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2 SﬂeKTpI/ILIeCKI/Ie Lernn NoCTOAHHOIO TOKaAa .

® ObLwure cBegeHnst 06 ANEKTPUYECKUX LENAX U UX ArieMeHTax

Dnekmpuyueckum moxom B IIEKTPOMPOBOIHBIX MaTepHraiax Ha3bIBaeTCs
HaIPaBJICHHOE JIBUKEHUE IIEKTPUUECKUX 3apsiI0OB MO JeHCTBUEM
AIIEKTPUUYECKOTO IMOJIS.

Inexkmpuueckasn yens MPENCTABISAET COO0N COBOKYITHOCTh YCTPOUCTB —
UCMOYHUKOB N ITIEKMPONPUEMHUKOB, COSTTUHEHHBIX JICKTPUIECKUMU
MIPOBOJIAMH B 3AMKHYHIYI0 Yenb U 00€CIICUMBAIOIINX TeHEPUPOBAHUE, TIEpeaauy
HCMOJIb30BaHME (IpeoOpa3oBaHUE) JIEKTPUIECKON IHEPTUH.

ITo Buy TOKA LIETIH pa3ACIISIOTCS Ha IEMHU MOCTOSHHOTO TOKA, U3MEHSIOIIETOCS
BO BPEMEHU TOKA U MEPEMEHHOTO TOKa.

Iocmoannwiii mox —3T0 TOK, HE U3MEHSIONTUNUCS TI0 BEJTUYUHE B I0CTATOYHO
OOJIBIIIOM MPOMEXKYTKE BPEMEHH.

Ilon nepemennvim morxom B SNEKTPOTEXHUKE TOHUMAIOT NEPUOUUECKUN BO
BPEMEHU TOK, U3MEHSIOIIUNCS B IIPe/iesiaX KaKI0ro Meproja mo
CHHYCOMIAJTbHOMY 3aKOHY.
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2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

g ObLwure cBegeHnst 06 ANEKTPUYECKUX LENAX U UX ArieMeHTax

B ucmounuxax (zenepamopax) paziuunvie 6uU0bl IHEPZUU NPEOOPA3YIOMCA 8
neKmpu4ecKyro Inepzuto. Haripumep, 3JIeKTPOMAIIUHHBIE TEHEPATOPbI
peoopazyroT MEXaHUYECKYI0 SHEPTHUIO, TOCTYNAIONIYI0 OT IEPBUYHOTO
ABUTATEIIsl (TYpOUHBI), B JICKTPUUECKYIO SHEPIHUIO. [ 'aIbBAHUYECKUE SJIEMEHTHI
(aMeKTpUYECcKHe Oarapen) U aKKyMYJISITOPbI TPEOOPa3yOT XUMUUYECKYIO SHEPTHUIO
B DJIEKTPUYECKYI0, TEPMOTECHEPATOPHI (TEPMOIIAPHI) TEIIOBYIO SHEPTHUIO — B
AIIEKTPUYECKYIO, (DOTORIEMEHTHI (COJIHEUHbIE OaTapeu) SHEPTUIO U3TYUYCHUS — B
AIIEKTPUYECKYIO U JIp. ICTOYHUKH 3IEKTPOIHEPTUU ABISIOTCA AKMUBHBIMU
neMeHmamu SICKTPUIECKON LIEeTH.

InekmponpuemHuku (Hazpy3xka), Ha0OOpom, nPeooPa3yom I1eKMpULEecKyio
IHEPZUI0 8 Opyzue Ul IHEPZUN, A UMEHHO: JIEKTPOJBUTATEIIN — B
MEXaHUYECKYI0, JJaMIIbl HAKAJIMBAHUS U ra30pa3psIHbIE — B CBETOBYIO,
AKKyMYJISITOPBI — B XUMUYECKY0, JIEKTPOHATPEBATEIN — B TEILJIOBYIO U JIP.
[IpreMHUKHU PTEKTPOIHEPTUU SBISIOTCI RACCUBHBIMU ITIEMEHMAMU
BIICKTPUYECKOM LIETIN.

Huxe. npencrapiieHa cxema-auarpaMmma psmMoro 1 00paTHOTo npeoOpa3oBaHUs
AIIEKTPOIHEPTUM B PA3TMYHBIE BUbI SHEPTUU U PA3IMYHBIE YCTPONCTBA —
npeoOpa3oBareiu, CBsI3aHHbIE C TPe0Opa30BaHUEM PHEPTHUHU.
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SﬂeKTpI/IL-IeCKI/Ie LHernn noCToAHHOIO TOKa

ObLwure cBegeHnst 06 ANEKTPUYECKUX LENAX U UX ArieMeHTax

Npeobpa3oBaHue 3HEpPrum B UCTOYHUKAX U NPUEMHUKaX

MexaHu4veckas

U cTOoOuyHNMKH
3JIEKTPOIHEPruu

aweprus e

Xumunyeckas
3Heprus

TennoBas
3Heirun
CBeToBas

3HeirMil

OHeprus
nnasmbl

o

FeHepaTopbI
OVWHaMoMaLlUMHKKN
Mbe3o3axuranku

AKKymMynsaTopbl
AnekTpuyeckue
6aTtapeu

Tepmonapbl

doTo3NeMeHThI
ConHeYHble
6aTapeu

TepmosiaepHble
peakTophbl
Mr'i-reHepaTopbl

IpueMHUKH

3JIeKTPOIHEPT UM

AnekTpoaBurarenu
OneKkTpomMarHuTbI
Pene

AKKyMynsaiTopbl Ha
3apsake
OneKTPONnU3H. BaHHbI

AnekTpoHarpeBa-
TenbHble NPUGOpPLI

OneKkTpuveckune
namnsl
Ceetoauoabl

MnasmaTpoHbI
MnasmeHHbIe cBa-
po4Hble annapartbl

MexaHun4yeckas

XumMuyeckas
3Heprus

TennoBas
3Heprus

CBeToBas
3Heprus

OHeprus
nnaswbl




3ne|<Tp|/MeC|<|/|e Lernn noCToAHHOIO TOKaAa .

ObLwure cBegeHnst 06 ANEKTPUYECKUX LENAX U UX ArieMeHTax

K ocnoeénvim snemenmamu uenu OmnHocamcia UCMO4YHUKU, IJICKMPONRPUEMHUKU
U COeOUHUMEIbHbLE npoaoda, 06pa3yrou4ue 3AMKHYmMYIO Uénsb.

PeanbHbie SJICKTPHUYCCKUC LCIIN COACPIKAT PA3IIMYHBIC 6CnomozamesibHble
I/1eMEHMDbI.

* KOMMYmMAUUOHHYI0 annapamypy, CIy>Kallyro sl BKJIIOUCHUS U OTKJIIOYEHUSI
OTJICJIbHBIX YYACTKOB IICIIH;

JeKmpouzmepumesnpHovle NPUOGOPsvl — 7151 KOHTPOJIS PAa3TUUHBIX TAPAMETPOB
B IICTIY;
3auiumHuble yCmpoiicmea B BUAE PA3TUYHBIX PEIOXPAHUTENEH,
aBTOMATUYECKHUX BBIKJIFOUATEIICH U Ap.
BcnomorarenbHbIMM 3JIEMEHTaAMU SJIEKTPUUECKUX LIETIEN TAKKE SIBJISFOTCS
npeoopa3zyloujue ycmpoiicmea B BUJE TPAaHCPOPMATOPOB, BBITPSIMUTEIIEH U
WHBEPTOPOB, KOTOPHIE MTO3BOJISIIOT PALMOHAIIBHO U HAJICKHO MEpeaaBaTh

AIIEKTPOIHEPTHIO HA TAJIbBHUE PACCTOSIHUS U PACIIPEIETATh €€ MEKIY
MOTPEOUTEIISIMU.
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SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

ObLwure cBegeHnst 06 ANEKTPUYECKUX LENAX U UX ArieMeHTax

CBOWCTBO AJIEMEHTA IEKTPUUECKON LIENU — pPe3ucmopa NorIoMaTh SHEPTUIO U3
AIIEKTPUYECKOM LIETU ¥ OJHOHAIIPABICHHO U HEOOPATUMO TPEOOPA30BHIBATH €€ B
TEIIOBYIO SHEPTUIO0 XapaKTEPU3YET apaMeTp 3TOTO JIEMEHTA — AKMUBHOE
eKmpuyeckoe conpomuegaenHue, Ui IpocTo — AKMUEHoe COnpomue/ieHue.

AKTHBHOE CONPOTUBICHHE 0003HaUaeTcs OykBoit R, n uMeeT enquHuIy n3MepeHuUs
— Om.

—_—

g—
T D

Puc.2. YcnoBHOe 0003HauUCHHE - a) U 00pa3Ilhl - 0) pa3IUYHBIX PE3UCTOPOB
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3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

Cxembl ANEKTPUHECKNX Lenen NoCTOAHHOro Toka

['padrueckoe n300paxeHne AEKTPUUECCKOMN 1IEMU HA3bIBACTCS 971eKMPULECKOU
cxemout (WU TIPOCTO — cXemMoit). DIEKTPUUECKUE 1IN MPUHATO U300pakaTh B
BHUJIE PA3JIMYHOTO POJIA cXeM, HA KOTOPBIX MTOKa3bIBAKOT OCHOBHBIE U
BCIIOMOTATEJIbHBIE AIIEMEHTBI U UX COEAMHEHUS. Yale BCEro nojab3yrTcs TpeMs
BHUJIAMU CXEM: DJIEKTPOMOHTAXKHBIMU CXEMAMHU, IPUHITUITHATLHBIMU CXEMaMHU U
UJICAUTU3UPOBAHHBIMU CXEMaMH 3aMEIICHHUS.

Ha asnexmpomonmasicnvix cxemax (Wi IpOCTO — MOHMANHCHBIX CXEMAX)
M300pakaroT YepTEKH (PCKH3bI) AIEMEHTOB LEIH, COSUHUTENIbHbIC MPOBOIA U
MeCTa COeIMHEHN. B OONBIIMHCTBE ClIydaeB MOHTaXHBIMH CXeMaMU
MOJIB3YIOTCS MPU U3TOTOBICHUH, MOHTAXKE U PEMOHTE SJIEKTPUUYECKUX YCTPOUCTB
Y LETIEN.

Ha npunyunuanvnvix cxemax (cv. puc. 3a) TOMOTHUATEIBHO TOKA3bIBAIOT
YCJIOBHBIE Tpauueckre n300paKEHUsI OCHOBHBIX U BCIIOMOTATEJIbHBIX 3JIEMEHTOB
(BBIKJIFOUATEIIM, YCTPOMCTBA KOMMYTAIINH, JJIEKTPOU3MEPUTEIIBHBIE TPUOOPHI U
ap.). [lpyHuunuanbHbIe CXeMBbI JAI0T NPEACTABICHUE O IPUHIIUIIAX PA0OThI LEMH
WM 3JIEKTPOYCTAHOBKH IIPU U3MEPEHUU, HAJIAJIKE U PEMOHTE JICKTPUUECKUX
LIETICU U DJIEKTPOTEXHUYECKUX YCTPOMCTB.




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Cxembl ANEKTPUHECKNX Lenen NoCTOAHHOro Toka

Inexkmpuueckan cxema 3ameuieHus — 3T0 pacueTHas MOJEIb, IPEIHA3HAYCHHAS
IUI UCCIIEAOBAHUS PEATBHBIX JIEKTPUUECKUX LENEn U yCeTpoicTB. Huke Ha
PUCYHKE NPUBEACH MPUMEDP BBITTOJHEHUS PA3JIMYHBIX CXEM MPOCTEUIIEN
NMEKTPUUECKON Lenu. Ha cxeMax 3aMeneHus peajibHbIE€ JIIEMEHTHI LU
3aMEIIA0TCS YKBUBAJIEHTHBIMU PACYETHBIMU MOJICIISIMU (MI€aTM3UPOBAHHBIMU
AIIEMEHTaMH) U U3 CXEMbI HCKIIFOUAOTCSI BCE BCIIOMOTATEJIbHBIE DJIEMEHTBI, MaJlo
BIIUAIOLIME HA PE3YJIBTATHI pacueTa.

| B

Puc. 3. IIpocrenmias nenb NOCTOSIHHOTO TOKa
a — NPUHYUNUATIbHASL cXema, 0 — cxema 3ameujeHusl;
8 — YNPOWeHHAs OOHOKOHMYPHASL CXeMa 3aMeueHusl
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3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

Cxembl ANEKTPUHECKNX Lenen NoCTOAHHOro Toka

[Ipu aHanM3€ CIOXKHBIX IIEKTPUUYECKUX LIETIEHN MOJIBb3YITCSA CIEAYIOIUMUA
Tr€OMETPUUECKUMU (TOMOJIOTMYECKUMH ) MOHSTUSIMU: BETBb, Y3€JI U KOHTYP.
Bemeéb — 510 y4acTOK IEKTPUUECKOU LIETU C TTOCIEA0BATEIBHO COEAUHEHHBIMU
AJIEMEHTAMU, YE€PE3 KOTOPHIE MPOTEKAET OJIUH U TOT K€ TOK. BETBb Ha3bIBAETCA
AKMUBHOU, €CIIU OHA CONEPKUT UCTOUHUK BJICKTPOIHEPTUU, U RACCUBHOU — E€CITU
HE COJICP)KUT UCTOUYHMKA JIEKTPOIHEPruu (puc. 4).

¥Y3en snekrpruueckon Lenu — 3T0 MECTO IIEKTPUUYECKOTO COCTUHEHUS TPEX U
OoJiee BETBEH. Y3€i JIEKTPUUECKOM LIEMU Ha CXEME OTMEYAETCS )KUPHON TOUKOM.
Ecin Ha cxeMe MeCTO nepeceueHursi BETBEM TOUKOU HE OTMEUEHO, 3TO O3HAYAET,
YTO BJIEKTPUYECKOTO COCIUHEHUS BETBEN B 3 TOM MECTE HET.

Konmyp — no00¥i 3aMKHYTBIW ITyTh 00X0/1a BJIOJIb BETBEU SJICKTPUUECKOM LETIH,
HAYUHAIOLIUICS U 3aKAHYMBAIOLIUICS B OTHOM U TOM K€ TOUKE.

He3aeucumbtit KoHmyp — 3aMKHYTBINA NIy Th, POXOAALIMAN 110 HECKOJIBKUM BETBAM
Y BKJIIOYAIOIIWNA OJJHY HOBYIO BETBb MPU KAXKJIOM 00X0JIe KOHTypa. 3a
MOJIOKUTEIBLHOE HAIPaBJICHUE 00X0/1a B KOHTYPE YCIOBHO MPUHSIT 00XO0/] 1O
gacoBo¥i crpernke. Koutypsr obo3naqatorcst Oyksamu K, K,,... BHyTpH
HE3aMKHYTBIX KOJIBILIEBBIX CTPEIOK (cM. puc. 4).




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Cxembl ANEKTPUHECKNX Lenen NoCTOAHHOro Toka

[Ipocrenimas 37eKTpruIeCcKas LEmb, KOTJa BO BCEX AJIEMEHTAaX 3aMKHYTOM LIENHU
MIPOXOAUT OJMH U TOT K€ TOK, HA3bIBACTCSI 00HOKOHmYpHOou (cM. puc. 5) . Cxema
AIIEKTPUUYECKOM LIEMH, COIECPIKANIECH MapAIUIETbHOE WIIM CMEIIAHHOE COCIUHECHUE
BETBEU, HA3BIBACTCA PA36EMEICHHOU NI MHOZOKOHMYPHOU

(CM. pHUC. HUKE). DIESKTPUUECKHUE 1M MOTYT IMIUTATHCS OT OJJHOTO UCTOYHHKA
SHEPIrUM WM OT HECKOJIBKUX.

Puc. 4. Cxembl 3aMellIeHUs PA3BETBICHHOM LEMH NOCTOSIHHOTO TOKA
@) — C OOHUM UCTMOYHUKOM NUMAHUS, 0) — C 08YMS UCMOYHUKAMU NUMAHUS
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3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

3akoH Oma

3akoH OMa 115l yYACTKA e

Hanpsixenue U (magenue HanpsbkeHus ), Tok I u conporuBienne R yyactka nenu

CBSI3aHBI COOTHOIIIEHUEM, KOTOPOE HA3BIBACTCS 3aKoHOM Oma 0na yuacmka yenu:
Tok na yuacmke 31eKmpuyuecKkoi Wenu npamo nPOnOPUUOHATIEH HARPAINCCHUIO

U 00pamHuo NPONOPUUOHATIEH CORPOMUBTIEHUIO IMO20 YUACMKA:

N3 310l popMyIibl CIEAYIOT BE Apyrue Gopmyibl st pacyera HanpsbkeHus U u
conporubiicHus R ydactka nenwu: U

U=IR ; R=—.
|

O0001IeHHBIN 32aK0H OMa I yYacTKa 1enu (BeTBu lg, copepxaiieu n
ncTOuyHUKOB JJ[C Ej M M COTIPOTUBIICHUH R
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3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

3akoH Oma

O0001eHHbIN 3aK0H OMa JUIsi Hepa3BeTBJAeHHOM nenu (coxaepxamieid n J(C
E. u m conporusnenuii R): n
’ " 2E
. 1 j
I = JII_] L]
2R
f

=1

3akon Oma /1151 OIHOKOHTYPHOM 1enu (1enb coaepxut oauH uctouHuk JJC E
C BHYTPEHHHUM COIIPOTHBIICHUEM R , CONpOTUBICHHE NBYXITPOBOAHOM JIMHMN R
Y CONPOTHUBJICHUE HArpy3ku R: E

1= :
R,+R +R

Puc.5. Cxema 3amenieHnsi OTHOKOHTYPHOM LENH
(IBYXIIpOBOAHAS JTUHUS JIEKTPOIEPEIadun )
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3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

OnekTpuyeckoe conpoTUBEHNE NPOBOAHMKA

Pacuer cOnpoTHBIEHNS NPOBOJIHUKA
[

RM p C— 99
S

rie I — anvHa mpoBogHUKA (M); S — IIONEpEYHOe cedeHHe MPOBOJHMKA (MM?),

2
p — yoerbioe conpomuenenue Marepuana nposonauka (2 MM )

VYnenbHbIE COMPOTUBIICHUS AJIEKTPOIPOBOIHBIX MaTepHUaIoB (MPUOIU3UTEIBHO):

OM - MMm° OM - MM°
MEJIHOTO TIPOBOJIA: Py, & 0,0175=—""—; ATIOMIHHMEBOTO IPOBOJIA: P,y ~0,028— —
M

DnekTpuyeckast npoBoauMocTh G — BemnurHa o0parHas conpoTunieHuo R:

G=—.
R

EnHMIa M3MEpEHHs dNIeKTpUYeckoil nposoguMoct — Om ™! umu cumenc (Cm).

Yoenvnan snexmpuueckan npoeooumocms v: iy

Y_B’ Om-Mm°



e OMNeKTpuueckue Lenu noctosiHHoro Toka [

[TocnenoBartenibHOE, NaparnsesisHoe U CMeLlaHHoe CoeanHeHne
COMNPOTUBIIEHNA

IlocaenoBarejibHOE COEIMHEHUE CONPOTUBJICHUM
Ilocneoosamenvnoe coedunenue n pe3UCTOPOB, KAKIBIA U3 KOTOPBIX UMEET

OMPE/ICIICHHOE aKTUBHOE CONMPOTHBIICHHE R (rme k= 1,2,...,n) B cxeme

3aMCIICHUA MOKXHO 3aMCHUTb OAHUM IK6UBAIEHMHbBIM CORNPOMUBICHUEM Rnoc’

OKBHUBAJICHTHOE CONPOTHBICHHEe R T1OC/Ie10BaTeIbHON LN U3 1 AKTUBHbIX
conpoTuBieHni R paBHO apu(MeTHIECCKON CyMME STHX CONPOTUBIICHHUI:

Rnoc = iRK *
K=l

B ciryyae paBHBIX 10 BEIMYUHE BCEX M CONPOTHBICHUA R . COCIMHEHHBIX
mocienoarensio (R, =R, =...=R =R): R =nR.
n moc
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e OMNeKTpuueckue Lenu noctosiHHoro Toka [

[TocnenoBartenibHOE, NaparnsesisHoe U CMeLlaHHoe CoeanHeHne
COMNPOTUBIIEHNA

IlapajjejabHO€E COeIMHEHNE CONIPOTHBJIECHU N

HpH napaniiéiibHom COeOUuUHEeHUU deKmponpuemMruKoe OHN BCC HAXOAATCS 11O
OOAHHUM U TCM KC HAIIPSAKCHHUCM U:

Ly

/\" |
~ ™~ —
o o . e o
Il IZ In U
Ul R l R, R, l = R
O o -+ O {

3KBI/IBaJ'I€HTHa}I 3aMCHA HapaJIJICJII:HO COCANMHCHHBIX yqaCTKOB eI C
COHpOTHBJ’IGHI/I}IMI/I RK l'IpI/IBOI[I/IT K CJIOXKCHHUIO UX HpOBOI[HMOCTCﬁ GK 51
OHpGI[GJ'IeHI/IIO BKBHBaHGHTHOﬁ CYMMapHOfI HpOBOI[I/IMOCTI/I 110 Q)opMyﬂe:
n n 1
Gy = 3G =
K=1 K=l K
3KBI/IBaJ'I€HTHOC COHpOTI/IBJ'ICHI/IC Rnap FpYHHBI HapaJ'IJIGJ'IBHO COCANMHCHHBIX

conpotuieHuil R, Oyner o0paTHO SKBUBaJIEHTHOW mpoBoAUMOCTH G :
i nap
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OrekTpUYecKme Lienu NoCTOsIHHOMO Toka [

[TocnenoBartenibHOE, NaparnsesisHoe U CMeLlaHHoe CoeanHeHne
COMNPOTUBIIEHNA

Rnap = ! - ! *
G ZL
K=l RK

Jyist ciryyast ABYX mapaisienbHO COSAMHEHHBIX conpoTuBieHnd R, n R,
SKBUBAJICHTHOE CONPOTUBJICHHUE 3TOM rpymiibl R
1 _ RR,
11T R+R,
Rl R2
B ciyyae paBHBIX 110 BEJIMYMHE BCEX N CONPOTUBIICHUH R, coeMHEHHBIX
mapamienbHo (R, =R, =...=R_=R):
n
G =nG=n/R; R =1/G_=R/n
nap nap nap
To eCTh SKBUBAJIEHTHOE COIPOTUBIICHUE RHap IUI TPYIIIBL U3 N MapaJuIeIbHO
COEIMHEHHBIX U OJMHAKOBBIX CONMPOTUBIEHUN R MeHbIIE B N pa3 KaxI0ro us3
COIPOTUBIIEHUMN 3TOU TPYIIIHL.
[Ipu nnepecoeMHEHNN TPYIIIBI U3 N TIOCIEI0BATEIIBHO COEAUHEHHBIX U
OJIMHAKOBBIX COINPOTUBIIEHU R B rpymnmny m3 3Tux »e n CONPOTUBIICHUN,
COEIMHEHHBIX MapaAJUIEIbHO, SKBUBAJIEHTHOE COIPOTUBIICHUE YMEHBIIIUTCS B
KBaJpare 4YKhciaa N CONPOTUBIICHUN:

R.=
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OrekTpUYecKme Lienu NoCTOsIHHOMO Toka [

[TocnenoBartenibHOE, NaparnsesisHoe U CMeLlaHHoe CoeanHeHne
COMNPOTUBIIEHNA

CMenianHoe coe/IMHEHNE CONPOTUBJICHUN
Jl1s1 pacueTa pa3BETBICHHBIX AIEKTPUUECKUX LEMAX CO CMEULAHHBIM

COeOUHEeHUEM dnekmponpuemruKkoe BHa4aJc CJICAYCT BbIACIIUTD I'PYIIIIbI
MMOCJICAOBATCIIBHO U ITAPAJIIICIIbHO COCANMHCHHBIX 3JICMCHTOB. HOCTGHGHHO, mar 3a
ararom, npeo6pa3013513a;1 OTACJIbHBIC T'PYIIIIBLI 9JICMCHTOB HA 9KBUBAJICHTHBIC,
MOXHO IMPCACTABUTH BCC 3JICMCHTHI OAHHUM 3KBUBAJICHTHBIM COIIPOTHBJIICHUCM. D
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OrekTpUYecKme Lienu NoCTOsIHHOMO Toka [

[TocnenoBartenibHOE, NaparnsesisHoe U CMeLlaHHoe CoeanHeHne
COMNPOTUBIIEHNA

IMpumep

B xauecTBe mpumMepa, BHaYaje mpeoopazyeM UCXOJIHYIO CXeMY 3aMellleHus (JeBbIi
PUCYHOK), Hai[si SKBHBaJICHTHbIC conpoTuBieHust R ) u R,,, cOOTBETCTBECHHO,
JUTSL TPYTIIBI [IOCJIE/IOBATEIbHO COSTMHEHHBIX conpoTuBieHui R, 1 R, n

MapaulesIbHO coeMHEeHHBIX R, 1 R
R,=R,+R;

— R3R4
* R,+R,
[IpomexxyTouHass cxema 3aMEIIEHHS B 3TOM CIIy4Yae MPUMET BHUJ TPEX
TIOCJIEI0BATENIBHO COCANHEHHBIX conporuBieHni R ,, R, u R,.
(cpednuii pucynok) .
Jlanee, cyMMUpys 3TU COIPOTUBIICHUS, HAIEM 0011e€ SKBUBAJICHTHOE
conporusienue R, (npassuii pucynox):

12°

R,R
R,=R,+R,,+R, =R, +R2+ﬁ+R5.



2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

aﬂeKTpI/I‘-IeCKaFI IHEPrma 1 MOLLIHOCTb

OnpeneneHue IEKTPOIHEPIUM M JICKTPUYECKOU MOIIHOCTH
Inexkmpuueckasn Inepzusa W dKBUBAJICHTHA paboTe A, cOBEpIIaeMoit

ANEKTPUUYECKUM IOJIEM ITPH NEPEMENICHUH IICKTPUUECKOTO 3apsiaa Q Mexmy
KOHI[AMH Y4aCTKa IEKTPUIECKON LEeNH C Pa3HOCThIO oTeHunanoB U= @ — ¢, u
PaBHA MIPOMU3BEICHUIO BETUYMHBI 3TOTO 3aps/1a HA HAPSHKEHUE MEXTy KOHIITAMU
yuactka: W=A =QU.

B nenu mocTostHHOrO TOKA BemurHAa 3apsaa Q onpenensiercsa cuinon Toka I,
MPOIIE/IIIETO MO y4acTKy memnu 3a Bpems t: Q =1 t.

[ToaTomy anmexkTposHeprus paHa: W=A=UIt.

JI1s1 OLIEHKY SHEPTETUYECKUX XaPAKTEPUCTUK DIEKTPUUECKUX CUCTEM BAXKHO
3HaTh, C KAKOW CKOPOCTHIO SHEPTHUs BHIPA0ATHIBACTCSA B UCTOYHUKAX
ANIEKTPOIHEPTrUM (T€HepaTopax) U NOTPEOIAETCS B AIETPOINPUEMHUKAX
(Harpy3ske). [{s1 3Toro ciiy’KUT Mepa UHTEHCUBHOCTH BBIPAOOTKH, IOTPEOJICHUS
WJIA TIEPEAYU IEKTPOIHEPTUH, KOTOPAsi HA3bIBACTCS 271eKMPUUECKOU
MouiHocmobio P 1 B 1IENISIX TTOCTOSIHHOTO TOKA OMPEAEIACTCS KaK

P=¥=UI.
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aﬂeKTpI/I‘-IeCKaFI IHEPrma 1 MOLLIHOCTb

Takum 00pa3zoM, FIEKTPOIHEPTUS OMPEAECTACTCS MPOU3BEACHUEM MOITHOCTH Ha
BpEMs1, B TEYEHUE KOTOPOT'O 3Ta MOIHOCTH pacxonyercs: W = P-t.
Enunnnbl u3MepeHus 3JeKTPOIHEPTruH W MOIITHOCTH
OcHoBHas enuHUIA U3MepeHUs FHepruM (padoTel) B cucteme CU — daxcoynn (dx).
EnunHuna snexkrpudyeckoil MomHocTy — eamm (BT). B Thica4y pa3 Oonbiias
€AMHMIIA MOIITHOCTH — Kuioeamm (KBT), B MIJIMOH pa3 OoJibIas — Me2asamm
(MBT).
[TpakTHUYECKOW EAUHULIEN U3MEPEHUS IEKMPUYECKOU IHEP2UU CITYKAT
kunoeamm-uac (KBt -4ac), 1. €. pabota, coBepiiaemMas Ipu HEU3MEHHOM
mornHoct 1 kBT B Teuenune 1 yaca.
Tax xak 1 Br'c =1 JIx, To 1 kBt uac = 3,6-10° Bt-c = 3600000 .
Bocnonp3oBaBimuck popMynaMu U3 3akoHa OMa, akTUBHYIO MOIITHOCTD JIJIs
PE3MCTHBHBIX JIEMEHTOB MOKHO OTIPE/IETUTD B BUIC: p _ U_z,mm P =I°R.

R
BuaHo, 4To akTUBHAs MOIHOCTH P, BhIiCIsieMas B Harpy3Ke, IpsiMo
MPOIOPIIMOHANIbHA KBaJApaTy HaIpsHKEHUS MPUIOKEHHOTO K Harpy3ke. Hampumep,
IIPU YBEIWYECHUH HaApskeHHs Ha 10% MOITHOCTH B HArpy3Ke BO3pacTaeT B 22
1,12=1,21, To ects 6onee yem Ha 20%.
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3neKTp|/|qu|<a;| IHEPrma 1 MOLLIHOCTb

Takxe BUHO, YTO aKTUBHAS MOLTHOCTh 0OpPaTHO MPOMOPIIMOHAIbHA BEIIMYMHE
AKTUBHOTO COMPOTHUBIICHUS HAarpy3ku. [1oaToMy uem MolHee Harpy3ka, Tem
MEHBIIIE €€ AKTUBHOE COIPOTHUBJICHHUE.

AKTHBHasi MOIITHOCTb, BbIpabaTeiBaemasi uctounukoM J/[C, onpenensiercs
dopmymoii: P =E-L

3akon /I:xoyis-JleHna

3akoH Jlxoyna-JIeHna onpeaeasaeT TemI0BOe IEMCTBUE TOKA HA TPOBOIHUK:
Konuuecmeo menna, 6b10€/1eHHO20 MOKOM 68 RPOBOOHUKE RPONOPUUOHATbHO
CONPOmMuUE1eHUI0 NPOBOOHUKA, KEAOPANLY CULbl MOKA U PEMEHU €20
npoxoscoenus: W =I*Rt = Ult.

bajianc MmomHocreu

N3 3ak0Ha COXpAaHEHUS SHEPTUU CIIEIYET, UTO B 3AMKHYTOM 3JIEKTPUUYECKOU LIETIH
COOJTIONIACTCA IHEP2emUuUecKuil 0a1anc — 0a1anc MouwHocme:

Anzebpauueckan cymma MouwiHOCmel 6cex UCMOYHUKOE INeKMPOIHEPZUU PAGHA
apugpmemuyecKkoi cymme MOwiHOCmel, OmMpedIAemMblx 6 NPUEMHUKAX IHEPZUU

gpm =§E€ I =2R{ I(z°

k=1 23
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[lepBbI 1 BTOPOU 3aKOHbI Kupxroga

Iepsbii 3axkoH Kupxroga

[TepBriit 3akoH Kupxroda ycraHaBIMBaeT COOTHOIIEHUS TOKOB B BETBSAX,
COEIMHEHHBIX JICKTpUUECKUM y3iioM. Cozcnacno nepeomy 3axony Kupxzoga:
Anzebpauueckan cymma moKoe 6 6emeAax yenu, COeOUHEHHbIX I1IeKMPUYeCKuUM

Y3710M, PAGHA HYJIO: n
>1, =0.

K=1
TOKI/I, HaIIPAaBJICHHBIC K Y3J1y YCIIOBHO CHHUTAIOTCA ITOJIOKUTCIIbHBIMU U
3aIlIMCBIBAKOTCA CO 3HAKOM INNIHOC, 4 CO 3BHAKOM MHUHYC — HAIIPABJICHHBIC OT Yy3JId.

Hpyrast hpopmynnpoBka nepBoro 3akoHa Kupxroda:

Apugpmemuueckan cymma mokoe 6 00HUX 6emeaAX, HANPAGIEHHbBIX K Y3y
EeKMPUYecKoll yenu, pagHa moil JHece camoil Ccymme mokoe, HanpasieHHbvIX no
Opy2um 6emeam om 3moz2o y3id.



19 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

[lepBbI 1 BTOPOU 3aKOHbI Kupxroga

Iepsbii 3axkoH Kupxroga

\I, Ilpumep:
Il—Iz+I3—I4—15=O; 15305
Il+I3=Iz-|—I4+I5

[TepBriit 3akoH Kupxroda sSBiaseTcs clieICTBUEM TOTO, YTO 21eKMPpUiecKue
= ®  30paovi, npomexarowiue o MoKam 8 6EMEAX, ¢ V10X INCKIMPUIECKOT UENI e
@ '‘axaniusaiomcs,

2
. @




SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

[lepBbI 1 BTOPOU 3aKOHbI Kupxroga
Bropoii 3akon Kupxroga

Btopoii 3akon Kupxroda ycranasnupaer cootHomenune mexay I1C u
HaMpsKEHUSIMU B JIIOOOM 3aMKHYTOM KOHTYPE JIEKTpUYeCcKoil 1ienu. CornacHo
BTOpOMY 3akoHy Kupxroda:

Aneeopauueckan cymma I/IC 6 3aMKHYymMOM KOHmype I1eKmPUUecKkoul yenu
PaesHa anzeopauiecKkoil cymme na0eHuil HANPANCEHUN HA CONPOMUBTICHUSAX,
8X00AUUX 8 IMOM KOHMYP:

YE =), U, =)R]I,.
K=l K=l

K=l

31ech E.. Ur, Ry m [ — COOTBETCTBEHHO, K-bIC OJ1C, HanpsbkeHue,
COIPOTUBIICHUE W TOK, BXOJSIINAE B KOHTYP SJICKTPUYECKOM LICITH.
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[lepBbI 1 BTOPOU 3aKOHbI Kupxroga

JI71st aneKkTprudecKux KOHTYpOB 0€3 UCTOUHUKOB JJ[C, 0XBaTHIBAIOIINX TOJIBKO
MIaCCUBHbBIE BETBU, (DOPMYITUPOBKA 6mopo2o 3axona Kupxzogha Oynet Takou:
Anzebpauueckan cymma HaAnpANCEHUII HA YYACMKAX IJ1eKMPUYECKOUl Yenu,
8X00AUUX 8 3AMKHYMBLIL KOHMYP, DAGHA HYIIO:

> U= R, =0.
K=l

K=1

IIpaBuJio 3HAKOB NPH 00X0/1e KOHTYPA
[Ipu cocTaBiieHMU YpaBHEHUM cllaraeMble OEpyT CO 3HAKOM ILIIOC B CiIydae, Korja

Hanpasienus I/]C, Toka Wi HanpspKeHUs: (0003HaUYCHHBIE CTPEJIKaMU Ha CXEME)
COBITA/IAIOT C MOJIOKUTEJIBHBIM HAMPABIECHUEM 00X0/1a KOHTYpa (110 4aCOBOM
cTpenke). B mpoTuBHOM ciydae 3T cllaraeémMble OEPYT CO 3HAKOM MUHYC.




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

[lepBbI 1 BTOPOU 3aKOHbI Kupxroga

IIpume AcYeTa Ieny ¢ McnoJb30BanueM 3akoHOB Kupxrodga

I
2 3ananbl Benmuunbbl J[IC E u E,, a Takke
E, conporuBieHus R, R, u R,

- C‘) Tpebyercsi HATH TOKU B BETBAX
2

1
I.1 I3 Y HaINpsHKEHUS UO, U,U, U3
@ Pemienne: CocTaBUM TpH JIMHEUHBIX
2

1’722
R3[|]TU3 YpaBHCHUA C TPCMA HCU3BCCTHBIMU (TOKI/I
I,L,L).

[lo mepBomy 3axoHy Kupxroda mmst ysma I: I —L +1,=0.
[1o Bropomy 3akoHy Kupxroga mis konrtypa K, (sieBoro):

E=U,+U +U,=LR +IR +LR;
u uist kouTypa K, (npasoro): -E,=-U, -U,=-LR, -LR.
Jlanmee pemaem U3BECTHBIMUA METOAAMH CUCTEMY TPEX JIMHEUHBIX YPABHECHUU C
Tpems HensBecTHbIME (TOKH I, L, I). I1o HaliieHHbIM TOKaM 1 H3BECTHBIM
COIPOTUBICHUAM 110 3ak0oHY Oma onpenernsiem Hanpspkerust U, U, U, U,.
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2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .
*

Pexxnmbl paboTbl aneKTpruveckoun Lenm

Cxema npocToi OTHOKOHTYPHOM 1enu

"

|S
Pesxnm XX D K cnanny 34

Ru
Pexxnm K3 D K ciaimy 36

&
4

Puc.6. Cxema 3amenieHns: OTHOKOHTYPHOM LIETIH
(IBYXIIpPOBOJHAS JTUHUSA JIEKTPOIEPEIAUM )

Pacuernblie popmyJsbl [To BTopomy 3akoHy Kupxroda
E=U,+U =IR;+U; U =E-U,=E-IR,.
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Takum oOpasom, HanpsDKEHUE B Hadasle IMHUM dJiekTponepenadn U, MeHbIIe
O/IC reneparopa E Ha Ben4nHy NOTEpH HAMPSDKCHHS B UCTOYHKKE muTanust U .09




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboThl anekTpruveckoun Lenm

PacueTHbnie hopMVIbI
E=U,+U,+U,=I(R,+R, +R,);

U,=E-AU=E-I(R,+R,),
e

AU=U,+U, =1(R,+R,).
— nomepu HaANPANCeHUus B JTUHAN dJIEKTPOIIEPEIadHu.
BujHo, uto Hanpsbkenne Ha Harpyske U, Bcerna menbiue JJC reneparopa E Ha

BEJIMYMHY CYMMapHOU morepu HanpsikeHns AU B ICTOYHUKE MUTAHUSA U JIUHUU
IIEKTPOIIEPEIAYU.
ITo 3axony OMa TOK B OAHOKOHTYPHOM LIETIH | — E )
R,+R, +R,
Hanpsokenue Ha Harpy3ke U, =IR,. C ydeTom npeapiayiie GopMysb:
— ERy U, = =

U, = 1581051 R,+R;
R,+R,+R, TR

+1
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2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboThl anekTpruveckoun Lenm

AHanu3 BBILICTIPUBEACHHBIX (OPMYJT TIOKa3bIBACT, YTO POCT CONMpOTHBICHHH R 1
R, BBI3bIBACT yBEIMYCHUE CYMMapHOH MOTepH HanpsukeHus AU B HCTOYHUKE
MATAHUS U JIMHUAW JJIEKTPONEPENAYN U, COOTBETCTBEHHO, YMEHBIIIEHHE
HaMpPsHKCHUS UTaHus Harpysku U,.

C yBenmM4eHHEeM CONPOTHUBIICHUS HArPYy3KHU HanpsokeHue muranust U,
yBennuuBaercs, n3MeHssich ot () 1o E, npu yBennyeHnu CornpoTuBICHUN
Harpys3kn or R, =0 gm0 Ry =o0.

PexxuM ¢ HyNeBbIM 3HaYCHHEM CONPOTHBICHHS HAarpy3ku (R = 0) HasbiBaeTcst
PEHCUMOM KOPOMKO20 3aMbIKaHUuA, COKpaieHHO — K3, pexuM ¢ OTKIr0ueHHOM
Harpyskou , korza 70 R = oo, Ha3bIBACTCS PEAHCUMOM XONOCMO20 X004a,
CokpaieHHo — XX.

Pexxum paOoThI O ONPENEIIEHHON HAIPY3KOW HA3bIBACTCS PAOOUUM PEHCUMOM.
Korna Harpy3ka gBisieTCsi HOMUHAJIBLHOU PEKUM PA0OThI OYJIET HOMUHATbHBIM.
I'padux 3aucumoctu U, = f(R) ot pexxnma K3 o pexxnma XX, BKimrogast
HOMUHAIIBHBIN pexuM (pu R, = R, ) mokasau Ha puc. 7.
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Upon = Up + Uy

> UZHOM

Uz =0 ! >
0 Ry = Rygom 0

Puc. 7. 3aBucumocTs HanpspkeHust mutadus U, OT conpoTuBieHust Harpy3ku Ry

U3 rpaduka BHIHO, YTO C YBCAMYCHHCM COMPOTHBICHUsS Harpy3kn Ry
yBEIIMYMBACTCs 10y HampspkeHust U, IPUXOISIIErocs Ha MUTaHUE HArpy3KH C
OJHOBPEMCHHBIM YMeHbIIIeHHEeM noTepu Hanpsbkenust AU= U + U .

32




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboThl anekTpruveckoun Lenm

HoMuHAJABLHBIN peKUM PA0OThI e

[Ipu MpOEKTUPOBAHUU CUCTEMBI SJIEKTPOCHAOKEHUSI COOTHOIIEHHUE TTapaMETPOB
mernn R, R, v R BEIONparOT TakuM 00pasom, 9TOOBI B HOMUHATILHOM pedicume,
NPY HOMUHAJIBHOM BETMYMHE CONPOTHBIICHUS Harpysku Ry = R~ notepu
HanpsokeHnst AU OBbUTH HAMHOTO MEHBILC HAMPSUKCHUSI INTAHUSI HATPY3KH

U, o, OTO OOBSICHSCTCSI TeM, YTO MOTePU HanpsvkeHust B TMHUH U, ¥ HICTOYHHUKE
nuTanus U HalpsiIMyIo CBSI3aHBI C MOTEPSMH MOLIHOCTHU B OTHX 3JIEMEHTAX
AIEKTPUUECKOMN LIETIH.

JI1s1 yMEHbIIEHUS TOTEPh HAMPSIKEHUS HY>KHO, YTOOBI CYyMMapHO€E
CONPOTUBIICHUE JIMHUM U UCTOYHUKA MUTAHUS ObLJIO HAMHOTO MEHbBIIIE
conpoTuBieHuUs Harpy3ku: R +R; <<R,. HomunansHoe Hanpsokenue U,
HOMHUHAJBHBIN TOK 1, 1 HOMHMHaNbHAsI MOIIHOCTD HArpy3ku P cBsizaHb
cootHomenuem: P, =U_ I .

CoOmroeHre HOMUHAIBHBIX PEKUMOB pa0OThl ICTOYHUKOB U PUEMHUKOB
obecrieunBaeT 3(PPEKTUBHOE U SIKOHOMUYHOE TTPOU3BOACTBO U MOTPEOICHHE
AIIEKTPUYECKON SHEPTUM, BEICOKMH KOA(PPUIIMEHT MOJIE3HOTO ICUCTBUS U

rapaHTUPYET 3aJaHHBIA CPOK CITY>KOBbI AJIEKTPOTEXHUYECKUX YCTPOMCTB.
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Pexxnmbl paboThl anekTpruveckoun Lenm

Ko>xddunmeHT moJjie3Horo 1eicTBus

Koagppuuuenm noneznozo oeitcmeus (K1) y cucteMbl 2J€KTPOCHAOKEHUS HA
MpUMEPE LENH MOCTOSTHHOTO TOKa (¢M. puc. 6), KaK U 000U APYroil 3aMKHYTOM
AHEPreTUYECKON CUCTEMBI, HE 0053aTeJIbHO ANEKTPUUECKOIO XapaKTepa,
ONPE/IEIIICTCsl KaK OTHOLICHHE M0JIe3HON MOIIHOCTH P, BbICIsSIeMOl B HArpy3Ke
RH K MOIIITHOCTH Pl, BbIpa0AThIBAEMOM B UCTOYHUKE SHEPTUH ITOU CUCTEMBI:
_P

n= P .
MoOIIHOCTh Pl, paBHasi MOIITHOCTH PHCT, BbIpa0AThIBAEMOM B MCTOYHUKE NMUTAHUS,
BCEra paBHa CyMMe MOJIe3HOU MOIIHOCTH P, 1 MomHocTH otepb AP. TToatomy
KIIJI meny MOXXHO OMPEAESTUTD KaK:

P, 1

AP +P, =AP_|_1

2
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Pexxnmbl paboThl anekTpruveckoun Lenm

Koy dpuumeHT 1moJie3Horo 1ecreus
MormiHocTH B cTouHMKe muTanus P, u Harpyske P, COOTBETCTBEHHO paBHbI:
P =P =EI P,=U L
[oxcrasnsist motuHocTr P, u P, 13 oTuX opmyr u st 9ucianTens u
3HaMeHarelb Ha TOK I, momyunm Beipaxenue 1y K111 B Buse orHomenunm
HAPSKEHUM:
p U, U, U,

TVETU +U, +U, AU+U,

Jlest uncnuTens U 3HaMeHaTeb 3Toro BeipaxkeHus Ha Tok I, monmyuum KIIJI , kak

OTHOUICHUE COMPOTUBIICHUN 3JIEMEHTOB LIECTH:
y = R, _ 1
R +R; +R,; R +R,
R
DTO BBIPAXKEHUE MOKA3BIBAET, YTO MPHU YBEIIMUYECHUH COITPOTUBIIEHHS HATPY3KHU OT
HYJISL 10 O4eHb Oobion BenmuuHbl, KIT/] ienu pactet oT Hyssi 40 BEIUYHHBI

npubamxkeHHou k enuuuile (100%).

+1

H
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Pexxnmbl paboThl anekTpruveckoun Lenm

PeskuM X0J10€TOr0 X014
oo pestcumom xonocmozo xooa (COKpaieHHO — XX) nOHUMaemcs maKxoi
pexicum, npu KOmMopom 4epe3 UCMOYHUK UlU NPUEMHUK He NPOMmeKaem moKk.
[Ipu 5TOM UCTOYHUMK HE OTIAECT SHEPTUIO BO BHEIIHIOKO IIE€Ib, 4 IPUEMHUK HE
noTpeOsseT ee. B 4aCTHOCTH, OTKIIIOYEHHE HArpy3KH OT UCTOYHHMKA MUTAHUSI,
Koraa Ry, = 0o, BBI3BIBACT pescUM X010Cmo2o X00a. B 5TOM ciydae:

U,=U,=E; I=I=0
PexxrM KOPOTKOIO 3aMbIKAHUSA (ABAPUIHBINA PEKUM)
Pesxtcum c nynesvim 3nauenuem conpomusnenus nazpysku (R = 0)
HA3bl6ACMCA PEHCUMOM KOPOMKO20 3amblKanus, cokpaieHHo — K3.
Pexxumom K3 B 00111€M cilyyae MOKET BOBHUKHYTh IPU COCTMHEHUN MEXKTY
c000l HAKOPOTKO 3KMMOB HCTOYHMKA WJIM UHBIX JIEMEHTOB 2JIEKTPHUUECKOM
LEeMH, MEKy KOTOPhIMU B pab0o4YeM pekuMe UMeeTcsl HanpsikeHue. Pacuer Toka
pu Kopomxom 3amvikanuu nazpysku (L. ) nns neny (em. puc. 6)onpenensercs
bopMyoii:

K3H

E
IK3H - II‘HTR >> IH'



2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboThl anekTpruveckoun Lenm

Kopomkoe 3ambikanue ucmoynuka nNpuBoauT K eiie 00ibmeMy K Toky K3:

—_— 2 I

Ly = R£0 >1
Pexxum K3 MOXET OBITh CIIEICTBUEM HAPYIIEHUS U30JIS1MK, O0OpbIBa TPOBOOB,
OIIMOKH 3JIEKTPOMOHTAKHUKA TIPH COOpPKE dIeKTprUUeCcKor enu u ap. [pu
KOPOTKOM 3aMbIKAHUH MOTYT BO3HUKHYTh HEJIOIMYCTUMO OOJIbIIINE TOKU IKB, YTO
MOYET MPUBECTH K TAKEIBIM MOCIEICTBUAM (JIEKTpUYECKas Ayra, oOropaHnue
M30JISLIUM TIPOBOJIOB, BO3TOPAHUS U TTOXKAPHI ), IOITOMY PEKHUM KOPOTKOTO
3aMbIKaHUS SIBJISCTCS ABAPUUHBIM.
PeixxuM COrIaCOBAHHOM HATPY3KH
Coznacoeannwlii pexcum padompl HACTYNIACT IIPHU YCIOBUH PABEHCTBA
CONMPOTHUBJICHUS HArpy3Kku R cyMMe BHYTPEHHETO CONPOTHUBIICHUS HCTOYHHKA R0
¥ COTNIPOTHBIICHUS JIMHUU dJIeKTpornepenadn R

Ry, = R0 t R,

B coznacosannom pescume pabomur odecrieunBaeTcs nepeaadya MakCUMalibHOM
SHEPIrUM OT UCTOUYHUKA K MPUEMHHUKY U JIOCTUTAECTCS MAKCUMAJIbHAs MOII[HOCTb,

BBIJIEJIIEMasi B Harpys3Ke. 37
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SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboTbl aneKTpruveckoun Lenm

PesKuM CcOrVIacOBAHHOM HATPY3KH
MonHocTb, BbIJEsI€Mas B HArpy3Ke B COINIACOBAHHOM PEKHUME, XOTS U OyIeT
MaKCUMaJibHa, HO OyJ€T paBHa TOJILKO MOJIOBUHE MOIIIHOCTA UCTOYHMKA:
P, =0,5P [1]. IIpu srom KII/I snekrprdeckoit CHCTEMBbI B COINIACOBAHHOM
pexxume padboThl paBeH # = 0,5 (TO €CTh NATHAECCAT MPOLIEHTOB).
Py, P37

A

1.0

P'Zmax

I

-
0 0,5Ik3 I3 =E/Ry

Prc. 8. 3aBUCHMOCTH OTHOCHTEIIbHBIX MOIHOCTEH HCTOYHMKA P!, mpremunka P') u

38
KII/I amekTprueckor CUCTEMBI 3 OT TOKA Harpy3ku I
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Pexxnmbl paboThl anekTpruveckoun Lenm

PexxuM COrIaCOBAHHOM HATPY3KH

[ToaTOoMy coznacosarnnwiit pexcum padomepl TIPUEMIIEM TOJIBKO JISI MAJIOMOIITHBIX
AIIEKTPUYECKUX CUCTEM, TJI€ MOXKHO MMPEHEOPEUb MOTEPSIMHU ICKTPUUECKON
SHEPIrUU B CUJTy UX MAJIOCTH, HO TIPH 3TOM OOECIEUNBACTCS MAKCUMYM TE€PEIAUU
MOIIHOCTH K Harpy3ke (pa3InyHble CUCTEMbI PAIUOSTIECKTPOHUKH ). OJTHAKO PEKUM
COTJIACOBAHHOM HArpy3KH COBEPIIEHHO HE JIOMYCTUM B CUJIOBBIX (TO €CTh MOIIIHBIX )
ANEKTPOTEXHUYECKUX CUCTEMAX, YCTPOUCTBAX U YCTAHOBKAX.

Ha cnenyromem cnaiijie npeAacTaBieHbl rpaUKd 3aBUCUMOCTEH OTHOCUTEIbHBIX
mouiHocTed ucrounnka P!, nmpuemnnka P', u KIIJ aneKTprvecKkon CUCTEMBI # OT
OTHOCHTEJIbHOTO conporuBieHus R’ Harpy3ku:
r __ Ry
f=—H
R,+R;
ITox OTHOCUTEIILHBIMHU MOIITHO CTIMH P'1 , P'2 IMMOHMMAIOTCS MOIITHOCTH HCTOYHMKA

Y IPUEMHUKA TIPU €AUHUYHON MOIITHOCTH UCTOYHUKA B PEKUME KOPOTKOIO
3aMbIKaHUs (TIPU HYJEBOM 3HAYCHHUH COTPOTHBIICHHU HAarpys3ku Ry, = 0).



SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboTbl aneKTpruveckoun Lenm

cornacoBaHHO
HarpysKku
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£ Puc. 9. 3aBUCHMOCTH OTHOCHTEIBHBIX MOIIHOCTEH HCcTOYHUKA P’ , mpremHnka P,
T o '
® 1 KII L 571eKTpruIecKoit CUCTEMBI 7 OT OTHOCHTEIBHOTO CONPOTUBIICHNMS Harpy3ku R'




3ne|<Tp|/|qu|<|/|e Lernn noCToAHHOIO TOKaAa .

Pexxnmbl paboThl anekTpruveckoun Lenm

PexuM corjiacoBaHHOM HATPY3KH
BuaHO, 4TO C YBEIIMYEHUEM OTHOCUTEIIBHOTO COMIPOTUBIIEHUS HATPY3KHU R'H

MOLIHOCTD P' , BbIETIsIeMast B MICTOYHHUKE MTUTAHUS LU MaaeT OT
MaKCHMaJIbHO MOLIHOCTH IPH KOPOTKOM 3ambikanuu (R', = 0), craHoBsCH
B JiBa pasa OoJblie MomHocTH P!, | BbiensiemMoil B Harpy3Ke B
COIVIACOBAHHOM PEKUME.

B pexxume paboThl cunoeon nazpyzku (nipu 6onpiux 3HadeHusx KILI #)
MOIIIHOCTh UCTOYHMKA P’ He HaMHOro OOJIbIIEe MOIHOCTH HAarpy3ku P',. 13
3TOTrO rpaduka Takke BUIHO, YTO B PEKUME COITIACOBAHHOM HArpy3Ku

(mpu R',, = 1) KIIJ nenin nerictButensHo paseH 0,3, a py yBeNUYCHHH
OTHOCHUTEILHOIO COMTPOTUBJICHUS HATPY3KH CBbIIIE 4 (B peKUMeE paOOThI
cunoBor Harpy3ku) KIIJL nuenu npessbimiaet 0,8.
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2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Bonbkr-amnepHbie XxapakTepucTukn

BoubT-aMiiepHAasi XapaKTePUCTUKA JUHEHHOI0 pe3ucTopa
Bonvm-amnepnvimu xapakmepucmukamu (BAX) snemenmos u yuacmros

INEKMPUYECKUX Uenell HA3bl6AIOMC A 3A6UCUMOCHU UX HANPANCEHUU Om
senuyunvl npoxooauiezo moxa U = fI).

BonbTr-amIiepHbie XapaKTEPUCTUKH TTACCUBHBIX JIEMEHTOB IIPOXOJIST YEPE3
HA4aJI0 KOOPJAWHAT, TaK KaK B OTCYTCTBUH HANPSKEHUA HA 3JIEMEHTAX TOK B HUX
Takxke 0TCyTCcTBYeT. BAX JINHEMHOTO pE3UCTUBHOTO AJIEMEHTA, ONIPEAEIAETCS
dopmymnoiti: U=1-R.

IIpu 5TOM aKTUBHOE CONPOTUBIIEHUE R MPUHUMAETCS HEN3MEHHBIM U HE
3aBUCSIIMM OT MPUIIOKEHHOTO HanpspbkeHus U u mpoxojsuiero Toka I.
JInHeHOe aKTUBHOE COMPOTHUBIICHHUE OIPEACIIeTCs U3 3akoHa OMa:

=% = tg@ = const.

Mensbiemy yriny HakiioHa BAX COOTBETCTBYET PE3UCTOP C MEHBIIEH BETMYUHON
aKTUBHOTO compoTuniieHus R 1 Ha000poT (cM. puc. 10).
42
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SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Bonbkr-amnepHbie XxapakTepucTukn

BO.]II)T-aMIIeQHaﬂ XapaKTEepucCcrukKa JIMHEMHOI0 pe3ncropa

-
L ®
»
2
L9
B
)
®
®

Puc. 10. Bosbr-amnepHbie XapakKTepUCTHKH IMHEHHBIX pe3ucTopoB (R, > R))
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Bonbkr-amnepHbie XxapakTepucTukn

BoabpT-amnepHasi xapakTepucTuka ucrtounuka JJIC

(BHEIIHSAS XapPAKTEPUCTHKA)

BAX ncroynnka 9JIC E ¢ BHyTpeHHHM conpoTuBieHneM R, HaspiBaeTcs
8HeutH el xapakmepucmukoi. BHEITHAS XapaKTEpUCTUKA OIPEIEIISIETCS KakK
3aBUCUMOCTD HanpspkeHust U, Ha 3akumax ncrounnka 3J[C oT BelnuIHHbI
npoTekaroniero Toka I, ucxoas u3 Broporo 3akona Kupxroda:

UCTOMHMK | U1 =E—U0=E—IRO.

NUTaHUA | Harpyska

Puc. 11. Cxema 3aMmenieHust 31EKTPUUYECKON
LICHY ITIOCTOSSHHOI'O TOKA, COCTOSIICH U3
ncrounnka JJ1C u akTUBHOU HArpy3KH,
COEAMHEHHBIX ABYXIIPOBOAHOW JINHUEH
AIIEKTPONEPENAUH

R/
L
®
9
-9
v
*
®
>
a2
»
L@
. @
2
>
= @




2 SneKTqueCKme Lernn noCToAHHOIO TOKaAa .

Bonbkr-amnepHbie XxapakTepucTukn

Buemnsisi xapaKTepucTuKa Puc. 12. BHeniHrue XapakTepuCTUKU

U, uctounukos JJIC E ¢ pa3HbiMu
4 BHYTPCHHUMH COIPOTUBJICHUSIMHU R

BugHo, 4TO 4eM MEHbIIIE
BHYTPEHHEE CONPOTHBIICHUE R,
TE€M MEHBIIIE MEHSETCS
HaIPsHKCHUE MUTAHUS Ha 3aKUMax
VICTOYHHMKA OT BEJIMYUHBI TOKA
» 1 | muranus L

Iiz = E/Ry
st npeanbHoro uctounrka JJ1C ¢ HylneBbIM BHYTPEHHUM COIIPOTHUBIIEHUEM €TO
HanpspkeHue papHo JJ1C npu 1r060M Toke B 1enu. [[J1g peanbHbIX HCTOYHUKOB
OJIC (¢ HeHyIEeBbIM BHYTPEHHUM COIPOTUBIICHUEM ) HAPSIKEHHUE HA €r0 3aKNUMax
U, paBHo BemmaunHe O/IC E TOMBKO B pa30MKHYTOH LEMU (PEKUM XOJIOCTOTO
xoaa). MakcuMalibHbIN TOK, BhIpaOaThiBaeMblii ncTouHuKOM JDJIC onpenensiercs
M3 PeKMMa KOPOTKOTO 3aMbIKaHus, pu kotopom I, = E/R|.
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2 SneKTqueCKme LHernn noCToAHHOIO TOKa

Bonbkr-amnepHbie XxapakTepucTukn

BoJabT-amMnepHasi XapaKTepUCTUKA HEJIMHEHMHOI0 3JIEMEeHTAa
(HeaunHelinasg BAX)

Puc. 13. Heauneitnas BAX I(U)

R=E=var.
I

<
RCTI RcTZ *

Pacuyer ariekTpuyuecKux Lemneu ¢
HEJIMHEWUHBIMH 3JIEMEHTAMU MPOBOIUTCS
rpadoaHaTUTUYECKUM MeTo/IoM [1].

[IpuMephl HETUHEMHBIX COMPOTUBICHUH (JIEMEHTOB):

— namna HakaimBanua R~ >R
Harp X0J1

— TIOJIYIPOBOIHUKOBBIC MPUOOPHI: IO, THPUCTOP, TPAH3UCTOP U JIp.
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TECT — 9nekTpu4yeckue Lenm nocCTOAHHONo ToKa

[Ipu Ha)kaTuu Ha PacHOIOKEHHYIO0 BHU3Y KHOIKY-TUIEpcChUIKy « TECT»
3alyCKaeTCs TECTUPYIOIas MporpaMMa M IpeaoCTaBIsSET MOJIb30BaTEII0 BHIOOPKY
IISITH BOIIPOCOB M 3ajia4 M3 00IIEro KojJudecTna 34 mo teme paszea.

[Ipu 3TOM TIOSIBNISIETCSL OKHO Bovibop pexcuma.

Boibop pekxHuma

JocTynHele peskumbl
O Koxrpone

(%) D6yyerure

B 3TOM OKHE ciienyeT OTMETUTh MYHKT Q0yuenue v 1nocie — HaxaTb KHOIKY OK,
TaK KaKk TECTHPOBAHUE B HACTOAILEM NOCOOMH IIPOBOJUTCS TOJIBKO B PEKUME
Ooyuenue. I1pu oMOOYHBIX OTBETAX MOJB30BATEIIS HA BOIPOCHI TECTA
MPUBOAATCA MOJCKA3KU B BUJIE MPABUIIbHBIX OTBETOB (B PEKUME KOHTPOJIS
MOJICKa3KH OTCYTCTBYIOT).

P—rEeT"




SﬂeKTpI/IL-IeCKI/Ie Lernn noCTtoAHHOIO TOKa .

Jlntepartypa u aneKkTpoHHbIE cpeacTBa 0byveHus

Ocnognaa numepamypa

1. Kacarkua A.C. Dnekrporexuuka: yueO. misg By3oB / A.C. Kacarkun, M.B.
Hemrios. — 10-e uza. crep. — M.: U3xa. Llentp «Akagemus», 2007. — 544c.
K.A. Bunsaanos, C.T I'eitnapos, W.I. 3a0opa u ap. DIeKTpOTEXHUKA U
AIICKTPOHMKA. DJIEMEHThI TECOPUHU U 3aJaHUsl K KOHTPOJbHBIM padoTaM:
Y4ueOHO-MeTOIUECKOE TTOCOOUE JJISI CTYIEHTOB CTPOUTEIbHBIX
cnenuaiapHocTen. — M.: MITAKXwuC, 2011. — 89 c.

Inexkmponnvie cpeocmea 00yuenus

1. A.C. Kacarkun, M.B. HemroB. DiekTpoTeXHuKa. DNEKTPOHHAS BEPCUS
y4eOHMKa 110 AJIEKTPOTEXHUKE 1 dj1ekTpoHuke, 2009. (bopmat — BeO-
CTPaHMUIIBI).

N.T". 3a60pa. YacTts 1. DinekTpudeckre enu U u3MepeHus. DJIEKTPOHHOE
ydeOHoe mmocobue 1o j1aboparopHbiM padoTtam, 2014. (hopmar — BeO-
CTPaHMUIIBI).
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NNEKUNA OKOHYEHA

briazodapro 3a eHuUMaHue!
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