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OBIIME YKA3ZAHUSA

[lenpt0 KOHTPOIBHOW pPabOTHI SBISIETCS 3aKpeIUIeHUE W yriIyOJeHHe
TEOPETUUECKNX 3HAHWHA CTYJCHTOB, a TaK)Ke MPUOOPETCHHEe WMH HABBIKOB pacueTa
JUHEHHBIX SJEKTPUYCCKHUX IIeNeld ¢ HCTOYHMKAMH ITOCTOSHHOI'O W IIEPEMEHHOIO
0HO(a3HOTO TOKOB.

Bri0op BapuanTa 3aganus

3amaun KOHTPOJIBHBIX paboT umerot mo 100 BapuaHTOB, OTIMUYAIOIIHUXCS IPYT
OT Jpyra cXeMaMHd W YHCJIOBHIMH 3HAYCHUSMH 3a/JlaHHBIX BEIWYMH. Bapwuasr,
MO/JICKAIMA  PEIICHUI0, OMpEACNIeTCs] MO ABYM TociheqHuM mnudpam mudpa
CTYJIEHTa. TI0 TOCIEAHEH Mudpe BHIOUPACTCS HOMEP CXEMBI, a MO MPEIMTOCICTHEH
udpe — HoMep YUCITOBBIX 3HaUeHM BenmunH. Hampumep, mudpy 1110-I11Cc-5984 —
B KQXKJIOM 3a7]a4€ COOTBETCTBYET cXeMa 4 M BOCbMOW BapUAHT YHCIIOBBIX 3HAUCHUH.

TpebdoBanusi kK 0GpOPMIICHHUIO KOHTPOJBHOU Pad0ThI

1. PabGora BbIMOJHSIETCA B OTACIBHOM TETpaau, Ha OOJIOKKE KOTOPOH
YKa3bIBAIOT Ha3BaHUE AUCIUIUIMHBI, HOMEpP KOHTPOJIBbHOM paboThl, Kypc, haMUIINIO,
uMsl, OT4ecTBO U YyueOHbIH mudp cryaeHta. KonTposbHas paboTa J0JDKHA
o OPMIISATECS YepHUIIAMHU aKKypaTHO, C OCTABJICHHEM IoJei mupuHoi He MeHee 30
MM. CTpaHullbl paboThI ClieAyeT MIPOHYMEPOBBIBATS.

2. Tlucatp cnegyer Ha OJHOW CTOPOHE JINCTAa WM HAa JABYX MPH HAIHYUAA
IIUPOKUX MOJIEH JIJIsl 3aMeUYaHus.

3. YcnoBue 3amayu OJDKHO OBITH TIEPENHCAHO B KOHTPOJIBHYIO paboOTy co
CXEMOM M YHCIIOBBIMU 3HAYEHUSMHU JJIsl CBOETO BapUaHTA.

4. PacueTHyl0 4acThb KaxJOW 3aJaud CJIEAYyeT COMPOBOXKIATh KPATKUMHU U
YETKUMHU MOSICHEHHUSIMU.

5. OcCHOBHBIE TOJIOKEHHUSI pEHIeHUs] OOBACHSIIOT U  HIUTIOCTPUPYIOT
ANEKTPUUYECKUMU CXEMaMH, YePTEKaMU, BEKTOPHBIMU JUarpaMMaMHu U T. 1., KOTOPbIE
BBITIOJTHSIIOT aKKypaTHO C MOMOIIBI0 YEPTEKHOr0 MHCTpyMeHTa. Ha snexktpuueckux
cXeMax MOKa3bIBaIOT MOJIOKUTEIbHbIE HAITPaBJIEHUS TOKOB.

6. BBIICpKUBAIOT CIEAYIOMIMA MOPSAOK 3aIUCH TMPU BBIYHCICHUAX. CHadaa
NPUBOIAT (pOpMyITy, 3aT€M MOJACTABISAIOT YUCIOBbIC 3HAYCHUS BEJIMYMH, BXOJIAIINX B
dhopMyny, 6e3 Kakux-1ub0 NMpeoOpa3oBaHUi, Aajnee BHIOIHSIIOT MPeoOpa3oBaHuUs C
YUCJIaMU, TOCJE ATOTO 3aMUCHIBAIOT PE3yIbTAaT BBIYUCICHUN C YKa3aHHEM E€UHUIIL
U3MEPEHUSL.

7. K pabore npunaraloT mnepeueHb HCIOJIb30BAHHOM JUTEpaTyphl, B KOHIIE
paboOTHI CTABAT AATy U MOJIUCH.

8. PaboThI, BHIMIOJHEHHBIE HE MO CBOEMY BapHAHTY, KCEPOKOTHH, a TaKXKe
HaIKUCAaHHbIE HEPA30OPUUBO, HE PELIEH3UPYIOTCS.

9. IlpaBWiIBbHO BBHITIOJIHEHHAs] KOHTPOJbHAS paboTa BO3BpAIIaeTCs CTYACHTY C
yKazaHueMm «JlomyliieHa K 3a4ety», U, Ipu HEOOXOAUMOCTH, C MePEYHEM 3aMEYaHUH,
KOTOpPBbIE CTYAEHT JOJKEH UCIPABUTH K 3aUETY.

10. Tlocme moy4eHHUS OTPEICH3UPOBAHHON pabOTHl CTYACHT JOJDKEH
UCIIPaBUTh BCE OIIMOKKM M chaenarb TpeOyemble pomnoiaHeHus. llpu Oonbiom
KOJIMYECTBE UCTIPABICHUN OHU JENAI0TCS B KOHIIE paOOTHI.
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3agaua Ne 1

Pacuer pa3BeTBJIeHHOﬁ JIMHEeHHOH 3JIeKTqueCKOﬁ nenu MmoCroAHHOIro ToOKa €
HECKOJIbBKHUMH UCTOYHUKaAMH 3.]1€KTpl/l‘leCKOl7[ IHEPIrumn

JInst SJIEKTPUYECKON LENH, BAPUAHT KOTOPOW COOTBETCTBYET IOCIECIHEN
uudpe yuyebHoro mmdpa cTyAeHTa M U300pakeHHOW Ha puc. 1, BBINOIHUTH
CleAyIoIIee:

1.  CocraBuTh  ypaBHEHHUSI IS  ONpEACICHUS  TOKOB  IyTEM
HETIOCPEICTBEHHOTO MPUMEHEHHUs 3akoHOB Kupxroda (ykaszas, uisi KaKUX y3JI0B H
KOHTYPOB 3TH YpaBHCHHUS 3alMCaHbl). PemaTs 3Ty cucteMy ypaBHEHHH HE CIIeIyeT.

2. OnpeiennuTh TOKU B BETBSIX METOJIOM KOHTYPHBIX TOKOB.

3. OmpenenuTh peKUMBbI PAOOTHI AKTUBHBIX AJIEMEHTOB U COCTaBUTH OaslaHC
MOIIHOCTEM.

3nauennss DJ[C MCTOYHHMKOB M CONPOTHBJICHUI NPUEMHUKOB IPUBEACHBI B
Tabx. 1.

Tabmnuia 1

[TapameTpsbl [Ipeanocnennss uudpa yuedHoro mudpa cryaeHTa

meru(puc.1) M1 T2 13 [ 4 |5 16 |7 |8 ]9 |0
E. B 120 | 190 | 180 | 50 | 100 | 130 | 110 | 100 | 90 | 80
E, B 90 |200 | 80 | 90 |200 | 50 |240 |210 | 180 | 130
Ry, Om 15 |10 |18 |13 |14 |17 | 9 | 11 | 18 | 22
R,, OM 19 |21 |17 | 9 | 8 |22 |28 |11 |16 | 9
Rs, OM 29 | 15 | 10 |28 |13 | 9 |13 | 19 | 18 | 17
Ry, OM 21 | 20 | 19 |13 |19 |11 |20 | 24 | 20 | 23
R, OM 15 | 14 | 26 |19 |14 |22 |15 | 23 | 15 | 25
R, OM 15 | 13 | 13 |20 |19 |12 | 23 | 19 | 20 | 16

MeTtoaudeckue YKa3aHusd K 3aqa4e 1

Pacuer nMHEWMHON SJICKTPUYECKOW IIEMM MOXKHO BBINOJIHUTH, COCTABUB
CUCTEMY ypaBHEHHM no 3akoHaMm Kupxroda.

J1jist 3TOr0 CHavana BEIOMPAIOT MOJIOKUTENIbHOE HAMPABICHUE TOKA B KaXKI0U
BETBU. JTO MOXHO JE€JaTh MPOU3BOJIBHO, HO JIyUIEe BOCIOJIb30BATHCA CIEAYIOLIEH
METOJMKON: €ClIM B BETBU €CTh HMCTOYHUK OJIC, TO HampaBjieHME TOKAa B HEWH
CUYUTAIOT coBmagaronuM ¢ HampasiaeHuem JJIC; B BetBsax 0e3 DJ1C Tok HanmpaBIIsOT
MpPOU3BOJBHO, YYMUTHIBAas, IO BO3MOXKHOCTH, TiepBbId 3akoH Kupxroda:
anzebpauueckaa Ccymma mMOKO8 6 y3ie INIeKMPUUECKOU Uenu paeHa

nynio: Y, 1 =0.
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Puc. 1 (Be160p cxeMbl mo nocienHei nudpe yuedGHoro mudpa CTyaeHTa)



Uucino HEe3aBUCUMBIX YpPAaBHEHUHM, COCTABJICHHBIX IO TEPBOMY 3aKOHY
Kupxroda Ha enuHHUIly MEHBIIIE YHUCIIa Y3JIOB B CXEME.

OcranbHble ypaBHEHHUSI COCTaBISIOT 1O BTOpoMmy 3akoHy Kupxroda mis
HE3aBUCHMBIX KOHTYPOB: 6 JI0OOM 3AMKHYMOM KOHHIYpe J1IeKMmpU4ecKoil yenu
anzeopauueckaa cymma I/AC paena ancebpauueckoit cymme HANPANCEHUI HA
CONPOMUBNECHUAX, 6X00AULUX 68 IMOM KOHMYD'

YE=)IR.

[lepen cocTtaBieHueM ypaBHEHUH 1O BTopoMmy 3akoHy Kupxroda HeoOxoamumo
MPOU3BOJIBHO BBIOpATh HampaBlieHWe 00xoja KoHTypa (0 WM MPOTHUB JIBHIKCHUS
JacoOBOM CTpPENKH), MPUYEM HaIpaBJIieHHe 00X0Ja pa3HbIX KOHTYPOB MOTYT OBIThH
paznuuHbIMU. JIis  ympolieHuss JajdbHEMINX pPAacueTOB COBETYEM BBIOMPATH
HampaBjeHUs 00X0/Ja BCEX KOHTYPOB OJWMHAKOBBIMH II0 JBHXEHHIO YacCOBOU
CTPEJIKH.

Pemiath moiy4yeHHYIO CUCTEMY yYpaBHEHUU HE CIIEIyeT, TaK KaK CYIIECTBYIOT
0oJiee SKOHOMUYIHBIE METO/IbI OTIPECICHHS TOKOB B BETBSIX.

OmHuM U3 TakuX CHOCOOOB SIBISETCSI METOJI KOHTYPHBIX TOKOB, COIJIACHO
KOTOPOMY CUMTAIOT, YTO B Ka)XJOM HE3aBUCHUMOM KOHTYpE LIENH TEYEeT CBOM TOK,

KOTOpBIH 0603HavaroT |, I, 1 1.1

I[J'ISI 9TUX KOHTYPHBIX TOKOB 3allMCBIBAIOT CTAHAAPTHYIO CUCTCMY ypaBHCHI/II\/,I,
KOoTOpas 4Jid cliyvyas JBYX HC3aBUCUMBIX KOHTYPOB UMCCT BHU .

Ryl + Rl =Ey
Ryl + Ryl =Ep

rie R,,R,, — coOcTBeHHBIE CONPOTUBIEHUS NEPBOrO M BTOPOrO KOHTYpPA, paBHBIE

111
CyMME BCEX COINPOTUBIICHHUH, BXOAAMHUX B KOHTYp (Bcerma
MOJIOKUTENTbHBIC);

R, = R,, — B3auMHbIe COIIPOTUBIIEHMS IEPBOIO U BTOPOr0 KOHTYPOB, KOTOPBIE

PaBHBI COMPOTHUBIICHUIO BETBU, OOLIEH AJI 3THX JIByX KOHTYpOB;
B3aHMHOE CONPOTUBJIEHUE TOJIOKUTEIBHO, €CIIU KOHTYPHBIE TOKH,
MpPOTEKAIIIMEe Yepe3 OOINyH BETBb, HUMEIOT OJUHAKOBOE
HaNpaBJICHUE W OTPUIATEILHO NPU PAJIMYHBIX HAIPaBJICHUSIX
KOHTYPHBIX TOKOB (IpH BHIOOpE OJMHAKOBBIX HAIpPaBICHUN
o0xoma BceX KOHTYPOB B3aUMHOE COINPOTUBIICHHE BCErnaa
OTPHIIATEIIHHO);

— xkoHTypHbIe DJIC, paBHBIe anredpandeckon cymme DJIC, BXoagmumx

E,.E

117 =22

B koHTyp (ecim DJIC coBmamaer ¢ HampaBieHHeM o00x0ja
KOHTYpa, TO OHa OepeTcsi Co 3HaKoM ' +", ecliu He COBMAJAET, TO
co 3HakoMm " —"). HyxxHO oT™MeTuTh, utO eciu DJIC HaxoauTcs B

BETBH, 00IIEil JUTsl ABYX KOHTYpPOB, TO OHa OynaeT BXoauth U B E

uB E,,.
Pemrast MoIyYeHHYIO CHUCTEMY OJHHUM M3 M3BECTHBIX CIOCOOOB, OMPENEISIOT
koHTypHbIe TokH |, u |,,, a 3aTeM M0 KOHTYPHBIM TOKaM HaXOST ACHCTBHTEIBHBIC.

B Tex BCTBAX, I'IC IIPOTCKACT TOJIBKO OAMWH KOHTypHBIﬁ TOK, I[GI\/,ICTBI/ITGJ'IBHBII\/,I TOK IIO
BCIIMYMHC W HAIIPABJICHUIO COBIIAJAaCT C KOHTYPHBIM. B BCTBAX, I'AC IMPOTCKACT



HECKOJIbKO KOHTYPHBIX TOKOB, J€MCTBUTENbHBIM TOK PAaBEH ajareOpandeckoil cymMme
KOHTYPHBIX TOKOB.
[IpoBepka pacuera TOKOB BBINOJHSIETCS M0 OalaHCy MOIIHOCTEH.



3agaua Ne 2
PacuyeT pa3BeTBJIEHHOI L[eNU CHHYCOUIAJIBLHOT0 TOKA

[enb, n300paxxeHHass Ha pUC. 2, TTOIKIIOUYCHA K UCTOYHUKY CHHYCOUIATHHOTO
HampsokeHus U=U _sinot.

Tpebyercs:

1. Onpenenuth KOMIUIEKCHBIM METOJOM JIEUCTBYIOIIUE 3HAYEHUS TOKOB BCEX
BETBEU.

2. Tlo momy4YeHHBIM KOMILJIEKCHBIM 3HAY€HUSM TOKOB BETBEH 3ammcarh
BBIPAKCHUS [JI1 UX MTHOBEHHBIX 3HAUEHU.

3. OmpenenuTh aKTHBHYID W PEAKTHUBHYID MOIIHOCTH HWCTOYHHKA W
MIPUEMHUKOB.

4. CocrtaBuTh OallaHC AaKTHUBHBIX U PEAKTUBHBIX MOIIHOCTEH U OIICHUTH
MOrPENTHOCTD pacyeTa.

5. ITocTpouTh BEKTOPHYIO AUATPAMMY TOKOB U HAIPSI)KEHUM.

3HayeHue  HampsbkeHuss  uctoyHuka U,  mapameTpsl  pe3uCTOpOB,
WHIYKTHBHOCTEH U €MKOCTEH JaHbI B Ta0JI.2.

Yacrora nutaroriero Hanpspkenus f = 50 I'm.

Bapuanm svibupaemcs no npeonocneoneii yughpe yuebrnozo wugpa cmyoenma.
Tabauma 2

U, r, Ly, Cy, ry, Lo, Ca, I3, Ls, Cs,
B Om Ml H MKD Om Ml H MKD Om Ml H MKD

110 | 15 30 | 300 | 20 25 | 200 | 15 36 | 400
220 | 19 30 | 300 | 22 33 | 300 | 10 63 | 200
380 7 15 | 500 | 16 26 | 500 | 18 47 | 300
127 | 16 30 | 200 | 16 10 | 600 | 28 55 | 100
110 9 20 | 600 6 20 | 300 | 18 32 | 200
127 4 25 | 700 9 10 | 500 6 33 | 600

QO ONIOORWIN|F BapHaHT

220 5 40 | 200 | 13 30 | 400 | 25 56 | 300
127 | 18 35 | 300 | 15 45 | 600 | 10 61 | 500
389 8 20 | 500 | 18 27 | 500 | 19 25 | 400
220 4 30 | 600 | 12 38 | 500 4 42 | 700
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Puc.2 (BeIOOp cXeMbl 110 TIocieaHel mudpe yaeOHoro mudpa CTyaeHTa)

MeTtoaudeckue YKa3aHus

B kommekcHOM meTrone pacué€Tra SJIEKTPUUYECKUX LENed CUHYCOUIAIBHOTO
Toka BenuuuHbl JDJIC, HanmpssKeHWH, TOKOB, CONPOTHUBIEHUW, NPOBOAUMOCTEN WU
MOIIHOCTEN MPEACTABISIIOT KOMIUICKCHBIMU 4uciaaMu. [Ipu 3TOM KOMILIEKCHBIE
3HAQUYECHUS MMapaMeTPOB, U3MEHSIOMIMXCS O TAPMOHUYECKOMY 3aKOHY, 0003Ha4aroT

COOTBETCTBYIOIIUMU MPONUCHBIMU OYKBaMH, HaJl KOTOPbIMU CcTaBsAT Touky: E,U, I .

Jlist 0603HaueHHsI MOTYJIeH STUX BEIUYMH MPUMEHSIOT T€ XK€ OYKBBI, HO 0€3 TOUeK
Hag vumu E,\U | .

KOMIIIEKC MOIHOIO CONPOTUBIEHUS 0003HAYAIOT IPONUCHON OykBoi Z, a
KOMIUIEKC TMOJIHOM MpoBOAMMOCTH — OykBoM Y. MoOaynmu OSTHX BeIW4UH
0003HaYal0T COOTBETCTBYIOIIMMHU CTpOUYHbIMU OykBamu Z u Y. KommuekcHbie
YuClia 3alUCBHIBAIOTCS B OJHON U3 CIEAYIOMMX (HOpM

A=a+ j-b - are6pauueckas popma;

A= A-(cosa + j-sina) — TpuroHomerpraeckas Gopma;

A= A-e!* —noxkazarensnas dopma,
p
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rae A=+a’+b* - MOIdy/b KOMIIEKCHOTO YHCIIA;
a =arctg(b/a) - apryMeHT KOMIUIEKCHOT'O YHCIIA;

j = 1/_ 1 — MHHUMAa €IUHUIIA.

Ecmu HAMpsKCHUC U TOK SABJIAIOTCA CHHYCOUAAIbHBIMUA (1)YHKI_[I/I$IMI/I BpCMCHHU

u=U, sin(et+y,);

=1 sin(ot+v;),
TO 3TH BEJIUYUHBI B KOMIUIEKCHOM (hopMe 3anmuiyTcs Tak
U=U-e' u I =1-e"1,
U, m .
rae U= ﬁ nul= ﬁ — JEUCTBYIOILINE 3HAYCHUS HAIPSKEHUS U TOKA.

Kommekec mMOJHOrO  CONMpPOTHUBIEHHS Y4YacTKa ILEMH, COCTOAILIETO U3
[IOCJIEI0BATENBHO BKIIOYeHHEIX I, L u C

) 1 ) 1 :
Z=r+joL-j—=r+j-(oL——)=r+jx=2z-e'?,
£ ] 1= J- (@ a)C) j

rme  Z=+r?+x* — MOLYIb KOMILUIEKCHOTO COMPOTHUBIICHNS,
@ =arctg(x/r) —apryMeHT KOMILIEKCHOTO COITPOTHUBIICHHUS.

Jns pacuéra uenerd CHHYCOUIAIBHOIO TMEPEMEHHOTO TOKA KOMILICKCHBIM
METOJOM MPUMEHSIOTCS BCE METOJbI, U3BECTHBIC M3 TCOPHUHU AHJIECKTPUUECKUX ICTEH
MOCTOSTHHOTO TOKa. OTJIM4Yue COCTOUT B TOM, UYTO BMECTO JACUCTBUTEIBHBIX YMCEI,
COOTBETCTBYIOIIUX TOKAM, HAMPSXKEHUSIM U COMPOTHUBJIEHUSIM B LEIMAX MOCTOSHHOTO
TOKa, IIPU PacCy€Te LEneld MEPEMEHHOTO TOKAa HCIOJb3YIOTCS KOMIUIEKCHBIE YHCIIA.
[Ipy yMHOXEHUU U [EJNEHUM KOMIUIEKCHBIX YHCET HEOOXOJMMO HCHOJIb30BaTh
MOKa3aTeabHy0 (POPMY 3aluCH, a MPU CIOXKEHUU U BBIUUTAHUM - AreOpandecKyro
bopmy.

IMpumep. J{ns snekrpudeckoit nenu (puc. 3) HAWTH NCHCTBYIOIINE 3HAYCHUS
TOKOB W HAIpsSHOKEHWH HA BCEX Y4YAaCTKax IIEMH, aKTHUBHBIC, PEAKTHUBHBIC U IOJHBIC
MOIITHOCTH BCEH IIeMM W OTIEJbHBIX YYaCTKOB C NMPOBEPKOH OajaHca MOIIHOCTEM;
MOCTPOUTH BEKTOPHYIO JUArPaMMYy TOKOB W HAIIPSKECHUM.
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r2 ] ]

L'J 5 I2XC3 5
X2 —

r, Xei X1

1 2113 4

Puc. 3

Hano: U =380B, r=60mM X ;=12 Om, X =4 Om,
r,=10 Om, X ,=80M, X ;=6 Om.
Pewenue. 3anucblBa€M KOMILIEKCHI COITPOTUBIICHUN BETBEN
Z,=0+ X, - Xo =6+ j8=10-61" O,
Z,=1,+jX_, =10+ j8=128-¢/* Oum,
Zy=—]Xc3=—]6= 6-e‘19°0 Owm.
Haiiném KOMIUIEKC MOTHOTO COMPOTHUBIICHUS MApaUIETFHOTO yUacTKa e
Z,-Z5 _ 1281 76.8e 1%
Z,+Z; 10+8-j6 102"
Kommuiekc morHoro conpoTUBICHUS IeTH
Z :;1 +Z23 = 9,6.ej80 Owm.

[punss U =U , naiinem TOKM 1 HanpshKeHUs OTAEIBHBIX YIaCTKOB

=2 —396.¢8 A,
z

~7,53¢1%2" —354- 6,65

£23

U,=1,-2,=39-e1" B,
Uy =1,Z,3=2985-e717 B,
I, =%=23,3-e—“°9° A, =25 4986 A,

Z, Z;

Kommuieke nonHo# MomuocTd ucrounnka  S=U-1; =P+ jQ,

rIe 1 =39,6-ej80 A — KOMINUIEKCHO-CONPSDKEHHBIN TOK.

Otkyma P =14905 Bt; Q =2068 Bap.

AHAOTHYHO HAXOMAT KOMIUIEKCHI IOJHBIX MOIIHOCTEH YYaCTKOB IEIH
S1,S, u S5, IpH ITOM JOKHO BHIMOIHSATHCS PABEHCTBO
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§ = §1 + §2 + §3 .
JIist mocTpoeHust Tonorpaguyeckoi AuarpaMMbl BHIYUCIUM HAMpSKEHUS HA
BCEX DJICMCHTAX I_ICHI/I:

U, =l,-,=396-¢7% .6=2376-¢"° B;

Uey = I, - (= jXey) _396.6 1% .4.071%° _1584.¢"1%" B
U=l X, —30,6.6 1% .12.01%° _ 475 261" B:

UL2 = |-2 . Jx L= 23’3,e—j1090 ~8~ej900 :186,4-e_j190 B:
U, =1,-r,=233-¢ %" .10=233.¢ " B;

Uey =I5 (= Xes) _498.01%° .6.¢71%° 298 8.- 17" B,

3amaBmuch MacmTabOM, OTIOXKHUM Ha KOMIUICKCHOW IUIOCKOCTH BEKTOPBI
tokoB |;, 1, n | (puc. 4). Cymma BextopoB TokoB |,u |, paBHa BekTOpy TOKa ;.
[Tpumem moteHnuan Toukd 1 paBHBIM Hymo @ =0 U MOMECTUM 3Ty TOUKY B

Ha4daJI0O KOOpAHWHAT. 3aTem OoIIpCaACINM KOMINICKCHBIC ITIOTCHIMAJIbI OCTAJIbHBIX TOYCK,
O6XOI[$I CXEMY HABCTPEUY IMOJOKHUTCIIbHOMY HAIIPaBJICHHUIO TOKOB.

KommnekcHsblll noreHuuan Touku 2 paseH ¢, =@, + 1, -1, =1, -1,. Iloctpous u3
TOUKU 1 BEKTOp HANpsDKEHHS Ha pe3ucTope Iy (COBMamaeT Mo HaIpaBIEHHUIO C TOKOM
|,), momy4nm Ha nuarpamme TOUKy 2.

KomrmiekcHsiii moteHnuan To9ku 3 @ =@, + 1, - (- jX;) . [locTpons u3 Touxkn
2 Bektop |, -(—]X;) éMkoctHOrO Hanpspkenus (o ¢ase orcraér ot Toka |, Ha 90°),

HOJIy4UM Ha uarpaMme TOuky 3.
Kommtekcubiii morennuan Touku 4 ¢, =@, + ;- jX ;. Iloctpous u3 touku 3

BEKTOp MHAYKTHBHOro Hampspkenus |- jX; (mo dase omepexaer tok |, ma 90°),

MOJIyYHM TOYKY 4.
AHAJIOTHYHO OTpeeNsieM KOMIJIEKCHbIE TOTEHIIUAIBI TOYEK 5 1 6.
Bekrop, coequnstommii Touky 1 ¢ Toukoi 6 u HampaBiIeHHBIH W3 TOYkU 1 K

Touke 6, nuzobpaxkaer Hanpsukenue U Ha 3axumax nenu. Bextop, mpoBeaéHHBIN U3
Hayajga KOOpAWHAT B KaKyl - JIMOO TOYKY AMArpaMMbl, U300pakaeT KOMIUIEKCHBIH
MOTEHUIHAI COOTBETCTBYIOLLEU TOUKU LEIIH.
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3amaua Ne 3
Pacuer TpexdasHoii uenu

K TtpexdazHoMy HCTOYHUKY MOJIKIIOYEH HECUMMETPUUYHBIN TpexQazHblii
npueMHUK (puc. 5). 3HaUCHUS TUHEHHOTO HANPSKCHHSI, COTPOTUBICHHI PE3UCTOPOB
Y PEaKTUBHBIX AJICMEHTOB IICTIH TIPUBEICHBI B TA0JI. 3.

Tpebyercs:

1. Onpenenuth (pa3Hble U JIMHEIHBIE TOKU JJIS 3aJJaHHOW CXEMbl COCJIMHEHHUS, a
TAKX€ TOK B HEUTPAIBLHOM MPOBOJIE JAJISI CXEMBI «3BE3/1A%.
2. OnpenenuTh aKTUBHYIO, PEAKTUBHYIO W TOJHYIO MOIIHOCTH, MOTPEOIseMbIC

Tpexda3HbIM TPUEMHUKOM.

3. [loctpouts B MacmTabe BEKTOPHYIO AUarpaMMy HAaNpsOKEHWH W Ha HEHl

IIOKa3aTb BEKTOPEI TOKOB.

Tabmmma 3
[Ipennocnenuss r
uudpa yaebHOro Y, , rl’ "2 , 3, L, ‘e,
mudpa cTyIeHTa B Om Om Om Om Om
1 220 25 29 58 15 28
2 380 33 37 47 12 30
3 220 23 36 34 25 10
4 220 25 40 31 16 36
5 380 40 45 45 19 27
6 220 19 25 22 19 37
7 220 21 28 25 23 24
8 380 41 40 49 24 38
9 380 58 40 42 18 24
0 220 30 17 15 25 14
1. 2.
A O 9 d A O
ry
X
B O— Xc B 0— ’s ¢
3 n XL
C c Xr 2
C O— b Co N - b
N O
3. 4,
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A O 9 d Ao A
1" ’
B O— B O— 73 Xo
n 2 Xo X,
C o b C o—+= 288 b
N o
Puc. 5

MeTtoaudeckue YKa3aHus

Tpexdasznble cuUCTeMbl CHHYCOMJAIBLHOIO TOKa SABISIOTCS  HaumbOoliee
pPacIpOCTPAHEHHBIMU CHUCTEMaMU JJIEKTpOoCcHaOkeHus. Teopusi TpexdasHbIx 1enei
0a3upyeTcsi Ha TeoOpUr OJHO(DA3HBIX 1IeTIel CUHYCOUJATBLHOIO TOKA, OJTHAKO, CIEAYET
UMETh B BUJlY, YTO COOTHOIICHUS MEXY HaINpPsOKEHUSIMU U TOKAaMU B MPUEMHUKE
3aBUCAT OT CXEMBbI COeIMHEHUs ero (a3.

[Ipu coenquHeHUN TPUEMHUKA 36€3001l C HEUMpPAIbHbIM (Hyﬂeebm) npoeodom

Kk Hemy nomsomarcs dasmeie U,, Uy, U. u nuHeiinse UAB, UBC, UCA

HanpsbkeHus (puc. 6).
Ecm conpoTuBieHus IMHEHHBIX W HEHTPAILHOIO NMPOBOLOB IPEHEOPEKUMO

MaJibl, TO (asHble HanpskeHnst pueMHuka U o Ub : U PaBHBI COOTBETCTBYIOIUM

$asHBIM HampsUKEHWAM wncTounnka U A UB, UC U B KOMIUIEKCHOM (opme
3aIUCHIBAIOTCS TAK

Ua :UA :Uq)ejo y Ub :UB :Uq)e_jlzo J51 UC :UC :U(i)e+j120 y
rie U o JeUcTByIOIee 3HauYeHUE (Ha3HOTO HAMPSHKEHUST HMCTOYHUKA, KOTOPOE

MO>KHO OIIPEAEIUTH 110 3aJaHHOMY JIMHEHHOMY Hamnpsokerno U, =U «/§
¢ b

17



A C A — 1 a .
o
U Usp | Uey 0 l[ Ly
B C v a
Up |Usc
C o w'r
Uc
N C v v

Puc. 6

®asnble Toku B mpuemHuke |, 1, |, onpenensrores mo 3akony Oma
U, - U

e Z,=2,.6"%, 2, =2'",27Z, =26 —xommnekcusie conporusnenus das
MIPUEMHHUKA.
JIuneliHble TOKU NMPU COSUHEHUH PUEMHUKOB 3BE3/10M paBHbI (Da3HBIM TOKaM
la=1, lg=1,, lc.=1,.
Tox B HEHUTpaJbHOM MPOBOJIE OMPEAEISIETCS B COOTBETCTBUM C TEPBHIM
3akoHOM Kupxroda u paBeH cymMMme pa3HbIX TOKOB

Iy =1, +1,+1..

[TonoxxuTenbHbIE HAmpaBleHUS BceX (Pa3sHBIX W JTUHEHHBIX HANPSHKEHUN U
TOKOB MPHU COCAMHEHWU MPHUEMHUKOB 3BE3[I0M ¢ HEHUTPATbHBIM MPOBOJIOM MOKA3aHBI
Ha puc. 6.

Ha puc. 7 moka3zana cxema coequHeHHs (a3 IPUEMHUKA MPeEy2oa1bHUKOM.

IIpu TakOM COEJMHEHUH CONPOTHBIIEHUE Kaxa0k (asbl npueMuuka Z 5, L.
u Z., TOIKIIOYEHO HA COOTBETCTBYIOLIEE JMHENHOE HANpPsKEHUE HMCTOYHHKA,

IMO9TOMY OTHU KC HAIPAKCHUSA ABIAIOTCA U (1)a3HI)IMI/I HaIIPpAKCHUAMU IIPUCMHUKA,
T.C.

Uab :UAB’ ch :UBC’ Uca :UCA'
KOMHHGKCHBIC 3HAUYCHUA HHHefIHBIX HaHpH)I(eHHfI paCCqHTBIBaIOTCH 10
KOMILIEKCaM (pa3HbIX HAIPSKEHUM

U, =U,-U, =U ™ U, =U, -U, =U e 1%
Ue, =Ug —U, =U g%
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A O

A
Une | Uca
B C v
Usc I'c
C o 4 —
Puc. 7
Toxu B (pazax mpueMHHKA pacCUUTHIBAIOTCSA MO 3aKoHYy OMma
(Y Ue  _Ua
ab — ! bc — ! ca — :
;ab ;bc ;ca

JIluHeliHbIE TOKM OMPENENAIOTCS M3 ypAaBHEHHi, 3alMMCAHHBIX MO ITIEPBOMY
sakony Kupxroda nns ysnos a, b, C, r.e.

IA = Iab o Ica’ IB = Ibc - Iab’ IC = Ica - Ibc‘
[TonmoxuTeNbHBIC HaNpaBICHUS JIMHEWHBIX W (DAa3HBIX HANPSKCHUH M TOKOB,
COOTBCTCTBYIOH_[I/Ie COCIMHCHHUIO IIPUCMHHKOB Tpeyro.HBHI/IKOM, IIOKa3aHbl Ha PHUC. 5
AKTHBHasE MOIIHOCTh Tpex(a3HOro NpUEMHUKAa paBHA CYMME AaKTHBHBIX

momnocredt  ¢as, Te. P =P, +B +P  (1pn coenunennu 3Besnoit) mnim
Py = Pap + Poc + Pea (npu coemuennu tpeyronsaukom).

PeakTuBHAs MOIIHOCTH TpPeXx()a3HOrO IMPUEMHUKA ONPENEIIeTCS  Kak
anreOpaunyeckas cyMMa peakTHBHbIX Momocteit has — Q. =Q, +Qy +Q, (npu
coenuuennn  3pespoit) wmm Q. =Qu +Qu +Qg,  (mpu  coemmmenuu

TpeyroibHukoM). CleyeTr WMETh BBHAY, 4YTO TpPH CYMMHPOBAHWUU pEaKTUBHAs
MOIIHOCTh MHIYKTHUBHBIX 3JIEMEHTOB OEpETCS CO 3HAKOM IUIIOC, 3 EMKOCTHBIX — CO
3HAKOM MHHYC.

AKTHUBHAsl U peakTUBHAs MOITHOCTHU B KaxJ0u (haze TpexdazHOro npueMHUKa
OMPENIENAIOTCS 0 TEM ke (popMyJiaM, YTO U MpU pacdeTe ogHOPA3HBIX Ienen: Tubo
yepe3 KBaApaThl Monayjied ¢a3HbIX TOKOB, YMHOXKEHHBIX Ha COOTBETCTBYIOIIHE

conporunenus das — (P, = |q)2l’q) u Qq) = |®2Xq)), 1100 B KOMILIEKCHOM (popme —

(P, =Re(U, 1,) u Q, =Im(U,1,)).
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Ilo HalimeHHBIM 3HAUYEHUSIM Pnp " an 3aIllMCBIBAETCA IIOJIHAg MOIIHOCTD

~

Tpex(hasHOro npreMHHKa B KOMILIEKcHOH dopme S =P + jQHp. Monyib 310l

I

[b2 2
MOIIIHOCTHA PaBEH — Snp = Pnp + an . Ciienyer mMOMHUTH, 4TO MPU ONPEACIECHUN

MOJHOM MOLIHOCTH HECUMMETPMYHOIO TpeX(a3HOro HPHEMHUKA HEIOMYCTHMO
CYMMHPOBaTh MOAYJIH HOIHBIX MOIMHOCTEH OTAENBHBIX (a3, T.€. SHp =S, + S, + S,

m S, #S, + S, +S,. IocTpoeHne BEKTOPHOH —aWArpaMMbl  HaNpsDKEHHI

Tpexda3HoM 1enu Npy COeTUHEHUH TPUEMHHUKOB 3BE3710M C HEUTPaATbHBIM MIPOBOJAOM
MoKa3zaHo Ha puc. 8.0cu KOOpIUHAT KOMIUIEKCHOM TUIOCKOCTH HAIMPABIISIOT U3 TOYKU
0: 0Ch MOJNIOKHTENBHBIX IEHCTBUTENHHBIX uncen (o6o3maueno +1) — BeprukambrO
BBEPX, @ OCh TOJIOKUTEIIBHBIX MHUMBIX YHCEJT — TOPU3OHTAIBHO BIEBO (0003HAYCH
Jlanee, B COOTBETCTBUM C KOMIUIEKCHBIMU 3HAUYEHUSIMU (Da3HBIX HAIMPSKEHUI

Ua, U, n U_,, u3 nHavana KkoopauHAT OTKIAIbIBAIOT HX BEKTOPHL: BEKTOP
HANPSKCHUS Ua Oymer coBmagath ¢ ocbl0 +1, T.K. apryment (yrosa) KoMILIEKCa
HanpsoxkeHus (assl A paBeH HYIIO, BEKTOP HANPSOKEHUS Ub OyIeT OTCTaBaTh OT
extopa U , Ha 120° (oTknamsiBaeTCs M0 HANPABICHHUIO YACOBOW CTPEIIKH), @ BEKTOP
UC — omnepexath ero Ha 120° (oTkianpIBaeTCss MO HANPABIECHHUIO MPOTHB YacOBON
crpenkn). Bekropsl JuHeiiHbIx Hanpsukenuii U A U gc ¥ UCA, paBHEIE Pa3HOCTH
COOTBETCTBYIOIMX (Da3HBIX HANPSIKEHUM, IIOMYYaroT IIOCPEACTBOM COEIUHEHUS
KOHIIOB BEKTOPOB (Da3HBIX HANPSKEHUN Ua, Ub u UC. [TonoxuTeNnsHOE

HaIpaBJICHUE BEKTOPOB (Pa3HBIX U TMHEHHBIX HANPSKEHUH MOKa3aHo Ha puc. 8
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A,a
Us
d . ['JAB
Uca b
Ia 2
0 In Ic
*j AN
. I\ Ip
Uc Us
C,c . B,b
Usc
Puc. 8

BapuanT BeKTOpHOH JMarpaMMmbl, u300pakeHHOH Ha pHc. 8, cOOTBETCTBYeT
ciay4aro, Korga Z , MMEET aKTUBHO-UHIYKTUBHBIA XapakTep (| orcraer or U , Ha

yron @,), Z, — YHCTO aKTUBHOE COIPOTHBICHHE (|b copmagaer ¢ U,), Z.-
emxoctHoe comporuBiaerne (|, omepexxaer U, wa yrom 90°). Bekrop Toka B
HEeWTpaibHOM TpoBoje |, paBeH TeoMeTpUYecKoi cyMMe BEKTOPOB (ha3HBIX TOKOB
|'

JUarpaMMbl Ha9MHAKOT ¢ BeKTOpoB suHeiHbIx Hanpsokenmit U, , U, u U,

. | n 1. TIpu coenuHeHNn IPUEMHHUKOB TPEYrOJIbHUKOM ITOCTPOCHHE BEKTOPHOM

00pa3yIoInx PaBHOCTOPOHHMI TpeyronbHuK (puc. 9). 3arem m3 Bepmuu b, C, a,
TMOIY4YEHHOTO TPEYTONBHIKA, OTKIAABIBAIOT COOTBETCTBEHHO BEKTOPHI (ha3HBIX TOKOB

|ab, |bC I/II . BeKTOpBI NTMHENHBIX TOKOB | A |B u |C HAXOIAT IOCTPOECHUEM Ha
OCHOBaHHUH nepBoro 3akoHa Kupxroda.
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+1

*j
-.iab ibc

IB @Pbc

i]’bc

Puc. 9

BekTopHas auarpaMma, MokasaHHas Ha puc. 9 COOTBETCTBYET CIydao, Korja
conportuBienne Z 5, — aKTUBHO-MHIyKTHBHOE (|ab orcraer or U . Ha YIolI @),

Z,.— emxoctroe (I, omepexaer U,, ma yrom 90°), Z. — YHCTO aKTHBHOE

conporusienue (|, cosmamaerc U ).
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