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3AJJAUA 1.
PACYET ITPOCTOM LIETTA ITOCTOSIHHOTO TOKA
METOJIOM TTIPEOBPA3OBAHUSA

3amaHa cxema AJIEKTPUYECKOW 1LIeNH U MapaMeTphbl OTACNbHBIX 3Jie-
MeHTOB. [[ns1 ynoOcTBa pacuera OTAENbHbIE CONPOTHUBICHHS PE3UCTOPOB
CBEJIEHbl B MaTpully. TpeOyercs ONnpeAenuTb TOKH B BETBSIX CXEMbl, Ha-
NpsDKEHUS] Ha OTJENbHBIX AJIEMEHTAaX, MOIIHOCTH UCTOYHUKA M OTIEIbHBIX
NPUEMHUKOB SHEPTUHU, TPOBEPUTH OaJTaHC MOILIIHOCTEH.

|2‘r '6J7 J7|3

W ¢

ORIGIN :=1 - E;:=154V R:=(21 47 73 68 34 23 [@

Pemenue 3aJ1a491 BBIIOJIHACTCA METOAOM CBECPTKH CXCMBI B cnez[ymmeﬁ
IIOCJIACA0BATCIIbHOCTH.

1. OmpenensieTcss BXOAHOE COMPOTUBIIEHUE R6x CXeMbI OTHOCUTENHHO BBIBO-
noB ucrounuka JIC. Ha 1-m stane tpeyroiasnuk RoOR4Rg npeobpaszyercs B ok-

BUBAJICHTHYIO 3Be31y R24R46R26.

R2[Ry R4[Rs
Rygi= — —— — =22.99% Ryg = = 11.7410
Ry + Ry + Rg Ry + R4+ Rg
Rs(R>
R26 = = 8.1150
Ry+ R4+ Rg



Ha BTOPOM I9TaIl€ cxXeMa INpuBOAHUTCA K SKBUBAJICHTHOMY OJICMECHTY MCTOJJ0M
IMOCJICA0OBATCIbHOTO U IapaJlJICIIbHOI'O Hp606paSOBaHI/I}I.

Ras + Rs)[|Rog + R
Rex = Rl+ R24+ ( ) ( 3) = 73.2410
Rig+ Rs + Ryg + Rs

2.Ha ocnoBanuu 3akoHoB Oma u Kupxroda ornpenenstorcs TOKH BETBEH
Y TIOTEHIIUAJIOB Y3JIOBBIX TOYEK:

Eq
| :=— =2103A Vo:=0
1 Rex

Uos:= E; = 110(Ry + Roy) = 61.498V

Uazs U2
lg:= — 2= = 0,758A 5= — 2 = 1344A
R3+ Rog Rs + Rag
V]_ = 5[R46 — | 1[R24 = —64.132V
V3 = - 5[R46 + |3[R26 = -9.633V
V3 -V Vo - Vl
|2— = 1.16A |4::—:0943A
Ry Re
Vo-V
|6 = = 0.401A



3. HanpsixeHust Ha OTAETBHBIX PE3UCTOPAX, a TAKXKE MOITHOCTH UCTOYHU-
KOB U IIPUEMHHUKOB SHEPTUH OMPENEISIOTCS B MAaTpUIHON (hopme:

ki=1.6 Ug:=IkR« Pe:=Uglly  Pe:=Ell; = (323.809 W

Uk = Pk = ZP = 323.809W
44,156 |V 92.844| W
54.498 63.193
55.346 41.961
64.132 60.483
45,713 61.46
9.633 3.867

BriBoa: OastaHC MOIITHOCTEN BBINOJIHSIETCH.



_3AJIAYA 2.
PACYET CJIOXKHOU LIEIU TOCTOSIHHOI'O TOKA
PA3JIMYHBIMU METOIAMU

3amana cxema 3JEKTPUYECKON IEeMu U MapaMeTphbl OTIACIBHBIX JIEMEHTOB.
Jlnst ynoOcTBa pacueTra mapaMmeTphl OTICTBHBIX AJIEMEHTOB CBEJCHBI B MATPHUIIHI.
TpeOyeTcst onpenenuTh TOKA B BETBSIX CXEMBbI, HAMIPSHKEHUS HA OTJEIBHBIX dJIe-
MEHTax, MOIIHOCTH OTICIbHBIX UCTOYHUKOB M TMPUEMHUKOB DYHEPTUH, MPOBE-
puUThH OaJlaHC MOIITHOCTEH.

a—E

ORIGIN =1

E:=(146 182 123 0 0 D'V
J:=(0 124 1.76 0 0 ' A
Ri=(28 61 46 52 63 3¥ @

2.0mnpezeneHre TOKOB B BETBSIX CXEMbI METOJIOM 3akoHOB Kupxroda

CocraBiisieTcss cucTeMa ypaBHEHH# 1o 3akoHam Kupxroda. Perrenue cuc-
TEMbI YPaBHEHHUH OCYIIECTBISIETCSI METOIOM IOCIIEI0BATEIbHBIX MPUOIIKEHHI
no nporpammeGiven... find".3agaroTcs nepBeIM MPUOIMKESHIEM HCKOMBIX Be-

JINYHUH.



Given 1=(121312R"

“l1+1o-14=-37 y3en 1
l1+ 13— 15=-J3 y3en 2
—lo-lg+lg=Jdo+J3 y3en 3
11IR1 — 14[R4 + I 5IR5 = Eq KOHTYp 1
2[Ry + 1 4[R4 + 1 g[Rs = E3 KOHTYp 2
| 3[R3 + I5[R5 + 1 g[Rg = E3 KOHTYp 3
1.893
1.178
| := Find(l) = ez A 1{=1.893A l4 = 0.526A
0.526
191 lo=1.178A 5 =1.91A
2.436 |3 =-1.742A |g=2.436A

3. Onpez(eneHI/Ie TOKOB B BCTBAX CXCMbI MCTOAOM KOHTYPHBIX TOKOB

I1 R =
R

10



CocTaBnsieTcs cucTeMa KOHTYPHBIX ypaBHEHUH B 00001IeHHOH hopMme, OII-
penenstoTcs Kod(phUIreHThl ypaBHEHUH, COCTaBIISIOTCS MaTpUllbl KO3 du-
IIUCHTOB:

Ik1[R11 + Iko[R12 + Ik3[R13= Ekq
Ik1[R21 + 1ko[Ro2 + |k3[Ro3 = EK2
Ik1[R31 + Iko[R32 + 1kg[R33= Ek3
CoOCTBEHHBIE U B3aUMHbBIE COMPOTUBIIECHUSI KOHTYPOB, KOHTYpHbIE D/[C:

Ri1:=R1+Rg+Rs  Rp:=Ro+Rg+Rg  R33:=R3+R5+Rg
Ri2:=-Rq Ro1:=Ryz; R13:=-Rs R31:=Riz - Rp3:=—Re R32:=Ry:
Ek1:= Eq Eko := Eo + Jo[Ry Ek3:= -E3 - J3[R;3

CocraBnsitoTcst MaTpulibl KO3 (UIIMEHTOB U MPaBbIX YaCTEH YPaBHEHMIA:

Ri1 Ri2 Ri3 Ek1

Rk:=| Ro1 Ro2 Ro3 Ek := | Eko

R31 R32 R33 Ek3

CucreMbl KOHTYPHBIX YPABHEHUI peIIaeTCs o mporpamme |solve:
1.893
Ik := Isolve(Rk ,EK) =| 2.418 |A
-0.018
kg = 1.893A ko = 2.418A k3 = -0.018A

TOKu BETBEH ONPENENAIOTCS YEPE3 KOHTYPHBIE TOKH 110 METOLY HAIOKEHUS:
l1:=1k; =1.893A Io:=1lko—-Jp=1.178A l3:=-lkg —J3=-1.742A

|4:= —Iky + Ikp = 0.526A I5:=1ky — kg = 1.91A 1g:= Ikp — Ik = 2.436A

| :=C

11



4, OHpe,IIGJICHI/Ie TOKOB B BCTBAX CXEMBI METOAOM Y3JIOBBIX ITOTCHIMAIIOB

4 R, =
e
I I
1 4 Ry 9 Rs 5 2
| | | I—
|2[r Jz |6$ J3 ?|3

CocTaBnseTcs cucTeMa y3J0BbIX YpaBHEHUM B 0000111eHHOM popme, onperens-
10TCSI KOO DUITMEHTHI YPaBHEHUM, COCTABIISIOTCS MATPHUITHI K0P DHUITUESHTOB!

Vo:=C
V1[G11 - V2lG12=V3[Gi3= Jug

-V 1[Go1 + V2[Goo — V3[Goz= Juy

-V 1[G31 - V2[G32 + V3[G33= Jus

CoOcTBEHHbIE U B3aUMHbBIE ITPOBOJUMOCTH Y3JIOB

G 1 A 1 1 G 1 N 1 1 G 1 N 1 1
11:= — +— +— 22 = — +—+ — 335 — t— + —

Ri R R4 Rt R3 Rs R R3 Rs
Groi=—= G21:=6G1z G13:=—= G31:=G1z Gp3:=— G32:=Goz

12



Y3710BBIE TOKHU:

Jup =J El+EZ Ju J +E1+E3 Ju Jo—J =2 _Es
1:=Jd2 -5+ 2= o t oo =-J2-J3 -5~
Ri R 3 Ri R3 3 3 Ry R3

CocraBnsitoTcst MaTpuiibl KO3 (UIIMEHTOB U MPaBbIX YaCTEH YPaBHEHMIA:

G11 G2 -Gi13 Jug
Gu:=| -G21 G222 -Gg23 Ju:=| Jup
-G31 —G32 G33 Jus

CucTeMsbl y3JI0BbIX YpaBHEHHH pernaercss 1o nporpamme [solve:

27.328
V = Isolve(Gu,Ju) =| 120.338 |V
-82.812

V1=27.328/ V5 =120.338 V3 =-82.81%/

Toku B BETBSIX CXEMBbI ONPEAECISAIOTCS U3 MOTCHIUAIBHBIX YPABHEHUH 151
BETBEU:

V1-Vo+E; V3-V1+E>
l1:= = 1.893A o= =1.178A
Rq R2
Vi1-Vo
V3-Vo+E3 1 —
3= =-1742a 4= = 0.5264
Rs
Vo =Vo Vo-Vj
I'g:= =1.91A lg = = 2.436A
Rs Rs

13



Ol'[pCI[CJICHI/IC HaHp}I)KCHI/Iﬁ Ha IMMaCCUBHBIX 3JICMCHTAX

52.99
71.86
—-80.15
27.328
120.338
82.812

MOH_IHOCTI/I HCTOYHHUKOB U IPUEMHUKOB OHCPIrun

PE; := Eqll1 = 276.306N

PE, := Ell » = 214.403V

PE3 := E3ll3 = —214.313V

ZPE + ZPJ = 770.512VN

Pk == Ukll g P=

100.284
84.654
139.652
14.362
229.859
201.702

PJ; = (V1 - V3)lJp = 136.573W

PJ3:= (V2 - V3)lJ3 = 357.543V

W ZP = 770.512W

BriBo: Oananc MOIIHOCTEN BBIITOJIHSIETCS.

14



5. [TocTpoeHne noTeHIMaNbHas quarpamma kotypa la2b3cl

1 R =
=0
I I
A N L BPLY
| | | I—
|2[r Jz |6$ J3 ?|3

Ny
S

CocrapnsieTcs MaTpulla NOTEHI[MAJIOB TOYeK KOHTypaVK U maTpuia co-
NpOTUBJIEHUA KOHTYypa Rk. B aexapToBoil cucTteMe KOOpAMHAT CTPOUTCS
rpaduueckas auarpamma Gyukuun VK(RK).

Va:=V1-11[Ry Vb:=V3+Ej3 Vc:=V3+Es

Vk:= (V1 Va Vy Vb V3 Ve Vi)'
Rk:=(0 Ry Ry Ry+Rs Ry+Rs Ry +R3 Ry +Ry+R3)'

150 T ]

100G R B

SO

VK \
Lo o J
0 \o\ 20 60 |8 100 120 140

- 507

—-100

Rk

15



BAJIAYA 3.
PACYET PEXVMMA BBIJIEJIEHHO BETBU METO/IOM
OKBUBAJIEHTHOI'O TEHEPATOPA

3amaHa cxeMa JIEKTPUYECKOW IENMU U MapaMeTpPhl OTACIbHBIX JJIEMEHTOB.
Jlnis ynoOcTBa pacyeTa mapaMeTphbl OTJAEIBHBIX 3JIEMEHTOB CBEJICHBI B MATPHIIHI.
Tpebyercst onpenenuth pexxumHuble mapamerpel U, |, P B BbIeneHHON BeTBU
Ne 1 meTonoM SKBHBAJIGHTHOTO T€HEpAaTOpa, PacCUUTATh U MOCTPOUTH Trpadu-
yeckue auarpammel pyakmmid U, |, P = f(R)

Il R]_ El
=S
ORIGIN =1
I I
1 4 Ry 9 Rs 5 2
| | | |
|2? Jz |6$ J3 ?IS

E:=(146 182 123 0 0 O
J:=(0.124 1.76 0 0 O
R:=(28 61 46 52 63 3%

1.Onpegenenre napaMeTpoB 3KBUBAJICHTHOI'O T€HEPATOPA HAIPSIKEHHUS
Es =Uxx12u Ro = Rsx12
Pewmenne 3agaun no onpenenenuto £s = UXX] 2 pallMOHAIIBHO BBIIIOJIHUTh Me€-

TOAOM Y3JOBBIX MOTEHIMAIOB. B pexume xosnocTtoro xoia BeTBU 1-2 ciemayer
npuHsATh ee napametrpbl E1= Ou R1= 00 OM, u BHECTU 3TU KOPPEKTUBBI B MaTPHUILIbL

HCXOOHBIX IApaMCTPOB. I[J'I?I peICHus 3ada4r HUCIIOJIB3YCTCA TOT JKC aJITOPUTM,
qTO U AJIsA PICXO,Z[HOﬁ CXCMBHI.

Ei1:=C Ri =

16



CocTraBnsercs cucTema y3JOBBIX YpaBHEHHH B 0000I1ieHHON (opme, ompene-
JSI0TCS KOAPGUIUEHTHl YpaBHEHUH, COCTABIISIIOTCS] MATPHUIBI KO (HUITUEHTOB:

Vo:=0
V1[G11 - V2lG12 - V3[G13= Jug

—V1[Go1 + V2lGoo - V3[Goz = Ju
-V 1[G31 — V2lG32 + V3[G33= Jug

CoOCTBEHHBIE M B3aUMHbBIE ITPOBOJUMOCTH Y3JIOB

G__1+1+1 G__1+1+1 G__1+1+1
11'°= — +— +— 22 = — +—+— 33 =T —+t—+—
Ri R R4 Rt R3 Rg RoR3 Rg

1 1 1
Gipi=— G21:=G1; G13:=— G31:=0G1z  Gp3i=— Gz32:=0Gpz
Ry Ro R3

VY3J10BBIE TOKH:

Jui :=J El+EZ Ju J +El+E3 Ju Jo—J =2 _Es
1=Jd2-o-+ o 2= A W =-J2-J3-5 —
Ri R 3 Ri R3 3 3 Ry R3

Martpuiibl K03(pGUIIMEHTOB U TTPABbIX YacTeW YpaBHEHUM:

G11 G2 -Gi13 Jup
Gu:i=| =G21 G222 —Gg23 Ju:=| Jup
=G31 —G32 G33 Jus

Cuctema y3JIOBBIX YpaBHEHHI pemaetcs 1o nporpamme |solve:

78.289
V = Isolve(Gu,Ju) =| 67.305
-87.512

Uxx12:=V1-V2=10.984 Es 1= Uxxq2 = 10.984

17



Bxonnoe conporusienue Rex1 2 onpenensiercss METOIOM CBEPTKU CXEMBL.
Ha 1-m srane tpeyronsauk ROR4Rg npeoOpazyeTcsi B SKBUBaJICHTHYIO 3BE€3/1Y

R24R46R62.

o . Rl _ R4Rs _ RelR
MR Ry TR 0T RptRytRe 02 Ryt Ryt Rg
R
Rn= o R
) S —1—1?2
ST R
3

Ha BTOPOM IJTaIl€ CXeMa IIPUBOJHUTCA K SKBUBAJICHTHOMY OJICMCHTY MCTOJJ0OM
IMOCJICA0OBATCIIbHOTO M IapaJlJICIIBHOI'O HpCO6p&30BaHI/I}I.

e o, \Rag* Ro)({Re2 + Ro)
127 747 (Regt Rs + Roz + Ry)

RO := Rexqp = 54.951

DKBHUBaJICHTHAs CXeMa C TFCHCPaTOPOM HAIIPSIKCHUA.

| 1 Rl El
e
E,
1 o @ 2

B cooTBeTCTBHM € SKBUBAJICHTHON CXEMOW NJIsi UCCIIEAYyEeMbIX (DYHKIIMIA
COCTaBJISIFOTCS PacueTHbIE YPAaBHEHHS, IO KOTOPHIM B BRIOpaHHBIX MaciiTabax
CTPOSITCSL UX rpapuuecKue quarpaMmbl.

18



Ep = 14¢

Ei1+ B> 2
Iv(Rv) = RV RO Uv(Rv) = Iv(Rv) [Rv Pv(Rv) = Iv(Rv) " [Rv
I'paduyeckue quarpamMmbl GyHKIIHMA

3

2.5

Iv(Rv) 2
Pv(Rv)

0 15
Uv(Rv)

50 1

0.5

0 20 40 60 80 100 120 140 160 180 200
Rv

2. OnpeneneHue mapaMeTpoOB IKBUBAJIEHTHOTO T€HEpATOPa HAMPSKCHHSI
b =1x3121 RO=Rsx12

Pemenue 3amaun 110 OIIpCACIICHUIO |K‘3_’]_2 BBITIOJIHACEM METOAOM 3daKOHOB

Kupxroda. B pexxrme KOpoTKOTo 3aMbIKaHUsI BETBH 1-2 mpUHKUMAaeM ee mapa-
meTpbl E1= 0u R1{= Ou BHOCHMM 3TH KOPPEKTHUBBI B MaTPHULIbI UCXOAHBIX Ta-

paMeTpoB.

E:=(0 182 123 0 0 0" R:=(0 61 46 52 63 3%

JUist penieHns 3aja4i UCIOJIb3YIOTCS TE€ K€ YPABHEHMS, UTO U JJISl UCXOI-
HOIl cxembl. CocTaBisieTcss cuUcTeMa ypaBHeHMH 1o 3akoHam Kupxroda.
Pewrenne cucrteMbl ypaBHEHHI OCYIIECTBIISIETCS METOAOM IOCIIEI0BATEIbHBIX
npubmmkennit o nporpamme”Given... find". 3agarorcs mepBeIM TpUOIHKE-
HUEM MCKOMBIX BEJIMYUH.
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l=(121312"

Given “l1+lo-14=-J5 y3en 1
l1+ 13— 15=-J3 y3en 2
“lo—-Ig+lg=Jo+J3 y3en 3
1[R1 = 14[R4 + I5[R5 = Eq KoHTyp 1

2[Ry + 1 4[R4 + 1 g[Rs = E2 KOHTYp 2
I3IR3 + I5[R5 + 1 [R5 = E3 KOHTYp 3
| := Find(l) J:=11=0.2

OKBHUBAJICHTHAs CX€Ma C T€HePaTOPOM TOKa!

| R E:

Ep = 14¢

B cooTBeTCTBUHM C SKBHUBAJICHTHON CXEMOMW I UCCIENyeMbIX (DyHKIIMMA
COCTaBJISIFOTCSL PAaCUETHBIE YPAaBHEHHS, IO KOTOPHIM B BRIOpaHHBIX MaciTabax
CTPOSITCSL UX rpapuuecKe quarpaMmbl.

UV(RY) = IV(RVIRY  PY(RY) := IV(RV)°[Rv

20



I'padmueckue quarpammbl GyHKIUI

3
2.5\\ /_,...—-—-—"""'"
w ><’_H“><':
@1_5 / ></ \H\M
s | [N
—50 1 / K“‘M
A/ —
v

0 20 40 60 80 100 120 140 160 180 200
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3AJIAYA 4.
PACYET CJIOXKHOI LIEI IIOCTOSIHHOI'O TOKA
PA3JIMYHBIMU METOZAMU B MATPUUHO! GOPME

3azlaHa cxXeMma BJICKTpPI‘IGCKOﬁ OCTIM U MnapaMeTpbl OTACIBHBIX 3JICMCHTOB.
I[J'IH y,Z[O6CTBa pacdeTra napaMeTpbl OTACIbHLIX 3JICMCHTOB CBCACHBLI B MaTPHUIIbI.
TpC6y€TCH ONpCACIINTE TOKU B BETBAX CXCMbI, HAIIPSXKCHHUA HAa OTACIbHBIX 9JIC-

MEHTaX, MOIIHOCTH OTJEIbHBIX MCTOYHMKOB M TPUEMHHMKOB SHEPrUH, MPOBE-
pPUTH OajaHC MOIITHOCTEH.

ORIGIN :=1
E:=(142 86 0 0 112 0 0 7P ¥

J:=(125 00 .71 0 1.44 0- H A

22



330 0 O

0
24 0 0 O
0
0

0 47

o O O O O

42
0 39
0O 0 62 O
0O 0 0 19

0
0
0
0
0
0

o O O o o o

0
0 O
0 O
0 O 0
0 O 0
0 O 0
0 O 0

1Bei6uparoTcsi MOJOXKUTEIbHBIE HANpaBICHUS TOKOB B BETBAX HCXOJIHOMU
CXeMBbI. B COOTBETCTBUYU CO CTPYKTYpOW CXEMBI U BEIOpAHHBIMU HAIPABICHUSIMU
TOKOB CTPOWTCS HAMpaBlIeHHbIN Tpad cxembl. [[ns rpada cocTaBisioTcs MaTpu-
el coequuenuii A u B.

1 p

B 5 i

5
a
3 —> 4
1.-11 0 0 00 O
|-t 00-1-100 0
"l o 100 0 -10 1
0 000 1 0 1-1
170-1-100 0 0 0000
011 00100 + 0000
B .= AB =
000 -110-10 0000
000 001 1 1 0000

23



2. Pacuer pexxuma cXeMbl METOJIOM KOHTYPHBIX TOKOB BBITIOJIHACTCS B
CIEIYIOLIEH MTOCIEI0BATEIbHOCTH

2.1 CocTaBisitoTCSl MATPULIBI KOHTYPHBIX COMPOTUBIEHUN U KOHTYPHBIX

OJIC:

136 -56 47 O
-56 119 0 39
47 0 151 -62 ?
0 39 -62 120

Rk = BRB' =

Ek := BIE - BIR[J EK = (134.12 29.84 145.37 33)¥

2.2.0mpenenstorcss KOHTYPHBIE TOKH:

lk:=Rk ‘Ek Ik =(0.829 0.431 0.968 0.6)1A
2.3.0npenenstorcs TOKM BETBEH M TOKU B TTACCHBHBIX YJICMCHTAX
0.829 2.079
0.431 0.431
~0.398 ~0.398
wve=pTmk=| A pmtveg=| 00
0.968 0.968
1.072 2512
~0.327 ~0.327
0.641 ~0.299

2.4Onpez[en;1}0Tc;1 HaIpsKCHUA Ha BETBAX CXEMbBI M HAa ITACCUBHBIX 3JICMCH-

Tax.

Uv:=RIv+RMO-E=

24

-73.386
—75.656
-22.301
—51.085
-71.356
97.957
-20.271
—77.686

68.614
10.344
-22.301
—51.085
40.644
97.957
-20.271
-5.686




2.50HpC,Z[CJ'IHIOTC}I MOIIHOCTHU NCTOYHHUKOB U IIPUEMHUKOB OHCPIruu, IIpo-

BepseTcs ux OanaHc:

k:=1..8
PEk = Ekll g PJk := Uvi[Jk
295.248 -91.732
37.065 0
0 0
pE=| ° |w py=| 0w
108.383 0
0 141.059
0 0
-21.546 73.025
ZPE + ZPJ = 505.229V
142.663
4.458
8.881
55.525
Pi = Uillk P= O W ZP = 505.229N
246.042
6.628
1.702
| .=C U:=¢C

3.Pacuer pPeKrMa CXCMblI MCTOJI0OM Y3JIOBBIX ITOTCHIIMAJIOB BBIIIOJIHACTCS
B CJ'ICI[YIOHICﬁ IIOCJIACA0BATCIIbHOCTHU

3.1CocTaBnAr0TCS MaTPHUIIBl Y3JIOBBIX TPOBOJAUMOCTEHN U Y3J0BBIX TOKOB!

0.09 -0.03 -0.042 0
T -0.03 0.075 0 -0.024 | 1
Gu:= AGA = —
-0.042 0 0.12 -0.053|¢
0 -0.024 -0.053 0.093

25



Ju:=AlJ - AIGIE JuT =(0.53 5.01 - 9.7532.063) A
3.20npeaestoTcs MOTEHITUATbI Y3JIO0B!

VU= Gu tou WU = (-22.301 51.085 - 97.957-20.271) V

3.3. OHpC,Z[CJIHIOTCH HaPsKCHUS HA BETBAX CXEMbI M HAa ITACCUBHBIX 3JICMEHTAX:

-73.386 68.614
—-75.656 10.344
-22.301 =22.301
T -51.085 =51.085
Uv=A Wu= \% Uv+E
-71.356 40.644
97.957 97.957
-20.271 -20.271
—77.686 -5.686

3.4OHpC,Z[CJ'IHIOTC}I TOKHU BETBEW M TOKH B NACCUBHBIX DJICMEHTAX:

0.829 2.079
0.431 0.431
~0.398 ~0.398
vi= G+ GE—J=| O R
0.968 0.968
1.072 2512
~0.327 ~0.327
0.641 ~0.299

3.50mnpenensoTcss MOIMIHOCTH UCTOYHUKOB U TPUEMHUKOB SHEPTHUH,

npoBepsieTcs UX OaIaHc:

PEy = Exll ¢

26

PJk := Uvk[Jk




PE

Pk .= Ukll g

27

295.248
37.065
0
0
108.383
0
0
-21.546

ZPE + ZPJ = 505.229V

P=

142.663
4.458
8.881

55.525

39.331

246.042
6.628
1.702

PJ

-91.732
0
0
-36.27
0
141.059
0
73.025

ZP = 505.229N




§ 3AJIAUA 5.
TIEPEMEHHBII TOK B MJIEAJIHBIX 2JIEMEHTAX R L, C

3aaHbl CXEMbI AJICKTPUUCCKUX IIeTel U MapaMeTpbl OTIEIBHBIX JIEMEHTOB.
Tpebyercs onpenenuts GyHkuun Toka i(t) u momHocTH P(t) B emsax A) ¢ uaeanb-
HbIM pe3uctopoM R, B) ¢ maeanbHo# karyimikoii L, B) ¢ uaeanbHbIM KOHIEHCATO=
pom C nipu BO3IEHCTBUU HA HUX CHHYCOMIaabHOro HanpsukeHus U(t) = Umsin(wt)
U TIOCTPOUTH TpaduiecKue TuarpaMMbl 3TUX QyHKINN

Um:= 10( f :=5C w =2nf

~ 100 oo 1
T " 100

A. DnexTpuueckas 1elb ¢ UIeaIbHbIM pe3ucTtopom R

R:= 10C L:

+1
i A !
—_ — o)
L
I
lu
- . |
a) %)
u(t) := Umisin(w [t) ir(t) := %M(t) pr (t) := u(t)fir ()
1060

S0

0.02 0.025 0.03

- 50

—-100

28



b. Dnexrpuueckas 1emnb ¢ uaeaTbHOM KaTynikon L

; I +1
—= TN i I
t ™,
'\‘ (P
+ 1" :>I
a) 6)

u(t) ;= Umisin(w [t)

ih(t) := %g u(t) dt —» —cos(1000 [)
pl (t) := u(t)[il(t)

106G

501
u(t)
il(t) B0

pl ()2

—-50

-100

29



B. Dnexrpuueckas 1emnsb ¢ uaeanbHbIM KoHAeHcaTopom C

i ) +1
— || !
i 4
lu go ‘//r"”
/
1 L [
a) 5\]
u(t) := Umisin(o [t) ic(t) = c% at)  pe(t) = ud) ()
106 4
50 | %
u(t)
ic(t) B0
pc (t) 2 0
- 50r
-100

30



3AJIAYA 6.
PACYET IIPOCTO LIEIY ITEPEMEHHOI'O TOKA
METOZIOM [IPEOBPA3OBAHHUS

3ajaHa cxeMa IEKTPUYECKON LIENHM U MapaMeTpbl OTAEIBHBIX JJIEMEH-
ToB. {151 ynoOcTBa pacuera KOMIUIEKCHbIE CONPOTUBIICHUSI PUEMHHUKOB
CBEZIEHbl B MaTpully. TpeOyeTrcsi OnpeneauTb TOKM B BETBSIX CXEMBbI, Ha-
[IPSDKEHUS HA OTIEIIBHBIX 3JIEMEHTAX, MOIIHOCTA UCTOYHUKA U OTAEIbHBIX
MPUEMHHUKOB SHEPTUH, IPOBEPUTH OATAHC MOLTHOCTEH.

| Z
1 1

1
L
Uab

-yz J7I3
N

D

ORIGIN := 1 j =y E := 95@ 29y

7= (27+ 12] 46+ 49j 18- 52))' @
1.0Onpenensercss KOMILUIEKCHOE BXOHOE CONPOTUBIIEHUE Z8X CXEMbl OTHO-
CUTEJIbHO BBIBOAOB HcTOUHMKA DJIC:

ZolZ3
Zab = " Z> = Z1 + Zab = (80.738- 9.075ja

2.Ha ocnoBanmnu 3akonoB Oma u Kupxroda onpenensitorcsi TOKU B BETBSIX
CXEMBI:

E
1= |14 = 1.169A arg(l1) = 6.413deg
Uab = 11[Zak |Uab| = 67.494v arg(Uab) = —15.001deg
Uab
2= 12| = 1.004A arg(l2) = -61.81deg
Uab
13:= Za |13 = 1.227A arg(l 3) = 55.906deg
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3. HampsbxeHust Ha OTIENbHBIX 3JIEMEHTAX, & TAK)KE€ aKTUBHBIC U PEaKTUB-
HbI€ MOIIHOCTH MCTOYHHKA U MPUEMHUKOB SHEPIHU OMPEACIAIOTCS B MaTpUy-
HO popme:

k:=1..3
34.548 30.376
Uk :=I1klZ Ul
k-=Tkiek  |U| =| 67.494|V arg(U) =| -15.001 |[deg
67.494 -15.001

Se:= EM] = (110.387- 12.40FW

L
Sk = Uk
36.915 16.407
P:=Re(S) =| 46.392|W Q:=Im(S) = | 49.417 |W
27.08 -78.231
ZP =110.38W ZQ =-12.40MW

BBIBOI[: 0ajlaHC aKTUBHBIX U PCAaKTHBHBIX MOLHHOCTGﬁ BBIITOJIHACTCA.

4. BextopHas AuarpaMmma TOKOB U HalpsKEHHM.

vi=(0 E 0 U 0Uab) 1:=(01301,013)

10

9

8

N

[

| N
60 50 40 30 20 10 O -10 -20 —30 -40 —50 -60
Im(V),1m(1) B0
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3AJIAUA 7.

PACYET CJIOXXHOM ILEIIM ITEPEMEHHOI'O TOKA

PA3JIMYHBIMH METOJAMMU

3ajmaHa cxema 3JEKTPUYECKOM IeMU U MapameTpbl OTIAEIbHBIX 3JIEMEHTOB.
Jliist ynoOGcTBa pacuera nmapaMeTpbl OTAEIbHBIX 3JIEMEHTOB CBEJEHBI B MATPHIIBI.
TpeOyeTcs onpenenuTb TOKA B BETBSIX CXEMbI, HAMPSKEHUSI HA OTIECNbHBIX dJie-
MEHTaX, aKTUBHBIE U PEAKTUBHBIE MOIIHOCTH OT/AENIbHBIX HCTOYHUKOB U HPUEM-
HUKOB DHEPTUH, MPOBEPHUTH OATAHC MOITHOCTEH, TOCTPOUTH TOTMOTPAPHUIECKYIO
qyuarpaMmmy MOTEHIIMAIOB, COBMECTUB €€ C BEKTOPHOU IHarpaMMoi TOKOB.

I 1 Z]_ El

Jf
]
]wN QO

E

1] —> — — =12
‘flz ls ‘rlg
Z Z
2 E, E, 3
/2R /B/
/3 N
ORIGIN := 1 j =1
28+ 31]
| 61— 42
1465 ) 14809 L .| 46+ 22|
E:=| 182 HXe9 v 52 - 34j
- 63+ 18
12$| (27deg J
34 - 52j

1. Onpenenenue TOKOB B BETBSIX CXEMbI METOJIOM 3aKOHOB Kupxroda

CocraBnsercss cucteMa ypaBHeHUH 1o 3akoHaM Kupxroda. Pemenne
CUCTEMbl YPaBHEHUH OCYIIECTBJISICTCS METOJIOM TOCIICOBATEIBHBIX MPH-
ommxennii mo mporpamme”Given... find". 3agarorcs nepBeIM MPHOJIHKE-

HUEM NCKOMBIX BCIIMYHH.
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Given
“11+12-14=0C

l1+13-15=0C
-lo—-13+1g=0

| := Find(l)

l=(1+j 12110 @A

11[Z1 -

1 4Z4 +15[Z5= Eq

15[Z0 + 14124+ 161Z = E

13(Z3 + 151Z5 + 1 51Zg = E3

0.993
0.57
0.547
1.56
0.887
0.983

A

arg(l) =

—-55.309
118.544
61.971
122.451
—-22.094
90.885

1. Onpez(eneHI/Ie TOKOB B BCTBAX CXCMbI MCTOAOM KOHTYPHBIX TOKOB

1 Z; =
—|>: @
R
1 _'>: 4 ]
I I
]2 ZGC
Y ] M\E

CocrapisieTcss cucTeMa KOHTYPHBIX YpaBHEHUM B 00001IeHHOU (opme,
onpenenstorcs KodOPUIMEHThl ypaBHEHUH, COCTABISIOTCS MaTpPUIIbl KO-

(DUITMEHTOB:

Ik1(Z11 + Iko[Z12 + Ik3[Z13= E11

Ik1[Z21 + 1ko[Zoo + |k3[Zo3= E>;

Ik1(Z31 + Iko[Z32 + |k3[Z33= E3=

34



Z11:= 21+ 24+ Z5 Z12:=-24  Z21=Z1; Ei11:=E1

L2 =2+ 24+ Zg 213 =25 Z31:=73: E22:=E;
233 =23+ 5+ Zg 223 =~Ze  Z32:=Zp: E33:=-E3
Z11 Z12 213 E11
Zk = | Z21 Z22 Z23 Ek:=| E22
Z31 Z32 433 E33
CucreMbl KOHTYPHBIX YPaBHEHU peIIaeTcs o nporpamme |solve:
0.565- 0.816;
Ik := Isolve(Zk ,EK) lk =| _-0.272+0.5] |A
~0.257-0.483;

Toxu BeTBEM ONPCACIAIOTCS Y€PE3 KOHTYPHBIC TOKH 110 METOAY HAJIOXKCHHUA.

I 1:=1kq |5 :=1ks | 3:= —lkg
| 4 := —1kq + 1Ko |5 :=1kq — Ik3 |6 := Iko — Ik3
0.993 -55.309
0.57 118.544
|[ﬂ 047 n 61971 |
= ar =
1.56 J 122.451 =
=0 0.887 -22.094
0.983 90.885
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3. Ol'[pCI[CJICHI/IC TOKOB B BCTBAX CXEMbI MCTOAOM Y3JIOBLIX ITOTCHIIUAJIIOB

l; Z =
e
| Z |
_4> Z4 4 5 5 2
ti. It Ms

CocraBnsieTcs cucTeMa y3JI0BBIX ypaBHEHHH B 00001IeHHOM (hopme, onperie-
JS0TCS KOAPGUIUEHTH YpaBHEHUH, COCTABIISIIOTCS. MATPHUIBI KO HUIIUEHTOB:

V1[Y11 - V2lY12-V3lY13=J11
—V1[Y21 + ValYp2 = V3lYp3= Jo7

V4 = ( —V1lY31 - ValY32 +V3lY33= J3:
Y-—1+1+1 Y'—1+1+1 Y'—1+1+1
U772, 7 2277, 73 Zs 3877, 723 Zg
. 1 . . 1 . . 1 .
Y12-:Z— Y21:= Y12 Y13-:Z— Y31:= Y1z Y23-:Z— Y32:= Yoz
1 2 3
-E1 E2 E1 Es _
Ji1:= 5+ J22:= o=+ — ] -2 _FEs
Z1 2o Z1 23 33— Z, Z3
Y11 —Y12 -Y13 J11
Yu:=| —Y21 Y22 -—Y23 Ju:=| Jo2
—Y31 Y32 Y33 J33

CucTema y3JIOBBIX YpaBHEHUI pemiaeTcss 1o nporpamme [solve:

V := Isolve(Yu,Ju)

. 96.94 89.272
|V| =| 58.129|V arg(V) =| -6.149 |[deg
61.078 —145.936
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TOKM B BETBSIX CXEMBI OIpCACIIAIOTCA U3 IMOTCHIWAJIbHBIX ypaBHeHI/Iﬁ JJIs1

BETBEU:

Vq-

Vo +Eq

l1:=

l4:=

4, HaprDKeHI/Iﬂ Ha OTACJIbHBIX 3JICMCHTAX, a TAKKC dKTUBHBLIC M PCAK-
MOHOIHOCTH HCTOYHHMKA W IPUCMHHUKOB SHCPIrUMU OIPCACIAIOTCA B

THUBHBIC

Z1

Vq- V4
Zy

0.993
0.57
0.547
1.56
0.887
0.983

MaTpu4yHOU (hopme:

Pe:= Re(Se) =

37

o=

l5:=

V3-Vi1+E>

Z

41.475
42.18
[ 27.882
U] =
96.94
58.129
61.078
143.779
71.293
55.113
W
0
0
0

Vo - V4
Zs

arg(l) =

Vv

Qe=Im(Se) =

V3-Vo+Ej3

l3:=

lg:=

—-55.309
118.544
61.971
122.451
—22.094
90.885

arg(V) =

Z3

V4 -V3

Zg

-7.398
83.996
87.531
89.272
-6.149
34.064

[deg

18.442
—75.244
—-38.549




Z Pe = 270.185V

L
Sk = Uk

P:=Re(S) =

27.601
19.786
13.754

126.597
49.587
32.86

ZP = 270.185V

ZQe = -95.351W

Q:=

Im(S) =

30.559
-13.623
6.578
-82.775
14.168
-50.256

ZQ = -95.351W

BBIBOI[: 0ajaHC aKTUBHBIX H PCAKTHUBHBIX MOI].[HOCTCﬁ BBIITOJIHACTCA.

5. Tonmorpaguyeckass nuarpaMMa NOTEHUMAIOB U BEKTOpHAs JUarpamma

TOKOB
Va:=0 Va:=Vi-11[Z4 Vb :=V3+ Ej Vc:=V3+Es
|1 Z =
e
|4 Z |
L4 B
L L
fia It s
E (e [
=
7
/ 3

V:=(0 Vi Va Vo Ve V3 Vb V4 V4 V3 0 0)'
1:=(0 17 0120130140 150 Ig)

38



Re(V)
Re(1) BO

1

- 207

— 400

-60

Im(V),1m(1) B0

6. MoHOCTH UCTOYHUKOB M MPUEMHHUKOB SHEPTUU

0
k:=1.6 —-109.525+ 143.724j
L 0
SEy = Exllk SE = 0 w
0
0

PE := ZRe(SE) = -109.525V  QE := ZIm(SE) = 143.724N

0
60.132— 41.402]
0

2

" S=

S (|'k|) Zy 16.867— 11.029jW
0

10.166- 15.548]

Pn := ZRe(S) =87.16BW  Qn:= ZIm(S) = -67.978N
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3AJIAUA 8.
PACYET CJIOJKHOW LIEIH ITEPEMEHHOI'O TOKA
PA3JIMYHBIMU METOIAMU B MATPUUYHO! GOPME

3ajgaHa cxeMa AIEKTPUYECKON LENU U MapaMeTpbl OTAEIbHBIX 3JIEMEHTOB.
Jlist ynobcTBa pacuera mapaMeTpbl OTJIEIbHBIX 3JIEMEHTOB CBEICHBI B MATPHUIIbI.
TpeOyeTcs onpenenuTh TOKH B BETBSIX CXEMbl, HAPSLKEHUS HAa OTIEIbHBIX dJ1e-
MEHTaX, aKTUBHBIC U PEAKTUBHBIC MOLIHOCTU OTAEIbHBIX UCTOYHUKOB M IIpU-
€MHHUKOB SHEPTHH, POBEPHUTH OATaHC MOIITHOCTEH.

ORIGIN := 1 j =41

. . . T
E::(146e‘J 4806y | go 720y 1 5o] [7deg o) v

28+ 31j 0 0 0 0 0
0 61— 42] 0 0 0 0
0 0 46 + 22j 0 0 0
Z:= _ o)
0 0 0 52— 34 0 0
0 0 0 0 63+ 18] 0
0 0 0 0 0 34- 52j
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1 Be1GuparoTcsi OJIOKUTEIbHBIC HANIPABICHUS TOKOB B BETBSIX MCXOJIHOMN
cXeMbl. B COOTBETCTBUU CO CTPYKTYPOU CXEMBbI U BRIOPAaHHBIMH HAIPABICHUSIMU
TOKOB CTPOUTCS HaIpaBIeHHBIN rpad cxeMbl. [[ns rpada cocTaBisiroTcs MaTpu-
bl coequHennii A u B.

1-10 1 00 100-110
A=l-10-10 10 B==|010 1 01
00 0 -1-11 001011
000
Mposepka:  AB' =| 0 0 0
000

2. PacueT pexxuma cXeMbl METOJIOM KOHTYPHBIX TOKOB BBITIOJHSETCS B
CeAYIOIIeH TOCIe10BaTEIbHOCTH:

2.1 CocTtaBnsitoTcsi MaTPULIbI KOHTYPHBIX COMPOTHBIIEHUN U KOHTYPHBIX

DJIC:
Zk = BZB' EK := BIE
2.2.0npenenstoTcss KOHTYPHBIE TOKH:

0.565— 0.816]
k= zk Bk =| -0.272+05) |A
0.257+ 0.483;

2.3.0mnpenenstoTcsi TOKA BETBEH :

0.993 -55.309
0.57 118.544
T [~ 0.547 61.971
| =B [0k _ _
[ = A arg(l) = [d
| | 1.56 a(l) 122.451 %
0.887 -22.094
0.983 90.885
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2.4Onpez[en;1}0Tc;1 HaIIPsKCHUS HA BETBAX CXEMbI 1 HA ITACCUBHBIX DJICMCHTAX .

0L
Uv:=ZI -E |UV| =
|:|—>
U:=Uv+E lU| =

117.648
141.014
111.947
96.94
58.129
61.078

\Y,

41.475
42.18
27.882
96.94
58.129
61.078

\Y,

arg(Uv) =

arg(U) =

118.737
-111.564
-165.523

89.272

-6.149

34.064

—7.398
83.996
87.531
89.272
—6.149
34.064

[deg

2.50mnpenenstorcs akTUBHbBIE U PEAKTUBHBIE MOIIIHOCTH UCTOUYHUKOB U
MPUEMHHUKOB SHEPTUH, MPOBEPSAETCS UX OaslaHC!

L
Sey = Ex
143.779
71.293
55.113
Pe:= Re(Se) =
0
0
0

Z Pe = 270.185V

[

U kMg

S :

42

k:=1..6
Qe=Im(Se) =
ZQe = -95.351W

18.442
—75.244
—-38.549




27.601 30.559

19.786 -13.623
13.754 6.578
P:=Re(S) = W Q:=Im(S) = W
126.597 -82.775
49.587 14.168
32.86 -50.256
ZP = 270.185V ZQ = -95.351W

BBIBOZ!: 0ajaHC aKTUBHBIX H PECAKTHUBHBIX MOH.IHOCTCﬁ BBITIOJTHACTCA.

| :=0 U:=C

3. Pacuer pexxnma cxeMbl METOJIOM Y3JIOBBIX IIOTEHIINAIOB BBIMTOJTHSIETCS B
CIIEIYIOIIEH MTOCIIEI0BATEIBHOCTH:

3.1 CocTaBnsitoTCs MaTPHULIBI Y3JIOBBIX MPOBOJINMOCTEN U y3JIOBBIX TOKOB:
— T —
Yu:= AY A Ju:= -AlY[E
3.2.0mpenenstorcs y3/10Bble OTSHIINAIBI:

51.820+ 131.144
VU= YU 1@u = 108.393+ 27.985{V
50.508+ 34.211]

3.3.0HPCHCH}I}OTC}I HaIpsHKCHUS Ha BETBAX CXEMbI M Ha ITACCUBHLIX 3JIC-
MCHTax.

117.648 118.737
141.014 -111.564
T 0L | 111.947 ~165.523
Uv:=A WU |Uv| = v arg(Uv) = [deg
96.94 89.272
58.129 -6.149
61.078 34.064
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U:=Uv+E U]

41.475
42.18
27.882
96.94
58.129
61.078

3.4.0npenenstoTcsi TOKA BETBEH :

| :=YIUv+YIE

0.993
0.57

[ 0.547

1.56
0.887
0.983

arg(V) =

A arg(l) =

-7.398
83.996
87.531
89.272
-6.149
34.064

-55.309
118.544
61.971
122.451
-22.094
90.885

3.50mnpenensoTcs akTUBHbIE U PEAKTUBHBIE MOIITHOCTH HCTOYHUKOB U
MPUEMHHUKOB SHEPTUH, MPOBEPSETCS X OalaHC!

143.779
71.293
55.113

L
S = Byl
Pe:= Re(Se) =
(Se) )
0
0

Z Pe = 270.185V

L
Sk = Ukl

44

k:=1..6
W Qe:=1m(Se) =
ZQe = -95.351W

18.442
—-75.244
—-38.549




27.601 30.559

19.786 -13.623
13.754 6.578
P:=Re(S) = wW Q:=1Im(S) = w
126.597 -82.775
49.587 14.168
32.86 -50.256
ZP = 270.185V ZQ = -95.351W

BBIBOZ!: 0ajaHC aKTUBHBIX H PECAKTHUBHBIX MOH.IHOCTCﬁ BBITIOJTHACTCA.



3AJIAUA 9.
WNCCIEJOBAHUE 1IEIM TEPEMEHHOI'O TOKA B PEXXUME TIEPEJJAUN
SHEPTMM OT AKTUBHOT'O ABVXITOJIOCHUKA K TACCUBHOMY

3ajaHa cxema 3JIEKTPUUYCCKON e U MapaMeTpbl OTACIbHBIX DJIEMEH-
TOB. Tpebyercs paccynTaTh U MOCTPOUTH TpapuUecKre TUarpaMMbl TEXHHKO-
9KOHOMHYECKUX XapaKTEPUCTHK 3JIEKTPOIEepeIaun P M3MEHEHHH apaMeT-
poB Harpy3ku: a) Rp = var, 0) X2 = var.

| R X L1 R el
| — oYY {ﬁ |7 |
! | I Al |
I | | |
O |
I | I |
I | I |
I [ I |
e - s S W vV -
AKTHUBHBIN IBYXITOIIOCHHUK [TacCHBHBIWIBYXITOJTFOCHUK
ji=y-1 f:=50 E:=10(
Zq:=20+j[2C Zo=Ro—jIXs

a). PacuetHbie popMyIIbl TSI TEXHUKO-3KOHOMHUYECKHX XapaKTEePUCTUK
npu R2 = var= Rv

Xo:=2(
E
Ze(Rv) :=Z1+ Rv—j X | (Rv) := SoR
U2(Rv) := I(RV)[(Rv —j [X>) U1(Rv) := E - U2(RV)
Pe(Rv) := Re(EM(RY)) P2(Rv) = Re(U2(Rv) 1(RY)
._ P2(Rv)
(R = Be(Ry)
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['padmyeckue nuarpaMMbl GYHKIHA TEXHUKO-YKOHOMHUYECKUX XapaKTepH-
ctuk npu R = var = Rv

1003
8ot e
n(Rymoo | T e
I(Ry|as 89 ™~ e - 3
[U2(RY)| T LT
P2(RV)B 40 N f N
T B |
20t f ) e ¥
I"'
\
0 10 20 30 40 50
Rv

0). PacuetHbie hopMyITBbI 111 TEXHUKO-OKOHOMHUYECKUX XaPAKTEPUCTHK MPH
X2 = var = Xv

Ro = 2(
Ze(Xv) :=Z1+Ro -] [Xv I (Xv) = Z6(XV)
U2(Xv) =1 (X)I(Rz - j [Xv) UL(Xv) = E — U2(XV)
Pe(Xv) = Re(Em(Xv)) P2(Xv) := Re{U2(xv) I (X))
_ P2(Xv)
n (XV) Pe(Xv)

a7



['padmyeckue nuarpaMMbl GYHKIHH TEXHUKO-3KOHOMHUYECKUX XapaKTEPUCTUK
npu X2 = var = Xv

100

.
PRt d
o
o

80r »~

n (Xv) 100 e \

.......
o -

207 y 8

Xv
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3AJIAUA 10.
WCCJIEJOBAHUE LIEINN TIEPEMEHHOI'O TOKA B PEXXUME
KOMITEHCAIIMA PEAKTHMBHOM MOIIHOCTU TTPUEMHHKA

3ajgaHa cxeMma 3JIEKTPUYECKON LIENU M MapameTpbl OTAEIbHBIX 3JIEMEH-
TOB. TpeOyeTcsi pacCuuTaTh U MOCTPOUTh TIpaduyecKue JuarpaMMbl TEXHH-
KO-DKOHOMHYECKUX XapaKTePUCTUK DJIEKTPONEpeiadu MPU U3MEHEHUH EMKO-
CTH KOMIICHCUpYIoIiero kouaeHncatopa Ck.

L, R X
ﬂm .
0. IZJ] IC‘L
R
(Pl oz
U, 7T
X2
- — A 1 — j [Ddeg
j =1 f :=5C w:=2f  U1l:=230¢
Z1:= 4 + 1] 72:= 40 + 60j Ck = var

1. PacueTHbie HOpPMYJIBI 111 TEXHUKO-3KOHOMUYECKUX XAPAKTEPUCTUK

5 _ Z2[Zc(CK) _u
Zc(Ck) = —— Ze(CK):=Z1+ 72+ 20(CK) 11(Ck) := Ze(CK)
Z21Zc(Ck U2(Ck U2(Ck
U2(Ck) := '1(Ck)gzz+§% 12(CK) := 2(2 ) 13(Ck) := Zc((Ck))
DU (CK) := UL - U2(CK) aU (CK) := |ul| - |u2(Ck)|
P1(Ck) := Re(U1md(CK) P2(Ck) := Re(U2(Ck) ITTK)
- i _ P2(Ck)
DP(Ck) := P1(Ck) — P2(Ck) n (CK) := P1(CK)
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2. I'padpuueckue nuarpammbl QyHKIIUN TEXHUKO-9KOHOMUYECKHUX XapaKTe-

PHUCTHUK

1.2

]-__

H(Ck) 0.8
DP(Ck) (D3

iicw|s 09

|U2(Ck)| D03 ¢ 4

AU (CK)[D1

0.2

0  1x10 ° 2x10 ° 3x10 ° 4x10 ° mqo'5

-0.2 1Y
Ck

3. Pacuer napameTpoB pexkuMa CXeMbl JJIS 3aIaHHOTO 3HAYEHHS] eMKOCTH
KOMITEHCUPYIOIIET0 KoHAeHcaTopa Ck

Ck := 30120 ©
l11(Ck)| = 1.732 arg(11(Ck)) = -19.904deg
|U2(Ck)| =217.092 arg(U2(Ck)) = -4.54ldeg
l12(Ck)| = 3.011 arg(12(Ck)) = -60.849deg
|13(Ck)| = 2.046 arg(13(Ck)) = 85.46deg
|DU(CK)| =21.906 arg(DU (Ck)) = 51.661deg
AU (Ck) = 12.908 P1(Ck) = 374.528

P2(Ck) = 362.531 DP(CK) = 11.997 1 (Ck) = 0.968
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4. Tonorpaduueckas guarpaMma MoTEHIIMAIOB, COBMEIIEHHAS ¢ BEKTOPHOI
JTarpaMMoir TOKOB

V:=(0 UL U2(Ck) 0)'
| := (0 I11(CK) 0 12(Ck) 0 13(Ck))"

25
20 w
15
Re(V)
Re(1) 20
T 10
5 / // -

100 50 0 -50 ~100 ~ 150
Im(V),Im(1) 20
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3AJIAUA 11.
PE3OHAHCHBIE XAPAKTEPUCTHUKH [TOCJIEJOBATEJLHOTO
KOJIEBATEJILHOT'O KOHTYPA

3amaHa cxema 3JCKTPUYECKON IEMH M MapaMeTpbl OTIACIbHBIX 3JIEMEHTOB.
Tpebyercsi paccuWtaTh W IMOCTPOMTH Tpaduyeckue TuarpaMMbl PE30HAHCHBIX
XapaKTEPUCTHK IMOCICIOBATEIILHOTO KOJEOATEIbHOTO KOHTYpa MPH HM3MEHCHHH
OTIeNbHBIX mapamerpos: a) f= var, 6) L = var, B) C = var.

i R L C
— > — Y ||
—— —_—
Ur u_ Uc

a) Pe3oHaHCHBIE XapaKTEPUCTHKH MTOCIEAOBATEILHOTO KOJIEOATEITHHOTO
KoHTYypa ipu f = var

Hcxomurlie nanHbIe:
E := 5C R:= 1F L=0z C:=5100°¢ f =var
PacueTHble OpMyYIIBI;

E

\/R2+(2E[[ﬂﬂl—

| (f )=

2
2&&[1][@)

1 (F)

UL(f) = 20r [f [LI(f) UC(f) = G T
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['paduyeckue nuarpaMmbl PyHKITHIA:

25
20
I(f)Z015
UL(f)
uc(r) 4,
\H
50 S
/ e
/

0 10 20 30 40 50 60 70 80 90 100
f

0) Pe3oHaHCHBIC XapaKTEPUCTUKH MOCICAOBATEILHOIO KOJICOATEIBHOTO
KOHTYypa 1ipu L = var

Hcxonnarie naHHEbIE:

E :=5C R:= 1t L:=0.2 f :=5C C = var

Pacuetnbie popMyb:

E

1 2
RC+| 2 L - _6j
20 [ [TvI10

I (Cv)
20 [ a0 °

I (Cv) =

UL(Cv) = 2[r [f [LI (CVv) UC(Cv) :=
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I'paduueckue quarpamMmbl GyHKIIHIA:

25

I (Cv)[Z015 / k\

ULev) / k\

uc(ey) 4, / S~

0 10 20 30 40 50 60 70 80 90 100
Cv

/

[/

B) Pe30HaHCHBIC XapaKTEPUCTUKHU TIOCIEI0BATEIILHOTO KOJIe0aTeIbHOIO
KOHTypa nipu L = var

Hcxonnarie naHHEbIE:
E := 5( R:= 1t fi=5 C:=5110° L=var

PacuerHbie popMyIbl:

I (Lv) =

\/R2+(2Et[ﬂﬂlv—

2
2&&[11[@)

| (Lv)

- Lv) = ———
UL(Lv) := 2[n [f [LvII (LV) UC(lv) = -7
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I'padmueckue quarpammbl GyHKIHII:

25

LA
//// \
- AN

AR

0
0O 0.04 0.08 0.12 0.16 0.2 024 0.28 0.32 036 04
Lv
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3AJIAUA 12.
PE3OHAHCHBIE XAPAKTEPUCTHUKH MMAPAJUIEJIBHOT'O
KOJIEBATEJILHOT'O KOHTYPA

3amaHa cxema 3JeKTPUYECKOM IeNH U apaMeTPhbl OTACIbHBIX 3JIEMEHTOB.
Tpebyercst paccuuTaTth U MOCTPOUTH Tpaduyeckre qUarpaMMbl Pe30HAHCHBIX
XapaKTEPUCTHK MapaIebHOTO KOJIeOATSILHOIO KOHTYpa MPHU M3MEHEHHH OT-
JeNbHBIX Tapametpos: a) f = var, 6) C = var, B) L = var.

T O e

a) Pe3oHaHCHbIE XapaKTEPUCTUKH TAPAJLIETIBHOTO KOJIEOATEILHOIO KOHTYpa
npu f = var

HNcxomnbie naHnHbIe:
E:=5 - R'=20C L:=01 C:=100010° f =var

Pacuernbie popMybi:

2 2
1 1
|(f)._EE\/(FJ +(2Et[ﬂ[¢—2a[ﬂm)

IR(f) :=% IC(f) := E[2[n[f [C IL(f) :=

2 [ M
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I'paduueckue quarpamMmel GyHKIIHIA:

5
T

1(f) \

— _

IL(f ) \

IC(f /
ﬂ(f))z \ <”’/
N
1 ~ N\
N

0 10 20 30 40 S50 60 70 80 90 100
f

/
e

0) Pe3oHaHcHBIE XapaKTEPUCTUKH MTAPAIICIIBHOIO KOJIe0aTeIbHOTO KOH-
typa npu C = var
Hcxonable naHHbIE:

E :=5C R:=20( L:=0.1 f a( C=var

Pacuetnbie popmyIbI:

E\/ 1)? 6 1)
I(CV) = E (—) +(2&t[ﬂ[¢vﬂo - )
R e

IR(Cv) := % IC(Cv) := ER& @ @0 ° IL(Cv) :=

2@ 0 M
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I'padmueckue quarpammbl GyHKIHI:

—

1(Cv) /

l&ﬁgy)]“5 ‘\\\ //// ////
E % /

IR(Cv) 1 / //

0.5 // \\ //

0 20 40 60 80 100 120 140 160 180 200
Cv
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3AJIAUA 13.
PE3OHAHCHBIE XAPAKTEPUCTHUKNA MATHUTHOCBSI3AHHBIX
KOHTYPOB

3anaHa cxema C-)JICKTpPI‘ICCKOﬁ eI u HapaMCTpBI OTIACJIBHBIX 3JICMCHTOB.
TpebyeTtcst paccuuTaTh ¥ MOCTPOUTH TpaUUECKUE TUarpaMMbl PE30HAHCHBIX
XapaKTepI/ICTI/IK MAarouTHO-CBJA3aHHBIX KOHTypOB HpI/I HU3MECHCHHUU YaCTOThI
f=var.

| C C
—> T
[ [
* |\/| *
C)E L, L,

R

1

| I |

E:=40  R:=11 Ly =02 L,:=0.2 Kc:= .4
M = KelyfLpi; Cy:=51M10 Cy:=51010 ¢

PacueTnbie popMybl;

E
1(f) := _
2
1 2@ [ M
R + 2 M M4 - - ( )
20 M [Ty 1
2R M My - ————
2( [l [TCo
1 (2@ M M)?
X(f):= 2@ Mg - -
20 M [Ty 1
2R M My - ————
2( [l [TCo
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I'paduueckue quarpamMmsel GyHKIIHIA:

\ L/

2 NV

() \L\\
- \ &\
| ) Qx/ // N

60

f

- 200

—-100

X (F)

100

N 200
O 10 20 30 40 50 60 70 80 90 100



3AJIAUA 14.
PE3OHAHCHBIE XAPAKTEPUCTHUKH [TOCJIEJOBATEJLHOTO
KOJIEBATEJILHOT'O KOHTYPA TIPY HECUHY COUJIAJTBHOM
HAIPSDKEHUM UICTOYHUKA

3agaHa cxema JJICKTPUUYECKOW e U IMapamMeTpbl OTACIbHBIX 3JICMECH-
ToB. TpeOyercss pacCUMTaTh W MOCTPOUTH TpadUUeCKUE AHarpamMmbl pe3o-
HAHCHBIX XapaKTEPUCTHK ITOCIICIOBATEIILHOTO KOJIe0aTEIbHOTO KOHTYpPa IPH
W3MEHEHUHN eMKOCTH KoHAeHcaTopa C=var.

i R L C
— > — Y ||
— R I
Ur u_ U

Hcxonurlie naHHBIE:
e(t) = EImisin(w [t) + E2Zmisin(2w [t) + E3MIsin(3[w [t) f :=5C
El:=4C E2:=2C E3:= 1C R:=11 L:=0z C:= 51IZL0_6

Pacuernbie popMybi:

El
11(CV) = -
1
RE+| 2 L - _6j
20 [ [TVI10
E2
12(Cv) = >
1
R+ (45 M - _6]
4% [ [TV10
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E3
1 2
R2+ 6z { M — _Gj
60 [ [Cv[0

1 (CV) = 11(CV)2 + 12(Cv)2 + 13(C)°?

13(Cv) =

I'paduueckue quarpamMmbl GyHKITHA:

62

70

80



BAJIAYA 15.
PACYET PEXXMMA JITHEHOIO TPAHC®OPMATOPA

3amaHa cxeMa 3JIEKTPUYECKOM ey M MapaMeTpbl OTAEIbHBIX 3JIEMEHTOB.

Tpe6yeTC$1 ONpCACIINTL TOKH B BCTBAX CXCMbI, HAIIPsKCHUS HA OTACIIbHBIX
QJICMCHTAX.

I, I,
—> X, —>
* *
=D :
X4 X;
R, R, — Xc
ORIGIN :=1 j =41 E := 901V
Ry := 130 Ry := 9l Rn := 2900 X1 := 540
Xo:=67la XM = 43[a Xc := 90la Zn:=Rn-j[Xc
a). Pemenwne 3amaau MmetooM 3akoHoB Kupxroda
Given I1:=(1+])IA lo:=(1+])IA
1Ry +j[X1) - 12 XM = E
[9l(Rp +j X2+ Rn—j[Xc) =11 XM = C
L) |[ﬂ (1.002)A 0 (—57.243)@
= FIn = ar =
0.97 J 63.042 )
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6) Pemenue 3agaun MeTogqOM CBCPTKHU CXEMBI I1OCJIC MarHUTHOM Pa3BA3KH

Z1 =Ry +jl(Xg-XM)  Zp=Rp+j[(Xo-XM) +2n Z3:=j XM
Zab'—ZE—Ii Z5:= 71 + Zak ==
= 222+Zg =14 1=
Uq:= 11123 |Uq| = 17.05% arg(U1) = -17.006deg
Uab := | 1[Zak |Uab| = 73.855V arg(Uab) = 3.874deg
| = Uab \ - Uab
277, 3775
1.002 ~57.243
I =] 0.97 |A arg(l) =| 63.942 |[deg
1.718 -86.126
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4. BextopHas 1uarpamma TOKOB M HalpsKEHUM.

v=(0EO0U; 0Uab) 1:=(017 010 15)

10

8

6
Re(V)
Re(1) 30

4

2

\ /
60 40 20 0 -20 -40
Im(V),Im(1)30
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3aﬂaHa,CXCNK13H€KTquCCKOﬁ LOCIH U IMapaMETpPbl OTACIIBHBIX 3JICMCHTOB.
TpC6yCTCH ONpCACINTLE TOKHM B BETBAX CXCMbI, HAIPSKCHHUA Ha OTACIBbHBIX
CHTAaX, AaKTHUBHBIC W PCAKTUBHLIC MOIIHOCTHM HMCTOYHHMKA W OTACIbHBIX

9JIEM

3AJIAUA 16.

PACYET DJIEKTPUYECKOM LIEIT C MATHUTHOCBSI3AHHBIMU

KATYHIKAMUA

MPUEMHHUKOB DHEPTUH, TPOBEPUTH OajlaHC MOIIHOCTEH, TOCTPOUTH Tororpadu-
YECKYyI0 JUarpamMmy MNOTEHLIHAJIOB, COBMECTHUB €€ C BEKTOPHOW JUarpaMMoun
TOKOB..
i
5
—
j =41 ORIGIN := 1
E := 901V Ry := 23l R, := 31l Rz := 290
X1 := 340 X5 := 670 XM := 23l Xc = 4900
a). Pemenme 3amaun Mmeromom 3akoHoB Kupxroda
Given 11:= 1A 15:= 1IA 13:= 1[A

66

l4—-12-13=0C
1Ry + IX1) =12l XM +12(Ra+j [Xp) =110 XM = E
—15[(Rp +j [X2) + 11 IXM +13(R3—j [Xc) = C

1.577 -8.884
| :=Find(l) [I| =| 0.98 |A arg(l) =| —67.461 |[deg
1.355 29.25

| :=C



6) Pemenue 3agaun MeTogoM CBCPTKHU CXEMBI I1OCJIC MarHUTHOM Pa3BA3KH

Z1:= Ry +j (X1 -XM) Zp:= Ry +j (X2 - XM)
Z3:= R3+j [(XM - Xc)
Z3 E
Zab = ZolH—— Zy =71 + Zab l1:= = Ug:=110Z4
Zo+7Z3 Z5
U2 U3
Uo:=14[Zab Usz:=11[Zab o= — l3:= —
Zy Z3
- 1.577 -8.884
[I] =| 0.98 |A arg(l) =| -67.461|deg
1.355 29.25
- 40.2 16.676
|lU| =| 52.768|V arg(U) = | =12.628 |[deg
52.768 -12.628

TOHOI‘pa(bI/I‘ICCKa}I auarpamMma noTCHIuaJIoOB, COBMEIICHHAA C BCKTOpHOﬁ
I[HarpaMMOﬁ TOKOB

v=(0 E Uy 0 0) 1:=(0 17 015 0 13)"

10

8 \
\
I

6
Re(V)
Re(1) B0
4 \
2 \ //
60 40 20 IO -20 -40 -60
Im(V),Im(1) B0
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3AJIAUA 17.
PACYET LEITA C YETBIPEXIIOJIOCHUKOM

1. Cxema nenu v mapaMeTpbl 3JIEMEHTOB

1 I2

' YR
N

=(

NI
-
G

=
-
N
N

ORIGIN := 1 j =41

Bxo/iHbIE CONPOTUBICHUS] YETHIPEXIOIIOCHUKA B PEKUMaX XOJOCTOTO
X0/1a U KOPOTKOTO 3aMbIKaHMsI ObUIM U3MEPEHBI SKCIIEPUMEHTAIIBHO 0 CXEME
A —V — @, pe3ynbTaThl U3MEPEHUN PUBEACHBI HUXKE!

Zx1 := 89 + 25 Zxy = 70— 31
Zxq = 46 + 27] Ziy =65 + 49

2. Onpenenenre KO3 HUIUEHTOB YETHIPEXIIOIIOCHUKA

A=1 B:=1 c=1 D=1
Given
Zx A Zx B Zx D AD-BIC=1
1= ¢ 1= 5 2= ¢ =
A 1.409+ 0.78j
B 66.927+ 24.094j
= Find(A,B,C,D) = _3
C 0.017+ 4jx 10
D

1.311- 0.246j
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3. Onpenenenrie napamerpoB T-00pa3HOit CXeMbI

A-1 :
ZTq:= e = 33.127+ 38.182]

D-1 :
LTy = el =14.127- 17.818]

YTo := C = 0.017+ 4jx 10°

1
ZTo = —— =55.873- 13.182j
0

4. Onpenenenune napameTpoB [1-o0pa3HO# cxembl

A-1 -3 : -3
YIIq = B =90.123x 10 ™ +8.368)x 10

D-1 -3 . -3
Yo = B =2.941x 10~ -4.728jx 10

ZIlo := B = 66.927+ 24.094j

1
ZI11 = —— = 59.53- 54.606;j
Y111
1
Zl1p = —— = 94.855+ 152.482j
Y1y

5. Pacuer napameTpoB pexHMMa MpU 3aJaHHON Harpy3Ke

Uq := 18( Z5:= 57+ 32]
Given 11:=1 12:=1 U2:=1C
Up=AU2+Bl2  I1=CIU2+DI2 U2=121Z;
1 2.083- 1.163]
I2. [*=Find(11,12,U2) =| 0.79- 0.734]
Us 68.514~ 16.563]
|14 =2.386 arg(l1) = —29.174deg
|12 =1.078 arg(1 ) = —42.9deg

|Ug| =70.488  arg(Up) = -13.59deg
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Re(V)
Re(1) (100

70

6. BekTopHas quarpaMma TOKOB U HaIpsiKEHUN

v:=(0 Uy 0 Uy)' 1=(0 17 0 1)

206
166G
12G

80r

407

120 80 40 0 ~ 40 80  -120
Im(V) ,Im(1) 50



PACYET TPEX®A3HOU HEINN ITPYU COEAMHEHWHN ®A3 HAI'PY3KU
3BE3/10M1 C HYJIEBBIM ITPOBOIOM

3AJIAUA 18.

3amaHa cxeMa JJIEKTPUYECKOW LIENU U MapaMeTphl OTHENbHBIX JJIEMEHTOB.
Tpebyercss onpenenuTb TOKU B BETBAX CXEMbI, HANPSIKEHUS HA OTIEIbHBIX
AIIEMEHTAaX, aKTUBHBIE U PEAKTUBHBIE MOIITHOCTU OTAENBHBIX (a3 U Bcell Lie-
Y, TIOCTPOUTH TOMOTrpaUUYECKyI0 AMarpaMMy MOTEHIIMAJIOB, COBMECTUB €€
C BEKTOPHOU MarpaMMOU TOKOB.

Ua = 220¢ 0989y

Za:= (55+ 32) [0

la:

Ib:= —
Zb

Ic:

In:=la+Ib+Ic

71

- Ua
~ Za

_Ub

_Uc
- Zc

e 2
Bgé d
lc Zc
C ]
-

Ub:= 22081 1200egpy,

Zb = (45- 22)lo

1. Pacuyer TOKOB

|la] =3.457A
|Ib| = 4.392A
lIc| = 4.199A
|In| = 2.566A

Uc = 220d 1200edpy

Zc:= (51+ 12) o

arg(la) = —30.192deg
arg(lb) = —93.947deg

arg(lc) = 106.759deg

arg(In) = -54.907deg



2. Pacuet MomHoCTENR

Sa:= Ualle S := Ubllb S = Ucllc
Pa := Re(Sa) = 657.448N Qa:= Im(Sa) = 382.514N
Pb := Re(Sh) = 868.075N Qb := Im(Sh) = —424.392W
Pc := Re(S) = 899.235V Qc:=Im(Sc) = 211.585V

P:= Pa+Pb+ Pc = 2.425x 10W
Q:= Qa+ Qb+ Qc = 169.70W

3. Tonorpadudeckas quarpaMma MoTEHIIMAIOB, COBMEIIICHHAS ¢ BEKTOPHOMN
JAarpaMMoOr TOKOB

V:=(0 Ua 0 Ub 0 Uc 0 0)
|:=(0 1a 0 1b 0 Ic 0 In)'

25

20

15

Re(1) @0

200

-15

Im(V),1m(1) @0
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_ 3AJIAYA 19.
PACYET TPEX®A3HO LIEIH [IPY COEJJUHEHNY ®A3 HATPY3KH
3BE3/1011 BE3 HYJIEBOI'O [IPOBOJIA

3agaHa cxemMa 3JIEKTPUUECKOM IENMU U MapaMeTPbl OTAEIbHBIX 3JIEMEHTOB.
TpeOyeTcst onpenenuTs TOKU B BETBSIX CXEMbl, HAMPSKEHUS HA OTIEIbHBIX
AJIeMEHTaX, aKTUBHbIE M PEAKTUBHBIE MOIIHOCTH OT/AENbHBIX (a3 U Bcew 11e-
¥, TOCTPOUTH TOMOrPAPUUECKYIO JUArpaMMy MOTEHIIMAJIOB, COBMECTUB €€
C BEKTOPHOM MarpaMMOM TOKOB.

iD ZA
A——
IB Z
B —> l:lB .n | :\/——1
IC ZC
Co——— -

Ua:=220d 099y  yp:= 200 1 B2WOy ¢ .= 200l 120egpy
Za = (55+ 32)[a Zb := (45-22)q Zc = (51+ 22)la

1. PacueT HanpsKeHUd U TOKOB

Ua Ub Uc
Za Zb Zc
= ————— |Un| =64.39v arg(Un) = —-37.05deg
Za Zb Zc
Uan := Ua- Un |Uan| = 173.014/ arg(Uan) = 12.958deg
Ubn := Ub - Un |Ubn| = 221.515/ arg(Ubn) = -136.768deg
Ucn := Uc - Un |Ucn| = 280.4227 arg(Ucn) = 125.137deg
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la:= 52y lla] =2.719A arg(la) = -17.233deg
Ubn

Ib:= o |Ib| = 4.422A arg(lb) = -110.714deg
Ucn

lc:= e |Ic| = 5.049A arg(lc) = 101.803deg

2. Pacuer mommHOCTEH TeHEepaTopa

Sag = Ua[l]% Sog = Ub[I]T: g = Uc[I]Lc
Pag := Re(Sag) = 571.323VN Qag = Im(Sag) = 177.218N
Pbg := Re(Sog) = 960.16 WV Qbg := Im(Sbg) = -156.988N
Pcg := Re(Scg) = 1.055% 10W Qcg := Im(Scg) = 346.864N

P := Pag + Pbg + Pcg = 2.587x 10W

Q = Qag + Qbg + Qcg = 367.093V

3. PacyeT MOIHOCTEM NpreMHUKA

San := Uan(lB Son := UbnIk Scn = Ucenlc
Pan := Re(San) = 406.609V Qan := Im(San) = 236.573N
Pbn := Re(Son) = 880.073V Qbn := Im(Sbn) = -430.258N
Pcn ;= Re(Sen) = 1.3x 10W Qcn = Im(Scn) = 560.778N

Pn = Pan + Pbn + Pcn = 2.587x 10W

Qn:= Qan + Qbn + Qcn = 367.093V
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4. Tonorpaduueckas quarpaMmma MoTEHIIMAIOB, COBMEIIEHHAs C BEKTOPHOM
MarpaMMoi TOKOB

V:=(0 Ua Un Ub 0 Un Uc 0)
1:=(0 1a 0 Ib 0 Ic)"

25
.l
20
15 .
10 y
Re(V)
..... 5 ')
o S
Re(1) @0 AN
— ’J‘ ’ \
/' ’ \\
d00 150 100—50.-° 0S50 -400 -150 -200
// /”"” \\\~ \\\
-5 S \\\\\\
-10 /.4.-"’ \\\\'.‘
-15
Im(V), Im(1) @0
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_ 3AJIAYA 20.
PACYET TPEX®A3HOM LIEIU [IPY COEJJUHEHUN ®A3 HATPY3KH
TPEYI'OJIbHUKOM

3ajaHa cxeMa AJIEKTPUYECKON LIETH U TapaMeTPbl OTAEIbHBIX 3JIEMEHTOB.
Tpebyetcst onpeaenuTh TOKH B BETBSIX CXEMBbI, HATIPSKEHUS HA OTAEIbHBIX
AIIEMEHTaX, aKTUBHBIE U PEAKTUBHBIE MOIIIHOCTH OTAEIBHBIX (a3 U BCH 11e-
Y, IOCTPOUTH TONOTPAPHUUECKYIO AUarpaMMy OTEHLIMATIOB, COBMECTHUB €€
C BEKTOPHOU IMarpaMMOU TOKOB.

I | ag y4
> ~ AB
A: L 2 1 I |
g lec Z
BC
> > — . W
B: L 4 1 I J qo _1
lc lca
> > ,_IZCA
Ce g L

Uc = 220d 120y,
Uca:= Uc - Us
Zca:= (51+ 12)la

Ub := 2200 ) B20egpy,
Ubc := Ub = Uc
Zbc = (45- 22)[a

Ua = 220¢ 099y
Uab:= Ua- Uk
Zab = (55+ 32)la

1. Pacyer TOKOB

Uab
lab = —— |lab| = 5.988A arg(lab) = -0.192deg
Zab
Ubc
Ibc := N |Ibc| = 7.607A arg(lbc) = -63.947deg
Uca
lca:= —— |lca] = 7.273A arg(lca) = 136.759deg
Zca
la:=lab - Ica |la] =12.346A arg(la) = —-23.904deg
Ib := Ibc - lak |Ib] =7.31A arg(lb) = -111.229deg
lc:= Ica— Ibc lIc| = 14.638A arg(lc) = 126.171deg
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2. PacyeT mMoIHOCTEM reneparopa

Sg = Ua[l]lé g = Ub[l]l_b g = Uc[I]Lc
Pag := Re(Sag) = 2.483x 10W Qag := Im(Sag) = 1.101x 10W
Pbg := Re(Sbg) = 1.589x 10W Qbg := Im(Sbg) = —245.22W
Pcg := Re(Scg) = 3.202x 10W Qcg = Im(Scq) = —346.19W

Pg := Pag + Pbg + Pcg = 7.274x 10W

Qg := Qag + Qbg + Qcg = 509.12N

3. PacyeT mMomHOCTEM MpUeMHUKA

Sab = Uab[ﬂlﬁ Sc = ch[l]IE Sca = Uca[l]lc_a
Pab := Re(Sab) = 1.972x 10W Qab= Im(Sab) = 1.148x 10W
Phc := Re(Shc) = 2.604x 10W Qbc = Im(Sbe) = -1.273x 10°W
Pca := Re(Sca) = 2.698% 10W Qca = Im(Sca) = 634.754N

Pn:= Pab + Pbc + Pca = 7.274x 10W

Qn = Qab + Qbc + Qca = 509.12VN
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4. Tonorpaduueckas uarpaMmma MoTEHIIMAIOB, COBMEIIEHHAs ¢ BEKTOPHOM
MarpaMMoi TOKOB

V:=(Ua Ub Uc Ua 0 Ub 0 Uc)
1:=(0 1a 01b O Ic O lab O Ibc O Ica)'

2506
2006 ‘

156G

~
R R R
rd

106G

s )

- 50

- 100 -

—-150

Im(V),1m(1) @15
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_3AJIAYA 21.
PACYET CJIOKHOI TPEX®A3HOMU LIETIU (CXEMA 1)

3ajana cxeMa CloKHOM Tpex(a3zHoH 1enu U napaMeTpbl OTAEIbHBIX 3JIEMEHTOB.
TpeOyeTcst onpenenuTb TOKK B BETBIX CXEMbl, HAMPSKEHUSI HA OTJEIbHBIX AJIEMEH-
Tax, aKTUBHbIE M PEAKTUBHbIE MOILIHOCTH OTIEIbHBIX (a3 M BCel IenH, MOCTPOUTh

TONorpauyecKyr auarpaMMy MOTEHIIMAIOB, COBMECTHB €€ C BEKTOPHOM Juarpam-
MOMU TOKOB.

A B C N |

S Y S e — .1_ — ]
J7 N J]_|B J7_|c ‘f_lN
|
. Jda Zn
|B1 Zp1
b |
lc1 Zca M
C
|
. A2 Zno
g Zeo
b Ny
|
. _c2 Zeo
las = _IAI=3> Zng
a | I
[ B3 | BC ZBC
b — -
lcs dcp  Zea
C [ —
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j =41 ORIGIN :=1

Ua:= 220d 099y yp:= 220s7! B2®eOy ¢ .= 200l 120egpy

Uab := Ua - Ub Ubc := Ub - Uc Uca:= Uc - Ua
Zaq := (48 + 29)[a Zbq := (44 + 26)[a Zcp = (54— 16) o
Zay = (58 + 29) [0 Zby = (44 - 26)[a Zco := (34 + 36) o
Zab = (124 + 78)[a Zbc := (122- 87) Lo Zca:= (132+ 31)lo

1. Pacuer TokOB 1-TO nmpuemMHUKa

lag := — la| = 3.923A arg(lag) = ~81:139deg
Zag
Ub
Iby ;= —— Iby| = 4.305A arg(lby) = -150.579deg
1
Uc
oy = - lcy| = 3.906A arg(lcy) = 136.504deg
1
Ing :=lag + Ibg + Icq Iny| =3.538A arg(Iny) = —155.727deg
3. PacyeT momHOCTeM 1-ronpremMHuKa
L L L
S1 = Uallyg Sy = Ublbq 1 = Ucllicq
Pa; := Re(Say) = 738.696N Qay := Im(Say) = 446.296N
Pb; :=Re(S) = 815.314W Qb := Im(Spy) = 481.7768N
Pc; := Re(Scy) = 823.96W Qcy = Im(Scy) = —244.136N

Py := Pag + Pby + Pcy = 2.378x 1GW
Q1 := Qa; + Qbg + Qcq = 683.936N
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4. Pacuer HampsiKEHUN U TOKOB 2-TONPUEMHUKA

Ua Ub Uc
+ +
Zap Zbp Zco
Ung = — R |Uny| =100.50/  arg(Unp) = -5.146deg
Zap Zbp Zco
Uan, := Ua - Uny Uanp| = 120.24V  arg(Uany) = 4.3ldeg
Ubny := Ub - Uny Ubnp| =277.645%/  arg(Ubny) = -139.175deg
Ucny := Uc - Uny Ucny| =289.754/  arg(Ucnp) = 136.476deg
Uany
lag 1= — lao| = 1.854A arg(lap) = =22.265deg
2
Ubn2
2= = Iby| = 5.433A arg(Iby) = ~108.596deg
Ucny
Icz = Zc, Icp| = 5.852A arg(lcy) = 89.84deg
5. Pacyer MomHoOCTe# 2-TONpUEMHIKA
L L L
Say = Uanyllap Sy ;= Ubns (b, Sco 1= Ucnollicy
Pay := Re(Sap) = 199.42W Qap := Im(Sap) = 99.71W
Pby := Re(Sby) = 1.299x 10W Qby := Im(Shp) = -767.32W
PC, = Re(Scp) =1.164x 10W Qcy = Im(Scp) = 1.233x 10W
P, := Pay + Phy + Pcy = 2.662x 1GW
Q2 := Qap + Qby + Qco = 565.034N
6. PacueT TOKOB 3-TOnpHUEMHHKA
Uab
lab := —— |lab| = 2.601A arg(lab) = —2.171deg
Zab
Ubc
Ibc := Zbo |Ibc| = 2.543A arg(lbc) = -54.507deg
Uca
lca := e |Ica] =2.81A arg(lca) = 136.784deg
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lag = lab - Ica |lag| = 5.069A arg(lag) = —23.523deg
Ibs := Ibc — lab |1bg| = 2.269A arg(Ibg) = -119.657deg
Icz := Ica - Ibc |Ic3| =5.327A arg(lcs) = 131.421deg

7. Pacuer MomHOCTEH 3-TONMpPUEMHUKA

Sab = Uab[l]li Soc = ch[l]lE Sca = Uca[l]lc_a
Pab := Re(Sab) = 838.993V Qab := Im(Sab) = 527.754N
Pbc := Re(Shbc) = 788.955V Qbc := Im(Soec) = -562.615NV
Pca := Re(Sca) = 1.043x 10W Qca = Im(Sca) = 244.83W

P3:= Pab + Pbc + Pca = 2.67x 10W
Q3 := Qab + Qbc + Qca = 209.969N

8. MouHocTh BceX MPUEMHUKOB

Pn:=$"P = 7.711x 160w Qni='yQ = 1.450x 160w
9. PacueT TOKOB reHepaTopa
lga := Zla |lgal = 10.821A arg(lga) = —26.061deg
Igb := Zlb |Igb| = 11.354A arg(lgb) = -125.571deg
lgc := Zlc |lgc| = 14.048A arg(lgc) = 116.836deg
Ign := Zln |lgn| = 3.538A arg(lgn) = —155.727deg
10. Pacuer momntHOCTEH reHEpaTOpa
L L L
Sga = Ualliga Sgb = Ublligh Sgc = Uclligc
Pga = Re(Sga) = 2.139x 10W Qga := Im(Sga) = 1.046x 10W
Pgb := Re(Sgb) = 2.486x 10W Qgb := Im(Sgh) = 242.473N
Pgc := Re(Sgc) = 3.086x 1&W Qgc := Im(Sgc) = 170.564V

Py := Pga + Pgb + Pgc = 7.711x 10W
Qg := Qga + Qgb + Qgc = 1.459x 160w
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11. Tonorpaduyeckast AuarpaMma MOTEHIIUAJIOB, COBMEIICHHAs
C BEKTOPHOU MarpaMMoO TOKOB I'€HeparTopa.

v:=(0 Ua Ub Uc Ua Uny Ub 0 Uny Uc 0)'

| :=(0 Ilga O Igb O Igc O Ign)T

25
20
15
10
Re(V)
Re(1) 15

200

—-1006

-15

Im(V),Im(1) A5
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3AJJAYA 22.PACYET CJIOXKHOM TPEX®A3HOM IEITN (CXEMA 2)

3aiana cxeMa CloKHOM Tpex(a3zHol 1enu U napaMeTpbl OTAEIbHBIX JIEMEHTOB.
TpeOyeTcst onpenenuTb TOKK B BETBIX CXEMbl, HAMPSKEHUSI HA OTJEIbHBIX AJIEMEH-
Tax, aKTUBHbIE Y PEAKTUBHBIE MOILIHOCTH OTIEIbHBIX (a3 M BCel IenH, MOCTPOUTh

TonorpauyecKyro IuarpaMmy MOTEHIIMAJIOB, COBMECTUB €€ C BEKTOPHOM Auarpam-
MOl TOKOB reHepaTopa.

Zn

Zm

Zca M

&

Zeo
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j =41
Ua:=220d 99y up:= 2008 1 12®Gy o= 200d 12Xy
Zay = (48 + 29) 0 Zby = (44- 26)[0  Zcp:= (24 + 46)I0
Zab:= (124+ 78)la  Zbc:=(122- 87)la  Zca:= (64+ 131)l0

Zo:=(33-42)lc  ZL:=(3+5)l

1. PacyeT mOTEHIIMAJIOB Y3JIOB [0 METOY Y3JIOBBIX MOTCHIIMAJIOB
1.1.Cucrtema y3/10BBIX ypaBHEHHH B 00111eH opme

ValYaa - VblYab — VclYac — VnllYanl - Vn2[Yan2 = Jaa
-ValYba + VblYbb — VclYbc — VnllYbnl — Vn2[Ybn2 = Jbk
-ValYca - VblYcb + VclYcc - VnllYenl — Vn2lYen2 = Jcc
-ValYnla - VblYnlb - VclYnlc + VnllYnlnl — Vn2[Yn1n2 = Jnnl

-ValYn2a - VblYn2b — VclYn2c — VnllYn2nl + Vn2[Yn2n2 = JnnZ

1.2.KoadurmeHTs! 1 MaTpHIlbl y3I0BbIX ypaBHEHUN

1 1 1 1 1 1 1 1 1 1
Yaa=—+—+ —+ — + — Yob=z= —+ —+ — + — + —

L. Zay Zp Zab Zca L. Zby Zp Zbc Zab

1 1 1 1 1 1 1 1 1 3
YCc=—+—F— +— +— Ynl:=— + + + Yn2:= —

L Zcq Zo Zbc Zca L. Zay Zb1 Zcg Zo
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Ve b Zea Za 7y
a Ca Lag 2 Ua
-1 -1 -1 -1 7L
—— Ybb =—— — — L
Zab Zbc Zby Zo Ub
T B e S L
u-= Zca Zbc Zc1 2o U= Uc
-1 -1 -1 ZL

Ynl O
Zay I Z 0
-1 -1 -1 0

— = = 0

Zy Ly 23

1.3.PemieHue cucteMbl YpaBHEHUM U ONIpeIeTICHUE MOTEHIIMAIIOB

Y3J10B
191.129 -8.354
q. | 211765 -135.376
Vu=Yu 'ou |wu| =| 183.575|V arg(Vu) = | 110.241 |ideg
25.494 9.678
8.498 -170.322
Va = Vug |Va| = 191.12%/ arg(Va) = —8.354deg
Vb 1= Vuy |Vb| =211.765/ arg(Vb) = —135.376deg
Ve := Vuy |\Vc| = 183.575/ arg(Vc) = 110.241deg
Vg := Vus |Vny| = 25.494v arg(Vny) = 9.678deg
Vo := Vug |Vny| = 8.498V arg(Vnp) = -170.322deg

2. Onpeaenenre JIMHEHHBIX U (Pa3HBIX HAMPSKEHUH ISl TPUEMHHUKOB

2.1.JIunelinple HAMPSKEHUS 1711 BCEX MPUEMHHKOB, (ha3Hble HaIpsiKe-
HUA JU1s1 3-TO IPUEMHHUKA

Uab := Va - Vb |Uab| = 360.715/ arg(Uab) = 19.597deg
Ubc := Vb - Vc |Ubc| = 332.628/ arg(Ubc) = —105.2deg
Uca:= Vc - Va |Ucal = 322.205/ arg(Uca) = 141.629deg
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2.2. ®a3Hble HanpsHKeHUs 1 110 mpueMHUKa
Uanl:=Va-Vn; |Uanl| = 167.074/ arg(Uanl) = -11.062deg
Ubnl:=Vb-Vn; |Ubnl| =233.12V arg(Ubnl) = -138.968deg
Ucnl:=Vc-Vn; |Ucnl| = 189.90% arg(Ucnl) = 117.824deg

2.3 Da3Hble HANPSKEHUS IS 2-T0 TPUEMHUKA

Uan2 := Va - Vny |Uan2| = 199.22n arg(Uan2) = -7.59ddeg
Ubn2 := Vb - Vny |Ubn2| =204.85% arg(Ubn2) = -134.015deg
Ucn2 := Ve - Vng |Ucn2| = 182.208/ arg(Ucn2) = 107.613deg

3. Onpenenenne JTUHEWHBIX U (a3HBIX TOKOB Ui TPUEMHHKOB

3.1.®a3Hble (TMHEHHBIE) TOKHW I 1-T0 TpHEeMHHAKA
Uanl

lal := o |lal| = 2.979A arg(lal) = —42.201deg
1
Ubnl
Ibl := o |Ibl| = 4.561A arg(Ibl) = -108.388deg
1
Ucnl
lcl:= |Icl| = 3.66A arg(lcl) = 55.377deg
ZCcq
3.2.®a3Hble (JTMHEHHBIE) TOKU JJIs 2-T0 IPHUEMHHKA
Uan2
la2 := > |1a2] = 3.73A arg(la2) = 44.249deg
2
Ubn2
b2 := > |Ib2| = 3.835A arg(Ib2) = —82.172deg
2
Ucn2
lc2 := 3 |Ic2| = 3.411A arg(lc2) = 159.456deg
2
3.3.®a3Hble TOKHU AJis 3-TO MPUEMHUKA
Uab
lab ;= —— |lab| = 2.462A arg(lab) = —12.574deg
Zab
Ubc
Ibc:= — |Ibc| =2.22A arg(lbc) = -69.706deg
Zbc
Uca
lca := e |Ica] =2.21A arg(lca) = 77.667deg
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3.4.JIuneliHble TOKU JUIsl 3-TO MPUEMHHUKA

la3:= lab - Ica |la3| = 3.316A arg(la3) = —54.374deg
Ib3 := Ibc - lah |Ib3| = 2.249A arg(Ib3) = —-136.575deg
Ic3:=Ica - Ibc |Ic3| = 4.251A arg(lc3) = 94.018deg

4. Pacuer pe:xXKMMHBIX IaPAMETPOB JIMHUH

4.1.Toku B IpOBOJIaX JTUHUU

la:=lal + |a2 + la3 |la] =7.125A arg(la) = -17.09deg
Ib = 1bl + 1b2 + b3 |Ib| =10.004A arg(lb) = —104.766deg
lc:=Icl+Ic2+ Ic3 |Ic| = 8.567A arg(lc) = 99.49deg
In:=la+1b+Ic |In| = 4.372A arg(In) = -49.358deg
4.2 . T1lageuns HaIpsDKEHU B IPOBOJAAX JTMHHUHU
UAa:= lalZL |UAa| = 41.544v arg(UAa) = 41.946deg
UBb := IblZL |UBb| = 58.335V arg(UBb) = —45.73deg
UCc:= lclZL |UCc| = 49.956V arg(UCc) = 158.526deg
UnN := In[ZL |UnN| = 25.494v arg(UnN) = 9.678deg

4.3.TloTepst HampsHKEHUS B MTPOBOAAX JTHMHUU:
aUa := |Ua| = |va| = 28.871v
aUb := |Ub| - |Vb| = 8.235v
aUc = |Uc| - |Vc| = 36.425¢

5. PacyeT akTUBHBIX U PEAKTUBHBIX MOIIHOCTEN UCTOYHUKA U MPUEMHUKOB
5.1.AKTHBHbBIE U PEAKTUBHbBIE MOIIIHOCTU T'€HEpATOPa

Sga = Ualli Sgb := UbIlE sgc := Uclc
Pga = Re(Sga) = 1.498x 10W Qga := Im(Sga) = 460.626N
Pgb := Re(Sgb) = 2.124x 1GW Qgb := Im(Sgh) = -578.31 W
Pgc := Re(Sge) = 1.765x 10W Qgc = Im(Sgc) = 660.382W

Pg := Pga + Pgb + Pgc = 5.387x% 1§W
Qg := Qga + Qgb + Qgc = 542.69W
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5.2. AKTUBHBIE U PEaKTHUBHBIE MOIITHOCTH 1-T0 MpUEMHHUKA

Sal := Uanllal Sh1 := Ubnlbl Sc1 = Uenliicl
Pal := Re(Sal) = 426.026N Qal := Im(Sal) = 257.39W
Pb1 := Re(Sbl) = 915.457W Qb1 := Im(Sbl) = -540.95W
Pcl := Re(Scl) = 321.535M Qcl := Im(Scl) = 616.275N

P1:= Pal+ Pbl + Pcl = 1.663x 10W

Q1:= Qal + Qbl + Qcl = 332.714N

5.3. AKTUBHBIC U PEaKTHUBHBIE MOIITHOCTH 2-TO MPUEMHHUKA

Sa2 := Uan2(la2 Sh2 := Ubn2(Ih2 2 := Ucn2(Ic?
Pa2 := Re(Sa2) = 459.1W Qa2 := Im(Sa2) = ~584.30QW
Pb2 := Re(Sh2) = 485.416N Qb2 = Im(Sh2) = -617.802W
Pc2 := Re(Sc2) = 384.016N Qc2:= Im(Sc2) = —488.748N

P2 := Pa2 + Pb2 + Pc2 = 1.329x 10W

Q2 := Qa2 + Qb2 +Qc2 = -1.691x 10°W

5.4. AKTUBHBIC U PEAKTUBHBIE MOIITHOCTH 3-TO MPUEMHHUKA

Sab := UablIab Sbe := UbclIbc Sca := Ucallca
Pab := Re(Sab) = 751.832W Qab := Im(Sab) = 472.92W
Pbc := Re(Sbc) = 601.178N Qbc := Im(Soc) = -428.709N
Pca := Re(Sca) = 312.566N Qca = Im(Sca) = 639.784N

P3:= Pab + Pbc + Pca = 1.666x 10W

Q3 := Qab + Qbc + Qca = 684.002V
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5.5. AKTUBHEIE U PEAKTHUBHBIC MOIITHOCTH JIMHUHU

L L L L
SAa = UAallla SBb := UBbllk SCc := UCcllk SNn := UnN [n

PAa := Re(SAa) = 152.288N QAa = Im(SAa) = 253.813N
PBb := Re(SBb) = 300.264N QBb := Im(SBb) = 500.44V

PCc := Re(SCc) = 220.20W QCc := Im(SCc) = 367.002V
PnN = Re(SNn) = 57.348WN QNN := Im(SNn) = 95.579V

PL := PAa+ PBb + PCc + PnN = 730.1W
QL := QAa+ QBb +QCc + QnN = 1.217x 10W

5.6.AKTI/IBHBIC )44 peaKTI/IBHbIe MOIIHOCTU BCEX HpHeMHHKOB
Pn:= P1+ P2+ P3+ PL = 5.387x 10W
Qn:= Q1+ Q2+ Q3+ QL = 542.69W

5.7. AKTHBHBIC ¥ pEaKTHBHBIE MOIITHOCTH TeHEpaTopa
Pg = 5.387x 1GW Qg = 542.69W
5.8.1lokazanus BarT™MeTpoB l-rpymmsr W1, W2, WS.

wi := Re(Uan1fa) = 1.184x 10w
W2 := Re(Ubntiib) = 1.929x 16W
W3 := Re(Uen1c) = 1.544x 10w
SWL:i= WL+ W2 + W3 = 4.657x 10W
SP1:= P1+P2 +P3 = 4.657x 10W

5.9. Tokasauns BaTTMETpoB 2+ rpymmsr WA, WS,
W4 := Rd Uabfia2 + 1a3)] = 1.553x 10W
W5 := -Rd Ubcllic2 + 163) ] = 1.441x 16w
SW2:= W4+ W6 = 2.994x 10W

SP2:= P2 + P3 = 2.994x 10W
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6. Tonmorpadguyeckas guarpamMma MoTEHIIUAIOB, COBMEIIICHHAs
C BEKTOPHOM JIMarpaMMoOi TOKOB JINHHH.

V1:=(0 Ua Ub Uc Ua Va Vb Vc Va Vny Vb Ub 0)'
v2:=(0 Uc Ve Vg 0 Vnp Vb Vip Va Vmp Ve Vip)'

1:=(0 1a 01b 0 Ic 0 In)

25
\
20 // \
15 // N
’ \
ya
AT
10 / / \
Re(V1) v / \\
;e(:/z) / / /\\
N S d \\
Re(1) 20 \
Rel) N //e VN
/ — Moo \
200 15 T 100 \-150 -
NG
-5 == /‘;/ \\\ N
// e ~ \ \ ~ N
-1~ T~ Ty
\\_\\ T \ /
— — /
-15 ”
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3AJIAUA 23.
PACYET PEXXMMA TPEX®A3HOI'O JBUTATEJIS [IPU CUMMETPUUYHOM
1 HECUMMETPUYHOM HATIPSDKEHUN

TpexdazHblil aCHHXPOHHBIN ABUTATEIh PA0OTAET B HOMUHAJIBHOM PEXHUME

(Pn, n,9) A) npu CUMMETpUYHON CUCTEMe HampsukeHus; B) mpu Hecum-

METPUYHOM cUCTeMe HampsbkeHus. Tpebyercs ompenenuTh (a3Hble TOKH,
MOKa3aHUsl BAaTTMETPOB, MOCTPOUTH TOMOTpadUUYECKyl0 THUarpaMmy MOTEH-
I[MAJI0B, COBMECTUB €€ C BEKTOPHOM AHarpaMMoi TOKOB.

1. UcxoaHble JaHHBIC TSI CHMMETPUYHOTO peknuma (BapuaHT A)

Ia
A
Iy
E_—© AJl
Iz
o —>
j =41 a:= ¢ 1200
Ua = 220V Ub := 22051251/ Uc:=22(lV
Uab := Ua - Ub Ubc := Ub - Uc Uca:= Uc-Us
Pn = 2000W n = 0.9] o .= 40deg
2. Onpenenenue (a3HbIX TOKOB
= il = 4.347A
" 30Ual W Gos(p)
la=I@ " l1a] = 4.347A arg(la) = —40ldeg
b= a’Ta l1b| = 4.347A arg(Ib) = ~160(deg
lc:= alla |Ic| = 4.347A arg(lc) = 80ldeg
Ua :
71:= —— = (38.769+ 32.53)jo
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3. Tloka3aHus BATTMETPOB
L L
Wi := Re(Uaba) = 566.53a¢ W2 := Re(-Ubcllt) = 1.631x 16W

SW = WL+ W2 = 2.198x 10W

4. Tonorpaduyeckas quarpaMma MOTSHIIMAJIOB, COBMEIICHHAS C BEKTOPHOM
JAarpaMMoOr TOKOB

V1:=(0 Ua Ub Uc Ua Ub 0 Uc)'
11:=(0 la 0 Ib 0 Ic)"

250
N
, |\
200 R \
4 ] \
4 ] \
4 ] \
' ) \
150 / | N\
’ ] N
’ ] \\
I' : \\
100 ! 5 \
)
Re(V1) ! “
..... : N
Re(11) 30 : N\

- 507

-1006:

-150

Im(V1),Im(12) 30
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5. VcxomHble TaHHBIC 111 HECUMMETPUYHOTO pekuma (BapuaHT b)

Z1 = (38.769+ 32.532ja Z2:=(1+3)la (u3 cipaBoYHMKA)
Ua:= 180V Ub = 2208°V Uc := 220alV
Uab := Ua- Uk Ubc := Ub - Uc Uca:= Uc—-Us

6. PaznoxeHne HECUMMETPUYHON CUCTEMBI HAPSDKEHUM HA CUMMETpUY -
HbIE COCTaBJISIONINE

1

Ual := 5LGUa + alllb + aZE[IJc) = 206.667/
1

Ua2 := §LGUa + Wb + ach) = ~13.333/

1
Ua0 = §EGUa + Ub + Uc) = -13.333v

7.Pacuer q)aBHLIX TOKOB ME€TOAOM CMMMETPUYIHBIX COCTABJIATOIINX

a1 = 22 a2 = 222 120 = C
A 2 a
la:=lal+ la2 + a0 |la] =2.261A  arg(la) = 37.458deg
Ib:= a’llal + ala2 +1aC ~ |Ib| = 8.046A  arg(lb) = —145.55deg
lc:= allal +a’Ma2 +1aC  |Ic| =5.789A  arg(lc) = 33.275deg

8. Ilokazanusi BATTMETPOB
[ [
WL := Re(Uab[l]a) = 782.50W W2 := Re(—UbC[I]C) = 1.21x 10W

SW = WL+ W2 = 1.993x 10W
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9. Tonorpadguyeckas AuarpamMma MoTEHIIMAIOB, COBMEIIICHHAsI C BEKTOPHOM

ﬂHanaMMOﬁ TOKOB

V2:=(0 Ua Ub Uc Ua Ub 0 Uc)'

12:=(0 la 0 Ib 0 Ic)
250

Re(12) 20

95

2000

156G

1060

>

- 507

-100

-150

Im(V2),Im(12) 20



3AJIAUA 24.
AIIMPOKCUMALIS HECUHY COUJIAJIbHBIX
MMEPUOMYECKNX ®YHKLIIN

1. Ucxoanbie naHHBIE

3amaHa HecuHycouabHas GyHKIus HanpsbkeHus U(t) B Bume rpadu-
YeCKOM uarpaMMbl B MHTEpBaie moyiHoro nepuoaa 1. Tpebyercs anmpok-
CUMHPOBATH 3aJIaHHYIO0 (DYHKIMIO a) MPSMOJIMHEHHBIMU OTpe3Kamu, 0) ma-
paboTMYECKUMH CIUTAHAMH, B) KyOWYECKUMU CIUIaliHAMMU.

T := .02
180T -
1607 —

1401 A V.4
1201 ' ‘ N
100 [ 78
o0 | )
60" @

407 < &

ul(t) 207

'12413‘&' 15 16 17 1

—207 0
-401

-60T —
—eot

-1001 | E 1

-120T ! 4 L~

-140+ (NN

3amaHHy0 HECMHYCOMaIbHYy0 GyHKINI0 pa3ouBatoT Ha 20-30 ygacTkoB
U 10 TpadUUIeCKOr auarpamMme ONpeAeIIaIOT KOOPAWHATH TOUEK CTHIKA OT-
JICIIBHBIX YYACTKOB, PE3yJIbTaThl 0(QOPMIISIOT B BUJIE MATPHII.

tn:=(012345678910111213141516171819)T20

un:=(78 14816112581 50 32 21 25 43 52 42 H20-127-93 68 67 62 -10 78-l
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a). KycouHo-nunelinas annpokcumarnus (JTMHeAHass HHTEPITOJIAIIHS)
KycouHo-nuHelHas annpokcumManys (JIMHeWHass HHTEPIIOISAIUS) B
MathCAD ocymiectBisiercst mocpeactsom ¢yHkiuu lintrp mo gpopme:

ul(t) := linterp(tn,un,t)

JI1st IpoBEepKH KayecTBa allPOKCUMAIINU CTPOUTCS rpadudeckas qua-
rpamMma anmnpokcuMupoBaHHo# QyHKIu UL(t), Ha KOTOPYIO HAHOCATCS KOOP-
JAMHATBI TOYEK 3aIaHHON ()yHKIIHH.

t,tn
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0). AnmpokcuMarusi (MHTEPHOJIAIKS) TapaOOTMYECKUMHK CIUTaiHAMU

Anmpoxkcumanus (HHTEPIIONAINS) MapaboIMYeCKUMH CIUIaifHAMU B
MathCAD ocymectsisiercst mocpeactsoM 2-x GpyHkuuit (pspline+ intrp) mo
dopme:

ps := pspline(tn,un)  u2(t) := interp(ps,tn,un,t)

JI1st IpOoBEepKH KayecTBa allPOKCUMAIIUU CTPOUTCS rpadudeckas qua-
rpamMma anmnpoKCUMHUPOBaHHON PyHKIH UZ(t), Ha KOTOPYIO HAHOCSATCS KOOP-
JAMHATHI TOYEK 3a1aHHON (DyHKIIHH.
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B). Antnpokcumanus (MHTEPIIOJIAINS) KyOMUECKUMH CITalHAMU

Annpokcumanus (MHTEPHIONSNUsA) MapabOJIMYeCKUMH — CIUTAHAMHM B
MathCAD ocymiectBisiercst mocpenctsoM 2-x ¢ynkuuid (cspline + intrp) mo
dhopme:

cs := cspline(tn,un) u3(t) := interp(cs,tn,un,t)

Jl71st mpoBepKU KavecTBa anmpoKCUMAIMU CTPOUTCS Tpaduueckas nua-
rpamMma anmnpoKCuMupoBaHHOU QyHKIMK U3(t), Ha KOTOPYIO HAHOCSATCS
KOOPJIMHATHI TOYEK 3aJaHHON (DYHKIIHH.
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r). AnnpokcuManysi QyHKIUK B MHTEPBajle HECKOJIbKUX MTEPHOI0B

KoopauHaTel Touek 3amaHHON (DyHKIMM B WHTEepBaie 1-ro mepuoja
ohOpPMIISIOTCSL B BUJE CTOJIOIIOBBIX MAaTPHII, 3aTeM MPOU3BOJAMUTCS CIIMBA-
HUEC MaTpUI] IS TOCICIYIOIUX MEPUOTOB MOCPEACTBOM MPOrpaMMbl
stack, mocie dero coszmaercs CIUIAH W MPOM3BOIUTCS ANPOKCHUMAIUS B
WHTEPBaJIe 33JJaHHOTO YKcia mepruoioB (5)..

th1:=10 0 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18)19

unl=(78 148 16112581 50 32 21 25 43 52 42 HP0-127-93 68 67 62 —1QT

tn2:=tnl+T

tn3:=tnl + 2[T

tt := stack(tnl,tn2,tn3,tn4,tn5)

sp := cspline(tt,uu)

ud(t) := interp(sp,tt,uu,t)

tn4 :=tnl + 3[T

tn5 :=tnl + 4(T

uu ;= stack(unl,unl,unl,unl,unl)

Ctpowutcs rpadudeckas AuarpaMmma armpoKCUMUPOBaHHOHN QyHKInn UA(t).

200

150

106G

507

u4(t) 0

—_ 50_

- 106G

- 150

- 200

100

0.01 (

02

03

(

04

0.5 ¢

06

007

08

0.1




} BAJIAYA 25. )
I APMOHUYECKUI AHAJINA3 TEPUOIMYECKON @YHKIMH U = F(T)

3amaHa HecuHycownanbHas (yHkuus Hanpspkenwus U(f) B Buae rpadude-
CKOM TuarpamMMbl B MHTEpBaJe MoyiHoro nepuoaa T. TpeOyeTcs BBIIOIHUTH rap-
MOHWYECKHUN aHaIu3 3aJaHHON (QYHKIHMH, T. €. IPEICTaBUTh €€ B BUJE TapMOHH-
yeckoro psana Oypre. Perenne 3agaun BHIIOIHSIETCS B 2 HTaIa.

180T )

1607

1407

1207

1007

807

607

407

ul(t) 207

—207 0
-401
-60-
-801
~1007
1207
—140—

1. Atmmpokcumanust GyHKIIMH

3agaHHy0 HECHHyCOUAaNbHYIO QyHKIMIO pa3ouBaroT Ha 20-30yuact-
KOB ¥ TI0 TpadUUYEeCKON AUarpaMMe ONPEAesioT KOOPAUHATHI TOUEK CTHIKA
OTIIETBHBIX YYaCTKOB, PE3yJbTaThl O(QOPMIISIIOT B BHJAE MAaTPHIl. 3aTeM
GYHKUHMIO anmpOKCUMUPYIOT KyOWMYEeCKMMH CIUTAfHAMHU TI0 CTaHIapTHOM
porpamme.

"
-
-

th.=(0 1234567 89 10 11 12 13 14 15 16 17 18 19)TZIDO_
un:=(78 14816112581 50 32 21 25 43 5212 -320-127-93 68 67 62 -10 78T

cs := cspline(tn,un) u(t) = interp(cs,tn,un,t)
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2. Mapmonudeckuii aHanu3 QyHKIUH

[MapMonnyeckuii aHanu3 GYHKUIMK BBITOIHIETCS MO KJIaCCUYeCKUM ¢Gop-
MyJlaM MaTE€MaTUKH, MIPU STOM IOCTOSTHHAs COCTAaBIISAIONIAsl OMpeensercs
OTZIETIbHO, a aMIUTUTYIbl TAPMOHUK B MaTpUUHOU popmMme:

2.1.TlocTossHHAsA COCTaBIIAIOLIA:
1 T
Uo = —4 u(t) dt = 11.102
T 0

2.2. AMIIUTY Bl M HaYaIbHbIE (ha3bl OTACIBHBIX TAPMOHHMK (0 5-0i BKIIOYH-
TEJIBHO):

T T
Umy :=34 u(t) [Sin(klw @) dt +j 34 u(t) [Bos(kld ) dt
T 0 4 0
[Umy| = arg(Umy) =
100.303 19.707| [deg
49.564 59.755
30.196 -42.163
20.804 29.178
0.107 102.331
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2.3.T"apmoHMnuecKuii cocTaB QyHKIIUH:

5
ug(t) := Uo + Z (|Umk| Bin(km) M+ arg(Un‘k)))
k=1

JIJIs TpoBEepKH KauecTBa BHIMOJTHECHHOT'O TAPMOHHYECKOTO aHAJIN3a CTPOST

B OJTHOM CHUCTEME KOOpAHMHAT TpaduiecKkue auarpammbl ucxoaHoi U(t) u pac-
gyetHOH UQ(t) hyHKIHI.

20

15

10

ug(t) 5
u(t)

0 2x10 x10 Bx10 8x10 ° 0.01

.012 0.014 0.016 0.0¥8 0.02

-10
-15

t

CoBnazienue rpauyeckux auarpamm 3ThX QyHKIHMN yKa3pIBaeT Ha BEPHOE
pelieHue 3a7auu.
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3AJIAUA 26.
PACYET I[EIM HECUHYCOUJAJILHOT'O TOKA
TAPMOHUYECKUM METO/IOM

3amana cxeMa ey ¥ apaMeTphl OTNIEIbHBIX 3JeMeHTOB. HecunycounanbHas
¢byukuus DJIC e(t) 3amana B Bujae TaONUIBI KOOPAMHAT TOYEK B MHTEPBAJIC MOJI-
Horo nepuoja 1. TpeOyeTcsi onpenenuTh IeUCTBYIONIME 3HAUEHHSI TOKOB B BETBAX
CXEMbl, HAMPSXKEHU Ha OTACJIbHBIX AJIEMEHTaX, aKkTUBHbIE MOUTHOCTH HCTOYHHUKA
Y OTJICTTLHBIX TPUEMHUKOB SHEPTHH, POBEPUTH OATaHC MOIITHOCTEH.

Ri:=21 Ry:=36 Rg:=26 Lgi= 028 Lp:=.00 Cg:=28010° .
th=(0 1 23456789 10 11 12 13 14 15 16 17 18 19)A0 *

en= (52 122167 138 73 28 14 15 26 38 29 441 -110-147-144-82 4 30 27 52
3anaua pemaercs B 3 9Tarna
1. T'apmonnyeckwmii ananm3 pyakimm e(t)

1.1. Oynkuus e(t) annmpokcuMupyeTcsi KyOM4eCKUMHU CIUTaliHAMHU

th:=(0 1 23456789 10 11 12 13 14 15 16 17 18 19)7m0 °
en:=(52 122 167 138 73 28 14 15 26 38 20 A1 -110-147-144-82 -4 30 27 53

cs = cspline(tn,en) e(t) := interp(cs,tn,en,t)

104



1.2.BemomnsieTcs pasnoxkenue GyHkiuu &(t) B rapmoHndeckuit psg Oypbe

T
Eo = —4 e(t) dt =9.978

2 (7 2 (T
Emy :=?4 e(t)Sin(kld [{) dt + ?4 e(t) [dos(k [ ) dt

0 0

[Emy| = arg(Emy) =

99.854 29.996 | [deg

49.943 79.919

30.014 -79.525

19.898 -69.71

9.742 -59.825

5
eg(t) := Eo + Z (|Emk| Bin(km) {+ arg(Emk)))
k=1

2. PacueT TOKOB ¥ HAMPsHKEHUN B CXeMe IS OTACIbHBIX TAPMOHUK
2.1.Pacuyer cXxeMbl TSI HOCTOSHHONW COCTABJISIOIIEH:

Eo
Ro:=R; + R l10 :=% =0.169 20 :=11c 130:=C
Ulo :=110[Ry = 3.552 U20 := [20[Ry = 6.427
PEo := Eolllo = 1.688 Plo:= Ulolllo = 0.601
P20 := U20ll20 = 1.087 P3o:=C

2.2.Pacuet cxembl i K-0¥ rapMOHUKH

1
Z1 =Ry +jKlolly Z2:= Ry +j klw[L; 23 =Ry~ G———
3

Z3k
Zaby = 22y ——— Zog = Z1g + Zab
k k 72 + 73 k k k
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Ulm = [1m[Z1,

1.337

0.569

0.433

0.334

0.167

|Ulmy|
29.969
14.931
13.659
12.616
7.453

u2m, = 11my[Zab, |U2my|

Mk
12my == ——
k

106

70.06
38.462
23.391

14.47

6.279

|I2mk| ~

1.467

0.556

0.247

0.119

0.042

wily = arg(11my)

wuly = arg(Ulmy)

pu2y = arg(U2my)

wi2y = arg(12my)

wi3 g := arg(13my)

pily =

14.686

77.018

-79.035

-79.466

-81.56

pulyg =
35.192
113.815
-30.745
-23.226
-19.696

Yu2y =

[deg

27.776

67.415

-105.58

-108.928

-109.737

pi2g =

-9.481

10.735

-171.914

179.267

174.996

i3k =
104.893
132.835
-50.034
-61.381
-68.568

[deg



3. O6paboTka pe3yJbTaTOB pacueTa

3.1. MraoBeHHbIE 3HaY€HUS TOKOB U HANPsLKEHUH, Kak PYHKIIMU BpeMEHU

5
i1(t) == 110 + Z ([11my| Sin(ki@ @+ yit i)
k=1
5
2() =120+ Y (|12my Sin(k D+ vi2y))
k=1
5
3() =130+ 3" (|1amy Sin(k D+ i)
k=4
ul(t) := Ulo + Z (Juimy| min(k @+ yul))
kgl
u2(t) := U20 + Z (Juzm | Sin(ki @+ yu2y))
k=1

3.2.I'padpuyeckue nuarpaMmbl PYHKIUN HAPSHKEHUN

20
15
10
e(t)y 5
uL(t) , 7NN /7(__,4

u2(t) 0 2x10 Ix10 8x10 8x10 °0.01 0.018 0.02
5

-10

-15

-20
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3.3.I'paduyeckue nuarpamMmbl PyHKIIHH TOKOB

111 o5
i2(t) SN AT

3(t) _ g0 2410 10 Bx1078x10°

3.4. [leiicTByIo1IME 3HAYCHUS TOKOB U HAMPSKEHUI:

5

2 1 2
1= [(110)" + 505" (J11my|)” = 1.127
k=1
I2:=/(I20) + = DZ |I2mk|) =1.139
=1
I3:=/(I3o) + = EIZ I3mk| = 0.766

k=1

](Eo) + DZ (|Em|)* = 83.833
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5

1
UL:= |(U10)* + 205 (|uimy)* = 27.817
k=1
2, 1.0 2
U2:= |(U20)"+S0%" (|uzmy])” = 60.276
k=1

3.5. AKTuBHas MOIIHOCTh HCTOYHHKA U IPUCMHHUKOB ODHEPTHUH

L 5
PEy := Re{.5Em, mim) PE=PEo+ " PE(=90.78
k=1
5
L
Pl = Re(.51m, mimy) PL:=Plo+ } Pl =26.196
k=1
5
L
P2y = Re(.5W2m, momy) P2:=P20+ '} P2 = 49.338
k=1
5
L
P3y = Re(.512m, m3my) P3:=P30+ ) P = 15.246
k=1

Pn:=Pl1+ P2+ P3=090.78

BriBoa: 0amanc MOIITHOCTEN BBITOJIHSIETCS.
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3AJIAUA 27.
PACYET I[EIM HECUHYCOUJAJILHOT'O TOKA
JIMODOEPEHLIMATILHBIM METOZIOM

3ajaHa cxeMa Lenu U mapaMeTphl OTJAEIbHBIX 3JIeMeHTOB. HecuHnycouaanbHas
byukuus DJIC e(t) 3amana B BUe TaOJIUIBI KOOPIUHAT TOYCK B MHTEPBAJIC MOJI-
Horo nepuoja 1. TpeOyeTcsi onpenenuTh IeUCTBYIONIME 3HAUEHHsI TOKOB B BET-
BSAX CXEMbI, HAIIPSHKEHUH Ha OTIEIbHBIX JIEMEHTAX, aKTUBHbIE MOIIIHOCTH UCTOY-
HUKA U OT/ICJIbHBIX IPUEMHUKOB YHEPTUH, POBEPUTH OATaHC MOIITHOCTEN.

J]iz _&i;
LTI v
Ry mRa

T := .0z Ry =21 Ry i= 3¢ Rz = 2¢€
Ly := .02t Ly =.00; Cs:= 2810 ©

3anava pemiaercs B 3 3Tana
1. Annpokcumanus GyHKIMHA B MHTEpBaJle HECKOJIbKUX MEPUOJIOB

Koopmunater Touek 3amanHoil ¢ynkumm e(t) B mHTepBase 1-ro mepuoza
oQOpMIIIIOTCSL B BUJIE CTOJIOLIOBBIX MATpHII, 3aT€M MPOU3BOAMUTCS CILIMBAHUE
AQHAJIOTUYHBIX MAaTPHUIl Ul MOCJIEAYIOINX IEPUOJOB, MOCIE YEro CO34aeTCs
KyOMUYeCKuid CIUTaiiH U IPOU3BOAUTCS AlIIPOKCUMAIIHS.

tn1:=10_3[(]0 123456789 10 11 12 13 14 15 16 17 18)-5.9
enl:i=(52 122 167 138 73 28 14 15 26 38 29 141 -110-147-144-82 4 30 2'0-[

th2:=tnl+T tn3:=tnl+2[T tnd:=tnl+ 3[T tn5:=tnl+4([T
tt ;= stack(tnl,tn2,tn3,tn4,tn5) ee .= stack(enl,enl,enl,enl,enl)

cs := cspline(tt,ee) e(t) := interp(cs,tt,ee,t)
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I'padmyeckas auarpamma pyskuuu e(t)
200

150G

106

50" : H (\

0o 0.b1/0.02 0b3 004 0ps5 (006 0b7 [0.08 009 0.1

&(t)
- 50

-100

- 150

- 206

2. Pemienue cuctemsl AuQdepeHInaIbHbIX YpaBHEHHIM

2.1. JIng pacueTHOIi CXEMbI COCTaBIsETCS cucTeMa AuQdepeHnaIbHbIX
ypaBHeHuU# mo 3akoHaMm Kupxroda:

i1—ip—ig=_C

1Ry + Ll%il +i3[R3+ Uc= e(t)

—-iglRg3 - Uc+is[R3 + Lz%izz 0
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2.2. Cucrema nudepeHnunanbHbIX ypaBHEHUN TpUBouTCs K popme Kormu:

(R +Rg)li1 Rz 1 1
ﬂilz( ) +— (i — — (e + — [&(t)
dt Ly L1 L1 L1
4. R (R+R3 1
—ip=—h - ———[ih+—Uc+0

dt Lo Lo Lo

d 1. 1.
—Uc=—i1—-—1i2+0

dt C3 Cs

2.3. Cucrema qudpepeHimanbHbIX YPaBHEHUN PEIIAeTCs YNCIECHHBIM METOIOM
o porpamme Ikfixed

[ ~(Ri+Rg)[Xp R3 1 1]
+ — X - —Xo + —I[e(t)
0 L1 L1 L1 L1
- Ro Ro+ R3 1
N 0 F(t,X) = —[Xo—u[xl+—)(2
0 Lo L2 Lo
1x 1x
—Xo~-=—X1
i C3 Cs |

Z := rkfixed(N ,0,0.1,5000,F)

o) Z( 2 3

tk = Z< i1k = Z<]> 12K := Uck := Z<
13k :=ilk —i2k u2k := Uck + i3k[R3 ulk := e(tk) — u2k

2.4. MaccuBbl EpEMEHHBIX HHTEPIOJUPYIOTCS U MPEBPALAIOTCS B QYHKIIUU
BPEMEHHU:

11(t) := linterp(tk,ilk ,t) 12(t) = linterp(tk,i2k ,t)
13(t) := linterp(tk,i3k ,t) ul(t) := linterp(tk,ulk t)
u2(t) := linterp(tk ,u2k ,t)

3. MaremaTtuueckasi 00paboTKa pe3yJbTaTOB pacuera:

3.1.OnpeneneHue BpeMeHU NEPEXOAHOIO Mpoiiecca
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2.5
2._
1.5
]-__
. 0.
8O N\ N\
'3(”2T)_0 0 g3 O.WIS 0.02 0.0 O.W% 0.04
-1
-1.
- 2.

t

BeiBoA: mepexoiHOM mpoIiece Mpoa0KaeTcs MEHee OJTHOTO TIepHo/ia, Ha-
YyHas co 2-T0 MepHo/ia B CXeMe JCHCTBYET YCTAHOBUBIITUNCS PEKUM.

3.2.I'paduyeckue nuarpamMmbl PyHKIIHIL TOKOB ISl 2-TO MIEpHO/Ia

2.5

N\

—  0olo2 0.02%5 0.025 20275 0.0

.04
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3.3.I'paduyeckue nuarpamMmbl GyHKIMN HAPSKEHUN 711 2-TO TIeproaa

20

3.4..JleiicTByromKe 3Ha4€HUS TOKOB U HaIPSHKCHUI:

2T
11 = —4 i1(t)% dt = 1.247
T

1 2T
12 = —;I i2(02dt = 1.341
T T

w
i1

1 2T
—[J i3()% dt = 0.724
T T

114

1 2T
Ul:= —4 ul(t)? dt = 30.412
T T

2T
U2 := —4 u2(t)% dt = 56.616
T

1 2T
E = —Ej e(H)? dt = 83.835
T T



3.5. AkTuBHas MOIIIHOCTH MCTOYHHMKA U IIPMCMHHUKOB JHCPIHH.

2T 2T

Pe = J e(t) TL(t) dt = 1.952 P1:= J uL(t)[L(t) dt = 0.653
T T
2T 2T

P2 := J w2(t) 2(t) dt = 1.027 P3 = J u2(t) B(t) dt = 0.272
T T

Pn:=P1+P2+P3=1.952

BriBoa: O0asanc MOIIIHOCTEN BBIIIOJIHIETCS.
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3AJIAUA 28.

PACYET TPEX®A3HOI LIENU TIPU COEJIMHEHUU ®A3 HATPY3KU

3BE3/I011 C HYJIEBBIM ITPOBOJIOM TP HECUHYCOUJIAJILHOM
HAIIPSDKEHUM TEHEPATOPA

3agaHa cxemMa 3JIEKTPUYECKOM [IENU U TapaMeTPhl OTAEIbHBIX JIEMEH-
TOB. TpeOyeTcs onpeaenuTb TOKU B BETBAX CXEMbl, HAIIPSDKEHUS Ha OTIEb-
HBIX AJIEMEHTaX, aKTUBHbIE MOITHOCTH OT/AENIbHBIX (a3 U Bcel Lernu, 1o-
CTPOUTH TONOTpadUUYECKyIO JUarpaMMy MOTEHIIMAIOB, COBMECTHUB €€ ¢ BEK-
TOPHOM JUarpaMMoOM TOKOB.

la Ra L
A— YV Ra = 57
b g C 4
— Rc = 7€
Ic Rc :
—> — L :=.072
C ]
~n C:= 5500 °

ua(t) = 220sin(at ) + 120sin(2ut ) + 50(sin (3t )
j =41 a:= ¢ 120 f =5 w:=2nf
1. Pacuer cxembl i1 1-011 TapMOHUMKHU

1.1.Ucxonupie JaHHBIE:

Ualm:= 22( Ublm:= aszalrr Uclm:= alUalmrr
1
Zal =Ra+jlwlL Zbl = Rb—| EE Zcl:= Rc
wW
1.2.PacueT TOKOB
Ualm
lalm:= L |lalm| = 3.818 arg(lalm) = —23.112deg
Ublm
Iblm := ol |Iblm| = 2.303 arg(lblm) = -82.71deg
Uclm
lclm:= o |lcim| = 2.821 arg(lclm) = 120deg
InIm:= lalm+ Ibdm+lclr  |Inlm| =2.743  arg(In1m) = —29.25deg
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1.3. PacueTt MoIiHOCTEN

1 L
Pal ;= Re EUalm[l]almj = 386.251

1 L
Pbl := Re EUblm[I]blm) = 201.546

1 L
Pcl:= Re EUclmD]clm) = 310.256

P1:= Pal + Pbl + Pcl = 898.053

1.4. Tonorpaduyeckas guarpaMmma MOTEHIIUAIOB, COBMEIIICHHAS ¢ BEKTOP-
HOW JMarpamMMon TOKOB

V1:=(0 Ualm O Ublm 0O Uclm)'
11:=(0 lalm O Iblm O Iclm O Inlm)T

25
20
15 //
Re(V1) //
5
Re(11) B0
_//——
200 150 100 50 0 -50 -100 -150 -200
=50 // d \\\
J e N
10G _~ N
-15

Im(V1),Im(12) B0
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2. PacyeT cxemsl Jijis1 2-0i rapMOHUKHU

2.1.Vcxonable NaHHBIE:

Ua2m = 12( Ub2m:= alUa2r  Uc2m:= a°a2n
1
Za2 =Ra+|[2wIL Zb2 = Rb - [I—— Zc2 = Rc
20 [C

2.2.Pacuyer TOKOB:

Ua2m

la2m := 0 |la2m| = 1.722 arg(la2m) = —40.483deg
Ub2m

Ib2m := o |Ib2m| = 1.476 arg(Ib2m) = 140.845deg
Uc2m

lc2m := - |lc2m| = 1.538 arg(lc2m) = =120deg

In2m:= la2m+ Ib2m+1c2r  |In2m| = 1.634 arg(In2m) = -111.677deg

2.3.Pacuer MouHocTEM:

1 L
Pa2 := Re EUaZmD]aij = 78.59

1 L
Pb2 := Re EUme[I]me) = 82.742

1 L
Pc2 := Re EUCZmDJCZm) = 92.308
P2 :=Pa2 + Pb2 + Pc2 = 253.64

2.4. Tonorpaduueckas quarpaMMa IMoTEHIIMAIOB, COBMEIIEHHAs ¢ BEKTOPHOU
JMarpaMMon TOKOB

V2:= (0 Ua2m 0 Ub2m 0 Uc2m)'
12:=(0 la2m 0 Ib2m 0 Ic2m O In2m)T
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15
10
//
Re(V2)
Re(12) B0
150 100 50 0 - 50 -100 —-150
e X
=5 ~ / ~N
-10
Im(V2) ,Im(12) (B0
3. Pacuer cxembl juisi 3-0if FapMOHHKH
3.1.UcxomHble TaHHBIE:
Ua3m := 5C Ub3m := Ua3mr Uc3m:= Ua3rr
1
Za3:=Ra+j[3wlL Zb3.=Rb-jH—— Zc3:=Rc
3w [T
3.2.PacyeT TOKOB:
Ua3m
la3m := 3 [la3m| = 0.581 arg(la3m) = -52.009deg
Ub3m
|b3m := 3 |Ib3m| = 0.638 arg(Ib3m) = 14.243deg
Uc3m
lc3m := -3 |lc3m| = 0.641 arg(lc3m) = Oldeg

In3m:= la3m+ Ib3m+ Ic3m  |In3m| = 1.644  arg(In3m) = —10.54deg
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3.3.Pacuyer momHoCTEH:

1 L
Pa3 := Re EUa3mD]a3m) = 8.936

1 L
Pb3 := Re EUb3m[I]b3m) = 15.452

1 L
Pc3:= Re EUCSmDJCSmj = 16.026

P3:= Pa3 + Pb3 + Pc3 = 40.413

3.4. Tonorpaduyueckas nuarpaMma MoTEHIIMATIOB, COBMEIIIEHHAs ¢ BEKTOPHOU
MarpaMMoi TOKOB

V3:= (0 Ua3m 0 Ub3m 0 Uc3m)'
13:= (0 1a3m 0 1b3m 0 Ic3m 0 In3m)’

Re(V3)

Re(13) 30

¢ \[|

w
\

Im(V3),Im(13) B0
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4. CuHre3
4.1.PacyeT 1elCTBYIOIINUX 3HAYEHUN HAIIPSIKEHUN U TOKOB

Uf = \/% [B(|Ua1m|)2 + (|Ua2m|)2 + (|Ua3m|)2:| = 180.693

Ul := ﬁﬁ/% [E(|Ua1m| )2 + (|uazm| )2] = 306.92

la = \/%[E(|Ialm|)2 + (||a2m|)2 + (||a3m|)2] =2.99

b := /%[E(||b1m|)2+ (]1b2m])? + (|Ib3m|)2] =1.986

Ic:= \/%[E(|Iclm|)2 + (|I02m|)2 + (|I03m|)2} =2.317

In:= \/%[E(|Inlm|)2+ (Iinzm) )% + (|1n3m| )2 = 2.54

4.2.Pacyer MOIIIHOCTEI:

Pa:= Pal + Pa2 + Pa3 = 473.777

Pb := Pbl + Pb2 + Pb3 = 299.739

Pc:= Pcl + Pc2 + Pc3 = 418.59
P = Pa+Pb+ Pc = 1.192x 10
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3AJIAUA 29.
PACYET TPEX®A3HOM LIETTY TPV COEMHEHNN ®A3 HATPY3KHU
3BE3/I01 BE3 HYJIEBOI'O TTIPOBOJIA TTIPY HECUHY COUIAJIHBHOM
HAIPSDKEHUN TEHEPATOPA

3aaHa cxeMa JIEKTPUYECKOW LENH W MmapaMeTpbl OTIEJIbHBIX 3JIEMEHTOB.
TpebyeTcst onpeenuTh TOKHM B BETBSIX CXEMbI, HAMPSDKEHUST HA OTJEIbHBIX dJIe-
MEHTAaX, aKTUBHBIE MOITHOCTH OTIEIbHBIX (a3 M BCEHl IeMH, MOCTPOUTH TOIIO-
rpaduyYecKyr0 IuarpaMMy MOTEHIIMAJIOB, COBMECTHUB €€ C BEKTOPHOU JHUarpam-
MOM TOKOB.

la Ra L .
A —|>|:| —~— Ra = b¢&
— n
B L H Rc:=7¢
le Rc L= 075
c . = .07z .
C :=55010

upa(t) = 220isin(at ) + 120isin(2at ) + 50sin(3ut )

j =41 a:= ¢ 120 f =5 «:=2nf

1. Pacuer cxembl it 1-0ii rapMOHUKH

1.1.Uexonupie JaHHEBIE:

Ualm:=22C Ublm:= aszalrr Uclm:= alUalnr

1
Zal =Ra+jlwlL Zbl :=Rb—jEIE Zcl:= Rc

w
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1.2.Pacuer TOKOB

Ualm N Ublm N Uclm
Zal bl Zcl

unlm:=
1 1 1
+ +
Zal Zbl Zcl
Uanlm:= Ualm- Unlnr Ubnlm:= Ublm- Unlnr

Ucnlm:= Uclm - Unlnr

Uanlm
lalm:= |lalm| = 2.76 arg(lalm) = =10.288deg
Zal
Ubnlm
Iblm := b1 |Iblm| = 2.448 arg(lbim) = -101.127deg
Ucnlm
lclm := —cl |lcim| = 3.662 arg(lelm) = 127.764deg

1.3.Pacuer MmomHOCTEH

1 L
Pal ;= Re EUanlmD]alm) = 201.819

1 L
Pbl := Re EUbnlm[I]blm) =227.781

1 L
Pcl:= Re EUcnlmD]clm) = 523.075

P1:=Pal + Pbl + Pcl = 952.675
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1.4. Tonorpaduyeckas quarpamMmma MoTeHIMAIOB, COBMEIICHHAS
C BEKTOPHOM MarpaMMOM TOKOB

V1:=(0 Ualm Unlm 0 Ublm Unim Uclm 0 0)"

11:= (0 lalm O Iblm O Iclm 0 0)'

25
20 \
15

10
Re(V1) /

ﬂ.) 50 > /

200 150 100 50 0 —3’0\\%— 150 -200
/ \

-5 /A ~
- 1007/ ///// \\k\

Im(V1),Im(12) B0

2. Pacuer cxempl 11 2-0i TApMOHUKH
2.1.Ucxonuple naHHEBIE:

Ua2m:= 12  Ub2m:=alUa2r  Uc2m:= a°Wa2mw

1
Za2 =Ra+[2wIL Zb2 = Rb - [I—— Zc2:= Rc
20 [C

124



la2m =

Ib2m ;=

Ic2m =

125

2.2.PacyeT TOKOB:

Ua2m N Ub2m N uc2m
Za2 Zb2 Zc2
1 1 1
+ +
Za2 Z7Zb2 Zc2

un2m:=

Uan2m:= Ua2m- Un2nr
Ubn2m := Ub2m - Un2r

Ucn2m:= Uc2m - uUn2nr

Uan2m

5 |la2m| = 1.984
Jbn2m |Ib2m| = 1.924

Zb2 -
Jenzm |Ic2m| = 0.987

Zc2 e

2.3.PacueT MOILIHOCTE:

arg(la2m) = -21.651deg

arg(lb2m) = 129.143deg

arg(lc2m) = —129.645deg

1 L
Pa2 = Re(EUaanD]aZm) =104.352

1 L
Pb2 := Re(EUanm[I]mej = 140.676

1 L
Pc2 .= Re(EUanmDJCZm) = 38.003

P2 := Pa2 + Pb2 + Pc2 = 283.031



2.4. Tonorpaduyeckas AuarpaMMa MOTEHIIMAJIOB, COBMEIIEHHAs
C BEKTOPHOW HarpaMMoOu TOKOB

V2:= (0 Ua2m Un2m 0 Ub2m Un2m Uc2m 0 0)'

12:=(0 1a2m 0 b2m 0 Ic2m 0 0)'

15
’ \
5
Re(V2)
Re(12) 50
150 100 50 0 50 =100 -150
-5 A \
=/ \
-10

Im(V2) ,1m(12) B0

3. Pacuer cxemsl 17151 3-€i1 TapMOHMKHU
Ua3m = 5C

HpI/I OTCYTCTBHH HYJICBOI'O IIPpOBOAA BCC TOKHU M COOTBCTCTBECHHO AKTUBHEIC
MOIIHOCTHU AJISI TapMOHMK, KPAaTHBIX TPEM, PaBHbI HYJIIO.
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4. Cunres

4.1.Pacuer nelCTBYIONIMX 3HAYCHUHN HANIPSHKEHUN U TOKOB

Uf := j% (juatm|)2 + (Juazm|)2 + (|uasm|)2] = 180.693

Ul := ﬁﬁ/% [E(|Ua1m| )2 + (|uazm| )2] = 306.92

la:= \/%[](|Ia1m|)2+ (|1a2m|)?] = 2.404

— _
Ib::\/E[Q(|Ib1m|)2+(|lb2m|)2_ = 2.202

Ic:= \/%[E(|Iclm|)2 + (||02m|)2] = 2.682

5.2.Pacyer MOIIHOCTEI:

Pa := Pal + Pa2 = 306.171
Pb := Pb1 + Pb2 = 368,457
Pc .= Pcl+ Pc2 =561.078
P:= Pa+Pb+Pc=1.236x 10
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3AJIAUA 30.
PACYET TPEX®A3HOM LIETTU TPV COEMHEHNN ®A3
HATPY3KHU TPEYTOJIbBHUKOM [P HECUHYCOUJAJTTLHOM
HAIIPSDKEHUN TEHEPATOPA

1. Cxema nenu u napameTpbl 3JIEMEHTOB

la Zrs L lab
A L1 | Rab := 8=
Ib
B - > Zac c _|>| bc Rbc := 7€
L] ” Rca := 6¢&
c £|> ZCA IC_a|> L:=.122
—{ |

c:=3800 ¢

ua(t) = 2200sin(at ) + 120sin (2t ) + 50[Sin(3ct )

j =41 a:= ¢ 1200 f =5 «:=2nf

1. Pacuet cxembl 11t 1-0if rapMOHUKH

1.1.cxonuple JaHHEBIE:

Ualm:=22C Ublm:= aszalrr Uclm:= alUalnr

Uablm:= Ualm-Ublr  Ubclm:= Ublm- Uclnr

Ucalm:= Uclm - Ualnr

1
Zabl = Rab+ | [w[L Zbcl = Rbc — | BE Zcal ;= Rca
w
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1.2.Pacuer TOKOB

Uablm

lablm:= lablm| = 4.168
Zabl | |
beim = 222 peim| = 3.369
" Zbcl e
Ucalm
lcalm := |lcalm| =5.604
Zcal
lalm := lablm - Icaln l1a1m| = 9.324
IbIm:= Ibclm - lablrr |Ibim| = 3.118
lclm := Icalm - Ibclrr |lcIm| = 8.925

1.3.Pacuer mourHocTen

arg(lablm) = 5.214deg

arg(lbclm) = -42.217deg

arg(lcalm) = 150deg

arg(lalm) = =15.063deg
arg(lblm) = -122.07deg

arg(lclm) = 145.418deg

1 L
Pabl = Re EUablmD]ablm) = 720.963

1 L
Pbcl ;= Re Echlm[I]bclmj =431.308

1 L
Pcal := Re EuCalmmcalm) - 1.068x 10

P1:= Pabl + Pbcl + Pcal = 2.22x 10
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1.4. Tonorpaduyeckas quarpamMmma MoTeHIMAI0B, COBMEIICHHAS
C BEKTOPHOMW MarpaMMOM TOKOB

V1:=(0 Ualm 0 Ublm 0 Uclm Ualm Ublm Uclm)'

11:=(0 lalm O Iblm O Iclm O lablm O lbclm O Icalm)T

25
20 //
15 /

e
T~

10
Re(V1) / \
Re(I)20 ° / \

200 1?/ 100 507 0N\_=50 —100\150 ~200
/ / \ \

-10G & / ~\

N
\
AN
N
/
2

-15
Im(V1),Im(11) 20
2. Pacuer cxempl 1J1s 2-0if TApMOHUKH
2.1.Ucxonuwle naHHEBIE:
Ua2m = 12( Ub2m:= alUa2mr  Uc2m:= a“[Wa2r
Uab2m := Ua2m - Ub2ir Ubc2m := Ub2m — Uc2ir
UcaZ2m := Uc2m - Ua2mr
Zab2 := Rab + ] [2w [L Zbc2 := Rbc — | [—Izwl—m: Zca?2 := Rca
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2.2.Pacyer TOKOB:

Uab2m
lab2m := |lab2m| = 1.84 arg(lab2m) = -72.724deg
Zab2
Ubc2m
Ibc2m := |Ibc2m| = 2.395 arg(Ibc2m) = 118.859deg
Zbc2
UcaZ2m
lca2m := |Ica2m| = 3.057 arg(lca2m) = —150deg
Zca2
la2m:=lab2m—Ica2m  |jzom =3.202  arg(la2m) = -4.09deg
Ib2m := 1bc2m — lab2rr |Ib2m| = 4.214 arg(Ib2m) = 113.83deg
lc2m := Ica2m - |bc2rr |lc2m| = 3.921 arg(lc2m) = -112.352deg

2.3.Pacuer momHoCTEH:

Pab2 := Re

Pbc2 := Re

Pca? := Re

—UameD]abZ ) 140.447
1
EUbCZm[I] j 218.003

1
—Uca2mllica2

m| = 317.647
riiz)-

P1 := Pab2 + Pbc2 + Pca2 = 676.097
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2.4. Tonorpaduueckas nuarpamma NOTEHIIMAIOB, COBMEIICHHAs
C BEKTOPHOU JIUarpaMMon TOKOB

V2:=(0 Ua2m 0 Ub2m 0 Uc2m Ua2m Ub2m Uch)T

12:=(0 la2m O I1b2m 0O Ic2m 0 lab2m 0 lbc2m O Ica2m)T

15
y /N
5
Re(V2)
Re(12) 20
150 ~ 150
-5
-10

Im(V2),Im(12) 20

3. Pacuer cxemsl 11t 3-0if rapMOHHUKH

Ua3m := 5C

JIuHelHble HaNpsKEHUs TAPMOHUK, KPaTHBIX TPEM, PaBHbI HYJIIO, TIO3TOMY BCE
TOKW W COOTBETCTBEHHO AKTUBHBIE MOIIHOCTH TaKX e PaBHbI HYJIIO.
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4. Cunres

4.1.Pacuer nelCTBYIONIMX 3HAYCHUHN HANIPSHKEHUN U TOKOB

Uf := j% (juatm|)2 + (Juazm|)2 + (|uasm|)2] = 180.693

Ul := ﬁﬁ/% [E(|Ua1m| )2 + (|uazm| )2] = 306.92

lab := j% [E(||ab1m|)2 + (||ab2m|)2] =3.222

lbc := j%[ﬁ(||bc1m|)2+ (||bc2m|)2] =2.923
lca:= j%[i(||ca1m|)2+(||ca2m|)2] = 4.514
la = j%[i(||a1m|)2+ (lhazm))?| = 6:971

—
Ib:= E[1(||b1m|)2 +(|1b2m))?] = 3.707

I := \/%[B(|Iclm|)2 + (||c2m|)2} = 6.893

4.2.PacueT MOIITHOCTEH:

Pab := Pabl + Pab2 = 861.41
Pbc := Pbcl + Pbc2 = 649.311
Pca := Pcal + Pca2 = 1.385x 10

P := Pab + Pbc + Pca = 2.896x 10
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