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3amanue 1
PACYET DJEKTPUYECKOM HEIU IIOCTOSHHOI'O TOKA

3ananue:

J171st 3aTaHHOM CXEMBI AJIEKTPUUYECKOM 1IeTH TpedyeTcs:

I. OnpenenuTh TOKM BO BCEX BETBIX JJIEKTPUUECKOW LIEMU METOJIOM
3akoHoB Kupxroda.

2. Onpenenutb TOKM BO BCEX BETBAX AJEKTPUUYECKOM ILIEMIM METOJIOM
KOHTYPHBIX TOKOB.

3. Onpenenuth TOKM BO BCEX BETBAX AJIEKTPUUYECKOM ILIENIM METOJIOM
y3JI0BBIX MTOTECHIUAJIOB.

4. Onpenenuth TOK B BETBU, YKa3aHHOW B 33/1aHWU, BOCIIOJIb30BABIIUCH
METOJIOM 3KBUBAJICHTHOI'O T€HEpaTOpa.

5. TlocTpouTh NOTEHIMATBHYIO JUAarpaMMy JJisl KOHTYpa, YKa3aHHOTO B
3a1aHUU.

6. Onpenenurb MOIIHOCTh, OTAABAEMYIO Ka)KIbIM HCTOYHHKOM, H
MOIITHOCTh, PAacCeMBAEMYI0 Ha KaXXOM YydacTke Ienu. [IpoBeputh OamaHc
MOIIIHOCTEM.

HcxoaHble 1aHHBIE:
E; =0B,E, =48B,E; = 60B,
E,=12B,Es=0B,E; = 0B,
Ry =50M,R, =40M R; =80m,
R, =60M Ry =70M,Rs = 80m.

OnpenenuTs TOK B BETBU C PE3UCTOPOM R,.
KoHnTyp /15t nocTpoeHust NOTeHIUaIbHON Auarpammel adcba.

Rs E b B
| | 3"/'-""\.. - | |
I 1\:;
Ey
R4
R Es
ad - b ol
E.
:EI—@E;2

Pucynok 1.1 — PacueTHas cxema nenu



1. OITPEAEJIEHUE TOKOB BO BCEX BETBAX 110 3AKOHAM
KHPXTODA

1.1. BeiOepem HampaBieHUsST TOKOB B BETBAX W HaMpaBJICHUS 00Xoja
KOHTYpOB. [lojcunTaeM KOJWYECTBO ypaBHEHHH, KOTOpbIE HAJlO 3amucaTh 1o 1-
oMy u 2-omy 3akoHaM Kupxroda:

n; =ny, —1=4—1= 3, e Ny, — KOJUYECTBO Y3JIOB B CXEME;

Ny, =Ny —n; — (ny - 1) =6—0—3 =3, rae ny; — KOJIUYECTBO BETBEH B
CXeMe, 1j — KOJIMYECTBO BETBEH C HCTOYHUKAMH TOKA.

Pucynok 1.2 — Cxema nienu jis pacuera MeTooM ypaBHeHui Kupxroda

1.2. CocraBuMm cuctemy ypaBHeHHM 10 1-omy 3akony Kupxroda mis
y3J10B a, b u ¢, u 1o 2-omy 3akoHy Kupxroda myist koHTypoB abca, bdcb v acda:

( ILh,—I13+1,=0; ( LL—I13+1,=0;
—LL+13+1,=0; - +13+1,=0;
< —I,+1s— I = 0; o —I,+ 15— Ig = 0;
I3R; — LR, + [gRg = E5 — Ey; 83 — 61, + 8l = 48;
ILR1 + I4,R, + IsRg = E; S5I + 61, + 715 =12;
\ bR, — IsRs — IcRs = —E5; \41, — 715 — 8l = —48.

Pemas nanHyio cucreMy ypaBHEHHMH ¢ momoinbio nporpamMmbl Mathcad,

HaﬁIICM HCHU3BCCTHBIC TOKUA.:
I, =0,6987 A, I, = —1,5053 A, I; = 1,8222 A,
I, = —1,1336 A, I = 2,1940 A, I, = 3,3236 A.

HOJIy‘{eHHBIe OTPHUOATCIIBHBIC 3HAYCHHUA TOKOB O3HAYAKOT, YTO HX
HCﬁCTBHTeHBHBIe HaIlpaBJICHUA ITPOTUBOIIOJIOKHBI BBI6paHHBIM.



2. OITPEAEJIEHUE TOKOB BO BCEX BETBAX
METOJOM KOHTYPHbIX TOKOB

2.1. BpiOupaeM HampaBieHUSI KOHTYPHBIX TOKOB Iq1,l55,133 B KOHTYypax
abca, bdcb w acda coorBerctBeHHO (puc. 1.3). CoctaBUM ypaBHEHHUS IO
METOAY KOHTYPHBIX TOKOB:

I11Ryy — IppR1p — I33R 3 = Eqy;
—I11Ry1 + IppR35 — I33Rp3 = E3p;
—I11R31 — I33R3; + I33R33 = E33.

Bs

PI/ICYHOK 1.3 — Cxema ey it pacdeTta MCTOJOM KOHTYPHBIX TOKOB

2.2. OnpenenuM COOCTBEHHBIC U B3aUMHBIE COTIPOTHUBIICHHUS:
Ri1 = R3 + R4+ Rg = 22 Owm;
R, =Ry + R, + Ry =18 Owm;
R3;3 = R, + Rs + Rg = 19 Owm;
Ri2 = Rz = Ry = 6 OMm;
R;; = Ry3 = R = 8 0m;
R;, = Ry,3 = R; =7 0Mm.

2.3. Onpenenum koutypHbie IJIC:
E,y =E;—E, =48B;
E,, =E, =12B;
E;; = —E, = —48 B.

2.4. IToncTaBUM YUCIICHHBIE 3HAYEHUS B CUCTEMY YPABHEHUM:
2211 — 6l,, — 8133 = 48;
—6l11 + 181y, — 7133 = 12;
—8I11 — 7155 + 19133 = —48.



2.5. Pemass naHHYIO CHCTEMY YypaBHEHHH C MOMOIIBIO TPOTPaAMMBI
Mathcad, HalijleM KOHTYpHbIE TOKH:
I, = 1,8222 A,1,, = 0,6887 A, I35 = —1,5053 A.

26 BeruucinM 3Ha4eHUS TOKOB B BETBAX oCIIn:
I, = I, = 0,6887 A;
I, = I;3 = —1,5053 A;
Is = I, = 1,8222 A;
I, = —Ijy + I, = —1,1336 A;
Is = Iy — I35 = 2,1940 A;
I, = I; — Is3 = 3,3276 A.

HOHy‘{eHHBIe OTPpHUOATCIIBHBIC 3HAYCHHUA TOKOB O3HAYAKOT, YTO HX
HCﬁCTBHTeHBHBIe HaIlpaBJICHUA ITPOTUBOIIOJIOKHBI BBI6paHHBIM.



3. OIPEAEJIEHME TOKOB BO BCEX BETBAX
METO/JO0OM VY3JIOBBIX IIOTEHIIMAJIOB

Pucynok 1.4 — Cxema nenu i pacuera METOJOM Y3J0BBIX IOTCHIIMAIOB

3.1. 3azemuum Touky b. Torma nmoreHuMan TOYKU b paBeH HYIIO, TO €CTh
¢p = 0 B. CocraBuM ypaBHEHUs 110 METOJTY Y3JIOBBIX MOTEHIIUATIOB:

/111 1 1 E,
(R—1+R—2+R—5)<P11—R—5<P22—R—2<P33=—R—2;

1 1 1 1 1 E,
< —R—5<P11+<R—4+R—5+R—6)<P22—R—6<P33=R—4; A
1 1 1 1 1 E; E,
Fren et m R ) TR R

—0,1428(p11 + 0,4345(p22 - 0,1250(p33 = 2,

0,5928¢,; — 0,1428(,, — 0,2500¢55 = —12;
®{
_0,2500(p11 - 0,1250(p22 + 0,4917(p33 == 5,5

3.2. Pemas naHHYIO0 CHUCTEMY ypaBHEHHI ¢ moMolibio mporpammel Mathcad,

HaﬁﬂeM Y3JIOBBIC ITOTCHIUAJIBI:
P11 = _20,8259 B, Qoo = _2,1181 B, P33 = 0,0371 B.

3.3. BbIUKMCIMM 3HaYE€HHs] TOKOB B BETBAX LIETIN:
1
I = R (9p — 911) = 0,6887 A;
1

1
12 = _((p33 - (pll + Ez) = _1,5053 A,

1
I3 = —(@p — @33 + E3) = 1,8222 A;



1
14_ = R_((pb — Q3o + E4_) = —1,1336 A,
4

1
Is = R_(fpzz — @11) = 2,1940 A;
5

1
I = — (@33 — @22) = 3,3276 A,



4. OIIPEHEJIEHUE TOKA I, B BETBU C COITPOTUBJIEHUEM R,
METO/J0OM 3KBUBAJIEHTHOI'O TEHEPATOPA

HpI/I pacdcTc TOKa 14_ MCTOAOM JOKBHUBAJICHTHOI'O TICHCPATOpPA BCTBb, TI'AC
IMPOTCKACT HCKOMBIN TOK, pa3pbIBacM N OTHOCUTCIBHO TOYCK Pa3pbiBa BBIYHUCIIACM
HaIIPAKCHUC Uxx N COMMPOTHUBIICHHUC ITOJIYUCHHOI'O JABYXIIOJIOCHHUKA, B KOTOPOM BCC
HUCTOYHHUKH TOKA PAa30OMKHYTbLI, 4 HCTOYHHKH 9I[C 3aMKHYTHI.

4.1. OITPEAEJIEHUE HAIIPSOKEHMA XOJIOCTOI'O XO4A U,

R3 E Rl
ey O
r Il
I3
I“ U:::\:
I
_"._E Rﬁ RS --IIi
a9 : sl
I22
-+~ 2 Ez
et @__

PucyHnok 1.5 — PacuéTHas cxema

4.1.1. IIpumeHUM METO KOHTYPHBIX TOKOB. CHUCTEMA ypaBHEHHUIA:

{ Ri1111 — Ryp155 = Eqq;
—R31111 + Ryy155 = Eps.

4.1.2. OnpenenuM cOOCTBEHHBIE U B3aUMHBIEC CONTPOTUBIICHUS :
Ri1 = Ry + R3+ Rs + Rg = 28 Om;
R, = Ry, + Rs + Rg = 19 Om;
Ry, = Ry; = Rs+ Rg = 15 Om.

4.1.3. Onpenenum koHTypHBIE DJC:
Ell = E3 = 60 B,
E22 - _E2 - _48 B

4.1.4. TloncrtaBuM 3Ha4YEHUS B CUCTEMY YPaBHEHUM:
{ 28111 — 15122 = 60,
—15111 + 19122 == —48

4.1.5. Pemas naHHYI CHCTEMY YpaBHEHHH C IOMOIIBIO MPOTPaAMMBI
Mathcad, HaliieM KOHTYpHbIE TOKH:

111 = 1,3523 A, 122 = _1,4587 A.



4.1.6. BerunciauM 3Ha4e€HUS TOKOB B BETBIX LIENU:
I; = 1;; = 1,3523 A;
I, =1,, = —1,4587 A;
I3 =1;; = 1,3523 A;
Is =11 — I, = 2,8110 A;
le =111 — I, =2,8110 A.

4.1.7. Onpenenum HanpspKeHUE X0J10cToro xona U, :
UXX - E3 - I3R3 - I6R6 - 26,6341 B

4.2. PACUET DKBUBAJIEHTHOI'O COITPOTUBJIEHUS

4.2.1. [na omnpeneneHuss BXOJAHOTO  CONPOTUBJIEHUS MACCUBHOIO
JIBYXMOJIOCHUKA R,,., TmpeoOpadyeM  TPEyrojbHUK  CONPOTUBICHUU B
AKBUBAJICHTHYIO 3BE3/1y COMPOTHUBICHUI

Rl d RS Rl d
b Rse ¢
4 :R_2 [] L b 1
Eag
| S | | S a
Rs . Rg Rs

Pucynox 1.6 — [Ipeo6pa3oBanue TpeyroiabHUKa B 3BE311y

4.2.2. Onpenenum CONpPOTUBIICHUS YKBUBAJICHTHOW 3BE3/bI:

R RaRs Y7 1370

"R, +Rs+R; 447+8 w
R2R6 4'8

R, = = = 1,6842 Om;

2 "R,+Rs+Rs 4+7+8 "
R-R 7.8

Reg >0 = 2,9474 Om.

" R,+Rs+R, 4+7+8
4.2.3. Onpenenum 3KBUBAJICHTHOE COMPOTUBIICHUE €U OTHOCUTEIIHLHO

TO4YEeK b U c:

_ (Ry + Ry5)(Rs + Rye)
ne Ri + R34+ Ry5 + Ry

+ Ree = 6,7918 OMm.

Haiigem 3Hauenue Toka I;:

UX X

14 e ——
R3KB+R4

= 1,1336 A.



5. TIOCTPOEHUE ITOTEHIIMAJILHOM JTUATPAMMBI

PI/ICYHOK 1.7 — PacueTHas cxema IJIA TIOCTPOCHUA HOTCHHH&HBHOﬁ AnuarpaMMbl

[TocTpouM NOTEHLMANBHYIO TUarpamMmy s KoHTypa dbacd. TloTennuan
y3na d TmpuMeM paBHBIM Hymo. OmpeneinrM MOTEHIIUANIbl OCTAIBHBIX TOYEK
KOHTYpa:

Pa = 0;

Pe = Qg+ LR, = —6,0212 B;
©0q = @, +E, =419788 B;
@ = @q — IsRs = 26,6208 B;
Or = @ — 4R, = 33,4224 B;
Yp = @ + E4, = 45,4224 B;
Yp = @p — E3 = —14,5776 B;
®q = ¢p + I3R3 = 0 — BepHo.



@ E, On

Pucynok 1.8 — IToTeHnmanpHas quarpamMmma

6. BAJJAHC MOII{HOCTE

CymMapHasi MOIIIHOCTb MOTpeOuTENei:
Puwp = 1Ry + I3R, + I2R3 + IR, + IZRs + I2Rg = 142,5218 Br.

CYMMapHaH MOIITHOCTh NCTOYHHKOB:
PI/ICT = E111 + E3I3 + E4_I4 - 142,5624 BT,

Pl'IOTp ~ PI/ICT'

bamanc MomHocTel CXOUTCS.



3ananue 2
PACYET OJJTHO®A3HOM IENMU IEPEMEHHOT O TOKA
3ananue:
J71st 3aTaHHOM CXEMBI AJIEKTPUUYECKOM 1IeTH TpedyeTcs:
1. Onpenenuts oka3zaHusi NpuOOPOB.
2. OnpenenuTp MONTHYI0, aKTUBHYIO U PEAKTUBHYIO MOIIHOCTH LIETH.
3. Ompenenurs THII W HOMHUHAJ PEAKTHBHOIO d3ieMeHTa X,,;, IpH
BKJIFOYUEHHH KOTOPOTO B Ilenu OyAeT HaOmoaTbes pe3oHaHc (cosg = 1).

4, HOCTpOI/ITB BCKTOPHBIC JUarpaMmMbl TOKOB 1 HaHpH)KeHHfI.

Hcxoaubie 1aHHBIE:
U=127B,f =50Tu, U = Ue/%° = 127 B.

R =290M | R, =34 0mMm
Ly =110 mI'a| L, =0 mI'n
Cy =31 Mx® | €, =68 MKD

*® kpﬁ? piql
4 R Y .
A
o

OIL

PucyHnok 2.1 — PacueTHas cxema nenu



1. OTIPEJIEJIEHME ITOKA3AHMII ITPUEOPOB

1.1. 3a1'II/IIJ_IeM IleﬁCTByIOHlee 3HAUYCHUC HaHpH}KeHI/ISI HI/ITaIO]_Heﬁ CCTU:
:n0
U=127¢’% =127B.

I I
— £
o
Lﬁ::_. ﬂ{l’ &
C R I
24 Uap
illﬂ ——— > 4b
Ly lg‘ﬂl L',l —
W =2

Pucynok 2.2 — KoMmruiekcHas cxema 3aMelleHus Henu

1.2. Onpenenum NoJIHbIE CONPOTUBIICHUS YYACTKOB LIECTIH:
XLl == anLl == 34,5575 OM,
1

= 102,7321 Owm;

X =
¢l 2nf Cy

Xop = = 46,8345 Owm;
c2 2nf Cy M
Zi=Ry+ (X —Xpq) = 29 — j68,1746 = 74,1004e 767’ Owm;

Z, =R, — jXc, = 34 — j46,8345 = 57,8709¢ /5*°, Om.

1.3. OnpenenuM TOKH B BETBSIX MO 3akoHY OMa:
L=2o 17139007 =
T T 741004e67° 076 T
=1,7139 - (cos67° + j - sin67°) = 0,6697 + j1,5776, A;
[, =2 27 2,1945¢/5%
= —_= - = 2, e =
=* " Z, 578709e7754

2,1945 - (cos54° + j - sin54%) = 1,2899 + j1,7754, A;

I~

=1,+1,=0,6697 +j1,5776 + 1,2899 + j1,7754 =
= 1,9596 + j3,3530 = 3,8836e/6%° A,
1.4. Onpenennm moka3aHus BOJIBTMETPA C IOMOIIBIO BTOPOTO YPaBHEHHUS

Kupxroda ais kouTypa acha:
—Uci+Up,—Ugpy =0;
—Xc1l1 + Ryl —Ugp = 0;
Uap = Rl — X114 =
= 34-(1,2899 +j1,7754) — 102,73 - (0,6697 + j1,5776) =



= —24,9417 — j101,7032 = 101,8258¢/165° B,

Takum 00pa3oM, MOTyUMIN:
pA; = |I| =3,8836 A, pA, = |I,| = 1,7139 A,
pAs = |I5]| = 2,1945 A, pV = |U 4| = 101,8258 B.



2. OIPEJEJIEHUE AKTMBHOU, PEAKTUBHOM U [TOJTHOUM MOII[HOCTHU

2.1. Onpenenum NoJHYK MOIIHOCTh UCTOYHHUKA YHEPTUU:
S=UI"=127"3,8836e/%° = 493,2172¢/6%" =
= 493,2172 - (cos60° + j - sin60°) = 246,6086 + j427,1261, BA.

2.2. Onpenenum najieHue HaNpsHKEHUS Ha Ka)KJJOM y4acTKe (3JE€MEHTE) Lelu:
U =—jXeil, = 102,73e7799° - 1,7139¢767° = 176,0689¢/23°, B;
Ugy = Ryl, =29-1,7139¢/57° = 49,7031e/67°, B;
U, =jX;, 1, =34,52e79°.1,7139¢/57° = 59,1638¢/157°, B;
Ugy, = Ryl, = 34+ 2,1945¢/5%° = 74,6130e/5%°, B;
Upy = —jXeal, = 46,83e7799° - 2,1945¢75%° = 102,7684¢ /35", B.

2.3. OmpenenuM aKTUBHYIO MOIIIHOCTH MOTPEOUTEIIEH

Pey =Re(S¢ci) =Re(Ucy 1) = 0;

Ppi = Re(Sg1) = Re(Ugq I7) = Re(49,7031¢767° - 1,7139¢/67°) =

= Re(85,1861¢/13*°) = 85,1861 BA;

P = Re(§L1) = Re(gu 1*1) = 0;

Pro = Re(Sp,) = Re(Ugy I) = Re(74,6130e/5% - 2,1945¢/54") =

= Re(161,4225¢/1%%") = 161,4225 BA;

Pe; =Re(S¢;) =Re(Ugy I5) = 0;
Biorp = Pry + Pry = 246,6086 BA.

2.4. OnpeeniuM peakTUBHYIO MOITHOCTh IMOTPeOUTENEH:
Qc1 = Im(S¢y) = Im(Ugy I4) = Im(176,0689e 723" - 1,7139¢/67°) =
= Im(301,7645e/**") = —301,7645 BAp;
Qr1 = 1m(§R1) = Im(QRl 1*1) = 0;
Qui = Im(S1) = Im(U 4 I4) = Im(59,1638e/157° - 1,7139¢/67°) =
= Im(101,4008¢/2%*°) = 101,4008 BAp;
Qrz = Im(ERz) = Im(QRz 5) = 0;
Qcz = Im(S¢y) = Im(U, 1) = Im(102,7684e 7736 - 2,1945¢/54°) =
= Im(225,5225¢/18") = —225,5225 BAp;
Quorp = Qc1 + Q1 + Q2 = 427,1261 BAp.

bamanc MomHocTe CXOAUTCS.



3. OIIPEJIEJIEHUE YCJIOBUU, TIPU KOTOPBIX HA 3AJJAHHOM VUACTKE
HACTVYIIMAT PESOHAHC TOKOB

Pe3onanc HanpspKeHM Ha ydacTKe e BO3HUKHET IPH J00aBJICHUH B
ATOT YYaCTOK JIOMOJTHUTEIHLHOTO PEAKTUBHOIO 3JIEMEHTA U BHITIOJIHCHU U
YCIIOBUS:

WU S 1 s 1
= Z, Z, 741004e7767° " 57,8709e-/54°
= 0,0135¢/67° + 0,0173e5*" = 0,0154 + j0,0264;

1
B, = — = j0,0264, Cm;
) J M
1 1 1

L = 120,6331 MI'n.

~ jwB, j-2mf-j0,0264 2-m-50-0,0264

Takum 00pa3zoM, JUIst JOCTURKEHUS Pe30HAHCA HEOOXOIUMO MOJKIIOUUTD B
JAHHYIO CXEMY KAaTYyIIKy ¢ HHAYKTUBHOCTBIO 121,6331 MI'H.



4. TIOCTPOEHUE TOIIOIT'PAG®UYECKOU U BEKTOPHOM
JIMATPAMMBI HATIPSDKEHU U TOKOB

H

|

Macurrab
40B
0,8 A

Pucynok 2.3 — Tonorpaguyeckas U BEeKTOpHas TUarpaMma HanpspkeHU 1 TOKOB



3ananue 3
PACUYET TPEX®A3HOUN HEIIN

3ananmue:
J171st 3aTaHHOM CXEMBI AJIEKTPUUYECKOM 1IeTH TpeOyeTcs:

1. CocTaBuTh CXE€My BKJIOYEHHUS BaTTMETPOB [JIsi HM3MEpPEHUS AKTUBHOMU
MOIIIHOCTH KaXKJ0ro Tpex(pa3Horo NpueMHHKA.

2. JIna Kaxxao0i cxeMmbl IPUEMHHUKOB ONPeNeNuTh (a3Hble U JUHEIHbIE TOKH, a
TaK)Ke TOKU B MPOBOJIAX CETH.

3. OnpenenuTh MOIIHOCTb, MNOTPEOJAEMYI0 KaXAbIM W3 MPUEMHUKOB, U
MOJIHYIO MOIIIHOCTb, MOTPEOISIEMYIO U3 CETH.

4. TTocTpoUTb BEKTOPHBIE AUMArpaMMBbl HAIPSHKEHUN U TOKOB.

HcxoaHble 1aHHBIE:
R=70M, R=70M, R=7O0wm;
R.,,=12 OMm, Rp=12 Om, R..=12 Owm;
R=6 Owm;

X=50M, X=5Owm;
Xup=14 Om, X.,=11 Owm;

X=6 Owm;
U/=77 B.
A¢!i'
Bolfe
CGEE"
No— 11_'.11 liﬁl llﬂ liﬂ lb’g licﬂ
Iy
X ==F; X X 23X
[|:|Rc Ra [I]Rh []Rhc R R R

Pucynok 3.1 — PacueTHas cxema nenu



1.

CXEMA BKJIFOUEHIS BATTMETPOB JIJISI UIBMEPEHUS AKTHUBHOU
MOIITHOCTHU KAXKJIOI'O TPEX®A3HOI'O ITPUEMHUKA

PucyHnok 3.2 — Cxema BKJIIOYEHHS] BATTMETPOB



2. OITPEJIEJIEHME KOMIIIEKCOB JIEMCTBYIOIINX 3HAUEHUIA
TOKOB B ®A3AX ITIPUEMHHMKOB 1 TOKOB B JINMHENHBIX ITPOBOJIAX
CETHU

2.1. 3anuiieM KoMIUIeKChl (Da3HBIX HAPSKEHUM Tpex(pa3HON CUCTEMBI:
U, =77¢/%B;
Up = 7777120 B;
U, = 77¢/12%° B.

2.2. 3anuiieM KOMIUIEKCHI JMHEHHBIX HAPsHKEHUH Tpex(pa3HON CUCTEMBI:
Uz = V3-77¢73% = 133,3679¢/3%° B;
Upe = V3-77¢7799° = 133,3679¢ /9, B;
Uca = V3771159 = 133,3679¢/15%° B,

2.3. Haiinem KoMILJIEKCHBIC 3HaUEHUSI TIOJHBIX CONMPOTUBIICHUM (a3
MIPUEMHUKOB:

Z,=R,+jX, =7+j5=8,6023e/3¢", Om;
Z, =R, —jX, =7 —j5=8,6023e /36" Om;
Z.=R.=70wm;

Zap = Rap + jXap = 12 + j14 = 18,4391/, Om;
Zpc = Rpc = 12 Om;
Zoq=Reg+jXeq =12+ j11 = 16,2788e/*3°, Om;
Z =R+ jX =6+ j6 = 8,4853¢/*5°, Om.

2.4. Onpenenum QaszHble, OHM Ke JUHEHHBbIE, TOKA 1-ro MpUEMHHUKA,
MOTPEOUTENI KOTOPOT'O COSTMHEHBI HECUMMETPUYHOM 3BE3/10M:
ino0
U4 77el° s
lgn=70—= =e0 = 8,9511e /3¢ A;
Z, 8,6023¢e’
Ug  77¢77120°

= 89511e /84" A:

[y === = :
=Pz, 8,6023¢-736°

B QC B 77€j1200
1 = Z. 7

= 11e/120° A,

I~

Onpenenum TOK B HYJIEBOM IIPOBOJIE:
Iy=1Ig1+1p1+1 =89511e7/36° 4 89511e7/84° 4 11¢/120° =
= 2,6772 — j4,6374 = 4,9173e /6% A.

2.5. Omnpenenum (a3Hbie TOKU 2-r0 NPUEMHHKA, TOTPEOUTENIN KOTOPOTO
COEJIMHEHbl HECUMMETPUYHBIM TPEYTOJIbHUKOM:



U,z 133,3679¢/3%°

[, = =22 = :
—abz = 7 b 18,4391e/4%°
Upc  133,3679¢ 779

= 7,2329e771%° A;

Lper = Z = = 11,1140e779%° A:
ey 0 104
Usy 133,3679¢/150° -
Lear =5 = T = 8,1927e/107° A,
~Zca )

OHpCI[CJII/IM JIMHEWHEIE TOKU 2-I‘O IMpUCMHUKA:
Loy = Lapy — Legs = 7,2329e 7719 — 8,1927¢/107° =
=9,2342 — j10,1895 = 13,7512¢ /8° A;
Lpy = Iper — Lagpy = 11,1140e7799° — 72329 /19" =
= —6,8388 — j8,7592 = 11,1127¢/232° A;
Iy =100 — Lpey = 8,1927¢7107° — 11,1140e /9" =
= —2,3953 + j18,9487 = 19,0995¢/97°, A,

2.6. Onpenenum (a3HbIE, OHU KE TUHEWHBIE, TOKH 3-T0 IPUEMHUKA
p , ) p ,
MOTPEOUTENI KOTOPOT'O COSTUHEHBI CUMMETPUYHOM 3BE30M:

:n0
; Uy, 77¢e/°
Lgz = = :
Z  8,4853eJ45°
—i1200
I B QB B 778 Jj120
Lp3z = = -
Z  8,4853eJ45°
Us  77¢/120°

[ === .
=637 7 7 8,4853e/45°

= 90745 /45° A:

= 9,0745¢ /165, A;

= 9,0745e/75° A,

27 OHpCIICJII/IM JIMHEWHBIE TOKHU B TUHEUHBIX IMpoBOJax CCTHU:
Iy=1g41+1g + 14 =89511e /36" 4 13,7512 /48 4+ 9,0745¢/45° =
= 22,8596 — j21,8971 = 31,6551e /44’ A;

Ip=1Ip +1pp+ 1,3 =89511e /8% +11,1127e/232° 4 9,0745¢/165° =
= —14,6713 — j20,0076 = 24,8103e/234° A;
Io=1p 410415 =11e/120" 4+ 19,0995¢/97° + 9,0745¢/75° =
= —5,4790 + j37,2487 = 37,6495¢/98° A.



3. OITPEJIEJIEHME ITOTPEBJISEMBIX MOIITHOCTEN

3.1. Haiinem nojHy10 MOIIHOCTh, HOTPEOIAEMYIO KaXIbIM TPUEMHUKOM U
BCCHU LCIIBIO:
S1=Ualg + QBffn +Ucley =
= 77¢19° . 8,95117/36" + 77¢77120° . 8 9511 7/84° 4 77¢J120° . 11/120° —
= 689,2347¢7736" + 689,2347¢ /204" 4 847/240° —
= 495,5446 — j858,3085 = 991,0893¢ /6°° BA;
S2=Uuplapy + Upclper + Ucalcar =
= 133,3679¢73%° - 7,2329¢7719° 4+ 133,3679¢ /9 - 11,1140 79°° +
+133,3679¢/150° . 81927¢/107° =
= 964,6367¢!1° + 1482,2508e /9% + 1092,6432¢257" =
= 469,2480 — j2344,5793 = 2391,0763¢ /7%’ BA;
Sa=3UI%s =3-77e/9°-9,0745¢7745° = 2096,2095¢ /45" =
= 1482,2439 — j1482,2439, BA;
S=851+S8,+53=
= 991,0893¢76%" + 2391,0763¢ /7% + 2096,2095¢ /45" =
= 2447,0365 — j4685,1317 = 5285,6832¢/62° BA.

3.2. AKTuBHAasA MOIIIHOCTBD, HOTpC6JI$IeMaH KaXXIbIM HpI/IéMHI/IKOM U BCeH
OCIbIO.

P, = Re(S,) = 495,5446 Br;

P, = Re(S ;) = 469,2480 Br;

P; = Re(S3) = 1482,2439 Br;
P = P, + P, + P; = 2447,0365 Br.

3.3. PeakTuBHAasI MOIIHOCTh, MOTpeOIIIeMas KaxabIM MPUEMHUKOM U BCEH
LEIBIO:

Q1 = Im(S,) = —858,3085 BAp;
Q; = Im(S,) = —2344,5793 BAp;
Qs; = Im(S3) = —1482,2439 BAp;

Q = Q; +Q, + Q; = —4685,1317 BAp.

bamanc MomHoCTEH CXOAUTCS.



4. TIOCTPOEHWE BEKTOPHBIX JIMATPAMM HATIPSDKEHWI 1 TOKOB

4.1. TlocTpouM BEKTOpPHYIO AuarpamMmy 1-ro npuéMHHKa, TOTpEOUTENH
KOTOPOT'0 COEAMHEHBI HECUMMETPUYHON 3BE30M.

+1

U Macmrrab
4 30B
—_

10A

PucyHnok 3.3 — BekTopHas nuarpaMma TOKOB U HaNpsKEHUH 1-ro npuémMHuKa

4.2. TlocTpouM BEKTOPHYIO JIuarpamMmy 2-ro NpuEéMHHUKA TOTPEOUTENH
KOTOPOT'0 COEAMHEHBI HECUMMETPUYHBIM TPEYTOJIbHUKOM.

+14

Usg Macmrab
30B
=y

bA

PucyHnok 3.4 — BekTopHas nuarpaMma TOKOB U HANPSKEHUH 2-ro NpUEMHUKA



4.3. TlocTpouM BEKTOPHYIO AuarpamMmy 3-TO NPUEMHHKA, MOTPEOUTENH
KOTOPOr'0 COEAMHEHBI CAMMETPUYHOM 3BE3/I0M.

+14
A

Macmrakb
; 20B
u ey
. 10 &

PucyHnok 3.5 — BekTopHas nuarpamMma TOKOB U HAaNPsSKEHUH 3-ro NpuEMHUKA

4.4. IToctpoum 0O0I1IIYI0 BEKTOPHYIO TUATPAMMY.

Macimrah +14
20B
ey

154

Pucynok 3.6 — OOmast BeKTOpHasi AuarpaMMa TOKOB U HaIPsKEHU M
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