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Hennc OaquHIOB
JJEeKTPOHHUKA: OT MPOCTOro K CJAO0KHOMY

I'naBa 1. Ilocrossanbii Tok. IlepBble paanogerain

DNIEKTPOHMKA UMEEeT KOPOTKYIO, HO Ooraryio coObTisMU uctopuio. [lepBeiil ee mepuon cBsi-
3aH C NPOCTEUIIMMHU IepelaTYMKaMH KJTIOUEBOTo JEHCTBUSA M CIOCOOHBIMUA IPUHUMATh UX CUTHAJIbI
[IPUEMHUKAMHM, KOTOPbIE MOSBIINCH B Havaste XX BeKa. 3aTeM HACTYNUIIa 3M0Xa BAKYYMHBIX JlamIl,
KOTOpasi O3HaMEHOBaJIa COO0I BO3MOKHOCTb IIPETBOPEHUS B )KU3Hb CMeJIbIX ujiei. Ceituac Mbl ABIS-
eMcsl CBUIETEJISIMU HOBOT'O 3Talla Pa3BUTHUS JIEKTPOHUKH, CBSA3aHHOIO C MOSIBJIEHHEM 3JIEMEHTOB
Ha TBepIOM Tesie. TexHOIorus NosBIIeHUs 00X MHTErpaibHbIX cxeM (BUC) maeT BO3MOKHOCTh
IIPOU3BOIUTH KPUCTAJUIBI KPEMHUSI, HA OCHOBE KOTOPbIX CO3/IAIOT KAJIbKYJISTOPbI, BBIYUCIUTEIbHBIE
MallHbl ¥ COTOBbIE TesiehoHbl. PasBuTHe TexHomoruu cBepxoombimx uHTerpaibHbix cxem (CBUC)
OTKpPbIBA€T BO3MOKHOCTb CO3/IaHUSI HOBBIX 3aMeYaTesIbHbIX YCTPONCTB.

Ecmu Bac 3aMHTEepecoBaiy ycHexu 3JeKTPOHUMKU M €CTh JKeJIaHUE Y3HAaTh 00 3JIEKTPOHHBIX
YCTPOICTBaX MOOOJIBIIE, TO 9Ta KHUrA — TO, YTO BaM HYKHO.

ITpOTOHBI U 3MEKTPOHBI

IToBceqHEeBHBIN ONBIT MPUYYMII HAC K TOMY, YTO TBEPABIE TeJla U KUJKOCTH UMEIOT IUIOTHYIO 1
HEeTIpepbIBHYIO CTPYKTYPY. A BMECTE C TeM CTPYKTypa y HUX, MOXKHO CKa3aTh, axypHas. Jllodoe Bellie-
CTBO — BOZa, Oymara, MeTaJljibl, IjacTMacca — OOJIbllle HATOMHHAIOT XOKEMCTOB Ha Jibjly BO BpeMs
UTpBl, YeM 3puTesield, HaOMOJAoNIMX 32 UIPOM, KOTOPBIX, KaK MPaBUJIO, ropa3no Oonbine. Mbl He
BU/IUM 3TOH a)XypHOCTH, HO TOYHBIMU (PU3UUECKUMHU MCCIAEJOBAHUSAMU YCTAaHOBJIEHO, YTO CI'YCTKH
BEILIECTBA - aTOMBI ¥ 3JIEKTPOHBI — HAXOJATCA IPYT OT Apyra Ha pacCTOSIHUM, BO MHOT'O pa3 MPEeBbIILa-
IOUIMX MX pa3Mepsl. Eciy peanonaokuTh, 4To aTOMHOE S1/1p0 UMEET pa3Mepsl (pyTOOIBHOTO Ms4a, TO
17151 COOMIOIGHN ST TIPOTIOPIME HY’KHO TPEACTAaBUTh, KAK HA PACCTOSHUU B COTHU U THICSTIM METPOB OT
HETO JIETAIOT JIEKTPOHBI pa3MEepPOM C FOPOLIKHY, a BCE OCTAJIbHOE — IyCTOTa. A PACCTOSHUS MEKLy
COCEHMMH aTOMaMH B 3TOM MacIITa0e COBCEM OI'POMHBI — 3TO JIECATKU U COTHU KUJIOMETPOB.

B mo6om BemiecTBe HaiieTcss HEKOTOPOE KOJIMYECTBO aTOMOB, MOTEPSIBIIMX 3JIEKTPOHBI CO
CBOMX BHEULIHUX OpOUT. B TBepAOM Tesie aTOMBI 3aKperyieHbl B ONpeeIeHHbIX TOUKaX IPOCTPAaHCTBA,
CBSI3aHbl JPYT C JPYrOM B IUIOTHBIN KapKac KPUCTAJUIMYECKON peleTku. B kKUAKOCTAX aToMbl CBA-
3aHbl cabee, IMEHHO MO3TOMY XKUAKOCTD "MsrKas'", OHa JIerko u3rudaercs, Teder. B modom ciydae
aToOMBI IOIIATHIBAIOTCS, COBEPIIAIOT HEOObIINE ABUKEHUS, KoneOmotes. B mpouecce aTux XaoTu-
YECKHX TEIJIOBBIX KOJeOaHUil aTOMBI, TPyOO roBopsl, "'cOpachBAlOT" BHEIIHKE IEKTPOHBL, T€, KOTO-
pble OOJIbIIIe BCETro yIaJIeHB OT sapa, cadee APYyrux MpUBSI3aHbl K HEMY JIeKTPHUECKUMH CHIIAMH.
BrIpBaBimecs U3 aTOMOB JIEKTPOHBI IEPEMEILIAIOTCS B MEKATOMHOM ITPOCTPAHCTBE, OHU CBOOO/IHBI.

ATOM, y KOTOPOI'O JIEKTPOHOB Ha OpOMTax OoJIbllle, YeM IIPOTOHOB B SApE, — OTPULIATEIIbHBII
VIOH, a TIOTePSBLIMIA OJJVH UM HECKOJIBKO JIEKTPOHOB, — 3TO MOJIOKUTEJIbHBIN HOH. B TBepabIX Tesax
TaKMe MOJIOKUTEITbHbIE NOHBI HEMOBYIKHBI, B JKMIKOCTSX M OCOOEHHO B ra3axX OHU, KaK U JIEKTPOHBI,
MOTYT CBOOOJHO JABUTaThCSI.

ITpoBOIHMKH, TOIYITPOBOIHUKH U U30JISITOPbI

CrnenmanucThl MO JEKTPUUYECTBY MPUBBIKJIN JIEJIMTh BCE BEIIECTBA HA TPY IPYIIBI — IPOBOJ-
HHKH, TIOJYTIPOBOIHUKHY M JUIIEKTPUKH (M30MIATOPHI). B ManekTprukax cBOOOIHBIX 3apsiJOB OUEHb
MaJio, o4ty HeT. [TomynmpoBOIHUKM — 3TO BELIECTBA, B KOTOPHIX CBOOOIHBIX 3apsiIOB HEMHOTO, HO
OHM Bce-TakM ecTb. K MPOBOIHMKAM OTHOCSTCSI BELIECTBA, B KOTOPBIX CBOOO/HBIX 3apsAA0B OYEHb
MHOTO.
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Puc. 1.1. M3014TOpPBI, NOITYIPOBOJHUKY U TPOBOJHUKHI

1.1. Tox n HanpsizKeHNe

1.1.1. DuekTpUYeCKNil TOK

DJNIEKTPUYECKUN TOK — 3TO HAIPABJIEHHOE [IBUXKEHUE 3JIEKTPUUYECKU 3apSUKEHHBIX YaCTHIL
BHYTPU IIPOBOAHKKA, HAIpUMeEp, Meu Wiu sxene3a. Korma-to cuMranock, 4To 3TH 4acTULIbL 3apsi-
JKEHbI MOJIOKUTEIBHO, HO HA CaMOM [IeJIE 3TO JIEKTPOHBI, KOTOPbIE UMEIOT OTPHULIATESIbHBIN 3apsi[.

Tok uMeeT HarpapJjieHUE, WU NONSIPHOCTb, CUATAETCS, YTO 3apsbl BCerga TeKyT OT MOJIOo-
JKUTEJIHOTO TIOJIOCa K OTpHLaTesibHoMYy. [IepBbIM YesloBeKOM, KOTOPBIN BBEI 3Ty ujelo, Obu1 ben-
mkamMuH OpaHKIIMH, KOTOPBIA He 00Iagall Cpe/ICTBAMU M 3HAHUSAMU, YTOOBI JOKA3aTh, YTO B JICH-
CTBUTEJILHOCTH TOK OOYCJIOBJIEH OTPHUIIATEIbHO 3apsiKEHHBIMU JIEKTPOHAMU, & He THIIOTETHYECKIMU
TMOJIOKUTEIbHBIMM YacTULAMU. DTa YCIOBHOCTb OCTaJlach MO CEW AEHb, XOTS B JI€HCTBUTEIBLHOCTU
JEKTPOHBI JBHKYTCS OT OTPULIATEIBHOIO MOJI0ca K MOJNOKUTENIbHOMY. [0MOKUTENbHBINA MOMI0C
OOBIYHO YKa3bIBACTCS HA CXeMax 3HAKOM "+" MJIM KPAaCHBIM I[BETOM, a OTPHUIIATENIbHBIA — 3HAKOM "-"
WJIM YEPHBIM IIBETOM.

Kak MoxHO n3meputs Tok? I3MepUTh MOTOK BOJIBI IOCTATOYHO MPOCTO: HAM HYKHbI CEKYHJIO-
Mep M CUETYMK BOJpI, TeKyIel 1o Tpyde. CKOpOCTh 3TOr0 MOTOKA 3aBUCUT OT JAUaMeTpa TPyObl U
CKOPOCTH BOJIbI M paBHA KOJIMYECTBY JIMTPOB, KOTOPHIE TIPOXOIAT Uepe3 CEKIMI0 TPYObl B CEKYHIY:
MOTYT MPOUTHU JIECATh, CTO WJIM THICSIYM JIMTPOB B CEKyHY. 1Jisi M3MepeHUsl CUJIbI JIEKTPUIECKOTO
TOKA MOCTYMAIT NOJ0OHBIM 00pa30M, HO BMECTO M3MEPEHH S KOJTMUYECTBA BOBI MbI JIOJKHBI CYUTATh
EKTPUYECKUE 3aPsilibl, UJIM IEKTPOHDI, KOTOPbIE TPOXOAST B MEKTPUUECKOM ITPOBOJAE 32 CEKYHILY
(uepe3 JaHHOEe CeueHHe MIPOBOIHUKA).

Enununieit usmepeHus JIeKTPUUECKOro TOKa, WM CUJIBI TOKA, siBJIseTcs amrep (A), Ha3BaH-
HBIM B Y€CTh TIEPBOOTKPHIBATES IEKTPUIYECKOTO TOKA — BEJIMKOro (ppaHIly3cKoro pusmka AHape-
Mapu Amriepa, xusiiero Ha pyoexe XVIII-XIX BexkoB. OquH aMriep COOTBETCTBYET CKOPOCTH ITPO-
XOXKJIEHUS Yyepe3 ceueHue npoBogHuka 3apsaa B 1 kysoH (K) 3a 1 cekynny. (OauH KyJIOH — cymMMap-

HBIN 3aps/i IPUMEPHO 6 MUIMApAOB MUWUIHApAoB (wm 6,24-10 18) 3JIEKTPOHOB.) CMMBOJIOM amrnepa
sBiisieTcst OykBa "A". B (opmysax cuiia Toka o6o3Hauaercst OykBou "I". TOKM HEOOIBIION BETUUYHHBI
MOT'YT OBbITh BBIPQXKEHbI B MA WU JJake B MKA.

YenoBek HAUMHAET OLYIIATh TOK B cBoeM Tesie rpu ero BennuuHe 0,005 A. Tok 0,05 A onacen
11 skn3HU. Tok B moMuHectieHTHOo# tamrie — 0,15 A, B mamrie HakaimmuBanus — 0,2-1 A, B X0JIoguIb-
Huke — 0,5-0,8 A, B ObITOBBIX HarpeBaTelIbHbIX PUOOpax — 2-8 A, B 21€KTpOJBUIaTes e TPAMBaHOIO
BaroHa — 100 A u Bblllle, B MHAYKTOpE Meuu 114 1uiaBienus amomunus — 18000 A.

1.1.2. HanpsizkeHne ¥ pa3HOCTh NOTEHIHAJIOB

CkorbKo pa3 Mbl 3aaBaii cede Borpockl Bpoze "[1pu kKakoM HarpsikeHUH paboTaeT TOT JIeK-
Tpudeckuil npuodop?" — "220 Bonst", v "Kakyio 6atapeiiky HyKHO BCTaBUTh B 3TOT IyJbT?" —"1,5
B". Kak aHa10rmio MoxHO IPUBECTH B IPUMEP BOAY, KOTOpasi MOXKET TeUb, TOTOMY UTO €CTh Pa3HUIIA
B BbicoTe. [ToX0KMM 00pa3oM TeueT IeKTPUUECKHIA TOK, €CJIU CYILECTBYET Pa3HUIIA B YPOBHSIX, WM,
JlydlIlle CKa3aTh, Pa3HOCTb MOTEHIIMAJIOB, Kak OYJTO TOUYKH PAaCHOJIOKEHbl Ha Pa3HOM BHICOTE.
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Puc. 1.2. Cuna notoka Bojibl 3aBUCHUT OT Pa3HULBI B BHICOTE

Ecnu Mbl BO3bMEM OUYEHb JUTMHHYIO TPYOy, MOJOKUM €€ Ha 3eMJTI0 M HallOJIHUM ee BOJION (pHcC.
1.2), Boza BBIJET U3 JPYroro KOHIA ¢ HEOOJbIIONW CUIoi. Eciy Mbl MOAHMMEM OIMH U3 KOHIIOB
TpyOBI, TO BOJIA BBIAIET C Oosbliel cuiioil. Yem Oorbliie pa3HuUIla B BEICOTE, TeM OoJibliie cuia (WIu
JaBJieHNe) Ha BBIXOZIE U3 TPYOBI.

[TpeacraBum cede, YTO MOKHO HEKOTOPbIN MOTOKUTEIbHBIN 3apsifl pa3MECTUTh B OJJHOM MECTe,
a OTpULIATENIbHBIN — B IpyroM. Mesk/1y HUMU MOSIBUTCS TaK Ha3bIBAEMOE JIeKTprueckoe rose. Eciu B
3TOM TI0JIE Pa3MECTUTh HEKOTOPYIO MOJIOKUTENIBHO 3apsKEHHYIO YaCTHILy, TO OHa OyJIeT IBUTaThCs B
CTOPOHY OTPHLIATEIBHOIO 3apsiia. DNIEKTPUUECKUNA 3apsi, PaclONOKEHHBIN B JIEKTPUUECKOM IIOJIE,
o0najaeT onpeneaeHHbIM YPOBHEM MOTEHIMAIBHOM SHEPIUH, IIOTOMY YTO HAXOIUTCS B OIPE/IesieH-
HOW TOYKE M0JI51 U SIBJISIETCS] HETIOABMKHBIM, XOT$ IO/l BO3JEWCTBUEM ITOTO I0JI1 €0 TSHET B CTOPOHY
oTpuLaTeIbHOro 3apsjaa. [loreHumanpHas sHeprus, KOTOpyIo YacTula CTPEMUTCS IEPEBECTU B SHEP-
TUI0 JBUKEHUS, IEIEHHAsl Ha KOJIMYECTBO 3apsi/ia, Ha3bIBACTCs HAPSKEHUEM (€€ MOXKHO CPAaBHUTB C
BBICOTOM, C KOTOPOH MajAaeT BoJa, HaIpUMep, ¢ BbICOTOM Bojgonaaa). [lon Hanps:keHreM Mbl UMeeM
B BUJly pPa3HUIly IOTEHIUAJIOB (BPOAE Pa3HULIbI BBICOT).
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«.. W3 ONWITOB CPA4Y BMARD, YTQ ECTHL ABA COPTA
ANEKTPHYECTBA

Puc. 1.3. 3apsapl pa3HbIX 3HAKOB MPUTATUBAIOTCSA APYT K JIPYTy

EnuHuneit usmepenus HanpsikeHus sipisercs BoisT (B), B 4ecTb OJHOTO U3 OCHOBOIOJIOKHU-
KOB Y4YeHHsI 00 JIEKTPUUECTBE, UTAIBSIHCKOTO yueHoro, rpada Ajeccanapo BorbTa, kuBIIero Ha
pyoexe XVIII-XIX BekoB, Takke M3BECTHOTO N300pETEHNEM TIEPBOTO rajlbBaHMYECKOTO JIeMEHTa,
Tak Ha3bIBaeMoro BonbroBoro cronba. B ¢hopmynax u Ha cxemax HarpsbkeHue 0003HavaeTcst OyKBOM
"u.

OO0o3HaueHNe NCTOYHUKA HAIPSDKEHUSI HA NEKTPUIECKO CXeMe, KOTOpOoe MpUMEHsIeTCs Ha
MpaKTHKE, MPUBEAEHO Ha puc. 1.4.

-+

Puc. 1.4. YcinoBHoe 0003Hau€HNE NCTOUHMKA HAIIPSKEHUS HA JIEKTPUUYECKUX CXeMax

1.1.3. 3akon Oma

ITO OIMH U3 OYEHb MPOCTHIX, MIOHATHBIX U B TO K€ BPeMsl OUeHb Ba)KHBIX 3aKOHOB JIEKTpHUe-
ckoii teru. CoriacHo eMy, 4eM OOJIbIlie MEKTPUIECKOe HAPsKEHUE MEKTY ABYMsI TOUKaMH CXEMBI,
TeM ObIcTpee OyILyT MepeHeceHbl 3apsifibl, 00pasylolre TOK, TeM Oosblie OyneT Tok. Takxke OH yBe-
JIMYMBAETCS TIPU YMEHbIIEHUN CONPOTHUBJIEHUS LieNH (CONpoTHUBJIeHHE u3Mepsiercs B oMax (Om)).
ITOT 3aKOH ObLT OTKPHIT B 1826 rogy 1 HOCUT Ha3BaHUe 3akoHa Oma:

I=U/R,

T.. TOK | B Llenu npsAMo MponopLHMOHaIeH PUWIOKEHHOMY K ee BbiBoAaM HampsikeHuio U u
0OpaTHO MPOMNOPIMOHAJIEH conpoTHBIeHuio e R. [Tpu cBoeM OBHKEHUH TIEKTPOHBI CTAaJIKHBA-
I0TCSI C MOHAMH KPUCTAJUTMUECKON peleTkd. YeM Oosbliie B BEIIECTBE IEKTPOHOB M YeM MEHbIIIe
CTOJIKHOBEHHI y HUX ¢ MIOHAMH, TEM MEHbLIIE YJeJbHOE COITPOTHBIIEHHUE BELECTBA.

1.1.4. IlepBas paguoaerab - pe3ucTop

Pe3ucTopbl yMEHBIIAIOT MOTOK /1EKTPUYECKOro Toka. IIpencraBpre, 4To BbI MOJMBAETE PO3bI
B Cajly U3 PE3MHOBOIO IIUIAHTa, KaK BAPYr IMOTOK BOJbI OCTAHABIMBAETCA. Bbl MoBOpauMBaeTech U
BU/IUTE CBOETO JIpyra, KOTOpbI HACTyNaeT HOrod Ha IUIAHT, YMEHbIIash TeM CaMbIM IOTOK BOJbIL.
Pesucropsl U1 TOKa UTPAIOT POJIb TOHKOW MJIM TOJICTOH (B 3aBUCHMOCTH OT TOTO, KAaKOW BEJIUYMHBI
COIPOTHUBIICHUE TpeOyeTcs1) pe3MHOBOW TPYOKHM. BhICOKOe 3HaueHMe CONpPOTHUBIIEHHST O3HAYAET, YTO
yepe3 MaTepuasl MOXET MPOXOAUTD JIMIIIb TOK MaJlOi BEIMYMHBI.

CorpoTuBeHHe BJISAETCS CBOMCTBOM BCEX MMEKTPUUECKMX KOMIIOHEHTOB. 3ajaua pe3ucTOpoB
3aKJII0YAETCS B TOM, YTO OHU JI0JKHBI OKa3bIBaTh COMPOTHUBIIEHUE IEKTPUUECKOMY TOKY. 3akoH Oma

8
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TOJICKA3bIBAET, YTO MOKHO YCTAHOBHTH B IIEMHM HEOOXOMUMYIO CHITY TOKA, CO3/IaB B TOM IIETI TOYHO
JO3UPOBAHHOE, TO €CTh CTPOT'O OIpeieJIeHHOE COMPOTHBRIICHHE. 3aJaBIUCh BeJIMUMHOM TOKa | 1 3Has
HanpspkeHre U ucrounuka nutanus, MoxxHo 1o opmyiie R = U / I, BuiTekaroieit u3 3akona Oma,
BBIYKCITUTH 3TO HEOOXOIMMOE COTPOTHBIIeHUE. Pe3uctop siBisiercs HanOosee 4YacTo UCTIOIb3yeMbIM
9JIEMEHTOM 3JIEKTPUYECKUX Tieriell. Pe3rcTophl OBIBAIOT ¢ IOCTOSTHHBIM U IIEPEMEHHBIM COITPOTHBIIC-
HueM. OHHM UMEIOT pa3uuHble (GOPMBI U Pa3Mephl, B 3aBUCUMOCTH OT YCJIOBHI WX IMPUMEHEHUS U
HpCII"bHBJIHeMbIM K HUM Tpe6OBaHI/IHM.

Ceﬁqac pe3I/ICTOpr B BUIC MI/IKpOCKOHI/I‘ICCKI/IX HOHYHPOBOIIHI/IKOBLIX IIBIJIMHOK B OCHOBHOM
Yy B I/IHTeraJIbHI)Ie CXEMbI, HO B TO XK€ BpeMH BCé emé BbIHyCKaIOTCH B BUE OTACJIbHBIX (I[I/IC-
KpeTHBIX) feTasneid. CyIiecTByeT iBa OCHOBHBIX TUIIA PE3UCTOPOB — YTOJIbHBIE U METAJUIOIICHOUHBIE.
VronbHbIE PE3UCTOPHI CO3AI0T, CMENIMBAsA TMOPOIIKOOOPa3HbIe U30JATOP U YIojib B MPOMOPIHSIX,
HEOOXOIUMBIX JIJIsI TIOyYeHHs] HEOOXOAMMOTO COMPOTHUBIICHUS. A METaJUIOIUIEHOYHbIE PEe3UCTOPBI
(6osee pacripocTpaHeHHbIe B HACTOsIIee BpeMs) CO3JIAI0T, HAMBbUISAS TOHKYIO TUIEHKY MeTajlia Ha
KepaMUYECKYIO MOIOKKY, a 3aTeM yAaJisisl HEKOTOPBI 00bheM HalbUICHHS JI0 TIOJTyYeHUs] HEOOXOIH-
MOTO COMPOTUBJICHUS.

VYcoBHOE 0003HaUEHKEe Pe3rcTopa MoKa3aHo Ha puc. 1.5.

R

Puc. 1.5. YcnoBHoe o003HaYeHue pe3nucTtopa
Ta6muma 1.1
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LUBETOBAA KOOAWPOBKA PE3UCTOPOB
Unerosod nog, RENOmLIysoumE
o hacs i) %—-—' B0 UAHME: MONET NPHCYTCTRORSTE NATAR NONOES,

EOTOPEN NPEACTABNAST PAKTOD HELEMHOCTH i MONET
Bl Tls APOMIHOPHDOBANA,

1-m 2-n 3-a 4-m

1 IBETHBIE NOJIOCKI
lepras  Bropan K:}“nfneit 151‘%

Yepieoit 0 0 —
Kopwramemait 1 1 0

Kpacuuast 2 2 00
Opansenurit 3 3 000

dearuit 4 4 0 000

e TeHBNH o 5 00 000

Cunnit B 6 000 000
PuoneToRLIR 7 7

Cepriit = 8

Beanit 9 !

JomoTod 0,1 5%
Cepebpaumil 0,01 10%
Het noaocsl 20%

Linetomn o o, ciomdywbo M TRe JHas e sedipis QR paiMcTo poa o gonyeros 1%

HBETHBIE [TOJIOCHI
Tlepnan Bropan  Tpersn Mn“!“ummw
Yepuii 0 0 0 e
Kopwasessi# 1 1 1 0
K pacusfi 2 2 2 00
Opa#enni 3 3 3 000
et 4 4 4 0 000
3enerwii ] i) b 00 000
Crtaeit 6 6 6 000 000
PponeToBHR (] T T
Cepft 8 8 8
Be it 4 9 9
Soaoroit 0.1
Cepefipamadt 0,01

Ha IMPAKTUKE COIIPOTUBJICHUEC PE3UCTOPOB OTIIMYACTCA OT HOMHUHAJIBHOTO B CBA3U C BO3,HCfI—
CTBUC TEMIICPATYPhl U BJIAJKHOCTH, a4 TAKXKE HAI'pEBa IIPHU IMPOTCKAHUN YCPE3 HUX TOKA U APYIruUx
Cl)aKTOpOB. MakcrumajibHOe BO3MOKHOE OTKJIOHEHHME Ha3bIBACTCSI AOITYCKOM U 3a1a€TCA B IIPOLICHTAX
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OTHOCHUTEJIHO COIPOTUBJIEHUs pe3uctopa. Beimyckaiorcs pesuctopsl ¢ gomyckamu +20%, £10%,
5%, 22%, +1%.

3HaueHUs] HOMUHAJIOB HUMITIOPTHBIX PE3UCTOPOB HAHECCHBI HA HUX B BUJIC IBETHLIX I10JIOC. Hep-
BbI€ JIBE TIOJIOCHl O3HAYAIOT NIEPBYIO U BTOPYIO LIM(Ppbl HOMUHAJIA, TPEThSl - KOJIMUYECTBO HYJIEW, Ha
KOTOPOE HEOOXOIMMO YMHOKUTD 3Havalye g psl, a 4eTBeprasi Hojoca — JOITyCK pe3uctopa (Tao.
1.1).

IMocnenoBatenbHOE U NapauiebHOE BKIIOUEHHE PE3UCTOPOB

Paccmotpum nociiejoBatesibHOE U HapaljieIbHOE COeAMHEHUE PE3UCTOPOB.

R
R, R, —

SN

 —
D
Ry

1) 2)

Puc. 1.6. IlocnenosarenbHoe (1) v napasuiesibHoe (2) COeAMHEHNUE PE3UCTOPOB

ConporusieHue IByX MOCJIE0BATEIbHO BKIIOYEHHBIX pe3ucTopoB R | 1 Ry (puc. 1.6, 1) paBHO
UX CyMMe:

Ro61u = R] + Rz.

BunHO, 4TO mpM MOCHIEAOBATEbHOM COEJMHEHMH Mbl BCErja MOJy4yaeM CONPOTHBIIEHUE
OoJbLIIE JII0OOTO U3 ITUX PE3UCTOPOB.

[Ipu napannensHOM COEAMHEHUM PE3UCTOPOB (puc. 1.6, 2) HampssKeHUE Ha KaXIOM U3 HUX
paBHO U (oaMHaKOBOE), a TOK B LIENM PaBeH CyMMe TOKOB Yepe3 pe3UCTOpbI:

U/Rosy=U/R; +U/Ry,

oTCI0a

1/Rogm=1/R;+1/Ry,

WA (4TO TO XKE CaMoe)

Room = Ri - Ro/(Ry + Rp).

[Mpy mapaniensHOM COeqMHEHNH 00IIIee COTPOTUBIIEHIE MEHbIIE HAMMEHBIIIETO U3 COTPOTUB-
JIeHU# (9TO OCTaeTCsl BEPHBIM M IPU OOJIBIIEM KOJIMUYECTBE PE3UCTOPOB). UeM Oolbllie pe3rcTOpOB
BKJIIOUEHBI MTApaJuIeIbHO APYT APYry, TEM MeHbIIe MX oOliee conpoTuBiIeHre. B ciydae mocneno-
BaTeJIbHOTO COEAMHEHMsI, HA00OPOT, YeM OOJbIle Pe3UCTOPOB Mbl BKJIIOUUM APYT 32 APYTOM, TEM
Oonplie OyaeT ux ooIee COpPOTUBIICHHUE.

Jlenutens HanpskeHus

PaccMoTpum aenuTenb HanpsikeHus, KOTOPbI HIMPOKO MCHOJIB3YETCS B JEKTPOHHBIX CXEMaXx.
B 06011 HacTosiIIel cXeMe MOKHO HATH HECKOJIBKO JIeJITeN el HalpshkeHus. DTo cXeMa, Ha BXO[
KOTOPOH IMOAETCs1 HEKOTOPOE BXOAHOE HANpsKEHWE WM CUIHal (4yTh MO3KE Mbl HAUHEM 3HAKO-
MUTBCS C CHHYCOUJAJIbHBIM HAIIPSKEHUEM U €ro MPeICTaBJIEHUEM B JIEKTPOHUKE), a C BBIXO/IA CHU-
MAaeTCsl HallpsDKEHUE, SBJIAIOIIEECs YaCThIO BXOIHOTO HAIPSIKEHUS UM CUTHAJIA.
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

[TycTh HaM HAJO MOMYYUTH HAIIPSIKEHUE HA BHIXOJE CXeMbl MEHbIIIe, yeM Ha Bxoje. [Ipocrei-
IIUH JeuTeNb pejcTaBied Ha puc. 1.7. Yemy 3nech paBHo UBbix? [1peacraBuM, 4to Harpy3ku Her,
TOrJ]a TOK paBeH

I=Ug /(R +Ry).

BeixonHoe HanpspkeHe — 3TO HanpsiKeHue Ha pe3uctope Ry, mostomy

Upix =1 Ry =Ug - Ry / (R + Ry).

BuaHo, 4TO BBIXOHOE HANpsi’KEHUE BCErla MEHbIIE BXOJHOIO, T.€. JaHHAsl CXeMa YCIIEIIHO
crpasJsieTcs ¢ 3Toi 3aaa4eit. Ho ciieiyeT NOMHUTh, 4TO Mbl IPEATIONOKUIA HYJIEBOE COMPOTUBJIEHU S
MCTOYHMKA HAMpPSKEHWS Ha BXOJe M OECKOHEYHO OOJIbIIIOe COMPOTURIEHNE Harpy3ku. Huxke Oyner
pacckazaHo o Metojie TeBeHrHa, KOTOPbIii 03BOJIsIEeT onpeaeuTb U gy U Ry« Harpy:xeHHoro Jaesu-
TeJsl.

RE UBI:]J{

Puc. 1.7. [lenutens HanpsiKeHUs

Oco0ble enmTeny - 100aBOYHOE COMTPOTUBIICHHE U IITYHT

Yacro B senuTene HapsKeHUsl OJHO U3 CONPOTHUBIIEHUI — 3TO cama Harpy3ka. HeoOxonumoe
HanpsDKeHUe Ha Hel B 9TOM CJTydae MOKHO YCTaHOBUTB, OJOOPaB CONMPOTHUBIIEHHUE OCTAIBHON YacTh
AenuTensi, OOBIYHO €ro Ha3blBaloT "racsiee CONpOTHBIEHUE", U 3TO OYEHb yAauHoe Ha3BaHue. [leil-
CTBHTEJIbHO, Tacsiiee COMPOTUBIICHNE KaK Obl TacHT M3JIMIIEK HarpspkeHus, OepeT ero Ha ceds C
TaKMM pacyeToM, YToObl Harpy3Ke JI0CTAIOCh TOJBKO TO, UTO eil Tpedyercs (puc. 1.7).

Puc. 1.8. Hlynr
AHaJIOTMYHO MOXHO TPOMYCTUTh Yepe3 Harpy3Ky HeoOXOOUMBIH TOK Iy, MOAKIIIOUMB compo-

tuBsieHne R, mapaiensHo ent (puc. 1.8). OHO nmony4nso Ha3BaHUE «LIyHT» (B IIEPEBOJE C aHIIIMK-

12



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

CKOTO - «00XOIHOM MyTh» ),  CaMO MOAKJII0YEHHE IITyHTa Ha3bIBaeTcs yHTupoBaHueM. LIIyHT BKito-
YalT B TOM CJIydYae, Korjga TOK B Harpy3ke I Obi1 Obl crumkoM OombiimM. Vi, MOXKHO cKa3aTh
MHayve, IIYHTUPOBaHME CHUKAET TOK Yepe3 Harpy3Ky, OTBETBJIsA B HIYHT 4YacTh I oomero Toka (I, +
I;). Yem MeHbIIIe COMTPOTUBIIEHHE IIIYHTa, TEM CUJIbHEE IIIyHTUPOBAHHUE, TO €CTh TEM MEHBbIIIE 00Iast
YacTh OOIIETro TOKA JIOCTAETCsl Harpy3Ke U TeM OoJblliasi ero yacTh Iy, moiiaer yepes HyHrT.

1.2. 3akonsl Kupxrodga n ux ncnojan3oBanue

3akoHbl, WM npaBuia, Kupxrodga - 3T0 COOTHOILIEHU 1, KOTOpbIe COOIOAAIOTCS MEXK Ty TOKaMU
Y HanpsDKEHUSIMU Ha Y4acTKax abCOIOTHO 000 anekTpryeckoit nenu. C nomolnpio 3akoHoB Kupx-
roa MOJKHO pacCcuuTaTh JII0ObIE EKTPUUYECKUE LIENU KaK MOCTOSIHHOIO, TaK U MEPEMEHHOrO TOKa.

B 3amMKHyTOl 1IeNM MOCTOSIHHOTO TOKA HE MOT'YT CKaIUIMBAaThCS JEKTPUUECKUE 3apsAlbl, TaK
KaK 3TO BbI3BAJIO Obl M3MEHEHHE MOTEHIIMAJIOB ToUeK 1enu. [10aToMy cymMMa TOKOB, BTEKAIOIIUX B
y3€Jl, paBHa CyMM€ TOKOB, BBITEKAIOIMX U3 y3Ja. Tak 3ByunT nepsbiid 3akoH Kupxroda. Ero MmoxHoO
copMy/IMpOBaTh U MO APYTOMY: CyMMa TOKOB B y3JI€ paBHA HYJIIO:

m

Y. =0
k=1

[Mpm 3anmcy ypaBHeHM 1o epBoMy 3akoHy Kupxroda Toku, HarpasieHHBIE K Y311y, OepyT
C OIHMM 3HAaKOM, KakK IPaBHUJIO CO 3HAKOM "TUIIOC", a TOKM, HAIIPaBJIEHHBIE OT Y3J1d, — C IPOTUBOIIO-
J0xHBIM 3HaKoM. Hanpumep, nns ysna 1 va puc. 1.9

-Lhi+h+13= 0

|
|

il
I
Tra-
I

Puc. 1.9
Bropoii 3akon Kupxroga — cymma 3]IC B 11000M KOHTYpe JIEKTPUIECKON 1IeNTN PaBHA CyMMe
Ta/ICHUI HAIMPSIKEHUs] HAa BCEX JIEMEHTaX TOro KOHTypa:
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

m m

2. Eg=> U
s

s koutypos I u 1l Ha puc. 1.9 ganHoe npasuiio ¢ yuerom nonsipHocty SJC u HanpsKeHU
UMeeT BUJL:

Ei-E=-U;-Us

Ey-E3=U;-Us

3akonbl OMa u Kupxroga ucnonp3yior, Kak IpaBuilo, IIPU PacueTe HECIIOKHBIX JIEKTpUYe-
CKHX HIeTIel ¢ HeOOJIbIIMM YHCIIOM KOHTYPOB, XOTSI TEOPETUYECKH C MX TIOMOIIIBIO MOKHO PacCUUTaTh
NEKTPUUYECKUE LIENH 000N CIIOKHOCTH.

1.2.1. Uro Takoe Ha cxeme '"'4,5B'"'?

Bel HaBepHsIKa BCTpevyasld CXEMbl, B KOTOpbIX HarpoTuB y3i0B HamucaHo "U" u "Uy" wim
6 B u 4,5 B. Ho Beap HanpsikeHHe U3MEPSIOT MEXAY TOUKaMH cxeMbl. Paszbepemcst, 4yTo 3TO 03Ha-
yaeT. Bo3zbMeM HEKOTOpYI0 cxemy, ceiiyac COBEPIIIEHHO HEBAXKHO, YTO ITO 32 CXEMA, MyCTh ITO OyleT
cxeMa, nzoOpaxenHast Ha puc. 1.10. Ha HuxHell Touke cxeMbl yKa3zaH 3HaK "3emJst". OObIYHO 32
"3emuni0" (MHOTAA TOBOPST O "Kopiyce') MPUHUMAIOT O/IUH U3 BHIBOJOB UCTOUYHMKA MUTAHUS CXEMBI,
Kak npaBuwio "muHyc". HanpsikeHue — 310 pa3HOCTh oTeHIMaNoB. [loTeHnyan "3emin" npuHUMAaioT
paBHBIM Hymo. Torga noteHya: g B TOUKe A cxembl Oy/IeT paBeH HANpPSIKEHUI0 MEK]y STOW TOU-
Kol 1 "3emJiert"/kopmycom. CrieriaancTbl roBopAT: "M3Meppb HanpsikeHue B Touke A", nMes B BULY
Pa3HOCTb MOTEHLMAJIOB MEXAY STOM TOUKOU U KOPITYCOM, ITOCKOJIbKY ITOTEHIIAAN KOPITYCa HYJIEBOW:

Ua=®A - 9GND = @A - 0= @a

va A R3

= GND

Puc. 1.10. Hanpsixenue B Touke A u3MepsieTcsi OTHOCUTENBHO "3emin”

AHaNIOru4HO /7151 OO0 JPYTrOi TOUKU CXEMBI.

VYcnoHble 0003HaueHus1 "kopryca" u "3emumn" mpuBeseHbl Ha puc. 1.11. O "3emuie” dare
TOBOPSAT B MEKTPOTEXHUKE, KOTJ]A pedub UJIET, HAIPUMEP, O MOTOPAX XOJOAUIbHUKOB, CTUPAILHBIX
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

MAIlIMH, HarpeBaTelisx U IpyroM nonroOHoM oOopynoBanuu. [Ipyu paccMOTpeHHN CXeM 3JIEKTPOHHBIX
YCTPOWCTB, KaK MPABUJIO, UCTIONB3YIOT 0003HAYCHUE, MPUBeIcHHOe Ha puc. 1.11, 1.

- =
) 2)

Puc. 1.11. "Kopnyc" (1) u "3emsst" (2) B 97IeKTpUIECKUX CXeMax
Il 3akperuieHus 3HaHui o 3akoHax Kupxroga paccmorpum cienyionyio cxemy (puc. 1.12).

¥

TE, Y1,
Puc. 1.12.
CornacHo niepBomy 3akony Kupxroga
Il = 12 + 13

CornacHo BTOpoMy 3akoHy Kupxroda

E; =R + LR,

- LRy +I3R3 + 3Ry = 0

ITycts E; =15 B, R{ =R3=5 Om, R, =R4 =10 Om.

Torpa

[ =15/11 A, 1, =9/11 A, I3 =6/11 A.

CornacHo 3akoHy OMa HanpsiKeHus B TOukax 1 v 2 paBHbI

U =DbRy=(9/11) - 10=8,18 B

Up=LRs=(6/11)-10=5,45B

Toraa HanpsikeHe Ha pe3ucTope R3 paBHO pa3sHOCTM NOTEHUMAJIOB B TOUKax 2 U 1, a 3HaYMT
- 9TUX HAIIPSKEHUN:

Urz=U; -Upp=8,18-545=2,73 B

[TpuBbIKaiiTE K U3MEPEHUIO HANIPSIKEHUI OTHOCUTENIBHO "KOpIIyca' U K TOMY, UTO HAIPsIKEHUE
Ha 3JIeMEHTaX CXeMbl PaBHO MX pasHule. Takxke HeoOXOAMMO MOMHMTh, YTO B CIyyae M3MEpPEeHHUs
TOKa Yepe3 KaKylo-TO BETBb aMIIEpMETP HEOOXOIMMO BKJIIOYATh B €€ Pa3phiB.
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

1.3. UcTouyHMKH NTAaHUS

1.3.1. Yro Takoe ''BHyTpeHHee conpoTuBjeHne'' ?

Ecnu roBoputh 0 peanusix, TO HaNpsKeHUs, KOTOPbIE MBI IOJTy4aeM OT Oatapeek, akKymyJisi-
TOPOB ¥ NMPOYMX UCTOYHUKOB MUTAHUS, B ACHCTBUTEILHOCTA HEMHOTO MEHbIIIE, YeM 00 TOM 3asiB-
ast10T pousBoauTenu. Eciu Bel Ky Garapeiiky "Kpona" (9 B) a1 HaCTONBHBIX 4aCOB WIIY MaJTb-
ynkoByo (1,5 B) 114 nmynera TeneBu3opa, To B AEUCTBUTEIBHOCTH 1IOCJIE TOTO, KaK Bbl MOAKJIIOUUTE
UX K K Harpy3ke (K yacam ¥ K MyJIbTy), HallpsDKEHWe HEMHOTO YIAEeT, Ha OYE€Hb MIYI0 BEJIMYMHY,
Ho ynazjer. [IpyunHa B TOM, 4TO BCe MICTOYHMKH HAIIPSIKEHUSI UMEIOT HEHYJIEBOE BHYTPEHHEE COIPO-
TuBJeHHe. K coxaneHuio, OHO €cTh, U SIBJISETCS TAaKKUM K€ IOJTHOIPABHBIM 3JIEMEHTOM CXEMbl, Kak
Y BCE BHEIIIHUE Pa/IMOJIETANIM, TIO3TOMY, KOIJja Bbl BCTaBUTE OaTapeiKy B IMyJIbT, IOTEYET TOK, U Ha
STOM COIPOTHBJIEHHH 110 3aKOHY OMa OKaskeTcst HeKoTopoe Hanpsbkenue. Eciu npencraButh Oara-
PENKy WM aKKyMYJISATOP Kak MOC/IeI0BATEeNIbHO COeJUHEHHbIE naeatbHbil ucTouHuK D/IC (MMeHHO
TaK HA3bIBACTCSI HICTOYHMK MUTAHUS €3 OTepb) M BHyTPEHHEE COMPOTHUBIICHHUE, TO TOCTIE 3aMbIKAHU S
1enu o0pasyercsl AeUTeN b HapsKeHus, padoTy KOTOpOro Ml paccmotpen Bbie. DJC pacnpe-
JETUTCA MEKIY Rpyyrp U CONPOTUBIIEHUEM YCTPOUCTBA-HATPY3KHU R yprp. Ecin yBemmunth ToK (Mmu
YMEHDBIINTD Ryarp), TO 110 3aK0oHY OMa yBEJMUMTCS NaJIEHUE HA STOM BHYTPEHHEM CONPOTHBIIEHUH,
¥ HAIPSAKEHHUE Ha BBIXOJE, KOTOPOE JOCTAHETCA Ryarp, OKakeTcs elne MeHbie. YToObl n3MeHeHne
HArpy3Kd KaKk MOKHO MEHbILE BJIMSJIO HA BHELIHEE HANPSKEHUE UCTOUYHUKA MUTAHUS, Rpyyrp CTa-
patotcs cenaTh Kak MOKHO MeHblle. Emie oqHuM npumMepoM TOro, 4To 3TO NMPOUCXOIUT, SIBJISAETCS
cetp 220 B (HanpsikeHUe IEpEMEHHOE, HO CYTh HE MEHsETCs). Y Hee BHYTPEHHEE CONPOTUBIIEHHE
COCTaBJISIET JOJIM OMa, HO BCE K€ OHO €CTh (CKa3blBA€TCs COMPOTUBIIEHUE JIMHUM 3JIEKTpOIepeiadn
(JIDI)) 1 TeopeTHuecKn HANPsKEHUE JOIKHO OBITh UyTh MeHblte 220 B.

Tenepp, Korna Bbl 3Ha€Te, YTO TAKOE BHYTPEHHEE COMPOTHUBJIEHHE, MOXKHO OOCYUTh, YTO TAKOE
VICTOYHMK HAIIPSDKEHUS U YTO TaKO€ UCTOYHHUK TOKA.

1.3.2. UcTOYHHK HANIPSA’KeHUSI M HCTOYHNK TOKA

(Bcé, wmo rexepar reHepamop nepeAzW ul, P P U
| K& on]oeAe/\slemc,q COOTHOUIEHNEM UX (R, =10 Om .

MougHocmb mana:
60ABLOI TOK, HO

Mom,rm
60/\1}1110@ Hdﬂpﬂ)KC’

I'EHEPATOP y MaAoe Hampake-
L § Hne HUe, HO MaAeHbKIIT
. i
obcmpetioe N
CoTpomUBAEHUE 2
reHepamopa e M 00
" § TeHepamo = TeHepamop B
pamop /(R =R,, Harpyska corAacoBaHa )
P=U,l, moka, e HaTPAKEHUS,
¢ renepamopom, B Heé nepepaem) | p° - R
Kfﬂnj € MAKCUMAABHAS MOLHOCTILL << Ry

EJ PEXVM TEHEPATOPA HATIPSKEHMA R, <<R,

Tok B uenn noumuﬁ
MEHACCA, HanpsXe-|
Hie Ha Harpyake 3a- |

BUCWITL OTIL €€ CO-
rlBommaAeumJ

800 Om

0TI HATPY3KN
MouwHoCmMbL

mana 32{ cyem
Ma/\.OT‘O

Puc. 1.13. Pexxumbl paboThl reHeparopa
W3 Bcex BOBMOKHBIX COOTHOIIEHHUI MEK/1y COITPOTHBIICHUSIMU T€HEPATOpa U HArPY3KU MOKHO
BBIJICJIUThH B TUIIMYHBIX CITyYasl.
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

Cnyuail epBblii: CONPOTUBIIEHUE TeHepaTopa R Bo MHOTro pa3 MeHbllle, 4YeM COMPOTUBJICHHE
Harpy3ku Ry. Takoil ICTOUHMK Ha3bIBAIOT UICTOYHUKOM HaIlPSIKEHUsl, OTMeYast STUM, 4TO MOYTHU BCS
SJIC npwioxkeHa K Harpy3Ke U YTO MPU U3MEHEHUM HArpy3KU HalpsikeHUe Ha HeW NOYTH HE MEHSI-
ercs (puc. 1.13; 3). [Ijist WUTIOCTPALIMY - YUCIIOBOM ITPUMED.

[Ipeanonoxum, uro E = 200 B, R = 1 Om u R; = 400 Om. Ha BHyTpeHHEM CONPOTHBIIEHUN
reHeparopa ocraercst okosio 0,5 B, Harpyske nocraercs npumepHo 199,5 B. Veenununm R 10 800 Om,
Ha Harpyske, HeCMOTPsI Ha 9TO, OCTaHETCs] IPUMEPHO TaKOoe K€ HalpsKeHUe, Kakoe ObLIOo, - OKOJIO
199,75 B; Ha BHyTpeHHEM CONIPOTUBJIEHNH TeHeparopa octaHercsl okono 0,25 B. Eciu ymeHbIIMTH
Ry 1o 100 Om, To Ha Hem Bce paBHO Oynet okono 198 B, Ha R, motepsiercs okono 2 B.

Bo BTOpOM TUIMYHOM Cily4ae CONpOTUBIEHUE reHepatopa R Bo MHOro pas Gosblie conpo-
THUBJICHUS HAarpy3ku Ry. D10 pesxuM reneparopa TOKa, OH Ha3BaH Tak MOTOMY, YTO TOK B LIETTH OYTH
HE MeHseTcs pyu u3MeHeHnu Ry (puc. 1.13; 4).

Yucnoson npumep: DJIC reneparopa E =200 B, R =200 Om u Ry = 1 Om. Jlerko noacuunrars,
YTO TOK B LIENH - OKOJIO | A 1 OH IPUMEPHO TAaKUM M OCTaHETCS, €C/IM YBEIUYUTh UM YMEHBIINUTD
R} B HECKOJIBKO pa3.

O0a 3T1 pexruMa UMEIOT CBOU JIOCTOMHCTBA M HEIOCTATKM, HO TeHEPaTop HAIPsDKEHUs BCTpe-
YaeTcs ropaszio yamie. B pexxume reHeparopa HarpsikeHus1 padoTaloT MeKTpUIecKast ceTh (BHYTPEeH-
Hee COIPOTHBJIEHHE - JIECATHIC U IaKe COTHIE 10U OMa), aBTOMOOMJIbHBIN aKKyMYJIATOP, OaTapeiika
KapMaHHOTO (poHapsi (BHYyTpPEHHEE COIPOTHBJIEHHE HOBOH OaTtapeiiky - OKOJIO OMa, y CTapoi Oara-
PEMKH - HECKOJIBKO OM).

1.4. Konaencarop

1.4.1. Yo 3T0 Takoe?

[pocredimmii KOHIEHCATOP COCTOMT W3 JIBYX IUIACTUH (MM OOKJIA/IOK), HAXOMAIIMUXCS OfIHA
nepej Jpyro M CeJIaHHBIX U3 MPOBOASIIEr0 Matepuaia. Mexay MiacTUHaMU HaXOOUTCS U30JIH-
PYIOLLMI MaTepyall, Ha3bIBa€MbIM TUMIEKTPUKOM (puc. 1.14). [IpocreninymMu AUa1eKTpUKaMu SIBJIS-
I0TCSI BO3/YX, Oymara M CJmofa.

[TnacTUHEI

JAHaNeKTPHK

Puc. 1.14. Konpencarop

OCHOBHBIM CBOMCTBOM KOHZIEHCATOpa SIBJISIETCS] €r0 CMOCOOHOCTh 3amacarh JeKTPUUYECKYIO
9HEPIUIO B BUJE MEKTPUIECKOIO 3apsa.

Ha puc. 1.15, 1 u3o6paxena cxema, B KOTOpOU KOH/IEHCATOP Uepe3 KU COSMHSIETCS C ICTOY-
HuKoM nutanusl. Korga kimou 3aMKHYT (puc. 1.15, 2), NONOKUTENbHBIN MOTIOC UCTOUYHUKA "OTKAYM-
BaeT" EKTPOHBI C OOKJIAIKU A, ¥ OHa TPUOOPETaeT MONOKUTETbHBIN 3apsi. OTpUIIaTeTbHBIH MOJTIOC
WCTOYHMKA TIUTAHKUS B 9TO BpeMs "TOCTaBJIsieT" IeKTPOHBI Ha 0OKJIAAKy B, B pe3yibrate uero oHa
MpUOOpeTaeT OTPULIATENIBHBIN 3apsijl, 10 aOCOMIOTHOW BEJIMUMHE PABHBIN MOJIOKUTEILHOMY 3apsiLy
oOknmanku A. Takoll TOTOK 3MEKTPOHOB Ha3bIBaeTCsl TOKOM 3apsiga. OH IpOAO/IKaeT Teub A0 TeX
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T0p, TIOKa HalpsiKeHUe Ha KoHaeHcatope He cpaBHsercs ¢ D/IC nucrounuka nutanus. B atom ciyvae
TOBOPAT, YTO KOH/IEHCATOP MOJTHOCTBIO 3aPSIKEH.

A Tok A
3apsija

+ * + 4+t
BHEKTpl/IquKOe moJie

Tok
paspsia

+_1L A+
BJIEKTpI/I‘{ECKOG noJse
W ________ Harpyska R
t j ————t—

3) 4)

Puc. 1.15. 3apsn u pa3psan KoHaeHcaTopa

Kornma koHaeHcaTop 3apsikeH, Mex]y ero OOKJIaJIkaMyd BO3HUKAET Pa3HOCTh MOTEHINAJIOB, a,
CJIEIOBATEJIBHO, IEKTPUIECKOE TOJIE.

Ecnu B MOMeEHT, Korjia KOHAEHCATOP YKe 3apsanics, pa3oOMKHYTh KJitou (puc. 1.15, 3), Kon-
JeHcatop OyaeT XpaHWTh 3apsid. Kak Mbl yke OTMETHUIIH, B 3TOM CIydae MexXIy ero OOKJIaJKaMu BO3-
HUKHET JIEKTPUYECKOE TIOJIE.

Ecnmu coenuHUTh OOKJIAIKM 3apsiKEHHOTO KOHJEHCATOpa Pe3UCTOPOM, TO HAYHETCSl Mpoliece
paspsiaa, Mo BHEIIHEN 1eny N30bITOYHbIE 3apsi/ibl OyAyT MEPEXOAUTh C OMHON OOKJIAKU Ha IPYTYIO,
CTpeMsICh HEUTpaIM30BaTh Ipyr Apyra. Bo BpeMs paspsiia B 1ielU TOXe TE€YeT TOK, €ro BeJUYMHA
3aBUCUT OT €MKOCTH, a TaK’e OrPAHUUYMBAETCS COMPOTUBIIEHUEM pe3ucTopa. Pa3psi koHaeHcaTopa,
NOJI00HO 3apsify, OyAeT JUIMThCS TeM AOJblIe, YeM OoJbllle eMKOCTh KOH/eHcaTopa (TO ecTh YeM
OoJblIIe 3aPsAI0B JOIDKHO YITH C ero 0OKJIaJ0K) U YeM OoJibliie CONPOTUBIIEHHE pe3rcTopa (pas3psia-
HOMH LIETIN ).

BricTpee Bcero paspsii MpOU30MIET, eCi COSAMHUTD OOKJIAJIKH HAKOPOTKO.

[IpenynpexaeHue: Tak Kak KOHIEHCATOP MPHU OTKIIOYEHUU OT UCTOYHHMKA TOKA MOXET yaep-
KUBATh MOTEHIIMAT UCTOUHUKA MUTAHKS IOCTATOYHO JIOJT0, 0OpaIiaiTech ¢ KOHIEHCATOPAMH OCTO-
poxHo. Hukorna He kacaiitech 000OMX BHIBOJIOB KOHJIEHCATOPA PYKO JI0 TeX TOp, MOKa He pa3psiauTe
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ero MmyTeM 3aKopaurBaHMs BHIBOIOB. KOHIEHCATOp B LIETIM MOXET yIepKUBATh MOTEHIIMAT HEOIpe-
JEJIEHHO JI0JITO, €CJIM Y HEro HeT IyTH U1 pa3psja.

Habmonas 3a 3apsaom 1 pa3psiioM KOHAEHCATOpa, MbI BIIEPBbIE CTAIKMBAEMCSI C TEM, UTO JJ1e-
MEHTHI IEKTPUYECKON 1IEeMH ONPEAeNsioT MPOJOKUATEIBHOCTh TeX WM MHBIX MPOLIECCOB, B JaH-
HOM CJIy4yae BpeMs 3apsja U pa3psja KOHIeHcaTropa. DeKTpuueckas 1emnb, cocrosmas u3 R u C,
WY, KaK ee yacTo Has3biBaloT, RC-11enouka, B JaHHOM Ciy4yae 4YeM-TO HAIOMUHAET NIECOUHBIE YaChl,
BpeMs "pa3psa’ KOTOPbIX 3aBUCUT OT KOJIMYECTBA I1ECKa U IMaMETpa OTBEPCTH S, Yepe3 KOTOPOE OH
coimercsi. He ciyyaitno ux npousseneHue T = RC Ha3pIBaeTCsl MOCTOSIHHOWM BPEMEHH.

CrnocoOHOCTh KOHJEHCATOPA HAKATLIMBATh IEKTPUUECKUIA 3apsiji TOBOPUT O HAJTUYHMHU Y HETO
emkocTr. OHa o6o3Havaetcs kak C u u3mepsiercs B papanax (P). Papania - oueHb OoJbITast eqUHATIA
€MKOCTH, ¥ OHa TIPAaKTHUYECKH He UCTIONb3yeTcsl. Ha npakTuke noib3yoTcs: [poOHBIMU eJMHUTIAMMU:

1 mukpodapaga (MKkP) = 10° @,
1 Hanodapana (HP) = 10° @,

1 nukodapana (nP) = 1012 @.

Ecmu konpencatop eMkoctbio C 3apsixeH 10 HanpsikeHus U, To 3apsn Q, KOTOPbI HAKOMUJICS
Ha KaXJI0M IJIACTUHE, paBEH

Q=C-U,

rae C n3mepsierca B (papagax, U - B BosbTax, a Q - B KyJIOHax.

W3 31001 (hopMyITBI MOKHO HONYUYUTD APYTYIO, KOTOpasi JUHAMUYECKHU OMUChIBAeT padoTy KOH-
JeHcaTopa:

I=C.dU/dt,

T.€. YeM ObICTpee Ha OOKJIaJIKaX KOH/IEHCATOpa MEHsIeTCsl HallpsiKEHKe, TeM OOJIbIIIe epeMeH-
HBII TOK, IPOTEKAIOIIHIA yepe3 Hero (MmoapoOHee - B YacTH 2, eCliu MOKa He MOHSATHO, He paccTpau-
BaliTeCh).

1.4.2. IlapajiejibHOE | MOCJeA0BaTeJIbHOE COeHNHEHHEe KOHIEHCAaTOPOB

Ecnu konneHcatopsl coequHeHbl napasuiensHo (puc. 1.16, 1), To obmas miomans oOKJIaIoK
paBHA cyMMe IUIOIIa/ell OOKJIaJOK OTAEIbHBIX KOHAEHCATOPOB, U OO0Ilas eMKOCTh paBHA CyMMe
€MKOCTEH OTIEJIbHBIX KOHAEHCATOPOB:

C=Ci+C,

[Ipu 3T0M (IIOCKOJIBKY KOHAEHCATOPhl COEIMHEHBI NAPAJUIENbHO) MAKCUMAJIbHOE HAIPSKEHUE
PaBHO MaKCHMAJIbHO [OIYCTUMOMY HANPSKEHWIO TOTO M3 3THX KOHAEHCATOPOB, Y KOTOPOrO OHO
MEHBIIIE, T.K. PO MOCTENIEHHOM YBEJIMYEHUHU HAMPSKEHUS OH BBIMAET U3 CTPOS NIEPBbIM.

[Tpu nocnenoBaTeIbHOM COEMHEHUH KOHIeHcaTopoB (puc. 1.16, 2) ux oOmas eMKoCcTh pac-
CUMTBIBAETCS TAK K€, KaK COIMPOTUBJICHUE NTPU MApAJUIETIBHOM COEIMHEHUH PE3UCTOPOB:

1/C=1/Ci+1/C,

[Ipu 3TOM (TOCKOJIBKY KOHAEHCATOPHI COEAMHEHBI MOCIIEA0BATEIBHO) MAKCUMAILHO BO3MOK-
HOE€ HAIPS)KEHUE PABHO CYMME MAKCMMAJIBHO JIOCTYITHBIX HAIPSKEHUH HA OTAEJIbHBIX KOH/AEHCATO-
pax.
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SEELLE N

1) 2)

Puc. 1.16. [NapannensHoe 1 NoclieIoBaTeIbHOE COEAUMHEHNE KOHIEHCATOPOB

1.5. KaTtymka mHIYKTUBHOCTH

VHIYKTUBHOCTB - 9TO CHOCOOHOCTD M3BJICKATh SHEPIHIO U3 UCTOUYHUKA U COXPAHSATD €€ B BUIC
MAarHUTHOTO MOJsS. DTO CBOWCTBO MPOBOAHUKA, MPEJOTBpAIIAolIee pe3Kre U3MEHEHUs TeKYILEero
yepe3 Hero Toka. Harmprmep, eciiv TOK B KaTyIIKe YBEIMYMBACTCS, MArHUTHOE TOJIe BOKPYT KaTYIIKK
pacrmmpsiercsi. Ecni TOK B KaTyIlKe YMEHBIIAETCsl, MarHUTHOE Mojie ckumaercs. OiHaKo cxaTue
MarHMTHOTO TIOJISI MHAYIIUPYET B KaTyIIIKe HalpsDKEHUE, KOTOpoe MoiepkuBaeT Tok. Takum oOpa-
30M, UHJIyKTUBHOCTh MO3BOJISIET SHEPTUM COXPAHSITHCS B BHJE MarHUTHOTO TIOJs, 3aBUCSIIETO OT
Toka. Korga Tok ymeHbIaeTcsi, yMEHbIIIAeTCs U MAarHUTHOE TI0JIe, BO3Bpaliasi B IIelb 3allaceHHYIO
sHepruio. Ha cxemax M B TeKCTe MHIYKTHBHOCTh 0OO3Ha4YaeTcss OyKBO# L, yclIoBHOE 00O3HaUCHUE
VHIyKTUBHOCTH Ha CXeMax NpuBeIeHo Ha puc. 1.17.

L

Puc. 1.17. UnayKTUBHOCTH

Jlonrue rofpl MEeKTPUYECTBO U MArHETH3M ObLITM W3BECTHBI KaK COBEPIIIEHHO Pa3Hble, He3aBU-
cumble sieienus. U tompko B 1820 romy marckuit pusuk Xanc Kpucrtuan Dpcren oOHAPYKWI, TO
EKTPUYECKUI TOK JIECTBYET Ha CTPEJIKY KOMITaca U, CJIeI0BATeIbHO, MAaTrHETU3M MOXKET MOSIBUTHCS
u3 neKkTpudecTBa. [lociae 3Toro ObIJIO €CTECTBEHHBIM MPEIOIOKUTh, YTO MOXHO OCYIIECTBUTD U
oOparHoe rpeoOpa3oBaHue: U3 MarHeTH3Ma TMOMYYUTh JIEKTPUIECTBO - BeJb TOIYJaIOT e U30 JIbAa
BO/IY, & M3 BOJIBI - JieAl. M 271eKTpuiecTBO U3 MarHeTU3Ma JeNCTBUTENBHO OBLIO TIOTyYeHO, HO He cpasy,
a B 1831 romy. DTu roap! yIIv Ha BeISICHEHUE OTHOM, KaK Terephb KaxkeTcsl, O4eHb MPOCTON UCTUHBI.
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I..I'EE!-_I[-

Puc. 1.18. Karymika uH1yKTUBHOCTH

DNEeKTPUUYECTBO U3 MArHETU3Ma BIEPBBIE MOJMYUYW aHIMHCKUI pusuk Maiikn ®Papaneit. O
CaMbIMH Pa3HBIMH CIIOCOOAMMU ITBITAJICS PACTIONOKUTH POBOJHUK BO3JIE MArHUTA, MPEAToaras, yro
IJI TIONY4YEHHUsl TOKAa HYKHO JIMIIb NIPUJATh MPOBOJHUKY yAayHYyl0 (DOPMYy U HATU €My yIauHOe
MECTO B MarHUTHOM 11ojie. Y Tospko crycTst MHOro JieT Papaneit 00Hapy K uil, 4To AJIs MOTyYeHHUsI
TOKa B IMPOBOJIHUKE, KPOME CAMOTO MPOBOJHMKA U MarHUTa, HYXKHO €IIe JBUKEHHUE. DIIEKTPOIBU-
Kyllas CHjla Ha KOHIAaX IIPOBOAHMKA, a IPU 3aMKHYTOM LIENU U TOK B HEM, MOSBJISAETCS, ECIU IIPO-
BOJHUK OITpe/ieJIeHHBIM 00pa30M JBUraTh B MArHUTHOM mioJie (puc. 1.19). 1o siBieHne Ha3bIBAeTCS
JIEKTPOMArHUTHON MHAYKLIMEN (B IEPEBOJIE HA PYCCKUM - IEKTPOMArHUTHBIM HAaBEIEHUEM).

' E
~(32ac)
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Puc. 1.19. DnekTpoMarHuTHast UHAYKIUS

[NosiBnenue nHayMpoBaHHOW (HaBeneHHOU) DJIC B caMOM yMpOIIIEHHOM BHJIE MOKHO O0b-
SICHUTD TaK: KaXIbI CBOOOIHBIN JIEKTPOH 00JIajaeT MarHUTHBIMHA CBOMCTBAMU B COOTBETCTBUU C
3aKOHOM JpcTesia, TaK Kak MpeacTaBisieT coOOW JeMEeHTApHBIN MeKTpudeckuii Tok. Eciu mome-
CTUTh MPOBOIHUK BO BHEIITHEE MArHUTHOE IOJIe, TO OHO "CXBAaTUT" CBOOOIHBIC JIEKTPOHBI IPOBOJI-
HUKa, B3aUMOJICUCTBYS C HUMH KaK ¢ MUKPOCKOIMMYECKMMH MarHUTUKaMU. A eCJid MPOBOIHUK TOCIe
9TOTO JIBUHYTh, TO JIEKTPOHBI KaKk Obl OCTAHYTCSI HAa MeCTe, ylepXKUBaeMble MAarHUTHBIM TIOJIEM, U
MPOBOIHUK CMECTUTCSI OTHOCUTEIBHO 3TUX CBOOOIHBIX JIEKTPOHOB. B MTOre Ha OIHOM KOHIIE MpO-
BOJIHMKA KOHIIEHTPAIUsl JIEKTPOHOB YBEJIMUYUTCS, HA JIPYIOM - YMEHBIIUTCSA. TO ecTh Ha KOHIIAX
IIPOBOJHMKA MOSIBUTCS CKOIUIEHUE Pa3HOMMEHHBIX 3apsJoB, a 3HauuT, DJIC. Dta DJC HazbiBaeTcs
EKTPOIABUKYIIEN CHIION CaMOMHIYKIMU. Eciiu e MpOBOAHUK OCTAHOBUTH, TO JIEKTPOHBI I1OCTE-
TIEHHO BEPHYTCS B CBOM CTapble PailOHbI M1 BHOBb PABHOMEPHO pacIipeliesisiTcsi B MpoBogHuKe. [Tpu
stoM DJIC, KOHEUYHO ke, UCUE3HET.

NupyktuBHOCTh L (KO3(D(PUIMEHT CaMOMHIYKIMM) - OCHOBHOHM 3J€KTPUUYECKUI MapameTp
KATYIIKH, KOTOPbI XapaKTepU3yeT BEJMUMHY SHEPTUH, 3a11acaeMoi KaTyIIKOHN MPH MPOTEKaHU!U 10
HEell JIEKTPUUECKOTro TOKa. YeM Oosbllle HHAYKTUBHOCTD, TeM OOJIbIIIe SHEPIUY OHA 3ar1acaeT B CBOEM
MarHUTHOM nosie. THAYKTUBHOCTB 3aBUCUT OT pa3MepOB KapKaca, (pOpMBl, UMciia BUTKOB, IMaMeTpa
Y MapKy IIPOBOJA, a Takxke OT (hOpMBI M MaTepHasa CepleuHuKa.

UroOsl yBenmunTh HaBeleHHYO DJIC, 10CTaTOYHO YBEIUYUTH JUIMHY TPOBOJHUKA WU MPO-
CTO BMECTO OJJMHOYHOTO MIPOBO/A B3STh KATYIIKY C OOJIBIIUM KOJINYECTBOM BUTKOB. Eciu psimom ¢
9TOU KaTyNIKOW OBICTPO ABUIaTh MarHUT, TO BOJIBTMETP, MOAKIIOYSHHBIN K Held, OyJIeT OTKJIOHSIThCS
BechbMa 3aMETHO, COOOIIasl, YTO B KaTyIIIKe WHIYIIMPOBAJIACh, T.e. HaBeach, Hekotopas DJIC. I]IC,
HaBeJIeHHasl B OJHOM BUTKE, HEBEJIMKA, HO BCE BUTKHU, T10 CYTH JIe/Ia, COEAMHEHBI MOCJIEJOBATEbHO, U
Bce HaBeJeHHble B HUX Hebonbinue DJIC cymmupyiotes. Karyika HaroMuHaeT Oarapero U3 mocie-
JIOBaTeJIbHO COEJIMHEHHBIX FAJIbBAHMYECKUX 371eMeHTOB (puc. 1.18).

Takxe D/IC caMOMHIYKIIUU YBETUUMBACTCS MPU YBEJIMUYEHUU CKOPOCTH U3MEHEHUS] MarHuT-
HOTO TIOJIS1 ¥ TIPU pa3MeEIeHUU BHYTPU KaTyIIIKU CEPICYHUKOB, HAIPUMED, U3 CTAIU WK (eppuTa.

Brntouenme  _ [Nelictayer npotusod/C O

I Iy Y| [ [4 Ia ':
| 91/ e —el\

t t e € >
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,?_?Lé T Prl:

.

i 3 [.C camor ccmonup.y«uuu B KATYlUKE, HA3BIBAKOT =
«npomsosnc» OHa BCerza AeUcTayeT NPOTUB U3MEHeHMM ToKa - \
\_ ' 3aMeAnseT ero nosenexue u 3QTArVBaET NpexpaLeHue. ) |

Puc. 1.20. Karymka: 9IC u Tok
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Ecnu, 3aMkHYB BbIKTI04aTeNb (pUc. 1.20), MTHOBEHHO MOAATh HANpsIKEHUE Ha KaTYILKY, TOK B
Hell YCTaHOBHTCS He cpa3y, OH OyJeT HapacTaTh NOCTENEHHO. B KaTyIlke co3gaeTcss MarHUTHOE TIoJie
(B HEM COIEpKUTCA MOJyYeHHasl OT TOKA SHEPrusi), KOTOPOE BIIUSET HA CUIIYy TOKA U MPENSTCTBYET
ero u3MeHeHuo. Eciu Tok B Llenu ncye3aeT, SHeprus CO31aHHOIO MAarHUTHOTO TOJISI UCYE3aeT He
cpasy, a elle HEKOTOpoe BpeMsl NOAJEPKUBAET TOK B 1ieru. OCHOBHOE CBOWCTBO MHAYKTUBHOCTH -
MPENATCTBOBAaTh U3MEHEHUIO B HE JIEKTPUUYECKOTO TOKA, CHavyasla IpH ero MOsIBJIEHUH, a 3aTEM -
MY pa3MbIKaHWU Liend. TOK YBEIMYMBAETCSl U YMEHBIIAETCs MEJUICHHEEe, YeM B eTTH 0e3 KaTyIIKH.

B m1060M 10J1€ - TpaBUTAITMIOHHOM, JIEKTPHUECKOM, MArHUTHOM - BCEI/Ia 3aIlacaeTcsi SHeprusl.
Ha co3znanue MarHUTHOrO Mojisi KaTyliky, Ha CO3/IaHME B HEM 3aIlacoB SHEPIUU KakK pa3 U pacxoiy-
eTcsi SHeprus Oaraper B MOMEHT BKJIIOUEHH 1. IMEHHO IOTOMY TOK Pe3KO He HapacTaeT, OH B [IepBOe
MI'HOBEHHUE TPaTUT YacTh CBOEH SHEPTrUM HA CO3JJAHUE SHEPreTUUECKUX 3allacOB B MAarHUTHOM I10JIE.
A 1Ipy BBIKJIIOUEHMH 3TH 3ar1achl BO3BPAIAIOTCS B NEKTPUUYECKYIO LETIb, OAAEP:KUBAsl TOK BMECTO
yXke OTKJIIOYEHHOH OaTtapeu.

Paccmotpum cxemy, uzobpaxkennyio Ha puc. 1.21. Karymka mHnyktuBHOCTH L coenmHeHa
TIOCJIE/IOBATENIBHO C PE3UCTOPOM R M mpM 3amMblKaHMM KJI0Ya S HAaYMHAETCSl €€ HAMarHU4MBaHUE.
CHauasia TOK B LIETIM paBeH HYJIO, @ IOTOM OH HAYMHAET BO3PACTATh, IPUYEM, KaK Bbl ke 3HAaeTe, HE
pe3Kko, a Kak mokasaHo Ha puc. 1.22. OH OyzneT Bo3pacTaTh JI0 TeX MOp, MOKa He JJOCTUTHET CBOETO
MaKCHMaJbHOro 3Ha4eHus1. CKOpOCTh U3MEHEHUs TOKA B LENM 3aBUCUT OT KOHKPETHBIX 3HAYEHUI
R u L. Bpems, HeoOxoaumoe JIJ1s1 TOro, 4TOObI CHJIa TOKA JOCTUIIA 3HaYeHus1, paBHoro 0,63 ot ero
MaKCHMaJIbHOM BEJIMYMHBI, Ha3blBa€TCs MOCTOSIHHOW BpeMeHu Lenu. OHa paBHa L/R u nonyuaercs
B CEKyHJax, eciv L BeIpa3uTh B reHpy, a R - B omax.

Puc. 1.21.
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Tok, MA A
E/R /
I.'l" TdHOBHBIISCCH
063 E/R IHAYEHHE
i -
Mt HHAR
[* npesecun Bpewmn, o
L/R

Puc. 1.22. DxcrioHeHIMaIbHOE YBEJIMUEHUE TOKA, MPOTEKAIOIIEro Yepe3 KaTyIiky

Enununenn msMmepeHns MHIOYKTUBHOCTU sBisercad reHpu (I'H). Enununa vHoykTuBHOCTH
Ha3BaHa Tak B 4YeCTb aMepuKaHcKoro ¢usuka Jxoseda I'enpu (1797-1878). I'enpu - 310 Takas
MHIyKTUBHOCTb, KOTOpasi TpeOyeTcs sl MHIYLMPOBAHUS SJEKTPOIBIKYILEH CUIIbl B 1 BOJIBT MpH
M3MEHEHMH TOKa B IIPOBOJHUKE C CKOPOCThIO 1 amnep B cekyHay. [ eHpu - Gobilast eAMHULA, OOBIYHO
UCTIONB3YIOTCA MWUIATeHpU (MI'H) 1 MUKporeHpu (MKIH).

Ho B cxemax, Kak paBJIO, BEIMUUHY UHAYKTUBHOCTH HE YKa3bIBAIOT, TAK KaK PaauOIIOOUTe s
MHTEpECYET HE 3Ta BEJIMYMHA, 4 KOJIMYECTBO BUTKOB ITPOBOJA B KATYIIIKE, TUaMETP M MapKa ITPOBOJA,
Cr1oco0 HAMOTKH U pa3Mephl KapKaca KaTyIIKH.

Kak u B ciydae pe3ucTopoB, o01ast ”HIYKTUBHOCTb COEJMHEHHBIX MTOC/IEIOBATEIBHO KaTyLIeK
L u L, paBHa

L=L;+L,

a IS MapaJuIe/IbHO COEIMHEHHBIX KaTYIIEK OHA PacCUUTHIBAETCA 1O (hopMyIIe

1/L=1/L1+1/L,

Karyika MHIYKTUBHOCTH HE NMPENATCTBYET NMPOTEKAHUIO TIOCTOSIHHOTO TOKA, €CJIM, KOHEUHO,
HE [IPUHUMATh BO BHUIMaHKUE OYE€Hb MAJIOE COIIPOTUBJIEHUE ITPOBOAA, U3 KOTOPOro oHa caesaHa. Cie-
JOBaTEJIbHO, OHA UIMEET HYJIEBOE MJIM OUYEHb MAJIOE COIIPOTUBJIEHUE ¥ MOKET PACCMATPUBATLCS B LIETIN
IIOCTOSIHHOTO TOKA KaK KOPOTKOE 3aMblkaHue. KoHzieHcaTop ke B CBA3M C HAJIMYUMEM B HEM M30JIM-
PYIOLIEro TUANEKTPHUKa UMeeT OECKOHEUHOE MJIM OUeHb OOJIBIIIOE COMTPOTUBIIEHHE U MOXKET paccMar-
pUBATBCS B LIENH ITOCTOSHHOIO TOKa KaK Pa3phblB.

24



. OauHIOB. «DJIEKTPOHUKA: OT MPOCTOIO K CI0KHOMY»

I'naBa 2. IlepeMeHHBIN TOK

[TogoGHO TOMY, Kak Oartapeiika cOo3/[aeT Ha CBOMX MOJIOCAX MOCTOSTHHOE HAMpsiKeHUe, TeHe-
patopsl Ha ['9C 1 ADC co3paoT B ceTu NnepeMeHHOe HanpspkeHue. B Hameln ObITOBOW CeTH OHO
cocraiiser 220 B. duznyeckuil mpouecc, KOTOpbI O3HAYAET, YTO MO LN UAET NePEMEHHBIN TOK,
3aKJII0YAETCsl B TOM, UTO JIEKTPOHBI IBUTAIOTCS] TO B OHY CTOPOHY, TO B Apyryio (puc. 2.2).

Uflt)
A

Puc. 2.1. IlepemeHHbli TOK
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< 1 3nekmpuveckuii mox

Puc. 2.2. HartpaBrienue 1BrXeHUs 3apsiI0B

dopma nepeMeHHOT0 TOKa UK HAMPSKEHW I MOXKET TPUHUMATh CaMble pa3IuJHbIe BU bl Han-
OoJiee pacpOCTPAHEHHOM SIBJISIETCA CUHYCOMIaIbHasA hopMa NIePEMEHHOTO HaNpsDKEHWS WA TOKa
(puc. 2.1). OmgHOM W3 MPUYUH 3TOTO SABJIAETCS MPOCTOTA €ro BhIpadaTHIBAHMUS, a JAPYrOM - TO, YTO
JM0O0H CUTHAJI MOJKHO TTPEICTABUTh B BUJIE CYMMBI CHHYCOWJI C Pa3HBIM MepHoIoM (MU, YTO TO ke
camoe, B BUjIe CyMMbI CUTHAJIOB CHHYCOM/IAJIBHOTO BHJIA C pa3HOM 4acToToi, puc. 2.20, 2.21).

[lepeMeHHBIN TOK Jierde reHepupoBaTh M TepeiaBaTh Ha OOJBIINME pacCTOSHUA. | eHepaTopsl
MIEPEMEHHOT0 TOKa TpoIle ¥ 0ojlee SKOHOMUYHBI B paboTe. HarnpsikeHre nmepeMeHHOro Toka MOXeT
OBITh YBEJIMYEHO WJIM YMEHBIIIEHO ¢ TIOMOIIBIO TpaHchopMaTropa ¢ OYeHb MAJION IMOTeped MOIIHO-
cru. Kpome Toro, mepeMeHHBIN TOK JIETKO MpeoOpas3yeTcst B MOCTOSHHBIA. [lepeMeHHbII TOK MOKHO
WCTONB30BaTh IS Mepenayd uH(OopMay W3 OJHOTO MYHKTa B JIPYroM IO JIMHUSIM TIepeaayw,
a Takke MpeoOpa3OBbIBATh B JIEKTPOMArHUTHBIC BOJHBI U Tiepe/iaBaTh U MPUHUMATH C ITOMOIIBIO
AHTEHH.

MaremaTrueckoe BhIpakeHHe, ONUCHIBAIOIIEee CHHYCOMIAJIbHOE HAIIpsIKEHUE, UMEeeT BT

U = A-sin 27eft,

rae A - amrmityaa, f - yacrora B reprax (mepruogax B CEKyHY). DTO ke BhIpaKeHHe MOXKHO
HamucaTh Yepes3 yrioBylo 4acTtoty o = 27f :

U = A-sin ot
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1y

A sin wt

0 A cos wt ?E

Puc. 2.3. Otpaxenue (Ipoekiysi) NepeMeHHOro TOKa Ha OCh Y

Teneps BHUMaTE/IbHEE TOCMOTPUTE Ha puUC. 2.3. MBICJIEHHO HAUHUTE BpaIlaTh BEKTOP JTMHON
A, BHIXOIAIMIA U3 HleHTpaibHOU ToukH (0, 0), ¢ yacToToit 0. Kak Oyner MeHAThCS ero BepTUKasbHas
KOOpJMHATA, KOTOpasi B IAHHOM CJly4yae OTPakaeT 3aBUCUMOCTb OT BpEMEHH Halllero Hanpsixkenus U?
[TpaBmibHO, TIO 3aKOHY CMHYcOUAATbHON (pyHKIMM A-sin wt. (CM. Takxke puc. 2.24, rae n3odpaxeH
reoMeTpUYEeCKUil CMbICT (DYHKITMM CUHYCA. )

ITocTOsIHHBIN TOK UMEET MOCTOSIHHYIO BEJIMUMHY U €€ MOKHO UCIIOIb30BaTh IIPU BHIYHCIIEHUSX.
3HaueHue Ke MepeMEeHHOro TOKa MeHsIeTCsl BO BpeMeHU. YToObl IPeooseTh 3Ty TPYIHOCTh, BBEIU
NoHATHE 3(P(PEKTUBHOIO 3HAYEHU I IEPEMEHHOI0 ToKa. D(PHEKTUBHOE 3HAUEHNE IEPEMEHHOIO TOKA
- 9TO TaKOE 3HAUYE€HHE MOCTOSIHHOTO TOKA, IPY MPOTEKAHUU KOTOPOTO Yepe3 CONPOTUBJIEHUE BbIE-
JISIeTCs CTOJBKO e TeIla, YTO U MPU ePEMEHHOM ToKe. D(P(EeKTUBHOE 3HAYEHUE CUHYCOUIAIBHOTO
TOKA - 3TO €ro CPEAHEKBAIPATUUHOE 3HAUEHUE, T.€.

L = Imax * 0.707

AHaJIOTMYHO /1J151 HANIPSIKEHU ST

Uspp = Umax * 0.707 (puc. 2.4)

27



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

L&
A

0707 . | w5 - -

Puc. 2.4. DdekxTrBHOE 3HAUCHUE TOKA (HANPSIKEHU)

3HaueHus1 IEPEMEHHOTO TOKA M HANpPsIKeHUsl BCEra 3a/1aloT B BUE CPEAHEKBAAPaTUUECKOM
BEJIMYMHBI, 32 UCKJIIOYEHUEM CIIeLIMaIbHO OrOBOPEHHBIX CJIyyaeB. BONBIIMHCTBO M3MEPUTEIBHBIX
puOOPOB MPOrpaynpoBaHo B 3(h(HEKTUBHBIX 3HAUEHUAX TOKa U HanpsikeHus. 220 B - ato adppek-
THBHOE 3HaYeHUE NIEPEMEHHOTO HaNPsKEHUs B JIEKTPUYECKON CETH.

2.1. Pe3ucTop B 1ienu nepeMeHHOro TOKa (AKTUBHOE CONMPOTHBJIEHNE)

Pe3ucTopel, KOTOpBIE MBI M3y4aIi B IepBOM YacTy "I10CTOSHHBINA TOK", - aKTUBHBIE SJIEMEHTHI,
TO €CTh TaKHe, KOTOPbIE YMEHBIIAIOT TOK B LIENH, PENSATCTBYIOT JBUKEHHIO 3aps1/10B U OAHOBPEMEHHO
(3TO OUeHb BakHO!) OTOMPAIOT y HUX YacTh MOIIHOCTH HA HAarpeB, BbIICJICHUE TETLIa.

VY KOH/AEHCAaTOpoB M KaTylleK WMHAYKTUBHOCTM TOBEJEHHWE B LIEMM MEPEeMEHHOro TOKa
HECKOJIbKO MHOe. OHM OKa3bIBAIOT CONMPOTUBJIEHHE IEPEMEHHOMY TOKY, HO MOIIIHOCTU ITPU 3TOM He
otoupatoT. O HUX TOBOPSAT, YTO OHM UMEIOT PEAKTUBHOE COIIPOTUBJICHHE.

ITporiecchl Ha yyacTKe ¢ aKTUBHBIM COIPOTUBIICHUEM MOAYUHSIOTCA 3aKkOHY OMa B TOM BUJIE,
B KaKOM OH ObUI YCTaHOBJIEH JIJIs1 IOCTOSIHHOTO TOKa. [10aToMy MakcMmyMm Toka HaOMoAaeTcsi B TOT
K€ MOMEHT, YTO M1 MAaKCUMYM HaIlpsKEHH I, TO €CTh ME3K/1y TOKOM U HAIIPsKEHHMEM HUKAKOTO CIIBUIa
a3 ner (puc. 2.5).

o - I'paduk Toka
I, .
T // \ _Tpaduk HanpsHKEHUs
gl L S
40 S|
0 -1
O
1) 2) 3)

Puc. 2.5. PesucruBHas 1ienn
[Tpu BKJIIOUEHNH B 1IeTIh KOHAEGHCATOPOB U KATYILIEK MHIYKTUBHOCTEW MEXAy TOKOM M Hampsi-
kKeHreM TosiBisieTcs capur ¢a3z. PaccMorpum ux padoty nononpooOHee.
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2.2. Kongencarop B 1jenu nepeMeHHOro TOKa

[TocTosiHHBINM TOK yepe3 KOHJAEHCATOpP HE MPOXOIUT - B JTUJIEKTPUKE MPAKTUYECKH HET CBO-
60)1HI>IX 3apA10B, KOTOPLIEC MOIIN 6I)I CO3JaBaThb TOK, BKJIIOYECHUE KOHACHCATOPA B LICIb ITOCTOAHHOI'O
TOKa PaBHOCHWJIBHO Pa3pbIBY 3TOM Leny. OHaKO B MOMEHT, KOrja KOHJEHCATOp 3apsKaeTcsl WU pa3-
PAKACTCA, TOK B HEITU UACT - 3apAdbl UOYT K O6KJI&IIKaM WJIK YXOOAT C HUX. Takoe ABUKCHUEC 3apAd0B
6y,116T IMPOUCXOOUTD B LEIKU HE TOJIBKO ITPU BKIIIOYEHUHN-BBIKJIIOYEHUH, HO U TIPpU JIIO6OM U3MEHEHNU
HaIllpAKEHW A HAa KOHACHCATOPEC. YBemnmuutcs HaIIpsAKEHUE - HOI';IILYT Ha O6KHEI)1KI/I JOITIOJIHUTEJIBHBIC
3apAdbl 1 HAa KaKOE-TO MITHOBCHHEC TMOSABUTCA 3ap5men?1 TOK B LICIIN. YmeHbImuTCs HaIIpAKECHHUEC - U
YacThb 3apsAIA0B YHIET ¢ OOKJIAIOK, TIOSIBUTCS] KPAaTKOBPEMEHHBIN Pa3psiIHbIA TOK, TO €CTh TOK 00par-
HOI'O HaIIpaBJICHHWA.

HerpynHo npenctaButh cebe, 4TO MPOM30MIET, €CIH MOABECTH K KOHJEHCATOPY MepeMEeHHOe
HarpspkeHue. [IocKonbKy HanpshkeHre HelPepbIBHO MEHSIETCs, TO KOHAEHCATOp OyleT HelpephIBHO
3apspKaThCs M PaspsiKaThCs, a 3HAUMUT, B LIENM KOHJEHCATOpa Oy[eT HEelmpepblBHO MITH TOK. Yepes
IUJIEKTPHK 3apsifibl, KaK BCErza, He MPOXOAST, OHU JIMIIb JBUTAIOTCS K OOKJIaKaM KOHJIEHCATopa
(HampsKeHUe Ha KOHJIGHCATOPe PAcTET, KOHJEHCATOP 3apsKaeTCsl) ITH ¢ OOKJIaIOK (HaIlpsiKeHHe Ha
KOHJICHCATOpe TMajiaeT, KOHJeHcaTop paspsikaercs). HambGomnpmii Tok Oyer B Te MOMEHTBI, KOTjia
HarpsikeHHe MEHSETCS] ¢ MAaKCUMaJIbHOM CKOPOCTBIO, TO €CTh KOIJJa OHO IPOXOIUT 4Yepe3 Hojb. Bo
BpEMA JOCTMIKCHU A HAITPAKECHUEM CBOEN AMILUTAUTYObI TOK CTAHOBHUTCA paBHBIM HYJIIO: KAKOC-TO MI'HO-
BEHUE HANPsIKEHUE HE MEHSIETCS - OHO YK€ IIEPECTasio PacTH, HO e11ie He HayaJlo yMeHblarhes. Korna
HarpsikeHHe pacTeT, Mbl CYHTAEM TOK IOJIOKUTEIbHBIM, KOTIa OHO NIaJJaeT, HalpaBJIeHUe TOKA MEHSI-
ercst Ha 0OpaTHOe, U Mbl Ha3bIBa€M 3TO HAMPABJICHUE OTPULIATEITBHBIM.

[ 7~ P
o - I, / \/ g I,
BxonHoH T 0 / \\ 900 |
CUrHaJ — / \ /
TU —7 7
'y . ) '
o \\_’/l \\//, v
Uc
1) 2) 3)

Puc. 2.6. KonyieHcarop: HanpsikeHHe OTcTaeT oT Toka Ha 90°

Ecnu k koHAeHcaTopy NOABEAEHO CUHYCOUAAIbHOE HANIPSKEHUE, TO CKOPOCTh €r0 U3MEHEHHU S
- TOX€ CMHYCOMJIa, TOTOMY B LIETIM TeUeT CUHYCOUAAIbHBINA TOK. Eciu noctpouTs 311 /1Ba rpaduka
(puc. 2.6), TO MOKHO YBUJETb, YTO MEXKTY STUMU CUHYCOMJAMHU CYLIECTBYET cABUT (pa3 90° (4ueTBepTh
neproza), MprYeM TOK OlepekaeT HarpsiKeHue. TO He Hy’KHO OHUMATh TaK, Oy/ITO TOK MOSIBIISIETCS
paHblile, YeM Mbl IPUKJIA/IbIBAEM HAIPSIKEHUE; OI00HOE HEBO3MOkHO. [TpocTo cuita Toka gocturaer
aMIUTUTY/bl Ha YETBEPTh MEpHOJa paHbllle, YeM HaIpsKEHUE.

WTtak, Mbl BBISICHWIU, YTO €C/IM K KOHJEHCATOpPY NMPUJIOKHUTh NEPEMEHHOE HaIlpsikeHHe, TO B
e 3TOro KOHJEHCaTopa MOWAET mepeMeHHbIN ToK. [IprueM cuma Toka MOXeT ObITh pa3IMYHOM,
OHa, B YaCTHOCTH, 3aBHCHUT OT éMKOCTU KoHAeHcaropa C - yem Gosmbiie C, Tem Oosnbliie TOK (IpH
O/IHOM U TOM JK€ HallpsKEHUM ), TIOCKOJIbKY B LIENM NPU 3apsijie ¥ pa3psiie KOHJIeHcaTopa ABUKETCS
OoJIbILIE 3aPSIIOB.

To, 4TO KOHJIEHCATOP BMSET Ha BEJIMUMHY IEPEMEHHOIO TOKA B LIENH, YEM-TO HAIIOMUHAET HaM
3akoH OMa, Irie TOK 3aBUCUT OT corpoTuBieHus 1enu R. [Tostomy kKoHaeHcaTop, KOTOPbIA OCTOSTH-
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HBII TOK HE TPOITYCKAeT, B IIeNH NePEeMEHHOTr0 TOKa 00J1aaeT HEKOTOPBIM EMKOCTHBIM COITPOTHUBIIE-
HHUEM, KOTopoe 0003HadaoT X.. 3aBUCUT OHO OT EMKOCTH KoHieHcaTtopa C 1 oT yacToThl f mepemeH-
Horo Toka. Ot émkocti C OHO 3aBUCHUT ITOTOMY, UTO C €€ yBEJIMUYEHUEM KOH/IEHCATOP MOXKET IIPUHSTD
Ha CBOM OOKJIAJKK OOJbIle 3apsIoB, U TIO3TOMY OOJIble OyayT 3apsOHbIA M pa3psaHblid TOKU. A
pa3 TOK YBEIMUYMBAETCS, TO, 3HAUUT, 10 3aKOHY OMa CONpOTUBIIEHNE, B IAHHOM Cily4ae €EMKOCTHOE,
yMeHbInaercsi. OTciozia BHIBOJ: EMKOCTHOE COMPOTUBIIEHHE X 0OPATHO MPOMOPIMOHAIBHO EMKOCTH
- yeM OO0JIblIIe EMKOCTh, TEM OHO MEHBIIIE.

BennunHa TOKa 3aBUCHUT €IIE U OT TOTO, C KAKOM CKOPOCTBIO MEHSETCS HAIIpsKEHUE, T.€. OT
qacToThl. YeMm Oostbliie 3Ta CKOPOCTh (YeM BbIIe Yactota f), TeM Oosblie 3apsiioB 3a OHY CEKYHIY
MIPUXOAUT Ha OOKJIAJKU KOHJEHCATOPA U YXOAUT C HUX, TEM, CJIeJOBaTeIbHO, OOJIbIIE TOK, a 3HAUMUT,
MEHbIIIe EMKOCTHOE conpoTuBiieHre X .. OHO BBIYUCISAETCS M0 cleaytomen (popmylie:

X. = 1/(0-C), rme w = 2nf.

OpHako MeX/ly aKTUBHBIM COIIPOTUBJIEHUEM R 1 EMKOCTHBIM X €CTh IPUHLMIIAAIBHOE Pa3-
JMuue: EMKOCTHOE CONPOTUBIIEHUE XOThb U BIIMAET HAa TOK B LIEMH, HO HUKAKOM MOIIHOCTHU OT UCTOY-
HUMKa MUTaHUs He MOTpedsieT. B kakue-To MOMEHTHI, ITpaB/ia, UICTOYHUK 3aTpayrBaeT yCUIUs Ha To,
YTOOBI 3apSIIUTh KOHJIEHCATOP, HO KOHJIEHCATOP BO BpeMsl pa3psi[a YeCTHO BO3BpAILAET MOIy4eH-
HYIO SHEpPruio. ITUM OH OY€Hb HAllOMMHAET MPYXUHY, KOTOpast BCE, YTO OEPET NpHU CRKUMAHUU, TO
U OTHAET, pacnpAMIIsAsAck. YTOObI OTMETUTh 3Ty OCOOEHHOCTh EMKOCTHOTO CONPOTHUBIICHUS, €r0, B
OTJIMYME OT aKTMBHOTO R (B KOTOpPOM 3HEprus TpaTuTcs Ha BbLIEIECHUE TEILIA), Ha3bIBAIOT PEAKTUB-
HBIM COIPOTUBJIEHUEM.

2.3. UHQyKTUBHOCTH B I IEPEMEHHOI0 TOKA

Ilo cBoeii cyTu MHIYKTUBHOCTb 00JIaJaeT 1EKTPUUECKON UHEPIMEH, TOCKOJIBKY €€ OCHOBHOE
CBOICTBO COCTOUT B TOM, YTOOBI ITPEMSATCTBOBATh BCKOMY M3MEHEHUIO MPOTEKallero Toka. Eciu
yepe3 KaTyILKY MPOIYCKaTh HEKOTOPBIN EPEMEHHBIN TOK, TO €€ MHIYKTUBHOCTb OYyJeT MPOTUBOACH-
CTBOBATb KaK YMEHBILIEHHUIO, TAK U YBEJIMYEHUIO IIPOTEKAIOIIETO TOKA.

To, 4T0 MO KaTyIIKe UHAYKTUBHOCTY MOMAET IEPEMEHHBIN TOK, ECJIM MIOJBECTU K HEW IIEPEMEH-
HOE HalPSKEHUE, HE BBI3bIBAET HUKAKMX COMHEHUH - Ha KaTyHIKY HAMOTaH METaJIJTIMYECKUI ITPOBOI,
a TOK UAET 1O JoOOMY MPOBOJHUKY. B moaTBepXkeHNe Mbl MOKEM IOKa3aTh, KAK Yepe3 KaTyIIKY
UJET MOCTOSHHBIN TOK, HAIlpUMEp, OT rajbBaHUYECKOro 1eMeHTa. OJHaKo TO, YTO IMPOMCXOJUT B
LIENX KaTyHIKU IIPYU IEPEMEHHOM TOKE, OIIPEIEISAETCS HE TOJIBKO COITPOTUBIIEHUEM IPOBOIHUKA, U3
KOTOPOTO 3Ta KaTyIIKa U3rOTOBJIEHA.

Bcnomnurte, eciu B Karylike MeHsEeTcs TOK, Ha Hel HaoauTcs D/IC camonHayKImu, KoTopas
TeM OOJIblIIe, YEM BhIIIIE CKOPOCTh U3MEHeHUs ToKa (3akoH Papages: Ey = — L - dI/dt). ITo Bropomy
npasuity Kupxropa U + Ef, =0 nimm U = - Ep, = L dI/dt.

IlocTporM cMHYcOUIBI TOKA 1 HAIIPSKEHUS HA OIHOM I'paduke:
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Luk

Puc. 2.7.
BuzHO, 4TO TOK M HaNpsIKEHUE CABUHYTHI 10 (pa3e Ipyr OTHOCUTEBHO Apyra Ha t/2 (Ha 90°).

'\

HamMerenHe Toka
28 EpeMA t

Puc. 2.8.
[TorrpoGyem paccmoTpeTh mporiecc ¢ Touku 3peHust ¢pusukn. C MmomenTa t = 0 (ygactok 0-1)
TOK HayaJsl ObICTPO BO3PACTaTh, HO IO Mepe MPUOTMKEHUS K MAKCUMAILBHOMY 3HAYEHUIO CKOPOCTh
HapacTaHus TOKAa YyMEHbITIAJIach (CM. puc. 2.8, BUIHO, YTO MPUPAIICHUS 32 OIMHAKOBOE BPEMSI YMEHb-
maiotcsi). B Mmoment t = T/4 (Touka 1), Korga TOK JOCTUT MaKCUMAJIbHOW BEJTMYMHBI, CKOPOCTh €T
M3MEHEeHU s HA MTHOBEHHE CTajla paBHOU HYJIIO, T.€. N3MEHEHUE TOKA MPEeKPaTUIIOCh. 3aTeM TOK Haual
CHavyajia MeJJIeHHO, a TOTOM OBICTPO YOBIBaTh M 1O UCTEUYEHUHM BTOPOM YeTBEpTH Tepuona (yda-
CTOK 1-2) yMeHbIIUIICA A0 HYJIs. A CKOPOCTb U3MEHEHMSI TOKA 3a 3Ty YETBEPTh MEPUOA, BO3pacTasi
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OT HyJIsl, JOCTUTHET MAaKCUMaJIbHOW BEJIMYMHBI, KOTJa TOK CTAaHET PaBHBIM HYJIO. A UTO Kacaercs
HarpaJieHUsl, TO B MOMeHT t = T/4 3Hak DJIC caMOMHAYKIMKN MEHSETCs, IOCKOJIbKY TOK HaUMHAeT
yobiBaTh (DIIC - mpon3BOIHAS TOKA; MPOU3BOIHAS (DYHKIIMM B MaTeMaTHUKe MOKa3bIBaET CKOPOCTh
M3MEHEHU s 3HaUeHU s 3TOM (PYHKIIMK), a A0 ITOr0 BO3pacTas (Kak Mbl 3HaeM, IPOM3BOJHAS MTOJIOKH-
TeJIbHA TIPY BO3pacTaHUM (DYHKIIMU U OTPUIIaTeIbHA IPY YOBIBAHUM (DYHKITUN).

I,
BxoaHou T
CUrHaJI 3 EL
0
U,
90°
0 I,

Puc. 2.9. IH1yKTUBHOCTB: HallpsiKEHUE onepesxaeT ToK Ha 90°

ConporuBieHne, OKa3blBAEMOE TOKY KaTyIIKOW MHIYKTUBHOCTH, PABHO

XL = wL.

Kak u KoHIeHcatop, KaTyllKka SHepruM y WCTOYHMKA MUTaHWs He morpedinser. Be€, uto B
KaKMe-TO MOMEHTHI KaTyIlIKa OTOOMpaeT Yy MICTOYHMKA Ha CO3/IaHWE MAarHUTHOTO IOJIsi, OHA OTAAeT B
1erb 00paTHO, KOTJa 3TO MoJjie ucyesaet. M nmporcxoauT Takoe "0epy-oTaai” MHOTO pa3 B TEUCHHUE
CEeKYH/bI (B 3aBUCUMOCTHU OT YacTOThI). YTOOB OTMETUTH 3Ty OCOOEHHOCTh MHAYKTUBHOT'O COIPOTHB-
JIEHUs1, €ro, B OLIMYME OT aKTUBHOIO R (B KOTOpPOM 3HEprus TpaTuTcs Ha BbIAEICHUE TeIlla), Ha3bl-
BaIOT PEAKTUBHBIM COIPOTUBIIEHUEM (KaK M KOH/IEHCATOP).

Eciu cxema coCTOMT TOJBKO U3 PE3UCTOPOB, TO NOC/IENOBATEIBHO BKJIIOYEHHBIE COIIPOTUBIIE-
HUS [POCTO CYMMUpPYIOTCS. B cilyyae ke KOHIEHCATOpOB M KaTyILEK MHAYKTMBHOCTH TaK JIeJlaTh
HeJIb3$1, TaK KakK, KaK Mbl CKa3aJI1, 3TO PEaKTHUBHBIE IEMEHTHI, T.€. He TOTPEOISIONINE SHEPTUU UCTOY-
HuKa nuTaHus. Hanpskenue Ha pe3ucrope (aKTUBHOM JIEMEHTE) COBIAJAET 10 (ha3e ¢ TOKOM, a B
Cllyyae peakTUBHBIX JIEMEHTOB 3TO He BbINOJIHAETCA. HanpskeHne Ha eMKOCTH OTCTaeT OT TOKA Ha
90°, a B ciyyae KaTylIKU HarpsikeHue onepexaer Tok Ha Te ke 90°. Kak 310 yunutsiBath? Kakum
Oyner olliee HanpsDKEHNE B Cllyvae 1eMH U3 COMPOTHUBIICHHUSI PE3UCTOPA U KOHJEHCATOPa WM Pe3u-
CTOpa M KaTylmku? A B cily4yae, KOrja B cxeMe UMeloTcsl Bece Tpu nemMenTa? Kakast MotiHocTh Oyzier
LIUPKYJIMPOBATh B IIENM M KaKasi MOIIHOCTb OyJeT BBIAEIATHCS HA aKTUBHOW YacTU CXEMBl, T.e. Ha
pesucropax? IIpocto nocunrars CyMMy aKTUBHBIX M PEAKTUBHBIX COIIPOTUBJICHUH, HE yUUTHIBAs Pa3-
HUIIBI B (pazax, OyJgeT OmuOKOM.

JI71s1 TOro 4TtoOBl OTBETUTH HAa 3TU BOMPOCHI, B AMEKTPOHHUKE MPUMEHSIOT TAKOE MaTeMaTuye-
CKOE INOHATHE, KaK KOMILUIEKCHbIE ynciia. [loaToMy npesxae yem u3ydarb EpeMEHHbIN TOK JaJblIIe,
HaM IpUETCs caesaTh HEOOBILON SKCKYPC B MATEMATUKY, HO TMIOBEPHTE - ITH YCUJIUSI HE MPONaTyT
AapoM.
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Omcmynﬂeuue: Umo maKoe KOMnAEeKCHble Hucaa
Bobi HABepHAKA CmMaaKUed/iucCov 8 ulKoae ¢ lceaapamnbmu YPABHEHUAMU, Y KOMOPbIX 8blPAINCEHUE

(b*=4ac) Goiao menvie HYASL U peuums ux Oblao 0Asl 84c 3ampyoHumenvroli 3adavei. Ho kopru y
MAKUX YpasHeHUli 8Cé-makKu eCimb, OHU NPeocmasnsiiom coboli komnaekchole uucaa. Ilocae moeo, kax
8bl npouUmaeme 3my 6CMABKY, 8bl CMONCENE Pelumy N1000e K8aOpamHoe ypasHeHue.

/Jlas npumepa 603bmem credyioulee: X +3x+8=0

Tocuumaem koperv u3z ouckpumunanma: sqri(3 2. 4%8 ) = sqri(9 - 32) = sqri(-23).

Kazanoce 6v1, mbt "npuexanu’... Ho na camom dene cywecmsyem uucao j (8 mamemamuxe
OHO 0003HaAuaemcst Kak i, HO Mol OYKeEoli 8 INEKMPOHUKEe 0003HAUAIOM MOK), KOMopoe Ha3bléa-
emcsi MHUMOU eQuHuyell u daem 6 keaopame -1. Ha naockocmu MHUMbIe YUCAA OMKAAObIBAIOMCSL
no 8ePMUKANBHOU OCU U MHUMASL eOuHuua Haxooumcs 8 mouke (0; 1) (eewyecmeentvle uucaa, Kaxk
00bIUHO, OMKNAOBIBAIOMCSL NO 20PUBOHMANBHOL OCU, OHU HA3BIBAIOMCSL OCHICMBUMENbHOI UL Deanb-
HOUL cocmaensiiouelt):

(0, 1)

= N

Puc. 2.10. Mrhumas eounuya j naxooumcs 6 mouxe (0, 1)

Jasi mozo, umobvl nocuumamas, yemy pageH Kopewsb U3 Haulezo OUCKPUMUHAHMA, PAZAOHCUM
UUCNO HA MHOJMCUMeNU, OOHUM U3 KOMOpblX Oyoem -1 :

sqri(-1 * 23) = sqrt(-1) * sqrt(23) = j * sqrt(23).

Tenepv nocuumaem KOpHU YpasHeHUsL:

xXp=(-3+j*sqre(23)) /2 =-1.5+j*2.4

xy=(-3-j*sqrt(23)) /2 =-1.5-j %24

IIposepum, umo s3mu uucaa A61I0MCA KOPHAMU HAULE2O0 YPABHEHUSL (HO Mbl OKPY2AUAU 00 0€Csl-
moix sqri(23), nosmomy oyoem noezpewtHocms). [loocmasum crauana nepgoe Uucao (Mol HOMHUM,
umo MHUMAs eOuHuua j oaem 6 keaopame -1):

X +3x+8=(-15 +j>‘<2.4)2 + 3%(-1.5 + j*2.4) + 8§ =2.25 - j*7.2 + (j)2 *5.76 - 4.5 + j*7.2
+8=225-7*%72-576-45+ %72+ 8 =-8.01 + 8§ =-0.01

Tenepv noocmasum 6mopoe uuco:

X+ 30+ 8= (-1.5- 2.4 + 35-1.5- j*2.4) + 8 = 2.25 + j*7.2 + (j) *5.76 - 4.5 - j*7.2
+8=225+j*%7.2-576-4.5-j*%72+ 8 =-8.0] + 8§ =-0.01

Mot noayuunu mo, umo ogxcuoanu (0 mom, umo Oyoem NOZPeUtHoCnb, Mbl YHROMSIHYL).
Ilocmompum, 20e Haxo0smcs KOpHU HA naockocmu. I eomempuuecku Kaxcooe KOMNAEKCHOe YUCNO
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uzoopadicaemcst MouKou, umeroueli Koopouramol X U y. B nawem cayuae nepeast mouxa - smo (-1.5;
2.4), emopas - (-1.5; -2.4):

"
o
E1:5 2d) e
il
——t ——t -
I 7
(-1.3, -2.4)*
s
-

Puc. 2.11. Kopru xeadpammozo ypaeHeHust

Tenepw 6v1 cmodrceme pewiums 2000 K8AOPAMHOe YpasHeHUe.

Taxum obpazom, 11060 KOMNAEKCHOE YUCAO MONCHO NPEOCMABUMs 8 8Uoe

Z=x+]j-)

20e X u'y - OelicmeumenvHole YUCAd, a j - MHUMASL OUHUUA. X HA3bIBAEMC Sl OeliCIEUMENbHOL
UACMbI0 KOMNAEKCHO20 YUCAA, A Y - €20 MHUMOLL yacmbio. ODbluHble YUCAA - MO YACMHbIL CAYYUAl
KOMNAEKCHBIX Ylcen, K020a MHUMASL YACHb PABHA HYNO:

7=74+j-0

32=32+j-0

Yucaa ¢ Hyaesoli OelicmeumenvHoii uacmoto (Hanpumep, 0 + j - 6 uau 0 + j - 23) Hazwviearom
UUCMO MHUMBIMIL.

Taxowce KOMNAEKCHOE YUCAO MONCHO NPEOCMABUNDb 8 8UOe

z=x+j-y=r-coso+j-r-sing=r-e?,

20e

r= sqrt(x2 + y2 ) - MOOYAb KOMNAEKCHO20 YUCAA

@ = arctg(y/x) - e2o apeymenm

Imo cmarem 20paz00 NOHsIMHee, ecAU bl NOCMOMPUNIE HA NAOCKOCHb, 20€ UB00PANCEHO KOM-
NAEKCHOe YUCNO0, U BHUKHUNE 8 260MEMPUUECKUll CMbICA IMUX 3HaveHuit (puc. 2.12):
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v g=x¥tf-yp=r-d?

Puc. 2.12. Omoobpasicenue KOMNAEKCHO20 YUCAA Z = X + ] - Y HA NAOCKOCHU

Omcroda 8UoHo, UMo MOOYAb T - 3MO PACCMOsIHUE OM MOUKU (X, V), omoopaxjicaiouieti OaHHoe
uucn0, 00 HA4aNa KOOPOUHAM, d ¢ - Y201 HAKAOHA OMPe3Kd, COCOUHSIIOULE20 UX, K OCU X (9mom yeon
HA3b18AEMCSL AP2YMEHMOM).

H nanocaedok - o conpsidicennvlx uucaax. /l6a KOMNAEKCHLIX YUCAA, OMAUUAIOUAUXCSL 3HAKOM
MHUMOLL YACHIU, HA3bIBAIOMCS CONPHCEHHbIMU:

Al =3 +4j

A2 =3-4j

Hx npouseederue ne cooepacum MHUMOU Yacmu U pasHo Keaopamy MOoOYns:

Al -A2=(3+4j)-(3-4j)=25

(MOOYab 30ecb pasex 9 + 16) = 1/(25) =5).

H nocneonee. Hnozoa npu onucanuu npoueccos, NPOUCXOO0SUUX 8 CXEMAX C PeaKMUBHBIMU d.1e-
MEHMAMU, BMECHO KOMNAEKCHO20 YUCAA UCNOAL3YIOM 8EKMOP. IMO NO CYMmu OOHO U Modce, N.K. KOM-
NAEKCHOMY YUCAY COOMBENCMBYent 6eKMop, NPOGEOEHHbII U3 HAUANA KOOPOUHAN 8 OAHHYIO NMOUKY.
Jlanee npu cymmuposanuu conpomueneHuti i KOMNAEKCHbIX YUCen NONAPHO CKAAObLEAIOMCsl OelCmEU-
MmenvHble U MHUMbLE YACMU, 4 8 CAYUAe BEKMOPO8 - GEKMOPbl, COOMBENCMEYIUiUe NPOOEKUUSM BEK-
mopoé Ha ocu. Bekmopwi ckaadvieaiom aubo no npaguny mpeyeorvHuka (Hudxce nepewlii PUCYHOK ),
AUOO NO NPABUNY NAPANNEN0ZPAMMA (8MOPOLE PUCYHOK). FMo 00HO U MO Jice, pe3ynbmam OOUHAKO-
8blii:
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Nmnenanc

1

Z (500 Om)

>
R (300 Om)

Puc. 2.13. (1) Karymika uHIyKTUBHOCTH, COEAMHEHHAs MOC/IeJOBaTeIbHO ¢ pe3uctopoM R. (2)
Bekropnoe npezacrasnenue R, X1 1 ux cymmsl Z

Pesynbrupymomee conpoTuBiIeHUE LENW, COACp/KAILEW KaK aKTMBHOE, TaK U PEAKTUBHOE
(MHAYKTMBHOE WM EMKOCTHOE) COITPOTHUBJICHUE, HA3bIBAETCS UMITIEAHCOM WJIM TTOJHBIM COIPOTHUB-
JIEHUEM LIETIH.

Nmnenanc Z aBisieTcs BEKTOPHOM CYMMOM PEAKTMBHOIO CONPOTHUBIIEHUSI X W AKTHMBHOIO
conporusieHus R.
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Paccmotpum, Haripumep, cxemy, n300paxkeHHyo Ha puc. 2.13, 1. OHa BKJI09aeT B ceOs1 MHAYK-
TUBHOE COMPOTUBJIEHUE X[ , COEIMHEHHOE MOCIeIoBaTesIbHO ¢ pesuctopoM R. U3 puc. 2.13, 2 BugHO,
4yTO BeKTOp X[, oniepeskaer BekTop R Ha 90°. (BpatieHre BekTopa 03HavaeT yBeJudyeHue yria ¢ (puc.
2.12), oHO OoCyIIEeCTBIsIETCS POTUB YaCOBOU CTPEJIKU, HAYaJIO (T.€. HyJIeBOe 3HaUe€HUe ITOro yIJia) -
3TO TOPU3OHTAJIBHASA OCh. A IMPOEKLIMU ITOI'0 BEKTOPA HA OCH - 3TO aKTUBHOE (HAa OCh X) U PEAKTUBHOE
(Ha OCh Y) COCTaBJIAIOIIME IOJHOTO CONPOTUBIIEHU Z..) IMnienanc paBeH

Z =X, +R?).
Ecm X1 =400 Om u R = 300 Om, TO

Z=(16-10* + 9-10% = ¥(25-10%) = 500 Om.

UroOs! JTydlile MOHATh, KaK padoTaTh ¢ KOMIUIEKCHBIMHU YHUCIAMU (UM BEKTOPAMU), COOTBET-
CTBYIOLIMMU COIPOTUBJIEHUSIM PE3UCTOpa, KOHAEHCATOPA U KAaTyIIKU UHIYKTUBHOCTH, PACCMOTPUM
HECKOJIbKO ITPUMEPOB.

ITpumep 1

HapucoBats BekTOpHYyI0 auarpammy s RL-1ieru, nuzodpaxkenHou Ha puc. 2.14, 1, u Haiitu
HanpsixkeHre Ur, PUIOKEHHOE K CXeMe.

5B 5B U, (5B)
|¢——| |4_>| 'y U; (7 B)
] T
L
R
[IpunoxkeHHoe
HanpspKeHHe
U, 6 =45°
R ——————2] O 0 -
1) Ug (5 B) I
2)

Puc. 2.14.
Perenue:

BekropHas nquarpamma 1S 3TOro cily4asi lokasaHa Ha puc. 2.14, 2. CHavyasia HOCTpOUM BEK-
top Toka I. Hanpsxenne UR Haxogurcs B ¢ase ¢ TokoM I (T.K. 310 pesucrop), a Hanpskenue Uy
onepexaeT Tok I (a 3Haumt, n Ur) Ha 90°. CymmapHoe HanpsikeHre Ur, IPUIOKEHHOE K LIENH, PAaBHO
BekTopHOM cymMMe Ug u Ur. I1o Teopeme IIugparopa Ut paBHO:

Ur="V(Ur* + Ur?) =(25 +25) =V 50 ~ 7 B.

3pech cietyeT 3aMeTUTb, YTO HOJTyYeHHBIH pe3y/ibTaT OoJIbllie, YeM Kaxasl U3 COCTABIIAIONIMX,
HO MEHbIIE UX CYMMBI, TIOCKOJIbKY 3TO I'MIIOTEHY3a MPSIMOYTOJIbHOIO TPEYrOJIbHUKA, a HAIPSKEHUS
Ha 3neMeHTax Henu (Ur u Up) - ero karersl. Yrosl Mexay BEKTOPOM IPUJIOKEHHOIO HAIPSKEHUS
Y TOKOM paBeH 0 = 45°.

[Tpumep 2

s RC-nenu, nzo0paxeHHON Ha puc. 2.15, 1, HaUepTUTh BEKTOPHYIO AUArpaMmy M HaWTH
HanpsxkeHre Ur, IPUIOKEHHOE K CXEME.
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4B 3B
U, (4B
i y— fe—— >( ) [
— U 0 o >
R C
‘ r
Hpnnome]—mﬁe HHHPSDKEHHS UC (3 B] UT [J B]
1) 2)
Puc. 2.15.

Pemienue:
Ha BekTopHO# 1uarpamme, nokasaHHou Ha puc. 2.15, 2, BuaHo, uto U oTCTaeT oT ToKa (1 OT

Ugr) Ha 90°. Ut sBnsiercs BektopHou cymmont Ug 1 Uc. Takske BuaHO, uto Ut OoJIbIIe, 4eM Kaxaast
U3 COCTABJIAIOIIMX HANpPsIKEeHUs, T.e. Oosblue, ueM 4 B, HO MeHblIle, yeM UxX aprugpMeTHIecKas Cymma
(3 +4 =7 B). Ilo Teopeme [1udaropa Hanpsixkerre paBHo Ut =5 B 1 oTcraer ot Toka Ha yroi o = 36°.
ITpumep 3
s RLC-uenu, nzo0paxeHHO# Ha puc. 2.16, 1, HA4epTUTh MOJTHYI0 BEKTOPHYIO JUarpaMMy U
Haiitu Hanpsikenue Ur, PUIOKEHHOE K CXeMe.

A U, (90B)
40B 90 B 60 B B = (--550 B)
L
R ¢ : -
U, (40B) 1
0 l 3)
[TpusioxkenHoe U, (40 B)
Hallps»XKeHne
U,
o 2)
1)
\/ U, (60 B)
Puc. 2.16.
Pemenue:

BexkTtopnas nuarpamma nocrpoeHa Ha puc. 2.16, 2. Ug HaxoauTcs B (paze ¢ TokoM I, oniepexaer
Uc Ha 90° u orcraér ot U, Ha 90°. [Tockonbky U, 1 Uc nieskar Ha OiHOM BEpTUKAJILHOM MPSIMOH, TO
MX CyMMa, KaK TIOKa3aHo Ha puc. 2.16, 3, MOXeT ObITh Ipe/ICTaBIeHa BEKTOPOM

0Z=Ur-Uc=90-60=30B.

Pesynvtupytomee nanpsikernre Ut paBHo BektopHoit cymme Ug 1 OZ. Ut = 50 B u oniepeskaer
BEKTOp TOKa Ha yroia o = 36°.
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W3 31X mpruMepoB BUIHO, YTO B CIyvae MEPeMEHHOrO TOKa PeaKTUBHBIC COMPOTHUBIICHUS ITPO-
CTO CKJIaJIbIBATh JUISI TIOTyYEHUSI HTOTOBOTO Pe3y/ibTaTa Heslb3sl, CyMMa KaTeToB - 3TO He TMIOTEHY3a.

Ternephb y Hac ecTh Oaraxk 3HAHUH IO MaTeMaTHKe, YTOOBI Pa3OUpPaThCs B CXEMax, COCTOSIIIIUX
U3 Pe3UCTOPOB, KOH/IEHCATOPOB U KaTyliek MHAYKTUBHOCTU. (ITocre aToro 3aiimMemcst oTyrpoBO-
HUKaMU U y3HaeM, Kak paOdoTaloT AUOMAbI, TPAH3UCTOPHI U T. 11.)

2.4. Cursajst

V3meHeHrs ToKa WU HAalPsKeHUsT BO BPEMEHW MOKHO TMPEJCTABUThH B BUJIE PA3IMYHBIX Ipa-
(ukoB. [TocTOSTHHBIN TOK, KaK BbI 3HaeTe, OTOOpakaeTcsi mpsiMou JinHuel (puc. 2.17, 1), a nepemen-
HBI TOK MOXHO M300pa3uTh CAMBIMHU Pa3IMYHBIMA KpUBBIMU. POpMa KPUBOW MEPeMEHHOTO TOKa
OTpa’kaeT NeproIuIecKre N3MEHEeH!sI 3HAYCHU s TOKa OT MAaKCUMAJIbHOTO K MUHUMAJIBHOMY, 3aTeM
OISITh K MAKCUMATBHOMY U T.1. (puc. 2.17, 2). HeckosbKo TakuX KpUBBIX U300paskeHsl Ha puc. 2.18.

Makc.
SHAYEHHE

Hanpsmxenue
[NOCT, TOKA

MuHMM.
3HaYeHHe

1) 2)

Puc. 2.17. I'paduku nocrossHHoro (1) u nepemeHHOro (2) Toka
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1)

A
F
2) A . B
Lisrsa
A E
4)
uea
5)
Hugn
6)
b EEm—
LM

Puc. 2.18. Tunbl KpuBbIX IEpeMEHHOT0 TOKa: cuHycouaa (1), meanap (2), npsamMoyroibHeliii (3),

TPEeYroJbHbIH (4), MUI000pasHbIi (5), UMIYJIbCH (6)

[NoBTOpsItONIasicst YacTh CUTHAJIA TIEPEMEHHOTO TOKA HAa3bIBAETCS IIUKJIOM CHTHaA. Ha KpuBbIX,
n300pakeHHBIX Ha pHC. 2.18 Touka A sIBJISETCS HAYAJIOM IIMKJIa, a ToYKa B - ero KOHIIOM 1 HavyajioMm
CIIEYIOIIEro IUKIIA. [JTMTeTbHOCTD IMKJIA HAa3bIBACTCS TIEPHOIOM.
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KonunuecTBo IMKIJIOB CUTHajla B €IMHUILY BPEMEHU HA3bIBAa€TCs 4acTOTOM curHaja. Enqununa
n3Mepenus yactorsl - repy (I'n). Hanmpumep, eciay ykII M3MEHEHW CUTHAJIA [IOBTOPSETCS OJUH pa3
B CEKyHJy, TO yactoTta curHayia paBHa 1 I'i, ecim 10 pa3 - 10 I'ip v 1.4. (puc. 2.19). Herpynno nora-
AaThCsl, YTO YACTOTA CUTHAJIA M €r0 TIEPUOJ - IBE B3aUMHO 0OpaTHbIe BETUUMHBIL:

f=1/T,

rae f - yacrora B repuax, T - nepuof B CeKyHAAX.

10y

Puc. 2.19. Curnassl pa3iuyHbIX 4acTOT

CurHaJbl, n300pakeHHbIe Ha puc. 2.18 (1 He TOJIbKO Takue, a BOOOIIIE JII000H (DOpMBI C TIOBTO-
PAIOIIMMCS IEPUOJIOM), MOXKHO TOIYYUTh KaK CYMMY CHHYCOMJAJIbHBIX CUTHAJIOB PA3HOW YacCTOThI
Y aMIUTATY/IBL. Takue COCTaBIISIONIMe HA3bIBAIOTCSl FTApMOHMKAMK. MaTeMaTUuecKu pa3iokeHUe CUT-
HaJla Ha TADMOHUKY MOKHO MPE/ICTaBUTh B BUJIE:

a(t) = Ag + A;¥sin ot + Ay*sin 2wt + Az*sin 3wt + Ag*sin 4ot + ...

DT1a cymma HasbiBaeTcs psijioM Pypbe.

Curnan ¢ yactotoi m = 27tf Ha3pIBaeTCs IEPBOM, MJIM OCHOBHOM, TAPMOHUKOM, CUTHAJI C YaCTO-
TOW 2 - BTOPOW TAPMOHHUKOM, C YaCTOTOM 3 - TPEThEH M T.J.

YeM OosblIlle 3/1eCh ClIaraeMbIX, TeM TOYHee 3TON CYMMOM BhIpakaeTcsl MOAETMPYEMbIid CUTHAIT.

[TpssMOYTOJIbHBIA CUTHAT CONEPKUT OCHOBHYIO TapMOHMKY IUTIOC HEUYETHbIE T'apMOHHUKH.
Hanpumep, npssMoyrossHbIi curHain yactotoi 1 kI coctout u3

- OCHOBHOM rapMOHUKH ¢ yactotou 1 kI,

- 3-eil rapMOHMKU ¢ YacToTon 3 kI,

- 5-0i1 rapMOHUKH ¢ yacTtoTou 5 Kl 1,

- 7-oii rapMOHUKH ¢ yacTtoTtou 7 KI1,

U T.].

Ha puc. 2.20 n300paxeHO pasiokeHre Ha OCHOBHYIO M TPEThI0 TAPMOHHUKH TIPSIMOYTOJIBHOTO
CUTHaJIA.
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OcHOBHAa" 4YacToTa

-0 3 TAPMOHHKA

OcHoBHAas YacToTa +
3 rapMOHHKA

Puc. 2.20. Annpokcumanys npssMOYyTroJbHOTO CUTHaJIa

[MnooOpa3HbIil CHTHAI CONEPKUT OCHOBHYIO TAPMOHUKY TUTIOC YeTHBIe TapMOHMKHU. Harpu-
Mep, I000pa3Hblil curHai yactoroi 1 kI coctouT U3

- OCHOBHOW rapMOHUKHM ¢ yactotou 1 kI,

- 2-0i1 rapMOHUKHM ¢ yactoton 2 kI,

- 4-oi1 rapMOHUKHM ¢ yactotor 4 kI,

- 6-0i1 rapMOHUKHM ¢ yactoTtou 6 kI,

U T.].

Ha puc. 2.21 u300pakeHO pa3jiokeHre Ha OCHOBHYIO M BTOPYIO TAPMOHHMKH MHJIOOOPa3HOTO
CHTHAJIA.

OcHoBHAaA
HacToTa

2 rapMoOHHKA

(OCHOBHAaA 4acToTa +
2 rapMoHHKA

Puc. 2.21. Annpokcumaniysi mioo0pa3Horo CurHasia
Heo0xoaumo Takke IMOHUMAaTh, YTO 3TO CIIPABEJIMBO TOJIBKO /TSI CUTHAJIOB C IOBTOPSIIOLIAMCS
neprogoM. Eciii oH MeHseTcs, TO CyMMa rapMOHUK TOXE MEHSETCS.
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CurHasbl, KOTOpble JOJIKHBI MTPOITYCKaTh, HAIPUMEP, YCUJIMTEIHN 3BYKOBBIX YacTOT, KOTOpHIE
€CTh B IPUEMHUKAX U MY3BIKAIBHBIX LIEHTPAX WM B BUJIE OTAEIbHBIX YCTPOWCTB, HATIPUMED, B CTY-
IUSIX, IOJKHBI JOXOIUTD 1O BbIXxofa 0e3 uckaxeHui. [IocKombKy B pa3Hble MOMEHTHI BPEMEHH 3TO
CyMMa pa3HbIX TAPMOHUK, YCHITUTEIH IOJKHBI Oe3 UCKaXKEeHUI YCUITUBATh BCE TAPMOHHUKH 3BYKOBOTO
auanaszoHa (31o yactotsl oT 20 I'p o 20 kI'1y). Co3panue MMPOKOi MOIOCH MPOMYCKAaHUs - OJHA
U3 BaXHBIX 32724 JJIs1 MHKEHEPOB TPU MPOSKTUPOBAHMH CXEM ITUX YCTPOKMCTB. A Ha BXOJ MPHUEM-
HUKOB, €CJI TOBOPUTH O BBICOKOYACTOTHBIX JMANa30HaX MMPUHUMAEMbIX BOJH (Harmpumep, s FM
9T0 auamna3oH oT 86 no 108 MI'1r), Ha0OOPOT, TOKHA TIOCTYNATh OYEHb y3Kasl T0JI0ca ¢ YaCTOTOU
PpaJIMOCTaHIINK, Ha KOTOPYIO MTpou3Be/ieHa HacTpoiika. Co3/1aHue KaueCTBEHHBIX (DUIIBTPOB BHICOKOM
YaCTOTHI - TOXKE 3a/la4a PaAUONHKEHEPOB.

[Tpupopa oOOro curHajia - T0 COCTABIAIONINE €r0 FAPMOHUKHY, T.e. "cpa3y" CIIOKHOTO CUT-
HaJla POAMUTHCS HE MOXKET, OT PaJUOCTAHIINI, CIyTHUKOB, COTOBBIX BBIIIEK U CAMHUX COTOBBIX TeJle-
(hOHOB pacnpoCTPaHSIOTCS BHICOKOYACTOTHbIE TAPMOHUKH.

2.5. RC-nenu: u3MeHeHne BO BpeMeHH HANPSIZKeHUs1 U TOKA

2.5.1. Incppepennuarop

C
Uc I T oU

L

Puc. 2.22. [luddepenuuarop

[Tpu nocTyruieHny Ha BXOJ CUTHAJIa KOHJEHCATop (Uepe3 pe3ucTop) HAYMHAET 3apskaThes (T.€.
Ha ero 0OKJIaJIKax MOSIBJISAIOTCS 3apsi/ibl), IPUYEM YeM MEHBbIIIE COMPOTHUBJIEHUE PE3UCTOPa, TEM OBICT-
pee 3TO MPOUCXOAUT. A MOCKOJIBKY KOHJEHCATOP 3apsKaeTcs, MO LeNH UIET TOK, IPUYeM 4eM ObICT-
pee MeHsieTcsl HallpsiKeHHe Ha KOHAeHcaTope (ObICTpee MPOUCXOIUT 3apsiiKa KOHJAEHCATopa), TeM
3TOT TOK OOJIbILIE:

[=C*AU/At(*)

Ecnu BxogHOE HanpsikeHre MEHSThCS IIEPECTalo, KOJIMYECTBO 3apsiioB Ha OOKJIAIKaX KOHJECH-
caTopa JOCTUIJIO HEKOTOPOTO YPOBHS U JAJIbIIIE OHO HE MEHSIETCs, ABUKEHUE 3apsi/IoB 1O LIETH MpH-
OCTaHABJIMBAETCS, MPOLECC 3apsAIKHU MPEKpaIaeTcsi, TOK B ey NpoTeKarh nepectaer. Tok B Lenu
KOHJIEHCATopa - 9TO He TOK Yepe3 U30ATOp (!), KOTOPBI HAXOAUTCS MEK/1y IIIACTUHAMU, & IPOLIECC
ero 3apsAaku U paspsiaki (1), KoTopble YepeayloTcsi IPH M3MEHEHHUSIX BXOJHOTO HAIPSIKEHMUS.

UeMm ObicTpee MeHsieTcsl BXOAHOe HarpsikeHue qudepeHimaTopa, TeM ObiCTpee 3apsiKaeTcs
KOHJIEHCATOp (B IAaHHOM CJTy4yae 3TO IMPOUCXOIUT Yepe3 PE3UCTOpP, HO CYTH ITO HE MEHSIET), A 3HAUUT
OoJIbIIIe TOK, KOTOPBIH P 3TOH 3apsi/IKe MOSIBIISETCS.

3auem B JIaHHOUW cxeme HykeH pe3ucTop? Bespb Bpoze Obl OH TOJBKO MEIIAeT KOHJIEHCATOpPY
3apspKaThCs M YBEJIMUMBAET MOTEPH BXOAHOTO CUrHajia? Pe3ucTop B JaHHOM cxeme HyKeH IUIsl TOro,
YTOOBI MOTYYUTh UTOTOBBI CUI'HAJ (HANpsDKEHUE) Ha BBIXOJE, T.K. HAMpsDKEHUE Ha HeM 1o ¢opme
COBIMAJAEeT C TOKOM 3apsia/paspsiia KOHAEHCATOpa, MOCKOJIbKY PE3UCTOP SIBJISETCS aKTUBHBIM 3J1e-
MEHTOM U (pOpMBbI HAMPsKEHUsI M TOKA COBMAJAIOT, 2 TOK B COOTBETCTBUM ¢ hopmysoit (*) mponop-
[IMOHAJIEH MPOU3BOJHON OT HANpsiKeHUs (POU3BOJHAS OT (DYHKIIMU B MaTeMaTHKe — 3TO CKOPOCTb
M3MEHEHU s 3TON (DYyHKIIUN).
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Ecnum 6b1 pe3uctopa He ObUT0 (BBIX0 ObLT Obl 3aKOPOUYEH), MBI Obl HE CMOTJIA TIOTYYUTh BBIXOJI-
HOW CUTHaJI, T.K. HalpsKEHUE MOKHO MOIYyYUTh TOJIBKO TOIIA, KOrJa LIeNb HE 3aKOPOYEHa, a UMEeT
HEKOTOPOE CONPOTUBJIEHUE, HA KOTOPOM MOSIBJISIETCS CUTHAJI TaKOM ke (POpMBI, KaK TOK Yepe3 Hero.
A TIOCKOJIbKY TOK B II€TId MEHSIETCSI B COOTBETCTBUU € (popMysioit (*), T.e. MPOMOPIIMOHAIEH TTPOU3-
BOJHOH OT BXOJHOI'O HallpsKEHUs, JaHHas cxema HasbiBaeTcs auddepenumaropom. [IponsBonHas
OT (pyHKIMH - 3TO OTHOIIEeHHUe ee npupanieHus AU K npuparieHuio apryMenTa At 1 4emM MeHbIIE 3TO
IpUpalleHre BpEMEHHU, TEM TOYHEE 3TO SIBJISAETCS 3HAUYEHUEM ITPOU3BOIHOM B JAHHOM TOUKE. A eciu
COBCEM TOYHO, TO ITPOU3BOHAS - ITO TAHTEHC YIJIa HAKJIOHA KACATEJIbHOM.

Upy A

0 =

Sy p';lspﬂa KOHJleHcaTopa

t

0

Puc. 2.23. Curnassl Ha BXoJie 1 Bbixoe quddepeHimaTopa

Ecnu Ha Ham curHai (CKavoK HarpspKeHUsl Ha BXOJIe M KOPOTKUH BCIUIECK BBIXOJHOTO HATIPS-
JKEHHUsT) IIOCMOTPETh C MaTeMaTUIECKON TOUKH 3PEHH S, TO MbI ITOTYYHJIN IPOM3BOIHYIO OT BXOJHOTO
HarpspkeHus. B ujeanbHOM cHrHae M3MEHEeHHe YPOBHSI CHTHasla OECKOHEYHO KOPOTKOE, TIOTOMY U
BCIUIECK HAIPSIKEHU ST Ha BBIXOJIE IOJKEH ObITh OecKoHeUHO OobiuM. (ITpon3BoaHast oT 6eCKOHEYHO
KOPOTKOT'O CKauKa OECKOHEUHO BEJIMKa, 9TO TAHTEHC MPSIMOTO YIJIa; Ha prc. 2.24 MOKa3aH reoMeTpu-
YeCKUU CMBICIT TaHTeHca.) Ho mieanbHbIX CUTHAIOB He ObIBACT, yBEIMYEHHEe YPOBHSI HANPsDKEHUST Ha
BXOJI€ TIPOMCXO/IUT B T€UEHHE HEKOTOPOTO BPEMEHH, & He MTHOBEHHO, TIO3TOMY M BCIIJIECK HaTIpsTKe-
HUS Ha BBIXOJIE He OyeT OECKOHEYHO OOJIBIITNM M KOPOTKUM, CUTHAJT OylIeT yBETMIMBAThCS B TEUCHHUE
HEKOTOPOT0 BPEMEHH U JI0 ONpeIe/IeHHOTO 3HAYEHHMSI, a 3aTeM BEPHETCS K MPeKHEMY 3HAYSHUIO (3TO
paspsia KoHaeHcaTopa). Kpome Toro, ypoBeHb CHTHaJIA B JIIOOOH CXeMe OrpaHWYeH HarpshkeHUeM
MCTOYHHUKA MUTAHUS.
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Puc. 2.25. [Ipon3BogHas - TaHI€HC yIjia oL HAKJIOHA KacaTeJbHOW

MBI roBopuIiv O HEKOTOPOM KOPOTKOM CUTHaJle-CKauke HarnpsikeHus. Ecnu ke curnan peasb-
HBIH, T.€. U3MEHSIIOIIHUICS 10 (POPMYJIE HEKOTOPOU (PYHKIIMU, HA BHIXOAE MBI ITOJTYYUM IMPOU3BOIHYIO
oT 310l (pyHKUMU. [IpooIKUTEBHOCTD BCILJIECKOB HA BBIXOAE 3aBUCUT OT 3HAYEHUI €MKOCTU KOH-
JeHcaTopa v CONIPOTUBIICHHUSI PE3UCTOPA, YeM OHH OOJIbIIIEe, TEM JJIMHHEe/TU1aBHee OyAeT BCIUIECK, T.€.
g depeHIMpoBaHHbIN CUrHAJI, Ha BbIxoe. Kak yxe ynoMmuHanock, ux npoussesneHue R-C Ha3biBa-
€TCsI IOCTOSTHHOM BPEMEHU.

ITpu HEKOTOPOM CKauKe BXOIHOI'O HAIIPSIKEHUSI KOHJEHCATOP HAYHET 3apsiKaThCsl U TOK 3apsiia
Oyner Tem OoJblie, yeM ObicTpee Mbl MeHsieM BxoqHoe Hanpsbkenue (I = C-dU/dt, popmyna, oTpaka-
Iolas JMHAMUYEeCKOe NIOBE/IEHNE KOHEeHcaTopa). B uneasne rnpu HyJ1€BOM CONPOTUBIEHUH MbI MONTY-
g Obl TPOM3BOHYIO OT BxoaHoro curHana (I = C-dU/dt), T.e. 310 Obu1 OB HAeanbHbIN qridepeH-
ratop. Ho cxem ¢ HysieBbIM CONTPOTUBIICHHEM Ha BBIXOJIE He OBIBAET, B peaIbHOCTH Ha BBIXOJIE BCETAa
JOJKHO OBITh KAKOE-TO COMPOTUBIIEHHE, YT0ObI TomyuTh curHal (Ugy,r = [ 'R, mostomy cornporuse-
HUE He JI0JUKHO PaBHSTHCS HYJIO), Be/lb He OBIBAET TaK, UTO HA BHIXOJIE CXEMbI HAXOUTCS TPOBOJIOKA,
C KOTOPOW CUTHAJ HE CHSTb.

Pesucrop cBoum conpoTuBiieHMEM BHOCUT B U epeHIIMpOBaHIE BXOAHOTO CUTHAJIA MTOT Pell-
HOCTb, IO9TOMY TOJTy4aeTcsi HeuieasibHas IPOU3BOJHASL, U UeM OOJIbIlIe COITPOTUBIIEHHE, TEM OOJIbIIe
CUI'HaJl CTAHOBUTCS HE MOXOXHMM Ha UJI€AJIbHYIO MPOU3BOAHYI0. XOTS PE3UCTOP U BHOCUT MOrpelll-
HOCTb B (hOpMY ITPOM3BOHOM, HO OJ1arofgapsi eMy Ha BIXOJE MOSBIISIETCS KaKOe-TO HApshKeHHUe, T.K.
yepe3 pe3ucTop HAUMHAET TeUb TOK 3apsiia KOHAEHCATOPa, KOTOPBIN XOTh U HE SIBJISAETCS MPOU3BOJ-
Hoit BxogHoro curHaia (I = C-dU/dt), Ho oueHb 1oX0K Ha Hee. DTOT TOK CO3JaeT Ha BBIXOJHOM pe3u-
CTOpE HAIPsKEHUE, KOTOpoe MO (popMe COBIAIAET C ITOM MPOU3BOIHOM, IIOCKOIbKY HapskKeHUE U
TOK CBsi3aHbl JTMHeHo! 3aBucuMocThio (U=I-R, 3akon Oma). Takum 0Opa3om, BHIXOTHOE HAIpsike-
HUE OYEeHb MOXO0KE HA MPOU3BOJHYIO OT BXOJAHOTO HATIPSIKEHMS.

Ecnu Bl NOHSIM U3/I0KEHHBIH BbIILIE MaTepyall, TO 3TOro JocratouyHo. Eciu ke Bam xouercs
MOKOMNAaThCsl B MATEMaTUYECKOM OIMCAHUM JIAHHOTO MPOLIECca, TO MPOYMTANTE CIIELYIOIUe /1Ba
a0zaria.

B cooTtBeTcTBUM € IMHAMUYECKUM OIMCAHUEM NOBE/IEHUS KOH/IEHCATOpa TOK B LIeNH paBeH | =
C-dUc/dt = C-d(Ugy - Uyx)/dt u onHOBpemeHnHo (1o 3akoHy Oma) I = Uy, / R. Tok uepes pesuctop
Y KOHJEHCATOP TeYET OIUH U TOT ke, I0TOMY Mbl MOKEM MPUPABHSTH ITpaBble YacTU TUX (hOpMYJI):
C-d(Ugy - Ugyy)/dt = Ug,/R Ecnu Obl conpoTuBieHNe pe3rcTopa U eMKOCTh KOHJIEHcAaTopa ObUTH
JOCTATOYHO MaJbIMU U BRIIONHSIOCH yeinoBue dUy,,/dt << dUg/dt, (cm. cremyromumii ab3air) mMbl
MoOrIH Obl 3amucath, 910 Uy /R = C-d(Ugy)/dt i Uy, = R-C-d(Ugy)/dt, T.e. uem Ooiibiiie CKOPOCTh
M3MEHEHH sl BXOIHOTO CHTHaJIa, TEM OCTpee MUK HaNpsiKeHus Ha Bbixofe. Takum 00pa3oM, Ha BBIXOIe
MBI TIOJTy4aeM MPOU3BOIHYIO BXOJHOTO HAMPSIKEHHUS.

st Toro utoOb! BHIMOMHSIOCH yenoBue dUy, /dt << dUg,/dt, mpousseaenue R-C gomkHO ObITH
HEeOOBIINM, HO [P STOM COMPOTUBIIEHUE R He JOIKHO OBITH CIIUIIIKOM MaJIbIM, UTOOBI HE HArPYKaTh
BXOJ (ITpU CKaukKe HaMpsKeHUs Ha BXOJE M3MEHEHHEe HalpsUKeHUsl Ha KOHJAEHCATOpe PaBHO HYIIIO,
T.K. 3apsaka C HauMHAeTCsl HE MTHOBEHHO U B 9TOT (HAYaIbHBIN ) MOMEHT JJ1sl BXOJHOM LIeNMY UMEHHO
R sBnsercs Harpyskoin).

2.5.2. UaTerparop

Jl71s1 MOHMMAaHUSI STOW TEMbI BCIIOMHUM T'€OMETPUUYECKUI CMBICIT MHTErpasia. TO HapacTaHue
TUTOIIA/IY TIPY IBUXKEHHUH BJIOJIb TOPU3OHTANIBHOM ocH X. Hammpumep, B camoM MPOCTOM cliyyae, Korjaa
(yHKIIMA paBHA MOCTOSIHHOMY 3HAYEHUIO, 9TO JIMHEWHAs 3aBUCUMOCTbD, T.€. BO3pacTalomas npsmasi
(MBI IBUTAEMCSI BIIPABO U MIPY STOM IUIOMIA/I MO/ IPpaprKOM HapacTaeT OMMHAKOBO OBICTPO MPH OJIU-
HaKOBBIX IPUPAILEHUAX apryMeHTa X, puc. 2.26, 1). A B ciydae, eciiv y Hac (PyHKIIMS - HE KOHCTaHTa,
a BO3pacTaroiias npsimMasi, To Mpyu Pa3HbIX 3HAYEHUSIX X U MPU MPUPAILICHUSIX X HA OAMHAKOBYIO BEJIH-
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YWHY ITU10adb YBEJIMUYMUBACTCA YK€ HE OJUHAKOBO, 4 YEM AAJIbIIC, TEM CUJIbHEEC. HOSTOMy HHTETrpal

OT JIMHEWHOM (DyHKIMH - Tapadora, T. €. OH MPOIOPIUOHATICH x? (puc. 2.26, 2).

MIITCI'P’AJI - IpaMaay = ax

/ y = ax
y=a

[loma b HapacTaeT JUHEHHO, T. €. . o
[Ipy 0IMHAKOBBIX 1IArax 1o x
MHTErpas OT KOHCTAHTHI - IpsiMast

IUIONIA/(b BO3PACcTaeT Ha Pa3HyIo
BEJIMUUHY (IIArH «IUI0I[AJbI0»
—p» HEO/[MHAKOBbIE)

0

y $ y ? HuTerpany = ax’/2

X

1) 2)

Puc. 2.26. Yto Takoe uHTerpan
A Terepb pacCCMOTPHM CXeMY, H300pakeHHYI0 Ha puc. 2.27.

R
BX U

U

Puc. 2.27. Unterparop

TOK MOHO BBIPa3HTh CJEAYIONIMM 00pa3oM:

I[=C-(dU/dt) (cm. m. 1.4.1),

I = (Ug - U) / R (3akoH Oma).

[pupaBHsieM npaBble YacTu:

C.(dU/dt) = (Ug - U) /R

Ecnm o6ecnieunts BhimosHenue ycinoBust U << Uy, TO MOXHO 3amucarh
C-(dU/dt) = Ug /R

dU/dt = Ug/RC

r_
Ut)=J U, ()-dt / RC
0

48



ﬂ,. (),JHHL[OB. <<3H€KTDOHI/I}\'ZII OT MPOCTOI'O K CJIOKHOMY>»

BX

U

BbIX

t
e

U Omuobka 10%
A npu ~10% U,

X
5
.
-
+
o
B
5

JIMHeHHad
3aBUCUMOCTbB

canl ¥

Puc. 2.28.

BusiHO, 4TO BBIXOIHOE HANpsKEHUE MPONOPLUOHATIBHO MHTErpaly OT BXOAHOIO, MO3TOMY
takass RC-nienb Ha3bIBaeTcst MHTErpUpylomieil. PaccMorpumM, Kak 3Ta cxema oOecreunBaeT anmpok-
CHUMalMIO NHTETPUPOBAaHUS B CIy4ae BXOJHOIO CUTHAJIA MPAMOYroiibHOU (popMel (puc. 2.28). Ilep-
BBII y4yacToK rpaduka (MHTErpaja oT MOoCTOSHHOW BeIMUMHBl Upgy) - IpsAAMast ¢ MOYTH MOCTOSTHHBIM
YIJIOM HAKJIOHA; MPU YBEJIMYEHUU NMOCTOsIHHOW BpeMeHu RC ucronb3yercss BcE MEHbIIMI y4acTOK
3aBUCMMOCTU Upgy(t), TeM cambIM oOecriednBaeTcCs JIydiasi anmpoKCUMAaIHs UIeaTbHOrO MHI000-
Pa3HOIO CUTHAJIA.

Venosue U << Uy, paBHOCHIIBHO OOJBINIOMY 3HAYEHHIO CONTPOTUBRIICHUs pe3uctopa R. Ha Hem
najaeTr 3HauMTeIbHas A0/ BXOAHOIO HANPSKEHUs, a 3HAUUT 3HaY€HHEe BBIXOAHOrO HanpsbkeHus U
MaJIo ¥ MHTErpatop padoTaeT Ha MOYTH MpsIMOM ydacTke KpuBor U(t), OmUchIBaIOIIEH 3apsil KOH-
neHcaropa. Ha npaktuke 3Tum npuOmmkeHreM HOIb3yI0TCS JOBOJIBHO YacTo.

Wuterpupyoiye neny HaxoAAT MMPOKoe NPUMEHEHNE B aHAJIOTOBOM TeXHMKe. VX ucrosns-
3yI0T B YIPaBJISIONMX CHCTEMaX, CXeMax ¢ 0OpPaTHOM CBA3BIO, IIPY aHAJIOro-IM(POBOM Mpeodpaszo-
BaHUM U TeHepaluy KoJeOaH!.

Paccmorpum padory ¢pumnbrpa HE3KUX 4yactor (PHY) m ¢unbrpa Beicokux yactor (PBY),
COCTOSILIIMX U3 PE3UCTOPA U KOHJIEHCATOPA.

2.6. PuiabTpbI
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[epeiinem Kk pacCMOTPEHHUIO TAKUX K€ CXEM U3 PE3UCTOPA U KOHJIEHCATOPA, PACCMAaTpUBasi CUT-
HaJlbl B 3aBUCIMOCTH HE OT BPEMEHH, a OT YACTOThI CUTHaJIA. DTOT TUIT aHAJIN3a HA3bIBAETCS aHATTU30M
B YaCTOTHOH OOJIACTH MJIM CTIEKTPAIBHBIM aHAJTM30M (QHAJIM30M CUTHAJIA C TOYKHU 3PEHHS COCTABIISI-
IOIIMX €r0 CHHYCOUL).

bnaronapst oMy, 4To UMIIegaHC KOHJEHCATOPa, paBHbIA Z ¢ = -j/(wC), 3aBUCUT OT YaCTOTHI,
C TIOMOIIBIO KOH/IEHCATOPOB U PE3UCTOPOB MOKHO CTPOUTH YaCTOTHO-3aBUCUMBbIE IEJIUTEIN HAMPs-
JKEHHUsI, KOTOpble OYyIyT MPOIYCKATh TOJBKO CUTHAJIBI HY;KHOM IOJOCH YacTOT, a BCE OCTAJIbHBIE -
MO/IaBJIATh.

2.6.1. YacTtoTHast XapaKTepUCTHKA

Ecinu noaxmmounTs K reHepaTopy CUrHajIoB JIBa PE3UCTOPA, COEJUHEHHBIX MOCJIEJOBATENbHO,
TO MPY U3MEHEHUU YacTOTHI BUJ rpaduKa CUTHAJIA MEHSThCS He OY/IeT, MOCKOJIbKY COMPOTHBIICHHUE,
KOTOPO€ OKa3bIBAIOT CUTHAJTY PE3UCTOPBI, OT YACTOTHI HE 3aBUCUT - KaKasl JJ0JIsl CUTHaJIa B 3aBUCUMO-
CTH OT COOTHOILIEHHUsI CONIPOTUBJICHUI JOCTAHETCSI PE3UCTOPY, TaKast U OyJeT MpH 000N 4acToTe.

Ho ecnu onuH u3 pe3ucTopoB 3aMEHUTh KOHIEHCATOPOM WJIM KAaTYIIKOM, TO CUTyalusl U3Me-
HUTCS1, IOTOMY YTO Y HUX COIPOTHBJIEHUE IPU M3MEHEHUH 4YacTOThl MeHseTcs. ['paduk, KOTophii
MOKAa3bIBAET MOBEJEHUE CXEMBI B 3aBUCUMOCTH OT YaCTOThI, HA3bIBAETCSl YACTOTHOW XapaKTepUCTH-
koil. [To BepTHKanu y Hee OTKJIaAbIBaeTcsl KO3 (PULIMEHT NepeAayd BXOIHOIO CUIHajIa UM IPOCTO
BBIXOJJHOE HAIpsIKEHHE, a IO TOPU3OHTAJIBHOM OCH - 4aCTOTa (CM. HUKE YaCTOTHbIE XapaKTEPUCTUKU
¢punsTpo BY u HY).

2.6.2. PuabTp BU

Owiptp BY - nenurtens HanpskeHUs, BEPXHUM ILUIEYOM KOTOPOTI'O ABJISETCA KOHIEHCATOP (puC.
2.29). MbI 3HaeM, 4TO COMPOTHBIICHHE KOHJICHCATOPA 3aBUCHUT OT YaCTOTHI U YeM OHa OOJIbIIEe, TeM
MeHbile 310 conpotusieHne (Xc = 1/(wC) = 1/(2nfC)), okazpiBaeMoe KOHJEHCATOPOM CUTHATY.
JIs1 O4eHb BBICOKMX YacTOT 3TO MPOCTO MPOBOJIOKA, COEAMHSIONIAsA BXO U BBIXOJI, I09TOMY TaKHe
CUTHAJIBI TOUTH 63 ocnabieHrst MONagaloT Ha BBIXO, a ISl HU3KHUX - pa3phiB, T.€. OHU Ha BBIXOJI HE
npoxoasT. [loaToMy JaHHas cxema MpoITyCKaeT TOJIBKO CUTHAJIbI BBICOKMX YacToOT, T.€. UTPaeT polib
¢punsrpa BY.

5 “ .
U, T U
I

Puc. 2.29. ®uiibTp BHICOKHX YacTOT
Haiinem 3aBucumocTts ko3(puiimeHTa nepegayn 3Toi cxeMsl OT 4acToThl. COMIacHO 3aKOHY
Oma )11 KOMIUIEKCHBIX BEJIMYMH TOK B LIETIA PaBEH

Lix = Upy / Znoml = Ugy / NR? + 1/ (0°C?))
(B 3HaMEHaTeJIe - JJIMHA TUIIOTeHY3bl (BEKTOpPA) ITOr0 MOJTHOro conpoTusieHus (puc. 2.30))
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ImA

Re

-}/ wC

Lo =R -j/0C
1 Z ol = V(R + (1/0C))
¢ =arctg[(-1/wC)/R]

Puc. 2.30. [Tonxoe conpoTuBiieHne puibTpa
YmHO)kad ero Ha R, nonydaeM aMIumMTyny BIXOJHOTO HAIIPSKEHUSA:

Upix = L' R = Uy R/ Y(R? + 1/ Y(0°C?)) = Uy, oRC / V(1 + (wRC)?) = Uy, 2fRC /

V(1 + (2nfRC)?)
I'pacduk 3T0M1 3aBUCMMOCTY TIpEACTaBIIeH Ha puc. 2.31.
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Puc. 2.31. [lepenarounas xapakrepucruka ¢puisrpa B4

Touka, nomeueHHas Kak f3;5, COOTBETCTBYET MOJIOBHE MOIIHOCTH UCXOHOTO CUTHAJIA.

2.6.3. dPuasTp HY

@unstp HY - genurens, Ha BHIXOIE KOTOPOTO BMECTO PE3UCTOpa BKJIIOYEH KOHJEHcAaTop (pHC.
2.32). ConpoTuBieHNe KOHAEHCATOpa 3aBUCUT OT YacTOTHl M YeM OHa OOofibllie, TEM MEHbIIIE 3TO
conporusiienue (Xc = 1/(wC) = 1/(2nfC)). 3HauuT yem oHa OoJbille, TeM MEHbIIEe COMPOTHUBIIE-
HUE, KOTOPOe OKa3bIBaeT KOHJEHCATOp CUTHAITY. [1Jisi O4eHb BHICOKMX YaCTOT 3TO MPOCTO MPOBOJIOKA,
KOTOpasi 3aKOpPaYrBaeT BIXOJ, a JJIs HU3KKX - pa3phiB, T.e. OHU He ocnabnsiores. [Toatomy naHHas
cXema MPOITyCKaeT TOJMbKO CUTHAJIBI HU3KUX YacToT, T.€. urpaet poib ¢puibtpa HY.

R
BX U

U

Puc. 2.32. OwibTp HU3KUX YaCTOT

B stom ciyuae

Ussix = Ugy / V(1 + (0RC)?) = Uy / V(1 + 27fRC)?)

Ero vacrotHasi xapakteprcTuka n3o0paxeHa Ha puc. 2.33. OUIbTpbl HU3KUX YaCTOT TaKKe
IIMPOKO MCIIOJB3YIOTCS B JIEKTpOHKKe. Harpumep, nX UCIONb3YOT /17151 yCTPAHSHU T BITUSTHUS OJTH3-
JIeXKAIIUX Pajio- U TEJICBU3MOHHBIX CTAHIIMA Ha padOTy yCHJIMTENel 3BYKOBOM YacCTOTHI U IPYTHX
YYBCTBUTEJIbHBIX JICKTPOHHBIX TPUOOPOB.
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Puc. 2.33. YacroTHast XapakTepycTUKa (PUIbTpa HU3KHUX YacTOT

2.7. Pe3onaHc

2.7.1. llocaenoBaTeabHbII KOHTYP

[Monpobyem nmonkmounTh K nocnegaosatensHor LCR-1ienu renepatop ¢ n3MeHseMoid 4acTOTOM
1 Oy/ieM MOCTENEeHHO yBEINYMBaTh YacTOTy ero curHaia. [Ipy 3ToM MHIYKTUBHOE COMPOTHUBIICHUE
OyleT Bo3pacTarh, a EMKOCTHOE - yMeHblIaThes (puc. 2.34, 4). Ha kakoil To yactote (Ha30BeM ee
PE30HAHCHOM 4acTOTOM) cONpoTUBIeHNs X1 U X CTaHyT PaBHBIMU, a 3HAUYUT, YPABHSIOTCS HAIPsI-
xeHus Ha HUX Up u Uc. A Tak Kak 3TH HalpspKeHUsl NPOTUBO(a3Hbl, TO OHU IMOJHOCTBIO CKOM-
MIEHCUPYIOT Jpyr JIpyra, U TeHepaTop MepecTaHeT YyBCTBOBATh HAIMYME KATYIIKU U KOHAEHcaTopa,
niepecTaHeT otaaBarh UM 4acTb cBoeid DIIC. OOimee conpoTUBICHUE TIeNH (MMIIeaHC) PE3KO YMEHb-
IIATCSA, U1 TEHepaTopa U3 BCEeH 1IEMM OCTAHETCs TOJIBKO OJHO aKTMBHOE CONMpoTHUBJIeHHE R, Tok I
M3-3a 3TOro pe3ko BozpacteT (puc. 2.34, 6), u cTosb ke pe3ko yBenudarcs HanpstkeHus: Up u Uc.
Ho 3ameTbTe, 4TO yBENTMUUTCS KakJO€ B OTIEJIBHOCTH, a 00lee CyMMapHOe HarlpskeHne Ha 000MX
PEaKTUBHBIX 37IeMEeHTax Oy[eT paBHO HYJIIO.
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Puc. 2.34. [locnenoBartesibHbIl pe30HAHC

Beck 3T0T npouiecc Ha3bIBaeTCA NOCAEJOBATEIbHBIM PE3OHAHCOM, MJTM PE30OHAHCOM HaIlpsike-
Huid. Ecin mocnie pe3oHaHca mpoiomkaTh YBEIMUMBATh YacTOTy, TO X, CTaHeT Oosnblie, 4eM Xc, U
B LIENIM B OCHOBHOM HauHET JEeCTBOBAaTh MHAYKTUBHOE COIPOTUBIIEHHE. TOK YMEHBIIMUTCS, @ BMECTE
¢ HUM yMeHbluarcs v Hanpstxenus Uy u Uc.

2.7.2. IlapanienbHbI KOHTYP

[Mapannenshpiit LC-KOHTYp MOXHO paccMaTpUBaTh Kak II€Ilb, COCTOSIIIYI0 M3 JIByX Hapai-
JIETIHO COE/IMHEHHBIX conpoTuBiieHuil X u Xc. Ha Hu3kux yacrorax cornpoTuBiieHne Xy Majio U
KaTylIKa OyHTHPYeT KOHAEHCATOP (T.€. MPOITYCKAeT YacTh TOKA yepe3 ceOsl, IpIUeM 3HAYUTEIbHYIO).
Ha BepxHMX yacToTax Majo conpoTHBieHUe X UM KOHAEHCATOp LIyHTUPYET KaTyIIKy (3HaYuTeb-
Hasl 4acTh TOKA Te4eT uepes3 Hero). M nuinb Ha pe30HaHCHOW 4acTOTe HUKTO HUKOTO He IIYHTUPYET,
COMPOTHBIIEHNE TApaJIJIEIbBHOIO KOHTYpa OKasblBaeTcsl BecbMa OombiiuM. [Ipu aTom o0mmii ToK B
LIeNM TeHepaTopa ymeHsliaercs (padoraer 3akoH OMma). Ecii BKIIOUNTH Tako# napasienbHbIi KOH-
TYp B AeJIMTEIb HANIpskeHus (puc. 2.35, 4), TO OH 3a CYET CBOETO OOJIBIIIOrO COMTPOTHUBIICHHSI Ha Pe30-
HAHCHOM 4yacToTe OyJeT BBIIEIATh TOIBKO HANPSKEHUE STOW YaCTOTHl U3 BCEX HAINPSIKEHU, To/Be-
JEHHBIX K KOHTYPY.
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()
K 14
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3

Puc. 2.35. [NapaienbHblil pe3oHaHC

W 115 nocneioBaTebHOTO, U 1711 NApaJIeIbHOIO KOHTYPOB PE30HAHCHAS 4aCTOTa PaCCUUTHI-
Baercs 1o (opmysie

fo=1/2m\(LC).

PaccmoTprm pe3oHaHCHBIN KOHTYP, HACTPOEHHBIN Ha 9acToTy 3 KI 11, KOTOpBIf BO30YKAaeTcs
CUTHAJIOM IeHeparopa ¢ hopmon Meanapa yactorou 1 kI'n (puc. 2.36). B npsamoyroipHOM cursane
€CTh BCE HEUETHbIE TADMOHMKH, BKJIIOYAsI TPETHIO, TOSTOMY B KOHTYpE BO3HMKAIOT KOJIeOaHUsT BCEX
YacToT ¢ ee BbllejieHneM. KOHTYp mpakTHUyecky MOJaBJseT COCTABIAIOIIME BCEX YACTOT, BbIAEIAS
TOJIBKO YacToTy 3 K1, Ha koTopyio OH HacTpoeH. [1o TakoMy NpUHLIKIYY PaOOTAIOT BXOJHbIE BBICO-
KOYACTOTHBIE Y3JIbl paJUONPUEMHHUKOB, BBIAEASA HYKHYIO paJUOCTaHLIUIO.

1

BrixoaHou
. CUTHaJ
poeH Ha
I, 3 kl'y f C
1 kI, 3Kl

Puc. 2.36. Pe3oHaHCHBIN KOHTYp, BbIIEJSIOIMI TPETHIO TADMOHMKY BXOJHOIO CUTHaJIa

2.8. Tpanccopmarop

DNEKTPUUYECKUI TOK, IPOTEKAIOLINIA 10 IPOBOJHUKY, CO3/1a€T BOKPYT 3TOI0O NPOBOJHMUKA Mar-
HuUTHOE 1onie (puc. 2.37). HanpasieHre BO3HUKAIOIIETO MarHUTHOT'O 110151 OIIPEJe/IseTCs HallpaBJle-
HUeM Toka. OHO MoKa3aHo Ha puc. 2.38 u ompeaessieTcs: MPaBUJIOM MPaBOro BUHTA: €C/IA OCTpHE
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BUHTA COBMECTUTD C HAITPAaBJICHUEM TOKaA, TO IIPH €TI0 3aBUHYMBAHWN HAIIPABJICHUEC BPAILICHHUA PYKO-
ATKHU 6yI[6T COBIIAJaTh C HAITPABJICHUEM MAarHMTHOI'O IOJIA.

MarsuTHoOe
[1oJIe

Puc. 2.37. MarauTtHOe 11071€ BOKPYT MPOBOJHUKA C TOKOM

1) 2)
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Puc. 2.38. HanpagieHue MarHUTHOTO TOJIs1 BOKPYT TTPOBOIHMKA C TOKOM: OT Hadmonaress (1)
1 K HaOmoaaremo (2)

Ecnu npomnycTuth MOCTOSIHHBIN TOK Yepe3 KaTYIIKY, COCTOSIIIYIO U3 OOJIBIIOrO YHCIIa BUTKOB
MIPOBOJIOKH, TO OHA CTAaHOBUTCSI MarHUTOM. Co3/1aBaeMoe eii MarHUTHOE T10JIe HUYeM He OTJIMYaeTCs
OT TOJISl TIOCTOSIHHOTO MarHuTa. Ecim ee HamMoTaTh HA CEpAEYHUK W3 CTaNM, JKejie3a WU JIPyroro
MarHMTHOTO MaTepuaa, 3To nose Oyer ele ciiibHee. Takke 3TO 1ojie 3aBUCUT OT CHJIBI TOKA. DJeK-
TPOMArHrThl IPUMEHAIOTCA B JICKTPUYCCKHUX 3BOHKAX U PEJIC.

Ecnu yepe3 mpoBOIHKK MPOITYCTUTD HE MMOCTOSTHHBIN, a IEpeMEHHbIN TOK, TO CO3[1aBaeéMO€e Mar-
HUTHOE TIoJIe Takxke OyJeT nepeMeHHbIM. Eciu psiiom pyr ¢ Ipyrom pa3MecTHTh JIB€ KaTyIIKH, TO
MPOITyCKaHWE TOKa Yepe3 OJHY M3 HHUX OyHeT BhI3bIBaTh MEPEMEHHOE MArHUTHOE TOJie, KOTOPOE B
APYTroOM KaTylIKe BBI30BET MepeMEeHHbIH TOK. DTO MpUHIUN padoThl TpaHcgopmaropa (puc. 2.39):
MPUJIOKEHHOE K OJJHOM 0OMOTKe TiepeMeHHoe HanpsikeHre U BbI3bIBaeT MOSIBJICHUE IEPEMEHHOTO
HarnpspkeHust Uy (uaayrposannoi 3J1C) Ha BTOpoil 0OOMOTKe.

o
BxonHoe
A BrixogHoe
HallpsKeHue
P HalpspKeHUue
repeM. TOKa
P nepeM. ToKa
U, U
2
o

Puc. 2.39. Unayuuposannas D/1C

TpanchopmaTop COCTOMT U3 JIBYX OTAEIBbHBIX OOMOTOK, Ha3bIBAEMBIX IEPBUYHON U BTOPHY-
HOM 0OMOTKaMu. BxogHoe HanpsikeHre epeMEeHHOTr0 TOKa MPUKJIAAbIBAETCS K IEPBUYHON 0OMOTKE
Y CO3[IaeT MEHsIolleecs] MArHUTHOE Tojie. DTO MAarHUTHOE MOJie B3aUMOJIEHCTBYET CO BTOPUYHOM
0OMOTKOM, MHIYIIMPYsI B HEW HanpsibkeHue repeMeHHoro Toka (tounee, DJIC). Hanpsokenue, uHmy-
pyeMoe BO BTOPUYHOI OOMOTKE, UMEET Ty K€ YACTOTY, YTO M BXO/IHOE HAMpPsIKEHUEe, HO €r0 aMILIH-
Ty[la ONPEeAENseTCsl COOTHOIIEHUEM YUCIIa BUTKOB BTOPUYHOM U MEPBUYHON OOMOTOK.

Ecnu BxonHOe HampsikeHue Ha BbIBOJIAX MepBUYHONM 0OMOTKHM = U, BBIXOIHOE HaIpsiKeHUE
Ha BBIBOJaX BTOPUYHOW OOMOTKM = Uj, YHCIIO BUTKOB MEPBUYHON OOMOTKM = N, UKCIIO BUTKOB
BTOpPUYHON 0OMOTKH = N, TO cripaBeyimBo crenyiomiee cootnomenue: Uy / Uy = N / No.

KI1JI Tpancdopmaropa 6ok k 100% (06sr9HO 310 96-99%). Mormmuocth curaana P=U-1
TpaHchopMarop He yBeIMurBaeT (BO CKOJBKO pa3 HANpsUKeHHE Ha BTOPOW OOMOTKE MEHbIIe, BO
CTOJIBKO € pa3 OoJbIlle TOK, U HA0OOPOT), TOKM UMEIOT 0OpaTHOE KOIMYECTBY BUTKOB OTHOIIIEHHE
ApYT K IpyTy:

IL,/1;=N;/Ny.

Ecnu HanpsixeHue Ha BTOPUYHOM 0OMOTKe TpaHcgopMaTopa OoJbliie, YeM Ha BXofe (Ha rep-
BUYHON OOMOTKE), TO €0 Ha3bIBAIOT IMOBBIIIAIOIINAM, 1 HAOOOPOT, €CJIM OHO MEHBbIIIe, YeM Ha TIepBUY-
HOU OOMOTKE, TO €r0 Ha3bIBAIOT MIOHMKAOIIUM. Y MOBHIIIAIONIEro TpaHcopMaTopa OoJIbIlie BUTKOB
Ha BTOPUYHOW OOMOTKE, Y TIOHMKAIOIIETO - Ha IIEPBUYHOM.

Tpancgopmarop, n300pakeHHbIN Ha puc. 2.40, B IIleNy BTOPHYHON OOMOTKHM UMEET Harpy304-
HbIA pesuctop R,. Conporusnenue Ry MOXHO nepecunTarh UM, Kak rOBOPSIT, IPUBECTH K MEPBUY-
HOW OOMOTKe, T.e. K COIPOTHUBJICHUIO TpaHcdopmaropa R | co ctopoHb iepBUYHOM 00MOTKH. OTHO-
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menue R/R, HaspiBaeTcs: k03(hPUITMEHTOM MPUBEIEHUsI CONTPOTUBIIeHUs. Ero MOXHO paccuuTaTh
CJIETYIOIIM 00pa3oM:

Ry /Ry=(Uy /1)) / (Uy/ 1) = (U / Ug) * (I /11) = (N1 / Np) * (N] / Np) = (N / Np).

To ecTb ecu B IEpBUYHON OOMOTKE B JIBa pa3a OoJbIlle BUTKOB U Harpy3ka cocrasisier 100

OM, TO CONPOTHUBJIEHHE CO CTOPOHBI IEPBUYHON OOMOTKH cocTtaBuT 100 * 22 = 400 Om.

N,:N,

R, —» R,

Puc. 2.40. Koagdunment npuseaenus conpotusienus R /R, = (N1/N2)2

TpaHchopmaTop MOKET UMETh OJIHY-EAMHCTBEHHYI0 OOMOTKY C OTBOJIOM OT YAaCTH BUTKOB 3TOM
0OMOTKH, KakK MoKa3zaHo Ha puc. 2.41. Takoii TpanchopMaTOp Ha3bIBAETCS ABTOTPAHC(HOPMATOPOM.
HarpsikeHre ¥ TOK Ha €ro BbIXOJIe OIPe/IeIIIIoTCs TeMU ke (hOpMYJIaMH, YTO MTPUBE/ICHBI BBILLIE IS
00BIYHOTO TpaHcopMaTopa.

A i
T
%

BbIX

!

Puc. 2.41. Asrorpancdopmarop
2.9. Metoa TeBeHnHa AJ151 BLIYMCJIEHHUS

BBIXOJHOI'O HAIIPAKCHUA HATPYKEHHOI'0 ACJANTEIA
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JIBa sanemenTa Monenn TeBeHUHA BHIYUCIISIOTCS ClIeIyomuM oOpa3oMm (puc. 2.42). 3ameHsieM
MCXOJIHYIO cxeMy (6e3 Harpy3ku) Oosiee MPOCTOi CXeMOM, Ha3biBaeMoi Mofielbio TeBeHnHa, KOoTopast
MIPe/ICTaBIIsIET COOOM UIeasTbHBIN HICTOUHUK HANIPSIKEHU ST, BKIIIOYEHHBIH MTOC/IEIOBATENIBHO C PE3UCTO-
POM. DJIEMEHTHI CXeMbl OyIyT UMETh CJIAYIONIHe 3HAYCHUSI:

— Urgp OyaeTr paBHO MpOCTO HampsikeHHIo xomocToro xona Uxx, Koraa K JeJMTeNTio He MOj-
KJIIOUEHO HUKAKOW Harpy3KH;

— conporuBiieHre Rpg npeacrapnsercs B Bune apoou Urgp / k3. Tok Ik3 - 310 TOK, KOTOPHKIi
MPOTEKAET MPU COEAUHEHUH BHIXO[A CXEMbI HAIIPAMYIO € "3eMJyiel" (TOK KOPOTKOrO 3aMbIKaHMS).

R IR,

06paTuTe BHUMaHHE, R
4TO HarpysKa He SIBJASeTCs =

—1
yacTbio Mogenu TeseHrHA b
U,, (xonocToii xoz;: ;

HarpyskH HeT)

Puc. 2.42.

KoHeuHo ke, Ha MpaKTUKe Takoe JesiaTh KpaliHe ornacHo. B nogapisiomnieM OOJIbIIMHCTBE CITy-
YaeB 3aKOpaYMBaHKE BbIXO/1a HA "3eMJTI0" MOXKET MOBPEIUTh WY MOJTHOCTHIO BBIBECTH U3 CTPOSI CXEMY
Y MHOT/Ja MPEJCTaBIsIeT ONACHOCTB /11 9KcnepuMeHTaropa. [IpeacraBbre cebe pesysbTaT TaKoro 9KC-
MIEpUMEHTa C aBTOMOOWIBHBIM aKKyMYJIATOpoM! A eciii y Hac eCcTh IPUHIMITAAIbHAS CXeMa YCTPO-
CTBA, TO MOXHO MPUMEHUTh HAMHOTO MEHee TPYJOeMKHii CriocoO.

RBX

R, 10 kOm

RBbIX

R, 10 kOm

Puc. 2.43.
[ycth y Hac umeeTcst cxema, n3o0paxeHHas Ha puc. 2.43. HeoOXonqumo HaiiTh ee BXOTHOE U
BbIXO/IHOE conpoTUBIeHUs (Rpx U Ry ).

1. Bxognoe conportuBieHue Rgy.
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SIcHO, Kakoe 3HaUYeHue JOJKeH MMEeTh eUTeb: pocTo R | + Ry. Ho Oyaer m 310 mpaBribHBIM
OTBETOM Ha JaHHBIA Borpoc? Pa3Be cWrHan ¢ BbIXO[a JenuTesss He OyJeT MojaBaThCs Ha YTO-TO,
MoJIcoeIMHEHHOE K HeMy nasiee? Eciiu HeT, Kakol CMBICIT B CO3JJaHUU STOTO JIeUTENs !

OtBer, KOHEYHO ke, "ma", CUTHaJl C BBIXOJA JeuTesss OydeT MoJaBaThCs HAa YTO-TO - HA
Harpy3ky. Ho 310 "4To-T0" JIOIKHO MPEeACTaBIISITh JOCTATOYHO BBICOKOE BXOAHOE COMPOTHUBJIEHUE,
YTOOBl OHO HE M3MEHSUIO CYIIECTBEHHO Pe3y/IbTaT, KOTOPIA Mbl IMOMYYHIIU, KOTJIa He MPHUHUMAIN
Harpy3ky Bo BHUMaHue. Eciu Harpy3ka B 10 pa3 Oosibilie 4eM COIPOTHBIICHUE OHOTO TUieda JesH-
Tesis (oHo y Hac paBHO 10 kOwm), To Hamn pe3yJabTar Oy/eT BIOJHE MpUueMIeMbIM. BkpaTiie MOKHO
CKa3arh, YTO MBI MPEIINoiaraéM J0CTATOYHO OOJBIIYI0 HArpy3Ky, 4TOObl HAIIM Pe3YJIbTaThl ObLIN
MOXOXW Ha TpaBay. Meanom siBiisieTcsi, KOHEYHO ke, Harpy3ka ¢ OECKOHEUHO OOJIBIIIMM BXOIHBIM
COIpoTUBJIeHuEM (puc. 2.44).

Takum o6pazom, otBeToM siBsiercs: Ry = Ry + Ry = 20 kOwm.

RBX

R | | 10 xOm

R,rp: OECKOHEUHOE

R, 10 kOm
WJIA «TPOMaiHOEe»

Puc. 2.44

2. BeixogHoe conpoTtuBieHne Ry, .

B cootrBerctBuu ¢ metogom TeBennHa U ey = Uy = Upi' Ry / (R] + Ry).

DKBUBAJIEHTHOE CONMPOTUBIEHUE Ry = Urep / Iis; Iy = Uy / R1, 3HaunT Ry = Up-Ro-Ry/
(Upx'(R1 + R2)) = Ri‘Ry/(Ry + Ry). MbI nostyunim napajuiesibHOE COEIUHEHUE PE3UCTOPOB JIENIU-
tess. CHavasa 9ToT pe3y/bTar Kaxercss HeoObraHbIM. Kazasnock Obl, mouemy conportusiienue R |, mon-
KJIIOYEHHOE K TOJIOKUTEIBHOMY IOJIIOCY MCTOYHMKA MMUTAHWSA, JOJKHO CUMTATHCS MapauleIbHbIM
cornporusieHno R,? [IpuurHa B TOM, 4TO COIPOTUBJIEHUWE MCTOUYHMKA HAINPSKEHUS] Mbl CUATAEM
MPeNeTbHO MaJIbIM, a 3HAYUT, €CJIU TIPEAIOIO0KUTh, YTO HAITPSDKEHKS HET, TO MbI TIOJTYYMM BEPXHHMA
T10 cXeMe KOHTaKT R | rmojicoeJMHEHHBIM K 00IIeMY IMTPOBOLY. 3HAYHT CO CTOPOHBI BHIXOA COITPOTHB-
nenusi R u R, okazanuch BKITIOUEHHBIME NapasiieSbHO ! DTO MOATBEPKIAET MOTYyISHHBIN 110 METOLY
TeBeHnHa pe3ysbTaT, BCe BHIUMCIIEHO BepHO. HYXKHO TOJIbKO MOMHUTbD, UTO MBI IIPEIIOIOKUIN, YTO
COIPOTUBJICHNE UCTOYHUKA PaBHO HYITIO (puc. 2.45), T.e. mpeHeOperv M. B 1eficTBUTEIbHOCTH 3TO,
KOHEYHO ke, He TaK, HO HE/IAJIEKO OT UCTUHBI, IIOTOMY YTO COITPOTUBJIEHNE UCTOYHUKOB HATIPSKEHU ST
JOCTAaTOYHO MaJIio (CM. Bbliie pa3aen 1.3.2 0 BHyTpeHHEM COMPOTUBIIEHUN UCTOUYHMKA HATIPSIKEHUS).
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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