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Conep>xuT KpaTKue TeOpeTHIECKAe CBENEHHUS, YIPOXHEHHUs, THIIOBOE pelleHHe
pacueTHO-rpaduyeckoit paboThr M0 MeKTpoTexHuKe «Pacyer JIMHeHHBIX LeneH CH-
HYCOM/IaIbHOT'0 TOKa», KOHTPOJIbHbIE 3a/laHHs.

PeKOMEH/I0BaHO CTYAEHTAaM OYHOI'O K 330YHOro 00yyYeHHs.



BBenenue

B cooTBeTCTBHM C peKOMEHAALMAMU nporpaMMM JUCLHUIUIMHBL «DJIEKTPOTEX-
HHUKA M OJIEKTPOHHKa» W JeHCTBYIONIEMY IOCYHapCTBEHHOMY O0Opa3oBaTeNbHOMY
CTaHJapTy BBICIUEro Npo(hecCHOHANBHOro 00pa3oBaHMs CTYNEHThI PasiHYHBIX Clie-
LUaNbHOCTeH, I/l NPeAyCMOTPeHa AaHHas AUMCLMILUIMHA, JMOKHBI BBIIOJHMTH pac-
YeTHO-rpaduyecKyio pabory no Teme «Pacyer NMHEHHBIX LENeH CHHYCONIANBLHOrO
TOKa».

CamocTosTensHas paboTa CTYIeHTOB HaJl 3a/laHHEM BKJIFOUYAET NpPEBapHUTEib-
HYIO TIpopaboTKy HeoOXOAUMOro TeopeTHyeckoro Marepuana [1, 3, 6]. C uensio 06-
JIer4eHus YCBOEHHS HEOOXOAMMOro TEOPeTHYECKOro MaTepHaa METOAHYECKOe 1o-
cobue CONEepXKHT KpaTKHe TeOpeTHYeCKHe CBENCHHS, HECIIOXHBIE NPUMEPHI, M103BO-
NSAIOIME 3aKPeNWTh TEOpeTHYeCKHe 3HaHMS M THIOBOE pEIIEHHE pacyeTHo-

rpaduyeckoit paboTsl.



1. DnexTpuyeckue nenu oxHoGpasHoro
CHHYCOHJQJBLHOI0 TOKA

1.1. IlepeMeHHbIE TOKH

IlepeMeHHBIM TOKOM Ha3bIBAaeTCS TOK, H3MEHSIOLIMICH BO BPEMEHH 110 BE/IH-
4{He W HalpaB/eHHIo. 3HaYeHHe ToKa B 000 JaHHEIH MOMEHT BpeMeHH Ha3blBaeT-
C MrHOBEHHBIM 3HaueHHeM Toka /. Harpasnenue Toka, I KOTOPOTrO €ro MrHo-
BEHHble 3HAYEHHUs IOJNIOXKUTENBHBI, Ha3bIBACTCA MOJIOKHTEAbHBIM HANpPABJIEHHEM
Toka. TOK onpejeneH, ecny W3BECTHA 3aBHCHMOCTh €r0 MCHOBEHHOTO 3HAYEHHS OT

spemenn I = f(f) 1 yka3saHO ero NONOXHTENBHOE HAPAB/IEHHUE.

TokH, 3HaYeHHs KOTOPhIX IIOBTOPSIOTCS Yepe3 paBHbIE IPOMEXXYTKH BPEMEHH B
TOM K€ CaMOi TOCJIef0BATENBHOCTH, Ha3bIBAIOTCS NepHOAHYecKHMH. HanMeHbmmit

TNIPOMEXYTOK BPEMEHH, 4epe3 KOTOPbli 3TH MOBTOpEHHs HaGMONAIOTCS, Ha3BIBACTC
nepuozom T'. Jina nepuonuyeckoro toka i = f(¢)= f(t+nT), rne 1 - uenoe
gucno. B cucreme CU epunnup: namepenus [71'] - cekynpsi (c.).

PaccMOTpHM rpaduK HEKOTOpOro nepuoauyeckoro Toxa i () (puc.l.1a).
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Puc. 1.1
Orpesok kpusoii i = f(¢) 3a nepnon T oxBaThIBAET OMH MONHBIH LMK U3-

MeHeHHs ToKa. Benuunna, obparas nepuony 7', HassiBaetcs yactotoii [, T.e.

1 1
f=;; [f1=—=Tu(Tepu)
C.



MakcumasnbHoe 3Havenue Qynkumun I(f) Haseisaercs ammmtynoit /,,. Ilo-

CTOSHHBIA TOK MOXHO paccCMaTpHBaTh KaK YaCTHBIN CIIydYail MepHOAHYECcKOro TOKa,
TNepHOA H3IMECHEHHS KOTOPOro 6ecKOHEeHHO BCJIHK, T.C.
T=ow,f=0,

Ha puc.1.16 moka3aHa OTAeNbHAsA BETBb CIIOXHON CXEMBI, T.€. ABYXIOJIOCHUK
ab. Crpesnka Ha cxeMe yKa3bIBaeT MOJIOXHTENIbHOe HaNpaBieHne ToKa iy, . [lonoxu-

TEJIbHOE HAIPaBJICHHE HANPSXKECHHS COBMNANACT C IMOJOXHTEJIBbHBIM HalpaBJICHHEM
TOKa, T. K. B JJICKTPOTEXHHKE YCJIOBHO MPHHATO, YTO TOK TE€YET OT 6onpLIero NoTeH-

UHana @, K MEHbIIEMY NOTEHLHATY @ p .
U 4ph= @ gq— P p- NONOXKUTENBHOE (1O TOKY);
U pa= @ p— @ o- OTPHLEATENBHOE (HABCTPEYY TOKY).

U gp=—U pg

Bce onpe.txeneuua, JIaHHBIC 3[1ECh U HHXXE JUJIA TOKaQ, l’lpHMeH“Mbl JUIA Hanps-
xenuit, DJIC, MarHUTHBIX MOTOKOB U JIOOBIX APYrHX BEJIHYHH, H3MEHSIOIMXCA BO
BpeMeHH. B 2JIeKTpO3HEepreTHKE U 3IeKTPOTEXHHKE HanOoIblee NPHMEHEHHE MOMTy-
YUK NPOCThI€ FTAPMOHHUYECKHE Koneﬁaﬂm HJIA CHHYCOHJAJIbHBIC TOKH.

i=1I, sin(—2}—7f—t+¢,-) =1, sin(@f+¢;).

CuHyCOHIa NMpPeCTaBIseT BEPTUKAIBHYIO NPOEKIHIO BPAILAOILErocs CO CKO-
POCTBIO (@ BeKTOpa jm, pa3sBepHyTyIo BO BpeMeHH (puc.l.2). ApryMeHT cuHyca
(wt + ;) naspiBaercs (asoit konebarus. Pasa XapaKTEPH3yeT COCTOSHUE Koneba-
HMS, T.e. 3HayeHHe (QYHKUUH B NaHHBIH MOMEHT BpeMeHM [. 3HauyeHue aspl npu
t=0, 1.e. @;, ecTs HauaNbHas $aza CHHYyCOMAAIBHOrO TOKa, JI06as CHHYCOMAANb-

HO HU3MEHAOLIAACs (b}'HKLlHﬂ BIIOJIHE ONpEAENACTCS TPeMs napaMeTpaMu: aMIUIUTY-

noit 1,,, yrioBo#t yacToTolt @, HawanbHOH (asoit @;.

JP

L, =1,y "" - xoMnneKcHas aMIIITYIa CHHYCOMIATBHOTO TOKa,

1, - aMIUIITYZia CHHYCOMIQNBHOTO TOKA,



\ i = I, sin(of +@;)

Im

0
ol =27

Puc. 1.2

T - nepuoj CUHYCOUAANBHBIX KOJeGaHHUH,
pan -1
[@]=—=c.
¢

27
2 T f - yrijioeas 4acToTa,

Jiis HanpspxeHus 1 DJIC aHaOrH4HO:
U=U,, sin(wt+g¢,); e=E, sin(ot+¢,).
1.2. Cpennee u neiicTByIoniee 3HaYeHUS
CHHYCOHMAJIHLHO H3MEeHSIIOLeH s BeJIMYHHbI

Tlox Cp€AHUM 3HAYECHHEM CHHYCOHIAJIIBHO HU3MEHSIOLIEHCS BEJIMYMHBI TIOHH-

MaloT CpeiHEE €€ 3HA4YCHHE 3a NOoJInepuoaa.
CpenHee 3HaYeHHEe CHHYCOMAIBHOrO TOKA:
T/2 T/2
1 JI sinwt df = —2—1 ;
m - m>
g /4

1
I=— [idt=—r
T/ZJ T/2

5 =%1,,, = 0,638 1,,.

AHaJIOTHYHO NOJIyYUM CpeiHee 3HaueHune Hanpsokenus u DJIC: -

2 .

Ucp=—Um=0,638 Ups Ecp=zEm=0,638 E,,.
V4 T -



CpenHee 3Ha4YeHHE TOKA CIY)KHT JUIS CPaBHEHHS IIOCTOSIHHOTO U NEPEMEHHOro
TOKa IT0 UX JIEKTPOIIUTHYECKOMY AEHCTBHIO.

TennoBoe feHcTBHE TOKAa NMPONOPIHMOHANBHO KBanpaTy Toka. Ilosromy mis
CYX/IEHHs O BeJHYHHE TEPHOIMYECKOTO TOKA BBOJAT NMOHATHE O CPEIHEM KBajpa-
THYHOM 3HAYEHHH TOKA 3a NEPHOJ, KOTOPOe Ha3pIBAIOT ACHCTBYIOIMM 3HAYEHHEM

TlepeMeHHOro ToKa. JIeHCTBYyIoLIee 3HaYeHHe CHHYCOMAAIBHOrO TOKa:

1T2 17 2.2 I
I= |=|i“dt = |= |I,,°sin“ otdt =,
T! Ta['" V2

Im
=L =0,707 I,
ﬁ m

AHaJIOrHYHO MOJTYYUM AeHCTBYIOLIME 3HaYeHus Hanpsokenus 1 DJIC:
U, E
=—=0,707U,,; =—2=0,707E,,.
V2 V2
JleiicTBytonlee 3Ha4eHHe NMEPEMEHHOro TOKa YHMCJIEHHO PaBHO TaKOMY IOCTO-
SHHOMY TOKY, KOTOPBIH 3a OIWH NEPHOJ BBIJAENSET B CONPOTHBIEHHH TAaKOE XK€ KO-
JIMYECTBO TeIUIa, KaK U TOK nepeMeHHbId. OTCIofa ¥ OAHHAKOBOE MX 0003HAYEHHE.
JelicTByrolye 3Ha4eHHs U3MEPSIOT NPUOOpaMU 2JIeKTPOMArHHTHOM, 3JIeKTPOAHHA-

MMYECKOH M TeIUIOBOM CUCTEM.

1.3. CumBoH4YecKHii METOJ pacyera Henei nepeMeHHOro
CHHYCOHJAJILHOI0 TOKA

Ha puc 1.2 nokasano, 4To CHHycoumansHas QyHKUMA [ NpeAcTaBiseT coGoit
NMPOEKUHMIO Ha 0Ch MHMMBIX BEJMYMH J BEKTOpa JUIMHHOIW [,, NpPH BpAalEHHH ero
NPOTHB YacoBOM CTPENKH C YIJIOBOM CKOpOCThIO @, T.e. I = Iy, sin(@wf+¢;).

C uensio YNPOIICHHA PAacyYETOB CHHYCOHIAJIBHOIO TOKa y1106H0 Ha MOMEHT pacyeTa

3aMEHHTh CHHYCOMY H306paXaloluM BeKTOPOM [, , Ha3biBaeMbIM KOMILIEKCHOIL

AMIUTMTY IOH.

Ly=1 mej(p' - KOMIUIEKCHAs aMIUTUTY/A, ONpPeAeNsIeT BEHYHHY U TIONONKe-

uue Bekropa npu 1= 0.




Jna mo6oro MoMeHTa BpeMeHH ¢
2 . 7 t F s
Imej‘”' =Imej(w *0i) =1, cos(wt +@;)+ jsin(@t +¢;);

I, cos(wf+¢;)=Re [ mej 2 t] - IeHICTBUTENbHAS YacTh BPAILAIOIIErocs
BEKTOpa;
i=1I,sin(ot+9;)=Jy,l1 ,,,ej @1} . MEuMas 4acTh BPAIAIOLIErocs BeK-
TOpa, NPE/ICTaBJIsIeT co60il MPHOBEHHOE 3HAYeHUE CHHYCOMANBHOTO TOKA.
MOXHO BECTH PacyeT He TONbKO C MCTIONb30BAHHEM KOMILIEKCHOH aMILTUTY bl
Iy, HO ¥ KOMIIIEKCA AelicTBYIOMEro 3HaUeH s ToKa | . HeoGXOMMMO YETKO YCBOHTS
CBA3b MEXTY CIEYIOLMMH BETHYHHAMA:

i =1, sin(@f + @;) - MrHOBeHHOE 3HaYeHHe CHHYCOMIANIBHOTO TOKa;

I,, - avnnuryna;

I
= —j% - NelcTByIoIIee 3HAYEHHE CHHYCOMIATBHOTO TOKa;

1 m I me ! KOMIUIEKCHAas aMIUIHTYZla CHHYCOHJaJIbHOI'O TOKa;

. m Joi -
I'= E =J]e’"" - xommaekc JeHCTBYIONIEro 3HAY€HHs CHHYCOUJAIBHOTO

TOKa.

Merop pacyeta € HCHOJB30BaHHEM MH300paKAIOIIMX BEKTOPOB  HIIH
COOTBETCTBYIOLIMX MM KOMIUIEKCHBIX YHCEJ Ha3bIBAeTCS CHMBOJIMYECKHM METOLOM,
T.K. ACHCTBHTENbHBIE CHHYCOHAANbHbIE (DYHKIMH 3aMEHSIOT CHMBOJIAMH.

Hanpsoxenne 1 DJIC MOXXHO NPEACTaBHTh aHATOTMYHBIMH H306pakarolMMH
KOMIUIEKCAMH : '

Um =U, e”’"; Em =E,, &’?¢ um BEKTOPaMH.

COBOKYNMHOCTh BEKTOPOB, IIOCTPOEHHas ¢ COONIONEHHEM HX B3aUMHON
opHeHTaluu 10 (ase, Ha3pIBaeTCA BEKTOPHOH AHArpPaMMOM. Bex‘rdpnylo
AuarpamMmy Bcerna mzobpaxarot s Momenta £ =0, npu sToMm HauanbHyO dasy
COOTBETCTBYIOIUErO BEKTOpa OTKJIAJBIBAIOT OT OCH JEHMCTBHTENBHBIX uMcesn -1



(puc.1.3). Yribl, OTIOXEHHBIE NPOTHB YacOBOW CTPENIKM - TOJOXWTENbHEIE, IO

yacoBo¥# - orTpumarensesie. Ha puc. 13 @, - TNONOXUTENbHBIH,

Qi - OTpHL[aTeJIBHBlﬁ yroi. Casur no ¢338 TOKa OTHOCHUTEIIBHO HaIpPsAXECHUA

@ =@, —@; HyKHO IIOKa3BIBATe CTPeNKOH OT Toka / K HampsxeHHmio U,

Ha puc. 1.3 @ - nonoxutensHsiif. OCHOBHBIE 3aKOHBI 3JIEKTPOTEXHHKH MUl Lienek

+ j CHHYCOHAAJIbHOI'O TOKa 3alMChIBAIOT ans

KOMIUIEKCHBIX  BCJIMYMH HIIH H306pa>xaxou1ux
u BEKTOpOB, T. €. OHH NpeAcTaBiAOT
FeOMETPHYECKYI0 CYMMY B OTJIHYHE OT uenex
® MOCTOAHHOI'O TOKa, rae CyMMHpOBaHHE

Pu +1

anrebpanyeckoe. CumBoNHYeCKHH MeToN

Pi TMO3BOJIAECT YIPOCTHTE pacd€Thl, TaK KaK BMECTO

J uHTEerpo-JudepeHanbHpIX  ypaBHeHUM I
Puc. 1.3 CHHYCOMA IIONydaeM YpaBHEHHs airebpandeckue
IUTs. H306paKAIOIUX BEKTOPOB.

1.4. OcHoBHBIE 32KOHBI YJICKTPOTEXHHKH B
CHMBOJIHYeCKOM (popme

3axon Oma
1) AKTHBHOE CONPOTHBJIEHHE

Ha puc. 1.4a uzobpaxkeHa cxema akTHBHOIO CONPOTUBIEHHs R ¢ HCHonb3oBa-

HHeM 0603HaYeHN MTHOBEHHBIX 3HAa4YEHHI TOKa I W Hanpsokenus Up. Ha puc. 1.46

HCIIONB30BaHA CUMBOJIMYECKAs (OpMa 3aIHCH, TIe NOKa3aHE! KOMILIEKCh! Toka | H
HanpsXeHUs U R-

3Hak = 0Go3HauaeT “coorBercTByer”. Ha aKTHBHOM CONpOTHBIEHHH TOK M
HANPSDKEHHE COBNANAIOT Mo (ase M cuHpasuel, npu stom @ =0 (puc. 1.48).

R YYHUTBIBAET TCILUIOBBIC IIOTEPH B peanmoﬁ LEIH.



Ilpu noctosmsom Toke X; =@L=0-L =0 - 3akoporka, L yuuTeiBaer
SIBJIEHHE CAMOMH/IYKIHH B PEATILHOM LICTIH.

3) MipeanbHast eMKOCTh

Ha puc. 1.6a u3obpaxeHa cxema HiealbHOH €MKOCTH U1l MTHOBEHHBIX 3Ha4e-

Huit U , I ¥ cooTBeTCTBYIOMmAs cxeMa (puc. 1.66) ¢ CHMBOIMYECKO} 3aMHACHIO. |

a) i g 9
. C ZC
o = ot
S — Uc
; 1
Uc=—lidt = Ug=——I=
¢ J‘ e
Puc. 1.6
1 . .
Ze= —J——==—=JX - KOMIUIEKCHOE EMKOCTHOE COTPOTHBIICHHE.

joC oC
1
Xc = —C BEIMYHHA PEaKTHBHOTO eMKOCTHOTO conpotusienus, [X ] = Om.
[0
PeakTHBHOE eMKOCTHOe comnpoTuBienue X - oTpuuarensHoe. B HanHOM

ciyqae fAeHCTBUE UHTErPHPOBAHUS JUIsi MTHOBEHHbIX 3HAYEHU 3aMeHseTCs AeHCTBH-

€M JICJIICHUsA Ha _] @ s u306pa>|(aioumx BEKTOPOB HMJIM KOMIUICKCHBIX YHCEI. Ha

€MKOCTH CJBMT 110 (ha3ze TOKa OTHOCHTENBHO HANPHKEHUS P = -90° (puc. 1.68).
IIpy MOCTOSHHOM TOKe X = =—— =00 - paspsiB, C y4uThIBaeT Ha-

KOIUICHHE SHEPIrHH B JJICKTPUYECKOM I10Jie KOHACHCAaTOpa.
B cuMBONHYECKOM METOJE CHHYCOHAIbHAsA (b}’HKuHSI 3aMEHAETCA COOTBETCT-

BYIOIIMM KOMIUIEKCOM, JeHcTBHe AM(QepeHiupoBanns - yMHOXEHHEM Ha J@,

NefiCTBHE MHTETPUPOBAHHS - IeNICHHeM Ha | @).



Il
~

i =

ar = jol
dt CYIIIHOCTh CUMBOJIMYECKOr0 METO/a
NI
Jl dt — —
Jjo

U = Z I |- 3akon Oma B cuMBOAHUECKOH (opme

IepBriit 3axon Kapxroda

I eoMeTpHYeCKas CyMMa n306pax<alonmx BEKTOPOB TOKOB B y3JI€ paBHa HYJIIO,

> I}, =0 | - nepsiii 3akon Kupxroda

h=i3=0 = L-I-I;=0
Puc. 1.7

Ha puc. 1.7a noka3an y3en HEKOTOPOH CXEMBI M MCIIONb30BaHb! 0003HaYeHHs

MTHOBEHHBIX 3Fa4YeHHH TOKOB, Ha pucC. 1.76 - cOOTBETCTBYIOmAsA CXeMa C CHMBOJIH-
YEeCKOM 3aIHUCHIO0.

Ilpumep 1.

Onpenenuts B cxeme puc. 1.8a mokasaHue ammepMeTpa TEIUIOBOM CHCTEMBI,
€CIIH: X=X1,=400m, R = R2—100M XC—ZOOM U=200B8

Pemenne.

R4 =0 - conporusnienne aMnepMeTpa SKBUBATIEHTHO 3aKOPOTKE.

ChHavana paccMOTpHM 3anady B o6mem suae. Ilo nepsomy 3akony Kupxroda:

12



a) . 6)

11 12 I3 14 I‘:\r
A
) R, |C
U L % L - :
I
Ry I
o 11
Puc. 1.8
U U U U

i=jl+i2 +j3 +i4=

=U[ i —j(—U—+L—i):|=U(g—jb)=UX

Ri+Ry, "\ Xy X Xc
Y = g — jb - xomiuieKcHas IPOBOAMMOCT;
1 1
= — = ———— - aKTHBHas [IPOBOJUMOCTE;
R R +R,
by = - : + HHIYKTHBHAS IPOBOAMMOCTS
L= — v r >
X, Xn Xp

bc = —— - eMKOCTHas IPOBOTUMOCTb;
Xe

b=by — b - peakTHBHAs IPOBOUMOCTS.

PaccMOTpHM JBa pexHMa: 1) KIIIOY 3aKpBIT,

2) KJIFOY OTKPHIT.

= e i PR
JXpn JXp Ri+Ry, -jXc

I'l

1) Tak Kax Bce BETBH LM COSUHEHb! ApAIENBHO, TO MOCTPOESHHE BEKTOP-

IPYT 3a APYroM, 9T0OBI Cpa3y WX CyMMHpOBATh, T.K. OHM COBIIAJAIoOT 1o (ase.

13

HoM nuarpamms! (puc. 1.86) HauneM ¢ obiwel BenuunHs! - Hanpsokenus U . 3atem

B HEKOTOpOM MaciuTabe OTKJIaJbIBaeM BEKTOpa TOKOB BeTBeH, mpuuem [} u [ -



U 200 .
Rl g2 i
= A

U 200
T AL .| Y
2SgXs T T
folU_ 200 o

R+R, 10+10
U200
T o & TG
4 K J20 J

CHayasa CyMMHpPYEM TOKH PEaKTHBHBIX BETBEH
iX=j]+j2+j4=—j5—j5+j10=O
B naHHOM npuMepe peakTHBHAA COCTABJIAIONIAsA TOKa I X =0,T.x.
1 1 771 Iy 1 il
b=b; ~bp =t =t —— =0
L™YC™% “Xi, Xm 40,40 20

310 wacTHbil pexuM, korza b=b; —be =0, HaseBaeMbIli pe30HAHCOM

TokoB. O6mumii Tok | =13+ 1y =13 =10 A, sror Tok B (ase ¢ HanpmxeHHEM

Ulp= 0)’ TK Q= arctgé. AwmmnepmeTp nokaxer 10 A.
& ,

T ; R
2) Ilpu otkpsiToM Kimode by =X—, I, =0, a Toxu Betseit [,, I3, I - ne
L2

H3MEHATCH.
OnpenenuM peakTHBHYIO COCTABIIAIONLYIO TOKA:
i}{ =j2 +f4 =—j5+j10=j5.,

5
g 2 . 7 Jarctg— Ot
Obusait tox [' = Iy + I =10+ j5=V102+52¢" 10 =11,18 /2630
Awmmnepmetp nokaxer 11,18 4.

PeaxTiBHas NPOBOAMMOCTH

14



Da30BBIM CABHT TOKA OTHOCHTENBHO HANPAKEHHA
-0,025
0,05

Llenb HOCHT aKTHBHO-€MKOCTHBIH XapaKTep.

p=arctg =-26"30'.

Bropoii 3axon Kupxroda
I'eomeTpHueckas CyMMa BEKTOPOB, H300paXalOIMX HANPHKEHHA 3aMKHYTOrO
KOHTYPa, YPaBHOBEIIMBAETCS T€OMETPHYECKOM CymMmoii BekTopos DJIC 310ro KOHTypa.

>Zk 1',<= 3" Ex | - sropoii 3akon Kupxroga

6)

a\ b a
3
C, Zca
[] Ry o= ,
& E,
78 I;
d P d
s A
B R Ly L g Zs
Puc. 1.9

CHavasia 3anuuIeM ypaBHEHHA 10 BTOpoMy 3akoHy Kupxroda B auddepenuu-
anpHOH opMe Wik 3aMKHYTOro Koutypa abed (puc. 1.9a):

i 1% di. : ,
L,ﬁ+EJ'z2dt—L3d—;—R313—R4z4 =¢-e
2

3areM 3amMIUEeM ypaBHEHHs MO BTOpoMY 3akoHy Kupxroda B cHUMBONHYECKOH
dopme (puc. 1.96):

JoLh—j—I)-jolsly - Ryly - Ryl = Ey - E
G)CZ
Zph + Zeady - Zy303 - Rely — Ryl = By — E,.

15



BeiBoas!.

Bce MeToas! pacyera 3NeKTpHYecKHX ueneii 6asupyioTcs Ha MPUMEHEHHH OC-
HOBHBIX 32KOHOB 3JIEKTPOTeXHHKH. I109TOMy paccMOTpEHHBIE paHee METOIBI Ha I0-
CTOHHOM TOKe npxmemu'wm pacuera Lenei CHHYCOMNAIbHOIO TOKA, HC TNpH
9TOM anrebpanyeckoe CyMMHMPOBAHHE B LIEMAX MOCTOAHHOIO TOKA 3aMEHAETCA Ieo-
METPHYECKHM CyMMHPOBAHMEM B LETIAX NMEPEMEHHOro CHHYCOMAANBHOro Toka. Ha-
TIOMHHM 3TH METOJBI: METO 3aKOHOB Kupxroda, KOHTYPHBIX TOKOB, yandsblx MOTEH-
1[HAJIOB, SKBHBAJIEHTHOTO IeHepaTopa, Npeobpa3oBaHuii, Hanomeﬂm, B3aHMHOCTH.

Ipamep 2.-

OnpenenuTh NOKa3aHWsA BOJBTMETPA 3JIEKTPOMArHMTHOM CHCTEMBI B CXeMe
puc. 1.10a, aKTHBHYIO, PpEAKTHBHYIO W IOJHYK0  MOIIHOCTb, €CJIH

R=X;=20m, I=10 4.

a)

Ur
Puc. 1.10 :

Pemrenne.
3ajauy pemuM C HCIOIb30BaHHEM BEKTOPHOM auarpammsi. [loctpoenue nua-

rpaMMbl HauHeM C OOl BelMYMHBI JULs MOCIeA0BATENILHOIO COEAMHEHUs - ToKa [
(puc. 1.106). 3aTeM noAcyHTaEM H OTIIOXKHM HA BEKTOPHOM JHAarpaMMe B HEKOTOPOM
MaciuTabe HanpsHKEHUs Ha IEMEHTax NOC/IeI0BaTeIbHON LEMH:

UR =Rl =2-10=20 B -  ase ¢ ToKoM;
U, =jX;I=j2-10=j20 B -sextop / spamaem na j, Te. na +90°
(MpOTHB uacoBOi CTpeKH), NoMyuaem Hanpasrenne U .
U=Ug+Uy =20+ j20 - no npasmny napauienorpamma;
16



U= \/U R2 +U L2 =20+/2 =28 B - nokasanue BONBTMETPa, AeHCTBYICLIEE

3HAYeHHe;
P= RI? =2-102 =200 BT - akTHBHaA MOIHOCTS,

0=X 1% =2:10% =200 6ap - peakTHBHAsA MOLIHOCT,
L .

S =+/P? +0? = 20042 = 282 BA - nomsas mommocs.
IIpumep 3.
Onpesenuth 10 BEKTOPHOM JMarpaMMe BXOJHOE HAmpsUKEHHE —LENH

(puc. 1.11a) ma Tpex ciydaes:
I)XL>XC; 2) Xy <Xes 3)XL=XC;

a) ; R L 6) - Xp>Xes ¢>0
o_;_.__:_fYY\_ UL
s . o U
UR UL UXA ————————————— =
U ) ¢ |
UC¢=:C T' :
Ue Ur
o
B) r) XL<XC’
<0
ULy U
k }
. 9 !
UxY > !
Uc Y
Puc. 1.11

Pemenne.
B o6mem ciygae as nermy puc. 1.11a umeem ¢ yuerom Broporo 3akona Kupxroda:

U=Ur+Up+Uc=Ri+ jX - jXcI=[R+j(X,-Xc)=2ZI.
rne Z =R+ j(X — X¢) - KOMIIEKCHOE CONPOTHBIIEHHE LIENH;
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R - akTHBHOE CONPOTHBIIEHHE;

X =(Xy — X() - peaktuBHOE CONPOTHBIIEHHE.

Tox I - obmmit g nocnenoBareNbHOM Leny. [103ToMy NpH MOCTPOCHHH Bek-
TOPHOM JHarpaMMbl JUIA KOXIOro Cydas CHadajia OTKJIAABIBAETCS BEKTOpP TOKa 4
PaccmoTpuM Kaxapii cimydai.

1) X > X¢ (puc. 1.116)

UR=Rf-B¢a3ecToxom;

U, =jXI -sexrop I spamaem na + j wm na +90°;
Ue =—j Xcl -sexrop I spamaem na — j mwmma —90°;
Uy =U; +U - nanpasnen s cropony U, Tx. Uy >Ug;
U =Upg +Uy - no npasmiy napauienorpaMma.

Caeur 10 (ase TOka OTHOCHTENBHO HAMPKEHAS @ = (P, — P OTKIA/BIBaeM
X
OT TOKA K HaNPSDKEHHIO. ) = arctg—}s >0,tx. X=(X;-Xc)>0

2) X; < X (puc. 1.11r)

Pacyers! ¥ MOCTPOEHHs BEKTOPHOMN AMarpaMMbl aHAJIOTHYHBI IIEPBOMY CIIy4alo,
Ho Uy <Ug, nostomy UX HamnpaBJieH B CTOPOHY UC, 1 ¢asossiii caeur @ <0
Tk X =(X; -X¢c)<0.

3) X1 = X (puc. 1.118)

B s1om ciyuae Uy = U, Ho onn B nipotHBodase, mosromy
Uy=Up +Uc=0; U=Ug+Uy=Up; ¢=arctg%=0,1.x.
X=XL—XC=0

Oro wacTHeii pexuM, korma X = (X —XC);O, dasossiii capar @ =0,

Ha3bIBaEMBIi PE30HAHCOM HANPSKEHHH.

18



1.5. llpumeneHHe KOMIUIEKCHBIX YHCeJ K
pacuery uenei CHHYCOMAAJIBHOI0 TOKA
KomiutekcHoe 4ucino MoxeT ObITh M300pakeHO Ha KOMIUIEKCHOH IUIOCKOCTH

BEKTOPOM, NIPOBEJICHHBIM M3 Hadana koopamHar (puc. 1.12), koTopsii XxapakrepHsy-
€TCs BeJIMYHHOM H TOJIOKEHHEM OTHOCHTENBHO OcH + 1.

+J KoMmuiekcHOe 9ucno MOXKHO BbIPa3UTh B Tpex (opmax:

A4e’? = 4 arebpamecxoit A=c+ jb, TpHronoMeTpuuecKoli -

A b A= A(cos @+ jsing), nokasaremsroit A=4el?,
@ 0 ¢ +1 rme A= Ve +b?% - MOJYJIb KOMIUIEKCHOTO 4MCIa,
c

@ = arclg — - apryMeHT KOMIUIEKCHOI0 4HCa.
Puc. 1.12 ¢

CioxeHHe W BBIYMTAHHE KOMIUICKCHBIX BEJIHYHH YAOOHO NMPOM3BOAWTH B &N~
reGpauyeckoif GopMe, 2 yMHOXKEHHE H JE/IEHHE - B IOKa3aTeNbHOM dopme: B cBasu ¢
9THM HAJ0 9acTO NMEPEXOAUTH OT OXHON (POPMBI KOMIUIEKCHOTO YHCIIa K APYrOH.

Iepexon oT noxa3aTebHOM Gopmbl
KOMILIEKCHOI0 YHCJIA K ajredpanyeckoi
A=Ae/? =c+ jb=Acosp+ jdsing (cm. puc.1.12),
c=Acosp; b=A4sing.
Ilpumep 4.
Mraosenssie 3Hauenus DJ[C, HanpsHKeHHs ¥ TOKA H3BECTHBI:
e=300cos(@t+120°), u=200sin(wt-30%), i=5v2sinwt,
3anucaTh KOMIUIEKCHI JEHCTBYIOLIMX 3HAYeHuH JJC, HanpskeHHs W TOKa B
nokasaTenbHOM u anrebpawyeckoi ¢opmax. IIOCTPOMTH BEKTOPHBIE AMArpamMMbl

3JIC, HanpsOHKeHHs U TOKA.
. Pewenmne.

- a) e=300cos (@t +120°)=300sin (@ +120° + 90°);
3 i710°
E,, =300e’ 2107 _ commnexcias ammmntyna 3/IC;
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: B i910°
E==2¢l 210 KOMIUIEKC neicTByromero 3HadeHns DJIC B nmokaszaTebHOM

dopme;
> 2300 ;2100 _300 o .300 . ..o 30043 .3001
E="Z¢/ 05210° + RO = o, i
2 =z Jpsin 2 ‘22

=-183 - j107 - xommrekc aeiictByromero 3nadenns DJIC B anreGpauyeckoi

dopme (Puc. 1.13a);

. _ 200
6) Uy =200e™/ 30" _ commexcran aMIUTHTY/Ia HANPSOKEHHS,

U= Tm KOMIUIEKC JEHCTBYIOIIETO 3HAYEHHS HANPSDKEHH)S B MOKa3aTeNbHOM (hopMe;

U=%e‘j3° _@Qcos(-30°)+ Jf;)_osm(—so% 190771 = e

TieKC AHCTBYIOIIEro 3Ha4eHHA HanpskeHns B anre6panyeckoit gopme (Puc. 1.136);

8) Iy =.5~/§ - KOMIUIEKCHAs aMIUTHTY/Ia TOKa;

.
J= 7’% - KOMIUIEKC AEHCTBYIOIMIEro 3HaYeH s TOKa,

I =5 - anreGpandeckas (opma 3amECH KOMIUIEKCA AEHCTBYIOIETO 3HAYEHHA TOKa

(Puc. 1.138).
BexTopHbie quarpaMMsl E 5 U 2 i npezacTasiedsl Ha puc. 1.13a,6,8. Bexrops
PacnosaraioT OTHOCHTENIBHO AEHCTBATENLHOM ocH +1.

a) + ] 6) +j B)+j
10° ,
-183 f{z . +1 -30° 120+ g+
7] "
E 29 i 107 =] 71 -_566— U
2 2
Puc. 1.13
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ITepexon ot aarebGpauyeckoii Gpopmpr
KOMILIEKCHOr0 YHCJIA K 0Ka3aTeIbHOH

c+jb=Aef‘”=A (cm. puce. 1.12));
A=Vc?+p?; (p:arctgé
c

IIpumep 5.
Kommrekcusie OJIC, mampskenne u Tok masectmsi: K =—40+ j40;
U=1-j30; [ =—1-j2.3amucams £, U, I B noxasarensroii popme, nocrpo-

HTb HX BEKTOPHBIE AHArPaMMBbI H ONPEJIENIHTh MTHOBEHHbIE 3HaYeHnsa €, U, I.

Pemtenne.
a) E=-40+j40= Va2 +40% & -40 =56¢/135° —56¢7/225°

- nokasarenbHas ¢opma komiuiekca SJ[C (Puc. 1.14a).

. -30
. Jarctg—— . .
6) U=1-;30=v1%+30%¢ 1 =30e7/38" x30e7/9" . po.

KasaresbHas opMa KOMIUIEKCA HaNpAKeHHA (pnc. 1.146).

B) [=-1-j2= \/12+22 ‘2 =224¢ -7 - NOKa3aTenbHas

¢hopma xommiekca Toka (puc 1.148).
BekropHsie nuarpaMMsl E . U , I npeacrasjieHs! Ha puc. 1.14a,6,8. Bexrop
HY>XHO Pacnoyiarath OTHOCHTEIbHO OCH NEHCTBHTENBHBIX YuCeN + .

a) : 6) B)
E *J +J *.J
. j40 | g -1 +
1\s6 o 170
' 1350 ,
1 U
: 5 . mil
40 o 1T ! i
Puc. 1.14




Yro6sl HaWTH MIHOBEHHbIE 3HaueHus €, U, [, ompejeNuM CHadajga HX

KOMILTEK=CHbIE aMILTHTY/Ibl B IOKA3aTeIbHOM popme:
. 3 : 0 . 0
Epp =V2E=~2-56/13% = 256725
. . 1900
Upn =20 =+2.30e77/%0;

. < 1170
Ipa=21=~2-224¢ /17"

ME"HOBEHHbIE 3HaUeHus €, U, I:

e = 56~/2sin (@t +135°) = 5642 sin (w? — 225°);

U =30~2sin(wf-90°); i=2242sin (0t -117°).

IIpumep 6.

3amam>1 KOMIUICKChI HAlIPOKCHUA H TOKaA:

U =80+ j60; [=24-j7.

Ompezenuts akTiBHOe R u peaxtHBHOe X CONPOTHBIIEHHE IOCNENOBATEIb-
HOM cXem1bl 3aMELICHHsA, HapHCOBaTh 3Ty CXEMY, MOCTPOHTh BEKTOPHYIO JHarpaMmy
TOKA H HANPAKEHUH, OCYMTATh aKTHBHYIO, DEAaKTHBHYIO M ITOJIHYIO MOIHOCTH LIETIH.

Pemuenne.

OrepeneniM KOMIUIEKCHOE COTIPOTHBIICHHE LIETTH:

S 1370
_ U _80+,60 100e/%7
I 28-j7  ,5,-)16°

czq0
Z =4e/3% =24+ j32=R+jX.

Tac. j X - nonoxurensHoe, Ha cxeme 3amemenna X - HHAYKTHBHOE COMPO-

TueneHne (puc. 1.15.a).
Ha puc. 1.156 nokasana BexTopHas nuarpamma uenu. CHavana OTKIafbiBaeM

06IyIO BEeTHUHHY /IS TIOCTeNOBATENBHOM LEmH - BeKTOp ToKa | . 3atem ompeaennm
UR H U_X
: s il 710
Ug=RI=24-25e J16" _60e=/16" _ COBMAfIAET MO HANPABJIEHHUIO C

TokoM 1/ ;
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a) 6)

I R +J
o }——
— O~
UR 0 UX
- - 37 +
U le%X
L-16°/ .
Ug !
o —
Puc. 1.15

Uy= jXxXi =j3,2-256_j160 =80€j740 - BekTOp TOKa | Bpawaem Ha
+ j wmna +90° u nonyyaem nanpassnerue Uy.

U=Ug+ Uy =80+ j60=100 ef37° - BXO/IHOE HANPSUKEHHE BEPHO;,

P=RI?=2,4-25% =1500 Br - axusras MommocTs;

0= X 1% =32.25% = 2000 6ap - peaxrusraz mommocTs;

§=21%=4-25% =2500 BA - nonsas MommocTs.

IIpumep 7.
ITocTpouTh BEKTOPHYIO muarpammy uemu (puc. 1.16a) mis obmero ciyyas u
onpeneuTh BeHunHy eMkoctH C , MPH KOTOPOH B LIEMH MOXET BO3HHKHYTh PEXHM

pesoasca Tokos, ecnmu: R=6 Om; L=127 I'n; f =100 I'y.

a) 6)
ke b
5 —Uruz ¢lc Ur| ]| R
12—[ Uy3e
° 6

Puc. 1.16
23



Pemenne.
INoctpoenne muarpammel (puc. 1.166) B obmeM ciaydae ynobHee HauMHATH C

BETBH, COJEpIKAlel MocienoBaTeNnsHEe oneMenTst R u L, 3amasasch Tokom | 3.
Torna BexTOpa HANPSHKEHUH STOH BETBH:

Upr = R1; - 8 paze c Toxom I5;

Uy = j XI5 - spamaem sexrop /3 na j wm 90°.

ITo BTopoMy 3akoHy Kupxrocda onpenensem U 2 = U R+ U T

To 3akony Oma Haxomm /| 2.

1, =_Z.Jg___]gz_ - Bpamaem extop U, Ha j wm 90°.

-JXc T Xe

ITo nepeomy 3axoHy Kupxroda Haxomum BeKTOp 061Iero Toka I o

z 1= I 2+ I 3 - CKJIaJIbIBaeM 10 NMPABHITy MapajuiesiorpaMma.

o 3akory Oma onpenenam U : U, = R1, - 8 paze c oxom I,

Ilo Bropomy 3akoHy Kupxroga onmpezenim BXOAHOE HanpsKeHHE:

U= Ul + Uz - CKJIaJIbIBaeM I10 IIPaBHITy NapajuleiorpaMma.

Teneps paccCMOTPUM YaCTHBIN PEKHUM - PE30HAHC TOKOB.

OnpenenuM 3KBUBANIEHTHYIO IPOBOANMOCTS Y ;7 MApAUIENBHOTO yJacTKa Lie-

IH, rA€ BO3MOXXEH PE30HAHC TOKOB:

1 1 1, Ri- 52X

Yop=— + - =] =
WX RejX; 7 Xo (R+JX1)(R-jX;)
R | X 1
= =i g—Jb.
RE&x2 (R2+XL2 XcJ
Ilpu pe3oHaHCce TOKOB peakTHBHAS cocran:imomaa NIPOBOAMMOCTH
b=b, —bc=0;
b=%——l—=0;
R +XL XC
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X =27 fL=2-314-100-12,7-107 =8 Owm
] _R*+x? 62487
wfC X,

I 1
2t fXc  6,28:100-16,7
ITpumep 8.

=16,7 Om

=0,98-1073 ¢p = 980 mxgp

B nemu cuayconnansHoro Toka (puc. 1.17a) R = X, aMnepmerp nokassisaet

12 A. Hanucats BRIpaKeHHE MTHOBEHHOTO 3HAYEHHA TOKA g, NPHHAB HAYaJIbHYIO

(asy Toka I passoii - 15°.

a)
— @
ip icY
u R =:C
Puc. 1.17
Pemenne.

CHavana paccMOTpHM 3amady B obmem Bupme. ITocTpoeHHe BEKTOpHOH Aua-
rpammsl (puc. 1.176) HauseM ¢ o6Iiiel BEJIMYMHBI - HaNPAKEHUA U.
1 R= % - COBMajaer no (ase ¢ HanpsHKEHHEM U.
U )

Ie =———=—=j—— -sexrop U nosepnem na + j wim Ha 90° u
-JXc T Xc

MOJIYYHM HAMPABJICHHE 1 C-

Ipu R = X senwaunsi TokoB /5 u I pasHsle.
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i = jR + ic OonpeAeaeM 10 NMpaBHily NapajuiesorpaMma.

IlpoBeneM och BEIECTBEHHBIX 3HAYEHHH + Tak, YTOOBI HavanbHaA (asa ToKa

I 6vina pasHoi - 15°. Tax xax npu pasmbix / R 1 I yron Mexay BeKTOpoM I RH
pexropom / cocrasnser 45°, nauansHan dasa Toxa /5
@ir =—(15° +45%) =-60°.
 JlelicTByiommee 31a4enne Toka /R ONpesesseM u3 NPSMOYTONbHOTO TPEyrosb-
mixa [g2 +1c2 =212 =1%,  Ig =%.
Avmmarynatoka Iy =V2Ig =1=12 A.
MrHosenHoe 3uavenne: ip = I gy, sin (@t + @jg) = 12sin (ot — 60°).

1.6. AKTHBHAS, PeaKTHBHAS H NOJHASI MOIHOCTb.
‘Bajanc MomHocTeH

B 1enyn nepeMEHHOro TOKa CJIeAyeT PasiudaTh MTHOBEHHYIO MOIIHOCTb P H
AKTHBHYIO MOIIHOCTh P . MrHOBEHHas MOIIHOCT P = I MEHAETCA BO BPEMEHH, a

3KBHBJIEHTHAs €, HO HEeM3MEHHas BO BPEMEHH aKTHBHAA MOIIHOCTs P Moxer GhiTh
NoJIy4eHa U3 PaBeHCTBA 3THX MOIIHOCTEH 32 EPHOA NOTPeOIAEeMOH SHEpriH

T
PT= [pat.

AxTHBHAsE MOIIHOCTH P ABJNjeTca cpeHAM 3HaYEHHEM MIHOBEHHOM MOILIHO-
CTH 3a NEpHOJ M XapaKTepHsyer -HeoOpaThMoe npeobpasoBaHHE 3JIEKTPHIECKOH
SHEPrHH B APYTHe BHIbI S3HEPTHH, HAIPHMED TEIIO.

P——J'pdt—RI2 'UIcos¢

[P] BT (Batr)

Tam, rae B uenu UMerTcs PEAKTHBHEBIC Hneanuanposamme SJIEMEHTEI HI'WKTKBHO-
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ctu L u emxoctu C, maer HenpepsiBHBIN 0OMEH HEpruedl MeXTy HCTOYHHKOM H
NPHEMHHMKOM JJIEKTPHYEecKO dHeprau. Jns yno6cTBa KONMMYECTBEHHbBIX OLEHOK MH-

TEHCHBHOCTH 0GMEHA SHEprueil BBEJEHO NOHATHE peakTHBHON MouHocTH 0.
Q=+XI*=Ulsing.
[O]- Bap (BomsT - ammeps! peakTHBHEIE)

JU1s XapaKTepuCTHKH 000pYAOBaHHA B JIEKTPOTEXHHKE MCMONB3YIOT MORATHE
[IOJIHOM MOIHOCTH S.

S=ZI*=UI; [S]=BA (Bomrt - Amep).

PaccMOTpHM LIETb ¢ TOCTIENOBATeNbHBIM coeuHenneM anementos R, L, C
(puc. 1.11a), rne KOMIUIEKCHOE CONPOTHBIICHHE HArpy3KH

Z=R+j(X,-Xc)=RtjX=2&%I?

U3 BexropHo# amarpammsl (puc. 1.18) HeTpyaHO 3aMeTHTh, YTO TPEYTOJNBHUK
MOIIHOCTeH MOX0OEH TPeyrONbHHKY CONPOTHUBIICHHH, H C/I€J0BATEIBHO TPEYTObHH-
Ky HanpsOKeHHH.

2
QL=X.1

Q=0 -Q=X1I?

P=RI>
Puc. 1.18

S=UI=21* =P +Q* =P +(0, - Qc)?
P=RI*=Ulcosp=Ugl
0=0,-Qc=X1*-Xc1?=1*(X, - X¢)=Ulsinp=Uyl.

Us-3a cppura a3 @ pacuernas (MoaHas) MOIMHOCTh YCTAHOBKH HCIOJNb3YETCA

HEMOJMHOCTBIO, OTCIONIA ACHA BAXKHOCTh BBHICOKOTO COS 0, Ha3piBaeMoro ko3¢uuu-

€HTOM MOIIHOCTH.
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P P
CosSQp=—=——=x1
S ’ P2 & Q2
UYeM MeHbIIE PeaKTHBHAs MOWHOCTH (), TeM BhIIIE COS Q.
PaccMOTpHM NpOCTOH NpPHEM, NO3BOJNAIOMIMNA HAWTH aKTHBHYIO U PEaKTHBHYIO

s o *
MOIIHOCTH 110 KOMILIEKCHOMY HanpskeHuio U | CONpsDKEHHOMY KOMILIEKCy Toka / .

. J
U=Ue o KOMIUIEKCHOE HaTPsKEHHE;
I=1 e’®! _ xoumnexcmili TOK;

; =7 e_j¢i - CONPsDKEHHBINA KOMIUIEKC foxa;

S=U I* - KOMIUIEKC MOJIHOM MOLLHOCTH.

§=0I=Ue?1e7? =y1d®v ) _y eio -

=Ulcosp+Ulsing=P+ jO

B nuHEHHON 3JIEKTPHYECKON LIEMA CyMMa aKTHBHBIX MOIIHOCTEH MCTOYHHKOB
OJIC paBHa CyMME aKTHBHBIX MOIUMHOCTEH NPHEMHHKOB, a CyMMa PpEaKTHBHBIX

MomHocTeH HcTouHnkoB OJIC paBHa CyMMe PEaKTHBHBIX MOLIHOCTEM MPHEMHHKOB
SHEPrHH.

- — BajaHC KOMILIEKCOB MOJHOM
S notp. 25 yer.

MOIUHOCTH HCTOYHHKOB H

norpeduTenei.
Z(an-p +_]Qno1‘p)= Z(Pnc‘r +.]QHC1‘)

Z:Pnorrp. . ancr.‘
ZQnoxp. = ZQHCT
20=20 20

1.7. Ilenu ¢ B3aHMOMHAYKIH e

B cocraB 2neKTpHYECKHX LieMell MOTYT BXOAMTh KATYIIKH, MArHHTOCBA3aHHBIE
C JPYTHMM KaTyIIKaMH MHAYKTHBHOCTH. ITOTOK OIHOM M3 HHMX NPOHM3bIBAET BUTKH
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Apyrux ¥ HaBoauT B HUX DJIC B3aMMOMHIYKIUMH, KOTOPBIE AOJUKHBI ObITH YYTEHBI B
pacuere. IIp# COCTaBIeHHH YPaBHEHHH Ui MATHMTOCBA3AHHbIX LENeH HE0O6X0auMO
3HaTh, COMJIACHO WM BCTPEYHO HarpaBJIeHbl MOTOKH CaMOMHIYKLMH H B3aHMOWH-
mykumd. [IpaBHabHOE 3aKIIO4eHHe 06 3TOM MOXKHO CHENaTh, €CNIH M3BECTHO Hampas-
JIeHHe HAMOTKH KaTyINeK Ha CeplAeYyHHKE M BHIOPAHO MOJOXKHTENbHOE HarpaBiieHHe
TOKOB B HHX.

BCrnoMHMM, 4TO €CIM .MIOTOKH CaMOMHIYKLMH ¥ B3aUMOMHAYKLMH HanpaBieHbl
COIJIaCHO, TO 3TO - COMIACHOE BKIIOYEHHE KaTylleK, a €CJId OHHM HarpaBjieHb!
BCTPEYHO, TO 3TO - BCTPeYHOe BKIOUYeHHe KaTymiek. Ha snexrpuueckux cxemax yc-
JIOBHO MPHHATO OJHOMMEHHBIE 32)KUMbI KaTyIIeK ITOMeYaTh 3BE3M0YKAMH HIIH JKHUP-
HbIMH TOuKaMH. [Ipu 3TOM, ecu Ha cCXeMe TOKH JBYX MarHMTOCBSI3aHHBIX KaTyLIEK
ONMHAKOBBIM 00Opa30OM OPHEHTHPOBAHBI OTHOCHTENBHO OXHOMMEHHBIX 3aKHMOB Ka-
TYIIEK, TO UMEET MECTO CorjlacHoe BiIoueHHe (puc. 1.19a), B npoTuBHOM ciyyae -
BCTpe4Hoe BrmoyeHue (puc. 1.196).

a) 6)
& M>0 lfz M<0 [Q

[JE] L8]

Puc. 1.19

3anuumem HanpsKeHHEe Ha KaKAOH KaTyIIKe C yYeTOM MAarHMTHOM cBs3u. [Ipu
cornacHoM BiimodeHuH (puc. 1.19.2) B auddepenunansuoi dopme:

di, - di
._L GV deilr 8
L‘ dt’

d
=Ly e ML
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B cumMBonueckoii gopme:
. U|=ja)lqil+j0)Mi2;
y U2=jwl,2f2+jwM11
IIpu BetpeunoM BkoyennH (puc. 1.196) B muddepenmmansHoi Gpopme:
di diy
w=L—L-M :
v=higy M
di, di
Uy=L,—2-M=—L
el i
B cumBonmyeckoi gopme:
Uy=joLl-joMly;
Uy=jolL,l,—joMI.

WHTEHCUBHOCTS MarHUTHOM CBA3H onpejeniercs Ko3QhHIHEeHTOM CBA3M

M
Koy S <1,
N

IMpumep 9.
Kak n3menarcs mokasanua npubopos B cxeme (puc. 1.20) npu yBenuueHHH
PaCCTOAHHSA MEXAY ABYMs HHIYKTHBHO-CBA3AHHBIMH KaTyIIKaMu?

s L

M
N
@

Puc. 1.20
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Pewenue.
31eck MMEeT MECTO BCTPEYHOE BKIIFOYEHHE KaTyllek. BejnumHa KBHUBAJIEHT-
HOT'O CONPOTHBJICHWS LIeNH

Zoerp = VB2 + 02 (L + Ly ~2M)2
C yBenMueHHeM PacCTOSHUA MEXY KaTyLIKaMu K ¢ ymenbmaercs, 4o npu-

Boaut K ymenbmenmo M = K g4/ 1L, .

Zyerp yBemrumpaeres, U - HensmenHo.

IToxaszanue aMnepmerpa:

I=

- YMEHBIIAETCH.
BCTP
INoxazanua BonsT™MeTpoB (puc. 1.21):

U, = R1I - ymenbmaercs;

U= \}Uz —U22 - YBEJINYMBACTCS.

INToka3aHue BaTT™METpA:

P=RI*. yMEHbLIAETCS.

u U, =jo(l +L,-2M)i

Puc. 1.21
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3agaua 2.2.

Paccuutarh 3NeKTPHYECKYIO Lelb, CXeMa KOTOpOH n3o0bpaxeHa Ha puc. 2.2, no
faHHBIM Tabmuusl 2.2. TlocTpowuTh BEeKTOpHyIO muarpammy. Iloxacuurars Gananc

MOILHOCTEHA.
o . )
i E k
R R,
U
J XL J X1
‘.' T -J Xc1 - -J Xcz
Puc. 2.2
Tabmuua 2.2

5 JlauHbI€ 14 pacyeTa Onpenenurs
& | R | Ry, | Xpio | Xip2o | X | Xc2s

@ | Om | Om | O | Om | Om Om

1 - 6 4 - 12 8 U=120B L | L |1
2 5 18 12 24 12 - U=45B L | L |1
3 8 9 10 - 4 12 L=6A4 UlnL| !
4 2 - 2 6 4 4 I=44 U|\L | L
5 3 10 3 - 9 - U=27B L | L |1
6 15 - 25 - 5 30 I=34 U|L | L
7 12 - 19 15 10 - L =54 U\l L |1
8 | 2 4 3 5 = 5 L=84 Ulnh| 1!
9 10 2 4 - - 8 U=70B LIL |1
10| 2 - 11,5 ] 49 - 9 L=104 Ul L |1
11| 21 | 20 28 - - 16 L=14 Ul L !
12| 4 4 - - 4 U=141B L | L | ]
13| 7 6 4 - - - I=74 UL | L
14| 45 | - 6 5 - - 5L =84 Ul L |1
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Iponomxkenne Tadn. 2.2

s JlauHbie 1A pacyera Onpenenurhb
& | R | R | X | Xpao | Xens | Xe2s

R | Ou |[Om | Om | Om | Om | Om

15| 5 6 - 9 7 - U=8B L | L | !
16| 8 | - - 16 8 8 L=54 Ulh |1
17 | 13 | 10 - - 11 - 51=24 Ulbh |1
18 16 - - 24 9 - I=104 U|L | L
19 | 20 | - - - 18 18 U=220B | L | L | I
20 3 4 - - 4 3 1=94 U|L! L
21 | 60 | 60 | 60 - - 80 U=1208B | L | L | ]
2|3 | - | 40 | - - | 30| U=127B | L | | I
23 | 10 6 - - - U=127B I | L |4
24 | 20 | - 15 - - 50 U=127B | L | L | I
25 | 20 | 18 - - 16 - U=127B | L | L | ]
26 | 44 | 32 - 44,5 - - L1 =54 Ul L |1
27 | 32 | 44 - - | 445 - I=8A4 Ul L | L
28 | 40 | - 40 - 50 50 U=220B | L | L | I
29 [ 10 | 10 - - 12 12 I1=104 UL | h
30 | - - 30 40 60 - U=3808 I | L | L
31| - [32] 64 | - | 20 | 445 L=44 |U| L | I
32| - 6 - - 10 8 U=1008B | L | L | ]
33 | 60 | 60 - - 60 80 L=64 Ul b |1
Bkl o || - | 24 | 44 - L=54 Ull|hn
35| - | - - | 127 | 15 | 227 L=104 Ul h |1
36 - - 44 44 22 - U=220B hl|L| I
37 | 40 | 54 | 20 - B - U=380B | L | I | L
38 | - - 15 20 - 10 5L =84 Ul !l | L
39| - | 20| 25 - 15 - L=64 Ul !l |5
40 | 25 | - 30 - - 50 5L =44 I | L|U
41 | 4 6 - - U=40B I' L | L
21 6 - 10 4 - U=40B L | L |1
43 | 10 3 - 4 - - 51 =44 Ul 1l | L

41




= .

IMpoporwkenue Tabi. 2.2

E JlaHHbIe 1 pacyeTa Onpenenurts

& | R, | Ry, | Xpio | Xp2o | Xovs | Xc2s

Q | Omm |Om | Om | Om | Om | Om

44 8 4 18 - 2 - I=104 L|L|U
45 6 - - - 8 12 L=54 I | L |U
46 3 - - - 4 10 U=30B L| L |1
47| 8 6 2 8 4 U=40B |L|1]|n
48 5 - - 4 4 L, =84 I | L U
49 | 80 - 100 - 25 15 I=14 Ul L | L
50| 12 | - 16 - 10 6 U=160B | L | L | ]
51 10 4 - - - 3 L=54 Ul|L | I
s2| 122 ]3| -] 6 | - U=nB |1|5nL]|KL
53| 6 - 10 2 4 - I1=54 UlhL | L
sa |25 [30] - |4 - | - U=150B | 5L | K| I
55 4 - 9 - 3 3 U=20B L | 5L |1
56 | 24 | - 32 - - 20 U=24B I | L | L
57| 6 - 10 2 4 - I=54 U|§L | L
58| 8 B 2 1 10 - U=20B I | L | L
so |20 - [ 32| - | - | 24 U=64B |5 | L |1
60|40 | - | 8 [ 6 | 16 | - U=12B | L |5L|1
61 | 33 40 64 - 21 - U=127B I | L | L
6230 | - | 10| 2] a4 | - U=20B |5 | L] 1
63|63 | - | 93| - | 28| 76 | U=380B || n]|1I
64 | 68 | 42 72 - - - =084 Ul 1| 5L
65 | 18 - 16 - - 35 =354 L|I1|U
66 | 11 35 - - 8 - L=64 I | L|U
67 | 17 | - - 55 30 - L=44 L| I |U
68|30 |60 | 40 | - | - | 80 I=54 UlL b
69 | 28 18 - 36 42 - I1=03A4 L | L|U
01618 - [ 1] -1 17 I=74 Ulnlhb
71 - 11 48 68 - 24 L=454 Ul I | L
72| - | 26| - 38 52 56 L=84 L|I|U
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OkoHnyanue Tabn. 2.2

E JlauHbie 1A pacyera OnpenenvTs
& | R, | Res | X1 | Xp2,| Xeus | X2

R | Om | Om | Om Om | Om | Om

73 15 -] - 17 - - 1=254 UL | L
74| 23 | 3 ” - = 15 I=784 ulnhl|hn
75 | 46 | 11 | 10 = 3 = L=34 uli1]|n
76 | 16 | - 33 18 48 - L1=454 L|I|U
77| 18 | - 28 - 6 7 L =054 UlL| I
78] 3 | 2] 10] - - 14 U=36B | L |L|I
79 9 5 - 18 16 - U=50B L | L |1
80| 5 | - 5 6 - 5 h=24 UlL| I
81| 6 | - 8 - - 35 L=44 vlnhl!
| -151]10 5 5 - hi=54 uli1ln
83| 4 | 3| 2 = 5 = U=12B |1 |4L|L
84 3 3 - 4 4 - U=208 L | L | ]
85 4 - 4 3 6 14 U=30B L | L |1
86 | - 4 4 5 = 5 L=44 Ul |L
87| - | 6 5 - 5 L=14 I | LU
88 3 3 4 - - 4 L=2A4 U\ L | L
89 6 6 6 - - 6 U=12B I | L | L
90 7 - 7 - 17 5 U=15B L | L |1
91| 8 | 8 | 5 - = 5 U=21B | L | I |}
2| 6|6 5 - e 5 Lh=44 U\l & |k
B3| 4| 4] 5 - | - 8 U=30B | L | L |1
9% | 6 | - | 6 7 |16 | - U=21B | L | I |]
95 | 8 8 - 5 5 - L=34 U| L |1
% | 8 | - | 9 3 - | 10 U=70B |1 |nh]|kL
97 9 8 - 7 - 6 U=18B L | L !
8| - | 7 7 5 5 - L=14 Ul 5L
9] 51 -]151] - 5 5 L=24 ulr1]g
100 6 | 9 | - 3 2 - U=2B I|5hL|5L
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3apaya 2.3.

OnpeaenuTs 3KBHBATIEHTHOE conpoTusienue uenu (puc. 2.3) Z B anrebpau-

4yecKOM M IOKa3aTeIbHOH (opMe mo JaHHBIM Tabi. 2.3.
R jXpu-J IX c
[

R, R
U
JX12 JX13
-J Xca -J Xc3
. i i I
Puc. 2.3
Tabnuna 2.3
E JlaHHbIe 14 pacyeta
& | Ry | R, | B, | Xy, | Xpo, | Xi3. | X | Xc2, | Xess
m Om OMm Om Om Om Om Om Om Om
1 8 10 12 6 - - - 12 —
2 - 14 - 24 30 - 10 - 25
3 15 - 5 - 10 — 18 & 8
4 40 - 20 - 30 15 26 - -
5 - 28 - 35 20 - - - 42
6 - - 15 - - 20 24 36 -
7 30 16 36 - - - - - 26
8 - 32 45 - 24 - 14 = X
9 - 48 .- 20 - 80 - 26 -
10 22 - 14 - 17 - 30 35 -
11 18 - 28 - - - — 32 21
12 - 12 25 36 26 - - = -




Iponomxenue Tabn. 2. 3

5 JlaHHbIE U1 pacyeTa

B | R | R | R | Xppo | Xpao | Xu3s | Xows | Xc2s | Xess
@ OMm OMm OMm Om Om Om Om Om Om
13 - 34 18 11 - 24 26 - -
14 20 33 - - - 40 - 44 -
15 12 24 - 18 - 34 - - 20
16 - 1 1 - - 3 8 3 -
17 1 2 4 - 4 - - - 2
18 10 20 20 - 10 - - - 10
19 - 3 - 7 - 6 - 4 8
20 6 10 - 6 - - - - 10
21 - 1 3 T - - - 3
22 2 5 - - 11 - 2 - 14
23 3 - 8 - 8 - - 4 -
24 10 - - 15 - 20 - 10 -
25 - - 7 B B 10 5 5 -
26 - - 5 2,5 - - - 5 -
27 6 - - - 3 - - 6
28 - 5 - - = 5 - -
29 3 - - 4 6 - - - 10
30 - 2 - 8 - - B - 6
31 6 - 45 - 4 - 8 - -
32 - 6,4 6,4 10 - - 5 B -
33 7 - 44 - - - - 3 -
3|1 = = - - = = 35 3 4
35 - - - 6 6 8 - - -
36 3 - - - 5 - 4 - 10
37 4 4 - 3 - - - 5 5
38 - 5 - 8 - - 6 - 5
39 4 - - 45 3 - - 1
40 2 - - - 6,5 - - - 3,5
41 - - 6 3 - - - 5 =
42 7 - - - 2 - - B 6
43 - 6 - - - 7 3 - -
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ITponomxenue Tabn. 2.3

5 Jlanubie 1 pacyera
&| R | R | B | Xy | Xpao | Xi3o | Xew | Xc2s | Xess
@ Om Om OM Om Om Om Om Om OMm
44 3 - 10 2 5 5 - -
45 - 2 - 8 - - - -
46 7 - - 5 - 5 - 8 -
47 - - 6 T 11 - - 8 -
48 8 - - 5 5 - - 8 8
49 4 - - - 5 - 4 - 6
50 - 5 - - - 5 - 5
51 3 6 - 12 - 4 - 8 -
52 - 12 10 18 - 14 - 30 -
53 8 - 8 22 - 8 - 4 -
| 54 - 16 - 20 14 8 - - 18
55 6 12 6 - - 6 4 - -
56 - 10 - 17 16 16 - - 14
57 4 9 - 16 18 ~ - - 37
58 - - 7 B 19 - 28 4 16
59 3 - 26 12 14 - - - 13
60 - 24 - 22 17 - 8 - 30
61 10 80 40 5 - - - 10 -
62 20 30 - 40 - - - 30 40
63 30 - 40 - - 50 - 20 -
64 20 - - 50 - - - 40 30
65 - 5 - 3 - 4 - 5 -
66 - - 15 9 12 - 16 - 12
67 - 10 - 12 - - 8 - 6
68 - 15 8 - 10 - 10 12 -
69 12 16 - 6 - 8 - 10 -
70 4 - 6 8 - 6 - 6 -
71 14 8 19 6 - - - 7 6
72 13 12 - 39 - - - 17 6
73 4 - 14 - - 5 27 - 5 -
74 55 - - 21 - 24 - 14 -
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‘OkoHuanne Tabn. 2.3

5 JlaHHBIE JUIA pacyeTa

5| R | R | R | Xy | X2, | Xi3s | Xow | Xe2s | Xess
m Om Om Om Om .Om Om Om Om Om
75 - 17 - 8 - 32 - 21 -
76 - - 11 28 39 - 17 - 17
77 - 14 - 61 - 7 48 - 10
78 - 40 33 - 11 - 24 17 =
79 71 29 - 14 - 21 - 8 -
80 51 - 16 21 - 12 - 30 -
81 4 4 2 - - - 4 - 5
82 - 2 3 .y - - - 3 3 -
83 4 7 8 - - 5 - - -
84 - 10 15 10 - - 20 - 20
85 12 15 9 4 - - - 10 -
86 15 9 6 - - - 20 12 -
87 25 18 - - - 15 10 - -
88 - 12 13 - 7 - 8 - -
89 - 13 10 5 - 10 - - -
90 - 8 - 12 - 8 10 6 -
91 | 4 5 6 3 = = < 12 -
92 - 7 - 24 30 - 10 - 25
93 3 - 1 - 2 7 4 - 2
94 | 20 - 10 -_| 15 8 13 - -
95" - 14 - 18 10 - - - 21
96 - - 3 - - 4 5 7 -
97 15 8 18 - - - - - 14
98 6 12 - 9 1 17 -, - 10
9| - 16 23 - 12 - 7 - -
100 - 24 - 100 - 40 - 18 -
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3. TunoBo# pacyer 3a1aHuA
«PacyeT IHHEHHBIX HeNneH CHHYCOHJaILHOI0 TOKA»

3apaua 3.1

DIEKTPHYECKYIO LieNb, CXeMa KOTOpo# u3obpaxeéna Ha puc. 3.1, paccuutats
npu uactore f =50 I'y no mammsv tabn. 3.1. IlocTpouTs TOmOrpaduueckyro

BEKTOPHYIO IHarpammy.
a j R P fYLlY\ om 2 en ?ﬁx
T, Sam =T maa
it Up U Ups Ucs
Ugn
K
Puc. 3.1
Tabnuua 3.1
E JanHble Juis pacyera Onpepenuts
§- Rl’, R29 Lb CZ, Uen, ¢U’
/M Om | Om | M[H | ux® B 2pad
101| 3 1 223 | 318 {21,15] 30 |i Uwo |P |0 |S

Ha cxeme noxa3aTh TONBKO 3aaHHBIE JIEMEHTEI.
Pemenne.

1) Onpenenimv MrHOBEHHOE 3HAYEHHE TOKA
i=1,sin(ef+¢;).
I, - amnurypa toxa, I, =~21.
I - peiicTByromee 3Hagenue TOKa,
1=Zen g
an
OnpenenyuM peakTHBHEIE CONPOTHBICHMS IENH:

Xp=ol =2rfl; =2-314-50-223-10"3 =7 Ou;
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1 1 | 1

= = =lOOM.
wCy, 27fC, 2.314-50-318-10°%

XCz =

Vrosas wacrora @ = 27 f =2-3,14-50=314 ¢

BenuuuHa CONPOTHBIIEHHS Y9aCTKa LIENH 61

Zen =VX12 + Ry2 =72 +12 =7,05 On.

oY _2L15 5
Zs: 105

Havansnas ¢asa Toxa @; = @, — @, rae
@, - HavanbHad (asa HaNPKEHHH,

@ - yron capura (assl TOKa 10 OTHOIIECHHIO K (pa3e HaNpsOKeHHS.

Vron ¢ onpezenseM U3 TPeyrojabHHKa CONPOTHBIEHHH (pHC. 3.2):

R +R, . R +R,
! = arctg—T3 =-37°.
(X1 —Xc2) _
Zax Pi=0,-0=30°—(-37°)=67".
i=I,sin(wf+@;)=
Puc. 3.2 © =+2.3sin(314¢+67°) =

=4,23sin(314¢ + 67°) 4
2) MrHoBeHHO€E 3HaYCHHE HANPSKEHUA MCTOYHHKA
u=Uysin(ot+¢,). .

Up=v2U=+2-Zg1.

[Monxoe CONPOTHBIICHHE LIETH

Zae =R+ Rp)? +(Xpy = Xep)? =A4% +(=3)2 =5 Om.
Uy, =+2-5-3=1,41-15=2115 B. '
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u =21,15sin (314¢ +30°).
3) JleiicTByromee 3Ha4€HHe HANPKEHHA Ha yIacTKe ao:

Uy =Zgol =R2+ X2 =32 +72 .3=228B.

4) AxTHBHasg MOLIHOCTH

P=(R +Ry)I% =Ulcosp=4-9=15-3cos(-37°) =36 BT.

5) PeakTHBHas MOIHOCTH

0 =(X, - Xeo)I? =Ul'sing =-3-3% =15-3sin(-37°) = =27 eap.

6) ITonuasi MOIHOCTH

S=UI'=yP? + 0% =15-3=1/36% +(-27)% =45 BA.

7) BexTopHas JHarpaMma — 3TO COBOKYIIHOCTh BEKTOPOB, IIOCTPOSHHAs C CO-
6moieHreM HX B3aMMHOM opHeHTaLuy 1o dase. Ha Tonorpaduyeckoit auarpamMme
HEOOXOAUMO yYHTHIBATE IIOCIENOBATENHHOCTh COC{UHEHHS JIEMEHTOB, YKa3aHHYHO
Ha CXeMe, T.€. 0TpasuTh Tonorpaduio uenu. Jis HoCTpoeHus TonorpahudecKoi Bek-
TOpHOH iMarpaMMsl (puc. 3.3) Heob6xonuMo cHavaa PacCUHTaTh KOMILIEKCHEIE Ha-
TPSDKEHHS Ha KOKIOM 3JTEMEHTE CXEMBI, @ 3aTeM HauaTh IOCTPOSHHE THArPaMMBI C
ob1mieii BeMIMHEI — BeKtopa Toka J , nocie gero NOCTPOMTH MOCIENOBATENBHO APYT
3a ZIpyroM BEKTOpa HaNpsKeHui, Hawmmas ¢ U g .

=367
Bexrop Toxa / mop yriom Q= 67° x ocn +1 MOXHO OTIONHTH B MOGOM

B
macmrabe, MacIuTab Hanpsxenws My =3 ——. Bce BeKTOpa CBA3HIBAIOT C OCHIO
oM

+1, gasosuiit oxsur yxassisaror CTPEIIKO#i 0T TOKa K HANPSHKEHHUIO.

Jpy = Ryi =9eJ67° ; -
Up=RI=9%e -BeKtop U, copmanaer mo dase ¢ /.

T = jXpl = el9° /67° s7h 1
Un=jXpl=e -7-3eJ67 =21e/37" | qro6u NONyYuTh Ha-

uparncas Ui sexiap / Bpamaem ka + 90° (nporus wacosoit CTPEJIKH).
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3anaua 3.2

PaccyuraTe 351eKTpHYECKYIO LENb, CXeMa KOTOpOi n3obpakeHa Ha puc. 3.4, o
nJaHHpIM Tabnuuer 3.2, TlocTpouTh BEKTOPHYIO Auarpammy. [lopcuurats GanaHc

MOLIHOCTEH.
j . X
i I
Uni l R .
. Ugra l R
U 2
Up l JXn . .
Uczy=="-J Xc2
Uc -JXe T
J VT
Puc. 3.4
Tabmuua 3.2
E JlanHBI€ 11 pacyera Onpenenutsb
§. R]; Rz, XLl, XClv XC2’ L, A
/M Om Om Om Om Om ’
101 4 8 6,64 332 6 4 L | 1

1) Onpenenim KOMIUIEKCHbIE CONPOTHBIIEHHS NMEPBOH BETBU Z |, BTOPOY BETBH

Pemenne.

Z > 1 SKBUBAJIEHTHOE CONPOTHBJIEHHE Lenu Z .
Zy=R+jX —jXc1=4+ j6,64—- j332=4+ j332=

jarctggﬁ 400
=42 +332% ¢’ 4 =52¢/40".

jarctg— im0
Zy=Ry- jXe =8- j6=V82+62 ¢’ " °8 =106 ;
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7212 52654 10e T 5208
Zy+Z;  4+j332+8-j6 12— 2,68
52¢/3°

123¢” j12%30°

=4,22¢/15°30

2) IlpuHuMaeM HavanbHyio a3y 3aJaHHOM BETMUMHBL @i =0, Torma
. 00
L=4¢/" =4 4.

Kommueke nelcTByiomero 3Ha4eH s BXOAHOTO HANpPSKEHHS

. . 400 100
U=2J,=52e/%% .4-208¢/40 B
Jetictyroniee 3HaueHHe BxoaHOro Hanpsokenns U = 20,8 B.
. 1'400

U, k. 20,8¢e

om0
= = =2,08¢/7" 4;
2 10e™/

3) jz =
I,=2,08 4.

4) BxomHOM TOK I moxmo ONpPENENHT nBym Meronamu; 110 3akoHy OMa 1 no
nepsomy 3akoHy Kupxroda. '
ITo 3axony Oma:

ITo nepBomy 3akony Kupxroda:

a0
[=h+I,=4+2,08e/"" =4+2,08c0s77° + j2,085in77° =

2,01
. Jjarctg—
= 440,468+ j2,01= 4,468+ j2,01 = 4,468% + 2,012 " 4468 -
s 5ef24°'2'A-
I=54.
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CpaBHeHHE JBYX METOJIOB IOKa3hIBAaeT, 4TO MOTPENIHOCTh PAacyeToB — B H0-
MyCTHMBIX MpeJenax.
5) BekropHas puarpamMma (puc. 3.5).

A
Boibupaem Macmra6 Toka My =0,5—, MacmTab HanpsokeHus
M

B 5
my =4 —. Cragana oTHOCHTENBHO ocH + 1 omnoXmM paccunTanmble TOKH [,
oM

I,, I u yGenamcs, 9T0 W Ha AMarpaMme BBUTOJHACTCA NepBHI 3akoH Kupxroda

(ToxH 06pa3yroT MapajuIeNnorpamMmM).

A ULI

1 Uc

Puc. 3.5

3arem pacCYuTaéM KOMIUIEKCHBIC HANPsDKCHHA Ha KaXIOM 3JIEMEHTE, OTJIO-.

JKAM HX BEKTOpa (1A KaKIOM BETBH IOCIEHOBATENBHO APYT 3a APYTOM) H yOemum-
cs1, 9TO BBIMOJIHAETCA BTOPO# 3akoH Kupxroda.

URI = lel =4'4=16 B,

5 A = 0

Uy = jXp3hy = j6,64-4= j26,6=26,6¢/°0 B;

5 . an0
Ui ==jXcrdy =—j332-4=-j133=133¢77%0 B;

o " 5 400
U=Upg +Up +Ug =20,8€j40 - W3 pacyera.
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. 5 :mm0 .m0

Ugy = Rol, =8-2,08¢/"" =1664¢’"" B;

3 s 770 2 20
Ucy =—jXcaly =-j6-2,08¢/"" =12,08¢7/1% B;
. . . 400

U=Upy+Ugy = 20,86140 - M3 pacyera.

U= 5,2c1w~4£ =208 B, ¢, =40° - u3 maarpanmsr.
cm

Pe3ynbTaTsl pacyeTa W BEKTOPHAS JMarpamMMa COBITQJAIOT C JOCTATOYHOM TOY-
HOCTBIO, 3HAYHT, PACYeThl ¥ MIOCTPOCHUA AHArPaMMBbl BHITIONIHEHB! BEPHO.

5) Iloncunraem GanaHC MOIHOCTEH.

B nuHeiHON 3/eKTPUYECKOH e CyMMa aKTHBHBIX MOIITHOCTEH HCTOYHHKOB
DJIC paBHa cyMMe AaKTHUBHBIX MOIIHOCTeH moTpeOuTenei, a CyMMa peaKTHBHBIX
MomHocTed ueroyrnkos DJIC paBHa cyMMe peaKTHBHBIX MOIMHOCTEH moTpebuTenei
JHEPrHH, T.. CYHIECTBYeT OalaHC KOMIUIEKCHBIX MOLIHOCTeH MCTOYHMKOB M
noTpeduTenei.

25 sorp, = Z8aer.
% (Prosp. +J Cnonp) = TP+ J Quer)-
2 Prorp. = Z Pycr
20 o =2 P}

CyMMa aKTHBHBIX MOILHOCTEH MoTpebuTeNneii:

3 Prorp. = R+ Ryl,? = 4-4% +8.2,08 =986 Br.

2 norp. = (X1 - XC!)IIZ +(-Xcp)l,2 =332-4% -6-2,08% =272 6ap.
TonHas KOMIIEKCHAsA MOIIHOCTb HCTOUHHKA:

55 op = U1 =208/ . 567724%2 _ 104071548 _ 10405 (15%8") +

+ j104sin(15°48") =104 0,96 + 7104-0,27 = 9.8+ 28 = Pyoy. + Oper.
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paBH¢{
{BIX N

Bananc MommocCTei:
p2 Pn0’rp. = Py i 98,6 BT~ 99,8 BT.

zQnorrp. =2 Oyer.;

[MorpemHoCTs NpH pacyere 6ananca MOIMHOCTEH — B HONYCTHMBIX Npeaesnax,

27,2 eap ~ 28 eap.

YTO €1 pa3 MOATBEPXXAACT, YTO 3aa4a PELICHA BEPHO.

3anava 3.3

OnpeseNuTs KBHBAJICHTHOE CONPOTHBIEHKe ueny (puc. 3.6) Z B anreGpau-

YeCKOM M MoKasaTeNbHOM GopMe 1o JaHHbIM Tab. 3.3

jXLl 'j XCl

o Y Y ] ’

R,
Y = -j X3

JX12

/

o

Puc. 3.6
Tabmuua 3.3
Baps- JlagHbIe [U1A pacyera
Rz, Om XL],_OM XLz,OM XCI,OM Xc3,0M
101 7 12 25 22 30

Ha cxeme noka3zats TOJNBKO 3a{aHHbIE AEMEHTEI.

Peumrenue.

(R, + jf\’ Lz)(—chs) - jl2- 22+ 7+ 1'25)(— '530) _
Ry+ jX 12— JXes3 7+ j25-j30

Z=jXp-jXa+
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=_j10+—j210—j2750=_j10+—j210+750:
7-J5 7-J5
: -210
tg —— 150207
10+ V210 +750% ¢ 750 ——j10+———778’85e-ﬂ$ o
V72 4 52 ejmtg% 8,6~/ 35°30°

200
=-j10+90,5¢/20" = —10+90,5c0520° + j90,55in20° =

2 21
tg— .
——j10+85+ j31=85+ j21=V852 +212 &’ " C85 —g756¢/14°
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3akon Oma

1)AKTHBHOE CONPOTHBJICIHE

+j
c’|R|c_':1':]R : Uad b 41
Rl =y | A
Ug=Ri = Ug=R1I =gy -¢;i=0

2) UHnpayKTHBHOCTE

uL =L—

3) Emrocrs




