1.2. MeToau4ecKne peKOMeHIalMu

ITo ncxoaHOM cxeme AIEKTPUUYECKoM 1enu, Harpumep puc. 1.29,a u
MAaIIMHHOM pacredaTke MHAuBHayanbHOro 3amanus (puc. 1.29,06) cdop-
MUpYHTE CBOIO pacueTHyro cxemy (puc. 1.30).YuacTok 1emnu, e Beu-
yrHa uctoynunka DJ1C nmpupaBHEHa K HYJII0 —3aKOpPayrlBaeTCA.

C80-106854-17
Rl= 39 R2= 34
R3= 78 R4= 71
R6= 88 R6= 22
El= 0 E2= 0
E3= 0 E4=-69
ES= 18 E6=-39

6)
Puc.1.29 Puc. 1.30
B MamumHHOU pacrieyaTke MHAWBUAYAIBHOTO 3aJaHUsl CONPOTHUBIIE-

HUS pe3ucTopoB R ykazanel B Omax [OM], Benwunabl uctounnkor DJ]C E
— B BonbTax [B].

[lepen BbIIOIHEHUEM 3aJaHUS PEKOMEHIYETCS O3HAKOMHUTBLCS C 3a-
nadamu 2.1-2.9 yue6Horo nocoous [9].

1.3. Ilpumepsl pacyéTa JUHEHHBIX JJIeKTPHUUYECKHX LieNei mocTo-
SIHHOT'0 TOKA C HECKOJIbKUMH HcTOYHUKAMu DJ[C

3aoaua 1.3.1. PaccuuTaTh 1Ielb METOJIOM HEMOCPEICTBEHHOTO MpU-

MeHenus: 3akoHOB Kupxroda. CoctaButh Oanmanc moiHoctel. Cxema
AIIEKTpUUECKOM 1enu npuseaeHa Ha puc. 1.31.ITapamerpsr nemn: E;=9, B;
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Es = 45,B; Ry = 19,5,0m; R, = 7,5,0m; R = 13,5,0Mm; Ry=10,5,0m;
Rs = 15,0M; Rs = 6,0Mm.

Es
S
& 1,5
<>E1,I \\ sz[] R2 \\\<,// []R5
II ‘\ R4
' | —I |—
le A1y b
‘\ I,I l |4 l|6
\\ II 3 ,/>-~\\
Rl \\"/l R3 ( M ) R6
\_(,/
C
Puc. 1.31

Pewenue

[Tox MOHSATHEM «pacCcUUTaTh LIENb» MPEANOoJaracTcsl OmpeacICHUe
TOKOB B BETBSIX.

Onpenensercs KOJIMYECTBO BETBEH B IEMM. OOIEe YHCIIO BETBEH -
N=6, ¢ ucTouHUKOM TOKa Ny =0 BeTBel. 3HaYUT HEOOXOIUMO COCTABUTL 6
HE3aBHCUMBIX ypaBHEHHH 10 3aKkoHaM Kupxroda.

Ha ocHOBaHUM TE€OpEMBI O HE3ABUCUMOCTH YPABHEHUN ONPEICIISIETCS
KoJInuecTBO ypaBHeHwui 1o | u mo |l 3akonam Kupxroda.

KonnuecTBo ypaBHEHMH, COCTABIAEMBIX O TIEPBOMY 3aKOHY Kupx-
roga n=n,—-1=4-1=3,

rae Ny=4 —KOIMYECTBO MOTEHIHAIBHBIX Y3JIO0B.

YpaBHEHUS COCTABIAIOTCS JJIS JIFOOBIX Y3JIOB.

KonnuecTBO ypaBHEHMI, COCTABIISIEMBIX IO BTOpOMY 3akoHYy Kupx-
rogda m=ng-ny—(My-1)=6-0-(4-1) = 3.

YpaBHEHUS COCTABISIOTCA ISl HE3aBUCUMBIX 3aMKHYTBIX KOHTYPOB.

BriOuparoTcs 1moa0XuTeIbHbIC HAIIPABJICHUS TOKOB U 0003HAYAIOTCS
cTpenkaMmu. Tak e CTpelKaMu 0003HavarTCs HAIllpaBJICHUs 00X0/a He3a-
BUCUMBIX KOHTYpOB: |, II, IlI.

VYpaBHEeHUs MO IEPBOMY 3aKOHY ISl y3JIOB:

yzena. lp+1,—I5=0;
y3€i b: —H,—l3+1,=0;
y3€II C. —1,+13+15=0.

YpaBHEeHUA IO BTOPOMY 3aKOHY JJ1s1 KOHTYPOB:
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KOHTYD I R1i—R I, +Rs:l3 = E;
koHTYp I Rl + Rs Is+ Ryl4 = Es;
KOHTYP N —Rsl3—Ryly + Relg =0.
Cucrema ypaBHEeHU B MaTpUuuHOM (hopme:

1 1 0 0O -1 O] [Iy] [0O]

O -1 -1 1 0O Of Iy 0

-1 O 1 0 0O 1 13| | O

R -R R 0 0 0|1l |g

0 R 0 Rk R O 5 Eg
(0 0 -Rg Ry 0 R [lg] O]

Cucrema ypaBHEHUN B MaTpUUHOU (hOpMeE MOCIIE MOICTAHOBKU YHUC-
JICHHBIX 3HAYEHUM:

1 1 0 0 -1 0 [I] [ 0
0 -1 -1 1 0 0/ls| | O
-1 0 1 0 0 1 |I13| | 0
195 -7,5 135 0 0 O|lg| | ¢
o 75 0 105 15 0 |lg 4%
|0 0 -135-105 0 6 |lg| | O

Pemienne cucreMbl ypaBHEHMM HAa KOMIIBIOTEPE MOYKHO MOJYYHUTh
npu nomoiu pazpadboranHoit Ha kadeape TOD VYI'ATY nporpammbl
«Gauss»,a Takke CTaHAApPTHBIX MAaTEeMaTHYECKUX IMaKETOB, TaKUX Kak
MatCadunun Maplewn np.

PemenueM HaHHOM CHUCTEMBbl YPAaBHEHUMW, SIBIISIFOTCS CIEIYIOLIHUE
3HAYEHUS TOKOB:

l,=0,9465A; [,=0,9826A; I3=-0,1546A,
l,=0,8280A; I15=1,9291A; ls=1,1011A.

[IpoBepka moydeHHOTO pPEIIeHUs] TPOU3BOIUTCS COCTaBICHUEM Oa-
JIaHCA MOIIHOCTEH, MOTPEOISIEMBIX PE3UCTOPAMH U TTOIydaeMbIX OT HUC-
TOYHHUKOB.

Promy= R 11 + Ry 1° + Ry 15” + Ry 147 + Ry 15° + Re: l” =
=19,5-0,9465+7,5-0,9826+13,5-(-0,1546) 10,5-0,8286-
+15-1,9291+ 6-1,1011= 95,3278,Br,

P,er = Ep-lq + Egls =9-0,9465+ 45.1,9291 = 95,3288y.
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P oTp =P HCT*
bananc morHocTel cxoauTcs.

3aoaua 1.3.2.Paccuutarh nenb 3agaun 1.3.1 METOAOM KOHTYPHBIX
TOKOB. CocTaBUTH OajlaHC MOIITHOCTEH.

Pewenue

Omnpenensercs KOJIUUYEeCTBO HE3aBUCUMBIX KOHTYPOB B IIEIIH:
m=ng-ny—(Ny-1)=6-0-(4-1) =3,
rae Ng=6 - 00Iee YHUCiI0 BETBEH B 1IEIIH;
n; =0 -4ucio BEeTBEH, cofiepKaIiuX HCTOYHUK TOKa,
Ny=4 - KOJIMYECTBO MOTEHIUATBHBIX Y3JIOB.

Bri0epeM Ny = 3He3aBUCUMEBIX KOHTYPA H IOJIO0KUTEIbHbIE HAIIpaB-
JeHust KOHTYpHbIX ToKOB (I, Iy, |y, mpoTekaromux B Hux (puc. 1.32).

Puc. 1.32

CocraBisieTcsi cHCTEMa YPAaBHEHHM MO METOJy KOHTYPHBIX TOKOB
TSl HE3aBUCUMBIX KOHTYPOB:
(Ri+Ro+Rg) 111 —Ry'l2p — Rarlzs = E;
-Ro'l11 +(Ro+Ry+Rs) 22 — Ryrl33= Es;
-Rg:l11 Ry 122 +(Re+Ry+Rg) 133 = 0.

[ToacTaBisitoTCSl YUCIEHHBIE 3HAYEHHS B YPABHEHUS CUCTEMBbI
(19,5+7,5+13,5)11 — 7,51, — 13,5133 = 9;
-7,541,+(7,5+10,5+15)1,, — 10,5k33=45;

-13,511,-10,5:15, +(13,5+10,5+6)33 = 0.
Cucrema ypaBHEHUN B MaTpUUHOU (hOopMe MOCIIE MOICTAHOBKU YHUC-
JICHHBIX 3HAYEHUW MPUHUMACT BU/L:
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40,5 -7,5 -135 [I 9
7,5 33 — 10,5 |22 = 4
-13,5 -10,5 30| |l33 0

Pemennem naHHOM CUCTEMBI YPABHEHHUM SIBJISIFOTCS CICAYIOIIME 3HA-
YEHHSI KOHTYPHBIX TOKOB:

1= 0,9465A,; 1,0 =1,9291A; l33=1,1011 A.

BrIOMparoTcsi MOJOKHUTEIbHBIC HAIpPaBJICHHUsS TOKOB B paccMaTpH-
BaeMOi cxeme M oOo3HayaroTcs crpenkamu (puc. 1.32). Toku B BeTBIX
CXEMBbI BBIPKAIOTCS Yepe3 KOHTYPHBIC TOKU:

l, =1,1=0,9465A;

I, =15-11,= 1,9291 — 0,9465 = 0,9824,

|3 =114-133= 0,9465 - 1,1011 = - 0,1544;

|4 =150-133=1,9291 - 1,1011 = 0,8284,;

s =1,=1,9291A;

|6 = |33: 1,1011,A

3aoaua 1.3.3. Paccuurats 1iens 3a1aun 1.3.2MeT0A0M y3J0BBIX TI0-
TeHIuaoB. ONpeaenuTh moka3anus BojsTMeTpa (puc. 1.33).

Pewenue

BbIOMparoTCs YCIOBHO MOJIOKUTENbHbBIE HAIIPABICHHUS TOKOB BO BCEX
BETBSX CXeMbl. [ToTeHIHal OJHOTO U3 Y3JI0B MPHHUMAETCS PAaBHBIM HYJIIO
(3azemmsercs). [lycrs @33=0, B (puc. 1.33).

Es
1A
o -/ l,s
CDEli |2“::| Re = []RS
III. .................. VA ° —1— ¢4
ls




[TockoBbKY METO/] Y3JIOBBIX IMTOTEHIIMATIOB OCHOBAH Ha TIEPBOM 3aKO-
He Kupxroda, To KomuiecTBo HEOOXOAMMBIX YPABHEHHM OIMPEIeIIeTCS
CJIEYIOITUM 00pa3oM:
n=n—-1=4-1=3,
rjae Ny=4 —KoJIMYECTBO MOTEHIUABHBIX Y3JI0B.
CocraBisieTcst cucTeMa YpaBHEHUN U3 Ny ypaBHEHUM OTHOCHUTEIBHO
MOTECHIINAJIOB HE3a3eMJIEHHBIX Y3JIOB:
G11011 — G12:022 — G14Pasa = Jy3;
- Go1911 + Goo 22 — Gogas = Joo;
- G41:011 — Ga2922 + Gaar@as = Jga
rae G —coOCTBeHHAs! IPOBOIUMOCTD I-T'0 Y311a;
G; —B3auMHas IPOBOJUMOCTb I-T0 M |-TO y3JIOB;
Jj —y3m10Boii TOK i-ro y31a.
CrnenoBarenbHO, CHCTEMY MOYKHO 3amucaTh B BUJIC:

1 1 1 1 1 B Es.
+—+ - -— == -2
(Rl R Fis) (911 Rzﬁbzz %EP 44 R R

1 1 1 1 1
- + +— + S — =0;
R, (911 (RZ R Fﬁ)ﬁbzz %EP 44
_iﬁbll_iﬁb22+( 1+ 1+ 1)@44:3.

Rs Ry R B R i

Pemenuem naHHON CUCTEMBI YPABHEHUU SIBJISIOTCS CIEAYIOLIUE 3HA-
YEHHS NMOTEHIHUAIOB y3JIOB!

Q11— - 9,4567B; Py = - 2,0872B; Pgg= 6,60671B.
OnpenensitoTcst TOKK BO BCEX BETBIX CXEMBbI U3 BBIPAXKEHUM, COCTaB-
JIEHHBIX Ha OCHOBE 3akoHa Oma:
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1
'1:Glfﬂ<P33—<P11+Ei:EEQ<P 3370 117 E }=0,9465A;
1
1
15 =GoHp 22— 919 :@Eﬂ@ 2o~ ¢ 1)=0,9826,A;
1
13=G3l¢ 22933 =@EG<P 20~ ¢ 33=-0,1546A;

1
142=G4 U@ 44— ¢ 29 :EEQ(P 44~ ¢ 22=0,8280A;

1
lI5 =Gslp11-¢ 44+E§:§UI<P 1T ¢ 44t E p=19291A;

1
l6 =Gellp44—0 33 ZQEQ(P 44~ ¢ 33=1,1011A.

[TokazaHus BOJBTMETpPAa MOKHO ONPENEIUTh, COCTABUB ypaBHEHUE
corjacHo BTopomy 3akoHy Kupxroda aiis 11060ro He3aBUCUMOTO 3aMKHY-
TOTO KOHTYpa, cojiepkariero BoabTMeTp (puc. 1.33).

JI71 mepBOTO KOHTYpA:!

Uy - Rol> = Ey;
Uy=E +RxI, =9+ 7,5-0,9826 = 16,3698,
JI71 BTOpOro KOHTYpa!
-Uy +Ry 11+ Ryl =0;
Uy =Ryl + Rel3 =19,5-0,9465 + 13,5:(-0,1546) = 16,3686,

3aoaua 1.3.4. Paccuurats 1iemnb 3amaun 1.3.3MeTO10M HAJIOKEHUS.
Pewenue

OmnpenenseTcs: KOJIMYECTBO HCTOYHUKOB SHEPTHUU B cXeMe: Ng = 2.

CocraBasieTcss Ng CXeM ¢ OJIHUM HCTOYHHMKOM SHEPTHH IS Ompese-
JICHUS YaCTHUYHBIX TOKOB, IIPU 9TOM BCE€ HJICAJIbHBIC MCTOUYHHMKH dHEPTUU
KpOME OJIHOT'O 3aKOpadMBaroT. BBIOMparoTCS YCIOBHO ITOJIOKHUTEIbHBIC
HaIIPaBJICHHS TOKOB BO BceX BeTBAX cxeM (puc. 1.34).

JIr000i#1 TOK cXeMbl OIpeeNsieTcs KaK ajareopanyeckas cyMMma 4ac-
TUYHBIX TOKOB, BBI3BAHHBIX KaXKJIBIM MCTOYHHUKOM DJIEKTPHUECKON 3HEp-
T B OT/ICIIBHOCTH.
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Puc. 1.34
OHpeﬂeHI/ITB YAaCTUYHBIC TOKH, BBI3BAHHBIC KaXJIbIM HCTOYHHUKOM

AJIEKTPUIECKON 3HEpPTUU B OoTHeinbHOCTH (puc. 1.34),m00bIM U3BECTHBIM

METOJIOM, HampumMmep 1o 3akoHaMm Kupxroda.
Jlnst cxeMbl, u3o0pakeHHoi Ha puc. 1.34,a:
yzena. I'1+I',—1's=0;
y3€i1 b: 5 —-1I'3+1',=0;
y3€II C. —1'1+1I'3+1'g=0.
KOHTYD I R11—R-I's +Ryl's = E5;
koHTYp I R:l'; +Rs: I's+ Ryl'4s = 0;
KoHTYp Il —Rs:l's —R4:l'4 + Rs:l'6 = 0.
PemennemM naHHOM CHCTEMBI YPABHEHHM SIBJISIFOTCS CICAYIOIIUE 3HA-

YEHUS1 TOKOB:
I'1=0,3069A; 1',=-0,1789A; I'3=0,124A;
I'4=-0,0549A; 1's=0,1279A; [I's=0,1829A.

Jlnst cxeMbl, u3o0paxkenHoi Ha puc. 1.34,6:

yzena: 1"y +1",=1"5=0;
yzenb: ", —1"3+1"4,=0;
yzenc: " +1"3+1"¢=0.

KOHTYD I RA"1 —Ry- 1", + Rs:l"3=0;

koHTYp II: Rl + Rs- I"s+ Ryel" 4 = Eg;

kKoHTYp ;' —Rs1"3 =Ry l"4 + Rs:l"g = 0.
Pemennem naHHOM CHCTEMBI YPABHEHHUM SIBJISIFOTCS CICAYIOIIME 3HA-

YEHUS1 TOKOB:
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I";=0,6396A; 1",=1,1615A; ["3=-0,2786A,;
I",=0,8829A; 1"'5=1,8012A; ["=0,9182A.

OnpenenuTh TOKM CXEMbl KaK aireOpanyvecKyro CyMMY YaCTHYHBIX
TOKOB!

l,=1'1+1";=0,3069 + 0,6396 = 0,946A4,

l,b=15+1",=(-0,1789) + 1,1615 = 0,9824,

lI3=1'3+1"3=0,124 + (- 0,2786) = - 0,15484;

l4=1'4+ 1"4=(-0,0549) + 0,8829 = 0,828,

ls=1's+1"5=0,1279 + 1,8012 = 1,929A,

le=1's+ 1"6=0,1829 + 0,9182 = 1,101A,

3aoaua 1.3.5. B cxeme 3anauu 1.3.3onpenenuts Tok .
Pewenue

Jlns ompeneneHus TOKa B OJHOM BETBH CaMbIM pallMOHAIBHBIM
SIBJISICTCSl HCIIOJIb30BaHUE METOIa 3KBUBAJCHTHOI'O MCTOYHHKA (reHEpaTo-
pa). DTOT METOJI OTHOCHUTCS K METOJaM YaCTHYHOTO aHajau3a IICNeH, T.e.
HEe TpeOyeT ompeieieHUs TOKOB BO BceX BeTBsX. VcxomnHas cxema s
pacueTa npejcraBiieHa Ha puc. 1.35.

| Es |
a, & 3 i
; ~ ]
ORI
|1I ib'_:'_'di
L
O S i

Puc. 1.35

[IpuMeHeHnEe METOa 3KBUBAJICHTHOI'O I'¢HEPATOPA OCHOBAHO HAa TEO-
pemMe 00 3KBHBaJCHTHOM I€HEPaTope, COrNIACHO KOTOpPO# ICHCTBHE BCEX
WUCTOYHUKOB NMHUTaHUs (Ha PUCYHKE OOBEICHO MyHKTHPOM) Ha BETBb C He-
U3BECTHBIM TOKOM 3aMEHSETCS BO3ICHCTBMEM OJHOIO, TaK HA3HEIBACMOTO
<OKBHBAJICHTHOT0», T€HEpaTOpa. ITOT reHepaTop Ha SKBHUBAJICHTHOH cxe-
Me 3amerneHus (puc. 1.36,a) coenuHsETCS MOCIEI0BATEIBHO C UCCIICaye-
MO#1 BETBbIO (Ha PUCYHKE OOBEJICH ITyHKTHPOM).
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Puc. 1.36
CormacHo BTOpoMy 3akoHy Kwupxroda s mepBoro KOHTypa
(puc. 1.36,a) TOK B BETBH ONPEALISICTCS M3 IPOCTOTO BHIPAKCHUS.
_h-For
Ror + R
rie. Eor = Uge  — HANIPSDKEHUE MEXKTY 32KHUMaMH SKBUBAJICHTHOT'O TCHE-
paTopa a M ¢ B peKHMe X0JocToro xoza (puc. 1.36,0);
Ror = Rac xx — CONPOTHUBIIEHUE MEXIY 3aKMMaMH & U ¢ TMACCUBHOTO
JBYXIIOTFOCHUKA, TOJYYCHHOTO W3 CXEMBbI, COOTBETCTBYIO-
e XOJIOCTOMY X0y SKBHUBAJCHTHOTO reHepaTopa.
Pemenue pacnamaercst Ha Ba OCHOBHBIX dTama — OMpEeTIeHUE JK-
BuBajieHTHOM DJIC M ompeneieHHe BXOJHOTO CONPOTHUBICHUS OTHOCH-
TEJIHHO TOYEK ac.

1) Onpenenenne DJIC SKBUBaJICHTHOTO TeHepaTopa - FEnor
(puc. 1.37).

Es

UCZC XX

Puc. 1.37
COCT&BHHIOTCﬂ ypaBHeHI/IH JJIL OHpeI[eHeHI/IH TOKOB B BCTBAX CXCMBbI
JHO0BIM METOJIOM, HaIlpuMep, 1o 3akoHaMm Kupxroda:
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y3€i1 d: I4XX - |2xx' |3xx - 0,
KOHTYP Il R2'|2XX + R5' |2xx + R4'|4xx - E51
KOHTYP I11: 'R3'|3xx - R4'|4xx - RG |3xx = 0.
[ToacTaBiaAOTCA YUCICHHBIC 3HAUEHUS B YPABHECHUSL:
|4xx - |2xx' |3xx - 0,
7,515 + 1515, + 10,514, = 45;
-13,515,, - 10,514, — 6-13, = 0.
Pemiennem naHHOW CHCTEMBI YpaBHECHUH, SABISIOTCA CIEAYIOUINE
3HAUE€HHUS TOKOB
lo.x = 1,53453A; I3, =-0,53708A; 4« = 0,99744A.
Ins onpenenenus IJ1C SKBUBaJIEHTHOrO I€HEPATOPA COCTABISAETCS
ypaBHEHHE COTJIaCHO BTOpomy 3aKkoHYy Kupxroda a1 mepBoro KoHTypa:

Esr =Ugexx = - Rotlogg + Ratlag = - 7,5-1,53453+ 13,5:(-0,53708) =
= -18,759555B.

2) OrmpenencHue SKBUBAICHTHOTO COITPOTUBIICHHUSI IBYXITOTFOCHUKA
- RBF - RaCxx-

Jl1st onpenienieHrs 5KBUBAJICHTHOTO COMPOTHUBJICHUS JIBYXITOJIFOCHUKA
Bce uctouHnku JJ[C 3akopaumBaroTcs (MX BHYTPCHHHE CONPOTHBIICHHUS
paBHBI HYJII0), 2 UCTOYHUKH TOKAa Pa3MBIKAIOTCS (MX BHYTPEHHHE COIPO-
TUBJICHHUS paBHBI OeCKOHEYHOCTH) — puc. 1.38,a.

a a
O—@— o—e O

R2ab3bc

el (]| Rl

Puc. 1.38
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[IpousBeauTcs SKBUBAJICHTHOE MPEOOpa3oBaHUE 3BE3JIbI, 00pa3o-
BaHHOU conpoTuBiieHUuAMU Ry, Rs, Rs B TpeyroJibHUK:

Ry = R+ Rt R4RER5:10’5+ 15 10,5015

= 51,75,0m.

Roc= R+ Ry+ R“RE'% -10,5+ 6+ 101’256: 20,7.0m.

RRLFS _ e, 6+%5: 29 57.0wm.

Rea= R+ R+

Jlamee mpousBoaATCS IpeoOpa3oBaHMsS Ha MapauleIbHO BKIIIOYCH-
HBIX yuacTkax nemnu (puc. 1.38,0):

RoMRip _ 7.5BLT5_ o o ()
R,+ Ry 7,5+51,75
_ Rg[R,. _ 13,5(20,7

Ry+ R, 13,5+ 20,7

RZab =

=8,17, Owm.

I:\)C’»bc

Pesuctopsl Roap 1 Rane BKIIIOUEHBI TTOCIE0BaTeIbHO (puc. 1.38,B):
Roamabe = Roap+ Rape= 6,55 + 8,17 = 14,79wm.

DKBUBaJICHTHOE conpotuBiieHue nenu (puc. 1.38,r, n):

Ror = Racxx = Rea Poarsac - 29,57m4,72:9 83, Om.
O T Reat Rogtgac 29,57+ 14,72

HIcCkOMBIN TOK B IIEPBOU BETBU OIPEAEIACTCA U3 YPABHECHUSA

_ By —Epr _ 9-(-18,759555)
Ror+R~ 9,83+19,5

l1 0,9465, A
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CM-209 2-9

U=200 F=60
Ri=15 Ry=47
L,=64 L,=82
C1:163 C2:O

Puc. 2.2

Ilepen BBIOJHEHUEM 3aJaHUs PEKOMEHAYETCS O3HAKOMHUTBLCS C 3a-
nadamu 3.1 — 5.5yueOHO0rO0 Mocodus [9].

2.3. Illpumepsnl pacuyéra JUHENHBIX JIEKTPUYECKUX Ieneild 0JTHO-
(pa3HOr0 CHHYCOMIAJIBLHOI0 TOKA

3aoaua 2.3.1.K nenu, n3ob6pakeHHOW Ha puc. 2.3, a, IPUIOKEHO
Hanpsokenne U,,=12 B. I[lapameTpbl 37€MEHTOB IEIU: R1=1O\/§, Owm;

R= 20\/5, Owm; X =10,0m; X=20,0mM. OnpeaennuTs MokazaHus mpudOpoB
1 TIOCTPOUTH BEKTOPHYIO JUArPaMMy TOKOB M HAIIPSKEHUH.

Pewenue

MN300pa3uM cxeMy B BHJE pacCUETHOM CXEMbI 3aMEIICHUS, MpeacTa-
BUB COIPOTHBIICHUS DJIEMEHTOB IENM W BXOJHOE HANpPsIKCHUE @BX B

KoMILICKCHOH opMme (puc. 2.3,0). Moaynu KOMILICKCOB ACHCTBYOIIMX
3HAYEHUU OYIyT SBISATHCSA MOKA3aHUSIMU TPUOOPOB.
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Puc. 2.3

[lenb comepkXUT JIBE MapajuIeIbHBIE BETBHU, HAa KaXKJAO0M M3 KOTOPBIX
JCUCTBYET OJHO U TOXKE HAMPSHKECHHUE @BX. Tak kak 111 HApsOKEHUST Ha
BXOJI€ HauajgbHas (ha3a He 3a7aHa, TO OHA IPUHUMAETCS paBHOU HYJIIO, T.C.

= e' u =  0° = , ]
U, =U, eV =1269 =12 B
OrnpenensiroTcs KOMIUIEKCHBIE COMTPOTUBIICHUSI 00EUX BETBEH:
Z1 = R+ jX =10+/3 +j10 = 20 €7, Ou;
Zo= Ry - [Xc=20+/3 - j20 =40 *, Om.
OHpeﬂeJII/IM KOMIIJIICKCHBIC TOKH B BCTBAX El 51 B I10 3aKOHY OMa:
H=U,, 12, =12:°7(20e3")=0,66 2, A;
Ib=UL, /1Z, =121 /(40e713%)= 0,377 A;
WK B ajaredpanyeckoi hopMe 3arucu:
H= 0,6c0s(-36) +j0,6 sin(-30) = 0,52 40,3, A;
I,= 0,3 cos(36) + j0,3 sin(30) = 0,26+ j0,15,A.

Tok B Hepa3BeTBICHHOW YAaCTH IEMHU ONPEACIACTCS B COOTBETCTBUU
¢ nmepBbIM 3aKoHOM Kupxroda ms y3na ¢ (puc. 211-2.3,0):

= + I, = 0,52-j0,3 +0,26+j0,15= 0,78— 0,15, A
WM B TTOKa3aTeabHOM (hopMe 3alicH KOMILIeKca

. 0,15
jarctg—"— _
=078+ 018 @  078=0ge 308 A
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[Tokazanusi aMIepMeTPOB COOTBETCTBEHHO COCTABSIT:
pA, = 0,8, A;pA= 0,6, A;pA= 0,3, A.

Jlis ompenenieHns TOKa3aHUsS BoJbTMeTpa PV ompeaensercs Ha-
npspkerne Ugp, TPU 9TOM COCTaBUM YpaBHEHHE 1O BTOPOMY 3aKkoHY Kupx-
rodpa misg 000r0 KOHTypa B KOTOPBIM BXOAUT O3TO HAIPsOKCHUE
(puc. 2.3, 6). Hampumep, ypaBHeHHE MO BTOpOoMY 3akoHy Kupxroda B
KOMILICKCHON (opme mins kKoHTypa acba (00X0n KOHTypa IO 4acOBOM
CTpeJKe):

-(X) b +R 1k, -U, =0.
Otkyna
Upp=Re b, - ( X) k=
= 20+/3 (0,26+j0,15)- (j10 )(0,52- j0,3) =6+ (0) = 6 ', B.
[Toka3zaHnue BOJBTMETPA COOTBETCTBEHHO cocTaBuT: PV = 6, B.

BarTtMeTp m3MepsieT aKTUBHYIO MOIIHOCTH, BBIJEIUBIIYIOCA Ha aK-
TUBHBIX COMPOTUBJIEHUAX Ry 1 Ry,

P: I%_I%"‘ RZI%:].O\/_BED,§+ ZQ/_EO1§: 91EIBT

[Tokazanue BaTTMETpa MOXKET OBITh TAKXKE OMPENEICHO CICAYIOIIUM
obpazom

P=RelU,, 1]= Re[120(0,78& j 0,158 Re[(9,36] 1,8)] 9,,Br,

Trac |_ - COIIPSAKCHHOC 3HAYCHUEC TOKA ﬂ

[TokazaHue BaTT™METpa COOTBETCTBEHHO cocTaBuT. pPW = 3,36BT.

ITocTpoeHne BEKTOPHOM JuarpaMMbl TOKOB U HaNPsKEHUI MOBOUT-
ci creayromuMm — obpa3zoM. Haxomsarcs  mageHuss — HANPsODKCHUH
LgL ,Lgc ,LgRl ,Lng Ha COOTBETCTBYIOIIMX 3JIeMEHTax cxeMbl (puc. 2.3,0):

U, = (+jX.) =0,6e ™ /10e/°” = 6 e!°”, B;
U, =Rk =0,6e77/103 = 10,38¢ 7, B;
U, =R,}I,=0,3e"*" 2043 = 10,38¢"*", B;
U.= (-j Xc),0,3eP*/20e7= 6 7% B.
[TocTpoeHME BEKTOPOB HANPSKEHUM HaA AJIEMEHTaX KaKJI0M BETBU

OCYIIECTBISACTCS B COOTBETCTBHH C ypaBHECHUSMH, COCTABJICHHBIMHU CO-
rJiacHo BTopomy 3akoHy Kupxroda:
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U +Upg ~Uyy =0;
U, +U, ~Uy, =0,
Otkyna:
@L"'@Rl = @BX;
@Rz +@c: @BX .

BektopHasi nuarpamMma TOKOB W HalpsOKCHUW TMPEJCTaBICHA Ha
puc. 2.4,

t]

Puc. 2.4

3aoaua 2.3.2.Karymka uHAyKTUBHOCTU ¢ napameTpamu R=30 Owm,
X, =40 Om BKiIIOUEHA B CeTh cMHycouaanbHoro Toka 220 B. Onpenenuts,
KOHJICHCATOp KakoW eMKocTH C HY)KHO MOAKIIOYHUTH, 4TOOBI KO3(huIu-
€HT MOIIIHOCTH IICTIH CTaJl PaBeH CANHHMIIC.

Pewenue

SHGKTpI/I‘IeCKa}I cCXEMa MNOAKIIFOUYCHHUA CMKOCTHU K KAaTYHIKE JJIA

yaydmeHus KodGduieHT MoutHocT (CO%p) m3o0paxeHa Ha puc. 2.5.
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AT
U Re —_—X
-

Puc. 2.5

KomMruiekcHOe COnpOTHBIIEHUE KATYIIKU:

Z,. =R + jX =30+ j40= 505%8, Owm.
Tok, mpoTeKaroIMK B KaTYIIKE, TPA OTCYTCTBUM KOMIIEHCAIINU:
.Oo . 3
0= U _ 220e) _—4 4071538
<z, 5001538
Yron casura Qa3 mpu  9TOM (pK:wu-wiZO-(-53,8°)=53,8°, a
COoSp = €0s53,8= 0,59.

[IpOBOAUMOCTD KATYILKH:

Y. =2 =1 -002588=0,012- jo,01Cm
Z 506153 8

£k
Paccunraem AKTUBHYIO U PCAKTHUBHYIO COCTABJIAIOIMINMC TOKA KAaTyIII-

A.

KH.
lr =G - U=2200,012 = 2,64A.
.= Bk - U=2200,016 = 3,52A.
Jliis moctmkeHuss COH=1 mapayuresbHO OOMOTKE JBUTATENS HYKHO
MOAKJIIOYNTh KOHJEHCATOP €MKOCThIO C, TPOBOAMMOCTH KOTOPOTO MOKET
OBITH OmpeiesieHa U3 PopMyJibl

Q= arctg% win B, =B - Glgp, Cm.

Onpenenum yroiu §: d=arccos 1 =0°.
EMKOCTHast MpOBOAUMOCTS:
B.=0,016- 0,012g 0° = 0,016Cwm.
EMKocTHas cocTaBiisromnias TOKa.
lc.=B,-U=2200,016 = 3,52A.

EMKOCTHO€E CONpPOTUBIICHHUE:!

=2-_1 g5 0m
B. 0,016
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EmMKoCTh KOHAEHCATOpA
C= 1 1 1
oX, 2rfX. 2x50062,5

[Io pacyeTHBIM 3HaYE€HUSM TOKOB CTPOMM BEKTOPHYIO IHArpaMmy TO-

~5110° ® = 51, mxd.

KOB M HampsbkeHuit (puc. 2.6),rae pK — TOK KaTYIIKH 10 MOAKIIOYCHHUS

KOHIEHCATOpa, a TOK b - pesyapTHpYOmMil TOK MOCIE MOJKITIOUCHHS
KOHJICHCATOPAa.
*]

V=lg Ul

0

Puc. 2.6

PesynapTupytomuii ToK | mocie KoMmneHcaluu COCTaBUT:

| :\/| 2+ -1 ¢)? :\/2,642+(3,52— 357 = 2,64,

B pesynprare KOoMIeHcanuu TOK B mpoBojaax kKarymku (1), yMeHb-
IIMJICS 10 CPaBHEHHUIO co ciydaeM Oe3 kommencanuu (l,) B 1,7 paza, T.e
YMEHBIIHINCH IOTEPH Ha HATPEB ITUX MIPOBOJIOB.
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3.2. MeToanuyeckue peKoMeHI1aunu

[To ucXomHOU CXEME DJIEKTPUUECKON LENU U MAINMHHOW PacIieyaTKe
MHIUBUIYATHLHOTO 3aJJaHusl CPOPMHUPYHTE CBOIO pacueTHyI0 cxemy. Eciun
B pacredaTke yKa3aHO HYyJEBO€ 3HAYCHHE, ITO O3HAYaeT, YTO JIaHHBIN
AJIEMEHT B PaCUETHOM CXE€Me OTCYTCTBYET, y4aCTOK 3aKOPauUBaETCS.

B o6mem ciyuae omHO(a3Hble NPUEMHUKH, KOTOpPBIE 00pa3yioT
CUMMETPUYHBI U HECUMMETPUYHBINA TpeX(a3Hble MPUEMHUKH, COACPKAT
OJIMH WX ABa DJIEMEHTA, BKIIOUEHHBIE IT0CIIEN0BATEILHO.

Tak, Hanpumep, 1 uHAUBUAYyanbHOro 3aaanus 902491-10pacuert-
Has cxema IpruoopeTaeT BU, IPEACTAaBICHHBIN Ha puc. 3.2.

I

A o——>

Bo —B» ~

ic } in | e

C >
ez )
Iep

Re

Ry

C
3 L,

Rz L 2

Bapuanwr 902491-10

Ienu Tpexdasworo Tora U=380
Harpy=ra ! CcHMMe TpMHMHaA.
CxeMa COEOMHEHMA NPHEMHMROE:
SESEZOA .

R= 83 = Z9

Har'p:.’s Ka ! HeCMMMe TpMUNaA.
CreMa COSOMHEHMA NPMEMHMEOB:
TPEFrOMEHME .

23 50 41 36

L 93 81 o

C ] o 27
Puc. 3.2

Conporusinenus 3amanbl B OMax [OM], MHOIYKTUBHOCTH B MUJLIH-
reapu [MI'H], emkoctn B Mukpodapanax [Mx®]. HactoTy nmuTaromeii cetu
npusaTh f = 501,

[Tepen BBIMOTHEHHEM 3aJaHUS PEKOMEHIYETCS O3HAKOMHTBCS C 3a-
nadamu 6.1-7.3 yue6HOTO TIOcOOus [9].
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3.3. [Ipumepnl pacuéra Tpexda3HbIX Henen

3aoaua 3.3.1. K Tpexda3zHoil JTUHUU C JIMHEWHBIM HaNpsHKEHUEM
U; =380 B moakmroueHbl TpW OIWHAKOBBIX OJHO(DA3HBIX MPUEMHHUKA
(Ry = 3,0Mm, X¢ = 4,0M), coeTHEHHBIE NI0 CXEME <3BE3/a C HelTpab-
HeIM mpoBogoM» (puc. 3.3). OnpenenuTs TOKM B (pa3ax W HEHTpPAIbHOM
IPOBOJIC, a TAKXKE IMOTPEOIIEMYI0 MOIIHOCTh (AKTHBHYIO, PCaKTHUBHYIO,
10JIHY10). IIoCTpONTH BEKTOPHYIO ,Z[I/IanaMMy TOKOB M HaIlPsOKCHUM.

AC——
Hy

T
LA

X%,

Puc. 3.3

Xc

C O

Pewenue

Harpy3ska Bcex (a3 oaMHaKoBa, MOITOMY pacyeT MPOBOJISAT ISl OJI-
HOH (a3kbl.
Omnpenensiercs (hazHoe HANPsIKEHHUE:

U(b EJ/E -380_ =220, B,
3 /3
WM B KOMIUJIEKCHOM hopMe, mpuHUMas HadalbHyIo dazy Yy, — 0,
U, =U, =U,e"A =220, B;
U, =Ug =U,el"® =220e'?7 | B
U, =Uc =U,el"c = 2207, B.

Harpy3ka Bcex (a3 oanHaKOBa, MO3TOMY KOMILIEKCHBIE COIPOTHB-
JeHus Bcex (pa3 oMHaKOBHIC:

Z,=2,=2.= R~ %= 2% d% =3+ #),0m=5¢&5%, ou;

rae Z(I):\/sz"' ch)2=\/32+42:5, Owm;
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-X
P :arctgiqu) = arctg(g F- 53

daszHblc U JII/IHeﬁHLIe TOKHU onpe):[enI/IM 1o 3aKoHy OMma

jo o
A= iﬂa_ Ua _22080" _ . j53 A

5e 153
j120° .
DB_QD:L% 2208~ — 446~ I67 A,
Z, 5%

Ue _ 22027 _ 173
lc=he=—C = . =44 1172 A,
;C 56_1530
CTpouM BEKTOpHYIO AUArpamMMy (pa3HbIX M JUHEHHBIX HaINpsKCHUN
B BBIOpaHHOM MaciTade My, OTKJIaAbIBaeM BEKTOPHI TOKOB B MacIiTade M
B (aszax mox yrioM @y = - 53 k coOCTBEHHBIM (Da3HBIM HANPSKEHUSM.
3Be31a TOKOB MOJIy4aeTCsl CHMMETPUYHOM, TOK B HEUTPAJIbHOM TIpoBoE |y

paseH Hymo (puc. 3.4) 1 Hy = Ha+ g +IHc = 0.

D

+ 1| 4(a)

C(c) @BC B(8)

[Ipu 0O6pBIBE HEUTPATHHOTO MPOBOJIA PEKUM pabOTHI IPUEMHHUKOB HE
M3MEHHTCS, TaK KaK TOK TaM OTCYTCTBYET, IIO3TOMY IPH CHUMMETPHUYHON
Harpy3Kke HaJJu4ue HeHTPAJIbHOI0 MPOBO/Ia HEOOSI3aTeJbHO.

AKTHBHas MOIIHOCTh, MOTpeOssemMas Harpy3Kkoi Kaxaou (aspl oau-
HaKOBa, IIO3TOMY CyMMapHas aKTHBHas MOIITHOCTbh MOXKET OBITh OIpe/ie-
JIeHa CIIeIYIOIIUM 00pa3oM:

P=3Ugl¢ cospyp = x/_3Un|n CO3pgp =
=./3[B80044]cos (-533% 1737Br.
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PeakTnBHAs MOIMIHOCTD:
Q=3Ugl¢ sineg = NETHP singg =

= /3[B80OU4 sir] (-53 ¥ — 2310dap.
ITonHass MONIITHOCTE.

S=ylg =V, 1, =+/3(38044= 28959 BA.

N3MmepeHuss akTUBHOU U PEAKTUBHOW MOIIHOCTEN MPOU3BOMSAT C I10-
MOILBIO TPEX, ABYX WA OJHOTO BAaTTMETPOB, UCIOJbB3Ys PA3JIUYHBIE CXE-
MBI X BKJIFOUCHUS.

[Ipy cMMMETPUYHOM IIPUEMHUKE, COEIU-
HEHHOM II0 CXEME <«3Be3/la C HEUTPAIbHBIM
MPOBOJIOM» WM <3Be3a 0e3 HEHUTpasbHOTro
MPOBOJIOM», aKTUBHAs MOIIHOCTb OJHOM (a3l
Py ompenensercs ¢ IMOMOIIBIO OJHOIO BaTT-
MeTpa Mo cxeme puc. 3.5, Torga axTUBHas
MOITHOCTb TpeX(a3Hoil 1enu:

Puc. 3.5 P =3Py=3Pyw=3Ual,08p,=
= 338044-cos(-53°) = 1737RBr.

3aoaua 3.3.2. Tpu ogHo(da3HBIX NMPUEMHHUKA COCIUHEHBI MO CXEME
«3BE€3/1a C HEUTPAJTbHBIM MPOBOJIOM» U BKJIFOUEHBI B TpeX(ha3HyIo CeTh Ha-
npsbkeareM 380 B. ConpoTuBIEHHEM HEUTPAIBHOTO MPOBOJA MOXKHO
npeHedpeub. ConpoTtuiieHus ¢as:

Z, = (30 +j40),0m; Z, = (24 +j18),0mMm; Z. = (80 -j60), Om.

TpeOyetcs n300pa3uTh cXeMy BKJIIOUYEHUS MPUEMHUKOB, ONIPEICIIUTD
TOKHA B MPOBOJAX CETH; MOCTPOUTH BEKTOPHYIO AMArpaMMy TOKOB M Ha-
NpsOKEHUH; M300pa3uTh CXEMY BKJIIOUEHUS] BATTMETPOB I HU3MEPCHUS
AKTUBHOM MOIITHOCTH ¥ ONPEICTUTh UX MOKAa3aHUS; BEIYUCIUTh aKTUBHYIO,
PCAKTHUBHYIO H MOJHYIO (Ka)KYIIYFOCs) MOIHOCTH.

Pewenue

CxeMbl BKIIIOUCHHS IPUEMHHUKOB MPUHITUITHAIbHAS (2) U 3aMEIICHUS
(6) mpeacrasieHsl Ha puc. 3.6.

Hanmuuue HEWTpambHOrO MNpPOBOJIa O0ECHEYMBAET CHUMMETPUUYHYIO
cucteMy (pa3HbIX HAPSIKEHUN HA TPUEMHUKAX.

HanpsxkeHue cetr —3To IMHEMHOE HAPSKEHHUE.
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Z0O >

0

Y

Py
H]

I

a) 0)
Puc. 3.6
Omnpenensercs ha3zHOE HATIPSIKCHHE!

U, 380

Cucrema ¢a3HbIX HaNPsHKEHUH B KOMILIEKCHOUW (hopme:
Ua =Ua=Ugel®=220d%, B;
Up =Ug =Uge 1120 = 220671120
Uk =Uc =Uge/120 =206 120 .
ComnportuBnenus ¢a3
Z. =R, +jX, =30+ j40=50e1% | Ou:
Z, =R, + jX, =24+ j18=30e/%" | Owm:
Z. =R, - X, =80-j60=100"13" | Om.

JI1st cXxeMbl COeIMHEHUS IPUEMHUKOB <«3Be3a» (ha3Hble U JTUHCUHBIC
TOKU PaBHBI MEXKy COOOM U ONMpeIeNsII0OTCs COTJIaCHO 3aKoHy Oma!

220el0
ﬂA:ﬂa=fa:5oeo?5§-44eJ5§ (26-j35, A
£a
200~ 1120 N _
B =hp= f’; (;JS?D =7,3 1157]:(—6,7—12,$,A

j120
e =l = Ue _ 22001t _ o 157
7D
Zc 10013
42
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ToK B HEUTPATLHOM MPOBO/IE

N =Fa+Hg+IHc=2,6-j 35 6,7%] 2,8 2,6 0,8
=(-6,1- j59= 8,2 /138 A

J{ MOCTpOEHUs BEKTOPHOW JMarpaMMbl TOKOB W HANPSHKEHUN He-
00X0AMMO BBIOpaTh MacIITa0bl HANPsHKEHUM m; U TOKoB m, . OTHOCH-
TEIHHO KOMILJIEKCHBIX OCEH OTKJIaAbIBAIOTCS (ha3HbIC U JIMHEWHBIC HAIpPS-
KEHHUS ¥ TOKA CO CBOMMHU HadaJIbHBIMH (hazaMu. TOK B HEHTPAIBLHOM IIPO-
BOJIE — 3TO pe3yJIbTaT FEOMETPUUECKOTO CI0KEHUSI BEKTOPOB (Pa3HBIX TO-
KOB, M €70 PACIiOJIOKECHHE U JJIMHA JOJIKHBI COOTBETCTBOBATh PACUCTHOMY
sHauenuro by (puc. 3.7,a).

-53
Usg
VIN— -138)
b= -157
Usc

a) 6)
Puc. 3.7
Jlnst i3MepeHHsl aKTUBHOM MOIIHOCTH B YETHIPEXITPOBOIHBIX CETAX
UCITIOJIb3YETCSI METOI TpeX BaTT™METpoB (puc. 3.7,0).
AKTHUBHasT MOIIHOCTh IS TPH BKIOYCHUHW BaTTMETPOB IIO
puc. 3.7,0, onpeaeauTCs CICAYIOIUM 00pa3oM:.

-MIoKa3aHue nepBoro BarrMerpa PWi!
*

P = Re[@AlA]: Re[ZZ(EjOo |:|4,4aj 53 E
=22004,40cos53= 582,56,Br;

-IIOKA3aHHUEC BTOPOI'O BATTMCTpaA pVVZ
O . .
P =RelUg I z]= Re[22@ 1120 07,8 157 &

=22007,31cos37= 1282,6Br;
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-[I0OKa3aHue TpeThero BarTMeTpa PWa:
*

P3 = RelUcl 1= Re[22@/1?0 02, 271 157 ¢
= 22002, Xcost 37 ¥ 386,54,Br.
AKTUBHAsg MOIIIHOCTH LIENHU.
P=R+P+ P;=582,56+ 1282,6% 386,54 2251 MHr.
AKTHBHas MOIIIHOCTh, TOTpeOIIsieMast Harpy3KOu:
P=R+R+R=Rld+ R+ Relé=
=308, 4 + 2417,3+ 80 2,2~ 2246,9B7;

NN

P=R+ R+ R=UalaC0sp a+ Upl £Ose n+U d g0sp &
= 22004, 40cos53+ 220 7[3 cos37 220 P2 cos{-37 ) 22B%7

PeakTBHAasg MOIITHOCTE.
Q=Qu+ QD+ Q= X b2+ X b2 - Xcl?=
= 4004, £ + 1877,8- 801 2,2~ 1346,42ap.

PeaktuBHass momntHocth Q; oTpuIlaTenbHasi, TaK KaK COMPOTHUBIICHUE
(a3bl ¢ HOCUT EMKOCTHOM XapakTep.
[lomHasg MOIITHOCTE.

S=V P+ D =,/2251, 2+ 1346,43= 2623 5BA:

nin
S=S+§+ =W+ prL= B &
=2251,7+ | 1346,42 2623531 BA.

3aoaua 3.3.3.K Tpexdaznoit cucteme HampsbkeHuem 380, B mon-
KJIIOYEHBI TPY OJUHAKOBBIX IPHEMHHUKA (Rq, = 3,0mMm, X ¢ = 4, Owm), coenu-
HEHHBIC 10 CXeMe «TpeyrojbHHuK» (puc. 3.8).OnpeneauTs TOKH B (a3HbIX
U JTUHEHHBIX MPOBOJIaX U MOTPEOIIEMYIO0 MOIITHOCT (aKTUBHYIO, PECAKTHB-
HYI0, TTOJIHY0). [IOCTPOHUTH BEKTOPHYIO JUArpaMMy TOKOB M HAIPSHKCHHM.
N300pa3uth cxeMy BKJIIOUCHHS BATTMETPOB JJIi M3MEPEHUS aKTHBHOMN
MOIIIHOCTH M ONPEICTUTh UX MOKa3aHUS.
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Pewenue

Harpy3ka Bcex (a3 onnHakoBa, MO3TOMY pacdeT MPOBOJIUTCS ISl O~
HOM (ha3kbl.
KomMriekcHoe conpoTuBieHue Bcex (pa3 0JIMHAKOBO:

Z,=2,=2.;= R+ Xgp= % " =3+ #),0m=5&%, Om;
rae Z(b :\/%Z+ )q-(bz :\/32+42:5, OM,

XL 4
= arct = arct 53
08 QE gg F

HarnpsoxkeHue ceTu - 3T0 JIMHEHHOE HaMpsiKEHHEe, KpOMe TOT0, B CXEME
coenunenus «rpeyronbHuk» Uy = U, = 380,B, 10 ecTh (a3Hbie HampsKe-
HUSI IPUEMHUKOB PaBHBI JIMHEHHBIM HaNpsHKEHUSIM UCTOYHUKOB. Crieno-
BaTeIbHO, cUCTEeMa (Pa3HBIX HAMNPSHKEHUH MPUEMHUKOB B KOMILIEKCHOM
dbopMe OyzieT UMETh BUI:

Uy =U ag=U,e3" =380 3%, B:
Uh. =Wac=U,e 19 =380619° B

ey =Wea=U,el150 =380 150 B
[Tockonpky Harpy3ka CHUMMETPUYHAs, TO MOIYJHU (Pa3HBIX TOKOB
OJIMHAKOBBIE U 10 3aKOHY OMa paBHBHI:

a ¥ ux ¢$a3bl OTINYAIOTCS OT (Pa3 COOTBETCTBYIONIMX HANPSHKEHUN HA OJUH
1 TOT 7K€ YTrOJl, PaBHBIN @ = 53°.
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CrnenoBatenbHO, ha3HbIE TOKH PABHBI.

thp = 76271%% =(45,74- j 60,7 , £
Hhe = 76071143 =(-60,70- | 45,74 , /
e = 760197 =(-9,26+ | 75,43 , 7

Moy JTHHEWHBIX TOKOB TaK K€ OJMHAKOBBIC (TOJNBKO IJISI CHM-
METPUYHOM HArpy3KH) U PaBHBI:

|, =+/3ly =+/376= 131,6 A.
AKTHBHas MOIIHOCTh, TOTpeOIIsieMasi Harpy3Koi:
P =4/3U, 1, cosp =+/3[B8013L,61cos53= 519681 =52, kBr;
PCaKTUBHAA MOIITHOCTB.
Q =+/3U, |, sing =+/3[BBO1L3L, G1sin53= 69293ap =69, kap;
[HOJIHas I MOIITHOCTD.
S=4/3U, I, =+/3[B8([1131,6- 86616BA =87, kBA.
BektopHas quarpaMma MOXKeT OBITh IOCTPOEHA B IByX BapUaHTax, B

3aBUCHUMOCTH OT M300pakeHHs cucteMbl Hanpspkenus (puc. 3.9).IIpenBa-
pUTENBHO BBHIOUPAIOT MaclITadbl TOKa U HampsikeHus. Da3Hble TOKU OT-
CTal0T OT COOTBETCTBYIOIIMX HampsbkeHWi Ha yron @4 = 53F. JIuneiinsie
TOKH HaxXOASATCA U3 COOTHOIIEHUH, COCTABIEHHBIX COIIACHO MEPBOMY 3a-
koHy Kupxroda:
EA = Eab - Eca; EB = Ebc - ﬁab; EC = Eca - Ebc-
¥ +1

c 1 bch

Puc. 3.9

N3MmepeHus akTMBHOW M PEAKTMBHOW MOIIHOCTEW MPOM3BOASATCS C
MOMOUIBIO TPEX, JABYX WM OJHOTO BaTTMETPOB, MCIOJIb3Ys pPa3IUYHBIE
CXEMBbI UX BKJIIOUCHUA.
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[Ipy cuMMETpUYHOM TIPUEM-
HUKE aKTHUBHAas MOIIHOCTb OJIHOU
(assl Py, onpenensercs ¢ NOMOLIbIO
OJIHOTO  BaTTMETpa IO  CXeMe
puc. 3.10, Torma axTMBHAs MOII-
HOCTbh TpeXx(ha3zHOM 1eIHu:

P= 3Pq) - 3PpW -
=3Uapl asCOSpap = 33Ul 4COSpy, =
=3-38076-cos(53°r 52,kBT.

3aoaua 3.3.4. K TpexnpoBogHO# Tpexha3HON JTUHUU C HATIPSKEHU-
em 380, B mogkmroueHsl Tpu oaHO(A3HBIX MPUEMHHKA IO CXEME «Tpe-
yTOJIbHUK» ¢ mapameTpaMu. Ri= 5, Om; R= 6, OM; X o= 8, 0Mm; Rs=4, Owm;
Xcz= 3, OM. Omnpenenuts TOKH B ¢da3ax U JUHEHHBIX MPOBOJAX, aKTHB-
HYI0, PEaKTUBHYIO U TOJHYIO MOIMHOCTH. [IOCTpOUTH BEKTOpHYIO JHa-
rpaMMy TOKOB M HampspkeHui. M300pa3uTh cxeMy BKIIOUCHHS BAaTTMET-
POB JJIsl U3MEPEHUSI AKTUBHOM MOIIHOCTH U ONIPEACIIUTh X MOKAa3aHUS.

Puc.3.10

Pewenue

OnHoda3HbIe IPUEMHUKH K TPEXIPOBOJIHOMN CETH MOAKIIOUAIOTCS I10
cxeme “tpeyronpHuK” (puc. 3.11).

C ﬁb_ b

C

Puc. 3.11

Harpy3ka HecuMMeTpHU4YHAasi, MO3TOMY TOK KaXa0W (¢a3bl HYKHO
CUUTATh OTJIEIBHO.

HarmnpsokeHue ceTH - 3T0 JIMHEHHOE HaMpsiKEeHHEe, KpOMe TOTr0, B CXEME
coenuHenus «rpeyronbauk» Uy = U, = 380,B, 10 ecTh (asHbie HampsKe-
HUS NPUEMHHUKOB PaBHBI JIMHEHHBIM HaNpsDKEHUSIM MCTOYHUKOB. Creno-
BaTeIbHO, cUCTEeMa (Pa3HbIX HAMNPSHKEHUH MPUEMHUKOB B KOMILIEKCHOM
dbopme OyaeT UMeTh BU/L:
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Uy =Uag=U,e3% =380 37, B;
Ube =Ugc=U,e 190 =3806190 | B
Ula =UWca=U,e/1%0 =380 150 B.
KommiekcHbie conpoTtuBieHust ¢as:
Z.,=Ryp=R=50m=568% Ou;
Zpe=Roct Xpe= R+ Xp=6+ B, Om=10¢°% Om;
Za=Rat Xea= R~ Xz=4- B, Om =5¢ 137 ,OMm;
@da3HbIe TOKU OMPEIEISIOTCA COTJIacHO 3aKkoHy Oma
Uy 38013
bap=—2 ==
Zap 5e!
=76[tos30+j 7&sin30=( 658] 38,

=76e71%0 =

Doc _ @bc — 38%_j900 :3&—j143ﬂ —
Zy  10ei%®

=38ltos¢ 143 ¥ | 38 sin{ 1433(- 30:3 22,9,

=76[tos(187 ¥ j 761sin(1873(- 754 9.3,

JIuHeliHbIe TOKH OIpenenstoTcs u3 (a3HbIX II0 IEPBOMY 3aKOHY
Kupxroda:

=l —H.4=65,8+] 38,0- € 75,4 9,3
=141,2+ | 47,3 148985 A;

I = —Hp=-30,3-] 22,9- (65,8] 38,0
=-96,1- | 60,9= 113811476 A

e =~ =-75,4-j 9,3 €30,3] 22,%
=-451+ [ 13,6= 47@1%3% A

CyMMa TMHEWHBIX TOKOB JOJKHA PABHITHCA HYJIIO:

|+l +1.=1412+ j47,3-961- j609-451+ j136=0.
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AKTUBHAsg MOIIIHOCTD.

P= Rab b+ RbcI + Rca ca
=5[76" + 6(3& + 4176 = 60648Br = 60,6 KBr.
PeakTnBHAs MOIHOCTD.:
Q= XabI b+ XbcI - X cal an:
=0+8[B& - 3176 = — 57 76ap = 5,8, kBap;

3/1€Ch 3HAK “MUHYC' MOKa3bIBAET, YTO MpeobJialaeT eMKOCTHAsI Harpy3Ka.
[TonHas MONTHOCTE:.

S=,/P? +Q? =/60648 +5776 =60875BA =609, kBA.

BekTopHble auarpaMMbl TOKOB M HAaNpsDKEHUH B JBYX BapHaHTaX
MpeJCcTaBIeHbI Ha puc. 3.12.

+]

Puc. 3.12

[IpenBapuTenbHO BBHIOMPAIOT MacIITaObl TOKa M HAIpsDKeHUsS. Bek-
TOPHI (ha3HBIX TOKOB pab, i]bc, ID(;a OTKJIAJBIBAIOT OTHOCUTEIBLHO BEKTO-
POB COOTBETCTBYIOLIUX HAMPSKCHHMM MO yriaaMu ¢gp =0, @pc =53°,
Qca = —37° WK B COOTBETCTBUU C MOJYYCHHBIMH MX HadajJbHBIMHU (a3a-
MHA Yap =30°; ypc=-143; wyca =187. 3areM mo mepBOMYy 3aKOHY
Kupxroda cTposiT BEKTOPHI JIUHEHHBIX TOKOB LA, EB, |-, mMHA U Ha-
MPABJICHHE KOTOPHIX JOKHBI COOTBETCTBOBATh PACUCTHBIM JJAHHBIM:

EA = ﬁab_ Eca; EB = Ebc - ﬁab; EC = Eca - Ebc-
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B TpeXmpoBOIHBIX CETAX ISl U3MEPEHUS aKTHMBHOW MOITHOCTH HC-
MIOJIL3YETCS METOJI IBYX BaTTMETPOB, MMPUYEM OJIUH W3 BaTTMETPOB BKJIFO-
JaeTcs Ha “repeBepHyTOoe” uHEHOe HampsbkeHue (puc. 3.13).

Urg Fa R
5 \/i ! 7 Xc R
3 g
CB ~ g/\ Roc Xoc b
C {1 Y —
Puc. 3.13

AKTHUBHasT MOIIHOCTh 1€ TPH BKJIOYECHUU BATTMETPOB IIO
puc. 3.13ompenenutcs CIeayIM 00pa3oMm:
-MIOKa3aHue nepBoro BarrMerpa PWi!

O . .
R = ReUasl o1= Re[38@/3" 148,818 &
=3800148,9]1cos1T5= 55444,7BrT;

-noka3zaHue BToporo Barrmerpa pWa:
. -j90° -] 163
P, =RelUcg |- ]= Re[-38@& 1%° 047, /%% ¥

= Re[38®&'%7 47,8 11%% £ 38M 47[1 cos( 73,%) 517285,

AKTUBHAas MOIIIHOCTH IIENH.

P=R+ B =55444,/+ 5172,5 60617,81=60,6,kBt
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