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Yro Takoe paaguoTexHuka?

PagnoTtexHuka, WiH, 4TO TO e Camoe, SNeKTPOHHKA — OAHA H3 CAMBIX ¢MOJIO-
Abix» Hayk. Eit ot cunsl yyTh Gosiblie cTa jet, B TO BpeMf Kak 60AbLUHHCTBO OCTaNb-
HbiX HayK (GM3UKa, XHMHA, MATEMaTHKA, aCTPOHOMIS 1 T. A.) H3BECTHHI YeJloBeYecT-
BY Y€ HEeCKOJIbKO TheicsdeseTHil. Ho, HecMoTps Ha OTHOCHTENbHYIO MOJIOAOCTD,
9JIEKTPOHHKA Pa3BHBAETCH CEMHMHJBHLIMH LUIATAMH M B Heill yX e ycreso CMeHHTbCH
HECKOJILKO «IOKONeHHi1» 3neKTpoHHbIX npubopos! Buauane GuliH 3/1€KTPOHHBIE NaM-
nbl, NOTOM HX 3aMEHMNH TpaH3ucTopul. Ha cMeHy TpaHsucTOpam NpHNH HHTErpanb-
Hbleé MHKpPOCXeMbl; CeHyac MHKpOCXEeMbl BLITECHAIOT MHKpPOIpOHEccopbl H «YepHbie
JiernewKHs.

Tak uTo e Takoe snekTpoHHKa? ToyHoe TOJNKOBAHHE STOIO MOHATHS M3 SHUHK-
JIONeHH He AICHO faXie MHe, NO3TOMY UWTHPOBATb 3[€Cb ¢YMHYIO® KHHIY 5 He Oyny.
A ecsy ckasaTb nonpouie, TO 3N€KTPOHHKA — 3TO LEeJbIH MHP, HJIH, €CJIH MOXKHO Tak
BbIPAa3HTLCA, YeTBEPTOE H3MEpeHHe, B KOTOPOM HapAT CBOH 3aKOHH, B YeM-TO OY€Hb
MOXOXHE Ha 3aKOHbl Hauwlero ¢uauyeckoro Mupa. Tak, B 5NeKTPOHHKE €CTb aHanor
cuabl Tpenus (conpotuBnenne), cuabl TsokectH (Tok yteuku), wHepumu (emkocTsb
KOHLeHcaTopa) M MHororo apyroro. Camoe rniaBHOe OTJHHHE MHpa SJMEKTPOHHKH OT
NPHBLIYHOIO BeeM (JM3HYECKOro MHpa B TOM, YTO 3JIEKTPOHHKA ¢pacCMATPHBAET» HE
Tena, a anekTpyyectso. M npuHumn neficTBUA BCeX 3/1EKTPOHHBIX MPHOOPOB OCHOBaH
MMeHHO Ha rpeobpa3oBaHHH 3/1eKTPHYECKHX CHTHaJOB.

Ha coBpemeHHOM TexHHuYecKOM fi3bike BCe 3JIEKTPOHHblE MpHOOpbLI HE COBCEM
TOYHO Ha3blBAIOTCH palHOAETaNsIMH; HX MHOIO pasHblX, H NPHHUHN NEHCTBHA BCEX
ocHoBHBIX (T. e. 8a HCKJIOYEHHEM CIELMANH3HPOBAHHBIX MHKDOCXEM, 3 TAKME HEKO-
TOPBIX KpalHe pPeako NPHMEHSIOLUMXCA ApyrHX NpHbopos) HY»XHO 3HaTh. Ha nepsgiit
B3IVISIL 5TO HEBO3MOXKHO, HO Ha CAMOM JleJle Bce O4YeéHb MPOCTO, H €CJIH 3aX0TeTh, TO
caMmoe rJlaBHOe MOXXHO OCBOHTb Ha J[OBOJILHO COJIMAHOM YPOBHE 32 HECKONbKO He-
IeNb, a eC/IH He 32X0TeTh — TO M Fofa He XBaTHT. K coxaneHuio, 3To «HayuyHo-mory-
NAipHas» KHHra, a He yueGHHK CO 3BepIOroH-yunTeseM B BHIe GeCrjlaTHOroO NpHJOKe-
HHA, TI09TOMY 3aCTABHTb HHTATENs «3a3y6pHThbs uTo-H60 A He Mory. Ho noBropiocs:
ecJIH BHl eJlaeTe CaMOCTOATENbHO 3aHUMATBCA SJIEKTPOHHKOH — MPHAYMLIBATL COG-
CTBEHHBIE CXeMbl pa3HOO6pasHblX YCTPOHCTB, — TO BCe TO, YTO HANHCAHO B 3TOH
KHHre, IOJXKHO ¢OTCKAaKHBaTb OT 3y6oBs.

Boo6uie ¢ 3/1€KTPOHUKOH MOXHO MPOBECTH TaKyK aHalorHio. Bel, YdTaTess, Ha-
BEpHSIKA OTJIMYHO BJlafieeTe PYyCCKHM A3blKOM. M MpH 5TOM, cKOpee Bcero, naxe H He
T0A03peBaeTe, YTO PYCCKHH S3bIK ABJAETCA CAMBLIM CJIOXHLIM S3bIKOM C GYKBEHHON
NUCbMEHHOCTLIO B MHpe. BaM ocosHanue 3TOro ¢akTa He MellaeT HH ofluaTeCs C OK-
PYXaioLUMMH, HH NOHHMATb CMbICJE PYCCKHX MeceH, HH JIOBOJIbHO 6erylo YHHTaTh KHHIH
6e3 cnopapel W MepeBOAYHKOB, TaK M € 3/ME€KTPOHUKOH —— HA MepBLIH B3TJIAN ¢TeM-
Hbli JleCe, @ Ha BTOPOH BO3HHKAeT 3aKOHOMEPHBLIH BOMNpOC, NPO KOTOPLIH yXKe naxe
aHeK0Tbl COYHHSAIIOT: «H 3TO BCe, YTO OT MeHsl TpeGopanock?s. Haneioch, MoA KHHra
MOMOXET BaM NJIaBHO NEpeHTH C NepBOH CTalMH Ha BTOPYI0 — BCE-TAKH FI3bIK 3JIEK-
TPOHHKH ropa3fio Nnpoule pyccKoro a3bika.



4 Ymo maxkoe paduomexHuxka?

KopoTtko o conepxxanui KHUTH. XoTsl OHa HaswiBaetcs «Pannonobutenbckas as-
6ykas, npasdnbHee Gbli0 Gbl Ha3paTh €€ ¢y4eOHHK MO 3JEKTPOHMKE AJIA HaYHHAK-
LIKX#» HO, K COXaNeHHIo, i He MOTY HCIOJb30BaTh C0BO ¢yuyeOHHKs 6e3 paspelleHHn
MunncTepersa o6pa3opanus, a ero (paspeiueHHs) MOXKHO H He JOXKOATLCH —- CTOJb-
KO He HBYT. ITo3TOMY NpHLLIOCE OrpaHHYHTBLCSA CJOBOM «a30yKas; BIpPOYeM, CMBICJ
H COfepXaHHe KHHTH OT 3TOH MepecTaHOBKH He H3MeHW/HCh. KHHra coCTOMT M3 iBYX
TOMOB. DTOT — NepBblii — NOCBALUEH UH(APOBLIM MHKpPOCXEMaM, a CJEAYIOLIHH —
BTOPOH — aHanoroBeiM. Takas O4epefHOCTb He CJyyaliHa: HayHHaTb OCBaHMBATh
3NEKTPOHHKY Jydllie BCEro MMeHHO € UM(POBLIX MHKPOCXEM — OHH ropasjno npouie
aHaJIOTOBBIX M He TpeGyioT MOAK/INWYEHHA BCAKHX KOPPEKTHPYIOLUMX Uenovek H a-
3ocapHraiukx Koutypos. Ilpasna, penenne MuKpocxem Ha LM$poBbe H aHaNOroBLie
YC/0BHO: HeKoTopble LidpoBbie MHKpocXembl (HHBEpPTOPLI, KOMMYTATOpPEI) MOTYT pa-
6oTaTh ¢ aHajoroBbiM (T. €. H3MEHSIOLMMCA MO CAYYaHHOMY 3aKOHY OT HYJA JI0 Ha-
NnpfAxeHud l'IHTaHHH) CHUICHaJIOM, a HEKOTOIJHE daHanorosble MHKpoOCXeMEl (KOMI‘[HPHTO-
pbi) paboTaloT TONMLKO B LM(POBOM pexxume. Ho Bce-TakH TOHKas rpaHb MEXAY 5TH-
MH JIBYMSi OCHOBHBHIMH KJIaCCaMM YCTPOHCTB CYWIECTBYET, H i MOCTAapaloCh ¢He
CMELLHBaTbk MYX C KOTJ€TaMH+» B onﬂoﬁ KHHrE.

AsTop.



YacTth 1. CTrpoimMmaTepvansl ing cxemul

Kak y»xe oTMeuasoch, MHP 3JEKTPOHHKH OYeHb 10 OX Ha TOT NPHBLINHLIH BCEM
HaM MHP, B KOTOpOM Mbl 2kHBeM [loaToMy, 4yTOOBI He «HanpPsArdTby YKHTATEJIA PAHbLIE
BPEMEHH «MYIPEHbIMH» TEPMHHAMM, B Ja/bHEHLIEM fi MONLITACH KaXKAOMY 3J1eKTpH
YeCKOMY Npoleccy NpHBECTH aHAJIOTHIO H3 Ipyron obsacTH, KOTOpas, f0 MOEMY MHE
HHI0, NO/KHA ObITh XOPOWIO H3BeCTHa uuTaresio Booblue anajorws — BeJHKas
Belllb, KOTOpas 3HauuTeNbHO obsieryaeT npenctasieHue cebe weroc To jocesne Heus
BecTHoro. HanmpuMep, MOXKHO [IOJITO ONHCBHIBATh, YTO TAKOE OCbMHHOT, H Bbl BCE paB-
HO HHYero He noiiMere. A MOXHO MPOCTO cKa3aTh, YTO OH MOX0X Ha 6OJLLIOrO nay
K4, y KOTOPOr0 HOMH KaK BePEBKH H KOTOPBIH XHBeT B Bojie. M He Hy»Hbl CTpaHHL®
TekcTa ¢ necsTkoM (oTorpadui 3Toro €aMoro oCbMHHOTra.

[NpaBna, aHasioTHs HHOTAA HrpaeT 3ayl IWYTKy ¢ obwacusiowmM. Hanpumep,
CPaBHHTh JIYHOXOL C JATYLIKOIl MOXEeT TO/JbKO UYeJOBeK C HEMHOXKO BOCManeH-
HbIM BooOpaxeHuem. Ho ecnu sTa aHasorHs BBLINMOJHHT CBOK «OMHCLIBATE/bHYO»
GyHKUMIO, TO, HaNelChb, ¢yYeHWKH» IIPOCTAT €€ aBTopa 3a NOAPOGHLIK eMmoner
MBICJIH».

Hrak, HauHeM. B HasBaHHH 3TOH 4acTH HeT orneyaTkH — cOopka cxemul B Ca-
MOM feJie OYeHb IOX0XKa Ha CTPOMTeNLCTBO Jioma. IIpMTOM noxoxa Tak CHJLHO,
YTO NMpPAKTHYECKH BCE PAIHOIeTa]y MOXKHO CPaBHHTb CO CTpOHMaTepHanamH, 4TO s
H cpenan.

CaMbiii yHHBEpCanbHBIA cTpoifiMatepran — 3To rivHa. H3 nee mMoxwno cnenatb
He TOJILKO KHMpPMHY, HO H BCAKHe TapesiKM, CBHCTYJIbKH H BCe OCTajlbHOe, YTC 00be-
NMHHSIETCS CNOBOM «Kepamukas. CreflyloilM B «TabesH O paHrax» HAET KHPNHY.
Ero MOXHO MCNO/MBL30BaTh He TOJILKO 1S BO3BEAEHHA CTEH, HO M BMecTo Gopao-
POB, @ TaKMe MOXHO MOJJIOMHTL (O KOTEeJNOK Ha Koctpe. 2Kanb TO/ILKO, YTO HH
TApeJIKH, HH CBHCTYJIbKH M3 Hero He cresaelib. CaMuli «ClOXKHBbIH» CTPOHMaTEpH-
anl — >enesobeToHHan miuta. OnHa naxta — oana creHa. Ho HM KMpnHY, HH
[NIHHY TMJIMTOH He 3aMeHHLUb.

B MHpe 3/€KTPOHHKH <[JIHHE® COOTBETCTBYIOT TPAH3HCTOPh!, PE3HCTOPbI, KOH-
AEHCATOpbl M BCe OCTAJILHO, YTO He OTHOCHTCSl K MHKDOCXEMaM; «KHPNHuy» — JIOrH-
YECKHe 3JIEMEHTHl H TPUITephbl, a «TUIHTe» — CYETYMKHM, NelHdpaTophl H BCe OCTallb-
Hble CJI0XHbIe KOMOHHALMOHHbIE MHKPOCXEMEL.

A Tenept NpeACTABHM, YTO W OfHA MJIHTA, H OJHMH KHPNHY, H OIHH CNHYEYHBIH
KOpoBOK TJIMHEl CTORT OfMHakoBo (pasHuua B Lene e npessiliaer 109%). Cpasy
CTAHOBHTCA ACHO — IJISI MOCTPOHKH OMA Jyylile BCero Hellofib30BaTh XeJe300eToH,
a He KHpIHY, @ [VIA M3rOTOB/NEHHA Tape/kH — rAuHy. Tak u B anextpoHuke. Jlio-
6y10 3/EKTPOCXEMY MOXKHO 3aMEHHTb CXeMOH Ha TpaH3HCTOpax, HO Jyylle TaK He
nenaT — MCNoNb3oBaHHe MUKpocxem OyneT M Jserde, W ynoGHee, W BhiroAHee.
[NpaBna, WHorna BO3HHMKAaeT HamoOOGHOCTb CAE/aThb ¢Tapesikys W BeMK cobniasH BOC-
NoJIb30BATLCA JUIA 5TOH LiesH MHKpocxeMoil (T. e. skupnuuoms). Kak Bel npaBHJibHO
AOrajiblBAETECH, Jydlle 5TOro He AeNaTkb.



6 Yacme 1. CmpoliMamepuans: Ons cxemsi

Hanee B 3ToH uyacTH GYAYT pacCMOTPeHbl BCe TPH KAaTeropHH «cTpoiiMaTepHa-
JIOB» BMECTE C THMHYHBIMH [ HUX CXeMaMH BKOueHHS. KcTaTi, B 3JeKTPOHHKe
€CTh H YeTBepTana Mo CHNOXHOCTH KATeropus OCTPDﬁMETEpHa.ﬂDB'. 3oBeTca Takas ne-
TaJlb MHKpPOKOHTpoJiiepoM. Ho Tak kak ycTpoHCTBO MHMKPOKOHTPOJIEpPA CAHLIKOM
CNOXKHO U151 MOHMMAaHHSA, a TaK)Ke H3-332 TOro, YTO Nepell CBOMM HCMOJIb30OBAHHEM OH
TpebyeT 00A3aTeJIbHOTO MPOrpaMMHPOBAaHHSA C TIOMOLLLIO KOMIMbIOTEpPA, B 3TOH KHHre
OH paccMaTpuBaTbhcs He Oyner.

1.1. «FnuRa»

Paguonerany, 0THOCSILLMECA K 3TOH e¢KaTeropHus, YacTo NEJIATCA Ha fiBa KJacca:
aKTHBHbBIE M NacCHBHBIE NPHGOPOLI.

K akTHBHBLIM OTHOCATCH TPAH3UCTOPHI, THPHCTOPHI H HEKOTOphlE ApyrHe NpHEo-
Pbl, y KOTOPHIX Ko3(iuukeHT ycunenns (k) 6onsiue enuunus (1. €. Te, y KOTOpbIX
BXOAHOH TOK -—— TOK, 3abHpaeMBlii Y HMCTOYHMKAa CHrHajla, MEeHblle BbIXOIHOIO TO-
Ka — TOKa Harpy3skH).

K naccHBHBIM OTHOCATCS Pe3HCTOPBI, KOHAEHCATOPbI, JHOAL M BCE OCTaNIbHBIE
3NeMEHTHI, Y KOTOPHIX K, JEXHT B npeaenax ot 0 go 1.

PeaucTop

CaMbIM MpOCTHIM 3/1€MEHTOM — KaK M0 yCTPOHCTBY, TaK H NO NPHHUMMY Aek-
CTBUs — sBAsieTCA pe3ucTop. Pesuctop — 3710 npubop, KOTOpHIH HMeeT Kakoe-TO
M3BecTHOE ¢ GOMBbLIOH TOYHOCTHIO CONPOTHBJIEHHE 3JIEKTPHUYECKOMY TOKY (B masb-
HelilleM —- npocto conpoTHBaenHe). Ero wu3obpaxenne MoXHO HaHTH Ha
puc. 1.1, Ha cxemax on o6o3vauaetcs GyksoH R. ConporuBnenue pesncropa Mo-
weT ObITb OT Jonefi oma o jpecatkoB meraom (MOwM), npuuem 1| MOm =
1000 kOm = 1000 000 Om.

CaMblii rnaBHBI 3aKOH 3/1I€KTPOHHKH, KOTOPOMY MNOAMHHSAETCS BCe, — 3aKOH
Owma:

R=U/I, U=Rl, 1=U/R, (1)

rne R — conpotussenue (Om);

I — 1ok (A);

U — uanpsikedue (B).

Kak BuaHO 13 neproil opMyJisl, NpH HeHaMeHHOM (T, €. NOCTOSIHHOM) CONPOTHB-
JieHHH R npH M3MeHeHHH HanpsXKeHHA H3MEHSETCA W TOK, TEKYLIHH Yyepe3 pe3ncTop;
a4 H3 B'rop{}ﬁ — yTOobH [IPH OJHOM H TOM Xe R HanpaxeHHA MHTaHHA H3MEHHTL TOK,
HYXHO H3MEHHTbL CONPOTHBNEHHe pe3HcTopa R.

JlonycTHM, HAM HYXKHO 3apSAHTL Ma/JleHbkHiT akKyMyanTop (Hanpsxkenne — 1,3 B,
10K 3apsfa — 70 MA) ot aBToMO6HAbHOTO HanpsixkeHHeM 12 B, Ecai MBI coennHUM HX
HerocpeiCTBeHHO, 63 PE3HCTOPA, TO MaIeHbKHit aKKYMYJIATOP, CKopee BCero, B30pBeT-
csl — GyIieT NpeBbILUEH W TOK, H HanpsikenHe. [103TOMY HX HYXXHO COCNMHHTL Tak, Kak
noka3sano na puc. 1.2. OcTanock TosbKO ONpeenuTh conpoTHsaetne peancropa R1.
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Puc. 1.1. ¥YcrosrHoe 0603HaueHUue INEMEHMOB — «2AUHBL®

R1 160
]
| S |
*1_
GB1 77 *1 6Bz
1268 | =T 1.3B
i 70MA

Puc. 1.2. Cxema npocmeiiweeo 3apadnozo ycmpoiucmeaa das axkymyasmopa GB2
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Tak kak HanpsKeHHe Ha 060HX aKKYMYJIATOpaX NPakTHYECKH He W3MeHsieTCsl, TO
najeHye HanpsKeHus Ha pesuctope R1 (1. e. HanpskeHue Ha ero BhBOmAX) paBHO
12,6 — 1,3 = 11,3 (B). Yepes uero B akkymyaarop GB2 nomxeH Teub Tok 70 MA
(0,07 A), (1ox ¢6exHT» OT HCTOYHHKA € GOJBLUMM HATNPAXKEHHEM K HCTOYHHKY €
MeHbILHM, DTO JIeTKO NOHATb, ec/IH YOpaTh H3 cXemb! akkymyasTop GB2 u nposona,
MOAXOAMBILHE K €ro KJeMMaM, 3aKOpPOTHTL), ero conpotuBnende pasto 11,3 : 0,07 =
161,4 (Om). Bauxaiiwee conpotussienye no psaay E24 — 160 Om. Ho pesuctop ¢ Ta-
KHM COMNPOTHBJIEHHEM HCNOAb3YeTCA OYEHb PeJlKko, MO3TOMY €ro TPYAHO «10CTaTbs.
Bonee pacnpoctpanens pesncropul conporueieHuem 150 Om. Ero moxHo ucnonb3o-
BaTh B CXeMe, MPH 3TOM 3apAnHbIi Tok yBesuuurtes ao 11,3 : 150 = 0,075 (A). INosTo-
MY HYXHO Oynet ToJbKO HEMHOMXKO COKPaTHTb BpPeMsl 3apsfiKH.

Kak BHIHO H3 3TOro npvMepa, B HEKOTOPBIX CJlyyasX HOMHHaNbl 9JIEMEHTOB
MOXHO CMEJIO H3MeHATh B 00€ CTOpPOHLI, H OT 3TOro pafoTa yCTPOMCTBA MOYTH HE H3-
MeHHTCA. Ho B HeKOTOpBLIX CAyyanx H3MEHATb HOMMHANB! HeMb3A. §l He Byny 3mech ne-
PEYHCNIATL BC@ CJly4aH, KOrfla «MOXHO», 2 KOIJla ¢HeJb3si», — 9TQ 3afiMET HECKOJIbKO
CTPaHHL, KOTOphie Bbl € PafocTbio NnepeBepHeTe, He unTan. Ho B nanbHefiwem, B npo-
Llecce NMOBECTBOBAHMA, OYy YTOUHATbL OTBET Ha 3TH Bonpockt, Eciu B Texcre (B Tek-
CTe He TOJILKO STOW KHHIH) NP0 HOMHHAJ KAKOrO-TO S/IEMEHTA HHYEr0 He FOBOPHTCH,
3HAYHT, €ro MOXKHO HEMHOMXKO H3MEHHTb.

Ecnu y Bac HeT pe3ucTopa HYy»HOro Ho- I:Im L__]Rz T
MHHAaJId, TO €r0 MOXHO IMOJYYHTh H3 HECKOJIb- i
ocnenoBarenkHog
KHX pPe3HCTOPOB MEHbUIEro COMNPOTHE/EHHS, o

BKJIIOYEHHBLIX TNOCneaoBaTeNbHO, HAH H3 He- R1sR2
CKOJIbKHX pe3HCTOpOB 6oabluero CONpOTHBAE- R2= R1+R2

HHSA, COefHHeHHBIX napananensho (puc. 1.3).

NepannensHoe
[lpn nocnenoBaTe/bHOM COeIHHEHHH COMpO-
THBNEHHE OGOHX PEe3HCTOPOB HYXHO CIOXHTb Puc. 1.3. Mocaedosameasvroe u
(r. e R = Rl + R2), npu napannensHom — napassessHoe coeduHerue
CyMMapHOe cONnpoTHBJEeHHEe R BLICUMTHIBAETCH pesucmopoe
no gopmynam:
R =RI - R2/(Rl + R2)
HJIH
1/R=1/Rl + 1 /R2. (2)

Ecsan conporisaenne eex pescropor (npi napannejbHoM BKAKOYEHIH) OmiHa-
KOBO, TO CYMMapHO€ COMPOTHBJIEHH® MOXHO BRIHCNHTL M0 YNPOLIEHHON (hopMyie:

R =RI1/n,

roe n — 4YAAI0 pe3HCcTopos

Ecnu mepen BamH BO3HMKaeT MPOTHBONOJIOKHAA 3alaya, Hy»XHO noaobpath nea
pesuctopa Rl u R2 rtak, yto6bl WX cymmapHoe compoTHBJeHHe paBHsnock R, — 10
MOYKHO BOCTIOJIb30BaTbCA clieaylolie Gopmydioi

R2=RI/(RI/R-1) (3)
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Kpome conpoTHBAEHHS, y pe3HCTOpa eCTh €lle ONWH lapameTp — MOLUHOCTDL
paccenBanus. [1pu npoTekanni sJenTpHYeCKOra TOKa depes Jiodoii npoofnnk (T. e.
HE H30NATOP) HA HEM BblIEJNAeTCs HEKOTOpPas MOWHOCTb, 3ABHCHLLAA OT HAfpsxke-
HHSl HA KOHUAX MPOBOJAHHKA H TOKd B LENH:

P=U-1, P=U%R =1*R (4)

B cxeme na puc. 1.2 Ha pesucrope Rl Bbiaesnsercs MOLUHOCTb, paBHas
11,3*: 160 = 0,8 (Br). INostomy snyuuie Bb6paTh Pe3HCTOP CO CTAHAAPTHON MOLLHO-
croto | Br. Ecain Buibparts pesnctop mowwHocTteio 0,5 BT, T0 oH neperpeercs, nouep-
HeeT M B KOHLE KOHIIOB BbiiizieT U3 cTposi. ONHOBAaTTHhIH e OyneT rpeThcfl, HO He
neperpesatbcii. Ero MoxHO 3aMeHHTh H 6oJiee MOLUHLIM Pe3HCTOPOM, KOTOPLIH Oyner
rpeThes elle cnabee, HO 3TO HEBLIFOAHO — OH GOJILLUIMX PA3MEPOB H IOPOXKeE.

«PacumdpoBkas ycnosHoro 0603HaYeHHS MOLIHOCTH pE3UCTOPOB Ha CXeMax
npHBeneHa Ha puc. |.4. CywecTyloT TakHe MHHHaATIOpHBe pesHcTopul (4Hn-pesncTo-
pbl) € HHYTOXHOM MOLIHOCTBIO paccenBaHus. Ha cxemax oHH HHorna o6o3HayaoTCA
TpeMsi KOCHIMH NajioukaMH BHYTPH MpAMOYroJbHHYKa pesuctopa. Ilpu mounocTH
pacceuBanuf Gosee | Bt sTa BeMMUKHA yKa3hiBaeTC PHMCKHMH HH(paMH.

OrnpenenuTs MOUIHOCTL PacCeHBaHHA HEH3BECTHOTO Pe3HCTOpa MOXHO Ha ria-
80K ~ € TMOMOLUbI0 JHHERKH MO pa3MepaM €ro KOoprnyca: PesHcTop MOIHOCTbIO
0,125 BT umeer pasmepnt 6,5x1,5 my; 0,25 Br — 6x2,5 mm; 0,5 Bt — 9,6x3 mm;
1 Br — 12x6,5 mm; 2 Br — 18x7,5 mm. Lludpel 374 npubansuTeNbibl B Y pasHbiX
PE3HCTOPOB MOFYT HEMHOXKO OTAHYATHCA.

0,125B7 0,25BT 0,5Bt 1,087 2,0B7 5,0BT
=~ —OF— ~Ja—

Puc. 14. Yerosnoa obosnavenue MOUHOCMU PEUCMOPOB HA CXEMAX

KpoMe NoCTOSIHHBIX PE3HCTOPOB, OMHCAHHBIX BhIlLE, CYLIECTBYIOT TaKXe noi-
CTpoeyHble W TepeMeHHbie pesucTopbl. MX oTauuuTenbHas oco6eHHOCTh — HalH-
yHe TpeTbero BbiBofa (ABMXKKa), KOTOpLIEi MOXET NJaBHO NepeMellaTbCs MO TOKO-
NpOBOASALUEMY €JIOI0 PE3HCTOpa OT OIHOro BhiBOJa K apyromy. [lpuw STOM COMpOTHB-
NeHHe MeXKay JIBHXXKOM H 0GOMMH KpaiiHHMH BbIBOLAMH TakxkKe H3MmeHAeTCH. Takwe
pe3HCTOPLl NMPHMEHAIOTCA BO BCEBO3MOXHBIX DPeryiaTopax; nepeMeHHble Pe3HcTo-
pbl — TaM, IZle HeKOTOPYIO BEJHUYHHY HYXHO H3MeHsiTb J0BOJIbHO uacto (Hampw-
Mep, PeryJaTop POMKOCTH), @ MOACTPOEYHBIE — TaM, Fe BEJHYHHY HYXHO H3Me-
HATbH BCEr0 HECKOJIBKO Pa3 3a BCIO «XH3Hbs ycTpolicTea. McnonbsoBate BmecTo me-
peMeHHbIX pesHcTopoB Gosiee JelleBhble NOACTPOEYHBIE HEJb3A: TOACTPOEUHbIE
YCTPOEHbl IOpasio Npolle, H HX [BHXKKH HacTO <¢llapanainTs TOKONPOBOAAILUHA CAOH.
Takolt pesHeTop NPH HHTEHCHBHOM MHCMOJIb30BaHHH NMPHUAET B HErONAHOCTb paHblUe
nepeMeHHOro.

Ecnu Ha cxeme Hy»HO 0603HauUHTb MOLIHOCTb MOJCTPOEYHOro HJIH MepeMeHHO-
ro pesHcTopa, TO €e MHWYT apaGCKHMH LH@paMH MOA MAKCHMA/bHBIM COMPOTHBIE-
HHEM pe3uCTopa; NaljoyYkamH, Kak y MOCTOSIHHLIX Pe3HMCcTOpoB, MOIIHOCTb 0603Ha-
4aTh HeJb3A.
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KonpeHncarop

ConpoTHBJieHHEe Pe3HCTOPa He 3aBHCHT OT 4YacTOTHl M MPouYHx ¢akrTopos (kpome
Temnepawpu) M Bcerna octaeTcs HeM3MeHHBIM, Ho ¢Ha cBetes ecThb 3JIeMEHTHI, CO-
IPOTHBJIEHHE KOTOPHIX AOBOJILHO CHJIbHO 3aBHCHT OT 4aCTOTH CHTHana. Mma 3Tum
aneMeHTaM — Jpoccesb (KaTylika WHLYKTHBHOCTH) M KoHueucatop. TlpH Hynesoii
yacTtoTe (MOCTOSIHHBINA TOK) CONPOTHBAEHHE APOCCENA G/IH3KO K HYJIO, 8 KOHIEHCAaTO-
pa — K GeckoHeyHOCTH. [IpH yBeJlHyeHHH YacTOTBI COMPOTHBIEHHE [POCCEJIA YBeJH-
YHBaeTCH, a KOHAEHCATOPa — YMeHblUaeTcs.

[TpHHUMI 1eHCTBHA KOHAEHCATOpPa JOBOJIbHO CJIOXKEH, HO i MOMBITAalCh ero 06b-
acHuTh. KonneHcartop npeactaBnsierT co6oil Ba ¢/iosi MEeTa/lNIHYECKHX MANACTHH, pas-
NeneHHKWX MeXay co6ol AM3NeKTpHKOM (MMeHHO NO3TOMY Ha NOCTOSHHOM TOKE €ro
COMPOTHEJIEHHE OYeHb BeJHKO). Ha sTHX nnactumax npu nofaye Ha KOHEEHCATOP He-
KOTOPOro HanpsixeHHs HauuHaeT CKalJIMBaTbCHA 3JIEKTPHYECKHH 3apsid, B yeM 6Gonb-
WHI 3apsn NpH OMpeneNeHHOM HanpshkeHHH (pa3HOCTH NOTEHUMANOB) Ha BbIBONAX
KOHAEHCATOPA MOXKET ¢CIPATATLCA» BHYTPH ero, TeM Oosblias eMKOCTbh KOHIAEHCATO-
pa (ero camuiit rnaBuHei napamerp). BooGue, npouecc HakonsieHus 3apsna oyeHb TO-
XOX HA H3MeHeHWe CKOPOCTH JIBUXKYLLEerocs Tesia, 2 eMKOCTb KOHIEHCAaTopa — Ha
HHEpLIHIO; NI03TOMY B flafbHeHlleM /s o6serdeHHst IOHHMaHHs ByneM nepHoaHYecKH
nepecKkakupaTh ¢ ONHOH TeMbl Ha Apyrywo. Hanetoch, uuTaTesiy npoctat MHe 3to. Hy
na nanHo. [naBHoe — camomy He 8anyTaThbCes...

PaccMoTtpimM cxemy Ha puc. 1.5. Ha nem 6ykpoi «['s 0603HaueH reHepatop nepe-
MeHHoro Hanpskenus (ucrounuk curnana), Cl — xoHmeHcatop, a8 Rl — pesucrop
HarpyskH. Manenbkul eMONOTOYEKS, COENIHEHHBI € HHXXHHM HpOBOLOM Ha
puc. 1.5, @, o6o3RauaeT, YTO 3TOT NpOBOJ «06LUHils — e3eMiss, ¢O6LiHes npoBoaa
O4Y€Hb LIHPOKO pacrpocTpaHeHbl Ha COBpeMEHHBIX CXeMaX, MO03BOJISA ¢C3KOHOMHTb®
OIHy NOpoXKKY (JIMHMIO), YTO, B CBOIO OYepesb, 3HAYHTENILHO YNpoLiaeT rpadHKy pu-
cyHKa. A ueM mpolue pHcyHOK, TeM Jierye ero mousth. Jns npumepa na puc. 1.5, 6
H300pa)keHa Ta e cXeMa, Ho ¢ «0oJiblUMMH» BLIBOfaMH. BplBOW BCeX 3/1eMEHTOB
CXeMBbl, ¥ KOTOPbIX HA KOHLE eCTh ¢«MOJIOTOYEKS, HYXKHO COeIMHHHTb Mexay coboft; 3a-
3eMAsTL 3TOT NPoBOA He 06f3aTeNbHO, HO B HEKOTOPBIX C/yyasX, HanpHMep y aBTo-
MarHHTOJbl, €70 MOXHO efOCaiiTbs Ha Kopnyc yctpoiicTBa. Ha cxemMax eMosioTOuKH»
BCET/@ JONKHBI ¢«CMOTPETb» BHH3, HO B BHAE HCKJIIOYEHHA, NMPH OYeHb CJIOMHOH rpa-
dHKe, HX MOXHO HanpasnsTh B60k (HO He BBepx!).

Bepuenmca k puc. 1.5. JlonycTum, yTo cpasy nocse BKJIIOYEHUS] MHTAHHUN FeHepa-
topa (I) Ha ero BepxHeM BbIBOZE BMECTE C NePEMEHHBIM HalNPsXKeHHeM CHIHAJIa NORB-
nfeTcs NOCTOAHHAA cocTaBadowlan (T. e. nocTosHHoe HanpsXeuue) amnautynoli 5 B.

s § o 58 ml o8
)
a) 6)
Puc. 1.5. Hanocmpanua npunyuna delicmeua kondexcamopa (dnghepenyupyromgan
RC-yenouxa)
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B 310 spemna paspameniblii KoHfeHcaTop Cl HauunaeT 3apsiXKaTLCs yepes Harpyaxy
R1. Tak Kak HanpaeHue Ha ero BLIBOAAX, B OT/HYIE OT PE3HCTOPE, MTHOBEHHO H3-
MEHHTBCH He MosKeT (TaK e KaK H MalliHy HEeBO3MOMXHO MIHOBEHHO Pa3orHaTh 10
ckopocTH 100 kM/4), To B CaMblii NePBLI MOMEHT BpeMeHH HanpshkeHHe Ha BepAHeM
no cxeMe BeiBoje pesncropa Rl paBHo Hanpaxennio reseparopa, T e. 5 B. Yepes He-
KOTOpo€ BpeMsl, KOTOpPOe 3aBHCHT OT CONpOTHBJEHHA Harpyski R1 i eMKocT KoHaeH-
catopa Cl, KOHINEHCATOP 3apANMTCA W MNOCTORHHAA COCTABARAIOLLAS HA BEPXHEM 110
cxeme BhiBosie R1 ctanet pasHa Hymo. Takum o6pa3oM, KOHAEHCATOp NMO3BOJIAET pas-
LeJIHTh NOCTORHHYIO H NEPEMEHHYI0 COCTaBJAIOUIYI0 H NMPenoTBPaTHTh BO3MOXHOCTb
neperpyskH Harpy3kH NocTOSHHOH COCTaBJIfIOLIeH HCTOYHHKA CHrHala.

Pa6ora koHpeHcaTopa B NOmoGHLIX CXeMaX NOX0Xa Ha NoBefleHHe MAYHKA-BO-
JiaHYHKa NpPH Hrpe B TEHHHC: €CNH MAYMK HMeeT CJMILKOM Majyio Ha4yasbHylo CKo-
pocTb (MM KOHLEHCATOP — CJHLIKOM MaJylo €MKOCTb A1 CHFHANE C ZIAHHOH uYacTo-
Tol1), TO AIMHE ero TPaeKTOPHH MOXeT COKPATHTHCH H BTOPOMY HIPOKY MpHAeTCs
npo6exaTh Bnepef, 4To6bl ycneTe ero oTOHTh. B SNeKTPOHHOH e cxeme B TaKoM
cnyqae amnantyna (1. e. paamax KoJie6aHHK) CHrHala ¢ IaHHOH YAcTOTOH Ha BbIXOME
(B cxeme Ha puc. 1.5 — Ha peancTope R1) yMeHBUIKTCS M0 CPAaBHEHHIO € AMILIHTY-
noR 6onee BHICOKOYACTOTHOrO CHrHaNA.

Cxema Ha pHc. 1.5 HasbiBaetes nudpdepeHuMpyomeil UEMOYMKOH HIH
uneTpom Bepxuux uactor. [loyemy BepXHHX, Hagelch, MOHATHO: HHXHHE Hac-
TOTH B TaKOH cxeMe ocNabnsAioTces cHibHee BepXHHX. CaMblil raBHbIA napaMeTp Jio-
6oro s;neKTpoHHoro ¢uibTpa — uactora cpesa (f,). UactoTa cpesa — 3To Takas
4acToTa, Ha KOTOpo# Ko3(pduiMeHT nepenayn (MoytH To ke camoe, YTo H Kosddu-
LIHEHT YCHJIeHHS]; B lanbHeHlleM o6a 5TH kosdduumeHTa 6ynyT 0603Ha4aTeCA OLHOH
H TOM Xke 6ykBoit — K,) cHixaercst 1o 0,7. Ero MOXHO BHUHCAHTD o dopmy.e:

Kpe = U/ Usar

roe U, v U, — cOOTBeTCTBEHHO BXOAHOE H BbIXOAHOE HANPFXKEHHS.
Hactora cpesa onpefiensetcsd no gopmyae:

f,= 1/27RC, (5)

rae 2n — 4Hcao, npHMepHo pasHoe 6,28;

R — conporusnenue, KOM (1 xOm = 1000 Owm);

C — eMxocTh, MK® (1 mMx® = 1000 nd = 1000000 nd);

I, —wuacrora cpesa, kI

EmkocTHoe conpoTHBJeHHe KoHueHcatopa (a8 Ha mepeMeHHOM Toke Jl06oH KOH-
neHcaTop BejleT ce6A Kak OOLIMHbIA Pe3HCTOp; OTAHYHS — KOHIEHCATOp He rpeeTcs,
CHBHraeT (ha3y HanpAXKEeHHA M ero «CONPOTHBJEHHA» 3aBUCHT OT YacToTH) c6o3Haua-
erc 6ykBoH X, H onpenenseTcs No aHanoruyHo# (5) popmyne:

X.= 1/2riC. (6)

PaspansocTb eQHHHL T4 Xe, YTO H B dopmyne (5). EMKocTHOe CONpoTHBIEHHE,
KaK W 06HYHOe CONpOTHB/IEHHe, H3MEpPREeTCH B OMax.

Hapany ¢ usobpaxenHolt Ha puc. 1.5 muddepeHunpyoleii Lleno4yKko, B cxemax
YaCTO HCMOJb3YeTCH MHTerpHpylomas uenouka (punbtp HHXKHHX uactor). OHa
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R1

onni—I:ITb Buixon
c1
il

Puc. 1.6. Humezpupyowas RC-yenouxa (uremp numnux wacmom)

HapucoBaHa Ha puc. 1.6. HassaHusi 3THX uernodek 3anoMuHaTh He o6sm3artesnbHo (s,
KCTaTH, MX 0O CHX MOP NyTa0), BaXXHO TOJIBKO 3HaThb, KaK oHH paboTaioT. A paboTaer
HHTErpupyiollas leno4ka, B OTJHYHE OT AHbdepeHuMpyoLeH, CaMbIM MPOTHBONO-
JI0XKHBIM 06pa3oM: 0Ha HHXKHHe YacTOThl NPONYCKaeT, 8 BepXHHe — ocaabaser.

HacToTa cpesa onpenensercs no ¢opmyJe (5). Pa6ora unterpupyiomeii nenou-
KH MOX0Xa Ha «BbiOHBaHHes KOBPOB: €C/IM BaM Halle HYXKHO YNApaTh No KOBpY, TO
BaM NpPHAETCH YMEHbLUMTb aMIIHTYNY pa3Maxa, HHa4ye CO CTOPOHH Bu GyneTe Bbir/is-
netb oueHb cmeluHo. CornacHo dopmyJie (6), emkocTHOe conpoTHBNEHHe KOHIEHCA-
TOpa ¢ yBeJIHYEeHHEM YacTOThl YMEHbIUAeTC S, NOITOMY B cxeMe Ha puc. 1.6 M3 cMecH
ABYX Pa3HbiX 4acTOT GOJILIIYIO aMNKTYAy Ha Beixoge GyleT HMeTh HH3LLAR YacToTa,
a Ha pHc. 1.5 — BbICluas.

INpakTuyeckn Bo Beex cxemax (HCKnoueHHe — KoneGaTeNbHble KOHTYpa) KOH-
IleHCaTopbl BKJIIOYEHB! N0 ONHOM M3 3THX ABYX cxeM. [loaTomy, sHas, Kak pabotaior
3TH LBe UeNOYKH, y Bac He BO3HHKHeT HHKakuX npobnem. Bosee noapo6Ho owu Gy-
NyT ONHCaHbl fabLie.

Tak e Kak ¥ pesHcTOPH, KOHIeHCATOPb! GbIBAIOT NOCTORHHEIE, TOACTPOEUHBIE M Me-
pemeHHble. [lBa noCAe[HHX THMA HAXOLAT BECbMa OrPaHHYEHHOE NPHMEHeHHe, TaK KaK
HX MaKCHMa/ibHO BO3MOXHas eMkocTh (0kosi0 1000 nd) camwkom Mana nas 60JbLHH-
cTBa cxeM. B undpoBoii TeXHHKe KOHleHCaTOPbI TaKXKe HCNOJb3YIOTCA 04eHb PEJIKO.

[To maTepuasy nuaneKTpHKa KoHaeHcaTophl GLIBAIOT KepaMHuecKHe (MX HHoraa Ha-
3BIBAIOT «(DJIAXKKOBBHIMH# 33 NIOCKHUIT KOpPNyc), MIEHOYHBe, HO OHH HMetoT GonbluKe ra-
GapHTH H 0OBOJILHO AOPOrH. HeckoNbKO XyXKe KepaMHuecKHe M TaHTanoBble. TaHTalo-
Bble, NPH HENJIOXHX XapaKTepHCTHKaX, HMeloT HeboJiblune rabapuThl H 3HAUHTENIbHYIO
emMkocTb (g0 coTeH MHKpodapal; y NNEHOYHBIX MAKCHMANbHAS eMKOCTb — eIHHHLIbI
MHKpOapaj, y KepaMHYeCKHX — ellle MeHbllie), N03TOMY OHH CTOAT NOPOXe 0CTallb-
HBIX. DNIEKTPONHTHYECKHE KOHIEHCATOPH MOMKHO OXapaKTepH30BaTk OHHM CJOBOM —
ApSiHb, HO HX HEBBLICOKHX NapaMeTpoOB BrOJIHe XBaTaeT 1A 60NbLIHHCTBA CXeM, 0cO6GeH-
HO eCJIH YYUTBIBATh, UTO OHH NPH HH3KOI CTOHMOCTH HMEKT EMKOCTE /10 IECATKOB Thi-
cAy MHKpodapan. MoHucTOpE — KoHpteHcaTopu ¢ oyeHb GOMBLIOH eMKOCTBIO — HO
enunuL dapap (snekTpuyeckas eMKOCTb BCel 0 3eMHOTO Lapa paBHa | @ — 370 He WyT-
Ka), TO3TOMY OHH Halue BCEro UCNONb3yIoTCs BMecTo Gatapeex. 1 @ = 1 000 000 mx®.

¥ Bcex KOHIEHCATOPOB, KPOME €MKOCTH, €CTh elle OJIH napamerp — MaKch-
MaJIbHO nonycTHMOe HanpaxeHnHe Ero rnpesbiluaTh Hesb3f, Tak Kak B 3TOM clyudae
MOXKeT TpPOH30kTH mpoboit an3nexTpuka (y 3MEKTPOSMTHUECKHX — 3aKHINaHHe) H
OHH BHIHLYT M3 cTpos. KpoMe Toro, HOHHCTOPH, TAHTANOBHIE M 3MEKTPONHTHYECKHE
KOHAEHCATOPb — MMOJAPHL, T. €. MPH HX MOAKMIOYEHHH K CXEMEe HYHO co6JionaTh
TNOJAPHOCTb. ¥ MMMOPTHBIX 3/EKTPONMTHYECKHX KOHAEHCATOPOB cGOKY Ha Kopryce
(4acTo B BUne crTOWHOE NOJOCH) HAPHCOBAH ¢MHHYC» BO3JE OTPHLATENBHOIO BBIBO-
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A2, y OTEHeCTBEHHHIX PHCYIOT «MJIIOCY» BO3NE NOJOKHTENLHOMO BhiBona KongencaTop
C sMHHYCOM» [0 BCEM napaMmerpam Jyylle KOIACHICATOPE C «IAHCOMey.

EcJiii nonsipHOCTL KOHNEHCATOPa HeH3BECTHa, TO €€ MOXHO ONpefe/HTh 3KChe-
pHMeHTanbHO Jlns 3TOro KoHAeHcaTop Yepes MMKPOAMIEPMETP MOMKMKOHAIT K HC-
TOMHHKY MHTaHusA Hanpskennem 6..10 B Tlpu «HenpaBu/ibHOHY NOJAPHOCTH MHKPO-
AMNEPMETD MOKAXKET TOK, B COTHH pa3 OOJBLIKH, YeM Nph «npasuabHofs» [locse
MOJKNIOHEHHS LieH, COCTOALLEH H3 MHKPOaMNEPMeTPa H pa3psiKeHHOro KOHAEHCATO-
Pa K HCTOYHHKY NHTAHHA, MMOKa3aHHA MHKPOaMnepMeTpa MaKCHMaJbHbl H ¢ TeYeHH-
eM BpemeHH OHH yMeHbiliaiorcs Haperochb, Bbl NoHMMaeTe, ¢ 4YeM 3TO CBA3aHO.
A ecsi HenoHATHO — MepeyHTaMTe elle pa3 OMHcaHHe paGoThl cXeMbl Ha pHc. 1.5

CoBpeMeHHble pe3HCTOPb H KOHLEHCATOPL! Yalle BCero BLIMYCKAIOTCA B HEGOMb-
HIHX, MBJ’IDI‘aﬁEPHTHHX Kopnycax, NoBepxHoCTH KOTOpELX 6yKBEJ’[hHD He XBaTaeT nns
0603Ha4eHHs BCeX OCHOBHHIX (CaMBIX TJIaBHBIX) XapakTepHCTHK snemeHta [losTomy
BCI0 HEOGXONHMY10 HH(OPMALMIO, KOTOpaA NoMKHa BHTh HaHeceHa Ha Kopnyc npH6o-
Pa, H3roTOBHTENH ompelleJieHHBIM 06pasoM WHQPYIOT Mo MeXIyHapomHLIM CTaHmap-
TaM. ITO ¢Ha PyKys H PalHOJNIOGHTENSAM: «MOJOCATEIEs Pa3HOLBETHLIE NeTaNH TOJLKO
YKpallawT nnarty, Kpome TOro, HyXHbiii HOMHHAN Jierye OTHICKATh NO LBETY Kopnyca,
HeM Mo KoMGHHALWH UH(p Ha 3TOM caMoM Kopnyce. Pacuiu@)poBka «caMbiX TapHEIX»
COKpallleHHil ipHBeleHa B KOHIIe BTOPOi KHUTH, B CMPaBOYHOM MaTepHaJie.

NMonynpoesoaxukossie npubopsl. lnon

JleT nBanuath TOMy Hasan Hayanock GypHOE pasBHTHE 01YNPOBOLHHKOBOH PO
MBbILJIEHHOCTH, H B pe3yJbTaTe K HACTOfLeMy BPeMeHH fo/ynpoBOIHHKOBLIE npHEo-
pbl MPaKTHYeCKH MOJHOCTBIO BHITECHHJIH 3JIEKTPOHHbIE JIaMMbel W3 BCEro TOro, YTo
Gﬁ"hEﬂHHHETCH CNOBOM «3JIEKTPOHHKAa#, Jlamnb! ¢BbIKHAHS TOJNIEKO B BHICOKOBOJILT-
HbiX (HH OLHH H3 CylLeCTBYIOLHX NoAyfpoBOAHHKOB He paboTaeT NpH HanpaXKeHWH
Gonee 2000 B) u moumbix (MakcHManbHa®s MOIIHOCTD pacceMBaHHA — He nMyTaTb C
KOMMYTHPYEMOH MOLIHOCTBIO! ~— A/1A MOJYNpOBOAHHKOB He npesoiwaet 1000 Br) we-
nsx. Kpome Toro, HekoTophie JaMnbl HCMONB3YIOTCH B YCTPOHCTBAX CBEpPXBLICOKOKa-
yeCTBEHHOro 3BYKOBocnpousseneHusi (ycuautenn knacca Hi-End). EnuscTBeHHbI
HEOCTATOK 3JIEKTPOHHBIX JlaMn — HeoOXOAMMOCThL pasorpesaHHsl KaTofa, Ha 4To
TPaTHTCA A0BOJIbHO GoJsibluas MOLIHOCTD, NosToMy KITJ MalloMOLHBIX JaMIOBHIX YCT-
POHCTB He mNpeBLIIAET HECKOJLKHX [ECATKOB [IPOLEHTOB H NpHOMMXKaeTCA K
70...80% y MOLIHBIX ycTpOHCTB. [Nl IPOBONHHKOBbIX K€ YCTPOICTB HHKAKOrO npef-
BapHTeJIbHOro pa3orpesa He TpebyeTcA — B Mpouecce pa6oTel OHH CaMH rpeioTes
(wyTka, Ho B Heil ecTh IONIA NpaBabl), — nostomy KIII ans GonbliHHCTBa nosaynpo-
BONHHKOBLIX YCTPOHCTB NPH MPaBHJILHO paspabotaHHol cxeme noxomuT no 100%.

HTo XKe TaKoe MosynpoBoAHHKK? 3afaTh 3TOT BOMPOC ropasfio Jerye, yem oTse-
THTb Ha Hero Tak, 4To6bl OTBET CMOIJIH NOHATH JIIOIH, elle He ycrneBluHe nobLBaTh B
BLICIUIHX Y4e6Hbix 3aBefleHHAX (MMEHHO Ha HMX M PacCuMTaHa 3Ta KHHra), cKopee
Bcero, HesoamoxHo. Ho a1 noneitaiock, aBock KTo noHMer.

Kak H3BeCTHO, Ha CBeTe CYWECTBYeT OBa BHOa BelUECTB — NPOBOJHHUKH H
H3oasTopel. ConpoTHbJeHHe NPOBOLHHKOB GJIH3KO K HYJIO, @ H30NATOPOB — K Gec-
KoHeyHOcTH. Ho peakoit rpank Mex 1y STHMH ABYMS BHLAMH BELIECTB HET, M03TOMY
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CYUIECTBYIOT TaK}e BellecTBa, KOTOPLIE yXe He NPOBOAHHKH, HO elle H He H30NATO-
put (MM HaoGOPOT), ¥ HX CONPOTHBJIEHHE HAXOAHTCA THe-TO NOCEPEeNHHEe MeXIY CO-
NPOTHBNEHHAMH MPOBOAHMKOB H H30JATOPOB. YTOOH He ¢HanpAratbesis JHUIHHIA pPas,
JIOMas roJIoBy Haj BbIfICHEHHEM, IPOBOAHHK 3TO HJH H3OJIATOP, TAKHE BelLleCTBa Bh-
HeJH/IH B OTAEJILHBIH BHA H Ha3Ba/lK TOJYNPOBOARHKAaMH, DTo ¢ro/yNpoBOHHKOBOES
COCTOSIHHE BelecTBA KpaHHe HeyCTOHYHBO, H NOA BO3NEACTBHEM BHELHHX (aKTOpOB
(HHUTOXHBIE KOHLEHTPAUHK NpUMeceldl — OIMH aTOM NPHMeCH Ha MHJIHapRt ATOMOB
NOJSYNPOBONHHKE; MMpHJOXKeHHoe K MOJYNPOBOAHHMKY 3JIEKTPHYECKOEe HanpsKeHHe;
BO3leHCTBHe CBETa, TEMNepaTyphl) NOJYNPOBONHHK JIETKO NEpPeXONHT B NPOBOAHHK, B
H30aATOp H 06paTHO B MoJynpOBOAHHK. Baiarofiaps ToMy 4YTO Ha CONpOTHBJEHHE To-
NYNPOBOIHHKA OKa3blBAeT BJIMAIHHE, B TOM YHCJe M 3JeKTpHHeCKoe HampsikeHHe,
CTas0 BO3MOXHbLIM YCHJIHBaTb H NPeo6pa30BLIBaTh 3JIEKTPHYECKHE CHTHAJIBL, T. €. fle-
JaTh BCe TO, YTO H3Y4aeTCs HayKOH 3JIeKTPOHHKOM. A TOT BaKT, 4TO MOJYNPOBOAHHK
MOXeT GbiTh MPAKTHYECKH CKOJb YTONHO ManbiX pa3mepos (Ha onHOM KpHCTade Mo-
JYUPOBOAHHKA PasMepoM 3xD MM MOXHO ¢HapHCOBAaThs 20 NECATKA THICAY OTAENb-
HbIX 3JIEKTPOHHBIX NPHGOPOB), MO3BOJIMA YMEHBLHTH JlaMNOBOe YCTPOHACTBO, 3aHH-
Majolee Lesylo KOMHaTy pasMepoM CO CTafHOH, 0 KapMaHHbIX Pa3MepoB.

Uncrbie nonynposoaHnkH (Kpemumii, repmanmit) B 3JIeKTPOHHKE HCMOJB3YIOT-
Al oyeHb penxo. B GombluMHCTBE NPHGOPOB HCMOMB3YIOTCS MPHUMECHRIE MOJYTPO-
BONHHKH, T. €. B KoTOpble Nl06asfieHo HeboMbluoe H 0YeHb TOYHO PACCYHTAHHOE KOJH-
yecTBO onpefesieHHoH npuMecH. Cam npouecc [06aBieHHA NPHMeCH Ha3LIBAETCH Jie-
rHpoOBaHHe, a NPUMECHbIE NMOJYNPOBOAHHKH — JlerupoBaHHbiMH. B 3aBHCHMOCTH OT
pona npHMecH noJy4yalTca NPOBONHHKH ¢ MPOTHBOMOJIOXKHLIMH CBOMCTBaMH; HX eLue
HA3LIBAKOT NOJYNPOBOAHHKAMH N-THNA H p-tHna. Ecsiu Teneps 06a 3TH nosynposoaHu-
Ka COeNHHHTBL, MOJAYYHTCH TOK, Ha3biBaeMel p-n-nepexoa. B Gonvwuncree noay-
NPOBONHHKOBLIX NPHOOPOB BCE «BOGHHBIE NEICTBHA» PAa3BHBAIOTCA HMEHHO Ha p-n-ne-
pexone. Tak kak kpemHuii (3neck 1 ganee Gynet paccMaTpUBATBCS TOJBLKO KPEMHHH;
HO Bce TO. YTO CTpaBeiHBO /11 HETO, CNPaBelIHBO M ANA BCEX OCTalbHBIX MOAYNpo-
BONHIKOB) «xkuBeT» B 4-i1 rpynne [lepnonnueckoit cuetemsl Menneneesa, To ann Je-
FHPOBAHHS 1ICNOJB3YOTCH NeTanbl, Haxogslkecs B 3-ii 0 5-it rpynnax. [1pu no6as-
NEHHIT HHYTOMHOTO KOJMHYecTBa aToMOB (OfHH aTOM NpHMeCH Ha MMIIHAPH aTOMOB
KpeMHHA) TpeXBaNeHTHOI NPHMeCH B KPHCTANIHYECKYIO PeLIeTKY HMeThipeXBaieHTHO-
ro xpemHua. TpH 3/MEKTPOHa KPEMHHS B3aHMOJElICTBYIOT ¢ TPEMsl 3/JIEKTPOHAMH MPH-
MECH, @ YeTBEPTH, «KPEMHHEBbI> 3MeKTPOH OCTAETCS «HENPHKASIHHBIMA — €My He
«XBATH/IO* ONHOTO 3MEKTPOHA. TaKoii nonynpoBONHHK HAIHBAETCS! ALIPOYHBIM HIH
NONYNPOBOAHHKOM P THNA B HemM OCHOBHHIMH HOCHTENdMI TOKAa ABARIOTCH IHp-
KH, KOTOpbIP «NPHTATNIBAKTS W3 BHEUIHeN CPensl 3INeKTPOHBI, 8 He NCHOBHBLIMK —
MEKTPOHB. Kak M3RPCTHO, 3NEKTPOW — OTpHIATENBHHIT HOCHTEMb SMeKTPHYECKON
SHEPrHH. T. €. INeKTPHHECKHIT TOK — 3TO YNOPAKOUEHHOP NBIDKPHHE 3NeKTPOHOB OT
OTpHUATeNbHOrO nodwca Hatapeil K NONMKHTETRHOMY, THe 3MNeKIPoBbl #BCTPEYalnT
CAi» C NIBIPKAMH H PeKONBHHIPVINT, T. €. coenunsiotcn ¢ HumK. Ho takxe n anekTpo
HBI, ABIPKH TOXE MOTYT OBHraibes. B kauecTBe HarnanaHorn npimMepa sTHX [poLeccoB
MOXHO H36paTk oyepelib B Kaccy. [Tocne Toro kaxk cTosuUHil caMbiM NepBBIM YenoBeK
(snexTpou) pacnnaunpaercn, oH OTXOAMT H K Kacce ycTpeMaseTcs BTOPNH YesNoBeK
Cpa3y 3a uHM ofipasyetcs nyctoe Mecio (muipka). B KOTOpyK ycTpeMasieTcs TPeTHil
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yenoeek, 0 T. 1. Takum obpasom, momu (s7eKTpoHb) R - B
ABHIKYTCA Bniepen, a nyctoie MecTa (abipkH) ABIAYTCSH il
Hasan, EpuHcTBeHHOE HecoBepILEHCTBO OYepend Kak P Gapeep N
HArJIAAHOTO TIpHMepa — B Hell Ablpkd, poilas fo no- 7 96 =g i: o bz
ClelHero HesoBeKa, HCHe3alT 33 era cnndofi. B noay- Op | o *
NPOBOAHHKE HHYTO HHKYZ4 He leyedaeT. ls

Ecai B MCXOUHBIT NONYNPOBOAHKK AOGABHTH 3J6- i i,
MeHT 4-it rpynnbl, TO B HEM NOABHTCA M3OWTOK ek~ =~

TPOHOB, KOTOPLIM e¢HEKY[d HesaTbcsie, Takofi MOAYNPO-  pasomayT
BOAHHK OTHOCHTCA K N-THIY.
noTeHy.

Jlapalite Teneps NonbiTaeMcs COEAMHMTHL 3T JBa P Gapep N
nonynpoBofilHKa, Tak Kak y OflHOro H3 HMX HelocTa- e of

(o]
O = @ :: L] z’
TOK 3J1€KTPOHOB, @ Y APYroro — u36biTOK, TO 3JEKTPO- Ogle® [i'*

HH H IbIPKH YCTPEMJIRIOTCH K rpaHHLe MeMny 3THMit 0.6B+U

neyms nonynposoanukami (puc. 1.7). Berperusinecs .

3NMEKTPOH M [OblpKa peKOMOGHHHPYIOT, T. €, COelHHA- ';l.__H %
Toka Het

toTca apyr ¢ gpyrom. Ilpouecc pekomOHHalHH nponoJ-
MaeTcf N0 TeX Mop, NMoKa He HACTYNHT AHHAMHYeCKoe
paBHOBecHe, T. €. MOKa COOTHOLIEHHE <KOJIHYeCTBO
3JIeKTPOHOB / KOJIMHECTBO ABIPOK» HE BHIPaBHAETCH.
B peaynbrate y p-n-nepexona o6pa3ayercs ofenHeHHbIH
CBOGOAHLIMH HOCHTENAMH JIBOHHOH CJIOH MPOCTpPaHCT-
BeHHOTo 3apsinga. B p-o6nacth 3ToT cnioi co3paetca oc-
TaBLIHMHCA noclie peKkoMOHHAaUHH cBOGONHBLIX HOCHTE-
Jiell, CBA3aHHBIMH C KPHCTAMJIHYECKOH pelieTKoH OTpH-
LaTeNbHEIMH HOHaMHM aKuenTopHo#i npumec (T. e.
sneMeHTa 3-i TPynnet), a B N-06/1aCTH — NOJNOXHTEJb-
HBIMH HOHaMH AoHopHo#M (B NepeBose — edaloLieis,

O6partHoe CMELBHWE NEpexXoaa

sneMeHThl 5-i rpynnsi), U o6pasyiolleecs B pedyJbTaTe Puc. 1.7. Ha pucynxe
peKoMOHHALMHK 3JeKTpHyeckoe noJe (p-o6aactb 3aps- p-n-nepexod
eHa OTPHLATeJNLHO, N-06/aCTb — MOJIOXHTENbHO)

npoTHBOAEHCTBYeT JanbHelllieMy NepeMeLeHHIO 3JIeKTPOHOB K AbIpoK (p-o6nacTs 3a-
pFXK@eTCA OTPHUATENbHO, 3JEKTPOH -—— TOXE HMeeT OTPHLATesbHbIH 3apAd; OAHO-
HMeHHBle 3apalb OTTANKWBAKOTCH), T. €. HACTYNaeT AHHaMHYecKoe paBHOBECHE.
Cno#t H3 peKOMOHHHPOBABILUHX 3JeKTPOHOB € ALIPKAMH MEXIY NBYMS MOJYNPOBOLHH-
KaMH Ha3biBaeTCf ep-n-Nepexolls, a PasHOCTb NOTEHLMAJN0B Ha p-n-nepexoge — mno-
TeHUHanbHBIM GapbepoM. Jlns KpemHHA oH paseH npuMepHo 0,6 B, pns repmanus
MEHbLIE.

Bo Bcex nosiynposogHHKax MOcTOAHHO 006pasylOTCs H CHOBA PEKOMOHHHPYIOT
TeNAOBBIE SJEKTPOHHO-JLIPOYHLIE NAaphi, CO3/aBafl HEKOTOPOe KOJHYECTBO He
OCHOBHBIX HOcHTeseli Toka (mis p-06JacTH — SJEKTPOHOB, AR N-06JacTH — -
pok). Haxonsitunecss B6AM3M p-n-nepexoia He OCHOBHbIE HOCHTEJIH, Mpexiue 4em yc-
neT peKoMOGHHHPOBATh ¢ OCHOBHBIMH IS TOTO THMA MOJYINPOBOAHWKA, B KOTOPOM
OHH ¢DONH/HCb®, MOTYT NONACTb B SJAEKTPHYECKOEe NoJie noTeHuHalbHoro 6apkepa,
«NepPecKOYHTL® Ha NONYNPOBOAHHK NPOTHBONONONKHON NPOBOAHMOCTH (AR Hero OHH
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Gy/yT ¢OCHOBHBIMH®) M MIOCHYXHTb TeM CaMbiM NPHUHHON BO3HUKHOBEHURA Apeiigo-
Boro toka (o6paTueiii Tok). Tak Kak «nepecKoyHBUIHHs He OCHOBHOH HOCHTeJlb
yMeHbllaeT noTeHuHaNbHbIH 6apbep, TO AR sKOMNEHCaLHH» Cpa3y e 32 HUM OCHOB-
HOH HOCHTe/lb ¢HJET C NOBHHHOH® K p-n-Nepexofdy, rie U peKoMGHHHPYeT.

[Tpy yBenHyeHHH TemmnepaTypbl CKOpPOCTh 06pasoBaHHA 3JeKTPOHHO-RBIPOYHBIX
nap ysenHuuBaercs (03TOMY OHH H Ha3LIBAIOTCS ¢TEMJIOBBIMH®), YBENHUHBACTCS TaK-
e H 4acToTa efepecKakHBaHHsA» He OCHOBHHIX HocHTesed. H3-3a sToro yBennumBaet-
cs 06paTHBIH ToOK 4Yepes p-n-nepexol. Mamepas ero, MoxHO JNEKTPOHHEIM crnocoboM
H3MEPHTbL TeMMepaTypHl, T. e. p-N-Nepexo1 — NpocTeHLMi AATYHK TeMIepaTyphl.

[TonynpoBONHHKOBLIH MpHOOP ¢ OXHHM p-N-NEpexofoM HasbiBaetcss auod. OTau-
yHTeJIbHaA 0cobeHHOCTb avoaa (Garonaps HaNHYHIO p-N-Tepexofia) — OH MPOnycKa-
eT TOK TOJILKO B OfIHOM HanpabJieHHH — OT N-061acTH K p-o6nacTh. Bnaronaps stomy
NHOMbI HALUIK IHPOKOE fIpHMMeHeHHe B BbINPAMHTENSAX NepeMeHHOr0 HanpaxKeHHs.

Ecnu K n-o6aacti guoaa (TOT BLIBOA Ha3blBaeTCA ¢KaTOAs) NMPHAOKHTL M0JO-
KHTEJIBHBI MOTEHUHaN OTHOCHTeNbHO p-o6aacTH (aHoma), To nMoTeHumanbHbil Gapb-
ep p-n-nepexopna Oyner paciuuMpATbCA, AHGGY3IHOHHBIA TOK OCHOBHBIX HOCHTEsed
yMeHblllaeTcs JI0 HyJs, a apeH¢oBLIH TOK GylleT Bo3pacTarh, NOKa He NOCTHTHET Ha-
coitennn. JlpefioBeifl TOK HEOCHOBHBIX HOCHTeJel Ha3blBaeTCH OGpaTHBIM TOKOM
AMONA, H Y COBPEMEHHBIX KPeMHHEBLIX [HOAOB OH CTOJb MaJl, YTO €ro NpaKkTHYeCKH
HEBO3MOXHO H3MepHTb. [T03TOMY ero MOXHO He YYHTHIBaTh W IPHPABHATE K HYJIO.

[Tpu yBenn+HeHHu o6paTHOro HanpsXKEHHA Ha BbIBOAAX p-N-Mepexoga CKOPoCTh
HEOCHOBHLIX HOCHTE/IEH TOKa yBe/IHYHBAeTCs CHJbHee, YeM yBe/lHYHBAeTCs LHPHHA
noTeHUHanLHoro 6apeepa. [TosToMy npH yBesHYeHHH 06paTHOrO HANpAMeHHs Apeii-
(GoBHIH TOK HE OCHOBHBIX HOCHTe/NEH YBeNIHYHBAeTCH, CleloBaTeNbHO, YBeNHYHBAGTCH
H 06paTHbiil TOK aHona. [1pu npesbllieHHH OGpaTHLIM HanpseHHEeM HEeKOTOPOit BeJsH-
YHHB HEe OCHOBHBIE HOCHTEJIH TOKA YCKOPRIOTCH TaK CHJIBHO, YTO HAYHHAKT HOHH3H-
poBath aToMbl nofynposonHHKa B o6nacTH noteHunanvHoro 6apvepa. HoHH3HpoBaw-
Hble aTOMBI, Ha KOTOpble ¢pa3Bajiijiacb» CTPOHHAR KPHCTAJIHYECKAd pelueTka noJy-
NPOBOIHHKA, TlepeCTalT MNPENsTCTBOBATL [BHMKEHHK KaK OCHOBHBIX, TakK M He
OCHOBHHIX HOCHTeJseil, NoITOMY 06paTHLIH TOK pe3Ko Bo3pacTaeT. ITO HanpsKeHHe
HA3LIBAETCA HANpAMeHHeM npobos, W 118 pasHbIX IHOLOB OHO HAXONHTCA B mpene-
nax 50...2000 B. Tlpn eeiGope n4ON0B AAS BHNPSIMHTEN:A HYXHO YUHTHIBATD 3Ty BEJIH-
UHHY, TaK Kak ¢OpoGHTHIl 1101 — 3TO TO e camoe, YTO 3aMKHYTHIi mepeksioua-
Tesb. A KOpOTKOe 3aMblKaHie 06MOTOK TpaHC(opMaTOPa MOXKeT Hanenatb MHOTo Gef.

Cam no ce6e anextpudeckuii npo6oii GesonaceH, rnocsie yMeHbLIEHHS! 06paTHOrO
HanpsHXeHHs Bce cBUICTBa AnoAa oveHb 6ucTpo BoccTaHaBmiBaoTea. Onacen Ten-
JioBOit 1po6oii, Koropeli cnefyet 3a 3neKTPHYSCKHM

Kak nasectHo, MoiunocTs onpenensiercs rno Qgopmyne P = U - L. [pi anektpnue-
CKoM npo6Goe obpaTHoe HanpsKeHie JIOBONLHO Benliko, a o6paTHLlil TOK HauWHaet
pesko ypeaHuynBaTbeA. ClefoBaTeNbHO, TAK YK€ Pe3IKO YBENHUHBAETCH M MOLLHOCT.
BblZleNIfieMan Ha p-n-nepexoge. A yem Gonbille BhlefieMas MOLLHOCTL, TeM CliJibHee
rpeetcsi Kpucrani. Kak Tonbko ero Temnepartypa nossicurtes soitue 150...200°C, no-
NYNPOBOAHUK yTPAaTHT CBON MONYINPOBOJIHNKOBKE CBOHCTBA, T. €. 6CrOPHTS.

MHorue nonynpoBofHHKOBHE MpHGopl paborawT B 06AaCTH 3JeKTPHYECKOro
npo6osi. OnMH 13 cambiX PacnpocTpaHEHHBIX — [HOA ¢ HH3KHM HanpsHKeHHEM npo-
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Iet max

lcr min

Puc. 1.8 Cxemu sxnwuenus cmabunuzamopa

Gos, 6oslee H3BeCTHLIH nol HasBanHem cTabunurpon Hanpsxeuue npooon crabu-
nurpoHa (Hanpsikenue cTaGunU3anuu) HOPMHPYeTCs H MOXKeT GHThH B Mpenenax
3...200 B. Cxema BKJioYeHHs cTaOHIHTPOHA H ero BOJLT aMllepHas XapaKTepHCTHKa
npusenensl Ha pHc. 1 8 Kak BHIHO M3 rpadmka, HanpsikeHHe cTabunu3auMy ctabu-
JIMTPOHA 3aBHCHT OT MPOTEKAILIErO Yepe3 Hero Toha MHUHHMaNbHBLIH TOK, NPH KOTO
poM HanpsixkeHHe Ha BbiXofle cTabHAH3aropa NMpHOAHMKAETCH K HanpsxeHHto cTabu
JIM3alMH CTAGHNMTPOHAE, Ha3bIBAETCA MHHAMAJBHLIM TOKOM cTabunuszanum (Ha
rpaHke ofo3HayeH Kak I, .. @ MakCHMalJbHbIH TOK, MPH KOTOPOM rapaHTHpYeTCH
nponomxuTenbHoe GecnepeGofiHoe (YHKUHOHHpOBaHHWE CTA0HJIHTPOHA — MaKCH-
ManbHBIM ToKoM ctabuausaumu (1, ..). DTH napameTpbl ABARIOTCA CNPaBOYHBI
MH, H HX MOXKHO HaiiTH B CMeLHalH3HpoBaHHOH JHTepartype. Jlns GosblUHHCTBA Ma-
NOMOLUHEIX eTabunutporos I, ... = 0,5..3 MA, a [, ... = 10..20 MA.

Hanpumep, pia BXopHoro Hanpsxenns U, = 12 B Toka notpebasemoro Harpya-
koil I, = 30 mA, Hanpsixenue cradunnsaunn (smxonHoe Hanpsikenne) U, = 5,0 B
TOK, TeKyLHi dyepes cTabuantpod fer = 10 mA.

Ugi=12_5=78

7B
Bl= —1750;
003 A +00LA _1750x
72
P.Rl = 1?5* = 0.28 {0‘.25 Bm)

Mgl ToNBKO 4TO paccMoTpesH paboTy avona npy o6paTHom cMeweHuu. Ecan xe
K n-o6aacti (Katony) NpHNOXKHMTH OTPHLATENBHOE OTHOCHTENIBHO @HOMA HalprXeHHe
(npAMoe cMeuleHMe), TO Nose BHEIUHEro HCTOYHHKA NMHTaHHA OyleT HanpaBJieHo Ha-
BCTpedy MOJ0 NOTeHUKalbHoro 6apeepa. C yBesHYeHHeM HanpfXeHHs MpAMOoro cMme-
LIEHHA NOTeHUHaNbHEIH 6apbep CHUXKaeTCs H laniee ucyesaeT, a M dy3HA NOABHKHBIX
HOCHTeJeil 3apsina Hepes p-n-nepexon BospactaeT. [Tepecekaioiine sTOT nepexo/l OCHOB-
Hble HOCHTEJIH CTAHOBSTCHA He OCHOBHLIMH H PeKOMOHHHPYIOT C OCHOBHBIMH HOCHTEJIAMM
061aCTH, B KOTOPYIO OHHM nonaJH. H3-3a pekom6HHaUHH B 3TOH 061aCTH OCHOBHbLIX HOCH-
TeJleH CTAHOBHTCH CJHILKOM Malio; ¢ClpaBeniHBOCTbs BOCCTAHABNHBAETCS C MOMOLUBIO
HCTOYHMKa nuTaHus. Takum o6pa3om, Yepes p-n-nepexoq TeyeT TOK, a 6naronaps Tomy,
YTO MoTeHUHanbHOro 6apbepa ¢HeT», TO 3TOT TOK AOBOJBHO 60JIbLIOH. ITOT TOK 30BeTCH
MPAMBIM TOKOM HJIH, NNO-HayyHoMY, AH(D(Y3IHOHHEIM, TaK KaK OH NojJepIKHBaETCH
3a cyet AHdQy3UH NOABHKHEIX HOCHTeNIeH 3apsiia yepes p-n-nepexof.

Baarogapa HanuuMio noTeHUWanbHoro 6apeepa nNpH NPAMOM BKIOYEHHH IHOAA Ha
HeM ¢nanaet» Hanpskeuue okono 0,5..0,6 B, a u3-3a Toro, 4To KpHCTaNN KpeMHHSA
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HMeeT HeKoTopoe 3jiekTpuueckoe comporHsiende (10...100 Om nnst ManoMolUHBIX
mvonoB K 0,01...1 OM — a5 MOWHBIX), TO NPH YBeNHYEHHH NPOTEKAEMOT0 Yepe3 AHON
TOKa NajieHHe HallpFXXeHHA Ha HeM TaKxke yBeaHuHBaeTcs. B BBICOKOBOJILTHBIX YCT-
poficTBax HanpsikeHue 1 B — ¢kanuia B Mopes, HO B HH3KOBO/ILTHLIX (Hanpaxenue nu-
TaHus 10 3...6 B) nagexre HanpsikeHus Ha nepexoae NHOLA HYXHO YUHTHIBATb.

Takxke nHOAB MOXHO HCMOJNL30BATh B KadecTBe crabunuTpoHoB. [Ipu o6paTHoM
BKJIIOYEHHH [IHOA@ €r0 ¢HanpsXeHHe CTaGHAM3aLMH» N0BOJAbHO Bhicoko (50...2000 B).
K coxanenHio, OHO He HOPMHPYETCH, NO3TOMY JlaXKe Y ONHHAKOBLIX IHONOB H3 OfHOM
napTHH OHO MOXET OTJIHYATBCA B HECKOIBLKO Pas H NM03TOMY NpeliBapHTe/bHbIH NoaGop
TAKHX ¢CTaOHAHTPOHOB 06a3aTeneH. IIpH NpAMOM BKKYEHHH IHONOB H CTAGHIHTPO-
HOB NafleHHe HanpsXeHHs Ha ux nepexone paeHo 0,5...0,6 B u, nonkawoukB nocnenopa-
TeJIbHO HECKO/bKO OHOIOB, 5TO Hanps>KeHHe MOXHO YBEJIHYHTL B HECKOJILKO pas.

CyuecTsytor Takxe CrneudanbHble IHOAH, HMEHYEMble cTaGHCTOpaM#K, y KOTO-
PHX OYeHb IIHPOKHH NOTEHUHANLHLIA Gapbep H COOTBeTCTBeHHO GoJibllioe MajeHHe
HanpsikeHua Ha nepexope (0,6..2,5 B). Tarkue nuonn HCRonb3yIOTCH B KauecTse
HH3KOBOJIBTHBIX CTAGHJIMTPOHOB, TaK KaK TEXHOJOrHYeCKH OYeHb TPYLHO H3re-
TOBHTb CTACHJHTPOHH € HanpsXXeHHeM cTabunusaunu mexee 3 B.

BonbwnHCTBO €XeM, B KOTOPHIX HCMOMB3YIOTCA OHOOH, — pa3Hoo6pasubie Bb-
NpAMHTE/H MEepeMeHHOro TOKa, T. €. ycTpoicTBa, Npeobpasylollie NepeMeHHbIA TOK
B NoCTOAHHEIH. CXeM BHINPSIMHTeNeH H3BECTHO OYeHb MHOTO, H CaMblé pacmnpocTpa-
HEeHHEIE HapHCOBaHbl Ha pHc. 1.9.

[MpocTefiunit BEINpAMHTENb, cOGpaHHLI Ha ofHOM nMOAe, H3o6paxeH Ha
puc. 1.9, a. 3necs H nanee AHOABI MOAKTIOYEHBl K NOHHXKaloLeH 0GMOTKe TpaHcdop-
MaTopa. HanpsXeHHe Ha KOTOPOH NPHMEpPHO PaBHO HanNpAMEHHIO MHTaHHA Harpy3kH.
[lpu onucankH cXeM Bce HanpsXKEHHA OTCHHTHIBAIOTCH OTHOCHTENLHO HHXKHEro Bbi-
BO[@ BTOPHYHOK 0OMOTKH TpPaHC(OPMaTOpa MJH OTHOCHTENBHO 06LUEroc NpoBoaa.

[Ipn oTpHuaTeNbHOMH NOJYBOMHe HANPAXEeHHA Ha BTOPHYHOH 06MOTKe TpaHcdop-
matopa (puc. 1.9, a) anon VD1 3akpbiT H TOK B Harpy3ky He TeueT. [Tpu nonoxurens-
HOil nonyBosiHe (NpsiMoe cMelleHHe) NHON OTKPLIBAETCA H B HAIPy3Ky HaYHHAET Teub
TOK. To ecTh npH Takom BKJIKOYEHHH [HON ¢OTCEKAETs OTPHUATENLHLIE NMOJYNEPHOMB,
nponycKaa B HarpyaKy ToJ1bKo MojioxkHTenbHble. HM3-3a 3TOro HanpsixeHnue B Harpy3ke
CHJILHO MyJabcHpyeT. [I1a TOro 4To6sl CrAagHTh 3TH NYNLCALHH, a TaKXKe LA TOTo,
yTOGLI OHO HE YMEHBIUAJIOCK /10 HY/H, Ha BEIXOJle BHNPSIMHTENS YCTAHABNHBAIOT HAKO-
NUTEAbLHBIH KoHaeHcaTop Gonbloii emkocTH (npumepro 1000 mMxd) (puc. 1.9, 6).
Baaronapa HaKonHTeNbLHBIM CBOIiCTBaM KOHAEHCATOPA, HANPSXEHHE Ha BBIXOJE BHhi-
NpAMHUTENA MPHHHMAET BHI, NOKa3aHHBIT Ha nMHarpaMme Bosne pucyHka. Uem Godblue
eMKoCcTh KoHlleHcaTopa Cl, TeM cHabHEee 3Ta KpHBas MOXoXa Ha npaMyio auHnio. Hio-
rfia TaKOH KOHOEHCaTOP Ha3bBaloT PHABTPYIOLIHM, YTO TOME NMPABHILHO.

Hns Toro 4to6bl HanpAMeHHe Ha BHIXONE €lile CHIbHee MOXOAHI0 Ha NOCTOSH-
Hblfl TOK, K BHIXOLY O6bIUHO MOAKMoYaloT ctabuin3atop Hanpsxeuus (puc. 19, 8)
no cxeme, aHalorHyHo Kak Ha puc. 1.8. Crabunusatopy, H3o6pameHHOMy Ha
puc. 1.9, 8. B npuHine Bce paBHO, Kyna noako4eH GHIBTPYIONUINIT KOHIeHcaTop —
K BHIXOAY BHIpAMHTeNA (BepXHsAs cxema) MJIH napamniensHo cTaGHaHTpory (Hidknas
cxema). B o6oux cnyyasx pesynbTaT ofMHaKoBHI, HO Gosblliee pacrpocTpaHeHHe fo-
nyunna sepxHas cxema. MpeantHo, ecim BE Henosib3yeTe nBa KOHLeHCATOpa, HX €M-
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Puc. 1.9. Hcnoavsoearnue 0uodos 6 kauecmee goinpamumenedi. Oon

onoaynepuodrbLe

sunpamumenu: @ — npocmeiwuil; 6 — ¢ guabmpyrowum KOHOEHCamopom,; 8 — co

cmabuausamopom; 2, 0 — 08YXnoAYNepuodHbie MOCMOBBIE BLINPAMU

meau. Hemounuku

AUMAKHUR € 2ACAUUM PEIUCMOPOM: € — OOHONOAYNEePUOOHDLL; ¥ — MOCMOBOL
soinpamumens. HCmounuKu numanua ¢ 20CAUUM KOHOEHCAMOPOM:
u — 00HOnOAYNepuodHblil; K — MOCMOBOLU BbINPAMUMEND; A — AHAAOZ MOUHOZ0
cmabuiumpona, coBpaxHbil HA OCHOBE MOWHOZ0 GUNOAAPHOZ0 MPAN3UCMOPA U

MANOMOWHO20 cmAbUALMPOHA



20 Yacme 1. CmpolMamepuans! OnA cXemMbi

KOCTb [0JIXKHa 6biTh He MeHblue 470...1000 Mx®P, B NPOTHBHOM cllyyae cTaGHIH3aTOP
MX MOMNpOCTY «He 3aMeTHT»,

Conporusnienue pesucropa Rl HyXHO nonobpaTh Takum ofpa3oM, yToObl MpH
MAKCHMANBHOM aMIJIHTYNE MOJOXKHTENBHON MOJYBOJHE Yepe3 CTaGHAHTPOH NpoTe-
Kan TOK, 6JH3KHH K MakcHMaJbHOMY TOKy cTaGHnmsauuu (ons GonbluMHCTBa Manora:
GapHTHBIX CTaGHAHTPOHOB — oKos0 15 MA). Ho Tak kak MakcHMalbHY0 aMIJIMTYay
M3MepPHTb OYeHb TPYIHO, I/ pacyeToB OOLIYHO HCMOJBL3YIOT CpeXHeBbINnpAMJIeH-
HOe SHayeHHe, T. €. HanpsiKeHHe Ha KoHgeHcatope Cl B BepxHeit cXxeme Ha
prc. 1.9, 6. CpenHeBuinpsAMIeHHOe 3Ha4YeHHE HanpaXeHHs NosxHO OuiTe B 1,5..2
pasa OoJsblue HafnpsxeHHs cTaGMAHM3aTopa; AN  HHM3KOBOJIBTHBIX  YCTPOHCTB
(Upne S 15 B) ono pomxuo npesbiwats ero Ha 3...5 B,

PaccMoTpeHHbIH Bhlllie BRIIPAMHTENL Ha3bBAETCA OAHONMOJAYNEPHOAHBIM, TaK
KaK 4epe3 JIHOM NPOXOAMT TOK B TeyeHHe ofHOro nosynepHona (Ha pucyHkax — mnoJo-
MUTEJLHOr0), 2 B TeueHHe JIpyroro OHO NOLLEPKHBAETCH TOJBKO C NMOMOLULI0 HHIIBT-
pywulero Kouaencatopa. [1o3ToMy TakHe CTa6HIH3aTOPHl MOXKHO HCMOJb30BaTh TOMb
KO COBMECTHQ ¢ HEUYBCTBHTEJILHBIMH K NMyJbCallHAM Hanpﬁ}{{EHHﬂ NMHTaHHA Harpyska-
MH. H,J]H YYBCTBUTENBHBIX K HNOynbCalHAM NHTAIOILErD HBHPH}KEHHH Harpyaok
BHINIPAMHKTENH 0OLIYHO M3roTasAHBalOT No 6osee CAOXHBLIM NBYXNOJYNepHOIHBIM CXe-
MaM, B KOTOPLIX BHIpAMJIeHHOEe HanpsxeHHe Ha BhIXOMe TOSIB/JSETCA B TeyeHHe 060-
HX NOJYNepHOiOB MepeMEHHOr0 HaMpfXKeHHUA, H MeXYy ABYMSA BhINpPAMJEHHbBIMH HM-
nynbcaMH HeT eripobesias ANHHOK B Nosnepona.

OnHa W3 pa3sHOBHAHOCTEH ABYXNOJYNEPHONHLIX BHIIPAMHTENeH TaK HalblBaeMas
mocroBas cxema (puc. 1.9, 2). CoenuHeHHble Mo TakoH cXeMe uyeTbipe AHOma B
KO/bLO B JIHTEpaType HasbiBalOTCH AHOAHBIM MOCTOM (MM HHOIHLIM MOCTHKOM) M
OYEHb HaCTO YMPOWEHHO H306pamaloTcs Tak, Kak 3T0 hokasaHo Ha puc. 1.9, 0.
B cnyyae ynpoluesHoro u3o6paxeHHs TOUKH B BePILIHHAX MOCTa PHCOBATh HEJb3A.

Kak BupHo u3 puc. 1.9, 2, Bo BpeMs MOJIOXKHTENBLHOH NOJYBOJHE Ha BepXHEM
BHIBOZIE BTOPHYHOH 06MOTKH TpaHcgopMaTopa (Ha HHXKHeH B 9To BpeMst OTPHIATE b
Hasl MoJIyBOJIHA) TOK K NOJIOXHTENbBHOMY BeBOLlY KoHneHcaTopa Cl TeueT uepes nuon
VD2, a k ofuwemy npopony — uepe3 muon VD4, Huopst VD1 u VD3 npu stom 3a-
KPbITEl 06PaTHEIM HampsXeHHeM, H MPOTEKaKilHH yepe3 HHX TOK GJH3IOK K HyJHW.
[Tpy ymeHblUeHHH HanpskeHHs HA 0OMOTKe TpaHcdopMaTopa MOYTH JI0 HYJ/A Bce Ye-
Thipe [HONA 33aKPLIBAIOTCS, @ NPH CMEeHe MOJIPHOCTH Ha OOMOTKe TpaHcdopMaTopa
oTkpeieatoTes anoasl VDI u VD3, a avonwt VD2 u VD4 ocrawres 3akpbithiMH. [To-
JIOXKHTEJbHAA W OTpHUATe/bHaR MOJAYBOJHL NEPEeMeHHOro HanpsKeHHs CHoBAa TeKyT
Tylla, Kyaa Hamo, H HAMpsiKeHHe Ha BHIXO/ie NTHOAHOTO MOCTHKA HMEEeT BHI, MOKa3aH-
Hblil Ha BepxHeit nnarpamme. Kak BHaKo, nmnoiajns ¢npobenoB» y TAKOTO BHIPAMHTE-
JIf MeHblUe, YeM y ofHONONYMePHOIHOro, 03TOMY Ko3(hdHUHEHT nysbcauHii y Hero
3HauHTeNLHO MeHbule. [lnf ewe Gosbluero ymenbitenns koadggiuneHTa nynbcaunii K
BLIXOJly BbINPAMHTENS NOLKJONAEIOT MeKTPONHTHYECKHIT KonpeHcaTop Gosbiuoii eM-
KOCTH, 8 TaKxe HHOIMA H CTBﬁI'I.ﬂIlEE!TUp HAaNpAMXeHHnA, BHINMONHEHHBIH HA CT&ﬁH.ﬂHTpD-
Hax HJH CMeLHa H31POBAHHBIX MHKPOCXeMaX.

EnnHceTBeHHBIN HeflocTaTOK TPaHCHOPMATOPHBIX HCTOUHUKOB NHTaHHA — 6oNb-
wHe ra6apHTtel TpaHcopmaropa. IlostoMy B mManorabapHTHEIX ycTpoHcTBaXx, notpe6-
JSOUHX HHYTOXHHKIL TOK, HAaCTO HCMofb3ytoTes GecrpancdopmaTopHbeie HCTOY-
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HHKH NHTAHHHA — C F4CHLIHM PEIHCTOPOM WJIH KOHAEHCATOPOM. Takie HCTOYHHKH
NATAHNA 3aHHMAKT OYeHb ManG MeCTd, HO OHHM «BHILAKTy B HArPY3KY HHYTOMHBIA
TOK, HalNpsxeHHe KOTOPOoro CHABHO 3aBHCHT OT TOK4 Harpyskn KPDME TOrMo, OHH He
o6ecneyHRAIOT rajLBAHHYECKYIO PA3BAIKY BHIXOAHOIO HanpsiKeHns ot ceteBoro. [lo-
3TOMY TP CJIyHaliHOM NPHKOCHOBEHIN K N06OH Ae1a0l Bac MOXET «yIapHTh» TOKOM.

PaccMOTPHM cXeMBl BHIMpAMHTENEN ¢ raciiunm pesnciopon Owu MoryT Bbinos-
HSTECH Mo oaxofonynepnoiton (puc. 1.9, ¢) wai soctosoii (pue 19, x) cxemam. Ca-
Maf MpocTas CXeMa — OAMONUIYNEPHOAHAS, eNHLTBEHHEIR B Hell BuipAMUTeALHBIH
JMOML JONAEH BhlepkHBaTh 06paTHoe nanpsiaeune Uy, 2 400 B MocTosas cxema
TpedyeT B 4 pasa Guule NHOIOB, HO OHW MOTYT ObITh Hi3kosonbTHEIMH (U4, < 50 B);
Takie Hoabl elnessie H A0CTYHEee BEICOKOBOJBLTHLIN, H y Noboro 6onee-mMeHee «noj-
KOBAHHOTO» PaNHONIOOHTENA HX MOAKET CKOMHTBLLSA ¢BO3 H MaJIeHbKas TeJexKas.

K srixony 6GectpancdopmaTtopHoro npeofpasosaTensi Bcerja JoJiHa
6LITHL NOAKJKYEHA HArpyaka MAH XotH 6bt ctabunuTpon! Ecin oHH cliyyaiivo
¢OTKNIOUATCA®, TO HanNpsKeHHe Ha (UABTPYIOLLEM KOHAEHCATOPE Pe3KO MOBBICHTCH
L0 HANpPsMeHHs, GIH3KOro K CeTeBOMY, H, €CJIH OH HE PACCUWTAH HA CTOJIb BEICOKOE
Hanpsbkende (a Tak GbiBaeT MoYTH BCerda), ero 3JEKTPOAHT MOXeT 3aKHMeTh H B3o-
peateca. He odeHb CHABHO — TPOTHN BHYTPbL KOHJEHCATOPOB HE KJAAYT, — HO
3/eKTPOJIMTOM OH 3a/ifNaeT Bce B PaaHyce NECATKA CAHTHMETPOB.

Toxk, npotekalowuit yepes pesuctop R1 B Harpysky, B cxeme Mo puc. 1.9, e mox-
HO BBIMHCJIHTL N0 hopMyne:

l:urp= 102 - Uurp/RRIi

rne U,,, — HanpsikenHe cTabuausaund ctabinitpona (Hanpskenne B Harpyske), B;

Ra — conpotuenenye pescropa Rl, kOwm;

liarp — MAKCHMANLHO JOMYCTHMBIR TOK Harpysky, MA.

IlpH TakoM Toke npoTekallHA yepe3 cTaGHIMTPOH TOK paBeH HYNO — Bech
TOK suneT» 8 Harpyaky. Ecau ero ysennukth, ymenswutes Uy, [lpu pacuerax Hyx-
HO MOMHHTb, TG MHHHMaNbHLIA TOK, NPOTEKALLHA Hepe3 CTAOMIHTPOH, He JIoJKeH
6uiTh Menbiue 0,5...3,0 MA, 1. €. ToK, KoTopuIl MOXeT #3a6paTbs Harpyska O0T Takoro
HCTOYHHKA NUTaHus, pased 1, Lo i

B cxeme no puc. 1.9, x ToK Harpy3skH
luupﬂ 205 - Uulrp/RHP

MourocTe paccerBaHusi pe3sHCTOpoB B 06€HX €XeMaxX MOXKHO BLIYHCIHTbL [10
tbopmyne;

Py = (up)” * Ry / 1000,

rae 1., — B MA; Ry — B kOm.

Ecnd nepesecTH TOK B aMnepbi, a CONPOTHBIEHHe B OMBI, TO OeJHTh Ha ThICAYY
He HyxHo. Ho Takoii pacuet e ouerb yno6es — Beab I nonyuaercs Takum Manbim,
YTO «HE BJIe3eT» B BOCbMHPa3pAfHbIH MUKPOKaNbKYJIATOP.

MakcnHManbHo lonycTUMas paccedBaeMasi MOLIHOCThL Pe3WCTOPa LOJKHA NpeBbi-
wate P, unu xota 6bi ObiTh paBHOH eil. HHaye pesuCTOp nmeperpeercsi ¥ «CrOPHTS,























































































































































































































































































































































































































































































































































































































































































































































































