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1. OBIIME CBEJIEHMS O BBIMTOJHEHUN, O®OPMJIEHUN
1 3AILNUTE 3AJAHUS

[lepen TeM, Kak NPUCTYNHUTh K 3a/laHUI0, HEOOXOAUMO MOBTOPUTH OCHOBHBIE
TEOPETUYECKHE IOJIOKEHUSI M METOJbl pacueTa leneil nepemeHHoro toka. [locne
npopabOTKK MaTepUANIOB JIEKIIUN, MPAKTUYECKUX 3aHATUNA U COOTBETCTBYIOIINX pa3-
JIEJIOB YY€OHUKOB CJEAYyET MPOBEPUTH CBOM 3HAHUS MO KOHTPOJIBHBIM BOIIPOCaM H
pazo0paTh NMPUBEICHHBIE HIXKE METOAUYECKUE PEKOMEHIAIUY.

BapuaHTbI cXeM M 3a1aHUI YKa3aHbl B IPUIOKEHUAX 1 1 2.

[Tocne BeIMoHEHUA 3a1aHusl 0opopmiIseTcss OTYET B COOTBETCTBUU C TpeOOBa-
HusmMu ECKJl x odopmiieHHIO MOSICHUTENBHBIX 3aIUCOK U rpaduyeckux oOo3Haue-
HUH, npumMep 0pOpMIIEHHS TUTYJIBHOTO JINCTA MOSCHUTENBHON 3alIUCKU MIPUBENIEH B
MIPUJIOKEHUH 3.

Kaxxzpiii sTan pacdera JTOJDKEH COIPOBOXKIAATHCA KPATKUMHU IIOSCHEHHSIMHU.
BekTopHble TuarpaMMBl CleyeT BBINOJHATh C YKa3aHUEM U COOJIIOICHHEM MacllTa-
0a (wm Ha MIUIMMETpoBOW Oymare). Pe3ynbTarhl HMccienoBaHUN JOIKHBI OBITH
IIPOAHAIM3UPOBAHBI U OOBSICHEHBI.

3ajaHue claercs Ha MPOBEPKY IIPENOJABATEN0 B CPOKH, ONPEIECIEHHBIE Ipa-
(¢uKoM yueOHOro mpoiecca.

[IpaBuUnbHO BBINOJIHEHHOE 3a/laHue 3amuuiaercs. [lpu 3ammre cTyaeHT mod-
’eH OBbITh TOTOBBIM K OTBETY Ha KOHTPOJIbHbIE BOMPOCHI, IPUBEACHHbBIE B pa3jeie S,
K OTBETY Ha JIF0OOH BOIPOC IO pacyeTy Leneil NIepeMEeHHOro TOKa, a TAKXKE K pacuery
MPOCTHIX JEKTPUUECKUX CXEM U MOCTPOCHUIO BEKTOPHBIX AUATPAMM.

2. 3AIAHUE

1. HaiiTu TOKM B BETBSX CX€MbI C OMHUM UCTOYHUKOM DJIC, UCcob3ysl SKBUBAJICHT-
HbIE MPEe0OpPa30BaAHUS CXEMBI:
a) npuHATH 3HaueHue DJ]C BTOpOro HCTOYHHKA PaBHBIM HYIIO (E>=0);
0) HaliTH BXO/JHOE (?KBUBAJICHTHOE) COMPOTUBIICHUE CXEMBI;
B) HaliT TOK uepe3 uctounuk IJC Ey;
') HATU HaIPsDKEHKE, MPUIIOKEHHOE K PA3BETBICHHOMY YYaCTKY CXEMBI;
1) HAalTH TOKU B BETBSIX Pa3BETBJICHHOTO y4acTKa.
2. HailiTu TOKM B BETBSIX CX€Mbl ¢ JIBYMsi uctouHukamu OJIC, UCHONB3ys METOJ
HaJIOKEHUS:
a) npuHATH 3HaYeHrne D/IC nepBoro HCTOYHUKA PaBHBIM HYJIHO (E£1=0);
0) HaliTU TOKU B BETBSIX CXEMBbI, NMPOTEKAIOIIME MO JACHCTBHEM BTOPOIO HC-
TOYHUKA;
B) WCIMOJB3Ysl IPUHIMUII CYNEPIIO3UIIMU U PE3YIbTAaThl PACYETOB IO MYHKTY 1,
HalTH TOKU B BETBAX CXEMBbI IPH JIBYX BKIIOUEHHBIX UcTOUHUKaX D]IC.
3. Haiitn TOKM B BETBAX CXE€MbI C JABYMs HcTouHMKamu DJIC meTonom Hemocpen-
CTBEHHOTO TIPUMEHEHUs 3aK0HOB Kupxroda.
4. TIpoBepuTh NPABUIBHOCTH pacyeTa cXeMbl ¢ AByMs uctouHukamu DJ1C mMeronom
OasaHca MOIIIHOCTEN.



5. Tlo pe3ynbraram pacyeTa cxeMbl ¢ OAHUM UCTOUYHHKOM DJIC MOCTPOUTH BEKTOP-
HYIO JuarpaMMy TOKOB U HaIlpsOKEHUH.
6. HccnenoBath B cxeMe ¢ OJHUM HCTOYHUKOM DJIC BIMsSHUE pPEaKTUBHOM COCTaB-
JISFOIIEH BXOJHOTO (3KBUBAJICHTHOI'O) CONTPOTUBJICHHUS LICTIH:
a) npuHAThH 3HaueHue DJ{C BToporo ncrouyHuka paBHbIM HymO (E£,=0) u 3ame-
HUTBH BTOPYIO U TPETHIO BETBU OJIHOM YKBUBAJICHTHON BETBBIO;
0) ompenenuTh, KAKOE PEaKTUBHOE COMPOTHBICHHE X HEOOXOIUMO BKIIIOUHTH
B MEPBYIO0 BETBb mocieaoBaTeibHO UcTOUHUKY DJIC E; mis Toro, 9YTOOBI TOK
Yyepe3 UCTOYHUK CTaJl YACTO aKTUBHBIM;
B) BapbUPys PEAKTUBHOE COMPOTHUBIICHUE X (TpU TOYKH B CTOPOHY YMEHbIIIE-
HUS X ¥ TP TOYKHU B CTOPOHY YBEIUYCHUS X), paCCUNTATh:
- 3HadeHud Toka yepe3 uctouHuk IJIC Ej,
- aKTHUBHYIO, PEAKTHBHYIO M TMOJHYI MOIIHOCTH, TOTpeOsIeMble OT MCTOY-
HHKAa,
- K03 HUITUEHT MOIITHOCTH
U TIOCTPOUTH TpaduKu UX U3MEHEHUS B (DYHKIIUN CONTPOTUBJICHUS X;
I') MPOAHAIU3UPOBATh U OOBSICHUTD IMOJYUYCHHBIC PE3yJIbTATHI.

3. METOAUYECKUE PEKOMEHJAILIMU K BBITTOJIHEHUIO PACUETOB

3.1. U3o6paxkeHue dMEKTPHUUECKUX BEIMYUH C MIOMOIIBI0 KOMIUIEKCHBIX YHCET

Komnnexkcruvim yuciom A HAa3bIBACTCA BBIPAKCHUC BUJIA:
A=ReA+ JImA,

rae ReA u ImA — nelicTBUTENIBHEIC YHCIIA;
] — MHUMas ¢IMHUIIA;
ReA — nelcTBUTEIbHAS YacTh ynciia A;
IMA — manMas gacTh uncna A.

Bcesikoe koMIuiekcHOe 4nciio A MOXKHO M300pa3uTh Ha KOOPAWHATHON IIIOCKO-
ctH B Buzie Touku A(X; Y) ¢ KOOpAMHATAMH:

X=ReA,
y = ImA.



HJ'IOCKOCTL, Ha KOTOpOﬁ I/I306pa)KaIOTC5I KOMIIJICKCHBIC YHMCJIa, Ha3bIBAIOT
N10CKOCMbI0 KOMNIEKCHO20 NEepemMeRH020

Re WM KOMNAEKCHOU niockocmbio. Todkawm,
_____ 4 JNeXaluM Ha ocu Re (melicTBUTENbHAs OCb),

g d COOTBETCTBYIOT  JICHICTBUTENBHBIE  YHCIIA,
| Im TOYKH, Jexanme Ha ocu Im (MHUMasT OCb),

5 X' n300paxkatoT MHUMbIE unciia. CoeauHUB

Havaso KoopAwHAT ¢ Toukoit A(X, Y), moiy-
yum Bektop OA (puc. 1). iuna BekTopa

OA naseBaerca mooyrem A Komniekcnozo
yucna A, yroa ¢, MEXIY I€UCTBUTEIBHOU

Puc. 1. KoMIuiekcHas MI0CKOCTh —
oceio u Bektopom OA | maspiBaercsa apry-

MCHTOM KOMINIICKCHOI'O YHCJa A .
Hmeet mecTo ciacayromec paBCHCTBO!:

Re(A) = A-cos(@),

Im(A) = A-sin(p).
Tornma

A= Acos(p) + JA-sin(p).

BoIpakeHus1 Ha3bIBAIOTCS MPUSOHOMEMPUUECKOU (YOPMOU 3anucu KOMNIEKC-
HO20 4ucaa.

Ecmu Bektop OA paBHOMEpHO BpalnaeTcs ¢ KpyroBoi 4acToTol @, TO BbIpa-
KEHUs IPUMYT BUJ!

Re(A) = A-cos(at + @),
IMm(A) = A-sin(ot + @) ,
A=A-cos(wt+ @)+ jA-sin(wt+ ).

Ecnu, nanpumep, 3aiana rapMoHUYecKasi (CHHyCOMIalibHAs WM KOCHHYCOU-
nanbHast) pyukius I/C:

e=E, -sin(at+¢),

rae By — ammuryna;



@ — KPyroBas 4acToTa;
@ — HayanbHas Qa3a;

TO €l Ha KOMIUICKCHOM ILIOCKOCTH 6y,Z[eT COOTBCTCTBOBATb PABHOMCPHO Bpalllaro-
HlPIfIC)I BCKTOD. COOTBCTCTBGHHO, rapMOHHYCCKH HU3MCHAIOINYIOCA SI[C MOJKHO 3a-
IMMCaThb B BUJIC KOMIIJICKCHOI'O BBIPAKCHUS B TpHFOHOMeTpH‘ICCKOfI:

E,, = E,cos(at + @)+ JE,, -Sin(wt + @)
WU B NOKA3aMenbHOU (hopme 3anucu:
En =E, - el

AHAJIOTUYHO 3aMKCHIBAIOTCS KOMIUIEKCHBIE U300pKEHUSI IPYTUX DJICKTpHUUe-
CKMX BEJIMYHMH, 3HAUCHUS KOTOPBIX U3MEHSIIOTCS BO BPEMEHHM MO TapMOHHUYECKOMY
3aKOHY (TOKH, MaJCHUSI HANPSKEHUS) UM HE U3MEHSIOTCS (COmnpoTUBIIeHUs ). B mo-
CJIEIHEM CITy4yae KpyroBas 4acToTa ( OyJIeT paBHa HYIIIO.

[Ipu oMHAKOBOM YacTOTE BEKTOPHI BCEX DJICKTPUUYECKUX BEIUYUH BPAIIAIOTCS
C OJIMHAKOBOW CKOPOCTBIO, 1 MX B3aUMHOE PACIOJIOKEHUE OCTAETCA HEU3MEHHBIM.
[TosToMy mpu aHaW3€ COOTHOLIEHUM MEXIY PAa3JUYHBIMU JIEKTPUUYECKHUMU BEIH-
YUHAMH OJIHOW CXE€MbI MOYKHO CUUTATh UX HEMOJABUKHBIMHU U OMYCTUTh B BBIPAXKECHU-
X mapametrp ot, T. e. npuHATh, Hanpumep, Bpemsa t=0. [lomyuaromeecs mpu sTom
BBIPOKEHHUE HA3BIBAIOT KOMNIEKCHOU amnaumyoot. KoMIuieKkCcHas aMIUITUTYa B TPU-
TOHOMETPUYECKON U B IMOKa3aTeIbHON opMax 3arvicu UMEET BU/I:

E,=E, -cosp+ JE_  -sing,

E,=E,-e".

Jlnst n300paxkeHusi CHHYCOMIANbHBIX (DYHKITUN dalle IMOIb3YIOTCS HE KOM-
IJIEKCHOW aMIUTUTYIOU, & KOMAIJIEKCHbIM OeticmyIowuM 3HauyeHuem dICKTPUYECKOM
BEJIMYUHBI:

Takum oOpa3om, eciu 3ajlaHa CHHYCOUJaIbHAsT (DYHKIMS, TO JJISl TIOTY4YEHUS
KOMILJIEKCHOTO HW300pa)KCHUS ACHCTBYIOIIETO 3HAYCHHUS B IOKa3aTeNbHOU (opme

HY)XHO aMIUTHTYLy Pa3e/IuTh Ha /2 W YMHOXHUTb Ha €7 .
Ncnonb3oBaHre KOMIUIEKCHBIX YUCEN MPU pacyeTe IEKTPUUECKUX LIeTIel mo3-
BOJISIET 3aMEHUTh JEHCTBUS HaJ MTHOBEHHBIMH 3HAYEHUSMM CUHYCOUJAIBHO U3MeE-
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HSIOMIMXCS BEJIMYMH JEHCTBUAMHU HaJ KOMIUIEKCHBIMH yuciamMu. Takum obpazom,
BO3HUKAET IOJIHAsI aHAJIOTHs 3amucedl ypaBHeHHMH mo 3akoHam Oma u Kupxroda u
METOJIOB pacyeTa Iernei NepeMEHHOr0 U IOCTOSIHHOTO ToKa. OTINYME TOJIBKO B TOM,
YTO B LIEMAX MOCTOSHHOTO TOKAa B YPAaBHEHUS BXOJAT JCUCTBUTENIbHBIC 3HAUCHHUS
ANeKTpruecKuX BenuuuH (E, | 1 T. 11.), a B LensIX MepeMeHHOro TOKa — KOMITJICKCHBIE
(E,1uT. n0).

Pacyer memneii mepeMeHHOr0 TOKa MOXHO TMPEACTaBUTHh B BUIE CIEIYIOIIUX
TpEX ATAIOB:

1) mpsimoe mipeoOpa3oBaHuEe — MEPEXO] OT CHHYCOUAAIBHBIX (PYHKIUH K KOM-
TJIEKCHBIM BEJIMUMHAM;

2) pacyer IeNnH ¢ TTOMOIIBI0 KOMITICKCHBIX YHCET;

3) obpaTHOE MpeoOpa3oBaHKe — MEPEX0]l OT KOMIUICKCHBIX BEJIMYHH K CHHYCO-
UIATBHBIM (PYHKIUSIM.

3.2. IIpeobpazoBanue cxeMbl Ienel IepeMeHHOro ToKa
[TocnenoBarenbHOCTh MPEOOPA30BAHUS CXEMBI NIEPEMEHHOTO TOKA HE OTIHYa-

€TCsl OT MOCJIEI0BAaTEIbHOCTU MIPe0Opa30BaHusl CXEMbI IIOCTOSTHHOrO Toka. PaccMoT-
PHUM 2KBUBAJICHTHOE MpeoOpa3oBaHUe CXEMbI IEPEMEHHOT0 TOKa (pHC. 2, a).

a a a
Re LR [JRs
Xo X ¢ X [z [z “ I
X =FXs =X
Eq Ex =
b b b
a) 6) B)

Puc. 2. [IpeobpazoBanue cXembl

Conpotusnenust Ry, X; u X, BKIIOYEHBI TOCJIEI0BATEIBHO, 3aMEHSIEM UX OJI-
HUM KOMNJIEKCHbIM CONpoOmusieHuem L.

Zi =R+ j(Xl—X4):Zl-ej¢1,

r71€ MOJIYJIb KOMIUIEKCHOT'O CONPOTUBIICHUS Z;:

21:\/R12+(X1_X4)2;



apryMEHT KOMILIEKCHOTO COIPOTUBIICHHS Z; '
¢ = arctg (X, — X4)/Ry).
3HaKy «+» Iepel PeaKTUBHBIM COIPOTHUBJIEHHEM COOTBETCTBYET WHIYKTHB-

HBII XapakTep COMPOTUBIEHUS X, a 3HAKY «—» — EMKOCTHBIM.
AHaJIOTMYHO ONPEIEISIFOTCS COPOTUBIEHUS £, U Z3!

Zy=Ry+i(Xp = X5)=Z,-e)%,
Z3=Ry+ j(X3—Xg)=Z5-€'%.

Conpotusnenus Z; U Z; BKIIIOYEHBI NTapajuiesibHO (puc. 2, 0). 3aMeHUM UX OJI-
HUM SKBUBAJICHTHBIM COIIPOTHUBIICHUCM

Z>-Z ) i
Z :ﬁzR + X =7 .ej¢ab_
Zab ;2_'_;3 ab J ab ab

ConpotuBnenus Z; u Zy, (pUc. 2, B) BKIIOYEHBI MTOcIeAoBaTeabHO. CyMMHpPYs
UX, TIOJTY4aeM 6X00HO0e UNU IKEUBALEHMHOE CONPOMUBTEHUE CXEMbL '

_ Y _—7 .al?
Z, =R, + X, =2Z,-e'".
[Tocne onpeneneHus YKBUBATICHTHOT'O CONMPOTHBIICHUS MPUCTYIIAaeM K OIpeie-
JICHHUIO TOKOB B CXEME.

Cuauvaina no 3akoHy OMa onpeAensitoT TOK 4epe3 UCTOUHUK:

E _E-e/ v,
ll:—:Tzll-e y
Z, Zpe'”

r7ie ICUCTBYIOIIECE 3HAUEHUE TOKa |;:

aprymeHT (HadanbpHas (asza) Toka l;:
Y1=Pe — 9,

3arem omnpenenstoT HanpsikeHue Uy, MPUIIOKEHHOE K PA3BETBICHHOMY y4acT-
Ky CXEMBbI:



Ugp=11Z4=Uy -e!>

N TOKH B BCTBAIX:

llab — |2 .ejl//z’
£2

1,

ab — |3 ,ejl//a .
£3

HpaBI/IJIBHOCTB pacucTra I_IGHGI‘/JI IICPCMCHHOI'O TOKa IIPOBCPAIOT IIOCTPOCHUCM
BGKTOpHOﬁ AuarpaMmbl 1 COCTAaBJICHUCM OanaHca MOHJ;HOCTGﬁ.

3.3. Pacuer nemnei nepeMEeHHOTO TOKA C ABYMS HCTOUYHUKAMHU

B 3aganum tpebyercst paccuuTaTh TOKU B cxeMme ¢ AByMs uctouyHukamu JJ1C
METOJIOM HaJIO)KEHUSI M METOJOM HEMOCPEICTBEHHOIO TMPUMEHEHUS 3aKOHOB
Kupxroda.

Memoo nanosicenuss OCHOBaH Ha TOM, YTO B DJIEKTPUUECKOMN IEMH C HECKOJIb-
kuMu ucTouHnKaMu DJIC TOK B HEKOTOPOW MPOU3BOJLHO BHIOPAHHOW BETBU pPaBEH
CyMME YaCTUYHBIX TOKOB, KOKIBIH U3 KOTOPBHIX 00YCIIOBJICH OJHUM M3 UMECIOIIUXCS B
1eny UCTOYHUKOB. [Ipu MCIIOIB30BaHUHU ATOTO0 METOAA CJIEAYET PacCUMTATh YacTHY-
HBIE TOKH OT JACHCTBHS Kaxaoro ucrtouynuka JDJ[C, 3aMeHsst Apyroi mpoBoaoMm 0e3
CONPOTHBJICHUS (CUYMTAEM, YTO MCTOYHUKH HJCaIbHbIC U UX BHYTPEHHEE COMPOTHUB-
nenue paBHo 0). [lpuaumas E,=0, Haxomaar gactuuHbie TOKH lig1, logr, B l3gp, 00y-
CJIOBJICHHBIE JIeWCTBMEM HCTOYHMKA Ej, a mpu E;=0 HaxoasT yacTuuHble TOKH iy,
log2, U I3, OOyCIIOBIEHHBIE JeHCTBUEM HUCTOUYHMKA E,. VickoMmble TOKM paBHBI ainreo-
panyeckoi cyMme (C y4eTOM HaIpaBJICHUI ) YaCTUUYHBIX TOKOB.

[Ipy wucnons30BaHUU METOAA HENOCPEOCMBEHHO20 NPUMEHEeHUsl 3aKOHO8
Kupxeogha cnenyetr cocTaBUTh U PEIIUTh COOTBETCTBYIOIIYIO CUCTEMY YpaBHEHUU B
obmieM Bujae, 0003Hayasi COMPOTUBIICHUS BEeTBeU Zy, Z,, Z3. Ilpu aTOoM BUA cuctem
YpaBHEHHUI HE OTJIMYAETCS OT TAaKOBOTO JUIsl LIENU MOCTOSHHOTO Toka. [loacraBisTh
BMecTo DJIC M CONpPOTUBIICHUI HMX YUCJIEHHBIE 3HAYEHHS CIEIYET TOJBKO IOCTE
HaXO0KJICHUS JECHCTBUTEILHEIX TOKOB B BETBIX B 00IIIEM BHJC.

3.4. CocraBienue GalaHca MOIITHOCTEHN

DHeprus, MoTpedisieMas IMacCHBHBIMUA JJIEMEHTAMHM JJICKTPUYECKON IISTIH,
paBHa HSHEPIrUM, IMOCTABIAEMON B IIE€Nb HCTOYHMKAMH HSHEpPruH. Takum o00pazom,
MOIITHOCTh UCTOYHHKOB SHEPIMHU paBHA MOIIHOCTH MOTpeduTenaeid. ITo U €CTh yCio-
sue bananca MOWHoOCmel.



DHepreTUIeCKUe MPOIISCChl, MPOTEKAOIINE B PE3UCTUBHBIX (Rj), HHIYKTUBHBIX
1 EMKOCTHBIX (X|) 3JIeMEHTaX LEIH, Pa3InYHbl. B pe3UCTUBHBIX dJIEMEHTaX MPOUCXO-
IUT HeoOpaTHMoe MPeoOpa3oBaHKUE DIICKTPUUECCKONW SHEPIHMH B JPYTHE BHIbI SHEP-
rur. CpeHss CKOPOCTh 3TOTO MpoIlecca OnpeaeiseTcs akmusrnol mownocmoio P. B
PCAKTUBHBIX (MHIYKTHBHBIX U EMKOCTHBIX) DJIEMEHTAX MPOUCXOIUT MEPUOIHUCCKOC
aKKyMYyJIMPOBaHHUE SHEPTHH B MAarHUTHBIX M DJICKTPUUYCCKUX TIOJISAX, a 3aTEM SHEPTHUs
BO3BpaIlaeTCsS BO BHENIHIOI OTHOCHTEIBLHO ITHX JJIEMEHTOB YacTh Ienu. HeoOpa-
TUMOTO MPEOOPa30BaHUS PHEPTHH B TAKUX DJIEMEHTAX HE MPOHMCXOJUT. DHEpPreTHye-
CKHE TIPOIECChl B MHAYKTHBHBIX M EMKOCTHBIX JJIEMEHTAX ONPEICISIIOTCS peakmues-
Houl mowrocmoio Q.

CyMMa aKTHUBHBIX MOITHOCTEH 3JIEMEHTOB IICTIH ONMPEICIIICTCS BHIPAXKCHUCM

rae |y — meicTByIoIee 3HaUYEeHHE TOKA Yepe3 K-il 9JeMEeHT IeHH ¢ aKTUBHBIM COIIPO-
TUBJIEHUEM Rg.
CyMMa peakTUBHBIX MOITHOCTEM 3JIEMEHTOB LICTH OTNpe/eseTCs Kak:

rae |y — melicTByroliee 3HAYCHWE TOKA 4yepe3 K- 3JieMeHT Ienu ¢ PeaKTHBHBIM CO-
npoTtusiieHueM Xg. [IpryeM co 3HaKOM «+» YUUTHIBAIOTCS MOIIIHOCTU UHAYKTUBHOTO
XapakTepa M €O 3HAKOM «—» — EMKOCTHOTO XapakTepa.

Y100HO WHTEpHIpPETUPOBATh MOIIHOCTH €M TMEPEMEHHOIO0 TOKa KaK KOM-
IJICKCHOE BhIpaKeHHe. B 3TOM cilydae akTUBHas MOITHOCTHh P cocTtaBnsieT neicTBu-
TEJIbHYI0 4YacThb KOMILIEKCHON MOIIHOCTH, @ PEAKTUBHAs MOIIHOCTh — MHUMYIO
YacTh:

S=P+jQ.

KomnnekcHas MOINHOCTH HCTOYHHKA ONPECACIIICTCA KaK:

_~

Sum =E-1=E-e!?.1.e7 =5  .el”

rne | — xommieke, CONPSIKEHHBIM KOMIUIEKCY TOKa |, mpoTekaroiiero 4epe3 ucroy-
Huk DJIC E u oTnyyaroniyiicss ot komiiekca | 3HakoM rmepea MHUMOM 4acThio (3Ha-
KOM Mepe/l ApryMEHTOM I/ B IOKA3aTeNie CTEIEHN);

¢ — apryMEHT KOMIIJIEKCHOW MOIIIHOCTH:

P=Pe — Y,
10



Bripa3zuB KOMIUIEKCHYIO MOIIIHOCTh UCTOYHHKKA B anredpandeckoit opme, mo-
JTYYUM:

~

Sucm = Pucm + jQucm !

rac Pucm — dKTHUBHas MOIIMHOCTHb MCTOYHUKA,
Qucm — PCAaKTHUBHAA MOIHOCTL HCTOYHHKA.
HpI/I HCCKOJIbKNX NCTOYHHKAX 9I[C HX KOMIIJICKCHAs1 MOIIHOCTH paBHA.

n .
=S E;-lj,
| izl_l =1

~ n —

Sucm = 2 Sucm
i=1

rae |; — conpsKeHHbIN KOMIUIEKC TOKa |lj, MpOTeKaroIero yepe3 MCTOYHUKY E;.
Torga akTuBHAs U peaKTHUBHAS MOIIHOCTH UCTOYHHUKOB:

n
Pucm = |§1 Pucml !

n

[lonHass MOITHOCTB LIEMM MEPEMEHHOIO TOKA PaBHA MPOMU3BEACHUIO JIEHCTBY-
romux 3HayeHui J/1C ncrounuka £ U TOKa yepe3 UCTOYHHK |

OueBUIHO, YTO 3HAYEHUE MOJHOM MOIIHOCTH PABHO MOMIYJIO KOMILUICKCHOU
MOIIHOCTH.

B cootBeTcTBUM ¢ GaraHCOM MOIIHOCTEH CyMMa aKTHBHBIX MOIITHOCTEH BCEX
HMCTOYHUKOB DHEPrUHU JOJDKHA OBITh paBHA CyMME MOIIHOCTEH BCEX PE3MCTHUBHBIX
3JIEMEHTOB:

a CyMMa PCAKTUBHLIX MOH.IHOCTCﬁ BCCX MCTOYHHMKOB SHCPruM AOOJIKHA OBITH paBHaA
CYMMC€ pCaKTHBHBIX MOIJ.IHOCT@I\/’I BCCX YUYACTKOB L CIIN:

Qucm = QZ :
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Jliist ipoBepku OanlaHCa MOIIHOCTEN CXEMbI, MPUBEEHHON Ha pucC. 2, a, ompe-
JIeJIsieM aKTUBHbBIE MOIIIHOCTHU OTJIEJLHBIX COMPOTUBIIEHUH B BaTrTax (BT):

_ 2 _ 2 _ 2
PZI._Rl'Ili PZ_R2°I2’ P3_R3°|3
Y PEaKTUBHBIE MOIIIHOCTH B BOJIbT-aMIIEpaX peakTUBHBIX (B-Ap):

2 2 2
Q =(X1=Xy) 11, Q, =(X3—Xs)- 13, Qs =(X3—Xg)- 3.
Haxonnm cymMapHbi€ aKTUBHYIO U PEAKTUBHYIO MOITHOCTH:
PZIF?l_+P2+P3, QZZQ1+Q2+Q3
[Tomy4yeHHbIE pe3yJIbTAaThl CPABHUBAEM C JICMICTBUTEIBHOW U MHUMOMW YaCTSIMHU
KOMIIJIEKCHOM MOIIIHOCTH UCTOYHUKOB. PellieHue cienyer cuutaTh MpaBUIbHBIM, €C-
u pacxoknenne 3HadeHnd P 1 Py, Q u Qs He mpesbimaet 1...5%.
3.5. [TocTpoeHne BEKTOPHBIX JUarpaMm
HcxonubiMu 1151 IOCTPOCHUSI BEKTOPHOU AUAarpaMMbl SIBIISIFOTCS KOMILJIEKCHBIE
n300paKeHHsl ISUCTBYIONINX 3HAUYECHUNH TOKOB B BETBSIX CXEMbI U MAJCHUN HAIPsIKe-
HUN Ha e€ aneMeHTax. |t mocTpoeHus BEKTOPHOM JuarpaMMbl BRIOUPAIOT MacIITa-
OBl TOKOB M HANPSHKEHUN M B KOMIUIEKCHOM IJIOCKOCTH 1O PACCUYUTAHHBIM JICHCTBY-
IOIIKUM 3HaueHUsIM |y, 1y, 13, Uy, E 1 aprymenTam yy, vy, W3, Wap, Qe CTPOST BEKTOPBI

TOoKOB, HanpspkeHud 1 IJIC (puc. 3, rae npuHsaTo P=0). 3aTeM I MPOBEPKU OIpe-
JESI0T HANPsKEHUE Ha MIEPBOM YUYaCTKeE:!

Uy=1;-Zy=U;-e!"
U TIPOBEPSIOT B BEKTOPHOM (pOpPME BBIMOIHEHUE TEPBOTO:
li=1,+13

1 BTOPOTO

12



3akoHOB Kupxroda. Pemenue mnpaBuiibHOE, eciau 3akoHbl Kupxroda B BEKTOpHOM
(dbopme BBIMOJHSAIOTCS, T.€. €CIU TPEYroJbHUK (MJIM MHOTOYTOJIbHUK) HamlpsKeHUN

I[MOJY4YHJICA 3aMKHYTBIM, a4 TOK 11 PaBCH AUATOHAJIHU IIapalJICIorpaMMa, IOCTPOCHHOI'O

Ha BEKTOpax TOKOB |, U l3.

*

Puc. 3

+1

BekTopHyto nuarpamMmy MOKHO MOCTPOMTBH W JIPYTUM IyTeM, 0e3 m3o0paxe-
HHSI KOOPJIMHAT KOMIUIEKCHOW TUIOCKOCTH. [IpuMeM 3a MCXOIHBIM BEKTOP HAMpsixKe-
HUsI Uy, Ha pa3BETBICHHOM YYacTKE M OTJIOKHM €r0 B MaciiTade TOpU30HTAIBHO

(puc. 4). [lycth conpoTuBieHue BeTBU 2 (puc. 2, a):

Zy =Ry + j(X;—Xg)

HOCHUT aKTUBHO-UHAYKTUBHBINA Xapaktep (T. . X, >Xs). Torma, BekTop Toka |, oTcra-
eT 1o ¢aze oT BekTopa HampsikeHust Uy, HA yrod ¢,, paBHBIN apryMEHTy COMPOTUB-
nenust Z,. [lycTb conpoTuBiieHUE BETBU 3 C CONMPOTUBJICHUAMU R3, X3 U Xg HOCUT ak-

TUBHO-EMKOCTHBIN XapakTep. Torma BekTop Toka |z onepexxaet HanpspkeHue Uy, 110

(daze Ha yrosa @z, paBHBIA aprymMeHTy compoTuBieHus Zz. Ilog yrmamm ¢, U @3 K
HanpspkeHuio Uy, OTKIIaJpIBaeM B MaciiTabe BEKTOPhI TOKOB |, u I3 1 HA oCHOBaHUU
nepBoro 3akoHa Kupxroda crporm BeKTOp Toka |; Kak BEKTOPHYIO CyMMY TOKOB |,

ls.
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Puc. 4

BekTopHble nmuarpamMmbl Ha puc. 3 ¥ 4 aHAJIOTHYHBI M MTOJTHOCTHIO COBITQTYT
IIPU MTOBOPOTE BEKTOPHOU JAMarpaMMsbl (puc. 3) OTHOCUTEIBHO Hayaia KOOpJAUHAT Ha
YTOJ Yap. IIpy 5TOM HArJISIAHO BUJIHO, YTO YTOJI @, (puc. 4) MeXAy TOKOM |, U Hampsi-
xeHueM Uy, OYIeT paBeH ¢o= Wap- Y2 (PUC. 3). AHATOTUYHO (3= Wap- 3.

3areM OmpeNeNsioT HANpsDKEHUS Ha OTIEIbHBIX CONPOTHBICHHSIX R; u X
IIEPBOM BETBU:

ITo BTOpOMy 3akoHy Kupxroda:
E=Up +Uyx;+Ugy

BekTOpHas cymMma HarpsikeHud Uy, u Ujr, Uix IOIDKHA paBHATHCS MPUIIOKEHHON K
cxeme DJIC. [Ins mpoBepKH 3TOr0 M3 KOHIA BeKTOpa Uz, CTPOMM BEKTOP HaIpsike-
HUst Ury, KOTOPBII COBMAJAET MO HAMPABICHUIO C BEKTOPOM TOKa |, mpoTekarommm
Yepe3 3TO COMPOTHUBIICHUE. 3aTeM U3 KOHIAa BeKTopa Ugr; CTpOMM BEKTOp HaIpsiKe-
Hus Ux;. Tak Kak B YMCTO MHIYKTUBHOM CONPOTHUBJIIEHUU TOK OTCTAET OT HAIpPSIKe-
Hus Ha 90 rpaxycoB, To BEKTOp Ux; OTKIIJbIBa€M MEPICHANKYISIPHO BEKTOPY TOKa
l;. PacueTsl BBINOJSHEHBI TPABUWIBHO, €CJIM MHOTOYTOJIbBHUK HAaIpPSKEHUH, OCTPOEH-
HBIN 110 BTOpOMY 3aKkoHy Kupxroda, mosydaercs 3aMKHYTBIM.

3.6. UccnenoBanue BIUSHUS PEAKTUBHOM COCTABJISIONICH BXOIHOTO COMPOTUBIICHUS
Ha TOK U MOIIHOCTH, TOTPEOJIIEMbIE OT UCTOYHUKA

PaccmoTpuM BiMsIHME PEaKTHBHOM COCTABISIONICH IMOJHOTO COMPOTHBIICHUS
L€ HAa IPUMEPE CXEMBI pUC. O, a.
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R R, R3
X, X X3 i Ij Ly F D Lo
X X X
- 6 1
b b b
a) 6) B)
Puc. 5

[Ipeobpazyem cxemy K Buay puc. 95, 6. Tok B cxeme puc. 5, 0, mpoTeKaroIuit
yepe3 nctoyHuk J/[C £y, onpeaenseTcs BbIpaXKECHUEM:

i9. .
1, = El = El.e = | .ejl//l
17> - i 1 ’
=oke Zake'e

rac
Z 0o =Roie+ 1Xone = Z e - €1

=59K6 K8 2K8

— BXOJIHOE (3KBHUBAJIIEHTHOE) COMTPOTUBIICHUE LIETTH. APIYMEHT CONPOTUBIEHUS Ly
HaxoJUTCA 1o popmyie:

X
¢3K6 = arCtg 2 b

K6
Tox |; OyzeT YMCTO aKTUBHBIM, €CJIH €T0 apTYMEHT:
V1=V = Pore = 0.

YcnoBue OyaeT BBITIOJIHATHCS B CIIydae paBEHCTBA apTyMEHTOB YKBUBAJICHTHO-
ro CONPOTUBIICHUS Ly, U DJIC Ej:

¢3K6 = ¢e '

BrmrounB peakTHBHOE COMPOTUBJICHHE X IOCIEIOBATEIbHO C HMCTOYHHUKOM
OJIC E; (puc. 5, B), mojiy4aeM ypaBHEHUE:
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X3K6 + X
arCtg R— = @e .

K6

Pemiast ypaBHEHUE OTHOCUTEIBHO X, MOJIy4aeM:

X = R3K6 tg(”e - X3K6'
OTpHHaTeHBHOG 3HAYCHUC COIIPOTHUBIICHUA X COOTBCTCTBYCT éMKOCTHOMy, a
TITOJIOKUTCIIBHOC — I/IHI[YKTI/IBHOMY XapaKTepy 9TOI'O COHpOTI/IBHeHI/Iﬂ.

Toxk, mpoTekaromnuii uepe3 UCTOUHUK E; B cxeme puc. 5, B, HAXOAUTCS aHAJIO-
TMYHO TOKY CXEME pHC. D, 0.

KoadduimenT MOmHOCTH 1enu NEPEeMEHHOr0 TOKa OTPaXaeT COOTHOIIECHHE
AKTUBHOM Y ITOJTHOW MOIIHOCTEH:

cos _P
» g

rie P — akTUBHAs MOIIIHOCTb, TOTPEOJIIeMast OT HCTOYHHUKA;
S — moJyHAast MOIITHOCTH I[EMH.
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4. KoHTpOJIbHBIE BOITPOCHI

1. Yto Takoe MTHOBEHHOE 3HaY€HHE, HaualbHas (aza u cIBUT ¢a3?

2. B Kakux enMHUIAX U3MEPSETCs YacToTa MepeMEHHOro Toka? Yto Takoe yr-
JIOBasl 4aCTOTa NEPEMEHHOI0 TOKA U KaK OHa CBs3aHa C MepUoaoM?

3. [louemy nelicTByrOIIeEe 3HAUCHNE IEPEMEHHOTO TOKA SBIJIECTCS OJHON U3 €ro
OCHOBHBIX XapaKTE€PUCTUK?

4. Yto mpencraBisieT coOOKW MHIYKTUBHOE (EMKOCTHOE) CONPOTUBIIEHUE U B
KAaKUX €IMHHIIAX OHO u3Mepsercs? Kak 3aBUCHT OT 4acTOTHI?

5. UeMy paBeH yro:i cipura (a3 MEeXIy HalpsDKEHUEM U TOKOM ISl HIeabHO-
0 UHAYKTUBHOTO (EMKOCTHOI'0) COMPOTUBIICHUSI K UY€M OOYCIIOBJICH 3TOT CIBUT?

6. Uto Takoe akTHBHAs U PEaKTHBHAs COCTABIISIIOIINE IEPEMEHHOTO TOKA?

7. Kakue cOOTHOILIEHUS CIpaBEeAJIUBbI JJi TPEYroJIbHUKA CONPOTUBICHUN U
TPEYTOJIbBHUKA MOIIHOCTEN ?

8. UTo MOHUMAIOT MOJ| aKTUBHOW M PEAaKTUBHON MOIIHOCTSAMHU B LIETIH IEpe-
MeHHoro Toka? Kakue popmysbl U3BECTHBI JIJIsl ONIPEIEICHUS] STUX BEIMUUH?

9. Yro xapaktepusyeT ko3pduuueHt mourHoctu? Ilouemy Ha mpakTHke cTa-
paroTCsl yBEIUUYUTh KOA(P(HUIUEHT MOITHOCTHU?

10. B xakux memsx BO3HUKAET PE30HAHC HAIPsHKCHUS (TOKA) U MOYEeMYy OH Tak
Ha3biBaeTcs? KakoBo 3HaueHue Ko3(@UIIMEHTa MOILIHOCTH LIEH MPU PE3OHAHCE U
rnoyemy?

11. B yeM CyIIHOCTh CHMBOJIMYECKOTO METOJIa pacyeTa Ienei nepeMeHHOTO
TOKa?

12. MoxHO 71 Ha BEKTOPHOU auarpamme n3o0pa3uth Toku, DJC u Hampsixke-
HUS1, U3MEHSIOIIUECS C PA3HBIMHU YacTOTaMu?

13. UTo Takoe KOMILIEKCHOE N300paKeHHUE MOTHOM MOITHOCTH?

14. [louemy npu MOCTOSIHHOM TOKE BKJIIOYEHHE B 1I€TIb KOHJEHCATOpa paBHO-
CWJIBHO pPa3phIBY LIETIH, & IPU IEPEMEHHOM TOKE 4€pe3 EMKOCTh MPOXOIUT TOK?

15. HauepTuTh BEKTOPHYIO AMarpaMMmy Hampss>KeHUH M TOKOB JJIsL LENH, CO-
CTOSIILIEN U3 MOCIIEN0BATEIBbHO COCIMHEHHBIX UHAYKTUBHOCTH, EMKOCTH M aKTUBHOIO
CONPOTHUBJICHUS.

16. HauepTuTh BEKTOPHYIO AMArpaMMy HampsDKEHUM M TOKOB ISl LEMU, CO-
CTOSIIIIEN W3 MapajieIbHO COCAMHEHHBIX UHAYKTUBHOCTH, EMKOCTUA U aKTUBHOI'O CO-
MPOTUBJICHHUS.

17. Chopmynupyiite u 3anummrte 3akoHbl Oma u Kupxroda nns ueneit nepe-
MEHHOT'O TOKa.

18. HanpsikeHHs: U3MEHSIOTCA 110 CHHYCOUIAIbHOMY 3aKOHY U=U . sin(at + ).
Kak 3ammcaTh KOMIIIEKC HaNpsOKEHHUS B IMOKA3aTeNbHOM, aareOpandyecKor U TPHTIo-
HOMETpHUYECKOM popmax?

19. Haitnure >KBUBAJIEHTHOE CONPOTHUBIICHHE MOCIEI0BATEIBHO (Mapasiellb-
HO) COEJUHEHHBIX AKTUBHOT'O, PEAKTUBHOT'O U EMKOCTHOI'O CONPOTHUBIICHUH.
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[NTPUJIOKEHUE 1

BAPUAHTBI CXEM RJIEKTPUUYECKUX IEITEM U UICXOJIHBIE JAHHBIE

R1 R> R3

X1 Xo X3

X4 —Xs —Xs
L -
Puc. 1

R1 R» Rs

X1 Xo X3

X4 —1X5 —1Xe

p= 1= O
Puc. 3

R; R2 R3
X1 X2 X3
X4 —Xs —Xs
Yo Q"
Puc. 2
R1 R Rs3
X1 » X2 X3
——X4 —1Xs —Xe
¢ 1= P
Puc. 4

3naueHus D/{C 1 aKTUBHBIX CONPOTHUBICHUI

Howmep E. B
CXEMBI

E, B

Rl, Om Rz, Om Rg, Om

1 100

140 - sin(et — 30°)

10 34 23

2 127 | 140-sin(at + 60°) 20 24 2
3 220 | 140-sin(et +30°) 30 14 3
4 380 | 140-sin(at —60°) 40 4 32
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[MPUJIOXXEHUE 2

MCXO/HBIE 3HAUEHMS TAPAMETPOB DJIEKTPUUECKUX 1IEITEN

Homep | Homep 1o " | %, Om | Xo,0m | XsOm | X5, OM | Xe, Ou
BapraHTa CXEMbI
1 1 - 1 50 45 - 5
2 2 3 - 48 10 40 -
3 3 5 46 - 35 - 15
4 4 - 7 44 - 20 30
5 1 9 - 42 25 - 25
6 2 11 40 - 22 28 -
7 3 - 13 38 19 - 31
8 4 15 - 36 - 34 16
9 1 17 34 - 13 - 37
10 2 - 19 32 40 10 -
11 3 21 - 30 12 - 38
12 4 23 28 - - 36 14
13 1 - 25 26 16 - 34
14 2 27 - 24 32 18 -
15 3 29 22 - 20 - 30
16 4 - 31 20 - 22 28
17 1 33 - 18 26 24 -
18 2 35 16 - 24 - 26
19 3 - 37 14 - 2 50
20 4 39 - 12 47 - 5
21 1 41 10 - 8 44 -
22 2 - 43 8 41 - 11
23 3 45 - 6 - 14 38
24 4 47 4 - 35 - 17
25 1 - 49 2 20 32 -
26 2 51 - 1 29 - 23
27 3 25 25 - - 26 26
28 4 - 26 24 37 - 37
29 1 27 - 23 35 33 -
30 2 28 22 - - 33 31

19



HHPWJIOXEHHE 3
OBPA3EILl O®OPMJIEHMA TUTYJIBHOI'O JINCTA ITOACHUTEJIBHOU
3AIIMCKHN

A
Te]

A 4

YOUMCKUI TOCYIAPCTBEHHBIV HE® TSTHOM
TEXHAYECKWU YHUBEPCUTET

Kadenpa s1eKkTpoTeXHUKH U 3JIEKTPOOOOPYA0BaHUS
MIpEANPUITUH

Pacuerno-rpaduueckas padorta No2

A

20 PACYET U UCCJIEJJIOBAHUE OJTHO®A3HBIX IETIEN ’ 5 R
> I[NEPEMEHHOI'O TOKA D
Bapuant Ne
Boimomaun ct. rp. I'T-07-01 NBanoB N.1.
[Iposepun [Hapunosa C..
Ya 2009

l

20



