AcCTpaxaHCKH# NOCYIaPCTBEHHBIN TEXHUYECKUM
YHUBEPCUTET

Kadenpa anekTpoTexHuku

JIMHENHBIC FTEKTPUYECKUE LIETIH

ITIOCTOAHHOI'O TOKA



AJIEKTPOTEXHUKA

- 3TO OTPACJb HAYKU U TEXHUKH, CBA3AHHAS C
IIPUMEHEHUEM DJIEKTPUUYECKUX U MArHUTHBIX

SIBJICHUU,

OXBATbIBAET BOMPOCHI MOJYYEHUH,
IpeoOpa3oBaHUs U UCIIOJIb30BAHUS
AIEKTPUUYECKON SHEPTHUH B IIPAKTUYECKOU

JCATCIIBHOCTH YCJIOBCKA.



TepMUHBI 1 ONIpeeICHUs] OCHOBHBIX ITOHIATHU B

00JIaCTH DJIEKTPOTEXHUKHU YCTAHOBJICHBI

I'OCT P 52002-2003 «JiIeKTPOTEXHUKA.
TepmMuHnbsl u  ompeaeJeHUs OCHOBHBIX

noHaTum». - M.: Toccrammapr Poccun,
2003 r.



* DIEKTpUYECKAas LEMb —

° COBOKYIIHOCTh  YCTPOMCTB H  OOBEKTOB,
00pa3yoIIMX IIYTh A5 JIEKTPUUECKOr0 TOKA,

°* 3JIEKTPOMAarHUTHBIE MPOIECCHI B  KOTOPBIX
MOT'YT OBbITh OIMCAHBI C MOMOIIBIO HOHATHU 00
AJIEKTPOJABMKYILEH CHUJIIE, 3JIEKTPUUYECKOM TOKE

W JJICKTPHUYCCKOM HAIIPAKCHHH.



CxeMa JIEKTPHYECKOH IeNHn

- 3TO €€ rpauIeCcKOe N300paKCHHUE,
coAeprKaIlee yCI0BHbIC 0003HAYCHMS
3JIEMEHTOB LICIH U ITOKA3bIBAIOIICE

COCAUHCHUA OTHUX IJICMCHTOB.



a) npuHyunuanbHas
cxemMa

6) MoHmMa)XkHas cxema

8) cxema lameuwleHus
anekmpuyeckou yenu

rJ

Puc. 1.1. SneKTpuieckue Cxemhl UCNLITaHUA ABYX
HarpesarTesibHbiX A1IeMeHTOB



* Cxema 3aMeIeHus —

°* 3TO  pACUYETHO-MATeMaTH4eCKasd  MOJEIb
3JIEKTPUYECKOMN 1ICIIH, coJiepxalnas
HUJICAIM3UPOBAHHBIE MACCUBHBLIE M AKTHUBHBIE

JJICMCHTHBI.



Tonmosiornyeckue mapaMeTpsbl CxeM

BETBb - 3T0 y4acToK 3JIEKTPUYECKOU 1IEITH, 110
KOTOPOMY MPOTEKAET OAUH U TOT XKE TOK

Y3EJI - 3T0 MECTO COEIMHEHMSI HE MEHEE TPEX BETBEH

AIEKTPUUYECKON LIETH.

MecTto, rme o0ObeIUHEHEBI IBE BETBU, HAa3bIBAIOT
COeIMHEHN EM

KOHTYP BerBeM- 3T0 3aMKHYTBIM Y4aCTOK IICIIH.

JInHENHO HE3aBUCUMBIE KOHTYPHI OTIIMYAOTCS IPYT

OT Apyra XOTs Obl OAHOM HOBOM BETBBIO






CoCTaB AIEKTPUYECCKOM [EIIH

JNeKTpuyeckas uenb

 UCTOMHUK 1 [ BCNOMOraTensHble ] : npueuuux
_ 3Hepmu ANEMEHTHI JHEPrun ;




IneKTpu4eckas uenb

X \ X
\ \
VCTOMHUK | | BCMOMOTATENbHbIE | | MDUEMHIK
IHEepru ANEeMEeHTbI SHepruu

NCcTOYHUK  DJIEKTPUYECKOU  DJHEPIrud  —
AKTUBHBIA DJIEMEHT DJICKTPUYECCKOW IICIIH, B
KOTOPOM IIPEOOpa3yIOTCs PA3IUYHBIC BHIBI
YHEPIruM (MEeXaHU4eCKas, TeII0Bas, CBETOBAs

U JIPYTHUE) B BICKTPUUECKYIO.



DJIeKTPUYeCKUE reHepaTopbl — IIPeoOpa3yroT

MEXAHUYECKYI0 DHEPTHIO B DJICKTPUUECKYIO;

AKKYMYJSTOPbI U TAJIbBAHUYECKHE 3JIEMEHThI —
peoOpa3yrT XUMUYECKYIO SHEPTHUIO B

AIEKTPUYECKYIO;

CojiHeYHbIe JIEMEHThI — IPEOOPA3YIOT CBETOBYIO

SHEPTUIO B AJICKTPUUECKYIO;

TepmoaaemMeHTBI — TPe0OPa3yIOT TEIIOBYIO YHEPTUIO

B DJICKTPUUYECKYIO




INeKTpuyeckas uenb

* VICTOMHUK | | BCROMOraTenbHbIe | | MpMEMHIK
IHEPIu ANEeMEeHTbI SHepruu

IlpreManku sHEprun (Harpyska) — 3T0 MaCCUBHBIC
3JIEMEHTBI, B KOTOPBIX JJIEKTPUUECKAs] SHEPIHUs

IpeoOpa3yeTcs B APYyTrU€ BUbI:
- MEXaHUYECKYIO (DJIEKTPOJABUTATEIIN )
- TEIJIOBYIO (HarpeBaTeIbHBIC SJICMEHTHI)

- CBETOBYIO (JIIOMMHECILICHTHbIC JIAMIIbI )



INeKTpuyeckas uenb

© VICTOMHUK
SHEPrU

' BCNOMOraTenkHble y npueuumr
3NEMEHTbI 3Heprum

' BCHOMOTaTeTbHbIE HIEMEHTHI:
- BBIKJIFOYATCIIH

- IIPEAOXPAHUTEIIH

~ UBMEPHUTEIBHBIE MPHUOOPHI

- pa3beMBbl



M CcTOYHNKHN HANIPSIKEHUSI U KX
XAPAKTEePUCTHKH

U CTOYHHUK dJIeKTpUYecKoro nanpskenust (MH) - ato
MCTOYHUK JJIEKTPUUECKON IHEPTUH, XAPAKTEPUIYIOILIUKCS

AJIEKTPOABUKYILIEU CUIJIONW £ ¥ BHYTPEHHUM
3IEKTPUYCCKUM CONPOTUBICHUEM R .

I (+)

R am

2 (-)



2 (-)

][ Ipu noaKIIrO4eHUHU K BbIBOAAaM | v 2 Harpy3ku R

B 3aMKHYTOM KOHTYpPE L€ BO3HUKAET TOK |



BonpT-amiiepHas XapakTepUCTHUKA (BHEIITHSS ) —
3aBUCHUMOCTb HAIPSIKECHUS MEXKIY €r0 BEIBOJAMH OT
TOKa UCTOYHHKA

> /

2 () ! I

najgeHue HanpsokeHus U = R | Ha BHyTpeHHEM
BT BT

conpotuBieHnn R uctounuka J[C

U12 :UI/ICT =k - UBT =E - RBTI




OOBIYHO BHYTPEHHEE COMMPOTUBICHUE NCTOYHUKA
ropasi0 MEHbBIIE CONPOTUBIICHUA HAIPY3KHU
R <<R,
UCT H
moaToMy cuntaror U _~E=const.



Ho B cxemy 3aMemieHMsI DJCKTPUYECKOM  LENU  JOOaBIISIIOT

COIPOTUBJICHUE  PACIPEACITUTEIBHON  CETH RC (Rn) —

COIIPOTHUBIICHHE MPOBOJAOB, COCAUHSIIOIIMX HUCTOYHHUK AICKTPUYCCKOMN
SHEPTUHU U ITOTPEOUTENS:







PerknMbl paboTbl peasibHOro UctoyHmka 34C

(HaNpAXeHuA)
XonocTtoun xoa KopoTkoe 3aMblkaHue PeXX1M Harpysku

(1) I=0 0 (1]

/
Uu=0
Y
Y
E
I =
I = [IJXX . +R
K3 E UXX




KI1J1

[lone3nast paboTra — D>JIEKTpUYECKAsT HHEPrusi, INpeoOpa3oBaHHAs B

IPUEMHHUKAX B APYTUE BUABI (TEILIOBAsI U MEXaHUYECKAs).

3aTrpaueHHass paboTa — DJJICKTpUYECKas DHHEPrus, OOYyCIOBICHHAS
VCTOYHUKAMU.
OTHoLlIEHUE TTOJE€3HOM PadOThl K 3aTPavy€HHOM HA3bIBAIOT

KO3 (P (OUILIMEHTOM I10JI€3HOTO JICHCTBUS.

PHCT — UI/ICTI
P =Ul]I



banaHc MoLLHOCTEN

ZPI/ICT - ZPHp
> El=) RI°



IlaccuBHBIE DJIeMEHTHI LENMU U UX
XaAPaAKTePUCTUKH

[laccuBHbIE 3MEMEeHTbI Lienu
, .

ITaccuBHBIMHM HA3bIBAIOT 9JICMCHTDBI, KOTOPbLIC HC CIIOCOOHEI
I'CHCPUPOBATDL JJICKTPUYCCKYIO OHCPI'UIO.



B n1ruHErHON 3IIEKTPUUYECKOU LIEMN MOCTOSTHHOIO TOKA
IapaMeTpbl BCEX 3JIEMEHTOB CUUTAIOTCSA
HEW3MEHHBIMU.

Pe3ucTop - 370 uacaaIn3upoOBaHHbBIN JIEMEHT JJIEKTPUUECKOU
LEIH, IPEIHA3HAYECHHBIN JIJIS1 UCIIOJIB30BAHUS €0

IIEKTPHICCKOIO COITPOTUBJICHUS.

DTOT BJIEMEHT HE MOXKET HAKAIUJIMBATH YHEPTHUIO, 4 MIOJYUYUB
AJNIEKTPUYECKYIO SJHEPTUIO, MTHOBEHHO Y HEOOPAaTUMO
peoOpa3OBBIBACT €€ B APYTUE€ BUAbLI SHEPTUH: TEILIOBYIO,
CBETOBYIO U JP.



YcioBHBIE rpa@UYECKHE 0003HAYCHYS:

- PE3UCTOP MOCTOSHHBIN

//’ - PE3UCTOP NEPEMEHHBIN
7
JIEKTPHUYECKOE COMPOTHBJIEHNE OCTOSTHHOMY TOKY -
Il CKaJIsipHas BEJIMYMHA R, paBHAsI OTHOILICHHIO

MOCTOSTHHOTO HamnpsikeHus: U Ha ydacTke ab macCUBHOU
R U  [enu K moCTOSHHOMY TOKY / B HEM, ITPU OTCYTCTBUU HA
yaactke JJIC, T.e. R=U,/IL,

L ¥ Enununa comporusnenus B cucteme CU — om (Om)



Pe3uctop

3MepuTenbHbBIN IPUOOP

JlaMria HakaauBaHud

KoHTakT 3aMBIKarOINn

#10




3axkoH Oma 1 y9acTKa eI

Cuna TOKa Ha y4YacTKE DJIEKTPHUYECKOMN
I l, (1051 IPSIMO IPONOPIMOHATIbHA

HaIMpsKEHUIO, MPUIOKEHHOMY K 3TOMY
y4acTKy, 1 OOpaTHO IPOIOPIHMOHATbHA
CONIPOTHBJIEHHIO:

[} et




IIepBrIii 3akoH Kupxroda

AllreOpandeckass cymMma TOKOB B

I .
2 y3JI€ BJIEKTPUYECKOM LMY paBHA
Iy I, HYITIO: i
I 4 i=1
(TOKM, HalpaBJICHHBIE K Y31y,
1+L+1-1,=0 OOBIYHO 3aIIMCHIBAKOTCS CO 3HAKOM

«IJIFOC», a TOKHU, HamIpaBICHHBIC
OT y3J1a, - CO 3HAKOM «MHUHYC»).



Bropou 3akon Kupxroda

Alreopandeckass cymma IaJCHUM HaOpsOKCHUH B
BETBSIX JIIOOOr0 3aMKHYTOIO KOHTypa paBHa

anreopandeckor cymme IJ1C, 1erCTBYIOIUX B 9TOM
KOHTYPE,:

Zn:Rl.Il. = ZE
=1 =1



Hanpapnenue 00xo/1a KOHTYpa BHIOMpPAEM ITPOU3BOIBLHO

[RA+LR-LR-IR=E -E



[TpmeHeHne 3aKkoHOB Kupxroga K pacyeTy Leneu

[anbl: E, R
I OnpenenuTb TOKM Ha Kaaom
4 R, E, yyacTke Lenw
_>
CocTaBngem cuctemy
I )
L, R 5 R YPaBHEHWUM

Yncno ypaBHeHUN
cucTtembl
= YyuCIy TOKOB

® =uy4ncny Beresen =6

R
1
:IJ +— -l- Uncno ypaBHeHnM nNo 1 3aKOHY
= 4yucrno y3nos -1

To ecTb 4-1=3

OcTarnbHble — Mo 2 3aKOHY



B0O3MOXHBI CIEAYIONINE COSAUHEHUS PE3UCTOPOB
B 1IEMX IIOCTOSHHOTO TOKA:

ITOCJICO0BATCIIBHOC 5! IMapaJiyICIIbHOC.
1. Rj 1.
o O
|
U R» U R1 R» R3
R3




[TlocnepoBaTe/ibHOE COEAMHEHME PE3UCTOPOB

1. = Komerr repBoro pesucropa
{:}—
COEIMHSIETCS C HaYaIOM BTOPOTO,
u R
2| | KOHEI[ BTOPOTr0 C HaYaJIOM TPETHETO
B v i L
o S—

R=R +R, +R,
COIIpOTUBIIEHUE BCEU 1IETIU PABHO CYMME
CONPOTHUBIIEHUU PEZUCTOPOB MOCIEA0BATEIBLHBIX
YUYaCTKOB



T U, U
R, R, R, R

Hanpsbkenue Ha  3aKuUMax
nmeri U paBHO  cymme
HAIIPSOKEHUM HA  OTICIbHBIX
y4acTKax:

U=U+U+U,=R I+R #R



Hapanneanoe COCAMHCHHUC PC3NCTOPOB

I [ IppeMHUKH TTOAKITFOYEHBI K

e
&
, | OHUM U TEM K€ y3JIaM IICTIN.
R R R
: 2 3 [Tpu mapaiebHOM
; I1¢ Izl I l
3 COCAMHCHNU ITPUECMHUKOB

HAIIPAZKCHHUSA HAd 3THUX

IPUEMHUKAX OJUHAKOBBI:
U1=U2=U3
WA
R,1=R.1=R.I,

ITo nepBomy 3akony Kupxroda:
=1+ 4,



BennunHa, oOpaTHas CONPOTHUBICHUIO,
Ha3bIBACTCS MPOBOAUMOCTBIO G = 1/R

Enunania npoBOAMMOCTH
B cucteme CHU — cumeHnc (Cm)

G= G1 + G2 + G3
i 1/R = l/R1 + l/R2 + l/R3

[IpoBOAMMOCTH BCEU LIETIN paBHA
CYMME POBOAUMOCTEUN
PE3UCTOPOB MAPATIICIIBHBIX
Y4aCTKOB



CMeEIIaHHOE COSIMHEHNUE PE3UCTOPOB —
COCANHCHUC, T1C NMCIOTCA U ITOCJIICAOBATCIIBHOC,

1 HapajieIbHOE COCAUHEHHUS OTJICIbHBIX PE3UCTOPOB.

Ly ool I[Ipu pacueTe TakuX Iemen
l BHAYaJie ONpPEeaCsioT
CONPOTHUBIICHUS TTapaIeIbHO
U Ro R3 WJIH TI0CJIE0BATEILHO
COE€IMHEHHBIX TPYIIII,

| II0CJIC YE€Tr0 OIIPCACIAIOT
CONPOTHUBIICHUE BCEU 1ICTIHN.



| IpakTaeckoe 3aganne

: R R =10m
o | R, =4 Om
R, =3 Om
U R» R 3 R 4 2 OMm
83 R, =6 Om

. OnpenenuTs COPOTUBIICHUE

R, CXEMBI



J1iis OOJIbIIIEH HAIATHOCTH apaajIeabHOTO /7|
MMOCJIEOBATEIILHOTO COECAUHEHUS PE3UCTOPOB JAHHYHO CXEMY
MOKHO MPE00pa30BaTh:

Rg Ra \_T_l
Ry
]

. T




CHavyana HaxoauM comnportuBieHue i R, u R, kotopbie
COE€IUHEHBI MTapaJUIEIIbHO:

1 1 1 1

[
=—+—=—+—=— SR, =20m
R, R, R, 3 6 2 ,

b

YhpoluiaeM UCXOJHYI0 cxemy, 3ameHsis R, u R, Ha R3’ -

I Ri 1 Ry

A I R S I p—

l_l_|

R
R 3 R3s
U - U
R R2
Ry
]

5 I 7




Janee naxomum R, . noist nocneAoBatesibHO coenrHeHHbIX

R3,5HR4:

R,,=R,,+R,=2+2=40wm

Yrpoiaem cxemy:

Ry

—
[ SE—

}




OnpenensieM Rz_ 5 JUTS TIapaJulelIbHbIX R2 5| R3_5 ;

1 11 1 1 1

_ = -+ — -+ p— :} R2 ; = 2 OM
R. R. R, 4 4 2 :

I_} Ry I R
— —

v 2 Rz - - R2s




COnpOTUBIIEHUE BCEM CXEMBI OMIPEIIEIUM JIJISI TTIOCIIEI0BATEIIBHO
COCTMHEHHBIX pe3nucTopoB R, m R, .

R=R, +R,  =1+2=3 Om

I Ry

U Ry Ry  HMTor: R=3 Om




