1.4 OCHOBHBIE CBOMCTBA U TAPAMETPBI SJIEKTPHUECKHX
HENEN IIPU CUHY COUJAJBHBIX TOKAX

1.4.1 CHHYCOMJAJIbHBIN TOK 1 OCHOBHBIE XAPAKTEPU3YIOIIIUE
EI'O BEJIMYUHDbI

B nuHENHOM 3JIEKTpUYECKOM e oA AerucTBUEM nepuoandeckux J/C ¢ me-
puoaom T ycTaHaBIMBAIOTCA NMEPUOAUYECKUE TOKU U HAIPSDIKEHUS C TEM K€ IEPUO-

1
nom. Bemuunna f = T oOpaTrHasi Iepuoay, Ha3bIBAETCA YaCTOTOM (MM [IUKINYECKON

4acToTOW) 1 u3Mepsiercs B reprax (I'm).
HawnGonpmuii vHTEpeC MPEeICTaBIAIOT TOKH U HANPSDKEHUS, U3MEHSIONTUECS BO
BPEMEHU 0 CUHYCOUJAIBHOMY 3aKOHY, ONHMCHhIBAEMbIC YPABHEHUSIMU BUJIA
e=E,sin(ot+y,);
i=1_sin(ot+y;); (1.59)
u=U,,sin(ot+y,).
HuTepec K 1ensiM CUMHYCOMAAIBHOTO TOKA OOBSCHAETCS TEM, UTO MPHU BKITIOUE-
HUU B IIeTTh ICTOYHUKOB CHHYCOUATBHBIX DJ1C Win TOKa, TOKW W HAIIPSIKEHUS B I1e-
A TaKK€ CHHYCOUJIAJIBHBI, UTO cieayeT u3 ypasHenwmii (1.2), (1.4), (1.10). IToatomy
M CHHYCOUIAJILHOTO TOKa — Han0oJIee pacpOCTPaHEHHBIC YJICKTPUICCKUE TICTTH.
[TapameTpsl 1eme NEPHUOIUIECKUX HECHHYCOMIATBHBIX TOKOB TaK)K€ MOYKHO
omnucaTth ypaBHeHUsIMU Tuma (4.1), ucnosib3ys pazioxeHue B psaja Dypbe.

Benuuunw €, i, U — menoeennsvie 3navenun I/]C, moxa u Hanpadyicenus
(ooo3nauarwmca crpoyHbiMu Oykeamu), E | . U_— amnaumyonvie 3nauenusn

mex Jce eenuyun (0003Hauaromcsa NPONMUCHBIMU OYKEAMU C UHOEKCOM «My),

o=2nf — yrioBas yactora; apryMeHT CHHYyca HOCHT Ha3BaHue (pa3bl, a ciaracMble

V., V., VY, — HadalbHOH ¢a3bl B MOMeHT BpeMenu t =0,

B kauecTtBe mutroctpainuu Ha puc. 1.68 nzoOpaxeHsl rpaduku AByX CUHYCOU-
JaNbHBIX QYHKIIUNA — HATPSDKEHUS U TOKA:

u= Umsin(cot+g} B;

=1 sin(mt—nj A .
m 3
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ITo ocu a6cuncc OTKJIaAbIBAIOTCA 0o BpEMs, 0o IIponopuroHalIbHasA €My

yrj10BasA BCINYHUHA ot.

b .
w XS
¢

Puc.1.68 BpemeHHble quarpaMmbl
CHHYCOUJATBHBIX HAIIPSHKEHHUS ¥ TOKA

Pa3HOCTb (a3 HaMpsKEHUS U TOKA @ =\ —\, HA3bIBAIOT TAKXKE YIJIOM CABUIa

TOKa M0 OTHOIIEHHUIO K HamnpspkeHuto. [Ipu y =0 Tok U HampspKeHHe COBIAAIOT TI0
T
daze, npu Yy =T — TPOTUBOIOJIOKHBI TI0 (aze (MPOTUBO(A3HbI), IPU Y = iE OHU

HaxozsaTcs B KBajaparype. Ha puc. 1.68 mpuBeneHsl BpeMEeHHbBIE JUarpaMMbl ISl 10~
CJIEAHETO CIIydasl.

1.4.2 JEMCTBYIOIIUE Y CPEJHUE 3HAUYEHUSA MEPHOJUYECKNX
3]1C, HAIIPSI)KEHUM U TOKOB

I[CﬁCTBYIOHlee SHAYCHUC MCPUOINICCKOIO0 TOKA paBHO TAKOMY 3HAYCHHUIO I10-
CTOJAHHOI'O TOKa |, IIpu IIPOTCKAHHUHU KOTOPOI'O B OJMHAKOBBLIX IIO BCIMYHMHC COIIPO-
THUBJICHHUU 3a IICPHUOA T BBIACIIAACTCA TAKOC K€ KOJIMYCCTBO TCILJIA, YTO W IIPpU IIPOTC-
KaHHUH IICPEMCHHOI'O TOKA 3a TaKOM K¢ IMPOMCIKYTOK BPCMCHH.

CpellHHH 3a IICproJa MOIIHOCTD, IIPOIMOPIHHUOHAJIbHAA KOJIMYCCTBY TCILJIA4, BBIAC-
JISIFOILICTOCS B LICIIH C COIIPOTHUBIICHUEM [, paBHA:

1; 1]
—-jizr dt:r.f.jizdt:r.ﬁ (1.60)
T 0 T 0

BBG,Z[GHI/IC IIOHATUA O HCﬁCTBYIOIHCM S3HAYCHUHU MCPUOIHYCCKOIO0 TOKa, KakK
CPCOAHCTO KBAaJAPATHYHOI'O 3HAYCHHA 3a MOJTHBIN Nepuoa, Mmo3BOJIACT MOJYUINUTH AJIA
CpC,Z[HGfI MOIIHOCTH TAKO€ K€ IIO BHUAY BBIPAKCHHUC, KaK M IIPpU ITOCTOAHHOM TOKC.

Oobo3nauaromcesa delicmeyrujue 3na4eHus NponucHbIMu oykeamu: E, U, |.
N3 (1.60) umeem:
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1| 1T 1 L
E= —-fedt: U=_[=-[udt: 1= [=.[i%Lt. 1.61
I i S i oy

[ToncraBuB B (1.61) BeIpaxkeHue s cuHycounanbHon GyHkimu € (1.59), momy-
UM

1 2n , ,
\ﬁ E[Emsm (0)t+\|le) d(et) =
251 _ cos(20t + 2 E
=E - > COS( o We)d(cot)=m,
\ 2n 2 2

E=

(1.62)

2n

MTOCKOJIBKY I COS(Zwt + 2\|/0) d(ot)=0.
0

AHaJIoOTHYHbBIC BBIPAKCHUA MOTI'YT OBITH IMOJYUYCHBI IJIA I[CflCTBYIOIHHX 3Ha4dcC-

HUM HAIIPSKCHUA 1 TOKA!

U—Um' I—Im 1.63
" T2 (163)

Jleiicmeyrouiee 3naueHue CUHYCOUOANbHOU (PYHKUUU MeHbUile ee AMNiu-

MyOHO020 3HAYEHUA 6 J2 pas.

Cpennee apupMeTHyecKoe 3HAYEHUE CHUHYCOMAAIBHOM (PYHKIMHU 32 MEpUOJ
paBHO Hy; 0. [To3TOMy BBOAAT MOHsATHE 00 €€ CpeAHEM 3HAYEHHM 3a IMOJIOKHUTEIb-
HBIW MOJIYIIEPUO/T:

T
2
E :Z-IE sin ot dtzg-E ;
® T . m xom
2 .
Uu =%.U_: (1.64)
P m
| =g~| )
® gom

Cpeodnue 3nauenus CUHYCOUOANbHBIX QYHKUULL 0003HaAYAOMCA TTPONMUCHBI-
MH OYK6aAMU C UHOEKCOM «CP».

IIpumep I1.4.1. OnpenenuTh aMILTUTYAY, YIJIOBYIO YaCcTOTY, HA4aJIbHYIO (pa3y
U JCUCTBYIOIEE 3HAYEHNE CHHYCOMIAIBHOTO TOKA, U3MEHSIOIETOCS COTJIACHO BbI-

pakenuto i =141sin (314 t+ g) :

Pewenue.
3anuieM KaHOHHYECKYHO hopMy rapMoHIdeckoii pyHkiuy i=1_sin (ot + ).
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AMmuUTyiHOe 3HaueHue |y — ko3 OUIMEHT Npyu CUHYCOUIATbHONU ()YHKITUU:

Im = 141 A. YrioBas yactora — ko3 duuueHT npu nepemennou t: o = 314 pan/c,

KpPyroBasi 4YacToTa CBsS3aHa C LUKIMYECKOW cooTHomieHneM ® = 2nf, orkyna
314

f ZZEZW =50 I'm. HauansHas daza paBHa aprymeHty ¢yHkiuu mpu t=0,
T -3,

I

T

T.e. v =—. JlefictByromiee 35auecHue | =" =100 A.
V=g il yIo R

1.4.3 IPEJCTABJIEHUE CUHYCOUJAJBHBIX 3/C, HAIIPSIXKEHUA 1
TOKOB C IIOMOUIBIO BPAITAIOIIUXCA BEKTOPOB.
BEKTOPHBIE TUAT'PAMMBbI

Cunycounanbupie DJIC, HanpsHKEHUS WM TOKU YTJIOBOM YacTOTHI ( MOKHO
MPEACTABUTh BEKTOPAaMH, BPALIAIOIIUMUCA C 3TOM k€ CKOPOCTbIO, IPUYEM JIJTUHBI
BEKTOPOB paBHbI aMIUIUTYTHOMY 3HAUEHHUIO B COOTBETCTBYIOIIEM MacuITade.

CkazanHoe wutroctpupyetcs puc. 1.69, Ha KoTopoM HM300pakeH BEKTOP JJIH-
HOI1 Ey,, Bpamiaronuiicss mpoTUB 4acOBOM CTPETKU C YTIIOBOM YacToToil . [Ipoekius
BekTOpa En, Ha BepTUKaIbHYIO OCh paBHa MrHOBeHHOMY 3HaueHuto J/IC e. Yrou, oT-
CUUTHIBAEMBIN OT TOPU3OHTAIILHOM OCH, PaBEH apryMEHTY CUHYca (DYHKIIUH:

e=E,sin(ot+y,) .

Puc.1.69. Ilpencrasnenne mraosenHoi /]C Bpamatommumcst BektopoM Ep,

Ha puc. 1.69 ormeden takke yron y _, MOoJ KOTOPEIM BeKTOp E . HaKIOHEH K

TOPU30HTAJIbHOM OCH B MOMEHT BpemeHH t=0. BBegem noHsTre KOMIIJIEKCHOM IIIOC-
KOCTH, TJIE TI0 TOPU30HTAJIBHOM OCH (IT0JIOKUTEIbHOE HAIlpaBJIEeHHE OCU 0003HAYAET-

Ccia +1) OTKJIaAbIBACTCA HeﬁCTBHTeHBHaﬂ 9aCTb KOMINJICKCHOTO 4YMCJia, 110 BCPTHUKAJIb-
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HOM OCH — MHUMasl 4aCTh 3TOr0 4YKcia (MOJ0KUTEIbHOE HAMPABICHHE OCH 0003HaYa-
ercs + J).

Ecnmu Bektop Ep, paccMarpuBath Ha KOMIUIEKCHOM IJIOCKOCTH, TO €r0 MOKHO

3amucaTh KOMIUIEKCHOH (ynKimeii (umm kommiaekcom) E
E = Emej(‘”t“"e),
rae En — Momyib KOMIUIEKCHOTO YHCIIA;
ol+\y, — ero apryMesr;
j=+/—1 — Tax Ha3bIBacMast MHHMAsI CAMHMIIA.

Komnnexcuwie uucna ooo3nauaromces 6yK3aMll C MOYKOIL Haeepxy:.
Jlas moGoro Bektop A cripaseumBa hopmyia Diinepa
A=Acos\+ jAsin A. (1.65)

Ota (opmysa HOCUT Ha3BaHUE TPUTOHOMETPUYECKON (OPMBI 3alHCH KOM-
iekca. AnreOpanyeckoi (popMoii 3anucy Ha3bIBA€TCs 3aIUCh BUIA

A=A +]A (1.66)
rmae Al = ACOSA, A2 =Asin A.
Hakonern, nmokazarenbHas popMa KOMILJIEKCHOTO YKUCiIa UMEET BU]T

A=A.e" (1.67)
Bce Tpu ¢popmbl 3aniucu CTPOTO SKBUBAJICHTHBI, IOATOMY

A +]JA =Acos)+jAsin L =A-e".
U3 (4.6) cienyer, 4TO
e =cosh + jsin A. (1.68)

Mopynb BeKTOpa e’ paBen exunme, a apryMeHT — A} TIpU A = T BEKTOP e =_
1. Tak kak j=~/—1, TO

j= e =, (1.69)

T.€. | — 9TO eAMHUYHBIA BEKTOpP, HANPABJICHHE KOTOPOrO COBMAIACT C MOJOKUTEIb-
HBIM HampaBJICHHUEM OCH MHHUMBIX YHCEJ, COOTBETCTBEHHO (— J) — CIMHUYHBINA BEK-
TOP, COBNAJAIOIINN C €€ OTPULIATEIIbHBIM HAIPABICHUEM.

EnvHu4HbIE BEKTOpHI, HAMPABIEHUS KOTOPBIX COBMAJIAIOT C MOJIOKUTEIbHBIM
WU OTPULIATENIbHBIM HAIpPABICHUSIMU OCEW JNEUCTBUTEIBHBIX WM MHHUMBIX YHCEI
(puc. 1.70), 3anMCHIBAIOTCS CISAYIOMUM 00pa30M:
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T .U

el =1 2-j e"=_1 ¢ 2=_j (1.70)

N3 3anucu KOMIIEKCHOM (hyHKITUH

E =E, ,ej(wtﬂpe)
B TPUTOHOMETPHUYECKOU (popme
*]
e =-1 “ ejg =)
— - +
n el =1 '
el2 = | Y

Puc.1.70. Pacrionoxxenue 1ecTBUTENBHBIX 1 MHUMBIX
€IMHUYIHBIX BEKTOPOB HA KOMIUIEKCHOM TIOCKOCTH

E,, =E,,coslot + ¢, )+ JE,, sin(ot +@,)

CJIEIyEeT, YTO CUHYCOMJAIBbHYIO (DYHKIIMIO MOKHO PacCMAaTpUBATh KaK IPOEKIIHIO
BEKTOPA, BPAI[AFOIIETOCs C YIJIOBOW YaCTOTOM (0, HA OCh MHUMBIX YHUCEJL.

B o6miem Buje i1st BekTopa A 9TO 3aITUCHIBACTCS TaK:

A, sin(ot+y) = ImA,, - | = Im(A &), (1.71)

e A =A -eV.

m m

CumBon (Im) oOo3HavaeT, 4TO AOJKHA OBITH B3sITa TOJHKO MHHUMAasl 4acTh

KOMILJIEKCHON (DYHKIIHH.
JleNCTBUTENBHYIO YaCTh KOMIUIEKCA MOKHO BBIPA3UTh B CICAYIOLIEM BUJIE:

A, cos(ot + )= Re(A ¢! ) (1.72)
KomrmiekcHoe 94uciio Amej("’t+“’) = AmejCOt MBI OyJIEM pacCMaTpUBaTh KaK U300-
pakeHHue NeUCTBUTENIbHON CUHYCOUIATBbHON PYHKIIUU
a=A,sin(ot+y).
3anucarb 3T0 MOXKHO TaK:
a=A sin(ot+y)cA el A et
m m m

T.e. QyHKIMH A sin (ot +) cooTBeTcTBYeT M300paXKEHHE Amejmt. BexkTopsl, Bpa-

IMarnmuecsa Ha KOMILIEKCHOM IIJIOCKOCTH C YFHOBOﬁ 4aCTOTOU @, IIPUHATO H306pa-
JKaThb B ITOJIOKECHUH, COOTBETCTBYIOIIIEM MOMCHTY BPECMCHU t=0. Toma
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A sin(0-0+y)=A e =A . (1.73)

B npakTrke pacyeToB yale UCIoJab3yIT KOMIUIEKCHI JEHCTBYIOIIUX 3HAYCHUN
CUHYCOMJIAJIbHBIX BEJIMYMH, YTO TPEOyeT YMEHbBILIECHUS aMIUIUTYIHBIX 3HAYEHUHN B
/2 pas.

Ipumep I1.4.2. Tox B uenu HU3MEHAETCS IO CHHYCOMJAIBHOMY 3aKOHY

i =14 1sin (314 t+ 72‘) .

Haiitn KOMIIIIEKC TEVCTBYIOIIETO 3HAYCHMUS.
141 i3 P
“e?2=10e?=j10 A
2
Ipumep I1.4.3. [lan KOMIUIEKC HaNpsbkeHHs Ha yuacTtke nenn U =50e/®
Hanucate Gopmyny nmst onpeeiaeHuss MTHOBEHHBIX 3HAYEHUH.

OtseT: | =

Peuiennie. AMIIIUTYAHOE 3HAYEHUE UIrn =50-./2=70,7 B, HauanpHas (aza
v, = 45°, Texymias daza y = ot + Z
Takum 00pa3zom,
u=70,7sin (cot + Z]

B3zaumnaa opuenmayusn 6eKmopos, u3zo0parcarnowiux HA KOMNIEKCHOU
NJI0CKOCMU HECKONbKO CUHYCOUOANbHBIX YHKUUIL 00OHOU YACMOmbl, COXPAHAECM-
CA HEU3MEHHOU 011 1100020 MOMEHMA 6PEMEHU, NOCKOIbKY 6EKIOPbL 6PAUAIOM CA
C 00HOIL U MOl dice Y2/1080il YacCmOmOolil.

N3o0pakeHne CUHYCOMIAJIbHBIX BEJIWYWH OJHOM M TOW K€ 4YacTOThI (TOKOB,
Hanpspokeruit, DJIC u T.1.) 11 OJHOM M TOU ke DJIEKTPUYECKOW LEMU BEKTOpamH,
BpalIAIOIIMMHUCSA HA KOMIUIEKCHOM TJIOCKOCTH, Ha3bIBAETCA BEKTOPHOM AUArpamMMOu.
HamoMuuM, 9TO BEKTOpPHI MPHHATO U300pakaTh B TMOJIOKEHUH, COOTBETCTBYIOIIEM
MoMeHTY Bpemenu t = 0.

B kaudectBe mpumepa Ha puc. 1.71 n3zoOpaxkeHa BEKTOpHas auarpamma JIByX
HaNPsHKEHUN
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u =U,_sinlot+y );
u2=U2msin(oat+\|;2).
*] U

im

v, +1

2m

Puc. 1.71. BexTopHast tuarpaMma JByX HarpsnKeHHN

Kak OyaeTr moka3aHO HUXE, BEKTOPHBIC IUArpaMMbl 1alOT HE TOJBKO HATJISAI-
Hoe mipenactasienue 00 DJIC, HampsHKEeHUSX U TOKaxX B IIETH, HO U YIPOIIAIOT B psjie
CJIy4aeB PELICHUE DJIEKTPOTEXHUUECKUX 33/1a4.

VYpasuenus Kupxroda cripaBeyiuBsl J71s1 11000ro MomMeHTa BpeMeHu. [1oaTo-
My, €CJIM OHU CHPABEJIUBBI JJIsI MHUMBIX COCTABJISIONIMX KOMILJIEKCOB BCEX TOKOB,
HanpsokeHuit 1 OJ[C, To OHM CHpaBeIJMBBI U 1 BEIIECTBEHHBIX COCTABIISIOIINX
ATUX KOMILUIEKCOB, @ 3HAYUT, U JIJIsI CAMUX KOMIIJIEKCOB.

Takum o06pa3om, 4TOOBI ONPENIETUTh CUHYCOUIATbHBIC HAMPSXKEHUS U TOKU B
IIETH, JIOCTATOYHO OMNPEICIIUTh KOMILJICKCHI 3THX HaNpsbKeHUH U ToKoB U 1o (1.71)

MIEPEUTH K OpUTHHATIAM.
1.4.4 TEUCTBUS C KOMIUIEKCHBIMHY YHCJIAMHU

UtoOBI pemiaTh 3a/1a4¥, UCTOIB3YSl KOMIUICKCHBIC M300paKeHHUsS] TapMOHUYE-
CKHX (DYHKIIHIA, HEOOXOAMMO YMETh OTIEPUPOBATH C CAMUMHU KOMIUIICKCAMH.

PaccMmoTpum deThipe apu@METHIECKUX NEUCTBUS ¢ KOMIUIEKCHBIMU YHCIIAMHU:
CIIO)KEHUE, BRIUUTAHUE, YMHOKECHUE U jelieHne. [Ipu 3ToM KOMITIEKCHBIC Yucia Oy-
JIEM TIPEJICTABIIATh B IBYX (popMax — anreOpandeckoi 1 moxka3zaTreabHOM.
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Be’’

+1

Puc.1.72. CBs13b Mex/1y MOKa3aTeIbHON U
anredpandeckoit popmMaMu 3arMch KOMILIEKCa

CBsi3p MEXy TOKa3aTeIbHON U anredpandeckoi popmamu cleayeT U3 ypas-
Henwmii (1.66) u (1.67) u wumroctpupyercs puc. 1.72. Moayiib KOMILIEKCHOTO YHCIa

A, KaK T'HIIOTCHY3a IIPAMOYI'OJBHOI'O TPCYI'OJIbHHKA, U €TI0 apryMCHT PaBHBI COOT-

A= A?+AZ;

A
= arctg —=2.
¢ g A,

BCTCTBCHHO

(1.74)

Ilpu eviuucnenuu apzymenma ciedyem oopauyams 6HUMAHUE HA MO, 6 Ka-
Kom Keaopanme pacnonoxcen eekmop. Huaue npu nonv3oeanuu MuKpoKaaipKy-
JIAMOPOM MONCHO OONYCMUMb OWIUOKY, MAK KAK MUKPOKAIbKYAAMOpP Oonpeoens-
em 0 PYyHKyuu apKmaHzenc moibKo 21aeHoe 3Hauenue y2ia 6 unmepeaie £90°,
m.e. y2ibl NEPEO2O U Yemeepmozo Keaopanmos. Bexkmop ice moicem umems nio-
oo apzymenm 6 ouanazone y2noe +180°. Hanpumep, npasunvnas 3anucet Kom-

naexkcnozo uucna B=-50+i86,6 (puc. 1.72) 6 noxazamenvnoii opme

: j120P < o
B=100e""" . Apeymenm, naiidennviit ¢ nomowpblo MUKpOKaibKy1amopd, pasem

. 0
—60°, u nonyuaemca, umo B=100e*

, umo Heeepno. Ecnu Oeiicmeumenvhasn
yacms KOMNJAEKCHOZ0 YUCAA OMPUUAmenbHa, mo K 3HAYeHUI0 apZymenma, nojy-
YEHHO020 HA MUKPOKANbKYIAMOpe, Heo0X00umo npubdbasums (U1u OMHAMb OM He-
20) 180° ¢ mem, umoobwvl nonyuenHoe 3HaueHue apZymeHma HaAxXo0Uu1I0ChL 6 uHmep-
eane 180",

I[eﬁCTBHT CJIbHAsI U MHHUMaAsA 4aCTU KOMIIJICKCHOT'O YHUCJIa PaBHbI
A, =A-cosa; A,=A":sin . (1.75)
PaCCMOTpHM apI/I(i)MeTI/I‘I€CKI/IC I[CﬁCTBPIH HaJl KOMIIJICKCHBIMH 4YUCJIaMH B I10-
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KazarelbHOU popMme.

CYMMa N PAa3HOCTb ABYX BCKTOPOB A n B OIIPCACIIAIOTCA BBIPAKCHUAMMN
C=Ce* =A+B=Ae" +Bel;
C=+A?+B’+2-AB-cos(aFp); (1.76)

Asino £ Bsin 3
" Acosa + Bcosp’

tgA

[IpousBenenue
C=A-B=Ae".Bel® = AB.ell*P), (1.77)
OTtHolIEHHE ABYX KOMIIJICKCOB
coR AT A i)
B Be’ B

I[JIH TOTIO, YTOOBI OBIJIM ITOHSTHEI OIICpallii YMHOKCHHA W OCJICHUA C KOM-

. (1.78)

TJICKCHBIMU YMCIIaMH B anreOpanydeckoit popme, pacCMOTPUM STH ONEpalliy MpUMe-
HUTCJIbHO K MHUMbBIM €CAUHHUIIAM:

jrj=el e =gl —(c0s180° +jsin180° =—1;

j-(-j)=e™ e =el =c0s0° +jsin0° =1;

.
1 _ e’ o

] e]? =-J; (1.79)
i: N e
—j el

Emie pa3 oOpatumM BHUMaHuUE, YTO NMPEACTaBICHUE MHUMOM €IMHMIIbI B TOKA3a-
TeIbHON (hopMe MO3BOJISIET HATJISAHO OOBSICHUTH MOTy4aeMbI€ Pe3yIbTaThl.
CrnoxxeHue (BBIYMTAHUE) IBYX KOMIUIEKCHBIX YUCEN:

C=C tjC,=(A +jA )t(B,+jB )=(A B )+jA £B )  (1.80)
VMHOKEHHE KOMIUICKCHBIX YHCEI:
C=A-B=(A+]A,)-(B,+B,)=(A,-B,—A,-B,)+i(A B, +A, B) (1.81)
(mpomssezenne A B, orpuuarensHo, Tak Kak CoriaacHo (4.21) jF=-1).

BBGI[eM IMOHATHUC COIIPSKCHHOTI'O KOMIIJICKCA. I[Be KOMIIJICKCHBIC BCJIMYHMHBI,
HMCIOIKUEC PABHBIC MOAYJIM W PaBHBIC, HO IIPOTHUBOIIOJOKHEBIC 110 3HAKY, APIr'yMCHTHI,
Ha3bIBAaKOTCsA COIIPAKCHHBIMMU. Ecau HUMECTCA KOMIIJICKCHOC YHuCJI0

A= Ae :A1 + jAz’ TO CONPSIKEHHOE €My KOMIUJIEKCHOE YMCIIO 3alUIIETCS B BUJIE
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%
A=Ae™ :A1 - JA . CornpsiKeHHbIM KOMIUIEKC — 3TO BEKTOP, 3€pKalbHbIN HCXOM-

HOMY OTHOCHUTCIBHO HeﬁCTBHTGHBHOﬁ OCH Ha KOMILJIEKCHOM IIOCKOCTH. BaxkHO OT-

MCTHUTH CJICAYIOIICC CBOMCTBO COIIPSAKCHHBIX KOMIIJICKCHBIX YHCCII:
*
AA=Ae" - Ao = A7+ A2 = A%, (1.82)
Tot ke PE3YIIbTAT MOJYUUTCA, CCINU IICPCMHOXHUTL 3T KOMIIJIICKCHI B aﬂre6pa-
W4eCcKoi dhopme.

PaCCMOTpI/IM ACJICHUC IBYX KOMIIJIICKCHBIX YHCCII. VYMHOXUM 4YHUCIHUTENIb U
3HaMCHATCJIb I[pO6I/I Ha KOMIIJICKC, COHpH)KCHHBIﬁ 3HaMCHAaTCIIIO. TOFI[aZ

C:A:A1+J:A2:(A1+J:Az)'(Bl__sz):
B B+jB, (B+jB,)(B -B,)
Al'Bl+A2'Bz)+j(A2'Bl_A1'Bz)
BZ
Clel.Bll;Az.Bz; C2=A2.BlB_2A1.BZ

=C,+iC,; (1.83)

,
rie B> =B? +B’.
1 72
PaccmoTpum nonmyuennsie Gpopmyisl (1.76) — (1.83). OdeBuaHO, 4TO TOIB30-
Batbcs popmynoi (1.76) HenenecooOpa3Ho, MHAYE TOBOPS, CIOKEHUE W BHIYMTAHHE
KOMIUIEKCHBIX YHCEJ TIPOIE BBHIMIOJHIETCS B alreOpandeckod Qopme 3amuc.
OcTtanbHbIe NEHCTBUS MOXKHO BBITIONHSATH MPU JIFO00H (popMe 3amucu KOMITJIEKCHBIX

YHUCel.
[IpencraBnsieT MHTEpEC YMHOXKCHHE KOMILICKCHOTO YKC/ia Ha * |

C.j=Cel e = Cell+90)
C-(-j)=Ce.e ™ = Ceil-20)
T.€. PMHOJCEHUE KOMIIEKCHOZ0 HUCAA HA £| npueooum K nogopomy 6eKmopa Ha

yeou 90° ¢ nonoxcumenbHom unu ompuyamejlbHOM HanpaejieHuu.

IMpumep 11.4.3.

j30°

a) [IpeobpazoBarhk koMIuiekcHoe urciio A =100e”™ | 3amaHHOE B TIOKa3aTelb-

HOH (hopMe 3amucH, B alreOpandecKyro.
Penienue.

A =100-c0s30° + jL0O-sin 30° =86,6 + j50.
6) IIpeoGpaszoBaTh kommiekcHoe uncio A =50 — j86,6, 3anaHHoe B anreGpan-

yeckoi popme, B MOKa3aTEIbHYIO.
Penienue.
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Ha ocHoBanuu dopmyi (4.16)
A =./50° +86,6” =100;

6,6
= arct = = —60°.
0 g 50

Taxum obpazom, A = 100e 7",
8) CII0)HTB ABa KOMIUIeKCHBIX uncia A =20 + j30 u B=50— jL00.
Pemenue.

C =(20+50)+ j(30—100)= 70— j70.

-~ A0 .
r) CIOXHTH [1Ba KOMIUIEKCHBIX uncna A =50e°" u B=100e"* |
Pemenue.
[IpeoGpasyeM KOMIUIEKCHI B aJIre0pandecKyro (JopMy 3aIlKCu:

A =50-c0s30° + j50-sin 30° = 43,3+ j25;
B =100-c0s135° + jL00-sin 135° = —70,7 + j70,7;
C=-27,4+ 95,7 =99,5- 105
(BEKTOp HaXOAMTCS BO BTOPOM KBaJpaHTE).
1) [lepeMHOXUTh KOMITJIEKCHBIE YHCIIa, TPUBEACHHBIC B ITYHKTAX B U T.

Pemienue.
(20+ j30)- (50 — j100)=20-50+ j30-50 —
—j20-100+30-100 = 4000 — j500.
[Tpumeuanue. j-(—J) = 1.
2. 50e”.100e"*" =5000e"*".
e) Pa3nenuth KOMILJIEKCHBIE YKCIIa, TPUBE/ICHHBIE B TyHKTaX B) U T).

PemmcHue.
A 20+j30 (20+j30)-(50+ j100)
B 50-j00 (50-j100)-(50+ j100)
(20 + j30)- (50 + jL00)  — 2000 + j3500

_ )0 _ ~ 016+ j0,28.
50% +100 12500

5 506’_30 o
100e**

1.4.5 CONPOTUBJIEHHUE B LIEIIM CUHY COUJAJBHOI'O TOKA

[Tycth yepes conpoTuBienue I (puc. 1.73, a) mpoTeKaeT TOK I.
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U, | ,p +j

i r u b
— P=Ul U 1
u ——
N\
t

0
i

a 0 B

Puc. 1.73. ConpoTtuBieHne ¢ NPUHATHIMU TOJI0KUTEIbHBIMY HAPaBJICHUSIMU TOKA U HaNIPSDKEHUS
(a); BpeMeHHBIe TrarpaMMsl U, i, p (0); BEKTOpPHBIC TUarpaMMbl TOKa U HANPsHKEHHUS (B)

u:r-izr-lmsin cot:Umsin ot, (1.84)
rae Uy, =rlp,.
Hpe,ZICTaBI/IM CI/IHYCOI/I,Z[aJILHBIﬁ TOK N HAIIPSAKCHUC KOMILIICKCAMM. Torz[a
Uel =r. e, (1.85)
OTKYyJa CJICAYET, YTO
U=r-i, (1.85a)
rac U y | — KOMIIJIEKCHI ,Z[efICTBYIOLHHX 3HAa4YCHUU HaIIPAKCHUA 1 TOKA.

MrHoBeHHas MOIOTHOCTDB, BBIACIIICMAA Ha COIIPOTHUBIICHUH, paBHA
p=u-i=U_I_sin®ot=UI(l-cos2wt) (1.86)

MrHoBeHHasi MOIITHOCTh, Kak 3To ciuenyeT u3 (1.86), usmensiercs ¢ IBOWHOMN
JaCTOTON OTHOCHTEILHO YPOBHS, PABHOTO TPOW3BEACHHUIO NEHCTBYIONINX 3HAYCHUM

HarnpsbkeHus:t 1 Toka Ul. [lpuyem, mockonbky ‘COSZO)t‘Sl, TO MTHOBEHHas MOIII-
HOCTb — BEJINYMHA HEOTpULIATENbHAsA, TO €CTh Bcerga p > 0.

Tak kak MTHOBEHHas MOITHOCTh HHMKOTJA HE MPUOOpPETAaeT OTPHUIATEIBHBIX
3HAYEHUI, TO 3TO O3HAYAET TOJIHKO OJTHO: IHEPTHUSI UCTOUHUKY HArpy3KOH oOpaTHO HE
Bo3Bpariaercsa. CiieoBaTeIbHO, PE3UCTUBHOMY JJIEMEHTY COOTBETCTBYET TOJIBKO He-
oopamumblit npoyecc nepeoauu IEKMPUYECKOU IHEPZUU Om UCHOYHUKA 6
Hazpy3Ky u npeoopazoeanus ee 6 opyzoil 6uod Inepzuu (TEIIOBYIO, MEXaHUIECKYIO,
XUMHUYECKYIO U T.J.).

Hanunuue y Toka (HampspkeHUs ) HadaabHOU (Das3bl, OTIMYHOMN OT HYJISI, SBIISETCS
CJICICTBHEM HM3MEHEHHUS HA4YaJIbHOTO TOJOKEHUS BEKTOpa TOKa (HAMpPSDKEHHs) Ha
KOMIUIEKCHOHM TIocKocTH. Hike OyaeT mokasaHo, 4TO COOTHOIIEHUS MEKIY TOKOM,
HaIpPSHKEHUEM U MOIITHOCTBIO HE 3aBUCAT OT HaYaJIbHBIX (a3 TOKA M HAMPSKCHHUS.

CpenHss 3a mepro]| MOITHOCTh PaBHA:
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P 12fui d(wt)= Umlmzfsin 20t d(ot) = Umlmzf(l—cosZoot) d(ot)=
21 2n 2n g
U I 2n
=_mm —1j0032mt d(wt)= UL,
2 21 |

2n

TaK Kak ICOS 20t d(ot)=0.
0

Ha puc. 1.73, 6 mpuBefcHb BpEeMEHHBIE JUarpaMMbl TOKa, HAINPSIKEHUS U
MTHOBEHHOW MOIITHOCTH Ha COTPOTUBJICHUH, HA pUC. 1.73, B — BEKTOpHbBIC AHArpaM-
MBI HAMpsHKEHUS U TOKa. MTHOBEHHAs] MOILTHOCTh U3MEHSAETCS C JBOMHOM 4acTOTOM.
Tok u HanpspKeHWE Ha CONMPOTUBIICHUN COBIAAAIOT 110 (ase.

HOKEDKGM, 4TO HAJIMYUC y TOKa HGHYHGBOﬁ HavyaJIbHOU (1)3351 HC N3MCHIICT I10-
JIYYCHHBIX paHCC BLIBOAOB.

Ilycrs i=1_sin (oat +y, ) Cornacuo 3akony Oma u=i-r=I_rsin (o)t +y, )
CrnenoBaTesbHO, HAPSDKEHHE, MPUIIOKEHHOE K COMPOTUBIICHUIO I, OYJET TakkKe CH-
HyCOUIAIBHO 1 cuH(}a3HO ToKy (aHanorn4uo (1.60)), mpuaem U =1 -r.

[IpeacTaBuM TOK M HAMPSHXKEHUE KOMIIEKCAMHU

: v : v,
i=1e™,  U=ue",
CBSI3b MEXKy KOTOPBIMH BBIpaXkaeTcs 3akoHoM Oma
U=r-I.
MrHoBeHHasi MOIITHOCTD, BhIIeJIsieMasi Ha COMPOTUBIICHUHU, pPaBHA

p=u-i=U_l_sin*(ot+y,)= %[l—cos(ZmH 2y, )] = Ul -[L-cos(2wmt + 2y, )].

Cpennee 3Ha4eHUE MOIIHOCTH 34 IEPHOL
P =UI.
AHaNOTrUYHbIe PACCYKJIEHUS MOTYT OBITh MPOBEACHBI JJISI UHIYKTUBHOCTU U
€MKOCTH B LIENIH CUHYCOUIAJIIBHOTO TOKA.

1.4.6 UHAYKTUBHOCTbD B HEIIU CUHYCOUJAJBHOI'O TOKA

Ha puc. 1.74, a uzo0OpaxkeHa uaeanbHas UHIYKTUBHOCTD C MPUHSATHIMU TOJIO-
KUTEIbHBIMUA HANPABICHUSMU TOKA U HAMIPSKEHUSI.

[Tomoxxum HavanbHyIO (pa3zy TOKa B UHAYKTUBHOCTH, PAaBHOM HYIIIO:
i=1 sin ot.
m
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P u
Lo i U
— t +1
U -
0 |
a
6 B

Puc.1.74. N neansHast ”HIYKTUBHOCTH C MPUHSATHIME MOJOKHUTEILHBIMU HANIPABICHUSIMU
TOKa ¥ HaNpsDKCHUs (a); BpeMEHHBIE THarpaMMBbl TOKa, HAPSHKEHHS 1 MTHOBEHHOU
MotHocTH (0); BEKTOpHAasI ArarpaMma TOKa U HalpshDKeHUs (B)

Cormnacho (1.10) HanpsbkeHWE Ha UHYKTUBHOCTH PABHO:
u :Lﬂ:le sinf ot+ = |=U sin a)t-I-E, (1.87)
L dt m 2 m 2

rne U =oLl .
m m

[lepeitnem oT cuHyCcOUIATBHBIX (YHKIIUMA K KOMIUIEKCHBIM H300paKEHUSM:

T

U_sin (cot+72tj:> UmejE =U ;

m
| sinwt= 16" =1
m m
KoMmruiekcehbl AEMCTBYOIMX 3HAYEHUI

.U i
U=—7>=21,; |=—T
V2

U3 (1.87) cnenyer, uto

.71:

U=olLie? = joLI. (1.88)

CrnenoBaTelbHO, MEXIY KOMIUIEKCAMU HAIPSIKEHUSI U TOKA CYIIECTBYET CBSI3b,

aHajloru4yHas 3akoHy OMa, T7i¢ B KQ4eCTBE CONMPOTUBJICHUS MPUCYTCTBYET MPOMU3BE-

neHue joL. DTa BemMYrMHa HOCUT HAa3BaHKE MHMMOTO MJIM PEAKTHBHOTO COMPOTHBIIC-

HUsA ¥ 0003HaYaeTcs jX_ (MHICKC YKa3bIBaeT, UTO COMPOTHBIICHUE MPUHAIICKHUT HH-

JTYKTUBHOCTH): X = oL.

C ydaerom storo (1.87) MokHO Tiepenucarh B BUC

U= jXLi. (1.88a)

[Tocnennee BBIPAXKCHUC SABJISICTCA MaTeMaTHYeCKOM 3amuchio 3akoHa Oma B
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KOMIUJIEKCHOM (hopme ISl uaeaIbHOW UHAYKTUBHOCTH.
N3 (1.87) u (1.88) cnenyer, 4TO Hanpaycenue Ha UHOYKMUGHOCHLU OneEPeXHCa-

T

em MoK Ha y20n 5, 4TO M IOKA3aHO HA BPEMEHHBIX (puc.1.74, 6) u BeKTOpHOU

(1.74, B) nmmarpammax.
MrHoBeHHas MOIITHOCTh B BETBU C MHIYKTHBHOCTBIO PaBHA:

U I
p=u-i:ImUmsinoot-sin(cng):'gm-Zcoscot-sincot:UI sin 2wt. (1.89)

Ona u3MeHseTcs 10 CHUHYCONAAJIbHOMY 3aKOHY C yrHOBOﬁ YaCcTOTOU 2(,0, Hn €C

AMIUIMTyla paBHA IIPOU3BCACHUIO I[GIZCTBYI-OIHPIX 3HAYCHUM TOKA U HaIIPSKCHHAA!
P=U1L
CpCIIHHH 3a IICpUOoa MOIMHOCTL B MHAYKTUBHOCTHU paBHA HYJIIO.

C BBCACHHUCM TCPMHHA «PCAKTHUBHOC COIIPOTHUBICHHEC) CTAJI0 HGYI[O6HBIM
IIOJIB30BATHCA TCPMHHOM «COIIPOTHUBIICHUC) IMPUMCHUTCIBHO K PE3UCTOPAM. I1oaTo-
MY COIIPOTHBJICHHC PE3HUCTOPA B LCIX ICPECMCHHOI'O TOKA INPHUHATO HA3bIBATh aK-
THUBHBIM, UMCA IIPU 3TOM B BHUAY TO, YTO TOJIbKO Ha dKTUBHOM COIIPOTHUBJICHUHU IIO-
Tp€6J'I$I€MaH HM MOIITHOCTBH PACXOAyCTCs Ha BbIACJICHUC TCILIA.

1.4.7 EMKOCTD B HEIIU CUHYCOUJAJBHOI'O TOKA

[TycThb TOK, TeKyIIMI Yepe3 uaeaibHyo eMKocTh (puc. 1.75, a), paBeH:

i:Imsin ot.
u1 il p +J
u P
i
C +1
| t =
0 |
- | U
Uc
a 0 B

Puc.1.75. neanpHas eMKOCTD C IPUHSATHIMU TOJIOXKUTESILHBIMU HAIPABICHUSIMHU TOKA
W HaIpsDKeHHS (2); BpEMEHHBIC IMarpaMMBbl TOKa, HANPSHKCHUST 1 MTHOBCHHOM
MorTHocTH (0); BEKTOpHAs AuarpaMmma (B)

Torna HanpsbkeHre Ha eMKoCTH coriacHo (1.5) paBHo:
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| I
u =1ji dt :1jl sin wt dt =——"_cos ot = —"sin (mt—nj. (1.90)
C c-m oC oC 2

HOI[CTaBI/IB BMECTO MTHOBEHHBLIX 3HAUCHUN KOMIIICKCHBIC I/I306pa)KeHI/I$I, I10-

JTYYUM:

J1I1s1 KOMILIEKCOB JEUCTBYIOIINX 3HAUYCHUH

U=— "1, 1.91
oC (1.91)
nJIn

U=-jx 1, (1.91a)

1
riae X = — PeaKTHBHOEC eMKOCTHOE CONPOTHBICHHE.
oC
N3 (1.90) u (1.91) oueBuIHO, YTO HanpsayceHUue HA eMKOCHMU OMCHIAem Om
T
HpPOMeEKaruiezo moKa Ha y2oJi > (puc. 1.75, B).

MrHoBeHHas MOITHOCTB, ITOCTYIIArOIIasd B CMKOCTbD,
p,=u-i=-Ul sin 2ot (1.92)

U3MEHSIETCS C ABOMHON YaCTOTOM.
Cpennsis MOIIIHOCTG 3a IEPUOJ] PaBHA HYJIIO.

1.4.8 MOCJIEJOBATEJIBHOE COEAJUHEHHUE R, L u C B HEIIN
CUHYCOUMJAJIBHOI'O TOKA

PaccmoTpum 1iens, n3o0paxennyro Ha puc. 1.76.

B

Puc. 1.76. [TocnenosarensHoe coenunenne R, L, C (a) 1 BekTopHO-TONOrpaduyecKue AuarpaMMsl
npu X, > Xc (6) H Xc > XL (B) )6



Cornacno (1.85a), (1.88) u (1.91) nanpsikeHusi Ha 3JIE€MEHTax ILEMH B KOM-
TJIEKCHOM M300paxxeHUH OyTyT paBHBI COOTBETCTBEHHO:

Ug=i-R; U =joLi; U.=—-1i

CornacHo BTOpoMy 3akoHy Kupxroga, HanpsokeHue, IPUIOKEHHOE K Iocie-
J0BaTEIbHON BETBU, PABHO CYMME HalPsUKEHUH Ha €€ JIEMEHTaxX:

U=U +U +U =L(R+mm—1j=L R+(mL—:Lj. (1.93)
R L ¢ ®C ®C
B (1.93) B ckoOkax MoaydeHO KOMIUICKCHOE CONPOTHBIICHHE BHIA (R+jx),

1 .
rae X = ((DL ol [IpunsiTo 0603HaYaTh KOMILJIEKCHOE COMPOTHUBIIEHHE OYKBOH Z,
®

nogauepkHyTo cHuzy. KoMriiekcHoe conpoTuBieHue Z MHa4e Ha3bIBACTCS MOJHBIM
CONIPOTUBJICHUEM:

Z=R+ jx=2Ze", (1.94)
rae Z — MOJyJib KOMILJIEKCHOTO COMTPOTUBJICHUS, (p — €TO apTyMEHT.

Ha puc. 1.76, 6, B mpuBeneHbl TaKk Ha3bIBAEMBIE BEKTOPHO-TOMOTpaduuecKue
JUarpaMMbl, TJe U300paKeHbl BEKTOPHI TOKA W HANPSDKCHHUM Ha DJIEMEHTaX, MPUIeM
KOHEI[ BEKTOpa HANpPsKEHHUSI Ha OJHOM DJIEMEHTE IIEMH CIYXKUT HAdyaJloM BEKTOpa
HaIpsOKEHUST Ha CJIEAYIONIEM dJIEMEHTE B MOpsAKe ux cienoBanus. [lomyuenHas
CyMMa BEKTOPOB paBHa B crity (1.93) BeKTOpY HanpspKEHUs, TPHIIOKEHHOTO K TIETTH.

B ob6miem ciydyae BekTopHO-TOmoOrpaduyeckas nuarpamma CTPOUTCS IMyTeM
MOCJIEIOBATEIBLHOr0 00X0/a y4acTKa LeNH B 33JJaHHOM HalpaBJIEHUU OT AJIEMEHTA K
aneMeHTy. C TOMOIIBI0 BEKTOPHO-TONOrpaduyecKor auarpaMMbl yI0OHO orpeje-
JSTh HANPSDKCHHSI MEKIY OTACITbHBIMU TOYKAMHM IIETH MyTeM W3MEpPEHHS B MacITa-
0¢ IIMHBI UHTEPECYIOMIETO BEKTOpa M YIJIa €ro MOBOPOTa OTHOCHTENIBHO MOJIOXKH-
TEJILHOTO HAIPaBJIEHUS OCU JEeUCTBUTEIbHBIX YHCE.

Ha puc. 1.76, 6 mpuBeaeHa BeKTOpHO-TOnorpaduyeckas ruarpamma Jjis cxe-
MBI puc. 1.76, a, korma X, > Xc. B 9TOM ciydae roBopsiT, 4TO CONPOTHBIICHHUE I1IETH
aKTUBHO-WHIYKTUBHOE. HampsikeHue, mpuiioxkeHHOE KO BCEH IeMnu MpHu X > Xc, OIe-
pexaer Tok 1o ¢aze. Yroi onepexenus (pa3HOCTh (a3 MEXIy TOKOM W HaIPsIKEHHU-
eM) ¢ snexut B npenenax ot 0 qo 90°. Korga xe X¢ > X, TO CONPOTUBJIEHUE 1IETTH
aKTUBHO-EMKOCTHOE, U HaIlpshHKEHUE OTCTaeT mo (¢a3e oT Toka. B 3ToMm ciydae BO3-
MO>KHBIE 3HAUEHUS yria ¢ Haxonaarcs B uHTepsaie ot 0 1o —90°.

[TocnenoBaTenbHO BKITIOYEHHBIE aKTUBHOE W PEAKTUBHOE COTPOTUBIICHUS MO-
I'yT OBITh H300pakeHbl HA KOMILJIEKCHOM II0CKOCTH (puc. 1.77).

KommnekcHoe conpoTuBiienne Z UMEET AEUCTBUTENbHYIO COCTaBISONIYI0 R 1
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MHUMYIO — X. MOAyJIb CONPOTUBIEHUS Z U €r0 ApTyMEHT (0 COOTBETCTBEHHO PABHBI:

7= JR?+x?,  g=arcty in. (1.95)
+] + R

¢ *l

7 .

- X —Jx
Z

¢ "l
R
a 0

Puc. 1.77. AKTUBHO-MHIYKTUBHBIH (2) U aKTHBHO-€MKOCTHOH
(0) TpEYrOIBHUKHU CONPOTHBIICHHUH

[Tpu nz00paxkennu conpotuBiieHud R, X, Z Ha KOMIUIEKCHOM TJIOCKOCTH MOTY-
qyaeTcsli TPEYroyibHUK, rae Z — runoTeHy3a, a R u x — karersl. [lpu axTuBHO-
WHIYKTUBHOM XapaKTepe MOJIHOTO CONPOTUBJIEHHUS LEMH TPEYTOJbHUK COMPOTHUBIIE-
HHUM HaXOAUTCS B IIEPBOM KBaJIPaHTE, IPU AKTUBHO-EMKOCTHOM — B UETBEPTOM.

Yeon ¢ merncoy cunomenyszoii Z u kamemom R pasen yeny mesrncoy moxom u
Hanpax)ceHuem Ha conpomueieHuu. JIeiCTBUTEIBHO,

U=i-ze.
[IpaBasg 4acTh ypaBHEHUSI CBUIECTEILCTBYET, YTO MOIYJIb BEKTOPA HAMPSAKECHUS

paBeH npousBeeHnto |Z 1 TOBEpHYT OTHOCUTEIHHO BeKkTOpa | Ha yrom ¢.

IMpumep I1.4.4. N300pa3uth cxemy 3aMelIeHHs] TPUEMHUKA, TOK U HAMPsKe-
HUE KOTOPOTO BBIPAXKAIOTCS (DYHKIIUSIMHU

u:Umsin(o)t+30°), i:Imsin(mt+60°).

OnpenenuTs yrou casura (a3 Mex1y HanpsHKEHUEM U TOKOM.

Pemenue. VYrom caBura (a3 Mexay HampsoKeHHEM U TOKOM  PaBeH
P=y -y = —30°, T.e. XapakTep CONPOTUBIICHUS AKTUBHO-EMKOCTHOM (CM. pHC.
1.77, 0).

Mopyib MOTHOTO COMPOTUBIIEHUS
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r C
AKTHBHOE U PEAKTUBHOE COMPOTUBIEHUE COOT- 04:_{ }—O

BCTCTBCHHO pPaBHBI.

Puc. 1.78. Cxema 3aMeleHus

R=Z-coso, X=2Z-sin ¢. K npumepy I1.4.4.

CxeMa 3aMenieHus TaKOTO MPHUEMHHUKA DJIEKTPHU-
YeCKOM SHEepruu npuBeaeHa Ha puc. 1.78.

Ipumep I1.4.5. IlocTpouTs BEKTOPHO-TOMOrpahUUECKYIO0 TUArpaMMy Hampsi-
KEHUS, PUIIOKEHHOTO K IIeTH, COCTOAIIEH U3 aKTUBHOTO, EMKOCTHOTO ¥ MHJTYKTHB-
Horo compotuBienuii (puc. 1.79), ecnu wm3BectHo, yto =10 Om; X =150m,

. inn0
X, = 50M, |=10e®" A, OrnpenenuTh KOMILIEKCHI ACHCTBYIOIINX 3HAYCHUN Hampsi-

KEHUH Ha DJIEMEHTAX CXEMBI, a TAK)KE ITOJTHOTO HANPSKEHUS, IPUI0KEHHOTO K LIETIH,
Y HAIPSDKEHUH MEXTy TOUYKaMu @ U ¢ 1 b u d cxembr.

Pemenue.

Komruiekesl AENCTBYIOIMX 3HAYEHNN HANPSHKEHUN HA DJIEMEHTAX PaBHBI:

U =10 el .10=100 e"’:
U, =10 el3” .15 @i0° 150 gi120°
U . =10 ei30° |5 g7i%0° _ g o160°

[TocTpoenue Tomorpaduueckoil auarpaMMbl HaUHEM M3 Haydajla KOOpJIUHAT.

[Tox yriom 30° kK ocH IEMCTBUTENBHBIX YHCENI OTMEYaeM HaIPaBJICHUE TOKA U OTKJIa-

J(bIBACM B MAcCIITa0C B 9TOM HAIPABJICHUN BEKTOp HanpsokeHnst U

[ r XL Xc

a b Cc d

U

| |

Puc. 1.79. Cxema x npumepy I1.4.5

Ipunsie konen Bekropa U 3a Hadano Bekropa U , OTIOXKHM €ro moj yriom

120° x ocu IEWCTBUTENBLHBIX YMCEI WK, YTO TO K€ camoe, o yriaom 90° Kk BeKTopy

U B cBoto ouepenpb, NpuHSB KOHEI] BEKTOPa U 3a Hayajo BEKTOpa U , OTJIOKUM

moa yriiom —60° k ocu I[GﬁCTBHTCJIBHBIX YUCCJI WK B HAITPABJIICHWUH, IIPOTUBOIIOJIOXK-
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Hom Bektopy U , Bektop U . CoeanHuB Ha4aa0 KOOPAHHAT ¢ KOHLOM Bekropa U

(puc. 1.80), mory4rM BEKTOp HCKOMOTO HAIPSIKEHUS, UTHHY KOTOPOTO U YTOJl OTHO-
CUTEJBHO OCH JACHCTBUTEIBHBIX YMCEN MOXHO U3MEPUTH JIMHEWKON W TpaHCIOPTH-

poMm:
U=141e/™",
+j
U .
160 —T U
C
120 —+ U
80 -
40 -+ U
| | | | | | | +1
| | | | | | |
0
40 80 120

Puc. 1.80. BexTopHo-TOTIOTrpadrueckas auarpamMmma K
npumepy I1.4.5

. 100
HanpsokeHne Mexay TOYKaMH a U C Uac =180, mexmay Toukamm b u d —

U =100e™",
bd

1.4.9 MAPAJUIEJIBHOE COE/IMHEHMUE ¢, L, C B HEIIN
CUHYCOUMJAJIBHOI'O TOKA

Paccmotpum 1ienb, cocrosinyto u3 Tpex anementoB g, L u C (puc. 1.81, a).
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Puc. 1.81. ITapanensHoe coequHenue aieMenToB g, L, C (a); BeKTOpHbBIE
auarpammel ipu by > be (6) u by < be (B)

KOMHHGKCBI TOKOB B IICIIN paBHBIZ
U L
-2 i-UjeC
L J(,l) L C
BGJII/I‘{I/IHI)I, 06paTHI>Ie peaKTI/IBHBIM COHpOTI/IBﬂeHHHM, HAa3bIBAKOTCsA peaKTHB-
HBIMU HpOBOI[I/IMOCTHMI/I )51 0603Haan'OTCH:

L joL oL A
oC
[To nepBomy 3akony Kupxroda komrmiiekc Toka B IIeNH paBeH:

i:U-[g+j((oC—

| =U.g |

]-l_j:| =U. [g + j(bc _bL)]: U[g + jb]: UX: UYej"P,

Q)

rae Y =g+ jb— komruiekcHas (TIoHas) MPOBOAUMOCTS IICTIH.
Y=./g’+b*,  ¢@=arctg +gb (1.96)

[Tog0OHO TPEyTrOABLHUKY CONMPOTUBIICHUI Ha KOMIUIEKCHOM TMJIOCKOCTH MO>KHO
MOCTPOUTH TPEYTOJILHUK TIpoBoauMocTeit (puc. 1.82).

Mex a1y TOJIHBIM CONPOTUBIIEHUEM BETBU U MOJHOM MPOBOAUMOCTBIO 3TOU ke
BETBM CYLLECTBYET OYEBUIHAS CBA3b:

Yziz 1 _ r—jx _ T i X
T Z or+jx (r+jx)-(r=jx) rf+x* rr4x?
Otkyna
r r . . X . X
ST T Jb:_Jr2+x2:_?' (1.97)

Ilpu axkmueno-unOyKmueHom xapaxkmepe NOJIHO20 CONPOMUBNEHUA DeaK-
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MUBHAA  NPOGOOUMOCHb  NOAYYAEMCA  OMPUUAMENbHOU, NpU
EMKOCHHOM — ROJIOHCUM ETIbHOIL.
OO6partHblie peoOpa3zoBaHus JAIOT:

g g ) . X . X
r=—><> =3 b=—j .~ =—j ..
g°+b®> Y? J Jr2+x2 JZ2
+] +j
g 1
¢ Y
_ij ch
Y
¢
+1
g
a

Puc.1.82. TpeyronbHUK MPOBOANMOCTEN aKTHBHO-MHIYKTUBHOTO () U
aKTHBHO-EMKOCTHOTO XapakTepa (0)

AKmMUuG6HO-

(1.98)

COHpOTI/IBJIeHI/Ie (r + _]X) IMOJIYy4acTCs IOCICIOBATCIbHBIM COCAMHCHHUCM JIBYX

COTIPOTHBJICHUI — AaKTHBHOTO M PEAaKTHBHOTO, a MPOBOAMMOCTH (g + jb) — mapan-

JICJIbHBIM COCIMHEHUEM aKTUBHOM M PEAKTUBHOM MpOBOAUMOCTEN. [loaTOMY ypaBHe-
Hus (1.96) u (1.97) MoryT paccmaTpHuBaThCS KaKk YpaBHEHHS TPEOOpa30BaHUS MMOCTIe-
JIOBATEJILHOTO COSAMHEHUS COMPOTUBIeHUH I u X (puc. 1.83, a) B mapamiensHoe (puc.

1.83, 0), rie 0603HaUYEHO:

p LT 7
g r r

1 rfex? 72

X'="= ==
b X X

(1.99)

112



r Jx

o—{::::}—fwfyﬁyﬁ\—o o—¢

a

Puc.1.83. MitrocTpaius K mpeoOpa3oBaHUIO
MOCJIEI0BATEILHOTO COSTUHEHUS COMPOTUBIICHHS B

napajieIbHOe

Cyl1ecTBEHHO, YTO Y2071 (¢ 6 mpey20ibHUKe NpPo8OOUMOCHeEll, NOTYYEeHHbIX

COo2J1aCHO (195), no eenuyuHe mMakKou HCe, KAK U 6 mpey2co/ibHUKeé UCKOMbIX CO-

npomueﬂeuuﬁ, HO C pOMUBONOIOHCHBIM 3HAKOM.

HpI/IMCpLI OIIPCACIICHUA 3KBUBAJICHTHBIX KOMIIJICKCHBIX COHpOTI/IBJIeHI/If/'I JABYX-

MOJTFOCHUKOB, cocTosmux u3 R, L, C — snemenToB npuBeacHBI B Ta0I. 1.2.

R L& R ¥ %c
o H Ve 2 T

L X

R . R _iF
-iXe

L iX
SO0 - B

R . R

ﬁm@ .

Xe

R R

I B A U AT = @ —

:’jXC

Tabnuua 1.2
Z
— Vo ZFR+ )X - 1% s
Z iXp GIX )
1o =R+ ——";
X1 iXe
Z 7o Xt R-jXp .
Z
B

Z=1Y Y =G-jbrhibe;
G=1/R; b =1/%;;
bC= ].;"rXC

1.4.10 3AKOHBI KUPXT'O®A B IIEIIAX
CUHYCOUJAJIBHOI'O TOKA U METOJbI UX

PACYETA

W3 u3NI0KEHHOTO BBIIE CIENyeT, 4To 3akonsl Kupxzogpa 6 yenu cumnycou-

0a1bHO20 MOKA CRPABEONUBHL 019 MCHOBEHHBIX U 0J151 KOMHNIAEKCHBIX 3HAYEHUIl, HO

He 0nA Oelicmeylouwux 3Havenuil, T0 ecTb nepBbiii 3akoH Kupxroda ni1s MrHoBeH-

HbIX 3HAYCHUM U KOMILJIEKCOB 3alCHIBACTCS B BHUAC
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;ik =0, ;ik =0; (1.100)
a BTOPOM 3aKOH —
;ukzo, ;Ukzo. (1.101)

3amnucu

HEBEPHBI, TOCKOJILKY OHU CHPABEIUBBI TOJBKO B HEKOTOPBIX YACTHBIX CIydasX.
Ecnu 3akonbl Kupxroda cnpaBemsiuBbl sl KOMIUIEKCHBIX 3HAYEHUM, 3HAUUT,
BCE METOJIbl pacueTa, paCCMOTPEHHBIE B TJlaBaxX 2 U 3, CHpaBEUIMBHI JIJI1 KOMILICKC-
HBIX 3HAYEHUM.
IIpumep I1.4.6. Y3en oObequHsieT Tpu BETBU. B ABYX M3 HUX JEHCTBYIOLIUE
3HAUYEHUS TOKOB COOTBETCTBEHHO paBHbI |; = 3 A, |, = 4A, ipudem yroia Mexay To-
Kamu paBeH 45°. Onpenenurts IeUCTBYIOIEE 3HAUEHUE TOKAa B TPEThEH BETBHU.

*]

—_ +1
i

2

Puc. 1.84. BekropHas quarpamma TOKOB K
npumepy I1.4.6

Pemenue.

OTnoxxuM U3 Hauyajga KOOPAMHAT MO TOPU3OHTAJIHHOW OCH BEKTOpP OIHOIO M3
TOKOB, Hanpumep, |, (puc. 1.84). Tlox yriaom 45° k HeMy TIpoBeJEeM U3 Hayajaa KOop-
AUHAT BeKTop Toka |;. Moayns reoMeTprueckoil CyMMBI ABYX BEKTOPOB Oy/eT paBeH
IeicTByIoIeMy 3HaueHuIo Toka l3. HetpyaHo ybenutbes, yTo BelnnunHa ToKa |3 He
3aBHCHUT OT TOT0, B KaKOM HaIlpaBJICHUU OT TOPU3OHTAJIBHOW OCH OTKJIaJbIBACTCS
BEKTOp TOKa l».

Ipumep I1.4.7. Y3en oOveaunsier Tpu BeTBH ¢ Tokamu |, = 3 A, I, = 4A, I3 =
S5A. OnpeaenuTh HaNpaBJIeHUs] TOKOB OTHOCUTEILHO TOKa |,.
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Peuienue.

['eomeTpryeckass cCymMMa TpeX TOKOB B Y3l COTJIAaCHO IIEPBOMY 3aKOHY
Kupxroda nomkHa paBHITHCS HYJIO, YTO BO3MOXKHO, €CJIM M3 BEKTOPOB TOKOB ITO-
CTPOUTH TPEYTrONbHUK. ECTh 1Ba BapraHTa penieHus: Koraa TOKH 00pa3yloT KOHTYPHI
C HampaBjeHueM o6xopa 1o yacoBoi (puc. 1.85, a) u npotus yacoBoit (puc. 1.85, 6)

ctpenkd. COOTBETCTBYIOIINE BEKTOPHBIC IMarpaMMbl TOKOB IIPUBEICHBI Ha puc. 1.86,
a, 0.

Puc. 1.85. K npumepy I1.4.7

Puc. 1.86 BekTopHbie AHarpaMMbl TOKOB K
npumepy 11.4.7

1.4.11 AKTUBHAS, PEAKTUBHAS U ITOJIHAA MOIIHOCTH

AKTHUBHOW MOIIHOCTBIO P B 3JIEKTPUYECKOW 1€MW NPU HNEPUOJIUYECKUX TPO-
1[eccax Ha3bIBAIOT CPEAHEE 3HAUEHUE MOIIHOCTH 32 IIEPUOL;
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T T
1 1, .
P=_pdt=_[ui dt.
T 0 T 0
[Tomoxus HaIIps’KCHUEC U TOK Ha YYACTKC OCIIM PABHBIMHU COOTBCTCTBCHHO

u:UmSin ot, i:Imsin((Dt—(p),

IOy YHM:
PLITz' t-sin (ot — @) dt UIT[ (20t — )] dt
= —m.m [2sin ot -sin (ot — = - - :
2T£S®S®(P T!coscpcosoo(p
Tak kak
.
[cos(20t — o) dt =0,
0

TO
P = Ulcose, (1.102)
rac ¢ — y2on Me.)fcby MOKOM U Hanpa)yicenuem — pasen aplymernmy KOMNJiIeKCHO20

conpomuenenusn 7. .

MHokuTenb COSp Ha3bIBalOT KOIPPHUIMEHTOM MOIIHOCTU. Tak Kak Cose < 1,
To P <UL

N3mepsieTcst akTMBHAsI MOILIHOCTH B BaTTax (BT).

C yuerom Toro, uto U = IZ, momyuum:

P=1?Zcos¢=I°R. (1.103)
AHanoruyHo uepe3 npoBoauMocTs noiayuum | =UY u
P = U?Y coso = U%g. (1.104)
Bennuuny
S=Ul (1.105)

Ha3bIBAIOT IOJHON MOIIHOCTBIO, KOTOpas u3MepsieTcs B BoabT-amiiepax (BA). Ilo
aHasoruu ¢ (4.45) u (4.46) nosy4um:

S=1’Z, S=U?%. (1.106)
PeaKTI/IBHaSI MOITHOCTDB OIIPCACIIACTCA BhIPAKCHUCM
Q=Ulsing (1.107)

N OOCHUBACTCA KaK CPCAHCC 3a YCTBCPTH IMCPUOJa 3HAYCHUC SHCPIrUU, KOTOPYIO OT-
AAa€T UCTOYHHK IMUTAHUA PCAKTUBHBIM 3JICMCHTAM (I/IHJIyKTI/IBHOCTSIM 151 CMKOCTHM) Ha
CO3JaHHC MICPEMCHHOI'O MAaIrHUTHOTO U SJICKTPUICCKOT'O MOJICH.

PeakTrBHAsT MOLIHOCTH MOXKET OBITH BbIpaX€HaA 4€PE€3 PCaKTUBHBLIC COIIPOTHUB-
JICHHUC U TPOBOANMOCTD!

Q=Ix, Q=U%. (1.108)
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W3mepsieTcst peakTUBHASI MOIIHOCTh B BOJIbT-aMIlepax peakTUBHbBIX (BAD).
[Tomuas, akTMBHAas W peakTWBHas MomrHocTH coryiacHo (1.105), (1.102) wu
(1.107) B3auMOCBSI3aHbI:
*
S =P*+Q%  ¢=arcty F? (1.109)
MotHOCTH MOTYT OBITh M300paKEHBI HA KOMIUICKCHOW TUIOCKOCTH B BUJIC

TpeyrojbHuKa MomrHocTel (puc. 1.87).
W3 puc. 1.87 ciemyer, 4TO MOJHYIO MOIIHOCTH MOXXHO TPEACTAaBUTh B BHUJIC

KOMIIJICKCA.
S=P+jQ. (1.110)
BI)IpaSI/IM KOMILICKCHYIO ITOJIHYIO MOIIIHOCTDL YCPC3 KOMIIJICKCHI HAIIPSXKCHUSA U

Toka. O4eBUIHO, UTO

$=Ulcose+ jUlsin = Ule® = Ule'™ ™) — Ue™ e ™ = U1, (1.111)

+
+] p +1
S/ |iQ ®
-JQ
P
a §)

Puc. 1.87. TpeyronsHUKH MOLTHOCTEH IPH aKTUBHO-
WHAYKTUBHOM (a) U aKTUBHO-€MKOCTHOM (0) Xapaktepe
Harpy3Ku

CnenoBaTenbHO, MOJIHAS MOIIHOCTh PaBHA MPOU3BEICHHUIO KOMIUIEKCA HAMpsi-
YKEHUSI Ha COMPSKEHHBIN KOMILICKC TOKA.
Takxe 04eBUIHO, UTO

P= Re(U U; Q= |m(U ij. (1.112)

Crnengyer OTMETUTH, UYTO Y201 MeHcOy AKMUBHOU U NOAHOU MOUIHOCHbIO

paeen yaiy Meofc0y AKMUBHbIM U NOJIHbIM CORpOmMuUeGieHuem.
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IIpumep I1.4.8. Onpenenuts aKTUBHYIO, PEAKTUBHYIO M IMOJIHYIO MOIIHOCTH,

cClIn:

a) u=141sin (314t +30°) B,  i=7,07sin(314t+60°) A;
0) U=200 B, 1=10 A, ¢=30° (MHAyKTUBHBIA XapaKkTep HAIPY3KH);

B) U=(20+j30°), i=(3-j4)A;

r) U=70e"" B, i=5" A
Pemienus. a) KoMriekchl HanpsHKEHUs. ¥ TOKA PABHBI:
U=100e"”, |=5¢*",
[ToaTomy
S=100-5=500 BA;
P =500co0s(30° —60°) =433 Br;
Q =500sin(—30°) =-250 BAp.

B) S=U1=(20+ j30)-(3+ j4)= (- 60+ j170)=180,3e"***", mosromy
S =180,3 BA, P =—60 Br, Q = 170 BAp.

OTBeETHL:
0) S =2000 BA, P =1732 Bt, Q = 1000 BAp,
r) S=180,3 BA, P =388,9 Bt, Q =170 BAp.

1.4.12 M'HOBEHHASA MOIHOCTHD B HEIIU CUHYCOUJAJBHOI'O
TOKA

PaccmoTprM M3MeHEHHE MTHOBEHHOM MOIIHOCTH B LEMH, COCTOSIIEH U3 I0-
CJIEZIOBATEIIbHO BKIIFOUCHHBIX dyieMeHTOB I, L u C (puc. 1.79).
Tonoskum U=U_sinwt; i=1_sin(ot+¢). Torma ams oTAETBHBIX JIEMEHTOB

HUMCECM.
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. rlisinz(mt+@)= I’(\/El)z(l_cos(zzmt—i_ Z(P)j =

= U, I[L-cos(2amt + 2¢)] = Ul cose[L - cos(2wt + 2¢)}

r

p, = u,i = oLI? cog(ot +¢)-sin(wt + @) =

— oL(v21f %sin(ZthrZ(p): U, Isin(20t + 2); ! (1.113)
2
Pe = Ugi = —I—mcos(cot +¢)-sin(ot+¢) =
oC
= ﬂ : 1sin(zmt +20¢) = —U.lsin(2ot + 2¢),
o-C 2
1
oL —-—
rae ¢ =arctg rO)C
CyMMapHasi MOIITHOCTh Ha KOHJICHCATOPE U KATYIIKE HHIYKTUBHOCTH
P, =P, +Pc = (U, —U.)-1-sin(2ot + 2¢) = (ml_—ic}- 1% sin(20t + 2¢) =
(V)
= xI?sin(2ot + 29) = Ul sin @ - sin(20t + 2¢) .
MoIIHOCTh Ha 3a’KMMax BCEU LI
p=p,+p,+Pc =P, +p, = Ulcoso[l— Ul cos(2amt + 2¢)]+
- (1.114)

+Ul'sin ¢ -sin(2ot + 2¢) = Ul cose — Ul cos(2mt + ) .

CpenHss 3a mepuoj MOIIHOCTh paBHA CpPeHEW MOIIHOCTH HAa aKTUBHOM CO-
MIPOTUBJICHUH, CPEIHSSI MOIIHOCTD 3a IEPUOJ B PEAKTUBHBIX COMPOTUBJICHUAX paBHA
HYJTIO.

N3 (1.114) cnenyet, 4TO MTHOBEHHASI MOIIIHOCTh PaBHA CYMME TIOCTOSIHHOM 10
BEJIMYMHE aKTUBHOU MOIIHOCTH P M M3MeEHArOLENCs ¢ JBOMHOU 4YaCTOTOU NEPEMEH-
HOU coctaBmstomier ¢ ammutynoi Ul. Ha puc. 1.88 npuBeneHsl BpemMeHHBIE HMa-
rpaMMBbI TOKa, HAMIPSHKEHUS] M MOIIIHOCTH B aKTUBHO-UHYKTUBHOM COMIPOTUBJICHUMU.
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Puc. 1.88. MI3meHeHre MTHOBEHHON MOIITHOCTH B aKTUBHO-UHIYKTUBHOM
COTIPOTHUBIICHUU

u

Hanpsoxenue onepexaer mo (ase Tok Ha yroi ¢. B Te mpoMexXxyTKu BpEMEHH,
KOI/Ia TOK ¥ HalpsDKEHUE MMEIOT OJIMHAKOBBIM 3HAK, MTHOBEHHAs MOIIHOCTH I10JIO-
KUTEJbHA; OTPULATENIbHA OHA TOTJA, KOTJA 3TH BEJIMYMHBI UMEIOT Pa3HbIe 3HAKH, U
YacTh MEPUO/A, B TEUEHHE KOTOPOI0 MOIIHOCTh OTpPHUIATENbHA, ONPEAEISIETCS OTHO-

¢

nieHeMm t = —.
0

1.4.13 ABYXIIOJIOCHUK B LHEIIN CUHYCOUJAJIBHOI'O TOKA

Jlyst 10001 CII0KHOM 1IETIH C TIOCTOSTHHBIMY TapaMeTpaMu MPHU MPUII0KEHHOM
KO BXOJy CHHYCOWJATHHOM HANpPsDKCHUHM BXOJHOW TOK OYIET TakKe CHHYCOHIATh-
HBIM U UMETh B 001IeM cirydae (a30BBIi CIBUT HA HEKOTOPHIN yroy () OTHOCHTEIHEHO
MPWIOKEHHOTO HATPSKCHMUS.

PaccmarpuBas BCIo menb Kak MACCUBHBIN JABYXITOJIIOCHUK M HE paccMaTpuBas
€€ BHYTPEHHEro CTPOEHUS, MOXKHO OXapaKTepU30BaTh 1M HEKOTOPHIMU SKBUBa-
JICHTHBIMH TTapaMeTpaMu — JIMOO COMPOTUBIICHUEM Z , THOO MPOBOAUMOCTHIO Y .

PaccMoTpuM HEKOTOPBIN IBYXTIOMIOCHUK, H300pakeHHbIN Ha puc. 1.89.

O4eBUIHO, YTO MOAYJb TOJIHOTO SKBHUBAJICHTHOTO COINPOTHBIICHHS IICTIH pa-

BCH.

Y MOXKET OBITh OIPEAEIIEHO 0 MOKA3aHUSAM BOJIBTMETPA U aMIIEPMETPA.
OKBHUBAJICHTHOE aKTUBHOE CONPOTUBIICHUE OIPENEIIMM KaK OTHOILIEHUE AKTHB-
HOM MOLIHOCTH K KBaJpaTy TOKa:
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U Z(9)

Puc. 1.89. DxBUBaNCHTHBIN IBYXTIONMIOCHUK
HAaCCUBHOU LU

%! TPCYT'OJIbHHUKA COHpOTI/IBHeHI/Iﬁ CICaycCT, 4TO
X=+/ Z2 - RZ.
XapaKTep COIIPOTHUBJIICHUA MOXHO OIPCACIINTD, BKIIIOYMUB ITOCICIOBATCIIBHO C
JIBYXIIOJIOCHUKOM HEOOJbIIyI0 (MPOOHYI0) MHIAYKTUBHOCTh. ECiiu mpu mopkioue-
HHUUA HpO6HOﬁ I/IHI[yKTI/IBHOCTI/I BXOI[HOﬁ TOK yMCHBI_HI/ITCH, 3HA4YUT, peaKTI/IBHOC CO-

IIPOTUBJICHUC YBCIINYHNIIOCH, T.C. YBCIINYNIIACh PA3SHOCTDH

oC

a 3TO CBHETENLCTBYET 00 MHIYKTHMBHOM XapaKTepe cONpoTusieHus. Eciu, Hao6o-
pOT, BXOIHOM TOK BO3PACTET, TO XapaKTEP PEAKTUBHOIO CONPOTUBIICHUS — €MKOCT-
HOW.

AHaJIOTUYHO OIIPCACIIAOTCS SKBHUBAJICHTHLIC ITPOBOJMMOCTH:

vy=' g=F b=y _p?
U U

Xapakrep peakTHBHOM IIPOBOJAUMOCTH OIPEAENAETCS [0 U3MEHEHHMIO TOKA IIPU
HapayIeIbHOM MOAKIIOUEHHH K IBYXIOJIIOCHUKY HEOOIBINON (MpOOGHOM) €eMKOCTH.
Ecmm IIpH MOAKIIOYCHHUN HpO6HOﬁ CMKOCTH BXO}IHOﬁ TOK YBCJIMYUTCSA, 3HAYUT, YBC-

JIN4YNJIaCh pCaKTHUBHAA IIPOBOAUMOCTD

b= (mC - 1),
oL

T.€. DKBUBAJICHTHAsI PEaKTUBHAsI MPOBOJUMOCTD JBYXIIOJIOCHUKA WUMEET €MKOCTHOMU
XapakTep. YMEHBIIEHHE BXOJHOTO TOKA CBUACTEIBCTBYET 00 €€ MHIYKTHMBHOM Xa-
pakrepe.
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IIpumepsl 1 ynpaKHeHUs

I1.4.9. Onpenenuts pazHOCTh (a3 ABYX CUHYCOUAATIbHO U3MEHSIOUIUXCS BEIU-
YUH

a=A sin(314t+n), a =A sin(314t—nj,
1 1m 6 2 2m 3

da TakKXKC OTPC30K BPCMCHU At, pazzlem}oumﬁ MOMCHTBI IIPOXOXKIACHHUA HX YCPC3
MAaKCHUMYMBI.

T
OtBeT: AQ = 2> At =0,005 c.
I1.4.10. Yactora KoneOaHUN CHUHYCOWJATBLHO W3MEHSIOMEHCS BEIUYUHBI

a =100sin (wt + gj pasua f =50 I'.

OrnpenenuTh e¢ MTHOBCHHOE 3HAUYCHHE B MOMCHT BpeMenu [ = — C,

80

OtseT: —100.

I1.4.11. K y3ny osnekrpuueckoir nemu (puc. 4.27) moaxoAsT ABa ToKa:
i =10-/2sin (ot +45°) A u i, =141sin (ot ~135°) A.

Haiitu TOK B TpeTbeil BETBHU.

Ortsert: I3 =0.

I1.4.12. TlonHoe conpotuBiienue Z rienu Ha puc. 4.28 npu vyacrote T =50I"1y
paBHO 5 Om. UeMy Oy/eT paBHO €€ MOJIHOE ConmpoTHRiIeHue pu yactote = 150 I'?

OtBet: Z = 9,85 OMm.

I1.4.13. N3006pa3uTh noCieI0BATENbHYIO CXEMY 3aMEIIEHUsI TPUEMHUKA AJICK-
TPUYECKOM SHEPTUM U OMPENENnuTh ee mapameTpsl (R, X), eciin U3BECTHO, YTO HaIps-

KEHUE 151 TOK JAHHOTO IPUEMHHUKA BBIPAXKAIOTCS byHKUMSIMU

U =112sin (ot —11°30') B, i = 2,8sin (wt — 48°30')
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OtBet: R =32 OMm, X, =24 Owm.

r
© L T

L
ot Y Y |

Puc. 4.28. CxeMa 11enu K 3aaude
11.4.12

Puc. 4.27. Y3en uenu k 3amaue 11.4.11
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