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. OauHIOB. «DJIEKTPOHUKA: OT MPOCTOIO K CI0KHOMY»

Hennc OaquHIOB
JJEeKTPOHHUKA: OT MPOCTOro K CJAO0KHOMY

1. IlocTosinublil TOK. IlepBbie paguogeraan

DNEeKTPOHUKA UMEET KOPOTKYIO, HO 60raTyio COOBITUsMU UCTOpHIO. [1epBbIii ee epro] CBsA3aH
C IPOCTENIINMH NepeIaTYNKaMH KJII0YEBOTO AEHCTBHS U CIIOCOOHBIMU MTPUHUMATh UX CUTHAJIBI TIPH-
€MHHMKaMHU, KOTOPBIE MOSIBMIIMCH B Hauasle X X BeKa. 3aTeM HaCTYIUIIa 310Xa BAKYYMHBIX JIaMIT, KOTO-
past 03HaMeHOBaJIa COOO BO3MOKHOCTh IPETBOPEHUS B KU3Hb CMeJIbIX uien. Ceiyac Mbl sIBJIsIeMCS
CBUJETENISIMU HOBOTO 3Tala pa3BUTHSA EKTPOHUKH, CBA3AHHOIO C MTOSIBJIEHUEM JIEMEHTOB Ha TBEP-
aoMm Tese. TexHonmorus nosiBneHust Oonbimx nHTerpaibHbix cxeM (BUC) maet BO3MOKHOCTB MTPOU3-
BOJUTDb TaKUE KPUCTAJUIBI KPEMHM S, HA OCHOBE KOTOPBIX CO3AAI0T KAJIBKYJISTOPbI, BHIYUCIUTE/IbHbIC
MAIIMHBI ¥ COTOBBIE TesiehoHbl. Pa3BuTre TexHomoruu cBepxoomnbiimx uHTerpaibHbix cxem (CBUC)
OTKPBIBAET BOZMOKHOCTb CO3/JAHMUSI HOBBIX 3aMEYaTeIbHbIX YCTPOWCTB.

Ecnu Bac 3amHTEpecoBasI YCIIeXH IEKTPOHMKHU, U €CTh jKeJlaHWe y3HATh 00 3JIEKTPOHHBIX
YCTPOMCTBaxX MOOOJIBIIE, TO ITOT KypC - TO, YTO BaM HYKHO.

IIpoTOHBI U 3JIEKTPOHBI

[ToBceiHEBHBIH OIBIT IPUYYMII HAC K TOMY, UYTO TBEpbIE TejIa U KUAKOCTA UMEIOT IIOTHYIO
Y HETIPepBIBHYIO CTPYKTYpYy. A BMecTe C TeM CTPYKTypa y HHX, MOJKHO CKa3aTb, axypHas. Jlioboe
BEIIIECTBO - BOAA, OyMara, MeTaJuIbl, IiacTMacca - O0JIblle HAalOMUHAIOT XOKEUCTOB Ha JIbIY BO BpeMsI
UTPbI, YeM 3pUTEJIel, HAOMIOAAIONINX 32 UTPOi. MBI HEe BUIUM 3TOW aKypHOCTH, HO TOUHBIMU (DPU3H-
YECKUMM UCCJIEJOBAaHUAMM YCTAHOBJIEHO, UTO CI'YCTKH BEILECTBA - ATOMBI M JIEKTPOHBI - HAXOIATCS
APYT OT Jpyra Ha PaCCTOSIHWM, BO MHOT'O pa3 MPEBbIIAIIIMMU UX pa3Mepbl. Eciii npeanonoxuTs, 4to
aTOMHOE PO UMeeT pazMepsbl (PyTOOIBHOTO Ms14a, TO ISl COOMIOAEHHS TPOMOPIMI HYKHO TMpe-
CTaBUTb, KaK Ha PACCTOSIHUM B COTHU U THICSIYM METPOB OT HErO JIETAIOT JIEKTPOHBI pa3MEpPOM C
TOPOIINHY, a BCE OCTAIBHOE - ITYCTOTA. A PACCTOSIHUSI MEXKIY COCEIHUMH aTOMaMH B 3TOM MacIiTade
COBCEM OTPOMHBI - 3TO JECATKU U COTHU KUJIOMETPOB.

B moGom BerecTBe HalJeTCs HEKOTOPOE KOJIMYECTBO aTOMOB, MOTEPSIBIIMX JIEKTPOHBI CO
CBOMX BHEIIHUX OpOWUT. B TBepmom Tese atombl 3aKperuieHbl B ONpPEIENIeHHBIX TOUKaX MpPOCTpPaH-
CTBa, CBSI3aHBI JIPYT C IPyrOM B IIPOYHBIN KapKac KPUCTAIJIMUYECKON PelIeTKU. B KUAKOCTAX aToMbl
CBsI3aHbI crabee, MOTYT CMEIaThCsl, UMEHHO MO3TOMY KHJIKOCTh "MsrKas', OHa JIeTKO M3rudaercs,
TedeT. B mo0oM citydae aToMbl MOIMIATHIBAIOTCS, COBEPINAIOT HEOObIIINE ABWKEHHUSI, KoneOmoTtcs. B
MPOIIECCe ITUX XAOTUUECKUX TETUIOBBIX KOJIeOAHUI aTOMBI, TpyOO rOBOps, ""cOpachiBAOT" BHEIIHUE
3JIEKTPOHBI, T, KOTOpbIEe OOJBIIIE BCETO YIAJeHBI OT spa, ciadee APYrux MpUBSI3aHbl K HEMY K-
TPUYECKUMHU CUJIaMU. BbIpBaBIlMecss U3 aTOMOB JIEKTPOHbI NIEPEMEIIAIOTCS B MEKATOMHOM IIPO-
CTPAHCTBE, OHU CBOOOJIHBI.

ATOM, y KOTOPOTO 3JIeKTPOHOB Ha OpOHTax OOJIbIle, YeM IMPOTOHOB B SIIPE, - OTPULIATEIBHBIN
VIOH, a MOTEPSIBIIMI OJUH WJIA HECKOJIBKO JIEKTPOHOB, - 3TO MOJIOKUTENIbHBIA MOH. B TBepapIX Tesax
TaKKe MOJNIOKUTETbHbIE MOHBI HEMOIBMKHBI, B JKMKOCTSIX M OCOOEHHO B Ta3aX OHU, KaK U JIEKTPOHBI,
MOTYT CBOOOJHO JIBUTAThCS.

IIpoBoaHUKH, IOJIYIIPOBOHUKH U U30JATOPBI

CrielianucThl 1O EKTPUYECTBY MPUBBIKJIM JIEIUTh BCE BEILIECTBA HA TP I'PYNIIbI - IPOBOJI-
HUKWY, TOTYTPOBOJAHUKY U JUANEKTPUKH (M307ATOPBI). B AManeKTprKax cBOOOAHBIX 3apsIOB OYEHb
MaJio, o4ty HeT. [TomynpoBOIHUKY - 3TO BEIIECTBA, B KOTOPBIX CBOOOJHBIX 3apsOB HEMHOT'O, HO
OHM BCE TakH ecTh. K MpOBOIHMKAM OTHOCSITCSI BELIECTBA, B KOTOPBIX CBOOOIHBIX 3apsIOB OYEHb
MHOTO.
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N3onaTtop [TonynpoBogHWK

Puc. 1.1. M3onstopsl, NOIYIPOBOIHUKH, TPOBOJHUKH

1.1. Tok u HanpsizKeHHNe

1.1.1. DnexTpuueckuil Tok

DNEKTPUUYECKUI TOK - 3TO HAllPaBJIEHHOE OBWKEHUE NEKTPUUYECKU 3apsSKEHHBIX YaCTHUI]
BHYTPU ITPOBOJHMKA, HAIIPUMEpP, MeAU WM xene3a. Korma-to cuMranock, 4To 3T 4acTULBI 3aps-
’KEHBI NOJIOKUTEIBHO, HO HA CaMOM JIEJIE 3TO IEKTPOHBI, KOTOPbIE UMEIOT OTPULIATEIbHBIN 3apsi[l.

Tok MMeeT HarpaBJieHUE, WIN NOJSPHOCTb, CYATAETCS, YTO 3apsAbl BCErJa TEKYT OT IOJIO-
JKUTEJIBHOTO TOJI0ca K OTpULaTesibHOMYy. [IepBbIM YesioBeKOM, KOTOPBIA BBeJ 3Ty ujelo, Obl1 ben-
mkaMuH PpaHKIIMH, KOTOPHIA He 00J1afal CpeCTBaMM U 3HAHUSAMM, YTOObI JOKa3aTh, YTO B AEH-
CTBUTEJILHOCTH TOK OOYCJIOBJIEH OTPULIATEIbHO 3aPsKEHHBIMU JIEKTPOHAMHU, a He TMIIOTETUYECKUMU
TOJIOKUTENBHBIMM YaCTULAMUA. JTa YCIOBHOCTb OCTAJIach MO CEW AEHb, XOTS B JIEMCTBUTEIBHOCTU
JIEKTPOHBI JBMKYTCA OT OTPHULIATEJIBHOIO IOJI0Ca K MOJIOKUTENbHOMY. [I0OKHTENBHBIN TOMTIOC
OOBIYHO YKa3bIBAETCS HA CX€MaX 3HAKOM "+" MJIM KPACHBIM I[BETOM, a OTPHIIATeJIbHBIN - 3HAaKOM "-"
WJIA YEPHBIM LIBETOM.

Kak MoxHO n3meputs Tok ? I3MepUTh MOTOK BOJIBI IOCTATOYHO IPOCTO: HAM HYKHBI CEKYHJIO-
Mep U CYETUYMK BOMbI, TeKyIlel 3 TpyObl. CKOPOCTh 3TOrO MOTOKA 3aBUCHUT OT AWaMeTpa TpyObl U
CKOPOCTH BOJIbl M paBHa KOJMYECTBY JIMTPOB, KOTOPBIE MPOXOAAT Yepe3 CEKLHIO TPYObl B CEKYH/Y:
MOTYT IIPOMTH AECATh, CTO WJIN THICSYU JUTPOB B CEKyHAY. I U3MEPEHUS CUIIBI IEKTPUIECKOTO
TOKA MOCTYNAT NOJ0OHBIM 00pPa30M, HO BMECTO M3MEPEHH s KOJIMUECTBA BO/IbI Mbl JIOJKHBI CUUTATh
EKTPUUECKUE 3aPAMAbl, UM IEKTPOHBI, KOTOPBIE MTPOXOAAT B JIEKTPUYECKOM ITPOBOJE B CEKYHILY
(duepe3 JaHHOE CEYeHHE TIPOBOJIHMKA).

Enununen n3mepeHns 3JeKTPUYECKOro ToKa, WM CUIIBI TOKa, ABJgeTcs amnep (A), Ha3BaH-
HBII B YECTb NIEPBOOTKPBIBATENS JEKTPUUECKOIO TOKA - BEIMKOTO (ppaHIly3cKoro pusmka AHpape-
Mapu Amriepa, xuBiero Ha pyoexe XVIII-XIX BekoB. OquH aMriep cOOTBETCTBYET CKOPOCTH ITPO-
XOXJIEHUS Yyepe3 ceueHue MpoBogHuKa 3apsaaa B 1 kyioH (K) 3a 1 cekynny. (OauH KyJoH - cymmap-

HBI 3aps/i NpUMEpPHO 6 MUJLTMApIOB MUWUTHApAOB (1 6,24-10 18 3J1IeKTpOHOB.) CHMBOJIOM amIiepa
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spiisiercs Oyksa "A". B popmynax cuna Toka odo3navaetcst 6yksoii "1". Toku HEOOBIION BETMIMHBI
MOTYT OBITh BBIPDaKEHBI B MA WUJTH J]ake B MKA.

YenoBek HAUMHAET OLTYIIATh TOK B cBoeM Teste rpu ero BeianuuHe 0,005 A. Tok 0,05 A omacen
11 xu3HU. Tok B JIoMUHecHieHTHOH jamrie - 0,15 A, B 1amne HakaiauBaHus - 0,2-1 A, B X0JIOAUIIb-
Huke - 0,5-0,8 A, B OBITOBBIX HarpeBaTeJIbHBIX TPUOOpPaX - 2-8 A, B 3JIeKTpoIBUTATE]Ie TPAMBANHOTO
BaroHa - 100 A u Bbllle, B MIHIYKTOpE €4y AJis1 TU1aBieHus amoMmunus - 18000 A.

1.1.2. HamipsixeHre ¥ pa3HOCTb IOTEHLAJIOB

CkoJTbKO pa3 Mbl 3a1aBajii ceOe Borpockl Bpoze "TIpu kakoMm HanpsiKeHUH padoTaeT 3TOT JeK-
Tpuaeckuit mpudop?" - "220 Bonet", Wi "Kakylo Oatapeliky Hy:KHO BCTaBUTb B 3TOT mysisT?" - "1,5
B". Kak aHa0ruio MoxHO MPUBECTH B PUMEDP BOAY, KOTOPasi MOKET T€Ub, [IOTOMY UTO €CTh Pa3HUIIA
B BbIcOTe. [ToxokuM 00pa3oM TedeT 3JIeKTPUIECKHIA TOK, €CJTU CYIIECTBYET Pa3HHUIIA B YPOBHSIX, UJIH,
JIydIlie CKa3aTh, PA3HOCTh TIOTEHIAJIOB, KaK OyATO TOYKH PACIIOIOKEHBI HA pa3HOW BBICOTE.

Ecnmu MbI BO3bMEM OYeHb JUIMHHYIO TPYOy, TIOJIOKHUM €€ Ha 3eMJTI0 M HAITOJTHUM ee BOJIoM (pHC.
1.2), Boma BBIMIET U3 JPYroro KOHIA ¢ HeOONBIIOW CHIoN. Ecim Mbl IOTHUMEM OIWH U3 KOHIIOB
TpyOBI, TO BOJIA BBIAJET C Oosbleld cuiioi. Yem Oorbllie pa3HuUIla B BHICOTE, TeM OoJibliie cria (WIH
JaBJICHUE) Ha BBIXOJIE U3 TPYOBL.

Puc. 1.2. Cuja motoka BOZIbBI 3aBUCUT OT PAa3HHUIIBI B BbICOTE
HpeI[CTaBI/IM ce6e, YTO MOXHO HCKOTOpHﬁ TTOJIOKUTEJIbHBIN 3ap4ad pasMeCTUTb B OTHOM MECTE,
a OTpHHaTCHbHBIfI - B Ipyrom. Me)KILy HUMH NTOABUTCA TaK HA3bIBAEMOEC IJIEKTPUICCKOCE I10JIC. Ecrm B
9TOM IIOJIE pasMECTUTb HEKOTOPYIO MOJIOKUTEIIbHO 3apAKEHHYIO YaCTHULY, TO OHA 6y,HCT OBUI'aTbCA B
CTOPOHY OTPULIATEJIBHOIO 3apAia. SJ'ICKTPI/I"ICCKI/Iﬁ 3apAdan, paCHOJ'IO)KeHHHﬁ B IJICKTPUYECKOM I10JIE,
06)'[8.,[[8.CT OIIPEACIICHHbIM YPOBHEM HOTCHLIPIEU'II)HOﬁ 9HEPIruu, NOTOMY 4YTO HAXOOUTCA B OIIPCHACIICH-
HOM TOYKE MOJIA U IBJISIETCS HCIIOABUKHBIM, XOTA 11O/ BO3HCﬁCTBH€M 9TOI'O IIOJIA €ro TAHET B CTOPOHY
OTpULATEJIbHOI'O 3apAia. HOTCHI_[I/IaJ'II)Ha}I 9HEPIrvd, KOTOPYIO YaCTHUla CTPEMUTCA IIEPEBECTU B IHEP-
6
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TUIO IBUXKEHUS, JeIeHHas Ha KOJIMYECTBO 3apsjia, Ha3bIBACTCS HANPsKEHUEM (ee MOXKHO CPaBHUTD
C BBICOTOM, C KOTOPOH MajaeT Boja, HampuMep ¢ BeicoTor Bofonaaa). [loa HanpskeHueM Mbl UMeeM
B BU/ly pa3HULy IIOTEHIMAJIOB (BPOAE pa3HULIbI BBICOT).

JAEKTFHYECTBA

... W3 ONLITOB CPAYY BWAROD, 4TO ECTL

Puc. 1.3. 3apsaapl pa3HbIX 3HAKOB MPUTATUBAIOTCS APYT OT APYyry

Enununen nsmepenns HanpskeHus sABisgercs BoibT (B), B 4ecTh OHOTIO U3 OCHOBONOJIOKHHU-
KOB yUeHHUsI 00 2JIEKTPUYECTBE, UTAJIbSIHCKOTO y4yeHoro, rpacda Ajeccanipo Bonbra, *KuUBIIEro Ha
pyoesxe XVIII-XIX BekoB, Takke U3BECTHOTO N300pETEHHEM NIEPBOro rajbBaHMYECKOTro 3JIeMEHTa,
TaK Ha3blBaeMoro BonbsroBoro crosda. B hopmynax u Ha cxemax HarpsikeHue o0o3HayaeTcst OyKBOM
"u.

O0603HaYeHNe UCTOUHHMKA HAINpPsUKEHUsST Ha JIEKTPUYECKON cxeme, KOTOpoe IMpUMEHseTCsl Ha
IIPAKTHKE, IPUBEIEHO Ha puc. 1.4.

-+

Puc. 1.4. YcnoBHoe 0003HaYeHNE UCTOUHUKA HAMIPSIKEHUSI HA JIEKTPOHHBIX CXeMaXx

1.1.3. 3akon Oma

TO OIMH U3 OYEHb MPOCTHIX, MOHITHBIX U B TO K€ BPeMsl O4eHb BaXKHBIX 3aKOHOB JICKTpHUE-
ckoi rienu. CormacHo emMy, 4yem OOJTbIIIe EKTPUIeCKOe HAMTPsKEHUE MEXIY ABYMsI TOUKaMU CXEMBI,
TeM ObicTpee OyayT MepeHeceHsl 3apsibl, 00pa3ylolIre TOK, TeM Oombiie Oyaer Tok. Takxke OH yBe-
JIMYUBAETCS] TIPU YMEHBIIIEHUM COIMPOTUBIICHUS 1IeNy (CONPOTUBJIEHUE u3MepsieTcss B omax (Om)).
ITOT 3aKOH ObLT OTKPHIT B 1826 rogy 1 HOCUT Ha3BaHKe 3aKoHa OMa:

I=U/R,

T.e. TOK | B 11lenu mpsiMO MPOTOPIIMOHATIEH MPHJIOKEHHOMY K ee BhIBoAaM Hampspkenuto U u
00paTHO MPOMOPIMOHATIEH cCOMpOoTUBIeHMO 11enu R. Tlpu cBoeM ABUKEHUM JIEKTPOHBI CTAIKUBA-
I0TCSl C MIOHAMU KPUCTAJUTMYECKON pereTku. Yem OoJbliie B BEIIeCTBE JIEKTPOHOB U YeM MEHBIIe
CTOJIKHOBEHUU Y HUX C MOHAMU, TEM MEHBIIIe YeJIbHOE COMPOTUBIICHHE BEIECTBA.

1.1.4. IlepBasi paauoaeTab - pe3UCTOp

Pe3ucTophl yMEHBINAIOT MOTOK NIEKTPUIECcKOro Toka. [IpeacraBbTe, 4To BB MOTMBAETe PO3bI
B CaJly U3 PE3MHOBOIO IIUIAaHTa, KaK BAPYT TMOTOK BOMABI OCTaHAaBIMBaeTcs. Bbl moBopaunBaeTech u
BUNTE CBOETO Jpyra, KOTOPBHI HACTYIAaeT HOroW Ha IIaHT, YMEHbIIIasi TEM CAMBbIM MOTOK BOJBIL.
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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. OHU UMEIOT pa3iinyHble (POpMBI U pa3Mephbl, B 3aBUCUMOCTH OT YCJIOBUU MX MPUMEHEHUS 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-
KpeTHBbIX ) jeTasiedl. CyIiecTByeT JBa OCHOBHBIX TUIIA PE3UCTOPOB - YTOJIbHBIE U METAJIIOIIEHOUHBIE.
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 pe3nucropa

Ha npakTike cOnpoTHBIEHHE PE3UCTOPOB OTJIMYAETCS OT HOMUHAJIBHOTO B CBSI3U C BO3JEH-
CTBUEM TEMIIEpaTypbl U BIAXHOCTH, a TaKKe HarpeBa MpU MPOTEKaHUM Yepe3 HUX TOKa M APYTuX
(akTopoB. MakcrManbHOE BO3MOKHOE OTKJIOHEHHE Ha3bIBAETCS JOITYCKOM M 331a€TCsl B ITPOLIEHTAX
OTHOCHUTEJIHO COIIPOTUBJIEHUsI pe3uctopa. Beimyckaorcs pesuctopsl ¢ gomyckamu +20%, £10%,
5%, 22%, +1%.

3HaueHUsI HOMUHAJIOB HUMIIOPTHBIX PE3UCTOPOB HAHECECHBI HA HUX B BUJIC IBETHLIX I10JIOC. Hep—
BBI€ JIBE TIOJIOCHl O3HAYAIOT NIEPBYIO U BTOPYIO LI(pbl HOMUHAJA, TPEThs - KOJMUYECTBO HYJIEW, Ha
KOTOpOe HeOOXOIMMOe YMHOKHUTh 3Havalye Hudpsl, a YeTBEpTasi MoJoca - JOMyCK pe3uctopa (Tadd.
1.1).
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Taoauma

UBETOBAS KOOAMPOBKA PE3UCTOPOB

Lneromod Ko, scnonsIysoumes
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HOCJIe}:[OBaTeJILHOC H nmapaJjuieJibHO€ BKJIKYCHHUE PE3UCTOPOB
PaCCMOTpI/IM MOCICAOBATEJIBHOE U NTApaJUICJIbBHOEC COCANHEHUE PE3UCTOPOB.

1.1
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R'l Rz —___

1) 2)

Puc. 1.6. IlocnenosaresnbHoe (1) v napasuiesnsHoe (2) cOeAMHEHUE PE3UCTOPOB

ConpoTtusieHue AByX NOC/IEI0BATEIBHO BKJIIOUEHHBIX pe3ucTopoB R | 1 R; (puc. 1.6, 1) paBHO
U3 CyMMe:

R06LL1 = Rl + Rz.

BupHo, 4TO HIpU MOCIENOBATENbHOM COEAMHEHMM MBI BCErAa IOJIY4YaeM COINPOTHBIIEHHE
OoJbIIIe JII0O0TO U3 ITUX PE3UCTOPOB.

[Ipu napannensHOM COEAMHEHMM PE3UCTOPOB (puc. 1.6, 2) HanpspKeHUE Ha KaXIOM U3 HUX
paBHO U (0aMHAKOBOE), a TOK B LIEIIM PAaBEH CyMME TOKOB YEPE3 PE3UCTOPBI:

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

oTcIoa

1/Rogm=1/Ry+1/Ry,

WM (YTO TO XK€ camoe)

Ro61u = R] . Rz/(R] + Rz).

[Mpu mapaniensHOM COeqMHEHUH 00IIIee COTPOTUBIIEHIE MEHbIIe HAMMEHBIIIETO U3 COPOTUB-
JIEHUH (3TO OCTAeTCs1 BEPHBIM U IIPU OOJIbIIIEM KOJIMYECTBE PE3UCTOPOB). Yem OoJbliie pe3rucToOpoB
BKJIIOYEHBI MTapaJuIesIbHO APYT JIPyTy, TEM MeHbllIe MX oOllee conpoTuBieHue. B ciyyae nocieno-
BaTEJIbHOTO COEJJMHEHHUsI, HA000POT, YeM OOoJIblIe PE3UCTOPOB Mbl BKJIIOUMM APYT 3a APYIoM, TeM
OoJbie OyneT ux ooIee CopOTHBIICHHE.

HeauTteJb HANPSAKeHUS

PaccMoTpum aenuTens HanpsikeHus, KOTOPbI HIMPOKO MCHOJIb3YETCS B JEKTPOHHBIX CXeMax.
B m060ii HacTosiIIel cxeMe MOKHO HATH HECKOJIBKO JIeJIMTeN el HarpskeHus. DTo cxeMa, Ha BXO[
KOTOPOH IMOIAeTCs1 HEKOTOPOE BXOAHOE HaNpsKeHHE WM CUIHal (4yTh MO3KE Mbl HAUHEM 3HAKO-
MUTBCS C CHHYCOUJAJIbHBIM HAIlpsKEHUEM U €ro MpeICTaBJIeHHUEM B IEKTPOHUKE), a C BBIXO/IA CHU-
MaeTcsl HalpsbKeHUe, SIBJIAIOIIEeCs YacThl0 BXOIHOIO HAIIPSIKEHUS UM CUTHAJIA.

ITycTh HamM HaI0 MOTYYUTDb HAIIPSKEHHME Ha BBIXOJE CXeMbl MEHbIlle, yeM Ha Bxope. [Ipocreii-
I JIeTTeNTb TpeacTaBieH Ha puc. 1.7. Yemy 3z1eck paBHO Upgyy? [IpeactaBuM, 4TO Harpy3ku Her,
TOIJ1a TOK paBeH

I=Ugk/(R;+Ry).

BrIxoHOE HanpsikeHue - 3TO HanpskeHue Ha pesuctope Ro, mostomy

Upix =1 Ry = U - Ry / (Ry + Ry).

BuHO, 4TO BBIXOJHOE HAIPsKEHUE BCErJa MEHbLIEe BXOAHOIO, T.€. JaHHAas CXeMa YCIELIHO
CIPaBJISIETCA C 3TOM 3aaveid. Ho crienyer moMHUTH, 4TO MBI IPEANONOKMIN R yer = 0 ¥ Ry = 0.
Hwxe Oyner pacckazano o Metone TeBeHMHA, KOTOPBIHA MO3BOJISAET onpeaAeuTh U gy U Ry Harpy-
’KEHHOTO JIEJIUTEJISI.
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F |
BX I

R’? UHEJ[:{

Puc. 1.7. [lenutens HanpsiKkeHUs

Oco0blIe aeaunTela - J00aBOYHOE CONMPOTUBJIEHHE U IIYHT

Yacto B JeMTeNe HAPSKEHHSI OJJHO M3 COMPOTUBIICHUH - 3TO cama Harpy3ka. HeoOxomamumoe
HanpshKeHUe Ha HEl B TOM CJTydae MOKHO YCTAaHOBUTD, OJOOPAB COMPOTHBIIEHHE OCTAILHON YacTh
JeuTeNs, OOBIYHO €ro Ha3bIBAIOT ''racsiiiee CONMPOTHBIIEHHE ", ¥ 3TO OYEHb yAauHOe Ha3BaHue. Jlei-
CTBUTEJIbHO, Tacsiiee COMPOTUBIICHNE KaK Obl TACHT M3JIHIIEK HAIpsDKeHHUs, OepeT ero Ha cebs ¢
TaKAM PacyeToM, YTOObI Harpy3Ke JIOCTAIOCh TOJIBKO TO, UTO el Tpedyercs (puc. 1.7).

IH'*:" | Y I:::

Puc. 1.8. IIlynr

AHAJIOTUYHO MOXKHO MPOMYCTUTh Yepe3 Harpy3Ky HEOOXOAMMBIN TOK Iy, MOAKIIIOUMB COMpo-
tuBieHue Ry, napainenso eit (puc. 1.8). OHO nomyumino HazBaHue "IIYHT" (B NIEpeBOJIE C aHIJIMK-
CKOrO - "00XOMHOM MyTh"), a caMO MOAKJIIOUEHHE IIIyHTA Ha3bIBaeTCs myHTrupoBanueM. IIIyHT BkITIO-
YaloT B TOM CJydYae, Korga TOK B Harpyske l; Obu1 Obl cruiikoM Oombiimm. Vmm, MOXKHO cKa3aTb
MHayve, IIYHTUPOBaHKUE CHIKAET TOK Yepe3 Harpy3Ky, OTBETBJIsAs B IIYHT 4YacTb I, oomero Toka (I, +
I;). Yem MeHbIlle COMPOTHBIICHUE IIIYHTA, TEM CUJIbHEe ITyHTUPOBAHUE, TEM MEHbIIIAsl YacTh OOIIEro
TOKa Jloctaercst Harpy3ke (I;) 1 Tem OGosbinas ero yacTp Iy, moiaeT yepes IIyHT.

1.2. 3akonsl Kupxrodga n ux ucnoan3oBanue

3akoHbl, WM nipaBmiia, Kupxroda - 3T0 COOTHOIIEHM I, KOTOPbIe COOIOIAI0TCS MEXTy TOKAMU
Y HanpsDKEHUSIMU Ha Y9aCTKaxX abCOTIOTHO 000 3NeKTprueckoi reru. C moMolnbo 3akoHoB Kupx-
roa MOXKHO pacCuuTaTh JIIOObIE JEKTPUIECKUE LIETH KaK TIOCTOSIHHOTO, TaK U NMEPEMEHHOrO TOKa.

B 3amMKHYTOI 11eNM IOCTOSIHHOTO TOKA HEe MOT'YT CKaIlJTMBAThCS SJIEKTPUYECKHUE 3apsi/Ibl, TAaK KaK
9TO BBI3BAJIO Obl M3MEHEHHUE MMOTEHIMAIOB TOYeK 1ienu. [103ToMy cymMmma TOKOB, BTEKAIOIIUX B y3e,
paBHa CyMMe TOKOB, BHITEKAOINUX U3 y371a. Tak 3Byunt mepBbiid 3akoH Kupxroda. Ero moxHO
chopMyIMPOBATh | TIO IPYTOMY: CyMMa TOKOB B y3JIe paBHa HYJIIO:

m

YIk=0

11
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k=1

[Tpu 3anucu ypaBHeHU# Mo MiepBOMY 3akoHY Kupxroda Toku, HampaBieHHbIE K y311y, OepyT
C OJIHUM 3HAKOM, KaK MPaBWJIO CO 3HAKOM "TUTIOC", a TOKH, HapaBJieHHbIE OT Y314, - C MPOTHUBOIIO-
JIOKHBIM 3HaKoM. Hanpumep, nuis y3na 1 Ha puc. 1.9

-+ +13= 0

= =T +—
=7 Ambk =

Puc. 1.9
Bropoii 3akon Kupxroda - cymma DJIC B 1000M KOHTYpE IEKTPUUECKOM LIENM paBHA
CyMMe MaJeH11 HanpsKeHWs Ha BCeX 3JIEMEHTaX 3TOro KOHTYypa:

m m
Y Ex= Y Uk
k=1 k=1

s kontypos I u Il Ha puc. 1.9 ganHOe npasuo ¢ yuerom nonspHocty SC u HanpsKEeHUN
UMEET BUJL:

Ei-E;=-U;-UyE>,-E3=U,-U;j

3akonbl Oma u Kupxroga ucnosnbp3yior, Kak IpaBuilo, IIPA PacueTe HECIOKHBIX JIEKTpUYe-
CKMX LIeTIel ¢ HeOOIbIIMM YHUCIIOM KOHTYPOB, XOTSI TEOPETUYECKH C MX TIOMOIIIBI0 MOXKHO pacCuuTaTh
NIEKTPUUYECKUE LIENH JTI000M CJI0KHOCTH.

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

Bl HaBepHsAKa BCTpevaav CXeMbl, B KOTOPBIX HAanpoTuB y3710B Hamucano "U " u "Uy" wm 6
B u 4,5 B. Ho Benp HanpsbkeHUe M3MEPSIOT Medcdy TOYKaMu cxeMbl. Paszdepemcsi, 4yTo 31O O3Ha-
yaeT. Bo3zbMeM HEKOTOpYIO CXeMy, ceiliyac COBEPLIEHHO HEBAKHO, UTO TO 32 CXeMa, IyCThb 3TO OyAeT
cxema, u3oOpaxeHHass Ha puc. 1.10. Ha HuxHell Touke cxembl yKa3aH 3HaK "3emuis”. OOBIYHO 3a
"3eMui0" (MHOTAA TOBOPAT O "Kopiyce') MPUHUMAIOT OIMH U3 BHIBOJOB UCTOUYHMKA MUTAHUS CXEMBI,
Kak npasuio "Munyc". HanpsixeHue - 3170 pa3HOCTh noTeHuuaioB. [loreHnman "3emin” NpuHUMAIOT
paBHBIM Hymo. Torga noteHuMa: g B TOUKe A cxembl Oy/IeT paBeH HAIPSIKEHUI0 MEk/ly STOW TOY-

12
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Koi1 1 "3emJiert"/kopiycom. CrieriuaaucTsl roBopAT: "M3meppb HanpsikeHue B Touke A", uMesl B BULY
Pa3HOCTh MOTEHIIMATIOB MEX/y STOM TOUKOM U KOPITYCOM, TTOCKOJIBKY MOTEHIHAJ KOPITyca HYJIEBOM:
Ua=®a-9PGND = @A -0=qa
AHAJIOTVYHO 7151 OO0 JPYrod TOUKU CXEMBI.

R, R,

>

= GND

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

VYcnoBHble 0003HaueHus "kopmyca" u "zemun" mpuBeseHbl Ha puc. 1.11. O "3emuie” uarie
TOBOPAT B EKTPOTEXHUKE, KOTZIA peub UAET, HAIPUMEP, O MOTOpaX XOJIOAUIbHUKOB, CTUPAJIbHBIX
MallH, HarpeBaTesisx U Ipyrom nogo0HoM o0opynoBaHuu. [Ipyu paccMOTpeHHUH cXeM 3JIEKTPOHHBIX
YCTPOICTB, KaK MPaBUJIO, UCMIONB3YIOT 0003HAUEHUE, ITpuBeieHHoe Ha puc. 1.11, 1.

Puc. 1.11. "Kopnyc" (1) u "3emiist" (2) B 97IeKTpUYECKUX CXEMaX
Il 3akperuieHust 3HaHui o 3akoHax Kupxroda paccmorpum cienyionyio cxemy (puc. 1.12).

13
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g+

Puc. 1.12.

CornacHo nepsomy 3akoHy Kupxrodga

L=hL+13

CornacHo BTOpoMy 3akoHY Kupxroda

E; =R + Ry - bRy + 3R3 + 3Ry = 0

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

Torma

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

CornacHo 3akoHy OMa HanpsikeHus B TouKax 1 u 2 paBHbI

U;=DbRy=(9/11) - 10=8,18 BUp, =3R4 = (6/11) - 10=5,45B

Torna HarnpskeHHe Ha pe3ucTope R3 paBHO pa3HOCTM MOTEHIIMAIOB B TOUKax 2 U 1, a 3HaYUT
- 9TUX HAIPSKEHU:

Urz3=U; -Up=8,18-545=2,73 B

[TpuBbIKaiiTe K M3MEPEHUIO HATIPSKEHU OTHOCUTEILHO "KOpIyca' U K TOMY, UTO HaIpsiKeHUe
Ha JIEMEHTaX CXeMbl PaBHO MX pasHuile. Takke HEOOXOOMMO MOMHHTH, YTO B CIydae W3MEpEeHUs
TOKA Yepe3 KaKylo-TO BETBb aMIIEPMETP HEOOXOAUMO BKJIIOUATh B €€ Pa3phIB.

1.3. UcTouyHNKHN NUTAHMSI

1.3.1. Yro Takoe "BHyTpeHHee colpoTHUBJeHue"?

Ecnu roBoputh 0 peanusix, TO HaNpsKeHUs, KOTOPbIE MBI TOJTy4aeM OT Oatapeek, akKymyJIsi-
TOPOB ¥ NMPOYMX UCTOYHUKOB MUTAHUS, B ACHCTBUTEIFHOCTA HEMHOTO MEHbIIIE, YeM 00 TOM 3asiB-
nst10T ipousBoauTen. Eciu Bel Ky Garaperiky "Kpona" (9 B) a1 HaCTONBHBIX YaCOB WIIM MaJTb-
yukoByo (1,5 B) myis nmynbTa TeneBusopa, TO B AEUCTBUTEIBHOCTH TOCTIE TOTO, KaK Bbl MOJKJIIOUUTE
MX K K Harpy3ke (K 4acaM U K IyJIbTY), HallPsKEHUEe HEMHOTO YIaJIeT, HA OYEHb MAIYI0 BEJIMUKHY,
HO ynazer. [IpuurHa B TOM, 4TO BCE MICTOUYHUKHU HAIIPSIKEHUS UMEIOT HEHYJIEBOE BHYTPEHHEE COIIPO-
TuBJIeHNE. K COXAIEHNIO, OHO €CTh, U ABJISETCA TAKUM K€ ITOJIHONPABHBIM JIEMEHTOM CXEMBI, KaK
Y BCE BHEIIHUE PA/IMONIETANIM, TIO3TOMY KOT/Ia, BbI BCTABUTE OaTapeiKy B IMyJIbT, IOTEYET TOK, U Ha
STOM COIPOTUBJIEHHH 10 3aKOHY OMa OKakeTcst HeKoTopoe Hanpsbkenue. Eciu npencraButh Oara-
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PENKy WM aKKyMYJISATOP Kak MOC/IeI0BATENIbHO COeJUHEHHbIE naeatbHbiil ucTouHuK D/IC (MMeHHO
TaK Ha3bIBAETCS] UCTOUHUK MUTaHUs Oe3 MOTepb) M BHYTPEHHEE COMPOTUBIICHUE, TO MOCHIE 3aMbIKa-
HUS LIeny 00pa3yeTcs JeUTelb HalpsKeHus, padoTy KOTOporo Mel paccmoTpenu Boire. DIIC pac-
NPENETUTCA MEKAY Rpyyyrp U CONPOTUBIIEHUEM YCTPOUCTBA-HAIPY3KH Ryarp. ECIM yBENIMUUTH TOK
(YMEHBIIMTD Rygarp), TO 110 3aKOHY OMa yBEMYMTCA NAJIEHUE HAa STOM BHYTPEHHEM CONPOTHUBJIEHHH,
¥ HaIpSAKEHHWE Ha BBIXOJE, KOTOPOE JOCTAHETCA Ryarp, OKakeTcs emne Menbie. YToObl n3MeHeHne
HArpy3Kd KaKk MOKHO MEHbILE BJIMSJIO HA BHELIHEE HANPSKEHUE UCTOUYHUKA MUTAHUS, Rpyyrp CTa-
patotcs cenaTh Kak MOKHO MeHblle. Emie oqHuM npumMepoM TOro, 4To 3TO MPOUCXOIUT, SABJISAETCS
cetp 220 B (HanpskeHUe NIEpEMEHHOE, HO CYTh HE MEHsETCs). Y Hee BHYTPEHHEE CONPOTUBIIEHHE
COCTaBJISIET JOJIM OMa, HO BCE K€ OHO €CTh (CKa3bIBA€TCs COMPOTUBIIEHUE JIMHUM 3JIEKTpOIepeiadn
(JIDID)) 1 TeopeTnuecKn HANPsKEHUE JOIKHO OBITh UyTh MeHblte 220 B.

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

1.3.2. cTOYHMK HanpsKEHUs1 ¥ UICTOYHUK TOKA

15
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Puc. 1.13. Pexumbl paboTsl reHepaTopa

N3 Bcex BO3ZMOKHBIX COOTHOLLIEHUI MKy COITPOTUBIEHUSAMU I'eHepaTopa U Harpy3Ky MOKHO
BBIJIEJIMTD /1Ba TUIIMYHBIX CITydasl.

Crnyuail epBblii: COIPOTUBIIEHUE TeHepaTopa R Bo MHOTro pa3 MeHbllle, 4YeM COMPOTUBJICHHE
Harpy3ku Ry. Takoil ICTOUHUMK Ha3bIBAOT UICTOYHUKOM HaIlPSIKEHUsl, OTMeYast STUM, 4TO MOYTH BCS
SJIC npwioxkeHa K Harpy3Ke U YTO MPU U3MEHEHUM HArpy3KU HalpsikeHUe Ha HeW NOYTH HEe MEHSI-
ercs (puc. 1.13; 3). [Ijist WIUTIOCTPALIMY - YUCIIOBOM ITPUMED.

[Ipeanonoxum, uro E = 200 B, R = 1 Om u R; = 400 Om. Ha BHyTpeHHEM CONPOTHBIIEHUN
reHeparopa ocraercsi okoiyio 1 B, Harpy3ke nocraercs npumepHo 199,5 B. Yeenmuuum Ry 10 800 Om,
Ha Harpyske, HeCMOTPsI Ha 9TO, OCTAHETCs] IPUMEPHO TaKOe K€ HaINpsKeHUe, Kakoe ObLIOo, - OKOJIO
199,75 B; Ha BHyTpeHHEM CONIPOTUBJIEHNH TeHeparopa octaHercs okono 0,25 B. Eciu ymeHbIIUTH
Ry 1o 100 Om, To Ha Hem Bce paBHO Oynet okosio 198 B, Ha R, motepsiercs okono 2 B.

Bo BTOpOM TUIMYHOM Cily4ae CONpOTUBIEHUE reHepatopa R Bo MHOro pas Gosblie conpo-
THUBJICHUS HAarpy3ku Ry. DTO pesxuM reHeparopa TOKa, OH Ha3BaH Tak MOTOMY, YTO TOK B LIETTH OYTH
HE MeHseTcs Ipyu u3MeHeHuu Ry (puc. 1.13; 4).

Yucnoson npumep: DJIC reneparopa E =200 B, R =200 Om u Ry = 1 Om. Jlerko noacuunrars,
YTO TOK B LIENM - OKOJIO | A ¥ OH IPUMEPHO TAaKUM M OCTaHETCS, €CIM YBEIUYUTh UM YMEHBIIUTD
Ry B HECKOJIBKO pa3.

O0a 3T1 pexruMa UMEIOT CBOU JIOCTOMHCTBA M HEIOCTATKM, HO TeHEPaTop HAIPsSDKEHUs BCTpe-
YaeTcs ropaszio yamie. B pexxume reHeparopa HarpsokeHus1 padoTaloT MeKTpUIecKast ceTh (BHYTPEeH-
HEee COIPOTHBJIEHHE - JIECSATHIC U IaKe COTHIE 10U OMa), aBTOMOOMJIBHBIN aKKyMYJISTOP, OaTapeika
KapMaHHOTO (poHapsi (BHyTpPEHHEE COIPOTHBJIEHHE HOBOH OaTtapeiiky - OKOJIO OMa, y CTapoi Oara-
PEMKH - HECKOJIBKO OM).

1.4. Konaencarop

1.4.1. Yo 310 Takoe?

[Ipocreimmii KOHIEHCATOP COCTOMT W3 JIBYX IUIACTUH (MM OOKJIA/IOK), HAXOMAIIMUXCS OfIHA
nepej; Jpyro M CeJIaHHBIX U3 MPOBOASLIErO Marepuaia. Mexay MIacTUHaMU HaXOOUTCS M30JIH-
PYIOLLMI MaTepuyall, Ha3bIBa€MbIi TUIIEKTPUKOM (puc. 1.14). [IpocreniuymMu AUaIeKTpUKaMu SIBJIS-
I0TCsI BO3YX, Oymara, ciofa u T.J1.

[TaacTHHEI

—
,.-'-l HMVICKTPHEK

Puc. 1.14. Konpencarop

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

Ha puc. 1.15, 1 u3o6paxena cxema, B KOTOpOU KOH/IEHCATOP Uepe3 KU COSMHSIETCS C ICTOY-
HuKoM nuTanusl. Korga kimou 3aMKHYT (puc. 1.15, 2), NONOKUTENBHBIN MOTIOC UCTOUYHUKA "OTKAYM-
BaeT" EKTPOHBI C OOKJIAIKU A, ¥ OHA TPUOOPETAET MONOKUTETbHBIN 3apsi. OTpUIIaTeTbHBIH MOJTIOC
WCTOYHMKA TIMTAHKWS B 9TO BpeMs "TOCTaBJIsieT" IeKTPOHBI Ha 0OKJIAAKy B, B pe3ynbrate uero oHa
NpUoOpeTaeT OTPULIATENIBHBIN 3apsijl, 10 aOCOMIOTHOW BEJIMUMHE PABHBIN MOJIOKUTEILHOMY 3apsiLy
oOknmanku A. Takoll TOTOK 3MEKTPOHOB Ha3bIBaeTCsl TOKOM 3apsiga. OH IpOAO/KaeT 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.
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Puc. 1.15. 3apsn u pa3psan KoHIeHcaTopa

Korga xonzeHcatop 3apsiKeH, Mek1y ero OOKJIaJKaMu BO3HMKAET pa3HOCTh MOTEHIMAJIOB, a
CJIEIOBATEJIbHO, IEKTPUUECKOE TOJIE.

Ecnu B MOMEHT, Korjia KOH/IEHCATOp YK€ 3apsiinics, pa3oMKHYTh Kiou (puc. 1.15, 3), koH-
aeHcatop OyleT XpaHUTh 3apsil. Kak MBI y’ke OTMETHIIH, B 3TOM Clly4yae MeXy ero 0OKJIaKkaMu BO3-
HUKHET JIEKTPUYECKOE TI0JIE.

Ecnu coenuHuTh OOKJIAKU 3apsKEHHOTO KOHJEHCATOpa Pe3UCTOPOM, TO HAUHETCS MPOIIecC
paspsizia, Mo BHEIHEH 1eNH U30bITOYHBIE 3apsibl Oy/IyT MEePEeXOAUTh C OHON OOKJIAIKU Ha APYTYIO,
CTPEMSCh HEWTPAIM30BaTh APYr Apyra. Bo BpeMs paspsa B LENM TOXE TEYET TOK, €ro BEJIMYMHA
3aBUCHUT OT EMKOCTH, a TaKKE€ OrpaHUYMBAETCS COPOTUBJIEHUEM pe3ucTopa. Pa3psn koHaeHcaropa,
MOI00HO 3apsiy, OyleT IUIMThCS TeM AOJbIIe, YeM OoJbllle eMKOCTh KOH/EHcaTopa (TO eCTh 4eM
OoJbIIIe 3apsAI0B JOIKHO YUTH C €ro 0OKJIaJ0K) U YeM OOJibllie CONTPOTURIICHUE pe3rcTopa (pa3psia-
HOM LIETIN ).

BricTpee Bcero pa3psiJ MpOM30MIET, €CIU COSUHUTD OOKIAJAKH HAKOPOTKO.

[IpenynpexaeHue: Tak Kak KOHAEHCATOP NPU OTKJIIOYEHUH OT UCTOYHHMKA TOKA MOXKET yIep-
’KMBaTh TOTEHIIMAT UICTOUYHHKA MUTAHUSI TOCTATOYHO JIOJITO, OOpaIlaiTech ¢ KOHAEHCATOpaMU OCTO-
poxxHO. Hukorna He kacaiitech 000MX BHIBOIOB KOHJIEHCATOPA PYKOM JIO TEX TIOP, ITOKA He pa3psanTe
ero MyTeM 3aKOpaurBaHUs BbIBOJOB. KOHIEHcaTOp B LIeNM MOXET yAep/KUBaTh MOTEHLIMANl HEOIIpe-
JEJIEHHO JI0JITO, €CJIM Y HEro HeT IyTH U1 pa3psja.

Habmonas 3a 3apsaom 1 pa3psiioM KOHAEHCATOpa, Mbl BIIEPBbIE CTAIKMBAEMCSI C TEM, UTO JJ1e-
MEHTHI IEKTPUUYECKON LIENH ONPEAEAI0T MPOJOIKUTEBHOCTh TEX WM MHBIX IPOLIECCOB, B JIaH-
HOM CJIy4yae BpeMs 3apsjia U pa3psja KOHJeHcaTropa. DieKTpuueckas 1emnb, cocrosmas u3 R u C,
WY, KaK ee yacTo Ha3biBaloT, RC-11enouka, B JaHHOM Cily4yae 4YeM-TO HAIOMUHAET NIECOUHBIE YaChl,
BpeMs "pa3psa’ KOTOPbIX 3aBUCUT OT KOJIMYECTBA I1ECKa U IMaMETpa OTBEPCTHS, Yepe3 KOTOPOE OH
coinercs. He cinyuaitHo ux npoussenenue T = RC Ha3bIBa€TCs HOCMOSHHOL 8pemeHru .

CrnocoOHOCTb KOHJEHCATOPA HAKATLIMBATh IEKTPUUECKUA 3apsiji TOBOPUT O HAJTMYHMHU Y HETO
emkocTr. OHa o6o3Havaetcs kak C u u3mepsiercs B papanax (P). Papania - oueHb OoJbINast eqUHATIA
€MKOCTH, ¥ OHa TIPAaKTHUYECKH He UCTIONb3yeTcsl. Ha mpakTuke noib3yoTcs: [poOHBIMU eJMHUTIAMMU:

1 mukpopapana (MkP) = 10°®, 1 HaHo(apaga (HP) = 10° @, 1 nukodapaga (nd) = 102 @,

Ecmm konzencarop emkoctsio C 3apsikeH 10 HanpsbkeHus U, To 3apsn Q, KOTOpbIA HAaKOIUJICS
Ha KaXJ0H IJ1aCTUHE, paBeH

Q=C-U,

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

W3 31011 hopMyJIbl MOKHO MOTYUUTh APYTYI0, KOTOpast AMHAMUYECKH ONHUCHIBAET PabOTy KOH-
AeHcaTopa:

I=C.dU/dt,

T.€. YeM ObICTpee Ha OOKJIaJKaX KOHAEHCATOpa MEHsIeTCs HalpsiKeHne, TeM OOJIbIlie IepeMeH-
HBII TOK, IPOTEKAIOIINI Yyepe3 Hero (MoipoOHee - B YaCTH 2, €CJIM M0KA He MOHATHO, HE PaccTpau-
BaliTeCh).

1.4.2. TlapannenpHOe U MOCIEA0BATENBHOE COEIMHEHNE KOHAEHCATOPOB

Ecnu koHneHcatopsl coequHeHbl napasuiensHo (puc. 1.16, 1), To obmas miomans oOKJIaIoK
paBHa CymMMe IUIOIIA/ell OOKJIaJ0K OTAENbHBIX KOHAEHCATOPOB, W OOlIasi eMKOCTh paBHa CyMMe
€MKOCTe! OTJeJIbHBIX KOH/IEHCATOPOB:

C=Ci+C,

20



. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

=

1) 2)

Puc. 1.16. [NapannensHoe 1 NoclieIoBaTeIbHOE COEAUHEHNE KOHIEHCATOPOB

[Tpu 3TOM (ITOCKOJIBKY KOH/IEHCATOPBl COSAMHEHBI MapalieIbHO) MAaKCUMAJIbHOE HaIpsiKeHe
PaBHO MaKCHMAJbHO JIOMYCTUMOMY HAMpPSIKEHUIO TOTO M3 3THUX KOHJEHCATOPOB, Y KOTOPOTO OHO
MeHbIIIe, T.K. PO MOCTENIEHHOM YBEJIMUEHUH HAMPSKEHUST OH BBIMJET U3 CTPOS MIEPBBIM.

[Tpu nocnenoBaTeIbHOM COEIMHEHUH KOHIeHcaTopoB (puc. 1.16, 2) ux oOmas eMKoCTh pac-
CUUTBHIBAETCS TaK ke, KaK COMPOTUBJICHUE MPH NMaPAJUIEIBHOM COEJUHEHUH PE3UCTOPOB:

1/C=1/C1+1/C,

[Tpu 3TOM (TOCKOJIBKY KOH/IEHCATOPbl COEUHEHBI NMOCeI0BATEIbHO) MAKCUMAIbHO BO3MOX-
HOE HarpsikeHHe paBHO CyMMe MAaKCMMAaJIbHO AOCTYIIHBIX HAMPSKEHUI Ha OTAEIbHBIX KOHJIEHCATO-
pax.

1.5. Karymka MHAyKTHBHOCTH

WHIyKTUBHOCTB - 3TO CHOCOOHOCTD M3BJIEKATh SHEPIHIO U3 UCTOUYHUKA U COXPAHSATh €€ B BUIC
MAarHUTHOTO TOJs. DTO CBOWCTBO MPOBOAHUKA, MPEJOTBpAIIAIOIIee Pe3Kre U3MEHEHUs TeKYILEero
yepes Hero Toka. Harpumep, eciv Tok B KaTyIlIKe YBEIMYUBAETCs, MATHUTHOE MOJIe BOKPYT KaTyIIKU
pacrmpsiercsi. Ecni TOK B KaTylIKe YMEHBINAETCsl, MarHUTHOE Mojie ckumaercsl. OiHaKo cxaTue
MarHMTHOTO TIOJISI MHAYIIUPYET B KaTyIIIKe HalpsDKeHUE, KOTOpoe MOoiepkuBaeT Tok. Takum oOpa-
30M, UHIYKTUBHOCTb IO3BOJISIET SHEPTUU COXPAHATLCS B BUAE MArHUTHOTO TOJS, 3aBUCSILIETO OT
Toka. Koria Tok yMeHblaeTcsi, yMEHbIIIaeTCsl 1 MarHUTHOE T10J1e, BO3BpAIllasi B LIEMb 3aaCeHHYIO
sHepruio. Ha cxemax M B TeKCTe MHIYKTHBHOCTh 0OO3Ha4YaeTcst OyKBO# L, yclIoBHOE 00O3HaYCHHUE
MHIYKTUBHOCTH Ha CXeMax MpuBeaeHo Ha puc. 1.17.

L

Puc. 1.17. UnayKTMBHOCTD

Jlonrue rofpl MEeKTPUYECTBO U MATHETH3M ObLITM U3BECTHBI KaK COBEPIIIEHHO Pa3Hble, HE3aBU-
cumble sieieHus. U tompko B 1820 rogy marckuit pusuk Xanc Kpucrtuan Dpcren oOHApY KW, 9TO
EKTPUYECKUI TOK JIECTBYET Ha CTPEJIKY KOMIIaca U, CJIeI0BATEIbHO, MAaTHETU3M MOXKET MOSIBUTHCS
U3 neKkTpudecTBa. [locie 3Toro ObIJIO €CTECTBEHHBIM MPEIOIOKUTh, YTO MOXHO OCYIIECTBUTD U
oOparHoe rpeoOpa3oBaHue: U3 MarHeTH3Ma TMOMYYUTh JIEKTPUUYECTBO - BeJb TOMYJaIOT e 130 JIbAa
BO/IY, & M3 BOJIBI - JieAl. M 271eKTpuiecTBO U3 MarHeTU3Ma JeMCTBUTENBLHO ObLIO TIOYyYeHO, HO He Cpasy,
a B 1831 romy. DTu rofpl yIIv Ha BbISICHEHUE OTHOM, KaK TeNephb KakeTcsl, O4eHb MPOCTON UCTUHBI.

21



ﬂ. O,ZII/IHLIOB. <<9H€KTDOHI/I]\'EIZ OT MPOCTOI'O K CJIOKHOMY>»

A

I\+

Puc. 1.18. Karymka uHAyKTUBHOCTH

DNEKTPUUYECTBO U3 MArHETU3Ma BIEPBBIE MOJIYYWI aHIMMCKUM (pusuk Maiikn ®Papanenn. O
CaMbIMH Pa3HBIMH CIIOCOOAMMU ITBITAJICS PACIIONOKUTh POBOJHUK BO3JIE MArHUTA, MpeArosaras, 4yro
IJ1s1 TIOJIyYeHUs1 TOKA HYKHO JIMIIb MPUAATh MPOBOIHUKY YAauHYyl0 (hOpMYy M HAWTH €My yJayHoe
MeCTO B MarHUTHOM mofie. U Tosbko cryctst MHoro et ®apajeit oOHapy KW, YTO ISl TOTyYEeHHUS
TOKa B IIPOBOJHMKE, KPOME CaMOro MPOBOJHMKA U MArHUTA, HY)KHO €lle Osudicerue. DNeKTPOABU-
XKyIIasi Cuila Ha KOHLIAX ITPOBOJHMKA, & IIPU 3aMKHYTOH LIeNU U TOK B HEM, MOSIBJISAETCS, €CIU MPo-
BOJIHUK OIpe/ie/IeHHBIM 00pa30M JIBUTaTh B MArHUTHOM T1ojie (puc. 1.19). DTo siB/ieHUe Ha3bIBaeTCs
3JIEKTPOMAarHUTHOW MHIYKLMEN (B MepeBOJIe Ha PYCCKUH - 27IeKTPOMAarHUTHBIM HaBEJEHUEM ).
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Puc. 1.19. DnekTpoMarHuTHast UHAYKLUS

[NosiBnenue nuaynmpoBanHo# (HaBeneHHOW) DIC B caMOM YIPOIIEHHOM BHJE MOXHO 00b-
SICHUTDb TaK: KaXJbIli CBOOOIHBIN JIEKTPOH 00JIajaeT MarHUTHBIMUA CBOMCTBAMU B COOTBETCTBUU C
3aKOHOM JpcTesia, TaK Kak MpeacTaBisieT coOOW JeMEeHTApHBIN MeKTpudeckuii Tok. Eciu nome-
CTUTh MPOBOIHUK BO BHEIITHEE MATHUTHOE IOJIe, TO OHO "CXBAaTUT" CBOOOIHBIE JIEKTPOHBI IPOBOJI-
HUKa, B3aMMOJICHCTBYS C HUMH KaK ¢ MUKPOCKOITMUECKUMHU MArHUTUKAMU. A €CJIi IPOBOJHUK TOCIe
9TOrO JIBUHYTh, TO JEKTPOHBI KaKk Obl OCTAHYTCSl HA MeCTe, ylepXKUBaeMble MarHUTHBIM TIOJIEM, U
MIPOBOIHUK CMECTUTCSI OTHOCUTEIBHO TUX CBOOOIHBIX JIEKTPOHOB. B MTOre Ha OIHOM KOHIIE MPO-
BOJHHMKA KOHIIEHTPAlIMsl EKTPOHOB YBEJIMYUTCS, HA APYIOM - YMEHbIIUTCA. TO ecTh Ha KOHIIaX
MPOBOJIHMKA MOSIBUTCS CKOIUIGHUE Pa3HOUMEHHBIX 3apsoB, a 3HauuT, DJC. Dra D/IC HazbiBaeTcs
AEKTPOIABMKYILEN CUIION camourdykyuu. Eciy ke IpOBOJHUK OCTAHOBUTH, TO JIEKTPOHBI M1OCTE-
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
KATYIIKU, KOTOPbIM XapaKTEpU3yeT BEJMUMHY SHEPTUH, 3a11acaeMoi KaTyIIKOHM IPH MPOTEKaHU!U 10
Hell JIEKTPUUECKOro TOKa. Yem Oosbllie HHAYKTUBHOCTD, TeM OOJIbIIIe SHEPIUY OHA 3ar1acaeT B CBOEM
MarHUTHOM ToJie. IHIyKTUBHOCTb 3aBUCHUT OT pa3MepoB KapKkaca, (hOpMbl, UUCIIa BUTKOB, TUaMETpa
Y MapKy IIPOBOJIA, a Takxke OT (hOpMbl M MaTepHasa CepleUHUKa.

UroOsl yBenmuuTh HaBeleHHYo DJIC, 10CTaTOYHO YBEIUYUTH JUIMHY MPOBOJHUKA WU MPO-
CTO BMECTO OJJMHOYHOTO MIPOBOJA B3SITh KATYIIKY C OOJBIIUM KOJIMYECTBOM BUTKOB. Eciu psimom ¢
9TOW KaTyIIKOM OBICTPO JBUIaTh MarHUT, TO BOJILTMETP, MOAKJIIOYEHHbIN K HEel, OyAeT OTKJIOHATHCS
BeChbMa 3aMETHO, COOOIIIasl, YTO B KATYIIIKe UHIYIIMPOBAIACh, T.e. HaBenach, Hekotopas D/IC. I]IC,
HaBe/IeHHAsI B O/IHOM BUTKE, HEBEJIMKA, HO BCE BUTKH, 110 CYTH JieJ1a, COeJUHEHbI T0CIIEI0BaTENbHO, 1
Bce HaBeJeHHble B HUX Hebonbinne DJIC cymmupyiotes. Karyika 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 CTaIU WK eppuTa.
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Puc. 1.20. Karymka: 9IC u Tok

Ecnu, 3aMkHyB Beikiouaresis (puc. 1.20), MTrHOBEHHO MOJIaTh HANIPSKEHHWE Ha KaTyIIKY, TOK B
HEell yCTAaHOBUTCSI HE cpasy, OH Oy/IeT HapacTaTh IOCTENeHHO. B KaTyIke co3aeTcss MarHUTHOE T10J1e
(B HEM COIEP)KUTCS MOJIYyYEHHAs! OT TOKa SHEPrusl), KOTOPOe BIUAET Ha CUJIy TOKA U MPENsSTCTBYET
€ro U3MeHeHuw. Ecim ToK B Lienu ucye3aeT, SHeprus CO3JaHHOIO MarHUTHOTO MOJIsl U34e3aeT He
cpazsy, a ellle HEKOTOpOoe BpeMs MOJJIepKUBAeT TOK B 1ien. OCHOBHOE CBOMCTBO MHIYKTUBHOCTH -
IPENATCTBOBATh U3MEHEHMIO B HEl JIEKTPUYECKOro TOKA, CHavyasla IpH ero MOSBJIEHUH, a 3aTeM -
NIPY pa3MBIKaHUM 1enH. TOK YBeJIMYMBACTCS M yMEHBIIAETCS] Me[UICHHEE, YeM B LeTH 0e3 KaTyIIKH.

B mo6om moste - rpaBUTallMIOHHOM, IEKTPHYECKOM, MarHUTHOM - BCET/ia 3aI1acaeTcsi SHeprusl.
Ha co3aHue MarHMTHOrO IoJsl KaTyIIKK, Ha CO3/IaHME B HEM 3allacOB SHEPTUM KakK pa3 U pacxomy-
eTcsi SHeprusi 0ataper B MOMEHT BKJTI0UeHHs1. IMEHHO MOTOMY TOK Pe3KO He HapacTaeT, OH B IEPBOe
MTHOBEHME TPATUT YaCTb CBOEH SHEPIrMM Ha CO3JaHUE SHEPIeTUUECKUX 3aI1aCOB B MATHUTHOM TIOJIE.
A TIpy BBIKJIIOUEHUH TH 3allachl BO3BPAILAIOTCS B EKTPUUECKYIO LIETlb, MOAAEPKHUBast TOK BMECTO
ykKe OTKJIIOYEeHHO! OaTapeu.
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

Paccmotpum cxemy, uzobpaxkennyio Ha puc. 1.21. Karymka mHnyktuBHOCTH L coenmHeHa
MOCJIeIOBATENIbHO C PE3UCTOPOM R M mpu 3amMblKaHUU KJIOYa S HAUMHAETCS €€ HaMarHUYMBaHUE.
CHauvajia TOK B IIeTM PaBEeH HYJIIO, a TIOTOM OH HaYMHAeT BO3PACTaTh, IPUYEM, KaK BBl yKe 3HaeTe,
HE Pe3KO, a MO KCIOHEHIIMAIbHOMY 3aKOHY, Kak MoKa3zaHo Ha puc. 1.22. OH OyaeT Bo3pacTarh /10
TeX IMOp, IMOKa He JOCTUTHET CBOET0 MAaKCUMAJIbHOTO 3HaueHUs1. CKOpOCTh U3MEHEHUsI TOKA B 1ETH
3aBUCHT OT KOHKPETHBIX 3HaueHul R 1 L. Bpems1, HeoOxonumoe jijist TOro, 4ToObl CHJTa TOKA JJOCTUTIIA
3HaYeHus1, paBHOro 0,63 OT ero MaKCUMaJIbHOM BEJIMYMHBI, HA3bIBAETCS IOCTOSIHHOM BPEMEHHU LIETH.
Ona paBna L/R u nonyuaercsi B cekyHax, eciau L BbIpa3uth B reHpi, a R - B omax.

R L
_:|—nr~nﬁ_

Puc. 1.21.
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Tk s .‘.

~
YCTAHOBHBLIEECS
HaYYeHHE

e -

Hpema, o

Puc. 1.22. DxcrioHeHMaabHOE YBEIUYEHNE TOKA, IPOTEKAIOILETO YEPE3 KATYIIKY

Enununenn msMmepeHus MHOYKTUBHOCTU sBisercad reHpu (I'H). Enununa uHoykTuBHOCTH
Ha3BaHa Tak B 4YeCTb aMepuKaHcKoro usuka Jxoseda I'enpu (1797-1878). I'enpu - 310 Takas
MHIYKTUBHOCTb, KOTOpasi TpeOyeTcs sl MHIYLMPOBAHUS SJEKTPOIBIIKYILEH CUIIbl B 1 BOJIBT MpH
M3MEHEHHUH TOKa B IIPOBOJHUKE C CKOPOCThIO 1 amnep B cekyHay. ['eHpu - Gobiast eAMHULA, OOBIYHO
UCTIONB3YIOTCS MWUIAreHpy (MI'H) 1 MUKporeHpu (MKIH).

Ho B cxemax, Kak paBJIO, BEIMUMHY UHAYKTUBHOCTH HE YKa3bIBAIOT, TAK KaK PaauoIIOOUTe s
MHTEpECYET HE 3Ta BEJIMYMHA, 4 KOJIMYECTBO BUTKOB ITPOBOJA B KATYIIIKE, TUaMETP ¥ MapKa ITPOBOJA,
Croco0 HAMOTKH U pa3Mepbl KapKaca KaTyIIKH.

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

L=L+1L,

a [ MapaJuIe/IbHO COEIMHEHHBIX KaTYIIEK OHA PacCUUTHIBAETCA 1O (hopMyIie

1/L=1/Li+1/L,

Kary1ka MHOYKTUBHOCTH HE NIPENATCTBYET MPOTEKAHUIO NOCMOSAHHO020 TOKA, €CIIN, KOHEYHO,
HE [IPUHUMAaTh BO BHUIMaHKUE OYE€Hb MAJIOE COIIPOTUBJIEHUE ITPOBOAA, U3 KOTOPOro oHa caesaHa. Cie-
JOBaTEJIbHO, OHA UIMEET HYJIEBOE MJIM OYEHb MAJIOE COIIPOTUBJIEHUE ¥ MOKET PACCMATPUBATLCS B LIETIN
IIOCTOSIHHOTO TOKAa KaK KOPOTKOE 3aMblkaHue. KonzjepcaTtop ke B CBA3M C HAJIMYUMEM B HEM W30JIU-
PYIOIIEro TU3EKTPUKA UMeeT OECKOHEUHOE MJIM OUeHb OOJIBIIIOE COITPOTUBIIEHHE U MOXKET paccMar-
pUBAaThCS B LIENH ITOCTOSHHOIO TOKa KaK Pa3phbIB.
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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).

||I Ea"l“(f)

Puc. 2.1. TlepemenHbli1 TOK
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< 1 3nekmpuyeckuii mox

Puc. 2.2. Hanipasienue 3apsaoB

dopma nepeMeHHOr0 TOKa WX HaNpsKEHU S MOKET IPUHUMATh caMble pas3inyuHble BUbl. Hau-
Oosiee pacpoCTpaHEHHOM SIBJISIETCS] CUHYCOMJaIbHAsA (popMa NMepeMEHHOTO HANpPsKEHUs] WA TOKa
(puc. 2.1). OnHOM U3 MPUYKMH ITOTO SIBJISETCSA MPOCTOTA €ro BblpadaThiBaHUs, a APYrou - TO, 4TO
MoOOW CUTHAJI MOXHO IMPEACTaBUTh B BUJIE CYMMbl CHHYCOH/[] C Pa3HbIM MEPHOJOM (MM, YTO TO Ke
caMmoe, B BUJIE CYMMBI CUTHAJIOB CUHYCOMJJAJIBHOTO BUJA C Pa3HOW 4acToToM, puc. 2.20, 2.21).

[lepemeHHBIN TOK Jierye reHepupoBaTh U MepeaaBaTh Ha OOJblMe paccTosiHUs. [ eHeparopsl
NepeMEHHOTO TOKa IMpolle 1 0osiee SKOHOMUYHBI B padoTe. HarpsikeHre nepeMeHHOro ToKa MOKET
OBITh YBEJTMYEHO WJIM YMEHBIIIEHO ¢ TIOMOIIBIO TpaHchopMaTopa ¢ OYeHb MaJION MOTEped MOIIHO-
cru. Kpome Toro, nepeMeHHbIN TOK JIETKO MpeoOpasyeTcsl B MOCTOSHHBIN. [lepeMeHHbI TOK MOKHO
UCTIONb30BaTh U1 MepeJadyd MHQOpMAllMy U3 OAHOTO IYHKTa B JPYrod IO JIMHUSAM IEpeaayd,
a Takxe MpeoOpa3oBbIBaTh B JEKTPOMArHUTHBIE BOJHBI U NiepeJaBaTh U MPUHUMATh C MTOMOIIIBIO
AHTEHH.

Maremarnueckoe BbIpaKeHUE, ONMCHIBAIOILIEE CUHYCOMJAJIbHOE HANIPSIKEHUE, UMEET BUJL

U = A-sin 27tft,

rae A - aMrmryaa, f - yacrora B repuax (Iepuoaax B CEKyHAY). DTO K€ BbIPaKEHUE MOKHO
HalucaTtb 4epe3 yIJIOBYIO 4acToTy = 27 :

U = A-sin ot
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Puc. 2.3. Otpaxenue (Mpoekiusi) NepeMeHHOro TOKa Ha OCh Y

Teneps BHMMaTE/IbHEE TOCMOTPUTE Ha puC. 2.3. MBICJIEHHO HAYHUTE BpaIlaTh BEKTOP JJTMHON
A, BHIXOIAIMIA U3 lleHTpaibHOU ToukH (0, 0), ¢ yacToToi 0. Kak Oyaer MeHAThCS ero BepTUKasbHas
KOOpJMHATA, KOTOpas B IAHHOM CJly4yae OTpakaeT 3aBUCUMOCTb OT BpeMEHH Haillero Hanpsikenus U?
[TpaBmibHO, TIO 3aKOHY CUHYCcOUAATbHON (pyHKIMM A-sin wt. (CM. Takxke puc. 2.24, rae n3odpaxeH
reoMeTpUYeCKUil CMbICT (DYHKITUM CUHYCA. )

ITocTOsIHHBIN TOK UMEET MOCTOSHHYIO BEJIMUMHY U €€ MOKHO UCIIOIb30BaTh IPU BHIYHCIIEHUSIX.
3HaueHue ke MepeMEeHHOro TOKa MeHsIeTCsl BO BpeMeHU. YToObl IPeoIoseTh 3Ty TPYIHOCTh, BBEIU
NoHATHE 3(P(PEKTUBHOIO 3HAYEHU I IEPEMEHHOT0 ToKa. D(PHEKTUBHOE 3HAUEHNE NIEPEMEHHOTO TOKA
- 9TO TaKOE 3HAYE€HHE MOCTOSIHHOTO TOKA, MPY MPOTEKAHUU KOTOPOTO Yepe3 CONPOTUBJIEHUE BbIE-
JISIeTCs CTOJBKO e TeIla, YTO U MPU epeMEHHOM Toke. D(P(eKTUBHOE 3HAYEHUE CUHYCOUIAIBHOTO
TOKA - 3TO €ro CPeAHEKBAPAaTUUHOE 3HAUEHMUE, T.€.

L = Imax * 0.707

AHAJIOrUYHO /17151 HANPSDKEHU S

Uspp = Umax * 0.707 (puc. 2.4)

[, U
A

0,707 _

Puc. 2.4. DddexTuBHOE 3HaUCHNE TOKA (HATPSIKEHUS)

3HaueHMs IEPEeMEHHOIO TOKa M HalpshKEeHHWs BCETa 3aal0T B BUJE CPEHEKBApaTHUECKON
BEJIMYMHBI, 32 UCKJIOYEHUEM CIELIUAIBHO OTOBOPEHHBIX CIIy4yaeB. BOJBIIMHCTBO M3MEPUTEIbHBIX
pruOOPOB MPOrpayNpoBaHO B A(P(HEKTUBHBIX 3HAUSHUSAX TOKa 1 HanpspkeHus. 220 B - 3to addek-
TUBHOE 3HAYEHUE MIEPEMEHHOTO HANPSIKEHUS B JIEKTPUYECKOW CETH.

2.1. Pe3ucTop B neny nepeMeHHOro Toka (aKTHBHOE CONPOTHBJICHNE)

Pesucropsl, koTopble Mbl M3y4yasu B iepBoil yactu "[locTOSIHHBIN TOK", - aKTUBHBIE JIEMEHTHI,
TO €CTbh TAKHE, KOTOPBIE YMEHBILIAIOT TOK B LETH, IPENSATCTBYIOT ABUKEHUIO 3apsA0B M OITHOBPEMEHHO
(3TO OYeHb BaXHO!) OTOOMpPAET y HUX YacTh MOIIIHOCTH Ha HAarpeB, BbIJICJICHUE TeTLIa.
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N KOHACHCATOPOB M KaTylIE€K HWHAYKTUBHOCTH IIOBCACHHUC B LCIKA IMECPEMCHHOI'O TOKa
HECKOJIbKO MHOe. OHM OKa3bIBAIOT COMPOTHUBJIEHHE NEPEMEHHOMY TOKY, HO MOIIIHOCTH TIPY 9TOM He
otobupaioT. O HUX TOBOPSAT, UTO OHU UMEIOT peaKmueHoe COTIPOTUBIICHHE.

HpOLICCCbI Ha Y4aCTKE€ C aKTUBHBIM COITPOTUBJICHHUEM ITOAYUHAIOTCA 3aKOHY OmMa B TOM BUJEC,
B KaKOM OH ObUI YCTaHOBJIEH JUIsl TIOCTOSIHHOTO TOKA. [109TOMYy MakcMMyM TOKa HaOJI0IaeTCsl B TOT
K€ MOMEHT, YTO M MAaKCUMYM HATpsIKEHUs, TO €CTh MEXK,Jy TOKOM U HallpsKeHUEM HUKAKOTO C/IBUTA
¢as uer (puc. 2.5).

BxojaHou
CUT'HaJI

o & =}

Puc. 2.5. PesucruBHas 1ienn

[Tpu BKJTIIOUEHNHM B 1I€TIb KOHIEHCATOPOB U KaTyIlIEK UHAYKTUBHOCTEN MEXIY TOKOM M HaIlpsi-
KeHreM TosiBJisieTcs capur ¢a3. PaccMorpum ux padoTy nonoapooOHee.

2.2. KongeHncarop B 1jenu nepeMeHHOro TOKa

[ocTosiHHBIN TOK Yepe3 KOHIEHCATOpP He MPOXOOUT - B TUIEKTPHUKE MPAKTUYECKH HET CBO-
OOMHBIX 3apsOB, KOTOPBIE MOTJIM Obl CO371aBaTh TOK, BKJTIOUEHHE KOHAEHCATOPA B LIEMb MOCTOSIHHOTO
TOKa PaBHOCWJILHO pa3pbIBY 3TOM 1enu. OTHAKO B MOMEHT, KOTJla KOH/IEHCATOP 3apsiKaeTCs WU pa3-
psIKaeTcsl, TOK B LETH UAET - 3apsi/ibl UAYT K OOKJIAIKaM WUJIM YXOIAT ¢ HuX. Takoe ABUkeHHe 3apsiioB
Oy/IeT MPOUCXOAUTH B IIEMTU HE TOJIBKO MPH BKITIOUEHUH-BHIKJIIOUEHUH, HO U TIPY JIIOOOM U3MEHEHU!
HanpsDKEHHST Ha KOHAEHCATope. YBETMUUTCS HAlPsKeHUE - MOUIYT Ha OOKJIAAKY JIOTIOTHUTEIbHbIS
3apsAbpl U HA KAKOE-TO MIHOBEHUE MOSIBUTCS 3apSHBIN TOK B 1IENA. YMEHBIIUTCS HaNpsLKEHUE - U
YacTh 3apSAA0B YHIIET ¢ OOKJIAIOK, MOSIBUTCS KPATKOBPEMEHHBIH pa3psiIHbIA TOK, TO €CTh TOK 00paT-
HOTO HarpaBJieHUs].
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HerpynHo npenctaButh cebe, 4TO MPOM30MIET, €CIH MOABECTH K KOHJEHCATOPY MepeMEeHHOe
HarpspkeHue. [IocKonbKy HanpshkeHre HelPepbIBHO MEHSIETCs, TO KOHAEHCATOp OyleT HelpephIBHO
3apsKaThCA M pa3psiKaThCs, a 3HAUWT, B LIENM KOHJEHcaTopa OyJeT HenmpephlBHO UATH TOK. Yepes
IVJIEKTPUK 3apsfbl, KaKk BCEraa, He TPOXOAT, OHU JIMIIb IBUTAIOTCS K OOKJIaJKaM KOHEHCcaTopa
(HampsKeHUe Ha KOHJIGHCATOpe PacTET, KOHJAEHCATOP 3apsKaeTCsl) WITH ¢ OOKJIaIOK (HaIlpsiKeHHe Ha
KOHJICHCATOpe TMajiaeT, KOHJeHcaTop paspsikaercs). HambGonpmii Tok Oyer B Te MOMEHTBI, KOTjia
HarpsikeHHe MEHSETCS] ¢ MAaKCUMaJIbHOM CKOPOCTBIO, TO €CTh KOIJJa OHO IPOXOIUT 4Yepe3 Hojb. Bo
BpEMA JOCTHIKCHU A HAITPAKECHUEM CBOEN AMILUTUTYObI TOK CTAHOBUTCA paBHBIM HYJIIO: KAKOC-TO MI'HO-
BEHUE HANPSIKEHUE HE MEHSIETCS - OHO YiKe IIEPECTasio pacTH, HO e11ie He HayaJlo yMeHblarhes. Korna
HanpsiKeHUe pacTeT, Mbl CYUTaeM TOK MOJIOKUTEIbHBIM, KOTJIa OHO MaaeT, HalpaBJieHne TOKa MEHsI-
eTcsl Ha 0OpaTHOE, U MbI HA3bIBAEM 3TO HATPABJICHUE OTPULIATEBHBIM.

BxojgHou
CUT'HaJI

1)

Puc. 2.6. KonseHcarop: HarpsikeHUe OoTcTaeT oT Toka Ha 90°
32



. OauHIOB. «DJIEKTPOHUKA: OT MPOCTOIO K CI0KHOMY»

Ecnu k KoHAEHcaTopy NOoABEIEHO CUHYCOMJAIbHOE HANIPSIKEHUE, TO CKOPOCTh €0 U3MEHEHU S
- TOX€ CUHYCOM/1a, [I03TOMY B LIENM TeYEeT CUHYCOUAAIBbHBIN TOK. Ecim nocTpouts 3T JBa rpaduka
(puc. 2.6), TO MOXHO YBUIETh, UYTO MEKAY STUMU CUHYCOMIAMHU CyILeCTBYeT cBUT (pa3 90° (ueTBepTh
nieprofa), MPHUYeM TOK OfepekaeT HarpsiKeHHe. T He HY)KHO TOHUMATh TaK, Oy/ITO TOK HOSIBIISIETCS
paHblIie, YeM MbI IIPUKJIAIBIBAEM HAIMPsKEHUE; TOI0OHOE HEBO3MOXHO. [TpocTo cria Toka ocTuraer
aMIUTUTYAbl HA YETBEPTh NIEPUO/A PAHBILIE, YEM HATIPSKEHHE.

WTak, Mbl BBISICHUIM, YTO €CJIM K KOHJEHCATOpY NMPWIOKUTH EPEMEHHOE HalpsikeHue, TO B
IIETI 3TOTO KOHJIEHCATOpa MOUJET nepeMeHHbI ToK. [Ipudem cuiia Toka MOXKET ObITh Pa3IMYHOM,
OHa, B YaCTHOCTH, 3aBUCHUT OT EMKOCTU KoHzeHcaropa C - yem Oombie C, TeM Oofbliie TOK (Ipu
OIHOM U TOM K€ HallPSIKEHUH ), TOCKOJIBKY B LIENM MPU 3apsifie ¥ pa3psle KOHAEHCATOpa JBUKETCS
OoJbIIIe 3aPSIOB.

To, 4T0 KOH/IEHCATOP BJMSET Ha BEJIMUYMHY IEPEMEHHOIO TOKA B LIENH, YEM-TO HAIOMUHAET HaM
3akoH OMa, rie TOK 3aBUCUT OT conpoTubieHus 1enu R. [Toatomy KoHAeHcaTOp, KOTOPBIH OCTOSIH-
HBII TOK HE TPOITYCKAeT, B IIeNH NePEeMEHHOT0 TOKa 00J1aaeT HEKOTOPBIM EMKOCTHBIM COIIPOTHUBIIE-
HHUEM, KOTopoe 0003HaYaoT X. 3aBUCUT OHO OT EMKOCTH KoHieHcaTtopa C 1 oT yacToThl f mepemeH-
Horo Toka. Ot émkocti C OHO 3aBUCHUT ITOTOMY, UTO C €€ yBEJIMUEHUEM KOH/IEHCATOP MOXKET IIPUHSTD
Ha CBOM OOKJIAJKK OOJbIle 3apsiIoB, U TIO3TOMY OOJIblle OyayT 3apsOHbIA M pa3psaHblid TOKU. A
pa3 TOK YBEIMUYMBAETCS, TO, 3HAUUT, 110 3aKOHY OMa CONpOoTUBIIEHNE, B IAHHOM Clly4ae €EMKOCTHOE,
yMeHbInaercsi. OTciozia BHIBOJ: EMKOCTHOE COMPOTUBIIEHHE X 0OPATHO MPOMOPIMOHAIBLHO EMKOCTH
- yeM OO0JIbIIIe eMKOCTh, TEM OHO MEHBIIIE.

BennunHa TOKa 3aBUCHUT €IlIE U OT TOTO, C KAKOM CKOPOCTBIO MEHSETCS HAIlpsKEHUE, T.€. OT
qacToThl. YeMm Oostbliie 3Ta CKOPOCTh (YeM BbllIe yactota f), TeM Oosblie 3apsiioB 3a OHY CEKYHIY
MIPUXOAUT Ha OOKJIAJKU KOHJEHCATOPA U YXOAUT C HUX, TEM, CJIeJOBATeIbHO, OOJIbIIE TOK, a 3HAUMUT,
MEHbIIIe EMKOCTHOE conpoTubiieHre X .. OHO BBIYUCIAETCS M0 ceaytomen (popmylie:

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

OpHako MeX/ly aKTUBHBIM COIIPOTUBJIEHUEM R 1 EMKOCTHBIM X €CTh IPUHLMIIAAIBHOE Pa3-
JMuue: EMKOCTHOE COIPOTUBIIEHUE XOTh U BIMAET HAa TOK B LIEMH, HO HUKAKOM MOIIHOCTHU OT UCTOY-
HUKa MUTaHUs He MOTpedsieT. B kakue-To MOMEHTHI, ITpaB/ia, ICTOYHUK 3aTpayrBaeT yCUIus Ha To,
YTOOBI 3aPSIIUTh KOHJIEHCATOP, HO KOHJIEHCATOP BO BpeMsl pa3psi[a YeCTHO BO3BpAILAET MOIy4eH-
HYIO SHEpPruio. ITUM OH OY€Hb HAllOMMHAET MPYXUHY, KOTOpast BCE, YTO OEPET MpHU CKUMAHUU, TO
U OTHAET, pacnpAMIIsAACck. YTOObI OTMETUTh 3Ty OCOOEHHOCTh EMKOCTHOTO CONPOTHUBIIEHUS, €r0, B
OTJIMYME OT AKTUBHOIO R (B KOTOPOM 3HEPrus TpaTuTCs Ha BbIIEJIEHUE TEIUIA), HA3BIBAIOT PeaKmug-
HBIM CONPOMUBAEHUEM .

2.3. UHQyKTUBHOCTH B I IEPEMEHHOI0 TOKA

Ilo cBoeii cyTu MHIYKTUBHOCTb O0JIaJaeT IEKTPUUECKON UHEPIMEH, TOCKOJIBKY €€ OCHOBHOE
CBOICTBO COCTOUT B TOM, YTOOBI ITPEMSATCTBOBATh BCKOMY M3MEHEHUIO MpOTEKallero Toka. Eciu
yepe3 KaTyILKY MPOIYCKaTh HEKOTOPBIN IEPEMEHHBIN TOK, TO €€ MHIYKTUBHOCTb OYyJeT MPOTUBOAECH-
CTBOBATb KaK YMEHBILIEHHUIO, TAK U YBEJIMYEHUIO IIPOTEKAIOIIETO TOKA.

To, 4TO0 MO KaTyIIKe UHAYKTUBHOCTHY MOMAET IEPEMEHHBIN TOK, ECJIM MIOJBECTU K HEW IIEPEMEH-
HOE HalPsKEHUE, HE BBI3bIBAET HUKAKMX COMHEHUH - Ha KaTyHIKy HaMOTaH METaJIJIMYECKUI ITPOBOI,
a TOK UAET 1O JoOOMY MPOBOJHUKY. B moaTBepXkeHNe Mbl MOKEM IOKa3aTh, KAK Yepe3 KaTyILIKy
UJET MOCTOSHHBIN TOK, HAIlpUMEp, OT TajbBaHUYECKOro /1eMeHTa. OJHaKo TO, YTO IMIPOMCXOOUT B
LIENX KaTyHIKU IIPYU IEPEMEHHOM TOKE, OIIPEIEISAETCS HE TOJIBKO COITPOTUBIIEHUEM POBOIHUKA, U3
KOTOPOTO 3Ta KaTyIIKa U3rOTOBJIEHA.

Bcnomnurte, eciu B Karylike MeHsETcs TOK, Ha Hell HaBoauTcs D/IC camonHayKImK, KoTopas
TeM OoJIbllIe, YeM BBIIIE CKOPOCTh U3MEHEHUs ToKa (3akoH Papanes: Ep = -L - dI/dt). [1o Bropomy
npasuity Kupxropa U + Ef, =0 nmm U = -Ep = L dl/dt.

IlocTporM cMHYCOMIBI TOKA U HAIIPSKEHUS HA OIHOM I'paduke:
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mif

Puc. 2.7.
BuzHO, 4TO TOK M HaNpsIKEHWE CABUHYTHI 110 (pa3e Ipyr OTHOCUTEBHO Apyra Ha t/2 (Ha 90°).

'\

Hamenenne Toka
2@ BEpeMA t

Puc. 2.8.

[TorpoGyem 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 TOKa yMeHbIIaach (CM. puc. 2.8, BUAHO, YTO IMPUPAIICHUS 3a OQUHAKOBOE BPEMSI YMEHb-
maiotcsi). B Mmoment t = T/4 (Touka 1), Korga TOK JOCTUT MaKCUMAJIbHOW BEJTMYMHBI, CKOPOCTh €T
M3MEHEHU s HA MTHOBEHHE CTajla paBHOU HYJIIO, T.€. I3MEHEHUE TOKA MPEeKPaTHUIIOCh. 3aTeM TOK Havual
CHavyaJla MeJJIeHHO, a TOTOM OBICTPO YOBIBATh M 1O UCTEUYEHUM BTOPOM YeTBEpTH Tepuona (yda-
CTOK 1-2) yMeHbIIUIICA A0 HYJIsA. A CKOPOCTb U3MEHEHMSI TOKA 3a 3Ty YETBEPTh MEPUOA, BO3pacTasi
OT HYyJIsl, JOCTUTHET MaKCUMAJIbHOW BEJTMYMHBI, KOTJA TOK CTaHET PaBHBIM HYJO. A UTO Kacaercs
HarpaBJieHUs, TO B MOMEHT t = T/4 3Hak DIC caMOMHAYKIIMU MEHSETCS, TOCKOJIbKY TOK HAYMHAET
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yobiBath (/IC - mpou3BoHAs TOKA), a IO 3TOro Bo3pacTasl (Kak Mbl 3HaeM, IIPOU3BOIHAS TIOIOKH-
TeJIbHA MIPY BO3pacTaHNM (DYHKIIMU U OTPUIIATeIbHA IPY YOBIBAHUM (DYHKITUN).
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BxoaHou
CUTHaJI

o
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Puc. 2.9. IH1yKTUBHOCTD: HallpsiKeHUE onepesxaer ToK Ha 90°

CorpoTuBieHre, OKa3bIBAEMOE TOKY KaTYIIKOW WHIYKTUBHOCTH, PAaBHO

XL = wL.

Kak u KoHIeHcatop, KaTylika SHepruM y WCTOYHMKA MUTaHWs He morpedinser. Be€, uro B
KaKMe-TO MOMEHTHI KaTyIIKa OTOOMpaeT y MICTOYHMKA Ha CO3/IaHWE MAarHUTHOTO TOJIsi, OHA OTAAeT B
1erb 00paTHO, KOT/Ia 3TO 1oJjie ucyesaeT. M nmporcxoauT Takoe "0epy-oTaan” MHOTO pa3 B TEUCHHUE
CEeKyH/IbI (B 3aBUCUMOCTH OT YacTOThI). YTOOB OTMETUTH 3Ty OCOOEHHOCTh MHAYKTUBHOTO COIPOTHB-
JIeHUS], €ro, B OTJIMUUE OT aKTUBHOTO R (B KOTOPOM SHEpruisi TpaTUTCS Ha BbIJIEJICHUE TerlyIa), Ha3bl-
BaIOT PeaKmueHblM COIPOTUBJIEHUEM (KaK Y KOHJEHCATOD).

Ecnu cxema cocTOHUT TOJIBKO U3 PE3UCTOPOB, TO MOCIIEJOBATENILHO BKIIOUEHHBIE COMTPOTUBIIE-
HUS TIPOCTO CYMMUPYIOTCSl. B cilyuyae ke KOHAEHCATOPOB M KaTyIeK MHAYKTMBHOCTU TaK JeJaTh
HeJIb3$1, TaK KakK, KaK MbI CKa3aJIi, 3TO PEaKTHBHBIE IEMEHTHI, T.€. HE OTPEOISIONIIE SHEPTUU UCTOY-
HUKa nuTtanus. HanmpsbkeHre Ha pe3uctope (aKTMBHOM 3JIEeMEHTE) COBIAIAET Mo (ha3e C TOKOM, a B
ClIy4ae peakTHBHBIX JIEMEHTOB 3TO He BBHINONHsETCs. HanpsikeHre Ha eMKOCTH OTCTaeT OT TOKa Ha
90°, a B cIyvae KaTylIKM HarpsbkeHue ornepexaer Tok Ha Te ke 90°. Kak 310 yuutsiBath? Kakum
Oyner oOliee HanpsDKEHNE B Cllyvae 1eNH U3 COMPOTHUBIICHUST PE3UCTOPA U KOHJEHCATOPA WIIH Pe3U-
CTOpa M KaTymku? A B cily4ae, KOrja B cxeme UMeloTcsl Bece Tpu nemenTa? Kakast MotHocTh Oyzier
LUPKYJIMPOBATh B IIENH M KaKasi MOIIHOCTb OyJeT BBIAEIATHCS HA aKTUBHOW YacTU CXEMBl, T.e. Ha
pesucropax? [IpocTo nmocunTaTh CyMMY aKTUBHBIX M PEAKTUBHBIX COMPOTHUBJICHHI, HE YUUTBIBAs pa3-
HUIIBI B (pazax, OyJgeT OmuOKOu.

JI71s1 TOro 4ToOBl OTBETUTH HA STU BOMPOCHI, B AMEKTPOHHUKE MPUMEHSIOT TAKOE MaTeMaTuye-
CKOE MOHSTHE, KaK KOMILUIEKCHbIe yncia. [loaTomy mpesk/ie uem u3ydarh epeMeHHBIN TOK JIaJiblie,
HaM IPUIETCS CaesaTh HEOOMBIION SKCKYPC B MATEMATHKY, HO TIOBEPHTE - ITH YCUJIHSI HE POy T
AapoM.
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OTCTVI'IJ'IEHHE - 4YTO TaKOoe |

Bol HaBepPHAKa CTaMKMBAMMCb B WWKONE C KBaApPaTHbBIMM Y
bbl10 MeHblLe HYMNA U pellTb MX OMNA BacC 6Gbino 3aTPYOHM
BCe-TdKKW €CTb, OHW MNpeACTaBAAKT coboM KOMMNEKCHbI
BCTABRY, Bbl CMOMETE PELUMTD noboe KBEapPpaTHOE YpPaBHE

[nAa npumepa BO3bMEM Chedytolulee: x2+3x+8=0

[TocumMTaem KopeHb U3 AMCKPUMMHAHTA: 5n::|r”t{3E -4*8) =5

Kazanocok bbl, mbl "npuexanu”... Ho Ha camom pene cyuies
KaK i, HO 3TOl DyKBOM B 3N1eKTpoHMKe 0D03HAYaKT TOK), ¢
B KBagpaTe -1. Ha nnockocT MmHMMbIe YMcna OTKAaAblBa
HaxoauTcA B Touke (0; 1) (BewecTBeHHble yMcna, Kak obi
OHW Ha3blBaOTCA ALNUCTBUTENbHOMU MK peasibHOW COCTaB)

"
T

|(0, 1)

0

Puc. 2.10. MHumasa egmHMLa j H

[na Toro, ytobbl NocuMTaTh, Yemy paBeH KOpeHb M3 |
MHOMUTENU, OAHUM U3 KOTOpbIX byaeT -1:
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[lpoBepuM, UYTO 3TKM YMUCNa ABNAKTCA KOPHAMM Haller
sqrt(23), nostomy byaer norpewHocTb). [NoACTaBUM CHE
eJWHWLA | JaeT B KBagpaTe -1):

x2+3x+8=(-15+j*2.4)2 + 3*(-1.5+j*2.4) + 8 = 2.25 -
576-45+j*7.2+8=-8.01+8=-0.01

TEI'Ipr nogcrtaerMM BTOPOE YHACNO!
x2+3x+8=(-15-j%2.4)% +3*(-1.5-j*2.4) + 8 = 2.25 +
576-45-j*7.2+8=-8.01+8=-0.01

Mbl nonyumnu 10, YTO OMMAanu (0 Tom, uyto byger n
HaxoOA4ATCA KOPHM Ha M/OCKOCTHU. [eOMeTpUUecKn KaMa,
MMEIDLLEN KoopaMHaThI X K y. B Hawem cnyyae nepeas 1o

r_-_'l

—
¥

Sl |
-

4

1o

Puc. 2.11. KopHw KBagpa
Tenepb Bbl cmoMeTe pellnTb Noboe KBagpaTHOE YypaBHE!

Takum DﬁpEIEGM; noboe KOMNNEKCHOE YMCAO MOMHO Mpe

z=x+j-y.
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z=x+j-y=r-coso+j-r-sing=r- &%,

rae

_ 2 _ - .
r = sqrt(x” + y2} MOIVIIh KOMILTEKCHOTO HIICTA:
@ = arctg(y/x) - €T0 apryMeHT.

JTO CTaHeT rnpasago nNoHATHee, eCn Bbl NMOCMOTPpMTE
YUCNo, H BHUKHWUTE B TEDMET[]H'-IECHHFI CMBICA 3THUX 3Ha4Ye!

g

Puc. 2.12. OtobpareHune KOMNAEKCHOTC

GTEID,.EI,E] BMOHO, UTO MOOYNb I' - 3TO PACCTOAHWE OT TOYKH |
ROOPDAOWHAT, a @ - YIon HakNoOHa OTpPe3kd, COeEQMHAKUWETO

A Halocneok - O CONpAMEHHDbIX YKMCNaX. ,.[I,Ea ROMIMANE
HaCTH, Ha3blBaKOTCA COMPAMEHHDBIMMK.

Al =2 L A,
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BMECTO KOMMAEKCHOIO YMC/a MCMONb3YHOT BEKTOP. JTO T
COOTBETCTBYET BEKTOP, NPOBEAEHHbBIA M3 Hayana KoopaMm|
COMPOTUB/IEHMIA Y KOMMMIEKCHbBIX YMCen NonapHo CKAadb
CNyyae BEKTOPOB - BEKTOPbI, COOTBETCTBYHOLIME MPOOEK
nubo no npaeuny TpeyronbHUKa (HWMKe NepeBblid PUCYHOK
PUCYHOK). 3TO OHO U TO e, pe3ynbTaT OAMHAKOBbIN:

Im A

Re

-]/ @wC

=R -

MmoJH ]

JwC

NMmnenanc
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X, (400 C
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Puc. 2.13. (1) Karymka uHIyKTUBHOCTH, COEAMHEHHAsI OCJIEJ0BATEIbHO ¢ pe3uctopoM R. (2)
BekropHoe npencrasnenne R, X1 1 ux cymmsl Z

Pesynbrupyomiee conpoTuBieHUe LIENH, COAEpKAlled Kak aKTMBHOE, TaK U PEAKTUBHOE
(MHAYKTUBHOE WJIM EMKOCTHOE) COMPOTUBIIEHUE, HA3bIBAETCS UMNEOAHCOM VI TIOJTHBIM COIPOTUB-
JIEHUEM LIeTIH.

Nmnenanc Z sBnsieTcss BEKTOPHOM CYMMOM PEAKTMBHOIO CONPOTUBIIEHUS X U aKTMBHOTO
conpoTusieHus R.

Paccmotpum, Haripumep, cxemy, n300paxkeHHyIo Ha puc. 2.13, 1. OHa BKJI09aeT B ceOs1 MHAYK-
TUBHOE COMPOTUBJIEHUE X[ , COEIMHEHHOE MOCIeIoBaTeNIbHO ¢ pesuctopoM R. U3 puc. 2.13, 2 BugHO,
4TO BeKTOp X1, onepexaer BekTop R Ha 90°. (Bparienre BeKTopa o3HauaeT yBeJIruueHue yria ¢ (puc.
2.12), oHO OCyIIECTBISIETCS POTUB YaCOBOU CTPEJIKU, HAYaJIO (T.€. HyJIeBO€ 3HaUE€HUE ITOr0 yIJia) -
3TO TOPU30HTAJIbHASI OCh. A MPOEKIMU STOr0 BEKTOPA HA OCH - 3TO aKTUBHOE (Ha OCh X) U PEAKTUBHOE
(Ha OCb y) COCTAJISIIONIME MOJTHOTO CONPOTUBIeHus Z.) imnenaHc paBeH

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

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

UYUrtoObl Jy4llle MOHATh, KaK padoTaTh ¢ KOMIUIEKCHBIMU YUCIAMH (MJIM BEKTOPAMH), COOTBET-
CTBYIOIIMMH CONPOTUBJIEHUAM PE3UCTOPA, KOHIEHCATOPA U KaTYIIKM UHAYKTUBHOCTH, PACCMOTPUM
HECKOJIbKO [TPUMEPOB.

IIpumep 1

HapucoBatb BekTOpHyI0 Auarpammy ajisi RL-nenu, nzoOpaxeHHoil Ha puc. 2.14, 1, u HaiTH
HarpsikeHre U, PUIOKEHHOE K CXeMe.
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R

llpunnoxxeHHoe
HalpsxKeHue

U,
1)

Puc. 2.14.

Pewenue:

BekropHas quarpamMma i1 9TOro citydas rnokasaHa Ha puc. 2.14, 2. CHayasa mocTpouM Bek-
top Toka I. Hanpsixkenne Ug Haxogutesl B ¢asze ¢ TokoM I (T.K. 310 pesucrop), a Hanpsikenue Uy
ornepe:xaet Tok [ (a 3Haunt, 1 UR) Ha 90°. CymmapHoe Hanpsikenue Ut, IPUIOKEHHOE K LIENH, PABHO
BekTopHOU cymme Ug u Up. [To Teopeme Iudaropa Ut paBHo:

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

3pech cietyeT 3aMeTHTh, YTO TIOJTyYeHHBIH pe3y/IbTar OoJIble, YeM Kaxkaast U3 COCTABIISIONIHX,
HO MEHBIIIE UX CYMMBI, IOCKOJIBKY 3TO I'MIIOTEHY3a MPSAMOYTOJIbHOTO TPEYTOJIbHUKA, a HAIPSKEHNU S
Ha snemMeHTax uenu (Ur u Up) - ero kareTsl. Yroa Mexay BEKTOPOM IPUJIOKEHHOTO HANpsKeHUs
Y TOKOM paBeH 0 = 45°.

Ipumep 2

Hns RC-uenu, nzoOpaxeHHoi Ha puc. 2.15, 1, HaUepTUTh BEKTOPHYIO AUarpaMmy M HalTu
HarpspkeHre Ur, IPUIOKEHHOE K CXeMe.
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R

[IpusiokeHHOE HAIPAXK
U,

1

Puc. 2.15.

Pewenue:

Ha BekTopHO# 1uarpamme, mokasaHHou Ha puc. 2.15, 2, BugHo, uto U oTCTaeT oT ToKa (1 OT
Ug) Ha 90°. Ut sBnsiercs BekTopHou cymmon Ug 1 Uc. Takske BugHO, uto Ut O0JIbINe, YeM Kaxaast
13 COCTaBJISIONINX HAMIPSIKEHUS, T.€. OoJblie, yeM 4 B, HO MeHblIle, 4eM uX apudMeTrIecKas CyMma
(3 +4 =7 B). 1o reopeme [Tuaropa Hanpsixkenne pasHo Ut =5 B u orcraer ot Toka Ha yroin o = 36°.

Ipumep 3

s RLC-tienu, n3o0pakeHHOM Ha puc. 2.16, 1, HAYepTUTH MOTHYI0 BEKTOPHYIO AHarpaMmy U
HaiiTu HanpspkeHre Ur, IPUIOKEHHOE K CXeMe.
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Puc. 2.16.

Pewenue:

BekropHas nuarpamma nocrpoeHa Ha puc. 2.16, 2. Ug Haxonutcs B paze ¢ TokoMm I, onepeskaer
Uc Ha 90° u orctaér ot Ur Ha 90°. TTockonbky U, u U jexkar Ha OqHOW BEPTUKAILHOM MPSIMOM, TO
MX CyMMa, KaK TIOKa3aHo Ha puc. 2.16, 3, MOXeT ObITh Mpe/ICTaBIeHa BEKTOPOM

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

Pesynbrupymomee Hanpsoxkenue Ut paBHO BekTopHOM cyMMe Ug u OZ. Ut = 50 B u onepexaer
BEKTOp TOKa Ha yroia o = 36°.

W3 31X mpumepoB BUIIHO, YTO B CIy4ae NEPEMEHHOrO TOKa PeaKTUBHBIE COMPOTUBIICHUS IPO-
CTO CKJIAJBIBATh JJI5 TOJyYEHUsI UTOTOBOTO Pe3y/bTaTa Hellb3sl, CyMMa KaTeTOB - 9TO HE TUIOTEHY3a.

Tenepb y Hac ecTb Oarax 3HaHWI MO0 MaTeMaTHUKe, YTOObl pa30MpPaThCsl B CXeMaX, COCTOSIINX
U3 pe3UCTOPOB, KOHJEHCATOPOB U KaTyllek MHAYKTUBHOCTU. (ITocie sToro 3aiiMeMcs MOaynpoBo-
HUKaMU U y3HaeM, KaK paOoTaloT AUOMAbI, TPAH3UCTOPHI U T.1.)

2.4. CurnaJjnpl

W3mepenust Toka UM HANIPSKEHUsT BO BPEMEHM MOXKHO TMPEJCTABUThH B BUJIE PA3IMUYHBIX Ipa-
¢ukoB. ITocTOsSIHHBIN TOK, Kak Bbl 3HaeTe, OTOOpakaeTcst mpsaMoi JinHuei (puc. 2.17, 1), a nepemen-
HBI TOK MOKHO M300pa3UTh CAMBIMHU Pa3IUYHBIMU KpUBBIMU. POpMa KPUBOM MEPEeMEHHOTO TOKa
OTpakaeT MeproIuveCcKre U3MEHEeHUsI 3HAYeHUsI TOKa OT MAaKCUMAJIbHOTO K MUHUMAJIBHOMY, 3aTeM
OISITh K MAKCUMAITBHOMY U T.1. (puc. 2.17, 2). HeckosbKo Takux KpUBBIX U300paskeHsl Ha puc. 2.18.

Makgc.
HAHAYEHKE

HAaNPAKEHHE
MIOCT. TOKA

MHHHM.
SHadYeHHe

1) 2)

Puc. 2.17. I'pacuku nocrosiaHoro (1) u nepemeHHOro (2) Toka
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Puc. 2.18. Tunbl KpuBBIX MEPEMEHHOrO TOKa: cuHycouna (1), meanap (2), mpsMOyrojbHbIIA
(3), TpeyronbHbii (4), TI000pasHblii (5), UMITYJIbCH (6)

[ToBTOpSsIIOIIAsICS YaCTh CUTHAJIA TIEPEMEHHOTO TOKA Ha3bIBAETCs [IMKJIOM curHajia. Ha KpuBbIX,
n300pakeHHBIX Ha pHC. 2.18 Touka A sIBJIS€TCS HAYaJIOM IIMKJIa, a ToYKa B - ero KOHIIOM 1 HavyajioM
CJIEYIOIIEro IUKJIA. [TUTeIbHOCTh LIMKJIA HA3bIBAETCS [IEPUOIOM.

KonunuecTtBo 1IMKJIOB cUrHaNla B €IMHUILY BPEMEHU Ha3bIBAa€TCs 4acTOTOU curHana. Enununa
u3MepeHus 4acToThl - repil (I'ty). Hanpumep, ecm 1K1 M3MEHEeHM sl CUTHaJIa MOBTOPSIETCS O/IMH pa3
B CEKyH[y, TO yactota curHayia pasHa 1 I'u, ecim 10 pa3 - 10 'y u 1.4. (puc. 2.19). Herpynno nora-

HAaTbCs, YTO YaCTOTA CUT'HAJIA U €I'0 IIEPHUO/ - IBE B3AUMHO 06paTHbIe BCJIMYUHBI:
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f=1/T,
rae f - yacrora B repuax, T - nepuos B cekyHax.
1Ty

>

Puc. 2.19. Curnasl pa3iuyHbIX 4acTOT

CurHaJbl, n300pakeHHbIe Ha puc. 2.18 (1 He TOJIbKO Takue, a BOOOIIIE JII0O0 (DOpMBI C TIOBTO-
PAIOIIMMCS IEPUOJIOM), MOXKHO TOIYYUTh KaK CYMMY CHHYCOMJAJIbHBIX CUTHAJIOB PA3HOW YacCTOThI
Y aMIUTATY/IBL. Takue COCTaBIsIONIMe HA3bIBAIOTCSl FTApMOHMKAMK. MaTeMaTUuecKu pa3iokeHUe CUT-
HaJla Ha TAPMOHUKH MOKHO MPE/ICTaBUTh B BUJIE:

a(t) = AO + Al*sin wt + A2%sin 2wt + A3 *sin 3wt + A4*sin 4wt + ...

Ora cymMa HasbiBaetTcs psaoM Dypobe.

Curnan ¢ yactotoit = 27tf Ha3bIBaeTCsl IEPBOM, MJIM OCHOBHOM, TAPMOHHUKOM, CUTHAI C YacTO-
TOM 2 - BTOPON FApMOHUKOM, C 4aCTOTON 3 - TpeTbel U T.J.

Yem GoJiblIie 31€Ch CIaraeMbIX, TEM TOYHEE ITON CYMMOM BHIPaKAaeTCsl MOACMPYEMbId CUTHAIL.

[TpssMOYrONbHBIA CHUTHANT COAEPKUT OCHOBHYIO TApPMOHMKY IUIIOC HEUYETHbIE TapMOHUKHU.
Hanpumep, npsimoyrosnpHblid curiain yacroror 1 kI coctout us

- OCHOBHO# rapMOHUKH ¢ yactotoi 1 kI, - 3-eii rapmoHuku ¢ yactoroit 3 kI, - 5-0#f rapmo-
HUKU C yacTtotoi 5 kl'11, - 7-0¥ rapMoHuKkH ¢ yactotor 7 kI, u T.4.

Ha puc. 2.20 uzo6paxeHo pasjiokeHre Ha OCHOBHYIO M TPEThIO TAPMOHHUKY TIPSIMOYTOJIBHOTO
CUTHaJIA.

OcHoBHAa" YyacToTa

OcHOEHAa" 4acToTa +
3 rapMOHHEKA

Puc. 2.20. Anmnpokcumanys NpsiMOyrojibHOTO CUTHAIA
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[MnooOpasHbIil CUTHA COAEPKUT OCHOBHYIO FAPMOHHMKY TUTIOC YeTHbIe TapMOHMKH. Harpu-
Mep, III000pa3HbIi curHat yactotoi 1 kI coctouT u3
- OCHOBHOW rapMOHUKH ¢ yactoToi 1 kI, - 2-0i1 rapMoHUKH ¢ yactoTol 2 kI, - 4-011 rapmo-
HUKHM ¢ yactoro 4 kI, - 6-0if rapmoHukH ¢ yactoroi 6 kI, u T.1.
Ha puc. 2.21 n300paxkeHO pa3nokeHne Ha OCHOBHYIO M BTOPYIO TAPMOHHMKH MHJIOOOPA3HOTO
CUTHaJIA.
OcHoBHAaA

HACTOT A

2 rapMoHHKA

OCHOBHAA 4aCcTOTa +
:-':! I‘é]}]M[]IIHl{é]

Puc. 2.21. Annpokcumanysi Miioo0pa3Horo CUrHasa

Heo6xonumo Takke NOHMMATh, YTO 3TO CIPABEIUBO TOJIBKO JJIs1 CUTHAJIOB C TOBTOPSIIOIIAMCS
niepuooM. Eciiu oH MeHsieTcsl, TO CyMMa FrapMOHHK TOKEe MEHSIETCS.

CurHasbl, KOTOpbIE JIOJDKHBI MPOITYCKaTh, HATIPUMED, YCUIIUTENN 3BYKOBBIX YacTOT, KOTOpPbIE
€CTh B IPUEMHMKAX M MY3bIKAJIbHBIX LIEHTPaX WU B BUJE OTAEIbHBIX YCTPOWCTB, HAIPUMEP, B CTY-
OUSIX, JOJKHBIL IOXOOUTh O BbIxona 0e3 nckaxeHuil. [IockosbKy B pa3Hble MOMEHTHI BpEMEHU 3TO
CyMMa pa3HbIX FTAPMOHUK, YCHITUTEIH IOJKHBI Oe3 UCKaXKEHU YCUITUBATh BCE TAPMOHHUKH 3BYKOBOTO
auanasoHa (31o yactotsl oT 20 I'p no 20 kI'1r). Co3zgaHue mMpoKou MOJIOCH MPOMYCKaHUS - OJHA
Y3 BOXHBIX 3a/1a4 JIs1 MHKEHEPOB MPU MPOEKTUPOBAHUU CXEM ITUX YCTPOMCTB. A Ha BXOJ IIPUEM-
HUKOB, €CJIM TOBOPUTh O BBICOKOUACTOTHBIX JUAINa30HAX MPUHUMAaeMbIX BOJIH (Hampumep, s FM
9TO auana3oH ot 86 g0 108 MI'1y), Ha0O6OPOT, AOIKHA IMOCTYNaTh OYEHb Y3Kas MOJI0Ca C YaCTOTOM
PaIuOCTaHIINU, HA KOTOPYIO Mpou3BeieHa HacTporika. Co31aHre KaueCTBEeHHBIX (PUIIBTPOB BHICOKOM
YaCTOTHI - TOKE 3a/1a4a PAAUOUHKEHEPOB.

[Tpupoaa moOoro curHana - T0 COCTABIAIOIINE €r0 FAPMOHUKHY, T.€. "cpa3y" CIOXKHOTO CUT-
HaJla POIUTHCS] HE MOXKET, OT PAJUOCTAHIIUM, CITyTHUKOB, COTOBBIX BBIIIEK U CAMUX COTOBBIX Telie-
(boHOB pacnpoCTpaHSIOTCs BBICOKOUYACTOTHBIE TAPMOHUKHU.

2.5. RC-nenu: u3MeHeHne BO BpeMeHH HANPSIKeHUsI U TOKa

2.5.1. Juddepenumarop
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s

Puc. 2.22. [Tucpdepenuunarop

ITpu noctyruieHnn Ha BXOJ CUTHAJIa KOHJEHCATop (Uepe3 pe3ucTop) HaYMHaeT 3apsikaTbes (T.e.
Ha ero 0OKJIaIKax MOSIBJISIOTCS 3apsifibl), TPUYEM YeM MEHbIIIe COMPOTHUBIIEHUE PE3UCTOPA, TEM ObICT-
pee 3TO MPOUCXOIUT. A MOCKOJBbKY KOHIEHCATOP 3apsiKaeTcs, MO e UIeT TOK, IIPUYEM YeM ObICT-
pee MeHsieTcsl HalpsbKeHHe Ha KOHJeHcartope (ObICTpee MPOMCXOOUT 3apsi/ika KOHJEHCATopa), TeM
3TOT TOK OOJIbILIE:

[=C*AU/ At (*)

Ecnu BxogHOE HanpsikeHre MEHATBCS MePecTalo, KOJIMYECTBO 3apsAoB Ha OOKJIaIKaX KOHJECH-
caTopa JOCTUIJIO HEKOTOPOIO YPOBHS U JJAJIbLIIE OHO HE MEHSETCs, ABUKEHUE 3aps/10B 10 LIeNH MpH-
OCTaHABJIMBAETCs, MPOLECC 3apsAIKHU IPEeKpaIaercs, TOK B LeNu npoTeKkars nepecraer. Tok B Lenu
KOHJIEHCATopa - 9TO He TOK Yepe3 U301ATOop (!), KOTOPBI HAXOAUTCS MEk/1y MIIACTUHAMU, A ITPOLIECC
ero 3apsAaKku U paspsaaki (1), KoTopble YepeayloTcs: IPU N3MEHEHUSIX BXOJHOIO HAalPsKEHUS.

Yem OblcTpee MeHsIeTCs1 BXOIHOe HanpspkeHue auddepeHnmaropa, TeM ObIcTpee 3apsikaeTcs
KOHJEHCaTop (B JaHHOM CJIy4yae 3TO MPOUCXOJUT Yepe3 Pe3UCTOp, HO CYTH 3TO HE MEHSIET), a 3HAUUT
OoJbLIIe TOK, KOTOPBIH IIPU 3TOH 3apsi/iKe MOSBIISAETCA.

3auem B JIaHHOW cxeme HykeH pe3uctop? Benp Bpone Obl OH TOJNIBKO MeIaeT KOHJIEHCATOPY
3apspKaThCs U yBEJIMUMBAET NTOTEPH BXOAHOIO CUrHajia? Pe3ucTop B JaHHOM cxeme HyKeH Ui TOro,
YTOOBI TIOJIYYUTh UTOTOBbIA CUTHAJ (HANpsKEHUE) Ha BBIXOZE, T.K. HaIpsKeHHEe Ha HeM 1o opme
COBIMAAET C TOKOM 3apsija/paspsiia KOHAEHCATOpa, MOCKOJbKY PE3UCTOP SABJISAETCS aKTUBHBIM 3J1e-
MEHTOM U (pOpMBI HANPSKEHUS] M TOKA COBMAJAIOT, 2 TOK B COOTBETCTBUM ¢ hopmysioit (*) mponop-
LIMOHAJIEH ITPOM3BOIHOM OT HAIPSIKEHUSI.

Ecnm 651 pe3rcTopa He ObUIO (BBIXO ObUT OBl 3aKOPOYEH ), MBI ObI HE CMOTJIH TIOJTYYUTh BBIXO[I-
HOH CUTHaJI, T.K. HAIIPSKEHHE MOKHO MOJIYYHUTh TOJIbKO TOT/A, KOT/A LENb HEe 3aKOpoYeHa, a UMeeT
HEKOTOpOE CONPOTUBJIEHHE, HA KOTOPOM MOSIBJISIETCS CUTHAJT TAaKOH ke (hOpMBbI, KaK TOK Yepes3 Hero.
A TIOCKOJIBKY TOK B ILIETIM MEHSIETCSI B COOTBETCTBUU € (popMyIoit (*), T.e. MPOIOPLUUOHAJIEH TPOU3-
BOJHOW OT BXOJHOIO HAlpsDKEHUSs, JaHHasi cxeMa HasbiBaercsl quddpepenimaropoM. IlpornsBogHas
OT (PYHKIIMH - 3TO OTHOLIeHue ee npupatieHus A U K npupaiieHuio apryMeHTa A t 1 4emM MeHblle
3TO NpUpalIeHNe BPEMEHU, TeM TOYHEE 3TO SIBJISETCS 3HAUYeHUEM ITPOM3BOIHOM B JaHHOM TOUKe. A
€CJI1 COBCEM TOYHO, TO IIPOM3BOJHAS - 9TO TAHI'€HC YIIa HAKJIOHA KacaTeJIbHOM.
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Puc. 2.23. Curnasisl Ha BXojie ¥ Beixofie tuddepenimaropa

Ecnu Ha Ham curHas (CKavoK HarpspKeHUsl Ha BXOJie M KOPOTKUH BCIUIECK BBIXOJHOTO HATIpS-
KEHHUST) TIOCMOTPETh C MaTeMaTUIECKON TOUKH 3PEHH S, TO MBI ITOTYYHIIM TIPOM3BOAHYIO OT BXOIHOTO
HarpspkeHus. B naeanbHOM cHrHaie n3MeHeHHe YPOBHSI CUTHaIa OECKOHEYHO KOPOTKOE, TIOTOMY U
BCIUTECK HAIPS)KSHUSI Ha BBIXOJIE OJIKEH ObITh OeckoHeuHO OobuMm. (ITpon3BogHast oT 6eCKOHEUHO
KOPOTKOT'O CKauyka OeCKOHEYHO BeJIMKa, 3TO TAHTSHC MPSIMOTO yIJIa; Ha puc. 2.24 ToKa3aH reoMeTpH-
YeCKUU CMBICIT TaHTeHca.) Ho mieanbHbIX CUTHAIOB He ObIBACT, yBEIMYEHNE YPOBHS HANPsSDKEHUST Ha
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BXOJIe TIPOMCXOJUT B TeUeHUE HEKOTOPOTrO BPEeMEHH, a He MTHOBEHHO, ITO3TOMY U BCIUIECK HaIpsike-
HUS Ha BBIXOJIe He Oy/ieT OECKOHEUHO OOJBIIMM 1 KOPOTKHUM, CUTHAIT Oy/IeT YBEIMYMBATLCS B TCUCHHE
HEKOTOPOTO BPeMEHH U JI0 OMpe/IeIEHHOTO 3HAUSHHM S, a 3aTEM BEPHETCS K TPeKHEMY 3HAYSHHIO (3TO
pas3psn KoHaeHcaTtopa). KpoMe Toro, ypoBeHb CUTHAJIA B JTIOOOUM CXeMe OrpaHUYeH HarpshkeHHeM
HWCTOYHUKA [TUTAHUS.

tg
A |
1
sin o
ot 1
o
0 COS O .

Puc. 2.24. ['eomeTpuyeckuii CMbIC/I TPUTOHOMETPUYECKUX (DYHKIIHIA
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N

Puc. 2.25. [IpousBogHas - TaHreHC yrJia 0. HAKJIOHA KacaTeIbHOM

Mbl roBOpMIIM O HEKOTOPOM KOPOTKOM CUTHAJIe-CKauKe HarnpsixkeHus. Eciu ke curnai peasib-
HBIH, T.€. U3MEHSAIOLIMIICA N0 (popMyJie HEKOTOPOU (DYHKIIMH, HA BBIXOJE MbI IIOJIyYUM ITPOM3BOJHYIO
oT 310 (pyHKIMU. [TpOoAOIKUTENBHOCTD BCIUIECKOB Ha BBIXOJE 3aBUCUT OT 3HAUYEHUI €MKOCTH KOH-
JeHcaTopa U COMTPOTHBIICHUSI PE3UCTOPA, YeM OHU OOJIbIIIe, TeM JTMHHEe/TUIaBHee Oy/IeT BCILIEeCK, T.€.
auddepeHIMpoBaHHbIN CUrHAJI, Ha BbIxoJe. Kak yxe ynoMmuHanoce, ux npousseneHue R-C HasbiBa-
€TCsl IOCTOSTHHOM BPEMEHU.

[Tpu HEKOTOPOM CKauKe BXOAHOTO HAIPSIKEHUsI KOHJICHCATOP HAUHET 3apsiKaThCsl U TOK 3apsia
OyzeT TeM OoJibliie, ueM ObICTpee Mbl MeHsieM BxoaHoe Harnpsikerue (I = C-dU/dt, ¢popmyrna, oTpaxka-
Io1ast AMHAMUAYECKOe MOBEeHNEe KOHeHcaTopa). B ujeane npu Hy/leBOM COMPOTUBIIEHUH Mbl MOJTY-
yui Obl IPOU3BOAHYIO OT BXoaHoro curHaina (I = C-dU/dt), 1.e. 310 Ob11 ObI Uzea bHBIN Auddepen-
rmatop. Ho cxeM ¢ HyJieBbIM COMPOTURIIEHUEM Ha BHIXOJIE He ObIBAET, B PEaIbHOCTH Ha BBIXOJIE BCET/Ia
JOJDKHO OBITh KaKOE-TO COMPOTUBJIEHHE, YTOOb monyunTh curHal (U, = 'R, mostomy conportusie-
HUe He IOJKHO PaBHATHCS HYJIIO), Be/lb He ObIBAeT TaK, UYTO HA BBIXOJIE CXEMbI HAXOIUTCS POBOJIOKA,
C KOTOPOW CUTHAJ HE CHSTh.

Pesucrop cBouM conpoTuBiieHEM BHOCUT B U hepeHIIMPOBaHIE BXOIHOTO CUTHAJIA MTOT Pell-
HOCTb, IOTOMY TIOJTy4aeTcsl HeueaabHasi TPOU3BOIHAS, U YeM OOJIbIlle COMPOTUBIIEHUE, TEM OOJIbIIe
CUTHAJI CTAHOBUTCSI HE TIOX0XKMM Ha UAEAJIbHYIO ITPOM3BOIHYI0. XOTs PE3UCTOP U BHOCUT MOTpell-
HOCTH B (hOpMY MPOU3BOAHOM, HO OJ1arogapsi eMy Ha BBIXOZIE MOSIBIISIETCS] KaKoe-TO HarpshkeHue, T.K.
yepe3 pe3ucTOp HauMHAET TeUb TOK 3apsijia KOHAEHCATOPa, KOTOPBIA XOTh U HE SIBJISIETCS] TPOU3BO/-
Hoit BxogHoro curHaia (I = C-dU/dt), Ho oueHb 1oX0X Ha Hee. DTOT TOK CO3JaeT Ha BBIXOJHOM pe3U-
CTOpe HampsiKeHHe, KOTopoe 1o (popMe COBMAIAET C 3TOW MPOU3BOAHOM, MOCKOJIbKY HaNpsKEHUE 1
TOK CBsI3aHbl JTUHeHOU 3aBucuMocThio (U=IR, 3akon Oma). Takum 0Opa3oM, BHIXOTHOE HaIpsike-
HUE OYEHb MOXO0KE HA MPOU3BOJHYIO OT BXOJAHOTO HATIPSIKEHMUS.

Ecnu BbI NOHSUIM M3JI0KEHHBIN BbIILIE MaTepHall, TO 3TOro goctatouHo. Eciu ke Bam xoueTcs
MOKOIAThCsl B MAaTEMATUUYECKOM OIMCAaHUU JIAHHOTO MpOoLIecca, TO MPOUYUTAWTE CIIEAYIOIIUe ABa
a0zaria.

B cootBeTcTBUM ¢ JUHAMUYECKUM OINKCaHUEM MOBEAEHUsI KOHAEHCATOpa TOK B 1INy paBeH [ =
C-dUc/dt = C-d(Ugy - Ug,x)/dt u onHOBpemeHnHo (1o 3akoHy Oma) I = Uy, / R. Tok uepe3 pesuctop
Y KOHJEHCATOP TeYET OAUH U TOT ke, [I0TOMY Mbl MOKEM [PUPABHSATH [TpaBble YacTU 3TUX (DOPMYJI):
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C-d(Ugy - Ugyy)/dt = Ug,/R Ecu OBl conmpoTuBieHHe pe3rcTopa U eMKOCTh KOHJIEHCATOpa ObUIH
JOCTATOYHO MaJbIMU U BHIIONHSIOCH yenoBue dUy,,/dt << dUg/dt, (cm. cremyrommii ab3air) Mbl
MOrIH Obl 3amucath, 910 Uy /R = C-d(Ug,)/dt wmm Uy, = R-C-d(Ugy)/dt, T.e. uem Ooiibiiie CKOPOCTh
M3MEHEHH sl BXOIHOTO CHTHaJIa, TEM OCTpee MUK HaNpsiKeHus Ha Bbixofe. Takum 00pa3oM, Ha BBIXOJIe
MBI TIOJTy4aeM MPOU3BOIHYIO BXOJHOTO HAMPSIKEHHUS.

st Toro utoOb! BRIMOMHSIOCH yenoBue dUy, /dt << dU,/dt, mpousseaenue R-C gomkHO ObITH
HEeOOBIITNM, HO ITPH 9TOM COMPOTUBIIEHUE R He JOKHO OBITH CITUIIIKOM MaJIbIM, UTOOBI HE HArpyKaTh
BXOJ (ITpU CKauke HAMpsUKeHUs Ha BXOJE M3MEHEHMEe HalpsUKeHUs Ha KOHAEHCATOpe PaBHO HYIIIO,
T.K. 3apsaka C HauMHAeTCsl HE MTHOBEHHO U B 9TOT (HAUAIbHBIN ) MOMEHT JJ1sl BXOJIHOM LIENM UIMEHHO
R aBnsiercs Harpy3Kon).

2.5.2. Nurerparop

Jl71s1 MOHMMAaHUSI TOW TEMbI BCIIOMHUM T'€OMETPUUYECKUI CMBICIT MHTErpasia. TO HapacTaHue
TUTOIIA/IY TIPY IBWXKEHUH BJIOJIb TOPU3OHTANIBHOM ocH X. Hammpumep, B caMoM MPOCTOM cliyyae, Korjaa
(yHKIIMS paBHA MOCTOSIHHOMY 3HAYEHUIO, 9TO JIMHEHHAs 3aBUCUMOCTbD, T.€. BO3pacTalomas npsamasi
(MBI IBUTAEMCSI BIIPABO U MIPY STOM IUIOIA/Ib TIO/I IPaprKOM HapacTaeT OMMHAKOBO OBICTPO MPH OJIU-
HaKOBBIX IPUPAILIEHUAX apryMeHTa X, puc. 2.26, 1). A B ciydae, eciiv y Hac (PyHKIIMS - HE KOHCTaHTa,
a BO3pacTaroiias npsimMasi, To Mpy Pa3HbIX 3HAYEHUSIX X U MPU MPUPAILICHUSIX X HA OAMHAKOBYIO BEJIH-
YHMHY TUIOIIAIb YBEIMYMBACTCS yKe He OIMHAKOBO, 4 YeM JIajibliie, TeM cuibHee. [loaToMy uHTerpas

OT JITHEWHOW (PYHKITUM - TIapadoJIa, T. €. OH IMPOITOPIIMOHATICH x> (puc. 2.26, 2).
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[I1omanb H:
UHTEerpas o

1)

Puc. 2.26. Yro Takoe uHTErpa
A Temepb pacCMOTPHUM CXeMy, M300pakeHHyIo Ha puc. 2.27.
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BX

-

Puc. 2.27. Unterparop

TOK MOXHO BBIPa3UTh CIIEAYIONIM 00Pa30OM:

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

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

[TpupaBHsieM TpaBble YaCTH:

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

Ecmu o6ecnieunts BomonmHeHue yeaoBust U << Uy, TO MOXHO 3aIicaTh
C.(dU/dt) = Uy /R

dU/dt = U /RC

t U(t) = [(Ug(tdt) / (RC) 0
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BX

BblX

JIuHeHHas
3aBUCUMOC

Puc. 2.28.
BuHO, YTO BBIXOHOE HAINPSIKEHUE MPOMOPIMOHABHO MHTErPaly OT BXOJHOTO, TIOTOMY
takast RC-1iers Ha3pIBaeTCs MHTErpUpyoOIIed. PaccMoTpuM, Kak 3Ta cxeMa 00ecIieunBaeT armpoK-
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CUMAlIMI0 MHTETPUPOBAHUS B ClTydae BXOJHOTO CUTHAJIa MPsAMOYTrofibHOU (hopmbl (puc. 2.28). [lep-
BBbIIl Y4acTOK rpaduka (MHTErpaa oT MOCTOSAHHOM BeIUUMHBl Upgy) - MpsiMasi ¢ MOYTH MOCTOSIHHBIM
YIJIOM HAaKJIOHA; IIPY YBEJIMYEHUH MOCTOSIHHOM BpeMeHU RC ucnosnb3yercss BCE MEHBIINMN Y4acTOK
3aBUCUMOCTU Uy (t), TeM cambIM oOecrieqnBaeTcs JTydlas animpoKCUMAIIs UAeaTbHOTO MUAI000-
pa3HOro CUrHaja.

Venosue U << Ugy paBHOCKIIBHO OOJIBIIIOMY 3HAYEHHIO CONIPOTUBIIEHUs pe3uctopa R. Ha Hem
aJIaeT 3HAYMTENIbHAS J10J151 BXOJHOIO HAIIPSKEHUs], a 3HAYUT 3HAYEHUE BBIXOAHOrO HampsikeHus U
MaJIO ¥ MHTErpaTop padOTaeT Ha MOYTH MpSMOM ydacTke KpuBor U(t), onmuchIBaloen 3apsii KOH-
aeHcatopa. Ha mpakTuke 3TuM nprOIMKeHUeM MOJb3YIOTCs JOBOJIBHO YacTo.

WuTerpupyroiye nenyu HaxogAT IMPOKOE NPUMEHEHUE B aHAJIOrOBOM TeXHUKe. VX ucrosb-
3yI0T B YIPaBJIAIONIMX CHCTEMax, CXeMax ¢ 0OpaTHOM CBSI3bIO, ITPU aHAJIOTO-IIM(POBOM MTpeodpazo-
BaHMU ¥ T'eHepaly KoJeOaHMi.

Paccmotpum padoty ¢punbTpa Hus3kux dactotr (PHY) u dunbrpa Bhicokux vactor (PBY),
COCTOSIIIIMX U3 PE3UCTOpA U KOHJEHcaTopa.

2.6. PuabTpbl

[lepeiinem Kk paCCMOTPEHHUIO TAKUX JKE CXEM U3 PE3UCTOPA U KOHJIEHCATOPA, PACCMaTpUBasi CUT-
HaJlbl B 3aBUCMOCTH HE OT BPEMEHH, a OT YACTOThI CUTHAJIA. DTOT TUIT aHAJIN3A HA3bIBAECTCS aHATTU30M
B YaCTOTHOHM OOJIACTH MJIM CIIEKTPAJIBHBIM aHAJTM30M (QHAJIM30M CUTHAJIA C TOYKHU 3PEHHS COCTABIIS-
IOIMX Er0 CUHYCOUL).

bnaronapst oMy, 4To UMINiegaHc KOHJAEHCATOPa, paBHbld Z ¢ = -j/(wC), 3aBUCUT OT YaCTOTHI,
C TIOMOIIBIO KOH/IEHCATOPOB U PE3UCTOPOB MOKHO CTPOUTH YaCTOTHO-3aBUCUMBIE JIEJIUTEIN HAIPs-
JKEHHUsI, KOTOpble OyIyT MPOIYCKATh TOJBKO CUIHAJIBI HY:KHOM IOJOCH 4acTOT, a BCE OCTAJIbHBIE -
TIO/IABJIATh.

2.6.1. YacTroTHas XapakTepUCTHKa

Eciu noaxmounTs K reHepaTopy CUIHaJIOB JIBa PE3UCTOPA, COEJUHEHHBIX M0CJIEJOBATENbHO,
TO MPHU U3MEHEHUU YacTOThI BUJ IpacuKa CUTHaJIa MEHATHCS He Oy/IeT, MOCKOJIbKY COIPOTHUBIICHHUE,
KOTOPO€ OKa3bIBAIOT CUTHAJY PE3UCTOPBI, OT YACTOTHI HE 3aBUCUT - KaKasl IO/l CUTHAJIA B 3aBUCHMO-
CTH OT COOTHOILICHHUsI COIIPOTUBJICHUI JOCTAHETCsl PE3UCTOPY, Takast U OyJeT MpH 000N YacToTe.

Ho ecnu onuH u3 pe3ucTopoB 3aMEHUTh KOHIEHCATOPOM WJIM KaTYIIKOM, TO CUTyalusl U3Me-
HUTCSA, TIOTOMY YTO Y HUX COIIPOTHMBJIEHUE IPU M3MEHEHUH 4YacTOThl MeHseTcs. I'paduk, KOTophii
MIOKa3bIBAET [TOBEAECHUE CXEMBI B 3aBUCUMOCTH OT YaCTOThI, HA3BIBAETCS UACHOMHOU XAPAKMepUcmu-
koii. ITo BepTUKa/IM y Hee OTKJIaAbIBaeTCs KO(P(PUILIMEHT Nepeiadyd BXOJHOIO CUIHAJIa UM IPOCTO
BBIXOJHOE HAINpsKEHUE, a IO TOPU3OHTAJIBHOM OCH - 4acTOTa (CM. HUKE YaCTOTHbIE XapaKTEPUCTUKU
¢punsTpo BY u HY).

2.6.2. dunsTp BY

@unbtp BY - nenurens HanpsKeHUs, BEpXHUM ILUIEYOM KOTOPOTO SIBJISIETCS KOHAEHCATOP (pHC.
2.29). Mbl 3HaeM, 4TO COIPOTHBIIEHUE KOHAEHCATOpa 3aBUCUT OT YacTOTHl M YeM OHa OoJiblle, TeM
MeHblle 310 conpotusieHne (Xc = 1/(wC) = 1/(2nfC)), okazpiBaeMoe KOHJEHCATOPOM CUTHATY.
Jl1s1 O4UeHb BBICOKMX YacTOT 3TO MPOCTO MPOBOJIOKA, COEIMHSIONIASA BXOA U BbIXO/, MIOTOMY TaKHe
CHUTHAJIBI 1TOYTH Oe3 ocnabieHus MonajaloT Ha BHIXOM, a A/ HU3KUX - Pa3phiB, T.€. OHU Ha BHIXO[ HE
npoxonAt. [ToatoMy gaHHas cxema MPOIYyCKAET TOJAbKO CUTHAJbI BHICOKMX 4YacToOT, T.€. UTPAET POJib
¢unsrpa BY.
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BX

-

Puc. 2.29. ®unbTp BBICOKUX YaCTOT
Haiinem 3aBucuMocTb Ko3(pulvenTa nepeadys 3Toil cXeMsl OT 4acToThl. COIIACHO 3aKOHY
Oma 1151 KOMIUIEKCHBIX BEJIMYMH TOK B LIETIU PaBeH

Ly = Ugy [ Znomel = Uy IN(R? + 11 (0°C?))
(B 3HAMeHaTeJie - JUIMHA TUIIOTEHY3bl (BEKTOPA) ITOrO MOJHOTrO conpoTtunienus (puc. 2.30))
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. OIuHIOB. «DJIEKTPOHUKA: OT MPOCTOTO K CIOKHOMY»

Puc. 2.30. [Tonxoe conpoTuBiieHne pUibTpa
YmHoO)kad ero Ha R, nonydaem aMIumMTyny BIXOJHOTO HAITPSKEHUSA:

Upix = L R = U R /V(R? + 1 / ¥(0>C?)) = Uy, ®RC /(1 + (0RC)?) = = U,, 27fRC /

V(1 + (2nfRC)?)
I'pacduk 3T0i1 3aBUCMMOCTY TIPEACTaBJIeH Ha puc. 2.31.
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UBbIx/UBX
0,7 po==mmn==

Puc. 2.31. [lepenaroynas xapaktupucruka puisrpa B4
Touka, nomeueHHas Kak f3;5, COOTBETCTBYET NOJIOBHE MOIIHOCTH UCXOHOTO CUTHAJIA.

2.6.3. dunsTp HY
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Ounbtp HY - nenurens, Ha BBIXOJE KOTOPOrO BMECTO PE3UCTOPA BKJIIOYEH KOHJIEHCATOP (puC.
2.32). ConpoTHBJIEHNE KOHJEHCATOPA 3aBUCHUT OT YaCTOTHl M Ye€M OHa OOJIbIlle, TEM MEHBIIE 3TO
conporusiienne (Xc = 1/(wC) = 1/(2nfC)). 3HauuT yem oHa OOJbIlIe, TeM MEHbIIEe COIPOTHBIIC-
HHe, KOTOpOe OKa3bIBaeT KOHAEHCATOp CUrHANY. st O4eHb BHICOKMX YaCTOT TO MTPOCTO MPOBOJIOKA,
KOTOpasi 3aKOPAavYMBaeT BBIXOM, a ISl HU3KUX - Pa3pbiB, T.€. OHU He ociadmsiores. [loatomy naHHast
CXeMa IPOITYCKAeT TOJIbKO CUTHAJIBI HU3KUX YacToT, T.. urpaet posis ¢puibtpa HY.

BX

e

Puc. 2.32. ®wibTp HU3KUX YaCTOT

B stom cnyuae

Upiix = Ugy / V(1 + (0RC)?) = U, / V(1 + 27fRC)%)

Ero uwactotHas xapaktepucTuka n3o0paxeHa Ha puc. 2.33. OWIbTPhl HU3KUX YACTOT TaKkKe
IIMPOKO MCTIOJb3YIOTCS B JIEKTPOHKKe. Harpumep, X UCONb3YIOT /IJ1s1 yCTPAHEHU T BITUSTHUS OJTH3-
JIeXKAIIUX PajMo- U TEJICBU3MOHHBIX CTAHIIMA Ha padOTy yCHJIMTENeW 3BYKOBOM YacCTOTHI U JPYTHX
YYBCTBUTEJIbHBIX JICKTPOHHBIX TPUOOPOB.
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UEI::I}{/ UEE

1

0,7 *pooceneces

Puc. 2.33. YactoTHast XapakTeprcTUKa (PUIbTpa HU3KHUX YacTOT

2.7. Pe3onanc

2.7.1. IlocnenoBaTebHBINA KOHTYP

INonpoOyem nmoakJII0YUTS K nocieoBatenbHoi LCR-Leny reHepatop ¢ U3MeHseMOi 4acToTOM
1 Oy/leM MOCTENEeHHO yBeIWYMBaTh YacTOTy ero curHaia. [Ipy 3ToM MHIYKTUBHOE COMPOTHUBIICHUE
OyleT Bo3pacTarh, a EMKOCTHOE - yMeHblIaThesl (puc. 2.34, 4). Ha kakoil To yactote (Ha30BeM ee
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Pe30HaHCHOU uacmomoii) conpoTusieHus X1 U Xc CTaHYT PaBHBIMH, a 3HAYUT, YPaBHSIOTCS Harpsi-
xeHus Ha HUX Up um Uc. A Tak Kak 3TH HalpspKeHUs MPOTUBO(A3HBI, TO OHU TOJHOCTBIO CKOM-
MIEHCUPYIOT JIPYT JIpyra, U TeHepaTop MepecTaHeT YyBCTBOBATh HAIMYME KATYIIKU U KOH/AEHCATopa,
niepecTaHeT otaaBarh UM yacTb cBoeit DIIC. OOdiee conpoTUBIEHUE 1IeNH (MMIIEJAHC) Pe3KO YMEHb-
IIATCS, JUIsl TeHepaTopa U3 BCel 1IeMM OCTaHETCsl TOJIBKO OJHO aKTMBHOE COMpoTHBJIeHHe R, Tok I
13-3a 3TOr0 pe3ko Bo3pacTeT (puc. 2.34, 6), u crosb xe pe3ko yBennvarcs HanpstkeHus Up u Uc.
Ho 3ametbTe, YTO yBEIMUUTCS KakJ0€ B OTIEIbHOCTH, a OOllee CyMMapHOE HaIlpsikeHUe Ha 000UX
PEaKTUBHBIX 3JIEMEHTaX Oy[eT paBHO HYJIIO.
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Puc. 2.34 IlocnenoBarebHbIA PE30HAHC

Becb 3TOT npotiecc Ha3bIBACTCS nOCACO08AMENbHBIM PE3OHAHCOM , UM PE30OHAHCOM HaIpsiKe-
Huit. Ecni mocie pe3oHaHca mpogomkaTh yBeIMIMBaTh YacToTy, To Xy, CTaHeT OoJblie, yeM Xc, U
B 1IE[IM B OCHOBHOM HAayHET JICTBOBATh MHIYKTUBHOE CONPOTUBJIEHUE. TOK YMEHBIINTCS, @ BMECTE
¢ HUM ymenbLiarcs u Hanpsikenus Uy u Uc.

2.7.2. IlapannenbHblil KOHTYP

[NTapannenshpiii LC-KOHTYp MOXHO paccMaTpuBarh Kak II€Ilb, COCTOSIIYI0O M3 JIByX Hapai-
JIEIBHO COEeIMHEHHbIX conpoTuBieHuil X; u Xc. Ha HU3KuX yactotax corporuBieHue X, Majio U
KaTyIlIKa HIyHTHPYET KOH/AeHCcaTop (T.€. IPOIyCKAaeT YacTh TOKA uepes ceOs1, MpUYeM 3HAUUTEIbHYIO).
Ha BepxHMX yacToTax Majno cOlpoTHUBIIEHHE X M KOHIEHCATOP LIYHTUPYET KaTyLIKy (3HAYMTelb-
Hasl 4acThb TOKA TEUET uepe3 Hero). M ymiip Ha pe30HaHCHOM 4acTOTeé HUKTO HUKOIO HE IIyHTUPYET,
COMPOTHBJICHUE MAapaUIEIBHOTO KOHTYpa OKa3blBaeTcsi BecbMa OosbiiuM. [Tpu 3ToM 00muil ToK B
LIeMy reHepaTopa ymeHslnaercs (padortaet 3akoH OMa). Eciiv BKTIOUMTh TaKkoU mapasiebHbIiA KOHTYP
B Jle/IUTeNb HanpsikeHust (puc. 2.35, 4), To OH 3a cYeT CBOEro OOJIBLIOTO COMPOTUBJIEHHS Ha Pe3o-
HAHCHOM 4acToTe OyAeT BbIIEATh TOJBKO HANPsKEHUE TOM YaCTOTHI U3 BCEX HAllpsiKEHUi, TIoBe-
JEHHBIX K KOHTYpY.
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Puc. 2.35. [NapannenbHblil pe30HaHC

W st mocnenoBaTenbHOTO, U A7 MAPaJIeTIbHOrO KOHTYPOB PE30HAHCHAS YacTOTa PACCUUTHI-
Baetcs 1o gopmyse

fo=1/2mV(LO).

PaccMoTpum pe3oHaHCHBIN KOHTYP, HACTPOEHHBI Ha 4acToTy 3 KI'11, KOTOpPBII BO30ykIaeTcs
CUI'HaJIOM reHeparopa ¢ ¢popmort meanapa yactoroit 1 kI'u (puc. 2.36). B npsamoyroisHOM curHanie
€CTh BCE HeUeTHbIe TAPMOHUKH, BKJTIOUasl TPETHIO, TOSTOMY B KOHTYpE BO3HHUKAIOT KOJieOaHUsI BCeX
YacToT C ee BblaeseHneM. KOHTYp nmpakTHueckH MOJaBisieT COCTABIIAIONIME BCEX YACTOT, BbIACISS
TOJIBKO Yactoty 3 kI, Ha kKoTopyio oH HacTpoeH. [1o TakoMy MPUHIMIY PaOOTAIOT BXOJHbIE BHICO-
KOUYACTOTHBIE Y3JIbl PAIUONPHUEMHHIKOB, BBIACISIS HYKHYIO PaIUOCTAHIIHIO.
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Puc. 2.36. Pe3oHaHCHBII KOHTYp, BbIIEJSIOIIMI TPETHIO TADMOHMKY BXOJHOTO CUTHAJIa

2.8. Tpanccopmarop

DNEeKTPUUYECKUI TOK, IPOTEKAIOLINIA 1O POBOJHUKY, CO3/1a€T BOKPYT 3TOI0 MPOBOJHUKA Mar-
HuTHOE 1oie (puc. 2.37). HanpaBieHre BO3HUKAIOIIEr0 MarHUTHOTO 110151 OIIpeesIseTCsl HarpaBJie-
HUeM Toka. OHO MoKa3zaHo Ha puc. 2.38 u ompeessieTcs: MPaBUIOM MPABOrO BUHTA: €C/IA OCTpHE
BHMHTA COBMECTUTb C HAIPaBJIEHUEM TOKA, TO IIPY €r0 3aBUHYMBAHUY HAIIPABJICHUE BPAILIEHUs PYKO-
STKU OyZIeT COBMaAaTh C HAMPaBJIEHNEM MarHUTHOTO TOJSI.
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Puc. 2.37. MarauTtHOe 11oj1€ BOKPYT MPOBOJHUKA C TOKOM

1

Puc. 2.38. HanpagjieHrue MarHMTHOTO TOJIs1 BOKPYT ITPOBOJIHMKA C TOKOM: OT HaOmomaress (1)
1 K HaOmoaaremo (2)

Ecmu mpornycTuTh MOCTOSIHHBIN TOK Yepe3 KaTYIIIKY, COCTOSIITYIO U3 OOJIBIIIOrO YMC/ia BUTKOB
MTPOBOJIOKH, TO OHA CTaHOBHUTCSI MarHuTOM. Co3/1aBaeMoe eif MarHUTHOE T10J1e HUYeM He OT/IMYaeTCsI
OT TIOJISl TIOCTOSTHHOTO MarHuTa. Ecim ee HaMOTaTh Ha CEpACYHMK W3 CTaJM, Kelie3a WIN JAPYroro
MarHUTHOTO MaTepHaJa, 3To rmojie OyeT ele ChiibHee. Takske 3To MmoJie 3aBUCHT OT CHJIBI TOKA. DJIeK-
TPOMArHUTHI IIPUMEHSIIOTCS B JIEKTPUUYECKUX 3BOHKAX U peie.

Ecnmu yepe3 mpoBOIHUK MPOITYCTHTH He IIOCTOSTHHBIN, 4 IIepeMeHHbIH TOK, TO CO3/JaBaeMOe Mar-
HUTHOE TI0JIe Takke OyJeT NepeMeHHbIM. ECii psgoM Apyr ¢ JpyroM pa3MecTHTh JBe KaTyIIKH, TO
MPONYyCKaHME TOKA Yepe3 OMHY W3 HHUX OyJeT BBI3bIBATh MEPEMEHHOE MAarHUTHOE Iojie, KOTOpoe B
JPYrOM KaTylIKe BBI30BET MepeMeHHbIH TOK. DTO MpHUHIUN padoThl TpaHcgopmaropa (puc. 2.39):
MIPUJIOKEHHOE K OJTHOW OOMOTKe mepeMeHHoe HarpsbkeHre U| BBI3BIBACT MOSIBJICHUE TIEPEMEHHOTO
HanpspkeHnst U, (mHgynmpoanHoi DJIC) Ha BTOpoi 0OMOTKe.
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BxoaHoe
HallpsKeHUe
[IepeM. TOKa

U,

Puc. 2.39. UnnyuuposanHas DIC

TpaHchopmMaTop COCTOMT U3 JIBYX OTAEIbHBIX OOMOTOK, Ha3bIBAEMBIX IEPBUYHON U BTOPHY-
HOI 0OMOTKaMu. BXosiHOe HanpsikeHue epeMEeHHOro TOKa MPHKJIAIBIBAETCS K EPBUYHON 0OMOTKE
Y CO3/aeT MEHSIOIIeecs] MArHUTHOE MoJjie. DTO MarHUTHOE ToJie B3aMMOJICHCTBYET CO BTOPUUYHOM
0OMOTKOM, MHIYLIMPYs B HEWl HanpsikeHue repeMeHHoro Toka (tounee, DJC). Hanpskenue, uuay-
LpyeMOoe BO BTOPMUYHOI OOMOTKE, UMEET TY e YACTOTY, UTO M BXOJHOE HaNpsi’KeHUe, HO €ro aMILIU-
TyJa OINpeAeNsieTcs] COOTHOIIEHUEM YKC/Ia BUTKOB BTOPUYHON M IEPBUYHON OOMOTOK.

Ecmu

BXOJIHOE HaIlpsKEHHE Ha BBIBOAAX MEPBUYHON 0OMOTKHU = U |, BLIXOAHOE HAIPsIKEHHE Ha BHIBO-
Aax BTOpUYHON 0OMOTKM = Uy, UMCII0 BUTKOB NEPBUYHON OOMOTKHM = N, UUCJIO BUTKOB BTOPUYHOM
00MOTKH = N>,

TO CIIPaBEIMBO CJIEYIOIIEe COOTHOLIEHHE:

Ui/ Uy=N;/N,.

KII[] tpancopmaropa 6m3ok k 100% (00braHO 310 96-99%). MomHocTts curnana P=U-I
TpaHcOpMaTop He YBEJIMYMBAET (BO CKOJBKO pa3 HAIpsUKeHHWE Ha BTOPOH OOMOTKE MEHBIIE, BO
CTOJIBKO K€ pa3 OoJbllie TOK, 1 HA00OPOT), TOKM MMEIT 00paTHOE KOJIMYECTBY BUTKOB OTHOIIICHUE
APYT K ApyTy:

L /1y =Ni/N,.

Ecnn HanpsikeHre Ha BTOPUYHOM OOMOTKe TpaHcgopMaropa Oosbllie, 4YeM Ha BXojie (Ha rep-
BUYHOI OOMOTKE), TO €0 Ha3bIBAIOT MOBHIIIAIOIIAM, 1 HAOOOPOT, €CJI OHO MEHBIIIE, YeM Ha IIepBUY-
HOI OOMOTKE, TO €r0 Ha3bIBAIOT MOHKAIMM. Y TOBBIIIAIONIEro TpaHc(opmaropa 6oJIbIIe BUTKOB
Ha BTOPUYHOW OOMOTKE, y MOHMKAIOLIETO - Ha IIEPBUYHOM.

Tpancdopmarop, n300pakeHHbIl Ha puc. 2.40, B 1Ier BTOPUYHON OOMOTKH UMEET Harpy304-
Hbli1 pe3uctop R;. Conporusiienne R) MOXXHO nepecunTars UM, Kak TOBOPSAT, IPUBECTH K NEPBUY-
HOI OOMOTKe, T.€. K COIPOTUBJIEHHIO TpaHcopmaropa R | co croponsl mepBiaHOi 06MOTKH. OTHO-
menue R /R, HasbiBaeTcss K03(hPUITMEHTOM MPUBEAEHUs CONTPOTUBIIeHUs. Ero MOXHO paccuMTaTh
CJICITYIOIIUM 00pa3oM:
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Ri/Ry=(Uy/ 1)/ Uyl b)=(U /Uy * (21 1)) = (N / Np) * (N; / Ny) = (N1 / No)*.
To ecTh ec/i B TIEPBIYHOI OOMOTKE B /IBa pa3a GoJIbIle BUTKOB M Harpys3ka coctasisgeT 100

OM, TO CONPOTHUBJIEHHE CO CTOPOHBI MIEPBUYHON 0OMOTKH coctaBut 100 * 22 = 400 Om.

_

Puc. 2.40. Koappunment npuseaenus conporusiieHus: Ri/R, = (N 1/N2)2

TpancgopmaTop MOKET UMETh OHY-EJMHCTBEHHYI0 OOMOTKY C OTBOZOM OT YaCTH BUTKOB 3TOM
O0OMOTKH, KaK MoKa3aHo Ha puc. 2.41. Takoii TpanchopMaTop Ha3bIBAETCS aBTOTPAHC(HOPMATOPOM.
HanpsikeHrie 1 TOK Ha ero BBIXOJIE OMpeISISIOTCS TeMH ke (popMyaaMu, YTO MPUBEICHBI BBIIIIE /IS
00BIYHOTO TpaHchopmaTopa.
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BX

BbIX

Puc. 2.41. ABrorpancgopmatop

2.9. MeTOIl TeBeHuHa AJIA BBIYUCJICHHUA BBIXOAHOI'O HAIIPAKECHUA HArpy>KE€HHOIO
JACJIUTECJIA

JIBa sanemeHTa Monenn TeBeHMHA BHIYUCIISIOTCS CIIETYIOIUM 00pa3oM (puc. 2.42). 3amMeHsieM
HCXOJIHYIO cXeMy (6e3 Harpy3ku) OoJee MPOCTOM CXeMOM, Ha3biBaeMoi Mofielbio TeBeHnHa, KoTopast
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MIPE/ICTaBIIsIET COOOM UIeasTbHBIN HICTOUHUK HANIPSIKEHU ST, BKIIIOYEHHBIH [TOC/IEIOBATENIBHO C PE3UCTO-
POM. DJIEMEHTHI CXeMbl OyIyT UMETh CJIAYIONIe 3HAYCHUSI:

* Urgp Oyzer paBHO IIPOCTO HAMpsiKeHUI0 xonocTtoro xoaa Uxx, Korja K JeaUTeNTio He MOA-
KJIIOUEHO HUKAKOM Harpys3KH;

* conporuByieHre Rygg npencrasnsercs B Buje qpoou Utgg / Ik3. Tok I3 - 3T0 TOK, KOTOpHI
MIPOTEKAET MPU COEJUHEHUH BBIXOJA CXEMBI HAIPAMYIO C "3eMiiel” (TOK KOPOTKOTO 3aMbIKAHUS).
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20 B

Puc. 2.42.
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KoneuHo e, Ha IPaKTUKe Takoe JieiaTh KpaiiHe onacHo. B mogaisiomem OOJIBIITMHCTBE CITy-
YyaeB 3aKOpauyMBaHUE BHIXOA HA "3eMJTI0" MOKET MOBPEAUTD UJIH IMOJIHOCTHIO BHIBECTHU U3 CTPOSI CXEMY
Y MHOT/IA ITPEJICTaBIIsSIeT OMACHOCTH JIIS SKCIIiepuMeHTaTopa. [IpeacraBbTe cede pe3ysibTaT Takoro IKC-
MIEpPUMEHTa C aBTOMOOWJIBHBIM aKKyMYJIATOpOoM! A eclii y Hac eCTh PUHITMITAAILHAS CXeMa YCTPOH-
CTBa, TO MOXHO MTPUMEHUTh HAMHOTO MEHee TPYJOEMKHUI CIIOCo0.

BA

Puc. 2.43.
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[Tycth y Hac umeeTcs cxema, n3o0paxkeHHas Ha puc. 2.43. HeoOxoqumo HallTh ee BXOTHOE U
BbIXOJHOE conpoTuBeHus (Ryx 1 Ryyx).

1. BxoaHoe conpoTtuBieHne Rgy.

fIcHo, Kakoe 3HaueHue JOJKeH UMETh JeJnTeNb: IpocTo R | + Ry. Ho Oyzert i 310 npaBuiibHBIM
OTBETOM Ha JjaHHbIA Borpoc? Pa3Be curHan ¢ BbIXoga JenuTesisi He OyAeT MojaBaThCsl HA YTO-TO,
MOZICOEAMHEHHOE K HeMy Jaiiee? Eciin HeT, Kakol CMBICIT B CO3JaHUU 3TOT'O JeJIUTENsA?

OtBer, KOHEYHO ke, "ma", CUTHaJl C BBIXOHA JenuTesiss OydeT MoJaBaThCs HA YTO-TO - HA
Harpy3Ky. Ho 310 "4T0-TO" JONKHO MpEeacTaBiATh IOCTATOYHO BBICOKOE BXOIHOE CONPOTUBIIEHUE,
YTOObl OHO HE W3MEHSUIO CYIIECTBEHHO Pe3yJIbTaT, KOTOPBIA Mbl MONYYMIN, KOTJa He MPUHUMAIA
Harpy3ky Bo BHUMaHue. Eciu Harpy3ka B 10 pa3 Gosbliie 4eM CONpOTUBIIEHUE OJHOTO IUIeya JIeu-
Tesis (oHo y Hac paBHO 10 kOwm), To Hamn pe3yabTar OyleT BIOJHE MpueMIeMbiM. BkpaTiie MOKHO
CKa3arh, YTO MbI MPEIIoaraéM JA0CTATOYHO OOJBIIYI0 HArpy3Ky, 4TOObl HAIllM Pe3YJbTaThl ObLIN
MOXOKM Ha mpaBay. Maeanom siBisieTcsi, KOHEYHO Xke, Harpy3ka ¢ OECKOHEUHO OOJBIINM BXOIHBIM
COIpOTUBJIeHUEM (puc. 2.44).

Takum obpazom, otBeToM siBsieTcs: Ry = Ry + Ry = 20 kOwm.
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RH}{

Puc. 2.44

2. BoixonHoe conpotuBiieHUe Ry .

B cootBerctBuu ¢ Metoiom TeBeHnHa U e = Uyx = Upy-Ry / (R + R)). DkBUBaseHTHOE COMpO-
tuBlieHUE Rpyx = Uspep / Iis; s = Upx / Ry, 3HauuT Ry = UpcRo-Ry/ (Ugk (R + Ry)) = Ri-Ry/
(Ry + Ry). Mbl nonyuunu napajuiesibHoe COeJUHEHUE Pe3ucTopoB Aeutes. CHavama 3TOT pe3yiib-
TaT KakeTcst HeoObuHbIM. Kazasochk Obl, moyemy conpoTusiieHue R |, MOAKIIOUeHHOE K TIONOKUTEb-

HOMY IIOJIOCY UCTOYHHKA IMUTAHUSA, OOJKHO CUHUTATHCA MapaJlUICJIbBHBIM COIIPOTHUBJICHUIO R2‘7 HpI/I-
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YMHA B TOM, YTO COIIPOTUBJICHUE UCTOYHMKA HAIPS)KEHUS] Mbl CAUTAEM MPE/IEIbHO MaJIbIM, a 3HAYMT,
€CJIM MPEIIONOKUTh, YTO HAPSIKEHUS HET, TO Mbl [OJIyYUMM BEPXHUI 10 cxeMe KOHTakT R | moxco-
eIMHEHHBIM K 00IIeMy MPOBOLY. 3HAUMT CO CTOPOHBI BbIXOza corpoTuBieHust R | u Ry okazanuch
BKJTIIOYEHHBIMU TTapasuieibHO ! DTO MOATBEPKIAET MOTYUYSHHBIN 10 MeToly TeBeHrHa pe3yJibTar, Bce
BBIUKMCIIEHO BepHO. Hy’KHO TOJIbKO TOMHUTB, YTO MbI IIPEATIONOKUIN, YTO COMMPOTUBIICHUE UCTOUHUKA
paBHO HymO (puc. 2.45), T.e. mpeHeOperv uM. B IeHCTBUTENILHOCTH 3TO, KOHEUHO Xe, He TaK, HO
HEJJaJIeKO OT UCTUHBI, TOTOMY YTO CONPOTHBIIEHUE UICTOYHHUKOB HANPSKEHU ST JOCTATOUHO MaJIo (CM.
BhIlIE paszien 1.3.2 0 BHyTPEeHHEM CONPOTUBIIEHMH UCTOYHHMKA HATIPSKEHUA).
Takum o6pazom, oTBETOM sIBsAETCA Ry = 5 KOM.
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RHE']’U‘{
HoJusp OM

Puc. 2.45
DTOT METOJI CIPABE/IJIMB U JIJIsI TIOJHBIX COMPOTHBIICHUN (MMITE/IAHCOB).
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3. IloaynpoBoanuku. {uoanl

3.1. IToaynpoBoaHNKH

[To cBOMM 3NeKTPUYECKUM CBOWMCTBAM TBEpAbIE BEIIECTBA MOKHO pa3fie/uTh Ha TPH KJacca
- IPOBOJHUKH, U3OJISATOPHI M TOTYIPOBOJHMKU. B Kakoi KJacc Monajiaer TOT WM MHOW MaTepHal,
3aBUCHUT OT MOBE/ICHUs JIEKTPOHOB Ha BHEIIHEH opOuTe atoMa. B cityuae n3onsitopa 3Tu BaJeHTHBIE
JIEKTPOHBI TIPOYHO CBSI3aHBI C SIIPOM U JIMIIIb HEMHOTHE U3 HUX CIIOCOOHBI TIOPBaTh CBSI3b CO CBO-
MMM aTOMaMH U y9aCTBOBAaTh B ABUKEHUM, OOPa3YIOIIEM JEKTPHUECKH TOK. B poBOIHMKE, TAKOM
KaK MeJlb, OYeHb MHOTO CBOOOJHBIX JIEKTPOHOB IPH JTIOOOM TeMIiepaType Bbilllie aOCOIIOTHOTO HYIIS,
MIOCKOJIBKY BaJICHTHBIE JIEKTPOHBI COBCEM CJ1a00 CBSI3aHBI CO CBOMMH aTOMaMH M CBOOOIHO Jpeii-
dyior. B nzonsatope cBOOOAHBIX JIEKTPOHOB MPAKTUYECKU HET M OH TOK HE TIPOBOJIUT.

[MonynpoBOIHUKY SIBJSIOTCS HEOOBIYHBIMK MaTepuanamu. [1oayrnmpoBOAHMKOM, Yale BCEro
MIPUMEHSIEMBIM B 3JIEKTPOHUKE, SIBJISIETCS KPEMHUI, XOTSI UCTIONb3yeTcsl ¥ repManuii. O6a 3THx are-
MEHTa - YeThIpeXBaJIEHTHBIE, TO €CTh Ha BHEIIHEW OpOMTEe MX aTOMOB HAXOOHUTCS IO YEThIpe MeK-
TpoHa. Kpucranibl KpeMHUS U TeépMaHusi IMEIOT OYeHb SICHYIO U CTPOMHYIO CTPYKTYpY, Onaromapst
KOTOPOHM aTOMBI YAEPXKUBAIOTCS BMECTE B YCTOMYMBOM OOpa30BaHUM; TOBOPST, YTO YCTOWYUBOCTD
oOecrieunBaeTcsi KOBAJICHTHOU CBSI3BIO, T.€. CBSI3bI0, 00ECTIEUNBAEMON COBMECTHBIM UCTIONB30BAHUEM
JIEKTPOHOB aTOMaMH pelieTky. MI3BecTHO, YTO MpY HAJTMYMK Y aTOMa BOCbMH BaJIEHTHBIX JIEKTPO-
HOB BEIIECTBO OKA3bIBACTCSI OUEHDb CTAOMIBHBIM (B TAKOM COCTOSIHUM HAXOISATCSI MHEPTHBIE rasbl). B
KPEMHUU WM TePMaHUU COCEIHUE aTOMBI IPUHUMAIOT yJacTHe B TAKOM 00pa30BaHUM, B pe3yJbTare
Yero Kaxaoe sSApo UMeeT "TMOJIOBUHHYIO JOJTI0" B BOCBMHU BaJIEHTHBIX JIEKTPOHAX BMECTO MHIVBULY-
QJIBHOTO BJIA/ICHUS YETHIPbMSI BAJICHTHBIMHU JIEKTPOHAMH, KOTOPHIMHU 00JIafasl Obl M30JIMPOBAHHbIN
aroM. Takasi CTpyKTypa KpHCTala KpeMHHSI CXeMaTUYeCKH TMoKa3aHa Ha puc. 3.1; kaxgas u3 yka-
3aHHBIX CBSI3€l MEXKIY aTOMaMH MPEJICTaBIIsIET COOOM COBMECTHO HMCIOb3YeMblil BaJICHTHBIN K-
TPOH.
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Puc. 3.1. KoBanieHTHbIE CBSI3U JIEKTPOHOB B aTOMaX KPUCTA/UIa KPEMHUSI

WpeanpHas pemeTka aToMOB KPeMHHU S, TOKa3aHHAsI Ha puc. 3.1, CyIIeCTBYeT TOIBKO MPH TeM-
nieparypax BOIM3u a0COMOTHOTO HyJIs1. [Ipy KOMHATHO# TemriepaType BCAeACTBHE TETUIOBBIX KoieOa-
HUIA aTOMOB IIPOUCXOIUT Pa3pbiB HEKOTOPBIX CBSI3EH; MEKTPOHBI OTPHIBAIOTCS OT aTOMOB M CBOOOIHO
TYJISIOT TIO KpucTtayuty. TaM, rje 27eKTPOH CTAHOBUTCSI CBOOOIHBIM, OH OCTABJISIET MOCIIe ceOsl IBIPKY
WM OTCYTCTBHE JIEKTPUIECKOTO 3apsijia, KOTOPOE TaKkKe MOKET Ka3aThCs MepeMeIIaloMCs], eCITH
pa3opBaHHAs CBS3b 3aIOJNHSETCS ANEKTPOHOM U3 coceJHero atoma u T.1. Ha puc. 3.2 npeacrasieH
YUYaCTOK KPUCTAUIMYECKON PENIeTKH KPEeMHHUs TP KOMHATHOM TemrepaType co CBOOOIHBIM JIeK-
TPOHOM U MOTYUMBULIEHCS IBIPKOH.
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Puc. 3.2. Pemerka KpeMHUsI O CBOOOTHBIM JIEKTPOHOM M ABIPKOM, 00Pa30BaBUIMMUCS OT
TEIUIOBOTO BO3MYIICHHUSI

Haymure cBOOOIHBIX JIEKTPOHOB JiejIaeT KpeMHMI IpoBOAHUKOM. [Tpy yBemyeHnn Temrepa-
TYpBI pa3pbIBaeTCs Bce OOJBIIIEe YMCIIO CBSI3EH, MOSBIISIETCS OOJIbIIE SIEKTPOHOB H BIPOK M ITPOBOIH-
MocTh pacrteT. [Ipu mogkmovyeHun oOpasiia k 6arapee MpuIoKeHHOe Mojie OyJeT yBIeKaTh SJICKTPOHBI
¥ OHM OyIyT MepecKaKuBaTh OT JbIPKe K jbipke. OueHb ciadast MPOBOIUMOCTh, KOTOPOU 00J1a1aeT
YKCTHIN TTOTYIPOBOJHUK, Ha3bIBAETCSI COOCTBEHHOM MPOBOAUMOCTBIO.
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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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