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METOJIUYECKUE YKA3AHVS K BBIIIOJTHEHHIO KOHTPOJIBHBIX 3AJIAHUI

[Ipu m3ydyenun kypca TOD cTyneHTbl HpuOOpETaOT HEOOXOAWMBIE 3HAHUS 00 OCHOBHBIX
METOAAaX pacueTa U (PU3UUECKUX IMpoleccax, HPOUCXOIAIIMX B AIEKTPUUECKUX ILEMIX H
3JIEKTPOMAarHUTHBIX MOJISIX.

O/HUM U3 OCHOBHBIX BUJIOB 3aHATHH SIBIISETCS BHIIOJHEHHE KOHTPOJIBHBIX 3aaHUH.

K mnpezncraBieHHbIM Ha TMPOBEPKY KOHTPOJIBHBIM 3aJaHUAM MPEIBSIBISIOTCS CIEIYIOIINE
TpeOOBaHUS:

1.OcHOBHBIE MOJIOKEHUS PEIIEHUS TOJKHBI OBITH JI0CTATOYHO MOJPOOHO MOSICHEHHBI.

2 Pucynku, rpaduku, cxeMbl, B TOM 4MCJI€ WU 3aJaHHbIE YCIOBMEM 3aJaud, JOJIKHBI OBbITH
BBINOJIHEHBI aKKYPAaTHO U B y1000UYNTaEMOM MacIiTaoe.

3B Tterpamum ciemyeT oOCTaBiATH MO IMMPUHOW HE MeHee 4 CM Ui 3aMEYaHUM
IpernoiaBaTes.

4 BeruucneHust JOJDKHbI OBbITh ClIENIaHbl C TOYHOCTBIO 10 TPEThel 3Havale nudpsl.

5.KoHTpobHbIE 3aJaHHs JOJKHBI OBITH TATUPOBAHBI U TOAMUCAHBI CTYIEHTOM.

6.He3auTeHHOE KOHTPOJIBHOE 3a/laHU€E JOJKHO OBbITh BBIITOJHEHO 3aHOBO M MPEJCTABICHO HA
MOBTOPHYIO TIPOBEPKY BMECTE€ C MEPBOHAYAIBHOM paboOTOW W 3aMEYaHUSMHU NpPEnojaBaTes.
HcnpaBnenuss ommOOK B paHee NPOBEPEHHOM TEKCTE HE JomnyckaroTcs. Eciu HenpaBHIBHO
BBITIOJIHEHA HE BCsI paboTa, a TOJNBKO YacThb €€, TO nepepaboTaHHbIA U HUCIPABICHHBIN TEKCT CIeIyeT
3amucarh B TETpaau MOCJIE IEPBOHAYAILHOIO TEKCTA MO/ 3ar0JIOBKOM «cIipaBiieHre OMO0K».

KonTponpHble 3amaHuMsi  3a4MTHIBAIOTCA, €CIM  pELICHHS HE CoepKaT  OMIMOOK
IPUHIUIHAIBHOIO XapaKTepa U BBIIIOJIHEHBI BCE IEPEUNCIIEHHbIE TPeOOBaHUS.

PaboTta Hajg KOHTPOJIBHBIM 33/IaHUEM TOMOTAET CTYAECHTaM HPOBEPUTH CTENEHb YCBOCHUS
UMM Kypca, BbIpa0aThIBa€T y HUX HABBIK YETKO M KPAaTKO M3JIaraTh CBOM MbICIH. [l ycnemHoro
JOCTHKEHUS 3TOU el HE0OXO0IMMO PYKOBO/ICTBOBATHCS CICAYIONIMMHU IPAaBUIAMU:

1 Hauunas pemeHue 3afaud, ykas3aTh, Kakue (pU3MUECKHE 3aKOHBI MM PACUETHBIE METOJIbI
IPEIoIaraeTcsi UCIOIb30BaTh MPU PEIICHUH, IPUBECTH MATEMaTHUYECKYIO 3aHCh 3THX 3aKOHOB M
METO/I0B.

2 TmarenbHO MpoOJayMaTh, Kakue OYKBEHHBIE MM IU(PPOBBIE 0003HAUYEHUS IMpEaroaraeTcs
UCIIOJIb30BaTh B pemieHuH. [1ogcHUTh 3HaueHne Kax10ro 0003Ha4eHusl.

3.B xone pemieHus 3a1auu He cleyeT U3MEHATh OJHAX/Ibl IPUHATHIC HAlIPABJICHUS TOKOB U
HalMEHOBAHHUs y3JI0B, COIPOTUBIICHUH, a TaK)Ke 0003HAYEHHUS, 3aJaHHBIE YCIIOBUEM.

4 Pacyer KaXI0il ompenensieMoil BEIMYMHBI CIEAYeT BBINOJHUTH CHaJalla B O0IIeM BHIE, a
3aTeM B IOJIyYE€HHYIO (OpPMyJy MOJCTABUTH UHUCIIOBbIE 3HAYEHHMS M MIPUBECTH OKOHYATEJBHBIN
pe3yabTaT C yKa3aHUEM €UHUIl U3MEPEHUS.

5/l  2IEMEHTOB  JJEKTPUYECKHUX CXEM  CIelyeT IO0Jb30BaTbcsd  0003HAUYEHUSIMH,
npuMeHsieMbIMH B yuyeOHukax no TOD.

6.KaxxnoMy sTamy perieHus 3aau Hy’)KHO JJaBaTh MOSICHEHUS.

7 Ilpu BBIIOJHEHUM 33aJaHHsI HA TUTYJIBHOM JIMCTE, YKa3aTh (haMIIINIO, UM, OTYECTBO, HOMEP
Ipynnsl, BapuaHT. BapuaHT BbIOMpaeTcs CTYyJE€HTOM IO JABYM IOCIEIHUM IH(paM 3a4eTHOM
kHWKkd. Ecnmm ae mocnennue mmdpsr Oonee 50 @anpumep 62), To Bam HOmep BapuaHTa
OTIpeIeNsIeTCs 10 MpaBuiTy: a8e nmocieanue udpsl —50,T.¢. (62-50)=12 §apuant 12).



1. OBIIWE CBEJIEHUS

Yacto ¢popma nzmenenus Bo Bpemenu pynkuuu (3JIC, HanpspKeHUH, TOKOB) OTJIMYASTCS OT
cunycounanpHoi. Takue DJIC, HanmpspKeHUS WIM TOKH HA3bIBAIOTCS HECHMHYCOMAAIbHBIMU. OHU
MOTYT OBITh IEPUONICCKUMHU M HEMIEPUOTUICCKAMHU.

Jns pacdera W aHanm3a SIBICHUH, MPOUCXOAANINX B JIMHEHHBIX AJIEKTPHUCCKUX LEMSAX MPH
NEPUOINICCKUX HeCHMHYyCOUAaIbHbIX DJIC, HaNpsHKEHUSX M TOKaxX, UCIONB3YIOT Pa3joXKCHUE HX B
TPUTOHOMETpHUYECKHA psint Dypbe ¥ MPUHIINT HAJIOKCHHUS.

3anuch MEPUOIUYECKOT0 HECHHYCOMIAIBHOTO HAMPSKCHUS HCTOYHHKA SHEPTUH  PSIOM
®dypbe J1aeT BO3MOXKHOCTh TPEIACTaBUTh HECHHYCOMIAIBHYIO (YHKIHIO B BHIE CYMMBI
COCTABJISFOLIUX: MMOCTOSTHHOM (B OOIeM ciydae) U mepeMeHHbIX (FrapMOHUYECKHX). DTO MO3BOJISCT
3aMEHHTPH PacyUeT JIMHEHHOU JIEKTPUUECKON IeT ¢ HECUHYCOUAATbHBIMU HANIPSHKCHUSIMU U TOKAMH
pacyeToM MOCTOSHHON ¥ CHHYCOMTAIBHBIX COCTABIISIONIHX.

JIroOytro nepuoanveckyro ¢pynkuuto f(t) MoxHO mpeacTaBUTH B BUZC
fO)=f@+T)=...=f(t+kT)=..., (2)
rae T —rmepuoa u3MeHeHus PyHKIUH;

K —mopsakoBeIit HoMep (Ie/Tble YKciIa, HaunHas ¢ €AMHUIIBI).

[epuoaunueckass HecuHycoupanbHas QyHkmus f(wt), Moxer ObITh pasilokeHa B

CHUHYCOUJIAJIbHBIN AL
f(wt) = A+ A, sinwt+g,)+ A, Sin@wt+y,) + A, SIn@wt+¢,) +...+ A sinkwt+¢, ) +..., (2)
rae A, - HOCTOSIHHAsI COCTaBIISIONIAS;
A, sin(wt+¢,) - mepBas rapMOHHKa, y KOTOpOil mepuon T, paBeH mepuoxy 1 dyHKIuH
f (wt) , oHa Ha3BIBAETCSI OCHOBHOW TaPMOHHUKOW;
A sin(kwt+¢, ) - BeICIINE TapMOHHUKH, HAYWHAS CO BTOPOH TapMOHUKH,
W =W, - OCHOBHasl (TIepBasi) yriioBasi 4acToTa;
A, - ammumTyzaa K -if rapMOHUKH;

Y, - HadanpHas ¢pasza K -if rapMOHUKH.

Teopernuecku psag Oypbe COACPKUT OECKOHEUHOE YUCIIO ClIaraeMbIX, HO TaK KaK OH
OBICTPO CXOJUTCS, TO MPAKTUYECKH OTPAHUYNBAIOTCA HEOOJIbIINM YUCIOM TaPMOHUK.

B 3aBucumoct 0T (QOpMBI HECHHYCOMAAIbHOM (YHKIMH M €€ pPacHOJIOKEHUS
OTHOCHUTEJILHO OCeil W Hauvayia koopauHat psag Pypbe, B KOTOPHINA pa3iokeHa (QYHKIIUS, COCTOUT
N3 TEX HJIN HUHBIX COCTaABJIIAOMINX (HOCTOHHHOﬁ, HCYCTHBIX W YCTHBIX, CHHYCOHIAAJbHBIX H
KOCHUHYCOUAANbHBIX). OTCYTCTBHE WM HAIWYHE HMX OMPEICNIeTCS HEKOTOPBHIMH CBOWCTBaAMH
NEPpUOANYCCKUX HCCUHYCONAAJIbHBIX KPHUBBIX, OGH&,Z[B.IOH_II/IX CI/IMMeTpI/IeI\/'I.



2. AHAJIN3 U PACYET JIMHEMHBIX DJIMKTPUYECKUX LIEIEN ITPU
HECHHYCOHUJAJIBHOM HAIIPSDKEHUN HCTOYHUKA ITMTAHMA

3anuch NEPUOAMYECKOIO HECHHYCOMJAIBHOTO HANPSHKEHUS HCTOYHHMKA SHEPTUM PSIOM
®dypbe AaeT BO3MOXKHOCTh IMPEACTaBUTh €r0 HECKOJbKUMHU MOCIE0BATEIbHO COCAMHEHHBIMU U
OJHOBPEMEHHO JEeUCTBYIOMUMU HUCTOUYHUKAMHU DJIC WM HaNpsKEHUW U OCYIIECTBIATH aHAIU3
AJEKTPUUYECKOTO COCTOSIHUS LIENEe Ha OCHOBE METO/a HAJOXKEHHUS.

MrHoBeHHOE 3HaYEHHE TOKA B JIIOOOW BETBU JIMHEWHON AJIEKTPUUECKON 1IETH, COTJIACHO
MPUHIUITY HAJTO0XEHUSI, PABHO CYMME MTHOBEHHBIX 3HAUEHHI TOKOB B 3TOM BETBHU, BOSHUKIIUX T0]T
JEHCTBUEM TOCTOSHHBIX M TAapMOHMYECKHX  COCTABJISIOIIMX  HANPSDKEHUHW  HMCTOYHHUKOB
ANeKTpuueckoil sHepruu. [IOCTOAHHYI0O U TAPMOHMYECKHE COCTABIAIOLIME TOKA BBIYUCISIOT IO
3aKOHAM JIMHEWHBIX AEKTPUUYECKUX IEMeN COOTBETCTBEHHO MOCTOSIHHOTO M IEPEMEHHOTI0 TOKA.

IIpu pacuere TOKOB B BETBAX U NAaJCHUN HAIPS)KCHUM HA ydacTKaxX LENH, BO3HUKIIUX
OT JIeWCTBUSA IOCTOSHHOW COCTaBISIIOUIEH HaAMpsDKeHHs, HEOOXOAMMO HMETh BBHUIY, UTO
NOCTOSIHHBIA ~ TOK 4epe3 koHmaeHcatop C He mpoxoAuT (EMKOCTHOE COMPOTHBIICHHUE

1 1
— =——=00), NaJicHUEC HANpPSKCHUS Ha 3KUMax MHIYKTUBHOCTH L TpHU MOCTOSHHOM TOJIE

wc  Ole
paBHO HyJi0 (MHAYKTHBHOE compoTtuBienne WL =0[L =0).

IIpn pacdyere TOKOB M NaJACHUM HAINPSOHKEHUN, BO3ZHUKIIUX OT ACHCTBUS TapMOHUYECKUX
COCTAaBJSIOIUX HANPSDKCHUS, MOKHO CUHUTaTh, aKTUBHOE COINPOTHUBIICHUE [ PE3HCTOPa HE 3aBUCUT

1
OT 49aCTOThI, a UHAYKTUBHOC kwL u emkoctHOE k_ CONPOTHUBJICHUA COOTBCTCTBCHHO PACTCT U
W(

yOBIBaeT MPOMOPIIMOHATLHO HOMEPY K TapMOHHKH.
ITpu pacuere Oonee BHICIINX FAPMOHUK HEOOXOAUMO MIPOU3BOJAUTE MEpepacueT 3HaYeHU X

U X, TaKk KaK OHU 3aBUCAT OT 4acToTHI (puc.l):

1
X = kwL; X :WC'
X1, Xe
Ze
()

m

Puc.1. YacToTHbIE XapaKTEepPUCTUKU UHAYKTUBHOTO U €MKOCTHOT'O 3JIEMEHTOB

Pacuer mnepuoguuecKknx HECHHYCOMIAIBHBIX TOKOB M HAmpPSKEHUH MPOM3BOAUTCS
OOBIYHO ~ KOMIUIEKCHBIM MeToJoM. OIHaKO, PAacCUUTHIBATH KOMILIEKCHBIM METOJOM, CTPOUTH
BEKTOPHBIC TUArpaMMBbl MOKHO TOJIBKO JJISi KaXJOW TapMOHUKH B OTACJIBHOCTH, TaK Kak IS
Pa3IMYHBIX TAPMOHMK YaCTOTHI BPAIlEHUS BEKTOPOB Pa3JINYHBI.

IIpn ompeneneHNN TapMOHHUYECKHX COCTABISIOMIMX TOKOB M TMaJCHUH HANpPSDKEHUH Hamo
3HaTh WX AaMIUIMTYABl W HaudanbHble (as3pl. [lo3TOMy mpu pacdere TOKOB BBIYHCISAIOT
KOMIUICKCHBIE aMIUIUTYbl 3TUX COCTABJISIOMINX, COACpPIKAIIUE MOAYIH aMIUINTYJ M HadallbHbIC
da3bl.



3. JEMCTBYIOIIUE U CPEJHUE 3HAYEHU HEPUOJNYECKHX
HECHHYCOMJAJIbHBIX TOKOB, HAITPSDKEHWM, 51C

[Ipu pacuere NOMHOM MOIIHOCTM S HEBO3MOXEH YYeT HayalbHBIX (a3 OTIAENbHBIX
COCTABJISIIOLIUX, [MOATOMY HCIOJB3YIOT JEHCTBYIOIEE 3HAYEHUWE TOKAa W HANPSKEHUS HSTHUX

coctapisitonux. JleWcTByromee 3HaueHHWe JIOOOH TMEePUOAMYECKH H3MEHSIOmENHcs (QyHKIUH,
HaIrpuMep, TOKa, ONpeeNsaeTcs Kak

3)
ITycTh TOK
=1y + 1, sinwt+¢,)+1,, sin@wt+¢,) +...+1 sinkwt+¢, ) +....
Torna, moacraBuB ero 3Ha4eHUe B popmyiy (2), moxydum
= IZ+124124 412+, (4)
AHaJI0ru4HO
U= UZ+UZ+U2Z+. +UZ+... (4); E=EZ+E2+EZ+..+E2+.... (5)

CnenoBarenbHO, ACHCTBYIONIEE 3HAYEHHE HECUHYCOWAAIBbHOrO TOKa, HampspbkeHus, JJ1C
PaBHO KOPHIO KBaJpaTHOMY U3 CYMMBbI KBAJpaTOB IOCTOSHHOM COCTAaBISIOLIEH U ACHCTBYIOIIUX
3HAYEHUM BCEX FapMOHUK, 3aBUCSIIMX TOJBKO OT aMIUIUTYJ M HE 3aBUCSIIMX OT HadalbHBIX (a3

b

JlelicTByromnie 3HauyeHus Toka U HanpspkeHus (wm DJ(C) MOXKHO U3MEPUTHh aMIIEPMETPOM
Y BOJIbTMETPOM 3JIEKTPOMArHUTHOM, SJIEKTPOJUHAMUYECKON U TEIJIOBOM CUCTEM.

4. MOITHOCTMU ITPU INTEPUOJNYECKUX HECUHY COUJAJIBHBIX HAIIPSOKEHUAX U
TOKAX

HyCTB K OCOru MNOPUIOKCHO IMCPUOJHYCCKOC HCCUHYCOHMAAJIbHOC HANPAKCHUC B BHUC
caenyrouiero psga Oypee:

u=U,+U, sinwt+y, ) +...+U, sinkwt+y, ) +...,

¥ B IIENIH IPOTEKAET TOK

=1, + 1, sinwt+¢, ) +...+ 1, sinkwt+¢, ) +....

Torma MrHOBEHHOE 3HaYCHHE MOIIHOCTHU (ITOJIHAS MOIIIHOCTB):

S=ull=|U, +U,, sinWt+g, ) +...+U,, sinkwt+y, ) +..|0

* 1o + 1 SINWE+, )+t | sinkwt+¢, ) +... (6)
[Monxass momrHOCTh S paBHa cymme akTuBHOH (P) m peaktusHoi (Q) cocrasmsromux. Ilox

AKTUBHOW MOITHOCTBhIO P HECHHYCOMIAIBHOTO TOKA MOHUMAIOT CPEeIHEE 3HAUCHHE MIHOBEHHOH (S)
MOIIHOCTH 3a NIEPUOJ] IEPBON TAPMOHUKH.

AxTHuBHaA MOIIIHOCTD, HOTp€6JI$IeMa}I IOCIb0, MOXKCT GBITB Haﬁ[[eHa KaK CpCaHsAd MOIIHOCTDH
3a TIepUO/T

1T
P=—|Sdt. 7
T! (7)

[ToxcTaBuB 3HaUEHHUE MTHOBEHHOU MomnHOCTH P 13 ypaBHenus (6) B hopmyny (7), monyuanm
AKTHBHYIO MOIITHOCTH HCCUHYCOUJAJIbHOT'O TOKA, HOTpe6H}IeMyIO LCIIBIO:

k=00
P=Uyl,+> Ul cosp,, (8)

pe=
e ¢ =,)-@,) - yron chasura mo ¢ase TOka OTHOCHTENHHO HAmMpsyKeHHs s K -if
rapMOHHUKH.



CneszaTeano, AdKTHBHas1 MOIIIHOCTH P IMpu HCCHUHYCOMJAAJIBbHBIX HAIIPSKCHHUAX W TOKaAX
paBHa CyMMe€ aKTHUBHBIX MOITHOCTEH TIOCTOSHHOW W BCEX TapMOHUYECKHUX COCTaBIISIOIINX
HANpPSDKEHUST M ToKa (MMOCTOSHHAS COCTABIISOIIAs PAacCMaTPUBACTCS KaK HyJieBas TapMOHHKA C
$, =0).

ITo aHanorMM ¢ MOHATHEM PEaKTUBHON MOIIHOCTH Q IpHM CHHYCOWIAIBHON TOKE, B IIeTH C

HECHHYCOMUJIAJIbHBIM TOKOM MOXHO (OpMajibHO BBECTH TOHITHE PEAKTUBHON MOIIHOCTH,
ompeensieMoil Kak CyMMa pEeaKTHUBHBIX MOIIHOCTEH OT/IEIbHbBIX FTAPMOHUK.

Q:ZUkaSin¢k' )

TloHas MOITHOCTE

S=UI =[UZ+UZ+.. +UZ+. )12 +12+..+12)= (10)

Hanuuume B OmHOM U3 KpUBBIX (HAmpumep HANpPSDKEHHUsI) BBICIIMX TapMOHHUK,
OTCYTCTBYIOIIUX B APYroil KpuBO# ( B JaHHOM CiIy4ae TOKa), C OJHON CTOPOHBI, HE OTpa)kaeTcs Ha
BeJIMYMHAX aKTUBHOH P u peakTuBHONW Q MOIIHOCTEH, a C APYroil CTOPOHBI, YBEIHMUYHUBAET MOJTHYIO
S momHoCTh, cormacHo ¢opmyne (10), Tak Kak yBEIMYHUBAETCS ICHCTBYIONIEC 3HAYCHUE TOU
¢GyHkuuu (B JaHHOM cllyyae HANpSDKCHHS), KOTOpas COJEPXKHUT J3TH TapMOHHKH. [lodTOMy B

OTIMYMHE OT CHHYCOMAATBHOrO pexknMa, xorma S°=P?+Q?, B menu ¢ HECHHYCOMIATbHBIMH
HaNPsDKEHUAMH 1 Tokamu S% > P +Q? wm S* =P +Q*+T72,
Benuuuna:
T=,JS"-P*-Q° j11
HA3bIBAETCSH MOLIHOCTHIO UCKAKEHHS, TIOCKOJIbKY OHA XapaKTePHU3YyeT CTENEHb pasindus B Gopmax
KpUBBIX HampspkeHuss U(Wt) u Toka 1(Wt), BO3HHKAIOMIEH 3a CYET PEaKTHBHBIX COIMPOTHBICHUMN

kwL u 1 .
kwC

HpI/I NEpUOANYCCKUX HCCUHYCOMIAJIBbHBIX HAMPSOKCHUAX W TOKaxX, IO aHajJorum ¢
CHHYCOUIATHBIMH, BBOJST TOHATHE O KO3((HUIMEHTE MOIIHOCTH, 0603HadYas ero (B OTIHYHE OT
cosg) uepes A .

(12)

B ob0miem cinyuae, koraa KpuBble Hampspkenus U(WE) u Toka i(Wt)He coBmamaroT 1o

dopme, To BenmmumHa A <1. Ecnu ke STH KpUBBIE COBNAAAOT 1O (GOpMe, TO €CTh MOJ0OHBIC
(cimydait, Korja 1enb COACPKUT TOJIBKO aKTUBHBIE PE3HCTOPHI), TO MOIIHOCTh HCKaxeHus 1 =0 u
BenmunHa A =1. Eciin HanpsbkeHHe W TOK M3MEHSIOTCS 110 TAPMOHUYECKOMY 3aKOHY (OTCYTCTBYET
IIOCTOSIHHAS. M BBICHIME COCTABIIIOLIME- TapMOHHMKH, HAayWHas CO BTOpOHW), TOo KoddduuumeHTt
MOIIIHOCTH A =COSP.



5. [IPEJCTABJIEHUE JIMHEWMHBIX SJIEKTPUUYECKUX [EITEM ITPU
HECUHYCONJAJIBHOM HAIIPSDKEHMU UCTOYHUKA TTMTAHUSA

a) 0) e =E_ sSinat B)
a
i(t)f r"l ‘u,. i(t)T r g,(t)f r lu',.
e (4 L lul' b L s(t) L l“.[.
g
C{I—l“c £ 5 l‘fc
e, = E ,sin2at

Puc.2. Dnexrpuyeckas 1erb:
a - ¢ UICTOYHUKOM HecunycouaanbHoit D/[C, 6 —cxema 3amenieHus], B — CXeMa 3aMeleHHs C OTHON

SIC (e)

Lok Eo(t)

24,
¢z &(t)

ez(t)
VA

Puc.3. Bpemennsie nuarpammbl 3J1C HCTOYHHKOB

B kadectBe mpmmepa aHaiM3a pPacCMOTPHM DJIEKTPUYECKYIO IeNb pHUC.2. a, B KOTOPOW
HCTOYHHK ¢ HecuHycouanbHoi 3/1C MOXHO MPeCTaBUTh B BUAE 3-X COCTABIISIOIINX

et) =E, + E,,, sinwt+ E,_ sin2wt
MOJKJIFOUEHBI MOCIEI0BATEIBHO PE3UCTUBHBIN, HHAYKTUBHBIN U €MKOCTHBIN 3JIEMEHTHI.

C yueToM BBIIIECKA3aHHOTO B paccMmarpuBaemoil snektpuueckod nemm DJIC e(t) moxer
obiTh npencrasnena Tpems DJIC (puc. 2.06). ['paduku E,(t), a Taxke € (1) u e,(t) nzobpaxkens Ha
puc 3. B COOTBETCTBUU ¢ METOAOM HAJIOKECHUS JAaHHAS DJIEKTPUYECKas [EMb PAaCCUUTHIBACTCS KAk
1IeTlb, B KOTOPO# AeHCTBYIOT Tpu HezaBucuMble DJIC. [Ipu 3ToM ompeneneHne Toka U HaNpsKeHUH
or OJIC E,ocymecTBisercs, Kak IIpU pacyeTe Leneil MocTosHHOoro Toka, a or J[C € u €, - Kak
IPH pacueTe Menei CHHyCOuaaIbHOTO ToKa oT oaHon D/1C, puc.2.B.

6. PACUET JIMHEMHBIX SJIEKTPUYECKUX LEINEHN ITPU ITEPUOJUYECKUX
HECHUHYCOUJAJIbHBIX HAITPSOKEHUAX U TOKAX C [IOAPOGHBIMU PEHIEHUAMU

3AJAYA
K snexrpuueckoii nienu (pric. 4.) MpriIokeHO HanpsbKeHHe U(Wt), m300pakeHHOE Ha puc.5., ¢
gyacToToi nepBoit rapmonuku f=50T"11. [Tapamerpsr nenu: r=150m, L=60 mI'H., C=80 MxD.



Puc.4. Dnextpuueckast ienb ¢ HECUHYCOUJAIbHBIM HaNPSKEHUEM

w u(wt)
M 408
wt
1] TC

Puc.5. Jlnuarpamma HECHHYCOMIATLHOTO HAIIPSKEHUS

Onpeaeaurb MTHOBEHHOE 3HAYCHHE TOKA | B I1eMH; IEHCTBYIOIINE 3HAYCHHUS PUITOKCHHOTO
K 1enu HanpspkeHuss U u Toka |; akTMBHYIO MOIIHOCTH P, moTpebisieMylo 1emnbto, peakTuBHyo Q u
MOJHYI0 S MOIIHOCTH, MOIIHOCTh HCKaXeHHsA 1 W KOI(D(HUIMEHT MOMIHOCTH A; MOKa3aHHE
BOJ'II:TMGTpa UV BHCKTpOMaFHHTHOﬁ CUCTCEMBI, ITIOAKIIFOYCHHOI'O HAa 3aKUUMBI KOHI[GHC&TOpa.

Pemenue.

[IpenBaputenbHO pa3iokuM B TpUrOHOMETpUUeckuil psia Dypre 3a1aHHYI0 TEPUOIUYECKYIO
HECHHYCOMIIbHYI0 (DyHKIMIO HanpspbkeHus U(Wwt), 1ubo BO3pMEM JaHHBIC MO COCTABISIONIUM, C
Y4E€TOM PUCYHKA, U3 CIIPAaBOYHUKA. B pe3ynbTaTe pa3nokeHus, C yueToM JaHHBIX PUCYHKA, MOTYy4YUM

U=31,5sin(wt-16)+8,66sin(3wt+88+2,58sin(5wt+170B.

B ananusupyemoii anekTpuueckoi nenu nocrosiHHas cocrasisitomas J/1C E, orcyrerByer n
HE BbBI3BIBAET YCTAHOBUBILErOCS TOKa, TaK KaK CONPOTUBJICHHE EMKOCTHOIO »DJeMEHTa IpH
IIOCTOSIHHOM TOKE PaBHO 00,

Pacuer mocrosiHHoIi cocTaBistomeil Toka l(g)*.

[MockonmpKy KpuBasi MPHIOKEHHOTO HampspkeHHs U(Wt) HE COACPKUT MOCTOSHHOM
COCTaBJIAIOLICH, TO M TIOCTOSSHHOM COCTABJIAIONIEH TOKa |(o) Takke HET.

*B pmanbHeiimeMm, 4yToObl He OBUIO MYyTaHUIBl B MHAEKCAX COCTaBISIONIUX W BETBEH mpu
pellieHUH 3a1a4, HWHACKCHI M TOCTOSHHOW (HYJEBOW), W TIEPEMECHHBIX (TapMOHHUYECKHX)
cocTaBIsrOnMX 0003HaYeHBI B ckoOKax, To ecthb (0), (1), (3), (5).

Pacuer 11 nepBoM rapMOHUKH

OnpenenyM KOMITJIEKCHBIE COMPOTHUBIIEHUS TOKY MEPBOM FTAapMOHUKHU

R=150M; X 1)=jwl=j2mfL=j314B010°=j18,840M;

1

1 .
X = ——~ =.i39. 80m:
™ a T 31a80120°

Zemm(1y=T+j(00L- 1 \-15+{(18,84-39,8)=15-20,06=25,7@4% Om=|Z[e ?®,
an

r 1
d=arccos_, |Z|= \/rz +(ak ——)? .
I x
Ompenenum KOMILIEKCHYIO aMIUIMTYy1y TOKa IIEPBOM TapMOHMKH, BbipasuB U; uepes
KoMIuIeKC U =31,5¢716
Ung _ 315e 11
i p0o/
Zosewy ~2577471%%%
[TpoBepka o BTopomy 3akoHy Kupxroda ajist mepBoii rapMOHUKH

(= =12221%% A,



. . . . . . . . 1 .
Ungy =Umgy+tUmg+tUeme =r Ilmg+ Jab I ng— ] — I ma .
ax
[ToacTaBUB BBIUMCIIEHHBIE KOMITJICKCHBIC COMIPOTUBJICHUS U TOK, MTOJY4UM
. o -
Ump =3143811%% =3150711¢ B,

Pacuer 1 TpeTbel rapMOHUKHU
OnpenenyM KOMIIIEKCHBIE CONPOTUBIICHUS TOKY TPETbEH FrapMOHUKHU

r=150wm; X13=]3wL=j3[18,84=]56,5Dwm; Xe@E] 3211 -j£38 =-j13,260m;

Zuenn<s)=r+j(3wL-3—;)=15+j(56,52-13,267):15+j43,253=j45,é§°°52’ Om.

OnpenenyM KOMIJIEKCHYIO aMILUIUTYly TOKA TPEThel TapMOHUKHU
Ume _ 8,6661880

Zosew 457877
HpOBepKa o BTopOMy 3a1<0Hy KI/Ipxroq)a JUIs TpeTLeI/I TapMOHUKHU

=018%/17% A

I m@ =

. 1
Unmpe = U m3) +U Lm(3)+U em@) =T | m@) + j3aL| m@) — j—l mE) -
3ac
[ToacTaBUB BBIYMCIIEHHBIE KOMITJICKCHBIC COMIPOTHUBJICHUS U TOK, MOJY4UM

. . _
Um@ = 86e""* = 86e!™ B.

Pacuer 1 nATOM rapMOHUKH

OnpenenyM KOMIIIEKCHBIE CONPOTUBIICHUS TOKY IIATOM FrapMOHUKH

R=15 Om; X (5=j50L=j5018,84=94,2 OM; Xcs=] =398 _i7.96 om: Z s =T+H(500L-

Sai 5

%):15+j(94,2-7,96):j15+j86,24:87,535£8°°°8/ Om.
an

OnpeneniM KOMIUIEKCHYIO aMIUTMTYIy TOKA TIATOW FrapMOHUKH
Unmg _ 25817

| mE) = —
Zosies 87,5355
HpOBepKa o BTopOMy 3a1<0Hy KI/Ipxroq)a JUISL IITOM TaPMOHUKH

=0,02%/82 A

| m(5) .

. 1
Unme) = U rm(5) —U Lm(5)—U emi) = I | m@) — j5Cd_| me) ~ |
5axc
[ToacTaBUB BBIYKCIIEHHBIE KOMITJICKCHBIC COMIPOTUBJICHUS U TOK, MOJY4UM

U me = 2,53%177 = 25461 B,

MrHoBeHHOE 3HAYECHHE TOKA B nenu onpeacjimMm Kak CyMMY MI'HOBCHHBIX 3HAYEHUH TOKOB
OTJIEIbHBIX TAPMOHUK
i=1 1+ @yt 5= SN @t+P(a) +lim@Sin (Bt +Pie)) +in)Sin (Sut+Pies) =1, 222sin(t+38°25)+0, 189sin(
3ut+17°08)+0,029sin(5at+8952) A.

Omnpenenum neiictByromiee 3Hadenne U mpusiokeHHOro K 1ienu Hanpspbkenus U(t) cormacHo
dopmyne (4).

[IpenBapuTenbHO ONPENETUM BEIUYMHBI HANPSHKEHUM NEUCTBYIOIIUX 3HAYEHUN OTAEIbHBIX
TapMOHHK

U :@_—_22,274Bu Iy _ 866 _ =6,124B; U —U—=—=l824B
® \/E \/E (5) \/E \/E '

Torma
U =4/22274 + 6124 +1824 = 23172B.

10



OHpGI[CJII/IM I[GflCTByIOH.IGG 3HAYCHHUC TOKa B LCHH, IJISI 3TOr0 NpCABAPHUTCIBHO OMNPCACINM
HeﬁCTBYIOIHHC 3HaA4YCHUA TOKOB OTACIBbHBIX 'apMOHHUK

Torna
| =,/0,864° +0134° + 0,029 = 0874A.

Onpenennm akTUBHYIO P, peaktuBHyo Q U MONHYI0 S MOIIHOCTH, MOIITHOCTh UCKXEHUS | U
ko3 dunmeHT MormHOCTH A cortacHo hopmyaam (8), (10), (11), (12)

[IpenBapurensHo ompexenuMm yriubl casura ¢asz g, COSPr), SiNd); axTHBHBIE Py,
peakTuBHbIE Q) MOIIIHOCTH OT/JEIbHBIX TAPMOHUK.

Vrusl casura ¢as @1y, $3) 1 §(5) I3BECTHBI U3 BBIYUCINTENBHBIX KOMIUIEKCOB COPOTHBIICHUI
Zuerm(l)a Zuelm(g) u Zuerm(5), a HMCHHO ¢(1):-54°25/, ¢(3):70°52/ u ¢(5):80008/. CrenoBaTeabHo,
COSb(l):O,5819, Si¢(1):-0,8133, CO$(3):0,3277, Si¢(3)20,9447, CO$(5):O,1713I/I Sirﬂ)(5)20,9852.

P(]_):U(]_)|(1)C031)(1):22,2740,864:0,5819:11,19$T;

P(3):U(3)|(3)C031)(3):6,124D,134D,3277:0,ZGEBT;

P(5):U(5)|(5)COEI|)(5):1,824D,021[0,1731:0,00BT.
Q(l):U(l)I(1)sin¢(1):22,2740,864(-0,8133):-15,65&p;
Q(3)=U(3)I(3)sin¢(3)=6,124[0,134[0,9447=0,77Esap;

Q(5)=U(5)I(5)sin¢(5)=1,824[0,021[0,9852=0,03&ap.

AKTHBHAasI MOIITHOCTb, MOTPEOIIsieMast IETbI0
P=Ry+Pz*+Ps5=11,199+0,269+0,007=11,4¥51,5Br.

IIpoBepka

MoHocTs noteps P onpenenum no 3akony Jhxoyns-Jlenna
Pr=Pray+Pray+Prs)=rl 1)+ 37+ (5°=150,864+150,134+150,02F=11,197+0,269+0,007=11,4¥3
11,5Br.

PeakTuBHAsT MOIITHOCTH
Q=Q)+Qp+Q;)=-15,652+0,775+0,038=-14,839.4,8Bap.

IIposepka

1 2 1 2 1 2
=Quy+ Qe+ Qy=(0ol- —— ) w2+ (3wl — )l g/ +(500L- —— )1 5.
Q=Qu)+Q3)*+Qy=( aﬁ) @ +( wﬁ) @ *( 5aﬁ) 5)

[ToncTaBuB BEIYUCIEHHBIE KOMIUIEKCHBIE COIIPOTUBIICHUS U TOKH, MOTYYUM
Q=-14,832-14,8Bap.
3HaK «MHHYC» y PEaKTHMBHOW MOIIHOCTH Ul IEpBOH rapMOHUKH (1) 0OBACHAETCSA TEM, UTO

1
€MKOCTHOE CONpOTUBIEHHE Xc1=— =39,8 OM mpeoOnanaer Hal MHIYKTUBHBIM COINPOTHUBIECHUEM
an

X|_(1):(.0L:18,84OM.
ITomHasg MOIHOCTE

S=U1=23,1720,874=20,25220,3BI[A.
MOITHOCTE UCKaKCHHUS

T =,/S? -P? -Q? =/20252 11475 -1483%F =7,634= 7,6 BA.
Koaddumnument momuoctr

[TokazaHnue BOJIBTMETPA, MOJKIIOYEHHOTO K 3akumaM eMKocTH C, paBHO JEHUCTBYIOLIEMY
3HAUCHUIO HAMIPSKEHUS HA €€ 3aKUMax, TO €CTh

—_ 2 2 2
U, _\/Uc(l) +U e *Uge »Tae
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1
Uing E'Cmﬂ) ~3980,222

U, = - = =3439 B;
N J2 2
1
- Uiy _ 30 | ema) _132670189 _ 1773 B:
@~ o J2 J2
1
_Uie _ 5ac et = 796(0,029 = 0,163 B.

Yot TR 72

Torma
U, =+/3439 +1773F + 0163 =34,436 B.

CrnenoBaTenbHO, BOJLTMETP MoKaxkeT Hanpsokenne Uy=34,4 B.

3AJJAHUE

JInst ANEeKTPUYECKON CXeMbl, M300paKEHHOW Ha puc.6. U COOTBETCTBYIOIIEIO HOMEpa
BapHaHTa BEIOPAHHOTO U3 TAOJHIIBI 33JaHUN BBITIOTHUTH CIEAYIOIIee:

1 Mcnonb30oBBaTh METOJ MPeoOpa30BaHMsI 3aMEHUTh UCXOAHYIO CXEMYy Ha KBHUBAJCHTHYIO
cXemy, YIOOHYIO JIJISl pacyera.

2 Jlns pemieHus 3a1a4ydl TPUMEHUTh METOJ HAJIOKEHUS, UCIOb3Ys AJIA MOITYYeHHs] OTBETOB
KOMIUIEKCHBIA METO]T PEIICHUS.

Onpenenursb _>_>
1. MrHoBeHHOe 3HaYeHHE TOKOB i(t) B BETBSAX memu ( = )
2 JleiicTByIOIIME 3HAYCHUS IPUIIOKEHHOTO K 1ienu Hanpshkerust Up u Toka lo.
3.AKTHBHYIO MOIITHOCTH P,TIoTpedsieMyro 1enbio.
4 PeakTHBHYIO MOIITHOCTE Q, CO3/JTaHHYIO B IIEMH.
5.IloaHyr0 MOIHOCTE S, MOTPEOIIEMYIO0 OT HCTOYHHUKA.
6.MomHocTh nckaxenus T, co31aBaeMyl0 BEICHIMMH FAPMOHUKAMHU.
7 Koo pumpreHT MOITHOCTH A TIEIIH.
8.Ilokazanus BosjbTMeTpa Uy (3JIEKTPOMArHUTHOW CHCTEMbI) Ha DJJIEMEHTE, K KOTOPOMY OH
MOJIKJIFOYEH.

Cxema

1 R, L, '3”_’ R

3
-

Puc.6. DnexTpudeckas cxema a1t KOHTPOJIBHOTO 3adaHUs

[Tonb3oBanue cxemoi. Ilo gaHHBIM BapuaHTa, B3STHIM U3 TaONHWLbI, HAXOJUM YHCIIO
OTCYTCTBYIOIIUX B cxeMme 3neMeHToB. Hampumep, BapuanT 1 umeer B coctaBe Ri,L1,Rp,Ly,R3,Co L.
OtcyrerByior Ciu Cy (paBubl 0). D10 03Hauaer, uto B cxeme puc.5 C1 u C3 3aMKHYTHI HAKOPOTKO.
CraBiuasics 4acTh SIBISIETCS] CXEMOM JUIsl pacuera BapuaHTa 1.

12



Tabnuua 3aganuii

Bapuant 3amaHHoe CoIpoTUBIIEHUE YYaCTKOB JIEKTPUIECKOM Lienn

Ne HaNpsOKEHUC | R, Om | Ly, M[H | C;, MKD | Ry, OM | Ly, MI'H | Cy, MK® | R3, OM | Lg, MI'H Cs, MkD
1 20 40 0 10 20 50 40 80 0
2 + 10 50 0 50 30 80 30 20 0
3 E ;o: 30 70 0 30 60 100 20 60 0
4 ‘D é 50 60 0 40 100 120 80 40 0
5 § & 40 30 0 20 40 60 60 80 0
6 Q % 10 20 0 60 80 40 20 100 0
7 BT 60 40 0 80 60 80 40 30 0
8 S+ 40 80 0 40 20 60 30 60 0
9 20 40 0 20 40 20 50 20 0
10 30 60 0 30 50 120 10 40 0
11 50 100 0 60 40 0 20 50 50
12 + 10 20 0 80 20 0 10 40 80
13 E § 30 60 0 40 60 0 30 20 100
14 ‘D é 20 40 0 20 30 0 50 60 60
15 |35 40 80 0 30 100 0 40 80 120
16 =] % 80 40 0 10 80 0 10 40 40
17 PG 60 30 0 50 40 0 60 100 20
18 g’ + 30 60 0 30 60 0 40 60 60
19 10 20 0 40 20 0 20 30 80
20 50 100 0 20 80 0 30 20 50
21 10 40 50 30 100 80 30 100 0
22 + 50 20 80 20 20 50 20 20 0
23 E ;o: 30 60 100 40 60 60 40 60 0
24 ‘D é 40 30 120 80 40 20 80 30 0
25 ® & 20 100 60 60 80 40 10 120 0
26 é % 60 80 40 20 30 120 50 20 0
27 P 80 40 80 80 40 60 30 60 0
28 g’ + 40 60 60 30 60 100 40 40 0
29 20 20 20 50 20 80 20 80 0
30 30 80 120 10 10 50 60 30 0
31 + 0 20 80 20 80 0 30 100 60
32 ’(9: 0 40 50 10 60 0 20 20 40
33 < 0 80 60 30 20 0 40 60 80
34 Ti’ E 0 60 20 50 40 0 80 40 120
35 g c 0 30 40 40 50 0 60 80 100
36 q § 0 40 120 60 40 0 10 40 80
37 Q+ 0 50 60 10 100 0 50 30 60
38 ‘,'_‘L 0 70 100 40 60 0 30 60 40
39 = 0 60 80 20 30 0 80 20 30
40 0 80 50 30 20 0 20 100 20
41 + 60 60 60 0 120 40 10 30 0
42 ’g 40 80 50 0 100 20 30 40 0
43 é § 20 40 80 0 80 60 50 80 0
44 = é 30 20 120 0 60 80 20 60 0
45 g 5} 10 100 40 0 40 50 40 40 0
46 ¥ % 40 30 20 0 20 60 80 20 0
47 RN 50 60 50 0 10 100 60 100 0
48 ‘,'_‘L + 30 10 100 0 60 120 40 10 0
49 = 10 40 80 0 100 80 20 60 0
50 20 20 60 0 40 50 60 20 0
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7. YYEBHO_METOANYECKOE OBECITEYEHUE JUCHUITIINHBI

Pexomennyemast nmureparypa.
a) OCHOBHas JIUTEpaTypa:

1. becconog JI.A. TeopeTnueckre OCHOBBI JIEKTPOTEXHUKHU. DIEKTpUUYECKHE HenH: Yuel. s
3JIEKTPOTEXH., IHEPT., MpUOOpocTp. cren. By30B, 10 uza., mepepad. u gomn. —M.: Beicnr. mk., 2003.
- 612c.: un.

0) IOTOTHUTENbHAS JTUTEPATYPa!

2.

9.

becconos JI.A. Teopernueckne OCHOBBI SJIEKTPOTEXHUKU. DJIEKTPOMArHUTHOE TToie: Yuel. s
AIIEKTPOTEXH., SHEPT., MPUOOPOCTP. CIell. BYy30B, 9-¢ u3f., nepepad. u gom. —-M.: Beicmr. mik.,
2002.- 63&.: ui.

Hemupusn K.C., Bymvipun 11.4.. MoaenupoBaHye U MalllMHHBIM pacyeT 3JIEKTPUUYECKUX LEneil:
VYueb. mocobue s AIEKTP. U AIEKTPOIHEPT. crell. By30B. M.: Beicmr. mik., 1988. 33%.: ui.
KomriekcHbIl MeTO/] pacyera JIeKTpudecKuX neneil: Meroa. ykazanus / EkarepunOypr: Ypai.
roc. npod.nex. yH-T, 1994. 84.

Heitiman JI.P.,. [lemupusan K.C. TeopeTnueckue OCHOBBI IEKTPOTEXHUKU: Yued. 171 By30B: B 2 T.
T.1. 3¢ m3x., nepepad. u gon. JI.: Duepromsaar. Jlenunrp. ora-aue, 1981. 53@.: u.

Heiiman JI.P., Jlemupusn K.C.. TeopeTndeckue OCHOBBI SJIEKTPOTEXHUKHU: Y4eO. /Il By30B: B 2 T.
T.2. 3¢ mw3x., nepepad. u gon. JI.: Duepromsaar. Jlenunrp. ora-aue, 1981. 41G.: w.

Pacyer nMHEMHBIX TEKTPUYECKUX LIeTIeN TPU TEPEMEHHOM TOKE U TOCTPOEHUE BEKTOPHBIX
auarpamm: Metoa. ykazanus /Ceput. uHX.-nieq. uH-T. CBepioBck, 1988. 104.

COopHUK 33/1a4 TIO TEOPETHICCKUM OCHOBAM JJICKTPOTEXHUKH: YUuel. TocoOue I SHEPT. U
npuOOPOCTP. CIell. BY30B. - 3¢ U31., nepepad. u goim. / JI.A. beconos, U.I". lemunosa, M.E.
3apyau u np.; [lox pen. JI.A. beconoa —M.: Beicmr. mik., 1988. — 543.: wi.

COOopHUK 32/1a4 ¥ YIPaXHEHUH 110 TEOPETHUECKUM OCHOBaM JJIEKTPOTEXHUKHU: Y4el. mocodue
qutst By30B / ITox pen. IT.A. Monkuna. M.: Dueprousaar, 1982. — 78@.: wi.

10.Tonry6oB I'.B. Pacuer MuHEHHBIX JIEKTPUUYECKHUX IIeTIel TPU MEPHUOJMYECKUX HECUHYCOHIATbHbIX

HaIpsDKEHUAX U Tokax, Meroandeckue kazanusi, CUIIU, r.ExarepunOypr, 1992,9t.
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