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BBeaenue

«TeopeTuueckue OCHOBBI JJIEKTPOTEXHHKH 1»  SBISIOTCS
OCHOBHOM TEOPETUYECKOW AMCUUIUIMHON B CHUCTEME IMOATOTOBKU
CHEIMAIUCTOB B 00JacTH »yeKkTpodHepreTuku. OHa Oazupyercs: Ha
3HAHWSIX, [IOJIy4Y€HHbIX CTYICHTAMH B PE3yJIbTaTe U3yUeHUs HU3UKHY,
MaTeMaTHKH M WHPOpMaTHKH. B cBoro odepenp, xopoliee 3HaHHE
TOD 1 3HaunmTenpHO oOOJNEr4aeT W3ydeHHE  CIIEUATBHBIX
EKTPOTEXHUYECKUX  AWCLMIUIMH:  JJEKTPHUUYECKMX  MAIlUH,
WHPOPMALTMOHHO-U3MEPHUTENEHON TEXHUKH, DJIEKTPOIHEPIeTUKU U
Ap.

OcHoBHass 3afjaya JOUCLUIUIMHBI - JaTh HEOOXOAUMYIO
TCOPCTUUYCCKYIO MOATOTOBKY IIO I'IAaBHBIM BOIIPOCaAM HUCCIICAOBaHUS
W pacyeTa dJMEeKTPHUYECKHX HETeH MOCTOSIHHOTO U MIEPEeMEHHOT0 TOKa,
Tpex(a3HbIX 1 HECUHYCOUJAIBHBIX LETICH.

Pa3sBuTue HOBBIX TEXHOJOTMH MPHUBEIO K BHEIPEHUIO
KOMITBIOTCPOB B HAYYHBIC MCCIICAOBAHMA. B HacToALICEC BpeMs
YCIIEIIHOE PEelIeHHe OONBLIMHCTBA HAYYHBIX 33a7ad B 3HAYMTEIILHON
CTEIIEHH 3aBUCHUT OT YMEHUS IPUMEHHUTh BBIYUCIUTEIBHYIO TEXHUKY
U COOTBETCTBYIOIIME MeTobl. [lpn o0yueHnn COBPEMEHHOTO
CrenuaIncTa HEO0XO0 MO CBSI3aTh MaTeMaTHKy KaK
OOIIETEOPETHUECKYI0 ~ JUCHMIUIMHY  C  NPAaKTHYECKUM  ee
npUMeHeHneM B paboTe crhenuanucra W J1aTh KOHKPETHBIN
MPaKTUYEeCKUH armapar JJisl HCCIIeJOBaHHIA.

OpmHako  cjuexyeT  NOMHHUTB, YTO — MaTeMaTHYeCKUMHU
COOTHOLICHUSMH MOXKHO OINHKCATh BCE YTO YIOAHO M MPU 3TOM
MOJIYYUTb COOTBETCTBYIOIIHUE PE3YJIbTAaTbl, HC HMCIOIINE HUKAKOI'0
peansHOrO cMbIcia. Ilo »ToMy moBOAy OWHINTEHH CcKasaj, dYTO
MOHATHSI, KOTOPBIE OKa3aJMCh MOJIE3HBIMU B YHNOPSIOUYEHUH BELICH,
JIETKO MPHOOPETaroT Ha/I HAMU TaKyI0 BIACTh, YTO MbI 3a0bIBaeM 00
WX 4YeIOBEYECKOM MpoucxoxjaeHnn. C 3TUMH CcOOOpakeHUSIMHU
CBSI3aHO IOJIOKEHHUE: NPEKIC YeM MaTeMaTHYeCKUH amlmapar MOKET
OBITh MCHOJB30BAH JJISI U3YUYECHHUS] PEATBHOTO U CJIOKHOTO SIBJICHUS,
HEOOXOJMMO 3TO  SIBIIEHHE TIOJIBEPTHYTHb IPEABAPUTEIHLHOMY
aHaJIM3Y, BBIICIIMB €r0 «IJIaBHYIO YacTh.

Pemenne mnpakTHyeckodl 3ajauM HAYMHAETCS C ONUCAHUS
HUCXOJHBIX JIAHHBIX W LEJEH pelieHusi — T.€. MOCTaHOBKA 3aJa4u 1
[IOCTPOEHHE MaTeMaTH4YecKOl Mojenu. OTOT 3Tal  SIBJIAETCS



HanOoJiee CIOXKHBIM M OTBETCTBEHHBIM 3TamoM. Ecnu BbiOpaHHas
MaTeMaTH4YecKass MOJENb CIHMIIKOM Ipy0O OTpa)kaeT B3aMMOCBSI3H
W3y4yaeMoro SBJCHUS, TO Kakue Obl METOAbl MpU 3TOM HE
MPUMEHSUTUCh, HaWJCHHBIC 3HAYEHUS OKaKYTCS OECIONE3HBIMH M
MOTYT IPUBECTH HHXXCHEpa K OIIMOKaM M HEJEeNbIM BBIBOAAM.
MaremaTuyeckass MOJEJIb MOKET MMETh BHJI YPaBHEHHUS, CHCTEMbI
ypaBHEHUH HIM OBITH BBIPAKEHHOH B (pOopMe HMHBIX, KaK YTrOJHO
CIIOKHBIX, MAaT€MaTH4YEeCKUX CTPYKTYpP WIM COOTHOLUICHMH, UL
pelieHuss KOTOPBIX IPUMEHSIOTCSI MaTeMaTHYeCKHe METOIB,
BO3HUKAIOIME BHE MaTEMAaTHUKH.

Haunbonee BayXHbIMHU 331a4aMH 3JICKTPOIHEPTETUKH SBIISIFOTCS:

1. aHaIM3 OJIEKTPUYECKHX IIeTle C TIOHATHEM O
METOAaX TEOPHH TpadoB U DIIEMEHTOB TOIIOJIOTHH;

2. IIPUEMBI OIIPENEIIEHUS BEPOSITHOCTEN;

3. croco0bl aHanmm3a nuddepeHnrnatbHbIX YPaBHEHHIH,

WCTIONIb3YEMBIX MPH BBISICHEHUH YCTOWYMBBIX COCTOSIHUN CHCTEMBI U
ap.

Maremarndeckiue pelieHns MPUKIATHBIX 3a7ad  00JaJaroT
cepbe3Hol crienudukoil. Peniennss Takux 3amad MOJDKHBI OBITH HE
TOJBKO TMPABUIBHBIMH, HO ¥ CBOCBPEMEHHBIMH, SKOHOMHBIMH IIO
3aTpauyrMBacMbIM  YCHJIMSAM, a  pPE3YyJbTaThl  JIOJKHBI  OBITh
MPUTOMHBIMHA ISl TPAaKTUYECKOTO TpUMeHeHus. s pemreHus
MHOTHX HayYHO-HCCIIEIOBATENBCKHUX 33/1a4 pa3pabOTaHbl Pa3iuIHbIE
MpOTpaMMBbl, TPUMEHEHHE KOTOPBIX IIO3BOJISIET  OOECICUHTh
HEOOXOJMMYI0O TOYHOCTh pEIIeHHsS 337ad, 3aMEHUTh TPYIOEMKYIO
pabory.

Panee s pereHust 3Tux 3a7ad TpeOOBAJIOCh 3HAHUE SI3BIKOB
MIPOTPAMMHUPOBAHKSI, C TIOSBICHHEM MAaTEMAaTHUYECKHX IaKEeTOB
paboTa TMONB30BaTENsi 3HAYMTENBHO ynpocTtwiack. Hawuboiee
MOIITHBIC W PaCIpOoCTpaHEHHBIE MaTeMaTHdeckue nmaketsl MathCAD
n MATLAB cooTBeTCTBYIOT MOTPEOHOCTSIM, KaK CTYACHTa, Tak U
npodeccuoHaNa-aHAMTUKA. 3ajlada BBIOpAaTh W3 MHOT000pa3us
MporpaMM HanOoJiee BaKHBIE U IPUMEHUTh UX B Y4eOHOM TpoIiecce.

OmHUM #3 JIOCTOWHCTB nakera MathCAD  sgBisgercs
peanuszanus npunnuna WYSIWYG ( What You See Is What You
Get, T.e. 4TO BUJHWIIB, TO M IMOJy4Yaellb), a TaKKe MPOCTOTa B
M3YYEHUH W WCIOJIh30BaHWU. B cHcTeMe TPUMEHEH YHUKAIbHBIN
METOJT BU3yaJH3aI[ill JaHHBIX, CYTh KOTOPOTO 3aKIIIOYAETCS B TOM,



9r0 (GOpPMYJIBI B IOKYMEHTE BBITJLIIAT TaK JKe, Kak Ha Oymare.
OmncpiBaeMast CHCTEMa IPEOCTABIISACT IIOJH30BATENIO  OKOJIO
JIBYXCOT OMEPAaTOPOB M JIOTHYECKHX (PYHKIMH Al YHCICHHOTO H
CHUMBOJIFHOTO  PELICHHS MaTeMaTHYeCKHUX 3aJad  pa3iudHOH
CIIOHOCTH U MATEMaTHIECKOTO MOJCTHPOBAHUSL.

[TosTOMy WCKIIIOUMTENBHO BEJIMKAa pOJb CHCTEM Kiacca
MathCAD B oOpasoBanmu. OOrerdasi peLIEHUE CIOXKHBIX
MaTeMaTHYECKHX 3a7a4, CHCTEMa CHUMAET IICHUXO0JIOTHYECKHi Oapbep
IPU HCIIOJB30BAHUHM TEOPETHYECKOM W MPUKIAJIHONW MAaTeMaTHKH,
nenasi o0yueHHe HHTEPECHBIM U I0CTATOYHO MTPOCTHIM.



Tema 1 JIuHeiiHbIe 31eKTPUYECKHE IIeNH MOCTOSTHHOTO TOKA

OcHOBHas 11eJIb pacueTa EKTPUUYECKON LIEeTH 3aKII0YaeTCs B
OTpENICJICHUN TOKOB B €€ BETBSX. 3HAS TOKU, HETPYAHO HAWTH
HaIpPSDKEHUS ¥ MOIIHOCTH BETBEH M OT/IETBHBIX JIIEMEHTOB TIETH.

3HavYeHWS TOKOB, HAMNpPsDKEHWUH, MOIIHOCTEH JIaroT
BO3MOXXHOCTh ~ OIICHUTh YCJIOBUS U 3(P(PEKTUBHOCTH pabOTHI
ANEKTPOTEXHIUUECKOTO 000PYAOBaHUS U TpUOOPOB BO BCEX
Y4acTKax JEKTPHIECKON IIeTIH.

Cea3p Mexny OJIC, HampsoKeHUSIMU U TOKaMHU JIMHEWHBIX
JIEKTPUYECKUX LENEH BBIPAXKAETCS JIMHEUHBIMA YPABHEHUSMH, T.€.
YpPaBHEHUSMH TIEPBOM CTENEHHW, TIOITOMY Ui WX pacuera
MIPUMCHAIOTCA AHAJIUTUYCCKUC METOAbI C O6I)I‘IHLIMI/I
anreOpandecKuMu peoOpa3oBaHUIMU.

AHanu30M 5JIEKTPUYECKUX LENeld Ha3bIBAIOT ONPEICICHHE
TOKOB W JIM HATIPSDKEHUH B €€ BETBSIX.

OcHOBHOM 3amadyeil 3TOrO pasnena SBISETCS OBJIAJCHHE
METOJIaMHU pacdeTa dJeKTpudeckux memneil. K wm3ydenuto ciemyer
MPUCTYIUTh ~ TIOCTIE  YCBOGHHS  TPEX  OCHOBHBIX  3aKOHOB
AJNIEKTPUYECKHX Iierneil: 3akoHa Oma u  JByX 3akoHOB Kupxroda.
JIuHeWHbIC LENMU C OJHUM HMCTOYHUKOM IIPOIIE BCEr0 MOTYT OBITh
paccunTaHsl 1O 3akoHy Oma WIM METOJOM SKBUBAJICHTHBIX
npeoOpaszoBanuii. B 3ToM ciiydae mpu HEOOXOIUMOCTH TPOU3BOMST
HY)KHbIE  NPeo0pa3oBaHUsl  CONPOTUBJICHWN:  IapalIeIbHOIO
COEIMHEHNE B IIOCIEAOBAaTEIbHOE W OOpaTHO, TPEYroibHUKA B
3Be3y ¥ 0OpaTHO U T.1I.

PazBerBnennsie 1nenu ¢ Heckoabkumu DJ[C paccUMTHIBAIOTCS
Ipyd IOMOIIM METOJNOB, OCHOBOM KOTOPBIX CIIy’KaT 3aKOHBI
Kupxroda. Meronsl ananmmsa ¢ npuMeHeHHeM 3akoHOB Kupxroda
MO3BOJISIOT PACCUMTATH IJIEKTPHUCCKYIO IIETIb JIF000# KOH(UTYparuu
U CJIOKHOCTH, T.€. SIBJISIFOTCSI OCHOBHBIMH.



1.1 O01mme TeopeTHUYeCKHe CBeAEHUA
1.1.1 dneMeHTBI YJIEKTPHUUYECKHUX Ieneit

DJeKTpOMarHUTHbIE TPOLIECCHI, MPOTEKAaIoLIHe B
AJIEKTPOTEXHHYECKUX yCTPOMCTBAX, KaK MpPaBWIIO, JIOCTATOYHO
cioxHbl.  OmHaKo BO  MHOTHX  CJIy4YasX, WX  OCHOBHBIC
XapaKTePUCTUKU MOXKHO OINHUCATh C MOMOIIBIO TAKHX WHTETPATbHBIX
MOHSTHN, KaK: HampspKeHHe, TOK, diekTpoasmkymas cuia (2C).
I[lpy  TakOoM  TOAXOJE  COBOKYIHOCTh  3JEKTPOTCXHHUYESCKHX
YCTPOKMCTB,  COCTOSIIYIO M3  COOTBETCTBYIOIIMM  00pa3om
COCIUHCHHBIX UCTOYHUKOB U IPUEMHUKOB 3JI€KTpI/I‘-I€CKOI>i OHEPpruu,
MpeIHA3HAYCHHBIX JIJIsl TEHepalluy, Tepelavd, pachpeieicHUus U
npeoOpa3oBaHusl JIIEKTPUUIECKON HSHepruu u (wiu) uHpopManwuy,
paccMaTpUBAIOT Kak DJICKTPUYECKYI0 WEMb. DJIEKTpUYecKas IeMb
COCTONT M3 OTHCIBHBIX dYacTed (0OBEKTOB), BBHITOIHSIIOIINX
onpeieNieHHble (QYHKIIMM W HA3bIBAGMBIX 3JCMEHTAMHU  IICTIH.
OCHOBHBIMHU 3JIEMEHTAMH LCnu ABJIAIOTCA MCTOYHUKU U IPUEMHUKHU
ANEKTPUYECKOH  SHEpruM  (CHTHAIOB).  DJIEKTPOTEXHUYECKHE
YCTPOMCTBA, MPOU3BOISIINE HIEKTPHUCCKYIO DHEPTHUI0, HA3BIBAKOTCS
TeHepaTopaMd WM HWCTOYHUKAMH JJIEKTPHYECKOM DSHEpruM, a
yCTpOICTBa, MOTPEOISIONINEe ee — MPUEMHHUKaMU (TOTPeOUTEISIMH)
ANIEKTPUIECKOI SHEPTUH.

VY Kax10ro 3JeMeHTa Ied MOKHO BBLICIHTH ONpe/IeIeHHOe
YUCIIO 32KUMOB (TIOJIOCOB), C MIOMOIIBI0 KOTOPBIX OH COSAMHSIETCS C
JIPYTUMH  DIIEMEHTaMH. Pa3nyaloT JBYX -U MHOTOMOJIOCHBIE
3JIEMEHTHI. J[BYXTIOJIOCHUKH MMEIOT J1Ba 3akuMa. K HUM OTHOCSATCS
HCTOYHUKHN OHEPIruu (321 HUCKIIIOYECHUEM YIIpaBJIsAICMbBIX u
MHOT0(a3HBIX), pE3UCTOPEI, KaTyIlIKU WHJIYKTUBHOCTH,
KOHJIEHCATOphl. MHOTOMONIIOCHBIE 3JIEMEHTHl — 3TO, HaIpuMep,
TPHOJBI, TpaHCHOPMATOPHI, YCHITUTEIH U T.J1.

Bce oanmeMeHTBI  ANEKTPUYECKOH Iemud  YCIOBHO MOXHO
pa3fenuTh Ha AaKTHBHBIE M TACCHUBHBbIC. AKTHBHBIM Ha3bIBaeTCA
3JIEMEHT, COIEPKAIUI B CBOEH CTPYKTYpE HCTOYHHK 3JIEKTPHUECKOM
OHEPTUu. K maccwmBHBIM  OTHOCSTCS OJICMCHTBI, B KOTOPBIX
paccemBaercsi  (pPe3UCTOpbI) WM  HakamiuBaercst  (KaTyllka
WHAYKTUBHOCTH W  KOHJEHcaTopbl) SHeprui. K  OCHOBHBIM
XapaKTCpUCTUKaM 3JIEMCHTOB LICIIKM OTHOCATCA HUX BOJIbT-aMIICPHBIC,
BeOep-aMIiepHbIe u KYJIOH-BOJIbTHBIC XapaKTePUCTUKH,
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onuceiBacMble MU PepeHITaIbHBIME WK (M) anreOpanvdecKuMu
ypaBHeHUsMH. Eciam  37I€MEHTBl  ONMCBIBAIOTCSl  JIMHEHHBIMU
nruddepeHInaTbHBIME WK anreOpandecKuMi ypaBHEHUSIMH, TO OHU
Ha3bIBAIOTCS JIMHEMHBIMM, B NPOTUBHOM CJIy4a€ OHU OTHOCATCS K
Kjaccy HenuHeHHbIX. CTpOro roBops, BCE 3JIEMEHTHI SIBIISIOTCS
HEJIMHEUHBIMU. BO3MOXHOCTh pACCMOTPEHUS UX KaK JUHEUHBIX, YTO
CYLIECTBEHHO YIPOILIAaeT MAaTeMaTHYECKOe OIMCaHWe M aHalIu3
IIPOLIECCOB, omnpenensercs rpaHULIAMU HU3MEHEeHUs
XapaKTepU3YIOLUIMX UX IEpPEeMEHHbIX U uX 4acToT. Koadduimentsr,
CBSI3BIBAIOLINE TIEPEMEHHBIE, UX MPOU3BOAHBIE U MHTETPAJIBI B 3THUX
ypaBHEHUSIX, Ha3bIBAIOTCS MTapaMeTpaMHM JIEMEHTa.

Ecnmu mapameTrpel sneMeHTa HE SBISIOTCS  (DYHKLMSMHU
MIPOCTPAHCTBEHHBIX KOOpJAMHAT, OTIpeETAIOINX ero
reOMETPUYECKHE pa3Mepbl, TO OH Ha3blBaeTCid 3JEMEHTOM C
COCPEIOTOYCHHBIMU IapameTpaMu. EcCIu 37eMEeHT OmMChIBaeTCs
YPaBHEHUSIMH, B KOTOPBIE BXOAAT MPOCTPAHCTBEHHBIEC NEPEMEHHBIE,
TO OH OTHOCHUTCS K KJaccy O3JIEMEHTOB C paclpeesleHHbIMU
napamerpamu. KiaccuueckuM TpUMEpPOM TIOCIEAHUX  SIBIISETCS
JIMHUS TIepelau 3JIEeKTPOIHEPTUH (AJTUHHAS JINHUSA).

Lenu, copepxamue  TOJNBKO  JIMHEMHBIE  3JIEMEHTHI,
Ha3bIBAIOTCS JMHEWHBIMU. Hamuume B cxeme XOTS OBl OJHOTO
HEJIMHEWHOTO HJIEMEHTa OTHOCHUT €€ K KJIacCy HeJTMHEHHBIX.

PaccMoTpuMm maccuBHBIE 3JIEMEHTHI LEMH, MX OCHOBHBIE
XapaKTepUCTHUKH U TTapaMETPHI.

1. Pe3ucmuenutii 3n1emenm (pezucmop)

VYcnoBHoe rpaduueckoe M300pakeHHE PEe3UCTOpa MPHUBEICHO
Ha pucynke l,a. Pe3ucrop — 3TO TACCHBHBI DJIEMEHT,
XapaKTepHU3YIOLIUICS pPe3UCTUBHBIM conpoTuBieHneM. [locnennee
OIpEAETAETCS] TEOMETPUUECKMMH pasMepaMu Tela U CBOWCTBAMH
MaTepuaia: yaelnbHbIM compotuBieHueM p (Om'M) uinm oOpaTHOM
BEJTHUNHOM — Y/IeTBHON IPOBOIMMOCTEI0 y=p - (CM/M).

B npocreiimem cirydae npoBoaHKKa JUIMHONW ¢ W cedenueM S
€r0 COIMPOTHUBIIEHUE OIPEIENIETCS BRIPAKEHUEM

I
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rIe p - yaelbHOe compotuBieHue, OM Mm;
{ - nIvHA MPOBOJHUKA, M;
S — cedeHHe IPOBOIHIKA, M.
B oOrmiem ciy4ae ompeseneHHe CONMPOTHUBICHHS CBA3AHO C
pacueToM MoJisi B MPOBOISIIEH Cpe/ie, pa3aessoIieii 1Ba SIeKTpoIa.
OCHOBHOW  XapaKTEPUCTHKOW  PE3UCTHBHOTO  JJIEMEHTa
sBIsIETCs 3aBUCUMOCTE U(i) (wim i(U) , HassIBaeMast BOJIBT-aMIIEPHOM
xapaktepuctikoit (BAX). Ecmu 3aBucumocts U(i) mpencraBisieT
CO0Oi MpPSAMYIO JIHHUIO, TPOXOAAIIYI0 Yepe3 Havalio KOOPIHHAT
(cm.pucynok 1,0), TO pe3ucTop HaszbIBaeTCI JUHEWHBIM U
OITKCHIBACTCSI COOTHOLICHHEM:

u=Ri=mgitga (1.2)
1781031

i=gu (1.3)

rae g:R'l— MIPOBOIUMOCTb.

IIpu 3ToM R=const.

Henunelinelii  pesucTuBHBIH  3memMeHT, BAX  koroporo
HesmHelHa  (pucyHok  1,0), xapakTepusyercsi  HECKOJIBKHMH
napamerpamu. B yacTHOCTH O€3BIHEPIIMOHHOMY PE3UCTOPY CTABATCS

U
B COOTBETCTBHE CTAaTHYECKOE Rcm=7 n muddepenumansaoe Ry =

dUu
E COIIPOTHUBJICHMUA.
I

R
o— }—o

(nunetinw pasucmap)

——

uli)

{Henuxetinbl pesucmap)

& 4]

Pucynoxk 1- Pe3ncTuBHBIE 37IEMEHTHI 1 HX XapaKTEPUCTUKH
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2. HnoykmueHnbwlit 3nemenm (Kamyuika UuHOYKmueHocmu)

YcnoBHOE rpadugeckoe n300paKeHHE KaTyIIKA
WHAYKTUBHOCTH TIPHUBEJEHO Ha pucyHke 2,a. Karymka — 310
MACCUBHBI 3JIEMEHT, XapaKTEePHU3YIOLIUICS WHAYKTUBHOCTBIO. [l
pacueTa HHAYKTMBHOCTM KAaTYIIKM HEOOXOIUMO PaccuuTaTh
CO3JIaHHOE €10 MarHUTHOE II0JIE.

WNHIyKTUBHOCTH oTpeenseTcs OTHOILIEHUEM
MOTOKOCLETIJICHUS K TOKY, IPOTEKAIOIIEMY 110 BUTKaM KaTyILKe:

L="%(w (1.4)

1€ ¥ — IIOTOKOCLCIUICHUE;
I - TOK B KaTyIlIKe.
B cBo ouepeap  MOTOKOCHEIUIEHHE pPAaBHO  CyMMe
HpOI/I3BCZ[CHI/II71 IIOTOKA, NPOHU3BIBAIOMICTO BHUTKH, Ha YHCJIO I3TUX
BUTKOB

Y =X w Dy,

rae @, = fSk Bds.

OCHOBHOM  XapaKTePUCTUKONW KaTYIIKH HHIYKTHUBHOCTH
SBISICTCSl  3aBUCUMOCTh (i), Ha3piBaeMas  BeOep-aMIepHON
XapaKTepuCTUKON. JIIs JIMHEHHBIX KaTylleK HWHIYKTUBHOCTH
3aBUCHUMOCTh  W(i)peacrasnsger  coboi  MpsAMyIO0  JIMHHIO,
MPOXOIAIIYIO Yepe3 Hayano KOOpAUHAT (CM. pUCYHOK 2,0); IPH 3TOM
L =m;tga = const .

Henuneitnpie cBolcTBa KATYIIKA WHAYKTHBHOCTH (CM.
KpHBYIO W(i)Ha prcyHKe 2,0) onpeeNnseT HaTiuie y Hee CepeuHHKa
n3 (eppoMarHWTHOrO Marepuana, aias KOTOPOro 3aBHCUMOCTD
MarHUTHOM HWHAYKIMU OT HanpspkeHHoctd nonsi B(H) = pouH
HenuHedHa. be3  ydyera  SBIEHMS MAarHUTHOLO  TUCTEpe3uca

HEJMHEHHAsl KaTyllKka XapakTEepU3yeTcs CTaTU4eCKOW L., =% 51
N di
muddepennmansHOM Ly = 2 | AHAYKTHBHOCTSIMA.
Ul
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Pucynok 2 - IHIyKTUBHBIE 3JIEMEHTHI M UX XapaKTePUCTUKU

3. EmMKocmublii 31emenm (KOHOeHcamop)

VYcnoBHoe rpaduyeckoe  M300paKeHHE — KOHACHCATOpa
MPUBEIECHO HA PUCYHKE 3.a.

Koupgencatop - 3TO MMaCCUBHBIN SJIEMEHT,
XapaKTEpU3YIOIIMMCS ~ eMKocThro. [l pacdera  mocnenHen
HEOOXOJMMO PACCUYMTATh 3JICKTPUYECKOE I0JIe B KOHJCHCATOpE.
EmkocTh ompezgenseTcs OTHOIIEHWEM 3apsiia ( Ha OOKIamkax
KOHJIEHCATOpa K HAMPSHKEHUIO U MEX Ty HUMHU

C=1 (o (1.5)

rae - 3apsm;
U — HampsDKeHUe.

OHa 3aBHCUT OT TeOMeTpUM OOKJIAQZOK H  CBOMCTB
OUBJICKTPHUKA, HaXoAIeTroCsa (vl % HHUMMU. BonsmmHcTBO
JIMAIICKTPUKOB, HCIIOJIB3yEeMbIX Ha MpPAKTHKE, JIMHEHHBI, T.€. Y HUX
OTHOCHTEIIbHAS JAMDIICKTPUYECKasi MPOHHUIIAeMOCTh €=CONst. B stom
ciydae 3aBUCMMOCTH (J(U) mpeacTaBiseT cobOOM MPSIMYIO JIMHUIO,
MPOXOJAIIYI0 Yepe3 Hadallo KOOpAWHAT, (cM. pHCYHOK 3,0) u
C =m,tga = const.
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Pucynok 3 - EMKOCTHBIE 3JIEMEHTHI M UX XapaKTepPUCTUKU

Y  HEJIMHEHWHBIX  THIJIEKTPUKOB  (CErHETOAJIEKTPUKOB)
JIARJIEKTpUUECKas MIPOHUIIAEMOCTD SIBIISIETCSI (dhyHKIHCH
HAMPSDKCHHOCTH ~ TOJIS, 9YTO  OOYCJOBJIMBAeT  HEJIWHEHHOCTh
3apucumoctu ((U) (pucyHok 3,0). B atoMm ciydae 6e3 yuera sBICHHS
3JIEKTPAUYECKOTO TUCTEPE3UCA HEJIMHEWHBIN KOHJIEHCATOP

xapakTtepusyerca crarnueckoit Cp, =% n anpdepeHIraIbHON

d
Cy = —| eMkoctamu.
duly

1.1.2 Cxembl 3aMellleHHSI HCTOYHMKOB JJIEKTPUYECKOM
JHEPrumn

CBoifcTBa HCTOYHHKA NMEKTPUIECKOI SHEPIUU ONUCHIBAIOTCS
BAX U(l), Ha3piBacMOii BHEIIHEH XapaKTEPUCTUKOW HMCTOYHHKA.
Jainee B 3TOM pasnene A ynpoueHUs aHalu3a 1 MaTeMaTHIeCKOTO
omucaHuss OyIOyT paccMaTpUBaThCS HCTOYHUKH  IOCTOSHHOTO
HanpspkeHus:  (Toka). OpHAKo BCe TONYYEHHBIE TMIPH  3TOM
3aKOHOMEPHOCTH, MTOHATHS W SKBUBAJICHTHBIE CXEMBI B TIOJTHOW Mepe
pacnpoCTpaHsOTCS Ha HWCTOYHMKM IEpEMEHHOro Toka. BAX
HCTOYHUKA MOXKET OBITh OIpeJielieHa dKCIIEPUMEHTAIFHO Ha OCHOBE
CXEMBbI, TPEACTaBIEHHOW Ha pHucyHKe 4,a. 3mech BoiabTMETp V
M3MepseT HaNpspKeHUe Ha 3akuMmax 1-2 ucrounuka U, a ammnepmerp
A — morpeOnsieMblii OT Hero TOK |, BETMYMHA KOTOPOTO MOXKET
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M3MEHSTBCS C TOMOINBI0 TIEPEMEHHOTO HArpy30YHOTO pe3ucTopa
(peocrata) Ry.

Pucynok 4 - Mcrounuk anekrpudeckoit suepruu (31C) u ux
XapaKTePUCTUKU

B obmem crmyuae BAX wncTouHMKa SIBIAETCS HETWHEHHOM
(xpuBast 1 Ha pucynke 4,0). OHa MMeeT IBE XapaKTepHbIE TOYKH,
KOTOpBIE COOTBETCTBYIOT:

a — pexxumy xojocroro xoma (1=0; U=U",,);
6 — pexxumy kopotkoro 3ambikanusi(U=0; 1=1",).

Juss  OonmpHIMHCTBA ~ MCTOYHHKOB  PEKHM  KOPOTKOTO
3aMbIKaHUsl (MHOT/Ia XOJIOCTOTO XOJa) SBIISIETCS HEIOIMYCTUMBIM.
Tokn W HampsHKEHHWs HCTOYHHKA OOBIYHO MOTYT M3MEHSTHCA B
OIIpPENENICHHbIX TMpeJeNiaX, OrPaHWYEHHBIX CBEPXY 3HAUCHHSIMH,
COOTBETCTBYIOIIMMH HOMHHAJBHOMY DPEXKUMY (peXHMy, IpH
KOTOPOM HM3IOTOBUTENIb TapaHTHPYET HAWIY4IIWE YCIOBHUSA €ro
9KCIUTyaTallud B OTHOLIEHWHM SKOHOMHMYHOCTH M JOJIFOBEYHOCTH
CpoOKa CIY>KOBI). DTO TO3BOJIIET B PSANIE CIIy9aeB ISl YIPOIICHUS
pacdeToB ammpoKCMMHUpOBaTh HennHelHylo BAX Ha pabouem
ydyacTke M-N (cM. pucyHOK 4,0) NpsIMOH, TOJNOXKEHHE KOTOPOH
orpefensieTcss pabOuYUMH MHTEPBATAMU WU3MEHEHUS HANpsDKEHUS |
Toka. Crieyer OTMETHTh, YTO MHOTHE UCTOYHUKH (TajbBaHUIECKUE
3JIEMEHTBI, aKKyMYJISITOPBI) UMEIOT JnHeiHbie BAX.

Ilpsmass 2 Ha pucynke 4,0 onUchIBaeTCs JIMHEHHBIM
ypaBHEHHEM

U=U,-R,I (1.5)
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rae U,, - HanmpsHKeHHe Ha 3a)KMMaxX HCTOYHHUKA MPH OTKIIOYEHHOH
Harpyske

(pazomkuyTOM Kimroue K B cxeme Ha pucyHKe 4,a);

Ren=U_/l,, - BHyTpeHHEE COMPOTUBICHNE NCTOYHNKA.

VYpaBuenue (1.5) mo3BonsieT COCTaBUTH MOCIENOBATEIBHYIO

CXeMy 3aMelleHHs HCTOYHWKa (CM. pUCYHOK 5,a). Ha aTol cxeme
cumBoiioM E 0003HA4YeH JJIEMEHT, Ha3bIBAEMBI HIE€ATHHBIM
uctrounnkom OJIC. HampsbkeHue Ha 3akKHMax 3TOro 3JIEMEHTa
U.,.=E=const He 3aBUCHT OT TOKa HCTOYHHKA, CIIEJAOBATEIBHO, EMY
cootBeTcTByeT BAX Ha pucynke 5,6. Ha ocHoBanuu (1.5) y Takoro
ucrounuka R,,=0. Otmernm, uro HanpasieHus DC U HanpsHKeHUs
Ha 32KUMaxX HCTOYHHKA IPOTHBOIIOIOKHBI.

“\U

c &

Pucynox 5 - neanbHbI# UCTOYHUK dJeKTpuaeckoi suepruu (31C)u
€ro XapaKTepUCTHUKA

Ecnu BAX wucTouHMKa JuHEHHa, TO JJIsl OINpeleTeHUs
MapaMeTPoOB €ro CXEMbI 3aMEILeHHsT HEOOXOJUMO IPOBECTH 3aMepbl
HaNpsDKEHUS U TOKA 711 IBYX JTFOOBIX PEKUMOB €0 padOTHI.

CymecTByer Takke mapaelnbHas CcXeMa 3aMeleHHs
ucTouHuKa. Jlns ee ommcaHHs pazJeNlMM JIEBYIO W TMPaBYK YacTH
cootHomenus (1.5) Ha R, . B pesynbrate momy4unm

17



U U
I = == IK3 -0
R, Ry, Ry,
Nin

I'=]-=9gaU, (16)

e J=l.; g, = R;,;! - BHYTpeHHS IPOBOIMMOCTH HCTOUHHMKA.

VYpapuenuto (1.6) COOTBETCTBYeT cxeMmMa 3aMCIICHHS
HCTOYHMKA Ha PUCYHKE 6,a.

Ha oto0ii cxeme cuMmBoioM J 0003HAaueH DJIEMEHT,
Ha3bIBAEMBIA WICATEHBIM HUCTOYHUKOM TOKAa. TOK B BETBH C ITHUM
3JIEMEHTOM paBeH J=l,, ¥ He 3aBUCUT OT HANpPSIKCHHS Ha 3a)KHMax
HCTOYHHWKA, CIEOBATENLHO, €My COOTBETCTByeT BAX Ha pHCyHKe
6,6. Ha aTom ocHoBannu ¢ yderoMm (1.6) y TakOTO HCTOYHUKA g, =
0, T.e. ero BHyTpeHHEE CONMPOTUBJICHHE R, = o0.

-------------------- . .

a 7]

Pucynox 6 - [lapannenpHast cxeMa 3aMeIIeHNs HICTOYHHUKA YPHEPTHH U
€ro XapaKTepUCTHUKA

OTMeTHM, YTO B pAacyeTHOM IUIAaHE TIPH BBITOJHEHHUH
ycaoBusi E=JR,, mocienoBatenpHas M HapajuleNbHAsh  CXEMBbI
3aMELICHUs] WCTOYHMKA SABISIOTCS OSKBUBAJEHTHbIMH. OpHaKo B
SHEPreTUYECKOM OTHOLIECHWH OHM PA3JIMYHBI, ITIOCKOJIBKY B PEKHME
XOJIOCTOTO XOAa ISl TOCIENOBAaTENBHOM CXEMBl 3aMElEHUs
MOILIHOCTH PaBHA HYJIIO, a JUIsl TapajIeIbHON — HET.

Kpome  oTMeueHHBIX  pEeXUMOB  (YHKIIMOHUPOBAHUS
HCTOYHMKA, HAa MPAKTHKE BA)XHOE 3HAYECHHUE MMEET COIJIaCOBAHHBIN
pexxuM  paboTbl, TP KOTOPOM Harpy3koii Ry 0T wucrouHmKa
notpebiiseTcs MaKCUMallbHas MOIHOCTh
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U
Brax = 4R, (17)

VYcnoBue Takoro pexuma

Ru=Ru, (1.8)

B 3akmrouenue orMmeTuM, 4To B cooTBeTcTBMM ¢ BAX Ha
pucyHkax 5,0 u 6,0 uneanbHbie UCTOYHUKH DJIC M TOKa SBISIOTCS
WCTOYHHUKAMHU OECKOHEYHO OOJIBIION MOIIIHOCTH.

1.1.3 Pexxumbl paGoThl 3JIEKTPUUECKOMH Iemu

Pesxxum paOoThI ANIEKTPUUECKOM LIeNH, T.€. e 3IEKTPUIECKoe
COCTOSIHHME, OIpEeNsIeTcsl 3HAYCHUSMH TOKOB, HANpsHKECHUM U
MOILHOCTEN €€ OTAEIbHBIX JIEMEHTOB.

B asekTpHueckMX LEIAX  Pa3iuM4aloT  HOMUHAQIBHBIN,
paboumii peXMMBI M PEXUMBI XOJOCTOTO XO/Aa M KOPOTKOTO
3aMBIKaHUS.

HomuHanbHbIH  pexuM. VICTOYHUMKH W NIPUEMHUKHU
JJEKTPUYECKOM DSHEPIHM, IIPOBOJA, a TAKXKE BCIIOMOraTebHbIE
anmapatel W OpUOOpPBl  XapaKTEPU3YIOTCS  HOMUHAJIbHBIMH
BEIMYMHAMH TOKA, HANPSDKEHUS U MOITHOCTH U T.[., HA KOTOPBIE 3TH
YCTpOMCTBA paccyuTaHsl 3aBOJIAMU-U3T OTOBUTEIISIMU JUISL
HOpMalbHOH  paboTel.  HoMmuHambHBIE  BEIMYMHBI  OOBIYHO
YKa3bIBAIOTCS B MACIIOPTE YCTPOMCTBA.

Pexxum paboOTBl, TpU KOTOPOM JEHCTBHUTENBHBIE TOKH,
HallpsDKEHUs, MOLIHOCTH  3JIEMEHTOB  JJIEKTPUYECKOM  Lenu
COOTBETCTBYIOT HX HOMHHAQJIBHBIM  BEJIWYMHAM, Ha3bIBAIOTCS
HOMUHANbHBIM (HOPMAIBHBIM).

OTKJIOHEHHE OT HOMHHAJIBHOIO PEXHMa HEeXeNIaTeNbHBI, a
MPEBbILICHNE HOMUHAIBHBIX BEJIUYMH B OOJBIIMHCTBE CIIy4yacB
HEIOMYyCTUMO, TaK Kak IPH 3TOM HE MOTYT OBITh rapaHTHPOBAHBI
pacdeTHbIe  TPOAOIDKUTENFHOCTh M OKOHOMHYHOCTH  PabOTHI
3IEKTPUYECKUX YCTPOUCTB U YCTaHOBOK.
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Hns  oOecrmiedeHWs:  HOPMANBHBIX  YCIOBUH  pabOTHI
MPUEMHUKOB DJIEKTPHYECKOW DJHEPTHH HEOOXOIUMO COOII0aTh
COOTBETCTBHE HAINpPsDKEHUH: JEeHCTBUTENbHOE HANpsHKEHHE Ha
3aKMMax yCTPOMCTBAa MODKHO OBITh PaBHO €ro HOMHHAIBHOMY
HaIPSDKEHUIO.

PaGounii pexuM. PeXUMBI 53IEKTpHUSCKON Memm 110
pa3IUYHBIM PUYUHAM MOTYT OTJINYATHCS OT HOMUHAIBHOTO.

Ecnu B 3JIEKTPUUECKOI nenu JIEUCTBUTEIbHBIE
XapaKTePUCTUKH PEXAMa OTIMIAIOTCS OT HOMHHAJIBHBIX BEJIHYUH €€
3JICMCHTOB, HO OTKJIOHCHHA HAXOAATCA B JOIMYCTHUMbLIX NPCACiax, TO
pexxuM  HaszbiBaeTcsi pabounM. Ha pucyHke 7 CONpOTHBICHHE
COEIMHUTENHHBIX MPOBOJOB OTHECEHO K MMPUEMHUKY.

IIpuMeHsis K 9TOM LeNU 3aKOH COXPAHEHUS SHEPTUH, MOKHO
COCTaBHTh YpaBHEHHE HHEPreTHUECKOro OallaHca 3a HEKOTOpoe
BpeMsI:

W, —W, =W, (1.9)
rae W,=EIt- sreprus nctounmka;
W, =1°Rt-3Heprus mpHeMHNKa;
W,=1°rt-3Heprus noteps B HCTOUYHHKE.
5 I
—
{8 m
O
R
Ir
&
Pucynok 7 — I3MeputenbHas cxema
B sTOM ciyuae sHepreTrdeckuii OanaHC UMeeT BUJT
Elt=1rt+I°Rt (1.10)
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[Tocne cokparmenus Ha t moTyduM ypaBHEHHE OaaHCca MOITHOCTEH
El=1’r+I°R (1.11)

Haree, cokpamas Ha |, monmy4yaem ypaBHeHHe OanaHca HAPSKEHHH
ElI=Ir+IR wmm E=U,+U (1.12)

rae Uy-BHyTpeHHee MajieHne HapsHKeHUS B UCTOYHHKE,
U-HanpsbkeHUe Ha BHEITHUX 3KUMaX UCTOYHHKA.
Tok B e

|=E/(r+R) (1.13)

Orta ¢dopmyna sBisieTcss BbIpakeHHeM 3akoHa Owma s
NpocTeHIIeH Lenu.

Hanp;mceHMe U Ha BHENIHHMX 3a)KHMMax HUCTOYHHKA, PAaBHOC B
3TOM CJIy4ae HalpsDKEHUIO Ha mpueMHuKe, MeHblle DJ[C ucTtouHmnka
Ha BEJIMYMHY BHYTPEHHETO MMaJICHUs HApsDKeHus |1 :

U=IR=E-Ir (1.14)

OrtHomIeHne MOITHOCTH Pp TpHEMHHKAa K MOIMHOCTH Py
WCTOYHHMKA HA3bIBACTCS KoIpduuuenmom none3nozo oeiicmeus
UCMOYHUKA:

= Pp/ Py (1.15)

KIIJI ucTouHrKa MOXXHO OMNPEEIUTh OTHOIIIEHUEM HAIPsHKCHHS Ha
3aXKUMax ucToyHuka k ero DJ1C:

n= Ppl P,=UI/EI=U/E (1.16)
IIpm paBeHCTBE CONMPOTHUBICHUS HArpy3KH BHYTPEHHEMY
COTIPOTUBJICHHUIO MCTOYHHKA (PeMHcuM cO21acO08aHHON HAZPY3KU), HA

MoTpeOUTeNe BBIACISICTCS MaKCUMaTIbHAS MOIIHOCTh, OJHAKO, MPHU
MakcumaibHol otnaue KT/ nenu 7=50%.
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Pe:kMMBbI X0J10CTOr0 X012 U KOPOTKOI0 3aMbiKaHus. [Ipu
R=c0 TOKa B 1enmm He Oymer. DTOT ciyyail COOTBETCTBYET
pPa3MBIKaHUIO [EMd. PexuM 3IIeKTPUYecKoil Lenmu WM OTIAENbHBIX
WCTOYHUKOB, TMPHU KOTOPOM TOK B HHX PaBEH HYIIO, Ha3BIBAETCS
pesxcumom xonocmozo xoda. llpu XomocToM xoje HalpsDKeHUE Ha
BHEIITHUX 3a)KUMaX UCTOYHHKA paBHO ero J/[C

U=E (1.17)

ITpu R=0, cormacuo Beipaxenuto I=E/r=ly,, a Hanpsoxenne
Ha 3wKMMax nprueMHuka u ucrounnka U=0.

Pexxum anekTpuyeckod Uend, Mpd KOTOPOM HAKOPOTKO
3aMKHYT Y4acTOK C OJJHUM WJIM HECKOIBKUMH 3IEMEHTAMHU, B CBSI3H,
C 4YeM HaNpsDKEHHE Ha 3TOM YYacTKE paBHO HYJIO, HAa3bIBACTCS
pexicumom Kopomxozo 3amvikanus. COOTBETCTBEHHO TOK |y B 1emu
Ha3bIBAETCSI TOKOM KOPOTKOT'O 3aMBIKAHHSI.

KopoTkoe 3amblkaHWE B OJJEKTPUYECKHMX  YCTaHOBKaXx
HeXeNaTeNbHbI, TaK KaK TOKHM KOPOTKOT'O 3aMbIKaHUs, KaK IMpaBUio, B
HECKOJIBKO pa3 MPEBBIIAIOT HOMHHAJIBHBIE BEJTMUMHBI, YTO BEAET K
PE3KOMY YBEIMUYEHHUIO BBIICICHHS TEMJIOTHI B TOKOBEAYIINX YacTsIX
U, CIIEZI0BATENIBHO, K ITOPYE ANEKTPUIECKUX YCTAHOBOK.

Hanpspkenue Ha 3a)kMMax UCTOYHMKa yMmeHbIaetrcs ot U=E
no U=0 , ecnu TOK Harpy3k YBEJIUYMBAECTCS OT HYJS 1O TOKa
KOPOTKOT'O 3aMbIKaHus .

OHepreTHdeckre MpOIEecChl B IEMAX IMEPEMEHHOTO TOKa
3aBHCAT OT HaJM4YUs pPEAKTHBHBIX COMPOTHUBICHWI: KaTyIIeK
WHAYKTUBHOCTH, KOHJIEHCAaTOPOB M XapaKTepU3YIOTCS aKTHBHOMN
morHocThio P=Ulcosp wu peaktusnoii momrHocThi0 Q=UlSing.
YacTp 3IEKTPUYECKON SHEPruM, MOABOJUMOM OT TEHeparopa
mpeoOpazyeTcst B JpyrMeé BHIBI DJHEPTUH, a dYacTh OHEPruu
3aTpaurBaeTCsi Ha CO3JaHHe MarHuTHOro (B KaTymIKax
WHAYKTUBHOCTH) WX 3JIEKTPUUECKOrO NOJIs (B KOHAEGHCATOPAX).

Ecnu peakTUBHAsE MOIIHOCTb 3JIEKTPUYECKON LIENM HE paBHA
HYJI0, TO COS@<1 . B siekTpuueckoil Lenu MepeMeHHOro TOKa, B
KOTOpOM WMEIOTCA KaTyllka HWHAYKTUBHOCTH W KOHIEHCATOp,
BKIJIIOYEHHBIE  TIOCJICAOBATEIbHO MM  MAapajuieNibHO,  00Imas
pEeakTUBHAs MOIIHOCTb BCEI/Ia MEHBIIE, YEM PEaKTHBHAS MOIIHOCTh
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KOKIOro dJIeMeHTa. B 3TOM ciiydae TOBOpSAT O KOMIIEHCAITUH
PEaKkTUBHOW MOIIHOCTH  KATYIIKH  PEAaKTUBHOW  MOIIHOCTHIO
KOHJIeHCcaTopa, T.K. Q. u Q¢ MMEIT NPOTUBOMNOJIOXKHBIC 3HAKH.
[Tonnass kommeHcalusi PEaKTUBHOM MOIMHOCTH BO3MOXHA TpHU
pe3oHaHce.

KomrmieHcarusi peakTMBHOM MOIIMHOCTH B 3JIEKTPUUYECKUX
LEMsAX UMeET OOJIBIIOe TEXHHKO-DPKOHOMHUYECKOe 3HaueHHe. TOok B
MIPHEMHUKE, a CIIEJIOBATEIbHO, U B MIPOBOJIAX, COSAMHSIONIUX €ro C
WCTOYHUKOM JHEPTHH, MPH ITHX YCIOBHSX 3aBUCHT OT BEIWYHHEI
peakTUBHOM MolHOCTH Q:

1:%=ﬂﬁ%;ﬁﬁ (1.18)

Yem Oonblie peakTUBHAs MOLIHOCTh INPHEMHHUKA, TEM
OonpIIMH TOK JOJDKEH OBITh B CaMOM IPHUEMHHUKE, B TeHEpaTope,
COCAMHUTENBHBIX MPOBOAX, TpaHCcHOpPMATOpe M IPYTUX dJIEMEHTaxX
CETH AJICKTPOCHA0KCHUSI.

MoniHOCTh TEIJIOBBIX MOTEPh, COINIACHO 3aKOHY JIXOyiis-
Jlenna, mpoMOpIMOHAIbHA KBaApaTy TOKa W COMPOTHUBIECHHUIO
MIPOBO/IOB:

AP=I"R (1.19)

Od4eBUIHO, YTO YeM OOJIbIle TOK MPUEMHUKA, TEM OOJIbIIe
MOTEPY SHEPTHH BO BCEX DIIEMEHTaX dIEKTpuieckoi nenu. Haubonee
MOJIHOE  WCIOJIb30BaHHE T'eHEpPaToOpoB M TPaHC(HOPMATOpPOB
COOTBETCTBYET PEXHMY pabOTHl ¢ HOMHHAIBHBIM TOKOM MpPH
HOMHWHAIILHOM HAITPSDKEHHH.

PeakTuBHYI0O  MOIIHOCTb  YCTaHOBOK,  IOTPEOISIOLINX
AIIEKTPUYECKYIO SHEPTHIO HE00X0IMMO coKpamars. Ha mpaktuke 310
JOCTHUTACTCS nyTeM MPaBUIBHOTO BBIOOpA MOIITHOCTH
AJIEKTPOIBUTATENEH, TpaHchOpPMAaTOpPOB, panuoHanbHON
SKCIUTyaTallud MX 0e3 Hemorpy3Kd M padOThl BXOJIOCTYIO, & TaKKe
KOMIIEHCalmeli ¢ ToMoIpl0  KoHjAeHcartopoB. Jlms  atoro
napajielbHo K MPUEMHHKAM MIOJIKITIOYAI0T KOHJIEHCATOPHEIE
Oarapen.
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KoHTposbHbIE BONIPOCHI

1.Kakue cxeMbl 3aMeleHHsI ICTOYHUKOB SHEPTUU CYIIECTBYIOT?
2.Kakoil HCTOYHUK HEPTHH HAa3bIBAIOT HCaTbHBIM?

3.MoskeT 1 BHEIIHSS XapaKTePHCTHK HCTOYHHUKA IIPOXOJUTH Yepe3
Ha4yajao KOOpIuHaT?

4.Kako# pexxuM (X0JI0CTOH X0 UM KOPOTKOE 3aMbIKaHHE) SIBISICTCS
aBapuiHBIM U1 UICTOYHHMKA TOKa?

5.B 4eM 3aKiIr0uaroTCsA SKBUBAJICHTHOCTD U Pa3INyuue
MOCJIeZI0BAaTENIbHOM U MapajiebHOM CXeM 3aMelleHIs] UCTOUYHUKA?

1.2 MeTtoab! aHanu3a Henei NOCTOSTHHOTO TOKA
1.2.1 MeToa 3KBHBaJTeHTHBIX Tpeo0pa3oBaHmii
1.2.1.1 O6mue cBegeHus

PaccmaTtpuBas 1enu C OAHMM HCTOYHMKOM D3HEPrUU H
naccuBHbIMU (HEe uMerommM JJIC) mpueMHHKaMH, HYXHO YSICHUTH
OPUHUMIIMAIBHOE — pasjinuue  MEXIY  IOCIEeJOBaTeNbHBIM U
napajuleIbHBIM ~ CIIOcOOaMH  coeAMHEHUs  aneMeHToB.  [lpu
[IOCJIEIOBATEIbHOM ~ COEIMHEHMHM II0 BCEH 3aMKHYTOM Lenu
LUPKYJIUPYET OJUH U TOXE TOK. HampsbkeHue HCTOYHMKA JIEIUTCS
MEXAy  NpUEMHHUKaAMHU MpsIMO  TPOMOPIIMOHANBHO  HX
conpoTuBieHusiM. OOIee CONMPOTHBICHHE BHEITHEW ENH PaBHO
CyMMe€ CONIPOTHBIICHHUH BCEX MPHUEMHHUKOB.

IIpu napannensHOM COEAMHEHNH MPUEMHUKN HaXOIATCS MO
OJIMHAKOBBIM HamNpspKEHHEM. TOK MCTOYHHMKA JEIUTCS MEXIY
MPUEMHUKAMH TPSAMO TPOMOPIHOHATBHO HMX IMPOBOAUMOCTSIM
(0OpaTHO MPOMOPLMOHAIBEHO COMPOTHUBIICHUSIM).

MeTon OSKBHBaJICGHTHBIX NpeoOpa3oBaHMid OCHOBaH Ha
3aMEHE IBYXIOJIOCHUKA OJHOTO BHJA HA JABYXIIONIOCHHUK JPYTOro
BHJA.

JIBYXIIOJIIOCHUKH Ha PUCYHKE 8§ OYIyT SKBHBAJICHTHBIMH, €CIIH
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Pucynok 8 - DxBuBaneHTHOE TpeoOpa3oBaHue
MOCJIEZI0BATEIEHOTO COSIMHEHUS CONIPOTUBIICHUH

OKBUBAJICHTHBIC MTPEOOPA30BaHMSI IBYXIIOJIFOCHUKOB Ha PUCYHKE
9 ompenenseT OTHOIICHHE

1<r 1 1.1 (1.21)
R R

RJ?{
Rp ”Rﬁ. E]Rn

Pucynok 9 - DkBUBaJICcHTHOE NPeoOpa3oBaHue
MapauIeIbHOTO COSIMHEHNS CONTPOTHUBICHUN

B ciayyae n=2 izi_‘_i,on(y;[a R = R ‘R, )
EIN Rl RZ " R1 + R2
Eemn=3 1 _ 1 + 1 + i, OTKyJa
RaK R1 RZ R3
Rl i Rz ) Rs

R

* "R -R,+R, R, +Ry R,

CxeMy CIOXHOM 1enH, COCTOSIIYIO0 U3 MOCIEAOBATEIbHO U
MMapajuieIbHO COSAMHEHHBIX BETBEH, MOXXHO Ipeo0pa3oBaTh B
MIPOCTEHITYIO CXEMYy C OIHHM IMPHUEMHUKOM WM TI0 HEW paccuuTaTrh
OOIMii TOK IIETH, TMOCTYMAIONUN OT WCTOYHMKA SHEPTHH. 3aTeM,
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BO3BpAIAsACh MOCTEIIEHHO K UCXOJHON CXeMe, MOXXHO pPaccUUTaTh
HATPSHKCHUS] ¥ TOKK BO BCEX JIEMEHTAX IICITH.

Ilpu pacueTax DIEGKTPHUYSCKUX LENed  HEOOXOIUMO
YUUTBIBATh, YTO PEATbHBIA HWCTOYHHK 3JICKTPUUCCKOW OSHEPTrUU
obmamaer He TOompko DJIC, HO W BHYTPEHHHUM COIPOTHBICHHEM.
3JIC. uCTOYHWKA KOMICHCUDPYET TaJcHUE HANPSDKCHHS Kak Ha
BHEIITHEM COMPOTUBJICHUU R, KOTOpBIM 00NajjacT MpUEMHUK, TaK U
Ha BHYTPEHHEM COTIPOTHUBJICHUH I

E=1-R+1I-r,
orkyma | _ _E
R+r
Tak xak Hanpspkerne U =1-R, ToU=E-1-r.

[Tapamerpsl E u I' yka3pIBaroTCs Ha SKBHUBAJICHTHOH CXeMe
HMCTOYHHKA YHEPTUU pUCYHOK 10:

U=E-I-r

Pucynok 10 — Cxema 3amemenns ucrouanka 3/1C

Takoil ke SKBHBAJEHTHON CXeMOIl O0TOOpa)kaloT aKTUBHBIN
MIPUEMHUK SHEPTUHU (3apspKaroucs aKKyMYJISTOD,
3JIeKTpoABUraTenb) pucyHok 11. B ornuume or ucrounumka y
aktuBHOTO npuemMHnKa J/IC MeHbIIIe MPUIIOKEHHOTO HAPSKEHUS, a
notpedIIsieMblil TOK HanpasieH HaBcTpeuy D/JC:

U=E+I-r
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Pucynok 11 — Cxema 3amemnieHus] aKTHBHOTO TIPUEMHHIKA

[Ipn pemeHuu 3amad 4acToO MCHOJB3YETCs MpeoOpa3oBaHHe
TPEyTOoIbHHUK-3Be3a (PUCYHOK 12).

ki
Rag ‘ 3

Pucynok 12 — DxBuBaneHTHOE 1IpeoOpa3oBaHKUe TPEYTOJIbHUKA B
3BE3/1y U 3BE€37bl B TPEYTOJbHUK

DopMyITbl SKBUBAJICHTHBIX ITPe0Opa30BaHUHi UMEIOT BUIL:
ConpoTHBIEHUS JTyueit 3Be3/Ibl

— Ri, Ry

' Rj, + Ry + Ry

_ Ry Ry (1.22)
Ry, + Ry + Ry

_ Ra1 Ry
R, + Ry + Ry,

2

3

ConpoTHBIIEHUS TPEYTOIBHUKA
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g, = 9.-9,

g,+0,+0,
g, = 920 (1.23)
9, +0,+0,
931 _ 93'91
9, +0,+0;

TAC, Q151 0,30 U5, - IPOBOAUMMOCTH CTOPOH TPCYI'OJIbHHUKA.

JBYXIOTIOCHUKH, B KOTOPBIX €CTh UCTOUHHUKU DJC u (uin)
TOKa, Ha3bIBAIOTCS aKTUBHBIMU (PUCYHOK 13).

JBYXNOTIOCHUKM Ha PUCYHKE 14 SKBHUBAJCHTHBI, ECIH
MMEIOT OJIMHAaKOBbIC BHelIHUE Xapaktepuctiku U(l).

). —1 R

o o g 3 i
NG
al &)
Pucynok 13 - AKTUBHBII Pucynok 14 - DOxBuUBajIeHTHBIE
JIBYXIOJIFOCHUK JIBYXIOJIOCHUKU
Jlns IBYXTIONMIOCHUKA TI0 cXeMe pucyHkel4 a mmeem
U=E-RI (1.24)

BHemnssi XapakTepucTUka JBYXIIONIOCHUKA 10 CXEMeE
pucyHka 14 6 onpenensercs U3 ypaBHEHUS

-J+1+GU =0 (1.25)

OTKyza
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U:i_£| (1.26)
G G

I[BYXHOJ'IIOCHI/IKI/I OKBHBAJICHTHBI, CCJIN

E:i;R:l (1.27)
G G

Jns pacyera CIOXXHBIX LENEH, UMEIOIIUX Y3JIOBbIE TOYKH,
3aMKHYTbI€ KOHTYpbl U HecKoibko OJC, HpUMEHSIOT 3aKOHBI
Kupxroda. CormacHo mepBomy 3akoHy Kupxroda, cymma TOKOB,
IIoAXOaAIINX K y3JIOBOI71 TOYKE, paBHa CYMMC OTXOAALIUX TOKOB,
COTJIACHO BTOpOMY 3aKoHy, anreOpamdeckas cymma OJJ[C B
3aMKHYTOM KOHTypE paBHa anreOpanveckod CcyMMme TaIeHui
HaIpsKEHU.

1.2.1.2 Pelienne TUNMOBBIX 32124

3apaua 1.1

ITpeobpasys cxemy (pucyHok 15), paccuuTarh HanpsbKEHHUE U
TOKH BO BCeX ydacTkax nemu. R;=2 Om, R,=6 OmM, R3=8 Om, R;=4
OwMm, U=36 B.
Pemenne

B4 R
i L h3
— I I
o 14
R
7 Ry
- &

Pucynok 15 — PacuerHas cxema
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Ymporieane cxeMsl (pUCYHOK 16) ¢ MpuMeHeHHEM

SKBHUBAJICHTHBIX MTPE0OpPA3OBaAHMIA:

Ry — gL
= JI 5 — i M i
Ik 3 TR i
HR:; H Faq ' Ry ! HR
_ L _ _

Pucynox 16 — YnpoliueHHbIE CXEMBI

Pacuet cxeMbI:

Pacuer skBHBaJIEHTHBIX
CONPOTUBJICHUH

Pacuer TOKOB M HanpsKeHUI

R,, =R, +R, =8+4=120M

1 1 1
= —+ s
RAB RZ R3
R, = R, -R;, _ 612 _40mMm
R,+R,, 6+12

R=R +R,;; =2+4=6 Om

| _UAB_E_lA
3.4_R _12_
3.4
IZZURAB:%:ZA
2

U,=1,R,=6-2=12 B.
U3:|3_4R3:1'8:8 B
U4:|3_4R4:l 4=4 B




3agava 1.2
PaccunTarh ¥ MOCTPOUTH BHEITHIOKD XapaKTEePUCTUKY

ucrounuka >uepruu umetomero: E =100 Bu r =2 Om.

Pemenne
U=E-I-r
1. ITycrs | =0, Torma U = E =100 B.
2. lyctb U =0 ( KOpOoTKOE 3aMBbIKaHKE), TOTa

|:|k=5:%:50A

3. 1o mosryueHHBIM KOOpANHATAM HAHOCUM TOYKU U CTPOUM

BHEILIHIOK XapaKTEPUCTUKY PUCYHOK 17.

U, B
100

10 2030 40 50 | 4

Pucynox 17 - BHenHsisl XapaKTepuCTUKA HCTOYHHUKA

SHEpPruun
3agava 1.3
Haiitn Toku B BeTBsIX u HampspkeHue Uy, B IIETH 1O CXeMe
pucynka 18.

Hanpsokenne U=75 B. Ilapamerpsr nenm: R;=50 Owm;
R21:20 OM, R22:30 OM, R31:30 OM, R32:20 Om.
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Pucynoxk 18- Pacuernas cxema

Pemienue

OmnpenensieM MOJMOXKUTENbHBIE HAIpPaBICHUS TOKOB BETBEH
(pucyHnok 18).
B BetBsix ¢ Tokamu |, u |3 pesuctopsl Ry, Ry U Rsp Rz coenmnuensr
M0CJIEAOBATENIHHO.

CruenoBaTeibHO,

R2:R21+ R22:50 OM,
R3:R31+R32:50 Om.

Yuactku R;, R3 coemHeHbI TapalijieIbHO, TTO3TOMY

R,R 50 -50
Ry = —2—2 = — 25 Om.
R, +R, 50+50
DNEKTPUUYECKYTO LIeTTb, COCTOSIIIYIO u3 JIBYX
MOCJIe/IOBATENILHO COSIMHEHHBIX PE3UCTOPOB, HA3BIBAIOT JCIUTEICM

HaIPSKEHUS.
PaccunteiBaeM aenurtens HanpsokeHUs Ry, Ros.
Tokn ¥ HanpsoKeHUs  JACNUTENS  ONPENENSIOTCS 110
BBIPKCHHSIM:

I, = u _ 7% _1A;
R, +R,; 50+25
U,=1LR, =150 =50 B;
U,=1R,;=1-25=25 B;
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|2:U72:§_075 A;
R, 50

,3:%:%:015/&.
3

Hampsoxenne Uy, Haxoanm no Bropomy 3akoHy Kupxroda
Uy =1LR; — 3Ry,

[Honyyaem
U, =05-30-0,5-20 =50 B.

3anava 1.4

HaiitTh TOK B BETBHM a-b IIEMU MO CXEeM€ pHUCyHKa 19.
[Mapamerpsr menu: Ry;=47 Om; Ry=75 Om; R3=33 Owm; R;=25 Ow;
Rs=40 Om. Hanpstxenne U=100 B.

Pemenue

OmnpenensieM MOIOKUTENIFHOE HAIIpaBlieHHe ToKa | BeTBH a -
b. TTpeobpasyem TpeyronsHUK U3 pe3ucTopoB Rz, R4, Rs B 3Be3my
Rss, Ras, Raq.
[To popmynam SKBHBaNICHTHBIX TPEOOPA30BAHUIA UMEEM:

= R;-R, 325 _g42 Om
R;,+R,+R, 33+25+40

= R4'R5 — 2540 :10’2 OM
R;,+R,+R; 33+25+40

R;-Rg  33-40 _13,47 Om

® "R, +R,+R, 33+25+40

ITonygaem cxemy 3amemieHus (pucyHok 20).
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i

Pucynok 19 — PacuetHas Pucynok 20- Cxema 3amenieHus
cxema

OHpCZ[GJ'I?ICM 9KBHBAJICHTHBIC COITPOTUBJIICHU A
TMOCJICA0BATEIBHO U MapaUICJIbHO COCAUMHEHHBIX YYaCTKOB!:

Ry = R, + Ry = 60,47 Om;

Rys = R, + R,s =85,2 OM;
RisRos 60,47 -85,2

Ry + Ry 60,47 +85,2

Ry, = =35,70m.

PaccunteiBaem aenutens HanpspkeHus Ry, Ray. Hanpspkenme

U, - YR _ 100357

= = =80,92 B.
Ro+Ry, 357+842

PaccunteiBaem genutenu Ri— Rgs; R,—Rys v onpenensiem

R, R
U, =u10(35—45J =832B
135 R245
Tox B BEeTBH a -b HaxoJauM 110 3aKOHY Owma:

U, 832

| = = 0,208 A.
40

5
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3agaua 1.5

BemmoaauTs SKBHBAJIEHTHBIE mpeoOpa3oBaHus IS
JIBYXTOIOCHUKA (cxema Ha pucyHke 21). IlapameTpsl pe3ucTopoB
nByxmnonrocHuka: Ry =75 Om; Ry;=50 Om. Uctounuku: E; = 30 B; J;
=1A.

Pemrenne
OTarel BEIIOTHEHUS IPpeoOpa3oBaHui IOSACHSET PUCYHOK 22.

Pucynok 21- PacueTtnas cxema

Ry

SPIERCRIORIE §

- - = g

[H Ry [H Ry Ry

Pucynox 22 — I[Ipeobpa3oBanue CXeMBbI

Pacuer BoimosHsAETCS 110 (hOPMYIIaM 3KBHBAJICHTHBIX
npeoOpa3oBaHuUi:

J, =E,/R =30/75=04 A;
J=J.,-J,=-06 A;
E=JR =-06-75=-45B;
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R=R,+R, =125 Om.

3amauva 1.6

MeToioM SKBHUBAJICHTHBIX NpeoOpa3oBaHUN  pPacCUUTATh
TOKM BeTBell B memn co cxemod (pucyHok 23). Ilapamerpsr
pesuctopoB BetBeil: R; =100 Om; R,=130 Om; R3 =43 Owm; R,=75
OwMm; R¢ =110 Om; R;=200 Om; Rg =45 Om.
HUctounuku: E;=15B; Es=24B; E;=8B;Js=0,2 A;J;=0,1 A.

3 —
!
b R, g, I, B, F
A 3
I %,
f? C
1 =
J % By 7
¢ I
&y s
ol’s

Pucynox 23 — PacuetHas cxema

Pemenne

Ha3HauaeMm mosioKuTeIbHbIE HAIIPABICHUS TOKOB B BETBSX.
VY3161 cxembl oTMeuaeM nudpamu 1,2, 3 u 0.

BrimonHsiem 3KBHBaJIeHTHBIE TPeoOpa30BaHus AJIsl ABYXIOJIIOCHHUKA
MeXay y3namu 1-2 (pucyHok 24).
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O SR A
R,
Pucynok 24 Cxema npeoOpa3oBaHus IBYXITOIIOCHAKA MEXIY
y3namu 1-2
Haxonum:
31=5:£=0,15 A;
R, 100

R __RR, _ 100130
” R +R, 100 +130
E, = J,R, =015-56,52 = 8,48 B.

=56,52 Om;

Mexnay y3namMu 2-3 pe3ucTOphl COEAMHEHBI NapajlieNibHO,
MO3TOMY

RR, 43.75

= = =27,330m.
R,+R, 43+75

[Moyuaem cxemy (prcyHOK 25):
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Pucynok 25 — Cxema nociie mpeobpa3oBaHus JBYXITOTIOCHUKA
1-2

IIpeoOpa3zoBanue /i ABYXIMOJIIOCHHKA Mexny y3mamu 3-0

MOSICHSIET PUCYHOK 26:
) 3
?_} E?
R?
L

3 3
A
’ = R?%?J?_}
xJ,
&y

Pucynoxk 26 - Cxema npeoOpa3oBaHus IByXIOIIOCHUKA MEXILY

y3namu 3-0
Haxonmum:
Ja=S1= 8 _o04 A;
R, 200

I =Jg, +J, =004+01=014 A;
E. =J!R, =0,14-200 = 28 B.
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[Torygaem 3KBUBAJICHTHYIO CXeMY PUCYHOK 27:

Pucynoxk 27 - Cxema nociie npeoOpa3oBaHust JBYXIOIOCHUKA 3-
0

BerBu Ha ywactkax 2-1; 1-0 coegmHEHBI TOCIEIOBATENHHO.
ConpoTUBIIEHUE 3TOU BETBU COCTABUT:

R125 = R12 + R5 = 56,52 + 91 = 147 ,52 OM
OJIC sToli BeTBH:
E125 = E12 - E5 = 8,48 —24 = —15,52 B

BerBu Ha yudactkax 2-3, 3-0 coeamHEeHBI MOCIEA0BATEIBHO.
CormpoTuBieHne

Ry, =Ry, + R, =27,33+ 200 = 227,33 Owm.

[Torygaem IBYXTIOMIOCHUK C IBYMS y3j71aMu (PUCYHOK 28).
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2
I Raygz
77 L
B 20
Th 125 R,j )
T ; £
Rigs ~ s

ol s

Pucynok 28 - Cxema nocie npeoOpa3zoBaHust

PaccunthiBacm Hanpsokenue Uy,
PaccunTaeM cxemy METOJIOM Y3JIOBBIX MMOTCHIIHAIOB:

Gy = J5
e ¢ 1 1. 1 cobcTeennas npoBOAMMOCTD BETBEH,
22
R125 RG R7
MIpUHAUIeKAINX Y3y 2;

E E. o
3, =15 _J 4 =1 Y3I0BOH TOK.

125 R7
IloacraBnseMm naHHBIE:

G,, = ! 1,1 _oomCm,
147,52 110 200
=2 05, 8 _ g1m A
147,52 200
Hanpsixenue
-0,185
0= =-8982 B.
0,02

PaccunthiBaeM TOKM:

U, —E,, -8982—(-1552)

ls = =

R 147 52

=0,044 A
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=2 7892 _ g8 A

* R, 110 ’

| _Un-E; _-8982-28 A
% Ry 227,33 ‘

Tox | onpenensiem no 3akony Kupxroga:
lg+1g+Js=0,
Otkyna
i =-1y—-J,=-0,082 -0,2=-0,282 A.

PaccuurteiBaem Hanpsoxenus Uy, Ujz i Ugg (pucyrok 27).
CocTaBinsieM ypaBHEHHS 10 BTOpoMy 3akoHy Kupxroda:

U, — IR, =Eyp»
Otkyna

U, =R, +E;, =0,044 -56,52 + 8,48 =10.967 B.
Hanpsxenue:

U,; = I,,R,, =—0,163 - 27,33 = —4,446 B;
Uy, =U, —U,, =-8982 — (—4,446) = 4,536 B.

PaccunrsiBaem toku |, I,, 15, 1, |; (pucynok 23).

Io BrOpomy 3akony Kupxroda nmeem:
U, +LR =E,

Otkyna
| _Ei-U, _15-1097
: R, 100

0,0 A
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[To 3akony Oma:

I, = Un :w:(),ogz; A;
R, 130
1, =0z 46 5108 A
R3
| o Un 10967 o0 A.
R,
ITo Bropomy 3akony Kupxroda nmeem
IR, =Uy =-E;»
OTKyia
Uy —E, —4536-
|, =20 "B _Z45078_ 4053 A
R, 200
Beimonasem MPOBEPKY MPaBUIBHOCTH

PaccuurtsiBacM OaiaHC MOIIHOCTEM.
MOIIIHOCTh KCTOYHUKOB OMPEIEIIACTCS U3 BBIPAKEHHS:

Puer = E5|5+E1|1_E7| 7_U20‘]6 +U3o‘]7 =

pelIeHHUS.

=24-0,044+15-0,04—8- (~0,063) — (~8,982)0,2 + (~4,536)0,L = 3,511Bm

MOH_IHOCTB, pacceuBacmMmas B pe3uCToOpax:

2 2 2 2 2 2 2 _
Pr=I/R+ R, + R, + IR, + ISR, + IR, + IR, =

=0,04%-100 +0,084 % -130 +(-0,103)* - 43 + 0,059 * - 75 + 0,044 > - 91 +

+(~0,082)? 110 + (~0,063)? - 200 = 3,511 Bm

ITony4aem P, ., = P,, 3a[1a4a peLieHa, BEPHO.

1.2.2 MeTton ypaBHenuii Kupxroga
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PazBerBiiennsie 1erm (pucyHok 29) ¢ Heckompkumu JJC
pAcCUMTHIBAIOTCS TPH TOMOIIM T[EPBOrO U BTOPOTO 3aKOHOB
Kupxrodga.

B cxeme E;=32 B; E,=25 B; R;=7 OmM; R,=5 Om; Rs=8 Owm;
Rs=6 Om; Rs=13 Om; Re=11 Owm.

Pucynok 29 — PacuetHas cxema

1.HameuaeM MpOU3BOJIBHO HANpAaBICHUS TOKOB BO BCEX
BeTBAX (PUCYHOK 29).

2.CocraBisieM ypaBHEHHs 0 TiepBoMy 3akoHy Kupxroda.
Yucno ux B 00IIeM cirydae Ha €AMHMILy MEHBIIE YHCIA Y3JI0B (I
paccMaTpUBacMOM CXEMBI C YETHIPHMS Y3JIaMH HY>KHO COCTaBUTh TPU
TaKUX ypaBHEHUS):
—1, -1, =0-ms y3na a,

le =1,

I, +1,—1, =0-a714 y31a 6; (1.28)

—ly+1, -1y =08 y3ma c;
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3.BriOupaeM MpOM3BOJIBLHO HAIIPaBICHHE 00X0aa KaXI0ro
KOHTypa Ienu (HalpuMep, 10 YacOBOW CTPENKE) M COCTaBIIIEM
ypaBHEHUs 10 BTOpoMy 3akoHy Kupxroda. KoHTypsI, st KOTOpBIX
COCTaBJISIOTCS YPaBHCHHS, HY)KHO BBIOPATh TakK, YTOOBI KXKIBIH U3
HUX BKJIOYaN B ceOs XOTs OBl OZIHY BETBb, HE BOILICANIYIO B APYTHE
KOHTYpBI. TOIBKO TIPU 3TOM YCIIOBUW YPaBHEHHUS, COCTABICHHBIE TIO
BTOpOMY 3akoHy Kupxroda, OymayT HE3aBUCUMBIMU JIPYT OT JIpyra.
ITosTOMY M KOHTYpBI, BHIOPaHHBIC C COOIOJCHUEM IMPHUBEICHHOTO
BBIIIIC YCJIOBUS, TIPUHATO HA3bIBaTh HE3aBUCHMBIMU. Takum
00pa3oM, YHUCIIO YpaBHEHHH, COCTABICHHBIX IO BTOPOMY 3aKOHY
Kupxroda, 10mKHO OBITH paBHO YMCITy HE3aBUCHUMBIX KOHTYPOB:

I,R, + I.R, — I,R, = E, — E,— 11 KOHTypa abda
—I,R; — I,R, —1,R, =0— s koHTypa abed abcd  (1.29)
I,R, + I,R, + 1 ,R, = E, — a1 KouTypa abca

B stux ypaBHeHusx Bce 3/IC u TOKH, COBIAIarolIUE C Ha-
npaBJiecHueM 00X0/1a, 3aIUChIBAIOTCS O 3HaKOM Iumtoc; DJIC u Tokw,
HaIpaBlieHHbIE HAaBCTpEeUy 00X0ay — CcO 3HaKOM MuHyc. Kak BHUIHO
W3 JIaHHOTO TpUMepa, o0Iee YHCIO0 YPaBHEHHI, COCTABIEHHBIX MO
MEepBOMY 1 BTOpoMy 3akoHaM Kupxroda, paBHO YHCITy HEU3BECTHBIX
TOKOB, T. €. UACITy BETBEM.

[lomyueHHast cucTemMa MpUMET BU:

lg—1,—-1,=0

L +1;,-1,=0

~l,+1,-1,=0 (1.30)
IR + 1Ry —1,R, =, - E,

-I.R-1,R,-I,R, =0

LR, +1,R,+ IR, =E,

IToncrasnsiem 3nauenus conporusienuii u IJC:
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ONpECaACIUTEIIN:
-1 -1 0
1 0 1
0 0 -1
A=
7 -5 0
0 0 -8
0 5 0
-1 0
1 0 1
0 0 -1
A2 =
7 7 0
0 0 -8
0 25 0
-1 -1 0
1 0 1
0o 0 -1
A4 =
7 -5 0
0 0 -8
0 5 0

CocTaBnsieM MaTpUIbI

D o »r O O

o B O O

-6

O N O O o

25

13
-5

—1,-5—

11

"= —6554

0
11

lg—1,-1,=0
L+1,-1,=0
—l+1,-1,=0
l,-7+1,-13-1,-5=32-25
l,-8-1,-6=0
l,-5+1,-6+1,-11=25

=-8777 Al=

=-4910 A3=

A5 =

45

o O N o

13 0

KO3((QUIMCHTOB ¥ BBIYHCIISEM

=-0231

= 7587

=-1644



-1 -1 0 0 0 O
1 0 1 0 -1 0
0 0 -1 1 0 O
A6 = =-14140
7 -5 0 0 13 7
0 0 -8 -6 -5 0
0 5 0 6 0 25

Pemup MOJIYYCHHYIO CUCTCMY HICCTHU ypaBHCHI/II\/'I C MECThIO
HEHU3BCCTHBIMU, OIIPEACIIUM UCKOMBIC TOKHU:

| CALA; _AZAG UASAG _ARA; _ASAS AGA;
1= A 2 = 3 A 4 A 5 [
=220 1052 1, = 2910559 A
—8777 —~8777
=187 086aA; I, == _g747A;
~8777 - 8777
I :ﬂ:oJmA; I, :M:LGHA'
_8777 -8777

Eciu xakoit-mu00 TOK B pe3yjIbTaTe pacdera IOTydrICs
OTpHUIATETbHBIM, TO JTO O3HA4YaeT, YTO €ro JeHCTBUTEIbHOE
HaIpaBlieHUE MPOTHUBOTIONIOXHO BEIOPaHHOMY B II. 1.

PaccMoTpeHHBIH MeTOJT pacueTa B TIOJABJISIONIEM OOJBIIHH-
CTBE CIIy4yaeB ABISETCS JOCTAaTOYHO TPOMO3IAKUM M TOTOMY
MIPaKTUYECKU HETleNeco00pa3HbIM. 3a1a4a 3HAYUTEIHHO YIIPOIIAETCS
MPY UCTIOJIH30BAHUH METO/Ia KOHTYPHBIX TOKOB M METOJA Y3JIOBBIX
MOTCHINAJIOB, B OCHOBY KOTOPBIX TaKK€ IIOJIOKCHbLI YPaBHCHUA
Kupxroga.

1.2.3 MeToa KOHTYPHBIX TOKOB

1.IlpunuceiBaeM KaxxJoMy KOHTYPY CBO# TOK: lij, lpp, 33 1
BBIOMpaeM MPOU3BOJILHO HAIPaBieHHE KaXXI0r0 U3 HUX. Ha pucynke
29 Bce KOHTYpHBIE TOKM HAIPaBJIEHBl 110 YacOBOW CTpPEJIKE.
3HaueHUsI KOHTYPHBIX TOKOB JIOJDKHBI OBITh PaBHBI IO a0COIIOTHOU
BEJIMYMHE 3HAYECHUAM TOKOB B HECMEKHBIX BETBSX, T. €.
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111=1y 5 1p=-13; l33=ls.

Torma TOKM BO BCEX BETBSIX CXEMBI OMPEICIATCS U3 BhIpake-
Huit (1.28):

1=l 1=lg-1=l5s- 1
l3=-l2; 1,=ls+16=l33-12; (1.31)
Is=l1+15=l11-l25 ;  l6=l33

TakuM 00pa3oM, MPH HKCIOJIb30BAHHUM METOJIa KOHTYPHBIX
TOKOB YPaBHEHUsI, COCTaBJICHHBIC 110 1-My 3akoHy Kupxrodga, oopa-
IIAIOTCS B TOXK/IECTBA, T. €. 3TOT 3aKOH YIOBIETBOPSIETCS MPHU JIFOOBIX
3HAYCHUAX KOHTYPHBIX TOKOB. 3Ha‘II/IT, JJId pCUICHUA 3ada4u 3TUM
METOZOM JIOCTATOYHO YPaBHEHHH, COCTAaBICHHBIX MO 2-My 3aKOHY
Kupxroda.

1.CocraBnsieM ypaBHeHHUs Mo 2-My 3akoHy Kupxroda mis
KOHTYPHBIX TOKOB. I[J'ISI 9TOI'0 MOJACTaBHUM B IICPBOC U3 ypaBHCHI/Iﬁ

(1.29) 3HayeHHWs TOKOB B BETBSX, IPHBEICHHBIC B YPaBHEHHSX
(1.31):

|11R1+(|11_|22)R5_(|33_|11)R2:Ei_Ez (1-32)

IleperpynnupoBaB ciaraeMbl€ B 3TOM BBIPDAKEHUH, U CIIEIAB
COOTBETCTBYIOIINE MPeoOpa3oBaHUs C OCTAIbHBIMH YPaBHEHUSIMHU
cucrembl (1.29), momyduM ypaBHEHHUsS Ul METOAa KOHTYPHBIX
TOKOB:

|11(R1 +Rg+ Rz)_ 1Ry —13R, =E, - E,
I,,(Ro+R; +R,)—1;R. — 1R, =0 (1.33)
I3 (R, + Ry + Re) — IR, = 1,R, =E,

Tloncrarnsst 3agaHHble 3HAYCHHS D.J1.C. M COTPOTHUBICHUH,
MOTYYUM:

l,,-25—1,,-13-1,,-5=7
—1,,13+1,,-27—1,,-6=0
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—1, 51, 6+1y,-22=25

CoBMecTHOE peIIeHHe STHX ypaBHEHWH NaeT CIeAyIolIie
3HAYEHUS] KOHTYPHBIX TOKOB:

l,=105A; 1,,=0864A; | -1644;

3Ha‘leHI/I$I TOKOB B BCTBAX ONPCACIACM H3 BbIPAXKCHUA
(1.31):

l,=1,=105A; l,=1,-1,=056A; I,=-1,-0864A;
l,=1,—-1,,=0746A;1,=1,-1,,=0186A; I, =1, =161A.

3Hak MUHYC Tepel TOKOM |3  1OKasbIBaeT, 4ro
NEHCTBUTEIBHOE €0 HAIlPaBJICHUE MPOTHBOIOJIOKHO BHIOPAHHOMY.
MeTon KOHTYPHBIX TOKOB MO3BOJIIET YMEHBUIUTh YHCIIO
YpaBHEHHH, HEOOXOAMMBIX JJsl peIleHHs 3aJadd, 10 YHucia
HE3aBUCHMBIX KOHTYPOB.

1.2.4 MeToa y3/10BbIX IOTEHIIHATIOB
Ecnu 0651 ObUIH U3BECTHEI MOTCHIHAJIBI OTACIJIBHBIX Y3JI0B, TO

TOK B Ka)JI0M BETBU MOKHO OBLIO OBl OYEHb NMPOCTO MOJCYUTATH IO
3akoHy OMma:

E, -U
I :% = [El — (s _(/’A)]Gl =(E, +9, —9,)G,
1
E,-U
I, :%[Ez — (94 _§Da)]Gz =(E, + 9, —9,4)G,
2
I, = Yoo = [((/’c _(/’b)]Ga (1'34)
R,
IAZL;;: :[((pd7¢7ﬁ)]64

Uy _ _
s =R75_[(¢b (”d)]Gs
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U
|3 :Ricf11 = [(goc _(/)a)]GG
6

W3 3TUX COOTHOIIEHNH BUAHO, YTO TOKH B BETBAX 3aBUCST OT
pa3HOCTEW MOTEHINAJIOB y3JI0B, K KOTOPHIM 3TH BETBH IOJICOEIHHE-
HBbI. JTO TO3BOJISIET 33JaTh MOTEHIMATY OHOTO M3 Y3JIOB JH000e
YHICIIOBOE 3HAYECHHE.

Tlopsanok pacdera paccmMaTpuBaeMoll IIeNId  METOJIOM
Y3JI0BBIX MTOTEHITUAIOB CIICAYIOIITHH.

1.Ilomaraem moTeHIMAd KaKOro-THMOO OIHOTO Y371a CXEMBI
(Hanpumep, y371a d) paBHBIM HyIIO: ¢, =0.

2.JIns1 BceX OCTalbHBIX Y3JI0B COCTABISIEeM YpPaBHEHHUS IIO
nepBoMy 3akoHy Kupxroda (cmcrema ypaBuenuit (1.28)), Beipazus
3HaueHus: TokoB u3 ¢opmyn (1.34) . B arom ciyyae ypaBHeHUE JUist
y3I1a, a TIPUMET BUIL (¢, — ;)G — (B + ¢, —9,)G, — (E, +9,)G, =0.
CrpynnupoBaB OTAENIBHO ciaraeMele, cogepxkamue JC  u He
coziepXkallue HMX, U NPOAeNaB  Takue Ke HpeoOpa3oBaHust  C
OCTaJbHBIMHU YpaBHEHUsMU cucTeMbl (1.28), modyunMm ypaBHEHHUS
JUIS METOJIA Y3JIOBBIX MOTEHIUAJIOB!

9, (Gy +G, +G,) - 9,G, — 9,6, —9.G; =-E,G, —E,G,
?,(G, +G, +G,)-9,G, —9,G, =E,G, (1.35)
¢.(G;+G, +G4) - 9,6, —9,G, =0

Ob6patute BHMMaHHE Ha  CMBICI  HANHMCAaHHBIX
ypaBHeHUH.Cymma moKos, OmmeKaiowux om O0aHHO20 Y31a NoO
GAUAHUEM €20 NOMEHYUANd, PAGHA CYMME MOKOE, NPUMEKAIOUWUX K
SMOMY Y31y NOO GIUAHUEM NOMEHYUANI08 COCEOHUX Y3106 U HOO
eauanuem JI/C. Ilosaromy OJIC, HampaBieHHblE K Y3y, AA
KOTOPOTO COCTaBIISIETCS YpaBHEHHE, 3alMCHIBAIOTCA CO 3HAKOM
wiroc, a DJ1C, HarpaBIeHHBIE OT ATOTO y3J1a, — CO 3HAKOM MHUHYC.

3.0npenenyM YMCIIEHHbIE 3HAUYE€HUS POBOANMOCTEH U MOJ-
CTaBHM HX B ITOCJIETHIOIO CUCTEMY YpaBHEHUH:

1 . : :
G =2 =013Cm g, Ri —020M G, =Ri =0125 CM;

1 2 3
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1 : :
G, = - =0167 Cv; g - Ri —0077 M G, = Ri - 0,001 CM.

4 5 6

@, -0,434— ¢, -0143— ¢, -0,091=-956
—p,-0143+ ¢, 0,345— ¢, -0125=4,56
—p,-0,091- ¢, 0125+ ¢, -0,383=0

CoBMECTHOE pEIICHHE 3TUX ypPAaBHEHHMM NaeT CIeAyIollue
3HAYEHUs Y3JIOBBIX MMOTEHIHANIOB: ¢, =-22,1B; ¢ =24B; , =_45B.

Torma mo ypaBaeHusM (1.34) onpenensieM TOKH B BETBSIX:

1=1,07A; 1,=0,58 A; I,= - 0,861 A; 1,=0,751 A;
ls= -0, 185 A; Is=1,6 A.

MeTo/ y3/I0BBIX TIOTSHIIMATIOB [T03BOJIIET YMEHBIIUTD YUCIIO
YpaBHEHWH, HEOOXOAWMBIX IJIS PElIeHUs 3aJadH, 0 YMCiIa Y3JI0B
0e3 eMHUIIBL.

4. CpaBHUM peE3y/bTaThl PacuyeTOB OOOMMH METOJaMHU H

cBeJieM B Tabuuiy 1.

Tabmuia 1- Pe3ynbTaThl pacdeToB IBYMS METOIaAMHU

TOKI/I, A | | |3 |4 |5 |5

MeTon 1,05 | 0,56 |-0,864 | 0,746 | 0,186 | 1,61
KOHTYPHBIX
TOKOB

Meton 1,07 | 0,58 | -
Y3JI0BBIX 0,861
MMOTEHIINAIOB

0,751 | 0,185 | 1,6

PaCXO)K,Z[CHI/Ie B peE3yjbTarax COBIAAAOT C ,Z[OCTaTO‘lHOfI
TOYHOCTBIO.
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1.2.5 MeToa aKTHBHOrO ABYXMOJIIOCHHKA

OTOT METOJl TPUMEHSIETCS ISl ONpeAeNiCHUS TOKa B
OJHOW BETBH.

Pa3priBacM BeTBb, TOK B KOTOPOW HYKHO ONPEIEIHUTh, U
MTOJICYUTHIBAEM HAIPSHKEHHE MEXTy TOUKaMH pa3phiBa (HampsHKeHHe
xonoctoro xoqa Uy ). ITomyueHHas cxema n300pakeHa Ha PUCYHKE
30.

R=R, +R, + Lo RIRe 15, 216 _ o5 66 0m
R, +R, +R, 27
Bl B iAo R 126 oo
R 20.66 R;+R; +R, 48

Pucynoxk 30 — Cxema s Pucynoxk 31- Cxema ans
pacuera pacdera nocie npeoopa3soBaHus

1.ITo Bropomy 3akony Kupxroda mis xountypa damm'bd,
00XO/s1 €ro Mo 4YacoBOW CTpEJKe, MOJACYUTACM HAMPSHKCHUC
X0JIOCTOrO XOJ1a.

U, - IR, —1\R, =E, —E,,

XX

OTKyJia
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U,=E —E,+I[R,+1;R,=32-25+0,269 -13+1,21-5=16,55 B

2.3amMbIkaeM HakopoTko 06e DJIC, BMeCcTO pa3phiBa BBOIMM
OC, pasHylO Uxx (pucynok 31). Ompenenum BXOIHOE
CONPOTHBIICHHUE 3TOW CXeMbI (€€ SKBHUBAJCHTHOE COMPOTHUBIICHHE
OTHOCHTEIIPHO 3QKUMOB a6, K KOTOPBIM IMOJKJIFOYEHA HCCIIeIyeMast
BeTBb). [lng oToii menmu mpeobpasyeM OIWH U3 TPEYTrOJbHHKOB
compoTuBicHui, Hampumep, Rz R; Rs B JKBHBaJIeHTHYIO 3Be3ay
conporusnenuit RORCR (pucynok 32, a).

) I, v
R R, R
O
R, R, R

a

Pucynok 32 — Cxema npeoOpa3oBaHusl TPEYroJbHUKA B 3BE3/Y
B aroii cxeme:

- RRs, 813 _ 372 Om;
Ry+R,+Ry, 27
o PR 86 g OM;
R;,+R,+R, 27
R,Rs _ 6-13 _289 Om.

d

"R,+R +R 27

B pesynabrate Takoro mnpeoOpa3oBaHUs cxeMma OKas3ajach
MIPUBEICHHON K TOCIIE0BATEIbHO-TIApAIIeTEHON (pUCYHOK 32, 0).
OnHa OKa)KeTCsl SKBHBAJEHTHON cXeMme, M300paXeHHON Ha PHCYHKE
33, npu ycioBuH, YTO
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R =R + (R, +R))(R; +R)

_372+ L778+11)(289+5) _
R.+R;+R, +R, 20,668
=3,72+4,87 =8,590m

e

Pucynox 33 — DxBUBasieHTHAs cXeMa U

Torna Tox

o Us 185 0a
R,+R, 859+7

PacuetHoe 3HadeHWe COBMAZaeT C  MPEABIIYITUMHU
pacderamu.

1.2.6 IloTeHMAIbHASI IMATPAMMAa

Tak Ha3bIBAIOT TpadUK M3MEHEHHUS MTOTEHIIMANA BJIOJb 3aMK-
HYTOTO KOHTYpa.

Otnoxum 1o ocu abcuuce (pUCYHOK 34) BCe CONMPOTUBIICHUS
koutypa dnambcd (cm. pucynox 29), nmBurasce ot Toukd d,
MOTEHI[MAJI KOTOPOM HPUHAT paBHbIM Hyio. Ilepememiascs BIOJIb
3TOr0 KOHTYypa, IMOACUYMTAEM IOTEHLUHMaIbl BceX Touek. [lpoiins
compoTuBieHue R, wu apurascp HaBcTpeuy TOKy |, (OT MeHbIIEro
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MOTeHIIHaNa K OoInbllieMy), TOMajgaeM B TOYKY #, MOTEHIHAT
KOTOpOH paBeH:

O = M4 + |2R2 = |2R2 = 0,56 5= 2,8 B.
[MoTeHnuan cueayiomeld ToOYkM a OyaeT MEHbIIe ¢, Ha
Benmmunay JJAC E,: @, =@n-E;=2,8-25=-22,2 B. Tak kak MexIy

TOYKaMH N ¥ @ HUKAKOTO CONPOTHBICHUS HET, TO UX a0CIHCCHI
OyIyT OIMHAKOBEI.

‘e R

:
|/ &

6 ,

-22 1

-24 A P
-26

-28 4

-30

Cpllt

Pucynoxk 34 - [loteHnnanbHas AuarpaMMa

HOTCHL[I/IaJ'IBI OCTAJIbHBIX TOYCK OIPEACIAOTCA aHAJIOTMYHO!

On=0a-11R,=-22,2-1,05-7=-29,55 B;

@~ @pm+E;=-29,55+32=2 45 B;

0= @, +13R3=2,45+(-0,864)-8=-4,462 B;
o= @ +14,R,=4,462+0,746 6~0.

3HaueHUs MNOTCHINAJIOB Y3JIOB C I[OCTaTO‘IHOﬁ TOYHOCTBIO
COBITAJAaKOT C HaﬁjleHHI)IMI/I 110 METOAY Y3JIOBBIX ITIOTCHIIHUAJIOB.
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1.2.7 Bananc MougHocTel

bananc MomHoOCTEll BBITEKAaCT M3 3aKOHA COXpPaHEHUS
sHeprun. KonmuecTBo MOBEACHHOI SHEPTUHN PaBHAETCS KOJTHIECTBY
HCTOJIb30BAHHOU SHEPIHUHU.

JEI= 2R (1.36)

OJIC B ypaBHEHHE BXOOUT CO 3HAKOM <«ILUIOC», €CIHU
ABJIACTCA UCTOUYHHUKOM SHEPTHUH, CO 3HAKOM «MUHYC», €CJIIU ABJISACTCA
MOTpeOUTENIEM SHEPTHH.

JEI=E,l,+E,l,=321,05+250,56=33,6+14 = 47,6 Br;
Y1?R=1,05%7+0,56%5+0,864%-8+0,746° 6+0,186° 13+
+1,61%-11=7,72+1,57 + 5,96+3,35+0,45+28,5=46,55 Br.

PacxoxxneHust B pe3yibTaTrax BBIYMCICHHH HE MPEBOCXOISAT
2,2 %.

1.2.8 MeTtoa AByX y3/10B

YacTHBIM cllydaeM, METOJIa Y3JIOBBIX MOTEHIIUAIOB SIBIISETCS
METOA JIBYX Y3JI0B, IPUMEHUMBIN TOJIBKO AJIS LIETIH C IBYMS y3JIaMH.
OH no3BoJIsIET cpa3y MOJCYUTATH HAMIPSHKCHUE MEXKITY y3JIaMH LETIH.
[Nopsiok pacueTa METOIOM JBYX Y3JIOB CJI€TYFOLIHIA:

1.IlpuauMatoT  mosoxkuTenbHOoe — HampaBieHune — OJC
SKBUBAJICHTHOH I1EIIN.

2.01peesstoT HAPSDKEHUE Y3I10B ab 1o BhIpaKEHHIO:

U :ZEk‘Gk"'ZJk (1.37)
ab ZGk

rae E- 9/1C BeTBuy;

Gk — NIPOBOJAUMOCTL BCTBU,
Jk — TOK HCTOYHHKA TOKa BCTBH.
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O/IC u TOK UCTOYHHKA TOKA B YPaBHEHHE BXOJAT CO 3HAKOM
«IUTIOCY», €CIM WX HAlpaBJICHHE COBMATAeT C BBIOPAHHBIM
HampaBICHUEM DSKBHBaJCHTHOH uenu. Eciu HampaBieHUs He
coBnaaaoT, JJIC 1 TOK HCTOYHHMKA TOKAa BXOISIT B YpaBHEHHE CO
3HAKOM «MUHYC».

3.0mpenenuB HaNpsHKEHUE ABYX Y3JIOB, ONMPEACIAIOT TOKH B
BETBSIX 10 BBIPAKEHUIO:

I,=(E,-U,)-G, (1.38)

Ecnu B pe3ynbTare pacueToB 3HAUCHUE TOKOB OTPHLIATENBHO,
TO  JCHCTBUTENbHOE  HAINPABICHHE TOKOB  IPOTHUBOIOJIOKHO
BEIOpAaHHOMY.

1.2.9 MeToa HAJI0KEeHUS

IIpu pacuere pa3BETBICHHBIX JJIEKTPUUYECKHX LEHNEH ¢
HECKOJIbKMH MCTOYHUKAMU SHEPTUU WHOTA yJaaeTcst 000iTHCh 0e3
PEIICHUsT CUCTEMbI YPABHEHHUH, €CIIM MPUMEHUTDh METOJI HAJIOKEHUSI.
B cooTBeTcTBMM ¢ OSTUM METOJOM TOKH B BETBIX CXEMBI
paccMaTpuBalOTCs Kak anredpanveckas cyMMa TOKOB OT KaKIOW
OJIC B OTHEIBLHOCTH.

DTOT METOJ| OCHOBaH Ha MPHUHIIUIIEC HAJOXKCHHS, KOTOPBIH
3aKJIFOYAETCS] B CIEAYIOMIEM: IIOJIATaf0T, YTO KaXKIbIH HCTOYHUK
BBIpa0aThIBAET CBOW YAaCTHUYHBIA TOK B BETBSIX, a JIEHCTBUTEIHHBIC
TOKH PaBHSIOTCS aNredpandeckoil CyMMe YaCTHYHBIX TOKOB.

ITopsamox pacyera ITUM METOIOM CIIEAYIOLIHI:

1.B cxeme 3akopaumBaror Bce OJC, kpome omHOH U
OTIPEIEIISIOT YaCTHUYHBIE TOKW OT AeiicTBus omHou DJIC. 3arem B
cxeMme oCTaBIAOT Apyryio DJIC u Takke ONpeAeNsaiOT YacTUIHBIC
ToKU. Tak MoouYepeHO OMpPEEINIAI0T YaCTUYHBIE TOKA OT JCHCTBHSA
Bcex DJ1C, UMerouxcs B CXeMe.

2.01npeaensoT 1eHCTBUTEIbHBIE TOKA KaK ajlre0pandyecKyro
CYMMY YaCTHYHBIX TOKOB B BETBSIX.

Cnexyer wWMeTh BBHIY, 4YTO TMpH OONBIIOM YHCIE
HCTOYHUKOB pacyeT 3JICKTPUUECKOW IEeMH METOJOM HAallOKEHHS
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CWIBHO  YCJIOXHSETCS, TaK KakK  YBEJIWYUBACTCS  YHUCIO
BCIIOMOTATENbHBIX CXeM M KOHQHUTypamus KaXIOH #3 HHUX
CTaHOBUThCS Oosiee cinoxHOU. [lo 3TOM mpuumHE Takoi pacuer
MOXET TPUBECTH K  3HAUYUTEIBHBIM  MOTPEUIHOCTSAM  IpHU
BBIYMCIICHUSIX.

1.2.10 Tomosiorusi 3J1eKTPUUYECKOI 1enmn

OnekTpuyeckas IeNb XapaKTepU3yeTcsi COBOKYITHOCTBIO
3IIEMEHTOB, U3 KOTOPBIX OHA COCTOUT, U CIIOCOOOM HMX COEAWHECHHSI.
CoenvHEeHHE  DIIEMEHTOB  JJEKTPUYECKOW  Emd  HarJsiIHO
oroOpaxaercsi ee cxemMod. PaccMoTpum ans npumepa  JIBe
AJIEKTPUYECKUE CXeMBbI (PUCYHKH 35-36), BBeAs MOHATHE BETBH U
y37a.

Pucynoxk 36- Uccnenyemas

Pucynoxk 35- Uccnenyemas cxema
cxeMma

BeTBbI0 Ha3bIBACTCSl yJACTOK IEIMH, OOTEKAeMBIN OJHUM U
TEM K€ TOKOM.

¥V3eq — MECTO COSTMHEHMSI TPEX U 00JIee BETBEH.

IIpencraBieHHbIe CXEMbl pa3M4HbI W MO (opme, U IO
Ha3HAUYCHHUIO, HO KaXJas U3 YKa3aHHBIX LENed comepKuT mo 6
BeTBell W 4 y3&la, OJAMHAKOBO COCIWHEHHBIX. Takum oOpa3om, B
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CMBICJIE T€OMETPUH (TOIIOJIOTMH) COEIMHEHNH BETBEH NaHHbBIE CXEMBI
HUACHTHYHBIL.

Tomnonornyeckue (reomeTpuuecKue) CBOICTBa
3NEKTPUYECKON IIEMHU HE 3aBUCAT OT TUIA M CBOMCTB 3JIEMEHTOB, U3
KOTOPBIX COCTOUT BeTBb. [103TOMY Iel1€co00pa3HO KaKAYIO BETBb
CXEMBl UIEKTPUYECKOH Lemu H300pa3uTh OTpe3KoM JauHuU. Ecin
KOKIYI0 BETBb CX€M Ha pHCyHKax 35 u 36 3aMEHUTh OTPE3KOM
JUHMAY, TIOJlyyaeTcsl TeoMeTpudeckas ¢urypa, IOKa3aHHas Ha
pucynke 37.

{2
\Sl\sj

w2 e L
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\
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Pucynok 37 — I'pad sexkTprueckoit cxemsl

VYciioBHOE M300paXeHHE CXEMbI, B KOTOPOM Kak[as BETBb
3aMEHAETCSI OTPE3KOM JIMHUH, Ha3bIBAaeTCs IpadoM 3JIeKTpHUECKON
uenu. [Ipu 3TOM cieqyer MOMHUTB, YTO BETBH MOTYT COCTOSTH M3
KaKHX-THOO JIIEMEHTOB, B CBOIO OUepe/lb COCAMHEHHBIX Pa3IMYHBIM
oOpazom.

OTpe3oK  JUHHUM, COOTBETCTBYIOIIMIA BETBU  CXEMBI,
Ha3blBaeTCsl BeTBbIO Tpada. [paHuuHble TOYKM BeTBH rpada
Ha3pIBalOT Yy3JjJamu rpada. BerBsim rpada Moxer ObITH gaHa
OIIpeliesICHHAasl OpUEHTALus, YKa3aHHas cTpenkoid. ['pad, y koToporo
BCE BETBU OPHEHTHPOBAHBI, HA3bIBACTCS OPUEHTHPOBAHHBIM.

Hoarpadgom rpada nazbiBaercs vacTh rpaga, T.e. 3TO
MO>KET OBbITh OZHA BETBb WJIM OJWH M30JUPOBAHHBIN y3en rpada, a
TaKxke Jr000e MHOKECTBO BETBEU U y3II0B, COJiep Kaluxcs B rpade.

B Teopuun snexrpuueckux 1ened BaXKHOE 3HAYEHUE HMMEIOT
CIIeyoIre TToArpadbl:

1. lIyte — 3TO yHOpsSAOYEHHAs IIOCIIEAOBATENbHOCTh BETBEH, B
KOTOPOIl KaX/ble ABE COCEIHHE BETBH UMEIOT OOIIMH y3ell, IpHYeM
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T00ast BETBb U JIIOOOH y3€J1 BCTPEYAIOTCSl Ha 3TOM ITYTH TOJBKO OJIMH
pa3. Hampumep, B cxeme Ha pucynke 37 BetBu 2-6-5; 4-5; 3-6-4; 1
00pa3yrT MyTH MEXIY OJHOU M TOW ke mapoit y3noB 1 u 3. Takum
o0pa3oM, MyThb — 3TO COBOKYHNHOCTh BETBEH, MNPOXOAUMBIX
HETPEPHIBHO.

2. KoHTyp — 3aMKHYTHIH MMyTh, B KOTOPOM OJIMH M3 Y3JIOB SIBIISETCS
HAYalbHBIM M KOHEYHBIM y370M myTh. Hampumep, s rpada mo
pUcyHKe 37 MOXXHO ONpPEJCITUTh KOHTYPHI, 00pa30BaHHbBIC BETBSIMU
2-4-6; 3-5-6; 2-3-5-4. Eciu Mexny mo0od mapoit y3moB rpada
CYIIECTBYET CBSI3b, TO rpad Ha3bIBAIOT CBS3HBIM.

3. epeBo — 3TO CBs3HBIN Hoarpad, coaepxaiiuii Bce y3Jibl Tpada,
HO HHM OJHOrO KOHTypa. [Ipumepamu naepeBbeB uisi Tpada Ha
pucyHKe 37 MOTYT CIIy>KUTh (PUTYpBI HA pUCYHKE 38.

Pucynok 38 — TIpumepsl nepeBbeB [t rpada

4. BerBu CcBsSI3M (JIONOJHEHHS JepeBa) — 3TO BeTBH rpada,
JIOTIOJTHSIFOIIME JIEPEBO JI0 UCXOIHOTO Tpada.

Ecmu rpad comeput M y370B ¥ N BETBE, TO YHCIO BETBEH
moboro gepeea d =m—1, a uwncna BeTBed cBsa3M rpada
c=n—-(m-1)=n—-m+1.

5. Ceuenue rpaga — MHOXKECTBO BETBEH, y/IaJeHHE KOTOPHIX JAETUT
rpad Ha JaBa W30IMPOBaHHBIX moxarpada, OAWH W3 KOTOPBIX, B
YaCTHOCTH, MOXKET OBITh OT/IEIBHBIM Y3JIOM.

CedyeHne MOXHO HArjsiIHO W300pa3uTh B BHIE cliena
HEKOTOPOH 3aMKHYTOU IIOBEPXHOCTH, paccekaronei
COOTBETCTBYIOIIME BeTBU. [IpumepamMum Takux MOBEpXHOCTEH
SIBJIIIOTCS JIJIs Hamero rpada Ha pucyHke 37 S; u S, . Ilpu atom
MOJTy4aeM COOTBETCTBEHHO CeYeHHs, 00pa30BaHHbIC BETBAMH 6-4-5 u
6-2-1-5.
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C noHATHEM JIepeBa CBA3AaHBI MOHATHS TJIABHBIX KOHTYPOB H
CEYCHMII:
IJIABHBIA KOHTYP — KOHTYP, COCTOSIIINI U3 BETBEHl IepeBa U TOIBKO
OJIHOM BETBHU CBSI3U;
rjaBHOe cedeHHe — CEUYCHHE, COCTOSINEE M3 BETBEU CBI3U M TOJBKO
OJIHOU BETBHU JiepeBa.

1.2.11 Tonmosoru4eckue MaTpPHIbI

3anaTh  BBIUMCIMTENBHOM  MaIIMHE TOIMOJIOTHIO  LIEeTH
PUCYHKOM 3aTpyAHUTEIBHO, TaK KaK HE CyLIECTBYET 3((EKTHUBHBIX
mporpaMM pacro3HaBaHusi oOpasa. [loaToMy TOMOJIOTHIO IIeMH
BBOmAT B OBM B BuIe MaTpull, KOTOPbIE HA3BIBAIOT
TOIIOJIOTHUECKUMH MAaTpHLAMH. BBIIENSIOT TpU TakuX MaTpPHULBL:
Y3JI0BYIO MaTpHIly, KOHTYPHYIO MaTpHIly U MaTPHULLy CEUEHHH.
1. V3noBass marpuma (MaTpuia COEIUHEHHUI) — 3TO TabmuIa
KO3(QPULHEHTOB ypaBHEHHUH, COCTAaBICHHBIX IO IMEPBOMY 3aKOHY
Kupxroga. Ctpoku 5TOH MaTpuumbl COOTBETCTBYIOT Yy3llaMm, a
CTOJIOIBI — BETBSIM CXEMBI.

s rpada Ha pucyHke 37 UMeeM YHCIIO Y3JI0B M=4 1 YUCIIOo
BerBeil N=6. Torna 3anumem Matpuly Ay , IPUHUMAS, YTO 3JIEMEHT
MaTpuubl @;; (i-HOMep CTpOKH; j—HOMep cTonbua) paseH 1, eciu
BETBb | COCIMHEHA C y3JIOM | U OPHEHTHpOBaHA OT Hero, -1, eciu
OpUEHTHPOBaHa K HeMy, U 0, €ClIi BETBb | HE COCMHEHA C Y3JIOM I.
CopueHTupoBaB BeTBH rpada Ha pucyHKe 37, TOIyduM

oy

5

0
-1 -

1

0

[ = =N
O O =

2
1
0
0
-1 -

- O

Jannast Matpuna Ay 3amucaHa i BCEX YEThIpEX Y3JIOB H
Ha3bIBaeTCsl HeompeneneHHod. Cneayer ykasaTh, 4YTO CyMMa
DJIEMEHTOB CTOJOIIOB MAaTpPHUIlBI Ay BCETIa paBHA HYIIO, TaK Kak
KKIBIA CTOJOCI COACPKHUT OAMH 3JeMEeHT +1 M OJuH 3JeMeHT -1,
OCTaJIbHbIE HYJIH.
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OOpuHO TIpH pacueTax omxuH (MF000MH) 3a3emisior. Torma
MPUXOOUM K Y3J0BOM MaTtpume A (peoylupoBaHHOW MaTpuIle),
KOTOpasi MOXET OBITh TMOJIy4eHAa U3 MaTpuibl Ay IyTeM
BBIYCPKUBaHUs JI000H ee cTpoku. Hampumep, nmpu BBIYEPKUBaHUHU
CTPOKH “4” TIOTyInM

O O

4
-1
1
0

== S,

2 6
1 0
0 -1
0 0

Yucno CTpoK MaTpuilbl A paBHO 4YHCIY HE3aBUCHMBIX
ypaBHeHWH ans y3moB 0 =m—1, T.e. 4YHCNy YpaBHCHHWH,
3aMUChIBAEMBIX JUISI 3JIEKTPUYECKOW CXEMBbl MO IEePBOMY 3aKOHY
Kupxroda. Utak, BBens MOHATHE Y3JIOBOW MaTpPHUIlBI A, IepeiieM K
nepBoMy 3akoHy Kupxroda.

Iepeoiii 3akoH Kupxroga

OO0b1uHO TIepBBId 3aK0H Kupxroga 3amuceiBaeTcs AJsl y3II0B
CXEMBI, HO, CTPOT'O TOBOPSI, OH CHPABEAIMB HE TOJIBKO JJIsI Y3JI0B, HO
u g mo00fl  3aMKHYTOH IIOBEPXHOCTH, T.€. CIIPaBelIMBO

COOTHOLICHHUEC
$85dS=0 (1.39)

rie 8- BEKTOp MIOTHOCTH TOKA;
dS - HopMaib k yuacTky dS 3aMKHYTOl TOBEpXHOCTH S.

[epBorit 3akoH Kupxroda cnpasemnmue u st 11000r0
cedyeHuss. B yactHocTHM, Ui cedeHus S, rpada Ha pucyHke 37,
CuuTas, 4YTO HyMepalMs W HalpaBJICHUS TOKOB B BETBAX
COOTBETCTBYIOT HYMEpaliii W BBIOPaHHOW OpHEHTAIMU BETBEH
rpada, MOXHO 3aIucarh

I1+12—15—I6:0.
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ITockombKy B WacTHOM cilydae BETBU CEUCHHS CXOMATCS B
y37e, TO mepBeiid 3akoH Kupxroda cmpaseanus u ans Hero. [loka
OyJZeM TpPUMEHATh TEpBBIH 3akoH Kupxroda s y3/10B, UTO
MAaTeMaTUYECKU MOXKHO 3aMHCcaTh, KaK:

Zk Ik =0 (140)

T.e. anreOpanyeckas CyMMa TOKOB BETBEH, COCIMHEHHBIX B Y3€I,
paBHA HYJIIO.

[Tpu aToM mpu pacyeTax ypaBHEHHUS IO IIEPBOMY 3aKOHY
Kupxroda zanuceiBarorcss mist (M-1) y3710B, Tak Kak MpH 3aluch
YpaBHEHUH IS BCEX M y3710B OAHO (JTF000€) M3 HUX OyAeT ITMHEIHO
3aBHCUMEBIM OT JPYTHX, T.€. HE JacT JOTOJIHUTEIbHON HHPOPMALIUH.

BBenem cTONOIOBYIO MaTpPHILy TOKOB BETBEH

L
Iy

Torna nepserit 3akon Kupxroda B matpuunoii ¢opme 3amucu nMeeT
BUJI:

AI=0 (1.41)

rie O- HyneBast MaTpHUIIA-CTOJIOCII.

Kak Bugum, B KauecTBe y3JI0BOM B3siTa MaTpula A, a He Ay,
T.K. C YYETOM BBIIIECKA3aHHOI'O YpPAaBHEHUS IO IMEPBOMY 3aKOHY
Kupxroda 3anuceiBarorcst st (M-1) y3moB.

B xauecTBe mpumMepa 3anuiineM i CXEMbI Ha pUCYHKe 37
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OTCIOI[a AJIg IEPBOro y3Jia MmojlydyacM
111+112+OI3—1I4+0I5+016211+12—I4:O

YTO U JOJDKHO UMETh MECTO.
2. Konrypnas marpuma (MaTpuiia KOHTYpPOB) — 3TO TabmuIa
KOX(Q(QHUIMEHTOB ypaBHEHUH, COCTaBICHHBIX IO BTOPOMY 3aKOHY
Kupxrogpa. Crpokn KOHTypHOH MaTpuumbl B COOTBETCTBYIOT
KOHTYpaM, a CTOJIOLIbI — BETBSIM CXEMBI.

OnemeHT bj; MaTpuisl B paBen 1, ecnu BeTBb j BXOMUT B KOHTYD | 1
€e OpHEHTAaIMsl COBMAJaeT C HampaBlieHHeM 00Xola KOHTypa, -1,
€ClIM HE COBINAJAaeT C HampaBleHHeM 00Xxona KoHTypa, u 0, eciu
BETBb j HE BXOJUT B KOHTYP I.

Marpuiy B, 3anicanHyo A7 TIaBHBIX KOHTYPOB, Ha3bIBAIOT
MaTpuIlell TTaBHBIX KOHTYpoB. IIpu 3TOM 3a HampaBieHue o0xojna
KOHTYypa NPHHUMAIOT HalpaBJICHHE BETBU CBSI3M 3TOr0 KOHTYpA.
Beizienus B HaiieM npumMepe (cM. pucyHok 39) nepeso, oOpasyemoe
BeTBsiMH 2-1-4, 3anmmem ko3 duitmeHTs! A MaTpunp! B.

Pucynox 39-Jlepeso rpada
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1 2 345 6
1[/1-1 1 0 0 0
B=2[100110
3/01 01 01

Ilepeiinem Teneps ko BTOpomy 3akony Kupxroda.

Ilon HanpspkeHHEM HAa HEKOTOPOM YYACTKE AJIEKTPUYECKOH
Oernu IMOHUMACTCA PpPa3HOCTb MOTCHHOUAJIOB MCKIY KpaﬁHPIMH
TOYKaMH 3TOrO y4acTKa, T.€.

Uke = Qr-Pe (142)

[Ipocymmupyem HanpspKEHUS Ha BETBSIX HEKOTOPOro KOHTYpa:

Uiz = @192
+

Uzz = @2-¢3

[TockonbKy mpu 00XOA€ KOHTYpa MOTECHIHAT KaxI0i i-0i
TOYKH BCTpEUaeTCs JBa pasa, MpUUeM OJUH pa3 ¢ “+”, a BTopoil — ¢
“-”_TO B IIEJIOM CyMMa paBHa HYJIIO.

Takum oOpas3om, BTopoil 3akoH Kupxroda maremarmuecku
3aMnChIBaeTCs, Kak:

- W WUMEeT MECTO CIEAYIONmY (GOpPMYIHPOBKY: anreOpamdeckas

CyMMa HalpsDKCHUH Ha 3a)KMMax BETBeH (3JIeMEHTOB) KOHTYpa paBHa
Hymto. Ilpu aTom mpu pacuere nemned ¢ MUCHOIB30BAHHEM 3aKOHOB
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Kupxropa  3amuceiBaercss ¢=(mn=m+1)  He3aBUCHUMBIX
ypaBHeHHH 10 BTOpoMy 3akoHy Kupxroda, T1.e. ypaBHEHWHIA,
3aIlUCBIBAEMBIX AJISI KOHTYPOB, KQXKIBIH U3 KOTOPHIX OTJINYAETCSI OT
IpyTUX XOTS OBl OJHON BETBBIO. 3HAYCHHE TOMOJIOTMYECKOTO
TIOHATHSA “‘mepeBa”: IEpeBO TO3BOJIIET OOpa30BaTh HE3aBUCHMBIC
KOHTYPBI U CEUCHUS U, CIC0BATENILHO, (OPMUPOBATH HE3aBUCUMBIC
ypaBHeHus 1o 3akoHaMm Kupxroda. Takum o6paszom, ¢ yderom (m-1)
YpaBHEHUH, COCTAaBIEHHBIX 10 TIepBOMY 3akoHy Kupxroda,
noinydaeM cuctemy u3 (M-1)+(N-m+1)=n ypaBHeHHii, YTO paBHO
qucity BETBEM CXEMBI H, CJICAOBATCIIBHO, TOKM B HHX HaXOIsATCs
OJTHO3HAYHO.
Beenem cTonOIoBYI0 MaTpHIly HAIPsDKEHUH BETBEH

Tornma Bropo# 3akon Kupxroda B MaTpuuaHoii hopme 3anucu
UMeeT BUJI

BU=0. (1.44)

B kauecTBe npumepa aiisi cxembl pUCYHKe 39 umeem

Ui
U2

I -1 1000
U_?

I 0 0110 =[0]
Urf

0 1 01 0 I
U.5
Vs
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OTKyZa, HalIpuMep, IS IEPBOTO KOHTYpa MOTydaeM

1-U;—1-Upy+1-Us+0-Uy+0-Us+0-Ug =Uy — U, + Uy
=0

49TO U JOJDKHO UMCTH MECTO.
Ecnu BBecTH CTOJ'I6I_IOBYIO MaTpuly y3JI0BbIX INIOTCHIHUAIOB

0
| e
0= .

'?)m—i'

IpyYeM TOTeHLHan mnocieanero ysma ¢, =0, To Marpuua

HaHpﬂ)KCHI/Iﬁ BETBEH n Y3JI0OBBIX IIOTCHIIMAJIOB CBs3aHBbI
COOTHOIIICHUEM

U=A"g (1.45)

rae AT - TPAaHCIIOHUPOBAHHAS y3J10Basi MaTpULIA.

Hns ompenenenuss maTpullbl B 1Mo W3BECTHOW Matpule
A=AjAc , rae Aj — NOAMATpUlA, COOTBETCTBYIOIIAs BETBAM
HEKOTOPOTO JepeBa, Ac- TOAMATpHIlA, COOTBETCTBYIONIAS BETBSIM
CBSI3H, MOJKET OBITh HCIIOJIE30BAHO COOTHOIIIEHHE

B=(-A"cA"")1)

3. MaTpuna ceyeHui — 370 Tabnuua Ko3)(HUINEHTOB ypaBHEHUH,
COCTaBIICHHBIX IO TIepBOMY 3akoHy Kupxroda mns ceuenwii. Ee
CTPOKH COOTBETCTBYIOT CEUEHHSIM, a CTOJIOLBI — BETBSIM rpada.

Matpuna Q, cocraBieHHas [UIs TJIABHBIX  CEYEHHIA,
Ha3bIBAETCSI MATPHUIIEH IIIaBHBIX cedeHuit. Yucno cTpok matpuibl Q
PABHO YHCITy HE3aBHCUMBIX CEUCHH.
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DOnemeHT Qjj MaTpuIpl Q paBeH 1, ecii BETBb BXOAUT B i-€ CeUCHHE U
OpHEHTHPOBaHA COTJIaCHO HaIpaBIEHUIO CeUeHUs (3a
MOJIOKUTEIPHOS HANPABJICHUE CCEUYCHUS NMPUHUMAIOT HAINpPaBJICHUC
BETBU JiepeBa, BXOAsAIIEH B Hero), -1, ecim OpUCHTHPOBaHA
MPOTUBOIIOIOKHO HAIMpPaBICHUIO ceueHusi, U 0, €Clu BETBb | HE
BXOJIUT B i-€ CeueHHE.

B xawectBe mnpumepa cocrtaBuM Matpuily Q TIaBHBIX
cedennit st rpada Ha puc. 39. Ilpm ykaszanHOW Ha pucyHke 39
OpUEHTAIIUU BETBEU NMeeM

i
Il
LTI SR
N
S
o -
_o o
Lo L
LoLe

B 3axmtoueHue OoTMETHM, YTO ISl TOMOJIOTMYECKUX MATpUIL
A, B u Q, coCTaBJIeHHBIX JJIi OJHOTO M TOr0 € rpada,
BBIMIOJIHSIOTCS] COOTHOLLEHUS

T— A.
AB =03 (1 46)

QB'=0, (1.47)

KOTOpBIE, B 4YacTHOCTH, MOKHO HCIIOJb30BaTh JUISi TPOBEPKU
NpPaBWJIBHOCTH COCTaBJIeHHs 3THX Matpuil. 3mech 0 — HyneBas
MaTpuIia nopsiuka d.

[lpuBeneHHbIC ypaBHEHHs TIO3BOJSIOT CIEIaTh BaXHOE
3aKJIIOYCHUE: 3Hask OJHY U3 TOIOJOTMYECKUX MATpHI, IO ee
CTPYKTYpPE MOYKHO BOCCTAHOBUTH OCTAJIbHBIE.
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KoHTposibHbIE BONIPOCHI

1.JlaiiTe onpeneneHue AEKTPUYECKOH Hemu.

2.Ha3oBuTEe SKBUBAICHTHBIE CXEMbl HCTOYHHKOB OJJIEKTPUYECKON
SHEPTHUH, HAYePTUTE U OOBICHUTE CXEMBI MX COCTUHEHNSI.
3.ChopmynupyiiTe OCHOBHBIC 3aKOHBI JICKTPHUCCKHX LICTICH.
4.0numuTe MOPSAOK pacueTa pa3BETBICHHOM LEMH C OJHHUM
HMCTOYHUKOM.

5.B Kkako#f TOCIEHOBATETHLHOCTH  CTPOHUTCS  IOTCHIIMAbHAS
nuarpamma’?

6. Jlnt  4Wero  mMpoOW3BOAT  IMpeoOpa3oBaHHE  TPEYroJbHUKA
COTIPOTHBJICHWI B JKBUBAJICHTHYIO 3Be3ny u oOpaTtHO? BriBemmte
(hopMyJIBI TPEOOpa3OBaHUIA.

7 Ilepeuncnure MeETONBI pacyeTa pa3BETBICHHBIX JIMHEHHBIX
ANEKTPUYECKUX IIeTeld C HECKONBKHIMH HWCTOYHHKAMH, OIIHIINTE
KK U3 HUX U YKQXHUTE €r0 JOCTOWHCTBA U HEOCTATKH.
8.ChopMynupyiiTe OCHOBHBIC TOIOJOTMUECKUE TOHATUSA IS
3IEKTPUUECKUX LETIEH.

9.Yro Takoe y3nmoBast MaTpumia’?

10.Yto Takoe KOHTypHas MaTpuIiia?

11. Yro Takoe MaTpuIia ceueHuii?

1.2.12 Pemienyie THNOBLIX 32124

3apaua 1.2.1

B oaHy u3 BETBEU CI0KHOW 3JIEKTPUYECKOM LIEMU BKJIIOUEH
reneparop (pucyHok 40), a B Apyryro- aKKyMyJsTOpHas OaTapes.
O/J1C renepatopa E;=200 B, BHyTpeHHee conpotusieHne Ry=1 Om,
OJIC 6arapeu E,=140 B, BHyTpenHee comporusieHne Rp;=0,5 Om,
HUCTOYHUK Toka J=2.8 A, compoTruBjieHHe pe3uctopoB R;=9 Om,
R,=19,5 Om, Rz3=4 Om.
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1]

MFU
5

Pucynok 40 — Cxema k 3amaue 1.2.1

Pemenne

Meton ABYyX y3J10B
CocTaBngseM ypaBHEHHE [IJIsl pacueTa HalpsKEHUs IBYX

y3710B @b u onpenensieM HanpspKeHHE:

1 1
3 -E, +J
R +Ry R, + Ry,
Ua = 1 1 1
+ +—
R+Ry R,+R, R,
200 o 4 ! +2.8
U. = 9+1 19.5+0.5 :22B
ab 1 1 1

+——t=
9, +1 195+05 5

OHpeILeJ'ISICM TOKH B BCTBAX:

1 (200 _gg)i 178 A
9+1

I, =(E -U
1 ( 1 ab) R1+R01
1 1 A
l,=(-E,-U,)———=(-140-22) —=-16.2
2 ( 2 ab) ( )195+05

R, + Ry,

1 1
I.L=(0-U_)—=(0-22)==-44A
3 ( ab) R3 ( ) 5
JelicTBUTENbHBIE HAIIPABJIEHUSI TOKOB BO BTOPOH U TPEThEH

BCTBAX IIPOTHUBOIIOJIOXKHBI BLI6paHHOMy IMOJIOKUTCIIbHOMY

HaIpaBJICHUIO, TAK KaK PACUCTHBIC 3HAUCHHUA OTPHUIATCIILHLIC.
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Brimomaum nposepky o 1 3akony Kupxroda:
L+1,+1;+)=17.8-162-44+28=0

Pacuer BBITIOJIHCH, BEPHO.

3agaua 1.2.2

Paccunrarh TOKM BETBEil B AJICKTPUYECKOHN IENU (PUCYHOK
41). ITapamertpsl pesuctopoB: R;=200 Om, R=100 Om, R»,=200
OM, Rs=125 OmM, R4s= R; OM, R5=50 OmM, Rsg=60 Om,. HcTounnku:
Es=15 B, E¢&=30 B, J,;=1 A. Brinonanuts mpoBepky OasaHCOM
MOIITHOCTH.

Ry Ryz
R 2 g
i 2
i — @—:— 7

C@u} [ &5

Ry

Pucynok 41 - Cxema k 3agaue 1.2.2

Pemenue

Mertoa y3/10BbIX H KOHTYPHBIX YPaBHEHHI

CocraBiigseM ypaBHEHMs IO MEPBOMY M BTOPOMY 3aKOHaM
Kupxroda (pucyHok 42), yuutbiBasi BRIOpaHHBIE HATIPABICHUS:
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2
i — 3
7 \_)—E

& ]
A1y m [ mR

0 5

Pucynok 42 — K pacueTy MeTOZ0M Y3JIOBBIX U KOHTYPHBIX
YpaBHEHUI

-L-1,+J3,+1,=0
I,-1,-1,=0

IL,+1,-14=0

LR +1,(Ry +Ry) — 15Ry = —E4
LR +1,R,+1,R, =0

I,R, — I,R; + IRy = E; + E;

HOILCT&BJBIGM HU3BCCTHBIC 3HAUYCHUA

11,41, =-1
l,—1,-1,=0

l,+1,—1,=0

~1,200+ 1, (100 + 200) — 1,125 = —15
1,200+ 1,125+ 1,50 = 0

1,125 1,50+ 1,60 =15+ 30

Pemaem CUCTCMY MATPUYHBIM YPAaBHCHUCM:

I=M?'V
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-1 -1 0

1 1
1 0 -1 0 -1 0 0
o 1 1 0 o0 -1 0
M= V-
-200 300 125 0 0 0|Y=| s
20000 0 125 50 0 0
0O 0 125 0 -50 60 |45

0,285
0,222
0,196
—-0,493
0,09
0,417

I=Mlv=

Tox |, HampaBieH TPOTHBOIOIOXKHO  BBHIOPAHHOMY
HaTpaBJICHUIO.
PaccunThiBaeM O6anaHc MOIIHOCTEH.
MOIIIHOCTh HCTOYHUKA:

P, =E,,+El, +J,R,l, =15-0196 +30-0,417 +1.125 0,493 = 77,045 BT
MorHOCTh TOTPEOUTEIIS:

P, = IR + 12(R,, + R,,) + IZR, + I7R, + IZR, + IZR, =
=0,2852200 + 0,2222(100 +200) + 0,196 125 +0,493%125 +
+0,09%50 + 0,417 %60 = 77,045 Bm

bananc COMLICJICA, pCHICHUEC BBIITOJIHEHO, BEPHO.
MeTO}] KOHTYPHBIX TOKOB

CocraBisieM ypaBHEHHS MO BTOpoMmy 3akoHy Kupxroda
OTHOCHUTEIILHO KOHTYPHBIX TOKOB (pUCYHOK 43):
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|11(R1 +Ry + Ry, + R3)_ 1R, —133R; =—E,
Izz(Rl-i-R5 +R)-1,4R, — I,R, -1,R, =0
Iss(Rs +Rg +Re)_ IRy —1,Rs =E; + B

|44 = ‘]4
Ry Ry
<l R, % R
i — S 7
Ry
2 I IS’E
| 5) Dl 2y
Tes [ﬂ Ry
0

Pucynok 43 — K pacueTy MeTOAOM KOHTYPHBIX TOKOB

Pemraem CUCTCMY MATPUYHLIM YPABHCHHUCM!

M Vv=l
625 -200 -12 _|-15
~l-200 375 50 V=12
~125 -50 235 45

_ |0222

1= 0,507

0,417

OHpCZLCJ’IHCM ﬂeﬁCTBHTCHBHLIe TOKH B BE€TBAX:

1,=111-12,=0,222-0,507=-0,285 A;
|2:|11:O,222 A,
|3:I]_]_'|33:O,222'0,417=-0.196 A,
|4=|44'|22=1'0,507:0,493 A,
Is=15,-133=0,507-0,417=0,09 A;
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|6:|33:0;417 A.
3HaueHUs TOKOB COBIAIAIOT C PEIBIIYITIM PACUCTOM.
MeToa y3/10BbIX IOTEHIAIOB
B cxeme (pucyHok 41) gerbipe y3ma. B kagectBe 6a3oBoro

BI)I6I/IpaeM y3¢ei1 0. I[J'IH OCTABIIMXCA y3JIOB COCTABJIAICM YPABHCHHA:

O C I CHN N Y
=Gp1g + G0 — Gy = I3,
=G99 = G305 + Cpap3 = I

OmnpenernseM COOCTBEHHBIE POBOAMMOCTH y3710B 1, 2 1 3:

G11:i+ ! +l 1 # i—0016C
R, R,+R, R, 200 100+200 125
Gp-—srt ot 11 503 Cm
R, R, R, 200 125 50
G-ty t 1. 1. 1 1 gpgCm
R, R,+R, R, 125 100+200 60

OHpe[Lem{eM B3aUMHBIC ITPOBOAVMOCTU:

11 .
Gy =Gy == = 0,005 Cm;
1
11 .
Gys =Gy = - = o= = 0008 Cwm;
3
G, =Gy, = 1 1 _ooms Om

R, +R,, 100 +200
OHpC}IeHHeM Y3JI0BBIC TOKHU:

Jn=1J,=1 A
E, 15

J,=-—t=—_ 012 A
R, 125
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1=5 BB 0447 A

R, R, 125 60

HonyqaeM YpaBHCHUC JIA pacd€Ta yY3J10BbIX TOTCHIIUAJIOB:

0,016¢,, — 0,005¢,, —0,00333p,, =1
—~0,005¢,, +0,033p,, —0,008p,, = -0,12
—0,00333p,, — 0,008¢,, +0,028¢,, = 0,417

PewmnB cucreMy ypaBHEHUH, HAliieM NOTEHUUANBI B y3/1aX:

@, =61,589 B;
@, = 4,494 B;
Py =—4,955 B.
Toku B BeTBSIX:
I, = Pro =P _ 61,589 — 4,494 ~0,285 A;
R, 200
I, = Pro —Pso _ 61,589 —(-4,955) _ 022 A;
R, +R,, 100 + 200
|3 _ E3 - (wgo - gDZO) — 15— (_4’955 _ 4'494) = 0,285 A’
R, 125
|, = P0=0_ 615890 55 A;
R, 125
= P0=0 44980 000 A
Rs
ls = Ee — (93 —0) _ 30— (4955 -0) _ 0,417 A.
Re 60

TOKI/I, pacCUNTaHHbIC PA3JIMYHBIMA ME€TOJaMH, COBIIAArOT.

3agaya 1.2.3
Paccuntate TOKM BeTBEil B AIIEKTPUYECKON IEeNH (PHUCYHOK
44). Iapametpsl pezuctopoB: R;=200 OM, R,=100 Om, Rz=125 Om,
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Rs= R; Om. Uctounuku: E=15 B, J=0,5 A. BrInoaHuts npoBepky
0aJ1aHCOM MOIIHOCTH.

& Ry
i 1 1 k)

O [] R4 Me

Id 7

Pucynok 44 — Cxema k 3amaue 1.2.3

Pemenue

OmnpenensieM NOJOXKUTENbHbIE HalpaBiIeHUS TOKOB BeTBEH
(pucynok 44). B cxeme Tpu He3aBUCHUMBIX y31na. B kadectse
OasucHoro npuHumaem y3eia 0, moteHuman ysna 3 pasen DJIC
WJeabHOTO HCTOYHUKA!

¢, =E=15 B.
VY3n0BbIe ypaBHEHUS AJis y37I0B 1 U 2 UMEIOT BU/I:

{Gugolo =G50 — Gy = Iy
= Gp 1y +Gpprg =Gy = I

OmnpenensieM cOOCTBEHHbBIE IPOBOAMMOCTH Y3J10B 1 1 2:

G, = i+i i 1 =0,015 Cm;
R, R, 200 100

Gzzzi i_i_i 1 1 _0026 CwMm.
R, R, R, lOO 125 125
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OmpenenseM B3auMHBIEC TIPOBOTAMOCTH:

1 1 Cum:
G,=G, =—=-—"—"=0,01 M;
12 21 RZ 100
1 1 Cum:
G,.=G,=—=-—"=0,008 M,
23 32 R3 125
Gy =Gy, = 1_1 0,005 Cm.
R, 200
OnpenernseM y3II0BbIe TOKH:
J,=3=05A;
J, =0.

[Tomyuaem ypaBHEeHHE AJIs pacyeTa y3JI0BbIX OTEHINAJIOB:

0,015¢,, —0,01p,, —0,005-15=0,5
—0,015p,, +0,026¢,, —0,008-15=0

PemuB cucremy ypaBHEHHH, HaliieM TIOTEHLUAIIBI B Y3J1aX:

0, =55,7 B;
0, = 26,03 B.

Toku B BETBAX:

Py — Py 95,715 -02 A;

I, = = :

R, 200
I, = P~ Py _ 95,7-26,03 03 A:
R, 100
| =P =0 260815 00 A
R, 125
|, = 0o -0 _26,03-0 oz A
R, 125
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Tox | B BetBu ¢ D/IC ompenensiem u3 ypaBHerus Kupxroda ams
y3na 3. [lomyuyaem:

| =—1,—1,=0,2-0,09=-0,29 A.

PaccuurtsiBaeM OanaHC MOIIIHOCTEM.
MoIHOCTh HCTOYHHUKOB:

P.,=(p,—-0)-J+E-1=557-05+15-(-0,29) = 23,47 Br.
MouHocTb, paccenBaeMasi B pe3UCTOpax:

P, =I2R + 2R, + 1R, + I?R, =
=0,22-200+0,32-100+0,09% 125+ 0,212 -125 = 23 47Bm

banmanc momHocTell BBIITOIHSIETCS.

1.3 llpumenenne nporpammel Mathcad k pacuery
3JIEKTPHYECKHX IeNeil MOCTOSTHHOI0 TOKA
1.3.1 Pemienne cucteM ypaBHeHUH

MHorue npouecchl, NPOUCXOASIIINE B INEKTPUUECKUX LIETSAX
MIOCTOSIHHOI'O M IMEPEMEHHOr0 TOKAa, MOXHO OIHUCaTh C MOMOUIBIO
cucTeM ypaBHeHUi. Torja onpeaeneHrue napaMmeTpoB AIEKTPUIECKON
LIE CBOJAUTCS K ONPEJIETIEHNIO KOPHEN CUCTEMbI YPaBHEHUI.

CyliecTByIOT TpSMbIE W HTEPAMOHHBIE (OT JIATHHCKOTO
iteratio-moBTOpEeHHE) METOJBI pEHICHUS CUCTeM ypaBHeHHiH. K
NpsAMbIM  METOJIaM oTHocsaT  Meton  Kpamepa, METOJIBI
TIOCIIeIOBATEIHFHOTO UCKITIOYCHUS HEM3BECTHRIX (MeTo ['aycca u ero
Moau(UKAUK: METOJ[ TIABHOTO JJIEMEHTa, METOJ KBaJPaTHOTO
KOPHSI, METOJT OTPAKEHHI).

[Ipsambie MeTOABI JIalOT TOYHBIE PE3YJbTAThl PELICHUS
CHUCTEMBI 332 KOHEUHOE YHUCIIO MaTeMaTuueckux omnepauuil. Eciau Bce
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OTICpalli BBITIOJHSIOTCS TOYHO O€3 OKPYTJICHHH, TO pelIeHue
3aJJAHHOW CHUCTEMBI TOJTYYaeTCs] TOYHBIM.

B nmporpamve MathCAD cyiiecTByeT HECKOIBKO BapHaHTOB
PEUICHUs CHCTEM YpaBHECHUH NpPSIMBIMH MeTojamu. llpu perieHun
ypaBHeHHW!  (HEpaBEHCTB) OMHWCAaHHBIMA  HIDKE  CHOcOoOaMu
pe3ybTaThl BBIUUCICHUNA OYAyT aBTOMATHYECKH OOHOBISITHCS TpPU
W3MEHCHUU YCJIOBUH.

le/IMeHeHl/Ie MNaHeJIU HHCTPYMEHTOB CUMBOJIbHBIX BbIYMCJIEHUI

[lpy wucronb30BaHUM MAHETH CHMBOJIBHBIX BBIYMCICHHN
CUCTEMY ypaBHEHWI (HEPaBEHCTB) 3a/Ial0T MATPUIIEH, YHCIO CTPOK
KOTOpOH paBHO YHCIY ypaBHEHUH (HEpaBEHCTB), CTOJOEIl OJMH.
I[Ipu 3amucu ypaBHEHUM (HEPaBEHCTB) MPHUMEHAIOT MaHEb
JIOTUYECKUX ONMEepaTopoB. 3areM BHIOMPAOT KoMmaHay Solve
(BBIUMCIIMTH) Ha TaHenud uHCTpyMentoB Symbolics (CumBosbHbIC) U
B SYEHKy BBOISAT WMEHa IIEPEMEHHBIX, OTHOCHTEIBHO KOTOPBIX
HEO0OXOMMO pEeIINTh ypaBHeHHE (HepaBEeHCTBO). Pasmep matpuirsl,
coJiep)Kalllell NEepeMEHHBIE, COOTBETCTBYET pa3Mepy MaTpHILbI
YpaBHEHUI.

Hanpuwmep, pemum 3aauy (pucyHok 29) no 3akoHaM
Kupxroda:
3a/iaeM mapameTphl SIEKTPUIESCKOH eI :

E1:=32E2:=25R1:=7R2:=5R3:=8R4:=6R5:=13R6 :=11

-11-12+16=0 11
11+13-15=0 12

-13+14-16=0 13 - 4 4
solve, - $231 4910 7567 654 1644 1414l =(1.052 0.559 -0.864 0.747 0.187 1.61])
ILR1-12R2 + I5R5 = E1- E2 14 8777 8777 8771 8777 8771 8777

-I3R3-14R4 - I5R5=0 15
12R2+ 14R4 + 16R6 = E2 16

Pesynbrar Beruncnenuit: 1,=1.052 A; 1,=0.559 A; 1;=-0.864
A; 1,=0.747 A; 15=0.187 A; 1,=1.611 A.
IIpumeHeHne BCTPOEHHBIX GyHKIMHT

Jns  pemieHuss cHCTEMBl YpaBHEHUH 3aJal0T MaTpHILY
KO3 PHULINEHTOB, KOTOPasi HE TOJDKHA OBITH BEIPOXKAECHHOM, U BEKTOP
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cBOOOMHBIX wWieHOB. Mcmomnb3yst BetpoeHHyro (yHkmnuio Isolve, B
CKOOKax OTJENWB 3alsiTOd, YKa3bIBAIOT WMEHA TepEeMEHHBIX
MaTpHUIbl KO3 (OUIIMESHTOB U BEKTOPa CBOOOIHBIX YJICHOB.
Hanpumep:

J1Jis1 perieHusi CUCTEMBI YPaBHEHUH CIIEAYET ONPEISIIUTh MaTPHUILY
KO3 (UITUEHTOB M YKa3aTh BEKTOP CBOOOIHBIX K03(h(pHUIIeHTOB:

-1 -1 0

0 0
1 0 1 0 -1 0 0
00 -1 1 0 -1 0
M = Vo=
Rl -R2 0 0 R5 0 7
0 0 -R3 -R4 -R5 0 0
0 R2 0 R4 0 RG6 25
Pemenne:
i .= Isolve(M,V)
1.052
0.559
) -0.864
| =
0.747
0.187
1.611

Pesynprar Beruucienuii: 1,=1.052 A; 1,=0.559 A, 1,=-0.864 A;
1,=0.747 A; 15=0.187 A; 1:=1.611 A.
Pe3ynbrar BeIYUCIIEHUH COBIAAAIOT C IPEABIAYIIIMM PACUETOM.

IIpumeHeHHe CHMBOJILHOTO 0J10Ka

Hdns  pemenns  cucreMbl  ypaBHEHHH  (HEpaBEHCTB)
UCTIONB3YEeTCS CHMBOJIBHBIM OJIOK, KOTOPBIH HMMEET CIIEAYIOILYIO
CTPYKTYpY:

1. HavanpHbie ycioBus, 3aZaHHbIE C TIOMONIBIO 3HAKa
JIOKQJIGHOT'O NPUCBaNBAHHUS.
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2. Berpoennas dynkuust Given, koTopas OTKpbhIBaeT OJIOK
pellIeHU.

3. IMocnenoBaTeIbHOCTD ypaBHEHUH, 3a/JAHHBIX C IPUMCHEHUEM
JIOTHYECKOT0 3HaKa PaBEHCTBA.

4, OmpeneneHne OTpaHWYEHUH, KOTOPHIE HAKIAIBIBAIOTCS Ha
HCKOMBIE TIEpEMCHHBIC.

5. BripaxkeHue, KOTOpPOE HCIOIB3YeT BCTPOCHHBIC (QYHKITUH
rmoucka pemennid (find m minner). Ilocme BBoma BCTPOCHHOM
(YHKIMU B CKOOKaX, OTJENsS 3aMsATON, YKa3bIBAIOT UMEHA HCKOMBIX
IIEPEMEHHBIX.

Hamnpumep:
Given
—11-12+16=C
11+13-15=0C
—13+14-16=C

I1-R1-12-R2+ I5-R5= E1 - E2
—13-R3-14-R4-15-R5=0
12.R2 + 14-R4 + 16-R6 = E2

9231
8777
4910
8777 1.052
_7587 0.559
] 8777 -0.864
Find (11,12,13,14,15,16) — =
6554 0.747
8777 0.187
1644 1.611
8777
14141
8777

Pesynbprar Beruucienuii: 1,=1.052 A; 1,=0.559 A, 1,=-0.864 A;
1,=0.747 A; 15=0.187 A; 1;=1.611 A.

IIpuMeHeHHe MATPUYHOTO YPABHEHHSI
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Tak Kak cucTeMy ypaBHEHHUI MOXKHO 33JaTh B MATPUYHOU
dopme M™-1=V, To perenne cucTeMb! OyIeT 3aHCHIBATECS B BHIE
X=M™V,
rae M™'-o6parHas MaTpuna k Matpume M;

M-marpuria Ko3hHHUIHESHTOB, KOTOpas He TODKHA OBITH
BBIPOK/ICHHO;

V- BEKTOP CBOOOHBIX YJIICHOB.
DTOT cI0oCcO0 HE MPUMEHUM, €CITH ONPEICTUTEIIb MATPHIIBI
ko3 dunmentoB paBeH O (BEIPOKACHHBIN cIy4ail).

Hanpumep:
-1 -1 0 0 0 0
1 0 1 0 -1 o0 0
Iv|:00—110—1 V::O
Rl -R2 0 0 R5 0 7
0 0 -R3 -R4 -R5 0 0
0 R2 0 R4 0 R6 25
Pemenne:
=M1V
1.052
0.559
—-0.864
"= o7
0.187
1611

Pesynbrar Beruucienuii: 1,=1.052 A; 1,=0.559 A; 1,=-0.864 A;
1,=0.747 A; 15=0.187 A; 1:=1.611 A.
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1.3.2 Pemienye TUNOBBIX 32124

3apaua 1.2.1

Paccmotpum 3amauy 1.2.1 mynkra 1.2.12 (pucynok 40).
Pemenue

HcxonHble naHHbIe

E1:=20CJ):=2.8 E2:=14C RO1:=1
R02:=05 R1:=9 R2:=95 R3:=5

Pacuernas ¢popmyna amns onpeaeneHus y310BOro HanpspKeHHUs

1 1
El——  —E2— 4]
R1 + RO1 RO2 + R2

1 1 1
+ + =
RL+R0Ol RO2+R2 R3

Uab :=

Uab = 22

Pacuernsie q)OpMy.]'ILI AJIg oNpeACICHUS TOKOB B BETBAX
11:= (E1 - Uab) ————
ROL + R1

12 = (-E2 — Uab) —
( ) 2 T R2

1
13 := (0 — Uab)-—
( ) &3

11=17.8
12=-16.2
13=-4.4

[Ipoepka no nepomy 3akoHy Kupxroda

12+ 13+11+J=0
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3apgaua 1.2.2

Paccmotpum 3amauy 1.2.1 mynkra 1.2.121.2.12 (pucyHokx
41).
Pemenue

MeTton y3/10BbIX 1 KOHTYPHBIX YPABHEHUI
Hcxonnsle naHHBIE
R1:=20C R21:=10C R22:=20C
R3:=125 R4:=125 R5:=5C
R6:=60 E3:=15 E6:=30
J4:=1

Marpuna k03¢ GUIHEHTOB H BEKTOP CBOOOTHBIX WICHOB

-1 -1 0 1 0 0
-1
1 0 -1 0 -1 0 .
o 1 1 0 0 -1
M := 0
~200 300 -125 0 0 0 Vsl .
200 0 0 125 50 0 0
0 0 125 0 -50 60 45

Martpu4Hoe ypaBHEHHE JUIsl OIIPENEIEHUS TOKOB
-1
=M "V

PC3y.]'IBTaTBI pacyeToOB TOKOB B BETBAX
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0.285
0.222
0.196
—0.493
0.09
0.417

Toku B BETBSIX
I1:=1lpq 12:=11 9 13:=120
14:=13¢9 15:=130 16:=1I5
11=0.285 12=0.222

1I3=0.196 14=-0.493
I15=0.09 16 = 0.417

bamanc momHocrei

Pi:= E3:13+ E6:16 + (—14-J4-R4)

Pi= 77.045

Pp := 11%.R1 + 122.(R2L + R22) + 13%-R3 + I5%-R5 + 16°-R6 + 14°.R4
Pp = 77.045

MeTon KOHTYPHBIX TOKOB
HcxoaHble JaHHbBIE

R1:=20C R21:=10C R22:=20C
R3:=125 R4:=125 R5:=5C
R6:=60 E3:=15 E6:=30
J4:=1

Marpuia ko3 UIHEHTOB H BEKTOP CBOOOIHBIX WICHOB

625 -200 -125 -15
M:=| -200 375 -50 V:=| 125
-125 -50 235 45
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MartpruyHoe ypaBHEHHE IS OTIPEICTICHHUS TOKOB

l.=M Ly

PCSYJ'ILTaTH pacu€TOB KOHTYPHBIX TOKOB

0.222
I =| 0.507
0.417
111 :=1g¢l22 =11 ¢
133 :=1p o144 := 4
111 =0.222 122 = 0.507
133=0.417 144=1

JleficTBUTENbHBIE TOKH B BETBSIX
11:=122-111 12 :=111

13:=133-111 14 =144 — 122
15:=122 - 133 16 := 133

11 =0.285 12 =0.222
13=0.196 14 =0.493
15=0.09 16 =0.417

Mertox y3/10BbIX OTEHIIHATIOB
HcxonHble JaHHbBIE

R1:=20C R21:=10C R22:=20C
R3:=125 R4:=125 R5:=50
R6:=60 E3:=15 E6:=3C
JAa:=1

PacueTHnie (hopMyITBI IS onpeeeHus
MPOBOJUMOCTEN
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1 1 1

Gl =— +—— +—
Rl R21+R22 R4
1 1 1
G2 =—+—+—
Rl R3 R5
1 1 1
G333 = —

=
R3 R21+R22 RG6

3HavYeHHs] COOCTBEHHBIX TTPOBOIMMOCTEH

G11 =0.016
G22 =0.033
G33 =0.028

Pacuetnpie  Qopmydsl A OmpeneneHUs
MPOBOAUMOCTEN

GI2 = = G21 = G12
R1
1 "
e __ = G31=aG12
CB8 = ol TRz
G2 - = G23 = G327
R3

3HaueHUs B3aUMHBIX TPOBOAUMOCTEN

Gl2 =5x 102
GI13 =3333x10°°
G32 =8x10 2

PacueTHbie GOpMyIIBI 17151 ONIPEICIICHUS Y3JIOBBIX TOKOB
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E3 E
J33 = —3 - —6
R3 R6

3HaueHUs Y3JI0BBIX TOKOB

Ji1=1
J22 =-0.12
133 = 0.417

Pacuernsle GopMysl U1 OnIpenesieHHs y3I0BbIX OTEHLIUAIOB

Given

G11-U10 — G12-U20 — G13-U30 = J11
—G21-U10 + G22-U20 — G23-U30 = J2Z
—G31-U10 — G32-U20 + G33-U30 = J3:

117450
1907
8570
U := Find (U10,U20,U30) »| ——
1907
—9450
1907
3HaueHUs NOTEHUIUAJIOB B y3J1aX
U10 :=Ug o
U2 :=Uq o
U30 := Uz o
U10 = 61.589
U20 = 4.494
U30 = —4.955
Toxu B BeTBAX
1< u10 - U20 12 . Ul10 - U30
TR " R21 +R22
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3. E3 — (U30 — U20) e U1 -0
- R3 T R4
U20 -0 E6—(0—
I5=—— 16 = E6-(0-U0)
R5 R6

11=0.285 12 =0.222 I1I3=0.196
14 =0.493 I5=0.09 16=0417

P €3yJIbTaThbl paC4Y€TOB, ITPOBCACHHLIC pAa3JIMYHBIMU
METOJaMH COBIIAJarOT.

1.4 TecThl

[IpumepHble TECTHI IO TeMe «JIMHEHHbIE IEKTPUYECKUE LU
[TOCTOSTHHOT'O TOKa»!

1 Pacnpenenenue noteHMaia BOOIb yYacTKa LENH HIIM 3aMKHYTOTO
KOHTYpa Ha3bIBAIOT:

A) BONIBT-aMIIEpHOIN XapaKTePUCTHKOM

B) moTennmanpHOM muarpamMmmont

C) BekTOpHOI ArarpaMMoit

D) ronorpaduyeckoii tuarpamMmmoit

E) npaBuiibHBIN OTBET OTCYTCTBYET

2 3aBHCHUMOCTh TOKa, NPOTEKAIOMIEr0 [0 COMPOTHUBICHHUIO, OT
HaTpsHKEHUS HAa3bIBAIOT:

A) BOIBT-aMIIEPHOH XapaKTePUCTUKON

B) morentmanpHOM quarpaMMoit

C) BekTopHOU TMarpaMMmont

D) ronorpaduyeckoii tuarpammon

E) npaBuUsIbHBIN OTBET OTCYTCTBYET

3 PasHoCTh MOTEHIMATOB MEXKIY ABYMS TOYKAMH JJIEKTPUUYECKOU
LENH Ha3bIBAIOT:

A) TokOM

B) magennem HanpsixeHHUS

C) anexkTpoaBmwKyLIeH CHIION
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D) mpoBoauMOCTBIO
E) npaBuiibHBIH OTBET OTCYTCTBYET

4 Kakas 3amuch COOTBETCTBYeT 3akoHy OMma Jijisi ydacTKa I, He
cozepkarniero 31c?

A) (wa _¢b) = IR

B) U=I/R
C) I=R/U+E
D) I=E/ R+R,

E) HeT nmpaBuiIbHOTO OTBETA

5 Kakas 3anuce cooTBeTCTBYeT 3akoHy Oma Il ydacTKa LI,
cozaepxxariero 3.4.c.?

A) (9. — ;) = IR

B) U=I/R
C) I= RIU+E
D) I= (U +E)/ R

E) Her npaBuiipHOTO OTBETa

6 Kaxoe ypaBHenue cootBercTByeT 1 3akony Kupxroda?
A) Ii+l+13-14-15=0

B) E;-E,-Es-E4-Es=0

C) P1+Py+P3+P,+Ps=0

D) U+ Uyt Us+ U+ Us=0

E) npaBuIbHEI OTBET OTCYTCTBYET

7 Kakoe ypaBHeHHe cooTBeTCTBYeT 2 3akoHYy Kupxroda?
A) li+1x+13-14-15=0

B) E;-Ey-E3-E4-Es=0

C) P1+Py+P5+P,+Ps=0

D) U+ Uyt U+ U 4+ Us= Ej-E,-E3-E4-Es

E) npaBuibHBIN OTBET OTCYTCTBYET
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8 [lepsrrit 3akoH Kupxroda rimacur:

A) anreOpandeckasi cymMMa TOKOB JIJISl JTFOOOTO y3J1a paBHA HYJIIO;

B) cuna Toka mpsiMOnponopuroHaibHa HAPSKEHUIO;

C) anrebpanyeckas cymMMma HampsDKEHHH U JIFOOOTO 3aMKHYTOTO
KOHTYpa paBHa HYJIIO;

D) anreOpamveckas cymma AEWCTBYIOMIMX B 3aMKHYTOM KOHTYypeE
OJIC paBHa anreOpanveckoil CyMMe MaJeHHs HaNpsLKEHHH 3TOTO
KOHTYDa;

E) npaBuibHEIH OTBET OTCYTCTBYET.

9 Bropoti 3axon Kupxroda riacut:

A) anreOpandeckas CyMMa TOKOB JJIsI JTFOOOTO y371a paBHA HYIIIO;

B) cuna Toka mpsiMOnponopIroHaibHa HAIPSIKEHHIO;

C) anreOpanyeckas cymMMa HalpsDKEHUH Uil JTFOOOTO 3aMKHYTOTO
KOHTYpa paBHa HYIIIO;

D) cymMma TOKOB HampaBJCHHBIX K Y31y paBHa CyMME TOKOB
BBITEKAIOINX U3 y3I1a;

E) npaBuibHEIH OTBET OTCYTCTBYET.

10 HanpaBienue najeHus HaMpsHKeHU HA YIacTKe [ENH YKa3bIBaeT:

A) yMeHbIIIeHHEe IOTEeHIHAaNa;

B) yBennuenue notenumana;

C) yMeHblIIIeHUE COTIPOTHBIICHHUS;
D) yBenuuenue conpoTHBIECHUS;

E) npaBuibHBIN OTBET OTCYTCTBYET.

11 HanpaBieHue HCTOYHMKA 3.71.C. YKa3bIBaeT:

A) ymeHbIIIeHHE TOTEHINANA;

B) yBennuenue norennmana;

C) monoxuteabHOE HANpaBIIEHHE TOKA;
D) orpunarensHOE HaNpaBIeHUE TOKA;
E) npaBuiIbHBII OTBET OTCYTCTBYET.

12 Kakoe ypaBHEHHE COOTBETCTBYET OallaHCy MOIIIHOCTEMH?
A) 21=0
B) > E=> U
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C)XEI=XI’R
D) X E=X IR
E) npaBUIbHBIN OTBET OTCYTCTBYET

13 Kakoe ypaBHEHHE COOTBETCTBYET IepBoMy 3akoHy Kupxroda?

A) XI=0

B) X E=X U
C)XEI=XI’R
D)Y E=Y I’R

E) npaBUIIbHBIH OTBET OTCYTCTBYET

14 Kakoe ypaBHEHHE COOTBETCTBYET BTopoMy 3akoHy Kupxroda?

A) YI=0

B)Y E=X U
C)XEI=X I’R
D)Y E=Y I’R

E) npaBuibHBIH OTBET OTCYTCTBYET

15 YUemy paBeH TOK B IICNM MPU IOCIICIOBATCILHOM COCIMHECHUM
conporusienuni, ecnu: E=24 B, Ro= R;=4 O,,, R,= R;=8 O,

A)1A;

B) 1,5 A;

C)2A;

D)6 A;

E) 10 A.

16 Uemy paBeH TOK B LENU MpU MNapalICIbHOM COCIUHEHUU
conpotusieHuii, ecnmu: E=24B, R;=4 O,, R,=6 O,,

A)1A;

B)1,5A;

C)2A;

D) 6 A;

E) 10 A.

17 HaiiTui cOnmpOTHBIIEHHE CTOPOH IKBHUBAJIEHTHOTO TPEYTOJHHHKA,
€CJIM COTIPOTUBIIEHUS JTydei 3Be3/1bl R1= R;=R3=1 Om.

92



A) 1 0wm;
B) 3 Owm;
C) 6 Om;
D) 9 Owm;
E) 12 Om.

18 HaiiTu compoTHUBIEHUE Jy4ed OSKBUBAJICHTHOW 3BE3Jbl, €CIH
COTIPOTUBJICHHS TpeyronbarnKa R1=R;=R3=3 Om.

A) 1 0wm;
B) 2 Owm;
C)3 Om;
D) 4 Owm;
E)5 Om

19 Ompenenuts MOITHOCTH OTpeOIsIeMy 0 Harpy3ko, eciim E=20B,
BHYTPEHHEE CONpOTHUBICHHE HCTOYHMKA Ro=1 Owm, compoTuBieHue
Harpysku R=4 Owm.

A) 64 Br;
B) 80 Br;
C) 100 Br;
D) 120 Br;
E) 160 Br.

20 OmpenenuTs MOITHOCTh HUCTOYHWKA OHHepruu, ecnu E=20B,
BHYTpEHHEE CONpPOTHBIIEHHE MCTOYHMKA Ro=1 Owm, compoTuBieHne
Harpy3ku R=4 Owm.

A) 64 Br;
B) 80 Br;
C) 100 Br;
D) 120 Br;
E) 160 Br.

21 Omnpegenuts K..A. Harpy3kd, ecau E=20B, BHyTpeHHee
compoTtuBieHne nctouyHnka Ro=1 Om, conpoTtuBienne Harpy3ku R=4
Om.

A) 40%;
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B) 60 %;
C) 80 %j;
D) 90 %j;
E) 100 %.

22 OnpenenuTh IMajgeHUE HANPSHKEHUS HA CONMPOTHBICHHHM R; mpu
MOCJIEIOBAaTEILHOM COCAUHEHUH  CONpOTUBICHUU, eciu: E=24B,
Ri=4 O,, R=8 O,

A) 4 B;

B) 8 B;

C) 16 B;

D) 40 B;

E) 24 B.

23 Ompegenutb TOK B BETBU C CONPOTUBIECHHMEM R; mpu
MapajuleTbHOM COeIWHEHWH COMpOTUBIeHHH, ecinn: E=24B, R;=4
Oum R2=6 0O,

A) 4 A;

B)6 A;

C)8A;

D) 10 A;

E) 24 A.

24 Kak M3MEHHUTCS TOK B DJIGKTPUYECKON IENM TpPU YBEITMYEHUHU
MPOBOJUMOCTH IIPY HEM3MEHHOM HaNpsHKEHUH?

A) yMEHBIIHUTCS;

B) yBenuuures;

C) He u3MeHHUTCH;

D) cranet paBHBIM HYJIIO;

E) npaBuiIbHEIN OTBET OTCYTCTBYET.

25 Kak WU3MEHHUTCS TOK B JJIEKTPUYECKON LENU MNPU YMEHBLICHUU
MPOBOJIUMOCTH NPU HEU3MEHHOM HaIpPsHKEHUH ?

A) ymeHbIIHTCS;
B) yBennunrcs;
C) He u3MeHurcs;
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D) craner paBHBIM HYIIIO;
E) npaBuibHEII OTBET OTCYTCTBYET.

26 Kak u3MEHHTCS TOK B DJIEKTPUYECKON IIEMU NpU YBEIMYCHUU
COTIPOTUBJICHUS MTPH HEU3MEHHOM HANPSOKEHUH 7

A) yMmeHbIIHTCS;

B) yBennunres;

C) He U3MEHHUTCH;

D) craner paBHBIM HYIIIO;

E) npaBuIbHBIA OTBET OTCYTCTBYET.

27 Kak WU3MEHUTCS TOK B JJIEKTPUYECKOM LENU HPU YMEHBLIEHUU
COIMPOTHUBJICHHUA NIPHU HEU3MCHHOM HAIIPSAKCHUN ?

A) yMeHBIIHTCS;

B) yBenmmunres;

C) He u3MeHHTCH;

D) craner paBHBIM HYJIIO;

E) npaBuiibHBIN OTBET OTCYTCTBYET.

28 Kak M3MEHHTCS TOK B IJIEKTPHYECKON IMEeNU NpPU YBEITUYECHUHU
HaIpsHKEHUS TPH HEM3MEHHOM COTIPOTHUBIICHUH?

A) yMEHBIIHUTCS;

B) yBenuuures;

C) He u3MeHuTCs;

D) cranet paBHBIM HYJIIO;

E) npaBuIBbHBII OTBET OTCYTCTBYET.

29 Kak W3MEHHTCS TOK B JJIEKTPUYECKOW LENd NP YMEHBIIEHUH
HaIpPsHKEHUS IPU HEM3MEHHOM COIPOTHUBIICHUU?

A) ymeHbIIHTCS;

B) yBenmuunres;

C) He u3MeHurcs;

D) cranet paBHBIM HYJIIO;
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E) npaBuibHEIH OTBET OTCYTCTBYET.

30 ano: R;=10 Om; R,=R3= 20 Om; E=20 B. Onpenenuts TOK ;.

@ U 7

A) 04 A;
B) 0,5 A;
O 1A;
D)1,5 A;
E)2A.

31 Onpenenuts E, ecmu Ug;=10 B; Ug,=20 B.
R
1

ORI

A) 10 B;
B) 20 B;
C) 30 B;
D) 40 B;
E) 50 B;

32 Hano: E=10 B; R;=10 Om; R;=15 Owm; Rs= 25 Om. Omnpeaenuts
MOKa3aHus BOJIbTMETpa V.
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33 Jlano: E=40 B; R;=5 Om; R,=15 Om. Onpenenurs MOIUIHOCTS,
BEIpabaThiBaeMyro E.

A) 20 B;
B) 40 B;
C) 60 B;
D) 80 B;
E) 160 B.

34 Hano: E=30 B; Ri=4 Om; R,=6 Om; U,,=20 B. Onpeaenuts TOK
Ha ydJacTke nemnu ab.

7] E 7]
a 1 2 kb
I :
lab
—
A)1A;

97



B)2 A;
C)3A;
D)4 A;
E)SA.

35 Meron ¢ mpuMeHEHHEM 3aK0HOB Kupxroda. YkaxnuTte HEBEpHO

COCTAaBJICHHOC YPAaBHCHHUEC IJI1 CXCMBbI:

®i m @ R
I1T I3l : TIE N C)
E4 E2

A) l1+1-13+J=0;

B) l1R:+I5R3=Ey;

C) LRy+13R5=Ey;

D) |2R2+|3R3:J.

E) Bce ypaBHEHHS COCTaBJICHBI BEPHO.

e

36 Merol KOHTYPHBIX TOKOB. YKaKHTE
YpaBHEHHE JUIS CXEMBI:

ﬂ\

1

A) lki=J;

B) Ik2(R2+R3)-1ksR3=Ey;

C) lks(R1+R3)-1k2R3= -Ey;
D) lk2(R2+R3)-1ksR3- JRo=Ey;
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E) Bce ypaBHEHHs cOCTaBIEHBI BEPHO.

37 Meton IBYX Yy370B. YKaXXUT€ BEPHO COCTABIEHHOE ypaBHEHHE
JUTSL CXEMBI:

AU - Elgl+ E2g2-J :

ab

gl1+92+93

B) u, - Elgl+E2g2+J :

gl+92

C) u, - Elgl-E2g2+J :
gl+g2+g3

D)u, - Elgl+ E2g2+J :
91-92-93

B U, - Elgl+ E2g2+J .
gl+g2+g3

38 MeTo/ y3/10OBBIX ITOTEHIIMATIOB. YKaXUTE HEBEPHO COCTABICHHOE
YpaBHEHHE JUIS CXEMBI:
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A) ¢4=0;

B) ¢:=Es;

C) 1=E4/Ry;
D) g25=1/Rs3;
E) |33=E2/R4.

39 I[aHO: El =4 B, Eg =0,5 B, R4:2O OM, R2=R3: R1: 5 OM,
Onpe,ueJ'H/ITL BHYTPCHHCEC COIIPOTHUBJICHUC 3KBHUBAJICHTHOT'O
reHeparopa, ecjii He00XO0AMMO OPEAETUTD TOK 4.

AR

4

A) 5 Owm;
B) 7.5 Owm;
C)100m;
D) 15 Owm;
E) 20 Om.

40 B uenb rajJbBaHUYECKOrO JIEMEHTA C JIEKTPOABIKYIIEH Cuion
1,4 B u BHyTpenHnmM comnpotuBieHueM 0,5 OM BKIIOUEHO BHEIIHEE
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compoTtuBieHne, paBHoe 2,3 Owm. HaiiTm mTOMHYIO MOIIHOCTH
JIIEMEHTA.

A) 0,5 Bt

B) 0,7 Br

C)1Br

D) 1,2 Bt

E) 0.575 Br

1.5 UuauBuayanbHoe foManrHee 3aganue Nel

Tema: Pacuer pa3BeTBICHHOM LIETIH MOCTOSHHOIO TOKA.
Hean padorel: [lonyunth HaBBIKM pacyeTa IETel MOCTOSHHOTO TOKa
Pa3IMYHBIMA METOIaMH.
3apnanme: /g 3IEKTPUUECKOM LEMH, COOTBETCTBYIOLIEH HOMEpPY
BapHaHTa, BEIOJIHATH CIEAYIOIIEe:
1. HayepTuth cxemy 3JEKTPHUYECKOHN IIeMH. 3amucatb ypaBHEHHUs 110
3akoHaM Kupxrodga u HallTH TOKH B BETBSX, PEIIUB CHCTEMY
ypaBHeHU# Ha OBM;
2. BBINOJIHATE pacdyeT TOKOB BO BCEX BETBSIX METOJOM KOHTYPHBIX
TOKOB;
3. IlpoBepuTh NPaBUIBHOCTb pEIIEHHS 1[I0 BTOPOMY 3aKOHY
Kupxroda mo 18yM KOHTYpaMm;
4. CocTaBuTh OanaHc MOIIHOCTEH IIEIIH;
5. IlocTpouTh NOTEHIMATBHYIO JUArPaMMY ISl BHEIIIHETO KOHTYPA;
6. OmpenenuTh TOK B OJHOM W3 BeTBEH (IO cBoeMy BHIOOpY) MO
METOJly SKBHMBAJIEHTHOTO TeHepartopa OrmpeneneHre TOKOB B LEMHU
nocJjie pa3MbIKaHHsI BEIOPAHHOM BETBU BBITIOIHUTH METOZIOM Y3JIOBBIX
MTOTEHL[UAJIOB;

UcxonHble naHHBIE TIpUBENEHBI B Tabnuie 2, CXEMbl IElH
MoKa3aHbl Ha pucyHkax 1-10
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Tabnuma 2- Mcxonusle JaHHBIE K 3a1aHuio No2

El! EZ! E3! E41 E51 EG! Rl RZ R3! R41 R51 RB:
B B B B B B O o o (0] (0] o ,

M M M M M M | A

1|40 | 20 | 70 | 50 | 60 | 30 5 8 15| 4 6 9 2

2120 ] 20 | 60 | 60 | 75 | 40 | 80 |90 | 6 |12 | 8 |15 ] 2

319 |10 |30 |75 |50 |12 |15 |12 | 6 8 |10 | 14 | 2

0 0
4 |60 |50 |70 |80 | 10 | 40 | 25 | 10 | 12 6 20 | 8 2
0
5110 |3 |60 |9 |40 |8 | 15| 6 |10 | 18 | 8 5

0

6 | 20 | 40 | 90 | 30 | 60 | 50 |10 | 4 | 16| 8 |12 | 25

7 (8 | 10 | 60 | 50 | 90 | 30 | 16 | 10 | 20 | 6 | 18 | 22

0

8 |40 | 12 | 80 | 90 | 30 | 50 | 12 | 15 | 10 | 8 3 9
0

9|9 |8 |12 |50 | 75 |60 |18 | 6 | 20 |12 | 15| 9

0

118 |60 |75 | 10|50 |9 |20|15| 25|10 | 5 | 14

E1

Ry

Rg E.
Pucynok 4
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Pucynok 9 Pucynok 10
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Tema 2 DaexTpuyeckue uenu oAHO(A3HOTO CHHYCOMIAILHOTO
TOKA
2.1 O0uue TeopeTHYecKHe CBEEHUSI

IIepeMeHHBII TOK TOJITOE BpeMsl HE HAaXOAMI MPAKTHYECKOTO
IPUMEHEHUS. DTO OBUIO CBS3aHO C TEM, YTO IEPBBIE I'€HEPATOPbI
AIIEKTPUYECKOI SHEPrUU BbIPAOATHIBAIM MOCTOSHHBIA TOK, KOTOPBIH
BIIOJIHE YJOBIIETBOPSII TEXHOIOTMYECKUAM IPOIECCaM DIIEKTPOXUMUH,
a  JABWraTteNyd  IOCTOSHHOIO  TOKa  OOJNafaloT  XOPOILIUMH
PEeryJIHpOBOYHBIMH XapakTepucTukaMu. OHAKO MO Mepe pa3BUTHUS
MIPOM3BOJCTBA TOCTOSHHBIH TOK BCE MEHEE CTall YJOBIIETBOPATH
BO3PACTAIOLINM TPEOOBAaHUAM 3KOHOMHUYHOTO 3JICKTPOCHAOXKEHUSI.

[lepemenHblli TOK Jam  BO3MOXHOCTH  3(ddexkTuBHOrO
OpOOJIEHUST DIEKTPUUECKOM OSHEPrud U M3MEHEHHs] BEJIMYHHBI
HampsDKEHUsT C  MOMOIIbl0  TpaHcopmaropoB.  llosBuiach
BO3MOKHOCTb ~ IIPOM3BOJCTBA  JJEKTPO3HEPTMH Ha  KPYIHBIX
3NEKTPOCTAHIUSIX c MOCEAYIOIINM 3KOHOMUYHBIM ee
pacnpeneneHueM HNOTPEOUTEINAM, YBEJIHYHIICS panuyc
3JIEKTPOCHAOKEHHS.

B HacTtosdmiee BpeMs IEHTpalIbHOE TPOU3BOJICTBO U
pacnpezenieHue  IEKTPUYECKOM SHEPrMu  OCYIIECTBISETCS B
OCHOBHOM Ha IEepeMEHHOM Toke. llenmn ¢ H3MEHAOIUMUCT —
MIEPEeMEHHBIMH — TOKaMH 110 CPABHEHHIO C LIETSIMU ITOCTOSHHOTO TOKa
UMEIOT psAn ocobeHHocTed. [lepeMeHHbIE TOKM W HaIpPsDKEHUS
BBI3BIBAIOT TI€PEMEHHBIE JJIEKTPUYECKHE W MAarHUTHbIE Moy B
pe3yibTaTe M3MEHEHHUS 3THUX MOJIeH B LENSAX BO3HUKAIOT SBJICHUSA
CaMOMHAYKIIMM W B3aMHOM MHIYKIIMH, KOTOPBIE OKa3bIBaIOT CaMoe
CYLIECTBEHHOE BIMSHUE Ha TIPOIECCHl, MPOTEKAaloUe B IEMX,
YCIIOKHSASA UX aHAJIN3.

IlepemennbiM  TOKOM  (HampspkeHuem, OIAC u  T1.1.)
Ha3piBaeTcsl TOK (Hampspkenue, DJIC # T.1.), U3MEHSIONIUICS BO
BpeMeHH. TOKH, 3HAYEHHs] KOTOPBIX IOBTOPSAIOTCA 4Epe3 PAaBHbBIC
MIPOMEXYTKA BPEMEHH B OJHOM M TOH XK€ IMOCIEI0BATENBHOCTH,
Ha3bIBAIOTCS MEPUOAWYECKUMH, a HaWMEHBIIMHA IPOMEXYTOK
BpEMEHH, 4Yepe3 KOTOpHIA 3TH MOBTOPEHMs HAOIIOAAIOTCS, -
nepuoaoM T. s neproIn4eckoro Toka UMeeM
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i=F@t)=F(t+T), (2.1)

BenuunHa, oOpaTHas EPHOLY, €CTh YacTOTa, M3MEpseMas B
repuax (I'm):

f=% (2.2)

JuanazoH  4YacTOT, TNPHUMEHSEMBIX B  TEXHHUKE: OT
ceepxHu3kux vactor (0.01,10 I'm — B cucremax aBTOMaTHYECKOrO
perynupoBaHusi, B aHAJOrOBOM BBIYHCIUTEIBHONW TEXHHKE) — [0
cBepxBbicokux (3000 ;| 300000 MI'm — MWITMMETPOBBIE BOJIHBI:
panuonokamus, paguoactpoHoMusi). B Kazaxctane mpomsbinuieHHas
gacrora f=150TIm.

MrHoBeHHOE 3HAYCHHE IIEPEMEHHON BEIMYHMHBI  €CTh
¢ynkuus Bpemenu. Ee npuHATO 0003Ha4YaTh CTPOYHON OYKBOI:

i - MrHOBEHHOE 3Ha4eHHe Toka i(t);

U— MPHOBEHHOE 3HaueHHe HanpspreHus u(t);
e- MraoBenHoe 3Hadyenue D/1C e(t);

P- MCHOBEHHOE 3HaueHHe MOIIHOCTH P (T).

HawuGonbIiee MrHOBEHHOE 3HAUCHHE MIEPEMEHHOH BETMYHHBI
3a Tepuoj Ha3bIBaeTCAd aMIUTHTYJO0H (ee mNpuHATO 0003HAa4YaTh
3arjaBHON OYKBO# C MHIAEKCOM M).

I, - aMIIMTyJ1a TOKA;
U,, - aMIUIMTYy/1a HaNPsDKEHHUS;
E,, - ammmuryma DJ1C.

JleiicTByI01II€E 3HAYEHHE TIEPEMEHHOTO TOKA

3HavyeHue MEePHOANYECKOro TOKA, PABHOE TAKOMY 3HAYEHUIO
MOCTOSIHHOT'O TOKA, KOTOPBIX 32 BPeMs OJHOTO MEpUoJia MIPOU3BEAET
TOT 7K€ CaMbli TEIUIOBOM WM 3JIEKTPOAMHAMUYECKHHA 3(PPeKT, 9To U
MEPUOJIMYECKU  TOK, HA3bIBAlOT  JICHCTBYIOIIMM  3HAYCHHUEM
MEPUOJNYECKOTO TOKA!

1= [ffy izde, (2.3)
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AHanorndHO ompezensatorcs AeictByromme 3HadeHus OHC u
HaNpSOKEHUSL.
CuHYCOMIAJIBbHO U3MEHSIIOIIMIACS TOK

N3 Bcex BO3MOXHBIX (OPM MEPUOAMYECKHX TOKOB
HanOoJbIlIee PACIPOCTPAHEHNE MOIY4YHUI CHHYCOMTAIbHBINA TOK. [0
CPaBHEHHMIO C APYTMMH BUAAMHU TOKAa CHHYCOUAATIBHBIA TOK UMEET TO
MPEeUMYIIeCTBO, 4YTO TO3BOJSIET B 00meM cioydae Haubolee
9KOHOMHUYHO OCYILECTBIIATh IIPOM3BOJCTBO, nepenauy,
pacrnpenesieHle U UCIOJIb30BaHHUE AIIEKTPUUIECKOM 3Hepruu. Tombko
IIpyu HCHOJIB30BAHUMHN CHHYCOHJAJIBHOTO TOKa YAA€TCd COXPAaHUTH
HEM3MECHHBIMH (OPMBI KPHBBIX HANPSDKEHUH M TOKOB Ha BCEX
y4acTKax CIOKHOHM JUHEeHOU nenu. Teopusi CHHYCOUAaIbHOIO TOKa
SIBJISIETCS KJIFOUOM K IOHMMAHUIO TEOPUM JIPYTUX LIETIEH.

2.1.1 N3o0paxenue cunycounaanbubix IC, HanpsiskeHUH
U TOKOB Ha IUIOCKOCTH IeKAPTOBBIX KOOPAUHAT

CuHycouaanbHble TOKHM M HamlpsDKEHUS] MOXKHO HM300pa3HTh
rpaduyecKH, 3anucaTh Mpu  TOMOUIM  YpaBHEHHUH c
TPUTOHOMETPUYECKUMH (PYHKIMSAMH, MPEICTABUTH B BUJIE BEKTOPOB
Ha JIEKapTOBOH IUIOCKOCTH WJIM KOMIUIEKCHBIMU YHCIIAMH.

[MpuBenennsiM  Ha  pucyHke 45, rpadukam  JAByX
cunyconnanbHbIXx J/1C e; U e, COOTBETCTBYIOT YpaBHEHHUS:

e1 = Eyp sin(wt + ,.1); e; = Eppp, sin(wt + Y,0).
€] €2
Ep—
5, ?
’r\ /
i
]
{ lo a . 0 @
T
2

Pucynoxk 45 — I'paduxu cunycounnansnoii IC e; u e,
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3HayeHHs apryMEHTOB CHHYCOWJAIBHBIX QyHKuMA (wt +
Yel n wt+yeZaaspiBaores (azaMu CHHYCOW], a 3HadeHne (asbl B
HayvanbHBIH MOMEHT BpeMeHHU (t=0): Poq U P,y - HAUATBHOH (a3oi
(lpel > 0; lpeZ < 0)'

Bennunny @, XapakTepu3YIOIIyI0 CKOPOCTb H3MEHEHHUS
(hazoBOrO yrma, Ha3BIBAIOT YTIIOBOW 4acTOoTOW. Tak kak (ha3oBbIif
YroJl CHHyCcOHMZBl 3a Bpems oxHoro nepuoja T usmensercs Ha 2m
pan, To yrioBas 4acToTa ecTh

w =2 = 2mf, (2.4)

rie f— yacrora.

IIpy COBMECTHOM pPAaCCMOTPEHHH IBYX CHHYCOMAAJIBbHBIX
BEJIMYMH OIHOH YacTOThl Pa3HOCTh WX (a30BBIX YIJIOB, PABHYIO
Pa3HOCTH HadaNbHBIX (Da3, Ha3BIBAIOT YIJIOM cABHra (as.

Hns cunyconnanpabix D/1C e; u e, yron cnpura das:

a = (wt + lpel) - (wt + ll}eZ) =Pe1 — Ye2

2.1.2 BekTopHOoe n300pakeHHe CHHYCOUAAIBHO
H3MEHSIIOIIMXCS BeJTMUUH

Ha nekapToBO#i IJIOCKOCTH M3 Hadaia KOOPAMHAT HPOBOASAT
BEKTOPHI, paBHBIE MO0 MOAYJIIO aMIUIMTYIHBIM  3HAUYEHUSIM
CHUHYCOMJANbHBIX BEJIMYUH, M BpallalOT 3TH BEKTOPHl IPOTHB
gacoBoi crpenku (B TOD paHHOe HampaBiieHHE NPUHITO 3a
TIOJIOKUTENIBHOE) C YIIIOBOM YacToTOM, paBHOW W. DazoBbIA yromn
MpH BpalIEHUH OTCUUTHIBAETCS OT IOJIOKUTENBHON MOIyOCH
abcuce. Ilpoexkuuyn Bpamaromuxcs BEKTOPOB Ha OCh OpAMHAT
paBHBI MrHOBeHHbIM 3HaueHusM OJJIC e; u e, (pucyHok 46 a).
COBOKYITHOCT, ~ BEKTOPOB,  HM300paXKAIONIMX  CHHYCOUJIAIBHO
n3Mensomuecs JC, HanpsKeHUs! U TOKH, Ha3bIBalOT BEKTOPHBIMHU
nuarpamMmaMy. Ilpn mocTpoeHMM BEKTOPHBIX JUarpaMM BEKTOPBI
yIoOHO pacroyiarath JJisi Ha4ajdbHOTO MOMeHTa BpeMeHH (t=0),uTo
BBITEKAET M3 PABEHCTBA YIJIOBBIX YaCTOT CHHYCOW/IATBHBIX BEIHYUH
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U 3KBHBAJICHTHO TOMY, YTO CHCTE€Ma JEKapTOBBIX KOOPAHMHAT cama
BpaIaeTcs MPOTUB YaCOBON CTPEJIKU CO CKOPOCTHIO W.

Takum o00pa3oM, B O3TOH CHCTeME KOOPAMHAT BEKTOPHI
HENOABWXKHBI (pUCyHOK 46 0). BekTopHble auarpamMmbl HallTd
LIMPOKOE NMPUMEHEHHUE IPU aHaIu3e Ieneil CHHYyCOMJAlbHOIO TOKA.
Ux npuMmeHeHue nenaet pacyer Henu 0osiee HarIsIHbIM U IPOCTBIM.
OTO yHpOILEHUE 3aKIIIOYAETCSl B TOM, YTO CIOKEHHWE M BBIYUTAHHUE
MT'HOBEHHBIX 3HAYCHHMH BEIUYMH MOXKHO 3aMEHHUTH CIIOKEHHEM U
BBIYUTAHUEM COOTBETCTBYIOIINX BEKTOPOB.

by 4y
€4 En Eim \
at+¥; . ¥er
-
0 0
af + !F.; Y
-7 - Eom Eom

Pucynoxk 46 — BekTopHbIEe JUarpaMMel:
Ilycth, Hampumep, B TOYKE Pa3BETBICHMSA LENU (PUCYHOK
47,a) oOmuit TOK i3 paBeH CyMMe TOKOB I M I ABYX BETBEHU:
i3 = il + iz.

Kaxknprit 3 3THX TOKOB CHHYCOMIAJICH U MOXKET OBITh MPEICTABIICH
YpaBHEHUEM

il = Ilm Sil’l((l)t + l/)l) " iz = IZm Sil’l((l)t + l/)z)

PesynpTHpytommii TOk Taxke OyneT CHHYCOUAAJICH:
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i3 = Ii, sin(wt + Y1) + I, sin(wt + P,) = I3y, sin(wt + P3).

OnpeneneHne aMIUIUTYAbI I3,, U HadanbHOW (a3bl P3z3TOrO
TOKa nyTeM COOTBETCTBYIOILINX TPUTOHOMETPUUECKUX
npeoOpa3oBaHUK MOJIY4aeTCsl [OBOJBHO TPOMO3IKUM M MAaJo
HarjsiIHBIM, OCOOCHHO, €CIM CyMMHpYETCsl OOJIBIIOE 4YHCIIO
CHHYCOHMIATBHBIX BEJIMYHH. 3HAYNUTEIEHO mpoiue 3TO
OCYILECTBISIETCS. ¢ IIOMOILIBIO BEKTOPHOM nuarpammbl. Ha pucynke
47,06 w300pakeHb HAYaJIbHBIC IIOJOXKEHUS BEKTOPOB TOKOB,
MMPOCKIUH KOTOPBLIX Ha OCh OpJAUMHAT AJAarOT MI'HOBCHHBLIC 3HAYCHUA
TokoB Juia t=0. Ilpum BpameHuum 3THX BEKTOPOB C OJUHAKOBOH
YIJI0OBOH CKOPOCTBHEO W X B3aMMHOE PACIIOJIOXKEHUE HE MEHsSeTcs, U
yrou casura a3z Mex1y HIMH OCTaeTCs PaBHBIM & = g — P,

Pucynox 47 — BekropHble AuarpaMMsl:

Tak kak anreOpandeckasi cyMMa MPOEKIUI BEKTOPOB Ha OCh
Op/IMHAT paBHA MIHOBEHHOMY 3HAYEHHIO OOIIEro TOKa, BEKTOP
00ILIEro ToKa paBeH TeOMETPUIECKO CyMMe BEKTOPOB TOKOB:

I3m = Ilm + IZm'
HOCTpOCHI/IC BeKTOpHOﬁ AuarpaMmmbl B MaC]_HTa6€ I1IO3BOJIACT
OIpPEACINTb 3HAYCHUSA I3m u l/}3 H3 IuarpamMmmsal, IIOCJIC 4€ro MOXKET

OBITH 3aMHCAaHO pEIICHWE /IS MTHOBEHHOTO 3HAUCHUS I3 ITyTeM
(hopMabHOTO y4eTa yriI0BOH YacTOTHI:

i3 = I3m Sin((l)t + l/)3)
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2.1.3 llpeacraBiaenue cunyconaabubix J/C, HanpsKeHUH
U TOKOB KOMIJIEKCHBIMU YUCJIAMH

['eomeTpudeckue omnepanui ¢ BEKTOPAMH MOXKHO 3aMEHHTh
anreOpanvyecKuMy OIepanusIMHi C KOMIUICKCHBIMH YHCIAMH, YTO
CYIIECTBEHHO MOBBIIMIAET TOYHOCTD MOJIy4aeMbIX PE3yIbTaToB.

Kaxgomy  BekTopy Ha  KOMIUIGKCHOW  IIOCKOCTH
COOTBETCTBYET ONPE/ICICHHOE KOMIUICKCHOE YHCIIO, KOTOPOE MOXKET
OBITH 3aIIUCAHO B:
nokasarenbHoil A = Ae/V;

TpUroHOMeTpHUeckoli A = Acosy + jsimpum
anre6pamueckoit A = a + jb - hopmax.

Hanpumep, DJIC e = E,, sin(wt +1,)., u3obpaxkeHHOU Ha
pucyHke 48 BpallaloIUMcsi BEKTOPOM, COOTBETCTBYET KOMILICKCHOE
YHCIIO

Enel@tt¥e) = E cos(wt +1,) + jEn, sin(wt +,) = a + jb.

atJ i
e En
E, :
at + 7, |+
0 e

Pucynok 48 — Bextop cunycounansHont 1C

®azoserii yron  (wt +,) onpemenaseTcss MO MPOESKIMIM
BEKTOpa Ha ocH “+1” 1 “+j” crCcTEMBI KOOPAMHAT, KaK

tg(wt +1,) ==
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B COOTBeTCTBMH ¢ TPHUTOHOMETPHUYECKOW (HOpPMOH 3ammmch
MHHMMasi  COCTABJSIOINAS ~ KOMIUIEKCHOTO  YHCIIa  ONpEnenseT
MTHOBEHHOE 3HaU€HHE CHHYCOMIanbHO u3MeHstomeiicsa D/C:

e = Ey, sin(wt +,) = I, {Eyp e/ @tt¥e)} (2.5)

Kommiekchoe uncno E, e/ (@t+¥e) ynoGuo npencraButs B BHIE
MPOM3BEACHUS JBYX KOMIUICKCHBIX YHCEIT:

Emej(wt'ﬂpe) = Emej‘l]e ejwt = Emejwt, (26)

Iapametp E,,,, COOTBETCTBYIOIIMI TOJOKEHUIO BEKTOPA JUIs
t=0 (unm Ha Bpam@AIICHCS CO CKOPOCTHIO W KOMIUICKCHOH
IIOCKOCTH), HA3bIBAIOT KOMILICKCHOM amuuTynoit: E,, = E, e/¥e, a
napamertp E,, e/ (W TV¥e)- xomrekcoM MrHOBEHHOTO 3HAUCHHSL.

Tapametp e/®t sBnseTCcs omepaTopoM MOBOPOTA BEKTOPA Ha
yros Wt OTHOCUTENIEHO Ha4aJIbHOTO MOJIOKEHHS BEKTOPA.

YMHOXXEHHE BEKTOpa Ha oreparop mnoBopora e-%ectp ero
MTOBOPOT OTHOCHUTEIHHO NIEPBOHAYAIBHOTO TTOJI0KEHHS Ha YOI £a..

CrnenoBaTelbHO, MTHOBEHHOE 3HAU€HHE CHHYCOUIAIBHOU
BEJIMYMHBI PAaBHO MHHMMOW dYacTh Oe3 3Haka “j” mpou3BeieHHS
KOMITTEKca aMIITHTY bl E,, 1 omepaTtopa mosopoTa e/®t

tja

e = E,, sin(wt + ¢,) = I, {E e/t }.
Ilepexom oT omHOH (OPMBI 3amKMCH CHHYCOUJQIbHOM

BEIMYMHBl K JAPYrodl OCYIIECTBIISETCS C IOMOIIBI0 (OPMYIIBI
Oiinepa:

e/* = cosa + jsina, 2.7)

Ecnu, HampuMep, KOMIUIEKCHAs aMIUIUTYZA HaNpsDKCHUS
3a/1aHa B BHJIC KOMIIIEKCHOI'O YHCJIa B areOpandeckoii gpopme:

Un = Una +ijp’
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- TO IJI 3alMCH €€ B IOKa3aTeNbHOU (opMme, HEoOXOomMUMO HaWTH
HadanbHylo Qazy Yy, T.e. yroi, KoTopeiii obpasyer Bektop U, c
MOJIOKUTEIIBHOM MOJTyOChio +1:

Ump

tgyy =

Uma

Toraa MIHOBCHHOC 3HAYCHUEC HAIIPSIKCHUA:

. Ump
. ; arctg 7——
U= {U e]a)t}_l { U a2 FU pZe] gUmae]wt}_

= Uy, sinifwt + ¢Yy),

U
rae Yy = arctg( m”).
Uma
[lpu 3amucu BeIpaXeHHS [AJS  ONPEACIICHHOCTH —OBLIO
mpuHATO, 4T0 Uy, > 0, T.€. 9T0 m300pakaronuii BEKTOp HaXOIUTCS
B IIEpPBOM WM 4YeTBepTOM KBagpantax. Ecmu U,, < 0, To npu
Upmp > 0 (BTOpO¥ KBapaHT)

Un
Yy =1 — arctg |Umz , 2.8)
ampu Upy, < 0 (TpeTnii KBajpaHr)
Unnp
Yy =m+arctg |m , (2.9)
W
Unp
Yy =—m+arctg |Uma , (2.10)

Ecin 3amaHo MrHOBEHHOE 3HAUEHHE TOKa B BHAE [ =
I, sin(wt + ;), TO KOMIUIEKCHYIO aMILUTUTY/1y 3alICBIBAIOT CHAYaIa
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B TOKa3aTeiapbHOW Qopme, a 3areM (IMpu HEOOXOIUMOCTH) TIO
(dhopmyre Ditnepa mepexomiaT K anredpamdeckoit popme:

Iy = Ine?¥i = Ly cosp; + jlLysing; = Lng + jlny -

Crnenyer yka3aTh, 4YTO TP CJIOXKEHUM U BBIYUTAHUU
KOMIUIEKCOB CJICJIyeT TOJb30BaThCs anreOpanueckoi (GopMoit ux
3aMrcH, a TpU YMHOXKEHHHM U JeJIeHWH yAOoOHa ToKa3aTelbHas
dhopma.

Utak, npuMeHeHNE KOMIUIEKCHBIX YHUCEI O3BOJISET MEPEUTH
OT TEOMETPUYECKUX OTepaluii HaJl BEKTOPAMH K alre0pandecKuM
HaJ KOMIUIEKCaMU.

Tak 0Opu  ONpEAEIeHUHM  KOMIUIEKCHOM  aMIUIATYZBbI
PE3YABTUPYIOLLEIO TOKA i3 IO PUCYHKY 47a OTy4nM:

i3m = jlm + jZm = Ilmejl'b1 + IZmejl'b2
= [1pcosYq + jli,sinygq + I, cosy,
+ jl, siny, =
= [, cosYq + I, cosP,
+ j(im Sinpq +Ipp sinah;)
= I3,,cOSY3 + jl3,,sinps = I3, e/ ¥3

I = v (U1 cospy + Iy cosa)? + (I iy +lopy sin;)?;

¢ ll) _IlmSiTlll)1+12mSinll)2
9¥s Iim cosP1+Ipy,cospy’

HeticTBytomiee 3HaYCHUE CHUHYCOUJATBHBIX 2/C,
HaMPSHKCHU M TOKOB B COOTBETCTBUM C BhIpakeHueM (2.4) s
JEHCTBYIOIIETO 3HAUCHHUS CHHYCOHUIaILHOIO TOKA 3aIUIIEM:

~

1T 1 T 1—cos2wt 114-T
[ = [=[ I2sinfotdt = |=I12 [[ —=—dt = |-— ="
TfO m T mJo 2 T 2 2

AHaJOTMYHBIA  pe3yibTaT  MOXKHO  IOJYyYUTh  JUIA
cunycoupanbieix  OJIC  w  HanpsokeHuil.  Takum  oOpasowm,
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NEeHCTBYIONINE 3HAYEeHHS CHHYCOMTalmbHBIX TOoka, OJC u
HATPSKEHHS MEHBIIE CBOMX aMIUTHTY/IHBIX 3HAYCHHIT B V2 pas:

X= (2.11)

35

ITockompky, Kak OymeT IMMOKa3aHO [aiee, SHEpreTHYeCKUit
pacuer Iemeil MepeMEeHHOT0 TOKa OOBIYHO MPOBOAMTCS C
WCIIOJIb30BAaHUEM JEHCTBYIOUINX 3HAYEHUH BEIMYUH, [0 aHAJIOTHH C
MPEObIAYILIMM BBEJEM MOHATHE KOMILIEKCa AEHCTBYIOIIErO 3HAUYCHHUS

E —E_mejll]e'

.: lee:_m_
E =FEe AR

KoHnTpoabHble Bonpochl

1. Kakoifi  mpakTHYeCKHHd  CMBICI  HMEET  H300paKeHHUe
CHUHYCOHMIAIBbHBIX BEJIMYUH C IIOMOIIBIO BEKTOPOB?

2.  Kakoil  mpakTHYeCKUH  CMBICT  HUMEET  MPeJCTaBIICHUE
CHUHYCOMJIANBHBIX BETMYUH C UCTIOJIH30BAHUEM KOMIUIEKCHBIX YHCen?
3. B d4em 3akmoyaroTcs ~ NPEUMYLIECTBA  HM300paskeHUS
CHUHYCOMJIANBbHBIX BEJIMYMH C MOMOIIbIO KOMIIJIEKCOB MO CPaBHEHMIO
C X BEKTOPHBIM TIPEACTaBICHUEM?

4. Kaxue popmsbl 3anicl KOMILIEKCOB CYIIECTBYIOT?

5. Kak ocymecTBisieTcss nepexosi OT CHHYCOMAAIbHBIX BETUYUH K
KOMILIEKCaM B 00paTHO?

2.1.4 DaeMeHTHI €N CHHYCOUAATBHOT0 TOKA. BekTOpHBIE
AMArpaMMbl H KOMILIEKCHbIE COOTHOIIEHUS J1s1 HUX

Pe3ucrop

WneanbHblii  PE3WCTUBHBIM 3JIEMEHT He o0nagaeT HU
WHAYKTUBHOCTBIO, HH €MKOCThIO. Eciam K HeMy NpUIOXKHUTb
cuHycouaanbHoe HanpsokeHne u = Uy, sinifwt + Yy ), (cM. pucyHOK
49), o ok | uepe3 Hero Oyzaer paBeH
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Un . ;
= 7sm(out +Yy) = Ipsin(wt + ) (2.12)

x| <

Pucynoxk 49 — Pe3ucrop

Cootnomrenue (2.12) moka3pIBae€T, 4TO TOK HMMEET Ty JKE
HavanbHyl0 (azy, uTo M HampsbkeHue. Takum oOpa3oM, eciu Ha
BXOJIe JIByXJIy4€BOTO oOcuuuiorpada moaarh CHrHaIbl U U i, TO
COOTBETCTBYIOIIME MM CHHYCOHMJIBI Ha €ro dKpaHe OyIyT MPOXOAWThH
(cM. pucyHok 50a) yepe3 HyJb OJHOBPEMEHHO, T.€. Ha PE3UCTOpE
HanpspKEHUE U TOK COBIAAIOT 1o (ase.

N3 (2.12) BeITEKACT:

U=RI

[lepexonss OT CHHYCOMIAIBHBIX (DYHKIMI HaNpsDKEHUS U
TOKA K COOTBETCTBYIOIIMM UM KOMILIEKCAM:

u = U, sin(wt +yy)=>U = Uelt ;
i =1, sin(wt +;) =1 =1Ie¥,

- pasacinMm HepBBIﬁ U3 HUX Ha BTOpOﬁZ

= =—=R

U Ue* U
I Iel¥ I

N
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U = IR. (2.13)

[TonyyeHHBIN pe3ynbTaT MOKA3bIBaeT, YTO OTHOIICHHE
JBYX KOMIUIEKCOB €CTh BEILECTBEHHasi KOHCTaHTa. CliemoBaTelbHO,
COOTBETCTBYIOLIME UM BEKTOpPBI HANPSHKEHHUS U TOKa (CM. PHCYHOK
50,0) coBmagaroT 0 HaNpaBJICHUIO.

L -8

a) 0)
Pucynox 50 — JluarpamMmbl TOKa 1 HAOPSXKEHUS HA PE3UCTOPE

Konpgencartop

WneanbHblll eMKOCTHBIN DIIEMEHT HE 00JIaaeT HA aKTUBHBIM
COMpPOTUBJICHHEM (IIPOBOJUMOCTBIO), HM HHIAYKTUBHOCTBIO. Ecim k
HEMy TMPUWIOKHUTh CHHYCOMIajbHOE Hampspkenue u = U, sin(wt +
Yl (cMm. pucyHok 51), To TOK | depe3 Hero OyaeT paBeH

=42y = c P weu in (wt +9+7)
l_dt_dt u) = dt_w mSin|w Y >

= I,sin (wt +y + g) (2.14)
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Pucynoxk 51 — Konaencatop

[Tony4eHHBI pe3ynbTaT MOKA3bIBACT, YTO HANPSIKEHHE HA
KOH/IeHCATope OTCTaeT Mo (pa3e OT TOKa Ha % Takum oOpazom,
€CJIM Ha BXOJIbI JABYXJIy4EBOTO ocuuuIorpada mojaats CUrHais U | i,
TO Ha €ro dKpaHe OyAeT UMETh MECTO KapTHHKA, COOTBETCTBYIOLIAs
PHUCYHKY 52.

U3 (2.14) BBITEKAET:

o 1
Beenennsiii napamerp X, = — Ha3blBalOT PeaKTHBHBIM
wC

€MKOCTHBIM CONPOTHUBJIEHNEM KOHAeHcaTopa. Kak u pesucTuBHoe
COIIPOTHUBJIEHHE, X, UMEET pa3MepHOCTh OM. OJHAKO B OTINYHME OT
R naHHeld  mapamerp sBsieTcsl  (YHKIMEW YacTOTBI, HTO
WUTIOCTPUPYET PUCYHOK 52,0. M3 pucyHka 52,6 BbITEKAET, 4TO MPHU
f = 0 xoHaeHcaTOp MpEACTaBIAET pa3pblB JUIsI TOKa, a NpU f —
0o, X, =0.
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i,i %,

i
0 [i7 1

7|2

a) 0)
Pucynoxk 52 — /luarpamMmMbl TOKa ¥ HaIlpsDKEHUS Ha KOHAEHCATOpe

[lepexonss OT CHHYCOMIANBHBIX (DYHKIMH HaNpsDKEHUST U
TOKAa K COOTBETCTBYIOIIMM UM KOMILIEKCAM:

u = U, sin(wt +) = U=Ue;

=1, sin(wt+1,[) +%) = [ =1/,

- pa3zenuM MepBbII U3 HUX HAa BTOPOM:

U Uelt Uelt —j ,
T=—om = X.e 1= —jX, = Z,
1€J(¢+7) Iejl/) 617

WA
U=-jXI=2I (2.15)

B nocnengnem cootHomenun Z, = —jX. - KOMILUIEKCHOE

.

CONIPOTUBJIEHWE KOHJEHCAaTOpa. YMHOXEHUE Ha —j=e72

A o
COOTBETCTBYET MOBOPOTY BEKTOPA Ha Yrojl — — [0 YaCOBO# CTPEIKe.

CrnenoBatensHo, ypaBHeHHIO (2.14) COOTBETCTBYeT BEKTOpHAS
JyarpaMma, npecTaBjieHHast Ha pucyHke 53.
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PucyHnok 53 — BekTopHas auarpamma HanpsbKEHUS U TOKa Ha
KOHJIEHCAaTOpe

Karymka mHAyKTHBHOCTH

WneanbHblii WHAYKTUBHBIA JJIEMEHT He o0JajacT HuU
AKTHBHBIM CONPOTUBJICHUEM, HU €MKOCThIO. IlycTh mpoTekaromuit
yepe3 HEro TOK (CM. pPUCYHOK 54) ompenensieTcs BBIpAKEHUEM
i = I, sin(wt + ). Torga aus HAPsDKEHHUS HA 3a)KAMaX KaTyIIKH
WHIYKTUBHOCTH MOXKHO 3aITUCaTh

e - T =
=TT (Li) = wLlysin (wt +y+ 2) =

Upsin (a)t +y+ %) (2.16)

u=—e

Pucynok 54- Katymika nHIyKTUBHOCTH

Ilony4yeHHBIH pe3yJbTaT MOKA3bIBACT, YTO HANPSIKEHUE Ha
A
KaTyIIKe HHAYKTHBHOCTH OIepekaeT 1o (aze TOK Ha >

Takum  oOpa3zoMm, ecaM Ha  BXOABl  JBYXJIYYEBOTO
ocrsutorpada moaaTh CUTHAIB! U U i, TO Ha ero dKpaHe (MaeaabHbIi
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WHAYKTUBHBIA  3/IeMeHT) OyzeT HMeTh MECTO  KapTHHKA,
COOTBETCTBYIOILAsA PUCYHKY 55.a.
U3 (2.16) BbITEKACT:

U= oLl = X,1.

Beenennsiii mapamerp X; = wL Ha3bIBalOT pPeaKTUBHBLIM
HHAYKTHBHBIM CONPOTHBJIEHHEM KATYLIKH; €T0 Pa3MEpHOCTh —
Om. Kak u y eMKOCTHOro »3jeMeHTa, 3TOT IMapameTp sABIsAETCs
¢yHkuueit yactorel. OmHAaKO B JaHHOM Cllydae 3Ta 3aBHCUMOCTD
MMeeT JTMHEWHBIN XapakTep, YTO WILIIOCTPUPYET PUCYHOK 55,0. U3
pHUCyHKa 55,0 BbITekaeT, uro nmpu f = 0 KaTylIKa HHIYKTHBHOCTH HE
OKa3bIBaCT COINPOTHUBIICHHUS MPOTEKAIOIIEMY Yepe3 Hero TOKY, U MpH
f - o X = .

L%
3

T j2=

a) 0)

PucyHok 55 — JInarpamMmsl TOKa ¥ HANPSKEHUS HA UHAYKTUBHOCTH

Ilepexons OT CHHYCOMAANBHBIX (YHKIUHA HATPSHKEHUS H
TOKA K COOTBETCTBYIOILIUM KOMILIEKCAM:

u="U, sin(wt+l/) +%) = U =0V
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i =1, sin(wt +) = [ =1Ie/¥,
pazaenuM NepBbii U3 HUX Ha BTOPOH:

U Uej(l“%) _ Uej‘pej%

T qe T qe

=X,/ =jX, =2,

nin

(2.17)

B nmonyueHHOM cooTHomeHMH Z; = jX;- KOMIUIEKCHOE

LT

CONPOTUBJIEHHE KATYIIKH MHIAYKTUBHOCTH. YMHOXeHHE Ha j = e’?
A o

COOTBETCTBYET IOBOPOTY BEKTOpA HA Yroi — TPOTHB YaCOBOH

ctpenku. CnegoBarenbHO, ypaBHeHUIO (2.17) cOOTBETCTBYET

BEKTOpHAs auarpaMma, IpeCTaBICHHAs HA pUCYHKE 56.

+jah

=f2
/ ¥ +1

e

Pucynok 56 - BekTopHas quarpaMma HanpsoKeHHS 1 TOKa Ha

KaTymKe MHAYKTUBHOCTHU

IlocaenoBaTebHOE COeTUHEHHE PE3UCTUBHOIO U UHAYKTHUBHOTO

3JIECMECHTOB

[Tycts B BeTBU Ha pucyHke 57 i = I, sinffwt + ¢).
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PI/ICYHOK 57- HOCJ’IGI[OB&TGJ'II)HOC COCAUHCHUC PE3UCTUBHOI'O U
HHAYKTUBHOTO 2JIEMEHTOB

Torna

VA
u=ugp+u, =RIl, Sin(wt + (P) + wlly Sin(wt te +E) -

=/R? + (wL)?I,, sin (wt + ¢ + arctg %) =
= U, sin(wt + ¢ + ) (2.18)
rae
Un =+R?*+ (wL)?I,, = 1, Z;
Z =./R? + (wL)? Y = arctg%L.
npuyeM npeaensl n3mMeneHus P . 0 < i < %

VYpaBaenuto (2.18) MOXKHO TOCTaBUTh B COOTBETCTBHE
COOTHOIICHHE

U=Ug+U, =RI +jX,1=(R+jX)I=ZI,
KOTOPOMY, B CBOIO OuY€pe/ib, COOTBETCTBYET BEKTOpPHAsl JUarpamma
Ha pucyHke 58,a. Bekrtopbl Ha pucyHke 58,a oOpazyioT ¢urypy,

Ha3bIBAEMYIO TPE€YI0JIbHUKOM Hanpmlce}mﬁ.
AmnajmorugHo BBIPpAXXCHUC
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Z =R+ jX, =+R% + (X,)2e/¥=Zel¥
Fpa(i)HlleCKI/I MOXET 6LITL apeacTaBJICHO Tpeyl“O.]'lI)HI/IKOM

conpoTuBJjeHuii (cM. pucyHok 58,0), korTopelii momobeH
TPEYTOJILHUKY HAIPSHKCHHUH.

U
. e x z
UL=JXLI XL=@L
¥ | i ¥ >0
' R

>0
[}R=Rf

a) 0)
Pucynoxk 58 — TpeyroJibHUKY HaPSKSHHUIA U COMTPOTUBIICHUH

IHocnegoBaTenbHOE cOCAMHECHHE PE3HCTHBHOIO H EMKOCTHOIO
3J1¢MEHTOB

Onyckas NpPOMEKYTOYHBIE BBIKIAAKH, C HCIOIb30BaHHEM
cootHoutenn# (2.13) u (2.15) nnst BeTBM Ha pUCYHKE 58 MOXHO
3anucarb

U=Up+U,=RI-jX.I=(R-jX =2 (2.19)

rae

Z=R—jX; = R?+ (X;)2e/¥ =Zel¥
1

— —arctgt = _aret
Y= arctg o = —arctg—-n.

IIPUYEM MIPEOCIbl U3MEHCHUS :;—E < < 0.
p p 5
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Pucynoxk 58 - [locnenoBarenpHOEe COeTMHEHNE PE3UCTUBHOTO U
€MKOCTHOTI'O 3JIEMEHTOB

Ha ocHoBanmu ypaBHeHHs (2.18) MOTyT OBITh MOCTPOEHBI
TPEYTOJIbHUKH HampspKeHUH (CM. pUCYHOK 59,a) W CONPOTUBICHUN
(cM. pucyHOK 59,0), KOTOpPBIE SBJISIOTCS MOT0OOHBIMH.

Pucynox 59 —TpeyroapHUKN HAIPSDKEHUH U COMPOTUBIICHUI

[apanaenbHoe coelHHEHHE PE3UCTHBHOTO U  €MKOCTHOIO
3JIEeMEHTOB
s mennt Ha pucyHke 60 UMEIOT MECTO COOTHOIICHUSI:

U:UR:UC;
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Pucynoxk 60 - [lapamnensHoe coeIMHEHNE PE3UCTUBHOTO
U €MKOCTHOT'O JJIEMEHTOB

1
e g =4 [CM] — akTHBHAs IPOBOJIUMOCTb;
Uc
Ice =—==bcU
C XC C 1
1
rae be = - [CM] — peakTHBHAsI MPOBOAUMOCTH KOHIEHCATOPA.
C

BekropHas quarpamma TOKOB 711 JaHHOM LETNH, Ha3bIBaeMast
TPeYroJIbHUKOM TOKOB, TIpuBeJeHa Ha pucynke 6la. Ei
COOTBETCTBYET ypaBHEHUE B KOMILJICKCHOU (hopme

rae | = /IRZ + 12

Y=g+ jbc= % +jwC = Ye ¥ - xommiekchas
POBOIUMOCTH;
Y = —arctgl;—c = —arctgwCR .

TpeyroibHUK NPOBOAMMOCTEM, TOAOOHBIH TPEYTOIBHUKY
TOKOB, TIPUBECH Ha pUCYHKE 61,0.
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PucyHnok 61- TpeyroabHUKHA TOKOB U MPOBOAUMOCTEMN

s KOMILJIEKCHOTO CONpPOTHUBJIECHUS LENU Ha pucyHke 60
MO>KHO 3aIHCaTh

1 1 __R(—jX¢)

Z= —=.
= +——  R—jXc

B
«Q
&
S
(9]

HeoOxomuMo OTMETHUTB, 4YTO TIONYYEHHBIH pe3ynabTar
aHAJIOTHYEH M3BECTHOMY M3 Kypca (HU3UKH BBIPAKCHHUIO IS
SKBUBAJIEHTHOI'O COIIPOTHUBIICHUS JBYX NAapajuIe]bHO COEIUHEHHBIX
PE3UCTOPOB.

I[MapanaeasHoe coeMHEeHHE Pe3NCTUBHOIO M HHAYKTHBHOIO
3J71eMeHTOB
Jns nenu Ha pucyHke 62 MOKHO 3aIlucaTh

U:UR:UL;
IR=URTR=gU1

1
rneg =y [CM] — akTUBHASI MPOBOJAUMOCTE;
Uy
I, =—==bU
L Xy, LY
1 1
roe b, = = [CMm] — peakTuBHas NPOBOJUMOCTH KaTYLIKH
L
WHAYKTUBHOCTH.
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PI/IC}/HOK 62 - Hapanneﬂbﬂoe COCAUHCHUC PE3UCTUBHOI'O U
HHIAYKTUBHOT'O 3JIEMEHTOB

BekropHoit nuarpamme TOKOB (pHCYHOK 63a) st HaHHOM
e COOTBETCTBYET YPaBHEHUE B KOMILICKCHO# (hopme

j=iR+iL=gU—ijU=(g—bL)U=XU=I€_j¢,

rael = /IR2 + ILZ;

Y=g—-jb, = %—jﬁ = Ye /¥ - kommiekcHast

IPOBOJIUMOCTB;
by R
= arctg— = arctg—.
1% 97 9o
TpeyroJbHUK NMPOBOAMMOCTEI, TOJOOHBIN TPEYTOIBHUKY
TOKOB, ITPUBEJICH Ha PUCYHKE 63,0.

Pucynok 63 —TpeyroabHUKH TOKOB M TPOBOAUMOCTEN
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BripaskeHne KOMIUIEKCHOTO COIPOTHBIICHUS LIETIN Ha
puCyHKe 62 MMeeT BUL;

_ 1 Rjx,
- - T RHX,

2.1.5 3akon Oma 1Jis1 yyacTKa nenu ¢ ucrounukom JJ1C

Bossmem nBa yuactka memu a-b wmc-d(cm. pucynok 64) u
COCTaBUM ISl HUX YpaBHEHHs B KOMIUICKCHOW (OpME C Y4ETOM
YKa3aHHBIX TTOJIOKUTEBHBIX HAllPaBJICHHH HAPSHKEHUI U TOKOB.

b E:I Z; a d I, Z EEE ¢
e —— —
Vs

Usd
Pucynox 64 — Yuactku nenu, conepxkamue 3/(C

@o = @p +E1 — 11 Z3; @c = @ + Ey + 1125;
Usp = 90 — Pp = E1 — 11 Z3; Ued = 9c — 9a = Ex + [, Zy;
I El_Uab S _E2+Ucd

Il - Z . 12 —_—

Z2

O6benunss 00a ciaydast, MOTyduM

+EFU
e+ (2.20)
A

I =

WA ]I TIOCTOSIHHOI'O TOKa
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=2 (2.21)

Qopmynsr (2.20) u (2.21) sBIAIOTCS aHAJIUTHYECKHUM
BbIpakeHHeM 3akoHa OMa JJIfl y4acTKa LeNd ¢ HCTOYHHKOM
IJC, coriacHO KOTOPOMY TOK Ha ydacTke 1enu ¢ uctounukom IJ[C
paBeH anreOpanmdecKol CyMMe HaIpsDKEHHS Ha 3aKMMaxX ydacTka
nemu u OJIC, nenmeHHOW HA CONPOTHBICHHWE YyYacTka. B ciydae
MEPEMEHHOT0 TOKa BCE YKa3aHHbBIE BEJIMUMHBI CyTh KOMILUIEKCHI. [1pu
stoM OJIC u HampskeHwe OepyT co 3HaKOM “+7, eclnm HuxX
HarpaBlieHHE COBIAJAEeT C BHIOPAHHBIM HAIIPABICHHUEM TOKA, W CO
3HAaKOM ““-”, €clIM MX HaIlpaBiieHHE MPOTHBOIOJIOXKHO HAIPABIEHUIO
TOKA.

2.1.6 OCHOBBI CHMBOJINYECKOr0 METOA pacyeTa Hemnemn
CHHYCOH/IAJIBbHOI'O TOKA

Pacuer neneil nmepeMeHHOr0 CHHYCOHUJAIBHOTO TOKAa MOKET
MPOM3BOAUTHCA HE TOJBKO IyTeM TIOCTPOEHHUS  BEKTOPHBIX
Jyarpamm, HO U aHAJIMTHYECKH — IIyTEM ONEpaluil ¢ KOMIUIEKCAMH,
CHMBOJIMYeCKH  H300paxaomuMu  cuHycouganbueie  JJIC,
HamnpspKeHUS M TOKU. JOCTOMHCTBOM BEKTOPHBIX JHArpaMM SBIISETCS
WX HarjsiiHOCTh, HEAOCTATKOM — Majias TOYHOCTb TIpapuyecKux
noctpoeHni. llpuMeHeHHe CHMBOJIMYECKOTO METOJa IO3BOJISET
MPOU3BOJUTh PACUETHI IIeTeil ¢ OOJIBIION CTENEHBIO TOUHOCTH.

CHMBOJIIMYECKHI METOJ pacdera ILerneld CHHYCOMAAIBHOTO
TOKa OCHOBaH Ha 3akoHax Kupxroda u 3akoHe OMa B KOMIUIEKCHON
dhopwme.

VYpaBHeHus,  BbIpaxkaromme — 3akoHbl  Kupxrodpa B
KOMILJIEKCHOH (hopMe, MMEIOT COBEpIIEHHO TaKOH e BUA, Kak H
COOTBETCTBYIOLIME YPABHEHUS JUIsI LENEd IOCTOSHHOTO TOKA.
Tomeko TOKM, DJIC, HampsHKeHHS W CONPOTUBICHHS BXOIAT B
YPaBHEHHE B BHJIE KOMIUIEKCHBIX BEJIMYMH.

1. Ilepssrii 3akoH Kupxroda B kommiekcHoil hopme:

»i=o. (2.22)

129



2. Bropoii 3akon Kupxroda B komiuiekcHo# hopme:

Z 0=0 (2.23)

WJIN NPUMCHUTCIIBHO K CXEMaM 3aMCIICHU C UCTOYHUKaAMU BI[C
YZi=YE. (2.24)

3. CoOTBeTCTBEHHO MaTpW4Has 3alrch 3aKOHOB Kupxroda B
KOMIUICKCHOH (popMe MMEET BHI:

0 nepBbIid 3aKoH Kupxroda:
Al =0; (2.25)

BTOpO#i 3akoH Kupxroda

BU = 0. (2.26)
pumep.
Jlano: U=120B; X =——=1000m; X;, =wl, =500
1
Xc3 =——=500m; Ry =250m; Ry =20 Om.
3
Onpeneants:

1) mosTHOE KOMIUIEKCHOE COMPOTHUBIICHHE LIEMH Z |
2) TOKH jl' iz, [.3.

130



Pucynok 65 — PacuetHas cxema

Pemenne:
1. 3ammceiBaeM CONPOTHBIIEHHE BTOPOM BETBU B KOMILIEKCHON
dhopme:
Z, =Ry +jX;, =20+ j50 Owm.
2. HaxomuM 5SKBUBaJIEHTHOE CONPOTHBIEHHE MapajlIebHbBIX
BETBEIl:

—jXc3-Zy _ —j50(20+j50) .
Zyy = = =125 - M.
223 7 iXe3t+Zy | —j504204j50 5-J50 0

3. PaccuuthiBacM 3KBHBaAJICHTHOE COITPOTHBIICHUE BCEH LIEITH:
Z=—jXc1+ Ry +Zy3 =—j100+ 25+ 12550 =
=150 — j150 = v2 - 150e 74" = 211,5¢ 745" Om.

4. Ilpunumas Ha4ambHYIO (ha3y HANPSHKCHUS 33 HYJIb, 3AIHIIEM:

U=Ue=120.

Torma
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i _U 120 0
=== = Jj45% .
=7 = gm0 = 057¢/™ =04 +04 A

5.  ITlockoapKy TOK pacmpernensercss oOpaTHO MPOHOPIHOHAIBHO
COTIPOTHUBJICHHUIO BETBEH (3TO BBITEKAET U3 3akoHa Oma), TO

. _jXC3 — 0,5781'450 _]50
—jXes + Z, ~j50 + 20 + 450
= 0,57e/45°(=j2,5) =

jzzj

=0,57¢/45° . 2,5e 790" = 143745’ =1 —j1 A
6. Tok B TpeTbell BETBU onpeesisieM 1o 3akony Kupxroda:
I3=0—-1,=04+j04—1+j=-0,6+j1,4A.

7.  AHanoru4HbIi pe3yabTaT MOXKHO IIOJNYYUTh, COCTaBHB JUIS
JAHHOW CXeMbl ypaBHEHHs MO 3akoHaM Kupxroda B KOMIUIEKCHOM

thopme

il - jz - j3 =0
Li(=jXc1 + R) + I3(=jXc3) = U
I3(—jXc3) — I (Ry + jX;2) =0

WK ITOCJIC TOACTaAaHOBKH YU CJIICHHBIX 3HAYCHHI napamMeTpoB CXCMBI.
KOHTpO.]'[I)HbIe BOIIPOCHI

1. B yem CcynIHOCTb PeaKTUBHBIX CONPOTUBIICHUN?

2. Kaxkoii U3 3JIeMEHTOB: PE3UCTOP, KaTYIIKy HHAYKTHBHOCTH WU
KOHZIEHCATOp — MOKHO HCIIOJIb30BaTh B KAUECTBE IIyHTA JJIS
HabmroneHus 3a popMoi Toka?

3. [ToueMy KaTyIIKK WHIYKTHBHOCTH M KOHJICHCATOPHI HE
WCTIONIB3YIOTCS B LIETISX MOCTOSIHHOTO TOKa?
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4. B uem CymHOCTh CHMBOIMYECKOTO METOA pacueTa mernei
IIepeMEHHOTO ToKa?

5. Kak 3anuchIBaroTCsl OCHOBHBIE 3aKOHBI AIEKTPOTEXHHUKH B
CUMBOJIUYECKOH opme?

2.2 CnenajabHbIe METOIBI pacyeTa

Pexxum paboThl 000 IIenH MONHOCTHIO XapaKTePHU3YeTCs
YpaBHEHHUSIMH, COCTAaBICHHBIMH Ha OCHOBaHHMM 3aKOHOB Kupxroda.
I[Ipy >TOM HEOOXOAMMO COCTaBUTH M PpEIIUTh CHCTEMY C N
HEW3BECTHBIMHU, YTO MOXET OKa3aThCid BEChbMa TPYAOEMKOH 3amaueit
npu OoJnbIIOM yKcie N BeTBel cxeMbl. OAHAKO, YUCIO YpaBHEHHH,
MOJUICKAINX ~ PENICHHUI0, MOXET OBIThb  COKpalleHO,  eciH
BOCTIOJIH30BAaThCS CNENUATBHBIMHA METOAMHU pacyera, K KOTOPBIM
OTHOCSITCS METOJIBI KOHTYPHBIX TOKOB U y3JIOBBIX IIOTEHIINAJIOB.

MeTtoa KOHTYPHBIX TOKOB

Wnest MeToma KOHTYpHBIX TOKOB: YPaBHEHUS COCTABIIAIOTCS
TOJILKO 110 BTOpOMY 3aKkoHY Kupxroda, HO He JUIs AeWCTBUTENBHBIX,
a s BOOOpakaeMbIX TOKOB, LHPKYJIHUPYIOMIMX IO 3aMKHYTHIM
KOHTYpaMm, T.e. B cllydae BbIOOpa TNIaBHBIX KOHTYPOB PAaBHBIX TOKaM
BeTBel CBs3W. UWCIO ypaBHEHUIl paBHO YHCITY HE3aBUCUMBIX
KOHTYPOB, T.€. YUCITy BeTBel cBsi3u rpada ¢ = n —m + 1. [lepsiit
3akoH Kupxroga BbImOIHAETCS aBTOMaTHYecKH. KOHTYpBI MOXKHO
BBEIOMpPaTh TIPOU3BOIIEHO, JIUIIH OBl UX YHCIIO OBLIO PaBHO € M YTOOBI
KOKIBI HOBBI KOHTYp CoOJAepikal XOTs OBl OJHY BETBb, HE
BXOJIIYI0O B mpeablaymue. Takve KOHTYpbI — Ha3bIBAIOTCS
He3aBHCHMMBbIMU. VX  BbIOOp  ofyleryaer  HCIIONB30BAaHHUE
TONOJIOTMYECKUX MOHATUH AepeBa U BETBEH CBSA3H.

HampaBnenusi HICTUHHBIX W KOHTYPHBIX TOKOB BBIOMPAIOTCS
MPOU3BOJbHO. BBIOOp  IMOJIOKUTENBHBIX  HANPaBICHUH  Tepe]
Ha4yaJioM pacueTa MOXKET HE€ OINpeneisaTh JEeHCTBUTEIbHBIE
HanpaBieHUs TOKOB B 1enu. Eciiu B pesynprare pacuera Kakoi-1mdo
W3 TOKOB, KaKk M TPH HCIOJB30BAHMM YPaBHEHWHA IO 3aKOHAM
Kupxroda, mnomyumtcs co 3HakoM “-”’, 3TO O3HA4YaeT, 4YTO €ro
VMCTUHHOE HAIpaBJIEHUE POTHUBOIOIOMKHO.

[TycTh IMeeM cxeMy TI0 PUCYHKY 66.
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Pucynox 66 — PacuetHas cxema

BrIpa3zuM TOKU BETBEH yepe3 KOHTYPHBIE TOKU:
L=l I = Ias = Iy; I3 = —I33;
Iy = Ipp; Is = Iy — Ip;
le =I5 — I33;
I7 = Is3 — 44 Ig = l44.

Jlnst koHTypa aeda, mo Bropomy 3akony Kupxroga coctaBum
YpaBHEHHUS:

Zyly + Zsls — Zol, = By — .
HOCKOHBKy jl = ill; iz = i4_4 - ill; js = ill - 122,

TO
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(Zy+ Zy + Zs)hy — Zslyy + 0 I35 — Zolyy = Ey — Ey;

Takum 00pa3oM, MOTYYHIIN YPaBHEHHE IS IEPBOTO KOHTYPa
OTHOCUTEIBHO KOHTYPHBIX TOKOB. AHAJOTUYHO MOXXHO COCTaBUTh
YpaBHEHUS JJIsl BTOPOTO, TPETHETO M YETBEPTOTO KOHTYPOB:

—Zshy + (Zo + Zs + Zs)[pp — Zol33 — 0 - [44 = 0;
0- Iy — Zelyy + (Z3 + Zs + Z7) 33 — Z7l4y = —E3;
—Zyhy +0 -y — Z7ls3 + (Zy + Z7 + Zg) 14y = By,

COBMECTHO € HEPBBIM PEUINTh UX OTHOCUTEIBHO KOHTYPHBIX
TOKOB U 3aT€M IO YPaBHEHMSIM, CBSI3bIBAIOLIMM KOHTYPHBIE TOKH U
TOKU BETBEH, HANTHU MOCIICTHUE.
OpHako maHHAs CHCTeMa ypaBHEHUI MOXKET OBITH COCTaBJICHA
(hopMasbHBIM IIyTEM:

Zih = Z1p - Iyy — Zi3l33 — Ziadas = Eyy;
~Zo1hy + Zay + Ipg — Za3l33 — Zoslas = Ep;
~Zs1011 — Z3y - Iy + Z33033 — Z3alss = Es3;

~Znlin = Zay - Ing — Zaglzz + Zaalss = Esa.

IIpu cocraBneHurn ypaBHEHHH HEOOXOIWMO TIOMHHTH
cleayrolee:
1. Z;;- cyMMa CONpOTHUBIICHUH, BXOJSIIUX B I-if KOHTYD;
2. Zj,-CyMMa COIPOTHUBIICHHH, OOMMX Ui i-T0 ¥ K-TO KOHTYpOB,
nprsem Zy, = Zi;
3. wieHbl Ha TJIABHOW JWAroHaJd BCEr/a MMIIYTCSA CO 3HAKOM “+7;
3HaK “+” mepeln OCTalIbHBIMU YICHAMU CTABUTCA B CIIy4ae, €CIH
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4yepe3 obuiee conpoTuBieHue Z; i-d U K- i KOHTypHBIE TOKH
MPOXOJIAT B OJJHOM HANpaBJICHUH, B IPOTHBHOM CIIy4ac CTaBUTCSI
3HaK “-”;

4, eciu I-I/I U k- ii KOHTYpbI HE UMEIOT OOIIMX CONMPOTUBICHHUH, TO
Zig =0;

5. B TpaBOW dYacTW ypaBHEHHWH 3alHChIBaeTCs ajreOpandeckas
cymma OJIC, BXOAsfmMX B KOHTYp: CO 3HaKoM “+’, eciu
HampaBiaenue JDJIC coBmamaeT ¢ BBHIOPAHHBIM HaIPaBICHHEM
KOHTYPHOT'O TOKa, U “-”, €CJI HE COBIIAJIaeT.

B Hamewm ciydae, Ji1s IEpBOro ypaBHEHUS CUCTEMBI, UMEEM:

Zy =21+ 2 + Zs;
Zip = Zs;
Z13=0;
Zia = Zo;

Ey, =E —E,.

Cnemyer oOpaTWTh BHHMaHHE Ha TO, 4YTO, IOCKOJBKY
Zix =Zyi, K¥odpummMeHTs KOHTYPHBIX YpaBHEHHWH  Bcerna
CUMMETPUYHBI OTHOCUTENBHO INIABHOW JUArOHANIH.

Ecrm B memm comepkarcs mnomumo HCTOYHUKOB J[C
WCTOYHUKHU TOKA, TO OHM YYHUTBHIBAIOTCS B JIEBBIX YaCTAX YpaBHEHUH
KaK M3BECTHBIC KOHTYPHbIC TOKH: K- i KOHTYpHBIN TOK, npoxommu/m
uepes BeTBb ¢ K- M HCTOYHMKOM TOKA PaBEH STOMY TOKY [y, = Ji.

MeToa y3/10BbIX OTEHINAIOB

JlaHHBIN MeToJ BEITEKaeT U3 rmepBoro 3akoHa Kupxroda. B
KAauecTBE HEW3BECTHBIX NPHHUMAIOTCS MOTEHLHUANBl Y3JI0B, I10
HaWJCHHBIM 3HAYEHUSM KOTOPHIX € TOMOINbI0 3akoHa Oma i
yJacTka I1enu ¢ uctouynukoM DJ[C 3aTeM HaXOmSIT TOKH B BETBSIX.
[lockonpky mNOTEHIMAan — BEIWYHMHA OTHOCHUTENbHAsA, MOTEHIMAI
OHOTO W3 y370B (JIF000T0) MPUHUMAETCS PaBHBIM HYJIO. Takum
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00pa3oM, YHCIO HEU3BECTHBIX IOTCHLHUAJIOB, a CJIEJOBATENbHO, U
YKCII0 YpaBHEHMI paBHO M — 1, T.e. yncy BeTBel nepesa 0.
Ilycte uMeeM cxeMy MO PUCYHKY 67, B KOTOpOH IMpHUMEM

(pC:O.

Pucynok 67 — PacueTHas cxema

Jomyctum, 4TO (4. U @p. U3BECTHBI. TOr/Ia 3HAUYEHUST TOKOB
Ha OCHOBaHMHM 3akoHa OMa Ju1d yyacTKa 1enu ¢ uctouHukom I/1C

E;—¢ . )
1—% — (El _ Qba)Xl;
Al

Iy = (¢p = ¢a + E2)Ya;
I3 = (E3 — ¢p)Y3;

Iy = (By — ¢p)Ya T Yy =

11:

Zy+ 2y
Is = (9o — ¢p)Ys;
le = 9 Ys J
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3anuiieM YpaBHEHHUE 110 TICPBOMY 3aKOHY KI/Ile"O(l)a 1A y3J1a a.
jl+12_15_i6 :0,

" IOACTaBUM 3HAYCHUSA BXOAANIUX B HET'O TOKOB, OIMPEACIICHHBIX
BBIIIC:

( QDa + (QOb §ba + EZ)XZ - (¢a - gob)XS - (anﬁ = 0.

CFPYHHI/IpOBaB COOTBCTCTBYIOIIWEC YJICHBI, ITOJTYyYHUM:

M+Yn+Ys+Y)g, — (Y2 +Ys)op = ErY) + B

AHAJIOTHYHO MOKHO 3arucaTh s y3ia b:

(B +Y)ps + (L + Y+ Ye + Y5)@p = EsYs + E Y, — EoYs.

Kak u mo MeTomy KOHTYpHBIX TOKOB, CHCTEMa ypaBHEHHI 10O

METOAY  Y3JOBBIX MOTEHUUAIOB MOXET OBbITh  COCTaBJIEHA
¢dopmanbabM myTeM. [Ipn 3TOM HEOOXOIUMO PYKOBOJCTBOBATHCS
CIIEIYIOIMMHU TPaBUIIaAMU:
1. B neBoil dYacTH i-r0 ypaBHEHHs 3alUCHIBACTCS CO 3HAKOM
“+”’noTeHuMan @; I-ro ysia, Juisi KOTOPOro COCTABIISIETCS IAaHHOE i-€
YpaBHEHUE, YMHOXXEHHBIH Ha CyMMYy IPOBOJUMOCTEH Y;; BeTBel,
MPUCOCTUHEHHBIX K TAHHOMY i-MY Y3I1y, U CO 3HAKOM ‘-’ TIOTEHIIHAI
() COCEIHMX Y3JIOB, KaXIBIH M3 KOTOPHIX YMHOXXEH Ha CyMMY
NpPOBOIUMOCTEH! Yj; BeTBel, MPUCOEIMHEHHBIX K I-My U K-My y3mam.

W3 ckazaHHOrO CiefyeT, 4To BCE WIEHBI ¢);Y};, CTOAIIME Ha
[JIAaBHOM JWaroHaJli B JIEBOMW 4YacTH CHCTEMbl YpaBHEHMH,
3aIMCHIBAIOTCS CO 3HAKOM “+”, a Bce OCTaJIbHbIE — CO 3HAKOM ‘-,
npuueM Y, =Y. IlocneaHee paBeHCTBO IO AHAJIOTHHM € METOJIOM
KOHTYPHBIX TOKOB OOCCIIEYMBACT CHUMMETPUIO KOIPDHUIIMCHTOB
YPaBHEHUI OTHOCUTENBHO [VIABHOM TNaroHalu.

2. B mpaBoii 4acTH i-ro ypaBHEHHMS 3alMCHIBACTCS TaK HA3bIBACMBIN
y31I0BOH TOK J;, paBHbIi cymme mnpomssenennii DJIC BeTBeid,
MNOAXOSIINX K I-My Y311y, U IPOBOJUMOCTEH 3TuX BeTBel. [Ipu aTom
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YIEH CyMMBI 3alTUCBIBAETCS CO 3HAKOM “+”°, €CIIM COOTBETCTBYIOIIAs
DJIC HampaBieHa K i-My y3iy, B IPOTHBHOM CJTydae CTaBUTCS 3HAK
“-”. Ecnu B MOAXOMSIINX K I-MY Y311y BETBSIX COJICPKATCS UCTOYHUKU
TOKa, TO 3HAKH TOKOB HCTOYHHKOB TOKOB, BXOJSIINX B y3JIOBOM TOK
MIPOCTBIMU CJIATa€MBIMH, OTPEAEIISIOTCS aHAJIOTHYHO.

B 3akiroueHne OTMETHM, YTO BBIOOp TOTO WM HWHOTO W3
PacCMOTPEHHBIX METOJIOB OMPEENAeTCs TEM, YTO CIEAyeT HailTu, a
TaK)Ke TeM, KaKOH M3 HIX 00eCTIeYnBaeT MEHBIIHH MOPAIOK CHCTEMBI
ypaBHeHul. [Ipu pacueTe TOKOB IpHU OJIMHAKOBOM YHCIIE YPABHEHUMN
MIpeNNOYTUTENbHEE UCIIOIB30BaTh METOJ] KOHTYPHBIX TOKOB, TaK Kak
OH He TpeOyeT AOTMONHUTEIBHBIX BBIYMCICHHH C HCIIOJIh30BaHUEM
3akoHa Oma. MeTon Y37OBBIX IOTEHIMANIOB OYEHb YAOOCH IpH
pacderax MHOTO(a3HBIX IIENEH, HO He YI00CH MK pacuere Ienei co
B3aMMHOM MHIYKTUBHOCTBIO.

KoHnTpoabHbIe Bonpochl

1. B yeM 3akirtoyaeTcs CylmHOCTh CHMBOJIMYECKOTO METO/Ia pacyeTa
Lenel CHHYCOUaIbHOTO TOKa?

2. B 9eM coCcTOHT CymHOCTh METO/1a KOHTYPHBIX TOKOB?

3. B 9em cocTOUT CyIIHOCTh METOIa Y3JI0BbIX MOTEHIHAIOB?

4. Kak 3anmchIBaIOTCSl OCHOBHBIE 3aKOHBI 3JIEKTPOTEXHUKH B
CUMBOJIUYECKOH (popme?

5. UeMy paBeH KOHTYPHBI! TOK B KOHTYpE, COAEPKAIEM UCTOUHUK
ToKa?

2.3 MFHOBCHHaH, AKTHBHaf, pCaKTUBHa{ U IOJIHasA
MOIITHOCTH
CHUHYCOUIAJBHOI'0 TOKA

[lepenava sHepruu W 1o 3JIEKTPUUIECKON enH (HarpuMep, 1o
JIMHUU 3JIEKTPOIIepeslaun), paccesHUE 3HEPruH, TO €CThb HEePexol
3JIEKTPOMArHUTHON 3HEPTUM B TEIJIOBYIO, a TaKXKe W JIPyrHe BUIBI
MpeoOpa3oBaHusl JHEPTUU XapaKTEPU3YIOTCI WHTCHCHBHOCTHIO, C
KOTOPOHl IpOTEKaeT IIpouecc, TO €CTh TEM, CKOJIBKO HHEpPruu
MepelacTcsl MO JWHUM B €OUHMIYY BpPEMEHH, CKOJBKO DHEPTUH
pacceuBaeTcs B €IMHUIly BpeMeHH. MIHTeHCHBHOCTH nepenaun win
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MpeoOpa3oBaHusl SHEPTUM HA3BIBAETCS MOIIHOCTHIO P. CKazaHHOMY
COOTBETCTBYET MaTeMaTHYECKOE OTPE/ICIICHUE:

= (2.27)

P=a

BLIpa)X(CHI/IC JJIs1 MTHOBCHHOT'O 3HAYCHUA MOIITHOCTH B
QJICKTPUUCCKUX LCIAX UMECT BUI:

p = ul. (2.28)

[MpuHsB HavanbHYIO Qa3y HAPSHKEHHS 32 HYJIb, a CABUT (ha3 MEKAY
HAIIPSHKEHUEM U TOKOM 32 —¢ , TIOJIy4UM:

p = ui = U, sinwt - I, sin(wt — @)
= U, L, sinwt sin(wt — @) =
[cosp — cosifRwt — @)] = Ulcosp —
Ulcos(2wt — ).

(2.29)

U Im

2

Wtak, MrHOBEHHass MOIIHOCTh HMEET  MOCTOSHHYIO
COCTAaBISIIOIIYI0O W TapMOHUYECKYIO COCTABIISIOLIYIO, YIJIOBas
4acToTa KOTOpoil B 2 pa3a OoJbIIe YIIIOBOW YacTOTHI HANPSDKEHUS
TOKA.

Korga MraoBeHHasi MOIIHOCTh OTPHULATENIbHA, & 3TO UMEET
Mecto (cM. pucyHOK 68), Korga U W | pasHbIX 3HAKOB, T.e. KOTJa
HaTpaBJICHUsl ~ HampsHKEHUST W TOKA B JIBYXIIOJIIOCHHUKE
MPOTHBOTIOJIOKHBI, JHEPTHs BO3BpAIAeTCSd M3 JIBYXIIOJIOCHUKA
HUCTOYHUKY MTUTAHUSL.

Takoif BO3BpaT »HEPruM HMCTOYHUKY IIPOUCXOIHUT 3a CUET
TOTO, YTO DJHEPrusl MEPUOJUYECKH 3allacaeTcsi B MarHUTHBIX U
ANIEKTPUYECKUX IOJISIX COOTBETCTBEHHO MHIYKTHUBHBIX M €MKOCTHBIX
3JIEMEHTOB, BXOASIINX B COCTaB JIBYXIOIIOCHUKA.

140



i ,I-)p'“

2

N

Pucynok 68 — I'paduku HampspKeHHsI, TOKa U MOITHOCTH

SHCPFI/I’I, OoTAaBacMasi HMCTOYHUKOM JIBYXIIOJIFOCHHUKY B
t
TeueHue BpemenH t paBua [ pdt .
CpenHee 3a TepHOJ| 3HAYEHHE MIHOBEHHOH MOIIHOCTH

. 1 (T
Ha3bIBACTCS AKTHBHOI MOIIHOCTBIO P = 7 fO pdt (BT) .

[IpuHrMas BO BHUMaHHE, YTO fOT cosQwt — @) dt =0, u3
(2.29) nomyumm:

P =Ulcose . (2.30)

AKTHBHAA MOIITHOCTb, noTpebsiemMas IaCCUBHLIM
JIBYXIOMIOCHUKOM, HE MOXET OBITh OTpulaTeNbHOW (MHaue

JIBYXIIOIIOCHUK OYyJIET T€HEPUPOBATH SHEPTHIO), TT0ITOMY COS ¢ = 0,
/A
5
o 3
Cmywait P=0, ¢ = |5| TEOPETHYECKH BO3MOXCEH  JIA

T
T.C. HAa BXO/JI€ MaCCUBHOI'O ABYXIIOJIFOCHUKA — 5 < Q <

ABYXIIOJIFOCHHUKA, HE HWMCIOUICTO AKTHUBHBIX COHpOTI/IBHCHI/Iﬁ, a
COACPKAIICTO TOJIBKO HWACAJIbHBIC HWHAYKTUBHBIC W CMKOCTHBIC
OJICMCHTHI.
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Pe3ucrop (uaeajibHOe aKTUBHOE CONPOTHBJIEHHE).

3nech HampspKeHHe W TOK (CM. pUCYHOK 69) coBmamaroT mo
¢aze ¢ = 0, TO3TOMY MOITHOCTh P = Ui BCET/a MOJOKHUTEIbHA, T.C.
PE3UCTOP MOTPEOIISIET aKTUBHYIO MOIITHOCTD

U2
P=Ulcosg = |cos0 = 1| = UI = RI? =%

i 0e

"'-::: i 7
‘H_ﬂ-

Pucynok 69 - ['padvku HanpspKeHWS, TOKa © MOIITHOCTH HA
pesucTope

Karymka nHAYKTUBHOCTH (HA€aIbHAS HHIYKTUBHOCTD)
IIpy wupeanbHOM  MHIYKTUBHOCTM  TOK  OTCTaeT  OT

T
HarnpsHKeHus o dase Ha >
[Toaromy B cooTBeTcTBUU € (2.52) MOXKHO 3aITUCaTh

A A .
p= UL[LCOSE — Ul cos (Zwt - 5) = —U, I, sin2wt.
Li?
Yuacrok 1-2: sHEprus > 3aracaemas B MarHuTHOM 1ojie

KaTyILIKH, HApacTaeT.
VYuactok 2-3: DSHepruss MarHUTHOTO TOJsl  YOBIBaer,
BO3BpAIasCh B HICTOYHHUK pucyHok 70.
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Pucynoxk 70 - I'padmku HanpspKEHMS, TOKa U MOIITHOCTH HA KAaTYIIKe
HHAYKTUBHOCTU

Kongencarop (uaeanbHasi eMKOCTD)

AHAJOTHYHBIN XapaKTep UMEIOT MPOLECCH U IS HIeaTbHOU
m
€MKOCTH. 31ecCh (@=- > IMostomy u3 (2.29) BBITEKaer, 4ro p =

U sin2wt. Takum 00pa3oM, B KaTylIKe WHAYKTUBHOCTH U
KOHJIEHCATOpE aKTHBHAs MOITHOCTH He notpebsercst (P=0), Tak kak
B HUX HE MPOHCXOOUT HEOOPAaTUMOTO NMpeoOpa3oBaHUsl 3HEPIHH B
JIpyTH€ BHJBl 3HEPIHUU. 31€Ch MPOUCXOAHUT TOJIBKO LUPKYJIISALHSL
SHEpPruM: 3JIEKTPUYECcKass dHEPrus 3amacaeTcsi B MarHUTHOM IOJie
KaTyIIK{ WX 3JEKTPUUYECKOM I10JIe KOHJIEHCATOpa Ha MPOTSKEHUH
YEeTBEPTU I[IE€pHoJia, a Ha TNPOTSHKEHUHM CIEAYIOIEH 4YeTBEepTH
meproZa HHEpPrusi BHOBb BO3BpallaeTcsi B CeTb. B cuimy 3toro
KaTyIIKy WHIYKTUBHOCTH M KOHJEHCATOpP HAa3bIBAIOT PEaKTUBHBIMHU
JJIEMEHTaMHM, a MX CONpoTuBiIeHHd X_ U Xc , B OTIHYHE OT
aKTUBHOTO CONPOTHUBIEHUS R pe3nucTopa, — peakTHBHBIMHU.

MHTEeHCHBHOCTS OOMEHA 3HEPTUHU MPUHATO XapaKTepU30BaTh
HanOONBIIMM 3HAYEHHWEM CKOPOCTH IIOCTYIUIEHHS SHEPIUU B
MarHMTHOE IOJI€ KAaTyIIKH WM 3JEKTPUYECKOEe MOJIE KOHJEHCATOopa,
KOTOpO€ Ha3bIBA€TCA PEAKTUBHOI MOIIHOCTHIO.

B oOmewm ciydae BbIpakeHHE IJI PEAKTUBHOW MOITHOCTH
MeeT BUJ:
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Q = Ulsing (2.31)

OHa TMOJIOKUTENbHA TMPH OTCTAIONIEM TOKE (WHIYKTHBHAsS
Harpy3ka- @ >0 W oTpunarenbHa TIPU ONEPESKAIOIMEM TOKE
(emkocTHas Harpy3ka- @ < 0. EquHuUIly MOIITHOCTH B IPUMEHEHUU K
W3MEPCHUI0 PEAKTHMBHOH MOIIHOCTH HA3bIBAIOT BOJbT-aMIIEp
peakTuBHbIH (BAp).

B yacTHOCTH JUIsl KATYIIKY UHAYKTUBHOCTH UMEEM:

Q. = Ulsing = Ul , Tak KaKk ¢ = %

— Ul = oLl? = L™ — 4 [Hi
Q= Ul = oll* = oL ™ = w|“2],

W3 mocnenHero BHIHO, YTO pPEAaKTHBHAas MOLIHOCTb I
HJIealbHOM KATyIIKM MHAYKTHBHOCTH IPOIOPLIMOHANBHA YacTOTE U
MaKCHUMaJbHOMY 3alacy 3HEpPTUU B KaTyliKe. AHaJIOIMYHO MOYKHO

MOJIY4YUTh JIs1 UACAJIbHOTO KOHACHCATOPA:

CcUZ

=w|—
Qc [ 2
ITotHAst MOIITHOCTH

[ToMuMO MOHATUN AKTUBHOU U PEAKTUBHON MOLIHOCTEN B
ANEKTPOTEXHUKE ITUPOKO UCIONB3YETCS MOHITHE MOJTHOM
MOILITHOCTH:

S = UI (BA). (2.32)

AKTUBHAsI, pEaKTUBHAS U TIOJTHASI MOIITHOCTH CBSI3aHBI CIIETYIONAM
COOTHOIIICHUEM:

S =./P% + Q2. (2.33)
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OTHOIICHHE AaKTUBHOM MOIIHOCTH K IIOJIHOM HAa3bIBAIOT
KO3(PULIMEHTOM  MOIIHOCTH. N3  npuBeleHHBIX  BBIIIE
COOTHOUIICHHI BHIIHO, YTO KO3((UIMEHT MOIIHOCTH COS{ paBeH
KOCHHYCY yTJIa CABUTA MEXKY TOKOM U HaIPSLDKCHUEM.

Uraxk,

cosQ = ?. (2.34)

KommniiekcHass MOIIHOCTH

AKTHBHYIO, PEaKkTHUBHYI0O M TIOJIHYI0 MOIIHOCTH MOHO
OIPEIEIUTD, MOJIB3YSICh KOMILIEKCHBIMU N300paKEeHUAMHU

HanpsokeHMs u Toka. Ilyets U = Ue/¥v, a [ =ie/¥i, . Torma
KOMIUTEKC ITOJTHOH MOIITHOCTH:

s = Ui, (2.35)

S=Ul=Ue/¥u -leJ¥i = Ule/? =Ulcose + jUlsing = P + jQ.

rae
lp =y — il -
yroJi caBura ¢pas Mex/y HalnpspKEHUEM U TOKOM.

KomruiekcHO# MOIITHOCTH MOKHO TIOCTaBUTh B COOTBETCTBHE
TPEYroJIbHUK MOLIHOCTEH (cM. pucyHOK 71).
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Pucynok 71 — TpeyronbHUK MOIITHOCTEH

Pucynky 71 cootBercTtBYyeT cosgp > 0 (aKTUBHO-MHIYKTUBHAs
Harpyska).

IpuMeHeHHe CTATHYECKHX KOHJIEHCATOPOB /ISl TMOBBIIIEHUS
cos@

Kak y»xe yka3pIBanoch, peakTUBHAsI MOIIIHOCTb
Z=R+jX; U=2Z2I; S=UI =ZI* = RI* + jXI*

HUPKYJIUPYET MEXKIy MCTOYHHKOM M  TOTpeOHuTesneM.
PeakTuBHBII TOK, HEe coBepmIas MOJE3HOW pPaOOTHI, MPHUBOIUT K
JOINIOJTHUTCJIbHBIM MOoTEpAM B CHUJI0OBOM OGOPYI[OBHHI/II/I U,
CJIEJIOBATEIbHO, K 3aBBIIIEHUIO €ro YCTAaHOBJIIEHHOW MOIIHOCTH. B
ATOW CBSI3M TIOHSATHO CTPEMIICHHE K YBEIIMYCHHUIO COS(Q B CHIIOBBIX
ANEKTPUIECKHX TICTISAX.

CnemxyeT ykasaTh, 4YTO IOAABIIAIONICE  OOJIBIIMHCTBO
noTpeduTesel (3MEKTPOABUTATEIH, 3JICKTPUYCCKUE II€UH, APYTUe
pa3IUYHBbIC YCTPOIHCTBA M MPHOOPHI) KaK Harpy3Kka HOCHT aKTHBHO-
MHIYKTUBHBIN XapakTep.

Ecnu nmapamienbHo TakodW Harpyske Zy (cMm. puc. 72,a),
BKIIOUMTh KoHpeHcatop C, To obmuii Toxk [, kak BUAHO W3
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BEKTOPHOH muarpammbl (puc. 72,0), mpuOiamkaercs mo dase K
HaNpsDKEHUIO, T.€. COSY yBEIMYMBAETCS, a 00Ias BeIMYMHA TOKA (a
ClIeIOBATEIbHO, MIOTEPH) YMEHBIIACTCS MPH MOCTOSHCTBE aKTHBHOM
MomHocTh P = Ulcosp . Ha »3ToOM OCHOBaHO IpPUMEHEHUE
KOHJ/IEHCATOPOB IS IIOBBIIEHUSI COS( .

r r ; »r
I Y. s
U z
C H
1
a) 6)

Pucynok 72 — KommieHcanus peakTHBHONW MOITHOCTH:
a) [IpuHnMnuanpHas cxeMa KOMIEHCAlUU PeaKTUBHOM MOIIHOCTH;
6) BextopHas nuarpamma, MOsICHSIOMIAS KOMIICHCAIIUIO PEaKTHBHOM
MOIIHOCTH

Kakyto emkoctb C HyXHO B3ATh, 4YTOObI IIOBBICHThH
KO3 (UITUEHT MOIITHOCTH OT 3HAYEHUS COS@y N0 3HAYCHHS COSQP >
cospy ?

Pasnoxum [ Ha akTHBHYIO Iy, = ICOSQy U PEaKTUBHYIO
Iyy = Iysingpy cocrapisfomue. TOK uepes KOHaeHcatop Ip
KOMIIEHCHPYET YacTh PEaKTHBHOH COCTaBIAIONIEH TOKa HArpy3KH Iy

Ip = IHp - Ic, (236)
P

Inp = Inatge = - tgou; (2.37)
P

L, = Iy.tge = THtgq). (2.38)
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U3 (2.37) u (2.38) ¢ yuerom (2.36) umeem

P
Ic = (tgou — tge),

Ho I, =wCU , otkyma HeoOxomumas Ui TIOBBIIMIEHUS COSQ
€MKOCTb:

P
C=3-(tgeon — tge) . (2.39)

bananc momHocTel

bamanc  momiHOCTEW — ABISETCA  CICACTBHEM  3aKOHA
COXpaHEHUS PHEPTUH U MOXKET CIYXHUTh KPUTEPHUEM IPABMIBHOCTH
pacuera 3JIEKTPUUECKOM LENu.

a) ITocTostHHBII TOK
Ji1st m000¥ 1eH OCTOSHHOTO TOKA BBIMTOJIHIETCS COOTHOIICHHE:

n
n
Z R IZ = Ey L. (2.40)
k=1 k=

OTO0 ypaBHEHHE TPEACTAaBISET COOOH MaTeMaTHYECKYIO
¢opMy 3amucu OanaHca MOIIHOCTEW: CyMMapHas MOIHOCTb,
reHepupyemMasi HCTOYHHKAMH OJIEKTPHYECKOH HHEpPTruHu, paBHA
CYMMapHOH MOIIHOCTH, NOTPEOIIIeMOH B LIETIH.

Crnenyer ykasaTb, 4uTo B JieBoH uactu (2.34) ciaraemble
AMEIOT 3HaK “+”, MOCKOJBKY aKTHBHAsI MOIIHOCTH PACCEHBACTCS Ha
pesucropax. B npasoii yactu (2.34) cymma cnaraeMbIx OoJIbIIe HYJIS,
HO OTJEJIbHBIE YJIEHBI 3/1€Ch MOTYT UMETh 3HAaK “‘-”, 4YTO FOBOPHUT O
TOM, YTO COOTBETCTBYIOIIME WCTOYHHKH pPa0OTAIOT B DPEXHME
notpeduTeNnel sHeprun (HanpuMmep, 3apsii akKyMyJIsiTopa).

0) [lepemeHHBII TOK.

W3 3akoHa COXpaHEHUs DHEPrHU CIeJlyeT, YTO CyMMa BCEX
OTJaBaeMBbIX  aKTHBHBIX  MOIIHOCTEH paBHa CyMMe  BceX
NOTPeOIIIEMBIX AKTUBHBIX MOIIHOCTEH, T.€.
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Siet Rilf = Yhet Eili cospyz (renepatopa) (5 49y
JlokazaHo, 4To GaJlaHC COOJIOIACTCSI U JJIsl PeaKTUBHBIX MOITHOCTEH:
Yho1 Xili = Bi—1 ExliSingyz | (2.42)

/1€ 3HaK “+” OTHOCHUTCS K MHIAYKTUBHBIM dJIeMeHTaM X; = wl,
1

wC’

YmHOkHB (2.65) Ha “j” U CIIOKUB MOTYYCHHBIA pe3yJbTaT C
(2.42), npuaemM K aHATUTUYIECCKOMY BBIPAKEHHIO OalaHCa MOITHOCTEH
B IENAX CHHYCOMJAIbHOrO Toka (0e3 ydera B3aMMHOH
WHAYKTUBHOCTH):

[T3R3]

— K EeMKOCTHBIM X, =

Sh=1(Re £jX)IE = |
Yk=1Eili (cos@yy + jsingy,)= Yi—q Ei 1) e/ ?¥2

N
n

n
Z Z I} = z Ey I
k=1

k=1

KouTpoabHble Bonpochl

1. Yto Takoe aKkTUBHASA MOIIHOCTE?

2. Yto Takoe peaKTUBHAS MOIIHOCTbh, C KAKUMH 3JIEMEHTAMU OHA
cBsi3aHa?

3. Yro Takoe nmoiaHas MOIHOCTE?

4. [ToueMy HEOOXOIUMO CTPEMUTHCS K MOBBIMIEHUIO Kod(hpunmenTa
MOIITHOCTH COSP?

5. Kpurepuem 4ero ciry>Kut 6anaHc MOIIHOCTEH?

2.4 Pe3oHaHCHI B LeNsAX CHHYCOMIAJIBLHOI0 TOKA

149



Pe3onancom Ha3bIBacTCS TaKOW peXuUM pabOTHI  IICTIH,
BKJTIOUAIOMIMA B ce0sl WHAYKTUBHBIE W €MKOCTHBIE DJIEMEHTHI, IPH
KOTOPOM €€ BXOJHOE CONpOTHUBIICHHE (BXOIHAs MPOBOJMMOCTS)
BellecTBeHHO. CIENCTBHEM 3TOrO SIBISIETCS COBMAACHHE IO (ase
TOKa Ha BXOJIE IIETH C BXOAHBIM HAIPSHKEHUEM.

Pe3oHaHc B menu ¢ moc/ieoBaTe]bHO COeTUHEHHBIMH
3JIeMeHTaMH (Pe30HAHC HANPSIKeHHI)

Jlnis 1ienn Ha pUCYHKE 73 UMEeT MecTo

; g L C

. —_— —— —
g U, U U

o
Pucynoxk 73 - Llens ¢ mocieaoBaTenbHO COETMHEHHBIMHU dJIEMEHTAMU

) ) ) ) . 1 .
U=U,+U; +U =I[R+'( L——)]=IZ
R L c J\w wC Z

rac

1\2 4,.
Z:\/R2+(ML_R) o : (2.43)

1

¢ = arctg L. (2.44)

1
B 3aBucumMocTH OT COOTHOIICHHMS BeIWYMH WL u _C

BO3MOXKHBI TPH Pa3JIMYHBIX CIIydas:

1
1. B nemum mpeobnagaer HMHAYKTHUBHOCTH, T.e. wL >— , a

CJIeI0BaTEILHO,
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U, > Ug . DTOMY peXuMy COOTBETCTBYET BEKTOpHAS AMarpaMMa Ha
pucynke 74,a.

U [;TL Ug
r[;TC
U .
Ue
p=0 7 Ug i p=10 i
UR @(“O [;r: [;TR
g Ue
@ £ r c

Pucynok 74 — BexTopHbIe TUarpaMMBbl IS IIETIH € TIOCIEI0BATETFHO
COEIMHEHHBIMH 3JIEMEHTaMU

1 . .
2. B nenu npeoGnagaet eMKOCTh, T.€. WL < —C » & 3Haum, U, <Ug.

JTOT ciyvail oTpaxkaeT BEKTOpHAs quarpamma Ha puc. 74,0.
3., U, = Uc- cny4aii pe3oHaHca HanpsbkeHud (puc. 74,B).
YciioBue pe3oHaHca HalpsyKeHUI:

wL =—. (2.46)

ITpu sTOM, Kak cieayer u3 (2.45) u (2.46), Z = R; ¢ = 0.

IIpn pe3oHaHce HaANpPSHKEHUH WIM pEeXHMax, OMM3KHX K
HEMy, TOK B IIETIH PE3KO BO3pacTaeT. B TeopeTnueckoMm ciydae Mpu
R=0 ero BemuumHa ctpemutcst Kk OeckoHedHOCTH. COOTBETCTBEHHO
BO3PACTaHUIO TOKA YBEIMYMBAIOTCS HANPSHKEHHS HA WHAYKTUBHOM U
€MKOCTHOM 3JIEMEHTaX, KOTOpbIE MOTYT BO MHOIO pa3 IpPEBBICUTH
BEIIMYMHY HaNpPsKEHUS] HICTOYHUKA TUTAHHUS.

[MycTh, HampuMmep, B 1enu Ha pucynke /8 U =10B; R =
1 0wm;
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=X, = X, = 1000 Om. Torza I=-=2=104, u,
cootBercTBeHHO, U, = Uy = 1X; = 1X; = 10000 B.

SIBneHne pe3oHaHCa HAXOAWT IIOJE3HOE NPHUMEHEHHE Ha
MpakTHUKE, B YaCTHOCTH B paauoTexHuke. OJHAaKo, e€clu OH
BO3HUKAET CTUXMHHO, TO MOKET NPUBECTH K ABAPUIHBIM PEKAMaM
BCJIECTBHE MOSIBJICHUS OONBIINX MEPEHANPSIKEHUHN U CBEPXTOKOB.

®usnyeckass  CyHIHOCTh  pe30HaHCa  3aKII0YaeTcss B
NEPUOJUYECKOM OOMEHE »JHeprueil MeKAy MAarHUTHBIM I10JIeM
KAaTyIIK WHIYKTUBHOCTH M JJEKTPHYECKUM II0JEM KOHIEHCATOPA,
[IpUYEM CYMMAa DHEPIUil N0JIEH OCTAETCS MTOCTOSIHHOM.

CyTb Jlena He MeHseTcs, €Clid B I UMEETCS] HECKOJIbKO
WHAYKTUBHBIX W E€MKOCTHBIX JIEMEHTOB. [I€MCTBHTENBHO, B 3TOM
ciIydae

1 1
L3 = Zzzl Lk ; C_s = 2221 a,

U cooTHoIeHue (2.46) BBIMONIHICTCS JJIs SKBUBAJICHTHBIX 3HAUYCHUHN
L3 u C3 .

Kak moxkaseiBaer anHanm3 ypaBHeHHs (2.46), pexuma
pe30HaHCa MOKHO JIOOUTHCS ImyTeM n3MeHeHus napametpoB L u C, a
Takke 4acToThl. Ha ocHoBanmu (2.46) ans pe30HaHCHOH YacTOTHI
MO>KHO 3alHCcaTh

1

Pe3oHaHCHBIMU KPMBBIMH HA3bIBAIOTCSl 3aBUCHMOCTH TOKa
Y HaIPsDKCHHS OT YacTOTHL. B KadecTBe mx mpumepa Ha pucyHke 80
npuBenensl tunobie kpusbie I(f); Uy (f) u Uc(f) mis uenu Ha
pucynke 75 npu U=const.

BaxxHol XapakTepHCTUKONW pPE30HAHCHOTO KOHTYpa SBISIETCS
aodporHocTh Q, ompenensiemMas OTHONICHWEM HAaNpsHKCHUS Ha
WHAYKTUBHOM (€MKOCTHOM) 3JIEMEHTE K BXOAHOMY HaIPsSHKESHUIO:

Uy Uc (ULJ _ 1
o (2.48)
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- W XapaKTepu3ymoias ‘“u30upaTelbHbIe” CBOICTBA PE30HAHCHOTO

w
KOHTYpa, B YaCTHOCTH €T0 MOJI0CYy NPONnycKaHus Aw = ?” .
JpyruM mapaMeTpoM pEe30HAHCHOTO KOHTypa SIBISETCS
XapaKTepHCTHYEeCKOe CONPOTHBJIEHHE, CBSI3aHHOE c
JNOOPOTHOCTBHIO COOTHOLICHHEM
p = QR, (2.49)
i ¢ yaetom (2.47) u (2.48) st p MOKHO 3amUcaTh:
1 L
=w, L =—= |=. 2.50
p p wpC c (2:50)
I
7
o I

Pucynoxk 75 — Pe3oHaHCHBIE KpUBbIE

Pe3oHaHc B menum ¢ mapajijiejbHO COCIUHEHHBIMH 3JIeMEHTaMH
(pe3oHaHC TOKOB)
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Pucynoxk 76 - Llenb ¢ napasmienbHO COSAMHEHHBIMU 3JIEMEHTaMU

s nenu pucyHka 76 numeeM
. . . . - /1 1 i . i .
[=lg+10 +1I= U(E+J_w—L+]a)C) = Ulg + j(be — by)] = UY,

rae

Y =/g?+ (b — by)?e?; (2.51)

(bc—by)
-

@ = arctg (2.52)

B 3aBucuMocCTH OT COOTHOIIEHUS BENWYHMH b; U b, Kak U B
pPacCMOTPEHHOM BBIIIE CIy4ae I10CIEA0BATENbHOIO COEAUHEHUS
3JIEMEHTOB, BO3MOXKHBI TPH PA3IMYHBIX CiIy4asi (pUCYHOK 77).

i, In
> y
I I
Ir U p<0 & @=0 o7
2> I A
. . —*R
I i _
I; [jc 1
& 1 c

Pucynoxk 77 - BekTopHBIE IuarpaMMbl JJIs HENH ¢ TapajuieTbHO
COCJIMHEHHBIMH DJIEMEHTAMH
B umemm mnpeobnamaer WHIYKTHBHOCTH, T.e. b; > b, a
clleioBaTeNbHO, [} > I-. DTOMY peXuMy COOTBETCTBYET BEKTOpHAs
IuarpaMMa Ha pucyHKe 77,a.
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B umenu npeobnamaer eMKOCTh, T.e. by < br, a 3HAUWT,
I}, <I;. DTOT cCrmydall WILTIOCTpUPYET BEKTOpHAs auarpaMma Ha
pucynke 77,0.
I} = I¢- cnyy4aii pe3oHaHca TOKOB (PUCYHOK 77,B).

VYcioBue pe3oHaHca TOKOB b, = bouiiu

L = wC. (2.53)

[Tpu stom, kak cnenyet u3 (2.51) u (2.52),Y =g = %; Q=

0. Takum oOpa3oM, IpH PEe30HAHCE TOKOB BXOIHASI MPOBOIAMOCTB
Leny MHMHUMajibHa, a BXOJHOE COIPOTHBIECHHE, HA00O0pOT,
MaKCUMaJIbHO. B yacTHOCTH MpH OTCYTCTBHH B IIeTIH Ha pUCyHKe 81
pesucropa R ee BXOmHOE CONPOTHBICHHE B PEXUME pe30HAHCA
CTpEeMHTCSI K OECKOHEYHOCTH, T.€. NPH PE30HAHCE TOKOB TOK Ha
BXOJIC LIETIH MUHUMAJICH.

Wnentnynocts cootHomenuit (2.50) u (2.51) ykas3piBaeT, uTo
B o0oux ciyyasx pE30HaHCHAas  4YacToTa  ONpEeAessIeTCs
cootHomennem (2.51). OpgHako He cleAyeT WCIOIb30BATh
BbIpaxkeHue (2.51) nist moboit pesonancHo# rienmu. OHO CIpaBeINBO
TOJBKO JJIsI HPOCTEHIIMX CXeM C IOCJIEAOBaTEIbHBIM MU
napajjiebHbIM ~ COCIMHEHWEM  HMHIOYKTUBHOTO W €MKOCTHOTO
JIIEMEHTOB.

Ilpu ompeneneHWH PE30HAHCHOM YacTOTBI B  LIENH
MIPOM3BOJIBHON KOH(UTIYpalluy Wi, B OOILIEM Cllyyae, COOTHOLIEHUS
MapaMeTpoB CXEMBl B PEXHME pPE30HaHCa CIIEAYyeT HCXOJUTh W3
YCIIOBUSl BEHIECTBEHHOCTH BXOJHOTO COTPOTUBICHUS (BXOJHOMH
MPOBOJMMOCTH) LIeNH (PUCYHOK 78).
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Pucynok 78 — Llenb npon3BoIbHOM KOHPUTYpaLTUK

Hanpumep, 114 ienu Ha pucyHke 78 numeem

) R —jwL
=juC+———55=

L=joc RZ + w?L?

R+ jwl
R

wlL
RZtwiz J (“’ R + w2L2>

HOCKOHLKy B PCXKUMC PC30HAHCA MHHMAaA 4YacCTb X JOJDKHa
OBITh paBHA HYJIIO, TO YCJIOBUC PE30HAHCA UMECT BUM!

L
¢= R2+w§L2'
OTKY[la, B YaCTHOCTHU, HAXOAMUTCS PE30HAHCHAS YacTOTa.

Pe3onaHnc B cJI05KHOIM ey

VYcioBue pe3oHaHca ISl CHOKHOM IIENM CO CMEMIaHHBIM
COCTMHCHUEM HECKOJBKUX WHIYKTHUBHBIX M €MKOCTHBIX 3JIEMEHTOB,
3aKJIIOYAIOLIEECs B PABEHCTBE HYJII0 MHUMOM YacTH BXOJHOTO
comporuBiaenns X (w) = 0 wiu Bxomuo# mposoaumocti b(w) = 0,
ompenenseT HAIWNYHE Yy COOTBETCTBYIOIIMX JSTOMY  YCIIOBHIO
YpPaBHEHU OTHOCUTENBHO (W HECKOJBKHX BEUICCTBEHHBIX KOPHEH,
T.€. TAKUM LICTIIM COOTBETCTBYET HECKOIBKO PE30HAHCHBIX YaCTOT.

Ilpu ompeneneHnn PE30HAHCHBIX YACTOT IS PEAKTHBHOTO
JIBYXIIOJIIOCHUKA  AQHAJIUTUYECKOE BBIPAXKEHUE €ro  BXOJHOIO
peakTUBHOrO conpoTuBieHus X(w) WIM BXOJHOW pPEaKTHBHOM
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npoBoauMoctd b(w) crneayer npeacTaBuTh B BUJIE OTHOLICHUS JBYX
MOJIMHOMOB TI0 CTEMEHIM W, T.€. X (w) = % wi b(w) = % :

Torna kopuu ypasaenus: P(w) = 0 gaayT 3HAQYCHUsI YacToT,
KOTOpBIE COOTBETCTBYIOT pE30HAHCaM HAaNpsDKeHWH, a KOpPHHU
ypaBHenus Q(w) = 0- 3HaYCHHS YAaCTOT, IPU KOTOPBIX BO3HUKAIOT
pe3oHaHCHl TokoB. OO0Iee YMCIO PEe30HAHCHBIX YacTOT B LIEMH HA
CIUHUIYy MEHBIIE KOJMYECTBA WHIYKTUBHBIX U  EMKOCTHBIX
3JIEMEHTOB B CXEME, ITOJy9aeMOi N3 UCXOIHON IyTeM ee CBEICHUS K
menmd  (C  TIOMOINBIO  JKBUBAJIEGHTHBIX  TpeoOpa3oBaHHMil) C
MHUHUMAJIBHBIM YHCIIOM 3THX 3JEMEHTOB. XapaKTepHBIM IPU 3TOM
ABJSIETCS TOT (DAKT, YTO PEKUMBI PE30HAHCOB HATPSDKEHUN M TOKOB
qepeyroTcs.

B kauecTBe mpuMepa OnpeaenM pe30HAHCHBIC YaCTOTHI AJIs
Leny pUCyHOK 79.

o—|
C;
Ly

[+
Pucynok 79 — Pa3BeTBiieHHas 1erb

BripaxeHue BXOIHOTO CONPOTUBICHUS JaHHOM LENU UMEET
BUJ

‘L 1
1 jw 27wC;s 1 N jwL, _
_](,L)Cl 1-— w2L2C3 B

ij2 +jw—C3
1= w?(LyC + LG)  P(w)

JwCi(1—w?L,C3)  Q(w)
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W3 pemenus ypaBHenus P(w) =0 mnomyyaem YacToTy

W1 = ————=, COOTBETCTBYIOIIYI0 PE30HAHCY HANPSUKCHUIi, a W3

VE2cq+c3)
peurernst  ypaBHenuss Q(w) =0 - uwactoty W, = L
VL2C3

COOTBETCTBYIOLIYIO PE30OHAHCY TOKOB.
KoHTposibHbIE BONIPOCHI

1. Uro Takoe pe3oHaHC HANPSHKECHUH, YeM OH XapaKTepHu3yeTcs?
2. Yto Takoe pe30HAHC TOKOB, Y€M OH XapaKTepU3yeTcs?

3. B yem pusmueckas CynHOCTh pe30HAHCHBIX PEKUMOB?

4. Ha oCHOBaHMH KaKUX YCIIOBHI B OOIIEM CITydae ONPEACISIOTCS
PE30HaHCHBIE YaCTOTHI?

5. Uto Takoe m0OPOTHOCTH PE30HAHCHOTO KOHTYpa?

2.5 BekTopHbie u Tonorpadguyeckue TuarpaMmMbl

COBOKYITHOCTh painyc-BeKTOPOB, M300paKarOIINX
cuHycouganbHo u3MeHsawmuecs DJC, HanpsokeHus, TOKA U T. 1.,
Ha3bIBACTCSI BEKTOPHOIl aumarpammoii. BexkTopHble nuarpambl
HArjdsHO WUIIOCTPUPYIOT XO0J pemeHus 3agaud. [lpu TouHoM
MOCTPOEHUH BEKTOPOB MOXHO HEMOCPEACTBEHHO W3 JAUarpaMMbl
OTIPECTTUTh AMILTUTYABI U (a3bl HICKOMBIX BelnuuH. [[pubnmxenHoe
(kauecTBEHHOE) TIOCTPOCHHE JAWarpaMM TIpA  aHAITUTHYECKOM
PELICHUN CIIYXKUT HAJISKHBIM KOHTPOJEM KOPPEKTHOCTH XOJa
peuIeHUsl U TO3BOJISIET JIETKO OMNPEAENUTh KBAaJApPaHT, B KOTOPOM
HAaXOJATCA ONPEAEISAEMBIE BEKTOPBI.

IIpy mnocTpoeHHMHM BEKTOPHBIX AMarpamMm Juisi Lened ¢
IOCJIEAOBATENILHEIM  COSAMHEHHEM  DJIEMEHTOB 3a  0a30BbIM
(oTmpaBHO) BEKTOP ClIeyeT MPHUHUMAThH BEKTOP TOKA, & K HEMY IO/
COOTBETCTBYIOIIMMHU YIJIaMHU MOJICTPAauBaTh BEKTOPbl HANPSKEHUN
Ha OTAENbHBIX d3yeMmeHTax. Jlnsg 1neneit ¢ mapauiesibHBIM
COCMHEHHEM 3JIEMEHTOB 3a 0a30BbIN (OTIIPABHON) BEKTOp CIEAYET
NPUHATh BEKTOP HAIPSIKEHHS, OPUEHTUPYS OTHOCHUTEIBHO HErO
BEKTOPBI TOKOB B MapajuieIbHbIX BETBSX.
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JAns  HarmsmHOTO — ONpeNeNeHds BENWYMHBI W (a3bl
HaMpsDKEHUST MEXAY Pa3IMYHBIMHA TOYKAMH JIIEKTPHYECKOH IenHn
yIOOHO WUCHOJb30BaTh Tomorpaduyeckue guarpamMmbl. OHU
MPENCTABISIFOT  COOOM  COEAMHEHHBIC COOTBETCTBEHHO  CXEMeE
SJIEKTPUUECKON I[emd TOYKM Ha  KOMIUIEKCHOM  IUIOCKOCTH,
oToOpakaromue uxX moTeHnuanbl. Ha Tomorpadudaeckoit auarpamme,
MPENCTaBISIIOIIEH CcOo0OM B TPUHIMIIE BEKTOPHYIO JUArpamy,
MOPSAOK  pPAacloJIOKEHWs]  BEKTOPOB  HANPSHKEHWH  CTPOTO
COOTBETCTBYET TIOPSAKY pAcCIONOXEHHS JJIEMEHTOB B CXeMe, a
BEKTOP TAJCHUS HAIMPSDKCHUS Ha KaKIOM IOCJICIYIOIIEeM 3JIEMECHTE
IMPUMBIKACT K KOHIIY BEKTOPA HAIIPAKCHUA Ha KaXKJIO0M NPCAbIAYIICM
JJIEMEHTE.

B kauecTBe mpuMmepa IMOCTPOMM BEKTOPHYIO JHarpaMmy
TOKOB, @ TaKXKe TOMOrpadUyecKyro auarpamMmy IOTCHIIHAIIOB JIJIs
cxeMsl 1o pucyHky 80.

Pucynok 80 — PacueTHas cxema

ITapamerpsr cxembl: X = 100 0M; X;, = X3 = 50 OMm;
Ry =250mM; Ry = 20 Om.

Hpn JTAHHBIX MTapaMeTpax U 3alaHHOM HAIPSHKEHUH Ha BXOJIE
cxembl U = 120e/° B waiifieHHble 3HAYeHMs TOKOB paBHBI: I =
04+j0,44; I,=1—j4; I;=-0,6+j1,4A.

Ilpyu mnocTpoeHMH BEKTOPHOW JAMArpamMMbl — 3aJaguMCs
MaciTabaMy TOKOB W HaNpsDKEHHN. BekTopHYO quarpamMmy MOKHO
CTPOUTH, UMesl 3alMCh KOMILIEKCa B MOKa3aTelnbHOU (opme, T.e. 1Mo
3HAUCHMSIM Monyiss u  ¢a3el. OmHAKO Ha TpaKTHKE ymoOHee
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MPOBOANTH TOCTPOCHWUS, WCIONB3Yys anredpandeckyro Qopmy
3aliCH, TIOCKOJBKY TIPH 3TOM BEIIECTBEHHas W  MHHUMas
COCTABISIIOIIME  KOMIUIGKCHOW  BEJIMYMHBI  HEMOCPEACTBEHHO
OTKJIABIBAIOTCS HAa  COOTBETCTBYIOIIMX  OCAX  KOMILICKCHOM
IJIOCKOCTH, OTIPENEISs MOI0KeHNE TOYKU Ha Hell.

ITocTpoeHre BEKTOPHOM JuarpaMMbl TOKOB OCYILIECTBISETCS
HETNIOCPEACTBEHHO HA OCHOBAaHMM M3BECTHBIX 3HAUCHHH HX
KoMIUTeKcoB. J[s mocTpoeHMss TomorpauiecKod mUarpamMmbl
MpEeIBapUTEIHFHO OCYIIECTBUM pacueT KOMIDIEKCHBIX MOTEHITHAIOB
(mpyrodi BapMaHT TIOCTPOCHHUS TOMOTPA(PUUECKON JHarpaMMel
MIpenIoiaraeT pacueT KOMIUIEKCOB HaNpsKeHUH Ha 3JIeMEHTax LeMmu
C TOCJHEIyIIIM CyYMMHPOBAaHHEM BEKTOPOB HAIPSHKEHUH BIOJb
KOHTYpa HEMOCPEACTBEHHO Ha KOMIUIEKCHOM IIIOCKOCTH).

IIpu mocTtpoennu Ttomorpaduyeckoil auarpamMmbl  00XOI
KOHTYPOB MOKHO TPOM3BOUTH 10 HAIMIPABICHUIO TOKA WM MIPOTHUB.
Yamie ucnonb3yrOT BTOPOIl BApUAaHT.

B os3TOoM ciydae ¢ y4eToMm TOTO, UTO B  3JIEKTPOTEXHHUKE
MIPUHSATO, YTO TOK TE€YET OT OONBIIET0 MOTEHIMala K MEHBIIEMY,
MMOTEHIIMAT UCKOMOHN TOYKU paBEH MOTCHIUANY MPEAbIIYIIEH ILTF0C
najiecHue HaMpsHKCHUS Ha dJIEMEHTE MEXIly 3TUMH Toukamu. Ecim Ha
nyTu oboxona BeTpedaeTcs uctodnuk DJIC, TO moTeHmuan HCKOMOH
TOUYKH Oy/IeT paBeH MOTSHIUATY MPEABLAYIICH TUTI0C BEIMINHA 3TOM
O/JIC, ecnu HampaBienne 00xoja coBmanaet ¢ Hampasienuem DJIC,
u MuHyc BennunHa DJ1C, ecnu He cOBIaAaeT. TO BHITEKAET U3 TOTO,
yro HanpsbkeHue Ha wucrounuke OJIC wumeer HampasieHHE,
nporusononoxaoe IJC.

O6o3HaunB Ha cxeme Mo pHCYHKY 80 TOUKHM MEXIY
JJIEMEHTaMH IEeNH € M 8 W MPUHSB MOTEHIHMal TOYKH & 32 HYJb
(¢4 = 0), orrperenuM MOTEHIUAIIBI ATUX TOYEK:

®p = @g + IR, = 0+ (1 —j) 20 = 20 — j20 B;
Pc = @p + jXy 2, =20 —j20 + (1 — j) - j50 = 70 + j30 B.

)%0)0%1
P = Pq — jXc3ls = 0—j50(—0,6 + j1,4) = 70 + j30 B;
¢g=¢, + 1Ry =70+ 30+ (0,4 +j0,4) - 25
= 80 + j40 B;
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Ge = g — jXc11, = 80 + j40 — j40(0,4 + jO,4) = 120 B.

Takum o0pa3oM, B pe3yibTaTe MPOBEICHHBIX BBIYUCICHHUN
MOJIy4eHOo, 4TO0 @, — @, = 120 B . Ho pa3HOCTH NOTEHIHAIOB
TOYEK ¢ M @ PaBHO HampspkeHuio U, IpHUIoKEeHHOMY K IIeTH, a OHO
paBao 120 B. Takum o0pa3om, BTOpoii 3akoH Kwupxroda
BBITIOJIHSIETCS, & CJIEAOBATEIbHO, BEIYMCICHNS BHITIOJIHEHB! BEepHO. B
COOTBETCTBHH C  TIOJYYCHHBIMH  pe3ylbTaTaMH  CTPOUTCS
tonorpaduyeckas nuarpamma Ha pucynke 81. Cnemyer obpartuth
BHUMaHUE Ha OpHCHTAIINIO BEKTOPOB, COCTABIISIOIINX
TomorpaUyYeckyro 1uarpaMmy, OTHOCHTEIBHO BEKTOPOB TOKa: ISt
PE3UCTUBHBIX AIIEMEHTOB COOTBETCTBYIOIINE BEKTOPHI MAPAIIEIBHBI,
JUTSE THAYKTABHOTO W €MKOCTHBIX — OPTOTOHAJIBHBI.

ng .......................... 1.4 0-2
i ——e
i 1207

\ 20 B

A A

- 80T

Pucynok 81 — Tonorpaguueckas auarpamma
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BekTopb! HanpsKeHU OpUEeHTUPOBAHBI OTHOCUTEIHLHO TOUEK
Tomorpad)MIeCKOil THarpaMMbl TIPOTHBOIIOIOMXHO ITOJO0KUTEITHHBIM
HAaOpaBJIEHUSAM  HAIpPSHKEHUM OTHOCUTEIBHO COOTBETCTBYHOLIUX
TOYEK DJIEKTPUYECKOM Uenu. B 3TOW CBsI3M JIOMyCKAaeTcs He
YKa3bIBaTh Ha TOMOTpauIecKoil qruarpaMMe HaIpaBlIeHUs BEKTOPOB
HanpspKeHUH.

KoHTposbHbIE BONIPOCHI

1. Yro npeacTapiisitoT coOOOW BEKTOPHBIC JUarpaMMBbI?

2. Yto0 Takoe TonorpaduuecKue TUarpaMmBbl, Ui 4Yero OHH CITYKaT?
3. B 9em cxoacTBO M paznuyne TonorpaguuecKoi U NOTSHIIMATEHO
auarpamm?

4. Kakoii mpakTU4eCKUi CMBICI MTPeoOpa3oBaHU TEKTPHUUECKUX
nenem?

5. B uem 3axitrogaeTcst MpUHLIMI SKBUBAJICHTHOCTH
npeoOpa3oBaHmii?

2.6 Anaaus ueneifl C HHAYKTUBHO CBSI3aHHBIMH 3JICMCHTAMH

ONIEKTPUYECKHE LENH MOTYT COAEp>KaTb  3JIEMEHTBHI,
WHIYKTABHO CBSI3aHHBIE JPYyr C JpyroM. Takwe dIeMEHTHI
MOT'YT CBSI3BIBaTh TeTH, 3IEKTPUIECCKU (TaTpBaHUYECKH)
paseneHHbIe APYT OT ApyTa.

B TOoM ciywae, korma W3MEHEHHWE TOKa B OJHOM U3
3JIEMEHTOB IenH NpuBOaUT K moseieHuto DJIC B Ipyrom sieMeHTe
[IETIA, TOBOPST, YTO OSTH JBa DJEMEHTAa WHAYKTHBHO CBS3aHBI, a
Bo3Hukaroyto IJC nazeBator 3/C B3auMHoil unAyKIuu. CTeneHp
MHAYKTHBHOM CBSI3U DJIEMEHTOB XapakTepusyercs KO3 UIIUESHTOM
CBSI3U

M

k=7 (2.54)

rae M — B3anMHasi HHIlyKTHBHOCTb 3JIEMEHTOB IIeTIH (Pa3MEPHOCTh —
I'n);
Lq u L -cOOCTBEHHBIC MHAYKTUBHOCTH THX 3JICMCHTOB.
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CrnemyeT OTMeTHTBh, 94TO Beeraa k<l1.

[Tycts mMeeM aBe COOCHBIE KaTyHmIKH B OOLIEM ciydae ¢
(heppoMarHUTHEIM cepAeyHUKOM (cM. pucyHok 82). Ha pucynke 82
CXEMaTUYHO MOKa3aHa KapTHHA MarHUTHOTO TOJIS IPY HaJIMYMH TOKA
il B mepBoil Karymike (HampapjCHHE CUJIOBBIX JHUHHUI MAarHUTHOTO
MOTOKA OMNpeNeNseTcss M0 MNpaBWIy NpaBoro OypaBumka). Butkm
MEepBOM  KaTYMIKH  CHEIUIEHBI C  MATHMUTHBIM  MOTOKOM
caMoMHAYKIHH @;; , a BUTKH BTOPOI KaTYIIKH — C MATHUTHBIM
NOTOKOM B3aMMHON MHAYKHUM D, KOTOpHIM oTianyaercs oT Py
(®,1< ®4;) 3a cYET TIOTOKOB PACCESHHS.

I
»
L
I »)
Y g
A \m
—
7L2
C@
21 b
W

)

Pucynok 82 — MaruurocBsizaHHbIE KaTyIIKH

ITo onpenenenuto

L, =% -1t (2.55)

5} 51

Mo = Po1  wy®dyy
==
51 151

(2.56)

Ecau Tenmeppr HaoOOpOT MNpOMYCTHTH TOK I, MO BTOPOM
KaTyIlIKe, TO COOTBETCTBEHHO MOJIyYUM
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L, =¥z = ¥202 (2.57)

M, =2 ="11 (2.58)

IIpu 3TOM
M12 = M21 =M. (284)

Crnenmyer OTMETHTh, YTO KO3(DOUIIMEHT CBSA3U MOT OBl OBITH
paBHbM 1, ecimu Ob1 Py = Oy u Py; = Py, TO ecTh KOTHAA BECh
MIOTOK, CO3/]aBaeMbIii OJHOM KaTyIIKOH, TOTHOCTHIO MPOHU3BIBAT OBl
BUTKM Jpyrod KaTymku. IlpakThueckum naxke pasziauyuHble BUTKH
OIHOM M TOM € KATyLIKHU IPOHU3BIBAIOTCS Pa3HbIMU IOTOKAMHU.
[Mosromy ¢ yuetom paccessaus @14 > Py u @y, > O©1,. B a10it
CBSI3H

wa®21 w1P12
kz — i1 i — D1z Py <1
w1®11 w2®22 T @yy-dyy '
i1 i2

PaccMoTpum 1iemb mepeMeHHOTO TOKa Ha pUCYHKe 83, B
KOTOPYIO MOCIIeI0BATEIbHO BKJIFOYCHBl  JIBE KaTyLIKA
MUHIYKTUBHOCTH Lq ¥ L), MHAYKTUBHO CBSI3aHHBIE JPYT C JAPYrOM, H
pe3uctop R.

R L
n,_‘i:,,_:l_"rvrv‘\v'\_
o 1

[ Y

PI/IC}/HOK 83 - LIGHL MNEPEMCHHOI'O TOKa C MHAYKTUBHO CBA3aHHBIMU
KaTyurkaMu
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ITpu W3MeHEeHUH TOKa | B IENH B KATYIIKaX HHIYIHPYIOTCS
OAC camo- u B3ammomHaykumu. Ilpm srom OJC B3amMHOI
WHAYKIWW JOJDKHA 1O 3aKOoHY JleHIla MMeTh Takoe HarpaBiICHHE,
YTOOBI IPEIATCTBOBATH U3MEHEHHIO MIOTOKA B3aMMHOMN MHIYKIIHY.

Torma, ecorm B 1end  NOPOTEKAaeT TapMOHUYECKH
W3MEHsomuics ToK [ = [, Sinwt, TO B MNEpBOM KaTylIKe
unayuupyetcs AC

ey = —Ly 5 — M5 = —(wLy + @Ml cosot, (2.59)

a BO BTOpOM —
di (2.60)
dt

Karymku MoxHO BKIHOUMTH Tak, 4to D/C camMOMHAYKIUU
oymer cymmupoBatbcs ¢ OJC  B3aUMOWHAYKIHMH,  IpH
MEPeKIIoUeHU oHOM m3 Karymiek DJIC B3aMMOMHIYKIMH OyIeT
BerauTathcsl u3 DJC camomuaykimu. OOWH W3 3aKUMOB KaxIaou
KaTyIIKA Ha CXeMe MMOMEYaloT, HalpuMep TOYKOW WIIM 3BE3JI0YKOM.
OTOT 3HAK O3HAYAET, YTO MpPH YBEIUYEHUH, HAMPUMEpP, TOKAa B
MepBOM KaTyIIKe, MPOTEKAIOIIEr0 OT TOYKH, BO BTOPOW KaTyIIKe
naaymupyercs OJIC B3aMMOWMHIYKIMH, JNEHCTBYIOIIAas OT JIPYroro
KOHI[a K TOYKe. Pa3znuuaioT corjiacHoe W BCTPeYHOEe BKJIKYEHUS
katymiek. [lpu cormacHOM BKJIFOYEHHH TOKU B KaTyIIKaX OJUHAKOBO
OpPHUEHTHPOBAHBI TI0 OTHOIICHUIO K WX OJHOMMEHHBIM 3axuMam. [Ipu
stoM DJIC camo- M B3aMMOMHIYKIUHU CKJIAABIBAIOTCS — CIydYai,
rmoka3aHHbli Ha pucyHke 83. [Ipu BCTpeYHOM BKIIIOUCHHH KaTYIIEK
TOKH OpPHUEHTHPOBAHBI OTHOCHUTEIHHO OJHOMMEHHBIX 3aKHMOB
pazmuuHo. B atom cmywae OJIC camo- M B3aMMOMHAYKLIHHU
BBIYUTAIOTCS. Takum 00pa3oM, THIT BKIIOUEHHUS KaTyIIeK (CoriacHoe
WU BCTPEYHOE) OIPEACISIOTCS COBMECTHO CIIOCOOOM HAaMOTKH
KaTyLIEK U HAIIPABJICHUU TOKOB B HUX.

[epeiins k komruiekcHoit ¢opme 3amucu (2.57) u (2.58),
TTOJTYIHM

e, = —LZZ—; - = —(wly + wM)I,, coswt.
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By = —jwLi] — joMI = —jX; 0 — jXyl = Eyp + Epy; (259)

Ey = —jwlyl — joMI = —jX;,0 — jXyl = Eyp + By, (260)

rae Xy = wM - conpoTtuBneHue B3anMONHAYKIINH (OM).
Jlnst onpeienieHus TOKa B 1IETIM Ha pUCYHKe 83 3amuiieM

U+E1+E2:U+E1L+E1M+E2L+E2M:
= U —jw(Ly + L, + 2M)I = RI,

OTKyZa

j= U
T Rtjw (Ly+L2M)’

Bo3nymnbliii (1uHelHbIH) TpaHchopMaTop

OgHuM H3 BaKHEUIUX JJIEMEHTOB DJJIEKTPUUYCCKUX IIeTeH
SIBJIICTCS TpaHChOpMATOP, CIyXKaIlui JiJis IpeoOpa30BaHUs BEIUUUH
TOKOB W HampsbkeHuil. B mpocreiimiem ciywae Tpanchopmarop
COCTOUT M3 JBYX TaJbBAaHUYECKH HECBS3AHHBIX M HEMOIBUKHBIX
Karyiek 0e3 heppoMarHuTHOro cepjeunuka. Takoi TpaHchopmMaTop
HazbIBaeTcsl BO3AYIIHBIM. OH sBnseTcs JUHEeWHBIM. Hamudane
(heppOMarHUTHOTO cepAeYHNKa OO0YyCIOBUIO OBl HEITWHEHHbIE
CBO¥CTBa TpaHchopMaTopa.

Ha pucynke 84 MIpeCTaBJICHa CXeMa 3aMeleHUs
TpaHcopmaropa, mepBUYHAsS OOMOTKAa KOTOPOTO BKIIOUEHA Ha
Hanpspkenue U;, a OoT BTOpHUHOW OOMOTKHM TMONy4aeT NUTaHUE
MIPUEMHUK C CONIPOTUBJIEHHEM Zy = R + jXy.

B tpancdhopmarope sHeprus U3 IMepBUYHOM 1IN IepelaeTcs
BO BTOPUYHYIO TOCPEICTBOM MAarHUTHOTO ToJs. Ecnu B mepBUYHOMN
Lend [MOJ JEHCTBUEM  HANPSKEHUS UCTOYHMKA  BO3HUKAET
MIEPEMEHHBIN TOK, TO BO BTOPUYHOHN IIENH 3a CUET MArHUTHOH CBSI3H
karymek uHaynupyercs JOJ[C, BbI3bIBaromas MpOTEeKaHHE TOKa B
Harpyske.
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Pucynok 84 — Cxema 3amemeHus Tpaacopmaropa

ITo Bropomy 3akony Kupxroda amns nepBHaHON U BTOPHUIHOM
neneit TpaHchopMaTopa MOXKHO 3aIUCATh

Uy = Rily —Ey =Ryl — (_jXLljl —jXsz) = (Ry+jX )L +
JXubls o .
Ey = —jXi2ly — jXuli = LRy + [, Zy.

Taxkum 06pa30M, YpaBHCHUA BO3AYIIHOT'O TpchcbopMaTopa
HUMCKOT BU:.
Uy = (Ry + jX, )0 + jXyly; (2.61)

rae Ry u Ry- akTUBHBIE COMTPOTUBIICHUS OOMOTOK;
U, = 1,Zy.
Ecim ypasrenus (2.61) u (2.62) pemmurs OTHOCHTENBHO 17,
npenBaputensHo moactauB B (2.62) U, = [,(Ry +jXy) wm
0003HauuB Ry; = Ry + Ry; Xpp = X;p + Xy, TO OMy4Ynm

_ Uy
(R1+Rpp)+j (Xp1—Xpn )’

iy (2.63)
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e Rpy = XijRo2/ (RS, + X3,) & Xy = XigXo2/ (RS, + X35) —
BHOCHMBIE
AKTUBHOE U PEaKTHBHOE COMPOTHBIICHHSI.
Takum obpazom, COTJIACHO (2.63) BO3TYLIHBIN
TpancopMaTop €O CTOPOHBI IEPBHYHOM OOMOTKH  MOXKET
paccMaTpuBaThCsl Kak JBYXIIOJNIOCHUK C CONPOTHBICHHEM Z =

(Ry + Rpy) +j (X1 — Xpn).

KoHnTpoabHble Bonpochl

1. Kakue sneMeHThI Ha3bIBAIOTCS HHIYKTUBHO CBSI3aHHBIME?

2. Yto Ttakoe Kod((HUITUEHT CBSA3H, U B KAKUX MpeneIax OH
HN3MEHSIETCS?

3. Uto Takoe Bo3aymHbii Tpanchopmarop? [louemy oH Ha3bIBaeTCs
JIMHEUHBIM?

4. 3anuiuuTe ypaBHEHUS BO3AYIIHOTO TpaHc(opMaTopa, HapUCynTe
€ro cXeMy 3aMelIeHMs.

5. Kak BIusIOT MHIYKTHUBHO CBSI3aHHBIE JIEMEHTHI Ha OasiaHc
MOIIIHOCTEMH?

6. Kakue mMeTozpl pacueTa MOKHO MCIONB30BaTh ISl aHANIN3a LeTel
C MHAYKTHUBHO CBSI3aHHBIMU dJIEMEHTaMU?

2.7 PenieHue THNOBBIX 32124
Pemenne 3aga4 cMMBOJIHYECKHM METOIOM

3amaua 2.1
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Jns Goree yCHENIHOTO M3YYSHHS CHMBOJIMYECKOTO METOJa
pPaccMOTPHM, KaK ONpENENAIOTCS BCE TOKH B IIE€NH, MOKA3aHHOW Ha
pucyHke 85, 1Ist clneAyomuX JaHHBIX:

e;=170sin(wt-20 9B; e,=141coswt B;
e3=212sin(wt-150 9B;R=15 Om; L=63.6 MI H;
C=318 mx®; =50 I's.

-5 -

Pucynoxk 85 — Pacuernas cxema

Pemenne
1. OmpenenseM KOMIUIEKCH IEHCTBYIOMUX 3HAYCHUH BCEX 3.11.C.

—j20° -
E, =170\eﬁ =120e 1% =113- j41 B;
joo® -
E, - 14\165 —100e’ = j100 B;
- j150° . .
E, :7212% ~150e %" =130~ j75 B;

2. TlogcunTaeM KOMIUIEKCHBIC COIPOTHBIICHHUS W IPOBOIUMOCTHU
BETBEH:

X, =olL =2l =314-63.6-10"° =20 Om;
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_ 1 1
© wC 314-318-10°

x

=10 Om;

Z, = j20=206" Om; Z, =~ j10=10e ™" Owm;
Z,=15 Owm;
Y, —i —0.05¢ 1%’ =-j0.05 Cm;
-4
1 190 H .
Y, =—=0.1¢'" =j0.1 Cm;
4
Y, =—=0.0667 C™;

‘ w

[N

3. OnpepensieM TOKH B BETBSX METOJIOM JIBYX y3JIOB:

ZEY 120e 7% .0.05e 1" +100e/*" -0.1e%" +150e > -0.667 _

UAB

>y o - j0.05+ j0.1+0.667
6o Y 1100 4106 " 2,05+ j5.65-10-8.66— j5 —20.71- j10.65 _
0.0667 + j0.05 0.0667 + j0.05 0.667+ j0.05

23.7¢ 7150

m = 284e 18715 = 280+ j38.3B

_E,-U, 113-j41+280-j383 393-j79.3

I, Z, 20e1% 20e1%

_ % 200 5 __386_ j19.6A

- E,~U,s _ j100+ 280 j383 _ 280+ 617 _
Z, 10e /% 10e 1%

_ %_ﬁf — 2860175 — _g 154 j27.2A
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P _ E, U, _—130—j75+280-j383 _150-jl133 _
’ Z, 15 15

188¢ 13"
15

=12.52¢ 7" =10- j7.56A.

[Iposepka no 1-my 3akony Kupxroda:

D=0
I, +1,+1,=-3.86-j19.6-6.15+ j27.2+10— j7.56 =
=-0.01+ j0.04~0.

3agaua 2.2

Hns  snektpuyeckodt nenu (pucyHok 85) paccuutarh H
MOCTPOUTH KPYTOBYIO AHArpaMmy.

PaccMoTpuM MOPSIIOK MOCTPOSHMST AUArpaMMbl sl LETH,
MPEICTaBICHHOM Ha pUCyHKe 85.

Pacuer niis mocTpoeHust KpyroBou JuarpaMMsl BEJIEM 10 Me-
TOJy aKTHBHOT'O JBYXIIOJIFOCHHKA WM SKBUBAJICHTHOI'O T€HEpaTopa:
1. PaspbiBaeM BeTBb C HW3MEHSIOIIMMCS CONPOTHUBICHHEM X, U
OIpeJieNisieM TOK B TIONYYEHHOH cXeMe M HaIlpshKeHHE B MeECTe
pa3pbiBa — HampsoKkeHne xooctoro xoaa Uy, (prcyHok 86):

I a

/l -
(P @ .
A N

U

fe.
[

R
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Pucynok 86- Pacuernas cxema

_ E,-E, _113-j41+130+ j75 243+ j34 _ 245¢ 1% _ g0 A.
Z,+Z,4 j20+15 15+ j20  25eiss

i
ITo BTOpOMy 3akoHy Kupxroda nmeem:
IR+U,, =E,-E,,

Otkyna

U, =E,—E,— IR = jl00+130+ j75-9.8¢ 1" .15=
—130+ j175-147e 1 =130+ jL175-104+ j104 =
=26+ j279 =279 /%% B.

2. Uckimouaem u3 cxembl (pUCYHOK 85) BCe 3. JI. C. ¥ BBOJUM 3. JI. C.
E=U, B BerBb C U3MEHAOUHUMCS  CONPOTUBJIEHHEM.

[NonyumBmiasicst cxema npuBejicHa Ha pucyHke 87.

OmpenenuM U3 Hee  BXOJHOE CONPOTHUBIICHUE
(PKBHBQJICHTHOE ~ CONPOTHBJICHHE  pa3BETBICHUs), s Y€ro
NpeJICTaBUM ee B 0oJiee HaryIsIIHOM Bujie (pucyHok 88):

_ R-jX_ _ 300e’*

_ j37°
U R+ X, 250 =127 Om
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L ()=

D=1 1,
/

c
fe C
/] z,
|
1
|
Pucynoxk 87 — [IpuBenennas cxema Pucynok 88 — Cxema st
oTpeieIeHHsI BXOAHOTO
COIIPOTHUBJICHUA

B pesynpTaTe nonydaem cxemy ¢ Mociae0BaTeIbHbIM COe/IN-
HEHUEM TIOCTOSITHHOTO COIPOTHBIEHUS Zgx W W3MeHstomerocs ot O

JI0 o CONpOTHBIEHUS Z =—jX. =Xce’j900 (pucynok 89). Tox B

JTOH JKE CXeMe OIIpeACIIICM IO METOAY AaKTUBHOI'O JABYXIIOJIFOCHUKA!

| _ Uxx _Uxx/;ax_ I‘k
P2, +Z, 4 Ly 7"
Zax =2 1+;2 1+ 2e

;«x Zﬁxejww

Iy I

1+ %2 g0 14 L2 gy

ex 6x

rae |, — 3nauenue toka |, npu Z=—jX.=0.
DTO BBIP@KEHHE MPEICTABIACT CO0OH ypaBHEHHE Iyr'u
OKPYXKHOCTH B KOMIUICKCHOH (opme, |, sBisiercs xopmoit oToit

OKPYKHOCTH, a ¥ =2~ @y — YIroa MeXAy NPOAODKEHUEM XOPABI U
KacaTeNnbHON. 3HaHMs 3TUX BEJIWYMH JOCTATOYHO Ui MOCTPOEHUS
KpyroBoi nuarpammsl. OmnpenensieM TOK KOPOTKOTO 3aMbIKaHMsS U

yron y
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Z, 127
v=0,-p, =-90°-37°=-127°.

1 j84%40
U L 29787 7 _ 53 o5 im0’ A;

I,

Usx

/.

~

bx

Pucynok 89 — Cxema akKTHBHOTO JIBYXIIOJIFOCHHKA

[To momyyeHHBIM JTAHHBIM CTpOUM KpPYTOBYIO
muarpammy (pucyHok 90). IlocTpoeHwe Bemem B ClemyroIIeM
MOpSI/IKE:

1. OTknagsiBacM rOPU30HTATIBHO JIEHCTBUTEIBHYIO OCh.

2B . A .
mUXX :2_1 ml :2_) mZ :1%
cm cm cn
2. Tlox yriom 47°40' nposoaum Bektop |,.  Macwra6  Toka

BBIOMpaeM MPOU3BOJIBHO (B HallleM ciydae My = 2A/cM).

3. [ox yriioM ¥ K MPOIOIKEHUIO BEKTOpa |.k MIPOBOJIUM TIPSIMYIO,
KacaTelbHyl0 K Oynmymeir  okpyxksoctu. Ilockombky — w<0,
OTKJIA/IBIBAEM €TI0 B CTOPOHY OTCTAaBaHHA OT BEKTOpPa IIk, T. €. 10

4aCcOBOM CTpEJKe.
4. V3 reoMeTpuH H3BECTHO, YTO LIEHTP OKPYKHOCTH JI€XKHT, BO-
MEPBbIX, HA TMEPHNEHIUKYISIPE K XOpAE, BOCCTAHOBICHHOM W3 €€
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Cepe/IMHbI, W, BO-BTOPHIX, HA MEPIEHANKYIsApe K KacarenbHou. Ha
9TOM OCHOBAaHWU OIpEJENETCS IEHTP KPYroBOH auarpaMMbl —
Touka O.

Pucynok 90 — Kpyroast quarpamma

5. C uentpom B Touke O yepTuM pabodyl0 YTy OKPYKHOCTH.
OO6patuTe BHUMaHUE Ha TO, YTO 3Ta Ayra BCEerAa HaXOIUTCA IO

00paTHyI0 CTOPOHY OT KacaTelbHON (OTHOCHTENBHO Xopabl | ).

6. Ha xopue |k B yI0OHOM Macinta0e OTKJIAJbIBAEM BEIMUMHY

(Monmyne) conpotuBieHuss Zgy (Hamu mpuHAT M,=lIOMm/cM), mox
YIJIOM —l/ W3 KOHIA OTpe3ka Zpx TNPOBOJUM JIMHHIO HU3Me-
HSIIOIIETOCS 110 MOJTYJIIO CONPOTUBIIeHHS Z = Xc U HAHOCUM Ha Hee B
MacimTabe M, pa3InyHbIe 3HAYCHUSI CONMPOTHBIICHUS Xc —OT 0 110 0.

COC,Z[I/IHI/IB IMOJIYYC€HHBIC TOYKH C HAYaJIOM BEKTOpPa I x W IPOOOJIKHB
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KOKIBIH W3 OTHUX OTPE3KOB [0 TIEPECeUeHUs] C OKPYKHOCTHIO,
MOJIydUM BEKTOPHI TOKOB (B Macmrade M;), COOTBETCTBYIOIIHE
pa3HbIM 3HaUYCHUAM X.... Tak, mpu X;=100m L[, =28 A,
YTO COOTBETCTBYET pacueTy.

B npounsBonsHOM Macmrabe my oTkiansiBaeM BekTop Uy, B
COOTBETCTBHH C JAaHHBIMHU HAIlleW 3a7adqd OH MOCTPOCH TIOf yTIOM
84°40" k melicTBUTENBbHOW OcU. YTONm Mexny BekTtopamu UXX u Ik

paBeH @gy.

2.8 Ilpumenenme mporpammbl Mathcad k  pacuery
IEKTPUYECKUX
Hemnei nepeMeHHOro TOKa

3agaua 2.1

PaccunTaTh MHAYKTHBHOE M €MKOCTHOE COIIPOTHUBIICHUS MIPH
Pa3IMYHBIX YacTOTaX B HEPA3BETBICHHON JJIEKTPUYECKOU IEeTH
nepemeHHoro Toka (pucynok 91). OmnpenenuTh  MONHOE
CONPOTHUBJICHUE TIeNMW M TOK B menu ¢ Hampsbkeamem U=10 B.
[Toctpouts rpaduky W3MEHEHHs TOKa, WHIYKTUBHOTO, €EMKOCTHOTO
Y TIOJTHOTO COMPOTHBIIEHUH OT 4acToThl. Ilapamerprr cxemsl: R=5
OmM; L=0,02 T'n; C=126,7Mx®D; f=0-200 I'.

lff’j

Pucynok 91- Cxema k 3amave 2.1

Pemenne
Pemenne 3amaum OCYIIECTBISIETCS] B TIOPSIKE OMPEICIICHUS
HEW3BECTHBIX BEJIWYMH. 3a/1aeM UCXOJIHEIC JaHHBIE:
U:=10V R:=50 L:=002H C:=1267 -uF
HauansHoe 3HaUueHHe 4acTOTHI 33aeM HE PAaBHBIM HYJIIO J0
250 I'q ¢ marom 50 I'm;
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f :=0.0001-Hz,50-Hz.. 250-Hz

BBoaum pacueTHbie HOpMYIBI 1T OTIPeaeTICHHS:

XL (f) :=2-n-f-L

XM=t

Z(f) = R% + (XL (f) - XC (F))?
I(f) = %

Pesynbrarel 0TOOpaxaroTCst B BU/E TaOIHIIBI TS PA3IMYHBIX YaCTOT:

f = XL(f) = XC(f) = Z(f) =
110 4|Hz  f.25710 5] [1.286107|()  [1.256-107|Q)
50 6.283 25.123 19.492
100 12.566 12.562 5
150 18.85 8.374 11.607
200 25.133 6.281 19.504
250 31.416 5.025 26.861
I(f) =
7.961-10 -7| A
0.513
2
0.862
0.513
0.372

CtpouM rpaduKu 3aBUCHMOCTH COIIPOTHBICHHH M TOKa OT
qacToThl (pucynku 93-96 ):
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407

30T

XL(f) 20t

107

O
0 100 200 300
f

Pucynok 93- I'padux
3aBUCHMOCTH HHAYKTHBHOTO
COIIPOTHBJICHHUS OT YaCTOTHI

1.510" 1

110" ¢
Z(f)
510" 1
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Pucynok 96- I'padux
3aBUCUMOCTHU CHJIbI TOKA OT
9aCTOTHI

JaHHy!0 3a1a4y MOKHO PELIUTh C IOMOLIb IOMOUIBIO

MaHCJIN MMPOrpaMMHUpPOBaHUSA.



BBoaum ncxongusle JaHHBIE:

U==10 f:=50 R:=5 L:=00z C:=1267-10"° n.=5

JU1st co3maHus — CTPOK HPOrpaMMbl HCIIONB3YyeM KOMaHIY
Add Line na manenu mporpammmupoBanusi. KiroueBoe cinoso for

3a/aeT IMKJI MOpOrpaMMbl, rae N:=9 - 4Yucio IUKIMYECKUX
BeIYHCIIeHUN. PacueTHble (OpMyNBI BBOAMM B SYCHKH MAaTPHIIBI
pa3Mep KOTOPOil COCTABISAET OJUH CTOJOCI], YETHIPE CTPOKH.

F(n):= |F«0
for iel..n
' 2.m-f-Li ]
1
2-n-f-Ci
. 2
K R2+(2-n-f-L-i—;j
2.n-f-Cii
U
2
1
R2+(2-n-f-L-i——_j
L 2.n-f-Ci) |
res := F(n)

Pe3ynpTaThl BHIYMCIIEHUH MIPEACTABICHBI MATPULICH:

0 6283 12566 18.85 25.133 31.416

F(n) 0 25.123 12562 8374 6.281 5.025
n) =

0 19.492 5 11.607 19.504 26.861

0 0513 2 0.862 0513 0.372
B KOTOPOH, KaKIBIH CTOJI0CI] COOTBETCTBYET OIPEACIICHHON YacToTe

(mepBbiit cootBeTcTBYeT yacrore 0 I'm, Bropoii — 50 I'n, Tperuii -100
I'm u t.n). Crpoku B cCTONOLE  COOTBETCTBYIOT DPAacUETHBIM
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dhopmynam: WHAYKTHBHOE COTIPOTHBJICHHUE; €MKOCTHOE
COTIPOTHBJICHHE; TTOTHOE COMTPOTUBIICHHE U TOK.
Pe3ynbpTaT MOKHO BEIBOJIUTH OTACIBHBIMU CTOJNOIAMHU:

2 (3

f50 = res? 100 := res

f150 := res
£200 = res? 1250 = res®
6.283 12.566 18.85
25.123 12.562 8.374
- f100 = f150 =
19.492 5 11.607
0.513 2 0.862
5.025
| 8281 | oy _
19.504 26.861
0.513 0.372

3agaua 2.2

I[lo RC-menu (pucyHok 97) mpoTekaeT CHHYCOHIATBHBII
TOK C aMIUIUTYAHBIM 3HaueHueMm Im=1,41 A wu uacroroii f=50 I'm.
HaiiTn MrHOBEHHBIC 3HAYEHUsSI MPHIOKEHHOTO K IIETTH HANPSHKEHHS
U, HanpspKeHUsT Ha KoHAeHcaTtope UC u pesucrope Ur, eciu R=100
Om; C=31,8 Mk®. Iloctpouth rpadMKkd MIHOBEHHBIX 3HAUYCHHUH
TOKA, IPUIOKEHHOTO K [IENH HANPSHKEHUS] U MOIITHOCTH.

Pucynok 97 — Cxema k 3aznaue 2.2
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Pemenne
3amaeM UCXOMHBIE TaHHBIE:

f—50 R-=10C C:=318-10" % 1:=1.41

Pacuert BrImoIHAEM Y€pE€3 MI'HOBCHHEBIC 3HAYCHUS 110 BBIPAXKCHUAM:
o:=27nf i) =1lsin(ot) Ur(t) := R-i(t)

® = 314159 i(t) — 1.41 -sin(100.7t)
Ur(t) — 141.00 -sin(100-7 1)

Uc(t) = %J i0) d

Uc(t) float,3 — —141..cos(314.-t)

U(t) := Ur(t) + Uc(t)

U(t) float,3 — 141.-sin(314.-t) — 141.-cos(314.-t)
S(t) = U(b)-i(t)

S(t) float,3 — 1.41-(141.-sin(314.-t) —:
—141.-cos(314.-))-sin(314.-t)

N

® = 2-n-f i(t) = I-Sin(co-t) Ur(t) := R-i(t)
® = 314159 i(t) — 1.41-sin(100-7 t)
Ur(t) — 141.00 -sin(100-7t)

1

2.-n-f-C
Uc(t) = xc-l-sin(oa 1+ gj U(t) := Ur(t) + Uc(t)
S(t) = U(b)-i(t)

XC =
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Crpoum rpad Ky TOKOB ¥ HANPsDKEHUH (pUCYHOK 98):

4-.
Ur -t :
314
50 21
i L . ’ ..‘\-
314 K ‘e
Ue| — 7 0 5
314 Ry
50 \~ o
t N
U — 5]
(314) 2
50
_4-.

t
Pucynok 98- BpemenHbIe fuarpaMMbl TOKa U HANPSYKEHHUH

Ha rpadukax BuaHBI yribl caura a3z MexXIy TOKOM H

HAIPs’KCHUCM.
YToO5I MNOJYUYUTb YHCJIICHHBIC 3HAYCHUA  MIHOBCHHBIX

BCJIMYMH B PpPas3IiM4YHBIC MOMCHTBI BPEMCHH, 3adacM pvaeTHBIﬁ

HWHTCPBAJI U 1ar BBIYHCIICHHIA:
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i= U= Uc®)= UW®=  SO)=

0 0 141.137 141.137 0

-1.361 -136.11 -36.846 -172.956 235.411

0.711 71.067 -121.899 -50.832 -36.125

0.99 99.004 100.493 199.497 197.51

-1.228 -122.76 69.429 -53.331 65.469

-0.349 -34.908 -136.744 -171.651 59.919

1.41 140.986 1.969 142.955 201.547

-0.387 -38.705 135.716 97.01 -37.548

-1.208 -120.777 -72.83 -193.607 233.833

1.018 101.767 -97.689 4.077 4.149

0.676 67.642 123.836 191.478 129.52

-1.371 -137.084 33.031 -104.054 142.641

0.039 3.934 -141.082 -137.149 -5.395

1.35 135.03 40.633 175.663 237.198

-0.744 74437 119.867 45.43 33817

20.962 -96.165 -103.219 -199.383 191.736
3agaua 2.3

B passerBnennoit nenu (pucyHok 99), comepxameil nBe
BETBH, OIPENEINTh TOK, AKTUBHYI), PEAKTUBHYIO U TIOJHYIO
MOIITHOCTH TIPM HEW3MEHHOW uactore wucTounmka f=50 T'ip wu
HemsMeHHoM HampspkeHun U =200 B. ITapamerpwr nemm: R;=10
Owm; L=55,2 MI'n; R,=0 Om; C=31,8 MkD.

Pucynok 99 — Cxema k 3amaue 2.3
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Pemenue
MeTtoa npoBoaumMocTeii
Ucxonuble naHHbIe:

f:=1000Hz R1:=10-Q C:=138-uF L :=55.2.mH
R2:=0-Q U:=200-V

OmnpenernseM yrIOBYIO YaCTOTY U peaKTHBHBIE CONPOTHBIICHHS
BETBEU:

o =2-n-f XL :=o-L xC o L
o-C
o = 628.319 Hz XL =34.683 Q
XC =11533 Q
OnpenensieM aKTHBHYIO, PEAKTUBHYIO H MOJTHYIO
MPOBOJMMOCTH BETBEW U BCEU LIENU:
R1 XL
Gli=— BL :=
R1% + XL2 (Ri2+x9)
YL = JG1% + BL?
Gl =7675 x 10" °S BL = 0.027S YL =0.028S
XC
G2 = __R2 BC = 5 5
R2? + XC2 (ro? + xc?)
YC =622 + BC?
G2 =0S BC = 0.087S YC = 0.087S

Y == (61 + G2)% + (BL - BC)?
Y = 0.061S

OnpenenﬂeM TOKH B BETBAX U B HCpa3BeTBJ’IeHHOﬁ JacTH LCIIN:

l=UY I1:=U-YL 12:=U-YC
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I =12.115A 11 =5.541A 12 =17.342A
Koaddumment MontHOCTH BCEH TIETIH:

_ Gl + G2
%
cos = 0.127
PeakTuBHBIE MOIITHOCTH:
oL = U2BL QC = U2.BC

Q == U%.(BL - BC)
QL = 1.065 x 10°W  QC = 3.468 x 10°W
Q = —2.404 x 103w

AKTHUBHASA MOIIHOCTE:

P .= U%GL
P = 307.002W
TlonHas MOITHOCTE:
2 2 12
SL := UYL SC = U“.YC S=U"Y

SL = 1108 x 103W  SC = 3.468 x 10°W
S = 2423 x 10°W

CUMBOJIHYECKHHA METOq

OrnpenenseM yIIoOBYIO YaCTOTY U PEAKTUBHBIE CONIPOTUBICHUS
BETBEH:

o:=2nf XL =w-L XC = 1

o-C
o = 628.319 Hz XL = 34.683 Q XC =11533Q
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3anuceIBaeM IOJTHBIE COMPOTHUBIICHHS B KOMIUIEKCHOH (opme:

Z1:=R1+i-XL Z2:=R2-i-XC
Z1 =10 + 34.683i Q Z2 = -11.533i Q

OmpenenseM MOAYIN U apTYMEHThI KOMIUIEKCHBIX COTIPOTUBIICHUM
BETBEU:

|z1| = 36.096 Q |z2| = 11533 Q
arg(Z1) = 73.916de¢ arg(Z2) = —90dec

OmpenenseM TOKH B BETBSIX:

11:= H 12 .= H

Z1 Z2
11 = 1.535 - 5.324iA 12 = 17.342iA
|I1] = 5.541A [12] = 17.342A

arg(11) = —73.916dec arg(12) = 90dec

l:=11+12
| =1.535+ 12.018iA |[I] =12.115A
arg(l) = 82.721dec

OmpeaenseM MOITHOCTh BETBEH U BCEH IEMH:

S1=U-11 S2:.=U:-I2
S1 = 307.002 — 1.065i x 10°W
S2 = 3.468i x 10°W

P1:= Re(S1) P2 := Re(S2)
P1 = 307.002W P2 = OW
Q1:= Im(S1) Q2:=1m(S2)

Q1 = ~1.065 x 10°W
Q2 = 3.468 x 10°W
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S:=U:-l
S = 307.002 + 2.404i x 10°W

P := Re(S)
P =307.002wW
Q :=1Im(S)

Q = 2.404 x 10°W

Pe3yJ’II)TaTI)I PacuCTOB ABYMA METOAAMU CXOOATCA.

2.9 TecThI

[IpumepHbIE TECTHI IO TEME «DNEKTPUUYECKUE LIETTH
07HO(a3HOTO CUHYCOUIATIBHOTO TOKa»

1. Kakoe 3HaueHNe CHHYCOUIATBHOM (DYHKIINU HA3bIBAIOT
aAMIUTUTYJHBIM?

A) cpennee

B) MraoBennoe

C) nauboupInee

D) neiicTByromee

E) npaBuiibHBIN OTBET OTCYTCTBYET

2.Kakoe 3Ha4eHNe CHHYCOMTAIBLHOI (DYHKIIMN HAa3bIBAIOT
CPEeTHEKBAIPATUIHBIM?

A) cpennee

B) Mruosennoe

C) HaubobIee

D) meiictByrormiee

E) npaBuUsIbHBIN OTBET OTCYTCTBYET

3.Kak Ha3bIBatOT 3HaYEHUE CUHYCOWIATIbHOM (DYHKIINU B OO0
MOMEHT BpeMEHH?

A) cpennee

B) MmraoBennoe

C) Hauboibliee

D) neiictByromee
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E) npaBuiibHBIH OTBET OTCYTCTBYET

4.Yucno xonebanuii B 1 ceKyHIy Ha3bIBAIOT:
A) aMIIIUTY A0

B) gacroToii

C) nepuomom

D) nayanwsHoO¥ (hazoit

E) npaBuiibHBIH OTBET OTCYTCTBYET

5.Pa3zHocTh HaYaNbHBIX (a3 TOKA U HANPSDKEHHS Ha3bIBAIOT:
A) HavanpHOM (a3zoit

B) mepronom

C) yriiom casura as

D) wacroroi

E) npaBuibHBIH OTBET OTCYTCTBYET

6.JIr00ast cHMHYCOMJAIBHO W3MEHSIomasIcs (QyHKIHS OMpenenseTcs
TpeMsI BETMYUHAMH:

A) HavanpHO¥ (ha30H, MeproaOM, aMILTUTYAOH.

B) amMrmumnTyio#, yriioBoii 4acToTol, HauabHOU (ha3oi.

C) yrioBo# yacToTol, HauaILHON (a30H, MEPUOIOM;

D) mepmonomM, yriioBoii 4acTOToOH, MEeHCTBYIONINM 3HAUYSHUEM;
E) nauyanbHO# (pazoil, AeliCTBYIOIINM 3HAYCHUEM, aMILTUTYIOM.

7. KakoBO COOTHOIIIEHUE MCXKAY AaMIUIMTYJHBIM H IleﬁCTByIOI].IHM
3HAYCHUSIMH TOKA?

A) 1=0.707Im
B) I=Im/2

C) I=Im

D) I=1,11*Icp

E) npaBuibHBI OTBET OTCYTCTBYET
8.OTHOUIEHHE  aMIUIMTYJbl  MEPUOJUYECKONM  CHHYCOMJATIBHOU

(yHKIINH K ee AeMCTBYIOIIEMY 3HAUYE€HHUIO, Ha3bIBAETCS:

A) K03hGULKEHT aMILTUTYIBI;
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B) ko3 durnmenT MomntHoCTH;
C) xoadhpummerT Gopmsr;

D) xoaddunment mynscanuu
E) Het mpaBunbpHOTO OTBETA;

9.0THOmEHNE JIEHCTBYIOIIETO 3HAYCHHUS MIEPUOANIECKON
CHHYCOMIANbHOW (YHKIMHU K €e CpeJHEMYy 3HAUEHHIO 3a IMEepho[,
Ha3bIBACTCSL:

A) K03 HULIMEHT aMIDTATY/IbI;
B) ko3¢ ¢unmeHT MoIHoOCTH;
C) xo3durmeHT Gopmbr;

D) xoadduiuenT mynscanym
E) Her npaBUIbLHOTO OTBETA;

10.0npenenuts ko3ddumment popmsr, ecn i= 1,41sin( @ t+20°):
A)l

B) 1,41

C)111

D) 2,82

E) npaBuiibHBIN OTBET OTCYTCTBYET

11.Ompenenuts ko3bduimeHT ammnTyasl, ecin i= 1,41sin( @ t+20
0

A)l

B) 1,41

c)111

D) 2,82

E) npaBuUIIbHBIN OTBET OTCYTCTBYET

12.KakoBO COOTHOITICHUE MEXTY ICHCTBYIONUM U CPETHUM
3HAYEHUSIMU TOKA?

A) 1=0.707Im
B) I=Im/2

C) I=Im

D) 1=1,11*Icp

E) npaBuIBHEI OTBET OTCYTCTBYET
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13.0npenenuTs 4acTOTy TOKa, ecnu nepuox paser 0,02 ¢
A)5Tn

B) 50 I'u

C)2TImu

D) 20 I'y

E) npaBuiibHBIH OTBET OTCYTCTBYET

14.0npenenuTs neicTByIOIee 3HAYEHNE CHHYCONIATbHO

u3Mensomerics Bemuunns i= 1,41sin( @ t+20°):
A)TA

B) 1,41 A

C)2A

D) 2,28 A

E)3 A

15.0npeaenuTs aMIUIUTYJHOE 3HAU€HUE CUHYCOUJANbHO

M3MeHstoleiics Beauunnsl i= 1,41sin( o t+20°):
A)TA

B) 1,41 A

C) 0,638 A

D) 09 A

E) npaBuiibHBIN OTBET OTCYTCTBYET

16.0npenenuTs nepuo, eciu 4acToTa Toka pasHa 20 ['m:
A)0,05¢

B)0,5¢c

C)0,02¢

D) 0,2¢

E) npaBriIbHBINA OTBET OTCYTCTBYET

17.Yemy paBen yron casura ¢asz, ecmu i, =120 sin(awt +30°),
i, =100 sin(wt —45°)?

A) 30°

B) 45°

C) 75°

D) -15°
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E) npaBuiibHBIH OTBET OTCYTCTBYET

18.Uemy pasen yron cysura ¢dasz, ecu i, = 120 sin(ot +130°),
i, =100 sin(wt +95°) ?

A) 130°

B) 95°

C) 225°

D) 35°

E) npaBuibHBIH OTBET OTCYTCTBYET

19.V kaxxuTe NpaBUIbHYIO BEKTOPHYIO TUArpaMMy JJIsl CXEMBI:

i
E L .

i

A)

N

> Ur
UL
B)
E
LU
I
C)
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ﬁ.
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D) .
—P.I
» ﬂc

Ug,
E)
U
U |
i

21.Kak U3MEHUTCS MHAYKTHBHOE CONIPOTHUBIICHUE, €CJIN YacTOTa
YBEITHMYUTCS:

A) HE N3MEHHNTCS

B) yBennunrcs

C) ymenpmutes

D) 3aBuCHT OT IpYruX mapaMeTpoB

E) npaBuiibHEIN OTBET OTCYTCTBYET

22.Kak U3MEHHUTCSI EMKOCTHOE COTIPOTHUBJICHHUE, €CITH 4acTOTa

YBEIUYUTCSL:
A) HEe U3MECHUTCS
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B) yBenmmunres

C) ymeHbIIATCS

D) 3aBHCHT OT Apyrux napameTpoB
E) npaBHIbHBINA OTBET OTCYTCTBYET

23.Kak U3MEHHUTCS aKTUBHOE COIIPOTHBIICHHUE, SCITH YacTOTa
YBETHMYUTCS:

A) He U3MEHHTCSA

B) yBenmumunres

C) yMmeHbImTes

D) conpoTuBiicHHE HE 3aBUCHT OT YaCTOTHI

E) npaBuiibHBIH OTBET OTCYTCTBYET

24 Kak U3MEHUTCS MHYKTUBHOE COMIPOTUBICHUE, €CIIH YacToTa
YMEHBIINTCS:

A) He U3MEHUTCS

B) yBenmunrcs

C) ymensmmmrcs

D) 3aBucuT OT Ipyrux napameTpoB

E) npaBuiibHBIN OTBET OTCYTCTBYET

25.Kak U3MEHUTCS EMKOCTHOE CONPOTUBIICHHE, €CIIH 4acTOTa
YMEHBIIUTCS:

A) He u3MeHuTCA

B) yBenmuunrcs

C) ymenbmmres

D) 3aBucHT OT ApYrux napamMeTpoB

E) npaBuiibHBIN OTBET OTCYTCTBYET

26.Kak M3MEHHUTCS aKTUBHOE CONIPOTHBIICHHE, €CIIH YacTOTa
YMEHBIIIHUTCS:

A) HEe U3MEHUTCS

B) yBennunrcs

C) yMeHbIuTCS

D) conpoTuBienue He 3aBUCUT OT YaCTOTHI

E) npaBuUiIbHBIN OTBET OTCYTCTBYET
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27.0npeenuTh HHAYKTHBHOE COMPOTHBIeHHUe, ecti 0=10° ¢ u
L=0.131T.

A) 1,31 Om

B) 13,1 Om

C) 131 Om

D) 262 Om

E) 0,131 Om

28.01peennTh eMKOCTHOE CompoTHBIeHNe, ecian o=10% ¢ u C=10"°
o,

A) 1000 Om

B) 100 Om

C) 10 Om

D) 10m

E) 0,1 Om

29.0npenenuTh NOTHOE CONPOTUBIIEHUE LIETIN TIPU
nocienosarenbHoM coequaennd R, L, C, eciiu R=3 OmMm, X, =2 Om,
Xc=6 Om:

A) 11 Om

B) 7 Om

C) 50m

D) 30m

E) 20m

30.0npenenuts K03()PUIMEHT MOUTHOCTH IIETH C MTOCIEA0BATEIILHO
coenuneHHbMu R, C, ecimu R=3 OmM, Xc=4 Owm:

A) 0,6;
B) 0,7;
C)0,75;
D) 0,8;
E) 1.

31.0mpenenuts KO3OPHUITUSHT MOIIHOCTH IIENH C MOCISI0BATEIIEHO
COCIMHEHHBIMU TPEeMs aKTHBHBIMU COTPOTHBIEHHUSAMH , eciu R=3
OmMm:
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A) 0,6;
B) 0,7;
C)0,75;
D) 0,8;
E) 1.

32.0mpeaenuTh PeakTUBHYIO MOIIHOCT IIEIH ¢ TIOC/IEA0BATEIHHO
coequueHHBIMHE R, L, C , ecitt R=3 Om, X =2 OMm, Xc=6 Om, I= 2 A:
A) 8 BAp

B) 16 BAp

C) 20 BAp

D) 4 BAp

E) npaBUIIbHBIH OTBET OTCYTCTBYET

33.KakoBo ycioBHE pe30HaHCa HAIPSKEHUNA?

A) Xc=R;
B) R=Xc=X, ;
C) Xc=Xi;
D) X =R;
E) Xc=X./R.

34 KakoBO yCJIOBHE PE30HAHCA TOKOB?

A) be=g;
B) g=bc=Dhy;
C) bc=by;

35.Pe3oHaHca HaMPsHKEHUH MOYXKHO JOOUTHCS B JIEKTPHUECKOM IeTn
¢ MOCJIEOBATENIFHO COeqMHEHHBIMH dteMeHTaMu R, L, C
N3MEHEHHUEM:

A) HanpsOKEHHUS;

B) ToKka;

C) gacToTsr,

D) akTuBHOTrO CONpPOTHBICHMUS;
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E) omHWMM U3 mepevnciIeHHbIM BBIIIIE.

36.Pe3oHanca TOKa MOKHO JOOUTHCS B AIICKTPUUECKOM e C
napajienbHO CoeIMHeHHBIMU 31eMeHTaMu R, L, C usmenenuem:
A) HanpsOKCHMS,;

B) Toxa;

C) vactoTsl,

D) akTmBHOTO CONPOTHBIICHUS;

E) onHuM U3 mepevyrciIeHHBIM BBIIIIE.

37.Kakum Oyzaet yroJi ciapura a3 MeKIy TOKOM U HANPSDKCHUEM B
AIIEKTPUIECKOH IIEMH € MOCTIEeIOBATEIHO COCAMHEHHBIMU
anementamu R, L, C?

A) cnBura He OyJeT;

B) HampspkeHue ornepexaer TOK;

C) TOK omepexaeT HalpshKEeHHE,

D) onmHNM M3 IEpEUNCIICHHBIX BBIIIIE;
E) npaBuiIbHBINA OTBET OTCYTCTBYET.

38.Kakum Oyzet yroii ciapura a3 MeKIy TOKOM U HAIPSDKEHUEM B

AIEKTPUUECKON IIETH MPH MapaIeIbHOM COSAMHEHUH 3JIEMEHTOB R,
L, C?

A) cnBura He OyJeT;

B) HampspkeHue onepexaer TOK;

C) TOK omepexaeT HaNpPSHKCHUE,

D) oxHMM U3 mepeyNCICHHBIX BBIILE;
E) npaBunbHBINH OTBET OTCYTCTBYET.

39.Pe30HaHCHBIM PEKUMOM Pa0OOTHI JIBYXITOJNIFOCHUKA HA3bIBAOT
TAaKOU peXuM, PU KOTOPOM:

A) BXOHOE CONPOTHBIIEHHE [IEMTH YHCTO aKTHBHOE;

B) BxoaHOE CONPOTHBICHNE IETTH  YUCTO HHAYKTHUBHOE;
C) BXogHOE CONPOTUBIICHUE LEMH YHCTO EMKOCTHOE;

D) BXoaHOE CONPOTUBICHUE IIETH YUCTO PEAKTUBHOE;
E) BXxoaHOE COMPOTHUBIICHNE LIENTH KOMILJICKCHOE;

197



40.ITpu pe30HAHCHOM PEKHUME:

A) Tok omepekaeT HanpspDKeHue Ha 90° ;

B) nanpsoxenue onepexaet Tok Ha 90° ;

C) Tok onepexaeT HanpsDKEHHE Ha HEKOTOPBIN YTo ;
D) nanpspxenne omepekaeT TOK Ha HEKOTOPBINA yTod;
E) manpspkeHre U TOK COBIAAArOT 1Mo (hase;

41.AKTUBHAS MOIITHOCTE IIPH PE30HAHCHOM pEKUME pabOTHI paBHa:

A) peakTHBHOI MOIIHOCTH IIETIH;
B) nonHo# MotHOCTH;

C) nymnro;

D) ne paBHa HyIO;

E) npaBiiIbHBINA OTBET OTCYTCTBYET;

42 PeakTuBHAs MOIITHOCTH MPH PE30HAHCHOM PEXXHME padOTHI paBHa,

A) aKTHBHOM MOIITHOCTH IICTIH;

B) monHo# MomHOCTH;

C) nymnro;

D) ne paBHa HyIO;

E) npaBuiIbHBIN OTBET OTCYTCTBYET;

43.IlonHast MOIIHOCTH ITPH PE30HAHCHOM pEXUME PadOTH paBHA

A) peaKTHBHOW MOIIHOCTH LIETH;
B) akTuBHOI MOIIIHOCTH;

C) nymo;

D) He paBHa HyII0;

E) npaBuiibHBIN OTBET OTCYTCTBYET

44 Kos¢p¢puimeHT MOLTHOCTH IIPU PE30HAHCE PABEH:
A)0;

B) 1;

C) otnmueH oT HyJS;

D) ogHuM H3 nepevnciIeHHbIX BHILIE;
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E) npaBuiibHBIH OTBET OTCYTCTBYET

45 .9neMeHTbI LI, B KOTOPBIX NEPUOANICCKHU 3a11aCacTCA SHEPTHUs B
QJICKTPUYCCKOM HUJIM MAarHUTHOM I10JIC, HA3BIBACTCA:

A) KaTymIKa HHIyKTHBHOCTH;

B) emxocTs;

C) nepeunciIeHHbIE BHIIIE;

D) pesucrop;

E) npaBUNbHEIA OTBET OTCYTCTBYET;

46.Ecmn X | ( X, TO LEINb HOCUT:

A) UHIYKTHBHBIN XapakTep;

B) emkocTHEI1 xapakTep;

C) aKTUBHBIN XapaKTep;

D) akTHBHO- MHAYKTUBHEII XapakTep;
E) cMmemmanHsIii xapakrep;

47.Ecmn X | >X , TO LIelIb HOCUT:

A) UHIYKTHBHBIN XapakTep;

B) emkocTHbI XapakTep;

C) aKTHUBHBIN XapakTep;

D) cmemanHbIi;

E) akTBHO- €eMKOCTHBIN XapakTep;

48X =wl;

A) MHAYKTUBHOE CONPOTHUBIICHHE;
B) emMkocTHOE COIIPOTHBIIEHNE;
C) nonHOE COMPOTHBIICHNE;

D) akTuBHOE COTPOTHUBIICHHE;

E) Bce BbllIe epeynCICHHBIE;

49. Kakoe conpoTHBIEHHE ONPEEIISIOT N0 BhIpakeHnto Xc=1/oC
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A) HHIYKTHBHOE COMPOTUBIICHUE;
B) eMKOCTHOE COTIPOTHRIICHHE;
C) noaHOE CONMPOTUBIEHNUE;

D) akTHBHOE CONPOTHBIICHUE;

E) Bce BBbIIIE TepeUnCICHHBIE;

50. Kakoe conpoTuBieHNE ONPEAEIAIOT MO BeIpakeHn o X= X - Xc

A) HHIYKTHBHOE COMPOTUBIICHUE;
B) emKrocTHOE conpoTHBIIEHNE;
C) noaHOE CONMPOTUBIEHNUE;

D) akTHBHOE CONPOTHUBIICHUE;

E) peakTuBHOE CONIPOTHUBIICHHE;

51. Kakoe compoTHBIeHHE ONPEAENAIOT IO BBIPAXKEHHIO X =

ol — -
aC

A) MHIYKTHBHOE COTIPOTHBIICHUE;
B) emKocTHOE CONPOTHBICHHE;
C) nosHOE COMPOTUBIICHNUE;

D) akTuBHOE CONPOTHBIICHHUE;
E) peakTuBHOE CONPOTUBIICHHE;

52. Kakoe COINpOTHBIECHHE OMNPEAETAIOT M0 BBIpAXEHHIO Z=

\/R2 +(X|_ _Xc)2

A) MHAYKTUBHOE CONPOTUBIICHHE;
B) emxocTHOE compoTHBIIEHNE;
C) nonHOE COMPOTHBIICHNE;

D) akTHBHOE CONPOTHBIICHUE;

E) peakTuBHOE CONPOTUBIICHHE;

53.I1oTHOE COTPOTHRIICHHE TTPU PE30HAHCE HAIPSHKCHHU PAaBHO:

A) MHAYKTUBHOMY COIPOTHBIICHUIO;
B) eMKOCTHOMY CONPOTUBIIEHUIO;
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C) peakTHBHOMY COIIPOTHUBIICHUIO;
D) akTuBHOMY CONTPOTHBIIEHHIO;
E) npaBuibHEI OTBET OTCYTCTBYET;

54 .IloHas MPOBOAUMOCTE TIPH PE30HAHCE TOKOB paBHA!

A) HHIYKTHBHOHN POBOJUMOCTH;
B) emKkocTHOI MpOBOAMMOCTH;

C) peakTUBHOM IPOBOANMOCTH;

D) akTuBHOI TPOBOAUMOCTH;

E) npaBuiIbHBIN OTBET OTCYTCTBYET;

XL

55. Kakyio mpoBOAUMOCTh ONPEIEIISAIOT 10 BRIpAKEHHUIO b = ?

A) UHIYKTHBHAS IPOBOAUMOCTb;
B) emKkocTHas IpOBOIMMOCTE;
C) peakTuBHAS IPOBOIUMOCTH;
D) akTuBHas MPOBOIUMOCTH;

E) nonnas npoBoaArMOCTE;

X

56. Kakyto npoBOIUMOCTb ONPEICIISIOT O BBIPAXKEHUIO D= Z—g
A) HHAYKTHBHAS IPOBOIUMOCT;

B) emKocTHas mpoBOIMMOCTE;

C) peakTuBHAS MPOBOUMOCTH;

D) akTuBHas MPOBOIUMOCTB;

E) monHas npoBoIuMOCTS;

57. Kakyr TNpOBOAMMOCTB ONPENEISIOT IO BBIPAKEHUIO Dc=
X L X c
Z 2
A) MHAYKTUBHAS IPOBOAMMOCTE;
B) emkocTHas IPOBOIUMOCTb;
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C) peakTUBHAS MTPOBOIAMOCTD;
D) akTuBHasS IPOBOINMOCTD;
E) nonnas npoBoiuMoCTh;

58. Kakyro npoBOJUMOCTE OIPEENSIOT IO BEIPAKEHUIO §= ?

A) WHIYKTHBHAS TPOBOJUMOCTD;
B) emMKxocTHasI MPOBOIUMOCTE;
C) peakTuBHAS IPOBOIUMOCTH;
D) akTuBHas MPOBOJIUMOCTE;

E) momnHas npoBOoIuMOCTS;

|
59. Kakyro mpoBOJUMOCTB OMIPEIEINSIOT IO BRIPAXKEHHUIO Y= —

A) UHIYKTHBHAS IPOBOAUMOCTb;
B) emKkocTHas mpoBOIMMOCTE;
C) peakTuBHas MPOBOIUMOCTb;
D) akTuBHas MPOBOIUMOCTH;

E) nonnas npoBOoIuMOCTS;

60. Kakyio mnpoBOIMMOCTb ONPENENISIOT 10 BBIPAKEHUIO Y=

o7 + (b, —be)’

A) UHIYKTHBHAS TPOBOAUMOCTD;
B) emxocTHas IpOBOIUMOCTb;
C) peakTHBHas MPOBOIUMOCTb;
D) akTuBHas MPOBOIUMOCTH;

E) nonnas npoBoaArMOCTE;

61.IIpn mapannenbHOM BKIFOYCHWH KATYIIKH HMHIAYKTHBHOCTH |
KOHJICHCATOpa MOKET HACTYIUTh:

A) pe30HaHC TOKOB;

B) pe3onanc HanpsDKCHMIA;

C) pe3oHaHC TOKOB U HAIIPsKCHIUM;

D) dbeppopesonanc;

E) npaBunbHBINA OTBET OTCYTCTBYET;
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62.I1pu mocnenoBaTeIbHOM BKITFOUCHUU KATYIIKH WHAYKTHBHOCTH H
KOHJICHCATOpa MOKET HACTYIUTh:

A) pe30oHaHC TOKOB;

B) pe3zonanc HanpspKEeHMI;

C) pe3oHaHC TOKOB W HAIIPSDKCHHIA,

D) deppopesonanc;

E) npaBuibHEI OTBET OTCYTCTBYET;

63.I1pu pe3oHaHCE TOKOB, KOI(PDHUITUESHT MOITHOCTH PaBEH:
A) 0;

B) 0,5;

C) 0,86;

D) 1;

E) npaBuiIbHBIN OTBET OTCYTCTBYET;

64.11pu pe3oHaHCe HAMPSDKEHUH, KOA(PDUIIMEHT MOITHOCTH PaBeH:
A) 0;

B) 0,5;

C) 0,86;

D) 1;

E) npaBuibHBIN OTBET OTCYTCTBYET;

65.CocTosiHue 1ieny, Korja oOIIMi TOK COBIagaeT mo ¢ase ¢
HampsDKEHUEM, pEeakTHBHAs MOIIHOCTh paBHA  HYJII0 © LEMb
NoTpeOIIAET TOIBKO AKTUBHYIO MOIIHOCTE!

A) pe30oHaHC TOKOB,;

B) pe3onanc HanpsDKEHMI;

C) pe3oHaHC TOKOB WJIN HAMPSHKEHUH;

D) pexxum coriiacoBaHHON Harpy3KH ;

E) npaBUIbHBI OTBET OTCYTCTBYET;

66.KakoBo yclioBHE pe30HAHCA HANPSKEHNUN?
A) Xc=R

B) R=Xc=X_

C) X=X,

D) X.=R

E) Xc=X./R
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67.Pe3onanca HanpsHKEHUH MOXKHO TOOUTHCS B DJIEKTPHUICCKOM TSN
C IIOCIENOBAaTENbHO COeOMHEeHHBIMM dnemMeHtamu R, L, C
W3MEHEHHUEM:

A) HanpsDKEHUS;

B) Toka ;

C) JacToTsI,

D) akTHUBHOT'O CONPOTHUBIICHUS;

E) omanM U3 riepedncieHHBIM BBITIIE;

68.KakoBo yclioBHE pe30HaHCA TOKOB?
A) bc=g

B) g=bc=b.

C) bc=b_

D) bi=g

E) be=b *g

69.Pe3zoHaHca TOKa MOKHO JOOUTHCS B 3JIEKTPUUECKOH LIETIH C
MapajuleTbHO COeTUHEeHHBIME AeMeHTamu R, L, C u3menennem:
A) HanpsHKEHUS;

B) ToKka;

C) gacToTsr,

D) akTHBHOTO COIPOTHBIICHUS;

E) ogHuM 13 niepevrciicHHBIM BBIIIIC,

70.11pu kakoi eMKOCTH B cxeMe OyJIeT pe30HaHC TOKOB, eciii R;= 30
Om; wL=40 Om; @=10°c™.

A) 6 MKD;

B) 16 Mx® ;

C) 26 MxD;

D) 56 Mk,

E) 106 Mx®;
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2.10 UuanBuayaabHOe JoMalIHee 3aqaHue N2

Tema: Pacuet uenu ogHO(ha3HOTO TOKA CUMBOJIMUYECKIM METOIOM.
Henw padorsi: [lonyunTs HaBBIKKM pacueTa Lenell IepeMeHHOT O
TOKa CUMBOJIMYECKAM METOJIOM.
3aganue: /{1 SIEKTPUUYECKOW €M, COOTBETCTBYIONIEH HOMEpY
BapHaHTa, BBINOJIHUTE CIEAYIOIIEE:
1.0npenenuTs TOKM U HANPsDKEHHUSI HA BCEX yYacTKAxX LEHH
CUMBOJIMYECKHM METOJIOM.
2.3anucath BBIPAKCHUC IJI1 MTHOBCHHBIX 3HaYEeHMI BCEX TOKOB U
HaIpsKEHU.
3.Cnenath mpoBEpKY MPABIILHOCTH pEIIeHUs 1o 3akoHaM Kupxroda
11t MoMeHTa Bpemenu t=0.
4.CocTaBuTh OalaHC aKTUBHBIX M PEAKTUBHBIX MOITHOCTEH IS
LETH.
5.IIocTpouTh BpEMEHHBIE TUArPaMMbl HAIPSLDKEHUM, TOKA U
MOIIIHOCTH Ha BXOAC LEIIU B OAHUX KOOPAMHATHLIX OCAX.
6.1locTpoUTh BEKTOPHYIO AMArpaMMy TOKOB U HAIIPSDKEHUN JJIst
LEMH.

3aHaHLI napaMeTphbl NN U HAIIPSAKCHUA HAa BXOAC LEeIu.

u=Umsin(et+y,)

YucnoBble TaHHBIE IPUBE/ICHBI B TA0IHIIE 3, CXEMBI
nmoka3anbl Ha pucyHkax 1-10.
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Ta6nuna 3 — Mcxonuble JaHHBIE K 3aJaHur0 Ne2

Ne

Ry,

Ly,

Cy,

Ro,

Lo,

Ca,

Rs,

Ls,

Cs,

um,

(//y

Bap| OM| M[H | MK® | OM | M[H | MK® | OM | M['H | MKD B p:/t[ I'n

1 (12| 70 | 500 | 18 | 30 125 | 10 | 50 | 450 | 250- | ~=/6 50
A2

2 |15] 25 125 | 12 | 80 | 500 8 10 200 | 50- zl4 50
A2

3 |10| 60 | 600 | 16 | 15 150 | 12 | 75 | 400 | 300- | =/3 50
2

4 | 20| 20 100 | 10 | 70 | 400 | 14 | 10 125 | 140- | /2 | 150
2
N

5 8 50 | 650 | 12 | 20 | 200 | 15 | 70 500 | 160- | =/6 50
A2

6 | 18| 100 | 300 6 25 125 | 10 | 60 | 400 | 150- | /4 | 150
A2

7 112 25 150 9 60 | 600 | 18 | 40 100 | 100- | #/3 50
A2

8 | 15| 30 175 | 10 | 90 | 300 6 10 250 | 170- | ;/2 | 100
A2

9 | 20| 80 | 450 | 15 | 30 175 | 10 | 50 600 | 280- | #/6 50
A2

0 |16 | 40 100 8 50 | 500 | 12 | 20 200 | 360- | #/2 50
A2

Pucynok 1.
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Pucynoxk 9.
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e, G
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Pucynok 10.



Tema 3 Tpexdazubie nenu
3.1 O0urue TeopeTHYECKHE CBEEHUSI

Tpexdaznas  memp  sBIsieTCS  YAacTHBIM  CIy4aeM
MHOTrO(a3HBIX 3JEKTPUUCCKUX CHCTEM, IPEACTABIIIONMX COOO0M
COBOKYITHOCTB JJIEKTPHUYECKUX IeNei, B KOTOphIX AercTByroT D/C
OJMHAKOBOW 4YacTOTHI, CABHHYTHIE IO (paze OTHOCHUTEIBHO APYT
Ipyra Ha omperelieHHbIH yroi. OtmernM, 9To 00b19HO 3TH D/(C, B
MIEPBYIO OYEPEeb B CHIIOBOI SHEPreTHKe, CHHycouAanbHbl. OIHaKO, B
COBPEMCHHBIX QJICKTPOMCXAHUYCCKUX CHUCTEMaAX, rac JJIsL
YIIpaBJICHUA HUCIIOJIHUTCIBbHBIMHU JABUT'aTCIIIMU HCIIOJIB3YIOTCA
MpeoOpa3oBaTeNld YaCTOTHI, CUCTeMa HANpsHKEHWA B OOIIeM clrydae
SIBJIICTCS HecHHycouaanbHO. Kaxayro wu3 wacteld MHoOrodasHou
CHUCTCMbI, XapaKTCPHUIYIOIIYIOCA OJWHAKOBBIM TOKOM, HAa3bIBAIlOT
¢azoii, T.. paza — ITO YYACTOK IENH, OTHOCAIIMIACA K
COOTBETCTBYIOIIEH OOMOTKE TeHeparopa WM TpaHchopMaropa,
JIMHUM U Harpyske.

Takum o6pa3oM, HOHATHE «(aza» UMEET B 3JIEKTPOTEXHUKE
ZIBa Pa3IMYHbIX 3HAYCHHUS:

e (ha3za Kak apryMeHT CHHYCOUAAIbHO N3MEHSIOIICHCSI
BCJIIMYHUHBI,

e (a3a kak cocTaBHAs 4aCTh MHOTO(a3HON IEKTPHUUECKON
CHCTEMBI.

Pazpabotka wmHorodasHpIx cucteM Obula 00yCJIOBIEHA
ucropuuecku. VccnenoBaHusi B AaHHOM 007acTH ObUIM BBI3BaHBI
TpeOOBaHUSAMH pA3BHUBAIOLIETOCS TMPOM3BOJICTBA, a YycHexaM B
pa3BUTHH MHOTO(A3HBIX CHUCTEM CIIOCOOCTBOBAJIM OTKPBHITUSI B
(u3MKe JTEKTPUUECKUX U MATHUTHBIX SBJICHUH.

Baxneiimeld npennoceikold  pa3pabOTKM  MHOTO(]A3HBIX
ANEKTPUIECKUX CHCTEM SBHUIIOCH OTKPBITHE SBJICHUS BPAIAOIIETrOCs
marautHoro mons (I.@eppapuc u H.Tecnma, 1888 r.). Ilepsble
JNIEKTPUYECKHE JBHUTAaTeNH ObUM JBYX(Aa3HBIMH, HO OHHU HUMEIH
HEBBICOKHME paboune xapakrepucTuku. HambOonee paipoHanibHON U
NEPCHeKTUBHOM  OKasamach Tpex(dasHas cHcTeMa, OCHOBHBIE
MpenMyIIecTBa KOTOPoil OyayT paccMOTpeHbI Aainee. bombioii BKias
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B pa3paboTKy Tpex(a3HbIX CHCTEM BHEC BBIIAIOIIUICST PYCCKUI
yueHsblif-anekrporexauk  M.O.lonmBo-/{o0poBoIbCKHii, cO3MaBIIAIA
TpexdasHple  acHHXpPOHHBIE  JIBUTaTeNd,  TpaHCc(HOpMAaTOpHI,
MPEUIOKUBILUI TPEX- U YETHIPEXMPOBOIHBIE 1IETIH, B CBS3U C YEM 10
MPaBy CYHTAIOIINICS OCHOBOIIOJIOKHUKOM TPpeX(a3HbIX CHCTEM.

UctounnkoM  Tpex(paszHOro  HANpSDKEHHS  SBISIETCS
Tpex(da3HbIii TeHepaTop, Ha cTtatope kKotoporo (cMm. pucyHok 100,a)
pasmemena TpexdasHas oOmMoTka. Da3el  ATOH  OOMOTKH
pacrioyrararoTcss TakuM 00pa3oM, YTOOBI MX MarHWTHBIE OCH OBLTH
CABHHYTHI B MPOCTPAHCTBE JAPYTI OTHOCHTEIBHO Apyra Ha 21/3 3.
pan. Ha pucynke 100,a kaxxmass dasza craTopa ycIOBHO TOKazaHa B
BHJE ONHOTO BUTKAa. Hadama oOMOTOK MpHHATO 0003HAYATH
3arnaBHbIMU  OykBamu A,B,C, a KOHIBI- COOTBETCTBEHHO
OpONHCHBIMU X,y,z. DJIC B HemoABMWXHBIX OOMOTKax craTopa
WHAYIUPYIOTCS B PE3yNbTaTe MEPeceYeHUs] UX BUTKOB MATHUTHBIM
MOJIEM, CO3/IaBACMbIM TOKOM OOMOTKH BO30YICHUS BPAINAIOIICrOCs
poropa (Ha pucynke 100,a) poTop YCIOBHO H300paK€H B BHJIC
MOCTOSIHHOTO MAarHWTa, 4YTO HCIOJb3yeTCs Ha TMPaKTHKE MpU
OTHOCUTENBHO HEOOJBIINX MOINHOCTSX). [Ipu BpaimieHuu potopa ¢
pPaBHOMEPHOH CKOpPOCThIO B OOMOTKax (pa3 craTtopa MHIYIHPYIOTCS
MIePUOIUYECKHA H3MEHSomuecs cuaycouaansubie J/]C omnHakoBoi
YacTOTBl W aMIUTMUTYIbl, HO  OTJIMYAIONIHECS  BCJICACTBHUC
MPOCTPAHCTBEHHOrO CABHIa JPYr OT Apyra mo ¢asze Ha 2m/3 pan.
(cm. pucynok 100,0).

TpexdasHble cHCTEMbI B HACTOSIIECE BpeMs MONTYYHITH
HauOonbIee pacnpoctpanenune. Ha tpexdasnom Toke paboTtaroT Bee
KpYITHBIE 3JIEKTPOCTAHIMA M MOTPEOMTENH, YTO CBSI3aHO C PSIOM
npeuMmyliecTB  Tpexda3HblIXx  Lened  mepen  oxHodazHbIMH,
BaXHEHIIMMU U3 KOTOPBIX SBJISIOTCA:

- DKOHOMHYHOCTH TIepelayd dJJEKTPOdHEprud Ha  Oorblive
paccTosiHus;

- caMblM HAQJAEKHBIM M OSKOHOMHYHBIM, YAOBJIETBOPSIOLIUM
TpeOOBaHUSIM  TMPOMBIIIICHHOTO  3AJIEKTPONPUBOJA  SIBISIETCS
ACUHXPOHHBIN IBUraTeNlb C KOPOTKO3aMKHYTBIM POTOPOM;

- BO3MOXXHOCTb TOJYYEHHUS C IMOMOIIbIO HEMOABMXHBIX OOMOTOK
BpalaloIerocs MarHUTHOIO TOJs, Ha 4YeM OCHOBaHa pabora
CUHXPOHHOIO M aCHHXPOHHOIO ABUIaTeied, a Takke psaia APYyTHX
AIIEKTPOTEXHUYECKHUX YCTPOICTB;
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- YPaBHOBEMIEHHOCTh CHMMETPHUYHBIX TPEeX(pa3HBIX CHCTEM.

€4 € £

i1 4
5 B
2z{3 |2x/3
a) 0)
Pucynok 100 — Tpexda3Hblii CHHXpOHHBIH TeHepaTop u rpaduku
SMC a3
Hns paccMOTpeHuUs Ba)KHEUILIErO cBolicTBa

YPAaBHOBEIIEHHOCTH Tpex(das3Hoil cuctembl, KoTopoe Oyzaer
JOKa3aHO Jajnee, BBEAEM IOHATHE CHMMETPUH MHOTO(a3HOH
CUCTEMBI.

Cucrema DOJIC (HampspkeHWH, TOKOB W T.J.) Ha3bIBaeTCs
CHMMETPHUYHOM, €CIH OHAa COCTOUT U3 M OJMHAKOBBIX MO MOIYIIO
BekTopoB DJIC (HampspkeHUi, TOKOB M T.J.), CABHHYTHIX 1O ase
Ipyr OTHOCHTENBHO Jpyra Ha OJMHAKOBBIA yron a = 2m/m. B
YaCTHOCTH BEKTOpHAas JAWarpaMMa jisi CHMMETPHYHOW CHCTEMBI
OJIC, cooTBeTCcTByIOIMEH TpexdasHOW CHUCTEME IMpencTaBiieHa Ha
pucynke 101.
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Pucynok 102 - BexropHas
nuarpamma IByx($ha3HOi CUCTEMBI
S1C

Pucynok 101- Bekropnas
JuarpaMMa CUMMETPUYHOU
TpexdazHoi cuctemsr IC

W3 HeCUMMETpPUYHBIX CHUCTEM HaWOOIBIINN MPaKTUIECKHIA
WHTEpeC TMpelCcTaBiseT IByXxdasHas cuctema ¢ 90-TpagycHbIM
casuroM ¢as (cMm. pucynok 102).

Bce cummerpuunbie Tpex- U m-(asHeie (m>3) cHCTEMBI, a
Takke IByXx(asHas CUCTeMa SBISIOTCS YPABHOBEHIEHHBIMH. JTO
O3Ha4yaeT, 4TO XOTSA B OTHENbHBIX (Pa3ax MrHOBEHHAs MOIIHOCTb
nyascupyer (cM. pucyHok 103,2), u3MeHsst 3a BpeMs OJHOTO
neproZa HE TOJNBKO BEJWYMHY, HO B OOLIEM ciy4yae M 3Hak,
CyMMapHasi MTHOBEHHAsl MOIIHOCTb BceX (ha3 OCTAeTCsl BEIMYMHOU
MMOCTOSTHHOW B TEYEHHWE Bcero mepuoja cuHycounanbHoit J/1C (cm.
pucynok 103,0).

YpaBHOBEHNIEHHOCTh MMEET BaXKHEHIIee IMPAKTUYECKOE
3HaueHue. FEcaum Obl  cyMMapHas  MIHOBEHHAsh  MOILHOCTb
MyJbCUPOBaa, TO HA Bally MEXIy TYpOMHOW H TEHEpPaTopoMm
JEeHCTBOBa OBl MYJILCHUPYIOIIWNA MOMEHT. Takas TmepeMeHHas
MeXaHWuYecKass ~ Harpy3ka  BpeOHO  OTpaxajacb  Obl  Ha
SHEPTroreHepHpyIOLIel yCTaHOBKE, COKpallas CPOK €€ CIyX Obl. ITH
ke COOOPaKEHHST OTHOCSATCS U K MHOTO(a3HBIM DIIEKTPOIBUTATEIISIM.
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Pucynok 103 — I'paduxu MomHOCTH

Ecnu cummertpus mapymaercs (nByxdasHas cucrema Tecia B
CHJIy CBOEH crenu(uKy B pacyeT He NMPHHUMACTCS), TO HAPYIIAeTCs
W YPaBHOBEIIEHHOCTh. [103TOMY B HEPTeTHKE CTPOTO CIEHAAT 32 TEM,
9T00BI Harpy3Ka reHepaTopa ocTaBajgach CHMMETPUYHOIA.

CxeMblI coeTMHEHNs TpeX(a3HbIX CUCTEM

Tpexdasueiii renepatop (TpaHchOpMaTOp) HMEET TpU
BBIXOJTHbIE ~OOMOTKH, OJWHAKOBBIE TI0 YHUCIY BHTKOB, HO
passusaromue DJIC, capuHyThIe 10 (ase Ha 120°. MoxHO 6BLIO GBI
KCIIOJIb30BaTh CUCTEMY, B KOTOPOH (ha3bl OOMOTKH TeHepaTropa He
ObUTM OBl TabBAHUYECKH COCIWHEHBI JPYr € JAPYroM. OTO Tak
Ha3biBacMas HeCBSI3HAfl cucTeMa. B sTtoM ciyuyae kaxaywo (asy
reHepaTopa HEOOXOJIMMO COEIHMHATH C TPUEMHHUKOM JIBYMS
mpoBOJaMHu, T.C. 6yjleT HUMETHL MECTO MICCTHUIIPOBOAHAA JIMHHUA, YTO
HEIKOHOMHUYHO. B 3TO#l CBA3M TMOJ00HBIC CHUCTEMBI HE MONYYHIIH
HIMPOKOT'O MPUMEHEHHUS Ha MTPAKTHKE.

21_]'[5[ YMCEHBUICHUA KOJHUYECTBA IIPOBOJOB B JIMHUU (i)a3bl
reHepaTropa TaJIbBAHUYECKH CBS3BIBAIOT MeXIy coOoi. Pasmuuaror
JIBa BUJIa COCJMHCHHI: B 3B€3/1y U B TPeYroJbHHK. B cBOIO Ouepenp
MpH COENWHEHHWH B 3BE3Jy CHCTEMa MOXET OBITh TpeX- U
YeThIPeXNpOBOTHOM.

CoenuneHnue B 3Be31y

Ha pucynrt 104 mnpuBenena TtpexdaszHas cucremMa mpu
coeauHeHnH (a3 reHeparopa W HArpy3ku B 3Be3dy. 3I€Ch
npoBosa AA’, BB’ u CC’ — nmuHelHbIE TIpOBO/IA.
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reHepaTopa U Harpy3KkH B 3B€3/1y C HEHTPaIbHBIM IIPOBOIOM

JInHeHHBIM HA3bIBACTCS MPOBOJ, COSAUHSIONIMI Hauana (a3
0OMOTKHM TeHepaTopa W NMpHeMHHKa. Touka, B KOTOpOW KOHIEI (a3
COCMUHSIOTCS B OOIIMH Yy3el, Ha3bplBaeTCs HeWTpaiabHOil (Ha
pucyike 104N u N’ — COOTBETCTBEHHO HEHTpalbHBIC TOUYKU
TeHepaTopa U Harpy3KH).

[IpoBoJ, coenuHSIOMINNA HEUTpaJIbHBIE TOYKHU I'€HepaTopa U
MpUEMHHKA, Ha3biBaeTcs HelTpaiabHbIM (Ha pucyHke 104 mokaszax
nyHktupom). TpexdasHas cucTeMa NpW COSJMHEHHWH B 3Be3dy Oe3
HEUTpaJIbHOI'O  MPOBOJA  HA3bIBACTCS  TPEXNPOBOAHOM, C
HEUTpaIbHBIM IIPOBOJOM — YeThIPeXIPOBOIHONM.

Bce BenmuuuHbl, OTHOcAmMEcs K (aszaM, HOCIT Ha3BaHHE
(a3HbIX MepeMeHHbIX, K JINHUU - JJMHEeHHbIX. Kak BUTHO U3 cXeMBbl
Ha pucyHke 104, Ipy COeMHEHNN B 3Be3/ly JIMHEHHbIE TOKHU Iy, [p
Ir paBHBI cooTBeTcTByIOmMM (a3HEIM ToKaM. Ilpu Haamunm
HEHTPATBHOrO TIPOBOJA TOK B HEHTpPAmbHOM mpoBoje Iyy = I, +
Iy +I;. Ecim cucteMa (a3HBIX TOKOB cUMMeTpHuHa, To Iyy- = O.
CrnenoBaTenbHO, €ciid Obl CHMMETPHSI TOKOB ObLiIa TapaHTHUPOBAaHA,
TO HEUTpaNbHBIA NpoBOA ObUT Obl He HyxeH. Kak Oyzer mokazaHo
Jmanee, HEUTpambHBIA  MPOBOA  OOSCIEYMBACT  IOJJCPIKAHHE
CUMMETPUHU HANpPSOKEHUW Ha Harpy3ke MNpU HECUMMETPUHM CaMOM
HarpyskKu.
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[lockonbKy HamnpspKeHHE Ha HCTOYHHUKE IHPOTHBOIOJIOKHO
HampaBiaenuto ero JJIC, dasHble HampsoKeHUS TeHepaTtopa (CM.
pucynok 104) meiictBytoT oT Touek A,B u C Kk HeWTpaJdbHOH TOuke
N; Uy n, Ug v, Ucr v ,- ha3HbIe HanpskeHUs Harpy3KH.

JluneliHple HampsDKEHHSI ACHCTBYIOT MEXKAY JIMHEWHBIMU
npoBogamMu. B coorBeTcTBUM CcO BTOpBHIM 3akoHOM Kupxroda mms
JIMHEMHBIX HAIPsDKEHUH MOXKHO 3amKcaTh

UAB = UAN - UBNi (3.1)
UBC = UBN - UCN; (32)
UCA = UCN - UAN- (3.3)

Ormernm, uto Beerna Uyp + Upe + Ugy = 0- kak cymma
HaNpsDKEHUH [0 3aMKHYTOMY KOHTYPY.

Ha pucynke 105 mpencraBieHa BeKTOpHas nuarpamma Juis
CUMMETPUYHON CUCTEMBI HAIIPSDKEHUI.

+1

E:TB‘C" UBN

Pucynok 105 — BekropHas quarpamMmma CHMMETPUYHOH TpexdasHoi
CHCTEMBI
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Kak moxa3siBaer ee amamm3 (iyan (a3HBIX HaMpsDKEHUI
00pa3yrT CTOPOHBI PABHOOEIPEHHBIX TPEYTOIBFHUKOB C YTIIAMHU TIPH
ocHOoBaHUH, paBHbIMU 300), B 3TOM ciryyae

g = \/§U(p (34)

OObIYHO TpU pacueTax MNPHUHUMAETCS UAN = Upel® = U,.
Torma mis ciydas mpsiMmoro uepenoBamusi a3 Ugy = Upe /120
Uey = Upe 2% = Upe/12° (mpu o6paTHOM uepenoBanum (l)a3
dazossie capuru y Upy u Uqy MeHsroTCS MecTamu). C ydeToM 3Toro
Ha ocHOBaHMU cooTHomeHuH (3.1) ...(3.3) MoryT OBITH OIpeCTIeHEI
KOMIUIEKCHl JIMHEHHBIX HampspkeHud. OJHako Npu  CUMMETpPUH
HaNpsDKEHUH 3TU BEJIMYHMHBI JIETKO ONPEAEISIIOTCS HEMOCPEACTBEHHO
W3 BeKTOpHOH nuarpammbl Ha pucynke 105. Hampasmnsis
BEIIECTBEHHYI0O OCh CHCTEMbl KOOpAMHAT 1o Bektopy Uyy(ero
HavanmpHas ¢aza paBHA HYNIO), OTCUMTHIBaeM (Da3oBble CHIBHTH
JIMHEUHBIX HANPSDKEHHUHA MO OTHOLUEHHUIO K ATOM OCH, a UX MOIYJIH
ompeznensieM B cooTBerctBUM ¢ (3.4). Taxk nans nUHEHHBIX
nanpsokennit Uge n Ugy momyuaem: Uge = V3Ugpe 7% Ugy =

\/§U@€j150 .

CoennHeHue B TPEYroJabHUK

B cBa3m c Tem, 4YTO 3HAYMTENbHAs YacTb NPHUEMHHUKOB,
BKJIIOYAaEMBIX B Tpex(a3Hble LenHu, ObIBaeT HECUMMETPUYHOMU, OYEHb
Ba)XHO HAa TMpPaKTHKE, HAlpuUMep, B CXeMax C OCBETHTEILHBIMH
npubopamu, obOecreurBaTb HE3aBHCUMOCTb PEXHUMOB  pabOThI
oraenbHbIX  (a3. Kpome  deThIpeXxnpoBOAHOH,  MOJOOHBIMH
CBOMCTBaMHU 00JIaAI0T M TPEXIIPOBOAHBIC TSN TP COSAMHEHIH (a3
MpUEMHHKA B TPEYroJbHUK. HO B TPEyroNibHUK Takke MOXKHO
COEAMHUTH U (a3bl reHeparopa (cM. pucyHok 106,a).

215



T

a) 0)
Pucynok 106 - TpexnpoBoaHbIE IIETIH MPH COCAMHEHHUH (a3
NPUEMHHKA B TPEYTOJIBHUK

Hns cummerpuunoii cuctemsl JJ1C nmeeM
EA + EB + EC = 0.

Takum o00pa3oMm, TpH OTCYTCTBHM Harpy3ku B Qazax
reHeparopa B cxeMme Ha pucyHke 126,a Toku OyayT paBHBI HYJIIO.
OnHako, eclii IOMEHATh MECTAMH HavaJIo U KOHeL 1000l u3 ¢as, To
YE+0 u B TpeyrombHuKe OyleT IPOTEKaTh TOK KOPOTKOIO
3aMbikaHusi. ClieoBaTelnbHO, Uil TPEYrOJbHHUKA HYKHO CTPOTO
coOyofaTh MOPSIOK coenuHEeHus ¢a3: Havano OxHOW  (a3sl
COEAMHSETCA C KOHIIOM IPYTOM.

Cxema coeauHeHusi (a3 reHepaTopa W NPUEMHUKA B TPEYrOJIbHUK
npejacranieHa Ha pucynke 106,0.

OueBUAHO, YTO NPU COCAMHEHUH B TPEYrOJbHHK JIMHEHHBIE
HaNpsDKEHUS] paBHBI COOTBETCTBYIOIMM (asHbM. [lo mepBomy
3akoHy Kupxroda cBs3p Mexay JIHHEHHBIMH M (a3HBIMH TOKaMHU
MPUEMHHKA OTIPEIEIIETCS COOTHOILICHUAMHU

I.A = I.A’B’ _I'C,A,;
I_B = I_B'C' - I_A'B':
Ie =1Icp —Ipc.
AHaJ'IOI‘I/IT-IHO MOXHO BI)IpaSI/ITI) JIPIHefIHbIe TOKH qepe3
(hazHBIC TOKU reHepaTopa.
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Ha pucynke 107 mnpencraBieHa BeKTOpHas Juarpamma
CUMMETPUYHOM CHCTEMBI JINHEHHBIX U (Da3HBIX TOKOB.

Pucynok 107 - BekropHas nuarpaMma CHMMETPHYHOMN CUCTEMBI
JMHEHHBIX U (Pa3HBIX TOKOB

Ee ananus noka3pIBaeT, 4To NPU CUMMETPUU TOKOB

B 3akmoueHne OTMETHM, YTO IOMHMO PacCMOTPEHHBIX
COEIMHEHUH «3Be3/la - 3B€3/1a» U «TPEYroJbHUK - TPEYTOJbHUK» Ha
MIPAKTHKE TaKXKe MPHUMEHSIOTCS CXEMBI «3Be3fla - TPEYrOoJbHUK» U
«TPEYTOJBHUK - 3BE3/1A».

KOHTpO.]'[I)HbIe BOIIPOCHI

1.Kaxkoii npuHIMI AeicTBUs Y Tpex(dazHoro renepaTopa’?

2.B 1eM 3aKirouaroTcss OCHOBHBIC TIPEUMYINECTBA TpeX(ha3HbIX
cucrem?

3.Kakue cructembl 00:1aJa10T CBOWCTBOM YPaBHOBEIIEHHOCTH, B 4eM
OHO BBIpa)kaeTcs?
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4 Kaxue cymecTByOT CXeMbl COSAMHEHNUS B Tpex(a3HbIX Hernsix?
5.Kakue cooTHOmeHUs MeKy (ha3HBIMU M IMHEHHBIMU BeTHIHMHAMUA
HUMEIOT MECTO IIPH COESANHEHHH B 3BE3/1y U B TPEYTOJIHUK?

6.Yto OyzerT, eciii MOMEHATh MECTaMU Ha4yaJlo ¥ KOHell 0JTHOH u3 a3
reHeparopa npyu COSANHEHUH B TPEYTOJIBHUK, U TOYeMy?

3.2 Pacuer Tpex(a3HbIX Hemnei

TpexdasHbie 1eMu ABISIOTCS PA3HOBUIHOCTBIO  IICTICH
CUHYCOUJAIBHOTO TOKAa, M, CJIEI0BATEIbHO, BCE PAaCCMOTPECHHBIE
paHee METOABI pacyeTa W aHaIW3a B CHMBOJHMYECKOH ¢opme B
MOJIHOM Mepe paclpOCTPaHSIOTCS Ha HHUX. AHAMM3 Tpex(asHbIX
CHCTEM YAOOHO OCYIIECTBIISITh C HCIOJIb30BAHUEM BEKTOPHBIX
JIUarpamm, TO3BOJISIONIMX TOCTATOYHO TIPOCTO OMPENENATh (pa30oBbIe
CABUTH MEXAy mepeMeHHbIMH. OIIHAKO OmpeieNieHHas crenupuxa
MHOTO(a3HBIX [EMell BHOCHT XapaKTepPHbIE OCOOCHHOCTH B UX
pacder, 4To, B MEPBYIO OYepeib, KacaeTcs aHaiu3a uX paboThl B
CUMMETPHUYHBIX PEXKUMAX.

3.2.1 Pacuer CMMMETPUYHBIX PeKMMOB PadoThl Tpexda3HbIX
cucTeM

MHuoroda3Hplii MpUEeMHUK M BOOOIIEe MHOrodasHas Iernb
Ha3bIBAlOTCS CHMMETPMYHBIMHM, €CIM B HHUX KOMIUIEKCHBIE
COINIPOTHBIICHUSI COOTBETCTBYIOIIMX (a3 OAMHAKOBBI, T.€. €CIH
Zy=2Zg=Zc;. B T1npoTMBHOM ciy4ae OHHM  SABISIOTCS
HeCHUMMETPHYHBIMMU. PaBeHncTBO MoAyJei YKa3aHHBIX
COTIPOTUBJICHUI HE SBISAETCS JAOCTATOYHBIM YCIOBHEM CHUMMETPUHU
uenu. Tak, Hanpumep TpexdasHblii NMPHEMHUK Ha pHCyHKe 128.a
SBIISIETCS. CUMMETPUYHBIM, a Ha pucyHke 108,06 — Her maxe mpu
ycnosuu: R = X; = X¢.
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Pucynok 108 — Tpexdasnbie cCHMMETpUYHBIE TPUEMHUKI

Ecnmu x cummerpuyHoil Tpex¢azHOW Lenu NPHIOKEHA
CUMMETpUYHas TpexdasHas cucTeMa HallpshKeHWH reHepaTropa, TO B
Hell OymeT UMeTh MeCTO CHMMETpPUYHAas CHCTeMa TOKOB. Takoit
pPEXUM paboOTHl TpeX(a3HOH IeTr Ha3bIBaCTCS CHMMMETPHYHBbIM. B
3TOM peXXHME TOKU W HANpPsKEHHsI COOTBETCTBYIONINX (a3 PaBHBI 10
MOJIYJII0 ¥ CIBUHYTHI IO (pa3e IpyT MO OTHOIICHHUIO K APYTy Ha yroj
+2m/3. BenencTBue ykazaHHOTO pacyeT TaKWX Iered MpOBOAUTCS
JUIi OfHOW — ©0a30Boii — (Qa3bl, B KauecTBE KOTOPOH OOBIYHO
npuHuMaoT (asy A. Ilpm 3TOM COOTBETCTBYIOIIME BEIWYHMHBEI B
Ipyrux Qaszax Mmoiay4aroT (GopMaibHbIM J00aBIEHHEM K apryMEHTY
nepemeHHoi (asbl A ¢azoBoro ciasura +2m/3 Tpu COXpaHEHUHU
HEU3MEHHBIM €€ MOYJIS.

Tak U1 CUMMETPUYHOTO peXkrMa paboThl LENH Ha PUCYHKE
109,a nmpu M3BECTHBIX JIMHEWHOM HANPSHKEHUH U CONPOTHUBIICHUSAX
¢a3 Zup = Zpc = Zcy = Z MOXKHO 3amucath

. UAB .
IAB :7: Ie}(p,

TZIe @ - OTIpPEIeNIsIeTCS XapaKTepOM Harpy3ku Z.
Torna Ha OCHOBaHMH BBILIECKAa3aHHOTO
Igc = Ipe 120 = e (9—120);
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g = [ypel120 = [ (9+120)

Pucynok 109 — Cxema u BeKTOpHas [uarpamma
AJ1I1 CUMMETPHUYIHOI'O pEKUMa

Kommuiekcbl  JIMHEWHBIX  TOKOB ~ MOXKHO  HaWTh ¢
WCTIONb30BaHMEM BEKTOpPHOH auarpamMMbel Ha pucynke 109,60, u3
KOTOPOH BBITEKAET:

iA — \/§iABe_j30 = \/§Ief(€0—30);
iy = [,e1120 = y/3[¢) (0-150),
iC = iAejlzo = \/§1ej(<p+90)_

Ilpu  aHanmM3e  CIOXKHBIX  CXeM, paboTalommux B
CUMMETPUYHOM PEXHME, pacyeT OCYIIECTBISIETCS ¢ TIOMOLIBIO JBYX
OCHOBHBIX IPHEMOB:

Bce TpeyroiabHUKH 3aMEHSIOTCS SKBUBAJIEHTHBIMU 3BE3/IaMH.
[MockonbKky TpPEYroJIbHUKH CHMMETPHYHBI, TO B COOTBETCTBUHU C
(dopmyamu npeoOpa3oBaHusl «TPEYTrONbHUK-3Be3/1a» Zy = Z, /3.

Tak kak Bce HWCXOJHBIE M BHOBb IIOJYYEHHBIE 3BE3/IbI
Harpy3KH CHMMETPHYHBI, TO MOTEHUHAJIBl MX HEUTPaIbHBIX TOYEK
oauHakoBel. CleoBaTeNIbHO, 0€3 U3MEHEHHsI pekuMa padoThl LEnH
WX MOXXHO (MBICIIEHHO) COEIMHUTH HEUTpalbHBIM IpoBoaoM. [locme
3TOr0 M3 CXeMbl BblAesieTcsl Oa3oBas Qasza (00bruHO ¢aza A), ans
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KOTOPOW ¥ OCYIIECTBIISIETCS pacueT, MO pe3yJabTaTaM KOTOPOTO
OTIPEIETISIOTCS] COOTBETCTBYIOIINE BEIMIMHBI B IPYTHX (ha3ax.

[TycTs, Hanpumep, Npu 3aJaHHOM (Qa3HoM HampsbkeHud Ug
HEOOXOMMO OIpeleIUTh NHHeiHble Toku I, Iz m [ B cxeme Ha
pucynke 110, Bce COPOTHUBICHNS B KOTOPOH M3BECTHEI.

B cooTBeTrcTBMM € YKa3aHHOHM METOOUKON BBIAEIUM
pacueTHyr (a3y A, KoTopas npejacraBicHa Ha pucyHke 111. 3xech
EA:U@’Z—'4=Z3_4; Z, =Z3_6'

Toraa 1 ToKa [, MOKHO 3anmcaTh

Ug
Z Z 1
2223(F+25+58)+2224 @5 +26/3)/3
N

iA:

417 Z Z
(22+23)(5H+25+58 ) +24(25+26/3)/3

u cooTetcTBeHHO [ = [,e 7120, [ = [,e/120,

Pucynok 110 — Tpexda3znas ciMMeTpUYHas CIOXKHAs IIeTTh
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Pucynok 111 — Cxema ¢a3zer A

3.2.2 Pacyer HeCHMMeTPHYHBIX PeKUMOB PadoThl Tpexda3HbIX
cucremM

Ecnmu  xoTst OBl OmHO W3 YCIOBUH CHUMMETPUM HE
BBINOJIHSACTCS, B Tpex(a3HON LIEMH UMEET MECTO HECHMMETPHUYHBIN
pexxuMm pabotel. Takue pexuMbl NPH HAJIUMYUM B LEMH TOJIBKO
CTaTUYECKOW HArpy3Kd M MPeHeOPEeKEHNH MaJCHUEM HAPSHKCHUS B
TeHEepaTope PaCCUUTHIBAIOTCS JIsi BCEH IIETIM B LEJIOM JIIOOBIM M3
pPaccMOTpPEHHBIX paHee MeToJoB pacuera. Ilpu 3TOoM (asHbe
HampspKEHUS ~ TeHepaTtopa  3aMEHSIOTCS  COOTBETCTBYIOIIUMH
ucrounnkamMu  IJ[C. MOXHO OTMETUTH, HUYTO, TIIOCKOJIBKY B
MHOro(a3HbBIX ILENsAX, [OMHMO TOKOB, OOBIYHO IIPEACTABISIOT
MHTEpEC TakXe MOTEHIHWaIbl Y3JI0B, Halle JApPYrMx U1 pacdera
CIIO)KHBIX CXEM INPUMEHSETCS METOJ Y3JIOBBIX MOTEHIHanoB. J[is
aHaJM3a HECUMMETPHUYHBIX PEXHMMOB PabOThl Tpex(a3HbIX LEMNeH
JJIEKTPUYECKMMHA MAIIMHAMH B OCHOBHOM TIPUMEHSIETCS METOJ|
CUMMETPHUYHBIX COCTABJISIONINX, KOTOPBIA OyAEeT pacCMOTPEH Jlanee.

[Mpy 3amaHHBIX JTUHEHHBIX HANpPsDKEHHUSX HanOoJiee MPOCTO
paccuuThIBalOTCS  TpexdasHple LeNd I[pH  COSAMHEHHH B
TpeyronpHUK. [IycTh B cxeme Ha pucyHke 109,a Zyp # Zpc # Zcy-
Torma mnpu H3BECTHBIX KOMIUIEKCAX JIMHEMHBIX HANpSHKEHUH B
COOTBETCTBHH C 3aKOHOM Oma

. j.. = Usc. j.. = Uca
Zy’ BC ™ 75 CA™ Zea

Ilo Haﬁ}.‘[eHHBIM (1)a3HBIM TOKaM MNPUCMHHKA Ha OCHOBAHUH
NEpBOro 3aKOHA Knpxroq)a OMPEACTIAOTCA JIMHCHHEBIC TOKU:
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iA = iAB - iCA; iB = iBC - jAB; jc = jCA - ch.

OObBIYHO Ha MPaKTUKE M3BECTHBHI HE KOMIUIEKCHI JTMHEHHBIX
HampsDKeHW#, a wux Moayiu. B 3ToM cinydae HeoOX0quMO
MpeIBapuUTENbHOE ONpeeNieHie HadalbHBIX (Da3 3TUX HAMpsHKSHHH,
YTO MOXHO OCYIIECTBUTH, Hampumep, rpaduuecku. ms storo,
npunse  Uyp = Uype/®, 1o 3amaHHBIM  MOmymsM  HampsiKeHUr,
CTPOMM TpPEYTONbHUK (cM. pucyHok 112), m3 kotoporo (myrem
3aMepa) ompezernsieM 3HaYeHHUs YTIIOB a U b.

Pucynok 112 — BekropHast AuarpaMma HanpspKeHUH

Torna

UBC = UBCe_j(”_ﬁ);
Uca = Ugpe! ™.

Hckomble yrimel a W b MOryT OBITh Takke HaHICHBI
AQHAJIMTUYECKH Ha OCHOBAaHUH TEOPEMbI KOCHHYCOB:

Ubc = Ukg + Uy — 2UygUcycosa;
U(?A = U}B + UL%C - ZUABUBCCOSﬂ-

[Ipu coemunenun Qa3 reHeparopa W Harpy3Kd B 3Be3Ny U
HaJIMYUM HEUTPaJbHOTO TPOBOJA C HYJIEBBIM CONPOTHBIEHUEM
(a3Hple  HAMpSHKEHWS  HArpy3kd  paBHBl  COOTBETCTBYIOIINM
HanpspKeHUsIM Ha (aszax ucToOYHMKA. B sTOM ciydae ¢asHble TOKH
JIETKO ompeenstorcss mo 3akoHy Owma, T.e. MyTeM JIeJeHHA
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M3BECTHBIX  HaNpsDKEHWH  Ha  ¢aszax  moTpeduTens  Ha
COOTBETCTBYIOIINE CONPOTHBICHUA. OIHAKO, €CIM CONPOTUBIICHUE
HEHTpaTbHOrO MPOBOJA BEIMKO WM OH OTCYTCTBYET, TpeOyercs
OoJee CIOXKHBIN pacyer.

PaccmoTtpum Tpexdasnyro membp Ha pucynke 113.a. Ilpm
CUMMETPUYHOM THTAaHUA MU HECUMMETPUYHON Harpyske Zy # Zp +
Zceir B oOmeM cinydae OyAeT COOTBETCTBOBATH BEKTOpHAs
auarpaMma  HamnpsbkeHuid (cM.  pucyHok 113,6), Ha KOTOpOit
HeHTpanbHble TOYKM HCTOYHMKA W IPUEMHHUKA 3aHUMAOT pa3HbIe
TIOJIOKEHHUS, T.6. Py £ ¢ N

Pa3HOCTh MOTEHIMATIOB HEUTpaJIbHBIX TOYEK IEHEpaTopa U
HArpy3KH Ha3bIBacTCs HANpSIKEeHHEM CMelleHusl HeHTpPaJbHOI
Touku (00bIyHO TpmHHMaeTcs, 4to @y =0) wmm npocto
HANIpSZKEHHEM cMellleHus1 HedTpaau. Yem oHO Oonbime, Tem
cuibHee HecuMMeTpus (a3HbIX HalpsDKEHHH Ha Harpys3ke, 4YTo
HaTJSIIHO WILTIOCTPUPYET BEKTOpHAS AuarpamMma Ha pucynke 113,0.

s pacyera TokoB B 1enu Ha prucyHke 113,a HeoOxommmo
3HaTh HANpPSDKEHUE CMEIICHHsS HeWTpanu. Eciu OHO M3BECTHO, TO
HanpsbKeHUs Ha (pa3ax Harpy3KH PaBHBIL:

UAN' = UAN - UNN'; UBN" = UBN - UNN';- UCN' = UCN

Pucynok 113 — Cxema u BeKTOpHast Juarpamma ajist
HECUMMETPUYHOHU Tpex(azHOH Lenu

224



TOF,I[a IJIs1 ©CKOMBIX TOKOB MOKHO 3aITUCATh:
Iy = Upn'Yp; 1p = Upn'Yp; Ic = UenYe.
COOTHOIHeHHe JJIs1 HaHp;I)KeHI/Iﬂ CMEUICHUS HeI?'ITpaJ‘II/I,

3alMCaHHOEC HAa OCHOBAaHWUU METOJAa Y3JIOBBIX MOTEHIMATIOB, MMEET
BUI

UNN' _ UAN'ZA"'UBN'ZB‘l'UCN'ZC. (3.6)
Yy+Yp+Yc+Yy

Ilpy HanMuuM HEHUTPAJBPHOTO TPOBOAA C  HYJEBBIM
comporupnenneM Yy —» o, n m (3.6) Uyy- =0. B ciyuae
OTCYTCTBUA HeWTpanpHOro mposoja Yy = 0. Ilpu cummerpuuHoit
Harpyske Y, = Yy =Y, ¢ yuerom Toro, uro Uyy + Ugy + Ucy = 0,
u3 (3.6) Beitekaer Uyy- = 0.

B kauectBe mpumepa aHaiM3a HECUMMETPUYHOIO DPEXHMa
paboThl IIeNMHM C MCIIOJIb30BaHUEM COOTHOILIEHUs (3.6) ompenenum,
Kakas U3 JlaMI B cxeme Ha pucyHke 114 c mpsmbIM depeoBaHuEM
(a3 ncrounmka Oyner ropets spue, ecmm R = X; = X.

A ®R
Ay
v
N._rw»._f_ XXR Y Y

[y

o s

By g ) S — ¥
|
Pucynok 114 — HecummeTpuuHast TpexdasHas 1ernb
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3ammiemM BBIpaKEHHs] KOMIUIEKCHBIX COMPOTHUBICHUN (a3
Harpy3KH:

RjX, _ JR _iej45.
R+jX, 1+ ﬁ ’

_RGX) _ SR _ R
=T R-jXc 1-j vz

N

N

Toraa AJId HAIPSKCHUS CMECIICHUA HeﬁTpa.HH 6yIICM HMCTb

+

N Ud,\/f( 1 o120 eleO)

R \gms T 55 1 55

% (g + )

= 0,63Upe /10843

UNN' =
+

S
+
NN

e~ J45 4o=J75 4oJ165
D e—J45 40j45

u - N

Hampsoxenuns Ha (azax Harpy3ku (31ech u nanee uHAeke Ny
(ha3HBIX HATIPSHKEHUH HCTOYHUKA OIYCKAEeTCs)

Usy' = Uy — Uyny-=Ug — 0,632U e 710843 = 1,347,,e/256;
Upn = Up — Uyn-=Ugpe 7120 — 0,632U4e /10843 =
0,4Upe’ 2215,
Uen' = Up — Uyy-=Ugpel 120 — 0,632U5e 10843 =
1,5Uge/ 1016,

Takum oOpa3om, Haubojiee pKO OYAET ropeTh JamIiovka B
¢aze C.
B 3akimioyeHHe OTMETHM, YTO €CJIM TNPU COCIUHCHHH B 3BE3IYy
3aJIAI0TCSl JIMHEHHBbIC HANPSHKEHHUS (YTO OOBIYHO MMEET MECTO Ha
MPAKTHKE), TO C YYETOM TOTO, YTO CyMMa MOCJICHUX paBHA HYIIIO,
WX MOKHO OJHO3HAYHO 33/1aTh C ITOMOIIbIO BYX UCTOYHHKOB D]IC,
nanpumep, E;, = Uy n Ep = Upc. Toraa, mocKoNbKy NPH STOM
E, = 0, cootHomrenue (3.6) Tpanchopmupyercs B hopMyIy

. _ UacYa+UpcYsp
Uyy = —=———7—. 3.7)
Y +Yp+Ye
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KoHTposibHbIE BONIPOCHI

1.Kaxkoii MHOTO(a3HBII MIPUEMHHK SBISETCS CHMMETPHYHBIM?
2.Kakoii pexxum paboTsl Tpex(hazHo e Ha3bIBaCTCs
CUMMETPHUIHBIM?

3.B gem 3akmogaeTcs crienuguka pacueTa CHMMETPHUYHBIX PEKIMOB
pabotbl Tpexdas3HbIx Hemnei?

4.C moMoIIpIo KaKuX IPUEeMOB Tpex(azHas CHMMETpPHYHAS CXeMa
CBOIUTCS K PacdeTHOW ogHO(a3HOMI?

5.Yto Takoe HalpsHKEHUE CMEIIECHHs HEHTpali, Kak OHO
ompenensieTcs?

6.Kax MOXHO ompenennTh KOMIUIEKCH TMHEHHBIX HAPSHKSHUH, €CITU
3a/1aHbl UX MOIYJIH?

33 HpI/IMeHeHI/Ie BCKTOPHBLIX HarpamMm IJisl aHaJIu3a
HECUMMETPUYHBIX PEKUMOB

HecruMmMeTpuuHble peXuMbl B IPOCTEHIIMX XapaKTEPHBIX
ciay4asx (KOpOTKOE 3aMBIKAaHHE W XOJIOCTOM XOJI) MOTYT OBITh
MIPOAHAIM3UPOBAHBI HA OCHOBE TIOCTPOEHUS BEKTOPHBIX JHATrPAMM.

PaccmoTpuM pexumbl  0OpbIBA M KOPOTKOTO 3aMbIKaHUS
(da3el MpH COCMHEHUH B 3BE3/y IUIS TPEX- M YETHIPEXIIPOBOIHOM
cucreM. IIpm 3TomM OygeM [POBOIUTH CONOCTABICHUE C
CUMMETPUYHBIM PEXUMOM paboThl 1enu, (asHble HANpSDKEHUS |
TOKH B KOTOpOH Oymyt 0azoBbiMH. s 3Tol memu (CM. PHCYHOK
115,a) BekTOpHast uarpaMMa TOKOB W HAaNpsHKEHHUM MpHUBEIEHa Ha
pucynke 115,06 (mpunsTo, YTO Harpy3ka Z HOCHT aKTHBHO-
WHAYKTUBHBIA XapakTep). 37ech
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Pucynok 115 — Cxema 1 BeKTOpHast JuarpaMma HECUMMETPHYHON
TpexazHoil menu

. U i i . i . o _
Iy = 7"’e P =lpe P Iy = IpeT(20+0). [ = [,/ (¢=120)
IMpu oOpbiBe ¢a3zel A Harpy3Ku NPUXOJUM K BEKTOPHOH

JIuarpamme Ha prucyHke 116.
B stoMm ciiyuae

iA = 0, UBN' = _UCN' = ?U(De_jgo; iB = —iC = ?Iq)e_j(go'l'(p).

[Tpu xopoTkoM 3ambikaHuM a3kl A (TPEXIPOBOTHAS
crcTeMa) IMEeT MECTO BEKTOpHasl Juarpamma Ha pucyHke 117.
W3 Hee BBITEKAET:
Upy = V3Upe /13, Ucy = V3Uge/ 10,
iB = \/§I¢D€_j(150+(p); iC = \/§I@€j(150_(p); iA = 3I¢€_j(p .

[Ipu oOpbiBe a3zl A B YETHIPEXIIPOBOJHON CHCTEME

(HeliTpanbHbIi IPOBOJ Ha prc. 116,a OKa3aH MyHKTUPOM, & BEKTOP
TOKa [y - MyHKTHpOM Ha pucyHke 116,0)

[y =0; Ip=Iped2040); . =] e=i(0=120%, [ —
I¢e—j(180+w)_
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CummerpuuHblil Tpexdas3Hblil IPUEMHUK IIPU COCAUHCHUU B
TPEYroJbHUK M COOTBETCTBYIOLIAs STOMY CJIYy4air0 BEKTOpPHAas
JrarpaMma HanpsDKEHHH U TOKOB IIPUBEIEeHBI Ha pucyHke 118.

UCN' UBN'
Up Uy
Pucynok 116 — BekropHast npu Pucynok 117 — BekropHast
o0psiBe (azer A JIUarpamMma Mmpu KOPpOTKOM

3aMbIKaHuH (Pa3er A

Pucynok 118 - CummeTpuuHbiii TpexdaszHblil MPHEMHUK MPH
COEJIMHEHNH B TPEYTOJIBHUK U COOTBETCTBYIOIIAS 3TOMY CIIy4ar0
BEKTOpHas JuarpaMMa HanpsKeHUH U TOKOB
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31ech mpy TOM e CIIoco0e coequHeHus da3 reHeparopa

Iyp = V3Ipe/ G0 pe = \Blpe 7O |, =
V3lpel 150-9),

Iy = 3lpe7?; Ip = 3lpe™I20+0); [ =
3lpeJ (#—120),

IIpu obpriBe poBona B (pase A-B Harpy3kw, Kak 3TO BHIHO
u3 cxembl Ha pucynke 119, Iy = —I¢4; Iz = Igc, npu sTOM camu
Toku I m I;4 B CHIy aBTOHOMHOCTH pekuMa paGoTel (a3 mpu
COCAMHEHNH HArpy3KH B TPEYTOJILHUK TaKWE ke, KaK U B LENH Ha
pucynke 118.a.

Takum 06pazom,

Iy = \/§1®e—j(<p+30°); Iz = \/§1¢e—j(<p+9o°);
[ = \V3lpe ™ (@=120%,

I
o e
i )
; :IIICA
I
o .

Pucynok 119 — Cxema nipu oOpriBe ipoBoaa B gaze A-B Harpysku

Ilenv mpu oOpeiBe JuHEWHOro TmpoBoga A-A’ u
COOTBETCTBYIOIIAS 3TOMY CIy4yal0 BEKTOPHAs AUarpamMma IpHUBEICHbI
Ha pucyHke 120.
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Pucynok 120 — Llens ipu 0OpbIBE JTHHEWHOTO TTpoBoaa A-A’ 1
COOTBETCTBYIOIIAs ’TOMY CITy4al0 BEKTOpHas AUarpamma

3nech

Iyp =lca =
I = \/§1®e—j(90°+<ﬂ);
iB = —iC = 1‘5\/§Iq)e_j(900+(p)

\mz”b ¢ (90°—p) _ ?14)6]'(900—@;

3.4 MourHocTh B Tpex(a3HbIX Henmsax

MrHoBeHHasi MOIIHOCTh TpeX(a3HOro HCTOUYHUKA SHEPrHu
paBHA CyMMe MTHOBEHHBIX MOIITHOCTEH ero (a3:

P =pa+Dp+Pc=uly +ugip+ucic.

AxTuBHAsA MOIOHOCTE TCHEpaTopa, oOoIpeaciieMas Kak
Cp€aHEe 3a €pUoa 3HAUYCHUC MT'HOBCHHOM MOIITHOCTH, paBHA
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P = %foT pdt = Py + Py + P; = Uylycospy + Uglgcospy +
Uclccospe.

COOTBETCTBEHHO  aKTWBHAas  MOITHOCTH  TpeX(aszHoro
MPHEMHAKA C Y4YeTOM TIOTEPh B COMNPOTHUBICHUH HEHTPaIHHOTO
MpOBOA

P:PA +PB+PC+PNa

PeaktuBHas

Q=04+ 0Qp+Qc+0Q;
" IIOJIHasA

s =.,/P2+ Q2.

CyMmMmapHas aKTHBHAs MOIIIHOCTh CHUMMETPUYHOU
Tpex(a3Hol CUCTEMBI

P =3Uglgpcos@g. (3.8)

y‘II/ITI)IBaH, 4YTO B CHMMCTPHUYHOM PEXKUME I 3BE3JIbL
HUMCIOT MECTO COOTHOIICHUA

U]]=\/§U¢,; j]]ZIQ).
" IJid TPEYTOJIbHUKA —

UJ]:UCD; I_]]:\/gl(p.

Ha ocHoBaHuH (3.8) 111st 000MX CIIOcO00B coemuHeHus (a3 momydaem
P = /3Uylcos,

rac @- yroJj caBura MExay (1)33HI:IMI/I HAaIps’KEHUCM U TOKOM.

232



AHaJIOTHYHO

Q = \3Uylysing; S =3U,ly.

[oxaxem Tenepb yKa3aHHOE paHee CBOMCTBO
YpaBHOBEIIEHHOCTH ByX(a3HoW cucrembl Tecna u cuMMeTpUIHON
Tpexha3HOH CUCTEMBI.

1. AByx¢a3unas cucrema Tecsia
B cootBercTBum ¢ pucyrkom 121

Pucynok 121 — BekropHast auarpamma

uy = Uy, sinwt; iy = I, sin(wt — @);
ug = Upsinifwt — 2); iy = I, sin (wt ~I- (p).
pa = Uyiy = Uy L, sinwtsin(wt — @) (3.9
= Ul(cosp — cos(2Qwt — @)); )

pp = upip = Uplp Sin(wt—g)sin(wt—g— (p) =

(3.10)
Ul(cose + cos(Rwt — ¢));.

C yuerom (3.9) u (3.10)

D =py +pp = Uiy = 2Ulcosep = const;.
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Takum o0pazoMm, cymMMapHass MTHOBEHHAs MOIIHOCTH (a3
€CTh BEJIMYMHA TIOCTOSIHHAs, paBHAs CyMMapHOW aKTHBHOH
MOIITHOCTH UCTOYHHKA.

2. CumMmeTpuyHasi TpexdaszHas uenb

uy = U, sinwt; iy = I, sin(wt — @) ;
ug = U, sinifwt — 2?ﬂ); igp = I, sin ((ut — 2?” _
Z
uc = Uy, sinffwt + 2?”); ic = I sin (wt n 2?,, _
@.
Torna
pa = Uyiy = U, 1, sinwtsin(wt — @)
= Ul(cosep — cosifRwt — @));
. . 2my | 2
pp = upip = Uply sm(a)t —?)SLn(wt —3 ) =
2
= Ul(cosg — cosifRwt + 3~ ®));
. . 2m\ | 2
pc = ucic = Uyl sm(wt +?)51n(a)t +?_ ) =
21
= Ul (cosq) — cos <2wt -3 ))
Otcroma

p =p4 +pp +p0c =3Ulcosp = const,

T.e. H Ui CHMMETPUYHON Tpex(da3HOW 1enu CBOMCTBO
YPaBHOBEILIEHHOCTH JOKA3aHO.
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3.5 U3mepenue MOITHOCTH B TPeX(a3HbBIX HENsIX

Hwmxe paccMOTpeHBI TPAaKTUYSCKHUE CXEMbl BKJIFOUCHUS
BaTTMETPOB JIJIS K3MEPEHUS MOIITHOCTH B TPEeX(a3HbIX ICTISIX.
1. YeThIpeXnpoBOHAsA CUCTEMA, HECHUMMETPUYHBIA PEXKUM.
Ipencrasiennas Ha pucyHke 122 cxema Ha3bIBacTCs CXeMOM Tpex
BATTMETPOB.

-yl
£
\5*
o
N
P

-]
*
o
S

o=

Pucynok 122 — Cxema Tpex BaTTMETPOB

CyMMapHasi akTHBHAsS MOIIHOCTh IIETIH OIPEAEIeTCsS Kak
cyMMa MOKa3aHuil TpeX BaTTMETPOB

P:PA +PB+PC

2. YeTsIpexnpoBOIHAS CUCTEMA, CAMMETPUYHBIA PEXKUM.

Ecnu pexum paboThl LENW CHUMMETPUYHBIN, TO Ul ONPEAEICHUS
CYMMapHOW aKTHBHON MOIIHOCTH JOCTATOYHO OIPAaHUYUTHCS OJHUM
BaTTMETPOM (JIFOOBIM), BKIFOYaeMBIM TI0 CXeMe Ha pucyHke 141.
Torna, Hanpumep, npu BKIIOYeHHU nprdopa B dazy A,

P = 3P,. (3.11)
3. TpexnpoBoiHAsI CHCTEMa, CHMMETPHUYHBIA PEKIM.
[Ipu orcyTCTBUM JOCTyNa K HEWTpaIbHON TOYKE MOCIETHAS

CO3aa€TCA HUCKYCCTBCHHO C IIOMOIIBIO BKIIIOUCHUA TpeX
JOIOJHUTEIIbHBIX PE3UCTOPOB 110 CXEME «3BE3Ja», KaK IIOKa3aHO Ha
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pucyHke 123 — cxeMa BaTTMeTPa ¢ UCKYCCTBEHHOI HelTpaabHOI
TOYKOM.

[Tpu sToM HeoOXxoAMMO BBIMOJIHEHUE ycioBusi R = Ry + Ry,
rae Ry- coOCTBeHHOE compoTHBIEHHE OOMOTKHM BaTTMeTpa. Torma
CyMMapHasT ~ aKTMBHas  MOIIHOCTh  Tpex(azHOW  CHUCTEMBI
ompenenseTcs cormacHo (3.11).

*WPW;
./

Pucynok 123 - Cxema BaTTMeTpa C HCKYCCTBEHHOU HEHTpaIbHON
TOYKOU

00 WD

4. TpexmpoBojnHasi CHCTEMa, CHUMMETPUYHBIA DPEXUM; H3MEpPEHHUE
PEaKTUBHOM MOIIHOCTH.

C moMonib0 OJJTHOrO BaTTMETPA P CUMMETPUYHOM PEKHUME
paboThI LIEMM MOXHO M3MEPHUTh €€ PEaKTHBHYIO MOIIHOCTh. B 3TOM

cllyyae cxeMa BKJIIOYCHHUsSI BaTTMETpa OyJeT UMETh BHJl 10 PUCYHKY
124,a.

|-

P

g

CTBC

o
a

Pucynok 124- Cxema u3MepeHus: peaKTHBHOW MOIITHOCTH
Y BEKTOpHAs Irarpamma
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CormacHO BEKTOpPHOW JumarpaMMe Ha pPHCYHKE
n3MepsiemMas mpudOpPOM MOIITHOCTH

Py = Uyl cos(90° — @) = Uylysing = %
Taxum 06pa3oM, CyMMapHasi peaKTHBHAs! MOILIHOCTh

Q =V3P,.

5. TpexnpoBoaHas CUCTEMA, HECUMMETPHUYHBII PEeXKUM.

124,6

IIpencrarneHHas Ha pucyHke 125 cxema Ha3bIBaCTCSl CXEMOM
IBYX BaTrTMeTpoB. B Helt cymma mnokasaHuii mnpuOOpOB paBHA

CyMMapHON aKTUBHOW MOIIHOCTH LIEIH.

PWi Ty

-

T
3*:
\..IS:#:

y I
¥ FPW. ‘R

By By

Ic

Pucynok 125 — Cxema u3mepeHus AByMs BATTMETPaMHU

JlelicTBUTEIBHO, IOKA3aHUS IPUOOPOB B JAHHOM CXeMe:
P, = Re(Upcly);. P, = Re(UpcIp).
Torma

P =P, +P, = Re(Uyciy + Upclp)
= Re ((Us = Uc)in + (Up — Uc)iy ) =
= Re (UAfA + Ul — Uc(Iy + iB)) =
= Re(Uyly + Ugly + Ucle) =
= Py+Ps + P
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B 3axmrodenne oTMeTHM, 9TO €CIIM B CXeMe Ha pucyHke 144
UMEeT MECTO CHMMETPUYHBI pPEXUM paboThl, TO Ha OCHOBAaHHHU
MoKa3aHui MPHUOOPOB MOMKHO ONPEAETUTH CYMMapHYIO PEaKTHBHYIO
MOIITHOCTb TN

Q =3P, - P)). (3.12)

KouTpoabHble Bonpochl

1.B cuMMeTpuYHO TPEXIIPOBOIHOM LEH MPOU30IIeN OOPHIB (ha3bl.
YT0 noKa)keT BOJIBTMETP, BKIIOUEHHBIM MEXy HEUTPAIbHBIMU
TOYKaMH UCTOYHHUKA U IPUEMHUKA?

2.Bo cxonmbKko pa3 MOIIHOCTG B IIETIH MTPH COSTUMHEHUH 3BE3/10H
MEHBIIIE MOIIIHOCTH B IIETIH IPU COETUHEHUH TPEYTOJIbHUKOM?
3.Kakyro cxemy n3MepeHus: MOITHOCTH MOYKHO IPUMEHUTh MPU
CUMMETPUYHON U HECUMMETPUYHOUN Harpy3Kax?

4. KakoBO COOTHOIIIEHHE MEKIY aKTUBHOM U peaKTUBHOM
MOIIIHOCTHIO IIPH U3MEPEHUH ABYMS BaTTMETpamMu?

5.Kakyro MOIIHOCTh MOKHO U3MEPHUTH OJHUM BaTTMETPOM?

3.6 MeToa CMMMETPUYHBIX COCTABJISIIOINX

MeTon CHMMETPUYHBIX  COCTaBJISIOMIMX OTHOCHTCA K
CHECIMALHBIM METO/IaM pacdera Tpex(asHbIX IIereld U IIMPOKO
MPUMEHSIETCS ISl aHAJTN3a HECUMMETPUYHBIX PEXKUMOB UX PaOOTHL, B
TOM YHCJE C HECTaTMUECKOW Harpy3koil. B ocHoBe meroma nexur
NIPECTABICHUE HECHUMMETPUYHON TpexdazHoi CHCTEMBI
nepemeHHbIX (3]C, TOKOB, HANPSDKEHUH | T.I1.) B BHJE CYMMBI TPEX
CUMMETPUYHBIX CHCTEM, KOTOpBIE HAa3bIBAIOT CHMMETPHYHBIMH
COCTABJAIOIIUMHU. Pa3nnyaroT CcHUMMETpUYHBIE COCTABIISIONINE
NpsiMoii, 00paTHOW W HYJEeBOIl TOCIEeI0BATEIHLHOCTEH, KOTOPHIE
pa3nu4aroTcs MOPSAAKOM depenoBanus ¢as.
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CHMMETpPUYHYI0 CHUCTEMY MpsIMOIl IOCIEAOBATEIbHOCTH

00pa3yroT (cM. pUCYHOK 126,a) TpH OJWHAKOBBIX TIO MOJYJIFO
. . 2
BekTopa Aq, B; u € co cIBUroM Ipyr IO OTHOLICHUIO K APYry Ha ?ﬂ

pan., mpudyem B; orcraer ot A¢, a Cq- ot By.

Pucynok 126 — Cuctema npsiMoli, oOpaTHOH 1 HyJIE€BOH
MIOCJIE/TI0BATEILHOCTH

2w
BBe[Iﬂ, omneparop IoBoOpoTa a = ej 3, o CI/IMMGTpI/I‘-IHOﬁ

CUCTEMBbI pr[MOﬁ TI0CJIEAOBATCIIBHOCTHU MOXKHO 3aIllucaTh
B1 = azAl; Cl = aAl.

CumMerpuyHasi cucTeMa OOpaTHOM IOCHeq0BaTENbHOCTH
oOpa3oBaHa paBHBIMH II0 MOJIyJi0 Bekropamu A, B, u €, ¢

2r
OTHOCHTENLHBIM CIBUrOM 10 (pa3e Ha 5  Paa., mpudem Temnepsb

C, orctaer ot A,, a B, - or C, (cM. pucynok 145.6). Jlnsa sroit
CUCTEMBI IMEEM

Bz = aAz; Cz = azAz.

Cucrema HYJIEBOW IOCIIENOBATEIILHOCTH COCTOMT M3 TPEX
BEKTOPOB, OJJMHAKOBBIX MO MOAYIIIO U (ase (cM. pucyHok 126,B):

AO :BO = Co.
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IIpm crnoxeHnn Tpex YKa3aHHBIX CHCTEM BEKTOPOB
MOJTy4aeTCsl HECUMMETPUYHASI CHCTEMa BEKTOPOB (CM. prCYHOK 127).

Jrobas HECUMMETPUYHAS cucTema O/IHO3HAYHO
pacKiaapIBaeTCst Ha CHMMETPUYHbBIC COCTAaBJISIIOIITHE.
JlericTBUTEIBHO,

=

Pucynok 127 — BektopHas tuarpaMmma HECHMMETPUYHON CHCTEMBI

B = B1 + Bz + BO = a2A1 + aAZ +A0, (314)
C = Cl + CZ + CO = aA1 + azAz + AO (315)

Takum 00pa3zoM, TOJNydYeHa CHCTEMa W3 TPEeX YpaBHEHUH
OTHOCHUTEILHO Tpex HEU3BECTHBIX Al A 2 AO , KOTOPBIE,
ClIe/IOBATENFHO, ONpENENIOTCsS ONHO3HAuHO. [l HaxoxaeHns Ag
cnoxxum ypaBHeHus (3.13)...(3.15). Torma, yuutsiBas, uto 1+ a +
a? = 0, nony4um

240



o=3(4d+B+C). (3.16)

Jlns naxoxenns A, ymuoxkum (2) Ha a, a (3) — Ha a?, mocne

4Yero MoOJNy4YeHHBbIe BbIpaxeHus cioxkuMm c (1). B pesymnbrate
MPUXOAUM K COOTHOLICHUIO

Ay =3 (A+aB +a%C). (3.17)

Hns onpenenenust A, coorHomenuem (3.13) ckmagpiBaem
ypaBaenuss (3.14) wu (3.15), mnpenBapuTEN HO YMHOXXEHHBIE
COOTBETCTBEHHO Ha a’ U a. B pesyibTare HMeeM:

, =3(d+a?B +al). (3.18)

qDopMyJILI (3.13)...(3.18) crpaBeIMBBI IS JIIOO0M CUCTEMBI
BeKTOPOB A, B, C, B TOM umcie n 171si CHMMeTpUYHON. B mocnemnem
ciydae

A:Al, AZZAO:O

B 3akmroueHue pasaciia OTMETUM, YTO IIOMHUMO BBIYMCIICHUA
CUMMETPHUYHBIC COCTABJIAIOUNINE MOTYT OBITH N3MEPCHBI C IMMOMOIIBIO
CHELUAIBHBIX (GWIBTPOB ~ CHUMMETPUYHBIX  COCTABIISIOLINX,
HCTOJIb3YEMBIX B YCTPOUCTBAX PEJICHHOMN 3allUThl 1 aBTOMATHKU.

CBoiicTBa CHMMETPHUYHBIX  COCTABJSIOIIMX TOKOB
W HATIPSKEHWH Pa3/IMYHBIX MOCIe0BaTeJbHOCTel

PaccMoTpuM 4eTHIpEXITPOBOAHYIO CUCTEMY Ha pUCYHKe 128.
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Pucynok 128 — YeTsIpexnpoBoiHas cucreMa

s Toka B HEUTpaIbHOM MPOBOJIE UMEEM
Iy=1L +1Iz+Ic.
Tornaa ¢ yuetom (3.16)
Iy =3I, (3.19)

T.€. TOK B HEUTPAJILHOM MPOBOJE PAaBEH YTPOEHHOMY TOKY HYJIEBOH
[10CJIE/10BATEILHOCTH.

Ecim  HefiTpambHOro mnpoBoja Her, To Iy =0mn
COOTBETCTBEHHO HET COCTaBIISIOIINX TOKa HYJIEBOU
[10CJIE/10BATEILHOCTH.

ITockonbKky CyMMa JMHEHHBIX HAIPSDKEHUN paBHA HYINIO, TO B
coorBercTBUU ¢ (3.16) nuHelHBIE HaANPsDKEHUsT HE COAEpKar
COCTaBJISIOIIMX HYJIEBOM MOCIEI0BATEILHOCTH.

PaccMoTpuM TpeXnpoOBOIHYI0 HECUMMETPHUYHYIO CUCTEMY Ha

pucynke 129.
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Pucynok 129 — TpexnpoBogHast HECUMMETpPHYHAs CUCTEMa

31ech

l:]AN' = E:'A - QNN':
Upn = Eg — Uy
Uen' = Ec — Uyn-

Torma,  HmpocymMMHpOBaB 3T

COOTHOIIICHMS, JUIA
CUMMETPHUYHBIX

COCTaBJIAIOIINX Hy.HGBOfI IOCJICA0BATCIIbHOCTH
q)aSHBIX HaprI)KeHI/Iﬁ MOXXHO 3aImcaTb

. _ E4+Ep+Ec .
Upo = -3 Unn--

Ecim cucrema OJIC reHeparopa CHMMETPUYHA, TO U3
MOCJIEIHErO II0Iy4aeM

Upo = —Unn- (3.20)
U3 (3.20) BoITEKaeT:
e B (a3HBIX HanpsHKEHUS X  CHUMMETPHUYHOTO  [IPHEMHHKA

OTCYTCTBYIOT CUMMETPHUYHBIC

COCTaBJIAIOLINE HYJIEBOU
MIOCIIE0BATENIBHOCTH;
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e CHMMETPUYHBIE COCTaBISIONIME HYJIEBOW IIOCIEI0BATEIHLHOCTH
(hazHbIX HaTPSDKEHUH HECHMMETPHUIHOTO MpUEeMHUKA
OTIPEICISAIOTCS BETUYMHON HATIPSDKEHUS CMEILICHUS HEHTpau;

e (haznbic HaIpsKEHUS HECUMMETPUYHBIX MIPUECMHUKOB,
COETWHEHHBIX 3BE3/IOW, NMpPW MUTAaHUH OT OIHOTO HCTOYHHKA
pa3IMYalOTCS TOJBKO 32 CYET CHMMETPHUYHBIX COCTaBIISIOIINX
HYJICBOW MOCIIEOBATEIILHOCTH; CUMMETPUYHBIE COCTABIISIFOIIINE
MpsIMONH W OOpaTHOW TOCIEeNOBATEIHHOCTEH y HHUX OJMHAKOBEHI,
MTOCKOJIBKY ~ OJHO3HAYHO  CBSI3aHBl C  COOTBETCTBYIOLIHMMHU
CUMMCETPHUYHBIMU COCTABJIAIOIIMMHA JIMHEMHBIX HaHpH)I(CHHfl.

[lpu coepuHeHWH HArpy3kd B TPEYTOJBHUK (ha3HbIE TOKH
Ing,Igcm Icy MOTYT comepKaTh CHMMETPHUYHBIE COCTABJISIONINE
HyNeBOii mocnenosatenbHocTh . TIpu aToM I (cM. prcyrok 130)
UPKYJIMPYET 110 KOHTYPY, 00pa30BaHHOMY (ha3aMy Harpy3KH.

A
o

12

&
Pucynok 130 — KoHTyp TOKOB HYNEBOM MOCIIET0BATEIIEHOCTH

-

ConpoTuBjieHUss CHMMeTPUYHON TpexdasHoi uenu
JJISl TOKOB Pa3JIMYHBIX MOCJIEA0BATEIbHOCTEH

Ecnu xk cuMMETpUYHOM Nenu NPWIOKEHA CHUMMETpUYHAs
cucreMa (a3HBIX HaNpsDKEHWH MpsMoi (0OpaTHON WM HYJEBOW)
MOCJIEZI0BATENILHOCTEN, TO B HEH BO3HHKAET CUMMETPHYHAs CHCTEMaA
TOKOB TIPsIMO# (0OpaTHOM WM HYJIEBOH) ImocienoBaTeibHOCTH. [pn
WCIIONB30BAaHMM  METOJIa CHMMETPHYHBIX  COCTAaBIIIONIMX  HA
MIPaKTUKE CHMMETPHUYHBIE COCTABISAIOLINE HANPSKEHUH CBA3aHBI C
CUMMETPUYHBIMU COCTaBJISIOIINMH TOKOB TOH xKe
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nocneaoBaTenbHOCTH. OTHOIIEHHE CHMMETPUYHBIX COCTABIISIOIINX
(a3HBIX  HampsHKeHWH TpsMol  (0OpaTHOW WM HYJEBOH)
MOCJICZOBATEIBHOCTY K COOTBETCTBYIOUIMM  CHUMMETPUYHBIM
COCTaBJISIOIINM TOKOB Ha3bIBaCTCS KOMILTEKCHBIM
CONPOTHUBJIEHHEM NPAMOI

U Up Uc1.
L1 ===,
Iyr g1 Igq

oOpaTHoi
_Uspz Upy Utz_
Zz— == =--—,
Lip  Igy g
U HYJICBOH
7 Uso _ Upo _ Uco
Ipjo  Ipo  Ico
MoCJIeA0BATEILHOCTEH.

ITycTs nMeeM yyacToK uenu Ha pucyHke 131.

PI/IEyHOK 131 — Tpexdaznas uens
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Jnst passr A aTOr0 ydacTka MOYKHO 3alucaTh
Uy = (R + jwL)ly + joM(p + Ip). (3.21)

Torma Ui CHUMMETPUYHBIX COCTaBJISIIOLUIMX TPSIMOM U
o0paTHO# TOCIEeNOBaTENBHOCTEH C y4YeTOM, TOTO, YTO jAl(Z) +
fBl(z) + fCl(z) = 0, Ha ocunoBanuu (3.21) umeem UA1(2)=(R+ja)L —
](HM) IAI(Z)' .

OTcro/la KOMIUIEKCHBIE COTPOTHBIICHUS IPSIMON M 00paTHON
MOCJIEI0BATEIbHOCTEH OJJMHAKOBBI M PABHBL:

Zi =27, = R+ j(wlL = wM).

s CUMMETPUYHBIX COCTaBJIAIOIIUX HYJIEBOU
MOCNENOBAaTENbHOCTY € Y4YETOM  paBeHcTBa [y = Ipy =
Iy coorHomenue (3.21) Tpancopmupyercs B ypaBHEHHE

Uso = (R + jwL + 2jwM) iy,
OTKy)Ia KOMIIJICKCHOC COHpOTI/IBHeHI/Ie HyneBoﬁ IIOCJICA0BATCIBHOCTHU
Z=+j(wL + 2wM).

B  paccmoTpeHHOM — mpUMeEpe  TMOJNYy4YeHO  PaBEHCTBO
COTNPOTHUBJICHUIN MpsMONl u oOpaTHOUM TmocienoBaTeNbHOCTEH. B
o0IeM ciay4yae 3TH COINPOTHUBIICHUS MOTYT OTJIMYAThCS JPYTr OT
npyra. Haubonee TUNMYHBIA TpuUMEp — pa3InyMe COMPOTHBIICHUH
Bpallalomeiicss MalMHbl Ui TOKOB MpsiMOW  u  oOpaTHOH
MIOCIIeIOBAaTEIPHOCTE 32 CYeT MHOTOKPAaTHOW pasHHIBI B
CKOJBXEHUH pPOTOpPAa OTHOCHUTENIBHO BpAIllAlOIIEroCs MarHUTHOTO
IIOJISL TSI ATUX IIOCJIE0BATCILHOCTEH.
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3.7 IlpuMeHeHHEe METOIa CHMMETPHYHBIX COCTABJISIFOLIUX
JJISI CAMM ETPUYHBIX Henei

Pacuer memeil MeTONOM CHUMMETPHUYHBIX COCTaBIISIOIIMX
OCHOBBIBACTCSl Ha MPHHLUIE HAIOXKEHHsS, B BHAY 4Yero MeETOJH
MPUMEHHUM TOJIBKO K JIMHEHHBIM HersiM. COTJacHO JaHHOMY METO.Y
pacueT OCYLIECTBISIETCS B  OTHCJIBHOCTH Il  COCTaBIISFOLIUX
HaNpsDKEHUH M TOKOB Pa3jIMUHBIX IOCIEAOBATEIbHOCTEH, IPUUEM B
CHITy CUMMETPUHM PEKUMOB pabOTHl LENH Al HUX OH MPOBOAUTCS
s omHoM daser (dazer A). Ilocme 3Toro B COOTBETCTBHH C
(3.13)...(3.15) ompenensitoTcsl peajbHBIE UCKOMBIE BenW4HHEL. [Ipu
pacueTre CiIcAyeT IMNOMHHUTb, 4YTO, IIOCKOJIbBKY B CHMMCTPUYHOM
pEeXUME TOK B HEHTPAIBHOM MPOBOJIC PaBEH HYJIO, COMPOTHBIICHHUE
HEHTpaNbHOrO NPOBOAA HHUKAK HHM BIMSIET HAa CHMMETPHYHbIC
COCTABIISIIOIIME TOKOB HPSMOH M 0OpaTHOM MOCIIEAOBATEIbHOCTEH.
HaoOopoT, B cxeMmy 3amMelnieHus sl HYJEBOW MOCIeN0BATEIbHOCTH
Ha ocHOBaHUH (3.19) BBOAUTCS yTPOSHHOE 3HAYEHUE COMPOTHBICHUS
B HelTpambHOM npoBoae. C y4eTOM BBIIIECKA3aHHOTO HMCXOMHOH
cxeMe Ha pucyHke 132,a COOTBETCTBYIOT pacueTHble OAHO(A3HEBIC
Henu JUisi OpsMOW W OOpaTHOHM MOCHeNoBaTeNbHOCTEH (PUCYHOK
132,6) u HyneBo# nocienoBaTeIbHOCTH (PUCYHOK 132,B).

A Zy=Z,=Z 4 Z 3Zy
— 1

D=
1:2

Pucynok 132 — Cxembl 3aMeltieHust NpsiMoi, 00paTHOHM 1 HyJIEBOH
MOCTIEI0BATEIILHOCTH
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CyIiecTBeHHO CIIO)KHEe OOCTOWT €10 NMPH HECHMMETPHH
conporusienuil no ¢azam. Ilycts B uenu Z, # Zg # Zc. Paznoxus
TOKHM Ha CHMMETPHUYHBIE COCTABJIAIONIME, JUI1 JAHHOM LIEMU MOXKHO
3anucarhb

UA = ZA(Il + iz + jo);
Up = Zg(a?ly + al, + Iy); (3.22)
UC = Zc(ail + aziz + 10)

B cBoto ouepenp

1. . . .
1= §(UA + aUB + a2UC);
Uy = 5 (Us + a0y + all); (3.23)

1,. . .
0= g(UA + UB + UC)
IloncrauB B (3.23) 3HaYeHHWA  COOTBETCTBYIOIIUX

napameTpoB u3 (3.22) mocie TpyImupoOBKH YWICHOB ITOIYIUM

Ul = lejl + Z ziz + ZlOiO;

Uz = 111 +Z 212 +Z 010' (3.24)

Uo = Zo1 Iy + Zoa Iy + Zoolp.
rIe

[N

Zy1 =Zy =Zoo =z (Za+ Zp + Z¢);
Z1p = Zoo = Zo1 = > (Za + a*Zg + aZc);

R

—w

Zig =23 =Zo2 = §(ZA +aZp + a’Z;).

M3 1nosy4eHHBIX COOTHOLIEHUH BHUIHO, YTO €CIU K
HECUMMETPUYHOM LIEeMU MPWIOKEHA HECUMMETPUYHAs CHCTEMa
HapsOKEHUH, TO KaxJash U3 CUMMETPUUYHBIX COCTABJISIOLIUX TOKOB
3aBUCUT OT CHUMMETPUYHBIX COCTABJISIONIUX HAOpPSDKEHUM BCEX
nocneaoBatenbHocTel. [loaToMy, eciu Ob1 TpexdaszHas 1erb Ha BCeX
ydacTkax OblIa HECUMMETPUYHA, PACCMaTpUBAaEeMbIii METOJI pacuera
He maBan Obl mpemMmyIecTB. Ha mpakTwke cucTeMa B OCHOBHOM
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SBIISIETCS. CUMMETPUYHOH, a HECHUMMETpPUsI OOBIYHO HOCHT
JIOKAJTBHBIA XapakTep. DTO 0OCTOSTENBCTBO, KaKk OyJeT MOKa3aHO B
CIIeAYIOIIEH JIEKIMH, 3HAYUTEIBHO YIIPOLIAET aHANH3.

Ha Bcex yuwacTkax wenw, rie CONPOTHBICHHS MO (hazam
oauHaKoBeI, Z;, = 0 s iY. Toraa u3 (3.24) nonyvaem

Uy = Zyiby; Uy = Zpply; Uy = Zoo.

KoHnTpoabHble Bonpochl

1.B kakux ciiydasx OTCYTCTBYIOT COCTaBJISIOIINE HYJICBOM
MOCEI0BATEIbHOCTH B IMHEWHBIX TOKaX ?

2.J151s KaKuX 1eTel COMPOTUBIICHUS MTPSIMON M 00paTHOMH
MOCJIeI0BATEIFHOCTEH OJIMHAKOBBI, a IS KAKUX — PA3IUYHBI?
3.4 aHanm3a Kakux Iernel BO3MOXKHO MTPHUMEHEHUE METOo/1a
CUMMETPUYHBIX COCTaBIISIOMINX ?

4.Ka1< IIpU UCIIOJIL30BAHUN METO/Ja CUMMCTPUYHBIX COCTABIIAIOIMIUX
YYHUTHIBACTCS CONPOTUBIICHHE B HEUTPAIBHOM MPOBOE?

5.B uewm 3akirodaeTcs ynpolieHrue paciyera ey Mpu
HCIIOJIb30BaHNU METOZa CUMMETPHUYHBIX COCTaBJBIIOIlII/IX?

3.8 Teopema 06 aKTMBHOM JBYXIOJIOCHUKE 5
CHUMMETPUYHBIX
COCTABJISIOIINX

B Ttex cnywasx, kxorma TtpexdasHas 1emnb B ICJIIOM
CUMMETPUYHA, a HECHMMETPUS HOCHUT JIOKATBHBIA XapakTep
(MecTHOE KOpOTKOE 3aMbIKaHWE WJIH OOpBIB (ha3bl, MOAKIIOUEHUE
HECUMMETPUYIHOW HArpy3KH), A pacyeTa yIOOHO MPUMEHSThH
TeopeMy 00 aKTUBHOM JIBYXTIOJTIOCHHKE.

IIpu MBICIICHHOM YCTPaHEHHUH HECUMMETPUU
(HECHMMETPHYHOTO yYacTKa) JJIsi OCTAaBIICHCS IIETH MMEET MECTO
CUMMETPHUYHBIN PEKHUM XOJIOCTOrO X0/a. B COOTBETCTBUU C METOIOM
SKBHUBAJICHTHOTO TeHepaTopa Temepb HEO0OXOJUMO ONIpPEIeNIUTh
skBuBajieHTHbIE DJ[C U BXOJHBIE COMPOTUBJICHUS CUMMETPUUHOMN
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nenu. B oOmem ciiydae — mMpu HECUMMETPUH B cUCTeMe (a3HBIX
HaIpsDKEHUH MCTOYHWKA — TMOMHMO JKBHBaieHTHOH DJIC mpsmoit
TnocneoBaTenbHOCTH  E; GyayT Takke MMETh MECTO IKBHBAJICHTHBIC
BJIC obpatHoit E, u Hynesoit E, mociemoBatenbHocTei. OqHAKO
0OBIYHO HATIPSKEHHS TEHEPATOPOB CHMMETPHYHBI — Torma E, = Ej .
Bemmumna E;, COOTBETCTBYIOMAs HANPSKEHHMIO XOMOCTOTO X072
Ucpxx Ha  3@KUMax  [OAKIIOYEHHS JOKAJbHOM  HECHUMMETPHH,
OnpesAenseTcss MpH OTKIIOYEHHHM JIOKAJbHOM HECUMMETPUYHOMN
Harpy3ku JIOOBIM H3BECTHBIM METOIOM pacdera JUHEHHBIX LEIeH,
IpUYeM B CHIY CHUMMETPHU LENM pacyeT MPOBOAUTCS AL OTHOM
(a3bl.

B oTnensHOCTH paccUMTHIBAIOTCS BXOJHBIE CONPOTHBIICHUS
CUMMETPUYHOM Ienu JUIs Pa3IuyHBIX [OCJIEIOBAaTEIbHOCTEH,
KOTOpasi MpelBapUTeIbHO MpeoOpa3yeTcss U3BECTHBIMH METOJaMH B
MaccUBHYIO 1ienb. [Ipy 3ToM mpu pacdyeTre BXOAHOTO COMPOTHUBICHUS
HYJICBOM IMOCIIEIOBATENEHOCTH Zj HEOOXOAMMO YYUTHIBATH TOJIBKO
T€ Y4YacTKH LIEeMH, KOTOpPhle COETUHEHbI C HEHTpalbHBIM MPOBOJOM
WY 3a3€MJICHHOW HEUTpanbHOW TOYKOH, T.€. MPUHUMATH BO
BHUMAaHUE TOJBKO T€ BETBU, MO KOTOPBIM MOTYT NPOTEKaTb TOKH
HyJleBOM mocnenoBaTenbHOCTH. CXeMbl [ pacueTa BXOJIHBIX
COTPOTUBJICHWIA TMpsAMOW W  0OpaTHOM ToOcCienoBaTenbHOCTEH
OJMHAKOBBI, OJHAKO B CJIydae BPAILIarOIIUXCS MAIlWH BEIWYHHBI
3THX CONPOTUBICHUN Pa3TUYHBI.

[TockoyibKy B OTAEHBHOCTH JUISl KaXIOW CHUMMETPUYHOU
MOCJIEI0BAaTEIbHOCTH UMEET MECTO CHUMMETPHYHBIN PEKUM, pacdeT
yKa3aHHBIM METOJIOM BeJeTcsi Ha OJHy a3y C HCIOJIb30BaHUEM
pacueTHBIX cxeM Juig npsmoii (pucynke 133,a), oOpaTHO# (pucyHKe
133,0) u HyneBoii (pucynke 133,B) mociemgoBaTeIbHOCTEN.

I, Ze I, Zo

—] — e

E, Uz‘l b UOJ'
a 6 p N

Pucynok 133 — Cxemsbl 3aMerieHust Ui pacuera npsMoid, 00OpaTHOM
U HyJIEBOH II0C/IE€I0BATEILHOCTH
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I[aHHI)IM CX€MaM COOTBETCTBYIOT COOTHOIICHUSA

Ey =1Z; +Uy; (3.25)
EO = jOZO + Uo. (327)

[TockonbKy COOTHOWICHWH TPH, & YHCIO BXOISIIIMX B HHUX
HEM3BECTHBIX IECTh (Ul, U, U, 1'1,1'2,1‘0), HEOOXOIUMO COCTaBJICHHUE
TPEX IOMOJHUTENbHBIX YPABHEHUH, YUUTHIBAIOINX KOHKPETHBIN BT
HECHUMMETPHH.

PaccMOTpUM HEKOTOpBIE THIIOBBIE IIPUMEPHI MPUMEHEHUS
MeToAa.

OIHOIIOMIOCHOE KOPOTKOE 3aMbIKaHWE Ha 3eMiio (pucyHOK 134)
1 A = 1K3'

A
ZpZ32Z0 | B
Upr | C

Pucynok 134 - OgHONOII0CHOE KOPOTKOE 3aMBIKAHNE HA 3EMITIO

ITockombky  ¢aza A  3aMKHyTa Ha  3€MIIIO, TO
JIOTIOJTHUTENIbHBIE YPAaBHEHHS UMEIOT BUJ

UA = U1 + UZ + UO = 0, (328)
iB = O,
jC = 0

Tornma
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jl = %(IA + aiB + azic)zgim;
iz = %(IA + aZiB + aic)zéilﬁ;
. 1,: . , 1

fo =5 (la+ 15 +Ic)=5 o

C  y4YeToM  TOCHEIHUX  COOTHOIICHUUN
(3.25)...(3.27) MOXHO 3amucaTh B BUC

E = %21 +Uy;
E, = I?Zz + Us;

EO = %Z@ + Uo.

ypaBHEHUS

(3.29)
(3.30)

(3.31)

[Ipuanmas Bo BHMManue (3.28), a Takke TO, YTO UCTOYHUK
MMUTaHWUS] CUMMETPUYHBINA (Ezo =E) = 0), npocymmupyem (3.29),

(3.30) 1 (3.31);
. . fs
Ey = Upxx =0+ (Z1 + 22 +Zo)?:
OTKyZ[a HOJ‘IyIIaeM

P 3Upxx
C L+ +Zy

I[BYXHOJHOCHOC KOPOTKOC 3aMbIKaAHUEC 0e3 3emiau (pl/IcyHOK

135).
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gIng *‘glﬂ 7
;?

Usrr

DQlD:ID:L

Pucynok 135 - J[ByXmoiroCHOE KOPOTKOE 3aMbIKaHHUE 0€3 3eMIIN

I[HSI paccMaTpuBacMoOro ciiydyasi MOXHO 3aIlliuCaThb

Iy = 0;

IB = _'IC = IK3;
UB = UC;

jo = 0.

[TocnenHee paBeHCTBO OOBSACHSETCS OTCYTCTBHEM IMyTH ISt
MIPOTEKaHUs TOKOB HYJIEBOM MOCIEI0BATEIBLHOCTH.

- iA + aiB + azic _ (a — az)iK3 _ _iK3

11 =J]—=,
. 3 . 3 . 3.
. Ltailgtaly (@@ -l g
) PR
UA+aUB+a2UC UA+(a+a2)UB
1: —
3 _ 3
. .3 .
. Uy+a®Ug+aU; Uy+(a%+a)Ug
U2= =
3 3
Uy —Up
I

W3 nByx mociaeaHUX COOTHOIIEHWH BbITekaeT, uro Uy = U,
Ipu stom Uy = 0, Tak kak Ey = 0u [y = 0.
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[MoncTaBUB TONYyYEHHBIE BBIPAKEHUS JJIsI HAMPSHKCHUH H
TOKOB TIPSIMOI B 00paTHOM mocnenoarenbHOCTel B (3.25) u (3.26),
3aruIieM

By = Uy +427; (332)
. . 'I'K3
E, =U, —’ﬁ Zs. (3.33)

Boruuras uz (3.32) cootHomenue (3.33) ¥ yuuThIBas, 4TO B
CUJIy CUMMETpHUH UCTOYHUKA E, = 0, moydum

s . '[KB
By = Upxx =0+ (Z1 + Z) ",

OTKyna

_ .\/§U¢XX

.= .
3 AR

OO6psIB nuHE#HOrO mpoBoga (pucyHok 136) — ompenenuts
HaTnpspKeHUE B MECTE pa3phiBa.

AI‘I‘
4

Bi”
(:‘I'H

p(in m‘L:L‘

Tt

Pucynok 136 - OOpsIB 1MHEHHOTO TPOBOIA

B paccmaTtpuBaemMoM ciiydae NOMOJHUTEIbHBIE YpaBHEHUS
HMEIOT BU]T

254



Uc'c" = 0. (336)

N3 cootnomenntii (3.35) u (3.36) BeITEKaeT paBEHCTBO:

U, =0, =U,. (3.37)
Ha ocnoBanuu (3.25)...(3.27) ¢ yuetom (3.37) 3anurmiem
!
11 = 5
Z
. E, -0,
12 = )
ZZ .
. Ey—U
iy = 0 0
A\

[Ipyaumass BO BHUMAHUE CHMMETPUYHOCTh MCTOYHHKA
(E2 =FE, = 0), MOJICTABUM TIOCIIeTHIE BhIpaxeHus B (3.34):

12 U<1+1+1> 0
__1— — —_— =
Z Zy Zy Zy

- OTKyJIa

Upxx /21
1 1 1°

— 4+ =4+ =
Z1 L2 Lo

U1:

Takum O6p330M, HCKOMOC HAIIPsAKCHUC

Upxx /21
1 1 1°

Z %77

Uyyr =3
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IlonkmroueHne HECUMMETPUYHON Harpy3ku Z, # Zp + Z¢ K
CUMMETpUYHOU 1enu (pucyHok 137).

ANANA,

Uszr

Pucynoxk 137 - IloakiroueHne HECUMMETPUYHOM HArpy3Ku
K CUMMETPHYHON LIeTIH

YuurteiBas, 4TO Ez = EO = (0, mojacTaBUM B ypaBHCHHUS
(3.25)...(3.27) onpeneneHHbIe B MPEIBIAYIICH JIEKIIUH BBIPAKEHHS
Ui, Uy m Uy (cm. cootHotenue (3.24):

Ey = Upxx = 1h(Z1 + Z11) + 12212 + IoZ10;
0=10Z;+ Iz(Zz +_Zzz) + Iy Z>20;
0 =10Zo1 + 1Zo + 1o(Zo + Zoo)-

Pewass ganHyroo cucreMy ypaBHeHUH, Haxomum Ii,I, u I.

Torma
iA =il +12 +io;
IB = a211 + alz + 10;
ic = ai1 + aziz + jo.
nu

Up=0Zy; Up=1IgZp; U;=IcZ.
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B paccMmoTpeHHBIX mpuMeEpax — IpPEANoyarajgoch,  UTO
HEOOXOIUMBIE Al aHalu3a LEeNU MapaMeTphl U¢XX,Z1,Z2H Zy
[IPEIBAPUTEIHHO OIPEACIICHBI.

PaccMoTpuM HX pacueT Ha NpuUMepe NpeablaAyIed 3amadu
IUIs1 HEKOTOPO# cxeMbl Ha pucyHke 138.

Zag| €24 |2

Pucynok 138 — K pacdery HECUMMETPHUYHOTO peKuMa

ITockonbKy INpU OTKIIOUYEHUHM HECUMMETPUYHON HArpy3Ku
Z4,Zg,ZcocTaBmasics  4acTh ~ CXeMbl ~ Oymer  paboTath B
CUMMETPUYHOM  pexuMe, Juist  onpenenenus  Ugyy momydaem
pacueTHy0 oAHO(ha3HyI0 cXeMy Ha pucyHok 139.

257



Pucynok 139 — PacuerHas omHo(dazHas cxema

U3 nee

Drve = dr = Ey/Z14
c])XX_(pA_ 1 1 1"

Zi " Iy I3z

CxeMa nyst ompeeseHus] BXOIHBIX CONPOTUBIICHUN MPSMOI
Ziu oOpaTHOH Z, mocieoBaTeNbHOCTEd OJHA W Ta XKE U
COOTBETCTBYET Lienu Ha pucyHke 140,a. B cooTBeTcTBUM ¢ HElt

Pucynok 140 - Cxema 1i1st onpe/ieNieHnst BXOJHBIX COTPOTHBICHUN
MPSIMOM ¥ 0OpaTHOU TIOCIIEeIOBATEILHOCTEH

211272233
Z11Z2p + Z11Z33 + Zp3Z33

Cxema pans omnpeneneHus Zg, HOIy4YEHHas C Y4YETOM

BO3MOXKHBIX nyTei NPOTEKaHUsA TOKOB HYJIEBOM
MOCIIeI0BAaTEIBHOCTH, IpUBeieHa Ha pucyHok 140,0.
U3 Hee

_ Z11(Z22 + 3Zy)
=0T Ziy + 2oy + 32y
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Bbipa:keHue MOIIIHOCTH Yepe3 CHMMeTPUYHbIE COCTABJISIIONIUE
Komruiekc mosHoi MOIHOCTH B Tpex(a3Hou 1ernu
S=P+jQ = Uyl + Ugly + UcIL. (3.38)
Jlns1 dha3HBIX HANPSHKEHUN HIMeeM

UA =Ul+UZ+UO;
UB = aZUl + aUZ + UO; (339)
UC = aU1 + aZUZ + Uo.

YuuTteBas, 9T0 KOMIUIEKC, COINPSDKEHHBIA @, paBeH a’ u
Ha000POT, AJIs CONPSDKEHHBIX KOMILJICKCOB TOKOB 3aITHIIEM:

iA =i1+j2 +i0;
IB = all + azlz + 10, (340)
jC = azjl + ajz + jo.

IMoacrapmsas  (3.39) wm  (3.40) B (3.38), mocme
COOTBETCTBYIOIIMX IIPe0Opa3oBaHU TOTYIUM

S = 30,1, + 30,1, + 3U,l,.
Orcrona
P = 3U; I cosp, + 3U,I,cosqp, + 3Uylycospy = Py + P, + P,,.
u
Q = 3UyIysingy + 3U,l,sing, + 3Uplysingy = Q1 + Q, + Qo,

TJIe 1, P2, Po - PA3HOCTH (ha3 COOTBETCTBYIONINX CUMMETPHUIHBIX
COCTABJISIFOIITNX HAIMIPSHKCHUH W TOKOB.
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KoHTposibHbIE BONIPOCHI

1.B xakux ciyyasx 1eiaecooopazHo IpUMEHEHHE TEOPEMBI 00
AKTHUBHOM JBYXIIOJIIOCHUKE I CAMMMETPHUYHBIX COCTABIISIOMINX ?
2.Kak paccuuThIBaIOTCS DKBUBAJICHTHBIC TTApAMETPhl CHMMETPUYHOM
e , K KOTOPOU TOAKITIOYACTCSI JTOKAITbHAS HECUMMETPUYHAS
Harpyska?

3.B 1eM 3akirouaroTcss 0COOCHHOCTH pacueTa BXOJTHOTO
COTIPOTHBIICHUS HYJIEBOH TIOCIIE/I0BATEIILHOCTH?

4.KakoBa 1ocJieJI0BaTeIbHOCTh aHaIu3a TpexX(a3HoH 1emu ¢
HCIIOJIB30BaAHUEM TCOPEMEI 06 AKTUBHOM JIBYXIIOJIIOCHUKE JJIs1
CUMMETPUYHBIX COCTABJISIONIHX ?

5. B 4em 0coOGeHHOCTH pacueTa Ipu 0OPBIBE JTMHEWHOTO MPoBoaa?

3.9 Bpamaruieecss MAarHUTHOE 110JIe

Kak Obuto moka3aHo paHee, OJHAM U3 Ba)XKHEHUIIUX
MPEUMYIIECTB  MHOrO()a3HBIX  CHCTEM  SIBJSIETCS  IOJyYEHHUE
BpAIAONIErOCsl MarHUTHOTO TIONS C TIOMOINBIO HEMOJBHKHBIX
KaTyIlIeK, HA YeM OCHOBaHa paboTa ABUTaTe]el MEePEeMEHHOI0 TOKa.
PaccMoTtpenne aToro Bompoca HauHEM C aHaJIM3a MarHUTHOTO TOJIS
KaTYIIKH C CHHYCOMJIATbHBIM TOKOM.

MarnuTHOe moJie KATYIIKH ¢ CHHYCONIAJbHBIM TOKOM

ITpu npomyckanuu Mo oOMOTKE KaTyLIKH CHHYCOMIAIBLHOTO
TOKa OHa CO3JacT MArHUTHOE II0J€, BEKTOP HWHIYKIHH KOTOPOTO
n3MeHsaercss (IMyJbCHpPYET) BAOJIb OTOW KATYIIKH TaKkKe I10
CHHYCOMJANbHOMY 3aKOHy MTrHOBEHHass OpHEHTalus BEKTOpa
MarHMTHOM WHAYKLIHMH B TPOCTPAHCTBE 3aBUCUT OT HaMOTKH
KaTyIIKH 1 MTHOBEHHOTO HAINpaBiieHUs TOKA B HEHl M OMpeaenseTcs
Mo TMpaBwiy npaBoro OypaBumka. Tak Juist ciydas, TOKa3aHHOTO Ha
pucynke 141, BeKTOp MarHUTHOW HMHIYKLUMH HampaBlIeH [0 OCH
KaTylku BBepX. Uepes nonmnepuoaa, Koraa mpu TOM K€ MOZIYJE TOK
W3MEHUT CBOM 3HAaK Ha IPOTUBONOJOXXHBINA, BEKTOP MarHUTHOM
WHAYKOUA TpU TOW e aOCONIOTHOM BelIMYMHE IIOMEHSET CBOIO
opuenTauuio B npocrpancTee Ha 180°. C yueToM BbIlIECKAa3aHHOTO
MarHUTHOE TIOJie KaTyIIKW C CHHYCOHWJAIbHBIM TOKOM Ha3bIBAIOT
MyJ1bCHPYIOLHM.
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Pucynok 141 — Kartymika HHIYKTHBHOCTH

Kpyrosoe BpalaoLieecst MAarHUTHOE noJjie
ABYX- M Tpexda3Hoii 00MOTOK

prFOBLIM BpalaroniuMcsa MarHiuTHBIM I10JICM HAa3bIBACTCA
1ojie, BEKTOP MAarHUTHOM MHIYKIHMU KOTOPOrO, HE HM3MEHSAICH IO
MOJIYJIFO, BpAIllA€TCsi B MPOCTPAHCTBE C TMOCTOSHHON YIJIOBOM
4acCTOTOM.

s co3naHus KpyroBoro BpaIlaloLIerocs: Nojsi He00X0AnMO
BBINOJIHEHHE JIBYX YCJIOBHIMA:

- Ocu Karymiek JOJDKHBI OBITh CABHHYTHI B TPOCTPAaHCTBE JPYT
OTHOCHUTEJIBHO Jpyra Ha ONIpeleNeHHBId yron (i AByxdaszHoii
crctemsl — Ha 90°, s TpexdasHoii — Ha 120°);

- Toku, nuTarIIMe KaTYUIKW, JOJDKHBI OBITH CABHHYTHI 1O (asze
COOTBETCTBEHHO MPOCTPAHCTBEHHOMY CMEIEHHIO KaTYyIIIEK.

PaccmMoTpuM  moslyueHME ~ KPYrOBOTO  BpalaroLIerocs
MarHuTHOTO TOJIS B citydae aByx(aszHoi cuctembl Tecia (pUCyHOK
142 Ja).

Ilpu mporyckaHuM Yepe3 KaTyIIKd TapMOHHYECKHX TOKOB
KaXK/1asi U3 HAX B COOTBETCTBUU C BBIIIECKa3aHHBIM OyAeT CO3/1aBaTh
MyJbCUPYIOIIEE  MAarHWTHOE Imolie.  BekTopsl §A 17§ §B,
XapakTepu3ylollue 3T  [OoJs, HampaBlieHbl  BIOJb  Oceil
COOTBETCTBYIOIIMX KAaTYyIIEK, a MX aMIUIMTYIbl U3MEHSIOTCS TaKkKe
10 TAPMOHUYECKOMY 3aKOHY. Eciii TOK B KaTynike B oTcTaeT oT Toka
B Karymike A Ha 90° (cM. pucyrok 142,6), TO
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B, = B,,sinwt;. B = B, sin(wt — 90°).

Haiinem mpoexkiuu pe3ylnbTHPYIOLIET0 BEKTOpPa MAarHUTHOM
-
HHAYKIMM B Ha ocM X M y [OEKapTOBOH CHCTEMBl KOOPIMHAT,
CBSI3aHHOM C OCSIMU KaTyIlEK:

By = —By = —B,, sin(wt — 90°) = B,, coswt.
B, = B4 = B, sin wt.

Yy

¥

X |5

A A i
o |2 x—i

Ig

Pucynok 142 — Kpyrosoe Bpalaromieecsi MarHUTHOE T10JI€
nByxdasHoii cucremsl Tecia

Monysb pe3ynbTUPYIOIIEr0 BEKTOpa MArHUTHON MHIYKLUH B
COOTBETCTBHHU C pUCYHKOM 161,B paBeH

B = /sz +B,* = B,, = const, (3.41)

IIpu 3TOM JJid TaHI'€HCa yrja a , 06p330BaHHOI‘O OTHUM BEKTOPOM C
OCBbIO a6CLII/ICC, MOXXHO 3aItucaTb

. B, Bjsinwt tawt
a=—=———=tgwt.
g B, B, coswt g
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Otkyna
a = wt. (3.42)

ITomyaennusie cootHomenus (3.41) u (3.42) mokas3pIBaIOT, 9TO
BEKTOp Pe3yJIbTHPYIOLIET0 MArHUTHOTO MOJIsl HEU3MEHEH 10 MOIYITIO
W Bpalmaercsi B MPOCTPAHCTBE C MOCTOSHHOW YIJIOBOW YacTOTOH w,
ONUCHIBASI ~ OKPYXHOCTb,  4YTO  COOTBETCTBYET  KPYTOBOMY
BpallaoEeMycs MOJIIO.

[Mokaxkem, 4TO CUMMETpUYHAs Tpex(azHas CUCTEMa KaTyIIeK
(cMm. pucynok 143,a) Takke TO3BONSET TIONYYHTH KPYTOBOE
Bpalaroleecss MarHUTHOE TOJIE.

Kaxnas u3 karymek A, B u C npu npomyckaHuM M0 HUM
FapMOHHYECKUX TOKOB CO3JIAeT IyJbCHPYIOLIEe MAarHUTHOE IIOJIE.
BekropHass nuarpaMma B NPOCTPAHCTBE JUIsl 3TUX  HOJEH
MpecTaBIeHa Ha pucyHok 143,0.

J7s mpoekuuil pe3ybTUPYIOIIETO0  BEKTOpa  MarHUTHOM
WHAYKIHUY Ha

Pucynok 143 - CummeTpuuHas TpexdasHas cucTeMa KaTylleK 1
BEKTOpHAs JUarpaMma

OCH JI€KapTOBOM CUCTEMBI KOOPIMHAT, OCh Y Y KOTOPOH COBMEILEHA C
MarHUTHOM OCbl0 (a3bl A, MOXKHO 3arHcaTh
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: (3.43)
(3.44)

[IpuBeneHHBIC COOTHOUICHUS YYUTHIBAIOT MPOCTPAHCTBEHHOE
PACIONIOKEHHUE KaTYIIeK, HO OHHU TaKXKe MUTAITCI Tpex(asHou
CHCTEMOi1 TOKOB ¢ BPEMEHHBIM cIBHroM mo dase Ha 120°. [Toatomy
JUISS MTHOBEHHBIX 3HAYCHUN WHAYKIUH KaTyIOIeK HUMEIOT MECTO
COOTHOIICHHUS

B, = B,,sinwt; By = B,,sini{wt — 120°); B, = B, sin{wt +
1209).

[ToncraBuB 311 Beipaxkenus B (3.43) u (3.44), momyuum:

V3
B, =By [sin(wt +120°) — sin(wt —120°)] = (3.4
n 5
= ‘/;Bchoswtsinz? = %Bmcoswt; )

B, = B, sinwt — %Bm [sin(wt — 120°) + sin(wt +
1200= (3.46)
=B, sinwt — %Bm ZSiletCOSZ?n = ;Bmsinwt

B cootBerctBuu ¢ (3.45) u (3.46) u pucynkom 161,B mis
MOJYJII BEKTOpa MarHUTHONH WHAYKIIMU DPE3YJIbTHPYIOLIETO OIS
TpeX KaTyIleK ¢ TOKOM MOXXHO 3aIucaTh;

B = ’sz + Byzngm = const,

N
a caM BCKTOp B cocTaBiseT ¢ 0ChIO X yroia d, ajif KOToOporo

B 1,5B,, sinwt
tga =X =—"—""—— =tgwt
9 B,  1,5Bpcoswt gt

OTKyJia
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a = wt.

Takum oOpa3oM, W B JaHHOM Cllydae HMMEET MECTO
HEM3MEHHBIA 10 MOIYJTI0 BEKTOP MAarHUTHOW  WHAYKIHWH,
BpaLaIOLIUICS B IPOCTPAHCTBE C MOCTOSIHHOW YIVIOBOM 4acTOTOH w),
YTO COOTBETCTBYET KPYTOBOMY IIOJIIO.

MarHuTHoe 1moJie B 3J1eKTPUYECKOil MalllMHe

C HOEJIbI0 YCWJIICHUA W KOHUOCHTpallMW MAarHuTHOI'O IIOJIA B
SHCKTpI/I‘ICCKOﬁ MalllMHE JIA HEro co34acTtcid MarHuTHass IOClb.
OnekTpuyeckas MalldiHa COCTOMT M3 JIByX OCHOBHBIX YacTel
(cm. pucyHOK 144): HENOABMXKHOTO CTaTopa W BPAIIAIOMIETOCHT
poTopa, BBIIIOJIHCHHBIX COOTBETCTBEHHO B BHAC IIOJOI0 U
CIUIOLIHOTO LIUJIMHAPOB.

Pucynok 144 — DnexkTpudeckas MaliiHa

Ha crarope pacmonoxeHbl TpH OJMHAKOBBIE OOMOTKH,
MAarHUTHBIE OCH KOTOPBIX CABUHYTHI IO PACTOYKE MarHUTOIPOBOJA
Ha 2/3 MONIOCHOTO NeNeHus T, BEIMYMHA KOTOPOTO OMPEIEIIeTCs
BBIpaXKCHUEM
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_ 2R _nR

2p  p’

rzae R- paguyc pacTOUYKM MarHMTOIIPOBOJA, & P — YHCIIO Map MOJIIOCOB
(4MCNO0 HSKBUBAICHTHBIX BPAINAIOMIMXCA MOCTOSHHBIX MAarHUTOB,
CO3JIAI0IMX MAarHUTHOE IIONE, - B MPEACTaBICHHOM Ha pucyHke 144
ciayyae p=1).

Ha pucynke 144 cronomneiMu juausmMud (A, B u C)
OTMEUYEHBl  MOJIOXKHUTENbHBIE  HANpPABICHUS  IYJIbCHPYIOIIUX
MAarHUTHBIX IOJIEH BIOIL oceil 0OMOTOK A, B u C.

[lpyHSB MarHUTHYIO TMPOHHUIAEMOCTh CTald OECKOHEYHO
00JIBLIOH, TOCTPOUM KPHUBYIO paclpenesIeH!s] MarHUTHOW MHAYKLUH
B BO3/TYIITHOM 3a30p€ MAaIlluHbBI, CO3/1aBaeMoil 0OMOTKON (has3el A, Iist
HEKOTOPOr0o MOMeHTa BpeMeHH t (pucyHok 145). IIpu moctpoeHnun
yU4TeM, YTO KpHBas W3MEHSETCS CKAYKOM B MeECTaX PacHoJ0KEeHUs
KaTyLIeYHbIX CTOPOH, a HA Y4acTKaX, JIMIIEHHBIX TOKA, IMEIOT MECTO
TOPH30HTAIbHBIC YYACTKH.

F

By 2 A

Pucynoxk 145 - KpuBas pacnpezeneHusi MArHUTHON HHIYKIINA B
BO3YIIHOM 3a30p€

3aMeHUM NTaHHYI0 KPHUBYIO CHHYCOWJIOW (CIIeIyeT yKa3aTb,
YTO y pPEAJbHBIX MAIIMH 332 CYET COOTBETCTBYIOLIEIO HCHOJHEHUS
($a3HBIX OOMOTOK [UISI PE3YJBTHPYIOMIETO IIOJISI Takas 3aMeHa
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CBs3aHA C BeChMa MaJBIMH TOTpPEITHOCTSAMH). [IpuHSIB aMIumaTyIy
9TOW CHHYCOHMBI JJIsi BEIOPAHHOTO MOMEHTA BPEMEHHU t paBHOU Ba,
3amuIeM

T
By, = BAsin;x (3.47)

1 aHAJIOTUYHO

Bpy = BBsin{ZE@ x — 2?”) (3.48)

Bey = Besini{Zx + %), (3.49)

C YUY€TOM I'apMOHHNYCCKH U3MCHAIOIINXCA (I)a?;HbIX TOKOB AJIsA
MTHOBEHHBIX 3HAUEHMH HSTHUX BEIUYHH npu CACJIaHHOM paHee
JOMYLICHUH O JINHEHHOCTH 3aBHCUMOCTH MHAYKLHH OT TOKAa MOYKHO
3ammcath

B,y = Bpsinwt; Bp = By, sin (wt - 2?”), B = Bmsin?Eth +
2r3.

[ToncraBuB mocnenuue cootHomenus B (3.47)...(3.49),
NIOJIy4YUM

, ., T B b4
Byx = Bpsinwtsin—x === [cos (?x - wt) - (3.50

CoOSTTTX+WLE, )

Bp, = B,,sin wt—z—ﬂ sin Ex—z—n = 5m cos (Zx —
a/i‘x——mri;ﬂrxgwt+2§22 (T 3) ’ [ (T (3.51)

B¢y = By, sin (wt + Z?n) sin (%x + Z?n)

B_m[ (z _
5 |cos (- x (352)
WE——CcoSTTX+WE—273; . '
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IIpocymmupoBaB cootHommerus (3.50)...(3.52), ¢ yderom
TOrO0, YTO CyMMa TIOCICJHHX YJICHOB B HX TPaBbIX YacTIX
TOXKIIECTBCHHO pPaBHA HYJIO, MOIYYHM JUIS PE3YIbTHPYIOMIETO MO
BJIOJIb BO3AYIIIHOTO 3230pa MAIllMHBI BEIPAKCHUC

B, = By + Bpy + Bcy = %Bmcos Gx — wt),

MIpeICTaBIISIONIee COOON ypaBHEHHE OeTyIeii BOTHBI.
T
MaruuTtHas uWHAYKUUSA B, mocTtosHHa, ecnu —X — wt =
T
const. TakuM 00pa3oM, €CIM MBICICHHO BBIOpaTh B BO3AYLIHOM

3a30pe HEKOTOpYI0 TOYKYy U IepeMeliaTb €€ BJOJb PacTOUYKU
MarHUTONPOBO/IA CO CKOPOCTHIO

TO MAarHUTHAas WHAYKOHA [UIS OTOW TOYKH OyJIeT OCTaBaThCs
HEU3MEHHOW. DTO O3Ha4yaeT, 4YTO C TEYEHHEM BpPEMEHH KpHUBas
pacnpezieleHus MarHUTHOW WHAYKIUW, HE MEHSsI CBOEH (HOpMBI,
mepeMeniaercs BIOIb OKPYXKHOCTH cTaropa. CremoBarensHo,
pe3yNbTUPYIOIIEE MarHUTHOE TI0JIE BpallaeTcsl C IOCTOSHHON
CKOPOCTBIO. DTy CKOpPOCTh MNPHUHATO OMpENeNniTb B 000poTax B

MUHYTY:

2ft
ng =L60 = 60£.

2pt p

IpuHoun geificTBUSI ACHHXPOHHOT0 M CHHXPOHHOI'O ABUTATEJIsI
YCTpOWCTBO  aCMHXPOHHOTO  JIBUTATENsl COOTBETCTBYET
n300pakeHni0o Ha pucyHke 144. Bpamiaromeecss MarHUTHOE IIOJe,
CO3/1aBacMO€ PACIOIOKEHHBIMH Ha CTaTope OOMOTKaMH C TOKOM,
B3aMMOJICHCTBYET C TOKaMH pOTOpa, MPHUBOJAS €ro BO BpalleHHE.
Haubonpimee pacnpocTpaHeHHe B HAcToOsIIee BpeMs MOTYYHI
ACHHXPOHHBIH JBHUTraTeilb C KOPOTKO3AaMKHYTBHIM POTOPOM BBHIY
CBOEH NPOCTOTHI M HAAEKHOCTH. B mazax poropa Takoil MallvHBI
pa3MeleHbl TOKOHECYIHe MEIHbIE WM AITIOMUHHEBBIC CTEPIKHH.
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Konirsr BCEX CTepKHEH c obonx  TOpIIOB  poTopa
COEIWHEHBI MEIHBIMA WJIM AFOMUHUEBBIMH K€ KOJIbLIAMHU, KOTOpPHIE
3aMBIKAIOT CTEPXKHU HAKOpOTKO. OTCIOa U TMPOU3OILIO TaKoe
Ha3BaHUE pOTOpa.

B xopoTtko3zaMkHyTOH 00MOTKE poTopa mof aericteuem D/(C,
BBI3BIBAEMON BPAIAIONINMCS TIOJIEM CTAaTOPa, BOSHUKAIOT BHUXPEBBIE
TokH. B3aumonelcTByss C TmojeM, OHH BOBIEKAIOT POTOP BO
BpallleHHe CO CKOPOCTHIO W, MPHHIWIHAIGHO MEHBIIEH CKOPOCTH
BpaleHus nois wy. OTCIofa Ha3BaHWE ABUTATEIS - ACHHXPOHHBIH.

Benuuuna
Wy — w

S =
o

Ha3bIBACTCSI OTHOCHTEIbHBIM CKOJIbKeHHeM. Jlns jaBurareneit
HopMmanibHOro ucnonHenus S5S=0,02...0,07. HepaBeHCTBO ckopocTeit
MarHUTHOTO TIOJSI U POTOpPa CTAaHOBUTCSI OYEBHIIHBIM, €CITH y4YECTb,
4TO TpPH W = Wq Bpaljamlleecs MarHUTHOE TIojie He Oyzaer
nepecekaTh TOKOIIPOBOIAIINX CTEPXKHEH poTopa U, CIIeA0BaTeNILHO, B
HUX He OyIyT HaBOAWTBHCS TOKH, YYAaCTBYIOIIME B CO3JaHHU
BpaIlaIoIIErocss MOMEHTA.

[lpyHOMNMANPHOE ~ OTVIMYME  CHHXPOHHOTO  JIBUTATeNnss  OT
ACHHXPOHHOTO 3aKJIF0YAeTCsi B MCHOJHEHHWH potopa. [locinennuit y
CHHXPOHHOTO  JIBHTATeNs  TPEJACTaBJIsIET  COOOW  MAarHWT,
BBITTOJIHEHHBIH (TIPY OTHOCUTENBHO HEOONBIINX MOIIHOCTSX) Ha Oa3e
MOCTOSITHHOTO MarHuTa WM Ha OCHOBE 3JeKTpoMaruura. [Tockoibky
pa3HOMMEHHBIE  TIOJIIOCHI ~ MarHUTOB  TIPUTSATUBAIOTCS,  TO
Bpalmjaroieecss MarHUTHOE TIOJ€ CTaropa, KOTOpOEe MOXKHO
HWHTEPIPETHPOBATh KaK BpAIAIOIIUIiCS MarHWUT, yBJIEKaeT 3a coOoil
MarHUTHBIM POTOpP, MPUYEM HX CKOPOCTH PaBHBI. DTO OOBICHSAET
Ha3BaHHE JBHUTATENS — CHHXPOHHBIH.

B 3akiroueHue OTMETHM, YTO B OTJIMYHE OT ACHHXPOHHOTO
IBUraTessi, coS¢ y KOToporo oobraHo He mpebimaer 0,8...0,85, y
CHUHXPOHHOTO JIBUTATEIsl MOXHO JIOOWUTHhCS OOJBIIEr0 3HAYCHUS
COSQ ¥ clleNaTh JaXe TaK, YTO TOK OyJIeT olepexarTh HalpshKeHUE
mo ¢daze. B srom ciydae, momoOHO KOHACHCATOPHBIM OaTapesm,
CHUHXPOHHA$ MalllHA UCIIOJIL3YETCS AJIsl IOBBILIEHUS KO3 huirenTa
MOIIIHOCTH.
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KoHTposbHbIE BONPOCHI

1.Kakoe nose Ha3bIBaeTCS MyNbCUPYIOIUM?

2.Kakoe mosne Ha3pIBaeTCsI BPALIAOIUMCS KPYTOBBIM?

3.Kakue ycioBust HEOOXOMMBI JUTSI CO3JJAaHUST KPYTOBOTO
BpAIAOLIEroCsi MAarHUTHOTO MOJIs?

4 Kaxoi mprHIAT AEUCTBUS Y aCHHXPOHHOTO ABUTATEIS C
KOPOTKO3aMKHYTBIM POTOPOM?

5.Kakoii mpuHIun AeHCTBUS y CHHXPOHHOTO JBUTATENS?

6.Ha xakue CHHXpOHHBIE CKOPOCTH BBIITYCKAIOTCS B HAILICH CTpaHe
JBUTATENH MIEPEMEHHOTO TOKa OOIIENPOMBIIIIIEHHOTO UCTIOTHEHUS?

3.10 Pemenyrie THIOBLIX 3224

3apaua 3.1

Hdns tpexdasHoit anekTpudeckor 1enu (pucyHOK 146)
pPAacCMOTPHUM, KakK ONPEICISIOTCS TOKK B IIEMH, B Hadalle KOTOPOM
BKJIFOUCH OJICKTPOJBUraTelb, a B KOHIE — COCJHHCHHAS
TPEYroJIbHUKOM OCBETUTEJIbHAs Harpy3ka (JIamIlbl HaKaJUBaHUS).
Pacuer mpoBezem i HOpMaldbHON PabOTHI IENH W HPH OOpbIBE
OfHOM U3 (a3 Harpy3ku. J[yist HOCHeHEero cirydasi pa3ioKHUM TOKH B
JMHUM HAa CHMMETPUYHBIC COCTaBIISIOIINE. VI3BECTHBI ClieayromIre

JNAHHEIE: HaIpsKeHUe ceTu 220/127 B, HaIpsKeHUe
anekrpoasurarens U = 380/220 B, ero momHuocts P, = 2,8 kBT;
cosp = 0,8; x. m. 1. n = 0,75. ConpoTHBIEHHE KaXKIOrO U3
JUHEHHBIX TpoBoaoB Zjy = 5 + jl0 Owm; comportuBnenus a3

OCBETHUTEBHOW HArpy3Ky OJMHAKOBHI ¥ paBHEI R = 30 Om.
Pemenne

1. BeiOupaem cxemy coenmHeHHs1 dueKkTpoxaBurarens. Mcxons us
COOTHOIIICHHSI MEX/y HANpPsHKEHUEM CETH M JIBUTATENS, COeUHIeM

ero oOMOTKH TpeyroapHUKOM. Cxema Ienu MpUBEJeHa Ha PHCYHKE
146.
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Pucynoxk 146 - Cxema nenu

2. TlpeoOpa3yeM cHMMETPHYHBII TPEYTrOJbHHUK C COMPOTHUBICHUSIMU
R B cuMMeTpHUYHYIO SKBUBAJICHTHYIO 3BE3/y C COMPOTHUBICHUAMU R'.

R'= E =10 Owm;
3

OTOT  OSKBUBAJIEHTHBIH  MOTPEOUTEND (BMecte  c
COIIPOTHUBIICHHEM JIMHUM) OK@KETCS BKJIIOYEHHBIM MapajiebHO
ANEeKTpoABUraTeNro. [103ToMy MOXXHO M300pa3UTh SKBHBAJIECHTHYIO
cxemy uist oiHOH (basel (prcyHOK 147).

n

I I

N
Pucynok 147 - DxkBuBasieHTHas cxema Ui OJHOH (a3bl
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OrmpenenuM TOKH B HEH.
a) Tok nBuraTens:

P 2800

- - =12.25 A.
J3Ucosgn  +/3:220-0.8-0.75

'
IA

OtoT TOK OyJeT oTcTaBarh 1o (aze oT (a3HOr0 HANPSHKEHUS
U,=127 B na yron ¢=arccos 0,8=37°. [1loaToMy B KOMILJIEKC-
HOHM (hopMe 3TOT TOK M TOKH JPYyrux (a3 3amumIyTcs CIeIyOIIuM
obOpa3zom:

I' =12.25e 1% =9.8—j7.39 A;
i =1e 1 =1225e 15" =_113—j4.78 A;
ie =e"™ =12.251%" =15+ j12.17 A.

0) JIuHeliHbIe TOKH JIaMIT:

Z=Z. +R'=15+j10=18'% Owm;
jr_Ya_ 127
ATZ 1gei®w

7 =07 = _63_j3.09 A.
I7=17eM =7.06e/®? =044+ j7.06 A.

=7.06e 13 =586 j3.97 A.

B) TokM B TMHEWHBIX MPOBOJAX:

I,=1"+1"=1566— j11.36=19.3e1% A.
ip =10, +1=-176—j7.87=1931" A,
o =1, +17 =294+ j19.23=19.3e'® A.

r) ®a3Hble TOKK TPEYTONbHHUKA!
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[ =—Ae 3 =407e % =4.07-j0.267 A,
as \/é

I =1, e —407e %% = _227-j3.39 A,
I =1 eM%% —_18+ 3657 A.

B aBapuiiHom pexxume (ipu oOpbiBe dasel ca) Lenb Oynet

MMETh BHJI, TTIOKa3aHHbIA Ha pucyHke 148. PaccumtaeMm TOkM B
HEM.

, %
4 L
A o—n -
Z R
I, I =
B —> —- N
- R
L L =
C —» S

Pucynok 148 — Cxema 1ienu B aBapuitHOM peXHMeE

1.Toku meurarens |,,lg,1{ ocranucs 6e3 usmenenus, Tax

KaK He U3MEHUIIUCH HAIIPSDKEHHUE U [TapaMETPhl JIBUTaTeNsl.

2. JIns ompeneneHyss TOKOB Harpy3kd HaiileM cHadana
HaIIpsDKEHUS Ha ee 3axuMax. [[ist 3Toro npenBapuTeabHO BBIPA3UM B
KOMILIEKCHON )opMe JIMHEWHbIe HAIPSHKEHUS] CETH M MPOBOJIUMOCTH
¢a3. Tak Kak mpu pacyeTe CUMMETPUYHON LIETIM MBI YK€ MPHUHSUIH,

4qTo (1)33H0€ HaIIpsI’KECHUEC U A HAIIPaBJICHO IIO HeﬁCTBHTeHBHOﬁ ocu,

To nuHeiHoe HanpsokeHne Upg, omepexaromee ero Ha 30°,
3aMUIIETCS CIASAYIOMNUM 00pa3oM:
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U,; =220e* =190+ j110 B,
a JIBa APYIrux HANpsHKCHUS — U BC u U cA 6yI[yT PaBHBI:

Uge =U pe 2 =220e71" =220 B.
Ug, =U ze™ =220e/ =190+ j110 B.

Comnporusnenus ¢has:

Z,=Z.=2 +R=35+j10=365¢"" Om;
Z,=2Z,=5+jl0=11.2¢/%% Om.

[MpoBoaumocTty da3:

Yi=Yc= . ; =0.028¢ 1% =0.027 — j0.0077 Cm;
Z, 36.5e"

Yo=—=— - =0.089¢e %% =0.04— jo.08 CM.

(OFk}313(8 HAIIPsKCHUS IIPUCMHUKA!

U o U.ABXB 7UCA!C —
b Y Y
2208 .0.089 1 2200 .0.028e 1%
0.027 - j0.0077 +0.04 - j0.08+0.027 - j0.0077
1968/ _6.16e 1  16.35- j10.81+4.28— j4.44
0.094 — j0.0954 0.094 — j0.0954
 20.63- j15.25 256!
0.094—j0.0954 (.1339e"i4"0
U =U,-U,, =189+ j29.4-190—- j110=

=-1- j80.6 ~ —j80.6 = 80.6e 1*’B;

=191e%"% =189+ j29.4B;
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Ul =U} +Ug, =189+ j29.4-190+ j110=
= -1+ j139.4~ j139.4 =139.4¢/B.

3.Toku Harpy3Kku:

ir _Yh _ 191e 1%
ATz, 36500

=524 =517 j0.66 A

N

!

—joo°
ir_Us _ 8066
B = =/.

CcC.

= —6.44-j3.22 A.

Zy, 11.2ei®

. 1 joo® A

Ig = UC = 139i0 =392 =127+ j3.88 A.
;c 36.59116

4.0OnpenensieM TOKH B JINHAU:

i, =1+ =1497— j8.05=17e %" A.
I'B = I‘é + [g =_17.74— J'8=19.5e‘j155045' A
I =1¢+1{ =277+ ]1605=16.26/" A,

5.Pa3zmaraem MNOJIYYCHHYI0O HCCUMMCTPUYHYKO CHCTEMY TOKOB Ha
CUMMETPHUYHBIC COCTABJIAIOIIHEC.

a) AHaTUTHYCCKU:

: , [+ +1, 14.97-j8.05-17.74— j8+2.77 + j16.05
IAOIIBOIICO: 3 = 3 =0
[, +al, +a’l _ B
I = % =14.41 - j9.95 =17 .5e 1 A.

. . i 0 i 040y

lg, =1 48" =17.5e7 1% A,

. . . 0 T~ LY

I, = 1,8 =175/ A
I, +a’l; +al,

I-AZ =A% BT7C _0573+ j5.683 = 5.683e %5 A.
3

. . . 0 H O
[y, = |A2e1120 — 568312415 A,
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. . . 0 a0
le, =1,,67"%° =5.683% 1% A.

6) I'padmaecku:
Ha xommiekcHoit MJIOCKOCTU YepTUM BEKTOPHI
TRNT
AriBilc

(pucyHok 149, a), a Tak:Ke BEKTOPBI al.B a’ |.B , allC a’l c » IPEJICTaB-

JISFOIINE COOO0M COOTBETCTBYIOIINE BEKTOPHI, TOBepHYTHIe Ha 120° B
CTOPOHY oOIlepekeHus: (YMHOXEHHEe Ha da) WIA OTCTaBaHUS

(yMHOKeHue Ha a?). CKiaapiBas reometpudeckn Bextopst | 5, [5, 14
U B3sB 1/3 moOJydeHHOH CYMMBI, HalJeM COCTABJISIONIUE HYJICBOU
[OCJIE/I0BATEIbHOCTH lorTeo Ico B maHHOM  ciyuae
paBHbI HyJIO (prcyHOK 149,0).

I I, al., a’l
ponenas Te ke omepaunud Hax Bektopamu |, alg, c

HalizileM cocTaBIsfonue npsamoit mocienosarensaoctd |, gy, 1oy
(pucynoxk 149,8). B pesynprare aHAJOTMYHBIX JCHCTBHE C

’ 27 o
sektopamu | ,,a°lg,al.  momyunm cocrasisrome  06paTHOM

nocnenosareabHocTd | oy, 155, 1, (pucynok 149, r).

digiye™

i

+1

Rimi e N Naipie

1,,= Lo=I,=0
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j i=aly

+1

al;
I,= @i, 4

i‘! . +1

ILx @i

.-[A
ai;
B) r)
Pucynok 149 — BekropHble quarpammbl IpsiMOi, 00paTHOH,
HYJIEBOH MOCIIEI0BATEIBHOCTH

3apaua 3.2

I[Ipy coenuHeHuM 3BE340M C  HYJIEBBIM  MPOBOJOM
onpeaeauTh (a3Hble HANPSHKCHHS M TOKHM B MPUEMHHKE JHEPTHH,
CONPOTHUBJICHUSI KOTOPOro 3aJaHbl KOMIJIEKCAMH:

Z,=8+j40Om; Z,=8-j40m Z.=50Om.

JeiicTBytomas BenmWYMHA CHUMMETPUYHON  TpexdazHoi
cucteml OJJIC 220 B. CompoTuBieHrHe HYJIEBOTO MPOBOJIA
Z, =05+ j1 Om.

IToctpouts BekTOpHYI auarpammy. CONpPOTHBICHUSMH
JUHEHHBIX MPOBOIOB M BHYTPEHHUM CONIPOTHBICHHAMH HUCTOYHHKA
3J1C npenebpeys.

Pemenne

Cxema, COOTBETCTBYIOLIas YCJIOBHUIO 3ajaud, MOKa3aHa Ha

pucynke 150.
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Pucynok 150 — PacueTtHas cxema

[IpoBognMocTH BeTBel Mexay y3moBbIMA ToukamMu NN':

1

L\zi — =0,1-j0,05 Cwm;
Z, 8+]4

Y, . i—o,1+jo,05 Cwm;
Z, 8-j4

Xc=i—1—02 Cwm;
Zo 5

XNZLZ 1 — =0,4-j0,8 Cm.
Z, 05+j1

Kommnexkcsr 3/1C ncrounuka:

=220 B;
_220 e =_110- j190 B;
E. =220-¢7% =_110+ j190 B;

Y3510B0€ HaNpsiKEHUE:
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_ E.AXA + E.B!B + E.c!c _

CEY Y Yo Y,

~220-(0,1- j0,05) + (~110— j190)(01+ j0,05) + (~110+ j190)-0,2
- 01— j0,05+01+ j0,05+0,2+0,4— jO,8 N
=-25+ j0,625

Uy

da3zHble HaIIPpsKCHUA IIPUCMHUKA!

Uu,=E,-U, =220+25-j0,625 =222,5- j0,625 B;
Ug =E,-U, =-110 — j190 + 2,5 j0,625 = —107,5 - j190,625 B;
U, =E.-U, =-110 + j190 + 2,5 j0,625 = —107 5+ j189,375 B.

Toku B ¢azax v HyJI€BOM IIPOBOJIE:

I, =U,Y , =(222,5- j0,625)(0,1— j0,05) = 22,22 — j11,19 A;
I, =ULY g =(107,5— j190,625)(0,1+ jO,05) = —1,22 — j24,44 A,
. =ULY . =(-107,5+ j189,375)0,2 = —21,5+ j37,88 A;
I, =U,Y, =(-25+ j0,625)(0,4 - jO,8) = —0,5— j2,25 A.

BekropHas nuarpaMMa HanpsDKEHUH M TOKOB IIOKa3aHa Ha
pucynke 151.
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Pucynok 151 — BekropHas nuarpamma

3agaya 3.3
Comporusnenus  ¢pa3 npuemHuka Z,,=8+j4 Owm,

Z.,.=8-j4 Om, Z.,=5 OM mOIKIIOYEHBI TPEYrOJLHUKOM K

Tpex¢pa3zHOMy TeHepaTopy, OOMOTKH KOTOPOTO TaKKe COEIUHCHBI
TpEyroibHUKOM.  [leficTByromiass  BEJIMYMHA  CUMMETPHUYHOUN
tpexdaznoii cucrembl DJIC 220 B. ConpoTHBIECHUSAMH JTHHEHHBIX
MIPOBOJIOB U BHYTPEHHUM CONPOTUBIEHUAMU HcTouHHKa J/IC
npeHebpeus. Onpenenuts QasHble W JTUHEHHBIE TOKH, aKTHBHYIO,
PEaKTHBHYIO WU MOJHYI0 MOLIHOCTH KaXIOW (ha3bl W BCEH LEmH.
ITocTpoUTh BEKTOPHYIO AMArpaMMYy.
Pemenue

CxeMa, COOTBETCTBYIOLIAs YCJIOBHIO 3alayd, [IOKa3aHa Ha
pucynke 152.

A . A
€ Zea Zab
ol S B’
h b i1
— be o
—

Pucynok 152 - PacuerHas cxema

Ecmu conpoTuBieHHs JIMHEWHBIX TPOBOJOB W OOMOTOK
reHepaTropa CYMTaThb PaBHBIMH HYIIO, TO (a3Hble HAaNpPsLKEHHS
MIpHUEMHUKA paBHBI COOTBETCTBYIOIMM D/[C:

U, =j220; U, =220-¢% =190- j110;
U, =220-&% =190 j110.

280



®da3HbIE TOKH B IIPUEMHHKE:

o= Dme 1220 44 ios
Zy 8+j4

i _Uge _190- !110:24’5_ 15
Ly 8- j4

. U, -190-j110 .

fgp=—h =" 00 3822 -

CA Zo 5 J

JInHEeHbBIE TOKU:

I, =T, —Tgy =11+ j22 +38+ j22 =49 + j44 ;
g =lge— s =245 j15-11— j22 =13,5- j235 ;
o =lgy—Tpge=-38—-j22-245+ j15=-62,5-j20,5 .

CymMa TUHEHHBIX TOKOB:
[, +1y+ 0. =49+ j44 +135- j235-62,5— j20,5=0.

PaBeHCTBO HYNIO CyMMBI JIMHEHHBIX TOKOB SIBIISIETCS OOIUM
CBOWCTBOM Tpex(a3HbIX TPEXIPOBOTHBIX IIETEH NMPH COCAMHEHUH
3B€3/I0i U TPEYrOJILHUKOM MPH CUMMETPHYHOW M HECHMMETPHUYHOM
HarpysKax.

MorHoctu ¢a3s:

=U 0, = j220(11— j22) = 4840 + j2420 ;
= Ul o = (190 — j110)(24,5+ j1,5) = 4840 — j2420 ;
=Ugalon = (~190 — j110)(—38 + j22) = 12060 -

(D\(/)(/)

Ilommas MOIITHOCTBb CUCTCMBI aKTHBHAs:

P =4840+4840+12060= 21740 Br.
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TTomaasg MOIOHOCTE CUCTEMBI pCAKTHBHA:
Q =2420-2420=0 BAp.

BekropHas quarpamMma mocTpoeHa Ha pucynke 153.

Pucynok 153 — BekropHas quarpamma
3anaua 3.4
[IpueMHUK  3JIEKTPUYECKOH  BHEPrud,  COCAUHEHHBIN
TPEYTOJIbHUKOM BKJIIOUEH B CETh C JIMHEHHBIM Hampsbkenuem 120 B.

CompoTusnenns ¢a3 mpuemHmka Ry =9 Om, Rge =6 Owm,

Xgq =8 Om (unn), X3 =10 Owm (emx.). Haueptuts cxemy mo

ycnoButo  3amadyn. OmpenenuTs ¢Ga3Hble W JIMHEHWHBIE TOKH,
AKTHBHYIO, PEaKTHUBHYIO M TIOJIHYIO MOIIHOCTH KaXJ0u (ha3bl 1 Bcel
tend. [IocTpouTh BEKTOPHYIO IUarpaMmy.
Pemenne

Cxema, COOTBETCTBYIOLIAs YCJIOBHIO 3aJaud, [OKa3aHa Ha
pucynke 154.

PernM 3a1avy 6e3 MpUMEHEHHSI KOMITIEKCHBIX YUCEll.

Toku B dazax:
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— Xpa

Pucynok 154 — PacueTtnas cxema k 3agaue 3.4

JluHeliHble TOKM ompeaenuM TIpaduyecku C IOMOIIBIO
BEKTOPHOM HarpamMMmsl . JUIs 3TOTO HaiiieM akTUBHBIE U pEaKTUBHBIC
cocTaBisifoIIre (Ga3HbIX TOKOB.

B ¢aze AB B/IIOYEHO aKTUBHOE CONPOTUBIICHHUE, TIO3TOMY:

ls=24 A; 1, =0.

B @daze BC mnociemoBaresbHO COSIMHEHBI  aKTHBHOE
COTIPOTUBJICHHUE W KATYIIIKa HHYKTHBHOCTH, TO3TOMY:

6

| .. =1..cosp,. =12—=72 A;
4BC BC Pac 10
i 8

I se = lgc SiN@ge :12E =96 A.

B daze CA BK/IFOYEHO €MKOCTHOE COITPOTHBIICHHUE, I03TOMY:

Ly =031, =12 A
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BexTopHas auarpaMMa menu moka3aHa Ha pucyHKke 155. s
OTIpe/Ie/iCHHs JIMHEHHBIX TOKOB MOCTPOMTE BEKTOPHYIO THATPAMMY
Ha JIUCTEe MUJUTMMETPOBOM Oymaru B Maciitabax: m=6 A/cm , m=40
B/cm.

Jlunelinbie TOKU: |, =345 A; 1, =354 A; |, =57 A.

MoiHocTH (ha3:

AKTHUBHBIC!
Pay =U gl . =120 - 24 = 2880 Br;
Py =U,l 5 =120 -7,2 = 864 Br;
Pey =Ugulcn =120-0=0.
PCAKTHUBHBIC!
QAB :UABIpAB =120-0=0,
Quc =Upc ! jpe =120 -9,6 =1152 BAp;
Qen =Ucal yn =120 -12 =1440 BAp.
ITIOJIHBIC:

Spp =Usls =Py =2880 B-A;
Sge =Upgclge =120 12 =1440 B-A;
Sca =Ucalca = Qe =1440 B'A.
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Pucynoxk 155 — BekropHas nuarpamma

ITonHas MOIIHOCTH CHCTEMBI aKTUBHASL:
P=P,; + Py +P., =2880 +864 +0=23744 Br.
[TonHas MOIIHOCTH CHCTEMbI PEAKTUBHASL:
Q=0Q,z +Qgc +Qcn =0+1152 —1440 = -288 BAp.

3HaK MHHYC YKa3blBaeT Ha E€MKOCTHBI  XapakTep
PEaKTUBHOM MOIIIHOCTH LEIH.

3apaua 3.5
B pesynbraTte HenpaBHIBLHON MapKHUPOBKH KOHILIOB 0OMOTOK
TpexdazHoro TpaHcpopmatopa (Hadamo Qassl A BTOPUYHOM
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OOMOTKH TOMEYEHO KaK KOHEI) CHCTeMa JIMHEWHBIX HalpsDKeHUH
HecuMMeTpuuHa. OImpenenuTs CUMMETPUYHBIE COCTABIISIOLINE
JTUHEHHBIX HANpSHKEHUH MPU COSAMHEHHMU 3BE37I0H, eciii (a3Hble
HanpsHKEHUs] BO BTOPUYHOM oOMoTKe 220 B.
Pemenne

3anuieM KOMIUIEKCH! (ha3HbIX HaNpsDKEHUH BOT BTOPUYHOM
oOMOTKe:

U, =220e " = _j220;
U, =220e " =190- j110;
U, =220e " =-190- j110.

Bekrop manpskenus U, B COOTBETCTBMM C yCIOBHEM

3a/1a4d OBEPHYT Ha 180°. KOMIUTEKCHI THHEHHBIX HaIpsHKEHU:

U, =U,-U, =—j220 —190 + j110 = —190 — j110 ;
Ug =U, —U. =190 — j110 +190 + j110 =380 ;

Ugy =U. —U, =—190 — j110 + j220 = —190 + j110 .

CocTaBIISIIOIIE:
HYJIEBOM MTOCIIEI0BATEIHHOCTH

: : U, +Ug +U
Ugpe =Uoec =Upen =— ;C A =
_ —190-j110+380-190+ j110 _

3

0

HpsIMOM TOCJEN0BATEIBHOCTH
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U +Uga+Uga®

3
~ —190- j110+380e"* +(-190+ j110)e"
3

UlAB =

_ ~190+j330.

3 ;
380.

. . )
Uch :UlABa =0

UICA =U1ABa= 3

0o0paTHO# MOCTIeT0BaTENFHOCTH

1 UAB +UBca2 +UCAa
Usne = 3 =
~ —190- j110+380e /" + (~190+ j110)e "™
) 3

3
g : 760 .
U e :UZABa:Tv

i - —380+ j660
Uch =U2ABa2 =f'

Ha pucynke 156 moka3aHbl BEKTOpBI CHCTEM NPSIMOH H
0o0paTHOM TMOCNEeNOBATEIFHOCTH W HMX CyMMa- CHCTeMa Tpex
HCXOJHBIX BEKTOPOB JIMHEHHBIX HAIIPSKEHUM.
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Pucynok 156 - BekTopsl cuctem mpsiMoii 1 00paTHOM
MOCJIEI0BATENILHOCTH U HX CyMMa

3.11 IIpumenenue mnporpammel Mathcad k pacuery
Tpex(a3HbIX
3J1eKTPUYECKHUX Lieleil IepeMeHHOro ToKa

IIpumep pacuera 3agaum 3.2 .

Ilpu coenuHEHMH 3BE3OW C HYJIEBBHIM IPOBOAOM
OIpeaCINTDb (1)a3HBIe HAIMpsKEHUA U TOKH B IMMPUCMHHUKE JHEPIHUHU,
COTIPOTHUBJIEHHUSI KOTOPOTO 33JJaHbl KOMIIEKCAMHU:

2,=8+j40m; 2,=8-j40m Z_=5Om.

JeiicTBytomas BenmWYMHA CHUMMETPUYHON  TpexdazHoi
cuctembl OJJIC 220 B. CompoTuBieHHe HyJIEBOIO MpoOBOJA
Z, =05+ j10m

ConpoTHBIIEHUSIMU JIMHEHHBIX TPOBOJOB M BHYTPEHHUM
comnporuBieHusMu uctounnka JJ]C nmpeneOpeys.

Pemenne.

Cxema, COOTBETCTBYIOIIAs YCJIOBHIO 3a/Ja4yM, IIOKa3aHa Ha
pucyHke 169.

3amaeM UCXOJIHBIE JAHHBIE:

Za:=8+i4 Zb:=8-i4 Zc:=5 Zn=05+i1 E:=22C
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IIpoBogmmocTH BeTBel MexX Ty y3moBbIME Toukamu NN':

2 Vb= = Yo = Y= =
" Za T 2b ‘Tz "~ Zn
Ya=0.1-005i Yb=01+005 Yc=02 Yn=04-08i

|Ya] =0.112  IYb|=0112  |yc[ =02 [|¥n| =089

Ya:

arg(Ya) = —26.565dec arg('Yb) = 26.565dec
arg('Yc) = Odecarg(Yn) = —63.435dec

Kommmtexcer 3J1C uctouHmKa:

Ea:=E Eb = E-e_i'lzo -deg Ec — Ee i-240 -deg

Ea=220  Ep__110-190.526i Ec=-110+ 190.526i
Y310BO€ HaNpsKEHUE:

_ Ea-Ya+ Eb-Yb + Ec-Yc
" Ya+Yb+Yc+Yn

Un =-2.516 + 0.674i
|Un| =2.605  arg(Un) = 165dec

(DaSHBIe HaHpSI)KeHI/ISI HpI/IeMHI/IKaZ
Ua := Ea— Un Ub :=Eb—Un Uc:= Ec—Un

Ua = 222.516— 0.674i
Ub = -107.484— 191.2i
Uc = -107.484+ 189.851i

|Ua| = 222517 |Ub| =219.34 |Uc| = 218.166
arg(Ua) = —0.174dec

arg(Ub) = —119.343dec
arg(Uc) = 119.516dec
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Tokwu B (pa3ax u HyJI€BOM IIPOBOJIE:
la:=Ua-Ya Ib .= Ub-Yb Ic := Uc-Yc

la=22.218—-11.193i
Ib = —1.188 — 24.494i
Ic = —21.497 + 37.97i
lla| = 24.878 |Ib| = 24.523 |lc| = 43.633

arg(la) = —26.739dec
arg(lb) = —92.778dec
arg(lc) = 119.516dec

In:=Un-Yn
In = -0.467 + 2.283i
|In| =2.33

arg(In) = 101.565dec

IIpumep pacuera 3anauu 3.3.
Conporusnenns a3 npuemnuka Z,, =8+ j4 Om, 7, =8-j4
Om, z.,=5 OM NOAKIIOYEHBl TPEYroJbHUKOM K Tpex(azHOMY

reHepaTopy, OOMOTKH KOTOPOTO TAaKXKE€ COETMHEHBI TPEYTOJIbHUKOM.
JeiicTBytomasi BenMYMHA CHUMMETPUYHOW Tpex(]asHOU cHucTemsl
OAC 220 B. ConpoTHBIEHUSMH JHHEWHBIX TPOBOJIOB U
BHYTPEHHUM COIpoTHBIeHUsMU unctounnka OJ[C npeHeOpeub.
Omnpenenuts ¢a3Hble U TUHEHHBIE TOKU, aKTUBHYIO, PEAKTUBHYIO U
MOJTHYIO MOIIIHOCTH KakK10# (ha3bl 1 BCel 1enu.
Pemenue

Cxema, COOTBETCTBYIOLIas YCJIOBHIO 3ajaud, MOKa3aHa Ha
pucyske 152.

3agaeM UCXO/HbIE JAHHBIE!

Zab:=8+1i4 Zbc:=8-i4 Zca:=5 E:=22C
da3Hble HAPSDKCHUS TPUEMHHUKA PABHBI:

Uab = i-E
Uab = 220i

—i-30-dec —i-150 -dec

Ubc = E-e Uca = E-e
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Ubc = 190.526— 110i

®da3HbIE TOKH B IIPUEMHHKE:

Uab Ubc

| = — Ibc = —

ab Zab Zhc

lab = 11 + 22i Ibc = 24.553 — 1.474i
JInHelHbIEC TOKH:

la:=lab—1lce Ib:=1Ibc—Ilab

la=49.105+44i Ib = 13.553 — 23.474i
MomHocTtHa ¢as:

Sab := Uab-lak

Sab = —4.84 x 10° + 2.42i x 10°

Sca:= Uca-lca
Sca = 4.84 x 10° + 8.383i x 10°

Uca = —190.526 — 110i

3 Uca

~ Zca
Ica = —38.105 — 22i

Ica :

Ic:=Ica—Ibc
Ic = —62.658 — 20.526i

Sbc := Ubc-Ibc
She = 4,516 x 10° — 2.982i x

Ionnas MOIIIHOCTBb CUCTCMBI aKTHBHAA:

P := Re(Sab) + Re(Sbc) + Re(Sca)
P = 4516 x 10°

ITonHas MOINHOCTE CUCTEMbI pCAKTHBHAA:

Q :=Im(Sab) + Im(Sbc) + Im(Sca)
Q=782 x 10°
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3.12 Tectnl
[Tpumepnbie TecThI 10 TeMe «TpexdasHbie Henm»

1.3-x a3Hast cucTeMOM 3./1.C. HA3bIBAKOT:

A) COBOKYMTHOCTB 3-X 3.71.C.

B) coBokynmHOCTB 3-X 3.11.C. UMEIOIMX OAMHAKOBYIO YACTOTY
C) COBOKYMHOCTH 3-X 3.1.C. UMEIOIINX OJUHAKOBYIO YaCTOTY H
aMILIUTY Ly

D) coBokynmHOCTb 3-X 3.7.C. UMEIOIINX OJMHAKOBYIO YaCTOTYy U
AMIUTHTY/y U CABHHYTBIX OTHOCHTENBHO ApyT Apyra Ha 120°
E) npaBuNibHEIA OTBET OTCYTCTBYET

2.9]1C da3sl A u3MeHSETCS IO 3aKOHY:
A) e=Esinot+120°;

B) e=E,sinwt-120° ;

C) e=Esinwt ;

D) e=E,sinot+240°

E) npaBiIbHBINA OTBET OTCYTCTBYET

3.9C ¢da3b1 B u3mensercs no 3akony:
A) e=Esinot+120° ;

B) e=Esinwt-120° ;

C) e=Esinwt ;

D) e=E,sinot+240°

E) npaBusbHBIN OTBET OTCYTCTBYET

4.9]1C dassl C u3meHseTcs 1o 3aKOHY:
A) e=E,sinot+120°;

B) e=Esinwt-120° ;

C) e=Esinwt ;

D) e=E,sinot+240°

E) npaBunbHBINA OTBET OTCYTCTBYET

5.Kakas cxema coenuHeHUs OTHOCUTCA K YETBIPEXIPOBOIHOMN

cxeMe COeJIMHEHUS?
A) 3Be3na-3Be31a ;
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B) 3Be3ma-3Be3aa ¢ HEUTPATBHBIM ITPOBOIOM;
C) TpeyronsHUK-3BE3/1a;

D) 3Be3na-TpeyroibpHuK

E) TpeyroisHHK-TPEeyroabHHUK.

6.Kakast cxema coequHEHUST HE OTHOCHTCS K TPEXIPOBOIHOH cXeMe
COCTMHEHUS?

A) 3Be3na-3Be3na ;

B) 3Be3ma-3Be3aa ¢ HEUTPATBHBIM ITPOBOIOM;

C) TpeyroJbHUK-3BE3]1a;

D) 3Be3na-TpeyroibHuK ;

E) TpeyroiapHUK-TpEeyTrOIbHHK.

7.1IpoBox, COENMHSIOIIMNA HYJIEBBIE TOYKHA I'€HEPAaTOpa U HArpy3Kw,
Ha3bIBAIOT:

A) TUHEHHBIM ;

B) daznbim;

C) HeHTpaIIbHBIM;

D) nuneitHpIM 1in pa3HBIM;

E) npaBusbHBIN OTBET OTCYTCTBYET

8.IlpoBoma, coemuHSIONIME OAHOMMEHHBIE 3aKHMbI T'€HepaTopa H
Harpy3Ku Ha3bIBaIoOT. ..

A) nuHeRHBIMY;

B) dazuapvuy;

C) HeHTpaJIbHBIMY;

D) nuneiHbIM uiH (ha3HBIM;

E) npaBuiIbHBIN OTBET OTCYTCTBYET.

9.Kakyro Harpy3ky Ha3bpIBalOT CAMMETPUIHOMN?

A) compoTtuBnieHus BO BeeX (a3zax paBHBL

B) conportuBienus Bo Bcex (hazax paBHbI 10 MOIYIIIO;

C) conpoTtuBieHus BO Bcex (azax OJUHAKOBBIE 110 XapaKkTepy;

D) compoTuBieHus Bo BceX (hazax paBHbBI 110 MOJIYJIO M OJTMHAKOBbIC
10 XapakTepy;

E) npaBunbHBINA OTBET OTCYTCTBYET

10.Hampsxenue Mex Ty THHEHHBIME POBOJIaMH HAa3BIBAIOT. ..
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A) THHEHHBIM;

B) dazubivM;

C) HelTpanbHbIM;

D) nanpshkeHueM CMEICHHUS;

E) npaBuNbHEI OTBET OTCYTCTBYET

11.Hanpsoxenne Ha Gpa3HON Harpy3Ke Ha3bIBAIOT. ..
A) THHEHHBIM;

B) dazubivm;

C) HelTpalbHBIM;

D) nanpsoxkeHneM cMeleHus;

E) npaBuNibHEIA OTBET OTCYTCTBYET

12 . HanpsbkeHne Mexay HEUTpalbHBIMH TOYKaMH
Harpy3K{ Ha3bIBaIOT. ..

A) TUHEHHBIM;

B) daznbim;

C) HeHTpaIIbHBIM;

D) nanpsbkeHueM CMeELeHHUS;

E) npaBusbHBIN OTBET OTCYTCTBYET

13.JIuHeiiHBIM HaNpsHKEHUEM Ha3bIBAIOT:

reHeparopa

A) pa3HOCTb MTOTEHIIMAIOB MEX/Y JTUHEHHBIMU 32KUMaMHU U

HEUTpaNbiO

B) Pa3HOCTh NOTCHIINAJIOB MCKIY JIMHEHHBIMU 32KUMaMHU
C) Pa3HOCTh NOTCHIUAJIOB MCXKAY OAHOMMCEHHBIMU 3a’)KUMaMU

reHepaTopa U Harpy3Ku
D) Bce nepeuncieHHOe BbIIIE
E) npaBuIbHEI OTBET OTCYTCTBYET

14.da3HBIM HapsHKEHUEM Ha3bIBAIOT:

A) Pa3HOCTb NOTCHIIUAJIOB MCIKY JIMHESHHBIMU 32KUMaMU U

HENTpaJbIo

B) pa3HOCTs TOTEHIIMATIOB MEXKTY JIMHEWHBIMHU 32)KUMaMU
C) pa3HOCTH MOTEHIIUATIOB MEXTy OJTHOUMEHHBIMH 3)KUMaMHU

reHeparopa U Harpy3KH
D) Bce nepeuncienHoe BbIIIe
E) npaBuIIbHEIN OTBET OTCYTCTBYET
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15.Pa3HOCTh MOTEHUUATOB MEXIY JHHEHHBIMUA 3aKMMaMHU
HEUTpaliblo HA3BIBAIOT. ..

A) TUHEHHBIM HaMPSHKCHUEM;

B) dasznbivM HanpsokeHUEM;

C) HeHTpaIbHBIM HaPSDKCHUEM;

D) manpspkeHHEM CMEIICHNS;

E) npaBunbHBINA OTBET OTCYTCTBYET

16.Tox, mpoTekaromuii B (ha3HBIX MPOBOAAX, HA3BIBAIOT. ..
A) TUHEHHBIM;

B) daznbim;

C) HeHTpaITbHBIM;

D) Toxom Harpysku;

E) npaBusibHBIM OTBET OTCYTCTBYET

17.Tox, NpoTeKaWKi B TUHEHHBIX IPOBOAAX, HA3BIBAIOT. ..
A) TUHEHHBIM;

B) dazsbiv;

C) HeHTpabHBIM;

D) Toxom Harpysku;

E) npaBusbHBIN OTBET OTCYTCTBYET

18.Jlunelinoe w  ¢dazHOoe  HANpsDKEHWS TOpPU  COCIMHEHUU

HOTpeOUTENEN «TPEYTOIBHHKOMY:
A) U = U @

B) Us=+/3 Uy
C) Us =+/3 U,

D) Unp=+/2 Uy,
E) npaBuibHBI OTBET OTCYTCTBYET

19.)JIunefinoe u  ¢da3Hoe  HampsDKEHUS  OPU  COEIWHEHUH

MOTpeOUTENeH «3BE3I0N»:

A) U]]:U(I;
B) Us=+/3 Uy
C) Uq; =\/§ U_j'[
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D) Us=+/2 U,

E) npaBuibHEI OTBET OTCYTCTBYET

20.Jlunetiaelii © ¢Ga3HBIE TOKW TPH COCIWHEHWW TOTpeOmTenei
«3BE310»:
A) | H:I(p

B) 1,=+/3 Iy
C) lo=~/3 Iy
D) Ii=~/2 lo

E) npaBusibHBI OTBET OTCYTCTBYET

21.JIunelinpid ¥ (a3HBIA TOKM TIPH COEIWHEHWH TOTpeOuTeneit
«TPEYTOJIBHUKOM:
A) | 1= I(I)

B) 1;=~/3 lo
C)lo=+/3 Iy
D) 1=v2 I

E) npaBuibHEIL OTBET OTCYTCTBYET

22.CyMMa JMHEHHBIX TOKOB TMIPH COEIWHEHWH MOTpeOuTeneit
TPEyroJbHUKOM paBHa...

A) cymme (a3HBIX TOKOB;

B) pazHoctH (ha3HBIX TOKOB;

C) nymo;

D) npousBenenuto hazHbIX TOKOB;

E) npaBuibHBI OTBET OTCYTCTBYET

23.Tox B HEUTpalbHOM IPOBOAE NPH CUMMETPHUYHOM Harpyske
paBeH:

A) nmuHeitHOMY

B) daznomy

C) nymo

D) cymme MTUHEHHBIX TOKOB

E) npaBuibHBI OTBET OTCYTCTBYET
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24 Tok B HEHUTpaTbHOM TPOBOJIE TP HECHMMETPHYHOU Harpy3Ke

paBeH:

A) nuHEHHOMY

B) paznomy

C) orcytcTByeT

D) cymme ¢a3HBIX TOKOB

E) npaBunbHBINA OTBET OTCYTCTBYET

25.AKTHUBHAs MOIMHOCTH 3-X  (pa3HOM
oTpesenseTcs:

A) P=Ug 15C05¢p

B) P=2U¢ 15C0S@

C) P=3Uq lopcosp

D) qucp ICD

E) npaBusibHBI OTBET OTCYTCTBYET

26.AKTHBHas MOIIHOCTh 3-X  (ha3HOit
OIIpeNeIIsieTCs:

A) P=Uj Izcose

B) P= V2 Uy Izcose

C) P= \/§ Uy Izcose

D) P=Uj I

E) npaBuibHEIL OTBET OTCYTCTBYET

27 PeakTBHas MOIIHOCTH 3-X (asHOM
OTIpENIEeIIAETCS:

A) Q=UQ) Iq;Sin(P

B) Q=2Uq lgSing

C) Q=3Uq laSing

D) Q:U(]) Iq;,

E) npaBunbHBINA OTBET OTCYTCTBYET

28.PeakTBHas MOIIHOCTH 3-X (a3HOHU
OIIPEIEIIAETCA:

A) Q=U_]'[ I)‘[Sin([)
B) Q=~/2 Uy Iysing
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C) Q:’\/§ UH IJ‘[Sin(P

D) Q=Uy I
E) npaBUNbHEI OTBET OTCYTCTBYET

28.Ilomnass  MomHOCTh 3-X  (a3HOM  DIEKTPUYECKOH  Iermu
OIIpEeAEIACTCS:

A) S=Uqg lg COSQ

B) S=2Uq lo

C) S=3Uy lo

D) S:U(p ICD

E) npaBubHEIA OTBET OTCYTCTBYET

29.Ilonmnass MomHOCTh 3-X  da3HOH  DIEKTPUYECKOH  Iermu
ompezenseTcs:
A) S=Uy Iy sine
B) S=v/2 Uy Iy

C) S=/3 Uy I
D) S:UJ'[ IJ‘[
E) npaBusbHBIN OTBET OTCYTCTBYET

30. Yemy paBHa TIIOJIHAS MOIMHOCTH Tpexda3HOW MeMu, eclu
nuHeiHoe Hanpspkerne Uy=100 B, Tok muretinsii ;=1 A, cosep=0,8.
A) 80 BA;

B) 100 BA;

C) 173 BA;

D) 200 BA;

E) 220 BA.

31. Yemy paBHa mojHas MOIIHOCTH Tpex(a3HOW uenu, eciu
nmuHeiHoe Hanpsbkenne Up=1000 B, tox mnuHeidHblt ;=10 A,
cos¢=0,8.

A) 8000 BA;

B) 10000 BA;

C) 17300 BA;

D) 20000 BA;

E) 22000 BA.
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32. Yemy paBHa IIOJIHAS MOIMHOCTH Tpexda3HOW LeMu, eciIu
nuHeiinoe Hampspkeane Up=220 B, Tokx mmHewWnbt 13=10 A,
cosp=0,8.

A) 800 BA;

B) 1000 BA;

C) 3800 BA;

D) 2000 BA;

E) 2200 BA.

33. Uemy paBHa IIOJIHAS MOIMHOCTH Tpexda3HOW MeMu, eciIu
nuHeiHoe Hanpspkenue U;p=220 B, Tok nuneitHbifi 1;=20 A,
cos¢=0,8.

A) 8000 BA;

B) 10000 BA;

C) 7600 BA;

D) 2000 BA;

E) 2200 BA.

34, Uemy paBHa IIOJIHAS MOIMHOCTh Tpexda3HOW MeNu, eclu
nuHeiHoe Hanpspkenne Up=127 B, Tox mmHewnsit 1;=10 A,
cos¢=0,8.

A) 800 BA;

B) 1000 BA;

C) 1730 BA;

D) 2000 BA;

E) 2200 BA.

35. Uemy paBHa aKTHBHAs MOIIHOCTH Tpex(azHOW IeNH, eciu
nuHeiHoe Hanpspkenune Uy=100 B, Tok nunetinsii ;=1 A, cose=0,8.
A) 80 Br;

B) 100 Br;

C) 138 Br;

D) 200 Br;

E) 220 Br.

36. Uemy paBHa IOJIHass MOIIHOCTb Tpex(a3Ho 1enu, eciu (a3Hoe
HanpsukeHne Uy=220 B, Tok dasneiii ;=20 A, cose=0,8.
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A) 8000 BA;
B) 10000 BA;
C) 13200 BA;
D) 20000 BA;
E) 22000 BA.

37. UYemy paBHa aKTHBHAs MOIIHOCTh Tpex(azHOW LemH, eciu
¢asnoe HanpskeHne Uy=220 B, Tok dasnsiit 1,=20 A, cose=0,8.

A) 800 Br;

B) 1000 Br;

C) 1056 Br;

D) 2000 Br;

E) 2200 Br.

38.B kakoM cnyyae HampspbkeHHe (asHoe B 2 pa3a MeHbIIe
HamnpsDKeHUs  JIMHEWHOTO  NpU  COCAMHEHWH  HOoTpeOuTenei
«TPEYTOJTBHUKOM:

A) ipu 00pbiBe (ha3HOTO POBOIA U CHMMETPHYHOM Harpyske

B) npu 0OpbIBe MTUHEHHOTO MPOBOJIA  CAMMETPUYHON HAarpy3Ke

C) npu o0pbIBe (ha3HOTO NPOBOAA U HECUMMETPUYHON HArpy3Ke

D) ipu o6psiBe (azHOr0 NPOBOAA M HECUMMETPUUHON Harpy3Ke

E) npaBusbHBIN OTBET OTCYTCTBYET

39.B kakoM ciiydae TOKM B IBYX (ha3ax OJUHAKOBHI M B 2 pasa
MEHbIIIE TOKa TpeTbed (a3pl TpU COEAMHEHHWH TOTpeduTeneit
«TPEYTOJIHHUKOM:

A) ipu 00peIBe (ha3HOTO NPOBOAA M CHMMETPUYHOI Harpyske

B) npu 0OpbIBe TUHEHHOTO MPOBOJIA 1 CHMMETPUYHON Harpys3ke

C) npu 0OpbIBe (ha3HOTO MPOBOIA U HECUMMETPUYHOW HArpy3Ke

D) npu o6psiBe (azHOr0 NPOBOAA M HECUMMETPUYHON HArpy3Ke

E) npaBunbHBINA OTBET OTCYTCTBYET

40.B xakoMm ciydae /Ba JIMHEHHBIX TOKa  OAMHAKOBBI, a TPETHUI
PaBeH HYJI0, IPU COEIMHEHUH MTOTPEOUTENCH «TPEyTrOIbHUKOM:

A) ipu 06pbIBe Pa3zHOrO MPOBOIA M CHMMETPUYHON HAarpy3Ke

B) npu 0OpbIBe TMHEHHOTO MPOBOJIA 1 CAMMETPUYHOM HArpy3Ke

C) npu o0OpbIBe (ha3HOTO MPOBOAA U HECUMMETPUYHON HArpy3Ke

D) ipu 06prIBe (ha3HOTO MPOBOIA 1 HECUMMETPHYHON HArpy3Ke
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E) npaBUIbHEI OTBET OTCYTCTBYET

41.B KakoM ciyyae BO3HHMKAaeT HampsbKEHHE CMEHICHUS TMpH
COEAMHEHHNH TIOTpeduTeneil «3Be310i»:

A) Ipu CHMMETPHYHON HArpy3Ke W HAIMYUH HEHTPaIbHOTO POBOJIA
B) npu cummeTpudHOil Harpy3ke 6€3 HeUTpaTbHOTO MTPOBOIA

C) npy HECUMMETPUYHOW HATrPy3Ke ¥ HAJHMYUU HEUTPATHLHOTO
MIpoOBOAA

D) npu HECHUMMeETpHYHON Harpy3ke 0e3 HEHTPaIbHOTO MPOBOAA

E) npaBusibHBI OTBET OTCYTCTBYET

42.B kakoM cllydae HampsDKeHUs B (a3ax paBHBI MPH COETUHEHUH
noTpeduTenei «3Be310m»:

A) IpH1 KOPOTKOM 3aMBIKaHUH (ha3bl;

B) npu HecumMMmeTpudHOM Harpy3ke 6e3 HeHTpaIbHOTro IPoBOIa

C) npy HECUMMETPUYHOW HATPY3Ke M HATHIUN HEUTPaTHLHOTO
IIpoBOJa

D) npu HECHUMMeTpHYHON Harpy3ke 0e3 HEHTPaIbHOTO MPOBOA

E) npaBuibHEIA OTBET OTCYTCTBYET

43.B KakoM ciydae HamnpspbkeHHe (a3zHOe pPaBHO HANPSIKEHHUIO
JMHEHHOMY IIPU COEIMHEHUH MOTPeOnTENeH «3BE3101»:

A) ipu 00pbiBe (ha3HOTO TPOBO/IA M HATWYHN HEHTPAITLHOTO
IpoBOJa

B) npu 06pbIBe MTMHENHHOTO MPOBOJIA ¥ HATMYUU HEHTPAJILHOTO
poBoJa

C) npu KOPOTKOM 3aMbIKaHWHU (PAa3HOTO MMPOBOJIA U OTCYTCTBUU
HEUTPAJILHOIO ITPOBOJA

D) nipu o6peiBe (ha3HOrO NPOBOAA M OTCYTCTBUHM HEUTPAIBHOTO
IpoBOJa

E) npaBuibHBI OTBET OTCYTCTBYET

44.Onpenenutb TOK B HeEHTpanbHOM mpoBoze, ecimu 1,=25-J13 A,
,=14+ I8 A, I.=12+ 7 A

A) 51+ j12

B) -1+ )38

C) 51-j12

D) 38-j18
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E) 0.

45.0npenenuTh TUHEHHBIA TOK |y, eciu 1,,=25-j13 A, I,,=14+ j18 A,
l.=12+j7 A

A) 13-j20

B) 26+ j25

C) 13+j20

D) 12-j31

E)O

46.0npenenuth uHelHOe HanpsbkeHue Uag, eciin Up=220 B, Ug=-
110-j190 B, Uc=-110+j190 B.

A) —j380;

B) 330+ j190

C) 330-j190

D) 110-j190

E) 220

47.Y cuMMETpUYHOr0 Tpex(a3Horo NpUEeMHUKa aKTHBHAsI MOIIHOCTh
onHoit dasel Py=60 Br. Yemy paBHa aKkTHBHas MOIIHOCTb
MIpUEeMHUKa?

A) 20 Br;

B) 60 Br;

C) 120 Br;

D) 180 Br;

E) 240 Br;

48.0npene/inTh PEaKTUBHYI MOIIHOCTh Tpex(a3HOU ILenu, €Ciu
S,=255-j135 BA, S,=164+ j108 BA, S.= 122+ j70 A

A) 313

B) 541

C) 43

D) 31

E) 62

49.0mpenenuTh aKTUBHYIO MOIIHOCTh Tpex(a3sHOH Lenu, eciu

S,=255-j135 BA, S,=164+ j108 BA, S.= 122+ j70 A
A) 313
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B) 541
C) 43
D) 31
E) 120

50.0mpenenuTh MOIHY MOIIHOCTh Tpex(da3How nenw, eciu S,=255-
j135 BA, S,=164+ j108 BA, S.= 122+ j70 A

A) 313-j156

B) 541+ j43

C) 43+ j 541

D) 31-j313

E) j560

3.13 UuanBuayanbHoe foMalHee 3aganue Ne3

Tema: Pacuet Tpexda3Hoii aeKTpUIecKOi LNy Py COeTMHEHUT
noTpeduTeIel TPEYroJIbHUKOM.
Hean padorsl: HayunTthest paccunThiBaTh Tpex(dasHble Henu
MEPEMEHHOTO TOKA TIPU COETMHEHUH MTOTPeOUTEICH TPEYTOIEHUKOM.
3ananme: [loTpeOuTens 3JIEKTPHUECKON SHEPTHH, (Pa3bl KOTOPOTO
HUMEIOT KOMIIJIEKCHBIE CONPOTUBICHUS Zag, Zpc, Zca U COETUHEHBI B
TpexazHyIo EKTPUUECKYIO [EeTb “TPEYTOJIbHUKOM” (PHCYHOK
157), nuraeTcst CHMMETPUYHON CHCTEMOM JTMHEWHBIX HAMpPSKeHUH
Uag=Ugc=Uca=Uy.

C yderoM JaHHBIX MPHUBEIEHHBIX B Tabmuie 4, 5 s
KaXX/IOTO BapuaHTa 3a/IaHusl, ONPEJeUTh (a3Hble U JTMHEHHbIE TOKH
MOTPEOUTENsI, TOCTPOUTH BEKTOPHYIO TUarpaMMy TOKOB, OTIPEIEITHTh
(a3Hble U JMHEHHbIE TOKU Npu 0OpbiBe (aszpl “AB” morpedutens,
ornpeneNuTh (BasHble W JMHEHHBIE TOKM MpPH OOpBIBE JIMHEHHOTO
npoBoga “C”.
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Pucynok 157 — Tpexdasnas snekTpuuecKas Lenb, COSANHEHHAs
«TPEYTOJILHUKOM»

Tabmuna 4 — Mcxomuble JaHHBIE K 3a0aHUI0 Ne 3

Ne BapmanTa- nocnenHss nudpa Daza R, Om X, OM | Xc, Om
mmdpa
0 AB 20 - -
BC 16,5 - 9,5
CA 33 19 -
1 AB 63 - -
BC 47,3 82,6 -
CA 33 19 -
2 AB 38 - -
BC 82,3 - 47
CA 38 - 66
3 AB 10,4 - 6
BC 16,5 9,5 -
CA 15,8 - -
4 AB 10 17,3 -
BC 33 19 -
CA 38 - -
5 AB 16,5 - 9,5
BC 19 - 33
CA 21 - -
6 AB 33 19 -
BC 29 - -
CA 19,1 - 11
7 AB 10,4 6 -
BC 27 - -
CA 9,5 16,5 -
8 AB 6,9 4 -
BC 20 - -
CA 55 9,55 -
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[Ipomomxenue TabmIe 4

9 AB 15,2 - -
BC 8,67 - 5
CA 33 19 -

Tabnuua 5 — Ucxonquble naHHble K 3aqaHuio Ne 3

Ne papuanra-
[peanocnenuss Uag, B

nudpa mudpa
0 127
1 220
2 380
3 660
4 127
5 220
6 380
7 660
8 127
9 220

3.14 UnauBuayajibHoe 1o0MalIHee 3a1aHue Ned

Tema: Pacuet TpexdaszHoii aeKTpUIecKO Lenu Py COeTMHEHUT
noTpeduTeeli 38e3/10i 0e3 HeHTPaIbHOTO MPOBO/IA.
Hesn padorsl: HayunTthest paccunThiBaTh Tpex(dasHble nenu
MEPEMEHHOT0 TOKA IPU COETMHEHUH NTOTPeOUTEIeH 3B€3/01.
3aganue: B T1pexdazHyro 1enp ¢ CUMMETPUYHOH CHCTEMOM
JUHEHHBIX HanpspkeHuid Uj BKIIIOUYEH CHMMMETPHYHBIA TpexdasHbli
MOTPEOUTENb EKTPOIHEPTHH, (Pa3bl KOTOPOrO UMEIOT KOMIUIEKCHBIE
CONpOTUBNCHUS: Zp, Zg, Zc ¥ COSTUHEHBI “3Be3/10i1” (prcyHOK 158).
C yueTroM JaHHBIX IPHBEICHHBIX B Tabuuie 6, 7 i
KaXX/I0T0 BapHaHTa 3aJaHusl, ONpeAeTUTh (pa3Hble U JTMHEHHbIE TOKH,
AKTHBHYIO, PEAKTHBHYI) M TMOJIHYI0 MOIIHOCTH IOTPEOUTENS.
[TocTponTh BEKTOPHYIO IUArpamMMy TOKOB.
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Pucynok 158 — Tpexdasznas smexTpudeckas Iemb, COSAMHEHHAs
«3BE3I0M»

Tabmnuua 6 — Mcxonquble naHHble K 3anaHuio Ne 4

S
]
&
&

R,Om | X, Om | X¢, Om
12,2 - -
31,8 - 18,3
11 - 19,1
22 -
55 9,57 -
23,8 13,7 -
22 - -
9,55 - 55
17,3 10 -
19,1 - 11
18,3 - 31,8
12,2 -
13,7 23,8 -
5,57 55 -
12,2 - -
17,3 - 10
9,55 5,5 -
20 - -
9,5 - 16,5
48 - -
38 - 22
31,8 18,3 -
12,2 -
11 19,1 -

Ne BapmanTa- nocnessis nudpa mudpa
0

QWPrOQOEWOQOTPOQOEFOTP>OFFOQOEP>OQF >
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IIponomkenue TadiuIb! 6

8 A 11 19,1 -
B 244 - -
C 8,67 - 5

9 A 15,3 - -
B 23,8 - 13,7
C 25 - 43,3

Tabnuma 7 — Ucxonusle qaHHble K 3aganuio Ne 4

Ne BapuanTa-
IIpennocnenuss uudpa Uns, B
mmdpa
1 220
3 380
5 660
7 127
9 220

3.15 UnauBuayajibHoe 1oMalIHee 3a1aHue NeS

Tema: Pacuet TpexdaszHoii aeKTpUIecKo enu NPy COeTMHEHUT
moTpeduTeneii 3Be3/10i ¢ HEHTPaTBHBIM IMPOBOIOM.

Heab padoTsi: HayunTecst paccunThiBaTh TpeXxdazHbIe HeH
MIEPEMEHHOT0 TOKA IPU COEANHEHUH MOTpeOuTeNe 3Be3/10H C
HEUTpaAJIbHBIM IPOBOJIOM.

3aganue: B Tpex(da3Hyo 4eTHIPEXIIPOBOAHYIO DIEKTPUUECKYIO CETh
C CHMMETPHYHOW CHCTeMOW (ha3HBIX HANPSIKEHH BKIIOYEHBI TPHU
MOTPEOUTENST IJCKTPOIHEPTUU C CONPOTUBICHUIMU Zp, Zp, Zc
(pucyHok 159).

C yueTroM JaHHBIX, NpPUBEJCHHBIX B Tabmumax 8, 9 s
KQXJIOTO  BapuaHTa 3ajJaHusi, ONpeNeNTUTh  (a3Hble  TOKHU
MoTpeOuTEs e, TOK B HYJIEBOM MpoBoje. I1oCTpOUTh BEKTOPHYIO
IarpaMMy TOKOB, ONPEACTUTE (a3Hble TOKU U (Pa3Hble HAIPSHKEHUS
norpeduTesel Mpu oOpbIBE HYJIEBOT'O TPOBOJIA.
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Pucynok 159 — TpexdaszHast 4eThIpeXIPOBOIHAS dIEKTPHUECKAS
LEIIb

Tabnuua 8 — Ucxonuble naHHble K 3aqaHuio Ne 5

Ne BapmanTa- nocnennsis nudpa mudpa | ®aza | R,Om | X, Om | X, Om

0 12,2 - -
31,8 - 18,3
11 - 19,1

22 -
55 9,57 -
23,8 13,7 -

22 - -
9,55 - 55
17,3 10 -

19,1 - 11
18,3 - 31,8
12,2

13,7 23,8 -
5,57 55 -
12,2 - -

173 - 10
955 | 55 -
20 - -

95 - 16,5
48 - -
38

31,8 18,3 -
12,2 -
11 19,1 -

11 19,1 -
24,4 - -
8,67 - 5

ATFQEPOQOTFOQOE>OQOT>OT>OQOT>OQE>OT >
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IIponomkenue Tadbmums! 8

9

QO w >

15,3
23,8

13,7
43,3

Tabnuna 9 — Ucxonusle naHabie K 3aganuio Ne 5

Ne BapuaHnTa- Uag, B
IIpennocnenuss undpa
mmdpa
0 127
2 220
4 380
6 660
8 127
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Tema 4 JIuHeiiHbIe HeNU ¢ NEPHOTHIECKIMH
HECHUHYCOUIAJbHBIMM HANPSIKEHUAMH U TOKAMH
4.1 O0uue TeopeTUYECKUE CBEAEHUS

IlepuognyeckuMi ~ HECHHYCOMAANBHBIMA  TOKaMH |
HaIMpPsDKEHUSIMU HA3BIBAIOT TOKW W HANIPSDKEHUS, H3MEHSIONINECS BO
BPEMEHH I10 NIEPHOANUECKOMY HECHHYCOUAAILHOMY 3aKOHY.

OHU BO3HUKAIOT TIPH YETHIPEX PA3IUYHBIX PEKAMaxX padOThHI
SJIEKTPUUECKHUX TIETICH:

1. xorma ucrounuk D/IC (MCTOUYHUK TOKA) ACT HECUHYCOUIAIBHYIO
OJIC (HecuHycouIaIbHBIN TOK), @ BCE SJIEMEHTHI LICTIH- AKTUBHBIC
COTIPOTUBJICHHS], HHAYKTHBHOCTH M €MKOCTH- JIMHEWHBI, T.. OT
BEJIMUMHBI TOKA HE 3aBUCHT;

2. ecmu uctoyHuk DJIC (MCTOYHUK TOKAa) NACT CHHYCOUAAILHYIO
O/1C (cuHYyCcOMAANBHBINA TOK), HO OJJMH WM HECKOJBKO 3JIEMEHTOB
ICTTM HEeJIMHEHHEI,

3. korza ucrounuk DJIC (MCTOUHUK TOKA) ACT HECHHYCOUIAIBHYIO
O/1C (HecuHYCOMIANBHBIN TOK), @ B COCTaB JEKTPUIESCKON IIeTH
BXOJISIT OJTHO WJIM HECKOJIBKO COMPOTHBIICHUH;

4. ecnn ucrounuk OJIC (MCTOYHMK TOKA) JaeT TMOCTOSHHYIO WITH
cunyconnanbHyto DJIC (cuMHycOMmanbHBI TOK), a OJMH WIA
HECKOJIGKO D3JIEMEHTOB IIEMH TEePUOJUYECKA W3MEHSIOTCS BO
BpPEMEHH.

N3 xypca  MaTeMaTHKH  W3BECTHO, 4YTO  JIOOYIO
neproandeckyto ¢pyukimio f(X) ¢ mepuoaom 27w, ya0BIECTBOPSIOINLYIO
ycioBHAM [{upuxiie, MOXHO pasiloxuTh B psg Dypse:

f(x)= A +A'sinx+ A sin2x+ A;sin3x +...+ A sinkx+ @1
+B/'cosx + B;' cos2x + By c0s3x +...+ B, coskx

riae A, - mocTosHHAs cocTapsIOMIAs;
1 . .
A, -ammuiryia CHHYCHOI cocTaBsromei K rapMoHuKy;

11 o o
Bk - aMIIIUTyJ1la KOCUHYCHOU COCTAaBJIAIOIICH.

Koaddunuentst psga Oypbe onpeaensroTes:
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1 2z
A = > ! f (x)dx; (4.2)

27

A= 1 j f (x)sin kxdx; (4.3)
%
1 2z

B, =— j f (x) coskxdx. (4.9)
T 0

CylecTByIOT HECHHYCOUIaIbHbIC TIEPHOANYECKHIE KPUBBIC,
o0anmaromiye crerupuIecKiMy CBOUCTBAMHU:
a) (QyHKIUH, CHMMETPUYHBIC OTHOCHTEIILHO OCH a0cIucc,
KOTOpbIC yI0BIETBOPSIOT ycinoButo f(x+m)=f(X);
0) (YHKIMU, CAMMETPUYHBIC OTHOCUTEIHHO OCH OPJHMHAT,
ynosierBopsitorue ycinouto f(-x)=f(x);
B) (YHKIIMU, CAMMETPUYHBIE OTHOCUTEIBHO Havaa
KOOpJAMHAT, yIoBieTBopsomume yciaosuwo -f(-X)=f(X);
CyliecTByeT  aHaJIMTUYECKHM  CIIOCOO  ONpeleNeHus
koadduruerToB paga Oypee u rpado-aHATUTHISCKAN.
[Iporpamma Mathcad 3HaunTensHO ymporaer 3a1aqy
Onpenenenust  kodpdunueHToB Dypbe U MOCTPOCHUS
MEPHOINYECKON HECHHYCOMIAIbHOW (YHKIMM M TapMOHHYECKOH
¢bynkmm psna Oypee.

4.1.1 JIuHeiinble 3JIeKTPHYECKUE LeNU PU
HECHHYCONIAIbHBIX
NMepuoANYeCKMX TOKAX

IIpenpinymnii MaTepua MOCBAIIEH aHAIU3Y AJIEKTPUUECKUX
Ierel Mpu CHHYCOWMANBHBIX TOKaX W HaNpspDKeHHsX. Ha mpakTtuke
OJC m Toku B Oonbplled HWIM MEHBIICH CTEICHU SBIISIOTCS
HECHUHYCOUJIAJbHBIMU. OTO CBSI3aHO C€ TEM, 4YTO peajbHbIC
TEHEPaTOpPhl HE OOECIEUYMBAIOT, CTPOTO TOBOPS, CHUHYCOMTAIBHOMN
(hopMBI KPHUBBIX HANPSDKEHUS, a C JPYrodl CTOPOHBI, HAIUYUE
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HEJINHEWHBIX 3JIEMEHTOB B LIEMH OOYCIIOBJINBACT UCKaKEHHE (HOPMBI
TOKOB JIaXKe NP CHHycouAanbHbIX DJ]C HCTOYHHUKOB.
Ha npakTuke K HECHHYCOMIANBHOCTH HANPSHKEHUI W TOKOB
CIIEAyeT MOJXOIUTH JBOSIKO:
® B CUJIOBOM JICKTPOIHEPreTUKE HECUHYCOUIAIBHBIE TOKU
00yCIIOBIMBAIOT B O0IIEM CIIydae AOTOIHUTEIbHbIE IOTEPU
MOIITHOCTH, ITyJIbCAllUd MOMEHTA Ha Bally ABUraTeJIeH, BHI3bIBAIOT
MOMEXH B IMHHUAX CBS3H; TIOATOMY 3/1€Ch HEOOXOAUMO «BCEMH
CHJIaMM» MTOJAEP)KaHUE CHHYCOMIAIBHBIX PEKUMOB,;

® B IIEIIX aBTOMATHUKU U CBA3H, 1€ HECUHYCOUATIbHbBIE TOKHU U
HaNpsDKEHUS JIeKaT B OCHOBE IPUHLIMIIA JEHCTBUS
ANIEKTPOTEXHUYECKHUX YCTPOHCTB, 3a/1a4a HA00OPOT 3aKITI0UaeTCs
B UX YCHJICHHH U Tepeade ¢ HAMMEHBITUMH UCKKESHHUSAMHU.

B o0miem ciryuae xapakTep U3MEHEHHS BEIUIMH MOXKET ObITH
MEPUOTUYECKUM, TOYTH HEPUOAMYECKHMM H HEMEpUOJUYEcKuM. B
JaHHOM paszzene OyAyT paccMaTpUBaThCsi IIETMH  TOJNBKO C
NEPUOINYECKUMH IEPEMEHHBIMH.

[leppognueckuMH  HECHHYCOMIOAJIBHBIMH  BEJIMYMHAMU
Ha3bIBAIOTCSl TIEPEMEHHBIC, W3MEHSIONMECS BO BPEMEHH 10
NEPUOJUYECKOMY  HECHHYCOMIAJbHOMY  3aKkoHy.  [lpuumHbl
BO3HUKHOBEHHSI HECHHYCOMJIAIBHBIX HAIPSDKEHUH M TOKOB MOTYT
OBITh 00YCIIOBJICHBI MIIH HECUHYCOUATBHOCTHIO HCTOYHUKA TTUTAHUSI
WK (M) HAJIMYKEM B IIETIM XOTSI OBl OZIHOTO HETMHEWHOTO JJIeMEHTA.
Kpome Toro, B oCHOBE IMOSIBIICHHSI HECHHYCOUAAIBHBIX TOKOB MOTYT
JIEKATH AIEMEHTHI C TIEPHOINIESCKN N3MEHSIOMIMMUCS MTapaMeTPaMH.

B kadectBe npumMepa Ha pucynke 160,a npeacraBiieHa 1enb ¢
HenuHeWHBIM  pesuctopoMm (HP), HenuueiitHas BosbT-ammepHas
XapaKTepUCTHKA (BAX) KOTOpOTO 00yCIIOBIINBaET
HECHHYCOMJIAIbHYI0 (OpMY TOKa 1 B UENH NP CUHYCOUAATHLHOM
HaIpsDKEHUH U Ha ee Bxoje (cM. pucyHok 160,0).
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ek

Pucynok 160 — HenuHeiHbIH 3IEMEHT U BOJBT-aMIICpHBIC
XapaKTePUCTUKH

XapaKkTepUCTHKH HECHHYCOUIATBHBIX BETUYUH
Jns XapaKTepUCTUKH HECUHYCOHUIATBHBIX MEPHOANIECKIX
MEPEMEHHBIX CITYKAT CICAYIONINE BETUUMHBI U KO3 PHUIIMESHTHI
(mpuBeneHBI HAa TPUMEpPE MTEPHOAMIECKOTO TOKA):
1.MakcumanbHOE 3HAYCHUE - Ly -

1 (T
i — ] = — j2
2.leiicTBytoriee 3HaueHHE — [ - fo i“dt.

3.Cpejree 110 MOIYIIIO 3HAYCHHE - I, = % fOTlildt.
4.CpenHee 3a iepro] 3HaUeHNE (IOCTOSIHHAS
coctapmsomas) - I, = % fOT idt.

5.Koaddunment ammmrty bl (OTHOIIEHUE MAKCHMAIBLHOTO

imax
I
6.Koadhdunuent Gpopmsl (oTHOIIEHHE ASHCTBYIOIIETO

3HA4YCHHMS K JICHCTBYIOLIEMY) - kK, =

3HAYEHUSI K CPEIHEMY 110 MOJYIIO) - Ky, = i..
7. Koadpdunment nckaxennii (OTHOMIEHHUE AEHCTBYIOIIETO

3HA4YEHUS IEPBOM FaApMOHUKH K JICHCTBYOLIEMY 3HAYEHUIO
nepeMeHHow) - k,, = 171
8.Koappumment rapmMonrk (OTHOIIEHHE AEUCTBYIOIIETO

3HAYCHUA BBICHIUX TAPMOHHUYCCKUX K ,I[eﬁCTBymH.IeMy

ka:z 1

3HAYECHUIO TIEPBON TApMOHUKN) - k, = -
1
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Pa3ioikeHue nNepuoOANIECKNX HECHHYCOMTANbHBIX KPHBBIX B PsiI
dDypbe

M3 MateMaTWKW W3BECTHO, YTO BCSAKAas IEPUOAUYCCKAs
byuxuus f(t) = f(t+T), rne T — mepuon, YAOBIECTBOPSIONIAs

YCIIOBUSM Hupuxie, MOJKET OBITh paznoxeHa B
TPUTOHOMETPHUYECKH psan. MOXKHO OTMETHUTh, YTO (DYHKIIHH,
paccMaTpuBacMble B DJIEKTPOTEXHHUKE,  OTUM  YCIOBHUSIM

YAOBIETBOPSIIOT, B CBA3M C YeM IPOBEPKY HA HX BBINOIHEHHE
IIPOBOJUTE HE HYKHO.

[Mpu pasnoxenuun B psag Dypre QyHKUMS TpencTaBIsieTCs
CIeAyIomuM 00pazoM:

ft) =40+ Z(Akcoska)t + By sinkwt) =

k=1
(4.5)

— 4y + Z Cosiniat + @p)
k=1

1T
3neck Ag = T fo f(t)dt - mocrosiHHas COCTaBIISIOIIAS WA
HyneBass rapMmonuka; Cisinifwt + ¢q)- mnepBas  (ocHOBHas)
o o 2m
rapMOHNKA, M3MEHSIOWIAACS C YIJOBOH YacToToH w = —, rae T —

MepUO]T HECUHYCOUIATBHON TIepHOANYECcKON (PyHKIIHH.

B Beipaxenmn (4.1) C, = /Ak2+Bk2; tg(l)::—k, rae
!

koadduiuerTsl Ay, u B), onpenensroTcs mo gopMmynam

2 (T .
Ay = Ffo f(®)coskwtdt;
2 (T .
By = ?fo f(t)sinkwtdt.
CBoiicTBa MepHOANYECKUX KPUBBIX, 00JIaIAI0IINX CHMMeTpHel
Koadduumentsr psga Pypbe s craHIApTHBHIX (QYHKIHUNA

MOTYT OBITh B3ThI U3 CIIPABOYHON JTUTEPATYPHI HIIH B OOIIEM CiTydae
paccumTaHbl MO MPHUBEJCHHBIM Bhimie Gopmynam. OHaKO B ciydae
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KPUBBIX, OONQNAlONIMX CUMMETpUel, 3a7ada  CYIIECTBECHHO
YIpOIIAETCs, TMOCKONBKY W3 WX PAa3JIOKCHUS BBINAJAIOT IEIbIe
CICKTPbl TapMOHHK. 3HAaHUE CBOWCTB TAaKUX KPHBBIX TIO3BOJISCT
CYIIECTBEHHO COKOHOMHTH BPEMSI U PECYPCHI ITPY BBIYHCIICHHUSX.
1. KpuBble, CMAMMeTPUYHbIE OTHOCUTEIHLHO OCH a0CHHCC.
K naHHOMY THITy OTHOCSATCS KpPUBBIC, YIOBIICTBOPSIOIIHE

pasenctBy f(t) = —f(t + g) (cMm. mpumep Ha pucynke 1161). B ux

pPa3NIOKEHUH OTCYTCTBYIOT IOCTOSIHHAS COCTABJISIFOINAS M YCTHBIC
FapMOHUKH, T.€. Ag = C; = C4 = C¢ ... = 0.

L B

Pucynok 161 - KpuBast, cHMMETpUYHbBIE OTHOCUTEIHHO OCH a0CIUCcCe

2.KpuBble, CHMMeTPHYHbIE OTHOCHTEIHHO OCH OPIHUHAT.

K JfaHHOMY THIly OTHOCSTCS KPHBBIE, JUIsi KOTOPBIX
BBINOJIHsAETCST paBeHcTBO f(t) = f(—t)(cM. mpuMep Ha pHCYHKE
162). B ux pa3noeHUH OTCYTCTBYIOT CHHYCHBIE COCTABIISIIOIINE, T.€.
Bk =0.
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Pucynok — 162 - KpuBasi, cMMMeTpUYHBIE OTHOCHTEIILHO OCH
OpAMHAT

3.KpuBble, cuMMeTpPHYHbIE OTHOCUTEJHLHO HAYAJIA

KOOp/IMHAT.

K 3TOMy Ty OTHOCSITCSI KpUBBIE, YIOBIETBOPAIOIINE
pasenctBy f(t) = —f(—t) (cm. mpumep Ha pucynke 163). ITpu
Pa3I0KEHUH TaKUX KPUBBIX OTCYTCTBYIOT IIOCTOSIHHAS H
KOCHHYCHBIE COCTaBJIstonme, 1.e. Ag = 4, = 0.

1)

L J

Pucynoxk 163 - Kpusast, ciMMeTprUYHbIE OTHOCHTEIILHO HavYaja
KOOpIMHAT

JeiicTBy1011I€€ 3HAYEHUE IEPUOTNYECKOI HECHHYCOUTATBHOI

nepeMeHHOM
Kak Obuio mokasaHo Bbllle, ACHCTBYIOIIMM HAa3bIBACTCS
CPEIHEKBAPATUYHOE 32 IEPUOJ 3HAUCHNE BEIINUUHBL:
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[= /% [ idt. (4.6)

[Ipn HaMMYMM aHATMTHYECKOTO BBIpaXeHUs (yHKIUH i(t) 1
BO3MOXXHOCTH B3SITUSl MHTErpaja OT ee KBajpaTa JeHCTBYrollee
3HaueHue i(t) ompenensercs TouHo. OnHako B OOIIeM cilyyae Ha
MpaKkTUKE ACHCTBYIOIIEE 3HAUCHUE NEPEMEHHOW ONpenessieTcsl Ha
OCHOBe MH(pOpPMAaLUK O ACHCTBYIOIIMX 3HAYCHUSX KOHEYHOTO psAla
TapMOHHYECKHX.

IlycTh

i(t) = Y=o Lim sinkwt + @y,).

OueBuIHO, qTO0 KayKIbIN 3 HWHTErPAJIOB oT
TPUTOHOMETPUYECKUX (YHKIUH B TOCIEAHEM BBIPAKEHUH pPaBeH

Hymto. Takum o6pazom,
1 o0
I =15 + EZ Iim
k=1

N

I = /Zfzol,f.

AHanmoruuynele BblpaxkeHus uMerT wecro i J/C,
HaIpsDKEHUS U T. 1.

MoIHoCTh B LensiX NepHOIMYECKOro HeCHHYCOMIATbHOT0 TOKA
Ilycts

u(t) = Y=o Upm sin(kot + ay)

l(t) = Zf:() Ikm Sll’l’Ck(J)t + .Bk)
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Torna s akTHBHOM MOIITHOCTH MOKHO 3aIlicaTh

P =
- fOTu(t)i(t)dt =

Kak ObUIO T1OKa3aHO TMpPH BBIBOAE COOTHOIICHHS JISI
JEHCTBYIOLIEr0 3HAUEHUs] HECUHYCOUIAJIbHOM NMEPEMEHHOM, cpenHee
3a TepHoj 3HAUYEHHE NPOM3BEICHHS CHHYCOMIAIBHBIX (YHKLUI
Pa3IMYHON YacTOTHl paBHO HyJ0. Clie10BaTeNbHO,

kem Liem
P =Uyly + Z " cos(ay — By) =
=Uply + Zk 1 Ukm Tkm €OS @,
e ¢ = ay — Py
TaKI/IM 06pa30M, AKTHUBHAs1 MOIIIHOCTH HeCI/IHyCOI/II[aﬂBHOFO

TOKa paBHa CymMM€e AKTHUBHBIX MOHIHOCTeﬁ OTACIBHBIX
TapMOHHNYCCKUX:

P = Y=o Pr.

AmnajmorugHo JJIsL peaKTHBHOﬁ MOIIIHOCTH MOKHO 3aIlucCaThb

Q = Yi=1Qk = Xi=1 Urlysing,.

TTosmHass MOIIHOCTH

S=U1=\[Zf=0U1?Zf=ollz =P2+Q2+T2 # P2+ Q2

318



rae T — MOIIHOCTh MCKAKEHUi, ornpesesnseMas MPOU3BEACHUIMU
JNENCTBYIONINX 3HAYCHUH PAa3HOMOPSAAKOBBIX TAPMOHHMYECKAX TOKA U
HaIpPsSKCHUSL.

MeToanka pacyera JUHEHHBIX Leneld NPy NepuoIHYeCKHX
HECHHYCOHIAJIbHBIX TOKAX

Bo3moxHOCTE pa3iIoXKeHUs MEPUOINYECKUX
HECUHYCOHWJANbHBIX (yHKIMI B psig Dypbe MO3BOISIET CBECTH
pacduer  JMHEWHOW  IleMd  TOpU  BO3JAEHCTBMM  HA  Hee
HecuHycouanbHbIX DJ{C (MM TOKOB) HCTOYHHUKOB K pacueTy Lernei
C TIOCTOSIHHBIMH M CHHYCOHMJAJIbHBIMH TOKAMH B OTIEIBHOCTH IS
KOKIOW TapMOHWKH. MrHOBEHHBIE 3HAYEHHS WCKOMBIX TOKOB H
HaIpspKEHUH ONpeaensaoTcs Ha OCHOBE NMPUHIINAIIA HAJIOKEHUS IyTeM
CYMMHUpPOBaHUS  HalIGHHBIX TIpU  pacueTe TrapMOHHYECKHX
COCTaBJISIONIMX HANpsHKEHHWH W TOKOB. B cooTBeTCTBUH C
BBIIIIECKA3aHHBIM IIeNh Ha pHUCYHKe 164 mpu BO3IEWCTBMU Ha Hee
SC

n
e(t) = Z Ey, sinftkwt + ¢,)
k=o0

Pucynok 164 — PacueTHast cxema

(Ipm pacueTe CIEeKTp paccMaTpPUBAaEMbIX TAPMOHUK OTPaHUYUBACTCS)
B PacueTHOM ILIaHE IPEACTABISETCA CYMMOH Leneil Ha pucyHke 165.
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Pucynok 165 — CxeMbI K pacyeTy METOZIOM HaJIOKEHUS

3mece

. . 1
Ekm = Ekmef‘p; XLk = k(,()L, XCk = W

Torma, manpumep, st Toka B BeTBH ¢ uctouHukom JJIC,
nMeeM

i(t) = Iy + Xi=q [km Sinitkowt + ay,),

rae Kaxnaas K- rapMOHHMKa TOKa PaCCYMTHIBACTCS CHMBOJIMYECKUM
METOJIOM I10 CBOEM K- pacue€THOM CXEME.

[Tpu sTom (moBepxHOCTHBIN 3(D(EeKT He yUHTBIBAETCS) IS
BCEX rapMOHHK napameTpsl Ry, Ry, L 1 C NOCTOSHHEI.

Ey

Ip = ——;
"R, +R,

i Em I,
m = ; R2(—jXcp)  ‘km
Ri+jXpp+——7—
17J 4Lk Ra—iX ¢k

el ok,

Heo0xomumMo TOMHHMTB, 4YTO BBHAY pasziuydsl YacToT
CYMMHUPOBAaTh KOMIUIEKCHI Pa3IMYHBIX TApPMOHHUK HEJIOIYCTHMO.

Takum 00pa3oM, METOIUKA pacueTa JHMHEHHBIX Lened npu
HECHHYCOHJIATBHBIX TOKaX CBOJIUTCS K CIEAYIOMIEMY:

1.3/1C 1 TOKM UCTOYHUKOB PaCKIIaAbIBAIOTCS B psiabl Dypbe.

2.0cyIIecTBIsIETCS PacyeT e B OTJACIBLHOCTH ISl KXKI0H

TapMOHHYECKOM.

3.MckoMble BeTMYMHBI ONIPEACISAIOTCA KaK allreOpandecKue

CYMMBI COOTBETCTBYIOIIUX FTAPMOHHUYECKHUX.
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KoHTposibHbIE BONIPOCHI

1.Yto siBnsieTCS MPUYMHOM MOSIBIICHUSI HECHHYCOUIATLHBIX TOKOB H
HAIPSDKEHUH B SJICKTPUYCCKUX TICTISIX 7

2.Kakwne BenmuunHbl 1 KO3(QGUIHESHTH XapaKTePU3yIOT
MIEPHOANYECKNE HECHHYCONIaIbHBIE TIEpEMEHHBIE?

3.Kakue rapMOHHYECKHE OTCYTCTBYIOT B CIICKTPaX KPUBBIX,
CHMMETPHUYHBIX OTHOCHTENBHO: 1) ocu abcmuce; 2) ocH opAauHaT; 3)
Havajia CHCTEMBI KOOPWHAT?

4.]JlocTaToYHO JIM JUIS OTPEACICHIS BETUYUHBI ITOJHOW MOIITHOCTH B
SN HECUHYCOMIAIBHOTO TOKA HATMYUEe UH()OPMAITUK 00 aKTHBHOMN
U PEaKTUBHON MOIIHOCTSIX?

5.J1y1s KakuX 1enel crupaBeIiBa METOIUKA pacuera Iernei
HECHHYCOUJIATFHOTO TOKA, OCHOBaHHAs Ha pasnoxkeHud D/C u
TOKOB UCTOYHUKOB B psiabl Dypebe?

4.1. 2 Pe3oHaHCHBbIE SIBJICHHUS B LeNSIX HECUHYCOUAATbHOIO
TOKA

B nemsx HeCMHYCOMAATBLHOTO TOKA PE30HAHCHBIC PEKUMBI
BO3MOJXKHBI IS Pa3NIUYHBIX TaPMOHUYECKUX COCTaBisrommx. Kak u
IpU CHHYCOWJAIBHBIX TOKax, pE30HAaHC Ha K-H TapMOHHUKE
COOTBETCTBYET pEXUMY pabOThl, HPU KOTOPOM K-€ TapMOHHKH
HamnpsDKEHUST ¥ TOKa Ha BXOJle IIETH COBMANAIOT 1O ¢aze, MHAUE
TOBOPSI BXOJIHOE CONPOTHBIIEHHE (BXOJHAS IMPOBOIVMOCTH) LIEMH
JUIs1 K-d TApMOHUKH BEILIECTBEHHO.

[TycTh mMeeT MecTo 1ienb Ha pucyHKe 166,a, muTaromascs ot
HUCTOYHMKA  HecuHycoupanbHo  OJIC,B  KOTOpOH  €MKOCTh
KOHJIGHCATOpa MOXET IUIABHO HM3MEHATBCS OT HyId 10
0OECKOHEYHOCTH.
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Pucynok 166 — Pacuernas cxema

s K- rapMOHUKHM TOKa MOXHO 3arucaTh

E

JRZ + (ka)L - ﬁ)z

rae Ej, - neiictByroniee 3HaueHue K- rapmonuku JJ(C.
Takum oOpa3zom, mnpu wusMeHeHun C BeaUYMHA K-U
TapMOHUKH TOKa OymeT m3MeHsTbcs oT Hynss npu C=0 mo [, =

Ik=

S S npu C = oo, pgocthrag Makcumyma [ = Ex opu
R2+(kal, )2 p > Yy kmax R p
pe3oHance (cM. pucyHok 166,0), onpesensieMoM BeTUUNHON EMKOCTH

c 1
KT k22,

Crnenyer OTMETHTh, YTO, HECMOTPS Ha TO, YTO OOBIYHO C
pocTtoM mopsiaka rapmormdeckoi IJIC ee aMIuUTYa yMEHBIIAECTCS,
B pEXUME pEe30HaHCa Il K-H FapMOHMYECKOW €€ 3HAYCHUE [,y
MO>KET IPEBBIIIATE BEIMYNHY EPBOA FApMOHHMKH TOKA.

Pe3oHaHCHBIE sBIEHHS WCNOJNB3YIOTCA JJS  BBIICIEHUS
TapMOHHK OJTHUX YacTOT M MOoJaBieHus apyrux. [lycTs, Hapumep, B
1enH Ha pucyHke 167 HeoOX0JMMO YCHITUTh (-10 TApMOHHUKY TOKA Ha
Harpyske ¥ MoJaBUTh p-10.
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Pucynok 167 — PacuerHast cxema

Jns mopaBneHus p-ii TapMOHUKU B PEKUM PE30HAHCA TOKOB
HacTpauBaeTcsi KOHTYp L, — Cy:

1
m = prz.

Hns  BeigeneHus (- TapMOHWUKH BCA LeMb NI Hee
HACTPanBaeTCs B PSKUM PE30HAHCA HAIPSKEHUH:

jao L2(~j 5 e5)

. Lo—i 1 = Ol
jaw Ly=j e

OTKYyJla TIPH U3BECTHBIX Ly 1 C;

L = L
1 q2w?L,C, — 1

OTMeTHM, YTO PAacCMOTPEHHbIC SIBICHHS JIEKaT B OCHOBE
pabotsi L-C -gunbTpos.
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Oco0eHHOCTH NMPOTCKAHUSA HECHHYCOMAAJIBbHBIX TOKOB
qepes3 NaCCUBHbIC 3JIEMEHTDI LEIMU

1. Pe3ucrop.

Ipu u(t) = Y=o Upm Sinikwt + ¢;) TOK yepe3 pe3uctop
(cMm. pucyHok 168)

i(t) =2 = 3 I, sinikoot + ),

Ukm

rac Ikm = R

it) R
W)

)

Pucynoxk 168 — Pe3uctop

Takum oOpazom, Ha PE3UCTUBHOM 3JIEMEHTE
HECUHYCOHJIANbHBIE HANpsHKEHHEe W TOK COBIAJAIOT 1O QopMme U
NOJOOHBI  JAPYr  Jpyry. OTO  TO3BOJSET HA  TPAKTHKE
ocumiuiorpagupoBatb (opMy TOKa C TOMOIIBIO PETHCTPALUH
HaIpsKEHUS Ha IIyHTE.

2. Konagencarop.
[lycte HamnpsbkeHHe Ha KOHJIEHcartope (pucyHok 169)

OMHKCHIBACTCS TapMOHHYECKUM psiioM U(t) = Yy—g Up, sinilkowt +
Pr)
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Pucynok 169 — Konaencarop

Koaddumment nckaxenns: KpuBoi HampsiKEHUST

Uy

= = Ulz)o,s- 4.7

Ky

Tok depe3 KOHIEHCATOP

i())=CO=C(f Uem keocosibkat + ;).

Toraa COOTBETCTBYIONIUI KPHUBOH TOKa KO3(DQDHUIIUCHT
UCKAXKEHUS

Uy

Kypy=—2
M (o ku0?)™

(4.8)

Cpasuenue (4.7) u (4.8) nmokaseiBaer, uto Ky > Ky, T.e.
KOHJICHCATOp MCKakaeT (POpMy KpHBOHW TOKAa IO CPAaBHEHUIO C
HanpsOKEHUEM,  SABJSSICh  CIUIAXKHBAIOIIMM — DJIIEMEHTOM IS
TTOCIIETHETO.

OTMedeHHOE HArJSIIHO WITIOCTpupyeT pucyHok 170, Ha
KOTOpoM ¢opMa KPHUBOH HAMPSDKEHUS OMMKE K CHHYCOWIES, UYeM
(hopMa KpuBOI TOKA.
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Pucynok 170 — HecunycounnanbHbie HAIPSHKEHUE U TOK

3. KaTrymka MHIyKTHBHOCTH.

[lpuauMass  BO ~ BHHMAaHHME  COOTHOLIGHHE  MEXAY
HAMpPsDKCHHEM M TOKOM JUTSL KaTYIIKH HHIYKTUBHOCTH (pUcyHOK 171)

di(t)
dt ’

u(t) =1L

Pucynoxk 171 — KaTymika HHIYKTUBHOCTH

COBEpIIEHHO aHAJIOTMYHO MOXKHO TIOKa3aTh, 4YTO B Cciyd4ae
WHOYKTUBHOTO »snemeHta Ky > Ky, T.e. KpuBas HanpsKeHUs
WCKaXeHa OoIbIlle, YeM KpUBas TOKa. OJTOMY CIIydalro OyJeT
COOTBETCTBOBaTh PUCYHOK 170 mpu B3auMHOM 3aMeHE Ha HEM
KPUBBIX HampsDKeHWsT ©W TokKa. TakuMm o0Opa3oMm, KaTyIuka
WHIYKTUBHOCTH SIBJISIETCS CTIIQXKUBAIOLUM BJIEMEHTOM JJIS TOKA.

C yyeTOM BBIIIECKA3aHHOTO HAa IPaKTUKE, HalpUMEpP B
CHUJIOBOM  TIOJIYIPOBOAHUKOBOM  TEXHUKE, [UIS  CTIQKUBAHUS
BBIIPSIMJICHHOIO ~ HANpsDKEHUA ~ NPUMEHSIOT  KOHACHCATOPHBIE
(UABTPBL, a UTSl TOKA — APOCCEITH.
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4.1.3 Boiciliie TApMOHUKH B Tpex(a3HbIX HENmaxX

Hampsbkennst Tpex($a3HbIX HMCTOYHUKOB JHEPTUM  YacTO
OBIBAIOT CYIICCTBEHHO HECHHYCOHIAIbHBIMU (CTPOTO TOBOPS, OHHU
HeCUHycOHIaNbHEI Beerna). [Ipu atom Hampskenus Ha ¢dazax B u C
MOBTOPSIIOT HECHHYCOUIAIBHYIO KPUBYIO Uy = f(t) HANpsDKeHUS Ha
¢aze A co ciBUroM Ha TpeTh epuoaa T OCHOBHON rapMOHUKH:

ug =f(t—T/3); uc=f~t+T/3).
[Tycts s da3bl A K-s1 rapMOHHKA HATPSDKCHUS
Uy = Uy sinikwt + @y,).

Torma ¢ yuerom, uto wT = 21, mis K-X rapMOHHYECKHX
HanpspkeHuit pa3 B 1 C coOTBETCTBEHHO MOXKHO 3aITUCaTh:

] 2
ugy = Uy Sin (ka)t + @ — ?k);

Uck = Upan SINiGket + @i, + 2 k).

Bcro coBokymHOCTh TapMOHHMK K oT 0 10 o MOXHO
pacnpenenuThb Mo TPEM Ipymiam:
1. k=3n+1 (n=0;1;2;....)- TapMOHHMKH JAHHOW TPYIMIBI 0OPa3yIOT
CUMMETPUYHBIE  CHCTEMbl  HaNpsDKEHHWH, IOCJIEe0BaTEILHOCTD
KOTOPBIX ~ COOTBETCTBYET  TIOCIEAOBaTeIbHOCTH (a3  mepBoit
FapMOHHUKH, T.6. OHH 00pasylOT CHMMETPUYHBIE CHCTEMBbI
HaNpsDKEHUH MPSIMOM MOCIeA0BaTEIbHOCTH.

JlercTBUTENBHO,

Ugy = Ukmsin(ka)t + @ — 2?ﬂ(3n + 1)) = Ukmsin(kwt + @ —
273,
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Uck = UppSin (kwt + @, + 2?7[(371 + 1)) = Uy, Sin (kwt + o, +
2713.

2. k = 3n + 2. ]Ing 5TuX rapMOHUK UMEIOT MECTO COOTHOIICHUSL:

2
ugr = Ugm Sin <ka)t + @ — 3 (Bn+ 2))

2n
= Ukmsin(ka)t + @y +?>;

2m
Ucr = U Sin <kwt + @ + 3 Bn+ 2))

2n
= UkmSiTl<k(1)t + @y, —?>

T.€. TAPMOHUKH JTAHHOW TPYNITEI 00pa3yloT CHMMETPUYHBIE CHCTEMBI
HanpspKeHui 00paTHON TOCIIeI0BATEIBHOCTH.
3. k = 3n. [lng 5TUX TapMOHUK CIPaBETNBO

2w
ugr = Ugm sin (kwt + @ — ?Sn) = Ugp sin(kowt + @ );

2w
Uck = UpmSin (ka)t + @ + ?Bn) = Upm sin(kot + ¢y,).

Takum 00pa3oM, BEKTOpbl HANPSHKEHUH JaHHOW TPYIIBI BO

Bcex (hazax B 10001 MOMEHT BPEMEHH UMEIOT OJUHAKOBBIE MOJYJIH

W HampaBlieHHs, T.€. 9TH TAPMOHUKH OOpa3ylOT CHUCTEMBI HYJIEBOH

MOCJIEI0BATEIILHOCTH.

Paccmotpum  ocobGeHHocTH  paboTHl  Tpex(asHBIX —CHCTEM,
00yCIIOBJICHHBIE HATUYMEM FaPMOHUK, KPATHBIX TPEM.

1. Ecnmu ¢a3el reHepaTopa COEAMHEHBI B TPEYTrOJbHUK, TO TpPHU
HecunyconnanbHbIX (ha3upix IC cymma D/IC, neiicTByrOMMX B
KOHTYype (cM. puCyHOK 172) He paBHa HyJIO, a OIpelensercs
rapMOHUKAMH, KPaTHBIMH TPEM.
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Pucynok 172 — Kontyp 31C

Ot TapMOHHMKH BBI3BIBAIOT B 3aMKHYTOM TpPCYTrOJIbHUKE
réeueparopa TOK, JaX€ KOraa €ro BHCINHAA LCIIb PA3OMKHYTA:

Iy = +1¢+12+ -,

rae I3 =§3—3; I6=%; 19=%;..
reHeparopa Juisl i-ii TApMOHUKHU, KPaTHOH TpeM.

2. Ecnn ¢a3el reHepaTopa COSTUHUTE B OTKPBITBIN TPEYTOJILHUK (CM.
pucynok 173), To Ha 3akuMmax 1-2 OyieT UMeTh MECTO HalpsKeHHeE,

onpeaensiemoe cyMmoit 3/C rapMOHHK, KpaTHBIX TPEM:

., a Z;- conpotuBieHue ¢a3bl

Uiy = 3 Nr—1 EzxsiniBkwt + @3;).

A

-

Pucynok 173 — OTKpBITBIN TPEYTOJbHUK
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Takum 0Opa3zom, TOKa3zaHHE BOJIBTMETPA B IEMH HA PHUCYHKE
173

Uy = 3E} + EZ + E3 + -,

3. HesaBucumo oT cmnoco0a COeIMHEHHS — B 3Be3ly WIH B
TPEYTOJAbHUK — JIMHEHHBIE HANpPsDKEHUs HE COAep)KaT TapMOHHUK,
KPaTHBIX TPEM.

IIpu coeaunHeHnH B 3Be3My 3TO OOBSCHSACTCA TEM, YTO
TapMOHUKH, KpaTHBIE TPEM, KaK YKa3bIBaJIOCh, 00pa3yloT HYJIEBYIO
MOCJIEI0BAaTeIbHOCTh, BBHAY Yero HCYe3al0T W3 JIMHEHHBIX
HaNpsDKEHUH, paBHBIX Pa3sHOCTU (a3HbIX.

[lpu coeawHEeHNHM B TPEYTrOJBHHUK COCTaBIISIOIIUE (a3HBIX
OJIC, KpaTHble TpeM, HE BBISBIAIOTCS B JHMHEHHBIX ((a3HBIX)
HaNpSDKEHUSIX, TaK KaK KOMIICHCHPYIOTCS MaJCHUSMH HANPsOHKCHUH
Ha COOCTBEHHBIX COIPOTHUBICHUAX (a3 reHeparopa.

Takum oOpa3oM, TMpU COEAMHEHHHM B  TPEYTrOJbHUK
HanpspKeHUe reHeparopa

%:msjﬁ+g+ﬁ+¥+ﬁw

1 TOK

m:J%@+g+&+@+@m)<@@=

=3 +13+13+-).
B cBoro ouepenp npu COEMHEHNH B 3BE3Ty

UH=Jauﬁ+@+w&+U§+w"J<Jﬁ@=

= /3(U} +UZ +UZ + ).

4. llpy cuMMeTpU4YHOW HArpy3ke TOK B HEUTpaJbHOM THIPOBOJE
onpelenseTcss rapMOHUYECKUMHU, KPATHBIMU TPEM, IOCKOJIbKY OHHU
00pa3yroT HyJIEBYIO IIOCIEI0BATENbHOCTS!
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Iy =313+ 12 +1% + .

5. Ilpu coenuHeHnU B 3B€3y U OTCYTCTBUU HEUTPAIBHOIO MPOBOJA
(ha3HBIE TOKM Harpy3KH HE COAep)KaT TapMOHHWK, KPAaTHBIX TpeM (B
COOTBETCTBHH C TIEPBBIM 3akoHOM Kmupxroda cymMma TOKOB paBHA
HYJIO, 4YTO HEBO3MOXHO TMpPH HAJIUYUU ITHX TapMOHUK).
CoOTBEeTCTBEHHO HET JTHX TapMOHHMK W B (Pa3sHBIX HANPSHKEHUIX
Harpy3Ku, CBS3aHHBIX C TOKaMu 3akoHOM Oma. Takum oOpa3om, mpu
HaJIMYUU TapMOHUK, KPAaTHBIX TpeM, B (a3HBIX HaNPsSIKCHUIX
reHepaTopa HampsDKeHHE CMEIIEeHUS HEeUTpald B CHMMETPUIHOM
peXHUMe OTpeesseTCs STUMH TapMOHUKAMHA

Uy = JUZ + UZ + U3 + ---.

KoHnTpoabHbIe Bonpochl

1.Kaxkoii xapakTrep: MOHOTOHHBIW MU KOJle0aTenbHbIl — OyeT
HUMETb 3aBUCHUMOCTD JACHCTBYIOILET0 3HAYCHNS TOKA OT BEITMYUHbI
WHIYKTHBHOCTH B LIENM HAa pUCYHKe 166 rmpu ee n3MEHEHUH OT HYJISI
10 OECKOHEYHOCTH?

2.Ilouemy Ha MpakTHKe CUTHAJI, IPONIOPLIMOHATIBHBIN TOKY,
MOJTYYal0T C UCHOIb30BAHMEM PE3UCTHBHBIX IIYHTOB?

3.Kakue rapMOHUKH ¥ TTOYEMY OTIPEICISIOT XapaKTEePHbIC
O0COOCHHOCTH PEKUMOB PabOTHI TpeX(pa3HbIX memneii?

4.Kakue rapMOHHMKH OTCYTCTBYIOT B JIMHEHHBIX HANPSHKCHUAX U
TOKax?

5.ITouemy rpu HECHHYCOMIAFHBIX UCTOYHUKAX TTHTAHUS,
COEAMHEHHBIX B TPEYTOJILHUK, AeHcTBYIoLIee 3HaueHune pazHoi 2J1C
MOJKET OBITh 0OJIbIIIE JACHCTBYOIIEr0 3HaYCHHS (Da3HOTO
HampspKeHus?
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4.2 Penienue THIOBBIX 3aJa4

3agaya 4.1

Jns mpuMepa paccMOTPHM, KaK pPacCUMTBHIBAIOTCS TOKH,
MOIIHOCTH, KO3(Q(QHUIMEHT MOIIHOCTH U HaNpPsDKEHUS. HA OTACIbHBIX
yJacTKax IeNw, MPeICTaBIeHHOW Ha pucyHke 174, K 3a)KuMaM KOTo-
POl IPUIIOKEHO HANIPSHKCHUE:

u = 106 sin(wt + 30°) + 35,5 cos (3ot— 20°) B;

1
R=10 OM; R»=20 Om; R3=15 Om; oL = 50 OM;—C= 30 Owm.
[0,

Pemenne

Pacuer Takol uenu BeAeTCA IS KaKJIOM TapMOHUKU B OTIEIb-
Hoctu. [Ipu 3Tom X_ pactet, a X, nmajaer nponopuroHaIbHO HOMEDPY
FapMOHUKH.

L
‘s
’—S Loy Lo
/()0 Ajj
74
/ L

O

Pucynok 174 — Pacuernas cxema

1. IlepBas rapMoHUKa:
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1 .
(R, +j%)(R3 + jol)
Z;, =R+ =10+
R, +R, + j(a)L—E)

(20— j30)(15+ j5)
35— j25

36lle-1'55020' .15I8ej18°25’
* 43e—j35°30’
10+13.25— j0.56 = 23.25— j0.56 = 2325¢ % O,
U,  106e’® 45661 A,

Z, 23.25e1®
Z,  456eiM® .158eies

Z,+Z, 43

Z, _4.56e” .36.1e 1

[y =1 =
31m 11m _ 35030
Z,+Z, 4371

=10 =10+13.25¢ 7% =

11lm

—1.68e18"5 A.

|21m = Illm

=1.68e %15 A.

106e"” 4.56e 1%
V2 V2
P, =242 Bt; Q =-6BAp.

. i j85%15' . o
Ug lz(—jlj=1'68630e19° =35.6e 144 B.
oC V2

s, =U,l, = =242 =242 jB-A.

2. TpeTps TapMOHUKA!

o1 .
(Rz - JM](RS + j3wl)
;3:R1+ 1 =
R, +R, + j| 3oL ———
2 TRy J[ 3ij

(20— j10)(U5+ j15) _, o 2248 %2121
35+ 5 35.3¢ 1
=10+13.4e/"* =10+13.2+ j2.45= 232+ j42.5=23.4¢'" On.
U,, 355"
Z, 234¢"

=10+

—1.5151% A,

|13m -
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gy Zy 15151 .21.2¢1
BN 2,47, 35.3¢ 1%
Z, 1515/ .22.4e71%%

—0.91e™" A.

— 0.964¢ 1290 A.

|33m = |13m
Z,

+Z, 35.3¢ %
. . 355¢ 1515¢77% - . BA
S, =U,l, = SR =26.9¢'% =264+ j3.1 .
P, =26,4 Bt; @ =3.1 Bap.
. . j1o1° o -
Ues = |23(_ i 3(4];(:) = 0.93/% -10e71%" = .7t B.

MrHoBeHHBIC 3HAUCHHS TOKOB:

i1-4,56 sin (at+31°20)+ 1,515 sin(3at +64°) A;
ip—1 65 SiN (t+85°15"+ 0,91 sin(3at +101°) A;
323,84 SiN (0t+10°30")+ 0,964 sin(3at +29°30") A;

HelicTByrolue 3Ha4Y€HUS TOKOB:

2 2 2 2
|l:\/'1m+'3m :\/4.56 +1515° 4, A.
2
’ :\/|§1m+|§3m :\/1.682+0.912 _135A.
2
Igz\/lémglém :\/3.842 +20.9642 L gA.

[elicTByroniee 3HaUCHNE IPUIIOKEHHOTO HANPSKEHUS:

-79B.

0 _\/Ufm +U2 _\/1062+35.52
2 2

MoIHoCTH:

a) AktuBHas: P = Py + Py + P3 = 242 + 26,4 = 268,4 Br.
0) PeaktuBHas: Q = Q; + Q3 = — 6+3,1 = — 2,9BAp.
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B) [Tonnas: S = Ul; = 79-3,4 = 268,6 BA.

KoaddummenTt MmomtHoCTH:

Ilokazanus BOJIbTMETpA:

— C3m
U, =

=256 B.
2

U2, +U2 _J35,62 +6,72

W3  mpuBegeHHOro  mpuMepa  BHUIHBI  CIEAYIOIIUE
0CO0EHHOCTH HECHHYCOUAATIBHBIX BEIMUMH B JEKTPUIECKUX LETISIX:

1. AKTHBHasE  MOIIHOCTh paBHa apudmernaeckon
CyMMe aKTUBHBIX MOIITHOCTEH rapMOHUK.

2. PeakTHBHas MOIIHOCTH OMpEJENseTcss Kak anredpau-
Yeckasg CyMMa PEakTHBHBIX MOILIHOCTEH rapMoHHK. lIpu 3ToMm, Kak
U B CHHYCOMUJAJIbHOM TOKe, NpHHATO cuutaTh Q>0 u Qc<0.

3. [NonHast MOITHOCTh TIOJICYMTHIBAETCS TOJILKO KaK MPOU3Be-
JIeHHE NCWCTBYIOIIMX 3HAUYEHWH HANpPsOHKEHUS U TOKA. 3allOMHHUTE,
YTO B HECUHYCOUJIAJbHOMN LIEIH:

S=.P2+Q%.

4. KoadduiueAT MOIIHOCTH HECHHYCOWAAIbHOW e —
3TO COS () TAaKOW CHHYCOMIAJIbHOM LEMHu, y KOTOpOHl AecTByroINe
3HAYCHUS HAIPSOKEHUS M TOKA TaKWe K€, KaK B paccMaTpUBaeMOM
IIEeTIHA, ¥ B KOTOPOH BBIJEISACTCS Ta K€ MOIIIHOCTb.

B o0miem ciyuae HeCMHYCOMJAIbHBIE KPUBBIE HAMPSDKEHUS
W TOKa HMMEIOT Pa3Hyl (GopMy. DTO paziniue XapakTeph3yeTcs
KO3(pPHUIIMEHTOM HCKaKeHHs K,, paBHBIM OTHOIIEHHIO IEHCTBYIO-
LIEr0 3HAYEHUs TMEepPBOM TapMOHUKU K JACUCTBYIOIIEMY 3HAYCHUIO
Bceir kpuBoi. Ilpu k, = 0,955 kpuBas cumraercss MpaKTUYECKH
CHHYCOUJIAJIbHOM.
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OO0patuTe BHIMaHWE Ha TO, YTO TPH yBEITUYECHHH HOMEpa
TapMOHHMKH CTETICHbh UCKKEHHS KPUBOW TOKA B MHIAYKTHBHOCTH TIO
CPaBHEHUIO C KPUBOW HANPSIKCHHS Ha €€ 3aKUMax YMCHbBINACTCS, a
CTCTICHb UCKAXCHUSI KPUBOW TOKa B EMKOCTH — yBeJIHYUBaeTcs. To
€CTh, B HECHHYCOMJAIBHBIX IEMAX HHAYKTHBHOCTH CTIIQ)KHBAET, a
€MKOCTh HCKa)KaeT KPUBYIO TOKA.

3anaua 4.2

Paznoxuthb B TPUTOHOMETPUUECKUMN pan
rpadoaHATMTHYECKUM METOJIOM TEPHOJTUYECKHI TOK, KOTOPBIH
MoJilyyaeTcsi B  LIeNu Ha pucynke 175 B pesynbrare

OJTHOTIOTYIEPUOTHOTO BBINIPSAMIICHUS. AMIumnTyna Toka Ip=10 A.
Harpyska — akTUBHasl.

{236 56578800
2N

- i

a) §) B

Pucynok 175 — Cxema 1ienu 1 Tpaik HECHHYCOHMJIATEHOTO TOKa

Pemenne

ITocTpouM rpaduku BRIIPSIMIICHHOTO TOKA, pa3aeiauM Ha 12
qacTeil ¢ HHTepBATIOM 1o ocH abcrrce B 30° M poBeeM OpAHHATSL.
Jliis ompenenieHrst MOCTOSIHHOW cocTaBisromel |y u koadpuipieHToB
B; u C; coctaBum Tabmuiry 2.

OpavHaThl HAWJICHBI U3MEPEHHUEM 10 TPaUKy M 3aHECEHBI B
tabmuiy 10. Bece opaunatsl ¢ 3-it mo 9-to paBHBI Hymio. [pyrue
rpadpl TaOJHUIIBI 3aMOJIHSIOTCS MO pe3ybTaTaM pacueToB mpu K=1,
Tak KakK onpeaesirores KodQdUIMeHTs OCHOBHOH  (TIepBOiA)
TapMOHUKH.
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Tabmuma 10 — Pacuer koadduumentor @Dypbe MNOCTOSHHOMN
COCTaBJIAIONIEH U OCHOBHON TapMOHUKU

Homep i, A ot, rpax sin ot cos ot isinot | icosot
OpJIMHATHI
1 8,6 30 0,5 0,86 43 74
2 5 60 0,86 0,5 43 2,5
3 0 90 1 0 0 0
4-9 0 120-270 - - 0 0
10 5 300 -0,86 0,5 -4,3 2,5
11 8,6 330 -0,5 0,86 -4,3 74
12 10 360 0 1 0 10
Cymma 37,2 0 29,8

IlocTostHHas COCTaBJIAOIIad BBIMPAMIICHHOTO TOKA:

1

12 12

=31 A

zllu 372 372
o= =
m
Omnpenenmnm kodpdumnmentos By u C:
B, = 3iisinka)t =0
1 m - -
2 . 2
C, == icosket =-—-29,8=4,%-

m 4 12

Jns onpenenenns kodppunuenta C, cocraBum tabnmiy 11.

Tabmuna 11 — Pacuer koaddumnmentoB Oypbe BTOpoil rTapMOHHUKH

Homep i, A ot, rpag sin ot cos ot i sin ot i cos ot
OpJIMHATHI
1 8,6 60 0,86 0,5 74 4,3
2 5 120 0,86 -0,5 43 -2,5
3 0 180 0 -1 0 0
4-9 0 - - - 0 0
10 5 600 -0,86 -0,5 -4,3 -2,5
11 8,6 660 -0,86 0,5 -7,4 4,3
12 10 720 0 1 0 10
Cymma 37,2 0 13,6
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QZEZM%MM:Eﬁwzl%.
m< 12

s onpenenenns koddunmenta C; cocraBum tabdmnviy 12.

Tabmuma 12 — Pacuer ko3pdunuentoB Dypbe Tperheit
TapMOHUKH
Homep i, A ot, sinot | cosot | isin i oS
OpIMHATHI rpag ot ot
1 8,6 90 1 0 8,6 0
2 5 180 0 -1 0 -5
3 0 - - - 0 0
4-9 0 - - - 0 0
10 5 900 0 -1 0 -5
11 8,6 990 -1 0 -8,6 0
12 10 1080 0 1 0 10
Cymma 37,2 - 0 0
C,=0, B,=0

Takum o00pa3om, TpeTbsi TapMOHHMKAa B COCTaBe psza
OTCYTCTBYET.

B Takom ke MOpsAKe ~ ONpENeNeHbl  ClIEAYIOIIHe
KO3 QHIINEHTHI:

C,=-06; c,=0; c,=046.
B cocraBe psdna OTCYTCTBYIOT HE TOJBKO CHHYCHI, HO W
HCYCTHBIC TAapMOHUKH, KPOME nepBoﬁ, a 3HAaKW BBICHINX TAapMOHHK
4epELYIOTCSL.

Psin 3ananHOl QyHKIIMK UMEET BU:

i=31+4,96coswt +2,26c0s2at — 0,6 cos4at +0,46cos6at —...+...
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3angaua 4.3

Karymka c¢ axtuBHBIM conpoTuBieHHeM R=18 OM u
uHAykTHBHOCTRIO L=0,0383 T'H coemmHeHa mOCIEAOBATENBHO C
koHaeHcaropom C=88,5 Mx® (pucynok 176).

Ha 3KUMAax Lenu JEHCTBYET HaIpsDKCHUE
u=200+300sin314t +150sin3-314t.

Haiitu BbIpa)keHHE€ MIHOBEHHBIX 3HAUYCHHU U JEHUCTBYIOLIUE
3HAUEHWs] TOKAa, HANpsDKCHHH Ha KaTylolke M KOHJIEHCATOpe.
OmnpenenuTts aKTHBHYIO MOLIHOCTD B IIETIH.

R [ “
—_—
o
[n

Pucynok 176 — PacueTHas cxema

Pemenue

CompoTuBiieHHE TEMU IS TIOCTOSHHOM COCTaBIISIONICH
paBHO OECKOHEYHOCTHM, TaK Kak B 1€ HMEETCS KOHJIEHCATOP.
[MocTosHHas cocTaBNAOmAs TOKA paBHa HYIIO: | =0.

COHpOTHBJ’IeHHe OCIn JJJIs1 HepBOf/'I TapMOHHKHU:

R=18 Owm;
X, =oL =314-0,0383 =12 Owm;
6 .
X == 10 _350M;
o,C  314.885

Z, = JR? +(Xy — X,c)? =/182 +(12—36)° =300M.

PeakTuBHOC COITPOTHUBJICHHUE TOKY nepBoﬁ TapMOHHKH UMECT
€MKOCTHOI XapakTep:

R 18
cosp, =—=

== =061 ¢=5"
Z, 30
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AMIIIMTY1a TOKa IEPBOM TapMOHHUKHU:

Ui 305 A
Z, 30

COHpOTI/IBJ'ICHI/Ie OCIu JJIs1 TpeTI;Cﬁ TapMOHUKMU:

Za:\/Rz"'(xaL_Xsc)2 :\/R2+(X1L'3_ch)2 =
3 Owm.

:\/182+(12~3—3;)2 =30

PeakTuBHOE CONPOTHUBIIEHNE TOKY TPETHEH TAPMOHUKU UMEET
€MKOCTHOM XapakTep:

Cos(pszi:g:oﬁ; @y =53°.
Z, 30

AMIUIHTY1a TOKAa TPEThbel TAPMOHUKH:

Uy 15 2 A
l,, = > :%:5 .
3

HelicTBytolue 3HAa4YeHUs] TOKOB TIEPBOM U TpeTheH
TFapMOHHUK:

m _ 10 71 A :Iﬂ_i:3,55 A

== =7, [ -
2 14 T2 14

JeiicTBytomue 3Ha4eHUs 00IIETO TOKA:

l=J1Z2+17 +12+...=/0+712 +355% =7,95 A.
YpaBHeHHE 001IETO TOKA:

i =10sin(314t + 53°) + 5sin(3- 314t —53°)
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Hns  onpeneneHuss HanpsyKEHUsT Ha KaTylIKe HalaeMm
COTIPOTHBJICHHSI KaTYIIKH TOKaM TIEPBOU U TPEThell TapMOHHK:

Z, =[R2+ X, > =18 +12° =2160m.
Z, =+[R?+ X, * =187+ (12-3)? =4030Mm.

cosg, =R-=—2 _ogu; P =34
Z,, 2166

COS 2y, =zi=%83=0,447 . ¢, =63°.
3k '

AMIUIUTYIBI TIEPBOI M TpeThell TapMOHUK HAIpsDKEHUS Ha
KaTylIKe:

Uik = b2y =10-21,6 = 216 B;
Uz = lsmiZa =5-40,3=201,5 B.

VYpaBHeHNEe HANPSKEHMSI HA KaTyIIKe:

u, = 216 sin(314t +53° + 34°) + 201,5sin(3- 314t - 53° + 63°);
u, =216 sin(314t +87°) +201,5sin(3-314t° +10°).

HampsokeHne Ha KOHZAEHCAaTOpE COCTOMT U3 TIOCTOSHHOM
COCTABISIIOIIEH, mnepBOM u TpeThbed rapMoHUK. IlocTosiHHAs
COCTaBJISIIONIAs HANPSKEHWs] HAa KOHJEHCATOPE PaBHAa MOCTOSHHOM
COCTaBJISIONIEH HANPSDKEHUS CeTH, KaK HaNpPsHKEHUE MEXLy TOUKaMHU
paspsiBa LENH:

U, =U, =200 B.

IlepBas rapmoHuka:

UlmC = I1mzlc =1036 2360 B

TpeTbst rapMOHHKa:
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Usne = lanZac :5'3736:60 B.

VYpaBHeHUE HaNpsHKEHUS Ha KOHJEHCATOpe:

Ue =200 +360 sin(314t +53° —90°) + 60sin(3-314t -53° —90°) ;
Ue = 200 + 360 sin(314t —37°) + 60sin(3-314t° —143°).

HelicTBytoniee HaOps>KEHUE HA KATYIIKE U KOHJIEHCATOpE:

o)) (R e

2 2
360 60
UCZVUZC+U12(:+U§C :\/2002+(EJ +(Ej -3% B

AxTuBHas MOIIIHOCTB B IICIIHN:

P=P,+P +P,;

P,=U,1,=200-0=0;

P, =U,l, cosg, =%-%-0,6: 3000 0,6 =900 BT;
P, =U,l, cose, :{2-%-0,6:7200,6:225 Br;

P=900+225=1125BT.

4.3 Tlpumenenme mporpammbl Mathcad k pacuery memm c
NePHOAMYECKUMH HECHHYCOMAAJIbHBIMH  HANPSLKEHUAIMU U
TOKaMH

2At

T
JIOJDKHO ObITh ToABeprHyTo @ypbe-ananuzy. OmnpenenuTs HpH

3agmaua 4.1. 3amanHoe nmiaooOpasHoe Hampsbkenue f(t) =
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MOMOIIM YHCJIECHHOTO HWHTETrpUpoBaHUs Kod(hdumueHTel Dyphbe
st iepBeix 10-tu wneHoB. Iloctpouts rpaduku crekrpa-dOypre u
anmpoOKCUMAIMK MTWIO00Pa3HOTO HANpPsKEHUS Mpu momomny 10-Tu
MIEPBBIX YWICHOB pasioKeHus B psija Dyphe.

Pemnenne
WcxonHble naHHbIe AJIs PEILICHUS 3a/1a4uu:

— A-2-t
0=t £ =220 1=y D
T o

Omnpenenenne k03 pumnrentoB Oypoe:

. m ) ag = 0.00
3, =T A-z-?dt

Yoz

o t an := if (|an| < TOL ,0,ap)
an:—%' A~2-?~cos(n.w-t)dt

Yom

o by := if (|bn| < TOL ,0,bp)
bn:%- A~2~%~sin(n-co~t)d1

Pesynbratel BeurciaeHni u ciektp @ypbe mimnoodpasHoro
HanpspkeHus (pucyHok 177):

an = b, =
0.00 2.00
0.00 -1.00
0.00 0.67
0.00 -0.50

0.40
0.00
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Pucynok 177 — Crextp @ypbe nrmoo0pa3HOTO HAIPSHKEHUS

6

I'padmkn  wCXOMHOTO THIOOOPAa3HOTO HAMPSDKEHUS U
TapMOHUYECKHE COCTABIISIONIHE TIEPBOTO U BHICIIETO MOPS/IKOB!

t:=—6,-5.8.¢
9(f) =t-2-m-T- ﬂoo{(t_Tn)}
1) =3 by -sin(n -0

n

Hcxonnoe nunoobpaszHoe HanpspkeHue (pucyHok 178):

314, ° ' ' '
S /
JHl.:-' I/J"r
a(t) (i / r ]
[ j'; ,.-;
i i
—3.14, 5 | | |

10 -5 0 5 10
— 6, t 6
Pucynok 178 — I'paduix MCX0{HOTO MUIO00PA3HOTO HAMIPSKCHHUS

344



Paznoxxenne B psix Oyphe ¢ MATHIO TAPMOHUKAMH (PHUCYHOK
179):

f1(t) := b, - sin(w - t)
f2(t) :=b,-sin(z- o - t)
f3(t) := by - sin(s- o - t)
f4(t) :=b,-sin(4- o - t)

—6. t 5.
Pucynok 179 — M'apMoHMUeCKre COCTABISIOMINE MAIO00PA3HOTO
HaIpsDKeHUS

3anaua 4.2.

K wmenm, cocrosmell W3 MNOCIENOBAaTENbHO BKIIOUEHHBIX
pesuctopa R=8 Owm, mnnyktuBHocTH L=19.1MI'H M KoHaeHcaTopa
C=265 Mk®, npuUIOKEHO HANPSKEHHE, OMHCHIBAEMOE ypaBHEHHEM
U =169sinat +45.4sinet B £=50 'u-yactora neppoii rapMOHUKN.
OnpenennTte NEHCTBYIONIEE 3HAUEHUE HECUHYCOWJIAIBHOIO TOKAa
HaIpPsOKEHUS B [IETH, TIOTHYI0 MOIIIHOCTb.

Pemenne

Pacuer nmpomsBeneM  anms KaxAoOH  COCTaBISIOLIEH
HECHUHYCOMJIAIPHOTO HAIPsDKEHUS OTAensHO. i atoro ymoOHee
WCIIONB30BaTh MHUKINYECKOE MPOTPaMMHUPOBAHHE, TaK KakK MOPSIOK
pacdera JUIsl KaXxAoW cocTaBisionied onuHakoB. Ecmm  pesynbrar
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BBIYHCIICHUN TIPOTPaMMBbl Pa3HOPOJHBIE €AMHHIBI (COMPOTUBICHHE,
TOK, HaNpsDKEHHE U T.1.), TO €IAHUIIBI M3MEPEHHUS He BBOISTCS.
WcxonHble naHHbIE AJIs1 PEILICHUS 3a/1a4uu:

R =8 L.=191.10"° C = 26510 ¢ f .= 50
Up:=0 Up := 169 Us = 45.4
n=1.3

BoauMm mporpaMmy Ui pacyera AEUCTBYIOIMMX 3HAYEHUUN
TOKA IIEPBOM U TPEThEH TAPMOHUK:

I(n) .= |S« 0
for ien
XL « 2.m-f-L-i
1
2--f-Cii

Z R+ (XL -Xc)? if iz2

0 otherwise

v I(n) =
\/é 11.942

0

| « y 1.991
y4

XC «

B tabmune pesyneratos 1;=11.942 A; 1,=0; 15=1.991 A.
BBoaum nporpamMmy st OnpeaesieHus AeHCTBYIOINX
3HAYECHHUH HAIIPSOKEHUS NIEPBOM U TPEThEW rapMOHUK:

U(n) = Ju«20 u(n) =
for ien 119.501
0
U Ui 32.103
& J—
72

B tabmune pesyneratos U;=119.501 B; U,=0; U;=32.103 B.
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BBoauMm nmporpamMmy O ONpEAENEHUs JEUCTBYIOLIErO
3HAYeHHs] HECHMHYCOHWJAIBHOTO TOKAa W HAIPSDKEHUS W TIOJTHOHN
MOIITHOCTH JIsI BCEH 1IeTH:

S(n):= |s«0
for nel

L Im2 +1(n+2)°
U« JUn)?+U(n+2)>2

[
(v

s« | U
U-l res := S(1)
12.107
A= res<1>
A=| 123738
1.498 x 10°

PesynbpTarhl B MaTpHie pacroyiaratloTcsi B TOM K€ TOPSIKeE,
yt0 U B iporpamme 1=12.107 A; U=123.738 B; S=1498 BA.
Pacuer BbINOIHEH.

JanHyro0 3aa4y MOXHO PEIIUTh, HE TPUMEHSISI TaHEe b
MIPOTPaMMHUPOBAHHUS.

HcxonHble TaHHbIE 115 peIleHHs 3aJauu:

3 6

R:=8 L:=19.1-10 C:=265-10 f:=50
Uy:=0 Uy =169 ... Uz:=454
n:=1.3

OmpenenseM IeHCTBYIONTHE 3HAUCHIUS HAPSDKSHUN TTEPBOM
U TPETheU rapMOHUK:
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Un =

119.501
0

32.103

<l &

PaccunthiBaeM peakTUBHBIC U MOJIHBIE COMTPOTUBIICHUS LEMH
MEePBOM U TPEThE rapMOHUKAM:

XLp = 2-m-f-L-n Xep e —
2.mt-f-Cn
XLn = ch =
6 12.012
6.006
12.001
4.004
18.001

Zy = _JRZ + (XLp - Xcp)?
Zn =
10.007

9.997
16.122

OmnpenensieM AeHCTBYIOIIME 3HAUEHUS TOKOB TIEPBOil U
TpEeTbel TAPMOHUK:

OnpeﬂenﬂeM Z[eﬁCTBYIOH_[CC 3HAaUYCHUC HCCHMHYCOUAAJIbHOT'O
TOKa, HAITPSPKCHUA U ITOJIHYHO MOIIIHOCTD!:
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= J(12) + (13)?

| =12.107

u:= (U1)2 + (U3)2
u=123.738
S:=ul

S = 1.498 x 10°

Pesynbratrh pacdera cOBMAAAOT C TPEIABIIYIIIM.

4.4 TecTnl

IIpumepnsle TecTel 1O TeMe «JIMHeWHblE 1enu ¢
[IEPUOIUYECKUMH HECUHYCOUIaJIbHBIMY HAIIPSDKEHUSAMU U TOKaMU»

1.Uemy paBeH mnepuoa HOEpBOM TapMOHUKH HECHUHYCOUIAIbHON
¢dbyHKUINU:

A) neproly HeCHHYCOUaNbHON QyHKIMN

B) cymme nepnoioB rapMOHHYECKUX COCTABIISIOLINX

C) B 2 pasa 0oJblle eprojia HECUHYCOUIANBHON (QYHKIIUH

D) B 2 pa3a MeHblIIe Meprojia HECHHYCOUTATLHON QYHKIH

E) npaBuibHEIL OTBET OTCYTCTBYET

2.Bo ckonbKo pa3 U3MEHSETCs 4acTOTa BhICIIEH TapMOHHKH:
A) yBenu4uBaeTcs B €10 YHCIIO pas;

B) ymenbmaercs B 1iesoe 4ncio pas;

C) paBHa 4acTOTE HECHHYCOMAATBHON (DYHKITHH;

D) e u3mensiercs;

E) npaBunbHBINA OTBET OTCYTCTBYET

3.B kxakoM BHJE MOXHO TIPEJCTABUTh HECHHYCOMJIAIBHYIO
¢$byHKUIMIO?

A) B BUjIe CYMMbI CHHYCOHJJAITbHBIX U KOCUHYCOUIATBHBIX (QYHKIIHIA;
B) B BuAe cymMMBI CHHYCOMAANBHBIX (DYHKIIUN;

C) B Buie CyMMBbI KOCHHYCOUIATBHBIX (DYHKLHIA;
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D) B Buzte CyMMBI ITOCTOSTHHON COCTABIISIFOIIEH, CHHYCOMIATbHBIX U
KOCHHYCOHMJJIbHBIX (DyHKLUH;
E) npaBunbHBINA OTBET OTCYTCTBYET

4.B0 CKOJIBKO pa3 U3MEHSIETCS MepHUO BBICIIICH TapMOHHUKH ?
A) yBeIMUMBAETCS B 1IEJI0 YHUCIIO Pas3;

B) ymenbIaercs B 1ienoe 4ucio pas;

C) paBeH neprony HECHHYCONAATHHON (DYHKIINH;

D) ne usmeHnsercs;

E) npaBusibHBI OTBET OTCYTCTBYET

5.HecunycounaneHast QyHKIMS, CUMMETPUYHAsI OTHOCHTENBHO OCH
abcuuce He COIEPIKUT:

A) IOCTOSIHHOM COCTaBIAIONICH

B) mocrosHHO cocTaBIAOMIEH 1 TApDMOHHUK YE€THOTO TIOPSIIKA

C) cuHyconaanbHBIX COCTABIISIOIINX

D) xocuHycOuAambHBIX COCTABISAIONINX

E) mocTosiHHOM cocTaBisromel 1 KOCHHYCOB

6.HecunycounanbpHass QyHKIUSA, CAMMETPUYHAS OTHOCUTEIBHO OCH
OpJIUHAT HE COACPIKUT:

A) TIOCTOSIHHO# COCTaBIISIOMIEH

B) nocrostHHO# cocTaBiAONMIEN ¥ TApMOHHUK YE€THOTO TOPsIIKA

C) cuHyCcOUATBHBIX COCTABIISIONINX

D) xocuHyCOMAATBHBIX COCTABIISIONINX

E) mocTosiHHOM cocTaBisromel 1 KOCHHYCOB

7.HecunycounaneHast (QyHKIMSA, CHUMMETPUYHAS OTHOCHTEIHHO
Havajia KOOpJMHAT HE COAEPKUT:

A) IOCTOSHHOM COCTaBISIOICH

B) mocTosiHHOM cocTaBisromel ¥ TapMOHUK Y€THOTO TTOPSAKA

C) cunyconaanbHBIX COCTABIISIOIINX

D) xocuHycOMAanbHBIX COCTABIISIOLINX

E) mocTostHHO# COCTaBIAONIECH U KOCHHYCOB

8.Kakne rapMOHHYCCKUEC  COCTABJAKOINHUE  BXOAAT B  COCTaB

Tpanenen aTbHON QyHKIH?
A) TIOCTOSIHHAS COCTABJISIONIAS;
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B) mocrosinHas cocraBnsromas 1 rapMOHUKH YETHOTO MOPS/IKA;
C) cuHyconmaabHBIE COCTABISIONINE HEUETHOTO TOPSIKA;

D) xocuHycouaaabHbIe COCTABISIONINE;

E) mocrostHHas cocTaBusomas 1 KOCHHYCHI

9.Kakue rapMOHHYECKHE COCTABIAIOIIME BXOAAT B  COCTaB
MPSAMOYTOJIHOHW (PyHKITUN?

A) TIOCTOSIHHAST COCTABJIIONIAS;

B) mocTosiHHas COCTaBIIAONIAS M TAPMOHHMKH YETHOI'O MOPSIIKa;

C) cuHycOMIaIbHBIC COCTABIISIOIINE HEYSTHOTO MOPSIKA;

D) xocuHycOUIaIbHBIC COCTABIISIOIINE;

E) mocrostHHas cocTaBIsIOMAs U KOCHHYCHI

10.Kakpe rapMOHHYECKHE COCTAaBJSIONIME BXOASIT B COCTaB
BEINIPSMIICHHON CHHYCOUAATBHON (DyHKITHH?

A) TTOCTOSIHHASI COCTaBJIAIONIAS;

B) nocrosiHHas cocTaBisIONmIas 1 TApMOHUKH YETHOTO TIOPS/IKA;

C) curyconaNbHBIE COCTABIISIONINE HEYETHOTO MOPSKA;

D) xocuryconganbHbIe COCTABIISIONINE;

E) moctosiHHAs cocTaBisIonias U KOCHHYCHI

11.B uemnu, comepkanieil MHAYKTUBHOCTb, COINPOTUBICHUE IMEPBOU
rapMoHuke kortopoit 5 Owm, gelicTByer HampsokeHHe U=
100+80sin(wt+30°)+60sin(3wt+20°)+50sin(5wt+45°) B. Onpexenuts
3aKOH U3MEHEHHS TOKa.

A) i= 20+16sin(wt+30°%)+12sin(3wt+20°)+10sin(5wt+45°) A.

B) i= 16sin(wt+30°%)+8sin(3wt+20%)+4sin(5wt+45°) A.

C) i= 16sin(wt-60%)+4sin(3mt-10°)+2sin(5wt+27°%) A.

D) i= 20+16sin(wt+60°)+8sin(3wt+30%)+4sin(5ot+45°) A.

E) npaBuUsIbHBIN OTBET OTCYTCTBYET

12.B menm, comepkameld €MKOCTh, COIPOTHBIICHUE TIIEPBOM
rapMoHuke  koropor 15  Om,  JedcTByeT  HampshKEHHe
u=90sin(wt+30°)+60sin(3ot+20°)+30sin(5wt+45%) B. Onpexenuts
3aKOH U3MEHEHUS TOKA.

A) i= 6sin(ot+30°%)+4sin(3nt+20°%)+2sin(5mt+45°%) A.

B) i= 6sin(wt+120°)+12sin(3wt+110%)+10sin(5wt+135°) A.
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C) i= 6sin(wt-60°)+12sin(3wt-10%)+10sin(5wt+27°%) A.
D) i= 6sin(wt+60°%)+8sin(3wt+30°%)+4sin(5wt+45°) A.
E) npaBUIbHBIN OTBET OTCYTCTBYET

13.B memnu, coxmepikarieil MHIyKTHBHOCTB, COIPOTHBIICHHE MEepPBOi
rapMoHuke kKotopol 2 OwM, JdelcTBYyeT HECHHYCOMJAIbHOE
HanpspkeHue. OINpenenuTh COPOTUBICHUE WHAYKTUBHOCTU TPeThel
TapMOHHKE.

A) 2 Owm;

B) 6 Owm;

C) 10 Owm;

D) 14 Owm;

E) 18 Om.

14B nuenu, coaepKalled €MKOCTb, COINPOTHUBICHUE MEPBOU
rapMoHuke Kotopoir 150 Owm, pfelcTByeT HeCHHYCOHJalbHOE
HampspkeHue. OmpeneiauTbs CONPOTHBIEHHE EMKOCTH TpeThel
rapMOHHKE.

A) 50 Owm;

B) 30 Om;

C) 21,43 Owm;

D) 16,667 Owm;

E) 13,64 Owm.

15.0mpenenuts  OEUCTBYIOLIEE 3HAUYEHHE  HECHUHYCOMAAIBbHOU
dyskmmn u= 100+80sin(wt+30°%)+60sin(3wt+20°)+50sin(5wt+45°) B
A)290B

B) 165.8 B

C)150B

D) 120,2 B

E)127,5B

16.0mpenenuTs  IEUCTBYIOLEE 3HAUYEHHE  HECUHYCOMAAIbHOU
dyrxupn i= 20+16sin(wt+600°)+8sin(3wt+30°%)+4sin(5mt+45°%) A
A)279 A

B)23.8 A

C)69 A
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D) 135A
E)15A

17.0npeenuTh aKTHBHYIO MOIIHOCTH, ecmi: U= 100+80sin(wt+30°)
B, i= 10sin(wt+60°) A.

A) 692,8 Br;

B) 792,8 Br;

C) 900 Br;

D) 100 Br;

E) 800 Br.

18.Kakyro MOIIHOCTh Ha3bIBAIOT KAXKYILIEHCS?

A) aKTHBHYIO;

B) peaktuHy10;

C) nonnyto;

D) pa3HoCTh MOTHOM MOIITHOCTH, aKTUBHON U PEaKTHBHOMM;
E) npaBuibHBIN OTBET OTCYTCTBYET.

19.Kakyto MOIIHOCTh Ha3bIBAIOT MOILHOCTBIO UCKAKEHUA?
A) aKTHBHYIO;

B) peaktuBHy1t0;

C) nonnyio;

D) pa3HoCTh MOTHOM MOIITHOCTH, aKTUBHON U PEaKTHBHOMM;
E) npaBuiIbHEIN OTBET OTCYTCTBYET.

20.Yemy paBeH MepHOJ TEpPBOH TapMOHMKH HECHHYCOMJIAIBHOMN
GyHKINU:

A) neproly HeCHHYCOUaNbHON QyHKIMN

B) cymme neprojoB rapMOHUYECKUX COCTABIISIOLINX

C) B 2 pasa 0oJbllie TepruoJia HECUHYCOUIATBHON (QYHKITUH

D) B 2 pa3a MeHblIIe Meprojia HECHHYCOUTATLHON QYHKIH

E) npaBunbHBINA OTBET OTCYTCTBYET

21.Bo CKONBKO pa3 M3MEHSAETCS YaCTOTa BBICIIEH TAPMOHUKH:
A) yBenn4MBaeTcs B 1110 YHCIIO pas;

B) ymenbmaercs B 1esnoe 4ncio pas;

C) paBHa 4acTOTE HECHHYCOMAATBHON (DYHKITHH;
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D) ne usmeHnsercs;
E) npaBuibHEIL OTBET OTCYTCTBYET

22.B kakOM BHUJE€ MOXHO MPEICTABUTh HECUHYCOUJAITBHYIO
byHKIIIO?

A) B BUII€ CYMMBI CHHYCOHMIaTbHBIX U KOCHHYCOUIAIBHBIX (DYHKIIHI;
B) B BUIC CyMMBI CHHYCOUIQBHBIX (DYHKIIHUI;

C) B BU/Ie CyMMBI KOCHHYCOMAIBHBIX (DYHKITHI;

D) B Buzte CyMMBI ITOCTOSTHHON COCTABIISIFOIIEH, CHHYCOMIaTbHBIX U
KOCHHYCOUIAJIbHBIX (DYHKITUI;

E) npaBusbHBI OTBET OTCYTCTBYET

23.Bo cKOJBKO pa3 U3MEHSETCsI IEPHUO/] BBICIIEH TapMOHUKN?
A) yBeIMUYMBAETCs B LIE€J0 YHUCIO Pas3;

B) ymenb1aercs B 1iesnoe 4ucio pas;

C) paBeH nieproy HECHHYCOUNATHHON (YHKIIUH;

D) ne uzmensercs;

E) npaBubHEIA OTBET OTCYTCTBYET

24 Kakyio MOIITHOCTh HA3BIBAIOT KAXKYIIIEHCs?

A) aKTHBHYIO;

B) peaktupHy1t0;

C) monmyio;

D) pa3HoCTh MOTHOM MOIITHOCTH, aKTUBHON U PEaKTHUBHOWM;
E) npaBUIbHEI OTBET OTCYTCTBYET.

25.Kakyio MOIITHOCTE Ha3bIBAIOT MOITHOCTHI0 HCKAKCHHSI?
A) aKTHBHYIO;

B) peaxTuBHy10;

C) mostHy10;

D) pa3HoCTh MOTHONW MOIITHOCTH, aKTUBHON M pEaKTHBHOMM;
E) npaBuibHBINA OTBET OTCYTCTBYET.

26.YeMy paBeH MepHOJ] TEPBOH TapMOHHMKH HECHHYCOWIAIBHOMN
¢$byHKUNY:

A) neprony HECUHYCOUAIbHON (HYHKIIUH

B) cymmMe neproioB rapMOHHYECKHX COCTABIIAIONINX

C) B 2 paza 0oJiblile IEPHOIa HECUHYCOUIATLHON (DYHKITUH

354



D) B 2 pa3za MeHbIIIe NIeproa HECHHYCOUIANTBHON (DYHKITUH
E) npaBuibHEIL OTBET OTCYTCTBYET

27.Bo CKONBKO pa3 U3MEHSIETCS YacTOTa BBICIICH TapMOHUKH:
A) yBeIMUMBAETCS B 1IEJI0 YHUCIIO Pas3;

B) ymenb1aercs B 1iesnoe 4ucio pas;

C) paBHa 4acTOTE HECHHYCOMIANBbHOW (PYHKIIUH;

D) ne usmeHnsercs;

E) npaBUibHEI OTBET OTCYTCTBYET

28.B kakoM BHAEC MOXHO MPEACTaBUTh HECHUHYCOUIAIBHYIO
byHKIIIO?

A) B BUjie CyMMBbI CHHYCOMJAITbHBIX U KOCHHYCOUATBHBIX (PYHKIIHIA;
B) B BHIE CyMMBI CHHYCOUATBHBIX (PYHKIIHIA;

C) B BU/Ie CyMMBI KOCHHYCOMIATBHBIX (DYHKITHI;

D) B BuIe CyMMBI TTIOCTOSTHHON COCTABIISIFOIIEH, CHHYCOUIATbHBIX H
KOCHHYCOHJIAIbHBIX (QyHKIIWH;

E) npaBubHEIA OTBET OTCYTCTBYET

29.Kakyio MOIIIHOCT HA3BIBAIOT KAXKYIIIEHCs?

A) aKTHBHYIO;

B) peaktupHy1t0;

C) nmonHy10;

D) pa3HoCTh MOTHOM MOIITHOCTH, aKTUBHON U PEaKTHUBHOWM;
E) npaBUIbHEI OTBET OTCYTCTBYET.

30.Kakyro MOIIHOCTh Ha3bIBAIOT MOIITHOCTHIO UCKAKECHUS?
A) aKTHBHYIO;

B) peaxTuBHy10;

C) mostHy10;

D) pa3HoCTh MOTHONW MOIITHOCTH, aKTUBHON M pEaKTHBHOMM;
E) npaBuibHBINA OTBET OTCYTCTBYET.
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4.5 UupuBuayanbHoe qoMainHee 3aganue Ne6

Tema: PacueT nenedt ¢ HECHHYCOUIATBHBIME MEPHOTHUSCKUMHU
TOKaMH U HANPSHKCHUSIMH.
Heab padoTsl: M3yunTs METOIBI pacueTa merei ¢
HECHHYCOMJIAIbHBIMU TOKAMH M HATIPSHKCHUSMH
3aganme: K 3akuMaM  DJICKTPUYECKOW IeMM  MapauieibHO
MOJIKJTFOUEHBl  KaTyNIKa WHIYKTUBHOCTH CONPOTUBICHHEM R u
WHAYKTUBHOCTRIO L wu xoumeHcarop ¢ emkocthio C. K memm
MOJIBEIEHO TIEPUOIMUECKOE HECHHYCOnIanbHoe Hanpsukerwe U(t).
Omnpeaenuth aMmIUIUTyIHOE W JCHCTBYIOIEe 3HAYCHUE
HECHHYCOMJAIBHBIX ~TOKOB W  HANpPSHKCHUH, a Takke WX
TapMOHHMYCCKUX COCTABJIAIONIUX, BBIPAXKCHUC IJIA MIHOBCHHOI'O
3HAYCHMS TOKA i(t) ¥ AKTHBHYIO MOIHOCTb IeNH, eclIH o = 314 ¢™.
[Tapamerpsl 1ienu puBeIcHBI B TaOnumax 12, 13.

Tabnuna 12 — Ucxoausle faHHblie K 3a0aHu0 Ne 6

Tocnenwsis R, Om L, M C, Mx®
dpa mudpa
0 5 16 265.5
1 6 48 30
2 7 64 265
3 8 48 29.5
4 4 61 270
5 25 16 30
6 3 64 266
7 8 16 89
8 12 32 88
9 7 64 265
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Tabauma 13 — Mcxonusle JaHHBIE K 3amaHnio Ne 6

Tpeamnocneausist u(t)
mudpa mudpa
U(®) = 40 +80 /2 sin ot +50/2 sin 3ot
! U() =80 v/2 sin wt +50/2 sin 3ot
2 U(t):80\/§ sin ot + 50 /2 sin 3ot + 20+/2 sin 5ot
3 U() = 20+80~/2 sin ot + 50+/2 sin 3ot + 204/2 sin
S5mt
4 U(t) = 80/2 sin wt +20+/2 sin 5ot
5 U(t) = 5+80+/2 sin ot + 20+/2 sin 5ot
6 U(t) 210440 /2 sin ot + 20+/2 sin 3ot
! U() = 80+/2 sin oot + 50+/2 sin 20t + 20+/2 sin 3ot
8 U(t) = 40+/2 sin ot + 10+/2 sin 3ot +5+/2 sin 50t
9 U(t) =10+80+/2 sin ot +50+/2 sin 3ot +20v/2 sin 5ot

3akiaouenne
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OTpacip HAYKH U TEXHHUKH, ONpeaesieMas TEPMHUHOM «3JIeK-
TPOTEXHHKA», CBsI3aHa C IPUMEHEHUEM DJIEKTPUIECKUX U MarHUTHBIX
SIBIIGHUH JUIsl IPAaKTUYECKUX LieJei. DTa oTpaciab OXBAaThIBAET OUYEHb
IIUPOKUH KPYyr BOMPOCOB W 3a1ad, M3 YUCIA KOTOPHIX MOXKHO
BBIETTUTE TEOPETHYECKUE W TPHUKIAIHBIC, YETKYIO TPAHUILY MEXKIY
HUMHU NIPOBECTH HEMPOCTO.

YueOHs1it kypc «TeopeTrnueckre OCHOBBI DIEKTPOTEXHUKI
(TOD) Bxomur B  y4eOHBIE IUIAaHBI  OONBIIOW  TPYIIIIBI
QJICKTPOSHCPICTUICCKUX M APYTHUX TCXHUYCCKUX CHCHH&HBHOCTCﬁ.
[Ipu moaroToBke GakamaBpOB AMEKTPOIHEPTETUKH H3YyUYCHHEM Kypca
TOD co3maercst Teoperndeckas 0aza I W3YYEHUS TOCIETYFOIINX
MPUKIAIHBIX Y4€OHBIX KYypCOB, KOTOpbIE BMECTE COCTABISIOT
coJiep’KaHue CIIEeUaTbHOCTH.

3akoHuMB wu3yuyeHue kypca TOD, MOXKHO HPUCTYIUTh K
WM3YYEHUIO TPUKIANHBIX KypcoB IO crenuanbHOcTH. Ho, Kak
MOKa3bIBaeT ombIT, kypc TOD eme noaro ocraercs HACTOIBHOMN
KHUTOM CTYIEHTOB, a 3aTeM U cheuuanucroB. H3yueHue
ANEKTPOTEXHUKH, KaK U MHOTHX JIPYTHX TEXHWYECKUX HAYK, NaeTCs
Henerko. Jlins  ymporneHus pacueToB B y4eOHOM — 1OCOOUH
PaccMOTPEHBI MPUMEPBI UCTIOIb30BaHus TporpaMmmMbel MathCAD.

CHHCOK HCIO0JIb30BAHHBIX HCTOYHHKOB
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