OBJIACTHOE TOCYOAPCTBEHHOE ABTOHOMHOE
NMPO®ECCUOHAJIbHOE OBPA3OBATEJIbHOE YYPEXOEHUE

«BOPUCOBCKUU ATPOMEXAHUYECKUN TEXHUKYM»

Tema: «INEeKTPOTEeXHUKA U INEKTPOHHAsA TeEXHUKa»
ANCUUN/INHA «In1eKTpOoTeXHUKA U 3/1IeKTPOHHAA TEXHUKa»
CNMEUMA/IbHOCTb: 35.02.07.»MexaH13auMA Ce/bCKOro X03AMCTBa»
2-KYPC
16-17 ner.
noAroToBUA NPENOAABATE/Ib CMEL AUCUUN/INH
BABUY PEAOP UBAHOBUY
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JJIeKTPpUYECKAas Hellb — 3TO
COBOKYITHOCTh YCTPOHUCTB,
[HpeAHAZHAYEHHBIX J1JIs
HPOXOKIACHHUS FIEKTPHIECKOI0

TOKA



JJIEKTPUYECKas Henb
CJYSKHUT JJIS IepeaaYdu,
pacnpeaeJeHus U
[peo0pa3oBaHUA

IIEKTPOMATHUTHOU YHEPIUHA



CBoe Ha3HaYeHH e
IEKTPUUYECKAA HEeNb
BBIIIOJIHACT IPH HAJIUYUM B
HEH ICKTPUIECCKOr0 TOKA

N HAIIPHAKCHU A



DJICKTPUUYECKUU TOK B
IIPOBOJHUKE — 3TO HAIIPABJIEHHOE

ABH/KCHUC IICKTPHUHUYCCKHUX 3APH/10B






st n3MepeHust TOKa NPUMEHAIOTCH

aMIepMeTpbl. AMIIEPMETP BKJIOYACTCSH
[OCJICI0BATEJIBHO B LIENb M U3MEPHET TOK HA
JTAHHOM YYaCTKe HeINu.

l
2. PA o

-
Ve

: ’
WOS

BHyTpeHHee CONPOTHBJICHUE UAEATBHOI0
aMIlepMeTpPa PaBHO HYJIIO.



TOK BO3HHUKAET NOJA BJIUSAHUEM
WIEKTPUUECKOI0 I0JIs1, KOTOPOE,
NEHMCTBYHA HA JJICKTPOHBbI, IPUBOIUT
X B ABHKEHHE. JHEePreTHYEeCKOH
XaPaAKTEPUCTUKOMN JTIO00H TOUYKH

HOJIA ABJIACTCH IMMOTCHIINAJI.
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IloTeHIIMAaJ TOYKH — 3TO
MOTCHIMAJbHAS JHEPIrus, KOTOPOH
00/1a1aeT eTUMHUYHBIN
MOJIOKUTEJNbHBIN 3aAPAA, IOMEIICHHbBIN

B IAHHYI0 TOUKY.

11



HanpskeHue — 3T0 pa3HOCTH
MOTECHIMAJOB MEKIAY ABYMHA TOUKAMM

IEKTPUUYECKOI0 MOJIs

) ] *, )
—
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HanpsiskeHne paBHO JHEPIruu, KOTOpas
3aTPAYUBACTCH HA MEepPeMeIlCHHE

¢ANHHUIbI 3aPA1Aa M3 OHON TOYKHU B

APYI'YIO.

U= —0, [B]




HanpsiskeHue u3MepsaoT BOJIbTMETPAMMU.
BoabTMeTp MOAKIIOYAT K TOYKAM,

MeEKIAY KOTOPHIMH HE00X0IUMO U3MEPUTH
HAIIPSKEHUE.

BHyTpeHHee cCOnpOoTHBJICHUE UACATBLHOIO
BOJIbTMETPA PABHO 0€CKOHEYHOCTH

14



JHEPrus WIEKTPUUYECKOI0 MoJIsi — 3TO
JHEPrusi, 3aTPa4YeHHAsA HA MepeMelleHue
3apsAAa ¢ HA YYACTKe Leny ¢ HANPSKeHUueM i

K MOMEHTY BPE€EMEHM 1:

{
Wy = j udq = juidt [ K]
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MourHoCTh XapakTepu3yer
[peodpa3oBaHuEe JHEPIUU HA YYACTKE
[eny U PABHA CKOPOCTH U3MEHEHHUSI

ITOU JHEPIUH

D= Won _ ui  [BT]
dt




HNCTOYHHKH H
NIPHEMHHKH
3ACKTPOMATHHTHOH

9HEPrHH

17



U CTOYHHMKH — 3TO YCTPOUCTBA, B KOTOPBIX
HPOUCXOAUT MpPoLecc npeodpazoBaHus
XUMHYECKOH, TEMJIOBOU, MEXaHHUYECKOM
WJIA PYIroro BUjaa SHEPrum B
IEKTPOMATHUTHYIO (reHepaTophbl,
rajibBaHUYEeCKHE 3JIEMEHThI,

AKKYMYJATOPbI M T.]1.).
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IIppeMHUKHN — 3TO YCTPOUCTBA, B KOTOPBIX
3JIEKTPOMATHUTHAA JHEePrus NpeBpalaercs
B APYrve BUAbI JHEPIrUM: CBETOBYIO
(3JeKTpUYecKUe JaMIibl), TENJIOBYIO
(3J1eKTpoHarpeBare/ibHbIe NIPUOOPHI),

MEXaHUYECKYI0 (IBUraTe/iv) U T./.
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JIBYXIIOJIFOCHUK - JID0Asl YACTh 3JIEKTPUYECKOM
enu, MMeas ABa 3aKUMa

AKTHUBHBIN JBYXIOJCHUK COACPKUT UCTOUYHUKHU
ICKTPUIECKON IHEPIrUH

IlacCuBHBIN ABYXIOJIOCHUK HE COAEPHKUT
HCTOYHHUKOB

A I1

20



KaxIbIl MCTOYHUK IJICKTPHUYCCKON IHEPIUHA

XapaKTepu3yeTcs 3JIeKTPOABUKYILEH CHUI0M —

IIC.

IJIC — 310 padoTa CTOPOHHUX CHJI UCTOYHMKA,
3aTPpAaYeHHAsA HA NepeMelleHUue eTMHUYIHOIO
[OJIOKMTEJIBHOI0 3apsi/ia BHYTPH MCTOYHHUKA

OT MEHbIIEro MOTEHIUAJIA K 00JbIIEMY.

21



Ilpu pacyere JIEKTPUYECKOU HENMH €€ 3AMEHAIOT

CXeMOH 3aMelleHUsA, KOTOpasi 0To0pakaer
CBOMCTBA peajibHOU Henu. CxeMbl 3aMelleHUSA
COCTOSIT U3 AKTHBHBIX U MACCHUBHBIX 3JIEMEHTOB.
ITO HaeaJbHbIE ) IEMEHTbI, MATEMATHYECKOE
ONKUCAHHE KOTOPBIX OTPAKAET MPOLECCHI,

NPOUCXOASAIME B LENH.

22



AKTHUBHBIE 3JieMeHThI: MCTOUHUKH I/C u
MCTOYHHUKH TOKA.

IlaccuBHBIE 3JIEMEHTDI: PEINCTUBHDLIC,
NMHAYKTUBHbBIC H CMKOCTHbLIC 2JICMCHTDI.

JIMHenHas1 menb — 310 Lelb, Y KOTOPOH CBA3b
MeEKIAY TOKOM U HANPsSI2KeHUEeM SIBJISAETCS
JUHEHHOU (PyHKIIHEH. ITO NPOUCXOAUT, KOIIa

XaAPaAKTEPUCTHUKHU JIEMEHTOB JIMHEHHBI.

23



ITaccuBHBIC JUHEHHBIE DJIEMEHTbDI

1. Pe3ucTUBHBIU 3JICMEHT HEOOpaTUMO
npeodpasyer JIeKTPOMATHUTHYIO SJHEPIUI0 B
TEILIO.

R |[OM] — connporuB/IeHHe, XapaKTepu3yoIlee
CIIOCOOHOCTH 3JIEMEHTA NPENnsiTCTBOBAThH
IPOTEKAHUIO TOKA.

24



—— | Cwm]| - npoBomumocts
g=— v

MrHoBeHHast MOIITHOCTD, MOCTYNAIIAS B

CONPOTHUBJIEHHE

pzuR-izR-izzg-u

2
R
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DJIeKTPUYECKAA JHEPIrus, NOCTYIUBINAA B
CONPOTHUBJICHUE R 1 npeBpallleHHAs B TEILIO,
HAYUHAA C HEKOTOPOI0 MOMEHTA BPEMEHH,
Hanpumep =0, 10 paccMarpuBaeMOro MOMeHTA ¢

l l
Wiy = [ pdt = [R-i%dt  [JIx]
0 0

Ecan Tox nNoCTOSSHHBIH

W, =R-1% 1
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3axkoH OMa

Z/lR =7-R

Bnepsbie (JJ1 MeTAJIJIOB) €ro YCTAHOBUJ HEMEUKUH YYeHbIU
I'eopr Om B 1826 1.
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BoabsT-amnepHas xapakrepucruka (BAX) — 310
3aBUCHUMOCTb HANIPSI’KEHUS HA CONNPOTUBJICHUH
OT CHJIbI TOKA, IPOXOAAIEr0 Yepes 3T
CONPOTUBJICHHE

AMR MR=R°i

28



2. EMKOCTHOM 3JIEMEHT — 3TO 3JI€MEHT,
NPUOJIMIKEHHO 3AMEHSIOIIUHA KOHIEHCATOP, B

KOTOPOM HARAIINBACTCH SHCPI'US

IEKTPUIECKOr0 IMOJIsA:

2
C-u
W:m: ¢

i >
¢—>—|Jl %
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EMKOCTH —3T0 KO3 DUIMEHT
HPONOPUHOHAIBHOCTH MEXKAY 3apPAA0M O0KJIAAKH
KOHJAECHCATOPA U HANIPSIZKEHUEM MEXKIY ero
00OKJIAAKAMHU

Uc
OcCHOBa KOHCTPYKIUH
KOH/IeHCaTopa — JiBe
TOKOIPOBOAALINE 00KJIAAKH,

MCKAY KOTOPBIMH HAXOAUTCHA
AUIICKTPHK

30
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CJieBa - KOHAEHCATOPbI AJIS IOBEPXHOCTHOIO MOHTAXKA;
CIIPaBa - KOHAEHCATOPBI JJIsi 00bEMHOI0 MOHTAXKA; CBEPXY -
KepaMHUUeCKHe; CHU3Y - JJIEKTPOJIUTHYECKHE,
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CBsi3b MEKIY TOKOM M HANIPSIZKEHUEM Ha

CMKOCTHOM 2JICMCHTC

duc
dt

= Uuc I%jidl‘

Koraa Tok moJyiokuresieH, B eMKOCTHOM JIEMEHT
MOCTYIAET JJIEKTPHUYECKAs JHEPIUA U3 BHEIIHEH LEeIM.
Koraa Tok orpuuaresieH, TO JHEPrusi, paHee
HAKOILJICHHAA B JJIEKTPU4Y€CKOM I10J1€, BO3BPAIIAETCS BO
BHEIIHIOKO LENb.

32



Cxema 3aMellleHHs PeaJIbHOI0 KOHAEHcATOpA

2 _L J_

R — C
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3. UHAYKTUBHBIU 3JIEMEHT — 3TO 3JIEMEHT,
NPUOJINAKEHHO 3aMEeHSIIOIINNA UHAYKTUBHYIO

KATYILIKY, B KOTOPOM HAKAIJIMBAETCS YHEPIrus
MATHUTHOIO IOJISA:

Li®




NHAYKTUBHOCTH L — 3T0 KOAY(MMUIHEHT
NPONMOPIUOHAIBHOCTH MEXKIY
MOTOKOCHECILICHUEM U TOKOM, TEKYIIIUM 4Yepe3
KATYIIKY:

L=Y[Tx]

l
IloTokocuenieHueM  Ha3bIBACTCH
CyMMA MPOM3BEACHUN MATHUTHBIX
IMOTOKOB HA YMCJIA BUTKOB KATYIIKH, C
KOTOPHIMH OHH CIEIJICHBI

35



Eciau Bce BUTKH NMPOHU3BIBAKOTCH OJJTHUM M TEM JKe
MArHUTHBIM IIOTOKOM, TO MMOTOKOCHEIJICHUE
PABHO NMPOU3BEACHUI0 MATHUTHOIO MMOTOKAa @ HA

YHCJIO BUTKOB W: Y= D w [B6]

CBa3b MCAKAY TOKOM M HAIIPIAKCHUECM HA

NMHAYKTHUBHOM JJICMCHTC

i
ur :Lj; iZ%juLdt
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CxeMa 3aMellleHUsI HHAYKTHBHOM KATYIIKH

37



AKTHBHBIC JJUHEHHBIC 3JICMCHTBI

1. Uctounuk I/1C — 310 McTOYHHUK, I/AC €
KOTOPOI'0 HEe 3ABUCHUT OT BEJIUYHHBI
MPOTEKAIOILEr0 Yepe3 HEro TOKa 1 BHYTPEHHee
CONPOTHBJIEHHE KOTOPOIr0 PABHO HYJIIO.

i

Z Crpenka ykaspiBaeT TOUKY 0oJjiee
n I{ = €  BbICOKOrO noTeHnuaNa. Mcrounuk
BbIpadaTrbIBaeT IHEPIUI0, MOITOMY
€ () u TOK BHYTPH HEro Te4er OT TOYKH
- 00J1ee HU3KOI0 K TOYKe 0oJ1ee
— BHICOKOI'0 MOTEHI[HAJIA.

38



BHenIHAA XapaKkTepuCcTHKA

U,

u=FE e=const=FE

l

>
MomHocTh ucTOuHuKA I C

Pe=€"1
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UcTouHNK TOKA J — 3TO HCTOYHUK, KOTOPBIH
1aeT TOK, He 3aBUCHAIIAHA OT HANPSAKEHHUA HA €ro
3a:KUMaX. BHYTpeHHee CONMPOTUBJICHHE
HCTOYHHKA TOKA PABHO 0€CKOHEYHOCTH.

=/ 2 [ToasipHOCTH HANPSIKEHUSA U,
COOTBETCTBYET CJy4aro, Korjaa
u JT@) u HCTOYHUK BbIpadaTbiBaeT
- IHEPrUIo.

—2
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BHenIHAA XapaKkTepuCcTHKA

I A B
i= J = const

U
0 >

MOIHOCTH HCTOYHHUKA TOKA

py=uy-J




AKTHBHBbIE M IACCUBHBbIE 3JI€MEHTHI
IIPMMEHSIOTCH A COCTABJICHUSA
CXeM 3aMeIleHMS peaTbHbIX
NCTOYHHUKOB YJICKTPOMATrHUTHOH
JHECPIruu

42



Hanpumep, cxema 3aMelieHAs
AKKYyMYyJIsiTopa:

%91 ;qE@I

R

BH

—U.. (I= éII
E=U =00 ;D [].' ©

'[ BH
J=I_=E/R__ (U=0) c
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TonogornueckKue

IMNOHATHUHA

44



Tomojiornyeckue NOHATUSA
NPUMEHATCH
PH aHAJHU3E U pacyeTe
CXEM 3aMeIlEeHUSA YICKTPHUUYCCKUX

nemneu
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CxeMa — 310 rpadnyeckoe U300paKeHune
ICKTPUYCCKOU IICIH.

BeTrBBb — 3TO Y4aCTOK CXEMbI, B/10/Ib
KOTOPOro Te4€T OAMH 1 TOT K€ TOK.

Y3esq —3T0 MeCTO COeANHEHUA TPeX WU
00JIbIIIEr0 YHCJIa BeTBeH

KOHTYp — 3T0 3aMKHYTBIN NYTh,
MPOXOASAIIMHA IO HECKOJIbKHUM BeTBAM

He3zaBUCHUMBIN KOHTYP — 3TO KOHTYP, Y
KOTOPOI'0 XOTHA ObI 0IHA BETBb HE
NPUHALJIECKUT IPYTUM KOHTYypam

46



N=4 — yucj10 y3Jj10B

Cxema
M=6 — yucJ10 BeTBeH
R1 L]. ©
il 14
€1 mj C4_ i Y i2
R3 L5
ar—i (Y Y\t

“j 13 I5

(L)
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I'pad — 310 M300paKeHHe CXeMbl B BH/IE
JJUHUU (BeTBeH) M To4eK (y3y10B). CTpesku HA
rpadge noKa3sbIBal0T HANIPABJIEHUA TOKOB B
BETBSIX. |

I
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JlepeBo — 3TO YacTh rpada, coeINHAIONIAsA BCe
y3Jibl, HO HA OJJHOI'0 KOHTYpa

1 b




XOpabl — 3TO BETBH, KOTOPbIE AOIMOJHAIOT
aepeBo 10 rpaga

1 b
4 2
a°’ Cc 'd
3 C S
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He3aBUCHUMBIN KOHTYP — 3TO KOHTYP, KOTOPbIHN
COCTOUT M3 BETBEH JIepeBa U TOJBKO OTHOHU
xopabl. Yncj10 He3aBUCHUMBIX KOHTYPOB PABHO
YHUCIY XOP/

1 b
4
3 c
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3akonbl Kupxroga
Iepewtit 3akon Kupxzogha:.

aareopamdeckas CyMmMa TOKOB B Y3IIC
PABHSECTCS HYJIIO (TOKH, BBITECKAIOIIAE W3
y3/1a, CUMTAIOTCI  IIOJIOKUTCIbHBIMH, a
BTCKAIOIINE — OTPHULATCIBHBIMU):

D (xig)=0

s y3aa b: —ll —14 -|—12 :O
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R1 L]. b ©
e.l C4— 4 i2
L
R3 5 J
(Y Yyt
I i3 © i
(<)—=
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ITOT 3aKOH XapaKTepu3yeT
HENPEPbIBHOCTH JIEKTPUYECKOI0 TOKA.
Ecau cxema umeet N y3J10B, TO 10 MIEPBOMY
3akoHy Kupxrodga mo:xkHo 3anucars N—1
He3aBUCHUMbIX YPABHEHMIA.
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Bmopou 3axkon Kupxzoga.

B KOHTYp€ anreOpandeckas cymMMa MaJacHuM
HaNpsLKCHUS Ha MMACCHUBHBIX DJIEMEHTAX paBHA
anreopandeckor cymme DJ1C 1 HanpsKEeHUN
Ha 3aKMMaX UCTOYHUKOB TOKA.

C “4” GepyTcs BCe claraeMbie, MOJIOKUTEILHOE
HaIpaBJICHUE KOTOPBIX COBHAIACT C BHIOpAHHBIM
00xoa0M KOHTypaZ

Z+uk—z+€k Zqu
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I1o BTOpOMY 3aK0HY Kupxroga MoxKHO0
3anucarb M—N+1 He3aBUCHMMBIX YPAaBHEHM, 1€
M — 4ucJ10 BETBEH B CXeMe.

s konTypa 1: ul -+ uLl —uc4 —u3 — el

dii 1
HRy+ L iqdt —ia Ry =€
1M ldt C4_[4 343 |

Jlas koutypa 2: U3 TUrs=Uyg

| di
Z3R3-I-L5—5=LIJ

dt
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