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Hennc OaquHIOB
JJEeKTPOHHUKA: OT MPOCTOro K CJAO0KHOMY

1. IlocTosinublil TOK. IlepBbie paguogeraan

DNeKTPOHUKA UMeeT KOPOTKYI0, HO Ooraryio coobTisMu uctopuio. [lepBblii ee mepuon cBsi-
3aH C MPOCTEUIIMMHU TepeaTINKaMH KITIOUEBOTO JEUCTBHS M CIIOCOOHBIMUA IPUHUMATh X CUTHAJIBI
MIPUEMHUKAMHU, KOTOPBIE MOSIBIIIMCH B HaYasle XX BeKa. 3aTeM HacTyIUJIa 3M10Xa BaKyyMHBbIX JIaMIl,
KOTOpast O3HAMEHOBaJIa COOON BO3MOKHOCTh ITPETBOPEHHMS B )KU3HB CMeJIbIX uei. Ceiiuac Mbl SIBJISI-
€MCsl CBUAETEJISIMU HOBOI'O 3Talla Pa3BUTUA JIEKTPOHUKH, CBA3AHHOIO C IOSIBJICHUEM 3JIEMEHTOB
Ha TBepAOM TeJie. TeXHOIOrus nosiBJieHust 00X UHTErpasibHbiX cxeM (BMC) naet BO3MOXKXHOCTD
MIPOU3BOAMTH KPUCTAJLIBI KPEMHHUS], HA OCHOBE KOTOPBIX CO3/1AI0T KaJIbKYJIATOPBI, BBIUMCIUTEIbHbIE
MAIIIMHBI ¥ COTOBBIE TesiehoHbl. Pa3BuTre TexHomoruu cBepxoomnbiimx uHTerpaibHbix cxem (CBUC)
OTKPBIBAET BOZMOKHOCTb CO3/JAHMUSI HOBBIX 3aMEYaTeIbHbIX YCTPOWCTB.

Ecnu Bac 3aMHTEpecoBaiy ycnexu JIeKTPOHHMKU M €CTh KeJlaHHe Y3HAaTh 00 3JIEKTPOHHBIX
YCTPOMCTBaX MOOOJIBIIE, TO 9Ta KHUTA — TO, YTO BaM HYKHO.

HpOTOHI)I H 3JEKTPOHBbI

HOBCCHHGBHbIﬁ OINIBIT ITPUYYNUJT HAC K TOMY, YTO TBEPALIC TCJIa U ) KUJIKOCTH UMCIOT IIVIOTHYIO U
HETIPEPHIBHYIO CTPYKTYPY. A BMECTE C TeM CTPYKTYypa y HUX, MOKHO CKa3aTh, axypHast. Jlioboe Bellie-
CTBO — BOjIa, Oymara, MeTaJljIbl, IJlacTMacca — OOJIbIlle HATOMHHAIOT XOKEMCTOB Ha JIbly BO Bpems
UTPbl, YeM 3puTesiell, HaOMOA0IMX 32 UTPOM, KOTOPBIX, KaK MPaBUIIo, Topas3no Oosbiie. Mbl He
BUIUM 3TOU A)KYPHOCTH, HO TOYHBIMU (pI/I3I/ILIeCKI/IMI/I HCCIICAOBAHUAMU YCTAHOBJICHO, YTO CI'yCTKU
BEILIECTBA - aTOMBI U JIEKTPOHBI — HAXOAATCSA APYT OT APYyra Ha pacCTOSTHUU, BO MHOTO Pa3 IPEBbILIa-
IOIIUX MX pa3Mepbl. ECIM MpenosiokuTh, 94T aTOMHOE SIIPO UMEET pa3Mepbl (pyTOOIBHOTO Mstua, TO
HJIA CO6HIO)1€HI/IH HpOHOpHI/Iﬁ HYXXHO IMPEACTaBUTD, KaK Ha paCCTOAHWU B COTHU U TBICAYH METPOB OT
HETO JICTAIOT JICKTPOHBI pa3MEPOM C FOPOIIKHY, a BCEe OCTAJIbHOE — MYCTOTa. A PacCTOSIHUS MEK/TY
COCEHUMH aTOMaMH B 9TOM MacIlTa0e COBCEM OIPOMHbI — 3TO JICCSITKA U COTHH KMJIOMETPOB.

B moGoM BeliecTBe HaWAETCS HEKOTOPOE KOJIMYECTBO aTOMOB, MOTEPSIBIIMX 3JEKTPOHBI CO
CBOUX BHEIIHUX Op6I/IT. B TBEPAOM TEJIC aTOMBI 3aKPCIIJIEHBI B ONIPEACTICHHBIX TOYKaX IIPOCTPAHCTBA,
CBSI3aHBI JIPYT C APYTrOM B IJIOTHBIM KapKac KPUCTALIMYECKON pelieTKu. B jKuaKoCTsAX aToMBbI CBSI-
3aHbI c1adee, IMEHHO IMO3TOMY KUIKOCTh "MSATKas'", OHa JIeTKo u3rudaercs, TeveT. B modoM ciydae
aTOMBI TOIIATHIBAIOTCS, COBEPIIAIOT HEOOJIbIINE ABMKEHHUSI, KOeOmoTcs. B mpoliecce 3TMX XaoTH-
YEeCKHUX TETUIOBBIX KOJIeOaHUH aTOMBbI, Tpy0o roBops, "cOpachBalOT" BHEITHHUE JIEKTPOHBI, T€, KOTO-
pbie OoJIbIIIe BCEro yaaleHsl OT sifipa, ciiadee IpYruX MPUBsA3aHbl K HEMY SJICKTPHUCCKMMU CHUJIAMH.
BripBaBiniecst U3 aTOMOB 3JICKTPOHBI TIEPEMEIIAIOTCS B MEKATOMHOM MTPOCTPAHCTBE, OHU CBOOOJTHBI.

ATOM, y KOTOPOI'O 3JIEKTPOHOB Ha OpOMTaX OOJIbIIIE, YeM ITPOTOHOB B SIIPE, — OTPULIATEIIHHBIN
HWOH, a HOTepHBH_II/Iﬁ OIH UJIN HECKOJIBKO 9JICKTPOHOB, — 3TO [IOJIOXKUTEJIBHBIN HOH. B TBEPABIX TEJIAX
TaKHUE IOJIOKUTEJIbHBIC NOHBI HEITOABMKHBI, B JKUJKOCTAX U OCO6CHHO B Ira3ax OHH, KaK U 3JICKTPOHHI,
MOTYT CBOOOJHO JIBUTAThCS.

HpOBO}IHI/IKI/I, MHOJYIIPOBOJHUKH U N30JATOPLI
CHGHI/IEUII/ICTI)I IO JICKTPUYCCTBY IMPUBLIKJIN JACJIUTL BCE BEHICCTBA HA TPU I'PYIIIILI — ITPOBO/I-

HUKH, MOTYTPOBOJAHUKY M JUANEKTPUKH (M307ATOPBI). B AManekTprkax cBOOOAHBIX 3apsIOB OYEHb
MaJio, o4t HeT. [1oTynpoBOAHMKY — 3TO BEIIECTBA, B KOTOPHIX CBOOOHBIX 3apsiIOB HEMHOTO, HO
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OHHU Bce Taku ecTh. K IMPOBOJHHUKAM OTHOCATCA BEIIECTBA, B KOTOPLIX CBO6OI[HI)IX 3apAJ10B OYCHb
MHOTIO.
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N3onatop MonynposogHMK [NpoBOAHMK KnpKocTb

Puc. 1.1. M3014TOpPBI, NOIYIPOBOJHUKY U TPOBOJHUKHI
1.1. Tox n HanpsizKeHNe
1.1.1. DnexkTpuueckuil Tok

DJNeKTPUYECKUN TOK — 3TO HAIpPABJIEHHOE [IBUXKEHUE 3JIEKTPUUYECKU 3aPSUKEHHBIX YaCTHIL
BHYTPHY MPOBOJHUKA, HAIIPUMEP, MEIU WM kejie3a. Korga-t1o cuuTanoch, 4To 9T YacTHIIbI 3apsi-
JKEHbI TIOJIO)KUTENILHO, HO Ha CAMOM JIEJIe TO JEKTPOHBI, KOTOPBIE UMEIOT OTpHUIIATEIbHBIN 3apsi/l.

Tok MMeeT HarpaBjeHUe, WIA MOJSIPHOCTh, CUUTAETCS, YTO 3apsijibl BCEraa TEKyT OT MOJo-
JKHUTEJILHOTO TIOJII0CA K OTpHIaTeJIbHOMY. [IepBhIM uesloBeKOM, KOTOPHI BBeN 3Ty ujelo, Obut ben-
mkamMuH PpaHKIIMH, KOTOPBIA He 00Iagal Cpe/ICTBAMU M 3HAHUSMU, YTOOBI JOKA3aTh, YTO B JIeH-
CTBUTEJILHOCTH TOK OOYCJIOBJICH OTPUIIATENIBHO 3apPsKEHHBIMU JIEKTPOHAMHU, a HE TUTIOTETUISCKUMU
TOJIOXKUTEIbHBIMU YaCcTUIIAMU. Ta YCJIOBHOCTb OCTaIach MO CEHl JieHb, XOTS B JEHUCTBUTEILHOCTH
JIEKTPOHBI JBUKYTCS OT OTPUIIATEIBHOTO TOJI0CA K TMOJIOKUTETbHOMY. [10M0XKUTENBHBIN MOITI0C
OOBIYHO yYKa3bIBACTCS HA CXeMax 3HAKOM "+" MJIM KPAaCHBIM IIBETOM, a OTPHUIIATEILHBIA — 3HAKOM "-"
WJIM YEPHBIM IIBETOM.

Kak moxHO u3meputh Tok? MI3MepuTh MOTOK BO/IBI AOCTATOYHO MPOCTO: HAM HYKHBI CEKYH/10-
Mep ¥ CYETUYMK BOJIBI, TeKymiel mo Tpyde. CKOpOCTh ITOrO MOTOKA 3aBUCUT OT JMameTpa 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 M3MepeHus: CUJIbI JIEKTPUIECKOTO
TOKA TOCTYTIAIOT MOJI0OHBIM 00pa30M, HO BMECTO N3MEPEHU I KOJTMUECTBA BOJIBI MbI JOJI)KHBI CUMTATh
NIEKTPUYECKUE 3aps/Ibl, WU JIEKTPOHBI, KOTOPHIE MPOXOIST B IEKTPUIECKOM MPOBOJIE 32 CEKYHY
(duepe3 JaHHOE ceYeHUe TTPOBOIHUKA).

Enununieit usmepeHus JIeKTpPUUECKOro TOKa, WJIM CUJIBI TOKA, siBJIsieTcs amrep (A), Ha3BaH-
HBIM B Y€CTh TIEPBOOTKPHIBATES IEKTPUIYECKOTO TOKA — BEJTMKOro (ppaHIly3cKoro dpusuka AHpe-
Mapu Amriepa, xusiiero Ha pyoexe XVIII-XIX BekoB. OquH aMriep COOTBETCTBYET CKOPOCTH ITPO-
XOXKJIEHUS Yyepe3 ceueHue npoBogHuka 3apsaa B 1 kysoH (K) 3a 1 cekynny. (OauH KyJIOH — cymMMap-
HBIH 3apsi]l TPUMEPHO 6 MUILIMApIOB MUJLTMApAOB (nun 6,24-1018) anexkTpoHoB.) CUMBOJIOM amIiepa
spiisiercs Oyksa "A". B popmynax cuina Toka odo3navaetcst 6ykou "1". Toku HeOOBIION BETMIMHBI
MOT'YT OBbITh BBIPQXKEHBI B MA WU ke B MKA.

YenoBek HAUMHAET ONTYIIATh TOK B cBoeM Teste rpu ero BeirurHe 0,005 A. Tok 0,05 A onacen
14 xu3HU. ToK B oMuHecLieHTHOU Jtamite — 0,15 A, B 1amrre HakaiuBanusg — 0,2-1 A, B X0JIOOWIIb-
Huke — 0,5-0,8 A, B OBITOBBIX HarpeBaTENIbHBIX TPUOOpax — 2-8 A, B JIEKTPOABHUTaTele TPAMBANHOTO
BaroHa — 100 A u BblllIe, B MHOYKTOpE Neuu 1 MiaBieHus amoMunns — 18000 A.
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1.1.2. HamipsixkeHre ¥ pa3HOCTb IOTEHLMAJIOB

CkoJTbKO pa3 Mbl 331aBajiv ceOe Bopockl Bpoze "TIpu kakoMm HanpsiKeHUH padoTaeT 3TOT JeK-
Tpuaeckuil mpuodop?" — "220 Bonst", nim "Kakyio Oatapeliky Hy>KHO BCTaBUTh B 3TOT IyabT?" —"1,5
B". Kak aHaormio MOXHO MPUBECTH B IPUMEP BOAY, KOTOpasi MOXKET TeUb, TOTOMY UTO €CTh Pa3HUIIA
B BbIcoTe. [ToX0:KMM 00pa3oM TeueT IeKTPHUUECKHIA TOK, €CJTU CYILIECTBYET Pa3HUIIA B YPOBHSIX, HIIH,
JIydIlie CKa3aTh, Pa3HOCTb MOTEHIIMAIOB, KaK OYJTO TOUYKH PAacHOJIOKEHbI HA Pa3HOM BHICOTE.

Puc. 1.2. Cuna notoka Bojibl 3aBUCHUT OT Pa3HULBI B BHICOTE

Eciu Mbl BO3bMEM OYEHb JUIMHHYIO TPYyOy, MOJIOKUM €€ Ha 3eMJII0 M HAIlOJIHUM ee BOJIOH (pHuc.
1.2), Boza BBIJET U3 JPYroro KOHIA ¢ HEOOMbIIONW CUIoi. Ecim Mbl MOAHMMEM OIUMH M3 KOHIIOB
TpyOBI, TO BOJIA BBIAJET C Oosbliel cuiioil. Yem Oorbllie pa3HuUIla B BRICOTE, TeM OoJibliie cuia (WIu
JaBJieHHe) Ha BBIXOZIE U3 TPYOBI.

ITpencraBum cede, 4TO MOKHO HEKOTOPbIN MOJIOKUTESIbHBIN 3apsi]] pa3MECTUTh B OJHOM MECTe,
a OTpUILIATEIbHBIN — B IPYroM. Mesx 1y HUMU MOSIBUTCS TaK Ha3bIBaeMoe 3JIeKTpuueckoe rose. Ecim B
3TOM I10J1e€ Pa3MECTUTh HEKOTOPYIO MOJIOKUTESIBHO 3apsKEHHYIO YacTHILy, TO OHa OyIeT ABUraThcs B
CTOPOHY OTPHMLIATEJILHOTO 3apsAfa. NEKTPUUECKUN 3apsijl, PAaCIIONIOKEHHBIN B 3JIEKTPUYECKOM TI0JIE,
o0nagaeT onpeeaeHHbIM YPOBHEM MOTEHIMAIBLHOM SHEPIUH, IIOTOMY YTO HAXOIUTCS B OIPe/IesieH-
HOU TOUKE MOJIs1 U SIBJISIETCS] HEMOIBM)KHBIM, XOT$I TIOJ] BO3/IEMCTBHUEM 3TOTO IOJISI €70 TSHET B CTOPOHY
OTpUIIaTeIbHOTO 3apsiaa. [loTeHmanbHast HEPrus, KOTOPYIO YaCTUIIA CTPEMUTCS IEPEBECTU B SHEP-
TUIO IBMDKEHUS, JIeJIEHHAs! Ha KOJIMYECTBO 3apsi/ia, Ha3bIBAETCs HANPSUKEHUEM (€€ MOXHO CPAaBHUTh
C BBICOTOM, C KOTOPOH NaJ1a€T BOJa, HAIIPUMEp € BBICOTOM Bofonaja). Ilon HanpskeHueM Mbl IMeeM
B BUJly Pa3HUILY MOTEHIMAIOB (BPOJE Pa3HUIIbI BBICOT).
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-.- W3 ONWTOB CPAYY BWARD, 9TQ ECTH ABA COFTR
JAEKTFMYECTBA

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. YcnoBHoe 0003HaYeHHE UCTOUHUKA HAMTPSKEHU ST Ha JIEKTPUUECKUX CXeMax
1.1.3. 3akon Oma

ITO OIVH U3 OYEHb ITPOCTHIX, OHATHBIX U B TO K€ BPEMSI OYE€Hb BaXXHBIX 3aKOHOB 3JIEKTpHYE-
ckoii ter. CoriacHo eMy, 4eM OOJIbIlie MEKTPUIECKOe HAPsKEHUE MEKTY ABYMsI TOUKaMH CXEMBI,
TeM OblcTpee OyIyT MepeHeceHbl 3apsifibl, 00pasyloline TOK, TeM Oosblie OyneT Tok. Takxke OH yBe-
JIMYUBAETCA NP YMEHBIIEHUM CONPOTUBIIEHUS LIENH (COMPOTHUBIIEHHE u3MepseTca B oMax (Om)).
ITOT 3aKOH ObLT OTKPHIT B 1826 rogy 1 HOCUT Ha3BaHUe 3akoHa Oma:

I=U/R,

T.e. TOK | B Llenu npsMo NMporopLyoHajIeH NPUWIOKEHHOMY K €€ BbIBoAaM HanpspkeHuo U n
0OpaTHO MPOMNOPIMOHAJIEH conpoTHBIeHuio e R. I[Tpu cBoeM OBHKEHUH TEKTPOHBI CTAaJIKHMBa-
I0TCSI C MOHAMH KPUCTAJUTMUECKON peleTkd. YeM Oosbliie B BEIIECTBE IEKTPOHOB M YeM MEHbIIIe
CTOJIKHOBEHHI y HUX C MIOHAMM, TEM MEHBbLIIE YJeJIbHOE COITPOTHBIIEHHUE BELECTBA.

1.1.4. IlepBas paguoneranb - pe3UCTop

PCSI/ICTOPBI YMEHBUIAIOT IMOTOK JICKTPUYECKOI'O TOKA. Hpe,HCTaBBTC, YTO BbI IIOJIMBAETE PO3bI
B Caly U3 PE3MHOBOIO MUJIaHr'a, KaK BAPYT IIOTOK BOAbI OCTAHABJIIMBACTCH. Bu NOBOPAYIMBACTECh U
BUOWUTE CBOCTO Apyra, KOTOpBIfI HaCTynaer HOTOM Ha IUIAHT, YMEHbIIAd TEM CAMBIM IIOTOK BOIBI.

7
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Pe3ucrops! 1151 TOKa UTpaloT poJib TOHKOW MJIM TOJICTOM (B 3aBUCUMOCTH OT TOTO, KAKOW BEJTUYMHBI
CONPOTUBJICHUE TpeOyeTcs1) pe3uHOBOM TPyOKH. Bhicokoe 3HaUeHMe COMTPOTHBIICHUS] O3HAYAET, YTO
yepe3 Marepual MOXET MPOXOAUTH JIMIIh TOK MAJION BEJIMYUHBI.

ConpoTuBIieHUE SIBJISIETCS] CBOMCTBOM BCEX MEKTPUUECKMX KOMITIOHEHTOB. 3a/1a4ya pe3ucTOpPOB
3aKJTI0YAETCS] B TOM, YTO OHM JIOJIKHBI OKa3bIBaTh COMTPOTUBJIEHUE IEKTPUIECKOMY TOKY. 3akoH Oma
TOJICKA3bIBAET, YTO MOKHO YCTAHOBHTH B IIEMHM HEOOXOMUMYIO CHITY TOKA, CO3/IaB B TOM IIeTI TOUHO
JO3UPOBAHHOE, TO €CTh CTPOTO OMpPeIe/ICHHOE COMPOTUBIIEHHE. 3a/1aBIITUCh BEJIMYMHON TOKa | 1 3Has
HanpspkeHre U ucrounuka nutanusi, MoxxHoO 1o opmyiie R = U / I, BuiTekaroieit u3 3akona Oma,
BBIYKCITUTH TO HEOOXOIMMOE COITPOTHBIIeHUE. Pe3uctop siBisiercs HanOosee 4acTo UCTIONb3yeMbIM
9JIEMEHTOM 3JICKTPUYECKUX Tieriell. Pe3rcTopsl OBIBAIOT ¢ IOCTOSTHHBIM U IIEPEMEHHBIM COITPOTHBIIC-
HueM. OHM UMEIOT pa3uuHble (GOPMBI U Pa3Mephl, B 3aBUCUMOCTH OT YCJIOBHI WX IMPUMEHEHUS U
MIPEIbsBISEMBIM K HUM TPEOOBAHU M.

Ceitvac pe3ucTOphl B BUIE MUKPOCKOMUYECKHX MOTYIMPOBOAHUKOBBIX MBIJTMHOK B OCHOBHOM
yIIUTA B UHTETPAJIbHBIE CXEMBI, HO B TO K€ BpeMs BCE eIl BHITYCKAIOTCS B BUJIE OTICIbHBIX (JIMC-
KpeTHBIX ) eTasieil. CyIecTByeT JiBa OCHOBHBIX TUIIA PE3UCTOPOB — YTOJIbHbIE U METAJIIOTIEHOUHBIE.
VronbHbIE PEe3UCTOPHI CO3AI0T, CMENIMBAsA MOPOIIKOOOPa3HbIe U30ATOP U YIojib B MPOMOPIHSX,
HEOOXOIUMBIX JIJIsI TIOyYeHHs] HEOOXOAMMOTO COMPOTHUBIICHUS. A METaJUIOIUIEHOYHbIE PEe3UCTOPBI
(6osee pacripocTpaHeHHbIe B HACTOsIIEe BpeMs) CO3JIAl0T, HAMBUISAS TOHKYIO TUIEHKY MeTajlia Ha
KepaMUYECKYIO IMOIOKKY, a 3aTeM yAaJisisl HEKOTOPBI 00bheM HalbUICHHS JI0 TIOTyYeHUs] HEOOXOIH-
MOTO COMPOTUBJICHHUSI.

VYcoBHOE 0003HAUEHKE 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).

HOCJICI[OB&T&HI)HO(? H mapajuieJibHO€ BKIIIOYECHUE PE3UCTOPOB

PaCCMOTpI/IM MOCICAOBATEJIBHOC U NTAapaJUICJIbHOC COCANHEHUE PE3UCTOPOB.

R
R, R, —L

R,
1) 2)

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

ConporusieHne JByX MOCIEA0BATENBHO BKIIIOUEHHBIX pe3ucTopoB R1 u R2 (puc. 1.6, 1) paBHo
UX CyMMe:

Ro6mr = R1 + R2.

BunHO, 4TO mpM MOCHEAOBATEbHOM COEJUHEHMM MBI BCErja MOJy4yaeM CONPOTHBIICHHUE
OoJbIIIe JII0OO0TO U3 ITUX PE3UCTOPOB.

IIpu napannensHOM COEAMHEHMM PE3UCTOPOB (puc. 1.6, 2) HanpsyKeHUE Ha KaXIOM U3 HUX
paBHO U (oanMHaKOBOE), @ TOK B LIENM PaBeH CyMMe TOKOB Yepe3 pe3UCTOpbI:

U/Room=U/R1+U/R2,

oTcIoAa

1/Robm=1/R1+1/R2,

WM (4TO TO JKE camoe)

Ro6m = R1 - R2/(R1 + R2).

[Tpu napasiienbHOM coeJMHEHUH OOl1ee COMPOTHBIIEHUE MEHbIIIE HAMMEHBLIIETO U3 COITPOTUB-
JIEHUH (3TO OCTAeTCsl BEPHBIM U IIPU OOJIbLIIEM KOJIMYECTBE PE3UCTOPOB). YeM OoJbliie pe3rucTOpoB
BKJIIOYEHBI MTapaJuIesIbHO APYT JIpyry, TEM MeHblle UX olllee conpoTuBieHue. B ciyyae nocieno-
BaTEJIbHOTO COEJJMHEHHUsI, HA000POT, YeM OOJIblIe PE3UCTOPOB Mbl BKJIIOYMM APYT 32 APYIoM, TeM
Oosbiiie OyaeT ux oOllee COMpPOTUBIICHHE.

HeauTteJb HANPSAKEHUS

PaCCMOTpI/IM ACJIUTEJIb HAITPAKECHU A, KOTOpri/JI IIUPOKO UCTIOJIB3YETCSA B JICKTPOHHBIX CXEMaAX.
B no6oit HaCTOHH_[Cﬁ CcXeMe MOKHO HalTH HECKOJIBKO IICHI/ITCHCfI HaIpsAKECHUS. t0 CXEMa, Ha BXO[
I(OTOpOfI NOoAaCTCA HEKOTOPOE BXOAHOC HAIIPAKCHUC WJIM CUT'HAJT (‘IyTb IIO3XXE MBI HAYHEM 3HAKO-
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

MUTbCS C CHHYCOM/IaIbHBIM HAPSIKEHUEM U €r0 MPE/ICTaBIEHUEM B JIEKTPOHUKE), a C BbIXOJA CHU-
MaeTcsl HallpsiKeHUe, SIBJIAIONIEECs] YaCThlo BXOJHOTO HANPSKEHUS WM CUTHAJA.

[TycTs HaM HafO NONYYUTH HANPSIKEHUE HA BBIXOAE CXEMBI MEHbIIIE, 4yeM Ha Bxoje. IIpocreii-
IIWH JeuTeNb pejicTaBied Ha puc. 1.7. Yemy 3nech paBHo UBbix? [1pencraBuM, 4to Harpy3ku Her,
TOI/1a TOK paBeH

I=Usx/(RI + R2).

BeixogHoe HanpsikeHue — 3TO HallpsikeHue Ha pesuctope R2, moaromy

Usbix =1-R2 =UBx - R2/(R1 + R2).

BuHO, 4TO BBIXOAHOE HANpSIKEHUE BCErAa MEHbIIE BXOIHOIO, T.€. JaHHAs CXeMa YCIELIHO
cripaBJisieTcsl ¢ 3Toi 3a1adei. Ho crieyer moMHMTB, YTO Mbl IIPEATOIOKUINA HYJIEBOE CONPOTUBIIE-
HUSI UCTOYHUKA HANpsDKEHUsI HA BXofle M OECKOHEYHO OOJIBIIOE COMPOTHBICHUE HArpy3ku. Huxe
Oyner pacckazaHo o Metoe TeBeHMHa, KOTOPBIN MO3BOJIsIeT onpeneanth UBbIX U RBBIX HarpyxeH-
HOT'O JIeJTUTENS.

RE UBb]J{

Puc. 1.7. [lenutens HanpsikeHUs
Oco0blIe aeauTela - J00aBOYHOE CONMPOTUBJIEHHE U IIYHT

Yacro B senuTene HapshKeHUsl OHO U3 CONPOTHUBIIEHUH — 3TO cama Harpy3ka. HeoOxonumoe
HarpsKeHHe Ha Hell B 9TOM ClTy4dae MOKHO YCTaHOBUTD, I1000PaB COMPOTUBIIEHHE OCTAILHOW YacTH
AenuTeNsi, OOBIYHO €ro Ha3blBaloT "racsiee CONpOTHBJIEHUE", U 3TO OYEHb ylauHoe Ha3BaHue. [leil-
CTBUTEJILHO, TacslIliee CONPOTUBJIEHHE KaK Obl FacUT W3JHUIIEK HarpsskeHUs, OepeT ero Ha ceds ¢
TaKMM PacyeToM, YTOObl Harpy3Ke JOCTAIOCh TOJIBKO TO, YTO eil Tpedyercs (puc. 1.7).

11



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

Puc. 1.8. Ilynr

AHAJIOTUYHO MOKHO MPOITYCTUTh Yepe3 Harpy3Ky HEOOXOAMMBIN TOK IH, MOIKIIIOYMB COMpPO-
tuBjeHue Rin napasiensHo e (puc. 1.8). OHo nomyuwio Ha3BaHue "HIyHT" (B IEpeBOJIE C aHTJIUIA-
CKOro — "00XOIHOM My Th'"), 2 cCaMO TOJIKJIIOUSHUE IITyHTa Ha3bIBaeTCs IIyHTUpoBaHueM. IIIyHT BKITIO-
YalT B TOM Clly4yae, KOrja TOK B Harpyske IH Obul Obl ciimmkom OobmuM. Vi, MOKHO CKa3aThb
MHayYe, IyHTUPOBAHUE CHUKAET TOK Yepe3 Harpy3Ky, OTBETBIISAS B IIHT YacTh [1r oommero Toka (I +
). Yem MeHbIIIe COMPOTHUBIICHHUE IIIYHTa, TEM CHJIbHEE IIIyHTUPOBAHKE, TEM MEHBIIIAas YacTh OOIIEro
TOKa Jloctaercst Harpy3ke (IH) u Tem Gosblnas ero yacts [1 noiaer yepes HryHr.

1.2. 3akonsl Kupxroda n ux ncnoan3osanue

3akoHbl, WM npaBmia, Kupxrodga - 3T0 COOTHOIIEHH I, KOTOPbIe COOMIOAAIOTCS MEXTy TOKAaMH
Y HAMPSKEHUSIMU Ha yYacTKax aOCOMIOTHO JII0OOM 35ieKTprudeckoi menu. C moMoIpio 3akoHOB Kupx-
roa MOJKHO pacCuuTaTh JTIOObIE JEKTPUUYECKUE LIENH KaK TOCTOSHHOTO, TaK M MEPEeMEHHOrO TOKa.

B 3aMKHYTOI#1 LIen MOCTOSIHHOTO TOKA HE MOTYT CKAIlJIMBAThLCS JIEKTPUUECKUE 3apsi/ibl, TAK KaK
3TO BBI3BAJIO Obl M3MEHEHUE MMOTEHIMAIOB ToUYeK 1enu. [103ToMy cymma TOKOB, BTEKAIOIIMX B y3e,
paBHa CyMMe TOKOB, BBITEKAIONIMX U3 y3ia. Tak 3ByunT mepsbiil 3akoH Kupxroda. Ero moxno
copMyIMpOBaTh U MO APYTOMY: CyMMa TOKOB B y3JI€ paBHA HYJIIO:

m

2.Ix=0
k=1

IIpu 3amucu ypaBHeHM# 10 MepBoMy 3akoHY Kupxroda TokM, HampasjeHHbIE K Y31y, OepyT
C OJHMM 3HAKOM, KaK MPaBUJIO CO 3HAKOM "TUTIOC", @ TOKH, HallpaBJIeHHbIE OT Y3714, — C IPOTHUBOIIO-
JI0XHBIM 3HakoM. Hanpumep, nns y3na 1 va puc. 1.9

-I1+12+13=0

|
|

12



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

Puc. 1.9
Bropoii 3akon Kupxroga — cymma D/IC B 11000M KOHTYpe JEKTPUUECKON IeN paBHA
CyMMe TaJIeHUI HapsDKEHKS Ha BCEX JIEMEHTaX 3TOro KOHTypa:

m m

2. Eg=> U
s

s koutypos I u Il Ha puc. 1.9 ganHoe npasuiio ¢ yuerom nosnsipHocty DJC u HanpsKeHU
UMeeT BUJL:

El1-E2=-Ul1-U02

E2-E3=02-U3

3akonbl Oma u Kupxroga ucnonp3yior, Kak IpaBuilo, IIPU pacueTe HECIOKHBIX JIeKTpUye-
CKHX HIeTiel ¢ HeOOJIBIIMM YHCIIOM KOHTYPOB, XOTSI TEOPETUYECKH C MX TIOMOIIIBIO MOKHO pacCUUTaTh
NEKTPUUECKHE 1IN 000N CJIOKHOCTH.

1.2.1. Yto Takoe Ha cxeme "4,5B"?

Bbl HaBepHsiKa BCTpevaiv CXeMbl, B KOTOPbIX HAanpoTuB y3i0B HammcaHo "Ul" u "U2" wm
6 B u 4,5 B. Ho Benp HanpsikeHue U3MEpPSIIOT medcdy TOUYKaMu cxeMbl. Pazbepemcsi, 4To 3T0 O3Ha-
yaeT. Bo3zbMeM HEKOTOpYIO CXeMy, ceiiyac COBEPIIEHHO HEBAKHO, UTO TO 33 CXeMa, IyCThb 3TO OyeT
cxema, n3o0paxeHnHas Ha puc. 1.10. Ha HmkHel Touke cxeMbl yKazaH 3HaK "3emuiss'. OOBIYHO 3a
"3emuni0" (MHOTAA TOBOPST O "Kopiyce') MPUHUMAIOT O/IUH U3 BHIBOJOB MCTOUYHMKA MUTAHUS CXEMBI,
Kak npasuiio "MuHyc". Hanpsikenue — 3To pa3HOCTb noTeHuanoB. [loteHuuan "3emin” npuHUMaoT
paBHBIM Hymo. Toraa noteHnuan A B Touke A cxeMbl OyJIeT paBeH HalPsHKEHUIO MEsK/1y STOW TOY-
Koi1 1 "3emJiert"/kopiycom. CrieriuaaucTsl roBopAT: "M3meppb HanpsikeHue B Touke A", uMesi B BULY
Pa3HOCTb MOTEHIMAJIOB ME:XAY STOM TOUKOU U KOPITYCOM, IOCKOJIbKY MOTEHIIMA KOPITyca HYJIEBOW:

UA = A - oGND = A - 0 = A

va A R3

= GND

Puc. 1.10. Hanpsixenue B Touke A u3MepsieTcsi OTHOCUTENbHO "3emiin”
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

AHaNIOru4HO /7151 JTIOOOHM JPYTroil TOUKU CXEMBI.

VYcnoHble 0003HaueHus "kopryca" U "3emun” mpuBeseHbl Ha puc. 1.11. O "3emuie” dare
TOBOPAT B NEKTPOTEXHUKE, KOTJA peub UJIET, HAIPUMEP, O MOTOPAX XOJOAUIbHUKOB, CTUPAILHBIX
MAIlIMH, HarpeBaTelisx U IpyroM nogroOHoM oOopynoBanuu. [Ipyu paccMOTpeHHN CXeM JIEKTPOHHBIX
YCTPOICTB, KaK MpaBUJIO, UCTIONb3YIOT 0003HAUEHHUE, TTpUBeieHHoe Ha puc. 1.11, 1.

L L
1) 2)

Puc. 1.11. "Kopnyc" (1) u "3emisst" (2) B 97IeKTpUIECKUX CXeMax
Jlnis 3akperuienus 3HaHui o 3akoHax Kupxroga paccMorpum cienyionyio cxemy (puc. 1.12).

¥

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

CornacHo BTOpoMy 3akoHy Kupxroda

El =11R1 + I2R2

—12R2 +I3R3 +I3R4 =0

Ilycts E1 =15 B, R1 =R3 =5 0Om, R2 =R4 =10 Owm.

Torma

I1=1511A,12=9/11 A, 13 =6/11 A.

CormnacHo 3akoHy OMa HanpsiKeHUs B TOUYKax | v 2 paBHBI

Url =12R2=(9/11) - 10=8,18 B

Ur2 =13R4=(6/11) - 10=5,45B

Torna HanpsixeHre Ha pe3uctope R3 paBHO pa3HOCTH MOTEHIMAJIOB B TOUYKax 2 U 1, a 3HaYUT
- 9TUX HaIPsKEHU:

UR3=Urtl -Ur2=2_8,18-5,45=273 B

14



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

[TpuBbIKaiiTe K U3MEPEHUIO HAPSKEHUI OTHOCUTENIBHO "KopIyca" ¥ K TOMY, YTO HalpsikeHUe
Ha 3JIEeMEHTaX CXEMbl PaBHO MX pasHulle. Takke HE0OXOAMMO MOMHHTH, YTO B CIydae W3MEpPEeHUs
TOKA Yepe3 KaKylo-TO BETBb aMIIEPMETP HEOOXOAUMO BKJIIOUATh B €€ Pa3phIB.

1.3. UcTouyHMKH UTAaHUS

1.3.1. Yto Takoe "BHyTpeHHee conpoTuBieHue"?

Ecnu roBoputh 0 peanusix, TO HaNpspKeHUs, KOTOPbIE MBI IOJy4aeM OT Oatapeek, akKymyJisi-
TOPOB ¥ NMPOYMX UCTOYHUKOB MUTAHUS, B ACHCTBUTEIEHOCTA HEMHOTO MEHbIIIE, YeM 00 TOM 3asiB-
ast10T ipousBoauTenu. Eciu Bel Ky Garapeiiky "Kpona" (9 B) 111 HaCTONBHBIX 4aCOB WIIY MaJTb-
ynkoByo (1,5 B) 14 mynera TeneBu3opa, To B AEUCTBUTEIBHOCTH 11OCJIE TOTO, KaK Bbl MOAKJIIOUUTE
UX K K Harpy3ke (K yacam ¥ K MyJIbTy), HallpsKEHWe HEMHOTO YIAET, Ha OYE€Hb MIYI0 BEJIMYMHY,
Ho ynazjer. [IpyunHa B TOM, 4TO BCe MICTOYHMKU HAIIPSIKEHUSI UMEIOT HEHYJIEBOE BHYTPEHHEE COIPO-
TuBJeHHe. K coxaneHuio, OHO €cTh, U SIBJISETCS TAKKUM K€ IOJTHOIPABHBIM 3JIEMEHTOM CXEMbl, Kak
Y BCE BHEIIIHUE Pa/IMOIETaNM, TIO3TOMY KOTJIa, BbI BCTABUTE OaTapeiKy B IMyJIbT, IOTEYET TOK, U Ha
STOM COIPOTUBJIEHHUH 110 3aKOHY OMa OKaskeTcst HeKoTopoe Hampsikenue. Eciu npencraButh Oara-
PENKy WM aKKyMYJISATOP Kak MOC/IeI0BATEIbHO COeqUHEHHbIE naeatbHbiil ucTouHuK D/IC (MMeHHO
TaK Ha3bIBAETCS] UCTOUHUK MUTaHUs Oe3 MOTepb) M BHYTPEHHEE COMPOTUBIICHUE, TO MOCIIE 3aMbIKa-
HUS LIenu 00pa3yeTcs JeUTelb HalpsKeHus, padoTy KOTOporo Mel paccmoTpenu Boire. DIIC pac-
NpeaeauTcs: Mexxay RBHYTp U conpoTUBIIeHHEM ycTpoiicTBa-Harpy3ku Ruarp. Eciu yBennunts Tok
(ymeHbIIMTH RHarp), To o 3akony Oma yBeJMuuTCs NaJleHUe Ha STOM BHYTPEHHEM COIPOTUBIIEHUH,
Y HanpsDKEHMe Ha BBIXOZE, KOTOpoe JocTaHeTcss RHarp, okaxercs ere MeHblne. YToObl n3MeHeHne
Harpy3Ky Kak MOKHO MEHbIIIE BJIMSJIO HA BHEIIHEE HANpsKeHUE UCTOUYHUKA NUTaHus, RBHYTp cra-
patotcs caenaTh Kak MOKHO MeHblle. Emie oqHMM npumMepoM TOro, 4To 3TO MPOUCXOIUT, SIBISAETCS
cetb 220 B (HanpsikeHMe NIepeMEHHOE, HO CYTh HE MEHseTcs). Y Hee BHYTPEHHEee CONpPOTUBIICHHE
COCTaBJISIET JJOJIM OMa, HO BCE K€ OHO €CTh (CKa3blBA€TCsl COMPOTUBIIEHUE JIMHUI 3JIeKTpoIiepeiaun
(JIDI)) 1 TeopeTruecKn HANPsKEHUE JOIKHO OBITh UyTh MeHbITe 220 B.

Tenepp, KoOra Bbl 3HA€TE, YTO TAKOE BHYTPEHHEE COMPOTHUBIIEHUE, MOXKHO OOCYUTh, YTO TAKOE
WCTOYHMK HAIIPSDKEHUS U YTO TaKO€ UCTOYHHUK TOKA.

1.3.2. UcTOYHMK HanpsKEHUs1 ¥ UICTOYHUK TOKA

(Bcé, umo rettepamop nepeAW u1, P P
Ke, OMpeAeAsemcs coomHomeHmeM nx (R, =10 Om U,
|conpommsaernit R u R,

MowyHocmb mana:
60ABLLOT TOK, HO

Mom,m
60/\me€ HAT[PFDKG*

I'EHEPATOP q Manoe Hampske-
" § HIE, HO MAACHBLKUIA
= —
obcmBeHHoe )
ConpomVLBAEHlAe z’_
reHepamopa = v
eHepamop K R,, Harpyska coraacoBaHa )
P=Ul, moka, i HATIPSXKEHUA,
|| renepamopom, B Heé nepegaem) | o R
Kfiwj €4 MaKCUMAAbHASL MOLLHOCTLL, r << By

B} PEXUMTEHEPATOPA HATPXEHIA R, <<R,

Tox B uenmn noummﬁ
MEHACTLCA, HANpsDe-|
Hue Ha HarpysKe 3a- |

BUCUITL OTTL €e CO-
rylgommmenmg

800 Om

| TOK 3aBUCUM
\ Om HaTpysKn \

MouwHocmb

Mmara 321 cyem
Ma/\.DT‘O

Puc. 1.13. Pexumbl paGoThl reHepaTopa
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N3 Bcex BOBMOKHBIX COOTHOIICHUI MKy COPOTUBIICHUSAMH T'eHepaTopa U Harpy3Ku MOKHO
BBIJICJIMTH JIBA TUITMYHBIX CITy4Yasl.

Crnyuail epBbIii: COPOTUBRJIEHUE TeHepaTopa Rr BO MHOTO pa3 MeHbllle, YeM COMpPOTUBJICHHUE
Harpy3ku RH. Takol UCTOUYHMK HA3bIBAIOT UICTOYHUKOM HAMPSDKEHUS, OTMeYast 3TUM, UTO MOUYTH BCS
SJIC npwiokeHa K Harpy3Ke W 4TO MpU U3MEHEHUH HArpy3KH HampsDkeHVe Ha Hell TIOUTH He MeHsI-
ercs (puc. 1.13; 3). JIjist WUTIOCTpAIIMK - YUCIIOBOM TTpUMED.

[Ipeanonoxum, yro E = 200 B, Rr = 1 Om u Ru = 400 Om. Ha BHyTpeHHEM COIpPOTUBIIEHUN
reHeparopa ocraetcsi okosio 1 B, Harpyske gocraercs npumepso 199,5 B. Yeenmuuum Ru 1o 800 Owm,
Ha Harpyske, HeCMOTPsI Ha 9TO, OCTaHETCs] IPUMEPHO TaKOe K€ HAINpsiKeHUe, Kakoe ObLIo, - OKOJIO
199,75 B; Ha BHYTpeHHEM CONPOTUBJIEHUU reHepaTtopa octaHeTcsi okono 0,25 B. Eciu ymeHbIUThH
R 10 100 Om, TO Ha HeM Bce paBHO OyzeT okosno 198 B, Ha Rr nortepsieTcst okorno 2 B.

Bo BTOpOM TUMHUYHOM cCiydae COMpOTHBIICHHE TeHepaTopa Rr Bo MHOro pa3 Oosbliie comnpo-
TUBJICHHS HArpy3ku RH. DToO pexnuM reHepaTopa ToKa, OH Ha3BaH TaK MOTOMY, UTO TOK B IIETTH TIOYTH
He MeHsieTcs py u3MeHeHuu Ru (puc. 1.13; 4).

Yucnosoii npumep: D/C reneparopa E =200 B, Rr =200 Om u Ru = 1 Om. Jlerko nogcumrars,
YTO TOK B IIETIH - OKOJIO 1 A ¥ OH IPUMEPHO TAKUM M OCTAHETCSI, €CJIM YBEJIMIUTh WIA YMEHBIUTh
RH B Heckonbko pas.

00a 3TH pexumMa UMEIOT CBOM TJOCTOMHCTBA U HEIOCTATKU, HO TeHEepaToOp HaNpPsKeHUsI BCTpe-
yaeTcs ropasfio vaile. B pexrmMe reHepatopa HanpsikeHUsT paboTaloT IeKTpudecKast ceTh (BHyTpeH-
Hee COMPOTHBIICHHUE - IECATHIE U JaKe COThIE JOJIM OMa), aBTOMOOMIIBHBIN aKKyMYJISTOp, OaTapeiika
KapMaHHOTO (poHapsi (BHyTpeHHee COIPOTUBIICHUE HOBOW OaTapeiiku - OKOJIO OMa, Y CTapoi Oara-
PEVKH - HECKOJIBKO OM).

1.4. Konaencarop

1.4.1. Yto 310 Takoe?

[Tpocreiimuii KOHAEHCATOP COCTOUT W3 JBYX IUIACTUH (WJIM OOKJIAJOK), HAXOISIIUXCS OJIHA
niepesi APYrol M CAeaHHBIX U3 TIPOBOASAINEr0 MaTepuaia. Mexay TUIacCTUHAMU HaXOTUTCS U30JIH-
pyIOLIUI MaTepyasl, Ha3blBaeMblid TU3IeKTpUKoM (puc. 1.14). [Ipocreitinyumu AU3IeKTPUKaMU sIBJISI-
I0TCS1 BO3/IyX, Oymara, cJiiojia u T.1.

[TnacTHHBI

JAHaneKTpUK

Puc. 1.14. Konnencarop

OCHOBHBIM CBOICTBOM KOHJEHCATOpa fIBJISIETCS] €ro CMOCOOHOCTh 3amacarh JEKTPUUYECKYIO
SHEPryIO B BUJIE EKTPUUECKOTO 3apsa.

Ha puc. 1.15, 1 u3o0paxeHa cxema, B KOTOPOH KOH/IEHCATOP Yepes3 KJII0Y COeUHSETCS C UCTOU-
HUKOM IuTaHus. Korga kimod 3aMKHYT (puc. 1.15, 2), NONOKUTENBHBIN MOTIOC UICTOYHUKA "OTKAYM-
BaeT" JIEKTPOHBI C OOKJIAIKU A, 1 OHa TPUOOPETAET NONOKUTENbHbIN 3apsil. OTpULIaTeTbHBIH MOJIOC
MCTOYHHUKA MIUTaHUs B 9TO BpeMsl "MOCTaBIsAeT" EeKTPOHBl Ha OOKJIaJKy B, B pe3ynbrare 4ero oHa
NpUoOpeTaeT OTPULIATENIBHBIN 3apsijl, 0 aOCOMIOTHOW BEJIMUYMHE PABHBIN MOJOKUTEIBHOMY 3apsily
oOkaaku A. Takoil MOTOK 3JEKTPOHOB Has3blBaeTcsi TOKOM 3apsga. OH NpoAo/DKaeT 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

Korpma koHzeHcaTop 3apsiKeH, MekIy ero OOKJIaJKaMu BO3HUKAET Pa3HOCTh MOTEHIIUAIOB, 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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€ro NMyTeM 3aKOopadyrBaHUA BbIBOOOB. KOH)ICHCEITOP B ICMKU MOXKET yICpKHUBATb IIOTCHIUAT HEOIIPEC-
JEJIEHHO JI0JITO, €CJIM Y HEro HeT IyTH U1 pa3psja.

Habmonas 3a 3apsaom 1 pa3psiioM KOHAEHCATOpa, MbI BIIEPBbIE CTAIKMBAEMCSI C TEM, UTO JJ1e-
MCEHTBI SHeKTqueCKOﬁ nenuv onpeacisdioT NpOAO/LKUTEIbBHOCThL TEX WJIM MHBIX IMPOLECCOB, B JaH-
HOM CJIy4yae BpeMs 3apsja U pa3psja KOHIeHcaTropa. DeKTpuueckas 1emnb, cocrosmas u3 R u C,
WM, KaK ee 4acTo Ha3bBaloT, RC-11enoyka, B JaHHOM Cllyyae 4YeM-TO HAIIOMUHAET MECOYHbIE Yachl,
BpeMs "pa3psa’ KOTOPbIX 3aBUCUT OT KOJIMYECTBA I1ECKa U IMaMETpa OTBEPCTH S, Yepe3 KOTOPOE OH
coinercs. He cinyuaitHo ux npoussenenue T = RC Ha3bIBa€TCS HOCMOSHHOL 8pemeHru .

CrnocoOHOCTh KOHJEHCATOPA HAKATLIMBATh IEKTPUUECKUIA 3apsiji TOBOPUT O HAJTUYHMHU Y HETO
emkocTr. OHa o6o3Havaetcs kak C u u3mepsiercs B papanax (P). Papania - oueHb OoJbITast eqUHATIA
€MKOCTHU, U OHA MTPAKTUYCCKU HE MCITOJIb3YETCS. Ha IMMPAKTUKE ITOJIb3YIOTCA IIpO6HbIMI/I cAHUIIaMU:

1 mukpodapaga (MkP) = 10-6 P,

1 Hanodapana (HP) = 10-9 P,

1 nukodapana (nd) = 10-12 .

Ecnu konnencarop emkocteio C 3apsikeH 1o HanpsikeHus U, To 3apsaa Q, KOTOPbI HAKOIUIICS
Ha KaxJIOM IJIaCTUHE, paBeH

Q=C-U,

rae C usmepsiercs B apanax, U - B BobTax, a Q - B KyJIOHax.

W3 310i1 (hopMyITBI MOKHO TIONYUYHUTh JAPYTYIO, KOTOPast JMHAMUYECKH OITUChIBAET paboTy KOH-
JeHcaTopa:

I=C.dU/dt,

T.e. YeM ObICTpee Ha OOKJIQJIKaxX KOH/IEHCATOpa MEHSIeTCS HalpsiKeHUe, TeM OOoJIbIIe TIepeMeH-
HBIT TOK, IPOTEKAIOIIVIA Yepe3 Hero (MmogpoOHee - B YacTH 2, iU TIOKa He TIOHSITHO, He pacCTpau-
BaiTeCh).

1.4.2. TMapayinenbHOE U MOC/EI0BATEIbHOE COeJUHEHUE KOHIEHCATOPOB

Ecnmu koHzieHCcaTOpBl coequHeHBI napasuiesibHo (puc. 1.16, 1), To obmas romaas 0OKIaI0K
paBHA CyMMe TUIOMIAJIel OOKJIAMOK OTAETbHBIX KOHAEGHCATOPOB, W OO0INas €MKOCTh paBHA CyMMe
€MKOCTEl OT/IEIbHBIX KOHAEHCATOPOB:

C=Cl+C2

[Tpu 3TOM (ITOCKOSIBKY KOHAEHCATOPHI COEIMHEHBI TTApaJlIEIbHO) MaKCUMAJIbHOE HaIpsiKeHUe
PaBHO MaKCHMAaJIbHO JIOIMYCTUMOMY HAMNPSKEHWIO TOTO U3 TUX KOHIEHCATOPOB, Y KOTOPOrO OHO
MEHBIIIE, T.K. HpO IIOCTCIICHHOM yBeJII/ILIeHI/II/I HaHp}I)KeHI/IH OH B]:»IIjIIIeT n3 CTpOH HCpBbIM.

[Tpu mocnenoBaTeIbHOM COEMHEHUH KOHAEeHCATopoB (puc. 1.16, 2) ux olOmas eMKOCTh pac-
CUMTBIBAETCS TaK K€, KaK CONPOTUBJICHUE TTPU MapaUIe]IbHOM COEIMHEHUM PE3UCTOPOB:

1/C=1/C1+1/C2

ITpu 3TOM (MOCKOJIBKY KOHAEHCATOPHI COEAMHEHBI MOCIIEA0BATEIbHO) MAKCUMAILHO BO3MOK-
HOC HaHpH)KeHI/IC paBHO CyMMC MAaKCUMaAJIbHO IIOCTYHHI)IX HaHpH)KeHI/Iﬁ Ha OTACJIBHBIX KOHACHCATO-
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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TEELIT]

Puc. 1.18. Karymika uH1yKTUBHOCTH

DNEeKTPUUYECTBO U3 MArHETU3Ma BIEPBbIE MOJMYUYW aHIMUACKUI pusuk Maiikn ®Papazneit. O
CaMbIMH Pa3HBIMH CIIOCOOAMHU ITBITAJICS PACTIONOKUTH POBOJHUK BO3JIE MArHUTA, MPEAToaras, yro
IJIs TIONy4YEeHHUsl TOKAa HYKHO JIMIIb NIPUJATh MPOBOJHUKY yAauHYyl0 (POPMYy U HATU €My yIauHOe
MECTO B MarHuTHOM 1ojie. Y Tospko crycTst MHOro JieT Papaneit 00Hapy K uil, 4To AJIs MOTyYeHHUs]
TOKa B IMPOBOJHUKE, KPOME CAMOTO MPOBOJHMKA M MarHUTa, HYXKHO €IIe 0sudiceHue. JNEKTPOIBU-
Kylas CHjla Ha KOHIaX IIPOBOAHMKA, a MPU 3aMKHYTOM LIENU U TOK B HEM, MOSIBJISAETCS, ECIU IIPO-
BOJHUK OITpe/IeJIeHHBIM 00pa30M JBUraTh B MArHUTHOM ToJie (puc. 1.19). 1o siBieHNe Ha3bIBAECTCS
JIEKTPOMArHUTHON MHAYKLIMEN (B IEPEBOJIE HA PYCCKUM - IEKTPOMArHUTHBIM HAaBEIEHUEM ).
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Puc. 1.19. DnekTpoMarHuTHast UHAYKLUS

[NosiBnenue nuaynmpoBanHo# (HaBeneHHOW) DIC B caMOM YNpPOIIEHHOM BHUJE MOXHO 00b-
SICHUTD TaK: KaXIbIll CBOOOIHBIN JIEKTPOH 00JIajaeT MarHUTHBIMUA CBOMCTBAMU B COOTBETCTBUU C
3aKOHOM JpCTesa, TaK Kak MpejcTaBisieT coOOW JeMEeHTApHBIN MeKTpudeckuii Tok. Eciu nome-
CTUTh MPOBOIHUK BO BHEIITHEE MATHUTHOE I0JIe, TO OHO "CXBAaTUT" CBOOOHBIE JIEKTPOHBI TIPOBOJI-
HUKa, B3aUMOJICHCTBYS C HUMH KaK ¢ MUKPOCKOITMUYECKUMHU MArHUTUKAMU. A eCJIi IPOBOJHUK TOCIe
9TOrO JIBUHYTh, TO JEKTPOHBI KaKk Obl OCTAHYTCSl HA MeCTe, ylepXKUBaeMble MarHUTHBIM TIOJIEM, U
MIPOBOJHUK CMECTUTCSI OTHOCHTENILHO TUX CBOOOIHBIX JIEKTPOHOB. B UTOre Ha OMHOM KOHIIE TPO-
BOJHHMKA KOHIIEHTPALIMsl JEKTPOHOB YBEJIMYUTCS, HA APYIOM - YMEHbIIUTCA. TO ecTh Ha KOHIIaX
MPOBOJIHMKA MOSIBUTCS CKOIUIGHUE Pa3HOUMEHHBIX 3apsoB, a 3HauuT, DJC. Dra D/IC HazbiBaeTcs
MEKTPOABMKYIIEH CHIION camourdykuyuu. Eciv ke MPOBOJAHUK OCTAaHOBUTH, TO IEKTPOHBI MOCTE-
MIEHHO BEPHYTCS B CBOM CTapble PaliOHbl U BHOBb PABHOMEPHO pacrpeieNisiTcsl B poBoaHuke. [Tpu
stoMm DJIC, KOHEYHO ke, UCUE3HET.

Huoyxmusenocmo L (koagpgpunyuernm camounoykyuu) - OCHOBHOM EKTPUUYECKUN Mapamerp
KaTYIIKH{, KOTOPbII XapaKTEpU3yeT BEJMUMHY SHEPTUH, 3a11acaeMoi KaTyIIKOM IPH MPOTEKaHUHU 10
HEe 97IeKTPUUECKOro ToKa. Yem OoTbilie MHIYKTUBHOCTD, TeM OOJIbIIIe SHEPTUM OHA 3arlacaeT B CBOeM
MarHUTHOM Tiosie. THIYKTUBHOCTB 3aBUCHUT OT pa3MepOB KapKaca, (DOpMBbI, YMCia BUTKOB, IMaMeTpa
Y MapKu NpOBOJA, a Takxke OoT (popMbl U MaTepuasa CepaeuHuKa.

UroOsl yBenmuuTh HaBeleHHYO DJIC, 10CTaTOYHO YBEIUYUTH JUIMHY MPOBOJHUKA WU MPO-
CTO BMECTO OJMHOYHOT'O TIPOBO/IA B3ATh KATYIIIKY C OOJBIINM KOJTMUYECTBOM BUTKOB. Eciu psiiom ¢
9TOU KaTyNIKOW OBICTPO ABUTaTh MarHUT, TO BOJBTMETP, MOJKIIOYEHHBIN K Held, OyJIeT OTKJIOHSIThCS
BeChbMa 3aMETHO, COOOIIasl, YTO B KaTYyIIIKe UHIYIIMPOBAIACh, T.e. HaBenach, Hekotopas D/IC. I]C,
HaBeJICHHAsl B OJHOM BUTKE, HEBEJIMKA, HO BCE BUTKHU, TI0 CYTH JieJia, COeIMHEHBI MOCIIeJOBATeIbHO, U
Bce HaBeJeHHble B HUX Hebonbinue DJIC cymmupyiotes. Karyiika HarnoMuHaeT Oatapero U3 mocie-
JIOBATEJIbHO COEIMHEHHBIX rAJIbBBAHMYECKUX 371eMeHTOB (puc. 1.18).

Takxe DJIC caMOMHAYKINK YBEINUUBACTCS TPU YBEJIMUSHUH CKOPOCTH U3MEHEHHSI MarHUT-
HOT'O TIOJIsI ¥ TIPY pa3MellieHNH BHYTPU KaTYIIKU CEPACYHUKOB, HATIPUMED, U3 CTAIM WK eppuTa.
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3aMeanser ero noseneHue u JGTHFHBGET I'IPBKPGLHCHHC

Puc. 1.20. Karymka: 9IC u Tok

Ecnu, 3aMkHyB BbIKTI04aTesb (puc. 1.20), MTHOBEHHO NTOAATH HANPSKEHUE HA KaTYILKY, TOK B
Hell YCTaHOBUTCS He cpa3y, OH OyJeT HapacTaTh NOCTENEHHO. B KaTyllke co3gaeTcss MarHUTHOE ToJie
(B HEM COIEPKUTCA MOJyYEHHAs1 OT TOKA SHEPrusi), KOTOPOE BIIMSAET HA CUIIYy TOKA U MPENSTCTBYET
€ro M3MeHeHuwo. Eciu TOK B LIeNM McYe3aeT, SHEPTUs CO3aHHOTO MAarHUTHOTO TOJISI UCYE3aeT He
cpa3sy, a ellle HEKOTOpPOe BpeMs MOAJEPKUBAET TOK B LenU. OCHOBHOE CBOMCTBO UHIYKTUBHOCTH -
MIPENATCTBOBAaTh U3MEHEHUIO B HEM JIEKTPUUYECKOTO TOKA, CHavyasla IpH €ro MOsBJIEHUH, a 3aTEM -
IIpY pa3MbIKaHUU Lenu. TOK YBeIMYMBAeTCsl U YMEHbIIAETCsl MEJUICHHEe, YeM B LIeTH 0e3 KaTyIIKH.

B m1060M 1oJ1€ - rpaBUTALIMIOHHOM, JIEKTPUUECKOM, MArHUTHOM - BCEI/Ia 3aIlacaeTcsi SHeprusl.
Ha co3zganue MarHUTHOrO Mojsisl KaTylIKy, Ha CO3/JaHME B HEM 3aIlacOB SHEPTUU KaK pa3 U Pacxofy-
eTcs1 SHeprus 0araper B MOMEHT BKJII0UeHHs1. FIMEHHO I0TOMY TOK Pe3KO HE HapacTaeT, OH B [IEPBOe
MI'HOBEHHUE TPaTUT YacTh CBOEH SHEPTMU HA CO3JAHUE SHEPIETUUECKUX 3allaCOB B MAarHUTHOM I10JIE.
A TIpy BBHIKJIIOUEHMH 3TH 3aI1achl BO3BPAIIAIOTCS B EKTPUUYECKYIO LETIb, IOAAEPKUBAs TOK BMECTO
yXke OTKJIIOYEHHOI Oatapeu.

Paccmotpum cxemy, nzoOpaxenHyio Ha puc. 1.21. Karymka uHayktuBHocTH L coenmHeHa
TIOCJIEIOBATENIBHO C PE3UCTOPOM R M mpM 3amMbIKaHMM KJIIOYa S HAaYMHAETCS €€ HAMarHU4MBaHUE.
CHauasia TOK B LIENIM PAaBEH HYJIO, a IOTOM OH HaYMHAET BO3pacTaThb, IPUUYEM, KaK Bbl YK€ 3HAETE,
HE PEe3KO, a M0 SKCIOHEHIMAIbHOMY 3aKOHY, KaK MOoKa3aHo Ha puc. 1.22. OH Oyzer Bo3pacTtarh JO
TEX IOp, MOKAa HE JIOCTUTHET CBOETO MaKCUMAJIbHOIO 3HaueHHUs. CKOpOCTh M3MEHEHUS TOKA B LIETIN
3aBUCUT OT KOHKPETHBIX 3HaueHui R u L. Bpems, Heob6xoamumoe /17151 TOoro, 4ToObl CHJIa TOKA JOCTHIIIA
3HaueHus, paBHoro 0,63 oT ero MakCUMaJbHOM BEJIMUMHBI, HA3bIBAETCS TIOCTOSIHHOM BPEMEHU LIETIH.
Ona paBna L/R u nonyyaercs B cekyHax, eciau L Bbipa3uts B reHpy, a R - B omax.
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Puc. 1.21.

Tor, MA A
E/R /,
'.'l"l'.":'EIIIU BEHELINCCCH
063 E/R FHAYEHHE
i -
NeToaHERR
HpeeReCHE - B PEMA, C
L/R

Puc. 1.22. DxcrioHeHIMaIbHOE YBEIMYEHNE TOKA, POTEKAIOILETO Yepe3 KATYIIKY

Envnunein u3mepenusi MHIYKTUBHOCTH siBisiercss reHpu (I'H). EauHuIia MHAYKTUBHOCTH
Ha3BaHa Tak B 4ecTb aMepukaHckoro ¢usuka [xozeda ['enpu (1797-1878). I'enpu - 310 Takas
WHIYKTUBHOCTh, KOTOpasi TpedyeTcs IUisl UHAYIIMPOBAHUS EKTPOABUKYIIEH CUJIbI B 1 BOJIBT MpU
M3MEHEHUH TOKa B MTPOBOJHUKE C CKOPOCTHIO 1 ammep B cekyHy. [ eHpH - OobIliast equHUIA, OOBIYHO
rcnonb3ytorcst muuturenpu (MI'H) 1 mukporenpu (MKIH).

Ho B cxemax, Kak npaBuiio, BeIMYNHY MHAYKTUBHOCTU HE YKa3bIBAIOT, TAK KaK paMOTI0OUTeNs
MHTEPECYET HE Ta BEJIMUMHA, & KOJIMYECTBO BUTKOB ITPOBOJIA B KaTYIIKE, IMAMETP U MapKa IpOBOJA,
CIocod HAMOTKU ¥ pa3Mepbl KapKaca KaTyIIIKH.

Kak u B citydae pe3uctopoB, 00111asi ’HIYKTUBHOCTbh COEIMHEHHBIX MMOCIIeJOBATEIbHO KaTyIIeK
L1 n L2 paBHa
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L=L1+L2

a JU1sl MapaJule/IbHO COEIMHEHHBIX KATYIIEK OHa pacCuMThIBaeTCs 1Mo ¢opMmyiie

1/L=1/L1+1/L2

Karyiika MHIYKTUBHOCTH HE NPENSATCTBYET MPOTEKAHUIO NOCMOSHHO20 TOKA, €CIY, KOHEYHO,
He [IPUHUMAaTh BO BHUMaHKME OYE€Hb MAJIOE COIIPOTUBJIEHUE ITPOBOAA, U3 KOTOPOro oHa caesnaHa. Cie-
J0BaTe/IbHO, OHA UIMEET HYJIEBOE UJIM OUYE€Hb MAJIOE COIIPOTUBJIEHUE U MOKET PACCMATPUBAThLCS B LIETIN
MOCTOSIHHOTO TOKA KaK KOPOTKOE 3aMblkaHue. KoH/ieHcaTop ke B CBSA3M C HAJIMUMEM B HEM W30JIM-
PYIOILIETO JUIEKTPUKA UMeeT OECKOHEUHOE I OUeHb OOJIBIIIOe COMPOTHUBIIEHUE M MOKET paccMar-
pUBAThCS B LIENH ITOCTOSIHHOT'O TOKa KaK pPa3phblB.

2. IlepeMeHHBIN TOK

[Nono6Ho TOMY, Kak Oarapelika CO3[aeT Ha CBOMX IOJIOCAaX MOCTOSIHHOE HAIpsiKeHUe, TeHe-
paropsl Ha [9C u ADC co31a0T B CETH TMepeMeHHOe HampsikeHre. B Hamell ObITOBOM CETH OHO
cocrapiser 220 B. ®usnyeckuii mporecc, KOTOpbId 03HAYAET, YTO IO LN UIET NEPEMEHHBIN TOK,
3aKJII0YAETCS] B TOM, YTO JIEKTPOHBI IBUTAIOTCS TO B OIHY CTOPOHY, TO B pyryio (puc. 2.2).

Uftt)
A

Puc. 2.1. TlepemeHHbIi 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 (Mpoekiusi) 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.€.

I>pd = Imax * 0.707

AHaJIOTMYHO /1J151 HANIPSIKEHU ST

Usdd = Umax * 0.707 (puc. 2.4)
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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 OYeHb BakHO!) OTOMPAET Yy HUX YaCTh MOIIHOCTY Ha HarpeB, BblIEJIECHUE TETUIA.

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 OHU UMEIOT peakmusHoe COTIPOTUBIICHHE.

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-
HHEM, KOTopoe 0003HavaloT Xc. 3aBUCUT OHO OT EMKOCTH KoHieHcaTtopa C 1 ot yacToTsl f epemen-
Horo Toka. Ot émkocti C OHO 3aBUCHUT ITOTOMY, UTO C €€ yBEJIMUYEHUEM KOH/IEHCATOP MOXKET IIPUHSTD
Ha CBOM OOKJIAJKK OOJbIe 3apsiIoB, U TIO3TOMY OOJIblle OyayT 3apsaHbIA M pa3psaHblid TOKU. A
pa3 TOK YBEIMUYMBAETCS, TO, 3HAUUT, 110 3aKOHY OMa CONpOTUBIIEHNE, B IAHHOM ClIy4ae €EMKOCTHOE,
yMeHbInaercsi. OTcrona BHIBOA: EMKOCTHOE COMPOTHUBIIEHNE XC 00pAaTHO MPOMOPLMOHATIBHO €MKOCTH
- yeM OO0JIbIIIe eMKOCTh, TEM OHO MEHBIIIE.

BennunHa TOKa 3aBUCHUT €€ U OT TOTO, C KAKOW CKOPOCTBIO MEHSIETCsl HAIlpsKEHUE, T.€. OT
4acToThl. YeM Oosibllie 3Ta CKOPOCTh (UeM BhilIe YacTota f), TeM Oosibliie 3apsiioB 3a OJHY CEKYH/Ly
MIPUXOAUT Ha OOKJIAJKU KOHJIEHCATOPA M YXOAUT C HUX, TEM, CJIeJOBATeIbHO, OOJIbINE TOK, a 3HAYMUT,
MeHbIIe EMKOCTHOE conpoTubiieHre Xc. OHO BBHIUUCIISIETCS TIO clieAyolen hopmyJie:

Xc = 1/(w-C), rme o = 2xf.

OpHako MeXy akTUBHBIM CONpPOTUBIEHHEM R 1 éMKOCTHBIM XC €CTh NPUHLMIINAIIBHOE pa3-
JIM4Yue: EMKOCTHOE COTPOTUBIIEHUE XOTh U BIMSET Ha TOK B LIEMH, HO HUKAKOW MOIIHOCTH OT UCTOY-
HUKa MUTaHUs He OTpedsieT. B kakue-To MOMEHTHI, ITpaB/ia, UCTOYHUK 3aTpaurBaeT yCUIUs Ha TO,
YTOOBI 3apsSIIUTh KOH/IEHCATOP, HO KOHJIEHCATOP BO BpeMsl pa3psia YeCTHO BO3BpAILAET MOTy4eH-
HYIO SHEpPruio. ITUM OH OY€Hb HAlIOMHMHAET MPYXUHY, KOTOpas BCE, YTO OEpET MpH CKUMAHUU, TO
U OTHAET, pacnpsAMIIssAch. YTOObI OTMETUTH 3Ty OCOOEHHOCTh EMKOCTHOTO COMPOTHUBIICHUS, €T0, B
OTJINYME OT AKTUBHOIO R (B KOTOPOM 3HEprusi TpaTuTCs Ha BblIEJICHUE TEIUIA), HAa3bIBAIOT pPeaKmiueg-
HbIM CONPOMUBNEHUEM .

2.3. UHAYKTUBHOCTH B IlelIH IePeMEeHHOI0 TOKa

ITo cBoeli CyTH MHAYKTUBHOCTH OOJIA/IaeT IEKTPUIECKON UHEPITUEH, TIOCKOJIbKY €€ OCHOBHOE
CBOICTBO COCTOUT B TOM, YTOOBI MTPEMSATCTBOBATh BCAKOMY M3MEHEHHIO MPOTEKaoIero Toka. Ecim
Yyepe3 KaTyIIKy MPOIYCKaTh HEKOTOPBIN IEPEMEHHBIN TOK, TO €€ MHIYKTUBHOCTb OyJeT MPOTUBOACH-
CTBOBATb KaK YMEHBILEHHUIO, TAK U YBEJIMUEHUIO IIPOTEKAIOIIETrO TOKA.

To, 4TO MO KaTyIIKe UHAYKTUBHOCTY MOMAET IEPEMEHHBII TOK, €CJIM MIOBECTU K HEW NIepeMEH-
HOE HalpsIKEHUE, HE BHI3bIBAET HUKAKMX COMHEHHUH - Ha KaTylIKy HAMOTaH METaJJTMYECKUI TPOBOJ,
a TOK UAET 1O JoOOMY MPOBOJHUKY. B moaTBepXkeHre Mbl MOKEM IOKa3aTh, KaK Yepe3 KaTyIIKy
UJET MOCTOSIHHBIN TOK, HAIlpUMep, OT TajbBaHUYECKOro aeMeHTa. OJHako TO, YTO MPOMCXOOUT B
LEeNU KaTyHIKY IIPpYU IEPEMEHHOM TOKE, OIPEJENIsSeTCsl HE TOJIBKO COITPOTUBJIEHUEM MPOBOJIHUKA, U3
KOTOPOTO 3Ta KaTyIIKa U3rOTOBJIEHA.

Bcnomnurte, eciu B KaTyIike MeHsieTcsl TOK, Ha Hell HaBoauTcs DJIC caMonHayKIuK, KoTopast
TeM OOJIbIIIe, YeM BBIIIIe CKOPOCTh U3MeHeHus Toka (3akoH Papanes: EL = — L - dI/dt). [To Bropomy
npasuity Kupxroga U + EL = 0 wim U = - EL = L dI/dt.

[TocTponM crHYCOWIbI TOKA 1 HAIIPSKEHUSI HA OTHOM T'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, JIOCTUTHET MaKCUMaJIbHOM BEJIMYMHBI, KOIJIa TOK CTaHET paBHBIM HY/IO. A 4TO Kacaercs
HarpaJieHUsl, TO B MOMeHT t = T/4 3Hak DJIC caMOMHAYKIMKN MEHSETCs, IOCKOJIbKY TOK HaUMHAeT
yobiBath (/IC - mpous3BoHAs TOKA), a IO 3TOro Bo3pacTasl (Kak Mbl 3HaeM, IIPOU3BOIHAS TIOIOKH-
TeJIbHA TIPU BO3pacTaHWU (PYHKITUM U OTpUIIATEIbHA MTPU YOBIBAHUY (DYHKITHHN).

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

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

ConporuBieHue, Oka3blBAEMOE TOKY KaTyIIKOW MHIYKTUBHOCTH, PABHO

XL = oL.

Kak u KoHIeHcatop, KaTyllka SHepruM y WCTOYHMKA MUTaHWs He morpedinser. Be€, uro B
KaKMe-TO MOMEHTHI KaTyIlIKa OTOOMpaeT Yy MCTOYHHMKA Ha CO3/IaHWE MAarHUTHOTO TOJIsi, OHA OTAAeT B
1erb 00paTHO, KOTia 3TO MoJjie ucyesaeT. M nmporcxoauT takoe "0epy-oTaai” MHOTO pa3 B TEUCHHUE
CEeKYH/IbI (B 3aBUCUMOCTH OT YacTOThI). YTOOB OTMETUTH 3TY OCOOEHHOCTh MHAYKTUBHOTO COTPOTHB-
JIeHUs, €ro, B OLIMYKME OT aKTUBHOIO R (B KOTOpPOM 3HEprus TpaTuTcs Ha BbIAEICHUE TeIla), Ha3bl-
BaIOT PeaKmueHbIM COIIPOTUBJIEHUEM (KaK U KOHJEHCATOD).

Ecnu cxema cocTOMT TONBKO M3 PE3UCTOPOB, TO MOCJIENOBATEIBHO BKJIIOYEHHBIE COIIPOTUBIIE-
HUS MPOCTO CYMMUpYIOTCS. B cilyuyae ke KOHIEHCAaTOpOB M KaTyIEK MHAYKTMBHOCTH TaK JeJaTh
HeJIb3$1, TaK KakK, KaK MbI CKa3aJI1, 3TO PEaKTHBHBIE IEMEHTHI, T.€. He TOTPEOISIONIIE SHEPT MU UCTOY-
HuKa nuTaHus. HanpsikeHue Ha pe3ucrope (aKTUBHOM 3JIEMEHTE) COBIAJAET Mo (a3e ¢ TOKOM, a B
cllyyae peakTUBHBIX JIEMEHTOB 3TO He BbINOJIHAETCA. HanpskeHre Ha eMKOCTH OTCTaeT OT TOKA Ha
90°, a B ciryyae KaTylIKM HarpsikeHue onepexkaer Tok Ha Te ke 90°. Kak 310 yuntsiBath? Kakum
Oyner ol1ee HanpsDKEHNE B Cllyvae 1eMH U3 COMPOTHUBIICHHUST PE3UCTOPa U KOHJEHCATOPa WIIH Pe3u-
CTOpa M KaTylmKu? A B cily4ae, KOrja B cxeMe UMeloTcst Bece Tpu nemMenTa? Kakast MoItHocTh Oynier
LIUPKYJIMPOBATh B IIENH M KaKasi MOIIHOCTb OyJeT BBIACIATHCS 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 4ToOBl OTBETUTH HA 3TU BOMPOCHI, B AMEKTPOHHUKE MPUMEHSIOT TAKOE MaTeMaTuye-
CKOE TIOHATHE, KaK KOMILUIEKCHbIE ynciia. [IoaToMy npesxae yem u3ydarb EpeMEHHbI TOK J1aJblIIE,
HaM IpUETCs caesaTh HeOOBIION SKCKYPC B MATEMATHKY, HO TIOBEPHTE - 9TH YCUJIUSI HE POy T
JapoM.
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OTCTYI'IJ'IEHHE = UYTO TaKoe KOMNJIeKCHbie YUC/a

Bbl HAaBEpHAKA CTA/IKMBANNCh B LIKO/E C KBAAPATHLIMM YPABHEHUAMM, ¥ KOTOPLIX BbipaxeHue (b? - dac)
66110 MeHbLUe HYNA M PELIUTb UX AA Bac Bbino 3aTpyaHUTENbHOI 3agaueid. Ho KOpHM y TakuX ypaBHEHUIA
BCE-TAKU eCTb, OHM NpefcTaenalT cobol KomnnekcHble yucna. locne Toro, Kak Bbl NpouyMTaeTe 3Ty
BCTABKY, Bbl CMOXeTe pelnTb noboe KBagpaTHoe ypasHeHue.

[na npumepa BozbMem cnesytollee: x2+3x+8=0
MocunTaem KopeHb U3 AUCKPUMMHaHTa: sqrt(32 - 4*8) = sqrt(9 - 32) = sqrt(-23).
Kazanock 6bl, mbl "npuexanu”... Ho Ha camom gene cyuiectsyer yMcio j (B matemaTuke oHo obosHavaerca
KaK i, HO 3TOM BYKBON B 31eKTpoHMKe 0603HAYAIOT TOK), KOTOPOE HAa3biBAETCA MHUMOWN eAUHULENR U AaeT
B kBaapaTe -1. Ha n10CKOCTM MHMMBbIE YMCNa OTKNAAbIBAIOTCA NO BEPTUKANbHON OCU M MHUMAA eQnHULA
HaxoguTca B Todke (0; 1) (BewiecTBeHHble uKcna, Kak 0BbIYHO, OTKNAABIBAIOTCA NO TOPU3OHTANLHOW OCH,
OHM Ha3bIBAKOTCA AEWCTBUTENbHOM UK peanbHOM CocTaBNAWEe):

v

(0, 1)

0

Puc. 2.10. Muuman egpuuua j Haxoautes B Touke (0, 1)

[Ona Toro, uto6bl NOCYMTaTb, YeMy paBeH KOpPeHb M3 HaWero AWCKPUMMHAHTA, PasfoMMM 4YMCNo Ha
MHOMXUTENN, OAHWM M3 KOTOpbIX byaet -1:

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

Tenepb NocYMTaEM KOPHU YpaBHEHUA:

x1=(-3+j*sqrt(23))/2=-15+j*2.4

Xp=(-3-j*sqrt(23))/2=-1.5-]* 2.4
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MpoBepum, uTO 3TW YMCIA ABAAKOTCA KOPHAMM HAWEro ypaBHeHWA (HO Mbl OKpYIWMAM 00 AECATHIX
sqrt(23), nostomy byaet norpewHocTs). MoacTasMm cHayana nepeoe YMcIo (Mbl MOMHMM, YTO MHMMaA
eauHMUa j aaeT B KBagpare -1):

x2+3x+8=(15+j*2.4)2+3%(-1.5+%2.4) +8=2.25 j*7.2+(j)2*5.76 - 45+j*7.2 + 8 =225 j*7.2 -
5.76-4.5+j*7.2+8=-8.01+8=-0.01

Terlepb noacTaBum BTOpOeE YMCNOo!:

x2+3x+8= (-1.5 —j"Z.ffl)2 +3%(-1.5-j%2.4)+8=225+j%*7.2 + |:j]|2 *576-45-j*7.2+8=2.25+j%7.2-
5.76-45-j*7.2+8=-8.01+8=-0.01
Mbi noayumnm To, yto oxuganm (o Tom, uto ByaeT norpewHocTb, Mbl ynomaHynu). MocmoTtpum, rae

HaXO4ATCA KOPHWM Ha MIOCKOCTU. [eOMETPUUYECKN KaKOoe KOMM/EKCHOE YMCno M306pamaeTca TOUKOW,
MMelLLei KoopamMHaTbl X U Y. B Hawem cnyyae nepeas Touka - 510 (-1.5; 2.4), sTopas - (-1.5; -2.4):

it

;
e
’
.
o
+
3

Puc. 2.11. KopHu KBaZpaTHOIO ypaBHEHUA
Tenepb Bbl CMOXKeTe pelunTb NobGoe KBagpaTHoE ypaBHEHUE.
Takum obpazom, noboe KOMNNEKCHOE YUCNO MOMKHO NPEACTaBUTb B BUAE
ol o [
rae x Uy - OedACTBMTE/IbHbIE YMCAa, a j - MHAMaA eQuHMLA. X Ha3biBaeTcA ASWCTBUTE/NbHOM 4acTbio

KOMMASKCHOID 4Yucna, a y - ero MHMMOK yacTbro. OBblYHbIE YMCAA - 3TO YACTHBINA cnyqaﬁ HKOMMNEKCHbIX |
qyucen, Korga MHMMaA 4acTb PABHA HYMHO!

7=7+j0
32-32+j-0
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Yucna ¢ Hynesoit AeiCTBUTENbHOI YacTbio (Hanpumep, 0+ j - 6 uam 0 + j - 23) Ha3bIBAOT YMCTO MHUMbIMM.

Take KOMMNEKCHO. YUCA0 MOMHO npeacrtaemTb B BUAe

z=x+j-y=r-cosg+j r-sinp=r-?,

rae
r= sqrt(x2 + yz) - MOJIyEb KOMIITEKCHOTO JIICIA;
o = arctg(y/x) - €I0 apryMeHT.

37O cTaHeT ropasfo NOHATHEEe, eciM Bbl MOCMOTPUTE Ha MIOCKOCTb, Fae M30bpareHo KOMMAEeKcHoe
UMCNIO, ¥ BHUKHUTE B FEOMETPUUECKMIA CMbICA 3TUX 3HaueHuit (puc. 2.12):

v

x s=x+j-p=r-d?

Puc. 2.12. OtobpakeHne KOMNAEKCHOTO YMCNA Z = X + | - ¥ Ha MNOCKOCTH

OTcioaa BUAHO, YTO MOAYAL I - 3TO PaccToAHME OT TOUKM (X, y), oToBpaarolleit AaHHOe YMCNo, A0 Havana
KOOPAMHAT, @ ¢ - YTON HaKA0Ha OTPe3Ka, COeAMHAILLETO UX, K OCKU X (3TOT yron HasblBaeTCA apryMeHTOM).

M HanocnedokK - O CONpPAMEeHHbIX YUCiax. .ﬂBa HOMMANEKCHBIX YKMCNa, OTNHMUY3AKLWMXCA 3HaKOM MHUMOM
H4aCTK, HA3bIBaKOTCA CONMpPAXEHHbBIMM!

Al=3+4j
A2=3-4

Mx NMPOU3IBELEHWME HE COOEPHAUT MHWMMOW YacTn U PAaBHO KBaApaTy MOo4yNnAa:

Al -A2=(3+4))-(3-4j))=25
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(mogynb 3peck paseH \![32 + 42} =V(25)=5).

COOTBETCTBYET BEKTOp, ﬂpOBe,ﬂ,eHHblﬁ M3 Hadana KooOpAWHAaT B OaHHYH TOYRY. ,[E,anee npu cymMmmMmupoBaHUK

nnbo no npaewny TpeyronbHUKa (HUMKe nepeblil pucyHok), (nbo no npaeuny napannenorpamma (BTopoit
PUCYHOK). 3TO OLHO U TO e, pe3ynbTaT OAUHAKOBbIA:

Im
Im 4

| Re _ ¢ |
_ -j/wC : H
-j/wC I ks |

=R-j/wC

S

s

ZI]OJIH o R - j/(‘oc ZI'IUJ'IH

HNMmnenanc

n nocnegHee. MHOF,ELa npKY ONHUCaHWK NPOoLEeCcCoB, MPOUCXOAALLMWMX B CXeMax C PeaKTUBHbIMMW 3N1eMEHTaMM,
BMECTO KOMNAEKCHOIO YMcna WCNonb3yrT BEKTOP. 310 No CYyTH OOHO WM TOMeE, T.K. KOMIMEKCHOMY YKucny

COI'IpOTMB}'IeHMﬁ Y HOMMAEKCHDbIX YHMCEeN NonapHO CKNaAblBalOTCA ,El,eﬁCTBMTEJ'Ibele U MHWMMble 4aCTH, a B
cnydyae BEKTOPOB - BEKTOpPbl, COOTBETCTBYHLIME NMPOOEeKUMAM BEKTOPOB Ha OCH. BeKTOpr CENagblBakoT|
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1

Z (500 Om)

>
R (300 Om)

Puc. 2.13. (1) Karymika uHIyKTUBHOCTH, COEAMHEHHAsI MOCeJ0BaTeIbHO ¢ pe3uctopoM R. (2)
Bekropnoe npeacrasnenue R, XL u ux cymmsl Z

Pesynbrupymomee conpoTuBiIeHUE LENW, COAEpKAILEW KaK aKTMBHOE, TaK U PEAKTUBHOE
(MHAYKTUBHOE WJIN EMKOCTHOE) COIPOTUBIIEHUE, HA3bIBAETCA UMNEOAHCOM WU TIOJIHBIM COIIPOTUB-
JIEHUEM LIETIH.

Nmnenanc Z ABnsgeTcad BEKTOPHOM CYMMOM PEAaKTMBHOIO CONPOTUBIIEHUSA X U aKTMBHOTO
conporusieHus R.

Paccmorpum, HanipumMep, cxemy, u300paxkeHHyo Ha puc. 2.13, 1. OHa BKIIIoYaeT B ceOst MHIyK-
TUBHOE conpotusieHne XL, coenHeHHoe ocneaoBaresbHo ¢ pesucropoM R. M3 puc. 2.13, 2 BusHO,
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yT0 BekTOp XL ornepesxaet Bektop R Ha 90°. (Bparienue BekTopa 03Ha4yaeT yBeJMyeHue yria ¢ (puc.
2.12), oHO OoCyIIEeCTBIISIETCS MPOTUB YaCOBOU CTPEJIKU, HAYaJIO (T.€. HyJIeBOe 3HaUe€HHUe STOro yIJia) -
3TO TOPU3OHTAJIBHAS OCh. A MPOEKIIMU ITOI'0 BEKTOPA HA OCH - 3TO aKTUBHOE (Ha OCh X) U PEAKTUBHOE
(Ha OCh y) coCTasISAIOIIKE MOJHOTO CONpOoTUBIIeHU Z..) IMnienanc paBeH

Z =(XL2 + R2).

Ecmu XL =400 Om u R = 300 Owm, TO

Z =N(16:104 + 9-104) = V(25-104) = 500 Om.

UroOsl JTydllie MOHATh, KaK padoTaTh ¢ KOMIICKCHBIMHU YHUC/IAaMU (M BEKTOPAaMU), COOTBET-
CTBYIOIIMMU COIPOTUBJIEHUSIM PE3UCTOpa, KOHJEHCATOPA U KaTyIIKU UHIYKTUBHOCTH, PACCMOTPUM
HECKOJIbKO TTPUMEPOB.

IIpumep 1

HapucoBatb BekTopHyIo auarpammy ajisi RL-tieru, n3o0paxeHHoi Ha puc. 2.14, 1, u HailTH
HanpsxkeHre UT, IprujiokeHHOE K CXeMe.

5B 5B U, (5B)
S | le—— . Uy (7 B)
L
R
[punoxeHHoe
HamnpshKeHHe
U, 0=45°
———J O 0 -
1) Uy (5 B) I
2)
Puc. 2.14.

Pewenue:

Bekropnas nquarpamma 715l 3TOro ciiyvyasi okasaHa Ha puc. 2.14, 2. CHavyasia HoCTpouM BeK-
top Toka I. Hanpsixkenne UR Haxoautcs B ¢asze ¢ TokoM I (T.K. 310 pesucrop), a HanpsikeHnue UL
onepexaeT Tok | (a 3Haumt, 1 UR) Ha 90°. Cymmapnoe Hanpsikenue UT, npuiokeHHOE K LNy,
pasHo BekTopHOI cymme UR u UL. Ilo teopeme INucaropa UT paBHo:

UT =+(UR2 + UL2) =V(25 + 25) =V 50 ~ 7 B.

37ech crielyeT 3aMeTUTh, YTO MOTYyYSHHBIH pe3yJIbTar OoJblIe, YeM KaxJasi i3 COCTaBJISIONIHX,
HO MEHbIIIE MX CYMMBI, TIOCKOJIBKY 3TO T'MITOTEHY3a MPSMOYTOJIbHOTO TPEYTOIbHUKA, a HATPSIKEHU S
Ha 1eMeHTax uenu (UR u UL) - ero karersl. Yros Mexay BEKTOPOM IPUJIOKEHHOTO HAINPSAKEHUS
Y TOKOM paBeH 0 = 45°.

IIpumep 2

s RC-nienn, nzo0paxeHHoN Ha puc. 2.15, 1, HaUepTUTh BEKTOPHYIO AUArpaMMy M HAWTH
HanpsxkeHre UT, npuiiokeHHOe K CXeMe.
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4B 3B
U,(4B
I F_ﬂm |‘|—|'| >( ) I
— [ 0 o >
R C
‘ r
HPHJIODKEHHSE‘ HaNlpsKeHWe UC [3 B] UT [J B]
1) 2)

Puc. 2.15.

Pewenue:

Ha BekTopHO#l tuarpamme, nokasaHHo# Ha puc. 2.15, 2, BugHo, uro UC otcraer oT ToKa (1
ot UR) Ha 90°. UT sBnsiercst BektopHOoit cymmoint UR u UC. Takxke BuaHo, uto UT Gonbiiie, yem
Kax[Jasi U3 COCTaBJISIONIMX HAMPsKeHUs, T.€. OoJblie, ueM 4 B, Ho MeHblI1Ie, ueM ux apudmeTrnyeckast
cymma (3 + 4 =7 B). Ilo teopeme [Tudaropa nanpsixkenre papuo UT = 5 B u orcraer ot Toka Ha
yron o = 36°.

IIpumep 3

st RLC-uenu, nzo0paxeHHoO# Ha puc. 2.16, 1, HA4epTUTh MOJTHYI0 BEKTOPHYIO JUarpaMMy U
Haiity HanpsikeHue UT, npuiiokeHHoe K CXeMe.

A U.(90B)
40 B 90 B 60 B
i
o T b I
L
R C
0 I 3)
[IpuiioxkeHHoE U, (40 B)
Hallps2KeHue
U,
o 2)
1)
Y u.(60B)
Puc. 2.16.
Pewenue:

Bekropnas quarpamma nocrpoena Ha puc. 2.16, 2. UR Haxoaurcs B (pase ¢ TokoM I, onepesxkaer
UC Ha 90° u orcraér ot UL Ha 90°. ITockoneky UL u UC nexar Ha OHOM BEPTUKAIBHOM IIPAMOM,
TO X CyMMa, KaK MOKa3aHo Ha puc. 2.16, 3, MoxeT ObITh IIPE/ICTaB/IeHa BEKTOPOM

0Z=UL - UC =90 - 60 =30 B.

Pesynsrupymomee nanpsxenue UT pasHo BektopHO cymme UR 1 OZ. UT =50 B u onepesxaer
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) = AO + Al*sin wt + A2%sin 2wt + A3 *sin 3wt + A4*sin 4wt + ...

Ora cymMa HasbiBaetcs psaoM Dypobe.

Curnan ¢ yactotoit = 27tf Ha3bIBaeTCs IEPBOM, MJIM OCHOBHOM, TAPMOHUKOM, CUTHAJI C YacTO-
TOM 2 - BTOPON FApMOHUKOM, C YaCTOTON 3 - TpeTbel U T.J.

Yem GoJIblIIe 31€Ch CIaraeMbiX, TEM TOYHEE ITON CYMMOM BHIPaKAETCsI MOACIUPYEMbIA CUTHAIT.

[TpssMOYTONbHBIA CHUTHANT COAEPKUT OCHOBHYIO TApPMOHMKY IUIIOC HEUYETHblE TapMOHUKHU.
Hanpumep, npsimoyrosnpHblid curiain yacroror 1 kI coctout u3

- OCHOBHO# rapMOHMKHU ¢ yactoToil 1 kI,

- 3-eii rapMOHUKHM ¢ yacToroit 3 kI,

- 5-0¥ rapMOHUKH ¢ yacTtoToi 5 kI,

- 7-o¥ rapMOHUKH ¢ yactotoi 7 kI,

U T.I.

Ha puc. 2.20 uzo6paxeHo pasjiokeHre Ha OCHOBHYIO M TPEThI0 TAPMOHHUKY TPSIMOYTOJIBHOTO
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 - TOKE 3a1a4a PaJAuONHKEHEPOB.

[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. Iuddepenuuartop

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 MTPOM3BOIHOM OT HAIPSIKEHMSI.
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Ecnum 6b1 pe3uctopa He ObUT0 (BBIX0 ObLT Obl 3aKOPOUYEH), MBI Obl HE CMOTJIA TIOTYYUTh BBIXOJI-
HOW CUTHAJI, T.K. HAaIlpsKEHME MOKHO TOJIyYHTh TOJIBKO TOT/IA, KOT/A elb He 3aKOpoYeHa, a UMeeT
HEKOTOpOE COMPOTUBJIEHHE, HA KOTOPOM TOSIBJISIETCSI CUTHAJT TAKOH e (DOPMBI, KaK TOK uepes3 Hero.
A TIOCKOJIbKY TOK B II€TId MEHSIETCSI B COOTBETCTBUU € (popMysioit (*), T.e. MPOMOPIIMOHAIEH TTPOU3-
BOJIHOW OT BXOJHOTO HAINpsIKeHUsI, JaHHasi cxema HasbiBaetcsi qudpepenimaropom. [IponsBogHast
OT (PyHKIIMH - 3TO OTHOIIeHUe ee npupamierus A U K mpupaiieHuio apryMmeHTa A t 1 4eM MeHbIIe
3TO MpHpalieHre BpeMeH!, TeM TOYHEee 3TO SIBJISETCS 3HAUSHUEM ITPOM3BOIHON B JAHHOW TOUKe. A
€CJI COBCEM TOYHO, TO TIPOM3BOJHAS - 9TO TAHI'€HC YIIa HAKJIOHA KacaTeIbHOM.

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. [IpousBoaHas - TaHreHC yriia 0. HAKJIOHA KacaTeIbHOM

MBI rOBOpMIIA O HEKOTOPOM KOPOTKOM CHTHaJIe-CKauKe HarpsikeHus. Eciu ke curHai peasb-
HBIH, T.€. U3MEHSIIOIIHUICS 10 (POPMYJIE HEKOTOPOU (PYHKIIMU, HA BHIXOAE MBI ITOJTYYUM IMPOU3BOIHYIO
oT 310 (pyHKIMU. [IpoIOTIKUTETBHOCTD BCIIIECKOB HA BBIXOJE 3aBUCHUT OT 3HAYEHUIN eMKOCTH KOH-
JeHCcaTOpa U COMTPOTHBIICHUSI PE3UCTOPA, YeM OHU OOJIbIIIE, TEM JTMHHEe/TUIaBHee Oy/IeT BCILIECK, T.e.
g depeHIMpoBaHHbIN CUrHAJI, Ha BbIxoe. Kak yxe ynoMmuHanock, ux npoussesneHue R-C Ha3biBa-
€TCsI IOCTOSTHHOM BPEMEHU.

[Tpu HEeKOTOPOM CKavKe BXOIHOTO HAMPSI)KEHUSI KOHJEHCATOP HAYHET 3apsiKaThCs U TOK 3apsijia
OyzeT TeM OoJIblle, ueM ObIcTpee Mbl MeHsieM BxofaHoe Harnpsikerue (I = C-dU/dt, ¢popmyrna, oTpaxka-
Iolask TMHaAMUYecKoe TIoBe/IeHNe KOHIeHcaTopa). B uyeasie pu HyJIeBOM COMPOTUBJIEHUH MbI TIOJTY-
g Obl TPOM3BOHYIO OT BxoaHoro curHana (I = C-dU/dt), T.e. 310 Obu1 OB HAeanbHbIN qridepeH-
rmarop. Ho cxeM ¢ HyJieBbIM COMPOTURIIEHUEM Ha BHIXOJIE He ObIBACT, B PEaIbHOCTH Ha BBIXOJIE BCET/Ia
JOJDKHO OBITh KAKOE-TO COMPOTHBIICHHE, YTOOBI momyunTh curaai (Ucwr = [-R, mostomy corpoTus-
JIeHUE He JOJI)KHO PaBHSATHCS HYJIO), BeJlb He ObIBAET TaK, YTO HA BBIXOJE CXEMBI HAXOTUTCS MTPOBO-
JIOKa, C KOTOPOU CUTHAJT HE CHSTb.

Pe3ucrop cBorM conpoTHUBIeHNEM BHOCUT B AU (epeHLIpOBaHNE BXOAHOTO CUTHAJIA [Orpelil-
HOCTb, TIOTOMY TIOJTyYaeTcsl HenieaabHa st TPON3BOHAS, U YeM OOJIbIIIe CONIPOTUBIICHUE, TEM OOJIbITe
CHT'HAJI CTAHOBUTCS HE TIOXOXHMM Ha WJICTbHYIO TIPOU3BOIHYIO. XOTSI PE3UCTOP U BHOCUT TOTpeIll-
HOCTH B (hOpMY MPOU3BOIHOM, HO OJ1arogapsi eMy Ha BBIXOJIe TOSIBIISICTCS] KAKOe-TO HarpshkeHNe, T.K.
Yyepe3 pe3ucTop HaYMHAET TeUb TOK 3apsijia KOHAEHCATOpa, KOTOPBIN XOTh U HE SIBJISETCS TPOU3BO/I-
Hoit BxogHoro curHaia (I = C-dU/dt), Ho oueHb MoX0oX Ha Hee. DTOT TOK CO3J]aeT Ha BBIXOJHOM pe3u-
CTOpe HaIpsiKeHUe, KOTopoe o (popMe COBIAIaeT ¢ STOUM MPOU3BOIHOM, TIOCKOJIBKY HaMpsKEHUE U
TOK CBsi3aHbl JTMHeHO! 3aBucuMocThio (U=I-R, 3akon Oma). Takum 0Opa3oM, BHIXOTHOE HAIpsike-
HUE OYeHb MTOXOKEe Ha MPOU3BOIHYIO OT BXOJHOTO HAIPSIKEHHUS.

Ecnmu BBl IOHSIM W3JIOKEHHBIN BBIIIIE MaTepyall, TO ITOro JocratouHo. Eciu ke Bam xouercst
MOKOMAaThCsl B MATEMaTUYECKOM OIMMCAHUM JIAHHOTO TPOIIecca, TO MPOYMTANTE CIIeIYIONIUe /1Ba
a0zaria.

B cooTBeTcTBUM ¢ AMHAMUYECKUM OIMCAHWEM TIOBE/IEHHSI KOHJICHCATOpa TOK B IEMU paBeH [
= C.dUC/dt = C-d(Usx - Ussix)/dt u ogHoBpemeHHo (110 3akoHy Oma) I = Usbix / R. Tok uepe3
PE3UCTOP U KOHJICHCATOP TEYET OJVH U TOT Ke, IOITOMY Mbl MOXEM IIPUPABHSITH IPABbIe YaCTU TUX
dopmyn): C-d(Usx - Usbix)/dt = UBbix/R Eciu bl conpoTuBiIeHHe pe3rcTopa M eMKOCTh KOH/IeH-
caropa ObLIH IOCTATOYHO MaJIbIMU M BHITIONHsLIOCHh yeaoBue dUBbix/dt << dUBx/dt, (cM. ciemyrommii
a63a11) Mbl Morn Obl 3anucath, uyTo UBBIX/R = C.d(UBx)/dt unu Usbix = R-C-d(UBx)/dt, T.e. yem
OoJIbIlIE CKOPOCTh M3MEHEHHSI BXOJJHOTO CUTHAJIA, TEM OCTpee MUK HalpshKeHUs Ha Bbixone. Takum
00pa3oM, Ha BBIXOJIE MBI ITOJTy4aeM ITPOM3BOAHYIO BXOJHOTO HAIPSIKEHUS.

st Toro uro6sl BeIMoHsIOCHh yenoBue dUBbix/dt << dUsx/dt, mpoussenenne R-C 1omkHO
OBITH HEOOJIBIIIM, HO MPH 3TOM COMPOTHBJIeHUE R He JOKHO OBITh CJMIIKOM MaJibiM, YTOOBI HE
Harpyarb BXO[I (IMPY CKAYKe HANIPsKEHU S Ha BXOJIE M3MEHEHVe HAMPsKeHU Ha KOHJICHCATOPE PaBHO
HYIO, T.K. 3apsiika C HauMHAeTCs] He MTHOBEHHO U B 3TOT (HaYaJIbHBIN) MOMEHT JIJIs1 BXOJHOMW IIeTH
UMeHHO R siBJIsieTcss Harpy3Kom).

2.5.2. Nurerparop

JJ1s1 TOHUMAaHMS STOM TEMbl BCIOMHUM T€OMETPUUYECKUN CMBICIT MHTErpasia. DTO HapacTaHue
TUTOIIA/IY TTPY IBUKEHHUH BJIOJIh TOPH3OHTAIIBHOM OcH X. Harmpumep, B caMoM IPOCTOM city4ae, Korjia
(yHKIMSA paBHA MOCTOSHHOMY 3HAYEHUIO, 9TO JIMHEHHAS 3aBUCUMOCTD, T.€. BO3pacTalomas npsmasi
(MBI TBUTAEMCSI BIIPABO M TIPY STOM TUIOIIA/Tb TIO/T IPpaprIKOM HapacTaeT OMMHAKOBO OBICTPO MPH OJIU-
HaKOBBIX NPUPAILIEHUX apryMeHTa X, puc. 2.26, 1). A B ciyvae, eciiv y Hac (PyHKIIMS - HE KOHCTaHTa,
a BO3pacTaromias nmpsimMasi, To Py Pa3HbIX 3HAYCHUSX X ¥ TP MPUPAIICHUSIX X HA OJJMHAKOBYIO BEJIH-
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YHMHY TUIOIIA/Ib YBEJIMUMBACTCS yKe He OIMHAKOBO, a YeM Jajiblie, TeM cuiibHee. [loaToMy nHTerpat
OT JIMHEWHOW (PYHKITUM - TIapadoIIa, T. €. OH MpoIopiroHaeH x2 (puc. 2.26, 2).

y* N
y T WUnrerpany = ax’/2

l/lll'l‘(,‘l'pa]l - lIipsAMad y = ax

/ y =ax
y=a
[l1omajib HapacTaeT JUHEHHO, T. e. . R
ﬂpM OJIMHAKOBBIX HIAarax I1o X
I’IHTCFpaf[ OT KOHCTAHTHhI - HpﬂMaﬂ

IUI0Ia/[b BO3pacTaeT Ha pasHylo
BEJIMYHMHY (Iard «Iiouagbio»
—p» HEOJ[MHAKOBbIE)

0

X

1) 2)

Puc. 2.26. Yro Takoe uHTErpa
A Terepb paccMOTPUM cXeMy, U300pakeHHYI0 Ha puc. 2.27.

R
U, U

Puc. 2.27. Unterparop

TOK MOXHO BBIPa3UTh CIIEAYIONM 00Pa30OM:

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

I=(Usx - U) /R (3akon Oma).

[IpupaBHseM npaBble 4acTH:

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

Ecmu ob6ecnieunts BoimonHeHue yciaoBust U << UBX, TO MOXHO 3aIicaTh
C.(dU/dt) =Usx /R

dU/dt = Ux/RC

;
Ut=J U, (®-dt / RC
0
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Puc. 2.28.

BuaHO, 4TO BBIXOAHOE HANPSKEHUE MPONOPLUMOHAIBHO MHTETPay OT BXOAHOTO, NO3TOMY
takass RC-nienb Ha3bIBaeTcst MHTErpUpylomieil. PaccMorpumM, Kak 3Ta cxema oOecreunBaeT anmpok-
CHUMalMIO0 UHTETPUPOBAaHUS B CIy4ae BXOJHOIO CUTHAJIA MPAMOYroiibHOM (popMel (puc. 2.28). Ilep-
BBII yYacCTOK rpaduka (MHTErpaj OT MOCTOSHHOM BeIWYuHbI UBX) - MpsAMas ¢ MOYTH MOCTOSTHHBIM
YIJIOM HAaKJIOHA; ITPY YBEJIMYEHUU NTOCTOAHHOM BpeMeHH RC ncnonb3yercs BCE MEHBIINAN Y4aCTOK
3aBricuMocTy UBBIX(t), TEM caMbIM 0OecriedrBaeTCs JTydlnasi almpOKCUMAIHST HAEATBHOTO TTHII000-
pa3sHOro CUrHaja.

Venosue U << UBX paBHOCHJIBHO OOJIBIIOMY 3HAYEHHIO COMTPOTUBIIeHH pesuctopa R. Ha nem
IaJIaeT 3HAYMTENbHAS 0/ BXOJHOTO HAIIPSKEHUs, a 3HAYUT 3HAYEHUE BBIXOAHOrO HanpsikeHus U
MaJIO ¥ MHTErpaTtop padoTaeT Ha MoYTH MpsMOM ydacTke kpuBor U(t), onuchBalolen 3apsi KOH-
neHcaropa. Ha mpakTuke 3Tum npuOImkeHreM Nob3yI0TCs JOBOJIBHO YacTo.

WuTerpupyomue nenyu HaxogAT MUPOKOE NPUMEHEHUE B aHAJIOTOBOM TeXHUKe. VX McIomb-
3yIOT B YIPaBJISIIONIMX CHCTEMaXx, CXeMax ¢ 0OpPaTHOM CBA3BIO, ITPU aHAJIOTO-IM(pPOBOM Mpeodpaszo-
BaHUM U FeHepaly KoJeOaH!.

Paccmotpum padoty ¢punbtpa Huszkux yactor (PHY) u dunbrpa Beicokux uvacrotr (PBY),
COCTOSIIIMX M3 PE3UCTOPA U KOHJEHCATOpa.

2.6. PuabTpbl

Ilepennem Kk paCCMOTPEHHUIO TAKUX KE CXEM U3 PE3UCTOPA U KOHJIEHCATOPA, PACCMaTpUBasi CUT-
HaJIbl B 3aBUCMMOCTH HE OT BpEMEHH, a OT YaCTOTBI CUTHAJIA. DTOT TUIT aHAJIN3A HA3bIBAETCS aHATTU30M
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B YaCTOTHOU 00JIaCTH WM CIIEKTPATBbHBIM aHATIM30M (aHATM30M CUT'HAJIA C TOUKH 3PEHHS COCTaBJISI-
IOIIMX €r0 CHHYCOUL).

bnaronapst Tomy, uro umnenaHc konjaeHcaropa, paBabiii ZC = -j/(wC), 3aBUCUT OT 4aCTOTHI,
C TIOMOIIIBIO KOHJIEHCATOPOB M PE3UCTOPOB MOKHO CTPOUThH YaCTOTHO-3aBUCHUMBIC JICJIUTEN HAMps-
KEHUSI, KOTOpble OYIyT MPOITyCKaTh TOJNBKO CHUTHAJIBI HYKHOW ITOJIOCHI YacTOT, a BCE OCTAJIbHBIC -
TOJIABJIATD.

2.6.1. YacroTHas XapaKkTepuCTHKa

Eciu noakmoynTh K reHepaTtopy CUrHAJIOB JIBa PE3UCTOPA, COSIMHEHHBIX MOC/Ie0BaTeIbHO,
TO TIPY U3MEHEHUH YacTOTHI BUJI TpachyKka CUrHaja MEHATHCS He Oy/IeT, MOCKOJIbKY COMPOTHUBIICHHUE,
KOTOPOE OKa3bIBAIOT CUTHAJTY PE3UCTOPBI, OT YACTOThI HE 3aBUCHUT - KaKasi JIOJIsl CUTHaJIa B 3aBUCUMO-
CTH OT COOTHOIIIEHUSI COMPOTUBJIEHUI TOCTAHETCSl Pe3UCTOPY, TaKas v OyAeT MpH JII0OOH YacToTe.

Ho eciu onuH U3 pe3ncTopoB 3aMEHUTh KOHJEHCATOPOM WJIM KaTYIIKOM, TO CUTYaIUsl u3Me-
HUTCS, IOTOMY YTO Y HUX COMPOTUBJICHUE MPU M3MEHEHUU YacTOThl MeHsieTcsl. ['paduk, KOTOPBbIit
MOKa3bIBAET MOBE/IEHUE CXEMbI B 3aBUCUMOCTHU OT YaCTOTHI, HA3bIBAETCS UACMOMHOU XapaKmepucmu-
koui. Ilo BepTUKaIM y Hee OTKJIaIpIBaeTcsl KO3(pPUIIMEHT nepeaaun BXOIHOIO CUTHAJIA WK MPOCTO
BBIXO/IHOE HAMPsIKEHUE, a 10 TOPU30HTATIBHOM OCH - YacTOTa (CM. HUKE YaCTOTHBIE XapaKTePUCTUKU
¢punsTpo BY u HY).

2.6.2. dunstp BY

Owierp BY - nenurens HanpskeHU s, BEPXHUM IUIEYOM KOTOPOTI'O ABJISAETCA KOHIEHCATOP (puC.
2.29). MbI 3HaeM, 4TO COMPOTHBIICHUE KOHJICHCATOPA 3aBUCHUT OT YaCTOTHI U YeM OHa OOJIbIIEe, TeM
Mmenbine 310 corporusienue (XC = 1/(wC) = 1/(2nfC)), oka3zpiBaeMoe KOHJEHCATOPOM CUTHAIY.
Jl1s1 OueHb BBICOKMX YacTOT 3TO MPOCTO MPOBOJIOKA, COSIMHSIONIASA BXO/ U BBIXOJI, [IOTOMY TaKHe
CHTHAJIBI TTOYTH Oe3 ociabieHu sl TIOMaJaloT Ha BBIXO, a /I HU3KKX - Pa3phiB, T.€. OHU Ha BHIXOJ HE
nipoxonAt. [ToaTroMy gaHHasi cxema MpOITyCcKaeT TOJAbKO CUTHAJIBI BHICOKMX YacToOT, T.€. UTPaeT poJib
¢unsrpa BY.

C
Uc I T oU

L

Puc. 2.29. OuiibTp BHICOKMX YacTOT

Haiinem 3aBucumocts ko3(puiimenTa nepegayn 3Tol cxeMsl OT 4yacToThl. COIIacHO 3aKOHY
Oma AJIA KOMIUICKCHBIX BEJIMYWH TOK B LICTIN paBEH

Ix = Usx / |Znonnl = Usx / N(R2 + 1 / (02C2))

(B 3HAMeHaTteJie - JUIMHA TUIIOTEHY3bl (BEKTOPA) ITOrO MOJHOTrO conpoTtunienus (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. [TonHoe cornpoTtupienue puibTpa

YmHO)kad ero Ha R, nonydaeM aMIumMTyny BIXOJHOTO HAIIPSKEHUSA:

Ussix = Iex- R = Ux R/ V(R2 + 1 / V(02C2)) = Usx wRC / V(1 + (wRC)2) = Usx 2nfRC /
N(1 + (2fRC)2)

I'pacduk 3T0i1 3aBUCMMOCTY TIPEACTaBJIeH Ha puc. 2.31.
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Puc. 2.31. [lepenarounas xapakrepucruka ¢puisrpa B4

Touka, momedyeHHas kak 3B, cOOTBETCTBYeT MOJIOBUHE MOIITHOCTY UCXOJHOTO CUTHAJIA.

2.6.3. dunsTp HY

@unstp HY - genurens, Ha BHIXOIE KOTOPOTO BMECTO PE3UCTOpa BKJIIOUEH KOHIEHCATop (pHC.
2.32). ConpoTuBieHNe KOHAEHCATOpa 3aBUCUT OT YacTOTHl M 4eM OHa Oofibllie, TEM MEHbIIIE 3TO
conpotusiienre (XC = 1/(wC) = 1/(2nfC)). 3Haunt yem oHa OoJbllie, TeM MEHbIIIE COMPOTUBIIe-
HUE, KOTOPOe OKa3bIBaeT KOHJEHCATOp CUTHAITY. [1Jis1 O4eHb BHICOKMX YaCTOT 3TO MPOCTO MPOBOJIOKA,
KOTOpasi 3aKOpaYrBaeT BBIXOJ, a JJIsl HU3KKX - pa3phiB, T.e. OHU He ocnadsiores. [Toatomy nanHas
cXema MPOIyCKaeT TOJMbKO CUTHAJIBI HU3KUX YacToT, T.. urpaet poisb ¢puibtpa HY.

R
U, U

Puc. 2.32. ®uibTp HU3KUX YaCTOT

B stom ciyudae

Usbix = Usx /\(1 + (wRC)2) = Usx / V(1 + (27fRC)2)

Ero yacrotHas xapakteprcThKa m3o0paxkeHa Ha puc. 2.33. OWIbTPhl HU3KUX YaCTOT TaKkKe
IIUPOKO MCTIONB3YIOTCS B ANIEKTPOHKKe. Harpumep, nX UCIONb3yIOT 17151 yCTPaHEHW T BITUSTHUS OJTH3-
JIeXKAIUX PaJMo- U TEJICBU3UOHHBIX CTAaHIIMK Ha paOOTy yCHJIMTENel 3BYKOBOM YacTOTHI U JPYTHX
YYBCTBUTEJILHBIX IEKTPOHHBIX TPUOOPOB.
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Puc. 2.33. YacroTHast XapakTepycTUKa (PUIbTpa HU3KHUX YacTOT

2.7. Pe3onaHc

2.7.1. IlocnenoBateibHBIA 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
pesonancrol uacmomoii) conpotusieHns XL n XC cTaHyT paBHBIMY, a 3HAYUT, yPaBHAIOTCS HaIps-
xeHud Ha HuX UL u UC. A Tak Kak 3TU HalpspKeHUs NMPOTUBO(Aa3HbI, TO OHU HOJHOCTBIO CKOM-
MIEHCUPYIOT JIpyT JIpyra, U TeHepaTop MepecTaHeT YyBCTBOBATh HAIMYME KATYLIKU U KOHJAEHcaTopa,
niepectaHer otaaBarh UM 4acTb cBoeid DIIC. OOimee conpoTUBICHUE TIeNH (MMIIEaHC) PE3KO YMEHb-
IIATCSA, U1 TEHepaTopa U3 BCeH 1IeMM OCTaHETCs TOJIBKO OJHO aKTMBHOE CONpoTHUBJIeHHe R, Tok I
13-3a 3TOr0 Pe3Ko Bo3pacteT (puc. 2.34, 6), u cToib ke pe3ko yBeandarcsa Hanpskenusa UL n UC.
Ho 3ameTtbTe, 4TO yBENTMUUTCS KakJ0€ B OTIEIBHOCTH, a 00lee CyMMapHOe HarlpskeHue Ha 000MX
PEaKTHBHBIX 3JIeMeHTaX OyJeT paBHO HYJIIO.
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Puc. 2.34. [locnenoBartesibHbIl pe30HAHC

Bech 3TOT nporecc Ha3bIBaeTCs NOCAC008AMENLHBIM PE3OHAHCOM , WIIN PE30HAHCOM Harpsike-
Huid. Ecni mocrie pe3oHanca mpofosrkaTh yBeIMunBaTh 4actoty, To XL craner 6osbiie, yem XC, n
B LIENIM B OCHOBHOM HAauHET JeCTBOBAaTh MHAYKTUBHOE COIPOTHBIIEHHE. TOK YMEHBIIUTCS, @ BMECTE
¢ HUM yMeHblarcs v Hanpsbkenuss UL n UC.

2.77.2. IlapayinenbHblid KOHTYP

[MapaynensHpiii LC-KOHTYp MOXHO paccMaTpuBaTh Kak LElb, COCTOSIIYI0 M3 JBYX Mapa-
JenbHO coequHeHHbIx conporusieHn XL n XC. Ha Huskux wacrorax conporusieHue XL maio
Y KaTyIIKa HIyHTUPYeT KOH/AeHcaTop (T.e. MPOIyCKaeT YacTh TOKA yepe3 ceds, IprueM 3HauMTeb-
Hy10). Ha BepxHuX yactorax mazno conporusieHne XC U KOHIEHCATOP IIYHTUPYET KaTyLIKYy (3Ha-
YMTeJIbHASA YacTh TOKA TeYeT yepe3 Hero). M uiib Ha pe30HaHCHOM 4acTOTe HUKTO HUKOTO He IIYyH-
THPYeT, COMTPOTHUBJIEHHE MapauIeIbHOTO KOHTYpa OKa3bIBaeTcsi BecbMa OombiiM. [Ipu aTom o6mmit
TOK B IIeNIM T'eHepaTopa yMeHslaercs (padoraet 3akoH Oma). Ecnu BKITIOUMTS Tako# napasieTbHbINn
KOHTYp B JenuTeNb HarpspkeHus (puc. 2.35, 4), To OH 3a CYET CBOEro OOJBIIOrO COMPOTUBIICHUS
Ha PE30HAHCHOM YacToTe Oy/eT BBIIEIATH TOJIBKO HAMpsiKEHHE 3TOH YacTOThl U3 BCEX HANPSIKEHUI,
TIO/IBE/IEHHBIX K KOHTYDY.
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Puc. 2.35. [NapaienbHblil pe3oHaHC

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

f0=1/27V(LC).

PaccmoTprm pe3oHaHCHBIN KOHTYP, HACTPOEHHBIN Ha 9acToTy 3 KI 11, KOTOpBIi BO30YXaaeTcs
CUTHAJIOM IreHeparopa ¢ hopmou Meanapa yactotoi 1 kI (puc. 2.36). B npsamoyrosisHOM cursane
€CTh BCE HEUEeTHbIE TADMOHMKH, BKJIIOYAsI TPETHIO, TOSTOMY B KOHTYpE BO3HHMKAIOT KOJIeOaHHsT BCEX
YacToT ¢ ee BblejieHneM. KOHTYp nmpakThuecky MOoJaBiseT COCTABIIAIONIME BCEX YACTOT, BbIAEIAS
TOJIBKO YacToTy 3 kI, Ha koTopyio OH HacTpoeH. [1o TakoMy NPUHLMIY PaOOTAIOT BXOJHbIE BBICO-
KOYAaCTOTHBIE y3JIbl paJUONPHUEMHHUKOB, BBIAENASA HYKHYIO PaJMOCTaHLIUIO.

!

BrixoaHou
Hacr- CUTHaJ
poeH Ha
I, 3 kl'y f C
1 kI, 3Kkl

Puc. 2.36. Pe3oHaHCHBII KOHTYP, BBIIEISIONIUI TPEThIO TAPMOHUKY BXOJHOrO curHasa !!!

2.8. Tpanccopmarop

DNEKTPUUECKUI TOK, IPOTEKAIOLINIA 10 POBOJHUKY, CO3/1a€T BOKPYT 3TOr0 MPOBOJHMUKA Mar-
HuTHOE 1oie (puc. 2.37). HanpasieHre BO3HUKAIOIIETO MarHUTHOT'O 110151 OIIPEJE/IseTCsl HallpaBJie-
HUeM Toka. OHO Moka3zaHo Ha puc. 2.38 u onpeaessieTcs: MPaBUJIOM MPaBOrO BUHTA: €CJIU OCTpHE

54



ﬂ. (),JHHL[OB. <<3,VICKTDOHI/II\'£12 OT MPOCTOI'O K CJIOKHOMY>»

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. HanipapneHure MarHuTHOTO MOJIsi BOKPYT MPOBOIHMKA C TOKOM:

ot HaOmonaTens (1) u k HaOmogaremo (2)

Ecnu nponycTuth MOCTOSIHHBINA TOK Yepe3 KaTYIIKY, COCTOSIIIYIO U3 OOJIBIIOrO YHCIia BUTKOB
MIPOBOJIOKH, TO OHA CTAaHOBUTCSI MarHuTOM. Co3/1aBaeMoe el MarHUTHOE T10JIe HUYeM He OTJIMYaeTcs
OT TOJISl TIOCTOSIHHOTO MarHuTa. Eciu ee HaMoTaTh Ha CEpAEYHUK W3 CTaNM, jKejie3a WU JIPyroro
MarHMTHOTO MaTepuaa, 3To nose Oyer ele cuiibHee. Takke 3TO Mojie 3aBUCUT OT CHJIBI TOKA. DJeK-
TPOMArHrThl IPUMEHAIOTCA B JICKTPUYCCKHUX 3BOHKAX U PEJIC.

Ecnu yepe3 mpoBOIHUK MPOITYCTUTh HE IIOCTOSTHHBIN, 4 IIePeMEHHBII TOK, TO CO3JJaBaeMOe Mar-
HUTHOE T0JIe Takke OyJeT nepeMeHHbIM. Eclii psaaoM Apyr ¢ JpyroM pa3MecTHTh JBE KaTyIIKH, TO
MPOMYCKaHME TOKA uepe3 OJHY W3 HHUX OyJIeT BBI3bIBATh MEPEMEHHOE MAarHUTHOE Iojie, KOTOpoe B
APYTroi KaTylIKe BBI30BET MepeMEeHHbIH TOK. DTO MpUHIUN padoThl TpaHcgopmaropa (puc. 2.39):
MPUJIOKEHHOE K OTHON 0OMOTKe TiepeMeHHoe HarpsikeHre Ul BBI3bIBACT MOSIBIICHHUE NIEPEMEHHOTO
HarpspkeHust U2 (uaaynuposanHoit DJIC) Ha BTOpoit OOMOTKE.

o
BxosaHoe
A BrbixogHoe
HallpshKeHue
p HalpsPKeHUue
repeM. TOKa
i nepeM. ToKa
U, U
2
o

Puc. 2.39. Unnyuuposannas SC

TpaHchopmMaTop COCTOMT U3 JIBYX OTAEIbHBIX OOMOTOK, Ha3bIBAEMBIX IEPBUYHON U BTOPHY-
HOI 0OMOTKaMu. BXosiHOe HanpsikeHue NepeMeHHOro TOKa MPHKJIAIBIBAETCS K IEPBUYHON OOMOTKE
Y CO3/aeT MEHSIOIIEeCs] MarHUTHOE MoJie. DTO MarHUTHOE TOJie B3aUMOJEHCTBYET CO BTOPHUUYHOM
0OMOTKOM, MHIYLIMPYs B HEll HanpsikeHue repeMeHHoro Toka (tounee, DJ1C). Hanpskenue, uuay-
LMPYEMOe BO BTOPMUHOI OOMOTKE, UMEET TY K€ YACTOTY, UTO M BXOJHOE HaNpsi)KEeHUE, HO €ro aMILIU-
TyJa OINpeAeNsieTcs] COOTHOIIEHUEM YKC/IA BUTKOB BTOPUYHON U EPBUYHON OOMOTOK.

Ecnu BXogHOE HampsikeHHe Ha BbIBOJAX MepBUYHON 0OMOTKM = U1, BBIXOJHOE HalpsiKeHue
Ha BBIBOZIaX BTOPMYHON OOMOTKHM = U2, 4uCI0 BUTKOB NMEPBUYHON OOMOTKM = N1, YHUCIIO BUTKOB
BTOPUYHON 0OMOTKH = N2, TO cripaBeasiuBoO creayoiee cootHomenue: Ul / U2 = N1/ N2.

KII Tpanchopmaropa 6m3ok k 100% (06b14HO 310 96-99%). Momnocts curnana P=U-1
TpaHcopMaTop He yBeIM4YMBaeT (BO CKOJIBKO Pa3 HAIpsKeHHWEe Ha BTOPOW OOMOTKE MEHbLIE, BO
CTOJIBKO € pa3 OoJblle TOK, U HA0OOPOT), TOKM UMEIOT 0OpaTHOE KOJIMYECTBY BUTKOB OTHOLIEHHE
ApYT K ApyTy:

12/11 =N1/N2.

Ecnu HanpspxkeHue Ha BTOPUYHOM 0OMOTKe TpaHcgopmaTopa Oosblile, YeM Ha BXoJe (Ha rep-
BUYHOI OOMOTKE), TO €ro Ha3bIBAIOT MOBBIIIAIOIIMM, 1 HAOOOPOT, €CJIM OHO MEHbIIIe, YeM Ha IIepBUY-
HOI OOMOTKE, TO €r0 Ha3bIBAIOT MOHMKAIOIUM. Y MOBBIIIAIOIIEro TpaHcopMaTopa OoJbliie BUTKOB
Ha BTOPUYHOW OOMOTKE, Y MOHMKAIOLIETO - Ha IEPBUYHOM.

Tpancdopmarop, n300pakeHHbI Ha puc. 2.40, B Llel1 BTOPUYHON OOMOTKHM UMEET Harpy30u-
Hbli1 pesuctop R2. Conpotuienre R2 MOXHO nepecunTars Wid, Kak TOBOPAT, IPUBECTH K NIEPBUY-
HOI 0OMOTKe, T.€. K CONPOTHBJIEHUIO TpaHcopmaTopa R1 co cropoHsl nepBryHoi 0OMOTKU. OTHO-
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mieHue R1/R2 HaszbiBaeTcst K03 PUIIMEHTOM NpUBEIEHHUS cONpoTUBIeHUs. Ero MoxxHO paccuurtarhb
CJICTYIOIIM 00pa3oM:
RI/R2=U1/11)/(U2/12)=(U1/U2)* (2 /11)=(N1/N2)* (N1/N2)=(N1/N2)2.
To ecTp ecm B IepBUYHON OOMOTKE B /IBa pa3a OoJbIlle BUTKOB U Harpy3ka coctasisier 100
OM, TO COMPOTHUBIICHHE CO CTOPOHBI MepBIUUHON 0OMOTKU coctaBuT 100 * 22 = 400 Om.

N,:N,

Puc. 2.40. Koacdpunment npuseaenus conpotuBieHus R1/R2 = (N1/N2)2

TpanchopmaTop MOKET UMETh OJIHY-EAMHCTBEHHYI0 OOMOTKY C OTBOJIOM OT YaCTH BUTKOB 3TOM
0OMOTKH, KaK MoKa3aHo Ha puc. 2.41. Takoi TpaHcopMaTop Ha3bIBaeTCsA aBTOTPAHC(HOPMATOPOM.
HanpsikeHrie 1 TOK Ha ero BbIXOJIE ONpeAesIoTCS TeMU ke (popMyaaMu, YTO MPUBEAEHBI BbIILIE /17151
00BIYHOTO TpaHchopMaTopa.

A i
o
3 T

BBIX

!

Puc. 2.41. Arorpancgopmatop
2.9. Metoa TeBeHHHA AJ151 BLIUMCJIEHHS

BBIXOQHOI'0O HAIIPAZKECHUA HATPYKEHHOI'0 A€JANTEIA
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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:

— UTEB 6ynet paBHO mpocTo HarnpsikeHuto xonoctoro xoqa UXX, korjga K AeIuTesTio He MMoj-
KJIIOUEHO HUKAKOM Harpys3KH;

— conporuiieare RTEB nipencraensiercs B Buae npoou UTEB / IK3. Tok IK3 - 310 TOK, KOTO-
Ppblii POTEKAET MTPU COEAVMHEHNH BbIXOIAa CXEMbI HAIIPSMYIO C "3eMJiei" (TOK KOPOTKOI'O 3aMbIKaHHUS ).

R [|R,

O6paTuTe BHUMAHHUE, R
4TO HarpysKa He sIBJISAeTCs L

—
4acTbio Mogenu TeBeHrHa —
U,, (xonocToii xox;: 5’

HarpyskH HeT)

Puc. 2.42.

KoHeuHo ke, Ha MpaKTUKe TaKoe Je/1aTh KpalHe ornacHo. B nopapssiomiemM OOJIbIIIMHCTBE CITy-
YyaeB 3aKOpayMBaHKe BBIXO/IA Ha "'3eMJII0" MOXKET MOBPEAUTD UM MOJHOCTBIO BHIBECTH U3 CTPOSI CXEMY
Y MHOT/Ia MPe/ICTaBJIsIeT OMACHOCTh JIJIs 9KcniepuMeHTaropa. [IpecraBbre cebe pesysibTaT TaKoro 9KC-
MepruMeHTa C AaBTOMOOMIIBHBIM aKKyMYJIATOpOM! A eC/ii Y Hac eCTb MPUHIMITHAIbHAS CXeMa YCTPOK-
CTBa, TO MOXHO MPUMEHUTh HAMHOTO MeHee TPYJOEMKHIA Crtoco0.

RBX

R, 10 kOm

RBbIX

R, 10 kOm

Puc. 2.43.

ITycTh y HaC UMeeTcs cxema, u300paxeHHast Ha puc. 2.43. HeoOXxoquMo HaTH ee BXOIHOE U
BBIXOHOE conpoTuBieHus: (RBX u RBbIX).

1. BxozmHoe conpoTuBieHne RBx.

58



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

SlcHo, Kakoe 3HaYeHue JOKeH UMeTh AenuTenb: npocto R1 + R2. Ho Oyxer m 910 npaBuiib-
HBIM OTBETOM Ha JaHHbIA Borpoc? Pa3Be curHai ¢ BeIXona AenuTens He OyleT MoAaBaThCs Ha 4To-
TO, MOJICOEIMHEHHOE K HeMy jasee? Ecu HeT, Kakoil CMBbICT B CO3/1aHUM 3TOTO JEUTeNs?

OtBer, KOHEYHO ke, "ma", CUTHaJl C BBIXOJA JeuTeNss OydeT MoJaBaThCs HA YTO-TO - HA
Harpy3Ky. Ho 310 "4T0-TO" NONKHO MpEeacTaBisTh JOCTATOYHO BBICOKOE BXOIHOE COMPOTUBIIEHUE,
YTOOBI OHO HE M3MEHSUIO CYIIECTBEHHO PEe3YJbTaT, KOTOPBIA MBI MOTYYMIIM, KOTA HE TIPHHUMAIIH
Harpy3ky Bo BHUMaHue. Ecnu Harpy3ka B 10 pa3 Gombliie YeM CONpOTHBIIEHUE OTHOTO TUIeya JIeu-
Tesist (oHO y Hac paBHO 10 kOwm), To Hamn pe3yJabrar Oy/eT BIOJHE MpUeMIeMbIM. BkpaTiie MOKXHO
CKa3arh, YTO MBI MPEIIoaraeM J0CTATOYHO OOJNBIIYI0 HArpy3Ky, 4TOObl HAIIM Pe3YJbTaThl ObLIU
MOXOKHU Ha TipaBay. Maeanom siBisieTcsi, KOHEYHO ke, Harpy3ka ¢ OECKOHEUHO OOJBIINM BXOIHBIM
corpoTuBjeHueM (puc. 2.44).

Takum oOpaszom, orBeToMm siBisieTcss RBx = R1 + R2 =20 kOwm.

RBX

R, | | 10 xOm

R, p: OECKOHEUYHOE

R, 10 kOm
WJIA «FPOMajiHOEe»

Puc. 2.44
2. BeixogHoe cornpoTuiieHre RBBIX.
B cootBerctBuu ¢ Metogom TeBennna UteB = Uxx = UBx-R2 / (R1 + R2).

DkBuBaJieHTHOe comnportuBieHre Rebix = UteB / Ik3; Ik3 = UBx / R1, 3Hauut RBBIX =
Usx-R2-R1/ (UBx-(R1 + R2)) = R1-R2/(R1 + R2). Mbl nonyuniy napajuienbHOE COEJUHEHUE PE3U-
cropoB jenutesist. CHavyasa 3ToT pe3ynbraT Kaxercs: HeoObluHbIM. Kazaoch Obl, HOueMy COpoTHB-
nenue R1, moakimodyeHHOEe K IMOJOKUTEIBHOMY IOMIOCY MCTOYHMKA MUTAHUSA, JOJKHO CUMTAThCS
napajuieJIbHbIM conpoTrbieHuio R2? [IpuunHa B TOM, YTO CONPOTUBIIEHUE UCTOYHKKA HATIPSKEHUS
MBI CYATAEM MPEAEIBHO MAJIBIM, a 3HAUUT, €CIIU MIPEAIIOIOKUATD, YTO HATIPSKEHNUSA HET, TO MBI IOJIY-
YMM BEpPXHUH MO cxeMe KOHTakT R1 mojcoenuHeHHbIM K 0OIIieMy MpPOBOLY. 3HAYMT CO CTOPOHBI
BbIX0Ja conpotusieHus R1 u R2 okazanuch BKIIOYEHHBIMU MTApAJLIEIbHO! DTO MOATBEPKJAET MONY-
YEHHBIN 10 MeToly TeBeHMHa pe3ysbTaT, BCE BBIYUCIEHO BepHO. HyXHO TOJIBKO MOMHUTD, YTO MBI
MIPEATONOKUIN, YTO COMPOTUBIICHNE UCTOUHHMKA PaBHO Hymo (puc. 2.45), T.e. npeHeOperan uMm. B
JEVCTBUTEILHOCTH 3TO, KOHEYHO K€, HE TaK, HO HEJIaJIeKO OT UCTUHBI, IOTOMY YTO CONPOTUBIIEHHE
VICTOYHMKOB HAIPSKEHU S JOCTATOYHO MAJIO (CM. Bhllle paszesn 1.3.2 0 BHyTpeHHEM CONPOTUBIIEHUN
VCTOYHMKA HANPSKEHU).

Takum oOpa3oM, oTBeTOM siBiIsieTcss RBbIX = 5 KOM.
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RHC']‘()‘{
Hosnp Om

R, 10 kOMm

U = O
HUCTOY R
BBIX

R, 10 kOm

Puc. 2.45
DTOT METOJI CIPABE/IJIMB U JIJIsI TIOJIHBIX COITPOTHBIICHUN (MMITE/IaHCOB).

3.1MoaynpoBoaHuku. {noabl

3.1. IToaynpoBoaHNKH

[To cBOMM 3NeKTPUYECKUM CBOWMCTBAM TBEpbIE BEIIECTBA MOKHO pas3fie/IuTh Ha TPH KJacca
- TIPOBOJHUKH, U3OJISATOPHI M TTOTYIPOBOJHUKU. B Kako# KJacc Momnaiaer TOT VI MHOW MaTepHal,
3aBUCHUT OT MOBE/ICHUSI JIEKTPOHOB Ha BHEIIHEH opOuTe atoMa. B ciyuae u3onsitopa 3Tu BaJleHTHBIE
JIEKTPOHBI TIPOYHO CBSI3aHBI C SIIPOM U JIMIIIL HEMHOTHE U3 HUX CIIOCOOHBI TIOPBAaTh CBS3b CO CBO-
MMM aTOMaMH U y9aCTBOBAaTh B ABUKEHNUH, 00Opa3yIOIIeM JEKTPHUECKH TOK. B IpoBOIHMKE, TAKOM
KaK Me/Ib, OYeHb MHOTO CBOOOHBIX JIEKTPOHOB IPH JTIOOOM TeMIlepaType Bbillie aOCOIIOTHOTO HYIIS,
MIOCKOJIBKY BaJICHTHBIE JIEKTPOHBI COBCEM CJ1a00 CBSI3aHBI CO CBOMMH aTOMaMH U CBOOOIHO JIpeii-
dymor. B nzonsarope cBOOOAHBIX JIEKTPOHOB MPAKTUYECKU HET ¥ OH TOK HE TIPOBOJIHT.

[MonynpoBOMHUKY SIBJISIOTCS HEOOBIYHBIME MaTtepranamu. [1oayrnpoBOIHMKOM, Yale BCEro
MIPUMEHSIEMBIM B SJIEKTPOHUKE, SBJISIETCS KPEMHUH, XOTSI UCTIONb3yeTcs ¥ repManuil. O6a 3THx 3rie-
MEHTa - YeThIpeXBaJIEHTHBIE, TO €CTh Ha BHEIIHEW OpOMTEe UX aTOMOB HAXOOHUTCS IO YEThIpE JeK-
TpoHa. Kpucranibl KpeMHHS 1 TepMaHus IMEIOT OYeHb SICHYI0 U CTPOMHYIO CTPYKTYpY, Onaromapst
KOTOPOH aTOMBI yAEPXKUBAIOTCS BMECTE B YCTOMYMBOM OOpa30BaHUM; TOBOPST, UTO YCTOWIUBOCTD
oOecnieunBaeTcsi KOBAJICHTHOU CBSI3BIO, T.€. CBSI3bI0, 00ECTIeUNBAEMON COBMECTHBIM UCTIONB30BAHUEM
NIEKTPOHOB aTOMaMH peleTky. MI3BecTHO, YTO MpY HAJTMYKMU Y aTOMa BOCbMH BaJIEHTHBIX JIEKTPO-
HOB BEIECTBO OKA3bIBACTCSI OUEHDb CTAOMIBHBIM (B TAKOM COCTOSIHUM HAXOIATCSI MHEPTHBIE rasbl). B
KPEMHUU WM TePMaHUK COCEIHUE aTOMBI IPUHUMAIOT yJacTHe B TAKOM 00pa30BaHUM, B pe3yJIbTaTe
Yero Kaxaoe SApo uMeeT "TOJIOBUHHYIO JOJTI0" B BOCBMHU BaJICHTHBIX JIEKTPOHAX BMECTO UHIVBU/IY-
QJIBHOTO BJIA/ICHUS YETHIPbMSI BAJICHTHBIMU JIEKTPOHAMH, KOTOPHIMHU 00JIafasl Obl M30JIMPOBAHHBIN
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aroM. Takasi CTpyKTypa KpHCTajlla KpeMHHSI CXeMaTUYeCKH TMoKa3aHa Ha puc. 3.1; kaxgas u3 yka-
3aHHBIX CBSA3EH MEX/Iy aTOMaMHM MPEJICTaBIsAeT cOO0M COBMECTHO UCIIOb3YeMblid BaJICHTHBIH 3J1eK-

RSN 1 SR ?
+TETE)TE) =)=
A SN L B
TG GG =6 =
SN BN 1
TG TE) =G =G) =
¢ ft
TETE) GG
A SR I | B

Puc. 3.1. KoBanieHTHbIE CBSI3U JIEKTPOHOB B aTOMaX KPUCTAJUIa KPEMHUS

WpeanpHas perieTka aToMOB KPEMHHU S, TOKa3aHHAsl Ha puc. 3.1, CYIIECTBYET TOIBKO MPH TEM-
nieparypax BOIM3u a0COMOTHOTO HyJIs1. [Ipy KOMHATHO# TemrniepaType BCaeACTBHE TETUIOBBIX KoieOa-
HUI1 aTOMOB IIPOUCXOIUT Pa3pbiB HEKOTOPBIX CBSI3EH; MEKTPOHBI OTPHIBAIOTCS OT aTOMOB M CBOOOIHO
TYJISI0T IO KpucTtajuty. TaM, re 27eKTPOH CTAHOBUTCSI CBOOOIHBIM, OH OCTABJISIET MoCIie ceOs1 IbIPKY
WM OTCYTCTBHE JIEKTPUYECKOrO 3apsijia, KOTOPOE TaKkKe MOKET Ka3aThCsl MepeMeIIaIoIIMCs], eCIIH
pasopBaHHAs CBS3b 3AIOJNHSETCS MEKTPOHOM U3 coceHero atoma u T.1. Ha puc. 3.2 npeacrasieH
YUYaCTOK KPUCTAUIMYECKON PElIeTKH KPEMHHUsI P KOMHATHOM TemrepaType co CBOOOAHBIM 3JIeK-
TPOHOM U MOJTY4MBUIENCS IBIPKOM.
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Puc. 3.2. Pemerka KpeMHHUsI O CBOOOTHBIM 3JIEKTPOHOM U JBIPKOH, 00pa30BAaBIIMMUCS OT

TEIIJIOBOIO BOBMYIICHHUA

Hanmaue cBOOOIHBIX JIEKTPOHOB AeNaeT KpeMHU TpoBogHUKOM. [1pu yBemyeHun temrepa-
TYPBI Pa3pbIBaeTCs BCE OOJIBIIEE YHCIIO CBSI3EH, OSBIISIETCS] OOJBIIIE SIIEKTPOHOB U IHIPOK M ITPOBOJIH-
MocTb pacrteT. [Tpu nogkmodyeHny oOpasia Kk 6aTapee NpuIIoKeHHOE ToJie OyeT YBIEKaTh IEKTPOHbI
¥ OHHM Oy/IyT MepecKakuBaTh OT JIbIPKEe K Ablpke. OueHs cnabasi MpOBOAMMOCTh, KOTOPOM 00aaer

o

- - ——
+ +C3060,e1}11~,11>’1+ +
JJNEKTPOH
—— - .-

t

YHCTHIN TTOJTYTIPOBOJHUK, Ha3bIBAETCSI COOCTBEHHOM MTPOBOIUMOCTBIO.
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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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https://www.litres.ru/book/denis-odintsov-34108162/elektronika-ot-prostogo-k-slozhnomu-74678452/

	Конец ознакомительного фрагмента.

