1.1 OCHOBHBIE 3AKOHBI, 9JIEMEHTBI U ITAPAMETPbI
SJEKTPUUYECKUX LEMNEMR

1.1.1 QJIEKTPUYECKAS LEIb

DJIEKTPHYECKOM LEeNbI Ha3bIBACTCS COBOKYITHOCTh 3JIEMEHTOB U YCTPOICTB,
IpeIHa3HAYEHHBIX ISl CO3/IaHUs, NIepeaadyd U MOTPEOJICHUs SJIEKTPUUYECKON dHEP-
TUU. DJEKTpUYECKass LENb COAECPKUT HCTOYHUKH U MOTPEOUTENH SIEKTPHUUECKOU
HHEPIUH, a TAKKE MPOMEKYTOUHBIE DIIEMEHTBI U YCTPOMCTBA.

Hcrounnkamm 3J1IeKTpUYECKOH IHEPIruM SBISIIOTCS YCTPOMCTBA, Ipeodpa-
3YIOLME SHEPTUIO PA3ITUYHOIO BUIA B JIEKTPUUYECKYIO (XUMUYECKHUE, MEXaHUYECKHE,
TEPMUYECKUE, CBETOBBIE U TIP.).

IIpueMHUKAMH 3J1eKTPUUYECKOIl YHEPTUM SIBISAIOTCS yCTPOMCTBa, mpeobpa-
3YIOLUE ANEKTPUUECKYIO SJHEPTUIO B IPYTrOM BUJ SHEPTHUU.

IIpomMe:XyTOYHBIE 3JIEMEHThI M YCTPOMCTBA CIyXKaT Ui Mepeladu dJIEKTpU-
YECKOM SHEPTHH OT UCTOYHUKOB K MPUEMHUKAM. B 3aBUCMMOCTH OT Ha3HAa4YE€HUS OHU
JI1M00 HEMOCPECTBEHHO MEPENAIOT ANEKTPUUECKYIO SHEPTHUIO C TapaMeTpaMH UCTOY-
HUKa (MPOBOJIa, KOMMYTAIIMOHHAs araparypa), Ju0o MpeoopasyroT ee B SJHEPTHUIO C
IpYrUMU napameTpamu (TpaHchopMaTophbl, BEIIPIMUTEIN, MHBEPTOPHI U 11p.). B 3a-
BUCUMOCTH OT IIPOLIECCOB, PACCMATPUBAEMBIX B TOM WJIM MHOW YaCTH BJIEKTPUUYECKON
LEMU, OJTHA U TE K€ MPOMEKYTOUHBIE JIEMEHTHI (YCTPOHCTBA) MOTYT OBITh OTHECE-
HbI KaK K UICTOYHUKY, TaK U K MOTPEOUTEINIO SJIEKTPUUECKOU SHEPTUU.

[Ipumepom Tako# LeNH SIBISETCS LETb, COCTOSIIAs U3 UCTOYHHUKA IEPEMEHHO-
IO HaIpsHKEHUS], TPOMEKYTOUYHBIX 3JIEMEHTOB, COSAMHSIONINX 3TOT UCTOUYHUK C BBI-
NpSIMUTENIEM, M MOJKIIOUEHHOTO K €ro BBIXOJly Yepe3 MPOMEXYTOUHbBIE AJIEMEHTHI
NOTpeOuTENsT MOCTOSHHOIO HampspkeHus. YacTh Lenu, BKIIOYAOIIAs HCTOYHMK
AIEKTPUYECKON IHEPTUU U MPOMEKYTOUHBIE PJIEMEHTHI 10 BBIIIPSIMUTEIS, MUTACTCS
IEPEMEHHBIM TOKOM, BTOpasi 4acTh — OT BBIIPSAMUTENS 0 MOTPEOUTENS — MOCTOSIH-
HBIM.

Ecnu Tpebyercs npoBecTy aHalIU3 MPOLECCOB, MPOUCXOIAIIUX B LIENH MOCTO-
SHHOT'O TOKA, TO BCIO YacCTh LIENHU OT UCTOYHHUKA ICKTPUUECKOW YHEPTUHU 10 BBINIPS-
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MUTEJI ¢ HEKOTOPBIM JOMYIIEHUEM MOXKHO pacCMaTpUBaTh KaK UCTOYHUK MOCTOSIH-
HOro Toka. M HampoTuB, paccMaTpuBas BBIIPSIMUTENb (BMECTE C YaCThIO LEMH MO-
CTOSIHHOTO TOKAa) KaK MOTPEOUTENb 3JIEKTPUUYECKON IHEPIrUH, MOXKHO HCCIIEI0BAThH
IIPOLIECCHI B LIETIM IEPEMEHHOTO TOKA.

B teopun snexkTpuuecKkux Ienel paccMaTpUBAIOTCS HE (pU3MUecKue Tena u
yCTPOMCTBa, a UX MaTeMaTU4YecKue U (U3NYECKHUE MOJENH, MPOIECChl B KOTOPBIX
aZCKBaTHBI NIPOLIECCaM B peANbHBIX IpoTtoTHnax. Hampumep, TEpMUH «HMCTOYHUK
IIEKTPUYECKOU YHEPTUW» MOAPA3yMEBAET, UTO PACCMATPUBAETCA MOJEIb PEAIBLHOIO
MCTOYHUKA, TOAKIIOUEHUE KOTOPON K MOJEIIH JJIEKTPUUECKOMN LIETIH BBI3BIBAET TAKUE
K€ TOKH, YTO U B PEAJIbHON LENH C MOJKIIOYECHHBIM PEAIBHBIM UCTOYHUKOM.

Yacts nenu, coaepkaiie HICTOYHUKH 3JIEKTPUUYECKON IHEPruu, OyJeM Ha3bl-

BaTh AKTUBHOM, HE COACPKAIIECH — MACCUBHOM.

1.1.2 MOJIOKUTEJBHBIE HAIIPABJIEHUSI TOKOB U
HAIIPSIKEHUI

DJIeKTPUYECKH TOK BBI3BIBACTCS M3MEHEHHEM (IIEPEHOCOM) 3apsijia U paBeH
CKOPOCTH M3MEHEHHUSI 3TOT0 3apsiia:
i—da (1.1)
dt
rA€ q — JICKTPUUECKHUM 3apsii.

DNeKTpUYeCcKOMy TOKY 3aJaeTcsl HampaBieHue. B obmiem ciydae TOK mpen-
CTaBJsIeT COOOM JIBIXKEHHE HOCUTENIEH 3apsiioB 000MX 3HAKOB B MPOTHUBOIOIOKHBIX
HAIPaBJICHUSAX, HO MPUHSITO TOJIOKUTEIHHBIM CUUTATh TOK, OOYCIIOBIIGHHBIN Mepe-
MEILEHHEM TTOJIOKUTENIbHBIX 3apsi0B.

3a enuHUIY U3MepeHus cuibl Toka B cucteMe CU npunst amnep (A) — Benu-
YHMHA HEU3MEHSIOIIETOCsl TOKA, KOTOPBIN, MPOXO/s MO ABYM IapajleibHbIM MPOBO/I-
HUKaM OECKOHEYHOMW JJIMHBI U HUYTOKHO MAJIOW TUIOMIAJM CEYEHUS, PaCIOIOKeH-

HBIM Ha pacCTOAHHUHU 1 m OIWH OT JAPYIoro B BAKyyMc, BbI3bIBACT MCIKAY 3TUMHU IIPO-

BOJHUKAMHU cuily, paBHyo 2-107" H Ha xaxnaeri Metp mmabl. COOTBETCTBEHHO 3a-
psn q, cornacHo (1.1), usmepsiercst B (A-c). Takas equHuiia 3apsia Ha3bIBAETCS KY-
nonom (Kn): [Kn] =[A-c].

DNEKTPUUECKU TOK MOXKET OBITh HEM3MEHHBIM BO BPEMEHU WM H3MEHSIO-
mumcs. Hen3MeHHblii BO BpEMEHM TOK IPHUHATO HA3bIBaTh NMOCTOSIHHBIM TOKOM, a
LEMHU, B KOTOPBIX NPOTEKAIOT TaKUE TOKH, — LEMSIMHU MOCTOSTHHOTO TOKA.

[TocTosiHHBIE TOKM 0003HAUAIOTCA 3arJIaBHBIMU OyKBaMU JIATUHCKOTO ali(haBu-



Ta (), MTHOBEHHBIC 3HAYEHUS — CTPOUHBIMH (1).

IlomHuTE: NpasuivHOE npumenHeHue cUMB0106 U OOWENPUHAMBIX 0003HA-
yenuill ceudemenvcmeyem o Baweit unicenepnoii Kynomype u no3eoiaem ovicm-
pee nonams Bawu 3anucu.

OnHOU M3 OCHOBHBIX 3a/a4 3MEKTPOTEXHUKHU SIBIISIETCA ONPEACIICHHE peajb-
HBIX TOKOB B 3JIEKTPUYECKOM LENU, KOTOpPbIE, KaK MPaBWIO, 3apaHEe HEU3BECTHBI.
Yro0Ob! pemuTh 3Ty 3aady, BHIOMPAIOT IMOJIOKUTEIbHBIE HalpaBiieHUus: TOKOB. Ilo-
J10JCUmMeNbHOe HAnpaeieHue moKa 6vloupaemcsa NPou3eo1bHO U YKA3bléaemcs
cmpenkou. Ecnu B pe3ynpTaTre pacyeTa 3HAUYEHHE TOKA MOJYYHIOCHh OTPHULATENb-
HBIM, TO 3TO O3HAYAET, YTO B ICUCTBUTEIHHOCTH OH MPOTEKAET B IPOTUBOIOIOKHOM
HaIlpaBJICHUU.

N300pa3umM HEKOTOPBIN 3JIEMEHT AeKTpuueckoit nenu (puc. 1.1), yepes KkoTo-
pBIN IPOTEKAET TOK | M 0003HAYUM KOHIIBI yyacTka mudpamu 1 u 2. Beidepem moso-

JKUTCIIBHOC HAIIPABJICHHUC TOKA OT TOYKH 1 x Touke 2.

1 i 2
o]

—_—
U1
-
Uo1

Puc. 1.1. Y4acTok 351eKTpHIECKO [IeNH ¢ BBIOPAaHHBIMH MOJIO0KHTEIEHBIMU
HaTpaBJICHUSIMU TOKA M HATPSHKSHUS

Pa3HOCTh 2yIeKTpHUECKUX MOTEHITMAIOB MEXAY TOYKaMu 1 W 2 HOCUT Ha3Ba-
HUE HAIpPSOHKEHUS Ha JAHHOM y4YacTKe, KOTOpPOE OIpeaesieTcsl paboToid, 3aTpaynuBa-
€MO Ha MIEPEHOC MOJIOKUTEIHHOTO SAMHUYHOTO 3apsiaa u3 Touku 1 B Touky 2.

MrHoBeHHbIC 3HaUYCHUS HANPsDKEHUS MPUHATO 0003HA4YaTh OYKBOM U, MOCTO-
sHHOe HanpsbkeHue — U. Enuauieit HanpsikeHus siBisiercst BosibT (B).

H-Mm

CornacHo OmpeaeNeHn0 pa3MEpHOCThI0 BOJbTa [B] siBisieTcs Ao (HBIOTOHO-
MeTp/aMIIepCeKyH/Ia).

[TonoxkuTtenbHOE HANMpaBJICHUE HAMPSHKEHUS COBMANAECT C IOJIOKUTEIbHBIM

HanpasienueM Toka. Ha puc. 1.1 u, =¢ —¢, >0 (1 ¥ ( — COOTBETCTBEHHO TI0-

TeHmansl Touek 1 u 2). Hampspkenue, oTcunThiBaeMoe B 0OpaTHOM HaIlpaBJiICHHH,



HUMECT HpOTHBOHOJ’IO)KHBIfI 3HaAK:

+ —

1@2

—_—
Ui2

Puc. 1.2. Ucronp3oBanme MOJOKUTEILHOTO U OTPUIIATEIIHHOTO
MOTEHITHAIIOB TP OIIPEICTICHUH MOJIOKUTENbHBIX HAlPaBICHUN
TOKa ¥ HaIPSHKEHUS

Uy =@, =@, =-Up,.

3a MOJIOKUTEIBHOE HANpPaBJICHUE TOKA MPHUHATO CUUTATh HAMNPABJICHUE JBU-
YKEHUS TOJOKUTEIBHBIX 3apsiIoB, CIEAOBATEIBHO, TOK IMPOTEKAET OT TOUYKH C OO0JIb-
IIUM T[OTEHIIMAJIOM B TOYKY C MEHBIIHUM, WA — OT MOJIOKUTEIIBHOTO MOTEHIIHAIA K
oTpunatearHoMy (puc. 1.2). Iloka HET JOCTaTOYHOTO HABBIKA, UeE1eCO00PA3HO npuU-
HUMamy 3a NOJI0MCUMENbHOE HANPAGIEHUA MOKA (U HANPAIICEHUA) HANPAagieHue
ogudIcenue 3apa00e om noJai0ICUMeNbH020 NOMEHUUANA K OMPUUAM ETTbHOMY.

1.1.3 MT'HOBEHHAS MOIITHOCTH U DHEPTUA

[Ipu nepemelieHnH MeXIy ABYMsSI TOUYKAMH, UMEIOIIMMH PA3HOCTh NOTEHIMA-
JIOB U, OECKOHEYHO Mayioro 3apsaa dq, B KaXKIyl0 €JUHUILYy BPEMEHU BBINMOIHSAETCS
paboTa, YUCIEHHO paBHAs SHEPTHUU:
dW=u-dg=u-i-dt
IIpon3BoHAs SHEPTHUH 110 BPEMEHU SIBJIIETCSI MTHOBEHHOW MOITHOCTBIO:
dw dqg
p=——=Uu_'=U
dt dt
CnenoBatenbHO, MCHOBEHHAA MOWIHOCHLb, NOCMYRAIOWLAA 6 NPUEMHUK, DAG-
Ha NPoOU36e0eHUI0 MZHOGEHHLIX 3HAYEHUN moka u HanpaxceHun. OHA IOJIOKU-
TeNIbHA MPU OJMHAKOBBIX 3HAaKaX U W | U OTpUIATeIbHA TPU pa3HbIX. [1010KUTEIb-
HO€ 3HaYEHHE MOIIHOCTH 03HAYaeT, YTO MOLUIHOCTh MOCTYIAET B IPUEMHHK, OTPHUILIA-
TEJIbHOE — YTO BO3BPAILAETCS B HCTOYHUK MMUTAHUS.
DHepruio, NoTpedsieMyo MPUEMHUKOM 32 TPOMEXKYTOK BPEMEHH OT t; 10 t,
MO>KHO OIPEAEIIUTH KaK

t,
W = [pdt-

t



MomHocts u3mepsiercst B Bartax (Bt), [Br]=[B-A], sHeprus — B JxKOYJIsAX

(x), [J1x]=[B-A-c].
1.1.4 MACCHUBHBIE SJIEMEHTHI JIEKTPHUECKOM LEITN
1.1.4.1 ConpoTuBjieHue

ConpoTuBJieHMeM Ha3bIBACTCS WJCATU3UPOBAHHBIA AJIEMEHT IIETH, TPUOIH-
KEHHO 3aMCHSIONMNUNA PE3UCTOpP, B KOTOPOM IMPOUCXOIUT HEOOPATHMBIA TPOIIECC
npeoOpa3oBaHUsl AIEKTPUUECKON SHEPTUM B TEIUIOBYIO. YCIOBHOE Tpaduueckoe
0003HaueHNE pe3ucTopa NpuBeIeHo Ha puc. 1.1, OykBeHHOe 0003HaueHue — R unu r.

Mexay HalpsHKEHHEM Ha dJIEMEHTE, TOKOM U COTIPOTHUBIICHUEM JJIEMEHTA CY-
HIECTBYET COOTHOIICHUE:

r=2, (1.2)
|
H3BECTHOE Kak 3ak0H OMa, SKCIIepUMEHTAIbHO YCTAaHOBJICHHBIM HEMEIIKUM yUCHBIM
Omom B 1826 r. Bennunna conpotuBieHus uaMepsiercss B omax (Om): [Om] = [B/A].

ComnpoTuBiieHUE BCETJa MOJOKUTENIBHO, T.€. HAMTPABICHUS! TOKA YEPe3 COMpPO-
TUBJICHUE W HAIIPSDHKEHUS Ha HEM COBITAIafOT.

1
F
N3mepsiercst mpoBoaumocTh B cuMmeHcax (Cm): [CMm] = [A/B].

Benuuuna, oOpaTHas CONMPOTHUBIICHUIO § = —, HA3bIBACTCS MPOBOJUMOCTHIO.

MrHoBeHHas MOIIHOCTBL, BbIACIIACMAdA Ha COIIPOTHBIICHHH, PpaBHA IIPOU3BCAC-

HUIO MTHOBCHHBIX 3HAUCHUU TOKA U HaIIPpSAKCHUA:

£ 2

p =u-i=i r=u’-.g,

T.C.

_p, U

r="r=—.

i p,

DJIeKTpUYeCcKasi IHEPT U, OTJIoIaeMasi COMPOTUBJICHUEM, PaBHA!

t2 t2 1t2
W = [(u-i)dt=r[i*dt="[u’dt.
' t1 tZI. rtl

Ecnu Tok mocrostaustii (1 = I = const), To
W =1%-r-t.

3HayeHue nmapamMceTpar B O6H_I€M CIy4dac 3aBUCUT OT BCJIMYMUHBI ITPOTCKAIOIICTO



TOKa. 3aBUCUMOCTb HAIPSKEHUsI HA CONPOTUBIEHUU OT MPOTEKAKOUIErO Y€pe3 HEro
TOKa Ha3bIBaeTCsS BoOJIbTamMiepHoH xapakrtepuctukoii (BAX), xoTopas B o0miem
Cly4Jae HEJIMHEMHA. B yaCcTHOM ciydae, KOrja 3Ha4eHUe I HE 3aBUCUT OT BEJIMYMHBI
TOKA, BOJIBTAMIIEPHAS XapaKTEPUCTUKA CONPOTUBIICHUS JUHEWHA, U JUISI HETO BbI-
nonHsiercst 3akoH Oma. [Tpumep nuneitnol (1) u HenuHEHON (2) BOJbTaMIEPHBIX
XapaKTEPUCTUK MpHUBeJeH Ha puc. 1.3. OueBHUIHO, BEIMYUHA CONPOTUBIIEHUS T MPO-
IIOPIMOHAJIbHA TAHI'€HCY HAKJIIOHA JIMHEMHOW BOJIBTAMIIEPHOM XapaKTEPUCTUKU K
OCH TOKa B TOUKE A:
u_ muAB m

r=—-—=-—**"=-—t.1a,
I miOB m.
rac my U m;— MaCH_ITa6BI HaHpH)KeHI/Iﬂ U TOKA COOTBCTCTBCHHO.
A
u
1

A

, 2
|
|
|
:

a 1B i

0

Puc 1.3. BoasTamnepHsie XapaKTEpUCTUKN
CONPOTUBIICHUN: | — MMHEWHAs; 2 — HeTMHEWHAS

1.1.4.2 EMKocCTh

EMKOCTBIO HA3bIBACTCA WICATM3UPOBAHHBIN BJIEMEHT JJICKTPUYECKOW LIEMH,
NPUOIMKESHHO 3aMCHSIOMIMK KOHACHCATOP, B KOTOPOM HAKaIlJIMBACTCS DSHEPTHUS
anekTpudeckoro nojis. bykBenHoe o6o3nauenue emxoct — C.

Bennunna emMKoCcTH onpefensieT, Kakoil 3aps q MOXKHO MOJY4YHUTh MPU 3a/1aH-

HOM HaIIpS>KCHUH U

g=C-u (1.3)

1507051 C= ﬂ
u

Benuunna emkoctu uzmepsiercs B gpapanax (9): & = [A;?)C}

3apsan W HampspDKeHHE BCerja MMEIOT OJIMHAKOBBIM 3HAK, MO3TOMY €MKOCTh
Bceraa nojoxureiabHa (C > 0).
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3aBUCUMOCTB 3aps/ia HA EMKOCTH OT MPUJIOKEHHOTO K HEW HaIpsKEHUS Ha3bl-
BAeTCsl BOJIBTKYJIOHOBOH XapaKTepHCTHKOH. B oOmiem ciyyae 3Ta 3aBUCUMOCTD
HEJIMHENHA, CIIeJ0BaTeNbHO, €MKOCTh C HEIMHEHHO 3aBHUCHUT OT IPHIOKEHHOTO
HalnpspkeHus. B yacTHOM cilydae, Korja BOJIBTKYJIOHOBAsl XapaKTEpUCTHUKA MPSIMO-
nuHerHa, emkocTh C nocrosHHa. Ha puc. 1.4 npuBenens! nHeiiHas (1) u HenuHEH-

Has (2) BOJIBTKYJIOHOBBIE XaPAKTEPUCTUKHU.

Puc 1.4. BoabTKyI0HOBBIE XapaKTEPUCTUKH
eMKocTei: 1 — nmuHelinas; 2 — HeluHeHHas

[Ipy u3MeHeHUH HaANpPSHKEHUS, MPUIIOKEHHOTO K €MKOCTH, B COOTBETCTBUU C
(1.3) usmenurcs u snekrpudeckuii 3apsa. [logcrasus (1.3) B (1.1), monyuaem:
- d du
i—Y_c. "¢
dt dt

He paccmarpuBas mpouecchl ¢ MO3UWLUN TEOPUU DJIEKTPOMArHUTHOTO MOJI,

(1.4.)

OTMETHUM TOJBKO, YTO B MPOBOJHUKAX, COEIUHEHHBIX C eMKOCTBIO, OyJIeT MPOTEKATh
TOK, BETUYMHA KOTOPOTO ONpeiesieTcs B cooTBeTCTBUH ¢ (1.4).
Ha ocHoBanuu Beipaxkenus (1.4) HanpsbkeHre Ha eMKOCTH
1 ..
u_=—-Jidt,
C

c

50)0%1
t

uc(t)zé- [idt,

—0o0
rJ€ OPEAIOIaraeTcs, YTo 10 MOMEHTa BPEMEHU t MPOLIECC MOT JJIUTHCS CKOJIb YTOJ-
HO JI0JITO, TOATOMY HIKHUU MpPEAes UHTETPUPOBAHUS TIPUHAT paBHbIM (— ). [Ipu t
= () HanpsHKEHUE Ha EMKOCTH PABHO
0
1 ..
u_(0)==- [idt,
C —00

01051
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u, () = uc(0)+é-jidt. (1.5)

0
YcnoBHoe rpaduueckoe 0003HAUEHHE €MKOCTU C TOJIOKUTEIbHBIMUA HalpaB-
JICHUSIMUA TOKOB U HaIlpsDKEHUN MPUBENIEHO Ha puc. 1.5.

+ i C _

Puc. 1.5. YcnoBrHoe rpadudeckoe 0003HAUCHHE EMKOCTH
1 TOJIOKUTETbHBIC HATIPABICHUS TOKA U HAMPSDKEHHUS

MruoBeHHasg MOIIIHOCTbB, ITIOCTYIIAaomasa B CMKOCTb, paBHA:
] du
p=u-i=u-C—°,
c C C dt

du

c

OTKYyOda BHAHO, 4YTO CCJIHU >0, TO MI'HOBCHHAas MOIIHOCTBb pc>0, T.C. CMKOCTb

HAKaIUIUBAEeT PHEPTUIO (MPOUCXOJUT 3apsii eMKOCTH), B IPOTUBHOM CiIy4yae MpOHUC-
XOJUT BO3BPAT SHEPTUHM UCTOUHUKY MUTAHUS (pa3psil EMKOCTH).
DHeprust 3JIEKTPUUYECKOTO TOJISI B TPOU3BOJIbHBIM MOMEHT BPEMEHHU t Ompene-

auTcs 1o popmyie:
2 2

W, = [p.dt="[C-u(tdu=cls -9 (1.6)
- = [C-u(t)du=C—-=——, .
C _oopc 0 2 2C

B Beipaxenuu (1.6) nmpeanonaraercs, 4To npu t = (— o0) HaAMPSHKEHUE HA €MKO-
cti C OBLTO paBHO HYJIIO: Ug(— o) = 0.

1.1.4.3 UHAYKTUBHOCTH

Ecnu xoHTYp M3 IpOBOJHMKA OMECTUTH B MEPEMEHHOE MAarHUTHOE T0JIe, TO
COTJIaCHO 3aKOHY JJIEKTpOMarHuTHOM uHAykiuu (Papanes — MakcBenna) B HEM
HaBoJUTCS eKTpoABKyas cuia (3/1C), paBHas:

do
E;

rae @ — MarHUTHBIN MOTOK, IPOHU3BIBAIOIINN KOHTYP.

e= (1.7)

MaruuTHbIi OTOK u3Mepsiercs B BeOepax (BO). CoriacHo Beipaxenuito (1.7)
[BO] = [B-c].
[Ipenmonoxum, 4TO KOHTYpP TMPEACTaBIsSET COOOW KaTYIIKy MHIyKTHBHOCTH,

12



T.€. COCTOUT M3 HECKOJHKHX BHUTKOB, KAXIBIH W3 KOTOPBIX MPOHHU3BIBAETCS CBOUM
nmoTokom @;.
N3 (1.7) umeem:
dd, do dod
__ 00 9% 4%, d¥ (1.7a)
dt dt dt dt

rac Y- IMTOTOKOCIHCINICHUC, PABHOC CYMMC BCCX ITOTOKOB, ITPOHU3BIBAIOIINX BCC OT-

JEJIbHBIE BUTKUA KOHTYpA.

Korna Bce BUTKM TPOHU3BIBAIOTCS] OTHUM U TEM K€ MOTOKOM,

Y=w- -,

IJ1e W — YHCJIO BUTKOB.

Ecnu paccmaTpuBarth M30JMPOBAHHBIN KOHTYP C MPOTEKAIOIIUM [0 HEMY TO-
KOM, TO MOTOKOCIIETUIEHUE B 3TOM CIIy4ae HOCUT Ha3BaHWE NOTOKOCLEIUICHUS CaMO-
uHayknum (coorserctBeHHO DJIC B (1.7) — DIC caMOMHIYKIIUK) U BBIPAKACTCS KaK

Y=L-I. (1.8)

Kosddumnuent nponopuronansHocTd L MEXy TOKOM M MOTOKOCIHETUIEHUEM
Ha3bIBAETCS MHIYKTUBHOCTHIO CAaMOWHIYKIIMU WJIA MPOCTO MHAYKTHBHOCTBHIO. B
o01eM ciay4yae mMoJi MHAYKTUBHOCTBIO OyJieM MOJApa3yMeBaTh HJI€ATM3UPOBAHHBIN
JIEMEHT JJICKTPUYECKOMN IeTH, MPUOIIKAIOIIMICS M0 CBOMM CBOMCTBAM K MHIYK-

TUBHOMU KaTyIIKe, KOTOpas CIOCOOHA HAKATIUBATh YHEPTUI0 MATHUTHOTO TOJIS.

N3mepsieTcss uHAYKTUBHOCTH B reHpu (I'H): [FH]=|:A\B:| [Torokocuennenue
-C

Y TOK UMEIOT OJMHAKOBBIN 3HAK, T.€. NHIYKTUBHOCTH BCETJA MOJIOKUTEIbHA
(L > 0).

3aBUCHUMOCTb MOTOKOCIIETVIEHUSI OT TOKa B OOILIEM cllydyae HeJMHEWHas, U Ia-
pametp L 3aBUCHUT OT TOKa. 3aBUCUMOCTh MTOTOKOCIEIVIEHUSI OT TOKa Ha3bIBAETCS Be-
Oep-amnepHoOi XapakTepucTHKOM. B ToM citydae, korja BeObep-aMiiepHas Xapakre-
pUCTHKa JMHEWHa, WHIYKTUBHOCTh NocTosiHHA. Ha puc. 1.6 moxa3anbl BeOep-

aMIIepHbIC XapaKTePUCTUKU JIMHENHOH (1) u HennHelHOM (2) UHAYKTUBHOCTEH.
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0

Puc. 1.6. BeGep-ammepHbie XapaKTepUCTUKH
muHeHoit (1) n HenmuHeitHOH (2) HHIYKTHBHOCTEH

VYcaoBHoe rpapuyeckoe n300pakeHre UHIYKTUBHOCTH C YKa3aHHEM BBIOpaH-
HBIX IMOJIOKUTENBHBIX HanpaBiieHUui Toka U DJ1C caMOMHIYKIIMY PUBEICHO HA PHUC.
1.7. DAC caMOMHIyKIIMM W TOK HAIpaBJIECHbl B OJAHY CTOPOHY, YTO YYHUTBIBAECTCS
3HAKOM MUHYC B ypaBHeHuu (1.7).

Ecnu xe onmycTuTh 3TOT 3HaK, TO HanpasiieHue JJIC caMOMHAYKINU CIELYET

MU3MEHUTH Ha IPOTUBOIIOIOXKHOE.
_ L
I

@'_M

—= €L

U

Puc. 1.7. Ycnosnoe rpaduueckoe o003HaueHHE
MHIyKTHUBHOCTH, NOJIOXKUTEIIbHBIEC HAIIPABJICHNS TOKA,
OJ1C caMOMHIYKIMU U HAIPSKEHUS

JIist TMHEHON MHAYKTUBHOCTU ypaBHeHue (1.7) mpumer BUa:

di
e =—-L—. 1.9
OJIC camMOMHAYKIHMHM € KOMIIEHCHPYETCS NPUIOKEHHBIM K WHIYKTUBHOCTH
HaHpH}KeHI/ICMZ
di
u =-e_ = La. (1.10)

N3 (1.10) umeem:
-

01051
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1 t
i(t) = L_L u dt.

Hwxuun npenen uHTErpupoBanus, TaKXKe KaK U Il EMKOCTH, IPUHAT PABHBIM
— 00, TaK KaK JJO pacCMaTpUBAEMOTIO0 MOMEHTA BPEMEHHU t MPOLECC MOT JJIUTHCSA CKOJIb
yrogHo noJro. IIpu t = 0 TOKk B ”HAYKTUBHOCTH PaBEH

1 0
i(0) = L_ju dt,
CIIEI0BATEIILHO,
1 t
i(t):i(O)+LjuLdt. (1.11)
0

MrHoBeHHasi MOIIIHOCTb, IMOCTYyNaroIlas B HHIYKTUBHOCTb, paBHA MPOU3BEE-
HUIO MTHOBEHHBIX 3HAUCHUN TOKA U HANIPSKCHUS:
di
L—.
dt
N3 (1.12) cnenyet, 4TO 3Ta MOIIHOCTh MOKET OBITh KaK MOJIOKUTEIbHOU (TIpU

p, =i-u_ =i (1.12)

COBIAJEHUM 3HAKOB TOKAa M €ro IMPOM3BOJHOI), T.e. MOTPeOIsieMOil MHIYKTUBHO-
CTBIO, TaK U OTPULATENBHOU (ITPU HECOBIMAICHUH 3HAKOB TOKA U €ro MPOU3BOJHOMN),
KOTI'/Ia SHEPIusl BO3BPAILAETCS BO BHEIIHIOK LEIb.
DHeprusi MarHUTHOTO TOJIS1 B MPOU3BOJIbHBI MOMEHT BPEMEHH t onpeaensieT-
cs o popmyie:
t i(t) :2 2
w, = [pdt= [ L-i(t)di= L] =‘§L.
— “0

31ech yYTeHO, 4TO TpH t = (— 00) TOK B MHAYKTUBHOCTH i(— o©) = 0.

(1.13)

Ecau yacTh MarHMTHOTO MOTOKA, CBA3AHHOTO C MHIYKTUBHBIM 3JIEMEHTOM L,
CBsI3aHa OJTHOBPEMEHHO WM C APYTUM UHAYKTHUBHBIM 3JIeMEHTOM L, TO 3Tu aBa sie-
MeHTa, KpoMme rmapameTpoB L; u L,, o6manaroT napametrpoMm M, Ha3pIBaeMbIM B3aMM-
HOM MHAYKTHBHOCTBIO, KOTOPasi paBHA OTHOIIEHUIO MOTOKOCLEIUIEHUS] B3aWUMHOMU
MHIYKIAW OJHOTO U3 3JIEMEHTOB K BEJIMYMHE TOKA B IPYTOM DJIEMEHTE:

rae Vi, — NMOTOKOCIEIUICHHE TMEPBOTO 3JIEMEHTa, OOYCIOBJIEHHOE TOKOM BTOPOTO
anemenTa; W, — MOTOKOCIENIICHHE BTOPOTO AJIEMEHTa, 00YCIOBICHHOE TOKOM TIEp-
BOT'O DJICMCHTA.

Ecnu B3aumMHass ”HAYKTUBHOCTH M JMHEHA, TO B 000MX AJIEMEHTaX HABOJST-
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ca OJIC B3aMMOMHAYKIMU, PABHbIE:

1M !
d¥ di

e __ 21 _ _M.L
2M dt dt

M rtaxke, kak u L, usmepsiercsa B redpu (I'n). Ognako, B omimuue ot L, B3a-
MMHas HHAYKTUBHOCTh MOKET OBITh BEIMUMHON KaK MOJIOKUTEIIBHOM, TaK U OTpHUIla-
TCJILHOM.

B3anmHas HHOYKTUBHOCTB HE SIBISIETCA CAMOCTOSATEIbHBIM 3JIEMEHTOM 1IETIH, a
TOJIBKO BBIPAYKAET MAarHUTHYIO CBSI3b MEX/1Yy HHAYKTUBHBIMU 3JICMEHTAMMU.

B3anmocBsi3u Mexly HANPSOKEHUSIMU U TOKAMU, a TAK)KE YHEPreTUUECKUE Xa-
PaKTEPUCTUKHU JIMHEHHBIX MJ€abHBIX ITACCUBHBIX 2JICMEHTOB MPEJICTaBICHbBI B Ta0JI.
1.1

Tabmuna 1.1
DJIEMEHTBI U X XapaKTEepUCTUKU MontHocTh
n300pakeHus Y DHEPIHUsl
PesnctuBHBIN
R S Ur =R | ig =ugr /R |p =R.iZ =G-u}
NuaykTUBHBINM
L di .1 g2
I oo uL:L-% 1L=iIuLdt Wy =L-ip /2
EMKOCTHBIi - 1 J-i dat| i —c du
, c = A)lc =L —
I C ¢ dt | We=C-ul/2
i

1.1.5 HICTOYHHUK 31C U HCTOYHUK TOKA

[Ipoueccel, MpoUCXOoasIMe B PEAIbHBIX UCTOYHUKAX JIEKTPUUECKON SHEPTUH,
pa3IUYarOTCsd MHOTO00pa3ueM M OMHUCHIBAIOTCSA JOCTATOYHO CJIIOXKHBIMHU YPaBHCHHSI-
Mu. OHAKO aHAJIU3 TaKUX CXEM MOXKET OBITh CYIIECTBEHHO YMIPOIIEH, €CIIU UCTOY-
HUKHA D3JICKTPUYECKOW HSHEPrUHM 3aMEHHUTh HJCATbHBIMM, 4 IMOTEPU MOIIHOCTH U
HanpsKEHUSI B HUX YYECTh ITACCUBHBIMU 3JIEMEHTaMH, BKIIFOUCHHBIMHU IOCJIEA0BA-
TEJIbHO WJIM MMapaJuIeNIbHO ¢ ICTOYHUKAaMHU. ECTECTBEHHO, YTO IIPU TAKOW 3aMEHE pac-

CUUTAHHBIC TOKHW W HAIIPSIKCHUSA HOJIKHBI C TpC6y€MOI>i CTCIICHBIO TOYHOCTHU OTpa-
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KaTh MPOLECCHI, TPOUCXOSIINE B PEATbHBIX UICTOYHUKAX SHEPTUH.

Nneanbubiii ucrounnk IAC mpeacraBiseT coOOM aKTUBHBIA AJIEMEHT C
JBYMsI BBIBOJIaMH, HalpsHKEHUE HA KOTOPBIX HE 3aBUCUT OT COMPOTUBJICHUS BHEIII-
HEW 1enu, T.€. HE 3aBUCHUT OT TOKA, MPOXOJSIIET0 4yepe3 UCTOUHUK. M300paxeHue
uneansHoro ucrounuka JJ1C npuseneno Ha puc. 1.8, a. [Ipennonaraercs, 4To BHYT-
pY TaKOr0 MCTOYHHMKA MAacCCUBHBIC AeMeHTHI (1, L, C) OTCYTCTBYIOT, U TOATOMY TpPHU
MPOTEKAHUU TOKA 4Y€pe3 MUCTOYHHMK HA HEM HE MPOUCXOAUT MaJCHUS HAMPSIKEHUS.

Buympennee conpomuenenue uoeanvnozo ucmounuka 3/1C pagno uynio.

| R
- —_ =
E E
@ v -
a 0

Puc. 1.8. YcioBuable 0003HaUEHUS UACATHHOTO (a)
u peansHoro (0) ncrounnkos DJ1C

B oTnuuue oT macCHMBHBIX AJIEMEHTOB, TJI€ TOK MPOTEKAET OT OOJIBIIETO MO-
TeHIMajda K MeHblieMy, B uctounuke IJ[C 3ToT mporiecc oOpaTHBIN BCIEICTBUE
NEeUCTBUS BHYTPEHHUX CHJI MCTOYHMKA. Paborta, 3arpaurBaeMasi Ha TMepeMeElICHUE
€AUHUYHOTO 3apsiia OT BBIBOJIA «—» K BBIBOAY «+», HA3bIBAETCS IJIEKTPOABUKYIIEH
CIJIOH MCTOYHHMKA U 0003HAaYaeTcs B 0OIIEM cliydae CTPOYHOUM OYKBOM €, a IOCTOSH-
Hasg DJIC — nponucHoit E. CoOTBETCTBEHHO, HAMNPsHKEHHWE HA BBIBOJIaX MCTOYHUKA
S/1C u = — e, T.€. nonodcumenvbHoe HANPAsiIeHUe HANPAICEHU NPOMUBONOTIOIIC-
HO noaoxcumenvHomy nanpaeienuto 3/C.

Nneanbubix uctrounuko IJIC B mpupoje He cymiecTByeT. HeT Takoro ucrou-
HUKa, KOPOTKOE 3aMbIKaHUE KOTOPOro (COEIMHEHUE BHIBOJOB MPOBOJHUKOM C HYJE-

. €
BbIM COMPOTUBIIEHUEM ) TPUBOAUT K OECKOHEYHO OOJBIIUM TOKaM | = —.
K3

B n11060M HCTOYHMKE CYIIECTBYET BHYTPEHHEE COMPOTHUBIICHUE, MAJICHUE HAIpshHKe-
HUS Ha KOTOPOM IIpU KOPOTKOM 3aMbIKaHUU ypaBHoBemuBaeT JJC ucTouHuka, mo-
TOMY TOK KOPOTKOTI'O 3aMbIKaHHS UMEET KOHEYHYIO BEJINUUHY.
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Cxema 3amenieHust uctoyHuka JJ{C KOHEUHON MOIIHOCTH (pealbHOro HCTOY-
Huka J/[C) cocrout u3 uneanbHoro uctounnka JJ[C U BKIIOUEHHOTO MOCJIEI0Ba-
TEJIbHO C HUM MACCHUBHOTO 31eMeHTa (puc. 1.8, 0), XapakTepHu3yroNero BHyTPEHHHE
napaMeTpbl HICTOYHUKA U OTPAHMYUBAIOIIETO MOUTHOCTh, OT/IaBAEMYIO BO BHEIIHIOIO
1eMb. B 1ensax moCTOSHHOTO TOKa 3TO, KaK mpaBuio, pe3uctop (Ha puc. 1.8, 6 060-
3Ha4YeH Kak Ry;), COMPOTUBIEHNE KOTOPOTO MHOTO MEHBIIE CONMPOTHBICHUS BHEII-
Hel 1ienu. B HeKoTophIX ciiydasix (B 3aBUCUMOCTH OT TPeOyeMOil TOUHOCTH pacyeTa)
€ro COIMpPOTHUBICHUEM MOXKHO TNpeHeOpeyb. BompTammepHble XapaKTEpUCTUKHU HJIe-
anbHOTO (1) 1 peanbHoro (2) ucrounukoB JJ{C MOCTOSTHHOTO TOKa M300paXKEHBI Ha
puc. 1.9, a.

Puc. 1.9. BonprammnepHsie XapakTepUCTHKH UCTOYHUKOB
O/IC (a) u Toka (6): 1,3 — uaeanpHbIX; 2,4 — peanbHbBIX

HcTounuk TOKAa mpencraBiseT coOOM AKTHUBHBIA JJIEMEHT, TOK KOTOPOTO
MPAKTUYECKU HE 3aBUCUT OT HAIPSDKEHUS HA €ro BBIBOAAX. DTO MOXET ObITh B TOM
cilydae, €Clii BHYTPEHHEE COMPOTUBJICHUE MCTOYHUKA TOKA HECOU3MEPUMO OOJIbIIE
COnpoTHUBJIEHUs] BHelHeH 1enu. [lemecooOpa3Ho BBECTU MOHSITHE UEATBLHOIO HC-
TOYHUKA TOKa. OYEBHIHO, YTO Y UOEATbHO20 UCMOYHUKA MOKA GHYMpEHHee COo-
npomuenenue pagHo 6eCKOHeYHOCHU.

YcaoBHoe 0003HaUYeHHE HEATHLHOTO MCTOYHUKA TOKA TMPUBEJACHO Ha PHC.
1.10, a. JIBoitHas cTpesika M 3HAKU «1+» U «—» YKa3bIBAIOT MOJOKUTEILHOE HaAIpaB-
JIEHHE MTPOTEKAHMS TOKAa UCTOYHHUKA U €r0 MOJISIPHOCTb.

Ecnmu x maeanbHOMY HCTOYHUKY TOKA MOJKIKOYUATH CONPOTHUBIICHHUE U YBEIHU-
YUBATh €ro /10 OECKOHEYHOCTH, TO HAMPSIKEHHE HAa €0 BBIBOJIAX M COOTBETCTBEHHO
MOIIIHOCTH OyAyT HEOTPaHUYEHHO Bo3pacTath. [[03TOMY HMieanbHBI HCTOYHUK TOKA,
Takke Kak W uaeanbHbld uctounuk JJ[C, paccmaTpuBaercs Kak UCTOYHUK OECKO-

HEYHOU MOIIIHOCTH.
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Puc. 1.10. YcioBHBIE 0003HAYCHUS HACATLHOTO (a) U
peanbHOTO (0) HICTOYHUKOB TOKA

NcTtouHuku Toka KOHEYHON MOITHOCTH (pealibHbIe) U300pakatoTCsl B BUJIC Ma-
paIeIbHOTO COEMHEHUSI HJICAIHbHOTO HMCTOYHMKA TOKAa M TMACCHUBHOIO 3JIEMEHTA
(puc. 1.10, 6). ITaccuBHBIN 3JIEMEHT, KaK U B CXeME 3aMEIIECHUS PEalbHOTO UCTOYHHU-
ka DJIC, xapakTepusyeT BHYTPEHHUE NapaMETPbl UCTOUHUKA TOKA U OTPAHUYUBAET
MOIITHOCTbh, OTJABAEMYI0 BO BHEIIHIOIO I€Mb. TOK peaJbHOr0 MCTOYHUKA MEHBIIIE
TOKa UJEaJIbHOI0 Ha BEJIMUUHY TOKA |y, MPOTEKAIONIETO M0 BHYTPEHHEMY COMPOTHUB-
JeHnIo Ry,.

BonbrammnepHbie XapaKTEPUCTUKU UJICAIBHOTO U PEAIbHOTO UCTOYHUKOB TO-
CTOSIHHOT'O TOKa M300pakeHsbl Ha puc. 1.9, 0.

1.1.6 JUHEWHBIE DJIEKTPUUECKHUE IEINTA

DnekTpuyeckasl Lenb, B KOTOPOW BEIUYMHBI COMPOTUBIECHUN, UHAYKTHUBHO-
CTEH ¥ €MKOCTEW HE 3aBUCAT OT BEJIMYUH MPOTEKAIOLIUX TOKOB, MPUIIOKEHHBIX K
HUM HaIpsOKEHUW U UX HAIIPABJICHUW, HA3bIBACTCS JIMHEHMHOM. B Takux 1ensx TOKu
U HaNpsOKEHUsS Ha KaXXJO0M AJIEMEHTE CBsi3aHbl ajire0panyeckumMu, auddepeHnmansb-
HbIMU WJIM WHTETPAIbHBIMU YPaBHEHUSIMU IMEPBOro Mopsiaka. s conmpoTUBIEHHUt
3Ta 3aBUCUMOCTbH BbIpaxkaeTcs 3akoHoM Oma (1.2), 1ist eMKocTel U MHIYKTUBHOCTEN
— nuddepeHInanTbHBIMU U UHTETPaIbHBIMU YpaBHEHUSMU niepBoro nopsiaka (1.4) u
(1.5), (1.10) u (1.11).

B o01mem ciyyae uaeanbHbIX JTUHEHHBIX 3JEKTPUUYECKUX LIeNeil B MPUpoJIe He
cymectByeT. [Ipy M3MEHEHNN TOKOB M HAMPSHKEHU B JOCTATOYHO MIMPOKHUX Tpejie-
Jax B JIOOOM 3JEMEHTE MPOSIBISIIOTCS HelnHelHble 3¢dexTel. Hampumep, comnpo-
TUBJICHUS PE3UCTOPOB U3MEHSIOTCS NPU HAarpeBaHUU IIPOTEKAOIMM TOKOM, MarHu-
TOIPOBOJbI MHIYKTUBHBIX KaTYyIIEK HACBHIIIAKOTCS, MPOSBIAETCS TMCTEPE3UC, KOPO-
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HUPOBAaHUE MPOBOJHUKOB IIPH BBICOKMX HANPSOKEHUSIX U T. A. [loaTomy nmHelHas
MOJENb JJIEMEHTA IPUMEHMMA TOJIBKO B ONPEACICHHOM JHMAana30HE U3MEHEHHUU TO-
KOB M HAIIPSDKEHHUM, KOT/1a MOTPEIIHOCTh PACYETOB HE MPEBBIIIAET 331aHHYIO.

Yempoiicmeo paccmampusaemcea kak nuneiinoe, ecnu npu 3a0aHHbIX 02pPa-
HUYEHHBIX NpPedenax 3HAYEeHUIl HANPA}CCHUA U MOKA 3aKOH JTUHEUHOCIU COXPa-
HAemca ¢ 00CMAamoyYHoU 01 RPAKMUKU CHIENEHbI0 MOYHOCMU.

Pacders! TMHENHBIX LIENIEd MEHEE TPYAOEMKH, YEM pacueThl HEMIMHENHBIX. 110-
TOMY, €CJIM JUHEHHBIE XapAaKTEPUCTUKHU 3JIEMEHTOB JIOCTATOYHO OJIU3KO OTPAXKaroT
peanpHbIe ITPOLECCHI, LENb PACCMAaTPUBAETCS KAK JUHEWHAS.

1.1.7 QJIEKTPUYECKASA CXEMA

DJIeKTpUYECKas cxema MpeCTaBIsIeT co00il rpaduueckoe n300pakeHUe IEK-
Tpuuecko nenu. OHa oTpakaeT, KaKuM 00pa3oM COEIWHEHBI aKTUBHBIC U MAaCCHB-
HBIE 3JIEMEHTHI 3JIEKTPUYECKOU LIETTH MEXKY COOOI.

DJEMEHTHI AJIEKTPUIECKON IEeTH, COSAMHEHHBIE TIOCIEA0BaTEIbHO, 00pa3yoT
BeTBb (puc.l.11). Bo eécex snemenmax éemeu npomexkaem 00un u mom jxce mok 6
00HOM Hanpaenenuu. Eciu cocTaB BETBM HEU3BECTEH, €€ H300pa)KaloT MPsIMO-

YFOJ'IBHI/IKOM.
—~E E r r I
J L r L r

Puc. 1.11. [Ipumepsl BeTBEH AMEKTPUIECKON CXEMBI

MecTo coenuHeHus Tpex U Oojee BETBEH Ha3bIBACTCS Y3JIOM. Y3IIbI Ha DJICK-
TPUYECKUX CXeMaX MPUHATO 0003HaYaTh OyKBaMu MO0 mudpamu.

B HekoTophIX ciyuasx Ui y1oOCTBa UTEHUS CXEM Y3ell, B KOTOPOM CXOJSTCS
Oosee Tpex BETBEH, U300paKalOT HECKOJIBKUMU y3JIaMH, COETMHEHHBIMU MEX]y CO-
OO0l MPOBOAHUKAMHU C HYJIEBBIM COIPOTHBIIEHUEM, KAaK 3TO IMOKa3aHo Ha puc. 1.12, 6.
[Toatomy cxemsl, n300paxkeHHble Ha puc. 1.12, a, 6, 5KBUBaJICHTHBI.
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NI I A

a 3]

Puc. 1.12. M300pakeHne yacTu 3JCKTPUUECKON CXEMBI

BeTBu, npucoequHEHHbIE K OAHOM U TOU € mape y3J0B, HaA3bIBAIOTCS MapaJi-
JIeJIbHBIMHU (BETBH C CONIPOTHUBJICHUSIMU T'3 U I'4 Ha puc. 1.12).

Ha puc. 1.13. u3obpaxkeHa cxema HEKOTOPOH 1LIeMH, COAEPKaIlIeil YEThIpe y3i1a
(a, b, ¢, d) u mecTs BeTBEH.

Puc. 1.13. IIpumep cXeMBI SIEKTPUICCKON IIETIH

JIro60¥ 3aMKHYTBIM MyTh, MPOXOASIIUNA MO HECKOJIBKUM HEMOBTOPSIOLIUMCS
BETBsIM, Ha3biBaeTcss KOHTYpoMm. Ha puc. 1.13 crpenkoil ykazaHo HarpaBieHue 00-
X0Jla OJJHOTO M3 KOHTYpPOB AJIEKTpUUecKkoil nenu. Cxembl ObIBaIOT OJHOKOHTYPHbIE
1 MHOTOKOHTYPHBbIE.

Ecnu cxema n3zo0OpakaeT 3JIeKTpUUECKYIO Lelb IOCTOSIHHOIO TOKA, TO U3 Mac-
CUBHBIX 3JIEMEHTOB B HEH MPUCYTCTBYIOT TOJBKO CONPOTHUBICHMS. HIYKTUBHOCTb

CJeAyeT 3aMEHHUTh BETBBIO C HYJIEBBIM CONPOTHUBJIEHUEM, Tak Kak corjacHo (1.10)
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HaNpsAKCHUEC Ha HMHAYKTUBHOCTHU PABHO HYJIIO, CJIICA0BATCIBHO, €€ COIIPOTUBJICHHUC

r =—=0.

Lo

EMKOCTBH 711 TIOCTOSIHHOTO TOKa SIBJISIETCS Pa3phblBOM BETBU (TOK, MPOXOJSi-
Kl 9epe3 eMKOCTh, COrIacHo (1.4) paBeH Hyuto, cieoBaTeNbHO, I = o =0). Ilo-

TOMY BETBH, B KOTOPBIX €CTh €MKOCTH, M3 CXEMbI JOJIKHBI ObITh HCKIIOYCHBI.
Hampumep, cxemy, nzo0pakeHHyto Ha puc. 1.14, a, B KOTOpOH NEUCTBYIOT TOJBKO
MCTOYHHMKHU SHEPTUU MOCTOSTHHOTO TOKA, JIs pacueTa cieayeT npeoopa3oBaTh B CXe-

My puc. 1.14, 6.
r7
e —1 &
r ) I3

€1 es

b \]4 C I d
> LT

0

Puc. 1.14. Mcxonnas cxema (a) ¥ pacueTHasi cxema JUIsl IOCTOSHHOTO ToKa (0)

1.1.8 BOJIBTAMIIEPHASI XAPAKTEPUCTHUKA
YYACTKA HENU C UCTOYHUKOM DJIEKTPUYECKON
JHEPI'MHN
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PaccmoTpum cxemy, m3oOpaxkeHHyr0 Ha puc. 1.15, a, rie moclienoBaTenbHO
coelMHEHbI HaeanbHblil ucTouHuk DJ{C u conporuBnenue. Takas cxema mpeacras-

JS€T, KaK MOKa3aHO BbIme, UCTOYHHK DJIC KOHEUYHON MOIIHOCTH. TOK B cXeme

3 1 1

o
%

~ |
s

U

EI\V

Puc. 1.15. IlocnegoBatenbHOE COEMUHEHNE UcanbHOTO ncTodanka JJ[C u
COTIPOTHUBJIEHHUS (a) U BOJIbTaMIIEpHas XapakTeprcTHKa 1ienH (0)

HarpasiieH corsacHo ¢ D/1C.

Onpenenum HanpsbkeHue Mexnay ysnamu Ui, Hanpspkenwe Ui, oueBHIHO,
Oyner ckiaabiBaThes U3 HanpsbkeHud Upz 1 Usy:
U1p=U;3+Us3).
Tak xak Tok Ha ydacTke 3—1 mpoTekaeT oT OOJbIIEro MOTEHIINANA K MEHBIIIe-
My, To Uz = —U3z; = —I - r. Hanpsixenue Ha yyactke 3—2 paBHo DJIC (cMm. puc. 1.8).

Takum 00pazom:
Ulg =E-Ir. (116)

B cooTBeTCTBMM € I3TUM ypaBHEHHEM CTPOUTCS BOJIbTAMIIEpHAs XapaKTEPHUCTHKA,
KOTOpasi 4aCTO Ha3bIBA€TCs BHeIIHeH xapakrtepuctukoil ncrtounuka JDJ[C. Ilono-
xuB Uy, = 0, umeem Ha ocu [: | = E/r. Bropyro Touky XxapakrepucTuku Ha ocu U 1o-
ayuyuM, eciii pumeM [ = 0. Torna U, = E. Tak xak ypaBHenue (1.16) nuneiino, To,
coequHUB ABe TOYKHM Ha ocAX [ m U, momydnm MCKOMYIO BOJIbTAMIIEPHYIO XapaKTe-
puctuky (puc. 1.15, 6).
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AHaTOTUYHYI0 XapaKTEPUCTUKY MOKHO MOCTPOUTH ISl UCTOYHUKA TOKA KO-
HEYHOM MOIITHOCTH, CXeMa KOTOpOro u3o0paxxkena Ha puc. 1.16, a.

U
] | AR
r [ S —
J-
U
rJ D
a 0

Puc. 1.16. ITapannensHoe cOeIMHEHUE UCATBHOTO HCTOYHUKA TOKA U
COTPOTHBIIEHHUS (2) ¥ BOJIbTAMIIEPHAS XapaKTEePUCTHKA TeTH (0)

HamnpsixeHne Ha HCTOYHMKE TOKAa, OYEBUAHO, PAaBHO MPOU3BEIACHHUIO TOKA,
MPOTEKAIOIETO Yepe3 COMPOTURIICHHUE I, HA ero Beauyuny: U = (J — 1),

JIBe TOUKH XapakTepUCTUKH monydum, noiaoxuB U = 0 u | = 0. Torga Ha ocu
HanpsoxkeHui npu [ = 0 nomyuum U = J-r, a Ha ocu TokoB J = I mpu U = 0. Mckomas
BOJIbTAMIIEPHAs XapaKTepUCTHKA IpUBeeHa Ha puc. 1.16, 0.

1.1.9 3BAKOHbI KUPXT'O®A

OcHoBOMNOJIararoMMHA 3aKOHAMHU B TEOPUHU AJIEKTPUUECKUX Iened B 00IieM
ciydae SIBJSItOTCS JBa 3akoHa Kupxroda. JJjist TMHEHBIX 1ened cripaBejIuB TakkKe
3akoH OMma. Bce meTonbl pacuera, onpeAensone pacnpeieJeHue TOKOB U Hampsi-
YKEHUM, OCHOBBIBAIOTCS Ha 3aKkoHax Kupxroda.

1.1.9.1 Ilepswlii 3akon Kupxroga

IepBoiii 3akon Kupxroga bopmynupyercs B cleayromed peakiinm:
Ancebpauueckan cymma mokoe 6 y3ie pagHa HyJio:

Z::ik =0. (1.17)

Cymmuposanue mokog npou3eo0umcs moJibKo 071 00H020 KOHKPEemHOo20
Y3714 ¢ yuemom RPUHAMBIX NOTOHCUMETbHBIX HANPAGIEHUIL.
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Cytp 3akona Kupxroda He 3aBUCHUT OT TOTO, KaKO€ W3 HAMPABJICHHN TOKOB
IPUHUMAETCA 32 MOJOXKUTENBHOE — OT y3Jia WIH K Y3IIy, HO, Ha Hall B3IJsi, Oosee
JIOTUYHO TOJIOKUTEJIbHBIM CUYUTATh HAIIPaBJICHUE BTEKAIOIINX B Y3€JI TOKOB. 371eCh U
Jlajiee 3TO MOJIOKEHUE IPUMEM 332 OCHOBY.

Ha ocHoOBe M3JI0:KEHHOTO COCTaBUM YpaBHEHUS IO IepBoMy 3akoHy Kupxroda
JUIsl CXEMBI, n300paxeHHou Ha puc. 1.13. [lns y3na a umeeM:

il+i2—i3:0.
Jliist y3710B b, € 1 d cOOTBETCTBEHHO:
—il—J4—i6:O;
—i,+J,+i.=0;
i3—i5+i6=0.

BreiienuM myHKTUPOM 4acThb cXeMbl Ha puc. 1.13. 3anumemM s 3ToM 4acTu
ypaBHEHUs 1O NepBoMy 3akoHy Kupxroda nmst Bcex y3i10B U HaiiieM ux cymmy. B
pe3ynbTaTe MOJIyYMM Ba)KHOE CIIEJICTBHE M3 NepBOro 3akoHa Kupxroda — anceopau-
YyecKkas Cymma 6HEeUIHUX MmoKo6 no OMHOUWEHUIO K 6blOEJIEHHON Yacmu IneKmpu-
yeckoil yenu pagna Hyat0 (BHYTPEHHHE TOKU B IMOJYYEHHYIO CyMMY BXOJIAT JBa-
XKIbl: OJUH Ppa3 MOJOKUTEIbHBIMUA, BTOPOU — OTpUUATENbHBIMU). J[J11 BbIAEIECHHON
MYHKTUPOM YacTH cXeMbI Ha puc. 1.13 cipaBeuBO cieayroee ypaBHEHHE:

L+ -1 +1.=0,

TaK KaK TOKH Iy, I, U lg BTEKAIOT B CXEMY, a TOK Is BEITCKAET.
1.1.9.2 Bropoii 3axkon Kupxroda

Anzeopauueckaa cymma 3/C 6 11000mM 3aMKHYmMOM KOHmYype jeKmpuue-
CKOIl yenu pasna anzedpauyecKoi cymme NAOeHUIl HANPAXNCEHUI HA I1eMEeHmMax
Imozo konmypa. TakoBa GopMyIMpOBKa BTOPOro 3akoHa Kupxroda.

n m
Zek :Zuk, (1.18)
1 1

rne  ex— k-1 DJ1C B paccmaTpruBaeMoM KOHTYPE;
N —yucno I/1C B KOHTYpE;
Uk — HaNpsDKCHUE Ha MMACCUBHOM K-M 3JIEMEHTE B 3TOM KOHTYPE;
M — YUCJIO AJIEMEHTOB B KOHTYpE.
O/IC n HanpsKeHUuEe NMPUHUMAIOTCS MOJIOKUTEIbHBIMU, €CIIU UX HaIpaBJICHHUE
COBIIAJAET C HAMPABIEHUEM 00X0Ja KOHTYpa U OTPULATEIBHBIMH, €CJIM OHO IMPOTH-
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BOMOJIOKHO. Hampumep, nist BHemHero KoHTypa cxembl puc 1.13, o6pa3zoBaHHOTO
OJIC e; u €3 U CONPOTUBIICHUSIMU [, I3 U I, TP 00XOJE€ €T0 MO YaCOBOU CTPEIKE

HUMCCM.

VYpasuenue (1.18) MoxkHO niepenucaTh Kak:

m+n

>u, =0, (1.19)

rjie Uy — HampspDKeHHE Ha 3JieMeHTe K paccMaTpuBaeMoro KOHTYpa, YUCIO KOTOPBIX
(3;1eMeHTOB) paBHO N + M — cymMe UCTOYHUKOB DJ[C 1 MacCUBHBIX JIEMEHTOB.
JIist TOTO %K€ KOHTypa coryiacHo Beipaxenuro (1.19) umeem:
—e +i-n+i-r,—e —i-r.=0.
VYpasuenus (1.17), (1.18) u (1.19) cnpaBenniuBbl Uil JTFOOBIX AIEKTPUUIECKUX
LEIIEH.

1.1.10 HOTEHLOUAJIBHAS TUATPAMMA

Pacnipenenenre moTeHIManoB BIOJb YyYaCTKA LENU WIM 3aMKHYTOIO KOHTypa
Ha3bIBACTCS MOTEHHUAJbHOUH auarpamMmoii. /[ eé mocTtpoeHuss He0OX0IUMO TO-
TEHIMA] KaKON-IM0O0 TOYKH CXEMBI MPHUHATH 3a OMOPHBIH. OOBIYHO MOTEHIIUA OJI-
HOT'O W3 Y3JI0B IPUHUMAIOT PaBHbIM HYIIO. [Ipr 3TOM cuMTaeTCs, 4TO JAHHBINA y3€i
3a3eMIIeH (TTOTSHIIMAJ MTOBEPXHOCTH 3€MJIM IIPUHUMACTCS 3a HYJIEBOH). 3a3eMiIcHUE
TOJIBKO OJTHOTO W3 Y3JIOB CXEMbI HE MPUBEIET K U3MEHEHUIO TOKOB B CXE€ME, TaK KaK
He o0pasyeTrcs JIOMOIHUTEIBHBIX KOHTYpOB. Hemb3si B cxeme 3a3eMJIsTh JBa B OoJiee
y3JI0B, TaK KaK Yepe3 3a3eMJICHHS 00pa3yroTcs HOBBIC KOHTYPBI, T. €. U3MEHSCTCS
cxeMma. 3azemiame 6 cxeme MOHCHO MOJIbKO 00UH y3e]l, €CIIN HET APYroro 3a3emiie-
HMUS.

[TocTpoeHne MOTEHIIMAIBHON IHarpaMMbl HAYUHAETCSI C TOTO, YTO OT TOYKH,
MPUHATON 3a Hayajlo, HA OCHU a0CIUCC OTKJIAJbIBACTCS CyMMapHOE COIMPOTHUBIICHUE
paccMarpuBaeMoOl BETBH WJIM KOHTypa. Ha ocu opauHaT oTMeYaeTcs: MOTEHIMA
HayaJbHOW TOYKH — TOYKH, C KOTOPOW HAuyMHAETCS 00XO0J KOHTypa. 3aTeM, B COOT-
BETCTBUU C BHIOPAHHBIM HaIlpaBJICHUEM 00X0Ja KOHTYpa, OTKJIabIBAIOTCS TTOTEHIIU-
anbl TOUCK, CIAEAYIONUX 3a HayaapHOU. [Ipu 3TOM 1O Oocu abciuce OTKIIaAbIBaeTCs
CyYMMapHoO€ comnpoTuBiieHue. [IpuMep mocTpoeHuss AuarpamMMbl MPUBEAECH NPU pe-

mwenun 3agaun I1.1.8.

26



1.1.11 DHEPTETUYECKHWHA BAJIAHC B QJIEKTPUYECKHUX HENSX

DHeprusi, BblJesieMasi Ha CONMPOTUBIICHUSAX AJIECKTPUUECKOHN €U, TeHEepUpy-
ercsa uctounnkamu IJIC u TokoB. [losToMy juis m1000M 1IeNU BCera CrpaBejIuBO

COOTHOLICHUC

U
le(ifk 'Rk)zzll(up.ip)’ (1.20)

rac N — YuCIIo COHpOTI/IBJ'ICHI/Iﬁ B CNH; M — YUCIIO MCTOYHUKOB 3J'I€KTpH‘-ICCKOI>i

SHEpPTUH; ir — TOK B K-M cONpoTUBIEHNY; U, — HAIPSDKEHUE P-TO UCTOYHUKA; I, — TOK
k

P-ro UICTOYHHKA.
Ecnu B cxeme npucyTcTBYIOT Toibko uctouHuku JJC, To ypaBHenue (1.20)
OyJeT UMETh BU/I;

X R)=2(, i,) w21

rae e, — 9J1C p-ro ucrouynuka.
[Ipu Hanmuuuu B cxeme, kpoMe ucTouyHUKoB DJIC, emie 1 UICTOYHUKOB TOKA

Z::(ifk.Rk)zzr::(ep.ip)+zj:(us"]s)' (1.22)

rie  ( — KOJIM4YEeCTBO MCTOYHHMKOB TOKA; Us, Js — COOTBETCTBEHHO HANpPSHKEHHUE Ha S-
M UCTOYHHKE U €0 TOK.

Eciu B ypaBHenusix (1.20) — (1.22) nanmpaBneHusi HanpsbpKEHUH U TOKOB MC-
TOYHHKOB COBNAAAIOT, TO MOIIHOCTh — BEJIMYMHA TMOJOXXHUTENIbHASl, B IPOTUBHOM
ciy4yae — oTpuuarenbHas. Tak, Iy cXeMbl, IpPeACTaBIEHHON Ha puc. 1.13, mpu npu-

HATBIX IMOJIOKUTCIbHBIX HAIIPABJIICHUAX TOKOB MMCEM!
2 .
1

2 2 2 2
I'1+I2 I'2-|-I3 I’3-|-I5 I’5+I6 r.

e1-|1+e3-|3—J4°u0b:| s

1.1.12 MAKCUMAJIBHASA MOILIIHOCTb PEAJIBHOI'O
NCTOYHHUKA

Paccmotrpum cxemy nenu Ha puc. 1.17, cocrosiuryro u3 ucrounuka I/C ¢
BHYTPEHHHUM cOMpoTHUBiIeHUEM R;; 1 Harpy3ku R (peanbHbIil HCTOUHHK TOKA MOXHO
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3aMEHHUTb dKBUBaJIEHTHBIM ¢ D/[C).
Toxk B enu paBeH

E
l=— — | 1.23
RBH +R ( )
a MOILHOCTb, BBIJIEJIIEMAasi HA CONPOTUBJIEHUHN HArpy3ku R,
2
p_I’R= © - (1.24)
H (RBH +R)

Puc. 1.17. Cxema 1t onpeeeHus] MaKCUMalbHOM
MOIIHOCTU PEATLHOTO HCTOYHHUKA

Onpenenum, Mpu KaKOM COOTHOIIEHUU MEXK]Ty COMPOTUBIICHUAMH Harpy3ku R
U BHYTpeHHUM R, B Harpy3ke OyAeT BbIACISITHCS MaKkCUMalbHas MOIIHOCTh. C 3ToH

11EJIbI0 BO3bMEM TIEPBYIO MPOU3BOIHYIO OT P, o R u mpupaBHsieM e€ k HyIIO:
P (R,+R)-2R(R_+R) 2 _

=0, 1.25
dR (R_+R)* (1.25)
NN
(R_+R)-(R_-R)=0,
OTKyJa clieqyeT
R=R,,. (1.26)

Bropas npousBonHas
d’P  -2R(R_+R)*+2R(R_+R)*—(R_+R)° <0
drR? (R_+R)’

YTO CBHUJICTEJILCTBYET O TOM, YTO IPHU BBINOJHEHUH yclioBUs (1.26) neHCTBUTEIBHO
UMEeeT MECTO MaKCUMYM MOITHOCTH.

MakcumainibHasi MOIITHOCTh, oT/aBaeMasi ucrounukom J/[C, cormacuo (1.21) ¢
yuetoMm (1.26) u (1.24), paBHa

28



2
p -g. £ _F ,
max 2R 2R

BH

CJIeIOBATENIbHO, MAKCUMAJIbHOE 3HaUeHHE KO3(PPHUIIMEHTA MMOIE3HOTO EHCTBUS 1NN
pasHo 0,5.

IIpuMepsl U ynpaKHeHU

II.1.1. 3agan KOHTYp, BXOJSIIMA B LieNb MOCTOSHHOrO Toka (puc. 1.18, a).
Bripazuts HanpspbkeHue Uy, uepes Benuunnsbl Eq, Ry, 11, By, 15, Ro.

Puc. 1.18

Penienue.

O06x0/ yyacTka Lleny HaYMHAEM OT y3Ja a.
[TepBbolii crioco6. [TonoxuTenpHOE HaMpaBICHNUE HATIPSYKEHUS] Ha COTIPOTUBIIE-

HUW COBHAAAET C MOJIOKUTEIbHBIM HallpaBieHUEM ToKa, Ha DJ{C — npOoTHBOMOJIOK-
HO €€ HampaBiieHHIO (yKa3aHo cTpesikamu). CyMMHpYsl HANPSKEHHS Ha DJIEMEHTax ¢
Y4ETOM UX HAIPaBJICHUM, 10JIy4aeM:

Uab :IZ-R2+E2—E1+I1-R1.

Btopoit crioco6. Tok Ha COMPOTUBICHUHM TPOTEKAET OT «+» K «—». CTpernka

O/1C yka3bIBaeT B HampaBJIeHUH «+». [1o0XKUTENpHOE HAlpaBIEHNE HANIPSDKEHUS —
oT «t» K «—» (puc. 1.18, 6). Eciiu npu 06xoze yyacTka cXeMbl MEpBbIil BHIBOJ 3Jie-
MEHTa MMEET 3HAK «1» (IIOJIOKUTEIbHOE HAIPABJIEHUE HANPSIKEHHUS] COBIAJAET C
HampaBlieHHEM 00X0Ja y4JacTKa), 3HaYUT, HANpSHKEHUE CYMMHPYETCS CO 3HAKOM

«t», eciau HCpBBIﬁ BBIBOJ 3JICMCHTA HMMCCT 3HAK «—», HAIIPAKCHUC Ha JJICMCHTC
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CYMMHUpPYETCA CO 3HAKOM «—». Takum oOpazom,
U,=L-R+E,-E +1-R.
I1.1.2. 3agan KOHTYp, BXoAsIIMid B cocTaB cioxxkHo nenu (puc 1.19). Cocra-

BUTbH JIJIs1 HETO YpaBHEHHE 1O BTOpoMy 3aKkoHy Kupxroda.

(Mcmonmp3yiite criocoObl, n3nokeHHbie B 3aaade I1.1.1.)

I1.1.3. Ha puc. 1.20 moka3ana 4acTh clokHOU menu. 3agano: I; =3 A; I, =2,4
A; E; =70B; E;=20B; R; =8 Om; R, =5 OwM. Haiitu Hanpspxerne Uy,
Ortset: Uy, = 86 B.

Puc. 1.19

Puc. 1.20

I1.1.4. Ha puc. 1.21 noxa3ana yacte cioxxHOM nenu. COCTaBUTh ypaBHEHHUS
coriacHo 3akoHaMm Kupxroga u HaliTu aOCONIIOTHBIE 3HAYEHUS! TOKOB B BETBAX, €CIIU
E;,=100B;E,=130B;1=8 A; R; =3 0Om; R, =5 Owm; U, = 70 B.

Otser: 1,=0; I, =8 A.
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Puc. 1.22

Puc. 1.21

I1.1.5. MImeeTrcst BOIBTMETP MOCTOSIHHOTO TOKa ¢ nipeaesnoM uzmepenusa 50 B u
BHyTpeHHUM conpotuBieHreM Ry = 800 Owm (puc. 1.22). Kakoe nobaBouHoe corpo-
TUBJIEHHE R, HYKHO MOAKIIOYUTH K TPUOOPY, YTOOBI UM MOYXHO OBLIO U3MEPATH
HanpspkeHnue 10 600 B?

OrtBeT: R0 = 8800 Owm.

I1.1.6. AMnepMeTp MarHUTORJIEKTPUUECKON CUCTEMBI C MPEICIOM U3MEPEHUS
1,0 A umeer BHyTpeHHee conpotuniiene 0,5 Om (Ra) (puc. 1.23). Onpenenute co-
npotuBieHure myHrta (Ry) ¢ Tem, 4To0bI TPUOOPOM MOMKHO OBUIO U3MEPUTH TOKH J0
S5 A

Otset: R, =0,125 OmMm.

I1.1.7. Onpenenuts conporupieHue Ry, ecimn Ry = 3 OMm, a mokazaHust ammep-
METPOB yKa3aHbl Ha puc. 1.24.

25 A

Puc. 1.23 Puc. 1.24

OtBet: R, =12 Owm.

I1.1.8. /s 3amaum I1.1.3 cocTaBUTh MOTEHIIMAIBHYIO IUarpamMMy.
Pemienue. 3amagumcs moTeHIMaNoM y3ia b ¢, =0. Cymma conpoTuBieHHi
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Mexy y3iaamu a u b Bnons Ry, Ej, E, u R, paBHa 13 Om. 3anumem ypaBHEHUE, BbI-
paxatoniee HampsikeHue Uyy:

U =

o= R+E-E +1-R.

[ToTeHuman ToYku c: ¢, = I2 ‘R ) =2,4-5=12 B, a conpoTUBJIECHUE MEXIY

Toukamu b u ¢ pagHo 5 Om.

[Morenuuman touku d: ¢ = —E2 + I2 . R2 =-8 B, a conpoTuBieHHE MEXKTy TOU-

kamu b 1 d He m3menmioch — 5 OM.

Horenuuan Touku e: ¢ =E —E_+1 -R, = 62 B, a comportuBieHHe ocTa-

JIOCh MPEKHUM.

[ToTenmuan Touku a paBeH HamnpsikeHuto Uy, = 86 B, a conpoTuBienue paBHo
cymme R; u R,. [loTennumansHas nuarpamma u3zobpaxena Ha puc. 1.25. I1o ocu abc-
IIUCC OTKJIAJBIBACTCS CyMMa COMPOTHBIICHHUH 70 KCKOMO# Touku (¢, d, €, a), mo ocu
OpJIMHAT — MOTEHIIMA UCKOMOU TOYKU. Tak Kak COMPOTUBIICHUS JIMHEUHBI, TO TOYKU
COCIMHSIOTCS OTPE3KaMU MPSIMBIX B TOH )K€ MOCIEA0BATEIIBHOCTH, YTO U B CXEME.

I1.1.9. [1na 3amaun I1.1.4 cocTaBUTh MOTEHIMATIBHYIO TAATPAMMY.

Puc. 1.25

I1.1.10. 3agana BeTBHL MN 1eMH MOCTOSTHHOTO ToKa (puc 1.26). Beipasuth TokK |
B oToM BeTtBU yepes E, Ug u R.
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-U —-E
Orser: 1= 9%,
I1.1.11. Ha puc. 1.27 ykazansl napamerpsl (E, Rg) ucTounuka snexkrpuueckoi
HHEPIUU U CONPOTUBIICHHE HArpy3ku R.
[Ipu xakoM cooTHOIIEHHH MeX1y R 1 Ry B Harpy3ke OyJeT BbIACIATHCS MaK-
CUMaJIbHasi MOITHOCTh?

OtBet: Rp=R
R I E Ra
m > —=———n D R
- E
Uo
Puc. 1.26

Puc. 1.27

I1.1.12. Onpenenuts Tok I B BeTBU ab (puc. 1.28, a), eciu n3BecTHA BOJIBTAM-
nepHasi xapakrepuctuka Uy = F(I) aktuBHoro nsyxmomtocHuka (puc. 1.28, 0), a
takke R=100m u E =50 B.

OtBer: 6,28 A.
a | } Uy, B
E 80 T
® 60 -
40 +
Uab R
20 T
Y
e |
b
a 0

Puc. 1.28

I1.1.13. Haiitu moka3zanue ammepmerpa B 1ienu Ha puc. 1.29, ecnu Uy, = +107
B; Uye=-60B; R;=70M; R,=8 Om; E; = 100 B; E, =70 B.
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Otset: 0,25 A.

Puc. 1.29
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