OcCHOBHbIE IOHATHSA U ONpeaeIeHUus!
ICKTPUUYECKHUX Henmen

DJIEKTPOTEXHMKA — HSTO HAyKa O MPAKTUYECKOM NPUMECHCHUU
SICKTPUYECCKUX W MATrHUTHBIX SBJICHHM. (OCHOBHBIMH BONPOCAMH,
KOTOPBIMM 3aHUMAETCS DIICKTPOTCXHHUKA, SBISIIOTCS TI'€HEPUPOBAHME,
nepeaadya Ha pacCTOSHUE W MPEOOpPA30BAHUE BICKTPUYECKONW SHEPIHH B
MEXaHMYECKYI0, TCIUIOBYH), CBETOBYIO M Jpyrue (QopMbl SHEPrHM.

JI1sg ynoOcTBa aHalM3a peadbHOE AJIEKTPOMATHUTHOE YCTPOMCTBO C
IMPOUCXOAANIMMHA B HEM M B OKPYXAKOIIEM €ro MOpOCTPAHCTBE
(PU3UYECKUMH IIPOIECCaMM B TEOPHUHU DJICKTPHUUYCCKUX LENEH 3aMEHSIOT
HEKOTOPBIM PACUYETHBIM JKBUBAJIECHTOM — JJIEKTPUYECKOU IIEIIBIO.

DJIEKTPUYECKOM LeNbK HA3bIBAETCA COBOKYIIHOCTh COCAWHEHHBIX
IPYr C JIPYTOM HCTOYHHUKOB DJIEKTPUYECKOM SHEPTUM M HATrPy30K, IIO
KOTOPBIM MOXXET IMPOTEKATh JICKTPUUYECKUM TOK. DJICKTPOMArHUTHBIC
IIPOIIECCHI B ANEKTPUYECKOM LIEMMH MOKHO OIMCAaTh C IIOMOIIbIO TOHATHM
TOK, HanpspkeHue, JJ[C, conpoTUBIEHNE, MHIYKTUBHOCTh U €MKOCTb.



OCHOBHBbIC NIOHATHSA U ONpeaeIeHUSA

DJIIEKTPUYCCKHH TOK — 3TO HAIMPABJICHHOE JBUKEHUE DIIEKTPUUYECKU

3apsKCHHBIX YACTHII 1101 JEMCTBUEM DJIEKTPUUYECKOTo moysd. Cujia Toka
I, [I] - 1A.

IJIC — D1IEKTPOABMKYINAS CHJIA, BBIHYXKAAKOIIAS MNEPEMEIIAThCS
3apsiael, E, [E] = 1 B.
HanpsizkeHneM Ha3bIBaeTCS PAa3HOCTHh MOTSHIIMANOB, CYIIECTBYIO-
mast MEXKIy JIBYMS TouKamu mmpoBoanuka, U, [U] = 1B.

IIOCTOSTHHBIM HA3bIBACTCA HEU3MEHHBIM BO BPEMEHMU JJIECKTPU-
YEeCKUH TOK. ECIM BeaMuyrHA CWJIBI TOKA U3MEHSETCS BO BPEMEHH, TO
TAKOM JJIEKTPUYECKUUN TOK HA3BIBACTCS MEPEMECHHBIM.

[TocTossHHEIN TOK 0OO03HauaeTcsa OykBou — |, mepemeHHbIir — I(t),
nocrosaHas OJC — E, mepemennas JJC - e(t), mocrosHHOES
Harnpsbkenne — U, nepeMenHoe Hanpsikenue — U(t), conporusienue — R,
IpoBOAUMOCTh — G, HHAYKTUBHOCTH — L, émkocTh — C.

N300pakeHHasl ¢ MOMOILBIO YCIOBHBIX 3HAKOB 3JIEKTPUYECKas 1IE€Ib
HA3bIBACTCA IIEKTPUUYECKOU CXEMOM.



ConporuBiiennemM 00J1a1at0T TACCUBHBIE AJIEMEHTHI, B KOTOPBIX MPOUCXOIUT
npeoOpa30BaHUE ICKTPUIYECKON SHEPTHUH B JIIOOOW APYTOUM BHUJ SHEPTHHU.
[IpocTelmmM peaabHbIM 3JIEMEHTOM, 00JIAAI0IIUM COITPOTHUBIICHUEM SBIISCTCA
pe3uctop. YcimoBHoe obo3HadueHue R, [R]=1 Om. R

IIpoBoanmocts G = 1/R, [G] =1 CM (Cumenc)

NuaaykTuBHOCTBIO L 00/1a7a10T IACCUBHBIC AJIEMEHTHI AJIEKTPUYECCKOM 1ISTIH,
KOTOPBIE CIOCOOHBI 3amacaTh SHEPrU0 UCTOYHUKA B MAarHUTHOM MoJie Oe3
peoOpa3oBaHus €€ B APYTryUe BUIAbI SHEPIUil.

[IpocTeium peanbHbIM 3JIEMEHTOM, 00J1aJal0IIMM MHIYKTUBHOCTBIO SIBJISICTCS
KaTyIIKa UHIYKTHUBHOCTH. ¥,

[L]=1Tn (I'enpn). N L o o VI

EMkocTbi0 C 00/1a1a10T MMACCUBHBIC 3JIEMEHTHI AJIEKTPHUUECKOM 1€, KOTOPhIC
CIIOCOOHBI 3aI1acaTh YHEPTHUIO B JICKTPUUECKOM M0JIe 0€3 MpeoOpa3oBaHus B
ApYyTHUE BUJIbl SHEPTUH.

[IpocTeum peaabHbIM 3JIEMEHTOM, 001aJJal0IMM €MKOCTBIO SIBJISIETCSA

KOHJICHCATOP. ¢
[C] = 1D (Dapagna).




3aBUCUMOCTh TOKa, IPOTEKAIOMIETO IO AJIEMEHTY JJICKTPUYECKOU
[EeNH, OT HaNpPsDKEHMS Ha ero 3akumax (MM HaoOOpOT) Ha3bIBaCTCS

BOJILT-aMIIepHOM xapakTepucTtukoii (BAX).

Ha puc. uzo0paxensi BAX
nrHerHOoro (JID) M HeIMHEHHOrOo
(HD) snemeHTOB.

oneMeHThl, BAX KOTOpBIX
SABIISIFOTCSA  TPSIMBIMHU  JIMHUSIMH,
Ha3bIBAIOTCS JIMHEMHBIMH.

DJIEKTPUYECKHAE LENH, HMEIO-
M€ TOJILKO JIMHEUHBIE 3JIEMCH-
Thl, HA3bIBAIOTCS JIMHEHHBLIMH
IEKTPUYECKUMHU L EIsIMHU.
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OnemenThl, BAX KOTOpBIX HE SBISIOTCS NOPSIMBIMHA JIMHUSIMH,
HA3BIBAIOTCS HEJHMHEMHBIMH. DJICKTPUYCCKHUE LECMH, UMCIOIMAEC XOTS
OBl OQWH HEJINHEHHBIN DJIEMEHT, Ha3bIBAIOTCS HeJIMHEHHbIMU.

B 1manHOM Kypce OyaeM paccMaTpuBaTb TOJBKO JIMHEHHBIC

EKTPUYECKUE LIETIN.



Bce »lIeMEHTBI DIIEKTPUYECKOM ILIEMM MOXKHO pa3AciuTh Ha
NPUEMHUKHU U HCTOYHUKH DJICKTPUICCKON SHEPIHH.
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Eciu BHyTpeHHEE CONPOTUBICHHUE MCTOUHUKOB DJIC (HampsoKeHUs )
PaBHO HYJIIO, a HCTOYHHUKA TOKA — OECKOHEYHOCTH, TO TAKHE NCTOYHUKHU
Ha3bIBAIOT HAEAJbHBIMH (PUC. O U T).

B peajbHBIX HCTOYHHKAX BHYTPECHHEE CONPOTUBICHHUE HMMEET
KOHEYHOE 3HAYECHHUE.



JJIeKTPUUYECKHE HenH MOCTOAHHOI0 TOKA

Ecnu  ajieKTpUYecKuil TOK  IIOCTOAHHBIW, TO OTCYTCTBYET  SIBJICHHUE
CAMOMHIYKIIUM W HaOPsKEHUE Ha KaTYIIKEe WHIYKTUBHOCTA PABHO HYIIIO.
[IoCTOAHHBIK TOK 4Ye€pe3 BETBb C EMKOCTBIO HE MPOXOAUT, T.€. BETBb C
KOHJICHCAaTOpPOM pPaBHOCWJIbHA Pa3OMKHyTOM. Takum oOpa3oM, B LEIIX
YCTAaHOBUBIIETOCS IIOCTOSSHHOTO TOKAa W3 IACCUBHBIX DJJIEMEHTOB OCTAKOTCS
TOJIBKO COIPOTUBJICHUS.

1. 3akon Oma: U = IR.
2. 3akon /Ixxoyas-Jlenna: Q = Pt, rme momuocts P = Ul, [P] =1 Bt (Barr).
3. 3axkonbl Kupxrodga:

* Ecau TOKH, NPUXOIAIINE K Y3JIy, CHUTATh MOJOXKUTEIbHBIMU, & YXONAIIUE —
oTpuliaresibHbiMU, TO 1-fi 3akon Kupxroga moxHO (opMynupoBaTh Tak:
anreoOpanyeckas CyMMa TOKOB, BXOASIIMX B y3€JI, paBHa HYJIIO, T. €. JJIA
KaXXJIOTO y37a COOII0JaeTCs PAaBEHCTBO i L7 - IJI€ N — YUCIO TOKOB,
CXOJISILLIUXCS B Y3JI€. = ’

e 2-il 3axkoH Kupxroga otHOCUTCS K JTH000MY 3aMKHYTOMY KOHTYPY pPa3BETB-
JIEHHOM 1€MW W BBIPAXKACTCS CICAYIOIMMUM 00pa3oM: alreOpanyeckas cymma
3JIC UCTOYHUKOB B JIFOOOM 3aMKHYTOM KOHTYPE AJIEKTPHUUYECKOM IIETH paBHA

anreopandyecKor CyMMe NaJICHUM HANIPSKEHUST Ha DJIEMEHTaX 3TOro KOHTYypa:

n m L2
riec N — YucjIO CONOPOTHUBJIICHUU B 3aMKHYTOM KOHTYDE
> +L R, =) *E,, D > P

i = M — 4ucyio uCToYHUKOB IJIC, BXOISAIIMX B KOHTYP.



3axkonbl Kupxroga

* Eciu TOKM, NPUXOAAIIME K y3JIy, CYMTATh IOJIOKUTEILHBIMH, a YXOIAIINE —
oTpulareyibHbIMU, TO 1-ii 3akon Kupxroga moxHO (OopMynIupoBaTh TaK:
anreOpanyeckas cyMMa TOKOB, BXOSIIMX B y3€J, paBHA HYJIIO, T. €. JJIA
Ka)XJIOTO y3J1a COOJIFOMAETCSI PABEHCTBO i 1, =0 [JI€ N — YHUCIO TOKOB,
CXOIALLMNXCS B y3JI€. = ’

e 2-i1 3akoH Kupxroga oTHOCHUTCA K JTHOOOMY 3aMKHYTOMY KOHTYPY pa3BETB-
JICHHOM 1IeNH M BBIPAXKACTCS CICAYIOIIMM 00pa3oM. ajreOpandeckas cymma
3JIC UCTOYHUKOB B JIFOOOM 3aMKHYTOM KOHTYPE AJIEKTPHUUYECKOM IIETH paBHA

anreopandyecKor CyMMe NaJICHUM HANIPSKEHUST Ha DJIEMEHTaX 3TOr0 KOHTYypa:

I m )
— e N — 49uCJI0 COIPOTHUBICHHUU B 3aMKHYTOM KOHTYDPEC,
Ot Ry =) tEy, P 4 P

=1 = M — 4rciio UCTOYHUKOB I/[C, BXOAAHUX B KOHTYD.

[Ipy cocTaBieHMHM ypaBHEHHMH Ha OCHOBaHMHM 2-r0 3akoHa Kupxroda
HEOOXOJIMMO CTPOr0 MPHUIACPKUBATHCS MPaBWJIa 3HAKOB, KOTOPOE COCTOWUT B
caenyromieMm. [Ipon3BoabHO BEIOpaB HalpaBiCHUE 00X0[a KOHTypa (110 4acCOBOM
I100 MPOTHB YAaCOBOM CTPEJIKH), CUYHUTAIOT TOKH, MAYIIHE BAOJbL BBIOPAHHOIO
HampaBjICHUS 00X04a, MOJIOKUTEIbHBIMH, a TOKH, UAYIIUE MPOTHUB HAIPaBICHUS
obxoma, — orpunareabHbIMH. CoOTBEeTCTBEHHO 3TOoMy OJIC HCTOYHHMKOB,
HAXOAAIIUXCS B pACCMaTPUBAEMOM KOHTYPE, CUUTAIOTCS MOJOKUTEIbHBIMU, €CIIH
HampaBJICHHE 00X0Ja COBIIAJAeT C HaIpaBJICHUEM JCHCTBUS CTOPOHHUX CHII
BHYTpU IJIC u oTpUIIaTeIbHBIMU — B IIPOTHUBOMNOJIOKHOM ClIydae.



3axkonbl Kupxroga

[Ipu coCTaBiIEHUM CUCTEMBI YPABHEHUM CIEAYET YYECTh TAKXKE, YTO €CIIU B
CIOKHOM 3JIEKTPUYECKOU €M UMEETCA M y3JI0B, TO HA OCHOBaHWM 1-TO 3aKOHA
Kupxroda MokHO 3ammcaTh ypaBHEHHS TOJIbKO st (M-1) y31a. YpaBHeHHE miis
IOCJICAHETO M-To y371a OyneT ciieacTBueM npeaplaymx (M-1) ypaBaenuii. Ecim
B CJIO)KHOM BJIEKTPUYECKOM 1€ HMMEETCS P BETBEM (YUYaCTKOB MEXKIY JBYMS
y3JIaMH), TO YHCJIO HE3aBUCHMBIX YpPAaBHCHUWA HAa OCHOBAHUU 2-TO 3aKOHA
Kupxrodpa paBHo p-(M-1). OcranpHble W3 OTUX yPaBHCHHH SBISIOTCS
CJIIEACTBHEM IPEAbIAYIIMX. BeIOMpaTh KOHTYpPhI HY’KHO TaKUM OOpa3oM, 4TOOBI
KaKJIbIi1 HOBBIM KOHTYP COACp Kaj XOTs Obl OJIMH YY4aCTOK II€NH, HE BXOAUBIIUN B
y>XK€ BbIOpaHHbIE KOHTYpHI. [Ipu pelnieHun ypaBHEHMH i1 TOKOB MOTYT OBITh
MOJIYYE€HBI OTPUIIATEIIbHBIEC 3HAYEHHUS, 3TO 03HAYAET, UTO (PAKTUUYECKU TOK TEUET B
HaIpaBJICHUH, OOPATHOM MPENOJIOKECHHOMY.

Ilopsitok pacyera 1eneil, OCHOBAaHHBIM Ha HCHOJH30BAHUU 3aKOHOB
Kupxroda, cienyrommi:
1) BEIOMpAIOT MOJIOKUTEIbHBIC HAPABICHUS TOKOB B BETBSX;
2) cocTaBisatoT (M-1) He3aBUCHMBIX YPaBHEHHUM 110 ITepBOMY 3akoHy Kupxroda;
3) BEIOMpAIOT HAIIPABICHUS 00X0/1a HE3aBUCUMBIX KOHTYPOB;
4) cocTaBisroT P-(M-1) He3aBUCHMBIX YpaBHEHHM 110 BTOpoMY 3akoHy Kupxroda;
5) pemarT COBMECTHO IOIYUCHHYIO CHCTEMY YPaBHCHUM.



Pacuer CJI0KHBIX JICKTPUYECKUX HeneH

HpH PacuCTC CIIOKHBIX SJICKTPHYCCKHX LEnei CHHYCOHJAJIBHOI'O TOKa (H IIOCTOAHHOI'O
T‘OK&) MIHIPOKO IIPHMCHAIOTCA MCTO/J KOHTYPHBIX TOKOB, MCTO/I Y3JIO0BBIX ITOTCHITHAJIOB, MCTO/T

HAJIOXKCHHA H JPYIHC. Ecim IOJIVHAKOTCA OYCHBb I'POMO3JIKHC YPABHCHHA, TO 3a/Ja49y MOZKHO
CBCCTH K PCHICHHKO MAaTPHYHBIX ypaBHGHHﬁ (HpH AKCJIAHHH pPCIIaTb HX MOXKHO € ITOMOIIBHO

OBM). PaccMOTpUM Kak 3TO MOKHO JIEJIaTh HA IPHMepe MeTo/la KOHTYPHBIX TOKOB.

B o0memM ciaydae cocTaBIIeTCs CUCTEMA YPaBHEHHI B MATPHYHOI (popMe:
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rae (1) — Marpuia KOHTYPHBIX COIPOTHUBIEHHI, (2) — cTolIO€l] KOHTYPHBIX TOKOB, (3) —
cTosoery KoHTYpHBIX J]C.

JlnaroHajJibHBIE DJIEMEHTHl MaTPUIlBl KOHTYPHBIX COIPOTHBICHUN Ha3bIBAIOTCA
COOCTBEHHBIMHI KOHTYPHBIMH COIPOTHBICHUSMH ( Z, TpH i=j ), OHH PaBHBI CyMMe
CONPOTHBICHUN, BXOMIIIMX B i-d KOHTYp. ODICMCHTBl Z, TpH (7] Ha3bIBAIOTCA
B3aMHBIMH KOHTYPHBIMH COIIPOTHBIIEHUSIMH, OHU PaBHBI CYMME COIIPOTUBIIEHUI, BXOJISIINUX
OJHOBPEMEHHO B i-il U B j-i KOHTYp. B3anMHBIE KOHTYpHBIE CONPOTHBICHUS OepyTCs CO

3HAKOM «1», €CJIN HaIIpaBJICHUA KOHTYPHBIX TOKOB Ha 3THX COIIPOTHUBIICHHUAX COBIIAJAIOT, U CO
3HAKOM «—» — €CJIH HalIpaBJICHHA IIPOTHBOIIOJIOKHEIL.



Pacuyer CJI0KHBIX JIEKTPUUYECKHUX Ieren

Koutypnsie DJ[C paBHbl aireOpandeckoii cymme DJ[C HCTOYHHMKOB, JICHCTBYIOIIUX B
COOTBETCTBYIOIIMX KOHTypax, IpuyeM ecian HampasileHHe 3IJ[C HCTOYHHKA COBIIAIAET C
HaIlpaBJIEHHEM KOHTYPHOI'O TOKa, TO IpH pacdeTe KoOHTYpHOI 3J[C cTaBUTCS 3HAK «+», a €CIIN

HC COBIIAIACT — 3HAK «—».

CucreMa ypaBHEHHI pemaercs 1o npaBmry Kpamepa:
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TOTIOJIHUTEIbHBII MHHOP (OIPEIEINTEIb MAaTPUIIBI), MOIYUAROMICHCS U3 HCXOMHOH MaTPHIIBI
KOHTYPHBIX COIIPOTUBIICHUI ITyT€M BBIYEPKUBAHHS CTPOKH L U cToiona K.



Pacuyer CJI0KHBIX JIEKTPUUYECKHUX Ieren

Ilocne HaXOXKJICHHS KOHTYPHBIX TOKOB NEPEXOIAT K OIPEACICHHIO TOKOB B BETBAX U
HAlIpSDKECHHIT Ha SJIEMEHTAaX »3JISKTpHYeCKOH nenu. Eciu HEkoTopas BETBb IIPHHAICKHT
TOJIbKO OJJHOMY KOHTYpPY, TO TOK B HEH paBEH KOHTYPHOMY TOKY (€CIIM MX HaIlpaBJICHHUS HE
COBITAJAIOT, TO CO 3HAKOM «—»). ECIIN e BeTBb NPHHAICIKUT HECKOJIBKHM KOHTYpaM, TO TOK
B HEH paBeH alreOpaudecKoil CYMME COOTBETCTBYIOIIMX KOHTYPHBIX TOKOB (C Yy4ETOM
HaIlpaBJICHHUS 00X0j1a pacCMaTrpUBacMbIX KOHTYPOB).

Ecu B 2I€KTpHIECKOIl IIENH €CTh HCTOYHHMK TOKA, TO €r0 3aMEHSIOT Ha DKBUBAJICHTHEII
ncTouHUK DJ]C MM CUMTAIOT, 9YTO KOHTYPHBIN TOK PaBEH TOKY HCTOYHHKA TOKa (€CIH depe3

BCTBb C HCTOYHHKOM TOKa IIPOXOJHT TOJIBKO OJHH I{OHTy’pHI)Iﬁ TUK).



KoJsie0aTeabHBIN KOHTYP

Hamnbomee BaxKHBIMH IHapaMeTpaMIl KoJIe0aTeIIbHOI O KOHTYPa (HDMHMD
pE‘?pDHﬂHCHDﬁ qﬂCTDTI:I) TAKOKC JABIIAIOTCA XAPAKTCPHCTHYUCCKOC COIIPOTHBIICHHC P H
,I[DﬁpDTHDCTL Q XHPHETEPHCTH‘IECEUE COIIPOTHBJICHHE SBJISICTCA KOIINYeCTBEHHOII
Mepoﬁ OIOCHKH 5HCPINH, 3altaceHHOM PCAKTHBHBIMH 3JICMCHTAMIH. OHoO OIIPCOACIACTCA
KaK BCIMYHNHA4 MOOYIIEI PEAaKTHBHOIO COIIPDOTHBIICHHA CMKOCTH H HHAYKTHBHOCTH

KOHTYpa Ha PEe30HAHCHOU YacTOTe: D:|X C‘:‘X L‘ mpu W=w,. B obmem ciy4ae
XAapPaKTEepUCTHIYCECKOE  COIIPOTHBICHHE  MOMKET OBITH  BBIYHCIIEHO CIICOYHOITHM
L =V LIC.

w,C

JloOpoTHOCTH TIOCTIENOBATEIBHOTO KOJIEOATETTHHOIO KOHTypa () MOXKET OBITH
OIIpEacICHa KdaK OTHOIICHIIC pEBDHﬂHCHDﬁ yactotbl o K OTHPHHE IIOJOCHI
IPOITyCKaHNd KOHTypa A, B mIpenenax KOTOPOH, aMIUINTYJHOE 3HAa4€HHE TOKa
KOHTypa YMEHbIIIaeTcs He Oojee 4eM B V2 pa3 II0 CPaBHEHHIO C TOKOM IIPHU

oOpazoMm: P=, L=

pesoHance: O=my/A®. UeM BhIlIe J0GPOTHOCTS Iemn O, TEM OCTPEE PE30HAHCHBIE

KpuBble. BemmamHa, oOpaTHas 1I0OpOTHOCTH KOHTypa d=1/Q, Ha3pIBaeTcs

3aTyxaHHeM KOHTypa. C pOCTOM aKTHBHOIO CONPOTHUBIEHNS IMOCIE0BAaTeIbHOTO
KOJIeOaTelIbHOro KOHTypa R TOOpPOTHOCTH KOHTypa () yMeHbIIAeTcs, a 3aTyXaHue d

— YBCIHYHBACTCA. HDE‘TDNI}" C TOYKH 3PCHIA COKpPAIICHHS IIOJIOCBI IIPOITYCKAHHA

ITOCJICTOBATCIBHOI'O KoJIe0aTeIbHOI'O KOHTYpPa BBITOJICH HCTOYHHK IICPCMCHHOIO
HAITPAKCHHIA C MaJIbIM BHYTPCHHHUM COIIPOTHBIICHIICM.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

Tpexda3znasi nenb SBISCTCS YaCTHBIM CIy4aeM MHOTO(a3HbIX AICKTpUYEC-
KMX CUCTEM, IPEJACTABISIOMIMX COO0N COBOKYIIHOCTh JJIEKTPUUYECKHUX IICTEH, B
KOTOpbIX JeUcTBYOT JJIC OAMHAKOBOM 4YacTOThI, CJIBHUHYTHIE 1O (aze
OTHOCHUTEIILHO JAPYr Apyra Ha onpeaciaeHHbl yroj. OObuHO 3T IC, B
IIEPBYID OYEPEb B CHJIOBOM DJHEPreTUKE, CHHycOuaalbHbl. (OHAKO, B
COBPEMEHHBIX  JJIEKTPOMEXAaHUYECKUX CHUCTEMaX, TA€ JUIS  YIPABICHUSA
VCHOJHUTEIBHBIMM JIBUTATESIMUA HMCHOJIB3YIOTCSA IIPeo0pa3oBaTeId 4acTOTHhI,
CHUCTEMa HaIpsKEHUU B OOIEM cilydae SBISETCS HeCHHYycouaaabHou. Kaxyro
M3 YacTel MHOTro(pa3HOM CHCTEMBbI, XapaKTEePU3YIOIIYIOCS OJMHAKOBBIM TOKOM,
Ha3pIBalOT (pa3oi, T.€. (a3a — OTO YyYaCTOK [EMH, OTHOCAIIUMCI K
COOTBETCTBYIOIIEH OOMOTKE TIeHeparopa WIM TpaHCchopmaropa, JIMHUUA U
Harpy3Ke.

Taxum oOpazom, MoHsATHE «(Pa3a» UMEET B DJICKTPOTEXHHUKE JIBA Pa3TUUYHBIX
3HAYCHUS:

1) da3za kak apryMeHT CHHYCOMIAIbHO N3MCHSIONICICS BETMINHEI,

2) (ha3a Kak cocTaBHas 4acTh MHOTO(a3HOM IIICKTPUUCCKON CHCTEMBI.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA
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e, =F sin(wt), e,=F sm(wt—zTn), g=i sm(wt—&—zTn).

E=E, E=Ee X, E=Hed™.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

Tpexdazneii  reHeparop (TpaHchOpMATOpP) HMEET TPU BBIXOJHBIE
OOMOTKM, OJWHAKOBBIC MO UYHCIYy BHUTKOB, HO pa3BuBarone I/C,
(o)
CcABUHYTHIE 110 (Paze Ha 120

MoxxHO OBLIO OBl HCIOJB30BaTh CHUCTEMY, B KOTOPOM (pa3bl OOMOTKHM
reHeparopa He ObLIM Obl ralbBAHUYECKHU COCIMHEHBI APYT C APYTroM. ITO TaK
Ha3bIBacMasi HeCBA3HAA cucreMa. B 5ToM ciyyae kaxayro (paszy reHeparopa
HEOOXOAMMO COCAUHATH C IPUEMHHUKOM JBYMs MPOBOAAMH, T.€. OyJIET UMETh
MECTO IIECTUIIPOBOJIHAA JIMHHUSA, YTO HEIKOHOMHUYHO. B »3TOol CBs3uM

HOI[O6HBI€ CHUCTCMbI HC ITOJIYYNJIN IIUPOKOI'O IIPUMCHCHHA HA ITPAKTHUKC.

JI19 yMEHbIIEHMs KOJIMYECTBAa IPOBOJOB B JIMHUHU (Pa3bl TreHeparopa
raJbBaHUYE€CKH CBSI3BIBAKOT MEXAy co0oi. Pasznmuuaror jaBa BUja
COCIMHEHWM: B 3BE31ly U B TPEYTOJIbLHUK. B CBOIO ouepenb Npu COCAUHEHUM
B 3BE€3/1y CUCTEMa MOXKET OBITh TPEX- U YETHIPEXIIPOBOTHOM.



JJIeKTpUYecKHe Tpexda3Hble Henu
COCAUMHEHHDbIC 3BE310H
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JJIeKTpUYecKHe Tpexda3Hble Henu
COCAUMHEHHDbIC 3BE310H

JIMHEeMHBIM Ha3bIBACTCS IPOBOJ, COCAMHSIOIMMK Hadanda (a3 0OMOTKH
reHeparopa M npueMHUKa. Todyka, B KOTOPOM KOHI[bI (ha3 COCIMHSIOTCS B
oOIIMii y3eJI, Ha3bIBaeTCs HeHTpadabHou (Ha puc. O u O’ — COOTBETCTBEHHO
HEWTpaJIbHbIE TOYKH I'€HEpaTOpa U Harpy3Ku).

[IpoBoa, COEMUHAIONIMN HEUTPANBbHBIE TOYKU T'E€HEPATOPA U MPUESMHUKA,
Ha3bIBACTCSA HEHTpPaJbHBIM MpoBoaoM (Ha puc. OO’). Tpexdasznas cucreMa
Opyd COCAWHEHUM B 3Be3dy 0€3 HEUTPaJbHOTO IMPOBOAA HA3BIBACTCS
TPEXIPOBOIHOM, C HEUTPAJILHBIM IIPOBOJAOM — Ye€ThIPEXIPOBOIHOIM.

Bce BennuuHbI, OTHOCSAIMMECS K (a3aM, HOCSAT Ha3BaHHE (PA3HBIX
IIEPEMEHHBIX (COOTBETCTBEHHO Y HHUX YKa3bIBAKOTCS HUXKHHE MHACKCHI A, B,
C), a BCIWMYUHBI, OTHOCSIIUECS K JIMHHM, HOCAT HAa3BaHUS JIMHEHHBIX
(COOTBETCTBEHHO Y HUX yKa3bIBaloTCs HIbkHMe nHaekckl AB, BC, CA).

3aBUCUMOCTh MEXIY ASTHUMH BE€IMYMHAMH HAXOJMTCS C IOMOIIBIO 3aKOHOB
Kupxroda.



JJIeKTPpUYeCKUue TpexdasHble Henu
COe€/IMHEHHbIE TPEYroJbLHUKOM




MoiHoCTh B TPpex(pasHbIX HemaX
CMHYCOM/IAJbHOI0 TOKA
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YeThIpexnmoawCHUK
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[1o1 4eThIPEXMOJCHUKOM IIOHUMAIOT 3JCKTPUYECKYIO HEIb (WM €€ YacTh)
000N CIIOKHOCTH, MMEIOIIYI0 JBE€ Napbl 3aKUMOB JJI1 TOAKIIOYEHHS K
MCTOYHUKY W NPUEMHUKY DJJICKTPUYECKOM DJHEPruM. 3aKUMbI, K KOTOPBIM
MPUCOCAUHSIETCS UCTOYHHMK, HA3BIBAIOTCS BXOAHBIMH, a 3KUMBbI, K KOTOPBIM
PUCOETUHACTCS IPUEMHHUK (Harpy3Ka), - BBIXOAHBIMH 3KMMaMU (ITOJIFOCaMM ).

B  kauecTBe MNPHMEPOB  YETHIPEXNOJIOCHUKOB  MOXHO  IIPUBECTH
TpaHc(popMarop, IACKTPUIECKUE (DUIBTPHI, YCUIUTEIbHBIE YCTPONWCTBA, JIUHUM
AIEKTPOIIEPEIaUM U T. . BC€ OHM MMEIOT COBEPIICHHO 'HETIOXOKHUE' CXEMBbI, HO
00JIaJar0T PSAOM OOIIMX CBOMCTB.



YeThIpexnmoawCHUK

YeThIpeXIOIIOCHUKN ObIBalOT NMACCMBHBIMH U AaKTHBHBIMHM. B cxemax
MACCUBHBIX YETHIPEXMOJIOCHUKOB OOBIYHO HE COACPKUTCS HCTOYHHUKOB
ANEKTPUYECKOM JHEPIUM WA UX JECUCTBUE B3aMMHO KOMIICHCUPYETCS TaKHAM
o0pa3oM, 4YTO Ha PA3OMKHYTBHIX 3aKMMaxX HE OOHAPYKHBACTCS HaNpPsLHKCHUE,
AKTUBHBIC YETBIPEXIIOJIOCHUKUA COJIEPKAT UCTOUHUKU JIJIEKTPUUYECKON IHEPIUU

Y HA UX PA30MKHYTBIX 3AKUMax OOHAPYKUBACTCA HAIIPSHKEHHUE.

YeThIPpEXTIONIOCHUKHN JIENATCA HA CHMMETPUYHbIC U HeCMMMETPUYHbIe. B
CUMMETPUYHOM YETBHIPEXIIOIOCHUKE IEPEMEHA MECTAMU BXOIAHBIX Y BBIXOIHBIX

3KMMOB HE M3MEHSET HaMPSXKEHUM U TOKOB B 1IEMH, C KOTOPOIl OH COCAUHEH.

YeThIPEXTIONIOCHUKN TAaKXKE JEJATCA Ha OOparuMblie U HeoOparuMble.
OOpaTtuMble YETBHIPEXMOJOCHUKN TO3BOJISIIOT MEPEIaBaTh SHEPIUI0 B 000HX
HaIMpaBICHUAX, ISl HAUX COpaBeJJIMBa TEOpeMa OOpPaTUMOCTH WM B3aMMHOCTH,
B COOTBETCTBHUM C KOTOPOW OTHOIIICHUE HANPSKEHUS HA BXOJIE K TOKY Ha BBIXOJIE

HC MCHJCTCA IIPU IICPCMCHC MCCTAMH 3AKUMOB.



YeThIpexnoarCcHUK
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YeThIpexnoaCHUK
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— MPHU KOPOTKOM 3aMbIKaHUH
Loy BBIXOJIHOTO KOHTYpa




dJeKTpUYecKHe (PUILTPHI

DJIeKTPHYECKUMH GunsTpamu Ha3bIBAKOTCS YEThIPEXTOIOCHUKH
[peIHa3HAYEHHbIE Il MPOIYCKAHWUSI CUTHAJIOB B OIPEIEIIEHHBIX YaCTOTHBIX
Marna3oHax ¢ BO3MOXKHO MaJlbIM 3aTyXaHWEM U II0JIaBJI€HUsI CUTHAJIOB HA 4acTOTax
BHE 3TUX JHarna3oHoB. [lonoca yactot, npornyckaeMbiX (GUILTPOM O€3 3aTyXaHUsl WU
Opd MajioM 3aTyXaHUM, HA3bIBACTCS MOJOCOH MNPONYCKAHUSA (WM MOJIOCOH
npo3payHoctu). Ilomoca wyacrTor, mnponyckaembix GUIBTPOM C 3aTyXaHUEM
Ha3blBaCTCs MOJIOCOM 3aep:KMBAHMA (IMOJIOCOH HENMPO3PAYHOCTH WIH MOJIOCOH
3aTryxaHus). Hacrora, jekanias Ha rpaHuLie M10JIOC IIPOIYCKAHUS U 3a[ep:KUBAHUS
Ha3bIBACTCA 4YACTOTOM cCpe3a WM TpaHHYHOM w4acrToroW. KauectBo (QuibsTpa
CUMTAECTCSl TEM BBILIE, YEM SIPUE BBIPANKEHBI €ro (PUIBTPYIOIIUE CBOMCTBA, T. €. YEM
CUJIBHEE BO3PACTACT 3aTYXaHUE B MOJIOCE 3aICPIKUBAHUSI.

Kiaaccnpurkanusa 3JieKTpuYecKUuX (UILTPOB MOXKET ObITh IPOBEIACHA [0

Pa3JIM4YHBIM IIPH3HAKAM.



dJeKTpUYecKHe (PUILTPHI

Knaccupukanmus 3jieKTpudecKux (HIBTPOB MOXKET OBITh MPOBEACHA IO
pa3JIMYHBIM NIpU3HaKaMm. Hanpumep, B 3aBHCHMOCTH OT NMPOIMYCKAEeMOT0 JHANAa30HA
4acTOT PA3JIMYAIOT CIEAYIOIINUE TUIBI (DUIBTPOB:

o  urempol Hudxcrnux ywacmom (OHY) nponyckaror curHain 0e3 ocinadieHus Ha
4aCcTOTaX HUKE YaCTOThI CPE3a;

o Qurempor eepxnux yacmom (OBY) He oOKa3bIBArOT BIUSHUS HA aAMILUIATY/IbI
CUTHAJIOB, UMEKOIIMX YaCTOTY BBIIIIE YaCTOThI CPE3a, U HE MPOIMYCKAKT CUTHAJIBI
C 4aCTOTOM HUIKE, UEM 4aCTOTa Cpe3a;

e nonocHo-nponyckarowue hurbmpot (norocoswie) (I1I1ND) npommyckarT CUrHANID,
4acTOTa KOTOPBIX HAXOAWTCS B HWHTEPBAJC MEXKAYy HWXKHEH U BEPXHEU
4acTOTaMM Cpe€3a U HE MPOMYCKAKT CUTHAJIBI OCTAJIbHBIX YaCTOT;

e nonocHo-zazpadxcoarowue urompuol (pexcekmopuuvie) (I13P) He nMpomyckarT
CUTHAJIBl C MOJIOCOM YacTOT, 3aKJIHOUYEHHOW B WHTEPBAJIEC MEXIY HUKHEH U
BEPXHEU YaCTOTAMHM CpPe3a, a CUTHAJIbI BCEX OCTAJIbHBIX YaCTOT MPOITYCKAKT 0€3
ocJiabeHusl.

Knaccudukanuro 31eKTpUYEeCKUX (UIBTPOB TaKKe MPOBOMAAT MO YHCIY
PEAKTUBHBIX JJIEMEHTOB B CXE€ME, IO THUITY MEPEAATOYHOU (DYHKIUU, MO0 CTPYKTYPE
2JIEMEHTOB H T. .



dJeKTpUYecKHe (PUILTPHI

BHEI{TI}H‘IGCKHH LCIIb, COoACpKallad HHAYKTHBHOCTDb 15105 8) 05! CMKOCTB,
DGH&,[[HET pa3s/IMYHbIMH COIIPOTHUBIICHHAMHKU JUJIA Pa3/IMYHBIX TapMOHHK,

TdK KdK HHAYKTHBHOC COIIPOTHBJICHHC Xﬂr =kwL YBCIIHYHUBACTCA C YBC-

1
JIM4CHHEM HOMCPA I'ApPMOHHKH k:, d EMKOCTHOC XC =-—— VYMCHBIIACTCA.

kawC
DTO JaeT BO3MOXHOCTH NPH 3aJaHHOM KPHBOM HANPSOKEHUS W3MEHSTH
(GOpMy KPHBOIi TOKA IyTEM BKJIIOUCHHS DJIEKTPHUYECKOTO (BHUILTPA MEKIY
MCTOYHHKOM U IIOTPEOHTEIIEM.

Jis Toro, 4ro0Obl OT(UILTPOBATL BBICIIHE TAPMOHHUKH HECHHYCOH-
NAJIBHOTO HAIPSDKEHHS, T. €. He MPOMYCTHTh UX K IMOTPEOHTENIO, IIOCIIENO0-
BaTEJILHO C IOTpeOMTENIeM BKJIIOYAETCS HHIAYKTHBHOCTh, a INapaulejibHO
eMKocTh (cMm. puc.). Ilpu 3TOM, 4YeM BbIIIE HOMEP TI'apMOHHMKH, TEM
OOJIBIITUM COINPOTHBIIEHHEM 00J1a/1aeT MHIYKTHBHOCTH M T€M OOJIbIIE Ha-
NpsbKEHHE 3TOH TapMOHUKH I1aJ1ae€T HAa UHAYKTUBHOM CONPOTHUBIICHHH U TEM
MCHBIICC HAIIPAKCHHUC IIOCTYIIACT HA HAI'PY3KY. KpDME TOT'O, 4CM BBIIIC
HOMEpP TapMOHHKH (YacTOTa), TEM MEHbIIE CONPOTUBIIEHHE KOHJEHCATOPa,
TeM OOJIBIINI TOK JTOH YaCTOTHI MPOXOIUT Yepe3 KOHIEHCATOP, OT(QUILT-
POBBIBAsICh OT IIOTPEOUTEIIS.



JJeKTpUYecCKHe (PUILTPHI
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Purc. ®unbTpbl HUXHUX HacToT Puc. OuibTpbl BEPXHUX HYAaCTOT

Ecnu HyHO OTOUIBTPOBATH MOCTOSIHHYK COCTABJISIFOILYK) HECHHY-
COMJIAJIBHOTO HAMNpPSDKCHUS WJIM €ro HHM3KHUE YacTOThl (FapMOHUKH), TO
B (uiabTpax MEHSIOT MECTaMU WHAYKTUBHOCTb U €MKOCTb.



JJeKTpUYecCKHe (PUILTPHI

Ecnu B HamnpspKeHUH, MOCTYMAOIIEM Ha BXOJ (DHIIbTpa, UMeeTcs k-5
rapMOHHKA, KOTOPYK HYKHO HE IPOMYCTUTh K MOTPEOUTEII0, TO MOCIIEI0-
BATEJIbHO C MOTPEOUTEIEM MOKHO BKJIKOUHTH MapalIeIbHbIM PE30HAHCHBIN
KOHTYp (pUC. @), HaCTPOCHHBIM B PE30HAHC TOKOB HAa 4YacTOTy K-M rap-
MOHHMKH. B pe3ynbTare 3TOro Ha OOJIBIIIOM COMPOTHBIICHUH PE30HAHCHOTO
KOHTYpa (0JIM3KOro K OECKOHEYHOCTH — IIPU OTCYTCTBUU AaKTUBHOT'O COINPO-
THUBJICHHUSI B KOHTYpE) HaIpSKEHHUE k- rapMOHUKHU MaJaeT Ha KOHTYpPE, HE
Moraasi Ha Harpy3Ky.

Takoro xe 3¢dexra MOKHO JOOUTHCS, €CITU MapalIeIbHO C MOTPEOH-
TEJIEeM BKJIIOUHMTH IMOCJICAOBATCIIbHBIM PE30HAHCHBIM KOHTYp (puc. 0),
HACTPOCHHBIM B PE30HAHC HANPSDKCHMI Ha 4acToTy A-i rapmoHuku. Ilpu
PE30HAHCE HANPSHKEHUW COINMPOTUBIIEHUE MOCJIEI0BATEILHOIO KOJae0aTeb-
HOTO KOHTYypa MaJIO, CJIEA0BATEIbHO, YMEHBIIACTCS HAMpsHKEHUE K-M rap-
MOHUKH Ha HEM, a 3HAYUT, U HA IOTpeOuUTerne.

OnHOBpeMEHHOE BKJIHOUYEHHE O0OMX KOJIeOATEeIbHBIX KOHTYPOB
(puc. ) obecrieurBacT 3HAYUTEIIHHO YUY (PUIBTPAIIUIO.



BHeKTpnquKne (l)I/I.HprbI
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Pwuc. [NosnocHo-3arpaxaarowme puibTpsbl

Ecnu Hy»)XHO YMEHBIIUTh WJIH YCTPAHUTH Cpa3y HECKOJIBKO TapMOHUK,
TO BKJIFOYAKOT MOCJIEAOBATEIFHO WIH/U MApAJIEJIbHO C MOTPEOUTEIEM He-
CKOJIbKO KOJIEOATEIbHBIX KOHTYPOB, KaXJbli U3 KOTOPBIX HACTPAUBACTCS B
PE30HAHC ONPEJICIICHHON TApDMOHHKH.



JJeKTpUYecCKHe (PUILTPHI

Ecnu pe3oHaHCHBIE KOHTYPBI NMOMEHSTh MECTaMH, TO IIOJTYy4aroTCs
MOJIOCOBBIE (DHIIBTPBI, KOTOpHIC, HA00OPOT, CHyXaT Ui TOT0, YTOOKI
IPOIYCTUTh K IPUEMHHKY K-F0 TAPMOHHU Ky, HA KOTOPYIO OHHU HACTPOEHEI B
PE30HAHC, U HE NMPONYCTUTH (OCIA0UTh) BCE APYTHE FaPMOHUKH.
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Puc. [losnocHo-nponyckawwme puibtpsbl



JJIeKTPUHUYECKUE PUIBTPHI

[TpakTyeckoe NPUMEHEHUE DSJIEKTPUYECKUX (UIBTPOB BECbMA IIUPOKO U
pa3Hoo0Opa3Ho. OHHU NMPUMEHSIOTCA KaK B PaIUOTEXHUKE U TEXHUKE CBS3H, IJI€ UMEHOT
MECTO TOKH JIOCTATOYHO BBICOKMX YaCTOT, TaK W B CHJIOBOW DJIECKTPOHUKE W
IEKTPOTEXHUKE. Tak, B pPaJMONPUEMHHUKE W3 CHUTHAJIOB MHOTOYMCICHHBIX
palMOCTaHIUN (QUIBTPHl BBIACISIIOT CUTHAJI OJHOW NPUHUMAEMOW cTaHUuu. B
IHEPIreTUYECKUX CUCTEMAX IPU MEPEaadye CUTHAJIOB TEJIEyIPABICHUS, TEJICU3MEPECHUU
U ABTOKOHTPOJIS IO JIMHUSAM JJIEKTPOMNEPEIayd BBICOKOIO HANPSXKEHUS (DUIBTPBI
OTAEJISIIOT OTH CUTHAJbI OT TOKA MpOMbINUIEHHOW yacToThl (50 I'). B ycranoBkax
4aCTOTHOTO TEJICYIIPABICHUS MHOTMMH OOBbEKTaMH, HalpuUMEp Ha Tra30mpoBOAax,
KEJIE3HOAOPOKHOM TPAHCIIOPTE U Ap. (WIBTPhI BBIACISAIOT CUTHAJIbI YIIPABICHHUS,
NpeJHa3Ha4YeHHbIE KaxJIoMy 00bekTy. [Ipu opranuzamuu mo BO3IYIIHBIM JIUHUSIM
IEKTPONPOBOAHON CBSI3M OJJHOBPEMEHHO HECKOJIBKO TEJIE(MOHHBIX Pa3roBOPOB
(BbICOKOUACTOTHAsI TeNe(pOHHAs CBI3b) HAa INMPUEMHOM CTAHIUM YCTAaHABIMBAKOTCS
GUIBTPBI JUIS pa3jiesieHuss Tele(OHHBIX CUTHAJIOB OTIEIbHBIX a0OHEHTOB. Kpome

TOro, HHPOKOC IIPUMCHCHHC OHH HAXOIAT B oOnactu pacCIlO3HaBaHHsA PCHH.



HacToTHBIC XapaKTEePUCTHUKU (PUILTPOB

YacToTHbIE XAPAKTEPUCTHKH [MOKA3bIBAKOT, KAKUE YaCTOThl IPOITYCKAKTCS
IEKTPUYECKOM LIEMBIO (ITOCIIE MPOXOKIACHHUA Yepe3 NIEKTPUYCCKUM (PUIIBTP), a KaKue
ocnadsaorcsi. OCHOBHBIMU — YAaCTOTHBIMU — XApPAKTEPUCTUKAMHU  DIIEKTPUYECKHUX
(GUIBTPOB SBJISIKOTCS 4acTOTa Cpe3a WJIMA I0JI0Ca IMPOIMYCKAEMbIX (DUIBTPOM YaCTOT,
ko3 duueHT nepenayu, KpPyTU3HA, AMIUIMTYIHO-YacTOTHass u (pa30-4acTOTHAas

xapakrepuctuku (AYX u OYX).

Yacrora cpe3a — DTO HacCTOTa, HaA KDTDprI IMPOUCXOAHUT CIiaJd aMILIUTYIbI

BBIXOHOI'0 CHI'HaJIa M0 3HAYCHHA PABHOI'O 0,7 OT BXOJHOIO. OTtHomeHue BBIXD,[[HDﬁ

ICKTPUYECKON BEITUUUHBI (HAMPSIKEHUS] WU TOKA) K BXOJHOM MO3BOJISIET BHIYUCITUTD
KOMILIEKCHYI0 mepeaaTouny ¢yHknup (koddpduumuent nepenaun) K(jw) =
= | K |- e/9(®), 3apucumocTth MOITYIIsI KOMILIEKCHOM nepenaTounoii gpyukmuu | K | ot

YaCTOThl ) HA3bIBACTCA AaAMILUIMTYIHO-YACTOTHOM XapakrTepucTtukou (AYX), a
YaCTOTHAs 3aBUCUMOCTh apryMeHTa KOMIUIEKCHOW mepenatouyHoi pyHKuuu @(w) —

(¢a3zo-yacroTHoM xapakrepucTuko (PUX).

AYX 1 OYX He 3aBUCAT OT 3HAYCHUW aMIUIMTY/l U Ha4aJIbHbIX (ha3 BO3ICHUCTBUN,

a OIpCACIATCA YHUCIOM, XdpPAKTCPOM, 3HAYCHHUAMHU H BHAOM COCIUHCHHUA [ApPYyI" C
ApPyIroM €€ 5SJIIEMCHTOB.



YHacToTHBIC XapaAKTEePUCTUKHA
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Puc. AYX nacCUBHBIX 3IEKTPUUYECKUX (PUIBTPOB:
a — OHY; 6 — ©BY; ¢ — [111D; 2 — [13D
Ha npaktuke gacto npuxonurcs crpouth AUX u OUX B norapudmudeckom

macirade. JIAYX u JIOUYX — 310 3aBUCUMOCTh K0P PuUiiueHTa MOAYJISI KOMIUIEKCHOM
nepeaaTodHod pyHKIUU U (Ha3bl, COOTBETCTBEHHO, OT YacTOThI B JIOTapU(PMUIECKOM
macmrabe. B 3ToM cityuae ko3 QUIUEHT Nepeaaun OnpeaestoT B aenudenax (ab).



OcHOBHBbIE METOAbI AHAJM3A NMEePEXOTHbIX
IIPOLIECCOB B JIJUHEHHBIX LENMAX

1. Kimaccuuecknii METO, 3aKJTFOY AU CS B HEIOCPEICTBEHHOM
MHTETpUpOBaHUHN IUM(EPECHIINATBHBIX YPaBHEHUM, OIMCHIBAIOIINX HW3MEHEHMS
TOKOB Y HAIIPSIP)KEHUU HA yYACTKaX LENU B IIEPEXOIHOM IIPOIIECCE.

2. OnepaTopHbIi MeTo/, 3aKJIIOYAIOIINUCS B pPEIICHUN CUCTEMEI
anreOpayeCcKux  ypaBHEHHM  OTHOCHUTEIBHO  HM300paKCHHUM  HMCKOMBIX
IEPEMEHHBIX C IIOCICAYIOMIUM MEPEXOJOM OT HAWJICHHBIX HM300paKCHUH K
opurrvHajam (OCHOBaH Ha IpUMEHEHHUHU MpeoOpa3zoBaHus Jlammnaca).

3. HacToTHBIN (CMEKTPAJIbHBIN) METOJl, OCHOBAaHHBIM Ha MNpPeoOpa3OBaHUHU
dypbe (M HAXOAAIMN MIUPOKOE MPUMEHECHUE NP PEIICHUH 3a]1a4 CUHTE34).

4, Meton pacueTa C IIOMOINBI0O HHTerpaja Hajgoxkenusi (/Iroame-
JIs1), UCIIOJIb3YEMBIHN MPH CIOKHOK (DOpME KPUBOM BO3MYIIAIOIIETO BO3ICHCTBHSI.

5. MeTon mepeMeHHbIX COCTOSIHUS, MPEJICTABIISIONINI COOOUN YIOPAI0YECHHBIM
CIoco0 omnpeAeaeHUs FJIEKTPOMAarHUTHOIO COCTOSHUS LI HA OCHOBE PEIICHUS
CUCTEMBI U(D(PEpEHIINATBHBIX YPaBHEHHM IEPBOIO TMPsAAKA, 3alMCAHHBIX B
HopMaJibHOU (hopme (popme Koim) (Mcnonb3yercs 3ameHa qudepeHIaIbHOIo
ypaBHEHUS N-Tro NopsiJika N ypaBHEHUSIMH IIEPBOIO HOPSIKA).



IIpeoOpasoBanue Jlamiaca

F p)=f flt)e dt - npsmoe mpeobpasosanue Jlamraca.
0

flt) -opurnHan ¢yakmmm, F(p) - m3obpaxkenue (pyHKIIUH.

f(t)=0, mpu t<0.
“]C(f)| < J'.'I‘./{E’S[]!fj HpII i{-‘: 0 , ]_"/'l_'[e ilil'.f_/f- ~> 0_., SO :__ 0

Ha moGoM KOHEUHOM OTpe3Ke [c:;_, bJ IIOJIOKUTEJILHBI I TToJyoct OF

¢yukimsa f(f) YAOBICTBOPACT YCIOBIAAM Jlupuxiie, T.e.

a) OTrpaHHYEHA,

b) nubo HempeprIBHA, MO0 NMEET IUITL KOHEUHOE UIICTIO TOUEK pa3pheiBa I poja,
C) HMeeT KOHEUHOE UIICIIO SKCTPEMYMOB.

ct+ joo
. 1 _ pr - ~ ~ . .
flt)=—— F(p)e”dt -obparHoe mpeobpaszoBanme Jlammaca.
2’ .ij C— Ji o

LIf(t)=F(p), L' [F(p)l=fl1).



Haxoxxknenue m3o0paxeHnii QyHKIUAN
IIpumep 1. Haiitn n3o0pakenne Gpyukuuii f(t)=a ., 1> 0.

Pemenue. Tak kak a = e, 10 f(f) =" ™% . Haiizem

N N (p-1na) D
B -pt 3. _ [ -t(p-Ina) ;, P09~
F(p)= If(f)e dt = je dt = p-lna |, ~ p-lna
0 0
[Tpumep 2. Haiitu n300pakeHne eqHHNUHOM ( VHKIHH XeBHcaiija
‘) 1, mpu £ >0
Lads [O, nmpu ¢ < 0

PenieHue.

o)

o)
F(p)= (e dt =[e " dt = e_‘;’
0 0

o

L
o 7



N300paxkenus: pyHkmmii

Fp)=[ flt)e*dr

Opurunan f{7) Iz06paxenue F(p) Opurugan () Iz06paxenue F(p)
1 cosy — wsin
6(t) = 1(t) _ cos(wt + ) P ‘!; : Y
p pe +
A .
Ady(t) — sin(wt +1) psiny + wcosy
p PE + mE
ddy oy 5
6@:5 1 e %sin wt TS
th 1 o
—_— tE—at
n pD p(p +a)
df(t
e 1 JO pF(p) - £(0)
(p+a) t dt
a F(p)
1—e™® f f(t)dt —
p(p +a) 0 p




H3o00paxkenns pyHKumi

Fl p]=f flt)e ¥dt

Opurnban I1300pa:keHne OpurusaJ IT300paskeHne
) Flp) 1) F(p)
1 1
l _ gfuf
P P—
l : g J'-"r.
[ — IB_;I Wi € .
J, P—J]@
L K T n '.Ir it l
t”, neN 7 te _ —
P P
: | v | )4
SN[ 2, .2 cosmi 5 5
P Tw Pt
o pSIN i+ ) cos o PCOS Y —sIN Y
SIN T+ ) = 5 5 cosl @i+ = > >
P T P+




CBoiicTBa H300pakeHNH

No OpHUTrHHAT 300paxkeHue KomMmeHTapuu
1. §
af(t)+ pg(t),a, p=const aF(py+pG(p) CEGEICTED
JIHHENHOCTH
2 fleet), o =const >0 1 F(E) Teopema moo6ua
o @
3.
t-1).t>t>0 e Pt R Teopema
A (p) 3aMa37(bIB AHHA
Y
+ eV f(H), A0 Fip=d) Teopema
CMEIIEHHA
> r ) Teopema
t+a),a>0 ap _fe P
ft+a) . (F( p)-|e f(r)a'rJ -
\ 0
6. £ £ - Teopema 06
jf(T)g(f - 1)dt = jf(f —1)g(r)dr Fip)G(p) YMHO K €EHHII

0

0

H300paKeHUH




CBolicTBa H300pakeHUH

No OpHruHan 300paxkeHue KommMeHTapHH
7. t
f@0- ()= [ ft-7)g" () PFp/Gp Muterpar
0 Jroamend
3. a+ion r
Jorft) 1 YMHOKEHHE
figt S IF(G)G(P —q)dq OPUTHHAJIOB
T a—io
: z H3o00paxeHue
_ : 3 pt
9. fiv=fit+T), T - nepuon . e‘i“'* jf(r)e dt MepHOIH eCKOTO
0 OpHTHHATA
10, : p A= gy | Jdudpdpepenunporan
() n 7(0) J (0)
S @) p {F(P)—j—;,—"'—p—n He OpHIHHANA
11.
~D)"t" £ (1) F™(p) Jud pepeHIuporan
He Hu300paxeHusd
12. jf(—)a" 1 F(p) uTerpupoBaHue
) e r OpUTHHaNTa
L3. 1 . HHuTErpupORaHHeE
;f(r) jF(p)dp H300paKEHUA

P




Pacuer opurnHajia pyHKIuuu
10 M300PAKEHUIO

IIpumep

Jauno: uzoOpaxeHue:

10 D
Fipjeiipys— 2t AP

= (Ac) Onpeaennts: OpPUTHHAIL
p’+6p*+8p B(p)

Pemienne:

B(p)=p’> +6p” +8p=p(p” +6p+8)=0,

=0, pp=-2(Y.) . ps=—4(},) .

B'(p)=3p2 +12p+8,
n=3

i(t)= 2. P ot
k=] B(pk)
3-:0°+12-0+8 3:(=2)"+12:-(-2)+8 3-(-4)"+12-(-4)+8

i(1)=1,25-2¢"% +0,75¢ ¥ A.



