Jlexist Ne 9

OCHOBbI KOMIIVIEKCHOI'O METOJA PACHETA
IJIEKTPUUYECKUX L EIEN.

Y4eOHble BOOPOCHI

1. OpurvHasl 1 CUMBOJIBI CUHYCOMAAJIBHBIX TOKOB. AnreOpanueckue ornepa-
LIUH1 HAJl KOMIUIEKCHBIMU YHCIIaMH.

2. IlpeacraBneHue NpOU3BOAHBIX M MHTETPATIOB CUHYCOMAAIBHBIX AJIEKTPU-
YECKUX BEJTMYMH KOMIUIEKCHBIMU YHCIIAMHU.

3. KoMmieKcHbIE CONPOTHBIEHHE M NIPOBOAUMOCTb. 3akoHbl Oma U
Kupxroga B xommiekcHoit popme. KommnekcHas MOIIHOCTb.

1. OpI/IFI/IHaJ'IbI U CUMBOJIbI CHHYCONJAJIbHBIX TOKOB.
Anreﬁpanqecmle onepanmvmu Ha/l KOMIIJICKCHBIMHA YUCJIaMuU

Kax 0b1710 MOKa3aHO B MPEBIAYIIMX pa3/eniax, pacueT MEKTPUUECKUX Lenen
IPOU3BOJUTCS C IOMOILBKO COOTHOLIEHU, B OCHOBE KOTOPBIX JIEXkKaT 3aKOHbI OMa u
Kupxroda. Onnako B oTyiMuMe OT LI€NE MOCTOSHHOTO TOKa JJisi Lened CUHYCOU-
JAJbHOTO TOKA MPUMEHEHUE ATUX 3aKOHOB MMEET psii OrpaHUYeHUi. Tak, 3aKOHBI
Kupxroda st peaqbHbIX TOKOB M HAIPSHKEHUH MOXKHO 3aIUCaTh TOJIBKO JIJISI MTHO-
BEHHBIX 3HAUEHUH 3THX BEJIIMYMH, KaX/1asg U3 KOTOPBIX MPEICTaBIsIeT COO0M CHHYCO-
uaaNbHy0 QyHKIUO BpemeHu. [Ipu moacraBiaeHnn (pyHKIHUNA MIHOBEHHBIX TOKOB U
HaANpsDKEHUN B ypaBHEHHs 10 3akoHaMm Kupxroda momydaercst cuctema ypaBHEHHIH,
AHAIIMTUYECKOE PEIICHUE KOTOPOU KpaillHe 3aTpyIHUTENbHO. [loaTOMy pacuer ueneun
CHUHYCOHJIAJIbHOI'O TOKA C UCIIOJIb30BAHUEM pPEaJbHBIX TOKOB M HANPSKEHUN (TO €CTh
KJIACCUYECKUM METOJOM) MOKET MPOU3BOAMUTCS TOJBKO MJIsi MPOCTHIX IEner C Hc-
noyib30BaHUEM 3akoHa Oma. [Ipyu 3TOM OCHOBHBIM COJEpPIKAHHEM pacyeTa SABISETCA
ornpe/eleHUE MOTHOTO COMPOTUBIICHUS 1IEMU B 3aBUCUMOCTH OT €€ KOH(UTYpallUu.

JIns pacyeTa CI0XKHBIX LIENEH CUHHYCOMIAaIbHOIO TOKA MPUMEHSETCS CUMBOJIN-
YeCKUW (KOMIUIEKCHBIN) METOJ], KOTOPbI OCHOBaH Ha MCIOJb30BAHUN KOMIUIEKCHBIX
quceN sl N300paKeHUsl CUHYCOUIATIbHBIX AJEKTPUUYECKUX BEJIMUKH.

AHQIUTUYECKA KOMIUIEKCHOE YHMCIO 4 MOXHO MPEICTABUTH B CIEAYHOLIUX
dbopmax:

- B anreOpanyeckoii A = a + jb;
- B Tpuronomerpuueckoit A=A cos ¢ +j A sin ¢;
- B okazarensHoii 4 = A4 €7,

ric a, b - COOTBETCTBEHHO BCIICCTBCHHAA 1 MHHUMas 4aCTHU 4YHCJIa A,
A, ¢ — COOTBETCTBCHHO MOAYJb U aPI'yYMCHT KOMILJICKCHOT'O YMCJIa,

J - muumas equnmna (j = V—1).



Bce popmbl koMIuIeKCHOTO yKciia ToKIAeCTBeHHBI. llepexon oT onHO#M GhopMBI
MpeICTaBICHUS K IPYTOi OCYIIECTBIIACTCS IO (popMynam:

A=~Na’+b’ ;¢ = arctg%;
a=Acos g, b=Asinao.

I'eomerprueckn kommiekcHoe umcio 4 = A’ npencraBnsiercs BexTopoMm
Ha KOMIUIEKCHOU IIOCKOCTH (puc. 1).
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Puc.1. N300pakeHre KOMIJIEKCHOTO YuCa
Ha KOMIUIEKCHOM IIJIOCKOCTH

CrnoxeHre U BBIYUTaHUE KOMIUIEKCHBIX YHCEJ PAIlHOHAILHO BHITIONIHSTE B all-
reOpanueckoit popMme, a ocTaabHbIE OIEpallH - B MOKa3aTelbHOU Gopme.
PaccmoTpuM cuHYyCOMIaIbHBIN TOK:

i =1,sin(ot+vy).
Komnnexcuuliti Mmenogenuwlil CuHycoudaibHblli MOK €CTh KOMIUIEKCHAsl BEJH-

YMHA, 3aBUCALIAs OT BPEMEHH, MOAYJIb U apI'yMEHT KOTOPON PaBHBI COOTBETCTBEHHO
aMIUTATYZE ¥ apTYMEHTY JAHHOI'O CUHYCOMJAJIBHOTO TOKA:!

i:Im ej(wt+1/)i) ]

Komnnexcnasa amniumyoa cunycouoanbHo2o0 moxka €CTb KOMIUIEKCHAs BEJIH-
YMHA, HE 3aBUCAILLAS OT BPEMEHHM, MOJAYJb U aPryMEHT KOTOpPOM paBHBI COOTBET-
CTBEHHO aMIUIUTY/I€ U Ha4aJbHOU (pa3e TaHHOTO CHHYCOUJAIBHOTO TOKA:
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Komnnexcuuiii deticmeyrowutl cunycouoanibHblil MoK €CTh KOMIUIEKCHAsT BEJIU-
YrHA, MOJYJIb U apTYMEHT KOTOPOW pPaBHBI COOTBETCTBEHHO JCUCTBYIOIIEMY 3HAUE-

HUIO U Ha‘{aHLHOﬁ (base CI/IHyCOI/I,ZlaJIBHOFO TOKA.
[ =1elY

2. IlpencraBjieHHe NPOU3BOAHBIX U HHTETPAJIOB CHHYCOUIAJb-
HBIX JIEKTPUYECKUX BeJIMYMH KOMIJIEKCHBIMHM YMCJIAMU

VY CTaHOBUM CBSI3b MEX]y KOMIUIEKCHBIM YHCIOM, U300PaKaOIIUM UCXOTHYIO
CUHYCOMJANTbHYIO (DYHKLNIO BPEMEHH , U KOMIJIEKCHBIMU YHCIaMH, N300pakaromiu-
MU €€ MHTErpajl U MPOU3BOAHYI0. J{JIs1 3TOr0 pacCMOTPHUM MOCIEA0BATEIbHYIO DJIEK-
TPUYECKYIO LENb (puc. 2)
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PI/ICYHOK 2. ITocnenoBarenbHast QJICKTPUYCCKas LCIIb

IIo 3dKOHY KI/IpXFO(I)a JJIs1 MTHOBCHHBIX 3HAYECHMH 3aIIMIICTCS B BHJEC

di 1
u=ur+uL+uC=ri+LE+C—jidwt.

B nenu nmporekaer CMHyCONUIaIbHbBINA TOK
[ =1, -sin (wt+ )
Hanpsixenue Ha KaTylke UHAYKTUBHOCTH

di d[I,, sin(wt + ;)]
u=L—=1L ;
dt dt




[Tocne nuddpepeHnnpoBanus norydaem

di

— = wly cos (wt + ;) = why sin(a)t + Y + g)

Hzooparxcenue Sin-i QyHKIIMU RPOU3600HOI OT TOKA TI0 BPEMEHH,
T.€. di/dt 3anuieTcs B BUJE

di i 4 . 7T
<_ — C()Im e]((l)t+l|11+2) — Cl)Im e](a)t+llJi) . 617 —
dt
m
W TIOCKOJIBKY €72 = j, To B OKOHYATENEHOM BHJIE

dr
— ] = Jwl.
dat) ~’
IIpu stom =1, eJ (@t+Ui) ooy, usobpaxenne Qyukimu i = I, - sin (ot + Y,).

Bui60d: onepauuun oughgpepenyuposanus CUHyCOUIAIBHOTO TOKAa COOTBET-
CTBYET asizefpauyeckasn onepaiys YMHOKECHHS KOMILICKCHOTO YMCia Ha J.

N300paxkenne cumMBoiia GyHKIIMU MHTETpaia OT TOKA [ M0 BPEMEHHU T.€.

L o) = - [ o
(C La))—C idw

17 1
(C—jldwt>zc—flm -sin (wt + ;) dwt =

I I ; T
= —cos (wt+1,) = %sin (wt +1P; —90°) = %ef(“’”‘l’l 7) =

,TT
—j= . 1
U IIOCKOJIBKY € ]2 = —J] = = , TO B OKOHYATCJIIbHOM BUEC
J

_dm ey o5 — I jwtun,
Cw jCw



H3zooparxcenue sin-i (QYHKIUW, UHmMezpana OT TOKAa IO BPEMEHH,

1 .
T.C. (C— | det) 3aIMMIIETCS B BUJIE

ijldwt = i el (@t+ui),
C jCw

Bbi160o0: Takum 06p8,30M, KOMIIJICKCHOC YHCIIO, 1/1306pa>1<a101uee HHTCTpal Cu-

HYCOHMJIaJIbHON (DYHKIIMU MOYKHO MOJY4YHTh, PA3/CiINB HA J(W KOMIUIEKCHOE YHUCIIO,
n3o0pakaromiee 3Ty (PYHKIUIO, a KOMIUIEKCHOE YHCII0, M300paKaroIiee Mpou3BOI-

HYIO OT CHHYCOUAAIBHON (DYHKIUH MOKHO MOJTYy4YHTh, YMHOKHB Ha J() KOMILICKC-
HOE YHCII0, n300paXkaromiee 3Ty (GyHKIIUO.

3. KomuiekcHbIe CONNPOTHBJIEHHE U POBOANMOCTh. 3AKOHBI
Oma u Kupxrodga B kommiekcHoii ¢popme.

PaccMoTpuM Npou3BOJIBHYIO LIETIh, COCTOSIIIYIO U3 3J1eMEHTOB 7, L 1 C B KOTO-
poli o IeHCTBUEM CHHYCOMAaNnbHOro Hanpsukenus u = U | sin( wt +y ) mpore-

KaeT CUHYCOMIANbHbIN ToK I = I sin(w? + ;) . CunyconnanbHeIM QYHKIUSIM U U
i MOKEM TIOCTaBUTh B COOTBETCTBHE UX M300paKEHUSM (CHMBOJIBI) B KOMIUIEKCHON
dbopwme:

u=U, -sin (ot+,) —»U=Ue¥,

[ =1, -sin (wt+ ) [ =1el¥i

Paznennm kOMIIEKCHOE HaNPSIKEHNE U na xommnexcusiii Tox [

u . Ue¥ U . .
—_= Z = = _e](lpu_lpi) — Ze](p
I el Vi I ’
rac Z — KOMRJ1EeKCHOoe TI0JTHOC COIPOTUBJIICHUE IICIIN,
U
z = 7 — MOI[y.HB KOMIIJICKCHOI'O 4HMCJIa, OnpeﬂeHﬂIOHlHI?'I BeJII/I‘{I/IHy IIOJITHOT'O
COIPOTHUBIICHUS;

@ =Y, W, —yroa casura (a3 MeX1y HAPSHKEHUEM W TOKOM IIEIIH.

N3 (I)OpMYJILI AJIs1 KOMIIJICKCHOI'O COITPOTUBJIICHUSA ZHaXO,Z[I/IM KOMILJIEKC ToKa [



[TomyuenHoe BbIpaKeHHE NpPEACTaBisIeT coboi 3akoH Oma i paccMaTpu-
BaeMOM Ieny, 3allMCaHHBIM B KOMILJIEKCHOM BHje. KoMIIJIEKCHOE MOJIHOE CO-
MPOTUBJICHUE Z MOET ObITh MPEACTABIECHO B Apyroi (opme:

7 =zel?=z cosp+j z sinsp=r +jx.

Takum 00pa3om, HEUCTBUTENBHAS YaCTh (7) KOMIUIEKCHOTO TIOJIHOTO COMPO-
TUBIICHUS TIEMU MPEJCTABISET aKTUBHOE COMPOTUBIICHUE, a KOXDPUITUEHT MPU MHHU-
MOM 4aCTH (X) — pEaKTUBHOE COMPOTUBIIEHUE LIEMH.

KowmrekcHas npoeooumocms nenu uMeeT BULL:

Y P_1_ T Ye /P =Y (Y si + jb
= == == e = COoSQ — Siny = .
Trac g — dAKTUBHAai HpOBOI[I/IMOCTL;

6 — pCaKTI/IBHa}I HpOBOI[I/IMOCTB.

CrnenoBaTenbHO, MPEICTaBUB MOJHYIO MPOBOAMMOCTD B airedpanyeckoit ¢hop-
M€, MO>KHO ONPEIEIUTh AKTUBHYIO (g) U PEAKTUBHYIO (6) IPOBOJUMOCTH LIETIH.

Korma peakTuBHOE CONPOTHUBIICHHE HOCUT MHIYKTUBHBIN Xapakrep (X; > X ),
MHHMasl 9acTh KOMIUIEKCHOTO YHCTIA JJIs TIONHOM MPOBOJMMOCTH Y MMeeT 3HaK MH-
HYyC, NPU €MKOCTHOM XapaKTepe PEaKTUBHOIO CONpPOTUBIEHUA (X < X ) MHUMAas
4acTh KOMIUIEKCHOTO YKCJIa MOJIOKUTENbHA.

Aﬂzopumm pacuema yjieKmpuuecKux ueneﬁ
nepemennozo C”HyC‘O”@(lﬂbHOZO moka

1. CocraBisieTcsl pacyeTHasi CXeMa 3aMEIIEHUS U ONPEACNIAIOTCS €€ HEe0CTa-
IOLIUE MTAPAMETPBI, X U Xc.

2. OnpenensitoTcs CONPOTUBIICHUS SJIEMEHTOB TIEMH B KOMIUJIEKCHOH (hopMme.

3. N3o0pakaercst pacueTHasl cXeMa 3aMEeIICHHUs PUMEHUTEIFHO K KOMILIEKC-
HBIM COTIPOTHUBJICHUSIM.

4. CocTaBisAIOTCS] ypaBHEHUSI B KOMIUIEKCHOU (opme. [Tpu 3TOM HCTIONB3yOT-
csl B KOMIUIEKCHOM (hopme 3akoHbl OMa, Kupxroda uim Bce METOIbI pacueTa mernei
MIOCTOSTHHOTO TOKa.

5. PaccumuThiBaeTcs 1emb (PEIarTcs YpaBHEHUS) OTHOCUTEIFHO HEM3BECTHBIX
KOMIUIEKCHBIX TOKOB (HAIPsKEHUMN ).



6. [enaercs mepexos OT CUMBOJOB (KOMIUIEKCHBIX YHCEIN) K JIEMCTBYIOLIUM
3HAYEHUSAM TOKOB (HaIIPSKEHUN ).

7. IlpoBepsieTcsi MpaBHJIBHOCTh pacuera LIeHd IMyTeM COCTaBJieHHs OanaHca
MOIIHOCTEW WJIM C UCIIOJIb30BaHuEM 3akoHOB Kupxroda B koMIuiekcHoU hopme.

IIpuMepsl pacuyera dJeKTPHYECKUX ene CHHYCOMIAJILHOT0
TOKA KOMIIJIEKCHLIM METOI0M

[flocnenoBaTenbHoe coeaunenue. [Ipu nocinegoBarenrbHOM CO-
eAMHEHUH JIEMEHTOB pacueTHas cXxeMa B KOMIUIEKCHOU (hopMe MMeeT BUJI, U300pa-

KEHHBIN Ha puc. 3. B 9T0ii menu yepe3 Kaxa0e U3 CONPOTHBIEHHUH MPOTEKAET OJUH
U TOT K€ TOK /.
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Pucynok 3. Cxema K pacuery nocyie10BaTeIbHOM 1enu
KOMITJIEKCHBIM METOI0M

KomnuiekcHoe HanpskeHue Ha 3aKUMax 3TOH Lenu
U=U,+Uy,+-+U,=12Z, +1Z,+..+1Z,=12,
rne Z=7 1+ 7 2. + ...+ Zn — o0111ee CONPOTUBIICHUE LIETH.

KoMIuiekcHBIN TOK 1ienu

JleticTBytoIIIee 3HAaUEHUE TOKA LIeH OyIeT paBHO MOJTYJIIO KOMILIeKca Toka 1.

[lapanaenbHoe coeauHenue. OOmMi BUI CXEMBI B KOMIUIEKCHOM
dbopme npu mapayieIbHOM COSIUHEHUH JIEMEHTOB MPECTaBICH Ha puc.4.
Tok B 001m1eit yacTw enu B KOMIUIEKCHOM (popme




I=0L+1,+ +I'—U+U+ +U—
-1 2 n_'l Zz Z'n_

rae Y = Y1+Y2+... + Yn) — 00111ast IPOBOJIUMOCTH IIEIH.

JleliCTBUTENbHBIC 3HAYCHHS TOKOB B IIEMH OYIyT PaBHbI MOJIYJISIM KOMILIEKC-
HbIX TOKOB [1 + I5 + -+ + [},.
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Pucynok 4 Cxema K pacueTy napasuiesibHOM 11enu
KOMILJIEKCHBIM METO/I0M

B yvacTtHOM cilydae npu napajuieIbHOM COEIUHEHUHU ABYX CONPOTUBIICHUNA UX
HKBUBAJICHTHOE KOMIUIEKCHOE COMTPOTUBIICHUE OTIPENeIsIeTCs 1Mo hopMyIie

Z1+Z2

CMmemanHoOEe coeaumHeHHuEe. Pacuer cMemanHoM e, cxema 3aMe-

IIEHUS KOTOPOM M300pakeHa Ha pHUC. 5.a, npou3sBeneM B oOiieM Buje. PeakTuBHBIC
CONPOTUBJICHUS PJIEMEHTOB CXEMBbI:

Xy =27fL, xc,=127C,,  xc, =1/27fC,.

KommnekcHblie COIIPOTHUBJICHUA:

Z1=rH)(xp — Xc1); Zo=Totixe;  Zp=Ta-)Xp;



PacueTHast cxema B KOMIUIEKCHOW (hopMe IPUHUMAET BUJ, U300paKEHHBIN Ha
puc.5,0.
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Pucynok 5 Cxema K pacuery CMEIIaHHOW 11U KOMILIEKCHBIM METO0M:
a — pacueTHas cxema; O — pacueTHasi CXeMa B KOMIUIEKCHOU (hopme

OO61uii TOK B KOMILJIEKCHOM hopme

. E
Zy+=1——2
Zy+ 27,
Komruiekcuoe HAaIIpsHKCHUEC
. . Zl * Zz
U12 == IO - - .
Zy+ 7,

KoMIjIeEKCHBIE TOKU:

5 ) 5 )

. U . U
11 — 12 12 — 12
Z Zy

HevicTByromue 3HaYeHus TokoB 1y, 1|, I, paBHBI COOTBETCTBEHHO MOIYJISIM

3TUX KOMIUTEKCHBIX TOKOB [, [, I,.



