êîñòíûõ � ¾−¿.

Q = −I21XC1 − I22XC2 + I23XL3 .

Âûðàáàòûâàåìàÿ ìîùíîñòü äîëæíà áûòü ðàâíà ïîòðåáëÿå-
ìîé, ò.å.:

S̃ = P + jQ.
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Ïîñòðîåíèå âåêòîðíîé äèàãðàììû

Íàïðÿæåíèÿ íà âñåõ ýëåìåíòàõ öåïè

U̇C1 = İ1(−jXC1),

U̇R1 = İ1R1,

U̇C2 = İ2(−jXC2),

U̇R2 = İ2R2,

U̇R3 = İ3R3,

U̇L3 = İ3jXL3 .

Ïîòåíöèàëû äëÿ ïîñòðîåíèÿ âåêòîðíîé äèàãðàììû (ðèñ. 2.2).

ϕ̇f = 0,

ϕ̇a = ϕ̇f + Ė,

ϕ̇b = ϕ̇a − U̇C1 ,

ϕ̇c = ϕ̇b − U̇R1 ,

ϕ̇d = ϕ̇c − U̇C2 ,

ϕ̇f = ϕ̇d − U̇R2 ,

ϕ̇e = ϕ̇c − U̇R3 ,
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ϕ̇f = ϕ̇e − U̇L3 = 0.

Äëÿ ïîñòðîåíèÿ âåêòîðíîé äèàãðàììû âûáåðåì ìàñøòàá ïî
íàïðÿæåíèþ, òàêîé, ÷òî áû âñå òî÷êè ñ êîîðäèíàòàìè ïîòåí-
öèàëîâ âìåùàëèñü â ðèñóíîê, àíàëîãè÷íî âûáåðàåì ìàñøòàá
ïî òîêó. Äàëåå ñëåäóåò ðàññòàâèòü òî÷êè ïîòåíöèàëîâ â ñîîò-
âåòñòâóþùèõ êîîðäèíàòàõ è ïîäïèñàòü èõ. Ïîñëå ÷åãî ñîåäèíÿ-
åì òî÷êè ïîòåíöèàëîâ óçëîâ âåêòîðàìè íàïðÿæåíèé, ïðè ýòîì
ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî íàïðàâëåíèå âåêòîðîâ íàïðÿ-
æåíèé îáðàòíî íàïðàâëåíèþ íàïðÿæåíèé íà ñõåìå, íàïðèìåð,
íàïðÿæåíèå UR2 íà ñõåìå íàïðàâëåíî èç òî÷êè d â òî÷êó f , íà
âåêòîðíîé äèàãðàììå íàîáîðîò � èç òî÷êè f â òî÷êó d. Çàòåì
èç íà÷àëà êîîðäèíàò ïðîâîäèì âåêòîðà â òî÷êè, îòìå÷åííûå
êîîðäèíàòàìè òîêîâ.
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+1

+j

İ1

İ2

İ3

ϕf U̇E ϕa

U̇C1

ϕb

U̇R1

ϕc
U̇C2

ϕd

U̇R2

ϕc

U̇R3

ϕe

U̇L3

Ðèñ. 2.2. Âåêòîðíàÿ äèàãðàììà òîêîâ è òîïîãðàôè÷åñêàÿ äèà-
ãðàììà íàïðÿæåíèé, ìàñøòàá: MI = 1 À/ñì, MU = 10 Â/ñì
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Çàäàíèå �3

Òð¼õôàçíûå öåïè ïåðåìåííîãî òîêà

Öåëü çàäàíèÿ: ïðèîáðåòåíèå íàâûêîâ àíàëèçà òð¼õôàçíûõ
öåïåé ñèìâîëè÷åñêèì ìåòîäîì.

Çàäàíèå

Ra
RbRc

La

LbLc
Cc

Ca

Cb

A

B

C

N

a

bc

Ia

Ib

Ic IN

n

Ra
RbRc

La

LbLc
Cc

Ca

Cb

A

B

C

a

bc

Ia

Ib

Ic

n

Ra

Rb

Rc
La

Lb

Lc

Cc

Ca

Cb

A

B

C

a

bc

Ia

Ib

Ic

Iab

Ibc

Ica

Ðèñ. 3.1.

Â íåñèììåòðè÷íîé òð¼õôàçíîé öåïè ñèíóñîèäàëüíîãî òîêà
ïðè ñîåäèíåíèè â çâåçäó ñ íåéòðàëüíûì ïðîâîäîì, áåç íåé-
òðàëüíîãî ïðîâîäà è â òðåóãîëüíèê (ðèñ. 3.1) íóæíî:

1. ðàññ÷èòàòü òîêè â ôàçàõ è ëèíèÿõ;

2. âû÷èñëèòü çíà÷åíèÿ àêòèâíîé, ðåàêòèâíîé è ïîëíîé ìîù-
íîñòè;

3. ïîñòðîèòü âåêòîðíûå äèàãðàììû íàïðÿæåíèé è òîêîâ.

Èñõîäíûå äàííûå ïðèâåäåíû â òàáë. 3.1.
×àñòîòà òîêà f = 50 Ãö.
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Òàáëèöà 3.1

� E, Ra, Rb, Rc, Ca, Cb, Cc, La, Lb, Lc,
ï/ï Â Îì Îì Îì ìêÔ ìêÔ ìêÔ ìÃí ìÃí ìÃí

0 200 8 6 7 530 212,3 354 63,9 17,75 28,65

1 100 1 3 5 396 354 796 12,75 38,2 12,75

2 120 2 4 6 265,25 1060 454,7 28,65 15,92 22,29

3 130 7 8 1 637 796 396 9,55 19,1 25,5

4 140 9 2 3 530 637 353,8 15,92 28,65 38,65

5 110 4 5 6 354 530 637 12,75 38,2 15,92

6 150 5 4 3 265 796 212,3 19,1 31,95 17,75

7 160 2 1 2 318 265 796 9,55 63,9 12,75

8 170 3 4 5 159 530 318,3 38,2 47,75 31,95

9 180 6 5 4 212 796 265 19,1 25,5 38,2

1 öèôðà 2 öèôðà 3 öèôðà

Ïðèìåð ðàñ÷¼òà

E = 100 Â, Ca = 637 ìêÔ,

Ėa = E = 100, Cb = 796 ìêÔ,

Ėb = Ee−j
2
3
π = −50− j86,6025, Cc = 396 ìêÔ,

Ėc = Eej
2
3
π = −50 + j86,6025, La = 9,55 ìÃí,

Ra = 2 Îì, Lb = 19,1 ìÃí,
Rb = 4 Îì, Lc = 22,5 ìÃí,
Rc = 6 Îì, ω = 2πf = 314.
Ñîïðîòèâëåíèÿ ðåàêòèâíûõ ýëåìåíòîâ
XCa = 1

ωCa
, XLa = ωLa,

XCb
= 1

ωCb
, XLb

= ωLb,

XCc = 1
ωCc

, XLc = ωLa.
Ñîïðîòèâëåíèÿ ôàç

Za = Ra + j (XLa −XCa) ,

Zb = Rb + j (XLb
−XCb

) ,
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Zc = Rc + j (XLc −XCc) .

Ñîåäèíåíèå ¾çâåçäà ñ íåéòðàëüíûì ïðîâîäîì¿

İa =
Ėa
Za

,

İb =
Ėb
Zb

,

İc =
Ėc
Zc

,

İN = İa + İb + İc,

S̃ = Ėa
∗
Ia +Ėb

∗
Ib +Ėc

∗
Ic,

P = Re[S̃],

Q = Im[S̃],

S =
√
P 2 +Q2.

Âåêòîðíàÿ äèàãðàììà èçîáðàæåíà íà ðèñ. 3.2.
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İA

İB

İC

İN

A

U̇A

B

U̇B

C

U̇C

U̇ab

U̇bc

U̇ca
N

Ðèñ. 3.2. Âåêòîðíàÿ äèàãðàììà äëÿ ñõåìû ¾çâåçäà ñ íåéòðàëü-
íûì ïðîâîäîì¿, ìàñøòàá ïî òîêó: â 1 ñì 5 À, ïî íàïðÿæåíèþ:
â 1 ñì 20 Â.
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Ñîåäèíåíèå ¾çâåçäà áåç íåéòðàëüíîãî ïðîâîäà¿

Y =
1

Za

+
1

Zb

+
1

Zc

,

J̇ =
Ėa
Za

+
Ėb
Zb

+
Ėc
Zc

,

U̇nN =
J̇

Y
,

İa =
Ėa − U̇nN

Za

,

İb =
Ėb − U̇nN

Zb

,

İc =
Ėc − U̇nN

Zc

,

P = I2a · Re[Za] + I2b · Re[Zb] + I2c · Re[Zc],

Q = I2a · Im[Za] + I2b · Im[Zb] + I2c · Im[Zc],

S =
√
P 2 +Q2.

Âåêòîðíàÿ äèàãðàììà èçîáðàæåíà íà ðèñ. 3.3.
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İA

İB

İC

A

U̇AU̇a

B

U̇B

U̇b

C

U̇C

U̇c

U̇ab

U̇bc

U̇ca

n U̇nN N

Ðèñ. 3.3. Âåêòîðíàÿ äèàãðàììà äëÿ ñõåìû ¾çâåçäà áåç íåéòðàëü-
íîãî ïðîâîäà¿, ìàñøòàá ïî òîêó: â 1 ñì 4 À, ïî íàïðÿæåíèþ: â
1 ñì 20 Â.
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Ñîåäèíåíèå ¾òðåóãîëüíèê¿

U̇ab = Ėa − Ėb,
U̇bc = Ėb − Ėc,
U̇ca = Ėc − Ėa,

İab =
U̇ab
Za

,

İbc =
U̇bc
Zb

,

İca =
U̇ca
Zc

,

İA = İab − İca,
İB = İbc − İab,
İC = İca − İbc,

S̃ = U̇ab
∗
Iab +U̇bc

∗
Ibc +U̇ca

∗
Ica,

P = Re[S̃],

Q = Im[S̃],

S =
√
P 2 +Q2.

Âåêòîðíàÿ äèàãðàììà èçîáðàæåíà íà ðèñ. 3.4.
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−İca

İBİbc
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İC

İca−İbc
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BU̇bcC

U̇ca

Ðèñ. 3.4. Âåêòîðíàÿ äèàãðàììà äëÿ ñõåìû ¾òðåóãîëüíèê¿, ìàñ-
øòàá ïî òîêó: â 1 ñì 8 À, ïî íàïðÿæåíèþ: â 1 ñì 20 Â.
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