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1. PacueTHo-rpadpuueckas padora I1l-1

PACUET JIMHEHHOI1 QJIEKTPUYECKOI HEIIN
MNOCTOSAHHOI'O TOKA

[lenv pabomwi: TEOPETHUECKOE M3YUCHHE METOJOB AHAIN3A CJIOXK-
HBIX JJICKTPUUYECKUX LIENEH MOCTOSHHOTO TOKA.

3aoauu pabompi: B PE3yABTATE BBIOIHEHUS PACUYETHO-TPaPUIECKOM
paboThI CTY AEHTHI JOJKHBI:

- 3HaTh OCHOBHBIE 3aKOHBI AJICKTPOTEXHUKHU U METOJIbI pacyeTa dJICK-
TPUUECKUX LIETICH, HA KOTOPBIX OHU 0a3HPYIOTCA,

- YMETh BBIMIOJHATH MPOCTEHIINE DJIEKTPUUECKHE pacueThl; 0OpM-
JATh  DJEKTPOTEXHUYECKUE CXEMBI B COOTBETCTBHUM C TpeOOBaHUAMU
I'OCT;

- IMETh HABBIKK COCTABJICHUS MAaTEMATHUYECKUX MOJEINECH 11 pacye-
Ta JEKTPUUECKUX LETICH, OLICHKH IOCTOBEPHOCTH MOJYyYaeMbIX PE3yJIbTa-
TOB U 00pa0OTKH PE3YJBTATOB, MOJYUYEHHBIX PA3HBIMUA METOJaMHU.

1.1. 3ananme
Jlnsa 3apanHoii cxemsbl (puc.1.1 - 1.28) TpedyeTcs:

1) onpenenuTs TOKKM B BETBIAX C MOMOIIBIO YPaBHEHWIA, COCTABJICH-
HBIX 0 3akoHaM Kupxroda;

2) onpeIeIUTh TOKU B BETBIX METOJIOM KOHTYPHBIX TOKOB;

3) ONMpEAEAUTH TOKHU B BETBAX METOJIOM Y3JI0BBIX MOTCHIIHUAJIOB,;

4) onpeIeIUTh TOKU B BETBIX METOJIOM HAJIOKCHUS

5) cocTaBUTh ypaBHEHHUE OajaHCa MOIIHOCTEA;

6) ONpeaeanTh MOKa3aHUs BOJIBTMETPA,

7) onpeaeauTh TOK /; B BETBU C COMPOTUBIICHUEM R| TIO METOIY JK-
BUBAJICHTHOTO T€HEPATOPA U MOCTPOUTH rpa) K 3aBUCUMOCTH
5 =f(R;) npu usmeneHnn R< R} < 10R.

Homep cxembl, €& nmapamerpsl (R, E;) BelmaloTcs npenoaasaresiem

KOKI0MY CTYJACHTY UHAMBUAYAJIbHO B BUJE pacnieyaTku HAa OBM wiau u3
Tadbm.1.1u 1.2.



Tabnuya 1.1

Yucno aecsaTkoB B o £ s , s Fs
HOMCPC 3aaaHus
0 - - + + - +
1 + - - + - +
2 - - + + - -
3 —+ - - + + -
4 - + - + + -
5 + + - + - -
6 + + - - + -
7 - + + - + -
8 - + + - - +
0 + - + - - +
Tabmuya 1.2
Ywucmo
CIAWHHIL B El E2 E3 E4 E5 E6 Rl R2 R3 R4 R5 R6
HOMCPC
3aJaHus
0 42 | 14 | 43 | 56 | 36 | 49 | 93 | 16 | 31 | 58 | 10 | 46
1 30 (45 | 11 | =55 | 75 | 10 | 11 | 75 | 48 | 35 | 63 | 87
2 23 | 44 | 54 | 10 | 19 | 41 | 39 | 43 | 34 | 91 | 26 | 79
3 80 |53 | 19 | 35 |-29 | 27 | 96 | 16 | 85 | 40 | 62 | 91
4 16 | 12 | 39 | 18 | 25 | 48 | 77 | 12 | 69 | 70 | 84 | 49
5 40 | 44 |1 19 | -50 | 17 | 51 | 87 | 81 | 27 | 37 | 12 | 78
6 A5 | 33 | 48 | 51 | 22 |42 12 | 95 | 11 | 18 | 17 | 46
7 25 | -13 | 44 | -49 | 24 | 41 | 42 | 23 | 20 | 73 | 65 | 94
8 A7 111 | 19 |29 | -51 | 31 | 66 | 68 | 58 | 34 | 18 | 96
9 31126 | 30 | 38 |20 | -39 |8 | 15 | 40 | 24 | 48 | 30
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10



Puc. 1.11 Puc. 1.12
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Puc. 1.22
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1.2. MeToau4ecKkue peKOMEHIANHHT

[To ncxoaHOM cXeMe AEKTPUUECKOM Lieny, Hanpumep puc. 1.29, a u
MAIMHHOM pacrnevyaTke MHAWMBHAyaJbHOro 3aaaHus (puc. 1.29, 0) cdop-
MUPYHUTE CBOIO pacueTHyro cxemy (puc. 1.30). YyacTok nenu, rie Beu-
yyHa ucTouHuka JJ1C npupaBHEHA K HYJIIO — 3aKOPAYUBACTCA.

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

0)
Puc. 1.29 Puc. 1.30
B mamuvHHON pacnedaTtke MHAWBHUAYAJIBHOTO 3aJaHUSl COMPOTHUBIIC-
HUS PE3UCTOPOB R ykaszaHbl B Omax [Owm], BenuuuHbl UCTOUHUKOB DJIC E
— B BosibTax [B].

[lepen BHIMOJHEHMEM 3aJaHUs PEKOMEHIYETCS O3HAKOMUTBLCS C 3a-
nayamu 2.1-2.9. yuebHoro nocoous [9].

1.3. Ilpumepsbl pacuéra TUHEHHBIX JJIEKTPHYECKUX HeMneil mocTo-
SIHHOT0 TOKA ¢ HECKOJbKHMH HCcTOUYHHKAMH D/ C

3aoaua 1.3.1. Paccuutarh LETIb METOJIOM HEMOCPEACTBEHHOTO TMPH-

mMeHeHus 3akoHOB Kupxroga. CoctaBurh OajmaHC MOIIHOCTEH. Cxema
ANEKTPUUECKON 1enu npuseacHa Ha puc. 1.31. [Tapamerper uenu: £,=9, B;
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Es =45 B; Ry =19,5, Om; R, = 7.5, Om; R; = 13,5, Om; R,= 10,5, Owm;
Rs=15, Om; Rg= 6, Om.
Es

)

Puc. 1.31
Pewenue

[Ton noHATHEM «paccydTaTh UCMb» MPEANOJIAracTcs OIPEACICHUE
TOKOB B BETBSX.

OnpenenseTcs KOJIMYECTBO BETBEH B LIENU: OOIIEE YMCIIO BETBEi -
np=6, C UICTOUHUKOM TOKa #; =0 BETBEH. 3HAUUT HEOOXOIMMO COCTABUTH 6
HE3aBUCUMBIX YpaBHEHMII 10 3akoHaM Kupxroda.

Ha ocHOBaHHUM T€OPEMBI 0 HE3ABUCUMOCTH YPABHEHUI ONIPEAECIIAETCA
KOJIM4eCTBO YpaBHeHu 10 [ 1 no 11 3akoHam Kupxroda.

KonuuecTBo ypaBHEHHUI, COCTABISIEMBIX 110 IEPBOMY 3aKOHY Kupx-
roga n=n,—1=4-1=3,

rjae ny=4 — KOJMYECTBO MOTEHUMAIBHEIX Y3JI0B.

YpaBHEHHS COCTABIIIOTCS IS JIFOOBIX Y3JI0B.

KonuuecTBo ypaBHEHHUI, COCTABISIEMBIX 10 BTOPOMY 3aKOHY Kupx-
FO(ba I’ZHZI’ZB-I’ZJ—(I’ZY-1):6-0-(4-1):3.

YPpaBHEHUS COCTABJIAKOTCA IS HE3aBUCUMBbIX 3aMKHY ThIX KOHTYPOB.

BriOuparoTcs MoJjioKUTEIbHbIC HAMPaBICHUI TOKOB U 0003HAYar0TCs
cTpeiakamu. Tak e cTpenkaMu 0003Ha4yarTCsa HaIpaBiieHUs 00Xo0/a He3a-
BUCUMBIX KOHTYpOB: I, 11, III.

YpaBHEHUS 110 IEPBOMY 3aKOHY JUIS Y3JI0B:

yena. I +1L—-1=0;

yzen b: -, -+ 1,=0;

Y3CI C. —]1 + ]3 + ]6 = 0.
YpaBHEHUS 0 BTOPOMY 3aKOHY 11 KOHTYPOB:
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KOHTYP I: Rl'll—Rz' ]2+R3']3 :El;
KOHTYP II: Rz']z +R5' ]5+R4']4 :E5;
KOHTYP II: - R3']3 - R4']4 + R6°]6 = 0.
CucteMa ypaBHEHUM B MaTpHUYHOM opme:
1 1 0 0 -1 0] [[] [O]

0 -1 -1 1 0 0
-1 0 1 0 0 1|5 |0
R, =Ry Rz 0 0 0
0 R O Ry Rs 0] |Is| |Es
0 0 —Ry =Ry O Rg| |Ig| |0

CucreMa ypaBHEHUM B MaTpUYHOM opMeE MOCIE MOACTAHOBKH YHC-
JICHHBIX 3HAUYCHU:

11 0 0
0 -1 -l 0 0
-1 0 1 0 1
195 =75 135 0 0 0] |4
0
6

—1

o = O
o
O © o O

0 75 0 105 15 Is| |45
0 0 -I135 -10,5 0 Ig| |0

PemieHre cuUCTEMBl YpaBHEHUI HAa KOMIIBKOTEPE MOXKHO IOJIYYUTh
npu noMmoiny paspabdoranHoii Ha kadeape TOD YI'ATY nporpammbl
«Gaussy, a TAKXKE CTAHAAPTHBIX MATEMATUYECKUX TMAKETOB, TAKMX KakK
MatCad vnu Maple wn np.

PewieHneM HaHHOW CUCTEMBI YPAaBHEHUM, ABIAKOTCI CICAYOLIME
3HAYEHUS TOKOB:

[,=0,9465, A; 1,=0,9826, A; L=-0,1546, A;
1,=0,8280, A; [5=19291, A; [,=1,1011, A.

[TpoBepKa MOJYUYEHHOTO PEIICHUS MPOU3BOAUTCS COCTABIICHUEM Oa-
JaHca MOUIHOCTEH, MOTPEOIIEMBIX PE3UCTOPAMHU M MOTYYaEMBIX OT UC-
TOYHHUKOB.

Promy= Ri* I + Ry I + Ry I+ Ry I’ + Ry IS + R Ig" =
=19,5-0,9465>+7,5-0,9826°+13,5- (-0,1546)*+ 10,5-0,8280°+
+15-1,9291° + 6-1,1011* = 95,3278, Br,

Poor=E- I} + Es 15 =9-0,9465+ 45-1,9291 = 95,3280, Br.
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P noTp =P HUCT*
bananc MolHocTe cX0aUTCA.

3aoaua 1.3.2. Paccuurars nenb 3agauv 1.3.1 METOI0M KOHTYPHBIX
TOKOB. COCTaBUTh OAJIAHC MOIIHOCTEH.

Peuwenue

OnpeaensaeTcs KOJUUECTBO HE3aBUCUMbBIX KOHTYPOB B LICTIH:
I’ZHZI’ZB-I’ZJ—(I’ZY- 1):6 -0- (4-1):3,
rae np=6 - 00l1ee YUCIIO BETBEH B LICTH;
ny =0 - YKUCJI0 BETBEH, COACPKAIIUX UCTOUHUK TOKA;
ny=4 - KONNYECTBO NOTEHLMAIBHBIX y3JIOB.

BriOepeM 7y = 3 HE3aBUCUMBIX KOHTYpa U MOJI0KUTEILHBIE HaMpaB-
JICHUS KOHTYPHBIX TOKOB (11, [y, [yj1), MpoTeKaromux B HUX (puc. 1.32).

Puc. 1.32
CocraBnsercss CHUCTEMA YPABHEHHMM IO METOJIY KOHTYPHBIX TOKOB

JUTS1 HE3aBUCUMBIX KOHTYPOB:
(RitRy*+R3) [y — Ry I, — Ry I3 = Ey;
Ry I1 H(RyFRyFRs) Iy — Ry I33= E5;
-R3 111 =Ry Iy H(R3+Ry+Re) 133 = 0.
TToACTABIISIIOTCS YHUCIICHHBIC 3HAYCHUS B YPABHEHHS CUCTEMEI
(19,5+7,5+13,5)']11 - 7,5']22 - 13,5']33 = 9,
-7,5']11 +(7,5+10,5+15) ']22 - 10,5']33 = 45,
-13,5']11 -10,5' ]22 +(13,5+10,5+6)']33 =0.
CucTeMa ypaBHCHHI B MATPUUHOM PopMe Mocie Mo ACTAaHOBKH YHC-
JICHHBIX 3HAYCHHUI MPUHUMACT BU;
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40,5 -7,5 13,5 [1;;] [9
~7,5 33 —10,5|e| I, |=|45
~13,5 -10,5 30 | [I33] | 0

PewieHrnemM naHHOM CUCTEMbI YPABHEHUI SBJISIFOTCA CJICAYHOLIUE 3HA-
YEHHUS KOHTYPHBIX TOKOB:

11;=0,9465, A; 1, =1,9291, A; I;=1,1011, A.

BBI6I/IpaIOTC$I MMOJIOZKUTCJIBHLBIC HAIIPABJICHHUA TOKOB B pacCMaTpH-
BacMOi cxeMme M 00o03HavaroTcs crpenkamu (puc. 1.32). Toku B BETBAX
CXCMBI BBIPAKAIOTCA YCPC3 KOHTYPHLIC TOKH.

]1 = ]11: 0,9465, A,

]2 = ]22-]11: 1,9291 — 0,9465 = 0,9826, A,

I=111-=0,9465 - 1,1011 = - 0,1546, A,

]4 = ]22-]33: 1,9291 - 1,1011 = 0,8280, A,

]5 = ]22: 1,9291, A,

Is= 1= 1,1011, A.

3aoaua 1.3.3. Paccuurtats uensb 3aaauu 1.3.2 METOAOM Y3JI0BBIX TT0-
TeHIMaI0B. ONpeaeauTh NokasaHus BojabT™MeTpa (puc. 1.33).

Peuwenue

Br10HparoTcs yCIOBHO MOJOMKUTEIBHBIC HAMIPaBICHHU TOKOB BO BCEX
BETBAX CXeMbI. [10TeHIIMAT OTHOTO U3 y3J10B MIPUHUMAETCS PABHBIM HYJIIO
(3azemysietcs). Ilycth ¢33=0, B (puc. 1.33).

Es
Y
,’>-\\ u l[
l\ I ) 5

OLB0IR 1R

Puc. 1.33
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[TOCKOJIBKY METOJI Y3JI0BBIX MOTEHIIMAIOB OCHOBAH HA MEPBOM 3aKO-
He Kupxroda, To KOJIMYECTBO HEOOXOIUMBIX YPABHEHUH OTIPEACIIACTCS
CJACAYOIUM 00pa3oMm:
n=n,—1=4-1=3,
rae ny=4 — KOJIMYECTBO MOTCHIUAIBHBIX Y3JI0B.
CocTaBnsercs cucTemMa YpaBHEHUH U3 1) YPABHEHUH OTHOCUTEIBHO
MOTEHIUAJIOB HE3a3EMJIEHHBIX Y3JIOB:
Gir @i — G 02— Gy Q44 = J115
-G 011+ G 02 — Gog Pas = S
-Gu1 011 — Gy 0o + Guy Qay = J .
rae  G;; — coOCTBEHHAs MPOBOAUMOCTS i-T0 Y374,
G — B3aUMHas IIPOBOJUMOCTE i-I'0 U j-TO y3JI0B;
Jj; — y3JI0BO#M TOK /-I'0 y3J1a.
Cie10BaTeNbHO, CUCTEMY MOKHO 3aMCaTh B BUJIE:

11 1 1 E, Es

1
+ + . —_ —_ :___,
( &R Rs) P11 r ?22 RS P44 R R

_L. +(1 + 1 + 1) _L. =0:
R2 011 R2 R3 R4 022 R4 044 >

1 1 1 1 1 _ E5
—R—5~(P11 —R—4'(P22+(R4 +R5 +R6)'(P44 “Rs
PewieHnemM naHHOM CUCTEMBbI YPABHEHUI SBJISIFOTCA CJICAYIOLIAE 3HA-
YEHUS NOTCHLIUAIOB Y3J10B:

o= -9,4567, B; ¢y =-2,0872, B; 044= 6,60671, B.
OnpenensroTcs TOKH BO BCEX BETBAX CXEMbI U3 BbhIPaXKEHMIA, COCTaB-
JIEHHBIX HAa OCHOBE 3akoHa OmMa:
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1
=Gy (933—011+£7) :E'(@33 — @11+ £E1)=0,9465, A;
1

1
Iy =Gy (922 = 911) =E~((P22 —¢11)=0,9826, A;

1
I3=G3- (9 —933) = R—3~((P22 —(33) =—0,1546, A;

1
14 =Gy (P44 —922) =R—~((P44 —027)=0,8280, A;
4

1
I5 =G5 (911 — P44 + E5) =R—~((P11 — Qg4+ E5)=1,9291 A;
5

1
I =Gg (044 — 033) :E' (Pq4 —933) =1L1011, A.

[TokazaHus BOJBTMETPAa MOXKHO ONPEAEIUTh, COCTABUB yPaBHEHME
COTJIaCHO BTOpOMY 3akoHY Kupxroda s 1ro00ro He3aBUCUMOTO 3aMKHY-
TOTO KOHTYpa, CoJIepsKallero BoapT™MeTp (puc. 1.33).

JIns mepBOro KOHTypa:

Uy- Ry, = Ejy;
U=E+Ry,=9+7,50,9826=16,3695, B.
JIns BTOPOro KOHTYypa:
'UV + Rl'll + R3']3 = O,
Uy=Ry 11+ Ry 13=19,50,9465 + 13,5-(-0,1546) = 16,3696, B.

3a0aua 1.3.4. Paccuurtath nenb 3aaauu 1.3.3 METOOM HAJIOKEHHUS.
Pewenue

OrnpenensaeTcs KOJIUIECTBO HCTOUHUKOB YHEPTUHU B CXEMeE: 1y = 2.

CocTtaBiseTcs nyp CXeM C OJHMM HUCTOYHMKOM SHEPrUU IS OTpeie-
JICHUS YaCTHYHBIX TOKOB, IPU 3TOM BCE MJ€abHbIC UCTOUHMKH YHEPruu
KPOME OJIHOTO 3aKopauuBaroT. BeIOMparoTCs YCIOBHO IMOJIOMKUTEIbHBIE
HaIlpaBJICHUS TOKOB BO BCEX BETBAX CXeM (puc. 1.34).

JIt000i TOK CXEMBbI ONpPEAENICTCI KaK ajJreOpandyeckas cymma 4vac-
TUYHBIX TOKOB, BBI3BAHHBIX Ka)KIBIM HCTOYHHUKOM 3JICKTPUUYECKOM JHEp-
MU B OTJEJIbHOCTH.
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a) 0)
Puc. 1.34

OnpenenuTh 4YaCTUYHBIE TOKH, BBI3BAHHBIC KaKIBIM HCTOYHHKOM
ANEKTPUIECKONW SHEPTUM B OTACALHOCTH (puc. 1.34), moOBIM HU3BECTHBIM
METOJ0M, HanpuMep 1o 3akoHaM Kupxroda.

Jli1s cxembl, u300pakeHHOM Ha puc. 1.34, a:

yena. [h+1,-15=0;

yzen b: I —-15+1',=0;

Y3CI C. —]’1+]'3+]’6:O.
KOHTYP I: Rl']’I—Rz' ’2+R3']’3:E1;
KOHTYP II: Rz' ’2 + R5' ]'5 + R4']'4 = O,
KOHTYP II: - R3' ’3 - R4' ’4 + R6°],6 =0.

PewieHnemM naHHOM CUCTEMBbI YPABHEHUI SBJISIFOTCA CJICAYIOLIAE 3HA-
YEHMS TOKOB:

I''=0,3069, A; [,=-0,1789, A; [5=0,124, A,
1'y,=-0,0549, A; [I's=0,1279, A; ['s=0,1829, A.
Jl1s cxembl, u300pakeHHo Ha puc. 1.34, 6:
yena. "1 +1",-1"5=0;
yzen b: =", - I'5+1",=0;
Y3CI C. —]"1 + ]"3 + ]”6 = 0.
KOHTYP I: Rl'lnl - Rz' ”2 + R3']”3 = O,
KOHTYP II: Rz' ”2 + R5' ”5 + R4']”4 = E5,
KOHTYP II: - R3' ”3 - R4' ”4 + R6°]”6 =0.

PewieHnemM naHHOM CUCTEMBbI YPABHEHUI SBJISIFOTCA CJICAYIOLIAE 3HA-
YEHUS TOKOB:
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1"1=0,6396, A; [I",=1,1615A; ['5=-0,2786, A,
1",=0,8829, A; ["s=18012,A; ["4=0,9182, A.

OnpenenuTh TOKM CXEMbI KaK aireOpanvyecKyto CyMMY YaCTUYHBIX
TOKOB.

L=T1+1"=0,3069 + 0,6396 = 0,9465, A;

L=15+1"=(-0,1789)+ 1,1615 = 0,9826, A;

L=15+1"=0,124 + (- 0,2786) = - 0,1546, A;

L=T1,+1"=(-0,0549) + 0,8829 = 0,828, A;

I=1s+1"5=0,1279 + 1,8012 = 1,9291, A;

Ie=1's+1"s=0,1829+0,9182 = 1,1011, A.

3aoaua 1.3.5. B cxeme 3amauu 1.3.3 onpenenurs TOK /).
Pewenue

Jlis onpeneneHuss TOKa B OJHOM BETBM CaMbIM palOHAJbHBIM
SBJISIETCSA MCIOJIb30BAHUE METO/Ia AKBHBAJICHTHOIO UCTOYHHKA (T€HEPaTO-
pa). DTOT METOJl OTHOCHUTCA K METOJaM YaCTUYHOIO aHajau3a LEIEH, T.¢.
HE TpeOyeT Ompene/icHUs TOKOB BO BCEX BETBAX. McxoaHas cxema s
pacueTa npeacTaBiiceHa Ha puc. 1.35.

: ES :

a | a N E
L]

D= % R g
I I i bey—1 F—3d i
[] : s [] R6§
T a— |

[IpuMEHEHHE METO/Ia SKBUBAJCHTHOTO T€HEPATOPa OCHOBAHO HA TEO-
pemMe 00 SKBUBAJCHTHOM TEHEPATOPE, COTJIACHO KOTOPOM ACHCTBUE BCEX
WUCTOYHHUKOB MUATaHMs (HA PUCYHKE OOBEJACHO MyHKTUPOM) HA BETBb C HeE-
WU3BECTHBIM TOKOM 3aMEHSETCS BO3JICHUCTBUEM OJHOIO, TaK HA3bIBAEMOTO
«IKBHUBAJICHTHOTO», T€HEpATOpa. ITOT FEHEPATOP HA IKBUBAJICHTHOM CXe-
Me 3aMelneHus (puc. 1.36, a) COEIMHIETCS TOCJIEA0BATEIBHO C UCCIIEYE-
MO BETBBIO (HA PUCYHKE OOBEJIECH Iy HKTUPOM ).
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a) 0)

Puc. 1.36
CormacHo BtopoMmy 3akoHy Kupxroda maas nepBoro KoOHTypa
(puc. 1.36, a) TOK B BETBH ONPEACIACTCI U3 MPOCTOTO BBIPAKECHUS:
I = Ly —Eor ,
Rgr + Rl
rine: Esr = Uy « — HANPSHKEHUE MEXKTY 3a’KUMaMM SKBHUBAJICHTHOTO TEHE-
paTopa a u ¢ B peKUME X0J10cToro xoaa (puc. 1.36, 0);
Ryr = Ry «x — CONPOTUBIICHUE MEXKIY 3aKUMaAMU @ U ¢ TACCUBHOIO
JIBYXTIOJIFOCHUKA, TMOJYYEHHOTO W3 CXEMBI, COOTBETCTBYIO-
HICH XO0J0CTOMY X0y KBHBAJCHTHOTO FEHEPATOPA.
PemeHue pacnagacTcsi Ha JBa OCHOBHBIX dTana — OMPEACIEHUE K-
BuBaICHTHOM DJIC W onpeneseHue BXOIHOTO COMPOTHBJIEHUS OTHOCH-
TEJBHO TOYEK ac.
1) Onpenenenne DJIC  HKBUBAJEHTHOIO TeHepatopa - Egr
(puc. 1.37).

Ls

Ua ¢ XX

Puc. 1.37
COCTaBJBHOTCH ypaBHeHI/IH JJIA OHpGI[GJ'[eHI/I}I TOKOB B BCTBAX CXCMBI

JTHOOBIM METOJ0M, HapuUMep, 1o 3akoHaM Kupxroda:
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y3€i d. ]4XX - ]2XX- ]3XX = O,
KOHTYD 111 Ry D + Rs' Dy + Ry Iy = E5;
KOHTYP I11: -R3°]3XX - R4']4XX - R6° ]3XX =0.
[ToacTaB/IAOTCA YUCIICHHBIE 3HAYCHUS B YPABHEHUA
]4XX - ]2XX- ]3XX = O,
7,5 Iy + 15 Ly + 10,5 414 = 45;
-13,5']3XX - 10,5']4XX — 6 ]3XX = 0.
PemienneM naHHOW CUCTEMbI YPABHEHUA, ABJSAIOTCA CJIECAYHOLIUE
3HAYE€HUS TOKOB
L = 1,53453, A; I =-0,53708, A; 14 = 0,99744, A.
Jlnga onpeneneHuss DJIC 3KBUBAJICHTHOTO TE€HEPATOPA COCTABJIACTCS
YPaBHEHHE COTIaCHO BTOpoMY 3akoHy Kupxroda ais nepBoro KOHTypa:

EQF = Uac x - Rz']zXX + R3']3XX =- 7,5 1,53453+ 13,5('0,53708) =
= -18,759555, B.

2) OnpeneneHne SKBUBAJICHTHOTO COMPOTUBIIEHHS IBYXMOKOCHUKA
- R3F = Rac XX+

JIis onpeaeaeHusl SKBUBAJICHTHOTO CONPOTHUBIICHUS ABYXMOJIOCHUKA
BCce MCTOYHUKM DJIC 3akopauuBarOTCsi (MX BHYTPEHHHE COTPOTHUBIICHMS
pPaBHBI HYJIK0), @ HCTOYHUKHA TOKA Pa3MBIKAIOTCA (MX BHYTPEHHHE COMPO-
TUBJICHUS paBHbI 0ECKOHEYHOCTH) — puc. 1.38, a.

Puc. 1.38
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[Tpou3BeaUTCS SKBUBAJICHTHOE MpeoOpa3oBaHME 3BE37bl, 00pa3o-
BAHHOM COMPOTHUBIICHUAMU Ry, Rs5, R B TPEYTOJILHUK:

Rab=R4+R5+R‘;6R5=1o,5+15+10’5'15=51,75, Om.
Rp. =Ry +R6+R4R'R6 10,5+ 6+.220_ 507 om.
5
Rca:R5+R6+R5'R6:15+6+ﬁ=29,57, Om.
R 10,5

Jlanee npousBoAATCA IMpeoOpa3oBaHUs Ha Mapasie/ibHO BKJIOUEH-
HBIX yuyacTKax uen# (puc. 1.38, 0):

Rogp = Ry Rap _ 123175 =6,55, Owm;
Ry+R, 7,5+51,75
Ry- Ry,  13,5-20,7

Ry+Rp. 13,5+20,7

Rype = =8,17, Om.

Pezuctopbl R, U Ry, BKIIFOYEHBI TTOCAEA0BaTe/IbHO (puc. 1.38, B):
RZab3bc = R2ab + R3bc: 6,55 + 8,17 = 14,72 Owm.

DOKBHBAJICHTHOE COMPOTHBIEHUE Lienu (puc. 1.38, r, 1):

_ Reg Rogpsae - 29571472 o0 o
Rca + R2ab3ac 29,57 + 14, 72

R9F = Rac XX

HCKOMBII TOK B IEPBOIA BETBU ONPEAECIIACTCI U3 YPABHEHUS .

_Ej—Eyr _ 9—(—18,759555)
Rgr +R1 9,83+19.5

I =0,9465, A.
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2. PacuetHo-rpaduyeckas padora I1l-2

PACYET DJEKTPHYECKON HEINU OJHO®A3HOI'O
CUHYCOUJIAJIBHOI'O TOKA

Ienv pabomei: UccnenoBaHUE pabOTHI AJNEKTPUUECKONW LIEMH CUHY-
COMIAJIBHOTO TOKA ¢ MapaijieIbHBIM COCAUHEHUEM BETBEH W MOBBILICHUE
KOA((PULIMEHTA MOIIIHOCTH LICTIH.

3aoauu padbomwi: B PE3yJAbTATE BBIIOIHEHUS paCUE€THO-TpaduiecKoi
pabOThI CTYJACHTHI J1OJKHBI:

- 3HaTh OCHOBHBIC 3aKOHBI U OCOOCHHOCTH pacyeTa JJIEKTPUUECCKHUX
LIETIEH CUHY COUJIAJIBHOTO TOKA,

- YMETh BBIMIOJHATH MPOCTEHIINE DJIEKTPUUECKHE pacueThl; 0OpM-
JATh  DJEKTPOTEXHUYECKUE CXEMBI B COOTBETCTBHUM C TpeOOBaHUAMU
I'OCT;

- IMETh HABBIKK COCTABJICHUS MAaTEMATUYECKUX MOJEINECH /I pacye-
Ta JEKTPUUECKUX LETICH, OLICHKH IOCTOBEPHOCTH MOJYyYaeMbIX PE3yJIbTa-
TOB U 00pabOTKH pe3yJbTATOB pacyeTa B BUJE MOCTPOCHHUS BEKTOPHBIX
JMarpamm,

2.1. 3apanue

B ceTh BKJIIOYEHBI MO MPUBEACHHOW CXEME JIBE BETBU (puc. 2.1),
TpeOyeTcs:

1) onpenenuTh NOKa3aHus MPUOOPOB;

2) BBIYKCIIUTH MOJIHYK KOMIUIEKCHYK) MOLIHOCTh LEIH;

3) paccuuTaTh mapaMmeTpbl deMEHTa X (MHAYKTUBHOCTH WM €MKO-
CTH), MPH BKIKYEHUH KOTOPOTO B LIEMIM HACTYTIUT PE30HAHC TOKOB;

4) MOCTPOUTh BEKTOPHO-MOTCHIMAIBHBIE JUArpaMMbl TOKOB M Ha-
NpsSLKEHUA IS PESKUMOB JI0 M TIOCJIE TOJK/IIOYEHUSI KOMIIEHCUPYIOLIETO
aJIeMeHTa X.
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Puc. 2.1

XapakTepUCTUKH CETU W MapaMETPOB COMPOTHUBJICHUI BETBEH BbI-
JAKOTCS MpenojgaBaTesieM KaxXaoMy CTyJACHTY HHAMBHIYaJbHO B BUJE pac-
neyatku Ha DOBM wim u3 1adn. 2.1 u 2.2,

Tabnuya 2.1

Yucno

JECSAT-

gg;; U S R Ly Cy Ry L, Cy

pe 3a-

JTaHUA
0 220 70 + + - - - +
1 127 60 - + + + + -
2 127 80 + + + - - +
3 220 90 - + - + + +
4 100 100 + - + + - -
5 150 120 + - + - - +
6 200 400 + + - - + +
7 140 120 - - + + - +
8 160 70 - + + + + +
9 170 50 + + + - + -
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Tabmuya 2.2

qﬂﬁfp?iﬁﬁﬁffo' & L ¢ Ry | L C
0 56 114 49 58 460 16
1 55 450 10 35 870 75
2 10 440 41 91 790 43
3 35 153 27 40 91 16
4 18 102 48 70 490 12
5 50 404 51 37 178 81
6 51 330 42 18 146 95
7 49 130 41 73 94 23
3 29 110 31 34 196 68
9 38 260 39 24 300 15

2.2, MeToanveckue peKOMeH AN UH

B pacneuatke u B TaOnuuax HanpsbkeHMs 3aaaHbl B Bonbrax [B],
yactota — B I'epuax [I'u], conpotusienus — B Omax [Om], HHIYKTUBHO-
CTU — B MWJLTUTEHpH [MI 'H], eMKOCTH — B MUKpOodapanax [MKD].

[To ucXoHOM cXeMe INEKTPUUECKOM LIENU U MAIlIMHHOW pacneyaTke
UHAWBUIYATBHOTO 3a1aHUs CHOOPMUPYITE CBOKO PACUETHYIO CXEMY .

Eciin B pacrieyaTke yKa3aHO HYJIEBOE 3HAUYEHUE — 3TO 03HAYAET, UYTO
JTAHHBIN 3JIEMEHT B PACUETHOMW CXEME€ OTCYTCTBYET U JaHHBIA YYACTOK HE-
00X0AUMO 3aKOpOTUTH. Tak, Hanmpumep, A8 WHAWBUIYAIBHOTO 3aJaHUs
CM-209 2-9 pacuetHas cxema NpuoOpeTaeT BUJA, NPEACTABICHHBIN Ha

puc. 2.2,
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CM-209 2-9

U=200 F=60
R1:1 5 R2:47
L1:64 L2:82
C1:l63 CZZO

Puc. 2.2

[lepen BBIMOJHEHHUEM 3aJAaHUS PEKOMEHIYETCS O3HAKOMHUTBLCA C 3a-
nauamu 3.1 — 5.5 yueOHoro nocoodus [9].

2.3. llpumepnbl pacuéTa JUHEHHBIX JIEKTPHYCCKHUX LEned 0aHo-
(a3HOro CHHYCOHZAJIBHOT0 TOKA

3aoaua 2.3.1. K uenu, uzo0paxkeHHOH Ha pucC. 2.3, a, MPUIIOKEHO
HanpsuokeHue Ug,,=12 B. IlapameTpsl 3J1€MEHTOB LEMM: R1=10\/§ , OM;
R2=2O\/§ , Om; X;=10, Om; X =20, Om. Onpeaenurh noka3zaHus MpuoOOpoB
U IIOCTPOUTH BEKTOPHYIO HAIPAMMY TOKOB W HAIPSKEHUIA.

Pewenue

M300pa3uM CXEMy B BUJE pacUETHON CXEMbI 3aMEIICHUs, MpeIcTa-
BHUB COINPOTHUBJICHUS 3JIEMEHTOB LIENUW M BXOJHOE HAIpPSKEHHUE UBX B

KOMIUIEKCHOU opme (puc. 2.3, 0). MoayJim KOMILJIEKCOB ACHCTBYHOLINUX
3HAYCHUI OYyT ABIAATHCA MOKa3aHUAMHU MPUOOPOB.
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Puc. 2.3

Ilenb COAEPKUT JIBE Mapasuie/ibHbIC BETBU, Ha KaXKIOW W3 KOTOPBIX
JCHCTBYET OJTHO U TOXkKE HanpskeHue Uy, . Tak Kak Il HANpsHDKEHUS Ha
BXO/I¢ Ha4YaJIbHAA (a3a HE 3a]aHa, TO OHA MPUHUMAETCA PABHOM HYJIIO, T.€.

A Vs —120/9° =
Ugy =Upxe’ "0 =12’ 7 =12, B.
OnpeaensatoTcs KOMITIEKCHBIE COMTPOTUBIICHUSI 00€UX BETBEI:
. . 30°
Zi = Ri+jX;,=10~3 +10 =20 ¢”", Om;

Z>= Ry - jXc =20-/3 - j20 = 40e ", Om.
Onpenenum KOMIUIEKCHBIE TOKH B BETBAX [ . U [, 10 3aKOHY Owma:
[ =Up 17, =127 1(20e7")=0,6¢ ", A;
I =Upy 12y =126"" /(40 e *")=03e"" A;
WM B alireopanyeckoii popme 3amucu:
I1=0,6¢0s(-30°) + j0,6 sin(-30°) = 0,52 - j0,3, A;
I>=10,3 cos(30°) + 0,3 sin(30°) = 0,26 + 0,15, A.
Tok B Hepa3B€TBH€HHOﬁ qacTu OCI OonpcaAcCIACTCa B COOTBCTCTBUHA
¢ nepBbIM 3akoHOM Kupxroda ams y3na ¢ (puc. J11-2.3, 0):
I[=i{+ I, =0,52-j0,3+0,26 + ;0,15 =0,78 — 0,15, A

WK B NOKA3aTeNbHOM (JopME 3aMMCU KOMILIEKCA

, 0,15
jarctg——

P =0782 40152 ¢ 078 (g1 A
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[lokazaHusi aMnepMETPOB COOTBETCTBEHHO COCTABST:
pA1= 0.8, A; pA, = 0.6, A; pA3;= 0.3, A.

Jlng onpeneneHus MOKasaHUs BOJBTMETpa pl onpenensercs Ha-
npsbkeHue U, IPU 3TOM COCTaBMM YPaBHEHME MO BTOPOMY 3aKoHy Kupx-
rogpa g J000ro KOHTYpa B KOTOPBIA BXOJAMT 3TO HAaNpPSKEHHUE
(puc. 2.3, 0). Hanpumep, ypaBHEHME MO BTOpPOMY 3akoHy Kupxroda B
KOMIUIEKCHOM (opMe aid KOHTypa acba (00Xoa KOHTypa MO 4YacOBOM
CTPEJIKE):

-GX) I, +R,I,-U,=0.
Otkyna
Uagph = R> jz - (jXL)jl -
=20/3 (0,26 +j0,15) - (j10 )(0,52 - j0,3) = 6+/(0) = 6 ¢’*, B.
[TokazaHue BOJIbTMETPA COOTBETCTBEHHO COCTABUT. p) = 6, B.

BarTtMeTp U3MEPAECT aKTUBHYKO MOIIHOCTH, BBIACIMBINYHOCS Ha aK-
TUBHBIX CONPOTUBJICHUAX R U R,,

P=R|I{ + Ry13 =10J3-0,6% +204/3-0,3° = 9,36, Br.
[Tokazanue BATTMCTpPA MOZKCT OBITh TAKKE onpcacjiCHO CJIICAYHOIUM

o0pa3oM
*

P=Re[U,, I]=Re[12-(0,78+ 70,15)] = Re[(9,36 + ;1,8)]= 9,36, Br,
%

riae / - conpsbkeHHOE 3HaueHue Toka [ .

[TokazaHue BaTTMETPA COOTBETCTBEHHO COCTaBUT. pV = 3,36 Br.
[TocTpoeHME BEKTOPHOM AMArpaMmbl TOKOB U HANPSKEHUH TTOBOAT-
ca  caeayrommMm  oOpazoM.  Haxomarcs  maaeHuss — Hanps>KEHUN

U,,Uo,Uy ,Up Ha COOTBETCTBYIOLIMX JIEMEHTAX CXEMBI (pHC. 2.3, 0):

U,=(+jX;) 1,=0,6e" -10e”™" =6’ B;
U, =R/1, =06 103 =1038 ¢ 7", B;
U, =R:1,=03e”"-203 =1038 ¢”", B;
U.=(-jXc),-03e7".20e”"=6¢7" B,
[TocTpoeHHE BEKTOPOB HAMNPSKEHUM HA DJIEMEHTAX KaXA0H BETBU

OCYILIECTBJIIETCS B COOTBETCTBUM C YPaBHEHUSIMHM, COCTaBJICHHBIMU CO-
rJ1acHO BTOpOoMY 3akoHy Kupxroda:
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UL +UR1 _UBX =O;
U, +Ue —Upy =0.

Otkyna:
Ur+u R = Upx ;
UR2 +Uc: UBX .
BekropHas auarpaMmMa TOKOB M Hanps>KEHUM MPEACTAaB/ICHA Ha
puc. 2.4.
1 Uab

Puc. 2.4

3aoaua 2.3.2. Katymika UHAYKTUBHOCTH ¢ mapameTpamu R,=30 Om,
X, =40 Om BKJIIOYEHA B CETh CUHYCOMAANBHOTO TOKa 220 B. Onpenenurs,
KOHJIEHCATOP Kakoi eMKOCTH C HYKHO NOJAKIKYUTH, 4TOOBl KO3 Puuu-
€HT MOIIHOCTH LIETIK CTaJl pPaBEH CAUHULIE.

Pewenue

SHGKTpI/I‘IGCKa}I CXCMa  IOAKIHOYCHHA CMKOCTH K KAaTYHIKC JJIA

YAYUYIIEHUA KOYPPULMEHT MOIIHOCTH (COSP) H300paxkeHa Ha puc. 2.5.
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iy
U Ry —X,
X
O
Puc. 2.5

KomriekcHoe COIMPOTHUBJICHUC KAaTYIIKH.

. 00’/
Z. =R +jX =30+ j40=50/% Om.
Toxk, mpoTeKaromuii B KaTyKke, MNpu OTCYTCTBUA KOMIICHCALIUH

U _ 220e100 4400538
L 50e/°38

Yron casara a3 mpu  toM O =y,-y=0-(-53,8)=53.8, a
COSP = cosS3,8°= 0.59.

[TpoBOAUMOCTH KaTyLIKU:

Y, = L - 1 __=0,02¢ /338 20,012~ j0,016Cm.
QK 506]538

PaccuuTaem AKTHUBHYIO U PCAKTHBHYIO COCTABJIAIOIIMC TOKA KAaTyllI-

I = A

K

KH:
Ir=G¢ - U=220-0,012=2.64 A.
I;=B¢ - U=220-0,016=3,52 A.
Jlns noctuskenust cosp=1 napamiebHO 0OMOTKE JBUTaTENs HYKHO
NOJIKJIFOUYMTh KOHAEHCATOP €MKOCTHI0 C, MPOBOJAUMOCTH KOTOPOIO MOKET
OBITH OTIpeAceHa U3 GopMy bl

B,

O= arcthL% w B, =B; —G-tgp, Cm.

Onpeaenum yrou o: ¢=arccos 1 =0".
EMKOCTHas OpOBOAUMOCTD:
B.=0,016-0,012-tg 0°=0,016, Cm.
EMKOCTHas COCTaBJIArONIAsA TOKA:
[.=B.-U=220-0,016 =352, A.
EMKOCTHOE COMPOTHUBIICHUE:
1 1

B, 0,016

=62,5, Owm.

c
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EMKoCTh KOHAEHCATOpA

o=t _ 1 _ ! ~51-107°, @ = 51, Mk®.
oX, 2nfX, 2n50-62,5
[To pacyeTHBIM 3HAYEHUAM TOKOB CTPOMM BEKTOPHYIO JHarpaMmy TO-

KOB U HaNpsLKEHUH (puc. 2.6), rae [, — TOK KaTyWIKH A0 MOAKIFOYECHHS

KOHJIEHCATOpa, a4 TOK /| - pe3yNbTHPYIOWMHA TOK MOCJ]E MOIKIF0YEHUS
KOH/IEHCaTOpa.

]
i=i, U
0 — I
-53°8 +1
I
I .
|
Puc. 2.6

PesynbTUpyrouii Tok / mocjae KOMNEeHcaluyu COCTaBUT:

1=\/1R2 +(1; -1 ) :\/2,642 +(3,52-3,52)* =2,64, A.

B pesyibrare KOMIEHCALMM TOK B MPOBOJAAX KAaTyWKH (/), YMEHb-
LIMJICS MO CPaBHEHHUIO CO ciydaeM Oe3 KomreHcauuu (/) B 1,7 paza, T.€
YMEHBILIUIUCH MOTEPU HA HArPEB ATUX MPOBOIOB.
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3. PacueTrHo-rpaduueckas padora I1l-3
PACUET TPEX®A3HON LEINHU

Lenv pabomer: ¥icclienoBaHUE TpEX(Pa3HOM FTEKTPUUECKON LEMH NIpU
pPa3JIMYHBIX pEKMMaxX padOThl MPUEMHUKOB, COCIMHEHHBIX 3BE3J0H, MpH-
00OpeTEHHE HABBIKOB MOCTPOCHUS BEKTOPHBIX JMAarpaMM TOKOB M Hamps-
KCHUM

3aoauu pabompi: B pe3yJIbTATE BBIOJIHEHUS paCUYE€THO-IpaPUIECKOM
paboThI CTY AEHTHI JOJKHBI:

- 3HaTh OCHOBHBIE COOTHOILICHHUS MEXAY (Pa3sHbBIMHA W JIMHEHHBIMU
HAIPSKEHUAMHU U TOKAMH, 0COOCHHOCTH pacueTa Tpexa3HbIX LETCH;

- YMETH OPOPMIIATh ANEKTPOTEXHUUECKHUE CXEMBI B COOTBETCTBUU C
tpedoBanusMu ['OCT;

- UIMETh HaBBIKM pacyeTa B KOMILJIEKCHBIX YMCJAX, MOCTPOCHUS BEK-
TOPHBIX JIHarpaMM, OLICHKH JOCTOBEPHOCTH PE3ybTaTa MyTEM CPABHEHUS
PE3YABTATOB pacyeTa ¢ STUMM JTHArpaMMaMHU.

3.1. 3aaganmue

B TpexdazHyto ceTh BKIIOUYEHBI OJIHO(AZHBIE MPUEMHUKH, KOTOPbHIE
00pas3yloT CHMMETPUYHY IO U HECUMMETPUYHYIO Harpy3ku (puc. 3.1.). ITpu
3aJIaHHOM HaNpsKEHUW CETH W NTapaMeTpax NPUEMHUKOB TpeOyeTCH:

1) cocTaBUThH CXEMY BKJIIOUEHHS IPUEMHUKOB,

2) onpeneauTh JIMHECHHBIE M (pa3HbIE TOKH B KAKIOM TpexdazHom
MPUEMHUKE;

3) MOCTPOUTH BEKTOPHBIE AUATPAMMBI TOKOB M HATIPSIKEHUIA KAXKI0TO

MPUEMHHKA,;

4) onpeaeanuTh aKTUBHYIO M PEAKTUBHYIO MOIIHOCTH Ka)A0To MpH-

€MHUKA;

5) COCTaBUTH CXEMY BKJIFOUEHUS BATTMETPOB JJIsl H3MEPEHUS aKTHB-
HOM MOIIIHOCTH KaX10ro TpeX(}azHoro NpueMHHUKA.
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Puc. 3.1

IIpuMeyaHne: Ipu CUMMETPUYHON HArpys3Ke, BKIOYEHHOMN MO CXEME «3BE3-
J1a», HEUTPAJIBHBIH ITPOBOJ OTCYTCTBYET.

JlaHHBIC PUEMHHUKOB BBIJAIOTCS MPENOAABATEIEM KaKI0MY CTYICH-
Ty UHAMBUAYAJIBHO B BUJE pacnieyaTky Ha OBM wiu u3 Ttadn. 3.1 u 3.2.

Ecnu 3amanue BpIIAETCA ¢ MOMOUIBIO TaOJIMILL, TO YHCIO JIECATKOB B
HOMEpE BapuaHTa OepeTcs u3 1ad/.3.1, a uucyo eauuul — u3 tad1.3.2.

Hanpumep, nns Bapuanta Ne 32 OyayT CHAEAYIOLIME UCXOIHBIE JaH-
HBIE:

NQ CX UCCTI/I Rl Ll Cl RZ LZ Cz R3 LS C3
3 CuMMeETp. Y 127 + | - |+ | - - - - - -
He cummerp. | A + |+ -+ |-+ ]+ ]|+ ] -
Ne Rl Ll Cl Rz Lz Cz R3 L3 C3
2 91 790 43 77 120 69 10 440 41
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Tabmuya 3.1

Ne CxX.| Uew | R | L |C | R |L | C | R | L | C
0 CuMMeETp. Y 220 + | - |+ | - - - - - -
He cummerp. | A + |+ -+ |-+ ]+ ]|+ ] -
1 CuMMeETp. Y 380 + | - |+ | - - - - - -
He cummerp. | A + |+ -+ |-+ ]+ ]|+ ] -
2 Cummerp. Y 660 + | - |+ | - - - - - -
He cummerp. | A + |+ -+ |-+ ]+ ]|+ ] -
3 CuMMeETp. Y 127 + | - |+ | - - - - - -
He cummerp. | A + |+ -+ |-+ ]+ ]|+ ] -
4 Cummerp. A 220 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ |+ ] +] -
5 Cummerp. A 380 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ +]+] -
6 Cummerp. A 660 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ +]+] -
7 Cummerp. A 127 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ |+ ]+ -
8 Cummerp. A 220 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ +]+] -
9 Cummerp. A 380 + | - | + | - - - - - -
He cummerp. | Y + |+ -+ -+ +]+] -
Tabmuya 3.2
NQ Rl Ll Cl RZ LZ C2 RS LS C3
0 58 460 16 11 175 48 56 114 49
1 35 870 75 27 280 142 55 450 10
2 91 790 43 77 120 69 10 440 41
3 40 91 16 37 120 &3 35 153 27
4 70 490 12 42 93 44 18 102 48
5 37 178 81 33 192 61 50 404 51
6 18 146 95 73 165 94 51 330 42
7 73 94 23 97 489 88 49 130 41
8 34 196 68 39 577 27 29 110 31
9 24 300 15 22 210 120 38 260 39
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3.2. MeToan4ecKkue peKOMEeHAAN UM

[To UCXOMHOM cXeME FIECKTPUUECKOM LIENU U MAILIMHHOW pacneyaTke
WHAUBUIYATBHOTO 3aAaHusi ChopMHUpPYHTE CBOIO pacueTHyI0 cxemy. Eciu
B pacricyaTKe YKa3aHO HYJEBOE 3HAYEHHUE, ATO O3HAYAET, YTO JAHHBIA
AJIIEMEHT B PACYETHOM CXEME OTCYTCTBYET, YHACTOK 3aKOPAYMBAETCH.

B o0meM ciayudae oaHo(a3HbIE MNPHUEMHHKH, KOTOPbIE 00pa3yroT
CUMMETPHUUYHBIA U HECUMMETPUUYHBIH TpeX(a3HbIe MPUEMHUKH, COJIEPHKAT
OJIMH WJIH JIBa DJIEMEHTA, BKIKOUEHHBIE TTOCIIEA0BATENBHO.

Tak, Harpumep, 111 UHAUBUYaJbHOrO 3aaanusa 902491-10 pacuer-
Hasi cxema rpuoOpeTaeT BUJ, MPEACTABICHHBIN Ha puc. 3.2.

jC ¢ jAl ¢ jAz

jCZ i
]BZ

R; R,

C
3 I

Rz LZ

Bapmemr 90249110

ienn Tpexdasmorc Towa T=3H0

Harpy=wa ! CHMMe TPpIMHAN.
CxeMsa CO2IMHSHMT ﬂpHEHHﬂDE H
EBEEOA .

R= g3 L= g

Harpyssa ! gocHMMeTPpHUHAT.

CHeEMBa COBIHHSHNA NIPHEMHHEOEB
TpeY rOLLHME .

B 50 41 36
L 9s a1 0
c a 0 27

Puc. 3.2

ConpotusiieHusa 3aaanbl B OMax [OM], MHAYKTUBHOCTH B Muiu-
reupu [MI'H], emkocTH B Mukpogapanax [MK®]|. HacToTy nUTAOIENA CETH
npuHATH = 50 I'1.

[Tepen BBIMOTHEHUEM 3aaHUS PEKOMEHIYETCA O3HAKOMMTBLCA C 3a-
nayamu 6.1-7.3. yueOHoro nocoous [9].
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3.3. Ilpumepsnl pacuéTra Tpexda3sHbIX Henei

3aoaua 3.3.1. K Ttpexda3Hol JTUHMU C JUHEHHBIM HaNpSKEHUEM
Un=380 B mnoakmoyeHbl TpU OJUHAKOBBIX OJHO(A3HBIX MPUEMHHUKA
(Rp =3, OM, X¢¢ = 4, OM), COETMHEHHBIE 110 CXEME «3Be€3/ia C HEHTpaJib-
HbIM mpoBoJOM» (puc. 3.3). Onpenenuts TOKM B (a3ax U HEWTpaIbHOM
NpOBOJIE, a TAKXKE MOTPEONIEMYID MOUIHOCTh (AKTUBHYIO, PEAKTHBHYIO,
MOJIHY0). [TOCTPOUTH BEKTOPHYIO MArpaMMy TOKOB U HAMPSKEHUA.

AO —>.
]A — XC

Puc. 3.3

Peuwenue

Harpy3ka Bcex (pa3 oJlMHaKOBa, MOATOMY PACYET MPOBOAAT JJIsL OJ1-

HO# (pa3bl.
Onpenensercs GpazHOE HANPSKEHUE

Ugp = Ug 380 220, B,
NNE
A B KOMIUICKCHOI (opMe, NpuHUMas Hayanbnyio dasy Vi = 0,
U, =U, =Ue’" =220e’", B;
Ub = UB = Uq)ejwuB = 2206_11200, B,
U, =Ue =Uye’"" =220e’*", B.
Harpyska Bcex a3 oauMHaKOBa, MOAITOMY KOMIUJIEKCHBIE COTIPOTHB-
JeHus Bcex (pa3 0qUHAKOBBIE:
Zy=Zp=Z,=Rp—jXp=Zge'" =(3+4). Ou=5¢7, Oum;

rae Z(b:\/R(bz+XC(b2:\/32+42:5, Owm;
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- X
(¢ = arctg CP _ arctg(- i) = -53°.
R 3

da3zHbIe W JIMHEHHBIE TOKHU OIPEaAeIUM 10 3aKoHy Oma:

N Jo* a0
]AzlazUa =2206. - — 44773 , A;
Za 58_153
. . ‘ - /120 .
=iy =l 229¢ " T 46T 4
Zy  5¢7/3
7120
Ic=1,= Ue _ 2206. - = 44173 ,A
Zc 58_153

CTpouM BEKTOPHYIO auarpamMmy (pa3HbIX W JIMHEHHBIX HAIMPSKEHUA
B BBIOpaHHOM MaciiTade 71, OTKIaAbIBAEM BEKTOPHI TOKOB B MacIITade mi;
B (pazax mox yrioM @y = - 53° K COOCTBEHHBIM (Da3HBIM HAMPSIKEHUSM.
3B€3/1a TOKOB TOJIyHa€TCsl CAMMETPUYHOM, TOK B HEUTPAJIIBHOM MPOBOJE [y

paseH HyJo (puc. 3.4): IN =14+ 1p+1c =0.

+ 1| A(a)

+J

C(c) UBC B(s)
Puc. 3.4

[Tpu 0OpbIBE HEUTPATLHOTO NPOBOJA PEKUM pabOTHl IPUEMHUKOB HE
U3MEHUTCA, TaK KaK TOK TaM OTCYTCTBYET, MO3TOMY IMPU CUMMETPUYHOM
HArpy3Ke HAJUYHEe HEHTPAJbHOI0 NPOBOAA HEO0A3aATEJIBHO.

AKTHBHAas. MOIIHOCTb, MOTpeOJIsieMas Harpy3Koi Kaxxaoi ¢asel oau-
HAKOBAa, MO3TOMY CyMMapHas akTHMBHAs MOUIHOCTh MOKET OBITH OMpese-
JIEHa CIEAYIOIIMM 00pa3oM:

P=3U¢plgpcosop = J3Unly cos 0P =
=/3-380-44-cos (-33°) =17375, Br.
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PeakTuBHasg MOLIHOCTD:
O =3Ugplpsin@g = \/§UH]H sin Qg =

=+/3-380-44 sin - (-53°) = -23101, Bap.
IToyiHas MOIIIHOCTD:
S =3Uglg =~3U51; =~/3-380-44=28959, BA.

HM3MepeHns aKTUBHOW U PEAKTUBHOM MOIIHOCTEH MPOU3BOIAT C I0-
MOIIBIO TPEX, ABYX WK OJHOTO BATTMETPOB, UCMOJIB3YS PA3JIUYHBIE CXE-
MBI UX BKJTIOUCHUA.

[Ipy CUMMETPUYHOM MPUEMHHUKE, COEIIU-
HEHHOM 110 CXEME€ «3B€3/la C HEUTPAIbHBIM
NpOBOJIOM» WIIM «3BE€3/1a 0€3 HEUTpaJbHOTO
MPOBOJIOM», AKTUBHAsE MOILIHOCTH OJHOM (pa3bl
Py ompenensercs ¢ MOMOIIBI OJHOTO BaTT-
METpa MO cXemMe puc. 3.5, Torma akTUBHAs
MOUIHOCTh Tpex(pa3zHOH LEenu:

Puc. 3.5 P=3 Pcb: 3 PpW = 3UaIaCOS(Pa:
= 3-380-44-cos(-53°) = 17375, Br.

3aoaua 3.3.2. Tpu oaHo(a3HBIX MPUEMHUKA COCAUHEHBI MO CXEME
«3B€3/1a C HEUTPAJIbHBIM MTPOBOJIOM» U BKIIIOUYEHBI B TpEX(Pa3HYIO CETh Ha-
npsokeHrem 380 B. ConpoTWBICHHMEM HEWTPAIBHOTO MPOBOAA MOMKHO
npeHeOpeub. ConpoTuBiicHUs ¢as:

Z,= (30 +,40), Om; £, =24 +18), Om; Z.= (80 -;60), Om.

TpedyeTcs n300pa3uTh CXEMY BKIIFOUEHUS TPUEMHHUKOB; ONPEACIUTh
TOKH B NPOBOAAX CETH; MOCTPOUTH BEKTOPHYIO JUarpamMmy TOKOB W Ha-
NpSOKEHUM; M300pa3uTh CXEMY BKIIFOUEHHMS BAaTTMETPOB JJII M3MEPEHUs
AKTUBHOK MOIIHOCTU U ONIPEJCIUTh UX MOKAa3aHUs; BBIYUCIIUTh aKTUBHY1O,
PEAKTUBHYIO W TOJIHYIO (KaKy LITYFOCS) MOITHOCTH.

Peuwenue

CxeMbl BKJIIOYECHHUS TPUEMHUKOB MPUHLMITHAJIbHAS () U 3aMEIICHUS
(0) mpeacTaBiacHbI Ha puc. 3.6.

Hanuuure HEWTpanbHOro MpoBojia 00ECIECYMBACT CHUMMETPUUHYIO
cucteMy (pa3HbIX HANPSKEHMI HA PUEMHHUKAX.

HanpsikeHue ceTr — 3To JIMHEHHOE HanpsKEHHE.
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>0 W

R, Rp RCQ
X, Xp X1
a) 0)
Puc. 3.6
Onpeaengercs (pazHOE HANTPSIKEHHUE:
) :%:%:220, B.

Cuctema (pa3HbIX HANPSKEHUI B KOMIUIEKCHOM (popMeE:

Ug=Ua=Uge’’ =220e/%, B;
Up=Up = U(be_jlzoo =22Oe_j1200, B:

Us=Uc = U(bejlzoo = 22061.1200 , B.
ConpoTtusnenus ¢as
Z, =R, +jX, =30+ j40 =50e/> | Owm;
Zy =Ry + jX, =24+ j18=30e"7 | Om;
Z.=R,—jX,=80-j60=100e"*" , Owm.
J1st cXeMbl COeIMHEHUS] TPUEMHUKOB «3Be3/1a» (pa3Hbie U TUHEHHbIE
TOKH PaBHbI MEKY COO0M M OMPEEIAIOTCS COTJIACHO 3aKoHy Oma:
Ug  220e/Y

fy=i,=Ya_

Zg 5061.530

Sy —j120°
in=ip= Up _ 220e

Zp 3037

:4,46—1530 =(2,6—43,5), A;

=7,3¢7 /17 =(-6,7-72.8), A;

Sy Jj120°
je=i.= Uc _ 220e

Ze 100 /37

=2,2¢/17 =(=2,0+ 70.,8), A.
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TOK B HEUTpPaIBLHOM IIPOBOJIE
IN=I4+Ip+1c=2,6-735-6,7—,2,8-2,0+0,8=

= (-6,1-j5,5)=8,2¢7/13% A

JInst mocTpoeHHs BEKTOPHON JuarpaMmbl TOKOB M HaNpsiKEHWA He-
00X0MMO BBIOpAaTh MAcCUITA0bl HAMPSKEHWI m;; W TOKOB m;. OTHOCH-
TENBHO KOMIUIEKCHBIX OCEH OTKIAAbIBAOTCS (pa3HBIE W JIMHEWHBIE HAPS-
JKEHUSA U TOKM CO CBOMMM HavyaibHBIMU (pazaMu. TOK B HEUTpAJIBLHOM MpO-
BOJIE — 3TO PE3YJIbTAT F€OMETPUUECKOTO CII0KEHUS BEKTOPOB (pa3HbIX TO-
KOB, U €r0 PacroyIOKEHUE U JJIMHA JOJKHBI COOTBETCTBOBATH PACUETHOMY
3HaueHuIo / (puc. 3.7, a).

+1

Aa) ‘h

a) 0)
Puc. 3.7
JInsg u3MepeHus aKTUBHOM MOIIHOCTH B YETBHIPEXIIPOBOJIHBIX CETIAX
UCIIOJIB3YETCS METOJI TPEX BAaTTMETPOB (puc. 3.7, 0).
AKTHBHasT MOIIHOCTh LIEMM TPU BKJIYECHUU BATTMETPOB IIO
puc. 3.7, 0, OpEeACAUTCS CICAYIOLIUM 00Pa3oM:

-MI0Ka3aHue NEPBOro BarTMeTpa pW:
*

P = RG[UAlA] = RG[ZZOeJOO 4, 4e]'53°] _
:220'494’0055302582,56, BT,

-MIOKa3aHUE BTOPOro BAaTTMETpA pIV5:
*

Py =Re[Up 1 5]=Re[220e /1207 7,3¢/1577] =
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-MOKa3aHUE TPETHETO BaTTMETpA p 3!
*

Py =Re[Uc 1= Re[220e/12Y".2,2¢7/1577 =
=220-2,2-cos(—-37°)=386,54, Br.
AKTHUBHAsA MOIITHOCTH 1IETIH;

P=R+P+P;=582,56+1282,61+386,54=2251,71, Br.
AKTHBHas MOIIIHOCTh, OTpeOIsieMasi Harpy3KOi:

P=P,+Py+P=Ryls> + Rplp> + Rol > =
—30-4,4% +24-7.3% +80-2.22 ~2246.96, Br:
NJIn
P=F+P+F=Uslygc080q5+Uplpcos op+UclCOS Q¢ =
=220-4,4-c0s 53" +220-7,3-cos 37" +220-2,2-cos (-37°) = 2251,7, Br.
PeakTuBHasg MOIIHOCTE:
O=04+0p+0c = Xalg* + Xplp> = X2 =
=40-4,4° +18-7,3° —80-2,2° ~1346,42, Bap.
PeaKTI/IBHa}I MOIIHOCTH Qc OTpI/IHaTGHBHaH, TaK KaK COHpOTI/IBJ'IeHI/Ie

(a3bl ¢ HOCUT EMKOCTHOM XapakTep.
[ToJiHas MOIIHOCTH:

S=yplis? = \/2251,72 +1346,42% =2623,55, BA:

HJIN
* * *

§:§a +§b +§c :Uala +Ublb +UCZC :P+jQ:
=2251,7+ j1346,42 =~ 2623,55-¢/31" BA.

3aoaua 3.3.3. K tpexdazHoil cucteme Hanpskenuem 380, B nona-
KJIFOUEHBI TPU OJMHAKOBBIX NPUEMHUKA (Ry, = 3, OMm, X;4 = 4, Om), coenu-
HEHHBIE IO CXEME «TPEYrojabHUK» (puc. 3.8). Onpenenuts TOKU B (pa3HbIX
U TUHEUHBIX MTPOBOAAX U NOTPEOJIAEMYO MOIIHOCTh (AKTUBHYH), PEAKTHB-
HY10, TIOJIHYI0). [TOCTpOUTH BEKTOPHYIO JUAarpaMMy TOKOB M HAIPSKEHUH.
M300pa3uth cXeMy BKJIIOUYECHHUS BAaTTMETPOB JUJII HU3MEPEHHUsS AKTHUBHOW
MOUIHOCTH U OMPEJECTUTh UX MOKA3aHUA.
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Peuwenue

Harpy3ka Bcex a3 oIMHaKoBa, MOATOMY pacdeT MPOBOJUTCS IS OJ1-
HO# (pa3bl.
KoMILIEKCHOE COMPOTUBJICHUE BCEX (Pa3 OJIMHAKOBO:

Lo=ZLp=L.=Rp+ X1 =Zq)ej% =(3+j4), Om= 5¢/°% Owm;
te Zp =y Ry> + X1g> =V3+47 =5, Ow:

X
Pp = arctg—L(b = arctg( i) =53°,
Ry 3

Hanpssxenue ceTd - 370 JIMHEHHOE HANPSKEHUE, KPOME TOTO, B CXEME
COCIMHEHHS «TpeyronbHUK» Uy = U, = 380, B, T0 ecTb (ha3Hble HAIIPsKE-
HUSl MPUEMHUKOB PaBHbI JIMHEHHBIM HaNpsyKEHUSIM UCTOYHUKOB. Clieno-
BaTeJIbHO, cUCTEMA (pa3HbBIX HAMPSKEHWI MPUEMHUKOB B KOMILIEKCHOM
dopme OYJET UMETH BU!

Uy =U 45 =Ue”? =380e°%, B:
Upe =Upc =Uze ™ =380/, B:
Upa =Ucy =U,e’° =380e/°° . B.
[TOCKOJIBKY Harpy3ka CUMMETpPUYHAs, TO MOJIYJIM (Pa3HBIX TOKOB

OJIMHAKOBBIE U 10 3aKOHY OMa paBHBI:

U
=70 30 g6 A
Zp 5

a ¥ vux (a3pl OTIUYAKOTCA OT (pa3 COOTBETCTBYIOUIMX HANPSIKEHUH HA OJUH
U TOT 7K€ YTOJI, paBHBIN @4 = 53°.
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CnenoBarenbHO, ()a3HBIC TOKH PABHBI:
Lap =76e™7% = (45,74 j60,70), A;

Ipe =767/ =(=60,70— j45,74), A;

lae =767 =(=9,26+ j75,43), A.

Moaynau JTUHEHHBIX TOKOB TaK >K€ OJAMHAKOBBIE (TOJBKO I CUM-

METPHUYHOM Harpy3Ku) U PaBHBbI:
I, =31y =~/3-76=131,6, A.
AKTHBHasi MOLIHOCTb, MOTpeOIsieMas Harpy3KO:
P=\/§UH]JI cosq)=\/§-380- 131,6-c0s53°=51969, Br=52, kBr;
peaKTUBHAsE MOLIHOCTb:
O =~/3U,1,sing=+/3-380-131,6-sin53° = 69293, Bap ~69, Keap;
MOJIHAS. MOIIHOCTb:
S =3U,1, =~/3-380-131,6 = 86616, BA =87, kBA.

BekTopHas nuarpamma MOKeT ObITh MOCTPOEHA B JIBYX BapHaHTax, B
3aBUCUMOCTH OT M300paK€HUS CUCTEMBI HarpskeHus (puc. 3.9). IIpensa-
PUTENILHO BBIOUPAOT MacIITaObl TOKa W HanpskeHus. dMa3HbIE TOKH OT-
CTAlOT OT COOTBETCTBYIOIIMX HANPSHKEHUH Ha yroi ¢g = 53°. JInneinore

TOKW HaXOJATCA M3 COOTHOUICHWA, COCTABJICHHBIX COTJIACHO MEPBOMY 3a-
koHy Kupxroda:

jA:jab_jca; jB:jbc_jab; jC:jca_jbc-
+1

Ie +1

A(a) A_On

Puc. 3.9

HM3MepeHrs akTUBHOW W PEAKTUBHON MOLIHOCTEN MPOU3BOAATCA C
MOMOLIBIO TPEX, ABYX WU OAHOTO BAaTTMETPOB, HCHOJB3YsS pPa3IUYHbBIC
CXE€MBI UX BKJIIOYCHUA.
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[Ipy CUMMETPUYHOM IIPUEM-
HUKE AaKTHBHAsA MOUIIHOCTH OJIHOW
(asbl Py onpenensercs ¢ NOMOLIBIO
OJIHOTO  BaTTMETpa IO  CXEME
puc. 3.10, TOorma axkTUBHAsA MOUI-
HOCTh Tpex(azHOM Lenu:
¢ Zy b P=3Py=3P,y=
=3 Uab]abCOS(Pab =3 Ucb]chOS(Pcb =
=3-380-76-c0s(53°) = 52, kBrT.

3aoaua 3.3.4. K tpexnpoBoaHoi Tpex(a3HOM JIMHUU C HAIPSKEHU-
eMm 380, B moakimodeHsl TpU OJHO(]A3HBIX NMPUEMHHKA MO0 CXEME «Tpe-
YTOJBHUK» € TTapameTrpamu: R;= 5, OMm; R,= 6, OM; X;»= 8, Om; R3=4, Om;
Xc3= 3, OM. Onpenenuts TokM B (pazax W JIUHEHHBIX MPOBOJAX, aKTHB-
HY10, PECAKTUBHYK) W MOJIHY}O MOILIHOCTH. ITOCTpOUTH BEKTOPHYIO Aua-
rpaMMy TOKOB U HampsikeHUil. M300pa3uTh CXeMy BKIKOUEHMS BaTTMET-
POB JUISl UBMEPEHMS AKTUBHOM MOIIIHOCTH M ONPEACINTD UX MTOKA3aHUS.

Puc.3.10

Peuwenue

OnHo(a3Hbie NPUEMHHUKH K TPEXTPOBOAHOM CETH MOAKIOYAKOTCA MO
cxeme “TpeyroyibHuK  (puc. 3.11).

Puc. 3.11
Harpy3ka HecuMMETpUYHasi, TMO3TOMY TOK KaXJa0il (a3bl HyKHO

CUHUTATh OTACJBHO.

HanpsskeHue ceTH - 9T0 JIMHEMHOE HANPSIKEHUE, KPOME TOTO, B CXEME
COCIMHEHHS «TPEeYronbHUK» Uy = U, = 380, B, T0 ecTb (pa3Hble HAIIPsKE-
HUSl MPUEMHUKOB PaBHbI JIMHEHHBIM HaNpsyKEHUSIM UCTOYHUKOB. Clieno-
BaTeJIbHO, cUCTEMA (pa3HbBIX HAMPSKEHWI MPUEMHUKOB B KOMILIEKCHOM
dopme OYJET UMETH BU!
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Uap =U 45 =U,e’?% =380e°", B;
Upe =Upc =Uze /% =380e7/", B;
Uca =Ucy =Uze’"% =380e/°, B.
KoMruiekCHbIE CONpOTUBIICHUS (ha3:
Zp=R,=R =50m=5"" Owm;
Zp. =Ry + jXp. =Ry + jX 1, =6+ j8, OMm=10e/>", Om;
Zo =R+ jX.y=Ry— jXr3=4—j3, Om=5¢"""" Om;
da3HbIC TOKH OMPEIACIAOTCA COTJIACHO 3aKOHY Oma:
Uwp 380e”*”
Zab B 5¢/0
=76-c0s30° + j76-s5in30° =(65,8+ j38), A;

I = =76e~/3% =

Upe  380e™/%"
Zpe 106/
=38 cos(—143") + j38-sin(—143") = (-30,3 - j22,9), A;

Ipe = —38e /1% =

Use 3808/
7 56—]37°

=dac

=76-cos(187") + j76-sin(187°) =(-75,4—- j9,3), A.

fue = =76¢/187 =

JIuHelHbIe TOKM omnpeaessstoTcd M3 (Pa3HbIX MO IEPBOMY 3aKOHY
Kupxroda:
Iy=1,—-1,=658+;380-(=754-79,3)=
=141,2+ j47,3=148,9¢/1%% A;
Ig=1p,—1,=-30,3—722,9—(658+38,0)=
=-96,1— j60,9=113,8/17% A;
Io=1,—1,.=-754-j9,3—(-30,3—j22,9)=
=451+ /13,6 =47,1e/19% A
CymMMa JIMHEMHBIX TOKOB JOJKHA PABHATHCA HYJIIO:
I +1,+1.=1412+ j47,3-96,1— j60,9—-451+ j13,6=0.
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AKTHUBHASA MOIITHOCTE;
P=R,I% + Ry Io +R I =

ca”ca

=5-76" +6-38° +4-76> = 60648, Bt =60,6, kBT.
PeakTuBHasg MOLIHOCTD:
O =X 12+ Xpelpo = Xogliy =

carca
=0+8-38%—3-76> =—5776, Bap = 5,8, KBap;

3/1€Ch 3HAK “MUHYC” TOKA3bIBAET, YTO MPe00JIaacT EMKOCTHAsI HAarpys3Ka.
[ToJiHas MOIIHOCTH:

S =/P*+0* =/606487 + 5776 = 60875,BA =60.9, KBA.

BekTopHble auarpaMMbl TOKOB W HAIpSKEHUA B JIBYX BapuUaHTax
MPEACTABJICHBI HA puC. 3.12.

Y

Puc. 3.12

[IpenBaputeIbHO BBHIOHPAIOT MacIITaObl TOKA W HaIpsbKeHUs. Bek-
TOpbI (pa3HBIX TOKOB ]ab, I be s ]ca OTKJIAJILIBAKOT OTHOCUTEJILHO BEKTO-
POB COOTBETCTBYIONIUX HAMPSLKCHHMM MOA YyIlaMH @gp =0, @pe =53°,
Qcg = —37° UMM B COOTBETCTBUU C MOJTYUYCHHBIMH WX HavaJIbHBEIMU (pa3a-
MU g =30°; ype =—143°; o, =187°. 3areM Mo nepBoMYy 3aKOHY
Kupxroda cTposT BEKTOpPHI JIMHEHHBIX TOKOB I s I B ic, JUIMHA U Ha-
MPABJICHUE KOTOPHIX JOJLKHBI COOTBETCTBOBATH PACUETHBIM JJAHHBIM:

jA :jab _jca; jB :jbc _jab; jC :jca _jbc-
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B TpexmpoBOJAHBIX CETAX AJI1 U3MEPEHHS aKTUBHON MOIIHOCTHU HC-
MOJIB3YETCS METO ABYX BAaTTMETPOB, MPUUYEM OJHUH U3 BATTMETPOB BKIIIO-
4yaeTcs Ha “TIEpEBEPHYTOE” JIMHEHHOE HamnpsibkeHue (puc. 3.13).

UAB jA
\/
b A ? —
. Ip
U,
o L S
4
‘ P, e
Puc. 3.13

AKTHBHas MOIIHOCTh LEMM IIPpU BKJIKYEHHM BaTTMETPOB IIO
puc. 3.13 onpeaeaurcs cieay UM o0pa3om:
-MI0Ka3aHue NEPBOro BarTMeTpa pW:

B =Re[Up1 ,]=Re[380e°" -148,9¢/18"] =
=380-148,9-cos115°=55444,7, Br;
-II0Ka3aHUE BTOPOrO BaTTMETpA pIV5:

P, =Re[Ucp I,-]=Re[-380e /% . 47,1779 =
= Re[380¢/"-47,1e™/19%"] = 380-47.1-cos(~73,2) = 51725, Br.

AKTHUBHAsA MOIITHOCTH 1IETIH;
P=P+P =55444,7+5172,5=60617.2, BT = 60,6, KBt
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