Jlexims Ne2.

OCHOBHBIE ITOHATUA _
TEOPUMU DJIEKTPUUYECKHUX LHEIIEU

Y4eOHBIE BONPOCHI

DIeKTpUYECKUI TIOTSHINAII, HaIIPsDKEHNE, DJICKTPOIBIKYIIAS CHJIa.

YcnoBust BO30YXKIEHUS U TOICp)KaHUS TOKA B dJICKTpUUecKol memu. IToHs-

THE JICKTPHYECKON Ienr. Pe3nucTUBHBIC, MHAYKTUBHBIC K EMKOCTHBIE 3JIEMCH-

THI IIETIEH M MIX ITapaMeTpPhI.

3. AKTHBHBIC W TIaCCHBHBIC JIBYXITOJIFOCHUKHA W MHOTOITOJFOCHUKHU (YETHIPEXIIO-
JIFOCHUKH ).

N —

1.9 ekTpryecKuii MOTEHIUAJ, HATIPSIXKEHHUE,
JIEKTPOABHKYILASI CHJIA

Paccmotpum paboty uctounnka noctostHHoM D/[C. B TakomM MCTOYHHUKE 3J1EK-
TPUYECKOW SHEPTUU B PE3YJIbTATE ACHUCTBUS CHJI HEAJIEKTPOMATHUTHOW MPUPOABI -
XUMHYECKUX, MEXAaHUYECKUX, TEIUIOBBIX, AaTOMHBIX U JIp., HA3bIBAEMBIX CHOPOHHU-
MU cunamu, CO3IaeTCs NIEKTPUUECKOE I0JIe, KOTOPOE XapaKTEPU3yeTCs HANPSIKEH-

HOCTBIO Ecrop.

Hanpumep, B xumnueckom ucrounuke Toka (XUT) moa nelictBuem cuil cto-
POHHETO I0JIS MOJOKUTEIBHbBIE U OTPULATEIBHBIE 3apsAbl BHYTPU HCTOYHUKA pa3-
nensitores (puc. 1). Ha snextpone ncrounmka, 0003Ha4aeMOM 3HAKOM «+», HaKar-
JUBAETCS N30BITOK MOJOKUTENIBHBIX 3apsI/I0B, HA AJIEKTPoe, 0003HAYaEMOM 3HAKOM
«-» - U30BITOK OTPULATEIBHBIX 3aPsI/IOB.

IIpy moakiIrOYeHnn K BBIBOJAM MCTOYHMKA BHELIHEW DJIEKTPUYECKOU LIENU B
Hell CO3MAaeTCs JNEKTPUUECKOE MONE E pwpm , HANPABICHHOE OT IIOJOKHUTENHHOTO
AIEKTPOJIa UCTOYHUKA K OTPULIATEIBHOMY.
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Puc. 1. Uctounnk nocrossaron 3JC (XUT)



[Ton meicTBHEM ATOTO TOJISI HOCUTEIH OTPUIIATEIIBHBIX 3aPSAI0B - SJEKTPOHBI
MepeMeNIaroTcs BJOJb BHEITHEH 4YacTH LEMH OT OTPHUIATEIHLHOTO AJIEKTPOJIa K I10-
JOKHATEIIBHOMY, HEUTpaIu3ys HEJIOCTaTOK OTPHIIATCIIBPHBIX 3apsag0B Ha IOJIOXKH-
TEIBHOM 3JICKTPOJIe. B I1enu moCTOSHHOTO TOKAa HACTYIAeT JMHAMHYSCKOE PaBHOBE-
CHE: B MCTOYHHKE HEMPEPHIBHO MPOUCXOIUT Pa3eICHUE 3apsjaoB, a depe3 BHEIII-
HIOIO YacCTh IICTTH - UX COCTMHCHHUE.

Inexmpoosurxcywaa cuna E (3]1C) xapakrepusyeT ClioCOOHOCTbh CTOPOHHETO
TIOJIS BBI3BIBATH dJIeKTprudeckuii Tok. 3J]C uncineHHo paBHa paboTe CHII CTOPOHHETO
TIOJIS TT0 TIEPEMEIIIEHUIO SIMHMIIBI 3apsi/ia BHYTPH UCTOYHHUKA (110 TTyTH AnB):

E= IECTOP di.

AnB

Enununa uzmepenus IJIC - BoasT (B).

B snektpuyeckux HemsX anexmpuueckuil mox - SBICHHUE HANpaBICHHOIO
JIBUKEHUSI CBOOOJHBIX HOCHUTENIEH AIIEKTPUYECKOTO 3apsifa. TakuMu HOCHUTEISIMU
3apsifia B MeTaJIax SIBJISIOTCS JIEKTPOHBI, B TUIa3Me, SJIEKTPOJIUTE - HOHBI.

O6o03HaueHns TOKa B TEOPUU Iiemnei - / (MMOCTOSHHBIN WM JEHCTBYIOIINM T1e-
pEMEHHBIN), i (MTHOBEHHBIN MEepEeMEHHbIN). BMecTo TepMuHa «TOK» yHmOTpeOstoT
TaK)K€ TEPMHUH «CHJIA TOKa».

DNEKTPUYECKUI TOK U3MEPSETCS KOJMYECTBOM JIIEKTPUUYECKOTO 3apsiia ¢,
IPOLIEAIIEro Yepes3 MonepeyHoe CeYeHre MPOBOJHUKA B €JUHUILY BPEMEHU:
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Ilocmoannwliit Mok - SNEKTPUYECKUI TOK, HE M3MEHSIONIUICS BO BPEMEHHU.
Bce ocTtanbHbBIE TOKH - nepemenHtble.

Enunanna uamepenus toka - ammep (A). B snekrporexHuke 4acto mpUMeEHs-
I0TCSl TakKe Muuamnep (MA) u Mukpoamiep (MKA).

YCI0BHO 3a Hampaesnenue moxa B TENU MPUHATO HAIpaBJIICHHE, 00paTHOE
HAIPABJICHUIO JBW)KCHHSI HOCHUTENCH 3apsia - 3JIEKTPOHOB, TO €CTh OT IOJIOXKHUTEITb-
HO 3apsDKEHHOTO JIEKTPO/Ia K OTPUIIATENBHO 3apsSHKCHHOMY.

[Ipu mpoTekanny TOKa Yepe3 ANEMEHTHI ANEKTPUUECKOHN 1ENu AIEKTPHUIecKast
SHEPrusl mpeodpaszyeTcs B IPYrUe BHJBI SHEPTUU U CHJIAMHU 3JIECKTPHUYECCKOTO TOJIS
BBITIONHSIETCSL padoTa MO MEPEHOCY AIEKTPUUECKHUX 3apsiioB BJOJb IIEMH, KOTOpas
XapaKTePU3YETCS 2IEKMPULECKUM HANPIHCEHUEM.

O6o03Hauenus HanpspKeHus - U (MTOCTOSTHHOE WIIH IEUCTBYIOIIEE TIEPEMEHHOE),
u (MTHOBEHHOE TIEPEMEHHOE).



Hanpsxenne (pa3HOCTh MOTEHIIMATIOB) MEXKY IBYMsI TOUKAMHU LIETIH €CTh Be-
JUYMHA, paBHasg paboTe CWI MOJs MO MEPEMEMICHUI0 E€AUHUYHOTO 3apsia MEXKIy
TUMU TOYKaMU (Hanmpumep, no nytu AmB Ha puc. 1):

U = EBHELH dl

AmB

2)

Enununa nanpsokenuss - BosbT (B). B amekTpoTexHuke 4acTo MPUMEHSIFOTCS
TaKXe MIJITUBOJIBT (MB) 1 kunoBoJbT (KB).

N3 ompenenenus HanpspDKEHUS TTOJTy4daeM BeIpaKeHUe it sHepruun W, 3atpa-
YECHHOM Ha MepeMeleHre 3apsia ¢ Ha yJacTKe IeMU ¢ HAPSHDKCHUEM U 33 TIPOMEXY-
TOK BPEMCHHU OT #; 110 f;:

Wz]%udQZ]%uidt
1 t '

I[I/I(I)(IJCPGHI_II/IPOB&HI/IC 9TOT0 PaBCHCTBA 110 BPEMCHH MO4CT BBIPAKCHHUC CKO-
pPOCTH U3MCHCHUA SHEPTHUHU BO BPCMCHHU, KOTOpAsA HA3BIBACTCA MHOBEHHOU MOUWIHO-
cmouio N ONPCACIIACTCA TPOU3BCACHNECM MI'HOBCHHDBIX 3HAUYCHUM TOKa U HaITpsHOKCHUAL
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2. YcaoBus BO30YKI€HUA U MOAAEPKAHUS TOKA B JJIEKTPHYe-
cxkou nenu. [loHsiTue JIeKTpUYeCKOM nenu. Pe3sucTuBHbIC, HHAYK-
THBHbIE M €eMKOCTHBIE JJIEMEHTHI Hened | UX NapaMeTpbl.

Bce anexTporexnudeckue ycrpoiictBa (QY) mpeacTaBisitoT coOOW 3JIEKTPO-
MAarHUTHBIE CHUCTEMBI, aHAJIU3 KOTOPHIX B OOIIEM CiIyyae CBOJUTCA K PEUICHUIO
ypaBHeHul Makcgema mist OMIIL. OnHako pelieHue 3THX ypaBHEHUH HaxKe s
CPaBHUTEIBHO MPOCTHIX 3a7a4 KpaHEe CIIOKHO.

Bwmecte ¢ TeM, BO MHOTHUX MPAKTUYECKUX CIIy4asX MOKHO C JIOCTaTOYHOW TOY-
HOCTBIO paccMarpuBaTh DY KakK 3JEKTPUYECKYI0 WM MArHUTHYIO LENb. Takue Mo-
nenu DY ONMUCHIBAIOTCS HE BEKTOpPaMU MOJs (HAMPSHXKEHHOCTHIO M MHAYKITUEH) a uH-
me2panbHblMU  6eIUYUHAMU — TOKOM, HANPSDKEHUEM, SJIEKTPOABUKYILECH CHUIION
(BAC), 3apsgoM, MArHUTHBIM NOTOKOM. MIHTErpanbHBIMU OHHM HA3bIBAIOTCS MOTOMY,
YTO YUCJIEHHO OMPEACIISIIOTCS UHTETrpajiaMy OT BEKTOPOB OIS,

dnekmpuueckaa yenp - COBOKYIMHOCTb YCTPOUCTB, OOpa3yIoLIUX IMyTh MAJIs
AIEKTPUUECKOTO TOKA, SJIEKTPOMArHUTHBIE MPOLIECCHl B KOTOPBIX MOTYT OBITH OMH-
caHbl ¢ moMoIsto mouaTuiit 06 3/IC, Toke U HaNPsHKEHUU.
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DnekTpuyueckas 1enb npeoHa3HayeHa IS Tepeaadn, pactpeneieHus u mpe-
00pa3oBaHusl IIEKTPOIHEPTHH B IPYTUE BUABI YHEPTHH.
[To BuAy TOKA IeTH pa3aessiFOTCs Ha MU MOCTOSIHHOTO U IIEPEMEHHOTO TOKA.

[To xapakTepy nmapamMeTpOB JIEMEHTOB LIEMHU Pa3IeIAI0TCA Ha JIMHEWHBIE U HE-
nuHewHsbIe. [Ipoliecchl B TMHEWHON 1IeNU B 00IIEM ClTydae OMUCHIBAIOTCS JIMHEHHBI-
My auddepeHIraTbHBIMA ypaBHEeHHEeMH. Ecin ke B COCTaB IENH BXOIUT XOTsI OBl
OJIVH HEJIMHEVHBIN 3JIEMEHT, TO OHA HA3bIBACTCS HEJIMHEWMHOM, a MPOLIECCHI B HEN
OTIMCBIBAIOTCS] HETMHEUHBIMU T PEepeHITNATbHBIMU YPAaBHCHHUSIMHU.

[TapamMeTpbl TMHENHBIX MACCUBHBIX 3JIEMEHTOB MOTYT UMETh IMOCTOSIHHBIC 3HA-
YeHHUs MO0 M3MEHSTHCA BO BPEMEHH MOJ JACHCTBHEM HEKOTOPBHIX (haKTOPOB, HEIO-
CPEICTBEHHO HE CBA3aHHBIX C TOKOM WJIM HANPsDKEHUEM ATHX 3JIEMEHTOB (Hampumep,
€MKOCTh KOHAEHCATOPa MOKET MEHATHCA BCIICJCTBUE U3MEHECHUSI PACCTOSHUS MEXK-
1Ty OOKJIaIKaMu).

JIuHeiHbIe AIEMEHTHI NMEPBOTO THUMA HA3BIBAKOTCS JTUHEUHBIMU IIEMEHMAaAMU C
NOCMOSIHHLIMU NAPAMEempamu; SEMEHTBI BTOPOTO THIA — JIUHEUHbIMU DJIeMEeHMaMu
C nepemeHHvIMU napamempamuy Wi napamempudeckumu snemenmamu. [lapamerpu-
YECKHUE DJIEMEHTHI CIEAYET OTIANYATh OT pe2yiupyemvix JIEMEHTOB, U3MEHEHHE Ia-
pPaMETPOB KOTOPBIX MPOU3BOJIUTCS B MPOLECCE HACTPOMKH YCTPOMCTBA.

[lenu, cocTaBneHHBIE TOJBKO M3 JIMHEWHBIX AJIEMEHTOB C MOCTOSIHHBIMU Mapa-
METpaMH, Ha3bIBAIOTCS JTMHEHHBIMU LEMSIMUA C TTOCTOSIHHBIMU MapaMeTpaMHu, WUITA JuU-
HEUHbIMU UHBAPUAHMHBIMU 60 epemenu yensamu. IIpouiecchl B JUHEWHBIX HWHBAPH-
AHTHBIX BO BPEMEHU LEMSAX OMUCHIBAKOTCS JIMHEWHBIMUA YPABHEHUSIMU C TTOCTOSIHHBI-
MU K03 PUIIUEHTaMHU.

JIro0as snexkTpruyecKkast erb MOXKET COCTOSITh U3 CIEAYIOIINX 21eMeHMO8:

- ICTOYHUKOB 3JICKTPOIHEPTHH;

- IPUEMHHUKOB 3JICKTPOIHEPTUH;

- BCIIOMOTATEJIbHBIX DJIEMEHTOB (COCIUHUTENBHBIE MPOBO/A, BBIKIIOUATEIIH,
MPEAOXPAHUTENH, PA3bEMbl, U3MEPUTEIbHBIE TPUOOPHI U IP. ).

B ucmounukax nexmpoinepzuu paziudHbIC BUJIBI SHEPTUU TTPEOOPa3yIOTCs
B DJIEKTPUYECKYIO (B TAJIbBAHUUECKUX HJIEMEHTAX - XMMUUYECKas; B AJICKTPUUECCKUX
reHepaTopax - MeXaHu4decKas, B COJIHEUHBIX OaTapesx - CBEToBas u Jp.).

B npuemnukax snekmposnepzuu NpouCXoquT oOpaTHOE MpeoOpa3oBaHUE -
3JIEKTPOIHEPTHUs MPeoOpa3yeTcsi B UHbIC BUbI SHEPTUH.

OcnoenbiMu I1emeHmamu 31eKmMpPUUecKoll Yenu A6aa0mca UCMOYHUKU U
npuemHuKku jiekmpoinepeuu. [IJpueMHUKH 3JIEKTPOIHEPTUH 1O CBOMM CBOMCTBaM
MOJKHO Pa3JIeJINTh HA PE3UCTUBHBIC, NHIYKTUBHBIC U EMKOCTHBIC 3JIEMEHTHI.

WNneanbHblil pezucmuenstii Inemenm (aKkmugHoe cOnpomueieHue) -3T0 dJie-
MEHT AJICKTPUYECKOM IIeTH, B KOTOPOM MPOUCXOIUT TOJIBKO HeoOpaTtuMoe mpeodpa-
30BaHUE AICKTPOMArHUTHOW HEPTUU B TEIUIO (Tak Ha3bIBaeMbIE nomepu), a 3amaca-
HHE DHEPTUU DJIEKTPUYECKOTO U MAarHUTHOTO IOJISI OTCYTCTBYET.



IIo cBoiicTBaM K HACAIIBHOMY PC3UCTUBHOMY JJICMCHTY OnMu3KHU CICOYIOIINC
PCAIBHBIC YCTPOﬁCTBai PE3UCTOPLI, PCOCTAThI, JIaMIIbl HaKaJIMBaHUSI. YcnoBHOe
rpa(bnquKoe 0003HaUCHUE PE3UCTOPA IPCACTABICHO B T36JII/II_[€ 1.

Tabmumna 1
HaumenoBanue YcnoBHOe Tpaduieckoe Pazmepsl
AJIeMEHTa o6o3nauenue ('OCT) ('OCT)
Pesucrop R
HEPETYJIUPYEMbIii G —l:H‘—J1i
0
Karymika L Ri5 4

WHYKTHBHOCTH I Y Y M
Kounnencatop C P
HeperyJIupyeMblit | | l r
Hctounuk DJIC 4@3
Hctounuk TOKa _@i

OCHOBHBIM TIAPAMETPOM PE3UCTHUBHOTO AJIEMCHTA SIBJISCTCS €T0 d1eKmpuye-
ckoe conpomueénenue R.

Enuauier usmepenns conpotuieHus - oM (Owm). YacTo Takke MPUMEHSFOTCS
kmtooM (KOm) u meraom (MOm).

DIEKTPUIECKOE COMPOTHBICHHE JUHEHHOTO OJHOPOJHOTO  IMPOBOJHUKA
ompeensercs mno Gopmyie:

D40

R=p~. 4)

rae [ - qjuHa NpoBOJHUKA B METpaXx;

S - ero ceueHue B M’;

p - YIACIBHOE AJIEKTPUUECKOE COMPOTUBIeHHE B OM - M.

Benuuuna, oOpaTHasi COMPOTHUBIICHUIO, HA3bIBACTCS 21€KMPUUECKOU NPOBO-
OUMOCMBIO:



G=1/R. (5)
[IpoBoaumocTs u3Mepsiercs B cumeHcax (Cm).
[Ipu nporexkanuu Toka / 3a BpeMsl { B PE3UCTUBHOM JJIEMEHTE BBIJCISICTCS
TETU10, ONPEAENAEMOE 10 3aKoH) [ocoyna-Jlenya:

Q =I'Rt (6)

MoOIHOCTh B PE3UCTUBHOM 3JIEMEHTE HE MOXET MPUHUMATH OTPUIATEIIHHBIX
3HayeHu. CrienoBaTebHO, SHEPTUS BCET/la MOCTYMAeT OT MCTOYHHUKA B PE3UCTHUB-
HBINA AJIEMCHT.

Hoeanvnoim unHOyKmMueHwvIM 371eMeHMOM DIEKTPUYECKON LENH Ha3bIBAIOT
AJIEMEHT, B KOTOPOM MPHU MNPOTEKAHUH TOKA MPOUCXOAUT TOJBKO 3alaCaHUE MArHUT-
HOW DHEPIruHU, a MOTEPU U 3aMacaHue JICKTPUYECKON SHEPTruu OTCYTCTBYIOT. [Ipu-
MEpOM DJIEMEHTa, OJU3KOTO MO CBOMCTBAM K TaKOMY JJIEMEHTY, CIY>KUT WHIyKTHUB-
Has KaTylIKa.

VYcenoBHoe rpaduueckoe 0003HAUYCHHE KATYIIKH WHAYKTHBHOCTH IIOKa3aHO
tabn. 1. Ilporekanue Toka i MO k-TOMY BHTKY KaTYyIIKH BBI3BIBAET MOSBJICHUE Mar-
HUTHOTO TOJISl, XapaKTEPU3yEeMOIr0 B TEOPUH SJIECKTPUUECKHX LENEH MHTETrpalibHON
BEJIMUMHOU - MACHUMHBIM NOmMOoKom Dy,

CymMmma BceX MOTOKOB, CHEIJIEHHBIX C OTACIbHBIMUA BUTKAMU KATYILKH, Ha3bI-
BACTCS HOMOKOCYENIeHUEM:

w=2Q,=L"1, (7
rae L - unoykmusenocms.

Enununa u3mepeHuss MHIYKTUBHOCTh - TeHpH (I'H) (Ha mpakTuke HambOosee
4acTO BCTPEUYAIOTCS HIEMEHTH ¢ MHAYKTUBHOCTBIO 107-10° MIH).

CBsi3p MEXKIYy TOKOM U HANpPSHKEHUEM B MHIYKTUBHOM DJIEMEHTE YCTaHaBIIH-
BAETCsl HA OCHOBE 3AKOHA INEKMPOMAZHUMHOU UHOYKYUU: TIPU U3MEHEHUH Mar-
HUTHOTO TOTOKA, CLEIJIEHHOTO ¢ KOHTYpOM, B HEM HaBOAMUTCS 3JEKTPOJBUXKYILAs
CWJIa, paBHAsi CKOPOCTH M3MEHEHHUS TTOTOKOCIEIUICHUS M HalpaBlieHHAs TaK, YTOOBI
TOK, BBI3BaHHBIA €10, CTPEMMJICS BOCIIPEMSITCTBOBATh M3MEHEHUIO HABOAIIETO MO-
TOKa:

62——=—L—:—ML' (8)

HaHpiI)KCHI/IC Ha HWHAYKTHBHOM 3JICMCHTC OIIPCACIIACTCA CKOPOCTHBIO M3MCHC-
HHA TOKA. HpI/I INPOTCKAaHUH YCPC3 MHAYKTHBHOCTDL ITIOCTOSHHOI'O TOKa IIOTOK HC H3-



MCHACTCs, HAIIPSKCHUC PABHO HYJIIO, 9YTO PABHOCHIIBHO KOPOTKOMY 3dMbIKAHHIO
BBIBOJAOB 3JICMCHTA.
MrHoBeHHas MOIDHOCTBb B MHAYKTHUBHOM 3JICMCHTC!

o di
p, =u;i =Li 78 (10)

[Ipu coBnaseHNM 3HAKOB TOKA U HANPSDKEHUS IMPOMCXOAUT 3amacaHue dHEp-
TMU U MOUIHOCTH IOJIOKUTENbHA, IPU HECOBMNAJECHUM 3HAKOB MOIIHOCTH OTpHUILA-
TEJIbHA, YTO 03HAYAET OT/Iauy 3allaCEHHON B AJIEMEHTE YHEPTUH.

NurerpupoBanue Boipaxkenus (10) B mpenenax ot ¢, rae TOK paBeH HYIIIO, 10
t, T/€ TOK PaBEH i, MO3BOJISET MOJIYYNUTh SHEPTHIO, 3aIIACEHHYI0 B UHAYKTUBHOCTHU:

.2
l

WL :IpLdt:L7
0

CrnenoBareiabHO 3HEPIUsi B MHAYKTUBHOCTHU OIpEAENseTcs 3HaUYeHHEM TOKa B
JAHHBII MOMEHT BPEMEHU U MPOIMOPIIMOHAIBHA KBaJpaTy TOKa, a MOTOMY HE MO-
KET MPUHUMAThH OTPHUIIATEILHBIX 3HAUYCHUH.

Hoeanvnutit emkocmmuoil snemenm >JIEKTPUIECKON 1ENMU - BJIEMEHT, B KOTO-
POM IPOUCXOAUT TOJBKO 3alacaHue JIEKTPUUECKOW SHEPruM, a MNOTepH U 3amaca-
HU€ MarHUTHOM SHEPTUU OTCYTCTBYIOT.

[Tpumepom rrieMeHTa eMKOCTHOTO THIIA SIBIISIETCS KOHIeHcaTop. Ero ycinoBHoe
rpadudeckoe 0003HaUCHHE MPECTABICHO B Tabymie 1. .

B ciyuae npuinokeHHs K KOHASHCATOPY HAIPSKEHUS Ha €ro 00KIIaJKax MosB-
JSIOTCS 3apsbl, paBHbIE 0 3HAYEHUIO M MPOTUBOIIOJIOKHBIE IO 3HAKY, a B TUAJIEK-
TPUKE MEXIy OOKIaAKaMu oOpa3yeTcsl CB3aHHOE C 3TUM 3apsAOoM DJIEKTPHUUECKOe
nosie. 3apsa Ha OOKJIaJKax KOHJEHcaTtopa OyJeT MpOMOpLUUOHATEH HaNpsHKEHUIO
MEXy OOKIIaKaMu:

g= CU, (11)

rne C- emxocmo.

Enunnia usmepenus emkoctu - gapana (D). B amekTpoTexHUKe 4acTo MpH-
MEHSI0TCS Takke Mukpodapana (Mxd), nukodapana (nd), nanodapana (HD).

Jl7is yCTAaHOBNICHHSI CBSI3M MEXKIy TOKOM M HampsOKEHHEM B €eMKOCTHOM dlie-
MEeHTe JocTatoyHo mnpoauddepenmrponats Beipakenue (11). B pesynprate momy-
YIM 3aBUCHMOCTh TOKa B eMKOCTH OT HANPsDKEHUS Ha HEil:



_c du

le = g (12)
t

Tox B eMKOCTHOM DIIEMEHTE ONIpCACIACTCA CKOPOCTBIO N3MCHCHUA HAIIPSKC-

Hus. B ClIydac MpUIOKCHUA ITOCTOSHHOI'O HAIIPSKCHUA TOK B CMKOCTH PAaBCH HY-

JI0.
MOIHOCTE B EMKOCTHOM 3JIEMEHTE:

du,

pC:uCizCucw. (13)

NurerpupoBanue BoipaxkeHud (13) mo3BoNISIET HAMNTH SHEPTHIO, 3aMIACEHHYIO B
€MKOCTH:

2
Uc

WC = Ipcdt:CT
0

CrnenoBaTenbHO, HHEPTUSl B €MKOCTH HE MOKET MPUHUMATh OTPULATEIbHBIX
3HAYEHUM.

NHaAyKTHBHBIE U €MKOCTHBIC 3JIEMEHTBHI B OTJIMYHME OT Pe3HMCTHBHOIO
HA3BIBAIOTCH PEAKMUGHBIMU.

VcTOYHUKH 37€KTPO3HEPTUU AENITCS HAa UCTOYHUKH DJIC M NCTOUHMKY TOKA.

Hoeanvnwtit ucmounuxk 3/]C - WMCTOYHUK, HANPSOHKEHHE HA BBIXOJHBIX 3a-
KMMaxX KOTOPOTO HE 3aBHCHUT OT TOKA, MPOXOISALIErO YEPE3 NCTOYHUK. Y TaKOro UcC-
TOYHMKA OTCYTCTBYET BHYTpPEHHEE compoTuBiieHne U ero J/IC paBHa HaIpsIKEHUIO
Ha 3axuMax U = E(1).

YcnoBHoe rpaduueckoe n3zoOpaxkeHue uiaeanbHoro ncrounnka IJC mokaza-
HO B Tabmuue 1. HampaBneHue cTpenku COBNAJACT C HAMNPABICHUEM TOKA BHYTPU
UCTOYHMKA. [IpH KOPOTKOM 3aMBIKaHWM 3aKMMOB TaKOIO MCTOYHHMKA TOK B HEM
CTpeMHUTCS K OECKOHEYHOCTH, TO €CTh MOIIHOCTh TaKOr0 MCTOYHHKA JI0JKHA OBITh
OECKOHEYHO BEJIMKa, YTO Ha MPAKTUKE HEBO3MOXKHO.

JIns ydera BHYTPEHHHX NapamMeTpoOB pealbHbIX MCTOYHUKOB JJIC B cxeme
3aMellleHrs] ToCNeA0BaTeNbHO ¢ UaeadbHbIM ucTouHuKOM DJIC BKitouaroTcs (uK-
THUBHBIE PE3UCTOPHI (ISl LIETIeH MOCTOSIHHOTO TOKa) (puc. 2, a) UK PE3UCTOPHI U
WHIYKTUBHOCTHU (1S LIeTIel mEpeMEHHOro Toka) (puc. 2, 0).

Hoeanvnutit ucmounuk moka - 370 TaKOM MCTOYHUK BJIEKTPOIHEPIUU, B KO-
TOPOM TOK HE 3aBHCHUT OT HaIIPSDKEHUS HA €T0 BBIXOJAHBIX 3aKUMaX. TakoW HCTOYHUK
00J1aaeT OECKOHEYHO OOJIBIIUM BHYTPEHHUM COMPOTUBIICHUEM.
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YcaoBHoe rpadudeckoe 0003HaUECHUE UJICATHHOTO UCTOYHUKA TOKA TMOKAa3aHO
B Ta0Osuiie 1. JlaHHBINA 3JIEMEHT MPUMEHSETCS B CXeMax 3aMeIeHUs IPH pacyeTe He-
KOTOPBIX AJICKTPOTEXHUYECKUX M AJICKTPOHHBIX YCTPONCTB (HapUMeEp, CXEM C TpaH-
3UCTOpPaMHu ).
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Puc. 2. Cxemsl 3aMCIICHHUA UCTOYHHUKOB MMOCTOSIHHOM

u nepemenHon D/1C

3. AKTHUBHbIE M IACCUBHBbIE IBYXIIOJOCHUKHA U MHOTONOJIIOCHU-
KU (4eThIPEXIMOJTIOCHUKM)

eyxnontochuk — 3TO 4acTh CXE€MbI MPOU3BOIBHON KOH(UTrypaluu, UMeroas
OJIHY Tapy 3aXKUMOB (OTCIOJIa M TPOM3OIILIO €r0 Ha3BaHHE) OOBIYHO HA3BIBAEMYIO
BXOJ/IHBIMU.

[IpumeHeHne IBYXIIOIIOCHUKOB OCOOEHHO 3 (EeKTHBHO, Koraa Tpelyercs
ONpEeNIeTUTh 3HAUYECHUS TOKAa B HEKOTOPOW BETBM JJIsl PA3IMYHBIX 3HAYEHUH COIpPO-
THBJICHHS B 9TOM BETBU B TO BPEMs, KaK B OCTAJIBHON CXEM€E CONPOTUBIICHHUS, a TaK-
e DJ1C ¥ TOKM UICTOYHUKOB MOCTOSTHHBI. JIaHHBI METO/I OCHOBAH Ha TEOPEME: €CIN
aKTUBHYIO LIETIb, K KOTOPOW MPUCOEAMHEHA HEKOTOPAsi BETBb, 3AMEHUTh HCTOYHUKOM
¢ D/IC, paBHOI HaNpsHKEHUIO HA 3AKMMaxX Pa30OMKHYTOW BETBHU, U COIPOTUBIICHHUEM,
PaBHBIM BXOJIHOMY COIIPOTHBJIEHUIO aKTUBHOM II€NU, TO TOK B 3TOW BETBU HE HU3Me-
HUTCA. YKa3zaHHble B Teopeme DJ{C U CONMpOTUBICEHHE MOXHO MHTEPIPETHUPOBATH
KaK COOTBETCTBYIOLIHME IMApAMETPBl HEKOTOPOTO T€HEPATOPAa, IKBUBAJIEHTHOTO HC-
XOJTHOMY aKTHBHOMY JBYXIIOJIFOCHUKY.

[IycTtp HEOOXOAMMO OMPENENUTh TOK B MPUEMHUKE C CONMPOTUBIECHUEM R.
Bcro octanbHy10 yacTh CXEMBbI LIENMU 0003HAYMM aKTHUBHBIM ABYXITOJIOCHUKOM A (CM.
ciaiin 1). B cooTBeTCTBUM € METOIOM aKTUBHOIO JABYXIOJIOCHHKA CXEMY MOYKHO
TpaHc(HOpPMUPOBATH B CXEMY, H300paXKEHHYIO Ha Claiiie 2.

HckoMmblit TOK B IPUEMHUKE OTIpEIeIsieTcs 1Mo popmyIie:

E3 — UXXab
R,+R R,+R- (14)

1=
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rae Uy, - HanIpsoKeHMe Ha pa30MKHYTHIX 3aKAMax a-b.

[TapaMeTpbl aKTUBHOTO JBYXIOJIOCHUKA OMPEACNSIOTCS CIEAYIOIMHUM 00pa-
30M:

- 1100BIM M3 M3BECTHBIX METOJIOB pacyera JMHEUHBIX ANEKTPUUYECKUX Lieren
OTIPEIENISIIOT HANpPSKEHUE HA 3aKMMax a-b aKTUBHOIO ABYXIIOJIOCHHKA MpU Paszo-
MKHYTOM UCCIIEyEMOU BETBH;

- IIPA PA30MKHYTOM MCCIEAYEMON BETBHU OINPEIECISAETCS BXOJIHOE COMPOTUBIIC-
HHUE AKTUBHOTO JBYXITOJIOCHUKA, 3aMEHSIEMOI0 IIPH 3TOM [aCCHUBHBIM.

JlaHHas 3aMeHa OCYILECTBIISAETCS IyTEM YCTPAHEHUS U3 CTPYKTYPbl aKTUBHOTO
JBYXIIOJIFOCHUKA BCEX MCTOYHHUKOB 3HEPTUHU, HO IPU COXPAHEHUH HA MX MECTE UX
BHYTPEHHUX CONPOTHUBIICHUI. B ciydae maeanbHbIX UCTOYHHUKOB 3TO COOTBETCTBYET
3aKOpavYnBaHuUIO BceX HCTOYHUKOB DJIC 1 pa3MbIKaHUIO BCEX BETBEH ¢ NCTOYHUKAMHU
TOKA.

[Ipy aHanm3e 3JEKTPUYECKUX LENEN B 3aJadax HCCIEAOBAaHUS B3aMMOCBSI3U
MEXy MEPEMEHHBIMH (TOKaMH, HAINPSKEHUSIMH, MOIIHOCTAMHU U T.N.) IBYX KaKWX-
TO BETBEU CXEMBI IIUPOKO UCIIOIb3YETCS TEOPUS YETHIPEXIIOIFOCHUKOB.

YemvipexnontocHuKk — 3TO 4acTh CXEMbl MPOU3BOJIbHON KOH(UTYpaluu, ume-
IOLIas IBE Mapbl 33)KUMOB, OOBIYHO Ha3bIBa€MbIE BXOJIHBIMHU U BBIXOJIHBIMU. [Iprume-
pamMH YeTHIPEXIOJIIOCHUKA SIBIISIOTCA TpaHC(OPMATOP, YCUIUTENb, MOTEHIIMOMETD,
JIMHUSA 3JEKTPONEpeiaur U APYTUeE IIEKTPOTEXHUUECKNE YCTPONCTBA.

Teopust 4eThIpeXIOIIOCHUKA B OOILIEM BHJE pacCMAaTpUBAET OCHOBHYIO IPO-
0JieMy 3JIEKTPOTEXHUKU — MEpeiavy SHEpPIuH (CUTHaJIa) OT UCTOYHUKA K TPUEMHUKY
AJEKTPUUYECKON SHEPrUM 4epe3 J00e MPOMEXYTOUHOE 3BEHO. BHYTpEHHsIS CTpyK-
Typa YETHIPEXIIOIIOCHUKA MOXKET ObITh JH000i; OHA, KaK MpPaBUJIO, HE UHTEPECYET
VCCIIEA0BATEINS], UCTIOIB3YIOIIETO annapaT Ye€ThIPEXIIOIIOCHHKA.

B o0meM ciydyae 4eThIpeXIOJIOCHUKHM MOYHO pa3leliuTh Ha akmusHvle, B
CTPYKTYpPY KOTOPBIX BXOJST UCTOYHUKHU DHEPTUU, U NACCUBHbIE, BETBU KOTOPBIX HE
collep>KaT MCTOYHUKOB sHepruu. Jlamee Oyaem paccMaTpuBaTh TOJBKO IMACCUBHbBIE
YETBIPEXIIOIFOCHUKH.

Haunbonee cymecTBEHHBIM JIOCTOMHCTBOM TE€OPUHU YETHIPEXITOIIOCHUKA SBIIS-
€TCS TO, YTO MEXAY BXOJHBIMU U BBIXOAHBIMH BEJIMYHMHAMH (TO €CTb TOKaMH U
HANPsHKEHUSIMHA ) MOYKHO YCTAaHOBUTH COOTHOIIEHUS 0€3 pacueTa BHYTPEHHEH CXEeMbl
YETHIPEXIIOIFOCHUKA.



