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[nsa 3agaHHom 3]'|eKTpI/I'~IeCKOIZ uenun no 3agaHHbIM napaMeTpaM Harpy3km n nutarolwnm HanpaxXeHnam
BbINOJNTHUTL creaylulee:

1. Onpepenutb asHble N NMMHENHbIE TOKN NPU 3aMKHYTOM U Pa30MKHYTOM KIltoye S;
2. Onpegenntb NokasaHns NPUGOPOB B ABYX peXnmax;
3. MocTpountb rpadmkn MrHOBEHHbLIX TOKOB U HanNpsXXeHu B Kaxxaon dase n obpaTtHOM NpoOBOAHMKE;
4. BbiGpaTb Mapkun nameputenbHbIX NpnbopoB 1 npeaesibl N3MepeHun;
5. MocTpouTb BEKTOPHLIE AnarpaMMbl TOKOB U Tonorpadmyeckme guarpaMmMbl HanpshkKeHWn.
6. PaccutaTb cuMMeTpUpYtoLLMe YCTPONCTBA, NOAKYaeMble K Harpy3ke Anst YMeHbLUEHUST HECUMMETPUn
U2/U1<=0.2
VYkazauue N Homep cTygeHTa no Crmcky
M HoOMep Ipynmnbl
M:=1
[aHo: R=25M XLl:=15M XC1:=30M
17-N 11-N 7N
Ul= — U3i= —— Usi= 12
V2 V2
Ul = 12.0208 N U3 =177782N U5 =4.9497N
Ual := Ul Ual = 12.0208 N |Ual| = 12.0208 N arg(Ual) = 0-deg
— 120j-deg .
Ubl := Ul-e Ubl = (-6.0104 — 10.4103i)) N |Ubl| = 12.0208 N arg(Ubl) = —120-deg
Ucl == Ul-e 2% %8 (el = (260104 + 104103)N  |Ucl| = 12.0208 N arg(Ucl) = 120-deg
30j-deg .
Ua3 := U3-e Ua3 = (6.7361 + 3.8891i)) N |Ua3| = 7.7782N arg(Ua3) = 30-deg
30j-deg .
Ub3 := U3-e Ub3 = (6.7361 + 3.8891)) N |Ub3| = 7.7782N arg(Ub3) = 30-deg
30j-deg .
Uc3:= U3-e Uc3 = (6.7361 + 3.8891i)) N |Ue3| = 7.7782N arg(Uc3) = 30-deg
Uas == Us-e P98 (55 _ (35— 350)N |Uas| = 4.9497N arg(Ua$) = —45-deg
75j-deg .
Ub5 := US-e Ub5 = (1.2811 + 4.7811)) N |Ubs| = 4.9497N arg(Ub5) = 75-deg
Ucs = Us-e 1098 (1es = (47811 — 1.2811) N |Ucs| = 4.9497N arg(Uc5) = —165-deg



PacyeT Lenu npu coeHEHUN UCTOYHNKA U Harpy3Kku
3Be3aa-3Be3a C HyneBbIM NPOBOAOM:

Onpep,enMM NUHEWHble HarnpaxeHuna:

Uabl := Ual — Ubl

Ubcl := Ubl — Ucl

Ucal := Ucl — Ual

Uab3 := Ua3 — Ub3

Ubc3 := Ub3 — Uc3

Uca3 := Uc3 — Ua3

Uab5 := Uas5 — Ub5

Ubc5 := Ub5 — Ucs

Uca5 := Uc5 — Uas

Uabl = (18.0312 + 10.4103)) N
Ubcl = -20.8207iN

Ucal = (-18.0312 + 10.41031)) N
Uab3 =0N

Ubc3 =0N

Uca3 =0N

Uab5 = (2.2189 — 8.2811i) N
Ubc5 = (6.0622 + 6.0622i) N

Uca5 = (-8.2811 + 2.2189{) N

|Uab1| = 20.8207 N
|Ubcl| = 20.8207 N

|Ucal| = 20.8207N

|Uab5| = 8.5732N
|Ubcs| = 8.5732N

|Ucas| = 8.5732N

arg(Uabl) = 30-deg
arg(Ubcl) = —90-deg

arg(Ucal) = 150-deg

arg(Uab5) = —75-deg
arg(Ubc5) = 45-deg

arg(Uca5) = 165-deg

Onpep,enMM KOMMIEeKCHble CONMpOTUBIIEHNA:

XC1 = 30 XLl = 15
XCl
XC3 = 5 XC3 =10 XL3 := XL1-3
XCl
XC5 = — XC5=6 XL5 := XL1-5
Zal := R + j-XLI1 Zal = 25 + 15i |Zal| = 29.1548
Za3 = R + j-XL3 Za3 = 25 + 45i |Za3| = 51.4782
Za5 = R + j-XL5 Za5 = 25 + 75i | Zas| = 79.0569
Zbl =R Zbl = 25 |zb1| = 25
Zb3 =R Zb3 =25 |zb3| = 25
Zb5:= R Zb5 = 25 |Zb5| = 25
Zcl := —j-XCl Zcl = -30i |Zc1| =30
Zc3 = —j-XC3 Zc3 = —10i |Ze3| = 10
Zc5 = —j-XC3 Zc5 = —10i |Zes| = 10
Onpegenum Toku:
Ual
lal = ——  Tal = (0.3536 — 0.2121i)) N |Tal| = 0.4123N
Zal
Ubl .
Ibl .= ——  Ibl = (=0.2404 — 0.4164))N |1b1| = 0.4808 N
Zbl
Ucl .
el .= ——  Icl = (—0.347 — 0.2003i)) N |1c1| = 0.4007N

Zcl

XL3 =45

XL5 =75

arg(Zal) = 30.9638-deg
arg(Za3) = 60.9454-deg

arg(ZaS) = 71.5651-deg

arg(Zbl) = 0-deg
arg(Zb3) = 0-deg
arg(Zb5) = 0-deg
arg(Zcl) = —90-deg
arg(Zc3) = —90-deg

arg(ZcS) = —90-deg

arg(Tal) = —=30.9638-deg

arg(Ibl) = —120-deg

arg(Icl) = —150-deg



Ua3

Ia3 := Z_3 Ia3 = (0.1296 — 0.07771)) N |Ia3| =0.1511N arg(la3) = —30.9454-deg
a
Ub3 .
b3 = Z_b3 b3 = (0.2694 + 0.15561)) N |Ib3| =0.3111IN arg(Ib3) = 30-deg
Uc3 .
Ic3 = Z_3 Ic3 = (-0.3889 + 0.67361) N |Ic3| =0.7778 N arg(Ic3) = 120-deg
C
Uas .
Ia5 := Z_S Ia5 = (-0.028 — 0.0561) N |Ia5| =0.0626 N arg(laS) = —116.5651-deg
a
Ub5s .
b5 = Z_b5 b5 = (0.0512 + 0.1912)) N |Ib5| =0.198N arg(Ib5) = 75-deg
Ucs .
Ic5 = Z_S Ic5 = (0.1281 — 0.47811)) N |IcS| =0495N arg(IcS) = —75-deg
C

Onpegenum nokasaHus amnepMeTpa BKoYeHHoro B asy B:

b= (112 + (J13])2 + (1052 Ib = 0.606 N

Onpep,enMM MrHOBEHHO€E 3Ha4YeHne TOKa HyneBoro nposoaa:

lol := Ial + Ibl + Icl Tol = (—0.2339 — 0.8289i) |Iol| = 0.8613N

lolm:= [Iol|+/2 lolm= 1.218N ol := arg(lol) Pol = —105.7565-deg
I3 := Ia3 + Ib3 + Ic3 To3 = (0.0101 + 0.7515i)1 |[T03] = 0.7515N

To3m := [I03|+/2 Io3m = 1.0628 N P03 := arg(Io3) P03 = 89.2281-deg
105 := Ia5 + Ib5 + Ic5 To5 = (0.1514 — 0.3429i)1 |105| = 0.3748 N

Io5m:= [Io5| /2 lIo5m = 0.53N )05 = arg(Io5) P05 = —66.1817-deg

i01(t) := 12.18-sin(314t + —105.7565 deg)
i03(t) == 10.9183-sin(942t + 89.2281 deg)
i05(t) == 5.3533-sin(1570t + —66.1817 deg)

io(t) := i0l(t) + 103(t) + 105(t) > 12.2-sin(—-106.0-deg + 314.0-t) + 10.9-sin(89.2-deg + 942.0-t) + 5.35-sin(—66.2-deg + 1.

Onpep,enMM NnoKa3aHnA amnepmeTpa BKIHYEHHOIO B HyJ'IeBOIZ npoBoa:

o= ([To1])* + (J103] 2 + (|105] )2 lo = 1.2029N

20 20

" 1000-64 ~ 1000




LA

301

iol(t)
FaTazal

i03(t)
+++

i05(t)
660

io(t)

- 101

=201

-30-

M =1 Alpen




0.5

~03 ~02 ~0.1 0 0.1 0.2

-0.57

Onpep,enMM NOKa3aHNA BAaTTMETPOB:

Pwl = Re(—Ual-To1) + Re(-Ua3-103) + Re(—Ua5-105) Pwl = —1.9092N>
pw2 := Re(Uabl-To1) + Re(Uab3-103) + Re(Uabs-105) Pw2 = —9.6709N>

PacyeT Lenv npn coeanHeHNn UCTOYHNKA U HarpysKku
3Be3fa-3se3fa 6e3 HyneBoro NpoBoAaa:

Oﬂpeﬂ,eHMM npoBOANMOCTU:



Yal = — Yal = 0.0294 — 0.0176i |Yal| = 0.0343 arg(Yal) = —30.9638-deg

Ybl = o Ybl = 0.04 |Yb1| = 0.04 arg(Ybl) = 0-deg
1
Yel = 7 Yel = 0.0333i |Yel| =0.0333 arg(Ycl) = 90-deg
C
1 _
Ya3 = -3 Ya3 = 9.434x 107 ° — 0.017i |Ya3| = 0.0194 arg(Ya3) = —60.9454-deg
a.
1
Yb3 = — Yb3 = 0.04 |Yb3| = 0.04 arg(Yb3) = 0-deg
7b3
1
Ye3 = — Ye3 = 0.1i |Ye3| = 0.1 arg(Yc3) = 90-deg
Zc3
1 _
Ya5 = o Yas=4x 107 ° - 0.012i |Yas| = 0.0126 arg(Yas) = —=71.5651-deg
a.
1
Yb5 = — Yb5 = 0.04 |Ybs| = 0.04 arg(Yb5) = 0-deg
Zb5
1
Y5 = P Ye5 = 0.1i |Yes| = 0.1 arg(Yc5) = 90-deg
C

Onpep,enmm HarnpdaxeHmne cmeLleHnA HeIZTpaJ'II/IZ

Ual-Yal + Ubl-Yb1 + Ucl-Yel .
Uool = —=2 S Uool = (=5.7732 — 10.637) N
Yal + Ybl + Yel

Ua3-Ya3 + Ub3-Yb3 + Uc3-Yc3
U003 = —— 12 S Uoo3 = (6.7361 + 3.8891) N
Ya3 + Yb3 + Y¢3

Ua5-Ya5 + Ub5-Yb5 + Uc5-Yc5
U005 = —— 22 T Uo'o5 = (~2.429 — 2.9344) N
Ya5 + Yb5 + Yc5

Onpepenenum nokasaHnsa BONbTMETPA, BKNOYEHHOro mexay Todkamm OO

Uvoo' := \/( [Uo01])? + (JU03| ) + (|Uoos|)? Uvoo' = 14.8824N

Onpegenenum dasHble HanpsXxeHnsa gasbl B:
Ubo'l := Ubl — Uo'ol  Ubo'l = (=0.2372 + 0.2267))N  |Ubo'l] = 0.3281N arg(Ubo'l) = 136.302-deg

Ubo'3 := Ub3 — Uo'o3  Ubo'3=0N



Ubo'5 := Ub5 — Uoo5  Ubo's = (3.7101 + 7.7155) N |Ubo'5| = 8.5612N arg(Ubo'5) = 64.3189-deg

Onpegenenum Tokun casbl B:

Ubo'l _ _
Ib] := Zbol bl = (—9.4879 < 107> 4 9.0662i x 10 3)N
p3 - 2003 b3 = ON
M 713
Ubo's
Ibs = Zb°5 Ib5 = (0.1484 + 0.3086i) N

Onpepenenum nokasaHnsa amnepmeTpa, BKIHOYEHHOro B hasy B:

AIAQA::\/(|Ib1|)2+(|Ib3|)2+(|lb5|)2 Ib = 0.3427N



570.0-t)



( 0 0 j ( 0 0 j ( 0 0 j
vlol = vlo3 = vlo5 =
Re(Iol) Im(Iol) Re(Io3) Im(Io3) Re(Io5) Im(Io5)

0 0 0 0 0 0
vlol = vlo3 = N vlo5 = N
-0.2339 -0.8289 0.0101 0.7515 0.1514 -0.3429



