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Kunra nocssiena sgementam IDLIBM ma cepuitHbIX nosy-
NPOBOAHHMKOBEIX npHGopax. [IpuBomutcss Kaaccudukauus 3sJe-
MEHTOB H H3/1araloTcsi OCHOBHble NMPHHLUUMBI pacyeTa NMOJYNpPOBOA-
HHKOBHIX cXeM. [Toxpo6Ho paccmaTpuBaercs psif KJIacCoOB 3J1eMeH-
TOB (TPHrTepH, KJanaHbl, pasjuyHbie (heppHT-TPAH3HCTOPHBIE cXe-
MBI, GopMupoBaTeu, revepatopsl). OCHOBHOE BHUMAaHHE MPH 3TOM
yhensieTcs HHXKeHepHBIM pacyetaM. Kpome TOro, B KaXIoM KJjac-
ce paccMaTpPHBAIOTCS DA3JHUHBle MOAM(MHKAUHH CXEM 3JeMeHTOB.
B 3akniouene npusoAsTcs oGuiHE cOOGpaKeHHs: MO BmIGOpY 3Je-
MeHTOB C yuyeroM TpeGoBanuit Kk DLIBM B uenom.

Kunra paccunTaHa Ha HHXKeHepOB, TEXHHKOB M CTYNEHTOB
CTapIUUX KYPCOB, MHTEPECYIOUHXCST BOTPOCaMH JHCKPETHOH moJy-
IPOBOANHKOBOIl TEXHHKe.



NPENUCJIOBHE

[Tocnennee necsitunetHe xapakTepusyercss GypHbIM pas-
BUTHEM TIOJYNPOBOLHUKOBOH 3JEKTPOHHKH M BTOPXKEHHEM
ee B 00/1aCTb MaTeMaTHYECKOr0 MallHHOCTPOEHHSI.

Jlutepatypa no BonpocaM NpUMeHEHHs MOJYNPOBOAHH-
KOBBIX TIPUGOPOB B 3JIEKTPOHHBIX LU(POBBIX BHIYHCJIHTE/b-
HbIX MawuHax (DLIBM) npencraBieHa mo CyllecTBY TOJDb-
KO XXYypHasnbHBIMH cTaThsiMH. OTHe/bHble KHUTH, H3LaHHblE
[0 CHX TOP, JH6O0 MOCBSILEHb! KaKOA-HHOYIb OJHOM, BeCbMa
y3Koit ob6.aacTH, Jau60 HocaT 0030pHBIA Xxapakrtep. o cux
Nop OTCYTCTBYET JIUTEpaTypa, CUCTEMATH3UPYIOIIAsl MeTObI
HHXeHepHOro pacuera sjemeHtoB DIIBM Ha nonynposoi-
HUKaX.

Llens HacTOSIIEH KHHUTH 3aKJOYAETCS B MOTBITKE H3JO-
JKEHHSI HEeKOTODHIX OCHOBHBIX METOJOB HHXKEHepHOro pacue-
Ta ssaeMmeHToB DLIBM.

[TepBble nBe ryiaBbl KHUIH {I0CBSIEHb 0630py OOUIMX
BOMPOCOB METOJMKH HHXKEHEpPHOro pacuera MW Kjaaccuduka-
UMM 3JeMeHTOB. B mnocseaymoouux raaBax paccMaTpHBAIOT-
Csl CXEMBl M pacueTbl KOHKPETHBIX 3JIEMEHTOB.

Inaewt 1, 3, 4, 9, 10, a takxke § 5.4 nanucaus Bb. B. Ku-
peeBbiM. I'naBel 2, 5, 6, 7, 8, a takke § 9.2 Hamucanhl
B. A. HeynoxkoesbiM.

ABTOpBI CUMTAIOT CBOMM [AOJrOM BbIPa3uTh TIYGOKYIO
6narogapHocTh HHxKeHepaM Beaguxosy B. B., Komyru-
Hy B. E., [Tosanenko C. B., ITourapio H. {., Cemuny U. H.
1 ConoBbeBy A. B., KoTopble J1106€3HO NpeaOCTaBUIN B pac-
nopsikeHHe aBTOPOB PsiJ, MHTEPECHBIX MalepHaJioOB H JaJjiu
MHOTO TOJIE3HBIX COBETOB.

[TpensaraeMasi BHHMAHHIO YHTATesisi KHHra, HECOMHeEH-
HO, He cBo6O1Ha OT HejnocTaTKoB. JI1o6bie COBETHl H 3aMe-
UaHHA, HaNpaBJeHHble HA yJyylleHHe KHHTH, OYAyT NPHHS-
Thl ABTOPAMH C NPH3HATEIBHOCTBIO.
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BBELEHHE

B Hacrosiliee BpeMst HMU Y KOro He MOXKeT BO3HHKHYTb
COMHEeHHs1 B HeOOXOIMMOCTH LIMPOKOrO NPUMEHEHHS 3JeK-
TPOHHBIX LH(POBLIX BBIYKHCAHTENbHBIX MawnH (DLUBM).
D/IeKTPOHHAsT BBIYMC/IHTE/NbHAS TEXHHKAa C CaMoOro Hadana
CBOEro 3apoX/eHHs Il0OKaszasa, YTo OHA TauT B cebe He-
HCYepraeMble BO3MOXHOCTH.

Tenepr DLIBM wuMeloTcsi He TOJBKO B Ka)KJOM — HJH
MOYTH B KaXKJOM — Hay4YHO-HCCIEL0BaTENbCKOM Yyupexje-
HHH, HO TakXe Ha psjae 3aBoaoB u pabpux. Mx mpumens-
I0T Ha JKeJe3HOJOPOXKHOM TPAHCIOpPTE M B BO3AYLIHOM
daore. Koneuno, 0oco6eHHO IIKHPOKO MCHOJB3YIOTCS OHH AJA
obecrneyeHHs] MOJETOB HAIHX COBETCKMX KOCMOHABTOB.

CoBpemennble JLIBM yxe ceiluac He YJI0BJIETBOPSIOT
Hac nesblM PSiAOM CBOMX NMapaMeTPOB M XapaKTePHCTHK, M3
KOTOPBIX CaMbIMH BaXXHbIMH SIBJASIOTCA 0ObeM 3alMOMHHAIO-
IIUX YCTPOHCTB U ObICTpOAEHCTBHE.

SLIBM 6ynyuiero — 1 IIpUTOM Hejaasekoro 6yaylero —
JOJIKHBl 00/afilaTh ONEpPAaTHBHOM «IaMsATbiO» B HECKOJbKO
COT THICAY W/ JAa)Ke MHJIJIHOHOB siueeK M ObICTPOAEHCTBH-
eM, onpejessieMblM [ecsiTKaMH MHJIJIMOHOB omepaluii B ce-
KyHIY.

Passutne 3LIBM npuBOAHT K IMraHTCKOMY Nporpeccy
BCEX HAYK, a Takxe, caMoe, 10XaJnyil, TJ1aBHOe, K BTOpXe-
HHMIO METOJOB M anmaparta TOYHBIX HayK B 06JacTH Tex
JHCLUHTINH, KOTOPble COBCEM HeaaBHO OblaM nHOO yMO3pH-
TeJLHBIMH, JHO60 — TOr0 XyXKe — YHUCTO SMIHUPHYECKHMH,

OLBM cnocoGeTBYIOT COMUMMKEHHIO HAYK, TAK KaK H Me-
IMK, H OHOJIOT, U S3BIKOBEJA, M HHXKeHep, eClH OHH XOTSAT
MOJIb30BaThCA  BLIUHCAHTENBHON TeXHUKOH, NOJKHBI pado-
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TaTb Haj (opMaju3alyel CBOMX 3ajay U CO3LaHHEM CO-
OTBETCTBYIOUMX anroputMoB. Kopoue roBops, JLIBM sza-
CTaBJSIIOT BCeX JIIOAeH HAayKH TOBOPUTb Ha OJHOM Si3bl-
K€ — sI3blKe BBIYHC/JHTENbHOH MalUlMHBL. B 3toMm, c Hamlei
TOYKH 3DEHHs, U 3aKJwuaercs camoe OoJblloe 3HayeHHe
SLBM. -

B cuay Bce pacmupsiiouuxcs npuMenenuit dLIBM Bnosi-
He 3aKOHOMepeH BONpoc 00 YyMeHbIIEHHH HX rabapuToB,
Beca, 3aHUMaeMoro o6bema U mnoTpebasieMOH MOLIHOCTH.
OLIBM, noctpoeHHble Ha 3JIeKTPOHHBIX JlaMIaX, y»Ke HHKO-
MM 006pa3oM He MOTYT yJOBJIETBOPHTb COBPeMEHHBIX TPedO-
BaHui. Takue MalIMHBI 3aHHMAlOT OTPOMHBIE MOMeIEHHS,
OYeHb JOPOTH U NOTPelJIsIOT GOMblIOe KOJHUECTBO 3JeKTPO-
sHepruu. Oco6eHHO OCTPO 3TOT BONPOC CTABUTCS NMPH CO3/1a-
HHM TpaHCNopTabesbHbIX MAIUMH (CaMOJIeTHBIX, KOopabesb-
HBIX U T. A.). Oas takux DLUBM Bec u rabaputsl uMeroT pe-
lampolee 3HaueHue.

[TosiBneHue nosynpoBOAHHKOBOH TeXHUKH cpa3y oOpaTH-
JIo Ha cebs1 BHUMaHHe CO3[aTesiell 3JeKTPOHHBIX LH(PPOBHIX
BLIYHMC/IHTE/bHBIX MallMH. JleficTBUTENbHO, NONYNPOBOAHHKH
OTJIMYAIOTCSl MaJibIMH raGapuTaMH U BecOM M NOTPeb/sIoT
npu paboTe HHYTOXKHYIO MoIIHOCTb. HeMmasnoBaxHo u TO,
YTO OHHM 00/1a1al0T OYEeHb BHICOKOIl HaAeXHOCThbIO B paboTe.
[TocnenHee KauecTBO HMeeT /st BBIYHCJIUTENbHONH TEXHUKH
oco6oe 3HaueHue. Beap DLIBM cojmepxaT HeCKOJbKO Thl-
csl4, @ TO U NeCSATKOB ThICSY 3/7eMeHTOB. Masasi HaneXHOCThb
3THX 3JIEMEHTOB MOXeT NPHUBECTH K TOMY, 4TO MallliHa He
CcMoXeT paboTaTh HJH, BO BCSIKOM CJyyae, 3KCIJyaTauHusd
ee Oyzer KpafiHe 3aTpyJHeHa. Bo BcskoM cayuae Ha cerof-
HALIHMH JeHb TOJYNPOBOJHUKOBblE NPHOOPHI HMEIOT, MO-
CPaBHEHHIO C JlaMNaMH, pPSJ HEOCHODUMBIX NPEHMYUIECTB.

IlpennaraemMasi BHUMaHHIO uHTaTe/si KHHTa COJEPKHT
B ce6e OMHCaHHe HEKOTOPbIX METOJ10B MHXKEHEPHOro pacuera
psila mosynpoBOAHHKOBLIX 3JE€MEHTOB, U3 KOTODBIX COCTOHT
SLBM.

Heo6bsaTHOe, Kak H3BeCTHO, 06BATh HEBO3MOXKHO, 1103TO-
My 31ech TIpefCTaBJIeHbl TOJbKO HEKOTOpble, HauboJee Xa-
pakrepHble, MeToAbl pacuera. llenp KHUrH He TONBKO H He
CTO/IbKO B TOM, YTOOBl CHCTEMATH3UPOBAThb METOABI pacyera,
HO M B TOM, 4TOOGBI MOGYIHUTH YMTATEJsI CaMOro 3aiyMaThCs
Hajx BCeMH NOJHATHIMU 3Jech BONPOCAMH M NeHCTBOBAThH IO
NOCJIOBHLIE «CeMb pa3 OTMepb M OJWH Pa3 OTPexb», a He
TOPONHUTbCA 6paThbcs 3a Masi/IbHHK,
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B 3aknioueHue BBeneHHsT Mbl NMPUBOAHUM TabJHLy HeKO-
TGpHIX XapakTepucTuk DLIBM, uesukoM MNOCTPOEHHBIX Ha
noaynposoaHukax (tabn. B. 1). Tabauua cocrtaBneHa Ha

Ta6bauuwa B.1

HexoToprle nannbie uHacTpaHHBIX I BM, nojHoCTh IO
NOCTPOEHHLIX HAa NOJYyNpOBOAHHKAX

% MoTpe6-
Tun u o61.em | BeicTpo- N < |1vemast
HaumeHoBaHHe Hasunauenune 3anomMHHalo- neitcTBHe, R 3} Mol
LWHX YCTPO{icTB| onep/cek bt S HOCTD,
3] o sm
Tpansak C-1100| BoproBas | Marnutkwit | 60000 | 46 | — | 60
caMoJjieTHasA, | GapabaH. |CJIOXKeHH
BBC CIIA | Jo 5000 ko-| 15000
MaH[, YMHOXe-
HHHI
PB-30 BoproBass | MarHuTHbBIY 4000 | 92 {0,036 400
caMoJieTHas, 6apaban
BBC CIUIA
Hunxureiip* Boprosas — 9600 | 54 | — | —
caMoJieTHas,
BBC CHIA
HUBM-7070 — MaruuTHble —_ — -1 -
NUCKH M JIeH-
Tol 24 MJH.
3HAaKOB
HUBM-709.-TX** — ®eppuresee| 250000 | — | — | —
cepleuHUKH
3UBM ¢upMb | [TpoTuBoac- | MarHuTHBIA — —| = —
Jlaii6packon*** | nounas o6o-| GapaGaH.
rona BMC | 8000 uucen
CUIA

* YcTaHOBJIEHA Ha BCEMOTOAHBIX PeaKTHBHBIX MepeXxBaTYyHKax.

** BpeMs ofpallenusi K 3aOMHHaiouleMy YCTpoiicTBY (3Y) 2 mrcex.

##* S]IBM 1eJIHKOM MOCTPOEHAa HAa KpeMHHeBbiX AHOLAX H TpHOAAX.

OCHOBe CBejeHuit, onyGaukoBaHHLX B uHOCTpaHHoi (CIHA)
npecce. EcTecTBEeHHO, NMOITOMY, UTO OHA SIBJASACTCA BECbMA

HEeNnoJIHOII,
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Copemennbie DLIBM xapakTepuayloTcs TeM, 4TO JAaxe
Oyayud NMOCTPOEHHBIMH B OCHOBHOM Ha 3JIEKTPOHHHIX J1aM-
nax, OHM BKJOYAIOT B cebs1 BecbMa 3HauHTeJbHOE YHUC/O MO-
JIY[IPOBOAHHKOBBIX NPHOOPOB. DTO, KaK NpaBuIO, NMOJAYNpO-
BOJHHKOBbIe AHOAb.. B Tabn. B. 2 comep:karcsi HEKOTOpbIE
CBEIEHHS O TaKMX MallHHaX. BosbUIMHCTBO M3 HHX — Kpym-
Hble cepuiiHble SLIBM.

Lu¢psl, npuBesenHble B 3Toi Tabauue, y6eAHTEIbHO ro-
BOPAT O BJACTHOM BTODXKEHHH NOJYNPOBOJHHKOBBIX MPHOO-
POB B BBIYHCJIHTENBHYIO TEXHHKY.



T'JIABA IMEPBASA

HEKOTOPbLIE METOJ bl PACYETA
3JEKTPHYECKHUX UENEN C BOJIbIIUM
CUTHAJIOM

1.1. JIEKTPHYECKHE LENH C BOJIbIIUM CHUTHAJIOM

N3BecTHO, uTO B J1060# 3/1eKTpHUECKOH LEMH MOryT
MMeTb MecTO YCTaHOBHUBLIMeCSl M MePeXOAHble PeXHUMbl pa-
60THI.

YcTaHOBUBLIMMCSl peXHMOM IPUHSITO CUYMTATb TAaKoOM,
NPH KOTOPOM TOKH M HampsiKeHus BO BCEX pa3BeTBJIEHHAX
Leny He 3aBHCAT OT BpeMeHH. DTO O3HAyaeT, uTo lLenb Obisa
KOTJa-TO, «04YeHb NARHO», MOAKJIOUEHa K HCTOYHHKY 3Hep-
THH M, HayuHas ¢ HEKOTOPOTO MOMeEHTa B NpOLIIOM, pabo-
TaeT 6e3 H3MEHEHHH BO BpeMeHH. YCTAHOBUBLINECS PEXHMbI
HMEIOT MeCTO B LIeMNSIX HEe TOJbKO IMOCTOSIHHOrO, HO M Tiepe-
MeHHOro Toka. B 3Ttom cayuae (Gosee o6LieM, KOHEYHO)
YCTAHOBMBLIMHCS DPEXHM ONpeje/sseT He3aBUCHMOCTb OT
BDEMEHH mapaMeTpoB (PYyHKUHMH, ONHCHIBAIOLIEji NepeMeH-
Hble TOK M HanpsxkeHHe. [Ipenmosnaraercs, yTo Lenb MOXeT
HaXOAMTbCS B YCTAHOBHMBUIEMCSI DeXHMe CKOJb YroJdHO
L0JITO.
~ Hns toro u4to6bl uYeTKO NPEeACTaBUTb NPOTEKalollHe
B 2JIEKTPHUECKOIl LlelH MpPOLecchl, paCCMOTPHM, 4TO NpPOHC-
XOJIHT B Hel, HAUHHAsl C MOMEHTA TIOLKJ/IOUeHHUs] ee K HCTOU-
HUKY 3Hepruu. Jlo 3TOro MOMeHTa TOKH H HampsiKeHHs BO
BCEX pa3BeTBJEHHAX Lend paBHb HyJto. [Tocsne nomkaioue-
HUSI HEKOTOpOe BpeMsi B LeNH MNPOUCXOLHT INepeXonHblil
npoiiecc, BO BpeMs KOTOPOI'O TOKH M Hampsi:KeHHs AOCTHra-
10T HEKOTOPHLIX 3HAuUeHHil, onpenenseMbix 3akoHaMu OMa H
Kupxrooa.
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ITepexoaHbBIM mpolleccoM Ha3bIBAaeTcsl npolecc nepexoia
OT OJHOTO YCTAHOBMBLIEroCsi pexuMa K Apyromy.

C oxoHUaHHEM MepexoJHOro npoliecca HauMHaeTcs ycra-
HOBHUBLIHIICST npouecc B Lenu. EcTecTBeHHO, YTO OTKJIOUe-
HHe LleNH OT MCTOYHHKA 3HEprHH TaKKe HayHHAeTCsl Iepe-
XOIHBIM TIPOLECCOM, TMPHYEM YCTAHOBHUBLIMMCS DPEXHMOM
JJIs 3TOrO cayydast OyneT noJsiHoe o6ecToueHHe LeMnH.

uft)
8 [
v
A
t'l—— t, t
Tp
Puc. 1.1. ®yHKuHuA BK/IOYEHHS.

BooGule, ycTaHOBHMBIUMICS peXWUM XapaKTepH3yerca
TIC/IHBIM COOTBETCTBHEM TOKOB M HampsixKeHHHl o6liuM 3a-
KOHaM Leneid M HE3aBHCHMOCTbIO HX (MM TapaMeTpoB
(GYHKUHIT, ©X ONUCHIBAIOLIMX) OT BPEMEHH.

Pacyerbl s/eKTpHYeCKHX Leneil MOXHO pa3feluTb Ha
LB€ TPYMIb:

— pacueTbl YCTAHOBMBIUHXCS COCTOSHHII B LeNsX, HJH
pacyeThbl «CTATHKHY,

— pacyeTsl NepexXoAHbIX TPOLECCOB, WM pacueThl «JH-
HaMUKUY.

ITpu pasnnunbix pacuerax sjaemedtoB DLIBM npuxoaut-
Csl BCTPEUATbCSl C CHTHAJAMU IBYX THIOB: (QYHKLUHS BKJIO-
UEHHS H UMIYJbC.

@yHKUMS BKJIIOYeHMs u3o6paxkeHa Ha puc. 1.1. B une-
ajspHOM caydae, Koraa Te=0, GyHKUUsS BKJIOUEHHS Npes-
crasJasier M3 ce0s ckavox. Ha pue. 1.1 BuaHO, uTO A0 MO-
MeHTa f;=A B LenH WMea MECTO YCTalOBUBLIUHCS PEXHM
Ne 1, npu xoropom «(t) =0. Hauunas c f;=B, ycraHasau-
Baercs coctosinue Ne 2, npu koropom u(f)=U. B unrepna-
Je BpeMeHH Tp=B—A nier nepexoaHsiii mpouecc. B uge-
10



anbHOM caydae (ckayok) ycTaHOBHBLueecs coctosiHHe Ne 2
HacTynaert cpasy, T. e. Tp=0.

Ha puc. 1.2 uso6paeH BTOpO# BHJ CHIHasNa — HMIYJIbC.
B 3ToM ciyyae HMeIOT MecTO [Ba NepexOAHbiX mMmpoliecca:

— B TeyeHHe BpPeMeHH Ty=B—A, rie 1y — BpeMs GpoH-
Ta HapacraHus (nepeiHuit (POHT), NPOUCXOJMT Mpolecc
repexoja OT yCTaHOBHBLUerocst coctosiHus Ne 1 K ycTaHo-
BUBILIEMYCSI COCTOSIHHIO No 2,

uft)
8 A
7}
A D
t, L t ty l—t—‘- t
[ Tp - Tp

Puc. 1.2, Umnyase.

— B TeueHHe BpeMeHH to=D—C, rae 1. — BpeMs cnaaa
(3aaHHil (HPOHT), MPOUCXOIHUT Tepexoi OT cocTossHHsT Ne 2
K coctosinuio Ne 1.

B unrepBane tu=C—B (rje t; — BpeMs NJOUIAAKH HM-
nysabca) TpoTeKaeT ycTaHoBuBLIMitcsi mpolece Ne 2.

BBeneM Teneph TNOHSITHE JIMHEHHBIX M HEJHHEHHBIX
uenei.

JIuHefiHON cucTeMo#t (1enblo) Has3biBaeTcs Takasi, nepe-
XOJHBI}i NpoLecc B KOTOPOH OMNMUChIBAeTCs JIUHEeHHbIM AHb-
tdepeHunaabHBIM ypaBHeHHeM Jio6oro nopsinka. CooTBeT-
CTBEHHO HestMHeHHoe auddepeHHaNbHOe ypaBHEHHE OMHUCHI-
BaeT MepexOoJHblil MPOoLecC B HeNHHEHHON Uenu (cHCTeMe).

K snuHeitHHIM cHcTeMaM, HanpuMmep, OTHOCSITCS BCe CH-
CTeMBl C AKTHBHbIMH COMPOTHBJEHHSIMH, HHIYKTHBHOCTSMH
H eMKOCTAMH. 3Jiecb MMeWTCs B BHAY, KOHEUHO, TOJIbKO Te
3 TepeynCJ/eHHbIX JleTanel, KOToOpble UMeloT JHHEeHHYyIo Te-
PexXoaHYI0 XapaKTepPHCTHKY.

ILnst nuHeRHOI cucTeMbl Bcerjaa crnpaBe/sIniBO PAaBEHCTBO:

xnmx=K‘xux+K0' (ll)
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3nech .
Xpx — CHT'HAJ Ha BXOJe CHCTEMBI;
Xpux — CHTHAJI Ha BBIXOJ€ CHCTEMbI;
K — onepatop cucreMsr;
Ko — HauaJibHBIe yCJIOBHS.

DT0 BHIpaXkeHHe HHOrJA UMEET HECKONbKO Gosiee CJIOXK-
Hylo cTpykTypy K u K,. Tak, Hanpumep, K MOXeT fiB-
JSATBCS OnepaTopoM AupPepeHIUPOBAHUS HJIH HHTErpUpPOBa-
HHSl, @ Xpx MU Xpyx B 3TOM CJyuyae OyAyT TaK Ha3blBa€MbIMHU
M300paXKeHUsIMH, CBS3aHHbIMH C OpHUT'HHajaMH (T. e. ¢ Jei-
CTBHUTEJIbHBIMH 3HAUEHHSIMH Xpy H Xppx) CHELHANbHBIME TIpe-
00pa3oBaHUsIMH.

Bce nerasn, H3 KOTOPBIX H3TOTOBJISIIOTCS MOJYIPOBOLHH-
KoBbie sseMeHThl DLIBM, Takxke MoryT ObiTb noapasie/eHbl

t 8 A
.8 C
|
! I
|
i |
’ [}
/ “J { i e
PR T U, U A0 I I 15
q 0)

Puc. 1.3. UpeanusupoBaHHble XapaKTEPHCTHKH:
a——nonynponoﬂﬂuxoauﬁ auon, 6—n0.’1yl‘lpOB0}lHHKOBblﬁ TPHOA.

Ha JIMHelHble (CONPOTHUBJEHHs, HHAYKTHBHOCTH, EMKOCTH) H
HeJHHelHble (MOJYNPOBOAHUKOBBIE THOABI, MOJYNPOBOLHH-
KOBble TPHO/bI, HeJUHEHHble MHIYKTHBHOCTH).

Oco6eHHOCTH XapaKTePHUCTUK NOJYNPOBOLHHKOBBIX JHO-
OB U TPHOJOB KakK HeJHHEHHBIX aKTHBHBIX CONPOTUBJEHHH
3aKJI0YaloTcd B TOM, UTO B HHUX MOXKeT OBbITh BbIAeJNeHa
OnpejesieHHast 4YacTb NepexoqHOH XapaKTepHUCTHKH, KOTopas
siBasieTcsl uHelHON. [loaToMy AHOABI U TPHOABL MOTYT OBITh
UCIMOJb30BaHbl KaK JIMHEHHbIE H KaK HeJHHelHHble 3JeMeHThI.

OcTaHOBHMCSI Ha 3TOM HX CBOWCTBe NojgpobHee, TaK Kak
3TO T03BOJIUT HaM JaTb OYeHb BaXHOe ONpelesNeHHe CXeM
C «BOJIBLIHM» M «MaJIbIM» CUTHAJIOM.

PaccMoTpuM MaeaH3MpPOBAaHHYIO XapaKTePHCTHKY JHO-
aa (puc. 1.3,a). B nnrepsa.e uzvenenus apryvenra U or A
no 0 nuonx siBAsieTcsl JIMHEHHBIM 3JeMeHTOM. To Xe camoe
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MOXHO cKasaTb 06 uHTepBaje U ot 0 no B. [Togagum Ha
nuon Hanpsxkenue Ugy COOTBETCTBYIOLLero 3Haka. Juox or-
KpPOeTcsl U yepe3 Hero noTeyer COOTBETCTBYOUHHA TOK. Eciu
Tenepb Ha noctosiHHoe Ucgy HaNOXHUThb CHHYCOMIAJbHBIH
curnaj ¢ amnautynoi e Gosee Ucy, TO IHOI NMPOMYCTHT
TAaKOH cHrHas 0e3 HCKaXKeHusi, T. e. Oy[eT BbliepKaHo pa-
BeHctBo (l.1).

To e camoe xacaercs Tpuoaa (puc. 1.3,6), y KOTOpPOro
MOKHO BBIJEJHTb TPU 06siacTH Xxapakrepuctuku: A’0 — 06-
JacTb 3akpbiToro Tpuoaa, OB’ — nuHeitnas  o6aacTb,
B’C’ — oG/a1acTh OTKPHITOrO TPHOJA.

Ecau curHan mo aMniuTyAe BBIXOAMT 3a HpeAesbl JH-
HeHHOH 4aCTH XapaKTePUCTHKH, TO JeTa]b HayuHaer pabo-
TaTh B HEJMHENHOM peXHMe W BXOAHOH CHrHaJ HCKa)Kaer-
csa. Ecan MBI paccMOTpUM B 3TOM CMbICJe XapaKTEPHCTHKY
TpHOJa, TO YBHAHM, 4TO, NojaBas B a3y BXONHOH CHIHAJ
B BH/eE, CKaxeM, (DYHKUHUH BKJAIOYEHUs, NPHUEM aMIJIHTYyAa
CHTHana '

]cnru > ]611»

Mbl 3aCTaBHM TpPHOA PaboTaThb KaK NepeKJIoYyaloluil 3Je-
MEHT, T. €. IePEeXOAUTb OT OJHOTO YCTAHOBHBLIErocs pexnma
K IpDYroMy, a He IOBTOPATb CHTHajJa Ha BXOJe, YCHJHBas
€ro uJu ocnabassi.

EcTtecTBeHHO, HCXOAS H3 PAacCMOTPEHHBIX TPHMEpOB, Ha-
3BaTb CXeMbl, COJeprKalllie 3JeMeHThl, NogO6Hble pPaccMOT-
peHHbIM (AMOAY W TPHOAY), HAa BXOJ KOTOPBIX MOCTyrnaer
CHTHaJ, He BBIXOASALIMH 3a Tpelenbl JWHeHHOH obnacTH,
cxemamu € MQAAbIM CUSHAAOM.

CxeMbl Ke, BXOJ]HONl CHIHaJ KOTOPBIX BbI3bIBA€T HEJH-
ledHocTh B paGoTe s/eMeHTa, T. €. CHTHAJ He yKJajJblBaeT-
cs B npejenbl JUHeHHOR obsacTi, Mbl OyjleM HasblBaTb Ccxe-
MAMU € 6OAbULUM CUSHANOM.

Hecko/bko OCOGHSIKOM CTOAT HeJMHEHHble WHAVKTHBHO-
cti. B asnementax DLIBM cepieyHHKH H3roTaBJAHBAOTCS
u3 ((heppUTOB C MPSIMOYTOJIbHOH H HENpPsMOYrOJbHOH TeT-
Jel rucrepesuca.

B npakruueckux pacuerax GeppuThHl ¢ HEMPSIMOYTOJAbHOM
netsieli monaraiorcss JuHeHHbIMH (puc. 1.4,a), a deppurhl
C TIPSIMOYTOJIbHO! TeTJel — HesHHeHHbIMU (puc. 1.4,6).

@eppuT ¢ NPAMOYroJibHON MeTJied He MOXKeT ObITb HC-
MoJb30BaH B KauyecTBe JIHHEHHOTO 3JeMeHTa, TaK Kak mnepe-
XOJl H3 OJHOTO COCTOSIHHS B APYroe COBeplliaeTcss B HeM Jia-
BHHOOOpasno, IlosToMy ¢eppur ¢ npsMoyrosbHoW mnersei
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SIBJISIeTCS CYLUECTBEHHO HeJIMHEeHHOH AeTanblo U HCHIOAb3YeT-
Csl TOJIbKO B LieNsAX ¢ 60JIbIIHM CUTHAJMOM, XOTSl 9TOT TEPMHH
MOXeT ObITb pacnpocTpaHeH Ha HEro TOJbKO OTHOCHTE/bHO.

M3 Bcero ckaszaHHOro sIBCTBYET, UTO lierMd C GOJIBIIUM
CHTHAJOM — 3TO IleNH, HMelollue HeJHHelHyl0 XapaKTepH-
ctuky. OLHAKo NpH pacuere TaKWX UeNell B psajge cayuyaeB
MBIl ‘MOXE€M I0JIb30BaTbCs METOJaMH aHaJiu3a JHHEeHHBIX
CHCTEM.

a /]

Puc. 1.4. XapaktepucTiuku (eppHTOB:
a — okcHdep, 6 — dbeppuT ¢ MPAMOYrosbHOil meracit.

Heno B ToM, uTo s0Gas HesJUHeHHAas CHCTeMa MOXeT
ObITb OTHECEHa K OJHOH W3 ABYX T'PYII:

— JIMHeapu3yeMble HeJHHeliHble CHCTEMBI,

— HeJIMHeapu3yeMble HeJUHEHHble CHCTEMBI.

K nnHeapuayeMbiM cHCTeMaM OTHOCHTCS CHCTEMDI, Xa-
PAKTEPHCTHKH KOTOPBIX Ge3 GOoJbHIOil OIMOKH MOTYT ObITb,
XoTs1 OBl IO YacTsM, 3aMeHeHbl oTpe3kaMu npsiMbix. CHcTe-
MBI, HMeIOLIHe TaKHe XapaKTePHCTHKH, MOLYT pAacCUHThI-
BaThCH JIMHEHHBIMH METOdaMH.

HenuneapuayeMbIMH cHCTEMaMH SIBJSIIOTCSI TaKHe, KOTO-
pble comepxKaT cylLlecTBeHHble HenuHelHOCTH. Pacuer Takux
CHCTeM MOXHO BEeCTH TOJIbKO CIelHaJbHBIMH ClOCcO6aMH,
YUHTBIBAIOIUHMU HX CYLIECTBEHHYIO HeJHHEHHOCTD.

1.2. METO bl PACYETA 3JIEKTPHYECKHUX LLENEH
C BOJIbLIIHM CHIHAJIOM

B npeasinymem naparpade Mol BBISICHHJH, uTO Cylie-
CTBYeT /Ba BHJAa PacyeTOB 3JIEKTPHUECKHX lenell — pacue-
Thl «CTAaTHKH» M «IHHAMHUKH». [IpH BLIMOJTHEHUH pacyeToB
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CTaTHKH Mbl MOJiaraeM, Yto Bce Mmepexoflble Npollecchl B Le-
MU OKOHYeHbl. Pacuersl mepexo[HbIX MPOLECCOB (AMHAMHUKU
CXeM) [al0T BO3MOXKHOCTb ONpe/JeqHTb YaCTOTHble CBOMCTBA
CXeM.

OcraHoBuMcs Tenepb Gosiee n01poOHO HA pacyerax cra-
tukd. HaunGonbwnil nHTepec npu pacyerax CTaTHKH CXeM
snemenToB DLIBM npexncraBasiiorT pacueTbl Lenei MOCTOSIH-
HOTO TOKa. _

BrnoJsHe ecTecTBeHHO, UTO [1Js1 BLINOJIHEHHs 3THX pacue-
TOB MOJIHOCTBIO NDHMEHHMBl BCe METOJBI pacuera HasBaH-

-t
£
R

a) Pl

Puc. 1.5. Tlpocrefiiass cxemMa ¢ IOJYNpPOBOA-
HHKOBbIM TPHO/OM.

HBIX Lieneil, U3JoXKeHHble B J1060M yueOHHUKE MO TeopeTHye-
CKOH 3/1eKTPOTEXHHUKE.

Ha puc. 1.5 n3o6paxena mpocreiiiias cxema ¢ nojaynpo-
BOJAHHMKOBbIM TpHOZoM (puc. 1.5,a) u ee 3KBHUBaJeHTHas
cxeMma (puc. 1.5,0). CxeMa HAxXOQUTCs B YCTaHOBMBLIEMCS
COCTOSIHUHM. DTO COCTOSIHHE 3aKJI0YaeTcs B TOM, 4To B 6asy
TpHOAA MOJaH NOCTOSHHBIA CUrHaJ, TPHOL 3amepT M npen-
craBgsieT coboli conpoTuBaeHue Ry

OCHOBHOIl 1e/bI0 PAacyeToB JIMHAMUKH CXeM SIBJSIETCS
onpejesneHne BpeMeHH cpabGaTbiBaHusi. CpaBHUBas MexXAy
co6oit pacueThl CTaTHKH M JHHAMHKH, MOXKHO CKa3aTb, YTO
pacyeTbl CTAaTHKH OTBEYAIOT Ha BOMPOC, CMOXMET JU cXeMa
BBIMOJIHUTL CBOM (DYHKIMU (3HEPreTHYecKH), a pacueTbl AH-
HaMHKH — ycneer JI OHa 3TO CleJaTh.

3aecb MBI He cTaBHM cefe 3a1auy pacCMOTPETb BCe Me-
TOALI HCCAET10BaHUA JHHAMHKH cxeM. PasfepeM TOJbLKO aBa
W3 HuX, HauOosee pazpaldoTanvpie, JTO — MeTO1 3KBHBA-
JIEHTHBIX CXE€M M MeTO rapMOHHYECKOro aHaJjn2a.
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CMbIC/l MpUMEeHeHHsl 3KBHBAJIEHTHBIX CXeM CBOJHMTCS
K TOMY, YTO HHTEPECYIOInil HaC 3JeMeHT 3aMeHsIeTCsl HeKo-
TOPBLIM YeThIpeX- HJH [ABYXMOJIOCHHKOM, COCTOSILIHM M3
OOBbIYHBIX [eTaJiell, KaK NPaBu/0, JHHEAHbIX. 3aMeHa NPOH3-
BOAHTCS TaKUM 06pa3oM, yToGbl TMepexoqHbIH Ipouect B 3K-
BHUBAJIEHTHOU cXeMe Obll JOCTATOYHO MOXOX Ha Tepexol-
HBIH mpouecc B 3/eMeHTe, KOTOpbiii oHa 3ameHseT. [ToaGop

R Ly [H
2 &
q o)

Puc. 1.6. DkBuBajenTHas cxeMa dep-
pHTa.

TaKuxX cxeM, BooOlile roBopsd, AeJJio HOCTATOYHO CJIO2KHOE€ H
BO BCSIKOM CJyyae BBIXOAHWT 3a DaMKH HHXKEHEpPHOro pac-
uera.

‘B kauectBe mpumepa Ha puc. 1.6,6 nmokasaHa 3KBHBa-
JIeHTHasi cxeMa (peppuTa ¢ NPsIMOYToJIbHON TIeT/el rucTepe-
3uca AJs cayvast ogHoit o6mMorku (puc. 1.6,a). C nomoupio
3TOH CXeMbl MOXKHO B OlNpe[e/eHHbIX Npefesax NPOU3BECTH
aHanu3 JHHAMHKH CXeMbl AocTaToyHo npocro. Ilpenmyure-
CTBO 3TOr0 METOAa 3aKJIYaercs Npexjae BCEro B TOM, YTO
B pe3yJbTaTe MOJNyyYaloTcsi yAOOHble aHaJHTHYECKHe BHIpA-
KEHHS [J151 OTpefeseHus] HHTEepPeCyoLUuX Hac BeJHUHH, T. e.
topMmyabl.

Huxxe mpuBOAMTCS MOpPSAOK AEHCTBMH NPH HCIONB30BA-
HHH MEeTOJa 3KBHUBAJIEHTHHIX CXEM:

1. TlonGupaercs WM 3aUMCTBYeTCSl K3 KaKOro-au6o Hc-
TOYHHKA 3KBHBAaJIeHTHasi CXeMa pacCUUTHIBAEMOro 3JeMeH-
ta. Ilon6op sxBHUBaNeHTHOH cxeMbl AoJKeH ObIThb cienaH
OueHb BHHMATeJbHO, TaK KaK HMEHHO OT 3TOT0 3aBHCHT
ycnex . pabotbl. PexoMeHnoBaTh Kakue-nM060 KOHKpeTHbIe
5KBHBAJIEHTHBIE CXeMbI Hellenecoo6pasko, Tak KakK /s Kax-
I0ro cayyast pacyeTra MOXeT MOHAZOGHTbCS CBOSI 3KBHBA-
JeHTHas cxema. Heo6XxonHMO TaKXe TMOMHHTB, YTO HYXKHO
¢ 6osbIIOI OCTOPOMHOCTBIO MOJIXOAHTh K BOMPOCY 3aHM-
CTBOBAHHMSl SKBHBAJEHTHBIX CXeM U3 Pa3JIMYHbIX JHTEpPaTyp-
HbIX MCTOUHHMKOB. [Ipexkjae ueM NpUHATH cXeMy B KauecTBe
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MCXOHOH, He00X0AUMO yOeqHTbCs, UTO aBTOP, NMPENJIOKHB-
IUKHA ee, HCXOAUT H3 TeX MPeANoChlIOK, KOTOpPble MOTYT ObITh
TPUHATHL B paccuuTbiBaeMoil cxeme. Hanpumep, npu pacue-
Tax cxeM ¢ OOJIbUIMM CHTHAJOM COBepIIEHHO HeNPHIOJHbI
9KBHBAaJEHTHbIE CXeMBbl AJsl IieMell ¢ MaJbIM CHTHAJOoM.

2. OmpepnensitoTcsi mapaMeTpbl 3KBHBAJEHTHBIX CXeM IO
3aJaHHBIM NapaMeTpaM H XapaKTepHCTHKaM JeTajel (AHO-
I(OB, TPHOJOB H T. I.).

3. PaccuntniBaloTcsi mepexojHble mpolecchl B 3KBHBa-
JIEHTHOH CXeMe C 1LleJbl0 PacnpoCTpPaHUTh pe3y/bTaThl Ha
pPacCUMTHIBAEMBIil 3JIEMEHT.

Canenyer 3aMeTHTb, YTO NPH pacyeTax AHHAMHKH 3THM’
METONIOM YaCTO MNPHXOJUTCS MOJIb30BATbCS HECKOJbKHMHU
3KBHBAJICHTHBIMH CXeMaMH /Il Pa3JIHYHBIX 3TaAlOB MepPexos-
HOTO npolecca.

OnuuM u3 Haubosiee pacmpocTpaHEHHBIX MeTOLOB aHa-
JM3a H pacyeTa NHHAMHKH cXeM C OOJIbIIMM CHIHAJIOM SiB-
JsieTcs TapMOHHUECKUil aHanu3 (MHOrAa ero Ha3bIBaKOT 4Ya-
CTOTHBIM aHaJH30M).

[TocsenoBaTeNbHOCTh AEHCTBHH MpH aHasiu3e IEPexoi-
HBIX MPOLECCOB 3aKJ/JI0YaeTcs B caeLyloLeM:

1. Onpenensiercs yacTOTHBIA coCTaB (CHEKTP) CHTHaza
Ha BXOJe CXeMBbl.

2. OnpenessieTcst 4acTOTHAasi XapaKTePUCTHKA CXEMBI.

3. Ilo cnekTpy BXOJHOrO CHrHaja HaXOLUTCS CTEKTpP BbI-
XOLHOTO CHTHaJa.

4. Tlo cmekTpy BBIXOJHOrO CHrHaJja omnpenpensercs ¢op-
Ma BBIXOLHOTO CHTHaJia WM HaXOAATCS €ro napamerphl, Ha-
npuMep, LIMPHHA BBIXOJHOTO HMMYJbCA.

PaccmoTpum 3TOT MeTOn HecKosabKo Gosiee MoApOGHO.
Bcesikas nepuoauyeckast GyHKUHS MOMXKeET ObITb, KAK U3BECT-
HO, TpeJACTaBJeHa B BHAE CYMMbl OJHOBDE@MEHHO neil-
CTBYIOLIMX CHHYCOHA, Pa3JMYHOTO MEpPHOJA H aMIJIUTYOBI.
OTnenbHble CHHYCOHABI 3TOH CYMMbl Ha3bIBAlOTCS TapMOHH-
YeCKHMHM COCTaBJ/ISIOLIUMH HWJIH TapMOHHKAMH HCXOLHOH
byHkuuu. FapMoOHHKA OT/HUAOTCS OAHA OT APYroil Mo ya-
cToTe B Lejoe 4yucao pa3, [1o3ToMy roBOpAT O BEICIIHX H
HU3LIUX rapMOHHKAX.

3aBHCHMOCTh aMIVIMTYAbl TapMOHHK, BXOIASLIMX B CO-
CTaB wHccjiefyeMoil (QYHKIMHM, OT HX YacTOThl HasblBaercs
aMMJUTYAHBIM CIEKTPOM AAHHOI (YHKUHH (ee YacTOTHBIM
COCTaBOM).
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MartemaTHueckasi TPaKTOBKa CKAa3aHHOIO 3akKJmouaercs
B TOM, UTO MpaKTHYeckH Jiodast mepHoauueckass GyHKUHS
MOXeT ObITb pasJjoxeHa B psia Pypee

[oe]
F(t)=a,+ ¥ @icosku -+ bysinkog), (1.2
k=1
rpe ao — I[IOCTOsAHHAA COCTaBJISIIOLLLAsA;

_ 2n
®, = ——-—OCHOBHas yactora (k=1).

Koapduuuentsl a,, @, by MOTryT ObITb BbIYHCJIEHBI MO
ciaenyomum QopMyJsam (nosaras of=—a):

2m
ao:Q%XF(“)d“’
0

2n
ap= % S F (@) cos kada, (1.3)
0

2n
bry= 1 S F (a)sin kada.
0

T

OTMeTuM OxHY BaX{Hyl0 0COGEHHOCTb, Kacarwluylocs 00-
JIaCTH BO3MOXKHOTO IPUMEHEHUs1 pasJoXKeHus GyHKUHUI
B pan ®ypee. '

Mbl nojyepKHBaJM, YTO 3TO pasjioKeHHe BO3MOXKHO
TOJbKO [Js1 mepHoaudyeckux ¢(yHkuuii. OmHako 3TO BOBCE
He O3HayaeT, YTO HelepHOAHYeCKHe (PYHKLHH He NoAnarorcs
aHa/lu3y ¢ MOMOLIbIO TaKOro pasJsioXKeHHs. Eciu MBI XOTHM,
HalpuMep, NpeicTaBUTb B Bule psaa Pypbe OAHHOUHBII
HMIYJbC, TO HYXHO TpOAenatb (popMaJjibHYyI0 MaTeMaTHye-
CKyl0 mpolueaypy, onpeiesseMylo NpuBeieHHbIMH (opMyna-
MH, U TEM CaMbiM HailTH Bce HeoOXoAUMEle mapaMeTpbl pas-
JIOXKEHHS.

B pesysabTaTe MBI NMOJyuYHM CHEKTp HAUIEro HMMYJbCa.
Onunaxo ecin npousBectd OGpPaTHYI OMEpALHIO, T. €. CyM-
MHPOBaHHE TFapMOHHK, TO MBI HE IOJYyYHM ONHHOUHOILO HM-
nmyJbca, KoTopblit (opmanbHo pasnoxuiun B psiA. Bwmecro
HEro mosiyyuTcss 6eCKOHeYHas NOCJel0BaTeJbHOCTb HMIYJih-
COB, MOBTOPAIOUIAX Pa3JOKEHHbIl 110 aMILTUTY1e, popme H
nepuoay.
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Has npeactasaedus B Buse ¢rnektpos (BepHee, B BuAe
CNeKTpaJbHbIX (PYHKUHI) HenmepHOIHUECKHX (GYHKUHH HC-
nosnb3yercss uHTerpan Pypre. PopmaapHo uxterpan Pypee
MOKeT OBbITb MOJy4YeH U3 psifa (/s cayyasi, Korga nepHon
GbyHKUMN ycTpeMJsieTcst K GECKOHEYHOCTH, a aMIIUTYAbl OT-
JeJIbHBIX TADMOHHUK CTAHOBSITCS GecKOoHeyHo MaJjbiMu). Ilpu
3TOM C DOCTOM NepHOJa YMeHbllaeTcss OCHOBHAS 4acTOTa o
H, cJeJ0BaTe/bHO, OyAyT YMeHbIIATbCsl WHTEPBaJbl MeXIy
COCeJHMMHU 3HauYeHUSIMH YacToT rapMmoHuk. IlosTomy cymma
B (dopmyse psaia Pypbe CTAaHOBUTCS HHTErpasbHOH H, cJje-
L0BaTe/bHO, PSJL CTAHOBUTCS HHTerpaJjoM. BoT onHa u3 BO3-
MOXHBIX GopM 3anucu uHrerpana Pypoe

o o]
Ft)=g | &do X F(t)e™"*dt, (1.4)
—00 —00
TaK KakK
L4 .
S={ F () a,
o
TO MO2KHO 3amnucaTb
F(t)= 5 S S () &' dw. (1.5)
—o0

dynkuus S(w) HasblBaeTCs CneKTpasvHol (pynxkyuel.
Omna obGnamaer psiOM HHTEPECHHIX CBOMCTB, KOTOpble M jla-
IOT HaM LIMPOKHE BO3MOXKHO-
CTH /ISl UCCJIeIOBAHHUS CaMbIX
pPas3JIHYHBIX CHCTEM. I Tou
Kak H3BecTHO, JI00YI0 JH- ~E—e K —
HEIIHYIO CHCTEMY MOXKHO Npef-
CTaBHTb B BHUie, H300paxeH-
HOM Ha puc. 1.7, Zpyx =K-Xp2
3anauei HCcle10BaHHUs
TaKOl CHUCTeMbl siBJasieTcsi mo- Pue. 1.7. Baok-cxema nunefinoft
Jayderine (OpMbl BBIXOIHOTO CHCTEMBI.
CHTHAJIa MPH YCJOBMH, UTO Ya-
CTOTHAsi XapaKTepUCTHKAa CHCTEMbl M3BeCTHAa M UTO Ha ee
BXO/ MOJAaH CHrHAaJI, cneKkTpaJjbHas (QYHKUHUS KOTOPOTO Tak-
JKe U3BecTHa.
PaccMoTpum OQMH H3 BO3MOMKHBIX CNOCOOOB pellleHHd
NOCTaBJEHHON 3a/ayH.
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OCHOBHBIM YCJIOBHEM BO3MOXKHOCTH HCIOJNbL30BAHHS 3TO-

ro MeTol1a siBasercst Tpe6oBaHUe, 4TOOb cHcTeMa Obljia JiH-
HeiiHOH. OcTanbHble orpaHHuYeHHs1 HeCyLIeCTBEHHH, TaKk Kak
O] paccMaTPpHBaeMblX HaMH CHCTeM OHH TIpakKTHYECKH
Bcerja BoiAepxkuBaloTca. Maes merona 3ak/iouyaercs B Ha-
XOXK/eHHH TepexOAHON XapaKTepHUCTHKH CHCTEMBI, C ToO-
MOLIbIO KOTOPOH M onpejessieTcss NepexXoAHbIH Tpolecc.
" IlepexoaHoil xapaKTepHCTHKOH CHCTEMBbl Ha3blBaeTcs pe-
aKLHUsl CHCTEMBbl Ha NOSIBJiEHHEe BXOJHOTO CHrHaja B (opme
eMHHYHON (YHKUHHU BKJIlOYeHHs. B 3aBucuMocTH OT TOrO,
Kakue 3JieKTPHYeCKHe BeJMYHHbl Ha BXOAe M BbLIXOJe HAC
HHTepecyloT, IepexoAHble - XapaKTePHCTHKH MOTVT OBITh
npeAcTaBJeHbl B yeTbipex Bujax. Kaablif M3 3THX BHIOB
HMeeT CBOIO Pa3MepHOCTb.

‘Ecnin Ha Bxone Mbl paccMaTpHBaeM CHTHaJ B BHIE Ha-
NPSKEHUsT M peaklHusi CUCTeMbl HaC TaKXe HHTepecyeT B BH-
lle HalpskKeHHs, TO NepexojHasi XapaKTepHCTHKA SIBJAETCS
GespasmepHoit. To ke Kacaercs ciayyasi, KOrga BXOJHbe H
BbLIXOJHbIE BEJHUHHBI NpencTaBasior coboit Tok (taba. 1.1).

Ta6aunna 1.1
Pa3auyHple cHy4YaH mepexOZHBIX XapaKTepPUCTHK

Pa3MepHocTh Tepexon- | DBEIPAXEHHT s
Bxon Beixon Holl e)f)apaK'repm'!J'rmu:1 nepexonHol
XapaKTepHCTHKH
- 4, (f)
HanpsixeHnune Hanpsaxeunune BeapasmepHas w ()
1
i, ()
Toxk Toxk Bespaamepuas T
iy (1)
y iy (1)
HanpsxeHue Tok [TpoBoanMoCTb 4 ()
1
u, (f)
Toxk Hanpsxenue Conporusienune )
1

B Teopun HMNYyJbCHOH TEXHHKH M0JYYEHbI

dHAJUTH-

YECKHE BbIpAXEHHS OJ1s1 HaXOXKIeHUs1 nepexoJaHblX XapakrTe-
PHUCTHK. OpaHo M3 HHUX caenymoimee:

20

()= %\

sm wldw,

(1.6)



rae k, (o) —- neficTBUTENbHAS YaCThb YaCTOTHOH XapakTepH-
CTHKH CHCTEMBI, €CJiH

k (]0.)): kl (“’)—l_ ik, ().

Bennunna k(jo) (yacToTHas XapakTepUCTHKA) 3aBHCHUT
OT BHJlA CHCTEMBI.

Ha npakruke HamGosee yacTO BCTPEYAKOTCA CHCTEMBI
C OrpaHuyeHHOH noJiocoi mponyckaHusi. HalineMm mepexon-
HyI0 XapaKTepHCTHKY IJs1 Takoi cucteMbl. IlycTp naHa cH-
CTeMa C YacTOTHOM XapaKTepHUCTUKOH, TNOKa3aHHOH Ha
puc. 1.8. Ilo onpenenenuto mepe- 4,
XOIHOH XapaKTEePHCTHKH ee MOX-
HO HAUTH, U3MEPHB peaKIHIO CH-
CTEMbl Ha BXOAHYIO €JHHHYHYIO ¥
(DYHKLUHIO BKJIOUYEHHS.

AnanuTHyeckue BblpaxKenus
AN [epexojHOol (YHKUMM 3TOH
CHCTEMbI MOXHO 3alHCaTb Tak:

W, | : Wy 7]
2 ? Puc. 1.8. YacroTHas xapak-
h(0) :TS

do. (1.7) repucruka cucteMn ¢ orpann-
YEeHHOI MOJIOCOH: MPONYCKaHHA.

Ha puc. 1.9 nokasan Bua 3Toil NnepexonHON: XapaKTepH-
ctukd. IlyHktupom wusobpaxkewa annpoKCHMHupylolias Jio-
MaHas.

Hns onpeleneHus BpeMeHHbIX XapaKTePHCTHK Mepexo-
HOM (PYHKUHMH NPHBEEM HEKOTOpPbie HOPMYJbi

0,4,
‘l:cp:"A-f',
Af:fn'_fu; (18)
TaK Kak fy=0, To Af=/;,

_ bdo _ w0,
Af=Fr=5.

3pech Af — wmupHHA NOJOCH MPONYCKAHUS,
fafs — yacTOTHl HHXKHeH ‘M BepxHe# TrpaHALBl MO-
JIOCH! TIPOM yCKaHHUS.

B]’)eMﬂ MMOJITHOTO TPOTEKaHHKs MepexoaHOoro mnpouecca

0=(2=4)=y. (1.9)
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Cnenyer orMeTHThb, uto WHPHHY TpeGyeMoii moJI0CH npo-
MycKaHusi MpH Ilepejaye yepe3 CHCTeMYy HMIyJjbca IPOU3-
BOJIbHOH (OpMBbl (He NpPSIMOYrOJIbHOIO) MOXKHO HaHTH 110

dbopmyae

- kd)x 1 O
Af~ (“E(b)nmx ) ' (Ttb)nx 2’ (1.1 )
l/ = l(‘q))nmx ]

rae  kgy — Ko3pdUUHeHT, yuUTHIBAIOUWMH  COOTBETCTBUE
(opMbl BXOJHOTO HMHyJibca (hOpME YaCTOTHOH XapakTepH-
CTHKH cHCTeMbl (kRgy=—0,25-+0,40). Uame Bcero kyx=—
=Y, .

TTokasaHnHywo Ha puc. 1.9 dopMy annpokcHMHPOBaHHOM
NnepexoqHOH XapaKTeDHCTHKH Mbl OydeM HCHOJb30BaTh

u,lt)
)
h(t) €
|
=T {
il Tp — t
6

Puc. 1.9. Tlepexoanass xapakTepHCTHKA

B naabHefieM. KoHeuHo, 3TO BHeceT H3BeCTHble OILHOKH,
0/lHaKO OHHM He MOTyT CYyLIeCTBEHHO HCKAa3HTb KapTHHY H
A5l LeJell HHXeHepHOro pacyetra TakKasi annpoKCHMalHus
BIIOJIHE YJOBJIETBOPHTE/bHA. _

B ocHoBy Meroma noJayuyeHHsi TmepexojHOro fmpouecca,
KOTOPBIii siBJsieTcss rpadoaHajJuTHYECKHM, TOJNOXKEHa Tak
HasbiBaeMass ¢opmysaa «cBepTki». CMbICT ee COCTOHT
B caeaytoweM. [TycTb Ha BXOA HEKOTOPOii CHCTEMBI NMOAaH
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curHas u;(t); mepexonHasi XxapakTepucTHKa cucTeMbl A(f).
Peakuus cucrembl o6osnauaercs uq(?).

[lonarast 3agauubiMu u,(tf) u h(t), mocraBUM 3ajnauyy
BHIPA3UTDb Uy (%) uepes u;(f) u h(t).

u,

au,(248)

A, O

u, (o)

/ 2 3 4 5 5
- 48 ~ t=nd¢ ¢

Puc. 1.10. 3amena aprymenrta (dopMmyna CBepTKH).

Bynem kourtposnupoBath u;(t) uepe3 HeKOTOpble OJHHA-
KOBble ITIDOMEXYTKH BpeMeHH, KOTopble 0003Hauum AE.
Torna MoMeHT, B KOTOpBII NPOH3BOAHUTCSl f-€ H3MEpeHHe,
ONpefeuTCs Tak:

t — nas. (1.11)

Taxkum o6pa3oM, Mbl HeNmpepbiBHYIO KPHUBYIO 3aMEHHJH
cryneduyatoit (puc. 1.10). 3anuwem Tenepb BhipaxKeHHe AJs
OnpelesNieHHs] peaKUHH CHCTeMBbl Ug(!), mpeobpasyem ero,
ycTpemuB AE k 0 u coBepluuB npenesbHbld nepexon. IToay-
YeHHbIl pe3yJbTaT U ecTb QopMysaa CBepTKH (MHTerpaJ
Hiwoamenst)

t
() =1, 0)-h(t)+ (0, ®rE—Bds  (1.12)
6

[padoananuTuyeckuit Meton pacyera MmepexoAHBIX MpoO-
LlecCOB B CHCTeMax TpelcTaBjasieT co0oii reoMeTpHUYeCcKylo
HHTepnpeTauuo GopMyJbl CBEPTKH.

OnuweM Tenepb Moc/en0BaTeNbHOCTb NEHCTBHH NMPH HC-
NOJIb30BaHUH I'pa(oaHaJHTHUECKOTO MeToaa:

1. Haxoaum npousBoauyio nepexogHofi ¢ynkuuu h(E),
npousBels rpaduueckoe audpdepeHuupopanue.
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2. CtpouM BXoaHyo ¢yHKuUIO Uy ({—E).

3. Hcnone3yss cdopmyay cBepTKH, HaxodHM uq(t), mnd
yero cosMmellaem rpabuxku A’(E) u u,({—E); npoasuraeMm
(c TeueHueM BpeMeHu) rpaduku uy({—E) Bmpaso no ocH E.

4. llepemHoxkaeM muowanp rpaduxa hy(E) Ha o06ILyIO
miomanb, o6pa3oBaBlLIYIoCsl OT IepeceyeHUss rpadHKOB
hi(E) n u,({—E); npousBeaeHne npeacrasser coboil 3Haye-
HHe uz(t) NS KaHHOTO f.

5. JleficTBHs NOCJENHEr0 NMyHKTAa MOBTOPSieM MOCJeNO0Ba-
TeJIbHO IO TeX TNoOp, Noka mnpouecc He YycraHoBurcs. [lo-
CTpPOHB rpadrx uy(f) mo Toukam, NMOJYYHUM HCKOMBIH mnepe-
XOJHOH mpoliecc. -

ITpumep mpoBelneHHst TAKOro aHajH3a YUTaTeJb HalijeT
B pabore [1].

1.3. METOOAbl PACYETA CXEM, COJLEP)KAILLHX,
NMoJIYNPOBOAHUKOBBIE JHOIDI

OxHoit M3 OCHOBHBIX 3ajay pacyera siBjsercss nmoabop
NOJIyNIPOBOJHHKOBOrO AHOAA AJSl PACCUHTHIBAEMOH CXEMBI.
Moxer 6bITb TaKxKe IocTaB/jeHa W o6parHasi 3ajaya: pac-

lnp

Uﬂpao

Uogp | Unp

Puc. 1.11. TunoBas xapakTepHCTHKa AHOAA.

€UMTAaTb CXe€My TaKuM 00pasoM, 4YTOObl TNpPH TOCTAaHOBKE
B Hee 11MO01a ONpelesneHHOH MapKu cxeMma paboTana pocra-
TOUHO HaleXHo.

YuraTesb, KOHEUHO, 3H2KOM C OCHOBHLIMH IPHHLUHIAMH
paGoThl MOJYNPOBOAHHKOBBIX AHOLOB H NMOTOMY Mbl Ha 3TOM
BOIIpOCE He OCTaHaBJHBaeMCHl.
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Ha puc. 1.11 noxka3ana tunoBasi BojibTaMnepHas xapak-
TEPUCTHKA NOJYNPOBOAHHKOBOTO AHO1a, KOTOpast SIBJSIETCS
€ro OCHOBHOI 3JIeKTpHYecKoil xapakTepucrHkoil. M3 pucyH-
Ka BUIHO, YTO KOTJAa K [AMOAY IMPHJIOXKEHO HalpsiKeHHe
onpenenenHoro 3iaka Upp, OH NpPOBOAMT TOK. Ecau K He-
My MPUJIOKHUTb HanpsioKeHne obpatHoro 3Haka Ugsp, TO NpH

Uosp<Unpos  (1.13) TaG6anna 1.2

MapkupoBKa J1HOIOB
auon OyneT UMeTb OYeHb puup anon

60J/1b1LIOE COMNPOTHBJEHHE
Roﬁp' MapknpoBka Tun nnona
[pu
_ o n2, 09—/114 Toueunbie repma-
U06p>Unp06 (1'14) HHEeBBIE
J101—/1106 Toueynsle KpeM-
HacTymaeT  3JeKTpuue- HHeBHle
CKHI mpo6oi nuoaa. J1202—1211 [1n0cKOCTHBIE
B Hacrosiiiee Bpems 5 KpeMHHEBLIE
snauntenbroe  pacnpo- AT A30Z=305 | Tlockoctie rep-
CTpaneHue NOMYy4YuJIn  11808—a813 KpeMHueBuIé cTa-
KakK TouyeuHble, TakK H GUAUTPOHB
IVIOCKOCTHBlE  MOJYIPO-
BOJHHMKOBBIE JAHO0AbI

(xpeMHHeBble M repMmaHueBble). MapKHpPOBKa HEKOTOPBIX
IMOJ0B npuBedeHa B Taba. 1.2.

BosbramnepHas XapakTepHCTHKA IHOAA MOXKeT ObIThb afl-
NPOKCHMHPOBaHAa 3aBHCUMOCTbIO, IOKa3aHHOK Ha puc. 1.3,a.
Ecau npuHATh Takylo annpokcHMauuio, NMPsiMOe COMPOTHB-
JieHHe 1HOJAa Bbipas3utcs GopMmyJoi

Rup= 17" =ctg d (1.15)

a 06paTHO€ €ro CoOInpoTHUBJIEHHE

Rosp = ‘Ifoo:: —ctg a”. (1.16)

Cnenyer 3aMeTHTb, YTO TaKyl0 anfMpOKCHMALHIO HEJb3s
CUHTATh 6e30r030p0quu H, NPUHHMAs ee, HYKHO MOMHHTB
0 psile OWHOOK, KOTOpPble OHA BHOCHT B pacuer.

[Tomumo 3TOro, HEO6XOAMMO OCTAHOBHTbCS Ha TeMmepa-
TYPHO# 3aBHCHMOCTH XapaKTePHCTHK [HOAA, KOTOPble Bech-
Ma CHJIbHO 3aBHCAT OT TeMmepaTypbl. 3Ta 3aBUCHMOCTb no-
Ka3aHa Ha puc. 1.12.
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OuenuBasi TeMnepaTypHylo 3aBHCHMOCTb, HYXKHO Mpes-
Jle BCEero pelluTb BONPOC O NMPHTOTHOCTH C 3TOH TOUKH 3pe-
HHUSl PaCCMOTPEHHOH HaMH annpoKCHMAalH{ BOJbTaMMepHOH
XapaKTepUCTHKH AMoAa. [ist 3TOro HYXXHO BBISICHHTb, BO
BCEX JIM CJyyasiXx TeMlepaTypa OKa3biBaeT pe3Koe BJIHSIHHE
Ha paGorty auona. Ha puc. 1.13 mokasaHbl 3aBHCHMOCTH
Rup=F1(U; T°) u Rosp=[2(U; T°) mns oguoro u3 ano108. U3

/ r;

LT T?

Puc. 1.12. TemnepatypHasi 3aBHCHMOCTb XapaKTepPHCTHK IHO1a.

DHCYHKa cJ/elyer, YTO CYLIeCTByeT HeKoTopasi BeJHYHHA Ha-
npsixkenuss U, Mo NOCTHXKEHHH KOTOPOH CONpOTHBJAEHHS Rpp
(1 Rogp) yxXe MaJlo 34BHCAT OT TeMhepaTypel. M3 3Toro
MOXHO Clles1aTb BBIBOJ, YTO pacCMOTPeHHas HaMH ai-
NMPOKCHMaUHsA NpHeMJeMa NPH oOecleyeHHH COOTBETCTBYIO-
1lero 3J1eKTPUUECKOro pexxuMa (HanpsikeHue U).

HyxHo ckasaTh, YTO 10 HeJaBHEro BPeMeHH 3THM H
orpaHuyMBaJcsi anaiau3 paborel nuomos, Cefiuac paspabo-
TaHbl © MOTYT HCNOJIb30BAaThCs CHelHajbHble JHHAMHUECKHE
XapaKTePHCTHKH, KOTOpble MO3BOJISIOT BecbMa TOYHO MpO-
aHa/M3MpOBaTb NepexOJHble INpOLecCHl B CXeMax ¢ JHO-
AaMH.

Ewme B 1949—1950 rr. OblJi0 3aMeueHO, UTO €CJH JHOJ
paboraer B cxeMe ¢ BecbMa KODPOTKHMH HMIY.JbCaMH
(0,5 mrcex u MeHee), ero XxapaKTepHCTHKH MeHsioTcs. Bulio
YCTAHOBJIEHO, YTO NMPH 3TOM Ryp CTAHOBHTCA BhIlIE, @ Rogp —
HHKe. SIBneHHe 3TO npucylle BooGILe MONYNPOBOLHHKOBLIM
npubopaM H OGBACHACTCS HaKOMJNEHHEM HEOCHOBHBIX HOCH-
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Tejed Toka. B cBsisam ¢ 3TUM sIBJIeHHEeM ceiluac NMPUHSATHI
ciaenytouiye UMNyJabCHble nmapaMeTpbl AHOMO0B:

Typ — BPEMSI yCTaHOBJIEHHsI IPSIMOTO CONpPOTHBJICHHS Ryp;
Ry maxc — MaKCHMasbHO® HMIyJIbCHOE CONPOTHBJIEHHE AHOAA
' 'B IIpSIMOM HampaBJ/ieHHH;
To6p — BpeMsl BOCCTaHOBJIEHHsSt 06paTHOrO COMpOTHBJICHHS
° JHOAA NpPH €ro 3anHpaHHH; A
G — BEJIMYMHA HAKOIJIEHHOTO 3apsfa;
Cy =~ npoxXoaHast €MKOCTb.

B MOMEHT- [0sIB/IeHHSI Ha JHOje BXOJHOr0 HanpsiKeHHs
€ro COMNpOTHBJEHHE Ry yakc B HECKOJbKO pa3 GoJblie cTa-
HOHAPHOr0: Ryp. DTO MOXKHO OO'BSCHMTL TEM, YTO CKOPOCTb
pacmpocTpaHeHHsl HOCHTEJIEH TOKa HMeeT KOHEUHYIO BeJHUH-
Hy. Ilo mepe TOro kak 6asa QuMONa 3amMOJIHAETCS HOCHTEsI-
MH, 3TO COMPOTHBJEHHE TIafaeT, A0CTHras Yepe3 Tmp CBOErO
CTaLlHOHAPHOTO 3Ha4eHHs Ryp. s XapaKTepHCTHKH BeJiH-
UHHbI Ry make NMOJB3YIOTCS OTHOLIEHHEM

(Ru maxelnp

* Reranhs *
OHo u3MeHsieTcsl 1/51 HAlKX OTSYeCTBEHHBIX AHOLOB OT 1,3
(110) mo 20,0 u 6osee ([9Y). Toueunsie repMaHueBbie LHO-
Jbl UMeIOT Ry maxe mopsinka 60—300 xom, a MukpocniaBHbIe
KpemHueBsle — 10 1,0 xom. BenuuuHa thp B HacTosilllee Bpe-
Ms poseneHa 1o 0,1 mxcex (I10).

BpeMs BoccTaHOBseHHs! 0GpaTHONO CONPOTHBJIEHHS LHO-
Ha NpH 3anHpaHHH — Toep — ONpejensieTcss .BpeMeHeM pac-
cacblBaHHSl HEOCHOBHBIX HOCHTeJiell TOKAa, HaKOTMJEHHBIX BO
BDeMsi NPOXOXKJeHHUs NpsMoro Toka. BrogHe ecrecTBeHHO,
UTO C yBesJHYeHHeM OGPAaTHOro Hamnpsi)KeHHsi BpeMsi BOCCTa-
HOBJIEHHUS] Tosp yMeHblIaercsi. OcoO6eHHO 3aMeTHO 3TO y TO-
YeyHbIX KpeMHHeBHIX auoaoB. Kpome Toro, BpeMs Boccra-
HOBJIEHHSI [J0OBOJIBHO pPe3Ko 3aBHCHT' OT IPAMOro TOKa
(puc. 1.14). V3meHeHue TemmepaTypbl TakxKe BJIHUSIET Ha
Tosp. O XapaxTepe 3TOi TeMnepaTypHOH 3aBHCHMOCTH MNOA-
pobHee O6yaer ckazaHo B § 3.1.

OG6blyHO AN OHOJOB BpeMsl BOCCTAHOBJIEHH Toep <<
<0,1 mrcex.

-Be/iMuMHa HAKOMJEHHOro 3apsila XapaKTepHU3yeT KOJIH-
YeCTBO HEOCHOBHbLIX HOCHTEsEH, HAaKON/IEHHBIX TPH TMPOXOXK-
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To6p , MKCEK

05
05 ,.-——\\
0,0
0 20 50
Up[p ’ )
Togpy MNCER
19 /ar
w / / d
ﬁm
9 20 50 100
b4 npyMmC

Puc. 1.14. 3asucumoctd Tosp=[1(Uosp) &

Tosp=/2(/up).
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JIeHHH yepe3 AHO] mpsiMoro Toka. Jlyuuue oGpasubl oTeye-
CTBEHHbIX JHOJ0B HMEIOT 3Hauedde HAKONJEHHOro 3aps-
na g=5-10"1 .

I'nep
— T —

C 300 ry
p— il - 4

Coup

—ik
Cyn
i

Puc. 1.15. dkBuBaseHTas cXcMa AHo1a.

PaccMoTtpuM tenepb 3KkBHBaJieHTHYIO cxemy anojaa. Ona
n3o6paxeHa Ha puc. 1.15 u coctouT u3:

— nucddy3nonHoi eMKOCTH Cpryg,

— emkoctH 3apsna Caap,

— eMKocTH Kopnyca (ynakoBkH) Cyp,

~—— COINpPOTHBJIEHHS NePeX0a Iyep,

— COMPOTHBJIEHHUS BbIBOJOB Ip.

c’dﬂ 2P
L}

g\
T\
X

10 20 30 40
loto, 6

Puc. 1.16. 3asucumoctb Caap=f(Uosp).

Bennunnel Crug, Caap M ruep 3aBUCST OT pexuMa paboThl
nnona. O6mwasa emkocth auoia Cy noBejleHa B HACTOfLLEE
Bpems 1o 0,5 ng.
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Ha puc. 1.16 npeactasnena 3asucumoctb Caap OT Ha-
pSXKEHHUs], TPHIOKEHHOTO K JHOIY.

Cinenyer OTMETHTb, YTO MAHOAbI HMEIOT 3HAYHTE/bHBIH
pasbpoc mapaMeTpoB, O3TOMY Iepel YCTAaHOBKOH B CXeMY
UX pekoMeHIyeTcsl pa30paKoOBBIBATb N0 IPynnam.

B ra6n. 1.3, 1.4, 1.5 npuBoasitcss XapaKTepHUCTHKH OTe-
YeCTBEHHBIX JHOMOB.

Ta6auna 1.3

HexoTopsie napaMeTpsl TOYeYHEIX AHOROB

AMnauryna
Cpeance 3ua- | Conporunenue | COnpoTHBJeHHE 06paTHOro
Tun nuoxa qeﬂui;:;npﬁm‘ orzﬁxg}:gro 332531;?0 npoﬁuaﬂorc;l
HanpsiXKeHusd,
Iep, Ma Rnpr on Rogp, O# UTLPPOG' 8
AlA 16 400 40.10° 40
1B 16 1 000 100.103 45
J1B 25 133 100.10° 25
Jir 16 200 200.10° 75
A1 16 400 300.1¢% 110
O1E 12 1000 400.10% 150
A1K 12 200 400.103 150
H2A 50 20 28.10° 15
126 16 200 100.10° 45
2B 25 100 120.103 60
ner 16 250 200.10% 100
a2n 16 143 200.102 100
H2E 16 167 400.103 150
H2)K 8 167 600.108 200
H9A 25 100 40.10% —
[9B 40 111 40.103 —_
98 20 100 120.103 —_
Hor 25 333 120.10° —
aon 30 16 120.10° —
L9HK 15 100 400.102 —
Aol 30 — — —_
H101A 30 1 000 — —_—
H102 30 — — —
A102A 30 1 000 — —_
J103 30 _ —_ —_
I103A 30 1 000 — -
MpumeyaHH s
1. ConpoTHBJIeHHE OTKPHLITOrO AHOAA OTpenxeseHo mo ¢opmyse
Y 1
Ryp=7—=-5—108
np Inp Inp
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Mbl paccMoTpesu Bce mapaMeTpbl IHOJO0B, KOTOPbIE Tak
H/IH HHaye MOTYT OBITh HCIOJIb3OBAHLI NIPH pacyeTax CXeM,
coaepaKaUulux JHOODI.

Ta6bauuwa 1.4

HexoTopble mapaMeTpsl NJOCKOCTHBIX JHOIOB

Ipsavoe Ob6paTtHoe Odparthoe
° COIIPOTHBJIEHHE| CONIPOTHBEHHe Hanpsi>xkeHHne
Tun mwona .‘g"p, oM ¢ Rpoﬁp, oM U:GD, 8
O7A 1,67 50,103 50
76 1,67 100.10° 100
7B 1,67 150.10% 150
a7r 1,67 200.103 200
70 3,0 300,108 300
A7E 3,0 350.103 350
JA7)XK 3,0 800,102 400
11202 2,5 200.103 100
J1203 2,5 400.103 200
J1204 2,5 600.103 300
J1205 2,5 4.108 400
J1206 10 1.108 100
207 10 2.108 200
J1208 10 3.108 300
J1209 10 4,108 400
J210 10 5.108 500
J211 10 6.108 600
302 0,25 200.102 200
J303 0,10 100.10? 150
J1304 0,06 33.103 100
J305 . 0,03 16,3.108 50

Ta6auua 1.5

HMnyabCHBIe mapaMeTpsl HEKOTOPHIX X4ONOB

. R

Tun guona | tospr | Fmwaner| faps | EHEC | of, | T

12 0,2 100—400| 0,5 — 20 -

9 1,9 60—300| 0,5 |4,0—17,0 50 —_

10 0,1—-0,2 100 0,1 |1,3—2,0 — 1,0

o11—at4 1,6 —_ 0,5 —_ 50 —

101 —=/[1106%* 2,0—4,0| 60—1 000} 0,7 — 50—100 —_—
J219-[1220* 0,4 20—75 | 0,1 — 5 2,0-5,0

* KpemHHeBble MHKPOCMJaRHbIE.

32



IIpuHUMOBL pacyeTOB CBOASATCS K PAaCCMOTPEHHIO AHOAA
KaK JIHHEHHOro ABYXIMOJIIOCHHKA. BmosHe MOHSTHO, YTO JIU-
Heapu3alHs XapaKTEPHCTHKH [HMO0Ja BHOCHT OlpeleseHHble
OWNOKH, ONHAKO OHH, Kak npaBuso, Hesenauku. Ilocsieno-
BATeJbHOCTb PaCcYeTOB 3aKJIOYAETCA B CJAEIYIOUIEM:

1) menaercs pacyeT CTaTHKHM CXeMBI, moJ1aras JHOMA Npo-
CTO aKTHBHBLIM CONpOTHBJEHUEM (IJs caydasi Rpp, a 3aTeM
nas cayuyas Rogp). Ilpn Heo6xomumocTtu ucnoab3yeM Uey
(HampsKeHHe CMeIleHHsi), CO3[alollee BBICOJHBIH DPeXHM
paboThl [uoja;

2) pacCyHTHIBAaeTCsl MEepPeXOJHBI Mpolecc B CXeMe, NpH-
YeM 4acTo AOCTAaTOYHO MCNOJb30BaTh OOLIHE BHIBOIKI, TIONY-
YeHHbIe B TEOPHH.

14. METOJbl PACYETA CXEM, COIAEP)XALLHX
NoJynPOBOAHHUKOBBIE TPHOJbI

[Mprmenenue noaynpoBoauukoBbix Tpuonos (ITIIT) naer
BO3MOXHOCTb CO3/1aBaTh KOMMAKTHble H 3HEPreTHYeCcKH JKO-
HOMHYHbIE CXEMBI.

ITo noruke cBoeii pa6Gorn IIIIT momoGen TpuoAy-naM-
me. BrosiHe eCTeCTBEHHO MO3TOMY OXHIaTb, UTO MOJYMNpO-
BOJHHKOBBIHl TPHOX MOXET 3aMEHHUTb JaMIbl BO BCeX CXe-
max. M, melicTBHTeNbHO, TPHOJ 3aMeHsieT JaMly B TOM
cmbicse, yto Ha JIIIT MoxkHO nocTpouTh cXeMhl, paboTaro-
IHe MO TOH e JIOTHKe, 4TO M cXxeMbl Ha samnax. Ecre-
CTBEHHO, YTO HMMeeTCsl TaKXe MHOTO Cepbe3HbIX pPasJHuuil
B TaKHX CXeMaX, HO BC€ 3TH pa3J/IMYHsl KacaloTCsl TOJbKO
3/JIeKTPHYECKHX PeXHUMOB PaboThl, a HE JIOTHKH.

Ilpexxne yemM roBOpHTH O MeTOAAX pacyeTa CXeM Ha
[II1T, paccMOTPHM HEKOTOpPhHle HX CyLIeCTBEeHHble OcOOeH-
HOCTH:

— 3aBucuMocTb pabouux napamerpos I1IIT or snekTpu-
YECKOTO peXKHMa CXeMhbl, T. €, CyLlecTBeHHas HeJHuHeM-
HOCTb HX,

— 3asucuMoctb mapamerpos [T or temnepatypsl,

— HaJuyMve 3aJepPXKKH 3aMMpaHHs TPHOAA 3a CUeT pac-
cacbiBaHHSl HEOCHOBHBIX HOcHTeseir Toka (npu paboTe B pe-
JKMMe HacCbIIEeHHus ),

— HaJIHYHe Y HEeKOTODPBIX K3eMM.IsPOB TPHOAOB TaK Ha-
3bIBa€MON AHHAMHUUECKOH 3alepPKKH 3aNHpaHus.
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OcnosubiMu mapamerpamu TIIIT B cxemax ¢ 0OJbIIHM
CHTHAJIOM SIBJISIIOTCS:

Ixs — BeJMUMHA TOKa, IMPOTEKAlOIlero uepe3 3aKpbIThIi
TpUOJ, (MHOTJA €ro HasblBalOT , TEMHOBBIM® TOKOM).
B 33aBOACKHMX [1aCHOPTHBIX JAHHBIX BeJHUHHA [y,
NPHBOJMTCS TOJBKO [HJsi TpuomoB rpynmer I116. [das
BCeX ApyTrUX THUIOB TPHOAOB B IAaclopTax MpOCTaB-
JACTCS POLCTBEHHAsi BeJIMUHHA—OOpPAaTHBIH TOK MNpPH
pa3soMKHyToii 6ase — /y,. B nanbHefiliem Mbl Gypem
noJarath [y, < [ya;
B — KosapduiueHT ycuneHHss TpHOAA IO TOKy (BKJOYe-
HUE C 3a3€MJICHHBIM 3MHTTEPOM);
f,— mpenesbHasi yacToTa yCHJEHHsI MO TOKYy AJSA CXeMb
C 3a3eMJeHHOH 6a30i;
Trep — BPEMSI N€PEKJIIOUEHHST;
Uk, — OCTaTOYHOE HANpsKEHHE HA KOJIJIEKTOpPE OTKPbITOrO
TpUOAA.

[ToMnMo 3THX mapaMeTpoB HEOOXOAMMO CUHTAThCS C TaK
Ha3blBa€MbIMH Mpee/bHO AONYCTHMBIMH BesJHuHHamu. K3
HHX Mbl OTMETHM CJeaylo-
uue:

/ — MOLLHOCTb, pacceH-
BaeMasl Ha KOJIJIEKTODe NpH
teMmneparype 20%5°C;

— TOK KOJIIEKTOpa B
pexknme ycuaeHus: ([xye);
10 — TOK KOJIIEeKTOpa B
pexume nepeKJIoUEHHs
({x nep) -

OTMmeTHM cpa3y OIHO
03 HecootBeTcTBHE. IIpakTn-
/ YeCKH BCerfa NpHMeHseTcs

lna

%

BKJIIOUEHHe TpHOJAa ¢ 3a-
3eMJEHHbIM 3MHTTEpPOM, a
NPOMBILIJIEHHGCTb AaeT na-
20 40 Tpad pamerp f, AJs CXeMBl C

Puc. 1.17. 3asucumoctb 3 OT TeMm- 3aseMyienHoi 6asoii. Heco-
1epaTypEL. OTBETCTBHE 3TO CYLIECTBY-
€T J1aBHO H OO CHX IIOP He
BbINIPaBJIEHO.
PaccMoTpuM Tenmepb moipo6HO NMpHBeJEHHbIE BhIIIE HM-
MyJbCHbIE TTapaMeTphl TPHOA.
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«TemHoBo#i» Tok Tpuoma. OT™MeruM, 4TO TOK [z 3HAUH-
TeJIbHO 3aBUCHT OT TeMnepatypbl. Ha puc. 1.17 nokasax xa-
pakTep 3aBUCHUMOCTH BEJHUHHBI

_ L (T°)

a (TO) — Iua (250)

OT TeMIMepaTyphl.

Kak caenyer u3 pucyHka, ¢ yBe/JHYEHHEM TeMIepaTyphl
3HaueHue [; TakkKe yBeJHUUBAETCS.

«TeMHOBOi1» TOK 3aBHCHT TaKXKe OT LeJIOr0 psjga APYrHX
(hakTOPOB, H3 KOTODEIX OTMETHM:

E — nuraoiiee KoJUIEKTOPHOE HampsiKeHHe,
Rg — conpoTHB/ieHue, BKJIOUEHHOE B Lienb 6a3bl,
Ug — BeMuMHA ypOBHsI 3aMUpalollero HanpsikeHus 06asbl.

Ha puc. 1.18 nokasansl 3aBUCHMOCTH [y3 OT 3THUX BeJH-
unH. CBenenus, npusenenusie Ha puc. 1.17 u 1.18, He cae-
JyeT paccMaTpHBaTh KaK CNPAaBOYHBIN MaTepuas. DTO JHUIIb
rpaduyeckoe uzobpaxxeHue cCBOHCTB TpHomaa {2].

MakcumaJbHblii KOJIEKTOPHBIN TOK [y yc. DTa BeJHUYHHA,
KaK y¥e yKasblBaJoCh, BKJIOYAeTCsl B NaclopTa TPHOIOB
IBOSIKUM 00pa3oM: [xyc B pexMUMe YCHAEHHS U [xpep B UM-
nyabcHoM pexuMme. [lon /¢y MOHMMaeTcsi MakCHMaJjibHas
BeJMYMHA TOKa, INIpoTeKaiollero uepe3 Tpuol. Bennuuna
I nep B MMNyJIbCHOM pexume (Mo KpailHel Mepe aias TPHO-
noB [116) 3aBogaMu 3aHuKaercs.

Yro6bl noKasaTb 3TO, PaCCMOTPHM HeGOJbIIONH JKCIepH-
MEHT.

MsBecTHO, 4TO momycTHMast TeMnepaTypa KOJIJIEKTOPHOrO
nepexoja coctaBiser 100°C. Bwuin mpou3BeeHbl 3aMepsl
3TOH TeMmepaTypsl [Js Das3/UYHBIX PEKHUMOB pabOTH TPHOAA
[116. Temmepatypa usmepsiiace MeTOmOM 3amepa [y, C IO-

CJIelyIOWMM yCTaHOBJIEHHEM 3aBUCUMOCTH T =f(/xs) AJIS
J@HHOTO TPHOJA B MHTEPECYIOIHX HAC TOKOBBIX DeXKHMax.

3amephl [y NPOM3BOAUINCH TOJNBKO TIO YCTAaHOBJIEHHH
TeMIepaTypHOro pexuMa nepexona. V3aMepeHuss npousBo-
Juauch no cxeme puc. 1.19,

B ra6n. 1.6 npuBeneHbl pe3y/bTaThl 3THX 3aMepPOB B BHU-
ne 3aBUCHMOCTH [1o=f1 (F¢; [x).

3aBucumoctb ly3=fo(T°) npusBomurcst B taba. 1.7. U3
paccMOTpPeHHsl YKa3aHHBIX TaGJHUIl CJAelyeT, UTO JIPH 4acTO-
Te CJeAOBaHHA uMnyabcoB 10 300 key m TOKe B HMIyJbCe
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200 ma TeMnepaTypa KOJIJIEKTOPHOTO Mepexofa COCTABJSET
He GoJsee 40—45°C, uTo BecbMa fmaJjieko OT AOMYCTHMOTO
npenesna.

r
~

Puc. 1.19. Cxema uamepenns 3aBHCHMOCTH [xa=fi(F¢; k).

Mcxoas M3 Bcero cka3aHHOro, MOXHO CHesNaThb BBIBOI,
4TO TpHOA cnocobeH pabotath B 60,122 KECTKHX pexuMax,
yeM Te, KOTOpble YCTAaHaBJHMBAEeT 3aBOJA-U3TOTOBHUTE/b.

Ta6nuna 1.6
3aBuCHMOCTD fxo = f, (Fe; Ix)

™~ Fg, xey

‘| 50 100 150 200 250 30
I, Ma .

100 40,51 41 | 42 42,5 | 43 44
125 41 42 | 43,5 | 45 46 47
150 42 43 | 45 46 47 48,5
175 42,5 | 44 | 46 49 52 53
200 43 46 | 49 53 54 58

Mpamegaune. Tok [, ycranasnuBajcs noaGopoM compo-
TURTEHHR R,

[TpuunHa 3TOrO MIBJIEHHSA 3aKJl0YaeTcs B TOM, uTO, pabo-
Tasi B UMIYJbCHOM DexXHUMe, TPUOL He yCleBaeT pa3orpeTb-
€Hl 10 BLICOKMX TeMmmepatyp. [lefcTBHTENLHO, C YBEJHUEHH-
eM Toka [y mpoluecc pasorpesa TpHoda ycKopsieTcsl, OJHAKO
B oOMnpeleseHHbIXx npenenax [y TeMmepatypa nepexona
octaercs gonyctumoi [3].

Koadduunenr ycunenus no Toky B B cxeme C 3a3eMJIeH-
HbIM 3MHTTEPOM 3aBHUCHT OT TOKa KoajekTtopa /x. C ysean-
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TaG6auua 1.7

3aBUCHMOCTD /1o =[5 (T, Tx)
I,= 100 ma 1,=125 ma I, =150 ma 1= 200 ma
ll(3 Ton IRa T:I 1[’(3 T:'[ l|§3 T:I
43 25 46 25 45 25 44 25
44 30 48 30 50 30 49 30
47 35 50 35 52 35 51 35
52 40 54 40 56 40 55 40
56 45 57 45 61 45 63 45
62 50 63 50 69 50 72 50

YyeHHeM TOKa KoJijieKTopa [y 3HaueHde P najgaer. ta 3aBH-
CUMOCTb TlI0Ka3aHa Ha puc. 1.20 nas tpuona I1l. 3naecy na-
Ha ¢yHkuus n=n(/x). UctunHoe 3nayenue B=n" Pracn, Tl

Bracn €cTb NacrnopTHoe 3HaueHue P.

7

.
S

20

40

60

80

100

Iy, ma

Puc. 1.20. 3asucumocib M=mn(/x).

Bpems mepekJioueHust Tpuopa t. BennuuHa ero npusene-

Ha B Tab6J. 1.8.

HanpsikeHue Ha KOJJIEKTOpe TPHOJA B OTKPBITOM COCTOSI-
HuH Uy OGBIUHO COMPOTHBJIEHHE OTKPHITOrO TPHOAA KOJ1eG-
aetcs B mpenenax ot 1,0 1o 25,0 om u HanpsiKeHHe HA KOJI-
JIEKTOPE MEeHSIeTCs COOTBETCTBEHHO.

Kak yxe ykaspiBajoch, NOJNyNPOBOAHHKOBBIE TPHO/B
(nnockocTHBIE) MOTYT o6/afarb ONHHM BecbMa HENpHAT-
HbIM CBOHCTBOM. DTO — JHHaMHuecKas 3aJepxkKa 3amupa-
HUs Tpuoja. SIBjeHHe 3aKJOYAETCH B TOM, YTO NMOKA TPHOX
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He paboTaer, nmepexoj MOMKET HMeTb /1CBUJbHO HH3KYIO TeM-
nepartypy, BCJeNCTBHe uYero CBOOOJHbIE HOHBI, HEKOTOpOE
KOJINYECTBO KOTODBIX BCerga MoxKeT OblTb BHYTPH Kopmyca
TPHOJa, OCe1aloT Ha ero MOBEPXHOCTH. B TeueHue mnpebni-
BaHUs TPHOAA B OTKPHLITOM COCTOSIHHH OHH OOpPasyloT Tpo-
BOJSALIYI0 000JIOUKY M TIOC/Ie 3alUPAHUSI TPHOAA BHI3BIBAIOT
3aJlepPXKKy OKOHYaTesJbHOro 3amHpaHus ero. JTO sBJEHHE
wimoctpupyercs puc. 1.21. OHo MoKeT OblTh Ha J10GOM
M3 [1epexo/]0B TPHOAA. 3aMETHM, UTO TIPUBEIEHHOE 0ObsACHe-
HHUEe 3TOro CBOHCTBA sIBJISIETCS BeCbMa I'HIIOTETHUECKHM.

be Uy
Tpuod N:t Tpuad W22

t t

Pnc. 1.21. Jlunamuucckast 3ajep:Kka 3ammpaniusi TpHOJIa.

[IpakTuuecku JaHHAMHUecKast 3afep:KKa MPOSIBJSETCS
cnenyouum o6pasoM. Tpurrep, He pa6oTaBLIMi HEKOTOpOe
BpeMsi, TIPH IOjaue Ha €ro BXOA IepeKJIYalollero HM-
nyJbca IepexoJUT B HOBOE COCTOsSIHHE, HO IIOC/e OKOHYaHHSA
3TOr0 HMNyJbca nepebpachiBaeTcs B IpexHee COCTOSIHHE,
T. e. cpabartbiBaHus Tpurrepa GakTHUYeCKH He MPOHUCXOAHMT.
Ilpu nomaue ke Ha BXOHN TPUTTepa CEPUH HMIY.IbCOB 3TOTO
SIBI€HUsT He OTMeuaeTcs. DTO oObICHSETCS TEM, YTO MO Me-
pe mporpeBa TPHOJOB TPUITepa LIYHTHPYWOILAs HOHHAS 000-
JIOYKa C NMOBEPXHOCTH Nepexona yJjeTyuyHBaeTcs U TPHOM Ha-
yuHaet paboraTth HOpMaJbHO. CBOUCTBO 3TO 3aMETHO Hapy-
waer paGoTy TPUITEPHBIX CXE€M H COBEpIIEHHO He BJIHSET
Ha (GeppUT-TPAH3HUCTOPHYIO SUEHKY.

JluHaMuuecKue XxapaKTePUCTHKH TPHOLA MOTYT OBHITh NO-
JydeHbl BeCbMa TOYHO C MOMOIIbIO CreluuanbHo BhIOpaHHBIX
SKBUBAJIEHTHBIX CX€M, NMPHUEM BeCb HepeXOJHbIH Ipoluecct
pa3buBaeTcss Ha HECKOJIbKO 3TaNoOB M Ui KaXA0TO0 H3 HHX
noaGupaercsl CBOSI SKBHBaJieHTHas1 cxeMa [4].

B kauecTBe XapakTepHCTHK NepeXOAHOro Ipolecca
(puc. 1.22) BHIGHpAlOTCS AJAUTENBHOCTH 3TANOB: Ty, TM,
Tp U Tc, TA€ TM — BPeMsl paccacbiBaHHsI HEOCHOBHBIX HOCH-
Tesell (3amepxkka Moana).
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Bennunna 1y HaXOAMTCS NMPOCTO KaK MPOMEXYTOK Bpe-
MEHHM OT KOHUA HHTEPBaJa Ty JO MOMEHTA OKOHYaHHA BXOl-
goro umnyabca. Ha puc. 1.22 uso6paxen npouecc ¢opmu-
pOBAHHs BBIXOJHOTO HMIyJbCa NPH Nojade Ha €ro BXOJ
UMTYJbCa JJHTENbHOCTH Tpyx.

[Tocne okoHuanuss BXOAHOrO HMMYyJbCa AaeTcsi CNeuw-
aJbHBEIl 3aMUpalolMil CHrHA, 00paTHOH MONsPHOCTH. Bbi-

“

L’ Te™T<— T —™ Ty L'fc"' ¢

Puc. 1.22. TIpouecc ¢opMHPOBaHHA TPHOIOM
HMIyJbCa.

XOJIHOH HMMIyJbC NPH 3TOM (HOPMHUpYETCS TakK: B TeueHHe
BPEMEHHU Ty NMPOUCXOLUT HAKONMJEHHe HocHTenell (Tpuon OT-
KpbiBaercsi), [lanee, B TeueHHe Tp TPHOL OCTAeTCAd OTKphI-
TBIM TOJ, BO3JefICTBHEM BXOJHOTNO MMIYJbCa; B TeYeHHE TM
TPHOJ NpPOAOJKAET OCTAaBaTbCs OTKPBLITHIM 3a CyeT pac-
cacblBaHHs HEOCHOBHBIX HocHresell Toka. M, HakoHeu, Bpe-
MS Tc YXOAHT Ha MpOLECC OKOHYaTeJbHOro 3anupaHyd
TpHOZA.

Pesysnbratel pacueToB ¢ NOMOLIbIO COOTBETCTBYIOLIHX
5KBHBAJIEHTHBIX CX€M JOCTAaTOYHO XOPOLIO COBMAAAIOT ¢ JKC-
MepHMeHTOM, OJIHAKO e]Ba JIH MOTYT HalTH cepbe3HOe MNpH-
MeHeHHe [Js1 HHXXeHepHbIX pacyeToB CXeM, COJepXalllux
TpHoal. Iloxpo6GHoe omucaHHe aHa/M3a 3THX CXEeM YHTa-
TeJib Haliger B {4].
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ITpodorrcenue ma6a. 1.8

Pexum Pexum IlpenenbHble BeJHYHHBI
Tun Tproxa q::znowwﬂoh? B Uk 8 U. &| R, Ugar 6 U.,s| R P U, 8 w "n_w. W
o xom X xom | msm K = m : lam ¢| W :

14 pn-p 20 — | = = = | = =] 10|=15] 1] 10| —
I115 p-n-p 20 —0,3| — — — — — 150 | —15 10 10 —
116 p-n-p 20—30 —0,1| —15 | 1,5 |—0,3| —15| 1,5 150 | —30 10 10 50
I116A p-n-p 30—45 —0,1| —15| 1,5 |—0,3| —15| 1,5 150 | —30 10| 10 50
I116b p-n-p 45—100 |—o0,1( —151{ 1,5 |—0,3| —15| 1,5 150 | —30 10 10 50
110 n-pn 20 — |l = = | = =1 =1 150|420/ 100] — | —
i1 n-p-n 20 — | = =] =1 =] =] 150]+2]| 10| — | —
11102 n-p-n 25 — — — — — — 150 | 410 20 20 —
11103 n-p-n 30 —_ — — — — — 150 | 410 20 20 —
11601 * p-n-p 25 — — — —_ — — {1000 [ —25 |1 000 —_ —
I1601A p-n-p 40—100 — — — — — — | 1000 | —30 (1000 | — —
116015 pn-p 80—200 | — | — | — | — | — | — |1000|—25 1000 — | —
11602 . pnep 40—100 — — — — —_ — {1000 | —30 | 1000 — —
T1602A . p-n-p 80—200 — — — — — — 11000 [ —25 1000 | — —



Pacuern cxem, comepxkamux IIT, 6yaeM B GoJbLINH-
CTBe CJyuyaeB CBOJAUTb K CJIEAYIOUIUM OCHOBHBIM MOJIOXKE-
HUSAM:

— Npu pacueTar CTalHKH cxeM OyaeMm Mojaratb, 4TO
BKJIIOUEHHBIIl TPHOA TNpencTaBaser coGOH CONPOTHBJEHUE
Ror, a 3akphiThiit R;. O6a 3T mapaMerpa MOTyT ObITb onpe-
neJieHbl Ha OCHOBE MACMOPTHBIX AAHHBIX TPHOAA;

— TIpH pacueTax AMHAMHKH cXeM OyAeM [0Jb30BaThbCs
BpeMeHeM MepPeKJIOUeHHS T.

BesnuuHbl Ry, U R; ompepensiioTcs Tak:

Ror = 55— Ry (1.17)

Hns nawero ciyuas (tpuon I116)

0,1
R()-p:15_—0,1‘1,5‘103 ~ 10 om.

ConpoTuBsnenne R, onpexensetcs mo ¢opmyue

E
Ry=;—. (1.18)
K3
Hns Haplero cJaydas
15 0
R3 = 95.00-% ~ 60 xom.
OcHoBHble faHHBIE, KacaloUuluecss HMIMYJbCHBIX MapaMeT-
POB OTeueCTBEHHbIX MOJYNPOBOJHUKOBBIX TPHOLOB, CBEIEHLI
B Tabu. 1.8. Cnegyer oTMeTHTb, UTO TPHOLBl UMEIOT 3HAUH-
TeJbLHBIH pa3bpoc mapaMeTpoB, OJHAKO CTATHCTHYECKHE MHC-
clle0BaHMs MOKAa3aaM, UYTO OTKJOHEHHS HX IOAYMHSAIOTCHA
HOPMaJbHOMY 3aKOHY pacrnpejeseHus BeposiTHocTel [5].

1.5. METOObl PACYETA CXEM, COIOEP)XAIIHX ®EPPHUTDI

@eppHTBl — 3TO CPaBHHUTEJbHO HeNaBHO MOSIBHBLIMECH
MOJIyNIPOBOAHHKOBEIE (peppoMarHiuTHEIe MaTepuasbl. ITo cBo-
el CTPYKTYpe OHH SIBJISIIOTCSI METaJjJ10-KepaMHYeCKHUMH H3-
NEeNUAMH,

MaroraBauBaiotcs ¢eppuThi M3 TOHKOrO TNMOPOIIKA pas-
JMUHLIX OKHCJIOB [IBYXBaJIEHTHBIX METaJJIOB H OKHCJA Tpex-
BaJEHTHOTO XeJse3a. DTa CMech NpPeIBAaPUTENbHO CleKaer-
csl, 3aTeM (QopMyeTcss B creluaabHbIX TpeccopMax Moj
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Ta6nuuna 1.9

Pa3mepnl cepaeyHHKOB,

HM3roTOBJEHHBHIX U3 (peppHTOB

C OpAMOYroJbHOi metJei

rucTepesuca
d)h;‘;g:ia dyaps MM dy .. Mu
BT-1 2,03 1,31
BT-2 3,10 2,00
BT-4 2,03 1,31
BT-5 3,10 2,00
BT-6 1,40 1,00
BT-7 1,40 1,00
K-28 2,03 1,31

pasnensloTcs Ha JABE TPYIIbL:
HOM meTJielt H (eppHUTH C HENPSIMOYrOJbHOH mneTsneld (OKCH-
tdepnr).

MOYTOJIbHOH TeTJiell ABJASIOTCA:

BO3/JeACTBHEM BLICOKOIO
JdaBJieHHss H, HaKoHell,
NpOXOJUT  TepMoobpa-
6OTKY B YCJOBHUSIX OYeHb
BBICOKHX  TeMmepartyp.
QeppuThl H3rOTaBJHBa-
IOTCSl, B OCHOBHOM, B BH-
Jle CepleYHHKOB TOPOH-

JajibHOH (GopMbl pas-
JIUYHBIX pa3MepoB.
B rta6a. 1.9 u 1.10

B KayecTBe HJJIIOCTPA-
UMK NpHUBELEHbl pa3Me-
pbl HEKOTOPHIX (peppHTO-
BBbIX c€pIeYHHKOB.

ITo ¢dopme rucrepe-
3UCHOH MNeTAH (eppuThl
¢eppuTH C NPAMOYTroOJb-

Ta6auua 1.10

Pa3Mepsl cepaeYyHUKOB, H3roTOBJIEHHBIX
U3 ¢eppuTOB C HempAMOYroJbHOH metJei
rucrepesnca (oxcudepos)

Mapka okcudepa dﬂap. MM dy L, MM h, um
M-3000 7,0 4,0 2,0
M-2000 8,7 3,41 2,3
Oxkc-2000 8,7 3,52 2,3
Okc-1000 9,0 5,0 2,5
Oxkc-600 10,0 6,0 5,0
Okc-400 12,0 - 5,0 5,5
Oxkc-200 13,0 5,5 5,0
PY-50 17,5 8,0 5,0
PY-15 20,5 11,0 5,0

CraTHYeCKHMH XapaKTepHCTHKaMu (eppHTOB C nps-

— MakCHMaJ/lbHass HHAyKUHs By,
— KO3puUHUTHBHAA cuna H,
— OCTaTOYHas MHAyKLHs B,
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— KO3()GhUIMEHT NpPSIMOYTOJbHOCTH B 06JAaCTH HaCbIIEHHS

B,
a=prts, (1.19)

— K03 (HUIHEHT MNPAMOYroOJIbHOCTH B 00JIACTH KOJIEHA MeTJIH
rucTepesuca
(He
B N )
b= "B(2H.) ° (1.20)

Bce mpunsithle 0603HaueHuss npuBefeHbl Ha puc. 1.23.

I’}
| —
R |
| 1 8, (2H,)
13/;‘} | O (2He
| [
| I
1 B
A R He ]
2

Puc. 1.23. Tletns rucrepesuca ¢eppura.

B ta6a. 1.11 npuBeneHsl napamerpsl Haubosaee pacnpo-
CTPaHeHHbIX GeppHTOB *.

* BesnyHHAa MATHHTHON MHAYKUMH B 3TOH KHHTe NPHBOAHTCA Be3ie
B rayccax (cucrema CI'C), a ne B rtecaax (cucrema CH, 1 74=10¢ ec),
TaK KaK MNOCJeLHHe He TOJYYHW/IH ellle NOCTATOYHO LIHPOKOrO pacnpo-
CTpaHeHHs] M HeoOXOAMMble IJd pacyeToB TaOJMYHble JTaHHbIE NPHXO-
nuTcst 6paTh M3 CNPABOYHMKOB B CTAphiX eIHHHUAX H3MEPeHHS.

HeckosibkO MHOe NMosOXKeHHe C eJUHHLAMH HanpsidKeHHOCTH MarHuT-
HOTO TOJS: TaM, TIe M3J0XKeHHe MaTepHasja CBS3aHO C TabJMHYHBIMH
JIl@aHHLIMH, ynoTpebastorcs apcreabt (cucrema CI'C); tam ke, rie peub
MIeT O TNpAKTHYECKHX pacyerax, HCNOJL3YIOTCS aMMePBHTKH Ha MeTp

as
(cucrema CH, 1= =4n10-33) kak GoJee pacrpocTpaHenHble H YAI6-

Hble HA TMPaKTHKe €AWHHUH.
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Ta6auua 1.11
MapameTpsl peppuTOB ¢ NPAMOYroJbHOH meTJeil rucTepesuca

. . . Koad. Kosd. Iﬂ‘JKC'HM.
geamea, | Qpmanary v Kozt | Sl | npworr, | muayiin
BT-1 2300 1,25 0,92 0,95 2 500
BT-2 2 550 0,8 0,95 0,96 —
BT-4 2 500 2,0 0,93 0,96 —
BT-5 2200 0,15 0,95 0,92 —
BT-6 1 800 4,1 0,86 — 2100
BT-7 1 850 2,0 0,92 — 2000
K-28 2600 1,5 0,93 0,96 2 800

HaunGosnee xapakTepHbiM HMIyJibCHbIM TapaMeTpoM ep-
puTa fABNAETCA KOIPPULUMEHT mnepekaoueHuss Sy, MoJyya-

eMbld M3 3aBHCHMOCTH %:—_f(H) (puc. 1.24).
nep

- Ipu H>(1,2~+1,5)H,
z“;ﬁ;’-“"""" ! H thep > (1,0 +2,0) ©g, rae
H, — BesmuyHa ,mOpPOroBo-
ro“ moJs; Tyep — BpPeEMA Ie-
pekJoueHusa ¢GeppuTa; Ty —
IJHTENbHOCTb  [IepeHero
(poHTa  mepeMarHuyMBalO-
LEro UMMyabca. JTa QyHK-
LMl XOpOWO aMNNpOKCHMH-
pyeTcs ypaBHEHHEM

1 1
=g (H—H,). (1.21)

Tnep

/] 3neck Sy — Ko3pduUHEHT

ya _ TepekJioueHus peppuTa, Be-

#, A JIMYHHA KOTOPOrO COCTaB-

’ aset 0,4—+1,0 3-mKcek.

Puc. 1.24. 3aBucumocTs 3a BpeMs MOJHOTO mepe-
-:l = (H). MACHHUMBAHHS  MHAYKLHS

mep (eppHTa H3MEHSETCS Ha Be-

auuuHy By - B, 1 Ha KOH-
nax OOMOTKHM, HAMOTaHHOH Ha 3TOT (EeppuT, BO3HHUKAET
HMITyJbC 3. A. C.

e(t)y=ws ¥ 10-,
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rape @ -— 4ucCJji0 BUTKOB 06MOTKH;
§ — CeueHHe CepaeyHHKa.

MuTterpupyst 3T0 COOTHOLICHHE, NOJyvaeM

T +B,,
fe dt=ws-107"° [ dB=uws(B.+Bn)10". (1.22)
0 —B,

C npyroff CTOPOHH, MOXHO CYHTaThb, yTO [6]
5- e (t) dt = eyaxcTuepkac, (1.23)
0

rae kpc — KoapduuueHT GopMbl CHrHaja, omnpenesseMblif
OTHOLUEHHEM IJIOINAAH, OTpaHHUEHHOH KPUBOH e(f) M OCblO
a6ClHUCC, K MJIOILAAN TIPSIMOYTOJNbHHKA CO CTOPOHAMH eyaxc
U Trep. |IpakTHUeCKH BeqnuHHA Kge JEXKHT B Ipefenax
0,55—0,75.

TlpupaBruBas (1.22) n (1.23), a Takxke HUCIONb3Yys
(1.21), nonyyaem ¢opmyny Ans aMIVIMTYAbl CHTHaja (Ha-
npsxKeHus) Ha o6MoTKe QeppuTa

eMa].(c = ed)w (H - HO)’ (1 -24)
rae
B, + Bp)-10-% .
ed)_—_s( _|k-¢csl ) (125)

BennuuHy ey MOXHO Ha3BaTb K03 (GHUUNEHTOM OTAauH
(eppHTa, NOCKOJBKY OHA paBHA HaNpPAKEHUIO, HABOJUMOMY
Ha OJHOM BHTKe NPH U3MEHEHWH MArHUTHOTO MOJIs Ha OJHY
eAVHULY.

WHnyKTHBHOE compoTuBJeHHe OGMOTKH (GeppuTa H3Me-
HAETCA BO BPEMEHHU NPaKTHUYECKH 10 TAaKOMY XKe 3aKOHY, UTO
u e(t). Ero amniutyny R HeTpYIHO TOJYYHTb, BHIpaxas
BeJHUHHY NMepeMardHiuuBalollero Toka B BHIE

j— L . (1.26)

0,41:'_w—
Orciona ¢ yuerom (1.24) u (1.25) maiinem

MakKe HO
R:"T=r¢w2(l — 7), (1.27)
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rge
rd,_-:wed,, (1.28)

[ = Qe t don (1.29)

Kosppuuuent ry fBaseTCs ,yAeJbHbIM CONPOTHBICHHEM

e —.
¢epputa u u3MepsieTcss B TR

B npakrTHke HHXeHepHBIX pacueroB ynoOHee paboraTb
He C HanpsKeHHOCTbIO MAarHUTHOrO TOJS, H3MepseMoi
B 3pCTelaX MJW B aMIIePBUTKAX HAa MeTpP, & C MarHUTOJABH-
Xylei cunoi, u3mepsieMoil B amnepBuTkax. Ilostomy, uc-
nonb3ys (1.26), uz ¢opmyn (1.21); (1.24) u (1.27) nony-
yaeMm:

Sl
Tnep":_A.__d)jo"‘a (1.30)
emaxe =Trew (A— A,), (1.31)
R=r¢w2( — %), (1.32)
F
Sq):m'sd), (1.33)
rg==SBr & Bn)- 1077 (1.34)

oSy

3necb A —MarHuTHOe ToOJie B aMIEPBHTKAX.
Cnenyer NMOMHHTb, YTO Bce 3TH (OPMYJabl JOCTAaTOYHO
XOpOIIIO OMUCBLIBAIOT (eppHT JHIIb NpPH

A>(1,2+1,5) 4,
Thep > (1,5 +2,0) T

PaccMoTpuM Tenepb Bo3neiicTBHe Ha (eppHT HMMyJbca
TOKa #(f) npd HaMarHuuuBauuu ot + B, 1o + B, T.e. TOJb-
KO N0 HaKJOHHOHM HacblILIeHHs MeT/JM rucrepesnca, 6e3 H3-
MeHeHHs HalnpaBJieHHs HaMarHUYeHHOCTH. BenuyuHBl, OT-
HOCSILI[HeCs K 3TOMY cJayu4alo, 6yaem 0o603HauaTh 3BE3A0UKOIl.
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B stoMm cayuae npouecchl B cepieyHHKe CBsI3aHBl C TIO-
BODOTOM BEKTOpA HaMarHuueHHOCTH [6] M ANHTENBHOCTb HX
NpakTHYeCKH paBHAa AJUTENbHOCTH nepenaHero ¢GpoHTa Ha-
MarHHYHBaIOLEro MMINYyJbca TOKa, T. €. NJHUTEJbHOCTb Ha-

BeJEHHOro UMnyJabca 6yner

»
T'nep = "Cd).

(1.35)

I/ICHOJTbSyH pacCyXIAE€HUs, aHAJOTHYHbIE BbILIENPHBECH-

HbIM, IOJy4YaeM:

oM J 1
Rosgom E,m EL;'KC!/'

(1.36)

[ w[- ‘
Ur /
I 67-5 273:19%1,06 2’ 1
[ 8, = 22005, 4
bt 6,=2500,, §
A, =03 al
s Sp =0,2 wrcex-ab &
ro =07 po2
"ﬂ i K’ "'0,5
r I ur
0,.7" g,
0r r 10r 4 o
L -]
/
-
//
L e/g/g
0= 0" 0 05 10 A8
Puc. 1.25. Mmnyaecnme xapakrepucTikn deppnra.
CnJownble JHIHH paccydHTannl no gopmyaam (1.30), (1.31) u (1.32).

4—593
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R =1, (1.37)

+ §(Bm— B,)-10-?
ey = Fova o (1.38)
¢+ 5(Bm—B,)10-2
fd)—W. (139)

Ha puc. 1.25 npuBeneHsl pe3y/bTaThl pacyeToB MO IMO-
JIyUeHHBIM BhILIE POpPMYyaaM.

Kak cratHyeckue, TaKk M HMIyJbCHblE XapaKTePUCTHKHU
(heppHTOB NOBOJIBHO CHJILHO 3aBUCAT OT TeMIepaTyphl. IDTO
HeoOXOQMMO YUHTBIBATh TPH pacuerax 3/JeMeHTOB AJs pa-
6OTbl B pPa3JIMUHBIX TEMIIEPATYPHLIX YCAOBUSX.

8,2c
oor__ ~600C
200 J—=r add

+60°C

L

1 L. 1
=02 0 02 04 05 0,8 A,af

Puc. 1.26. Craruueckas nerasi ructepesuca ¢eppura BT-5 npu pas-
JIMYHBIX TEMIepaTypax.

[TpsimoyrosbHasi metTasi rucTepesnca eppura NpH H3Me-
HEHHMHU TeMnepaTypbl (B OnpelesieHHLIX Npenenax, KOHeuHo)
HM3MEHsieT CBOM pa3Mephl, OoCcTaBasicb B NPHHLUME TNPAMO-
vroabpHO#l. TIpu oxsmaxaeHWd KO3PUUTHBHAS CUJa H HHAYK-
uust geppuTa BO3pacTalOT, NPH HArpeBaHHH yMeHLIIAOTCA
(puc. 1.26).

OcoBeHHO CH.IBHO BO3pacTaer MpH TOHHXKEHHH TeMre-
PaTypel SHEprusi, 3aTpaulBaeMasi Ha TMepeMarHHYUBaHHe
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8,,,'/0';’&'

y/4

Bp107 2¢

e, oM/6um?

Soy MrCEK Q0

A,,af §

A.,ab

1

1 | L

1 1 1 P
=60 <40 -20 0 20 40 60T, zpad

Puc. 1.27. 3aBHCHMOCTp MMNYJbCHBIX Xa-
paktepuctuk c¢eppura BT-5 or Temmnepa-
TYPHI.

Ac — AMICPBHTKH, COOTBCTCTBYIOULHe KO03p-
LUHTHBHOIT ciae ¢eppuTa.
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deppuTa, TAK KaK OHA 3KBHUBa/eHTHA MJIOILA/H TIETIH THCTe-
pesuca.

B cooTBeTcTBHH C H3MEHEHHEM CTATHYECKHX MapaMeTpoB
nerJid THCTEepe3uca MeHSIOTCS M UMIYJIbCHble XapaKTepH-
cruku ¢depputa. Ha puc. 1.27 noxkasanbel 3aBHCHMOCTH 3THX
XapaKTepHUCTHK OT TeMIMepaTyphl.

Mo
Mo
30
| ¢-1000
//
@-600
f'
// @-20
1,0—
0 0,3 17,0 0
H3
&
Mo
105 |
90} @-100
NN
60 :
st O\ ] — Hy-250
Jor \
S IR $~1000
1234567889 101N
3
Puc. 1.28. XapakTepHCTUKH HeKOTOPBIX
teppHTOB.

Bosnbumioe pacnpocTpaneHHe uMeIOT Takxke GeppHUTHI
¢ HenpsiMoyrosibHo# ¢opMoit TeTu rucrepesuca. dtu ¢ep-
PHTBI HMCMOJB3YIOTCS B KauecTBe CepAEeYHHKOB OOBIUHBIX
TpaHchOpPMaTOPOB CaMOro pasjHuHoro HasHayeHus. OcHOB-
HBIM MapaMeTpoM 3THX (eppHTOB SIBJsETCS HauasbHas Mar-
HHTHAasl TPOHHLLAEMOCTb .

M3BecTHO, 4TO MarHMTHas NpoHHLAaeMocTh (heppoMarHe-
THKOB H3MEHsIeTCsl C H3MeHeHHeM HaNpsKEeHHOCTH TMoJA
B cepJeuHHKe (up— AMHAMHUyecKasi MarHUTHasi NpPOHHLae-
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MOCTb ‘MaTepHaja) M MpPU BO3NEHCTBHH MOCTOSHHOTO MOA-
MarHuuuBapoero noas (u,).

o)
Ha puc. 1.28 npusenenbl KpuBble H—D u % pis Heko-

0 Ho
TOPBLIX THIOB (EppUTOB.
BenuunHa MHAVKTHBHOCTH OOMOTKH MOXeT OblTb Hali-
aena {7] no dopmyie
L= 2 wh-1n 9222 .10-". (1.40)
b dnx

drta ¢opMysa npurogHa AJAs pacyeTa TOPOHAAJbHBIX
(eppUTOBBIX CEpPAEUHHKOB C TIPAMOYTOJNbHbIM ceueHneM (00-
MOTKa O4HOpsIHas, cljouHas). 31ech
duap — HADYXKHBI AHaMETp CepaeuHHuKa,
dpy — BHy TPEHHHH JUaMeTp CepaeyHHKa.
3HaueHHs] BEJIMUMHBI B, TIPHBENEHbl B TalJl. 1.12.

Ta6auma 1.12

3HaYeHHAd MarHUTHOM
OPOHHILAEMOCTH IJIS HEKOTOPHIX

¢epputoB
MarHuTHas npoHHLa-
Mapka ¢epputa eMOCTh (Ha4aJbHaf) Wy

M-3 000 2 600—3 500
M-2 000 1 800—2 400
Okc-2 000 1 800—2 400
Okc-1 000 800—1 200
Okc-600 550—600
Oxkc-400 360—400
Oxkc-200 180—220
PY-50 45—55

PY-15 14—16




I'/IABA BTOPAA
KJACCUPUKALLUA SJEMEHTOB 31 BM

2.1 CHCTEMbI 3JIEMEHTOB 3l BM

Cospemennble DLIBM mnpexcraBasiioT co0o0ji  CJOXKHbIE
yCTPOKCTBA, COCTOSIL[HE U3 MHOTHX TBICSY, @ TO H AeCATKOB
M COTeH TBICHAY JeTasiell 3J1eKTPOHHON ammaparyphl. DTH Je-
Taay 00pasyloT CXeMbl M Y3Jbl, BBHINOJHSIOIHE CaMble pas-
HooOpasHble (YHKUHM M pellalollue CcaMble pasjHyHble
3ajzaun. BrnonHe ouveBHaHO, yTO 0e3 MaKCHMaJbHOH CTaH-
JNapTH3alMH BCeX Y3/I0B U 3JIeMEHTOB HEBO3MOXKIO HH MpO-
€KTHPOBaTb, HH H3TrOTOBJIATb, HH 3KCIJyaTHPOBATb TaKHe
MalHHbl. JTa CTaHIapTH3alUsl NMPUMEHHTEJbHO K npobJe-
MaM co3nanust DLIBM npex e Bcero o3Hayaer pa3paboTKy
onpejeneHHoro Hafopa IpocTeALIMX CXeM, H3 KOTOPBIX
MOXHO Obl;I0 Obl TOCTPOHUTB Jt06GoH y3ea. Takoit HaGop Ha-
3LIBATCS CUCTEMOU INEMEHTO8.

[Tpexkie Bcero BO3HMKAaeT BOMPOC: a BO3MOXHO JH 3TO
BoOOLIe, BO3MOXKHO JM TaKoe CJIOXKHOe YCTPOHCTBO, Kak
OUBM, nocrpoutb Ha Gase HeGOMBIIOrO KOJHYECTBA THIIOB
snemeHToB? OTBeT 1aeT MaTeMaTHKa, TOYHee MareMaTHye-
cKas Joruka. B onHom u3 ee paspenoB — Oy/eBoit anare6-
pe — paccMaTpHBAIOTCS passiHYHble JOTHUecKHe (QYHKLUHH H
MX cBolcTBa. B Tperbeil rmaBe 3TOMy BONpOCY ylejasieTcs
3HayMTeIbHOE BHHMAaHHE, a 37ech OTMETHM JHIIb OJIHO M3
BaXKHeH WX CBOHCTB Joruueckux (yHKUHMH, KOTOpoe $IB-
JisleTCsl OTBETOM Ha TOCTaBJIEHHBIH BhILIE BOMPOC.

DTo CBOWMCTBO MaTeMarHyecKasi JiOrHka (Gopmyaupyer
caenyiomuM o6pa3oM: cpeld BCero OTPOMHOro MHoroo6pa-
3Hs JIOTHYeCKHX (YHKUHIT (a X GecKOHEYHO MHOTO) BCerga
MOXKHO BBI1€/JHTb HEKOTOPYIO Tpynny, COCTOSIIYI0 M3 KO-
He1wHO20 uHcaa ClelHanbHO TOAOOpPaHHBIX (PYHKUHE, MNOMb-
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3ysiCb KOTODBIMH MOKHO NOJYYHTb JIOOYIO APYrylo JioTHue-
ckylo ¢yHkuuo. Taxkas rpynna cneuuasbHBIX JOTHUECKHX
GbyHKUKA HasbiBaeTcs noaxod cuctemoi. Ecau xe no6aBUTh
ellle ycJOBHe, YTO HH OJHAa M3 (YHKUHUH, BXOAALIMX B TOJ-
HYIO CHCTEMY, He MOXeT ObiTh NOJiyueHa HUKaKHM KOMOHWHH-
poBaHHeM U3 OCTa/bHBIX (PYHKLHH 3TOH CHCTEMbI, TO MOJY-
UUTCS ONpeflesleHHe MUHUMAALHO NOAKOU cucTembl PYHKUHUM,

Haunbosnee pacnpoctpaneHa MUHMMaJbHO MOJiHAs CHCTe-
Ma, cocTosilliasi M3 Tpex Joruueckux ¢yHkuuit: «H»,
«UJIW», «<HE» (cm. § 3.1). CywectByeT ¥ MHHHMaJabHO
TOJIHAsl CHCTEeMa, COCTOsillasi U3 OJHOH eJHHCTBEHHOH JIOTH-
yeckoit (yHKuHMH, HasbiBaeMoi ¢yukuueit edbdepa (cMm.,
Hanpumep, [8]).

Hrak, mobyio caMyio Cl0XKHVIO QYHKLHIO MOMHO MOJYs
UUTb U3 HEKOTOPOro HaGopa MpocThiX (GyHKUHHA. DTO 1 onpe-
JeJisieT BO3MOKHOCTb MOCTPOEHHS JI0OOro ycTpoicTBa, Jo-
Goro ysna DUBM, ucnosnb3ysi orpaHuyeHHOE UfICJIO THIOB
TIPOCTBIX CX€M, T. €. HCNOJb3Ysl OlNpe/esleHHYI0 CHCTEMY 3Je-
MEHTOB.

MuHHMa/bHO TIOJIHBIE CHCTEMBI ObIBAIOT pa3Hble H MOTYT
COCTOSITb M3 PasJMYHOro KosuuecTBa PyHKUMA. Tak Kakoil
’Ke cucTeMe OTAarth npeanoyreHde? Uro BbIrojHee ¢ TOYKH
3penust nocrpoenus DLUBM — cucrema ¢ 6oablIUM KoJauye-
CTBOM THIIOB 3JIEMEHTOB WM ¢ MajabM? Kak cucrema sine-
MEHTOB BJ/IMsIeT Ha Te WM HHble cBoiicTBa JLIBM? Takue
BOIIPOCHI BCTAIOT NPH BbIOOpPE CUCTEMbl 3/71€MEHTOB.

OkaspiBaercsi, MHHHMAJbHO MOJHAs CHCTEMa 3JeMeH-
TOB /laJleKO He BCerja siBJjsieTcst OonTHManbHOH. [leno B TOM,
uto npu paspaborke DIIBM npuxoaurcs npuHMMaTh BO
BHHMaHHe Lesblii psg TpebGoBaHuil. 31ecb U rabapUTHO-Be-
COBbI€ JlaHHBIE ¥ BOMPOCH CTOMMOCTH MALIMHbI, HANEXHOCTb
annapartypbl ¥ ee ObICTPOJeHiCTBYE, TEXHOJOIHYHOCTb B MPO-
M3BOJCTBE H YCJOBHSl JKCIyaTauuu, norpebJseMas MOLI-
HOCTb M OTBOZ TenJsia u T. 1. [Toutn Bce TpeGoBaHus, Npenb-
sBasieMble K DLIBM, B Toll WaM MHOH cTemeHH BJHUSIOT Ha
BLIGOD CHCTEMBI 3JIeMEHTOB, ¥ Hao0opoT, BHIGpaHHAS CHCTe-
Ma 3/IeMEHTOB HaK/JaJblBaeT OTIEYaTOK Ha OYeHb MHOrue
XapaKTepHCTHKHU U cBoiictBa DLIBM.

Her HyXnabl 10KasblBaTh, YTO He CYIIECTBYET YHHBeEp-
CaJIbHbIX pelenToB BbIOOpPAa CHCTEMBI 3JIEMEHTOB B 3aBHCH-
MOCTH OT TeX MJ/H MHBIX TpeOoBaHMIl K MalliHe — U B CHJY
GoraTcTBa COYETAHHI STHX TPeOOBAHUII, H B CHJY HENpepbIB-
HOrO pa3BHUTHUS TeXHUKH 3jeMeHToB DIIBM. MoxHo Jaullb
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yTBEPK/AAaTh, UTO OUeHb GoJibliasi JOJS ycrexa B paspabor-
Ke DLIBM 3aBHCHUT OT npasusbHo20 yuera 6cex TPeINbsAB-
JisieMbIX K MalliHe TpeOGOBaHUI NpH BBIOOpPE CHCTEMH 3Jie-
menToB. He npereHays Ha MoJIHOTY 0XBaTa 3TOH NpobJeMbl
BO BCeM ee MHOroo6pasuy, pacCMOTPHM HEKOTODhle OCHOB-
Hble BOIIPOCHL.

[TonynpoBONHHKOBbIE 3JIEMEHTHl, HUMeloliHe (B OTJHUYHE
OT JIaMIOBBbIX) BecbMa MaJible pa3Mepbl H BeC, MO3BOJAIOT
NPOEKTHPOBATh OYeHb HeOOJIblIHE, KOMIAKTHbIE H JIETKHe
ycrpoiictBa. OHaKO C/eayeT YYHThIBaTh, YTO BLIOOD CHCTE-
Mbl 3JIEeMEHTOB MOXET 3aMeTHO TOBJHATb Ha rabapuTel H
BeC MalIHHBI, KOTOPElE B OCHOBHOM 3aBHCAT OT OOILEro Ko-
JauyectBa 3jeMeHToB B DLIBM. Tak, HanpuMep, NPH NIPOUYHX
PaBHBIX YCJIOBHAX MallHHA, [OCTPOEHHAsT Ha 3JeMEHTax,
peanusyrowux ¢yukuuio lleddepa, Gyner imeTb 6GoJblie
3/€MEHTOB, YeM, CKa)KeM, MallhHa Ha CHCTeMe (QYHK-
uuit «U», «JIW», «<HE».

Henb3s, KoHeuHo, yTBepXKAaTh, UTO rabapHTH H Bec Ma-
IIHHBl OMpeNeNsioTcss TOJMbKO CHCTEeMOH 3neMeHTOB. Boub-
IIyl0 POJIb MrpaeT H KOHCTPYKLHS MALIHHBl H KOHCTPYKUHS
CaMHX 3J1eMeHTOB.

C npyroft CTOPOHBI, yBeJUYEHHe KOJHYECTBA TUNOB dJie-
MEHTOB B CHCTEMe YI0pOKaeT pa3paboTKy MallHHbI, ee TIpo-
H3BOACTBO, €€ 3KCIJyaTalHI0O M MOXET NPHBECTH K KOH-
CTPYKTHBHBIM 3aTPYJIHEHHSIM, K YXYIIIEHHIO TeXHOJOT'HH.

Bonpocbl GeICTpOnEfiCTBHS M HAaNEXKHOCTH TOXE TeCHO
CBfi3aHbl ¢ BbIGOpOM cHcTeMbl 3jemeHTOB. MHOrma Berpe-
yaeTcs MHEHHe, YTO YeM MeHblle THIIOB 3JIeMEHTOB B CH-
creMe, TeM OHa HajexHee. OIHAKO NPH 3TOM He HYXHO
3a0bIBaTh, YTO Y3KO CIleLlHAJU3HPOBAHHASl CXeMa BBIMOJHS-
€T CBOH (YHKUHH Jyyllle, YeM yHHBepcaJbHasd. B nmpumene-
HHH K CHCTEMe 3JIEeMEHTOB TMOCJefHee MOJOXKEHHe TOACKa-
3BIBAET, UTO ONTHMYM HYXKHO HCKaTh MyTeM aHa/H3a OCHOB-
HbIX 3a]ay, QYHKOUH U cXeM, 3JeKTPHYECKHX M JIOTHUECKHUX,
C leJbl0 BHIOOPA 02PAHUYEHHO20 YHCJA NOCTATOYHO Y3KO
CreLuHaNn3upPOBaHHBIX 3/1eMeHTOB (cM., Hampumep, {9 u 10]),
a He MyTeM yHHBEpPCAJH3aLUH OJHOrO 3JEMEHTA.

[Ipo6nema BbIGOpa ONTHMANbLHOH CHCTEMBI 3/1€MEHTOB
BbIXOJIUT NlalIeKO 3a paMKH 3TOfl KHHTH H SIBJASETCS He
TOJIbKO HHXKEHEDHBIM BONPOCOM, HO M TIPEAMETOM HCCJIeno-
BaHMsl omepauuii. IMeHHO no3TOMy caeayeT MORYEPKHYTS,
YTO Ha BBLIGOD CHCTeMBl HeMaJioe BJHSHHE MOXeT OKa3aTb
JIOTHKA, 3aJI0XKeHHass B CTPyKTypy naHHoit DLIBM wu omnpe-
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AessieMasi TeXHHYECKHM 3aflaHHEM Ha NpPOeKTHPOBaHHe Ma-
LIHHBI.

Takum o6pasoMm, K Bompocy yMeHbLIEHHsI KOJIHYECTBa
CTAHAAPTHBIX 3J1EMEHTOB B CHCTeMe HYXHO MOJXOAUTb BECb-
Ma OCTOPOXHO, CYMTasl, YTO ONTHMAJEHOH CHCTEMOH 3Je-
MEHTOB SBJseTCs TaKas, KOTOpasi HauJydyllnM 00pasoM
obecrmeyHBaer BbINOJHeHHe TPeOOBAHHH TeXHHYECKOTo 3a-
AaHust Ha QLUBM.

2.2 CXEMA KJIACCH®HUKALIMH

B Hacrosiliee BpeMsi B BBIUHCJIMTEJbHONH TeXHHKe CyIlle-
CTBYET MHOTO pa3J/IMUHBIX CHCTeM 3JeMeHTOB. I[Ipakruue-
CKOe pacnpocTpaHeHHe NOJNYUYHIH CUCTEMBI:

— JaHonHble (CXeMbl COBMajeHHsi U coOUpaHUs HA JHO-
nax),

— HUMIYJbCHO-<IIOTEHUHA/bHbIE» (CTaTHUeCKHe TPHUITe-
pbl U AMOAHO-TpPaHcHOpPMATOPHbIE KJANaHHl),

— JMHaMHyecKue (JMHaMHYECKHe TPHUITEPHI),

— TepeKJNIOYeHHs] TOKOB («TOKOBbIE» KJIIOUH),

— C HemnocpeACTBEHHbIMH CBSI3SIMH,

— TapaMeTpOHHbIE,

— KPHOTPOHHbBIE H Jp.

HecMotpst Ha pasHooGpasne (HHU3HUECKHX TIPUHLUIIOB pa-
0OTbl 3J1IeMEeHTOB Pa3JMYHBIX CHCTEM, B (DYHKUHSX H CBOH-
CTBax 3JeMeHTOB MOXHO HaliTH MHorc obuiero. B stoM na-
parpade craBuTCs 3anaya: JAaTh KJjaaccH(UKaUHO cylie-
CTBYIOILIHX 3/eMEeHTOB TaKuM 06pa3oM, uToObl OHa OTpasH-
Ja Obl Kak posib U Ha3HaueHHEe 3JEMEHTOB B MallHHe, TaK
H Haubosee obuiue 0coOEHHOCTH HX (hU3MUECKHX (3JMeKTpH-
YeCKHX) CBOMHCTB.

MoxeT BO3HHKHYTb BONPOC: [JIsl UEro Hy»KHa KaaccHdH-
Kalus sneMeHTOB? [y1aBHoe, uto TpebGyercss OT Hee, 3TO
YEeTKO ONpejle]uTb MECTO KaxJoro 3/eMeHTa B CHCTEMEe H
€ro OTHOIIEHHE K 3JeMeHTaM Apyrux cucreM. Ilanee, Takas
KJaccHbHKaLUs MOXKET NMPUHECTH NMOJb3y Kak NpH Bubope
CHCTEMBl 3JIeMEHTOB, TaK H NPH ONpeIeseHHH ONTHMaJbHOH
cucteMbl. M, HakoHeu, oHa mOMOXeT HaBeCTH INOPALOK
B TEPMHHOJNOTHYECKHX BOIIpOCAX.

Ilpn npoekTHpoBaHUM YCTPOHCTBA Tepen HHXKEHEPOM
CTOAIT, KaK NPaBUJO, IBE TECHO CBsI3aHHBIE 3afgayH: 1) pas-
paboTka s02u4ecKkoil CHCTEMBI YCTPOACTBA M 2) yueT Bcex
dneKTpudeckux 0coGeHHOCTell CONpsIKEeHHs  3JeMEHTOB
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B ycTpoicTBe. $lciio, uTu BlMMaHHe npexje Bcero obpa-
LiaeTcsl Ha Ha3HaueHue W (QyHKUHOHAJbHbIE CBOIiCTBa 3Je-
MEHTOB, Ha OCOOEHHOCTH BXOAHHIX M BBIXOAHBIX CHIHAJOB
H Ha 3/eKTPHYecKHe MpPOILECChl Ha «CThIKaXx» 3JeMeHTOB.
Du3nueckHe Ke NPoOUECCH BHYTPU CXEMbI 3JeMeHTa OTXOAAT
Ha 3ajaHuil naaH. [lostomy onHocTymeHuyaTass KiaaccHdpuka-
IMsl He B COCTOSIHHH OXBAaTHTb HHTEPECYIOIIHH HHXKeHepa
Kpyr BonpocoB. HyxHo no kpaiiHeli Mepe HecKOJbKO 3Ta-
NOB, pa3fesioliHX 3JEMEHTbl 10 Pa3JUUHbIM NnapaMerpam.
OueBHAHO TaKXKe, YTO 3TH MapaMeTPbl JOJKHBl OTPaxaTb
JICCTAaTOYHO OOILIHe CBOHCTBA COOTBETCTBYIOILMX TPYIN 3Je-
MEHTOB.

B nepByw ouepeab 3aementol DLIBM nensitcs Ha nBa
Knacca (puc. 2.1): 1) kjaacc s02uueckux >1eMeHTOB H
2) KJlacc 8CnomMO2aTeNbHbIX JIEMEHTOB.

C nomouibio 3/1eMEHTOB MEPBOT0 KJjacca peasu3yloTcs
JIOTHYeCKHe (yHKuuH. BcrnomorartesnbHble K€ 3J1eMEHTHI
JUIIb 00ecrneynuBalOT YCJOBHUSl, HeoOXONHUMble AJs PaboThl
JIOTHUYECKHUX 3J1eMeHTOB.

Knacc jlorndeckux ajeMeHTOB pacrmajgaercsl Ha ABe IpyI-
Mbl: 3J€MEeHTbl ¢ 3ANOMUHAHUEM W 3jeMeHThl 0e3 3anomu-
HQHUSA.

D/leMeHTbl C 3alOMHHAHHEM CMOCOGHbI MOX BO3LEHCTBH-
€M BHelllHero CHTHa/la yCTaHaBJHUBATbCSl B ONpeJiesieHHOe
COCTOSIHHE H COXPaHsATb €ro CKoJb YrOAHO JHOJITO Iocie
TpeKpalleHusl 3TOro CHTrHaJjla (Hanmpumep, Tpurrep, Gpeppur-
TPAaH3HCTOPHAS siueilka). DJeMeHTbl BTOPOH I'pYNMbl BHINOJ-
HAOT B cxemax DLIBM te unu nHble soruyeckue (QyHKUHH,
HO «namsTblo» He o6JafaloT (Hanpumep, KJanaH, HH-
BEpTOp).

Jloruueckue 3neMeHTHl C 3aNIOMHHAHAEM MOTYT OBITh KakK
CTATUYECKUMU, TAK U OUHAMULECKUMU.

CraTuyecKUM Ha3blBAlOT TaKOH 3JE€MEHT, KOTOPHIH «3a-
MOMUHAET» COCTOsIHUE Oe3 dsudenus CATHAMA TI0 CXeMe 3Je-
MeHTa (CcTaTHUeCKHit TpHUrrep).

JIMHaMHUYeCKHM HA3bIBAIOT TAKOH 3J€MEHT, KOTOPBIH «3a-
NIOMHHAET» COCTOSIHME ¢ MNOMOW(bl0 O8udxeHuss Ccursasa
B cCXeMe 3JeMeHTa (AHHaMHYECKHl TPHUITEep).

Jlornueckue snementsl 6e3 3anoMHHaHHA INodpasnens-
10TCST Ha ynpasasemvie W Heynpasasemovle SJeMeHTHL.
K ynpaBnsieMblM OTHOCSITCSI 3JIeMEeHTBbl, BBIXOLHOH CHIrHAJ
KOTOPBLIX 3aBHCHT OT COCTOsIHUSI O8YX uau 6onee 8x00HbLX
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wun (KknamnaH, cxema coBnaieHus). IIpusnakom Heympas-
JISEMOr0 3JIeMeHTa SIBJAseTCcs] 3aBHCHMOCTb BBIXOJHOTO CHT-
HaJla OT COCTOSIHHS TOAbKO OOHOLi BXOLHOM LIMHBI (HHBEp-
TOp, cXema COOpPKH).

Knacc BcrioMorartesibHBIX 3J1EMEHTOB COCTOHT H3 npeobpa-
YOuUX U 2eHepUPYOUjUX 3J1eMEHTOB.

[Tpeo6pasyiomune 31eMeHThl NpeiHAa3HAYAOTCS IS H3-
MEHEeHHS aMIIMTYAbl, GOPMbl, MOIIHOCTH BXOJHOr0 CHrHa-
na. [eHepupyloue 3JeMeHTHl HCIONb3YIOTCS B KauecTBe
NePBHYHBIX HCTOYHHKOB CHTHAJOB KaK CHHYCOHIaJbHOH,
TaK U HECHHYCOMIaJbHOH (OpMBI.

[Tpeo6pasyouie sneMeHThl AeNSTCA Ha ycuausaroujue
H opmupyrouyue. DneMeHTHl, y KOTOPHIX B AOCTATOYHO LIH-
pPOKOM nHamna3oHe M3MEeHeHHs mapaMeTpPoB BXOAHOro CHrHa-
Jla MMEeeTCsl 3aBHCHMOCTb BBIXOLHOIO CHIHaJa OT BXOJHOTO,
NPHHATO Ha3blBaTh YCHJAMBAWIIHMH (MMIYJbCHbIE YCHJIHTE-
JM, ycuautend MomHoctH). Ecau Ke BBIXOAHOH CHrHaJ
NPaKTHYECKH He 3aBHCHT OT MapaMeTpoB BXOAHOTrO (OGBIYHO
HaYHHas C HEKOTOPOTo «NOPOrOBOro» 3HAuyeHls 3THX napa-
METPOB), TO TakKHe CXeMbl OTHOCAT K (DOPMHDYIOLIHM 3JI€-
MeHTaM (oaHoBHUGpATOp).

Cnenyer 3ameTHTb, 4TO [e/eHHe Ha YCHJMBAIOIHE U
(hopMHpYIOIHE 3/ME€MEHTHl He BCeria yAaercs MpoBeCcTH IO-
CTATOYHO YeTKO. DTO OObACHSETCS TEM, YTO HMIYJbCHBIE
3J1eMeHThl, paboTaloluie Ha HeJHHEHHLIX y4acTKax Xapak-
TEDUCTHK TPHOJOB, BHOCSIT He/lHHelHbIe HCKaXKeHus, 6s1aro-
Aaps 4eMy MHOTHe CXeMbl ycHauTeael 06JafaioT B TOH MU
HHOH Mepe M ¢opMupylOIIUMH cBoiicTBaMH. Kpome Toro,
c/eldyeT yuecCTb, UTO JIOTHYECKHe 3JIEMEHThl YacTO SIBJSAIOTCS
H npeo6pasyloIHMH (CM. MYHKTHPUYIO CBs3b Ha puc. 2.1).
CxeMbl TaKHMX 3JIEMEHTOB COCTOAT M3 IBYX HJIM HECKOJbKHX
NPOCTHIX 3/7eMeHToB. Hanpumep, B ¢eppHT-TPaH3UCTOPHOH
siyeike (eppuUT urpaer podb JOTHYECKOTO 3JIEMEHTa,
a TPaH3HCTOP — poJib npeoGpasyiowero (yCHAHTENb MOLIL-
HOCTH, HHOTZIA ¢ (OPMHUPYIOLIMMH CBGHCTBAMH).

PaccMoTpes kiaccHbHKALHIO 31€MEHTOB 110 HX Ha3Haye-
HHIO B YycTpo#cTBe (JIoTHYeCKHe — C 3amOMHHaHueM u 6e3
3anoMHHaHHUs, BCIOMOrare/bHble — npeoGpasyioniie u re-
HepPHPyIOlLHe) H N0 HEKOTOPBIM HX BHYTPEHHMM CBOHCTBaM
(craTHueckHe W NHHAMHYECKHe, YNpABJAsieMble M HEympas-
JsieMble, YCHIMBawIUMe 1 GOpMUPYIOLIHE, CHHYCOHAAMbHbIE
M HeCHHycOHJaJ/bHble), MnepeiiieM K XapaKTepPHCTHKe 3Je-
MCHTOB IO WX BXOAHBIM H BbIXOOHLIM CHTHaJaM.
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B cxeMe ycTpoiicTBa 3JieMeHTHl, KaK NpaBHJO0, BKJIO-
4yaoTcs TakKUM o6pa3oM, 4TO BBIXOAHBIE CHTHAJIBl OJHHX 3J1€e-
MEHTOB SBJSIOTCS BXOAHBIMH OJs1 Apyrux. Ilosromy npH
paccMOTpeHHH OOLIMX CBOHCTB CHTHasa He HMMEET CMbICJa
pasjiensaTb MOHSATHS «BXOAHOW» W «BbIXoAHO#». C Apyro#
CTOpPOHBI, BLIXOJHOH CHI'HAJ TOpasno Jyulle, moJHee Xapak-
TEpU3YeT 3JeMeHT, yeM BXxoaHOH. [lcatoMy mpu kaaccudu-
KalUWK 3JEeMEHTOB y106HO paccMaTpUBaTh CBOHCTBA 86LX00-
HO20 CUTHaja, a UMEHHO: 1) BpeMeHHble M 2) 3JIeKTpHue-
CKHe ero ocoOeHHOCTH.

HauGonee o6wve cBoficTBa 8pemeHHO20 XapakTepa BHI-
ABJAIOTCA NPH PACCMOTPEHHUH NPHUHH, ONpeNeNsIOlIHX Ha-
4aJio U KOHell BbIXOAHOr'O curHana. MoMeHT Hauasna BHIXOX-
HOT'O CUrHaJla HereHepHUPYIOLIEro 3JeMeHTa 3aBUCHUT OT MO-
MEHTa NpHX0ojaa BXOJHOrO CHrHaJa (B TOM CMBIC/e, YTO BhI-
XOIHOH CHTHAJ He MOXEeT HayaTbCs paHee NMPUXOAa BXOX-
HOro). MoOMeHT OKOHYAaHHsSI BBIXOJIHOrO CHTHAaJja, KaKOH Gl
JJUTENbHOCTE 3TOT CHrHal HHU OblI, MOXET 3aBHUCETb. OT
XapaKTepUCTHK BXOJHOTO CHTHAana, CBOMCTB CXeMbl 3JIeMEeH-
Ta, NapaMeTpoB HArpy3ky HJAM OT MOMEHTa npuxoia Apy-
roro BXOJHOTO CHrHaJa Ha TOT WJIM HHOH BXOA 3JEeMeHTa.
B nepBom c/iyuae BHIXOZHOH CHrHal Ha3bIBAIOT MMIMYJbCOM,
BO BTOPOM — yPOBHEM.

Jpyrumu cinoBamu, umnyasc — Takoi BBIXOAHON cHrHal,
JJIHTEIBbHOCTb KOTOpPOro B o0lieM cjayyae He 3aBHCHT OT
MHTEpBajga MeXAYy BXONHBIMH CHTHAJaMH Ha 3JeMeHT (CHr-
Han (GeppHT-TPAH3UCTOPHON sUefiKH, NHOAHO-TpaHcdhopMa-
TODHOTO KJafaHa U T. N.). ¥ po8eHs — TAKOH BLIXONHOH CHT-
HaJ, IJUTEJBHOCTb KOTOPOrO OlpejedsieTcsi HHTepBaJoM
MeXIy JABYMS BXONHBIMH CHTHaJaMH, MOCTYNHBLIUMH Ha
anemeHT. CraTnueckuii Tpurrep, HanpuMep, BbipaGaTelBaeT
ypoBeHb. JlMHAMHYeCKHH TpPUITep TaKXKe BblAaeT CHrHAM
«ypOBeHb», HO B 3TOM CJyuae YpOBEHb NMpeACTaBJAseT co60il
navyky UMNYJbCOB (HJAH OTCYTCTBHE HMIYJBCOB).

[TonsaTHe «ypoBeHb» NPHUMEHSETCSl €lle B HEKOTOPBIX
cayyasix. Ecan Ha Bxom aqaeMeHTa nMonaercst yposeHs U BhI-
XOJHOH CUTHaJ M08TONAET N0 IJHUTENbHOCTH BXOAHOH, TO
BbIXOJHOH CHIHaJ TakXe Ha3blBAlOT YpPOBHEeM (Hampumep,
CHrHaa ¢ HHBepTOpa, ynpamasemoro Tpurrepom). Kpome
TOTO, YPOBHEM MPHHSATO CUUTATH M BHIXOJHbIE CHTHAJBI OLHO-
BubGparcpa M MyJabTHBHOpaTOpa, TAaK Kak o6e 3TH CXeMbl
AIBJIAIOTCH PA3HOBHIHOCTBIO CTATHUECKOrO TPUITEpa — PONO-
HauaJbHHKA TOHSTUS KYDPOBEHBbY,
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A6con10THbBIE BeJMUHHBl AJHTEJIBHOCTH HMIYJbCOB H
ypOBHE! MMEIOT 3HAUeHHe TOJbKO ¢ TOUKH 3PeHHs OBICTPO-
1eficTBUS 37eMeHTOB. Ec/in B 0/1HO M TOH Ke cHCTeMe 3Jie-
MEHTOB HMEIOTC MMNYJbChl H YPOBHH, TO HMNYJbCH, Kak
npaBuso, Kopoue ypoBHed. OJHAKO HMNYJNbC MeNJEeHHONEH-
CTBYIOIEH CHCTEMBl 3JIeMEHTOB MOXKeT ObITb MHOIO AJIH-
TeJibHEee YPOBHS OBICTPOAEHCTBYIOLIEH CHCTEMBI.

ITocnenHedi cTyneHblo NMPUBOAUMOH KJjaccHpHKAUUH SB-
JISleTCsl TMOApa3jiesieHue 3JeMeHTOB ¢ TOYKH 3peHHs Haubo-
Jee OOMIMX 3/4CKTPUHEcKiux CBOHCTB CHIHA/Ma. DJEMEHTH,
BBIXO/bl KOTOPBIX MOXKHO H1€a/ju3HpOBaTh reHepaTopoM TO-
Ka, Ha3blBAIOT TOKOB8bIMU. DIE€MEHTHI, BBIXOAbl KOTOPBIX HJe€-
aNU3NPYIOTCS TeHepaTopOM HamnpsiKeHUs *, NPHHATO Ha3bI-
BaTh NOTEHYUAAbHbIMU, XOTS lIpaBUJbHee OLLIO Gbl Ha3BATh
HX 3J€MEHTaMH HampskKeHusl.

[TepBble MMEIOT OTHOCHTE/NBHO GOJIbLIOE BHIXOLHOE CO-
NPOTHBJEHHE M MaJoe BXOLHOE W NPeAbAB/SIOT K CHTHAJY
Tpe6oBaHHe HE3aBHCHMOCTH TOKA CHUTHaJa OT HArpyskH, KO-
TOpas, Kak NpaBuJo, BKJOUaeTcs nocaenoartesnbHo (dep-
puUT-TpaH3UCTOpHAs siuelika). Bropble — OTHOCHTEJNBHO Ma-
JIO€ BbIXOJLHO€ COMPOTHBJIEHHE U 60JbIIOe BXOJHOE U NPENb-
ABJSIIOT K CHrHa/ly Tpe6OBaHHE HE3aBUCHMOCTH Hampsxe-
HHSl CHTHaJa OT Harpyski, NoAK/JouaemMold OObIYHO MapaJ-
JieIbHO (AHOAHO-TPaHCGHOPMATODHBIN KaanaH).

B nHxeHepHO! NpakTHKe, 1a 4 B TEXHHYECKOI JUTEpaTy-
pe, K coxaJleHHIo, He BCerja NnpaBHJiEHO NPHMEHSIOTCS He-
KOTOpble TEPMUHBL.

CraTuueckuil TpUrrep C ypoBHSIMH Ha BBIXOJ€ OUYeHb Ya-
CTO HA3BbIBAIOT «IOTEHLMAJNbHBIM» TPHITEDPOM, HMesl B BHULY,
YTO BBIXOJHBIM CHTHAJIOM ero sIBJAsieTcsl «noTeHuuands. Ilpu
3TOM NOJ «NOTEHLHAJOM» MOAPa3yMeBalOT He CHUTHAJ OMpe-
JleNIeHHOTO HanpsXKeHHsl, a CHTHAJ THma «ypoBeHby. OnHa-
KO ynoTpe6/ieHHe B 3TOM CJyyae TepMHHA «IOTEHIUHA » He
TOJILKO HEBEPHO, HO M BPENHO MO CJeAYIOLHMM cooOpaxke-
HUSIM.

Bo-nepBbiX, 371ech Bblpa)KeHHe <«NOTEHUHAJbHBIA» TOA-
MEHsIeT NOHSITHE «CTATHYECKUH».

Bo-BTODHIX, TEPMHH «IOTEHLHAJT» UCIOJNb3YeTCsI B CMBIC-
/e MOHATHST «ypoBeHb». Ilpu 3TOM BO3HUKAET NPOTHBOIO-

* I'enepaTop TOKa — MCTOYHHK TaKOro CHrHaJla, BeJHYHIla TOKa
KOTOPOrO He 3aBHCHT OT Harpysku. I'eHepaTop HanpsiKeHHs — HCTOUHHK
TaKOrO0 CHTHasa, BeJHYHHA HaNpsXKeHWs KOTOPOrO He 3aBHCHT OT Ha-
TPY3KH.
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CTaBJjieHHE «NOTEHUHAJ» — KUMIOYJbLCY», KOTOpPOE, BooOblle ro-
BODS, HEJeNo, TaK KAk 3TH MOHSATHSI OTHOCSITCSI K COBEpILEH-
HO Pa3/IMuHbIM, HECONOCTABHMbBIM XapaKTepHCTHKaM CHTHa-
Ja (WMEHHO B TaKHMX c/ydasix roBopsar: — «B oroponae Oy-
31MHa, a B Kuese A91bKO»).

U, nakoHel, 3ta tepMHHOJOrHYEeCKas OWKOKA NPHBOIHT
K abcypay NpH HCIOJb30BAHWM TaK HA3bIBAEMOTO <«IOTEH-
LMa/JbHOrO» TPUITepa B TOKOBOM BapHaHTe, T. €. KOT4a BHI-
X0 CXeMbl CJIYXHT I'eHepaTopOM TOKa, U Ha3blBaTh TaKOH
BBIXOIHOH CHTHAJ «NOTEHLHAJO0M» MpPOCTO HeynoGHO.

Knaccudpukanusi aneMmentos DLIBM nossossier pacmpe-
oeuTb HauboJsiee M3BECTHBIE 3JeMEHTHl MO TpynmaMm cJe-
NyIOWHUM 06pa3oMm:

Jloruueckue 3ajemMeHTH C 3allOMMHAHHEM
cratuvecKue umMnyabCHoie

NOTEeHLUHAJJbHBIE: HEe U3BECTHHI;

TOKOBBIe: ¢eppur, beppuUT-nHOAHAS SUEHKa,
(beppHT-TpaH3UCTOpPHAS sueilKa, cXeMbl THIA «HM-
NYJbCHBIH TPHUITEP», <«pPa3HOBPEMEHHbIl 3anper»
T I;

craruvecKkue ypogHesovle

NOTEeHUUAJIbHBIE: pasauyHble  CXeMBI
TPAH3UCTOPHHIX TPHUITEPOB (MPOCTHIE, C OTCEUKOH,
HeHACHILIEHHbIE W T. A.), TPUITEPHI C HEMoCpeiacT-
BEHHBIMH CBSI3SIMH, TPUITepbl Ha sYefiKax «iepe-
K/IIOUeHHS TOKOB» H T. IL;

TOKOBBIe: (peppUT-TPAH3UCTOPHBIE TPHITEPHI,
TPUITEPBl HAa KPHOTPOHAX *;

JuHnamuuecKkue YpoeHesoie

NOTEHUHAJAbHB e [IUMHAMHYECKHE TMOTEH-
LHaJbHBIE TPHITEPHI;

TOKOBDI €' JHHAMHYECKHE TOKOBbIe TPHITEpHI,
cxeMbl Ha (eppUT-IHONHBIX H (eppHUT-TPaH3H-
CTOPHBEIX siUefiKax B peXHMMe PeUUPKYJISUUH «edH-
HHLBI»,

* KpHOTPOH — 3/1eMeHT, OCHOBaHHBIi Ha Tepexofe TaHTAaJO0BOrO
NPOBONHMKA M3 CBEPXTPOBOASIIErO COCTOSIHHS B COCTOSIHHE HOPMaJb-
HOl TMPOBOAMMOCTH M OGPAaTHO MPU HANOKEHHH M CHATHM MarHHTHOrO
noas npu temmepatype 4,2° K.
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Jlornueckue sneMeHTH 6€3 3anMOMHHaHHSA

ynpasasemole UMRYAbCHbLE

NOTEeHLUHAaNbHbBIE: KlanaHbl JHOMLHO-TPAHC-
cdopmaTopHble, TPHOAHBIE H 1P.;

TOKOBBI€: Kaamanbl ()eppUT-TPAH3HCTOPHbBIE,
sYeHKH ONHOBPEMEHHOTO 3amnpera, cXeMhl COBNA-
JeHUsl Ha NMOJNYTOKax U T. [I.;

ynpasasemole Yposresgsle

NOTEeHUHaAbHBbBIE: NUOLHBIE CXEMHhI cOBNa-
JEeHHs, NHOAHBIE neu.mq)paropbx;
TOKOBUBLI € HE H3BECTHHI,

Heynpasasemole UMNYAbCHbLE
NOTEHLUHaJNbHBlEe: QHOAHblEe cOOpKH, sued-
KU «TepeK/aoYeHUd TOKOB», NapaMeTPOHHI;
TOKOBBle: (eppuT-TpaH3UCTOpHAsT syeHKa
C NMOAMAarHHYMBaHUEM, siuefika «KPHOTPOHY;

Heynpasasemole YyposHesble
NOTEeHIHaNAbHDBe: NHOAHble COOPKH, HHBEP-
TOpP MOTEHLHAJbHbIH;
T O KOBBHI € 'MHBePTOP TOKOBBIH.

Bcnomorarenbheie ajsemMeHTH npeoGpasyromue

ycuausaroujue UMnYabCHole
NoTeHLHAaJbHB e TpaHchopmarop Ha OK-
cudepe *, YCHAUTENH HMIVJIbCOB HaNpsIXkKeHHS,
3MUTTEPHBIE NIOBTODHTEJH;
TOKOBBl e: TpaHcdopMaTop Ha (eppHTOBOM
ceplleYHHKe, YCHJHUTEJH HMIYJAbCOB TOKA;

ycuausaroujue yposHessie
NOTEeHUHAJbHbBle: YCHJIMTENH YPOBHs Ha-
NpSIKEHHs,, SMUTTEPHbIE NOBTOPUTEJH;
TOKOBBI€: YCHJUTEIN YPOBHS TOKA;

opmupyrouwue umnyrsbcrole

NMOTEHUHANbHB e: GOPMHPOBATENH UMIY/Ib-
COB HaNpsAXeHHUs ;
TOKOBBLI€: q)OpMHPO’BaTeJ]H HMIIYJbCOB TOKa,
* OkcHpep — deppuTOBHI TOpPOMAaJbHbI CEPACUHHK C HEMPsAMO-
yrosbHo# metJeit rucrepesuca (cM. § 1.5).
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popmupyroujue yposressie

MOTeHUMAaNbHbl e OJHOBHOpATOPH TpaH-
3UCTODHBIE; :

TOKOBBI e: ofHOBHUGpaTopsl (eppur-TpaH3u-
CTOpHBIE,

Bcnomorarenbubie anementsl reHepupyiomue

cunycoudaibHole

MOTEHL HaJdbHble:  TeHepaTOPhl  CHHYCO-
HAAa/JbHBIX HaNpsKeHHH;

TOKOBBHI€: IreHepaTopbl CHHYCOMLAJBHBIX TO-
KOB;

HeCurycoudasbHble UMNYAbCHbLE

NOTEHILUHAJDbHBE €: 6J10KP]HI‘-I"eHepaTOpr H
reHepaTopbl OOHHOUHBIX MMINYJAbCOB HAINPAXEHHUA,

TOKOBH€: 6J10KHHI‘-FEHepaTOpbl H TeHeparto-
Pbl OAHHOUYHBIX HMIYJbCOB TOKa;

HecunycoudanbHble YposHesble

MOTEHLHAJbHBbIe: MyJbTHBUGPATOPHl TPaH-
3HCTODHBIE;

TOKOBBI€: My/abTHBHGpaTopsl (eppHT-TpaH-
3HCTOPHBIE.

2.3 ®YHKUHOHAJIbHBIE OBO3HAYEHHUS 3JIEMEHTOB

B
Ouang,
HaJlby
leMa
JIOTHYy

npakTuke paspaborku ycrpoiicts DLIBM u B cne-
HOH TeXHHYECKOH JHTepaType MOJb3YIOTCS (QYHKUHO-
BIMH 00603HaYeHHSIMH — YCJIOBHBIMH H300paXKeHHUAMH
HTOB. CyuecTByeT gBa OCHOBHBIX THNMA O0O3HAueHHMH:
€cKue H chneuuaaH3upOBaHHBIE,
CrneunasbHol JuTepatype obuero xapakrepa ([8, 11])
Tivcauun uaed, npunaunos ({12, 13]) u T. 0. HCnoJb-
1 (PyHKUHOHAJbHBIE 0603HAUEHHS, KOTOPHlE MOXKHO
Thb soeuveckumu. Ouu oTpaxaioT sjeMeHTsl DLIBM
(bynxu? C TOUKH 3DEHHsi BHIOJHSEMBIX HMH JIOTHYECKHX
<<I/IJ]I/[HH' Bo MHOrux cucreMax CyuiecTByIoT aneMeHThl «H»,
>, «<HE» u 1. 1. n enunoo6Gpa3sne B UX 0603HAUEHHH
5}"“‘;5;*0 NMPH TMOCTPOEHUHM W H3YYEHHUU JIOTHKH paboThl pas-
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NUUHLIX ycTpoicTs. [TpenMyiecTBo Takux oGo3HaueHui 3a-
KJII0YaeTCsl B TOM, YTO N0/, 3/1€MEHTOM, BBINIOJIHSIOLIHM OIIpe-
NIeJIEHHYIO JIOTHYECKYI0 (DYHKIHIO, MOXKHO TOHMMAaTb CaMbIi
IWHPOKHH KPYr cXeM, NMOJIHOCTbIO aGCTparupysicb OT (HU3HU-
YECKMX M TeXHHYecKHX BomnpocoB. HemanoBaxHO M TO, UTO
3TH 0003HAYeHHs MPSIMO CBSI3aHBl C TePMUHOJOTHeH anre6-
PBI JIOTHKH H NO3TOMY YAOOHBI IPH CHHTE3€ CXEM.

U HE
Puc. 2.2, Jloruyeckue ¢yHKUHOHA/IBHBIE
0603HayeHHsl.

Jloruueckue o603HayeHHs] OUeHb HPOCTHl M He CBA3aHb
C KakoH-mu60 KOHKpeTHOH cxeMolt aseMenTa. HekoTopule H3
HHX AJ151 IpHMepa NpHBeAeHbl Ha pHuc. 2.2.

CxeMBl ycTpO#CTB, BBINOJIHEHHBIE B JOTHUECKHX (yHK-
IIHOHAJbHBIX 0003HAYeHUsIX, He MOTyT 3aMEHUTb NpPHHIH-
nuanbHble CXeMbl, TaK KaK OHH OTPa}alOT TOJbKO JIOTHKY
H COBEPLIEHHO He [NAlOT NpeACcTaBJeHUs HH 00 3/eMeHTax,
HH 06 0COGEHHOCTAX HX BKJjoueHus. Ho cxembl ycTpoHCTB
SLIBM cocTOST M3 MHOTHX COTEH, 4 TO U ThICAU 3JEMEHTOB.
BhluepunBath nosHble NIPUHUKMNAANBHBIE CXEMBI, H300paxas
KaxXIblil TPHO/, COMPOTHBJIEHHE, 0OMCOTKY TpaHcdopmaropa,
HepasymHo. PaGorath ¢ TakuMM cxeMaMH Obljo Obl HEBO3-
MOXHO H3-3a HX T'DOMO3IKOCTH.

[TosToMy B HHXKeHepHOH mpaKTHKe OGBIYHO NMPHMEHSIOT-
csl Ipyrue pyHKUHOHAJbHBIE 0603HAUEHHsI, KOTOPbIE MOXKHO
Ha3BaThb cneyuaausuposarnsimi. OHU «NPUBS3AHHI» K BIOJ-
He OmpelesieHHBIM CXeMaM 3JIEMEHTOB M OTPaxaloT yke He
TOMBKO (@ 4aCTo U He CTOJIbKO) JIOTMYECKYI0 CTOPOHY pa-
60ThHl, HO H BCe OCOOEHHOCTH BKJIOUEHHSI 3JIEMEHTOB.

CrneunuanusnpoBanHble 0603HAUEHHUS CBA3aHBI C LEJBIM
PSILOM yCJIOBHOCTeH: ONpenesieHHble BXOAbl H300paxaioTcs
B ONpeneNeHHbIX MecTax, BBOASTCS 3HAaKH, OTpaxaloliue
0COOEHHOCTH BKJIOYEHUS, NPOCTABAAIOTCA MOPSIKOBbiE HO-
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Mepa 3JIeMEHTOB B CXeMe, aJipec ero MecTa B KOHCTPYKIHH
U T A

[Tpun xopowo pa3padoTaHHON cHCTeMe CHeLHaNu3upo-
BaHHBIX (QYHKUMOHAJbHbIX 00603HaueHHi (yHKUHOHAJIbHBIE
cXeMbl yCTPOHCTB OTPaXKaloT BCe 3/1eKTpHyecKue cBs3u. [1pu
5TOM INPHHIMNHMAJbHbIE (2 MHOrAA W MOHTaXHble) CXEMBbl
CTAaHOBATCA He HYXHb. Ilpumepbl Takux QYHKLHOHAJB-
HBIX 0003HAUYeHWH NpPUBOIATCS NPH ONMCAHMHM TNOCTPOCHHUSA
HEKOTOPHIX cxeM (cM. § 6.4, 7.5, a Taxxe [14, 15, 16] u 1p.).
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I'JIABA TPETbSl
OLUOOHBIE NEIIH®PATOPDI

3.1. JIOTHYECKHE 3JIEMEHTbI HA JHOJAX
H CONPOTHUBJIEHHUAX

OnHMM H3 OCHOBHBIX BHIOB 3JeMeHToB DLIBM sBasior-
Csl 3/1EMEHTHI, BHINOJHSAIOWINE Pa3/IHUHble JOrHYeCKHe (PyHK-
uud. B Teopun MaremaTtuyeckoil JIOTHKM N0Ka3aHO, YTO ca-
Mble CJIOXKHbBIE JOrHYecKHe BBICKA3bIBAHUSI MOT'YT OBITb BhI-
paxeHrl B BHIe KOMOHHALHMH BecbMa HeGOJBLIOTO KOJIHYE-
CTBa 3aflaHHbIX NPOCTEHIUHX (3JeMeHTapHbIX) (QYHKUHH.

ITonHo#t cucTeMON 3JieMEHTapHBEIX JIOTHUECKHX (DYyHKUUH
Ha3bIBaeTCs TaKas CHCTeMa, KOTOpasi COCTOUT M3 OAHOH HJIH
HECKOJIbKHX 3JeMEeHTapHBIX GyHKIHH, KOMOGHHHPYS KOTOpbIE
MOXHO BHIpasuTh JM060e BHICKa3biBaHHe. B KauecTBe IpH-
Mepa TaKoH cucTeMbl DAacCMOTPHM CHCTEMY, COCTOSILYIO H3
Tpex Jornueckux ¢ynkuuit: «M», «HUJIH», «HE».

Kak u Bcsikue npyrue, sti GyHKUMH npeobpasyioT mo
onpejeJieHHbIM NpPaBUJaM BeJHYHHBl apryMeHTOB B 33BHCH-
Mble nepeMeHnbie ¢ynxkuuu. HauGosee pacnpocTpaHeHHbIH
pasmesn MaTeMaTHYecKOi JIOTHKH MMeEeT JeJlo C NepeMeHHbI-
MH, NDHHHMAIOUMMH TOJIbKO 1Ba 3HAYeHHs: HyJb HJIH eIH-
Huuna. Ilpasuna, no KoTopbiM npeoGpasyloTCss 3TH BEJHUH-
HBl B pacCMaTPHBaeMbIX (YyHKUHsIX, H3/I0KeHbl B paboTe [8].

[Ipennonoxum, YTo HaM Heo6XOAMMO 3anHcaTb B BH/IE
JIOTHYECKOH (YHKIHM crelyiollee BbiCKasbiBaHUE:

«Ipaxnannu ViBanos uau IleTpos mpouHTaloT 10 KOHLA
XKYypHaJ, ec/d OHM JOCTATOYHO TEPIENHBHl MJIH KTO-HHOYIAb
3aCTaBUT UX CHeJaTb 3TO U €CJAH XKypHal He YPE3MEPHO
CKYYeH».

O6o3naunm:
A — npouTeHHe XKypHaJa,
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B, — repnemmBoctb Vpanosa,
B, — repneansocTts [leTposa,
C,;, — puHyXaeHHe HBaHOBa K NpoYTeHHIO,
C,,— npunyxpaenue [leTpoBa K mpouTteHuio,
D — 3anumaTes bHOCTb X ypHara.

Ha puc. 3.1 npencraBiena 6s0k-cxeMa GYHKIUH, OUCDL-
Balolled 3TO BbICKasbiBaHuWe. B cuMBo/sax JOrukd QyHKUUA
MOXeT ObLIThb 3amMHcaHa Tak:

A= [D/\(Bna \Y, Cun)]V[D/\(Bn\/Cn)]-

B 3IIBM unoruueckue ¢yHKUHU 8
BCTPEYAIOTCS, HATNPHUMEP, B TAKOM i i
BHJIE! , .

«B wuHe A curHan mosiBHTCH, Cup
ecu: b "

— uau B muHax By wnu C, uD [
€CTb CHTHaJhl,

— wuau B wuHax By uan Cou D |4 H
€CTb CHTHAJbI».

Herpynno Bumers, uto sto Bhi- [ o] I,
CKa3blBaHHE ONMHUCHIBAETCH TOUHO
Tako# e (yHKUMeH, Kak npebl- [} Bremg
Iyliee. _ U

Jlornyeckne GyHKUHH peanusy-
iores B DLIBM pasnuunbiMu 3ne- Cremp)

MeHTaMu. TToHATHO, YTO Y 9TUX 3.1e-
MEHTOB MOXKeT OBbITb U TO HecKoJb- Puc. 3.1. Buaok-cxema Jo-
Ky BXOJ0OB, a He o ABa, KaK B OIH- THYECKOH (YHKIHH.
CaHHBIX HaMU TIpHUMepax.

PaccmorpuM npuHuun paGoThl HauGoJiee npocToi cxe-
Mbl «M» Ha nHOmax M COMPOTHMBJEHHAX, HMeIOIeH 1Ba BXO-
na (puc. 3.2).

[Tpu orcyTcTBHM cHrHAJIOB Ha BXoaax o6a A4M0/1a OTKPbI-
THI, TaK KaK TIoTeHUHas Touku A pasen E, yto H noaaepxi-
BaeT AUOAbl B OTKPHITOM COCTOSIHMU. B 3TOM cayuae TOK Te-
YeT Tak:

E=Ro?ﬂ1:Rm1 " E——:Roz'az:Rmz'

Tax xak conpotussnenue ueneit [, =Ry ¥ Js=Ru 3Ha-
YHTEJIbHO MeHblle, YeM CONMPOTHUBJEHHE HAarpy3ku Ry, TO
OCHOBHOM TOK TeYeT HMEHHO MO 3THM WYHTHPYIOUIUM Ha-
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rpysky uensM. IIpu Haquyumu cHrHana Ha OJHOM TOJBKO
BXOJE& CONpPOTHUBJEHHE Harpy3ku ocTaercs 3allyHTHPOBAH-
HBIM JHO0J0M TOH BXOIHON LEIMH, 0 KOTOPOH CHrHAJ He Oblj

nojaH M, cJjel0BaTe/ibHO, €e OHOJ OCTajcsd OTKPBITHIM. Tlo-
Mexa IpH 3TOM HECKOJIbKO

yBeJHUHBAETCS.

I1py HaAUYuH CUTHAJIOB
'{Re na oboux Bxomax oba auo-
8, , J1a 3amuparoTcs, U Tak Kak
——— >} HX CONpPOTHBJEHHE CTaHO-
I 8, A2 g FBHICA BecbMa 60JIbIINM,
I = >} OCHOBHON TOK IPOTEKaeT

Tenepb yepe3 Harpysky —
DR"‘I Ry R, CXema cpa6oraaa {17].
Ham HyxXHO paccuu-
e TaTh OINMCAHHYIO CXEMY,
L L 1. e BbOpaTb HOMMHAJBI
BCcex JneraJjell, KOTopbie ee
Puc. 3.2. Cxema «M» na amonax u- cocrapisiioT. BpiGop 3THX
CONMPOTHBEHHAX. HOMHHAJIOB [IOJIXKEH NpPOM3-
BOJAUTHCS U3 yCJ0BHUH
padoTtocnoco6HOCTH cxeMbl. B paHHOM cayyae HaM mpej-
CTOMT BHIOpaThb BeqMYUHBl Ry U Ry, a TakikKe JHOMBI.

PaccmoTpuM Tenmepb Bce CKasaHHOe B MaTeMaTHuyecKoH
topMe, 4TO nacT HAM BH3MOXKIOCTh NMPOU3BECTH HEOOXOIH-
Mble pacuersl. ByieMm pas6upartb Tpu cayyasi BO3MOXKHBIX
COCTOSIHHH CXEMHI.

1. Ha oGoux BXxomax cxembl curnan orcyrcTByer. Ha
pHc. 3.3 MoKasaHa paccMaTpHBa:Masi cXeMa C YUeTOM BJIHS-
HUsl UenH, o6pasyloue BXOAHOI CHTHAJ, T. €. Mbl CTaBUM
cebe 3ajauy PelIMTb BONPOC COTJIACOBAHHS CXEMBI IO BXO-
Iy C mpeiblayluM 3BeHOM. Dynem mosaratb, 4TO TakuM
NpeablAyIHM 3BEHOM SIBJISIETCSl MOJYIPOBOIHHUKOBBIH TPHOL,
KOTOPBIH MOXKET GBITh JIMGO OTKPHIT, HGO 3aKPHIT.

Ha puc. 3.3 TpHoabl u306paKkeHbl YCJIOBHO B BHIE «KJHO-
ya» M COOTBETCTBYIOLIMX conpoTuB/enuii. las craruuecko-
Fro pacuyera Takas cXeMa BIIOJIHE YJORJIETBODHTEJIbHA,

Yc/0BHMCST O HEKOTOPHIX 0603HAYEHHSX:
Ry, — conpoTuBieHue aHOja B TNPOBOJSAILEM COCTOSIHHH,
Ro5p -— COMPOTHBIIEHHE [HOAA B HENPOBOASALLIEM COCTOSTHHH,
Ror — conmpoTHB/IEHHE OTKPHITOTO TPHOAA,
R, — compoTuBiieHHEe 3aKpLITOrO TPHOJA.
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Bynem monaraTe, uto

RoGp > Ro'rs
Roﬁp >> Rnp»
Ry > Ry, (3.1)
rape Raxa — 3KBHUBAJICHTHOE CONPOTHBJIEHHE BXOAHBIX nemnen.
-£ 3
Re Re Fo
a,
8 >
4 A

Ry

)
Q
1
Y
o W
(5]
= Ny
B
[y
p—_L{1

Puc. 3.3. K pacuery cxembr «H»
(cayuait 1).

[Tonarast Bce BXOAbl CXeMbl OJHMHAKOBbIMH, MOXKHO 3a-
MACaThb

Roxn = - (Rup + Rox)- (3:2)
Torma norennuan toukn A Gynet
U= -E. (3.3)
nOTeHU,l/IaJI TOYKH B s3anmumercs Tak:
Up= g2t -E. (3.4)

Jnst Toro 4to6el AHOA, Obll HAZEXHO OTKPHIT, HyXKHO
BBIZIEPKATh yCJIOBHE

U, >U, (3.5)
71



Mopcrapasia B (3.5) sHauenuwe (3.3) u (3.4), mosydaem

RQI(B ROT
Rt Roma— Ror t Ra” (3.6)

3anuireM. 310 BblpaxK€HHE€ HECKOJIbKO HHaue

R, <3 R (3.7)

Bocnonb3yeMcst Bbipa)keHuem (3 7), uToOBI MOKAa3aThb
OlMH BechbMa yI10GHBIA H HATASAAHBIA nmpueM pacyeTa. DTO
Tak HasbiBaeMoe pas-
ke Roxt 6GueHne Mo ABYM HJH He-
o>z Fa CKOJIbKMM TIapaMeTpaM.

CMBIC/T  BBIpaXKEHHS
(3.6) 3akJwouaeTcs B
TOM, 4TO, €CJH OHO BHI-
JlepXKaHo, cXeMa B H3Be-
CTHOM <CMHcJae pa6ora-
eT HagexHo. [Ipexanoso-
KHM Tenepb, 4To BbIGOD
IHONOB H TPHOLOB y¥XKe
clesaH M ocraercs Ha#-
TH 3HaueHHe R, Tak Kak
Rx R _
x yXke 3amaHo (Ry
Puc. 3.4. Pas6uenue Ro=F(Rx). neranb OPYroH cxembl).
PaccmoTpum mao-
ckocTb RoRy. JIioGoit TOuKe TaKoH MIOCKOCTH COOTBETCTBY-
I0T 0Be KoopauHaThl Ry u Ry
H3o6pa3um B Takoil miockocTu mpsMyio (puc. 3.4)

Ry= 1222 Ry (3.8)

Kon
Ry € m’”l

OueBuaHO, uTO J106asi TouKa HUXKe 3TON NpsAMO# yHo-
BJeTBOpsieT HepaBeHCcTBO (3.7), a Jwc6asi TOuka BhIle He
yaosaeTrBopseTr. TakuM o6pazoM, MbBl BHISIBHJIH HA 3TOM pH-
CyHKe 06J1acTb (30HY) paccMaTpHBaeMbIX MapaMeTpoOB, B KO-
TOopoit cxema Oyzer paGoratb. Bennunna R, orpaHuueHa
TakxXe ApyruMm coobpaxenueM. OT 3TOi BESIHYHHBI 3aBHCHT
nmoMexa Ha Harpyske, T. €. MOTEHUHAa TOUKH A.

Bynem cuutath 3aganHoii sesnunny N, KoTopas onpene-
JIteT JOMYCTHMYIO JOJIIO TIOMEXH, T. €. HaM 3a[4aHO0, UTO

<N-E,
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OTciona
Roxs
Roxs + R,

<N

@1(}\1—. M <R, (3.9)

Bocnonb3osasmuch METOI0OM p336HeHHﬂ, MOJIYUHM

Ro="5" Roxs. (3.10)
Bri6paB ynoGuywo BeaunuuHy Roxs npu 3aganiom N, na-
HOCHM ee Ha cle/laHHOe nmpexje pasbucHue. 31ech OHA H30-
O6pasuTcsi rOpU3OHTAJbHOM MNpsIMOM, Tak KakK He 3aBHCHT
oT Ry.
Teneps o6sactb nomycTHMbIX 3HaueHHit Ry cys3unachb
(puc. 3.5). 1o cux mop Mbl mosaranu, 4To AHOAbI BHIOPaHBL.

&
Palovas
odnacrrb
?' {”l Ll Lid i LAl Ll Ll LLLLL
Ru
Puc. 3.5. Pa6ouasi 06.1acTb BeJHYHH CONpPOTHBJIE-

HUA Ro.

OnHako MBI COBCEM HE paccMaTpHBa/j{ BONpoca O TOM, KakK
ato nenaercs. Jas 3TOro BepHeMces K PHC. 3.2 M yCTAHOBHUM,
KaKue e 3J/eMeHTHl NPeNCTaB/NeHHOH Ha HEeM c¢XeMbl MBI
MOKeM H3MEeHSTb.

Jlnsi Hamero cjaydast COCTOSIHHSI CXeMB! BblGOp 1HOI0B
BJIUSIeT HA BeJHYHUHY NOMEXH U TeM CaMBIM Ha BeJHUUHY pa-
6oueit obmactu (puc. 3.5). BooOule Ke HUKAaKUX NPHHLHU-
NHaJbHBIX OTpaHUUYeHUH BBIGOP AMOAA C TEM HJH HHBIM Rup
He HaJjlaraer. ‘
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Ilesnecoo6pa3Ho 1no3TOMy NpPOM3BECTH BbLIGODP AMOMIOB,
MCXO0sl M3 BeJHYHHBI NpejeJbHOr0 TOKa, NPOTEKaIoILEro ye-
pe3 nMoa, Tak Kak BBIGOp nM0Jda ¢ Ype3MepHO MasabiM Rpp
npuBeJeT K 3HAUUTE/bHBIM 3aTpaTaM 3Heprud mpu pabore
SLBM B uesnom:

E
= 5—F—. 3.11
Ro +R3KD ( )

[Tycts B ILIBM umeercss M cxem «H» u B obmem 6a-
JlaHce moTpe6isgeMoil MOLIHOCTH HA HHUX pelleHO TPaTHTb
He Gosee A er. Torna gonycTuMblil ToK Gyrer

A
II[OI'I:E.MO (3.12)

MoxHo BenuHHO# [pop MpocTo 3amatbes. Toraa moay-

yaem

Inon

R,,>2.( E —Ro>—R0T. (3.13)

2. Ha onHOM M3 BXOJOB CX€Mbl CHrHaJ €CTb, Ha APYroM
orcyrcrByer. Ha puc., 3.6 usoGpaxeHna cxema, HaXOAsILIAsCHA

-£ -f
"o
Ry A
4,
4 —
8, 4 4

Kor Ry
A’ar RJ Fu

Puc. 3.6. K pacuery cxemn «H»
(cayuain 2).

B TakoM coctrosiHud, M3 uncro ¢dusmuyeckux coobpakeHHi
cpasy ke MOXHO CKa3aTb, YTO CONMPOTHBJIEHHE LelH, LIyH-
THDPYIOLell Harpy3Ky, HeCKOJBKO BO3pacTeT T0 CPaBHEHHIO
C NpelblAyLIUM C/yyaeM, TaK KakK OJMH M3 AHONOB Oyner
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3aKkphIT. C yBeJHYEHHEM CONDOTUBJIEHHS Royp YCJAOBHS mIyH-
THPOBAHHS HArpy3KH YXyAlIaloTcsl, pacTeT nomexa. Paccmo-
TPHM KOJHYECTBEHHblE COOTHOLIEHHd, XapaKTepUaylolliue
JaHHO@ COCTOSIHHE CXEMBI.

Huon /[, nomkeH OblTh MO-NIPEXKHEMy HAMEIKHO OTKPHIT,
T. e.

U,>U,. (3.14)
HaiigeM BeJHYHHBI U,unUpg:
R;KB
TR AR 19
3pech
R;I(B = Rﬂp + ROT.
[Tonaras, uto Ro6p -+ Ry > Rup—+ Ror, 3amuiuem
ROT
Un=rf, & F
"
R
Ro< R_OT“RRO (3.16)

PaccmarpuBas (3.16), BUauM, 4TO HanMyue CHrHaja H3-
MeHseT 06JaCThb HA[EeXKHOro OTIHpaHHs JHoda. Tak Kak

*
R < Ryys, CleIOBaTENbHO,

3KB
*

R3KB R3l\'D
ROT ROT ’

a TaK Kak 3TO OTHOUIeHHe ecTb YryoBo# Ko3ddHuHeHT nH-
HUH pa3bHeHHs, TO Temepb 3Ta JIMHHUSI TMOHAET HUXKE, UeM
AJd npeAblayliero caydasi, YTo M TIO3BOJseT claenaThb 3a-
KJIOYeHHe O cyKeHHH paboueit o6sactH. BecbMma BaxHOe
3HayeHHe AJ151 4eTKOH paboThl cXeMbl MMeeT HaleXHOoe 3a-
nupaHue nuona /,, ogHAaKO 3TOT BONMPOC Mbl PacCMOTPHM
B cayuae 3.

OTMeTHnM, 4TO A5 BLIGOpPA MTUOIOB C TOUKH 3PEHUS 3IKO-
HOMHUYHOCTH cXeMBl cayuail | sgBasieTcs HauboJjiee TaXKeabiM
H BbIOOD HYKHO NMPOU3BOINTb Ha OCHOBE COOOpaXkKeHHH, no-
JIYUeHHBIX paHee.
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PaccmoTpuM Teneps BesnuuHy nomexu. Herpynno noké-
3aTh, YTO
l—N

RN R (3.17)

ITpu npoynx paBHBIX yCJOBHSX, Mbl MosydyaeM OJs AaH-

HOTO CJyYyast yMeHblIeHHe NONYCTHMOTo R, YTO Takxke Cy-
Xaer 30Hy HajlexHo# paGoTel cxeMbl (puc. 3.7).

/ s
LLLLLdd AL

Fo sanc W)y

Fo wanc Mg

Puc. 3.7. YTouneHHas paGouast o61acTb.

3. Ha ofoux BXojax cxeMBl MMeIOTCS CHTHaJbBl. B 3TOM
cayyae o6a nuona /[, u Ha 3aKpHITHl U M0O3TOMY TOK HauH-

HaeT TNpOTeKaTb 4epes

Harpy3ky, Tak Kak [d:A0-

Ibl 6oJsblle He WYHTHPY-

Ko 1ot ee. Hac 6ynyt unre-

pecoBaTb CJaeAyIOlHE BO-
TIPOCHL:

— BHIGOp  mapame-

TPOB CXeMbI, TaK 4TOGHI

A nNpyH HaJW4YUH CHrHaJja

Ha BXOJe JHOJ HaleXHO

r

3anupaJjcs,

[]R,, — HaxoXjaeHue Be-
JUYHHBl CHTHAJa Ha BHI
X0Je CXeMHBl.

PaccMorpuM  npex-

Puc. 3.8. K pacuery cxembt «M» (ciy- A€ BCEro TepBbIM BO-
yaii 3). npoc. ¥YcaoBue HameX-
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HOTro 3anupanHuss AUOAA TIDH HAJHYHH CHTHaAJa Ha BXOJe

MOXHO 3anucaThb Tak:

U, < U,

(3.18)

310 HEDaBEHCTBO CNpaBenJiUBO O/ BCEX BXOLOB CXEMHI,

TaK KakK OHH He3aBHCHMBI.

CxeMa pJ/is 3TOTO cayyas u3o6pakeHa Ha puc. 3.8.

ByneM nosnaratsh, 4to

% (Ra + Roﬁp) > Ry;

Torjga
_ Ru
Uy= R.+R, E
H
R .
Up=rrqr- B
Torjaa
Rs RH

Rt Re ~ Rt Ry

[IpeoGpasyem moJiyyeHHOE HEpPaBEHCTBO

Ry> 35 R

Besnuuna curnana na BblXO0J1€ CXEMBI

Uaux:UA =m'1:i—&"‘
[MycTs
U,=zp-E.
Torna
___ Ra
P =Rt R
WK

p-Ry—+1-Ry=Ry,

Rgm
) T

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)
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C yueroMm ycaoBusi (3.22) nosyuaeM oKOHYaTebHO 06s1aCTh
HaJgeXHoH paGoTel cxeMbl (puc. 3.9).

. o
i i

d

F

O s

o

Puc. 3.9. O6nactb ycToiiuuBoii paGoTel cxembl «H».

PaccmoTrpum Tenepb ocoGeHHOCTH paGoThl cxeMbl «H»
He ¢ ABYMS, a C # BXOIaMH.

Bynem monarath, 4To CONPOTHBJIEHHS] BCEX BXOAHBIX Le-
neil ofuHakoBbl. Torxa monyuyum

Rama - % (Rnp ‘|‘ Ro'r)v (3'24)

rae n — 4ucJjo BXOJOB CXE€Mbl.

OTcioga ¢ 04eBHAHOCTBIO MOXKHO 3aKJ/IOYHTb, UTO C YBe-
JIHYEHHEM N BEeJNHYHHA Roxp MOHOTOHHO yMeHblLIaeTcsi, CTpe-
MSICb K HYJIO.

Bce pasnpHelfimiMe paccyiaeHusi, NpojesaHHbBle HaMH
A1 LlByX-BXOILOBOﬂ cXeMbl, TOYTH HUUYEM HE€ OTJHYAIOTCA OT
TAaKHX Ke DacCyXIeHHH AJsi CXeMbl ¢ n BXOZaMP.

Bkpartue pasGepem Tenepn pa6ory cxembl «HUJIH», T. e.
CXeMBbl, B KOTOPO# BBLIXONHOH CHIHAJ BO3HHKAaeT NpPH MO-
SIBJIEHHH CHTHaJsa XoTd OBl Ha ONHOM 13 BXOJOB.

Ha puc. 3.10 nokazana takas cxema. Pacuer ee MHI pac-
CMOTPHM Ha NIpHMepe JBYXBXOHOBOH cxeMbl. Ha pucynke
NOoKa3aH cJyyal, KOraa CHrHajabl Ha GOOMX BX0JaX OTCYT-
cTBYIOT. JIpyrux ciyyaeB Mbl paccMaTpuBaTh He GyleM, Tax
KaK BCe B 3TOH CXeMe OYeBHIHO.

Huonbl B Takoil cxeme NOJKHBI ObITh 3amepThl HEKOTO-
pBHIM HanpsixKeHHeM, BeJHUYHHA KOTOPOro BhIGMpaeTcs Tak,
yTOOH

U, >U,. (3.25)
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3necb U, --noTenuuan Touku B mpu OTCYTCTBHH CHI-
HaJsa, T. e.

Rox
UB prmmens m E, (3.26)
U,=Eex. (3.27)

*.!b *5

Ko

- El’ﬂ

Puc. 3.10. Cxema «HUJIM» na muonax u compo-
THBJIEHHSIX,

ITpu nosiBneHun curuasna na Jawo6GoM H3 BXOJOB (mOJO-
XKHM, Ha BXoae B;) HepaBeHcTBO (3.25) ecTecTBeHHO HApy-
maercs.

Hns sroro cayyas

U,>U,. (3.28)

3xech
Uy— g .E
BT Ra+Re
UA:EOM‘

Ildon nmpu 3THX yCJIOBHIX OTKPBIBAETCS H yepes Ha-
rpy3Ky HauWHaeT mpoTekaTb TOK. HampskeHue Ha Harpys-
Ke OyJeT paBHO

J— Ru’Rann [s)
UBHX _ (Ru + Rn P) (Ranb + RK) E’ (3A9)
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rae
Ro — Ra(Rup + Re)
o8 = Ry Rup + Ra "

Bennuuna Toka uepes compoTuBJeHHe Harpy3KH OIpeje-
JHUTCA MO Gopmyne

RSKB
Loy = Ry R Rows F R0 E- (3-30)

Kpome yXKe yKasaHHblX, pacuUeTHHIMH COOTHOILICHHSIMH
ABJIAIOTCA

[Ussix ~—— Usaz| <8,
|/ ez — ]aanl <A. (3.31)

3aech Uzan, [3ax — 330aHHLIS (B TOM HJIM HMHOM BHJAE) Bbl-
XO/JHble BEJHYHHbI,

38, A —3aJaHHble JONMyCTHUMbIC OTKJOHEHHS Bbi-

XOAHbIX BeJUYHH OT 3HaueHHH Ujap,

laaIl-

B nepBoii rsaBe HeogHOKpaTHO yKaswiBasoch (§ 1.3,
1.4), uTo Ha XapaKTepHCTHKH MOJYNpPOBOAHHKOBBLIX NPHOO-
POB 3HauyuTeJbHOE BJMSIHHE OKa3blBaeT TeMnepatypa. B co-
CTaB paccMaTPHBAEMbIX HaAMHU CXeM BXOIST MOJYNPOBOLHH-

. KOBble AHOIBl H comporuBseHnus. IlocneqHue Takke nojiBep-
JKEeHbl BJHSHHIO TeMIepaTyphl.

Takum o6pa3oM, Bce neranu, U3 KOTOPHIX COCTOSIT JIOTH-
YeCcKHe CXeMbl Ha AHOJaX U CONPOTHBJEHHUSAX, 3aBUCAT OT
Temnepatypsl. ITosToMy pacuer, nmpoBefeHHbIH TOJbKO /IS
ONHOH TpyNnbl 3HAYEHHWH NapaMeTPOB STHX aeranel, OblI
Obl HENOJHBIM,

CnpaBouHble NaHHBlE, KaCaloIUIHECs] MapaMeTpoB H Xa-
PaKTepHCTHK NOJYNPOBOJIHUKOBBIX JAeTased, KaK NPaBHJO,
npuseneHbl k TteMmnepartype 20°C. Kaxue-1160 [00MOJIHH-
TeJIbHble CBEJEHHS O TeMIepaTypHbIX 3aBHCHMOCTSX B JH-
TepaTtype OTCYTCTBYIOT. Mexny TeM BecbMa 4acTo, eC/H HE
BCEraa, NPHXOJHTCS HMEThb Nes0 ¢ Heo6XOAHMOCThIO obecre-
4YHTh paboTocnocob6HocTh 3seMeHToB DLIBM B 3amaHHOM
HHTepBaJie TeMIepaTyphl.

Hau6osnee npocro pewiaercs Bompoc ¢ ONpeleeHHeM
3aBHCHMOCTH OT TeMnepaTypsl i/as comporuBjenuit. Coort-
BeTCTBYIOIHe (OPMYJbl IPUBOAATCS B J0GOM yueOHHKe 1O
3/IEKTPOTEXHHKE M Jaxe B Kypce (U3HKM CpeLHeil WIKOJBL
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3HayuTeNBbHO CJIOXKHee OGCTOUT [eJ0 C HaXOXJIEHHEM
TeMnepaTypHOH 3aBHCHMOCTH JAHONOB. [IpakTHueckn nna
onpejeseHUs] TaKof 3aBHCUMOCTH HeOOGXOAHUMO CTaBUTh CO-
OTBETCTBYIOIIHI 3KCIEPHUMEHT.

Ecan npuMmeHsiercss MeToauKa pacueTa, H3J0XKeHHas
B JaHHOM naparpacde, Macwtabbl TaKOTO 3KCIEPHMEHTA
BecbMa Hepesqukd. IIpm 3TOM Hcnmosb3yeTcss OLHO BecbMa
BaXXHOe CBOHCTBO TeMMepaTypHOHl 3aBUCHMOCTH NHOJOB, 8a-
K/loyamoluieecss B TOM, YTO B npejpesax pa6odyux ydyacTKOB
XapaKTEePUCTHKH AUOMOB, NOJyUeHHbIe MJis1 PA3JHUHBIX TEM-
nepartyp, He nepecekamoTcs MexXay coboil. Dto O3Hauaer,
YTO OCHOBHBIE T1apaMeTpsl OHONOB — NpsiMoe U o6GpaTHOe
COTIDOTHBJIEHHUS], U3MEHSAsICb B 3aBHUCHUMOCTH OT TeMImepary-
PBI, HE BLIXOAAIT 32 Npe/esbl CBOMX 3HaueHUH, U3MepeHHBIX
Ha rpaHUIlaX TeMIepaTypHOro WHTepBaja.

TaKnM oopaaoM, €CJIM Hac HHTepecyeT HHTEepBaJ TeMIe-
paTyp OT T o T, TO, 3aMepuB MNapaMeTpbl AHOJA IIpH
3THX rpaHaqulx TemlepaTypax M IOJy4YHB, UTO, HalpHMeED,
mpsiMoe COMPOTHBJICHHE AHOAA Ryp uaMensercss B mpejenax
oT Ryp (T) 1o Rup (T, ), Mbl MOXeM ObiTb yBepeHbl, YTO
HM NPM KAKOM 3HAYEHUH TeMmepaTypbl, JexKallleM BHYTDH

HHTepBaJa [T T ], 3HayeHus Ryp He BuIAAYT 3a mpejeJbl
HHTepBaJa [Rnp(Tl), Ryp (Tz)].

Ato BaxHOe CBOHCTBO TEMNEpPATYPHOH 3aBUCHMOCTH
IHOJ0B JaeT HaM NMPaBO BOCMHOJNB30BATLCH H3/10XKEHHBIM BHI-
e MeTOJOM pacyera CXeM Ha OHON&X M CONDPOTHUBJIEHHAX
IJ151 ydeTa TeMnepaTypHHIX 3aBUCUMOCTeH neraseit (qHOLOB
U CONPOTHBJIEHHUH).

MeroauKka TaKOro pacuera CBOJHTCS K CJelylolleMy:

— NPOU3BOAUTCA onpeneseHue paboyell 30HHI HOMHHAJOB
AeTajedl CXembl [Jig  TeMIepaTyphl T:. DTo 03HayaeT, yTO
MpH pacyeTe HCIHOJb3yIOTCA TaKHe NapaMeTpbl CXeMhl, KOTO-
pble COOTBETCTBYIOT TeMIepaType T:;

— NPOM3BOAUTCA ompejeseHue pabGouelt 06JacTH HOMH-
HaJIOB feTajefl cXeMbl AJi TemnepaTyphbl T;;

— o6e paGouue o6nacTH H306paxaloTCs Ha uyepTexKe.

BuiGop HOMHHANOB CXeMbl TIPOU3BOAMTCA B TOH 4acTH
obnacTelt, KOTopas siBJsgeTcs obumeld ans pa6ouux objacreit,

MOCTPOEHHBIX TIPH  TEMIepaTypax T: H T; (puc. 3.11).
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° °
Cnenyer sameTdTb, 4To 3HaueHus T u T, MOryT ObiTh

3aJlaHbl HACTOJILKO 3HAUMTEJbHO OTJHYAIOIIUMHCS APYT OT
apyra (T. e. paGouuil MHTepBas TeMIepaTyp 3HaUHTe/EH),
yTo pabouHe 30HBI HOMHHAJOB JeTasell ABAAOTCS MPaKTH-

T

N AR m\\
/& N 3

QRIS
¢N5Qf K0S

2

s e —

R ke

]

Puc. 3.11. Pa6oyas o6sacTb CXEMBI ¢ y4eTOM 3a/aHHOTrO
HIITEpBaJa TeMIepaTyp.

yeckH Henepecekawouumucs (puc. 3.12). dto o3Hauaer, uTO
npu BbIOpPAHHBIX NapaMeTpax cxeMa He MOxeT ofecneyuThb
HajaeXHylo paboTy BO BCeM 3aJ1aHHOM HHTepBaJje TeMmepa-

o

&

Puc. 3.12. Cnyyaii HenepekphiTHs paGouux oGjacrei
CXeMbl IS 3aJaHHOTO HHTepBaJla TeMIepaTyp.

Typ. B 3rtoMm ciayuae Heo6XOIHMO H3MeHATb NapaMeTpHl H
MOBTOPSITH pacyeT IO TeX Mop, Nmoka 06/acTH He mepece-
KyTCH.

MoxkHO, KOHEYHO, {10NYYUTb U (GOPMYJIbI, IPH KCIOJ/b30-
BaHMM KOTOPBIX TaKoe IepeceyeHue OYAET NMOJNyyaTbCsl cpa-
3y. OnHako npouecc nox6opa HACTONbKO NPOCT U OYEBUIAEH,
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YTO OCTAHABJHMBATLCA 31€Ch HA 3TOM NPOCTO Heuenecool-
pasHo.

Jo cux nop Mbl paccMaTpHBaJH{ HAllX CXeMbl C TOUKH -
3peHus cratuku. [IpoaHanusupyem Temepb QHMHaAMHKY pabo-
Thl HX, HMes B BUAY 3aJauy BbIGOpA CCOTBETCTBYIOIIUX 3J1€-
MEHTOB [0 HX YaCTOTHBIM BO3MOKHOCTSIM.

Bere (§ 1.3) 6bl10 nokasaHo, YTo OorpaHHyYeHHe YyacToT-
HBIX BO3MOXKHOCTeH [HOLAa ONpejesisieTcs BpeMeHeM YyCTa-
HOBJIEHHSI INPSIMOr0O TOKAa H BpeMeHeM BOCCTAHOBJIEHUS
06paTHOro CONMpOTHBJEHHA. BrosHe ecTecTBeHHO, UTO AJIs
paccMaTpHBaeMblX HaMH CXeM [eTa/IsiMH, OTpaHHYHBAIOLIM-
MH HX YacTOTHble CBOHCTBA, SIBASIOTCS IHOMBI.

PaccMoTpuM yc/10BHS, KOTOPble MOTYT ObITb NOJIOXKEHbI
B OCHOBY pacuera:

— €CJIH CcXeMa HMMNYJbCHas, TO LIMPUHA HMIyJabCa He
MOXeT OBITb MEeHbLIE Tgp~ Tosp;

— ecauM Ha BXOJ mnojaaercsd (yHKUHS BKJIOYEHHS, TO
(GpOHT ee He MOXKeT GbITb MEHbIIE Trp.

Hrak, 10 nomauum BXOJHOro CHrHaja [IHOJ MHPOBOMIMT,
T. €. OH OTKDHIT M yepe3 Hero teyer Tok Inp. Ilpu mopaue
CHTHAJIa JHOM CIIyCTS BPeMS Togp 3aMHpaeTcs.

ByneM nonarate, yTo ycJ0BHEM HOpMaJbHOM pabOTH cXe-
MBI Gyner

1
To6p S g=ge (3.32)

rae Ty — AJHTEJBHOCTb NepejHero (poHTa BXOJHOTO CHI-
HaJsa.

BesanunHa Tosp OeperTcsi M3 cNpaBOYHMKA HJIH MOXKeT
OBITb MOJIyYeHa SKCIepPUMEHTa/IbHO, TaK KaK 3aBHCHT OT TO-
KOBOTO pexxuMa snemeHta (cMm. § 1.3).

3.2. NOCJHENOBATEJIBHOCTb NEWNCTBUHU NMPU PACYETE
CXEMbI «<U» HA JHOJAX U CONMPOTHBJIEHHUAX

Pacuer cxeMbl Npou3BOAUTCA B TPH 3Tamna:

— OTpelessioTcss BCE HEOOXOAMMblE HCXOAHBIE AaHHbIE
IJs pacuera,

— TPOHU3BOASITCS HYXKHble pacueTHble paGoTHI,

— pe3ysabTaThl pacyeTOB OLEHHWBAIOTCS M MPHHHMAaETCH
OKOHUaTesJbHOe pellleHHe N0 BHIGOPY MapaMeTpoB CXeMBI.

B Hawmem cayyae HemocpenCcrBEHHO pacCUMTHIBAEMOI
cxeMe TIpHHAAJEXAaT CJAEIYIOlHe [eTaju: CONMpOTHBJIe-
uue Ro, anonbl ;... H,.
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Ilpu pacuere Mbl HOAXKHB BHIGpATH 3TH AE€TaJM H3 HMEIO-
IIMXCA B HAlleM PacropsiXK€HHH CTaHILApPTHHX NPOMBILLIEH-
HBIX H3ZeJauH. Mbl pacnoJsaraeM TOJBbKO TeMH BeJHYHHAMH
COTPOTHBJIEHHH, KOTOPBIE ONpeJeJeHbl COOTBETCTBYIOLIMMH
HopMmansamu. Tem GoJsee 3TO Kacaercst AHOINOB, KOJNHYECTBO
THIOB KOTODPBIX CPaBHUTeNbHO HeBesHKO. OGBIYHO MOCTY-
namoT Tak: 6epyT GaMXKaHMIMKA K MOJyYeHHOMY HpH pacyere
CTaHJapTHHIH HOMHHAJ JeTajd H INPOBEPAIOT BbIIOJHE-
HHE OCHOBHBIX DacyeTHBIX HEPaBEHCTB NMPH 3TOM 3HAUYEHHH
nerand. Ecnu HepaBeHCTBA BBIMOJIHAIOTCS, pacyeT OKOHYEH,
€CJId HeT, BLIOHPAIOT APYrHe NeTasH C HeCKOJIbKO OTJHYHBIMU
OT NPHHATHIX HA MEpPBOM IIAre pacuyeTa napaMerpaMHu H
BHOBb DAaCCYMTHIBAIOT 3HAYeHHe MHTepecylollleii Ierasd.
BHoBb GepyT GanxKaiiliee 3HaYeHHe HOMHHAJA U POBEPSIOT
BHINONIHEHHE PACYETHBIX HEPaBeHCTB.

B npeawinymem naparpade omucan MeTOH BHISIBJEHHS
paboueit 30HbI 3HaUeHHH MapaMeTPOB paCCUMTHIBaeMOMH cXe-
Mbl. JIg nocTpoeHHsi 3TOH 30HBI HEOGXOAMMO NpelBapH-
TeJbHO BHIODATH QHOMBL.

Bocnoab3yemcs MeToqoM noc/aefoBaTeJNbHBIX NPHGIHMKE-
Hul. B kauecTBe nepBoro npubJuKeHus BbiGepem AJas CXe-
MBI JI00bIe JHOIH, cocoOHbBle pa6oTaTh HA TOH YacToTe, Ha
KOTOpPOH nosxkHa paboraTh cxema.

Lﬁm 3TOTrO «cJyyast MOCTPOMM 30HY ycToiuuBOCTH. Ecau
OKa)KeTcs, 4TO TaKOi 30HBI He CYIIEeCTBYET, C/lefyeT 3aMe-
HUTb BbIOpaHHble AHONBl ApyruMH. OGBIYHO AJ1s pacyeTa
OKa3biBaeTcsl ACCTaTOYHO 1—2 mpuO/aKKeHHI.

3HayeHUsl CONPOTHBJIEHHH B 30HE YCTOHUYHBOCTH CJIeAyeT
BBIOMPATb, HCXOASl W3 HMEIOLIUXCS B HAJKYMH HOMHHAJIOB.

3.3. CXEMA JHOAHOIo OEWIH®PATOPA

HemndpaTtopoM NpuUHSATO HA3LIBATL YCTPOHCTBO, Mpeol-
pasymomee nHpOpMalHO, NOCTYNAIOWIYI0 HA BXOJ, B CHIHAaJ
Ha TOM M3 ero BBIXOLOB, KOTOPHIl COOTBETCTBYET 3HAUEHHIO
uHpopmanuu Ha Bxoje. TakuM o6pa3oM, femwHdpaTop OTHO-
CHTCSl K IpyINe NepeK/JIYaoUHX YCTPOHCTB.

ITyctb Heo6xomHMO CIpOeKTHpPOBaThb HewHdpatop Koaa
onepauuH (yctpoiictBo ynpaBiaenuss DIIBM) na nByxpas-
PANHBIA BXOJ M 4eThbipe BBIXOAHbIE LIMHBI, COOTBETCTBYIOLIHE
YeTbipeM pasHbIM KOAOBBLIM TO3HIHSM BXOAHOH HHPOP-
MaLHH,

B ra6s. 3.1 npuBeneHo coOTBETCTBEE MEXIY KOJaMH Ha
BXOI€, KOTOPbIM PHNHCAHbI 3HAUelHs KOMaHj (omepauuil)
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B cBsI3U C LeJeBbIM Ha3HayeHHeM Jemudparopa, U BHIXOA-
HBIMH IIHHAMH, [0 KOTOPHIM YMpPaB/sIlOUIM#A CHrHaa MOCTY-
naeT B cxeMy ycrpoiictea ynpasaenuss DLIBM.

Ta6anuua 3.1
KonoBrie no3uuun gemudparopa
Kon HaunmeHoBaHHe Howmepa BXOAHNX WHH
ornepalHH onepauuu 1 I 9 | 3 l 4
00 Cnoxenne 1 0 0 0
01 Boruuranue 0 1 0 0
10 Y MHOXeHne 0 0 1 0
11 Heaenue 0 0 0 1

Cnenyer OTMETHTb, YTO JellindpaTop NpPUMEHsieTcs He
TOJbKO Ha ycTpoicTBax ynpasjenus IDLIBM, Ho sBasiercs
BeCbMa PaCNpOCTPAHEHHBIM THIOM 3J€MeHTa MAaUIHHBI.

-2
3
Rx L Rx R

¥ | K

. L
| KK

O

08 b oy 4

Pruc. 3.13. Hewndpartop na uernipe BEIXOA-
Hble HIHHBL.

Tako#t nemudparop nerko Moxer GbITb MOCTPOEH C MO-
MOLIbI0O MHOTOBXONOBOH cxeMbl «M», Xak 3To mokasaHo Ha
puc. 3.13.

Pacuer rtaxoro nemudparopa CBOAATCA K pacyery MHO-
roBXonOBOH cxeMbl «H».
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I'JTABA YETBEPTAS

JHONHO-TPAHC®OPMATOPHDIE KJIATIAHBI
A TPUOLHO-TPAHC®OPMATOPHDBIE
®OPMHUPOBATEJIH

4.1. PACYET JUOOHO-TPAHC®OPMATOPHOTO KJIAMMAHA

HuoxHo-TpancopMaTOpHbI KjanaH — OLHH M3 Haubo-
Jlee pacnpoCTPaHEHHBIX JOTHYECKHX YIpPaBJseMBbIX 3JEMeH-
toB JLIBM. ®yuxkuuu, BHIIONHSEMble HM, 3aKJIUYaIOTCS
B CJeAyIOlleM: Ha BXOJA 3TOro 3JleMeHTa MOTyT ObITb moja-
HBl [Ba CUT'HaJa M ecau o6a OHM HAJHULO, TO HA BBIXOJE CHT-
HaJl OTCYTCTBYeT.

B 3To#f cxeme MBI pasnuuaeM BXOQHOH yNpaBisieMblil
M BXOJZHOH yNpaBJsAIOIIUIA CHTHasbl. YnpaBJjseMblH cUTHAJ,
KakK NpaBHJO, IBJASETCS UMNYJAbCOM. YNPaBJASIOIIHA Xe MO-
)eT ObITb KaK HMIYJbCOM, TaK U YpPOBHeM (B TOCJAEIHEM
cayuyae ero 0GLIUHO HA3BIBAIOT «IOTeHUHAN», cM. § 2.2), ol-
HaKo 06513aTe/IbHO JOJI)KHO BBIMOJHATLCS YCJIOBHE MepeKphl-
THSl yNPaBJASEMOro CHTHaJa YNPaBJAIOIIMM M 10 aMIIHTY-
Ie, ¥ 10 AJHTENbHOCTH.

Ecnn moxan ynpaBasioliuii CHTHaJ, KOTOPBIH 3anupaer
KJlanaH, TO ynpaBJisieMbl MMIYJbC Yepe3 CXeMy He MpOH-
JleT (OTCIOfa W Ha3BaHHE CXeMbl — KJjlanaH).

D/IeMeHT yCTaHaBJAXBAETCS BCIOAY, Iie HEOGXOIHMO MpO-
NycKaTb HMMYJbChl B COOTBETCTBYIOLME LENH TOJbKO MNPH
HEKOTODOM BIIOJIHE ONpEIeJeHHOM YycaoBuH. Hanpumep,
KJlamaHbl yCTaHaBJMBAIOTCS HA BbBIXOJAE YCTPOHCTBAa ynpaB-
aenuss DLUBM (YY), koTtopoe BripaGaThiBaeT HMIYJbChI
B HYXHBI MOMEHT 1O HYXHBIM wHHaM. [ToaToMy Ha BBIXO-
ae YY noMeurailoT KjanaHbl, KOTOpble MO Mepe Heo6XOAH-
MOCTH OTKDBIBAIOTCH YIPaBJASIOLIMMH CHTHAJaMH, ob6ecneyH-
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Basi TeM CaMblM Bbiayy B HCIIOJHUTE/]bHbIE LENH TOJbKO
Heo6XOHMBIX HMNYJIbCOB.

PaccmotrpuM Tenepb o0O0IIHiA NpHHUMN PabOTHl CXEMBI
nuoaHO-TpaHchopMaropHoro kaanana. Ha puc. 4.1 usobpa-

TTrETT A
£ : =3 —!
{ ] }' Upen
— I
| L R
I 8 :l—_ _______
: -
e
| "5

|
|
Puc. 4.1. Cxema gnoaHo-TpaHcOpPMaTOPHOro KJjanaHa.

JKEeHa cXeMa 3TOro 3JeMeHTa BMeCTe C YacTsIMH CXeM, KOTO-
pole obfecneunBaloTr o6a BXOAHBIX KaHanaa. YacTb cXeMbl,
o6o3HauenHas 6ykBod A, 3T0 cOGCTBEHHO KjamaH, B YHCTO
NMPUHLUHNHAILHOM UCHOJHEHUU ero. [1o3Xxe Mbl YBUAHM, 4TO
CXeMbl peaJibHbIX KJ1alaHOB cHab-
XKaloT ewwe nemndepoM mis ra- St 2
nieHus1 KonebaHUH, KOTOpble BO3-
HHUKal0T B cxeMe (puc. 4.2).

Yactb cxeMbl 5 npencrasiisi-
et coboii neranb Tpurrepa, obe-
CMEeYUBAIOLLYI0O MOJayy Ha BXOJ
knanana A ynpasasioutero ypos- # 2
. Yacre CXeMEI B — YCHJHM-  puc 49  uomso-Tpancdop-
T€Jb, BbBUIAIOWAKN Ha JAPYrOH  wmaropHbliii KJanmau ¢ gemmnde-
BXOJ KJamaHa HMIYJbC, poM.

[Ipn Hanuuum Ha Bxoge 6
ynpasasiouero curiana Us nuon [ 3akpwit. [Tostomy HM-
NyJabC, MOAAaBaeMblii Ha BXOJ @, He BBbI3bIBAET BBIXOJHOTO
curdana. Ecnu xe Usg=0, ToO 1MOL OTKPHIT H B 3TOM CJyyae
HUMITYJIbC M3 cXeMbl B mpoxonut yepe3 Kmamad A, T. €. CO3-
naet Ha Bbixoje cHrHan Upysy.

Ha puc. 4.3 nusobpaxenbl pasnnunble MOAHGHKAUKH
JHOIHO-TPAaHC(OPMATOPHBIX KaanaHOB. OCTaHOBHMCS BKpaT-
e Ha cxeme puc. 4.3,a.
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3nech H306paXKeHO n Map BXOJOB, KaXKAblH U3 KOTOPBIX
MOXeT TMpPONYCTHTb (NPH HaJHYUH COOTBETCTBYIOIUIMX CO-
CTOSIHHH BXONHBIX IIMH) HMMYyJibCc yepe3 KiaamaH. Tak, mo-
sIBJIeHHe Ha BXofJe ] HMIyJibca NpuBeneT K cpabaTbiBaHHIO
CXeMbl NPH YCJOBHH, 4TO VNPABJSIOUIMI CHTHAA ¢ BXoxa 2
cuat. Touno Tak xe paboraer Jawofas gpyrast napa BXOA-
HBIX IIHH,

! —i¢ 4
3 é bux

2 & ! .
1/ .L. | Bux
2 2 J
, .

2

a) )

Puc. 4.3. Pasiuynble THNB AHOAHO-TPAHCHOPMATOPHLIX KJAaNaHOB.

Cxema puc. 4.3,06 HeckosibKo Gosiee cJ0XKHa. 31ech BHI-
XONHOH CHrHAJI NOSIBUTCS TOJNBKO B TOM CJyuae, ecjlM ¢ BXO-
0B 2 U 3 ONHOBDEMEHHO CHATHl 3amnpellaioliye CHTHAJbL.
B sToM cayyae uMmnyabc, nocrynawowmuii Ha Bxon I, Gyner
NPONYIIEH U Ha BbIXOJE BO3HHKHET BBHIXOLHOH MMITYJIbC.

BnoJsHe ecrtecTBeHHO, YTO pacuer AHOAHO-TpaHchopMa-
TOPHOTO KJanaHa CBOAMTCSI K pacyeTy npocTeilleid ero
CXeMHBl.

[Ipn pacuere Heo6XxonMMoO B NepBylO ouepenb obecrne-
YHThb yCJOBHS 6e30TKa3HoM paGoThl AuOAa, T. €. COrJaco-
BaTb BXOJ CXeMBHl K/JamaHa C BHIXOLAMH 3J€MEHTOB, KOTO-
pble pa6GoTaloT Ha 3TOT Kjaanad. [as nanbHeHIIero Hy»XHO
NPHHATL pellleHHe, B KaKOM pexuMe JA0JKeH paboTaTtb
TpaHcdopmaTop cxeMhbl (audpdepeHUHPYIOUHHA, IPOCTOH JH-
HeifHbIH, nenuuefinbit ¢ Hacwimenuem). ITocne atoro mpo-
M3BOLUTCS pacueT TpaHcdopmaropa.

OcranoBuMCS Ha Bompoce 0GecneyeHHsi NpPaBHJIbHOTO
3JIEKTPHYECKOINO pexkuma paboThl JHOMA.
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Ha puc. 4.4 usofpaxena ynpotieHHast cxemMa AHOAHO-
TpaHCHOPMATOPHOTO KJamaHa BMecTe C ero BXOAaMH.

Oco6enHocTsIMH cxeMbl puc. 4.4 aBaseTcs TO, YTO ynpas-
asaownit curnan (Us) Gepercs oT mieuya TPUTTEPHOH CXEMBI
M CHUMaercsi HemocpeacTBeH-

HO C KOJIIEeKTOpa TpHOAa.

YnpaBnsieMblii  XKe  HM- g,

MyJabC TMOCTyNaer CO CXeMbl
ycuauTeast (MJIM IMUTTEPHOTO
MOBTODHTEJSI) U CHHMAaercs
C CONPOTHBJIEHHS, BKJIOYEH-
HOrO B  Lemb 3MUTTEpA
TpHoza.

Takum o6pasom, nnas cxe-
Mbl pue. 4.4 MOXHO ycCTaHo-
BHTb CJefylolllee  COOTBeT-
cTBHe ¢ 0603HAYEHHAMH
puc. 4.1:

— R, B cxeme puc. 4.4 co-
OTBETCTBYET BHYTPEHHEMY CO-  pyc 44, Cxema k pacuery mmon-

NMPOTHBJIEHHIO TpHuonaa Tg HO-TPaHC(HOPMATOPHOrO KJamaHa.
puc. 4.1;

— R, puc. 4.4 cootsercTByer R, puc. 4.1;
— R, puc. 4.4 cootBercTByeT Ry puc. 4.1;

/
— R, puc. 4.4 cootBeTcTByeT Ha puc. 4.1 BHyTpeHHEMY
CONpOTHBJEHNIO TpHoAa T .

Has toro uto6el auox X (puc. 4.4) Gbln HamexHO 3a-
nepr, Heo6XoauMoO, YTOOBI MOTEHUHAJ 3JeKTpona 6 OBLI
OTpHIaTeJbHEe NOTEHIIHAJA 3/1eKTpona a (4, Hao6opoT, AJd
HaJeXHOr0o OTnHpaHus auoma [J HyXKHO, 4TOOBI NOTEH-
uHaa a 6el1 oTpuLaTe bliee nmoTeHuuasa 6), T. e. mpeHeGpe-
ras CONPOTHBJEeHHeM OOMOTKH TpaHcpopMaTopa, yCJIOBHe
3amUpaHua JHONA MOXHO 3anucaTh:

Uy, > U, (4.1)
a yCJIOBHe OTIHPaHuA AHoaa
U, <UL, (4.2)

PaccmoTpuM BO3MOXKHbBIE CllydyaH 3JeKTPHUECKHX COCTOS-
HUl BXOXOB KJanmaHa. 3aMeTHM, UuYTO, Kak ObUIO yKa3aHO

Boilie, R,— R, u R;=RR.
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1 cayuai.
Kuanan 3akpelT, umnygasca U, HefT.

R1=R3 u R;—_—_—Rao
B stom cayuae U, =0 u

U6 —m'E.

Ycnosue (4.1) Boigepxkano. [lkoj HageXXHO 3amepT.

2 caydai.
Knanan sakpeir, umnyabsc U, npucyTcTBYeT.
B atoM cayuae

R,=Ror 1 R;—_—Ra

s storo ciayyass Heo6XOQMMO NpOH3BECTH mnoa6op
TPHOLOB B cxemax pHuc. 4.1.

O6blyHO 3TO nenaetcst NPOCTOH MOAGOPKOHM, Tak Kak
NpaKTHYeCKH ycnoBus (4.1) mouTtH Bcerga BbIAEPKHBAIOTCH.
Mbl npuBeneM 31ech pacueTHble coOGpa)KeHHsi AJisT TaKoro
nog6opa He CTO/NBKO AJsl TOrO, YTOGBl PEKOMEHJ0BaTb 32-
MEHHTb PacyeroM NMPOCTYIO NOACTPOHKY CXeMbl, CKONBKO AJIs
TOro utobbl yKasaTh, B KakOoM HampaBJeHHH CJeAyeT 3Ty
NOJACTPOHKY BECTH.

Hrak, u3 puc. 4.4 scHO, 4TO AJsI pacCMaTpHBAeMOro
cayyas

R,
Ua :m'E,
Ry
Us = prre B (4.3)

B sToMm cayuae GymeM nosib3oBaThcsi ycioBuem (4.1), T. e.
yC/IOBHEM Ha[eXHOTO 3anupaHus TPHOAA:

R, R,
Rt Ror <R +Ri" (4.4)

[Tpexne uem mepeiiTH K HasibHelillleMy, HATOMHHM YHTa-
TeJ0, 4TO BesuuuHbl Ry u Ror (A/1s1 Halllero cjaydyasi) OTHO-
cartess K cxeMe puc. 4.1,B, a Beauunnsl Ry n R;— K cxeme
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puc. 4.1,5. Teneps, no/b3ysicb METOA0M pa3GHeHHil, paccMo-
TPEHHBIM B TIJI. 3, HailijeM 06GJAacTH, e BLINOJHSIETCS U He
BbiNOJIHAETCS yciaoBue (4.1). Pasbuenue OyneM Jenartb
B NJOCKOCTH R3; Ror, TaK Kak HMEHHO
K | 3TH MapaMmeTpbl SIBJSIIOTCS HAHMEHee cTa-
OUJIbHBIMY JJ TPHONOB JHa)Ke OLHOM
napTHM M3roTOBJEHUs1 (MoA HecTabu/b-
HOCTbIO HMEETCsl B BHAY HEOJHHAKOBOCTb
3THX MapaMeTpPoB IJs pasjHUHBIX TPHO-

Koy

Puc. 4.5. Pas6uenne Rs=f(Rox).

JI0B), M IOITOMY CXeMa SfIBisieTCs M0 OTHOLIEHHIO K HHUM
Hau6oJsiee KPUTHYHOIM.
Peumnum HepaBeHcTBO (4.4)

Ra (Ra "I‘ RK) < Ra : (Ra + ROT)v
RB..'RK<R3'ROT’ (45)

HepasenctBo (4.5) o3HauaeT, UTO IIpH BbLINOJHEHHH €ro
GyneT BHIMOJNHEHO M HepaBeHcTBO (4.1).
O603HaunM
M=R; Ry (4.6)

Torpa nosyunm pasbuenue

 J— (4.7)

[lpu atom, ecan R, < A/I—, To ycaosie (4.1) BbinoJ-
Rox y

M
HsETCH; ecJH R3>R—-, TO HepaBeHcTBO (4.1) He BbIMOJ-
oT

Hsle TCsl.
Ha puc. 4.5 uso6paxeHo nosyuyeHHoe pas6uenune. [Tosb-
30BaTbCsl NMOJNy4YeHHbIM pa3GUeHHeM Ha[JeXHT TaK: ectu
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Ryr=ror (cxema puc. 4.1,B), TO TpHOg B CXewme
puc. 4.1, 5 HyXHO nomo6paTb Tak, u4TOGH R, <<r, (cm.

puc. 4.5).
PaccmoTtpum Tenepb GoJsee ofuiuilt caydyafl. Ycaosue
(4.1) sanuueTcs Tenepb Tak:

R;
e (4.8)

Jlns HeKOTOPBIX CX€M MOXHO PeKOMeHJ0BaTh CJeAylollee
npeo6pas3oBaHue 3TOTO YCJOBHS.

PaspenuM uucauTesb W 3HaMeHaTes b apobed, CTOALIMX
B ofeux uacTsx HepaBeHctsa (4.8), Ha R; u R, coorBeTCT-
BeHHO. Torpa noJyyum

R R,
R, R,
Ry T4k
1 ;
+ R R
O603nayas
Ry, R
?;—_q Mo =0, (4.9)
nojyyaem ycnoBue (4.8) B TakoMm BHAE:
4 a
v > TFs (4.10)
H 1ocJie npeo6pa3oBaHHi
a >a.
Pas6uenue fss sToro ciyyas u3obpaxeHo Ha puc. 4.6.
3 cayuait.
Knanan otkpeiT, umnynasc U, npucyTCTByeT.
Tenepn
Ug=0,
— R
Vo= gt E#0, (4.11)

T. €. ycjosue (4.2) — ycsioBHe OTHHpaHHA AHOAA —- BbIAED-
KaHO, 3HAUMT,

Us>U,.
Taxum o6pa3oM, Mbl YCTAaHOBHJH DeXHM auona .
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3aBHCHMOCTb XapakTepa pafoThl CXeMB! OT TeMmepary-
pbl MOXeT ObITb yYTEHa Ha OCHOBE METONMKH, H3JI0XKeHHOMH
B § 3.1, T. e. paboune o6sacTy HOMHHAJOB JeTajeil nocne-
NOBaTeNbHO OMNpEAeNAoTCs /s TPaHKUHbIX 3HayeHu# 3a-
JNaHHOTO TeMNepaTypHOro HHTepBaJja. 3areM MOJYUEHHBIE
30HBI coBMellaloTcs. BHiGOp HOMHHA/NOB nerasieli NpPOH3BO-

JUTCS B IepeceyeHuu
91X obnacreil (puc.4.7).
Cpasy xe caenyer
3aMeTHTb, 4YT0 MHl Oy-
‘IeM TN0JIb30BaThCS TOJb-
KO JIMHEHHBIMM TpaHC-
dbopmaropaMu, KOTOpbie
BBLIMOJIHAIOT, COOCTBEH-
HO TOoBOpSA, (QYHKUUIO
COTJ1aCOBAHUSs * BHIXOLOB
ONHHUX  3JIEMEHTOB CO
BXonaMH Apyrux. Ira
He HCKJIIOYaeT, KOHEUHO,
BO3MOXHOCTH M pHUMeHe-
HUSL  APYrux THIOB
tTpancpopmaropos (Ha-
npUMep, HeJHHeHHOro ¢
HachllAIOWUMCS  Ccep-
JNeYHHKOM).

&

7

dl

Palovas

odnacms

A

Puc. 4.6. Pa36uenue a’=f(a).

A’ﬂf

Puc. 4.7. Pa6ouass o6J1acTb HOMHHAJOB JeTajeil cxe-
MBI C YUeTOM 3aJaHHOrO TeMIepaTypHOro HHTepBaJa.

93



PaccMoTpuM Tenepb 4acTOTHbie BO3MOXHOCTH JHOMHO-
TpaHchopMaTOpHbIX KianawoB. Jlasi 3TOro Tpexae BCero
BbIICHHM, YEro Mbl XOTHM JOGUTbCSI OT CXeMBbl, T. €. TOCTd-
BIM 3aj1ayy.

DJeKTpUYECKH Hawa cxeMa — yeTbipexno/iocHuk. On
siBJIsleTCsi, BOOOLIe TOBOPS, HeJNUHEHHbIM, TaK Kak B Hero
BXOJAAT JBe CYIIECTBEHHO HeJHHefHble AeTanu: [IHOA U
TpanchopMaTop ¢ Keae3oM, OJHAKO NPH HEKOTOPBIX YCJO-
BHSIX cXeMa MoxeT ObITb JuHHeapu3oBaHa. ByneM mosararth,
YTO AMOA UMeeT JuHeliHyl0 xapakTepucTtuky. Ctporo ro-
BOPS, 3TO HeBepHO. XapaKTepPUCTHKA ero CTAHOBUTCS OJIH3-

R
”7 g S—
aft 8 J--t/t)
z .
g
J
\
\
\
\‘ L —
T t Tk 7 t
o) 6

Puc. 4.8. K pacuerTy uyacToTHOCTH IHOAHO-TpaHChOpMa-
TOPHOTO KJamnaha.

KON K JIHHEHHO! TOJNBKO cnycTs Tmp Mkcek (cm. § 1.3). Pep-
puTOBHIlI TpaHchopMaTOp MBI TakXKe GyaeM CUHTATb JHHEH-
HOH MHIYKTHBHOCTbIO.

Huonno-TpancoOpMaTOpHBIA KJaanaH HaM HYXHO pac-
CYUTaTb TakK, YTOGBl OH MOT MpONyckaTb pabouile HMMYJAbCHI,
He HCKaXKas UX B 3HAUUTEJbHOH CTeleHH.

Tak kak B Hawell cxeme o6a sjeMeHTa (IHO1 M TpaHc-
dopMaTop) HasaralT Ha YaCTOTHbie BO3MOMXHOCTH CXEMb
onpefleieHHble OTPaHWYEHHs, TO LeJeco00pasHo Tpelb-
SIBUTb K HUM B3aWMOCBSI3aHHbIe YaCTOTHble Tpe6OBaHUS.

YacToTHble CBOACTBa AHONA ONPENEJISIOTCA €ro THIOM
H W3MeHeHbl ObITb He MOTYT. MeHSITb Ke THUI TPUMeHSeMbIX
IHONOB He Bcerja yno6HO, TaK KaK BbIGOP ero MOXKeT GblTb
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NPOOUKTOBAH He 3JEKTPHUECKHMH cooGpaxeHusiMu (Hampu-
Mep, KOHCTPYKTHBHBIMH, 5KOHOMHUYECKHMH U T. A.). YacrorT-
HOCTb e TpaHc(opMaTopa 3aBUCHT OT YHCJIA BHTKOB 00MO-
TOK (mpu BeIGpamHOM cepreuHuke). [ToaToMy OCHOBHO# 3a-
Jayell pacyera OyloeM CUMTATb HaXoXKAeHHe HHAYKTHBHOCTH
nepBHuHON 0O6MOTKM TpaHchopmatopa. CkazaHHOe, KOHEU-
HO, He 03HAYaeT, YTO HAC HE HHTEPeCcyIT YacCTOTHBHIE CBOMH-
ctBa BbI6panHoro guoga. OxHako Mbl NoJaraeMm, yTo OH
yke BblOpDaH Ha OCHOBaHMHM [NaHHBIX, H3JOXKEHHbIX B IV l.

Ha puc. 4.8,a nokazana ymnpolueHHass 3KBWBaJeHTHas
cxeMa NHOLHO-TpaHchOPMAaTOPHOTO KJamaHa.

Bennuuna R 3mech paBHa

R=Rnp+RoT. (4.12)

JuddepenunanpHoe ypaBHeHue aJsi Takol Lemd Oynet
di .
LSr+ Ri=u(t). (4.13)

3nech (cm. puc. 4.8,6 u 6)

Pemasi ypaBHeHHE C MOMOIIbIO OGBIYHbIX [PHEMOB, IO~
Jlyuaem

t

it)="%-(1—e ") npu0<t<r,

(=)

, U T T
t(t)=7f'-o(1 —e e npu <t <oo.
L
3nech T= _ —MOCTOSHHAA BPEMEHH LEMH.
Jlnsi OpHEHTUPOBOYHOTO PacyeTa MOMKHO BOCMOJNb30BATD-

cs 3Toil BenuunmHoW. Mcxoasi us mpuuuuna, uyro tpascdop-
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MaTop He JOJIKEeH YXYAWAaThb YacTOTHbIE CBOHCTBA CXeMH,
3aBHcdlIIHe OT Ouoaa, 6YILeM noJsiaratb, 4TO TMOCTOsAHHasd
BpEeMEHH T JOJI2KHa ObITh paBHa BpeMeHH YCTaHOBJIEHHS
npsAMOro Toka Auoia Top, T. €.

T = p. (4.14)

Orcioaa nosyyaem
L=R:y. (4.15)

Bocrnonb3oBaBuuch MatepuasoM I, 1, onpeneaum
Tenepb YHCJ0 BUTKOB OGMOTKH IJs (eppPHUTOBOro cepaed-
HHKa:

— R-tap : (4.16)
2up-heln g 102

34echb tgp — BpeMs yCTAaHOBJIEHHS] INPAMOTO TOKAa AHOJAA
B MHKpoceKyHaax. OcrajbHbie BeJHYHHbI CJeLyeT CMOT-
petb B § 1.5.

B 3ak/oueHHe OTMETHM, YTO NPHBENEHHBI MeTOH pac-
yeTa fABJSeTCs BecbMa TNPHOJHKEHHBIM, OQHAKO JAaeT BO3-
MOXKHOCTb IIOJYYHTb MHCXOZHBI MaTepuaj HJs HayaJja
3KCNepHMeHTaJbHBIX paborT.

Kos¢pdpuuuent rpanchopMauuu 1 YHCAO BHTKOB BTOPHY-
HOH O6MOTKHM TpaHcpopMaTopa BHIOHPAIOTCS B 3aBHCHMOCTH
OT TOrO, Ha Kakylo cxemMy pafoTaer KJamaH, T. €. KakoBa
Heo6XxoAMMas BeJHYHHA BBIXOLHOTO HaMpsikKeHHS.

4.2, CXEMbl TPHOOHO-TPAHC®OPMATOPHBIX
®OPMHPOBATEJIEA

Tpuonno-tpaHcopmaTopHblii (OpMHPOBATENb, KaK IO-
Ka3blBaeT CaMoO ero HasBaHHe, OTHOCHTCS K 3JIeMeHTaM
BCIIOMOTATeNbHBIM, T. €. OH He BBITIOJHSIET HHKaKHX CaMo-
CTOSITE/bHBIX JioTH4eckux ¢yukuuii B IOLIBM, a TosbKO
NOAJEepPKUBAET HeOOXOAUMBIE 3JIEKTPHUECKHE PEXHMBI B CO-
OTBETCTBYIOIUX LensX.

HeficTBUTENbHO, AaJeKO He Bceraa lienecoo0pasHo Ka-
KOH-THOO0 JIOTHYECKHI 3JIeMEHT BBITIOJNHSATb TAKHM MOIIHBIM,
yToObl OH MOT INPHHATb Ha ce6sl BCIO 3JIeKTPHUYECKYIO Ha-
rpy3ky. Hekoropble e Jormyeckue 3jeMeHTHl BoOOIlle He
HMEIOT B CBOeil cXeMe TPHOJa H He MOTYT CaMH BBINOJIHSITb
¢yHkuun ¢opmupoBaHua. K mocjiemHHM OTHOCATCH, HalpH-
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Mep, BCe JIOTHUECKHe 3JIeMeHTbl Ha JHOJaxX H CONPOTHBJIE-
HUAX, OHOAHO-TpaHchOpMAaTOpHble KJamaHbl, paccMOTpeH-
Hele B § | Hacrosiuieit ryiaBel, M T. A.

Bo Bcex 3THX ciyyasix BBIXOABI JIOTHUECKHX 3J1eMEHTOB
MOJaloTCsl HA BXOJ CMelHaJbHbBIX BCIOMOraTe/bHBIX 3JeMeH-
TOB (yousauTteneil uanH GopmipoBaTeseil), KOTOpble He HECYyT,
KaK yKe GblJI0O CKa3aHO, HUKAKOH JIOTHUECKON «Harpy3Kh» H
BBIOJIHAIOT YUCTO 3JEeKTPUYecKHe PYHKIUH.

Tpuopno-tpanodopmaTopHblil hopMUpOBaTeIb — 3TO, MO
CYILIEeCTBY, OOBIYHBIA YyCHJINTENb, O00Jamnalolluil (HopMUpYIO-
LKMH CBOCTBAMK U HMEIOWIUH TpaHo)OPMAaTOPHYIO CBSI3b
C 3JeMeHTaMH, paboTalIUMI Ha €ro BXOJ.

Hrak, TprogHo-TpaHchOpMaTOpHEIl GOpPMHPOBATENDb SIB-
JISIeTC BCIIOMOraTe/NbHBIM 3JIeMEHTOM, OCHOBHAas (YHKLHSA
KOTOpPOro — (opMHpOBaHHe pabouero HMNy/bca 3aJaHHOH
(OpPMBI ¥ MOLIHOCTH.

[Mpexne uem mepeliT K NOAPOGHOMY ONHCAHHIO CXeM
TPHOJHO-TPAHC(HOPMATOPHBIX (popMHUpOBATENEH, PaccMo-
TPUM OCHOBHble TPeGOBaHUS, KOTOPble NOJXKHBI ObITh Npelb-
fBJeHBl K QopMupoBaTensm BooOiie. Ha ocnoBe 3THX
Tpe6OBaHHH MOXKHO NPOH3BECTH pacyeT AAHHOTO 3JeMeHTa.

Tpe6GoBaHus kK (OPMHpPOBATENIO ONpPENENSAIOTCS BbLIOJ-
HIeMBIMHW UM (QYHKUHSMH M COCTOSIT B CJEAYIOLIEeM:

— (opMupoBaTeNb AO0JXKeH BblAaBaTh HMIYJAbCHl 3a-
JaHHOH MOIIHOCTH. MOIIHOCTb 3THX HMIYJbCOB Ompele-
JsieTcsl TOH Harpys3ko#, KOTOPYI MAOJKEH, MO 3aMbiCiy
[IPOEKTHPOBILHKA, TIPHHATD Ha cebsi HopMHUPOBATEJb,

— (¢opmupoBaTe]b [OJKEH BbIAaBaThb HMIYJbChl 3a-
JaHHOH (GOpMBI, T. €. B OCHOBHOM HMETb 3afaHHYIO HAJIH-
TEJbHOCTb TIEpeLHEero W 3afHero (PPOHTOB, a TaKXKe 3ajaH-
HY0 [JINTeJbHOCTb TNpeOblBaHMS TPHOLA B MOJHOCTbIO
OTKPBITOM COCTOSIHUH,

— (¢popmMa uMnyabca, BbiiaBaeMoro (opMupoBaTeneM,
He OJIXKHA 3aBHCEeTb OT (POPMBI CHUTHaJa, MOCTyNalLero Ha
BXOA (opMupoBaTtes.

[To cywectBy Bce cxemnl 3jeMmeHToB DLIBM, umerourie
B CBOEM COCTaBe TPHOMIbI, 06JafalOT B TOM HJAH HHOH cTe-
neHn (OPMHUPYIOILUMH CBOHCTBaMH, H MO3TOMYy Jiobas H3
TaKUX CXeM MOKeT ObiTb TNPUHATA 3a OCHOBY IIPH MPOEKTH-
poBaHun HopMHupoBaTEIS.

Tax, ¢opmupoBareseM MoxeT ObiTb (eppUT-TPAH3H-
CTOpHas fyeilika, NPOCTOH yCHJIUTeNb, paboTaloLuii B COOT-
BETCTBYIOIEM peXHUMe, H T. A.
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HcnonbsoBatue tpanchopmatopHoit casian B cxeme $hop-
MHpoOBare/isi BecbMa YNOOHO, TaK Kak 3TO MO3BOJIsSIET 3JeK-
TPUYECKH «pa3BA3aTb» cxeMbl (GopMiipoBaTenst u paboraio-
IIMX Ha HErO 3JIEMEHTOB, a TaKXKe HCIOJb30BaTb B CJayyae
HeoGXOMUMOCTH TpaHchopmartop (opMHpPOBATE]s] B 3ITHX
cxemax.

Tak, nanpumep, Ha Bxo1e popMHPOBATENsT MOKHO yCTa-
HOBHUTD nno,:LHo-TpaHC(popmaToprle KJanaHbl, KOTOpble

O6ynyT BBHIMOJIHATH CBOHU JIO-

ruyeckue GyHKLUHH, a HUM-

nyJbC, NPOHAS TAKOH KJja-

naH, mnomajieT Ha BXO/l
?'é Tpuoxa ¢opMupoBaress.

CxeMa npocrefiliero
TPHOOHO - TpaHchopMarop-
dlﬁ 22, HOro ¢Qopmuposatens co-

CTOHT W3 MOLLHOrO TpPHOAa,

BXOL KOTOpOro CBSI3aH C

BBIXOJHOH OGMOTKOHN TpaHc-

dopmaropa. Tpanchopma-

£ 7 TOP OObIYHO BBINOJHAETCS

e _ Ha OKcudepoBOM Cepheuy-
Buxr  Huke.

Tpe6oanue  He3aBHCH-
MocTH GOpMBI BBIXOAHOTO
uMnysabca ot (OpMBl HM-

» nyJbca, NOCTYNAIOWLTO Ha
’ BXO[, HAUKTYeT HeoOXOmH-

bz MOCTb Takoro nonbopa am-
NepBUTKOB 0GMOTOK TpaHC-

1 topmaropa, 4ToOB TPHOA

= OTKPBIBAJICS TOJHOCTBIO H
naxe B¥caua B o06JacTh

Puc. 4.9. CxeMmBl TpHOIHO-TpaHCHOP- Hacmme,ﬂnﬂ'
MaTopHbIX (opmupoBareseit 6e3 Flef)HHa HacCbILIEHUA
06paTHOii CBsI3H. onpejensieTcst Tpe6OBaHUSA-

MH K YaCTOTHOCTH CXEMBbI.
HefictBuTenbHO, YeM TIJyGxKe HACblieHHe TpHONA, TeM
Gosblle BpeMs pacCacblBaHHsI HEOCHOBHBIX HOCHTENEH H,
cnenoBaTeNbHO, TeM ILMpe uMnysasc. Ecau Tpe6oBanus
K 4aCTOTHOCTH (OpMHpOBaTeNss JONYyCKalOT 3TO IOBHI-
IleHHe LIMPHHBI MMIyJbca, TO APYrHX Mep le Tpebyercs.
B mporuBHOM cayyae mpHXOLMTCSl NMPHHHMATh PsJ CHelH-
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anbHbIX Mep (BBeleHMe OTpULATeNLHON 0OpaTHOi CBA3U
H T L)

st BbiMONHeHUsT TpeGOBaHUS HE3aBHUCHMOCTH BBIXOJ-
HCrO CHTHaJa OT BXOQHOrO HeoOXONUMO TaK CIPOeKTHPO-
BaTb CXeMYy, 4TOObl BXOJHOH HMIIYJbC, NaXe ecau OH OyaeT
HMeTb CHJIbHO MCKaXKeHHY!0 (OopMY, BbI3bIBaJ Obl CTaHLApPT-
Hoe cpabaTbIBaHHe TPHO-
na.
ITonpoGHee Bce 3TH BO-
NPOCHl MBI PACCMOTPHUM B
§ 4.3, a ceituac ocraHo-
BUMCSI HA HEKOTOPBIX CXe-
Max TPHOJHO-TpaHcdop-
MaTopHBEIX (opmupoBa-
TeJiell, KOTOPbIE HAXOAAT
NpakTHYeCKoe mpuMeHe-
Hue B JLIBM.

Ha puc. 49,0 wuso-
OpaxkeHa cxema Ipo-
crefimiero  ¢opMupoBa-
trens. Ona paGoraer
caenymoiiuM  0o6pas3oM.
Ha Bxom cxembl (mep-
BHYHass oOMOTKa TpaHC-
(bopmaropa) mnocTynaer
uMnyJabc. . 1. c., HaBe-
NeHHass Ha BTOPHYHOMN
o6MoOTKe, NeHCTByeT Ha
6a3y TpuHoga M OH OT-
KpbiBaeTcsi. B pesysbra-
Te [IOTeHIHAJ TOUKH
BO3pacTaeT ¥ CTAHOBHUT-
cs1 6au3kuM K E.

Cxewma puc. 4.9,6 o1au-
yaercss OT paccMorpeH- Puc. 4.10. Cxembl TpuoaHO-TpaHc(op-
HOH HaMU TOJIBKO TEM, MAaTOPHBIX C])E)pMHpOBaTgJIeﬁ C OTpuua-
YTO BBIXOJ OCYILIECTBJIS- TeNbHOH 06PaTHOH CBA3BIO.
eTcsl yepe3 TpaHchopma-
top Tps, uTO B psiie ciayuyaeB MoXKeT GbITb BecbMa YAOGHO.

Ecnn TpeGoBaHHs K wacTOoTHOCTH (OpMHUpOBATENs IO-
CTAaTOYHO BBICOKH, T. €. HeOOXOAUMO MOJY4UTb Ha BHXOIE
Y3KHe UMMYJbChl, TPUXOJUTCH NMPHUMEHATb CXeMBl C OTPHILLA-
TeJNbHON 00paTHOH cBA3blo (puc, 4.10,a u 6).
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