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HNPEXUCIIOBUE

3a nocneHKUE COPOK JIET B 0D1aCTH SIEKTPOHMKH, MO-
XeT 6bITh Gonee, yeM B 11060# ApYroi OOJacTH TEXHU-
KM, HabGMIoIanoch CTpeMuTeNibHoe pa3sutde. B 1980 r.,
MpeoJIoNieB COMHEHHSI, Mbl TNIPUHSUIN CMeJioe pellleHHe
€o30aTh MOMHBIM Kypc oOyuyeHMs] MCKYCCTBY CXEMOTEX-
Huku. Tloa «MCKyceTBOM» Mbi TIOHHMAEM MacTEPCTBO
BIaeHHS MpPEeIMETOM, KOTOpOe BO3HMKAeT Ha OCHOBE
6oraroro onbiTa paboThl ¢ HACTOSLUUMH CXEMaMHK U yC-
TpoCTBAMU, HO HE MOXET BO3HMKHYTL B pe3yJibTaTe
HEKOEro OTBJIEYEHHOTO MOIXOHa, NMPUHATOTO BO MHO-
rUX yyeOHUKaX 1o 3mexTpoHuke. Camo coboii pazyme-
eTCsl, eC/Id [IENO KacaeTcsl CTOJb CTPEMHUTEIBHO MpO-
rpeccupylolieit obnacTd, Hawl NPakKTUYECKUA MOIXOI
TauT B cebe U OMacHOCTb — CTONb X€ CTPEMUTETBHO
«CBEXHE» CErONHS 3HAHHSI MOTYT YCTapeTh.

DNeKTpOHHAsi TeXHUKAa He cOaBJsieT TeMIa CBOETO
paspuTus! He ycrequ mpocoXHYTh YEPHWIA HA JIKCTaX
MepBOro W3NaHUS Halleit KHUTHM, KaK HelenbIMH CTa-
JIX CJIOBA O «KJJaCCMUECKOM» CTHPacMOM MpOrpaMMH-
pyemoM noctosinHoM 3Y, CIII3Y tuna 2716 (2 K6),
croumMocTbio 25 monn. «Knaccuka» ucdesna Gecciuen-
Ho, ycrynuB Mecto CIITI3Y, eMKOCTh KOTODBIX CTaia
Gonblie B 64 paza, a CTOUMOCTb BABOE YMEHBILIMIAC.
OCHOBHAast 1O/S UCTIPABACHKI B 3TOM H3JaHMU 0OOyc-
JIOBJIEHA MOSIBJIEHUEM HOBBIX YJIYULIEHHbBIX 3JIEMEHTOB
Y METO10B Pa3paboTKU — MONHOCTHIO MEPeNncaHb! I1a-
Bbl, TIOCBSILUEHHBIE MUKPOKOMITBIOTEPAM U MUKPOIPO-
ueccopaM {Ha ocHoBe IBM PC u 68008), B 3Haum-
TEeJbHOW Mepe mnepepaboTaHbl ITaBbl, MOCBSILECHHbIE
K poBOit IMEKTPOHHUKE (BKIIOYAsi MPOrpaMMHpYeMbie
noruyeckue npubopsl (PLD) ¥ HOBbIE JNOTUYECKHE
cemeiictBa HC u AC), onepallMOHHBIM YCHIMTENSM U
pa3paboTKaM Ha UX OCHOBE (4TO OTpaxaeT (akT Moss-
JIEHUA NMPEBOCXOIHBIX ONMEPALMOHHBIX YCWIHTENEH ¢ Mo-
JIEBBIM TPAaH3UCTOPOM Ha BXoJe) M IIpUeMaM KOHCTpY-
upoBanus (Bkmiouas CAITP/ACYTII). Buian nepe-
CMOTpeHbl BCE TabAULBI U HEKOTOPbiE U3 HUX
NpEeTEPNENH CYLUECTBEHHbIE U3MEHEHUS, HATIpUMeEp, B
Tabn. 4.1 (onepauvMOHHBIE YCHAUTENM) yUETEH JMIIb
65% ot 120 umeBLIMXCSt B TaGAWLIE BXOIOB, IPH 3TOM
nobasurch ceeneHus no 135 woseiM OY.

Mbl BOCHOJNIB30BANUCH MOSIBUBILEHCA B CBA3H C HO-
BBIM M3[aHHEM BO3MOXHOCTBIO OTKJIIMKHYTECS Ha MOXe-
JlaHUA 4MTareseil U y4ecTb CBOM COGCTBEHHBIE 3aMeva-
HUs 1O MepBOMY M3daHMIO. B pesynbTate ObLia Tepe-
nycaHa 3aHOBO TJlaBa, MOCBALIEHHAs TNOJEBHM
TpaH3ucTOpaM (OHa ObLla Yepecuyp CJIOXHOM), U MoMe-
IleHa B APYTOe MECTO — Tepel IJ1aBOH MO OMepaLluoH-
HbIM YCUJIUTENISIM (KOTOpbIE BCe B GOMBLIEH CTENEHH CTPO-
AITCS Ha MOJIEBBIX TPaH3KCTOpax). [TosgBUNach HOBas I1aBa
N0 KOHCTPYMPOBZHHWIO MAaJIOMOLUHBIX U MHKPOMOLIHbIX
cXeM (aHAIOroBbIX U UMGPOBBLIX) — TeMa BaXHas, HO

Kspoa, [Jwcexoby, Muwe u Jncunoxcep

HeMomyNsipHast B yyeOHMKax. bosbliast yacTs ocraBiumxcs
[1aB CYLIECTBEHHO mnepepaboraHa. [logBuinch HOBbIE
TaGJIMLIbI, B TOM YHCJIE MO aHAIOro-UN(poBbIM 1 LMd-
PO-aHAJIOTOBBIM TIpeoOpa3oBaTeNsiM, LUHUGPOBLIM JIOTH-
94eCKMM KOMITOHCHTaM, MalOMOLIHBIM YCTPONCTBaM,
Gonplie CTa10 PUCYHKOB. Terepb KHHTA CONEPXUT 78
Tabmil (OHM M3OAHBI TAKKE OTAECJIBHOW KHHIOM, KOTO-
pasi Ha3piBaetcsi «Tabauiibl st BHIOOpa KOMIOHEHT XO-
poBuiia U Xwuia») U 6onee 1000 pucyHKoB.

[lepepabaTbiBast TEKCT, MBI CTPEMIJTHCH COXPAHUTD He-
opManbHBIN TTOAX0A, KOTOPbI obecrieunn OB ycrex
KHHUIE M KaK CIpPaBOYHMKY, U Kak yuebnuky. Tpyano-
CTH, ¢ KOTOPBIMU CTJIKHBAETCSt HOBUYOK, BIIEPBBIC B3SB-
LUMIACS 32 3MEKTPOHHUKY, BCEM M3BECTHBI, BCE BOIPOCHI
CJIOXHO MEpeIUIeTaloTcss APYr C APYroM, ¥ HET Takoro
MyTH MO3HaHUS, MPOUIsS MO KOTOPOMY MOXHO IIar 3a
[IaroM MpeoloJieTh PaccTOSIHHE OT HeodHTa O KOMIe-
TEHTHOTO cHeuManucTa. Bor nouyemy B HailleM yueOHM-
K€ MOSIBILIOCH TAK MHOTO TIEPEKPECTHBIX CChIIOK, KPOME
TOrO, Mbl PaCLIMPWJIMA U3IAHHOE OTAcAbHOM KHUTOM «Py-
KOBOJCTBO MO J1a60paTOpHBEIM paboTaM» U Tereps 3T0 —
«PykoBoncTBo mns cTymeHTa» («PykoBOACTBO mist CTy-
IeHTa K Kypcy «MCKyccTBO CXeMOTEXHHMKH», aBTOPHI
T. Xeitec v Il. XopoBull), ZONOJHEHHOE MPUMEPAMU
KOHCTPYMPOBAHHS CXEM, OOBSACHEHHAMH, 3aIaHUSMU TO
TEKCTy OCHOBHOTO yYeGHWKA, 1abOpaTOPHBIMU YIIpaX-
HEHUSIMHM ¥ OTBETaMH K 3anayam. binaromaps takoMy npu-
JIOXEHMIO, MpeAHa3HaYeHHOMY JUTS CTyICHTOB, HAM yAa-
JIOCh COXPaHHUTB KPaTKOCTh M3NOXEHHS U MHOXECTBO TPU-
MepOB, YTO U TPEeGOBANOCH I TEX YUTATENEH, KOTOPBIE
MIOIB3YIOTCS] KHUTOM MpeXIe BCEro Kak CMPaBOYHHUKOM.

Haneemcs, 4to HOBoe M3IaHME OTBEYaeT TPeOOBAHU-~
SIM BCEX YMTATENIeH — KaK CTYAEHTOB, TAK U MHXEHEPOB-
MPaKTUKOB. Balliu npeaioxXeHUs: U 3aMeyaHUsi HaIpaB-
nsiiite HenocpeacTseHHo I1. Xoposuiry no anpecy: Physics
Department, Harvard University, Cambridge, MA 02138
(Kembpumx, MA 02138, I'apsapackuii yHuBepcureT, (u-
3udeckuit dakynsteT. 1. Xoposuily).

Brnaronapum Tex, KTo MOMOT HaM B ITOATOTOBKE HOBOTO
usgaHusa: M. ApoHcona 1 b. Martbioca (komnaHust AOX,
Inc.), Ix. I'pena (KeWnTayHCKuii yHUBEPCUTET),
Jix. Aeurama u T. Xeiieca (l'apBapackuii yHUBepcUTeT).
I1. Xoposuua (komnauust EVI, Inc.), . CrepHa u
O. Yonkepa. BeipaxaeM npusHatensHocTs k. Mobmu
3a OTIMYHOe penakTHpoBaHue Tekcta, C. I1puObUIBCKOi
n JI. Tpanxay u3 otaena npecchi KeMOpuIxcKoro yHu-
BEpPCHUTETa 33 BBICOKMI NMPodecCHOHATM3M U OKa3aHHYIO
HaM MOIIEPXKY, a TAKKe HeyCTaHHBIM HabOpILMKaM H3-
narenscTBa Rosenlaui Publishing Services, Inc.

B 3akmwouyeHue mpemnaraeM BalleMy BHUMaHUIO
IOPHANYECKYIO CHPABKY, OTPaXalollylo COBpeMeHHbie
HODMbI 3aKOHa.

[ayav Xopoeuy
Yungpuao Xuna
Mapr 1989 1.
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IOpuasyecKas cnpaBKa

B 3TOi KHMIE Mbi TIPSANPUHSIN TMONBITKY HAYYHTh
YMTATENA [PUEMaM KOHCTPYHPOBAHMS 3MEKTPOHHBIX
CXeM Ha OCHOBE TPHMEPOB M NAHHBIX, KOTODbIE, HA
Halll B3TJISAA, SABIAIOTCS TOYHBIMH. OIHaKO MpUMe-
pbl, JaHHBIE W TIpoYylo uHdopMaLKio, NMpenHa3Ha-
YeHHYI0 Uisi 06YYeHHs, He CaedyeT UCNoNb30BaTh B
MPAKTHYECKUX MIPUIOXEHUSIX Ge3 caMOCTOATENbHOTO
TECTHPOBaHHs U NPOBepKH. TeCTUPOBaHUE U NPOBEp-
Ka 0COOEHHO BaXHHI B TeX CNyyasx, KOrxa Hempa-
BUJIbHOE (DYHKUMOHMPOBAHUE MOXET TIPHBECTH K He-
CYAaCTHOMY CJIY4aI0 WY TOBPEXACHUIO UMYLLIECTBA.

B ¢BA3M C 3TUM MBI He aeM HUKAKHX TapaHTHid, Npsi-
MBIX WIM KOCBEHHbIX, Ha MPEIMET TOTO, YTO MPUMEPH,
JaHHBIE ¥ TIpoyasi HHGOPMALMA B ITOM KHUTE He comep-
XaT ouwnGOK, OTBEYAlOT TPeGOBAHUSM MPOMBILLUIEHHBIX
CTAHAAPTOB WIH TPeGOBAHUSAM KOHKPETHBIX NMpPaKTHYeCc-
KHX MPUIOXEHHM. ABTOPH H M3/IaTellb He HECYT OTBET-
CTBEHHOCTH 33 KOMMEPYECKHil HCX0/l H NPHFOTHOCTL LISt
KaKok-m00 NpaKTHIECKO#H Le/H, JaXe B TOM CITy4ae, eCli
aBTOPHI JAIH COBET MO NPaKTHYECKOMY MCIIONb30BAHHIO
1 OIIMCATA TIPUMED TPAKTUYECKOrO UCTIONbB30BAHUS B TEK-
cTe. ABTOPBI M W3[aTe/lb He HECYT TaKKe I0PHANYECKOM
OTBETCTBEHHOCTH 3a TpPSIMBIE WIH KOCBEHHBIE, MpeIHa-
MEPEHHBIE WK CIIyYaifiHble MOBPEXACHUS, BOSHUKIINE B
pe3yNbTATe MCMOMb30BAaHUA TPHUMEPOB, JaHHBIX U MPO-
yeit MHGOPMaUMM U3 STOM KHUTHU.

NPEIUCIIOBHE K IIEPBOMY H3JAHHIO

DTa KHHIA ApeicTaBisieT coboit yyeOHHK Mo pa3spa-
60TKE JIEKTPOHHDBIX CXEM W OIHOBPEMEHHO CIIPABOYHOE
nocoGHe U1 MHXEHEPOB, YPOBCHD UIOXKEHHUS B HEW TO-
CTENIEHHO NOBBINAECTCS OT MPOCTEHMLLETO, pacCYUTaHHO-
ro Ha HOBMYKOB, K CIOXHOMY, TpeOyloilieMy LIyGOKHX
3HaHUH MO 3JIEKTPOHHUKE. MBI CTPOro TMOXOLUIH K BbI-
Bopy Kpyra pacCMaTpMBaeMbIX MpoOJIeM U IOCTapaIMCh
[OpOCTO ¥ HOXOOYWBO MIIOKUTb OCHOBHbIE BOMPOCHI, €
KOTODBIMHU CTATKMBAETCs pa3pabOTUUK, CTapasiCh COBME-
CTUTb MparMaTUMecKHii MoaxoA pUskKa-MpakTUKa U TOYKY
3peHUs MHXEHEpa, CTPEMSILErocss K TOYHOCTH U 000-
CHOBAaHHOCTU B Pa3paboTKe 3NEKTPOHHOH CXEMBI.

OCHOBOM [UISi 3TOK KHUIM MOCAYXUIN KOHCHEKTHI
Kypca JIEKTPOHUKM, KOTOpbie yuTaloresl B ['apBapae B
TEYEHHE OIHOTO CEMECTpa. AyAuTOpMsi Y 3TOTO Kypca
IOBOJIbLHO HEONHOPOAHA — 3TO CMELIMATNCTHI, 3aKOH-
YUBIHME YHMBEPCUTET W MOBBILAIOLINE KBATHGHHKALIMIO
B COOTBETCTBUU CO CHiELM(UKON cBoeH paboThl B Npo-
MBILLIEHHOCTH, CTYAEHTbI-BbITYCKHUKH, CTPEMALLHECS
K Hay4HOH paboTe, W COMCKATEJM YUYEHOMH CTEIEHH,
KOTOpble HEOXHAaHHO OOHAPYXUIIH CBOK HEOCBEAOM-
JIEHHOCTb B 3JICKTPOHMKE.

Kax moka3saia npakTuka, CylecTBYIOlIMe Y4eOHWKH He
MOJIXOIAT A Takoro Kypca. OueHb XOpOLMe KHWUIH Ha-
TUCaHbl IO OTAEJIBHBIM pa3feNaM 3NEKTPOHUKH, HO BCE
OHM MpeIHA3HAYCHBI [UISl YEThIPEXTOINYHBIX KYpCOB 00y-
YEHHsl WM U1l MHXEHEPOB, UMEIOLMX OIBIT MPaKTUyec-
Kol paboThI;, Te YUeOHMKH, B KOTOPbIX CIENAHA NOMbITKA
PaccMOTPETD MpeMET NEKTPOHUKH B LIEIOM, IM60 mepe-
IpyXeHbl NOAPOOHOCTSMU (M CKIIOHAIOTCS NO CTUIIO K
YPOBHIO MOcoOUit), TMGO M3naraloT Matepual OyeHb IMo-

BEPXHOCTHO (1 6OJIbLIE HATIOMMHAIOT COBETH XOMOXO351i4-
Ke, 4eM PEKOMEHHOAllMU HHXEeHepaM), JM6o cobpaHbi M3
HEpaBHOMEPHO NpopaboTaHHbIX yacTeil. bonblias 4actb
Marepuaia, U3IaraeMoro B yueOHMKax 10 OCHOBaM JIeK-
TPOHHUKH, Ha NPAKTUKE HMKOTA HEe MPUMEHSICTCS U Yaile
BCETO, WISl TOTO YTOOB! HANTH KaKyl0-HUOYIL HYXHYIO CXe-
MY WIM TIOCMOTPEThb, Kak MPOBOAUTHL aHAIU3 €€ paboTH,
HMHXEHEPY NIPUXOIUTCH OTHICKUBATH (PUPMEHHBIE PYKOBOL-
CTBAa MO TIPUMEHEHMIO CXEM, TPOCMATPUBATH TEXHUYEC-
KU€ XypHaJlbl, I0CTaBaTh Ie(ULIMTHBIC CTIPaBOYHUKY. Ko-
pode TOBOpS, aBTOPBI YYeGHUKOB, KaK MpaBWiIO, U3jara-
10T TEOPHUIO ¥ HMKAK HE Y4YaT MCKYCCTBY CXEMOTEXHWMKY
WA MPOEKTUPOBAHUS CXEM.

Mpl nocTaBWIM Ieped cOO0H 3amayy HanmucaTb Ta-
KYI0O KHHTY TIO 3/IEKTPOHHKE, KOTopas 6buia Obi Mo-
Jie3Ha ¥ MHXEHepy-pa3paboTuuKy, U GU3UKY-IIPAKTH-
KY, W TPETONaBaTe/io MMEKTPOHUKH. MBI Npuaepxu-
BaEMCS. MHEHHS, U 3TO HaXOIMT CBOE OTPAXECHUE B
KHHUTE, YTO IEKTPOHHUKA — 3TO HCKYCCTBO, KOTOpOe
OCHOB2HO Ha HECKOJIbKUX OCHOBHBIX 3aKOHAX ¥ BKJIIO-
4aeT B ceOa Gonplioe KOIMYECTBO NMPAKTUYECKHUX Mpa-
BUN U npueMoB. [lo 3Toii mpuYyMHE MBI COWIM BO3-
MOXHBIM MOJHOCTBIO ONYCTHTbL NMPOOAEMBI (PHU3MKU
TBEPAOro Teja, MOAENb TPAH3UCTOPA C UCITOIb30BAHM-
€M A-TIapaMeTpOB, CIOXHYIO LISl TOHUMAaHUS TEOPUIO
Lenei ¥ cBeAN K MUHMMYMY pacCMOTPEHME HArpy3ou-
HbIX XapaKTepUCTHK U MCMONb30BaHWE KOMILIEKCHOM
§-TUTOCKOCTH. MaTeMaTHYeCKHX BBHIKJIANOK BBl BCTpPE-
THTE QYEHb Majlo, 3aTO NPUBOAATCSA pa3HOOOpa3Hbie
MPUMEDPHI CXEM U BCAYECKH MPOIATaHAMUPYETCS ObICT-
pasi MpMKUAOYHAsA OLIEHKA NapaMeTPOB M XapaKTepuc-
THK (KOTOPYIO XEJAaTEIbHO YMETh IIPOU3BOIUTD «B YME»).

INoMuMo TeX npobneM, KOTOpEIE OOBIYHO paccMaTpu-
BAIOT B y4eOHMKAX MO MEKTPOHMKE, Halla KHUr2 BKJIIO-
YaeT CJEAYIOLIME BOTPOCHI: PacCMOTPEHUE YAOOHOI A1
KCTOJIB30BAHMSI MOIEIH TPAH3UCTOPa; MOCTPOSHUE TaKUX
MPAKTHYECKH TONE3HbIX CXEM, KaK MCTOYHMKU TOKA U TO-
KOBBIE 3epKaJa; pa3paboTku Ha 6a3e onepallioHHOTO YCH-
JIATENSI C OODHAM HCTOYHHMKOM THMTAHUS; psl NPaKTHyec-
KHX BOIIPOCOB, IO KOTOPHIM YaCTO TPYAHO HAMTU MHGOD-
MaIMio (METOAbl YaCTOTHOM KOPPEKUWM ONepaliOHHBIX
yCHMTeNel, cXeMbl ¢ HM3KUM YPOBHEM IIYMOB, CXEMbl
DAITY ¥ npellM3HOHHBIE JIMHEHHBIE LETIH); YIIPOLUCH-
HbIii METOX paspaGoTK! aKTHBHBIX (DMJIBTPOB € HCHOJb-
30BaHueM TabauIl ¥ rpadMKOB; NMpoOaeMbl LyMOB, 3Kpa-
HUPOBAHHUS U 3a3eMJICHUA; OPUTUHAILHBIN rpaduyecKuii
METO/l 8HANKM3a YCWIMTEA C HU3KMM YPOBHEM LIYMOB;
HUCTOYHMKM STAIOHHOTO HANpsDKeHUs U CTaOWIH3aTOph
HANpPSKeHMA, BKITIOYAS UCTOYHUKHY NMUTAHUS MTOCTOSTHHOTO
TOKA; MYJIETUBUODATOPB! M MX Pa3HOBUAHOCTH; HEAOCTAT-
KM UM(POBBIX JIOTHYECKHX CXeM W MYTH MX YCTPAHEHUs;
CONpSDKEHHUE C JIOTMYECKUMH CXEMaMH, BKHOYasi HOBLIE
TUITbI GOMBLIMX WHTErpaTbHBIX cxeM Ha nMOTI- u pMOII-
CTPYKTypax; METO/Ibl aHatoro-mdposoro n undpo-axa-
JIOTOBOTO MpeoOpasoBaHusl; TeHepalysl LyMOB B UUdpo-
BBIX CXEMAaX; MUKPOTIPOLIECCOPHI M NMPAaKTHYECKHUE MPUME-
pbl MX KCIONb3OBaHMS; KOHCTPYMPOBAHHE, IM€YaTHBIN
MOHTAX, MeYyaTHble TUTAThI, IPUMEPB] TOTOBbIX KOHCTPYK-
LM, YNIPOLIECHHBIE CIIOCOOB! OLEHKH ObICTPONECHCTBHS T~
PEKITIOYATENbHBIX CXEM; U3MEpeHHE 1 00paboTKa JaHHbIX,
OIMKCHIBAETCS, YTO MOXHO M3MEPHTb M C KAaKOI TOYHOC-
ThIO, KaK 00paboTaTh NaHHbIE; METOABl CYXCHHUS M0JI0CH
NponycKaHuAd (YCpeAHEHHUE CUIHAIOB, YIUIOTHEHHUE Ka-
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HaIOB, HCHIOJIB30BAHUE YCWIMTCICH ¢ 3aILEIKOR U BECO-
BbIX MMNYJIbCOB); TIpENCTaBIeHA OOIIMpHAsl KOJUTEKLMS
HETOIHBIX CXEM M YOAYHBIX CXEM.

Hexotopbie rone3Hbie BOMPOCHI BHIHECEHB! B MIPUJIO-
eHl, W3 KOTOPbIX Bbl MOXETeE y3HaTh, KaK UEPTUTh TIPHH-
LMITMANBHBIE CXEMbl, KaKUe CYLLECTBYIOT THITBI MHTErpalb-
HBIX CXeM, KaK IpoekTHpoBarh L C-¢pwistpbl. B HUX mpu-
BEJIEHBbl CONMPOTUBIEHUS HEKOTOPBHIX THIIOB DE3HUCTOPOB,
PacCMOTPeHbl ocLLTOrpadbl, Cloga Xe BKIIOYEHB! He-
KOTOPbIE M0JIE3HbIE MaTeMaTHYECKHe BbIKMaIKu. B KHu-
re npuBedeHb! TaONUIbl C XAPAKTEPUCTUKAMH pacIIpoCT-
PaHEHHBIX TUTIOB AMOAOB, TPAH3UCTOPOB, MOJIEBLIX TPaH-
3UCTOPOB, ONEPALMOHHBIX YCWIHTENEH, KOMIApaTOpOB,
cTabKIN3aTOPOB, MCTOYHHKOB STAMOHHBIX HAMPKEHHIA,
MMKPOTIPOLECCOPOB U IPYTHX YCTPOHCTB.

Mbi cTpeMIIHCh K KOHKPETHOCTH B MITOXEHHH BCEX
BOTIPOCOB U MO3TOMY OYE€Hb YacTO IMpPU PACCMOTPEHUU
TOW HJIM MHOM CXeMbl CPaBHMBANU MEXAY cOBOH Xapak-
TEPUCTHKH 3/IEMEHTOB, KOTOPblE MOXHO MCTIONB30BATh B
cxeme, 0OCyXIaa¥ OOCTOMHCTBA APYTMX BapHAaHTOB I1O-
CTpOCHMS cXeM. B MpHBOAMMBIX TpUMepax cXeM MCMOb-
30BaHbl HACTOSILIME JMEMEHTHI, @ HE «YepHbIE ALIMKH».
[maBHast 3agada cocTosUla B TOM, YTOOBI C IOMOIIBIO
HaWEi KHAMM YHTaTeNb MOHSUI, KaK pa3pabaTbiBaercs
3NIEKTPOHHAA CXEMa, KaK BbiGvpaeTcs ee KOHGUrypar,
TUIIbI 37IEMEHTOB U KX MapaMeTphl. OTKa3 OT MaTeMaTh-
YECKHMX BBIKJIANOK BOBCE HE O3HAYAET, YTO Mbl XOTUM
HAayYHTh YUTATENs CTPOUTH CXEMBbI «HA FJIa30K», HE OYEHDb-
TO 3a00TACh 00 MX XApaKTEPUCTHKAX M HAZEXHOCTH.
Hao6opoT, nanaraemblit noaxoa x pa3paboTKe NEKTPOH-
HBIX CXEM MAaKCHMAaJbHO NMPUOIKEH K pealbHOH XU3-
HU, OH MOKAa3biBaeT, KaK MPUHUMAIOTCS pellleHHs Npu
CO3aHUM CXEM B MHXXEHEPHOI TPAaKTHKE.

3Ty KHUFY MOXHO MCTIONb30BAaTh B KaYeCTBe YYeOHMU-
Ka [UIsl TOAMYHOTO Kypca Mo IPOEKTHUPOBAHMIO 3JIEKT-

POHHBIX CX€M, YMTAEMOTO B KoyuieKax. TpeGosanna kK
TIPENBAPHTETLHOMY M3YYEHHUIO MATEMATHKH HEBEJTMKH,
OJHaKO YMTATENb JOKEH UMETh NPEe/ICTABACHHUE O TPH-
TOHOMETPUYECKHUX U SKCITOHEHUHATbHBIX (QYHKLIMAX U
nudpdepeHuransHOM HcyucneHud. (B npunoxexue
BbIHECEH He0ONbUIOH 0630p 1O TeopuM (HYHKLMIA KOM-
MIEKCHOTO TIEPEMEHHOTO U €€ OCHOBHBIM IUTs 3JIEKTPO-
HMKH pe3yibraTaMm.) Eciu onycTUTh HeKoTopbie pasie-
Nbl, TO KHUTY MOXHO HCIONb30BaTh AN Kypca, pac-
CYMUTAHHOTO Ha OOMH ceMecTp (kak B [apsapue).

OTnenbHO U3IaHO PYKOBOZCTBO K AaBOPaTOPHbBIM pa-
6oramM — «PyxoBoacTBo X JabopaboTHBIM paboTam Mo
kypcy «MckycctBo cxeMotexuuku» I1. XopoBulia u
S1. Pobuncona, 1981 r.), KoTopoe cogepXHUT ABaALIATH
Tp# AabopaTopHbie paboTHl CO CChUIKAMM Ha TEKCT
HauIero yuyeOHUKa.

Jnsa Toro 4r06s! 00AETYUTD YTeHHE KHUTH YCKOpEeH-
HbIM METOJOM, Da3leibi, KOTOPHE MOXHO OMYCTHTH
MpY U3YYEHUM Marepuana, JaHbl MEJIKUM LIPUPTOM.
Kpome Toro, ecnu KHura QomkHa GBITh H3y4eHa B Te-
4eHHe OINHOTO CeMECTpa, Pa3yMHO MPOMYCTHTH Mep-
BYIO TIOJIOBUHY TJ. 5, a Takxe ria. 7, 12-14 u, Bo3-
MOXHO, 15, 3T0 0OTMe4YeHO BO BBOAHBIX naparpadax K
MEPEeYUCIEHHbIM IJ1aBaM.

Ham 6ol xoTenoch noGnarofaputh HALIMX KOJUIET 3a
LIEHHBIE 3aMeYaHUs U NMOMOILb, KOTOPYIO OHHM OKa3aau
MPH MOATOTOBKE pyKonucu, ocobeHHO M. ApoHcCoHa,
I'. Bepra, /1. Kpay3a, K. Hesuca, [. I'paiicuHaxepa,
Jx. Xarena, T. Xeiieca, Il. XopoBuua, b. Kiaiina,
K. Mananuonuca, Ix. Ceitaxa u B. Barrepaunra.
Mbl BhIpaXxaeM MpU3HATELHOCTE D. Xai3bpy, x. Mob-
u, P. Ixoncon u K. Beprepy u3 otaena npeccol Kem-
OpUIKCKOTO YHUBEPCHUTETA 3a PabOTy, KOTOPYIO OHM
BBITNIOJIHIWIM ¢ BONBIIMM BKYCOM, Ha BBICOKOM Tpodec-
CHOHAJIBHOM YPOBHE.

ITayaw Xoposuy
Yungund Xuan
Anpens 1980 r.
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OCHOBBI BJIEKTPOHUKH

BBEIEHUE

DNEKTPOHMKA UMEET KOPOTKYIO, HO GoraTyio
cobpiTUsIMH McTOpHIO. IlepBhlii ee mepHon
CBSI3aH ¢ MPOCTEHILIMMU TepeRaTYnKaMH
KIOUEBOTO ACUCTBUS U CIIOCOOHBIMU BOC-
TIPUHUMATD UX CUTHAJIBI TIPHEMHUKAMMU, KO-
TOPHIE TIOSIBUIMCH B HAayajle HAIIETO BEKa.
3areM HACTYmIIa 310Xa BaKyYMHBIX JIAMIT,
KOTOpast 03HaMEeHOBaJa CO00I BO3MOXHOCTD
MIPETBOPEHUA B XU3Hb cMenbiX uaeit. Ceii-
4ac Mbl SIBJISIEMCS] CBUAETENAMH HOBOTO 3Ta-
Na PasBUTHS JIEKTPOHUKHU, CBA3AHHOTO C
MOSIBJICHUEM 3JIEMEHTOB Ha TBEPIOM TeJie U
XapaKTePHU3YIOIIETOCs HEUCCIKAEMBIM TTOTO-
KOM HOBBIX OINEJIOMJISIIOIUMX JOCTHXKCHUM,
TexHONOrusA U3rOTORNEHUS OOJIBIIMX HHTET-
panbHEIX cxeM (BUC) maetr BO3MOXHOCTh
MPOU3BOINTD TAKWE KPUCTAJUTBI KPEMHMS, HA
OCHOBE KOTOPBIX CO3JAIOT KAaJbKYJSTODHI,
BBIUMCIIUTETbHBIC MAIIMHBI U JaXe <«TOBO-
pAllli€ MalIlMHbI» CO CIOBapHBIM 3anacoM B
HECKOMBKO COTEH C/IOB. PazBUTHE TEXHOJNO-
TMH CBEpXOOJIbILIMX HHTETPATBHBIX CXEM OT-
KPBIBaET BO3MOXHOCTb CO3MIaHUA ellie boree
3aMevaTebHbIX YCTPOMCTB.

HagsepHoe, cTouT cKa3aTh ¥ O TOM, YTO B
WCTOPUM Pa3BUTHUS 3IJICKTPOHUKH HabIIO-
JAeTCs TCHACHLMS YMEHBLIEHUA CTOUMOC-
TH YCTPOMCTB TIPH YBEAUUYEHUH 00BEMA UX
npousBoacTea. CTOMMOCTb 3JIEKTPOHHOM
MHKPOCXEeMbl, HAIpUMEP, MOCTOSAHHO
YMEHBIIAETCA MO OTHOLICHMIO K €IMHHIIE
€¢ MEePBOHAYAJIBHOI CTOMMOCTH IO MeEpe
COBEPLICHCTBOBAHMS TIPOLIECCA MPOU3BOA-
crBa (cMm. puc. 8.87). Ha camom nene 3a-
YacTyl0 TIAHENb YIIPABACHUS U KOPIIYC TIPH-
60pa CTOSIT IOPOXE, YEM €r0 JICKTPOHHAS
YacTb.

Ecnu Bac 3aMHTEPECOBAJIU yCTIEXU 3JICKT-
POHHKH M €CJIH YV BaC €CThb XCJIAHHE CaMO-
CTOSITEJIBHO KOHCTPYMPOBATh BCEBO3MOXKHBIE
XUTPOYMHBIC BEILIM, KOTOPble ObITH ObI HA-
IEXHBI, HEOPOTH, TIPOCTH Y KPACUBBI, TO
3Ta KHWra — s Bac. B Hell MBI mombita-
JIUCh PACKPBITh NPEAMET INEKTPOHUKH, 1O~

Ka3aTh, KaK OH MHTEPECEH U B YEM COCTOSIT
€ro CeKpeThl.

[lepByi0 F1aBy MBI TIOCBSILLIAEM HU3YYECHUIO
3aKOHOB, MPAKTUYECKUX MPaBUWI U XUTPOC-
Tel, COCTARNSIOIIMX B HAllleM MOHUMaHHU
OCHOBY HCKYCCTBa 3JIeKTpOHUKU. HauuHath
BCErna cleayeT ¢ caMOro Hayana, Mmo3TOMY
MBI BBISICHHM, YTO TaKOE HalpsKeHHUe, TOK,
MOILHOCTb U B3 KaKHUX KOMIIOHEHTOB COCTO-
UT 2JIEKTPOHHasA cxema. Ha mepBbIX mopax,
MOKa BBl HE HAy4YMTeCh BHIETH, CABIIATH,
oCsI3aTh W OIIYINATH JJIEKTPUYECTBO, BaM
NpUAETCA CTONKHYTbCA € OMNpEeACTCHHBIMH
aOCTPAaKTHBIMH MOHSATUAMH (WX OCOOEHHO
MHOrO B 1. 1), a TaKXe yB#A3aTb CBOU Mpel-
CTaBJIEHHWSI O HUX ¢ MOKAa3aHUSIMU TAKUX BH-
3yalbHBIX TTPHOOPOB, KaK OCHWIIOrpadsl 1
BOJILTMETpHI. [TepBas rinaBa conepxXur B cede
MHOTO MaTE€MAaTHKH, OOJIbILIE, YEM IpYyTue
IJIaBbl, HECMOTPS Ha TO YTO MBI CTapajkCh
CBECTH MaTEMATUYECKME BHIKJIAAKHA K MUHH-
MyMYy U XOT€IH Obl CIOCOOCTBOBATH Pa3BH-
THUIO UHTYMTUBHOTO TIOHUMAHUSI MTOCTPOEHUS
M paboThl 3/IEKTPOHHBIX CXEM.

Pa3 yX MBI 3aHSJTUCh OCHOBaMHU 3JIEKTPO-
HUKH, HaM CJIeIyeT TIPpEXIe BCEro HayaTh C
TaK Ha3bIBAEMbIX aKTUBHBIX CXeM (YCHIMTE-
JIei, TEHEPATOPOB, JIOTMUECKUX CXEM M T.I1.),
Osiarofapsi KOTOPHIM 3JIEKTPOHHMKA U BBI3bI-
BaeT kK cebe Takoil uHTepec. Uutatensn, y
KOTOPOTO YX€& €CTb HEKOTODHIE 3HaHMs 110
3JICKTPOHHMKE, MOXET 3TY IVIaBY IPONYCTUTD.
Ona npeaHa3HadeHa IUIS TeX, KTO Mpexnae
JIEKTPOHUKON HUKOrAa He 3aHuMancs.
HUTtak, npucTyIIUM K neiy.

HAINPSLXEHHE, TOK H COIMPOTUBJIEHHUE
1.01. Hanpskenue H TOK

HanpspkeHue ¥ TOK — 3TO KOJUYECTBEHHbIE
TMOHATUSI, O KOTODPBIX CJIEIyeT MOMHUTL BCE-

ria, KOraa Aeno KacaeTcsl 3JeKTPOHHOM cxe-
MbL. OGLIYHO OHM M3MEHSIIOTCA BO BPEMEHH,
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B MIPOTUBHOM CJiyyae paboTa cxeMbl HE TIpe-
CTaBIsET MHTEPECa.

Hanpsxenne (ycioBHoe oGo3HaueHUe U,
uHorga E). HanpsixeHue Mexmy 1ByMs TOY-
KMH — 3TO 3Heprus (uau pabora), KoTopas
3aTpaYMBaAETCs HA MepeMellieHUE EAMHHYHOTO
MONOXMUTENBHOTO 3apsiia U3 TOYKHU C HU3-
KMM TMOTEHLIMAJIOM B TOYKY C BBICOKMM IIO-
TEHUHXANOM (T.€. ICPBasi TOUKA umMeeT Gonee
OTPULIATENIbHEIN MTOTEHUMAI 10 CPABHEHHIO
co Bropoit). MHaye roBopst, 3T0 3HEPTHS,
KOTOpasi BLICBOOOXIACTCS, KOIAa €MMHUY-
HBIii 3aps/T «CTIOJI33€T» OT BHICOKOTO ITOTEH-
uMana K Hu3komy. HanpsixeHue Ha3bIBalOT
TAKXKE PA3HOCMbIO NOMEHYUAAO8 UAU INEKN-
podeuxcyueid cunoi (3.4.c). Enunuueit
U3MEPEHUS HAIPSIXEHUS CIAYXHT BOJIBT.
OGBIYHO HANPSIXEHUE U3MEPSIOT B BOJIbTAX
(B), xunosonbrax (1 kB = 10° B), Mmuwuu-
poaeTax (1 MB = 107° B) unu MUKpPOBOAL-
tax (1 MkB = 107° B) (cm. pasn. «[lpu-
CTaBKH IUIsl 00pa3oBaHMs KPAaTHBIX U JOdb-
HBIX €IWHMII U3MEPCHMS», HANeYaTaHHbIM
MeJKUM 1ipugToM). I Toro yTobsl Hepe-
MECTHUTh 3apsill BEJIUYMHON | KyJIOH MeXIy
TOYKAMU, UMEIOLIMMH Pa3HOCTb MOTEHIIMA-
JIOB BEJIMYUHOM | BOJNBT, HEOOXOAUMO CO-
BeplUUTh paboty B | mxoynb. (KylnoH Ciyxur
eOVMHULICH U3MEPEHUST IEKTPUYECKOTO 3apsi-
Ja W paBeH 3apsioy NpHOIU3UTEIbHO 6-10'F
3nexTpoHoB.) HanpsixeHue, usMepsieMoe B
HaHoposbTax (1 HB = 10™° B) wm B Mera-
BoibTax (1 MB = 10¢ B), BcTpeuyaeTcst pelko;
Bbl YOEAUTECH B 3TOM, IIPOYMTAB BCIO KHHIY.

Tok (ycnoBHoe o603Hayenue /). Tok — 310
CKOPOCTh TEPEMEIIEHUS 3JIEKTPUYECKOro
3apsiaa B Touke. EquHuueit uaMepeHus Toka
cayxur ammep. OOBIYHO TOK M3MEPSIOT B
ammepax (A), muwindamnepax (1 MA =
= 1073 A), mukpoammepax (1 MKA =
= 1078 A), HaHoammepax (1 HA = 107 A)
¥ ¥Horaa B nukoamrnepax (1 nkA = 10712 A),
Tok BenmnuuHO# 1 aMniep co3xaercs nepeme-
LIEHUEM 3apsiia BeIMYMHOM 1 KyJIOH 3a Bpe-
Ms, paBHOe | ¢. YCIOBWIMCH CUUTATh, YTO
TOK B LIETIM NPOTEKAET OT TOYKH ¢ bosiee mo-
JIOXUTEIbHBIM MOTEHIIMAIOM K TOUKe ¢ 60-
jlee OTPULATEIbHBIM TMOTEHLMAIOM, XOTH
3JIEKTPOH HMEPEMEIAETCH B IIPOTUBOTIONOX-
HOM HaIpaBJIeHUH,

3armoOMHMTE: HaNpsKEHHE BCErAa U3Meps-
€TCA Mexcdy IByMsl TOUKAMH CXEMBI, TOK BCE-

rJa TIPOTEKAET #epe3 TOUKY B CXeME HIIM 4e-
pe3 KaKoi-HUOYAb JIEMEHT CXEMBI.

T'OBOPHTHL «HAMpPSIXEHHE B PE3UCTOpE»
HeJb3s — 3TO0 HerpaMoTHo. OOHAKO YacTo
TOBODPST O HANPSXEHUM B KAKOH-JIMOO TOY-
Ke cxembl. [Ipu 3TOM Bceraa nompasymesa-
IOT HAOPSDKCHUE MEXIY 3TOH TOYKOM M «3EM-
JieW», T. €. TaKOW TOYKOM CXeMbl, IIOTEH-
uMan Kotopoi Bcem m3BecteH. CKOpo BbI
TIPUBBIKHUTE K TAKOMY CITOCOOY M3MepeHUsI
HaMpsSXKEeHUSL.

HanpsixeHue cosmaeTcs MyTeM BO3ACH-
CTBHMSI Ha 3MEKTPUYECKUE 3apsibl B TAKUX
YCTPOMCTBAX, KaKk Gatapeu (3NEKTPOXMMU-
YECKME peakilvu), FCHEpaToOphl (B3aUMOIEH-
CTBHME MarHMTHBIX CIUT), COTHEUHbIe baTapeu
(dororanpBaHuueckuit 3pdexT 3HEPTUN
¢oToHOB) M T.II. TOK MBI noay4aem, TIpH-
KJIANbIBasi HAMPSDKEHHME MEXIY TOYKAMH CXe-
MBL.

3aech, MOXTyif, MOXET BO3BHHKHYTh BOIT-
pocC, a YTO XK€ TaKOe HAIPSKEHUE U TOK Ha
caMoOM JjeJie, KaK OHHU Buirasasar? iaa Toro
yTOOBI OTBETHTh Ha 3TOT BOIPOC, JYUIIIC BCE-
TO BOCIHOJIB30BAThCSl TAKHM 3JEKTPOHHBIM
npubopoM, Kak ocuwuiorpad. C ero rnoMo-
1IbI0 MOXHO Ha0JIo#aTh HalpsXeHuHe (a
MHOIIa ¥ TOK) KaK (YHKIHIO, U3MEHSIO-
HIylocsi BO BpeMeHH. MBI OyaemM mpuGerarthb
K MOKa3aHHAM OcCHWUIOrpadoB, a Takxe
BOJIBTMETPOB IUIsl XapaKTePUCTUKY CUIHAJIOB.
s Havana COBETYEM TIOCMOTPETh IPUIIO-
XEHHE A, B KOTOPOM MIET peyb 00 OCLIMI-
norpade, U paszl. «YHHMBEpCaJlbHbIE M3ME-
pUTENIbHEBIE ITPUOOPLI», HATleYaTAHHBIA M-
KUM LIPHDTOM.

B peanpHBIX cXeMax MbI COCIMHSIEM €~
MEHTBI MeXAy CO0O0i ¢ IOMOLIbIO MPOBO-
OB, METAJIMYECKUX HPOBOJHMKOB, KaX-
Oblii M3 KOTOPBIX B KaXIOW CBOEH TOYKE
o0namaeT OMHUM M TEM Xe HalpsKeHUEM
(Mo OTHOWICHMIO, CKaxeM, K 3emie). B
006s1aCTU BBICOKUX YaCTOT WM HU3KUX MOJI-
HBIX CONPOTHBJICHUNA 3TO YTBEPXKIECHUE HE
COBCEM CIIPABEIUINBO, U B CBOE BpEMS MbI
o0cyouM >10T Bompoc. Ceifyac Xe IpUMeEM
3TO OOMNYLIEHWE Ha Bepy. MBI yIIOMSIHYIU
00 3TOM /1 TOrO, YTOObI Bbl MOHSLIH, YTO
peasibHasg CXeMa He 00s13aTeJIbHO J0JIXHA
BBIDJIETh KaK €€ CXEMaTH4YeCcKoe u3obpa-
XeHHe, TaK KaK MPOBOIA MOXHO COEIUHSTh
MO-Pa3HOMY.



10 Tnapa 1

Puc. 1.1.

3amoMHUTE HECKIbKO TPOCTHIX MPABUI,
KACAIOLNXCS TOKA U HATIPSOKEHUS.

1. CyMMa TOKOB, BT€KAlOUIUX B TOYKY,
paBHa CyMMe TOKOB, BBLITEKAIOIIMX H3 Hee
(coxpaneHue 3apsina). MHorma 3to npaBuio
Ha3bIBaAIOT 3akOHOM Kupxroda mis Tokos.
HHxeHepHl n00AT Ha3biBaTh TaKyld TOYKY
cxeMnbl y3rom. VI3 3TOrO nMpaBWia BHITEKaeT
CNIEICTBHE: B NOCACAOBATEIbHOM Henw (mpen-
CTaBMsIOEH cO00# rPyTITy /IEMEHTOB, HMeE-
IOLIMX T0 1Ba KOHIIA U CO¢AMHEHHbBIX 3TUMHU
KOHLIAMM OIHH C APYTHM) TOK BO BCEX TOY-
Kax OMHAKOB.

2. Tlpu mapajuieJIbHOM COEIUHEHHH 2Jie-
MeHTOB (puc. 1.1) HanpsiXeHKre Ha KaXmaoM
U3 3MIEMEHTOB OAMHAKOBO. MHaue rosops,
CyMMa NMaJeHHH HaNpsLKeHUsT MEXIY TOYKa-
Mu A 1 B, naMepeHHas 1o moboii BeTBU cXxe-
MBI, COeAMHSIOIIEH 3TH TOYKH, OMMHAKOBA U
paBHa HaNpsXEHUIO MEXITy TOYKaMH A U B.
Huoraa 3to mpaBuio ¢GoOpMyIHpyeTcs Tak:
CyMMa MaJlcHUM HAIPsSDKEHUsI B JIIOOOM 3aM-
KHYTOM KOHTYPE CXEMBI PaBHA HYIIO. 3TO
3akoH Kupxroda mis HanpsskeHuit.

3. MouHocTb (paboTa, coBeplIeHHas 3a
eAMHUIIY BpEMECHU), NOTpedasIeMan CXeMOi,
ONpEENSIETCA CACOYIOUNM 00pazoM:

P=1Ul

BcrioMHUM, Kak MBI OTIpEICIWIN Hanps-
XEHUE U TOK, U AOAY4UM, YMO MOUIHOCTL
paBHa: (paboma/3apad) * (3apsd/epems).
Ecau HanpsixeHue U W3MepeHO B BOJNbTax,
a 1ok I — B ammepax, To MOIIHOCTH P GyneT
BBIpaXEHA B BaTTaXx. MOILIHOCTb BETMUMHOM
1 BarT — 310 pabora B 1 IXOyilb, COBEp-
weHHas 3a 1 ¢ (1 Br =1 Ix/c).

MOoIIHOCTE pacceuBaeTCsl B BUAE TeTUIa (KaK
TIPaBUJIO) UM MHOrAA 3aTpauMBaeTcs Ha
MEXaHWYECKYI0 pPaboTy (MOTOpHI), Mepexo-
IMT B SHEPTHIO MATyYeHMs (JTaMITbl, mepe-
JATYMKH) WIM HakaruiuBaetcs (6arapew,
KOHIeHcaTopel). FIpy pa3paboTKe CI0XHOI
CUCTEMBI OMHHM M3 OCHOBHBIX SIBJISIETCS BOTI-
POC ONpEAEICHHUS €€ TEIJIOBOI Harpy3kKu
(BO3bMEM, HaNpUMED, BHUHCIUTEIBHYIO Ma-

LIHMHY, B KOTOPO# NOGOYHBIM MPOAYKTOM HeE-
CKOJIBKUX CTPaHMIl PE3YAbTATOB DELLICHUS
3a1a4M CTAHOBSTCA MHOTHE KWIOBATTHI 3/1€K-
TPUYECKON 3HEPrUM, pacCeuBaeMOM B Ipo-
CTPaHCTBO B BMJIE TEILNIa).

B nanpHeitiieM npu U3YYEHUH TE€PUOIH-
YECKM N3MEHSIOLIMXCS TOKOB Y HATIPSDKE HAM
HaM TpuaeTcs oGo0UIUTL TPOCTOE BHIPAXKE-
Hue P = Ul mnsa toro, YToOBl OTIpeAesisiTh
cpenHee 3HAYeHHUE MOIIHOCTH. B Takom
BHIE OHO CIIPaBEIUBO [UIS OMpeAeeHHs
MTHOBEHHOFC 3HAYE€HHMS MOLIHOCTH.

Kcrati, 3amoMHUTE, YTO He HYXHO Ha-
3bIBaTh TOK CHJIOM TOKA — 3TO HErpaMOTHO.
Henp3st TakKe Ha3bIBaTh PE3UCTOP COMpPO-
TBAeHUeM. O pe3ncTopax peyb MOWIeT B
cleaylomeM pasiele.

1.02. B3aumMoCBSI3b HANPAKEHAS
H TOKA: PE3HCTOPHI

Tema 3Ta O4yeHb OOGLIMPHA M MHTEPECHA.
B Heit 3akmi0u€Ha CyTh 3NEKTpOHUKU. Ecaun
MIOTILITATBCS M3NOXUTH €€ B ABYX CJIOBaX, TO
OHa MOCBALIEHa TOMY, KaK MOXHO CHAEIaTh
3JIEMEHT, UMCIOILHUA Ty WM MHYIO XapaKTe-
DUCTHKY, BBIPAXEHHYIO OMpENENICHHON 3a-
BUCUMOCTBIO MEXIY TOKOM M HATIPSIXEHH-
€M, U KaK €ro UCIons30Barte B cxeMme. [pu-
MEpaMH TaKHX JTEMEHTOB CJIYKAT PE3UCTOPhI
(TOK NMpAMO TPONOPLUOHANEH Hampsixe-
HMIO), KOHAEHCATOPHI (TOK NpPOMOPLHOHA-
JIeH CKOPOCTM M3MCHEHMS HaNpsXEeHHUS),
Jvonsl (TOK MPOTEKACT TOJNBKO B OTHOM Ha-
MPaBJI€HUH), TEPMUCTODPHI (CONPOTUBICHHE
3aBUCHUT OT TEMIIEPATYPbI), TECH30PE3UCTOPHI
(conpoTHRIEHUE 3aBUCUT OT Aedopmaium)
U T. n. [TocreneHHO MBI TIO3HAKOMHMCS C
HEKOTOPBIMU 3K30THYECKUMH MpEICTaBUTE-
JIAMM 5TOH TUIESIOBl; a cedyac pacCMOTPHM
CaMblii HEXUTPBIMA U HauboOJee pacIIpocTpa-
HEHHbBIH 3JIeMEHT — pe3uctop (puc. 1.2).

—|1—

Puc. 1.2.

NPUCTABKH /I OBPASOBAHHA KPATHBIX
H TOJbHBIX ETMHHUI H3MEPEHHA

Crnenyollve NPHCTaBKW TIPUHATH AN 0Opa3oBaHus
KpaTHBIX ¥ JIOABHbIX €NUHHLl H3MEPEHHUA B HayyHOH M
MHXEHEPHOH TpaKTHKe:



'

OCHOBbI 3JIEKTPOHUKH 11

MHoxwuTesb IMpucraeka O6o3HayeHue
102 Tepa T

10° rura r

10¢ Mera M

10° KHUJIO K

103 MILTH M

10 ¢ MUKPO MK

10-° HaHO H

101 TTHKO MK

10" emro [}

Tpu cokpalieHHOM 0003HaYeHUH HOJIbHBIX €TMHHUII 13-
MEPEHHST COOTBETCTBYIOLIAS TIPUCTAaBKa U YCJIOBHOE 000-
3HAYECHHUE COMHMLBI MMLYTCs cMTHO. OOpaTuTe BHUMA-
HHE Ha WCMONb30BAaHUE MPOIMUCHBIX U CTPOUYHBIX GYKB,
0CO0EHHO M U M B MpHUCTaBKax U 0003HAYEHUSIX €IMHMILL
1 MBr — ar0 | MWUIMBATT, WIM ThICSMHAasl OOJS BaTrIa;
I MI'u — aro | mwumoH repu. IMonHsle HaMeHOBaHMS
€IMHHL U3MEPEHNUsT BCETa MUIIYTCS CO CTPOYHOH OyKBHI,
Jlaxe ec/Ii OHU 06pa3oBaHbl OT MMeH coGCTBeHHBIX. [Ton-
HOE¢ HAMMEHOBAHWE €IWHULB! M3MEPEeHUs C IIPHCTABKOH
TAKCKe BCErda MULIETCS CO CTPOYHOM Oyksbl. [TponmcHbIe
6yKBbl MCIOJB3YIOTCS JUTSl YCJIOBHBIX COKPALICHWH elvi-
Hull u3MepeHus. Harpumep: repu n kwiorepu, Ho [t u
xI'1; BaTT, MWUIHBATT U Merasart, Ho Bt, MBtr u MBr.

ConpotuBieHHe B pe3UcToprl. MHTEpec-
HO, YTO TOK, TPOTEKAIOIIHil Yyepe3 MeTa-
JTHYECKHU MPOBOAHUMK (MW IPYToil MaTepu-
a1, 061aJaloluii HEKOTOPO MPOBOAUMOC-
ThIO), TIPOMOPLUOHANECH HANPAXEHUIO,
MPUWIOXKEHHOMY K IpoBOogHHKY. (UTo Kaca-
€TCs TIPOBOAA, KOTOPBI UCIIOJL3YETCH B Ka-
4eCTBE IIPOBOIHHUKOB B CXEMaXx, TO €ro OObIY-
HO 0epyT OOCTaTOYHO OOJIBIIOTO CEYEHHS,
4yTO6BI MOXHO OBUTO MpeHeOpeub MageHusi-
MU HaMNpsKEHUsI, O KOTOPHIX Mbl TOBOPWIIM
BhIIIE.) 3TO HH B KOEeM cjlydae He o0si3a-
TENbHO JUIS BCEX CJIyvyaeB XW3HH. Hampu-
MEp, TOK, TPOTEKAIOLIUI Yepe3 HEOHOBYIO
Jlamiy, NpeiacTaBiaseT coO0i HETUHEHHYIO
(GYHKIUIO OT MPUIOKEHHOTO HAMPSIKEHUS
(OH coxpaHsieT HyJIeBO¢ 3HaUY€HHE OO0 KpH-
TUYECKOTO 3HAYEHHUS] HATIPSDKEHUS, 4 B KPH-
TUYECKON TOYKE pEe3KO Bo3pacTaer). To xe
€aMO€ MOXHO cKa3aTb M O LENOH TpyIne
IOpPYTHUX 3JIEMEHTOB — TUOLAX, TPAH3UCTOPAX,
sammax u op. Ecam Bac uHTepecyer, moye-
My METAUTUYECKUE TTPOBOIHUKM BEOyT CeOs1
UMEHHO TaK, COBETYEM IPOYUTATh Kypc bu-
3ukd Berkeley Physics Course, Tom 11, pazn.
4.3-4.7 (cM. bubnuorpacpuio). PesucTophl u3-
rOTaBJIMBAIOT M3 MPOBOASILErO Marepuaia
(rpaduta, TOHKOH METALTMYECKOM WM Tpa-
(UTOBO# TUICHKHM WIM NPOBOAA, 00/131aI0LLETO
HEBBICOKON MPOBOAMMOCTEIO). K KaxmoMy

KOHLY pe3UcTOpa MpUKpervieH mposon. Pe-
3UCTOP XapaKTEePH3YeTCsl BETUYMHOM COTPO-
TUBJIEHUS

R=U/L;

COMpOTHRIIEHNE R U3MepsieTcs B OMax, eClU
HanpskeHue U BBIpaXeHO B BOJIBTAaX, a TOK
I B amniepax. OTO COOTHOLUEHHE HOCUT Ha-
3BaHKe «3aKoH OMa». Pe3ncropbl Haubonee
pacripoOCTPaHEHHOrO TUIA — YTJIEPOIMCThIE
KOMITO3MLIMOHHBIE — UMEIOT COIIPOTHRIICHHE
ot | oma (1 OM) mo 22 meraom (22 MOm).
PesucTopsl xapaKTepu3yr0TCs TAKXE MOILIHO-
CTbIO, KOTOPYIO OHH PacCeMBalOT B IPOCTPAH-
CTBO (Hanbonee pacTpOCTPAHEHBI PE3HCTO-
pPHl ¢ MOHIHOCTBIO paccesauus 1/4 Br) u Ta-
KUMMH MapaMeTpaMy, KaK JONYCK (TOUHOCTb),
TEeMIEpaTypHuiii KO3(pPUIUEHT, YpPOBEHb
ryMa, K03OQUUMEHT HampsikeHus (TmoKa-
3BIBAIOIUMI, B KAKOM CTEMIEHU COIIPOTHUBIIC-
HME 3aBHCUT OT TIPUJIOXKEHHOTO HaIpsXe-
HMs), CTaOWJIBHOCTb BO BpEMEHH, HHAYKTHB-
HOCTb U 1ip. bonee noapobHyio nHdopMaliHio
0 pE3UCTOpax COmepXUT pasn. «Pe3ncToprr»,
Hare4YaTaHHbIA MENKUM HIpUPTOM, a TaKKe
npwioxennss b u I B KOHLIe BTOpOoro Toma.

I'pyGo roBopsi, pe3ucTOpbl UCIOAb3YIOTCS
IUTS TIpeo0pa3oBaHusl HANpPSXEHUS B TOK U
Ha000pOT. JTOT BBIBOA MOXET TTOKA3aThCst
GaHATbHBIM, HO CKOPO BH IOiiMeTe, YTO
MMeeTcsl B BULY.

ITocaenoBare/bEOe H NAPALICILHOE COCTH-
HeHHe pe3ncTopoB. V3 onpenesieHus Compo-
THBJICHUS CAENYET HECKOJIbKO BBIBOIOB:

1. ConpoTuBiaeHUe ABYX MOCIEIOBATENb-
HO COEIMHEHHBIX pe3ucTopoB (puc. 1.3)
paBHo: R= R, + R, .

Tlpu nmocneaoBaTeTbHOM COCTUHEHUH pe-
3UCTOPOB BCErNa MOJIyyaeM Hoasuiee COTIPO-
TUBJICHHE, YEM COITPOTUBIICHNAE OTAEBHOIO
pe3ucropa.

2. CorpoTHBiieHHE IBYX IapaUIeIbHO COSIHI -
HEHHbIX pe3ucTopoB (puc. 1.4) pasHo R =
= RR/(R + R)wm R=1/(1/R + 1/R).

Rl
R1 R2 —e Rz 1
—_— {1 o
| SN
Puc. 1.3. Puc. 1.4.
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IIpu napa/uieIbGHOM COSIVMHEHHH PE3UCTO-
POB BCEra MOJy4aeM MEHbiliee COTIPOTURIIE-
HME, YEM COCAMHEHUE OTAENBHBIX PE3UCTO-
poB. ConpoTuBicHHE H3MEPSETCS B OMax
(OM). Ha npakTuke, Koraa peuyb MIOET O pe-
3UcTOpax ¢ conporunieHueM 6onee 1000 Om
(1 xXOM), MHOTIA OCTABJISIOT TOJIBKO MIPUCTAB-
Ky, omnyckas B o6o3HaueHMH «OM», T. €.
pesucrop ¢ conporuBneHrueM 10 kOM uHOT-
Ia obo3HavaloT Kak 10 K, a pesucrop ¢ co-
nporunienneM 1 MOM — kak | M. Ha cxe-
Max MHOIJA OIyCKaloT U 0603HaueHUE «OM»,
OCTaBJIAST TOJIBKO YMCIO. MoxeT OBITh, BCE
3TO KaXeTcs BaM He OYeHb MHTEPECHBIM?
HemHoro tepreHusi, 1 MBI NEpeineM K UH-
TEPECHBIM MPAKTHYECKUM TIPUMEPAM.

PE3UCTOPHBI

PesucTopbl MOMCTUHE Be3decylid. TNl pe3HCTOpOB MO-
YTH CTOJIb XK€ MHOTOUMC/IEHHBI, KAaK U CXEMbI, B KOTOPBIX
OHM TIPUMEHSTIOTCSI. Pe3uCTOpBI MCTIONB3YIOTCA B YCHITUTE -
JISIX, B KAYECTBE HATPY3KH JUIsE aKTUBHBIX YCTPOKCTB, B CXE-
Max CMELLEHHUS M B KAYeCTBE JIEMEHTOB OOpATHOM CBSI3H.
BMmecre ¢ KOHIEHCAaTOpaMM OHM MCTIONB3YIOTCA [UI 3afa-
HUSI NOCTOSHHOIM BpeMeHM Y paboTaloT Kak GwibTphl. OHU
CITYXAT 111 YCTAHOBKYU BEMYUH PaBo4MX TOKOB M YPOBHEH
CHTHAIOB. B cXxeMax MMTaHMsi pe3MUCTOPbI MCIOMNB3YIOTCS
VIl YMEHBIICHUSE HATIPSDKEHUS 33 CYET PACCEesTHUSI MOLLI-
HOCTH, [UIsl H3MEPEHHSI TOKOB M VIS paspsiia KOHIEHCATo-
POB NOCJIE CHATUS MUTaHUS. B NpeLmM3uOHHbIX cXeMax OHU
MOMOTAlOT YCTAHABIMBATL HYXKHbIE TOKH, 00eCTIeUMBAaTh TOY-
Hble KO3(PULMEHTb! NPONOPLMOHATBHOCTA U Harpsi-
XeHHsl, YCTAHABIMBATh TOYHbIE KOADULIMEHTD] YCUICHMSA.
B normyeckmx cxemax pe3MCTOphbI BBICTYMAIOT B Ka4eCTBE
KOHEYHBIX 3JIEMEHTOB JIMHMI M IUVH, <[OBBIUAIOLLMX> 1
TIOHIXAIOILMX> IEMEHTOB. B BBICOKOBOMBTHBIX CXEMax
PE3UCTOPBI CITYXKAT JUT U3MEPEHMST HaNpsDKeHUA, IUTS BbI-
PaBHUBaHMA TOKOB YTEUKH Yepe3 AMOMbI WM KOHICHCATo-
pbl, CoeAMHEHHble mocaenoparebHo. Ha papmouactorax
OHH HMCHOJb3YIOTCS JaXe B Ka4ecTBE MHIYKTHBHOCTEH.
[IpOMBILICHHOCTD BBIMYCKAET Pe3UCTOPHI C COMPOTHB-
nenveM ot 0,01 Om go 102 Om ¥ MoluHoCTBIO OT 1/8
10 250 Br ¢ momyckoM ot 0,005 1o 20%. Pe3nuctopsl U3ro-

TaRIUBAIOT U3 TPadUTOBBIX CMecei, METALTMUECKUX TUie-
HOK, TIPOBOJIOB, HAKPYYEHHBIX HA KapKac, WIX Ha OCHOBE
TIOJTYTPOBOIHNKOBLIX JIEMEHTOB, [IOIOGHBIX NOJIEBBIM TPaH-
3uctopaM. HaubGornee pacnpocTpaHeHH! yIJIEPOANCTBIE KOM-
MO3UIIMOHHbIE PE3UCTOPhI, MMEIOLIHE MOIIHOCTL 1/4 unu
1/2 Br. Cy1ecTByeT CTaHIAPTHBIN IHANa3oH 3HAUEHUI cO-
npoTuRieHuUit — ot | OM no 100 MOm, npyrueM Wis pe3u-
CTOPOB C JIOITYCKOM Ha COMpPOTHBIICHUE, PaBHBIM 5%, BbI-
MYCKAeTCsi B /IBa pa3a GoJbllie 3HAYEHWH COTIPOTUBICHHH,
yeM Ui Pe3UCTOpoB ¢ goryckoM 10% (cM. MmpwioxeHue
B). Mbi pekoMeHIyeM WCIIONb30BATh PE3HCTOPHl (PUPMBI
Allen Bradley Tvma AB (1/4 Br, 5%), TaK KaK OHH UMEIOT
TOHATHYIO MAPKUPOBKY, CTaOWIbHBIE XapaKTEPUCTUKU U
HaIeXHOE COSOMHEHUE C MPOBOMHUKAMU BbIBOHOB.

Pe3ucTopbl HACTOJBKO MIPOCTHI B 00pallieHWH, YTO OYEeHb
Y4acTo MX NPUHMMAIOT KaK HEYTO caMo coBOM pasyMelolle-
ecd. MeXny TeM OHU He WIEAIbHH, ¥ CTOMT OOPaTHTh
BHMMAaHME Ha HEKOTOpble WX HEmOCTaTku. Bo3pMeM, Ha-
TIpUMep, MOTYYMBILIKME LHHPOKOE PACTIPOCTPAHEHUE PE3UC-
TOpBI KOMIIO3ULIMOHHOTO THMA ¢ JomyckoM 5%. OHHU Xo-
PO TIOYTH IUIst JHOOBIX CXEM C HEKPUTUYHBIMM IapaMeT-
paMM, HO HEBBICOKasi CTAOWILHOCTb THX PE3UCTOPOB HE
MO3BOJISIET MCTIONB30BaTh UX B NMPELM3MOHHBIX CXEMaX.
CrnenyeT IOMHUTb 00 OTpaHWYEHUSIX, CBOMCTBEHHBIX 3TUM
3leMEeHTaM, YTOOHI B OJIMH TIPEKPACHbII IEHbL He 0Ka3aThCsl
paszayapoBaHHbIM. OCHOBHOI HENOCTaTOK COCTOMT B W3-
MEHEHNH COTMPOTHBICHHMSI BO BPEMEHU MO/ ACHCTBUEM TEM-
TIEpATYphI, HaNpsKeHHs, RIAKHOCTH. JIpyrue Hepoctar-
KM CBSI3aHBI C MHIYKTMBHBIMU CBOWCTBAMM (OHM CylLe-
CTBEHHO CKa3bIBAIOTCSi HA BHICOKUX YAaCTOTaX), C HUIHUKEM
TePMATBHBIX TOUEK B MOILHBIX CXeMaX WM IYMOB B YCHIM-
TeJISIX ¢ HU3KMM YpOBHeM IiirymMa. Hipke npuBonsitest napa-
METPhl PE3UCTOPOB B CAMBIX XECTKUX YCIOBUSIX SKCIUTyaTa-
LMK, OOBIMHO YCJIOBUS GRIBAIOT JTy4lLie, HO MPaBHJIbHEE pac-
CYUTHIBATb Ha XY/ILIee.

XAPAKTEPUCTHKHU PE3UCTOPOB ®UPMLI
ALLEN BRADLEY, (CEPHS AB, THII CB)

CTanfapTHbIA JOMYCK B HOMUHAIBHBIX YCIOBHSIX COCTAB-
nisiet 5%. MakcrmManbHas MOLHOCTD ITPH TeMIIepaType OK-
pyxatoiuei cpemni 70°C coctaser 0,25 Br, nipu 310M BHYT-
peHHss TeMriepatypa nosiaercss 1o 150°C. MakcuManib-
HO€ MPWIOXEHHOe HanpskeHve coctarisier (0,25 R)Y? wim
250 B (MeHblilee M3 ABYX 3HaueHuii). M 310 Ha camoMm
nene Tak! (cM. puc. 6.53). OnHOKpaTHOe NIpeBbIlLEHUE
HanpskeHusi 1o 400 B B TeueHre S ¢ BbI3bIBAaeT HEOOPaTH-
MOE M3MEHEHHE COMPOTURIEHUA Ha 2%.

Hamenenne Heobpartu-
COTpoTHBIeHUs, % moe?
(R=1xOwm) (R =10 MOwm)

TMaiika (350°C Ha paccrosiHUU 3 MM) +2 +2 Ha
[luknuueckast Harpyska (50 uukios BKJI/BBIKJT 3a 1000 ) + 4-6 +4—6 »
Bu6pauus (20 g) u ynap (100 g) 12 +2 »
BnaxHocts (95%-Hast orH. BIaxHocTh npu 40°C) +6 +10 Het
KoadduuneHt HanpsxkeHus (M3MeHeHue, pasHoe 10 B) —0,15 -0,3 »
Temnepatypa (ot 25 no —15 °C) +2,5 +4,5 »
Temmepatrypa (ot 25 no 85 °C) +3,3 +5,9 »
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B cxemax, rae TpebyeTcsl BhICOKasi TOUHOCTb WIIH CTa-
OWJILHOCTb, CIIELYET WCIIONB30BAaTh PE3UCTOPHI M3 Me-
Ta/VIMYeCKOM IUIEHKH ¢ gomyckoM 1% (cM. mpunoxe-
uue I'). OHn 0GecrieunBaroT crabmwibHOCTL He xyxe 0,1%
B HOPMAJILHBIX YC/IOBHSIX M HE XyXe 1 % B CaMbIX XeCT-
Kux ycnoeusix. [lpelsuoHHble NPOBOJNOYHBIE pe3HC-
TOPbI CMOCOGHB! YIOBIETBOPUTH HaUGoJIEe BHICOKHMM Tpe-
B6oBaHUAM.

Ecan oxupaercs, 4TO MOLIHOCTb, pacceMBaemasl B
cxeMe, Oyaet cocrapiars Gonee 0,1 Br, To cinenyeT BIO-
paTh pe3ucTop ¢ GONbIIUM 3HaY€HUEM pAcCeUBaeMOH
MOLIHOCTH. KOMNO3MLMOHHBIE YINIEPOAUCTBIE pe3uc-
TOPH XapaKTEPU3YIOTCS MOIMHOCTbiO Ao 2 Bt, a Molw-
HBIE MPOBOJIOYHBIE PEIUCTOPHI — Gosiee BbICOKUMM 3Ha-
YeHMAMU. U1 MOLHBIX CXEM HAWIYYLIME XapaKTepuc-
TUKH 0oOecrevyuBaeT PE3UCTOP C OTBOAOM Temia.
PesucTopbl 3T0M0 THMA BBHINMYCKAIOTCA C AOMyckoM 1%
M MOTYT HajleXXHO paboTaTh pU COOCTBEHHOM TeMmepa-
Type 10 250 °C B TeueHHE UIMTENBHOTO NEPHOIA BpeMe-
Hu. [lonyctumas pacceMBaemasi MOLIHOCTb 3aBHCHT OT
BO3ZLYLLHOTO MOTOKAa, TEMMEPATYPHbIX YCIOBUI Ha BbI-
BOAxX ¥ MIOTHOCTH CXEMbl; CJieOBATENbHO, MOLIHOCTD
Ha Pe3UCTOpe ClielyeT PacCMaTpUBaTh Kak Ipydyio opH-
€HTHPOBOYHYIO BeJIMYMHY. OTMETUM TaKxke, 4TO MOILLl-
HOCTb PE3HUCTOPA CBsI3aHa CO CPEAHMM 3HAUeHMEM MOLIL-
HOCTH, PacCeHBaeMoi B CXeMe, M MOXET CYLIECTBEHHO
MPeBbLILIATECA B KOPOTKUE MHTEPBAJIBI BDEMEHHU (B 3a-
BUCHMOCTH OT «TETJIOBOM MacChl» 3TU WHTEPBAJIbI MO-
TYT JUIMTbCS HECKOJIBKO CEKyHA Miu Gonee).

‘Vopaxuenme 1.1. BosbMeM IBa pe3ucTopa CONpOTHBIE-
HueM 5 v 10 kOM. YeMy paBHO CONpOTHBNICHME MpH (a)
TIOC/IEOBATETLHOM U (6) MapauieIbHOM MX COSTMHEHHMH?

Vinpaxuenne 1.2. Kakyio MotHocts GymeT pacceuBaTh
B MPOCTPAHCTBO PE3UCTOP ¢ conpoturieHueM 1 Om, noa-
KIIOUeHHBI K 6aTapee aBTOMOOWISI ¢ HanpsikeHueM | B?

VYnpaxnenne 1.3. Jlokaxure cnpaBeaauBocTb ¢op-
MyJl JUIsl COTIPOTUBJIEHHS] MOCIIEAOBATEILHOTO W Tapa-
JIEIBHOTO COEAMHEHUS PE3UCTOPOB.

Ynpaxuenne 1.4. [TokaxuTe, 4YTO CONPOTUBIEHHUE HE-
CKOJBKMX MapaUTe/IbHO COCAMHEHHBIX Pe3MCTOpPOB On-
penensieTcs CleLylOLUMM 00pa3oM:

R= 1
V/R +1/Ry+1/ Ry + ...

CeKpeT pe3ucTOpoB, COSTUHEHHBIX TIapai-
JieJIbHO: HaYMHAOIIKMEe YacTO IIPUCTYTIAIOT K
CJIOXHBIM anredpanvyecKuM BHIKJIANKAM WIN
YDTYOJISIIOTCS B 3aKOHBI 37IEKTPOHUKM, a 3[eCh
KaK pa3 Jyyllie BCETO BOCIOIb30BaThCSl UH-
TYUTHBHBIM TpaBwioM. [IpucTynuM Temepb
K OCBOEHHIO HHTYHTHBHBIX [TPaBUJI ¥ Pa3BU-
THIO UHTYMLIUH.

Ilpasuno 1. ConpoTMBIEHHE OBYX PE3UCTO-
POB, OMUH U3 KOTOpBIX oOnamaeT GOIBILIMM
COTIPOTHBIIEHHEM, a IPYTrOfl MaibIM, COEIM-
HEHHBIX MEXAY cODO0M MmocenoBaTebHO (Ma-
PALIEIbHO), MPHOIM3UTEILHO PaBHO OOIb-
1eMy (MEHbIIEMY) U3 ABYX COIIPOTHBICHUH.

Ilpasuno 2. [lonycTuM, BBl XOTUTE Y3HATD,
4YeMy paBHO COTNIPOTHBRIIEHHE IBYX MAapajUieib-
HO COeIMHEHHBIX PE3UCTOPOB, 00MaIaI0ILKX
conporuBiaeHueM 5 u 10 xOm. Eciu B0o0O-
pa3uTh, YTO PE3UCTOP CONMPOTUBJICHHUEM
5 kOM npexncraeisieT co0oOi MapaiienbHOE
COeIMHEeHHE ABYX PE3UCTOPOB COMPOTUBIE-
HueM 10 xOM, To cxeMa OyaeT IIpeacTaBiic-
Ha MapajUle/IbHBIM COSIHHEHHEM TPEX PE3U-
cTopoB ¢ conpotusicHreM 10 kOm. Tak kak
COIPOTHURJIEHWE ONMHAKOBBIX NApasiejbHO
COEIMHEHHBIX PE3UCTOPOB paBHO 1/n-i1 yac-
TH COIPOTHBJICHUS] OAHOTO M3 HHX, TO OT-
BeT B Haluei 3amadye Oymer 10 kOm/3, unu
3,33 xOM. DTO MpaBUIIO TOJIE3HO YCBOUTD,
TaK KaK C €ro NOMOUIBIO MOXHO OBICTPO
MPOAHANIM3UPOBATh CXEMY «B yMe». MBI x0-
THM, YTOOBI Bbl HAYYIJIMCH PEINATh CTOSIIIIAE
nepen BaMM 3aJavyM, UMEsl HOI PYKOU MM-
HUMYM — OGOpPOTHYIO CTOPOHY ITOYTOBOTO
KOHBEpPTA M pyuKy. Torna Onectainue Uaeu,
BO3HHMKLINE YV Bac B J11000H MOMEHT, HE Oy-
JIyT BCTpe4aTh MPETSITCTBUI HA MyTU CBOETO
pasBUTHSA.

U ellie HECKOJIBKO TIPUHIIMITIOB Hallleit 10-
MopollUeHHO#H (unocopuu; cpear HauMHa-
IOLIMX HAGMIONAeTCs TeHACHLIMs BLIYUCTATD
3HAYEHHS COTMPOTHRIIEHUH PE3UCTOPOB U Xa-
PAKTEPUCTHUKU JAPYTUX KOMITOHEHTOB CXEM C
60JIbLIOI TOYHOCTBIO, JOCTYITHOCTb X€E Kap-
MaHHBIX KaJIbKYJISITOPOB B Hallie BpeMs Mo-
MOTaeT pa3BUTHIO 3TOi TeHaeHuuu. [logaa-
BaThCA eif He cAeayeT Mo IBYM MPUYMHAM:
BO-TIEPBHIX, KOMIOHEHTHI CaMU 110 Ce0e UMe-
10T OTIPEICJICHHYIO KOHEYHYIO TOYHOCTb (Hau-
06osiee pacnpoOCTPaHEHHBIE PE3UCTOPHl —
+ 5%; XapaKTepUCTHKM TPaH3UCTOPOB, Ha-
MPHUMEP, YaCTO 3aNal0TCs OTHUM-ABYMSI KO-
3¢pPUIHeHTaMH1); BO-BTOPBIX, OOHUM U3
MIPU3HAKOB XOPOlleit CXeMBI SIBJISIETCS €€ He-
YYBCTBUTEJIbHOCTE K TOYHOCTH BEJTUUUH KOM-
MOHEHTOB (ObIBAIOT, KOHEYHO, U MCKIIOYE-
Hus). U elle: BbI cCKopee TIPUAETE K UHTYU -
TMBHOMY IIOHMMAHHUIO CXEM, ECITH Pa30BbETE
B cebe crocoOHOCTh OBICTPO NMPUKHUIBIBATH
«B YM€», a He OyneTe YB/IEKaTbCsl BEIYMC/IC-
HHMSMH C HEHYXHO TOYHOCTBIO Ha KpacH-
BBIX KJIBKYJIATOPAX.

HekoTopsle CYUTAIOT, YTO, 1A TOTO YTO-
Obl CKOpee HayYUThCS OLICHMBATh BEJIMYUHY
CONPOTHUBJIEHHUS, TTOJIE3HO BBOAUTD ITOHSITHE
nposodumocms, G = 1/R. ToK, mpoTeKalo-
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UMl yepe3 3EMEHT C TIPOBOXUMOCTHIO G,
K KOTOpOMY NPUIOXEHO HamnpsixeHue U,
onpenaengercs Kak I = GU (310 3akoH OMa).
YeM MeHbIlIE COTIPOTUBICHUE TIPOBOTHHKA,
TeM OOJIBIIIE €rO MPOBOIHMOCTD U TEM OOJIb-
1€ TOK, MPOTEKAIOLIUI 0] BO3AEHCTBUEM
HAMpPSDKEHUS, TIPUIOXEHHOIO MEXIYy KOH-
LIaMM TIPOBOAHMKA.

C 310if TOUKM 3peHNd GopMyIa IJis orpe-
JIeJICHUSI CONPOTURIEHUSI MApaUIeIbHO CO-
€IMHEHHBIX MMPOBOAHMKOB BMOJIHE OYEBUI-
Ha: eC/1¥ HECKOJIbKO PE3UCTOPOB WIM TIpO-
BOIAIIMX YYACTKOB MOAK/IIOYEHH K OJHOMY
U TOMY Xe€ HaNnpsKEHHIO, TO MOJHBIA TOK
paBeH CyMME TOKOB, TIPOTEKAIOIIUX B OTIENb-
HBIX BeTBSX. B CBSI3M € 3TUM NMPOBOAUMOCTD
COCOMHEHMSI PaBHA CYMME OTAENbHBIX MPO-
BOAMMOCTEI COCTaBHBIX 3jIeMEHTOB: G =
=G + G,+ G, + .., a 370 BbIpaXeHHe
3KBUBAJICHTHO BBIPAXEHUIO VTS Mapa/uieiib-
HO COCITMHEHHBIX PE3UCTOPOB, NPHUBEAEHHO-
MY BBILLE,

WUHxeHepsl HEPAaBHOMYIIHBI K OOpaTHBHIM
BEJIMUHMHAM, U B KaYECTBE CAUHHLIBI U3MEpE-
HUSI TIPOBOAUMOCTH OHM YCTAaHOBWJIM 1 CH-
Menc (I Cm = 1/1 Om), KoTOpBIii MHOIMA
Ha3BIBAKOT «MO» («OM» HaobopoT). XoTd 110~
HATHE NMPOBOAUMOCTH M TIOMOTAeT Pa3BUTh
UHTYULHIO B OTHOIUEHHMM COMPOTUBIEHHS
PE3UCTOPOB, LIMPOKOTO NMPUMEHEHHS OHO HE
Haxoaur, W OOJbLUIMHCTBO MPEANOYHUTAET
UMETH J€JI0 C BEJTMYHHAMM CONPOTHBICHHS,
a He TMPOBOAMMOCTH.

MomHocTb 4 pe3ucTopsl. MOUIHOCTS, pac-
cerBaeMas pe3UCTOPOM WJIH JHIOGBIM APYTUM
3JIEMEHTOM, ompenessiorcs kak P = Ul
Monbp3yacs 3akoHom Owma, 3Ty dopmyry
MOXHO 3aMMcaTb B 3KBUBAJICHTHOM BHIE:
P=FRu P=U/R

Vopaxuenne 1.5. Bosnmem cxemy, paGoraonyio ot
6atapeu ¢ HampsoxeHuem 15 B. Hoxaxwte, 4yTo Hesa-
BHCHMO OT TOTO, KakK GyneT BKIIIOUCH B CXeMy pe3uc-
TOp, o0NafaoHit CONpoTHRIIEHHEM Gonee 1 KOM, MOLL-
HOCTb Ha HeM He TpeBbICUT 1/4 BT.

VYopaxuenne 1.6. [JononHurensHoe ynpaxudenue: s
Huio-Mopka Tpebyetcst 10" BT 21€KTPHYECKO¥ 3HEPTHU
nipu HanpsixeHud 110 B (undpsi Brionne npasnonono6-
HeE: 10 MaH. XuTeneid, Kaxnplii noTpeGasieT B CpeHEM
| kBt 3nexrposHeprum). BuicOKOBONBTHHIN Kalens MO-
XKET UMETh AnaMeTp 25,4 mm. Jlapaiite NOACYUTAEM, YTO
MPOU30MIET, €C/iM B KayecTBe Kabens B3ATh MPOBOA U3
yycToit Meau auaMetpoM 0,305 M. CompoTupiecHHe Ta-
Koro nposoza coctarmsiet 0,05 MkOM (5107 Om) B pac-
yere Ha 0,305 M. Onpenenure: a) MOTEpH MOWHOCTH

B pacyere Ha 0,305 M, KCXOs U3 TOTO, YTO MOTEPH Olle-
HUBAIOTCS BeJIMYMHON FR; 6) IUTMHY Kabess, Ha KOTO-
poii 6yoyt motepsibl Bce 10" Br; B) eciu Bbl 3HaeTe
¢usKKy, onpeaennTe, 10 Kakoi TeMneparypbl HarpeeT-
cs Kabesib (o= 6- 1072 Br/(K* - cM?)).

Eciu pacyer BBIMOJIHEH NPAaBWILHO, TO PE3YABTAT,
BEPOSTHO, YAMBUI Bac. Kak ke pa3pelnts npobieMy?

Bxon u Bbixen, IIpakriuyecku Bo BCEX 3/1€K-
TPOHHBIX CXe€MaXx YTO-IU0O IIONAETCS Ha BXOA
(OOBIYHO 3TO HATIPSIKEHUE) U COOTBETCTBEH -
HO CHMMAETCsi C BbIXOAA (3TO TaKXe yalie
BCEro HanpsixeHue). Hampumep, ¢ Bbixoma
YCHJIMTENSE 3BYKOBOM 4YacTOTHI CHUMAETCs
HamnpsikeHue (OHO MMEET MepeMeHHOoe 3Ha-
yenue), koropoe B 100 pa3 npesbilliaeT BXOJ-
HOE HampsikeHue (M3MEHSIoLIeecs aHaTOTHY -
HO). B 3TOM ycunwTene BHIXOZHOE Hampsi-
XEHHME paccMaTpUBaeTcs Ajs IaHHOTrO
3HaYEHHMs HANpPsDKEHMS!, IEHCTBYIOLLETO Ha
Bxone. MHXeHepbl MOMb3YIOTCH MOHATHEM
nepedamounoi @ynkyuu H, xotopas npen-
CTaBNsIET CO0Oi OTHOILUEHME HATPSXKEHUS,
W3MEPEHHOTO Ha BBIXOAE, K HANPSIXKEHUIO,
JIEHACTBYIOLLIEMY HA BXOJE; IS BHILLEYITOMSI-
HYTOTO YCHMJIUTEJIs 3BYKOBO# uyactotet H —
3TO0 nocTosiHHas BeawuuHa (H = 100).
K usyyeHuio ycunuteneid Mbl IpUCTyNINM B
caenyoweit rnase. OfHaKO yxe ceifvac,
HUMes TPENCTaBICHHE TOJBKO O PE3UCTOpaX,
Mbl PaCCMOTPHUM deaumens nanpaxcerus (1o
CYTH OH SIBJISIETCS «I€-YCUINTENeM»), KOTO-
PLIif MIPaeT HeMAaJOBaXHYI0 POJib B 3JIEKT-
POHHBIX CXEMaX.

1.03. JlemTen HATIPSIKEHHA

MBI nIpUCTYIaeM K PACCMOTPEHUIO ACIUTE-
Jisl HAMpPSDKEHUsI, KOTOPBIi HCIONB3YETCS B
3JIEKTPOHHBIX CXeMaxX BeéCbMa LIMPOKO.
B n1060# HacTosiiieli cXeMe MOXHO HalTu
HE MEHbLIE TOJIAIOXUHbI ACTUTENEH Hanpsi-
xeHus. [IpocTeilliuii aenutenp Hanpsxe-
HHS — 3TO CXeMa, KOTopasi [UTsl JaHHOTO Ha-
MpsDXeHUS Ha BXOJIE CO3MAET Ha BBIXONE Ha-
NIPSIXEHUE, KOTOPOE SBJSIETCS HEKOTOPOI
4yacThl0 BxoaHoro. Ilpocrefluuii geauTenb
npeacTaeied Ha puc. 1.5. Yro takoe U, ?
[MpeanonoxuM 30ech W Aanee, YTo Harpy3Ku
Ha BBIXOJE HET, TOTIa TOK OTIPEIE/sICTCS Clie-
OYIOIMM 00pa3oM:

I= st/(Rl + RZ)
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Puc. 1.5. Jenutens nanpsxeHus. [MpunoxeHHoe Ha-
npsixedne U cosmaetr Ha Beixoge U (MeHbllee Npu-
JIOXKEHHOTO).

(Mbl Bocnosib3oBaTuCh (hOpMYJIOit s oI~
pelieieHUs COMMPOTURIICHHS pe3UCcTopa U 1pa-
BWJIOM TS FIOCJIENOBATEILHOTO COEIMHEHMS
pesucropos). Torna ans R,

U, =IR,=UR/R + R).

BbIX

OOpaTHTe BHUMAHKE, YTO BLIXOMTHOE Harpsi-
JKEHUE BCErIa MEHBIUIC BXOTHOrO {MJIM PaBHO
€MY); TIO3TOMY Mbl TOBOPHM O IEJTUTENIE Ha-
npskeHust. ECiM OHO M3 CONpPOTHBIEHHIA
OyIeT OTPULIATENIbHBIM, TO MOXHO IOJIYYUTh
YCHJICHHE (T.€. BHIXOOHOE HAIpsKeHHE Oy-
IeT Gosbilie BXOXHOro). JTa HOesi He Tak
HEBEPOSATHA, KAK KaXeTCs Ha NepBbIH
B3MJISI: BIIOAHE MOXHO CHENaTh YCTPOMCTBO

CurHan Ha Bxoge

WrHan Ha BbIXOAe
Juana3soH

BbIXOAHOIO

CATHana 2

(perynup.
HanpaxeHue)

Curuan Ha sxoge

Auanasox
BbIXOAHOTO
CUrHana

CurHan
Ha BbixOAe

6 =

Puc. 1.6. PerynnupyeMblil IenMTeNb HalpPsSXEHHs MO-
XET COCTOSITb U3 IBYX PE3UCTOpoB — ¢ (DUKCHPOBAH-
HBIM COTIPOTHBJICHHEM U C MEPEMEHHBIM CONPOTHUBIIC-
HHUEM, WIH U3 MOTEHLMOMETpA.

C OTPULIATEABHBIMHE «IIPUPAIIIEHUSIMI» COIIPO-
THUBJCHUS (B KAUCCTBE PUMEPA MOXET CITy-
KWUTh TyHHEJBHBIA OWOA) WIM MIPOCTO C Ha-
CTOSAIIIMM OTPUIIATEIbHBIM COIPOTUBICHUEM
(HanpuMep, peobpa3oBaTeb C OTPULATENb-
HBIM UMIEJAHCOM, O KOTOPOM MbI [IOTOBO-
puM no3xe). OOIHAKO 3TU MPHMEpHI JOCTa-
TOYHO CTIeUMPUYHBI K HE NOJKHBI 3aHUMATh
ceifyac BauIc BHUMaHME.

HenuTeny HanpsLKeHUs] 4acTO KCIOJb3Y-
10T B CXeMax Jisl TOro, 4To0Obl MOJTYYUTH 3a-
JaHHOE HAMNpsDKEHWE M3 OOJIBILETO TMOCTO-
SIHHOTO (WJIM TIEPEMEHHOrO) HampsiKeHus.
Hanpumep, eciu B KauecTse R, B3sITh pesu-
CTOp C PETYIHMPYEMEIM COTIPOTUBICHUEM
(puc. 1.6, @), TO MBI IOJIYYMM HE YTO MHOE,
KaK CXeMY C YIpaBJIsieMbIM BbIXOAOM; OoJee
NPOCTHIM IyTeM KOMOMHauuio R R, MOXHO
TONY4YUTh, ECJIM Y BaC €CTh OAMH PE3UCTOP C
MEPEMEHHBIM COTIPOTUBJICHUEM, WIH HOMEH-
yuomemp (puc. 1.6,6). Tipocroii menauteins
HalpsDKEHUs] UFPAcT BaXHYIO pOjib U B TOT
MOMEHT, KOrIa BBl 3adymbigaeme CXEMY.
BXOOHOE HAIPSIKEHUE U CONPOTHRIICHUE BEP-
XHel 4acTu pe3ncTopa MOTYyT MPEeACTABISTH
c000#, CKaXeM, BBIXOI YCWIHTE S, a COIpOo-
THUBJICHUE HIXHEN YacTH Pe3UCTOpa — BXOI
nocaeayouero kackama. B stom ciayuae,
BOCTIOJIb30BABLIKCh YPaBHEHUEM LISl JICITH -
TEJIST HATPSXCHUS, MOXHO ONPEAEINTD, YTO
FIOCTYIIMT Ha BXOJ MOCIETHETO Kackana. Bee
CKa3zaHHOe cTaHeT 0oJiee MOHSTHBIM, KOraa
YyTh T103X€e MbI MO3HAKOMUM BAaC ¢ OOHHUM
WHTEPECHBIM (haKTOM (MMEETCSI B BHIY T€O-
pemMa 00 3KBMBAJEHTHOM IPeoOpazoBaHUU
cXeM). A ceifyac HEMHOTO OTBJI€YEMCS OT
HAlEeHd TEMbl U MOTOBOPUM OO0 MCTOYHHKAX
TOKa M HAINPSDKCHMSI.

1.04. UcToYHHKH TOXa H HANPSKEHMs

WneanbHbili MCTOYHUK HAMpPSXEHUS — 3TO
«YEepHBbIA SIUMK», MMEIOLIMHA ABa BbIBOIA,
MEXIy KOTOPBIMHM OH MOANEPXHBAET MOCTO-
SIHHOE NMAaJeHNUE HaNpsLKeHUs1 HE3aBUCUMO OT
BEJIMYMHBl CONMPOTUBICHUSA HArpy3sku. ITo
O3HayaeT, HampuMep, YTO OH [JOJIXEH [Oo-
poxnarb TOK, paBHbIii [ = U/R, ecliu K BbI-
BOAAaM TOIKJIIOYUTH PE3UCTOP C COMPOTUB-
JieHueM R. PeaibHblit HCTOYHHMK HAMPsEKEHHs
HE MOXET OaThb TOK, OOJBIUHI HEKOTOPOTO
MPEeaeIbHOTO MAaKCUMAIBHOTO 3HAYEHMs, U
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barapes -

Puc. 1.7. VictoyHUKY HaAMpsSIXeHUsI MOCTOSIHHOTO U
TIePEMEHHOTO TOKa

B 00lIeM ciTydae OH BeleT ce0sl KaK uaeaib-
Hblii UCTOYHHMK HAMPSXECHHUS, K KOTOPOMY
MOCIEeN0BATEIBHO TIOAKIIOUEH PE3UCTOP C
HEOONMBIIMM CcONPOTHRICHHEM. OUEBHUIHO,
4eM MEHbIIIE COTIPOTHBJICHHE 3TOrO IOCIe-
IOBATENbHO MOMKIIOYEHHOTO PE3UCTOPA, TEM
aydute. Hanpumep, cTtaHaapTHas miexoqHast
barapess Ha 9 B B nocnenoBatenbHOM CO-
SIMHECHUH C PE3UCTOPOM, MMEIOIIUM COTIPO-
TUBIIeHUE 3 OM, BeleT cebd KaK UaeanbHBIi
HUCTOYHHUK HanpsokeHusa 9 B ¥ maet Makcu-
MAaJIbHBIN TOK (TIpH 3aMBIKAHUM HAKOPOTKO)
BeJIMYMHON 3 A (KOTOpHIH, K COXAJEHHIO,
noryouT 6arapelro 3a HeCKOJIbKO MUHYT). [1o
TIOHSATHBIM MPUYMHAM MCTOYHUK Hampsike-
HMS <«IIPeANOYMTACT» HArpy3Ky B BHIE pa-
30MKHYTOM LieNH, a HArpy3Ky B BUJE 3aMK-
HyTOi 1enu «HepomobiauBaet». (ITonsTus
«pa30MKHyTag LeNb» U «3aMKHyTasg elb»
OUEBMIHBI: K Pa30MKHYTOM LIETIH HHYETO HE
TIONK/IIOUYEHO, @ B 3aMKHYTOU UENH KYCOK
MPOBOAA 3aMBIKACT BHIXOH.) YCJIOBHBIE 000-
3HAYECHUSA UCTOYHUKOB HAIIPSDKEHHUS IPUBE-
IeHH Ha puc. 1.7.

MneanbHbIi HCTOYHMK TOKA — 3TO «YECPHBIN
SILLIMK», UMEIOIIIMIA 1Ba BEIBOIA U TTOMACPKH-
BalOIMU MOCTOSAHHBIN TOK BO BHEUIHEH LIeNH
HE3aBHCUMO OT BEJIWYMHBI COIPOTHBIICHUS
Harpy3kH W NPUIOXCHHOTO HAIpPSIXEeHUs.
Jis Toro 4ToOBI BHIITOIHATL CBOH (PYHKIIHH,
OH JO/KEH YMETh MOIIEPXMBATh HYXHOE
HalpsKeHUEe MEXIy CBOMMH BBIBOJAMH.
PeanbHble MCTOYHMKH TOKa (camas HENlIO-
6uMas Tema [uist OOBLIMHCTBA Y4€OGHMKOB)
UMEIOT OTPaHWYEHHBIN OHUara3oH, B KOTO-

#1 MA %1 MA é 1 MA

Puc. 1.8. YcnoBubie 0G03HaYeHHsI MCTOYHHMKOB TOKA.

POM MOXET U3MEHSATLCS CO31aBaEMOe MU Ha-
npsikeHue (OH Ha3biBaeTCs pabovnMM auara-
30HOM BBIXOIHOTO HATPSDKEHHUS WIX MPOCTO
IMAMa30HOM), M, KPOME TOT0, BHIXOOHOM TOK
UCTOYHHKA HEJb3sl CYMUTATh aOCOJIIOTHO IO-
CTOSIHHBIM. MICTOYHMK TOKA «TIPedIIOYnTacT>
Harpy3ky B BUJIE 3aMKHYTOMU LIETIH, a HATrpy3-
Ky B BUI€ pa30MKHYTOH LIEMH «HEAOI00/ M-
BacT». YCJIOBHbIE 0003HAYCHHS HCTOYHHKA
TOKa TMpHUBEACHB! Ha puc. 1.8.

XopourMM NMpUMEPOM UCTOYHHKA Hamps-
XXEHUSt MOXET CJIYXHUTb OaTtapes (111 HCTOYU-
HUKA TOKa MOAOOHOW aHaJOruu HaAWTH
Henp3s). Hampumep, ctannaptHas 6arapeii-
Ka OT KapMaHHoro (oHaps obecreuMBaeT
HanpspxkeHue 1,5 B, ee 3KBUBaJIGHTHOE ITOC-
JIeIOBaTeNbHOE CONPOTHUBIICHUE COCTABJISET
1/4 OM, a o61Luit 3anac IHEPTUM paBeH MpH-
6muaurenpHo 10 000 Bt - ¢ (mocTeneHHO 3TH
XapaKTepPUCTHKH YXYAILAIOTCS; K KOHILY CpO-
Ka CIyXObl GaTapeiikyi HalpsKEHUE MOXET
cocTaBIATh OKojio 1 B, a BHyTpeHHee co-
MMPOTHUBJICHHE — HECKOJBKO OM). O TOM, KaK
€O31aTh UCTOYHUK HAMPSKEHUSA C JTyYLIUMH
XapaKTEPUCTUKAMHM, BBl y3HaeTe, KOraa Mbl
U3YyUUM ODpaTHYIO CBsI3b. B 3JIeKTPOHHBIX
YCTPOICTBAaX, 3a MCKIIIOYCHUEM NOPTATUB-
HbIX, Oarapefiku MCHOJb3YIOTCS PEIKO.
B 1. 14 Mbl pacCMOTPMM HHTEPECHYIO TEMY
KOHCTPYMPOBaHUSI MaJIOMOIIHEIX CXeM (Ha
GaTapeiikax).

1.05. Teopema 06 3KBHBAJICHTHOM npeodpa3o-
BaHMH HCTOYHHKOB (TeHepaTopoB)

Teopema 00 3KBHBAJICHTHOM HpeoOpa3oBa-
HUH MCTOYHHKOB YTBEPXIAET, YTO BCIKYIO
CXEMY, COCTOSIIILYIO U3 PE3UCTOPOB U UCTOYU-
HHUKOB HalpsoKeHUS U UMEIOLLYIO IBa BbIBO-
14, MOXHO MpENCTABUTh B BUJIE 3KBUBAJICH-
THOW CX€MBbI, COCTOSILIEN U3 OMHOIO PE3UC-
TOpa R, TOCJIEIOBAaTENbHO TIOAKTIOYEHHOTO
K OIHOMY UCTOUHMKY HanipsikeHust U. [Tpen-
CTaBbTE, KakK 3T0 yaio6HO. BMecTo TOro 4to-
Obl pa3buparbCcsl ¢ MEIIaHWHON Oarapei W
pPE3UCTOPOB, MOXHO B3ATh ONHY OaTapeio U
oauH pe3uctop (puc. 1.9). (Kcratu, ussec-
THa €lli¢ OfHA TeopeMa 00 3KBUBAICHTHOM
1peo0pa3oBaHUM, KOTOPasi COIEPKHT TaKOe
XK€ YTBEPXICHUE OTHOCHUTEIBHO UCTOYHHMKA
TOKa Y MapauUlebHO MTOAKIIOYEHHOTO Pe3u-
cTOpa).
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Kak onpeacnuTb 3KBUBAICHTHEIC MTapameT-
put R, v U, 14 3anaHHoi cxembr? Oka-
3pIBaeTCs MpocTo. U, — 3TO HanpsXeHUe
MEXIY BHIBOAAMH IKBHBAJIEHTHOM CXEMBI B
€€ pa3’OMKHYTOM (HEHarpyXeHHOM) COCTO-
SIHAHK; TaK KakK ofe cxeMbl paboTaloT oAuHa-
KOBO, 3TO HAIMpsKeHUE COBMAAAET C HAMpS-
XKEHHEM MeXIy BBIBOJAMU JaHHOI CXeMBbl B
Pa30MKHYTOM COCTOSTHUM (€r0 MOXHO Ofi-
PEACTHTD MyTEM BBIYHCICHWHA, €C/TH CXxeMa
BaM M3BECTHA, HJIM M3MEPUTH, €CIIA CXeMa
HeusBecTHa). [locne 3TOro MoxHo onpene-
JuTh R, €CliM Y4YeCTh, YTO TOK B 3KBUBA-
JIEHTHOH CXEME, TP YCIOBUH, YTO OHA
3aMKHyTa (HarpyxeHa), pasen U, /R .
UHBIMH clTOBAMH,

i

U (pa3oMKHyTast cxema).
. — U (pasoMkHyTaa cxema)/I (3aMKHyTas
cxema).

3KB

YHUBEPCAJIBHBIE U3MEPHUTEJABHBIE ITPUBOPBI

CyiuectByeT HeMano NpUOOPOB, C MOMOLIBIO KOTOPbIX B
cXeMax MOXHO W3MEpSTb HanpspkeHUs U Toku. CaMbiM
YHUBEPCATbHBIM U3 HUX SIBNISIETCst ocLiuiorpad (CM. npu-
JioXeHHe A); OH MO3BOJIIET HAOOAAT U3MEHEHHE Hanpsi-
JXEeHMsi BO BDEMEHH B OJHOM WIM HECKOJIBKMX TOYKAX CXe-
MbL. CeLHaNbHO JUIS OTHICKAHHMH HEeMCIIPABHOCTEH B LIM(b-
POBLIX CX€MaxX NpeXHa3HauY¢Hbl JOTHYECKHE IUYMB W
JIOTMYECKHE AHAIU3ATOPbI. YHUBEPCANBHBIA U3MEPUTENb-
HbIHi NpUOOD 13T BO3MOXHOCTL U3MEDSITh HampsDkeHue,
TOK U COMPOTHRIEHHUE O4EHb YACTO C AOCTATOYHO BBICOKOH
TOYHOCTBIO, ONHAKO Y HEFO MEViCHHasl peakiivsi, ¥ OH He
MOXeT 3aMEHMTDb OCLIWUIOrpad B TeX CIy4Yasx, KOTAa UHTe-
pec MpeACTaBISIOT MEHSIOLINECS HANMPSDKEHUS. YHUBEp-
CaJlbHbiE M3MEPHTENbHEIE NPHOOPEI MOXHO Pa3ieivTh Ha
IIBe TPYIIbL: NIPUOOPHI, TOKA3AHHST KOTOPLIX OMpPEAeIsiioT-
csl 10 OOBIYHOM LIKAIE ¢ MepeMELAIoIEHCs CTPENKO, 1
npu6opbl ¢ UHQPOBBIM OTOOpAXEHHEM TOKA3aHHUS.
CraHIapTHRIA BOABTMETP MO3BOJSET M3MEPUTb TOK 1O
NEPEMELLICHUIO CTPEJIKK (OObMHO MOMHBIA JMara3oH LiKa-
Jbl cocrarnisieT 50 MKA). ([Lna Toro ytoGel pa3obparses B
paboTe U3MEpUTENLHOTO NMPUOOpa, COBETYEM IMOKOMATHCA
B KHMTax MO MEKTPOTEXHHKE, HO HE B PYKOBOJCTBax Mo
pa3paboTKe 3NEKTPOHHBIX CXEM, a MOKa Hac BMOMHE YIOB-

JETBOPUT MH(POPMALIKsi O TOM, YTO B NMPUOOPE KCTONb3Y-
I0TC MHOYKTUBHOCTH M cepaeyHMKH.) [pu M3amepeHHn
HAMpPSDKCHUS B BONBTMETPE NMOC/ENOBATENBHO K OCHOBHOM
cxeMe MoAKIIouaeTcs pe3uctop. Hanpumep, amanasoH
LWIKaJIbl M3MEPCHUA HampsKEeHMst, pasHblii | B, obecneun-
BAeTCsi MOC/IENOBATE/IbHLIM NOAKIIOYEHHEM PE3UCTOpa C CO~
npotybicHueM 20 KOM K cxeme, pacCuMTaHHOM Ha TOK
50 MKA; 1151 GONBIIMX AHAMA30HOB HAMPSAXEHHS HCIOb
3yI0TCS COOTBETCTBEHHO PE3UCTOPbI ¢ GOMBIIMMK COMPO~
THRICHUAMM. TaKoii BOJILTMETP XapaKTepH3yeTCst KaK Npu-~
Gop Ha 20000 Om/B. 310 3Ha4YMUT, YTO COMPOTHBIEHKE
ero pesucropa, pasHoe 20 KOM, yMHOXaeTcsi Ha TOJHBIH
pa3sMax HanpsoKeHMst B BLIODaHHOM JMAana3oHe M3MEPeHUS.
[MoaHbiit pa3Max B 1i000M AMaNasoHe HaNpsiKeHUsl COCTaB~
nsteT 1/20 000 B/Om, win 50 MKA. QueBHIHO, 4TO MO~
JOOGHBIM BONMBTMETP OKAa3blBaeT TEM MEHbLUE BAMAHMS Ha
CXeMy, YeM BBbillle [TMaNa3oH, TaK KaK MrpaeT posib pe3nc-
Topa ¢ GONMBIIMM CONPOTHMRIEHHEM (NpPEICTaBMM BOJILT-
METP B KayecTBe HIDKHETO IUleya JENMTeNisl HANpsDKEHUs,
MpH 3TOM BepxHee TUieuo OyleT 06pa3oBaHO KBUBAIEHT-
HBIM BBIXOJHBIM COTTPOTHRIEHHEM CXEMBbI, B KOTOPO# Mo~
KIoueH npubop). B vacanbHoM ciyyae BOJBTMETP AON-
XeH obazarh 6eCKOHEYHbIM BXOOHBIM COTPOTUBRICHHUEM.
B Hacrosiiee BpeMsi PUMEHAIOTCS pa3HOOOpasHble W3-
MepUTEbHbIE MPUOOPLI ¢ HEBOMBILNUM YCHUIIEHUEM, BXOMI-
HOE COTMPOTURICHHE KOTOPbIX MOXET aocturath 10° OMm.
K npuGopam TaKkoro THMa OTHOCAT GOJbLUIMHCTBO U3MEPH-
TeNBHBIX UH(PPOBbIX NPHUOOPOB H JAXE HEKOTOPbIC NMPUDO-
Dbl C aHAIOTOBBIM OTCYETOM Ha MOJIEBbIX TPAH3UCTOpaAX (CM.
. 3). 3aMeuaHue: VHOFIA BXOZHOE COTPOTHURIIEHUE M3-
MepUTENBHBIX MPUOOPOB CO BXOAOM Ha MOIEBOM TPaH3MC-
TOpe MOXET ObITb OUeHb OONBIUMM B HauboJIee YyBCTBU-
TEJIBHOM AMana3OHe, a B APYTUX AMalia3oHax OHO MOXET
HUMeTh MeHblliee 3HaueHue. Hampumep, TMIWYHLIMHU fB-
JISIOTCS Cneyioiine 3HadeHus: 10° OM m1s mvanasoHos
0,2 Bu 10’ OM a5t Bcex OCTANbHBIX AMANA30HOB. BHyMa-
TebHO U3yuaifTe XapakTepucTHKK npubopos! Ins paboThi
C TPaH3UCTOPHBLIMU CXEMaMM MOAXOAWT BOJBLTOMMETD Ha
20 000 Om/B, koTopblit CO3RAET A1 HAX HEBONBIIYIO Ha-
rpy3Ky. B moboM ciyyae HETPYAHO OLICHUTH BIAMSIHUE U3-
MEPUTENLHOrO NMprUbopa Ha paboTy CxeMbl, €CJTM BOCTIOND-
30BaThCS YPaBHEHMEM Ui JeJUTENA HanpsokeHus. OObrd-
HO YHMBepcalbHble W3MEPUTENIbHBIE MPUOOPLI MMEIOT
JManasoHbl u3MepeHusl HarpsikeHust or | B (M MeHble)
1o | kB (1 Gonblue) w1t NONHOrO pasMaxa IIKAJbI.

C noMouIbIO BOJIETOMMETPa MOXHO H3MEPHTD TOK, OLie-
HHUBasA €ro BEJMYMHY MO MPOCTOMY OTKJIOHEHHIO YKa3a-
Tensl npubopa (B MpeabliyLieM MpUMeEpe AKANa3oH W3-
MEpEHHA ToKa cocTaniAeT 50 MKA) WM 3a CYeT pe3uc-
TOpa ¢ HeGOJNIBUINM COMPOTURIECHHEM, MOAKTIOHYAaCMOro
napauieJisHo OCHOBHOM cxeme (wyHTa). Tak Kak wis
nepeMeLleHus yKa3arens HeobxonuMo HebobLioe naie-
HUe HanpspkeHus (00blyHO 0,25 B Ha mosHbIA pasMax
LIKaJbl), LIYHT BLIOWPAIOT MPH M3rOTOBNEHHH rpUbopa
TaKUM, YTOOBI MAKCMMallbHblii TOK BbI3bIBAJ COOTBET-
CTBYIOLLCE MafileHHE HANPSXKEHUS HA MApaUIeibHOM CO-
€AHHEHNH LIYHTA U PE3NCTOpa U3MEPUTENBHOIO NMPHOO-
pa (Wwis Bac BbIOOp LIYHTa CBOAMTCH K TOMY, YTO HYXHO
JINIIB YCTAHOBUTD MEPEKIIovaTeNlb Ha HyXXKHbIA IHana3oH
usMepeHust). B upeanbHOM ciyyae npufop s U3Me-
PEHUA TOKA IOJDKEH MUMETD HYJ/ICBOE CONPOTHRIEHNE, TOTIa
MpU MOAKIIIOYEHHM €0 K CXeMe T0C/IeOBATENLHO OH He
OyIeT oKa3biBaTh RIMAHMA Ha Hee. Ha npakTvke npuxo-
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OWTCS MHUPUTBLCH € MaXeHHEM HAMpPSOKEHUS, COCTABISIO-
LLIMM A€CATBIE J0JIH BOJIBTA KaK 1/l BOJITOMMETPOB, TaK
W U1s1 UMGDPOBLIX MPUGOPOB (3TO KaK Obl HAKNATHBIE pac-
XOIbl MPH U3MEPEHUM HAMPIXKCHHUS, OT KOTOPBIX HUKYAA
He Aedeuincsi). OOBLIYHO YHMBEPCAIbHbBIE M3MEPUTENb-
Hble NMPUOOPHI UMEIOT IWANa3OHbl U3MEPEHHUs TOKa OT
50 MKA (w1 Hrxe) 20 | A (WaM Bblilie) IS NONHOTO
pasMaxa LIKabl.

B yHUBepcaIbHbIX M3MEPHTE/ILHBIX IPUOOpax UMeETCs
OIHAa WM HECKOAbKO Garapeit is f1ooauy NMUTaHMS NMPU
M3MEpeHUH conpoTurieHust. U3MepeHNs maneHus Hanpsi-
XEHHsl TIDU TPOTEKAHUHU HEGOJNBIIOTO TOKA MO3BOJAIOT
ONpPEneNUTE BEJIMIMHY COTIPOTURIEHHS; NPEAYCMOTPEHHbIE
A7Sl 3THX W3MEPEHUW IMana3oHbl NEPeKPHIBAIOT BENWYH-
Hbl conpoTuBieHust of 1 OM (win Hieke) go 10 MOM
(WM Bbillie). 3ameyaHue: He TbITalTeCh U3MEDHTb <«TOK
MCTOYHHMKA HaNpsLKeHHs» TIyTeM MOIKTIONeHHs! pubopa
K LITENCENbHOM PO3eTKE B CTEHE; TO Xe CaMoe MOXHO
cKa3ath 06 M3MepeHHU conpoturieHUs. [ToaobHbIe «u3-
MEPEHUsD» CITyXKaT NPUYUHON TMbeM MHOTHX NPUOOpPOB.

Ynpaxuenne 1.7. Y70 mokaxer BOJLTMETD Ha
20000 Om/B npwu wkane auanasona 1 B, ecau ero noa-
KJIIOYUTh K MCTOYHUKY HanpsokeHus 1| B ¢ BHyTpeHHMM
conporvBieHHeM 10 kOM? Yto mokaxeT 31oT mpHOOD,
€CJ/TH €ro NOAKHOYUTE K ICHTENIO HAMPSKEHUA ¢ IU1eYa-
My 10 KOM—10kOM, nuTaloUIEMyCA OT UCTOYHUKA MO-
CTOSIHHOTO HanpsXeHHst (C HyJIEBbIM CONPOTHURIEHHEM)
¢ Hanpsikenuem 1 B?

Vopaxmuenwe 1.8. Mamepurenshsiii npuGop ¢ Makcu-
MabHbIM OTKJIOHEHWEM YKa3aTessl, COOTBETCTBYIOLINM
ToKy 50 MKA, MMeeT BHyTpeHHEe COMpOTHBIEHME, PaB-
Hoe 5 kOM. Kakoe LIYHTHpYIOLLIEE COMPOTHRICHUE HYX-
HO MOAKTIOYHTh, YTOObI MPUGOP U3MEPSLI TOK B Npeaenax
0—1 A? Kakoe coOnpoTUBIEHHE HYXHO MOAKJIIOMHTH MO-
CEAOBATENLHO LIS TOFO, YTOObI MPUOOP MOr H3MEPUTH
HanpskeHue B npeaenax 0—10 B?

[onpobyeM NpUMEHUTH OMUCAHHbI Me-
TOA K ACTWTENIO HANIPSDKEHUS, IS 4Ero co-
CTABUM €TO SKBUBUICHTHYIO CXEMY:

1. HanpsixeHue npv pa3oMKHYTOMH LEMu:

U= UJR/(R, + R)L.
2. Tox 3aMKHYTOIf HAKOPOTKO LIEMH:
U /R, ”

Toraa 3kBUBaCHTHAA CxeMa NpeaCTaBIIs-
€T CO0OM MCTOYHHK HarpsKeHUs,

Uaxn = st[RZ/(Rl + RZ)]’

K KOTOPOMY MOC/IeI0BATEABHO MOAKIIOYEH
PEBHUCTOP C CONPOTHRICHUEM

RBKB= RIRZ/(R| + Rl)

(He cayyaitHo conpoTHB/IEHHE PaBHO CO-
NPOTUBJICHUIO MAPANENbHO COCIMHEHHBIX
pe3uctopoB R, u R, OObAcHEHHE 3TOMY
(akry OyzeT naHO HUXe.)

Puc. 1.10

[TpuBeneHHbBIH NpUMEP TOKA3bIBAET, YTO
JEATENb HAMPSXEHHUST HE MOXET CIIYXKHThb
Xopolueii 0arapeeii, TaK KaK €ro BbIXOZHOE
HAMNpPsAXCHUE CYIIECTBEHHO YMEHDBILACTCH
Npy MOAKIIOUEHUH HArpy3ku. PaccMoTpum
ynpaxHenue 1.9. Bam ceftyac u3BecTHO Bee,
YTO HEOOXOAUMO AN TOro, YToOBI TOYHO
paccyuTaTh, HACKOJIbKO YMEHBUIMUTCS BbI-
XOAHOE HaNpsiXeHUe, €CAU MOUKIIOUHTD K
CXeMe Harpy3ky ¢ ONpelcNeHHBIM COYpO-
TUBIEHUEM. BocCrosnb3yiiTech 3KBUBAJIEHT-
HOM cxeMOil, MOAKIIOYHUTE HATPY3KY U MOI-
CYUUTANTE HOBOE BLIXOAHOE HaNpsiXEHHE,
YUWTBIBasi, YTO HOBAs CXeMa TPEACTABIISET
co0oil He YTO MHOE, KaK JeJHUTEIb Harps-
xeHus (puc. 1.10).

Ynpaxnenne 1.9. [Ina cxemul, nokazanHol Ha
puc. 1.10, U = 30 B, R = R, = 10 kOm. Tpebyercs
ONpPEACAUTD: a) BHIXOAHOE HANpPSDKEHHME B OTCYTCTBUE Ha-
rpy3Kd (HanpsDKeHWe Pa3OMKHYTOM Lienu); 6) BbIXOOHOE
HanpsXeHue TIpY YCJIOBHH, YTO TIOAKIIIOUEHA Harpyska
10 xOM (ipeacTaBbTe cxeMy B BHIE AEMTENsI Harpsike-
HUg R, u R, OObeNMHUTE B ONMH PE3WCTOD); B) 3KBHMBA-
JIEHTHYIO CXeMY; I') BBIXOAHOE HANpPSXEHHE TMPU TOM Xe
YCJIOBUH, YTO M B M. 6), HO sl 3KBUBAJIEHTHON CXEMBI
30€Ch MPUAETCS UMETh [EJIO C JENMTENEeM HArpPsoKEHUs,
OTBET JO/KEH ObITb TAKUM Xe, KaK B M. 6); &) Moul-
HOCTb, PACCEHBAEMYIO KAKABIM PE3UCTOPOM.

DKBUBAJICHTHOE COHPOTHBJICHHE HCTOUHH-
Ka H HATpY3Ka cxempl. Kak MbI TOJNIBKO 4YTO
yOeouNnuch, ANUTENb HAMPSXKEHUs, HA KO-
TOpBIIt TOAAETCS HEKOTOPOE MOCTOAHHOE
HarpsiXeHUe, 3KBUBAIECHTEH HEKOTOPOMY
MCTOYHMKY HaMpsKEHUS C T0C/IEA0BATENBHO
MOIKITIOYEHHBIM K HEMY PE3UCTOPOM; HaTIpH-
Mep, AeauTtens HanpskeHus 10 kOM—
10 xOM, Ha KOTOpBI MOAaETCs HamNpsLxKe-
HUE OT UACAIbHOM BaTapeiiku HanpsiKeHUeM
30 B, B TOYHOCTH IKBUBAJIEHTEH MICATBLHOMH
Oarapeiike HanpspkeHueM 15 B ¢ mociaeno-
BATEJIbHO TIOAKIIOYEHHRIM PE3UCTOPOM C CO-
nporupieHueM 5 KOm (puc. 1.11). IMoaxmo-
YEHHME Pe3MCTOpa B KAYECTBE HArpy3KW BbI-
3bIBACT MAJEHUE HATIPAXEHMS HA BbIXOXE
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PeanbHas cxema

Puc. 1.11.

JenuTeNsi, o0yCJOBJIECHHOE HaJiIMYHEM He-
KOTOPOTO CONnpomueeHus ucmoyruxa (BCrioM-
HMM 3KBUBAICHTHOE COMPOTUBRJICHUE LTS Nig-
JIMTENS HANPSDKEHMs, €CTM €0 BBIXOI BhIC-
TYTaeT B KAYCCTBE UCTOYHMUKA HATIPSKEHNSA).
O4eHb 4acTo 3TO ABJCHME HEXENIaTeJbHO.
OnMH noaxol K peleHHIo NpoGaeMbl cO3aa-
HHSA «yCTOMYUBOTO» UCTOUYHHKA HATIPSDKEHHS
(Ha3bIBaEMOr0 «YCTOMUMBBLIM» B TOM CMBIC-
JIg, 9YTO OH HE MOIAETCs ACHCTBUIO HArpys3-
KH) COCTOMT B MCIIOJIb30BAHUHM B AEIUTEINC
HaMpsXeHHS PE3UCTOPOB C MATBIMH COIPO-
THBAeHUAMU. UHOraa 3toT npsaMoi noaxon
0Ka3bIBAETCS MOJIE3HbIM. OIHAKO JIYHLIE BCe-
ro WISl CO34aHHUA UCTOYHMUKA HAMPSIKEHMS,
WIH, KaK €ro 4acto Ha3blBalOT, MCTOUHMKA
MTMTaHMUs1, UCTIOJb30BATh AKTUBHBIE KOMIIO-
HEHTBI, TAKME KaK TPAH3UCTOPBI, WK OIlc-
PaLIMOHHbIE YCWINTEIH, KOTOPBIMH MbI 3aii-
MeMcs B M. 2—4. DTOT 1MoAxod MO3BOJSET
CO3/1aTh HCTOYHHK HATIPSLKEHUSA, BHYTPEHHEE
COMPOTHBJIEHHE KOTOPOTO (Wi 3KBUBAJICHT-
HO€ COTIPOTUBRJIEHUE) COCTABUT MUJUTMOMBI
(TLICSIYHBIE TOIM OMA), TIPU 3TOM He Tpely-
10TCs OOMABLINE TOKM M HE PaCCEHBAETCs 3Ha-
YUTEIbHAas MOLUHOCTb, YTO XapaKTEpPHO MWis
HU3KOOMHOTO HEAMTENS HanpspkeHus ¢ Ta-
KHMH Xe pabouyMMM XapakKTepHUCTHKAMM.
KpoMe T10oro, B aKTMBHOM MCTOYHHKE TMMHTa-
HHA He MpEACTaBIAfeT TPyda peryIMpOBKa
BbIXOIHOTO HAampsKeHHUs.

TToHsATHE 3KBUBAJICHTHOTO BHYTPEHHErO
COMPOTUBJICHUSI IPUMEHHMMO KO BCEM THITaM
MCTOMHMKOB, 4 HE TOJIbKO K GaTapesam u ze-
JIUTSNISIM HanpsbkeHus. Bce UCTOUHMKM CUT-
HATOB (HATIPUMED, TeHEPaTOPbl CHHYCOWIAITb-
HBIX CUTHAJIOB, YCHINTEJIM U U3MEPHUTEJIbHbIC
TpUOOpPBI) 00AJAI0T SKBUBANCHTHBIM BHYT-
peHHHM conpoTHBiaeHueM. TloakiuouyeHue
HAarpy3KH, COMPOTURIICHHE KOTOPOii MEHbLIE

3KBMBaNEHTHaA cxema

WIM aXe CPaBHUMO C BHYTPEHHUM COIPO-
THUBJIECHHEM, BbI3bIBAET 3HAUUTEJILHOE YMEHb-
1IeHUe BBIXOAHOTO napamerpa. Hexenarenb-
HOE YMEHbLIEHUE HaTIPSDKEHUs (UM CUTHA-
J1a) pa3oMKHYTOMN LEMU 3a CYET MOOKITIOUEHMUS
HArpy3Ku Ha3bIBAETCS «IIEPErpy3Koi LEemnu».
B cBA3M ¢ 3TUM CleayeT CTPEMUTBCSI K TOMY,
YTOOBI BBHIMONHANOCH yeaoBUe R >> R, .,
TaK KaK BbICOKOOMHAsi Harpy3ka OKa3bIBaeT
HebonbLLIoe 0CAa0NIOLEe BIMSIHUE HA UCTOY-
HUK (puc. 1.12); npuMepbl TOMy Bbl BCTpe-
TUTE B MOCNCAYIOIIMX TNaBaX. YCIOBUE Bbi-
COKOOMHOCTH SIBJISICTCS 00s3aTeNbHBIM 1A
TAKUX U3MEPUTENBHBIX MPUOOPOB, KaK BOJIbI-
MeTpbl ¥ ocuunorpadst. (Ecth 1 Hekmoue-
HHUSI U3 3TOro OOlIero NpaBwia; HanpuMep,
KOTJa peyb MOMIET O JMHUAX MepeIay Ha pa-
JIUOYACTOTaX, Bbl Y3HAETE, YTO CIAEOYET «CO-
TJIaCOBBIBATh UMIIEIAHCHI» [UISl TIPEAOTBpallie-
HYS OTPAXKECHHUI M TIOTEPb IHEPTUH. )
HeckoabKo CJI0OB O MPUHATBHIX BBIPAXEHHU-
SIX: YaCTO MOXHO YCJIbIILIATh «COMPOTHUBIIE-
H{E CO CTOPOHBI BXOAA AEJUTENA HaMpsixe-
HMSI» WJIH «HArpy3Ka CO CTOPOHBI BbIXONa

wa / Upaa.uenu

OLa a0 4 s 11

1 1 1 & 1

1
OR 5R 10R 15R

BbX BHX B6iX (1%

ConpoTuenenve Harpysku (kpatho R )

Puc. 1.12. ConpoTuBneHUe HACpPy3KU JOJXKHO ObITb
60/bUKUM O CPABHEHHIO C BBIXOAHBIM COMPOTHBICHH-
€M Ul TOrO, 4ToObl CHIHAN MCTOYHHKA HE ocnabrsurcs
HUXE 3HAYEHUS HAMpPSXEHHUS MPH Pa3OMKHYTOH LETH.



20 Inasa 1

COCTABJISIET CTOJILKO-TO OM». CoBeTyeM IpH-
HSITb 3TH O0OPOThI HAa BOOPYXEHHE, TaK KaK
OHMU B MMOHSITHO# (pOopMe yKa3bIBaIOT, rIe, N0
OTHOLLIEHUIO K CXeM€, HaXOAMTCS PE3UCTOP.

IlpeobpasoBanue >meprun. 3anymaiTech
Hall TaKUM WHTEPECHDBIM BOMPOCOM: KAKUM
JNOJXHO ObITh COMPOTHBIEHUE HATPY3KH,
4YTOOBI IPU JAHHOM COTPOTUBJIEHUH UCTOY-
HUKA €/ Oblaa mepegaHa MakCUMasbHas
MOIUHOCTB? (TepMMHBI «COMPOTHUBIIEHHE HC-
TOYHUKA», «BHYTPEHHEE COTIPOTHBJIEHHE» U
«3KBUBAJIEHTHOE COTMPOTUBIIEHUE» OTHOCSHT-
¢ K OJHOMY U TOMY Xe€ CONpPOTHUBJICHUIO).
HerpyaHo 3aMeTUTb, YTO NPU BLIMOJTHEHUU
yenosuit R, = 0 u R = «, nepenanHas
MOIUHOCTb paBHa HyJo. YcioBue R = 0
o3Havaer, uro U, = 0,a /, = U/R, u no-
aromy P, = U = 0. Ycnosue R = «
o3Hayaer, 4to U,= U u I = 0, nosromy
P, = 0. MakcuMyM 3aKJIO4eH, clefoBa-
TeJAbHO, MeXay 0 U .

Vnpaxuenne 1.10. Jokaxure, YTO NpH BbINOJTHEHHH
ycnosust R = R MOUIHOCTL B Harpy3ke MaKCHMalbHa
IUTS JaHHOTO COTIPOTHBJIEHMS UCTOYHMKA. 3aMeyaHue:
MPOMYCTHUTE 3TO YIPaXHeHHMe, eCM Bbl He 3HaeTe And-
(hepeHUHMANTBHOTO UCUMCIEHUSI, U IPUMMTE Ha BEpY, YTO
NpUBEAECHHOE 3AECh YTBEPXKIEHHUE CIPAaBELIUEO.

YT106Bl MpUBEACHHDIH ITPUMED HE BbI3BaJ Y
BaC HEMpPaBWIBHOIO BIEYATICHHUSI, XOTUM €LLE
pa3 NOAYEPKHYThb, YTO OOBIMHO CXEMbi IPO-
EKTUPYIOT TAKUM 00pa3oM, YTOOBI CONPOTHB-
JIeHWe Harpy3Ky ObUTO 3HAYUTENBHO Oonblile,
4YeM BHYTPEHHEE COMPOTUBJIEHWE MCTOYHHUKA
CUTHaja, paboTaloUIEro Ha 3TY Harpysky.

1.06. /lunamMuveckoe CONPOTHBIECHHE

Yacto npuxoauTcst UMeThb €10 C MEKTPOH-
HBIMM YCTPONCTBaMM, B KOTOPHIX TOK [ He
NPOMOPUMOHAIEH HanpsixeHulo U; B monoo-
HBIX CJIy4asix HET CMbICJIa TOBOPHMTD O COMNPO-
THUBJIEHUU, TaK Kak oTHouwenue U/I He
ABISETCH TOCTOSIHHOW BEeIMYMHOM, He3a-
BUCUMOI ot U, a, HaoBopor, 3aBucur oT U.
JInsi IOXOOHBIX YCTPOMCTB TOJNIE3HO 3HATh
HaKJIOH 3aBucuMocTy U—/ (BonbT-aMnepHoi
XapakTepucTUKK). MHBIMU clloBaMM, mipen-
CTaB/IgET UHTEPEC OTHOLIEHHE HEGOIBILOTO
U3MEHEeHMs NMPUIOXEHHOrO HANpsiKEeHUs K
COOTBETCTBYIOLIEMY U3MEHEHHIO TOKA Yepe3
cxemy: AU/AI (vnn AU/AT). Bto orHOuIe-
HUE U3MEPSAETCS B €MHHMLIAX COIPOTHBIICHMS

AT
A 4+ 140M
4KOM
L h -
L y
1B U
a
I
A Lnoa
OTKpBIT
Peans- U
HbIiA
cTabu- WUpeanbHbiit
AUTpOH cTabunutpoH
6

Pric. 1.13. BonbT-aMiiepHble XapakTepUCTHKH. @ — DPE3UC-
TOp (JIMHEHHasi 3aBUCUMOCTb); 6 — 3€HEPOBCKUH IWOA
(HeNMHHEWHAs1 3aBHCUMOCTD).

(B oMax) ¥ BO MHOTMX pacueTax UrpaeT poJib
conpoTuBcHUs. OHO Ha3bIBAETCS CONMPOTHB-
JIEHHEM JUTSI MAJIbIX CUTHAJIOB, TuddepeHUu-
aTbHLIM CONPOTUBJICHUEM, TMHAMUYECKHUM
WIM MHKPEMEHTHBIM COIPOTHBIICHUEM.
3enepoBckue AHOAB (CTAOHAHMTPOHBI).
B KkauecTBe NpUMepa pacCCMOTPUM 3€HEPOB-
CKUt aMoa (CTabWINMTPOH), BOJbT-aMIIepHas
XapakTepUCTHKa KOTOPOro NpHBeldeHAa Ha
puc. 1.13. 3eHepoBckre AMOOBI UCTIONB3YIOT
IS TIOJTYY€HUSI TIOCTOSSHHOTO HAalpsKeHUs
Ha KaKOM-JIM0O y4acTKe CXeMbl. DTO IOCTHU-
raeTcd 3a cyeT Toka (B rpyboM mpubdiimxe-
HUM MOCTOSHHOIO), MOJYy4aeMOro OT HC-
TOYHUKA OOJIbIIIEr0 HATIPSDKEHMS B TOM Xe
cxeMe. Hanpumep, 3eHepoBCKuMii quox, mpe-
CTaBJIeHHbI# Ha puc. 1.13, npeobpasyet nu-
TAIOWMA TOK, U3MEHSIOLIIMIACS B YKa3aHHOM
JIMana3oHe, B COOTBETCTBYIONLIMHA (HO Oojee
Y3KWi) AuMana3oH HanpsikeHui. BaxHo
MOHATH, KaK OYJET BECTU Ce0s1 COOTBETCTBY-
IOllicE HAMpsKeHHE Ha 3€HEPOBCKOM IMOAE
(36HEPOBCKOE HANPSLXKEHME ITpo0osi) P U3~
MEHEHHWH MHUTAIOLIEro TOKA, 3TO U3MCHEHHE
€CThb MEpPa BIUSIHWS U3MEHCHUH MTUTAIOLIETO
ToKa. OHO XapaKTepu3yeTCsi IMHAMUYECKIM
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BbiX

Puc. 1.14. Peryasatop Ha 3€HEpOBCKOM [IMOZE.

COTIPOTUBJICHUEM 3€HEPOBCKOTO AMOAA, OIl-
peleiasieMbIM NP 3agaHHOM Toke. (Yutu-
Te, YTO JMHAMHYECKOE CONPOTHBJIECHHE 3e-
HEPOBCKOTO JHONA B PEXUME CTaOUIN3aLIUKN
U3MEHsIeTCs ODOpaTHO TMPONMOPIUMOHANIBHO
TOKy). Hanpumep, IMHaMMUYECKOE COTPOTMB-
JEHUE 3€HEPOBCKOro AMOIA, CO3AAIOLIEro
HanpsiXeHue ctadunmsauuu S B, Moxer
obiTh pasHo 10 Om mpu Toke 10 MA. Boc-
TOJIb30BABILKCH ONpeeIeHHEM THHAMUYeC-
KOTO COIPOTHRJIEHMS, HaileM, yemy Oyner
PaBHO M3MEHCHHE HAMpPSIKCHUS TPpH U3Me-
HEHWM NuTalomero Toka Ha 10%: AU =
= R, Al = 10-0,1-0,001 = 10 MB nam
AU/U = 0,002 = 0,2%. TeM caMbiM mioa-
TBEPXAAIOTCA BBICOKHE CTaOMIIM3MpYIOLLIME
KauecTBa 3eHEepOBCKOro auona. Ha npakru-
K€ YacTO MPUXOAUTCS UMETh AEJIO C TAKUMM
cXeMaMH, KaK TokKa3aHHas Ha puc. 1.14.
3pech TOK, MPOTEKAIOWIUK Yepe3 CTabwiu-
TPOH M Pe3UCTOP, O0YCIOBACH UMEIOLUMCS
B TO Xe CXeME HanpsokeHHeM, OONbLUUM
4yeM HanpskeHue ctabvmszauuu. [1pu aTom
I=W,— U )/Rn Al = (AU, — AU, /R,
torna AU, = R, Al = (R, /R) (AU, —
—AU,,) 4, HakoHeu, AU, = AU /R /
(R+ R ). CienoBate/ibHO, 110 OTHOLLICHHUIO
K U3MEHEHHMSM HaNpsLKEHUs CXeMa BEIeT
ce0s KaK JeTUTeNb HATIPSDKEHUSE, B KOTOPOM
3€HEPOBCKMIA IMOJ] 3aMEHEH PE3UCTOPOM, CO-
MPOTUBJIEHNE KOTOPOTO PaBHO IWHAMUYEC-
KOMY COMPOTHMBIIEHHIO THOAA TpU pabouem
toke. TlpuBeneHHBI NpUMEpP MOKa3bIBaeT,
JUIS 4ero HyXeH TaKoi mapaMerp, Kak Iu-
HAMHYECKOE COMPOTUBJICHUE. JlONYCTUM,
YTO B PACCMOTPEHHOI HAMM CXEME BXOIHOE
HampsDKeHUe U3MeHseTcs B mpenenax ot 15
g0 20 B, a and mosnydeHusi CTaOMIBHOTO
MCTOYHMKA HarpsikeHus 5,1 B ucronb3yercs
3eHepoBcKui auon tuma 1NA733 (3eHepos-
CKUil nuon ¢ HanpsokeHHeM 5,1 B u Momr-
HocTeio 1 Br). Pesucrop conporuBieHueM
300 OM obecneynuT MAKCUMATbHBIN 3¢HEPOB-
CKMii TOK, paBHBI 50 MA: (20—5,1)/300.
OneHUM M3MEHEHHME BBIXOAHOTO Hampsixe-

10 mA

5 MA
UsB

| L 3

03 04 05

] ] L

/| 01 02
Puc. 1.15

HMS, 3Has, YTO MaKCHMAJTbHOE CONPOTHRIIE-
HUE IJis BbIOpaHHOro IMOAa COCTAaBAsIET
7 Om nipu Toke 50 MA. B mManazoHe uaMeHe-
HHS BXOJHOTO HAIpPSDKEHHMS TOK 4€PE3 3eHe-
poOBCKMii n1uoa uaMeHsetca or 50 MA 10
33 MA; u3MeHEeHHe TOKa Ha 17 MA BbI3BIBAET
U3MEHEHHE HAIpSLKEHUS] Ha BLIXOAE CXEMBbI,
paBHoe AU = R Al wiu 0,12 B. [dpyrue
TPMMEPDI UCTIONB30BaHUSI 36HEPOBCKUX U0~
OB Bhl Haiigere B pasa. 2.04 u 16.14.
B peasibHBIX YCIOBMSIX 3€HEPOBCKHMHA IMOA
obecrneyuBaeT HaMBLICUIYIO CTAOMJIBHOCTD,
€CJIW OH ITUTAeTCs OT UCTOYHHMKA TOKA, Y KO-
TOPOro MO onpeneneHuio R, = o (TOK He
3aBUCUT OT HanpsxeHus). Ho MCTOUHMK TOKa
MIPEACTABISET COOOM AOCTATOYHO CNIOXHOE yC-
TPOICTBO, U MO3TOMY Ha MPAKTUKE Mbl Yalle
BCETO0 YAOBIETBOPIEMCS [TPOCTHIM DE3UCTOPOM.

Tyunensusie auoamt. Eile oauMH MHTEpEC-
Hblii MPUMEP HUCMOJIb30BaHMSA TIapaMeTpa
JHHAMUYECKOTO COMNPOTUBIEHMA CBS3aH C
TYHHEJIbHbIM O1MonoM. Ero BosibT-aMrepHas
XapakTepUCTUKa MoKa3aHa Ha puc. 1.15.
B ob6aactn Mexay ToukamMu A U B oH obna-
AeT OompuyamensHbiM IMHAMMYECKUM COTpPO-
TUBJcHUEM. M3 3TOro BBHITEKAET BaXHOE
CJICICTBUE: Oeaumend HATIPSIKEHUSI, COCTOS-
LK M3 pe3UCTOpa U TYHHEIBHOIO NHOAA,
MOXeT paboTaTh KaK yCUIUTENb (pUC. 1.16).
Bocrnonb3yeMcsi ypaBHEHUEM [UIS OETUTENS
HaIPSDKEHUs Y U1 UI3MEHSIIONIETOCS Hanpsi-
xenus U, ., nonyuum U, = [R/(R +
+ r)lU,,,, TAE r, — IMHAMUYECKOE COMpO-
THBJAEHKHE TYHHEJbHOTO AHO0Ja NpU paboueM

U TyHHeNbHbLIA
curn Anoa

[F e —

Puc. 1.16
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ToKe, U, ~— W3MEHEHME MAJoro CHrHaa,
KOTOpOe OO HACTOSMILLEr0 MOMEHTA Mbi 0003-
Havanu yeped AU, (B JgajbHEHLIEM Mbl
OyIeM TOJIb30BATLCS STUM LLUPOKO pacripo-
CTpaHEeHHBIM 00o03HaueHueM). laa TyH-
HeJbHOro nuona r<0. 3Hayut, AU/AI < 0
win ufi < 0 st obracTd BONbT-aMIEpHOIi
XaPAaKTEPUCTUKY TYHHEJILHOTO JMOAA, 3aK-
JIIOYEHHON Mexay ToukamMu A U B. Ecau
7, o < 0, TO 3HAMEHATENIL CTAHOBUTCS G/IM3-
KMM K HYJIIO, U CXeMa HauyWHaeT paboT1aTthb
KaK ycunuteab. HampsxeHue u, cosmaer
TIOCTOSIHHBI TOK, WM CMeujeHue, KOTOpoe
cMeLaet pabouyio TOUKy B 00j1acTh OTpHULA-
TeNbHOTO conporupieHus. (besyciioBHo, BO
BCSIKOM YCHJIUTENIbHOM Npubope Heobxomu-
MO UMETb UCTOUHHK MHUTAHUS. )

U HakoHel, B IABYX CIOBaX UCTOPUS TYH-
HEJbHBbIX JUOIOB; OHU TIOSBWINCH B KOHLE
50-x roaoB, ¥ ¢ HUMH Cpa3y CTAIU CBSA3bI-
BaTh NYTH pa3pellieH sl MHOXECTBA NpobyeM
CXEMOTeXHHMKHM. MX BBICOKOE OBICTpOIEii-
CTBME a0 OCHOBAHUE TIPEAMONOXUTH, UTO
OHH MPOU3BEIYT PEBOMIOLMIO B 001aCTH BbI-
YUCAUTENbHON TexHuKu. K coxaneHulo,
0Ka3aioCh, YTO 3TH 3AEMEHTHI CIOXHBI B
HCTIONIb30BAaHUH; 3TO OOCTOSITE/ILCTBO, d TAKKE
yCIEUTHOE Pa3BUTHE TPAH3HCTOPOB MIPUBEJIO
K TOMY, 4TO TYHHe/JbHble OMOIABI ceduac
MOYTH HE HaXOAST TIPHMEHCHUS.

[To3xe npu paccMOTPEHHUM AKTHMBHBIX
(GnIbTPOB MbI BEDHEMCS K SIRJICHHIO OTPH-
LATEIbHOTO CONPOTHUBIECHUSA. Torna Bbl MO~
3HAaKOMUTECh CO CXEMOM rnpeobpasoBareisi
OTPULIATEIBHOTO UMIIENaHCa, KOTOpas obec-
fleYuBacT HapsAny C APYrMMM XapaKTepuc-
TUKaMH HacTosuiee (a2 He IMHAMUYECKOE)
OTPHULIATEAbHOE COTIPOTHUBJICHHE.

CUTHAJIBI

Crnenyloluuii pasaen rjiaBbl MOCBALLEH KOH-
IeHcCaTopaM — 3JIEMEHTaM, CBOICTBa KOTO-
pBIX 3aBHCSIT OT TOTO, KaK W3MEHSIOTCS B
CXEME HATNIPSDKEHUS ¥ TOKH. 3aKOHOMEPHO-
CTH, C KOTOPHIMU MBI IO3HAKOMUIY BAC MPU
W3YYEHHHU Liener NTOCTOSHHOIO TOKA (3aKOH
Oma, 3KBUBAJICHTHBIE TPEOOPa30BaHus CXeM
¥ 1p.), COXPAHSIIOT CBOIO CHMAY M B TEX CIy-
yasgx, KOoria HAIpsLKEeHUS U TOKM M3MEHS-
I0TCs 1O BpemeHu. [lnst nyyiuero rmoHuMa-
HHUsl paboTel uemneil MepeMeHHOro TOKAa

MOJIE3HO M3YYUThb HEKOTOPBIE PacIpoCcTpa-
HEHHbIEC TUIbI CUTHAJIOB (HANPSXEHWI, KO-
TOpbIE OTIpENEIEHHBIM 00pa3oM HU3MEHSIOT-
Csl BO BPEMEHM).

1.07. Cunyconnanbubie CHTHAIB

CuHycoMaanbHble CUTHATBI PACTIPOCTPAHEHbI
Haubosee LTHPOKO; UMEHHO UX Mbl M3RIEKA-
€M M3 CTeHHOM po3eTku. Eciu B yCIIbILIN-
Te BoIpaxeHue «10 MKB Ha yactore 1 M@y,
TO 3HATE, YTO peyb HMAET O CHHYCOMIATBHOM
curHajie. MaTeMaTHYeCcKOoe BRIpaKEHHE, OITH-
ChiBalOlllee CHHYCOMAAABHOE HAMpSKEHUE,
UMeeT BUJ

U= Asin2nft,

rae A — aMIUIMTyAa CUrHana, f — 4acroia B
UMKJIAaX B CEKyHOY WM B repuax. CuHyco-
WIANBbHBI CUTHAJd MoKasaH Ha puc. 1.17.
WHorna 6eiBaeT none3Ho mepeMecTUTh Haya-
J10 xoopauHat (f =0) B TOUKY, COOTBETCTBY-
OLIYIO NMPOU3BOJABHOMY MOMEHTY BPEMECHM;
B 3TOM CJiy4ae B BbIpaXeHHEe Ui CHHYCOM-
JATBHOTO HANPSIXEHUS] CIEAYET BKJIOUUTH
Gbazy

U= AsinQ2nft + @).

MOXHO TaKkxXe BOCIIOJIb30BATHCS TTOHATH-
€M YIJIOBas 4acToTa M IEPenucarh BhIpaxe-
HUE Uil CUHYCOMAAILHOTO CHTHajIa B Npy-
rOM BHIE:

U = A sin of,

rae @ — YIJoBasi YacToTa B paauaHax B 1 c.
Eciu BH BCIIOMHMTE, YTO ® = 27f, TO BCE
CTaHET Ha CBOM MECTAa.

OCHOBHOE AOCTOMHCTBO CUHYCOHIAJIbHOM
(OyHKIIMH (a TAKXEe OCHOBHAsI IPUYHHA CTONb
LIMUPOKOTO PACIpOCTPaHEHHsI CHHYCOHUAAJIb-
HBIX CUTHAJIOB) COCTOUT B TOM, UTO 3Ta PyH-
KUHUS SABAFETCA PELICHUEM LENOTro psja -
HeliHbIX UG PEepeHLMANbHBIX YPABHEHMMA,

A

1

3

1
2f f2f

~

Puc. 1.17. Cunyconnanbhas 3aBUCHMOCTL H3MEHEHHS
aMIUIUTYAbl A OT 4acTOTH f.
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ONMUCHIBAIONINX KaK (PHU3NYECKUE SBICHUS,
TaK M CBOICTBA JWHEHHbIX Lienei. JIMHen-
Hast Uerb 00J1anaeT CAEOYIOUUM CBOMCTBOM:
BBIXOIHOW CUTHAJ, MOPOXACHHBIA CyMMOM
IOBYX BXOIHBIX CUTHANOB, PaBEH CYMME JBYX
BBIXOJHBIX CUTHAIOB, KaXIblii U3 KOTOPbIX
MOPOXICH BXOOAHBIMU CUTHTAMU, IEHCTBY-
JOIIMMU HE B COBOKYITHOCTH, @ OTHAEJBHO:
HHaye rosops, ecim Boix. (4) — BbIXxomHOM
CUTHAN, TIOPOXAEHHBIM CUTHANOM A, TO 11l
JIMHEMHON 1IETM CHpaBelUIMBO CleayloLlee
paBeHcTBO: BhixX. (4 + B) — Bbix. (4) +
+ Brix. (B). Ecnu Ha Bxoze TMHEHHOI Lenu
OEHCTBYET CMHYCOUAANbHbIA CUTHA, TO Ha
BBIXOIE TaKXe TMOJYYUM CHHYCOMIATbHBIM
CHUTHAJ, HO B OOLIEM CJlydyae €ro aMILUIMTYyAa
M ¢aza Oymyt ApyrMMH. DTO YTBEPXICHUE
CMIPaBELIMBO TOJBKO IS CHHYCOMIATBHOTO
curHana. Ha npakrvke NMpUHATO OLIEHUBATD
MOBeICHUE CXEMBbI 1O €€ aMnaumyoHo-
yacmomHoll xapaxkmepucmuke, NOKa3bIBalo-
uIei, KaK M3MEHSAETCA aMILIUTYAA CHHYCOM-
JaJILHOTO CUTHaj1a B 3aBUCUMOCTH OT 4acTo-
THl. YCWIWTEJb 3BYKOBOW 4acCTOTHI, Ha-
MIpUMEDP, UMEET <«IUIOCKYIO» aMIUIUTYIHO-
YaCTOTHYIO XapaKTePUCTHUKY B IMATMA30HE OT
20 T'u mo 20 kI'u.

Yactora CMHYCOMAANbHBIX CUTHAIOB, C
KOTOPBIMHM Yallle BCEro NMpUXOAUTCS pabo-
TaTh, JIEXUT B AUATa3oHe OT HECKOJbKHX
repll 10 HECKONbKUX Merarepu. Ui nony-
yeHUs oYeHb HU3KHX yacToT, oT 0,0001 I'u
HMXE, AOCTATOYHO AKKypaTHO MOCTPOMUTH
HYXHY1I0 cxeMy. [lonyyeHune 6omee BHICOKUX
yacToT, Hanpumep a0 2000 MTI'u, taxxke He
BBI3bIBAET NPUHLIMITUATILHBIX TPYAHOCTEH, HO
IUISl CUTHAJIOB TaKOW 4acTOTbI HYXHBI CIie-
IHaTbHBIE IMHUM TiEepenay U CrellHaibHbie
npueMbl nepenauu. Kpome Toro, 3aech nmpu-
XOIMTCS MMETH OEJI0 ¢ MMKPOBOJHOBBIMHU
CHUTHAJIAMM, IUIS1 KOTOPBIX HE MOAXOIST MpU-
BbIYHBIE CXEMbl, COCTOSIIIHE U3 OTACABHBIX
3JIEMEHTOB, COEAMHEHHBIX MEXAYy co0oit
MPOBOJAMH, 2 HYXHBI CIIELMATbHBIC BOJ-
HOBOZDI.

1.08. A3mepenne aMILTATYAb CHTHAJIOB

OKa3bIBaeTCs, aMIUIMTYAy CUHYCOMAAIbHOIO
CUI'Ha/a, a TakXe JIIoOOoro Apyroro cCurHaia,
MOXHO OLIEHHBATh HE TOJBKO KaK abCcoOT-
HOE MaKCHMMajibHOE ero 3HauyeHue. MHoraa

HOJIb3YIOTCSI IOHSITUEM 060LHAA amMnaumyda
(aMIIMTYRA OT MUKA 10 MUKA CUTHaJIa), KO-
Topas, Kak HEeTPYIHO 0TaaaThCsl, paBHa yi-
BO€HHOM amruiutyae. MHoraa ynotpebns-
10T IOHATUE 3hekmuenoe 3Ha4eHue, KOTo-
po€ ONpEACHASETCH CACAYIOUIMM 00pa3oM;
Uypy = (1/2)4 = 0,707 A win 24/U,,, =
= 5\/5 (3TO COOTHOLLIEHWE CIpPaBELJIMBO
TOJILKO JUIS1 CHHYCOMAAJbHbIX CUTHAJIOB; IS
ApYruX BUIOB CUTHAJIOB OTHOUIEHUE IBOW-
HOI aMIIUTYIbl K 3 ¢heKTHBHOMY 3HAYCHUIO
oyner apyrum). IlycTb Bac He yauMBIsIeT, YTO
CUTHAJI Y4acTo Xapakrepuayercsi 3ddexTus-
HbIM 3HAYEHHEM; AEJO0 B TOM, YTO UMEHHO
3(pdeKTUBHOE 3HAYEHUE MCTIONBL3YETCS LISt
onpeneneHuss MoiHoctu. B CIUA Hanps-
XEHME B ceTU MMeeT 3D@PEKTUBHOE 3HAUe-
uue 117 B u yacrory 60 I'u. AMmauTyaa
3TOro HampsikeHus paBHa 165 B (aBoitnas
aMIuuTyna cocrapisier 330 B).

H3menenune aMiiMTyam B aenubenax. Kak
CPaBHHUTb aMILUTUTY/Ibl ABYX CUTHAIOB? MOX-
HO, HanpHUMep, cKa3aTb, YTO CUTHAT X B 1IBa
paza Gonbuie, yeM curdHan Y. Bo MHorux
c/ly4yasix MMEHHO TaK M MIPOU3BOIAT CPaBHE-
Hue. Ho odyeHb yacto nomoOHBIE OTHOLLE-
HH$ TOCTUTAlOT MUUIMOHOB, U TOTHA ya006-
Hee M0JIb30BaThC JJOTApU(DMHUUECKON 3aBU-
CHUMOCTBIO M M3MEPATH OTHOLUEHHE B
mpeuubenax (aermben cocTaBisieT ONHY Aecs-
TY10 4acTb 6ena, HO eAMHULIEH «bes1» HUKOT-
na He nonb3yiorcs). 1o onpeneneHuio oT-
HOLLUEHWE IBYX CHUTHAJIOB, BBIPAXEHHOE B
neumbenax, 3to ab = 201g(4,/4,), roe A,
U A, — aMIUIMTYIbl ABYX cUrHanoB. Hanpu-
Mep, €CJIM OJAMH CHTHA HMMEET aMIUTHTYRY
BOBOE OOMBUIYIO, YEM [IpYroil, TO OTHOLLE-
HHE TIEPBOTO CHUIHAJa KO BTOPOMY COCTaB-
aser + 6 ab, tak xak lg2 = 0,3010. Ecau
onuH curHan B 10 pa3 Gosbliie Apyroro, To
OTHOLUEHHME MEPBOTO KO BTOPOMY COCTABJISET
+ 20 ab, a ecnu oauH curHan B 10 pa3
MeHblIe apyroro, To — 20 n1b. OTHouleHue
MOILHOCTE#! IBYX CUTHAJIOB OMNpEACIsieTCS
TaK:

ab = 101g(P,/P),

rae P, 1 P, — MOIIHOCTH OBYX CUTHAJIOB.
Ecnu 06a curHana MMEIOT OfHY U Ty ke ¢op-
My, T.€. NpeACTaBJ€Hbl CHHYCOMAAMH, TO
o0a cnocoba onpeneaeHUss OTHOUIEHUS
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CUTHAIOB (4epe3 aMIUIMTYdyY MU MOMIHOCTB)
JAIOT OJIMHAKOBBIM pe3yiabrar. i cpaBHe-
HYSl CHMTHAJIOB pa3HOii ¢opMbl, HampuMep,
CHHYCOMIAJILHOTO M LIYMOBOTO C/ICAYET UC-
FIOJIb30BaTh MOLIHOCTb (MK 3(h(PEKTUBHbBIE
3HAUYEHHS ).

Xorsi neuunben CIyXuT Ansi ONnpeacacHus
OTHOILIEHHUS IBYX CUTHAJIOB, MHOT/A 3Ty €M~
HULLY MCIIONb3YIOT VISl U3MepeHuUst abCOIIoT-
HOTO, a HE OTHOCUTEJIBHOTO 3HAaYeHUs aMM-
JTUTYAbL. Jeso B TOM, UTO MOXHO B3sITb He-
KOTOPYI0O D3TaJOHHYIO aMIUIUTYDY M
onpelensitb 100yro APYTYI0 aMIUIUTYAy B Ae-
uubesax no OTHOLIEHUIO K 3TaIOHHOU. 13-
BECTHO HECKOJBKO CTAHAAPTHBLIX 3HAUYECHM
AMIUTUTYIbL, UCTIONB3YeMbIX AJIsl TAKOTO CpaB-
HEHUs (3TH 3HAYCHUSl HE YKA3bIBAIOTCS, HO
MOAPa3yMeBalOTCsl ); MPUBEIEM HEKOTOPbBIE U3
Hux: a) aAbB — add¢ekTHBHOEC 3HaueHue
1 B; 6) 1bBT — HanmpsKkeHMe, COOTBETCTBYIO-
niee momiHocTH | MBT Ha HekoTopoil npen-
TIOlaragMoO Harpy3ske, Uisl paiuo4acToT 3TO
o0bryHO 50 OM, Ang 3BYKOBBIX YacTOT —
600 OM (Hanpsixenue 0 BBt Ha 3THX Ha-
rpy3kax uMmeet 3¢h@PEeKTUBHOE 3HaYeHUE
0,22 B u 0,78 B); B) abn — HebosnbluoM
LLIYMOBOM CUTHAJI, FEHEPUPYEMbBIHA PE3UCTO-
pOM Tipu KOMHATHOM TeMmrieparype (00 3ToM
6onee nonpodbHo noitger peub B pasn. 7.11).
IToMuMo nepeuucaeHHbIX CYIHECTBYIOT 3Ta-
JIOHHBIE CUTHAJbBI I U3MEPEHUI B APYruX
obnactsix. Hanpumep, B akyCTHKE YpPOBeHb
3BykoBoro nasiieHuss 0 1B coorBercTByeT
CUTHaJly, CpelHee KBAaApaTypHOE IABIACHUE
kotoporo cocrasisier 0,0002 mx6ap (1 6ap
paBeH 10° guH Ha KBaApaTHbIH CAHTHUMETP
WM ipubnu3utenbHo 1 aTMocdepe); B CBA-
341 ypoBHU onpenensioress B ABC (oTHOCH-
TEJIbHbIA LUIYM B MOJIOCE YaCTOT C BECOBOM
dbyukumeid C). ObOpauraeM Ballle BHUMaHUe
Ha 3TanoHHylo aMmuTyay O nb: monb3ysach
3TUM 3HAYEHHEM, He 3a0biBaiiTe ero oroso-
pUTh, Hampumep «amiiutyga 27 ab otHo-
cutesnbHO 3¢dekTuBHOro 3HayeHus 1 B»,
WIH B COKpailieHHO#M dopme «27 nb oTHOCK-
TEJbHO | BW», WY TOJIL3YUTECh YCIOBHBIM
o6o3HayeHueM n1bB.

Ynpaxunense 1.11. OTHOWEHHE OBYX CHTHAJOB CO-
cragnsiet: a) 3 1b, 6) 6 ab, B) 10 8B, r) 20 ob. daa
KaX10ro Ciy4asi Onpeac/iTe OTHOIUEHHE HanpsKeHHi
W MOLLHOCTEH CUTHANOB.

1.09. [Ipyrde THmbI CHTHAJIOB

JIuneiino-mMensomuiica curnan. JInHeHHo-
MEHSIOIIMACS CHIrHan (MokKa3aH Ha pHMC.
1.18) — 310 HanpsbxeHNe, BO3pacTaloliee (WK
yOBIBalOIIIEE) C MOCTOAHHOM CKOPOCTbIO. 3TO
HarnpsbkeHUe, KOHEYHO, HE MOXeT pacTH bec-
KOHEYHO. [103TOMy 0OBIMHO TaKOe HaIpsixXe-
HUE uMeeT B, NMOKA3aHHbIA Ha Tpaduke
puc. 1.19, — HanpskeHME HapacraeT 10 KO-
HEYHOTO 3HAa4yeHMs, WU Ha rpaduke puc.
1.20 — muwi000pa3HOe HampsKEHHE.

Tpeyroabhoiii curaan. TpeyrojbHbIA CHUT-
HaJl IPUXOAUTCS «OIMXaHIIMM POACTBEHHU-
KOM» JIMHEHHO-MEHSIIOLIEMYCSI CUTHAJTY; OT-
JIMYME COCTOUT B TOM, 4TO rpaduk Tpeyronb-
HOTO CHUTHajla SBJSCTCS CHMMETPUYHBIM
(puc. 1.21).

Cursansl mwymoB. CUTHaAJIBI, 0 KOTOPBIX
MOKUAET pe4Yb, OYEHb YaCTO CMELUMBAIOT C
HIYMaM#, MMesi B BUIy TOJIBKO TEILIOBbIE CITy-
yaiiHble wymbl. [LlyMOBbIE HanpsoKeHUsT xa-
PAKTEPHU3YIOTCS YACTOTHBIM CITEKTPOM (IIpoO-
U3BEIECHME MOLLHOCTH Ha YacTOTy B replax)
W pacnpegeneHueM aMruiutya. OOHUM M3
Haubosee pacrpoCTPaHEHHBIX TUIIOB LIyMO-
BbIX CUTHAJIOB SIBJISIETCS Oeablii WyM ¢ 2aycco-
8biM pacnpedeneHuem ¢ 0ePaAHUMEHHOM cneKmpe
yacmom. J171s1 TaKOTO CHrHaNa NPOMU3BENCHHE
MOILIHOCTH Ha YaCTOTY B repliaX CoXpaHsieTcs
MOCTOSIHHBIM B HEKOTOPOM AMAana30HE yac-
TOT, @ BapMaluuM aMIUIMTYObi 119 OOJbILIOTO
4yucna M3MEPEHUWH MTHOBEHHOIO 3HAYCHMS
OMMCBIBAIOTCS pacnpencieHueM [aycca.
HlymoBoii curHajm Takoro TWia reHEpUpyeT
pe3ncTop (wyM [IXOHCOHa), M OH cO3maeT
HETNPUSITHOCTH MPU BCEBO3MOXHbBIX U3MEpe-
HHUSIX, B KOTOPBIX TpeOyeTCs BRICOKAs YYBCTBH-
TeabHOCTh. Ha 3Kkpane ocuusmiorpada Mbl
BUAUM LIYMOBOW CHUIHAN TaKUM, KakK OH Mo-
Ka3aH Ha puc. 1.22. bonee moapoGHo wIy-

U U

t t

Puc. 1.18. HanpsixeHue B BMAE JHHEHHO-MEHSIOLLETOCS
CUTHaNa.

Puc. 1.19. OrpaHuuyeHHbI# JUHEHHO-MEHSIOLINICS
CHTHAa.
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Puc. 1.20. IMunoooOpasHbiit curHan.

MOBBIE CHUTHATBI M CIIOCOOb OOpLOBI C LUy-
MOBBIMY TTIOMEXaMU OYIyT pACCMOTPEHBI B 1.
7. B pazn. 9.32—9.35 paccMaTpuBaloTcst BOM-
POCBHI TEHEpALUK ILTYMOBBIX CUTHAJIOB.

IIpsamoyroabhbie curaansl. ['paduk usme-
HEHMSI NPSAMOYTOJIbLHOTO CUTHANI2 BO BPEMeE-
HHM nokasaH Ha puc. 1.23. Kak 1 cuHycou-
JabHbIM, TIPSIMOYTOJIbHBINM CHUTHall Xapak-
TEpU3YeTCsl aMIVINTYIoi W vactoroii. Ecnu
HA BXOJA JIMHEWHOW CXEMBI IMOIaTh MPSIMO-
VIO/bHBII CHTHAJ, TO CUTHAJ Ha BBIXOIE
BpAA JiM OYIET UMETh NMPSIMOYTOIbHYIO (hop-
My. s npsMoyrosibHOro curHana 3ghgex-
TUBHOE 3HAYEHHE PABHO MPOCTO AMILIUTY-
ne. Dopma peanbHOTO MPSAMOYTONIBHOIO CHT-
Hajlla OTJau4Yaercs OT WAECAJIbHOTIO
MIpSIMOYTOJIbHUKA; OOLIYHO B 3IEKTPOHHOI
CXEME BPeMsl HapaCTaHWs CUTHAA /, COCTaB-
JIfeT OT HECKOJIbKMX HAHOCEKYHO 1O He-
CKOJIbLKHX MuKpocekyHn. Ha puc. 1.24 no-
Ka3aHO, KaK OOBIYHO BBITJISIAUT CKAuyOK Mpsi-
MOYTOJILHOTO CHrHajia. BpeMsi HapacTaHus
onpeneNseTcs Kak BpeMsi, B TEUEHUE KOTO-
poro curnan Hapacraer ot 10 no 90% csoeit
MaKCUMAabHOM aMIUTUTYIbI.

HWmnyascsi. UMIyibcbl — 3TO CHUTHANBI,
nokasaHubeie Ha puc. 1.25. OHuM xapakre-
PH3YIOTCS aMIUIUTYAOM U AJIMTENbHOCTBIO
umiyibca. Eciy reHepypoBars nepuoadyec-
KYI0 TOCJIeI0BaTEIbHOCTh MUMITYJIBCOB, TO
MOXHO TOBOPHTH O YaCTOTE, MJIM CKOPOCTHU
MIOBTOPEHUSA UMMYJIbCA, U O «paboyeM LMK-
Jie», PaBHOM OTHOWIEHUIO [UTUTENbHOCTU
MMIyJIbCa K MEPUOIY NMOBTOPeHUs (pabouunii
UK J1eXuT B npenenax ot 0 xo 100%).
WMITyTbCBI MOFYT MMETb MOJOXHUTENbHYIO
WIH OTPHLATEIbHYIO MOJSAPHOCTb (IMbEASC-
TaJji), KpOME TOr0, OHU MOTYT OBITh HapacTa-
I0LIMMH WM cnagaolMu. Hanpuwmep, Bro-
pOil MMITYJIbC, TMOKAa3aHHBIA Ha puc. 1.25,
ABJSCTCA YOBIBAIOLIMM MMITY/IbCOM TTOIOXKU-
TeJIbHOM MOASIPHOCTH (MU CTIaJaI0IMM UM-
MYJbCOM C MOJIOXHUTENbHBIM TIHEACCTAIOM).

Puc. 1.21. TpeyrosbHblil CUrHaI.

t | \//\\ Wi

Puc. 1.22. [HyMoBoO¥ curnain.

Curnain! B BHJI€ CKA4YKOB ¥ NUKOB. CUTHa-
JIbl B BUJE CKAYKOB M MUKOB YHOMHWHAIOTCS
4acTo, HO LIHPOKOTO NPUMEHEHHS HE HAXO-
1at. K ux nomowmy npuberatot Ajisi onuca-
HUsE paboTel cxeM. Eciu nmoneiTarbcs Ux
HApUCOBATh, TO OHU OYAYT BHITJSIAETH TaK,
Kak rokasaHo Ha puc. 1.26. Ckayok mpen-
cTasiseT co00i YacTb MPSAMOYTOJIBHOIO CUT-
HaJja, a MUK — 3TO [IBa CKauKa, CJeayIOLINe
C OYEHb KOPOTKMM HHTEPBAIOM.

Puc. 1.24. Bpems HapacTaHusi CKauka MpsIMOYToJibHOTO
CUrHana.

U

Puc. 1.25. Hapacrawowme u yOblBaloLUe MMIYJIbCbE
000X MONISIPHOCTEH.

I

CKayok Muk

Puc. 1.26.
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1.10. Jlormueckue yPoBHH

WUMnynbChl U IpSIMOYTOJibHBIE CUTHAMbI LK~
POKO UCIIONB3YIOTCSl B LIM(POBOIA 3MEKTPO-
Huke. B uudposoit cxeme cocrosHue mo-
00i1 TOUKH B JIIOOOI MOMEHT BpeMEHHU OIpe-
NEASI0T 3apaHce M3BECTHBIE YDPOBHHU
HanpspkeHHs. OTH YPOBHM Ha3blBAlOT Ipo-
cro «<BbICOKHUHWN» u «<HU3KUU». Oun
COOTBETCTBYIOT 3HAUYECHUAM «IoXb» (0) u
«ACTHHa» (1) OyneBoit anredpbl JOTHUKH,
KOTOpasi UMEET AEJI0 C NIEpEMEHHbBIMU, TTPU-
HUMAIOLMMU 3TH 3HAYCHHUS.

B uu@poBoOi 31EKTPOHMKE TOYHBbIC 3Ha-
YEHMSI HATIPSIKEHMIA HEe UrpaloT ponu. 3ana-
4a COCTOMUT B TOM, YTOOBI pa3jivMyaTh TOAbKO
YPOBHM HampsixeHusi. B cBsiau ¢ a1uM Ans
KaXIoro ceMeHcTBa LW POBbIX JJOrHYECKUX
3JIEMEHTOB ONPEIENIEHbI AOITyCTUMbIC 3HAa4e-
HUS1 BBICOKOTO M HU3KOTO YPOBHSI HaIlpsixe-
Hui. HanpuMmep, nornueckoe ceMeicTBO
undposbix 31eMeHTOB «74HC» paGotaer ot
HanpsixeHuss + 5 B, mpu 3TOM BBIXOAHBIE
ypoBHHM cocTapisiior 0 B (HU3KHi1 ypoBeHb)
¥ 5 B (BbICOKHMiT ypOBEHB), a nopor cpada-
ThIBAHUS Ha BXole paseH 2,5 B. PeaibHbie
3HAYEHMS BBIXOAHOTO HANPSIKCHUSI MOryT
cocTaBaATh | B OTHOCUTENLHO «3€MAU» WU
+ 5 B, HO 6e3 yueTa JOXHOro cpabaTbiBa-
HusA. O NOTHYECKUX YPOBHSIX peub MoumeT
ganbiue, B ra. 89,

1.11. ACTOYHHKH CHTHAJIOB

Hepenko MCTOYHMK CUTHAJIa BXOOUT Kak
HEOTheMIIEMas uacTb B camy cxemy. Ho s
UCTILITATEIBHOTO PEXKMa pabOThl OYEHb YI0-
O€H OTHENbHbIA HE3aBUCHUMBIX HCTOYHHK
curHaaa. B kayecTBe Takoro MCTOUHHKA
MOTYT BBICTYNATh TPY TUTIA NPUOOPOB: TeHe-
paTopbl (CHHYCOMAAJIbHBIX) CUTHAJIOB, re-
HEPaToOpbl UMITYJIbCOB M F€HEPATOPbl (PYHK~
Uit (CUTHANOB crieLManbHON HOpPMBI).
T'enepaTopwm (CHAyCOMAANbLHBIX) CHTHAJIOB.
I'eHepaTopaMy CUTHAJIOB HAa3bIBAIOT r€HEpa-
TOpPBl CHHYCOUOAJbHBIX KOJEOAHUI, KOTO-
pbie 0OBIYHO O0ECTIeYMBaAIOT LUMPOKHI aAua-
Ma30H 4acToT (Kak npasuio, ot 50 kf'u no
50 MTI'u) ¥ npucrnocobaeHsl st «TOHKOW»
PETYJIMPOBKH aMIUIMTYAbI (Ul ITOI LENH UC-
MOJIL3YETCS CXeMa PE3VMCTUBHOTO AEJTUTEIs,
Ha3blBAEMOTO aTTeHoaropoM). B HekoTo-

pbiX reHepaTopax NpeaycMOTpPeHa BO3MOX-
HOCTb MOZAYJISILIMM BBIXOAHOTO CUTHaa (CM.
ra. 13). OngHoit U3 pasHOBMAHOCTEH reHe-
paTopa CUTHajia SIBASICTCSl CBUI-TEHEPATOP
(reHeparop Kayvaiouieics 4acTOThi) — OH
MOXET MEPUOIUYECKH TPOU3BOAUTH Pa3Bep-
TKY BbIXOAHOI 4aCTOThl B HEKOTOPOM IM-
na3oHe 4actor. JTo KayecTBo npubopa
OYEHb MOJIE3HO TIPU HUCTLITAHHAX CXEM,
CBOICTBA KOTOPBIX ONpeaeseHHbIM 06pa3zom
3aBUCHT OT YaCTOThl (HAmpUMeEp, pe30HaH-
CHbie CX€Mbl wiu QUIBTPHI). B HaumM mTHU
3TU U MHOTHE ApyrHue NMpUOOpHI BhLITYCKa-
I0TCS1 B UCTIOJTHEHHH, TIO3BOJISIIOLLEM 334aBaTh
(nporpaMMUpOBaTh) YaCTOTY, aMIUTUTYLY W
Jpyrue napaMmerpbl C NMOMOLIBIO BbIYUCIH-
TEJIbHOM MallMHbI WK APYroro uu¢poBoro
YCTpOUCTBA.

Elue 04HO# pa3HOBUIHOCTBIO T€HEPATOPOB
CUTHAJIOB SIBJISIETCSl CUHMe3amop 4acmom —
YCTPOHUCTBO, KOTOPOE ITO3BOJIIET NMPOM3BO-
JIUTb TOYHYIO YCTAHOBKY 4aCTOThI T€HEPHPY-
€MbIX CUHYCOMIANbHbIX Konebanuii. Yacro-
Ta 3agaetcsi uuGpoBbIM CIOCOGOM, 4acTo ¢
TOYHOCTBIO 10 BOCBMU WM 0ojiee 3HAKOB
nocsie 3ansiToi, ¥ CUHTE3UPYETCS ¢ MOMO-
LIbI0 TOMHOTO 3TaJIOHa KBapLIEBOro reHepa-
Topa UH(POBLIMH METONAMH, O KOTOPbIX PeUb
noiger no3xe (B pasa. 9.27-9.31). Eciu
fieped BaMM KOraa-HUbynb Oyaer cTosTh 3a-
Jiaya MOJlyyYeHUsl CUTHasa ¢ abconioTHO aoc-
TOBEPHBIM, TOYHBIM 3HAYEHUEM YACTOThI, TO
0e3 CUHTE3aTopa €€ HE PEILUTD.

F'eneparopsl nmMmyJabscoB. [eHepaTopbl UM-
My/AbCOB BCETO JIMLIbL (POPMUPYIOT UMITYJib-
Cbl, HO KaK COBEPIUCHHO OHUW BBHITIONHSAIOT
CBOIO 3aAauy. B HUX mpenycMoTpeHa BO3-
MOXHOCTb PEryJTMPOBKH LIUPHHBI (ITUTENb-
HOCTH) MMIIyJbCa, YaCTOTbI MOBTOPEHHS,
AMIUTMTYbI, BDEMEHM HAPACTAHMS U APYTUX
napamerpoB. Kpome Toro, MHorve reHepa-
TOpPbl TO3BOJISIIOT F'€HEPUPOBATh Mapbl UM-
MyJbCOB C 3aJaHHBIMU UHTEPBAJIaMU U 4ac-
TOTOW NMOBTOPEHUA U NaXe KOAOBLIE MOCAE-
JOBaTeJIbHOCTH UMNYJILCOB. B G0/IbLIMHCTBE
COBPEMEHHBIX 'e HEPATOPOB UMITYJILCOB Ipe-
IlyCMOTPEHbBI JIOTMYECKUE BBIXOABI, obecme-
YUBAIOLLIME JIETKOE COTPSIKEHUE ¢ UUPpo-
BbIMM cxeMaMHM. Kak U B reHepatopax CH-
HYCOMAAIbHBIX CUTHAJIOB, B T€HEpaTOpax
MMITYJIbCOB 4acTO MPEAYCMOTPEHO BHELLIHEE
MpOrpaMMHUPOBaHUE,
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I'eneparopni GyHKuMi (CHEIHAIBHBIX CHI-
‘HanoB). Bo MHOTHX OTHOILIIEHUSIX [€HEPATO-
pbt QYHKUUH SBISIIOTCS Hauboiee rTMOKUMU
U3 BCEX MCTOYHHUKOB CUTHAIOB. OHU NO3BO-
1s10T (OpMHUPOBATh CUHYCOMAATIbHBIE, TPE-
YTOJIbHbIE, IPAMOYTOJIbHBIE CHTHAJIBI B O4€Hb
1mMpokoM auanasoHe vacrtor (ot 0,01 I'u no
10 MT'u), pu 3TOM TpEeRyCMOTPEHa BO3-
MOXHOCTb PETYJIMPOBKH aMILTUTYIbI U CME-
IIEHHUS IO MOCTOSTHHOMY TOKY (TOCTOSTHHOE
HanpsikeHue, N00ABIAEMOE K CHUTHAly).
MHorue reHepatopbl (PYyHKLUMII MOTYT ApO-
M3BOIUTb PAa3BEPTKY YaCTOThI, IPHYEM B He-
CKOJIBKMX pexXuMax (JIMHeIHOe wiu jorapud-
MHYECKOE M3MEHEHHE YaCTOThI BO BPEMEHH).
[TpOMBILIIEHHOCTh BBITYCKAeT FCHEPATOPbI
(GYHKUMI C MMITYJIbCHBIM BbIXOAOM (TIpaB-
Ja, OHH He 061aaaloT rHOKOCTBIO reHepaTo-
POB UMIYJBCOB) ¥ BO3MOXHOCTbBIO MOIYJIsI-
UMM BBIXOZHOTO CUTHAIA.

[1pOMBIILIEHHOCTD BBITYCKAET TAKXKe MTPO-
rpaMMHMpPYEMBbIE M LIM(POBLHIE TeHEPATOPbI
dyHkumii. B uudpoBbIX reHeparopax 3Haue-
HHE YacToThl (2 MHOTJIA M aMIUIMTYIbl) CUM-
ThiBaeTcs B LiMdpoBoM Buae. B mocneaHue
rofibl CEMEMCTBO TeHEPATOPOB (QYHKIIMHU TTO-
MOJHWIOCh CHHTE3UPYIOLUIUM T€HEPaTOpOM
$yHKUMH (TeHEPAaTOPOM-CHHTE3aTOPOM (PyH-
KIHit) — YCTPOWCTBOM, KOTOPOE COYETAET B
cebe rubKocTh reHepaTopa QyHKUMIA CO CTa-
OWILHOCTBIO U TOUHOCTBIO CMHTE3aTOpa Yac-
tor. [Ip¥MEpPOM CIYXHT TreHepaTop THMa
HP 8116A, koTopriii (GOpMUPYET CHHYCOM-
NanbHbIe, MPSIMOYTOJIbHbIE U TPEYTOJbHbIE
CUTHAJIBI (2 TAKXKE MMITYJIbChI, JIMHEHHOME-
HSIIOILMECS CUTHANbl, CUTHAIbI, U3MEHSIO-
mpecst Kak GyHkuug hav x u 1. 1), B Iuamna-
3oHe yactoT o1 0,001 T'u no 50 MI'u. Yacto-
Ta ¥ aMmruiMryaa (ot 10 MB no 16 B or nuka
IO THKAa) 3amaloTcs TPOrPpaMMHO, C TIOMO-
LLBIO MPOrpaMMBbl OTIPEIEJISICTCSl TAKKE JIM-
HeilHOoe WIM JorapudMHUuecKoe MU3MEHEHUE
4acToThl BO BpeMeHH. [loMUMO Bcero mpo-
4Yero YCTPOMCTBO MOXET paboTaTh KakK TPHUT-
rep, Joruuyeckas cxema, opMupoBaThb
BCILIECKH, TIPOU3BOOUTH aMIUIMTYIHYIO, Yyac-
TOTHYIO, UMITYJIbCHYIO MOOYJSLUIO, GOpMH-
pOBarh YacTOTY, YIPABISIEMYIO HATIPSDKEHH-
€M, ¥ OMMHOYHbBIC LMKIBL W nocnenHee: ecniu
BaM XOTeJI0Ch Obl MMETh OOWH UCTOYHUK CHUT-
HAJIOB Ha BCE CIIyYyaW XHU3HW, TO IUISL 3TOMI
LI€JM JyYlle MOJOHAET reHepaTop MYHKIMI.

KOHAEHCATOPHI 1 HEIIH
NEPEMEHHOTO TOKA

Konb ckopo Mbl HauMHaeM paccMaTpUBaTh
W3MEHSIOIMECS CUTHAAbl HAMPSIKEHUS W
TOKa, HAM HEOOXOAMMO MO3HAKOMMTLCS C
IBYMsI OYE€Hb 3aHATHBIMM 3JIEMEHTAMH,
KOTOpbIE He HAXOAAT MPUMEHEHHUS B LEMsX
MIOCTOSIHHOTO TOKAa, — Peub MIET O KOHAEHCa-
TOpax U WHOYKTUBHOCTSIX. CKOpO Bbi yOoeau-
TECh, YTO 3TU KOMITOHEHTbI BMECTE C pE3UC-
TOpaMM SIBJISAIOTCS OCHOBHBIMH 3JIEMEHTaMH
NACCUBHBIX JIMHEMHBIX LIEMEN, COCTARISIIOLIMX
OCHOBY IOYTH BCeil cxeMoTexHUKU. OcobeH-
HO CJieayeT MOA4ePKHYTh POJib KOHAEHCATO-
pPOB — 6€3 HUX HE OOXOAUTCS MOYTU HU OIHA
cxema. OHM MCMOMB3YIOTCS NMPU FeHEPALUK
KoJjiebaHMit, B cxeMax (QWILTPOB, Mis GJo-
KMPOBKH W LUIYHTUPOBaHUA curHanoB. Ux
UCHOJIb3YIOT B MHTErPUPYIOLLIMX U AnddepeH-
uMpylolux cxemax. Ha ocHoBe KOHJeHca-
TOPOB W MHAYKTUBHOCTEH CTPOAT CXEMbl
(popMupylolnx GUALTPOB [UIsl BblAEAEHUS
HYXHBIX CUTHaJloB M3 (ona. HekoTopble
npuMepbl NOAOOHbIX CXEM Bbl HAlIETe B ITOM
IJIaBe, a ellie 0O0JIbliiee YMUCIO MHTEPECHBIX
HPHUMEPOB UCIONb30BAHUS KOHAEHCATOPOB U
WHAYKTUBHOCTEN BCTPETUTCS BaM B MOCJe-
AYIOMX TNiaBax.

[Tpucrynum K Oosice NETAIBHOMY M3Yyye-
HHIO KOHAEHCATOpoB. SBJeHHUs, MpoTeKa-
IOl1ie B KOHACHCATOPE, OMUCHIBAIOTCS Ma-
TEMaTHYECKHMM 3aBUCHMOCTSIMHM, TOITOMY
YUTATENAM, KOTOPbIE MMEIOT HEAOCTATOYHYIO
NMOATOTOBKY B 00JaCTH MaTeMaTHKH, MOJE3-
HO NpoyuTaTh npunoxeHue b. He oropyait-
TECh, €CJIM HEKOTOPbIE ACTATH HE OyayT cpasy
BIIOJIHE TIOHSITHBI, TJIABHOE — 3TO 0Oilee
TIOHMMaHMe BOMpoca.

1.12. Konaencaropsi

KounneHcarop (puc. 1.27) — 310 yCTPOUCTBO,
nMeloliee 1Ba BblBOAAa M obnajaioluee cie-
IYIOUIMM CBOWCTBOM:

Q=cCu

KoHaeHcarop, umelowuii emkoctb C dapan,
K KOTOPOMY MpUJIOXKEHO HampsaxeHue U

—f—

Puc. 1.27. KoHzaeHcatop.



28 Inasa 1

BOJIbT, HAKaILTMBAeT 3apsia  KyJIOH Ha ol-
HOIi T1acTuHe U — @ — Ha APYrou.

B nepBoM NpuOIMXEHUH KOHICHCATOPHI —
3TO YaCTOTHO-3aBUCHUMbIE pe3UcTOpbl. OHH
MTO3BOJIAIOT CO3/1aBaTh, HApUMEpP, YACTOT-
HO-3aBHCHMBIE JIeJIUTENIN Harpskenus. Jlns
pelleHst HEKOTOPBIX 3aa4 (LlyHTUPOBaHUE,
CBSA3bIBAHME KOHTYPOB) GONBIINX 3HAHUI O
KOH/IEHCATOpE U He TpeOyeTcsl, Apyrue 3a-
nauu (noctpoeHue QWILTPOB, PE30OHAHCHBIX
CX€M, HaKOIUIEHHE 3HepruM) TpeOyloT Bonee
y0okKx 3HaHM. Hanpumep, koHaeHcaTo-
Pbl HE PacCenBalOT SHEPIHIO, XOTS YEPe3 HUX
M TIPOTEKAET TOK, — JIEJI0 B TOM, YTO TOK U
HaNpsDKEHUE Ha KOHIEHCATOPE CMELLEHBI APYT
OTHOCHTEILHO IpyTa no ase Ha 90°.

IMpoxnddepeHunponas BoipaxeHue wisa Q
(cM. npuroxeHue b), monyuum

1= C(dU/dy).

WTak, KOHOEeHCaTOp — 3T0 §0Jiee CIOXHbIA
3JIEMEHT, YeM PE3UCTOP; TOK MPOMNOPLHO-
HaJIeH He MPOCTO HAMpsIXXEHUIO: a8 CKOPOCTH
WU3MeHeHUs HarpskeHus. Eciu HarnpsokeHue
Ha KOHIEHcaTope, umelollieM eMkoctb 1 @,
u3MeHuTcs Ha 1 B 3a 1 ¢, To monmyuyuM ToK
1 A. U naobGopot, nporekaHue TokKa | A
yepe3 KOHAeHcaTop eMKOCThio 1 O Bbi3biBa-
€T U3MEHEeHHE HampsikeHuss Ha | B 3a lc.
EMkocTb, paBHast oqHo¥ dapase, oueHb Be-
JIMKa, U O3TOMY Yaule UMEIOT AEI0 C MHUK-
podapanamu (Mx®P) uau nukodapagamu
(n®). Ins Toro ytoOBl COUTH C TOJMKY He-
MOCBSILLIEHHbIX, HA TPHHIIMITHATBHBIX CXEMaXx
WHOTIA OMyCKaloT 0003HAYeHUs] €AMHULL U3-
MepeHMd. X npuxoauTcs yraaslBaTh U3 KOH-
TekcTa. HanpuMep, ecnu nmoaath Tok 1 MA
Ha KOHIeHCAaTop eMKocThlio 1 MK®, To Ha-
npsxeHue 3a | ¢ Bospacrer Ha 1000 B.
HMMnynec Toka npoaomxuTenbHocThio 10 Mc
BBI3OBET YBEIMUYEHHE HAINPSXKEHUs] HA KOH-
neHcatope Ha 10 B (puc. 1.28).

10 MA

—>|10 MC|<— t

ITpOMBILIIEHHOCTH BBIITYCKA€T KOHIEHCA-
TOpHl pa3HOOOpa3HbIX (GOpM U pa3MEpoB,
Yyepe3 HEKOTOPOE BpeMsl Bbl TIO3HAKOMUTECH
¢ Hambonee pacnpoCTPaHEHHBIMM TIPEICTA-
BUTEJISIMU 3TOT0 OOIIMPHOTO CEMENCTBA.
ITpocTeiinii KOHACHCATOP COCTOUT U3 ABYX
MMPOBOAHUKOB, PACTIONIOXEHHBIX HA HEOOJIb-
1LIOM PacCTOSSHHUM APYT OT Apyra (HO HE CO-
MPUKACAIOLIMNXCSA MEXAY C000i1), HACTOSILINE
MPOCTEHILINE KOHASCHCATOPbl UMEIOT UMEH-
HO TaKyl0 KOHCTPYKUHIO. UTOOBI MOJYyYHTH
OOMBILYI0O €MKOCTh, HYyXHBI GOJBILAS TUIO-
1{ab ¥ MEHbILIWHA 33a30p MeXny NPOBOIHU-
KaMH, OObIYHO ISl 3TOTO OAMH U3 MPOBOA-
HUKOB NMOKPHIBAIOT TOHKUM CJIOEM U30JIMPY-
jouero  Marepuasa  (Ha3biBaeMoOTroO
IUBEKTPUKOM), VISl TAKMX KOHAECHCATOPOB
UCMOJIB3YIOT, HanpuMep, alTUTUPOBAHHYIO
(MOKpPHITYIO aJIOMMUHHEM) MaJIapOBYIO
weHKy. Illnpokoe pacipocTpaHeHUe Nory-
YWJIK CACAYIOIHWE TUITbI KOHIAEHCATOPOB: Ke-
paMUYECKHE, 3EKTPOTUTHUECKHE (M3rOTOB-
JICHHBbIE U3 METAUTNYECKOil (POJNIBIM C OK-
CHIHOM IUICHKOM B KayecTBE H30JSITOpa),
CIMONSIHbIE (M3rOTOBJIEHHBIE U3 METAJIN3U-
POBaHHOH C1r0Abl). KaxmaoMy THITY KOHAEH-
CaTOpPOB MPUCYLUM CBOM KauyeCTBa, KpaTKuit
MEPEYECHb OTJIMUMUTEIBHBIX OCOOEHHOCTEMH
KaXIoro THUIMAa KOHICHCATOPOB MPUBEICH
MEJIKUM 1LIpudTOM B pasnene «KoHaeHcaro-
pbi». B 00mieM MOXHO cKa3aTb, YTO MJist
HEKPUTHYHBIX CXEM TOAXOAAT KEPAMUUYECKHE
Y Maiiy1apoBbie KOHIEHCATOPBI, B CXEMax, TIe
TpedyeTcst 00JIblUasi eMKOCTb, TTPHUMEHSIIOT-
Csl TAHTAJIOBBIE KOHIEHCATOPHI, a 151 PUiib-
TpaLyK B UCTOYHHUKAX ITUTAHHS UCTIONB3YIOT
3JIEKTPOJTUTUUECKUE KOHIEHCATOPHI.

ITapainenbHoe H HOCIEIOBATEIbHOE COE/IH-
HEeHHE KOHAEHCATOPOB. EMKOCTb HECKOJIBKUX
NMapajuIeAbHO COCANHEHHBIX KOHAECHCATOPOB
paBHa cyMMe HMX eMKocTeit. HerpyaHo
B 3TOM YOEIUTbCS: MPUJIOXKHUM HAIPSIXKEHHE

UA\

108

Puc. 1.28. HanpsixeHue Ha KOHAEHCATOPE U3MEHSETCH, KOTAa Yepe3 HEro MmpoTeKaeT TOK.
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K nMapayuieibHOMY COCIMHCHUWIO, TOrda

CU=0=0Q,+0,+0,+..=
=CU+GU+CU+..=
=(C,+ G+ C,+..)U

WIn

C=C+C+C,+..

Jlns mocnenoBaTeIbHOTO COSAMHEHUsl KOH-
[AEHCATOpOB MMEEM TaKOoe XE BhbIpaXeHHe,
KaK [UIs MapaiesibHOrO COEIUHEHUS pe3u-
CTODOB:

C = !

L/C +1/Cy+1/Cy+"
B yacTHOM ciyyae Ansl ABYX KOHAEHCATO-
po. C = C,C/(C, + C).
Tok, 3apsxamoluil KoHaeHcatop (I =
= CdU/dt), obnagaeT HEKOTOPBIMU OCOObI-

MH cBoiicTBamMH. B oTinume OT TOKa, Mpo-
TEKAlOLIEro Yepe3 pe3UCTOP, OH MPOMOPLHU-
OHaJIeH He HAMPSDKEHMIO, a CKOPOCTU U3ME-
HEHUS HamnpsaxeHus (T. €. €ro IpPOU3BOI-
HOW no BpeMeHHu). Hanee, mowHocTh (U
YMHOXEHHOE Ha / ), KOTopasi CBsI3aHa ¢ Ipo-
TEKAIIUM Yepe3 KOHAESHCATOp TOKOM, He
oDOpailaeTcst B TEIUIO, @ COXPAHSIETCS B BUAC
HEPTUM BHYTPEHHETO 31€KTPHUIECKOTO O
B KoHaeHcarope. [Ipy pa3spsme KOHAEHca-
TOpa MPOUCXOAUT U3BJICUEHHE SHEPTUH. DTU
3aHATHBIE CBOMCTBA Mbl PACCMOTPUM C ADY-
TOM TOYKM 3pEHMS, Koraa OyneM u3yyatb
peakmusHocms (HauMHas ¢ pasa. 1.18).

KOHIAEHCATOPHI

TTpOMBILIIEHHOCTERIO BLITYCKAETCSl MHOTO TUIOB KOHJCH-
caTopoB. 31ech nepeyrcieHbl OCHOBHbIE NPEUMYLLECTBA
M HENOCTaTKH PasiuyHbIX TUMOB. OueBUAHO, YTO AaH-
Hasl OLEHKA UMEET HECKOJIbKO CYObeKTHUBHBIN XapakKTep
(cM. Tabnuuy).

Tun Jinana3sod emxoctd MakcumanbHoe TouHocTs  Temmepatyp- YTeuka IMpumeuanue
HanpsaxeHue Hasi cTabunb-
HOCTBb
CmonsiHo# 1 n®-0,01 mx® 100—600 Xopouiast Manas OueHb XOpOollue: pEKOMEH-
AYIOTCs TS paguodac-
TOT
Uuaunapuue- 0,5 nd—100 n® 100—600 Bapbupyet Heckosbko 3HaueHMit TEM-
CKHil Kepa- nepatypHoro koagou-
MHYECKUi umneHra, Britovas
Kepamuuecknii 10 nd—1 mx® 50—30000 Huzkas Hwzskas CpenHsia  Manble rabapursl, Helopo-
U, IWHPOKO UCTIONb3Y-
0TCS
[Monuagupusie 0,001 Mx®D—50 Mx® 50—600 Xopotuas Huskas Manas Xopolune, HeI10porue, K-
(mMainapo- POKO UCMObL3YIOTCH
Bbi€)
Moauctupono- 10 nd—2,7 mxP 100—600 OtnuuHass  Beicokas QueHb BLICOKOKAYECTCHHbIE, KPYI-
Bbl€ Masast HOraGapUTHbIE, PEKOMEH-
nyioTest List GUALTPOB
Monnkap6o- 100 n®—30 mMxP 50—800 OtnnuHag  OriuyHast Manas BricOKOKauecTBEHHbIE,
HaTHble ’ HMEIOT Majtbie rabapHuThl
Monunpornuwie- 100 nd—50 Mx® 100-800 OrmnnyHas  Beicokasi OueHb BbICOKOKAYECTBEHHbIE; HU3-
HOBBIE Masas KO€ [ANINEKTPHIECKOoe
NOMIOLLEHHE
Tednonosbie 100 nd—2 mxd 50-200 OtnauyHag  OminyHas Camas BbicokoKauecTBeHHbIE, Ca-
Manas MO€ HU3KOE IUINEKTPHU-
4ecKoe MOrIoLIeHHE
Creknanupie 10 nd—1000 mx®  100—600 Xopoliuas OueHb CrabuibHbl MPU JUTHTENb-
Maiast HOM KCIUTyaTaunn
®apdoposbie 100 n@—0,1 MxD 50-400 Xopouwlass  Boicokas Manas Xopoluue: cTabuiibHbIe MPH
IUTHTETbHOM DKCTUIyaTa-
LMK
Tantanosorie 0,1 Mx®—-500 mx®P 6—100 Huskas Huzkas Bonblasi €MKOCTb; MOMs-

pU30BaHHbE; Manoraba-
pUTHbIE; HebonbLIas
WHIYKTUBHOCTb
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IIpodoancerue mabauyp

Tun luanazon eMkoctH MaxkcuMmansHoe TouHocTh Temmepatyp- VYrTeuka Tpumeuanne
HamnpsikeHHe Has cTabUb-
HOCTb
Inexrpoau~- 0,1 Mmxd—1,6 © 3—600 Xyxe He Xyxe e  VYxacnas  OuabTphl MCTOUHUKOB M-
THUYECKHE ObiBaeT ObiBaeT TaHMsl; MOASAPU30BAHHEIE;
KOPOTKHH CPOK CHYXObl
C ABOIHbIM 0,1 d-10 D 1,5-6 Huakas Huaxan Manas IMoanepxxa namsTH; BbICO-
cloeM KO€ MOCNENOBATENBHOE
NUDIEKTPUKA CONPOTUBICHHE
MacasHsie 0,1 Mx®d—20 Mxd 200—10000 Manas BoicokoBoabTHBIE GUABT-
Pbl; KpynHoraGapuTHBIE,
JUTMTENbHBIH CPOK CIyXKOb
BakyymHbie I n®-5000 n® 2000—36000 OueHb IMepenatyuku
Manas

Yipaxmuenne 1.12. [Monyuure BoIpaxeHUE WA EMKOCTH
ABYX TMOCJEN0BATE/BHO COEAUHEHHBIX KOHAEHCATOPOB.
Moackaska: Tak Kak TOYKa COCAWHEHHUs KOHIAEHCATOpPOB
He MMEeT BHELIHUX MOAKITIOHCHHUH, TO 3apsill, HAKOTLIEH-
Hblit IByMSI KOHAEHCATOPaMH, 1OJIKEH ObiTh OMHAKOB.

1.13. RC-uenn: W3MeHeHns
BO BPEMEHH HANPSDKEHHA H TOKA

Jlnsa aHanu3a ueneit nepeMeHHOro Toka (Wid
B 00llieM ciiy4yae cxeM, paboTalomx ¢ UuaMe-
HAOIMMUCS HaNPSOKEHUSIMU U TOKAMU)
MOXHO WMCIONb30BaTh XapaKTEPUCTUKU IBYX
TUTOB. Bo-mepBbIX, MOXHO paccMaTpuBaTh
M3MeHeHUs HanpskeHust U v Toka [ Bo Bpe-
MEHM, a BO-BTOPbIX, U3MEHEHUE AMILUTHTYIbI
IpU M3MEHEHUU 4YacTOTh! curHana. U 1e u
JpYrvie XapakTepUCTUKHU UMEIOT CBOU NTPEHMY-
LIECTBA, U B KaXIOM TPAKTUYECKOM Cllyyae
TIpUXOAMUTCS BbIOMpaTh Hambosee MOIXOAsA-
uie. Mpl HaYHEM H3yUYeHUE LETICH NEPEMEH-
HOrO TOK2 C BPEMEHHDBIX 3aBUCMMOCTEH, a B
pa3n. 1.18 mepeitzeM K 4acTOTHbIM XapakTe-
PUCTHKAM.

KakoBbl X¢ CBOWCTBA CXEM, B COCTaB KO-
TOPBIX BXOJST KOHAEeHCATOPbI? JLnst TOro yro-
Obl OTBETUTHL HA 3TOT BOMPOC, PACCMOTPUM
npocreiiryio RC-uens (puc. 1.29). Boc-
TI0J1b3YEMCSI TIOJTyYeHHBIM PaHee BbIPaXeHU-
€M 15l EMKOCTH:

C(dU/di) =1=— U/R

Puc. 1.29.

310 BHIpAXEHHE NIpeacTamisieT coooi aud-
(epeHUMANbHOE YpaBHEHHUE, pelieHUEe KO-
TOPOTO MMEET BUI

U = Ae™kC,

OT1cioga ClEeoyeT, UTo €CIU 3apsKeHHbBIN
KOHIEHCATOP MOIKIIOUUTL K PE3UCTOPY, TO
OH Oyaer pa3psiXarbcs Tak, KaK IMOKa3aHO
Ha puc. 1.30.

Ilocroannas Bpemenn. IpousseneHue RC
Ha3bIBAIOT nocmosHHoU epemenu uenu. Ecnu
R vamepsith B omax, a C — B dapanax, 10
npousBeaeHue RC OyneT U3MepsATHCA B ce-
KyHaax. [isi KoHaeHcaTopa €MKOCThbIO
1 Mx®, NOAKIIOYEHHOTrO K Pe3UCTOpPY CO-
npotueneHeM | kKOM, TOCTOSTHHAsI BpeMe-
HM cocTapisieT | MC, ecid KOHAEHCAaTop ObuI
MPEABAPUTEIBHO 3apAXEH U HANIPSXXKEHUE HA
HeM cocrapiaeT 1 B, To npy moakmo4eHUH
pe3UcTOpa B LEMU MOABUTCS TOK, DaBHBIM
1 MA.

37%

~Y

Puc. 1.30. Cvrnan paspsiga RC-uenu.
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R

Lo
_—_ barapes,
—_ Hanpaxenue = U Ic I
Puc. 1.31.

Ha puc. 1.31 mokazaHa HECKOJIBKO HHasi
cxema. B MomeHT BpemeHu ¢ = 0 cxema
NOAK/TIOYaeTCs K Garapee. YpaBHEHHE, OITH-

ChiBaolliee paboTy TAKOM CXEMbI, BBIITISIUT
CJIeayIOIUM 00pa3oM:

= C(dU/dty = (U, — U)/R
A UMECT PCUIEHHUE
U= U, +Ae .

He myraiitech, ecjid He MOHSAIM, KaK Bbl-
MONTHEHO MAaTEMATUYECKOE TTPeOOpa3OBaHHeE.
BaXHO 3aMOMHHUTB IOJYYEHHBIN pe3ynbTar.
B nanpHeiilieM Mbl 6yIeM MHOTOKDPATHO €10
UCNO/AB30BaTh, HE MpUOEras K MaTeMaTHyeC-
KuM BbiknagkaM. [MocTosiHHasi BenMuMHAa
A onpeaensieTcss M3 HayaJbHBIX YCJIOBHIA
(puc. 1.32): U=0npu t= 0, orkyna A =
==U nU=U(1 - ek

Ycranosnenne pasHosecus. [Ipu ycnosun
t > RC HanpsikeHWe MOCTUraeT 3HayeHUs
U,.. (CoBeTyem 3anOMHHMTBL XOpOILEE TpaK-
TUYECKOE MPaBWIO, Ha3blBAEMOE TMPaBUIOM
natd RC. OHo r1acuT: 3a BpeMs, paBHOeE
MATH TOCTOSTHHBIM BPEMEHHU, KOHJIEHCATOP
3apsxaeTcsd WIM paspsxaercsa Ha 99%.)
Ecii 3aTeM U3MEHUTb BXOAHOE HanpsXKeHHe
U, (cnenath ero paBHbIM, HanipuMep, HYJIIO),
TO HanpsiXeHUe Ha KoHaeHcatope U Oymer
yOBIBaTbh, CTPEMSICH K HOBOMY 3HAYE€HHIO 110
3KCTIOHEHUMATILHOMY 3aKOHY ¢™/RC. Hampu-
MEp, €CJIX Ha BXOA MOAATh MPAMOYTOAbHbIA
curHan U , To curHan Ha Beixone U Gyner
uMeTh (opMy, MoKasaHHylo Ha puc. 1.33.

0 —>-

Puc. 1.32.

/L

U
L\ !
/ N—/ 't
U

BX

—
Tt

bonee Hu3Kan
yacrota

r—ls%
| L L

Puc. 1.33. Hanpsxenue, cHMMaeMoe ¢ KOHAeHcaTopa
(BepXHHE CUTHAJIB!), P YCJIOBUM, YTO HA HErO uepes
pe3UCTOp MnonaeTcs MpAMOYTOMbHBIA CHTHA.

Vnpaxuenne 1.13. [lokaxure, 4TO BpeMs HapacTaHKst
cUrHana (Bpemsi, B TeueHHe KOTOPOro CUrHan M3MEHAET-
ca oT 10 a0 90% cBoero MakCHMAJILHOTO 3HAYeHHA) CO-
crapisiet 2,2 RC.

Y Bac, HaBepHOE, BO3HHWK BOMNPOC: KAaKOB
3aKOH U3MEHEHMs Ul TpousBonibHOro U, (2)?
s Toro 4yToGbl OTBETUTH HA HErO, HYXXHO
PELUTH HEOAHOPOAHOE TU(PdEePeHIIHANbHOE
ypaBHEHME (CTaHIAPTHbIE METOIbI PELIEHKS
TaKUX YPABHEHUI 31€Ch HE paCCMaTPHBAIOT-
cdq). B pesynbrare nonyuyum

t
1 ~(t-1)/ RC
=— . dt.
V() =45 [ Unre
—o0

ComtacHo NoTy4eHHOMY BbipaxeHuio, RC-
LeMNb YCPemHsIeT BXOMHOE HampsiXeHHe C
K03dpuuMeHTOM NPONOPLHUOHAIBHOCTH
e™RC rne At = v — t. Ha npakrtvke, onHa-
KO, TaKoil BONpPOC BO3HUKAET peako. Yare
BCETO paccMaTpUBAIOTCS YACTOTHBIE XapaKTe-
PUCTHKH W OTpenensiioT, Kakue U3MEHEHMS
MpeTepHeBaeT KaX/Aasi YacTOTHast COCTaBISIO-
mas BxoAHOro curHana. Ckopo (pasa, 1.18)
Mbl TakXe nepeitreM K 3TOMy HEMaJIOBaX-
HY10 BOITPOCY. A TTI0K& PACCMOTPUM HECKOJIb-
KO MHTEPECHBIX CXEM, [UIS AaHATN3a KOTOPbIX
IOCTATOYHO BPEMEHHBIX 3aBUCUMOCTE.

Vnpomenne ¢ NOMOMbI0 IKBHBAJEHTHOrO
npeodpa3osanns Tesennna. MoXHO GbLTO Obl
TIPUCTYTIMTb K aHaJIU3y O0JIee CIOXKHBIX CXEM,
NOJIb3YsICh, KAK M paHblle, METOAOM pelLlie-
Hus auddepeHUManbHblX ypaBHeHUH. On-
HAKO Yallle BCETO HE CTOMT INpHUGeraTh K pe-
meHuo auddepeHIIHANBHBIX YPaBHEHUIA.
BoBUIMHCTBO cXeM MOXHO CBecTH K RC-
cxeMe, nokazaHHoi Ha puc. 1.34. TMonab3y-
SICb SKBUBAJIEHTHBIM MpeoOpazoBaHUeEM LIS
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Uax
i 2

Puc. 1.34.

e
o <©

IOENUTENsl HanpsiKeHUs1, 00pa30BaHHOIO pe-
sucropamu R u R,, MOXHO ompenenuTs A7)
MUl CKavyka BXOOHOTO HampsixeHus U, .

Vnpaxuenne 1.14. JIna cxeMbl, NOKa3aHHOH Ha
prc. 1.34, R, = R, = 10 xOm u C = 0,1 Mx®. Onpene-
nute U(f) ¥ n300pa3nTe NONy4YeHHYIO 3aBUCHMOCTD B BUAE
rpaduka.

TIpumep: cxema 3aaepxkku. Mbl yxe yIo-
MUWHATH JJOTHYECKUE YPOBHH — HANpSDKEHUA,
onpenensiolne padboty uudpossix cxeM. Ha
puc. 1.35 nokas3aHo, Kak ¢ MOMOIIbIO KOH-
JAEHCATOPOB MOXHO TMOJIyYUTh 3a0epXKaHHbIH
umnyasc. B Buge TpeyroibHUKOB M300pa-
xeHbl KMOII-6ydepHbie yeunurean. OHu
JAI0T BbICOKMHU YpPOBEHb Ha BhIxoze (Donee
TONIOBUHBI BEJIMYUHBI HANPSKEHUS TTUTAHUS
TTOCTOSTHHOTO TOKa) u HaobGoport. [lepBoiit
OydhepHbIif yCUTUTETb BOCTIPOU3BOIUT BXOMI-
HOW curHan u obecrneymBaeT HeOoablIoe
BBIXOAHOE COTMPOTURIEHUE, MPEAOTBpalLiast TEM
CcaMbIM BO3/IEMCTBHE HAa WCTOYHHMK CHUTHAIa
RC-uenu (BOTIpOC O HArpyske CXeMbl Mbl
paccmotpenu B pasn. 1.05). CornacHo

KMON-6ygepHsie

ycunutenu
A 15k0m B c
1000 n®
|
A - Bxop, _—‘_

I 110 MKC 10 mic
Puc. 1.35. Ucnoms3oBanue RC-uenmu mnst popMUpoBaHus
3aepXKaHHOTO LMGpOBOro CUTHANA.

XapakTepucTHke RC-1end, BHIXOAHON CUT-
Hall Ul Hee 3aePXWBACTCS OTHOCHUTEBHO
BXOIHOTO, IMO3TOMY BBIXOOHOM Oy(depHbIii
YCUJIUTEb nepekioyaercs Ha 10 Mkc nosxe
CKayKa HaIlpsDKeHMS1 Ha BXOAe (HampsbkeHue
Ha Bbixoae RC-uenu xocrturaetr 50% cBoero
MakcuManbHOro 3HaueHus uepes 0,7 RC).
Ha npaktvke NMpUXOZUTCH MPUHUMATh BO
BHMMAaHHE OTKITOHEHUE BXOIHOTO Imopora 6y-
tdepa oT BeNIMUMHBI, paBHOI TMOJOBHHE Ha-
TIPSKEHUSI TIMTAHUSA, TaK KaK 3TO OTKJIOHE-
HME U3MEHSIET 3aJEPXKKY M LHUPUHY BBIXOI-
HOro ummnynabca. MHorna nmomobHyio cxeMy
UCHONB3YIOT Ui TOTO, YTOOBI 3alepXarTh
UMITYJIEC HAa BpPEMS, B TEUCHHE KOTOPOIO
MOXET MPOU3OUTH Kakoe-Iubo cOOBITHE.
ITpy MPOCKTUPOBAHWH CXEM JIYYILIC HE MPU-
OeraTb K MoAOOHBIM TPIOKaM, HO HWHOTAA
OHU OBIBAIOT MONEC3HHI.

1.14. Juddepennunpyionme nenu

PaccMoTpuM cxeMy, U300pakeHHYI0 Ha PUC.
1.36. Hanpstkenue Ha xoHaeHcarope C pas-
Ho U _— U, nosromy

1= Cd(U,— Uy/dr= U/R.

Ecnu pe3ncTop ¥ KOHIEHCATOp BHIOpATh TaK,
yTOOBI COTIPOTUBIEHHE R ¥ eMKocTh C OBUITH
JOCTaTOYHO MAJBIMHM U BBINOJHSIOCH YCIO-
sue dU/dt < dU_/dt, o

C(dU,/dy = U/Rwvmm Uf) =
= RC{dU_(0/db).

Taxkum 06pazoM, MBI TONYYHIH, YTO BHIXOM-
HOE HaIIpsSDKEHUE MPONOPHHOHAJIBHO CKOPO-
CTH M3MEHEHUSI BXOJHOTO CUTHAJIA.

Jnst Toro YTOOBl BHIIIOJHSJIOCH YCIIOBUE
dU/dt < dU, /dt, npoussenenne RC NODKHO
OBITh HEOONBIINM, HO TIPU 3TOM COTIPOTHB-
JieHue R He MOJIXXHO OBITH CIUIIIKOM MAJIBIM,
YTOObI HE «HATPYXaTh» BXOI (IIpH CKauke Ha-
MPSKEHUST HA BXOIE M3MEHEHUE HANpsiKe-
HUS Ha KOHAECHCATOpe paBHO HYJIO M R nipen-

C
o- | 0
BX R

u()

I

Puc. 1.36.
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Puc. 1.37. BoixogHoil curHan (BepxHuil), cHUMaeMbii
¢ audpepeHInaTOPa, HA BXOL KOTOPOTO MONAETCS Mpsi-
MOYTOJBHBIA CHUTHAJ.

CTaB/IseT COOOM Harpy3Ky co CTOPOHbBI BXOJa
cxeMmbi). bojiee TOYHBIN KpuTepuii BeIOOpa
st R u C MBI MOJTYYUM, KOTIa U3YYUM 4Yac-
TOTHbIE XapakTepucTuku. EcJiv Ha Bxox cxe-
MBI NOAATh MPSIMOYTOJIEHBIN CUTHAN, TO CHT'-
HaJl Ha BbIxone OyneT MMETh BUI, NPEACTaB-
JeHHbIi Ha puc. 1.37.
OuddepeHuupyiolive ey yaioOHO HC-
NONB30BaTh ISl BLIIEJICHUS hepedHezo v 3a0-
He20 (hponmoe VIMIYNbCHBIX CUTHANOB, U B
UUGBPOBBIX CXeMaX MOXHO HHOIJA BCTPETUTh
Hernu, rmogoOHbIE TOM, KOTopasi MOKa3aHa Ha
puc. 1.38. duddepeHuupyouias RC-1enb
FEHEPUPYET UMITYJIbCH B BUJIE KODOTKUX M-
KOB B MOMEHTHI MEPEKTIOYCHUS] BXOMHOTO
CHMTHaJa, a BLIXOAHOM Oy(epHEIi YCUIHUTEND
peodpasyeT 3TH UMITYJIbChI B KOPOTKHE Ipsi~
MOYTONbHBIE UMITYIBCHL. B peaibHBIX CXe-
Max OTpULIATEIbHbBIA MUK GBIBaeT HEOONBLIIMM
Gnarogaps BCTpOCHHOMY B Oycdep anony (peyb
00 5TOM 3neMeHTe noiiner B pasnd. 1.25).

A 100 n® B c

A - Bxog

MocrosHHas

/ BpeMeHH = 1 MKC
B-R
() I\ V2

M

C - Bhixop

Puc. 1.38. Bhinesnenue nepeaHero QpoHTa MUMITYNbCa.

_,\_‘/——'\1/'1\
Puc. 1.39.

IlapaszuTnas emkocTHas cBa3b. MHorma
CXEMa HEOXHIAHHO HAYWHAET IMPOSBISATH
v depeHIMPYIOIIUE CBOMCTBA, TPUYEM B
CUTYaUUsX, TA€ OHU COBEPIUEHHO HeXesa-
TeNBHBL. [IpU 3TOM MOXHO HAOJIOAATH CUT-
HaJlbl, MOXOOHBIE TTIOKA3aHHBIM Ha puc. 1.39.
[TepBorid curHan (a TouHEe, UMMYIBCHAs
noMexa) MOXET BO3HUKHYTh MPU HAJTHYUHU
€MKOCTHOIf CBSI3U MEXAY pacCMaTpUBaeMoOi
JUHUCH U CXEMOM, B KOTOPO# IIPUCYTCTBYET
MPSIMOYTOJIbHBIM CUTHAJT; TIPUYMHOMN TIOSIB-
JIEHWS] MOAOOHON TIOMEXM MOXET CIIYXKUTh
OTCYTCTBME OKOHEYHOTO PE3UCTOPA B IUHUH.
Ecinn xe pe3ucTop ecTh, TO cieayer Jubo
YMEHBILIUTD CONPOTUBIICHUE HCTOMHHKA CUT-
HAJIOB IS JIMHUM, JINOO HaMTHU CIIOCOO OC-
J1abJICHUs] EMKOCTHO# CBSI3H C UCTOUYHWKOM
CHUTHAJIOB TIPSIMOYTOJIbHOM (hopMbl. CHrHan
BTOPOTO THIIA MOXHO HabJTi0maTh B LIEMH, IO
KOTOPOH TOMKEH MPOXOAUTH CUTHAM MPSIMO-
YrOJIbHOM (hOpMBI, TIpM HATMYUHK OedeKTa B
KOHTAKTE C 3TOM LETbIO, HAIPUMED, B LLYIIE
ocumutorpada. Hebonbluas eMKOCTb, BO3-
HUKAION{asA MpU IJIOXOM KOHTAKTe, U BXOM-
HOE CONpPOTHUBIEHNUE ocuwulorpada obpasy-
1ot nuddepeHuupyouyo lenb. Ecau Be
O0OHApYXIUTH, YTO Ballla CXEMa «ITO-TO» M-
dbepeHUpYeT, TO CKa3aHHOE MOXET TTIOMOYb
BaM HaWTH MPHYUHY HEUCIIPABHOCTH M yCT-
DaHHTH ee.

1.15. Hnrerpupyionme uemu

PaccMoTpuM cxeMy, H300pakKe HHYIO Ha PUC.
1.40. HanpsxeHue Ha pe3ucTope R paBHO

SO
I 11

Puc. 1.40.
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Quwnbka
U 10% npw
U -"~10% U,
Bbix
NwHedinan
3aBMCUMOCTD

| t

Puc. 141.

U, — U, cnenosarensHo, I = ((dU/df) =
= (U,, — U)/R. Ecnu obecrieyuTh BBIIOTHE-
Hue yenous U< U, 3a cyer 60s1bLIOro 3Ha-

yeHMs npousBeneHus RC, To moay4um
aadu/dy = U, /R vim

ui) = U, (df)t + xoHcTaHTA.

<

RC
0

MBI TTOJYYMJIM, YTO CXE€Ma HUHTETPUPYET
BXOAHOM curHam Bo BpeMeHu! PaccMoTpuM,
KaK1M 00pa3oM 3Ta cxeMa 00eCreYUBacT arri-
POKCHMALIMIO MHTETPUPOBAHMS B CJTy4ae BXOA-
HOIO CMrHaia mpsaMoyronbHoi dopmsr: U(7)
TIPEACTABISIET COOOH 3HAKOMBIH YKe HaM Ipa-
$HK 3KCTIOHEHIUATLHON 3aBUCUMOCTH, OIl-
penensolueii 3apsin KoHaeHcaropa (puc. 1.41).
IlepBbIii y4acTOK 3KCHOHEHTbI (MHTErpajl oT
MOYTH MOCTOSHHOM BEIMYMHBI) — MpsiMas C
MOCTOSTHHBIM YTJIOM HA4KJIOHA; TP YBenude-
HUM TOCTOSIHHO#M BpeMeHH RC ucnone3yercst
BCE MEHBIIMIA YYaCTOK IKCIIOHEHTBI, TEM Ca-
MBIM 00ECITCYHBACTCS JTyylilasi anMpOKCHUMa-
LIUS UAEUTHHOTO TIMI000Pa3HOTro CUTHAMA.

OtmetnmM, uto ycnosue U< U, pasHO-
CIWIBHO TOMY, YTO TOK IIPOMOPLIMOHAIEH Ha-
npsxenuto U, . Eciu Obl B KauecTBe BXOI-
HOTO CHTHaka BeICTYHan ToK /(f), a He Ha-
MPSKEHUE, TO MBI TTOJIYYHINA Obl UCANbHBIN
uHTerparop. MCTOYHUKOM TOKA MOXET CIIy-
XUThb PE3UCTOP C OOJIbIIUM COMPOTUBICHH-
€M U ¢ GOJIBIIMM TaACHUEM HaNpSIXCHUS Ha
HEM, ¥ Ha MPAKTUKE YacTO MOAb3YIOTCS 3TUM
MPUOIMKCHUEM.

B manpHeiiireM, Koraa Mbl NO3HAKOMHUM
BaC C ONEPALMOHHBIMH YCHJIMTEJIAMU U 00-
paTHO# CBSI3bIO, BBl Y3HAETE, KaK OCTPOUTD

Buixop

i

||I-——L|—.
—o <0

Puc. 1.42. VcTOYHHUK MOCTOSIHHOTO TOKA, 3apsXaio-
LWIM{ KOHAEHCATOP, FEHepUpyeT HaNpshKeHUe B BUIE
JIMHEHHOMEHSAIOIIEToCs CUTHasa.

HHTEerpaTop, He npuberasg K YCIOBMIO
U, < U, Takoit unrerpatop paboraetr B
LIMPOKOM AUAMA30HE YACTOT U HAMPSIKEHUH
C TIpeHeOpeXUMO MaJloi OLIMOKOIM.

HuTerpupyloliie LNy HAXOIAT IAPOKOE
MpUMEHEHUEe B AaHAIOroBod TexHuke. MUx
KCTI0/Ib3YIOT B YTIPABJISIIOIMX CUCTEMAX, CXE-
Max ¢ 00paTHOM CBSI3bI0, NPU aHATOTO-LU(D-
POBOM TTPe0oOPa3oBAHKK M TEHEPALMU KOse-
GaHu.

CenepaTopsl mHI006pa3HOro cHraaia. Te-
nepb BH 6€3 Tpyda pa3bepeTrech B TOM, Kak
paboTaer reHepaTop NWIOCO6Pa3HOro CUrHa-
Ja. 9Ta cxeMa XOpOHIO 3apeKOMeHAOBaja
ce0s M HallUIa OYEHb LIMPOKOE MPUMEHEHHE:
€€ MCIOJB3YIOT BO BPEMS-3aIaI0IUX CXEMaX,
B TeHepaTropax CHHYCOMIAIBHBIX M IPYIruXx
TUIIOB KoJIeOaHHi, B CXeMaX pa3BepTKH OC-
HuuIorpadoB, B aHAJIOTO-UU(POBLIX TIPE0O-
pa3oBarenax. CxeMa HCHOJb3YeT MOCTOSIH-
HBIM TOK JUIA 3apsaa KOHIeHcaTopa (puc.
1.42). Y3 ypaBHEeHHS Ui TOKA, MPOTEKAIO-
Hero uepe3 KoHaeHcarop, I = C(dU/df) no-
ayauM U (#) = (I/C)t. BeiIxogHO#W CcUTHaN
u300paxeH Ha puc. 1.43. JIMHeitHoe Hapa-
CTaHWe CHrHaua mpekpaiaercs Toraa, Kor-
JIa «ACCSIKAET» HAIIPSDKEHWE MCTOYHMKA TOKA,
T. €. JOCTUTaeTcs ero npeneyibHoe 3HAYEHHE.
Kpusas juts npocroii RC-uenu ¢ pe3ucTo-
POM, HNOAKIIOYEHHBIM K MCTOYHUKY HAaIpsi-
KeHHUsI, BeAeT ceOs aHaJIOTUYHO Cly4alo A0-
CTHXXEHHUS IIpelesia MCTOYHUKOM ToKa. Ha
puc. 1.43 3ta Bropasi KpuBasi MOKa3aHa Uid
ciydyasi, korga R BbiIOpaHO Tak, 4TOOBI TOK

U

U b e

RC

Puc. 1.43.
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ApY HYJIEBOM BBIXOZHOM HAMpPSXKEHUH ObLT
paBeH TOKY MCTOYHMKA TOKA; IPU 3TOM BTO-
past KpUBasi CTPEMHUTCS K TOMY Xe Tpeaey,
9yTo M JioMaHad. (B pealbHBIX HCTOYHHKAX
TOK2 BBIXOJHOE HANPSXCHHE OrpaHUyYeHo
HaANPSKEHUEM MCIIOIB3YEMBIX B HHX MCTOY-
HUKOB ITHTaHHUSA, TAK YTO TAKOE IMOBEAECHHUE
BNOJHE NpaBaonoxo0Ho.) B cirenyroweit
rj1aBe, MOCBAIIEHHON TPaH3UCTOpPaM, Mbl
NOCTPOUM TIPOCThiE CXEMbl MCTOYHHKOB
TOKQ, & B [JIaBaX, r1e pacCMaTpUBAIOTCA OIe-
PAILMOHHBIE YCUIIUTEIM U TIONEBHIC TPAH3M-
CTOpPbI, — UX YCOBEPUICHCTBOBAHHBIE THMITbI.
BoT Kax MHOTO HHTEPECHBIX BOIIPOCOB OXH-
JaeT Hac BHEpeaH.

Vopaxuenne 1.15, Tok 1 MA 3apaxXaeT KOHIEHCATOP
eMKkocTbio | MK®. Yepe3 kakoe Bpemsl HampsiKeHHE
nocturaer 10 B?

HHAYKTUBHOCTH N
TPAHCP®OPMATOPBI

1.16. UngykTHBHOoCTH

Ecny BB MOHSAIH, YTO TaKOe KOHAEHCATOP,
TO Bbl MOMETE U UTO TAKOE UHAYKTHBHOCTD
(puc. 1.44). CpaBHMM WHIYKTUBHOCTb W
KOHIEHCATOp MeXy CODOM; B MHIYKTHBHO-
CTH CKOPOCTh U3MEHEHHS TOKa 3aBUCHUT OT
NMPWIOXKEHHOTO HaNpsXeHMs1, a B KOHICH-
CaTope CKOPOCTb M3MEHEHMSI HaNPSKCHMS
3aBUCUT OT MPOTEKAIOLIEro TOKa. YpaBHe-
HUE UHIYKTUBHOCTH UMEET CIEAYIOLIMIA BULL:

U= L(dl/dy),

rne L — undyxmuenocmo B reHpu (Win MIH,
MKIH ¢ 1.10.). HanpsokeHue, npuioXeHHoe
K MHIYKTMBHOCTH, BbI3bIBAE€T HapacTaHue
MPOTEKAIOLIETO Yepe3 Hee TOKa, TIPUYEM U3-
MEHEHUE TOKa IPOMCXOAUT MO JIMHEHHOMY
3aKOHY (€CIM MPOMYCTHTh TOK 4Yepe3 KOH-
ACHCATOp, TO 3TO TIPUBENET K HApacTAHUIO
HANPSIKEHUSI HAa HEM, TIPUYEM M3MEHECHHUE
HanpsDKEHUs OyneT MPOUCXOLUTD IO JTMHEH -
HOMY 3aKOHY); HanpspDKeHHe BeIuuuHoi 1 B,
MPWIOXKEHHOE K MHAYKTUBHOCTH | T'H, npu-
BOJIUT K HApPaCTaHHUIO TOKA Yepe3 HHIYKTHB-
HOCTb €O ckopocThio | AB 1 c.

—tNYNNY

Puc. 1.44, UHOYyKTUBHOCTD.

Tok, npoTeKaloIKit Yepe3 UHIYKTUBHOCTS,
TaKXKe KaK U TOK, IPOTEKAIOIUI Yepe3 KOH-
JEHCATOp, HE MPOCTO MpPONOPLUUOHAIEH Ha-
npsokeHu10. bostee Toro, B oTIMYME OT pe3u-
CTOpa MOUIHOCTD, CBSI3AHHAS C TOKOM Yepe3
UHAYKTUBHOCTD (TipoussencHue U Ha [), He
npeobpasyeTcs B TEIUIO, a COXPAHSETCS B BUIIE
3HEPrMM MArHUTHOTO TIONSl HHOYKTUBHOCTH.
BTy SHEPTUIO MOXHO M3BJI€Ub, €CJTH NpepBaTh
TOK Yepe3 HHAYKTUBHOCTD.

YClI0BHO UHIYKTHBHOCTH H300paxalor B
BUIE HECKONBKUX BUTKOB MIPOBOAA — TAKYIO
KOHCTPYKIIMIO MMeeT MpOCTeillas WHAYK-
TUBHOCTb. Hpyrue, Gojiee coBepIIeHHBIE
KOHCTPYKLMH BKJIIOYAIOT CEPACYHMK, Ha KO-
TOPBIIf HAMATHIBAETCS NMPOBOA. MaTepuaniomM
IUISL CEpACYHHUKA Yallle BCETO CIYXUT XeJe-
30 (TWIaCTUHKH, NMPOKATaHHBIC H3 CILJIaBOB
XeNe3a WK U3TOTORJICHHBIE METOAMM TIO-
POIIKOBOW MeTautypruM) wid ¢eppur,
NPEACTABASIOIMI CO00 XpYyNnKUA HeIpo-
BOASILLUIMIA MarHUTHBIIA MaTepyan 4epHOro
uBeta. CepaeyHUK MO3BOJNSET YBEIWUMTh
MHIYKTUBHOCTb KaTYIIKHM 32 CYET MarHurT-
HBIX CBOWCTB MaTepHuasna cepacuHuka. Cep-
IE€YHUK MOXET OBITh M3TOTOBJIEH B BUJE
Opycka, TOpa WIN MOXET UMETh KaKylo-HH-
Oyap Gosee MPUYYMIMBYIO GOPMY, HarpH-
MEp «roplika» (OIMHCaTh €0 CIOBAMU HE
TaK-TO IPOCTO: NIPeACTaBbTe cebe hopMy Juis
BBINEYKM TMOHYMKOB, KOTOpas pa3sHUMaerT-
cs TIOTIOJIaM).

WHOyKTUBHOCTH HaxoAsT HauOoJibliee
MPUMEHEHME B PATHOYACTOTHBIX CXEMAX, TIE
OHU UCHONB3YIOTCH B KAYECTBE PaAKOYaCTOT-
HBIX Jpocceieif, U B PE30HAHCHBIX CXeMax
(cM. . 13). [Mapa cBA3aHHBIX UHIYKTHB-
HOcTeit 0oOpa3yeT Takoif MHTEpEeCHBIH 3iie-
MEHT, KakK TpaHcgopMarop. O HEM MBI M0-
TOBOPUM B CJIENYIOLIEM pasgesie.

Ilo cyTu nena MHEYKTHBHOCTb — 3TO MPO-
TUBOIIOJNIOXKHOCTh KOHIeHcaTopa. [locnemy-
IOLMEe pa3/iesibl 3TOM I71aBbl, B KOTOPHIX BBO-
IUTCA TaKO€ BAXHOE MOHATHUE, KAK HOIHOE
conpomuenenue, WA UMNEHOAHC, TIOKAXYT
BaM, B Y€M 3Ta NPOTUBOIOJIOXHOCTD IPOSIB-
JISIETCA.

1.17. TpancpopmaTopm

TpaHcdopmaTop — 3T0 YCTPOICTBO, COCTOM -
1iee M3 OBYX CBSA3aHHBIX KaTYIIeK UHAYKTHB-
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i

Puc. 1.45. Tpancdhopmartop.

HOCTH (Ha3bIBaEMBIX TIEPBUYHOM M BTOpWY-
HoM o6MoTKaMH). HanpsckeHue, cHUMaeMoe
CO BTOPMYHOI OOMOTKHM, HHOE IO CpaBHe-
HUIO C HAIpSXEHHEM TIEPEMEHHOTO TOKa,
MOJAHHBIM Ha TIEPBUYHYIO OOMOTKY, TPHYEM
KoadhpuimeHT u3MeHeHHs (TpaHcopMaLun)
HanpseKEHHsI TIPIMOTIPONOPLIMOHANIEH OTHO-
HIEHUIO YMC/Ia BUTKOB OOMOTOK TpaHcdop-
MaTopa, a Ko3DGULIMEHT U3MEHEHUS TOKa —
00paTHO MpoNopuMOHAICH. MOIIHOCTE CO-
XpaHserca HeusMeHHou. Ha puc. 1.45 mo-
Ka3aHo YCJIOBHOE 0003HaueHue TpaHchopMa-
TOpa C IUIACTHHYAThIM CEPIEYHUKOM (TpaHC-
dbopMaTophI TAKOTO THUTIA UCITONL3YIOTCS ISt
npeoOpa3oBaHMsl HATIPSDKEHUS NIEPEMEHHOTO
TOKa ¢ yacroroit 60 I'm).

Tpanchopmarop obranaer BecbMa BBHICO-
KM KO3((PHITUEHTOM ITOJIE3HOTO ACUCTBUS
(MOLIHOCTL Ha €ro BBIXOJAE MOYTH paBHA
MOIIHOCTH Ha BXO/I€); B CBSI3U C 3THM IO-
BBIILIAIOUINH TpaHCHOPMATOp 00ECTICYNBAET
POCT HAMpPsKEHHSA NPUA YMEHbUIEHUW TOKA.
HemHoro 3aberas Brnepel, OTMETHUM, YTO
TpaHCHOPMATOp C OTHOIIIEHHEM YUC/IA BUT-
KOB OOMOTOK, paBHBIM #, U3MEHSET MOJ-
HOeE COMpoTUBNIeHue B #? pa3. Ecnu Bropuy-
Hag oOMOTKa HE HarpyXxeHa, TO B NEPBUY-
HOM MPOTEKAET OUYEHb HEOONBIIOH TOK.

B anexTpoHHBIX TpUGopax TpaHcopMaTo-
PBI BBINTOJTHSIOT JBE BaXHblEe (DyHKIIMH: BO-
MEPBBIX, OHH NMPeoOpasyIoT HAIPSKEHUE Te-
PEMEHHOIO TOKa CETH K HYXHOMY, OOBIYHO
Gosiee HU3KOMY 3HAYEHMIO, KOTOPOE MOXHO
HCIOBL30BaTh B CXeMe, M, BO-BTOPHIX, OHU
«U30JIMPYIOT» EKTPOHHYIO CXEMY OT HENOC-
PEACTBEHHOr0 KOHTaKTa C CUJIOBOM CETHIO,
TaK Kak 0OMOTKHM TpaHchopMaTopa 3JIEKTpH-
YeCKH H30JIMpOBaHbl OOHA OT APYroil. BoI-
MYyCKaeMbl€ MPOMBIIICHHOCTBIO CU/I08blE
mpancgopmamops: (TIpeHA3HAYEHHBIC [UIS
palboTHI ¢ HATNIPSKEHUEM CHJIOBBIX CETeii, paB-
HeiM 110, 127 wim 220 B) obecrieumBaoT
Pa3HOOOpa3HbIC 3HAYCHUST BTOPUYHBIX HAMPSA-
XEHUM U TOKOB: AMANa30H HANpIXEeHUHN
BKJIIOYAeT 3HaUYeHUs OT 1 B 1O HECKOIBKMX
THICSY BOJIBT, IMANa30H TOKA — OT HECKOIb-
KMX MWLUIMAMIIEp IO COTeH ammep. TpaHc-

¢dopMaTopsbl, UCTIONB3YeMbI€ OOBIYHO B 3JIEK-
TPOHHBIX IPHUOOpaX, 00ECHEYNBAIOT AUATIA30H
propuyHoro Hamnpsokenus ot 10 mo 50 B,
Juana3oH Toka — ot 0,1 mo 5 A.

[IpOMBIILIEHHOCTh BBITYCKAET TaKXe
TpaHCHOPMATOPHI, NpPEeIHA3HAYEHHBIE [UIS
paboThl B OMana3oHe 3BYKOBBIX 4YacTOT,
MHOTAA WCIONB3YI0OT pe30HAHCHBIE TPAHC-
dopmaTtopnl. MHTEepec MpeaACTaBAAIOT
TpaHcOpMaTophl WISl JJUHUIA nepeaay, o
KOTOPBIX MBI HEMHOTO TTOrOBOpUM B 1. 13,
B pa3d. 13.10. ng cepaeYHUKOB BBICOKO-
YaCTOTHBIX TPAaHC(HOPMATOPOB UCHONB3YIOT
crieMaJbHBIE MaTepUAIBl UK NPUOEraoT
K CHELMATbHBIM KOHCTPYKLUSIM ISl TOTO,
YTOOBI YMEHBIIWTH MOTEPH DHEPTHHU B CEP-
JIeYHHKE; YTO XK€ Kacacrcss CeplCcYHUKOB
HHU3KOYaCTOTHHIX (T. €. CHUJIOBBIX) TpaHC-
¢dopMaTOpOB, TO UX ACIAIOT TSXKENbIMU WU
KpymHorabapuTHeIMU. TpaHchopMaTOphl
U BBICOKMX M HM3KMX 4acTOT, BOOOIIE T0-
BOpsI, HE B3aMMO3aMEHSIEMBbI.

INIOJHOE N PEAKTUBHOE
COIIPOTUBJEHHUE

3aMeuaHue: DTOT pas3ieN COOEPXUT MHOIO
MaTEMaTHUYECKUX BHIKJIAOK; TIPH XETAHUM UX
MOXHO INMpPOIYCTUTh, HO HH B KOEM ClIy4yae
HE YOycKaliTe U3 BHUMaHUsl PE3yJbTaThi.
CxeMbl ¢ KOHAEHCATOpaMHU ¥ WHAYKTUBHOC-
TSMHM CJIOXHEE, YEM PAaCCMOTPEHHBIE paHee
PE3UCTHBHBIE CXEMbI, — UX paboTa 3aBUCHUT
OT YaCTOTEl BXOXHOTO CUTHANA: «IEIUTETb
HANpSLKEHUs» C KOHAEHCATOPOM WJIM MHIYK-
THUBHOCTBIO OyZeT obanath 4aCTOTHO-3aBU -
cuMbIM Ko3duuueHTom nencHus. Kpome
TOr0, CXeMBI, B COCTAB KOTOPbIX BXOISIT 3TH
KOMIIOHEHTH (MX, KCTaTH, OTHOCST K KJac-
CY naccuswbix), UCKAXAIOT TAKWE BXOXHBIC
CUTHaIBI, KaK, HallpuMep, HPSIMOYTOJIbHbBIE
KoJIeGaHHsa — B 3TOM MbI TOJIBKO YTO yOenu-
JIKCh.

OIHAKO U KOHIEHCATOPHI, ¥ MHAYKTUBHO-
CTH SIBNSIOTCA AUHeUHbIMU SIEMEHTaMU. DTO
03HAYaeT, YTO aMIUTUTYIA BBHIXOJHOIO CHT-
Hajia, HE3aBUCHMMO OT ero ¢opMbl, CTpPOro
MPOMOPLHOHANIPHA AMIUTUTYE BXOAHOTO
curdHana. JIMHeiHOCThIO O0YCIOBICHbI MHO-
rue 3aKOHOMEPHOCTH TOBEIEHHUS CXEM, W
BaXHeMIIasg COCTOUT B CIICAYIOLEM: ecau Ha
8X00 AUHEUHOU CXeMbl NOOGH CUHYCOUOQAbHbIU
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Puc. 1.46. TIpumep 4acTOTHOTO aHaIM3a: BhIPABHUBAHWE IS TPOMKOTOBOPMTEIS.

cuenan ¢ wacmomou f, mo Ha evixode Oydem
noay4en maxxce CUHYCOUOAABbHBIE CUCHAA C
makotl Jce uacmomoi, Ho, B03MONCHO, C Opy-
201l amnaumydol u azoll.

[TomHst 06 3TOM 3aMe4aTeTHLHOM CBOMCTBE
NPU AHATU3E CXCM, COAEPXKALLUX PEIUCTO-
PbI, KOHIEHCATOPH M WHAYKTUBHOCTH, BbI
BCErda AOJKHBI OTBETHTh Ha BOIPOC. Kak
3aBUCUT BBIXOJHOE HAIPSIKCHHE (E€r0 ami-
auryaa v dasa) oT BXOAHOTO HaNPSIKEHUS 8
8ude CUHYCOUGaabHOR0 CUCHANA ONPEOeAEHHOU
yacmomal. ITOT BOIIPOC BAXEH U TOTOA, KOT-
Ja cxeMa TpeAHa3HayeHa Ui APYroro pe-
xXuMa paboTel. ['paduk pesynbTUpylOHieH
AMIUTUTYAHO-YaCTOTHOW XapaKTePUCTHUKHU,
OTPaXamwllleii OTHOLUEHUE BBIXOTHOIO CHI-
Hajla K BXOJHOMY JUISI KaXIOro 3HAYEHUS
YacTOTBHI CHHYCOMADI, MOJIE3€H MPU aHaIU3e
paboTHl CXeMbI CO MHOTMMH BHIAMH CUTHa-
JIOB. AMITIMTYIHO-4aCTOTHAs XapaKTepHCTH-
ka (AUX), mpencraBneHHas Ha puc. 1.46,
MOXET TpPUHALIEXATh, HANPUMEDP, PEIpo-
RYKTOPY KaKOro-HUOYIb «TOBOPSLLIETO SLUU-
Ka». [lon BBIXODHBIM CUTHAJIOM B JAHHOM
clyyae NMOHHUMAETCSI 3BYKOBOE JABJIEHHE, a
He HanpsxeHue. XKenaTeabHO, YTOOH
AYX penpomykTopa ObUIa <«IUIOCKOMH», T.C.
4yTOo0bl OTHOLIEHME 3BYKOBOTO NABJIEHHS K

4acToTe OBUTO MOCTOSHHOM BEJTWIMHOM B IH-
amna3oHe 3BYKOBBIX 4acToT. B 3TOM cnyvae
HEIOCTATKH PENPOIYKTOPa MOXHO CKOMIIEH-
CUpOBaTh 33 CUET MACCUBHOTO (PUIBTPA C
uHBepcHor AUYX (kak nmoka3ano Ha rpadu-
Ke€), BKIIOYEHHOTO B YCHJIHTENb PAaIHOIIPH-
€MHUKaA.

Kak Mbl yBUIMM B JanbHEHLIEM, MOXHO
060061IMTh 3aKOH OMa, 3aMeHMB TOHATHE
«COTPOTUBJICHUE» TIOHSITHEM <IIOJIHOE CO-
TIPOTUBJICHHUE», WJIN «HMIIEAAaHC», TOTIA OH
Oyzner crpaBe/UIUB AJis I000M CXEMBI, B CO-
CTaB KOTOPOW BXOJSAT JUHEIHBIC TACCUBHLIC
3JIEMEHTHI (Pe3UCTOPHI, KOHACHCATOPHI, UH-
IYKTUBHOCTH). TaK, MOHATHUA «MMIIETAHC»
U «peaKTUBHOE CONPOTUBACHUE» [ICAAIOT 3a-
xoH OMa cripaBeUIMBHIM [UISl CXEM, COAEP-
XKaIMUX KOHIEHCATOPbl U MHAYKTHUBHOCTH.
YrouHum TepMUHONOTHIO. UMIIegaHc — 3T0
0000IIEHHOE WM TIOJTHOE CONPOTHBJIEHUE,
WHAYKTUBHOCTU M KOHAEHCATOpHI obiana-
0T PeaKkmueHbiM conpomueneruem (MOXHO
CKasaTh, YTO OHU DEarupylT Ha BO3IEH-
CTBHE); pe3UCTOpHI 0bNafaioT conpomuene-
Huem (TI0 AaHATTOTUM OHY OKA3bIBAIOT COTPO-
TUBJIEHUE BO3A€iicTBUIO). UHBIMU ClioBaMM,
UMIIEIAHC = COIIPOTUBICHHUE + PeaKTUBHOC
comnpoTuicHUe (00nee TTOAPOOHO TIOTOBO-
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puM 00 3ToM mo3xe). OomHaKO MOXHO
BCTPETUTh, HATMPUMEP, TAKOE BbIPAXEHUE:
«MMIIEAAHC KOHAEHCATOPa HA MaHHOM Jac-
TOTE COCTABISIET...». JIENO B TOM, 4TO B UM-
TI€AAHC BXOOUT PEaKTUBHOE COMPOTUBRICHUE,
Y TI09TOMY HE 0053aTeJIbHO FOBOPUTD «pEaK-
TUBHOE COIPOTUBJIICHUE KOHIEHCATOpa»,
MOXHO CKa3aTh U «MMIICAAHC KOHIEHCATO-
pa». Ha caMoM nmene cnoBo «MMMeNaHC» Ya-
CTO ynoTpeOIsIOT U TOTAA, KOrma M3BECTHO,
4TO peyb MAET O CONPOTURICHIH; HAIIPUMED,
TOBOPSIT «MMIIEJAHC MCTOYHMKA» WIM <«BbI-
XONHOW MMIICOAHC», UMES B BUIY IKBMBa-
JIEHTHOE COTIPOTHRIEHUE HEKOTOPOTO UCTOU -
HUKA. To Xe caMoe OTHOCHUTCS M K «BXOH-
HOMY MMIIEIaHCY».

B nanpHeiLIEM peyb MOMIET O CXEMax, IIs
MUTaHUS KOTOPBIX MCIOJIb3YETCH CHUHYCOM-
JAIbHBIYA CUTHAJ C OTIPEAECACHHON YaCTOTOM.
AHamu3 cxem, paboOTAaOIUUX C CHTHAJIAaMU
Apyro#t ¢opMsal, TpedyeT OoNblUel TIIATENb-
HOCTH M MPEATNOJaracT UCTOJb30BAHHE YXE
M3BECTHBIX HAM METONOB (HAaIIpUMEDP, METO-
na mithdepeHIMaNbHbIX YPaBHEHMAM WM Me-
Tona npeodpasoBanus Oypre, 1pu KOTOPOM
CUTHAJI MPEACTABNAIOT B BUIE psoa CUHHYCO-
um). Ha mpaktuke 3T METOIbI PEIKO HC-
MOJIb3YIOTCS.

1.18. YacroTHslil aHa/ M3 PEAKTHBHBIX CXEM

[ns Hayana paccMOTpUM KOHIEHCATOP, Ha
KOTOPBIM MOAaeTCst CHHYCOMAAIbHOE HAaIps-
XKeHue UCToUHUKa nutauus (puc. 1.47). Tok
B CXeMe€ OIPENEIIETCS CIEAYIOIUM 00pa3oM:
Iy = CdU/df) = Col,cos ot.

U3 3Toro ypaBHEHHUsI CIEAYET, YTO TOK
UMeeT aMIuuTyny / M omepexaeT BXOXHOE
HanpspkeHue no ¢ase Ha 90°. Eciu He npu-
HUMaTb BO BHHMaHMe COOTHOUIeHHE (a3, To

1= U/(1/sC).
0
ult)=

Usin ot C

Puc. 1.47.

NVANE
VAN
U N\
N

Puc. 1.48.

(HanomuuM, uro o = 2nf) KoHmeHcarop
BEAET ce0si KaK PE3UCTOP, COMPOTUBJICHHE
KOTOPOTO 3aBUCHUT OT YacCTOThl M OIpeaesIsi-
eTcst BipaxeHueM R = 1/w C, U, KpOME TOTO,
TOK, TMPOTEKAIOIUI 4Yepe3 KOHIECHCATOp,
CABUHYT MO ¢a3ze Ha 90° OTHOCUTE/IBHO Ha-
npsixeHus (puc. 1.48). Hanpumep, uepes
KOHJeHcarop eMkocTbio 1 MK®, noakiwo-
YEHHBI1 K CWIOBOM CETHU C HaNpsKEHUEM
110 B (athdexTBHOE 3HAYEHHE) M 4YacTo-
toit 60 I, Oyaer npoTekath TOK, 3bdek-
TUBHAsl aMIUTUTYa KOTOPOTO OIpenesisieTCs
crenyionmm obpazom: 1 = 110/[1/(2n - 60 x
x 10-%)] = 41,5 MA (a¢pdexTHBHOE 3HAYe-
HHE).

3aMmeyaHue: ceiyac HaM HeOOX0IMMO BOC-
TIOJIL30BAThCSI KOMIUIEKCHBIMH NEPEMEHHbI-
MU, MpPH XEJIaHUH Bbl MOXETE INPOIYCTHTh
MaTeMaTUYECKUE BBIKIANKU, IPUBOANMBIC B
MOCJIeNYIOUIMX Pa3aesiaX, ¥ IPUHATb Ha BEpY
HOJIyYEeHHbIE Pe3Y/bTaThl (OHU BbIOEJIEHbl B
tekcre). He nymaiite, 4yto mompoOusie an-
reGpanyeckue MpeodOpa3oBaHUsl, NMPUBOIU-
MbI€ B 3THUX pasjeiax, HEOOXOmMMBI s
TTOHMMAHMS BCEro OCTaNbHOrO MaTepuana
KHUTH. DTO He TaK — IIyOOKOe 3HaHHE Ma-
TEMATUKH MOXBATLHO, HO COBCEM He 00s13a-
teqpHO. CleayoliMi pasaen, noxXaly,
HauOoJiee TPYACH IUTS TeX, Y KOro HeT J0C-
TATOYHOM MAaTeMaTU4YeCcKOil MOATOTOBKHU.
Ho nyctb 310 Bac He oropyaer.

Onpenenense HANPAKEHUA U TOKA C IOMO-
b0 KOMILIEKCHBIX WHCed. TOJBKO YTO Bbl
yOenwInch B TOM, YTO B LIENH TIEPEMEHHOTO
TOKa, paboTaloliel ¢ CHHYCOWAAJIbHBIM CHUT-
HaJIOM HEKOTOPOU YaCTOTHI, BO3MOXEH CIBUT
1o ¢ase Mexny HanpsKeHUEM U TOKOM. TeM
HE MEHee €CIM CXeMa COHEPXUT TOJbKO
AUHeliHble SJIEMEHTHI (PEe3UCTOPhl, KOHICH-
Caropbl, UHAYKTUBHOCTY), TO aMILIUTYAA
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TOKOB Ha BCEX YYacCTKaX CXEMbl IIPOMOPLIHO-
HajlbHA aMIUIMTYLE MUTAIOUIET0 Halpsaxe-
HUs. B CBSI3U C 3TUM MOXHO TONBITATHCS
HAaWTH HEKOTOPLIE OOILIME BHIPAXEHUS TOKA,
HaMpSXKEHUS U CONPOTURIEHUSE H 0000LIUTD
TeM caMbIM 3aKOH OMa. O4eBUIHO, YTO, LIS
TOTr0 YTOOBLI ONMpPEAE/INTh TOK B KAKOU-JIMOO
TOYKE CXEMbl, HENOCTAaTOYHO 33JaTb OIHO
3HaYeHHE — IEJI0 B TOM, YTO TOK XapakTe-
pu3yetcs KakK aMIUIMTYIOM, TaK U CIBUTOM
(asbl.

KoHeuHO, MOXHO OTIpeaeNaTh AMILIMTY b
1 Ga3oBble CABUIM HANPSKEHHMI U TOKOB
siBHO, Hanpumep U(f) = 23,7sin(377¢ + 0,38),
HO OKa3bIBAETCsl, UTO TPOILUE 3TO IENaTh C
NOMOILbI0O KOMIUIEKCHBIX YMcel. Bmecto
TOFO YTOObI TPATHUTb BpeMSl MU CHJIbI Ha CJIO-
XEHHUE Y BBIMUTAHUE CHHYCOMIATbHBIX PyH-
K111, MOXHO JIETKO M TIPOCTO CKJIAZbIBATh
W BbIYMTATh KOMIUIEKCHBIC yMcaa. Tak Kak
JeHCTBYIOLIME 3HAYEHUA HANPSIKEHUS U TOKa
MpeACTaBIsIOT cObBOil peaJibHBIE KOJIMYe-
CTBECHHBIC BCJIVYMHBI, M3MEHSIOLIHECS BO
BPEMEHHM, CIEOYEeT BbIBECTH IPABMUIIO A
MEePEeBO/Ia PEAIbHBIX KOJTMYECTBEHHBIX BEJIH -
YMH B KOMIUIEKCHOE NpeICTaBlIeHUE U Ha-
obopoTr. HanoMHuM ellle pa3, 4T0 Mbl MMe-
€M [eJI0 ¢ YaCTOTOH CHHYCOMIAIbHOTO KO-
nebaHusa o, ¥ cHOpMyIUpyeEM CieayIOUIne
MpaBuia;

1. HanpsixeHue W TOK npedcmaeisromcs
KoMIuiekCHbIMU BesurHamu U u 1. Hamps-
xeHue U, cos (ot + ¢) npeacrasnsieTcs
KOMIUIEKCHBIM 4MCioM Uge’s. Hanomuum,
yT0 e” = cos @ + jsin O, re j = V-1.

2. JLnst TOoro 4ytoObl MOJYyYUTb BhIpaXeHHE
UIst Qedicm@youjee0 HANPSXEHUS W TOKa,
HYXHO YMHOXHTb COOTBETCTBYIOLIME KOMII-
JIEKCHBIE MTPEICTARJICHHS Ha e’ U BHIACTIUTD
JIeUCTBUTEIbHYIO YacTb. 3TO 3aMMCBHIBaeTCA
caeqyrowmuM obpasom: U(r) = Re(Ue ),
I(9) = Re(le~"). NHaue roBops,

Hanpsixenue B KomriexcHoe
cxeMe KaK (GyHkuus NpeacTaBleHne
BpEMEHH — g =atjb

-
U,cos (o7 + ) ]
YMHOXHTb Ha ¢~/

W B3Tb JEUCTBHU-

TECJIbHYIO 4acCTb

(B 3n1eKTpOHWKE CHUMBOJ j MCIIOJB3YETCS
BMECTO NIPUHATOTO B anredpe mist KOMILIEK~

CHOW NMEPEeMEHHOW CUMBOJIA /, C TEM 4YTO-
Obl U30eXaTh MyTaHULIbI C TOKOM, KOTOPBIi
Takxe 0003HayalT CUMBOJOM /). UTak, B
00611eM ciyyae NeACTBYIOLINME HATIPSIKEHUS
K TOKU ONPEHCHSIOTCS CleAylolmuM obpa-
30M:

U(» = Re (Ue#) = Re (U) cos of —
— Im(U) sin ot,

I (H = Re (Ie~) = Re (I) cos oot —
= Im (I) sin ot.

Hanpumep, KOMIIEKCHOMY HapsiXeHUIO
U = 5/ coOTBETCTBYET peajbHOE Harpsxe-
HME

U(H) = Rely cos ot + 5f(j)sin of] = 5 sin /B

PeaxkTHBHOE CONPOTHBJICHHE KOHICHCATOPOB
" HHAYKTHBHOCTe#. [IpnHsaroe cornamenue
MO3BOJISIET PUMEHSTD 3aKOH OMa I cXeM,
COIEPXAIIUX KaK PE3UCTOPBI, TAK U KOH-
IE€HCATOphl, U MHAYKTHBHOCTH. Onpene-
JIUM PEAKTUBHOE COMPOTUBJICHHUE KOHIEH-
caTopa ¥ WHAYKTHBHOCTH. Ham u3BecTHO,
uro U(f) = Re(Ue~). Tak xak B ciyyae
KOHNICHCATOpa CNpPaBEAJHMBO BBIPAXCHHUE
I = ((dU/df) nonyuum

I(t) = —U,Co sinot =
= Re[Ye*/(—j/o ()] = Re(Ue»/X)

T. €. IUI KOHAeHcaTtopa
X, = —j/oC,

X_ — 3TO peakTMBHOE CONMpPOTUBIECHHE KOH-
JIEHCaTopa Ha 4acToTe . KoHIeHcaTop eM-
KOcTbIo | MK®, HanpUMep, UMEET PEAKTHB-
Hoe cornpotusieHue — 2653/ OM Ha yacToTe
60 T'u u —0,16/ OM Ha yacrore | MI'u. s
TIOCTOSTHHOTO TOKa PEAKTUBHOE COMPOTHRIIE-
HUE PaBHO OECKOHEYHOCTH.

AHaJIOTUYHBIE PAaCCYXACHUS U1 WHIYK-
THUBHOCTH JAIOT CIEAYIOIIHIl PE3YJIbTAT:

X =joL.

CxeMa, comepxailiasi TOJIbKO KOHASHCATOPBI
W MHIYKTUBHOCTH, BCETIA O0JIaNaeT MHUMBIM
UMIICIAHCOM; 3TO 3HAYMT, YTO HAMPKCHHUE
U TOK BCeTjla CIBUHYTHI 110 (ha3ze Opyr OTHO-
cUTeNBHO Apyra Ha 90° — cxema aGCoIoTHO
peakTuBHa. Eciy B cxeMe MPUCYTCTBYIOT
PE3UCTOPBI, TO UMIIEAAHC UMEET U OEHCTBHU-
TEJAbHYIO 4acTb. [loJ peakKTMBHBIM COIPO-
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TUBJICHUEM TTOIPA3yMEBACTCS TIPH 3TOM TOJb-
KO MHHMMasi 4aCTb UMIIEIaHCa.

O600mennbiii 3axon Oma. CornauieHus,
TIPUHATHIC JJIS NIPEICTaBICHUS HATIPSKEHUH
U TOKOB, MO3BOJISIIOT 3aMcaTh 3aKoH OMa B
caenywouei npoctoit popme:

I1=U/Z, U=1z,

O3Havalpen, yro HanpsbkeHre U, mpuiio-
XEHHOE K CXeMe ¢ UMIeAaHCOM Z, Mopox-
naer tok I. UMmemanc mocnenoBarebHO U
NMapaUIeJbHO COCAUHECHHBIX 37IEMEHTOB OM-
penesieTcs Mo TEM XK€ IpaBuWiIaM, YTO U CO-

MPOTHUBACHUEC TTOCHACAOBATCIBHO U IIapai-
JIEJIBHO COCAUHEHHBIX PE3UCTOPOB.

Z=Z +Z,+Z +..
(mns MOCNEeqOBATENBHOTO COEIMHEHHS),
Z= 1
1/Z,+1/Zy+1/Zy+..
(19 napaLIeIbHOTO COEAMHERUS).

W B 3akmoueHne npuBeneM (GOpMYIbl Uit
ornpeaeneHUs] UMIeAaHca pe3UCTOPOB, KOH-
JIEeHCATOPOB U MHIYKTUBHOCTEMN:

Z.,= R (peaucrop),
Z, = —j/o C (xoHaeHcaTOp),

Z, = joL (MHIYKTMBHOCTb).

Tlonmy4yeHHbIE 3aBUCUMOCTH TO3BOJISIOT aHa-
JIM3MPOBATH JMOOBIE CXEMBI IIEPEMEHHOTO TOKA
C MOMOUIBIO METONOB, MIPUHSTHIX U CXEM
TIOCTOSTHHOTO TOKa, 3 UMEHHO C MOMOLIBIO
3akoHa OMa u dopMyn Uig nociaea0BaTeNb-
HOTO U MApaIeIbHOTO COETMHEHHUS SIEMEH-
TOB. Pe3ynbTaThl, KOTOPBIE Mbl TOJXYYHIH
NP aHAIM3e TaKUX CXEM, Kak, HarpuMep,
JIETUTENh HAMpPSDKCHUS, COXPAHSIOT TMOYTH
Takoit xe Bui. Tak Xe Kak W U CXEM [10-
CTOSIHHOTO TOKa, JUISl CIOXHBIX Pa3BETBICH-
HBIX CXEM MEPEMEHHOrO TOKa CIIPaBEMIUBbI
3akoHbl Kupxroda; oTnuyme COCTOUT B TOM,
4YT0 BMECTO TOKOB / M HanpsixeHUil U 3mech
clenyeT UCMONb30BaTh UX KOMMJIEKCHBIE
TIPEACTABIEHUSI: CyMMa TIaieHU Hampsike-~
HHS (KOMIUIEKCHOrO) B 3aMKHYTOM KOHTY-
pe paBHa HYJIO; CyMMa TOKOB (KOMILJIEKC-
HBIX), BTEKAIOLMX B y3€J, paBHAa CyMMe TO-
KOB (KOMIUTEKCHBIX), BRITEKAIOLINX U3 HETO.
W3 nocneaHero npasuna, Kak v B Cliy4ae ¢

LETSMU MOCTOSIHHOTO TOKA, BBITEKAET, YTO
TOK (KOMIUIEKCHBI) B MOCJIEN0BATEIbHOM
LIETIH BCIOAY ONMHAKOB.

Vpaxwmenne 1.16. Micrionms3ys dopMysTbi TSt UMIEIaHca
TIApaJUTENBHOTO U TTOCIENOBATEIBHOIO COCAMHEHUsT 3jie-
MEHTOB, BbiBeIuTe (popMysibl (pa3n. 1.12) s eMkoctu
JBYX KOHIIEHCAaTOPOB, COEAMHEHHDIX (a) MapauieibHo, (6)
nocaenoBarensHo. [Toackaska: JOMYCTUM, YTO B KaXIOM
CJTy4ae KOHIEHCATOPphl MMEIOT eMKocTb C v C,. 3anuiim-
Te BBIPAXEHHE UL MMIIEJAHCA MAPAVIENBHO M TIOCHEN0-
BaTejibHO COSMHEHHBIX 3JIEMEHTOB M NMPUPABHSNTE €ro
HUMIIEAaHCy KOHAeHcaropa ¢ emkoctelo C. Haitmure C.

ITonpobGyeM BOCHOIb30BaTHCS PEKOMEH -
JTOBaHHBIM METOIIOM LIS aHAJIN3A MTPOCTEM-
LIeH LeNny IEPEMEHHOTO TOKa, KOTOpasi Co-
CTOMT M3 KOHIEHCATOpa, K KOTOPOMY TIpU-
JIOXEHO HaNpsSXeHHWE TMEPMEHHOro TOKa.
ITocne 3Toro KpaTko OCTAHOBUMCSI Ha BOII-
poce O MOIHHOCTH B PEAKTMBHBIX CXEMax
(3T0 GymeT mocaexHwit KUpnu4 B PpyHDA-
MEHTE HAalIMX 3HAHWH) U PACCMOTPHUM IpO-
CTYI0, HO OYE€Hb MNMOoJe3Hylo cxeMy RC-
dunbTpa.

TNpencraBuM cede, YTO K CUIIOBOM CETH C
HanpsixeHuem 110 B (addexkTuBHOE 3Ha-
yeHue) U yacrotroil 60 I'u moakioyeH KOH-
meHcatop eMKocThio 1 MK®P. Kakoit Tok
MPOTEKAET TIPU 3TOM 4Yepe3 KOHAeHcaTtop?
Bocnonbayemcsi 060011eHHBIM 3akoHOM OMa:
Z = —j/oC. CnenoBaresibHO, TOK MOXHO
OMpeIe/UTh clemyommM oopasom: I = U/Z.
aza HaNMPsSKEHUs MPOU3BOJIbHA, JOMYCTHM
U=4, 1. ¢.U(f) = Acos of, rie aMIiuryna
A= 110¥2=156 B, torna | = joCA=
= 0,059 sin of. UcKOMbBIi TOK IMEET aMTLIHU -
Tymy 59 MA (3¢ deKTHBHOE 3HAYEHUE COCTaB-
nsieT 41,5 MA) ¥ onepexaeT HalpsXEHKE 110
taze Ha 90°. Pe3ynbrar COOTBETCTBYET IO-
JIy4eHHBIM paHee BbiBoZaM. OTMETUM, 4TO
ecnu 6bl HAaC MHTEPECOBAJIA TOJBKO aMILIH-
Tyda TOKa, TO MOXHO ObLI10 Obl HE mpude-
raTh K KOMIUIEKCHEIM 4uciiam: ecin A = B/C,
To A = B/C, tne A, B, C — aMIuuTyabi
KOMILIEKCHBIX yucen. To xe camoe crpa-
BEIJIMBO U Ui IPOMU3BEACHUA (CM. YIpax-
HeHue 1.17). Ins Haurero ciyyas

[=U/Z = oCU.
I/IHOFHa 3TOT MPHEM OUYCHDL MOJIC3CH.
Kak Hu CTpaHHO, KOHACHCATOP B HAlUEM

NpUMeEpe MOILIHOCTh He pacceuBaer. Ero
MOIKITIOYEHHE K CETH HE MPUBOIMUT K YBEJIU-
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Puc. 1.49. Tlpn ucnoibs3oBaHUMM CUHYCOMAAIBHOTO
CUTHa/la TOK Yepe3 KOHACHCATOp OomnepeXaeT Harpsixe-
Hue no dase Ha 90°.

YCHMIO MOKA3aHUM CUETYMKA 3ICKTPOIHEp-
ruM. Pasragky 3Toit «TaiiHbl» Bbl Y3HaeTe,
NPOYMUTAB CIAECAYIOLIMI pa3nea. A 3aTeM Mbl
TIPOAOJIXKMM aHAIM3 CXeM, COEpXalUX pe-
3UCTOPB M KOHACHCATOPHI, ¢ NMOMOIIbIO
00001IeHHOro 3aKkoHa OMa.

Vnpaxuenue 1.17. Jlokaxure, uto ecan A = BC, to
A= BC, tne A, B, C — aManuTyasl KOMIUIEKCHBIX Y-
cen. [Moackaska: MpeACTaBbTE KAXIOe KOMILUIEKCHOE
4KcI0 B opMe A = Ae®.

MompocTs B peakTHBHBIX CXeMaX. MrHo-
BCHHOE 3HAYEHUE MOLIHOCTH, MOTpebIIsieMoi
TMOOBIM 3JIEMEHTOM CXEMBbI, ONpeIeasIcTCs
npousseaeHueM P = UL. OaHako B peak-
TUBHBIX CXeMax, rae HampsikeHue U W Tok
I cBsa3anbl Mexay coboil He MPOCTOM Ipo-
MOPLIMOHATBHON 3aBUCMMOCTBIO, TIPOCTO fIe-
PEMHOXHWTD MX Hefb3s. JIeJo B TOM, YTO MO-
TYT BO3HUKATh CTPAaHHBIE SBJICHMS, HANIPU-
Mep, 3HaK MPOU3BEACHUS MOXET H3MEHATLCA
B TEYECHHUE OJHOTIO IIEpUOJa CHrHajia Hepe-
MEHHOTO TOKa. Takoil mpuMep MOoKa3aH Ha
puc. 1.49. Ha unrepBanax 4 1 C Ha KOH-
JEHCATOp MOCTYINAET HEKOTOpas MOLIHOCTh
(npaBaa, CKOPOCTDb €€ U3MEHEHHS TIePEMEH-
Ha), 1 Gmarogapsi 3TOMy OH 3apsXaeTcs: Ha-
KaljiuBaeMas KOHACHCATOPOM SHEPTHUS YBe-
JIMYMBaETCst (MOLUIHOCTb — 3TO CKOPOCTh M3-
MeHeHus 3HepruM). Ha uHtepBanax Bu D
noTpebsieMast MOIHHOCTb UMEET OTPULIATE b~
HBIi 3HAK — KOHIEHCATODP pa3psxaercd.
CpenHsisi MOIIIHOCTD 3a TIEpUOJ [UIS HAILiEro
TIpYMEpa paBHA HYJIO; 3TUM CBOMCTBOM 00-
JIAJaloT BCe PEaKTUBHBIC 3MEMEHTHI (MHIYK-
TUBHOCTH, KOHIEHCATOPHl U BCEBO3MOXHBIE
X KoMOMHaluM). Eciu BB 3HAKOMBI C HH-

TErpajlaMd OT TPUTOHOMETPUYECKHX (HYHK-
LU, TO CIACAyIOLICEe YIIpaXHEHHE MOMOXET
BaM J10Ka3aTh 3TO CBOMCTBO.

Vnpaxuenne 1.18. (nononHurensHoe). Jlokaxure, 4ro
CXeMa B CPEIHEM 33 TOJHbIN [TepUOoI He MOTPeOAAET MO~

HOCTH, €CIIM NPOTEKAIOUIMI Yepe3 Hee TOK CHBHMHYT MO
(azc OTHOCHTE/NIBHO NMUTAIOLIETO HampsDkeHus Ha 90°.

Kaxk onpeaenuTs cpeaHIon moTpediseMyio
MOUIIHOCTh [JJisl IPOU3BOJBHOM CXeMbI?
B ofbmem ciyyae MOXHO MPOCYMMHPOBATH
npou3sBeneHus Ul v pasnesauTs CyMMy Ha JUTH-
TEJIbHOCTb MCTEKILET0 MHTEPBAIA BPEMEHM.
HWHbIMH c1iOBaMH.

T
p=1juwiwar

T .

0
rae 7 — monHbeIA nepuon BpeMeHu. Ilpak-
TUYECKM TaK MOIUHOCTh IOYTH HUKOTAA HE
onpeaensior. HetpyaHo noka3aTb, 4To Cpel-
HSIST MOIIHOCTDH OMPEAEIAETCs CJIEAYIOIIMM
BBIPaXXKEHHUEM:

P = Re(U*I) = Re(UI*),

rme U u 1 — sddexTuBHBE KOMILIEKCHBIE
3HaYEHUs HANPSKEHUS ¥ TOKA.

Paccmorpum mpumep. JlommycTuM, 4YTo B
NpeabLIyLIeN cxeMe KOHACHCATOP MUTAeTCs
CUHYCOMIANbHBIM HAaNpsxeHueM, 3¢ddex-
TUBHOE 3HaueH#e kotoporo pasHo 1 B. s
MPOCTOTH OyIeM BHITIONHATH BCE TIpeoOpa-
30BaHUS ¢ 9PDEKTUBHBIMU 3HAYEHUSIMH.
Hrax: U = 1, = U/(j/oC), P = Re[UP*] =
= Re (joC) = 0. MbI nony4uim, 9ro CpeaHss
MOIIHOCTb, KaK ¥ YTBEDPXIaJOCh, paBHa
HYJIIO.

A TeTiepb PaCCMOTPHM CXEMY, IIOKa3aHHYIO
Ha puc. 1.50. BemonmHuMm psnm mpeoGpaso-
BaHUI:

Z =R —j/oC,

U=U,
1=U/Z = U/IR — (j/oO] = U[R +
+ (/o O)/[R* + /o’ C?)],

P = Re(UI*) = UZR/[R? + (1/0?CH).

C
I~

U,cos ot R

Puc. 1.50.
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B tpetbeit cTpoke rpeoOpasoBaHHI NMPH OM-
peneneHuM Toka I Mbl YMHOXWIM YHUCTUTEITb
U 3HAMEHATENb Ha KOMIUIEKCHOE YKCIIO0, CO-
NPSDKEHHOE 3HAMEHATENIO, A1 TOre YTOObI
NOJIYYUTh B 3HAMEHATENE AEHCTBUTEIBHOE
yucno. [loryyeHHast BeTMUMHA MEHBIIE, YeM
npousseacHue amiumTyd U u I; ee oTHOLIE-
HUE K 3TOMY NPOM3BEICHUIO HA3BIBAIOT KO-
Ippuyuenmom mMowHocmu:

UL} = U/IR? + (1/a?C A}

kK03 puuMeHT  MOLIHOCTh
MOWHOCTH - I U " 1 I

) R
[R'+(/o’CH)]"?

KoahpuitmeHT MOLIHOCTH — 3TO KOCHHYC
yria, ONpeAensiowero casur a3 Hanpsxe-
HHUS M TOKA, OH JIEXHT B AMana3oHe ot 0 (mis
peakTUBHON cxeMbl) A0 1 (s pe3ucTHB-
HOH cxembl). Ecnin ko3pduumeHT MourHO-
CTH MeHblie |, TO 3TO 3HAYMT, YTO B CXEME
MPUCYTCTBYET PEAKTUBHBIM SJIEMEHT.

Ynpaxkuenne 1.19. Jokaxure, 4To BCS CPeOHAA MOLI-
HOCTb MpeAbIOyllieil CXeMbl PaCCEMBAETCS HA PE3UCTOpE.
I Toro 4yroGbl PELMTh 3Ty 3a1aqy, HYXHO ONMpeae/anTh
BeuMyuHy otHowenus U?, JR. Onpenenvre, yemy Oyzer
paBHa 3Ta MOLUHOCTb B BaTTax, €CJIN LEMb, COCTOALIAA U3
MOC/IEIOBATEIHHO COSIMHEHHEIX KOHIEHCATOpa eMKOCThIO
1 Mx® 1 pesuctopa conpoturieHHem 1 xOM, noakioye-
Ha K CWIOBOH ceTH ¢ 3(beKTHBHBIM HaMpPsXKEHHEM
110 B (uacrota 60 Tu).

KoshdpuumeHT MOITHOCTH UIPaeT HEMAJO-
BAXHYIO POJIb B PACHpPEACTIEHHH GOMBLIIX MOILI-
HOCTei, TaK KaK PeaKTHBHBIE TOKM He mepe-
JAIOT HATpy3Ke HUKAKOW ITOJIE3HOM MOILHOC-
TH, 3aTO BBI3BIBAIOT HArPEB B COMPOTURICHMSX
TIPOBOIOB T€HEPATOPOB M TPaHC(HOPMATOPOB
(TeMIiepaTypa HarpeBpa MporopiMoHaIbHA 1 2R).
BbITOBBIE MOTPEGUTETIN NEKTPOIHEPTHH TLIA-
TAT TOJNBKO 34 «ICHCTBUTEIBHYIO» MOTpeOIsie-
Myio MoitHocTb [Re(UI*)], a poMbILIUIEHHbIE
TOTPEOHUTENN — C yY4eTOM Ko3pduIHeHTa
MOIIHOCTY. BoT noyeMy Gomblive Tpearpi-
SITUSL TS TIOTALLEHUS BAMSTHYSA MHIYKTHBHBIX
PEAKTHBHBIX COMPOTURIIEHUA MTPOU3BOACTBEH-
HOTO O0OpYIOBaHHst (MOTOPOB) COODYXAIOT
CHEUMATbHBIE KOHAEHCATOPHbIE OJIOKH.

VYnpaxuenne 1.20. [Tokaxure, 4yTo mocienoBareb-
HO€ TIONKJIIoYeHUE KOoHAeHcaropa eMKocThio C = 1/0*L

ZZ
L

Puc. 1.51. OGoGieHHas cXeMa AeJIUTENs HATpPsXKe-
HUA: N1apa JIEKTPUUECKUX LENER ¢ MPOU3BOJIBHBIM UM~
NeIaHCOM.

K MOcjaed0BaTeAbHON RL-uenu aenaer xo3gphUUUeHT
MOILHOCTH 3TOW LENH PaBHBIM €IMHULE. 3aTeM pac-
CMOTpHUTE NMAPAIENBHYIO LUENb U TMapauIe/ibHO MOA-
KITIOYEHHBIH KOHIEHCATOop.

Jemmrenn Hanpskenus: o6o6menne. I1po-
CTEHMILUH OenuTeNb HanpsKeHua (puc. 1.5)
COCTOMT U3 Maphl MOCJEAOBATENILHO COEMU-
HEHHEBIX pe3ucTOpoB. BxomHOe HampsKeHue
H3MEPSETCS B BEPXHEH TOUKE OTHOCHTEIbHO
3eMJIM, 4 BBIXOOHOE — B TOYKE COEAMHEHUS
PE3UCTOPOB OTHOCHUTENbHO 3eMau. OT Tipo-
CTEHMILErO0 PE3UCTUBHOIO ACJIUTENIS NIEpeitaeM
K Oonee o0l1Ieit cxeMe IeJINTeNsl, €CIM OOUH
unu o6a pe3ucTopa 3aMEHUM Ha KOHIIEHCA-
TOp WIM UHOYKTUBHOCTb, KaK Ha puc. 1.51
(B 6oJice CJOXHOHN CXeMe NPUCYTCTBYIOT U
R, u L, u C). BooGuie roBops, B TaKOM
nenutene otHowenue U /U He sBnsiercs
MOCTOSIHHON BEJIMYWHOM, a 3aBUCUT OT 4ac-
TOTBbI. AHAJTU3 CXEMBI BBITNIOJIHSIETCS O3 BCsI-
KHX XUTPOYMHBIX IIPHEMOB;

I = Unx/Znom{’
Z =7+1Z,

noAH

UBX= ZZ = UBX[ZZ/(ZI + ZZ)

He 6yaem cocpenorounBarh BHUMaHHE HA
MOJTYYEHHOM pe3y/bTare, paCCMOTPHUM JIyd-
1€ HEKOTOPBI€ IIPOCThie, HO OYEHDb BaXHbIE
MPUMEDBI.

1.19. RC-pumpTpn

Bbnaromapst ToMy YTO MMIIEAaHC KOHIEHCa-
TOpa, paBHbIN Z . = —j/w C, 3aBHCHT OT Yac-
TOTBI, C TIOMOILBIO KOHIEHCATOPOB H pe3H-
CTOPOB MOXHO CTPOMTb YaCTOTHO-3aBHCHMbIE
IICJIVTEJTH HaNIPSIKEHHU S, KOTOpBIie OYAyT Mpo-
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Puc. 1.52. OunbTp BBICOKMX 4YacCTOT.

MyCKaTh TONBKO CHFHAIBI HYXHOM YacTOTHI,
a BCe OCTalIbHble MOAaBasATh. B 3TOM pas-
JeJjie BbI IO3HAKOMUTECH ¢ IPUMEPAMH PO~
creiiix RC-GWibTpoB, K KOTOPHIM MBI OY-
A€M HECAHOKPATHO o0paliaThes B JaibHel-
meMm. B tn1. 5 ¥ npuroxeHuM 3 OMMCaHbl
6onee CIOXHBIE QUIBTPHI.

OuibTpnl BhicOKMX 9acTor. Ha puc. 1.52
TIOKA3aH JeJIUTEIb HANPSDKEHUS!, COCTOSIIIMIM
U3 KOHIeHcaTropa U pesuctopa. CornacHo
3akoHy OMa [ KOMIUIEKCHBIX BEJIMYHH,

I:% - []BX =(JBXIR+!!./O~)CH
Zww R-(j/oC) R +lo’Ct

(OxoHUATENBHEIN Pe3yIbTAT IOMYYEH 10C-
Jie YMHOXCHMSA YUCIUTENSI U 3HAMEHATE S Ha
KOMIUIEKCHOE YHCJI0, COMPSIKEHHOE 3HaMe-
Haremo.) UTak, HarpskXeHHUE Ha pe3sucrope
R paBHo

Un[R+(j/0C)]R
Uno=1Z, = IR = IR UTOC)R
R +1/0°C

Yaie Bcero Hac vHTepecyeT He (aza, a

ammmrtyaa U :

BhIX®

U..= (UsuxU* )1/2=

BBHIX BbIX-
2 20201172
U R/[R? + (1/0?C?)]'~.
CpaBHHTE TIOJMYYEHHBIM PE3YABTAT C Bbi-
paxeHHEM Uil PE3UCTUBHOTO JEJIUTENIS:

U = Uy R/R,+ R).

BbIX

BekTopHOE TIpeACTaBJIeHHWE MMIIeJaHca
RC-uenu (puc. 1.53) noka3aHo Ha puc. 1.54.

)4

C
H -j/(l)c
R Z,.=R3/oC
|Z on| = VR +(1/0°C7)

& = arctg [(-1/0C)/R]

Puc. 1.53. Puc. 1.54.

U, /U, ~o(6 gb/okrasa)

I >
o, =1/RC @

Puc. 1.55. YactoTHas xapaktepucTHKa ¢uibTpa
BBICOKHMX 4acTOT.

Wrak, eciu He MPUHUMATb BO BHUMaHHe
caeur ¢as, a pacCMaTpuBaTh TOJBKO MO-
YN KOMITIEKCHBIX AMIUTUTYA, TO «OTKIJIMK»
CXEMBI OyAeT ONpeneasTbCs CleAyIOLIUM
obpazom:

U, = U R/IR*+ (1/e?C)]"2=
= U, 2n/RC/[1 + 2nfRCY]'7.

I'paduk 3TOi 3aBUCUMOCTM NPEACTABICH
Ha puc. 1.55. Takoii xe pe3yapTaT Mbl ObI
TOJYYMITH, €CJIM Obl OTIPENeIIM OTHOILE-
HHE Modyaeli UMIIEJAHCOB KaK B yIpaXHe-
HuM 1.17 u B npuMepe Tiepen 3TUM yrIpax-
HEHMeM; YMCAWTENb NPEACTaBlseT coboi
MOJYJIb MMIIENaHCA HVXKHETO [UieYa AejIuTe-
Jg R, a 3HaMeHaTelb — MOAY/Ib MMIIEAAHCA
nocaeaoBarenbHoro coeauHenus R u C.

Kak Bbl BHIMTE, HA BBICOKHMX YaCTOTaX
BLIXOIHOE HaNpsXeHHe MPUONU3UTEIbHO
paBHO BXOHHOMY (® > 1/RC), a Ha HU3KHX
YaCTOTaxX BbIXOJIHOE HANPSXKEHHE yMeHbIlIa-
eTcq A0 Hyasa. Mbl TIPUIIIM K BaXHOMY pe-
3yJbTaTy, 3anmoMHUTe ero. ITomoOHasi cxe-
Ma, IO IOHATHBIM NMPUYHMHAM, Ha3bIBACTCSH
buIbTpoM BHICOKHX yacToT. Ha mpakTuke
€€ MCIOoIb3yI0T OyeHb 1Mpoko. Hanpumep,
B ocuwuiorpade NpeaycCMOTpPeHa BO3MOX-
HOCTb CBSI3H 110 MEPEMEHHOMY TOKY MEXAY
UCCNECAYEMOM CXEMOU M BXOHOM OCITMILIO-
rpada. Ota cBA3b 00ECIeYUBAETCA C MTOMO-
1610 (PWIIBTPA BHICOKUMX 9aCTOT, MMEIOLLETO
neperu6 xapaktepuctuku B obaactu 10 I'u
(CBA3b TIO0 MEPEMEHHOMY TOKY MCHOJIb3YIOT
71l TOro, 4TOoObl PacCMOTPETh HEeOOMNBIION
CHUrHan Ha ¢oHe OONBUIOTO HATIPAXKEHUS
TMOCTOSTHHOro Toka), MHXeHepH 4YacTo
TIOJIB3YIOTCSI TIOHATHEM <«TOYKH H3/IOMa» —
3 ab mns puabrpa (M 1060M Apyroi cxe-
MBI, KoTopas BeAeT ce0f Kak (UabTp)!
B cayyae mpocroro RC-GuiibTpa BBICOKHX
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Puc. 1.56. a — W3MeHeHHe peaKTHBHOIO COTPOTHBIE-
HHS WHIYKTUBHOCTEX Y KOHICHCAaTOPOB B 3aBUCHMOCTH
OT YacTOTH. Bce IeKambl OOIMHAKOBBI H OTIHYAIOTCS
JIULWE MacluTaboM, 6 — YBeauyeHHOe H306paxkeHHne
ofHO# mekamsl u3 rpaduka A, rpadUK MOCTpOeH IS
CTaHIApPTHEIX KOMITOHEHTOB, UMEIOIINX TOYHOCTh 20%.

4acTOT TOYKa u3joMa — 3 nb OINpeacIsaCTCA
BBIPpAXCHUCM!

f.s = 1/27RC.

O6paruTe BHUMaHME, YTO KOHAEHCATOP HE
nponyckaeT ToK (f = 0). Cambiif pacpocT-
pPaHCHHBII PUMED MCTIONB30BAHUS KOHAECH-
caTopa — 3TO MCIIOJIb30BAHHME €r0 B Kaue-
CTBE O40KuUpyouieeo KOHOeHCamopa NNOCTOSTH-
HOro Toka. Eciii BO3HMKaeT HeoOXOAUMOCTD
00ECTIEYNTD CBA3b MEXIY YCUINTESIMU, TO
TOYTH Bceraa nmpuoOeralT K IMOMOMIM KOH-
IeHcaropa. Hanpumep, y nio060ro ycwim-
TeJisl 3BYKOBOM 4aCTOTHI BBICOKOIO KJacca
BCE BXOIObl MMEIOT €MKOCTHYIO CBS3b, TaK
KaK 3apaHee HE M3BECTHO, KAKOH YPOBEHb
MOCTOSTHHOI'0 TOKa OyIyT MMETh BXOIHEIE
curHanbl. Ins obGecrieyeHUs] CBSI3U HeoO-
xonuMo nogobpate R u C TakuM 00pasom,

0,01 mk® R
UBX | Usux
1,0 kOM I C
Puc. 1.57.

Puc. 1.58. ®uneTp HU3KMX 4acToT.

YTOOBI BCE HYXKHbIE YACTOTh! (B JAHHOM CJIy-
yae 20 'u—20 xI'n) moctynasnu Ha Bxoa 6e3
notepb (6e3 AeneHus Ha BXOIeE).

Yacro, HarpUMep HpU KOHCTPYUPOBAHUU
¢buUNBTPOB, BO3HWUKAET HEOOXOOUMOCTL OI-
penenuTh UMIIENaHC KOHAEHCATopa Ha He-
Kotopoit yacrore. Ha puc. 1.56 npencras-
JIeH O4eHb TOJIE3HBIH TpaduK, OXBATHIBAIO-
LA GOJNBILION JUANa30H eMKOCTEH ¥ 4acToT
1t 3aBucuMocTH |Z| = 1/2nf/C.

B xavecTBe npuMepa pacCMOTPUM DWIBTD,
MOKa3aHHBIM Ha puc. 1.57. 310 QUWILTP BbI-
COKHMX YacTOT C TOYKO# neperuba 3 nb Ha
yactote 15,9 k['u. UMnenaHc Harpy3ku, mom-
KII09aeMO#M K (OWILTPY, NOJKEH ObITh 3Ha-
yytenabHO Gornbiie 1 KOM, MHaue Harpyska
OyIeT MCKaXxaTh BBIXOJHOE HalpsiXeHue
dunsTpa. UcTOYHMK CUTHANIA TOJDKEH obec-
MEYHBATh BO3MOXHOCTb MOAKTIOYEHHUST HArpy3-
ku 1 kKOM 6€3 3HAYMTENBHON aTTeHIOALMU
(TIOTEpH aMIUIMTY/IbI CUTHANA), MHAYEe PUILTD
OyZIeT MCKaXaTh BBIXOJ MCTOYHMKA CUTHAJIA.

DuabTPH HA3KHX 9aCcTOT. ECT MOMEHSTD
mectaMmu R u C (puc. 1.58), To duabrp
6yneT BecT ce0s1 NPOTUBONOJOXHBIM 00pa-
30M B OTHOUICHWHM 4YacTOTBl. MOXHO MOKa-
3arb, yto U, = [1/(1+0?R2C?)'2|U, .
I'paduk 3T0i1 3aBUCUMOCTH NIPEACTABIEH Ha
puc. 1.59. Takoii ¢uabTp HA3BLIBAIOT PHIBT-
POM HH3KHX yacToT. Touka — 3 ab Ha xa-
paKTepucTUKe (WIBTPA HAXOMUTCH HA 4ac-

1,0
:2.5
S
= |
> o
0 O = 1/RC (nor.
macwrab

Puc. 1.59. YactotHas xapakTepucTHka (pUIbTpa
HU3KHNX YacToT.
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tote f = 1/2nRC. OUAbTPHl HU3KHX YACTOT
HAaxOIAT OYEHb LIMPOKOe MpuMmeHeHue. Ha-
TIPUMED, UX UCTIONL3YIOT VTSl YCTPAHEHMS BIU-
SIHUSL OMU3IEXAUMX Paaro- U TEIEBU3UOH-
HbIX craHumi (550 kMu—800 MI1), Ha pa-
00Ty ycunuTeseil 3BYKOBbIX YacTOT M APYTUX
YyBCTBHUTE/IbHBIX 3JIEKTPOHHBIX IIPUGOPOB.

Ynpaxnenne 1.21. [Jlokaxure cnpaBelJIMBOCTb Bbi-
paxeHUs Ui BHIXODHOTO HanpsikeHus GbUNbBTpa HU3-
KMX 4acToT.

Boixon ¢uibTpa HHU3KHMX YACTOT MOXHO
paccMaTpuBaTh B KaueCTBE CaMOCTOSITENb-
HOTO UCTOYHWKA CUrHanoB. [Ipu ucmonb-
30BaHUM MAEATBHOTO UCTOYHUKA HATIPSIXKE-
HHSl TIEPEMEHHOTO TOKA (C HYJIEBBIM MMIIC-
IaHCOM) (UIBTP CO CTOPOHBI BBIXOIA
HU3KUX YaCTOT MMEET COMpOTUBIEcHUE R
(npy pacyeTax MOMHBIX CONPOTHUBICHUI nae-
IbHBI UCTOYHHK CUTHAJIOB MOXHO 3aMme-
HWUTb KOPOTKUM 3aMbIKAHHUEM, T.€. €r0 HY-
JIEBBIM MMIIEAAHCOM ISl MAJIOTO CHTHAJA).
B BhiXOZHOM MMII€naHCE (PUIBTpa TIpeod-
JJajaeT eMKOCTHas COCTaBIsIOLIAdA, U Ha
BBICOKMX YACTOTaX OH CTAHOBMUTCS PABHbLIM
Hyn10. st BXOOHOTO CHrHala QUIbTD
MpeACTaBsieT COO0U HATPY3KY, COCTOSIILYIO
HAa HU3KHX YaCTOTaX U3 COTPOTHBICHUS R U
COMPOTHBIICHHUST HATPY3KH, a HA BBICOKHUX Ya-
CTOTax — Harpy3Ky, paBHY1O POCTO CONpO-
TUBJEHMIO R.

Ha puc. 1.60 u3zob6paxeHa Takke 4acToOT-
Hasl XapaKTepucTUKa QuibTpa HU3KHX Yac-
TOT, HO B GoJiee OOLUETIPUHATOM BHIE — IUIst
BEPTUKAJIbHOW M FOPU3CHTAJIbHON OCEH UC-
MoJib30BaH JorapudMHUYECKHil MaciuTad.
MOXHO CYHTaTh, YTO 1O BEPTHUKAIBHOM OCH
OTKJIAABIBAYOTCS JeUMOENbl, a 0 FOPU3OH-
TaNbHOM — OKTaBbl (MM jmekagbi). Ha Ta-
KOM Tpaduke PaBHbiC PACCTOSTHUS COOTBET-
CTBYIOT PaBHBIM OTHOIUEHUSM BEJIMYMH.
B Bugme rpaduka u3obpaxeH Takxke (aszo-
BBIH CABUT, TIPA 3TOM Ul BEPTUKAIBHOM OCU
(rpagychl) MCHOJIb30BaH JIMHEHHbIH Macll-
Tab, a [uIg OCH 4acToT — JorapuPMUIECKUNA.
Taxo¥ rpadux ynobeH [U1s aHaIM3a 4acToT-
HOI XapaKTepPUCTUKU JaXe B CJydae 3HAUYU-
TeNBHOM aTTeHIoaluu (CIpaBa); LeNbIid psan
TakuX rpaukoB MpeACTaBlieH B M. 5, MO-
CBSILLIEHHO#H U3YYEHUIO aKTHBHBIX (DUITBTPOB.
OTMeTHM, YTO MPH 3HAYUTENBHOM aTTEHI0a-
MU U300paxeHHass Ha rpaduke KpuBas

00
—6° T
—45°3
-90° ~6
11,0 0,707
. 01
~F
3
<
0,01
0,0

1 ]
10f3,.s 100f3A5

Puc. 1.60. da3zouyacTtoTHass ¥ aAMIUIUTYIHO-YaCTOTHAS
XapaKkTepUCTHKN (HUNBTpa HA3KUX YacTOT, U300paxeH-
Hble B jsorapupmmudeckom Macirabe. B touke 3 nb
¢a3oBbIil caBUr cocTaBiAgeT 45° W B Tipelenax [EKaabl
HU3MEHEHMS YACTOThI JIEXUT B Ipeaesax 6° oT aCHMITO-
THYECKOTO 3HAYECHUSI.

01 1 1
0’01f 3a6 0’ 1f3n5 f 36

BBIDOXAA€TCS B NMPSAMYIO JHHHIO C HAKIO-
HoM — 20 nb/nexama (MHXeHepHl TPearno-
YMUTAIOT BeIpaxXeHue — 6 nb/okrasa»). Ot-
METHUM TaKXe, 4TO ()a30BbIii CABUT MJIABHO
u3MeHseTcs oT 0° (Ha yacToTax HUXEe TOUKH
neperu6a) go 90° (Ha 4acToTax CyleCTBEH-
HO BBILLIE TOYKM Ieperuda), a B TOYKE —
3 b cocrapnsier 45°. IlpakTuyeckoe mpa-
BHJIO JJI1 OMHOCEKHHOHHBIX RC-(UnbTpoB
TOBOPHT O TOM, 4TO ¢a30BHIii CIBUT COCTAB-
asger = 6° or acumnToT B Toukax 0,1f . u

10 £,

Vopaxunenne 1.22. lokaxuTe MocheAHEe YTBepXIe-
HUE.

Bo3HMKaeT MHTEPECHBII1 BOMPOC: MOXHO
JIM caenatbh GuisTp ¢ KakoW-1ubo apyroi
3aJaHHOM aMIUTMTYIHON XapaKTePUCTUKOM U
KaKoii-1M060 Apyroi 3agaHHOI (a30Boit xa-
paktepucTuKoil. [TycTh Bac 3T0 HEe yAMBIA-
€T, HO OTBETUTH MOXHO TOJIBKO OTPULIATENb-
HO — Henb3si. PazoBasg ¥ aMIUIMTYAHast Xa-
PAKTEPUCTUKM OIS BCEX BO3MOXHBLIX
(bUWILTPOB NOAYUHSIIOTCS 3aKOHAM NPUUYHH-
HOIt CBA3M (T. €. XapaKTepUCTUKA SIBISETCs
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CJIEACTBUEM OIPEIENEHHBIX CBOICTB, HO HE
WX IPUYNHOMN).

Yacrorubie XapakTepacTHKH auddepennn-
pyonEx u narerpupylomux RC-uemneii. Cxe-
Ma quddepeHumpylouei RC-uenm, KoTo-
PYIO MBIl paccMOTpeau B pasa. 1.14, umeer
TaKo¥ Xe BHI, KaK M cxeMa QuibTpa BbICO-
KMX 4aCTOT, NPUMBEICHHAsE B HACTOSLIEM Pa3-
nene. HYeM xe cUMTaTh TAKyIO CXeMy, 3aBH-
CUT OT TOTO, YTO BAC QOJNbLIE WHTEPECYET:
npeodpazoBaHUE CUTHAIOB BO BpEMEHH WIH
YacTOTHasl Xxapaktepuctuka. [TosyyeHHOoe
paHee BpEMEHHOE YCIOBUE NIPAaBANBLHOM pa-
6otet cxembl (U, < U ) MOXHO copmy-
JUPOBaTh UHAYE, IPUMEHMUTEILHO K YacTOT-
HOM XapaKTEPUCTHKE: IJiA TOTO YTOObI Bbi-
XOIHOW curdHaa 6b1 HeGoOAbWIUM MO
CPaBHEHHIO C BXOJHBIM, YacTOTa HOJXKHA
OBITb 3HAYUTEIIBHO HIXE, YEM B TOUKE —
3 n1b. B atoM nerko y6eautbcs. Jomyc-
THM, YTO BXOZHOW cHrHan paseH U =
sin wf. Bocrionb3yeMcsl ypaBHEHUEM, KOTO-
poe Mbl HONYYWIM paHee Ui Bbixoaa aug-
¢depeHumaropa:

BX

U =RC —::—tsin ot = oRC cos wf.

Orciona U, < U, ecnu oRCK 1, 1. €.
RC<« 1/w. Ecnu BXonmHo# curHai comep-
XHUT HEKOTOPBIN AHAINa30H YacToT, TO YCJIOo-
BHUE JOJDKHO BBIHOJHSITECS UIs1 CAMBIX BBICO-
KHMX 4acTOT BXOIHOTO IMarna3oHa.

CxeMa unHTerpupyloueit RC-uieru (pasi.
1.15) uMeeT Takoil Xe BUA, KaK U CXeMa
(pHIbTpa HU3KKMX YACTOT: AHAJIOTMYHO B XO-
pOLIEM WHTETPATOPE CaMbie HU3KHE 4acTo-
Thl BXOAHOTO CMTHA/1a JOJKHBI CYLLECTBEH-
HO TIPEBLILIATH YacTOTY B TOUKe — 31b.

HWBaykTHBHOCTH H KOHIeHcaropbl. WM H-
IOYKTABHOCTH, TaKXe€ KaK M KOHAEHCATOPbI,
B COYETAHMHM C PE3UCTOPaMU OOpa3yIOT CXe-
MBI (PUIBTPOB HU3KUX (MM BBICOKMX) 4Yac-
toT. OnHako Ha npakTUKe RL-punbrpbr
HU3KHX U BBICOKMX YaCTOT BCTPEYAIOTCS Pei-
KO. JTO CBSI3aHO C TEM, YTO MHIYKTUBHOC-
TH GoJiee TPOMO3NKM ¥ AOPOTH, a paboTaloT
XyXe, YeM KOHIEHCATOphl (KX XapaKTepuc-
THKHM 0oJiee CYUIECTBEHHO OTJIMYAIOTCS OT
upeanbHbix). Ecnm ecTh BO3MOXHOCTL BbI-
Oopa, TO NPEANIOYTEHHUE JIyYIlle OTAATh KOH-
JeHcaropy. MckimouyenneM u3 31O 0oOLUeit

PEeKOMEHIALWM SIBISIOTC (PeppUTOoBbIE OYy-
CHUHbI (MajileHbKHE TOPPOMIAIbHBIE Cepaey-
HHMKH) U APOCCEJIH B BBICOKOYACTOTHBIX CXE-
Max. Heckoibko OyCHH HaHU3BIBAIOT HAa
npoBof, 6arogaps 3TOMy COeIMHEHUE, Bbl-
MOJHEHHOE C TOMOLLbIO MPOBOAA, CTAHOBHT-
Cs B HEKOTOPOH CTENEHH MHIYKTUBHBIM;
MMIIEIAHC Ha BBICOKMX 4acTOTax YBEJIUUYM-
BaeTCs U NpefOTBpALaeT «KONeOaHUsI» B Cxe-
Me, Tipu 3ToM B oTauuue oT RC-dunbrpa
aKTHBHOE COTIPOTHBJICHUE CXEMBI HE YBEJIU-
yuBaeTcsa. PamuoyacToTHRIM APOCCESb — 3TO
KATYyHIKA, COCTOSINIAsi U3 HECKOJbKUX BUT-
KOB TpOBOAa M (eppHUTOBOIO CepACYHHKA
M MCHIOJIb3yeMast ¢ TOM Xe LIENbI0 B pafvo-
YaCTOTHBIX CXEMaX.

1.20. Bexrophbie AmarpaMmbl

JIis aHaiu3a peakTUBHBIX CXEM OYEHb YIO-
OcH omuH rpadpuyeckmit meron. B kauecTse
npuMepa pacCMOTPUM TOT (akT, 4YTo
RC-pwunstp Ha yacrore f= 1/2rnRC obecrne-
ynBaeT ocnabneHue Ha 3 ab. 3toT pesynb-
TaT Mbl moaydwnu B pasn. 1.19. OH cnpa-
BEIUTMB KakK JUisi GHIbTPOB BHICOKHX YACTOT,
Tak ¥ 1 GUNSTPOB HU3KUX vactor. Ha
TIEPBBII B3I 3TOT (PaKT MOXET I0Ka3aTh-
CSl CTPaHHBIM, TaK KaK Ha 3TOif yacToTe pe-
AKTUBHOE CONPOTHBJIEHHE KOHIEHCaTopa
DPaBHO CONPOTUBICHUIO PE3UCTOPA U MOXHO
NPEANONOXUTb, YTO OCIabNeHHE HOJIKHO
coctaBiATh 6 1b. K TakoMy Xe pesynbraty
Bbl NPUIOETE, ECAU 3AMEHUTE KOHIEHCATOD
PE3UCTOPOM C TAaKUM Xe, KaK Yy KOHAEHCA-
TOpa, UMITIEJAHCOM (HAIMOMHMM, 4TO ocjab-
AeHue 6 1b o3HauaeT yMeHbIUEHHE Harpsi-
XEeHHs BIBoe). [lesio B TOM, YTO HYXHO YUHU-
THIBATh PEAKTMBHOCTbh KOHAEHCATropa, U B
3TOM KakK pa3 MOXET MOMOYb BEKTOPHas Ha-
rpamMa (puc. 1.61). Boonn oceit oTkinanbi-
BAIOTCA JAeiicTBUTENbHAS (AKTUBHAS WIH pe-
3UCTHBHAsT) U MHHUMasi (pEakKTHBHAsA WM

Z z

< 2R —»
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Puc. 1.61.
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€MKOCTHasl) KOMIIOHEHTH uMMmnenaHca. Ha
TAKOM Xe TUIOCKOCTHM MOXHO H300paxartb
HanpsiXeHUe (KOMIUIEKCHOE) B MOCIeNOBa-
TeJIbHBIX LIETIAX MTOXOOHOTO THUMA, TaK KaK TOK
B TaKOM lIeNM BO BCEX TOYKAX ONHHAKOB.
Hrak, B Haweit cxeme (OyzeM paccMaTrpu-
BaTh €¢ B KauecTBe RC-nenutesis Hampsxke-
HHsE) BXOMHOE HAMpPSIXKECHHE (NPUIOKCHHOE
K TIOC/IeIOBATEIbHOMY COCIWHEHHUIO PE3UC-
Topa R ¥ koHmeHcaropa C) HpPONMOPLUO-
HaJIbHO JUTHHE TUIIOTEHY3bl, a BHIXOJHOE Ha-
npsikeHue (CHUMaeMoe ¢ pe3uctopa R)—
IUIMHE CTOPOHHI R TpeyronbHuKa. JJuarpam-
Ma COOTBETCTBYET TAKOM 4acTOTe, TpPU KO-
TOPOI1 MOIYJIb PEAKTUBHOTO CONMPOTUBIIEHHUS
KOHAeHcaTopa paBeH R, 1.e. f= 1/2zRC. U3
JAMarpaMMbl BUIHO, YTO OTHOLUEHUE BBIXOI-
HOTrO HanpsoKeHHS KO BXOTHOMY COCTABJISET
1/42, 1e. — 3 1b.

Yroi Mexiay BEeKTOpaMHM OIpeaciseT ¢a-
30Bblif CIBUT MEXIY BXOJHBIM M BBIXOIHBIM
HanpsxenueM. Hanpumep, B Touke 3 nb
BbIXOIHAasl AMIUIMTYAAQ PABHA BXOHHOW, MO-
NeNeHHOM Ha 2 , @ caM BBIXOIHOM CHUTHAN
omepexaer pxoaHoi no dase Ha 45°. I'pa-
uyecKHil METOI HaeT HATMIAIHOE MPEACTaB-
JieHUe O BEJIMYMHAX aMILTUTY/l ¥ COOTHOLIE-
Hun ¢a3 B RLC-uensx. Hanpumep, ¢ nmo-
MOLIBIO 3TOr0 METOJa MOXHO OIpEIeTHTh
XapakTepHUCTUKY GUIBTPa BBICOKMX 4YacToT,
KOTOPYIO MBbl yX€ TIOJIyMWJIK paHblile ¢ Mo-
MOIIBIO aIredpanyecKux npeodpa3oBaHuit.

Vnpaxuense 1.23. ITonp3ysich METOIOM BeKTOPHOIt
avarpaMMbl, TIONIYYUTE Xapakrepuctuky RC-dunprtpa
BBICOKUX 4acTOT:

UBHX

N S
R+ 02c 2 ™

Vnpaxmuenne 1.24. Ha kakoit yactore ocnabneHue RC-
dunbTpa HU3KMX yacToT Gymer paBHo 6 nb (BeiXonHoe
HAIpSDKEHUE PaBHO MOJIOBUHE BXoAHOro)? YeMy paseH
(ha3zoBsiit coBur Ha 3Toil yactoTe?

Vipaxkuenne 1.25. [onb3ysack METOZOM BeKTOPHOI 11a-
rpaMMBbl, TIOJTYYMTE XapaKTEPUCTHKY DHIIbTPa HU3KHX Ya-
CTOT, BbIBEJEHHYIO BBILIEC ajreOpanyeckKuM MyTeM.

B cnenyioueit rnape (pasa. 2.08) mpuso-
IUTCS UHTEPECHBI TPUMEP UCTIONb30BaHHUS
BEKTOPDHON JHMarpaMMbl IUISL TTOCTPOCHHUS
tasocasuraionieii CXeMbi, JAIOUICH MOCTO-
SHHYIO aMIDTHTYIY.

1.21. «Ilomoch» # HAKJIOH
B Npelenax OKTaBbl

Euwe pa3 pacCMOTPMM XapaKTE€pPHUCTHUKY
RC-punbrpa HM3KMX vacToT (puc. 1.59).
BripaBo ot ToukU nepernba rpaduka Boixoa-
Hasi aMIUIMTYa yObIBaeT MPOTIOPLHMOHATEHO
1/f. B npeaenax ogHO¥ OKTaBbl (OIHAa OKTa-
Ba, KaK B MY3bIKE, COOTBETCTBYET M3MEHE-
HMIO YaCTOTHI BABOE) BHIXOOHAS aMIUIMTYAA
YMEHBIIAETCsl BABOE, T.€. ociabieHue coc-
taBager — 6 nb; ciemoBaTenibHO, MPOCTOM
RC-bunbtp obecrieunBaeT ocaabieHue
6 nb/oktaBy. MOXHO KOHCTPYMPOBaTh
bUALTPH, COCTOSNINE M3 HECKOJbKUX RC-
CEKIIMii: TOTAa MOJYyYMM 3HAYEHMs crana
12 1b/oktaBa (mn1sa aByx RC-cexuwmii),
18 nb/okTaBa (s Tpex cekuuii) u T.0. Tak
OOBIYHO OITHMCHIBAIOT TIOBEICHUE MHILTPA HA
4yacToTaX, JIEKAIMX 3a TIPEeNe/IaMu MOJOChI
nponyckanusa. Eciu gunwrp cocrour, Ha-
npuMep, 13 Tpex RC-cexklinii, TO €ro 4acTo
Ha3bIBalOT «TPEXIOMIOCHBIM». (CJIOBO «IIO-
JIIOC» CBSI3aHO C METOAOM aHAIM3a CXEM,
KOTOPbill HE paccMaTpUBAcTCs B 3TOW KHHU-
re. B HeM ucnonp3yeTcs KOMIUIEKCHas Te-
penatouHasi GyHKUMS Ha KOMIUIEKCHOM 4Ya-
CTOTHOW IUIOCKOCTH, KOTOPYIO MHXEHEpHI
Ha3bIBaIOT S-TUIOCKOCTBIO. )

IIpu padoTte ¢ MHOTOKAaCKaaIHbBIMU (OUITbT-
paMH CJIeoyeT YYUTBIBATH OIHY OCOOEHHOCTD.
Kaxapiit HOBBIM KacKaa CYILECTBEHHO Ha-
rpyXaeT NpeablaylInii (TaKk KaKk OHU UIEH-
TUYHBI MEXIY Cc000il), U 3TO MPUBOIUT K
TOMY, YTO PE3Y/JLTUPYIOLIAST XapaKTePUCTU-
Ka He SBJISEeTCS TPOCTOH COBOKYITHOCTBIO
XapaKTEepUCTUK COCTABJISIOIIUX KacKaloB.
HanoMHHM, YTO MpH BBHIBOAE XapaKTepuc-
THUKHM TipocToro RC-puabTpa Mbl YCIOBU-
JINCh, YTO MCTOYHHMK MMEET HYJIeBOil UMIIe-
JAHC, a Harpy3ka — OeckoHeuHblil. OnuH
M3 CIIOoCOOOB YCTpaHEHMSI BJIUSHUS Kacka-
OB APYr Ha Ipyra COCTOMT B TOM, YTOOBI
KaXAbli MOCHCIYIOLMI KacKal MMEN 3Ha-
YUTENBHO OOMBIUUI UMIIEAAHC, YEM FIpENbl-
nyunii. Elne a¢dhdekruBHee UCTOAB30OBATD B
KauecTBe MEXKACKaIHbIX Oy(epoB aKTUBHEIE
CXEMbl Ha TPaH3¥CTOPaX WM ONePallMOHHBIX
yewureaax (OY), T.e. CTPOUTb AKTUBHBIE
¢GbuAbTPEl. DTUM BONMPOCAM MOCBSILUEHDI
. 2—5.
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1.22. Pe3onaHcHbie CXEMBI
H AKTHBHbIE (PHILTPbE

KoHaeHcaTopsl, KOTOPBIE HCIOIB3YIOTCS B
CIIEHMAJIbHBIX CXeMaX, Ha3blBA€MbIX aKTUB-
HpIMH (GUIBTPAMH, a TAKXKE B COUETAHUH C
MHIYKTUBHOCTSMH, [IO3BOJIAIOT «3a0CTPATb»
YACTOTHYK XapakTePUCTHKY CXeMbl (IO
CPaBHCHUIO C TOJIOTON XapaKTepUCTHKOM
RC-punbTpa xapaKkTepUCTHKA TAKOM CXEMBI
Ha HEKOTOPOM 4acTOTE MMEET OOJIBIION pe3-
kuif Bcrieck). IlogoOHbIe cXeMbl HAXOOAT
MpUMEHEHHE B YCTPOUCTBaX, paboTalolIMX
B AMAaNa30He 3BYKOBHIX YaCTOT M pagHovac-
tor. UTak, mo3zHakomumcst ¢ LC-nensiMu
(moxpoOHOMY aHANIM3Yy 3THX LIETIe W aKTHUB-
HbIX (PWIBTPOB MOCBSILIEHBI 1. 5 U MPUIIO-
XeHHue 3).

HauHem co cxeMbl, NpEACTAaBICHHOW Ha
puc. 1.62. Ha yacrore f peakTMBHOE COTIPO-
tuBieHue LC-KoHTypa paBHO

1 1 1 1

+
ZLC ZL

um Z, .= j/[(/ol) —oCl.

LC-KOHTYp B COYETaHHM C pe3UCTOpOM R
o6pasyeT OeUTEb HATIPSKEHUS; B CBS3U C
TE€M, UYTO MHIYKTHBHOCTb U KOHIEHCATOP
MPOTUBOIIONIOXHBIM 00pPa30M pearnupyoT Ha
W3MCHEHUE YaCTOThbI, UMIICAAHC MAPa/IETh-

R
u u

8x B

Puc. 1.62. PesonancHas LC-cxema: WIHMPOKOMNONOCHBIH
uneTp.

10

UBNX/UBX

fo=1/2n(0)" f

Puc. 1.63.

Puc. 1.64. Y3kononocHblil pexeKTopHbiil LC-Gunetp
( WIOBYLIKA»).

Hol LC-uenu Ha pe30HAHCHOU 4YacTOTe
Sy = 1/2n(LC)'* ctpemuTes K 6eCKOHEYHOC-
TH — Ha XapaKTEPUCTHKE TPH 3TOM 3Haye-
HHMH 4aCTOTHI HOJLKeH Ha0miomaTbesl pe3kuid
Bcruieck. I'padpmk Takoi XapakKTepuCTUKHU
npencrasieH Ha puc. 1.63.

B meiicTBUTEIBHOCTH MUK XapaKTepHCTH-
KM CTJIAXEH 33 CUET TICTEPb B WHAYKTHBHOC-
T ¥ KOHACHCATOPE, OJHAKO €CIU CXema
CKOHCTPYHPOBaHa XOpOILO, TO 3TU MOTEPH
OUYEHb HEBEJNMKU. Eciiv Xe XoTaT crnienmanb-
HO CIJIAINTH XapaKTEPUCTHKY, TO B CXEMY
BKJIIOYAIOT TOTIONHHUTEIBHEIN PE3UCTOP, YXYI-
waouiA 100poTHOCTE KOHTYpa (. Takas
CXEMa HA3BIBAETCH NApaJUieNIbHbIM PE30HaH-
cHbIM L C-KOHTYpOM WIM W30MpaTelbHON
cxemoit. OHa LIMPOKO MCIONB3YETCsA B pa-
OVOTEXHUKE [UISI BBIAEJCHUS U3 BCEro 4ac-
TOTHOT'O IHAra30Ha CHTHATOB HEKOTOPOM
4acToTH ycuieHus (L win C MOryT OBITh T1e-
PEMEHHBIMH, M C HX ITOMOUIBIO MOXHO Ha-
CTpauBaTh Pe30HAHCHBIM KOHTYD Ha Orpee-
JICHHYI0 4acToTy). YeM BhHIlEe MUMMEHAHC
MCTOYHHKA, TEM OCTpee MUK XapaKTePUCTH-
KM; KaK Bbl BCKOpE yOeauTeCh, B KauyeCTBE
WCTOYHMKA TIPUHATO UCIIONB30OBATh YCTPOM-
CTBO THUIIAa UCTOYHMKA ToKa. KosdhduuueHT
Ao6porHOCTH Q MO3BOJISIET OLEHUBATH XapaK-
TEPUCTHKY KOHTypa: 4yeM Oosbine n00poT-
HOCTb, TEM OCTpee XxapakTepuctuka. [1o06-
POTHOCTh PaBHa PE30HAHCHOW 4acTOTE, IO0-
JeJIeHHOU Ha WIHPUHY MUKA, OTIPee/Ie HHYIO
mo ToykaM — 3 gb. JIns mapannenbHoi
RLC-cxembl Q = o RC.

Hpyroit  pasHoBuaHocTblo LC-cxeM
ABJIsieTCS mociaenopaTtenbHass L C-cxema
(puc. 1.64). Ucrionb3ys BbIpaXeHUE 1T M-
TIeIaHCca, MOXHO II0Ka3aTh, YTO HMMIIEIAHC
nocnegosatenbHOM L C-CXEMBI CTPEMUTCSE K
Hymo Ha vactore f, = 1/2n(LC)"?; Takas
CX€Ma Ha Pe30HAHCHOM YacTOTe WIM BOJIU3U
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Uaux/Unx

7, = 1/2n(l0" f
Puc. 1.65.
Hee Kak OBl «3aXBaThiBaeT» CUTHAT M 3a3eM-
JisieT ero. Drta ¢xema, TaK XKe Kak U Mpebi-
OyIiasi, MPUMEHSETCS B OCHOBHOM B paano-
texuuke. Ha puc. 1.65 n3obpaxeHa ee xa-
pakrtepucTHKa. Jnaa nocaemoBaTebHOMN
RLC-cxempr Q = o,L/R.

Ynpaxnenue 1.26. BoiBeaute BblpaxeHue sl XapaK-
TEPUCTUKU (OTIpefensiolieil 3aBUCHMOCTh OTHOLLCHHMS
U /U, OT 4acTOThl) CXEMbI C MOCAEN0BATENbHBIM
Lé—KOHTypOM, noka3saHHo#i Ha puc. 1.64.

1.23. Jipyrae npaMepn HCNIONb3OBAHHSA
KOHJIEHCATOpPOB

KoHneHcaTops! SIBASIOTCST HEOOXOIHMBIM
KOMIIOHEHTOM H€ TOJIBKO WIS (PHIBTPOB,
PE30HAHCHBIX, TUPGEepeHUNPYIOIIHX U UH-
TETPUPYIOLIMX CXEM, HO M IUIS psiia APYTHX
HEMAJIOBaXHHIX cxeM. bonee noapobHO Mbl
MMOFOBOPUM 00 3THX CXeMaX IT03Xe, a ceivac
MPOCTO O3HAKOMMMCS ¢ HUMH.
Iynruposanue. ViMnegaHc KOHAEHCATO-
pa YMEHBILAETCS C YBEJIMUYEHHEM YacCTOThI.
Ha s3ToM ocHOBaHO MCMONIB30BAHUE KOHIEH~
caTopa B Ka4yecTBe IUIYHTA. BBHIBAIOT Takue
CJIy4aH, YTO Ha HEKOTOPBIX YYacTKaX CXEMbl
JOKHO IPUCYTCTBOBATh TOJIBKO HaTpsuKe-
HHE MOCTOSTHHOTO WINM MEUIEHHO MEHSIOLIE-
rocs Toka. Ecaiu K TOMy y4acTKy CXeMbl
(0OBIYHO pe3rCTOPY) HMAPALIETBHO MOAKITIO-
YUTh KOHIEHCATOP, TO BCE CUTHAJbI Nepe-
MEHHOTI'0 TOKAa Ha pe3HCTOpe OYIOyT YCTpaHe-
Hbl. KoHIeHcaTop BIOMPAIOT TaK, YTOOLI €10
HMMIMEAAHC ObLT MaNbiM UISL IIYHTHPYEMOTO
cUrHana. B mocienyioiiMx rinaBsax Bbl BCTpe-
TUTE MHOXECTBO NPUMEPOB LIIYHTUPOBaHMSI
CUTHAJIOB ¢ TOMOUIbIO KOHAEHCATODA.
OuIbTpanua B HCTOYHHKAX NHTAHHSA.
OO0bIyHO, TOBOpsl O (UILTPALIUM B MCTOY-
HMKaX TIMTaHHSI, UMEIOT B BUIY HAKOILUICHHE
sHepruu. IlpakTuyecku npu QUIBTPALIUH
NMPOMCXOANUT INYHTHPOBAHME CHTHAJOB.
B 3J1€KTPOHHBIX cXeMaX OObIYHO MCIIONb3Y-
10T HaNpPSKEHHE MOCTOSIHHOTO TOKa, KOTO-

poe MOoJIy4yaloT MYTEM BbiNPAMACHUA Hampsi-
XEHUS MEPEMEHHOIo ToKa CeTH (mpoiecc
BBITIPSIMJIEHUSI Mbl PAacCMOTPUM Jajibllie B
3TOM IaBe). YacTh COCTABSIOMIMX BXOIHO-
TO HamnpsXeHUsd, KOTOPOE MMEIO0 4acTOTy
60 (50) T'u, ocTaerca ¥ B BBINPAMJIECHHOM
HAMPSXEHUU, OT HUX MOXHO H30aBHUTbCH,
€CJIM TIPEAYCMOTPETh IIYHTUPOBAHHUE C TIO-
MOUIBIO BONBUIMX KOHIeHCAaTOpOB. LIlyHTH-
pYIOUIME KOHICHCATOpbl — 3TO KaK pa3 Te
KpyIible OJeCTALIME 3JEMEHThl, KOTOpbie
MOXHO YBUAETb BHYTPH GOJNBLIMHCTBA 3J1€K-
TPOHHBIX MpubOpPoB. O TOM, KaK KOHCTpYH-
pPOBaTh UICTOUHUKH MTUTaHKS, Mbl TOTOBOPHM
M03Xe B 3TOW INaBe, a 3aTeM B Ii. 6 elle
pa3 BEpHEMCS K 3TOMY BOIIpOCY.

CHHEXpOHM3aIMA ¥ reHepalMa cHrHanoB. Ecin
yepe3 KOHACHCATOp IPOTEKACT TMOCTOSHHbIN
TOK, TO TIPY 3apsiie KOHAeHcaTopa dopMUpy-
€TCA JIMHEMHO HapacTalolMii CHTHal1. JTO
SIBIEHUE UCTIONB3YIOT B T€HEpaTopax JIMHEMH-
HO-M3MEHSIOLMXCA W MIJIOO0PA3HBIX CUTHa-
JIOB, B TeHepaTopax (hyHKILIMI, CXeMaX pa3BepT-
KM ocuusiorpadoB, B aHaNOro-HHU(POBLIX
npeodpas3oBaTessix U cCXemax 3auepXKku. s
CUHXPOHU3aLMHU UCTIONB3YIOT Takxke RC-Lieny,
M HA UX OCHOBE CTPOSAT LIM(MPOBbIE CXEMbI 3a-
IEepXKU (KIyluue MyabTUBUOpaTopsl). Bo
MHOTHX O0JIACTSIX 3JIEKTPOHMKH MCIMOIb3YIOT
KOHIEHCATOPhl JUIS CHHXPOHM3ALMH H TeHe-
pauun CUTHAIOB, U UMEHHO 00 3THX NpUMe-
HEHMSIX KOHIEHCATOpOB Bbl Dosiee moaApoOHO
y3Haere M3 1. 3, 5, 8 u 9.

1.24. O600mennas reopema TesennHa 00
JKBHBAJIEHTHOM NpeoOpa3oBanun (3KBHBA-
JICHTHOM TeHepaTope)

Jnsi cxeM, BKJIIOYAIOLIMX KOHACHCATOPH U
WHIYKTUBHOCTH, TEOpeMa 00 5KBUBAJIEHTHOM
MpeoOpa3oBaHUy J0JKHA ObITh CHOPMYIHPO-
BaHa CJIENYIOIUM 00pa3oM: BCAKasi CXema,
MMEIOLIasd [1Ba BbiBOA U COAEPXKAlIasi pe3uc-
TOPbI, KOHACHCATOPbI, HHIYKTUBHOCTH U UC-
TOYHUKW CUTHAJIOB, SKBHUBAJICHTHA LEINH,
MPEACTaBIAIONIEA CO00H MOCIeN0BaTE/IBHOE
COCAMHEHHE OHOTO KOMIUIEKCHOTO UMIISIaH-
ca M OJHOro MUCTOYHMKA curHajda. Kak u
TIpex/ie, IKBUBAJICHTHBIM UMITEIAHC Y HCTOU-
HUK OMpENENAIOT MO BBHIXOAHOMY HAMpsiKe-
HHIO PA30MKHYTOH LEIH H 10 TOKY KOPOTKO-
rO 3aMbIKaHMUS.
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ANOZAbI U TUOAHBIE CXEMBI

1.25. duonmt

DEMEHTBI, KOTOPBIE MBI PACCMATPUBANU 10
CHX TOp, OTHOCATCS K JUHEUHbIM. DTO 3HA-
4YMT, YTO YABOCHMWE TIPWIOKEHHOTO CUTHAaNa
(CxaxeM, HaTIPSIKEHMs) BHIBLIBAET YABOCHUE
OTKJIMKa (CKaXeM, TOKa). DTUM CBOICTBOM
00/11310T 1aXe PeaKTHBHbIE IEMEHTbI, KOH-
JOEeHCATOpbl U MHAYKTUBHOCTH. PaccMOTpeH-
HBIE NIEMEHTBI SABISAIOTCS TAKXKE HACCUGHbI-
Mu, T.€. OHM HE MMEIOT BCTPOCHHOTO MCTOY-
HHMKa 3Hepruu. M, kpome Toro, Bce 3TH
3JIEMEHTBI UMEIOT MO JBAa BHIBOIA.

HOuon (puc. 1.66) mpexacrasiasieT coGoii
MACCUBHBIMA HEJIMHEWHBIN 3JIEMEHT C IBYMs
BbIBOAAMHU. BonbTaMIiepHas XapaKTepucTH-
Ka Avoma rokaszaHa Ha puc. 1.67. (Tlpunep-
XHUBAACh NPUHATOrO HaMu MOAXoaa, He Oy-
neM OOBACHATb (DU3UKY SIBJICHUI, onperie-
JS0muX GYHKUMOHUPOBAHUE ITOTO 3Je-
MEHTA.)

Ha ycioBHOM 0603Ha4€HUU HAIpaBACHUE
CTpeaKu auona (Tak 0603HayaloT aHoH 3Jie-
MEHTA) COBMANacT C HarpaBICHHEM TOKa.
Hanpumep, eciiv uepe3 AMOA B Hampasie-
HUU OT aHOJAA K KAaTOAy MPOTEKAET TOK Be-
Juuunoi 10 MA, to aHon Ha 0,5 B Gonee
MOJIOXUTENICH, YeM KaTOA; 3Ta pa3HHLA Ha-
MPSDKEHHH Ha3bIBAETCS «TIPSIMBIM HATIPSKE-
HHeM auona». OOpaTHbI TOK IS OHUOAOB
o0LIero Ha3HaYeHMsI U3MEPSETCA B HAHOAM-
nepax (o0paTvuTe BHUMaHWE Ha pasHLIid Mac-
1Tad U3MepeHui no ocu abcuuce mis npsi-
MOro U oOGpaTHOTO TOKAa), ¥ €ro, KaK npaBu-
JI0, MOXHO He ApPUHUMATh BO BHUMaHHUE 10
Tex Iop, MOKa HaTpsSLKeHUE Ha MONE HE J0-
CTUTHET 3HAYCHUS HATIPSDKEHUs rpodos (310
HanpsDkeHHWe Ha3bIBAIOT TAKXKE ITMKOBBIM 00~
paTHbLIM HanpspkeHueM). s nmonos obiie-
ro Ha3HayeHus1 Tina 1N914 HanpsokeHue 1po-
6os coctapisier oosrHo 75 B. (Kak mpasu-
JI0, HAa IWOI MOJAIOT TAKOE HAIMpPSIXEHHUE,
KOTOpOE He MOXET BbI3BaTh Npoboii, uc-
KJIIOYEHUE COCTaBJISIET YIIOMSAHYTHIN paHee
3eHEpOBCKMI auon.) Yauie Bcero nmagcHue
HanpsiXEHUs Ha AWOAe, OO0yCIOBIECHHOE

AHog, Il Katog

Puc. 1.66. duon.

20 MA —
10 MA |— OTKPHIT
-100B  -50B
L I ] J
3aKpeIT 18 28
1 MKA |-
2 MKA |

Puc. 1.67. Bonbr-aMnepHast XapakTepucTHKa AMOAA.

MPSIMBIM TOKOM Yepe3 HEro, COCTaBISIET OT
0,5 no 0,8 B. Takxum nageHueM Hampsike-
HMSI MOXHO MpeHeOpeyb, U TOTAA THOI MOX-
HO paccMaTPMBaTh KaK IIPOBOAHMK, IIPOITYC-
KAIOILIM i TOK TO/IBKO B OTHOM HaTlpaBJICHUH.
K apyruM BaXHEMIIMM XapaKTEPUCTHUKaM,
OTJIMYAIOLIUM CYIIECTBYIOLINE THITbI THOIOB
IpYT OT ApYyTra, OTHOCST; MaKCUMaJbHbIA
MpsSIMOi TOK, EMKOCTb, TOK YTEUKHU W BpeMsI
BOCCTAHOBJIEHHSI 0OPaTHOTO CONPOTURICHUSE
(cMm. Ta6n. 1.1, B KOTOpOii NMpHUBEIEHBHI Xa-
PaKTEPUCTUKHA HEKOTOPHIX THUTIOB JHOMOB).
[Ipexne yeM HaYWHATH PACCMATPUBATD CXE-
MBI, COAepXalliyie TUOAbI, OTMETUM JiBa MO-
MeHTa: 1) Anoa He 00IadacT CONPOTHUBICHU-
€M B YKa3aHHOM BBbillie CMbICE (HEe MOaYH-
HAeTcs 3akoHy OMma); 2) cxeMy, coaepXaliylo
JUOIbI, HEJIb3SI 3aMEHUTh 3KBUBAICHTHOM.

1.26. Bunpsamaenne

BeinpsimuTtenp npeoOpasyeT nepeMeHHbIH
TOK B TIOCTOSTHHBIA; BBIMIPSIMUTENBHBIE CXE-
MbI SIBJISIOTCS CaMbIMU ITPOCTHIMH U HanGo-
Jiee MOJIE3HBIMM B MPAKTUYECKOM OTHOLIE-
HUW THONHBIMU CXeMaMM (MHOTAA IMONbI
Jlaxe Ha3bIBalOT BBIMPAMHUTENIMHU). [Ipo-
CTeH1Iasl BRINPSIMUTEIbHAS CXeMa MoKa3aHa
Ha pHuc. 1.68. Cumson «IlepemM.» MCMOJb-
3yeTcs I 0003HAYEHUs] UCTOYHHMKA Tepe-
MEHHOTO HampsLKeHUsI;, B JIEKTPOHHBIX CXe-
Max OH ODBIYHO UCTIONB3YETCH ¢ TpaHcdop-
MaTOpOM, MHUTAIOLUUMCST OT CUJIOBOM IMHUU
fNepeMEHHOro TokKa. U1 CHHYCOMIATBHOTO
BXOIHOIO HAMNPSIXEHMS, 3HAYUTEBHO TIpe-
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Puc. 1.68. OnHononynepHoiHbli BLINPIMHUTEND.

N\ 7

t

u

H

Puc. 1.69.

BBILIAIOLLErO MpPSIMOE HAMpsiXE€HUe AUoAa
(0OBIYHO B BBHITIPSIMUTENAX HCIMOJB3YIOT
KPEMHHEBBIE AMObI, /U KOTOPBIX MPsIMOE
HanpsixeHue cocrapisiet 0,6 B), BeixomHoe
HanpsiXeHUe OyAeT UMETb BUIL, MOKA3aHHbBINA
Ha puc. 1.69. Eciu BB BCMOMHHTE, 4TO
JVOJ — 3TO MPOBOAHUK, MPOITYCKAIOIIKI TOK
TOJIKO B OIHOM HAripaBJ€HUU, TO HETPYI-
HO IOHSTb, KaK paboTaeT cxeMa BBITPSIMHU-
tend. IlpencraBieHHas cxeMa Ha3blBaeTCs
00HONOAYNEPUOOHBIM BbINpIMUMENeM, TaK KaK
OHA MCIOJb3YET TOJIKO TIOJIOBUHY BXOIHO-
ro curHazia (MOJMOBHUHY MEPHOA).

Ha puc. 1.70 mpencraBineHa cxema OByX-
MOJTYTIEPHOMHOTO BbHIPSMUTENS, a Ha PHC.
1.71 moka3aH e¢ BbIXOAHOI curHan. U3 rpa-
(hrKa BUIHO, YTO BXONHOW CHTHAJ UCMOJb-
3yeTCs MpH BLIIPAMJIEHHH MOJHOCTHIO. Ha
rpacdMKe BhIXOMHOTO HAMpsKeHUs Habnona-
IOTCSI UHTEpPBaldbl C HYJEBBIM 3HAUYCHUEM
HalpsXeHus, OHU OOYCJIOBJIEHbI MPSIMBIM

©

Puc. 1.70 [IByxnonynepHoaHblii MOCTOBOA
BBITIPSIMUTEb.

[/aVaVaVaX

Puc. 1.71.

HaTpsiXeHueM AuoaoB. B paccmarpuBaeMoii
CcxeMe /Ba JMojJa BCEraa IMOAKIIOYEHbI MO-
cJleJoBaTeNIbHO K Bxomy; 00 3ToM ciieayeT
TIOMHUTb TPH pa3paboTKe HHU3KOBOJBTHbIX
WUCTOYHUKOB MUTAHMS.

1.27. ®uabTpanmua B HCTOYHAKAX NHTAHUS

BhINpsiMIIEHHbIE CHUTHAJIbl, TMOJYYEHHBIE B
MpeAbIAYHIEM pa3neie, €1ll€ He MOTYT ObITh
MCIONb30BaHbl KaK CHTHAJIBI TOCTOSIHHOTO
TOKa. [leno B TOM, 4TO MX MOXHO CUMTATh
CHMTHaJIaMH MOCTOSTHHOTO TOKA TOJIBKO B TOM
OTHOUICHMHM, YTO OHM HE H3MEHSIOT CBOIO
MoJIsIipHOCTL. Ha caMoM dejie B HMX TIpU-
CYTCTBYET OOJIBLIOE KOJIMYECTBO «IyJbCa-
uMi» (MEpUOAMUECCKMX KOJIeGaHUi Hanpsixe-
HHSI OTHOCUTETBHO MTOCTOSIHHOTO 3HAYEH U ),
KOTOpbIE HEODOXOOWMO CIJIaAUTbh, AJIst TOTO
YTOOBI HOTYYNTh HACTOSILLIEE HATIPSDKCHUE NO-
CTOSIHHOTO TOKa. Uit 3TOro cXeMy BBINpsi-
MUTeJIs HYyXHO IONOJIHUTH (DUJILTPOM HU3-
Kux vactoTt (puc. 1.72). Boobiie rosops,
MOCJEeIOBATEABHbIA PE3UCTOP 3IECh HE Hy-
XEH, U €ro, Kak NMpaBWIO, HC BKJIIOYAIOT B
cxeMy (ecJiM Xe Pe3uCTOp NPUCYTCTBYET, TO
OH MMeeT OYEHb MaJIeHbKOE CONPOTUBJIEHUE
U CIIYXMT ISl OTPaHUUYEHUS ITMKOBOTO TOKa
BBITIpAAMUTEJIS). Jle/10 B TOM, YTO JUOLBI Ipe-
JOTBPAIAIOT IIPOTEKAHUE TOKA Pa3psiia KOH-
IIEHCATOPOB, W TOCJEAHUE CIYXaT CKOpee
KaK HaKOMMTEIW SHEPTHH, 8 HE KaK JICMCH-
ThI KJIACCUYECKOTO (PUIIbTPA HU3KUX YACTOT.
DHeprusi, HAKOTUIEHHAs] KOHAEHCATOPOM, OTl-
penensercst BoipaxeHuem W =1/2CU[2. Ecnu
emkocTh C uaMmepsercst B (papanax, a Hampsi-
xenue (U — B BoabTax, T0 3Heprust W 6yner
U3MEPSIThCS B IKOYsiX (B BarTax B 1 €).
KonneHcarop noabUpaloT Tak, YTOObI BHITIO/-
Hsloch yenosue R C>>1/f (rne f — yacrora
nynbcaluii, B Hawem crydae 120 Tu). Tlpu

R
Nepem. |
Oeyxnony-
Me- | nepuoa- ¢ Harpysxa
pem. | Hbll MOCT -[
Nepem. -~ . o]

Puc. 1.72.
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[eoiinas amnauty-
Aa nynbcatun BbixogHoMU curHan
| K QUABTPY NOAKMO-
yeHa Harpyska

_—

BuixoaHo# curHan
B OTCYTCTBUE
KOHAEHCa-

» Topa
t

Puc. 1.73. OnpexnenexHue HanpsoKeHUs MyJabCaumii
MCTOYHMKA.

3TOM TIPOMCXOAMT OCNabNieHue My/TbCaliii 3a
CYET TOIO, YTO TOCTOSIHHASI BPEMEHU [UIS1 pa3-
PSUIKM KOHZIEHCATOpa CYLLIECTBEHHO MpeBbILLia-
€T BpeMsl MeXIy mepesarpyskamu. B crenyio-
ILIEM paslesie Mbl TIOSICHUM 3TO YTBEPXIECHHUE.
Oupeneneune HANPSKEHHA NYJIbCAIMIA.
[MpubIH3NTENBHO ONPEAETIUTD HANIPSKEHHE
My/JIbCAUMi HETPYAHO, OCOGEHHO €CJIHM OHO
HEBEJMKO MO CPAaBHEHHMIO ¢ HANPSIKEHHEM
MOCTOAHHOrO ToKa (puc. 1.73). Harpyska
BBI3bIBACT PA3pPSII KOHICHCATOPa, KOTOPHIA
MPOUCXOIUT B MIPOMEXYTKE MEXIY LIMKJIAMU
(WM TIOJIOBMHAMM LIMKJIOB JUTSl ABYXIIONYTIE-
PMOIHOTO BBITPAMJICHHS) BBIXOJHOTO CHT-
Hana. Ecnu npeanosioXuThb, YTO TOK Yepe3
Harpy3Ky OCTaeTCsl ITOCTOSIHHBIM (3TO CIIpa-
BeJMBO Jjisgd HeOONbLIMX MydabCcaliuii),
0 AU = (I/C)At (HatoMHUM, uTO | =
= ((dU/df). IloncraBuM 3Havenue 1/f (min
1/2f nnst ABYyXMONYNEPUOAHOTO BbIMIPSAMJIE-
HHS) BMeCTO Af (TaKkasi 3aMeHa JONMyCTHMa,
TaK KaK KOHIEHCAaTop HauYMHAeT CHOBA 3a-
pSIXaThCAd MeEHbIIE, YeM 4Yepe3 MOJIOBUHY
uukna). [Monyuum
AU=1_[/fC

Harp
(0oHONONYTIEPUOAHOE BbIMPSIMIIEHHUE),

AU=1__J2fC

Harp
(OBYXTIOJIYTIEPUOMHOE BHIMTPIMIICHUE).

(Haur npenonaBaTe/IbCKUiA OTIbIT TOBOPUT O
TOM, YTO CTYIEHTHI JII00ST 3ay4UBaTh 3TH ypaB-
Henus! HeodunmanbHbiil opoc, npoBeacH-
HbII aBTOpPaMH, TT0Ka3aJ1, YTO U3 KAXKIBIX IBYX
OMpPOLLUEHHbIX UHXXEHEPOB 1Ba HE OMHST 3TH
ypaBHeHuUs. Tak UTO HE TPYAUTECh HAITPACHO
Haa 6ecrofe3HbIM 3aydMBaHHEM, a JIyylile Ha-
YYUTECH BHIBOAWUTD 3TH 3aBUCHMOCTH.)

Ecan BOCTHIONB30BATHCS SKCMOHEHLMAIb-
HO#1 (pyHKIIMEH, onpeaesolieii “BMeHeHue
HaIpPSIKEHUs Ha KOHIEHCATOPE MPU €T0 pas-

psiIe, TO pe3y/abTaT MOJYYUM HEPABHUIIbHBIM
MO CEIYIOUIMM MPUYUHAM:

1. Pa3psin KOHAEHCATOpA OMUCHIBAETCS IKC-
MOHEHUHANbHOM 3aBUCHUMOCTBIO TOJBKO B
TOM CJIyyae, €C/IM Harpy3ka pe3uCTHBHA, B
OONILLLIMHCTBE CIyyaeB 3TO He Tak. YacTo Ha
BbIXOJE BLITIPSIMHTENISI YCTAHABIMBAIOT cma-
bunuzamop Hanpaxcenus, KOTOPLIA obecre-
YMBAET MOCTOSTHCTBO BbIMPSIMICHHOTO HAaMpsi-
XEHHMSI — OH BBICTYIIAET B POJH HATpy3KH,
yepe3 KOTOPYIO NPOTEKAET MOCTOAHHDBIM TOK.
2. Ins MCTOYHMKOB IUTaHHUSI MCIIONb3YIOT,
KaK MpaBuIO0, KOHAESHCATOPbl C TOYHOCTBHIO
20% u 6onee. I1pu paspaboTke cxeMm cieny-
€T YYMTBIBaTh pa3dpoc nmapaMeTpoOB KOMIIO-
HEHTOR Y IS CTPaXOBKU MPOU3BOAUTH pac-
4yeT 111 Haubosiee HeGAaronpUsITHOrO Cove-
TaHUS UX 3HAYEHUH.

B TakoMm cnyuae, €CliM CUMTaTh, YTO B Ha-
YaJbHbIH MOMEHT pa3psi KOHAEHCATOpOB
TPOUCXOIMT TT0 JIMHEHHOMY 3aKOHY, IpUOJTH-
XeHHe byneT BeCbMa TOYHBIM, OCOOEHHO eCIH
MyJLCalyy HeBeUKU. HeTouHocTH npubiu-
XKE€HWs TMPUBOIAT JIMLIb K HEKOTOPOH MNepe-
CTpaxoBK€ — OHH NPOSBISIIOTCS B 3aBbllle-
HHH paCYeTHOroO HampsiXeHUs NMyJlbcauui o
CPAaBHEHHIO C €T0 UCTUHHBIM 3HAYCHHUEM.

Yopaxuenue 1.27. PaspaGoraiite cxeMmy IByXmouymne-
PHOIHOrO BHIMPAMUTENS, O0ECMIEUMBAIOLLETO HA BBIXOAE
HanpsbKeHUe TOCTOSTHHOro ToKa ¢ amruidtyaoi 10 B. Ha-
NpsDKEHME MYJIbCALUiA He 10JDKHO nipesbituathb 0,1 B (aBoii-
HOU ammummtyabl). Tox B Harpy3ke coctasiseT 10 MA.
BbiGepuTe COOTBETCTBYIOLLEE BXOAHOE HaNpsiKeHUe ne-
PEMEHHOTO TOKA, YYWTHIBasi, YTO MajleHUe HampsDKeHUst
Ha mvoze coctamiser 0,6 B. Ipu pacuete npaBwibHO 3a-
[aiTe YacToTy MyJbCaluii.

1.28. CxeMbl BLIIpAMHATEJICH 11 HCTOYHHKOB
NHTAHASA

JByxnoaynepuoaHasa MocToBas cxema. Ha
puc. 1.74 noka3aHa cxeMa UCTOYHMKA ITATA-
HMsl TTOCTOSIHHOTO TOKA C MOCTOBBIM BbI-
TIPSIMUTEJIEM, KOTOPBIH MBI TOJIBKO YTO pac-
cMotpenu. [IpoMbIlLIeHHOCTb M3rOTaRIHBa-
€T MOCTOBbIE CX€Mbl B BUIE (PYHKLIMOHAIIb-
HbIX MoayJieii. MajeHbKHE MOCTOBBIE MO-
IyAd PacCYMTaHbl Ha TpeleNbHbI TOK 1 A
U Hanpsixenue npobos or 100 mo 600 B,
a wHorna ao 1000 B. [Ins Gonbiunux mMocTo-
BBIX BBITTPAMMTENIEH TIpeebHbII TOK paBeH
25 A v Bbie. B 1a6i1. 6.4 npuBeaeHsbl napa-
METPbl HECKOJIBKHX TUIIOB TAKUX MOIYJEH.



54 I'nasa 1

115 B
(nepem.
TOKa)

I

Puc. 1.74. CxeMa MOCTOBOTO BBINPAMHTENISA. 3HAYOK
MONSAPHOCTY U NEKTPOI B BUAE AYTH CIYXaT Ans 060-
3HAYEHMS MOMSIPU3OBAHHOTO KOHAEGHCATOpA, 3apsiKaTh
€ro ¢ JpYToil MONSAPHOCTBIO HEJAOMYCTUMO.

JByxnomynepuoanniii omHoda3nblii BHIIPS-
mMuTeab. CXema ABYXTIONYTIEPHOIHOTO OJHO-
(hasHOro BHITIPAMMTEJISE TIPUBEICHA HAa PUC.
1.75. BbixoaHOe HarnpsbkeHUe 3hech B 2 pasa
MEHBLIIE, YEM B CXEME MOCTOBOTO BHITIPSIMU-
tensi. CxeMa JBYXITOJYTIepHOIHOTO OgHOMa3-
HOTrO BBIMPSIMUTENA He ABISAETCS 3P GEeKTUB-
HOIf C TOUKM 3pEeHMs UCTIONB30BAHUS TPAHC-
dopmaTopa, Tak Kak Kaxpaas MOJOBHHA
BTOPHUYHOI OOMOTKM HCTIONB3YETCSl TOJNBKO B
OHOM nonaynepuone. B cBsizy ¢ 3TUM TOK B
OOMOTKE 3a 3TOT UHTEpPBaJd BpEMEHH B 2 paza
Gonblie, YeM B MPOCTOM ABYXITOMYIIEPUOIHOMN
cxeme. CornacHo 3akoHy OMa, TeMnepaTypa
HarpeBa 0OMOTKM NMPONOpLUUOHATIbHA TIPOU3-
BegeHUuIo PR, 3HauuT, 33 Bpems B 2 pasa
MEHbIiiee HarpeB Oyaer B 4 paza GOJbLIC WIH
B CpeHEM OOJblLIE [0 CPABHEHHUIO C 3KBUBA-
JIEHTHOM ABYXNOAYNEPUOMHON CXEeMOil.
TpaHchopMatop s 3TOit CXeMbl CIeItyeT
BBIOMpATh TaK, 4TOObI €ro NpelesbHbII TOK
611 B 1,4 (B v2 ) pa3 Goiblue, 4eM y TpaHc-
thopMaTopa MOCTOBOI CXeMBbI, B [IPOTHBHOM
cjyyae Takoi BhITIpSIMUTENDb Oyaer 6ojee 10-
pPOTUM M DoJiee TPOMO3IKUM, YeEM MOCTOBOIA.

Bxoa

(HanpsmeHue * O
nepem. i
TOKa) H J:

Puc. 1.75 JIByxnioiynepuonHbli BhINPAMUTENL HA OCHO-
Be TpaHcdopMaropa co cpefHeil TOYKOM.

LT

~1mMc |
l 1

Puc. 1. 76.

Vipaxuenne 1.28. 310 yrpaxHeHue MOMOXET BaM pa-
300paThCd B MEXaHM3ME Harpea OOMOTKH, MPONOPLIMO-
HalbHOTO PR, M TTOHSATH, B 4eM TIPOSIRIAETCSE HENOCTATOK
onHogasHoro BeMpsAMHUTeNd. Ha Kakoe TpenenbHOe MH-
HYMaJIbHOE 3HAY€HHE TOKA JI0JDKEH ObITh PaCCYMTAH IUIAB-
KHii IpeIoXpaHUTe b, YTOOBI B LIETTH MOT NPOTEKATh TOK,
M3MEHSTIOILIMIACS COIIACHO rpadMKy, IOKa3aHHOMY Ha PHC.
1.76, u umeroumit cpeaiolo amrumtyay | A? INoackaska:
NPENOXPAHUTENb «[IEPEropacT», KOrda B LENM HaYMHaeT
NpoTeKaTh TOK, MPEBBHILIAIOLINIA MpeAeNbHOE 3HAYECHHE
TOKA MpenoxpaHuTeia. [Ipy 3ToM B NpeIoXpaHUTeNIe pac-
TUTARIIAETCSA METALTMYECKUIT MPOBOIHUK (TEMMEPATypa ero
HarpeBa nponopLuoHansHa /2R). JIonycTuM, 4To 1 B Ha-
HIEM cliydae TeMIIEpaTypHasi OCTOSHHAA BPEMEHU st
TUIABKOIO TPeNOXPAHUTENISE 3HAYUTENIbHO GONblle, 4eM
MEPHON TPSAMOYTONBHBIX KONEOaHuil, T. €. MpeaoXpaHH-
TEJIb pearupyeT Ha 3HaueHue /%, ocpeJHEHHOE 3a HECKOJb-
KO MEpPUONIOB BXOAHOIO CHTHANA.

Pacmenienne Hanpsxenun naTanus. [Lv-
POKO pacmpocTpaHeHa MOCTOBasi ogHogas-
Hasi IBYXIIONYTIEPUOTHASA CXEMa BHITIPIMHUTE-
75, MoKa3zaHHasi Ha puc. 1.77. OHa 1103BO-
JsieT PCLUEIUIATh HANpsKeHWe NMHUTaHUs
(rosyyaTh Ha BBIXOAE OJMHAKOBBIE HaIpsi-
XEHUSI TONOXMUTENbHOW M OTPHLATENbHOM
TIOJIIPHOCTH). DTa cxeMa 3(@@deKTHBHA, TaK
KaK B KaXJIOM ITOJIyTIEPUOLE BXOLHOTO CUT-

Bxon +U

(HanpsxeHve
nepem.
TOKa)

M

Puc. 1.77. ®opMupoBaHHe NBYXTIONAPHOIO (pacLuernieH-
HOro) HanpsKeHW MUTAHUS.

=

WTF
L
Harpyska
~
— 0

Puc. 1.78. YnBoutens HanpskeHUs.
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Bxop, (Hanpsxerne

Bxoa (Hanpsenue
nepeM. Toka)

nepeM. Toka)

\—— VYMHOWeHWe Ha2 —/ ——0

a

YMHOXeHMe Ha 3
6

Bxoa (HanpaneHue
nepeM. Toka)

YMHOMeHWe Ha 4
8

Puc. 1.79. CxeMbl YMHOXEHUS HANPAKEHUA: HANUUME UCTOUHMKA C TUTABAIOIIMM HANPAKCHHUEM B MpeACTaBieH-

HbIX CXeMax He 00A3aTeNbHO.

HaJia UCTIOJIb3YIOTCA 00€ TTOJOBUHBI BTOpHY-
HOIl OOMOTKH.

BompsaMuTens ¢ YMHOXKEHHEM HATIPSIKEHH,
Cxema, mokasaHHas Ha puc. 1.78, Ha3biBa-
eTCs YABOMTEJIEM HanpsixeHwus. [ns toro
yTOoObl TIOHATH, KaK paboTaeT 3Ta cxema,
MpPEACTABbTE, YTO OHA COCTOMT M3 ABYX IIO-
CJIEI0BATENIBHO COEAMHEHHBIX BHITPAMMTENCIH.
DakTHYECKH 3Ta CXeMa sSIRIseTcs IBYXIONY-
NEPUOIHBIM BBHINIPAMMUTENIEM, TaK KaK OHa
padoTaeT B KaXA0M MNOJYMEPUOJE BXOXHOrO
CUFHAJa — 4acToTa My/IbCcauuii B 2 pa3a npe-
BBILIAET YAaCTOTY KoyieOaHMi MUTalonIei ceTn
(o1s cetu ¢ vacroroi 60 I'i, kak B CIIIA,
yacToTa mynbcaituii cocrasasger 120 I'u).

Pa3HOBUAHOCTH 3TOi CXEMbl TO3BOJISIOT
yBeIMUUBATh HATIpsXeHHe B 3, 4 u Oonee pas.
Ha puc. 1.79 noka3aHbl CxeMbl BBINPSIMHU-
Tene, obecreynBaloliie YBEIUYCHUE Ha-
npsixeHust B 2, 3 u 4 pa3a, B KOTOPbIX OAMH
KOHell OOMOTKH TpaHCopMaTopa 3a3eMJIEH.

1.29. Crabmm3aTopnl HaNPsDKEHAN

[TyreM yBenuueHus] EMKOCTH KOHIEHCATO-
pa MOXHO YMEHBIIMTb MYJbCAllMX HAMpPA-
XEHHUS KO TpeOyeMoro ypoBHs. Takoit crio-
€00 60pEOLI € MyJIbCALIMSIMA MMEET ABa He-
JOCTaTKa:

1. KoHaeHcaTopbl HYXHOH €MKOCTH MOTYT
0Ka3aTbCsAd HEAOMYyCTUMO TPOMO3IKHUMU M
JOPOTUMHU.

2. laxe B TOM ciy4ae, KOrga MyibCallMi
YMEHBLIEHBl 1O NpeHEOPeXUMO MaJloro
ypOBHSI, HabniofaloTcss KonebdaHus BbIXOA-
HOTO HAamMpsSIXeHUs, OOYCIOBJIEHHBIE YX€
IpYTHMK TIPMYMHAMHM, HanpuMep, M3MeHe-
HUS BXOIHOTO HArpsiXeHUsA CETH BEAYT K
(ayKTyauusiM BBIXOMHOTO HANPSIKEHUS TO-

CTOSIHHOTO TOKa. KpoMe TOro, M3McHeHHE
BBIXOJHOTO HANpPSLKEHUsS MOXET OblTh BbI3-
BaHO M3MEHEHHEM TOKA HAarpy3kKH, TaK Kak
TpaHcOPMATOp, LU0 U APYTHE IJEMEHTHI
007120a10T KOHEUHbIM BHYTPEHHWM COTMPO-
TUBJNEHKEM. U Have roBopsi, st 3KBUBAJIeH-
THO#M CX€Mbl MCTOYHHKA ITMTAHHUS MTOCTOSH-
HOT'O TOKA CTIPaBeUTMBO COOTHOLIEHKE R >0.

Bonee npaBuibHbBIA OAXOA K pa3paboTke
WUCTOYHMKA MUTAHHS COCTOUT B TOM, YTOOBI
C TIOMOILIbIO KOHIIEHCATOpa YMEHBIIIMTD T1y1b-
CaluMHl A0 HEKOTOPOTro YPOBHS (YTOGHI OHU
cocTaBisUi, Hanpumep, 10% ot Hampsixe-
HUS TOCTOSIHHOTO TOKa), a 3aTeM, ISl yCT-
paHEHMs1 OCTATKOB IMyJibCallMii, MCTIONB30BATh
cxemy ¢ obpamnoi céasvro. Takast cxema co-
IEPXHUT YMPaBISEMBbIil pe3UCTOp (TPaH3HC-
TOp), MOAKIIOYAEMBIH TMOCIENOBATENBHO K
BBIXOJY CX€MbI, 3@ CYET KOTOPOrO YPOBEHB
BBIXOZHOTO HATIPSIXKE€HUs TMOMLIEPXHUBAETCSA
noctosiHHBEIM (puc. 1.80).

TlogoOHbIe CTAOWIN3aTOPbl HATIPSKEHHUS
UCITONIB3YIOT NMOYTH MMOBCEMECTHO B KAYECTBE
UCTOYHUKOB THUTAHUS AN 3JIEKTPOHHBIX
cxeM. B HacTosiiee BpeMs NMPOMBILLIEH-
HOCTb BBIYCKAET CTAOWIM3ATOPH! HATIPSIXKE-
HUSl B BH/IE 3aKOHYEHHBIX, FOTOBBIX K HC-

Buixog

R B
[

Puc. 1.80. Crabunusatop HanpsiXeHHsi NOCTOSHHOTO
TOKa.

(rabunusarop

Bxop

ik
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noJsib3oBaHuI0 Moayneil. Ha ocHoBe crabum-
3aTOpa HaNPSLKEHMSA MOXKHO TIOCTPOUTD Ya00-
HBIA 111 paGOThbl UCTOUHHK FIUTAHUSA, KOTO-
pPOMY He CTpalliHbl HMKAaKHe OMacHOCTH (KO-
POTKHE 3aMbIKaHUs, MeperpeB U T. I.) W
XapaKTepUCTUKH KOTOPOTO YAOBIETBOPSIOT ca-
MbIM BBICOKHUM TPEOGOBAHMSIM, TIPENBSBISIEMbIM
K UCTOUHMKY HampsiKeHust (HarpuMep, BHYT-
peHHee COMPOTHBIEHHE TaKOTO HCTOYHMKA
u3Mepsiercd B MiiHoMax). MicrouHuku nu-
TaHWsl MOCTOSIHHOTO TOKA CO CTAabMIIN3ATOpa-
MM HANPSAXEHUS Mbl PACCMOTPHUM B I, 6.

1.30. TIpumepnl HCNOIL30BAHMS AHOACB

Boinpamaenne caruaioB. briBaloT Takue Ciy-
Yyau, [IOMUMO TE€X, YTO Mbl PACCMOTPENU
BbIllle, KOIJa CUTHAJ JOMXEH UMETh TOJIBKO
OIHY MOAsAAPHOCTb. Eciu BXOXHOM cHrHan
HE SIBJISIETCS] CUHYCOMIAIbHBIM, TO TOBOPUTD
0 €I0 BBINIPSIMJIEHUH HeE TIPUHSTO, XOTS NIPO-
LECC BBIIPSIMJIEHHUSI TIPUMEHHM M K HEMY.
Hanpumep, TpeOyeTcs Monydyutb MOCIEIO-
BaTEJbHOCTh MMIY/ILCOB, COBNAAAIOIINX C
MOMEHTAMM HApacTaHHUs NMPSMOYTroJIbHOTO
curHana. [Ipoue Bcero npoauddepeHUUpO-
BaTh NPAMOYTOJbHBIN CUTHA, @ 33TEM Bbl-
npsMutk ero (puc. 1.81). Cnenyer Bcerma
UMETDb B BULY, YTO NPSMOE HAINIPSDKEHUE AU-
ona cocrasiasieT npubausurenasHo 0,6 B. Ha
BbIXOJE€ HalieW CXEMbl, HallpUMeEpP, CUTHAI
OyJeT moiy4YeH JAvllb B TOM Ciiy4yae, KOraa
JBOHAst aMILTUTYOA MPSMOYTrOJbHOIO BXOMI-
HOTO curHana oynet He MeHblue 0,6 B. 3to
YCJIOBYE HAKIAAbIBAET ONpede/ieHHbe Orpa-
HUYEHHMA Ha pa3pabOTKy cxeMbl, HO U3BECT-
HBI TIPHEMBI, C TIOMOILBIO KOTOPbIX UX MOX~
HO mnpeoaoaeTh. HanpuMep, MOXHO BOC-
nmoiab30oBaTbcs duodom Mlommiu, nns
KOTOPOIO MPpsIMOE HAMpsiKEHUE COCTABISAET
okono 0,25 B (MOXHO TakxKe UCIOJIb30BaTh

-

e
R1 R2

1.81.

A

Puc.

C
100 n® ﬂz
Bxop _._| Beixoa
Rl RZ
1,0 KOM 10 kOm

+068

Puc. 1.82. KoMmneHcauus npsaMoro HampsiXeHUs Ha
[MOfIE B CXeME IMOJHOIO OrPAaHMYUTENS CUTHAJIOB.

TaK Ha3bIBaEMblil ofpawenHbii 0uod ¢ Hye-
BbIM MPSIMBIM HAaNpPSXEHHEM, HO €r0 NpH-
MEHEHUE OrpaHMYEHO M3-3a TOrO, UTO OH
HMEeT Majloe HanpskeHue rnpodos). Mox-
HO TaKXe BOCIMOJIb30BaThCH CXEMOM, MOKa-
3aHHOM Ha puc. 1.82. Ilpsimoe Hanpsixe-
HHE Ha nuoze ./, KOMIEHCUPYETCS 3a CUET
avona /, 06ecneynBaoIlero CMelieHH e
sesinumHoi 0,6 B. Oto cMmelleHue ompene-
JSIET TIOPOT NpoBOAUMOCTH Wis J,. PopMu-
POBaHHME CMEILIEHUSI ¢ MOMOLIbLIO auoda /),
(a He ¢ MOMOLUBIO, HANPUMED, ACIUTENIS1 Ha-
NIPSDKEHMS) UMEET CAEAYIOLIME MPSUMYLIECTBA:
HET HEOOXOOUMOCTH IIPOBOIUTH PETYIUPOBKY
YPOBHsI CMELLIEHHS, TaK KAK CXeMa 00ecreyu-
BACT HOYTH MICATBHYIO KOMICHCALIUIO; U3ME-
HEHME TIPAMOTO HANPsDKEHUA JUOIOB (CBSI3aH-
HOE, HampuMmep, ¢ U3MEHEHUEM TeMrepary-
pbl) KOMIIEHCUPYETCS M HE CKa3bIBAeTCH Ha
pabore cxeMbl. B najgbHeiieM MBI elie He
pa3 BCTPETUM KOMIIEHCALIMM U3MEHEHH TIpsi-
MOTO HAMPSIXEHUS! C MOMOUIbIO COTJIACOBAH-
HOH Napbl AHOAOB, TPAH3UCTOPOB U TMONEBBIX
TPaH3UCTOPOB: 3TOT MpHEM OueHb 3¢dexTH-
BEH U MPOCT B UCTIOJIHEHUH.

Jnoaubie BenTHiH. Eilie oqHa o0nacTh npu-
MEHEHHs IH0JOB OCHOBAHA Ha UX CIIOCOOHO-
CTY MPOMYCKaTh DOJIblIee U3 ABYX HATPSIKE-
HUIi, He OKa3biBas BAMSAHUS Ha MEHbIIEE.
CxeMbl, B KOTOPBIX UCMOJL3YETCS 3TO CBO#-
CTBO, OOBEIMHEHBl B CEMEUCTBO 202UHeCKUX
cxeM. PaccMoTpuM cxeMy c pesepenoil bama-
peeli numarus — OHa UCTIOJNIb3YETCS B YCTPOiA-
CTBaX, KOTOpbIE JOJIKHBI paboTaTh HEMPEPHIB-
HO [aXe TIPU OTKMIOYEHHUSX MUTAHUAX (Ha-
MpUMeEpP, TOUHbIE 3JEKTPOHHBIC YAacChl).
Cxema, niokazaHHas Ha puc. 1.83, BKioyaer
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Puc. 1.83. Quoanbiii BenTHab UJIKM ¢ pesepsHoii Ga-
Tapeed MHUTaHMS.

KakK pa3 Takylo 6artapelo. B otcyrctBue cbo-
¢B NUTaHus Oatapess He paboTaeT, TpH BO3-
HUKHOBEHHMM cOOSI MUTaHUE HA CXEMY HAYH-
HaeT MOCTYMAThb OT 0aTapeH, MPU 3TOM nepe-
pbiBa B MoAa4Ye MATAHUS HE IPOMUCXOIMT.

Vopaxkmuenue 1.29. U3menute cxeMy Tak, yTobhl HaTa-
pest 3apsixanach OT UCTOYHHMKA MOCTOSIHHOTO TOKa (B TOM
cllyyae, pa3yMeeTcsl, KOIa MUTaHHE €CThb) TOKoM 10 MA
(Takag cxemMa HyXHa JUIsl TOTO, YTOObI MOANEPXHBAaTh
3apsi1 Oatapeu).

Juonueie orpamwuntean. B Tex cayuasix,
KOraa HeoOXOOUMO OTPaHUYHMTh OUAIa30H
U3MEHEHHUs1 CHTHAJIa, HApUMEpP Hampsxe-
HUS1, MOXHO BOCIIOJIb30BaTbCst CXEMOM, MO~
Ka3aHHO# Ha puc. 1.84. bnaromaps auomy
BBIXO/IHOE HAlpsAXEHUEe HE MOXET NpeBbl-
11aTh 3HaueHus + 5,6 B, npu 3TOM Hanuune
AMONA HMKAK HE CKA3bIBACTCAd Ha MEHDLIMX
3HAYEHUSIX HANpPsSXeHUd (B TOM YMC/IE U Ha
OTpUULATEIbHbIX); EAUHCTBEHHOE YC/IOBUE
COCTOMUT B TOM, YTO OTPMLATEAbHOE BXOM-
HOE HanpspKeHUe HE IOMXHO JOCTUraTh 3Ha-
YeHUsl HATIpSKEeHUs: TpobosT (HATpUMED, IS
mviona tuna 1N914 310 3HaYeHUe COCTaBIS-
et —70 B). Bo Bcex cxeMax cemeiicTsa Lind-
poBbix jjoruyeckux KMOTT-cxeM ucronb3y-
IOTCS BXOAHbIE OHOIHbIE OTPAHUYMTENU.
OHHU MpefoXpaHsIOT 3TH UYyBCTBUTENbHbIE
CXEMBI OT pa3pylIEHMS MO JEHCTBUEM pa3-
PSIIOB CTATUYECKOTO 3JIEKTPUYECTBA.

1,0 kOm
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Puc. 1.81. IHoAHbI# OrpaHMYMUTEND HATIPSXKEHUS.
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Vnpaxuenne 1.30. Paspaboraiite cxeMy CUMMETpHY-
HOTO OrpaHMYMTENs, 3a0aI0LIeTO AKana3oH W3MEHEeHMs
curHana or —5,6 1o +5,6 B.

DTaJIOHHOE OTOPHOE HATPSIKEHHE MOXHO
MI0faBaTh Ha OTPAHUYMUTENDb OT NEJIUTENs Ha-
npskeHus (puc. 1.85). Ecnu penurens Ha-
NPSDKEHUS 3aMEHUTh €10 9KBUBAJIEHTHOM CXe-
MOM, TO KUCXOIHas cxeMma mpeobpasyercd K
BUIy, MpeACTaBleHHOMY Ha puc. 1.86. AHa-
JIU3MpYsT TIpeoOpa3s’oBaHHYIO CXEMY, MOXHO
3aKJTIOYUTh, UYTO MUMIELAHC CO CTOPOHBI Bbi-
Xola NeNuTeNs HampsikeHua (R ) HoskeH
ObITh MAJI TIO CPABHEHWIO C COMPOTURIICHUEM
R. Koraa auon oTKpbIT (BXOAHOE Hanpsoke-
HUE NPEBBILIAET HAMIPSDKEHUS] OFPAHUYEHHS),
BBIXOAHOE HAMNPSIKEHUE COBMANAET C HAMps-
KEHUEM, CHUMAEMbBIM C AEIMUTENIS, IPH 3TOM
HUXXHEE TUTIEYO JIENUTENs MPEACTaBIeHO K-
BUBAJICHTHBIM COMpOTUBIeHUEM (puc. 1.87).
CrnenoBaresibHO, [JIst YKa3aHHbIX TApPAMETPOB
CXeMbI BbIXOJHOE HAMPSKEHKE IS TPEYTOJib-
HOTO BXOJHOTO CUrHaja OyaeT MMEeTb BUI,
noka3zaHHb Ha puc. 1.88. 3arpyaHeHue
37€Chb BO3HUKAET B CBSI3U C TEM, 4YTO OENH-
TeJIb HATIPSIKEHUST He 00ecrieunBaeT KecTKo-
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Puc. 1.87.



Puc. 1.88.

(PMKCMPOBAHHOTO 3HAYEHHUS STATOHHOTO Ha-
npsxeHus. Xopowo 3adUKCHPOBaHHBIN
ONODHBI 3TATOHHBII CUTHAN HE «IUTBIBET»,
a 3TO 3HAYMT, YTO UCTOUYHMK TAKOTO HAIIPSi-
XeHUs 00anaeT HeOONBLINM MMIEIaHCOM
(uMeeTcs B BUIY 3KBUBICHTHBII HMTIEIAHC).

Ha puc. 1.85 nokasaH npocrtoit crnocod, ¢
MOMOIIBIO KOTOPOTO MOXHO «3a(pUKCHUpO-
BaTb» CXEMY OTpaHUYMUTENS MO KpaitHeH Mepe
JUISE 8bICOKOYACMOMHbIX CUTHAJIOB — AJIS1 3TO-
r0 K pe3uctopy 1 KOM HYXHO NOOKIIOYUTH
LUIYHTHPYIOIIKWM KOHaeHcaTtop. Hampumep,
KOHIEHCATOp eMKOCThi0 15 MK® ¢ onHuM
3a3eMJICHHBIM BBIBOJAOM Ha 4acTOTaxX BbILIE
I x'u yMeHblIaeT UMIEIAHC CO CTOPOHBI
BXOJa JEMUTENs 40 3HaueHuss Hike 10 Om.
(AHATOrMYHO MOXHO TIOAKIIOYMTb KOHICH-
catop k /I, Kak moKa3aHo Ha puc. 1.82).
Camo coboif pasymeercs, 3ddeKTUBHOCTD
3TOrO MpUEMA TEM HUXE, YEM HUXKE 4acTo-
Ta, a JJIA TIOCTOSSHHOTO TOKa 3TOT TpUEM
NpocTO OECrione3eH.

Ha npakTtuke Majioe 3HaYeHHWE UMIENaHca
3TAJIOHHOTO MCTOYHMKA ODecTiedrBacTCs 3a
CYeT UCTIOJIb30BAHMUS TPAH3UCTOPA WM OIe-
palMOHHOro ycwiuteasi. Takoil crmocoo,
KOHEYHO, Jyyllle, YeM HCIIOJIB30BAHUE peE-
3MCTOPOB C OYEHb MAJIBIM COMTPOTHBJICHUEM,
TaK KaK OH He NPUBOOUT K NMOTpebIeHMIO
00nbIIMX TOKOB U 00GECNEUnBAET 3HAUYEHUS
UMIIeIaHCa NOPsiaKa HECKOJIbKUX OM M HUXe.
Cnenyer OTMETHUTb, YTO U3BECTHBI W IpyTHe
CXEMbl OTpaHHYEHHUS, B KOTOPBHIX WUCMOJb-
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Puc. 1.89. BoccraHoBieHHe CHTHaNAa NO NOCTOSHHOMY
TOKY.

3y10TCS onepalMOHHbIe yeuauTean. 06 3Tux
cxeMax MBI TIOTOBOPHM B TIJ1. 4.

HHTEpeCHBIM TPUMEPOM SIRIIAETCS UCTIONb-
30BaHWE OTPaHUYMTENIS LIS BOCCTAHOBICHUS
CHIHAJA MO MOCTOSHHOMY TOKY B CJIyYae eM-
KOCTHO#M CBSiI3U TO NMEPEMEHHOMY TOKY.
CMBICT cKa3aHHOTO HosicHsier puc. 1.89.
IMono6HrIe TpeMbl HEOOXOIUMO UCTOJNB30-
BaTh B CXeMax, BXOJIbl KOTOpPbIX paboTalor aHa-
JIOTMYHO AMOJaM (HarmpruMep, 3TO MOTYT ObITb
TPAH3UCTOPHI C 3a3€MJICHHBIM 3MUTTEPOM),
B IIPOTUBHOM CJIy4yae TP HATHYMMU €MKOCT-
HOM CBSI3M CHrHAJl MPOCTO MPOTIAAAET.

JBycToponnnii orpanmemTean. Eile oauH
OTpPaHMYMTENb TIOKa3aH Ha puc. 1.90. Bra
CcXeMa OTpaHHYMBAET «pa3Max» BLIXOJHOTO
CHUTHAJIA U JENAeT €ro paBHHIM MAJCHUIO Ha-
TIPSLKEHYS] Ha OWoAe, T. €. MPUOIU3UTENDb-
Ho 0,6 B. MoxeTr mnoka3aThCsl, 4TO 3TO —
OYeHb Majloe 3HAYeHWe, HO eClU Cleaylo-
LIMM KacKaloM CXEMBI SIBISIETCS YCUIMTENb
¢ GonbuMM Ko3¢hPULIMEHTOM YCHICHHUS M0
HaNpSXXEHHIO, TO BXOXHOM CUTHAJ AJIs1 HETO
BCETIIa JI0JXEH ObITh HEMHOTUM 00JIbLIIE YEM
0 B, uHauye ycwiauTesib MONAAET B PEXKUM
«HachlleHUs» (HarpuMep, eciii Ko3hduuu-
€HT ycwieHus Kackaaa paseH 1000, a nuta-
jolliee HanpskeHue coctapisier £ 15 B, 1o
BXOJHOM CUTHaJI HE AOJIXEH NMPEBBILIATD IU-
anazoH *15 mB). OnucaHHast ¢xeMa 4acTo
KCIIO/B3YETCH B KA4eCTBE 3all[UThl HA BXONE
yCUauTenss ¢ 60JblHM KO3(PHUUUEHTOM
YCUIICHMS.

Jlnoapl KaK HeJMHeHHbie 3JieMeHTh. Mbl
MOJIYYUM JOCTATOYHO XOpolluee npubimxe-
HMe, ecid OyneM CUuTaTh, YTO TOK 4epe3
JIHO/ MPONOPLUHOHANIEH 3KCMTOHEHLIMATIBHOM
(bYyHKLMM OT HANPSKEHWS HAa HEM TIPpY aH-
HOJ# TeMnepaType (TOYHasi 3aBUCHMOCTb MEX-
Iy TOKOM M HalpsLKEHUEM AaeTcs B pasi.
2.10). B cBsi3u ¢ 3TUM AMOA MOXHO HC-
MOJNb30BaTh JUISI TOJYYeHUS BBIXOJLHOTO

R
Bxop — [ }—v Buixon

Puc. 1.90. Juoaxslit orpaHU4MTEND.
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Puc. 1.91. Jlorapnpmudeckuit npeobpasoparenn: UAES
CXEMbi OCHOBAHA HA HENMHEHHOM BOJbT-aMIIEPHOI Xa-
PaKTEPHCTHKE IMOAA.

HANpPsIXEHUS, MPONMOPLUUOHAIBHOIO JIoTa-
pudmy Toka (puc. 1.91). INockonbky Ha-
npsixeHue U nuillb He3HAYUTEJIbHO OTKJIO-
HseTcs ot 3HayeHus 0,6 B (1mon Bo3aeiicTBU-~
eM KosebaHMil BXOOIHOTO TOKA), BXOJHOI TOK
MOXHO 33]1aBaTh C MOMOLLBIO PE3UCTOpa ITPH
YCIOBHH, YTO BXOAHOE HAMPSIXEHUE 3HAYH-
TEeJLHO TIPEBBIILIAET MMAACHNE HAITPSDKEHMS Ha
auone (puc. 1.92).

Ha npakTike MHOTHA XeNaTeJbHO, YTOOBI
B BBHIXOIZHOM HANPAXEHHM NPHCYTCTBOBAJIO
cmenienue 0,6 B, oOycrnoBicHHOE nageHK-
€M HampsxeHWss Ha nuome. Kpome Toro,
XeJareNibHo, 4TODBl CXeMa HE pearHposaia
HAa U3MEHEHHs TEMIIEpaTypbl. 3TH TpeGOBa-
HYSi TIO3BOJISIET YAORICTBOPUTH METOX AWOJ-
HO¥ KomneHcauuu (puc. 1.93). Pesucrop R,
OTKDbIBaeT 110A J, ¥ CO31aeT B TOUYKE A Ha-
npsixeHue, papHoe — 0,6 B. INoreHuuan
TOYKA B OMM30K K MOTEHUHATY 3eMJIU (1pH
3TOM TOK [, CTPOTO TIPONOPLMOHANEH HANpsi-
xenuo U ). Eciu aBa OfMHAKOBBIX nMona
HAxomATcsA B OJWHAKOBBIX TEMIIEPATYPHBIX
YCJIOBUSIX, TO HANPSDKEHUS HA HUX MOJHOC-
ThI0O KOMIIEHCUPYIOT ApYr ApYyTa, 3a UCKIIIO-
YeHUEM, KOHEUHO, TOi pa3HUUBI, KOTOpas
00yC/IOBJIEHA BXOOHBIM TOKOM, IIPOTEKAIO-
UM Yepe3 oo J, u KoTopas ofpeneis-
€T BBIXOAHOE Hampsokenue. s 3Toi cxe-
MBI PE3UCTOP R, CledyeT BbIOMpATh TaKKM,
yTOGbI TOK Yepe3 nuox J, 6bUT 3HAYUTEITb-
R

U

UBX
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Puc. 1.92.

Puc. 1.93. KomneHcaunsi nageHusi HaNpsXeHUs! Ha
avoje B JIorapupMHUUYECKOM npeodpasoBaresnie.

HO 00JibLLI€ MAaKCHMaJIbHOTO BXOAHOTO TOKA.
I1pu 3tOM ycioBuu anon J, OyaeT OTKpHIT.

B rnaBe, nmocBsALIEHHON OMNepalMOHHBIM
YCWINTEIAM, Mbl PaCCMOTPUM 00JI€E COBEp-
HICHHBIE CXEMbl JorapudbMHYecKHX Tpeod-
pa3oBareneil U 00J€e TOYHbIE METOAbI TEM-
nepaTtypHoit KoMneHcauuy. OHU NO3BO-
as10T 0o0ecneynBaTh BBICOKYIO TOYHOCTD
npeobpa3oBaHusl — OIMOKa JOCTATAET BCe-
IO HECKOJbKHMX MPOLEHTOB IS L1ECTH U 60-
Jee JeKal MW3MEHEHHs BXomHoro toka. Ho
VISt TOTO, YTOOBl 3aHATbCA TAKMMHU CXEMa-
MU, HeOOXOOUMO CHavajla U3YYHTb XapaKTe-
PUCTUKM OUOAOB, TPAH3UCTOPOB M oOIlepa-
LIMOHHBIX ycuauTeneil. Hacrogmmit pasnoen
CITYKWT JIMLIb NIPEAVCIOBUEM K TAKOMY U3yye-
HHIO.

1.31. MBayKTHBHBIE HATPY3KH H AHOIHAS
3alMTa

Yro mpou3oiiier, eciM pa3OMKHYTh Hepe-
KJIOYaTetb, YIpaBIsOIIMiA TOKOM yepes
MHOYKTMBHOCTb? MHIYKTUBHOCTH, KaK W3-
BECTHO, XapaKTepU3YETCs CJIEAYIOLIAM CBO~
cteom: U = L(dl/dt), a u3 3TOrO Cleayer,
YTO TOK HEJIb3sl BBIKIIOYUTb MOMEHTANIBHO,
TaK KakK IpU 3TOM Ha HHIAYKTUBHOCTH I0-
SABUJIOCHh Obl OECKOHEYHOE HATNpPsSIXECHUE.
Ha camom nene HanpsoxeHWe HA MHIYKTHB-
HOCTH PE€3KO BO3pACTaeT U MPOAOIKAET YBe-
JIMYUBATHCS IO TEX MOP, MOKA HE TMOsSBUTCA
TOK. DJIEKTPOHHBIE YCTPOHCTBa, KOTODbBIE
YIPaBASIOT MHAYKTUBHBIMH HATPY3KaMH,
MOTYT HE BbLIEPXKaTb TaKOTO pPOCTa Hamps-
XEHMsI, OCOOEHHO 3TO OTHOCHTCSI K KOMIIO-
HEHTaM, B KOTOPBIX TIPY HEKOTOPBIX 3HAYE-
HMAX HaINpsXeHUs HacTymaeT «IIpodoi».
PaccMOTpuM cxeMy, TIPEACTaBJACHHYIO Ha
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Puc. 1.94. UHAYKTUBHBIH «BGpPOCOK».

puc. 1.94. B UcCxomHOM COCTOAHUM HEpe-
KJTIOYaTe/Ib 3aMKHYT U Yepe3 UHIYKTUBHOCTh
(B KauecTBE KOTOPOI1 MOXET BBICTYTaTh, Ha-
MpUMep, OOMOTKA peJie) MpOTEKAeT TOK.
Koraoa nepexiioyarens pasOMKHYT, MHAYK-
THBHOCTb «CTPEMUTCS» ODECTIEYNTDH TOK MEX-
Iy TOuKaMH A ¥ B, NpoTeKalouInii B TOM Xe
HampaB/leHUH, YTO U TPHA 3aMKHYTOM [i€-
pekmoyaresie. DT0 3HAYUT, YTO MOTEHLMAI
TOYKM B cTaHOBUTCS Gosiee MONOXUTE/IbHBIM,
Yyem NoTeHLUMan ToukH A. B Haluem ciryyae pas-
HHUlA NoTeHUHAIoB MoxXeT moctuyb 1000 B,
MPEXAE YeM B MEpeKiodareie BOZHUKHET
3MeKTpUYeckas Iyra, KOTopas ¥ 3aMKHET
tenb. [Ipy 3TOM yKOpaunBaeTcs CpoK CIyxX-
Obl MEPEKITIOUATENSE U BOSHUKAIOT UMITYJIbC-
HblE HAaBOIKH, KOTOpbl€ MOTYT OKa3blBaTh
BAUsSHUE Ha paboTy OAM3NEKALIMX CXEM.
Eciau npencraButh cebe, 4TO B KAYECTBE Te-
peKoYaTesis UCTIOJIb3YETCH TPaH3UCTOD, TO
CPOK CJTyk0bl TAKOTO MEPEKITIOYATENIS1 HE YKO-
paynBaeTcs, a MPOCTO CTAHOBUTCSI PABHBIM
HYJ0!

Yr1obnl U36eXaTh MOAOOHBIX HEIIPUATHOC-
Te#, Jyyllie BCEro NOAKIIOYNUTD K UHAYKTHB-
HOCTH MO, KakK roKa3aHo Ha puc. 1.95.

+

33AMKH
”AI(an pas-

MbIKaHUN)

Puc. 1.95. BrokuposaHue WHIYKTMBHOroO Opocka.

Korna nepexiiioyarenp 3aMKHYT, AUOHA CMe-
1IIEH B OOpaTHOM HarpaBfAeHMH (3a CYeT Mna-
JIEHMSI HaMpsDKeHWs TTOCTOSAHHOIO TOKa Ha
OOMOTKE KaTylllKM UHAYKTUBHOCTH). [lpu
Pa3MbIKaHUM TIEPEKIIOUATENsT OUOA OTKPHI-
BacTCd W MOTEHLIMAJ KOHTAKTA MEpPEKIoYa-
TeJiSl CTAHOBMTCS BbIILIE TMOTEHLMAMA TOJO-
XUTEJBHOTO MUTAIOUICTO HATPSDKEHUS Ha
BEJIMYMHY TAACHUS HaNpsXeHUsI Ha OIUone.
JIMon HyxXHO 1moaobpaTh TakK, YTOObl OH BbI-
JEPXMBAJl HAYaJIbHBI TOK, PaBHBIH TOKY,
MPOTEKAIOLIEMY B YCTAHOBUBILIEMCS PEXHUME
Yyepe3 UHAYKTUBHOCTD; MOAOMAET, HAPUMED
avon tuna 1N4004.

EnyHCTBEHHBIM HEIOCTATKOM OTIMCAHHOM
CXEMBI SIBJIIETCA TO, YTO OHA 3aTSTMBACT 3a-
TyXaHue TOKa, MPOTEKAIOLIETO YEPe3 KaTyIll-
KY, TaK KaK CKOPOCTb H3MEHEHHSI 3TOTO TOKa
MPONOPILUOHATLHA HATIPSIXCHUIO HA MHIYK-
TUBHOCTH. B Tex ciyyasix, Korga TOK IOJi-
XEH 3aTyxaTh OBICTPO (Hampumep, OBICTpO-
NEHCTBYIOLLIME KOHTAKTHBIC MeYaTaloume yc-
TPOUCTBA, OBICTPONEICTBYIOIIME PENie U T. 1.),
JIYYUIHIA pe3yAbTAT MOXHO MOJyYUTh, €CIH
K KaTylUKe MHIYKTUBHOCTH MOAKIIOYUTD pe-
3UCTOP, NMOAOOpaB €To TaK, YTOOBI BENTHYU-
Ha U + IR He npeBblliaa MAaKCUMATTBHOTO
JOMYCTUMOTO HaIpsSDKEHMsI Ha TIEPEKITIova-
tene. (CaMoe ObICTpOE 3aTyxaHME Uit JaH-
HOT0 MaKCHMAIBHOTO HAIPSXEHUS MOXHO
MONYYUTh, €CNU TONKIIOYUTH K MUHIYKTUB-
HOCTM 3€HEpPOBCKUiIl IHMOA, KOTOpHIA obec-
MEYNBAET 3aTyXaHUE IT0 TUHECIHHOMY, a He 110
3KCMOHEHLMATIEHOMY 3aKOHY.)

JAUoaHyIO 3aLIUTY HEJIb3Sl MCIIONb30BaTh
ISl CXEM TMEPEMEHHOTO TOKA, COAEpXalinX
MHIYKTUBHOCTHU (TpaHCHOPMATOpPHI, pejie
TIEPEMEHHOT0 TOKA), TaK Kak AMOI Oyaer
OTKPBIT Ha TEX TMONyNepruogax CUrHaia, Kor-
Ja nepekoyareib 3aMKHYT. B moaoOHbIx
CITy4asix pPEKOMEHOYETCS MCITOJb30BaTh TakK
Ha3biBaeMylo RC-neMnpupylomyio Hernoyky
(puc. 1.96). INpuBeneHHble Ha cxeMe 3Ha-
yeHUs1 R u C ABASAIOTCA TUIOBBIMU JUISI HE-
GOJIBINMX MHIYKTUBHBIX HArpy30K, MOAKIIO-
YaeMbIX K CHJIOBBIM JIMHUAM MEPEMEHHOTO
toka. JeMripep Takoro TuIa CIERYET IIpe-
IQyCcMaTpHUBaTh BO BCeX Mpubopax, padoraio-
LLIWX OT HANPSXKEHUH CUJIOBBIX TUHWIA Tepe-
MEHHOTO TOKa, TaK KakK TpaHcdopmarop
MPEJCTABIAET CO00i MHAYKTHBHYIO Harpy3-
Ky. Jns 3alMTBl MOXHO TaKXKe HMCHOJb30-



OCHOBBI 3JIeKTPOHHKH 61

100 Om

0,05 Mk

Puc. 1.96. RC-«iemndep» 1S NoOAaBIEHHS MHIYKTHB-
HOro 6pocka.

BaTh TAKOM 3MIEMEHT, KAK METaJ/Ul OKCUIHbIA
apuctop. OH npeacTaBiasieT coboil Heno-
pOroil 3JM€MEHT, MOXOXHH MO BHEUIHEMY
BUIlY HA KEPAMMUUYECKMIT KOHIEHCATOP, a Mo
SNMEKTPUYECKUM XapaKTePUCTUKAM — Ha JIBY-
HamnpaBJE€HHbIA 3eHepoBCKUil auoa. Ero
MOXHO MCTIONB30BATH B AMANA30HE HATIPSLKE-
Huit ot 10 mo 1000 B mns 3HaYeHUIT TOKOB,
JNOCTUTAIOMIMX THICSTY amriep (cM. pasm. 6.11
¥ Tabn. 6.2). INoakmoueHne BapucTopa K
BHELIHMM BHIBOJAM CXEMBl MO3BOJIAET HE
TOALKO TNPEAOTBPATUTHL MHAYKTUBHbIE Ha-
BOOKHM Ha Gauznexaiuue npudOphl, HO Tak-
XKe TIOraCUTh OONbILIKME BCHJIECKW CHMTHana,
BO3HHMKAIOLI[ME WHOTAA B CWIOBOW JTUHUM U
IPEACTABASIIOIINE CEPLE3HYI0 YTpo3y s
000pynoBaHus.

APYI'UE NNIACCUBHBIE KOMIIOHEHTBI

B nocnenyiomux pasgenax NMpeacTaBieHbl
pa3HooOpa3Hble KOMITOHEHTbI, HaXOXSILIUE
LIKPOKOE TIPUMEHEHHE MNpU pa3paboTke
3IEKTPOHHBIX CXeM. Te, KTO YK€ UMEET OIbIT
pa3paboTOK, MOIyT 0€300JIE3HEHHO Nepeii-
TH K CJCAYIOLIEH TJaBe.

1.32. DaekTpoMeXxaHHUECKHE INEMEHTH

Iepexmoyaresm. [lepexnoyatend UMerOTCs
B cxeMax noutu Bcerza. HecMoTpsi Ha cBoio
NPOCTOTY, OHM MIPAIOT CYLLECTBEHHYIO PO/b
B JJIEKTPOHHOM TEXHUKE M BHOJHE 3aCTyXHU-
BalOT TOr0, YyToObl MM OBLIO MOCBSILEHO

& &

TyMbaEp KHONOYHbIH
nepeknioyatens

NoBOPOTHbLA
nepeknioyarens

Puc. 1.97. laHenabHble TYyM6aEDDI.

)

1
|1 O—
—o" o— ]
o—
OprononiocHbiit 0pHONONIOCHbIN -—O/Ivo_
OAHONOSULUMON- 1 oo 3uUMOHHBIT o—

HbIb N
ABYXNONIOCHLIA
ABYXMO3ULUOHHBI#

Puc. 1.98. OCHOBHbi¢ TUIbl MEPEKAIOUATENCH.

HECKOJIbKO maparpacdos B Haluei kHure. Ha
puc. 1.97 moka3zaHO HECKOIbLKO pacipocT-
PaHEHHBIX TUTIOB TIEPEKTIOUATENEH,

Tym0Oaepsi. B 3aBUCMMOCTH OT YHcCla MO-
JIIOCOB WJIM TIOABHUXHBIX KOHTAKTOB TYyMO-
Jiepel OBIBAIOT HEeCKOJbKUX TUTOB. Haunbo-
Jiee PACTIPOCTPAHEHBI OJHO- M ABYXTIO3ULIM-
OHHbIE TyMONEphHl, MOKa3aHHBIE Ha PHC.
1.98. ITpoMbILULIEHHOCTb BBIITYCKAeT TaKXKe
TPEXMO3ULIMOHHBIE TYMOJIEPBI, CPEAHEE NO-
JIOXKEHHUE KOTOPbIX COOTBETCTBYET COCTOSIHHIO
«BBIKJIIOYEHO»; OHU MOTYT MEpeKIiouarb ofi-
HOBPEMEHHO 10 YeThIPEX KOHTAKTHBIX IPYTHI.
TymOnepHbie nepeksniouaTeny padoTaoT no
MPUHLIMITY «Pa30MKHYT-3aMKHYT», 3TO 3Ha-
YUT, YTO TIOABHMXHBIA KOHTAKT HHUKOTAA He
3aMbIKaeT 00a BbIBOJA MepeKIIoUaTeNst Ofl-
HOBPEMEHHO.

Kaonounpie nepexmouarend. KHonouyHble
NepeKJIIoYaTeNIM MOJE3Hbl B TEX Ciyvasx,
Koraa TpelyeTcst 00eCleUUTh MTHOBEHHBIA
KOHTAaKT; UX CXEMATMUYECKOe U300paxeHue
npeAcTaBieHo Ha puc. 1.99 (KHomouHble
BBIKJIIOYATEJIM OBbIBAIOT IBYX THUIOB. HOP-
ManbHO pa3oMkKHyteie (HP) u HopManbHO
3amkHyTeie (H3)). B aByXmo3uuuOHHOM
nepexiouarene BuiBoAbl 00o3HauaoT HP u
H3, B 0AHOMO3ZMUMOHHOM MEpeKIIoyaTene
IBOVHOE 0003HaueHUe u3nuuiHe. KHomnou-
Hble TMEPEeKJIIoYaTeM BCeraa paboTaioT Mo
MIPUHLUIY «Pa30MKHYT-3aMKHYT». DJIEKTPO-
TEXHUYECKAs! MPOMBILIUIEHHOCTE MapKUPYyeT
BbiKJIOYaTeaM cuMBonamu A, B u C, xoto-
pble COOTBETCTBYIOT OZJHOMOMIOCHOMY OHO-

D I
A

Puc. 1.99. KHomnouHsble BBIKJIIOYATeNIM (MIHOBEHHbIM!
KOHTAaKT).
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MO3ULMOHHOMY Mepekiioyarento tuna HP,
OJHOTOJIIOCHOMY OIHOTIO3ULIHOHHOMY TEpe-
kmouarenio tuna H3 ¥ omHomonocHoMy
JABYXMO3ULIMOHHOMY TEPEKIIOYATENI0 COOT-
BETCTBEHHO.

IToBopoTunie mepexmouarenn. CylecTBy-
IOIHE TMOBOPOTHLIE TIEPEKIIIOYATENIM OYEHB
Pa3sHOOOpa3HBI 110 CBOEH KOHCTPYKIIMK; OHU
MMEIOT PasUyHOe YMCJIO TOMIOCOB (ame-
Jieit) ¥ paccuMTaHbl HA GOJIBLIOE YKUCIIO T0-
3unyii. [IOBOpPOTHBIE MEPEKIOYATEH MO-
ryT ObITb 3aMbIKAKIKUMKU (paboTaloT Ho
MPUHLIMMY <«3aMKHYT-pa30MKHYT») M He3a-
MBIKAIOIKWMH (paboTaloT MO NPUHLIMITY «pa-
30MKHYT-3aMKHYT»), TpHYEM OYE€Hb 4acTo
9TH ABa THIa COYETAITCS B OJHOM mepe-
Kouarene. 3aMblKaloliMe MEPEKIIoYaTenn
UCHIONB3YIOT B TeX CHOydasix, KOraa cxema B
MPOMEXYTOYHOM TIOJIOXEHHH TIEPEKIIOYa-
TeJist JOJDKHA TIpeACTABISATh CO00M 3aMKHY-
TBIii KOHTYp, NPU HAJUYHU PAa3OMKHYTHIX
BXOJIOB COCTOSIHME CXEMbl HEIpeacKa3yeMo.
HesaMbikalolume nepekiioyaTes v UCroib3y-
10T, HAIIPUMEDP, U1 MOAKITIOYEHHUST HECKOJTb-
KHX IIMH K OIHOH OO01UeH, MpH 3TOM He A0-
MYCKAETCA COCAMHEHHUS OTACJIBHBIX LIMH
MeXAy coOOiA.

Jpyrne oM nepeximnovareneid. [Tomumo
OCHOBHBLIX TUMOB MepeKilouareieit, nepe-
YUCJECHHBIX BBbILLE, NPOMBILLUIEHHOCTb Bbi-
MyCKAaeT U HEKOTOPbi€ CNeLUaIbHbIe mepe-
KJoYaTesid, HampuMep MepekiovaTenu,
APUHLMI AEHCTBUS KOTOPbIX OCHOBAaH Ha
addekTe Xonna, MarHUTOYNpaBIsSIEMbIEC pPe-
Jie, sI3bIYKOBHIE Mepekiiodatenn u ap. Bee
NIEPEKITIOYATENM XapaKTePH3YIOTCS TIpeaesib-
HbIMU 3HAYEHUSMU TOKOB W HaMNpsLKEHHIt;
Ut He6OobUIOro TyMOJEPHOTO NepeKioya-
TeJIS MPEAC/IbHOE 3HAYEHHE HATIPSIKEHUS
cocrarnseT 150 B, a npenenwHoe 3HaYeHUe
toka — 5 A. Ecam nepexmouarens paboraet
¢ MHAYKTMBHOI HAarpy3koil, To ero cpok
CITyXObl PE3KO COKPAILAETCHA B CBA3H C TEM,
YTO B MOMEHT OTKJIOHEHMS Harpy3KH B BbIK-
JIIoyaTesic BOSHUKAET NyroBoi paspsii.

IIpumepn cxem ¢ mepexmodaTesaMH. Pac-
CMOTPUM TaKYIO 3a1auy. IpeayTipeIuTe bHbIi
3BOHOK JOJDKEH BKJTIOYAaThCSl MPU YCIOBUM,
YTO BOOUTENb CEJI 32 Py/Ib MALIMHbBI, & OIHA
U3 aBepell OTKpbiTa. K ABepiiam MaillMHbI K
K CUIEHBIO BOAMTESA OMKIIIOUYEHbI NEPEKIIo-
yaresim tuna HP. Ha puc. 1.100 nokazana

+128B

3BOHOK

CupeHoe

{

CXeMa, ¢ MOMOUIbI0 KOTOPOit MOXHO PElIUTh
MOCTaBJACHHYIO 3a1avy. Eciy oTkpbiTa ooHa
WIH apyras aeepua U 3aMKHYT nepexinoya-
TeNb, CBA3AHHLIN C CUICHBEM, TO BKIIOYAET~
ca 3BoHOK. Corozel UIU, U umelor 3mech
CMBICJ onepalimii Oynesoii joruku. K aromy
MPUMEPY Mbl €lE€ BEPHEMCH B Il. 2 U B I'L.
8, xoraa 6yaeM paccMaTpUBaTh TPAH3UCTOPHI
M HU(POBBIE TOTHYECKHE CXEMBI.

Ha puc. 1.101 mokazaHa KiaccH4yeckas
CX€Ma C BBIKJIIOUATEJIEM, KOTOPas HCIOJb-
3yeTcsl ISl BKIIOYEHHUS U BHIKJIIOUEHHS CBE-
Ta B KOMHATe C HOMOIUBIO BBIKJIIOUATECI,
YCTaHOBJIEHHBIX Y ABYX ABEpEil KOMHATHI.

Jlesas
asepua

NpaBan
asepua

|||-—o\

Puc. 1.100.

Yopaxuenne 1.31. He Bcaxkuii pa3paboTuMk 3JeKkT-
POHHBIX CXEM 3HAET TO, YTO U3BECTHO JIIOOOMY IreKmpo-
MOHMEpy — KaK CIEeNaTh TaKoe MPUCIOCObNeHre, YTOObI
MOXHO ObUIO BKJIIOYATh U BBIKJIOYATH CBET C MOMOILBIO
N evicmouameneii, 20e N — npoussonbHoe yucno. [lo-
AyMaiTe, Kak COOTBETCTBYIOLIMM 00pa3oM 0606UTH
cxeMy, NnpeactapieHHyo Ha puc. 1.101. s peiueHuns
3amayy noTpebyeTcst ABa ONHOMOIOCHBIX ABYXITO3MLIM-
OHHBIX nepekimoyateass U N — 2 IByXNONIOCHBIX ABYX-
no3uuroHHbIX. (Moackaska: cHavana npuaymaiire, Kak
C NMOMOLIbIO ABYXROJIOCHOTO BYXIIO3MLIMOHHOTO nepe-
KIIIOYaTesNsl 3aMKHYTb Napy TNPOBOIOB).

Namna
1158
(nepem. Toka)
N
o————0

Puc. 1.101. «CrpoeHHBli1» nepekmoyaTens npogeccu-
OHAJIBHOTO 3IEKTPOMOHTEPA.
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Pene. Pene — 310 ynpagsnsiemble Mepek/io-
yarend. [lpocreiiliee pene cCOCTOMT U3 Ka-
TYIWIKH ¥ CEPAEYHUKA — KaTyllKa BTATHBAeT
CEpAEGYHHMK, KOrJa MO Heil MpOTEKaeT TOK
JOCTaTOYHOH BeMWYMHBL. [1pOMBILUIEHHOCTD
BBIITYCKAET Pa3/IMYHbIE [0 KOHCTPYKLIAM TUITHI
pene, cpeay HUX MOXHO BBLIETUTH PeJie «3a-
LIEJIKW» U peJie «CTYTIEHYaTOro» TUMa (1aro-
Bbie Hckatenu). [locneqHue nocnyxum oc-
HOBOH CO31aHHA TenehOHHBIX CTAHLMMA, a
ceilyac OHY LIMPOKO UCTIOAB3YIOTCS B UTPaTb-
HbIX aBTOMatax. [IpOMBIIIUIEHHOCTb BBITYC-
KaeT pesie HOCTOSHHOTO U EPEMEHHOTO TOKa
W JUIS 3HAYECHUH HaNpsXKeHUs Ha KaTYLIKe OT
5 po 110 B. /115 ObICTPOAEHCTBYIOLIMX CXEM
(1 Mc) npenHa3HAYEHBl PTYTHBIE U SI3BIYKO-
BbIE€ pesie, CIEHHATbHBIE MOILHLIE pele MC-
MOJIB3YIOTCSl B 9JIEKTPONTUTAHUM; OHHU pabo-
TAI0T ¢ TOKAMH, JOCTUTAIOIIMMUA HECKOJIBKUX
ThICSY amnep. Tam, TAe paHblIe UCIMOIB30-
BAIH peJie, TEMepb YacTo NpUGeraior K NoMo-
LY T0JIEBBIX TPAH3UCTOPOB, a JUIsl HAIPsIKe-
HMii IEPEMEHHOTO TOKA HUCIIONB3YIOT TaK Ha-
3bIBa€MBIE pesie Ha TBepIaOM Tesie. OCHOBHOE
Ha3HaYCHUE pesie COCTOUT B AUCTAHLIMUOHHOM
NEPEKTIOYEHUH EKTPUUECKHUX LIETIEi U B ITe-
PEKJIIOYEHUH BBICOKOBOJBTHBIX JIMHUIA.
B cBA3U C TEM, YTO 3JIEKTPHUYECKHUE CXEMBI
JOJDKHBI OBITh M30JIMPOBAHBI OT JIMHUM NUTA-
JOLIETO HANPSKeHWS NEPEMEHHOTO TOKA, pene
WCTIONB3YIOT [UIsl MEPEKTIONEHUS] TTUTAIOLIUX
HAMpPSDKEHWH NEPEMEHHOTO TOKAa, TPU 9TOM
YIPaBJISIIOILKE CMTHATbI JOJDKHBE OBITH M30-
JIMPOBAHBDI.

Paznembi. Pa3bem mnpeacrtasiser coboid
HEOTheMJIEMYIO (M, KaK MpaBHJIO, CaMylo
HEHAJIEXKHYIO0) YACTb JII00OTO 3/IEKTPOHHOTO
annapara. MyHKLUKH pa3beMa COCTOSAT B
nofaye CUrHajIoB Ha BxoJ npubopa U nepe-
Jaye UX C €r0 BbIXOZOB HA APYTUE CXEMBbI, B
nepeaaye CUTHAIOB M MUTAHUsI MOCTOSIHHO-
FO TOKA MEXJY Pa3iMYHBIMU Y3JIaMH CXEMbI
npubopa. brnarogaps pasbeMaM MOXHO 3a-
MEHSTh B ONpUOOpax OTHENbHBIC TCYATHBIC
TUIATH U LieNbie MOAYNM, ofecnieymBas TeM
CaMbIM TMOKOCTb CXEMHOIH peaii3alluu 31eK-
TPOHHOro o0opyaoBaHHA. [IpoOMBILLIEH-
HOCTb BBIMYCKAa€T CaMbie pa3HooOpasHbie
pa3beMBl, paziMyapmecs no Gopme u pas-
Mepam.

IHTexkephbie pe3pembl. [IpocTeitiuii pasbem
(OIHOMOMIOCHAS BWIKA C THE3IOM) IIPE/ICTaB-

JigeT co0Oi IITHIPLEBOM MM TUIOCKUM («BaHa-
HOBBI») KOHTAKT Y MUCITONB3yeTCs B YHUBEpP-
Ca/IbHBIX U3MEPHUTEIbHBIX TPUOOpPax, UCTOUHH-
KaX MUTaHMS W T. . Takue pa3beMbl JIEFKO
JOCTaTh, OHM HEAOPOTH, HO, MOXAJTYH, He TaK
TOJIE3Hbl Ha MpPAKTHKE, KaK KOAKCHUalIbHbBIC
pe3beMbl 4151 9KPAaHUPOBAHHOTO Kabens Win
MHOTOKOHTaKTHbIE Pa3beMbl. PasHOBUIHOCTHIO
TIPOCTENLIErO pazbeMa SIBIAETCH 3aKUM («KpO-
KOIWJI»), KOTOPBII U3BECTEH B OCHOBHOM TEM,
YTO UM HEYAOOHO TOMb30BATHCS.

Pazbembl 115 3KpauMpoBaHHbIX Kaleneid.
st pexoTBpalliCHUsE EMKOCTHO# CBSI3H, a
TaKXe MO psiy IPYTUX NMPUYUH, O KOTOPbIX
peub noinet B mi. 13, XenarenbHo ocyiiie-
CTBJISITh Tiepefayy CUrHala OT OOHOTO MpH-
6opa K pyroMy Mo 3KpaHUPOBAHHOMY KOa-
KcuanbHOMy Kabeimo. Hanbonee pacnpoct-
PaHEeHbl HWIMHIPUYECKUE pPa3beMbl (THMA
BNC), kxoropble YCTaHaBIMBAIOT Ha Nepe-
IHei naHenu ripudopos. CouneHeHHe yac-
TEi pa3beMa OCYLIECTBIAETCS MPU NMOMOILLU
pe3b00BOro CoeIMHEHMS TyTEM TIOBOPOTA Ha
90°, mpu 3TOM 3aMBIKAETCA KaK 3KPaHUPYIO-
1jast LieMb (3eMJi151), TaK M L€Mb CUTHaIa. 3TOT
pa3beM, KaKk M BCAKHH IPYrOf, CYXUT AJif
MOAKJIIOYEHUS K NMpUOOpy Kabesisi, MO3TOMY
OH COCTOMT M3 [IBYX COWICHSIIOIIMXCS 4ac-
T€#, OMHA U3 KOTOPHIX YCTAHARIMBAETCS HA
naHend npudopa, a Apyras NpUCOCOUHSET-
cs Kk Kademo (puc. 1.102).

K 3ToMy ceMeiCTBY pa3beMOB [UIsl KOAK-
CUAJIbHBIX KaOesei OTHOCATCS: Pa3beMbl TUTIA
TNC (onuxalmuit poICTBEHHMK pa3beMa
tuna BNC, Ho ¢ pe3bboit Ha kopmyce), X0-
pOLIMiA, HO TPOMO3IKUA pa3zbeM Tuma N,
MHHHATIOPHBII pazbeM THna SMA, cyOmu-

Puc. 1.102. Ins 3KpaHUPOBaHHOTO (KOAKCUANLHOTO)
xalens dallie BCEro MCMonb3yioT pasnembl Tuna BNC.
CreBa HanpaBo: HE30 pa3beMa, COeAMHEHHOoe ¢ Kabe-
JIeM; CTAHIApTHasi BWIKA, KOTOpasd yCTaHABIMBAaeTCsi Ha
faHeu NpuGopa; 1Be BUIKH C H3OMMPYIOLLiEi BCTaBKOM;
T-o6pasHbiii pasbem THNa BNC (oueHb ynobHas Beilib).
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HUaTopHbiH pa3bem TMIa LEMO u SMC, u
pa3zbeM tima MHV, npeacrasnsiommit co-
00ii pa3sHOBHIHOCTL pazbeMa THia BNC,
NpeAHA3HAYEHHYIO MU BBICOKOBOJBTHBIX
uenieit. Tak Ha3biBaeMblit TpaMMOMOHHBII
pa3beM, UCHOAb3YEMbIi B CXEMAX 3BYKOBBIX
4yacToT, npeacTapisieTr coboi sSpKuil npuMep
JUIOXO# KOHCTPYKLIMM — TPU COEAMHEHUU
YacTei pa3beMa CUTHaNbHASA 1IeNb 3aMbIKa-
eTcA paHblle, 4eM 3KpaHHUpylollas; donee
TOro, KOHCTPYKUMS pa3beMa TaKOBa, YTO M
3KpaHHpPYIOUIasi, ¥ UEHTPaAbHasx 4acTH
pa3beMa, Kak IpaBuiIo, 00ecreymuBaloT mio-
XOW KOHTaKT. A Pe3yAbTaT IUJIOXOT0 KOH-
TaKTa Bbl, 0¢3 COMHEHUd, cabiwanu! YTo-
Obl HE OTCTaTb, TEAEBU3MOHHAS TIPOMBIILI-
JIEHHOCTb BBIMMYCTWIA CBOM COOCTBEHHBIN
[UTOXOM CTAHAAPT, «KOAKCUANbHbIH pazbeM»
tuna F — B HEM Ha LITBIpb pa3beMa, COENHU-
HAEMOro ¢ KabeneM, BbIBOJMTCS BHEUIHMMA
MPOBOJ KOAKCHAJIbHOTO Kabesisi, M O4eHb He-
KaYeCTBEHHO CHEMaH 3KpaH Ha TOW 4acTu,
KOTOpasi YCTAHABJIMBAETCS HA MAHEU MPpU-
6opa.

MHOrOKOHTAKTHBIE pa3beMbl. JUis 31ek-
TPOHHBIX NMPUOOPOB OYEHb YACTO HYXHBI
MHOTOXWIbHBIE KaOelu M COOTBETCTBEHHO
MHOTOKOHTAKTHBIE pa3beMbl. [1poMBILIIIeH-
HOCTb BBINTYCKA€T NECATKU THITOB TAKUX
pa3beMoB. [lpocTefliuM ABASIETCA Pa3bEM
g 3-xkuneHoro nposoaa. K uucny Hanbo-
Jlee pacMpOCTPAHCHHBIX OTHOCATCS TaKXKe
CYOMMHHUATIOpHbIE pa3beMbl THHA D HU3 ce-
pun pasbeMoB Winchester MRA, yxxe maBHO
WCTIBITAHHBIE W 3aCNyXWBUIUE AOBEpUE
pa3sbeMbl TMnma MS, a Takxe pa3beMbl IS
rubkoro kabens (puc. 1.103). Umeiite B
BHUY, UTO HEKOTOPBIC pa3beMbl TPeOYIOT OC-
TOPOXHOTO OOpallieHUs, HaNlpUMep MUHHU-
aTIOpHbIE IECTUYTONBHBIE Pa3beMbl, KOTO-
phie HENb3Sl POHSATH HA T0J, 4 B HEKOTOPHIX
HET HUKAKOTO IMPUCIIOcOo0aeHUst, HUKCUPY-
JOLIETo B3aMMHOE TTOJIOXKEHHE YacTell pa3be-
Ma (3TO OTHOCHUTCSI, HAIIPUMED, K pazbeMam
cepuu Jones 300).

TopueBbie pa3beMbl A NEYATHBIX ILIAT.
JLisl TIeYaTHBIX TUIAT yallle BCero UCMOJIb3y-
JOTCA TOpPLIEBBIE Pa3beMbl, COCTOSIINE H3
THE31A M BUIKH C NO30JIOYEHHBIMHU 1UTHIPb-
€BbIMH KOHTAKTaMH, YCTaHaBIMBACMOH Ha
TOpIIE TNATH. BbllTyckaeMble MPOMBILUIEH-
HOCTBIO TOPUEBBIE pabeMBbl UMEIOT OT 15 1o

Puc. 1.103. Hekoropble MHOTOKOHTAaKTHbI€ DPa3bEMBL.
CrneBa Hanpaso: MasiorabapuTHblit D-o6pa3Hbli paszbeM,
BBITYCKAEMBII KaK Uisi Kadeneil, TaK M U1l YCTAHOBKU
Ha MaHeJsX NMpUGOpPOB; KOMHYECTBO KOHTakToB: 9, 15,
25, 37 v 50; cTapuiil, 3acayXeHHBI pa3zbeM THIA
MS BbimycKkaeTcst ¢ pa3sHOOGpa3HbIM KOJIMYECTBOM KOH-
TAKTOB U B PA3IMYHOM KOHCTPYKTUBHOM O(OPMIICHHUH,
HEKOTOpbI€ PasHOBHUIHOCTH HpeJHA3HAYEHbl LISl KOaK-
CHaJIbHBIX Kabeseil; MMHMATIODHBIA pa3beM (THna
Winchester MRA) ¢ ¢GuKCUpYIOIIIMHY BUHTaMH, BbI-
mycKaeTcsl HECKOMABbKO PAa3HOBUAHOCTEM, Pa3iM4AIOIIUX-
¢ raGapUTHBLIMH pa3MepaMH; pa3beM IS HeYyaTHBIX
TUTaT, THE30O MpeXHa3HaYeHo i rubKoro Kabesns.

100 KOHTAaKTOB M PA3TUYHOE KOHCTPYKTUB-
Hoe odopmieHue. PazbeMbl MOXHO ycTa-
HaBJIMBATh HA CTICLMANLHOM TIaTe, TeyaT-
HBIf MOHTaX KOTOPOII 00ecreYyuBaeT CO-
€IUHCHUE OTHENbHBIX MEYATHBIX IJaT
ycTpoiicTBa. B cxeMax, coCTOALINUX BCEro
13 HECKONbKHX MEYaTHBIX 14T, MOTYT MO-
TpeOOBAThCS BUIKH PA3hEMOB JLIA MEYaTHbIX
TUIaT U THe3la KabelpHBIX pa3beMoB (B I
12 nmpuBeneHsl HeKOTOpBie doTorpadmu, Ha
KOTOPBIX BHAHBI MPUMEPH MCMOJB30BAHUS
pa3beMOB).

1.33. Mnanukaropbl

Hamepurensubie npadopsl. 3HaUSHWS HAMPSI-
KEHUSl WM TOKA MOXHO ONPENeNATh C MO-
MOILIBIO CTPETOYHBIX MOKA3BIBAOIIMX MTPUOO-
POB MU 10 1MppOBbIM UHAKKATOpaM. [Toc-
JIEMHUE, KOHEYHOo, Oojiee JOPOTH, HO OHHM
HWMEIOT U Gonee BBICOKYI0 TOYHOCTb. Ilpo-
MBIIUICHHOCTD BbITYCKAET U3MEPUTENbHBIC
npHOOpbl M TEPBOTO, U BTOPOTO THIA KAK
LU TOKOB, Tak W sl HampsikeHuil. Bol-
MYCKAaIOTCS TAKXKE YHUKAIBbHBIE JATYUKH ISt
MPUOOPHBIX JOCOK, KOTOpPbIE MO3BOJSIOT
OTNpenenaTh 3HaY€HUS1 YPOBHS TPOMKOCTH (110
JeuuOeNbHON HIKane 3ByKa), Oonblme 3Ha-
YEeHUsI HanpsXeHUs MMepeEMEHHOro TOKa
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(ot 105 mo 130 B), 3sHaueHus1 TeMnepaTypsl
(c HOMOIIbIO TEPMOTIAphl), MPOLEHTHOM Ha-~
TPY3KH MOTOpa, 4acTOTH M T. A. B 1umdpo-
BBIX JaTYMKAX YaCTO MPEIYCMOTPEHBI JIOFU-
YEeCKHME BBIXOHBI, KOTOPHIC MO3BOJSIOT MC-
MOJ1b30BaTh MOKA3aHUST TaTYMKa [/ BBOJA B
KaKO#-711M00 Opyroi mpuoop.

Jlamnwt M cBeroamomnl. IlpencraBum cebe
KApTUHKY U3 HAyYHO-(haHTaCTHYECKOTO (hITh-
Ma — BCIIBIIKM CBETa, KPAaHBI, 3aMOJIHEH-
HBIE TAMHCTBEHHBIMU Y HETIOHSITHBIMU LU~
paMH ¥ CUMBOJIAMH, XYTKHE 3ByKH ... U Bce
9TH 3P¢EKTH, 32 UCKIIOYCHUEM 3BYKOBBIX,
CO3/AK0TCS C TTOMOUIBIO JIAMIT U IMUCIUTEEB (CM.
pasa. 9.10). B kauecTBe MHAMKATOPOB UIS
MUEBBIX NaHene npuOOPOB HOATOE Bpe-
MA UCTIONB30Bajiy HEOOJIbIINE JIAMIBI Ha-
KaJTMBaHMs, TENEPb UM Ha CMEHY MPHIUTH
cBeTomuoabl. OHM BeayT cebs Kak OoObIu-
Hble IUOJBI, HO MPSMOE HATIPSKECHUE IS
HUX coctaBisieT ot 1,5 mo 2,5 B. Korna ce-
TOOUOI OTKDBIT, YEPE3 HETO MPOTEKAET TOK
W OH M3Ny4yaeT cBeT. LIS mojy4eHus goc-
TaTOYHOM SIPKOCTU CBETA OOBIYHO TPeOyeT-
ca ToK oT 5 mo 20 MA. Ceeroauoanl Ae-
IEBJIC, YEM JIAMITbl HAKAJIUBAHWA, HUKOT-
[a HE NEeperopaloT U ObIBAIOT TPEX LBETOB
(KpacHsle, XeaTbie W 3eieHbie). [loctyma-
IOT B MPOAAXY B YAOOHOM A UCIOJB30-
BaHHS BHIE.

CBeTonMOIbl HCITONB3YIOTCS TAKXE B UG-
POBBIX IUCTUIESIX, HAMPUMEP, B KaJIbKYJIs-
TOpax HaxOOUT NMPUMeEHEHUE 7-CerMEeHTHBIM
uudposoit mucriei. JInsg orodpakeHust U
OykB, n Ludp (andaBUTHO-UMGIPOBOL AHC-
T7iei1) MOXHO MCTIONB30BaTh 16-CerMeHTHRBIN
WIX MaTPUYHBIH auciuied. s MajioMoll-
HBIX CXEM WIH CXEM, TIpeIHA3HAYEHHBIX LIS
padoTH Ha yAMIle, JYyYHIC BCEro MCIOIL30-
BaTh JUCIUIEH HA XHMIKUX KPUCTAILIAX.

1.34. IlepeMennbie KOMMOHEHTH

Pesuctopni. IlepeMeHHBIE PE3UCTOpPHI WIH
TIOTCHLIUOMETPbI MCTIOJIB3YIOT JUTS PETYIMPO-
BaHUSA B CXeMaX, MX PYYKHM 4acTO BBIBOIST
Ha TaHeau npubopos. Hambonee pacmpoc-
TPAaHEHHBIM SIBNSIETCS ITOTEHIIMOMETP THIIA
AB, paccuMTaHHBI Ha MONTHOCTD 10 2 BT}
3TOT MOTEHLUOMETP U3TOTOBJICH U3 TOIO Xe
Marepuana, YTo ¥ MOCTOSIHHbIM KOMITO3HUT-
HBIA PE3UCTOP, U UMEET CKOJB3AMIMH KOH-

fpotue Mo yacosoit
4acoBow Cipenke
cTpenku

Puc. 1.104. TloreHuMOMeTp (NEPEMEHHBIA PEUCTOP C
TpEMS BbIBOJAMH).

TaKT. [loTeHUMOMETpPBI IPYTHX TUHOB M3rO0-
TOBJSIIOT M3 KEPaMUYECKUX MATEPHAIOB U
TJIaCTMKOB; OHH O0JIAaloT YIYYIIEHHBIMU
XapaKTepuCTUKaMH. bojiee BLICOKHMM paspe-
1meHueM M 0oJiee BBICOKOM JTHHEMHOCTHIO
001a1al10T MHOro0O0pOTHBIE NOTEHLIMOMET-
pat (3,5 wm 10 oBoporos). B orpaHuyeH-
HOM KOJIMYECTBE NMPOMBILUICHHOCTH BbIITYC-
KaeT TaKKe COMOKMPOBAHHBIC MMOTEHLIIOMET-
pel (HECKONBKO HE3aBUCHMBIX CEKIMIA,
coOpaHHbIX Ha OHOM OCH) M TeX obiac-
Tel TIpUMEHEHMSI, TAEe HY)XHbl UMEHHO Ta-
KHE TOTEHLIIMOMETPHI.

IToTeHLIMOMETPHI, O KOTOPHIX LUIA peyb,
YCTaHABJIMBAIOT Yalle BCErO Ha JIMLEBBIX M-
HeJSAX MpUOOpOB, BHYTPH Xe MpubOopoB yc-
TAHABJIMBAIOT NOOCMpPOEHHblE NOMEHUUOMEM -
Pbl, KOTOPBIE TakXe OBIBAIOT OAHO- U MHO-
ro0OOPOTHBIMM U MOTYT OBITb YCTAHOBJIEHBI
Ha TUIaTaX ¢ TMeYaTHBIM MOHTaxXoM. Ouu
HCTIOJIB3YIOTCS, HAMPUMED, NPU KaTuOpOB-
K¢ npubopa, KOTopas BBINOJIHSIETCA «pa3 B
HaBcerna». [lone3Hblil COBET: He MoanaBa-
T€Ch COONIA3HY YCTAHOBHTDH B CXxeMe IO0O0JIb-
e MmoreHuuoMerpoB. Jlydiie moTpaTurth
Oosbllie CWJI Ha pa3paboTKy, YeM Ha pery-
JIMPOBKY.

Ha puc. 1.104 nokazaHo ycinoBHoe 0003HAa~
YeHHE MoTeHLUuoMeTpa. OO03HAYEHHSA «IT0
YaCOBOU CTPENKe» M «IIPOTHB YaCOBOM CTpeJi-
KW» YKa3BIBAIOT HAIIPAaBJIEHHUE BPALICHUSI.

U eme oavH coBeT no pabote ¢ nepeMeH-
HBIMHU PE3UCTOPaMHU: HE CTPDEMUTECH K TOMY,
yTOOBI 3aMEHUTD IIOTEHIIHOMETPOM PE3UCTOD
C OTIpedeNeHHbIM compoTuBieHneM. Co-
0Jia3H, KOHEYHO, BEJINK — BElb C TOMOLILIO
MOTEHLIHOMETPA MOXHO YCTAHOBUTH TaKO€
3HAYCHHE COTPOTHBIICHMS, KaKOEe XOYETCs.
Best 6ega B TOM, 4TO CTaGMIBHOCTH MOTEH-
LIOMETPA HIKE, YeM CTaOWIbHOCTb XOpO-
wero (1%) pesucTopa U, KpoMe TOro, To-
TEHLIMOMETPHI HE AIOT XOPOUIEro paspelue-
HUA (T. €. C UX [OMOUIBIO HENB3A TOYHO
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YCTaHOBUTb 3HAYEHHE CONPOTHUBIACHMUSA).
Ecnu Ha KakoM-1H00 YyYacTKE CXEMBI HyX-
HO YCTAHOBUTH TOYHOE 3HAYCHUE COTIPOTHUB-
JIeHUs1, BOCTIONb3YWTECh COUETAHUEM MTPELIU-~
3MOHHOTO pesuctopa (1% u BHUIE) U MO-
TEHIIMOMETpa, NpuueM OOJblIas 4acTh
COTIPOTHUBJIEHHS NOJXHA OTPENENSAThCS TIO-
CTOSHHBIM pe3ucropoM. Hampumep, eciau
HYXHO TOJXYy4uTh corpoTuBicHune 23,4 KOMm,
BOCIIOJIB3YHTECH TIOCJICIOBATEIbHBIM COCAM-
HEHHEM TIOCTOSIHHOTO PE3UCTOpa C COMpo-
TUBNEHUEM 22,6 KOM (TouHocTb 1%) U mon-
CTPOEYHOTO MOTCHLUHOMETPA C COTIPOTURIIE-
HHreM 2 KOM. MOXHO Takke HCITONb30BaTh
MOCNEIOBATENPHOE COCAMHEHUE HECKOMBKUX
MPELHU3MOHHBIX PE3UCTOPOB, B KOTOPOM ca-
MBIl MAJICHBKU TI0 BEIUMHWHE PE3UCTOP 10~
TIOJIHAET MOJIHOE CONPOTUBICHHE IO HY>KHO-
IO TOYHOTO 3HAYCHUS.

B nanbHeliieM Bbl y3HaeTe, YTO B HEKO-
TOPBIX CIy4YasX B Ka4ecTBE MEPEMEHHBIX pe-
3UCTOPOB, YMPABISEMBIX HANPSXECHUEM,
MOXHO UCTIONIb30BaTh IMOJIEBbIE TPAH3UCTO-
pH. TpaH3UCTOPE MOXHO MCTIONB30BAaTh B
Ka4yeCTBe YCHIUTENEH ¢ TIepeMEHHBIM KO-
duuMeHTOM YCWIEHHS, YIPaBIseMbIM Ha-
MpSDKEHUEM. Bce 3TH MIeH MOTYT COCIYXHTh
BaM 100py10 CIIyX0y B OyaylieM, HE OCTaB-
nstitte vx 6e3 BHUMaHMSL.

Konnencaropsl. [TlepeMeHHbIE KOHAEHCATO-
pbl MMEIOT, KaK NpaBWio, HeGOIbLINME €M~
Koct (o 100 n®) u ucrions3yioTcs B pa-
JAMOYACTOTHHIX cxeMax. IloacTpoeunsie KOH-
JeHCaTOphl OBIBAIOT IBYX TUMOB — IS
BHYTPUCXEMHBIX ¥ BHEUIHHMX PEryJMpOBOK.
Ha puc. 1.105 noka3aHo ycjioBHOe 0003Ha-
YeHHe TIePeMEHHOTO0 KOHIIEHCATOpa.

JIrofp!, K KOTOPHIM NPHJIOXEHO 00paTHOE
HampsKeHHe, MOXHO HCIIONb30BaTh B Kavye-
CTBE TICPEMEHHBIX KOHIEHCATOPOB, YIPABIs-
€MBbIX HAMpsDKeHWeM; TaKue TVOAbI Ha3bIBa-
0T BapHUKaIaMu, BapaKTOpaMy WM TlapaMeT-
" pryecKuMH AnogaMu. Hambonee UiMpoxo
OHH UCTOJIB3YIOTCA HA painO4yacToTax, 0Co-
OCHHO NpW aBTOMATUYECKOH DEryIuMpOBKeE
YacTOTH, B MOXYISTOPaX W IapaMeTpuyec-
KUX YCUJIUTEIISAX.

HnayktuBnoctH. [lepeMeHHasi UHIYKTUB-
HOCTb TIPEACTaBAseT CO0O0M KaTyIlKY, B KO-

—H—

Puc. 1.105. TlepeMeHHbIN KOHAEHCATOD.

TOPOH TMepeMelIacTcsl CepaeyHuK. Takue
KaTyLIKH OObIYHO UMEIOT HHAYKTUBHOCTD OT
HECKOJIbKMX MUKPOTEHPH JO0 HECKOJNbKHX
reHpd ¥ guana3oH Hactpoiku 2:1. Ilpo-
MBILIIEHHOCTb BBITYCKAeT TaKXe MOBOPOT-
HBIA WHOYKTOp (COCTOMT U3 KaTywku 6e3
CcepIeYHUKA U BPAILAIOLIETocsl CKOJb3sllie-
TO KOHTaKTa). :

Tpaucdopmartopsl. [lepemeHHBIE TpaHC-
¢opMaTopb! OUEHb NTOJIE3HB] LIS IPAKTUYEC-
KOTO TpPUMEHEHHUs, OCOOEHHO Te M3 HHX,
KOTOpbie paboTaloT OT CHJIOBOM CETH C Ha-
npsoxeHueM 115 B nepemenHoro Toxa. Ux
Ha3bIBAlOT aBTOTpaHcopMaTopaMu, U OHHU
COCTOSIT U3 OJHOM OOMOTKH M CKOJIB3SILLETO
KoHTaKTa. FIX Ha3bIBAIOT ellie BapHakaMH, a
BBITIYCKAIOT WX Takue ¢dupmsi, KaK Techni-
power, Superior Electric u np. ®opMupye-
MO€ MMM BBIXOTHOE HAIPSLKEHHE IEPEMEH-
Horo toka meHsietcsi ot 0 no 135 B npu
BXOIHOM HanpsixkeHud 115 B, Tok Harpy3ku
1—20 A v BBIie. ABTOTpaHC(HOPMATODPHI
HYXHBI [UIsl UBMEPHUTEIBHLIX PHUOOPOB, Ha
KOTOPBIE MOTYT BIMATDH KOJIeGAaHUs B TUTAIO-
LIEM HanpsOKeHUM. 3aMeyaHue: YUTUTE, YTO
BBIXOX aBTOTpaHchOpMaTopa He H30IMPOBaH
3JIEKTPUYECKH OT CHJIOBOH JIMHWH, KaK B
ciydae ¢ TpaHcdhopMaTopoM.

JOINIOJIHUTENBHBIE YIIPAXHEHHUA

(1) Jns peauTtenss HanpsXEHWsA, U300paxeHHOro Ha
puc. 1.106, cocraBeTe 3KBHBAUICHTHYIO CXeMy (MCTOU-
HUK TOKa W MapauiefbHbii pesucrop). [lokaxure, yro
BBIXOHOE HAMPIKECHHE SKBUBAICHTHON CXEMBI PAaBHO
BBIXOZHOMY HAMpPSIXEHUIO PealbHOW CXeMbl MPH TOA-
KIIOYEHHH B KaYeCTBE Harpy3KW pe3dCTopa COMPOTHUB-
JieHHeM S KOM.

(2) Insa cxeMbl, n300paxeHHo# Ha puc. 1.107, cocraBbre
IKBMBaIEHTHYI0. COBNANAIOT M 3HAYEHUSI SKBUBAIECHT-

+
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HEIX MapaMeTpoOB B 3TOM TNpPHMEpPEe M B CXEMe Ha
puc. 1.106?

(3) PaspaGotaiite cxeMy (UIbTpa 3BYKOBBIX 4acTOT, KO-
TOpHIit Obl HOHABMNSN «rpoxot». OH JOJIXKEH MpoIyc-
Karb yactoTsl Beile 20 I'u (Touka — 3 1b momxHa coot-
BetcTBOBarh 4yactore 10 I'm). Cumraiite, 4TO UCTOYHUK
HUMEET HyNEBOH MMICOAHC (MOCUIbHBIA MCTOYHMK Ha-
TpsKeHHA), 8 Harpy3ka (MUHHMaJIbHast) UMEeT CoIpo-
THBAeHHe 10 KOM (IpHHUMas BO BHUMAaHHE 3TO YCJIO-
BHE, MOXHO BbI6paTh 3HayeHust R ¥ C TakuM o6pa3oM,
yT0OBI Harpy3ka He OKa3bBANa CYIIECTBCHHOTO BIHSA-
Hus Ha paboTy GuibTpa).

(4) Paspa6oTaiite cxeMy QUIBTpa 3ByKOBBIX 4aCTOT, KO-
TOpBIii 6bl OCIa0sUT WHIIEHUe Wbl (Toyke — 3 ab co-
orsercTByeT 4actota 10 x[1x). McTouHMK M MMIemaHc
MMEIOT Te XK€ NMapaMeTpPhl, YTO B YTIPAXHEHUH 3.

(5) Kak #3 pe3ucTopoB M KOHIEHCATOPOB cOGpaTh
¢wIBLTp, 4TOOBl OH MMEN TAaKYI0 XapaKTePHUCTHKY, KakK
noka3aHHast Ha puc. 1.108?

(6) Pa3paGoraiite cxeMy HIMPOKOIOJIOCHOTO RC-Guib-
tpa (puc. 1.109): yacToTel f| U f, COOTBETCTBYIOT CTia-
ny —3 nb. [TonGepute NoNHbIE CONPOTHRICHHUS TaK, YTO-
6bl BTOpOU KacKall HE OKa3hIBAJI CYHIECTBEHHOIO BIUS-
HHA KaK HArpyska Ha TepBbIit KacKan.

(7) U3o6pa3urte rpadpuK BHIXOZHOTO HANpPSXCHUS IUIA
CXeMbl, NpeACTaBIeHHOM Ha puc. 1.110.

63B
nepem. 1oka (3chep.)

UDHX
117
nepem.
TOKa
Puc. 1.110. = =
Yeunureno
BEPTUKANbHOIO
Koney, oTHNOHEHUA (Z_ = o)
wyna
100 n®

Bxop ocyunnorpaga
Puc. 1.111.

(8) PaspaGoraiite cxemy mryna ocumwuiorpada ¢ mac-
WTaGHBIM Xo3hbuiinenToM 1:10 (cM. npunoxeHue A).
BxomHoit umnenaHc ocrvUiorpada ONnpenessieTcsi Compo-
tupneHHeM | MOM u napaniensHoit eMkocThio 20 nd.
HonycTuM, yTo Xabenpb LIyna BHOCUT JOMONHUTENBHYIO
emkocts 100 n®, a Bce 27eMEHTHl YCTAHOBIEHB Ha
KOHLIe Liyna (a He Ha TOM KOHLE Kabensi, KOTophlit
coenuHsiercst ¢ ocuwurorpagoM) (puc. 1.111). Cxema
IoJ/kHa aaBath ocaabneHue 20 gb (10) Ha Bcex yacTo-
Tax, BKJIIOYas CMTHAIBl NOCTOAHHOTO Toka. llym ¢
MaclITabHpIM Ko3gpuuneHToM 1:10 nosponser ypenu-
YHUTE MOJTHOE COTIPOTURJIEHHNE HATPY3KH, TOOKIIOYagMOM
K MCMBITYeMOM CXeMe, TEM CaMBIM YRAeTCs YMEHBUIMTH
BJAMSTHHE HArpy3Kd Ha 3Ty cxeMy. KakuM BXOIHBIM
HMMIIEaHCOM (MapajuiebHoe coetuHeHue R u C) 06-
JajgaeT Ly 110 OTHOLICHHIO K TECTUPYEMOM cxeme?



TJIABA 2
TPAH3UCTOPDI

BBEJEHUE

TpaH3uCTOp — 3TO OAMH U3 OCHOBHbIX «aK-
THBHBIX> KOMITOHEHTOB. OH MpeinCTaBaseT
coB0i yCTPOMCTBO, KOTOPOE€ MOXET yCHU-
JKMBaTh BXOMHOM CHTHAJ MO MOIIHOCTH.
YBenmueHre MOIHOCTH CHTHANa NPOUCX0-
IUT 32 CYET BHENIHETO MCTOYHUKA ITUTA-
Hyg. OTMETHM, YTO YBEJWYECHUE AMILIU-
Tyl CUTHAJA He SBASETCS B JaHHOM CIy-
yae onpeleadwiuM. Tak, HaIpumep,
TIOBBILIAIOUINH TpaHCHOPMATOP — «IACCHB-
HbIfl» KOMIIOHEHT, TaKOM XE KaK pe3uc-
TOpP WJIM KOHIEHCATOp, 06eCneunBacT ycu-
JIeHHE TI0 HAMPSIKeHUIO, HO HE MOXET YCHU-~
JIUTh CUTHAJ MO MOIIHOCTHU. YCTpOMCTBA,
KOTOpbIE 00NamaloT CBOMCTBOM YCHJICHMSA
10 MOIIHOCTH, XapaKTepHU3YIOTCA Crocos-
HOCTBIO K FreHepaluu, 00yCIOBICHHOM’ Tie-
perayeil BEIXOJHOTO CurHaja ofpaTHO Ha
BXOJI.

H300peTateneii TpaH3MCTOPA KOTAA-TO 3a-
HHTEPECOBaTa HUMEHHO CHOCOOHOCTH YCTPOit-
CTBA YCWJIMBATb CUTHAN 110 MOUIHOCTH. JLIst
HayajJa OHY COOPYIMJIM C NOMOINBIO TpaH-
3UCTOPA YCHIMTENb 3BYKOBBIX YacTOT sl
TPOMKOTOBOPUTEISI M YOeOUITUCh, YTO HaA
BBIXOIE CUTHaI OOJIbIIE, YEM Ha BXOIE.

TpaH3UCTOP ABJISETCSI HEOTHEMIIEMOIA Ya-
CTBIO BCSKOM 3NIEKTPOHHOM CXEMBI, HAYUHAS
OT NPOCTEHIUETO YCIINTENS MU T€HEpaTo-
pa o crnoxHeiueit uudpoBoil BEYMCIN-
TeJIbHOW MammHbel. WHTerpanbHsie CXeMBI
(1C), KoTOpHIC B OCHOBHOM 3aMCHUIIU CXE-
Mbl, COOpaHHBIC U3 TUCKPETHBIX TPAH3UCTO-
pOB, TIPEACTaBIAIOT COOON COBOKYIIHOCTH
TPaH3UMCTOPOB WIM [JIPYIMX KOMITOHEHTOB,
TIOCTPOSHHEIE HA €IUHOM KPUCTALIE MOJY-
TPOBOJAHMKOBOTO Matepuaa.

O06s13aTeIBHO CNIEHYET pa3o0paThCs B TOM,
KaK paboTaeT TpaH3UCTOp, AaXe eCliM BaM
TIPUIIETCA MOJIB30BAaTHCSI B OCHOBHOM MHTET-
paTeHBIMM cxeMaMu. Jlejio B TOM, 4TO, IS
TOIO YTOGBI COOPATh MEKTPOHHOE YCTPONUCTBO

M3 HHTETPAIBHBIX CXEM M MOIKITIOYUTD €10 K
BHELTHUM LIEMSIM, HEODXOXMMO 3HAaTh BXON-
Hbl€ M BBIXOXHBIE XapaKTEePUCTUKU KaXIOMN
ucnonbsyemoii UC. Kpome toro, tpaHzuc-
TOP CNYXHT OCHOBOW MOCTPOCHHUS MeEXCOe-
JUHEeHMIt, Kak BHYTpeHHUX (Mexxy VUC), Tak
u BHelnHux. M HakoHei, WHOTOA (M Jaxe
JOBOJIBHO 4acTo) CIIy4aeTcs, YTO TOMXOAs-
et UC npoOMBIIUIEHHOCTh HE BBIITYCKAET U
MPUXOAKWTCS NpUOeraTh K cxeMaM, coOpaH-
HbIM M3 JUCKPETHBIX KOMIOHEHTOB. Kak BbI
CaMHM BCKOpPE yOenuTech, TPAH3UCTOPBI CaMU
o ceGe OYeHb UHTEPECHBI, U O3HAKOMJIEHHE
C ¥X pabOTO IOCTABUT BaM YIOBOJILCTBHE.

MBbl GymeM paccMaTpUBaTh TPaH3UCTOPHI
COBEPILIEHHO HE TaK, KaK aBTOPhI APYTHX KHUT.
OO6BIYHO, M3y4as TPAH3KUCTOP, MONB3YIOTCS €r0
3KBUBAJIEHTHOM cxeMoi 1 h-niapamerpamu. Ha
Hall B3[JISIN, TAKOU TIOAXON CIOXEH W Hamy-
MaH. U nenmo He TONBKO B TOM, YTO, IJISiAS Ha
MYyJpeHbIe YPaBHEHMSI, BbI €Ba JIU MOIMeTe,
Kak paboTaeT cxeMa, CKOpee BCero Bbl Oyzere
HMMETh CMYTHOE TIPEICTABICHUE O TIApaMeTpax
TPaH3UCTOPa, MX 3HAYEHHSAX U, CAMOE IJIaB-
HO€, THAIa30HaX U3MEHEHHS.

MBI npepsnaraeM BaM IPYroW IOIXOI.
B sT0ii IM1aBe Mbl MOCTPOUMM TIPOCTYIO MO-
JeJIb TPAH3UCTOPA U € €€ MOMOLIbBI0 CO3Aa-
UM HeckoNibKo cxeM. Kak Tonbko HayHyT
TIPOSIBIIATHCH OrPAHHUYCHHUS MOJENH, AOTION -
HHUM €€ C YY€TOM ypaBHeHuii D6epc—Mon-
na. [TonyyeHHast TakuM 0Opa3oM MOzENb JacT
MPaBWIbHOE MpeACTaBieHUe 0 padoTe TpaH-
3HCTOPA; C €¢ MMOMOIUBIO Bbl CMOXETE CO37a-
BaTbh CAMBIE XOPOILUME CXEMBI, HE TIpOeras K
6onpliM pacuetam. Kpome Toro, xapakre-
PHCTHKH BalIMX CXeM He OYyIyT cepse3HO 3a-
BHUCETh OT TAKUX HEYNpaBIsAeMbIX MapaMeT-
POB TpaH3WUCTOpPa, KakK, Halpumep, Koad-
GULHUEHT YCHICHUS IO TOKY.

M HakoHel, HECKONBKO CJIOB O MPUHSATHIX
B MHXEHEPHOI MPaKTHUKE YCAOBHOCTSIX.
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Hanpsixenue Ha BBIBOIIE TPAH3UCTOPA, B3s-
TOE TI0 OTHOUICHWIO K MOTCHUMANY 3¢MJIH,
obo3Havyaercsa 6ykBeHHBIM MHIEKCOM (K, b
wiy 9). Hanpumep, (U, — 310 HanpskeHue
Ha xonnekrope. HanmpsixeHue Mexay BBIBO-
AaMu 0003HAYAETCH HBOMHBIM MHAEKCOM,
Hanpumep, Uy, — 3TO HaNpsOKEHME MEXIy
6a3o1 u amutrepoM. Ecnu uHpaeke obpaso-
BAH BYMST OIMHAKOBBIMHU OYKBAMH, TO 3TO —
HaNpsUKeHUe UCTOYHUKA nutanus: (U, — 310
HanpsDKeHUe OUTaHUS (oGLmHo MTONOXUTE b~
HOe) koitekropa, U,, — HanpskeHWe Mnu-
TaHUs (OOBIYHO omnuaTeanoe) 3MHTTEpA.

2.01. Iepsas Moaens TpaH3ACTOPA:
YCHIHTEAD TOKA

Urtak, nHayHem. TpaH3WCTOp — 3TO 3JEKT-
POHHBIA TpUOOp, UMEKIUUIl TPpU BLIBOAA
(puc. 2.1). Pazmuyalor TpaH3UCTOPL n—p—H-
U p—n—p-tina. TpaH3uCTOpHl n-p-n-THIA
NONYUHSIOTCH CNENYIOLIMM TIpaBUnaM (mist
TPAaH3UCTOPOB p—n—p-THIA MPaBUIa COXpa-
HAIOTCS, HO CNEMYET YYECTh, YTO HOJAAPHOC-
TH HaNpPsDKEHHIA JIOJDKHBI ObITh NU3MEHEHBI Ha
MIPOTUBOTIONOXHBIE):

1. Konnekrop umeer Gosiee MONOXKUATENb-
HBIH TIOTEHUMANT, YEM IMUTTED.

2. llenn 6a3a—3MHUTTEp U 06a3a—KOJIEKTOD
paboTalor Kak auonsl (puc. 2.2). OOnyHO
nuon 6aza—3MHITEP OTKPHIT, a AHOA Oaza—
KOJLIEKTOP CMEILIEH B OOpaTHOM HarlpaBie-
HUM, T. €. IIPWIOKECHHOE HATIPSKECHHE Ipe-
HATCTBYET MPOTEKAHUIO TOKA Yepe3 Hero.

3. Kaxapiii TpaH3UCTOp XapaKTepH3yeTCs
MaKCUMAJIbHbIMU 3HaYeHuamu [, I, u U,
3a TIpeBBILICHUE STHX —— I'IpI/IXOIII/IT-
Cf pacIIauMBaThCS HOBBIM TPAH3UCTOPOM

Konnekrtop
Ba3a~’< ~< %
IMutTep
npn
S
bK
TD-92
Puc. 2.1. YcnoBHbie 0003HaYeHHs TpaH3UCTOpa M

MaI€HbKUE TPAH3UCTOPHBIE MOIYIU.

™ 3

Puc. 2.2. BoBoasl TpaH3UCTOpA C TOYKH 3PEHUS OM-
METpa.

(TUNMYHbIE 3HAYEeHHUS] TPHBEACHHI B TaOJI.
2.1). Cnenyer OMHHMTD M O NPeae/IbHBIX 3HA-
YEHWSIX IPYTUX TIapaMeTPOB, HATIpUMeED, pac-
ceuBaeMoii momwHoct ([, U, ,), Temnepa-

Typbl, U, n ap.

4. ECJIM npasuna 1—3 cobmoneHsl, TO TOK
I, IpsIMO TIPOTIOPLIMOHANIEH TOKY I, ¥ MOX-
HO 3aImucaTth CAEAYIOUIee COOTHOLICHHE:!

2]3 BI

te hy o — Koacblbnunem YCWICHHMS TI0 TOKY
(obo3Havaemblit Taxke f), 0OOBIYHO COCTAB-
asier okosio 100. Toxu I, wm I, BTekawor B
IMHUTTEp. 3aMeYaHHe: KO)'UICKTOpHLIPI TOK HE
CBSi3aH C TPsSIMOI TPOBOAWMOCTBIO AUONA
6a3a—KOJUIEKTOpP; 3TOT OUOJI CMELIEH B 00-
paTHOM HamnpapieHWH. ByJeM npocTo cyu-
TaTh, YTO «TPAH3HUCTOP TaK paboTaer».

[IpaBwio 4 onpenenscT OCHOBHOE CBOI-
CTBO TpaH3MCTOpa: HeGONBIION TOK 06a3bl
yTipaBisieT 6OMBINM TOKOM KOJUIEKTOpa.

3aroMHuTe: napaMeTp 4, ., HEb3s Ha3BaTh
«yROOHBIM»; JUIsE PadIMuHBIX TPAH3UCTOPOB
OIHOTO M TOTO Xe THIIA €r0 BEIWYMHA MO-
XeT U3MEHAThCH oT 50 fo 250. OH 3aBucUT
TAKXE OT TOKA KOJUIEKTOpa, HamlpgXeHUs
MEXIY KOJUICKTOPOM U DMUTTEPOM U TEMIIE-
patypbl. CxeMy MOXCHO cyumams HA0OXOU,
eCcAU Ha ee XapaKmepucmuKy eausem eesul-
Ha napamempa h,, .

Paccmotpum mnpaswio 2. U3 Hero crnemy-
€T, YTC HanpsiXeHue Mexay 6a30M U IMUT-
TEPOM HENB351 YBENNYMBATD HEOIPAHUYECHHO,
TaK Kak, eclny noteHuuan 6a3sl Oyder mpe-
BBILIATh NOTeHLIMAN SMUTTEpa Gosiee yeM Ha
0,6—0,8 B (nmpaMoe HamlpsKeHHe AWOMA),
TO BO3HUKHET OuYeHb Oonbiiioi ToK. Crieno-
BaTe/bHO, B paboTalouieM TPaH3HUCTOPE Ha-
TIpSDKEHUA Ha 06a3e ¥ SMUTTEPE CBA3AHbI ClIe-
AylolUuM cooTHoweHuneM: U = U, +
+ 0,6 B (U, = U, + U,). Emepa3yToq-
HMM, YTO MOJISIPHOCTH HANPSKEHUM YKa3aHBI
1S TPAH3UCTOPOB H—p—n-TUTA, UX CIACAYyeT
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HM3MEHUTb Ha MIPOTUBOTIONIOXHBIC [UISI TPaH-
3UCTOPOB p—N—p-TUMA.

OO0paiaeM Balle BHUMAaHHWE HA TO, 4TO,
KaK yXe OTMEYaJoCh, TOK KOJUIEKTOpa HeE
CBA3aH C IPOBOAMMOCTBIO nuona. Jeno B
TOM, YTO OOBIYHO K IMOAY KOJLIEKTOp—0a3a
TIPUIOXKEHO 0o0paTHOEe HampsbxeHue. bornee
TOFO, TOK KOJJIEKTOpa OYE€Hb MAJIO 3aBHCUT
OT HaNPXCHUS Ha KOJUIEKTOpe (3TOT nuon
nogobeH HeGONMBUIOMY WCTOYHMKY TOKA), B
TO BpeMs KakK MpPsiMOH TOK, a CIEedOBaTeNb-
HO ¥ MPOBOAUMOCTDb JAOAA PE3KO YBEINYM-
BaIOTCSI IPH YBEIUYECHUM IIPWIOXKEHHOTO
HAIpsXKeHUS.

HEKOTOPBIE OCHOBHBIE
TPAH3UCTOPHBIE CXEMBbI

2.02. TpaH3ncTOPHbIH NEePeK0IaTEh

PaccMoTpuM cxeMy, H300paXXeHHYIO Ha PUC.
2.3. Ora cxeMa, KOTOpas ¢ MOMOIUBIO HE-
OOJIBIIOTO YNPABJSIONEr0 TOKA MOXET CO-
31aBaThk B JPYTOM CXEME€ TOK 3HAYMTEJIBHO
6onblieil BeIMYUHBI, HA3HIBAETCSA TPaH3HUC-
TOpHBIM MepeKioyareneM. Ero paboty no-
MOTaloT TOHATh MPAaBWia, MPUBEICHHLIE B
npeablayieM pasgesie. Korga KOHTakT me-
PEKITIOUATENS] PA30MKHYT, TOK 0a3bl OTCYT-
CTBYeT. 3HAYMT, KaK CICAyeT U3 IpaBwia 4,
OTCYTCTBYET U TOK KoJulekTopa. Jlamma He
TOPHT.

Korna nepexkmouartenb 3aMKHYT, Harps-
xenue Ha 6ase cocrabnser 0,6 B (amox
6a3za—3MUTTEP OTKpHT). [laneHue Hamps-
KEeHHs Ha pe3sucTope 0asbl cocTapisiet 9,4 B,
CJeIOBaTeNIbHO, TOK 0a3bl paBeH 9,4 MA.
Ecau, He moayMaB, BOCIIO/Ib30BaThCS Mpa-
BWIOM 4, TO MOXHO MOJIYYUTh HEMPABWIb-
Hblik pesynaeTat: [, = 940 MA (w1s THIIHY-

+10B
Mexanu- Namna
yeckui 108,01A
nepexnio-
yatenb
1,0
KOM

Puc. 2.3. TlpuMep TpaH3UCTOPHOTO MEpEKIOYATENS.

Horo 3HauyeHus B = 100). B yuem xe ouuo-
Ka? [eno B TOM, YTO MpaBUIO 4 NEHCTBYET
JIMLIb B TOM CJIy4ae, eciii cOBMIoaeHO mpaBu-
Jo 1; ecnu ToK Koywiekropa noctur 100 MA,
TO MaJeHue HANMPSDKEHUSI HA JlaMIle COCTaB-
jgster 10 B. Inst Toro 4uroObl TOK ObUT ele
6osbile, HyXHO YTOObl MOTEHLMANA KOJUIEK-
TOpa ObLI MEHBUIE MOTEHLMana 3emMid. Ho
TPAH3UCTOP HE MOXET TMEPEHTH B TaKOe CO-
crogHue. Koraa moreHUMaa KOJJIEKTopa
MPpUOMXAETCA K MOTCHUMATY 3eMJIM, TPaH-
3UCTOP TEPEXONUT B PEKUM HaChILIEHUS (TH-
MMUYHEIE 3HAYEHUST HATIPSDKEHUST HACHILIEHUS
nexar B auanasone 0,05—0,2 B, cMm. npuio-
xenre X) M W3MEHEHMUE NMOTEHIMAaNa KOJ-
JIeKTOpa Ipekpauaercsi. B Haiem ciyvae
JlaMma 3aropaeTcsi, Koraa mafeHue Hamps-
XeHUs Ha Hel cocrtapisger 10 B.

Ecim Ha 6a3y nomaeTcsi U30BLITOYHBIH CHUT-
Han (Mbl UCTONB30OBAIH TOK 9,4 MA, xoTs
JIOCTaTOYHO ObLIO OBI UMETH 1,0 MA), TO cXe-
Ma HE TPaTUT 3TOT U30LITOK; B HALLIEM CIIy4ae
3TO OYEHb BBIFOXHO, TAK KaK Y€pe3 JiamIy
npoTeKaer OONbLIOH TOK, KOraa OHa Haxo-
OWUTCSE B XOJIOMHOM COCTOSSHUM (COIIPOTHB-
JNIEHHWE JIaMIIbl B XOJOAHOM COCTOSIHMHU
B 5—10 pa3 MeHblue, YeM IIpU MPOTEKAaHUU
pabouero Toka). KpoMe Toro, npu HeGO/Mb-
LIMX HATPSDKEHUAX MEXAY KOJUIEKTOpOM M
6a30i1 yMeHbillaeTcd K03 dULMEHT B, a 3Ha-
YWT, AJIS TOrO YTOOBI IEPEBECTH TPAH3UCTOP
B PEXUM HACHILLEHHS, HYXKEH NOTIONHUTENb-
Hblit TOK 6a3bl (cM. npwioxenne XK). MHor-
J1a K 0a3e MOAK/IIOYAIOT pe3ucTop (C corpo-
TUBJIeHHeM, HarpuMep, 10 kOM), mns Toro
yTOOBl NMPH Pa3’OMKHYTOM IIepekiioyarese
NnoTeHI1Man Ga3bl HaBEpHSKa ObLT PaBEH MO~
TEHLMAJy 3€MIH.

3TOT pe3ucTOp HE BIUSET Ha paboTy cxe-
MBI ITPH 3aMKHYTOM MEPEKITIOYATe/e, TaK KaK
yepe3 HEero IpoTeKaeT JUILb Majiast JOJIst TOKa
(0,06 MA).

ITpu pa3paboTKe TPaH3UCTOPHBIX [EPEKITIO-
yaTesiel BaM MPHUTOIATCS CNCAYIOLIKE PEKO-
MEHAALWH:

1. ConpoTuBieHue pe3ucTopa B LU 6a3bl
JIyudiire 6paTh MOMEHBIIE, TOTIAa U30bITOUHBIN
0a30Bbilt TOK OyAeT Goibilie. DTa PEKOMEH-
JaLusi oCOOEHHO MOJIe3HA VISl CXEM, YTIpaB-
JISIIOLMX BKJIIOYEHHEM JIaMII; TaK Kak MpH
HU3KOM 3HayeHnu U, yMEHbLIAETCS U KO-
s¢pdunieHT B. O HeH cieayeT NMOMHHTH
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+U,

Puc. 2.4. Ilpn noaxmo4eHUN MHAYKTHBHOM HAarpy3ku
cllefyeT BCeTia HCHOMb30BaTh MOAABNSIOMINIA HOL.

U fipy pa3paboTke ObICTPOACHCTBYIOLIMUX M€-
peKJTiouaTesicil, Tak Kak Ha OYEHb BBICOKMX
YacToTax (NMOpsaKa MeErarepil) NpOsSBIAIOT-
s EMKOCTHBIE 3¢h(eKThl ¥ YMEHBLUAETCS 3Ha-
yeHHe KoaduuueHta B. Jnd yBeandyeHUs
ObICTpOISICTBIA K 6a30BOMY PE3UCTOPY Ma-
PALIEABHO TIONKITIOYAIOT KOHACHCATOP.
2. Ecnu nmoteHUMan HArpy3ku no Kakou-
00 TIpUYMHE MEHBILE MOTEHUHMANTA 3€MIU
(HampuMep, €CJIM Ha HATPY3Ke NEHCTBYET Ha-
IpSXEHHE NMEPEMEHHOTO TOKA WIM OHAa WH-
OYKTHBHA), TO MapaUieIbHO KOJUIEKTOPHO-
My TEepeXoay cleoyeT MOAKAIOYHTH JUOMA
(MOXHO TakXe UCIOJIb30BaTh AMOX, BKIIO-
YeHHBIH B OOpPaTHOM HAmpaBJIeHUM TO OT-
HOLICHHUIO K TIOJIOXWTENbHOMY TIOTEHINATY
UTaHMs), TOrAa LEMb KOJUIEKTOp—06a3a He
OyneT MpoBOAMTH TOK NMPU OTPUIATEIBHOM
HanpsXeHUM HAa Harpyske.
3. ITpu ucnonb30BaHUM MHAYKTHBHBIX Ha-
IPY30K TPAH3UCTOP CAEAYeT MPeJOXPaHATb
¢ MOMOIUBIO HHOAQ, MOAKIIOYEHHOTO K Ha-
Ipy3Ke, KaKk nokasaHo Ha puc. 2.4. Ecmu
NIePEKITIOYaTeITh PA3OMKHYT, TO B OTCYTCTBUE
IMOIA Ha KOJUIeKTOope OymeT AeiiCTBOBATh
60/IblI0€ TONOXUTENBHOE HATPSIXKEHUE,
cKopee BCETO IMpeBhIlIaliliee 3HaYeHHE Ha-
NpAXeHUs Tpolost LI HENU KOJUIEKTOP—
IMUTTEP. DTO CBSA3AHO C TEM, YTO HHOYK-
THBHOCTb CTPEMUTCSI COXPAHUTB TOK BKJTIO-
YEeHHOrO0 COCTOSIHUS, NMPOTEKAOWHKHi OT
HCTOYHMKA U, K KOJUIEKTOPY (BCTIOMHMTE
CBOMCTBA MHAYKTUBHOCTEiH B pas3n. 1.31).
TpaH3uCTOPHBIE TIEPEKITIOYATEITH O3BOJISI-
10T MPOU3BOAUTH NEPEKIIOUEHUE OYEHB ObIC-
TPO, BpPEMsI TEPEKIIOYEHHUS HU3MEPSIETCA
0OBIYHO I0JIMU MUKPOCeKYHI. C HX MOMO-
HIbIO MOXHO NepeKIIoYaTh HECKOIBKO CXEM

OIHHUM YTIpaBISIOIIMM curHasioM. Ellie ogHo
JOCTOMHCTBO TPaH3HUCTOPHBIX NEPEKITIOYATE-
JIel COCTOMT B TOM, YTO OHU A3I0T BO3MOX-
HOCTb ITPOM3BOAXTD AUCTAHLIMOHHOE «XOJION-
HOE» MEPEKTIOIEHUE, ITPY KOTOPOM Ha mepe-
KITIOYATE/IM OCTYMAIOT TOJIBKO YNPaBJISIOLINE
CUTHAJTBI TTOCTOSTHHOTO TOKA. (ECAM «rOHATH>
CaMH ITEPEKITIOMaeMbI€ MOIIIHBIE CHTHAIERL, TO
TIpU TIepeaye MxX Mo KabejisiM MOTYT BO3HU-
KaTb eMKOCTHEIE BBIOPOCHI, 3 CUTHAIBLI MOTYT
CWIBHO OCJIa0NsIThCS).

Tpansucrop B ob6pase wenoseka. Puc. 2.5
JAaeT MpeACTaBIeHUE O HEKOTOPBIX OrpaHM-
YEHHsIX, CBOMCTBEHHBIX TpaH3ucTopy. [Ipen-
CTaBUM ceOe, YTO 3aJaya YejJoBeKa Ha PHC.
2.5 coctouT B TOM, 4TOOBI OOECIeYMBATH
BBHINIOIHEHUE COOTHOWeEHus [, = h,, I;
MpPH 3TOM OH MOXET YIIPaBJIATH TOJBKO Ile-
peMeHHBIM pe3ucTopoM. MTak, oH MOXeT
€O3/1aTh KOPOTKOE 3aMbIKaHHE B cxeMe (pe-
XHMM HAaCBHIHIEHHMS), WIH Pa3OMKHYThb €€
(TPaH3MUCTOP B BHIKJTIOYEHHOM COCTOSTHUH),
WIH CO3/1aTh KaK0e-TO MPOMEXYTOYHOE CO-
CTOSTHHE; OH HE UMEET NpaBa UCNONb30BaTh
OaTapeM, UICTOYHUKHU TOKA U T. 11. He cre-
JIyeT, ODHAKO, IyMaTh, YTO KOJUIEKTOD TPaH-
3UCTOpA Ha CaMOM [ie/ie MOXOX Ha pe3uc-
TOp. DT0 He Tak. YenoBeK cTapaercs cle-
JIaTh TaK, YTOOBI Yepe3 HEro BCE BpeMs

3

Puc. 2.5. «TpaH3UCTOPHEIA YeNoBeK» CAEAUT 33 TOKOM
6a3bl ¥ perypyeT BLIXOAHOM peocTar [l TOro, YToOsl

BbIXOZXHON TOK GbUT B A, , Gosbiie TOKa 6asbl.
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MPOTEKal NMOCTOSHHBIM HEHM3MEHHBI TOK
(BeIMYMHA 3TOTO TOKA 3aBUCHUT OT IIPJIO-
XEHHOTO K Da3e HAPSHKEHUS).

Cnenyer TIOMHMTB, YTO B JII00OM 3amaH-
HBI MOMEHT BPEMEHHU TPaH3HCTOP MOXET:
a) ObITh B PEXHME OTCEYKH, T. €. BBIKIIO-
YUTHCH (OTCYTCTBYET TOK KQJUIEKTOPA);

6) HaXODWUTBLCSA B AKTUBHOM peXXuMe (He60b-
1O TOK KOJUIEKTOPA, HATIPSKEHUE Ha KO-
JIEKTOPE BHIILIE, YeM Ha 3IMHUTTEPE);

B) HepedTH B PEXWM HaCHIlLIEHUsA (Hampsi-
JKeHMe Ha KOJUIEKTOpe MPUOIHU3UTE/IBHO PaB-
HO HanpsKeHHUIo Ha amutrepe). bomee mon-
POOHO peX1M HACHILIEHUSE TPAH3UCTOPA OTU-
CaH B MpWIOXeHUH XK.

2.03. DMHATTEPHBII NOBTOPHTEND

Ha puc. 2.6 mokazaH 3MUTTEPHBII TOBTO-
putenb. OH Ha3BaH Tak NMOTOMY, YTO BBI-
XOIHOM CUTHAJl CHUMAeTCs C SMUTTepa, Ha-
MPSOKEHUE Ha KOTOPOM PaBHO HATIPSXKEHUIO
Ha Bxoje (Ha 0a3e) MUHYC MaJcHHE Harps-
XeHus1 Ha Auone (Ha mepexone 6a3a—d>MHUT-
tep): U, = U, — 0,6 B. BoixonHoii curHai no
(opMe noBTOpsSET BXOIHOMN, HO YPOBEHB €TO
HanpsexkeHus Ha 0,6—0,7 B Huxke. [Ing npu-
BEICHHON CXeMbl BXOJAHOEC HAIIPSXEHMHE
U, IOMXHO COCTaBJATh MO KpaiHed Mepe
0,6 B, vHaye BBHIXOJHOE HaTpsDKEHHE OyaeT
paBHO MOTeHLMAaNy 3eMiIH. Eciu K aMUTTEp-
HOMY PE3UCTOPY MOAKITIOYUTH HCTOYHMK OT-
PHIIATEABHOTO HANPSXEHHsI, TO BXOXHOM
CUTHAN MOXET OBITh OTpULATENIbHBIM. O0-
paTMTe BHUMAaHHUE, YTO B SMUTTEPHOM MO-
BTOPUTENIE OTCYTCTBYET PE3UCTOP B KOJUIEK-
TOPHOM LIEITH.

Ha nepBbiif B30I 3T CXeMa MOXET IO-
KasaThcs Oecrione3Hoi, HO 1o B TOM, YTO
€€ BXOOHON WMIIEAaHC 3HAYMTENLHO B6OMb-

+10 8B

Puc. 2.6. OMurrepHbIii NOBTOPHUTEND.

Nepeblit
ycunuTens

Bropo#n
ycunurens

QD= - ll

Puc. 2.7. IlpencraBuM «HarpyakKy» CX€Mbl KakK [eju-
TeJb HANPSDKEHHUS.

1I¢, YeM BBIXOOHOM. M3 3toro cienyer, uro
HCTOYHMK BXOAHOTO CUTHaa OyIeT OTaaBaTh
MEHBIIYI0O MOUIHOCTH, €CTH HArpy3Ky MNOJ-
KJIIOUMTh K HEMY HE HEIOCPEACTBEHHO, a
yepe3 IMUTTEPHbBIA MOBTOPUTENL. [1o3TOMY
00Jagaoluii BHYTPEHHUM UMIIEAaHCOM UC-
TOYHHUK (MMEETCS B BMIY €ro SKBHBAJICHT-
Hasl cXeMa) MOXET 4epe3 MOBTOPUTEND
paboTaTh Ha Harpy3Ky, KOTopasi oOjaxaer
CPaBHUMBIM WU Jaxe Oonee HU3KUM UM-
MeIaHCcoM, 0e3 MOTepH aMIUTUTYIbl CUTHAIA
(3Ta 110TEPSt HEU30EXKHA TIPY NMPAMOM BKJIIO-
yeHUU K3-3a 3ddexTa ACTUTEN HApIxXe-
HMsA). UHBIMM CnOBaMM, SMHTTEPHBIH I1O-
BTOPUTENIb OOCCIIEUMBAET YCUJIEHHUE IO
TOKY, XOTA ¥ HE€ JaeT yCWIeHHUS IO Hamnps-
xenuo. OH Takke 00eCnieYMBAET YCUICHHE
no MoluHocTU. Kak BuaMTE, YCHIIEHUE IO
HATIPSXKEHHUIO 3TO ellle He Bee!

HWmnenanc ucerounnka u narpysku. [loc-
JieHee 3aMedyaHhe OYEHb BAXHO, TO3TOMY
3allepXMM Ha HEM CBOE BHUMAaHHE, IIPEXIE
YeM MPUCTYIMUTb K BHYUCICHUSAM, CBSI3aH-
HBIM CO CBOMCTBAMH 3MHUTTEPHBIX IIOBTOPH-
teneil. [lpu aHanu3e 3NEKTPOHHBIX CXEM
BCErJa CTPeMSTCS CBS3aTh BBIXOLHYIO BEJTH-
YUHY C KaKohH-1M60 BXOAHOM, Kak, HANpU-
Mep, Ha puc. 2.7. B xauecTBe MCTOYHHMKA
CHTHa/la MOXET BbICTYIATh BBIXOX YCHIH-
TEJIbHOIO Kackana (C 3KBUBAJIEHTHBIM TTOC-
JefOBATENbHLIM UMIeNaHcoM Z_ ), K KO-
TOpPOMY TOAKIIOUEH €lle OAUH KacKal WU
Harpy3ka (objagamoiias BXOJHbIM UMIIEAAH -
coM Z_ ). BooGlue roBops, Harpy304HbI# 3¢-
bexT crenyomero Kackaia nposBiscTcs B
ocyia0JIcHUM CUTHaja, O YeM Lja pedyb pa-
Hee B pasn. 1.05. B ¢Bsizu ¢ 3TMM 0OBIYHO
CTPEMSITCS. K TOMY, YTOOBI BHITTOJIHSLIOCH YC-
nopue Z, <K Z  (TPaKTHYECKOE MPABMIO
PEKOMEHIYET MCIIONb30BaTh KOI(PPULIMEHT
10, yTO Ha caMOM Hesie BechbMa YIOOHO).
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B HexOTOpBIX C/Ty4YasiX BIIOJHE MOXHO TIpe-
HeOpeub 3TUM 00IMM TpeGoOBaHUEM [
obecrieyeHuss CTaOUIBLHOCTH MCTOYHHKA IO
OTHOLUCHHIO K Harpy3ske. B yacTHOCTH, eciiu
Harpy3ka TOIKJHOYCHA Bcerda (HaIlpumep,
BXOZUT B COCTaB CXEMBbI) M €CJIM OHA IIpe-
CTaBJSIET COOOM M3BECTHYIO M IIOCTOSIHHYIO
BEIMYMHY Z , TO HET HMYEro OMACHOIO B
TOM, YTO OHAa «HArpyXaeT» UCTOYHMK. Tem
He MeHee XyxXe He byzneT, ecii ypoBEeHb CHT-
HA&JIa HE U3MEHSIETCS TIPU MTOIKTIOYEHWH Ha-
rpy3ku. Kpome toro, eciu Z_  vaMeHseTcs
NMPH M3MEHEHHWHM YPOBHSI CUTHAJA, TO CTa-
OwibHbIA HCTOYHUK (Z, <K Z ) obecnieum-
BACT JIMHEHHOCTh, a HCJUTEb HAIIPXKEHUS
HAaeT UCKaXKEeHUE JIMHEAHOM 3aBUCUMOCTH.

HakoHeu, B ABYX ciyuyasx yCJlOBUE
Z,..<Z  cobmonatb NpocTo HENb3S: B pa-
AMOYACTOTHBIX CXEMax MMIEIAHCH OOBIYHO
BBIDABHUBAWT (Z, = Z_) N0 NPUYMHE, KO-
TOPYIO MHEI OOBSICHUM B TJ1. 14. Bropoe uc-
KJIIOYCHHE OTHOCHUTCA K CNy4alo, KOrjaa Iie-
penaBaeMbIM CUTHAJIOM SIBISETCS] HE HAIIpsi-
XKeHHE, a TOK. B 3TOM ciyyae cuTyalus
MEHSIETCS HAa NIPOTHBOMOIIOXHYIO, H HYXHO
CTPEMMTBLCS K BHIMOMHEHMIO ycaoBua Z <K
2, (U151 MICTOYHMKA TOKa Z,,, = ).

Bxoanoii HMneAanc H HMOEAAHC SMHTTEP-
Horo nosropurens. ITak, SMUTTEPHbBIH IO-
BTOPHUTENb 00JialacT CrIOCOOHOCTBIO COTJia-
COBBIBaTh UMIIEAAHCH HCTOYHHKOB CHUTHA-
JIOB M Harpy3ok. B atoM m cocrouT ero
Ha3HaYCHUE,

HaBaiiTe mojcyYUTaEM BXOXHOI M BBIXOI-
HOW MMICAAHC SMUTTEPHOTO TIOBTOPUTEIS.
[IpeAnoaoXUM, YTO B NPHBEAEHHOH CXeMe
B KaUECTBE HAarpy3kd BBICTYIAET PE3HCTOD
R (Ha mpakTHKe WHOTAA Tak ¥ ObIBaeT, B
APYTHX CIIy4Yasix Harpy3Ky MoAK/o4aliorT ma-
pajuieibHO pe3ucTtopy R, HO mpu napan-
JENBHOM COE€IMHEHUU TIPe06IaiacT COlpo-
tupiacHue R). [lycts HampsokeHHMe Ha 6ase
M3MEHWJIOCH Ha BEIMYMHY AUj; COOTBETCTBY-
[olIee HaNpsKeHUE Ha SMHUTTEPE COCTABHT
AU, = AU,. OnpegenuM HM3MEHEHHME TOKa
smutrepa: AU, = AUy/R, paBHoe Al =
= [1/(hy+ DAL = AU/ R(h,,,+ 1) (¢ yue-
TOM Toro, yro I, = I + I). BxoaHoe
COMpPOTHUBAEHUE CXeMbl paBHO AU,/AL,
CJ€I0BATEJIbHO,

r, = (h,, + DR.
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Koadduumnent B (4,,) o6pIYHO HMEET
3HaueHne okoio 100, mo3ToMy momkiioye-
HUE HATpy3KH C HEOOJIBIIMM HMMIIEIAaHCOM
MPUBOAUT K TOMY, YTO MMITEIAHC CO CTOPOHBI
0a3bl CTAaHOBMUTCS OYEHb OOJBIIMM; C TaKOM
Harpy3kom cxeMme JIETKO paboTath.

B BBITONMHEHHOM TOJIBKO YTO TPeobpa3o-
BaHMM, KaK ¥ B I71. 1, MbI UCHOJIb30BANHU I
0003HAYEHUA HEKOTOPBIX BEJIMUMH CTPOYHBIE
OyKBbI, HalpUMEpP A, ;, TeM CaMBIM MbI
yKa3ai, YTO UMEEM JEJIO C MPUPAIIICHUSIMU
(ManbLIMKM cCHTHaIaMK). Yale BCero Hac MH-
TEpecyeT U3MEHEeHME HaNpsCKeHMsT (I TOKa)
B CX€M€, a HE MOCTOSIHHBIE 3HAYCHMSA (MK
3HAYEHUS TIO0 TOCTOSTHHOMY TOKY) 3THX Be-
JvaviH. O4CHb YacTO 5TH U3MEHEHUS MaJIbIX
CHUTHAJIOB U MPEACTABIAIOT OO0 pealbHbIA
CHUTHaN, HalpUMeEp, B YCWINUTENE 3BYKOBBIX
4acTOT, KOTOPBIif HMEET YCTOMYUBOE «CMe-
IeHUEe» IO IMOCTOSSHHOMY TOKY (CM.
pasn. 2.05). Pasznmuune mexmy xoaddwuiu-
€HTOM YCUJIEHUS TI0 IIOCTOSTHHOMY TOKY (4, )
# K03(pGhUIHMEHTOM YCWICHHS MO TOKY IS
MaJIOTO CWIHANa A, He BCELAA OYEBMIHO,
U JUIS TOTO W UISI IPYTOTO CJIydasi HCITONIb3Y-
0T TIOHATUE Ko3dduLMeHTa ycuieHus f.
Ecau yyects, uto h,, = h, ., (33 HCKIIOYE-
HUEM OYE€HDb BHICOKHX YACTOT) U B OOJIBLIMH-
CTBE CJIy4aeB HHTEpeC MPEICTaBIsIeT He TOY-
HOE, a MPUOJIU3UTENbHOE 3HAYEHHE 3TOTrO
k03¢ dulMeHTa, TO MCHOJIb30BAHHE KO3(h-
(unuenTa B BNOJHE JOMYCTHMO.

B nonyyeHHOM cOOTHOLIEHUH QUTYpUpy-
IOT aKTHBHbIE COMPOTUBICHHS, OIHAKO €r0
MOXHO 0000IIMTD ¥ PACTIPOCTPAHHMTD Ha KOM-
IUIEKCHbIE MMIIEJAHCHl, €CJIM MEePEeMEHHbIC
AUG, Al 1 p. 3aMEHUTDb X KOMIUIEKCHBIMH
NpeaCcTaBICHUAMU. B pe3ynbraTe Imomydyum
NPaBWIO MpeobPa30BAHMA UMIICJAHCOB IS
3MUTTEPHOTO TTOBTOPUTEIS:

Z,=(,*tDHZ,.

ITponenas aHamorudHeie npeobpa3oBa-
HUS, HAWAEM BBIXOJHOM HMIICAAHC SMMT-
TEPHOTrO MoBTOpHMTENA Z (MMIEAaHC CO
CTOPOHBI DMUTTEPA) IPH HCIOJb30BaHUH
UCTOYHMKA CUTHAIA C BHYTPEHHHM HMIIE-
naHcom Z, :

Znux = Zuc’r (h2|3+ 1)

CTpOI‘O roBops, B BBIXOAHOM HMMIIEdaHC
CXCMBbI HAA0 BKJIIOYUTH M COIIPOTHUBICHHEC
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napauieJbHOro pesucropa R, Ho Z_
(MMIIeIaHC CO CTOPOHBI 3MUTTEPa) UIpaeT
OCHOBHYIO pOJib.

‘Vopaxunenne 2.1. TlokaxuTe, YTO IPUBEACHHOE BhIlIE
COOTHOIeHMe cripaBeminpo. IToackaska: HailovTe HM3-
MeHEHHE BBIXOIHOTO TOKa IPH (PUKCHPOBAHHOM Harmpsi-
XCHHUY HCTOYHUKZ U 3alaHHOM H3MCHCHUHM BBIXOIHOIO
HANpSAXKCHHA. qure, 4YTO HANPAXKCHHE HCTOYHHKA
nofaeTcd Ha 0asy 4yepes ero HOCHEAOBATENbLHO BKIIIO-
YCHHOC BHYTPCHHEC COIIPOTUBJICHHC.

brnaromapss TakuM MHOJIE3HBIM CBOMCTBAM
SMUTTEPHBIC MMOBTOPUTEIYU HAXOLAT LUMPO-
KO€ NMPakKTHYECKOE IPUMECHEHHE, HATIPUMED,
TIpH CO3IaHWUU BHYTPH CXeM (WIH Ha UX Bbi-
XOl¢) HCTOYHMKOB CUTHAJIOB C HU3KUM HUM-
MeAAHCOM, MPH ITOTYYCHUH CTAOWIbHBIX 3Ta-
JIOHHBIX HaNpsDKEHWI Ha OCHOBE STAJIOHHbIX
HMCTOYHUKOB C BRICOKMM UMITETaHCOM (cop-
MMPOBaHHBIX, CKaXeM, C MOMOIIBIO ACIIH-
TeNnel HanpsDKeHWs1) U IS M30JSILMU UC-
TOYHWUKOB CUTHAJIOB OT BJIMSHUSA NOCIAEAYIO-
LIMAX KaCKalloB.

Vopaxnease 2.2. Ha OCHOBE SMUTTEPHOIO MOBTOPHTE-
J51, K 6ase KOTOpOro NOAKIIOYEH IEIUTENb HaNpsXCHHs,
co3zaiiTe cxeMy MCTOYHHKa HampspkeHus +5 B npu ycuo-
BHUM, YTO UCMONB3YETCH CTAOWIM3HPOBAHHBIN UCTOYHUK Ha-
npsixeHMs nmutanus +15 B. Tok Harpy3ku (MakCHMMaJIbHEIH)
paseH 25 MA. CoTIpOTHRICHHE PE3HCTOPOB CleAyeT BHGpPaTh
Tak, YTo0B! MPH MOAKITIOYEHHH NIOJHOK HATPY3KM HaMpske-
HME Ha BBIXOJIE H3MEHSUTOCH He Gonee yeM Ha 5%.

HekoTopsie 3aMeuaHnst N0 NOBOXY SMHTTEP-
X nosTopurtened. 1. Otmernm (pasn. 2.01,
TIPaBUJIO 4), YTO TPAH3UCTOP n—p—N-TUMA B
SMUTTEPHOM TOBTOPHUTENIE MOXET TOJBKO
oTaasaTh TOK. Hampumep, wis cxemsl, 1o-
Ka3aHHOI Ha pHC. 2.8, BEIXOAHOE HANPSIKE-
HHE B MTOJIOXMUTENIbHOM MONYTUIOCKOCTU U3-

+10 B

Puc. 2.8. U3 SMHTTEpHOrO MOBTOPUTENA n—p—n-THIA
MOXET BBITEKaTb GOMBILIOH TOK, KOTOPBIA GyAeT npore-
KaTb 4epe3 TPAH3UCTOP, BTEKATh K€ MOXET OTpaHUYCH-
HOe KOJIMYECTBO TOKA M JIMILb Yepe3 SMUTTEPHBIN pe3H-
cTOop.

+10
Bxog

@
g ﬂﬁa s
x
3 Bpema
5 -58B
I 44, ”

OrpaHuyeHue
-10

Puc. 2.9. DMUTTEpHbIIl MOBTOPUTENb #—p—n-THMa KakK
cxeMa QOPMHPOBAHHMS aCHMMETPUYHOTO TOKOBOTO CHI-
HaJa.

MEHSETCS B IIPEesIax HaNpssKeHUs Hachllie-
HHMS TpaH3uctopa U, (YTo cocTaBisieT
+ 9,9 B), B OTpHLIATEIBHOM TOMYTUIOCKOCTH
OHO OrpaHHUYeHO 3HaYeHueM — 5 B. Oro ces-
33HO C TE€M, YTO TPH YBEIHYCHUM OTpHLa-
TEJIBHOTO HANPSIKCHUsI Ha BXOAE TPaH3MC-
TOP B OTIPENEIECHHBI MOMEHT IIPOCTO BBIK-
JIIOYAETCS, HANPSDXEHHUE HA BXOAE COCTABIISET
rnpu 3toM —4,4 B, a He Beixoae — 5 B.
HanbHeilliee yBeIUYCHUE OTPHULIATETLHOTO
HANpsSDKEHUST Ha BXOJE MPUBOIUT JIULIL K 00-
paTHOMY CMEILEHHUIO mnepexoga 6a3a—3MuT-
TEep, HO Ha BHIXOHE 3TO HUKAK HE MPOSBIIS-
ercd. BeixomgHoit curHam sl BXOOHOTO CHU-
HYCOMIAIBHOTO HANPSIKEHUs1 C aMIUIUTYIOMU
10 B nokasad Ha puc. 2.9.

MoXHO TaKXe pacCMaTpUBaTh MOBEACHUE
3MHUTTEPHOTO MOBTOPUTES, HCXOAS U3 TOTO,
YyTO OH ObNamaeT HEOONBIUMM BBIXOAHEIM
HMMITIEIAHCOM [UISI MAJIOTO CUTHAJA (ITHHAMU-
yeckuii umnenanc). Ero BbIxoaHoi wMIie-
JaHC UIsi OONBLIOrO CUTHala MOXET ObITh
3HAYUTEJIBHO Gosnblie (paBeH R,). MaMene-
HME MMIICNAHCA OT TEPBOTO 3HAYCHUSA KO
BTOPOMY MPOUCXOAUT B TOT MOMEHT, KOIIa
TPAH3UCTOP BBIXOAMT U3 AKTUBHOTO peXUMa
(B HallIeM ITpUMEPE TIPU HATMIPSDKEHUM Ha BbI-
xone —5 B). MHaue roBopsi, HEGONbILIOH BbI-
XOOHOM MMIIEHAHC VISl MAJIOTO CMTHAaIa HE
03HayaeT elle, YTO CX€Ma MOXET CO3/IaBaTb
6OJIBIION CUTHAI HAa HU3KOOMHOWM Harpyske.
Ecnu cxema vMeeT HeGOMBIION BBIXOAHOMN
HMIIeIaHC 11 MIOr0 CUTHANA, TO U3 3TOrO
He CleayeT, YTo OHa 0o0iamaer CriocoOHOC-
TBIO TIIEPEAaBaTh B HArpy3Ky OOJIBbLLIOH TOK.

Jinst Toro yto6Bl NpeoaoneTh OrpaHuye-
HHUE, IpHCYIIEe CXeME SMUTTEPHOTO MOBTO-
PUTEJIsI, MOXHO, HAalIpUMEDP, B SMUTTCPHOIA
LIeMY MCIIONB30BaTh PE3UCTOP C MEHBIIUM
COTPOTHBJICHHEM (TOTOa Ha PE3MCTOpE U
TpaH3ucTOpe OyAeT pacceuBaTbCs GosblIAast
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Puc. 2.10. Juoxn npepoxpaHseT nepexol 6a3a—3Mur-
Tep OT 1poGos.

MOILHOCTb), WIM HCIIONb30BATh IBYXTAKT-
HYI0 CXEMY, B KOTODO# [IBa TPaH3HUCTOpa
(n—p—n-TMNa U p—n—p-TANA) B3aHMHO
HOMOJTHAIOT Apyr Apyra (pasa. 2.15). Ipo-
OJeMbl TaKOr0 poda BO3HHUKAIOT TaKXe B
TeX C/yyasix, Korja Harpy3ka 3MUTTEpPHO-
ro MOBTOPUTENS UMEET BHYTPU COOCTBEH-
HBIH MCTOYHHK HAMPSIXECHHUSA WIKH TOKa.
IIpuMepoM TaKoii CXeMbl CIYXHT CTaOMIK-
3MPOBAHHBIM UCTOYHMK TUTAHUS (HA Bbi-
X0J1€ KOTOPOTO CTOUT OOBIYHO 3MUTTEPHBIM
MOBTOPUTENB), paboTaloWIUii Ha cxeMy,
COIEepXauIylo COOCTBEHHbII NICTOYHHK K-
TAHHUA.

2. He 3abniBaiiTe, YTO HAIpsSDKEHME MIpo0Os
nepexona 6a3a—d3MHUTTEp IUISI KPEMHHEBBIX
TPaH3UCTOPOB HEBEIMKO M YaCTO COCTABJIA-
er Bcero 6 B. Bxoaubie curHanmi, uMero-
IIIM€ JOCTATOYHO OOJNBINYI0 AMIUIUTYLY VISt
TOTO, YTOOBI BHIBECTH TPAH3UCTOP H3 COCTO-
SHHUS TIPOBOAMMOCTH, MOTYT BbI3BaTh HpO-
foit nepexona (M MOCJenyIOlIee YMCHBIIE-
HUe 3HayeHUs KodbduumeHnra A, ). [dna
HIpeAOXpaHeHUsI OT MMPOGOST MOXHO HCIIOJNb-
3oBats guon (puc. 2.10).

3. KoapduuueHT yCUIeHUS IO HANpsiXe-
HUIO VIS SMHUTTEPHOTO MOBTOPHTENS UMEET
3HayeHHe 4yTb MeHbwe 1,0, Tak Kak mane-
HHE HanpsKeHMs] Ha nepexoie 6a3a—3MHUT-
Tep GaKTUIECKH HE SIBJISIETCS MOCTOSIHHBIM,
a HEMHOTO 3aBMCHT OT KOJUIEKTOPHOTO TOKA.
Jlanee B 3TOM IMaBe Mbl BEPHEMCH K 3TOMY
BOIPOCY, KOTJa OyIeM paccMaTpUBaTh ypaB-
HeHue Doepca—Moria.

2.04. Hcnosm30BaHHe IMATTEPHBIX
MOBTOPHTE/IEH B KaueCTBe CTAOMIN3ATOPOB
HANPAKCHHA

IpocreimmM cTabIN3aTOPOM HATIPSDKEHUS
CITYXXUT OOBIYHBIN 3€HEPOBCKHH OUOA-CTa-
ounuTpoH (puc. 2.11). Yepes Hero HomkeH

u u

BX BbiX
(Hecrab.
Hanpaxexue
¢ HebonblwuMu
NYNbCaUMUsiMm)

(=U

craé)

Puc. 2.11. Tlpocroii crabunu3aTop HampsXKeHUS Ha
OCHOBE 3¢HEPOBCKOIO NUOIA.

MPOTEKATh HEKOTOPHIN TOK, MO3ITOMY HYXXHO
obecrneymuTh BIMOIHEHUE CIIEMYyIOLIEro yCio-
BUSL:

U, — U, /R>I_(makc).

BbIX BbIX

Tax xak Hanpsixenue U He CTabWIM3u-
poBaHO, TO B (GOPMYJly HYXHO MOCTaBHMTb
HauMeHblllee BO3MOXHOe 3HaueHue U . Bro
NpUMeEp TOTO, KaK CIENYET NMPOEKTHPOBATH
CXeMy Ul XECTKMX ycnoBi paGotel. Ha
NPAaKTUKE YYUTHIBAIOT TaKXe HOMyCKU Ha
napaMeTphbl KOMIIOHEHTOB, NIPE/ICbHbIE 3Ha-
YEHUs HANPSDKEHMS B CETH M T. I1., CTPEMSICH
MPeayCMOTPETh HaMXyIee BO3MOXHOE CO-
yeTaHHe BCEX 3HAYEHUHM.

Ha crabunutpone paccemBaercss MOWI-
HOCTB:

P =WU,—U )R—-I

BHIX BbIX:

] Unux'

Hdns Toro 4roOBI MpPEnyCMOTpPETh paboTy
B XECTKUX YCJIOBUAX, MpU pacyere P_ .

TaKXe CJeAyeT MCIO0JIb30BaTh 3HAYECHMUS
(U,, (makc), R (Mun.) u I (MuH.).

BbiX

VYopaxnenne 2.3. Pazpaboraiite cTabWIM3MPOBAaHHDIH
HMCTOYHMK HanpspkeHus +10 B mis ToKoOB Harpysku Be-
JmynHoi ot 0 1o 100 MA; BXOZHOE HAMpPXEHME H3Me-
HsAeTCA B fipeaenax oT 20 mo 25 B. B mo6bix ycaoBusax
(B TOM YHUCJIE U B CAMBIX XECTKHUX) Yepe3 CTaOWINTpOH
JIOJDKEH TIpoTeKaTh ToK 10 MA. Ha xakyio npefelfibHyio
MOIIHOCTb AOJDKEH OBITh pacCYMTaH CTaGWIHTPOH?

CTaOWIN3MPOBAHHBIN MCTOYHHMK C 3€HE-
POBCKMM JIHOAOM, KaK NMPaBWIO, UCIIOIb3Y-
0T B HEKPUTHYHBIX CXEMaX WJIH B CXEMax,
rae norpedisieMblii TOK HeBelnUK. Orpanu-
YCHUS TAKOM CXEMBI TIPOSIBIIAIOTCHA B CIEIy-
IOIIEeM:

1. Hanpsixenne U, Hejlb3d OTPEryaupo-
BaTh WIM YCTAHOBHUTH Ha 3aJaHHOE 3HaYe-
HHUE.

2. CrabWwIMTpOHBI MMEIOT KOHEYHOE IWHA-
MHUECKOE COMPOTUBJIEHHE, a B CBA3U C 3TUM
OHM He BCeraa XOCTAaTOYHO CHJIBHO CIJIaXu-
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(rectab.
Hanpaxexue)

Puc. 2.12. CraGHanTpoH B COYETAHMM C TIOBTOpPHTE-
neM 00ecreynBaeT YBETHYEHHE BBHIXONHOTO TOKA.

BaIOT ITy/TbCAI[MX BXOAHOTO HATIPSIKEHUS U
BIMSAHUE M3MEHEHUS HArpy3ku.

3. Ilpu IMpOKOM AMATIA30HE U3MEHEHUSI TO-
KOB Harpy3K# ITPUXOIMUTCH BEIOMpPATh CTaOU-
JIMTPOH C GOJIBILIOM MOILIHOCTBLIO PACCesTHUS,
TaK KaK IIpY MaJIOM TOK€ Harpy3kul OH JIOJI-
XEH paccesiTh Ha ce0e 3HAYUTEIbHYIO MOLII-
HOCTb, PaBHYI) MaKCHMAaJIbHOU MOLIHOCTH
B Harpys3ke.

Ha puc. 2.12 mpencrapieHa ymydlieHHAs
CX€Ma, B KOTOpOM 3€HEPOBCKUA OUOXA OTAC-
JieH OT Harpy3Kd 3MUTTEPHBIM TOBTOPHTE-
nem. B Takoit cxeme mema o6CTOAT nydllie.
Tok cTabWIMTPOHA TENIEPh OTHOCUTETBHO HE-
3aBHCHM OT TOKa Harpy3ku, TaK KakK Mo Lenu
0a3bl TPAH3UCTOPA MPOTEKAET HEOOITBILION TOK
M MOIUIHOCTb, paccerBacMasi Ha CTabWITUTPO-
He, 3HAYMTE/ILHO MEHbLIE (YMEHBILEHHUE B A,
pa3). Pesucrop R MOxHO 100aBUTh B CxeMy
IUTA TOTO, YTOOBI OH IMpPeJOXpaHWI TPaH3UC-
TOP OT BLIXOA U3 CTPOS IIPH KPATKOBPEMEH -
HOM KOPOTKOM 3aMBIKAHHH BBIXOZA 33 CYET
OTpAaHHYCHUS TOKA, W, XOTS IMUTTEPHBIH
TIOBTOPUTENIb HOPMAIIBHO paboTaeT U Oe3 310-
TO pe3UCTOpa, €r0 MPUCYTCTBUE B CXEME BIOM-
He 060cHOBaHHO. Pesucrop R cieayeT Bbi-
Oupars TaK, YTOOBI TP MAKCUMATBHOM TOKE
HaTpy3KH ITJIcHUE HATIPSDKCHUSI HA HEM OBIIO
MCHBIIIE, YeM Ha pe3ucTope R.

Vupaxnenne 2.4. Paspaboraifre HUCTOYHMK Hampspke-
Hug +10 B, KOTOpbiit UMen Obl TaKUe XE€ TIApaMeETphl,
KaK MCTOUHMK B yIpaxHeHuH 2.3. Ucnone3yitte B cxeMe
CTAOWIMTPOH M SMUTTEPHBINA MOBTOpUTENb. Paccumraii~
Te, KaKylo MOIUHOCTb PacCeHBAIOT TPAH3UCTOP U CTabu-
JIUTPOH B HauxymieM ciydyae. KakoBo NpoOLIEHTHOE U3-
MEHEHMe TOKA CTAOHIMTPOHA TIPH MEePEXone OT HeHarpy-
XEHHOTO COCTOSIHMSI K HarpyXeHHoMy? CpaBHUTE 3TH
PE3YNBTATHl ¢ PE3yNAbTaTaMH MPEABIIYLIETO YIPaKHEHUS.

B psanme BapuaHTOB pPacCMOTPEHHOM Cxe-
MBI ITpeIyCMATPUBAIOT MEPBI VTS CHIDKSHUS

(HecTab.
Hanpa)eHue)

Puc. 2.13. CHMXeHHWe TIyIbCallUil B CTAOMJIMTPOHE.

MyJbCalluii TOKAa B CTAOMJIMTPOHE (MpOTE-
Kamlero yepes pe3ucrop R). B uwactHO-
CTH, MOXET ObITb MCIIOJB30BAH UCTOYHHK
TOKa AJAS NMUTAHHS CTAaOWINTPOHA. DTOT
cJiyyail Mbl pacCMOTpUM B pasm. 2.06. dpy-
roil METOJ OCHOBAaH HAa MCMOJIb30OBAHWH B
LEMH THTAHKUS CTaOUITUTPOHA DPUIIBTpa HU3-
kux dactot (puc. 2.13). Pesucrop R BbIOH-
PpaloT TakK, YToOBl 00€CIEYUTh HEOOXOIUMBIIA
TOK B crabunutpoHe. KonameHncarop C
OJIXEeH UMETh EMKOCTb, JOCTATOYHO 00Jb-
IIYIO IUTS TOTO, YTOOBI BHITIONHSIIOCH YCJIO-
Bue RC > 1/f. (B 0o1HOM M3 BAPMAHTOB 3TOH
CXeMbl BEpXHMI pE3HCTOp 3aMEHEH ANO-
moMm.) B manpHeiiineM BBl NO3HAKOMMTECH
¢ Gonee coBeplIeHHbIMU CTAGUIN3ATOPAMM,
B KOTOPBIX BBHIXOJHOE HAIPsDKEHHE MOXHO
JIETKO M ILIABHO HacTpauBaTth Gyaronaps ob-
paTHoO# cBsa3u. BMmecTe ¢ TeM OHH Hped-
CTaBJISAI0T COOOM ropa3io Jyylihe HCTOYHH-
KW HampsXeHWs, BHIXOAHBIE MMIIELAHCHI
KOTOPBIX U3MEPAIOTCS B MIIIMOMAX, TEM-
nepatypHble KO3GOHUUMEHTH — B MWUIM-
OHHBIX HOJsiX HA “C U T. A,

2.05. CMemenne B SMHTTEPHOM NOBTOPHTEIE

Ecii Ha SMUTTEPHBII TOBTOPUTEND AOJDKEH
MOCTYNAaTh CUTHAM C NPeAILeCTBYIOLIEro Kac-
KaJa CXEMbl, TO JIyUllE BCETro MOAKIIOYMTH
€r0 HETOCPEACTBEHHO K BBIXOAY TpPEObINY-
LIEro Kackama, KaKk IOKa3aHo Ha puc. 2.14.
Tak xak CUTHal1 Ha KOJUIEKTOpE TPaH3UCTO-
pa T, uaMeHsieTCa B MNpejeNnax AWanasoHa,
OTPAaHUYEHHOrO 3HAYEHUSIMU HaNpsKEHUs
HCTOYHUKOB NUTaHHSA, TO MOTEHLMaN 0a3bl
T, Bcerna 3aKiiOYeH MeXIy HarpspkKeHHUEeM
lfKK U TOTEHIMAIOM 3eMJIM, a CJIEA0BATEb-
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Puc. 2.14.

HO, T, HaxooMTCH B aKTUBHOM 06nactu (He
HACBILLEH U He B OTceuke). [Ipu 3TOM nepe-
X0l 6a3a—3MHUTTEP OTKPHIT, a MOTCHLHAN
KOJUIEKTOpa, IO KpaifHell Mepe Ha HECKOJIb-
KO JECATBLIX JOMEH BOJBTA QOMBLUE, YEM MO-
TeHLHAJI 3MHUTTEpA. B HEKOTOpPBIX Ciyyasx
BXOJZl SMUTTEPHOTO MOBTOPHUTENSL X HATIPSKE -
H{E NATAHUS HEYAAYHO COOTHOCATCS IPYT C
JpPYTOM, U TOrIa MOXET BOSHUKHYTh HEO0XO0~
JMMOCTb B €eMKOCTHOM CBSA3U (WIM CBSI3H IO
NePeMEHHOMY TOKY) ¢ BHEUIHHM UCTOYMHH-
KOM CHWTHaja (HAalpUMeEp, 3TO OTHOCHTCS
K CUTHQJBHOMY BXOAY BBICOKOKAYECTBEHHO-
IO YCWIMTEJII HU3KOM 3BYKOBOH YacCTOTHI).
B 310M Citydae cpeaHee HanpsbKeHUE CHTHA-
Jla paBHO HYJII0, U HEIMOCPEACTBEHHAs! CBA3b
¢ SMHUTTCPHBIM MOBTOPHUTENIEM TPUBEIET K
TOMY, YTO CHFHaJ Ha Bbixoge Oymer u3me-
HATBCSL OTHOCHTENBHO BXOAA, KaK MOKA3aHO
Ha puc. 2.15.

B amutTepHOM MioBTOpUTENE (a PakTHYeC-
KM B JM1000M TPaH3UCTOPDHOM YCUIIMUTEINE)
HEOOXOAMMO CO3[aTh cMeuleHue Ui TOTO,
4TOOBl KOJ/UIEKTOPHBIH TOK MPOTEKANl B Te-
YeHUe TOJHOro nepuona curHana. Ipoue

BxopHo# curHan

)
W

Puc. 2.15. TpaH3UCTOPHBIH YCUIIMTEND C TTOJOXUTENb~
HbIM MCTOYHUKOM ITMTaHHS HE MOXET F€HEpUpPOBATh Ha
BBIXO/IE MMIIYJILCHI OTPULATENLHOM MOJISIPHOCTH.

BbixoAHOWH
CUrHan

\/-B‘)(.(;HOVI

CUTHan

o - U

KK

LT]RZ

Puc. 2.16. OMUTTepHBIi TIOBTOPUTENb CO CBA3BIO TIO
niepeMeHHOMY TOKy. OGpaTTe BHUMAaHHe Ha JeuTelb
HaMpsDKEHUS B LENM CMELICHUS 6asbl.

BCETO BOCIIOJIB30BATHCS I 3TOIO JENIUTe-
neM Hanpsxenus (puc. 2.16). Pe3ucropsl
R, v R, BHIOpaH®! TaK, YTO B OTCYTCTBHE BXO/I-
HOTO CHMTrHalla MOTeHHWaNl 0a3bl PaBeH IO-
JIOBUHE Pa3HOCTH MEXIY HATIPSDKCHUEM HC-
TouHuka U, M MOTEHUMAIOM 3eMIHM, T. €.
conporusieHuss R, ¥ R, paBHbl. [Ipouecc
BEIOOpa paboYMX HANIPSIKEHUI B CXEME B OT-
CYTCTBHE IMOAAHHBIX HAa €€ BXOI CHUTHAJIOB
Ha3BIBACTCA YCTAHOBKOU paboueit TOUKU WK
TOYKH TTOKOsL. [T 3TOi CXEMBE, KaK U B GOJIb-
LIMHCTBE CJIy4aeB, TOYKY MOKOS YCTaHABIH-
BAIOT TaK, YTOOBI Ha BhIXOAE (HOPMUPOBAIICS
MaKCHMAJTbHEIN CHMMETPHUYHLINM cUTHaAT (0€3
OorpaHMYeHUil win cpe3oB). KakuMu IOITK-
HbI OBITh IPU 3TOM COMPOTURICHHUS PE3UCTO-
poB R, u R.? Ipumensa obwwmii noaxon (pasa.
1.05), momycTuM, YTO MMIETAHC MCTOUHMKA
CMEUIEHHS 10 NOCTOSIHHOMY TOKY (MMITCIaHC
€O CTOPOHBI BBIXOAA AEIUTENS) Mal TI0 CpaB-
HEHUIO C UMTICAAHCOM HATPY3KH (MMIIEIaHC
10 MTOCTOSTHHOMY TOKY CO CTOPOHB! 6a3bl 110-
propurensi). Torma

Rl I | R‘Z < h2l3R3'

W3 3TOro COOTHOIICHUS CJIEAYET, YTO TOK,
TIPOTEKAIOLIMNIA Yepe3 JEeTNTENb HAMPSDKEHHS,
JIOJXeH ObTh GoNblie, YeM TOK, NPOTEKAl0-
1IUIA IO Uenu 6as3kl.

[Ipumep pa3paGoTKH CXeMbl SMATTEPHOIO
noBTOpMTEN%. B KauecTBe NpuMmepa paspa-
0oTaeM cxeMy SMUTTEPHOTO HOBTOPUTENS IS
CUTHANOB 3BYKOBO# 4acrorel (ot 20 I'u no
20 xI'n). Hanpsixeune U,, cocTaBisier
+15 B, TOoK mokosi paBeH 1 MA.

Ilaz 1. Buibop nanpsixenus U,. lns nosy-
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YeHNs] CHMMETPHYHOIO CHUrHajia 0e3 Ccpe3os
HE00XOAMMO, UTOOBI BBHIMOJHSUIOCH YC/IOBHUE
U, = 0,5 Uy, wnu +7,5 B.

lllaz 2. Buibop pesucropa R,. Tok mokosd
IOJXEH COCTaBJsITh 1| MA, mO3TOMY
R, =17,5xOm.

Hlae 3. Bribop pesuctopoB R, U R,.
Hanpsaxenue (U; — 310 cymma U, + 0,6 B,
wiu 8,1 B. U3 3toro cieayer, uto cornpo-
THBIEHUA pe3uctopoB R, u R, oTHOCATCS
Ipyr K apyry Kak 1:1,17. Yuntbiasi n3Bect-
HBIU yXe HaM KpUTepuil BLIOOpa HATrpy3KH,
MBI HOJIXHBI 1oao0path pe3ucToprl R, u R,
TaK, YTOOBI COMPOTHBIEHHE HX TAapaliesib-
HOF0 COCIWHCHHS COCTABIISUIO TIPUOIM3H-
TenbHO 75 KOM mnu Mensle (0,1 ot npous-
Begenust 7,5 KOM Ha h,;). Buibepem cie-
JYIOUIME CTAHAAPTHBbIC 3HAYEHUsI COTIPOTHB-
nennit; R = 130 xOMm, R, = 150 xOm.
Illaz 4. Beibop koHaeHcaropa C,. KoHaeH-
carop C, ¥ CONPOTHBIIEHUE HArpy3Ku HCTOY-
HHMKa 00pa3yloT OWIBTP BBICOKMX 4acTOT.
ConpoTHBJieHHE HAarpy3KM UCTOYHHUKA €CTh
TApaUIENbHOE COETMHEHHUE BXOAHOIO COMpo-
THUBJIEHHs TPAH3UCTOPA CO CTOPOHHI 0a3bl U
COIIPOTHUBJIEHUS HEJUTEJA HAIPAXEHHUS
6a3pl. IIpeanonoxumM, 4YTo HArpy3ka CXeMbi
BeJIMKA TIO CPAaBHEHHUIO C SMUTTEPHLIM pe-
3UCTOPOM, TOTAA BXOOHOE COIPOTHUBJICHHUE
TPAH3UCTOpPA CO CTOPOHBI 0a3wl paBHO
h, R, T. e. cocTamnser =750 xOM. Dxsu-
BAJICHTHOE COTIPOTHBJICHHE ICIUTE/ISA PABHO
70 xOMm. Torna Harpy3ka [UIS KOHAEHCATO-
pa cocranisieT 63 KOM H eMKOCTb KOHIEHCa-
TOpa HOJKHa ObITh paBHA MO KpaliHe# Mepe
0,15 mx®. B stoM ciyuae Touke — 3 ab
OymeT COOTBETCTBOBATb YaCTOTa, MEHbBIUAs
yem 20 I'u.

Hlaz 5. Buibop konneHcaropa C,. KoHmeH-
carop C, ¥ HEU3BECTHBII UMIIEAAHC HArpys-
K 00pa3yioT GIIBTP BBICOKMX 4acTOT. MbI
He ommndeMcs, €ClNU TPEATNONOXHM, YTO
MMIIEIAaHC HAarpy3ku He OyneT MeHbllie R,
Torma, mrs Toro 4yrobw Touke — 3 nb coot-
BETCTBOBAJIO 3HAYEHHUE YACTOTBbI, MEHBILEE
yem 20 Tu, eMxocTh KoHaeHcaTopa C, non-
XHa ObITh paBHa 110 KpaitHeit mepe 1,0 MkD.
Tak Kak MBI MOJYYWIM ABYXKACKaaHBIH
GwiIbTp BRICOKHX YacTOT, TO VIS NMPEHOT-
BpalIeHMsI CHUXEHMS aMILIUTYAbl CUTHAMA
Ha caMOil HM3KOH M3 MHTEPECYIOLIHUX Hac
4acTOT €MKOCTH CJIEAYET B3SITh HEMHOro

+Uy
Curnan
{6au30K K
noTeHyn- Bbixop
any 3emnu) (6nu3ox K
noTeHyu-
any 3emnu)
R3
~-U

»

Puc. 2.17. DMHUTTepHBII TTOBTOPHTENb CO CBA3bIO IO
MOCTOAHHOMY TOKY € paclUeTUIeHHbIM UCTOYHHKOM MH-
TaHHA.

nobonbiie. BionHe momodayT ciemyiomive
sHayeHus: C,, = 0,5 u C, = 3,3 mx®D.

OMHATTEepHbE MOBTOPHTEIH C pacHieNieH-
HbIMH HCTOYHHKAMH. B CBs3U C TeM 4TO CHUT-
HaJIbl YaCTO HAXOMATCS «BO3JIE 3eMJIH», YI00-
HO HCIIOJB30BAaTh CUMMETPUYHOE ITUTaHUE
MOBTOPHUTENEH — C TONOXMUTEIbHBIM M OT-
pULATENBHBIM HamnpsikeHueM. B takoit cxe-
Me Jierdye o6ecreynTh CMEILieHUe, U [Tl Hee
HE HYXHBI pa3BsI3bIBaIOLLIAE KOHIEHCATOPHI
(puc. 2.17).

3amMeuaHue: B cxeMe 00s13aTeIbHO AOJKHA
OBITH MPELYCMOTPEHA LIETb TOCTOSHHOIO TOKA
JUtsl ToKa 0a3bl, JaXe eCA 3TOT TOK TeyeT
MpOCTO «Ha 3eMiio». B cxeme Ha puc. 2.17
3Ty POJIb UTPAaET HCTOYHUK CUTHAJIA, COEIM-
HEHHBIA C 3eMJiedl 110 NMOCTOSIHHOMY TOKY.
Ecnmy Xe 9TO He Tak (HampuMmep, UMeeTcs
€MKOCTHasI CBSI3b ¢ HCTOYHMKOM), TO CJIELY-
€T NMPeayCMOTPETh CBA3b 6asbl ¢ 3emJieit ye-
pe3 pesuctop (puc. 2.18). Kak u npexne,
CONMpPOTUBNIEHHE R, IOJDKHO COCTABNSATH IPHU-
Gnusurensho 0,1 or npoussenenus h, R..

+ Uy,

Puc. 2.18.
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+15B

Puc. 2.19. He cnenyiite aToMy npuMepy.

VYnpaxkuenne 2.5. PaspaGoTtaifte 3MHMTTepHbiit mo-
BTOPUTEJIH C ICTOYHMKOM HampsokeHust + 15 B ans nua-
na3oHa 3BykoBbIX YactoT (20 'u—20 x['u). Tok nmokos
paBeH 5 MA, Ha BXOIE MMEETCS eMKOCTHas CBS3b.

Ilpumep nroxoro cmemenns. K coxane-
HUIO, MHOTAA BCTPEYalOTCA TaKUe HeydauHble
cxeMbl, Kak Ha puc. 2.19. [lpn Beibope pe-
3dcTopa R, ISl 3TOW CXEeMbI TTPEATIONOXUIH,
4TO KOBQ)(BI/ILIMeHT h,,, VMEET OTpeIe/ICHHOE
3HauyeHue (100), OoLNCHWIM BEIUYMHY TOKA
6a3bl M MPeINOJIOXIIN, YTO NMANEHUE HAIpS-
xeHust Ha R, cocrasur 7 B. Pacuer cxemnl
BBIMOJIHEH IUIOXO; KOSQGULUHMEHT A, He
ciexyer OpaTh 3a OCHOBY pacyera, TaK Kak
€10 3HAYEHNE MOXET CYlIIECTBEHHO U3MEHSITh-
ci. Ecnu HanpsbkeHWe CMELUeHHMS 3anath C
MOMOILBIO JEJTUTENS HANPSIXKEeHHs, KaK B pac-
CMOTPEHHOM BbIllIE MPUMEPE, TO TOYKA IMO-
xosi OymeT HEYYBCTBHTE/IbHA K M3MECHEHUSIM
koadduumeHTa B. Hanpumep, B npenspiay-
e cxeme HalpsokeHHWe Ha SMUTTEpE yBe-
Juntca eero Ha 0,35 B (5%), ecnim BMec-
TO HOMMHAJIBHON BEJAMYMHH A,, = 100 6y-
aeM uMeThb BeMYMHy h, = 200. Ha mpumepe
IMHMTTEPHOTO MMOBTOPMUTENSI MBI TTOKa3aiu
BaM, KaK MOXHO IIOTacThb B JIOBYIIKY U pa3-
paboTaTh HUKyAA HE TOIHYI0 cxeMy. Takue
OWMOKKM BO3MOXHH M B CXEMax ¢ IpYrUM
BKJIIOYEHHEM TPAH3UCTOPOB (HaNpUMED,
Jajibllie B 3TOil I7aBe OyAeT NpencTaBieHa
CXeMa C OOILUMM 3MHUTTEPOM).

2.06. TpanzncTOpHBIH HCTOYHAK TOKA

XOoTs UCTOUHUKH TOKA HE CTOJIb H3BCCTHBI,
OHH HC MEHCC MOJIC3HB! 1 BaXHbI, YEM HC-

U

H

R
+U o—}—o0---

Puc. 2.20.

TOYHMKHU HarpsixkeHus. UCTOUHMKU TOKa
MIPEICTABISAIOT cO00il TIpEKpPacHOE CPEACTBO
IUTs 0DecCIIeYeH!s CMelleHUs TPAaH3UCTOPOB,
¥ KpOME TOrO, HE3aMEHMMBbI B KA4€CTBE aK-
TUBHOM Harpy3KH IUIsl YCHJIMTEIBHBIX KacKa-
JIOB C 00BIHUM KO3(DGMULIMEHTOM YCUIIEHUS
M B Ka4€CTBE UCTOYHHKOB TTMTAHHS BMUTTE-
poB mwis auddepeHIUaNbHBIX YCHINTENEH.
HcTouHMKY TOKAa HEOOXOAMMBI AasT pabOTHI
TaKUX YCTPOMCTB, KaK WHTETPATOpHl, TEHE-
paTopbl IHI000pa3HOTO HATPSIXKECHMS,
B cxemax ycumureneit U cTabWIM3aTOpOB OHU
obecneunBaloT WIMPOKHHA IHANa30H Hanps-
XeHUH. M HakoHel, UCTOYHUKHU ITOCTOSH-
HOro ToKa TpeOYIOTCS B HEKOTOPBIX obJiac-
TSIX, HE HMEIOUINX TIPAMOTO OTHOIIEHUS K
3EKTPOHKUKE, HArpuMep B 2JIEKTPOXUMHH,
anexkTpocdopese.

IToakmovyenne pe3nucTOPa K HMCTOIHHKY
Hanpskenna. CxeMa IpPOCTEHINETO UCTOY-
HMKa TOKa fiokaszaHa Ha puc. 2.20. Ilpu
yclaoBuM, 4T0 R, > R (MHBIMM CJIOBaMH,
U, > U), TOK COXpaHseT MOUTH TIOCTOSHHOES
3HayeHue U paBeH Tipubnu3urensHo /= U/R.
Ecnu Harpy3koii sBisSieTCsl KOHIEHCATOP, TO
npu ycnosuu, yro U > U, oH 3apsixaeT-
¢S C IMOYTH TIOCTOSTHHOH CKOPOCTBIO, OTIpe-
JIeNISIeMO HauJIbHBIM YYaCTKOM 3KCHOHEH-
ThI, XapaKTepHOMH 11 JaHHOU RC-11enu.

IIpocreiiiieMy pe3MCTUBHOMY HUCTOYHUKY
TOKA MPUCYLLU CYUICCTBEHHBbIE HENOCTATKHU.
J11s1 TOoro yroOBI MONYYUTH XOpoliee TPpUOTU-
XKEHHME K UCTOYHUKY TOKA, CIEAYET UCTOIb-
30BaTh OOMBILME HATIPSDKEHHSI, & TP 3TOM
Ha pe3nCTope paccenBaercs 0ojbllass MOMI-
HocTbk. KpoMe TOro, TOKOM 3TOr0 UCTOUHM-
Ka TPYOHO YNIPABISTL B IMPOKOM AMANaso-
HE C TIOMOMIBIO HANpsikKeHUst, GopMUpYEMO-
ro rae-1ubo B IPYroM y3JI€ CXEMBI.

VYnpaxuenne 2.6. JonyctuMm, HaM HYyXeH MCTOYHHK
TOKa, KOTOpbI Obl 0GecreynBas TOYHOCTL 1% B mua-
Ta30HE M3MEHEHWS HanpssKeHUs Ha Harpyske ot 0 mo
+10 B. Kakoif UCTOYHHK HaMpsSKEHWUS HYXHO MOO-
KIIOYHTH FIOC/IEI0BATENIBHO K pe3ucTopy?
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+U

Harpyska

Puc. 2.21. TpaH3UCTOPHBIA UCTOYHHMK TOKA: OCHOBHas
unes.

Vopaxuenne 2.7. JJOnycTHM, 4TO B IIPEABIAYLIEM YII-
paxHeHUW TpebGyeTcs MONYYUTh OT MCTOYHHMKA TOK
10 mA. Kakasi MOLIHOCTh OyZeT paccenBaThCA Ha pe-
auctope? Kakast MOLIHOCTD mepemaeTcss Harpyske?

TpansucTopHBIli HCTOYHHK ToKa. OyeHb
XOPOIIMHA KCTOYHMK TOKA MOXHO MOCTpO-
WTh Ha OCHOBE TpaH3ucTopa (puc. 2.21).
PabotaeTr oH creaylouMM o0pa3oM: Hampsi-
XeHue Ha 6ase Uy > 0,6 B nonnepxusaer
3MUTTEPHBIN MEPEXON B OTKPHITOM COCTOS -
uu: U, = U. — 0,6 B. B c¢Bia3u ¢ 3tum
L= UJR, = (U, — 0,6 B)/R,. Tax Kax wis
OoublINX 3HaYeHUH Ko3ddunmenTa h, I, =
= I, 10 I = (U; — 0,6 B)/R, He3aBUCUMO
OT HampsikeHus: U, 10 Tex Nnop, MOKa TpaH-
3MCTOP HE MEpeHAeT B PeXUM HACBILICHUS
(U > Uy, + 0,2 B).

o— +10 B

Cmemenne B ucrounuke Toka. Hanpske-
HMeE Ha 6a3e MOXHO chOPMHUPOBATh HECKOJIb-
KHMHU crtocobaMu. XOpoIUWi pe3yabTaT AaeT
UCTOIb30BAHNE ICIUTENA HATIPSIKEHUS, ECITU
OH o0ecreyrBaeT AOCTATOYHO CTabUIbHOE
Hanpsxkenue. Kak v B npeasiryiux ciyda-
SIX, CONPOTUBRJIEHHE JENUTENsI JOJLKHO ObITh
3HAYUTEJBHO MEHBIIIEC CONPOTURIICHUS CXe-
MBI CO CTOPOHBI a3kl 110 MOCTOSIHHOMY TOKY
h, R.. MOXHO BOCTIONb30BaTLCS TaKXKe 3€-
HEPOBCKUM [UOAOM M HCIIOJb30BaThb IS
CMEILEHMA MCTOYHHK NMUTaHuA U, , a MOXHO
B3SITh HECKOJBKO AMOAOB, CMEIICHHBIX B
TPSIMOM HaTIPaBIEHUH U COSTUHEHHBIX ITOC-
JICIOBATeNIbHO, U MOIKIIOYUTDb UX MEXIy 6a-
30i M COOTBETCTBYIOLIUM HCTOYHMKOM MH-
TaHusT 3MuUTTepa. Ha puc. 2.22 moka3aHbl
NpUMeEpH CXeM cMeulleHus. B nocnendeM
npumepe (pHuc. 2.22, 6) TPaH3UCTOP p—N—p-
THIa MHTAET TOKOM 3a3€MJIEHHYIO Harpy3ky
(OH — UCTOYHHMK ToKa). OCTAIBHBIEC TPUMEPbI
(B KOTOpPBIX UCTIONB3YIOTCH TPAH3UCTOPDI
n—p—n-TUIa) IpaBwiIbHee ObL1O Obl Ha3bI-
BaTh <«IMOIJIOTUTEISIMUA» TOKA, HO IIPUHSITO
HA3LIBaTh BCE CXEMBbI TAKOTO THIa UCTOUHU-
Kam¥ Toka. | HazBaHue «MOTOTHTENb» M <HUC-
TOYHUK» CBSI3aHO C HANpPaBICHUEM TOKa;
€CJIM TOK TIOCTYIAeT B KaKylO-I1Ub60 TOUYKY
CXEMBI, TO 3TO HCTOYHHK, YU Hao060pOT.]
B mepBoit cxeMe cCOMPOTHUBICHUE NENUTENS
HaIpsiKEHUs COCTaBJIIET NMPUOIUIUTETBHO
= 1,3 xOM ¥ o4YeHb MaJIO TIO CPABHEHUIO C
COIIPOTHBJIIEHHEM CO CTOPOHHI 0a3bl, CO-
crapnsiiouiyM 100 xOm (ana h,, = 100).
JIioboe namenenue koapduLMeHTa B, CBs-
3aHHOE C U3BMEHECHUEM HaNpsKEHUs Ha KOJI-

Py +15 B . ’> +10B
Harpy3ka
560 Om
828 888
4,7
10 k0w KOM 2 MAl Harpy3ka

Puc. 2.22. CxeMbi TPaH3UCTOPHBIX MCTOYHMKOB TOKA C TpeMsi CriocobaMy TIogauM CMelleHUs1 Ha 6a3y; B TPaH3UCTOPSI
n~—p—n-TUNA TOK BTEKAET, a U3 TPaH3UCTOPOB p—n—p-THTa BbiTeKaeT. Ha cxeme (B) MokasaH MCTOYHMK C 3a3eMICHHOM

Harpy3Kom.
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JIEKTOpE, HE TOBJIMACT CYLICCTBEHHBIM 00-
pa3’oM Ha BBIXOXHOH TOK, TaK KaK COOTBET-
CTBYIOIIEE M3MEHEHHE HAMPSDKEHUs Ha 6ase
coBceM Mano. B aByx npyrux cxemax pesuc-
TOpPHI B LIEMH CMELLEHUS BRIOPAHH TaK, YTO-
OBl TIPOTEKAIOIIMIA TOK COCTaBJIsUT HECKOJIb-
KO MHJUIMAMIIEp, — 3TOTO AOCTATOYHO,
9T00BI IMOABL OBUIM OTKPHITHIL.

Paboumii amamazon. McToyHuK TOKA Tie-
pelaeT B HArPY3Ky MOCTOSTHHBIN TOK TOJIBKO
JI0 ONPEACTAEHHOTO KOHEYHOTO HaNPSXEHUS
Ha Harpys3ke. B mpoTHBHOM ciyyae MCTOY-
HUK TOXa ObUI GbI CIOCOOEH TreHepHUpOBaTh
0eCKOHEYHYIO MOILHOCTb. JIMana3oH BbIXOA-
HOrO HAIpPSXEHUsS, B KOTOPOM HCTOYHMK
TOKa BEACT ceDsi Kak CiaelyeT, Ha3blBaeTcd
pabouHM IuanazoHoM. [l pacCMOTPEHHbBIX
TOJIBKO YTO TPAH3UCTOPHBIX UCTOYHHUKOB TOKa
pabouunii AMANa3oH OMNPEHESACTCS U3 TOrO,
YTO TPAH3UCTOP JOJEKEH HAXOOWUTHCS B aK-
TUBHOM pexXxume paboTel. Tak, B mepsoit
CXeMe HalpsikeHHe Ha KOJUIEKTOpE MOXHO
MOHMXATh 10 TeX TOp, MOKa He OyaeT moc-
TUTHYT PEXHM HACbIlIeHusI, T. €, A0 +12 B.
Btopas cxema, ¢ Gonee BEICOKMM HampsiKe-
HHEM Ha SMUTTEPE, COXPAHSAET CBOMCTBA
MCTOYHHKA JIMILIb JO 3HAYCHUS] HAMIPSIKCHUS
Ha KOJUIEKTOPE, PaBHOTO MPUOIU3HUTEIBHO
+ 5,2 B.

Bo Bcex ciydasix HampsiXeHHE Ha KO-
JIEKTOPE MOXET U3MEHSATHCS OT 3HAYCHUS
HaNpsKeHUs HACHIILCHHUS A0 3HAYEHHS Ha-
npssxeHus nuraHus. Hanpumep, mocnen-
Hss cxeMa paboTaeT Kak UCTOYHHMK TOKa B
JVana3oHe HanpsKeHMs] Ha HarpysKe, Or-
payuyeHHOM 3HaueHusMmu 0 u +8,6 B.
Ecniu B Harpyske HCMoOib3yloTcsa Gartapeu
WX COOCTBEHHBIE UCTOUYHWKH IUTAHUSA, TO
HanpsiXKeHNE Ha KOJUIEKTOPE MOXET ObITh
00JIBlLE, YEM HAIIPSIXEHUE UCTOUHUKA TH-
taHus. IIpH MCMOJIB30BAHMMU TAKOM CXEMbI
PEKOMEHAYETCH CJIEIUTD 33 TEM, YTOOBI HE
BO3HHUK Ap000i#i TpaH3MCTOPa (HAaTIPSLKEHHE
Uy, He IOJXHO MPEBBINIATL 3HAYECHUE
Uzanpoﬁ — HanpsgxeHue npobos rnepexona
KOJUIEKTOP —3MUTTEP) U HE PACCEUBANIACH U3~
JIUILIHSSE MOLITHOCTD (OnpenensieMasl BeTUumn-
Ho#t mpoussenenus [, U, ). B pasn. 6.07
Bbi YBUIUTE, YTO JUISI MOIIHBIX TPAH3UCTO-
poB ob6sacTb Oe30nacHO paboTsl onpenens-
€TCs CTIEUMATIBHO.

VYopaxuenne 2.8. B cxeme umelorcs mBa crabunusu-
POBaHHBIX UCTOYHHMKA Hanpspkernus: 45 v 15 B. Paspabo-
Taiite CX€My MCTOYHHKA TOKa Ha OCHOBE TpPaH3UCTOpa
n—p—n-Tvna, Koropas 6bl ofecneynBaia ToK +5 MA.
B KayecTBe MCTOMHMKA HAmNpsDKCHUSt LIl 6a3bl HCIONb-
3yitte MCTOYHUK +5 B. Yemy paBeH paboumii nuanazoH
B Takoii cxeme?

B ucTOYHMKE TOKa HampsbkeHue Ha 0asze
He 00513aTeIbHO JNO/LKHO ObITh QUKCHPOBAH-
HBIM. Eciu mnpenycMoTpeTb BO3MOXHOCTD
U3MEHEHMs1 HampsixeHus U, TO nonyuum
MpOTPaMMHUPYEMBIN MCTOYHHK ToKa. Eciu
BBIXOJHOM TOK JAOJKEH IUIABHO OTCJ/IEXUBATh
H3MEHEHUSI BXOJTHOrO HAMpSDKeHUsI, TO pas-
Max BXOJHOTO CUTHANIA ¥, (HATIOMHHAEM, YTO
CTPOYHBIMM OYKBaMM Mbl 1OTOBOPIIHCH 000-
3HAYaTh U3MEHEHUs) JIOJIXEH ObIThb HEOOJb-
MM, TAKUM, YTOObI HaINpSIXEHUE HA IMUT-
Tepe HMKOIJa HE YMEHbIIAIOCH IO HYJid.
B TakOM HCTOYHHKE TOKAa H3MEHEHUE Bbl-
XOAHOIO TOKa OyJeT MPONOpLMOHAIBHO H3-
MEHEHHUSIM BXOIHOIO HAMPSDKCHUS.

HepoeTaTk MCTOYHHMKOB TOKA. Kak cuiib-
HO OTJIMYAETCA TPAH3UCTOPHBIA HMCTOYHHK
TOKa OT HpaeajibHOro? MIHeIMM CJIOBaMH, H3-
MEHSIETCS JIM TOK B Harpy3kKe IpPH HU3MEHE-
HMM, CKaXCM, HATpsSDKCHHUs, T. €. UMEET JIU
HCTOYHMK TOKA IKBUBAJICHTHOE COTIPOTUBJIE-
HHME KOHEYHOM BemmuuHbl (R, < 0)? U ecin
1a, To noyemy? HaGmonalorcsa 3dpdexThi ABYX
BUIOB:

1. Ipy 3aKaHHOM TOKE KOJUIEKTOpA W
HanpsxeHue U,, u KodGOUUHUEHT h, ,
(3¢ppexT Dpnu) HECKOIBKO U3MEHSIIOTCS MPH
U3MEHEHHH HAMPSKEHWUS KOUIEKTOP—3MUT-
Tep. UsMenenne Hanpsikenus U, cBa3aH-
HO€ ¢ U3MEHEHHEM HaNpsSKeHMS] Ha Harpys-
Ke, BBI3bIBAET M3MEHEHHNE BBIXOOHOTO TOKa,
TaK KaK HamnpsDKeHHE Ha SMUTTEPE (a ciieno-
BaTeNIbHO, U SMUTTECPHBIA TOK) U3MEHSETCS,
Jaxe ec/IM HanpspkeHue Ha 6ase duKcupoBa-
Ho. M3aMeHeHHe 3Ha4YeHHA KO3pduiMeHTa
h,,, IPUBOIMT K HEGOMNBIIMM H3MEHEHHUSAM
BBIXOAHOTO (KOJUIEKTOPHOTO) TOKA TPH (UK~
CHPOBAHHOM TOKE 3MMTTEpa, Tak Kak [ =
= I, — I ; XpoMe TOro, HEMHOTO U3MEHSIETCA
HanpskKeHHUE Ha 6ase B CBA3M C BOBMOXHbBIM
U3MEHECHMEM COIPOTUBIEHHUS UCTOYHMKA
CMellieHHs, O0YCI0BIEHHOTO U3MEHEHUSIMU
KO3(pHLIMEHTA £, (a CIIEAOBATENBHO, U TOKA
6a3pl). DT M3MEHEHHMS HE3HAUMUTEIBHBI.
HamnpuMep, U3MEHEHUE BBIXOIHOTO TOKA ISt
CXeMbl, MPEACTaBICHHON Ha puc. 2.22, a,



Puc. 2.23. OnuH U3 MeTON0B TEMNEPATYPHOiHl KOMITEH-
calUMy MCTOMHHKA TOKa.

cocrarnsier npubausurensHo 0,5% mnd TpaH-
suctopa thmna 2N3565. B yactHocTH, MpH
W3MEHEHHM HATIpSiXEHUS] Ha Harpyske or
0 o 8 B apdexT Dpan obycnoBIUBaeT U3-
MeHeHHe Toka Ha 0,5%, a HarpeB TpaH3HC-
topa — Ha 0,2%. UsmeHenue koahduumrenTa
BHOCHT JOTIONHUTENIBHBIA BKIAJ B U3MEHE-
HHe BeIxonHoro toka — 0,05% (s xecTko-
ro JeNuTeNsi HaTIpsSXEHUA). Bce atu u3me-
HEHMst TIPUBOIAT K TOMY, YTO HCTOYHMK TOKa
paboTaeT XyxXe, 4YeM MIACANbHBIN: BBIXOAHOM
TOK HEMHOTO 3aBUCHT OT HAaNpsKeHWs H,
CJIeOBATENbHO, €0 CONPOTHBIIEHHE He Oec-
KOHEYHO. B janbHeillleM Bbl y3HaeTe, 4TO
€CTh METOJBI, KOTOPBIE MO3BOJISIOT HPEOIO-
JIETh 3TOT HENOCTATOK.

2. Hanpaxenue Uy, v KO3QOHUMEHT A,
3aBHCST OT TeMIEPaTyphl. B CBA3U ¢ 3THM
MPH U3MEHEHNH TEMIICPATYpbl OKPYXalOlLei
cpelbl BOSHUKAET Hapeiid BHIXOTHOTO TOKA.
KpoMe Toro, teMneparypa rnepexojna U3Me-
HSETCS MpU U3MEHECHWM HAIpAXeHUS Ha
Harpy3ke (B CBS3W ¢ U3MEHEHMEM MOLIHOC-
TH, PAacCEHBAEMON TPAH3UCTOPOM) U MpPH-
BOAMT K TOMY, YTO MCTOYHHK paboTaeT He
KaK nreanbHpiil. MisMeneHue Hanpsokenus U,
B 3aBUCHMOCTH OT TEMIIEPATYPhl OKpPYXalo-
1Ieil Cpeabl MOXHO CKOMIIEHCUPOBATSH C M0-
MOILbIO CX€Mbl, TOKA3aHHOH Ha puc. 2.23.
B 310l cxeMe nagecHWe HATIPSDKCHMSE MEXIY
0a3oit U IMUTTEPOM TpaH3ucTopa 7, KOM-
TEHCUPYETCS NMaJeHUEM HANpsXKeHWs Ha
3MUTTEPHOM Tiepexone 7, KOTOpbIi UMeEET
TaKUe XK€ TeMIMEePaTypHbie XapaKTepUCTUKH.
Pesuctop R, urpaer ponb Harpysku mis T,
HCOﬁXOIIPIMOPl VTS 3alIaHKs1 BTEKAIOILIErO TOKA
Gaspt TpaHaucropa 7).

VYayunmieHHe XAPAKTEPHCTHK HCTOYHHKA
TOKa. Boo6uie rosopsi, U3MCHEHHUE Harlps-
xeHust Uy, BbI3BAHHOE KAK BIMSHUEM TEM-
neparypbl (OTHOCHTEJILHOE HU3MEHEHHE CO-
CTaRIsgeT MPUOIM3UTEIIEHO — 2 MB/°C) TaK v
3aBHCHMOCTBIO OT HanpsokeHus Uy, (adpdekr
pan oneHuBAETCS BeJI]/l‘lV[HOPI AU, =

~ —0,001 AU ), MOXHO CBECTH K MI/IHI/IMy—
MY, €CJI YCTAHOBHTD HATPSDKEHHE Ha SMUT-
Tepe AOCTATOYHO OonbiUiuM (IO KpaiiHei
Mepe 1 B), Torma usmMeHeHHe HanpsXeHHUS
U, Ha jecarbie A0 MWUIMBOJ/IbTA HE NpH-
BelIeT K 3HaYMTEeIbHOMY U3MEHEHMIO HAMIPSI-
KEHMSI HA SMUTTEPHOM PE3UCTOPE (HAMOM-
HHMM, 4TO CXeMa MOMAEPXUBAET NOCTOSTHHOE
HanpspkeHue Ha 0ase). Hampumep, ecau
Uy = 0,1 B (1. e. K 6a3e NPUIOKEHO Ha-
npsixeHue 0,7 B), To u3BMeHeHHe HalpsLKe-
Hua U, Ha 10 MB BbI3BIBAET MU3MEHEHHE
BBIXOI[HOFO Toka Ha 10%, ecan xe U, =
= 1,0 B, To Takoe xe uamenenmne U Bbi-
3bpIBaET M3MeHeHue ToKa Ha 1%. O,Z[HaKO HE
CTOMT 3aXOIMTh CJVILLKOM ganieko. HarmoMuum,
YTO HMXKHSIS PpaHMIIa paboyero auara3oHa or-
penensieTcsl HanpsCKeH!WeM Ha amutTepe. Ecan
B VICTOYHHUKE TOKA, paboTaollieM OT UCTOYHH-
ka muranus +10 B, HanpsokeHue Ha 3MHTTE-
pe caenarh paBHBIM +5 B, TO IMana3oH BBIXO-
I1a Oymer paBeH HEMHOro MeHee 5 B (Hamps-
KEHHE Ha KOJUIEKTOPE MOXET U3MEHSATHCSA OT
U +02B o Uy, 1. ¢ 01 5,2 10 10 B).

Ha puc. 2.24 nokasana cxema, KoTtopas
CYUICCTBEHHO YJIYYIHAET XapaKTePHCTHKHU

Puc. 2.24. KacKoaHbIif MCTOYHHUK TOKa, OOJazaloluit
MOBBILIEHHONW YCTOHYMBOCTBIO K M3MCHEHHMAM Harpsi-
XEHHUS Ha Harpyske.
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HCTOYHMKa ToKa. McTounmk Toka 7, pabo-
TaeT KaK M TIpeXje, HO HarpsokeHHe Ha KO-
JieKTope (PMKCHPYETCSI C TMTOMOLIBIO SMHUTTE-
pa T,. Tok, Texyliuii B Harpy3Ky, Takod Xe
KaK M Npexne, TaK KaK KOJUIEKTOPHBIN (1151
T,) U SMUTTEPHBIA TOKH NPUOITH3UTETBHO
paBHBI MeX1y coboii (13-3a 60JIbIHOrO 3Ha-
YeHus h,.). B o1oi cxeme Hanpsxenue U,
(w1 7,) He 3aBUCHUT OT HANpPAXEHUS Ha Ha-
TPY3KE, a 3TO 3HAYUT, YTO YCTPaHEHBI W3-
MEHEHHUs HanpskeHus Ug,, 00YCIORIEHHbIE
sbdexToM Dpau u temmneparypoi. Hus
TpaH3uCTOpoB THMa 2N 3565 3Ta cxeMa maer
u3MeHeHue Toka Ha 0,1% mpu M3MEeHEHUM
HanpsxeHus: Ha Harpy3ke ot 0 mo 8 B; mns
TOTO YTOOH CxeMa 0beCIeYrBaia YKa3aHHYIO
TOYHOCTb, CJIeAyeT MCMOAb30BaTh CTabWib-
Hble pe3ucTophl ¢ JomyckoM 1%. (Kcratw,
3Ty CXEMY HCIMOJB3YIOT B BHICOKOYACTOTHBIX
YCUIMTENSAX, TA€ OHa M3BECTHA MOJ Ha3Ba-
HUEM «KacKol»). B nanrHeiueM Bbi no3Ha-
KOMHTECH CO CXeMaMH MCTOYHUKOB TOKa, B
KOTOPBIX KCHOJIb3YIOTCS ONEPALIUOHHBIE YCH-
AUTENH U 0OpaTHasi CBSA3b U B KOTOPBIX TaK-
Xe peliieHa 3aJa4ya YCTPaHEHHUsI BITUSTHUST U3-
MEHEHUH U, Ha BBIXOOHOW TOK.

Bauanue kospduuueHrta h, , MOXHO
ocnabuTh, €cid BHIOpATH TPAH3MCTOP C
OONBIIMM 3HAYEHUEM A, 5, TOINA TOK Ga3bl
OyzeT BHOCHUTbh HE3HAYMTE/IbHBIN BKJIAJ B TOK
3MUTTEPA.

Ha puc. 2.25 nokasaH elle oIMH UCTOUHUK
TOKAa, B KOTOPOM BHIXOJIHOM TOK HE 3aBUCUT

+U

KK

lm MA

Harpyska

Puc. 2.25. TpaH3HCTOPHBIH MCTOYHUK TOKA ¢ MCMOJb-
30BaHHEM HampsxeHus Uy, B KayecTBe OTOPHOTO.

OT HanpsgxeHMs NuTaHug. B sToit cxeme
Hanpspxenue U, TpaHsuctopa 7,, majgas Ha
pe3ucTope R,, onpenessieT BBIXOAHOM TOK
HE3aBHCHMO OT HanpspkeHus1 U,

Usux = UEE)/RZ

C noMoLIBIO pe3UCTOpa R, yCTAHARIMBAET-
sl CMELIEHHUE TpaH3ucTopa 7, U MOTEHUHAN
Kojiekropa 7,, TIpUYEM ITOT MOTEHLMAL
MeHbIIE, YeM HanpsxeHue U, Ha yIBOEH-
HYI0O BEJIMYMHY TaACHMs HATPSDKCHUS Ha
fiepexo/ie; TeM CAMBIM YMEHBILAETCS BIHSHUE
adexra Dpau. B 31001 cxeme HeT Temrie-
paTypHO#H KOMIIEHCALlMK; HaMpPsKeHUE Ha R,
yMeHblIaeTcs: npubausurtensHo Ha 2,1 MB/°C
M BBI3bIBAET COOTBETCTBYIOLEE HU3MCHEHHE
BeixogHoro toka (0,3%/°C).

2.07. YcuanTe b ¢ 00IIHM SMHTTEPOM

PaccMOTpMM MCTOYHMK TOKA, HArpy3KO# UIst
KOTOPOTO CJIYXHUT pe3ucTop (puc. 2.26).
HanpsixeHue Ha KOJUIEKTOPE PaBHO

(]K = UKK - IKRK'

MOXHO Yepe3 eMKOCTb 33AaTh CUTHAJT B €MD
0a3bl, TOTAAa HampsKEHHE Ha KOJJIEKTOPE
Oyner U3MEHATbCA. PaccMOTpUM mpuMmep,
npeAcTaBleHHbIA Ha puc. 2.27. KoHuneHca-
Top C BHIOpPaH TakK, YTO (DIILTP BBICOKHMX
4acTOT, OOpa30BaHHBIM 3THM KOHAEHCATO-
POM M MOCJEeIOBATENIbHO COEAMHEHHBIMU C
HUM PE3UCTOPaMH CMELLEeHMS Ga3bl, TIPOIyC-
KaeT BCE HYXHBIE YacTOThl (PE3UCTOPHl B
Henu 6a3bl OOBIYHO BHIOMPAIOT TaK, YTOOHI
HMIIEAAHC CO CTOPOHBI 0a3bl, T. €. BXOAHOE
COIPOTUBJICHUE TPaH3UCTOpPA, ObUT ropasno
6ojibliie H UM MOXHO OBLIO MpeHeOpeub).
+U

KK

Puc. 2.26.
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+20 B
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110 kOm

Bxoaton ¢
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0,1 mkd o

RZ
910 KOm

Puc. 2.27. Kackan ycuneHus IepeMEHHOTO TOKa ¢ 00-
UMM 3MUTTEPOM C OTpULIATENBHOM 0OpaTHOU CBA3BIO B
ueny smutrepa. O6patute BHHMAaHME, UTO BbIXOAHOH
CUTHAJI CHUMAETCsl C KOJUIEKTOpa, a He ¢ IMHUTTEpa.

16 B

WUnaue rosops,
C 21/2nf(R,|| R).

baaronaps HanNpsLKEHUIO CMEILEHUS, IIPU-
JIOXEHHOMY K 0a3ze, U HaJM4MIO IMUTTEp-
HOTO pe3ucropa conpotupieHreM 1,0 kOM
TOK IOKOSI KOJUIEKTOpa cocrasiseT 1,0 MA.
DTOT TOK CO3IAET HA KOJUIEKTOPE HAMpPSIKe-
uue + 10 B (+20 B MuHyc nageHue Ha-
TIPSDKEHUST Ha comnpoTusieHnn 10 kOM npu
npotekaHuu Toka 1,0 MA). ommycTimM Temepb,
yTo Ha 6a3y nogan curHan uy. Hampsokenue
Ha MUTTEPE MTOBTOPSIET U3MEHEHME HATIPSI-
XeHUs Ha 6a3e u, — uy ¥ BbI3bIBAET U3MEHE-
HHE 3MUTTEPHOTO TOKA:

i=u/R,=u/R.

U MPUONU3UTEIBHO TAKOE XE€ W3MEHEHUE
KOJUIEKTOPHOTO TOKa (TPAH3UCTOpP UMEET
Gonbiiion Koshduiment 4, ). Urak, nepso-
HavyaJIbHOE U3MEHEHUE HaMpsiXeHUs Ha 6aze

BBI3BIBAET U3MEHEHUE KOJUIEKTOPHOIO Ha-
NpSKEHYS:

u =i/R,=—ufR/R).

Cron! ITonyyaercs, 4To cXema INpeacTaBis-
eT coboit yCHINTeNb HanpsiXeHus, ko3¢ du-
LIMEHT YCWJIEHUs] KOTOPOro OIpeaesieTcs
CIEYIOIMNM 00pa3oM:

KospduumneHr

YCUICHUS] =u, Ju =—R/R.

B Hamem npuMepe Ko3guUMeHT ycune-
Hus paseH 10000/1000, win 10. 3Hak MUHYC

TOBOPDUT O TOM, YTO HOJOXHUTEJIbHBIA CHUT-
HaJl Ha BXOJE AAeT Ha BBIXOJE OTPHULATEIb-
HBI{ curHan (aMruTyna kotoporo B 10 pa3
Oosiblie, YeM Ha BXoje). Takas cxema Ha-
3bIBAETCA YCHIMTENEM C O0LIMM 3MUTTEPOM
C OTPMUATEJILHON 0OpaTHOM CBSA3bIO B LIeNH
3MUTTEPA.

Bxoanoe ¥ BbIXOIHOE CONPOTHBIEHHE AN
yewinTeds ¢ oOuaM smurTepoM. HerpynHo
OMNpeAeUTh BXOAHOE U BHIXOAHOE CONPOTHB-
JIeHHe ycunurens. s BXOOHOro CHrHala
cxema TIpefcTaBiseT co0oil nmapamienabHoe
coearHenue pesuctopos 110 kOM, 10 KOM
M BXOAHOIO COMNPOTHBJEHHUS CO CTOPOHBI
6a3nl. [NocnenHee MPUONM3UTENLHO PAaBHO
100 xOM (conpotusnenue R, yBeanueH-
HO€ B A, , pa3), a 3HAYMT, BXOAHOE
COTIDOTUBJIEHUE PABHO NPUOGIU3UTEIBHO
8 kOM (1Ipeoldnamaomyio poib UrpacT co-
nporusiiedue 10 kOMm). Ecnu ucmons3y-
€TCSI pa3BsA3bIBAIOIINI KOHAECHCATOP, YKa3aH-
HBIH Ha CXeMe, TO MOJTyYaeM (PUILTP BHICO-
KHX 4acTOT ¢ Toukoil — 3 nb Ha yacrote
200 T'u. dns curHajoB B paboueil mosoce
YyacTOT (BBIllIE YaCTOTH, COOTBETCTBYIOLIEH
touke — 3 aB) KOHAEHCATOPOM €MKOCTHIO
0,1 Mk® MOXHO npeHeOpeYb U YYUTHIBATb
TOJILKO compoTuBieHue 8 KOM, coeauHeH-
HOE C HUM TIOC/IEIOBATEbHO.

BEIXOAHOE CONPOTUBICHUE OIpPENEIsAeTCS
KaK MapauieNibHOE COEAMHEHUE COMPOTHURIIE-
uust 10 KOM M BBEIXOZHOTO COIPOTHBJIEHHUA
TPAH3UCTOPA CO CTOPOHBI KOMjIeKTOpa. Yto
xe nosyqaetca? Ecnv ObI HE KOJNEKTOPHBIN
pe3NCTOP, TO CXeMa He OTAWYalach OBl OT
HCTOYHMKA ToKa. KosutekTop obnanaer oueHb
OOJIBLLIMM COTIPOTHBJIEHUEM (TIOPSIIKA Mera-
OM), MO3TOMY BEIXOJHOE CONPOTHBICHUE
OTpPENENACTCS KOIEKTOPHBIM DPE3HCTOPOM,
COMPOTUBJIEHNE KOTOPOTO COCTaBNSET
10 kOM. HanoMHHUM, 4YTO CONPOTUBICHHUE
CO CTOpOHBI KOJUIEKTOpA BEJIMKO, @ CO CTO-
POHBI SMUTTEPA MAIO (KAK U B CXEME SMMT-
TEPHOTO MOBTOpHUTENISA). B BEIXODHOM COIpO-
TUBJIEHUU YCWIHTEJSE C OOILUMM SMHUTTEPOM
npeobafacT CONPOTURIEHUE PE3UCTOPa Ha-
TPY3KM, CTOSILETO B lieNU KOJJIEKTOpa, a
BBIXOIHOE COMPOTHUBJIEHHE SMUTTEPHOIO MO~
BTODUTEJISI OTIPEAESACTCA BBIXOAHBIM COIpPO-
TUBJIECHHEM TPAH3UCTOPA CO CTOPOHBI IMHT-
TEpa, a HE CONPOTUBICHHEM HArpy3KH, CTO-
SALIECH B LIETIN SMUTTEpA.
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2.08. Cxema pacmennenus ¢a3nt
¢ eIMHAYHBLIM K03(dHIHEHTOM YCHICHHS

HHorga noiesHo MMETh CUTHAT U €ro UH-
BEPCHIO, T. €. ABA OAHOPOAHBIX CHTHasa,
CABMHYTbIE APYT OTHOCHTENIBHO Apyra 1o
daze Ha 180°. IMonyyuth Takue CHUTHAIBI
HETPYAHO — HYXHO BOCITOJIb30BaThCS YCHIIH -
TeJIeM C OOLIMM 3MUTTEPOM, KO3(PHIIMEHT
yCUIeHUs Kotoporo paseH — 1 (puc. 2.28).
HamnpspkeHue 10K0sI Ha KOJUIEKTOpE YCTaHaB-
nuBalot paBHBIM 0,75 Uy BMECTO MPUBLIYHO-
ro sHayeHus 0,5 Uy D10 Oenaetrcs ¢ yxe
W3BECTHOU HaM LIETTbIO — TOTYYUTb CUMMET-
PUYHBIH BBIXOTHOKM CUTHA O€3 CPEe30B Ha JI10-
60M U3 BbIXOZOB. HanpsbkeHue Ha KOJUIEK-
TOpe MoXeT u3MeHAThes ot 0,5 Uy, 1o Uy, a
Ha 3MHUTTEpe — OT MOTEHUWAIA 3€MJIU [0
0,5 U O6paiiaem Baiie BHUMaHME Ha TO,
YTO ISl CHMMETPHYHOTO YCWIEHHUSI BbIXOIbI
CXEMBI CJIeyeT HarpyXarTh OMMHAKOBBIMM (WIH
OoYeHb OOJIBIIMMH) WMIIEIaHCAMHU.
®Pazospamarens. Ha puc. 2.29 nmokasan
XOPOLIUii MpUMEpP HCHOIB30BAHUS CXEMBbI
pacuierieHuss ¢a3bl BHIXOMHOTO CHMTHAJA.
Cxema TO3BOJISIET PEryJIMpOBaTh (ha3y Bbl-
XOQHOr0 CHHYCOMIANBHOTO CUTHana (ot
Hyas po 180°) npu ycIioBMM, YTO BXOAHOM
CUTHA&J TOXE TIPEACTaBasAeT COO0N CHUHYCO-
WAy, aMIUTUTYA CHMTHAIA NpY PEryJIUpOBKe
(da3pl coxpaHsieTcs moctosiHHOH. Pabory
CXEMBI TIOMOTAET MOHATh BEKTOPHAs Jyarpam-
Ma HampsxXeHui (cM. . 1), ans Hameu
CXeMBI TpeAcTaBleHHas Ha puc. 2.30; Bxon-
HOM CHTHaJI Ha Heil U300paXeH B BUIE €1U-
HUYHOTO BEKTOpa, HaIpaBIEHHOTO BAOJb

150
KOM
C
o—— }—
A
56
KOm

Puc. 2.28. Cxema pacuiereHusi $a3bl ¢ €eAHHUYHBIM
K03 PULKMEHTOM YCUICHHS.

%]

1

u

1

Puc. 2.29. Cxema pacmieruieHusi $asbl ¢ NOCTOSTHHOM
aMIUTUTYIOHU.

JeicTBUTENbHOM ocu. HampaBieHusi BEKTO-
pOB, COOTBETCTBYIOIUMX curHanaM U, u U,
JIOJXHbI OBbITh TAKMMM, YTOObI 3TUM ABYM
BEKTOpaM COOTBETCTBOBaJI BEKTOP MOCTOSIH-
HOM ITMHBI, HAaMPaBJIECHHBINU BAOAb JIEACTBU-
TeJbHON ocH. B reomerpum €cTh Teopema,
COITIACHO KOTOPOH reOMETPUUYECKMM MECTOM
TaKMX TOYEK CIAYXHUT OKpyXHocTb. Urak,
PE3YIBTUPYIOILMIA BEKTOP (BLIXOMHOE HAMpS -
XeHHe) Bcerma UMeeT ¢AMHUYHYIO LIMHY,
T. €. TAKyl0 X€, KAK BEKTOp BXOZHOTO CHT-
Halla, TaK KaK R MOXeT UBMEHSITbCS OT HyAs
[I0 3HAYEHUIi, 3HAUUTENBHO MPEBBIIAIOINX
Z, Ha paboueit yactore. OGpaTtute BHUMAa-
HMe, 4TO BeiauuMHa (a30BOro cABUTA TNpU
JAHHOM MOJIOXEHHH TIOTEHLoMeTpa R 3a-
BUCHMT TaKXe OT 4acTOThl BXOJHOTO CHUTHa-
na. CrenyeT OTMETHUTh, YTO B KAYECTBE CXE-
MBI, 00ecIeunBalIoLICii perynTupyeMblil CABUT
¢da3, MOXHO MCITOJIL3OBATb MPOCTECHALIUIA
RCohunbrp BHICOKMX (WM HHU3KHMX) 4acTOT.
[lpaBnoa, B 3TOM Ciiyyae NMpU peryjivMpoBKe
¢asb aMIMTYAa BHIXOMHOTO CUTHAMA U3ME-
HSIETCA B 1IMPOKOM JHMAra3oHe.

OTMeTHM Takxe, 4To (azoBpallaTeab
RC-tuna HarpyxaeT cxeMy pacllerieHUs

Puc. 2.30. BekropHas nuarpamMMa [UIsl CXeMBI pacLueruie-
Hus ¢as3bl.
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daspl. B uneanbHOM ciiyyae Harpyska Tpen-
cTaBisieT cO0OH UMITeAaHC, KOTOPBIH BEJIMK
MO CPAaBHEHMUIO C KOJUIEKTOPHHIM H DMMT-
TepPHBIM pe3ucTopaMu. I103TOMY AaHHas
CXEMa HE MOXET MPHUMEHSTECA B Ciyvasx,,
Koraa tpebyercs obecreunTs LUUPOKAN THa-
na3oH ¢a3oBbIX CABUroB. B ciemyloiuei
IJ1aBe MpUBEACHA yiydilieHHas cxema ¢a3o-
BpaiaTes.

2.09. Kpyruzsa

B npenpiaywieM pasnese Mbl MpoaHATHW3H-~
poBaIM paboTy YCUJIMTENA C OOLIMM 3MHT-
TEPOM CIEOYIOLIUM O0pa3oM: a) Ipeanoso-
XWB, YTO CUTHaN (HanpsiXeHue) Ha OGase
HU3MEHSETCS B HEKOTOPBIX TNpeaenax, oOHa-
PYXWJIH, YTO HaNpsSKEHUE Ha SMUTTEPE UMe-
€T TaKOH Xe pa3Max; 0) MOACUMTAIIA SMUT-
TEPHBII TOK; 3aTeM, TIpeHeOperas He3HAYM~
TeJIbHbIM BIIMSSHUEM TOKa 6a3bl, OnpeaeTIn
pa3Max KOJUICKTOPHOTO TOKAa W B) KOJUIEK-
TOpHOTO HamnpspkeHus. [1pu stoM Ko3dhdu-
UMEHT YCWJIEHMS €CThb MPOCTO OTHOILIEHUE
KOJUIEKTOPHOTO HAaMpsxXeHus1 (BbIXOAHOIO)
K HanpsXeHHIo Ha 6a3e (BXOOAHOMY).
PaccMoTpuM paboTy yCHIIMTENS] 3TOTO
TUTIA ¢ APYTOH TOYKH 3peHHUs. MBICIECHHO
pacYicHUM CXeMY, KaK T0Ka3aHO Ha
puc. 2.31. OnHa 4acTb MPEACTABASET CO-
©00ii yripaBnsieMblit HANPSKEHUEM UCTOYHUK
TOKa, €ro ToK nokos paseH 1,0 MA, a ko-
adduLMeHT nepenayn coctapiuser — 1 MA/B.

— +20 B
110 KkOm 10 kOm
BxogHo#
curHan - .
BuixoaHoi
c‘ | | ® CUrHan
168
[
108B
10 kKOM 1,0 kOm

Puc. 2.31. Ycunurens ¢ oGIIMUM 3MHTTEPOM B Kaue-
CTBE KaCKala C TiepeJaTOYHON TPOBOAUMOCTBIO, YIIpaB-
NAIOIMIA HArpy3koi (pe3ucCTUBHOM).

KosgpduumeHT nepeayd npeaCTaBIseT CoO-
60i1 OTHOLLIEHHE BLIXOJHOTO CUTHAJIA K BXOI-
HOMY; B JAHHOM cjlyyae OH HM3MepsieTcs B
enIuHuLax |[Tok/Hanpsxenue] wiu [1/co-
npotusacHuue]. BeauuuwHa, obparHas co-
MPOTUBJICHHIO, HA3bIBACTCSI NPOCOCUMOCMbLIO
(BenuuyuHAa, 06paTHasi peaKTHBHOMY COIpO-
TUBJICHWIO, HA3bIBAETCS peaKkmuenoi npo-
600UMOCIbIO; BEIMIMHA, O0paTHas UMIIEOAHCY
WU TIOJIHOMY COINPOTURIECHHIO, HA3bLIBAETCS
ROAHOU nPOBOOUMOCMbIO), U eIUHULIEH €€ U3-
MEPEHHUS CIOYXHUT CUMEHC, PAHBIIE 3Ty €U~
HUILy U3MEPEHUS HA3BIBa/U M0 (OOpaTHLIH
oM). Ecin ko3¢ @uumeHT nepeaayn u3Me-
pAETCS B €AMHUIIAX POBOAUMOCTH, TO Ta-
KOM YCHIUTENb HA3BIBAETCH YCHUIIUTENEM C
MEpPeAATOYHOU IIPOBOTUMOCTHIO; OTHOHIEHHE
I /U HasbiBaeTcs KPYTH3HOM U 0603Ha-
yaercs g,

Hrak, ogHa 4yacTb cXeMbl HPEACTABISET
c000ii ycuNMTeNb ¢ FepeaaTOYHOi NPOBO-
IHUMOCTBIO, KO3(dUIIMEHT Nepenayd KOTo-
poro (kpyTtusHa) coctapasier 1 MA/B
(1000 MxCMm w1 MCwM, a 3TO ecTh He YTO
UHOE, KaK 1/R;). JIpyras 4acTb CXeMBI Ipex-
cTaBjisieT cOOOM HArpy3o4HBId pe3HCTOp
(«ycwnrtenb»), NMpeodpa3yiolliuii TOK B Ha-
npsixeHde. Pe3aucrop MOXHO Ha3BaTh yCHM-
JIATEJIEM C TIEpeIaTOYHBIM COMIPOTHBIICHUEM,
€ro Ko3ppULUEHT YCWICHHS] U3MEPSETCS B
€IMHULAX [HampsDKeHHe/ToK], T. €. B ¢OM-
HMIIAX CONPOTUBRJICHNS. B 1aHHOM ciyyae Ha-
MpsDKeHUE MOKosl (paboyee HampskeHHe) —
ato U,,, a KoadpduuueHT nepegaym (repe-
JaTO4YHOE COmpoTHBRIeHHe) paBeH 10 kB/A
(10 xOm), a 3710 €CcThb He 4TO MHOE, KaK R,.
CoenvHMB 3TH IBE YACTH MOCJIEA0BATENIBHO,
MOAYYUM YCWIMTENh HAIPSXCHHsA, o0llece
YCUJIEHHE KOTOPOTO ONDPEAEIISETCS MIPOU3Be-
IeHueM KO3G(ULIMEHTOB Mepeaayy coCTaB-
HBIX YacTei. B naHHOM ciryyae: K =g R =
= R /R, = —10 — Ge3pasmepHasi BeIMYHHa,
PaBHasi OTHOLIEHMIO {(BBIXOJHOE HANPIXE-
HHE)/(BXOIHOE HanpspxeHue)].

OnucaHHblii METOJ OYEeHb MoJie3eH M
aHaiM3a YCUIHTENE, TaK KakK IO3BOJISIET
paccMaTpUBaTh COCTABHBIE YACTH CXEMBI He-
3aBUCHMO Ipyr oT Apyra. Hampumep, mns
YCHJIUTENA C MEpeJaTOYHOi MpOBOIMMOC-
TbI0 MOXHO OLEHHTD BEJIMYMHY g, IUIA CXEM
pazIMYHON KOHGUrypaLMK U IS HHEIX 3Jie-
MEHTOB, HalpUMep IS [10JEBbIX TPaH3MC-
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TOpOB. 3aTeM MOXHO pacCMOTpPETh HAarpys-
Ky (WIM 4acTb CXEMBI C MepeaaTOYHbIM CO-
MPOTUBIIEHUEM) U OLIEHHTDb, KaK CBA3aH KO-
3pduLMeHT yCUNeHHs ¢ MUana30HOM H3Me-
HeHMs HanpspkeHus. Eciy Bac MHTeEpecyeT
obliiee yCUIEHUE [0 HANPSIKCHHUIO, TO €ro
MOXHO ONPEACINTH CICAYIOUIUM 00pa3oM:
K, =g,r, Tae r,~ NepeaaToyHOE COMpo-
TUBJIEHUE HAarpy3ku. B KOHeYHOM cuerte 3a-
MEHa IMPOCTOl aAKTUBHOW HArpy3Kv CXeMoM
C BHICOKHM MEpPeAaTOYHBIM COMPOTHBICHHU-
€M MO3BOJSET NMOMy4aTh JUIsl OAHOTO KacKa-
13 YCWIUTENISl BEAUYMHY KO3QPHLHUECHTA
ycunennsi, pasayilo 10000 u Beine. C no-
MOILIBIO OMTMCAHHOTO METONa yHOOHO pac-
CMaTpUBaTh KACKOAHBIA YCHIHTENIb, C KO-
TOPBIM BbI IO3HAKOMHUTECH HHUXE.

B ra1. 4, roe pacMarpuBalOTCs Onepalu-
OHHBIC YCHINTENH, IPUBEACHO HEMAJIO MPH-
MEPOB YCWIMTENECH, Ha BXOJAX M BBIXOAAX
KOTOPBIX NEHCTBYIOT HANpPSIKCHUSI U TOKH,
YCUJIUTENTA HANPSDKEHWs, YCUJIMTENH TOKa,
YCWIMTENN C MEPEeNaTOYHON MPOBOAMMOC-
ThIO, YCUITUTENHU C NMEPEAATOYHBIM COTIPOTUB-
JICHUEM.

Ipenenbuniii ko3drbuIMenT ycuuenus: rpa-
HHObI NPHMEHHMOCTH NpoOCTeHIned MoIeaH
TpaH3uCcTOpa. B COOTBETCTBUM ¢ HalmeH Mo-
Jenbl0 KO3(PGULIKEHT YCIWICHU MO Hamnps-
XEHUIO YCHIIUTESI C OOILKUM SMHTTEPOM pa-
BeH — R/ R,. YTo npousoitaer, eciu comnpo-
THBJIEHUE R, GyNeT yMEHbILATLCS, CTPEMSICH
K Hymo? COornacHO ypaBHEHHIO, KO3(DhHULIM-
€HT YCWIEHHUs OyIeT Ipy 3TOM Oecripeae/ibHO
BO3pacTarh. ONHAKO M3MEPEHHUSI, BBITIOHEH-
HbIE B PACCMOTPEHHOM BBIIIE CXeMe, IOKa-
XYT, 4TO, XOTS NpPU MOCTOSTHHOM TOKE IO-
KOs, paBHOM 1 MA, K03 GHULIMEHT yCHIEHUSA
1 pactet, Mpu R, = 0 (3MMTTEp 3a3eMIIEH)
OH CTaHOBUTCA paBHBIM Bcero 400. Okaxer-
CSl TAKXKE, YTO YCWINTEb HAYHET MPU 3TOM
paloTaTh KaK HEMMHEHHBIM 3IEMEHT (BBIXOH-
HO#M CUTHal He BOCIPOM3BOAMT IO (opMe B
TOYHOCTH BXOHAHOM), BXOOHOE COIPOTHBIIC-
HHE CTAHOBHMTCSI HEOOJTBILIUM Y HEIMHEHBIM,
a CMEILEHME HAYUHAET 3aBUCETh OT TEMIEpa-
Typbl. OYEBHAHO, YTO MOJAEIbL TPAH3UCTOPA,
KOTOpO#H MBI IOJIb30BaJINCh, HECOBEpPILIEHHA
H €€ HeoOXOAUMO NOMONHHThL, YTOOBI OHa
MpULILIA B COOTBETCTBHE C H3MEPEHHAMHU,
ONMUCAHHBIMHU BHILIE, 1 HEKOTOPHIMU JAPYT1-
MH (hakTaMUu, Ha KOTOPBIX Mbl €LIE OCTAHO-

BUMCA. Mouenb, KOTOpYyl0 MbI cedvac pac-
CMOTpHM, OyJeT NOCTATOYHO TOYHA U YIOB-
JIETBOPUT HacC B JANbHECHILIEM.

MOJEIDb 9BEPCA-MOJUIA
JJIA1 OCHOBHbIX
TPAH3MCTOPHBIX CXEM

2.10. YiayumeHnnas MoJeb TPaH3HCTOPA:
YCHIHTEb ¢ IePeAATOuHOH NPOBOAAMOCTDHIO

(KpyTH3HOi)

CylUeCTBEHHYIO MTOTNPAaBKY CJIeIyeT BHECTH B
npaBuio 4 (pasa. 2.01), koTopoe onpenens-
et, uto I = h,,, I, Mbl paccCMaTpuBaiu TpaH-
3UCTOP KaK YCWINTEIb TOKA, BXOJ KOTOPOI'o
paboTaet KaK [0, JTO NPUDIHKEHHE SB-
nsieTcsl rpyobiM, HO U1 HEKOTOPBIX IIPAaKTH-
YECKUX CJiyyaeB OONbIICH TOYHOCTH U HeE
Tpebyercss. ONHAKO JUISl TOTO YTOOBI TTOHSATD,
KaK paboraior nuddepeHiIHaNbHbIE YCHIIN-
TeJIU, TOrapupMHUYECKHE TIPeodpa3OBaTei,
CXEMBI TEMIEPATYPHOI KOMIICHCALIMHM U He-
KOTOpbi€ [IpYrHe MpakKTUYeCKH TOJIe3Hbie
CXEMBI, CJIEAYET paccMaTpUBaTh TPAH3UCTOP
KaK 3JIEeMEHT C TIepeaaTOYHOI MPOBOIUMOC-
TBIO — KOJUIEKTOPHBII TOK B HEM OIIpeJesis-
€TCs1 HanpsiKEHHEM MexXay 6a30ii U aMHuTTe-
POM.
Urak, npasuno 4 B U3BMEHEHHOM BHIIE:

4. Ecau npaBwia 1—3 cobmomens (pasa.
2.01), To ToK I, cBA3aH ¢ HanpspkenueM U,
ClenyoLleil 3aBUCUMOCTDIO;

I.=1I_[exp(Uy/U) — 1],

Hac

rne U; = kT/q = 25,3 MB mipu KoMHarTHoi
Temneparype (20 °C), g — 3apsaa 37eKTpoHa
(1,60-10-" K1), ¥ — mocrosiHHasa BonpuMana
(1,38 x 1072 Ix/K), T — abGconioTHas
TeMIieparypa B kesbBUHax (K = °C + 273,16),
1., — TOK HaCBILIEHHS TPAH3UCTOPA (3aBUCUT
ot 7). Toraa Tok 6a3bi, KOTOpPHIIt TaKXe 3a-
BHCHT OT U, MOXHO NPUOIU3UTENLHO Of-
penesvTh TaK:

I,=1h

re «MOCTOSIHHAS» A, OOBIYHO MPUHMMAET
3naueHus ot 20 mo 1000 u 3aBucuTr oT
TpaH3ucropa, Iy, Uy, u Temneparypbl. Tok
[, IpescTaBsAeT co6ok 00paTHbIM TOK 3MHUT-

TepHOro mepexona. B aktusHOW oGnactu
I > [, v 4ieHOM — 1 MOXHO npeHebpeyb.

213
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Puc. 2.32. 3asucuMOCTh §230BOr0 M KOJJIEKTOPHOTO
TOKOB TPaH3UCTOpPa OT HaMpsiXeHUs Mexay 6a3oi u
IMUTTEPOM.

VpaBHeHue Wisi [, M3BECTHO MOR Ha3Ba-
HHMEM «ypaBHeHHe D0epca—Momna». OHo
MPUOIN3NTENBHO OMUCHIBAET TAKXKE 3aBUCH -
MOCTb TOKA OT HAIPSIKEHHUS /151 TUOMA, €CNTU
U. yMHOXaeTCsl Ha KOPPEKTUPOBOYHBIN KO-
3(I)¢munem m co 3HaueHueM mexay 1 u 2.
Cnenyet 3allOMHUTb, YTO B TPaH3UCTOPE
KOJUIEKTOPHBIM TOK 3aBUCUT OT HaTIPSIXEHUS
Mexjy 0a30if ¥ IMUTTEPOM, a HE OT TOKa
6a3bl (TOK 0a3bl B rpyOOM MPUOIKEHHUH OTl-
penensietcss Ko3hPUUMEHTOM £, ;). DKCNoO-
HEHLUIbHAs 3aBUCUMOCTb MEXIY TOKOM [,
¥ HanpsxenueM Uy, TOUHO cobGomaeTcs
B OOJIBIIIOM IMANa30He TOKOB, OOBIYHO OT
HaHoaMmep mo mwuinamnep. Ha puc. 2.32
npUBeAEH rpaduk 3Toi 3aBucuMocTu. Ecnu
M3MEPUTDb TOK 0a3bl MpU Pa3IMYHbBIX 3HAYE-
HUSIX KO/UIEKTOPHOrO TOKA, TO IOJTYYUM Ipa-
buK 3aBUCUMOCTH A, oT [ (pHC. 2.33).

1000

[ILRBALLL

500

b}
&
-~

300

100

I 1 I | | | 1
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Puc. 2.33. TunuuyHag 3aBUCUMOCTh Ko3duumeHTa
YCHWJIEHHS 110 TOKY JUIA TpaH3ucTopa (A, ,,) OT KOJJeK-
TOPHOTO TOKA.

CorylacHo ypaBHeHHI0 Dbepca—Morna,
HanpsiXeHUEe Mexay 0a30d U IMMUTTEPOM
«yTIpaB/sieT> KOJUIEKTOPHBIM TOKOM, ONHa-
KO 3TO CBOWMCTBO HEJIb3si VCIOJIB30OBATh HE-
MOCPEACTBEHHO Ha INpakTUKe (CO3daBaTh
CMELIEHUE B TPaAH3UCTOpPE C TMOMOIIBIO Ha-
MpSDKEHMsI, NOJaBaeMoro Ha 6asy), Tak Kak
BEJIMK TeMIlepaTypHblil Ko3hbduuueHT Ha-
MIPsDKEHUSE MeXITy 6a30i1 v aMUTTEpOM. B manb-
HeHIleM BbI YBUIOWTE, KAK YpaBHEHUE DOep-
ca—MoJuia moMoraeT pelurTh 3Ty NpobeMy.

IIpakTHYecKHe NMpaBHIA AJA Pa3padoTKH
Tpan3ucTopHbIX cxeM. Ha ocHoBanMM ypas-
HeHus Doepca—Mosuia Moay4eHbB HEKOTO-
pbl€ 3aBUCHMOCTH, KOTOPBIE YaCTO WCHONb-
3yI10T IIpH pa3paboTKe CXeM:

1. CryneHuarasi xapakTepucTika nMona. Ha
CKOJIBKO HYXXHO YBENUYUTDb HamnpspkeHue Ug,,
yTo6Bl TOK [ yBenawuwicd B 10 pa3? U3
ypaBHeHHs Dbepca—Morua cienyer, uto Uy
HYXHO yBeauuuTh Ha Ulog 10, nin Ha
60 MB mpu xoMHatHOM Temmnieparype. Ha-
npaxcenue Ha 6aze yseauvueaemcs Ha 60 mB
npu yeeauveHuu Koaekmoprozo moxa ¢ 10 pas.
DKBUBAJIEHTHBIM SIBISIETCS Cleyloliee Bbl-
paxenue I, = I e*Y*, rne AU namepsercs
B MHJUIMBOJIbTAX.

2. MimMmemaHc Ui Majoro CUrHajia co Cro-
POHBI 3MUTTEpPA ITPH (PUKCUPOBAHHOM HATPs-
XeHud Ha 6ase. Bo3bMeM NPOW3BOAHYIO OT
Uy mo Iy r, = U/ L = 25/ Om, rae Tok
I, uaMepsieTcs B MwiMamnepax. Benvunna
25/1; OM cOOTBETCTBYET KOMHATHOMH TEMIie-
patype. DTO cobcmeerHoe CONPOTUBIICHUE
3MUTTEPA 7, BLICTYNAET B KaueCTBE MOC/IEN0-
BaTeJIbHOTO [UIsl SMUTTEPHOM LIETIK BO BCEX
TPAH3UCTOPHBLIX cxeMax. OHO OrpaHv4MBa-
€T YCWIEHHME YCWIMTENSI C 3a3€MJICHHBIM
SMHUTTEPOM, MPUBOIUT K TOMY, YTO KO3(-
(hbULIMEHT YCWIEHUSI SMUTTEPHOTO MOBTOPH-
TeAS UMEET 3HAYCHHE YYTh MEHBLIC CTUHU-
LIkl ¥ HE HO3BOJIIET BBHIXOJHOMY CONPOTUB-
JIEHUIO SMMTTEPHOTO MOBTOPUTENS CTaTh
paBHBIM HYJIO. DTOT INMapaMeTp OTHOCUTCS
K mapaMeTpaM Majoro curHajia. OTMeTum,
YTO KPYTH3HA Ui YCHIIMTENS C 3a3eMJIEH-
HBIM SMUTTEPOM OIPEICHISIETCS CAEAYIOIINM
obpasom: g = 1/r,

3. TemnepatypHasi 3aBUCUMOCTh. [siasi Ha
ypaBHeHHe Dbepca—Monna, MOXHO mpea-
MIONIOXMTh, 4T0 Uy, MMEET HONOXMUTENbHBIN
TeMIepaTypHblii Ko3dduuneHt. OaHako, B
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CBSI3U C TEM YTO TOK /,,. 32aBUCHUT OT TeMIIe-
parypbl, HanpsikeHue Uy, ymeHbLaerca Ha
2,1 MB/°C. B rpyboM NpUOGIMXEHUH OHO
nponopuuoHaneho 1/7T., tne T, — abco-
JIIOTHAS TeMITepartypa.

U ee onHa 3aBUCMMOCTD TPUTOAMUTCS HAM

Ha MPaKTHKE, MpaBla, OHa HE CBfA3aHA C
ypaBHeHUeM Dbepca—Moruta. Peus uaer 06
adexkre Dpnu, omucaHHoM B pasnp. 2.06,
KOTOPbIN HAKJIAbIBAET OTPAHHYEHHUSI Ha BbI-
XOIHYIO XapaKTePUCTUKY TPaH3UCTOpa Kak
UCTOYHMKA TOKA.
4. Opdext Ipmm. U, xotb U B cnaboit Me-
pe, HO 3aBUcHT OT U, ., TpU TMIOCTOSIHHOM TOKE
1. 9101 30dexT o%aycnomleﬂ H3MECHEHHUEM
3&)(1)6KTI/IBHOI71 UIMPUHBI 0a3bl U OMUCHIBA-
eTcst cieAyiolled NMpuOIU3UTENbHON 3aBM-
cumoctbio: AUy, = — aAUg,, tae a = 0,0001.
Mgl iepeYUcIuaM OCHOBHBIE COOTHOILIEHHS],
KOTOpPbIE MOTYT OBITh MOJE3HBI HA TIPAKTUKE.
DTU COOTHOLUEHHUS, & HE CaMM YpPaBHECHUS
Joepca—Mosina, UCTIONB3YIOTCA NMPH pa3pa-
6OTKE TPAH3UCTOPHBIX CXEM.

2.11. Eme pa3 00 3MATTEpHOM NOBTOPHTENE

[Ipexne yeM Ml ellie pa3 paCCMOTPUM YCH-
JAMTE/Ib ¢ OOIIMM SMHTTEPOM, HCIOJIB3YS
NIpeMMYILECTBA HOBOM MOIETM TPAaH3UCTOPA,

Bnoxupos.
R KoHpehca-
w_TOp

Denutens
CMeleHua

Puc. 2.34.

HEHaNoJAro 3aIepXHM CBOE€ BHUMaHHe Ha
CKPOMHOM 3MUTTEpPHOM nostopureie. Co-
[acHO Mozenn D6epca—Mosuia SMUTTEPHBIM
TOBTOPUTENb HOJIXEH HMETbh HEHYJIEBOM
BBIXOJHOM UMIIENAHC JaXe B TOM CJIy4yae, Kor-
Jia CXeMOIi YIIpaRIsieT UCTOYHUK HAMPSDKEHUS,
TaK Kak SMUTTEPHBIf OBTOPUTENb OOIanaeT
BIOJIHE OMNpERENEHHbIM CONPOTHBICHUEM
ry (CM. TIipeObloyIUUA pasfen, NyHKT 2).
[lo Toit Xe¢ NpHYMHE YCUJIICHHE IO Hamps-
XEHUIO OyIeT HEMHOrO MEHBILE eIMHMIIBI,
TaK KaK r, U PE3UCTOP Harpy3ku o6pasyiot
NeUTENb HATIPSIKEHHUS.

DTH ABJIEHUS HETPYAHO OTMCATh MaTeMa-
Ttuuecku. [1pu PUKCHPOBAaHHOM HaNpsSDKEHUM
Ha 6a3ze UMIEJAHC CO CTOPOHbI 3IMUTTEpPA
€CTb HE YTO MHOe, Kak R = dU,/dI,, Ho
L, = I, nostoMy R~ r,— coOCTBEHHOE
COIPOTUBACHUE SMUTTEPA fr3 = 25/1 (MA)].
Hanpumep, Ha puc. 2.34, a umnenaHc co
CTOpOHBI Harpysku ry = 25 Om, Tak Kak
I, =1 MA. (Ecnn ucnosb3yeTcsi SMUTTEp-
HbI# pe3ucTop R,) T0 00pasyeTcs rnapajuiesib-
HOE COeMHEHME, Ha NMPAKTUKE R, BCETa 3Ha-
unTeNpHO Gonblue, yeM r,.) Ha puc. 234, 6
npeacTaBieHa 6ojee pacpoCTpaHeHHas CH-
Tyalusi — UCTOYHUK UMeET KOHEYHOE COTpo-
TuBjieHue R (mist mpocToThl B cxeMe oIy-

UCT

LIEHBl KOMIOHEHTHI CMeUICHUS — 0a30BbIi

+U

KK

Harpy3ka

UcTouHuK =
curHana

Harpyska
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JeJUTeNb U OTIOKMPOBOYHDIA KOHIEHCATOD —
3TU KOMITOHEHTbl MPUCYTCTBYIOT Ha PHC.
2.34, B). B 310M CiTyuae BBHIXOOHON MMIENAHC
3MMTTEPHOIO MOBTOPUTENSL — 3ITO MPOCTO 7,
B TOCJIEAOBATEIbHOM COEIMHEHMH C R/
/(h,, + 1) (omsTH Xe B NapajUIETbHOM CO-
€IMHEHUH C HECYILLECTBEHHBIM PE3UCTOPOM
R,, ecin oH mpucyrctByet). Hampumep,
e R_=1kOMul =1MA, TOR , =350Mm
(TIPeAMONOXHuM, 4T0 A, ,, = 100). Herpynno
NOKA3aTh, YTO COOCTBEHHOE COMPOTHBRIIEHHE
3MUTTEPA 7, BHOCHT TaKXe BKJIaJl BO 6X00HOU
HMIIENAHC SMUTTEPHOTO NMOBTOPHUTENS, KaK
ecsu Obl OHO OBLTIO COEAUHEHO MOCEAOBA-
TEJTbHO ¢ Harpy3Koil (Ha caMoM [ejie He C
Harpy3Koi, a ¢ MapajuIeIbHBIM COeTHHEHM -
€M pe3ucTopa, Harpy3kKh M 3MUTTEPHOrO
pe3uctopa). JApyruMU CIOBaMH, U CXEMBI
3MUTTEPHOTO TIOBTOPUTENSt ekt Dbepca—
Moina cocToUT NpoCTo B HODABIEHHH TOC-
JIEJOBAaTENBHO MTOIKTIOYEHHOTO COMPOTURIIE-
HMS SMUTTEPA 7, K TOJlyYEHHBIM paHee pe-
3yJIbTATaM.

YcuneHyie no HampsKeHUI0 SMUTTEPHOTO
MOBTOPUTENS HECKOJIBKO MEHbILE €IMHHIbI
M3-3a HATMYMS OEJTUTENS HANpsKeHHs, 00-
Pa30BaHHOTO T, U HArpy3KoW. BTO HETpy:-
HO BBIYMCJINTh, TAK KAK BBIXOA CXEMBl HaX0-
OUTCS B TOUKE COCAMHEHMsAA Iy M R,,: G, =
= Unux/st; Ruarp/(r3 + RHarp)' rPraK"M
00pa3oM, ecny B3ATh, HaripuMep, MTOBTOPH-
T€Jb, TOK 3aTyXaHUS1 KOTOPOTO paBeH 1 MA,
a Harpy3Ka coctapisiecT I KOM, To ero ycu-
JIeHHE M0 HanpsaxeHuo oyret pasHo 0,976.
W HXeHepaM MHOIIA HPABUTCS CUUTATH YCH-
JIEHUE B €AWHHLIAX CBEPXIIPOBOIUMOCTH UIs
MOAyYeHHUs BbIpAXKEHUs, MOAXOASAILETO TaK-
xe ans OV (cM. pasa. 3.07); B 3TOoM ciyuae
(Mcnonb3yst BoipaxeHue b = 1/r.) nonyunm
GU = Ruarp bm/(l + RHarp bm)

2.13. Eme pa3 06 yciwiarene
¢ ODIHM SMHTTEpPOM

Bbilie Mbl ONpEICHIN YCHWIEHHUE TI0 HAnpsi-
XKEHUIO 11 yCWINTENS ¢ OOLIMM 3MHUTTEPOM
TIPU YCIIOBHH, YTO CONMPOTHRICHUE SMUTTEP-
HOTO PE3WCTOpa PaBHO HYJIO, HO pe3yJbTar
MOJYYHIIH HEBepHBIit. Jlesio B TOM, YTO TpaH-
3UCTOp 00J1aaeT COOCTBEHHBIM 3MHUTTEpP-
HbIM CONMPOTHBJIEHUEM, paBHbIM 25/1 (MA)
(BBIpAXEHO B OMax), KOTOpoe ciledyeT No-

6aBIAThL K COTMPOTHURICHHUIO BKIIOYEHHOTO B
SMUTTEPHYIO 1IETTh PE3UCTOPA. DTO CONPOTHB-
JIEHWE 3HAYMUTENIBHO B TEX CIy4asiX, Koraa B
Lenb 3MUTTEpa BKITIOYEH HEOONbION pe3uc-
TOop (WIM KOorma ero Her BooOiue). Hampu-
MED, VTSl YCWINTENS, KOTOPbIif Mbl PACCMOT-
penu Bhille, KOIPIULIMEHT YCHICHHS 1O Ha-
npskeHulo paseH —10 xOM/r,, win —400,
MPH YCJIOBUHU, YTO COMIPOTUBIIEHHE IMUTTED-
HOTO PE3UCTOpa PaBHO HymMO. MBI Tipenona-
rajii paHblile, YTO BXOOHOM UMIEAaHC A, R,
paBeH HyJ10 npu R, = (; Ha caMOM Jiesie OH
NpUOIM3UTENBLHO PaBEH A, .7, U B JAHHOM
ciiyyae cocTaBisgeT okono 2,5 kOMm (Tok
MOKOs paBeH 1 MA).

Msl yXe YNOMUHATU YCUIAUTEND C «3a3EM-
JIEHHBIM DMUTTEPOM» M CXEMBI «C OOIIUM
IMHUTTEPOM». DTH CXEMBI HE CIEXYeT MyTaTh.
Yceuwnurenb € «3a3¢MJIEHHBIM 3SMUTTEDOM» —
3TO YCWIMTEIND C OOLIIUM 3MHTTEPOM, B KOTO-
poM R, = 0. B ycunurenbHOM Kackame
C OOLIMM 3MUTTEPOM MOXET MPUCYTCTBOBATh
SMUTTEPHBIA PE3UCTOP; OCOBEHHOCTh 3TOW
CXeMBbI COCTOMT B TOM, YTO LIETIb SMUTTEpA
SIBJISIETCSL ODLLEH [T BXOJAA U BBIXOIA CXEMBI.

HenocTaTku 0HOKACKaAHOTO YCHJIATEIA C
3a3eMJICHHbIM IMATTEPOM. [1ONOIHUTEIbHOE
yCWIEHHE, O0YCIIOBIEHHOE OTCYTCTBMEM pa-
3UCTOpa B 3MMTTEPHO# e R, = 0, MbI no-
JIy4yaeM 3a CHET YXYAILeHUS] HEKOTOPHIX IMa-
paMeTpoB ycwiutens. Kak HU TomnyisipeH
YCUJIUTENb C 3a3¢MJICHHBIM 3MUTTEPOM B
y4yeOHHKAaX, Ha NPAKTHKE €ro CACOYET HMC-
MOMb30BaTh TOJBKO B CXeMaX, OXBAYE€HHbIX
oOuieil neTed OTpULATENBHONH OOpaTHOM
cBsizu. st Toro 4roGbl MOHATH, C YEM 3TO
CBSI3aHO, PACCMOTPUM pHC. 2.35.

+20 B

10 kOm

BuixogHo#
BxopaHo#
CUrHan

(cBA3e no
nocT. TOKY)

Puc. 2.35. Yeunurens ¢ oGwmM 3MUTTEpOM Oe3 OTpHU-
LIATeIbHON OOpaTHOM CB#3M B LIEMH IMUTTEPA.
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bonbwoe
ycuneHue

Bpemn

Puc. 2.36. HenuHeilHbIiA BHIXOOHOM CUTHANI, CHUMaEMBbIi
C YCWIHTENS C 3a3eMJIEHHBIM 3MHUTTEPOM.

1. Hemnneitnocts. KoabdbuueHT ycuneHus
onpenenslerca BBIDAXEHUEM k = —g R, =
==R/ry = —R 1, (MA)/25, T. €. 14 TOKa
1okos 1 MA OH paBeH —400. Ho nmesto B TOM,
4T0 TOK / M3MEHSeTCs IPH M3MEHEHUH BXOJ-
Horo curHajia. B HamieM nmpumepe ko3pdu-
HMEHT YCWICHHS MOXeT U3MEHSThea oT — 800
(U, =0, I, =2 MA) no nyna (U — Uy,
I = O) ECIIPI Ha BXOJE NeHCTBYeT TpeerJIb-
HbII/I CHrHAJl, TO CUTHAJI Ha BbIXoJe OYIeT
TAKMM, KaK TI0Ka3aHo Ha puc. 2.36. Ycu-
JIATENIb BHOCHUT OGOJIBIIIME MCKAXEHMS, T. €.
ob1agaeT T10X0il IMHEHHOCTBIO. YCHIHTED
C 3a3¢MJICHHBIM 3MUTTEPOM 6e3 oOpaTHOM
CBSI3M MOXHO MCIIONB30BaTh JIMIIb WIS HE-
OOJIbIIMX AMAMAa30HOB M3MEHEHUs CUTHAJA
BOJIM3M TOUKH ITOKOSA. UTO Xe KacaeTcst yCH-
JITENS C ODLUIMM SMHUTTEPOM, TO €r0 yCuie-
HHE TIOYTH HE 3aBHUCUT OT KOJUIEKTOPHOI'O
TOK4, TIPH YCJIOBUM 4TO R, >> r,; oH obecrie-
YUBAET yCUICHUE Oe3 UCKaXECHHIl B OONb-
IHOM [IMaIla30He U3MEHEHHUS CHTHAJA.

2. Bxoguoe conporHBienne. BxoqHoe corlpo-
TUBJIEHUE NPUOIMUZUTENBHO PaBHO Z

= hyyry = (25h,,,/1,(MA)) Om. 3mech Ml
ONATb CTAJIKMBAEMCA C TEM, 4TO TOK [,
U3MEHSIETCS TIPH U3MEHEHHUH BBIXOOHOTO cnr—
HaJjla, a 3HAYUT MEHSETCA U BXOXHOE COMpo-
tHBJIeHUe. Ecin HCTOYHMK, TIMTAIONMIH 0a3y,
obnagaeT HeOONbUIMM BBEIXOAHBIM CONIPOTUB-
JIEHUEM, TO BbI MOJIYYUTE HENUHEHHBIN TIe-
PEMEHHBIM IEIUTEIb HATIPSDKeHUs, 00pa3o-
BaHHBIH MCTOYHUKOM CHTHAQJAa M BXOIHBIM
CONpPOTUBIICHHEM ycwiutensi. Yto Kacaetcs
YCWIMTENSA C OOLIMM 3MUTTEPOM, TO OH 00-
JIAAaeT MOCTOAHHBIM M BBICOKMM BXOIHBIM
COTMPOTURIICHHEM.

3. Cmemenne. B ycumvrene ¢ 3a3eMJIEHHBIM
3MHTTEPOM CMELIEHHUE BBITIOJIHUTL TPYAHO.
BosHukaer cobina3H NpocTo NogaTh Hanpsi-
XeHUe (C menuTensi), KOTOpoe 00ecneuuT

HYXHBbI# TOK TTIOKOSI B COOTBETCTBHM C ypaB-
HeHneM Dbepca—Mosna. OnHaKO TaK cle-
7aTbh HENb3s, TIOTOMY YTO HanpspkeHue U,
3aBMCHT OT TEMIEpPATyphl (IIpy Q)nkcuposau-
HOM 3Ha4eHHH 1, ) 1 u3mensiercs Ha 2,1 MB/°C
(dakTHuecKy HaNpPsXCHHUE YMEHBILIACTCS TIPU
MOBBIILIEHHH TEMIIEPATYphl 7 M3-3a TOTO, YTO
U3MeHsETCd TOK [, ; B pe3y/IbTaTe OKa3biBa-
eTcd, YTo HanpskeHue Uy, npubausurenbHo
MPONOPLUHOHANLHO 1/ T, rne T — abcomoT-
Hasl TeMIIEpaTrypa). 3TO BEAET K TOMY, YTO
KOJUICKTOPHBINA TOK (mpH (PUKCUPOBAHHOM
sHaueHuu U;) Oyner ysennuunBathest B 10 pas
TpU MOBBIIEHWU Temmeparypsl Ha 30 °C.
Takass HeCTaOWILHOCTD HEJIa€T CMEIICHHE
HepaboTOCIIOCOOHBIM, TaK KaK JaXe HeOOoIb-
IIMe KoyicOaHusl TeMIeparypbl OyayT NMpuBO-
IUTh YCUJIUTEIb B PeXHUM HACBILICHHS.
Hanpumep, ecaiu HanpsokeHUWe CMELIEHMSs
CHIeNIaTh PABHBIM ITOJIOBMHE HANPSLKEHUA ITH-
TaHUS KOJUIEKTOPA, TO YCWINTENb C 3a3€M-
JIEHHBIM 3MUTTEPOM OyIET NEPEXOANTD B pe-
XHM HACBIIUEHHS TPH MOBHILIEHUU TEMIIE-
parypnl Ha 8 °C.

Ynpaxunenne 2.9. Yoenurtecs B TOM, YTO NMPHU MOBBILLE-
HUM TeMIEpaTypbl OKpyXaloiie# cpembl Ha 8 °C ycmnu-
TeNb C 3a3eMJIEHHBIM 3MMTTEPOM M TMOJaHHBIM Ha Gasy
HanpsDKeHUEM CMEILEHHs] NIEPEXOAMT B PEXHM Hachlilie-
HUsl. B HCXOIHOM COCTOSIHUM TPAH3MCTOP CMEHIEH Tak,
uro U, = 0,50

O TOM, Kak pemiaeTcsi 3a1a4ya CMEUIEHHS,
Bbl y3HaeTe M3 CIelyloilux pasnenos. Yro
Kacaercsi yCHIUTENsI C ODIIAM SMHUTTEPOM,
TO 3I€Ch CTAOUIBHOE CMELIIEHUE CO3IAETCS C
TOMOIIBIO HANPSIKEHUS, MPWIOXEHHOTO K
6ase; Oonpliasg 4yacTh 3TOTO HaNpPSXEHUS
MPUXOTUTCH HA PE3UCTOD B LICTIH IMUTTEDA,
TEM CaMBIM OOecrneuyuBaeTCcs MOCTOSHHBIMN
TOK MOKOSI.

DOMHTTEPHDIH PE3HCTOP B KAYECTBE IEMEHTA
obparnoii cea3M. Eciu X co6cTBEHHOMY CO-
TIPOTHBIEHUIO 3MHUTTEPA J0OABUTb COIIPOTUB-
JIEHUE BHEUIHETO 3MMTTEPHOIO pPE3UCTOpa,
TO MHOTME MapaMeTphl YCUJIUTENSA ¢ OOLLIMM
IMUTTEPOM YJIydllaTcs, MpaBaa, 3a CYeT
CHUXeHUS Ko3bhPULKMeHTa yCWIeHUs. AHa-
JIOTUYHOE SIBJICHHE PACCMATPHUBAETCS B Clle-
IYIOIUMX IBYX [JIaBaX, IOCBALIEHHBIX HC-
MOJIb30BAHUIO ompuyamenvHol o6pamuol
CBSI34, MO3BOJSIONIEH YIYYIINTh XapaKTe-
PHCTHKH YCWINTENS 33 CYET YACTUYHOM TI€e-
pelayd BBEIXOZHOTO CMTHaJIa Ha BXOH. JTO
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HE MPOCTOE COBIMAaAeHHUE, NEJI0 B TOM, YTO B
YCUNUTENE C OOLIVM SMUTTEPOM MCIIONB3YET-
cs1 omHa U3 GOpM OTpHULIATENbHON O0paTHOM
cBs3u. [IpencraBum cebe, YTO TPAH3UCTOP —
3TO 3JIEMEHT C IepeJaTOYHOW KPYTU3HOM,
B KOTOPOM KOJUIEKTOPHBIA TOK (a claenoBa-
TEJIbHO, M BBIXOXHOE HAIPSDKEHHE) 3aBHCUT
OT HAnpSOKEHUs, AEHCTBYIOLLETO MexXay Oa-
30¥ ¥ SMUTTEPOM; Ha BXOJ YCUIIVTENA Moaa-
€TCS HamnpsLKeHUe, ACHCTBYIoNIee MexXay 6a-
3011 U 3emiieii. BxomHoe HamnpsiXeHHe Mpe-
CTaRsIET COO0I HAIpPSTKEHHE MEKIYy 3MHTTE-
pom W 6aszoit MMHyC HampskeHue (I, R.).
CnenoBarejibHO, B CXEME C ODIIUM 3MUTTE-
pOM OEHCTBYET OTpHMLATENbHAasd OOpaTHas
CBs3b, U OJlarogapsi 3TOMY YJIYYIIAIOTCS Xa-
PAKTCPUCTUKM YCUANTENA (BBICOKAS AWHEH-
HOCTh W CTAOMJILHOCTH, OOJIBIIOH BXOTHOM
AMNOENAHC; BBIXOXHON HUMIIEAAHC MOXHO
YMEHBIIIUTB, €CJIM BBECTH OODaTHYIO CBS3b
HEMOCPEACTBEHHO ¢ KOJUIEKTOPA). 3TO JIMIIbL
MepBOe 3HAKOMCTBO ¢ 0OpaTHOM CBsI3bIO, HO
¥ OHO ITO3BOJSIET OLIEHUTh 3HAYEHUE MaTe-
puana, M3JI0XEHHOro B . 4—35.

2.13. Cmemenne B yCHIHTENE
¢ O0HMAM IMHTTEpPOM

CyuiecTByeT BOBMOXHOCTD 33JaTh CMELIEHUE
B YCWJIHTENE C OOIIMM SMMTTEPOM U TpH
HEOOXOMMMOCTH MONyYeHUsT MaKCUMAJIBHO
BO3MOXHOTO KO3((UUUECHTA yCUICHHS (WITH
€CJI YCWINTENbHEIA KaCKall OXBAYCH TeTICH
o0paTHoit cBa3u). EcTh TpH BapHMaHTa cXeM
CMEILEHHS, KOTOPBIC MOXXHO KOMOMHHPOBATh
MexXay coOoi: ¢ MOMOWIbIO IIYHTUPYEMOTO
PE3UCTOpa B SMUTTEPHOM LIETTH, C MOMOLIbIO
COTNIACOBAHHOTO TPAH3HUCTOPA U C MOMOIIBIO
00paTHO CBSA3U 110 TIOCTOSIHHOMY TOKY.
IllynTapyemblii pe3ucTop B 3MHTTEPHOM
genu. CMellieHHe MOXHO 00ECTIeYHTD C T0-
MOILIBIO IIYHTHPYEMOI'O PE3UCTOPA B SMMUT-
TEPHOW lIeTIM, KAaK ITOKa3aHo Ha puc. 2.37.
Jlnst Toro 4ToOBl 00JIETYMTh 32024y CO3AaHUA
CMEMIEHHUs, pe3ucTop R, BHIOPaH TaK, 4TO
€ro conporueieHue coctaBager 0,1R, ; ecnu
pe3ucTop R, CIULIKOM MaJl, TO HalPSKEHHE
Ha 3MUTTEpe OymeT HAMHOTO MEHBIIE, YeM
TIaICHUE HATIPSLKEHUST MEXIY 6230 1 SMUT-
TEPOM, a 3TO NPHBENET K TeMIEepaTypHOM
HECTaOMIBHOCTH TOYKH MOKOsI, TAK KaK Ha-
npsixeHue Uy, 3aBUCHT OT TEMIIEPATYphI.

- UKK
+15 8B
82
KOm
——
0,1 M@

+
10 Q 10 mk®
KOM :l:

Puc. 2.37. LlyHTHpyeMBlii PE3UCTOP B IMHTTEPHOM
UEMH MOXHO MCIIOb30BaTh LUISL MOMYYEHUS CTaOUIIBHO-
IO CMELIEHUST B YCUIIMTENE ¢ 3a3EMJIEHHBIM 3MUTTEPOM.

IyHTUpPYOIMiT 3MUTTEPHbIN KOHACHCATOP
cJeayeT BLIOMpATh TaK, YTOOEI €r0 UMITENAHC
ObuT HEGOIBLIMM MO CPABHEHUIO C 7, (2 He C
R,) Ha caMO¥i HU3KOM M3 MHTEPECYIOILUX BaC
4yacToT. B AaHHOM cJiyyae ero MMIIEOAaHC
cocraBigeT 25 OM Ha yactrote 650 TIu.
B nuamaszoHe paGoYMx YaCTOT BXOJHOTO CHUT-
Haja Juis BEIDOpa BXONHOTO KOHAECHCATOpa
MEXKAaCKagHOH CBSI3M CYILIECTBEHHO, YTO
BXOIIHOE€ COIIPOTHUBJIEHUE CXEMBI OIpeneis-
€TCS1 MapaUIeIbHBIM COCOTHHEHHEM COIIPO-
TUBJIeHUS 10 KOM M BXOZHOTO COITPOTHUBJIE-
HUSI TPAH3MCTOPA CO CTOPOHH 6a3bl, B HaH-
HOM CJlyyae — 3TO compoTumiicHHe 25 OM,
YMHOXEHHOE Ha A, , T. €. MPUOIU3UTENHHO
2,5 xOM. g cUrHaioB MOCTOSTHHOTO TOKAa
COTIPOTURJICHHE CO CTOPOHBI 0a3bl 3HAYU-
TEABHO Goubliie (COTPOTUBICHUE IMUTTEP-
HOTO PE3UCTOPa, YMHOXEHHOE Ha A, , T. €.
nipubnu3uTenbHo 100 kOM), 1 IMeHHO Oia-
rofapsi 3ToMy MOXHO O0ECNEYUTb CTaOWib-
HOE CMEILEHHE.

OnHa 13 pasHOBUIHOCTEH paCCMOTPEHHOM
CXEMbI OTIMYAETCS UCITOJIb30BAHUEM B 3MUT-
TEPHO LIeNH ABYX MOCAENOBATEIbHBIX PE3H-
CTOPOB, ONWH ¥M3 KOTOPBLIX IIYHTHPYETCS.
Hanpumep, HyXHO CHIpOEKTHPOBATh YCUIH-
TeNnb, KO3GhGUIIMEHT YCUNIEHUS KOTOPOTo
paBeH 50, Tok mokoss — 1 MA, a Hanpske-
nue U, cocrabmsier +20 B; yacrora curua-
Jia Mmoxet uaMensaTbes oT 20 T'u mo 20 kI
Ecnu mna pelreHus: IMOCTABIEHHOM 3a1ayu
Bbl BbIOEpETE CXeMy ¢ ODIIUM 3MHUTTEPOM,
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TS +20 B

]

TO TMOJYYUTE YCWJIUTENb, MOKA3aHHBIM Ha
puc. 2.38. KomneKTopHbIif pe3ucTop BbiO-
paH Tak, 4TOOBI KOJUIEKTOPHOE HaIPSIXKEHHUE
nokos: cocramisino 0,5U, . OmMuTTEpHbIH pe-
3MCTOP BBHIOPAH C y4eTOM TpeOyeMOoro 3Haye-
Hus K03 dULHMEHTa YCUICHHS U BIMSHUA 7y,
cocrapsiowero 25/1, (MA). TpyasocTs co-
CTOWT B TOM, YTO SMUTTEPHOE HATIPSIKEHUE,
paBHoe juib 0,175 B, Oymer moaBepxeHO
CYLIIECTBEHHbIM U3MEHEHUsIM. Jleno B TOM,
YTO NaJeHUE HANIPSDKEHMS Ha Mepexole 6a3a—
3MUTTEP, paBHOe ~ 0,6 B, 3aBUCUT OT TEM-
neparypbl (OTHOCUTENBHOE U3MEHEHHE CO-
crasisieT npumepHo — 2,1 MB/°C), Torma kak
HaIpsDKeHHe Ha 0ase MOIIEPXHUBACTCS TO-
CTOSSHHBIM C MOMOILUBIO PE3UCTOPOB R,
¥ R,; HarpuMep, Bbl MOXETE YOEIUTLCS, YTO
TIpH yBeJAMYeHUH Temriepatypsi Ha 20 °C koi-
JIEKTOPHBIA TOK BO3pacTaeT MPUMEPHO Ha
25%.

3TO HEMPUATHOE SIBJIEHUE MOXHO ycTpa-
HUTb, €CJIi BKJIIOYHTH B SMHUTTEPHYIO LIETh
JOMOJHUTEIBHBINA 3aUIYHTUPOBAHHbBIA KOH-
JEHCATOPOM PE3UCTOP, KOTOPBI He Oyner
BIUSATh HA KO3GhMHULIUEHT YCHIICHUS B pabo-
yeM quanazoHe yactot (puc. 2.39). Kak u B
NpenLIAYLEN cXeMe, KOJIEKTOPHBIH pe3unc-
TOp BBIOPAH 3[€Ch TaK, YTOOBI HaMpsiKeHUE
Ha Kojutekrope 6su10 pasHo 10 B (0,5 U, ).
HelryHTupyeMslii pe3ucTop B LIEMHA 3MUTTE-
pa BbIOpaH TakuM 00pa3oM, YTOObl C YYETOM
COOCTBEHHOTO COTPOTUBJICHUS IMUTTEPA,
COCTABNIAIOILETO 7,y = 25/1 (MA), K03(duuu-
eHT ycWiieHus ObL1 paBeH 50. [onoaHUTeNb-
HOE COMPOTHUBJICHUE B LIETIH SMUTTEpA JOJ-
KHO OBITb TAKMM, YTOOBI CMEllIEHHE ObLIO

Puc. 2.38.

+20 B

110
KOM

+
I 68 MKD

Puc. 2.39. Ycunurens ¢ o6uM 3MUTTEPOM, obnana-
10K CTaOWJIbHBIM CMELEHUEM, TMHERHOCTHIO M GOJb-
UMM KO3 ULIMEHTOM YCUACHHS M0 HATIPKEHUIO.

CTaOWJIbHBIM (XOpOUIMI pe3yJbTaT AaeT Co-
nporusjieHue, B 10 pa3 McHbllce KOJUIEK-
TopHoro). Hamnpsikenue 6a3bl BLIOpaHO Tax,
YTOOBI TOK 3MUTTEPA ObUT paBeH | MA, rpu
YCJIOBMH YTO COMPOTHBIIEHHE LIEMH CMEIIE-
HUSI COCTABJISIET HECSITYIO 4aCTh OT COTPOTHB-
JIEHUSI TIO TIOCTOSHHOMY TOKY CO CTOPOHBI
0a3bl (B maHHOM ciaydyae okono 100 kOm).
ConpoTUBIIeHHAE IHYHTUPYIOUIETO KOHIEHCA-
TOpa B LIEMU SMUTTEPA JOJDKHO OBITH HEGOIB-
ITUM TIO CPAaBHEHHIO C CONPOTHUBJIEHHEM
180 + 25 OM Ha caMoii HM3KOH 4acToTe
guanazoHa, M1 HakoHell, BXOAHON KOHOEH-
CaTOp MEXKACKATHOI CBSI3M JOJDKEH HMETb
HeOOJIBIION UMITENAHC ITO CPABHEHUIO C BXOJI-
HBIM COMpPOTHBJICHUEM YCHIHTENS Ha 4acTO-
Te BXOAHOTO CHTHAJIa, KOTOPOE OIPEACISIETCS

1.0 180 Om

KOm
4
I 68 MK

Puc. 2.40. [dpyroii BapHaHT CXeMbl, MOKa3aHHON
Ha puc. 2.39.
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L 2 +20 B

BxopaHoM
CUTH =

a

180
Om

— BxopHott
- (1T ) p— -
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Puc. 2.41. Cxema cMelIeHHs], B KOTOPOi KOMIEHCUPYETCA NaleHUe HANpsXeHUs Mexiy 6asoit  sMUTTepoM U,

NApAUICIBbHBIM COSIUHEHNEM COIIPOTHUBJIE-
HUS JENUTENS HAanpsDKEHUS M COTIPOTUBIE-
Hus (180 + 25)/h,,, Om (Ha yacToTax BXOI-
HOTro CUTHaIa conpoTtuBieHue 820 OM 1wyH-
THUPOBAHO KOHICHCATOPOM M PABHOLIEHHO
3aMKHYTO¥ HAaKOPOTKO LIETH).

B apyromM BapHaHTe 3TOH CXEMBbl LU
CHTrHajla M MOCTOSIHHOTO TOKa pPa3AesieHbI
(puc. 2.40). D10 pasmesneHHe MO3BOJACT
U3MEHATb KO3DHULIMEHT yeueHMs (3a cYeT
pesucropa 180 OmM), He U3MeHssE CMELICHHS.

Hcnoin3oBaHue COrJIaCOBAHHOrO TPAH3HC-
Topa. i mosydyeHUs1 HampspKeHus 6asbl,
00eCcrIeYynBaloLIero HyXHbIH TOK KOJJIEKTO-
pa, MOXHO MCITIOJIb30BaTh COIJIACOBAHHbBIE
TPaH3UCTOPbI, NP 3TOM OyaeT obecrnevyeHa
aBTOMATHYECKas! TEMIIEPaTypHasi KOMIIEHCa-
uus (puc. 2.41). B uenu xoyiekTopa TpaH-
3ucropa T, NpOTEKAET TOK 1 MA, MOTeHUMAN
KOJUTIEKTOPA OJIM30K MOTEHUHATY 3eMJIH (TO4-
Hee, MPEBbIILAET MOTCHLIMAJ 3eMIIA MPUMED-
HO Ha BETUYMHY NaJeHUs HanpskeHus U,);
ecnu TpaHsucrops 7, u 7, MpeacTaBisioT
c0060ii cornacoBaHHyIO napy (HanmpuMep, ABa
TPaH3UCTOPA, U3IOTORJICHHBIX HAa OTHOM KDH-
CTa/ule KPEMHUsSI), TO CMEILEHHE TPaH3UC-
Topa 7, GyAeT TakuM, YTO 3TOT TPaH3MCTOP
TaKKe OymeT mopoxnmarb TOK 1 MA ¥ Harpsi-
XEHHE Ha ero KOJUIEKTope OyAeT paBHO
+ 10 B, npu 3TOM CUMMETPHYHBIA CUTHAI
Ha KOJUIEKTOpE MOXET MMeTh pasMax +10 B.
H3MeHeHUe TeMIiepaTypbl HE BIHSET Ha pa-
00Ty CXEeMBbI, TaK KaK 00a TpaH3UCTOpa Ha-
XOIATCS B OAMHAKOBBIX TEMIIEPATYPHbLIX

YCJIOBUAX. BOT YyeM XOpOLIH «MOHOJIUTHBIC»
CIOBOEHHBIE TPAH3HCTOPDHI.

OO0parnas cBA3b HO NMOCTOSHHOMY TOKY.
i ctabunusauuu TOYKU MOKos (pabGoueit
TOYKH) MOXHO KCNOJb30BaTh 00paTHYIO
CBsI3b 1O MOCTOSTHHOMY TOKY. OIHH U3 Me-
TONOB TaKOi1 CTa0WIM3aLIMHU TI0KA3aH Ha PUC.
2.42. OnpeneneHHOE YJIy4ILEHUE CTaOMIb-
HOCTH MOXHO TMONY4YUTb, €CJIH HAIPSDKEHUE
CMEILEHHS TONAaBaTh C KOJUIEKTOpa, a HE OT
ucroyHuka U, . HanpaxeHue Ha 6ase mpe-
BRIIIAET MTOTCHUUAI 3€MJIM Ha BEJIMYKHY Ta-
JCHHS HaIpsDKEHUs Ha OUOJAE; TaK KakK Ha-
TMpSLKEHHE CMEIUCHUSI CHUMAETCS C JIEJTUTENS

+158B

—
R, ~11U;, (nnu ~7 B)

1MA

B

2
68
KOM

Puc. 2.42. CtaGWibHOCTb CMELUEHUSI ODeCTeYnBaEcTCs
3a cyet o0paTHO#H CBSI3M.
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33 kOm

10 Mx®

- 33 kOm
—~—
—xK

96,8 KOM

Puc. 2.43. YctpaHeHue oOpaTHO# CBSI3M Ha YacTOTax
CHrHana.

10:1, To HanpspKeHWEe Ha KOJUIEKTOPE TIPEBbI-
LIACT NMOTCHUMAT 3eMJIM Ha BEJIMYMHY, PaB-
HYIO ITaIEHHUIO HANPSDKEHUS Ha JUOJIE, YBEeNH-
yeHHOMY B 11 pa3, T. €. cocramrnsger ~7 B.
3Ta cxeMa yMEHBILIAET CKIIOHHOCTb K HaChl-
LIEHHIO (KOTOpas MOXET BO3HMKHYTh, Ha-
npuMep, eciii KoabduuueHt B Oyner He-
0OBIYHO OOJIBIIMM) 33 CYET TOTO, YTO IpH
YMEHBIIEHUN KOJUTEKTOPHOTO HAIpsKEHUS
YMEHBILHAETCS HANPSXCHUE CMEIeHUsS Ha
Ga3e. BTy cxeMy MOXHO MCTIONb30BaTh B TE€X
CIIy4asx, KOIIa He HyXHa BBICOKAsi CTa0WIb-
HOCTh. TouYKa MOKOSA (BbixOda) MOABEPXKCHA
npeidy npuMepHo Ha | B 3a cuer usMeHe-
HUH TeMIIEPaTypbl OKPYXaloUIeH Cpeabl. JTo
CBSI33HO C TEM, YTO HATIPSDKEHUE Mexmy 6a-
301 ¥ SMUTTEPOM UMeEET OOJBIION TeMmepa-
TYpPHbI K03 duieHT. bojbiueii cTaduiIb-
HOCTBIO 00jIaJaeT cXeMa, B KOTOpPOil NHemis
00paTHOM CBA3M OXBAaTHIBAET HECKOJILKO Kac-
KaJoB ycwieHus. [IpuMepsl Bbl yBUAMTE TaM,
rae pedb noiner o6 oOpaTtHOM CBSI3M.

Jist TOro 4To6B1 MOHATH, KaK paboTaeT 3Ta
CX€Ma, HYXHO BHHMMATEJIbHEE PACCMOTPETh
obpatHyO cBs3b. Hanpumep, oOpatHas
CBSI3b YMEHBIIAET BXOAHOU U BHIXONHOM UM-
meaaHchl. g BXOOHOro CHTHaja corpo-
TUBNIEHKE R, YMEHBUIEHO 3a CYET YCUICHUS
N0 HanpsIXEHUIO, KOTOPHIM 00JiafaeT Kac-
Kal. B maHHOM ciy4ae pe3ucTop R, 3KBHU-
BAJIEHTEH DE3HCTOpPY C CONMPOTHBJIECHUEM
200 OM, ooMH KOHELl KOTOpPOTo 3a3eMJICH.
B cneayiomeit rimaBe Mbl pacCMOTPUM O0-
PaTHyIO CBf3b Oosiee MoaApoOHO, U TOTNAa BbI
CMOXeTEe ONMpeneanTb Ko3phuuueHT ycume-

HUSL TI0 HaNpPSKEHHUIO U BXOAHOM M BBIXOI-
HOW MMIIEAAHCH JAHHOH CXEMBI.

OTMETHM, YTO COMPOTHUBRJICHUE PE3UCTOPA
CcMeleHHs 0a3bl MOXHO YBEJIMYUTD, M TOrAa
VBEJIMYMTCS. BXOAHOW MMIIENZHC CXEMBI, HO
TOK 0a3bl YK€ HeJb3s OyleT CYMTaTh Iipe-
HeOpeXHUMO MaibiM. MOXHO, HamnpuMep,
B34Tb TakMe pe3ucTophl: R, = 220 xOMm u
R, = 33 xOm. Jlpyras BO3MOXHOCTb COCTOHT
B TOM, YTO B LEMb OOPAaTHOM CBSI3H MOXHO
BKJTIOYMTD IIYHTHPYIOLIMI KOHAEHCATOP, KaK
MoKa3aHo Ha puc. 2.43. IIpu stom ymaercs
n36aBUTLCA OT 0OpaTHOH CBsSI3U (a creaoBa-
TeJIbHO, U OT MOHUXEHHOTO BXOJHOTO HUM-
TiefaHca) Ha YacToTaX CHTHalA.

HexkoTopbie 3aMeYanusa OTHOCHTEABHO CMe-
meHns B ycuiaenus. IlepBoe BaxHoe 3ame-
YaHUE KacaeTCsl YCWJIMTEJIbHBIX KacKaloB C
3a3eMJIEHHbIM SMUTTEPOM: CO3aeTCs BIeyar-
JieHue, 4YTo KO3 ULIMEHT YCHWIEeHHUS O Ha-
MPSLKEHUI0 MOXHO YBEJIMYUTH 33 CYET yBe-
JINYEHUSI TOKA MOKOs, TaK KaK COOCTBEHHOE
CONPOTHUBJIEHUE 3MUTTEPA 7, YMEHBLIAECTCS
npu yBenMYeHUM Toka. OmHaxo, Xors r,
M YMEHBILACTCS MPH YBEJTHYEHUH KOJUTEKTOP-
HOTO TOKa, JUIsi MOJIYYEHHSI TOTO XE CaMOT0
pabouero HafpsKeHUs Ha KOJUIEKTOPE TpH-
XOIUTCSA HCTIONB30BaTh MEHBILIVI KOJUIEKTOP-
Hblii PE3UCTOpP, U B PE3YNbTaTe€ BHIMIPHILLA
HeT. Ha camom nene MoxHO MoOKasarb, YTO
B YCUWIMTENE C 3a3¢MJIEHHBIM SMHUTTEPOM,
CMELIEHHBIM TaK, YTO HAMPSKEHHWE MOKOs
cocrasnset 0,5 Uy, KoahdHUMEHT ycue-
HUSL TTO HAMPSXEHUIO U1 MAJIOTO CHTHaia
paseH K = 20 U, He3aBMCMMO OT BEJHYM-
HbI TOKa MOKOs (paboyero Toka).

Vupaxuenre 2.10. JokaxuTe, 4TO CAENAHHOE BbILLE
YTBEPXIAECHHE CIIPABELUTUBO.

Ecyiu TpebyeTtcs ypeaAnYUTh KO3DULHEHT
YCWIEHMS KAaCKana 1o HaMIPSDKEHUIO, TO MOX-
HO, HallpMMep, B KAYECTBE aKTUBHOM Harpys-
K4 MCIOJIb30BaTh UCTOYHMK TOKA. Tak Kak
UCTOYHUK TOKA 00NajaeT o4eHb GOMbLIMM
WIMIIEAAHCOM, TO Ha OHOM KaCKale MOXHO
MOJTyYUTh KOIDMHULHUEHT YCWICHUS IO Ha-
npspkeHu1o, paBHblit 1000 u Boie. Takoid
MOAXOJ HE TIPUTOACH B CXeMaX CO CMCILEHM -
€M, KOTOpbI€ MBI PACCMOTPEJIM BHIILE; Kac-
KaJ IOJIKEH SIBISITHCS YaCThlO CXEMBI, OXBa-
YEeHHOM OOLLel TneTyiei oOpaTHOM CBSA3M MO
MOCTOSAHHOMY TOKY. O6 3TOM NOroBOpUM



92 ITnaBa 2

B cienylolleii rnase. BHelLIHSa Harpy3ka Ta-
KOTO YCHJIUTEJIsSl 0053aTeNbHO AOMXHA ObITh
BEJIMKA, B IPOTUBHOM CJIy4ae YCUWJICHHUE, IO-
JIYYEHHOE 32 CYET OOJIBIIOTO KOJUIEKTOPHOTO
COMpOTUBJIEHMS, OyaeT ToTepsiHo. B xaue-
CTBE TaKON BLICOKOOMHOI HArpy3Kud MOXHO
HCNOJNb30BaTh SMUTTEPHBIA ITOBTOPHUTEND,
MOJICBOM TPAH3UCTOP WIX OMNEPALIMOHHBIN
YCWIUTENb.

B panro4yacTOTHBIX YCUIMTENAX, IIPeIHa3-
HAaYeHHBIX IS PE30HAHCHOTO YCUJICHHS B
y3KO#l IOJIOCE 4YacTOT, B Ka4eCTBE KOJUIEK-
TOPHON Harpy3KH MPHHSATO HMCHOJIb30BaTh
napajuieibHblit L C-KOHTYp; B 3TOM CJiy4yae
MOXHO TOJYYUTh OUCHb 00bII0H KO3hIH-
LUMEHT YCWJICHUS TI0 HaNpSXEHHUIO, TaK Kak
Ha yactote curHajga LC-KOHTyp obOnamaet
GOJIbLIMM HMMIIEAAHCOM (KaK HMCTOYHUK TO-
Ka), 8 €r0 UMIIEIAHC TI0 MOCTOSIHHOMY TOKY
Mar. LC-KOHTYD MOXHO MepecTpauBaTh M
Graromapsi pe30HaHCHOM XapaKTEPUCTHKE OH
MOJABJSIET CUTHAJIBL, JieXalllue 3a mpeaeia-
MU pabodero aranasoHa. K nmpeumyiliecTsamMm
3TOM CXEMBI MOXHO OTHECTH TaKXe BO3MOX-~
HOCTb MTOJIy4eHHUs pa3Maxa BBIXOJIHOTO CHUT-
Hana, paBHOro 2U,,, ¥ BO3MOXHOCTb MC-
MOJB30BAHUS TPAHC(HOPMATOPHON CBSI3H.

Vnpaxnenue 2.11. PaspaGortaitte pe3oHaHCHBIN yCH-
JIUTENbHBIH Kackal ¢ OOLIMM 3MUTTEPOM IUIS 4acCTOTHI
10 xI'u. HUcnons3yiite B cXeMe LIYHTUPOBAHHLIA 3MUT-
TEPHBIH PE3UCTOP U YCTAHOBUTE TOK NOKOSI BETUYHHOIM
I MA. Tlycts U, = + 15 B, a L = 1,0 MI'; napannens-
Ho LC-xoHTypy nmoakimouute pe3uctop 6,2 KOM, ¢ TeM
4yto6bel monyuuts Q = 10 (wupuna nomoch 10%, cM.
pasa. 1.22). [Ing MeXKackaaHoii CBSI3M MCIOJNB3YiTe Ha
BXOJI¢ KOHIEHCATOP.

2.14. ToxoBbie 3epKana

OT cxeMbl CMEILIEHUS C MCMOJb30BAHHEM
COTIaCOBaHHOMW Iapbl TPAH3UCTOPOB JIETKO
NIEPEUTH K Tak Ha3bIBaEMOMY TOKOBOMY 3€p-
Kay (puc. 2.44). Pabora TOKOBOro 3epkaia
«IpOrpaMMHpyeTCcs» TMyTeM 3aJaHUs KOJI-
JIEKTOpPHOTO TOKa TpaHsuctopa 7,. Hanps-
xeHue U, mns T, ycTaHaBIMBAETCSA B COOT-
BETCTBUHU C 3aJaHHBIM TOKOM, TeMIIEpaTy-
poit OKpyXawuen cpeabl U THUIOOM
TpaH3ucTopa. B pesynbrate okasbiBaeTcs 3a-
JAHHBIM PEXUM CXEMbI, ¥ TpaHsucrop 7,
COIIACOBaHHbIH ¢ TpaH3UCTOpoM T, (Jry4ie
BCETO UCNOJIb30BaTh MOHOJIMTHBIM CIBOEHHLIA
TPaH3UCTOP), TIEPEIAET B HATPY3KY TAKOM Xe

KK

S >

P "2 Tokosoe
3epkano I= I"p

} L

Ynpasnsiowmii
(Bx0pHo#) TOK I

Puc. 2.44. Knaccuueckasi cxemMa TOKOBOTO 3epKaia Ha
OCHOBE COINTaCOBAHHOW NapH OUITONSIPHBIX TPaH3UCTO-
poB. OTMETHM, YTO TONOXKHUTEABHOEC MUTAIOLIEE HATpPS-
XeHUe TMPUHATO 06o3Hayath U, maxe B Tex Cilydasx,
KOTa UCTIONB3YIOTCSl TPAH3UCTOPHl p—n—p-THMA.

TOK, 4T0 3ajaH Juis 7,. HeGonbunmu 6aso-
BBIMH TOKAMH MOXHO IIpeHeOpeyb.

OnHO W3 IOCTOWHCTB ONMMMUCAHHON CXEMBI
COCTOMT B TOM, YTO €€ AWAIa30H YCTOHYHBO-
CTH 110 HATIPSDKEHUIO paBeH Uy, 3a BHIYETOM
HECKOJIBKMX IECATHIX JOJiei BOJIbTA, TAK KaK
HET MafeHUs HaNpPSOKEHUS Ha 3MHTTEPHOM
pesucrope. Kpome Toro, B0 MHOTHX CJIy4a-
X yIOOHO 3amaBaTh TOK C IMOMOIIBIO TOKA.
Jlerye Bcero HMOJYYMUTH YTNPABJAIOLUIMA TOK
Inp ¢ MOMOINBI0 pe3ucTopa (puc. 2.45).
B cBfI3U ¢ TeEM, YTO 3MUTTEPHLIE TIEPEXOALI
TPaH3UCTOPOB TPENCTABISIOT COO0# TUOAbI,
NajeHNe HaNPSOKEHWS] HA KOTOPBIX MaJIo 110
cpasHenuio ¢ U, ., pesucrop 14,4 xOm ¢op-
MUPYET YIIPABJISIOLUINH, a clIeoBaTeqbHO, U
BBIXOJHOI TOK BeMUYMHONH 1 MA. TokoBbie

UKK +158

Harpyska

11

I",,l 14,4 KOM

Puc. 2.45.
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3epKajia MOXHO MCIIONB30BaTh B TeX CIyda-
AX, KOTJla B TPAH3UCTOPHOU cXeMe HeoOXo-
MM UCTOYHMUK TOKa. MX ILIMPOKO MUCHOJb-
3YIOT TIPU NMPOCKTUPOBAHWM MHTErpajibHBIX
CXeM, Korja: a) IO pykKoit €CcTh MHOIO CO-
I1aCOBaHHBIX TPAH3UCTOPOB U O) pa3padoT-
YUK XOYET CO3AaTh CXEMY, KOTOpas OBl pa-
0oTajla B ITMPOKOM AMANa3oHe ITHTAIOHIMX
HanpspkeHuil. CyllecTByIOT Aaxe Oe3pe3u-
CTOPHBIE UHTETPATBHBIE ONEPALIIOHHbIE YCH-
JUTENH, B KOTOPBIX PEXVMHBII TOK BCETO
YCUIIUTENI 3aAaeTcad C MOMOLIbIO OOHOTrO
BHEIIIHETO PE3UCTOpa, a TOKH OTHEJIbHBIX
BHYTPEHHHUX YCWIHTEIbHbIX KacKamoB (op-
MUDYIOTCSI C MOMOLUBIO TOKOBBIX 3¢pKaJl.

HepocTars¥ TOKOBBIX 3epKal, 00yCIOBJICH-
abie 3¢ derromM Dpum. [Ipocroe TOKOBOE 3ep-
Kalio 0o0jlafacT OAHWUM HEIOCTATKOM: BBI-
XOXHON TOK HECKOJIBKO M3MEHSECTCS IIpH
W3MEHEHHHU BBIXOJHOTO HAMNpSXEeHUS, T. €.
BBIXOIHOE€ COMPOTUBICHKE CXEMEBI He OeCKOo-
HEYHO. DTO CBSI3aHO C TEM, YTO IpHU 3adaH-
HOM TOKe TpaH3ucropa 7T, HanpsxeHue U,
CIIETKA MEHSIETCSl B 3aBUCUMOCTH OT KOJUIEK-
TOPHOTO HanpstxkeHus (rposieneHue 3ddekra
Ipnu); uHaye roBops, rpadKK 3aBUCUMOCTH
KOJUTIEKTOPHOTO TOKA OT HaIPSDKCHUS MEXITY
KOJLTIEKTOPOM M 3MHUTTEPOM IIpH (UKCHPO-
BaHHOM HaIpsDKCHUH MeXay 6a30if U SMUT-
TEPOM HE ABJSAETCS TOPUOHTAILHOM JIMHUEH
(puc. 2.46). [TpakTryecky TOK MOXET M3Me-
HATbCA TMIPUONN3UTENLHO HA 25% B muanaso-
HE YCTOMYUBOM pabOThl CXEMBbI, T. €. XapaK-
TEPUCTUKHU TAKOM CXEMBI CYLLIECTBEHHO XyX€,
YeM XapaKTepUCTUKH pPaCCMOTPEHHOIO BhI-
1li€ KICTOMHMKA TOKA ¢ SMUATTEPHBIM PEZUCTO-
POM.

Ecmi XXe HyXeH 0Oojice BbICOKOKAYECTBCH-
HBIM UCTOYHMK TOKA (Uallle BCETO TaKUX Tpe-
060BaHUI He BO3HMKAET), TO MOJOMIET CXEMa,

U,=064B

0,628

0,60 B

Puc. 2.46.

* 9 +208B
1,0 kKOM 1,0 KOm
ll MA
18 kOm

Puc. 2.47. YayuiueHHasi cxeMa TOKOBOTO 3epKajia.

roKa3aHHas Ha puc. 2.47. DMUTTEpPHbIEC pe-
3UCTOPHI BBIOpaHbI TAKUM OOPa30M, UTO Tia-
JIEHUE HAMpPSDKEHUS] HA HUX COCTABJIAET He-
CKOJIBKO JECATHIX J0JIeil BOJKTA; TaKasl CXe-
Ma — Topa3mo JyYIHUd UCTOYHMK TOKA, Tak
KaK B HEW W3MEHEHHWs1 Hampsxenus U,
00YCITOBNIEHHbIE U3MEHEHUSIMY HATIPSKEHUS
U5, OKa3bIBAIOT IPEHEOPEXUMO MAI0€E BITH-
STHUE Ha BBIXOAHOM TOK. B 3T0# cxeme Tax-
XK€ CHEAyeT HCIOJBb30BaTh COIIACOBaHHBIE
TPaH3UCTOPEHI.

Toxosoe 3epxaio Ywicona. Ha puc. 2.48
MPEICTaBIEHO €UIe ONHO TOKOBOE 3€pKaio,
obecnieynBalolliee BHICOKYIO CTETIEHb NOCTO-
STHCTBA BBHIXOAHOTO TOKa. TpaH3UCTOPHI
T, n T, BKJIIOYEHBI KK B OOBIYHOM TOKOBOM
sepkane. braronaps tpansucropy 7, noreH-
LMajl KOJUIEKTOpa TpaHaucTopa T, gpukcupo-

o— +U

KK

A
u

Harpy3ka

Puc. 2.48. TokoBoe 3epKano YuicoHa. Bnusmue uzMe-
HEHUI HaNpsDKeHUA Ha Harpy3Ke Ha BbIXOMHOW TOK IIO-
HaRJIEHO 3a CYET KACKONHOTO BKIIOYEHH TpansucTopa T,
KOTOPO€ I103BOJisIET YMEHBLIIWTL U3MEHEHHUs Harpsike-
Hus TpaHsucropa T,.
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Harpysxa 1 Harpy3ska 2
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Ynpagnsiowui
TOK

Puc. 2.49. CxemMa TOKOBOTO 3epKajla ¢ HECKOJIbKHMM
BBIXOZAMH. JTa CXeMa HIUPOKO UCTIONb3YeTCs Msk MoNy-
YEHHUST HECKOMbKHUX MTPOrPaAMMUPYEMBIX UCTOYHHKOB TOKA.

BaH M Ha YIBOCHHYIO BEJMUMHY TaXeHHUS
HAaMNpSOKEHUsT HA IMOAE HIXKE, YeM Harps-
xenne muraHus U . Takoe BKIOYEHHE MO-
3BOJISIET MOJABUTh 3(£(beKT Bpiv B TPAH3KUCTO-
pe T, KOJIEKTOpP KOTOPOTO TeNeph CIYKUT
IUIst 3aJIaHMSE peXXUMa pabOTHI CXEMBI; BBIXOJI-
HOM TOK OTIpefesISeTCa TpaH3ucTopoM T,
Tpansucrop T, He BiMseT Ha GanaHC TOKOB,
€Cu ero 0a3oBbill TOK MpeHeOpeXUMO Mall;
€r0 COMHCTBEHHAst (PYHKIIMSI COCTOUT B TOM,
q10o6bI 3aDUKCHPOBATh TIOTEHLIMA KOJUIEKTOPa
T.. B pesynbpTate B TOKO3aJAIOLIMX TPAH3U-
cropax T, u T, nageHus HanpsoKEHMs Ha
3MUTTEPHBIX NTepexonax GUKCHUPOBAHBL, TpaH-
suctop T, MOXHO paccMaTpUBaTh Kak 3Jie-
MEHT, KOTOPEIH TPOCTO NEPEIAET BBIXOAHOMU
TOK B HAarpy3ky, HalpsokeHWE Ha KOTOpOi
SIBJIACTCS TIEPEMEHHBIM (aHaJIOTMYHBIIA TTpU-
€M HCIOIb3YIOT NP KACKOJHOM BKJTIOUEHUH,
KOTOpOE€ Mbl pacCMOTpUM mno3xke). Kcrartu,
TpaH3ucTOp T, He 00S3aTENBHO COTIACOBbI-

BaTh ¢ TpaHsucropamu T, u T,

+U

KK

s

Harpyska
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Ynpaenaowui
TOK
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Harpys- Harpys-
Kal Ka 2

CxeMbl ¢ HECKOJIbKHMH BBIXOAAMH B K03¢-
¢unneATH OTpaXKeHnsA TokKa. CxeMy TOKO-
BOT'0 3€pKaJia MOXHO ITOCTPOUTB TaK, YTO BbI-
TEKaIOLUI BBLIXOXHOM TOK (WM BTEKalO-
LW — B CJyyae WCNOJNb3OBAaHMS TPaH3HUC-
TOPOB n—p—n-TUMA) OyleT mepemaBaThcsl B
HECKOJIbKO Harpy3ok. O TOM, KaK 3Ta uues
BOIUIOLLIAETCS B XU3Hb, AA€T NPEACTABICHHE
cxeMma, usoOpaxeHHasa Ha puc. 2.49. Orme-
THM, YTO €CJIM OJMH U3 TPaH3UCTOPOB-HCTOY-
HUKOB TOKA HEPEXOINUT B PEXKUM HACHIIlIE-
HUS (B TOM cjlydae, Hanmpumep, Korga ot-
KJIIOYaeTCs ero Harpyska), To ero 6a3a Oyzner
OTOMpAaTh MOBBLILICHHBIH TOK U3 OOLIECH JIH-
HMH, COEAMHSIONIEH 6a3bl BCEX TPaH3UCTO-
POB, U B CBSI3U C 3THUM YMEHBIIAIOTCS OC-
TaJTbHBIE BHIXOMHbBIE TOKU. [1o10XeHHE MOX-
HO YJyYIIUTh, €CJIM BKIIOYUTH B CXEMY €Ll
oouH TpaH3ucTop (puc. 2.50).

Ha pwuc. 2.51 npencrasiieHbl 1Ba BapHaH-
Ta MHOTOBBIXOXHOTO TOKOBOTO 3epKaia. OTH
CXEMbI OTPAXalOT YABOCHHBIH (WM MOJIOBHH-

n[ ™y

Puc. 2.50.

Py +Ug

Harpyska

I"pl

Ynpasnsiowun
TOK

6

Puc. 2.51. TokoBsle 3epkana, B KOTOPbIX KO3)dULMEHT OTpaXeHUs TOKA OTIHYeH oT l:1.
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Ynpasasiotui
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Puc. 2.52. CHUXEHHE BbIXOAHOIO TOKA ¢ ITOMOILBIO
3MHUTTEPHOTO pe3ucTopa. OTMETHM, YTO BBIXOAHOM TOK
3[€Chb HE KPaTCH YIPaBISIOLIEMY.

HbIH) ynpasasowuii Tok. [Ipy paspaborke
TOKOBBIX 3epKad B MHTETPaJbHBIX CXeMax
K03 PULUEHT OTpaXeHUs TOKa 3a4al0T ITy-
TEM BBIOOpA Pa3MEpOB (TUIOWIANECH) SMMT-
TEPHBIX MEPEXOAO0B.

®upma Texas Instruments npeiaraer To-
KOBBIE 3¢pKaia YWICOHA B BUIE 3aKOHYEH-
HBIX MOHOJMTHBIX CXEM B YIOOHBIX TPaH3U-
CTOpHBIX Koprnycax Ttuna T0-92. Cepus
TLO11 BkmIoYaeT cxeMbl, KOTOphIe oOecIie-
yuBaloT orHoueHus 1:1, 1:2, 1:4 u 2:1,
TIpY 3TOM JHAMNa3oH YCTOMYMUBOCTH BBIXOMI-
HOTO HAmpSKEHHS ONpPEACHSCTCA 3HAYCHH -
amu ot 1,2 1o 40 B. CxeMa YuicoHa oona-
JAET XOPOIUWMH XapaKTePUCTHUKAMK UCTOY-
HUKA TOKA — TIPH HOCTOSSHHOM IpOrpaMMHu-
PYIOLIIEM TOKE BBIXOAHOM TOK yBEJIMUMBACT-
¢ Toabko Ha 0,05% Ha BOJBT — NMOMHMO
BCEro OHa o4eHb Hegopora (50 HeHTOB W
gewieBie). K coxaieHuio, 3TH NOJIE3HBIE
CXEMbl CYLHECTBYIOT TOJIBKO Ha TPaH3UCTO-
pax n-p-n-THIA.

Eule onuH ¢rmocob mosy4eHUs: BHIXOIHOTO
TOKA4, KPaTHOTO YIIPABJISIOLIEMY, COCTOUT BO
BKJTIOYEHUHU JOTIOJHUTEIBHOTO pe3ucTopa B
LETb 3MHUTTEPA BBIXOJHOIO TPaH3UCTOpa
(puc. 2.52). Eciu cxema pabotaer ¢ TOKa-
MH Da3IMYHON MJIOTHOCTH, TO, COTJIACHO
ypaBHeHHIO D0epca—Morna, pa3HOCTb Hampsi-
XeHUH U, 3aBUCUT TOJNBKO OT OTHOLICHHS

+10 V.
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Prc. 2.53. 3aBMCUMOCTL OTHOLIEHMS KOJIEKTOPHBIX

TOKOB B COTJIACOBAHHBIX Napax TPaH3MCTOPOB OT PasHoO-
CTH HanpsiKeHHil 6a3a—3MUTTED.

10 20

MJIOTHOCTEH TOKOB. 151 COrIacOBaHHBIX
TPAH3UCTOPOB OTHOILICHHE KOJUIEKTOPHBIX
TOKOB PaBHO OTHOLUEHMIO IUIOTHOCTE#H TO-
KoB. I'padux Ha puc. 2.53 nO3BOAAET OMpe-
JIEJIATh Pa3HOCTb HANMPSDKCHHUH MexX Ty 6a30ii
Y SMUTTEPOM B IIONOOHOM Cliy4ae  110JNe3eH
MpU pa3paboTKe TOKOBBIX 3€PKAT C HECIU-
HUYHEIM OTPAXCHHUEM.

VYapaxuenwe 2.12. [Tokaxure, YTO TOKOBOE 3EPKAJIO
C HECAMHWYHBIM OTpaXeHHeM, NMOKa3aHHOe Ha pHC.
2.52, paGoTaeT Tak, KaK Mbl OMHCAIH.

HEKOTOPBIE TMIIbl
YCUIMTEIbHBIX KACKAZIOB

2.15. JIByXTaKTHbIE BLIXOAHBIE KACKAIbI

B 510l rnaBe yxe ObUTO OTMEYEHO, YTO €CIIN
B 9MUTTEPHOM ITOBTOPUTENIE MCIIOIB3YETCSI
TPAaH3HUCTOp n—P—AN-THIA, TO TOK HE MOXET
BT€KATh B CXEMY, €CJH XE€ HCIIOJb3yeTCs
TPAH3UCTOP p—h—p-THIIA, TO TOK HE MOXET
BBITEKATb. B pesynbTare MOBTOPUTEND C HE-
CHUMMETPHYHBIM BBIXOIOM, B KOTOPOM HC-
TIONIB3YIOTCS PaCIICILVICHHbIE UCTOYHUKH TTH-
TaHMSI, a TOK TTOKOSI UMEET GOJIBLIYIO BEJIM-
YUHY, TIPH ABYIOJNSPHOM CHUTHAJC MOXeET
paboTaTh TONBKO HA 3a3eMACHHYIO HATPY3Ky
(TaKMe cxeMbl Ha3blBalOT WHOTIO@ YCWIHTE-
AgMHu kinacca A). ToK NOKOsI DONXeEH
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Puc. 2.54. Ycunutens rpomkoroBoputens Ha 10 Br,
MOCTPOEHHbIA Ha OCHOBE 3MUTTEPHOTO MOBTOPUTENS C
OIIHOTIOMIOCHBIM BBIXOLAOM, PACCEUBAET MOILHOCTD 165 B!

OBbITh 10 KpaifHEl MEpe TaKUM K¢ OONbILINM,
KaK MaKCUMaJIbHEIN BHIXOOHOW TOK IIPU MU-
KOBBIX 3HaueHMSIX CUTHaja, B pe3yJbTaTe
cXeMa B COCTOSTHUM MTOKOSI paCCEUBAET O0Mb-
1Iyio MOIHocTh. Hampumep, Ha puc. 2.54
M0Ka3aHa cxema IOBTOPUTENSI, KOTOPHIH pa-
60TaeT Ha Harpy3kKy C COIPOTHBJIEHUEM
8 Om u momHocTelo 1o 10 Br. [loBTopu-
Tesb 7, Ha TPaH3UCTOPE p—n—p-THUMA. CIy-
XHT I TOY0, YTOOB CHU3WTH TpeOOBaHUSI
K MOIIHOCTH BXOJHOTO CHTHajJa CXEMBl W
CKOMITEHCHPOBATh HAIPSIKEHHE CMEILECHUS
Uy, B tpansuctope 7, (Hanpsikenue 0 B Ha
Bxone naeT 0 B Ha Beixone). KoHeyHo, mis
ApoCcTOTH 7, MOXHO ObUIO OBl OMYCTHTh.
Bonb10ii UICTOYHUK TOKA, UCHIOJIB3YEMBIN B
KayeCcTBe HArpy3KH B LienH sMuTTepa 7, ciy-
XHT VIS TOTO, YTOOBI 00ECTIEYUTDh JOCTATOY-
Hbli 6a30BblIit TOK A1 T, PY MMKOBOM 3Ha-
YeHMM cUrHana. Pesucrop B uenu sMuTTepa
HE UCTIONB3YIOT TTIOTOMY, YTO OH HOJIXEH ObUI
Obl MMETh CJIMILUKOM MaJioe COTIPOTUBICHHE
(50 OM wiu MeHBLIE), IUIS TOrO YTOOBI TIPH
NMUKOBOM 3HAY€HWHM CHTHAlTa MOXHO OBbLIO
rapaHTHpoBarb 6a30Bblii TOK 7,, paBHBIH 110
KpaitHeil Mepe 50 MA; nmp4 3TOM TOK Ha-
Ipy3K# ObUT GBI MAKCUMAJIbHBIM, a TTaAeHUE
HampsKEHUs Ha PE3MCTOPE MUHUMAIbHBIM;
pe3yIbTUPYIOLINI TOK 1OKOA T 0Ka3ajics Obl
Ype3MEepPHO GOJNBIIKM.

BrixonHO#M CHIHaj CXEMbl MOXET U3Me-
HATbCA B Ouamna3zoHe *15 B (mmkoBbie 3Ha-
YyeHHsI) ¥ OTAaBaTh B HArpy3ky Tpebyemyio
MoIHOCTh (3(dekTHBHOE HampspkeHue 9 B

-15B

Puc. 2.55. JIByxTakTHas cxemMa 3MMTTEPHOro MOBTO-
pHTes.

Ha conpotuBicHud 8 OM). OnHako B OT-
CYTCTBUE CHUTHANa BBIXOAHOU TPaH3UCTOP
paccerBaeT MOLIHOCTH 55 Br, a sMUTTEpHbBIN
pesuctop — ewe 110 Br. [lnga ycunurenei
TAKOro THWIMa, MPUHAMIEXAIHUX K Kiaccy A
(TpaH3uCTOp BCEraa B OTKPBITOM COCTOSI -
HHH), XapaKTepHO, YTO MOIIHOCTb, pacceu-
BaeMasi B COCTOSTHUM TIOKOs, BO MHOTO pa3
MPEBBILIAET MAKCUMAJIBHYIO BBIXOIHYIO
MOUIHOCTB, CX€Ma OCTaBJIsIeT XeJaTh JIy4-
1ero, 0cob6eHHO €C/iM pevb MAET O CUCTe-
Max, CBSI3aHHBIX C OOMNBIINM BBIAECICHUEM
MOLIHOCTH.

Ha puc. 2.55 nmoka3aHa JBYXTakTHas cxe-
Ma [OBTOpUTENISI, KOTOpasi paboTaeT aHaio-
r'M4HBIM 006pa3oM. TpanaucTop 7, OTKDBIT
TIPU TIOJIOXUTENIbHBIX 3HAYEHUSIX CUTHAlIa,
a TpaH3ucTop 7, ipu oTpHuaTebHbIX. [1pn
HYJIEBOM BXOAHOM HATPSLKEHUH KOJUIEKTOP-
HOTO TOKa HET M MOIIHOCTb HE PaceuBacT-
cs. IIpu BeixomHo¥M MomHocTu 10 BT kax-
JIblii TPAaH3HCTODP PAacCEMBAET MOIIHOCTH
meHee 10 Br.

Ilepexonnbie MCKAXeHHS B ABYXTAKTHbLIX
Kackagax. Ilpeabinyiueii cxeme mpucyiie
cjienylolliee CBOMCTBO: BBIXOAHOM CHUTHal
OTCJIEXXMBAET BXOJHOW CUTHAI C pa3HUILECH
Ha BEJIMYMHY NajeHus Hanpsxkeuusa Ug,; Ha
MOJIOXUTEILHOM MHTEPBajie BXOAHOTO CUT-
HaJla BBIXOAHOE HAmpsKEHHE MPUMEPHO Ha
0,6 B MeHbllle, yeM BXOHOHOE, HA OTpMIia-
TEJIBHOM HMHTEepBajie Hao00poT. s cuHy-
COMAAJIBHOTO BXOAHOTO CHUTHAJIA BBIXOAHOM
CUrHaa OymeT TakuM, KakK TMOKa3aHo Ha
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Puc. 2.56. Mepexoanbie UCKaXeHUA B ABYXTAaKTHOM
NOBTOPHUTEJE.

puc.2.56. Ha si3pike pagmoTEXHUKM TaxKoe
UCKAXEHNE CHIHANa Ha3bIBAETCH IIEPEXOM-
HbIM HMCKaXxeHHeM. Jlyuine BCcero HEMHOTO
CMECTUTD ABYXTAKTHBIN KacKal B COCTOSTHUE
MPOBOAMMOCTH, KaK MOKa3aHo Ha puc. 2.57
(ele OMMH METON YCTPAHEHMS IIEPEXOIHOrO
HUCKAKEHHUS CBSI3aH C MCHOJIB30BAHHEM 00-
PaTHON CBSI3M, XOTS OH HMMEET HEKOTOphie
HEeIOCTaTKH).

Pesucropnl cMelileHUsI R MepeBOIsIT THO-
OBl B COCTOSSHHE TPOBOAMMOCTH, Oiaronapsi
3TOMY HamnpspxeHue Ha 6ase 7, mpeBbillaeT
BXOIHOE HAMPSKCHUE HA BEIMYMHY MageHUs
HaNIPSKEHHWST Ha IUOE, a HAIpSXECHUE Ha
6ase T, Ha BETMUMHY MANEHUS HATIPSLKEHWS
Ha JUOJIE MEHbBIIE, YEM BXOMHOE HaIpsKe-
Hue. Temepb, KOTIa BXOXHOM CUTHaI IMpo-
XOAMT 4Yepe3 HYJb, MPOBOMSIIMM TPaH3UC-
TOpoM B™mecTO 7, cTaHOBUTCS T, ONMH M3
BBIXOAHBIX TPAH3WCTOPOB BCEIJA OTKPHIT.
Pe3uctop R BHIOpaH Tak, 4ToOBI 00ecreun-
BaJICS HEOOXOMUMBIH 0a30BbIi TOK B BbIXO/I-
HbIX TPAH3UCTOPAX MPU MUKOBBIX 3HAYCHU-
X BbIXOXHOro curHaia. Hampumep, ecnu
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Puc. 2.57. Yerpanenve nepeXonHbIX MCKaXeHM 32 CYET
CMEILEHHUS ABYXTAKTHOTO MOBTOPHTES.

UCTIONB3YIOTCSA UCTOYHUKY TuTaHus +20 B,
a Harpys3ka MMeeT CONpoTuBjcHUe 8 OMm
U MoiuHocth 10 Bt mns cuHycoumaibHOro
CHUTHaJIa, MUKOBOE 6a30BOE HATIPSKEHHUE CO-
cTaBisieT okoJyio 13,5 B, a MUKOBBIM TOK Ha-
rpy3ku 1,6 A. JonyctuM, yto Kosdhbuiim-
€HT B TpaH3ucTopa paBeH 50 (MoOIUHBIE
TPAH3UCTOPBl OOBIMHO MMEIOT MEHBIIHI KO-
3 GULHEHT YCWISHHS MO TOKY, YeM MaJio-
CUTHAJIbHBIE TPAH3UCTOPHI), TOTAA IS TTO-
JlydeHusi 6a30BOTO TOKa, pPaBHOTO 32 MA,
noTpebyloTcsl 0a30BLIE PE3UCTOPbI C COMPO-
tuBieHUeM 220 OM (nipy NUKOBOM 3Haue-
HWU CUTHaJIA TOK 0a3bl OyaeT onpeaensiThes
HanpsxeHueM 6,5 B, paBHbIM pasHocTH 13,5 B
¥ HaNpsXEHUA UCTOYHMKA NuTanus U, ).

Temuneparypuas ¢cTaGMIBLHOCTH JABYXTAKT-
HBIX ycHAMTENEH Kiacca B. PaccMoTpeHHbI
BbIIIIE YCUIUTENL (MHOTIA TaKMe CXeMbI Ha-
3BIBAIOT YCHJIMTENSIMU Kiacca B, mpu 3ToMm
UMEIOT B BHAY, YTO KaXIblii TPaH3UCTOp
HaxOIUTCS1 B OTKPLITOM COCTOSIHUU TOJBKO
B TCUCHHUE MOJOBMHBI EPUOIA BXOAHOIO
CUTHAJIa) UMEeET ONMH CEepbe3HBIN HeNoCTa-
TOK: OH HEe 00JNamaeT TeMmepaTypHOM CTa-
6mnbHOCTBIO. TTo Mepe TOro Kak BBIXOZHbBIE
TPaH3UCTOPH HATPEBAIOTCS (KOIaa HPHIOXEH
BXO/IHOU CUTHAJ, OHM HarpesaroTcsl, TaK Kak
pacceuBalOT MOIUHOCTE), Hampsikenue U,
HayMWHAeT yObIBaTh, a KOJUIEKTODHBIA TOK
MOKOS — BO3pacTath. Beiaeisiioueecss Npu
3TOM DONONHMUTEIBHOE TEIUIO YCYTYOAET 110
JIOXKEHUE Y TMOBBIIIIAET BEPOSITHOCTb TOTO, 4TO
B CXEME Pa30BbETCA HEKOHTPOJIMpPYEMas Teri-
JIOBasi MOJIOXUTENIbHAs oOpaTHas CBA3b (3Ta
BEPOSITHOCTD 3aBUCHT OT psiia (haKTOpOB: Ha-
CKOJIBKO BENIMK Paguatop [UIst OTBONA TeIia,
COBITAACT JIM TEMIEparypa AMOIOB C TEM-
neparypoit TpaH3uCTOpoB u ap.). axke ecnu
3TOr0 He MPOM3OUAET U CXeEMa HE BHIHAAET
W3 CTpos, HEoOXonuMo obecreduTs bornee
HaJeXHOE yrnpaBjieHUe ee paboToi; oObIyu-
HO mpuberaloT X cxeme, MOKa3aHHOUW Ha
puc. 2.58.

Jins mpuMepa 3aeck NOKa3aH ciy4daid, Kor-
13 BXOMHOW CUTHAJI CHMMAECTCSH C KOJIEKTO-
pa NpequIeCTBYIOLIETO KacKalia; Pe3ncTop
BBITIOJTHSIET ABOMHYIO DYHKIIUIO: OH SIBISIET-
Csl KOJUIEKTOPHBIM PE3UCTOPOM TPaH3UCTO-
pa 7, 1 popMHpPYET TOK Ui CMEIUEHHUA IH-
OfIOB M CMEUIAIOLIEr0 Pe3UCTOpa B OCHOB-
HOH ABYXTaKTHOH cxeme. Pesucropn! R, U R,
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Puc. 2.58. YBenuueHHe TeMIepaTypHOR CTabWIbHOC-
TH ABYXTAKTHOTO MOBTOPUTENS 3a CUET BKIIIOYEHHS B
cxeMy HeOOJBLIMX SMUTTEPHBIX PE3UCTOPOB.

0ObIYHO UMEIOT COMPOTUBJICHUE HECKOJIBKO
OM WIM HMXE; OHHM «aMOPTU3UPYIOT» KpH-
TUYECKOE CMELICHUE TOKA MTOKOA: HAMPSXE-
HUE MEXIy 6a3aMu BBIXOAHBIX TPAH3UCTOPOB
JOJIXHO OBITh HEMHOTrO OOJIbllIe, YEM YIBO-
€HHOE MaJeHKe HANPSXEHUs Ha IHOIE; A0-
MOJMHUTENbHOE MaJeHWe HanpskeHUs obec-
TIEYMBAET PETYAMPYEMbIit PE3UCTOP CMELICHUS

(ero YacTo 3aMeHsI0T €11i€ OTHUM IHOOOM).

aIcHME HANpsXKEHHWs Ha pe3ucropax R,
1 R, cocTaBiseT HECKONBKO NECATBIX LlOJIePI
Boana Onarogaps 3TOMy TeMIepaTypHOe
W3MEHEHHUE HanpsokeHus Uy, He NPUBOIAMT K
OBICTPOMY BO3pacTaHHUIO TOKA (4eM OoJbLUe
MajieHUe HanpsxeHUd Ha R, u R,, TeM
MEHEEe YyBCTBUTEIEH K TEMHEpPAType TOK) U
cxeMa paboraer cTabwibHO. CTabHIBHOCTD
YBEIMYUBACTCSA, ECNIA AUOAB UMEIOT TEIUIO-
BOW KOHTAKT C BHIXOAHBIMH TPaH3UCTOPAMMU
(WY UX paguaToOpaMH).

TeMnepatypHyl0 CTaGHUABHOCTb CXEMBI
MOXHO OLIEHWTb, €CIIH BCTIOMHHTB, YTO MNa-
IEHUE HarpsDKeHU MeXIy 0a30it U aMUTTe-
POM YMEHbILIaeTcs MpUMepHo Ha 2,1 mB ripu
YBEJIMUEHUM TEMIIEPATypbl Ha KaXIbiid Ipa-
ayc (°C), a KOJJIEKTOpPHBIN TOK YBeJIMYHBa-
etcs B 10 pas npu KaxaoM yBeJIMYEHHU Ha-
MpPSIXEHUsT Mexay 0a3oii U 3MHUTTEPOM Ha
60 MB. Hanipumep, ecnm pesuctop R, 3ame-

HWUTH IUOIOM, TO HAaIpsLKEHUE MexXIy 6a3a-
mMu Tpausuctopos 7, u T, GymeT paBHO
YTPOEHHOMY NaJEeHUIO HAIIPAXECHUS HA JHO-
1€, a Ha MOCJIEAOBATENIBHOE COCIMHEHHE Pe-
3UCTOpOB R, ¥ R, GyaeT NpyxomuThes najie-
HHE HAMPSDKEHUSI, paBHOE TANCHHIO Harpsi-
XeHust Ha quone. (CnenoBaTeNbHO, PE3UCTO-
pbl R, ¥ R, MOJXHBI GBITh TTOROOPAHBI TAKUM
o6pa30M ‘{T06bl obecrieunBaicsd HYXHbI
TOK NOKOs, Hanpumep 50 MA sl ycUnuTe-
Jis1 3BYKOBBIX 4acToT.) CaMBIM XYAIUUM LTS
3TO# CXEMBI SIBISIETCS CJIy4ail, KOrma cMe-
LIAIONINE AUOAB HE MMEIOT TETUIOBOIO KOH-
TaKTa ¢ BbIXOAHBIMM TPaH3MCTOPAMM.

PaccMorpyuM Takoii camblil Xymuiuit ciy-
yaii ¥ BHYMCIUM YBEJTHYEHHE TOKA ITOKOs
BBIXOIHOTO KacKala, COOTBETCTBYIOILIEE T10-
BBIIIEHUIO TEMNEPATYPhl BRIXOJAHOIO TPaH-
sucropa Ha 30 °C. Kcratu, mnst ycunutes
MOLIHOCTY TaKO€ YBEJIUYECHHUE TEMIIEPATYPbl
HE sBsieTcsl OONbIIMM. YKa3aHHOE IMOBbI-
HICHUE TEMIIEPaTyphl TPy MTOCTOSHHOM 3Ha-
YEHUW TOKA NMPUBOAMT K YMEHBIUCHHIO Ha-
npspkeHust U, BBIXOIHBIX TPAH3UCTOPOB MPU-
6nn3nTeano Ha 63 MB u K yBelHueHUIO
najeHusl HAMpsDKEHUs. Ha pesucropax R, u
R, npubausurensHo Ha 20% (T. e. npn6n14—
3HTeano Ha 20% yBennyuBaeTcsa TOK IIO-
Kosi). i ycunutens 6e3 IMUTTEPHBIX pe-
3UCTOPOB (pHUC. 2.57) aHAJOTUYHBIA pacuyeT
MOKA3bIBAET, YTO TOK IOKOs YBEIHYUTCS B
10 pa3 (HanmOMHMM, YTO TOK [, YBETMUMBAETCS
B 10 pa3 npu Bo3pacTaHUM HaHpﬂ)KCHl/Iﬂ Uss
Ha 60 MB), T. e. ero poct cocrasut 1000%.
OueBUOHO, YTO TeMmepaTypHas CTaOWIIb-
HOCTb IMMOCHETHEN! CXEMBI C PE3UCTOPAMU
CMEUIEHUS B LIETISIX SMUTTEPOB 3HAYUTEbHO
BBILIIC,

Ele oaHO npeMMyLIECTBO 3TOM CXEMBbI
COCTOMT B TOM, YTO PETYJIMPOBKa TOKa MO-
KOS1 IO3BOJISIET YHPABIATh BEIMUHHOMN nepe-
XOIHBIX MCKAXCHUH. [IBYXTAKTHBIE YCHJIU-
TEJIM, B KOTOPHIX CMELICHUE MCIONb3YETCS
IUTSL TIOJTYYEHUS HOCTAaTOYHO OOMBILIOTO TOKa
TIOKOSI B MOMEHT Iepexofa CUTHajla yepes
HyJIb, HA3bIBAIOT UHOTAA YCUIMTENSIMU KJlac-
ca AB; 370 Ha3BaHME MOMPA3yMEBAET, YTO B
TEUCHHE HEKOTOPOTO MHTEPBala BpEMEHH 00a
TPAH3UCTOPA HAXOASTCA B COCTOSIHUHU IIPO-
poanuMocTH. [TpakTiiecky Mpu BLIOOPE TOKA
MOKOSI CJAeAYET HAWTU KOMIIPOMUCC MEXIY
YMEHBILICHUEM UCKAXEHUS U pacceiBaeMoi
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Puc. 2.59. Cxema 3agaHus CMeHIeHHS ABYXTaKTHOTO
BLIXOAHOrO KaCKana Afisi YMCHDBIICHUS NCPeXOAHBIX MC-
KOKEHMI U TIOBBILICHHS TEMIIEPaTypHOU CTabUNBLHOCTH.

MOILHOCTBIO B COCTOSIHMM nokos. [Touru
BCETIa JUIS OCIA0NeHHs IEPEXOIHOr0 HCKa-
XESHUS HCTIONB3YIOT elile OOPATHYIO CBA3b, O
KOTOPO#l NOHAET peyb B CACOYIOLICH TIaBe.

Hpyroii MeTon CMelieHHsI IBYXTAKTHOIO
NOBTOPUTENS MPENCTAaBACH Ha puc. 2.59.
Tpansucrop 7, paboTaeT Kak perynupyeMblii
ouox: 0a30Bble pe3UCTOPbI OOPA3yIOT AU~
TeJb HATIPSKEHUsl, 61arogaps KOTOpOMY Ha-
MIPSDKEHHE MEXAY KOJUIEKTOPOM W 3MHTTE-
pom T, cTaOMnn3upyeTcs NPH 3HA4YEHHH,
MPOIMOPLIMOHANIBHOM HANPSIXKECHHUIO MEXIY
6a30if U IMUTTEPOM (OHO PABHO ITAACHHUIO
HAIMPSDKEHMSA HA IMONE); TIPY YBETMUCHUU Ha-
npsokeHus U, TpaH3UCTOP NMEPEXOIHT B pe-
XM DOJIblIECH TIPOBOAMMOCTH, U Ha00OPOT.
Hanpumep, eciin 06a pe3ucropa UMEIOT CO-
npoturieHus 1 kOM, TO TpaH3UCTOp yaep-
XWBACT HANMPSDKEHUE MEXIY KOJUIEKTOPOM U
3MMTTEPOM, PABHOE YIBOSHHOMY IaAEHUIO
HampskeHWs Ha auone. B mokasaHHOM Ha
puc. 2.59 cny4ae perynypoBKa CMEUICHUS
TNO3BOJISIET YCTAHOBUTh HATPSKEHHE MEXIY
0azaMu B auamaszoHe oT 1 no 3,5 mameHus
HanpsikeHus Ha mauoae. KoHpeHcarop em-
KocThio 1 MK® ciryXdT st TOro, 4toGnl Ha
0a3bi BBIXOMHBIX TPAH3WCTOPOB TOCTYIIHJ

OAWMHAKOBLIA CUTHA/I: TAKOW WIYHTUPYIOLIUA
KOHEHCATOP TONEe3¢H B M0G0 CxeMe cMe-
meHuss. B maHHO# cXxeMe KOJJIEKTOPHBIA
PE3UCTOp TpaH3uCTOpa 7, 3aMEHEH UCTOY-
HUKOM TOKa 7T,. DTy pasHOBMIHOCTb CXe-
MBI C YCIIEXOM HCHOMB3YIOT Ha MpaKTHKE —
IEX0 B TOM, YTO C MOMOHILIO PE3NCTOpa
OBIBAaCT MHOTAA TPYIHO TIOJIYYUTh HYXHBIH
Ga30BbIii TOK Ui TpaH3KCTOPa 1, NpM 3Ha-
YEHUSAX CUTHAJA, OMU3KUX K MaKCUMalb-
HBIM. 1151 TOTO 9TOOBI YAOBNETBOPUTH TPE-
GoBaHMAM CO CTOpPOHBI TpaH3ucropa T,
PE3UCTOP NOKEH OBITh HEGONBIIUM, HO TOT-
12 60JbLIUM OYIET KOJUTEKTOPHBIH TOK IO~
KOsi TpaHsuctopa 7, (paccemBaeMasi MOMI-
HOCTh TakXe Oyner Besivka), a Xoaphuum-
€HT YCWJIEHHS 110 HANPSIXEHHIO TaKXe OyIeT
HeGonbiuuM (HaroMHum, 4to K = R /R)).
3anauyy ¢opMUpoBaHUsA 0a30BOro TOKa IS
TpaH3ucTopa 7, MO3BOJAET PELINTL TaKXe
METOJ, CCASILIEN CBS3HM, KOTOPBIH MBI pac-
CMOTpPUM HHIKE.

2.16. CocraBHo#i TpaH3HCTOp
(cxema J{ap/mHTTOHA)

Ecny coeIMHUTb TPaH3HUCTOPBI, KaK IOKa-
3aHO Ha puc. 2.60, To monayyeHHas cxema
Oyaer paboraTb Kak OWH TPaH3UCTOP, MPH-
yeM ero KoaduiimeHT B OyIeT paBeH Mpo-
MIBEICHUIO KOI(PODUVIIVEHTOB B COCTABIAIO-
[MX TPaH3UCTOPOB. DTOT IIPHEM I10JIE3EH
st cxeM, paboTalouUx ¢ OOJBIIMMH TOKA-
MM (HanpuMep, IIst CTabWIN3aTOPOB Hanps -
XEHHUSA WK BbIXOAHBIX KAcKaJOB YCHIIUTE/ICH
MOLITHOCTH) WIH JJIs1 BXOOHBIX KACKAIOB YCU-
JIUTEJICH, €CTU Heo0X0AUMO 00eCIeYuTh DOMb-
LLOW BXONHOW MMIIEAAHC.

B tpansuctope JlapiMHrroHa mageHue

K

K]

Puc. 2.60. CocraBHoil TpaHsuctop [apauHrroHa.
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Puc. 2.61. ToBbllieHHe CKOPOCTH BHIKTIOYEHUST B COCTaB-
HOM TpaH3ucTope JlapMHITOHA.

HamnpsiXeHUst Mexay 0a30it U 3MUTTEPOM B
IBa paza Oosbie OOBIMHOTO, @ HaIpsSKCHUE
HACBHILEHUSI PaBHO IO KpaifHeN Mepe TaJECHUIO
HaTIpsDKEeHUs1 Ha Iuone (TaK Kak IMOTeHLHAT
IMUTTEPA TPaH3UCTOpa T, NOJKEH MPEBbI-
1aTh TOTEHLHAJ SMUTTEPA TpaH3ucropa 7,
Ha BeJIMYUHY [TaJeHHUS HATIPSKCHUST Ha AMO-
ne). Kpome Toro, coemMHeHHbIE TAKUM 00-
pa3oM TPaH3UCTOPHI BEAyT ceOsl KaK ONMH
TPAH3UCTOpP C JOCTAaTOYHO MalbiM OBbICTPO-
NeCTBMEM, TaK KakK TpaH3ucTtop 7, He mo-
XeT OBICTPO BBIKIIOYWTH TpaH3uctop 7,
C y4eToM 3TOro CBOICTBAa OOBIYHO MEXIy 0a-
30i M 3MUTTEPOM TpaH3ucTopa 7T, BKIOYa-
10T pesuctop (puc. 2.61). Pesucrop R mipe-
JOTBpalliaeT CMEIEHUE TpaHsucTopa 7, B
0071aCTh MPOBOAUMOCTH 32 CYET TOKOB YTEY-
ku TpaH3ucTopoB T, u T,. ConpoTusieHUe
PE3UCTOPa BHIOMPAIOT TaK, YTOOBI TOKH yT€4-
KM (U3MepsieMbie B HAaHOAMIIepax st Maso-
CUTHAJIbHBIX TPAH3UCTOPOB U B COTHSAX MHUK-
poamriep AJisi MOLUHBIX TPaH3UCTOPOB) CO-
30aBAJIM HA HEM NAaNeHUE HAampsKEeHUs, He
MpPEBBILIAIOLIEE MANCHUS] HANpPAXECHUS Ha
IOVOAE, U BMECTE C TEM YTOOBI uepe3 Hero
MPOTEKAT TOK, MAJIBIA MO CpaBHEHMIO C Oa-
30BBIM TOKOM TpaH3ucTopa 7,. OGbIYHO CO-
NPOTUBJIEHUE R COCTaBJISIET HECKOJIBKO CO-
TEH OM B MOLIHOM TpaH3ucTOpe Jap/MHITO-
Ha U HECKOJIBLKO THICSTY OM B MAJIOCUTHATBHOM
TpaH3uCcTOpe JlapaMHITOHA.
[TpOMBILIIEHHOCTD BBITTYCKA€T TPAH3UCTO-
pbl JlapaMHITOHA B BUIE 3aKOHYEHHBIX MO-
Iyned, BKITIOYAIOIMX, KaK IPaBWIO, U SMUT-
TepHbliA peauctop. [IpuMepoM Takoii cTaH-

Puc. 2.62. CoenuHeHue TpaH3UCTOPOB no cxeMe LHuk-
J1au («ROMOMHAIOWIMHA TpaH3UCTOp JapiauHrTOHa»).

IApTHOW CXEMBI CIYXWUT MOIUHBIA n—p—n-
TpaH3ucTop JlapnaudrroHa tuna 2N6282, ero
K023((HLIMEHT YCWIEHMS 10 TOKY paBeH 4000
(TUIIMYHOE 3HAYEHMeE) I KOJUIEKTOPHOIO
TOKa, pasHoro 10 A,

CoenniHense Tpan3ucTopos no cxeme ITnk-
aau (Sziklai). CoenyHeHHne TPaH3UCTOPOB 10
cxeme Hlukiau npeacrasiaser coboi cxemy,
NoAOOHYI0 TOH, KOTOPYI0 MBI TOJBKO YTO
paccMotpenu. OHa Takke o0ecTrieunBacT yBe-
nuyeHre koadpouuuenra B. MHoraa takoe
COCIMHEHUE Ha3bIBAIOT KOMIUIEMEHTAPHBIM
Tpau3uctopom JapauHrrodHa (puc. 2.62).
CxeMa BeneT ce0st Kak TPaH3UCTOp n—p—H-
THMNAa, 00MafaoLuil 6onbIMM Ko3dduLIreH-
TOM B. B cxeMe AEHCTBYET OIHO HaNpsDKEHUE
MexXay 6a30il U SMUTTEPOM, a HaNpsKEHHUE
HACBHILIEHUSI, KaK ¥ B IpeAblAylleil cxeme,
paBHO TIO KpaiiHeit Mepe MafeH!uIo Hanpsixe-
HUA Ha auone. Mexay 6a30ii 1 IMUTTEpPOM
TpaH3uctopa 7, peKOMEHAYETCH BKIIOYATh
PE3UCTOP C HeGobLIIM COMNPOTUBJICHUEM.
Pa3paboTyuKy MPUMEHSIIOT 3TY CXEMY B MOIII-
HBIX JBYXTaKTHBIX BBIXOIHBIX KaCKajax, Koraa
XOTSIT UCMOJIE30BATh BBIXOAHBIE TPAH3UCTO-
pHl TOJIBKO ONHOHM mnoasipHoctu. [Ipumep
TaKoM CXeMbl NOKa3aH Ha pHc. 2.63. Kak u
MpeXAe, PEe3UCTOp NpeaCTaBasieT coboi
KOJUIEKTOPHBII PE3MCTOp TpaHaucropa 7, .
Tpan3uctop [JdapauHrroHa, o6pa3oBaHHBIN
TpaHsucTopamu T, u T, BeneT cebs Kak OMH
TPAH3UCTOP #—p—n-TUMA ¢ OONBLIUM KO-
duumeHTOM ycwieHMsl 1O TOKy. TpaH3uc-
Topel T, u T, coenuHeHHBIe 110 cxeme LIInk-
Jad, BemyT ce6Gsi Kak MOILUHBIM TPaH3UCTOP
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Puc. 2.63. MowHBIA OBYXTakTHBIM KacKall, B KOTOPOM
HCTONBb30BaHBI BHIXOAHBIE TPAH3UCTOPHI TOJILKO #—p—Nn-
THIIA.

p—n—p-THAa ¢ OOMBLIMM KO3(PODUITHEHTOM
ycusienud. Kak u mpexne, pesuctops! R,
¥ R, UMeoT HeGOJBIIOE CONPOTUBIECHHE.
DTy cXeMy MHOTIa Ha3bIBAIOT ABYXTAKTHBIM
TOBTOPUTENEM C KBa3UAOMOJHUTEIbHOMN
chiMMeTpueil. B HacTosmieM Kackane ¢ Jio-
NOJHUTENBHON CUMMETpHE (KOMIUIEMEH-
TapHOM) TpaH3UCTOpbl T, u T 6bUIH GBI CO-
€IMHEHB! 1o cxeMe JlapiMHITOHA.
TpanzucTop co cBepxGoabIMM 3HAYCHHEM
Ko03(uunenTa ycunennsa mo Toky. Cocras-
HbI€ TPaH3UCTOPHI — TpaH3ucTop JlapiauHr-
TOHA U €MY MOJOOHBIE — HE CJIEAYET MyTaTh
€ TPaH3UCTOPaM# CO CBEPXOOJIBLIMM 3HAYE-
HUEM KO3(DPUIIMEHTa YCUIEHUS IO TOKY, B
KOTOPBIX O4€Hb 00JIb1II0E 3HaUeCHKE K03 du-
LIMEHTA A, , TIONYYAIOT B XOI€ TEXHOJIOTHYEC-
KOro mpolecca M3roTOBJIEHMUS 3JIEMEHTA.
[TpyMepoM Takoro 3JeMeHTa CIYXHUT TpaH-
suctop THna 2N5962, mis KOoToporo rapaH-
THPYETCSI MUHUMATBHBIA Ko3h(pULMEHT yCu-
JICHHSI TI0 TOKY, paBHBIH 450, npyn U3MEHEHNH
KOJUIEKTOPHOTO TOKAa B AMarasoHe ot 10 MKA
g0 10 MA; 3TOT TpaH3UCTOp NPUHALIEXKMT

K cepuM 3yeMeHTOB 2N5961—2N5963, xo-
TOpasi XapaKTepU3yeTCs IMana3oHOM MaKCH-
MajbHbIX Hanpsoxenmit U, ot 30 mo 60 B
(ecnu KOJUIEKTOPHOE HAIIPSDKEHHE HOJKHO
OBITE OOJIBILIE, TO CEAYET MOWTH HA YMEHb-
uieHue 3HadyeHus B). IIpoMeliuieHHOCTB
BBIITYCKAET COIIACOBAHHBIE TMapbl TPaH3MC-
TOPOB CO CBEPXOONBLIMM 3HAYEHHEM KO3~
(puureHTa B. X MCHIONB3YIOT B YCHIIUTENAX
C HM3KMM YPOBHEM CHMIHaja, IS KOTOPHIX
TPaAH3UCTOPHI JTOJIKHBI UMETh COTIaCOBaH-
Hbl€ XapaKTEPUCTUKHU; ITOMY BOMPOCY IO-
cBsilleH pasa. 2.18. [TpuMepaMu moaoGHBIX
CTAaHIAPTHBIX CXEM CJYXAT CXEMBI THIA
LM394 u MAT-01; oHu DpeacTaBisiorT co-
0o#i TPaH3UCTOPHEIE Taphl ¢ GOJBLIMM KO-
3(pHULIMEHTOM YCHUIEHH S, B KOTOPHIX HAIIPS-
xenue U, cornacoBaHo 10 Aoned MWLIU-
BOJIbTA (B CaMbiX XOpOLIMX Cxemax odecre-
yuBaeTcsa comacopaHue 10 50 MxB), a ko3g-
buument A, ,— no 1%. Cxema Tuna MAT-03
MpeJCcTaBIsieT coO0H COMTACOBaHHYIO Tapy
P—N—pP-TPAH3HUCTOPOB.

TpaH3ucTOpPHI CO CBEPXOOJIBIINMM 3HAYEHHU -
eM KoaddHuuueHTa B MOXHO OOBEAMHSTH
mo cxeme Jdapnuurrona. Ilpu stom 6a3so-
Bblif TOK CMELLIEHHWS MOXKHO CAENaTh PABHBIM
Bcero JinuIb 50 KA (TIpuMepaMy TAKMX CXeM
CHyXaT ONepalMOHHbIE YCUJIUTENM TUMa
LMI111 u LM316.

2.17. Caengmias cBS3b

Ipu 3aiaHUM HATIPSXKEHUS] CMELEHUS, Ha-
MIpUMEp B SMUTTEPHOM IIOBTOpPHUTENIE, PE3U-
CTOPBI JeTUTENS B LIEITH 0a3bl BRIOMPAIOT Tak,
4TOOBI IETUTENb 110 OTHOIICHHIO K 0a3e BbI-
CTymal B KayeCTBE XECTKOI0 MCTOYHMKA
HaNpPSXKEHMUSI, T. €. YTOOBI COMPOTHRICHHE
Mapa/UIebHO BKIIIOYCHHBIX PE3UCTOPOB ObLIO
3HAYMTENILHO MEHBIIIE, YeM BXOMHOE COMPO-
TUBJIEHUE CXEMBI CO CTOPOHBI 6a3bl. B cBsi-
3M C 3THM BXOIHOE COIMPOTHURIIEHHUE BCEH CXxe-
MBI OIIPEACISIETCS ACIUTENIEM HANPSDKEHUs —
IUIsl CUTHaJa, TMOCTYMAioHIeT0 Ha ee BXOI,
BXOTHOE CONMPOTHBIEHHUE OKA3bIBAETCSI ropas-
IO MEHbIIEe, YeM 3TO JNeHCTBHTEIBHO HE00-
xonumo. Ha puc. 2.64 mokasaH COOTBETCTBY-
1owmi npuMep. ITorHoe BXOOHOE CONMPOTHUB-
JICHHE CXeMBbI paBHO HPUOGIM3UTEIBHO 9 KOM,
a COMPOTURIICHHUE ACTUTENS HANPSKEHUS ISt
BXOAHOTO curHana paBHo 10 kOm. XKena-
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TeJILHO, YTOOB BXOZHOE COITPOTURIICHUE BCE-
raa ObUIO0 GOJBILINM, M YX BO BCAKOM CIy-
yae Hepa3yMHO HAarpyXaTb MCTOUHHK BXOI-
HOTO CHUTHAJNa CXEMbI HENTMTEJIEM, KOTODHIi
B KOHEYHOM CYETE HYXEH TOJBKO IS TOrO,
YTOGBI 00ECTIEYNTh CMELIEHNE TPAaH3HCTOPA.
BBIiiTH M3 3aTpyIHEHHS MO3BOJSET METOM
caeasimieit cpasu (puc. 2.65). CmeureHue
TPaH3UCTOPa 00eCNEeYnBaIOT PE3UCTOPHI
R, R,, R,. Kongencatop C, BHIOMPAIOT
TAKWM, YTOOHl €70 TOJIHOE CONPOTHBICHHE
Ha YacTOTaX CHTHaIA OBUTO MAJIO [10 CpaBHE-
HUIO C CONPOTHBICHHEM PE3HCTOPOB CME-
uieHus. Kak Bcerma cmelneHue OynmeT cTa-
OWIbHBIM, €CJIM COTIPOTHBJIEHHUE €r0 HCTOY-
HMKA MO TIOCTOSIHHOMY TOKY, IIpUBEIEHHOE
B Oaze (B JaHHOM ciaydae 9,7 xOm), 3HauH-
TEJIbHO MEHbIIE COMPOTHBIECHHS T10 [TOCTO-
SIHHOMY TOKY CO CTOPOHHI 0a3bl (B JaHHOM
cnydae »100 kOm). Ho 3mech BxomHoe co-
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Puc. 2.65. IoBullIEHHE BXOQHOr0 MMINENAHCA 3MHUT-
TEPHOTO TIOBTOPUTENsA Ha YaCTOTaX CHTHAJla 3a CYeT
BKJIIOYEHHS B LIeNb CleALel CBA3U AeauTens, obecrme-
YHBAOILIETO cMeLieHue 6asbl.

NIPOTUR/IEHHUE [UTSI YACTOT CMTHAJIA HE PaBHO CO-
MIPOTHRJICHUIO [0 MOCTOSSHHOMY TOKY. Pac-
CMOTPUM ITyTh MPOXOXIEHMSI CUTHAJIA, BXOAHOM
curHan U, mopoxmaeT CUTHAlI Ha 3MUTTEpe
uy ~ u_, IO3TOMy TIpUpPALIEHHE TOKa, NpPO-
TEKAIOLLETO Yepe3 PE3UCTOpP CMellieHus R,
coctaBut i = (u_— u,)/R,~ 0, 1.¢. Z =
= u_/i ) = . Mbl TOJY4MIIM, 4TO BXOIHOE
(LIyHTHpYIOIEE) CONPOTUBIEHHE CXEMBI CMe-
LIEHHUS OYEHDb BEJIUKO IUISl Yacmom CueHand.
Hpyroit noxxon K aHaIW3y CXeMbl OCHO-
BaH Ha TOM, YTO MaJcHHE HAMpSKEHUS Ha
pesucTope R, /i BCex 4aCTOT CUTHANa OH-
HAaKOBO (TaK KaK HAINPSXKEHHUE MEXIY ero
BBIBOJIaMU U3MEHSIETCS OIMHAKOBO), T. €. OH
npencTasaseT coboit ucTouHuk toka. Ho
COTIPOTUBJIEHHE UCTOYHMKA TOKa OECKOHEY-
Ho. Ha camoMm nene dakrnyeckoe 3HayeHue
COMpPOTUBJICHHS He OECKOHEYHO, TaK KakK
KO3(pDUIMEHT yCWieHUsl TOBTOPUTENS He-
MHoro MeHbiue 1. TlociaeaHee BbI3bIBaeTCS
TEM, UTO MaIEHUE HATTPSDKEHHS MeXIy 0a30it
M 3MHUTTEPOM 3aBHCHUT OT KOJJIEKTOPHOIO
TOKAa, KOTOPBIA M3MEHSIETCH NPU U3MEHEHHHN
YPOBHsI cUTHana. TOT Xe pe3y/lbTaT MOXHO
TIOJYYHTh, €CJIM PACCMOTPETh AEIUTEND, 00-
Pa30BaHHBII BHIXOAHBIM COMPOTURIEHUEM CO
CTOPOHBI 3MuUTTEpPA [ry = 25/1 (MA) OM] 1
SMUTTEPHLIM pe3ucTopoM. Eciu xoaddu-
LMEHT YCUJICHUS TIOBTOPUTEISI TIO HAINpsixe-
HUI0 0003HaYNUTb A (A ~ 1), TO AelicTRYIOIEE
3HaYeHHe COMPOTHMBIEHUA R, Ha yacToTax
curHana pasHo R,/(1 — A). Ha mpaxtuke
JOEHCTBYIOIEE 3HAYEHHE CONPOTUBRIIEHHS R,
OoJtblle ero HOMHHAJIA NPHOJIUZUTENLHO B
100 pa3, 1 BO BXOAHOM CONPOTHBIEHUH TIpe-
o0saaeT BXOIHOE CONMPOTUBJIEHUE TPAH3U-
cTopa co CTOpoHH 6a3sl. B uHBepTHpYyIO-
HIEM YCWIMTENE C OOLIMM 3MHTTEPOM MO-
XeT OBITh BBITIOMHEHA aHAIOTUYHAS Clleasilast
CBsI3b, TAK KaK CMTHAJI Ha 3MMUTTEPE ITOBTO-
psieT curHan Ha 6asze. OOpaTHuTe BHMMaHMe,
YTO CXEMa JEJTUTEIS HAMPSDKEHUs1 CMELLIEHUS
3aIUTHIBAETCA TIO TIEPEMEHHOMY TOKY (Ha
YacTOTax CHUrHajia) ¢ HU3KOOMHOTO 3MUT-
TEPHOTO BHIXOHA, TMO3TOMY BXOAHOMY CMI-
HaJly He IPHUXOANTCS 3TUM 3aHUMATHCS.
Ciiegsmas cBA3b B KOJJIEKTOPHOH HArpys-
Ke. [IpuHLIMD cnensiied CBSI3M MOXHO MC-
MIOJIB30BATH ISl YBEIMUEHUS ASHCTBYIOLIETO
(3¢dexTHBHOrO) COMPOTHBIAEHHS KOJLIEK-
TOPHOTO HAarpy3o4yHOro pE3MCTOpa, €CIH
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Puc. 2.66. Cnensuiiass ¢Bfi3b B KOJUIEKTOPHOW HAIpy3Ke
YCHIMTES MONIIHOCTH, [PEICTaBAIOIIEro coboil Ha-
IPyXaOIIKif KacKal.

KacKaJ HarpyxXeH Ha MOBTOpHUTENb. Ilpu
3TOM CYLIECTBEHHO YBEIUYHUTCSA Ko3bPULH-
eHT YCWIEHMSI KacKalla 1o HanpsDKeHMIO [Ha-
noMHuM, yto K, =g R, ag, = 1/(R, + )l
Ha puc. 2.66 nokasaH IpuMep IBYXTaKTHO-
IO BBIXOIHOTO KACKala Co CeIsIIEe CBA3BIO,
MOCTPOEHHO# TIOMOOHO PAaCCMOTPEHHOI BhIILE
CXEMe JIBYXTAKTHOIO NoBTOpHTENd. Tak Kak
BBIXO[ TIOBTOPSIET CUTHAN Ha 0a3e TpaH3UC-
Topa 7, KoHaeHcarop C co31aeT ciefslLyo
CBfI3b B KOJUIEKTOPHYIO HAIpy3Ky TPaH3MC-
Topa T, U MONIEPXUBAET MOCTOSHHOE Maje-
HME HampsKEHMs Ha pe3ucTope R, mpwu
HAJIMYMM CUTHAMA (UMMEJaHC KOHAeHCaTo-
pa C nomxeH GBITh MAJIBIM TI0 CPAaBHEHUIO C
R v R, BO BCed MOJIOCE 4acTOT CUTHala).
braronapsi 3Tomy pesuctop R, CTaHOBMTCA
MOKOOCH MCTOYHUKY TOKA, YBEIHYUBACTCH
K03GOUIMENT yeuieHHs TpaH3ucTopa 7, 1o
HaNpPSXEHUIO U MOAACPXUBAETCS JOCTATOY -
HOe HarpsxeHue Ha 6ase tpaHsucropa 7,
Iaxe TpW MHUKOBBIX 3HAYCHHUAX CHUTHA’A.
Korma curHan craHoBuTCsl OJIM3KMM K Ha-
NPSXEHUIO MTUTAHUA U, , TOTEHIIMAN B TOY-
K€ COeNMHEHHs! PE3UCTOPOB R, u R, craHo-

BUTCs Gonblue, yem U, ., Gnaromaps 3apd-
Iy, HaKoILIeHHOMY KoHzeHcatopoM C. TTpun
3TOM ecitd R, = R, (HETIOXOii BapMaHT BbI-
06opa pe3rucTOpPOB), TO MOTCHIMAJI B TOUYKE MX
coenuHeHus npesbicur U, B 1,5 paza B TOT
MOMEHT, KOTIa BBIXOQHOW CUTHQJI CTaHET
paseH U, . O1a cxeMa 3aBoeBaia GOJbILYIO
MOMYJSIPHOCTD NPU pa3paboTke OBITOBLIX YCH-
JIUTEJIEH HU3KON 4aCTOThl, XOTH IPOCTOMH
HCTOYHUK TOKA 00JIaAaeT IperMyILeCTBAMH
Tepesl CXeMOM CO CIeAIICi CBA3BIO, TAK KaK
oTImagaeT HeOOXOAUMOCTh B UCTIONB30BAHUM
HEXENaTeJIbHOTO dJIeMEHTa — JJIEKTPOIUTH-
YeCKOTO KOHAECHCATOpa — U 00ECIEeUnBaIOT-
€5l Iy41IUe XapakTePUCTUKH HA HU3KUX Yac-
TOTAX.

2.18. Inddepeninanbubie yCHIMTENH

JuddepeHUMANBHBIH YCWIATEND — 3TO ILUPO-
KO M3BECTHAsI CXeMa, UCTIONIb3YeMast ISt yCU-
JICHUS PA3HOCTH HANPSDKEHMH IBYX BXOMHBIX
CUrHaioB. B mnmeanbHOM ciydae BbIXOAHOM
CUTHAJI He 3aBUCUT OT YPOBHS KaXIOTO U3
BXOIHBIX CUTHAJIOB, & OTIPEESICTCS TOIbKO
UX pasHocTblo. Korna ypoBHM CUTHANOB Ha
000UX BXOJAX U3MEHSIIOTCS OXHOBPEMEHHO,
TO TaKO€ W3MEHEHME BXOJHOIO CHrHaja Ha-
3b1BaloT cuH(paszHbpM. [duddepeHunanbHbIH
WA Pa3HOCTHBIA BXOIHON CUTHAT HA3HIBAIOT
€HI€ HOPMaJIbHBIM WM TIOJIE3HBIM. XOPOUIHH
mddepeHIMATbBHBIN YCUIINTENIb 001amaer
BBICOKUM K03@@uyuenmom ociadnenuss cungaz-
Hoeo cuenana (KOCC), KoTophlit TpencTaB-
JisieT coboil OTHOLIEHHE BBIXOTHOTO TIONE3-
HOTO CHTH&Ja K BBIXOAHOMY CHUH(pa3HOMY
CHUTHAJY, IIPY YCIIOBUU YTO TIOAE3HBIM U CUH-
(asHbIil BXONHBIE CUTHAJIBI MMEIOT OJMHA-
KoBylo aMmmiutyny. O6niuno KOCC omnpe-
Iensot B neumnbenax. JluamazoH U3BMEHEHUA
cHH(}A3ZHOro BXOAHOTO CUTHAJIA 3a1aeT AOITY-
CTUMBIE YPOBHH HAIPSDKEHMS, OTHOCHTEIIb-
HO KOTOPOTO JOJDKEH M3MEHSATBCS BXOMHOI
CHUTHa,

NuddepeHIMaTbHBIE YCHINTENN UCTIONB-
3yIOT B TE€X CIIy4asix, KOrna cnabbie CUrHaibl
MOXHO ITOTepATh Ha hoHe miymoB. [Tpume-
paMu TaKHMX CUTHANOB SIBNSIOTCA LIM(POBEIE
CUTHAJIBI, NIEpelaBacMble I10 UTMHHBIM Kabe-
JisM (Kabesib OOBIYHO COCTOMT U3 JBYX CKpY-
YEHHBHIX ITPOBOAOB), 3BYKOBHIC CHTHAJBI (B
PaAVOTEXHUKE MOHATHE «OalaHCHBIH» UMTIE-
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Puc. 2.67. Knaccuueckuii TpaHaucTopHbtit nuddepeH-
LMAJIbHBIY YCHWINTEND.

JlaHe OOBIYHO CBS3BIBAIOT C AW depeHLIN-
albHBIM uMIenaHcoM 600 Owm), pamnouac-
TOTHBIE CUTHAIH (IBYXXKHUJIBbHBIM Kabelb
saBnsieTcs: AMpdepeHIHaNbHBIM ), HAMPSIKE -
HUSI 3JIEKTPOKAPAUOTPAMM, CUTHAJIBI CUM-
TbIBaHUS! MH(QOPMALIMK Y3 MArHUTHOM ma-
MATA U MHorve apyrue. QuddepeHunans-
HBbIil YCUJIIUTEJb Ha NMPUEMHOM KOHIE
BOCCTaHABJIMBAET MEPBOHAYAJIbHBIN CUTHA,
ecam cuHda3Hble TOMeXH He OYEeHb BEJIM-
ku. [TuddepeHuManbHble KacKaabl IIHPO-
KO UCIMOMb3YIOT IIPU OCTPOEHUHU OTIEepaLiv-
OHHBIX YCUJIMTENICH, KOTOPbIE MBI paccMar-
puBaeM HuXe. OHU UTPalOT BaXHYIO pOJib
NpY pa3paboTKe YCUIUTEIEH MOCTOSTHHOIO
TOKa (KOTOPBIE YCWJIMBAIOT YaCTOTHI BIUIOTD
IO TIOCTOSTHHOTO TOKA, T. €. HE HCIIOJIb3Y-
0T A1 MEXKACKATHOM CBSI3U KOHOAEHCATO-
pBl): UX CUMMETPUYHAS CXEMa IO CYTH CBO-
eif mMpucnocobieHa 1J1s1 KOMIIEHCAMM TEM-
neparypHoro apefida.

Ha puc. 2.67 noka3zaHa OCHOBHasi cXema
mddepeHIUANBLHOrO yCUnuTesst: BeixonHoe
HaNpSXEHUE M3MEPAETCS Ha OOHOM M3 KOJ-
JIEKTOPOB OTHOCHUTEJILHO TTOTEHIIMAIA 3eMJTH,
TAKOH YCUIIUTENIb HAa3bIBAIOT CXeMoli ¢ 00HONO-
MOCHBIM 8bIX000M VUTA PA3HOCMHbIM Ycuaume-
JeM Y OH pacrpocTpaHeH Haubojiee LIMpO-
KO. DTOT YCWIUTEIb MOXHO paccMaTpuMBaTh
KakK YCTPOMCTBO, KOTOpOE ycuamBaeT audde-
PEHUMAIBHBIA CUTHAI U IpeobpasyeT ero B
HECHMMETPHYHBIN CUTHAJI, C KOTOPbIM MO-
TyT paboTaTh OOBIYHBIE CXEMBI (TIOBTOPUTEIN
HANpPsDKEHMS], ICTOYHUKH TOKAa U T. 11.). Ecaun
Xe HyxeH auddepeHUHaNbHBIA CUTHAT, TO
€r0 CHUMAIOT MEXAY KOJUIEKTOpPaMHu.

YeMy paBeH KOIQOULIHUEHT YCUIIEHUS STOM
cxeMbl? Ero HeTpymIHO MOACYUTATDH: AOITY-
CTUM, Ha BXod monaetrcs nuddepeHInaib-
HBII CUTHAJI, TPH 3TOM HaIpsKEHHUE HA BXO-
ae | yBeqMuuBaeTCa Ha BEJIMMMHY U, (U3Me-
HEHUE HANpPSDKEHUS LIS MaJIoro CMrHaia 1o
OTHOUIEHMIO KO BXONY).

Ho Tex rop rmoka o6a TpaH3UCTOpa HaXo-
ISTCA B aKTUBHOM pPEXHME, OTEHLHAT TOU-
kU A pukcupoBaH. KoabduiveHT yewieHusi
MOXHO OIpEeAeaUTh KaK U B Cay4yae YCUJIU-
TeJIs1 Ha OMHOM TPaH3UCTOPE, €CIIH 3aMETUTD,
YTO BXOIHOW CUT'HAjl OKAa3BIBAETCS IBAXKIbI
MPUJIOXEHHBIM K Iepexoay Gaza—3MUTTEp
moboro Tpansuctopa: K, = Ry /2(ry +
+ R,). ConpotussieHne pe3ucTopa R, 0ObIy-
Ho HeBenuko (100 OM u MeHblile), a MHOTAA
3TOT PE3UCTOpP BOOOLIE OTCYTCTBYET. Jdud-
(hepeHLIMANIbLHOE HATIpSLKEHHE OOBIYHO YCU-
JIUBACTCA B HECKOJABKO COTEH pas.

st Toro utoOsl onpeneauTb Ko3phuuu-
€HT ycwieHUsl CMH(ba3HOTO CUrHaja, Ha oba
BXOJa YCWIUTENASA HYXHO TIOAATh OJIMHAKO-
Bbie CMTHaibl 4 . ECin Bbl BHMMATeNIbHO
PacCMOTpPHTE 3TOT ciiyyaid (M BCIIOMHMTE,
4TO 4Yepe3 pe3ucrop R, mporexalT oba
SMUTTEPHBIX TOKa), TO moayuure K . =
= —R./QR, + R,). Mu npexebperaem co-
NPOTUBJIEHUEM 7, TaK KaK pe3ucrop R
OOBIMHO BBHIOMPAIOT OONBLIMM — €0 COMpO-
TUBJIEHUE COCTABACT I10 KPalHEN Mepe He-
CKOJIbKO Thicsi4 oM. Ha camom nene compo-
THBJIEHHEM R, TOXe MOXHO npeHeOpeyb.
KOCC npubnusutenbHo paseH R,/(r, +
+ R,). Tunn4yHeiM npuMepoM nuddepeHn-
NbHOTO YCWINTENS SIBIAETCA CXeMa, Tpel-
cTaBlicHHas Ha puc. 2.68. PaccMoTpuM, Kak
OHa paboraer.

ConporussieHue pesuctopa R, BeiGpaHo
TaK, YTOOBbI KOJJIEKTOPHBINA TOK MOKOS MOX-
HO Obuio B3sTh paBHbIM 100 MkA. Kak
OOBbIYHO, IS TIOJYYEHUSI MaKCUMalbHOIO
JWHAMMYECKOTO AUara3oHa MOTCHUHAN KO-
JekTopa ycTaHoBieH pasHbM 0,5 U,.
Y Tpansucropa T, KOJUIEKTOPHbIA PE3UCTOD
OTCYTCTBYET, TaK KaK €ro BHIXOZHOM CHUrHa
CHUMAETCsl C KOJUIEKTOpa Jpyroro TpaH3uc-
Topa. ConpoTHBieHHe pe3nucTopa R, Bbl-
6paHO TakuM, YTO CYMMAapHBId TOK PaBeH
200 MKA M TTOpOBHY pacrpenc/icH MEXIy
TPaH3UCTOPaMU, KOTAa BXOOHOM (xuddepeH-
ManbHbI) CUTHaAN paBeH Hy/o. CoriacHO
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Puc. 2.68. BoluucneHue xapakrepUcTMK AvdpepeHLH-
ATBHOTO YCHIIMTEIS.

Ko = U (U, = U)) = (R/2(R5 t 1);

Koy = R/QR, + Ry + 1),

KOCC = R/(R, + ,).

TOJIBKO 4TO BbiBeIEHHHIM (popMyinaM Koad-
duimeHT ycunenus augdepeHunanpbHOro
curHana paseH 30, a KoadPULUEHT ycrIe-
HUsI cuH(pa3Horo curHana paseH 0,5. Eciau
ACKITIOUATb M3 cXeMbl pe3ucTopbl 1,0 KOM,
T0 K02 puuueHT ycuneHms auddepeHum-
aIbHOTO CHMrHana ctaHeT paseH 150, HO npu
5TOM YMEHBIINATCS BxoaHoe (auddepeHLn-
anbHOe) compotruBieHue ¢ 250 no 50 xOwm
(ecnu HEOOXONHUMO, YTOOBI BEIMYMHA 3TOTO
COMPOTUBICHUS MMEJIA TIOPSIOK MEraoM, To
BO BXOJIHOM KAaCKajJ€ MOXHO HCTOJIb30BaTh
TpaH3UCTOPHI JlapJMHITOHA).

HanomHuM, 4T0 B HECHMMETPUYHOM YCH-
JUTENE C 3a3eMJICHHBIM 3MUTTEPOM TNPH Bhbi-
XOXHOM HanpsixeHuu nokos 0,5 U, Makcu-
MaibHOe ycuieHue paBHo 20 Uy, roe Uy,
BbIDAXEHO B BOJbTax. B andgepeHumans-
HOM YCIJIMTEJIC MaKCUMajibHOe muddepeH-
uManskHoe ycuienue (npy R, = () sasoe
MEHbUIE, T. €. YMCIEHHO PaBHO NBamIaTH-
KpaTHOMY ITaA€HUIO HANPSDKEHHS Ha KOUIEK~
TOPHOM PE3UCTOpE IMPH AHATOTMYHOM Bbi-
O0ope paboueit Touku. COOTBETCTBYIOLIUIA
makcuManbHbiit KOCC (npu ycioBuM, 4YTo
R, = 0) takxe 4yucreHHo B 20 pa3 npeBbl-
IAeT NafeHue HAPAXKEHUA Ha R,.

Yopaxuenwe 2.13. Y6emurech, YTO NpHBedeHHbIE CO-
OTHOLLEHKA NMpaBWIbHEIL Paspabotaiite audxpepeHLIMATL-
HBIH YCWIMTENDb MO BallIMM COOCTBEHHBIM TPeOOBaHUSAM.

HuddepeHiaibHblii YCUINTEAb MOXHO
00pa3HO Ha3BaTh «LJIMHHOXBOCTOH Mapoii»,
TaK Kak, €Cl¥ JUIMHA pe3ucTopa Ha yCJIOB-
HOM 0003HaYeHHH ITPONOPLIUOHANIBHA BEJIU-
YHUHE €ro CONPOTHUBICHUS, CXEMY MOXHO
M300pa3UTh B TAKOM BHJIE, KaK I0OKAa3aHO Ha
puc. 2.69. «[INIHHHBIA XBOCT» ONpeEessieT
nojasieHue CUHGA3HOTO CHTHAJIA, a HeGOJIb-
LIIME COMPOTMBJIEHUST MEXIMUTTEPHOM CBS-
3U (BKIIIOUAIOLIME COOCTBEHHBIE CONMPOTHB-
JICHUS1 SMUTTEPOB) — ycwieHHe auddepen-
UHATBbHOIO CHrHana.

CMelenHe ¢ NOMOIIBI0 HCTOYHHKA TOKA.
Ycunenne cuH(aszHoro curHaia B nugpde-
PEHUIMATBHOM YCWIHTESE MOXHO 3HAYNTEIb-
HO YMEHBLIUTD, EC/IM PE3UCTOP R, 3aMEHUTD
HUCTOYHUKOM TOKa. [Ipu 3TOM AeiicTByIOlICE
3HaueHHME CONpPOTUBJIEHUS R CTaHET OYeHb
GONbIIKM, a yCWIEHHE CHH(DA3HOro CUrHaja
OyneT ocnabneHo moutu Ao Hynas, Ilpencra-
BUM cebe, 4TO Ha Bxone meicTByeT cHH(a3-
HbIil CUTHAJT; UCTOYHUK TOKA B SMUTTEPHOMI
HeMU NOALEPXMBAET IOJHBIA 3MUTTCPHBIM
TOK TIOCTOSTHHBIM, H OH (B CHJIIY CUMMETPUU
CXeMbI) PABHOMEPHO pacHpele/sieTCss MEXIY
IByMs KONNEKTOPHBIMU liersiMu. CreaoBa-
TEJIbHO, CUTHAJ HA BBIXOIE CXEMBI HE H3ME-
Hsetcst. Ilpumep monoOHOM CXeMbl NTPUBEAEH
Ha puc. 2.70. Ins 310l CXEMBI, B KOTOPO#
UCTIONBb30BAHBI MOHOJIUTHAS TPAH3UCTOPHAS
napa Tuna LM394 (tpansuctopet T, u T))
M UCTOYHMUK ToKa Tura 2N35963, Bennuuna
KOCC onpenenserca orHouieHrem 100 000:1
(100 a1B). Anana3oH BXOAHOTO CHH(}a3HOTO
CHTHaJla OTrpaHUYEH 3HAYEHUSIMH —12 M
+ 7 B; HMXHUIA TIpeien omnpenensieTcsa pa-
GouUMM AMANA30HOM UCTOUHHMKA TOKA B IMUT-

Puc. 2.69.
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Puc. 2.70. Yeeanuenue KOCC audgepeHumansHoro
YCWIHTENS ¢ MOMOLIbIO MCTOYHUKA TOKA.

TEPHON LIeNH, a BEPXHUI — KOJUIEKTOPHBIM
HaTPSKEHHEM TTOKOS.

He 3abpIBaiiTe 0 TOM, YTO B 9TOM YCHUJTUTE-
Jie, KaK W BO BCEX TPAH3UCTOPHBIX YCWIHTE-
ASIX, HOJDKHB! OBITH MPEAYyCMOTPEHBI LiETH
CMEHIEHHS 0 MOCTOSIHHOMY TOKY. Eciu,
HanpuMep, UL MEXXKACKATHOH CBSI3H Ha BXO-
1€ KCTIOJIb3yeTCss KOHAEHCATOp, TO JHOJIXHBI
ObITh BKJTIOYEHBI 3a3eMJIEHHBIE Ga30Bbie pe-
3uctopbl. Elle 0HO mpenoctepexeHue OT-
HOCHTCSI B 0CODEHHOCTHY K AU depeHIInaTb-
HbIM YCWIUTENSAM 0€3 SMUTTEPHBIX PE3UCTO-
poB: OMMOJIIPHBIE TPaH3UCTOPbHI MOTYT
BblIEpXaTh 00paTHOE CMEILEHHE HA NEPEX0-
Ie 0aza—3MUTTEp BeIMYUHOMN He Gosee 6 B,
3aTe€M HACTYIIAET MPOOOii; 3HAYMT, eC/TH [0~
Jath Ha BXOA AuddepeHIHATbHOE BXOIHOE
HamnpsokeHue OOoMblUel BETMYMHBI, TO BXOA-
HO# Kackanm OyleT pa3pyiueH (Ipy YCIOBHH,
YTO OTCYTCTBYIOT 3MMTTEPHBIE DPE3UCTODHL).
OMUTTEPHBIA PE3UCTOP OTPAaHUYMBAET TOK
npobosi ¥ NPEAOTBpPAIIIAET Pa3pylUeHUe CXe-
Mbl, HO XapaKTEPUCTUKHM TPAH3HCTOPOB MO-
IyT B 3TOM C/Iy4ae AerpaavpoBath (ko3 du-
LIUEHT }52]3, IyMbl W Op.). B noboM cayyae
BXOIHOM MMIIEAaHC CYLIECTBEHHO TMAaJaeT,
€CIM BO3HMKAET 00paTHasi IPOBOIMMOCTb.

IIpumenenns uddepeHIHATLHBIX CXeM B
YCHIATENAX NOCTOAHHOTO TOKA € OJHONONIOC-
HbIM BBIXOAOM. [IMhdepeHIMANBHBIA YCHITU -
TeJb MOXET MpEeKpacHo paboTaTb KaK yCH-

JINTE/Ib MOCTOSTHHOTO TOKa JaXe C HECHM-
METpHYHbIMU (ODHOCTOPOHHUMH) BXOMHbI-
MU cCUTHaTamMM. 11 3TOTO HYXHO OAMH U3
€ro BXONOB 3a3eMJIUTb, 4 Ha IPYTrO# MOXaTh
curHan (puc. 2.71). MoXHo Jin UCKITIOYHUTD
«HEUCTOJIb3yeMbIH» TPAH3UCTOP M3 CXEMBbI?
Her. JuddeperunanbHas cxeMa odbecreym -
BaeT KOMMEHCALIUIO TEMIIEPATYpHOTO Jpeii-
da, u, Jaxe Koraa OAWH BXOHA 3a3eMJIEH,
TPaH3UCTOP BBHIIOJAHSAET HEKOTOpble (YHK-
LMU: TIPU U3MEHEHHUU TEMITEPATyphl Harpsi-
xenus Uy, M3MEHSIOTCH HAa OIMHAKOBYIO
BEJIMYMHY, IIPH 3TOM HE MPOUCXOAMT HHUKa-
KHX U3MEHEHHMI Ha BbIXOJE M He HapyLIaeT-
¢q 0ajlaHCMPOBKa CXEMbl. DTO 3HAYHUT, YTO
M3MEHEHHUE HanpsixeHus Uy, He ycuiMBaeTcs
¢ koappuumenrom K, (ero ycuienue on-
penensercs Koapduuuenrom K > KOTOPBIA
MOXHO YMEHBIINTb MOYTH 10 HYJIA). Kpome
TOrO, B3aMMHasi KOMITEHCALMs HanpsDKeHWH
Uy, NpMBOAMT K TOMY, YTO Ha BXOIE HE
HYXHO YYMTBIBATh [TANCHUS HAIIPSDKEH S Be-
mmuuHoi 0,6 B. KauecTBO Takoro ycuiaure-
Jis TIOCTOSSHHOTO TOKAa YXYALIAETCS TOJIBKO
M3-32 HECOTJIACOBAHHOCTH HaNpskeHui U,
WM MX TEMMEpaTypHuiX KO3(hPUIIUEHTOB.
[TpOMBIIILIEHHOCTD BBIMTYCKAET TPAH3UCTOP-
Hbl€ TTaphl U MHTerpajabHbie TUPhEpPeHIIN-
aNbHbIE YCUIIMTENM C OYEHb BHICOKOM CcTerne-
HBIO COIJIACOBaHMWA (HATpUMep, IS CTaH-
JapTHOM CONIaCOBAHHOM MOHOJIMTHOUW Napbi
n—p—n-tpansuctopos tuna MAT-01 apeiid
HarnpskeHus U, onipenesisieTcs BETNYUHOM
0,15 MxB/°C wan 0,2 MxB 3a mecsa).

9 o— +U

Bxog
curHana
nocr.
TOKa
(nennBe)
pytowui

YTM.
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Puc. 2.71. AnddepeHumatbHblil YCHINTe b MOXET pa-
6oTaTh KaK NPELM3HOHHBIA YCHIIUTENb MTOCTOSTHHOIO TOKA
C OIHOTOMIOCHBIM BBIXOZOM.
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B npenpiayuieil cxeMe MOXHO 3a3¢MJIMTh
moboil 13 Bx0IOB. B 3aBUCHMOCTH OT TOTO,
KaKO¥# BXO[ 3a3€MJICH, YCWIMTEb OyIET Win
He OyneT MHBepTUpOBaTh curHaA. (OaHako,
u3-3a Hanuuus 3ddexkra Mumnepa, peusb 0
KOTOpOM MNoiigeT B pa3a. 2.19, mpuBeneH-
Hasl 3€Ch CXEMa NPEANOYTUTENIBHA UIA Ana-
Ma3oHa BBICOKMX 4actoT). [IpeacrapieHHas
cXeMa SIBASIETCS HEWHBEPTUPYIOLLICH, 3HAYMT,
B Hell 3a3eMJIEH MHBEPTUPYIOIMi Bxod. Tep-
MUHOJIOTUSI, OTHOCSILIIAsACA K auddepeHuu-
QJIbHBIM YCWJIUTENAM, PaclpocTpaHsieTcs
TaKXe Ha ONEPALIMOHHbBIE YCHIUTEIU, KOTO-
pbie NPEACTARIAIOT cO00M Te Xe muddepeH-
UUAAbHBIE YCUJIUTENN € BHICOKUM K03ddu-
LUEHTOM YCIJIEHUS.

Hcnonb3orande TOKOBOrO 3epKajia B Kaye-
CTBE AKTHBHOMH HArpy3ku. MHorna xenareib-
HO, YTOOBI OMHOKACKAMHBIIN AuddepeHunaib-
HBIA YCUIINTENb, KaK U [TPOCTON YCHIINTEND C
3a3¢MJIEHHBIM 3MHUTTEPOM, MMel Oosbinoit
koabdunmeHt ycwieHusi. KpacuBoe pelre-
HHUE JaeT UCHONB30BaHHUE TOKOBOTO 3epKana
B Ka4yeCcTBE aKTMBHOM HArpy3Ku YCWIMTENs
(puc. 2.72). Tpansucropsl T, u T, o6pasyior
muddepeHUNANBHYIO APy ¢ UCTOYHMKOM
TOKa B OMUTTepHOW uenu. TpaHsuctopbl 7,
n T,, 0bpasyiouye TOKOBOE 3ePKaJIo, BHICTY-
MaloT B KAYECTBE KOJUIEKTOPHOW Harpy3ku.
Tem cambiM obGecTieUMBAETCH BBICOKOE 3HA-
YeHue CONPOTUBRIEHUS KOJUIEKTOPHOI Harpys-
KH, O6marogaps 31oMy KO3((OHULIMEHT YCIIe-
HHS 10 HanpspkeHUIo nocturaeT 5000 ¢ Bhile

-U

kX]

Puc. 2.72. InddepeHIHANBHBIH YCHINTEND ¢ TOKOBHIM
3¢pPKAJIOM B KauecTBe aKTHMBHOM HATPY3KM.

TIPHA YCJIOBMM, UTO HArpy3Ka Ha BBIXOAE YCH-
JIUTEJIS OTCYTCTBYET. Takoil ycuaurtenb Mc-
TIOJIL3YIOT, KaK TPaBWIO, TOJBKO B CXEMax,
OXBAYCHHBIX MeTJIeii 00paTHOM CBSI3U, WIH B
KoMraparopax (MX Mbl PACCMOTPHUM B CJIeIy-
I01IEM pa3fene). 3aloMHUTE, YTO Harpyska
U TAKOTO YCWINTENS 00S43aTeIbHO AOJDKHA
HUMETH OOTBLIOH UMIIENaHC, HHAUE YCUICHHE
Oyner cylecTBeHHO ocnabiaeHo.

Jnddepenunansibie YCHIMTEIM KaK CXe-
Mbl pacuiemiennsa ¢asnl. Ha KoyuiekTopax
CUMMETPpUYHOTOo AN GHEPEHIIMANBHOTO YCH-
JIATENISI BO3HUKAIOT CUTHAJIbl, OMMHAKOBLIE
MO aMIUTUTYAE, HO C IPOTHBOTIOIOXHBIMU
cdazamu. Ecnu cHUMaTh BBIXOAHBIE CHTHA-
JIBI C ABYX KOJUIEKTOPOB, TO MOJYYHUM CXEMY
pacuteruieHust (aspl. KoHeYHO, MOXHO HC-
TIOJIB30BaTh AU PepeHIUATLHBIN YCUITUTEN b
¢ mubdepeHIMaIBHBIMA BXOIAMU W BbIXO-
namu. JIncdepeHIManpHbINH BLIXOIHOM CHT-
HaJl MOXHO 3aTeM UCITOJIb30BaTh ISl YIIpaB-
JIEHW e1ue onHUM AnddepeHLIMATbHBIM YCU-
JIUTENBHBIM KackanoM, BemuunHa KOCC s
BCeil CXeMBbI MPU 3TOM 3HAUYWTEABHO YBEJIU-
YHBAETCA.

HMuddepennuanbabie YCHIMTENH KAK KOM-
naparopbl. braronapsi BeicokoMy k03¢ dhu-
UMEHTY YCUNCHMUSI U CTaOWIbHBIM XapakTe-
puctukam IubdepeHUUANBHBIA YCUINTEND
SIBJISIETCSI OCHOBHOM COCTaBHOM YacThIO KOM-
napamopa — CX€Mbl, KOTopas CpaBHHBAeT
BXOIHbIE CUTHAJIbl M OLIEHWBAET, KAKOil M3
HUX Oonbire. KoMmapaTtopsl UCNOIB3YIOT B
CaMbIX pa3TUYHBIX 001aCTAX: LIS BKITIOYCHUS
OCBCUICHUS W OTOIUICHHS, IS MOJYYCHHS
TIPSIMOYTOJIBHBIX CHTHAJOB U3 TPEYTOJIBHBIX,
IJisl CPaBHEHMS YPOBHSI CUTHAJA C NOPOro-
BBIM 3HAYEHMEM, B YCWIMTENAX Kiacca D U
[IPYU UMITYJIBCHO-KOJOBOW MOOYJISALIMM, LIS
MepEKIIOUCHNUA UCTOYHUKOB ITUTAHUSA U T.A.
OcHoBHag ujesl TPy MOCTPOEHUU KOMIIapa-
TOpa 3aKJIOYAETCS B TOM, YTO TPaH3UCTOP
JOJIXeH BKITIOYAThCS WM BBIKJIIOYATHCA B
3aBUCUMOCTHM OT YPOBHEH BXOIHBIX CHUTHa-
108, O0s1aCTh JMHEMHOTO YCWIEHMS HE pac-
cMaTpuBaeTcsi — paboTa CXeMBbl OCHOBBIBA-
eTCsl Ha TOM, 4TO OAMH M3 ABYX BXOIHBIX
TPaH3UCTOPOB B JII0OOH MOMEHT HAXOAUTCS
B pEXUME OTCeUKH. TUNMUIHOE TIpUMEHEHHE
C 3axXxBaTOM CMIrHajJla pacCMaTpUBAETCs B
CIedyI0lEM paslejie Ha NpUMeEpe CXeMbl
peTyIMpOBaHUsI TEMIIEPATyphbl, B KOTOPOi
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MCITONB3YIOTCSI PE3UCTOPHI, COTIPOTUBIICHUE
KOTOPBIX 3aBUCHUT OT TEMIIEPATypPhl (TEPMHUC-
TOPBI).

2.19. EmMgoctb 1 3¢pdext MuLiepa

J0 CHX TIOp MbI TIOJIb30BAIMCH MOJIENBIO TPaH-
3WCTOpa IJisi CUTHAJIOB IOCTOSHHOTO TOKa
WIM HU3KOM 4yacToThl. B mpocreifiieit mo-
JEJTH TPAaH3MCTOpa B BUIE YCIUIMTENSA TOKA U
B Oonee croxHoU Monmenu 36epca—Moina
HAaMpsKEHHS, TOKM U COMPOTHUBIECHUS pac-
CMAaTPHBAIOT CO CTOPOHBI Pa3IMYHBIX BEIBO-
OB TpaH3ucTopa. [1onms3ysich 3TUMU MoOze-
JIIMH, MBI Y€ OXBaTWIH JHOCTaTOYHO LIH-
POKMIA KpYyT BOIIPOCOB, M HA CAMOM JIEJIEC OHU
COIEpXaT B cebe TIOUTH Bce, YTO HEOOXOom-
MO YYMTHIBATh MpH pa3paboTKe TPaH3UCTOP-
HbIX cxeM. OIHAKO 40 CHX IOP MBI HE MpH-
HUMaJli BO BHMMaHHWE BaXHbIA MOMEHT —
BHEILIHME LIENH M CaAMM Mepexoabl TPaH3UC-
TOpa 00J1alaloT HEKOTOPOil €MKOCTbIO, KO-
TOPYIO HEOOXOAUMO YUMTHIBATH MPU paspa-
00TKe OBICTPOAECHUCTBYIOLIMX M BBICOKOYAC-
TOTHBIX cXeM. Ha camMoM neJie, Ha BHICOKHMX
4acToTax eMKOCTh 3a4acTyIo ONpeacysaeT pa-
60Ty cxembl: Ha dactote 100 MI'u emMKocTb
nepexona, pasHas 5 KD, uMeeT UMITETAHC
320 Om.

Bonee nmonpobHO MBI pacCMOTPHM 3TOT
porpoc B . 13. Ceifdyac Mbl XOTMM TpoO-
CTO [OCTaBUTh BOTIPOC, TPOWLITIOCTPUPOBATH
€ro Ha rpuMepe HEKOTOPBIX CXeM M TIPEILIOo-
XUTh MeTonbl ero peumreHuss. KoHeuHo, B
3TO# IJIaBE MBI HE MOXEM HE KOCHYTBCSI IIpH-
YMHBI CAMOTO SIBJICHUSI. PaccMaTpUBasi TpaH-
3UCTOP B HOBOM aCIEKTe, Mbl TO3HAKOMUM-
ca ¢ agppexmom Munsepa v KaCKOIHBIMHU
CXEMaMH. .

EMKocTs cxempl H nepexoaa. EMKOCTb or-
paHHYMBAET CKOPOCTb U3MCHEHUS HaIIPSIKE-
HMI1 B cxeMe, TaK Kak Jiiobasi cxeMa UMeeT
COOCTBEHHBIE KOHEYHBIE BBIXOAHBIE WMIIE-
AaHe ¥ ToK, Korna eMKocTh nepe3apsaxaer-
Cfl OT HCTOYHHMKA C KOHEYHBIM COTIPOTUBIIC-
HUEM, €€ 3apsaA MPOMCXOMMUT TI0 IKCIIOHEH-
LHUATBHOMY 33KOHY C TIOCTOSIHHOI BpeMEHHU
RC; ecnu Xxe eMKOCTD 3apsiXaeT UOCaTbHbIi
HCTOYHUK TOKA, TO CHHMAEMBlif C Hee CUT-
Hajl OymeT W3MEHSTbCA MO JUHEHHOMY 3a-
KOHy. OOllasi peKOMEeHIALUsA 3aKII04acTCs
B CJICIYIOLIEM: ISl YCKOPEHUS Pa0OThI CXEMBI

Puc. 2.73. EMKocTH Tlepexonia M Harpy3ku B TpaH3UC-
TOPHOM YCUJIUTEJE.

cieayeT yMEHbHIATh HMITEAaHC MICTOYHMKA H
€MKOCTb Harpy3Ky M YBEJIMUMBATh YHIPaBJIs-
oM ToK. OIHAKO HEKOTOPBIE OCOOEHHO-
CTH CBSI3aHbI C €MKOCTbIO OOpAaTHOM CBSI3U U
CO BXOIOHOM eMKOCTbi0. KopoTKo ocTaHo-
BMIMCS1 Ha 3THX BOIIpOCaXx.

Cxema Ha puc. 2.73 WULIOCTPUPYET, Kak
TIPOSIBIAIOTCS €MKOCTH IEPEXOIOB TPAH3UC -
Topa. BeixonHas eMKoCTb 06pa3yetr RC-uenb
C BBIXOAHBIM CONpPOTHBJIEHHEM R (compo-
TUBJICHUE R BKJIIOYaeT B cebs Kak COmpo-
TUBJICHHE KOJUIEKTOPA, TAK W COIPOTURIE-
Hue Harpysk, a eMkocTb C, — e€MKOCTb
TepexoJa U €MKOCTb Harpy3ku), B CBSI3H
C 3THM CIIaj CUTHajda HAYMHAETCA TIPH 4Yac-
tore f= 1/2nR C . To Xe caMoe MOXHO CKa-
3aTh O BXOMHOM €MKOCTH U CONPOTHBICHHHU
HCTOYHHUKA R

Dddexr Nﬁumepa. Emxocth C, urpaer
HHYI0 POjib. YCWIHMTENb 00JaJaeT HEKOTO-
pbIM KO3GGULIMEHTOM YCUIEHHS 110 HATps-
xeHnw K, cieaoBaTenbHO, HEGOABLION
CUTHAJI HAPSKEHUS Ha BXOJE MOPOXIAeT
Ha KOJUIEKTOpE CUrHall, 6 K|, pa3 MpeBbiLLalo-
UIMH BXOXHOM (M MHBEPTHUPOBAHHBIN IO OT-
HOILLIEHUIO K BXxoAHOMY). M3 atoro cremyer,
YTO JUIA MCTOYHMKA CHTHana eMKocTb C
B (K, + 1) pa3 Gonbitle, 4eM NPH MOAKIIO-
yenun C ; Mexay 6asoii u 3emiei, T. €. Tipu
pacueTe 4aCTOTHI Cpe3a BXOAHOTO CUTHajla
MOXHO CYUTATh, YTO EMKOCTb OOPaTHOM CBSI-
31 BelleT ceOs KaK KOHAEHCATOP €MKOCThIO
C (K, +1), MOAKIIOYEHHBIA MEXIY BXOIOM
u 3emiiei. DPhEeKTUBHOE YBEIMUYEHUE €M-
kocti C . ¥ HasbIBaloT a(bekToM Muuepa.
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Puc. 2.74. e cxeMbl, B KOTOpPbIX ycTpaHeH adpekr Muiepa. CxeMa 6 npeacTtabifeT coGoit NpUMEDP KaCKORHO-

ro BKJIIOYEHHMS TPAH3UCTODOB.

AddekT Muwurepa 4acTo UrpaeT OCHOBHYIO
poJib B CIafie YCWIEHHS, TaK KaK THIIHYHOE
3HAUEHUE EMKOCTHU OOPaTHOW CBSI3H OKOJIO
4 nk® COOTBETCTBYET (IKBUBAIEHTHO) EMKO-
CTM B HECKOJBKO COTeH nukKodapan, Mpu-
COCIUHEHHOM Ha 3eMJIIO.

CylleCcTBYET HECKOJBKO METOAOB OOpPHObI
¢ apdexToM Mwiiepa, HarpuMep, OH OyaeT
NOJHOCTBK) YCTPAHEH, €CJIM UCHOJIb30BaTh
YCUJAUTEAbHBI KacKal ¢ oOuicil 6a30ii.
WmnenaHc UCTOYHUKA MOXHO YMEHbILHTD,
€ClTM MOJaBaTh CUTHAJ Ha Kackaj C 3a3eM-
JIEHHBIM 3MHUTTEPOM YEPE3 IMUTTECPHBIH I10-
Broputesib. Ha puc. 2.74 noxa3zaHsl euie ase
BO3MOXHOCTH. B auddepeHLManibHOM YCH-
nutenie (06e3 pe3ucTopa B KOJUIEKTOPHOM Lie-
m T,) apdexr Muinepa He HabmomaeTcs,
3Ty CXEMY MOXHO pacCMaTpuBaTh KaK IMUT-
TEPHBIA TMOBTOPUTENDb, TMONKIIOYEHHbIH K
Kackany ¢ 3a3eMJieHHO#M 0a3oii. Ha BTopoi
CXE€ME€ MO0Ka3aHO KAaCKOJHOE BKJIIOUYECHHE
TPaH3UCTOPOB. 7, — 3TO YCWIATENDb C 3a3€M-
JIEHHBIM SMUTTEPOM, PE3UCTOP R, ABASETCS
OGILMM KOJJIEKTOPHBIM pE3UCTOpPOM. TpaH-
3uctop T, BKJIIOYEH B KOJUIEKTODHYIO LIETh
IUIs1 TOTO, YTOOBI TIPEAOTBPATUTb U3MEHEHHE
curHana B Konexrope T, (M TeM caMbIM yc-
TpaHuTh 3QdekT Musiepa) mpH nporeka-
HUU KOJUIEKTOPHOTO TOKA 4Yepe3 pe3UCTOop
Harpysku. Hanpsckenve U, — 310 (prkcHpo-
BaHHOE HaMpsLKeHUE CMELLeH!s1, O0bIYHO OHO
Ha HECKOJIbKO BOJIBT NPEBBIILAET HATIPSIKE-
HUE Ha MHTTEpE T, U MOANEPXMUBAET KOJ-

Jektop 7, B akTMBHOW oGnactd. Ha pwuc.

2.74 npencTasiieHa JIMILb YacTh KACKAXHOM
CXEMBI; B HEE€ MOXHO BKJIIOYMTDb 3aLLIYHTHPO-
BaHHBI SMUTTEPHBIA PE3UCTOP U ACJIHTEIND
HAIpsDKEHU 1151 TOJa4YM CMelleHus1 Ha Gasy
(nomobHbIe MPUMEpPBI ObUIM PacCMOTPEHBI
B HayaJie HaCTOsIILEN FaBbl) WJIM OXBAaTHUTD
BCIO CXEMY MeTIeit oOpaTHOM CBS3U M0 IO0-
CTOSIHHOMY TOKY. Hampsokenue U, MOXHO
¢opMHPOBATH C MOMOILIBIO JSTUTENS WITHU 3e-
HEPOBCKOIO AMOAa; Wi TOro YToObl Harps-
XEHHUE ObUIO XKeCTKO PUKCHUPOBAHO Ha 4ac-
TOTaX CUTHAJIA, MOXHO HIYHTHPOBAaTh PE3UC-
TOp B Baze T,.

Yopaxkuenne 2.14. O6piacHute, nodyemy 3¢ dbekt Mun-
Jiepa HE HaﬁmonaeTca B TPaH3UCTOpax paCCMOTpeHHOﬁ
TOJABKO YTO CXEMbI lll/l(bd)epeHLlPlaﬂbHOI‘O YCUJIUTCIA U B
KaCcKOIHbIX CXemMax.

ITapasuTHBIE EMKOCTH MOTYT CO3JaBaTh W
0oJiee CIOXHbBIE MPOOJSIEMBbl, YEM TE, KOTO-
pHIX MBI ceifyac KOCHYJUCh. B yacTHOCTH:
a) craj ycuaeHusl, 00yC/IIOBIIEHHBI HATMYH-
€M €MKOCTH 0OpaTHOM CBSI3U U BLIXOTHOMH €M-
KOCTH, COMPOBOXIAETCSA NOGOYHBIMU 3P deK-
TaMHU, KOTOPbIE Mbl PacCCMOTPUM B CIEAYIO-
ueit mraBe; 0) BXOAHAs €MKOCTh TaKXe
OKA3BIBACT BIMSHHE Ha paboOTy CXeMBl Aaxe
MPH HATWYUM MOLLIHOTO UCTOYHHMKA BXOTHBIX
CUTHAJIOB; B YaCTHOCTHU, TOK, KOTOPBII IMpO-
TeKaeT yepe3 (, HE YCWIMBAETCS TPAH3UCTO-
pOM, T.€. BXONHAsi €EMKOCTb <«IIpPHCBaUBacT»
ceb€ yacTb BXOOHOIO TOKa, BCJIEGACTBHE 4Y€ro
KO3(OUIMEHT YCUJICHHSI MaJIOr0 CHrHaIa
h,,, Ha BBICOKMX YaCTOTax CHHXAeTCA U Ha
4acToTe f. CTAHOBUTCA PaBHLIM €IUHMLUE;
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B) JE/NO OCJIOXKHSIETCS TaKXe TEM, YTO €M-
KOCTH TIEPEXOIOB 3aBUCAT OT HAIPSDKEHMS,
eMKOCTb C M3MEHSIETCAA CTOJIb CWIBHO TPH
M3MEHEHUU §a30BOTQ TOKA, YTO €€ JAaXE HE
YKa3bIBaIOT B TACMIOPTHBIX JAHHBIX HA TPaH-
3UCTOP, BMECTO 3TOTO YKA3bIBAeTCSl 3HAye-
HUE YaCTOThI f; T) €CIU TPaH3UCTOp pabo-
TaeT KaK MEpeKIIoyaTesb, TO 3apsld, HaKo-
TUTeHHBIH B 0061acTy 6a3bl B peXMME Hacbl-
HICHHMSI, TAKXKE BbI3bIBACT YMEHBLUEHUE Obi-
CTPOAEMCTBUA. DTH, a TaKXe HEKOTOpHIE
JIpyT€ BOMPOCHI, CBSI3aHHbIE ¢ pabOTOi Obl-
CTPOACHCTBYIOILIMX CXEM, Mbl PAaCCMOTPHUM
B 1. 13.

2.20. IToneBbie TPAH3HCTOPHI

B 310ii r1aBe MbI 10 CHX MTOP UMENH IENO C
OMTIONIAPHBIMH TUIOCKOCTHBIMM TPAH3UCTO-
paMH, XapaKTepUCTUKHU KOTOPbIX OMUCHIBA-
0TCsl ypaBHeHWsIMU 36epca—Monna. bu-
TIOJIIPHBIC TUIOCKOCTHBIE TPAH3UCTOPBI OBLIN
MEPBBIMH TPAH3UCTOPAMHU U A0 CHX TIOP OHU
npeobaanaT B pa3paboTKe aHAJOTOBBLIX
cxeMm. OnHako ObUTO Obl OLUMOKON HE CKa-
3aTh ceifiyac HECKOJIbKO CJIOB O TPAH3HCTOpE
ocoboro THna — O MOJEBOM TPaH3UCTOPE.
JeTanrbHO MEI pacCMOTPHM €r0 B ClIedylo-
ek miase.

TMoneBoif TPaH3UCTOP BO MHOTOM ITOXOX
Ha OOBIYHBIN OUMNOJAPHBIA TpaH3uCTOp. OH
ApPEACTaBAsAET COO0H YCUITUTEIBHOE YCTPOH-
CTBO, uUMeiolee 3 BHIBOJA, H MOXET UMETh
no6yio onsgpHoctb. OIMH U3 BRIBOIOB (3at-
BOD) NPeIHA3HAYUECH U YIIPABICHUSA TOKOM,
KOTOpbI#t MPOTEKAET MeXIY IBYMS IPYTUMU
BBIBOIAMH (MCTOKOM U CTOKOM). 3TOT TpaH-
3ucTop obnagaeT, OAHAKO, OMHUM OCOOBIM
CBOMCTBOM: Yepe3 3aTBOP TOK HE MPOTEKAET,
3a MCKJIIOYEHHEM TOKOB yTeUKH. DTO 3Ha-
YHUT, YTO BXOIHBIE MUMMEAAHCHI MOTYT OHIThb
OUYEHb OOJTBLIMMU, VX TIPENECTBHBIC 3HAYCHUS
CBSI3aHbI JIMIIb C HAIMYUEM €MKOCTeH WIH
yreuek. [1pu uCTrionb30BaHy NMOAEBLIX TPAH-
3UCTOPOB HET HEOOXONMMOCTH 3300THTBLCS O
BEJIMYMHE TOKA, MPOTEKAIoWIEro yepes 0asy,
Y10 ObUTO COBEPILEHHO 003aTeIBHO MPH pa3-
paboTke cxeM Ha OUTIONSIPHBIX TPAaH3UCTOPaX,
O KOTOpBIX MbI BeJId peyb B 3T0H miaBe. Ha
MPAKTHKE BXOMHbIE TOKH HMEIOT MOPSAOK
nukoamriep. K HacTosimieMy BpeMeHM ToJie-
BbI€ TPAH3MCTOPHI 3aPEKOMEHIOBAIH CeDS

KAaK HaJlleXHbI€ YCTPOUCTBA, CIIOCOOHBIE Bbi-
MONHATB pa3HooOpasHbie GpyHKuuH. Kx npe-
JIEJIbHO AOTIYCTUMBIC HATIPSIKEHUS U TOKU
CPAaBHUMKI C COOTBETCTBYIOIIMMY HANpsLKe-
HUSIMM U TOKaMHW OMIIOJNISIPHBIX TPaH3UCTO-
pOB.

B GonblIMHCTBE yCTpOMCTB HAa OCHOBE
TPAH3UCTOPOB (COTIaCOBaHHBIE NMapkl, mdhe-
PEHIMANbHBIE U OMEPALIMOHHBIE YCWIUTENH,
KOMIAapaTopsl, TOKOBBIE KIIOYM U YCHIIM-
TENHW, PATUOUACTOTHBIE YCHIIUTEMH, Ludpo-
BBIC CXEMbI) HCTIONB3YIOT FOJIEBbIE TPAH3M-
CTOPbl M 3a4acTYI0 OHM O0MaaloT JyYIIMMHU
XapakTepucTukaMu. bonee Toro, MUKpOIpo-
LIECCOPBbI ¥ 3allOMMHAIONIME YCTpoiicTBa (a
TaKxe NPyTHe KPYMHbIe YCTpoicTBA Uppo-
BOM 3JIEKTPOHUKH) CTPOSITCA MCKITIOYHUTENb-
HO Ha OCHOBE IMOJIEBBIX TPAH3UCTOPOB.
U nHakoHel, B ob6nacty pa3paboTKU MUKpPO-
MOILIHBIX YCTPOUCTB TaKXe NMpeodaaloT 1no-
JIEBbIE TPAH3UCTOPBI.

[Tonesble TPaH3UCTOPLI UTPAIOT CTONb BAX-
HYIO pOJib B pa3pabOTKe 3JICKTPOHHBIX CXEM,
YTO Mbl AOCBSILLIAEM MM CJICAYIOINYIO TJIaBy
Hauleil KHUTH. 3areM, B IJI. 4 MBI 3aiiMeM-
Csl ONEepallMOHHBIMM YCHJIMTESIMU U 00Opar-
HO# CBSI3bI0. B 3TUX Tpex TpyAZHBIX Hayalb-
HBIX [7IaBaX M3JIaraloTcsi OCHOBOMNOJATAIOIIME
CBEIEHMS ¥ Mbl TIPU3BIBAEM UUTATENS TIPO-
ABUTb TeplieHUE, KOTOpOEe BO3HArpamurICs
MHOTOKPaTHO, KOTJa B MOCHEAYIOLIUX TJ1a-
Bax MbI MPHCTYTIUM K HU3YYEHUIO TAKMX WH-
TEpECHERIIMX TEM, KaK pa3paboTka Ha oc-
HOBE OMNEPALIMOHHBIX YeunuTenei u uugpo-
BBIX MHTETPAJILHBIX CXEM.

HEKOTOPBIE TUITHYHBIE
TPAH3UCTOPHBIE CXEMbI

PaccMOTpHM HECKONBKO IIPUMEPOB TPAH3M-
CTOPHBIX CXEM, KOTOPBIE WILTIOCTPUPYIOT OC-
HOBHbIE WIEH, M3NIOXKEHHBIE B HACTOALICH
rnase. Kpyr aTvx nmpuMepoB orpaHHYeH, TaK
KaK B peajibHBIX CXeMaxX YacTo HCIONb3YIOT
OTpHUIIATENBHYIO OOPaTHYIO CBSI3b, KOTOPYIO
Mbl GyIeM U3y4aTh B CleAyIOLEei IJIaBe.

2.21. CTa0niu3HpOBaHABIA HCTOYHHK
HANPSKEHNS

Ha puc. 2.75 nokazaHa oyeHb pacrpocTpa-
HeHHas cxema. Tok pesuctopa R, OTKpbIBa-
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Puc. 2.75. CrabWiM3MpOBAHHBINH MCTOYHUK HANPSKEHNUA
¢ 00paTHOM CBS3bIO.

er Tpansuctop 7,. Koraa HanpsikeHue Ha
BBIXOJI¢ JOCTUraeT 3HavyeHusa 10 B, TtpaH3u-
crop T, nepexoauT B OTKPLITOE COCTOSHUE
(moteHuuan 6a3sl mocturaer 5 B) v ganbHeid-
1iee YBEJIMYECHUE BBIXOOHOIO HaNMpPSKCHUS
TIPEAOTBpALLIAETCS 32 CYET OTBOA2 M3OBITKA
ToKa ¢ 6asbl TpaHsucropa T,. WcTouHMK
NMUTAHUS MOXHO CAEJaTh PETrYJIHPYEMBIM,
€cny pe3ucTophl R, U R, 3aMeHMTH MOTEH-
uuomerpoM. Ilo cyTu aena, 310 MpuUMep cxe-
MBI C OTPULATEJbHOI 0OpaTHO# CBS3bIO;
T, «cnemut» 3a COCTOSIHMEM BHIXOA U «IIpell-
NPUHUMAET COOTBETCTBYIOLLIME MEPBI», €CITU
BEJ W4MHA BBIXOAHOTO HAMNPSIXEHUs OT/IMYa-
€TCSl OT HYXHOM.

2.22. TepmoperyasTop

Ha puc. 2.76 nmokazaHa cxeMa peryasropa
TEMIIEPATypbl, OCHOBAHHAsi Ha UCITOJIb30Ba-
HUM mepMucmopa — 4yBCTBUTEJILHOTO 3Jjie-
MEHTa, CONPOTUBJIEHHUE KOTOPOT'O 3aBHCHUT OT
TeMmeparypbl. JduddepeHunanbHas cxema
Ha COCTaBHBIX TpaH3ucTopax 7, — T, cpaBHH-
BACT HANPSLKEHUE, POPMUPYEMOE PETYIHUDY-
€MbIM AETTUTEIEM STATOHHOTO HaIpsbKeHHUs
Ha pe3ucTopax R,— R, ¢ HanpsgKeHUeM,
KOTOpPOE CHUMAETCS ¢ IeauTteisi, obpa3oBaH-
HOTO TEPMUCTOPOM U pe3ucTopoM R,. (Ecian
MPOU3BOAUTL CPaBHEHUE OMHOCUMEAbHO
OOHOTO W TOTO Xe UCTOYHMKA, TO PE3yIbTaT
He OyzneT 3aBUceTh OT KonebaHUil Hampsxe-
HUS MCTOYHMKA;, MPUBEACHHASI CXeMa Ha3bi-
BACTCH MOCTMKOM YutcTtoHa.) Tokosoe 3ep-
Kajno Ha Tpausucrtopax T,, T, saBasercs
aKTUBHON HArpy3Koi M CIYXWT ISl YBEJIU-
yeHusi Ko3pduiMeHTa yCUIEHHUSI, 2 TOKOBOE
3epKaio Ha TpaHaucropax 7T, T, obecneuu-
BAET SMUTTEPHBIH TOK. TpaHzucrop 7, cpaB-
HUBAET BbIXOLHOE HampsixeHue nuddepeH-
LIMAJIBHOTO YCHJINTENS ¢ (PUKCHPOBAHHBIM
HamnpsDKEHUEM U MEPEeBONUT B HacChIllleHHe

cocragHoi TpaHsuctop 7, T),, KOTOpbik

+50 B (HecTabunmsup.
Hanpaxenue)

Puc. 2.76. Tepmoperyastop ais Ha-
rpeBaTens MOwHocTbio 50 Br.
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TakMM 00pa3oM MoAaeT MOIMHOCTb Ha Harpe-
BaTe/Ib B CIyYae, €CIU TCPMUCTOP OXJIAXIeH
CIIMIIKOM CHIbHO. BHIOOP COMpPOTHUBIIEHUS
peaucropa R, 3aBUCHT OT Tpebylouierocs
TOoKa. B mIaHHOM cxeMe 3TOT pe3UCTOp BKIIIO-
YaeT 3alUMTHbIA TpaH3HUCTOp T, eciu BeNu-
YKHA BBIXOJHOIO TOKA IMpeBbILIAET 6 A; TeM
CaMbIM OTKJIIOYAETCS CUTHaJ ¢ 6a3bl COCTaB-
HOTO TpaHsucropa 7, 7, u mpenoTspaiia-
€TCA BBIXOA CXCMBI U3 CTPOA.

2.23. IlpocTag Jorayeckas cxema
HA TPAH3UCTOPAX H AHOAAX

Ha puc. 2.77 npeacrasieHa cxema, KOTopas
pelIaet 3amady, paCcCMOTPEHHYIO B pasn.
1.32: BKIMoYeHUE 3BYKOBOH CHTHAJIM3aLUH
(3BOHKA) TIpM YCIOBHUM, YTO ONHA IBEpUA
MaliMHbl OTKPbITA U BOAWTE/Ib HAXOIUTCS 3a
pyneM. B npuBeneHHON cxeMe BCE TpaH3M-
CTOphI paboTalOT KaK mepekiiovyarenn (Ha-
XOIATCS B PEXHME OTCEUKM WIM HACbILIE-
Hus). duonwl A, 1 ,ZZ2 06pa3yloT Tak Hasbl-
BaEMYl0 CXEMY i/lHl/I, KOTOpAasi BBIKJIIOYAET
TpaH3ucTop T, eciu olHa U3 ABCPLI OTKPbI-
Ta (nmepekiiioyareab 3aMKHyT). OIXHAaKO Mo-
TeHLUMal Kojlektopa 7, COXpaHseT 3Haue-
HHe, 0JIM3KOe K MOTeHUMATY 3eMJIM, U Tpe-
JOTBpallaeT BKJIIOYEHUE 3BYKOBOIO CUTHa-
J1a, €CIN HE 3aMKHYT mnepekiioyatensd [T,
(BOOMTEbL HAXOMUTCS 3a PYJIEM); MPU BbINOJ -
HEHMH TOCJIEIHETO YCJIOBUS pe3ucTop R
obecrieynMBaeT BKIIOUEHHE TPaH3MCTOpa 7]3
¥ Ha 3BOHOK TonaaeTcs HanpsixeHnue 12 B.

Hnon J, obecreunBacT nageH1e Hanpsxe-
HHsl, Grarozapsi KOTOpoMy TpaH3ucrop 7T,
OyIeT BBIKJIIOYEH, €CJIU 3aMKHYThI TIEPEKJIIIO-
areau I1, u I1,, a nvon J, mpenoxpaHser
TPaH3UCTOp 7, OT MHIYKTUBHBIX I1€PEXOMHBIX
MPOLIECCOB, BO3HUKAIOUIUX MIPH OTKJTIOYEHUU
3BOHKa. IToagpoOHO MBI PacCMOTPUM JIOTM-
YeCKUEe CXeMbl B Ill. §.

B Taba. 2.1 npuBeneHb! napaMeTpsl Fpyn-
MBI MaJIOCUTHAIBHBIX TPAaH3UCTOPOB, LHHUPO-
KO UCTONb3yeMbIX HA IPAKTHKE, COOTBETCTBY-
jo1mme UM rpadrky 3aBUCUMOCTH Koaddu-
LIMEHTOB YCWIECHHS 110 TOKY OT KOJUIEKTOPHOTO
TOKa MpelcTaBjJeHbl Ha puc. 2.78. Cwm.
Taxxe npuioxeHue K.

CXEMBI, HE TPEBYIOIIME MOSICHEHUH

2.24. Ynaunbie CXeMbl

Ha puc. 2.80 moka3aHbi 1Ba MPOEKTA CXEM
C WCTIONIb30BAaHUEM TPAH3MCTOPOB.

2.25. Herogubie cxeMbl

Kak n3BeCcTHO, y4yaTcs Ha OmIMOKax, U CBO-
HX, U YyXuX. B 3TOM pasnene BaleMy BHHU-
MaHMIO MpeAToXeHa lenasd cepusl rpyobix
OLUMOOK, IOIYLIEHHBIX IIPH pa3paboTKE CxeM
(puc. 2.81). BHumaresbHO paccMOTPHUTE
fIpeACTaBJICHHbIE CXEMBI, TIOAYMANTE, KaKue
BO3MOXHbI BADUAHTHI K HUKOTA He AejiaifTe
NoA0OHbIX OLIMOOK!

_ _ _ +12 B nocr.
TOKa
R 380- 'a/‘
R, , ) HOK 1N4001
1,0 1,0 1,0
KOM kOm KOM
7'3 2N3725
TZ b
A, A,
1N914 1N914
n°/n 1.%h [e] C Puc. 2.77. B a10#f cXeMe «CTO-
1 naiixalfa 2 ngg;&: , NAEHLE pOXa» U IMOMIBI, U TPAH3UCTO-
pbl 00pa3yloT cxeMy LHHU(POBOTO

JIOTUYECKOrQ «3aTBOpa».



“MGE AULADI X — JTHAIEBLIO 308 B ‘g€ UUAI X BILEOOHIO ‘«K» HOMIAQ 3I9HHIKAWOU ‘KdoldveHed] Q€ M YJE goroanra yoxgodusidew soLotennreed nunexudurow oo 1
26-0OL 9Audoy « '9p-OL ‘TL-OL UM o ‘66-OL MXY « “$'€1 oud "W g 0] = ¥ Wdll « 947 oMd "W (o ‘IHRHLIHITY MMOShUALNILE BTIOHH M MWeNMLoudarvedex
MWISHIOXO LOIETEIQO ‘3M0dL) YOHTO 8 JTHHITAENdU ‘[MIHIWAIE "p6E N BAOLOMEHRAL OJOHHIOIED WIHHIROIINION BE ‘XX XN 7 OWOH HOSOLML LOIdWH 19doLdusHedL 30g (o

ILLS 69LS P68C 697 - - 00§ £ 194 SL 00Z 4!
- 0LLS 80C¥ 816 - - 8 006 ST 8 0s 001 cl QUeALIHAT
- «99¢ - 6LIS - - 9 00€1 L0 3 08 0s Cl -0d1d19g 2040219g
- - - - 2849 6¢ve 0s 0l 0s 0¢ 0001 00t
10vS (11999 - - 676V - 1194 9—¢ 01 001 009 0s1 auHaXEdUeH d0M00Ng
- - - - (443 0zes 6'L 09 0t 00S 0L 0002 SL
4\
- - - - 9¢0¥ Co_m 001 Sl 08 0L 0001 09
- - £Y43 vioy o8 STLE (1154 L 002 001 0001 0¢
130044 {124 pommv [4444 $06¢ 61T S 00¢ S 0s1 0S1 009 09-0¢ J0L yumgiroq
L80S (1114
Amomv ﬁnomvu $96¢ 88T - - € 0of 81 9 0S¢ 0s 0s
- 796¢ - - - - I 00¢ (N 0l 0001 0s 194
- - - - - POEW'1 [4 00¢ 4! [ 00L 114 oy
680¢ - - - - 005 y—6°1 S 00§ 0S §T
6009 8009 - - - - 00t 4 0¢ Y4 00¢ 14
EWAM 9HIg0dA
*V16EE ’ WDIEMH ‘BHHILHUOA
=8S0Y A:&o\.m u - - - - 0S1 L-T 01 00¢ 0s 194 LHoMH@deoN yinioong
906€ $06¢ 162¢ LY6E - - 00¢ 8781 0l 00¢ 00¢ )4
9y 12447 - - - - 4 00¢ 8781 [4 002 00¢ Y4 BHHOHOWHLI
- - - - - - 00T 91 oSl 001 00§ 0C otoxoduyy
dud udu dud udu dud udu
«l6-0OL ©81-OL wS-OL BUHIIUIA LN 17\ VKW q
eiHoMNU(be ‘(‘LUL) pU ‘(‘UUL) VN (‘uui) ‘(oMeN) ‘(odeNn)
2AUdOY ¥IE0d0BWNLORII] 2AUdOX UHAISRHUITBLIW -ox amaudy 7 Wl A oy # “n

el1doLoneHedl a19HaIrRHINOOEN 919dOLONAY '/ 'Z phnvgy ]



118 Tnasa 2

- W/"\
1

2

S LM384
B

-

O

3 L
[~

o

e o
w

=

X

2 100
= -
(%] -
> —
z

= [
Y —
=

= L.
=

< L
&

m

] .
x

10 ) 1 1

1 1 ]
1mMeA  10mMKA 100 MKA 1MA 10MA 100 MA 1A
KonekTopHbil TOK
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TPaH3UCTOPOB, MapamMeTpbl KOTOPbIX MpuBeneHnl B Tabnm. 2.1 (mo maHHBIM (HUpM-u3roToBuTENei). Bo3moxeH
TEXHOJIOTHYECKUIA pa3bpoc oT M306pakeHHbIX TUIIOBbIX 3HaYeHUit B npegenax +100%, —50%.

+108

Harpyska

Puc. 2.79.

YpauHble cxeMmbl
+15

249 KOM 249 KOm

Boix Buix
Bx, K, R/ry

r3=,l(<T/q1{K, r Hanpsxenue

e Kxl/ nponopy,.

CRIeROBATENLHO [ponopy NG NONHOW _

c

+1.228, LT YpoBHiO pano 41 Seenoawun

Hynesoit ~ . 7 OCBELWEHHOCTH u

Temn. ko3t :
-15 -10 B
a 6

Puc. 2.80. a — nanddepeHUMANBHBIR YCUIUTEIL CO CMEIiEHHEM, 06eCTIeYHBAIOIIMM HYJIEBOH TeMITEpPaTypHBIM
KO3 ULIMEHT YCUNeHUs; 6 — CBETOBON MHTErpPaTop.
Ko R/r,r,=kT/qT,, 1. ¢. K< L/T, I,  T.
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TIOBTOPHTEJIb; 2 — UCTOYHMK TOKA; 0 — Nepexmoyaresb i GOMBLIMX TOKOB; € — ABYXKACKAHbIA YCHIUTENb; ¥ ~ M-
(hepeHLMATBHLINA YCWIMTENb; 3 — MOBTOPHUTENb C HYJIEBBIM CMEILEHHUEM; ¥ — YCWIHTE/Ib EPEMEHHOIO TOKa ¢ GObLIny

KO3 ULIMEHTOM YCHICHHSI.
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JONOJHHUTEJNBHBIE YITPAXHEHHNA

(1) PaspaGoraiite cxeMy TPaH3UCTOPHOTO MEpeKIloyare-
Jisl, KOTOpasi 1103BOJMIA OBl NOAKIIIOUATh K 3eMie ABe Ha-
IPY3KH Yepe3 HaCbILIEHHBIE TPAH3UCTOPbl H—p—n-muna.
[Mpw 3aMbikaHUK NiepekiTiouatens A 06e Harpy3Ki JOJDKHBI
HAXOAMTLCA T10]] HATIPSDKEHKEM, TIPU 3aMbIKaHUHU NEPEKTIo-
yare/is b MOIIHOCTD AO/KHA MEepeJaBaThCs TOMBKO B OIHY
Harpy3ky. [loackaska: vcrnosb3yiiTe B cXeMe AMOZbl.

(2) PaccMOTpUTE MCTOYHMK TOKA, WU300paxXeHHBbIN Ha
puc. 2.79. (a) Onpeaenure TOK Inarp. Yemy paseH pabo-
unii IManason cxembl? Cuutaiite, 4T0 Hanpsikenue U,
coctansietr 0,6 B. (0) Kak Oynetr M3MeHSTBCS BBIXOMI-
HOIi TOK, €C/IM MPU M3MEHEHUH KOJUIEKTOPHOTO Harmpsi-
XeHMsl B Npesenax BBIXOXHOTO I1ana3soHa KoahgULHeHT
h, 5 namenstercs ot 50 no 100? (Fipu pewieHny aToii 3a-
nadu cnenyet yuecTb Asa adekTa.) (B) Kak Oyzer us-
MEHATBCA TOK Harpy3kd b npeiesax pabouero auamnaso-
Ha, eCJIM U3BECTHO, YTO M3MEHEHHE HampsikeHus Uy, oru-
CBIBAETCS 3aBUCHUMOCTbIO Alpy = —0,001 AU, , (adpdexr
Bpmu)? (r) Yemy paBeH TeMnepaTtypHbiii Ko3ddmuumeHT
BBIXOIHOTO TOKA, €CJI¥ APEArNoIOXUTb, YTO KO3(bHLLM-
€HT A, 5 He 3aBUCUT OT Temrepatypbl? YeMy paseH TeM-
nepaTypHeiit KoahdUUKMEHT BEIXOAHOTO TOKA, €CJIH Npea-
MOJIOKMTB, UYTO KOIPGULIMEHT 4,5 YBETUUMBAETCS OTHO-
CHTEJIBHO HOMHUHATbHOTO 3HaueHus 100 Ha 0,4% /°C?
(3) Paspafotaiite cxeMy ycuauTens ¢ oOLIMM 3MUTTEPOM
Ha OCHOBE TPAH3UCTOPa #—p—A-THMNA MO CAESAYIOLUUM UC-
XOIHBIM JaHHbIM: KOMDULMEHT YCUIEHHUS O HamnpsKe-
HUIO paBeH 15, Hanpsokenue nutanus U pasno 15 B,
KOJUIEKTOPHBIA ToK / pasen 0,5 MA. Tpansuctop son-
XeH ObITb CMELEH TaK, YToObi MOTEHLMAT KOJUIEKTOpa
6bin paseH 0,5 Uy, a Touke — 3 a6 no/mkHa cooTBETCTBO-
BaTb yactora 100 I'u.

(4) MpeaycmoTpHTe B NpeabLIyLLEH CXeMe CIEAALLYIO CBS3b
ISl yBENMYeHHs BXxoAHoro ummnenaHca. [pasunsHO on-
peaenuTe TOYKY Crajfa yCUAeHHUs MPU cefsiilel cBA3m.
(5) Paspatoraiite cxemy anddepeHLHATBEHOIO YCUIUTe s1
€O CBAI3SIMH IO NMOCTOSTHHOMY TOKY MO CJIEAYIOILVM HCXOM-
HbIM JaHHBIM: KODMHULMEHT YCWICHHS MO HANPSDKEHUIO
paBeH 50 (1St ONHOMOMOCHOTO BBIXOA) MPH BXOMHbBIX CUT-
HANaX C HamnpsiKeHUeM, ONM3KUMM K MOTEHLMANy 3eMIH;
HCTOYHUKH [HTaHMs 0OECreYnBaloT HanpspkeHue 15 B;
TOK MOKOSI B K&XIOM TpaH3ucTope paseH 0,1 MA. B amur-
TEPHOI LiEMH UCITONB3YHTE WCTOYHHMK TOKA, a B KauecTBe
BBIXOQHOTO KACKalla — SMUTTEPHBIN MOBTOPUTEb.

(6) BbinonHMB 310 ynpaxHEHHE, Bbl NOJYYUTE YCHIN-
Testb, KOIPULIMEHT YCUIEHHS KOTOPOTO YIIPaB/seTcs BHe-
LWIHMM HanpskeHueM (B TI. 3 3Ta 3ajaya peliaercs C
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Puc. 2.83. Cxema nonaBieHHsi BXOAHOTO TOKa, LIMPO-
KO WCIIOJIb3yeMan B BbICOKOKauecTBeHHbIX OV.

MOMOILLBIO MOJEBbIX TPaH3UCTOpoB), (a) CHayana paspa-
boTaitTe cxeMy IudbepeHUHATIBHOTO YCUIMTENS ¢ UCTOY-
HHKOM TOKa B 9MHUTTEPHON LIETTH U 63 SMUTTEPHBIX Pe3H-
cropoB. Mcnonb3yliTe HCTOUHMK NMUTaHUA C HANpsKEHU-
em * 15 B. KonnekTopHbiét ToK [, (a1s xaxporo
TPaH3UCTOpa) MOMXKEH ObITh paBeH | MA, a COnpoTHBIE-
HUE KOJNEKTOPHOIO PEe3UCTOpa cAelalTe PaBHBIM
R, = 1,0 kOm. [Moacunraiite KO3GDPULHEHT YCUIEHHS
MO0 HAMPSDXEHUIO, TIPY YCJIOBUM YTO OIMH M3 BXOJOB 3a-
3emsieH, (6) Ternepb MoAMMUUMPYIATE CXEMY Tak, YTOObI
WCTOYHUKOM TOKAZ B SMUTTEPHOM LMK MOXHO ObUIO YII-
DaRIATh C MOMOUIBIO BHELIHEro HampspkeHUsl. CocTaBbTe
MpUGIM3UTENBHOE BbIpAKEHHE 3aBUCUMOCTU KO3(hOHIIM-
€HTa YCWIeHHUs1 OT yIpamisiouiero HampsokeHusi. (B pe-
TBHON CXeME MOXHO TNPEIyCMOTPETh €LIe OHY [PYIITy
YTNIPAB/ISIEMbIX UCTOYHHUKOB JUISI TOTO, YTOOBI CKOMIEHCH-
pOBaTh CMELLICHUE TOYKH MOKOsl, OOYCJIOBIEHHOE U3MEHe-
HUAMM KO(PODULIMEHTA YCHICHHUS, WM XE MOXHO BKITIO-
YUTb B CXEMY ellle OOMH Kackaa ¢ mucddepeHIMaTbHBIM
BXOIOM. )

(7) He xeaas npuciayluuBarbcs K HalI¥M COBETaM, Bbi-
COKOMEPHbIH CTYAEHT CO31aeT YCHIUTENb, CXeMa KOTO-
poro npuBeieHa Ha puc. 2.82. OH peryaupyeTr conpo-
TUBRAEHHE R, TaK, YTOOBI TOYKE MOKOS COOTBETCTBOBAIO
Hanipsokenve 0,5 U, . (a) Onpenenute Z, (Ha BHICOKMX
4acToTax, KOTAa BBHIMOJHAETCA ycaoue Z, = 0). (6)
Onpenennte K03(pGUUMEHT YCWICHHUS 110 HATPSDKEHUIO
Ul MaJioro curHana, (B) Ompenenute rpybo, npu Ka-
KOM M3MEHEHHUH TeMIlepaTypbl OKPYXalOLIeH Cpeibl
TPAH3UCTOP MEPEHIET B PEXUM HaCBILECHUSA.

(8) B HEKOTOPBIX MPELIM3HOHHBIX ONEPALIMOHHbIX YCHWIH-
Tenax (Hanpumep, OP-07 w LT1012) ans nonaeneHus
BXOIHOTO TOKa CMELLEHHsI UCTIONB3YETCs CXeMa, TIOKa3aH-
Hasi Ha puc. 2.83 (nompobHO NoKa3aHa TONbKO MOAOBUHA
I depeHUHATBHOIO YCWINTENS ¢ CUMMETPUYHBIM BXO-
JIOM, Apyras MOJOBMHA BHITJIAIMT TOYHO TaK Xe). OObsic-
HMTE, KaK paboTaeT cxema. 3aMeyaHHe: TpaH3UCTopsl T,
u T, npencrasaior coboit COrnacoBaHHylo 1o B mapy.
[Monacka3ka: BCMOMHHTE O TOKOBBIX 3EpKalax.
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INIOJIEBBIE TPAH3UCTOPBI

BBEIEHUE

[Tonesbie Tpanzuctopel (ITT) — 3t0 TpaH3uc-
TOPbI, CBOMCTBA KOTOPbIX COBCPLIEHHO OT-
JIMYAIOTCS OT CBOMCTB PACCMOTPEHHBIX B
Npeablaylieil r1aBe OObIYHBIX TPAaH3UCTO-
POB, HA3bIBAEMBbIX TAKXE OUMONSAPHBIMM,
4yroOBl MOAYEPKHYTh MX orauydue ot IIT.
B paciiMpeHHOM TOJKOBaHWY, OAHAKO, OHU
UMEIOT MHOrO OOLIEro, TaK YTO WX MOXHO
ONpene/SUTb Kak npubopbi, ynpaeasembvie 3a-
padom. B oboux ciayyasix Mel MMeeM NpHOop
C TpeMsl BbIBOJAMH, B KOTOPOM MPOBOIU-
MOCTb MEXIY IBYMSI JEKTPOJAMHU 3aBUCHUT
OT HalMYUsl HOCHUTENEH 3apsiia, KOTOpOEe B
CBOIO OYEPEIb PETYIMPYETCS HAMIPAXEHUEM,
MPWIOXEHHBIM K TPETbEMY YNpasisaouemy
nexmpooy.

Tenepb 0 TOM, YeM OHY OTIWYAIOTCS APYT
oT apyra. B GunonapHoMm n—p—n-TpaH3uC-
TOpe nepexonl KOJUIEKTOp—0a3a CMELIEH B
obpaTHOM HanpaBJIeHHWU U OObIYHO TOK Ye-
pe3 Hero He Teder. [lonaya Ha nepexox 6a3a—
AMHUTTEP HanpsxeHus okojo 0,6 B mpeomo-
JieBaeT «MOTeHUMANbHBIA Gapbep» Auona,
MPUBOAS K MOCTYIUIEHUIO 3JIEKTPOHOB B 00-
JlacTh 6a3bl, € OHM MCHBITHIBAIOT CUJIbHOE
MPUTSXEHUE CO CTOPOHBI KOJIJIEKTOpa. XOTS
Nnpu 3TOM uepe3 6aszy OymeT mpoTekaThb
HEKOTOPBIH TOK, OOJMBIIMHCTBO TAKOTO PO-
Jla «<HEOCHOBHBIX HOCUTENECH» 3aXBaTbIBACT-
CA KOJJIEKTOPOM. Pe3ysibTaToM siBisSieTCH
KOJUIEKTOPHBIN TOK, yIpaBiIsieMblii (MEHb-
IIMM IO BEIUUYMHE) TOKOM 6a3bl. TOK KOJ-
JIEKTOpa NpONOpUMOHATIEH CKOPOCTH WH-
XeKLIMM HEOCHOBHBIX HOCHUTENel B 0a3sy,
KOTOpasi ABJAETCSH 3KCIMOHEHLMAJbHOM
dyHKuMEl pasHOCTH MOTEHUUANOB Oaza—
3MUTTeD (ypaBHEHUE DOepca—Moina). bu-
TIOJIIPHBIM TPAH3UCTOP MOXHO paccMaTpH-
BaTh KaK YCUIUTENb TOKa (C OrpyOIEHHO 10~
CTOSIHHBIM KO3()DULIMEHTOM YCUIICHHUA A, )
WIH KaK Mpubop-1npeodpa3oBaresb MpoBoO-
auMoctu (B6epc—Moin).

B noneBoM TpaH3MuCTOpE, Kak ClEoyeT U3
€ro Ha3BaHusl, NMPOBOAUMOCTbIO KaHaad
yNpasisieT 24eKkmpuieckoe nose, CO3IaBac-
MOE TIPWIOXEHHBIM K 3a2me0py HalpsxXe-
HHEeM. 31ech HeT MPSMOCMEUIEHHBIX p—n-
MEpPexo0B, TaK YTO TOK YEpe3 3aTBOD HE
TEYET ¥ DTO, BOZMOXHO, — Haubosee Baxk-
Hoe rnpeuMyiuectBo [1T nepen OMMONSPHBI-
MU TpaH3ucropamMu. Kak u nocnennue, 1T
OBIBAIOT IBYX MONSAPHOCTEH: n-KaHANbHBIE (C
MPOBOJUMOCTBIO 3a CYET 3JIEKTPOHOB) U
p-KaHaibHble (C ABIPOYHOH NPOBOIAUMOC-
TbiO). DTU MOASPHOCTH AHANOTUYHBI YXKe
W3BECTHBIM HAM COOTBETCTBEHHO n—p—n U
p—H—D-TPaH3UCTOpaM OUMOJIIPHOTO TUTMA.
Onnako pasHooOpasue [T 3tuM He orpa-
HHYHUBAETCS, YTO MOXET NPUBOIUTL K TyTa-
Huue. Bo-nepBbix, 1T Moryr usroraBiu-
BaThCsl C 3aTBOPAMM JIBYX PA3IMYHbIX TUIIOB (B
pesynsrate Mbl umeeM [T ¢ p—n-niepexonoM
u [T ¢ U301MpOBaHHBIM 3aTBOPOM, TaK Ha-
3biBaeMble MOII-TpaH3ucTOphl), 8 BO-BTO-
pbIX, — AByMs! TUIIAMU JIETMPOBAHUS KaHajia
(uro maet 1T oboraieHHOro 1 06eHEHHO-
rO THUIA).

PaccMoTpuM BKpaTle BO3MOXHOCTH,
npenocrasisiembie I1T paszauyHoro tumna.
[MpeasapuM, OHAKO, 3TO PACCMOTPEHME He-
CKOJILKUMHU 3aMe4yaHWsIMM OOllero rJjaHa.
Haub6onee BaxHoit xapakrepuctukoi [T
SIB/ISIETCSE OTCYTCTBME TOKa 3aTBopa. Ilosy-
yaeMoe, Kak CJHEACTBUE 3TOr0, BBICOKOE
BXOTHOE TIOJIHOE CONPOTHBIIEHHE (OHO MO-
XeT ObiTh Oosbile 10" OM) cyLIECTBEHHO BO
MHOTHX TIDUMEHEHMSAX U B JIIOOOM Ciyyae
yIpoILAaeT MPoeKTUpOBaHUE cxeM. B ka-
YeCTBE aHAJIOTOBBIX MEepPEKIToyaTesieit U yCu-
auTenei CoO CBEPXBBICOKMM BXOAHBIM TOJ-
HbIM comnporuBieHueM [T He uMeroT cebe
paBHbIX. CaMu 1o cebe WIM B COYETAaHWU
¢ OUIIONSAPHBLIMU TPAH3IUCTOPAMU OHU JIETKO
BCTPAUBAIOTCS B WHTETPAIbHBIE CXEMBI.
B crneayroweil rmaBe Mbl YBUIUM, HACKOJb-
KO YCTEIIHO 3TO CAENMAHO TPU CO3TAHUU
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OJM3KUX K COBEPIUEHCTBY (M (PaKTHYECKU
MPOCTHIX B UCMOJB30BAHMHU) ONEPaLlHOHHBIX
ycuwiuTeneit, a B 1. §—11 dyner nokasaHo,
KaK MHTerpaibHble cxembl Ha MOI1-TpaH3n-
CTOpax PEBOJIOHWOHU3UPOBAIH LIAPPOBYIO
3eKTPOHMKY. Tak Kak Ha MaJIoW Tulolanu
B UMC Moxer ObITh pasMmeliecHo Ooibinee
yucno craborouHbix 1T, To OHM OCOGEHHO
TUIC3HBE TSI CO30aHMsi GONBIIMX UHTErpaib-
Huix MHKpocxeM (BUC), npuMeHsieMbix B
UH(POBO#H TEXHUKE, TAKUX KaK MUKPOKAJIb-
KYJISTOPbl, MUKPOIIPOLIECCOPHI M YCTPOMCTBA
namatd. Tlmoc K ToMy HeAaBHee ToOsiBiie-
HMe cuwisHOTOYHBIX IIT (30 A unu Gonee)
MO3BOJISIET 3aMEHUTh OUMONISIPHBIC TPAH3UC-
TOpbl BO MHOFWX NPUMEHEHHSX, 3a4acTylOo
nojy4yasi 6oyiee OPOCThIE CXEMBI C YJIy4dilieH-
HBbIMH TTAPaMETPaMHU.

3.01. XapakTepacTHKH
HOJEBBIX TPAHIUCTOPOB

HHoii HoBUYOK BYKBalibHO «BMaAacT B CTON0-
HAK», BIIPSAMYIO CTaJIKHBasACh C 00ecKy-
paxuBaloluM pasHooOpasuem tunos IIT
(cM., HarIpUMED, NIEPBOE U3AHHE 3TOH KHU-
TH!), pasHooOpa3ueM, BO3IHMKAIOIIUM Kak
CNeACTBHE BO3MOXHBIX KOMOMHALIMIA MMONSp-
HOCTH (n- U p-KaHa/bHbBIC), BUIA M30JISLUA
3arsopa (I1T ¢ monynpoBOAHUKOBLIM Tiepe-
xonoM i MOTI-TpaH3uCTOpBI € U30AATO-
POM B BUIE OKHCJIA), a TAKKE TUMA NETUPO-
Banmd kaHana (ITT oboraiueHHoOro win oden-
HeHHoro Tuna). U3 BOCbMH HUMEIOILUXCA B
pe3ybTaTe ITUX KOMOMHAUMHA BO3MOXHOC-
TEi WEeCTh MOTJIM Obl OBLITh peanin30BaHbl, a
MSATh — PEaTU30BaHBI HA NMpakTUKe. OCHOB-
HOM MHTEPEC MPEACTABIAIOT YEThIPE CiTy4asi
W3 3THX MATH. .

Yrobsl TIOHSTH, Kak pabotaer 1T (4 uc-
XOJ/ISl U3 31paBOrO CMbICIA), OYAET NMpaBUIb-
HO, €CJIM Mbl Ha4YHEM TOJbKO C OJHOTO
THIIA, TOYHO TaK, KaK Mbl CHEAU C OUIO-
JAPHBIM N—p—N-TPAH3UCTOPOM. XOpOLIO
paso6pasiurch ¢ ITT BbIOpaHHOTO THIA, Mbi
B JAJIbHEHILEM OyIeM UMETh MUHUMYM TPYI-
HOCTE# B U3yYEHHUH OCTAIbHBIX WIEHOB 3TOTO
ceMericTaa.

Bxonnnie xapakrepuctuku IIT. Paccmor-
pUM BHauaie n-KaHanbHbiit MOIT-TpaH3uc-
Top 06OralieHHOTO THMA, OUIMONSAPHBIM aHa-
JIOTOM KOTOpOTO SIBJSETCS 7 —p—N-TPaH3HUC-

Crok Konnektop
| Moanoxka basa ~—|
3arsop
WcTok ImutTep
a 6

Puc. 3.1. a — n-kananphbii MOI1-Tpan3ucrop; 6 — Guno-
JIAPHBIA 1—p—n-TPaH3UCTOP.

Top (puc. 3.1). B HOpManbHOM pexume
CTOK (WJIM COOTBETCTBYIOLIMH €My KOJIJIEK-
TOpP) MUMEET MOJOXHUTCAbHBIH MOTCHLHAI
OTHOCUTEJIbHO MCTOKa (3MuTTepa). TOK OT
CTOKA K HMCTOKY OTCYTCTBYET, IOKAa Ha 3aT-
Bop (0a3y) He OydeT NMOJAHO IOJIOXHUTE/Ib-
HOE ITO OTHOILEHHIO K UCTOKY HarpsKEHHE.
B nocnemneM ciydae 3aTBOp CTaHOBMTCS
«TIPAMOCMENIEHHBIM», U BO3HUKAET TOK CTO-
Ka, KOTOpBIii BECh NMPOXoauT K UCTOKY. Ha
puc. 3,2 moka3aHO, KaK M3MEHSIETCS TOK
cToKa /. B 3aBUCMMOCTH OT HANPSXKEHHUs
CTOK—MCTOK U, MPH HECKONbKMX 3HaYe-
HMSIX YTIPABJSIONIETO HaNpPSIKEHUS 3aTBOP—
ucrok U,,. JIng cpaBHEHHUs 34eCb Xe MpH-
BEACHO COOTBETCTBYIOLIEE CEMEHCTBO KpH-
BbIX 3aBUCMMOCTH [, oT U, , 1is 0ObIYHOTO
OUNoONsipHOTO n—p—n-TpaH3ucTtopa. Oue-
BMIHO, uTo n-KaHaibHbie MOII-TpaH3uc-
TOPbl ¥ OUIOJNISIDHBIE #~p—N-TPAH3UCTOPbI
BO MHOTOM CXOXH.

Tlopo6Ho n—p—n-Tpan3uctopy, [1T umeer
0oJbLIIOe MpUpalleHUe TOMIHOIO CONMPOTUB-
JIEHHs CTOKA, B pe3yJILTaTe Yero rmpy Hampsi-
xenuu U, cebilie 1—2 B ToK cTOKa MOYTH
He MeHseTcs. List 3Toi obsactu xapakre-
puctuk I1T HeymayHO BhIOpaHO Ha3BaHUE
«00JIaCTb HACHIILIEHUSI», TOTJa KakK y Guro-
JISPHBIX TPAaH3WCTOPOB COOTBETCTBYIONIAs
00s1acTh Ha3bIBAETCA «aKTHBHOI». [TogobHO
OUMONSIPHOMY TPaH3UCTOPY, 4YeM OoJblie
cmeteHune 3arBopa I1T oTHOCHTENBHO KCTO-
Ka, TeM Oonbllie TOK CTOKa. B nmioGom ciyyae
nosegeuue I1T Oavxe K HACATbHBIM YCT-
poicTBaM — MNpeoOpa3oBaresM NPOBOAU-
MOCTH (MOCTOSIHHBIA TOK CTOKA TMPU HEU3-
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Puc. 3.2. M3amepeHHble ceMeHCTBA BHIXOAHBIX XapaKTepHCTUK n-KaHansHoro MOTI-tpansuctopa VNO106 (2) u 6uro-

JsIpHOrO n—p—n-TpaH3uctopa 2N3904 (6).

MEHHOM HAIPSIXECHUHM 3aTBOP—MCTOK), 4YEM
OUMOJISAPHBIX TPAH3UCTOPOB; COTIACHO YpaB-
HeHHI0 Db6epca—Monna y OMOONSIPHBIX
TPAH3UCTOPOB AOJKHDBI ObITH NPEBOCXOAHBIE
XapakTepUCTUKH BBIXOAHOM MPOBOIUMOCTH,
O/JIHAKO 3TU UICATbHLIE XapaAKTEPUCTHUKH He
MOCTUTAIOTCS M3-3a 3ddekra Dpam (CM.
pasn. 2.10).

Jo cux nop I1T Buirsimen noxoOHo n—p—n-
TpaH3ucropy. [locMorpuM, oaHako, Ha 1T
no6iuxe. C OMHOM CTOPOHBI, CBBIILIE HOD-
MaJIBHOTO IMAria3oHa TOK HACHIUEHHSA CTO-
Ka pacTeT LOBOJbHO YMEPEHHO INPHU YyBe-
JHYCHMM HanpsaxeHus 3atsopa (U;,). Pak-
THYECKH OH mponopunoHaneH (U,— U,)?,
rae U, — «noporosoe HanpsixeHMe 3aTBO-
pa», MpY KOTOPOM HAYMHAET WITH TOK CTOKA
(s [T na puc. 3.2 U, = 1,63 B); cpaBHute
3TOT caOblif KBaApaTHYHbIA 3aKOH C KPYTOi
SKCTIOHEHUMAIBHOM 3aBUCUMOCTBIO, JAHHOM
Ham DbepcoM U Mosiom. Bo-BTopbiX, no-
CTOSIHHBIII TOK 3aTBOpA PaBEH HYAl, TakK
410 MBI HE BO/DKHBI cMOTpeTh Ha T1T Kak Ha

YCTPOHCTBO, YCHIMBalO1LEe TOK (Ko3(hduim-
€HT YCWICHHS ToKa Obl Obl paBeH Oecko-
HeyHocTH). Bmecto atoro 6yneM paccMmarpu-
BaTh [IT Kak xapaxTepu3yeMoe KpPyTU3HOM
YCTPOHCTBO — 1npeoGpa3oBaTe/ib MPOBOAMMO-
CTU C TIPOTPAaMMHUPOBAHUEM TOKA CTOKA Ha-
MPSXKEHHUEM 3aTBOP—HUCTOK, — TaK, KaK 3TO
MBI J€JIa/IM ¢ OUIIOJISIPHBIM TPaH3UCTOPOM B
TONKOBaHUU D6epca—Monna. Hanomuum,
YTO KPYTM3Ha g, €CTb MPOCTO OTHOLUEHHE
ic /ey (KaK ¥ OOBLIYHO, CTPOYHBIE OYKBHI UC-
NMOJb3YIOTCA, YTOOB IMOKAa3aTh «Majuao-
CUTHAJIbHBIE» W3MEHEHUA fapamerpa; 1. €.
i fucy = 81./8U,). B:TpeTbI/IX, y MOIT-
TPaH3UCTOPA 3aTBOP AEHCTBUTENIbHO M30JIHU-
pOBaH OT KaHajla CTOK—HUCTOK; MO3TOMY, B
OT/IM4YHE OT OMITOJIAPHBIX TPAH3UCTOPOB (M
ot I1T ¢ p-n-nepexonoMm, Kak Mbl Jajiee yBU-
IWUM), MOXHO I0JaBaTb Ha HEro MOJOXH-
TeIbHOE (MM OTPULIATESIBHOE) HAMIPSIKEHHE
no 10 B u Gonee, He 3a060TACH O OHOAHOH
npooguMocTi. M HakoHen, 1T ominuaercs
OT OUIOASAPHOTrO TPAH3UCTOpPA B TaK Ha3bl-
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Puc. 3.3. Koy Ha MOII-Tpan3ucrope.

BaeMo¥ JIMHeHHOI o6nacTu rpaduka, Tae ero
MOBEIEHHE NOBOJBHO TOYHO COOTBETCTBYET
MOBEACHUIO PEe3UCTOpa, Jaxe IMpH OTpUlla-
TenbHOM U, 3TO OKa3bIBA€TCA OYeHb MO-
JIE3HBIM CBOIMCTBOM, HOCKOJIBKY, KaK BhI yXK¢
MODJIM IOTafaThCsl, SKBUBAJICHTHOE COMPO-
TUBJIECHHE CTOK—MCTOK MPOTrpaMMHPYETCs
HaTpPSXEHUEM 3aTBOP—HCTOK.

Jisa npumepa. B IIT eme Haiimercs,
yeM Hac yOuBUTb, ONHAKO MpEXAE YeM
YIAyoNsaTbCA B IETATH, MOCMOTPUM Ha [Be
NpOCThie nepekiiovaiouie cxemnl. Ha
puc. 3.3 nokazaH MOII-TpaH3UCTOPHDBINA 3K-
BUBAJIEHT pUC. 2.3 — NMEpPBOIo U3 pacCMOTPEH-
HOTO HaMH HaCBILIEHHOTO TPaH3UCTOPHOIO
nepexmoyarensi. Cxema Ha I1T maxe mpoitte,
MOCKOJIbKY 31€Ch Mbl COBEPIIEHHO HE JI0JI-
XHbI 3a00TUTBCSA 0 HEU30EXKHO BOZHUKIIEM
paHee KOMITPOMUCCE MEXIY HeoOX0IUMOC-
TBKO 3alaTh COOTBETCTBYIOLIUI HeoOXomm-
MBIl IS MepeKIodYeHUsT TOK 0a3bl (pac-
CMaTpuBas HauXyMUMA ciay4yaik — MMHHU-
ManbHOE 3HA4YEHHUE A ,, B COUYETAHMH C
CONPOTUBJIEHHEM XOJNOIHONH HUTU JIAMIIbI)
¥ UCKJIIOUMTb M3OBLITOYHOE DPAacXOLOBaHHE
SHepruu. BMecTo 3TOrO MBI BCETO JHIIb
TOIaeM Ha 3aTBOP, UMEIOLINIT BLICOKOE MOJ-
HO€ BXOIHOE HAIpPSDKEHME, TOJTHOE HaIpsi-
XeHHE MUTaHUsl MOCTosiHHOro Toka. Ilo-
cKoabKy BKModeHHbI JIT Bener cebs kak
PE3UCTOP C MAJIBIM 10 CPABHEHHMIO C HATpPy3-
KOH COMPOTUBJICHUEM, IMOTEHLHAT CTOKA
CTAaHET MPH 3TOM OJIM30K K MOTEHLIHATY 3eM-
JIM; TUTTUYHBIA MourHbliE MOTI-TpaH3ucrop

1OB|N‘\/W\«

Bx. curHan I ]
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+ 15 B: knoy BKJ I
Pyc. 3.4. 3emna: knioy BblKN __'___

umeer R < 0,2 OM, 4TO IIPEBOCXOIHO WISt
JAHHO 3anayu.

Ha puc. 3.4 moka3aHa cxema «aHajJOroBO-
rO TEepeKTIovuaTesisi», KOTOPYl0 BooOLIe He-
BO3MOXHO BBINOJHUTb Ha OUIOJISIPHBIX
TpaH3ucTopax. Moes 3Toil cXeMbl COCTOMT
B TOM, YTOOBI MEPEKIIOYaTh NPOBOAUMOCTD
1T 13 pa3oMKHYTOTO (3aTBOP CMEIEH B «00-
paTHOM» HanpaBJCHHHU) B 3aMKHYTOE COCTO-
SIHUE («IpSIMOE» CMEILEHHME 3aTBOpa), TEM
caMmblM OJIOKMpPYS MJIM MpONycKas aHaio-
FOBbIM CHUTHAA (MO3XE Mbl YBUAUM MHOXE-
CTBO TIPUYHUH BHIIIONHSITH TAKOro pojaa
BellM). B 1aHHOM ciTyyae Mbl AO/KHBI JIMILb
obecreynTs, YTOOB Ha 3aTBOP TMOAABAJIOCH
0oJsiee OoTpULATENbHOE MEPEKIIOYAIOLIEE
HalnpsDKeHHe, YeM JIo0oi pa3Max BXOJHOTO
MEPEKITIoYacMOro CUrHaia (K4 pa3oMK-
HYT) WIH Ha HECKOJILKO BOJIBT DoJjiee Momo-
XKUTEJIbHOE, YeM J1000il BXOAHOW CHMTHaj
(xmoy 3aMKHYT). BumossipHble TpaH3UCTOPBI
IUTSI TAKOH CXeMbl HETIPUTOHbI, MOCKOJIbKY
0a3a MpOBOOUT TOK M 00Pa3yeT ¢ KOJUIEKTO-
POM ¥ 3MUTTEPOM AMOMABI, YTO MPHUBOIUT K
onacHoMy 3G PeKTy «3alieTKHBaHHUA».
B cpaBHenun ¢ arum MOITI-TtpaH3ucrop
BOCXMTHTEJIBHO TIPOCT, HYXIasiCh JINILb B M0~
J1aye Ha 3aTBOP (SBISIOLIMICS PAKTHYECKHU
Pa30MKHYTOI LIENbIO) HATIPSDKEHUsI, PABHOTO
pa3Maxy BXOJHOTO aHaJOroBOTO CHUTHAJA.
Bynbre, OMHAaKO, BHUMATENbHBI: HaIlle pac-
CMOTPEHHE 3TOM CXeMbl ObIO 10 HEKOTOPOH
CTETICHM YTIPOUICHUEM — HANPUMED, MBI HTHO-
PUPOBAH BIUSHUE eMKOCTH 3aTBOp—KaHal,
a TaKXe BapMaluuM R 1IpU UBMEHEHMH CUT-
Hasa. [lo3xe MBI eliie MOroBopuM 00 aHa-
JIOTOBBIX KJII0YaX.

3.02. Tumm IIT
JV-kananbnne, p-kanaababie IIT. Teneps o

reHeajorunyeckom apese. Bo-repBoix, none-
Bbl€ TPaH3UCTOPH! (KaK ¥ OUTIONSpHBIE) MO-



IloneBple TpausucTopsl 125

/
3aecs hopmupyeTca 06nacTL
n-Tuna, KOraa Ha 3aTBop
NOJAETCS MOMOKMUT. HANPAKEHUE

Puc. 3.5. N-xanansupiit MOI1-TpaH3ucrop.

TYT BBIITYCKaThcst OOEUX TMonspHocTed. Ta-
KUM 00pa30M, 3epKAIbHBIM OTOOpaXXeHUEM
Haurero n-kaHanbHoro MOII-TpaH3ucropa
sBsieTcs p-kKaHanbHbIE MOTI-Tpansucrop.
Ero xapaktepucTuku CMMMETPUYHBLI MU Ha-
TIOMUHAIOT XapaKTEPUCTUKH P —H—pP-TPaH3U-
CTOpa: CTOK HOPMAJIbHO UMEET OTPULIATEN b-
HOE CMEIIEHUE MO OTHOILEHUIO K MCTO-
KY, ¥ TOK CTOKa OYACT NpPOXOAWTh, €CiU Ha
3aTBOp MOAATh OTPULATENBHOE MO OTHOLUE-
HUIO K UCTOKY HAampsK€HWE HE MEHee Of-
HOTO-ABYX BOJIbT. CHMMETPHS HECOBEPIIIEH-
HA, TIOCKONbKY HOCUTEN