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Hennc OauHIIOB
JJEKTPOHMKA: OT
IPOCTOro K CJI0KHOMY

1. IlocTrosinublil TOK. IlepBble pagnoaeraan

DJeKTPOHMKA UMeeT KOPOTKYI0, HO 60raryio COObITHUSIMU HC-
Topuio. IlepBblil ee mepuoa CBsI3aH ¢ MPOCTEUITUMU Tepeaar-
YMKaMU KJIIOYEBOTO JEWCTBUSI U CIIOCOOHBIMHU TPUHUMATh WX
CUTHAJIbl IPUEMHUKAMHM, KOTOPbIE IOSIBUIKMCH B Havyasle XX Be-
Ka. 3aTeM HacTyluja 3M0Xa BaKyyMHBIX JaMIl, KOTOpasi O3Ha-
MeHOBaJIa cOOOW BO3MOKHOCTb MPETBOPEHUS B KU3Hb CMEJTBbIX
uaen. Cerlyac Mbl ABJISIEMCS CBUAETENSIMA HOBOI'O dTamna pas-
BUTHS JIEKTPOHUKH, CBSI3AHHOTO C TOSIBJICHUEM JIEMEHTOB Ha
TBepIoM Telie. TeXHonorusl nosiBjieHusi OOJBIIMX HHTErpPasib-
Hbix cxeM (BMC) gaer BO3MOXKHOCTh MPOU3BOIUTH KPUCTAILIBI
KPEMHHMSI, HA OCHOBE KOTOPBIX CO3JAI0T KaJbKYJISATOPHI, BBIYKC-
JIUTEJIbHbIE MAIllMHbI U COTOBbIE TeseOHbl. Pa3BUTHE TEXHO-
Joruu cBepxOonbIx uHTerpaibHbiX cxeM (CBUC) oTKphIBaeT
BO3MOKHOCTb CO3JJaHUsI HOBBIX 3aMeuaTesIbHbIX YCTPOICTB.

Ecnu Bac 3anMHTEpECOBAIN yCNIEXU JIEKTPOHUKH U €CTh Ke-
JIaHUE y3HaTh 00 3JMIEKTPOHHBIX YCTPOUCTBAX MOOOJBIIE, TO ITA
KHHTa — TO, YTO BaM HYXHO.



IIpOTOHBI U JIEKTPOHBI

[ToBceTHEBHBIN OIBIT MPUYYHMIT HAC K TOMY, UTO TBEPJIbIC Te-
Jla ¥ KUJIKOCTU UMEIOT TUIOTHYIO Y HETIPEPHIBHYIO CTPYKTYpY. A
BMECTE C TeM CTPYKTYypa Y HHMX, MOXHO CKa3aTh, axypHas. Jlio-
00e BelecTBO — Boa, Oymara, MeTaJlIbl, TIaCTMAacca — OOJIbIIe
HAITOMUHAIOT XOKEUCTOB Ha JIbLy BO BPEMSI UTPbI, YeM 3PHUTEIICH,
HaOMIOAIONINX 32 UTPOU, KOTOPBIX, KaK MIPABUJIO, FTOpa3io 00b-
mre. Mbl He BU/IUM 3TOW a)KypPHOCTH, HO TOUYHBIMU (PU3UYECKH-
MU UCCIIE/IOBAHUSIMUA YCTAHOBJIEHO, YTO CTYCTKH BEIIIECTBA - aTO-
MBI 1 SJIEKTPOHBI — HAXOAATCS APYT OT JIpyra Ha pacCTOSTHUM, BO
MHOTO pa3 MPEeBHIIALIIMX UX pa3Mepbl. ECu mpeamnonoxurh,
YTO aTOMHOE SIIPO UMeEeT pa3Mepbl PyTOOTBLHOTO Ms4a, TO IS
COOJTIONIEHH ST TIPOTIOPIUI HY>KHO TIPECTaBUTh, KAaK HA PACCTOsI-
HUM B COTHH U THICSIYM METPOB OT HETO JIETAIOT JIEKTPOHBI Pa3-
MEPOM C TOPOIIUHY, a BCE OCTAJILHOE — IyCTOTa. A pacCTOSIHUS
MeXTy COCETHUMH aTOMaMHM B 9TOM MacIITade COBCEM OrPOMHBI
— 3TO JIECSAATKU ¥l COTHU KUJIOMETPOB.

B moGom BeliecTBe HaWJETCs HEKOTOPOE KOJIMYECTBO aTo-
MOB, ITOTEPSBIIHX JIEKTPOHBI CO CBOUX BHEITHUX OpOUT. B TBEp-
JIOM TeJle aTOMBbl 3aKpeIUieHbl B OMpe/Ie/IeHHbIX TOYKaX IPO-
CTPAHCTBA, CBSI3aHBI JIPYT C IPYroM B TUIOTHBIN KapKac KpH-
CTAJUTMYECKOW pemeTkH. B KHUIKOCTAX aTOMbI CBSI3aHbI ciadee,
UMEHHO TO3TOMY JKUAKOCTh "MsATrKas', OHa JIeTKO W3rudaer-
cs1, TeyeT. B moOoM cirydae aToMBI TIOIIATBIBAIOTCSI, COBEPINAIOT
HeOOJIbIIINE BYKEHU I, KOeOmoTes1. B mporiecce 3THx XxaoTnde-



CKUX TeIJIOBBIX KOJieOaHUI aTOMbI, TpyOO roBops, "cOpachiBa-
10T" BHEIIHUE JIEKTPOHBI, Te, KOTOPbIe OOJIbIIe BCETO YIAJICHBI
OT siApa, cnabee JPYrux MPHUBSI3aHbl K HEMY JIEKTPUISCKUMHU
cuIamMu. BeipBaBIIMecs U3 aTOMOB JIEKTPOHBI TIEPEMEIA0TCS B
MEKaTOMHOM MPOCTPAHCTBE, OHU CBOOO/THBI.

ATOM, y KOTOpPOT'0 9IEKTPOHOB HA OpOUTAX OOJBIIIE, YEM TTPO-
TOHOB B $I/Ipe, — OTPUIIATENIbHBIN UOH, a IOTEePSIBIIMIA OIVH WJIH
HECKOJIbKO 3JIEKTPOHOB, — 3TO MOJIOKHUTEIbHBIN NOH. B TBepabix
TeJlaX TaKue MOJIOKUTESIbHBIC MOHBI HETIOABUKHBI, B KHUIKOCTSIX
M 0COOEHHO B ra3ax OHM, KaK M JIEKTPOHBI, MOTYT CBOOOJHO
JIBUTAThCS.

IIpoBoaHNKH, TOJYNPOBOJJHUKH H U30JATOPHI

CrienmanucTel O JIEKTPUYECTBY MPUBBIKJIU JIEJUTh BCE Be-
IIECTBA Ha TPU IPyMIbl — TPOBOJHUKHU, OTYIIPOBOJHUKHU U U-
NEKTPUKU (M30JISATOPHI). B TUaeKTprKax CBOOOTHBIX 3apsiIOB
OYEHb MaJjo, Mouty HeT. [lonynmpoBOIHMKM — 3TO BellecTBa, B
KOTOPBIX CBOOOHBIX 3apsIIOB HEMHOT'O, HO OHM BCE TaKu ecTh. K
MIPOBOJIHMKAM OTHOCSITCSI BEIIIECTBA, B KOTOPbIX CBOOOIHBIX 3a-
Ps1/10B OYEHb MHOTO.
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M3onatop MonynposogHuWK MposoaHMKk Kuakoctb

Puc. 1.1. MBonaropsl, MOTynmpoOBOJHUKHN U IIPOBOJHUKHI
1.1. Tok u HanpsIzKeHUe
1.1.1. DnexkTpuyeckuil ToK

DIeKTPUYECKUI TOK — 3TO HAlPaBJIEHHOE JIBUKEHUE 3JIeK-
TPUYECKU 3apsKEHHBIX YACTHUI BHYTPHU ITPOBOIHUKA, HATTPUMeED,
Menu win xene3a. Korga-to cunranoch, 4To 3TH 4aCTULIbI 3apsi-
JKEHBI MOJIO)KUTENILHO, HO HA CaMOM JIeJIe 3TO JIEKTPOHbI, KOTO-
pble UMEIOT OTPULIATEIbHBIN 3apsi.

Tok MMeeT HarpaB/IeHUE, WU TOJSPHOCTb, CYUTAETCS, UTO
3apsApbl BCET1a TEKYT OT MOJIOKUTEIBHOTO MOJTI0CA K OTpULIATE b-
HoMy. [lepBBIM UeIOBEKOM, KOTOPBI BBEN 3Ty Hje, ObUT beH-
ToxkaMuH O paHKIIMH, KOTOPBIA He 00Jaial CpeICTBAMU 1 3HAHU-
SIMM, 94TOOBI JIOKa3aTh, YTO B ICHCTBUTEIILHOCTH TOK OOYCIIOBJICH
OTPUILIATENILHO 3apsSKEHHBIMU JIEKTPOHAMM, a HE TMIIOTETHYe-
CKHMMH ITOJIOKUTEJIbHBIMU YACTULIAMU. JTa YCJIOBHOCTh OCTAJIACh
IO Cel JIeHb, XOTS B JEVCTBUTEIbHOCTH IEKTPOHBI IBUKYTCS OT



OTPUILIATENILHOTO MOMIOCA K MOMOKUTENbHOMY. [looxkuTeIbHbIN
TIOJTIOC OOBIYHO YKa3bIBAETCSI HA CXeMax 3HAaKoM "+ MM Kpac-
HBIM LIBETOM, a OTPUILIATEIbHBIA — 3HAKOM "-" WJIM YEpPHBIM 1BE-
TOM.

Kak moxxHO n3meputb TOK ? I3MepUTh OTOK BOBI I0CTATOY-
HO MPOCTO: HAaM HYKHBI CEKyHJIOMEP U CYETUMK BOJIbl, TEKYILIEU
1o Tpyoe. CKOpPOCTb 3TOrO MOTOKA 3aBUCHUT OT JXaMeTpa TPyObl
Y CKOPOCTH BOJIbl M paBHA KOJIMYECTBY JIMTPOB, KOTOPbIE ITPOXO-
JSIT Yepe3 CeKIIo TPYObl B CEKYHIY: MOTYT ITPONTHU JIECATh, CTO
WJIU THICSIYM JIMTPOB B CEKyHY. [lJIs1 U3MEPEHUsI CUITbI IEKTPU-
YEeCKOro TOKa MOCTYMAT MOJ00HBIM 00pa30oM, HO BMECTO U3Me-
PEHUS KOJMYECTBA BOJBl Mbl JOJKHBI CUMTATh IEKTPUUECKUE
3apsiAbl, WIK EKTPOHbI, KOTOPbIE MPOXOIST B JIEKTPUUECKOM
MIPOBOJIE 3a CEKYHY (Yepe3 JAHHOE CEYEHUE MIPOBOIHUKA).

EnvHuiield usmepeHus JeKTPUYECKOro TOKa, WM CHIIbl TO-
Ka, fABjsercs amrep (A), Ha3BaHHbIM B YECTb NEPBOOTKPbIBA-
TeJIsl ANEKTPUUECKOrO TOKA — BEIMKOro (hpaHily3cKoro (pusmka
Annpe-Mapu Amrepa, xusirero Ha pyoexe X VIII-XIX Bekos.
OpuH amriep COOTBETCTBYET CKOPOCTU ITPOXOXKJEHUS Yepe3 ce-
yeHue nmpoBoaHuKa 3apsijaa B 1 kysnoH (K) 3a 1 cekynny. (Onun
KYJIOH — CYMMapHbI# 3apsi/i IPUMEPHO 6 MILIMAPIOB MUJUIAAD-
J0B (i 6,24-1018) snekTpoHoB.) CUMBOJIOM amriepa sIBJIseTCs
oyksa "A". B ¢opmynax cuiaa Toka oOo3Havaercst Oyksou 1"
Toku HEOOMBINON BEIMYMHBI MOTYT ObITh BBIPAXKEHBI B MA WU
axe B MKA.

YenoBeKk HAUMHAET OUIylIaTh TOK B CBOEM TeJIe MPHU €ro Be-



smaune 0,005 A. Tok 0,05 A omacen i ku3Hu. TOK B JIIOMU-
HecueHTHOM namne — 0,15 A, B 1amrie HakaymBanusa — 0,2-1 A, B
xonogwibHKKe — 0,5-0,8 A, B OBITOBBIX HArpeBaTEIbHBIX TPUOO-
pax — 2-8 A, B anieKTpoABUraTesie TpampaiiHoro Barona — 100 A
Y BBILIE, B MHAYKTOPE MeYM 1A I1aBiieHus amoMuans — 18000
A.

1.1.2. HanpsikeHure ¥ pa3HOCTb MOTEHIIUATIOB

CkomnbKo pa3 Mbl 3a/1aBasiv ceOe Borpock! Bpoze "[Ipu kakom
HarpskeHUM padoTaeT 3TOT MEeKTpuuecKuil npuodop?” — "220
BobT", MM "Kakylo Oatapeiiky Hy)KHO BCTaBUTh B TOT MyJIbT?"
—"1,5 B". Kak aHan0ruio MOxXHO MPUBECTU B TPUMEP BOAY, KO-
TOpasi MOXKET TeYb, IOTOMY YTO €CTh pa3HHLa B BricoTe. [Toxo-
KM 00pa3oM TeueT AMEKTPUUIECKUI TOK, €CIIU CYIIECTBYET pas-
HUIIa B YPOBHSIX, WIH, JIyUllle CKa3aTb, pa3HOCTh MOTEHIIMAJIOB,
Kak Oy[TO TOYKHM PACTIONIOKEHbI HA PA3HOM BBICOTE.



Puc. 1.2. Cuia notoka Bojibl 3aBUCUT OT Pa3HUIIbl B BHICOTE

Ecnu MbI BO3bMEM OYEHb JUTMHHYIO TPyOy, TOJIOKUM ee Ha
3eMJII0 M HalOJIHUM ee Bojou (puc. 1.2), Boga BBIMAET U3 IpY-
rOro KOHIIAa C HeOOJIbIION CHIoN. ECiin MBI TOTHUMEM OAWH W3
KOHIIOB TPYOBI, TO BOfIa BRIIJIET ¢ OoJibInel cutoid. Yem Oosblie
pa3HHUIIA B BHICOTE, TeM OOJIbIIIe chJia (MK TaBJIeHHe) Ha BBIXOJIE
U3 TPYyOBbI.

[IpencraBum cede, YTO MOKHO HEKOTOPBIMA MOJIOKUTEILHBIN
3apsiji pa3MECTUTh B OMHOM MeCTe, a OTPHIIATEIbHBIN — B JIpY-
roM. Mexy HUMU TIOSIBUTCSI TaK Ha3bIBAEMOE JIEKTPUYECKOE



nosie. Ecnu B 3TOM 1osie pa3MecTuTh HEKOTOPYIO MOJIOKUTEb-
HO 3apsDKEHHYIO YaCTHILy, TO OHA Oy/IeT IBUTAThCSI B CTOPOHY OT-
PULIATENBHOTO 3apsaAa. DIEKTPUUECKUN 3apsil, PACHONI0KEHHBIN
B JIGKTPUYECKOM TI0JIe, 001aaeT onpeae/eHHbIM YPOBHEM T10-
TEHLIMAIbHOW SHEPTUU, TOTOMY UTO HAXOIUTCS B ONpPEIEIEHHON
TOYKE TIOJISI M SIBJISIETCS HETIOJABWKHBIM, XOTS IOJ] BO3IEHCTBEM
3TOrO MOJISl €r0 TSHET B CTOPOHY OTpULIATENIbHOTO 3apsia. Ilo-
TEHIMAJIbHAsI SHEPrUsl, KOTOPYIO YACTUIIA CTPEMUTCS MepeBECTU
B SHEPIUIo JIBWKEHMS, JIeJIeHHAs] Ha KOJIMYECTBO 3apsia, Ha3bl-
BAEeTCs HAMPsIKEHUEM (€€ MOXXKHO CPAaBHUTH C BBICOTOM, C KOTO-
poM MagaeT BojAa, HaIlpUMeEP € BbICOTOM Boponana). Ilog Harpsi-
’KEHWEM Mbl UMEEM B BUJY Pa3HUIly NMOTEHIMAIOB (Bpojae pas3-
HMIIBI BBICOT).
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YAEKTFMYECTBA

Puc. 1.3. 3apsaapl pa3HbIX 3HAKOB MPUTATMBAIOTCA JPYyr K

apyry
Enunuiierd uamMepenust HanpsikeHusl sipjsietcs: BosbT (B), B



YeCThb O/IHOTO U3 OCHOBOIIOJIOXKHUKOB YUEHUSI 00 IEKTPHUECTBE,
UTAJIBTHCKOTO y4eHoro, rpaga Asneccanapo Bonbra, KuBiiero
Ha pyoexe X VIII-XIX BekoB, Takke N3BECTHOTO M300pETeHUEM
IIEPBOI'0 I'aJIbBAHUYECKOI'O JIEMEHTA, TAK Ha3bIBaeMOIro BosbTto-
BOro crojida. B ¢hopmynax m Ha cxemax HampspkeHHe 0003HaYa-
ercs Oyksoit "U".

O603HaueHre MCTOYHMKA HAIpsDKeHUsI Ha SJIEKTPUUYECKOR
cXeme, KOTOpoe IIPUMEHSETCS Ha IPAKTUKE, IIPUBEIECHO Ha PUC.
1.4.

-+

Puc. 1.4. YcioBHOe 0603HaYE€HNE UCTOYHUKA HATIPSKEHU ST Ha
MEKTPUUYECKUX CXeMax

1.1.3. 3akod Oma

DTO OOWH W3 OYCHDb MPOCTHIX, MOHATHBIX U B TO k€& BpeMs
OYeHb Ba)XHBIX 3aKOHOB 3JieKTpuyeckor mernu. CoriacHo emy,
4yeM OOJIbIIIe JIEKTPUIECKOe HAPSKEHUE MEX /Iy BYMS TOUKA-
MU CXeMBbI, TeM ObIcTpee OyIyT MepeHeceHbl 3apsijibl, 00pa3ylo-



IIMe TOK, TeM OoJibilie OyeT TOK. Takke OH yBeIMYnBaeTCs pu
YMEHBIIICHUU COITPOTHBIICHUSI TIeTIN (COMTPOTUBJICHUE U3MEPSIeT-
cs1 B oMax (Om)). DTOT 3aK0H ObLT OTKPHIT B 1826 rogy v HOCUT
Ha3BaHue 3akoHa Oma:

I=U/R,

T.e. TOK | B 1Ienu mpsiMo TIpOTIOPITUOHAJIEH TTPUJIOKEHHOMY K
ee BhIBOJIaM HampspkeHrio U 1 00paTHO NpPOMOPIMOHATIEH CO-
npotusyieHuio tienu R. [Tpu cBoeM IBUkKEHUU MEKTPOHBI CTa-
KHMBAIOTCS ¢ MOHAMM KPUCTAJUTMYECKOW pereTkr. YeM Oobiie
B BEIIECTBE JICKTPOHOB M YeM MEHBIIIe CTOJIKHOBEHUH Y HUX C
MOHAMU, TEM MEHBbIIIe y/IeJIbHOE COMPOTHBIICHNE BEIeCTRa.

1.1.4. IlepBas paguogeTalib - PE3UCTOP

Pe3ucTopbl yMeHbIIAIOT MOTOK 3IeKTpruyecKkoro toka. Ilpen-
CTaBbTE, YTO BbI [IOJIMBAETE PO3BI B Caly U3 PE3UHOBOIO LIUIAHTA,
KaK BJIpYT IIOTOK BOJIbl OCTaHaBIMBaeTcsA. Bel noBopaunBaerech
Y BUJIATE CBOETO JIPyra, KOTOPBIM HACTYIIAET HOTOM HA IIUJIAHT,
YMEHBIIIasi TEM CaMbIM ITOTOK BOJBI. PE€3UCTOpPHI 7151 TOKA Urpa-
I0T POJIb TOHKOW WJIA TOJICTOM (B 3aBUCUMOCTH OT TOTO, KaKOW
BEJINYMHBI CONTPOTUBIIEHNE TPeOyeTCs1) pe3UHOBOM TpyOKu. BhI-
COKOE 3HAYEHHE COITPOTUBIICHUS O3HAYAET, YTO YEPe3 MaTeprall
MOET IIPOXOAUTD JIUIIb TOK MaJIOW BEJTUYHHBL.

CorpoTHBIIEHHE SABIISETCS CBOMCTBOM BCEX JIEKTPUUYECKUX
KOMITOHEHTOB. 3ajJjaya pe3rcTOPOB 3aKJII0YAeTCs B TOM, YTO OHU
JOJIKHBI OKa3bIBaTh CONPOTUBJICHUE IEKTPUUECKOMY TOKY. 3a-



koH OMa MOJICKa3bIBAET, YTO MOKHO YCTAHOBUTS B IIETTH HEOOXO-
JUMYIO CHJTy TOKQ, CO3[aB B 3TOM LIEMH TOYHO AO3UPOBAHHOE, TO
€CTh CTPOrO OMPEAEJIEHHOE CONPOTUBJICHUE. 3a/1aBIIUCh BEJIU-
yyuHOU ToKa | 1 3Has HanpsikeHre U UCTOYHMKA MUTAHUS, MOX-
HO 1o ¢opmyse R = U / 1, Boitekaromeit u3 3akoHa Oma, Bbl-
YHCIIATH ITO HEOOXOMMOE COITPOTHBIICHUE. Pe3uctop siBisercs
HarOoJIee YacTo UCMOJIb3yeMbIM JIEMEHTOM IEKTPUIECKUX 11e-
nieil. Pe3uctopsl OBIBAIOT C OCTOSIHHBIM U TTEPEMEHHBIM COIPO-
TuBJIeHreM. OHU UMEIOT pa3nyHble (hOPMbI U pa3MEPHI, B 3aBU-
CUMOCTH OT YCJIOBUI UX TPUMEHEHUSI U MPEIbSBIISEMBIM K HUM
TpeOOBaHUM.

Ceiiuac pe3ucTopsl B BUAE MUKPOCKOITMUYECKUX MOTYITPOBO/I-
HUKOBBIX IBUTMHOK B OCHOBHOM YIUIA B UHTETPAJIbHbIE CXEMBI,
HO B TO € BpeMs BCE €ILIE BBIIYCKATCA B BUIE OTIEIbHBIX
(muckpetHbIX) netaned. CyniecTByeT JBa OCHOBHBIX THIA Pe3u-
CTOPOB — YTOJIbHbIE U METALJIOIJIEHOYHbIE. YTOJIbHbIE PE3UCTO-
pbI CO3/IAI0T, CMEIINBAsl IOPOIIKOOOPA3HbIE U30JISITOP U YIojb
B TMPOIOPIUSIX, HEOOXOMUMBIX ISl TIONyYeHUs] HEOOXOIMMOTO
COIPOTHUBJICHHUSI. A METAJIJIONIEHOYHBIE pe3UCTOpHI (Oosee pac-
MPOCTPaHEeHHbIE B HACTOSIIIEE BPEMsl) CO3/IAI0T, HAMBLIsAS TOH-
KYIO IJIEHKY METaJlJIa Ha KEPAMUYECKYIO MOJIOKKY, a 3aTEM y/a-
JIs1s1 HEKOTOPBIA 00EM HaITbIICHUS JI0 TIOJTyYeHUs] HEOOXOMMO-
IO COIPOTUBJIEHUSI.

YcnoBHOe 0003HaUeHUE pe3rcTopa MoKa3aHo Ha puc. 1.5.
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Puc. 1.5. YcnoBHoe o003HaUeHNe pe3nucTopa
Tabmuua 1.1



LUBETOBAA KOAHUPOBKA PE3UCTOPOB
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Ha npakTtuke conpoTHBiieHEe pe3UCTOPOB OTJIMYAETCS OT HO-
MUHAJILHOTO B CBSI3U C BO3JEICTBUE TeMIeparypbl U BJIAKHO-
CTH, a TAKKE HarpeBa IIpY IPOTEKAHUU YE€PE3 HUX TOKA U IPYTUX
(pakTopoB. MakcuMabHOE BO3MOKHOE OTKJIOHEHHUE HA3bIBAETCS
JOIYCKOM M 3a[1a€TCs1 B MIPOLIEHTaX OTHOCUTEIBHO CONPOTHUBIIE-
Hus pe3ucropa. Beimyckatorcs pesuctopsl ¢ gonyckamu +20%,
+10%, £5%, £2%, +1%.

3HayeHUs1 HOMUHAJIOB UMIIOPTHBIX PE3UCTOPOB HAHECEHHI HA
HUX B BUJE LBETHbIX nosioc. IlepBble nBE MOJIOCH O3HAYAIOT
NepPBYIO U BTOPYIO LU Pbl HOMUHAJIA, TPEThS - KOJIMYECTBO HY-
Jiefl, Ha KOTOpoe HeoOXOIMMO YMHOKHTh 3Havalue Ludpbl, a
JyeTBepTasi mosioca — AOMycK pesucropa (Tadm. 1.1).

IlocseoBaTe bHOE U MAapaJuieJbHOE BKJIIOYEHHE pe-
3HCTOPOB

PaCCMOTpI/IM MOoCJACA0BATCIIbHOEC U TApaJUICJIbHOE COCIUHC-
HUE PE3UCTOPOB.



1) 2)

Puc. 1.6. [TocnenoBarensHoe (1) u napauiensHoe (2) coeau-
HEeHHUE Pe3UCTOPOB

ComnpoTtuBiieHHE IBYX MOCJIEIOBATENbHO BKJIIOUEHHBIX PE3U-
cropoB R1 u R2 (puc. 1.6, 1) paBHO ux cymme:

Roo6mr =R1 + R2.

BusHo, uTO NpU MocieaoBaTeIbHOM COEIMHEHUU MBI BCEria
MOJTy4aeM COTMIPOTUBIIEHHE OOJbIIIE TI0OOTO U3 ITUX PE3UCTOPOB.

[1pu napasieTbHOM COEIMHEHUH Pe3UCTOpOB (puc. 1.6, 2) Ha-
npsbKeHre Ha KaxJoM u3 Hux paBHO U (ogMHAKOBOE), a TOK B
IeT PaBeH CyMMe TOKOB Yepe3 Pe3rCTOPSI:

U/Robm=U/R1+U/R2,

oTcoa

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

WM (YTO TO KE caMoe)

Roo6mr = R1 - R2/(R1 + R2).

[Mpy mapasuieIbHOM COEIMHEHUW OOIlee COMPOTHBIICHHE



MEHbIIIe HAaMMEHBIIIEr0 U3 COMPOTUBIICHUH (3TO OCTaeTCsl Bep-
HBIM M ITPH OOJIBIIIEM KOJIMYECTBE Pe3ucTopoB). Yem Oosbinie pe-
3UCTOPOB BKJIIOUEHBI MAPAJUIEIBHO JPYT OPYTY, TEM MEHBIIE HX
ofIiee conpoTuBieHre. B ciydae mocieaoBaTesbHOro CoeiHe-
HUsA, HA00OPOT, YeM OOJIbIIIe PE3UCTOPOB MbI BKJIIOUMM JIPYT 3a
Apyrom, Tem Oosbiiie OyzieT ux oOIee COMPOTUBIICHHE.

HeanTesib HANIPSIZKeHUSI

PaccmoTpuM ienuTess HanpspKeHUs, KOTOPBIA IIMPOKO UC-
TIOJIb3YeTCsI B IEKTPOHHBIX cXeMax. B mo0oi HacTosImei cxeme
MOHO HAWTU HECKOJIbKO JIEJIUTENIeN HANpsKEHUs. DTO CXeMa,
Ha BXOJ1 KOTOPOM MO/Ia€TCsl HEKOTOPOE BXOJHOE HANPSIKEHUE WU
CUTHAJI (4yThb MO3%K€ Mbl HAYHEM 3HAKOMUTBLCS C CUHYCOMIATIb-
HBIM HalpsIKEHUEM U €TO ITPEJICTABICHUEM B JIEKTPOHUKE), A C
BBIXOJIa CHUMAETCS HAIPSKEHUE, SIBJISIONIEECS YacThl0 BXOIHO-
IO HaIpsiKEHUS1 WA CUTHAJA.

[IycTh HaM HAIO NOJYYUTH HANPSKEHWE HA BBIXOAE CXEMBbI
MeHblIE, YeM Ha Bxoze. [Ipocrenmmii genuresnb npeacTaBlieH Ha
puc. 1.7. Yemy 3nech paBHo UBbix? [IpencTaBum, 4To HArpy3ku
HET, TOrAa TOK PaBeH

I=Usx/(R1 +R2).

BrixogHOE HarpsikeHUe — 9TO HanpsbkeHue Ha pesucrope R2,
MI03TOMY

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

BuaHo, 4TO BEIXOOHOE HANPSKEHUE BCETAA MEHBIIIE BXOJHO-



ro, T.€. JaHHasI CXeMa YCIIEIIHO CIpaBJIsieTcs ¢ 1o 3aaayeit. Ho
CIIEAYET MMOMHUTh, YTO MbI MTPEAINOJIOKUIN HYJIEBOE COPOTUB-
JICHUsI UCTOYHWMKA HaNPsDKeHUsI Ha BXOJie M OECKOHEUHO OO0JTb-
II0€ COMpOTUBJIeHHEe Harpy3ku. Huske Oyamer pacckazaHo o Me-
Toze TeBeHnHa, KOTOPbIN MO3BOJIAET onpeneautbh UBbIX 1 RBbIX
HArpyKEHHOTO JIEJIATES.

e |
———

R,

RZ UBblx

Puc. 1.7. [lenutens HanpsoKeHUs

Oco0Oble neauTesu - J00AaBOYHOE CONPOTHBJIEHUE W
IIYHT



Yacro B nmenuresie HaNpspKEHUs OAHO U3 COMPOTUBIICHUM —
9TO cama Harpy3ka. HeoOxonmumoe HampspKkeHue Ha HE B 3TOM
cllyyae MOXHO YCTaHOBUTb, MOIOOpPAB COMPOTUBJIEHUE OCTAJIb-
HOW YacTH JIeNuTelisl, OOBIYHO €ro Ha3bIBalOT ''Tacsiiee COIpo-
TUBJIEHUE", U 9TO OUYEHb yJauHOE Ha3BaHUe. [leiicTBUTENbHO, Ia-
csitiiee CONPOTHBIICHUE KaK Obl FACUT M3JTUIIIEK HATIPSIKEHU S, Oe-
peT ero Ha ce0si C TAKMM pacyeToM, YTOOBI Harpy3Ke JOCTaIoCh
TOJIBKO TO, UTO el TpedyeTcs (puc. 1.7).

Puc. 1.8. Illynt

AHAJIOTMYHO MOXHO MPOITYCTUTh Yepe3 Harpy3Ky HEOOXOIH-
MbIM TOK [H, mogk/mouus corporusieHue Run napaiensHo en
(puc. 1.8). OHO nony4ywsio Ha3BaHue "HIYHT" (B MEPEBOJE C aH-
TJIMIACKOTO — "0OXOIHOM Iy Th"), & CaMO MOJKJII0YEHHE [ITyHTa Ha-
3bIBaeTcs lyHTUpoBaHueM. [IlyHT BKIIOUaloT B TOM Cily4dae, Ko-
712 TOK B Harpy3ke [H Obut Ol crtuikoM oM. Wmn, Mosx-



HO CKa3aTbh MHaye, IIYHTUPOBAHUE CHUKAET TOK Yepe3 Harpys-
Ky, OTBETBJIsASI B IIyHT 4YacTh [ obmiero toka (Imr + Ix). Yem
MEHBIIE CONPOTUBJIEHUE IIYHTA, TEM CUJIbHEE LIYHTUPOBAHUE,
TeM MeHbllIas 4acThb OOILEro ToKa jgocTaercs Harpyske (IH) u Tem
OoblIIast ero 4acTh i noiaer yepes HyHr.

1.2. 3akonsl Kupxrodga u ux ncnojb3oBanne

3akoHbl, UK npasuia, Kupxroga - 310 cooTHOIIEHUSI, KOTO-
phie COOMIONAIOTCS] MEK/Ty TOKAMH U HAIIPSKEHUSIMH Ha y4acT-
Kax a0COMIOTHO JII00OM 3/1eKTpuyecKoil 1iernu. C mOMOIIbIO 3aK0-
HOB Kupxroga MoxHO paccuuTarh J1100bIe 21€KTPUUECKUE LIeTH
KaK [MOCTOSIHHOI'O, TaK U MEPEMEHHOIO TOKa.

B 3aMKHYTO# Lieny NOCTOSIHHOTO TOKa HE MOTYT CKarlIMBaTh-
cs1 JIEKTPUUECKUE 3apsi/ibl, TAK KaK 3TO BbI3BAJIO Obl U3MEHEHNE
NOTEHLMAJIOB Touek Lenu. [IoaToMy cymMMa TOKOB, BTEKAIOIIMX
B y3€JI, PaBHa CyMM€ TOKOB, BBITEKAIOIIMX U3 y3/1a. Tak 3By4uT
nepsblil 3akoH Kupxroda. Ero moxHo copmynupoBars u
10 IPyrOMY: CyMMa TOKOB B y3JIE€ paBHa HYJIIO:

m

21Ix=0
k=1



[Ipu 3anucy ypaBHeHUM N0 epBoMy 3akoHy Kupxroga toku,
HarpaBJICHHBIE K Y371y, OEpyT C OMHUM 3HAKOM, KaK IPABHUJIO CO
3HAKOM "TUTIOC", @ TOKM, HalpaBJiEeHHbIE OT y3J1a, — C TPOTUBOIMO-
JIOXKHBIM 3HakoM. Hanpumep, i1 y3na 1 Ha puc. 1.9

-I1T+12+13=0

o =
U, Us
1 U, Ry I
i E1 Ez I E3 -
2

Puc. 1.9

Bropoii 3akon Kupxroga — cymma D/IC B 11060M KOHTY-
pe€ MEKTPUIECKOU 1IN paBHA CyMMe TaJIeHUI HapsKeHU s Ha
BCEX JIEMEHTaX 3TOr0 KOHTYpa:



m Tl

2. Er=> U
k=1  k=I

Il xkontypoB I u II Ha puc. 1.9 naHHOE npaBuioO ¢ yuetom
nosisipHocty D/IC 1 HanpsikeHUd UMeeT BUJL;:

El1-E2=-Ul1-02

E2-E3=0U2-U3

3akonbl Oma u Kupxroga ucnons3yior, Kak MpaBujo, Ipu
pacyeTre HEeCIOXKHbIX AEKTPUUYECKUX IIeTieil ¢ HeOONbIIUM YuC-
JIOM KOHTYPOB, XOT$5I TEOPETUUYECKHU C UX TIOMOILBI0 MOKHO pac-
CUMTATh MEKTPUIECKHE TIENH JTIOOO0W CJI0KHOCTH.

1.2.1. Yo takoe Ha cxeme "4,5B"?

Brl HaBepHsIKa BCTpeyai CXeMbl, B KOTOPBIX HAITPOTUB Y3JI0B
Hanmcano "U1" u "U2" wim 6 B u 4,5 B. Ho Benp HanpsikeHue
U3MEPSIOT Medxcdy TOYKaMU cxeMbl. Paszbepemcsi, 4To 310 03Ha-
yaeT. Bo3zpMeM HEKOTOpYIO CXeMy, ceyac COBEPIIEHHO HEBAXK-
HO, 4TO 3TO 3a CXeMa, IyCTb 3TO OyIeT cxema, U300pakeHHas
Ha puc. 1.10. Ha HMXHeW TOUYKe CXeMbl YKa3aH 3HaK "3emiis'.
OO6BI4HO 3a "3eMim0" (MHOTIA TOBOPSAT O "Kopiryce') MpUHAMA-
10T OJTUH U3 BBIBOJIOB UCTOUHUKA MMUTAHUS CXEMBbI, KaK MPaBUIIO
"Munyc". HanpsizkeHue — 3To pa3HOCTb NOTeHIMaIOB. [loTeHim-
aj "3eMud" IPUHUMAIOT PaBHBIM Hymo. Torga noreHman A B



TOYKe A cXxeMbl Oy/IeT paBeH HANPSKEHUI0 MEXKY STOU TOUKOU
1 "3emuien"'/koprycoM. Crienuanuctsl ropopsr: "M3mepp Harpsi-
’KEHUe B TOUuke A", uMes B BUAY Pa3HOCTb MOTEHIIMATIOB MEKIY
9TOM TOYKOU M KOPITYCOM, ITOCKOJIbKY IIOTEHLIMAJ KOpITyca HyJle-
BOI:

UA = @A - GND = A - 0 = pA

R, A R,
L UA <
R,
— E]_
= GND ’

Puc. 1.10. HaripsixeHue B Touke A u3MepsieTcsi OTHOCUTEb-
HO "3eMyn"

AHAJIOTUYHO 17151 JTI0OOM APYrOM TOUKHU CXEMBI.

YcnoBHble 0003HaueHNs "Kopryca' 1 "3eMiIH" IpUBeIeHBI Ha
puc. 1.11. O "3emse" yaile rOBOpST B JEKTPOTEXHUKE, KO
peub UAET, HallpUMep, O MOTOPaxX XOJOAMIBHUKOB, CTUPAJIbHBIX
MAIII1H, HarpeBaTessix U Ipyrom nogoOHom odopynoBanuu. [Tpu



PAcCCMOTPEHHUU CXEM JIEKTPOHHBIX YCTPOICTB, Kak MPaBUIIO, UC-
NOJIB3YI0T 0003HAaYeHue, TTpuBeieHHoe Ha puc. 1.11, 1.

4 L
1) 2)

Puc. 1.11. "Kopmyc" (1) 1 "3emis" (2) B 3IeKTPUUECKUX CXeE-
Max

Jis1 3aKkperieHus 3HaHu# o 3akoHax Kupxroda paccMoTpum
crepyouywo cxemy (puc. 1.12).
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Puc. 1.12.

CornacHo nepomy 3akoHy Kupxroda

IN=12+13

CornacHo Bropomy 3akoHy Kupxroda

El =11R1 + I2R2

—12R2 + I3R3 + I3R4 =0

ITycts E1 =15 B, R =R3 =5 0OMm, R2 =R4 =10 Owm.

Torna

I1=15/11 A, 12=9/11 A, 13 =6/11 A.

ComacHo 3akoHy OMma HanpsikeHus B TOUKax 1 v 2 paBHBI

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

UTt2 =13R4 =(6/11) - 10=5,45B

Torna HanpsixeHue Ha pesucrope R3 paBHO pa3HOCTH MOTEH-
1IMAJIOB B TOUKax 2 M 1, a 3HAYMUT - ITUX HAIPSKECHUN:

UR3=Url -Ur2=28,18-5,45=2,73 B

[TpuBbIKaiiTe K N3MEPEHUIO HAMPSIKEHU OTHOCUTENILHO "KOP-
nyca'" v K TOMY, YTO HalpsiKEHUE Ha JIEMEHTaX CXeMbl PAaBHO MX
pasuurie. Takke HEOOXOOMMO TIOMHHUTb, YTO B CIyvae M3Mepe-
HUSI TOKA Yepe3 KaKylo-TO BETBb aMIlepMeTp HEOOXOIMMO BKJTIO-
4yaTb B €€ pa3phbiB.

1.3. UcTOoYHNKH NUTAHUA

1.3.1. Yro Takoe "BHyTpeHHEE CONPOTUBIECHUE"?

Eciu roBoputs 0 peanusix, TO HarpsiKeHUsl, KOTOPbIE MBI T1O-
Jy4aeM OT OaTapeek, akKyMYJISITOPOB U MPOYMX HUCTOUHUKOB
NUTaHKS, B ISMCTBUTENIBHOCTH HEMHOTO MEHbIIE, YeM 00 3TOM
3asBISIIOT TTpon3BoauTeNv. Ecim Bbl Kymuu Oatapeiiky "Kpo-



Ha" (9 B) 151 HACTOJIBHBIX YaCOB WM NAIBUMKOBYIO (1,5 B) mis
yJIbTa TEJEBU30pa, TO B IEUCTBUTEIBbHOCTH MOCIIE TOrO, KaK BbI
MOJKJIIOUUTE MX K K Harpy3Kke (K yacam U K IyJIbTY ), HallpsiKEHUE
HEMHOTO YIaJeT, Ha OYeHb MaJyl0 BeJIMYMHY, HO ynajer. [1pu-
YMHA B TOM, YTO BCE€ UICTOYHUKH HANIPSKEHU ST UMEIOT HEHYJIEBOe
BHYTPEHHEE conpoTuBieHne. K cokaleHnI0, OHO €CTh, U SIBJISI-
€TCsl TAaKUM K€ TOJHOIPaBHBIM JIEMEHTOM CXEMbl, KaK U BCE
BHEIIIHUE PaIMOJECTAIIN, TIOTOMY KOT/Ia, BBl BCTABUTE OaTaperKy
B MYJIbT, IOTEYET TOK, M HA 3TOM COIPOTUBJIEHUHU 110 3aKOHY OMa
OKaXeTcsl HEKOTOopoe HanpsikeHue. Ecim mpeacTaBuTh Oarapeii-
Ky WJIM aKKYMYJISITOP KaK MOCJIEA0BATENIbHO COEAMHEHHbIE UjIe-
asbHBIA UICTOYHUK DJIC (MMEHHO TaK Ha3bIBAETCS UICTOUHMK ITH-
TaHus 6e3 MoTepb) U BHyTPEHHEE COMPOTUBIICHHUE, TO TIOCIIE 3a-
MBIKAHUS LIETH 00pa3yeTcs JeMTelb HAPsKeHUsI, paboTy KO-
TOporo Mbl paccmorpenu Bbie. DC pacnpenenurcs Mexmy
RBHYTp ¥ cONpoTUBJIEHUEM YCTpoiicTBa-Harpy3ku Ruarp. Eciu
YBEJIIMYUTH TOK (YMeHbIIUTH RHArp), To 1o 3akony Oma yBenu-
YUTCS MAJIEHUE HA 3TOM BHYTPEHHEM CONPOTHUBIICHUH, U HAIIPSI-
’KEHUE Ha BBIXO/Ie, KOTOPOE JIOCTaHEeTCsl RHarp, okaxkercs eiie
MeHblle. YToObl n3MeHeHre Harpy3kM Kak MOXHO MEHBIIIe BJIH-
SUJI0 Ha BHEIIIHEE HaNpsKeHUe UCTOYHMKA TUTaHus, RBHYTp cTa-
paroTCs cAelaTh Kak MOKHO MeHblie. Eie omHuM npuMepom To-
IO, YUTO 3TO POUCXOJUT, siBjIsieTcs ceTb 220 B (HanpsikeHue re-
pPEMEHHOE, HO CYTh HE MEHSIETCs1). Y Hee BHYTPEHHEEe COIPOTUB-
JICHUE COCTABJISIET JOJIM OMa, HO BCE e OHO eCTh (CKa3bIBaeTCs
COIPOTHBJICHUE JIMHUM tekTponepenauu (JIDI)) u Teopernue-



CKM HalpspKeHHUe J0JDKHO ObITh 4yTh MeHblne 220 B.

Tenepb, Korga Bl 3HAETE, YTO TAKOE BHYTPEHHEE CONIPOTUB-
JIeHUE, MOKHO OOCYJUTh, YTO TAKOE MCTOYHMK HAIPSDKEHUS U
YTO TaKO€ UCTOYHUK TOKA.

1.3.2. AcTo4HMK HanpskeHUs U UCTOYHUK TOKa

(B = T T e
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| ke, onpepeasiemcs coomioutermem nx / (R, =10 Om,
|conpomuBaenmit R.uR, /

.y ?

I\
i

/
/ —

(Mougocms mana:

e A 2 \ i s
\ ,/ 6oAbULOTT TOK, HO / | “‘MOIU‘HOCITH-: Mana: |
TEHEPATOP | |/ manoe Hanpsxe- | ?((l)/\tbﬂoem Hang:zﬁa
N —" )z lwe | s i)
(Cobemeertoe . /& — IR ey
‘conpomvm/\enme// b / é L
renepamopa_ | _ N
T o3 (Teonepamon/ 40 1000\ Tenepamop )
/ eHepamop / (7 arpy3Ka COmMAcoBaHa™~. |
Har T/ T
Pl | mosz P/ R,, Harpyska cornacosana \\ hanpowenns,
1 / C TeHepamopoM, B Hee Tiepepaem-/ |
\R >R, / |Crenepamop peaemip <R,
& w/ lca MakenmanbHas MowHocms S/ \r v

| [OER— R>>R,
[} PEXVM PEHEPATOPA HATIPXKEHIA. R, <<R,

= o — 1,=05A {izsA
R, 1A 1A 1A / Tok B yenn noumun Hc“ B "H:\I"H‘TO)/SKCW
sol o /. Mensemcs, Hanpaxe " = 5[ = nanpaxenve ‘
,10M //| Hme Ha HarpysKe 3a: 2 gl | gnounn we
/| Bucnm om ee co- | S ) mensiemces, |
) 10B 5B 0,1B \npomueaehns J = MoK 3aBUCUT
E, ) | f | om narpyskn

‘ MOUyHOCTIL
| MaAa 3a cuem

{marorol, )

Puc. 1.13. Pexumbl paboThl reHepaTopa

W3 Bcex BO3MOXHBIX COOTHOLIEHUI MEkAY COINpPOTUBIIEHU-
SIMM T€HepaTopa M Harpy3kKM MOHO BBIIEIUTb JBa TUITUYHBIX
ciyJas.

Crnyyail nepBblii: COIPOTUBJIEHUE I'eHepaTopa Rr Bo MHOro
pa3 MeHbllle, 4YeM CONpoTUBIeHUe Harpy3ku RH. Takoi ucrou-
HUK Ha3blBAIOT MCTOYHMKOM HAIPSKEHUsl, OTMeYasi 3TUM, 4TO



nouty Bes DJIC npuiokeHa K Harpy3ke M YTO NPy U3MEHEHUU
Harpy3KM HalpspKeHHE Ha Hel Modty He MeHsercsd (puc. 1.13;
3). LSt WUUTIOCTpalvy - YUCIIOBOU MPUMED.

[Mpennonoxum, uto E =200 B, Rr=1 Om u Ru =400 Om. Ha
BHYTPEHHEM CONPOTUBIIEHUU I'eHeparopa ocraercsa okosio 1 B,
Harpyske pocraercs npumepHo 199,5 B. Yeenmnuum Ru 1o 800
Owm, Ha Harpy3ke, HeCMOTPS Ha 9TO, OCTAaHETCsl TPUMEPHO TaKOe
e HanpspkeHue, Kakoe Obuto, - okosio 199,75 B; Ha BHYTpeH-
HEM COITPOTUBJIEHUM reHepaTopa ocranercs okono 0,25 B. Ecim
ymeHbTh RH 10 100 OM, TO Ha HEM Bce paBHO Oy/IeT OKOJIO
198 B, Ha Rr norepsiercst okosio 2 B.

Bo BTOpOM TUITMYHOM cllyyae CONpoTUBIIeHUE reHepaTopa Rr
BO MHOTO pa3 O0JIblIie COMPOTUBIIEHUS HArpy3KH RH. 10 pexum
reHepaTopa TOKa, OH Ha3BaH TaK IMOTOMY, YTO TOK B LI€MU MOYTH
He MeHsieTcsl pu u3Menenuu RH (puc. 1.13; 4).

Yucnosoi nipumep: /C reneparopa E = 200 B, Rr = 200
OmM n Ru = 1 Om. Jlerko noacumTarh, YTO TOK B LIENH - OKOJIO
1 A ¥ OH NPUMEPHO TAKUM UM OCTAHETCSl, €CIM YBEJIUYUTh WU
YMEHBIIIUTh RH B HECKOJIBKO pa3.

O6a 311 pexkrMa UMEIOT CBOU JJOCTOMHCTBA U HEIOCTATKH, HO
reHepaTop HaIpsiKEHUs1 BCTpeYaeTcs ropaso vaiie. B pexume
reHeparopa HanpspKeHust pabOoTaloT IeKTprUecKas ceTh (BHYT-
pEHHEee CONMpPOTHBJIIEHUE - JIECATHIE U JIake COThIE O OMa),
ABTOMOOWJIbHBIN aKKyMYJIATOp, OaTapeiika KapMaHHOTo (poHapst
(BHyTpeHHee CONpPOTUBJIEHUEe HOBOW OaTapeiKu - OKOJIO OMa, Yy
crapoyi GaTapeiikul - HECKOJIBKO OM).



1.4. Konagencarop

1.4.1. Yro 310 Takoe?

[IpocTenmii KOHAEHCATOP COCTOMT M3 JBYX IUIACTHH (MU
00KJI1a/I0K ), HAXOSAILIMXCS OHA Mepel APYrol U CAENaHHBIX U3
IPOBOAALLETO MaTepraia. Mex1y MIacTUHaMu HaXOAUTCS U30-
JIMPYIOIINAY MaTepuaJl, Ha3bIBAEMbIM JUSJIEKTPUKOM (puc. 1.14).
[TpocTeiimmu qU3IEKTPUKAMU SIBJISIIOTCS BO3AYX, Oymara, CIio-
Ja U T.0.

[TnacTHHBbI

—

/
JAHUaneKTpHK

Puc. 1.14. Konnencatop

OCHOBHBIM CBOMCTBOM KOH/IEHCATOpA SIBJISIETCS €ro Croco0-
HOCTb 3ar1acarh IEKTPUUYECKYIO SHEPTHUIO B BUJIE EKTPUIECKO-
ro 3apsja.

Ha puc. 1.15, 1 uzo6paxena cxema, B KOTOPOH KOHJIEHCATOP
yepes KJII0Y COeIUHSAETCS] C UICTOYHMKOM nuTanusl. Korga kimou
3aMKHYT (puc. 1.15, 2), HOI0KUTEIHHBIN MOJTIOC UCTOYHUKA "OT-



KaunBaeT" JIeKTPOHBI ¢ OOKJIAIKKM A, M OHAa TTPHOOPETAET IOJIO-
KUTEJbHBIN 3apsi. OTpHULIATENbHBIA OTIOC HICTOYHMKA MTUTAHUS
B 9TO BpeMs "TocTaBiisieT" MeKTPOHBI Ha 0OKIaAKy B, B pe3yiib-
TaTe 4ero oHa NpuoOpeTaeT OTpULIATENIbHbIN 3apsi], MO a0COIOT-
HOW BEJIMUMHE PABHBIN TMOJOKUTEILHOMY 3apsiTy OOKJIAAKHU A.
Takol MOTOK 3/IEKTPOHOB HAa3bIBaeTCsl TOKOM 3apsiaa. OH mpo-
JOJDKAeT Tedb JIO TeX IMOp, MOKa HaNpshKeHWe Ha KOHJEHcaTope
He cpaBHsercs ¢ D/IC ucroununka nutanus. B atom ciayvae ro-
BOPSAT, YTO KOHJEHCATOP MOTHOCTHIO 3apsIKEH.
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Puc. 1.15. 3apsn u pa3psja KoHaeHcaTtopa

Korna konieHcaTop 3apsikeH, MexXIy ero OOKJIaJKaMH BO3HU-
KA€T pa3HOCTh MOTEHIMAJIOB, a CJIE0BATENIBHO, JIEKTPUYECKOE
ToJe.

Eciu B MOMEHT, KOrjia KOHAEHCATOp yXke 3apsAauiics, pa3o-
MKHYTb K104 (puc. 1.15, 3), Konnencarop OyaeT XpaHUTb 3apsi.
Kak MbI y’ke OTMETHIIH, B 9TOM CIIy4ae MeX.Iy ero OOKJIaIKamMu
BO3HUKHET JIEKTPUUYECKOE TTOJIE.



Ecmu coenmnHuTh 0OKJIAZKU 3apsKEHHOTO KOHJIEHCAaTopa pe-
3UCTOPOM, TO HAYHETCS MPOLIECC PA3PSIAA, IO BHEIIHEH LIETIH U3-
OBITOUHBIE 3aPsAbI OYAYT MEPEXOAUTD C OTHON OOKJIAAKHU HA APY-
I'yI0, CTpEMsICh HEUTpaIu30BaTh APYr Apyra. Bo Bpems pa3psi-
Jla B 1IN TOXKE TEYET TOK, €ro BeJIMYMHA 3aBUCUT OT €MKOCTH,
a TaKke OrPaHMYMUBACTCS COMPOTUBJIEHUEM pe3uctopa. Paspsn
KOHJIeHCcaTopa, MOAOOHO 3apsiiy, OyAeT IJUThCA TeM JOJbIIle,
YyeM OoJIblTie EMKOCTh KOHJIEHCATOPa (TO eCTh UueM OoJIblIe 3apsi-
JIOB JIOJKHO YWUTH C €r0 OOKJIIOK) ¥ 4eM OOJIbIIe COMPOTHBIIE-
HUE pe3UcTopa (pa3psaHOU LIEnH).

BricTpee Bcero pa3psij MpoOU30M/IET, eClv COSAMHUTD OOKJIaI-
KM HAaKOPOTKO.

[MpenynpexaeHue: Tak Kak KOHJEHCATOP IMPH OTKJIIOYEHUU
OT UCTOYHHUKA TOKA MOXET yAEpP:KUBaTh MOTEHIMAT UCTOUYHUKA
MUTaHUsI AOCTaTOYHO JOJr0, OOpalaiTech ¢ KOHIAEHCATOpaMu
octopoxHo. Hukora He kacaiiTech 000MX BBIBOJIOB KOHJIEHCA-
TOpa PyKOW JI0 TeX MOp, MOKa He pa3psAUTE €ro MyTeM 3aKopa-
yrBaHUS BHIBOIOB. KOHIEHCATOP B 11€1TH MOKET yAepKUBATh TO-
TEHIMAJI HEOTIPEAEJIEHHO JOJIr0, €CJIM Y HEro HeT MyTH ISl pa3-
psna.

HaGmonas 3a 3apsiioM 1 pa3psiioM KOHJIEHCATOpa, MBI BIIep-
BbI€ CTAIKMBAEMCS C TEM, UTO JIEMEHThI IEKTPUYECKON LIENU
ONPEeAeIISIIOT MPOAOJIKUTETBHOCTh TEX WM UHBIX MPOLIECCOB, B
JAHHOM cJly4yae BpeMs 3apsijia M pa3psiia KoHAeHcaTopa. DJieK-
TpUYECKas Lenb, coctosimas u3 R u C, wim, Kak ee 4acto Ha3bl-
BaoT, RC-nienoyka, B JaHHOM Clly4ae YeM-TO HAllOMUHAET Iie-



COYHBbIE Yachl, BpeMsl "pa3psiia” KOTOPBIX 3aBUCUT OT KOJIAYE-
CTBa I1€CKA U AWaMEeTpa OTBEPCTHS, Yepe3 KOTOPOE OH CHINETCH.
He cnyyaitHo ux npousseaenue T = RC Ha3plBaeTcs nocmosit-
HOUl 6DEMEHU.

CrnocoOHOCTh KOHJIEHCATOpa HAKAILIMBATh SJIEKTPUYECKUIN
3aps] TOBOPUT O HAIMYMH Yy Hero emkoctd. OHa 00O3HayaeT-
cs1 kak C u u3mepsiercs B papanax (P). Papana - oueHb 00Jb-
11asi eIMHUIA EMKOCTH, U OHA NIPAKTUYECKU HE MCIOJb3YETCs.
Ha npakTuke nons3yiorcst APOOHBIMU €TUHUIIAMU:

1 mukpodapaga (Mk®) = 10-6 @,

1 Hanogapaga (HP) = 10-9 P,

1 mukopapana (n®) = 10-12 O.

Ecmm konnencarop emkoctbio C 3apsikeH 10 Hanpsikenust U,
TO 3apsia Q, KOTOPBII HAKOMWJICS Ha KaK/IOU IJIaCTUHE, paBeH

Q=C-U,

rae C usmepsercs B papagax, U - B Bonbrax, a Q - B KyJIOHax.

W3 310ii hopMyIIbl MOKHO MOTYUUTh JPYTryl0, KOTOpasi JUHA-
MUYECKHU OIMUChIBaeT paboTy KOHJeHcaTopa:

I =C.dU/dt,

T.e. 4YeM ObICTpee Ha OOKJIAJIKax KOH/IEHCATOpa MEHSIeTCs Ha-
npsDKeHKE, TeM OOJIbIlle IepeMEeHHbIN TOK, TPOTEKAIOIINIA Yepe3
Hero (roapoOHee - B 4acTu 2, ec MoKa He TOHSITHO, He pac-
CTPavBaMTECh).

1.4.2. TlapayinenpHOE U MOCIEA0BATENBHOE COEIUHEHUE KOH-



JIEHCAaTOPOB

Ecnu koHeHcaTopbl coeiMHeHbl MapajuienbHo (puc. 1.16, 1),
TO 00IIas MyIomaas OOKJIA0K paBHA CyMMe TUIOIaiei 0OKa-
JIOK OTJIeJIbHBIX KOHAEHCATOPOB, U 00I11asi EMKOCTh paBHA CyMMe
€MKOCTEH OT/IEJIbHBIX KOHJIEHCATOPOB:

C=Cl+C2

[Ipu 3TOM (ITOCKOJIBKY KOHAEHCATOPBI COEIMHEHBI TApaJLIe/Ib-
HO) MaKCUMaJIbHOE HaMPsKEHUE paBHO MAKCUMAJIBHO JOITYCTH-
MOMY HAlpsIKEHUIO TOTO U3 TUX KOHJEHCATOPOB, Y KOTOPOro
OHO MEHBIIIE, T.K. PO MOCTENIEHHOM YBEJINYEHNUN HANPSIKEHUSA
OH BBIIJIET U3 CTPOSI MEPBBIM.

[Ipu nocnenoBaTebHOM COEIMHEHUH KOHJEHCATOPOB (pHC.
1.16, 2) ux o011ast EMKOCTh PACCUMTHIBAETCS TAK Ke, KaK COMpO-
TUBJICHUE NIPU MAPAJIJIEIBHOM COEIMHEHUU PE3UCTOPOB:

1/C=1/C1+1/C2

[Ipu 3TOM (IMOCKOJIBKY KOHJEHCATOPbl COEIMHEHbI MOCIIEN0-
BaTeJIbHO) MAKCUMAJIbHO BO3MOXKHOE HAMPSKEHUE PAaBHO CyMMe
MaKCHMAJIbHO JOCTYIHBIX HAIPSDKEHUI Ha OT/AENbHBIX KOHJIEH-
caTropax.
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Puc. 1.16. [TapasnensHoe U Mociie0BaTe/IbHOE COeAUHEHNE
KOHJIEHCAaTOPOB

1.5. Karymka mHIyKTUBHOCTH

WHIYyKTUBHOCTD - 3TO CIIOCOOHOCTb U3BJIEKATh SHEPTUI0 U3
MCTOYHUKA M COXPAHSTh €€ B BUJE MAHUTHOTO TOJISI. TO CBOM-
CTBO MPOBOAHUKA, TPEAOTBPALIAIOIIEe PE3KUE U3MEHEHU S TEKY-
iero uepe3 Hero Toka. Hampumep, eciu TOK B KaTyIlIKe yBe-
JIMYUBAETCS], MAHUTHOE TOJIe BOKPYT KaTYIIKM PACIIUPSIETCS.
Ecnu TOK B KaTyllIKe YMEHBINAETCsl, MATHUTHOE TOJie CKUMa-
ercs. OlHaKO C:KaThe MarHUTHOTO MOJIsl MHAYLUPYET B KaTyIII-
Ke HarpspkeHHe, KOTopoe ToIepkuBaeT Tok. Takum oOpa3om,
MHIyKTUBHOCTb TMO3BOJISIET SHEPTUM COXPAHSTHCS B BHUJE Mar-
HUTHOTO TIOJIs1, 3aBUCAIIEro OT Toka. Koraa Tok yMeHbIlaeTcs,
YMEHbIIIaeTCsl U MAarHUTHOE T0Jie, BO3Bpallasl B IelMb 3araceH-
HYI0 SHepru. Ha cxemax 1 B TEKCTe MHAYKTHBHOCTh 0003HAYA-
ercs1 OykBol L, ycoBHOe 0003HaueHe MHIYKTUBHOCTU Ha CXe-
Max MpuBeaeHo Ha puc. 1.17.
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Puc. 1.17. UuayKTUBHOCTD

Jlonrue rozpl NEKTPUYECTBO U MAarHeTU3M ObUIM W3BECTHBI
KaK COBEpILEHHO pa3Hble, He3aBUCUMBbIE siBJIeHUA. U TONbKO B
1820 roxy narckuit pusuk Xanc Kpucruan Dpcren oOHapyKu,
YTO MEKTPUUYECKUN TOK JEMCTBYET Ha CTPEJIKY KOMIaca U, Clie-
JOBaTeIbHO, MarHeTU3M MOKET MOSIBUTHCS U3 JIEKTPUYECTBA.
[Mocnie 3TOr0 OBIIO €CTECTBEHHBIM MPEANOIOKUTh, YTO MOXHO
OCYIIIECTBUTH M 0OpaTHOE IpeoOpa3oBaHKe: U3 MarHeTu3Ma Io-
JIYYUTh JEKTPUUYECTBO - BE/b MOIYYAIOT K€ M30 Jibja BOAY, a
13 BOJIBI - Jiefl. I aeKTpruiecTBO U3 MarHeTu3Ma JIEMCTBUTEIbHO
OBLIO TIOTyYeHO, HO He cpasy, a B 1831 romy. DTH rosl yIuim Ha
BbISICHEHUE OJIHOM, KaK TeTlePb KaKeTCsl, OUEHb IIPOCTOM UCTHUHBI.
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Puc. 1.18. Karyiika uHIyKTUBHOCTH

DJIEKTPUYECTBO W3 MarHeTu3Ma BIIEPBbIE MOJyYWJ aHIJIUH-
ckuil pusuk Maiikn Papaneit. OH caMbIMU pa3HBIMU CIIOCOOA-
MU TIBITAJICS PACHIOIIOKUTH POBOJHUK BO3JIE MarHUTA, IIPEAIIO-
Jarasi, 4To JUisl MOJyYeHUsl TOKA HYKHO JIUIIb PUAATh MPOBOJ-
HUKY yJa4Hyl0 (popMy M HAUTHU €My yIayHOE MECTO B MAarHWUT-
HoM 11ojie. U Tosibko crmyctst MHoro jieT dapajieit o0OHapysKuiI, 4To
1UIs TIOJTyYEeHU sl TOKa B IPOBOJHUKE, KPOME CaMOro MPOBOJIHU-
Ka M MarHuTa, Hy;KHO elle OsudiceHue. DNEKTPOABUAKYIIAS CUIa
Ha KOHLIAX MPOBOJHMKA, a MPY 3aMKHYTOM LENH U TOK B HEM,
HOSIBJISIETCSI, €CJIU TIPOBOJIHUK OIpe/ieJIeHHBIM 00pa30M JIBUTATh



B MarHuTHOM mnojie (puc. 1.19). 1o siBieHre Ha3bIBAETCs IJEK-
TPOMarHUTHOM MHIYKLMEN (B NIEPEBOJE HA PYCCKUM - IEKTPO-
MarHUTHBIM HaBeJIEHUEM ).

E
~(2ac)

Puc. 1.19. DnekTpomMarHuTHass UHAYKIIUS

[Nosienenune uuaynupoBaHHon (HaBeneHHou) DIC B camom
YIPOILIEHHOM BHJIe MOXHO OOBSICHUTH TaK: KaXJIblii CBOOOIHBIN
MIEKTPOH 00JIa/IaeT MArHUTHBIMYM CBOWCTBAMHU B COOTBETCTBUU
C 3aKOHOM JpcTefia, TaK Kak MpeACTaBiseT coOor eMeHTap-



HBI NIEKTPUUECKUI TOK. ECi mOMeCTUTh MPOBOJHUK BO BHEIII-
Hee MarHUTHOE TIOJIe, TO OHO "CXBATUT'" CBOOOJIHBIE SJICKTPOHBI
MIPOBOJTHUKA, B3aUMO/IEHCTBYS C HUMU KaK C MUKPOCKOIMYECKHU-
MU MarHUTHKamu. A ec/id MIPOBOJHUK IOCJIE 3TOT0 IBUHYTh, TO
MEKTPOHBI KaK Obl OCTAHYTCSl HA MeCTe, YAep:KMBaeMble Mar-
HUTHBIM TIOJIEM, Y TTPOBOJHUK CMECTUTCS OTHOCUTENbHO STHX
CBOOOJIHBIX JICKTPOHOB. B MTOre Ha OJHOM KOHIIE IPOBOTHHM-
Ka KOHLIEHTPALMs JIEKTPOHOB YBEJIMUUTCS, HA IPYTOM - YMEHb-
mmtcs. To ecTh Ha KOHIAX MPOBOJIHMKA IMOSIBUTCSI CKOILJIEHUE
Pa3HOMMEHHBIX 3apsAI0B, a 3HauuT, DIC. Ita D/IC Ha3bBaeTcs
MEKTPOJBUKYIIEU CHIION camouroykuuu. Ecim ke TpoBOAHUK
OCTaHOBUTb, TO 3JIEKTPOHbI MIOCTENIEHHO BEPHYTCS B CBOU CTa-
pble pailoHbl 1 BHOBb PABHOMEPHO pacIpeliesisiTCs B POBOAHU-
ke. [Ipu sTom D]IC, KOHEUHO ke, UCUE3HET.

Hnoykmuernocmu L (ko3ghpunuerm camounoykyuu ) - OCHOB-
HOW 3JIEKTPUUYECKUI NapaMeTp KaTyIIKH, KOTOPBI XapaKTepH-
3yeT BEJIMYMHY SHEPruM, 3aracacMoi KaTyIIKON MpU MpoTeKa-
HUH 10 HEH JIEKTPUYECKOro ToKa. Yem OoJibIiie WHTyKTUBHOCTD,
TeM OOJIbIIIe SHEPTUU OHA 3aracaeT B CBOEM MarHUTHOM IIOJIe.
MHAyKTUBHOCTb 3aBUCUT OT pa3MepoB Kapkaca, (hOpMbl, YnCa
BUTKOB, IMAMETPA U MAapKH MPOBOJIA, a TaKke OT (hOPMbl U Ma-
TepuaJia CepeYHUKA.

YroOsl yBenmunTh HaBegeHHYI0 DJIC, 10CTaTOYHO YBEIUIHUTh
JUIMHY TPOBOAHMKA WJIM MPOCTO BMECTO OJUHOYHOIO MPOBOAA
B3SITh KATYIIKY C OOJIBIIIMM KOJIMYECTBOM BUTKOB. Eciu psiom
C 9TOU KaTYIIKOW OBICTPO JIBUTATh MarHuT, TO BOJILTMET], TOI-



KJIIOYEHHBIN K Hel, Oy/IeT OTKJIOHSThCSI BECbMa 3aMETHO, CO00-
11as, 4YTO B KaTyIlIKe UHIYIMPOBAJIACh, T.€. HaBeIach, HEKOTOpas
IJIC. D]IC, HaBeieHHAs! B OJHOM BHUTKE, HEBEJIMKA, HO BCE BUT-
KM, T10 CYTH JIeJIa, COeJUHEHbI MOCIIEI0BATENIbHO, U BCE HABE/ICH-
Hble B HuX HeOonbinue DJC cymmupyiorcs. Karymika Haromu-
HaeT Oarapelo U3 MOCJeOBaTeIbHO COSTUHEHHBIX TraJIbBAaHUYE-
CKHX 3JIeMeHTOB (puc. 1.18).

Takxe DC caMOMHAYKIIMU YBEJIMUMBAETCS TMPU YBeauye-
HUY CKOPOCTH U3MEHEHU 1 MAarHUTHOTO TIOJIS1 ¥ TIPY pa3MeIleHur
BHYTPH KaTYIIKU CEPICUHUKOB, HAIIPUMED, U3 CTaIU UIH ep-
purta.

Bknrouenme — Deiicreyer npotwso3C
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Puc. 1.20. Karymika: 9/1C u Tok
Ecnu, 3amMkHYB BbIKII0UaTENb (pUc. 1.20), MTHOBEHHO MOAATH



HalpsKeHUE Ha KaTYyIIKy, TOK B HEl YCTaHOBUTCS HE Cpasy, OH
OyzeT HapacTaTh MOCTENEeHHO. B KaTyIke co3maeTcss MarHUTHOE
nojie (B HEM COZICPIKUTCS TIOJy4YEeHHAsl OT TOKa SHEeprusi), KOTo-
poe BJIMSIET Ha CWJIy TOKA U MPENsATCTBYET €ro u3MeHeHuo. Ec-
JIM TOK B 1IETIA UCYE3AET, IHEPTUsl CO3IaHHOIO MAarHUTHOT'O MOJIsI
MCYE3aeT He cpasy, a ellle HEKOTOPOe BpeMsl MOIEPKHUBAET TOK
B 1ien. OCHOBHOE CBOMCTBO MHIYKTUBHOCTH - TIPETISITCTBOBATH
M3MEHEHMIO B HEW 3JIEKTPUUYECKOT0 TOKA, CHavaJ1a IPU €ro MOosiB-
JICHUH, a 3aTeM - IPU pa3MbIKaHUM Lienu. TOK yBeIMUMBaeTCs U
YMEHBINAETCS] Me/ITIEHHEee, YeM B IIeNH 0e3 KaTyIIKH.

B mo0oM 1ose - rpaBUTaliMOHHOM, JIEKTPUYECKOM, MarHUT-
HOM - Bcer/a 3anacaercsi sHeprus. Ha co3ganue MarauTHoro mno-
JIs1 KaTyIlIKY, Ha CO3JJaHKE B HEM 3aI1acOB SHEPI1U KaK pa3 U pac-
XO[yeTcsl SHeprusi Oatapen B MOMEHT BKJIIOUeHUs. VIMeHHO 1o-
9TOMY TOK PE3KO He HapacTaeT, OH B [IEPBOE MTHOBEHHUE TPATUT
YacTh CBOEW SHEPruu HA CO3[AAHME IHEPreTUUECKUX 3aracoB B
MarHMTHOM ToJie. A MpyY BBIKJIIOUEHUM 3T 3amachl BO3Bpallia-
I0TCS1 B 9JIEKTPUYECKYIO 11eT1b, MOJ/IEP:KUBasI TOK BMECTO YKe OT-
KJIIOUEHHOU OaTapeu.

PaccmoTrpum cxemy, uzoOpaxkeHnHyio Ha puc. 1.21. Karymka
MHAYKTUBHOCTH L coemHeHa MocieqoBaTesibHO C PE3UCTOPOM
R v mpu 3aMbIKaHUM KJTI0Ya S HAYMHAETCS] €€ HaMarHuYMBaHUe.
CHayaJia TOK B LIE[IM paBeH HYJIIO, a IOTOM OH HauMHAeT BO3pac-
TaTh, IPUYEM, KaK Bbl YK€ 3HAETE, HE PE3KO, a MO IKCIOHEHIIU-
ILHOMY 3aKOHY, Kak Moka3aHo Ha puc. 1.22. On Oyaet Bo3pac-
TaTh J10 TEX MOP, MOKA HE JOCTUTHET CBOETO MAaKCUMAJIbHOT'O 3HAa-



yeHus1. CKOpOCTb U3MEHEHU S TOKA B IIeT 3aBUCUT OT KOHKPET-
HbIX 3HaUeHui R u L. Bpems, Heo6xoaumoe 11715t TOro, YToObI CH-
Jia TOKa IOCTUIJIA 3HaueHus1, paBHOro 0,63 OT ero MaKCUMaJIbHOU
BEJIMYMHbI, HA3bIBAETCS TOCTOSTHHOW BpeMeHu 1ienu. OHa paBHa
L/R n nonyyaercs B ceKyHaax, ecim L Beipasuts B relpy, a R
- B OMax.

R L
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Puc. 1.21.
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Puc. 1.22. SxcnoHeHIMaIbHOE YBEIMUYEHHUE TOKa, IPOTEeKa-
IOLLIETO Yepe3 KaTyIIKy

EnuHunen naMepeHrst UHAYKTUBHOCTH sBiisieTcsl reHpu (I'n).
EnuHMIA MHIYKTUBHOCTH Ha3BaHAa TaK B YECThb aMEPUKAHCKO-
ro ¢usuka [Ixozeda I'enpu (1797-1878). I'enpu - 3to Takas
WHIYKTHBHOCTb, KOTOpas TpeOyeTcsl sl MHIYIMPOBAHMS JIeK-
TPOIBUXKYILEN CUJIBI B 1 BOJIBT IPY U3MEHEHUM TOKA B IPOBOJI-
HUKE C CKOpOCThio 1 ammiep B cekyHy. ' eHpu - Gosnblmast eam-
HHILIA, OOBIYHO MCHOJB3YIOTCS MWLTAreHpy (MI'H) 1 MUKpOTeH-
pu (MKI['H).



Ho B cxemax, Kak NpaBWJIO, BEJMYMHY MHAYKTUBHOCTU HE
YKa3bIBaIOT, TAK KaK PaAUOTIOONTENSI MHTEPECYET He 3Ta BEINIH-
Ha, a KOJIMYECTBO BUTKOB IPOBO/IA B KaTyIIIKE, TUaMETP U MapKa
IPOBOJA, CIOCOO HAMOTKM U pa3Mepbl KapKaca KaTyIIKH.

Kak u B cimyvae pe3ucTopoB, o0mmas MHAYKTUBHOCTb COE/IU-
HEHHBIX NocsetoBarenbHo Karymek L1 n L2 paBHa

L=L1+12

a Ul NapaJljieJIbHO COEIMHEHHBIX KaTyIleK OHAa PaCCUMThIBA-
eTcs 1o popmyJie

1/L=1/L1+1/L2

Kary1ika MHIyKTMBHOCTHA HE NIPENATCTBYET MPOTEKAHUIO NO-
CMOSHHO20 TOKA, €CJIM, KOHEYHO, HE NIPMHAMATh BO BHUMAaHUE
OYEHb MAJIOE CONPOTUBJIEHUE ITPOBOAA, U3 KOTOPOIO OHA CHesa-
Ha. CyiefoBaTesibHO, OHA MMEET HYJIEBOE MJIM OYEHb MAJIOE CO-
IIPOTUBJIEHUE U MOKET PACCMaTpUBAThCA B LIEMU MOCTOSIHHOTO
TOKa KaK KOpOTKOe 3aMblkaHue. KoHeHcaTop ke B CBA3U C Ha-
JIMYMEM B HEM M3OJIUPYIOIIEr0 AUIIEKTPUKA MMeeT OeCKOHed-
HOE WJIM OYeHb OOJIBIIOE COMPOTUBIICHUE U MOXET paccMaTpu-
BaThCs B LIENIM NIOCTOSIHHOTO TOKA KAaK Pa3phbIB.

2. IlepemMeHHBIN TOK

[Mono6HO TOMYy, Kak OaTapeiika CO3/1aeT Ha CBOUX ITOJIIOCAX
MOCTOSTHHOE HanpsikeHue, reHepatopbl Ha ['9C u ADC coznator
B CETU NepeMEHHOE HamnpsbkeHWe. B Harreln ObITOBOM CeTH OHO
cocrapisieT 220 B. dusnyeckuid nporecc, KOTOpsIM O3HAYaeT,



YTO MO LUEeNH UJET MEPEMEHHBIN TOK, 3aKJI0YAaeTCsl B TOM, YTO
JIEKTPOHBI JABUTAIOTCA TO B OHY CTOPOHY, TO B APYTyI0 (pHUC.
2.2).

Utt)

Puc. 2.1. TlepemeHnHbI TOK
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Puc. 2.2. HanpaBnenuie ABMXEHUS 3apsijIoB

dopma nepeMeHHOro TOKa WM HAMpsKEHUsT MOXKET MPUHU-
MaTh camble pa3iuyHble BHIb. HanOosee pacmpocTpaHeHHON
SIBJISIETCSI CMHYCOMJaibHasi (hopMa MEePEeMEHHOTO HarpsiKeHUs
wn ToKa (puc. 2.1). OgHOM U3 PUYKH 3TOTO ABJIAETCS IPOCTO-
Ta ero BhIpadaThIBaHUS, a APYTOH - TO, UTO JIFOOON CUTHAI MOX-
HO TIPEJICTABUTh B BUAE CYMMbI CUHYCOM]I C Pa3HbIM MEPUOIOM
(W14, 4TO TO K€ caMoe, B BUJIE CYMMbI CUTHAJIOB CUHYCOU/1JTb-
HOT'O BUjIa C pa3Hoil yactoroil, puc. 2.20, 2.21).



[MepemeHHBII TOK Jierye reHeprupoBaTh 1 NepeaBaTh Ha O0Jb-
e paccrostHust. ['eHepaTophl mepeMeHHOTO TOKa MpoIre U 00-
Jiee SKOHOMUYHBI B padoTte. HanpsixkeHue nepeMeHHOro Toka Mo-
KET ObITh YBEJIMYEHO WJIM YMEHBIIIEHO C IMOMOIIBI0 TpaHchop-
MaTopa ¢ OYeHb MaJiol norepeut MorHocTu. Kpome Toro, nepe-
MEHHBIN TOK JIETKO MPeoOpa3yeTcs B MOCTOSTHHBIN. [lepeMeHHbIN
TOK MOHO MCIIOJIb30BaTh JJIs Nepeayr nH(popMaliiy U3 OJJHO-
ro MyHKTA B JIPyroy Mo JIMHUSM Tepeaun, a Takke mpeoopazo-
BbIBATh B 9JIEKTPOMArHUTHBIE BOJIHBI U NI€pejaBaTh U MPUHUMATh
C IOMOIIIBbIO AHTEHH.

Marematruyeckoe BbIpaKeHHE, ONMKUCHIBAIOIIEE CUHYCOUIATb-
HOE HalpsiKeHUe, UMEeT BUJL

U = A-sin 27eft,

rae A - amrityaa, f - yactora B repiiax (mepuogax B CEKyH-
1y). DTO e BbIpak€HUE MOKHO HAMTUCATh YEPe3 YITIOBYIO YaCTO-
Ty 0 = 27f :

U = A-sin ot



by

A sin wt

*_
A

wt

0 A cos wt :;(’

Puc. 2.3. Otpaxenuie (IpoeK1iysi) IEPEMEHHOIO TOKa Ha OCh
y

Tenepb BHUMaTe/ibHEE OCMOTPUTE Ha puc. 2.3. MBICIEHHO
HAYHWTE BpalllaTh BEKTOP AJIMHON A, BHIXOISIIUI U3 IEHTPAJIb-
Hout Touk (0, 0), c yacroroit w. Kak Oyner MeHATbCsI ero BepTH-
KaJIbHasl KOOPAMHATA, KOTOpasi B JAHHOM CJIy4ae OTpakaer 3a-
BUCHMOCTb OT BpeMeHH Hartero HanpsbkeHnus U? [IpaBusibHO, o
3aKOHY CHHYycougaibHOU (pyHKIMU A-sin wt. (CM. Takke puc.



2.24, rne u300paxeH TeOMETPUIECKUN CMBICT (DYHKIIUU CHUHY-
ca.)

[TocTosiHHBINA TOK MMEET MOCTOSTHHYIO BEIMYMHY U €€ MOX-
HO MCIOJIb30BaTh IPU BHIYUCIICHUSX. 3HAUEHUE KE IEPEMEHHO-
ro TOKa MeHsieTcsi BO BpeMeHH. UTOoObl MpeonoieTb 3Ty TPYya-
HOCTb, BBEJIM MOHATUE I(PPEKTUBHOTO 3HAYEHUS NEPEMEHHOTO
ToKa. D(PPeKTUBHOE 3HAYEHUE MEPEMEHHOTO TOKA - ITO TaKoe
3HAYEHHUE MOCTOSIHHOTO TOKa, IPY MPOTEKAHUHM KOTOPOTO Yepe3
COIPOTUBJIEHUE BBIJIEJISIETCS CTOJIBKO ke TEIUIa, YTO U MU Niepe-
MEHHOM TOKe. D(PPEeKTUBHOE 3HAYEHUE CHHYCOMAAIBHOIO TOKA
- 9TO €r0 CPEeIHEKBAPATUYHOE 3HAUEHUE, T.€.

I>pp = Imax * 0.707

AHaJIOrMYHO /17151 HAPSIKEHU ST

Uspd = Umax * 0.707 (puc. 2.4)
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Puc. 2.4. DpdexTrBHOE 3HaAUEHNE TOKA (HATPSIKEHWST)

3HaueHus IePEMEHHOT0 TOKa U HAIIPsKeHM I BCETAa 3a/1al0T B
BUJIE CPEJHEKBAPATUUYECKON BEJIMYMHBI, 32 UCKJIIOUYEHUEM CIIe-
IMAJIbHO OTOBOPEHHBIX CTy4aeB. BOJIBIIMHCTBO U3MEPUTETBHBIX
prOOPOB MTPOTPaTyUPOBAHO B 3(P(DEKTUBHBIX 3HAYCHUSX TOKA
u HanpsikeHus. 220 B - 310 adexkTuBHOE 3HAUEHNE NEPEMEH-
HOT'O HAIpsIKEHUS B IEKTPUYECKON CETH.

2.1. Pe3ucrop B nenu nepeMeHHOr0 TOKa (AKTUBHOE CO-
NPOTHUBJIEHHE)

Pe3sucropsl, KoTOpble Mbl U3y4asiu B epBoii yactu "TlocTosiH-
HBII TOK", - aKTUBHBIE JIEMEHTBI, TO ECTh TAKUE, KOTOPbIE YMEHb-
HIAI0T TOK B LIENH, MPENSATCTBYIOT JBUKEHUIO 3aps0B U OIHO-
BPEMEHHO (3TO OYeHb Ba)KHO!) OTOMpAET y HUX YaCTh MOIITHOCTU
Ha HarpeB, BbljIE/IEHHE Terla.

YV KOH/IEHCATOpPOB U KaTyllleK MHAYKTUBHOCTH MOBE/IECHUE B
LN NePEMEHHOTO TOKAa HECKOJIbKO MHOe. OHU OKa3bIBalOT CO-
IPOTUBJIEHUE NEPEMEHHOMY TOKY, HO MOIIHOCTH IIPU 3TOM He
otoupatoT. O HUX TOBOPSIT, YTO OHU UMEIOT PeaKmueHoe COTIpo-
TUBJIEHUE.

[Ipouecchbl Ha y4acTKe C aKTUBHBIM CONPOTUBJIEHUEM MOIUYU-
HsI0TCS 3aKkoHY OMa B TOM BHJE, B KAKOM OH ObUT YCTaHOBJICH
IUTSI TIOCTOSTHHOTO TOKa. [109TOMY MakcMMyM TOKa HaOJTI01aeTCst
B TOT K€ MOMEHT, YTO U MAKCUMYM HalpsKEeHU s, TO €CTb MEXIY
TOKOM U HalpsbKEHHEM HUKAKoro capura ¢as HeT (puc. 2.5).
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Puc. 2.5. Pe3uctuBHas 1elb

[Ipu BKIJIIOUEHUM B LieNb KOHAEHCATOPOB U KaTYIIEK MHIYK-
TUBHOCTEW MeEXJy TOKOM W HaIpsKEHUEeM MOSBIISETCS CABUT
(az. PaccmoTpum ux padoty nonoapoOHee.

2.2. KongeHcaTop B 1eny nNepeMeHHOro ToKa

[locTosiHHBIN TOK 4Yepe3 KOHJAEHCATOP He MPOXOIUT - B JIU-
EKTPUKE TPAKTUYECKU HET CBOOOIHBIX 3apS/IOB, KOTOPhIE MOT-
7 OBl CO371aBaTh TOK, BKJIIOUEHUE KOH/IEHCATOpa B 1T MOCTO-
STHHOTO TOKa PaBHOCWJIBHO Pa3pbiBY 3TOM Lienu. OJHaKO B MO-
MEHT, KOTJja KOHJICHCATOP 3apsi’KAETCs WK pa3psikKaeTcsi, TOK B
TN UJIET - 3apsIIbl UIYT K OOKJIaJKaM WM YXOIAT ¢ HuX. Takoe
JBIKEHUE 3apsiioB OyJeT MPOUCXOIUTh B IIEMU HE TOJBKO IMpU
BKJIIOYEHUU-BBIKTIOUEHUH, HO U TIPU JTIOOOM M3MEHEHUU HaIpsi-
JKEHUsI Ha KOHJIEHCATOpE. YBEJIMUYUTCS HAMPSIKEHUE - TONIYT Ha
OOKJIaJIKU JIOTIOJTHUTEJTbHBIE 3apsA/bl U Ha KaKOe-TO MTHOBEHHE
HOSIBUTCS 3aPsIHBIA TOK B 1IENM. YMEHBIIUTCS HANPsIKEHUE - U
YacTh 3apsi/IOB YHAET C OOKJIAIO0K, MOSIBUTCS KPAaTKOBPEMEHHBII
Pa3pAIHBINA TOK, TO €CTh TOK OOPaTHOTO HATIPABJICHHUS.

Herpyano mpencraButh cede, UTO MPOU3OMJET, €CIU TOJI-



BECTM K KOHJICHCATOpy MepeMeHHOe HampsikeHue. [10CKOIbKY
HAIpsDKEHUE HeTIPepPhIBHO MEHSIETCSl, TO KOHAEHcaTop Oyner
HEMPEPHIBHO 3aPsiKAThCS U pa3psikKaThCs, a 3HAUUT, B 1IETH KOH-
JeHcaropa OyaeT HempepbIBHO UATH TOK. Yepes JUINEeKTPUK 3a-
PSIIIBL, KaK BCET/Ia, He TIPOXO/ISIT, OHU JIUIIIb ABUTAIOTCS K OOKJIA/-
KaM KOHJIeHcaTopa (HanpsiKeHUe Ha KOHJIEHCATOPe PacTET, KOH-
JIEHCATOP 3apsiKaeTcs) WM ¢ OOKJIAJOK (HarpsikeHre Ha KOH-
JIeHcaTope MaJlaeT, KOHJeHcaTtop paspsikaercsi). HambGombimii
TOK OyJIeT B Té MOMEHTBI, KOT/]a HAITPsKEHUE MEHSIETCS] C MAKCH-
MaJIbHOW CKOPOCTBIO, TO €CTh KOIJIa OHO MPOXOIUT Yepe3 HOJb.
Bo Bpemsi nocTixeHHST HANpsKEHUEM CBOEM aMILIUTYIbI TOK
CTAHOBUTCS PABHBIM HYJIIO: KAKOE-TO MTHOBEHHUE HaIlPsiKEeHUE He
MEHSIETCSI - OHO YK€ TMePeCcTalio pacTH, HO ellle He Havyaslo yMeHb-
matbest. Kora HampsikeHue pacter, Mbl CYUTAEM TOK TMOJIOKHU-
TeJIbHBIM, KOT/Ia OHO MajIaeT, HalpaBJieHHe TOKa MEHSIETCs Ha 00-
paTHoe, ¥ Mbl Ha3bIBA€M 3TO HAIlPABJIEHUE OTPUIIATEIbHBIM.

I

— I /Y I
4
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Puc. 2.6. Kongencartop: HarpsikeHue OTcTaeT oT Toka Ha 90°

Ecnu kK KoHAeHCaTOpy MOABEIEHO CUHYCOMAAIBHOE HaMpsikKe-
HHE, TO CKOPOCTh €r0 U3MEHEHM S - TOXKE CUHYCOM[IA, TI03TOMY B
LEeNH TeYEeT CUHYCOUJAJIbHBIN TOK. EC/IM MOCTpOUTD 3TH J1Ba rpa-
(puxa (puc. 2.6), To MOKHO YBUAETh, UTO MEXKAY STUMHU CUHYCO-
UJIAMU CyIIEeCTBYeT caBUr (pa3 90° (4eTBepTh Nepuona), mpudeM
TOK OIepeskaeT HarpsikeHue. ITo He HY)KHO TIOHUMATh Tak, Oy/1-
TO TOK TOSIBJISIETCS PaHbIIe, YEM Mbl IPUKJIAAbIBAEM HarpsikKe-
HUeE; oI00HOe HEBO3MOXHO. [TpocTo cmia Toka JocTUraeT am-
TUTUTY/Ibl HA YeTBEPTh MEPUOA paHblIle, YeM HaIlpsKEHHE.

WTak, Mbl BBISICHWJIM, YTO €CJU K KOH/IGHCATOPY MPUJIOKHUTh
NepeMeHHOE HaNpsKEHUE, TO B LIENU 3TOr0 KOHAEHCATOpa MO-
JET repeMeHHbIN ToK. [IpudyeM criia Toka MOXeT OBITh pa3/Ind-
HOM, OHA, B YAaCTHOCTH, 3aBUCUT OT EMKOCTH KoHAeHcaTopa C -
gyeMm Oosbiiie C, TeM OoJIbIle TOK (IIPU OTHOM U TOM K€ Harpsi-
’KE€HUM ), IOCKOJIbKY B LIENIW IIPU 3apsIe U pa3psjie KOHAEHcaTopa
JIBUKETCST OOJIBITIE 3apsI/IOB.

To, 4T0 KOHAEHCATOp BIUSET HA BEIMUMHY NIEPEMEHHOTO TO-
Ka B 1IeNM, YeM-TO HallOMMHAeT HaMm 3akoH Oma, rje TOK 3aBU-
cUT OT cornpotusieHus uenu R. IToatomy KoHzaeHcaTop, KOTO-
Pblil IOCTOSIHHBIN TOK HE MPOIMYCKAeT, B LIEMH MEPEMEHHOTO TO-
Ka 00J1aJaeT HEKOTOPHIM EMKOCTHBIM COMPOTHBIICHUEM, KOTOPOE
0003HayaloT Xc. 3aBUCUT OHO OT EMKOCTH KoHJeHcaTopa C 1 oT
yactoTsl f nepemMeHHoro toka. Ot émMkoct C OHO 3aBUCHUT IO-
TOMY, 4TO C €€ yBEJUYEHUEM KOHAEHCATOP MOXET MPUHSATH HA
CBOM OOKJIaJIKU OOJIBIIIE 3apsi/IOB, U MOITOMY OOJIbIINEe OyIyT 3a-



PAOHBIN W pa3psIIHBIA TOKU. A pa3 TOK yBEJIMUMBAETCs, TO, 3HA-
YUT, 110 3aKOHY OMa COITPOTUBIICHUE, B IAHHOM CJIy4ae EMKOCT-
Hoe, yMeHbInaercsi. OTciosia BHIBOA: EMKOCTHOE COTPOTUBIIEHHE
Xc 0OpaTHO MPONOPIIMOHAIBLHO EMKOCTH - YeM OOJIbIIIe EMKOCTb,
TEM OHO MEHbIIIE.

BenuurHa TOKa 3aBUCHT €IIIE U OT TOTrO, C KAKOM CKOPOCTBIO
MEHSIETCSI HampsDKeHNe, T.€. OT 4acToThl. Yem OoJiblle 3Ta CKO-
pocTh (4eM Beille yactota f), Tem OoJibliie 3apsA0B 3a OHY Ce-
KyHJy TIPUXOIUT Ha OOKJIQJIKM KOH/IEHCATOpA M YXOOUT C HUX,
TeM, CJIeJJOBATEIbHO, OOJIBIIE TOK, & 3HAYUT, MEHbIIIE EMKOCTHOE
conpotuByieHre Xc. OHO BHIYMCISETCS MO cieayomien hpopmy-
Je:

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

OpHako Mex /1y akTUBHBIM COMPOTUBJIEHHEM R 11 EMKOCTHBIM
Xc ecTb NPUHIMITUATIBHOE pa3iiuve: EMKOCTHOE COMPOTHUBIIE-
HUE XOTb U BJIMSIET HA TOK B LIENH, HO HUKAKOM MOIIIHOCTH OT UC-
TOYHMKA MTUTAHUS He noTpedsieT. B Kakue-To MOMEHTBI, IpaB-
114, UICTOYHUK 3aTPAauyMBaeT YCUJIHMS HA TO, YTOOBI 3apSAUTh KOH-
JIEHCATOp, HO KOHJEHCATOp BO BpeMsl pa3psijia YeCTHO BO3Bpa-
HIA€T NOTYYEHHYIO SHEPIyI0. DTUM OH OY€Hb HAIIOMMUHAET MpYy-
KUHY, KOTOpast BCE, YTO OEpET MpH CKUMAHUH, TO U OTIAET, pac-
npAMIISISICh. UYTOOBI OTMETHUTD Ty 0COOEHHOCTh EMKOCTHOTO CO-
MPOTHUBJIEHUS, €70, B OTJINYME OT aKTUBHOTO R (B KOTOpOM 3HEp-
TSl TPATUTCS Ha BbIAEJCHUE TEIUIA), HA3bIBAIOT PeaKmUEHbIM CO-
NPOMUBNEHUEM .

2.3. IHAYKTHBHOCTD B IleNH IEPEMEHHOT0 TOKA



[To cBoell cyTM MHIYKTUBHOCTH OOJAAeT SMEKTPUIECKON
VHEPLIMEH, TIOCKOJIBKY €€ OCHOBHOE CBOMCTBO COCTOHUT B TOM,
YTOOBl TMPENATCTBOBATh BCAKOMY HM3MEHEHMIO MPOTEKAIOIEro
Toka. Ecam yepe3 Karyliky IMpOnycKaTb HEKOTOPbI MEpEMEH-
HBII TOK, TO €€ MHAYKTUBHOCTh OyJeT MPOTUBOAEHCTBOBAThH KaK
YMEHBIIECHHUIO, TAK U YBEIMUYEHUIO TPOTEKAIOILETO TOKA.

To, 4TO MO KaTyIIKe WHAYKTUBHOCTHU TMOUIET MepeMeHHbII
TOK, €CJIM TIO/IBECTU K HEWl MEepEMEHHOE HallpsIKEHUE, HE BbI3bI-
BaeT HUKAKMX COMHEHHH - Ha KaTyIIIKy HAMOTaH METAJTTNYECKUI
IIPOBO], a TOK MJET MO JI0OOMY TPOBOTHUKY. B monTBepxaeHue
MBI MOXEM MOKa3aTh, KAK Yepe3 KaTyIIKy UET NOCTOSIHHBIN TOK,
HarpuMep, OT raJIbBAHUUYECKOT0 1eMeHTa. OIHaKo TO, YTO MPO-
WCXOJIUT B LIETIH KATYIIKH [IPU IEPEMEHHOM TOKE, OIpeIesIsieTCs
HE TOJIKO CONMPOTUBJIEHUEM IPOBOJHMKA, U3 KOTOPOIO 3Ta Ka-
TYIIKa U3rOTOBJIEHA.

BcnomHuTe, eciu B KaTylIKe MEHsIEeTCs TOK, Ha Hel HABOJIUT-
cs1 DIC caMOMHAYKITUK, KOTOPasi TeM OOJIbIIIE, YeM BBIIIE CKO-
pocTb u3MeHeHus Toka (3akoH Papanesa: EL = — L - dI/dt). Ilo
Bropomy npaBuiy Kupxrogpa U + EL=0wm U =-EL =L
dl/dt.

[locTponm cuHycOu/Ibl TOKA U HANPsIKEHUsI HA OAHOM rpadu-
Ke:



Puc. 2.7.
BuaHo, 4TO TOK U HampsiKeHWe CABUHYTHI O (pa3e Ipyr OT-
HOCUTEJIBHO JIpyra Ha mt/2 (1a 90°).



HamMerenHe Toka
2@ BpeamA t

Puc. 2.8.

[MonpoGyem paccMOTpeTh MPOIIeCC C TOUKH 3peHust (PU3UKH.
C momenTa t = 0 (yuactok 0-1) TOk Hadas ObICTPO BO3pacTaTh, HO
10 Mepe NMPUOTMKEHUsI K MAaKCUMAJTbHOMY 3HAYEHUIO CKOPOCTh
HapacTaHusl TOKa yMeHbIIanach (CM. puc. 2.8, BUOHO, YTO MPU-
palleHus 3a OIMHAKOBOE BPEMs YMEHBINIAITCS). B MOMEHT t =
T/4 (Touka 1), Korjga TOK JOCTUT MAKCUMAaJIbHOW BEJIMUMHBI, CKO-



POCTb €r0 U3MEHEHMs1 Ha MTHOBEHUE CTajla PaBHOW HYIIO, T.€.
V3MEHEHHE TOKa IMPEKPATUIIOCh. 3aTeM TOK Hadajl CHayaJla Mejl-
JIEHHO, a TIOTOM OBICTPO YOBIBaTh M TI0 UCTEYEHUM BTOPOM YeT-
BepTH nepuofa (yJacTok 1-2) yMeHbIIWIICS 10 HY/Isl. A CKOPOCTh
M3MEHEHMS TOKa 32 3Ty YETBEPTh MEPUOA, BO3PACTasi OT HYJIs,
JOCTUTHET MAKCUMAJIBHOW BEJIMYMHBI, KOT/Ia TOK CTAHET PaBHBIM
HYJII0. A YTO KacaeTcsl HalpapJieHHs1, TO B MOMEHT t = T/4 3Hak
SMIC caMOMHAYKIIUMA MEHSIeTCSI, TTIOCKOJIbKY TOK HAaUMHAET YObI-
Bathb (D/C - mpousBogHas TOKa), a 10 ITOrO BO3pACTas (KaK Mbl
3HAEM, IPOU3BO/IHAS MOJIOKUTEBHA ITPU BO3PACTaHMU (DYHKIIMU
Y OTpUIIaTeIbHA MPH YOBIBAaHUM (DYHKIIVHN).

BxomHoi 3
CUTrHaJ

o =

90°

Puc. 2.9. InayKTUBHOCTB: HamlpsiKEHUE ONepekaeT TOK Ha



90°

ConporusieHne, OKa3bIBAEMOE TOKY KaTyLIKOW MHIYKTUBHO-
CTH, PABHO

XL = wL.

Kak 1 koHzIeHCaTOp, KaTylIKa SHEPTUM Y UICTOYHUKA MTUTAHUS
He noTpediseT. Be€, uTo B Kakue-To MOMEHTHI KaTyIlKa OTOOu-
paeTr y UCTOUYHMKA Ha CO3JaHUE MarHUTHOIO I10JIs1, OHA OTAAET B
1enb 00paTHo, KOrja 3To mojie ucuesaer. Ml mpoucxoaut Takoe
"Oepy-oTaan" MHOTO pa3 B TEUEHHUE CEKYH/IbI (B 3aBUCUMOCTHU OT
9acToThl). UTOOBI OTMETUTBH 3TY OCOOEHHOCTh MHIYKTHBHOTO CO-
IIPOTUBJIEHUS, €70, B OTJIMYME OT aKTUBHOTO R (B KOTOpOM 3HED-
TSl TPATUTCS Ha BbIAEJICHUE TEIIa), HA3bIBAIOT PEeaKmMUGHbIM CO-
MPOTUBJICHUEM (KAaK W KOHJIEHCATOP).

Ecimm cxema cOCTOMT TOJIBKO M3 PE3UCTOPOB, TO MOCIIENOBA-
TEJIbHO BKJIIOYEHHBIE CONPOTUBJIEHUS MTPOCTO CyMMUpYIOTCs. B
CJlyyae K€ KOHJ/IEHCATOPOB M KaTyIIEeK MHAYKTUBHOCTHU TaK Je-
JIaTh HEJNb3sl, TAK KaK, KaKk Mbl CKa3aJld, 9TO PEaKTUBHbIE dJe-
MEHTBHI, T.€. He MOTPEeONSIONe SHEPru UCTOYHUKA MUTAHMS.
HanpsixeHnue Ha pe3uctope (aKTUBHOM 3JIEMEHTE) COBNAAAET M0
(paze c TokOM, a B Cilyyae peaKTUBHBIX JIEMEHTOB 3TO HE BbI-
nonHsAerca. HanpskeHue Ha eMKOCTH OTCTaeT oT Toka Ha 90°, a
B CJIydae KaTyIIKW HalpsDKEHUE OmepekaeT TOK Ha Te xe 90°.
Kak 310 yuntsiBars? Kakum Oyaet oOliee HanpsikeHue B ciiyvae
LEeNH U3 COITPOTUBIIEHUS] PE3UCTOPA U KOHAEHCATOPA WM PE3U-
CTOpa U Karylmku? A B cilydae, KOrga B CXeMe UMEKTCS BCE TPU
snemenTa? Kakass MomHOCTh OyAeT IIMPKYIMPOBATH B LIETIN U Ka-



Kasi MOITHOCTb OyleT BBIAEIATHCS Ha aKTMBHOW YacCTU CXEMBI,
T.e. Ha pe3ucropax? [IpocTo nmocunTars CyMMy aKTUBHBIX U Pe-
AKTHUBHBIX COITPOTUBIICHUM, HE YUUTHIBAs pa3HUIIHI B (pazax, Oy-
JIET OIIIMOKOW.

J71s1 Toro 4ToOBl OTBETUTH HA TU BOMPOCHI, B JMEKTPOHUKE
IIPUMEHSIOT TAKOE MAaTEMAaTUYECKOE IMIOHATHE, KaK KOMITJIEKCHBIE
yucia. [lostomy npex/ie yem u3yyarb NEPEMEHHBIN TOK JaJIbIIIE,
HaM NpUJETCS cliesiaTh HEOOMbIION IKCKYPC B MaTeMaTHKYy, HO
NIOBEPBTE - 3TH YCWJIMS HE MPOoNagyT JapoM.



OTcTynneHue - YTO TaKOE KOMMNJIEKCHbIe UMucaa

Bbl HAaBepHAKA CTA/IKMBANWCh B LUKONE C KBaJPaTHbIMM YPaBHEHUAMM, Y KOTOPbLIX BbipameHue (b2 - dac)
6b110 MEHDBLLE HYIA U PELWUTb UX /1A Bac BbU10 3aTPYAHUTENbHOI 3aaaueil. Ho KOpHM Y TaKUX ypaBHEHWI
BCe-TaKW eCTb, OHW NpeacTaBnAloT coboi KomnnekcHsle uucna. lMocne TOro, Kak Bbl MPOUMTaeTe 3Ty
BCTABKY, Bbl CMOMETe pelunTb Noboe KeagpaTHoe ypaBHeHKeE.

[na npumepa BozbMeEM Cneaytolee: x2+3x+8=0
MocunTaem KOpeHb U3 AUCKpUMMHAHTa: sqrt(37 - 4¥8) = sqrt(9 - 32) = sqri(-23).
Kazanocob 6bi1, mbl "nprexanu”... Ho Ha camom aene cyllecTeyeT 4nMcno j (B MaTemaTuKe oHO obozHauaeTcA
KaK I, HO 970/ BykBOW B 9n1eKTPOHMKEe 0603HAYAIOT TOK), KOTOPOE Ha3blBAETCA MHUMOW egUHNLEN M faeT
B kBagpate -1. Ha n10cKoCTM MHUMbIE UMC/1a OTKNEABIBAKOTCA 10 BEPTMKA/IbHOM OCH M MHUMAaA eAnHMLE
HaxoguTea B Touke (0; 1) (BelwecTBeHHbIe uncna, Kak 06bIMHO, OTKNEAbIBAKOTCA MO FTOPU3OHTANbHOM OCH,
OHM Ha3bIBaIOTCA AeUCTBUTENbHON UNKM peanbHoit COCTaBNAIOLLEH):

"

(0, 1)

0

Puc. 2.10. MHu1man earHuULa j HaxoguTea B Touke (0, 1)

[na Toro, utobbl NocuMTaTe, YeMy paBeH KOpPEHb M3 HALWero GUCKPMMMHEHTA, PasnOMMM YMCIO Ha
MHOXMTE/NN, OHUM 13 KoTOpbIX Byaet -1:

sqrt(-1 * 23) = sqrt(-1) * sqrt(23) = j * sqrt(23).
Tenepb NocunTaem KOPHU YPABHEHWA:
xy=(-3+j*sqrt(23))/2=-15+]" 24

Xy =(-3-j*sqrt(23)) /2=-1.5-j* 2.4



lpoBepum, UTO 3T uMCNa ABNAIOTCA KOPHAMM HAWero ypasBHEHWA (HO Mbl OKPYIIMAWM A0 AECATHIX
sqrt(23), nostomy Gyger norpewnocts). MoacraBum cHayana nepsoe YnCAO (Mbl MOMHUM, YTO MHAMaA
e[MHULA | faeT B KBagpate -1):

x2+3x+8=(-1.5+)*2.4)2 + 3%(-1.5+j72.4) +8=2.25-*72 + (j)2 *5.76 - 4.5 +|*7.2+8=225-*7.2 -
576-45+[*7.2+8=-801+8=-001

Terlepb noAcTaBMm BTOPOE YKMCNOo:

x2+3x+8=(-1.5-]"2.4 +3%(-1.5-*2.4) + 8=2.25+]"7.2 + (> * 5.76 - 45-]"7.2 + 8 =2.25 +|*7.2 -
576-45-]*7.2+8=-8.01+8=-0.01

Msl noayynnm To, 4to OxMaanu (o Tom, 4yTo ByAeT NOrpewHocTb, Mbl yNoMAHYAK). [ocmoTpum, e
HaxXO[ATCA KOPHW Ha N/IOCKOCTH. [€OMETPUUECKN KamJOe KOMM/EKCHOE UMCNo u3oBpakaeTca TOUKOH,
UMeIoLLEe# KOopAWHATSI X U Y. B Hawem cnyuae nepeas Touka - 370 (-1.5; 2.4), Bropaa - (-1.5; -2.4):

1

2.4)

(-1.5, -2.4)*

Puc. 2.11. KopHw KBagpaTHOro ypasHeHuA
Tenepb Bbl CMOMeETE pelunTs Noboe KBaapaTHoe ypaBHeHKe.
Taknm obpasom, oGO KOMMNNEKCHOE UMCNIO MOMKHO NPEACTABUTD B BUAE
i e
e X W y - AeHCTBMTENbHbIE YMCMA, @ j - MHUMaA €AWHMLA. X HasbiBaeTCA AeHCTBUTE/bHOW 4acTbio

KOMIMJIEKCHOIO 4ichna, a y - ero MHUMOM YacTbio. OBbluHbIE UMCAA - 3TO YACTHBIR Cnyuaﬁ KOMMNNEKCHbIX
Yyucen, Korga MHMMaA 4acTb PaBHa HYNIO:

7=7+j-0
32=32+j-0



Yucna ¢ HyneBoit AeficTBUTENbHOM YacTblo (Hanpumep, 0+ - 6 wam 0 +j - 23) 0T UUCTO MH
TakKe KOMMIEKCHOE UMCA0 MOXHO NPe/ACTaBUTb B BUAE

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

rae
r= sqrt(xl + yz) - MOITyIb KOMIITEKCHOTO 9IICIa;
© = arctg(y/x) - €I0 apryMeHT.

JT0 craHer ropasao NoHATHee, ecnn Bbl NOCMOTPUTE Ha NNOCKOCTb, rae wsoﬁpameuo KOMMNEKCHOoe
YUMCNO, U BHUKHUTE B FeOMETPUUECKUI CMBICA 3TUX 2HaYeHUi (puc. 2.12):
v

g s=atjp=vr-d?

Puc. 2.12. OtoBpakeHue KOMIIEKCHOTO YMCA Z = X + ] - Y Ha T/I0CKOCTH

OTcioa BUGHO, UTO MOAYAb I - 3TO PACCTOAHWE OT TOUKM (X, ¥), oToBpamaiowei AaHHOe uMco, [0 Havana
KOOPAMHAT, @ @ - YTO/1 HAK/IOHA OTPE3Ka, COeANHAIOLLETO MX, K OCH X (3ITOT YroN Ha3blBAETCA apryMeHTOM).

" HanocneAoK - O CONPAMEHHbIX YWcnax. ,ﬂ,aa KOMMNIEKCHBIX YMUCA3, OT/IMYAOLWKMXCA 3HAaKOM MHUMOM
4aCTH, Ha3blBAKOTCA COMNPAXKEHHbIMM:

Al=3+4j
A2 =3-4

Wx npowvseejeHne He COAepHuUT MHWMOIM 4acTv u PaBHO KBaApaTy Moayna:

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




(mopynb 3aech paBeH \I(32 + 42) =V(25)=5).

W nocnegHee. MHOTAa NpH ONMUCaHWKM NPOLLECCOB, NPOUCXOAALLMX B CXEMaX C PEAKTUBHLIMW 3NIeMEHTaMHU,
BMECTO KOMM/IEKCHOTO UMCAA WUCMOMb3YIOT BEKTOP. 3TO MO CYTU OJHO W TOME, T.K. KOMMIEKCHOMY uucny|
COOTBETCTBYET BEKTOP, MPOBEAEHHLIA U3 Hauana KOOPAMHAT B AaHHYIO TOuRyY. [lanee Npu cyMMUPOBaHMK
CONPOTUBNEHNI Y KOMIMNEKCHBIX UACEN MOMapHO CKAAbIBAKOTCA AEACTBUTENbHbIE U MHUMbIE UACTM, a B|
CNlyuae BEKTOPOB - BEKTOPLI, COOTBETCTBYIOWME MPOOEKUMAM BEKTOPOB Ha ocW. BekTopbl ckaaabizaioT
inubo ne npaeuay TpeyronbHUKa (HUKe Nepebii pucyHok), nubo no npasuay napannenorpamma (BTopoi
PUCYHOR). 3TC OAHO W TO Ke, Pe3ybTaT OANHAKOBbIN:

Im
Im 4

| j/wC

]

Z :R-j/mc ZIIOHH:R-j/wC

GET

HNMmnenanc



1)

X, (400 Om) Z (500 0m)

N
R (300 Om)




Puc. 2.13. (1) Karymika UHIYKTUBHOCTH, COEIMHEHHAS T10-
crieioBateNbHO ¢ pe3uctopoM R. (2) BekTopHoe npencrasieHne
R, XL 1 ux cymms1 Z

Pesynbrupyiolee conpoTUBJIEHHE LENH, COAECpPXKAIIeHd Kak
AKTUBHOE, TaK U PEAKTUBHOE (MHAYKTUBHOE UJIM EMKOCTHOE) CO-
IIPOTUBJICHUE, HA3bIBACTCSA UMNEOAHCOM VITA TIOJTHBIM COITPOTHUB-
JICHHEM LIETIN.

Nmnenanc Z siBnsieTcs: BEKTOPHOM CYMMOM PEaKTUBHOTO CO-
NpoTUBJIEHUsI X U aKTUBHOTO COMPOTHBJIeHUS R.

PaccmoTpuM, HampuMep, cxemy, M300pakeHHYI0 Ha pHC.
2.13, 1. OnHa Bkmoyaer B ceOs MHIYKTUBHOE CONPOTHUBIICHHUE
XL, coequHeHHOE MoOcaenoBarebHO ¢ pesucropoM R. M3 puc.
2.13, 2 BuaHO, uto Bektop XL omepexaer Bektop R Ha 90°.
(Bpaienue BekTopa O3Ha4yaeT yBesimuyeHue ymia ¢ (puc. 2.12),
OHO OCYILECTBJISIETCS TPOTUB YACOBOW CTPEJIKH, HAYaJIo (T.€. Hy-
JIEBOE 3HAYEHUE ITOIO YIUIa) - 3TO TOPU3OHTAJIbHAS OCb. A TPO-
€KIIMM 3TOr0 BEKTOpa Ha OCU - ITO aKTUBHOE (Ha OCh X) U peak-
TUBHOE (Ha OCb y) COCTAJISIONIME MOJIHOIO COMPOTUBIIEHUS Z..)
Nmnenanc paBeH

Z =\(XL2 + R2).

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

Z =(16-104 + 9-104) = ¥(25-104) = 500 Om.

YroOblI Jiydlile MOHSTh, KaK padoTaTh ¢ KOMIUICKCHBIMU YC-
JaMu (WM BEKTOpaMH), COOTBETCTBYIOLIMMH CONPOTHUBJIEHU-
sIM PEe3UCTOpa, KOHJEHCATOPA U KaTyIIKU UHIYKTUBHOCTHU, pac-
CMOTPHUM HECKOJIBKO ITPAUMEPOB.



IIpumep 1

HapucoBars BekTOpHYI0 auarpammy uist RL-tierm, n3o0pa-
’KeHHOM Ha puc. 2.14, 1, n Haiitu Hanpspxkernue UT, npunoxeH-
HOE K CXEME.

5B 5B UL(SB]‘

Uz (7B)

IpunoxenHoe
HanpskeHHe
U, 0 =45°

)

1) Up (5B) 1
2)

Puc. 2.14.

Pewenue:

BekropHas nuarpamma [uis 3TOro cilydas IOKa3aHa Ha PHUC.
2.14, 2. Cravana noctpouM BekTop Toka I. Hanpsikenne UR Ha-
xoqutes B ¢aze ¢ TOKOM I (T.K. 3TO pe3ucrop), a HampsKEHUe
UL onepexaer 1ok I (a 3naunt, 1 UR) Ha 90°. CymmapHoe Ha-
npsikeHue UT, npuiokeHHOe K LeNy, PaBHO BEKTOPHOI CyMMe
UR u UL. Ilo teopeme Iucaropa UT paBHo:

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

371ech crelyeT 3aMeTUTh, YTO TIONMYUEHHBIN pe3yibTaT OoJb-
11e, YeM KaxJas U3 COCTABJIAIOIINX, HO MEHBIIIE UX CYMMBI, I10-
CKOJIBKY 3TO T'MIIOTEHY3a IIPSMOYTOJIBHOIO TPEYToJIbHUKA, 4 Ha-
npsokeHns Ha snemeHTtax nenu (UR u UL) - ero karetsl. Yron



MEXly BEKTOPOM MPUJIOKEHHOIO HAITPSKEHU ST U TOKOM paBeH 0
=45°.

IIpumep 2

s RC-nienn, n3o6paxeHHoOW Ha puc. 2.15, 1, HauepTUTh
BEKTOPHYIO IMarpamMmmy 1 Haiitu Hanpsixkenue UT, mpusioxkeHHoe
K CXEME.

4B 3B
U, (4B
[ — I‘T'i ‘( ) I
— 1T 0 o > >
R C
\ B
TIpuoskenHoe HanpsoKeHHe U.(3B) U, (5B)
U, ¢
- o 1
1) 2)
Puc. 2.15.

Pewenue:

Ha BekTOpHOI1 AMarpamme, MokazaHHOM Ha puc. 2.15, 2, Bua-
HO, yTto UC otcraet ot ToKa (1 or UR) Ha 90°. UT gBnsercs
BekTopHOil cymmoii UR u UC. Takxe BugHo, yro UT Gosblite,
yeM Kaskjasi U3 COCTABJISIONIMX HaMpsiKeHus, T.e. Ooblie, YeM
4 B, HO mMeHblIE, YeM ux apupmernyeckas cymma (3 +4 =7 B).
o teopeme Iudaropa Hanpsikenue papHo UT = 5 B u orcraer
OT TOKa Ha yroia o = 36°.

IIpumep 3



Hnsa RLC-nienn, uzoOpaxenHor Ha puc. 2.16, 1, HauepTuTh
TNIOJTHYIO BEKTOPHYIO AuarpaMMy 1 HauTt Hanpspkenue UT, mpu-
JIOXKEHHOE K CXEME.

A U.(90B)
40B 90 B 60 B 30;)12-'-'
_:'_IWY\—”__
L C
L 0
0 I 3)
[pusoxkenHoe U, (40 B)
HanpshKkeHue
U;
V. | 2)
1)
Y u.60B)
Puc. 2.16.
Pewenue:

BekropHas nuarpamma nocrpoeHna Ha puc. 2.16, 2. UR naxo-
muresa B (pase ¢ TokoM I, onepexaer UC Ha 90° m orcraér or
UL na 90°. INockonsky UL u UC nexar Ha OJHOM BEpTUKAJIb-
HOM MIPSIMO, TO UX CyMMa, KaK IMoKa3aHo Ha puc. 2.16, 3, moxer
OBbITh MpEICTaBIeHa BEKTOPOM

OZ =UL - UC =90 - 60 =30 B.

Pesynbsrupyomee Hanpsikenue UT paBHO BEKTOPHOU cymme
UR u OZ. UT = 50 B u onepe:xaet BEKTOp TOKa Ha yroji o = 36°.

W3 311X nprMepoB BUAHO, YTO B ClIyyae MEPEMEHHOIO TOKa



PEaKTUBHbIE CONPOTUBJIEHHUSI MPOCTO CKJIAIbIBATh [IJIs1 TIOIy4Ye-
HUsI UTOTOBOTO pe3yJibTaTa Heslb3sl, CyMMa KaTeToB - 9TO HE TH-
NOTEHY3a.

Teneps y Hac ecTb Oaraxx 3HaHUI MO MaTeMaTrKe, YTOObI pas-
OUpaThbCs B CXeMax, COCTOSIINIMX U3 PE3UCTOPOB, KOHJEHCATOPOB
u Karymek uHayktuBHocTH. (ITocne storo 3aliMemcst momyrpo-
BOJHUKAMU U y3HaeM, Kak padOTaIOT JUOMBI, TPAH3UCTOPHI U T.
n.)

2.4. Curnanml

W3meHeHus TOKa WK HaNPsKEHK ST BO BpPEMEHU MOXKHO TTpe/I-
CTaBUThH B BUJIE pa3inuHbIX rpacpukoB. [TocTOSIHHBINA TOK, Kak
BbI 3HaeTe, OToOpaxaercs npssmon JuHuer (puc. 2.17, 1), a ne-
pPEMEHHBII TOK MOXHO W300pa3UTh CAMBIMU PA3IMUHBIMU KPH-
BoIMU. POpMa KPUBOW MEPEMEHHOTO TOKa OTPaXkaeT MepUoOau-
YecKue U3MEHEeHUs 3HAUeHU sl TOKa OT MAaKCUMaJIbHOTO K MUHHU-
MaJIbHOMY, 3aT€M OMATh K MAKCUMaJIbHOMY U T.A. (puc. 2.17, 2).
Heckonbko Takux KpUBBIX M300pakeHsl Ha puc. 2.18.



Makc.

3HaAYeHHe
HaNPAKEHHE eo——
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3HaAYeHHe
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Puc. 2.17. I'pacdpuku nocrosiHHoro (1) u nepemeHHoro (2) To-
Ka
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Puc. 2.18. Tumnbl KpUBbIX IEPEMEHHOr0 TOKa: cuHycouna (1),
MeaHAap (2), NpsAMOYTroyibHbIN (3),

TPEYTOJIbHBIN (4), MUI000pa3Hblii (5), UMITYJIbCHI (6)

[ToBTOpSAIOIIASICA YaCTh CUTHAJIA IEPEMEHHOIO TOKA Ha3blBa-
eTcs IIUKJIOM curHasia. Ha KpuBbIX, M300pakeHHBIX Ha puc. 2.18
TOYKa A sBIsAETCS HadyajoM IIMKJA, a Touka B - ero KoHIoM u
HAuyaJIoM CJIeyIOLIEro UKJIA. JauTenbHOCTh IUMKIIAa HA3bIBAETCS
MIEPUOIOM.

KosinuecTBO IMKJIOB CUTHAJIA B €AMHUITY BPEMEHU HA3bIBAET-
cs yactotou curHania. Equnuiia uamepenus yactotsl - repii (I').
Hanpumep, eciv 1IUKJI M3MEHEHHWsI CUTHAJIa TIOBTOPSIETCS OIMH
pa3 B CEKyHAY, TO YyacTtoTa curHaia pasHa 1 I'u, eciim 10 pa3 - 10
I'uu T.4. (puc. 2.19). HerpyaHo goragarbesi, YTO 4acToTa CUTHA-
JIa ¥ ero MepHol - 1Be B3aUMHO OOpaTHbIE BeJTMYMHBI:

f=1/T,

rae f - yacrora B repuax, T - nepuos B ceKyHaax.



1Ty

Puc. 2.19. Curnassl pa3jidyHbIX 4aCTOT

Curnassl, n300paxeHHble Ha puc. 2.18 (1 HE TONBKO Takue,
a BooOII1e JII000 (POPMBI C TIOBTOPSIIOIIIUMCS TIEPUOIOM ), MOXK-
HO TMOJTyYUTh KaK CYMMY CUHYCOMJAJIbHBIX CUTHAJIOB pa3HOH 4a-
CTOTBI ¥ AMILIUTY/IBl. TaK1e COCTaBJISIOIINE HA3BIBAIOTCS TapMO-
HUKamMM. MateMaTUyecKu pas3/ioKeHUe CUTHajla Ha TapMOHUKHU
MOXHO IPEJCTaBUTh B BUJE:

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

DTa cyMMa HasbBaeTcs paaoM Pypee.

Curna ¢ yacroroid @ = 2rtf Ha3pIBaeTCs NepBOM, UM OCHOB-
HOW, FAPMOHMKOM, CUTHAJI C YaCTOTOU 2() - BTOPOM TAPMOHUKOU,
C 4acToTou 3w - TpeThe! U T.1.



Yem Oorbliie 3/1€Ch clIaraéMbiX, TEM TOYHEE ITOU CYMMOMH BbI-
paskaeTcsi MOJEIMPYyeMblid CUTHAJL.

[IpsIMOYTONBHBIN CUTHAJI COAEPKUT OCHOBHYIO TapMOHHUKY
TUTIOC HeYeTHbIe TapMOHUKHU. Harpumep, mpsiMOYTrOJIbHBIN CUT-
Hast yacroror 1 k['11 cocrout u3

- OCHOBHOM TapMOHMKH ¢ yactotoit 1 kI,

- 3-eil rapMOHUKHU ¢ yactorou 3 kI,

- 5-oi1 rapMOHUKHM ¢ yactoTou 5 Kl

- 7-ou1 rapMOHUKHM ¢ yactoTou 7 Kl1,

U T.J.

Ha puc. 2.20 u3o0paxkeHo pa3iokeHue Ha OCHOBHYIO U Tpe-
ThIO TAPMOHMKH TIPSIMOYTOJILHOTO CUTHAIA.

OcHoBHAadA YacToOTa

OcHOBHAaA YacToTa +
3 rapMoHHKAa



Puc. 2.20. Annpokcumaiiysi IpsIMOYTrOJIbHOTO CUTHAA

[MnnooOpasHblii CHTHAT COAEPKUT OCHOBHYIO TapMOHHKY
IUTIOC YeTHbIe rapMOHWKHW. Harprmep, munooOpa3HbIii CUTHAIT
qacroroit 1 kI['11 cocrout u3

- OCHOBHOM TapMOHMKH ¢ yactotou 1 kI,

- 2-0U TapMOHUKH € yactoTou 2 Kl

- 4-o¥i rapMOHMKH ¢ yactoTon 4 kI,

- 6-0i1 rapMOHUKHM € yactoTou 6 K1,

U T.J.

Ha puc. 2.21 uzo0paxeHo pas3iokeHre Ha OCHOBHYIO U BTO-
PYIO TaApMOHUKHU NHJIOOOPA3HOTO CHIHAJIA.

OcHoBHAA
HACTOTA

2 rapMoHHKa

(JCHOEHAA 4aCTOTA +
2 rapMoHHKa

Puc. 2.21. AnnpokcimMariysi muiooOpa3Horo CUraaa
Heo6xoanmo Tak:ke MOHUMAaTh, YTO 3TO CHPABEAIUBO TOJIBKO



JUIS1 CHTHAJIOB C IIOBTOPSIOIIMMCS TieproioM. Eciii oH MeHsiercs,
TO CyMMa TapMOHHK TOXE MEHSIETCS.

CurHaJbl, KOTOpbIE JOJKHBI TPOMYCKaTh, HATPUMED, YCUITH-
TEJIM 3BYKOBBIX YaCTOT, KOTOPbIE €CTh B NMPUEMHUKAX U MY3bl-
KaJIbHBIX LIEHTPAX WU B BUJIE OTAEJIbHBIX YCTPOWCTB, HAIIPUMED,
B CTYIUSIX, JIOJDKHBI JOXOAUTH IO BhIXOma Oe3 nckaxenui. [1o-
CKOJIbKY B Pa3Hble MOMEHThl BPEMEHU 3TO CyMMa Pa3HbIX rap-
MOHUK, YCUJIUTENHN JOJIKHBI O3 UCKaKeHU YCUITUBATh BCe Tap-
MOHHMKH 3BYKOBOro auana3zoHa (3to yactotel ot 20 I'y mo 20
kl'). Co3nanre mMUpOKOU MOJIOCH TPOITYCKAHUS - OJJHA U3 BaXK-
HBIX 3a]a4 JJIs UHXEHEPOB MpPU MPOEKTUPOBAHUM CXEeM ITHX
YCTPOMCTB. A Ha BXOJ] IPUEMHUKOB, €CJI TOBOPUTH O BHICOKOYA-
CTOTHBIX JIMANa30HaX MPUHUMAEMBbIX BOJH (Hanpumep, st FM
9T0 AuanazoH ot 86 mo 108 M), Ha0OOPOT, TOMKHA TTOCTY-
nath OYEeHb y3Kas MoJIoca C YaCTOTOM PaJuOCTaHIIMHU, HA KOTO-
pylo npousBejieHa HacTpoika. Co3/laHue Ka4yeCTBEeHHbIX (PUIIb-
TPOB BBHICOKOM YaCTOTHI - TOXKE 3a/1a4a PaJUOUHKEHEPOB.

[Mpupona oOOro CUrHaia - 3TO COCTABJISIIOIINE €r0 rapMo-
HUKH, T.€. "cpa3dy" CJIOXKHOIO CUTHajia POIUTLCS HE MOXKET, OT
PaJMOCTAHIIMIA, CITyTHUKOB, COTOBBIX BBIIIIEK M CAMUX COTOBBIX
TesiepOHOB PacHpOCTPAHSIIOTCS BHICOKOYACTOTHBIE TAPMOHUKH.

2.5. RC-nenn: u3MeHeHne BO BpeMeHH HANPSKeHUs1
TOKA

2.5.1. Iuddepennupatop



]

BX U

Puc. 2.22. Tuddepenimarop

[Ipu nocryrnieHny Ha BXOJ, CUTHAJIa KOHJAEHcaTop (4epes pe-
3UCTOP) HAYMHAET 3apsKaThesl (T.€. Ha ero OOKJIaAKax IMOSIBIIS-
I0TCS1 3apsibl), IPUUEM UYEM MEHbIIE CONPOTUBJIEHUE PE3UCTO-
pa, TeM ObICTpee 3TO MPOUCXOAUT. A TIOCKOJIBKY KOHIIEHCATOP
3apsKaeTcs, Mo LEeNy UAET TOK, IPHYeM YeM ObICTpee MeHsIeT-
Cs1 HalIpsKeHUe Ha KOHJeHcaTope (ObICTpee MPOUCXOIUT 3apsii-
Ka KOHJIEHCATOpa), TEM 3TOT TOK OOJIbIIIE:

[=C*AU/At(*)

Ecim BXogHOE HAIpsKEHUE MEHATHCA IMEPECTANo, KOoInye-
CTBO 3apsIoB Ha OOKJIaJKaxX KOHAEHCATOpa JIOCTHUIJIO HEKOTO-
pOro YpOBHS U AaJIbllie OHO HE MEHSETCs, IBUKEHUE 3apsijioB
II0 LENX IPUOCTaHABIMBAETCSA, IPOLIECC 3aPsIKU ITPEKpallacT-
cd, TOK B LIeNIM MPOTEKaTh nepecraeT. Tok B LeNu KOH/IEHCATO-
pa - 3TO He TOK yepe3 U30ATOP (!), KOTOPbIA HAXOAUTCS MEXIY
MJIACTUHAMHU, a TPOIIECC €ro 3apsjiKu U pa3psaku (!), KoTopsie
YepeAyloTCs IPY U3MEHEHHUAX BXOJHOIO HAIPSKEHUS.

Yem ObICTpee MEHSIETCS BXOAHOE HanpsikeHue audgepeHim-
aropa, TeM ObICTpee 3apsiKaeTcsi KOHAEHCaTop (B IaHHOM clyvae



3TO IPOUCXOAUT YEPE3 PE3UCTOP, HO CYTU ITO HE MEHSIET), 4 3HA-
9YUT OOJIBIIE TOK, KOTOPBIN MPU ITOM 3apsiIKe TOSBIISETCS.

3a4yeM B JaHHOW cxeme HyxkeH pe3uctop? Benp Bpone Obl OH
TOJIKO MEIIAeT KOHJIEHCATOPY 3apsKaTbCs U YBEINYMBAET I10-
Tepu BXOAHOTO curHajia? Pe3ucrop B JaHHOW cxeme HyXKeH IS
TOTO, YTOOBI MOTYYUTh UTOTOBBIA CHTHAN (HAMPSKEHHUE) HA BbI-
X0[e, T.K. HalpsKEHUE Ha HeM 10 (popMe COBIAIAET C TOKOM 3a-
psna/paspsa KOHIEHCATOPa, TOCKOJIBKY PE3UCTOP ABJIAETCS aK-
TUBHBIM 2JIEMEHTOM U (POPMBI HANIPSKEHUS U TOKA COBIAJAIOT,
a TOK B COOTBETCTBUM ¢ (POPMYJION (*) MPONOPLIMOHAJIEH TTPOU3-
BOJHOI OT HAINpsIKEHHUSI.

Ecnu Ov1 pe3uctopa He ObUTO (BBIXOM, OBLT ObI 3aKOPOYEH), MBI
Obl HE CMOIJIM TOJYYMTh BBIXOJHOW CUTHAJ, T.K. HANpsDKEHUE
MOXHO TOJYYUTh TOJIBKO TOIJA, KOIJa LENb He 3aKOpOoYeHa, a
MMeeT HEKOTOPOe COMPOTUBIIEHUE, HA KOTOPOM IOSIBJISIETCS CUT-
HaJl TaKOM ke (DOPMBI, KaK TOK 4epe3 HEro. A MOCKOJIbKY TOK B
LENH MEHSIETCS1 B COOTBETCTBUU € (popmyoii (*), T.e. IponopLHu-
OHAaJIEH MPOW3BOIHOM OT BXOIHOI'O HAIIPSDKEHUs], JaHHAs CXeMa
HasbiBaeTcs Auddepenumaropom. [IponsBoanas oT PyHKIMHU -
3TO OTHOIEHME ee npupaieHns A U K IpupalleHuIo apryMeHTa
A t 1 4eM MEHBIIIE 3TO NPUPAILEHUE BPEMEHH, TEM TOUYHEE 3TO
ABJIAETCA 3HAYEHUEM ITPOU3BOAHOM B JAHHOU TOYKE. A €CJIM CO-
BCEM TOYHO, TO TPOM3BOAHAS - TO TAHIEHC YIJIa HAKJIOHA Kaca-
TEJIbHOM.
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Puc. 2.23. Curnansl Ha Bxofie U Bbixozie auddepeHuuaropa

Ecnu Ha Hamn curdain (CKauoK HampsbKeHUsI Ha BXOJIE U KO-
POTKMIA BCIJIECK BHIXOHOTO HAMPSIKEHUST) TIOCMOTPETh C MaTe-
MaTUYE€CKOW TOYKHU 3PEHUSI, TO Mbl MTOJYUUJIU MPOU3BOIHYIO OT
BXOJIHOTO HarnpsikeHus1. B ueaabHOM CUTHAJIE U3MEHEeHUE YPOB-
HsI CUTHaJIa OECKOHEYHO KOPOTKOE, IMMO3TOMY M BCILIECK HAIpsi-
’KEHUs Ha BBIXOJE NOJKEH ObITh OeckoHeuHo Oosbium. (ITpo-
U3BOJIHAsA OT OECKOHEYHO KOPOTKOTO CKauka OECKOHEYHO BEJH-
Ka, 9TO TAHTEHC MPAMOrO yIjia; Ha puc. 2.24 noKa3aH reOMeTpHU-
YeCKHUI CMBICIT TaHreHca.) Ho maeaapbHbIX CUTHAJIOB HE OBIBAET,
yBEJIMYEHUE YPOBHSI HATIPSKEHU ST HA BXOZIE TTPOUCXO/IUT B TEYe-
HUE HEKOTOPOro BpeMEeHH, a He MTHOBEHHO, II03TOMY U BCILJIECK
HAIpsDKEHUsI Ha BBIXOJEe He OyleT OECKOHEYHO OOJBIIUM U KO-



POTKUM, CUTHAJ Oy[IeT yBEJIMUMBAThCS B TEUEHUE HEKOTOPOTO
BPEMEHU U [I0 OMNPEJIEIEHHOTO 3HAUYEHMs], a 3aTeM BEpHEeTCs K
npekHEMY 3HaueHHIo (3TO pa3psj KoHeHcaropa). Kpome Toro,
YPOBEHb CUTHAJIA B JTI0OO0M CXeMe OrpaHuyYeH HarpsiKeHUeM Uc-
TOYHMKA TTUTAHMUSI.
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Puc. 2.24. ['eoMeTpryecKuil CMbICI TPUTOHOMETPUUYECKUX
(pyHK1IIMI



Y A

Puc. 2.25. IlpousBonHas - TAHI€HC yIJla 0. HaKJIOHa KacaTelb-
HOU

MbI rOBOpMJIM O HEKOTOPOM KOPOTKOM CUTHaJle-CKayKe Ha-
npskeHus. Ecim ke curHai peasbHbli, T.€. U3MEHAIOLIMIACSA 10
(popmysie HeKOTOPOIA (PYHKIIMH, HA BBIXOJE MBI ITOJTY4YHM ITPOU3-
BOJHYIO OT 3TOH (pyHKUMH. [IpofOIKUTENBHOCTD BCIUIECKOB Ha
BBIXO/I€ 3aBUCHUT OT 3HAaYEHUI eMKOCTH KOHJIEHCaTopa M COMpo-



TUBJIEHUSI PE3UCTOpA, YeM OHU OOJIbIlie, TEM JTMHHEe/TIJIaBHee
OyZIeT BCIUIECK, T.e. TuddhepeHIIMPOBaHHBIN CUTHAJI, HA BBIXOJIE.
Kak yxe ynmomunanoce, ux npousseaeHue R-C Ha3piBaeTcs 10-
CTOSTHHOW BPEMEHH.

[Tpr HEKOTOPOM CKaYKe BXOIHOTO HAIPsKEHUsT KOHJIEHCATOP
HAYHEeT 3apsKaThCsl U TOK 3apsiaa OyleT TeM OoJbille, YeM OBbICT-
pee Mbl MeHsieM BxonHoe Hanpsikenue (I = C-dU/dt, popmyna,
oTpakaroiiasi [MHAMUUYECKOe TIOBeIeHre KoHieHcaTopa). B uae-
aJjie TPy HYJIEBOM COITPOTUBJICHUH MbI TIOJTYIHJIN ObI ITIPOU3BO/I-
HyI0 oT BxoqHoro curHaiia (I = C-dU/dt), T.e. 310 ObUT OB HCATH-
Hb 1 pepentmarop. Ho cxeM ¢ HysleBbIM CONPOTUBIIEHUEM
Ha BBIXOZIE HE ObIBAET, B PEIbHOCTH Ha BBIXOJIE BCET/Ia JOKHO
OBITh KaKOE-TO CONPOTHBRIIEHHUE, YTOOHI MomyuuTh curHan (Ucur
= 'R, mo3ToMy CONpOTUBJIEHUE HE JOJKHO PABHATHCS HYJIO),
BeJIb He OBIBACT TaK, YTO HA BBIXOJIE CXEMbI HAXOIUTCS TIPOBOJIO-
Ka, C KOTOPOM CUTHAJI HE CHSATh.

Pe3ucrop cBouM cCONpoTUBIEHWEM BHOCUT B uddepeHIm-
POBaHUE BXOTHOTO CUTHAJIA MIOTPEIIHOCTD, TO3TOMY TMOTy4aeTcs
HewJieabHasl MPOU3BOAHAS, U YeM OOJIbIlie COMPOTHUBIIEHUE, TEM
OOJIbIIIe CUTHAJI CTAHOBUTCS HE TIOXOXHUM Ha WACATTBHYIO TTPOU3-
BOJHYI0. XOTsI pE3UCTOP ¥ BHOCUT TMOTPEITHOCTh B (pOpMY Mpo-
W3BOJHOM, HO Oyarojiapsi eMy Ha BBIXOJIE TIOSIBJISIETCS] KAKOE-TO
HanpspKeHUe, T.K. Yepe3 pe3rcTOp HAUMHAET Teub TOK 3apsijia
KOHJIEHCATOPa, KOTOPBIN XOTh M HE SIBJISIETCS TPOU3BOHOMN BXOJI-
Horo curHana (I = C-dU/dt), Ho oueHb MMOXOX Ha Hee. DTOT TOK
CO3/1a€T Ha BHIXOJIHOM PE3UCTOPE HaIpsiKEeHUe, KOTopoe 1o ¢hop-



M€ COBMNAJAET C 3TOW MPOU3BOIHON, MOCKOJIbKY HAIpsKEHUE U
TOK CBsA3aHbI TMHenHOM 3aBrucuMOCThIO (U=I-R, 3axoH Oma). Ta-
KMM 00pa30M, BHIXOJJHOE HATpsIKEHNE OYEHb TIOXOKE Ha MPOU3-
BOJIHYIO OT BXOJHOT'O HaNPsIKEHUSI.

Ecnu BbI MOHSAM U3J10)KEHHBIN BHIIIIE MaTepral, TO 3TOTO J10-
cTatouHo. Eciu jxe BaM X04eTCs IMTOKOMAaThCs B MAaTEMAaTUIECKOM
OIMUCAaHWM JAHHOTO MPOLIECca, TO MPOUYUTANTE CIEAYIONIIe IBa
a0O3arna.

B cooTtBeTcTBUM C OTUHAMUYECKHMM OMKMCAHWEM TOBEJICHUS
KoHaeHcatopa Tok B nenu paseH I = C.dUC/dt = C.d(UBx -
UBsbix)/dt 1 oqHOBpeMeHHO (110 3akoHy Oma) I = UBbix / R. Tok
yepe3 pe3ucTop U KOHAEHCATOP TeUeT OJIMH U TOT e, TO3TOMY
Mbl MOKEM MPUPABHSATH IpaBble yactu 3Tux (opmyin): C-d(Usx
- Usbix)/dt = Usbix/R Ecnu Obl conpoTuBiieHre pe3ucropa u
€MKOCTh KOH/IeHCaTopa ObLIN I0CTATOYHO MAJILIMU U BHITTOJTHSI-
nock ycnosue dUsbix/dt << dUBx/dt, (cm. cinenytomuii ab3air)
MBI MOIJIH ObI 3arucaTh, 4To UBbIX/R = C-d(UBx)/dt nam UBbIx
= R-C-d(UBx)/dt, T.e. yem OoJbIlle CKOPOCTh U3MEHEHUsI BXOJI-
HOT'O CUTHaJIa, TeM OCTpee MUK HampsiKeHUs Ha Bbixofe. Takum
00pa3oM, Ha BBIXOJIE MBI MTOJTy4aeM MPOU3BOAHYIO BXOTHOTO Ha-
MIPSKEHUS.

J7st Toro utoOst BemosnHsIoch yenoBue dUBbix/dt << dUBx/
dt, npousBeaenue R-C n1omkHO ObITH HEOOJBIIINM, HO TIPU STOM
corpoTtuBjieHrne R He JOKHO OBITh CIMIIKOM MaJIbiM, YTOOBI
HE HarpyxaTb BXojl (ITpY CKauKe HanpsiKeH!s Ha BXOJIe U3MEHe-
HUE HaNPsKeHUsT Ha KOHJIEHCATOpe paBHO HYJIO, T.K. 3apsiika C



HAUMHAETCsl HE MTHOBEHHO U B 3TOT (HAYaJIbHBII) MOMEHT 11
BXOJIHOM 1IeTI IMEHHO R SBJIsIeTCSA Harpy3Kom).

2.5.2. UnaTterparop

11 TOHMMaHHWA 3TOM TEMbl BCIIOMHHUM TI€OMETPUYECKUI
CMBIC]T MHTErpasia. DTO HapacTaHue IUIOUaIy MpU JABUKEHUU
BJOJIb TOPU3OHTAJIBHOM ocu X. Hanmpumep, B camoM IpocTom
cilydae, korjaa (byHKIMs paBHa IOCTOSSHHOMY 3HAY€HHUIO, 3TO JIH-
HEelHasi 3aBUCUMOCTb, T.€. BO3pacTatouias rnpsmas (Mbl IBUTaeM-
Cs1 BIIPaBO U MPHY TOM ILUIOLIA b N0 IPapMKOM HapacTaeT Ofu-
HAKOBO OBICTPO MPH OAMHAKOBBIX MPHUPANICHUAX apryMeHTa X,
puc. 2.26, 1). A B ciyuae, eciiu y Hac (DyHKIIMS - HE KOHCTaHTa,
a BO3pacraoiias npsamas, TO IpUA pa3HbIX 3HAYEHUAX X U MPU
MpUpPAIIEHUSIX X HA OJMHAKOBYIO BEJIMUMHY ILIOUIA/lb YBEJTUYU-
BAETCA YK€ HE OJVHAKOBO, 4 YeM JaJlbllie, TeM cuibHee. [1oato-
My MHTErpaj OT JIMHEeHHOW (pyHKIMU - napadona, T. €. OH Mpo-
nopuuroHasieH X2 (puc. 2.26, 2).

v A ‘
HWurerpany =ax’/2

vy A

Wnrerpai - npsMas y = ax

Joa /
: [yioma ib HapacTaeT JIMHEHHO, T. e.
/ MHTErpaJjl OT KOHCTAHTBI - psiMast

y =ax

[Ip1 0/IMHAKOBBIX Iarax Mo X
101a/ib BO3pacTaeT Ha pa3Hyio
BEJIMYMHY (IIAry «IUI0A/IbIo»
P HEOJIMHAKOBBIE)
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Puc. 2.26. Yto takoe uHrterpa
A Terepb pacCMOTPUM CXeMY, U300pakeHHYI0 Ha puc. 2.27.

U.. U

| T

Puc. 2.27. Unterparop

TOK MOXHO BBIPa3UTh CJIELYIOIIM 00pa3oM:

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

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

[IpupaBHsieM MpaBble YaCTH:

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

Ecnu o6ecnieunts BoinonHeHue ycnoBus U << UBX, TO MOKHO
3aImcaTh

C-(dU/dt) = Usx / R

dU/dt = Usx/RC




t
U®=IU,0-dt / RC
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Puc. 2.28.

BuiHo, 4TO BBIXOIHOE HAIPSKEHUE TPONOPLIMOHAIBHO UHTE-
rpajly OT BXOZHOro, rnosromy takasg RC-nenp HasbiBaeTcs MH-
Terpupympolnei. PaccMorpuM, Kak 3Ta cxema oOecrieunBaeT ar-
IIPOKCUMAIIMI0 MHTETPUPOBAHUSA B CIy4ae BXOQHOIO CUTHaJIa
npsmoyronbHou (opmsl (puc. 2.28). IlepBbii yuactok rpagpu-
Ka (MHTerpaj oT MOCTOSSHHOM BeanuuHbl UBX) - NpsMas C Io-



YTU MOCTOSTHHBIM YIJIOM HAKJIOHA; TP YBEIUUEHUH TOCTOSTHHOM
BpeMeHu RC ucnonb3yercs BCE MEHBIINM YYaCTOK 3aBUCIMOCTH
UBBIX(t), TEM caMbiM 00€CTIeUMBAETCS JTyUIIIasi alPOKCUMAIIUST
U/IeaJIbHOTO MUJI0O0OPA3HOTo CUrHaja.

Venoeue U << UBX paBHOCWIJIBHO OOJIBIIIOMY 3HAYEHUIO CO-
nporusiieHus pe3rcropa R. Ha HeM nmagaer 3HaunTenpHas 4O
BXOJIHOTO HAIPsIKEHUsI, 4 3HAYUT 3HAYEHUE BBIXOJHOIO HAIpsi-
xenust U Masio v uHTerpatop padoTaeT Ha MOYTH MPSIMOM Y4acT-
ke kpuBon U(t), onuckiBatoiien 3apsij KonaeHcaropa. Ha npak-
THKE STHM MPUOJIMIKEHUEM TIOJTb3YIOTCS JOBOJIBHO YacTo.

WNuTerpupyome 1enu HaxoAsdT MIMPOKOE MPUMEHEHUE B
AHAJIOrOBOM TeXHUKe. VX MCHONb3yIoT B YIPaBIISIONIMX CUCTE-
Max, CXeMax ¢ 0OpaTHOM CBS3BIO, MPU aHAJIOrO-IIMPOBOM TIpe-
00pa30BaHNHU M TeHepaluy KOJIeOaHH.

Paccmotprm padoty pritbrpa Huszkux yactot (PHY) u puib-
Tpa BbicOkuX 4actor (PBY), cocrosmmx u3 pe3ucropa U KOH-
JeHcaropa.

2.6. PuabTpsI

[lepeiiieM K pacCMOTPEHMIO TaKMX k€ CXEM M3 pe3ucTopa
Y KOHJIEHCATOpa, pacCMaTpuBasi CUTHAJIbl B 3aBUCUMOCTH HE OT
BPEMEHH, a OT YaCTOThl CUTHAJIA. DTOT TUI aHAJIM3a HA3bIBAETCS
AQHAJIM30M B YaCTOTHOM OOJACTH MJIM CHIEKTPAJbHBIM aHAIN30M
(aHaM30M CUTHaJIa C TOYKU 3PEHMS COCTABJIAIOIIMX €r0 CUHY-
CouJI).

Bnarogapsi Tomy, 4Tto MMIeIaHC KOHIeHcaTopa, paBHbl ZC
= -j/(wC), 3aBUCUT OT YaCTOTHI, C TIOMOIIIBIO KOH/IEHCATOPOB U



PE3UCTOPOB MOKHO CTPOUTH YACTOTHO-3aBUCHUMBIE JIEJTUTEIIN Ha-
NPsDKEHN s, KOTOPBIe OYIyT MPOITYCKaTh TOJbKO CUTHAJBI HYKHOM
TI0JIOCHI YaCTOT, & BCE OCTAJILHBIC - IOJIABJIATD.

2.6.1. YactoTHasi XapakTepUCTUKa

Eciu nogkIounTh K T€HEpaTopy CUTHAJIOB [IBa PE3UCTOpa,
COEAVHEHHBIX MOCJIEJOBATENIbHO, TO NP U3MEHEHUH YacTOTHI
BU/1 rpaUKa CUTHaJIa MEHSThCS He OyJIeT, MOCKOJIbKY COITPOTHB-
JIEHHE, KOTOPOE OKAa3bIBAIOT CUTHAJY PE3UCTOPBI, OT YaCTOTHI HE
3aBUCHUT - KakKasi J10J1s1 CUTHAJIa B 3AaBUCUMOCTU OT COOTHOILIEHU S
COMPOTHBJICHUI JOCTAHETCSI PE3UCTOPY, Takast U OyaeT MpH JIo-
0011 yacrore.

Ho ecnu ogvH 13 pe3ucTopoB 3aMEHUTh KOH/IEHCATOPOM WJIU
KATYIIKOW, TO CUTYyal1sl U3MEHUTCS], IOTOMY YTO y HUX COIPO-
TUBJICHUE TIPA WU3MEHEHUM YacTOThl MeHseTcs. I'paduk, KoTo-
PbIll TIOKA3bIBAET MOBEJACHUE CXEMBI B 3aBUCMMOCTH OT 4acTo-
Thl, HA3bIBACTCS UaACMOmMHOU xapaxmepucmuxoii. [1o BepTukaim
y Hee OTKJIa/IbIBaeTcsl KO3(p(UILIMEHT Nlepeiadr BXOAHOTO CUTHa-
Jla WIM IIPOCTO BBIXOJHOE HAIPSIKEHME, a M0 TOPU30HTAIbHOU
OCH - 4acToTa (CM. HWXKE YaCTOTHBIE XapaKTEePUCTUKH (PUIIBTPOB
BY u HY).

2.6.2. dunstp BU

Owiistp BY - nenurens HanpskeHus, BEpXHUM ILJIEYOM KOTO-
poro sBisercsa KoHaeHcaTop (puc. 2.29). Mbl 3Haem, 41O COIpo-
THUBJIEHHE KOHJIEHCATOPA 3aBUCUT OT YacTOTHI U YeM OHa OOJIb-
11e, TeM MeHbliie 310 corporusiieHue (XC = 1/(wC) = 1/(2nfC)),
OKa3bIBAEMOE KOHJICHCAaTOPOM CUTHATY. [l O4eHb BHICOKUX Ya-



CTOT 3TO MPOCTO MPOBOJIOKA, COEAUHSAIONIAs BXO/ U BBIXO[, TO-
9TOMY TaKHMe€ CUTHAJIBI MOYTH Oe3 ocnabieHus monajaoT Ha Bbl-
XOJI, a ISl HU3KUX - Pa3pbiB, T.€. OHU HA BBIXOJ HE MPOXOMST.
[losToMy AaHHas cXxema MPOMYCKAaeT TOJIbKO CUTHAJIbI BBICOKMX
4acToT, T.e. urpaet posib puiprpa BY.

U.. U

Puc. 2.29. ®uibTp BHICOKUX YaCTOT

Haiinem 3aBucumocts kK03 puieHTa nepegaun 3Tori CXeMbl
oT yactoTsl. ComtacHO 3akoHy OMa 111 KOMIUIEKCHBIX BEJIMYMH
TOK B IIeTI1 PaBeH

Iex = Usx / |Znonal = Usx / N(R2 + 1 / (w2C2))

(B 3HaMeHarese - JyIMHA TUIIOTeHY3bl (BEKTOPa) 3TOrO MOJIHO-
ro cornporusiieHus (puc. 2.30))



4

R
¢

/ -j/wC

oo = R~/ 0C
1Z ool = VR + (1/0C))
¢ = arctg[(-1/wC)/R]

Puc. 2.30. ITonHoe conpoTuBieHue GpuiabTpa

YMHOX)ast ero Ha R, monmyyaeM aMIuidTyy BHIXOTHOTO HAIpsi-
KEHUSL:

Usbix = IBx- R = UBx R/ V(R2 + 1 /V(02C2)) = Usx ®RC /
V(1 + (wRC)2) = Usx 2nfRC /(1 + (2afRC)2)

['paduk 31O 3aBUCUMOCTH MPEACTABIIEH Ha puc. 2.31.

Re
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Puc. 2.31. Ilepenarouynas xapakrepuctuka ¢puabrpa BY

Touka, nomeueHHasi kak f31b, cooTBeTCTBYeT MOJIOBUHE
MOIITHOCTH UCXOJJHOTO CUTHAJIA.

2.6.3. dunsrp HY

Punsrp HY - penurtens, Ha BbIXOJE KOTOPOIO BMECTO PE3U-
CTOpa BKJIIOYEH KOHJeHcaTop (puc. 2.32). ConpoTuBieHNUe KOH-
JIEHCATOpa 3aBUCUT OT YaCTOTHI M YeM OHA OOJIbIIie, TEM MEHbIIIe
310 conpotuBieHue (XC = 1/(wC) = 1/(2nfC)). 3naunt yem oHa
OoJIbllIe, TEM MEHbIIIE COITPOTUBJIEHUE, KOTOPOE OKa3bIBAET KOH-
JeHcatop curdaiy. [lJisi oueHb BBICOKMX YacTOT 3TO MPOCTO MPO-
BOJIOKA, KOTOpasi 3aKOPauMBaET BHIXO, a JIsl HU3KUX - Pa3pbIB,
T.e. OHM He ocnadnsoTcs. [loaToMy JgaHHasi cXema MpoITyCKaeT
TOJIBKO CUTHAJIbl HU3KHKX 4YacToT, T.e. urpaet posb puisrpa HY.



BX U

Puc. 2.32. ®uibTp HU3KUX YaCTOT

B stom ciyuae

Usbix = Uex / V(1 + (wRC)2) = Ux / V(1 + (2fRC)2)

Ero yacrotHasi xapakTepucTuka m3oOpaxeHa Ha puc. 2.33.
DuIbTPEl HU3KUX YaCTOT TaKkKe IUPOKO UCTIONb3YIOTCS B JJIeK-
TpoHuke. Hanpumep, MX UCHONB3YIOT 17151 YCTPaHEHUsI BIUSHUS
OnM3NekamMMX Paauo- M TEJIEBU3MOHHBIX CTaHIIMA Ha padoTy
YCHJTUTENE 3ByKOBOW YaCTOTHI M IPYTUX YYBCTBUTENIbHBIX JIEK-
TPOHHBIX MTPUOOPOB.



HuskoyacToTHbIN QUIBTP
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Puc. 2.33. YactoTHas xapakTepucTuka (puibTpa HU3KMX Ya-
CTOT

2.7. Pe3oHaHc

2.7.1. TlocnenoBateibHbIA KOHTYP

[Monpobyem moakmouuTh K niocnenobarebHoi LCR-1ienu re-
HepaTtop ¢ U3MEHSEMOU YaCTOTOM ¥ Oy/IeM MOCTENIEHHO YBEJTNYIH-
BaTh YaCTOTY ero curuaja. [Ipu 3Tom MHIyKTUBHOE COIPOTUBIIE-
HUe OyJeT BO3pacTaTh, & EMKOCTHOE - yMEHbIaThes (puc. 2.34,
4). Ha xako#i To 9acTtoTe (Ha30BEM €€ Pe30HAHCHOU UACHOMOI )
cornporuBienust XL u XC cTaHyT paBHBIMU, a 3HAUYUT, yPaBHsI-
1orcs HanpsikeHust Ha HUX UL u UC. A Tak Kak 3TH Hampsixe-
HUs1 TPOTUBO(A3HBI, TO OHU MOTHOCTBIO CKOMIIEHCUPYIOT IpYyT
Jpyra, U TeHepaTop MepecTaHeT YyBCTBOBATh HAIMYUE KaTYIII-
KM M KOHJIEHCATOpa, IEPECTAHET OTAaBaTh UM Jactb ceoen D/IC.



Oor1iee conpoTuBIeHUE LeNu (MMIIEAAHC) Pe3KO YMEHBIUTCS,
JUIsl TeHepaTopa U3 BCEH 1eNU OCTAHEeTCsl TOJbKO OJHO AKTHB-
Hoe corpotuByieHue R, Tok I n3-3a atoro pe3ko Bo3pacreT (puc.
2.34, 6), u cronb ke pe3ko yBenudarcs Hanpstkenust UL u UC.
Ho 3ameTtbTe, 4TO yBEIMUUTCS Kak/10€ B OTAEIBHOCTH, a o0Iee
CyMMapHOe HarpsikeHre Ha 0OOMX PEaKTUBHBIX JIEMEHTax Oy-
JIeT PaBHO HYJIIO.
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Puc. 2.34. [locnenoBatenbHbli pE30HAHC

Bechb 3TOT Iporiecc Ha3bIBACTCS NOCA008AMENbHBIM PE3OHAH-
com, WITM Pe30HAHCOM HamnpskeHui. Ecii mocre pe3oHaHca rmpo-
JOJDKaTh YBEIMYMBATh YacToTy, To XL craneT 6osnbine, yem XC,



Y B LIEIM B OCHOBHOM HAYHET JIEMCTBOBATh MHYKTUBHOE COIPO-
TUBJIEHHE. TOK YMEHBIIUTCS, @ BMECTE C HUM YMEHBIIATCS U Ha-
npsoxkennsa UL u UC.

2.7.2. TlapasnienbHblil KOHTYP

[NapamnenbHbiil LC-KOHTYp MOXKHO paccMaTpUBaTh KaK LEMb,
COCTOAILYIO U3 JIByX IApaJUIEIbHO COEIUHEHHBIX CONpPOTHUBIIE-
HuM XL 1 XC. Ha Hu3kux yacrotax conporusieHre XL mano
Y KaTylllKa UIyHTUPYET KOHJIEHCATOp (T.€. MPOMYCKAaeT YacTh TO-
Ka 4epe3 cebsl, mpuyeM 3HaYMTEIbHYI0). Ha BepxHUX 9yactotax
Maso conporusieHre XC ¥ KOHIEHCATOp LUIYHTUPYET KaTyIIKY
(3HauMTENIbHAS YACTh TOKA TE€YET uepe3 Hero). U nuiib Ha pe3o-
HAHCHOW YaCTOTe€ HUKTO HUKOI'O HE IIyHTUPYET, CONPOTUBJICHNE
napajijieJIbHOrO KOHTypa OKa3blBaercsi BechbMa Ooubium. [Tpu
3TOM OOIIMII TOK B IIENM reHepaTtopa yMeHbInaercsi (padoTaer
3akoH Oma). Eciu BKJIIOUUTH TaKOW MapasiesibHbI KOHTYP B Jie-
JUTeNb HanpsbkeHus (puc. 2.35, 4), To OH 3a cYeT CBOEro OOJIb-
IIOTO COTMPOTHUBJIEHNS HA PE30HAHCHOM YacToTe Oy/IeT BBIICISTD
TOJIbKO HAMPSIKEHUE STON YacTOThI U3 BCEX HAIIPSIKEHUI, TO/IBe-
JICHHBIX K KOHTYDY.
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Puc. 2.35. [NapannenbHblil pe30HaHC

W n1s mocnenoBaTebHOTO, M AJ1s1 MapajuIeIbHOTO KOHTYPOB
PE30HAHCHAsI YaCTOTa pacCUUTHIBAETCs MO hopMyIie

f0=1/27V(LC).

PaccMOTprM pe30HaHCHBIN KOHTY P, HACTPOEHHBIN Ha YaCTOTY
3 k11, KOTOPBII BO30YKIAETCSI CUTHAJIOM reHeparopa ¢ (hopMoit
Meanapa yacrorou 1 kI (puc. 2.36). B mpsAMoyroibHOM CUTHa-
Jie eCTh BCe HeUeTHbIe TAPMOHMKH, BKJIIOYAS TPETHIO, [IO3TOMY B
KOHTYpE BO3HUKAIOT KOJIeOAHUsI BCEX YaCTOT C €€ BhIICICHUEM.
KoHTyp mpakTHyecKku MoJaBJsieT COCTaBJSIOIIME BCEX YacToT,
BBIZIENISIS TOJIBKO yacToTy 3 K11, Ha KOTopyio OH HacTpoeH. 1o
TaKOMY MPHUHIUIY pabOTaI0T BXOJHbIE BHICOKOYACTOTHBIE Y3JIbI
PaJONPUEMHUKOB, BbIJEJISISI HYKHYIO PaAUOCTAHLUIO.
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Puc. 2.36. Pe3oHaHCHBIT KOHTYP, BBIIEISIONINI TPETHIO rap-
MOHMKY BXOAHOTO curHaia !!!

2.8. Tpancdopmarop

DJIEKTPUUYECKUI TOK, MPOTEKAIOLIUI MO MPOBOIHUKY, CO3/a-
€T BOKPYT 3TOro NpOBOJHMKA MarHuTHoe mnoje (puc. 2.37). Ha-
MpaBJieHre BO3HUKAIOIIETO MAarHUTHOTO TIOJIS OTpe/IesisieTCsl Ha-
npapjieHreM Toka. OHO MoKa3aHo Ha puc. 2.38 U onpenenseTcs
MIPaBUJIOM IPABOTO BUHTA: €CJIM OCTPUE BUHTA COBMECTUTH C Ha-
MpaBJieHHEM TOKa, TO TIPY €ro 3aBUHYMBAHUY HAITPaBJIEHUE Bpa-
IIeHUsI PYKOSATKH Oy/IeT COBIAIaTh C HAallpaBJIeHMeM MarHUTHO-
IO I0JIS.
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Puc. 2.37. MarautHoe mojie BOKPYT IPOBOJHHUKA C TOKOM
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Puc. 2.38. Hanpasiienue MarHuTHOro mMoJisi BOKPYT MPOBOJ-
HHKA C TOKOM:

ot HaOmoxarend (1) u k HaOmopatemo (2)

Ecnu nporycTuTh MOCTOSIHHBIN TOK Yepe3 KaTyIIKY, COCTOsI-
IIy10 13 OOJIBIIOTO YKC/Ia BUTKOB MTPOBOJIOKHU, TO OHAa CTAHOBUT-
cs1 marauToMm. Co3aBaeMoe € MarHUTHOE T0jIE HUYEM HeE OT-
JIMYAETC OT MOJIA MOCTOSTHHOro MaruuTa. Ecim ee HamoTath Ha
CEepIIeUHUK U3 CTAJIU, KeJie3a WK JPYroro MarHUTHOTO MaTepH-
aja, 1o TnoJsie OyzeT elne cuiibHee. Takke 3To 1mojie 3aBUCUT OT
CWJIBI TOKa. DJIEKTPOMATHUTHI TPUMEHSIIOTCS B SJIEKTPUUECKUX
3BOHKaX U peie.

Ecnu yepe3 mpoBOTHUK MPOITYCTUTH HE TIOCTOSIHHBIN, a Tiepe-
MEHHBIN TOK, TO CO3/IJaBAEMOE MarHUTHOE TIOJIe TaKxke Oy/IeT Te-
peMeHHbIM. Ecitu psiiom apyr ¢ Apyrom pa3mMecTHTh JBE KaTyIll-



KM, TO MPOIYCKaHME TOKA Yepe3 OfIHy U3 HUX OyJeT BbI3bIBAThH
NIepEMEHHOE MarHMTHOE M0JIe, KOTOPOE B APYIOil KaTYyILIKE Bbl-
30BET MEPEMEHHBIN TOK. DTO MPUHLMI pabOTHl TpaHchOpMaTo-
pa (puc. 2.39): mpuIoXeHHOE K OJJHOI OOMOTKE MepeMeHHOe Ha-
npsokeHue Ul BbI3bIBaeT MOSIBJIEHUE TIEPEMEHHOTO HATPSIKEHUS
U2 (unpyumpoBanHoit DJIC) Ha BTOpoi 0OMOTKe.

O

BxopHoe

Beixognoe
HallpsKeHHue HallpsKEHUE
nep(iJM. TOKa nepeM. TOKa
1 UZ

O

Puc. 2.39. Nuayuuposannas DC

TpaHchopMaTop COCTOUT U3 IBYX OTJCIBHBIX 0OMOTOK, Ha3bl-
BAEMbIX TIEPBUYHON ¥ BTOPUYHOM OOMOTKaMu. BxomHoe Hamnpsi-
KEeHHMe TEePEMEHHOTO TOKA TPUKJIAbIBACTCS K TIEPBUYHOU 00-
MOTKE M CO3JaeT MEHSIOIIIEeCsI MAarHUTHOE TT0JIe. ITO MarHUTHOE
T0J1e B3aUMOJICHICTBYET CO BTOPUUHOW OOMOTKOW, MHAYIIUPYS B
Hell HanpsbKkeHue nepeMeHHoro Toka (tounee, DJ1C). Hanpsixe-
HUe, MHIYIIMPYyeMOe BO BTOPUYHOW OOMOTKE, MMeeT Ty Ke Ja-
CTOTY, UTO ¥ BXOJHOE HAMpsKeHUE, HO ero aMIUIUTY/Ia Ornpee-
JISIETCSI COOTHOIIIEHUEM YKCJIa BUTKOB BTOPHUYHOW U ITEPBUYHOM
OOMOTOK.



Ecnu BXoiHOE HanpsiKeHUe Ha BHIBOJIAX MIEPBUYHON OOMOTKHU
= Ul, BbIXOJHOE HAIPsKEHNE HA BHIBOJAX BTOPUYHOU OOMOTKH
= U2, uncno BUTKOB NiepBUYHON 0OMOTKHM = N1, YMCI0 BUTKOB
BTOPUYHOI 0OMOTKM = N2, TO ClipaBe/ijIMBO CJIEAYyIoIIee COOT-
Howenue: Ul / U2 = N1/ N2.

KII[] tpancopmaropa Omu3zok k 100% (0ObIYHO 3TO
96-99%). MomnHocts curHasia P=U-I TpancdopmaTop He yBenu-
YKBaeT (BO CKOJIBKO pa3 HampsikeHHe Ha BTOPOil 0OMOTKE MEHb-
111e, BO CTOJIBKO ke pa3 OoJibllie TOK, 1 HA00OPOT), TOKH UMEIOT
00paTHOE KOJIMYECTBY BUTKOB OTHOIIIEHUE JPYT K APYTY:

I2/11 =N1/N2.

Ecnu HanpsikeHre Ha BTOPUYHOW 0OMOTKe TpaHcdopMaTopa
Oosblle, YeM Ha BXojie (Ha IMepBUIHON OOMOTKE), TO €ro Ha3bIBa-
IOT MOBBIIIAOIINM, ¥ HA0OOPOT, ECJI OHO MEHbIIIe, YeM Ha Tep-
BUYHOI OOMOTKE, TO €ro Ha3blBAIOT MOHUKAIOIIMM. Y TMOBbIIIA-
Io11ero TpancopmMaropa 0oJbliie BATKOB HA BTOPUYHOW OOMOT-
Ke, y MOHWKAIOIIIETO - Ha MePBUYHOM.

Tpancgopmatop, nzodpaxenHsiii Ha puc. 2.40, B 1IeTH BTO-
pPUYHOI OOMOTKM UMeeT Harpy304Hbli pe3uctop R2. ConpoTus-
neHre R2 MOXHO nepecuuTarb WM, Kak TOBOPAT, IPUBECTU K
TIEpBUYHON OOMOTKE, T.€. K COIPOTHBIICHUIO TpaHchopmaropa
R1 co croponsl nepeuunoii oomoTku. OTtHOmenue R1/R2 Ha-
3bIBaeTCs KOI((PUIIMEHTOM NpUBEeHHs conpoTuBieHus. Ero
MOXHO pacCUMTaTh CIASAYIOIIUM 00pa3oM:

RI/R2=U1 /1) /(U211 12)=U1/U02)*(2/11)=(N1/
N2) * (N1/ N2)=(N1/N2)2.



To ecTb eciii B IEpBUYHON OOMOTKE B JIBa pa3a OOJIbIIIe BUT-
KOB M Harpy3ka cocrasisgeT 100 OM, TO COITPOTHBIIEHUE CO CTO-
POHBI IepBUYHOM 00MOTKH cocTaBut 100 * 22 = 400 Owm.

N,:N,

R,—» [] R,

Puc. 2.40. Koad¢puument npusenenus conporusienus R1/
R2 = (N1/N2)2

TpanchopmaTop MOXET UMETh OIHY-EIUHCTBEHHYI0 OOMOT-
Ky C OTBOJIOM OT YacCTH BUTKOB 3TOI OOMOTKH, KaK MOKa3aHO Ha
puc. 2.41. Takoit TpancpopmaTop Ha3bIBAaeTCs aBTOTPaHCHOP-
MatopoM. HampsikeHue 1 TOK Ha ero BbIXOJIe ONpeesisioTcs Te-
MU ke (POpMYJIaMU, YTO MPUBEEHBI BBIILIE /17151 OOBIYHOTO TPAHC-
¢opmaropa.



BX

T,
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Puc. 2.41. Asrorpancgopmarop
2.9. MeToa TeBeHHHA 11 BBIYHCJIECHIS

BBIXOJJHOT'0 HANPSI’KEHUSI HATPY>KEHHOT'O /1eJINTeJisI

JBa aneMeHTa Mofenu TeBeHrHA BBIYUCIISIOTCS CIELYOIAM
obpaszom (puc. 2.42). 3amMeHseM UCXOIHYIO cxeMy (Oe3 Harpys-
K1) OoJiee MPOCTOi cxeMoM, Ha3biBaeMoi Mojienblo TeBeHuHa,
KOTOpasi MpeJICTaBIIsseT cOOOM MieabHBIA UCTOYHUK HarpsiKe-
HUS, BKIIOYEHHBIN MTOCJIEI0BATEBHO C PE3UCTOPOM. DJIEMEHTHI
CXEeMbI Oy/IyT UMETh CJIeyIOIIe 3HAUCHHUS:

— UTEB 6yzaet paBHO TTPOCTO HAIPSIKEHUIO XOJIOCTOTO XOJa
UXX, Korja K JeJIUTeNo He TIOAKJIIUEHO HUKAKON Harpy3KHu;

— comporusnenne RTEB mpexacraBnsiercs B Buje apoou
UTEB / IK3. Tok IK3 - 3T0 TOK, KOTOPBIM MPOTEKAET MPHU CO-



€/IMHeHUHU BBIXOJIa CXEMBI HAITPSIMYIO C "3eMJiei" (TOK KOPOTKOTO
3aMbIKAHUS).

20B

O6paTuTe BHUMaHHe,
YTO HarpysKa He siBJISIeTCSI

|
yacTbio Mojieny TeBeHHHA
~\
'

-’ U,, (xosocToii xoz; 5’
HarpyskH HeT)

Puc. 2.42.

KoHeuHO ke, Ha MpaKTUKE Takoe JesiaTh KpailiHe OIAcCHO.
B nmopasnsioriemM OONBIIMHCTBE CTyvaeB 3aKOpPAaYMBAHUE BBIXO-
Jla Ha "3eMJII0" MOJKET MOBPEIUTh WJIM MOJHOCTHIO BBIBECTH U3
CTPOSI CXEMY WM WHOT/A IPEACTABISET ONAaCHOCTh ISl SKCIEPU-
MeHTatopa. [IpeacTaBbTe cede pe3ynbTaT TaKoro SKCIepuMeHTa
C aBTOMOOWJIBHBIM aKKyMyJsaATOpoMm! A eclii y Hac eCTh MPHH-
[UITMAJIbHAS CXeMa YCTPOMCTBA, TO MOKHO MPUMEHUTh HAMHOTO
MeHee TPYIOEMKHUH Crocoo.



R, | | 10 kOm

RBbIX

R, 10 kO™

1

Puc. 2.43.

[Tycts y Hac umeercsi cxema, U300paxeHHasi Ha puc. 2.43.
Heo6xoaumo HailTh ee BXOJHOE M BBIXOJHOE COMPOTUBIIEHUS
(RBX 1 RBBIX).

1. Bxognoe conporusiieHre RBX.

flcHO, Kakoe 3HaueHue JIOJKEH UMETh JIeUTeNb: IpocTo R1 +
R2. Ho Oyner i1 3T0 TpaBUIbHBIM OTBETOM Ha JIaHHBIN BOITPOC?
PasBe curHas ¢ BbIXoza jienuresisi He OylieT MofaaBaThCsl Ha UTO-
TO, MOICOEIMHEHHOE K HeMy Jayee? Eciu HeT, Kakou CMBICIT B
CO3JIJaHUM ITOTO JieuTeNs?

OTBeT, KOHEYHO ke, "Aa", CUTHAJI C BBIXOJA AeUTeNs OyaeT
IIO/IABATBHCSA HA YTO-TO - HA Harpy3ky. Ho 310 "4ro-T0" momkHo
IPEACTABIIATh JOCTaTOUHO BBICOKOE BXOJHOE CONPOTUBIIEHHE,
YTOOBI OHO HE U3MEHSLIO CYIIECTBEHHO Pe3yJIbTaT, KOTOPbIA Mbl




NOJIy4YWJId, KOTJja He IPMHUMAJIM Harpys3ky Bo BHUMaHue. Eciu
Harpy3ka B 10 pa3 Oosnbllie YeM COMpOTHUBJIEHHE OTHOTO Tieya
nenutenis (oHO y Hac paBHO 10 kOM), TO Haill pe3ysbTaT Oyner
BIIOJIHE ITPUEMJIEMBIM. BKparie MOXHO cKa3aTb, YTO MbI IIPEA-
H0JIaraeM J0CTaTOYHO OOJIBIIYIO HArpy3KY, YTOObI HAILIK PE3yIib-
TaThl OBUTH TIOXOH Ha TIpaB.y. Mneaaom siBisieTcs, KOHEUHO Xe,
Harpy3ka ¢ OECKOHEYHO OOJIBIIIMM BXOHBIM COIPOTHBIICHUEM
(puc. 2.44).

Takum oOpa3zom, otBeroM siBsiercss RBx = R1 + R2 = 20
kOwm.

RBX o—)—-L

R, | | 10 xOm
1
[

R, 10 xOm

1

R,\p: BECKOHEUHOE
UJIM «TPOMaJIHOE»

Puc. 2.44
2. BeixogHoe corporuBieHue RBBIX.
B cootBercTBrU ¢ MeTogoM TesennHa UteB = Uxx = UBx-R2/



(R1 +R2).

DkBUBaJIeHTHOE corporusieHne Reeix = UrteB / Ik3; Ik3
= Usx / R1, 3nauutr Reeix = UBx-R2-R1/ (UBx:(R1 + R2))
= RI-R2/(R1 + R2). Msl noinyywiy napajuleIbHOE COEIUHE-
HUE pe3nucTopoB Aenutens. CHavana 3TOT pe3yibTaT KakeTcs
HeoObuHbIM. Kazasnoch Obl, mouemy conpotuienue R1, moa-
KJIIOUEHHOE K MOJIOKUTEIBHOMY IOJIIOCY MCTOYHUKA MUTAHUSA,
JIOJKHO CUMTAThCS MapaJliesibHbIM conpotuByieHnio R2? T1pu-
YuHa B TOM, YTO CONPOTUBJICHHE MCTOYHUKA HAMPSKEHUS MbI
CUMTAEeM NPEAESIbHO MAJIbIM, 4 3HAYUT, €CJIN PEATIONIOKUTD, YTO
HaIpsKEHUs HET, TO Mbl [IOJlyYUM BEPXHUM MO CXeMe KOHTaKT
R1 mopcoenuHeHHBIM K 0OIIEMY IMPOBOMY. 3HAYUT CO CTOPO-
HbI BbIxoa cornpotusiieHUs1 R1 u R2 oka3zanuce BKIIOYEHHBIMU
napajuiesibHo! DT0 MOATBEPKJAET MOMYyYEeHHbIA 10 MeToay Te-
BEHUHA PEe3yJIbTaT, BCE BBIUYMCIEHO BepHO. HyKHO TOIBKO MOM-
HUTb, YTO MbI MIPEINON0KUIN, YTO COMPOTUBJIEHUE UCTOUYHUKA
paBHO HymO (puc. 2.45), T.e. mpeHedperau uM. B nericTBuTesb-
HOCTH 3TO, KOHEYHO K€, HE TaK, HO HEJIAJIEKO OT UCTUHBI, TOTOMY
YTO COIPOTUBIJIEHUE UCTOYHUKOB HAITPSIKEHU S JOCTATOYHO MAJIO
(cm. Beile pasgen 1.3.2 0 BHYTPEHHEM CONPOTHUBIIEHUY MCTOY-
HUKA HaNPSKEHUS).

Takum o6pa3om, oTBeTOM siBysieTcsl RBbIX = 5 KOM.



RJ/ICTO‘[
Hoab OM

R, 10 kOMm

U
HCTOY
1QB bIX

R, 10 kOm

Puc. 2.45
DTOT METOJ] CIPABEJIMB U 151 IOJTHBIX COMPOTUBJIEHU (MM-
T1eJIAaHCOB).

3.JMoaynpoBoaHuku. Inoabl

3.1. [ToaynpoBogHuKH

[To cBOMM 3/IEKTPHUYECKMM CBOMCTBAM TBEpIble BEIIECTBA
MOXHO Pa3/Ie/IuTh Ha TPU KJlacca - MPOBOIHUKHU, U3OJISITOPHI U
TIOJTYTIPOBOJHHUKH. B Kako# KJjiacc momagaeT TOT WA WHOW Ma-



TepyaJl, 3aBUCUT OT MOBEIEHUsI JIEKTPOHOB Ha BHEIIIHEH opouTe
aroma. B ciydae uzonsATopa 3Tv BaJeHTHbIE JIEKTPOHBI TPOYHO
CBSI3aHBI C SIIPOM U JIUIITL HEMHOTHE U3 HUX CIIOCOOHBI MOPBATh
CBSI3b CO CBOMMM aTOMaMU U Y4acTBOBaTb B JBHMKEHUH, 0Opa-
3yIOIIEM JIEKTPUYECKUI TOK. B MpOBOMHMKE, TAKOM KakK Melb,
OYEHb MHOTO CBOOOIHBIX JICKTPOHOB IPH JIIOOOW TeMIiepaType
BbIITIe A0COTIOTHOTO HYJISI, TOCKOJIbKY BaJIEHTHBIE JIEKTPOHBI CO-
BCEM CJ1a00 CBSI3aHBl CO CBOMMM aTOMaMU U CBOOOIHO Japeidy-
10T. B m305151T0pe CBOOOIHBIX JIEKTPOHOB MPAKTUUYECKHN HET U OH
TOK HE MTPOBOJIUT.

[TonynpoBOOHUKY SIBJISIIOTCS. HEOOBIYHBIMU MaTepuaslaMHu.
[TonynpoBOJHUKOM, Yallie BCEro MpUMEHsIEMBIM B JIEKTPOHUKE,
SIBJISIETCS] KPEMHMUI, XOTsI UCTIONb3yeTcsl U repManmii. Oba 3Tux
9JIEMEHTA - YeThIPEXBAJIEHTHBIE, TO €CTh HA BHEIITHEH OpOUTe UX
aTOMOB HaXOAMTCS TIO YeThIpe eKTpoHa. Kpucranis KpeMHMS
Y TepMaHMs UMEIOT OUeHb SICHYIO M CTPOIHYIO CTPYKTYpY, Oaro-
Japsi KOTOPOW aTOMBI yIEPKHUBAIOTCSI BMECTE B YCTOMYMBOM 00-
Pa30BaHNM; TOBOPAT, UTO YCTOMUMBOCTh OOeCreurBaeTcsl KOBa-
JIHTHOW CBSI3bI0, T.€. CBSA3bI0, 00eCIeunBaeMOl COBMECTHBIM UC-
NOJIb30BaHUEM 3JIEKTPOHOB aTOMaMH pelieTKu. M3BecTHO, 4To
IIPY HAJTMYMY Y aTOMa BOCbMHY BaJICHTHBIX SJIEKTPOHOB BEIIECTBO
OKa3bIBACTCS] OYeHb CTAOMIIBHBIM (B TAKOM COCTOSIHUM HAXOJISIT-
Cs1 IHEePTHBIE ra3bl). B KpeMHUM WM TepMaHUK COCE/THUE aTOMBI
NPUHUMAIOT YYacTUe B TAKOM O0Opa30BaHUM, B Pe3YJIbTaTe Yero
KQXJ0€ S/1p0 UMEET '"TOJIOBUHHYIO JIOJII0" B BOCBMH BaJICHTHBIX
JIEKTPOHAX BMECTO MHIMBUAYAJIBHOTO BJIA/IEHUS YETHIPbMSI Ba-



JIEHTHBIMU JIEKTPOHAMM, KOTOPBIMU 00Jaian Obl M30TUPOBaH-
HbIT aToM. Takas CTpyKTypa KpUcTaJljla KpEMHHUS CXEMaTUUECKU
NOKa3aHa Ha puc. 3.1; Kaxaasi U3 yKa3aHHbIX CBsI3el MExX/1y aTo-
MaMM TIPEACTaBIISET COOON COBMECTHO UCMOJIb3yeMblid BaJIEHT-
HBIN JIEKTPOH.



Puc. 3.1. KoBajieHTHbIE CBSI3U JIEKTPOHOB B aTOMax KpH-
cTajla KpeMHUS

WneanbHas pelieTka aTOMOB KPEMHHUsI, TIOKA3aHHAsI HA pUC.
3.1, cylecTByeT TOJIbKO IpPU TeMIlepaTypax BOIM3M aOCOMIOT-
Horo HyJisl. Ilpu KOMHaTHOHN Temmeparype BCIIEACTBUE TEILIO-
BBIX KOJIEOAHMI aTOMOB MPOMCXOINT Pa3phIB HEKOTOPBIX CBS3EH;
9JIEKTPOHBI OTPHIBAIOTCS OT AaTOMOB M CBOOOHO TYJISIIOT TIO KPH-
crany. Tam, rae a1eKTpoH CTAHOBUTCSI CBOOOTHBIM, OH OCTaBJIsI-
eT mocye ceOs1 AbIPKY WM OTCYTCTBUE NEKTPUIECKOTrO 3apsia,
KOTOPOE TaKKe MOKET Ka3aThCs MEPEMEILAIONIMMCS, €CIIA PA30-
pBaHHAas CBSI3b 3aIOJHIETCS EKTPOHOM M3 COCEHEro aroMa
u T.4. Ha puc. 3.2 npencraBieH y4acTOK KPUCTAIJIMYECKOUN pe-
IIETKM KPEMHUSI IPY KOMHATHOM Temreparype co CBOOOIHBIM
JIEKTPOHOM U NOTYYHBILIEUCS JTBIPKOU.
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Puc. 3.2. Pemerka KpeMHUs1 O CBOOOJHBIM SJIEKTPOHOM U
JBIPKOH, 00Pa30BABIIMMHUCS OT TETJIOBOI'O BO3MYIIICHHUS

Hamturie cBOOOIHBIX /IEKTPOHOB JiefiaeT KPeMHUI TPOBOI-
HukoM. [Ipu yBenryeHnn TeMIiepaTypsl pa3pblBaeTcs Bce OOIb-
IIee YKCIIO CBs3EH, MOSBIISETCS] OONbIe JEKTPOHOB M JBIPOK
¥ TpoBOAMMOCTD pacteT. [Ipu mogkmodennn oOpasia Kk Oara-



pee IpuIoKeHHOe mojie Oy[eT YBJIEKaTh EKTPOHBI M OHU OY-
JyT TIepeCKaKuBaTh OT AbIPKe K IpIpke. OueHb ciiadast mpoBOIU-
MOCTb, KOTOPO#I 00JIa/IaeT YUCTBIA MOTYIIPOBOTHUK, HA3bIBACTCS
COOCTBEHHO# MTPOBOTUMOCTBIO.
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