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IIPEJUCIIOBHE K PYCCKOMY HU3JAHUNIO

«3NIeKTPOHHKA — OT TeOPMH K HpaKTHKe» HPHHANJEKUT K CepuH
«[IpurnafBoe 37MEKTPUYeCTBO M JICKTPOHEME YCTPOHCTBa», BhINyCKae-
Moit maparensctsoM «[lepramon Ilpeccy.

HazgadeHue KEHMTH — IOMOYb CTyleHTAM H MHKeHepaM-NpPaKTH-
KaM, paforamoiiuM B CMeKHSIX 00JacTAX HAYKM U TEeXHHKH, Npd pas-
pafoTke M pacdere dJeKTDOHHEIX CXéM, KOTODHe HMABXOAAT NPMMeHEeHHe
B NPOMHIJEHHHX YCTAHOBKAX, CHCTEMAX KOHTDOAA, YyOpaBJeHHS
H AaBTOMATHKH.

Idra kHEra me yweGHUK, B Hell HOT MOCHNA0BATENBHOIO PaccMo-
TpeAHA OpPHEIWMIOB NefCTBHA, TeopUH pAaGOTH M PpasBHTHA METOQHEKIU
pacdera MEOTOYMCIEHHWX BIEKTPOHHHX cXeM # nojpo6HOro asanmsa
nx cpoders. Wsydgarh SNeKTPOHHKY IO Hefl HeBO3MOMHAO, KAk HEBOJ-
MOKHO U MOYepNHYTh CBefleHHA O BceX TOHKOCTAX pacdera, MoBepe-
HIIA R Pel'yANDPOBKA paccMaTpEBaeMHX ycrpolictB. M BMecte ¢ TeM
KHUra noixesHa u Hafifer cBoero untatens. [leficrBurensHo, GypHoe
MPOHHKHOBEHIE MEKTPOHHHX yCTpoficTB B pasangable obiacTa Hayxu
4 TeXHHKH CTAaBHT TlepeJ MHOTOYHCJEHHBHIM OTPALNOM UHMKEHEpOB,
TeXHHYeCKAX pabOTHIIKOB, HAYYHKX COTPYAHMKOB M na6opaHTOB
3agauM IpaKTHyecKoil pa3paboTKA 3JeKTPOHHHIX YCTDPOICTB ¢ 3amaH-
AuMmit  cBoifictBamn. Doapmas gacth paGOTEEKOB 9THX KaTeropuii,
He NMelOaA cHeruadbHON TOGTOTOBKH B o6aacin paanoaNekTpoBIKH,
JIMINCHA BOBSMOMKHOCTH! MOJB30BATECHA JATEPATYPHRIMN TCTOYHNKAMI,
HATMCAaHAbIMI JJA CNeNHEANKCTOB N0 DMEKTPOHNKe, M TAy§oKO HaydHTH
npegMer. UM noctaTouAo 3HATH, 9TO NMEIOTCA OfpefeleAHHE YCTPoOi-
cTBA, KOTOpHe 06Majal0T MHTEPECYIOIIMMM NX CBONCTBAMIU; OMM HYyH:-
[aTCA B NpHMepaX HX CXEMHOr0 DeMmeHAA @ NPOCTHX pACYETHHIX
COOTHOLIEHMAX, KOTODHe Aaau G HM BO3MOMKHEOCTH C NOCTATOYHOMN
CTEMEHbI0 TOYHOCTH HAilTH Napamerpsl ycTpo#cTs, obnapaloliux HyMX-
HEIMII NTOKazaTelAMH.

JTy aamady aBTODH [aHHO[l KHNUT pPemIUIH ymagHo.

B kHure coJepKUTCA oNucaHHe O60JbIDOI0 wICHA 3IACKTPOHHEIX
cXeM, UCMONAR3YeMHIX B MPHMKIamHOI cOBpeMeHHOM DJleKTpoHuxe, Jla-
KOHNYEO, Mo ¢TI0 6au3Ko K cnpaBouHoli Auteparype coo6marmTcsa
OCHOBHEI® CBOfiCTBA, CBEJEHENA ¢ napaMeTpax M XapaKTePHCTHKAX
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TANOBHX YCTPOHCTB, NPHBONATCA NPOCTHE PACIOTHHO COOTHOMGHAA,
DO3BOJAKIAC HANTH BeaWYNHE HOMHHAJIOB OCHOBHEIX 3JCMEHTOB CXeM.

MoHO YCOMHATBCA B TOM, yAa4Ho iR BHOpamo Ha3BaHNO —
«OT TeopM® K UpaKTHKe», — Teopuli B OOKYHOM TOHUMAaBIIN OTOTO
TepMmHEAa B KHEre Her. EcTh B nyumieM caydae KpaTKaa (opsmyanpoBKa
OPHHIANA [IEHCTBUA M Ha3HAUeEHA H CKYMO INOACHAKTCA pacdeTHHe
cootaoneguA. CKopee Bcero KHHTY MOMKHO OTHECTH K «perelTypHHM)
cupaBOYHHKAM — JKTEpaType TaKKe MO0Je3HOH W HyXHCR AR mUpo-
KOTO Kpyra 9YMTaTeJoi.

Cnegyer OTMeTATh, YTO COfeDHaHHE KHHTT COOTBETCTBYeT COBpe-
MEHHOMY YPOBHI0 pa3BMTHR DIEKTPDOHHKH. ABTODH CIpaBeJIHBO
0TMOIAIOT, YTO 32 MOCNeMHOe BPOMA MPOM3ONLIA HPaMATHIECKAA TOX-
HH9eCKaA pPEBOJAIINA B JeKTPOHHKe! NPAKTHYOCKM TMOJHAR 3aMEHA
NaMO Ha MOAYNPOBOEEWKOBHE MpuGopH. B kaMre mer HU ogHO cxemu
HA BaKYyMHHX JaMOaX, MMelOTCA CXeMH TOJBKO Ha NOJYHNPOBOJHEKO-
BHX IAOJAX, TPaH3ACTOPaX, THPHCTOPAX W MHTOIpAJBLHEIX CXOMaX.

HEMra Maio 3arparmBaeT HHTepeCH paJHOCLEHAJIICTOB: pac-
CMaTpHBaeMHeO CXeMB B PAJHOYCTpOfCTBAX HCMOAB3YIOTCA TOJBKO B HC-
TOYHMKAX UATAHHA, CHCTEMaX KOHTPOJA M aBTOMATHYECKOTO Deryis-
poBaHRA.

MIpoctota B JOCTYNHOCTH H3JIOEHHMA MaTepHAJa [enaloT KHATY
uETepecHOll A IIHPOKOTO Kpyra auTaTemdoi.

Pedakyus

NPEJNCJIOBHE

VY poex CTyqenTOB, M3yYalOUIMX JIAOKTPOHHKY, Houzbe:KHO HACTy-
maeT BPeMAa CMenHaJuBanH¥, B TedeHHe KOTOPOTO OHH HAaMElOTCA NpH-
MEHATH IOJYYOHMHE TeOpeTHUeCKHe 3HAHWA INA pelIeHAA NpPaKTHYe-
cxuX 3agad. [[ag MHOTHX OTOT 3Tall OKA3WBAETCA FPYAHEIM.

Ienp0o HacTOAMmMeil KHHUTH ABIAOTCA (OpMaaH3allHA, HACKOABKO
3TO BO3MOKHO, MpollccCa TPOEKTHPOBAHMA CaMEIX pasEOOGpa3HHX
SJMEKTPOBIHX cXeM K, TakuM o6pasoM, samoaHeHHe npofena Meypmy
reopneif H npaKTHKoii. Mo)KHO HapgeaThcA, 9ro KHEra Gyner moaeana
HmKeHepaM, ocoleHHO ChegMaancTaM B TaKUX [MHPOKO pacmpocTpa-
HCHHBIX OOMACTAX, Kak YCTPoilcTBA YNpPaBAeHHA NpOMEIMACHHEIME
mporieccaMi 1l aBTOMAaTHKU, KOTOpEle HMelOT B CBoeM cocraBe 31eKTpPOH-
HEle CXEeMH.

Jpe mepBHe TriaBH KHHTH 3HAKOMAT YHTATCJIA ¢ GANOJADHEIMI
II TONXeBWMN TPaH3UCTOPAMW, ONHONEPeXOAHBIMH TDAH3MCTOPAMA H
KpeMHIIeBEIMH YIPaBJIAEeMBIMH BRIOpAMNTensMu (Tupuctopamu), ITowa-
34H0, KAaK DACIOPTHHE XapaKTePUCTHKI WTOJYNPOBOJHEKOBHX MpH-
GopoB, BHIIYcKaeMBIX ITPOMHIIICHHOCTBIO, NCIOJB3YIOTCA TIPE pAacdere
cxeMm. Oniuca® pAR ycrpoficTs, paboraruyix B grana3oHe CAHTHMETPO-
BEIX BOJIA, KOTODHe, B o0meM, BHXOJNAT 3a paMKH HAacTOAmeli KHHTHU.
Tpetpa riaBa nocBAWEHA BonpocaM paspaloTKM HHTeIrpaJbHHX CXOM.
3neck npneefeHH nogpo6HHe XAPAKTEPHCTHKN COBPOMeHHHX WHTOTI-
PanbHEX MHKpocXeM. B 3aBepmieHUe flaeTCA ONHCaHWMO® YCTPOHCTB
¢ 3aPAOOBON CBABBLIO.

Crenyiompe CoMb TIIaB 3HAKOMAT ¢ KOHKDeTHHIMH YCTPONCTBAMIL.
Haxxpas raaBa cofeDyKHT KpaTKOe TeopeTHdyecKoe 13I03KeHHe, COIPO-
BOKaeMOe CcaMHME HeoOXOAUMBIMII PACYOTHHMM  COOTHOIICHHAMHA.
Omucar Tax:ke HNOPAMOK NPOEKTHPOBAHIIA CXeM H HPHBOXATCA Mpak-
THYeCKIle NPHMepH pacdeta. OCHOBROfi TeKCT 3aBepuiaercA IJABORH,
cofepkalteii o0niMe acIeKTH NPOEKTHPOBAaHNA 3JIeKTPOHHHX CXOM,
KOTODBIC NIpHMeHIMBI KO BCCM MpPeabyMUM TiapaM,

Co BpeMeHU TIepBOTO H3JaHNA J8HHOH KHITH B 3JeKTPOHHON
TeXHHKe TNPOM3OLLAN CYUIOCTBeHHEE H3MeHEHNA, CBA3aHHHE ¢ 6oab-
WHM OpOTrpeccoM IoAyNpPOBOJHHKOBWX yCTPOIiCTB # HOYTH HOJHHM
HCKAKOYeHHeM H3 INpPaKTHueCKOTO MNpIMOHEHHMA JIOKTPOHHEX JaMi,
Kpome odeHR cmenmuTeckux caydae. OpHAKo aBTOPH CYHTAINT,
9gr0 STEM yCEpoiicTBaM, XOTH G6H B CMPABOYHHX MONAX, AoMkHA OHITH
otBemeHa meboinmad gacts KuErH. I[loaToMy omHO M3 MPRACHEHHH
OOCBAIIEHO SJACKTPOHHHM JaMnaM. B Apyr#x nNpRiIoMeHmsx maeIcH
npenctapaen®e o6 mHcnoabsopaHMi npeo6pasosaHmA  Jlanmaca paA
pemieHHsA WAKeHepHHX 3a/ad, aHAJAu3a cXeM W MOACHEHWA METOJOB,

KOTODHE HCMOJb3YIOTCA B TEKCT® KHHTH.
Kponguad Axn. 3. Tuuep
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I'masa mepran

[OJIYIIPOBOHIKHA

TMoaynpoBofHENKOBEE MAaTepHAaJhl B3aHNMAIOT MPOMEKYTOYHOe MNO-
NOKeHHe MeKAy M30AATOPaMM B npoBopHMKamu. ConpoTuBieHMe Mony-
NpPOBOJHNKOB 3HAYKTENBLHO BaBHCAT OT W3MEHEHWA TeMIlepaTypHI.
Ecam paccMOTpeTb aTOMHYK CTPYKTYPY TNOJNYNPORONHHMKOBOLO Mate-
pumana npy AOCTaTOYHOM YDPOBHe dHeprum, obeclledeHHOi, Hampumep,
HarpeBaHHeM, TO OKasHBaercl, 9ro 3NeKTPOHWM 6yayT OTOPBAaHH oOT
CBOMX AaTOMHHIX fiiep, a Ha MeCTeé KaKAoro M3 dAeKTPOHOB OCTAHETCH
nupka. Ilpy BoapeiicTBEM 3]eKTPHIECKOTo NMONA B INONYNPOBOAHMKe
HAUMHAeT NPOTEKATh BNEKTPHYOCKNIT TOK, KOTOPHIH MO/KHO PacCMATpM-
Barh KaK [BWKeHMe 2JIeKTPOHOB B OQHOM HaNpaBJleHAU WJM gBHKe-
HHe JHPOK B NPOTHBOMNOJMKHOM HanpaBleHMH. B cayvae abcomorHo,
qQueTOro, uAM CoGCTB@HHOTO, NOJYNPOBOMHIKA KOAMZECTBO MAHIPOK
W KONM4ecTBO CBOGOMHEIX 3JeKTPOHOB paBHBL MEXAY coGoil. Haubomee
MUPOKO MCNONB3YWTCA ABa MOAYNPOBOMHMKOBHX MaTepmaja — rep-
MaHU# ¥ KpeMHMil, KOTOPHe ABAAWTCA 9leMeRTamu IV rpymnm nepmo-
nwaeckoit cucremu J[. M. Menpmemeera. OpHaxo B HacToAmee BpeMA
Bce Goablllee NpPHUMeHeHH® HAXOQMT TaKoft MaTepman, KaK apceHM]
TaJBA.

Ecan nonynpoBoRHUK JernpoBaH KaKuM-an6o azeMenroM V IpynnH,
Hanp®EMep MHIIBAKOM, TO DAaBEHCTBO dicAa CBOGONHHX DBICKTPOHOB
7 gHpoX 6ymer HapylleHo: CBOGOAHHIX DJAGKTPOHOB B TAKOM MOJYNpO-
BOMHHAKe Gonbmle, 4eM AHIPOK. DNEKTPUIeCKNIT TOK dgepes TaKoii mare-
pHajl B OCFHOBHOM COCTONT W3 WOTOKA dJEKTPOHOB OXHOTO HaNpaBJeHNA
D CpaBHNTeJbHO HeGOMBNIOTO KOAMYECTBA MHIPOK, MBIKYMIMXCA B MPO-
THBONOJOKHOM HaNpaBiaeEWn. B 3TOM Caydae 2JeKTPOHH HA3HIBAIOT
OCHOBHEIMH, a [HPKH — HEOCHOBHHIMI HOCHTeNAMH. IlonynpoBogHM-
KOBHE MaTepMaiH, NerMPOBAHHHE dJAeMeHTAMHE V TpYNNH, W3BECTHH
KaK noaynpogodruku TINA n, HOCKOJBKY OCHOBHHe HOCHETean o6mna-
[JaloT OTpHIATenbHEIM (AaHTA. negative) 3apsamoM.

AHazjormgHOE MNONOKEHHe MMeeT MeCTO0, eCMl NOJYNpOBORHAK
aermponau aneMedroM I11 rpynnws, Hanpumep uapuem. B srom caygao
KOJIMYCCTBO JKIPOK HpeBHIIIaeT KOJI1YecTBO CBOﬁOILHHX 9JIEKTPOHOB
H JHpPKI ABNAITCA OCHOBUBIMI HocHTedssMH. II0CKOABKY OCHOBHEIE
HOCHTEJII MeT NOJORITENBHbIT (aHIN. posilive) sapAm, TaKie Mare-
Puansl waswBaOT noaynposoduuramu Tnna p. Ilpn waroroBireHEUN
NOJYTPOBONENKOBRX npUGOPOB MACTO TPeGYeTCA CTPOLO KOHTPOIHPO-
BaTh KOJIIUCCTBO BBefleHHHX B [TOJYNPOBOAHHK npnmeceil. CuasHee
7AeTHPOBaHHMIT Matepuan uMeer Gozec HHMBKOe YAenbHOe CONpPOTHBIe-
upe. Takie marepnansl, comepikamine GombINoe KOANYeCTBO NpiMeceit,
oGoagavalor cumsomam n* m p*.



1-1, DOJTYHNPOBONHHKOBBIN NHON HA p-n NEPEXOJE

Ecan MOHOKDHCTANA NOAYHOPOBONHHKOBOTO MaTepEaja ¢ ORHOTO
KOHMa 7NerupoBath NPEMeCAME THOA p, a € HPYroro — IPAMECAMH
THNA n, TO MeHpgy oGNacTAMM C pasAMIHEIM THNOM LPOBOREMOCTH
obpasyerca p-n nepexop. Hekoropme pgupkm B3 obnactd p muddyn-
EEpyoT B ofiacte n. B pesayarrate obaacte p monydaer HeGOMBINOR
orTpniaTenbHHA 3apAf. AHAIOIMYHEIM o0o0pa3oM SJEKTPOHH M3 06-
nacte n prddyHEpEpy0T B 00M1aCTE p, M OGNACTH n OKASHBAeTCA 3apA-
#HeHEHOR NoJoMTeNbHO, B ToHKOM clloe Moy o0nacTAME n B p 2JeK-
TPOHH A JHPKE PeKOMOMHEDPYIOT, M TaK KaK 9TOT C/10d B peayabTaTe AMEeT
09eHb Majlo CBoGOMHRX HOCHTeRelt sapAfa, ero HA3HBAIT o6edHenHbim
caoex. OTOT Cnofl fefiCTBYeT KaK NOTeHIMAJbAHA Gaphep, Lpenar-
cTBYIOIEH panvHelmedt prddysmn HochTeRelt 3apAmOB, H nel)exon Ha-
XOAETCA B COCTOAHAH JHHAMHYECKOTo paBHoBeCcHA (pmc. 1-1, a).
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Prc. 1-1. TlonynpoRogHAKOBEIT nepexon ¢ NOTEHUNAIBHEM GapbepoM,
o6pasoBamEHM puddysnedt Hocurededt 3apAmoB (¢) H BOJBT-aMIOepHAR
XapaKTepuCTAKA MNoJynpoBogBMKoBoro avoma (6). (Macmra6 mo ocu
TOKa MeHAeTCA HPH NepeXxojle depes HAauaao KoopaiiHAat.)

Ecau pHellBee HanpAsKeHne OPHJIOMEHO K 3amiiMaM TaKdM o6pa-
30M, 9T0 TouKa A HMeeT NOJOMKNTOJBHHI NOTEHRHAJA N0 OTHOIMEHHIO
K Touke K, To 6yner BaGa00aThCA yMeHbUIEHHe TOJNIMHH 0GeqHeHHOTO
caon. IloreHumanpHui# Gapeep NpPU 3TOM CHHMMAETCA, UYTO Crnocol-
CTByeT IPOTOKAHMI0 TOKAa uepes nepexop. C ypeanyeHHeM BHemHEro
HANPAYKOHHA TOK 4Yepe3 [Epexoj, B03pacTactT N0 IKCOOHEHLHAIBHOMY
3aKOMY 10 Tex Mop, NOKa BHelHee HAOPAM(CHHE He CTaHeT pPaBHHIM
BeJIMYMHe MNOTeHUMANbHOro Gapbepa, T.e. pe3yabTHPYIONCe Hanps-
AEeHne Ha uepexope CTaEET paBHKM Hyawo. llaabHeiimee BoapacTamue
TOKA 9Yepes Hepoxof, OrpaHHYNMBACTCA TOJDBKO CONPOTHBJECHIEM WHOJY-
NpOBOAHMKOBOIO Marepnasa. ECiaw noaApHoCTh BHeMHero Hanps-
KOHHA HM3IMEHHTL H4 06pATHYI0, TO BEAUYMHA NOTEHIHAILHOTO (aph-
epa BO3pacTeT H OCHOBHHE HOCHTEIN OKAKYTCA OJOKHPOBABHRIMIL
B ermx ycamosMAX, ommaKo, depes nepexom OypeT 1POTEKATh He3HauH-
TedbHBI{I TOK, Ha3KBaeMHit o6pamnux mokox. Il pu BoapacTanwn BHem-
Hero o0paTHOT0 BaNpAKeBUA DTOT TOK OCTACTCA IIOCTOAHHLIM, IOKa
HampsAxieHe HC AOCTHIHCT TOYKH IpoGoA. B aTofl Touke mpu nocromm-
HOM HAaOPAKeHud ToK GblcTpo Bospacraer (puc. 1-1, 6).

Takem o0pasom, Ipn cMelleHuH IepeXofa B NPAMOM HanpaBie-
HHN dgepez Hero GOyACT NPOTCKATh pocTaTogHo Goxbumwofi Tok, a mnpm
o6paTHOM CcMelleHHH, MEHLWCM UpOONBHOTO, TOK, HpPOTEKAIoU
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gepes nNepexop, KpaiitHe Man. WHEMEH choBamm, TaKoe YCTpo#CTBO
HBOUCTBYOT KaK BHIPAMMIOND.

2)

Puc. 1-2. Tpnmepe DpaKTIgeCKOIO NpHMeHeHWA HOJYyHpPOBONHAKOBHX
3000, 10): 8

a — BHODAMATENE;, 6 — NEMOOYNATOD: ¢ — opMMpPOBaATENb; 2 — BOCCTAHOBH-
TEJIh TTOCTOAHHOI COCTABJIAKLIEH.

Tyhoshe Cay4al mpHMEHEHNA MoJYNPOBOAHUKOBHX JHoEOB MOKa-
3aHm Ha puc. 1-2,

1-2. TOR YTEUKH

JiAA MaloMOMMEX FepMAaHNCBHIX ANIONOB TOK YTCYKH (Ham obpat-
Huil TOK) #axofutcA B npefesax or 1 mo 200 MKRA. ¥V KpeMBHeBHIX
AUOAOB TOK YTCUKL 3HaulTesbHo McHbme, Ho B ofoux cayuyaax tok

A
70-5_{1!’50
7078
1077
1078
7079
07~
1071 I I | I 1 t
-40 0 40 80 120 160 °C

Ge

Si

11

Prc. 1-3. 3asucnmocTbh 0GPATHOTO TOKA BACHILEENA AJF repMaHHeBoro
. KPCMHIICBOTO HIOJOB.

YTEUKIl ClILHO 3aBUCHT OT TEMIePATYphl. JTa 3aBICHMOCTD HOKasaHa
Ha puc. 1-3, rpe npupbencHH IpaduKy TEMNepPaTYpPHOIO N3MeneHHA
06paTHOrO Tora KommexTopno-0azuBoro mepexojd TepPMAHMEBOTO M
KPEeMHUCBOTO Tpams3lcTOPoB NPH Pa30MKHYTOH Uenfi SMUTTepa.



OCHOBEHe IpPHYAHH BOZHHKHOBOHEA TOKA YTOUKHE CilelyIOIIHe:

a) O6pasosanue KHeocHOSHWX Hocumeseli NPR HArpeBaHRA, BO3-~
nelCYBEE pAAMADNA W HapYMeHAAX CTPYKTYPH KDHCTAJdIHYeCKOi
POIMGTKA. g 3THX caydanax o6pasyrorTca 2J1eKTPOHHO-AHIDOTHHIS NAPH
M HOCHTO/IR ®apfAfa, KOTOpPHe HMABIAITCA HOOCHOBHHMH, CBoGomHoO
OPOXONAT 4epe3 p-n Nepexoji, cMemeHHET B 006paTHOM HalpaBIGHAN
AaA OCHOBHEIX Bocmrenefi. O6pasopamne 5J1eKTPOHHO-JEIPOYBEHIX nap
npm HAarpeBaHWH ABJAASICA Hanbojee CymecTBeHHO# MPHYMHON BO3-
pacTaHnA Toxa yTeuxHu. B ofImeM caydae BospacTaHHe 06paTHOLO TOKA
coctaBaAer npuMmepHo 10% ma 1°C (TOK yBeasuynBaercA npubamnanu-
TeAbMO B 2 pasa npE BarpenaBuB Ha 8°C). ITo sToit mpmamme npume-
HeHHe TepMaNMeBHX MOJYNPOBONHHKOBHX NPHGODOB OrpaEUYHBaeTCA
pEamasoHOM Temuneparyp He suime 70°C. Kpemmmnesse npubopH Moryr
nmpaMeHATRCA BmioTh Ao 160°C.

6) Ilosepzroemure moxu ymeuxu ABAAKTICA CYNIECTBOHHHM ¢dak-
POPOM TOXBKO ANAA KpPeMHHeBHX npnGopos, B KOTODHX TeNa0BOil TOK
yrousn BechbMa He3HaumTeaeH. [loBepXHOCTHEI TOK yTeuKH 9acro
o6yCXOBXCH parpAsHEHAEM MOBODXHOCTHE B B KOHEYHOM HTOT® CHH-
saer o0GparHOe CONPOTHBJICHHO NEpexona.

1-3. HEPEXOQHBIN NPONECC B THOOAX

TMepexopan# mnponecc B gRonax o0yCa0oBAeH TPeMs OCHOBHHMN
MpAYHHAMA.

Haxonaenue nocumeseti. Korgpa pguom Haxogutca B TIpOBOgALIEM
COCTONHAN, HEOCHOBHEIC HOCHTOIN HAKANJAHBAKTCA B KATOTHON 006-
sacta. B cayuae p-n moaynpoBOMHMKOBOTO [HOHA TAKWMH HOCHTE-
XAMA ABIHWICA [HPKH, NIMKOKTHPOBAHHHEe 03 aHOgHON ofnactd
tnoa p B ciabo nermposaHEyl0 obnacts kKatoma Tena n. Ecam k mwony
OpEIOKHETL ofparHOe HanpAKeHHWe, TO HeOCHOBHH® HOCHTEAM 113 Ka-
rogEolt ofnactd Gynyr BosspamiaThca B aHOREYHI0 ob6aacts. OGparmmi
TOK 9epes [6epexofl AOCTHFHeT HODMAJbHOTO SHAYCHHA TOKA yTeuKH
JNHIOb TOTHA, KOTAA 9TOT IPOIece NOJHOCTHI0 3aKOHUMTCA. MaxcuMans-
Hufl ofpaTHRE TOK OMpemeaneTcA OpUJCKeHHHM 06paTHHM Hamps-
JKeHHeM W COIPOTMBICHHEeM ypend. Koam4ecTBO HAKOMJIEHHHX HOCHTO-
Ael MOKHO OXapaKTepHaOBATH BPeMeHeM, KOTOpoe HeoOX0aWMO mJA
YMOHbILIGHAA 06GpaTHOr0 TOKA Ha HEKOTOPOO ONpeeleHHOE 3HAYCHNS,
HNY HAHOMJAGHELIM 3apPANOM, NOKA3aHHHM 3ALTPUXOBaHHOI 06iacThio
Ha puc. 1-4, a. OGe 9TH BeOMIHHHE 3aBHCAT OT KOHKDETHHX YCJI0BHH
paGorel. HaxonmeHHHIT 3apAn JNessknr B Npepeaax or 10 000 mKa pan
HE3K0YacTOTHHX pHonoB A0 100 nKa aaA BHCOKOYACTOTHEIX MWOAOB.
HaunydmmMu B 3TOM OTHOIMCHWH ABJIAKTCA MNOAH W3 apCéHAnA Taj-
NMA, TAK KAK OHH EMe0T HAKOMJGHHHA 3apaj MOpAAKA HECKOJbKHX
MAKOKYJNOHOB.

Ilepezodnuil npoyece npu sxawuenuu. B MOMEHT BKIIOUEHNA IHOAR,
KaK noKagzaHo ma puc. 1-4, 6, HanpsKeHne Ha HeM OKAa3KBACTCH BHIIIe
ycraHOBuBIIeTocs. HawaapHHiI NUx HanpaAKeHAA NPAGAH3NTeNBLHO
B 2 pas3a Goabmie yCTRHOBMBIETOCA HanpsiKeHHA H CHUKaeTCHA /10 Hero
Meneo deM 3a 1 Mxc,

Exkocmv neperoda. EMkocTe o0patho CMeNIeHHOr0 TNepexofa
38BHCHT OT NMPHJOKeHHOTO K Hemy ofpaTHoro HampsieHHA. Jliusd njo-
CKOCTHHIX ANONOB eMKOCTb 00eqHeHHOT0o ciod o0paTHO IPONOPHIOHATE-
HA KBafjpaTHOMY KOpDHIO H3 NPUAOKeHHOTO WaNPAMCHIA,

Inanagon eMxocTeii Iepexojia npy MazoM o6paTHoM HampAKe-
HUM JeskuT B npefenax ot 1 nd pas GHCTpogedCTBYIOMEX IHOAOB

10

10 20 n® gad AN3KOYACTOTHHIX AHOAOB. JTO CBOIICTBO MEpeX0Ra HCMOh-
3yeTCA Q[NA NONYy4eHWA MAAHX eMKOCTeil B ITHTCTPAaNbHEIX CXeMaXx.
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Puc. 1-4. ITepexopasic ngoueccu B Auofax. 3AHITPNXOBAHNIAA 06aacTh
MOKABHBAGT HAKOIIGHHHY 3apAj.

BO3MO7HHOCTB H3MeHATh EeMKOCTh nepexona B 3a8BUCHMOCTIH OT l'[pll-
JOMeHHOTO HANDAMKERNWS ABAfeTcA BaKHeiillell XapaKTepUCTHKOM
BapuKaNoB, onucayHEX B § 1-6.

1-4. MAOOHBIE JIOTHYECKHAE YCTPONCTBA

flpn nemoanzoBammd NaaHapHOf TeXHOAOrHW Ha onHOf M TOf Ke
HO0MKe MOMHO M3rOTOBUTH YyCTDPOHCTBO, CojepHiallee HECKOIBKO
mmonos. Taxre ycrpolficTBa 061agawT TeM IPOMMYINECTBOM, 9TO BMEIOT
Majse $rangecKkne pasMephl, & XAPAKTEPHCTHKH MHONOR NOJYYAKTCH
opunaxoBemi. ITomoGunie cxeMB yNOGHH [AA UPHMEHOHUA B Joruue-
cKix ycrpoiictBax.

Czema HTH., B cxeme, noxasasAoll Ha pmc, 1-5, a, npH BXOAMHX
BaMpANEBUAX, PaBHHX HYJ©, ecJH npedebpedb namenHeM HanpsxKe-
BHA Ha [HOAAX B IPAMOM BallpaBJeHU, BEIXONHO® mAMpsmKeHue TaKme
pasno mymo. I[Ipu sTom TOR uwepes pesmcrop H, pasen [y, = Uy/R,
1 KOKAHR R3 TPeX BXOIHHX HCTOYHMKOB JOKeH ofecmeyumarh TOK,
pasHEA [ /3.

Ecaun manpasenue Ha awbom W3 BXxopmos Bospactaer fo +5 B,
BHXOTHO® HanpAeNile Taxie CTAHOBUTCA paBAnM +5 B. Taxum
o6pasom, ?T0 ycTpoiictBo paboraer xax cxema MJIU. Ee peiicrBue
MOMKHO ofncarh Oyiepoil tgymcuuoﬁ Buftla f(zry=A + B+ C, rne
CHMBOJ «+» YnTHeTCA Kak «ammy», Ilpn manpssKeAnn wa asojax Ando-
[OB, paBHOM HYIO, KHOMKW 3aKpuiTH. Ilpnm oTKpHBaEMH AMONOB "epes
UnX NPOTCKACT CyMMapHWii Tok, pasnwiii [, = (Ug + UE) [Ry-

Czema H. Ecam Ra m000M 13 BXONOB cXeMH Ha puc. {-5, 6 ua-
TpAH(eHNI6 PABHO HYJAK0, MPH 3TOM BLIXO[HO® HANDAHOHHNE TaKNKe Ba-
Xofurcg Ha Hynesom ypopHe. Hampsakesume Ha BHXofe 6ymeT Boapa-
CTaTL A0 BEPXHEFO YPOBHA TOJbKO B TOM Clydae, €cau HanpdmKedus
Ha BCeX BX0AAX OJHOBPEMEHHO JIOCTHUTLYT BepXHero ypoBHusa. Takum
o6pasoy, oTo yeTpoitcrBo paforaer Kak cxema I, Ec geficTBie crucH-
Baeres Oyaepoit dymxumeii [ (z) = A-B-C, Koropas wnrtaerca Kak
¢4 1 B v Cr. Ecalu wa peexX BXejlax cxeMmbl wanpgmsemnc pasuo 5 B,
BHXOAHOE uanpsurednie paBio 5 DB. Leau me Ba ompoyM U3 BXoIOB
HAOPAMEHNe NoHU3NTCA A0 HYAA, T U BHXOJAOC HANps;KeHle cTaHeT
PaBHHM HY I,

0O6a PaccMOTPCORAKX yCTPOIiCTBA NMEIOT HOMOKUTENbRYI0 AOTHKY,
TaK KaX BLIXOAHOC Hanps<eade ABJAfeTcAd yHKuleil BepXHETO ypPOBHA
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BXONHHEX CHTHAJOB. YCTDPOHCTBO HMeeT OTpMUATENBHYIO JIOTHKY, ecir
BEIXOJHEIE CHTHAJE COOTBETCTBYIOT HUKHEMY YDOBHIO BXOJHOTO Ha-

58 U
2sd L Va

+258
58 A
P8 45
Rk 57 J1 58
5, I nig
~258 LUy q) pad L 5)

Prec. 1-5. [ImogHbie A0TMYEeCHNH® yCTPOHCTBA.

opakeHnsa. B mocaepHeM caygae cxema M BbIOAHAET MOTHYECKYIO
dyaxumo UM, a ¢xoma WM BruonnAer poadb JOTUIECHOTO YCTPOit-
ctea H.

1-5. OB30P THIOB HOJYITPOBOTHUKOBBIX THONO0B

InockocTEnle pmopk. B guopax, HM3roTOBAEHMBIX IO raaHapuoi
TexHojorMM (cM. puc. 1-21), nepexox mpepoxpaHfeTcs OT 3arpsAsHe-
HAA 3aIATHEIM cJ0eM JBYOKCHH Kpemuusn. [loatoMy KpeMmHleBhe
naanapHele NpuGOpE MOT'YT I3TOTOBJAATHLCH B MAcCOBBIX KOJIUMYeCTBAX
co craluiapHEIMH XxapaKTepucTukamMu. Tak Kak KpeMHneBEe npuGopsl
AMEIT MAJEe TOKW yTedKi, oHM 06JafaloT NpeHMYINEeCTBaMN TO cpas-
HeHHI0 ¢ FepPMAHHEBEIMH, 0C00eFHO B NePeKMOYalomuX cXeMax It 6bet-
pollefiCTBYIOIMNX BBIYNCAUTENBHHEX ycTpoifictBax. Oppako mupaMoe
HanpsaeHne, HeoOXoquMoe nas toro, 4roGu auor GEI OTKDHT, paBHoO
0,5 B pan kpemaueswx u 0,15 B paa repmarueBHx guonos. Ilostomy
npn paGote B peykmMe GOJBIINX TOKOB ICNOAB30BAHHE TEePMAHNEBHIX
AuoNoB eKXaswpaorcA Gonee pamuoBanbHEM. Kax y:me Omio cxasaHo,
KpOMe KpeMHEA M TFepMAHAA B KadecTBe NOJAYLOPOBOTAHKOBOTO MaTe-
PMana MCHOJB3YIOT ApCORNM[ TajamA. JIRONH, H3TOTOBJERHHE H3 3TOTO
MaTepHMaga, MOMHO 1ICMOJNB30BATE NPH TeMIepaTypax BLAOTH JI0 He-
CKONBKHX cOoTeH rpamycop lLleabcmsi u npBMeHAT: B GHCTpopeiicTByIo-
IMEX ycTpoicTBax.

To49euno-KOHETAKTHBIE AHOIB. T09e9HO-KORTAKTHBlE NHONK COCTOAT
n3 BoabpaMoBOff cCHMpaIbHOM NpyXHHKM W KPHCTAAaa TepMaHHS
TiDa n. Horpga uepes Takoe ycrTpoficTBO NpoNyCKaeTcA HeGOABLION
TOK, B TOYKe KoHTaxTa ofpasyercd cmaas tnna p. Ms-za Manoit oao-
mafgy KoHTAKTA JNPAMOe COOPOTHBJIEHHWEe TOYEYHHX JHOM0B 3HAYH-
TelbHO Gojdbme, geM [MIOCKOCTHEHIX. OJHAKO0 TOYeYHO-KOHTaKTHMe
HAHONEl 1IMEIOT XOpOHIne BLICOKOYACTOTHRIE XapaKTepHCTHKN (1 noromy
paHCe ILIMPOKO NPHMEHAANCh B OHCTpPOJLeHCTBYIONNX TiePeKA0ualo-
mux ycrpoiictpax. [af 13roTOBJeHnd JMonoB, paboTanmmx pu
BBICOKITX Hal’lpﬂ)ﬂeHHHX, 11906){0}1[[1\[0 NCT0JAb30BATH cnaﬁonoruponan-
HHi repmMaHuili, Tax Kaxk OIPH DTOM yIeAbHOE CONPOTHBICHIIC CTAHOBUTCA
Goaec BuicoruM. Ho cnepnyer ydmTHBaTh, 4TO 2T0 YXYAUIACT BEICOKO-
YacTOTHHIC XapaxTepHCTUKU. MO)KHO MBTOTOBETE AMON € MAJEIM nps-
MEIM CONPOTHRJICHIIEM 1 XopomuMH1 BBICOKOYACTOTHBRIMII xapa}('repu-
CTHKAMH, €C/IH BMECTO BOAbL(YPAMOBOK HCNOJNB3OBATH BOJOTYI CHUPANb.
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Onoprnie muonsl. KpeMAWepsie amofer mpHE Nojase Ba HAX oGpar-
HOTO HANpPAYKeEHA M03BOJAIT NOAYINTH FOCTATOYHO CTAGHMABHHE ypo-
BeHp HanpskeHws oxoao 0,6 B. Mexamuam npoGos nepexona NpH
nogade Ha Hero oGparHoro Ramps)keHRA paccmarpmpaercd B § 1-10.
XapakrepucTuxa npoGof AHOAA TIO3BOJAET MCUOAB30OBATH €ro B Kaue-
cTBe CTOYHNKA OWOpHOr0 HanmpsikeHHEA. IIpn mpuMeHeHUMm CUIBHO-
JEerNpoBaRHOI0  (OJYNPOBOJRUKOROTO MAaTeplialla MOMKHO H3TOTOB-
AATH AHOMH C napaHee 3AafaHIBM YpoBHEeM NpoOMBHOTO HANpAYKeHH:
(npo6oit 3exepa) BnaoTk go 15 B. Doxee phcoKMe ONOpHbe HanmpAXe-
HIIA MOKHO MOJY9UTH IyTeM NpPHMeHeHHA IMONOB C JIABEHHBIM INIPO-
Goew.

Itmongm Morrkm [2]. Crpyxrypa pmuopa IllloTrkm mnoxasama Ha
pHc. 1-6, a. BunpAMieHHe TPOHCXOAMT B IHJIOCKOCTE MEMAYy MeTal-
oM W WONYNPOBONHAKOM. YcTpoficTBo pafoTaeT Ha TOM e MPHH-
nune, 410 N pa;mou,e'rek'rop, B KOTOpPOM HCNOJb30BAJICA METaJdJan4d9e-

Auod
4 Wommxu

dnumakcuanbubsid
Orucen Memann ‘enod

NoBaokra

—40 =20

a
Puc. 1-6. Crpyxrypa nuona ¢ GapsepoM IIIOTTKE # ero BOAbT-aMUeDHEE
XapaKTepuCTIIKIL.

cKuil KouTakT Ha KapGupge Kpemuug. Otagude 3aKJN0YaeTcA B TOM,
YTO COBpeMeHHEe MeTOJE TCXHOJOTWMH NO3BOAAIT MONYYHTH 3HATU-
TeJbHO OOABIIYID INIOMARh KOHTAKTA MERYy MeTaliaoM ¥ MNoAynpo-
popauxom. [Ipu pabore guopa UloTTKM HeoCHOBHble HOCHTeNHW He UC-
moaeayiorca. ToX tweped Helo NPe[ICTaBjlAeT COGOH NOTOK TOMBKO
OCHOBHHX HOCHTeell — 3NeKTPoHoB. MckialoueBlle HeOCHOBHHX HOCH-
Telleif o3HAauaer, 4To TpoGaeMa HAaKoNIeHWA 3apAla MNOJHOCTHIO CHH-
Maercd. J1o o0bACHAET XOpoIude KIAKYEBEIC XapPAKTEDUCTAKH nHona
Morrku. Eume ognoit Baykuoil 0co6eHHOCTBI0 ABIAETCH TO, YTO y DTOTO
anopa NafgeHHe HANpsMKeHus B NpPAMOM HanpasieHnu nDpuGanan-
TEALIIO B 2 pasa MeHblle N0 CPaBHeHUIO C AHONOM HA p-n Iepexoje.
9710 O0GCTOATENLCTBO TO3BOJMAET 3PPeXTUBHO MX HCIOAB3OBATH B CXe-
Max UCTOYHWKOB HNTAHMA (PH MAJHX HalpAMeHHAX A 6OJBLIMX TOKAX.
BoabT-aMnepHas XapaKTeplcTHKa TUROBOTO auona ¢ GapbepoM Hlorriu
npmEeeneHa na puc. 1-6, 6, Ha KoTopoM o0paTHHIl TOK NOKA3aH B MHKpO-
aMnepax, a mnpaAMOH — B MIUIINIaMMepax.

®oro;monbt [3]. Pacemorpun nBa mponecca — (OTONPOBORHEMOCTE
n dorosnekrpuyeckuii agdext. Ilpn napesun cpeta Ha ¢oTompoBonA-
muii MaTepuanx cperoBas SHCDPINA MOTACIAETCA MM I B pe3yJbraTe
o6pasynTcsl D.1eKTPORRO-IBpouHEle nape. Ecan Ttellepb K ¢oronpo-
BOAAMEMY MaTCPHAAY NPUAOKHTE BHellHe® 3JJeKTpliueCKoe NoJe,
JHDKI HAYHYT MBUraThLcAd B OLHOM HanpasJjeHng, a E)JIeKTPOHLI B Ipy-
ToM, B B Pe3yJLTaTe moTe4eT dJIeKTpHYyecKnil TOK. YeM BRIDe WATeH-
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CHBHOCTE CBETOBOTO HOTOKa, TeM Ooabimuit Toxk Oymer mpoTekaTth depes
JdoronpoBofAmES MaTepHaJ NpH OQHOM N TOM e NPIIGKEeHHOM Ha-
ApAKeHAN.

QororneRTpENecKNSs ycTpoNCTBA caMA BHIPAGATHIBAIOY BXOKTpPH-
q9eCKOoe HaUpsKeHHe npH ocsemeHny. Kak npaemao, oBM cocroAT
H3 p-n TNepexojoB, H Haups)KeAHe, BO3HHKAWIee HA TMepPeXone, HMeer
HOJ0KUTEABHYI0 HOMAPHOCTB CO-CTOPoHB o0dacTi n. ITO HanpAKeAHo
cnocofuo ofecneynTh NIpoTeKaHHe TOKA BO BHemIHe#d NeNM, mpiueM Ian-
PaBJlelie TOKa MPOTUBOMOJNOKHO TOMY, B KOTOPOM MPOTEKAaeT TOK B Ile-
pexone. 1 aBasoru4g0: yeM Bbllle HHTEHCHBHOCTH CBCTOBOrO NoTOXa,
reM Godbme ToK. DoTodmeKTIpMaccKue AHOLB — POTOLHOAL — MOTYT
HCOONB3OBATECA B KAYECTBE (OTONPOBONAMINX 3JEMEHTOB, 6CAM BHCIL-
Hee Hanpf)KeHme IPMJIOKOHO K HHM TaknM o6paszoM, 4to KaTom HMeeT
DOJIOMMTEABHEN OOTEHMMaNl OTHOCMTENBHOIO aHOJIA.

Ilana usrorosiaent s GoTOAMONOB UCMONb3YETCS rOpMaHNii, O B TOC-
ZefHee BpeMs JAA 8Tofl mesam BCe GoJbmiee DPHMCHEHN® HAXOIHMT KpeM-
Buft. KpeMBHEBHO (OTORMORH HMeIOT MeHENIe8 3HAYEHIE TEMHOBOTO
TOKa, T, . TOKAa ODH OTCYTCTBHM OCBOUMIEHWA. YCJOBHO® 0603HAYCHHE

cv >V
) ) 8)

Pue. 1-7. ¥camoBEHe 0603HA9EHNA ONTOSAEKTPOHHHX YCTPONCTB.
a — doronmon; 6 — cBeTonMON; 6 ~ AMOMHLM ONTPOH.

\\ ’/

doropuona nmoxasamo ma puc. 1-7, a. KpeMBdeBHe NJaHAapAKE IHONH
Moryr paforaTs mpH Temneparypax nol 125°C m B TIDOBOM perxnMe
ofecoeyuBaTh MaKCHMaabaHil cBeToBoii TOK mo 500 MKA. Xopoune
KJI09eBEHE XapaKTepNCTHKO KPeMHHOBHX (OTOAMONOB NeNanT HX OpR-
TOIHEIMH [JNA MCOONH3OBAHUA B OHCTPONEHCTBYINUHX YCTPOHBCTBAX
CUMTHBAHEA WEGOpMaumi ¢ mepdoseET I ycTPoilCTBAX pacnoaBaBa-
mnsa Gyxs.

Ceetogmoant [4]. CpeToBoe wuanyuenue, phpafaThlBaeMoe CBeTO-
AHONAME (CBeTOU3AYJYAIOUIAMI JNOLAMHE), o6ycaonaeHO 3JIEKTPOIIIO-
MuHecrieHnmel, T. . mpoueccom npeoGpasoBaBKsa HIAEKTPHIECKOLN dHOP-
i B ceetoByw. [TomodrEoe npeofpasoBagne onpeneaserca Tem obcros-
PTOABLCTBOM, 9TO DAGKTpPOMATHNTHOE H3dydeHue TeAepupyeércs (H3mde-
CKOH cmereMoli TOTa, Korjla OHA MEepexXOmyiT GT COCTORHHA ¢ BEICOKEM
YPOBEeM SHEpIME K COCTOSHHMIO C HM3KHM Y poBHem SHeprum. Ilpna-
man AeftcTBHA cBeropmonoB nokasas Ha puc. 1-8. C p-n pepexopom
CBA3AHK gBa DHeprOTHYeCKUX YPOBHA, 30HA NPOBOAMMOCTH Il BajieAT-
Hasg B0HA, pasjeJeHHHEe sanpemecHHofi 3oHol, B KOTOpoili cpoGopHble
BJIEKTPOHB CYINECTBOBATH He MOTYT. IIpM OTCYTCTBIII BHCHIHeTro Ha-
npsennsa yposerb Depmu, xoTopuil onpenendeT CTelleHb 3anoJAeHHA
80HE IIPOBOAIMOCTH M BAJCHTHO{l 30HHI, JIMeeT BedUUNHY, NOCTOMH-
HYI0 Ha OPOTS)KeHn{l BCEro mepexofa, a BanpsmKeAle NOTEHHAILHOTO
Gaprepa Ha mnepexoje upNGAUaUTENBHO PABHO 3alpenienaoll 3o0He.
Ecar npnaoxntb BHemEee HAMDAMEHM® B NPAMOM DampasBAediy,
B0 BY0 TpIBEJET K yMeHbHICHHI MOTEeANNaJbHOTO 0apbepa 11 moABHTCA
BOBMOMKHOCTE NDOTEKAHHA ToKa depea uepexoi. Boobwe rosops,
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3TOT TOK DpencraBiaser cololt NBMKeHMe SJIEKTPOHOB W [HIDOK, HO
3JeKTPOHHAA COCTABJAAIOMAA TOKa 3HawMTenbHO Gombme. Ilo Mepe
ABH}KeHMs BSIEKTPOHOB OT obmacTH n K o6aacTH p OHM HepPeXOuAT
C OJHOTO BIEKTPHYECKOIo YpOBHA Ha Apyrok. B ofnacrm p smek-
TpOEbN peKOMGHEMpPYIOT € QHpPKAME H OTA2I0T cBOK W3CHTOUYHY!0 BHED-
rao. Ilpun onpenencnAoil mupHHe ganpeNleRHOH 30HEI dTa BHICBOOOIMK-
neHAas 3BepTUA BhleisAeTcA B GOpMe BUAMMOTO CBera. MHTeHCHBHOCTH
cBeTa, H3yYaeMOTO CBOTOJMONOM, BO3pacTaer MpPH YBeJHWYEHHA TOKa,

Yro6ul ofbecneunitb TpefyeMoe IpocTpaHCTBEHHOe pacnpefelleHHe
CBOTA, TaKOii CBETOAMONl OpHUMEHAETCA COBMECTHO ¢ JmH3aMn. Jiamma
BOJHE UJH IBeT H3JydaeMhX KoaeGaHHMi oupeflelfeTcd UCHONbB3ye-
MBIM TOJYNDOBOLRNKOBHM MaTepmanoM. B Bacrosmee Bpemsa ansg
WBTOTOBJGHEA CBETONHONOB OPMMOHAKT AapCeBHA Tanmua, Ralommi
H3aydeHHe B MHQpaKpacHoil o6racTy, dochun apcemma raaaus, Haiy-
qapomuid Kpacamf wan opamweBHi# cper, u gocPmrp ramamA, KOTOPHIE
H3jlyqaeT JKeJTHN HJIR 3eJeBHH cBer. I'1a3 uveloBeNa mMeer MaKcE~
MAIpAYI0 9yBCTBHTEIBHOCTH Ha B30JEHOM Y94CTKe CHOEKTpa, HOaTOMY
dochun ramanma wmeer HauGoapmylo sddexruBHocTb. YcnoBHO® 060-

3owa npoGodumocrmu (1)

danpeuyen-
HOA 3040

Banenmuan
goud (P)

a)

Puc. 1-8. MexanuaM naaydennd cseroguona. CBeToBaA BHOPIEA BHICBO-
6oxkraeTca INpY mepexofie 9AeKTpoHA ¢ BRICOKOTO BHEPIOTUYECKOTIO
ypoBHA Ha GoJee HH3KHI.

3HayeHUe CcBeToadoga NOKasaHo Ha pnuc. 1-7, 6, BoapT-aMnepase
XapaKTOPHCTUKH cBeTOAMona B TpAMoM R ofpaTHOM HaNpaBJeHmAX
aHaJOTNYHE XapaKTOPHCTHKAaM mMOGHX APYTHX p-n nepexopmos. Ilpa-
Moe najieHlle Hanps)KeHHS Ha CBeTopHOne MeHAercd or 1 go 4 B, a of-
paTHne npoGHBHO® Hanps:KeHHe HaXORMTcA B npemenax or 5 mo 50 B.

Nmonusie onTpoHbi. OHN COCTOAT M3 (orouanydawomero # ¢oro-
9YBCTBHTEJNBHOTO TNPHGOPOB, CKOHCTPYHPOBAaHHEIX B OTMHOM YCTpoH-
cre. Taxre ycrpoiicTBa IpAMOHAIOTCA [JA Tepefavd CHIHAJa €O BXOga
Ha BHIXOJ B TeX caydadX, Korja Tpebyercs, 9ro6e BXOJ M BEIXOR GeINu
DJIEKTPUYECKH HM30JIUPOBABH OfUE OT ppyroro. Tunosoi propmmil
ONTPOH HMeeT B CBOEM COCTaBO CBETO[NMOJ U3 APCEHNNIA TAalAMA W KpeM-
HueBnlii (Qortopuon wam ¢oToTpamsncTop 1 ofecnednBaeT BHICOKO-
BOJBTHYIO H30JAMHKIO ME3KIY BXOMHEIMN 1T BLXOIHKMY 3a’KHMaMil, YCI0B-
Hoe o603rayenne onTpoHa, COlePKailleTv cBeTopHof u PorTognon, MOKa-
8aHo Ha puc, 1-7, ¢.

1-6. BBICOKOYACTOTHBIE QJHOIBI [5]

. BHICOKOuacToTHLIE MIOAK /8706 B HacTOAWelt KAUTe HATIE He pac-
CMaTpRBATCH, 3nech K€ OPHBOAATCA JMIIb HEKOTOPHe HX COpaBod-
HHI® [AHHEIE,
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Tlepekmouaomue MHONBI €O CTpyKTypoit p-i-n (6] mpmMenmorcs
rITaBHEIM 006pa3oM B cXeMaX NCPOKJIOYeHMA H YIUPaBJIeHUA BEICOKO-
9acTOTHRIMY CUTHaJiaMH. [lWop THNA p-i-n COCTOWT 43 cJoA co6CTBeHHO
KPeMHUA (i-CJIoi), 3aKI0YeAHOT0 MEMAY ABYMA CHMJBHOJIErTPOBAHHEIMA
obmacTAMY W3 MaTepnaja THA n u p. Ecam x guogy npuaoKuTh o0par-
HOe BHeliHee HANpMMeHHe, TO HocHTean W3 cJaof i OymyT MOAHOCTLIO
VhaJeHs U 4epes 3107 ofequennbil caoi Oyner npotekars Amb HebGOMb-
woii ToX yteuxd. [Ipn peficTBiM BHEIIHCTO HAIPAKCHNA B MPAMOM
HanpaBjieRuyd YOTEHNNAJBHLC DapLephl Ha p-i U {-n Nepexofax YMeHBb-
maTcA. IIpu sToM AEIpKU M3 oGJacTH p W 3NeKTpoRH i3 obaacTu n
NoJy4al0T BO3MOMKHOCTH MPOHWKATB B CJ0il THNA (. 3meck NPOHUCXO-
IuT Upoliecc NX BlaMMHOIl pexomMOMHALMM U, ClleoBaTes bHO, He 0o6Gpa-
3yeTCA NpOCTPaHCTBEHHHH 3apAn, orpasmansaromuit Tox. Taxum
obpasom, caoil i fuoma p-i-n Npm cMellleHNH B oGpaTHoM HampaBJeHUA
DOYTH He COojiepsHuT CBOOOINHEIX HOCHTeNell 3apAfioB, a NpH CMEMeHRY
B NPAMOM HanpaBJeHHH B3aN0JHEH JJeKTPOHAMU W gHpkamn. Iloatomy
AMOJ TAKOTO THWA MOMKeT paboTaTh B KauecTBO IIEPEKJIOYAIOUIErd
ycrpoiicTaa.

B peanpHHX yCAOBHAX MepeMeHHHIl CUTHAJD HaX/AaAEBaeTCA @Oa
TOK, 00ycNoBJeHHB{I HCTOYHNKOM MNOCTOAHHOrO CMEMmEHHA, If CHIHA-
JOM MOKHO YNpaBJATh, H3MCHASA HaMpseHhe NCTOYHHKA CMENCHIA,
Ilpu peficTBUYM WHCTOYHIIKA CMeNIEHNA B MpAMOM HALNpabJIeBUD AJd
OePEMCHHOTO CHTHA’a AHoA OydeT NPOCTHIM CONPOTHBICHUEM. JTO
CONIPOTHBJEHIIE MOHO H3MEHNTb, MeNAd HalpAxeHne HCTOTHHKA
cMemeHnA, U TakmM ofpasoM MoaymupoBarth curHaa. IIpm obparmoit
OOJAPHOCTH BHEIUHeIO CMCLIEHUA CONDOTHBJCHHE JUONA [MECT CM-
KOCTHHIT Xxapaxrep.

Iuonst p-i~n TUNA MOTYT MCNOJL30OBATHCA B JIEPEKJIHYAIONIHUX
yeTpoiicTBax B pmanasone gactor oT 1,5 MIy mo 40 I'Tu npu nepe-
KJI09aeMoii MOMHOCTII B HecKoibko Merapatr. OGmacTAMU mpumeHeHHA
TAKUX JHUOA0B ABJASKTCA BO3NyWiHBe Nepexaioyartenu, dasocasuraio-
e YCTPOHCTBA, MOQYJATOPH Il JIp.

BapAKkanbl m Napamerpmicckoe yemneRue 17]. Ecim x p-n nepe-
Xony OpiJIoMITE BHeluHee HaNlpsKenne B ofpaTHoM HanpapJeHHH,
TonmuAa ofegHeHHOTO CAOA YBeanunrcd. 3TO MphBefeT K yMeHbLie-
HHMI0 €MKOCTH IEpexofa aHaJOIMYHO TOMY, KaK 3T0 NPOHCXOAuT npH
yBeJdH4YeHMH pacCToAHNA MCMOy TUIACTHHAMH IJIOCKONAapaJJIcIbBOTO
KoHjeAcaropa, YcrpoiicTBo, xotopoe ofnanaer eMKOCTBIO Mepexopa,
3aBHCANE]l 0T NPHICKCHHOTO MANpPAMeHHA, U3BECTHO 10J HazBaHNeM
BaPAXTOPHOTO [MOna, 1IN BapuKaNa. YcJaoBHoe oGo3HaueHne Bapu-
Kana noxasaHo Ha puc. 1-9, a.

Bapnkaol mupoko IPHMEHAITCA B 0GIacTi NapaMeTpIyecKoro
ycujleHOs, KOTAa HAaOpPsyKeHId CMeIenMA U CHTHANAa MonalTCd Ha Me-
PeXOofi OnHOBpPEMEHHO. JlONMyCTiM, YTO NPUIMKEHHOE HaIpPAKCHNO
cMemeHHA umeer (oOPMY NpPAMOYFOJbLEHX KojJeGaHnit ¢ wacTorof,
B 2 paza Goabmeil IO CPaBHCHNI0 ¢ 4acToToil CHIHaja, n iMeer dazo-
BHIl CABUT OTHOCHTEJBHO CHIHAJNA, COOTBETCTBYWUNII NoKa3aHHOMY
ma puc. 1-9, 6. B Touxe, rme dasa curmana papHa 90°, nmponcxoant
MaKCUMaJIbHO® H3MeHeHHMEe eMKoCTIl fepexosa U CKayKOM Bo3pacTaer
HanpRKeHue cMemeHWA. B peaynpTate eMKoCcTh Iepexoga yMeHblna-
ercA. Tax Kak 3apapg g = CU Ha eMKOCTH MIHOBEHHO H3MEHHTBCH
He MOKeT, MoTeHnuald cuIHajla Ha OepeXofe Bospactaer. Hanpssxe-
AMe cHrHaja Ha uATepsame ot 90 po 180°, chemopaTennHo, CraHer
Gonblie MO CpaBHeHNI ¢ ucxonHuM. B rouxke, rne dasa curuana pap-
pa 180°, manpmueHUe CMEUIEHNA BO3BpalllaeTcs HA Hy/leBoil ypoBCHB

16

H eMKOCTh NCpeXoAd BOCCTAHABAMBAeTCA [0 HCXOJHOTO 3Davenus,
OnHaKo CKOPOCTh M3MeNeHWA HANPAKeHUA CUTHana BO Bpemeru dU/dt
B Touke ¢ dazofi 180° MakcuManbHa, B Pe3yabTaTe HPOUCXOANT 3HAYM-
TenbHoe BO3pacTaHUe HaUpAKenMa CHIHana. B touxe, rge dasa cmr-
Hala papua 270°, ROCTHTaercs BTOPOIl MAKCHMYM.

Mopo6ur mponecc, 0OYCNOBNEHHEHIT AeiCTBIUeM NMOYABCOB Ha-
Kadky, npopohKaercs KaKAui NocaemymouMit uoaynepEOn, OPHBOAS
BCe K OoJpllemMy BO3PACTAHWK aMIUITYne curpajia. CoctoAnune pas-
HOBECHA JOCTHTAeTCs, KoIja MNoTepu, CONPOBOMKOAIOUS ABIKeHMe
3apAnos, cOanaHCNDYOT jajbHeiimee Bo3pacTaHHe AMUIMTYIEL CUI-
Haja. Taxum MeropoM MOKHO OGecneduThb yciJleHMe CUTRAJNa Ho Ha-
nprskernio fo 1000 u Gonee, B peanbHEIX cXeMaX CUTHAJ Ha Bapukan
DORAeTCA OT TAKUX UCTOUYHUKOB, KaX, HAOpIMep, pesoHancHaR CxeMma.
ITO OTHOCWTCA U K UCTOYHHKY HAKAYKH [ 0GecueyeHMA TOKOBOIO
cArHana. XoTA B MpCAsYIeM HOACHeHHH NPUHLHAUA [eilCTBHA mapa-
METPHYECKOTO YCHIMTENA MCHOJBb30OBAJCA CHTHAJ HaxkauKH NpPAMO-
yroasHOli $OPMH, Cr0 MOMKHO 3aMEHNTh CHHYCOMJAJBHEIM CHMTOAJIOM
¢ TaKoM sxe amMuaurynoil ¥ dazoir. OTnuume 3aKA09aeTcA UMb B TOM,
9T0 B pe3yAbTarTe TaKOH 3aMeHH ycuJeHue Oyger MeHbIIC.

Hanpaxenue
/ eMewenus
I 0° 80 180\ 270° Hanpaxerue
o) g) cuSHaNG

Puc, 1-9. Bapukau M ero OpHMCHEHHE 1JA HapaMeTPUYECKOro ycCHmie-
Hud.

Bapukansl # resepapoBarme Tapuonek [8]. Ilpu Boamelicteuu cumy-
compaNbHOTO CHIHajJa Ha HeJUHelHOe CONPOTUBJEHHE IPOUCXOIHUT
HACKaKeHMe curaaja. AHaausa (Dypbe UCKa)KEHHOTO CcHrHaja NOKa-
BHIBAET, 9TO B HEM HPHUCYTCTBYIOT FapMOHNYECKUE COCTABJAIOIHEO OCHOB-
goit 9acrotel. Tak Kak y BapHKama eMKOCTH OO€HEHHOIO CJIOA MOMET
H3MEHATHCA NPUIOKeHHKM BHeNIHHEM HaupsAKeHUeM HeJNBEeHAHEIM
oGpasoM, Taxoll nuoOA MOMKHO UCHOJB30BATH B KaueCTBe YMHOMKUTENA
qacroTe. [lepememHoe HaOpAMKeHHe HOJAeTCA Ha BapHxal, KOTOPHIA
u BrpalaThiBaeT TapMOHMYECKHE COCTABJAIONING 9acTOTH BXOMHOIO
HanpAxeHuA, IlpmveHneEre QUABTPOR U COOTBOTCTBYIOIIUX PO30HATO-
POB 1O3BOJAET BHAGAUTh HeoOXOnHMMYI0 TapMOHMKY, Xapaxrepu-
CTHKH YCTpPOIHCTBA YMHOKEHHMA onpenedATCA ¢uamueckoi unpuponoi
vepexopna. [leficTByOmMAaA eMKOCTh OOCHHEHHOTO cJOSI BHpajKacTcs
COOTHOMEHH eM

C=Cy/[(1+U1U™s

Ine C, — eMKOCTh Uepexofa IpH BHENIHeM HaNpAMKeHWM CMeljeHns,
PaBnom nyumio;, U - BHemHee HWanprskeHde cmemenus, U; — nores-
miaiuunii fapoep; m —— BeJAdunHa, s3aBHCAmAaA or mpoduna xoHpeH-
Tpauun npnsveceil. Tuuopaa Beauunsa U, cocrasagel 0,5 B pas kpem-
HMeBHIX HuogoB u 1,4 B nana fnopnos M3 apceHBaa rajaaus. 3madeHlle
HoKasaTens cremeHn m cocrasiader or 0,5 masa cryneHuaToro uepe-
zona fo0 0,3 nna numeitmoro mepexopa. XOTA BapuKkal TMO3BONACT
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noAygYarh TapMOHUKN W Oojiee BEHICOKNX NOpPAJKOB, HA IpPaKTHKE MIX
HCIIOJMB3YOT TOJNbKO AJA YABOCHUA, yTPOEHMA I ydeTBepeHUs 9acTOTHI.

jlmonnl ¢ GeicTpeIM BoccramoplieHmeM (9] mpepcraBmAoT  coGoil
BapHasT BapuKana. Taxkse guojm HCIONB3YIOT A8 YMHOMKEHUS 9aCTOTH
B 6 pas u Oonee. OuHH pHON MOMKET 3aMEHUTD [EIOYKY M3 HeCKOIbKBX
nocJeloBATENbHHX BAPUKAIHEX yMHOMHTenell. CuemnaneinM obpa-
30M mnopobpaEHMI npoduab KOHIEHTpAMUHM IpiHMeceii Db NEpexoe
[03BONAET, NPH Nojade Ha HEr0 BHCOKOYACTOTHOTO CHTHAIA, OBICTpO
NepeKIYaTh JHOJ M3 COCTOAHUA mpu o0paTHOM cMemieHHHI € MAJoii
eMKOCTBI0 NEpPexofia B COCTOAHNE C NPAMEIM CMCIIEHLIeM, B KOTOPOM
Tepexoj, AMeeT GOJBIIYI0 eMKOCTh. Pa3pAl eMKoCTH HA& UHJLYKTHBHOCTD
B TeucHIle Kax{j0ro Iepuofa OCYmecTBIAeTCS B BHIE pAma Mociemo-
BaTeJpHBIX UMIYJIBCOB, B CHEeKTPe KOTOPHX COMEPMKUTCA HECKOJBKO
TapMOHHK. ITH HMNYABCH HCIOJB3YIOTCA IJIA ynapHoro Boalbykie-
HHA pe3oHATOpd, HA BHIXOMEe KOTOPOIO BRPAGATHBAKTCA 3aTyxaloulde
KoJeDaHHA, MMeUe JacToTy, B n pas3 GOJBIIYI MO CPABHEHIO € 4a-
CTOTOW BHXogHOro curaajJa. CxeMa TaKoTo yCTpoicTBA MOKa3zaHA
HA pHc. 1-10.

Haepyska
@—)— Auad Pesonamop Pursmp
%
ty
AL Y Apnne anaa
UD\Hlﬂﬁ\flfa: LU v v, UL
4gemoma +p By rapmorura

Puc. 1-10. CxeMa, nmamocTpupymomas fpiiMenelnie alioga ¢ OBCTPHIM
BOCCTAHOBJIEHIIEM N7 II0Jy4eHIIs FapMOHMK.

JlapmaHO-N poneTHBe nuopnl [10] HCnONB3YIOTCA B KadecTBe 3ICTOY-
Hika CBU rkosefanuil, KOTOpHIl MOMKeT TeHepUpoBaTh MOILHOCTL NpH-
MepHO 1 BT B HempepuBHOM pesume Ha uacTore 50 I'l'm n go 50 Br-
B MMDYJbCHOM pesnMe Ha gactote 10 ''m. Hassamie puopa orpaaer
MEeXaHH3M ero JefCTBHA.

YceTpolicTBO JaBUHHO-MPOJETHOro jHola NoKasaHo Ha pre, 1-11.
Ha aTOoM e pHCYHKe IpiBeleHa YIDOIIeHHAA OKBHBaJeHTHaf CXeMa
onoja ¢ yderoM MapaMeTpoB THHOBOTO KOpNyca, B KOTODOM IIOMeNIeH
guop. XapaKTepHWM CBOHCTBOM TeHepaTopa ABJIAEICA TO, 49TO OH
npeofpasyer SHEPLHI HOCTOAHHOTO TOKA OT KCTOYHIIKA NNTAaHHA B SHED-
Il mepeMeHHOro ToKa. UTofun remeparop Hauaa BuipabaThBATh KOJe-
Ganus, HeusbeskeH HEKOTOPHI NepeXofHBEIN mpomecc, a paiee i
MoflePHAHNA HyMKHOIO perkuma KoaeOaHNA goJ-KHB OHTH obecme-
9eHW OINpefelieHHble aAMILINTYAHbBE 11 dasoBHe cooTHolleHns, B reme-
paTope Ha JaBUHHO-IPOJETHOM NIOAe HCTOYHHKOM JHEPINH IOCTOAH-
HOTO TOKa ABJIAETCA NCTOYHMK, ¢ KOTOPOTO Ha [HMONL TOofaeTCA obpat-
HOe HanpsxeHne cvemlernd. [[pyu po3pacTaHRH o0paTHOro HaMpsyKeHHA
pesyIBTHpYIOIIee dIeKTpHdecKoe mode ounmaer p U i obaacTi puona
oT HOCHTeJefi 3apA10B H B pesynbrate obpasyeTcA o0emHCHEHRI coil.
llpu sToM Ha CTYNeRYaTOM n*-p 1epexofe NEHRCTBYET ClibHoe BdJek-
TpHyecKoe modae, Ilo Mepe BospacTaHIA HAMpAHEHHA CMCUICHIIA HAIpA-
KeHHOCTh 3JeKTpHM4YeCKOT0 NOJA HA Nepexofe [OCTHTAeT MCKOTOPOLO
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KPUTHYeCKOTO 3HAYcHAA okoJo 350 KB/cM, mpu KotopoM HaduHaercs
snaBnaARG npoboii (cM. § 1-10) 1 o6pasoBaHHEe 2JIEKTPOHHO-ABIPOYHBIX
pap. JNeKTPOHAMH, KOTOpHE nocrymalor B o6aacTe n*, MOMHO upe-
HeOpeas. JIpoTekaHne ToKa BO BHemHeH menn o0ycioBlIeHO IiaBHHM
o6pa3zoM JbpKaMB, MOCTyHNamwMuMH B oGenHeHHHR cioif W ppefidyro-
muMH epe3 HeTo K obnactu p*. [Ipu aaexTpugeckom moxe Gomee 5 kB/cm
npeiid nuipok yepes obeHeHRHI c/10f KPeMHUA WPOHCXOQUT € WOCTOAH-
HOil CKopoCThi0. JIpuJodeHHOe BHemHee OOpaTHOe HAMpsIKeHHe IONI-
Gupaercd TaK, YTOOW DBJIEKTPHYECKOe I0Je HA CTYIeH4aToM Tiepexojle
ORJIO HeMHOTO MeHbIIe KPHTHYeCKOro, IpH KOTOpOM IpOUCXOOHT
maBMHEEI Opoboi. ITpenmoNoXAM Temeph, YTO NO KAKOH-TO NPHIUHE
Hadanuch Kojebamusa. Ecias oHH BH30BYT KoJeGaHHA 3JeKTPHYECKOTO
noaA BONU3M KPHTUYECKOTO 3HAYEHHs, TO NBIpKH OynyT TpPOXOIHTH
depes Niof, TpyINAaMu — IO OfHOIl rpymne 3a KaKIblii IOJyIepHol,
KouneGamnii. Takoe rpymnnosoe nBH)KeHMEe NHPOK 4Yepes NUOJ BLI3HIBAET
npoTeKaHIe TOKA B Buje HMIyabcoB. Eciau muspura obegaeHHOTO €707,
a cJeoBateslbHO, U BpeMA IIpoJeta BHGp&HH IpaBUJIBLHO, UM YJIBChI

wtqe| i | pt

0d6dnenran 0dnacms

@)

Puc. 1-11. Crpyxrypa JaBNHHO-NPOJeTHOTO jlioga (a) M ero JKBIHBa-
JeHTIIAA €XeMa mpu IHCMOJB30BABIN THIIOBOTO Kopmyca (6).

TOKa OylyT UMeTh TaKylo ¢asy, mpu Kotopoit pemxum xoaebamuit co-
XpaHserc,

MoHO yKazaTh eme OANE THI gHoJA, B KOTOPOM INCNOJB3yeTcs
TOT ke MpPMHIKI, T.e. JaBUHHHI INpoboil CTyneHY4ATOTO Iepexona
compoBoKuaercA o0pasoBaHWeM TPYOI AHPOK, HMEWIUX OfMpeneJCcH-
Hoe BpeMA npoJera ofenHeHHOTO cjoA. B yunpomeHHOM BHze TaKoe
ycrpoicTBo paboTaer ciaenyoomuM obpaszoM. loneGamssa ¢ JaBBHHO-
TIPOJIcTHOTO [IHONA NOJAKTCA HA HEKOTOPYI BHICOKOYACTOTHYIO CXeMY.
Ecan cxeMa mpepcramisder cofoil KODOTKO3AMKHYTYIO UeNb MJA jaH-
HOW yacTOTH KoxeGaHBil, TO 3Heprus oTpasurcA o6pPATHO B AMOLN.
Ilpn npasunpHO BHOpAHHHX (A30BLIX COOTHOMEHNAX MOHeT OHTb
NoaydeHa Od4eHb GOJbmIad aMIIUTYNA KoJeGaHuii B oGiacTM JaBuH-
Horo npoGoA. TaKoe yCTpOHCTBO MOMeET HCMOJNB30BATBCA B KagecTBe
regeparopa. Ilo cpaBHeEN® ¢ OOHUHHM JaBBHHO-IpOJeTHHM KITJ]
TAKOTO TeHCPATOpa HeCKOJBKO BHIIE, a OCHOBHAA 4acToTa (onee HH3-
Kas.

TpuGops, mocrpoeHnble Ha addewre INampa |11], He aBaAwTCA
B II0JIHOM CMbICJe JUOfaMH, ONHAKO 1A NOJHOTH KapTHHH IIpHBelleM
K{Eanme cpefleHNd 0 HUX. KaX mpasimio, npnbophbl, 1CNONb3yoOIIHe
oQdeKT l'aHua, M3TOTOBJIATCA W3 apcemija raminA. B aToM moay-
NPUBOANAIIKOBOM MaTepuaJe 30HA IPOBOAIIMOCTII 1IMeeT [Ba JHepreTH-
9eCKHX ypoBna. Ha HndHeM ypoBHe 5JEeKTPOHHR IIMCIOT Malywo neil-
CTBYIOOYI0 Maccy W o6JamaioT BRICOKOHR NONBUAKHOCTHI, & HA Bepx-
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HeM oHM NMCKT GOJBIIYI0 Maccy W Maayl mnogBuwxHocTb. IIpnGop
Ha ocHoBe OPdexta Tamma npenctaBiasger coboil KpucrTada apceHMpa
TaliuA n~THOA C OMMYECKUME KoHTaKTaMu ¢ obeux ctopcH. IIpm orcyT-
CTBER BHOIOAET0 HANPAKEHNA TMOYTH BCE JACKTPORH HaXOAATCH B 30HE
C MaXHM ypoBHeM SHeprii. Ilo Mepe Bo3pacTaHUA BHEMHETO HAups-
MEeHNA B KOHLC KORUOB FOCTHTACTCH 3HAYEHWE, IPU KOTOPOM SIeK-
TPOEH CKA4KOM IepexoAsiT B 30HY C BHCOKEM YDOBECM DHCPTHH, H
Opd 3TOM YMEHbIIAeTCAd MX NOABIVKHOCTB. B 3ToM coctosmnu diex-
Tp(:l'HLI 0T HCTOYHHUKA Hal]pﬂﬂ'(eﬂllﬂ NOAXORAT K Karony npn60pa Cc op-
HOH CKODOCTBIO, & ABILKYTCA OT Hero uyepes IOJAYNPOBONHUK C MEHb-
meilt cxopocThio. B pesyabrate npolcXogUT HakKowWicHue 3apAna B o6-
NacTH, HpIMHKaomel ¥ KaTtogy. OHo (IpofoiiKaeTcs 0 TeX Imop,
noxa me GygeT HefiTpaMizoBano BHYTPenHee DJEKTPHYecKoe MONO H
DHEPIMS HO CHM3WTCHA 10 YPOBMSA HILKE KPHTHYUECKOro. 3aTeM RaKomJje-

(m
3anosHEHHLIL
ypodens

K / TYHHEAbHBIL
===== Heaqnoanenhsil mox

ypolens
P Jond )
npoBodumocmu

2) §) ——— ~ /
/ Banenmuas

Sanpewennas 304
30HQ

Auod emxpsim

Pnc. 1-12. IIpununn pe#icTBRA TYHHEIHHOTo glona. TyHReNbHE dd-
dexT mMeer MecTO B CJY9ae, KOI[Aa 3aNOJHEHNHIH yPOBCAB 30RE mpo-
BOMMOCTH PACHOJOKCH HALPOTHB He3amoJReRHOI0 YPOBHA BalNeHTHOIl
BOMBKL,

uMe sapspga mpexpamaeTcA, a obnactk oGLEMHOro 3apAia, TAK Hash-
BaeMHil MOMER, MABIGKCICA depe3 ToJIy HOJYNPOBONRMKA (O CKo-
POCTHI0, ONpegeNAeMOll HONeM OT BHCIDHETO MCTOYHMKA HALpAMeHNs.
Ilornpa poMeH DHXopHT 3a HpefCJH NCIYNPOBOLHNKA, JJIEKTpHYECKoe
none B 06mMacTM KaToma CHOBA BO3PAacTaeT B IPOLECC HOBTOPSIETCH.
Taxum ofpasoM, gacToTa KoJde0aHUii «I(pegelfeTCA CKOPCCTHIO IBI-
KEeHUA MOMEHOB M pgJNHON IX npoliera B moiynpopomuuke, Hdas oec-
nedeRHA BHcoxoro KIIJ| ycTpolctBo 06muko paGoraer Ha pesoHamc-
HYI0 cXeMy H B THHOBOM peuMe obecmeunBaeT Mommocth 200 MBr
na gactore 10 I'Tn.

Tynaeabrbie puonbt [12] npuMeRA0TCA AAA TeHePUPOBANHAA Koie-
0anmii Ha gactorax Oomee 100 I'Tn, Ho 13-3a uUX Maaoil MommocTu
OHIf BEITeCHAIOTCA JMAaBUHRHO-MPOJETHRMNI grogami M npubopamu laxga.
Taxim o6pasoM, oGlacTH NPUMEHEHNS TYHHEeJBHREX THOROB B IepcmeK-
THBEe, TO-BUAHMOMY, OymyT orpamuuens ycunnteasmMn CBY ¢ gua-
KAM Kood@pmuueHTOM IOyMa 1 GHCTPOAOHCTBYIOIMHMME JIOT{MeCKHME
9JeMeHTaMU.

I{ak H3BecTHo, npH ¢QopMIpoBamAm p-n nepexoma ofpasyerca
noreEyMafbubiil Gapbep. UToGH BIEKTPOH MOT MPEOfOIETs HTOT Gaphep,
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oMy meolxouiMo coolIUTL SHEPTHIO, PABHYI0 BeJIHIMHE NOTEHIWANF-
Boro Gapnepa. OjHaKo NpPOBEeCHHHE JKCIEePUMOHTAABHHE UCCTeAOBa-
HAA HOKAa3aJH, 9T0 eclE ofegHEeHHHH CROH 0YeHb TOHKHM, SIEKTPOHH
MOryT MpeoAoNeBaTh NOTEHOHANbHHE Oapbep, HMeA MeHbIIYI0 SHEP-
THI0. ITO ABJAOHIE MOJY4YHJIO HA3BAKHE TYHEEeAbHOTo 9doKTa, KoTopmii
unmocTpupyetcst puc, 1-12. KoHuewTpanmA mpmMecell IIMeeT TAKy®
BelNYliHY, PN KOTOPOH SHEpPreTHYecKaA 30HA HPOBOAMMOCTE YacTMIHO
3al0JHEHA 3JIeKTPOHAMi, a B BaJIeHTHOIl 30HEe 0CTaeTCA HacTbh IHepre-
THYECKHX YypOBHO{, WO 3amOJHeHHHX siaeKTpoHamm, Ha pumc. 1-12, @
OOXa3aHO COCTOSHME, COOTBETCTByWOHIee HyJeBoMy BHOIIHeMY HANpA-
skeHnio. [lpH yBennMuemWM BHeIDHero WAnpAMKeHHR DNCGKTPOHH B 30HE
OPOBONUMOCTE HOJIY4a0T MOLOJHUTEAbHYI0 DHOPTHMI0 M MX OHEprerH-
4eCKilii ypoBeHBb BO3pacTaer 10 BEJNHYHMHE, COOTBeTCTBYIOMeli BaJeHT-
HOll 3ome. I[Ipm 9ToM 3anoJHEeNHEE DHEPTOTHYOCKHE YDOBHH 30HH
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Puc. 1-13. BoabT-aMIlepHEIe XapPaKTePHCTOKH TYHHONBHOrO guoma (a)
B o6piyHOro p-n mepexoga (6).

OPOBOIUMOCTY pacmofaraiwrcs NPOTHB He3aNnoJHEHHHX YPOBEeil Ba-
JIEHTHON 30HH W HAYHHAET NPOTEKaTh TYHHEJbHHU ToK (puc. 1-12, 6).
JoCTHTHYB MaKCHMAaJlbHOTO 3HAYEHUA, TYHHONBHHN TOK HAudHAET
YMEHBMIATBCA, TAK KaK OJEKTPOHH ¢ 3aNOJHOHHWX YDPOBHOH mnepe-
XOAIT Ha CBOOOMHE® DHepreriiyecKHe ypoBHHE. IIpm panbmefimeM yBe-
JINYeNAN BHEIMHEro HaOpA;KeHUA OYyHeT NPOTeKaTh TOK, KaK O B 0OWY-
HOM puome (puc. 1-12, s, 2). B pesyaprare Ha BoJbT-aMUDepHO# Xapax-
TePICTHKe TYHHONLHOTO JHOAA MMEETCA YuaCTOK € OTPHUATONbRHM
conporuBaennem (puc. 1-13, a). J1na cpasucsna Ha puc. 1-13, 6 moka-
3aHA BOJBT-aMIEPHAA XAapaKTePHUCTAKA OOEIYHOTO BHIIPAMUTEIBHOTO
nepexonga. Ciaegyer IMeTh B Buay, 4t0 oOpaTHOe mpofuUBHOe HAOpA-
sKeHlie y TYHHJBHHX ANONOB Majo. IT0 0OCTOATENBCTBO BaKHO Y4H-
THIBATH Ha OpaKTuKe. JlwGoe ycTpoilcTBo, UMewomee Ha cBoell Xapak-
TEePUCTHKE YYacTOK ¢ OTPUUATEJIBHHM CONPOTHBAEHUOM, MOKHO MCIOIb-
30BaTh B KayecTBe reHOPaTopa.

1-7. BMNIOJIAPHBIE TPAH3HUCTOPHI [13]

Tniiobag CTPYKTypa CIJIaBHOTO GIOJAPHOIO TPAH3HCTOpA HOKA-
sana Ha pue. 1-14, a. TpaHaucTop coctouTr us Tpex obiacTei Jermpo-
Banhoro 1noJXynpoOBOAHMKOBOTO Marepmaja, mpuuem GazoBad ofnacthb
TP2N3CTOpa UMOET OY6HP MANYyi0 TONMYWHY M HHU3KMI yPOBEHb KOB-
nenTpanun npumeceil Mo CPaBHeRMI0 € KOMIEKTOPHOl It sMOTTEpHOil
o6nacTAMN. Yike M3 caMUX HasBaHHI clefiyeT, 910 B HOKOTOpPOil cre-
HOeHH OMUTTED COOTBETCTBYET Karofy, a KONNEKTop — aHOmy ®leK-
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TpomEO# maMme. B Tpamamncrope Thna p-n-p o6aacTil SMOTTEPA U KoJ-
JAeKTopa I13TOTOBJEBH n3 HOJIyHPOBOD,HIlKOBOI‘O martepuajna Tiuna _p,
a 06azsa — M3 MaTepmaza Tmna n. B TpaB3uCTOpe umcloTCA [Ba nepe-
XOma: p-n Hepexof Me:KAYy MWTTepOM B 0a30f W n-p MepexOi MEKAY
Gazoft M KonxexkTopom. TpaH3HCTOP MOYKHO NPEACTABUTH B Bifle ABYX
pmogoB. Ecan BHemENe UCTOYMMKII MUTABNS HPHCOSJUMEUTH B Tako#

Pr\l n I/IP
Lt
wummep Kosnnexmop I, k-1 AT
[y Iy
+I' +I

d)

Puc. 1-14. Crpykrypa cnaasmoro Ttpamsuctopa (a). IIpeacraBienmne
TPaH3UCTOPA p-n-p THNA ABYMA auonmamn (6).

HOAAPHOCTH, KaK NOKazauo ma puc. 1-14, 6, To omurTepro-0azoBHIil
fepexon OyJeT CMelleH B NPAMOM HAODPABJICEWN M ero MOTCHINAJB-
Buii 6apbep yMeHbmInTCHA, a mepexol 6asza-KOMJICRTOD OKaKeTcs CMe-
meHBEM B OOPAaTHOM WanpaBACHINI 11 eCO0 MOTCHIMAJNBHHII Gapsep
BoapacteT (pmnc. 1-15). CumemeHue nepexoma aMmnuTTep-6asza B MPAMOM
HAaMpaBjJeEnl MPUBOANT K TOMY, 4YTO ARIPKH MHKEKTIpYRTCA B 0azo-
Byl o6nacTb, B KOTOPOil OHN ABAAKTICH HEOCHOBIBLIMII HOCUTENAMH,
TaK Kak 0aza 113roTOBJCHA M3 Martepuajga thna n. B obxactu 6asu co3-

/-zb/pku/

3 F 5 K
a) o) F K

Lugppysus

dsipok

Asipkl ¢
amum—

Puc. 1-15. IloresmuianbBas nuarpaMMa AJaf p-n-p TPAH3WCTOpa, NOKa-
BHBAKINAA BIHAHUe BEeIIFero cmewenud. IloreEguansEmit Gapbep
0603HAYEH B BH/e BO3BHIIEHIA, KOTOPOe NHPKH NOJYKHH NPEOL0aeBaTh.

a — HATIPAMKEHIe CMEUICHUA DaBHO HYJO; 6 — paloumit perKIIM.

JalTcA TaKHe YCJAOBIA, 4TO AHPKH B Hell He PeKOMOHBHDYIOT ¢ ajleK-
TpoHaMlt, a nudpdyAANPYIOT B HanpasJleEH” nepexoga 6a3za-KodIeKTOP.

ITon peiicTBleM IICTOYHNKA HampA:eHUA BTOT Mepexon /1asd Heo-
CHOBHBIX HOcHTeJeil CMellleH B MPAMOM HallpaB/aeHIIH, HOQTOMy ORI PKA
MPOBAKAIOT B KOJJEKTOPDHYI o0macTb 1 cMocOoGCTBYIOT BO3pacTaHHIO
TOKa B 1eNH KO.JIeKTopa. Oﬂ,Ha}(O He BCe [OHDKH, HH)i\'EKTH])OBaHHLIe
u3 oMurTepa B 0a3y, MOCTHTEYT KoaaexkropHOi obaacTu. Hefoabmasn
AX 9aCThb yclleeT PeKOMOURNDOBATH ¢ daeKTPoHAMH B 0a30Boil ofmacTh
mina n. Iorepa 3apapos B 6a3oBoil oGaacTd ODpPHBEIET K MDOTEKAHWIO
Toka B memu Gasul. IlyTeM usMeHCHHSA ToKa 0a3n MO/KEHO 1H3MeHATH
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HAalpMKeAHe HA OMUTTODHOM Mepexopme M, TaKuM o06pasoM, ynpas-
AATbH TOKOM MEK[IY 3MHTTEDPOM M KOJIJEKTODOM.

HeiicTeAC TpaH3HUCTOpAa n-p-n THNA OCYINECTBAAETCH aHaJoOTH!I-
HEIM 06pa3oM, TOAbKO HEOCHOBHEIMM BOCUTCAAMIT, TNPOXOMAIIMII
gepes Gaay, GynyT dmexTpomel, a He gepxu. Hezamucnsmo or Tuma Tpan-
aucrtopa meoOxomumo, 4dtolwt Mepexon OMmirrep-Gasza 0wl CMeDICH

pnp npn

o o N
3 K
5 5
JI:,' IE' IK
J
© 'K —0 -ﬂhr " +}:
) )

Puc. 1-16. CxeManie 0003BaueBHA TPAH3NCTOPOB p-n-p B nep-n THMOB
M OCHOBHBIE TOKHM B GUNOJAPHOM TPAaH3UCTOPE.

B OPAMOM HANDABJeHHH, T. €. OTPHOATENBLHH 3a)KMM NMOTAHAA HA/AO0
npucoequHATh K oGnactm n, a NoaouTeabmulii — x obGuactu p. Ta-
KHUM ke o0pazoM ncpexon 06a3a-KOAJeKTOP A0JMKeH OMTb CMeuieH
B ofpaTHOM HAaNpaBjeEHH. OJTo O3HAYAET, YTO KOJJEKTOp TP AaH3H-
cTOpa p-n-p THANA HpHCOenHHHGTCﬂ K OTpHIATeJIBHOMY 3a7}muy HCcTo4-
HIKa IOHTAaHMA, & KOJJEKTOp TpaH3icTopa n-p-n THOA — K TOA0MKU-
TeJbHOMY. YCIOBHBe 0003HayeHHs TPaH3MCTOPOB 0GOMX THUIIOB NOKa-
3amH wa puc. 1-16, a.

1-8, OCHOBHBIE COOTHOINEHMA MERAY TOKAMH B
TPAH3VCTOPE

Wz pue. 1-16, 6 caepyer:
Iy+ 15415, =0. (1-1)

OGosmauny npupamenus TOoXOB: Alg = ip, 8y = iy, Al = iy
OTHoineHNe TOKA KOMJNEKTOPA K TOKY 9MNTTepa 0603HA9HMM KaK
& = —ig/iy. 9TO OTHOIEHHe MeHBIUE ENMEMLbI, TAK KaK TOK KOJ-

nek-ropa MeHBIIC TOKa 2aMUTTEépa H3-3a pOKOMﬁIiHaL{HH HeOCHOBHEIX
HOCHTeNeit B Gazosoil oGnactu. Tunosoe 3Haderne KosgduumeHTa
ltepepaan toxa o, pasHo 0,98.

Ecann Bxopgmoii cnrEaj iogaeTcs Ha dMUTTEp, & BRIXOgHON cur-
HajJl CAHMAeTCH € XOJJeKTOpa, TO TOBOPAT, YTO TPAHIICTOP BKJIOUEH
oo cxeMe c obmeii 6asoii (OB). Tak xak —ig = iy - iy, TO

I Iy o,
g —(stig) 1—o,"

OTHowenne npnpameAnHi TOKOB KoaleKTopa K Toky 0asu 00o3Ha-
daercd  cumpojoMm Py P=a' (I —a). Hpn a,= 0,98 f, = 49.
Kax npasiuno, gnanazonm smayemnii B, maxogurcs B npepenax or 10
mo 150. Otcioza caepyer, 9To yCWiIemHe TOKa GymeT MMETh MECTO, eCaH
BXORHO{1 ToroBmii curmaa mMomaeTcs ma Gasy, a BEIXOJERM TOKOM ABAH-
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eTCA TOK KoJneKTopa. [IpHM TaKoM HCOOAB3OBAHMM TPAH3UCTOpPA OBO~
PAT, Y10 OH BKIKYeH IO cXxeMe ¢ ofuuM smurrepoM (03). IlonoGmas
cXeMa BKJIYEHMA TpPaH3UCTOPA HA MpPAKTHKe OPUMEHAETCA wHalle
BCero, TAK KaK OHA IO3BOJHET NONyunTb GONBIDOE yCHIIGHWC IO TOKY.

B cxeme ¢ 09 obparEHil TOX If;5,, KOTODHIT mpoTeraeT MeXLY
KONNeKTOpOM u ®MATTepoM mpu I = 0, npiu6GnuautenbHo paBed
Polipo ¥ OTO osmagaer, uro B cxeme ¢ OB ofparHEIl Tox npiMepuo
B fi, pas Mempmme, uem B cxeme ¢ 09, [Ipn mMammx Toxax KoasleKTopa
Koo()pHHeHT Nepegaud TOKA B3aBICUT OT TOKA KoOJJEKTOpa (3aKOH
MalIEX TOKOB), a feiicTBylomiee 3HadeHue fi; Gyner npumepro B 2 pasa
Mepbme o0r4Horo. Taxim ofpasoM, Korma a, = 0,98 u Py, = 49, npu
Typo = 5 MKA Ipng = 125 MKA.

1-9. 3JIEMEHTAPHBLIE YACTOTHBIE XAPAKTEPMCTHRI

Oaa pnddysun HocuTeneil sapaAnos yepes 6aszomylo obaacte Heol-
XOQMMO KOHE4HO0® BPEMA, DTo NPUBOJHT K YMEHBOICHNIO Koddduuienta
oepefiavil TOKa Ha BHICOKNX dYacToTaX. Ecau XKoagdnuuent nepenaui
TOKA HA YacTOTaX, OmIsknX K HyMo, 0603HATNTH Yepes oy = iy;/in,
TO C JOCTATOYBOIl CTeNEHBK TOYHOCTH 3ABHMCHMOCTH h¥ g BhIpaKaeTcH
dopmMynoi
%o

1+ififa’

Tne fq — 9acrora, Ha KOTOPOH# ycuiacHue ymembmaercA 10 0,7 a.
Tak wak hys = his/ (1 — ki), MOKHO 3amicarh aHAJOTHYHO

Bo
1--jfitg !

phe hyys — cHWKaeTcA mo 0,7 P, ma gactore fp = (1 — @) fq.

Namererne KooQiuenToB |hgysl ¥ |heysl ¢ uwacToToll MamoCTpI-
pyerca pHc. 1-17 mHa npnmepe Tpamsuctopa 2N3715.

Kpneag yCHAeHHA ©o TOKY [0 4acTOTH fg/2 6aum3ka K Xapak-
TEepPUCTHKe NACCHBHOTO 3ana3[HBaloOlero 3peHEA (KOHICHCATOD, IBYH-
THPOBAHHMI PC3NCTODPOM), KOTOpPAA ToKazaHa HA DIUCYHKe NVHKTHD-
HOM aneWeii. Jra saencumocrb Gmaa ncnoanzosana dGepcom u Moa-
JOM [IIA aHAJIN3a XapaKTepHCTHK nepermoueHHA [15]. Mopyan xoad-
¢uniieETa mepepayil Toxa B cxeMme ¢ 0D |hysl MoKEO ompemeanth
i3 puc. 1-17, 6. Or ymenbmaercs oT 3maueHnfA f, no 0,7 f, ma wa-
CToTe, MPNGAN3NTENBHO PaBHOi (1 — o) fq, 1 Mo 1 mpnt |hygl = 0.5.
YactoTa, Ha KoTopoii KodgdmnmiteHT nmepepayd Toxa B cXeMe ¢ O3
dasen 1, onpenenseTcA COOTHONMEHIEM

h=ta/(1+®), (1-4)

rre ®@ = 0,2 1JA TPaH3UCTOPOB ¢ ojmHopopHoi 0a3oit 11 I3MemACTCH
or 0,2 po 1 naR TPaH3NCTOPOB C HEPABHOMODHHIM paCHpe/elicHneM
npnmecn B Gase.

IlpomaBenenne Koaddmuuenta nepepadm Toka |kl Ha mo:tocy
opomyckaamA. Ha pue. 1-18, a B morapndmmgeckom macintae mnoka-

h3y5 = (1-2)

1-3)

*
"213 -

. IKBO—TOR qepes KOJUICKTODHHIT mnepexoll NPpH  3aJlaHHoOM o6paTnoM
HanpAMKeHun KoluieKkTop—06asa M DA3OMKHYToM BHBONC sMATTEpa. (ITpum. ped.)
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3a¥a 3aBHCHMOCTh |hg5] 0T wactot. ITpomsmeperme lhy,! Ha momocy
OpONyCKaHEA €CTh IO ONpejedeHMI0 fr M o6 MOMHO HONYYHTb NYTEM
OponoKeHUd TNPAMONMHAGHHOr0 ydYacTka KpHBOM [0 mepeceyeHHA
¢ nmeveil .epuEMgHOTO0 yeuaennA (0 pB). Taknm oGpasoM, fp MOMKHO
oupefelliTh, B3AB BEJMTUHY |/gy5] Ha M0GOI gacToTe ydacTKa KpuBOid,

sl 0,2 04 06 08 1,0 50 M21s
| I

0,2

%6 umry ¢, %,

0,8 \. 7Mr 0 | & | 1l
’ i ) ) 10Ky 100y 1MrY 10 My

Puc. 1-17. Mamenenne kig # hyy ¢ wacToToit naA TpansicTopa 2N3715.
o gactotH 3,5 MI'm KpEBaA mnA hy g 61u3Ka Kk XapaKTepuctdxe Hacw
CHBHOI CXOMH,

a5 Ih21a| MA Ib
30 60 oMy
80
100
Lo
20 200
10 20 250 Mry,
117y : — U
10xry  100xTy My £, 10MEG 0 5 10 15
a) 7)

Pnc. 1-18. Kpnshle, noKasHBawIINe COOTHOLICHIIC MCIRNY 4aCTOTaMH fg,
fr B f; (a) B u3MeHeHWO IPON3BEeJeHHA YCHJEHNA Ha HOJOCY B 3aBHCH-~
MOCTH OT HOJIOXKeHNA paboyeil TOUKH BEICOKOYACTOTHOTO TPAH3UCTOpA (6).

uMeromero pakaoH 20 gB ma oxTaBy, M yMBOKOB €ro Ha 9YaCTOTy.
Ha KoTopoil BeGpaHO lhya). Ws pme. 1-18, a BupHO, uto mpu |hy,) =
= 10 (20 pB) 1 moaoce nponyckaunsa 300 kI'y fr = 3 MI'n. 3asucumocTs
npouzBeneHUA KodpuuHeHTa Nepefaud Ha [0J0CY HPONYCKABHA
or palogeit Toukw moKasama Ha puc. 1-18, 6.

1-10. MTPOBNBHOE HANIPAKEHHAE

Ilpu yBesmgemMn OPHAOKEHHOTO K mepexoly OGPATHOTO HAHpH-
JHCHHA [0 OnpepeJeHAOR BEJWUIHH Hactylaer mpoGoii mepexopa,
Ipu KOTOPOM (oabInoe cOOPOTUBJCHWO Hepexofa B 06paTHOM HAIMpas-
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NeARN TanaeT A0 BechMa Majoli Beanuiak. CaMo no ceGe ABaenme mpo-
6o He MPHBOJUT K BHXOmY nepexopa M3 CTpod, XoTA mpoboit u Mosker
TPUBECTH K HeofpaTWMblM I3MEHEHHAM DOepexopa u3-3a IpoTeXaHus
496pe3 HEr0 GOABMHX TOKOB, ©CIH HO HPUHATbH MEP K HX Or paHHYCHMIO
C HOMOHIBI0 BHEHIHETO CONpOTHBICHAA.

Hmeroten Tpn Mexamu3ma uwpoGOR: a) NMpoKona, MM CMHKaune,
6) npoGoii 3emepa, B) napuHHHE Opobod.

M poroa. Wupuma obequenHOIo CJHOA Nepexoga OpE oGpaTHOM
CMEIeHIN NpubAH3NTENBEO NpPONOPIHUOHAABHA KBAaAPATHOMY KOPHIO
@3 panpmkennsa. Iipy GonbmEXx HaNpAKEOHWAX HA KOJJIEKTOPHOM
nepexoie MOXKeT OKasaTbCA, u4T0 OOeJHeHHHH CJ0H KOJJNOKTOpPHOTO
nepexoaa pacupoCTPaHUTCA [(0 SMATTEPHOTO HEpeXOfa M NPOU3oHAer
Ux cmuKague. JIpE 9ToM AUPKE GyayT OOCTHrATh KOJJIEKTOpa, MUMYS
6a3y, T. e. IIpOM3CNIET KOPOTKOe 3aMHKAaHM® MEKIAYy SMMTTEpPOM M KoJ-
nekTopoM. IToaToMy TpaE24CTOpH ¢ ToHKOH Ga3ol, HanpHMep LOBepX-
HocTAO-GapbepHHle, MMEIQT OIpaHHYeHUe IO HANPAMEHUK, 06yCloBien-
HOE BO3MOKHOCTPI0 CMHKAHMA KOJJICKTOPHOIO Hepexofa ¢ SMHTTep-
auM. Tunosoe Hanps)KeEMe CMHKAHHA [Jd TAaKAX TpaH3HCTOPOB
oxoaxo 5 B.

Hpoboti 3enepa. IlpoGoit 3emepa uMeer MecTo, 6CAM KOHLCHATp2-
OHA JeInpylomuX OPHMecel BHCOKa (96M BHIIEG CTeOeHbL JIerHpoBa-
Hiid, TeM HNKe yaeibHOe ColpoTHBJCHHEe). Ecam K TakoMy mnepexony
TPUNOANITE BHemHee ofpaTEoC HANDAKeHNeE, 5TO IPHBOEHT K Nepe-
KPHITUIO BaJeHTHoIl 30RH MOJYNPOBOJNHHKA THNA p C 30HOH LpPOBOAM-
MOCTI! MaTepriajia TMRA n, KaK NoKaszaHo Ha puc. 1-12 pgas TyHBeNb-
H0ro mioma, W, clefoBaTeNbHo, X npoboio mepexoaa. ITpoGoit nomoG-
H0TO THmA, KaK mpaBuido, He nafiopaeTcd B TPaH3HCTOpaX, TaK Kak
YPOBeHb KOHLEHTPAIHY fipiMeceil B HAX HeBelMK. MexaHH3M TaKoro
npoGoA ycnoap3yercs B Auomax 3eHepa (CTaGMNMTpoHAX) I B TyHHEND-
HHX npopax., O6wuno npoboii 3emepa npomcXomnT npH HaOpryKeHNAX
Be Goaee 15 B.

Jasununi npo6oli. B nepexopax ¢ MajkM YpOBHEM KOHIEHTDA-
U OpuMeceii HocuTedl, monapaspmue B o0cpHEHHHH CHoOH, ycKo-
PAIOTCA  BICKTPHYECKYM MOJeM, KOTOpPOe CO3AAEeTCA HampAKerHeM,
TMPHIOKeHHWM MeXKay KodJeKTopoM u 06asoif. Ilpu pocTatoymo GoJsib-
HIOM HanpA)KeHUW Ha KOJNAEKTOpHO-0a30BOM uepexoje HOCITedUu MOLYT
MOBI3KPOBATh CBA3AHALIE ATOMH KPHCTAJIMYECKO PeMCTKH, 4TO Hpii-
BONHT K YBENNYeHMI0 YUCAA DICKTPOHHO-[BIpOSBHIX nap. BHoOBL ofpa-
30BAHHHI® HOCNTENN DOPUHUMAKT YYacTHe B Mpormecce palbHejnieri
HoAH3auud. Hanpsxesme, npH KOTOPOM HpPONCXOAMT TaKoil mpoIlecc,
HA3HBAKT JaBHHHHM HanpA/ReHHeM.

Ilpn Goapmom conporwBiaeHnt B NeNE a3kl MAKCUMAJAbLHO AOMY-
cTiiMoe HanpsyKeAWe Ha KoJJdeKTope Hepeld#WKo. MuamMansmo pony-
CTUMOE HANpMKeHHEe MeMAy KOMIeKTOPOM u sMurTepoM Gyner mnpH
pa3oMKayTOol uenm Gasw. [Ipu pasoMKHyTOW meusm SMETTepa MakcH-
MaJlbHO IONYCTUMEM HaOpAMKeHmeM Ha KoajexTope OymeT Haups;KeHHO
MCYKQY KOJIeKTOPOM U 6830 Uppmage B EMOYABCHHX cXemaX *

nepexon Mexny 6asoifl u 3MHTTEPOM YaCTO OKA3RIBACTCA CMEMEHHHIM
B 00paTHOM HafMpaBNCHUM, T03ToMY BBONAT M MAKCHMANbLHO NOHYyCTH-
Moe ofpatoe Hanpmwemue Upy o . THNOBHME 3HAUCHHAMH MaKCH-

MaJdbHO [OMyCTHUMHX Hanpﬂmemlii ABNAKTCA Cleyomue: URS max
=40 B, Uggmax =20 B, Upymax = 6 B

* AHajlormdmo B cXeMax YCHJOMTeaeil MomHoCTR Kj1acCob B # C H b aBTOreHe-
paTopax. (Hpum. ped.)
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B GoanmuucTBe cnydaes OezonacHoe B cMEcae upoloA nepexomos
paGouee manpsuxenne pubupaetcA Me¥ay Ugg may # UKE max

B
70

Uys max

201

70F »

Ur ) ! [ LT
10 om 1000m 7g0M 10 kOm 100 kOM

Puc. 1-19. KoaneKTopHH XapakTepHCTHKEM TpaH3UCTOpa B CXeMe C
OB, oxparuBawmue 00JacTb NpoSuBHHX HaOpAKeHuH (¢) O saBucH-
MOCTH MaKCEMAaJbHO NONMYCTHMOro HaNpfKeHHA Ha KoJJeKTope Tpam-
3UCTOPA, BKIIOYeHHOTO Ho cxeme ¢ 09I, oT compoTmBAeHMA Oazu (6).

TunopHe KONIEKTOpPHHE XapaKTepHECTKM TPAaH3HCTODA, OXBaTH-
Baowye 1 061acTh OPOGHBAEEIX MampsuKeHwuil, NOKazaHH Ha puc, 1-19, a.
Ha pue., 1-19, 6 npusepeRa 3aBECHEMOCTD MaKCHMAABHO [ROMYCTIIMOTO
BanpsKeHnA HA Konaekrope Ugn .. OT CONpOTUBIEHUA B uemi fasul.

1-11. PACCENBAEMAfl MOINHOCTD [17)]

Haubonrman nofA paccenpaeMoil MOIIHOCTE B TpaH3UCTOpe MpH-
XOMWTCA Ha KOJIEKTOpHO-GasoBHil mepexof, B KOTOpoM mOajeRue
HaOPSHKEHUA MaKcnuMadbHO. [Ipn6amKeEHO MOMKHO cuuTaTh, IO

MBT| Ppag
500 AnomunueBsrl

paduamop 77 cm

00 Dynawdawwan

Puc. 1-20. Ilpumene- odoama

HUE TENJOOTBONOB
yMeHBIII&eT TenJoBoe
conpoTupiaeHue u, cie- 200

JOBaTeJIbHO, NOBHMIAET 5es
MaKCUMaJbHO JOMyCTH- menaoomboda
MYI0 MOMmEHOCTH TpaH- |

3ucTOpA. 25 45 65 85 °¢

MOINHOCTH, pacceHBaeMad Ha KoJJIeKTope, OponopIUOHAJLHA MaKCH-

MaJbHHM 3HadeHUAM HaNpA/KEeRUA H TOKa:
T -T
P~ Uisniys ~ €D max OKp (1-5)
K Ra'K Rpep-oxp
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tne Tpen may — MAKCHMATBHAA TEMIEDATypa Mepexona; Toxp — TeM=
mepaTypa OKpy:Kalomeil Cpejsl; Rnep_ORp — TeMioBoe CoOMpPOTHBJIECHHE
MEy TepexofioM 1 oKpyKaiome# Cpepolf, Koropoe BHDaKAET B03-
PacTaERe TeMuepaTyps Ha €AMHENY paccemBaeMoll MoImBOCTH.
Hanpmrmep, remmeparypa okpyskalomeii cpepn 35° C, T f1ep max —
{e]
= 70° C, Rnep_oxp = 1° C/mBr, Py = 35/1 = 35 MBr.
Ha puc. 1-20 moxasaHo, Kak IpUAMEHeHHe TEMI00TBO/LOD YMEHD-
foaeT TenJoBoé COI‘[pOTKBJIeHKe TpaHancTopa.

4-12. THANBI TPAH3NUCTOPOB

HuskogacTorHme H CpenHedacTOTHEE TPAH3UCTOPH HM3TOTOBAR-
HTCA BYMA OCHOBHHWMH cnoco6aMm: CnjaBjeHEA U BHpAABAHAA
nepexonos. TpaHSECTOPH CHAABHOIO THOA MMEKOT MAJoe CONPOTMBIe-
HUe KOJJEeKTODA B MPAMEeHAIOTCA B YCHANTEJBHHX K MepeKIKYalomux
cxeMax OPH MainxX B GOABMIMX MoIMHOCTAX. ['paEMYHAA dacToTa frp
9THEX TPAH3UCTOPOB cocTaBaser npmOamaureanHo 20 MICn. IMoprme-
HHEe 9YaCTOTH BHINe YKA3aHHOH CBA3aHO C YMEHBHEHHeM TOJIIFHE
6asn, uTo NPUBOJHT K HEJOMYCTAMOMY CHIJKCHHMIO MeXaHH4eCroll
NPOYHOCTH KplicTanna.

CaMeie CoBpeMeHHEI® MOTOAH MPOW3BOACTBA MN03BOJAKT LOI)-
9T CDEfHEYACTOTHHEe B BHICOKOYACTOTHHE TPAHSHCTOPH ¢ fp OT 20
mo 1000 MTn.

IloBepxHOCTHO-GaprepHble TpaHamcTOphl. Tpam3mcTOpH IoBEPX-
HOCTHO-6aprepHOTo THOMA OHJAM NEepBHMA BHCOKOYACTOTHHIMH TpPAaH-
3HCTODAMH, KOTODHE BHIYCKAARCh B MACCOBHX KoamuectBax. iR
M3IOTOBJIEHUA odeHb TOHKOH 0a3m 9TAX TPAH3MCTOPOB MCHOABL3YETICH
BeCbMa TOYBHU IPONECC TPABJEHMA, a 3aTeM HA §a36 MTOMOM BAEKIPO-
OCaYHJIeHHA H3TOTOBJAAIT KOAJEKTOD M dMHTTep. OCHOBHHIM HeLOCTAT-
KoM [OBePXHOCTHO-0apLepHLIX TPAHBUCTOPOB HBJfeTCA Majoe HANpA-
MeHHe Npoxoda (okono 6 B). B panpHelimieM ToT MeTol MpOW3BOACTBA
Gbi1 3BaMeHOH MMKDOCTIABHEIM HPOLECCOM.

TpausucTopm ¢ pudysmonnoit Gasoit. IlopoGHHe TPAHBHCTOPH
HHOT[la HaawWBaloT ApeififoBHMI *. 3a cder H3MeHEHAA Y/EAbHOTIO
COLDOTHBJIGHUA MaTepHaJa 0a3nl B Heil opMHpyercs sJAeKTPHYECKOO
none. Hocureau sapApa ABHETaoTCcA uepes obGaacts Gasdw mop peil-
CTBHEM 9dTOr0 Noasl (mpeiidylor), a He AEPPYHAMpYOT, KAK ITO HMeCT
MeCT0 B TpaH3WCTOpax € OfHOPOOQHOHW 0asoit. DTo NMPHMBOAUT K YMEHB-
IIeHUI0 BPEMERU MpoJeTa HOCHTeseil 4epes 6a3y H, Cief0BaTeIbHO,
K pacmypeRHI0 9acTOTHOTO JliaNnazoHa.

Meaarpamameropel. MezaTpaHsuCTOPH N3rOTOBAAKTCHA HAa OCHOB8
MarepuHasia, KOTOpuii ofpasyer Koazexkropmyw obaacts. Metonom
Auddysnm MOAYDPOBOAHHKOBOTO MaTepnala Ha HeM (OPMUpPYEICH
Gazopan oGaacts. Ha muddysuommoli obnacTn MeToROM BOAaBIEHMA
B3TOTOBNAIOTCA JiBe TOJOCKH, OfHA M3 KOTODHX o006pasyer IMuTTep-
HYI0 o0nacTb TpaH3MCTOpa, a BTOpaH — (asoBHil KoHTakT., Manas
ToAmuHA fAuPdy3HOHRON Oa3kl LO3BOAAET HOAYUHTh BHICOKOE 3HaUe-
HEe IDaHMYHOM YaCTOTH, a CPaBHATENARHO GobmAe Pa3MepH KoNlJIeKTop-
HOH 007aCTH ofecrmeyHBAlOT Goabmyl0 MomHOCTH PacceAHNA.

* K npeiidosnM B 9TOM CJIy9aC OTHOCATCA BCE TAIN TDAH3NCTOPOB, B KOTO-
PbiX 3a CUeT KePaBHOMEDHOro pacnpefelicHuA npumecelt B 6ase coamaercA ycKopsa-
10IBe DJIEKTPHYECKOe I0Jic. MesaTPaH3MCTODH, DiaHaPHBC TPAH3UCTOPH H HUX
PasSHOBUIHOCTY — TaKMKe ABIAIOTCH Apciipopumm, (IIpuM. ped.)
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InETaKkcAanLEbIE Me3aTpaH3BCTOpbl. CYINECTBEHHEIM HelOCTATKOM
Me3aTpaHsHCTOPOB HBAAETCA HAaKOLJeHMe HocH1eJeil 3apAfoB, KOTo-
poe OIPABEAYNBAET CKOPOCTH NEPEKITIYeHHA M NDPUBOLMT K GOJBIIOMY
conpoTuBACHWI B pesknme HachimeHHA. Ilocaenuuii menccratok Boa-
HHKaeT M3-3a HEeoOXOJHMOCTM WCHONB3OBATE MaTepual € BHCOKHM
y/IeTBEHM CONPOTHBAEHNeM TaKoil TONIIUAK, KOTopaA obecneunsaia Gm
MCXaHNGeCKY0 OpOYHOCTH. Y KAasaHHble HENOCTATKN YCTPAHAKTCA
B ONNTAKCHAABAKIX Me3aTPaH3MCTOpax, KOTOpble NBIOTOBARIOTCH
MyTeM OC&XKJIeHMA TOHKOLO SNWTAKCHAIBHOTO CIOA C DHICOKHM YIEeab-
ARIM COMPOTIBJIEHHEM Ha CPABHEUTEABHO TOJACTYIO LHOAAOKKY H3 MaTe-
puaja ¢ MajbM YIeabHbIM COIDOTHBIEHHEM, KaK 9T0 IOKAa3aHO HA
puc. 1-21,

Auppysuoinas

InumakcuanbHbIL Konmakm
bi] dgsan-muna g g

caou q3bl

Ay

AN
ST III IS s )

p=konnekmap

\ﬂoﬁna)«/«z

e o
pt="wormaxm koanexkmopa  3numaKcUGAbHEIL

cnou
dnumarcUg nbHbIU Mesa ~mpansucmop ¢, InumarcuanbHi =
ME3a - TP IUCTIop duppysuonrod da3od nAGHapHbIU

Pnc. 1-21. VerpoiictBo Tpex pasJudEblx THNOB TpadsucTopon. [lo
CpaBHCHNIO CO CNIABHLIMH TpaH3lcTopamu (puc. 1-14) a1y THOH uMeloT
Gonce MacCHBHBIT KOAJEKTOP, a CJAel0BATEABHO, GOABIIYIO pacceuBae-
M310 MOIIEOCTB.

NnamapHble TpaHS®CTOPHI. [INaHApIEe TpaH3UCTOPH M3rOTOB-
AAIOTCA OYTCM OKCHHPOBAHUA HOBePXHOCTH KPEeMHHA, IICHOIB3YEeMOTo
B KauecTBe MONJOH(KHM, € mocaepyomeil anddysneii mpimeceil depes
OpelABapITeNbHO DBHTPABJICHHBIC OKHA B CJIoC [BYOKICH KPCMHHA.
IlpuMeHeBne Ttakoro Merona NO3BOJIACT YMEHBIUNTH TOKH YTCUKH M
noayynth Goabmioe YcUJCHNE OpI MadblX ToKax. Paspaborka 1 npm-
MCIICHEHe KpeMHHeBOii 3IiITaKCIIAJbRO-IIAHAPHOIN TeXHOJOTHH [103BO-
JIITH H3TOTOBIATE B GOJBIINMX KOJNYCCTBAX TPAHINCTOPH € XOPOMINMM
XapaKTepPHCTHKaMII II BHICOKOIl HaneknoCrhlo. B wuacTosAmee BpPeMA
Takoll THN TPAH3UCTOPOB moayuna HauGoJee mIIIpoKoe pacOpocTpa-
HeHHe.

1-13. CTATAYECKHAE XAPARTEPMCTHKH BAMNOJAPHBIX
TPAHI3HACTOPOB

IIpy o6muHOM pesxume paGoTH BXOJHOR Nepexoj TPaH3UCTOpPa
CMeIIeH B TPAMOM HanpasacHHH, HOJITOMY K BXOIHLIM 3ayKIIMaM noaAna
DOBOANTHLCA MOLHOCTH OT HCTOYHIKA. BpiXopHO# TOK ABAAETCA QYHK-
el KaX BXOpgHOrO TOKA, TAaK 1 BXOAHOIO HANpPAKEHHA.

Bzodnve rapaxmepucmuxu. Ha puc. 1-22 noxasallm BXOmHBE Xa-
PaKTePHCTHKI, KOTOpHe HPENCTABAAINT coGoil 3aBHCUMOCTE TOKA 6Gashl
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OT RanpsKeHNA Ha Gase NPH MOCTOSHHOM HANpA)KeHMN Ha KONJNEKTOpe,
JUiS TPaH3HCTOpa, BKIKYEHHOro mo cxeMe c¢ 0J.
Bxopmoe pnddepeHumanpHoe cOnpoTUBICHMe TPAH3WCTOPA B eXxe-
Me ¢ 03 hy, paBHO:
UL

Ty

Haxuon pxonHOW XapakTepuCTHKHR B n06oil pafouel TouKe paBeH
COOTBETCTBYIOMIEMY 3HAaueHU k. OdYCBMIHO, 9r0o BXOANHeE Xapak-
TEPHCTHKH 3aBHCAT OT HANpA-
JHEHAA Ha KOAJNeKTOpe. ABamxus
BXOOHBIX xapamepucmk NoRra-
3HBaeT, 4Yr0o OPH 1BMEHOHUH
KOJLTEKTOPHOTO HaTpAKeEUA
BXO[HO® CONPOTUBIJICHUe MEHALT-
cA He3HAYNTeNbHO, HO IpA 13-
MeHCHMN Hanps)keHHs Ha Gase
MeHMieTCA B INMPOKUX Npepenax.
] | 1 U”r Tunosele 3HAuYeHAA hy; AAA Ma
0 50 100 150 200 MmB JIOMOIIIHEIX TPAH3HCTOPOB HAaXO0-
oarcsa B mpemenax or 500 no
2000 Om.

Iepedamounvie zrapaxmepu-
cmuku. IlepepaTodnne xapakre-
PHCTUXHM CBA3HBAKOT BEIXONHOH
. TOK C BXONABIM. JTa 3aBHCH-
MOCTh fIBAfIeTCA JIMHeH#Hoil, kpoMe ofnacreit oweHp MaldHX M O4YCHD
Gonbmux ToKoB (pHc. 1-23). Haxnom nepeparoumofi xapaKTepucTi-
Ku mpepctapigeT cofoif

npu  Upg=const. (1-6)

MkA TE I

b
U TK Ug=0
100-+53 g

S0 U=4,58

Puc. 1-22. BxopHele XapaKtepHcTi-
KM TPaH3UCTOPa, BKJIOYEHHOTO IO
c¢xeme ¢ 03.

KoapduumuerT  nepemaun MATT U=458
TOKA TPAH3UCTOPA, KOTO- * A I
. X
poii  past cxeme ¢ 03
BLIpaHtacTeA COOTHOLle- 70+ I +
HICM 5
IzzlzﬁlK/GlB opi 5
UH:):COHS[. (1‘7) B
Panee xoapduuuent me- I
penaun TOKa Oma ofo- 0 ” L!l 7 2{'70 3;7 T

3HaueH ciMposioM  fi.
BxopHble 1 TepegaTouHbe
XapaKTepuCTHKU  MOYKAO
TMOAYuNTh BKCIIepHMenTa-
JbLHEIM TIyTeM B aaGopa-
TOPEBMX YCJOBHAX, HCTIO-
JAb3ys B KagecTBe BXONHOTO MOCTOAHHHI TOK OT FeHepatopa TOKa.
Boroduve rapawmepucmuxu. CemeHCTBO BHXOJSHHX XapaxTepi-
CTHK TPaH3UCTOPA, NOKA3aHHOC HA puc, 1-24, CBABWBAET TOK KOMJICK-
TOpa ¢ HAampAKeHIleM Ha KolJeXTope Impu ToKe 6a3e B KauecTme mapa-
Merpa. Haxnom KpPHBRIX onpefieiAer BEIXOJHYI0O HPOBOZHUMOCTb TpaH-
auctopa, KOTOpasg BRIDAKAETCA COOTHOMECHUEM
&1
h,, =g % mpun Ip-=const (1-3)
22 EUK B .

Prc. 1-23, Ilepematounan xapakrtepuerii-
Ra01§ananc'ropa, BKIIOYEHHOTO 0O CXeMe
c 09.

80

TrnoBoe 3HaueHWe BHIXOAHON npoBopuMoctE 501078 Cu,
Xapaxmepucmuku o6pamuoti ceasu no nanpaxenuro. ITH XapaKs
TePHCTHRHA CBA3HBAIT Meny cofofi BXOmHOE 1 BEIXONHO® HampsIiKes

MA[T, Ip=60MmKA
50

2 40
30
7 20
10 mMKA
| IE:U\ U’([
0 0,2 0,4 0,6 0,8 1,0 &

Puc, 1-24, Brxopuble XapaKTepHCTHKE TPaH3HCTODA.

HEA ¥ NOKa3HBAlOT CTelleHL BHYTpeHHeil oGpaTHoii cBA3H TpaH3uCTOpa
N0 HanpsiKeHuio. HaKJOH HMX BRIPaKaeTCA COOTHONIEHHEM

h,=8Ug/8Uy upn Iy=const. (1-9)

Tunosoe 3mauenye oOpaTHOH CBABH MO HANpAXeHNO — 5-1074,

1-14, MAJIOCUTHAJBHDIE NTAPAMETPbI

FTubpuonas skBMBaNeHTHAf cXeMa. ManjocurHanpdule XapaxTe-
PHCTHKHM BHPpPaKaITCA ¢ NOMOMbI h-mapaMeTpoB. IHa HH3KuMX vacTo-
Tax Npi paboTe ¢ MAIKM YPOBHeM CHTHAJa TPAH3MCTOpP MOMKHO Ipef-
CTAaBUTh 9KBHBAJEHTHO{l cxemoli, nokasamHoii na puc. 1-25. Ira cxema
ONHCHBACTCA CHCTEMOW ypapHeHNN

uy=huiy - Rypus; (1-10)
ig=hoy i1+ hggtts. (-11)
HAan B maTpuuHOH dopme
| _ | b || & )
ia | [hey hoo||ual’ (1-12)
roe
hu:‘sUBx/‘Sle nmpd  Up =const; } (1-13)
hpy=1uyi;, TpH uy=0,
T. e, IIpH KOPOTKOM 3aMHKaHHUN BHEXOXHON yeni;
h12=6UBX/6UBblx ' npx Iy =const; } (1-14)
hyp=1,/uy npr i =0,
T. €, OPlI pazOMKHYTOII BXOJHOU Lemi;
h21=§lPHx/ale npu Ug =consl; } (1-15)
Iy =1ia/ly TpH U =0,
N



T. e Npa KOPOTKOM RAMBIKRaAAN BRIXOJHON Lenm;

hg-;'—‘:ﬁlablx/ﬁvsmx npu IB=COHS";} (1-16)
I122=i2/U2 opn t|=0,

T, 8, MpY Da3OMKHYTOU BXopmmEoil memu.

Bennmunen h-mapaMeTpoB 3aBHMCAT OT CX€MH BKJIIOYeHMA TPaH3d-
cropa. Yrobm ofo3EaunTb, K KaKoii CXeMe BKJOHEHNA OTHOCATCH
napaMeTpH, HCNOJb3yI0T BTO-
poit wmmekc: », 0 1 X.
Taxis oGpasoM, hy;y— BXO[-
HOEe CONPOTHBJEGHHC B CXeMe
¢ 03; hye — Koapdnnwent
ofpaTHOli CBA3KM N0 HANPA-
aenuo B cxeMe ¢ OB, hgy —
BHIXOAHAA MPOBOJHMOCTE B
cxeme ¢ OK; hyyy — koogu-
OUCHT Oepefadl ToKA B CXe-
me ¢ 09.

3Hagedli R THOPUKDEX
napaMeTpos B3aBHCAT OT YyC-
noBuil paboTh TPAH3UCTODA,
0coGeHEHO OT TOKA KOJJeKTOpa. JTa 3aBNCHMOCTH NPHEiIcHa Ha PHC.
1-26. Koaddunuerr nepepaur toxa B cxeme ¢ OJ mpu KOPOTKOM 31-
MHKAHHIM BEIXONHOIl IEON Npll I3MCHCHUU TOKa KoJJeKTopa OCTaeT-

Puc. 1-25. T'mGpupuan sKBuMBazenTHAA
cxeMa TPAH3UCTOPa JAJAA MaJHX CUTHA-
n0B.

20 |

10

5 \
4
2

hﬂle.3/70-5£M

1

7,0
0,6

\ Hgy 5/ KOM
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0,2 h”JF'5/7Z !
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Pac, 1-26. 3aBucuMoCTH TUGPUNHEEX DapaMeTPOB OT TOKA KOMIEKTODA.

CA NoYTH HEUsMeHHHIM, I NO3TOMY OH MOMET CAYKITH NOKazaTencm
KauecTBa NPIl CPaBHEHWN Pa3jlYHHX TPaH3HCTOPOB.

Bxoproe coupoTupimeaie B cxeme ¢ O3 mpn KopoTHoM 3aMbira-
HAL Ha BHXoAe hy;, OGpPATHO NPONOPLIOHAABHO TOKY LGJUTeKTOpa.
OUeHMTD €ro MOMKHO TOCPEICTBOM COOTHOMICHNA R = rhga, Uile
ry — muddeperunanbEoe  CONPOTIBICHUE, KOTOPoE MO0  ompefie-
JAuTh No BOALT-aMNepHOIl XapaKIepicTiike 4I0ONA, CMEUIeHNIOr0 B NpAMOM

a2

HanpapaeHun (pic. 1-1, 6), xapaxrepicrnka B aHaJiTHIECKOM BHAS
3amAcKBaeTCA ¢ioPMYIOi

I=1I;exp (—%),

tne [, — obpaTHEiA TOK auoma; k — mocroAHEaa BoarmMama; e —
sapAyn onekTpoma; I — abconiotHas Temmeparypa; U — MOCTORE-
HOe Hanmps:KeHne Ha quoge. [1pn KonaaTEoll Temnepatype kT/e = 25 MB.
Juddeperunpys MNpHBegeHHOe BHpadkeHwe JJA TOKa [UOJA,
nmonydaem:
dl._ Ie
dU — kT’
OTcioga NpAMOe CONPOTHEBAEHHE MIOAA
S dU _ kT/e  25.1073
97 ar 1 I
TaxkmM ofpazoM, r, =25 Om npu Iy =1 MA. Temeps MOMHO

3amucaTh NPAGAIGKeAHO® BHpa)keHMe A BXOJHOTO CoNpOTHBICHLUA
B oMax: h113 = 251;213/13, ae Iy — ToK B MHAJMaMiepax.

1-15. BBIBOP PABOYEN TOYKHI TPAH3HCTOPA [17]

Ilpu pabore TpaH3NCTOpPa B HOPMAJBLHOM DeKHMe NEePeOXof] IMHT-
Tep-6asa cMellleH B NPAMOM HaNpaBJleHNN W MpH 5TOM NpoTeKaer 6ajo-
BHII TOK. B pgpyrux ycrpoiictBax, manpHMep HoJiIeBHX TPaH3ECTOPaX

MA I/( Pﬂ=25MBT
10| \ I5=140 MKA
S \
R
sl w0 il
4 =~—_40
————— 40
2 — 20
) Is\‘=0MKA UK]
0 2 4 6 8 0

Puc. 1-27. HaxoskgeHme Toka 0a3H, ompefejIfAioNero WoaoMKedile pa-
6oueii Touri. PaGogaR TOYKa OOMIKHA zJeKarb HIDKe KpirBoil MaKCu-
MalbBO MONYCTUMOI MOIMHOCTH.

I 9AeKTPOHHHX JamnaX, Ha BXOJQHOI SJOKTPOJ MOJAETCA 3amupal-
mee HanpseHIe, 1l OOITOMY B 1jleallbHOM Clyyae TOKa BO BXOuHOi
nenn uer.

Tox 6asw. Ha pnc. 1-27 nmeem:

Iy=(Ex —Ugy)/Rg. (1-17)
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Tak xax Ugy < E,, Iy ~ E,/Rg CaepoBatenvio, mpa R, =
=1 KOm, EH::S B u Iy = 60 MKA
Ex 8

0=7?=W=133 KOM,

I

Tak kak Iy = )z2131]3 4+ Tyno, TRE Ry n — Koaq)qmuneom nepe-
Aaum ToKa Npn GolblUoM CHTHANE, NNA 3aJAHAKIX yCJIOBIIl

hayo = (Tx — Troo) 15 =57- (1-18)

Koaspduuuenr nepegaun Toka JIA MaJOro curiana hy, B paboueit

touke pameH 52. OTcCiona clefyeT, 9T0 NMPM HCHOJB3OBAHWM hgiy BME-
CTo hy;y ommMGKa Gyner HesmadarTembHOL.

MATS
Iy
I 60 MKkA
101 &
40
8
20
[
——Txap, 67°C
4 - .
______452 A
2 43 °0
L
N 4
: ‘ ——— Tk, 25°C, U,
0 2 4 & & 10 72 8

Puc. 1-28. 1llsMemenue mojnokedaus paGoucii Touxm, olyciaoBaennoe
OOBHIUIEANCM TeMOCPaTypPH TepMaBiCBOro TPAHIICTOPA.

(A u B paGoume Toukil npu Temmepatype 25 i1 61° G COOTBETCTBEHHO).

Hpeumywecmea sadanua paboued mousu moxox Gasw: Tpedy-
ercsi HeGoJblloe KOJIMYECTBO IIPOCTHIX CXeMHHX DJeMeATOB; TOK Cne-
MIeHNA NOUTH HO 3aBHCHT OT HANDsKeANA HA OMUTTCpHO-6a3oBoM
nepexofe Upgy. 3Jro HaupsAskedume HeolXoluMo IJR cTabnasanug
TOKA KOJUICKTOpa Mpu nopulmenn TeMoepaTypil. [pn Up,y < E,
Tok cmemenns Iy mouyrn me 3aBucur 0T Ugy.

Hepocratku: T1aK Kax Iy, ABIAETCA HeYNPABIACMBAM  TOKOM,
OH MOKeT OTPAHDYHBATL PazMax KoneGamMIl HA KONXEKTODe NN AaKe
cMecTiTh pabouylo TOMKy B KpaiiHee HIDKHee mojoeHue (Tok Iygo
yABANBAETCA WpN NoBHIUCHNT TemnepatypH Ha 80° C); Koagduunenr
nepenaull TOKAa YBeJUYNBACTCA NP UOBLIUEHHME TeMOepaTypHl i MoKeT
CHJIBHO PA3NNYAThCA Yy PAasHHX BK3eMIIAPOB TPAHBUCTOPOB. Y CTAHO-
BUBIIECCA 3HAYedne Toka Komitextopa Iy = BJg + Iypo, MosToMy
mosiokeHne pabodeil TOYKH MOMKeT MeHATBCH, KaK 3T0 MOKa3aHO Ha
puc. 1-28.

HecMoTpA Ha yKasadHHe HeLOCTATKH, TOKOBO® CMemleslle M-
POKO IICIONB3YeTCH, oCOOPHHO UDPI JKCIePHMEHTAIbHBIX paforax,
HameHeHte monoskeHnsa paboyeil TodKil CYIIECTBEHHO YMCHBIIAETCA
opu GolblunX TOKAX Koulekropa ([pnpo <K Ij;) 1 Madx marpyakax.
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CMemenne Uenmbl0 ofpaTHOH CBA3M € KoAneKTopa. B mpeanbHom
ciydae cMemeHENe HAa TPAH3UCTOP MOJIKHAO 3aJAaBATLCA TAKMM CIIOCO-
6oM, qToGbl HCKIKWUUTL Gonbmue yxonst paGodeil TOYKW mpm HaMede-
HHH TeMmeparypul. JleficTBuTcabHO, NP OTCYTCTBUH TeMMepaTypHON
CcTaOMAN3auEA MWAM B cAydae, KOrAa cTabunmsaumA HeRocTaTodHa,
TEIJIOBLI® yXOnH pabouell TouKu Hemzbemawl. Temmomoe cMemeHue
pabodeii TOYUKM LPOMCXONHT TOTHA, KOCLA NOBHILEHHe TeMnepaTypH
BH3HBaeT YBeJN4CHHE TOKA KOJJIEKTOPA, KOTOpoe B CBOK odepelb
opuBonMT K AajdbHefilleMy pocTy TemiepaTyphl. Takum ofpasom, mo-
noGamil sddeKT ABIAETCH HAKAMIMBAOMUMCA M MOXKeT IIPHBECTH K pa3-
PYWEHNI0 TPAaH3UCTOPA, XOTH HA NPAKTAKE DTO MOMET Npon3oiiTi
TOABKO B MOIAHX KacKapgax.

Ha cxeme ma puc. 1-29, ¢ nmokasam mpocTeiimnii MeTOR TeMOepa-
TYpHOIt crabunmaamnnu paoueir Toukn. IINA 5710l cCXeMH MOHO 3aln-
cath: Up ~ E, — I R, (cuntaeM, 9ro Tok Gaswl /p Max mo cpapue-

Puc. 1-29. CrabunmaauuA padoucii TOYKHE C NOMONIbIO ueIH oGpaTHoif
CBA3N ¢ KojJeKTopa Ha 6a3y (a) U pa3BA3Ka pesuctopa ofparHoil
CBA3H JANA LCKJIIOUEHHA CHIKeHUA yculeddd, o0ycloBJIeHHOTo OTpl-
natelbHOH 006DAaTHOIl CBaBIO (6).

HRI0 ¢ ] v um MosaO nperebpeun); /o = BI 4+ Iyng, I = Ug/Rg,
(upeneGperaem Ugy mo cpaemenmo ¢ Uy). KomGumupya stu pamew-
CTBa, INojlydaeM:;
. w~_ Pl Txa0Pox
Ror + BoBx Rox+ BORH )
Huddepenumpys NocnegHee paBeHCTBO MO Itingy MOTyUaeM:
6ry, _ 1
61}(30 1+50RH/R6K

13 nonytdeHHEOTO COOTHoNesIA Cicayer, 4YTO MpupalleHde ToKa
yreurit 81y, TPHBONUT K IpUDAEHII0 ToKA KOJJIEKTOpa, PABHOMY

(1-19)

(1-20)

% 87y, rae
1 1

——— 1-
k 1+BORH/HGH ( 2D
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Maoxkarens % mnpeacraBasier coloit kKoadpdunmemt crabmamsa-
@M, AeOOXOMMO CTPeMATHCA CAEGNATh er0 MO0 BO3MOMKHOCTH GoJbmunM.
970 ROCTAraeTcs nNpUMeHEHHEM TPAaH3UCTOPOB, WMEIOMMX GoMbmMOR
xoadprumenT mepegadn Tora P.

Pacuem conpomussernus Rpg. Ecan BuOpars, xax # B Opefmy-
mem mpmepe, B = 52, R, =1 xOm, g =60 MxA n Uy = 4,5 B,
10 HRgy = Up/Ip= 4,5/ (60-10%) = 75 xOm. IIpu atom kKooddm-
niedT crabupnzauun OGyper pa-
BeH k = 1 + BoRyx/Rox = 1,7.

Henocrarky: Tox Kolnex-
TOpa [omKed OHTh Goabme o6-
paTHOro TOKA Iy, ; HMEETCH OT-

puuarenbHaa ofparAas  CBA3b
Ha 4aCcTOTe CHrHaja, ecnd He
npeaycMOTPeTs cnenyaJbEN X
Mep AJA DA3BA3KHA, KaK DBTO IO-
KazaHo Ha pnc, 1-29, 6; cre-
meAb cTaGHJMaamuA cpaBANTENb-
HO Hesenmka,

PaccMoTpernmil MoTOd CTa-
Swinsaumi, kax npasuie, npH-
MCHACTCA B YCHJIMTeNBREIX Kac-
Kafiax, KOTODHhIe MOJIHOCTHIO WH~
BepTapy0T curHain. Ilpenmyme-
CTBOM MeTO/la ABJAEICA To, YTO
A ero peaansanuu TpeGyercH
NHIOb ONWH KOHIEHCATOp, a CJe-
JAoBaTeNnbpHO, npil 3TOM BHOCHTCA
TONBKO ONHA JONOJHHUTCALHAA
MOCTOsIHHAA ppeMeHi. Ilocaepn-
Hee 04eHb B&KHO [JIA YCILINTO-
meit ¢ obpaTHoil cBA3BIO. Taxoit
MeTOJ CMOUIICHHR MOKHO 1CIOoNb-
30BATh H B MEOTOKACKajgHOM yCH-
auTene NPH  YCHOBHH, YTO OH
ABJNAETCA HEBEPTHPYIOLINM, KaK,
HanpmMep, Ha pme, 1-30.

CraOuim3aima ¢ OOMOIMBIO
pe3ncTopa B IEeNH  SMHTTEpA.
Takoi Meron ctabnanaanny opn-
MEHAOTCA COBMECTHO C HEJITe-
AcM HanpAKeHIA, C NOMOIILIO
KOTOPOTO 33JJaeTCA HaupAHeHHO
ga 6ase. M3 cxeMH, uplBefeH-
HOo#t Ha pHc. 1-31, BuaAno, uTO
HanpAKeEUe Ha Oase safaeTcA feAmNTeNcM, KOTODHH 06pa3onam pesH-
cropaMu R, u R,

19=U3/RQ=(UB—UBS)/R3%UB/Ray
me Ug muoro Gombile mo cpasmemmio ¢ Ugy (Kak mpaemio, Up=s
~ 10Ugy).
Ilps ManHX CONPOTIBNEHMAX pesmcTopoB f; M R, u Goapimom
CONpPOTHBICHRE R, dTa CX6Ma HM4eM He OTAHYAETCA ot cxeMH ¢ OB,
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Puc. 1-30. TpexxacKafHRIl yCHiH-
Tedb co Craliamaupylomeil obpart-
Hoii cBA3bo. Kcau Hampaxerne
Ha KOJJNEKTOpe BBIXOJHOTO TpaH-
sucropa pasHO Ey/2, To koapu-
OHMeRT cTabwiHsana®m k = 2,

Pnc. 1-31. Crabmamsau®s ¢ momo-
IbI0 PO3UCTOPA B LENMH HMIITTEpa.
Korpencatop C, npegHasHauen pns
PasssaaxM Ry 11 OPeNoTBpaIeHMA
CHIDKEHIIA YCHAeHHMA 33 CuYeT OT-
PHLATCBEHOH 00paTHO# CBA3N.

ToKom yreuxm sBasercA Inp, (86 I'ps,), papanit nprmepno 10 MrA,
a JH = oyl + Iygo- B IMAPOKOM [HALa3oHe TeMuepaTyp xoaddn-
T@eNT mepefadd TOKA 0, A3MeHAeTcA He3HAUATENbHo, CHAefoBATENbHO,
3Ta cxema ofecleuuBAeT XopomYy CTabUmE3aunmo.

o—t 9 )

Puc. 1-33. Cxema mnpoeKkTupO-
BaHHA K MpuMepy.

Prc. 1-32. OKBHBaneHTHAA CxXeMa
KacKajia AJA onmpeneleHHs Koaddn-
LUeHTA CTACHAMBAIIHH.

CxeMy MOMEHO NpeicTaBUTh B BHAe, NoKagamHoM Ha pRc. 1-32,

rae
Rs= R, R,/(R; + Ry).
Ecam cgenath Tak, grofm Ry @ R, OHJIA He CARMIKOM BEJHEKH,
Torga
Iy = Ip0 +BylE; (1-22)
In4+Iy+15=0;
Eg—(Ugp—R,I5) (1-23)
IB = Rﬁ .

W3 »1BX Tpex ypaBHeHRil MOXKHo MONYyYHTH BHpa)keHHsa ana g
a I npun Ugy < Uyt

E Upn+R]I
lB:RG‘ERa - BI?G—{-I:aK : 429
Ig= IK’fO Rff o —:—. (1-25)
The
k=1-BoRy/(Ry+ Re). (1-26)
Hndpdepenompya Iy mo Ippg, omywae:
675 /01 550 =1/, (1-27)

Kospdunuerr % sABngerca KodpdauueHTOM CTabHIM3aulE B mpH
R, > Roy k ~ 1 + p. Takem ofpasoM, paspabordnk HMeeT BO3MOK-
HOCTh UHOJYYATH HeOoOXONEMYK0 CTeleHb CTa0HAMsaQU@M IyTeM COOT-
BETCTBYIOIOI0 BHGOpa compormBiaedmii R, n Rg.
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Ipamep mpoextmpoBamma 1-1. Tpefyerca moaysaTh AaMUBanTyRy
BHIX0[HOI» cATHANA 3 B Ges uckaxeHuni# gopMu curaasa. Ha Koaaek-
TOPHWX XAPAKTODHCTHKAX BHOMpaeM pabouyw Ttouky: Uy, =8 B
# I, = 8 MA 1pu Hanpa:eHnH HcTouRHKA nuTauuA B = 12 B. Kox-

NexTopHoe HaNpAsKeHue Gyner WaMeHATLCA ot 5 po 11 B, caenoBa-
tennno, Uy pomkuo GHTH HecKoabKo Menbme 5 B. Budepem Uy = 3 B,

torpa upH I =3 MA R, =1 xOm
OrHoluende conpoTHBNEHEHMH Rg/R; BHOMpDaeTcA B COOTBCTCTBHH
¢ TpeGyeMoit cTemeHblo crvabuansamun. Ilpm Rg/R; = 3

Rs=HRy/(R, +R;)=3 xOm. (1-28)
Tax xax ToK 6asm [p o0W4HO mMeer HeGolplloe 3HAYEHNE,
Ug =~ ERy)(R,+-R)).
Ho, ¢ npyroii croposH, Uy = Ugy + Uy, 1 13K KAK Upy < Uy, 10
(1-29)

Cnegosarenvno, 12R,/ (Ry+ R;)=3 n R, = 3R,. [loxcras-
JAA TDolyueHHHe sHadennsa B (1-29), woaywaem R, = 4 xOm n B, =
= 12 xOM. BeifupaeMm crtamgapTHble anaveHnA 4,7 m 12 kOm. Jaa
ofeceyerEnA TpPeSyeMOTo KoJJIEKTOPHOro HanpmremnA Uy neobxo-
Janmo BHOpath Rg = 4/ (3-107%) ~ 1,2 xOm.

Paccunrangas cxeMa noKaszama ua puc, 1-33. IIpm mempmnx ama-
9eHHAX CONPOTUBNEHNA Rg CTaOOABMOCTH CXeMH yaywuwaetcA. OnHako
clepyer HMeThb B BHIY, YTO, BO-DEPELX, OT UCTOYHMKA HUTaHNA Gyner
NOTPeBNATECA OONBMHA TOK M, BO-BTOPHX, yMeHBHINTCA BXOJIHO®
COLPOTHUBIECHUE YCUTHTEIA.

B foarwmnHCTBe yCHJINTeNell NepeMeHHOTO ToKa MApaaaedbHO Ry
CTABHTCA Da3BABHBAKIIN KOHIEHCATOP, KOTOPHH yCTpamAeT oOTpH-
naTeJpHYI0 06paTHYI0 cBfAsb Ha gacrore curHaja. (DaxrTHueCKH BKIIO-
enne R, yseanuupaer d¢deKTHBHoE BXOMHOe CONPOTHBIEHHE OT hyj
B0 hygy -+ hypRy, TeM cambiM yMeEbmasa Kod@pHUMEHT Deperaud Ha-
DNpAKEeHHA.

1-16. XAPAKTEPHCTHKH TPAH3HCTOPHBIX YCHAJIHTE/IEN

Ha puc. 1-34, ¢ ma#H TpPH cXeMH BKIKIYEHHA TpaH3ucTOpa, NpH-
9eM NpeNCTABAEHH CXeMbH TOJBKO A CHTHajla, a Bce HCTOYHUKK
MOCTOAHHOTO HANPAMKEHNA 2aMEeHeHH KOPOTKO3AMKHYTHIMH IeTTAMH,
Tpausncrop MO:KHO nNpencT«BHTH B BUIe CTaHmapTHoit TuEPHIHOM
9KBIIBaJeHTHOIl cXeMH (cM. puc. 1-25). OpHaxo ee napamerph JJIA
KOKM0il CXeMH BK/IKIOYEHHA TPaH3UcTOpa OymyT pasamdas. B raba. 1-1
npuBenedsl mapaMeTpsl cxeM ¢ OB n ¢ OR, BHpaMKeEHHe wepe3 Mapa-
MeTphl cxeMH ¢ 09,

C npyroii cropoHH, rufpugHad 9SKBUBaJeHTHAA cXeMa JJA BKJIO-
gyemuA TpaHaucTopa ¢ 0D Moer OHTH NpeofpasoBaHa Aaa Jo6oil
ipyroii cxeMH BRIIOYEHHA, Kax Nokazamo Ha DEC. 1-34, 6. Ilpm ycao-
BUII, 9TO CONPOTHEBJEHMEe HAaIPysku Ry Menbime, ueM 1/hy,,, SKBHBAJCHT-
HHle CXeMH MQ)KHO CYMIECTBEHHO YHMDOCTHTH, HE BHOCA TpH 3ToM GOTb-
mwinx omubok. Taxie ynpomeHEHE JKBHBAJEHTHHE CXeMhl WPHBECHR
ma pnc, 1-34, o,
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Puc. 1-34. Tpu cxembl BRIIOYEHMA TPaE3HUCTOPA,

? i I
g 03 u 0K o—- 2
70 hag
U 4 [J Rul || 2
, 06 Thas
ety
0/712Uz
0/ R T T T B L.
10 10° 0% 70* 10° 10° 0m @) J)

Puc. 1-35. 3apncnmoctd xosddumuenTa nepegaun Toka OT CONPOTHBIe-
HUA HAaTPY3KN [UIA TPeX CXeM BKIKYeHUA TpaH3uCTOpaA (a) H rubpujHan
SKBHBAJEHTHAR CXeMa TpaH3ucTopa (6),
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TaGnanua 11

g,i",f;‘jp' C6wan Gasa O6malf KomTerTop
hisa hu6 = fus higx= P>
1—higs+hora -+ Ahg
hian hia6 = 1— h,?:l:’{——hﬁl::— Al hypp=1—tup
ko has = 1 ___,;lg?izsii)Aha hyye= — (1 -+-hao)
hoan haog = 1— hysa _};_2;;13 Ak, oo =gz,

MpuMeuanme. Ahy=h .h,,—h b,

Kosppuyuenm nepedavu moxa. KoaddmuumenT nepemadn  TOKa
qepea mapaMeTpH TEOpPUpHOIi SKBHBaNeHTHOR cxXemm (pmc. 1-35, 6)
BHIpayKaeTCA COOTHOIIEHHEM
. B huGa

ii  hyet+Gy

Echu Gy BeINKO YIO CDABHEHBIO C hyy, TO KO3(dHMUMERT Yiepegaunm
TOKa NpPUGIHIKAETCH K DeJHuBEe hy; (IPH KOPOTKOM 33MHIKAHHHU Ha
puxoge). Jlun cxemh ¢ 03 hy = P = hy5. [dna cxemul ¢ OB u3 puc.
1-34, 6 ipxy = —i; — hopalty  iprx = hagaise

KoaddunmeHT nepenaud ToKa hgyg OyAeT paBeH:

(1-30)

lpoix __ —ha1a
ipx 1+hoia

TipE hgy == 49 Koadduuuenr nepegaun Toka pased —O0,98 ana
cxeMH ¢ OF I YHCJGHHO paBeH . 3HAK MMHYC O3HAYaerT, 4To IANDAB-
NeHMe TOKAa, BEITEKAMIETo H3 KOAJNEeKTOpa, NPOTHBONOJOKHO Haupap-
JeHOK, TPHHATOMY 34 NOJOKATenpHOe (CM. puc. 1-25).

Koappuument mepemaun Toka pas cxemu ¢ OK rtakxke Apamercs
orpunarensunimM. Ma puc. 1-34, 6 iguy = —i; — hyypiy, OTCIOfa HaXo-
guM  KodppHNUeHT Niepepaum ToKa ipwx/iy = — (1 4 hgp). Taxkum
ofpaaom, gé)u hytz = 49 Koaddumuent mepegaun ToKa B cxeme ¢ OK

R — — .
a Vpasmerne (1-30) MokHO INcHoNB3OBATE NAA TOTO, FT0GH Onpe-
meamTh, Xakum o6pasoM KoaddumpieRT nepefaum TOKA HM3MeHAETCH
B 33BACHMOCTH OT CONDOTHBAEHHA HArpyaKH.

KoadduumerT Uepenaud TOKA YMCHBIMAETCA A0 NONOBHHHI CBOEro
3HA4CHMA NPH KOPOTKOM 3aMHKAaHMK Ha BHXO0Ae, eCHM YIPOBOAHMOCTH
HaIrpY3KB DpaBHa hg,. Tak KaK THmopoe 3HaueHHe MAyyy COOTBETCTBYET
20 kOM, a hys = 1 MOm, ouemngso, uro pagenne Koogdunuenta nepe-
EAaYys Toxa B cxeme ¢ (0D HAYRETCA nPH MEHbIIEM CONPOTHBJICHMH Ha-
TpyakH, uem B cxeme ¢ OB. Bror dakt mamocTpmEpyer puc. 1-35.
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Kospfuyuenm nepedavu nanpaxenus. Hcnonsaya saxon Owma,
n3 pmc. 1-35 monyauM:

Uy = —hay = —hn ul—hlzuﬂ.
hay 4Gy hos -+ Gy hyy

Otciopa KooddHulieHT repefaunm HaNpAKeHHA

Ha —ha _ —ha
iy hyrhag— Myohoy 4+ by Gy Ah+ 1y Gy ?

(1-31)

rae Ak = hyhay — highsy.
B GoabmmHCTBE caydaeB Ha UPAKTHKE BEIIOJHAETCA YCIOBHE
GH > Ah/hll, TOoTrga
1g/ Uy == — hyy /{1y Gu)+ (1-32)
Takum oGpasoM, AAA cXemH ¢ 0D, UCHOMB3YA yuPOUleHAYIO IKBH-

BAJEHTHYI0 cxeMy (puc. 1-34, ¢) B 3akonn Kupxroda (upumokenue A),
GyleM IIMETh:

uppix = (213 -1-1) Rydy;
Uphix ~ Unpix — (14 p19) Ry {1-33)
Upx byt tenx Aao (1 -ho) Ry

[Ipn CcoONpOTHHICRNA HATPY3KH [1y, MeHbeM 0O CPABHEHHIO
¢ hya/ (1 4+ hgps), Kodddupenr repegaun HanmpsoeHHA B cXxeMe ¢ OK
6aH30K K egunnne, 1o aTon nprun-

He H elle NOTOMY, 9TO CHTHaNX B cxo-  70% 03.06

Me ¢ OK =e mHBepTHpyeTCa, €8 wgfﬂ 2

4acTO HA3HBAKT SMHUTTEDHRIM TIOB- h21s

TO pATeIeM. 102]- an,
Bonee TOYHEIE BHDAKEHHA A ’

Ko3bdunmenra mepemaud HaNpA- =

JKeHHA MOMKHO NOJYYNTh, MCIOIB- oK

3YA 3KHNBAJIeHTHEE CXEMH Ha DHC. 11

1-34, 6. Bce 3Tn BHIPAKERUA 30~ ol L Ry

BHCAT OT CONPOTHBJIEHBA Harpys-
K. OTH 3aBHCHMOCTH TOKA3aWH HA
puc. 1-36.

Bzodnoe conpomuesenue cxremu
¢ 03. N3 ynpomernoii TRGpHA-
HOH 9SKBWBaNEHTHOH CXeMH Ha DPHC,
1-34, ¢ ciaemyer, uTO BXOJNHEIM
CONIpOTHBIACHHEM  ABNAETCA  hya,
KOTOpoe TIPHONABATENBHO PABHO
2 KOM AJIA MAJOMOIIHEX TPAH3NCTOPOB WPI TOKe dMHTTEpa oKoao 1 MA.

Bzodnoe conpomuesenue crexsn ¢ OB5. W3 pme. 1-34, ¢ caemyer:

10 102 108 10* 10° 105 0m

Puc. 1-36. Koadgdimment wepe-
Aa¥H OanpA:xieHMA B 3aBUCIIMO-
CTH OT COMPOTUBAEHUR HATpya-
KH.

u — hyqat h
Ro—tnx o —hwh 1-34
P e —iy—hgpiy 14-han (1-34)

BxopHoe coupornpiaesne cxemil ¢ OB mmoro mesbllle, 4eM CXeMH
¢ 09, 7 pasao 39 OM upi ks = 2 KOM 11 kg = 50. Manoe BXopgHOe
conpoTnBjeHne 0oGycaopiedo GOABIMINM BXOMHHIM TOKOM B CXEMe.
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Bzoduoe conpomussenue crexs ¢ OK. IlpmmenAn sakoEm Oma
n Kmpxroda k cxeme ma pmc. 1-34, ¢, moilyuaem:

u hyial + u
R ‘BX 113%1 L BbIX
2 2
BX 1

= R P LI Ol gy (bl B (189)
1

TTpy comporApaeEMN HATPy3Ku Ry, OTAMYHOM OT HYNA, BXOTHO®
conpoTupNeEme Kackaga ¢ OH orasmpaercst Bmme, 9eM B cxeme ¢ 09,
Tak Kak jobGapjeHue BHXOJHOTO

HaOpSKeHUA K HANDPKOHEIO hyiyi;

1%"} Rox oK H215 | yBemmumBaeT BXOmHOE HAINDAIKEHH®
r"’ Fyp5| DpPE  QEKCHDOBAHEOM — 3HAYCHHH
104 73 Ah BXOgHOTO TOKa. XOTA BXORHO®
3 03 5 2 COMpOTHBICHAe MOMET GHTb OYCHB
L 223 GoapminM, MNOPARKA  HCCKOJMBKUX
.mz_l’L MeraoMos, 9Yepe3 6a3y TpaHaHCTOPA
T haygs 06 .| Bcerma npotekaer ToK, paBEt BH-
L__L_#l xomgmoMy TOKy, NOJeJeHHOMy Ha

1 ! L1
10 10% 10% 0% 0% 10° 1070m  goaddument nepepaum Toxa. (3a-
MeTEM, 9ro OpHGOpH, KoTOpHe
paGotalor OpH o6paTHOCMEIEHHOM
BXOJHOM Iepexone, Hanpumep noie-
BH® TPAaH3WCTODH, HMEIT BHCOKO0®
BXOJHOC CONPOTHBJCHNC W BXOIHOU
TOX B HEX OTCYTCTBYeT.)

Mpu R =1 kOM, hyy = 50
A hyp = 2 KOM, Rpy = 53 kOm.

B npm6aum;keHHHx pacYerax A ONpefeldeHAA BXOLHOIO COlpO-
THUBJACHUA HMUTTOPHOTO NOBTOPHTEJNA YacTO MCHOAB3YIT NPHOIUKCH-
my0 dopuyay

Puc. 1-37. CpaBHeHNEe XapaKTe-
pa 3aBHCHMOCTH BXOIHOTO cofl-
POTUBJCHHA 0T CONPOTHBJICHHUS
Harpy3kd pansl PasiHUHEX CXeM
BKJI0YCHNA TPaH3MCTODA.

Ryx == hip15Ru.

3aBECMMOCTH BXO[HOTO CONDOTEBJIGHAS OT Ry AJA DPa3nNHYHHX
CcXeM BKJIOYeHHA NMokazaHH Ha puc. 1-37.

Buixodnoe conpomuesenue. BHIxOgHOe CONpOTHBIEHHE B CXeMO
¢ 0D ¢ maMeHeHMeM BEYTPEHHETo CONPOTHBICHAA HCTOUHEKA CATHANA R
0CTaeTCA NPMGAN3NTENBHO NOCTORHHRM, a B JABYX [IPYTHX CXeMax
BKJIIOYOHUS TPAH3UCTOPAa OHO M3MEHAETCH, KaK 2710 IIOKa3aHO Ha
prc. 1-38, a.

N3 puc. 1-38, 6 BupHo, uto B cxeme ¢ 0D remeparop BHpabaTHBaer
TOK, HalpasJeHHe KoOTOPOTO INPOTHBONOJOMHO HANPABIEHHI0 BHXO[-
HOTO TOKa, BCJAENCTBNe 4ero WP NpoTeKaHMM ToKa Oasm BEIXOAl0E
conpoTHRJIeHNe ypenmanpaercA. flpaeHHe HOPOTeKaHMA TOKOB B HpO-
THBONOJIO;KHEIX HanpapieHHAX uMeer mecto B cxeMax ¢ OB zm ¢ ON,
TaK KaK Rgi5 I hoyx LIMEIOT OTPHIATENBLHYI BeJIHIAHY.

Nz puc. 1-38 mumeeM i = —hus/(fys + Re) B iy = ihgy +
“+ wohyy. TOTHA BHIXONHAA OPOBOANMOCTD

i —hygh
2 127221 . R
Gpux= 4 i+t Re + haa (1-36)

Ilpe nopcranobke 3EHaueHHEH h-mapameTpoB nad cXemm ¢ OH ws
tabn. 1-1 B ypasuenme (1-36) momyunm:

(1 4-to19) (1 —hyga) A hygy A 1+hays

hya+ Re Re °

Gnux. K=

1+ Ry

T >RC >}1113-
223

Taxum o6pasom, 0pa Re = 5 KOM u hyn = 49 Rppg, x = 100 Om,

om .
1y

705

104 fn

703 RL' +
2

7 hiolly

10 L 1 1% )

]
10 102 103 0% 0% 105 Om

Puc. 1-38. 3asucaMocTh BLIXOMHOTO CONPOTHBIAGHHA OT BHYTPeHHETO
CONpPOTUBAEHWA WCTOYHUKA CHTHAJAA (@) U TuOpHpHas IKBHBATIEHTHAA
cXeMa TpPaH3HCTOpa C yYeroM BHYTDEHHETO CONPOTHBJICHUA HCTOYHMKA
curgama (6).

Koapfuyuenm ycuasenua no moynocmu. Kospduumenr ycuaerns
00 MONmHOCTII OHpelelAAeTCA KAK OTHOIIEHWE BHXOQHOH MONIOCTH
K MommEocTH Ha BXome. OTCiofa [MJAA AKTABHONW Harpyskd *

u i
K — BbIX .BHX _— KLK
p Upxipx v

T. 6. Kod$PHImEeBT yCMieHUA IO MOIMHOCTA Npencraiasier coboil Mpo-
uasefeHne Ko3ddmnmeHros mepenadr HanprAKeHHA @ Toka. OuesljHo,
yro cxema ¢ 00 Gyner uMers Hamboabimid KodP@HUMEHT YCHIeHUA MO
MomgoCTH **, TaK Kak y Hee HaubGoabmine Koa(pPuumeHTH nepenagu
N0 HANPAKEHHW # ToKY. CpaBHHATeJBHH® 3aBHCHMOCTH Ko3pPHLlIeH-
TOB yCHJEHHA IO MOIMHOCTE OT CONPOTHMBICHUA HAIPY3KH JJIA DPa3JaHuy-
HHIX CXeM BKIOueHNA TpaHEBHCTOpa NMOKazaHH Ha puc. 1-39.
Xapaxmepucmuku mpansucmoprbiz ycuaumeaseii. Cxema BHII0Te-
HHA TpaH3uctopa ¢ 09 maubomee mMEPOKO NPUMEHAETCA B YCHJIHTE]b-
HOfl TeXHHKe, NOCKOAbKY OHA obecredlBaeT YCHIAEHH® KaK N0 TOKY,
TaK # OO palpAKeHNI0. lipoMe TOro, 3TOIl Cxeme OTHANOT HpefIouYTe-
EAe GaaromapA Oolee NOAXOAAMIUM BXOJHOMY H BHIXOJHOMY CONPOTH-
BIAGHNSAM, KOTOpPHEe B OOJNBIIMHCTBE CJly4aeB OCTAlOTCA TOCTATOYHO
crabunpEniMn. [Ips xackagEOM cocpueHenmM cxemM ¢ 03 Gaarogaps

* I axTHBHOrO BXOmHOr'o CONPOTMBJIENMA TpaHaucTopa. (IIpum. ped.)
*¢ Ha HM3KMX QAA TPaN3RCTOPA 4YacTOTax. (IIpum. ped.)
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YCHIeHmo M0 TOKY B UHX MOMGAQ MOAYYHTL W YCH/eHN6 OO Hampsxe-
amo. Ecau gepez K; oGosuaunts rosdPduuuerr mepenads TOKa Kan:-
Joro u3 Kackapmom, to ua puc. 1-40 cuepyer:

_K,;
uy=— Hirpxaipx =r—;“l:lﬂuax: 11-37)
) KK
uH=K11K'22}?H'Bx=';I—Km Ryugy, (1-38)
¥X 1

NMPR rpxy = rpxa.

B cxeme ¢ O3 mpu paBeHCIBe BXORHOTO COUPOTHBIEHMA I CONPO-
THBJAeHHA HATPY3KH Koddduuuent nepenaun HaUPsuKemus paseH Koad-
dunuenTy mepepaun Toxa, Ko-
10° TOpHIiI, KAK Hpanuao, 6IA30K
10t Ko K By 11 HaXOLATCA B mpepenax
or 50 nmo 250. Horga coupo-
0° THBJeHNE RATPy3Kn MHOIO
6oxbme BxopHOIO, Koaddu-

70°

70

nienT uepefaun  yBesui-
BaeTcA HpIH He3HAYUTENbHOM
yMeHbuleHHH K ;5.
Lo [ (R BEHCBB cxeMe ¢ OB mpm pa-

73 PP TBe BXOJHOro COHPOTHB-
710 10% 10° 0% 10° 10° 10” 10°0M  pepna m CONPOTMBIEHAR Ha-
Ipyskll Kosddumuenar mepe-
magl ToKa 6yner meHLlIe ein-
HAOH, ®, CJefoBaTeAblo,
37eCh Hejb3sA MOJYYMThH YCH-
Jende Ho HaupskeHuto. Ecin
e COUpPOTHMBJeHHe Harpy3Ko
GoJbme BXORHOIO CONPOTHB-
JIeHAA, TO cxeMa MOKeT ofe-
CHeulITh yCHJeHtie Mo HANpPA-
HEOMo, HO TPH STOM MEKKACKALHAA CBASL J0MKHA Ghith TpaHcdOp-
MaTOPHOH.

Puc. 1-39. 3aBmcmMocTh Kosddmumen-
T4 YCHJeHEA O MOMUOCTH OT COM-
POTHBJIEHNA MNaTpyskm JJia ciydas,
Korla HCTOYHIK CHrHajia coljlacoBaH
¢ BXOHHM COMPOTHBICHMeM TpaH3U-
CTopa.

Lox

‘47« = i’dx Tox R8x1 a, U1

Puc. 1-40. Yupomenmas sKBuBajseHTHAA Cxema ABYXKAaCKaJHOro TpaH-
BHCTODPHOTO YCHJIHTEHA.

B cxeme ¢ OK BxopHOe colpoTupNeHUe BABUCHT OT CONPOTIBICHNA
HaIpyaKm:

rax=HK ;1K ;o Ry,
H03TOMY

KirKisRy |

Tpxj

L K KigBa
BX == K;1K;2Ra Upx = Upyx, (1-39)

ug ==

1-17. IPEMEPHI IPOEKTAPOBAHNAA

Crema ¢ 03. Ha puc. 1-41, a mokasaHa cXeMa TpeXKacKagHoTO
YCRINTENR ¢ HEDOCPENCTBEHHOIl CBABBLI0 MeXKAy KacKamami. KRamkpuil
U3 TPAHICTOPOB B 2TOH cXeMe HMeeT clejyiomne h-mapaMeTpe: hy =
= fo= 50, by = 1 XOM, hyy, = 5.107% u hy, = 50-107%. TuGpupnas
IKBHMBaJNIEHTHAR CXeMa OfHOTO KacKajga ycunureas H3o6pakeHa HA
puc. 1-41, 6.

o

z)
Prc. 1-41. Cxema TpexxracKajmoro YcImMITCAs ¢ HemOCPeACTBeHHOM

CBA3LI0 MeYy KacCKajlamu (¢) W 9KBUBAJeHTHaA cxeMa OJHOTo Kac-
Kaga (6).

Baarogapa MajioMy BXOAHOMY CONPOTIBIEHWIO U, Oymer HeGOIb-
MM I, TAK KaK napameTtp kg, TOME Maji, TeHepaTopoM HaNPSKeHUsA hiqlg
B OKBMBAJCHTHOIT cXeMe [aA NpHOMDKeHHHX pacueToB Ges Ooapmoil
MOrPEmEOCTII MOKHO UpeHeGpeus.

Kosdduunenr mepepau® Toka

ipx ha1gnx 1-40
ipx hoy -Gyt gz’ (-40)
a BHIXOJIHOE HANpAKeHLe

hnl

— 1-41)
By +-Cy+-gox 2 (
rne Ry — mynTHpyomee couporiusieEne. I[ToCKONBRY gpx > hyy 4
-+ Gy, T0 KoddPILEEHT MepPegaun ToKa NONYYaeTCA GOJBHINM.

Hosddumuear mepenadn toka onBEoro Xackapa K; = 40, a Bcero
TpexKacKagHoTo ycuauTeaa 40° = 64 000. IIpoxomnoe coupoTHBIeHU®
paBHO:

ug=Pipg Ry =

Uenx o KRy~ 3,5 108 O
ipx

Kosdpdmmuent nmepenaam mampssKeHNs
KiRy _ 3.5-108

==
rax 1000
Czexa ¢ OK. CraGUaHN3MpOBaHHHHE HRCTOYHMK TMHTAHHMA, CXeMa
KoTOporo HpnBefeHa Ha pHc. 1-42, nomxeH MOAjep:XMBATh BEIXOIHO®
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Halps)KCHHe Ha MOCTOAHHOM ypoBHe 3 B npm nio6HX m3MeHeHMAX
moka or 0 mo 1 A. CnemoBaTenbHO, BHIXORHOU TPAH3MCTOP JOJKeH
ofleciegHTh pacceMBaHHe MoMHOCTH, paBHOn 9 B X 1 A =9 Br

Ex =128

o .

Yeunumens
° pasHocmu
Uon
Yemarnobra Hanpaxesus
38
Ulix T
-0

Puc. 1-42. CxeMa cTaluan3npoOBaHHOIO MCTOYHMKA NHMTAHNA, B KOTO-
poM HCHOJB30BAH cocTapHOoil kackag ¢ OK.

Ilpun Toke 1 A 1 HanpsskeHun 3 B Harpyska Oyner HMeTb CONpOTHBIIE-
Hie 3 Om. OpHaxo sTa Harpyska He CKasuBaeTcA HAa BEHIXOIC yCHJNTENS,
TAK KAaK BXOJHOe COIPOTHBJeHHNE
cxemn ¢ O paBHO:

o)
+
08 rox == 3k 1hio1. 0h0n 3

Ecam upuaATb, 910  heyy = 40,
hgy g = 25 M hy =20, TO rex =
= 60 xOm. CnepopaTenbHO, HATPy3-
Ka ycunutena Gyfer HeBeJHKa.
Ug o b Yeuaumeav nocmoanHnozo moka.
O (CxeMa yCMJINTeJNd WOCTOAHHOLO TO-
Rs ka (puc. 1-43) cocrour H3 Tpex
S5kl —3p8 kackagom: ¢ 09, OB u OK. Brxon-
Bojt kackag ¢ OK BupabarsiBaeT BH-
XOIHOe HANpsKeHHe U uMeeT NPH
9TOM HH3KOE BHIXOJIHOE COIpOTHBJE-
Hue. Bxongoe conpoTEBieHHe ITOTO
Kackaga npu R, = 5 kOM pamHO
hayas Ry =200 kOM. Takum o6pasoM,
apdeKTHBHAA HALpy3Ka BTOpOTO
kackata ¢ OB cocrapasger 100 kOm,
Tak kak kodddnmirear nmepepadn toka xackaga ¢ OB papem 1, ero
NpoXopHOEe cOUpoTiBIeHNe Ry, Tarwe paBHo 100 xOm. Kooapdunuent
nepenadil TOKa NePBOT0 KACKANa npubiausuTe]bHO PaBeH hy, EpBOTO
TPaH3ICTOpa, TAK KaK BRIX0Jl 9TOTo TpaH3HCTOpA WOAKAIYEH K MajloMy
BXOMHOMY CONpOTHBIeHN0 KacKama ¢ OB. Takum obpasom, moxHoe
HPOXOIHOE COIPOTHBJIEHHC BCETO YCHJHTENA (OTHONIEHWE BHIXONHOTO
HANpPAKCHNA K BXogHOMY Toky) Oymer pasHo Rp = B, Ry, = 5 MOm.
910 03HAYAET, YTO IPI BXOJAOM TOKe, pAaBHOM 1 MKA, Ha BEIXOlle MOKHO
IOJYYATh HalpsxeHHe 5 B.
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bpga=50
7y

Ts

Puc. 1-43. TpexxacKkagaeil ycH-
JAuTeNbh WOCTOAHHOTO TOKA, B
KOTOpPOM TpPAHBHUCTOPH BRI0Ye-
BH 00 cxeme ¢ 09, OB u OR.

Tabanna 1-2
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1-18. CBOAKRA XAPARTEPHCTAK TPAH3NCTOPHBIX
YCUWJINTEIER, BBIPASKEHHBIX YEPE3 »-HAPAMETPBI

B Tabn. 1-2 mpmEBesedH Ba)KHEIIIME XapaKTepHCTHKH TPaH3HCTOP-
HHX ycmiurteneli mo cxeme ¢ 00, OB m OK. 3HayeHuUs UpHBOXHMEIX
XapaKTepHCTHK (BXOMHOe I BHIXONHO6 COLNpPOTHBICHHA, Roagdmuuenm
Mepenagm ToKa M HANPAKENNd) DhlpaKeHk yepe3 h-mapaMeTphl. B Bepx-
Heli CTpoKe TabmmOe NpuUBefeEH TOYHHE 3HAYCHHSA XAPAKTePHCTHK,
a B HWKHell — NpROIMKeHHEe,

I'masa sTopas

THRPRCTOPLI, OTHOIIEPEXOZHBIE U IIOJIEBLIE
TPAH3UCTOPLI

B macTonmmefi raape cofpamE cBemeHMA o TpeX cuenuduuecKux
MoJyNPOBORHMKOBHX NpRGopPAaX: TAPHCTOpPAX (KPeMHUEBHIX ylIpaBise-
MHX BHUPAMNTENAX), OFNHOMEPEXOoAHHX W IOJEBHX TpPaH3HCTopax.
THPHCTOp TO CYMECTBY ABNAETCA WONYIPOBOJHUKOBHIM MepeKmodalo-
MEM yCTPOHUCTBOM, KOTOpDoe HAXORMT MHPOKoe npuMesenne. OH nosBo-
IsieT YNPABAATL OOJMBMHAMH TOKAaMHE ¢ MOMOMIBI0 CJAa0HX BXONHHX CHI-
HaxoB. OpHomepeXomHH# TpaH3HCTOP B HaCTOsAIEGe BpeMA B CBA3M
¢ ToABJIeHHEM MHTOTPAABHEIX MHKPOCXeM HpelcTasdAeT, Mo-BHAMMOMY,
CKopee T03HABATeNbHHl, 9eM NpaKrndecKmid mETepec. M3 Tpex yioms-
HYTHX OpR6opoB HaMOonbmee 3HAYCHME MMeEOT 10JeBHE TPaHIHCTOpM,
KOTODHE MOTYT NPAMEHATHCA M B KaueCTBE NUCKPETHEIX 2JICMEHTOB, H
B UHTerpanbHHX CXeMaX, COXPaHAA IIDE SToM TO e YCTpOIiCTBO H
NPUERED JefcTBHA.

2-1. THPUCTOPBL

Tupucrop — sTo deThipexcioiiBHil KpemmmeBH npubop [19],
yeTpoiicTBo Kotoporo moKasamo Ha pme, 2-1, a. Ha pme. 2-1, 6 noka-
3aHO, KaK THPHUCTOp MOMKHO MPENCTABUTH SKBMBAJCHTHLIM CoeMUHEHHeM
ABYX TPaHBUCTOPOB p-n-p M n-p-n THIOB, KOTOpHe HMewT Koaddu-
WMEHTH Depefayl ToKa o H Gy COOTBETCTBEHHO.

UermpexcaoitBsil nprbop umeer Tpu p-n mepexoma Iy, 11, w I,
Ecan npnaoknts BHemaee Haupsixende Uy k ToukaM A B K Takum
obpazoM, 4TOGH ToUKa A (aHOA) HMeNA MoNOMHUTENBHHIT ToTeHmHAN
oTHoOCHTEALHO TouKH K (Kartom), To nepexomst I1; ® Iz GynyTt cMemens
B npAmoM Hanpapienun. Ilepexon IT, okasmBaeTcHl CMeIICHHEIM B 06-
paTHOM HanpaBJeHHA, a ToK 4Yepe3 HeTo HEMeeT TPHM COCTABIAIONIAX:
®JIeKTPOHHEI TOK Jo; 9KBMBajCHTHOTO TpaHaucTopa T, ABPOuNELEX
TOX /0y 9KBUBAJIeBTHOrO TpPaH3UCTOpPa Ty M TOK B 3aKPHTOM COCTOMHUM
TRPUCTOPA

I=TI0;+4Ta,+Isxp,
OTKY QA

Takp

I= 1— (o +a)”

(2-1)

Ecnm cymma ¢y + a4 Maza No cpaBHeHWIO ¢ exuHMmneis, Tok I Gymer
61AR30K K OCHOBHOMY TOKY B 3aKpHTOM COCTOSHWH THPHcTOpa., UToOH
MepeBecT# NpEGOP BO BKIWUCHHOE COCTOANHe, CYMMy oy + Oy Heol-
XoAUMO YBeJMYABaTh, NMoKa OHA He CTader papHOit emummne. Tox [
B oToM Cayyae OymeT OrpaBERYMBATBCA TOJABKO CONpOTHBAeHHeM BUOMI-
Hejt menu. Eci¥ THPECTOpD HaXomuTCH B NPOBOAMINEM COCTOAHHH, TO
najieEWe HaNMpsKeHNMA Ha HeM TNPHOJA3HTENLHo PaBHO MayeHMI0 Ha-
NpMeHUA HA p-n mepexone.

A 7K
» C/A// p % @) Anod

32 Bg K 2 d- )
n i) e 7
13 2R 757) Kamod

Prc. 2-1. Tuprcrop mnpencTaBinAeT Coboit geTHpexcnoffEHE mpubop,
MeRCTBHC KOTOPOTO MOKHO CMOAETHPOBATH HBYMA HONONEAIOIIAMA
GumonsipHEIMA TPAH3MCTODAMH.

Uys

0

d)

Puc. 2-2. Xapaktep maMeHeHHA KoadduImMeHTa Nepegagm ToKa ¢ o7
TOKAa SMHUTTEPA (¢) W OT HANPAKEHAA MEKAY KOJJEKTOPOM B SMHTTe-
poMm (6).

Wa Teopu® TpaH3HCTOPOB HM3BECTHO, UTO ¢ HMeeT Majoe 3HaYes
HHe 0pd HeGoABHIMX TOKAX DMHTTEpPa, a NPW YBelMYeHWH TOKA OMHAT-
Tepa OHCTpPo BoapacTaeT. JTa 3aBHCAMOCTb NMoKasaWa Ha pmC, 2-2, g,
a Ha puc. 2-2, 6 TpuBereHA 3aBHCHMoCTh KoaddummenrTa mepemauM
TOKA ¢ OT Halp/KeHUA Mesay KoiameKropoM ® sMurrepoM Upe,. Ilpm
TOCTeNMeHHOM HOBHIIEHNN HaNDAKeHHA MeXAY aHOROM M KaTOAOM THDH-
CTOpa B KOHIe KoHIOB B nepexone II, HacTynaer maBHHHOe DasMHOMKe-
HAe HBocuTeneii. Brh3BaHHoe JNaBAHHWM NpPOmECCOM YBeAMYCHHE Toka,
OpPOTEKAMero gepes THUPHCTOP, OPHBeeT K Bo3pacTaHmid Koadda-
LMEATOB nepefladn TOKAa O H Oy, M OpPubop IepexofAT B OTKPHT0O
coctroRaue. Hanpssxenne Mexkgy aHomoMm H Katomom Ujzk, IIPE KOTODOM
TpOUCXONAT 5TH npoliecCH, HA3KBAaeTCsH Hanps:KeEMeM JIaBEEHOTO
PasMAOKCHUA Up,y. THDPHCTOP OCTAeTCH B 9TOM COCTOSIMHA, TMoKa depes
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Hero UpPOTEKAeT TOK, AOCTATOUHMI [JA COXPAaHeHHA DPaBeHCTBA Gy
4+ o, = 1. DTOT TOK HasHBAKT yHePHUBAKIUM TOKOM [y Boar1-
aMIepHEE XapaKTepHCTHRM TUPHCTOPa UOKA3aHH Ha pmC. 2-3.

+I,
Puc. 2-3. Bonbr-aMmepHasa Xa-
paKTepHCTHKa THPHCTODA.
l'/mzi
=Upk Ty T oo —= L U
U
Pnc. 2-4. IlpepcrapaeHue THpH-
cropa B Blijle COeUHEHUS [BYX
fIpododt ~Ig TPaH3UCTOPOB.
AHod [
b A
] At Ly
1 7 =
g —e T Ynp. )7-
+[ . i anexmpod 7
= ongxm-Y 7
pod n X
Kamad o
ama I' a.) ()_)
Iy Us
1
Junus Ry T U
Ha2py3ku R
Iy
) {
I\yz Tyt I,=0 N
Iyg— —— == ———,L— Y8enuyenue I, Y
! Uax o ——0
Uﬂﬂ( v U/IaB

@) 7)

Prc. 2-5. Ilpn GonpmioM 3HAueHHH YHpPaBAAKIIEIO ToKa Tpebyerca
Gonee HEaKoe aHOAHOe HaUDPAKEHNe, OPH KOTOPOM MPOUCXORHT JABHH-
Hoe HapacTaHD® ToKa.

Tpernii anekrtpon, HasbiBaeMElii yNpaBAAKNIIM, 0pIICoeJHHER
K BHEYyTpeHHeii ofmacti Thua p, Kak [OKasagO Ha puc. 2-4, a. Tok,
HONBORMMHI K DToMY DJAEKTpojly, BHI3HIBaeT yBejuueHHe Kodddmuuexn-

50

TOB Mepefadd o; H Gy, KOTOPOC 0Ka3uBaeT NOMOJHETeNLHoe BJIHAHME
Ha 3(PerT BHIBaHWHIE HanmpAEHHeM, MPHIOHEHHHM MEKHY aHOROM
B KatosioM, Uik, Ha pHc. 2-5, a norasamo, xakmM obpasom poapacTa-
ENe YOpPaBJAKOMEro Toka [y OPHBOJNT K YMeHBNICHVWIO 3HaYeHMA Ujyg,
I'lpﬂ KOTOPOM ﬂpOHCXOD,HT JJaBHHHOE ﬂapac’raHHe TOKa. HPH HCOOJABb30-
BaHMHN THPHCTOPa B CXeMaX Ha Her0 HOJAaeTCA HaNpA)KeHHe, MHOTO
McHbIDee HAMPAHECBMA Ujapg, NPE KoOTOPOM NPOHCXOAWT JaBHUEHoE
HapacTaHMe ToKa, €CIM TOK YNpPaBAAKINEro 3JeKTPofila PaBeH HYIO.
3anyck THpHCTOpa OCYMECTBAfAETCA MyTeM NonadH TOKa Ha ympaBiAIO-
mui saexTpon. B ¢xeme ma pmc. 2-4, 6, THe THPHCTOP MpenCcTaBieH B
BHfie COEAWHEeHMA [BYX TPaH3HCTOPOB, BAAHO, YTO TOK [y MOMBOMHTCH
K Gase Tpamsmcropa T,. CnepoBaTenrHo, 9epes TpaHsHcTop Ty Gyper
nmpoTeKaTh KoJJCKTOPERH Tok Pi/y, rae P; = a,/(1 — o). IToT Tok
ABAfieTCA 0a30BHIM TOKOM BTOPOTO TpaH3HCTOpa Ty, MO2TOMY TOK KO-
nexTopa TpaE3ncropa T, paser f,f./y; OH CHOBA HOfaeTCA BO BXOOEYIO
geb. Tak Kak MpomecC ABJAeTcA pereHeDAaTHBHEIM, THPHCTODP Iepe-
XOAMT B OTKpHEITOE cocToAHNe. [locie TOro KaK THPHCTOP OTKPHBaeTcs,
YUpaBAAIMINA 3JeKTPOA MepecTaeT OKasWBaTh BO3[eCTBEe Ha MpoO-
TEKaumne ToKa.

2-2. BBIKTTIOYEHUE THPUCTOPA

roGbl nepeBecTH THPHUCTOP B BHIKIIOYEHHOE COCTOSHNE, TOK dcpes3
Hero ReoOXOMIMO YMCHBIDNITH O 3HAYEHUA, MeBbIIeTo, weM [yn. Ilpu
MaJHX TOKAaX Harpyskn sd¢eKTiBHoe ACiicTBHe MOMKET OKasaTb OTPH-

Ru Ry
=0 — U
Kawy
A , A
+ + 4
s _IM s YN

( Knioy
Uy Yy

o
a) d)
Puc. 2-6. MeTonB BHKJKYEHHS TIPHCTODA.

@ — 3aMbIKaHMe KIOYa NDHBOIMT K CHInKeHMIO Ujyy Mo HYNA; 6 — KIMOY pa3phl-
BaeT LeNb TOKA HATPY3KH.

o ——

}

matelbHHR AMOYALC, HoAaHHEN Ha YOPaBIAIOMIE 2MEKTPof, TaK Kak
OH Ha HeKOTOpHt WHTepBajl BpeMeHN YymeHbmaeT Kodddrmmenmr o.
Opmako npw 9TOM EHeOOXOMITMO YYNTHIBATH, HUTO CANMIKOM Goaniooe
OTpUuATesbHOe HAUPFOKeHNe MOMeT BbIBECTH THPICTOP M3 CTPOA, WoO-
CKOJIBKY B OGHuWAWX yciuoBHAX OH pabotaeT IpH HAUPAKEHAAX, He
npepeMaomMXx 5 B. Bojee pacmpoctpadeHHRIMH MeETOJAMM BHKIIO-
9eHIIA TUPNCTopa ABJASIOTCA NpePHBaHNe UEMn, Mo KoToPoH mpoTexraer
OCHOBHOII TOK HArpys3kHW, IJH yMeHbIleHue HanmpsskeRNa U,y Mexpy
aHOJOM Il KaTomOM O HYJAR, Kak OoKasaHO Ha pmc, 2-6.

Memod wynmuposanua. MeTon BHIKIIOUEHUS THPHCTOPA, IOKa-
3aHHHI Ha puc. 2-6, @, MoKeT OHTH peann3oBaH C TOMOMIBI0 AKTHB-
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HoTo ycrpoiictBa. B cxeme Ha pmC, 2-7 Ama 9Toff MEAW HCHONb3oBaH
n-p-n TpaHsEcTop. KpemmueBHii mHox B 9rol cxeMe CayMIT Oaf mpe-
moTBpamenua GonbmnXx oO0paTHHX TOKOB, KOTODHE MOTYT BOBHHKHYTB,
ecaIm sanyckalomuil cmraa; OyleT DOfaH HA ynpaBasloliiil 3JeXTpof,
B TO BpPeMA, KCTJa THPHCTOD HAXOAMTCA NOR o0paTEBIM HAIlpsKeHHEM.
TrpucTop BHEKIKYaeTcd, xorja Ha 6a3y n-p-n TpaH3uCTOpa IOCTYyHaer
D0JOKATENbHKH AMMYJIBEC A TPAH3ECTOD NMEPEXOMUT B Pe)KUM HACHILE-
eEra. IIpr gpyroM Meroje BHIKIIYEHHA THPHCTOPA, KOTOPHIl Horasal
Ha cXeMe pHc. 2-8, AjA 3Toif TeAM MCOOAB3yeTCA BTOPOM KpeMHUEBHIi
yUupaBiafieMHil BHNOpAMHTenb. Rakmuil N3 THPHCTOPOB NEPEBOAUTCH
B BHK/IIYEHHOE COCTOSHIC MPH OTKPHBAHHE APYIOro, WO2TOMY 3/1€Ch
HEAb3A 0CYHMECTBHTH OfHOBPEMeHHEIH janyck 000mX TupmcropeB. Ilep-
BHIi TApUCTOD yNpaBifAeT ToKoM B HArpy3Ke, N03ToMY OH JACJIJHEH BH-
6UpaThCA HA COOTBETCTBYIOmEMIl HOMHHAABHHI Tox. Brope#t Tupucrop
npepHa3HA4YeH TOABKO JJd BHKIAKNYEHMA NEpBOro, CAef0BATIBHO, €ro
HOMHHAJBHHE TOK Mosker OHTh Membme, ConpoTHBjeHRe pesucropa R,
moaHO OHTH, KaK npasmiao, B 10—50 pas Goabme, 9eM COWPOTHBIe-
HMe HATPY3KRE Ry.

U
Sanyer

Puc. 2-7. Cxema BHKawdeHusa TH- Pnc, 2-8. Cxema BHKIIOYCHHA

puECTOpa MYHTAPYIOUAM TPAH3RCTO-  OFHOTO TIPHCTODA TPH IIOMOMIM

poM. [iHopm B cxXeme wupeAHaspadeH BKaJeHus ppyroro. Mas or-

ana GnoKMpoBaHMA oOpaTHOTO TOKA.  pPaHUYeHHA BPeMeHH BOCCTAHOB-
JeHNA B CXeMy BBeficHA KaTym-
Ka.

Korna mepBHii THpACTOP OTKPHT, KoRgeHcatop C sapssmKaeTca mo
ganpameada U — Upryp, B¢ Upryp — DafieHNC HAOPAKEHUA Ha TH-
PHECTOPe B OTKDHTOM cocTofsHMH. Horga oTKpEBaeTcs BTOPOI TUPHCTOP,
HanpAKeHme Ha ero aHofie nagaer fo HanpmKeEWa Ugryp n Gaaromaps
uepesapany KoHEeHcatopa C MeHAercA CMelleHHe HAa NEPBOM THPH-
crope Ha o0paTHoe, U OH 3aKpHBaeTcA. BKJIKYeHHAA MOCIACROBATEILHO
¢ KommeHCaTOpoM RL-pemnouka CAyAHAT AAA OFpaHMYeHHs OGPATHOTO
TOKA BoCCTAaHOBJeHHMA THpucropa (cm. § 2-3). TumoBoe comporusaenne
oroit menogxkn 100 Om, a mEgyxTHBHOCTH — 10 MKIH. EmMKocth KoR-
HZeHCATopa 3aBMCHT OT KOMILICNKCHOTO COMPOTRBACHAA HArPysKH I Bpe-
MEHM BOCCTAaHOBJCHHWA THpPUCTOpPA. MmAMManbHAA €MKOCTE KOHMEHCA-
TOpa B MMKpodapamax onpemedseTcA CooTHOMEHUEM

¢z 10, (22)

H

The tpyxn — B MUKPOCEKYBAaX; Zy — B oMaXe.
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Memod rocaedvsamenvrozo eskarwuenus. CyuwecTseHHolt ocobenno-
CTBI0 ITOIO METOfA ABIAETCA BKAKYCHHE KOHAeHcaTtopa C WOCIe[0Ba-
TeABHO ¢ THDPHCTOPOM, KaK WO-
xasaHo Ha puc, 2-9. Ilpn 3any-
CKe TEPHUCTOPA Yepe3 KOHJCHCA-
TOP TPOTEKAeT AMIOYAbC TOKA M
sapsaer ero. Hasnageamem ka-
Tymkn L ABagerca obecnedge-
HHe 3apAya Ha KoHpencarope C
[0 HANpsiKeHWA GOAbINero, 9eM R
U, Tax 410 TUPHCTOP OKA3HIBACT-
cA CMelMleHHHM B o0paTHOM Ha-
NpaBJeEAN M WTepexofiuT B 3a-
KpuTOC CcoctogHiHe. [lo mocae-
AYOIEero 3alycKa THPHCTODA
KoHteHcaTop C HEeoOXOmUMO pas-
pramuTh.  [as orofl mean cay-  Pue. 2-9. Meropm mocuesosatean-
#uT pesucrop Ry (puc. 2-9, a).  noro BHKMIOUEHMS THDHCTOPA.

B cxeme ma puc, 2-9, 6 2Hep-

rud, sanaceHHasg KOHJEHCATO-

pom C, uoraomaercd couporHBieHMeM HArpysxm Ry. B ofenx cxeMax
NOCTOAHHAA BPEMEHHM QomKHA OHTH Taxol, dYro6wm xompencarop C
mojep:KUBaN cocTogHMe 0GpATHOrO CMemiends THPHUCTOPA B TeuyeHHe
AHTEPBAJA BPEMEHH, HECKOALKO (OJNbiiero BPeMeHH BLIKIUeHd. [lo-
caepoBaTeabHEAA CXeMa BHIKJIHYEHUA ocoGEHHO WOJIe3HA B yCTPOMCTBAX,
paboTaouiuX B MMIYJBCHOM PeH{HME.

2-3. XAPAKTEPHCTMRM NEPER/JIIOYEHHA [20]

B mwo6oit saexTpHYeckoil cucTeMe, B KoTopoii NDOHBBORATCA Iepe-
KAYeHHA, AEHCTBHE KATYIIEK, HIArOBHIX UcKareJeil, BHKJI0YaTesei
HArpy3Kd M T. U. MOKeT NPHBECTH K yBeJNYEHII0 NepexofHbX Hanps-
JKEHHII B OCHOBHOW auHuM nuutanusa. MasectHo, uro obGegHeRuuii caoit
HOAYNPOBOLHUKOBOTO NepPexoja nMeeT WPICYIYIO eMYy eMKOCThb 11 Hepe-
XOJHHI BCHOICCK HANDAKEHHA MeKLY aHOJ0M M KartonoM tupucropa Usy
UpUBONUT K TOABJEHHIO TOKA, 3apsiKamllero sty eMxoctb., Tok sapana
i = CdU/dl moeT oxazaThCAd JOCTATOUHHIM 1JA TOTO, 4TOOH BHI3BATh
yBeaudesne xosuuueHTa Nepenadn o 1 NEPeBeCTH THPHCTOD M3 BH-
KIIOYCHHOTO COCTOAHHA B OTKPHITOE. B 2TOM OTHOMEHNH BA)KHEIM mapa-
MeTpOM SBAAETCA -CKOPOCTh W3MEHCHIA WNanpsKeHIs DHKIYeHHS,
NO3TOMY HIJAA KaMJ0I0 THPHCTOPA B WACNOPTHHX HAHHHX WPUBOLUTCA
Kputudeckad seauduEa dUgyyn/dt B 3aBECOMOCTH OT TEMNEPATY pHl
nepexona. B Tex caydasgx, Korpa Ba)KHO yCTPaHHTL CaMONpPOH3BOJbLHOE
NepeKAoYeEe THPHCTOPa, HA IpaKTiiKe HeoOXOpUMO TpepycMaTpuBaTh
Pa3andHLe MEpH 18 NORABJCHNSA NCDEXORHEIX IPOIECCOB,

Bpems exaiovenus. XapaKTePUCTHKH THPUCTOPA 3aBUCAT OT KOARM-
YecTBa BRI/lEIA€MOTO MMH TENJa, Npll KOTOPOM OHNl COXpamsfiT CBOIO
paborocnocoGHOCTh. IIpH BRIIOYEHNU THPHCTOpA ¢ MOMOMBIO 3amycKa-
WIEro MMIyabca, NWOJABAEMOTO HA YNPABAAIOIMI 3JeKTpol, BpeMs
BRJIIOUEHHA f3i; ONPEReldeTcd KaK BPeMEHHOH HHTCDBA MEXAY UHada-
JI0M 3aIyCKaIoMeT0 MMNUYJabca O MOMENTOM BPCMEHHN, KOrjga NpH aKTHB-
HOWl HATPY3Ke TOX dgepe3 THPHCTOp mocTuraerT 90%, maxcumamabrOro I,.
BpeMs BKNIOueHHS COCTORT H3 /IBYX BDPEMEHHHX HHTEpPBAJOB: BPEMEHH
3a[IEPIKKN 110 YNpaBAAKNeMy 9A€KTPOLY I;n ¥ DPEMEHM HAPACTAaHHSA iyp,
KaK 110Ka3aHo Ha puc, 2-10, a. Ha BpeMa BKAHOYeHHUA CUIBHOE BJIHAHMES
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OKAa3HBACT TOK YNPABJAIMEro dJleKTpoja [y, NpoTeKawmmil Bo BpeMs
HeHCTBIA 3aMycKalmWero WMIyJAbca: geMm Oojblie ToK, NpPOoTeKAIOMuL
qcpe3 yNIpaBJAKNUL 3EeKTPOX, TeM MeHbIie BpeMA BKiKueHUA. B re-
YeHHe BpeMeHY BKIKYeEUs HalpsoKeHHe MEHAY aBomoM It KaToioM Uak
cnagaer oT Uppog 80 Uorkp B MpPoECXORAT OHeTpoc BapacTamile ToKa.
pn nporexaEn yepes THPHCTOP ToKa OoAbWIOH IJIOTHOCTI! B HeM
MOTYT NOABUTBCA JOKAJBHHE TopAdlie Touxkd. fIBnenue noxanpBOrO
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Prc. 2-10. Bpems skawueEns () H BHKAW0YeBus (6) TApuCTopa.

parpesa oco0eHRO 3ameTHO, Korfa (oabllie TOXKI NepeKaloYalTca Ko-
POTKEMH uMIIyAscami. IIpH 3ToM BaKHO, 4TOGH MOIIHOCTb, paccen-
BaeMaR B TeueHie BPEMEHN BKIIOYeHNA, He NPeBHINAJIA NOMYCTHMHX
npeneNoB 1A JaHHEeTo TUPICTOpA.

Bpema eukawuernus. Bpems BBHKJIUYCHNA TaKKe COCTONT N3 IBYX
BpeMEHHHX HHETEPBAJIOB, KaK 9To BUAHO n3 puc. 2-10, 6: Bpemenu
06paTHOTO BOCCTAHOBAEHNA lpoc W BPEMCHII BOCCTAHOBMEHIUS YTIPABIAIO-
mero 3JeKTpoaa ippc. y. Worga NPOHCXOANT BLIKIKYCENE THPUCTOPA,
KOTOpHII Tlepef 3TiM EBaXoMIcs B
OTKPHITOM COCTOSHIN, TPILIOMKeH-
Hoe o0paTHoe HaupAKeHUE BHI3H-
BaeT Nporexamne ofparHOro Toka.
Bpemenem ofpaTtrOTo BOCCTanoBae-
HIf HA3HBAeTCHd LIHTePBAT, B Teue-
Hile KOTOPOTO IPONCXOANT BHGpoc
TOKA 11 cTabHAN3aluus ero sHaveHnn.
dateM cieflyeT BpCMSl BOCCTAHOB-
JeHlsA YMOpaBAAIQIIETO 3ACKTpoja.
ITOT Teprox BpeMeRH Heo(Xomgnm
14 10r0, 9tobel obegHeHHHIT cioi
uepcxoga I, B poctarouHoii Cre-
IIeHIl BOCCTAHOBIWI CBOM CBOICTBA I
Mor G cHOBA GroXIPODATE HAUPAieB1A BUAOTH 10 L'ypos. CyaMapHOe
BpeMA OT Havala INPoTekdaHnA o0DPATHOTO TOKA BOCCTABOBIEHNA [0
Rauala GIOKNPOBAHIA NPAMOr0 HANpAHeHNA HBAsHBACTCA BpeMeHEM
KOMMYTALMI [EMIl IIPH BLIKIIUYCHIN 1y,

OcHoBEBIMI daKTOpami, KOTOpHe OKa3WBAKT BANAENe Ha BpeMs
BEIKJIIOUCHITA THPICTOPOB, ABAAWICH TeMIepalypa NepPeXomos, TOK BO
BRJIIOYEHHOM COCTOAHUM II CKOPOCTH N3MEHeHWS TOKA di/dt BO BpeMsa
Hepexofia W3 BKJIOUCHHOro B 3AKPMTOE CoCTOMENE. RpoMe ykasamHHX
GaxTOpoB Ha BpeMs BHKIIOUEEWS BINAIT W EEKOTOPHC Jpyrie, TaKde
Kak IpaMoe OAoKNpymee HampsiKernile, YPOBEHL 3anycka ynpa-

o4

Puc. 2-11. Cxema ynpasiemrus
MOCTHKOBHIM  BHIIPAMIITeNIEM C
NOMOIbIO THPICTOPA,

BJIAIONIETO JJIEKTPOAa M CKOPOCTH M3MEEeHWS BEOBL IIPHJIOIKEHHOTO
NpAMOTO HANDAXKeHNS.

Tlpu ncnonb3oBaHEN THPHCTOPA B CXeMé OAHONOJYHEpHOTHOTO
BHNpAMATend Ba uacroTe 50—60 Tu orpuparenbEWi# Doxymepuop
CAHYCOHNOH COOTBETCTBYET B3aKPHTOMY COCTOSHHMIO. B cxeme mByxno-
N yNepuogHoTO MOCTHKOBOTO BHIpsmuteas (puc. 2-11) mer obparmorp
HaUpA:ReHNst, KOTopoe Morilo 6bl meperogATh THPHACTOP B BHKJIIOYEHHOE
coCTogHUE, NOATOMY HANDAKCHIe Ha BHIXOfE€ MOCTHKA [OKHO OHTH
O4€Hb MaJsnM, OJIBKHM K HYJI0, RJIH Ke Heo0XogWMO yMEeEBINHTH TOK
BaTpPy3Ku [lo 3AaYeBHH, MEHbUINX ToKa yaepkaBusa Iyg.

2-4, IPUMEHEHHE TAPYICTOPOB

OcuoBHOU 061aCTBI0 TIPIMEHEHITS THPHCTOPOB ABAAETCA YIpaBJie-
HUe MOI[HOCTBIO, TlepefaBacMoil oT HCTOYHHKA B BAarPy3Ky.

Ynpasaenue moyHocmuio nepemennozo moka. Ecau NpHJIOoKEHHOe
K OJJHOMY THPMCTODY HAIPA:KCHUE MOy aBogoM H KatogoM U,y MMeer

Uy
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I.V-UT \/{\ Iy-ar : :
o | o | I
| N o N I N
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Puc. 2-12. Yupasieane THPHACTOPOM nyteM ¢azoBoro ciBHra.

cuayconganbEyi0 $opmy, OF OyneT BHIKIKOYATHCH B TeUeHNe KaXKqoil
oTpmiaTeabuod TONYBONHW NPH yCAOBUM, YTO AANTEABBOCTH HOAY-
nepuona GonbUic BpeMeHM KOMMYTAUMRE I Ipu BeikAodeHnn. Korpa
TOK YNPaBJAKILETo DJEKTPOfa SBAAETCA CNHYCONJAJbHEIM N WMeeT
Ty JKe caMyl0 4acToTy, uTo i Hanpmxenne Uyy, obpamascs k puc. 2-12, g,
MOIKHO NPOCAHTL, KaKHM 0GpasoM OT OTOHPAKmero Toxa ynpaBifio-
mero anextpoga Iy, oy 33aBHCHT NINMTENBHOCTD OTKPHITOTO COCTOSHASA
THPUCTODA BO BpeMA NOJO;KHTENbLHOTO WoJaymepdoga. OueBnpHo, 91O
4acTh LOJOXKHTEJBHOIo TOJYNEpuOsa, B TedeHHe KOTopoil THPHCTOD
HAXONUTCA B OTKPHITOM COCTOAHNI, MOXKer perynnponaTbCH nyreMm
maMeHeHHA casara QasHl MeKNy CHIEaloM, [ogaBaeMHM Ha yIpa-
BIAIOMNA 3NEKTpod, N HANPAKeHHEM, NpHIOMEBEHM K THUDPHCTODY.
dra s3aBuCuMocTb BNAHA M3 puc. 2-12, 6. Kak mnpasmao, BO BpeMs
OTPRLaTeNbHON NOJYBOJHH HANpMKEHUS 3aNyCK THPUCTOPA NPOU3BO-
nuth He ciaenyer. OpEWM U3 IyTeil YyCTPAEEENS BO3MOMKEOCTH 3alycKa
THPHCTOPA NPHE OTPUOATEALHOI NOJYBOJHE ABJIAETCA NMofada MOA0MKH-
TeJBHOTO 1IMIYJIECA Ha YRPaBAAOIMAIL DJeKTpof B cXeMme, Ie 1Ba TAPH-
CTOPA BKJIO4eAH NapaifieabHo, BEO B NPOTABONOJIOKHWX HalpaBaeHNAX.
Cxema Taxoro BKalOWeEWst LokasaHa Ha puc. 2-13. Tox dvepes Ha-
rpysKy Iy HaunHaer npoTeKaTh ofHOBPEeMEHHO ¢ IoAadeil OTHWPAIOMIEro
AMIOyAbCa KA ynpasAAOMMi 2JIeKTpo, a BHKIKNYeHUE TOKA [1POMCXORHT
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OpHE ero yMeRbUIEEWH HIHKe ylepiKHBawmero toxa /yy. Bennumaa sa-
DepIKKIL MIYJbCa ¢y HA3EBAETCA YTIOM 3amycka; maofopor, yciopma
3allyCKA MOKHO ONHCATh C HOMOIIBI YIJa OPoBONUMOCTH @g. Ilyrem
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Prc. 2-13. CxeMa mDapaaielsHO-IPOTHBONOAOKAOLO BKIANUYCUHA TH-
puCTOpOB 1A ynpaBJelldf B NCOH NePeMeRHoro ToKa.

W3MeHCHIIA YTIa 3a0yCKAa MOMKHO PCTyJHpPOBAaTh TOK B HATPY3KC OT
HYJA 0 MaKCUMAaABAOLO Jolycrumoro snaseausa. Onmaxko mpu cuny-
COMIANBAOM CuTHAJe, YIOPABIAEMOM TakuM cunocoloM, aMILINTyaHoe
H CpejlEeKBApaTUIECKOe 3HAYEHNA TOKA HeJb3A CBA3ATh MLy Cofoit

OpOCTHMY CcooTHOmeRHAMMU. I padu-

¥n,2pa0 9eCKn 9TH BaBICHMOCTH IIOKA3AHH
p 180750120 9|0 5[0 310 0 ga pre. 214,

o K pome paccmotpeHHOr0 $azo-

ol BOTO METOJA MOKNO 1CIOJB30BATH

Inay 1 MCTONL YOPaBJIEHNA  OCPCMEHHKM

wlh TOKOM B HAarpy3ke, OpH KoOTOPOM

2 yIpaBJienRlie OCYIMECTBARCTCA LCJH-

M nepnogaMu. Ilpn stom nmmy-

20~ JbCBl HA YNPaBAAOMINI 3JICKTPOI

| ¢ Ooja10TCA HEIOCPENCTBENNO Cpazy

noclle TOTO, KaK HANpAMKeAUe OT
LCTOYHIIKA  mepeccKaeT  HyJeBoit
YPoBenb, U B TedeHNe 3aJaHHOIO
HATepBajJa BpeMeHHn (LATEpPBAT yC-
PeIHCHUA) BAIpy3Ka HNOJAKIIOYCHA K
ICTOYRNKY. 3a 9TO BpCMA  uepes
HATpy3Ky LPOXONT HCCKOIbKO lie-
JBIX TCPIONOB TOKA. OJTOT METo[
MOKeT UPHMeHATRCA JUIA yIpaBJeRna mojadeil MOMHOCTH B HArpy3-
Ky ¢ Gombmoil MocTOAHHOI Bpemenu, T.c¢. ofnajammeil ycpensio-
muM peficTBHeM Ha yacToTe 1ICTOUHIIKA NNTaANA.

.anamenue MOUHOCMLIO nNOCIMOAHIIN20 MOKA. B cxeMe, IioKasap-
g0ii ma puc., 2-15, THPHCTOP ICHONB3YETCA B KAauecTBC BHKJIQuATEJIA,
ITpm oTKpHITOM COCTOAHIN TIPHCTOPA MANpHIKeHHe HA HAIDYy3ke PABHO

— Uorkp, @ OpH BHEKJIOYCHAOM — nynio. IIpu paBERIX wnreppaiax
BKI0YeHMA U BHKIIOYCHIA Tipucropa (pme. 2-15, 6) cpepmee wanps-
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Puc. 2-14. 3amsrcumocTtn cpenge-
KBajparngeckoro (I) ® cpea-
Her0 (2) 3BHaveHNl TOKa oOT

@, 1 Qg

skegne Ha marpyske Ucp pamHo 1/2 (U — Uorkp), a mpm nw0buX ApYy-
riX COOTHOUIEHHAX MEMIY WHTEPBaJlaMH BRJWYCHRS M BHIK/10YCHAA
(pmec. 2-15, )

Uep=(U— Usrxp) (#) (23)

(tpicn — tBBign)

Ynpesasexwii eunpamumeasr. OpnHonoaynepuonasie, AByXIrojyne-
puopaLlie H MOCTUKOBHE BHIDAMHATENH MCHOAB3YIOTCA AJIA Npeobpaso-
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Puc. 2-15. TIpuMeaenne TRpOCTOpa B KadeCTBe K/0Ya B HeNH NOCTOAB-
Holo ToKa,

)

Puc. 2-16. MocTturoBasa cxeMa BHIOPAMHTENA € THpPUCTOPaMHA.

BaHHUA NepeMeHHoro ToKa B nocrodgsmHil. Ilonpo6ao paGora BEHIpAMA-
Teaed Oymer pacemorpema B ri. 7. Ha puc. 2-11 ye GHx mokazam
METOJl, KOTOPHIH I03BOJIAET OCYIIECTBJIATH YINPABIECAM® MOIIHOCTDHIO
DOCTOAAEHOTO TOKAa B HArpy3Ke, NATaeMoil OT HCTOYAMKA NepeMeHHOTO
ToKa. B 9Toil MoCTAKOBO# CxeMe AHOAN MOKHO 3aMEHNTH THPICTOPAMH,
KaK 8To0 mokazamo Ha puc. 2-16. Bo BpeMA moI0uTeNBHOR 1:01YBOJIHH
HaupAKeAus oT WcrogHNKa nuraBnsa U tapucropu T m T3 MoryT 6Hrh
OTKDHTH, OpPAYeM AJANTEIBHOCTE OTKPHITOTO COCTOAAWNS OUpepeifeTcd
azoll 3a0yCKaOMAX UMITYJIBCOB, TOABAEMHX HA YIPABAAXIHME 3J16KT-
poa ¥,. B 1cueane orpunarednHoil NoayBoaaE Gaaronaps BoajeiCTBHIC
HMOYJABCOB HA yrnpapafoliuil snekrpos ¥, GynyT oTKPHTH THPHCTOPH
Ty v T,. Momumocts mnOCTOAHHOTO TOKa, HojgaBaeMasas B HATPY3KY,
OIPeneasAeTCA YTJOM NMpOBOABMOCTHE (Pr.
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2-5. BJIRIHAE HATPY3RH

Axmusnaa uacpyska. Ha rpaguwxe BHa pHe. 2-5, ¢ yrojl HaKJIOH2
HATDy30UHol JIBANHE oNpeyelAeTcsa CoNpoTHBleHHeM HArpyskd Ry ==
= U/I,. B nwGoii MOMERT BpeMeHH Hanpr:KeHHe Me}ny aHOAOM H
KatopoM THpHCTOpa Usx DaBHO HanpasKeHEI ncToumuka U 3a phive-
TOM DaneHHA HANPAXKeRUA HA conpoTEeiaeHnu Harpyskdi Usk =
= U — Upy. llpoBenennan TaxnM o6pasoM HArpysoduHaf JIUHHA IOKa-
3biBaeT, 9T0 MAKCHMAaJbHoe 3HAYeHHe TOKA 4epe3 yNpaBaAKIMAA DJeKT-
poa anA ofecnedenud 3amycka papHo ly;. B MomeHT ormmpaBBA THpH-
cTopa HanpAIKeHWC HA CONPOTHBACHUM HATPY3KE pPaBHO NANEHIK
HanpAeRAA, ofyclopieHHOMY ToxoM yaepKaHEA: Uy = U — Ujgap.
IIpu BxANYEeHHOM COCTOAHAN TEpPHECTOPA

Un=U—Uoprrp:

Enrocmuas naspyska. Korpa tupuctop paboraer Ha Goabliylo
eMKOCTHYI0 HATPY3Ky, Kax NoOKazago Ha puc. 2-17. a, npm OrieTpom

Prc. 2-17. BaurAne emxocTHo# Harpyaku.

BKJIOYOHHA THPUCTOPA 3apALHHIN Tok depe3 KoHmeHcatop i = CdUjdt
Mosker JocTArark Goxpmoro 3HademuA. IlosToMy Ha npaxTExe, Kak
Opapuilo, MIA TOro 9ToGH OIPAHHYMTH TOT TOK 3HAUEHHeM, JOLYCTH-
MEM IR JaHEOTO TEPMCTODA, NoCjefoBaTe/lbHO C THPUCTOPOM BKJIIO-
qalor pesdcTop. KpoMe Toro, €CNIE B WHTepBAaJe MeILy AByMA Nocaeno-
BaTeJLHHMH BRINYEHHWAMH THPHCTOpA HAa KOHACHCATOpPE COXPaHAOTCA
AanpAmenue Uy, KaKk 3To AMEET MeCTO B ONHONONYNEPUONHOM BHIIPA-
MuTelde, TO BXOAHOe HalpAsKeHHe Tepell 09opesHEIM BRIIUOHNOM THpU-
CTOpa AOMKHO GHTEH Goablle HANpPA:KeHHA Ha KOHJeHcaTtope. DTo ABJe-
HHO NpPEBOANT K YMEHbIEHHWIO yIJla OPOBOAMMOCTH @y, UTO BHAHO H3
prec. 2-17, 6.

Hndyxkmuenas naepyska. OcRoBHOe BIMABMe WHAYKTEBHON Da-
FPy3KM HOKa3aHo Ha PRC. 2-18 Ha upEMepe cXeMH ogHOMONYUEPHON-
HOTo BHIOpAMuTENA. Korpa HagmHaeTcA oTpHUATEeNbHAR IoJYBOJHA
BXOHOTO HANDAKEHNA, THPHCTOD erie OTKPHT M DHEPIHA Nopefaercd
OT Harpysks B HCTOUHHK. [lo HCTedeHEN HeKoTOPOTo WHTEDPBaJNa Bpe-
MeHE § TOK OGDAaTHOTO HAaUDaBJeHMA CuajaeT 10 HYJIR H THPHCTOP
3axpupaercA. Ecaun B CXeMy BKIIOYHTH [HOAN, KaK NOKazaHo Ha pu-
CyHKe, TO NPHE CMCHe NOJAADHOCTH BXOAHOTO HANDAKEHUA TOK B3AMK-
HOTCA 4epe3 ITOT AMOA B TEPHCTOp pHKmodaTcA [21]. Buxonmoe Ha-
TNPAMNeHAO UPH 3TOM OCTAHETCA TAKAM Ke, KaK H OPH axTUBHOH Ha-
rpysxe. Cpenmee 3HaueHHe MOCTOAHHOrO BHIXOHOTO HAUPAKOHHA B
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cxeMe Ha puc. 2-18 npu CHEYCOMIANBHOM HAUPAMEHHH HA BXOAS
E sin @t pasHo:

E
UL=n—ﬁ(i+cos o). (2-4)
i / A\
z N7 L
-—>—{I<— \v/ 5) \V/ ,
, [\T ,
o ;\K‘/ N4
—ot b= i

a,) 8)

Pue. 2-18. Buansaile WHIYK1IBHOI HATPY3KU.

a — ofHollonyNepuonsi BHOPAMUTENb; 6 — TOK IpH anTHBIIoOR Harpyske, ¢ —
TOK NOPU HHAYKTUBHOH narpysxe.

U1 Esinet

o}

Pnc, 2-19, YnpapaeHHe ¢ NOMOIILIO THPHCTOPOB B CXEMC [IBYXIIOIY 1o«
PUORHOTO BLIIIPAMATEA.

a — BYXIOJyOepMonHui BEIIPHMUTeNb; 6 — BXOAUOe HANpPAHHWe; 6 — TOK
E MARNYKTUBHOM Harpyaxe 0e3 [UOMNA; 2 — TOK B aKTMBHOI HArpyske.

NANVAN
Ry \/J)\/

sl AVAYARS

\\_’/ B) \ v/

B cxeMe IBYXIOAYmepHUORHOLO BLIIpAMUTeNA (puc, 2-19) pHXopHO®
panpr:xeHue Oyner B 2 pasa Goubiue.

2-6. HOMIHAJBHBIE TAPAMETPb! THPICTOPOB

Brfop TupucTopa AJA KOHKPETHOTO NPIMEHEHHA 0CYIeCTBARCTCH
o0 Cro MaxCuMaJabHO ﬂ,Ol’lyCTHMOMy TOKY 11 OOMIIHAJAbHOMY naInp#xe-
HHI, KOTOpHE YKa3HBAlOTCA B INACMOPTHHX JamEbX, HoMuHEambHLIA
TOX 3aBuCHT or pafodeil TeMNIeparypH TOPICTOPA, 2 MAKCUMAILHO
AONYyCTiIMaA TeMuepaTypa ABJIRETCA NACNOPTHOM BeJHINHOH.

Homuraabnoe cpednee anauenue moxa. MaKkCHUMAJBHHEIH TOK, KOTO-
PHM MOH(eT YOpaBjJATb THDHUCTOP, OCNPeJleHETCA B 3ABMCHAMOCTII OT
TOMOepPaTYPH U yria IPoBOLFMOCTH. YIOd NPOBORUMOCTH 0GHYHO
prGupaeTcA pasnmy 180°. IIpm oToM TrpncTop B oamodasHod cxeme
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¢ aKTHBHOHM Harpy3Ko# OTKpHBaercsi cpa3y ’Ke, KaK TolNBKo Ha ero
agofie MOABAAETCA NONOKHUTeJbHAA MONYBONHA HanpA)KeRUs,

Huxoeoe snauenue mora. DTOT mMapaMeTp mpemdasHaueH A TOTO,
906N MoKa3aTh BOBMOMKHOCTH TEHPHCTOpPA BRIEPKMBATH OEPerpysku m
EpaTKoBpemeHHHe GpOCKE ToKa IIpu cAydaiiHoM KOPOTKOM 3aMbIKaHHA
B cXoMe. 3HAyeHWe mapaMerpa IPHBONATCA B BHAe NHKOBOIO 3HAYCHRSA
ToKa B TeueHHe OHOTO MEpUofa IPEIOMHKEHHOTo K aHOAy CHHYCOMAANb-
HOTO HaNpAKeHEA pasNAdHO} YaCTOTH, KAK mpaBuio, 50, 60 m 400 i,
Kpome Toro, nprBogEMHe B HNACHOPTHHX JAHHHX KDHBHE IHKOBOTO
BHAYeHUs TOKA NOKA3HBAIOT, KaK 2TH BeJIRYRHEl M3MEHAIOTCH, CCIL
VCJIOBHA MePelPYSKA COXPaHAIOTCA B TeueHMe Gonee opEoro mepuopa.

Homunaabroe nenpaxenue. DTOT MapaMerp MAGTCA [AAA IPAMOro
¥ ofpaTHOro HANPAMKEHHMH MW OUpeAeNAeT MaKCHMAILHOO MOCTORHHOE
HAOpPAJKeRRe, KOTOpOe THPUCTOP MOeT IepeK/alo4aTh, He IOABEPrasch
upoGolo. 3HAYEHRA TapaMeTpa UPHBORATCA AAA HAaNpAXKeHRA Ha ynpa-
BIAIOMEM aJeKTpofie, paBHoro Hymo. Ecanm noCToAHHoe OpaMmoe Ha-
OpAKeHHe oOKaKeTcs Gonbile HOMHWHAJBHOTO, NpPOW30ieT JaBHHHCE
BapacTaH®e ToKa, HO OPHE 3TOM THpHCTOp coxpaHAer pabotocnocos-
HoCTb. ECAR jke NpeBHICATE HoOMmERAaAbHOe 00paTHO® HanpHA:KeHMo,
WpOW30UeT NABAHHLIA Npofoi, B peaynbrare KOTOPOT0 THPHCTOP MOMKET
BHETH N3 CTpoA.

Homunaavnas memnepamypa [22]. TennoBas 3HeprHA BHEAAETCH
D THpECTOpPO® B pe3yAbTate HOTEPs B HOM IOPH OPOTEKAHUIl HNPAMOTO
¥0Ka, 06paTHOTO TOKAa B 3aKPHTOM COCTORHWM THPHCTOPa, NOTePb B MO~
MEeHT BKIIOYEHEA H BHIKJIOYEHHA, NOTOPh B YOPABAAKINEM DIEKTPONE.
JnAa Toro yTo6H paccenBaTh BHAEJAIOMYKICA TEILIOBYI DHePIHIO, ie-
00X0EMO MOAZePKNBATh TeMOepaTypy HOPeX0fgoB HINKC MAKCHMaJABHO
ponycTAMoii. CpaBHETeJAbHHE BO3MOMKHOCTH Depefiaid TenJa0Boil 2Hep-
THH OT OfHOH TOYKHE K APYroii ymo6HO KOAWYOCTBEHHO OLEHNBATDH C MO-
MOIBI0 TemJAOBOLO COnpoTEBAEHNA. TemaoBHM CONPOTHBIEHNEM HA3H-
BaOTCA BeAMUHHA, XapaKTepu3ylomad, KaKoe CONpOTHBJIeHue OKa3H-
BaeT aEHoe yCTpoficTBO TemaI0BOMy LOTOKY, M BHpakaeMmad B Ipagy-
cax Uentcma ma Barr. Ecam oBosmaulth depes T'pep — TeMmeparypy
nmepexopa THPHCTopa, a geped Tyop — TeMmepaTypy Kopmyca, TO TeH-
J0BOE COUPOTMBJEHHO MEKOY OepPeXonoM M KoOpIycoM OGymer paBHO:

Rnep—nop = (Tnep - Tkop)/P'

rne P — noToK MOIHOCTH, NepemaBaeMoii or mepexoga K Kopoycy
THPACTOpa. TemmoBoe COMpOTEBIeHEe MEMKAY KOPIyCOM W OKpY)Kam-
meit cpegoit B rpagycax Ileascua ma BaTT Ipu TeMIiepaType OKpy»Kalo
meji cpems, paBHOU Toxp, MOKHO BHpasATh aHAIoTHuHOH QopMmyaoii:

Ryop-oxp = (TROP_TOHD)/P' (2-5)

Ilna Kaskmoro THPACTOpa B NACHOPTHHX JAHAHX YKa3HBaCTCH
HAM MaKCEMAJIBHO [JONYCTHMAA TeMIlepaTypa NOPeXoga, il MakcH-
MaabHO MOMYCTHMAA TeMumepaTypa kopumyca. HpoMe TOro. mOMKHH
TaKKe MPHBOZETBCA TpadMku, BHA KOTOPHX IOKa3aH na puc, 2-20.
Ha nepBom rpadike npuBefeHa 3aBHCHMOCTb PacCeHBAEMOR MOIIHOCTH
THpPHCTOpPa B B3aBHCHEMOCTH OT CpejHero 3HA4YCHMA TOKA Yepead HCTO
B OTKpHTOM cocToAHNnE. M3 npyrore rpadmka MoHO MONYYHTE MAKCH-
MaJbHO JOMYCTEMYIO TeMIepaTypy Kopruyca mpH PasiuguelX TOKax H
yriax npoBOAEMOCTE 0PN CHHYCOMAANbHOM CHTHAJZe M aKTHBHON Ha-
rpyske. Ilonb3ysAch 3TEMU [aHHLIMA, MOKHO HalTH TemjoBoe CONpPO-
TEBJIeHHe TeNN00TBOJA, KoTopoe HeoGxogHMo MJIA paloThi TUPHCTOPA

60

B MoOHX 3aJaHHHX yCJIOBHAX W, CJe10BareJbHO, BHGPaTh cTARNAPTHHIA
TEeINIOOTBOA, ¢ TPeGyeMEM TeNIO0BHM CONPOTHBIOHHEM.

Haopemep, BeoGxomuMo o06eCUOUHMTh YOPABICHEO MOITHOCTHIO,
nepefaBaemMoii B Harpysky coopormBiesmeM 80 OM or mcrouymmKa
OATAHWA, NMelomero HanpAmenme 240 B u wactory 50 T'm. Temmepa-
Typa OKpy:Kalomeil cpegn paBma 45° C. Yronl nopoBoREMoCTM THpPR-
cTOpa MoKeT WaMeHAThCA oT 30 go 120°,

BuGepeM cxemy, npmBefileEHyI0 Ha puc. 2-13, B KoTopoif Kayxmmit
TllpHCTOp MOXeT ompmna’rbcn Ha BpeMﬂ qcpeu,ylonmxcﬂ OO0JYBOJH
ClUNYCOHAR NPOTHBONOAOKHOU HOJNAPHOCTH. AMINUTYJHEE B3HAYCHHA
Hanupsxenna U .. ® Toka I .. GynyT CoOTBeTCTBEHHO PaBHH Upax =
= 240 V2 = 340 B; I _ = 340/80 = 4,25 A.

max

°C

BT|P TK”F
8 90 MocmogknsIl MoK
6 80l
hfm————- | 701
I 180°

2 : 50 L

| 1 : l | Ig 50 I
0 1 2 3 4 A o 1 2 3 % § A

Puc. 2-20. Tuoosnle rpadHKM.

Ucnoabsyem Teneps rpadukn ma puc 2-14. Ilpm yrae mpoBopm-
MocTr 30° cpemHOKBAJpATHYOCKOe 3HAYeHMe ToKa cocraBamer 12,5%
aMILIATyAHOTO 3HadeHus, unua 0.5 A, a cpenHee sRauenme ToKa — 5%,
i 0,2 A, Taxum ke ofpasoM m3 rpaduKoB HaXOAHMM AJAA yIaa Opo-
BopumocTn 120° cpemHeKBagpaTlldeCKoe B3HAYeHHO TOKa — 65% aM-
oanTygs (2,75 A), a Cpemmee 3HauYeHNe ToKa — 489 (2 A).

BuGupaem tupucrop tuona 40554 ¢upmm RCA, nmeromui exeqyio-
mHe NacOopTHHE JalHKe; aMOJIATyga obpaTHoro mHanpskeHHA 400 B;
addeKTRBHOE 3HAUEHHE TOKA B OTKPHTOM COCTORHUE 5 A IpH TeMIepa-
Type +60° C Ha uactote 60 T'm. OueBngHO, YTO THPHCTOP C TAKEMH
napaMeTpaMy BHONHe YJOBACTBOPAET 3afaHHKM TpeOUBAHEAM.

H3 puc. 2-20. ¢ mpu cpegmeM 3HauYEHHEW TOKA, paBHOM 2,9 A,
HaXoJUM paccenBaeMyl0 MOIMHOCTH IPH OTKPHTOM COCTOAHIH THPHCTOPA,
KoTopaf pasHa 4 Br. TaxuMm ke o6pasom ma rpadukos Ha pHe. 2-20, 6
UpE yrae npopomuMoctE 120° HaXoAUM, 9TO MAKCUMANBHO MOIYCTHMAs
TeMnepaTypa wopoyca paBHa +70° C. IloatoMy ecau mpennoio:KuTsp,
49T0 MEKIY THPHCTODOM M TeIJIOOTBOXOM HMeercA XOPONEA TenaoBoi
KOHTAaKT, TO TOHNOOTBOL NOMKeH HMeTh TellloBOe COMpOTHBIEHUO

Ry =(70-—45)/4=16,25°C/Br.
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2-7. XAPARTEPHCTHKH YNPABJIEONA

Ilocne sHGopa THIA THPECTOpa, KOTODHIl YHOBJETBODPAeT 3ajaH-
BHM TpPeGoBaMMAM 10 HaFrpyaKe, OCHOBHON 3afaveil NPOeKTHPOBaHMA
ABnAeTcA paspaloTka cxembl ympasjemma. Hamnywmmm oGpasom a1y
33749y MOKHO DEILMTh C OOMOMBIO XapaKTePHCTHK yNpaBieHHA, dopma
KOTOPHX noKaszaHa Ha puc. 2-21. DTA XapaKTePHCTHKM Ope/CTaBARIOT
co60# 3aBMCUMOCTEL YIPaBNAWIIETO TOKa [y OT HampsyKeHHA Ha yInpa-
BIAOIIEM 2JMeKTPOje OTHOCHTeNBHO Karoma Uy, y ANA THIOBOTO THPE-
cTopa magoii nm cpegmeil mommocti. Ha oTHX JKe rpadmxkax HaHeCeHH

B

*+125°C

] | | | | | | | IH
0 0,7 0,2 0,3 0,4 05 06 07 08 039 A

Puc. 2-21. XapakrepncTHKH yIpaBJeHHA THPHCTOPOB MaJoil M cpef-
Hefl MOIIHOCTH.

1 — 0,5 Bt npu padouem uurjae 100%; 2 — 1,0 Bt npu paloueMm mmakme 50%, 3 —
2,0 Bt (MaKcMMajbHad MOIHOCTb YIPABJAOIEro 3JEKTPOnAa).

IBe KDHBHE, onmpefendwiMe IPaAUIHE paGodgeli o6nacTE or Temmepa-
Typi —55° o +125° C. Ecam yuects 3axon Oma R = U/I, To HaxioH
moGoil JummM, MpoBefileHHONl HA BONBT-aMIEePHHIX XapaKTepHUCTHRAX,
npescTaBasger coboit comporusnaeAmMe. Takmm ofpasom, BXOLHOE CO-
npoTnBJcEHe YIPaBJIAIIETO NEKTPOJA ABJAETCA AKTHBHHM, IMpUdew,
KaK BHAHO 113 TpaduKoB, OHO MAaKCHMaJBbHO IpH Temuepatype —55° C
1 MHHHMAaJbHO mpn -+125° C. CunegoBaTenbHo, npm GoNlee BEICOKOM TeM-
Hepatype AJA 3aIlycKa THpHCTOpa TpelyeTcA Gonee AM3KOe HANpAKeHHe
Ha yOopaBJdgouem SJ'IOKTPOJIQ.

Ha pne, 2-21 mrpuxonbkoil supenena ofmacTb, B Ipefenax KOTo-
poit sanyck Tupucropa anGo HesosmOed, NuGO CTAHOBHTCA HeyCTOI-
auBruM. [ToatoMy nwoGas AHEHA Harpy3k® [IOJKHA OpPOXOJHTh NpaBee
OyAXTHpHONt nuaMH. Mommocrs, norpeGnAeMad OT MCTOYHHMKA CHTHANA,
KoTopag MoKeT OnTh Ge3 ymepGa pacceAHa YIPABJAAIOWMM 3JEKTpo-
[OM, 3'§Bucnjr OT BpeMeHH, B TeTeHHe KOTODOTO Wepe3 YNpaBlglomuit
aJekTpon mpoteKadr TOK. ITo BpeMA HABHBAKT palounm LAKIOM.
Ecfin, manpmmep, mpn nepmogngecKoM lepexMOYeHHH THPHCTOpPA M-
NyJbCH TOKAa yOPaBAAKOMEro ajlekrposa [y 38HAMAIOT YeTBEPTYIO JACTh
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Meproma NepekJadeHNA, T0 pabounil LUKA coctaBiader 25%,. B rage-
cTBe mpumepa Ha rpadmKe MOKAZANH TPU JMHUH MOmEocTH. JInA jam-
Horo pabovero HMKNAa JNEHMA HATDY3KH [OJKHa TpOXOAUTEH JeBeo
COOTBeTCTBY KO AmEuM MommocTH. Takmm obpascM, NMoKasaHHHE Ha
PECYHKe NVHPM Harpy3k#m I m J] dBAAKOTCA NpegeJbEEIMA A pa-
Gouero nukaa 100 m 509, cooTBercTBoHHO. TaK Kak aTH JUEAM ABJAATCH
rpaBAIALIMA, paloude JIMHHM HaTPy3KM Clenyer BHOupaTh JleBee OT
HAX.

Conpomuesenue ucmounuka ynpasiswwur cusnatos [23]. Compo-
THBJAEHLE IICTOYHNKA YOPABJAAIOMMX CUTHAJNOB MOKHO OnpenednTh H3
rpaguxos Ha pme, 2-21. HaBectHO, 9ro oT HCTOYHIIKA B HArpysKy
nepegaeTcA MaKCAMajJbHAA MOMHOCTE IpH pPaBeHCTBe CONPOTHBICHHI
HNCTOYHHMKA W Harpysku. ClemoBaTtelbHO, IpH 9TOM HafieHME Halpsdike-
HHA Ha HATPy3Ke COCTABJIAET NOJOBHHY NPHJIOKeHHOTO HAalpAXKeHHA.
Jonycrum, uro manpAzenne Uy mogaeTcA Ha ynpasiadlomMil odeKkTpop,
uepe3 pesHcTop Ry. Makcmmym mepepasaemoit mommoctn OymeT umerdb
MECTO B TOM Clydae, KOrfa HajgeHHe HANPMKEHEA Ha YIPABIAOILCM
onexTposie paBHo Uy/2. IIpm 5TOM MOmMHOCTb, NOABONAMYI0 K ynpa-
BJAIOIMEMY 2JIEKTPOAY OT MCTOYHEKA, MOXKHO BHpasuTh GopMyJoil

(U,.)‘-’i Uy

=) Ry iRy

Ecam oGosmaunTs wepes P nax MAKCHMAJbHO MOMYCTHMYIO MOII-

HOCTH, DACCEeMBAEMYI0 YIPaBJIAWOMNM OJNEKTpoAoM, TO OIS paGouero
IUKJAa, PaBHOTO Z NPOLEHTAM, MOKHO 3aIllCaTh COOTHOIIEHIE

z Pymax
100  Uy/4Ry’

OTKY/IA
«U3
Ry— Y | (2-6)
¥ 400Py oy
Hanpnyep, mpu Py, = 0,5 Br, Uy =6 B 0 pabogem muxie

100%, conporuBneaue Ry paBEO Ry = (100-36)/(400.0,5) = 18 Om.
910 COnpOTHBJICHHe [JIA MaHHHX YCJOBUH MpeacTaBlieHO HArpy30Y-
Hoil AnHuMe#r [ Ha puc. 2-21, AmacrorudHO Ha 3TOM DHCYHKe HArpys3od-
Hag AwAHA I] nmpemctaBliideT CONPOTHBIEHIIE MCTOYHMKA IAA CICAYIO-
X YCHOBRIi: Py max = 0,5 Br, v, = 5 B it paGounit muxa 50%,.
Hoxnunaavhblie zapaxmepucmuru czreubl ynpaéienus, XapaKTepr-
CTHKW 1 IpaHMIB pabogedl o6iacTH THPHCTOPOB MEHAWTCA OT OJHOTO
ofpasma Kk gpyromy. OnHAaKO CYmecTBYIOT HeXOTOpHe obmue orpaxirae-
HIIA, XKOTOpHe CIpaBeJIUBE AR BCEX TUPHCTOPOB, H MX MOMKHO HCIOMb-
30BaTh B KadeCTBe OCHOBHBIX NPHHINIIOOB Opi1 OpOeKTHpOBAaHNII.
Maxcumansao pomycTHmas paccensaeMas MONIHOCTE YIPaBiAO-
mMero 3neKrposa B HelpepHIBHOM pejkiMe cocrapaser 0,5 Br mpu na-
npr:xeruy ve Godee 10 B u toxe He Gomee 2 A. Tlpn HMMIYJAbCHOM De-
JKMMe PaGoThl MAKCAMAABHO AONYCTHMAR HAMIyJbCHAasm MOILHOCTL YBe-
JAYABACTCA ¢ yMeHbIDeHHeM [JIATeNBHOCTH 1MNYJAbCOB. HexoTophe
¢mpmH, uasroToBMAKmEMe THPHCTOPH, BMECTO XapaKTepHCTHKU MOmI-
HOCTH 1A TpexX 3HaueHMil paGouero mAkAa, MOKA3aHHEX HWa puc. 2-21,
OPUBOAAT X8PAKTCPHCTHKH MAaKCHMAaJbHOR MOIMHOCTH, CBA3AHHHE ¢
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LEATOIPHOCTBI0 MMITYNBCOB, MONABAGMEX Ha YMpaBAAIOIMA 3JOKTPOL.
B KauecTBe MPAMOpA TAKME XapaKTePUCTHKE MpUBeleHn ma puc, 2-22,

Npr TeMmeparype 25° C TupHCTOP He OTKpHBAaeTCs IPH ypPOBHAX
sagyckalmero HanprAykeErA Meree 0,25 B. 310 06cTOATENLCTBO MOIKHO

700
8

70 10 A 700

Pre. 2-22, XapakrepHCTEKE yupaBieHWA THDUCTOPA, B KOTOPHIX AIM-
YOALHOCTDH 3AaIyCKAKINero AMMYAbLCa CBA3AHA ¢ MaKCHMAJLION MOLO-
CTBI0 PacCoWBAHMA,

HCHO/B30BaTh B HPAKTHYOCKHX cxemaXx. Uro6H McKMoYnth Goabimie
ofpaTHEHO TOKE gepes TWPHCTOp, EeoGxoauMo obectednTb TaKue yclo-
BHA, NPE KOTODHX OH HE OTKPHBAJCA GH BO BpeMdA peiicTBUA OTpHIa-
TeJAbHOH MONYBONHH HANMPAMEHNA HA aHOMe. TaKne YCJIOBHA MOMKHO
obecmeYHTh ¢ MOMOIIBI0 TG/~

10 HOM dmkcljpylomeﬁ cxXeMul,
Ry BKJIIOYaeMOli MeXy amnomos
¥ yHIPABARIONIHIM 3/ KTPOAOM.

JdTta cXxeMa orpamuyiiBaeT Ha-
npAKeHWe HA yOpasadoueM

Z BJIGKTpO/IE BO BpeMa peiicT-
BHA OTPUUATENBHOR 00 yBOJI-
HE Ha aHOMe YPOBHEM He 6o-
neé 0,25 B (gquop X4, Ha puc.
2-23). Opmako ecn®m cxema
yNpaBJeHIA WMeeT npucymii
@il OCHOBHOIT TOK HpI 3aKpH-
Pre. 2-23. OnemenTH BAMATH THPH-  TOM COCTOAHNH, TO, A TOLO
cTopa. 9rofH 2TOT TOK He HpPHUBOANLA
K BO3pACTABNI0 HALpAHMCHNA

Ha YNpPaBAAOMEM aJeKTpose

Bume 0,25 B B He cosgaBan ycneBmi, HCKAOYAOWMHUX BO3MOMKHOCTD
OTKPHBAHMA THPHCTOpPA, HeOOXOAWMO NPELyCMOTPETh CilellmajbHble
MepHl. [lasa o0l LeM MOMKHO MCHOAB30BATH DPO3RCTOP € COOTBCTCTBYIO-
muM CONPOTMBJICHNCM, BKJIKYCHHH{] Ha BHIXO/e CXCMH YylpaBJeHHA
(R Ha puc, 2-23). Ecau Ha ynpasnswomuit saeKTpog OygeT nogaBaThCs
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Cxema
ynpobaenunr

Tanp

v 0

OTPRUATeNIbEOe HANPSKeHWe YPOBeHb KOTOPOTO Mpeshimaer 5 B, To
B Uemi yupasjemus Gyper npoTexartb oGpaTHBH TOK I THPHCTOP MOKET
6HTH BHBENEH M3 CTPOA. B cxeMax, rfe BO3MOMKIIO LOABJCHMO OTPHLA-
TONbHOTO HAMPAMKEHWA HA YMPaBNAKLEM 3JeKTPofe, OOJe3HO BKIIO-
9RTH AMOR MOCJe0BaTe]IbHO ¢ MCTOYHHMKOM yIPaBJAIOMIEro HAINpAMKe-
HiUA, KOTODHIi HCKJI09aeT BO3MOKHOCTb NPOTCKAHMA 00paTHOTO TOKa
B uenu ympasienus (nuog J/; ma puc. 2-23).

Hedocmamku cxem ynpassenus. Yame Bcero THPHCTOPH IpuMe-
HAIOTCA JAA YOpaBjleARA BelNulinoif MOIIEOCTH, IepcoaBaeMod OT
HCTOYHAKA B HArpysky. JleHcTBHe MHOTHX CXCM ynpaBjieHUHA OCHOBAHO
Ha Hcrmonbs3oBaEnH ($a3oBOro CBITA CHAYCONJANBHHX KonebaHuil.
A TaK KBK XapaKTePHCTHKHM ynpaBjleHMs H3MEAAIOTCA ¢ TeMmepaTypoi,
Tako#l Meron He ofecneuMBAeT YNMpPABJICHNA ¢ AOCTATOYHO[l TOYLOCTHIO.
TMoatomMy B Tex caydanx, Korga TpeGyercA To9noe ynpaBiiCHI® THPUCTO-
poM BO B[)EMEHII7 60.]'199 U.EJIECOOGPH3HO OTKPHIBAaThb C€ro ¢ TIOMOHIBIO
AMOynscoB ¢ KpyToiM poHrtoM. Ilpn atoM paiR Toro, uTo0H K aHoAy
TAPHUCTOpa OHNO IpPHIOKEHO N0CTaToYHOE AJIA OTKpHBAHiig HampsiKe-
HUe, MAAUTENLHOCTE HMIYJABCOB JoiKHa OHTh mopspgka 10 mke. Ipu
YOpaBJeAHE MOMIHOCTBHI0 HEPEMCHHOTO TOKA LYTCM N3MCHOHUA YIVa
M POBOAMMOCTHE HEJIE3A UPHMEHATL OYCHB KOPOTKIIE NMIYJbCH, TAK KaK
eCJIM yron MPOBONEMocTH Oau3oKk K 180°, wanpsxenne ua anome U,
CTAHOBUTCA OYEHb MaJHM M TUPHCTOP MOKeT He OTKDHITBCA. Y Kazad-
Hag npobiaeMa Mosker OHTH pellicHA DyTeM HpHMEHENMA HMIIYJhCOB
Gonbweit pauTcaLHEOCTH ARGO OrpamiuucuieM yIia nposopnmoctn 170°,

Bugodu. Il peMANEBHE ynpaBiscMulii BHIpAMITEdb, I1IH THPHCTOP,
ABJIAeTCA NOJYNPOBOJHMKOBRIM NepeKAKUYamUmM ycrpoiictBoM. Ero
paGora nogo6ua [eiicTBIIO MeXaBNYECKOTO KIAKOYA C HOPMAJILHO PasoMK-
HYTHMH KOHTAKTaMu NHpH HAOPAKEHHUAX BINIOTH [0 ONPCAENenHOro
8HAaYeHUA (HANPAKeHHA JABMHHOrO HapacTaEHA TOKa). [lpn 3aMekamum
MepCKAKYAIero ycTPoicTBa MyTeM NOJA4M CUTHAJA HA yOpaBJA-
muil sneKTpog depe3 HETO IPOTCKAET TOK TONBKO B OfliOM Hampapie-
HUW. BKIIOYCHHBH U THPHCTOP MOMKIO IEPEBECTH B BHIKJIIOYEHIOE COCTOA-
HUe WJW yMPHbIICHWeM HANOPMKCHUA Lla HCM [0 HYId, 1A yMeHbIe-
HieM TOKAa [0 3HAUCHUA, MEALINCTO HCKOTOPOTO KPHTHYECKOro, Hasbl-
HAEeMOTO TOKOM ynep:KaHRmA [yy. .

Hanee Gymer paccMOTpeH OgHONEpeXOAHHI TPAH3RCTOD, KOTODLli
YAOOHO HCNMOJNB3OBATH B CXeMaX yOPABICHUA THPHCTOPOM.

2-8, ONIHONEPEXOAHBIN TPAH3NCTOP |24]

PagpaGoTka INpHHIMAOB OfHONEpPeXONHOTO TPAH3UCTOpA OTHO-
cuTcA K KoHUy 1948 r. B 10 Bpems mpu6op Gein BaBecTeH mop Massa-
HAeM ABYX(6a30Boro AuOma. YcloBuoe 0(0sHaueHHe OgHONEPEXOHOTO
TPaH3HCTOPA M ero yCTpoiCTBO NOKazaHW HA puc. 2-24. OH cocrour
H3 TOHKOI0 CJOA cnaGoNerHpoBAHHEOTO (C BHICOKHM YAENABHBIM COMPO-
TUBJICHACM) KpPeMHHMA THMA 7, HAa KOTOPOM MBFOTOBJIEH OMITTED 13
Marepuana THRa p. C ABYX CTOPOH 3TOTO p-n HCpEXONA MMeKTCA OMi-
9eCKue COGWHCHHA, KOTOpPHe ciy:kar (asoBHMI BHBogamn 5, u B,.
OMHUbeCKOe CONPOTHBJIGHH® MY HNMH, HAshlBacMoe MexbGazoBEIM
COLPOTHBNICHUEM ri6, WMeeT THIOBoe auwaueHue oT 4,7 no 9,1 kOM npu
25°C ¢ ponowuTenbEHM TeMmeparypEHM koaddumnenToM, mpuéan-
BHTEJNBHO DaBHHM 0,89 HA rpanyc Lleabcms. MexGasosoe cOMPOTABIe-
HHO OpHE Temmepatype 25° C 00603HAauaeTCA CHMBOJIOM rggg.

BaskEeifuum cBOMCTBOM ONHONEPeXOQHOTO TPAH3ACTOPA HBIRETCA
Y4acCToK ¢ OTPHUATEeNALHHM CONPOTHB/IeHMeM HA eT0 XapPAKTOPUCTHKe.
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B npepenax 9Toro ydYacTa upu Bo3pacTaEME TOKa 9Yepes TPaHBICTOp
HampA)KeHWe Ha HeM yMeHbIIAeTCA. Y KazaHHOe CBOIiCTBO OJHOIEPEXOfi-
HOTO TPAHZACTOpA NO3BOJAET MCHOJB3OBATH €r0 B CXeMaX TeHePATOPOB.
Bonee wonpo6HO 93T0T BolpoC

5 5, paccMarpnBaercd B § 8-2.
2 MpAoupn  paGoTh! opHONe-
pexonHoro TpaH3EcTopa. Pac-
»  CMOTDHM YIPONICHHYI0 SKBHUBA-
NEHTHYIO CXeMYy OfIHOIIeDeXOHo-
IO TpaH3HCTOpPA, KOTOPAR INOKa-
F saHa Ha puc. 2-25, a. Baaro-
tz) 5, 5) 5, ;ﬁ:\e%;; ﬁef-CTﬁllw peanTeNA HaWpA-
1 Y Ty Ha IHON TONAETC A
ofpaTHO® HAUpAKeHHe, DaBHO®
Puc, 2-24. YcmoBaoe ofosHavemme LEoro1/(Tér + 76z). BAMECTBEHHBIM
(a) H CTPYKTYpa (6) ofmHEOCIIEPeXOo- TO}SOM, IIPOTEKAKIINM BO BXOO-
HOTO TPaH3HECTOPA. mo# uemi, ABaAAercA obpar-
BBl TOK (TOK YyTewki), B3Ha-
qeHNEe KOTOPOTO IIpU TeMuepa-
Type 25°C  cocraBasieT BeCKOAbKO  MiKpoamuep. OTHolmeHHe
ro1/(r61 + Trge) OUpemenAeT COGCTBEHHH YpOBEHb BHKJIKYEHHOTO CO-
CTOAHUA OIHOIEPEeXOLHOTO TPAH3HCTOpA I 0GO3HAYALTCA CHMBOJOM 1).
JnA Toro 9To0H nepesecTH AIOX B OTKPHTOE COCTOAHIE, HeoOXOmIMO

Pnc. 2-25. YopoueHHAA 3KBIIBAJCHTHAA CXeMa OQHONEPEXONHOTO TpaH-
31CTOPa (@) 11 €To BOJBT-aMilepHAA XxapaxrtepuicTiika (6).

HOBHICHTD HANpshkeRlle HA MiTTepe Uy no ypoBEA NE¢ + Uy The U'1 —

pajeHiie Hanps;keHus Ha Anoge. B 9roil TouKe Wepexopn OKasHBaetcHA
CMPUICHHEIM B NPAMOM HaUPAaBIeHIN 1f HAYNHACTCA IHIKeKIIA HeocHOB-
HHX Hocutemeii B n-o0nacth KpeMmulsa, Hocuteln npoxoadr B oGmacth
pepBoit 6aanl By, U B peayJabTarte cMmClleHile TII0fa B NpAIOM Hanpapie-
HHIL CTaHOBUTCA Goxee rmybokiim. flpoucxomur pereHepaTupHOe Hapa-

craEHMe ToKa smurrepa I,, Noka oH He Oymer orpPaHUYCH BHYTDeAAHNM

COUPOTABIECHIIEM HCTOYHLIKA.

Boabr-aMIepHAR XapaKTepUCTINKA OJHONEePeXOAHOTO TPAaH3LCTOPA,
TMOKA3aHEAR Ha pHC. 2-25, 6, 1MceT TpW xapaKTepHHIX yyactka. I[lep-
BHIi y9aCTOK XapaKTepuayeT 3aKPHTOe COCTOAHME TPAH3ICTOPA 11 HOKa-
SHBAET TOK YTeYKH H MAKCInIaAbHOE HAMpAReHHE

Upax =1L +U, (2-7)
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B TOUKe, IJie HAYMHEACTCA NePeXOf TPAH3WCTOPa B OTKPHITOE COCTOA-
gme. Tak KaK Ha BTOPOM ydacTKe UPOMCXOXAT HapaCTaBMe ToKa IpHA
yMeHLINeHAY HAWPAKeHUA, XapAaKTeDHCTHKA 3/1eCh MMeeT OTPHLATeNdb-
Hoe CONPOTHBIIEHWE, KOTOPOe HaGuiomaercd BIUIOTH A0 HEKOTOPOTO Mil-
RRMaabHEOTO HaupAxeEmA U . . B aToit Touke MOTOK HHPOK, LHMeK-

TAPYEMHX H3 SMATTEPA, CTAHOBHTCA HACTONABKO IJIOTHHM, 9T0 TPOHCXO-
IWT Hacumernre, ¥ 3@deKTNBEOS CONPOTHBIICHAC IePBOH DasH rj yMeHb-
IIAeTCA [0 MEEAMAJBHOTO 3HAYCHUR rpye = 20 OM Npm ToKe sMuTTEpa
50 mA. Ilpu panpeefimeM Bo3pacTaHHM TOKa ®MHATTEPa KPUBAA Nepexo-
ot B o0aacTh HacHueHRs, Iie pAddepeHIMaNBEOE COIPOTHBICHNE
CHOBa CTAHOBUTCA WONOKATeJNBHHM. /I ABYX YYacTKOB BOJbT-aMIiep-
HOll XapaKTepHCTHKH, B Npefelax KOTODHX OfEOUepeXopgAHl TPaH3M-
CTOP HaXOAWTCA B OTKPHTOM COCTORHAM, HeoGXOQMMO MMeTh Pa3NuUdHEe
SKBMBAJIeHTHHe CXeMH. OTH 9SKBUBAJCHTHHE cXeMH UDHBEJeHH Ha
puc. 2-26.

52 b 2
732 T'd'z
Ug 1, U
3 3 n 4
+ Tsd o D'_:'_‘_'_
Ts1
by

Hae

a) 6) 54

Puc. 2-26. DKBHBAJCHTHHE CXeMH OJHONPPEXOAROTO TPAH3UCTOpA AJA
Y94CTKA C OTPMLATEJBHEIM CONMPOTHBJEHHEM (a) M MJAR oGJacTH HacuLl-
meHAA (6).

HeoGxopumo szameruts uwro moboMy safaHHOMY 3HAYEHMIO TOKA
SMHTTCDA COOTBETCTBYET CRWHCTBEHHOE 3HAYeHUe HANDAKEHUA Ha
smurTepe. OfEaKko TOABKO AiA 3HaYeHW WAUPAKEHRA Ha SMETTEpe,
MeHbLITHX MHEMManbeEoro U . . cymecTByer e{uWHCTBeHHOe 3HAYeHIle
ToKa sMutTepa I,, KoTopoe HAXONATCA Ha YYacTKe BOJNBT-aMIEPHOMH

XapaKTePHCTHKH, oNHACHBaoniedl 3aKpHTOoe COCTOARHe TPaH3MCTOpa.
Jas Uy, Gonbmmx MEEMMAaNbEOTO HalpmkemnA U ., 3@aYeHHe TOKa

sMurTepa OyneT HeopgHO3HayHeM. Taxum 006pasoM, eca® TPaHIWCTOP
HaxOMATCA B OTKPHTOM COCTORHMM, a HanDsKeEMe Ha SMuUTIEPE CTAHET
MeHbile U _,,, TO OH mepeiigeT B 3aXphTOe COCTOAHME.

IIpuMeHeARAe OnHONMEpEXONHBIX TPaH3HCTOPOB. OQHONEpeXOmHHIN
TPaHBACTOpP ofnamaeT cTaGUNBLHHIM HawpsKeHMeM BKaKgeHUA Upgyy,
MaJIsM TOKOM BKIMOYeHRA gy, CTaGHMBHOR xapaKTepPHCTHKON ydacTKa
C OTPUIATEBERM CONPOTHBICHAEM K CIOCOOHOCTRIO BHAEP/KRBATh 60JIb-
IMHe TOKH B MMOyJxbce. BCe 3TO N03BOJNAET OPUMEHATH ero [JIA BKIi0-
YeHHR reHepaTopoB, B CXeMax CHHXpOHHBaHHH, B CXeMax [JATIUKOB
HANPAYKCHUA H TOKA B B CXeMaX BKIIOYEHHA THPHCTOPOB.

Jinamn Barpyskm. Ha pmc. 2-27 npoBememd nBe HArpysouHse
anHuA. JImERA Barpysk® / mepeceKaer BoAbT-aMOEDHYI0 XapaKTepu-
CTHKY TOJABKo B ofgmOH T09Ke B Ha yuacTke ¢ oTpEUaTeiBHHM CoIlpo-
TeBNeEReM. JlmamA Harpyskm Il mepeceKaeT XapaKTepPECTHKY B Tpex
TOYKAX: B Touke 4 Ha y4JacTKe BHIKJIIOYeHHOrO COCTOARNWA, B Togkax B
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n C Ha yuacTKe HACHIEHHS ONHONEPeXOMHOro TpaHsmcropa. Toukm A
n C Ba XapaKTePNCTHKE ABAAIOTCA YCTOHYMBHMH, a Touka B — ycmoBHO
yCTOHuRBO#. Jledo B TOM, 9TO eC1M NPHCOSRMHHETE KOHAEHCATOP MEXKAy I
u B;, 10 cocToARHe TpaH3HCTOpA B 2TOH TOUKe CTAHOBATCA HEYCTONIH-
BuM. B ra. 9, nocsAmennoi re-
HepaTopaM HeCHHYCONJAABHEX
KoJe6arui, GyAyT paccMOTpeHH
TPH THIDA MYJBTHBRGPATOPOB.
AcrabnabHEl THE MyabTuBUGpa-
TOpa He HMeeT YCTOWYMBOTO CO-
CTOAHWA, ONHOCTAOMABHEIA THII
HMeeT Of{HO YCTOHuYMBOe COCTOM-
HHe, a OWCTaOMABHHIA MyabTH-
BUOpaTop, KaK 9TO clefyer H3
er0 Ha3BaHWA, WMeeT [Ba yCTOM-
9UBHX cocTOAHOA. Taxmm o6pa-
30M, Harpy3ouHsle anHmi J n /1
MNpefCTaBAAlT acTabuapHYl0 W
6rcTalEABHYI0O CXeMH COOTBCT-
CTBeHHO UPH YCAOBEH, WTO AAA
nepexona K OMCTaGUABIOH CxeMe
KOHAeHCaTOP B acTabuabHOI Cxe-
Me Ha puc. 2-28, ¢ 3aMeHeH pe-
3HCTOPOM, KaK NOKa3aHO Ha PH-
Cyake. MHorne ycTpoiicTBa, B
KOTOPHX HCIIOJB3YIOTCA OfHOIMe-
PeXofiHbE TPAH3UCTOPH, ABJAKT-
CA PCAAKCALIOHHHMM TeHEpaTo-
pPaMa, I0O3TOoOMy  AaCTAGAABHYIO
CXeMy Lenecoo0pa3Hod pacCcMoT-
pert Goldee moppobHO.
IMpEEmuun pa6oTHI MyNHTH-
BEGpaTopa. Qopma Koaebamuii,
BEIpabaThHBaeMHX MyJbTHBHOpa-
TOPOM, IOKa3ana Ha puc, 2-29, a.
Ha pmuc. 2-29, 6 manwocTpapyerca
WpeadbHad W PeaabHaR pabora
cxembl. PaGounmii muKa HaumHaeT-
CA B TOYKe A 3apPANOM KOHJEH-
caropa € uepes pearcrop Ry, Kor-
Aa HaIpAKeHNe HA KOHJGHCATOPe
pocraraer ypoBEA U oy = U, -

TPaN3HCTOP OTKPHBaeTcA. OfHAaKO NOCKOABKY HANpsXKeHWe HA KoH-
felcarope He MOMKeT M3MEHUTHCA MTHOBEHHO, HAIPAIKOHHMO HA 3MMT-
TCpe TAKMHe He MEHACTCA N Pabouan TOYKA CKAYKOM NOPEeXORHAT B TOYKY D
B 06nacTn HacHINeHENA. Jlanee Ha9RHAeTcA paspAf KOHAEHCATOpA C mo-
crostaHOE BpeMeHm C (Rg -+ ryae -+ rp) B COOTBETCTBHI CO CXeMOfl Ha
puc. 2-26, 6 m pabouas TOYKA NMopeMemaeTCA TO BOJBT-aMIEepPHON Xa-
pakreprcTrKe. Korma paGouaA Touka gocTnraer y4acTKa ¢ OTDPHMOATe b
HHM CONPOTUBIEHMeM, MPOAOMKAIOMEeecA yMeHbIlleAHEe TOKa 3MHT-
tepa Iy fomKHO 6H CONPOBOMRATHCA NOBHILNEHMEM HAUpAKeHua Uy,

Opmako manpfxenme U, BoapacTiu He MoOxer, TO2TOMY TPaH3HCTOP

nepexonuT B BHIKJIIOYeHHOE COCTORHHe. I[a.nee KOHieHCAaTOD HadYWHaAeT
nepe3apAMaTeCA H BeCh IHMHKI IOBTOPHAETCA CHOBA. Ha NpaKTUKe giad

Punc. 2-27. Jlummm marpyskm Ha
BOJBT-aMOePHOH  XapaKTeplicTHKe
O/lHOMePeXO{HOI0 TPAaH3UCTOPA,

Puc. 2-28. ActabmavHas (a) u 6m-
cTabrapHEasn (6) CXeMH My ATHBEGpa-
Topa.
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BO3PAcTaHNA TOKA [, 10 BeAMYMHH, COOTBETCIBYIOMEH TOKy B TouKe D,

rpe6yercA KOHeYHER HATeDPBA;] BPOMeHH, B Te9eHHe KOTOPOro KOHAEH-
caTop paspmkKaercA. VIMenRo 3TAM 00CTOATENBCTBOM OOBACHAETCH Pas-
JYHe MOJKIY HMAEANBEHM M PeallbHEM ABWKeHHeM paGoueil Touxm. IIpw

L tﬁusq | tﬁu
1

Us

Unax

Umin

1 |\ |\ I\U{Z y <
a) 4 J)

Ppc. 2-29. ®opmu KoAeGaHHE (z) M HANOCTPANMA JEHCTBHA CXEMH
acTa6ANbHOIO MYABTHBAGpaTOpPa Ha BOJBLT-aMUEPHOH XapaKTePH-
cTiKe (6).

1 — JmMHMA Harpysku, 2 — HieajlbHOe NBUKeHNe paGogell TOYKR; 3 — peanbHOE
aBwKeHue paGovell TOYKR,

MaJHX COHPOTHBIGHMAX pesucropoB R; u R, mepHod Koae6amdii ompe-

AeIACTCA £opuynoﬁ
1 1
=—==CR —— . -

T=- Hln(i_ﬂ) 2-8)

CoraacHO NAcHOPTHHM [AHHHM BeJd4iHA 1} HAXOKATCA B Ipefe-

aax or 0,47 mo 0,61 uam B morapudmmyeckoM BHpaskennm ot 0,64 mo

0,94. Torma mepHOA KomeSaHuit MOMHO BEIPA3ATH NPHOARMKEHHOH Gop-

Myoit
T =1/f ~0,8CR,;. (2-9)

Npmaunnm  ppoekraposannsa. Hanmprmenne Upgn OMpegedser
TO4Ky, B KOTODOil HAauAHAeTCA IepPeXof TPaH3uCTOPa B OTKPEITO® CO-
CroAHEMe, U ABAAeTcA Haubonee BakHON ero Xapakrtepucrukoil, Tak
KaK Y| — OTHOCHTeJbHAA BenM4MHA, M3MeHeHHA TeMIeDaTypH He oKa-
3LIBAIOT Ha Hee BILIAHMA.

EcaM ofpaTHTECA K YPaBHeHHK (2-7), TO MOKHO 3aMeTHTH, IO
uamenennA mHanprxeRAHA Upxy ¢ TeMmepaTypoil oOyca0BaeHH H3MeHe-
HEeM UafeHAs HAaOpAKeHHA Ha pguone Up. 910 BAHAHHe MOMHO CKOM-
[eHCHPOBATH COOTBETCTBYIONEM BHGODOM CONPOTUBACHAA peancTopa R,.
CoupoTHBICHH® rpg EMeeT NOJNOKNTeNBHHI TemnepaTypHEEE Koaddu-
[MeHT, BCJeACTBlie 2er0 NOBHINIEHIe TeMIepaTyps UPHBOJAHT K yMEHb-
meHnK0 MexaiGazoBoro Toka. CrnenosaTenbHO, UPE 2TOM HPOHCXOIUT
yMeHbIIEHOe nafieHMsa HANPAKCHUA Ha pesuctope R, M yBenudedue
HampssKeARd Mekny Gasamm Ugg, a IpA HeKOTOpoil oNpeleaeHHOR
TeMOepaType WMeeT MeCTO TOYHAR KOMIGHCAIMA TeMIepaTypHOro H3-
MeHeHHA MaJeHUA HanpmkeHAMA Ha puofe Uy, TemmepaTypHEH Koad-
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duuEeHT CODPOTHBNEHHA rg6 ABINAETCA HeNWHCHHHM, TeM He MeHee
TaKoU MeToJ He o0eCmeudBaeT HONHOR KOMIEHCAUMH IPH BCeX TeMIlepa-
typax. Ecau conmporusnenue pe-

B U sucTopa R; He TPeBHmAaeT
961 100 OM, a conpoTHBNeHne pe-
suctopa R, BHOpaHO B COOTBET-
16 CTBUH € ypPABHEHHMEM
— 0,4r660 Ri(1—n)

Ry

(2-10)

TO ¢ MOCTATOYHOH [IA MPAKTHKHA
TOYHOCTHI) B [HANa30HE TeMIe-
patyp or 0 go 100° C manps-
wernue Upgy Oyner paBHO NEy.
Yactora xoneGaHuit 3aBUCILT
0T TOCTORHHO# BpeMeRd CRy.
L Ciuepopatennno, npd QuKChpo-
0 4 &8 12 16 mA BAHHOM 3HAUYCHHH MOCTOAHHOM
BpeMeHH GONbIIeMy COIDOTHRBIIE-
HHI0 peancTopa Ry cooTBETCTRBYET
MeHbmAA emKocTh C. O6HuHO
CONpOTHBJEHNE Pe3UCTOpa BH-
fipaeTcA Kak MOKHO 60abmuM,
aume Gm oHO ofecneudBazo YCNOBIE CaMoBO3OYIKeHHA CXEMH, T. e,
fouKa mepeCeYeHHA NHMHWHM HATPYBKH C BONBT-AMIEPHOH XapaKTepi-
craxolt Omma 6w HeycToifumpoil. JIpyrmmm cmopamu, MyabTRBEGpatop
6yzeT uMeTh BO3MOIKHOCTE TeHEDHPOBATH KoNeGaRHA, eciu COMPOTHBIE-
Hue Ry yHOBIETBODAET CIEAYIONIEMY YCIOBHIO:

Usg—U_ . Us—U
61 mm<RH< 6

min

NEx

Puc, 2-30. XapaxTepHCTHKI OJHO-
nepexojHOTO TpaH3ucTopa 2N1761.

7 max | (211)
max

Ipumep npoeKTHpoBaHEA 2-2. TpebyeTcs paccumraTh acTabumb-
HEifl MynbTHBEOpATOD HA OfHOMEDEXOMHOM TpPAWM3HCTOpe, MMeIOTuil
gactoTy komeGammii 100 I'm u paGoTalmuil 0T HCTOYHMKA UHTAHHA
HOCTOAHHOTO ToKa HanpAHeHuem 20 B.

Bulupaem opmomepexomHmii Tpam3ucTop GupMmE  Texas Inst.
tuna 2N17641, xapakTepyCTHKI KOTOporo npH TemmepaTtype 25° C moxa-
3aHK Ha puc. 2-30. M3 macnopTHHX JaHHHEX HaXOMHM HeoGxonuMmeie gaa
pacuera mapameTprt: 1 = 0,5, rgop = 7 KOM, Ipyn = 20 MKA B [y =
= 9 MA.

Ecaun obpaTeTeca K cxeMe MynabTHBUGpatopa (pue. 2-28, a), 10 Ry
momxRo O6HTH Memee 100 Om. Bmbupaem R; = 22 Om. Jlamee ua dop-
Myas (2-10) EaxoguM CONpoTHBIEHHe peancTopa Ry

0,4-7-108  22(1—0,5)
0,5-20 0,5

Ry =~ == 300 Om.

U3 rpaduxos Ha puc. 2-30 ompepensem Uy, = 3,5 B. Ilogcra-
BIAA 3HaueHuA HAWACEHEIX Bejnuue B yenosme (2-11);

20—3,5 20 —10
g ~fa<35.109

0

ompejenasieM, 9YTO CONMPOTHBJeHHe HArpysKm Ry MOMKHO HAXOMUTHCA
B a@anazone oT 2 mo 500 kOM. Bubupaem Ry = 100 xOm. Jlance m3
ypaBHeHHA (2-9) HaXOOHM eMKOCTH KOHMEHCATODA:

1
=™00-0,8-100 - 10°

B pammom mpumepe Hcmoansopanock sHauyeHme 1 = 0,5. OmHaxKo
B [IaCOOPTHHX MAHHHX oOpefeseH BO3MOKHHU padbpoc 9Tol BeAHYWHK
or 0,47 po 0,61. IIna Toro urobH yuectb 5TOT pasbpoc, HeoOGXOAHMO
MPeNycMOTPeTh BOBMOMKHOCTD
HacTPOHKH dJacToTH. JAA
OTOH HeAR B cxXeMe Ha PHC,
2-31, a pesmcrop Ry 3saMe-
HeH BYMA: Pe3ucTopoM QUK-
CHpOBaHHOA BeTHYKHK 75 KOM
H OOCNef0BAaTeNbHO ¢ HHM
BKJIIOYeHHHM IlePeMEeHHEIM pe-
auctopom 50 xOm.

Ot conpoTUBNCHEA Pe3u-
cTopa Ry 3aBHCHT CKOPOCTH
sapfifia KOHfeHcaTopa o, cle-
[oBaTeABHO, YacToTa Komebha-
BR1. B cxeme Ha puc. 2-31,6
conpoTuBieHne Harpyskd 3a- Puc. 2-31. JIBe cxeMH acTaGEABEOTO
MEHEHO n-p-n TPAH3WCTOPOM, MynbTEBHGpATOpA.

KOTOPHH BKIKYEH IOCHERO-

BATeAbHO C PE3HCTOPOM. HONNEKTODHHE TOK 2TOT0 TpaH3HCTOpa HB-
AfeTcsA 3apANHEM TOKOM KOHAeHcaTopa. Ero MOKHO HaMEHATh MyTeM
mofaudl ynpaBAAWINEIO HaOpmKeHEA HA O6asy Tpamsmcropa. Takmm
o0pa3oM, eci HMeeTcsi CHTHAN OMHOKH, XapaKTepPUBYIOMMil OTKIOHe-
HHe YacTOTH, TO MOARIAETCA BO3MOKHOCTH aBTOMATHIECKH TMONCTpaH-
BaTh 4acToTy.

c = 0,125 mMx®.

299, IPUMEHEHHNE OJHONEPEXOJHOI'O TPAH3YMCTOPA
JJA BRIIOYERNA THPHCTOPA

BoamokHOCTD MonyueHmA GONBMIWX TOKOB B EMIyJbCe NO3BOJAET
HCIONb30BATh acTabunbHYI CXeMy MYJNbTHUBRGpATOpa C ONHOMEPEXof-
HEIM TPAH3ECTOPOM JJIA BKJKYEHHA THpDHcTOpa. B 3toM cayuae, nan
TOT0 YTOOH AMETh BO3MOXKHOCTE YNPABIATH MOIIHOCTBIO, IOTPeONAEMOi
0T HCTOYHHKA IepeMeHHOIo TOKA, acTaGHNbHHI MyIbTHBHGDATOP Heol-
XOJHMO CHHXDOHH3HPOBATh ¢ YAaCTOTOf 9TOT0 HCTOYHHEKA,

Cunzponuszayus. Cxema, HpHBefeHHas Ha pHc. 2-32, npefcTaBjaAer
cobolf 3HAYATENIbHO H3MEHOHHYI0 CXeMy MOCTHKOBOTO BHUIPAMHATEN,
KOTODHE OHa mexazam ma pAc. 2-11. McnoassoBamHas 3mech cxema
acTa0MNBHOTO MYyNBTHBHGPATOPA HA OJHOME PEXOHOM TPAH3HCTODS IIpef-
HasHavyeHA NNA BHPAOOTKR YNPABIAIOMUX HMIYIbCOB, MOABAEMEIX
Ha THpHcTop. HasmauemmeM CTaGHIUTpoHA B CXeMe RBIAETCA OLDaHU-
9eHHEe BHXOQHOI0 HANPAMKEEHMA MOCTHKOBOTO BHIIDAMHTeNA B TOUxe A
TaX, 4To6H xonebaEWMA, DogaBaeMbie Ha ORHOMEDPEXOJHEI TPAH3UCTOP
(Touka B cXeMH), AMend TpameneuganbHyi0 GopMy, KaKk MOKasaHO Ha
pacynKe. Ecam npo6mpmoe Hanpsuxemme cTabuaBTpoHa Uppos, TO HpH
MajIlX CODPOTHBICHAAX PesHCTOPoB R, m R, opEONepexONHHIl TpaH-
aucrop GyReT oTKpHBATHCA NPH HANDMKeHHH Ugpy ~ NUnpos. Taxum
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ofpasoM, ToYKa BRIIOYeHHA OfIHONCPOXOMHOr0 TPaH3UCTOPA HO 3aBHCHT
0T NMHKOBoTo 3HaYeHNA HaNDAYKeHHA HA BHIXOMe MoCTa.

Iloka maEpmKeHHe B TOYKe B cmagaeT mo HyjA, ofHOIEDPeXOTHHIH
TPaH3HCTOP BKIIOUNTHCA He MoyKeT. Haummas ¢ 9Toro MoMeHnTa, KOHJCH-
caTop C HaanHaer sapA;karbcd. Horna manps:keaWe Ha HeM [JoCTHIHeT
NUnpos, TPAaHBHCTOP OTKPOETCA W IPOH30ier paspApn KOHICHCaTopa.
N nurenbrocTs MMiIyAbca, BO3HAKAIOMIEr0 HA pesrcrope R;, paBHA
BPeMeHR oTKpDHTOro COCTOSHAA TPaH3ACTOPA, B TeUOHHE KOTOPOTO Uepe3
Horo NPORCXOABT Pa3pAn KOHAeHCATopa. ITOT EMIYILC HCLOJIBIYeTCHA
JAs1 OTKPHBAHEA THPHCTOPA, KOTOPHA HAXOANTCA B OTKPHITOM COCTOS-
HHE oCTABMYIOCA 4acTh ONONYHNepHOoAa, oGecrmeTnBas TeM CAaMBIM Hepe-
faqy MOIIHOCTM OT MCTOYHEKA B HAarpysKy. Teleph HampAKeHHe B TOU-
ke A nommep:kmBaoICA Ha YPOBHe Ugryp (MajieHHe HaupsKeHUA Ha
OTKPHTOM THDHECTOPE), B MO3TOMY KOHAEHCATOP HO MOHET CHoBa 3apsf-
ORTBCA B 0CTABMYIOCH 4acTh ModynepHopa. llo okoEuaEmE TeéKymero

U,
2 8 vy 1%

Pmc. 2-32, CxemMa MOCTMKOBOTO BHIPAMHETONdA, ynpamisgeMas CHHXpo-
HA3HPOBAHHHM acTa0RALEHM MYJBTHBHODaTOpOM HA omHONEPEXOAHOM
TPaH3HACTOPE,

nMonymepRofla TAPECTOP 3aKpuBaerca. C HasanoM ciegylomero mony-
neprofla HaHpAKEHHe B TOYKax 4 B B BoapacTaeT H Ipomecc MOBTO-
paeTca. Yron BKIIOYOHRAA THPHECTOpPA ONpededfeTcA CONDOTHBICHNEM
pesucropa Ry, a conpoTHBACHMe peaucropa Ry BHUUCAAercA mo ¢op-
Myne (2-6).

Yaeaunenue daumeavnocmu umnysbca. B DaCMOPTHHX AaHBEX
O/lHonepeXofHHX TPAHBHCTOPOB OOHYHO MPHEBOAATCH TpaduUKHE, KoTo-
PHe CBASHBAIOT BpeMA yMeHBINEHRA HaNPAKEHUA Ha BMHTTEPe C eMKO-
cTbi0 Kompemcaropa. Ecnm ke TpefyeTcA TonydmTh yOpaBAAOMAR
BMIyJabc Golbmei NARTENLHOCTH, TO [AAA 9Toro HOOOXOJEMO yBenuuw-
BATh BpeMA paspAfa KoHneHcaTopa. BosMoKHEE cmocol yBeanmdeHHS
®TOro BpeMeHH NoKasal Ha pEC. 2-33. Bo BpeMA 3apsana KommeHCaTopa
B 9roil cXeme mWonx J HaXoOATCA B OTKPHTOM COCTOAHNHE, TaK KaK Ha
Hefo mofaerca OpAMoé HaupmxeHRe. Lorga ommomepexoqsHE TpaH3u-
CTOP OTKPHBAETCA, HANPAKeHH® [A ero SMOTTEDPE HATAHAST yMeHH-
maTecAa ¥ guof [ oKasniBaercs Iof feifcTBEeM ofpaTHOTO HAIpPAKeHASA.
Horgercarop C Teneph HauREAeT Pas3pAKaThCH Uepe3 PpesncTop R,
oT ypoBEA Upyy KO Hyad. B tOuKe, e HaNpAKeHHe HA KoH{eHCATOPO
CTaHeT MEHBbIIO HANPAKeHHA Ha DMHATTepe, HHoH LEpedeT B OTKPHTO®
CoCTOSTHME, a TPAHSHCTOD CHOBA 3aKpoercd. JluA 3Toit CXemH ycloBAA
TeHepRPoBaHHA KoleGaERH MOMKHO 3amucaTh B CHNENylOmeM BUf®:

ByEs/(Rg+ Ra) > Upxan 1 Ru > Eo/Ippnns (2-12)
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Nepron konefammit MynsTuBEGpaTopa MpeacTaBaser coboil cymMMmy
BpeMeHH OTKPHTOTO COCTOAHWA U BPEMEHE 3aKPHTOro COCTOSIHHA TPaH-
sucropa. Ecnu o6o3naqnTh wepes U; manpmyKeHRe, MPH KOTOPOM NHBMA

Puc. 2-33. Bkaouemme B cXeMy pAuoja ®H pesEcropa Rg mnosBoiser
YBONMYHTh MJARTENBHOCTH UMIYJBCA.

HATPY3KH LEPeceKaeT COOTBOTCTBYWNIYyH0 Kpmeyw Ha puc. 2-30, To
BpeMA BKJIIOYeHAs W BHKIKYeHUWA* B ceKyHmax Oynger ompeneisThCA

dopmynamn :

taxn=CR3 In Down _ CRsIn R4TE (2-13)
Uy Uspnirn
(tax Kak pasmana MeKLy U; B Uppyn UPAKTHYECKH O9eHb HCBENBKA) I
CR3Ry 1
i == ln . 2_14
BHKT = B Ry 1 (Ra-i-ﬂ'u) (2-14)

OTH ypaBHEeHEA ABJAAKWICA B3aUMO3aBHCEMHMHA. [InA nered mpoex-
THpOBaHMA yfnoOHEe NMpeacTaBHTH MX B Oojiee mpocroM BHIe.

0OGo3rauuM
Y= Ry/(Rs+Ry) ¥ CRy=r, (2-15)
rorja
1
Lka=7YTIn <m) (2-16)
It
YT Uskn
toun = ln =—. 2-17
T —y ! Usnkn ( )

Npu 3apasrEX pexngiBax 1), Uskg ¥ Uspxn PEMEBRE MO3KHO HAHTH
B HOPMAJHM30BAHHOM BH/e 3aBUCHMOCTeH OTHOWEHNN Ipyun/T R fpua/T
ot . 91tH 3aBncuMocTA Opu Upkn = 6 B, Uppyrs = 2,0 B un = 0,5
OOXa3aBH Ha puc. 2-34, a. I3 31010 pHCyHKa MOMKHO MONY4HTH APYTOH
rpadnK, CBASHBAWNIAN{ OTHOMEHHE Ipyun/ipya € y, KOTOPHI NDEBENOH
Ha puc. 2-34, 6. OTm rpadMKd MoKHO HCMOJIL30BaTh OPE Pacyerax.

IpaMep mpoekrmpoBanma 2-3. TpefyeTcA pacCYATaTE aCTAOWIB-
ueii MyapTHBUGpATOpP HA ONHONEPEXONHOM TPAH3HCTOPE C HACTOTOM
100 Tm, ANHTENBLHOCTHI0 HMIYJBLCOB 4 MC, JJIA ynpasjleRHA auTH-
napanneasHol cxemoii ma pme. 2-13.
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Ecnr HcioaksoBath crabmautpoE Ha 412 B, KaK HOKazaHo Ka
puc. 2-32, 10 E;, = 12 B = Es.

Mpn 1n=20,5, Upa=NnNEx=06 B. M3 nacnopTHEX [aHHHX
HaxomuM: Jpura = 7,5 MA, Upppn = 2,5 B 1 rog, = 7 KOM.

Mo dopmymne (2-10) ompemenseM R, = 470 Om. TpeSyeman ua-
ctora paeaa 100 T, T. e. mepnoga coctasnfer 10 Mc. Bubupaes lpypn =
=6 MC U lggy = & Mc, OTHOWeHHE Ipyua/texs = 1,5. M3 rpaduka Ha

t,&/nr/tim
20 8 2,27 2,
-12,0
1,5 16 ’
——————— 1,5
1,0 4
’ { 1,0
|
0,5 2 | -0,5
| 0,09
| ! | L 7 0 J 0
05 06 07 08 03 1,0 0§ 06 07 .08 0,9
) 6)

Puc. 2-34. I'padpurn saBHCHMOCTENl ipukn/T, tpka/T W lepma/lpra OT Y-

Puc. 2-35. CxeMa ynpaBlleHHA ¢ DOapailejbHO-NPOTHBOIOJOHERM
BK/IIOYeANeM THPHCTOPOB (a) H MOANQPUKAUHMA BEIXOTHOW LelH JJA CXeMH
ABYXIIOJYLEPHOSHOTO BHIPAMUTENA Ha pue. 2-19 (6).

puc. 2-34, 6 nomydgaeM v = 0,53 = R,/(Ry -+ R,), oTkyma R3=
= 1,125 Ry. U3 ycaosuA reHepupoBaHus KoaeGamuil (2-12) maxXomum
MUHEUMANBHYK BeauanHy Ry: Ry = 12/(7,5-10%) = 1,6 ®OM. Msa
Apyroro ycnoBER (2-12) R3Eq/(Rg + Ry) > Upgy, ecnn BuGpats Ry =
= 10 kOM, To MUANMaJbHOe coNpoTHBIeHMe peakcTopa Ry = 10 kOwm,
Taxum o6pasdm, Ry = 1,125 Ry = 11 25 kOM ypnoBiIeTBOPAET BTOPOMY
YCJI0BHIO.

Nz dopmynn (2-13) maxommM eMKocrb KoHfeHcatopa 4-107% =

= C.11,25.10° ln_zﬁT, otkyma € = 0,4 MO,

Coedunenue ¢ ynpasasouumu ssexmpodamu. CNraan ympasienus,
CAMMAaeMHii ¢ mepBod (a3nl, HeoGXoxuMo YIOHATh MEXIY YHPAaBJIAIOMMM
9/1eKTPOIOM B KATONOM KAaXKAOro M3 mapaideldbHEIX TUPUCTOPOB. UM-

4

HyJAbCH BHPa0aTRBAIOTCA B TedeHHe KaXKIOH IOAYBOJHH HanpAKeHUS,
HO OTKPHBATHECA OyHeT TOABKO TOT THPHUCTOP, HA aHOHE KOTOPOro B faH-
HHil MOMeHT NOJOXHTeJbHAR NMoAyBOAHA. B 3710l CxeMe HeoGxomumo
OpegyCcMOTPETh MEpPH A 3alIUTH OT 00PATHOTO TOKA THPUCTOPA. B cxeMe
JIBYXNOAYyNepUORHOTO BEINDAMHUTENAA (CM. puC. 2-19) KaTOgH THPHCTO-
POB COegUHEHH MMy coboll TaK, 9TO BBHIXOH ¢ HIepPBOH 6asH B CXeM
Ha pHc. 2-35, 6 MOMKHO TIOJAaTh HA YNPABJARKINAE 3JEKTPOIH THPHCTO-
PoB. B cXeMe ¢ aETMIapanieJbHHM (OeJAHEBHEM THPUCTOPOB KAaTOJHI
COEIUHNHTE BMeCTe HeJlb3A, TAK KaK 3TO NpHBeeT K KOPOTKOMY 3aMBI-
Kaamo o6oux tHpuctopos. CJeoBATENBHO, B STOM Caydae KarKusiif
THPUCTOP [OJKeH MMeTh He3aBHCUMEIH HNCTOYHNK yNpPaBARKMMX CHTHA-
aoB. HanpmMep, MOMXHO NCHONB30BATH WMNYJBCHHI Tpancdopmarop
B menu nepsoil 6asm (pmuc. 2-35, q). B 3akxaoYeHWe 3aMeTHM, YTO B Ha-
cTOAIeM npuMepe paboduit muKA cocrtasaser 409%,.

2-10. AHAJIOTMIA C BUIIOJAPHBIMA TPAH3NUCTOPAMU

IIBa TpaH3NCTOpa C pA3NMYHEIMH THIAMM NPOBOZHMOCTII MOKHO
COeHHATH TaKuM ofpasoM, uTo onu OyayT paboTaTh Kak OfEOmepexos-
HHji TpaH3ucTop. TaxaA cxemMa mokasaHa Ha puc. 2-36, a (cM. Taxike
cxeMmy Ha puc. 2-1). 3pecs Kpo-
MC #BYX TPAH3HCTOPOB HCMOJb-
30BanH e[e HEeKOTOpHIe 3JCMeH-
TH, HO 3TO ABAAETCA [OCTOUH-
CTBOM, TaK Kaxk BHGOpoOM com-
potuBieBunil pesucropos R, n
H2 MOMKIIO 3ajaBaThb mapasleTp 1
(B opHOTIeDeXOHOM TPaH3UCTODE
T onpepesnAeTc BHYTDEHHIMI
TmapaMeTpaMu rg; M rge). Ha puc, 5
2-36, 6 MoKa3aHO, KaKuUM ofpa- ol
30M CoeflHeHIEe NBYX TpaH3i- a)
CTOPOB C Pa3AHYHEIM THIOM IIPO-

BOJMMOCTHM MOXHO tcmonbsosats  Puc. 2-36. Coepmnenne pasyx 6Om-
B CxeMe acTaOMJIBHOTO MYJbTIl- TOAAPHBIX TPAH3UCTOPOB, KOTOpHE
BuGparopa. paboTaloT TaK ke, Kax ofHoWepe-

BunonApamii  TpaH3NCTOD  XOJHMEIW TPAH3UCTOpP (a), M MplMe-

HA3BaH TAK WOTOMY, 9YT0 B HeM H¢HHe IX B cXeMe acTabumpHOTO
HCMOAB3YIOTCA HOCHTENH Kax ¢ MyabTusnbparopa (6).
MOJTOKUTEJbHEIM, TAK W C OTPII-
HATeAsHELIM 3apAfoM. B ogHomepeXomAOM TPaH3NCTOPe MCHOAL3YIOTCH
TONBKO [HPKH, WOITOMY OH ABJIAETCA YHUIONADHHEIM NOXYNPOBOREHI-
KOBLM TPpHOOpoM. VYHUNOJNApPHEM npubopoM, KOTOPHII TaKiKe HMeer
Ba)KHOE 3HAYeHHe, ABIAAETCA WOJEBOU TPAHIUCTOP.

2-11, TIOJIEBBIE TPAH3UCTOPBI [26]

HobGaBnedne onpepeleHAHX mnpuMeceil X IHCTOMY TOJYMPOBOLHI-
KOBOMY Marepuasy WUPHBOZHT K yBeJN4eHNI CBOOOJEHX HocuTeldel
3apAnOB 1, CJEeORATEABHO, K CHIUKEHUI er0 YNCABHOIO COMpPOTHUBRIE-
BiA. Hampusep, wpi Gomee BBICOKOM YpPOBHe JCTUPOBAEAA o0pasma
NONYNPOBONHIKOBOTO MaTepiiaja TiNa n OH 1Meer GodbIiee KoJIlrde-
cTB0 cBOCOIHEIY 3JNeKTpoHOB 1 Godee Hu3Koe comporumaenue. IMoay-
MpoBOBIKOBLI MaTepunaa Tuna nt Gojlee CHUABHO JeTHPOBAH NpHMe-
CAMM WO CPABHEHNIO ¢ MaTepHAJOM THIA n ¥ UMePT MeHBbIlee yneabHOR
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conpormBaeame. C fpyroit CTOPOHK, ecIH KOIMIECTBO CBOGONHKX 3/1eKT-
POHOB yMeHBIUATH, TO y[eAbHOE COUPOTABICHAE HOJAYyHIPOBOXHAKA BO3-
pacret. IloneBoit TpaE3NCTOP B €ro OpocTeiinieM BHIE C YyYOTOM CKazaH-
HOTO MOKHO DPacCMAaTpPHBarh KaK HepeMeHHOE COLDPOTHBICHHE.

Wmeerca ;Ba THODA HOAEBHX TPaHSHCTOPOB: LOJEBOW TPAH3BCTOP
€ 3aTBOPOM HA p-n HEPexoie H LOJIEBOH TPAH3WCTOP € H30AMPOBAHHEIM
sarBopoM. IlocnepHnii WHOTA HASHBAKT TPAH3HCTOPOM THIA MeTall-
okHcen-noayapoBogaEnk (MOII) nam Mertana-n@aaeKTpHK-TOAYIPOBOJ-
gnk (MII). Tpamsucrops ofoux TuHmoB paGoTaloT Ha OHOM H TOM Ke
NPHHLALS: YOPABISHH® TOKOM OCYIECTBIAETCHA BJAEKTPHUOCKAM LOJIOM,
KOTODPO® H3MeHseT CONDOTHBIEHHE MeXNy BXOMHHMA K BEIXOMHHIMA 3a-
MAMaMi TpaHsBcTOopa. ONHAKO STE TPAH3KCTOPH 006aa1al0T pasHEMM
XapaKTeDHECTHKAaMH.,

Honepo#t TpamsmcTOp ¢ 3aTBOpOM Ha p-n mepexone. TpaH3HCTOD
¢ yUpaBAAOIAM p-n HEPOXOI0M HaTOTOBJAAETCA W3 KPHCTANJA KPeMHHA

3ambop
O + 3
..... o
Cmoxk H /B 7<= b ¢
00ednenHsid
cAod J) 7 )

Prc. 2-37. CxeMaTndeckoe ycTPOMCTBO IOJMEBOTO TPAH3ECTOpA C ym-
PaBAAIUM p-n LepexonoM B KaHAJIOM THOA n.

TAOA n, HA KOTOPOM € IBYX UPOTHBOLOJOKHHX CTOPOH pa3MeNmeHH
obnacTe TEmAa p, BHUOJHeHHE® MeTonoM nugdysnr. IloneBoit Tpaman-
CTOP € KaHAJOM n HOKasaH Ha puc. 2-37, a. B monoGHoM ycTpoiicTBe
ofpasyerci KaHaa Tuma » MeKIy BXONHHM 3aKAMOM — HCTOKOM I
BEIXOJHHM 3KEMOM — CTOKOM. OTOT KaHAl pACHOJOMKOH MeK1y
npyMa obaacTAMA p, o6pa3yloONMMH yUDaBAAOIBER 3JI€KTPON, BIH 3aT-
Bop. Ecanm BHa 3aTBOD Wouarh OTPHIATEABHH DOTOHIHAJ OTHOCHTEIBHO
oopIOKKH THOa n (pue, 2-37, 6), TO Tepexois OKAMKYTCA CMEMICHHEIMH
B ofpaTHOM HampapJjeHWH U B HAX, Kak It B 11000M p-n mepexone, obpa-
sylotcA obepHemHE® cioM. [Ipu yBeanmueHWH OTPBUATeaBHOIO HAUpH-
sKeHUA CMemleHRA oGenHEHHEI® CJ0H DPacWIApAIOTCA B ray6b KaHaza u
B KOHUE KOHIOB MOIyT COMKHYTBCA Meny coboit. B atom cayuae
COMPOTRBICHAE MEY IICTOKOM B CTOKOM OyneT GeCKOHewHO GOJIbILMM.
Ha pmc. 2-37, ¢ 3aTBOp coeiMHEH ¢ HCTOKOM, a8 HCTOUHAK HAUPSKOHMNS
NPACOeIREOH TAaKEM 00pa3oM, 9TO0 CTOK OTHOCHTOIBLHO 3aTBOPA HMeeT
TONOKHUTONBHER moreHAad. [lepexoqk B 9TOM Clyuae TaK/Ke CMelleHH
B of6paTHOM HampasiaeHIH, HO GaaropapA TpajueHTY HaupsKeHs
MOKNlYy CTOKOM H HCTOKOM K De3lCTIBHOI HPHPOLS HOMLIOMKKU ofiHA CTO-
pOHA OKa3HBAeTCA CMEMEeHHONT B Goabplueil cTememd, 49eM ipyras, H,
CI6/10BATOABHO, 00O HEHHEIT C0il € 3T0l CTOPOHH §y/eT EMOTh GONbIIYIO
TonmBRy. IloBHMEH!le HanpAMKeHENA MOXEAY CTOKOM H HMCTOKOM Ucu

CHAuaJja BH3BBAaeT yBeJIUUYEH1I© TOKA CTOKA IC B OJHOBPOMEHHOC HTOBHI-

meHAe rpajAeRTa HOTeHmHaza. B peayasrate obepnHeHHEA caoit pac-
mupAeTcA, CONPOTHBIACHHC MeXK1y CTOKOM H HCTOKOM Boapacraer H
TOABJIAETCA TeHAEHNHA K OTPaHBY4eHUI0O TOKA. B KOHNO KOHIOB WOBH-
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meHRe HauUpmKeERA Ugy He BH3bBaer Gonbime yBenmdgeHHA Toka [q

Hanpﬂmenne MeKy CTOKOM B NIICTOKOM, MPHA KOTOPOM HAYMHAETCA orpa-
HHAYeHNe TOKAa, HA3blBAIOT HaNMPAKeHAeM HACHINCHWSA UCE wac*

XapaxkTepHCTHHE, OUNHCHBamolme 3aBHCEMOCTh I 0T Uqy, npB-
BefeHEH Ha puc. 2-38. B KauecTBe mapaMeTpa 3fieCh HCMOJNbL3yeTcA Ha-
UpAMKeHNe MedAy 3aTBOPOM H HUCTOKoM Ugyy. Ilpm yBenmueHHE Haumps-
AeHHUA Ha 3aTBOPe OrpaHHYeHRe HauWHAETCA IDPHE Golee ManLX ToKax Ig,

TaK KaK npa ofeKra, BEZHBAOIHe pacIIBpeREe olefHeHmHOTO CaOf,
ABJAAITCA 8JABTABHEKMH. B o6nacTh Hacmmenna kasikpas H3 KpuBHX Ig

ocTaeTcsi UPAGNA3ATENBHO Ha HOCTOAHHOM ypOBEe ¢ yBeamdemmem Ucy
10 Tex HOp, MoKa He HACTYIHT JaBRHEHI mpoboil, npA KoTopoM Tok Ig
pe3ko Boszpacraer- EcaE CPaBHATRP XapaKTePHCTERHE LOJIeBOr0 TPAH3E-

mA| I, Usy=*0,58 B
10 1 _oc
I
8 ¢
3‘ E ’
6 7 H
4 Usy
o o
2
. | Uen

0 5 70 5 20 25 30 8

Puc, 2-38. XapaKrepMCIHKH HOJOBOT0 TPAH3HCTOPA € yHPABJAIOMIEM
p-n mnepexofoM W KaHaJOM TROA n.

cTOpa ® UeHATofd, TO MOKHO 3aMETHTh BX HieHTHYHOCTH. Takoe cpas-
HeHHe MOKA3HBaeT, YTO 3aTBOP HWrpaeT pOJb YUDPABAAOUILCH CETHH,
a HCTOK M CTOK BHIOJHAIT QYHKOEN KaTORA B aHO[A COOTBETCTBEHHO.
JononHuTeabHaA AHAJOTHA MeKLY WHOJEBEIM TPaH3HCTODOM K MEHTO-
IOM 3aKII04aeTcA B TOM, 4T0 06a 31 mpEGopa HMel0T GoNbIoe BXOTHO®
COUPOTHBAOHRE IO CPABHEHHMIO C OMIOAADHHIM TPAHBUCTOPOM, KOTODHIA
XapaKrepHsyeTca HeGONBIUAM BXOOHEIM COUPOTHBIeHHeM. COOTBeTCT-
BeHHO HMEeTCsl CXONCTBO B B MeTOJaX pacuera CXeM.

Ha pue. 2-37 cxemMaTmd9ecKH HOKasaHO yCTPOHCTBO LOJIOBOTO TPaH-
3lCTOpa ¢ 3aTBOPOM Ha p-n mepexope. Ha mpaKTHKe 3TOT HOJAyHPOBOA-
HEKOBHIl Tpn6op H3roTOBIAOTCA MeTOLOM JUATAKCHAIBHOH NIAaHADHOH
Te XHOJOTHH, OPH KOTOpOH omepamua nu¢@y3mH BHIOIHAETCA TONBKO
¢ OomHOH CTOpOHH. YCTPOHCTBO MIAaHAPHO-dHMTAKCHAIBHOTO LOJIEBOTO
TPaH3ACTOPa HOKAa3aHO HA pHc. 2-39. VcxonpuM MATOPHAIOM JJIfl HBTO-
TOBJEHHA TPAHIACTOPA CAYKET CPaBHHTEJILHO TOICTAfd MO[JI0MKKA
THOA p ¢ MaJHM yeJAbHHM COODOTHBIEHHeM, HAa KOTOPOH Hapamd-
BaeTcA TOHKHWil SUATAKCHAJBHHIT CIofl Kpemmusa tnuna n (pmc. 2-39, @).
Hanee myreM HarpeBaHEA HOJAOKKE 10 ONpeled€HHOH TeMNIEPaTypH
HoBepXHOCTh 3MBTAKCHAJbHOTO CIOA WOKPHBAETCA 3alATHON MIeHKOM
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nByoKAcn KpemEms, (DoTOpe3sMCTHBEHM MeTOIOM B TICHKE NBYOKACA
B COOTBETCTBYIOITMX MeCTaX IpPOfelHBAIOTCA OTBEPCTHA I 3aTeM CKBO3hL
3TH oTBepCTHA ocymecTanAercA auddysus marepaaja TUMA p ¢ DAL
dopmuponamnA obmacTy 3aTBOPA, KaK 9TO MOKA3AaHO HA PHC. 2-39, 6.
CrnegyomumMu sranaMu ABAAIOTCA TPOHECC BTOPOTO OKCHANDOBAHMA,
Dpomecc TPABICERA W H3roTORIERRe HEOOXOJHMEIX BHEIIERX BHBOJOB
(puc. 2-39, ¢). Ha mpHBeeRALX PECYHKAX CXeMATUIHO ITOKABAHO Molle-
peuHoe cedenWe, a ma pHc. 2-40 mpepcTaBiaen obmuit pug Ges ciom
JIBYOKHCH KpeMHEA B Ge3 BHEIIBAX BEBO[IOB.

Jnumaxcuansisid Laod oxucu H 3¢
caou
n
Nodnoxke p

a) d) 6)

Pmc. 2-39. Tpw 9Tama HWSTOTORJEHHA SMHTAKCHANbHO-NMIIAHAPHOTO IoO-
IéBOT0 TPAaH3ACTOpA C KAHAJOM THIA n.

3aMeTHM, UT0 ecjH BCe 06acTH TRIIA p M n MOMeBATH Medy coboil
MecTamMM, TO IOJIYYUTCA IOJeBOil TPAH3MCTOP C KAaHAJOM THNA p.
Ioneso#i TpaH3HCTOp ¢ M30IMPOBAHALIM 3aTBOPOM M FHAYUMDOBaH-
HBIM KaHanoM. VIcXofHKM MarepHajloM AR uaroroBieHHA MOIl-tpan-
31CTOpA ¢ MHEAYIWPOBAHHEIM KaHA-
JIOM CHYMHT TOAJIoKKa THAIA P C
BHICOKMM YOeJbHHM COIOPOTHBIE-
HBeM. B mopgmoxke MeromoM gud-
dysmm dopmupyorca pee obiacTm
THNA n ¢ MaJjilM YAeJbHEM COII-
POTHBJEHREM, KOTOpEE NIpPeACTaB-
JAAWT cofoli MCTOK B CTOK TpaH-
sAcTOpa. 3areM Bce YCTpoHCTBO
MOXPHEBAWT CJI0OM JBYOKHCH KDeM-
HAsf, B KOTopoM (OTOPe3BCTHBHHIM
MOTOIOM € MOCHeAYIOIUM TpaB-
Prc. 2-40. OOmumit BAA 3OHUTAK- JIeHAEM TPOENKBAIOTCA OKHA HAK
CRaJAbHO-TNIAHAPHOTO [0JEBOT0  ofiacTAMA CTOKA M HcToKa. Jla-
TpaH3ECTOpA € YNDPaBIAKIEM Jee MyTeM MeTa/UIH3alEH BHNOJ-
nepexofgoM (CJ10i ABYOKHCH KPeM-  HAKOTCA BHEMEHe KOHTAaKTH tro-
HRA W BHEMHHAe BHEBOJH Ha DA- KA H #cTOKa, OJHOBpeMeHHO ¢
CYHKe He MOKAa34BH), H3TOTORJIEHHEM KOHTAKTIOB QCAMXK-
paeTcA CJOil MeTajijIa H HA OKHCH
KDeMHHAsA, NOKpHBalmell ofjnacte KaHaja. OTOT MeTaJVIRYECKEH
clIoOM fABAAeTCA 3aTBOPOM, KOTODHHA H30JIHMPOBAH OT KaHAJa NJIEHKOH
OBYOKHACH KpeMHHA. OKoHUaTelbHoe YCTPOMCTBO TD@H3ACTOpa IMped-
cTaBJleHO HA DHC. 2-41, a. 3aMeTAM, wro IPA OTCYTCTBUHM HANDLKeHRA
Ha 3aTBOpe CONPOTHBICHREM Me:;KIy HCTOKOM H CTOKOM RBIASTCA CO-
MPOTHBJEHAE [ABYX p-n MepeXoHoB, BKAIOYEHHEX B NDOTHBOMOJNOKHHX
HanpaBieEAAX. OGpaTAM TaxKe BHEMaHAe Ha TO, 9T0 MeTAIAYeCKAR
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3aTROp H 06JACTh KaHAJAa H3 KPeMHHA, DasfeleHHHO H3oEpyIOIuM
cloeM ZBYOKHCH KpeMHRA, o0pasyloT KoHJIEHCATop.

IeiticTeue TpaEsBCTOpa HILTIOCTPHEpyeTcA pHc. 2-41, 6 B 3aKmio-
4aoTCA B ClefylomeM. JJeKTPRYeCKOe MMojle, CO3JABAeMOe MOJOKHTE/b-
HEIM TOTeHIAAJIOM 3aTBOPA. FHAYIMPYeT COOTBETCTRYIOM@H oTpuIaTe b~
EH 32pAf B NOJIYNPOBOAEAKOBOM MaTepuaJe, KOTODEL CIy/KBT BTODOK
nIacTEHOM KoHpgeHcaTopa, IIpH BoapacTaBHE 10J103KBTE/]BHOTO HAnpA-
JHeHHA, NPUIOKEHHOTO K BaTBOPY, B 9YACTH NOJyNPOBONBMKOBOM Nofi-
JI0KKE TAMA p MeXKIY BCTOKOM H CToKOM 00pa3yeTcsl HHBePCBOHIHI Clloil

¢ AL *
Y /Okucs

Hudyuupobanneid
a) ' J) kaH“tlzljr 4

Pmc. 2-41. YcrpoiicTBO NOAEBOTO TPAH3HCTOPA ¢ H30JEDOBAHHBIM 3a-
TBOPDOM C HEIYIRDOBAaHHHIM KAaHAJIOM.

. 00e8HeHNBIL CAOL
g) “

Nodnomka p

2)
Puc. 2-42. IloneBoil TPaH3WCTOP ¢ A30AMPOBAHHLIM 3aTBODOM CO BCTPO-~
eHHEIM KaHaJIoM.

¢ 3JCKTPOHHOII IIPOBOAUMOCTBI0 — KaHaZ n. Yepea 3TOT UEAYIUPOBAH-
Huft KauaJ Tdna n MOKeT POTOKATD TOK OT MCTOKA K CTOKY. Yem Goabie
HaNMpAYKeHHe Ha 3aTBOPe, TeM 6O0blle molePe4YHO® CedeHHe RHIYIMDO-
BAHHOTO KaHaja W, CJlefoBaTelbH0, OONBIIME TOK TpOTEKAET MEMKmy
UCTOKoM B CTOKOM. W Hawe ToBOpA, TOKOM CTOKAa MOHO YyNpaBJIATH
nyTeM W3MeHeHHA TMOTEHLUAJOB Ha 3atBope. Hak W B npefmpymem
cay4ae, ecaM B KaKgol m3 ofaactell NoMeHATH THI WOJYNPOBOLHIIKA
HA NPOTHBOMNOJOKEHI, TO NOJYIHM NOJeBOH TPAaH3ACTOpP € H30JHDPO-
BaHHHKIM 3aTBOPOM H KaHAJOM p.

ToneBoit TpaH3HCTOpP € H30AAPOBAHHBIM 3aTBOPOM K BCTpPOCHHLIM
KaHanom. CTpykrypy MOII-TpansmcTopa, mokasannyw Ha puc. 2-41, g,
MOKHO Momnudunuponarb, fo0aBHB KaHAJ THMIA n, BHIOJHEHHBI MeTO-
moM arddysum, B o6nacTb MeAy HCTOKOM 11 CTOKOM, KK LOKazamo
Ha pHC. 2-42, a. [lpm momage Ha 3aTBOP OTPHUIATEIBHOTO IOTEHIMAJIA
B KaHajle MHEAYOADPYIOTCA TOJOKHTEJIbHE® 3apAfn B dopMupyercA
ofegHeHHHIH CJI0f, KOTODHII YBeJRYHBAaeT Y[eJAbHOE COLPOTHBIECHHE
KaHajla. 9TOT Ipomecc HILIIOCTPEpyer DPEC. 2-42, 6. B takoM cocros-
HME XapAKTePUCTMKH TPAHBACTOPA aHAJOTWYHE XapaKTepHECTEKaM
N016BOTO TPAB3ACTOpPA ¢ YyNPABIAIIAM p-7 NepexofoM, T. e. Npu Goab-
LIeM OTPAOATENIbHOM HNOTeHIMAIC HA 3aTBOPe MeK/y HCTOKOM I CTOKOM
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nporexaer ToK I, Membmeif BesmymAH. OpHako DPH mofade Ha 3aTBOp
DoNloKNUTeIbHOTo HADPAKEHNA TPAHIHCTOP €O BCTPOGHHHEIM KaHAJNOM
Gynet BecTd cefA mo-gpyromy. B cayuae TpamsmcTopa ¢ yHpPaBAAOIEAM
p-n DepexooM B XKaHAJNOM THIA n NPH Mofave Hojl0XKUTeNEHOTO HAnpd-
MeHWd HA 3aTBOP p-n DePeXof OKASHBAaeTcA CMelIeHHHM B TPAMOM
HANpaBJeHUN, o0eHeHHHY Cloil BCUe3aeT M MCKAKYAETCH BO3MOKHOCTD
YOpaBleHEA TOKOM CTOKa.

MAlL, Ugy=+38 MA
5 b + 28 75
70— ——+1Z 70
0
W= s
738 | Uew l/
05 70@75 20 25 -3 =2 =1 0,1 2 3

Pre. 2-43. XapaxTepucTHKIl OXEBOIO TPAH3UCTOPA ¢ H301IpOBARHHIM
8aTBOPOM €O BCTPOEHHEIM KasaioM. B oGmactu I tpaHaucTop pabortaer
B peXuMe ¢ MHAYIIpOBAHHHKM KaHaioM, a B o0aacTh II — B pexnme
€0 BCTPOGHHHIM KaHAJOM.

i ¢ c ’
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Prc. 2-44. VcnoBHHe o603HaueHNst MOJEBHX TPAaH3IACTOPOB.

a n 6 — C YOPaBIAAKIIEM P-t [ICPCXONOM; 6 B 2 — € M30JRPOBAHHKM 3aTBOPOM K
BCTPOEHHHM KaHAaJIOM; 6 W ¢ — € H30JUPOBAlIHEIM 3aTBODOM B MHAYIMDPOBAHHLIM
HKaHAJIOM.

(Crpesika, HaOopaBJICHHAaAa BHYTIpPb, ofo3HauaeT TpPAH3WMCTOp C KaHajoOM THDA n,
8 HADYHKY — ¢ KaHaJloM THIIA D).

Ecau ke Ha 3aTBOp TPaH3HCTOPA CO BCTPOGHHHM KaHAJOM THDA n
HofaTh WOJNOKMTeNBHEIH TOTeHIHMAaJA, TO MHAYULpoBaHHbE OTpHLATENb-
Hule 3apAAH B KaHalle OPEBEyT X CHIVKEHHID YIeNHEHOTO COLPOTHBIE-
HUA KaHana, ® npuGop cramer paGorars xak MOIl-tpadsucrop ¢ munLy-
UPOBAHHKM KaranoMm (pmec. 2-43).

Kaaccndmranna v yeaopabie 0603Ha9eHAA MOJeBRIX TPaH3RCTODOB.
Ilonesoit TpamaucTOp € yupaBAAKOWHM p-n DepPeXonoM ApafeTcA IpH-
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GopoM co BCTPOeHHHM KaHaJoM H, CleR0BaTeéNbHO, NPH OTCYTCTBUM
HanpAKeHuA Ha 3aTBopPe oH oTKPHT. ECAM DomaTh DoaosKuTednHoe Ha-
Op/KeHWe Ha 3aTBoD TPaH3HCTOpa ¢ KAaHANOM p HAH OTpPEnaTeibHoe
HaNpAKeAMe HA 3aTBOpP TPAH3ACTOpa C KaHAJNOM n, TO 3TO BH30BeT
YMeHbIIeEWe ToKa croKa. IIpM DoBHmennmm HaDpR:ReHdA yKasaHHOH

TMOASAPHOCTE TPAB3UCTOP B KoHpe KOHOOB 3aKPoeTCH.
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Puc. 2-45. XapaKTepHCTHKH NONeBHX TPAaH3HCTOPOB € M30NIPOBAaH-
HHM 3aTBOpPOM.

Cymec‘rByeT qe'mpe THOA OONeBRIX TPaH3UCTOPOB C H30AMPOBAHHBIM
8aTBOPOM. TpaH3HCTOPH CO BCTPOCHHEIM KaHalOM THOOB n HIX p B HOp-
MaNbHOM COCTORHMN OTKPHTH. UTOOH NepeBecTH HX B 3aKPHITOE COCTOR-
Hie, HeoOXOARMO NPHUAGKHTH HEKOTOPOe HaNpA)XeHHe K 3aTBOpY.
C npyroii cTOpOHH, HOJNeBHE TPAH3NCTOPH C MHIYIHMPOBAHHEIM KaHAaNOM
THOA p WIM n HOpManbHO BAaXONRTCA B 3aKpRITOM COCTORHBHH. lIJIH
BKIIOYeHNA TPaH3UCTOPA C KAaHAJOM p HeoGXomuMo MOJAaTh HA ero sar-
BOp OTpHNATeJBHLI DoTeHNNAA, a A BKAIOYeHMA TPAH3HCTOpA C KAHA-
oM n Ha 3aTBOp TPe0yeTcA NOAAThH MMOJOKHTEeNbHBI DOTEHIUAN.

Ycnopane 0603HaY6EHA pa3HIHEX THIIOB D0JIEBHX TPaH3NCTOPOB
DpEBefieHER Ha pHc. 2-44. Ha deTnpex ua HHX moKasaH BHEIBOJ 3. ITOT
BHIBOJ CoefMHEH C DOEJOKKo#l TpaH3MCTOpa m HEKoTopHMYM $upMaMA
BhHIDONHACTCA KAk BHewHRil. Opnmako GoNBIIMHCTBO COBpPeMEHHEIX IoJe-
BHX TpPaH3UCTOPOB HMEIOT BHYTpeHHee COOIMHEHHE HONNOKKI € NCTO-
KoM. M3 ueTHpex THIOB NOJeBHX TPaHBHCTOPOB € M3ONHpPOBAHHEIM
3aTBOPOM IMIMPOKOe DPHMEHeHHe HAXOLAT TOABKO ABA: ¢ MHAYIUPOBAE-
HHEM KaHaJoM TADA p W CO BCTPOEHHHIM KaHajJIOM THnDa n. THOOBHIe
XapaKTepHCTHKE 9TAX TPaH3MCTOPOB NPHBeIeHH Ha pHCc. 2-45,a 1 6
COOTBETCTBEHHO,

2-12. XAPAKTEPACTHKHA YCAJTATENIA C NMMOJAEBBIM
TPAH3UCTOPOM [27]

Tak kak moneBoil TpaHsucTop ofnuHOo paloraer NpE ofpaTHoM
CMeIEHAHA Ha BXOAHOM DePeXOfe, eTo BXORHONH TOK o4eHL Mald. Xapak-
TePUCTHRE HauGollee 9acTo BCTpedalomerocd Ha mpaKTHRe THIA MOJe-
BHIX TPaH3NCTOPOB — D0JIBOT0 TPAH3NCTOpPA €O BCTPOGHHHM KaHAJOM
(cm. puc. 2-38) — aHanoOrm9EN XapaKTePHCTEKAM BAaKYyYMHOIO ICH
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Topa. TloseBHe TpPaHAACTOPH € yOpPaBAAOMMM p-n NepeXofoM W wu3o-
JIMPOBAHHEIM 3ATBOPOM WMEKT BHICOKOe BXOfHOe conporupaenue. [lo
9Tolt IpUUKMHe DKBHABAJEHTHAA CXeMa, NOKa3aHHAR Ha pHuC. 1-25, ncooan-

aywomast h-napaMeTpel M IOpeq-
i, CTABJAAKIMAA yCTPOIiCTBO, KOTO-
poe paforaeT IPM MAJEX BXO[-
HbIX TOKaX, OKagHBaeTCH Helpu-
TOMHOH AJA NOJeBHX TPAH3UCTO-
poB. 1 AR NoJeBHX TPaH3NCTOPOD
HCOOAb3yeTCH 9KBUBAJIEBTHA
cxema € Y-mapamerpaMd (puc.
2-46). Mctounuku spepruH 3fiechb
npeacTabjdeHb TepepaTopami Ha-
npaxkeand. Cxema  ABaAercA
CHMMeTpPUUHOIl.

YpaBEeHUA JJIA ITOH CXeMBI
MOKHO 3amBCaTh, CNOAB3YA 3a-
xoHH Iinpxroda (opuaoKerue A), TyTeM OpupaBHUBAHMA BXOMALIHMX
M BHIXOLAMINX TOKOB BO BXOJHOM M BHXofHOM y3nax. Takum ofpa-
aoM,

Puc., 2-46. IKBHBAJCHTHaA Ccxema
YeTHPeXMOAKCHIKA, HCN0Ab3Y1010aR
Y-napameTpHl.

L=Yyui 4 Yuy (2-18)
by== Yoty 4 Yopuy. (2-19)

[MapamerpaMil B ypaBHEHMAX ABJIAKTCA NPOBOAWMOCTH NpH KOPOT-
KOM 3aMblKaHMHM HA BXOfle Ml Ha BEIXOJe, T. e,

Yyu=iju, opn u,=0;
Yip=i/us npn u;=0;
Yo=ip/uy wpn up;=0;
Yop=isf/u, mpu u;=0.

(2-20)

Bricokoe BxogHOoe CONPOTHBIEHHC 110J€BOTO TPAaH3HCTOpPA O3HA-
4YaeT, UTO BXONHAA MPOBOAUMOCTH OYeHb Maja 1, KaK NpaBuJjo, e

3 c
o—0
C
oL (] v, ] |
" y27 U7 Y22
O O -
o) o) n

Pic, 2-47, CxXeMa BKIIOUYEHNA MOJCBOTO TPAH3UCTOPA ¢ 0OLIIM 1ICTOKOM
(@) 11 ee drBHBaseATBadA cxema (6).

MoxHO upcseGpeub. TpoBofiiMocTb oOparHOit CBA3N Y|, Ha HU3KHX
94acToTaX OKasblBaeT He3HAYWTENbHOE BIUSHWEe M ee TaKKe MOYKHO HE
npuEMMaTh Bo BHUMaHHe. Ha puc. 2-47 — 2-49 noKa3aHhl dXBUBAIEHT-
HbIe CXCMBI IR BKJANYEHWA [MOJIeBOT0 TPAH3MCTOPA ¢ o0UIIM HCTOKOM,
ofmuM 3aTBOPOM 1 OOLUIMM CTOKOM C ydYeTOM YKa3auHHX [oiynieHuii.

CxeMa ¢ ofmum ucTokoM. Cxema ¢ oOIIMM HCTOKOM, NOKA3aHHAA
Ha puc, 2-47 nopoGpa cxeme ¢ OJ Ha GunOJAPHOM Tpamsncrope. B ak-
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BMBAJIGETHOH CXxeMe Ha DmC. 2-47, 6 Y, — IDPOBOTEMOCTG NPAMON
mepefaud; Y,, — BHIXOABasd IPOBOAMMOCTL MPH KOPOTKOM 3aMBIKAHAH
Ha BXORE.

TRnoBEMHA 3HATeHUAME THX OAapaMerpoB, HAOpuMcp, AAA TPaH-
auctopa 2N3819 sBasiorcA: Yy = 5 MCM, Yy = 50 MKCM.

yZ1u3M
s
Oreeemy
B b
0—‘
a) d)

Puc. 2-48. CxeMa BKI0UeHHA INOJNEBOTO TpaMancTopa ¢ o0UINM 3aTBO-
poM (a) M ee MaJOCHTHAJbHEe AKBIBaleHTHHe CXeMBr (6, 6).

3 14
O —O
Yar U
3 U ¥3n
Ry Ugy Yz 2 Ry Uﬁblx
[N
O O

u,) 7) c
Puc, 2-49. CxeMa BKIA1049eHMA DOJEBOrO Tpausuctopa ¢ oOLLNM CTOKOM
(a) n ee »KBMBajeHTHAR cxeMa (6).

N3 puc. 2-47, 6 BugHO, 49r0 B cXeMe C oOIIMM MCTOKOM BHIXOMHOE
HanpAsKeHAe NoABAAETCA OnarofapA NPOTEKAHHI0 TOKA Y,u; deped
NPoOBOOUMOCTE Y,y ¥ CONpPOTHBIeBHe HAIpy3xkn Ry, BKIIOYeHHHE
HapanieasHo. TakAM o6pasoM, BHIXOfHOe HaupreHHe Oymer paBEHO:

u - Youuy
P Yo +1/Ry

a kosdduuueHT Hepenaud NO HANDAMKEHHK B CXeMe € OOLIIM 1CTOKOM
enpeneantca GopMymoir

(2-21)

Upnx __ Yo Ry
uy 14 YRy

. (2-22)

dapucuMocTh Kod()pUUMERTa Nepeladu N0 HaNPAMKCHNIO OT CONPO-
TABJIGHHA HAarpysKd WOKasaHa Ha pAc. 2-50. OdeBHpHO, UTO MAKCHMAIL-
abilt Koaduumert nepemaau Oyder papeH Yy, ]Y,, npH Gecxomeddo
GONMbIIOM CONDOTUBAEHNH HATpY3Ku. J(ad yNoMmHABIIETOCA TPAH3N-
cropa 2N3819 maxcuMaabEHIT K03(duiienT epenadn 1o BanpAKeHIO
pasen 100, uTo Ha NOpAMOX HIDKe, 9eM y OHITOJAPHOrO TpPaH3UCTOpA
(cM. puc. 1-36).
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Cxema c¢ oO6mmum 3arBopoM. CxeMa BKJIOWEHHsI 1107€BOTO TPAH+
aicTOpa ¢ oGmHM 8aTBopoM NoKA3aHA HA puc, 2-48. JHBMBAJIEHTHAA
cxeMa KacKajga ¢ oOmEM 3aTBOpOM, B HOTOPOH HCHONB30BAHW Y-mapa-
MeTpH, moJydeHa myTeM Hpeo0pa3oBamisi TeHepATOPa TOKA Y, usy
B remepatop HamprweHHA U, upy/Y,s TaKAM oGpasoM, YTo BCe die-
MeHTH B SKBHBAJICHTHOI CX€Me BKJIIOYEHH IlocllegoBaTeiasHo. HampA-
7KeHUe MoKIy 3aTBOPOM B UCTOKOM uyy, B CXeMe ¢ 06mum 3aTBOpOM
UMEeT MPOTUBOII0J0KENI 3HAK [0 CPABHEHHIO ¢ BXOAHKM HAIPAKEHAEM,
T.®. Ugy = —~U,.. B MochemoBaTenrE0ll oHBUBaNEHTHOH cXeMe BXOA-
HOi TOK paBeH TOKYy B CONMPOTHBJIEHHW HATDY3KW, a BEIXOQHO® HANpHA-
JKeHHAe .

upnx =1Hg, (2-23)
OTKYyAA, MCHOJBL3yA 3aKoH OMa, HaXog®WM TOK
Y.
upx + Y—:: Upx 224
b= ———— ",
1/Y 33+ Ra (

HKoadpunmeRr nmepefaum 1o HalpPSIKEAM®D B cXeMe C OGINEM 3aTBO-
poM, Kak H oOb4HO, ompepensier-

Uy, [ gy cfl B BHA@ OTHOINGHHs BHXOMHO-

102 ro HANPSHKeHMA K BXONHOMY:

ou,03 Ys
’ % Upnix __ (Yo1+ Yos) Ru . (2-25)
nr- ZY; Upx 1+ YRy

oc Vo1t Y5, Ecau y4ects, 9to IIpOBO-
T - AuMocTh Y,, CpaBHMTENbHO He-
BOJIUKA, To ypaBHeHMe (2-25)
10 | | Ry 6yneT HMMeTH TOT e BUJ, 4TO
u (2-22). TakuM o6pasoM, Koaf-

| |
0% 105 0% 10° om

Puc. 2-50. 3aBmcmMocts Koadu-
IeHTa Hepeffaul Io HaNpAXKeHHI0
OT CONpPOTHBIEHHA HArpysKE aaA
TpexX CXeM BKJIOYCHHA 10JOBOTO
TpaH3HCTODA.

¢unueHETH Nepegadd Ilo HANDPA-
KOHHIO B cXeMaX ¢ ofmmuM MCTO-
KoM u ¢ ofuM 3aTBOpOM INPH-
6nauaUTeNbHO ONMHAKOBH, HC-
Kaodas, KoHeuHo, ToT (aKT,
9T0 B CXeMe ¢ o0mEM 3aTBOPOM
CHTHAJl He MHBepTuUpyercA. Pa-
BeECTBO Ko3(duumesToB nepe-
Jaud o HADPAMKEHWI0 B YKA3ABHHX [BYX CXeMaX oTpasKeHo Ha pHcC.
2-50.

Cxema ¢ ofImmM crTokoM. M3 OHBEBAJICBTHOHM CXeMm Ba puc. 2-49
BaxoluM BANpAKeHUE MeXK]ly 3ATBOPOM ¥ MCTOKOM Ugyy U BHXOJHOS

HANpAXeHNe:

Uz = Upx — UBnpixs (2-26)
Yaugu
- . 2-27
uBbfx i/RB+ }722 . ( )
TORCTABAAA 3HAUCMA® Ugpy M3 (2-26), momydaeM:
. Yy Rulipx (2-28)

e = g +(Yy,+ Yao) R’

Koadduimenr Depemaud Mo HANPAMEHMIO AAA CXeMH € oOGMHMM
CTOKOM JIeTKO HAafiThm H3 (2-28):

Uphix — Yo Ry .
Upx 14-(Y g4 Ygo) Ry

Horma Ry Heckompko Goabme Bemuuusm 1/Y,,, Kooddunment
nepepaun Mo HANDPAKEHMID B cXeMe ¢ OOUIAM CToKOM ONM30K K enm-
BULE, T.e. AHAJOTHYHO CXeMe
C o0muM KoaJeKTopoM (oMAT- [y Ry
TEPEHIi NoBTOpUTesB) Ha GHmo-  4p5|
JIApPENX TpaH3HCTopaXx. DBiaro-
mapsA BHICOKOMY BXOQHOMY Coll-
POTHBIEHUI0 M 6AMHMYHOMY KO- 104
a¢dunnesTy nepeaus Do Ha-
OPAXEAUI0 cXeMa ¢ obuquM 03,
CTOKOM, WIM MCTOKOBHI mOBTO-  703|-
putenb, oYeHb ynoGHa muaA npn-
MeHeHNsl B xaq%c'rg)e pa3BA3H- 102 | | | ¢ Ry
Baomero, T. 8. epHOTO, HAa-
crana. yeep 02 105 10t 105 om

Bzodnoe conpomusaerue ycu-
Aumess Ha NONesOM MpaH3u-
emope. CxeMn ¢ oOmuM ucTo-
KoM u o0IUM CTOKOM UMEIOT
Gonbilmoe BXOMHO® COLPOTHUBJIE-
Hie, & cXema ¢ o6luM 3arBopom — Mmazoe. M3 ypaBmesnA (2-24) pam
CXeMHn ¢ o0muM 3ATBOPOM HAXOIMM:

(2-29)

Puc. 2-51. 3asucumocTh BXOJLHOTO
COLPOTHBIGHHA CXEMH ¢ 0GuHUM
3aTBOpoM of Ry.

Upe 1+ VooRu (2-30)
i Yo+ Yo

3aBHCUMOCTh BXOJHOIO CONPOTHBIAGHHS OT Ry B CXeMe ¢ o0uwuM

3ATBOPOM MOKA3aHA HA pHc. 2-31, M3 KOTOPOH BHIHO, Y4TO MHEMMab-

RBX=

'HO® BXOJHO® CONPOTEBIICEHE COCTABJIAECT Opubauantensso 200 Om.

Tabapuma 241

THI CXeMH
X apaKTepHCT KA ¢ obmum ¢ obmum ¢ ofum
CTOKOM 3aTBODOM CTOKOM

Koadpgunest — YRy (Yo14 Yam) Ry Yy Ry
nepefadll mo Hall-| {4 ¥,,Ry 14 YR 14 (Y1 Yyo) Ry
PstKeEHIO

Roaddunmest o] 1 o)
Oepenagu TOKA

BxogHoe compo- oo} 1/(Y 4+ Yay) o]
TRABICHNS

Buxogsoe conpo- 1/Y 4 1/Y s, 1/(Y o+ Vi)
THBJACHNO
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Buvizoduoe conpomunsterue ycuaumeaa na noaegomM mpansucniope,
B ormuuMe or cxem 1a 6111[0J’allIle TPaH3uCTOpAX, BHIX0o[HOE COonpo-
THBAEHMC YCHJINTeNA Ha ToJEBHX TPAH3NCTOpaxX He BaBMCHT OT BHY-
TPeHHero COMPOTHBAEHYA UCToYHIKA CWTHAJa. W3 paccMoTpeHMA 3HA-
MeHareself B TpeX BHPaKEHUUX, oNpefeaAlMuX KodpPuIaeHTH nepe-
YA Do HaOpsAyKeHilo, BUAHO, YTO BHXOAHOE COMPOTHBIEHHE HAAs
cxXeM ¢ o6muM UCTOKOM 1 € OGIIM 3aTBOPOM DPAaBHO 1/Yg, a V1A CXeMH
¢ obmuM etokoM —1/(Ya + Yao).

Kosgppuyuenm, nepedauu mowka. B cxemax ¢ ofmuM uCTOKOM I
ofMUM CTOKOM BXOAHOii TOK paBeH My/M0, M03TOMY STH CXeMH HMEWT
Gecxoneuno Goasmioft koaddunuenT nepepawn Toka. B cxeme ¢ olmuM
3aTBOPOM 49Cpe3 BXOAHYIO M BLIXOQHYIO IEIH OpoTeKaer OfMH U TOT Ke
TOX, CilefoBaTeabHO, B JTOM cJydac KooQQHIMCHT mepefa4d IO TOKY
PaBeH ejlHIne,

B ta6m. 2-1 mpusefiedH oCHOBHHIC XapAKTEPHCTHKH YCIIUTEIbHHIX
KacKagoB Ha 1I0JICBBIX TPaH3NCTOPAX.

'nasa TpeThs
UHTEI'PAJIBHLIE CXEMbI

WEaTerpanuaan cxeMa mnpefcTaBider Co0off KpHCTaXA UL Oaa-
CTHHKY KpeMauf, Ha KCTOPOH pacHoloyKeHH TPAHBMCTODHI, IHOIH,
Pe3HCTOPH 1 KOHAEHCATODPh, 06pa3yomue 3aKOHYCHHYIO 3JEKTPOHEYIO
cxeMy. B mepsod ycnemHoif HDONLITKe M3TOTOBIEHHA MHTErPAlbOEX
cxeM, KoTopaR oTmocuTcA X 1959 r., menoabsoBasach Me3aKOHCTPYK-
nuA. JTOT MeToj oYeHbp OHCTDPO OHJ BHTeCHeH IJaHApPHOH TEXHOJO-
rueit. HeKoTopsle u3 9TanoB TeXHOJOTMH NPOM3BOJACTBA MHTEIPAJBITBIX
cxeM 3neck GynyT Gonee mogpoGHO PacCMOTPEHH HAa mpHMepe H3LOTOB-
JICHHR n-p-n TPaH3MCTODA.

3-1. TEXHOJIOTHYECKUE NIPOILECCHI |28]

Inumakcuasbnoe wnapawusanue. J AR obecnedeHAs HOCTATOTHON
MEXAaHWUYECKOH MpOYHOCTH KONJIEeKTOpDHEAf o6GJaacTh Me3aTpaH3HCTOpPa
(cm. puc. 1-21) pomkAa UMeTh ToamEHY Oo KpaifBein mepe 0,05 mM.
HpoMe Toro, uTofH eMKoCTh Koaaexropa OHia HepeiwKa, a IpoGuB-
HOe HANPAMeHHe JOCTaTOYHO BRICOKMM, JJIA H3TOTOBJNEHHA KOJJIEKToP-
Hoff o6macTH ciepyeT npHMEeHATH NONYNPOBOJHHKOBHE MaTepmaJ, uMe-
wmuii Goabloe yaeasHOe colpoTHsieHue. OnHOBPEMEHHOE BHIHOJHE-
HHe JTHX ABYX TpeGoBamMii NPHBOAMT K IOABNEHHI HeAoNyCTHMO
GoNBUIOr0 CONPOTHBJACHHUA MY KONICKTOPHHM OePexoAcM I BHEII-
HHM KOHTaXToM Konaexkrtopa. Pemenue otoil npofaeMut 6nio Haifeno
B pesyabTaTe NPHUMEHEHHA JUHMTaKCHAaAbHoTo uponecca, Ilpn arom
TpefyeMas MeXaHHYeCKad NPOYHOCTH AOCTHIAJACH CPABHHUTENbHO TOJ-
CTO¥ MOMAMKKONR N3 KPeMHNA € MadHM yAeAbHHM CONMpPOTIBJICHHEM.
Ha moBepXHoCTB HOAMOMKKI METONOM oCaXKAeHMA H3 ra3doBoil ¢asu
HapamuBaJCA ToHKHIl €Jo0il KpeMHuA, c6iafgalompii BRICOKIM yJenb-
HHM conpornBiaeAdeM. Ecau temepr B 2ToM ToEKOM SIATAKCHAIBHOM
cixoe copMIIpoBaTh TPAH3HUCTOD, To GyAYT moaydeHb TpefyeMHe Manan
€MKOCTh M BHICOKoe Y/AelbHOoe COINPOTHBIeHHE KoJJIeKTopa, a Goabplioe
nocAefoBaTeALHOE CONPOTIBACHME MEXAY KOAJNEKTODHHM HepexomoM
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B BEEWIINM KoHTaktoM 6ymer mckawoueno. IIpn maroToRNemENHN guUCKpET-
HHX TDPAHIUCTOPOB BNHTAKCHANBHHIA CJOH MOIKET HMBTh THU WpPUBO-
MUMOCTH, Of{MHAKOBBM C IIOAJIOMKKOI, T. €. UOJJ0KKA M 3MMTAKCHAIDL-
HHE CI0# OMKER UMETb NDOBOJAMOCTH COOTBOTCTBEHHO n* U n UIR p*
u p. Ilpy H3roTOBJEHUH Ke TPAH3NCTOPOB B COCTABE MHTErpAIBHHX CXeM
Heo6xofnmo, 9T00H INUTAKCHAABHHE CNOH U MOJIOMKKA HMEJu IPOTH-
BOLlONIO}KHHE TUNH npoBofumocTd. Jlpuunaa sroro OyReT HosiCHeHA
HecKoabKo nogpaee, TakmM o6pasoM, YCTDOHCTBO HHTEIPANBLHOTO
Tpas3ucTOpa, MoKasaHHoe Ha puc. 3-1, comepur B cefe NOAJ0KKY
THIA p, TOHKUH SMATAKCHANBHRE CHO{l THOA n 11 KOJJNEKTOPHHI KO-
TAKT, BLIBEJEHHHE HA BEPXHIOI0 TIOBEPXHOCTD.

Oxcuduposanue noseprHocmu. Bammeiimeii ocobeHHOCTBIO fJa-
HapHOTO mnpornecca ABAAETCA HapallllBaHue Ha NOBEPXHOCTh 3MmIrak-

Augpysun Adupgysun
\lﬂl’abl 510, amummepa.
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Puc. 31, YUeTmpe 3Tana H3roToBJEHISI TPAH3NCTOpPA C MPUMEHCHIIEM,
aIUTAKCIIANLHO-IITAHAPHON TeXHOJIOr L.

cHaJsHOTO CJIOA RABYOKHCM KpeMBIA, KoToPas fledCTByeT XaK Macka
npenarcteywilan puddysuu. ITpouece oxcupuposanua sakadwuaerca
B HArPeBAHWM MHOTOCHOHHON CTPYKTYPH — Badau — o BHCoOKOi
TeMIepaTyps B atMocepe Kucaopoma. Ha puc. 3-1, a BugHO, 910 Cioil
IBYOKHCH KDeMHEMA NepeXpPHBaeT I'PAaBMIL p-n NepexofioB. JTo 3amu-
1aeT p-p nepexop 0T Bo3neidcTBUA BHemEeid cpepl. IlosToMy npw-
Gophl, 113roToBAEHHEHE C NOMOIBI NUIAHAPHOiT TeXHoJOIHY, 00IafamT
MOBHIUEHHAOW CTAGMABHOCTBIO XapaKTCPHCTHK Oae B GeCKopPIyCHOM
UCIOJHEHIN.

@omopesucmusnulii npoyecc u mpasaenue. Ilocne oXcumipoBanus
B Clloe JIByOKMCH KpeMHUA Heo{XOQ1MO H3rOTOBHUTHL OTBEPCTHA (OKHA),
depes KoTopee sareM Oyner upoucxomaut, guddysuna. TexsoaoTHR
N3I'0TOBJIeHA OKOH aHaNOFHYHA TEXHOJOINI, lelMOHHeMOﬁ ipy u3ro-
TOBaenun nedaTHuX Iaat. CHauaga OKCuauposasHas MNOBCPXHOCTL
MOKPHBAETCA TOHKOI1 OJIeHKoit $OoTOYyBCTBITeNbHONT aMyAbCHH (POTO-
pe3uct). areM H3TOTOBAACTCA MACKA, T. e, PUCYMOK, HA KOTOPOM OMipe-
JieJIcHb  yuacTKM, HopJe:Kaupe TpaBacHuio. Ha macKe yd4acTki, HOH-
JAcHiallite TPaBJACHUIO, AeJanTca Hepo3payHuMil. a yY9aCTKWA, Ha KOTO-
PHX JIBYOKHCL KpemHila ROJKHA OHTL CoxpaHeHa, BHINTOJIBEAXTCA po-
spagnbiMi. lisroToBmennad takum ofpasom MacKa HAKIAABIBAETCA HA
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a0, B TOCIAETHAA 49epe3 MAaCKy 2KCIOHAPYeTcH yABTPaguoIeToBHM
csetoM. QoTopesdcT Moj MPO3PAYHHMA YIACTHAMU MACKM OOJMMEpPH-
3yeTCA M CTAHOBHUTCA YCTOMYMBHM K JEeHCTBHIO TPUXJOP2TuJeHA, KOTO-
PHil fajee TPEMeHAETCA AJAA PAacTBODeHMA HEIKCIOHMPOBAHHHX ydacT-
xoB Qoropesucra. Ilocae $uxcarmuu mnyTeM HarpeBaHMs OCTABIIMACA
doTopesndcT samUEINAeT CAOH ABYOKWMCH BO BPeMA Nporecca TpaBieHUd.
s ypameHWdA gBYOKUCU KpeMHUA B OKHaX (OTOpe3HCTa MCHOIb3YeTCH
¢ropucroBopopommaa kmuecaora. Ilocne TpaBieHHs NOBePXHOCTH TIa-
TeJBHO OYMINAETCA, M IAACTHHKA TOTOBa K 9Taly HepBoit muddysuu.

Hugpysua. Haubonee mupoKo fAA BHIOIHeHUA Nud@ysuu THOA p
nenoasayerca 6op. OH HaHoCMTCA Ha Baguio U NpU BHICOKOR Temuepa-
Type uepea okHa auddyamupyer B Kpemuuil. Takum oGpazom cosmaeTcs
GazoBasa p-ofmacTh TpaH3UCTOpa, KaKk NOKagaHO Ha puc. 3-1, a. Jlanee
Ipollecc OKCHEMPOBAHUA INPU BEICOKOR TeMnepaType NOBTOpAeTCA
CHOBA, OTKPHTHE OKHA BHOBb 3aKPHBAKTCA CJI0eM JBYOKHCH KPEMHHA,
4 TaK KaK Opu HarpeBaHWM Badau npolect guddysud npopoiKaerc,
BO BpPeMA OKCHAMpOBaHUsA GazoBaa obmacTb HeCKOABKO yraybaserca
B KpeMHMH.

ITocae BTOPOTO OKCUAMPOBAHMA C MCIOAB30BaHHEM HOBOH MACKH
BHIOOJHAEGTCA BTOPOil (OTOpesUCTMBHHA mpollecc M TpaBieHue, B Ppe-
8yabpTaTe 4el0 BCKDHBAIOTCA OKHA B Cia0e ABYOKMCH QA NPOBefeHUsA
muddysun oMuTTepHOH o6mactu (puc. 3-1, 6). iaa Bunoasenus puddy-
34M n-THOA Yalle BCero npuMeHAIT ¢ochop MaM MHEMBAK. I[MKI MOB-
TopAercA B TpeTuif pas. Temepbh IPOM3BOJUTCA oxcnm%ponanue A
3aKPHTAA SMHTTepPHOro okHa. IIpu sToM amurrepHas obaacTh TaKKe
‘'HeCKoabKo yray0OmseTcs, a 3aTeM MeTO[OM TDaBJeHUSA BCKPHBAITCH
HOBHe OKHa B CJ0e ABYOKHCH JIf (OPMUPOBAEMA BHEMIHUX KOHTAK-
TOB. DTOT aTal MmlocTpupyer puc. 3-1, ¢. Ilocaenaum aranoM ABAAETCA
H3TOTOBJCHHE KOHTAKTOB IyTEM MeTaJJIMBalHW aJIOMUHOEM OKOH B CJI0®
IByoxHcu (puc. 3-1, 2).

IIpuBefeHHOE ONUCAHNME DIUTAKCUAIBHO-IIZIAHAPHOTO METOA BeChMa
ynopomieHHoe. B peficTBHTEBHOCTE HpOLECC COCTOMT M3 3HAYMTENHHO
Goabmero uwmcaa sranoB. [10 TUDOBOM TeXHONOIMM [JIA U3TOTOBJEHMSA
6unonApHOro TpaH3UCTOPa HEOGXOAMMO BEINOJHWTH OKoao 140 oTmenb-
HEIX TeXHOJOTUYeCKUX omepalluit. OpHaro 6enM pacCMOTPEHH BCe NpHH-
JMOHaJdbHEE [POIECCH NPOM3BOJCTBA.

Ha ppaxTuke Ha opHoil Badie KpeMHMA OFXHOBPeMeHHO M3TOTOB-
AfgeTca 6GoabmiOe KOJMYECTBO NOAYIPOBOJHUKOBHX npubopos. [locue
W3roTOBJIEHUA 3TH NPHOODH pasmeNdl0T nyTeM cKpaiibupoBaHIA ajJMas-
HHM De3lioOM ¥ pasjJaMHBAaHUA BagaM HA OTAEIAbHHe NJACTHHKH. 3aTeM
9TH NJACTMHKM MOHTHDYIOTCSA B COOTBETCTBYKON[ME KOpPIYCA, KOTODHE
H03BO/AAT BHIONHATH AEKTPUYECKHe COelMHeHNsA ¢ BHemBEeld CXeMOil
M OTBOJUTH OT IUIACTMHKM BEIIEAAKNIYIOCA B Heil TelJIOBYI0 3HEPTHIO.

3-2. BHNOJIAPHBIE MHTETPAJIBHBIE CXEMbI

N3-3a pasaMuMii TeXHOJAOTHYECKMX NpOLECCOB, B KOTODHIX NpH-
MeHsTca Oop m docdop, HaTOTOBAEHMe n-p-n TPAHBUCTOPOB OKAa3H-
Baerca 6olee HOPOCTHM, 4eM p-n-p TPAH3MCTOPOB. I[N NpPOM3BOACTBA
noclAegHUX HeOOXOAEMO HPUMEHATH cHelUaibHEHE MeTonH auddysmu.
ITHM obbAcHAeTcA Golee MUPOKOe pacnpocTpaHeHMe TPAH3UCTOPOB
n-p-n THOA.

TlosiBIeHMe WHTEIPAJBHEIX CXeM CTalo0 BO3MOKHEIM Onaromaps
TOMY, YTO OHOACAHMHE MeTOJH MOMKHO HCHOJb30BAThH [if W3TOTOBJE-
HUA HE TOJNBbKO TPAH3UCTOPDOB M AUOAOB, HO TaK:Ke Pe3UCTOPOB M KOH-
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JicECaTopoB. [locnme M3rorosimeHUA HTHX 3JeMEHTOB, MX B3aMMHOTO
COeMHEHUA H MBOJAAIIMN, METONOM TDPABJIEHMS MPOREIHBAIOTCH OKHA
JIA KOHTAKTOB, KaK 3To y:Ke OHJlo oDMcaHo. 3aTeM Ha BCK IAACTMHY
NPOMBBOMUTCA OCAXKgeHMe AaMIOMAHUA M (OTOPE3MCTHBHHIM METOMIOM
HeHy/KHEe yIaCTKM alAIOMUBMA ypangiorcA, OcTaBmascA 9acTh aJdIOMH-
BHeBoli Merajnusamdy CIYKAT BHENIEMMH KOHTAKTaMn M oGecmeduBaer
HeoOXORMMEE COeRUHEHOA Me;KAy dJAeMeHTAMH, COCTABJIAIONMMH CXeMy.

Peaucropsl. B RHTerpasbHHX cXeMaX pEe3HCTOPH H3TOTOBJIAIT,
NOAb3yACh TeM OO6CTOATEIALCTBOM, 4TO 00pasell HNOAYNPOBORHUKOBOTO
Marepyasa ¢ MeHbIINM COfepKaHMeM Jlerupylomeit NpHUMeCH WMeeT
Goznee BHCOKOe ypenbHOe conporaBinerue. HamGomee ymorpeburent-
Bafg (opMa HHTETpaJABHHX pE3UCTOPOB HpefcTaBAseT c00oil TOHKYIO
OOJIOCKY TMIla p, MaroToBiasfeMylo MerofoM auddysiu. C o6omX KOHIOB
NOJOCKA WMEeIOTCA MeTa/JIM4ecKHe KOHTAKTH. CONpPOTHBIeHHE TaKOR
O0JIOCKH TNpomopmMoHaAbHo ee fjimHe U ofparmo WpomoPIMOHANBHO
mupwEe. J{HanasoH CONPOTHBIGHH{i Pe3HCTOPOB, H3TOTOBJSEMHX muf-
$y3sHOHHEIM MeTO[OM, oTpaHM4eH ILIOMARBI0 NJACTHHKH, Ha KoTopod
PasMemnieHa JaHHAA cXeMa, M, KaK NpaBWJo, THNOBHe COUPOTHBJEHUA
cocrapnAlT or 10 OM mo 30 XOM ¢ gonyckoM go 20%.

JipyruMm MeToRoOM H3roToBJEHHMA HWHTerpajbHHX Ppe3ucTopoB AB-
JfeTCA TMpUMEHEHWe TOHKONJIeHOYHOR TeXHOJOTHH. DTOT METOH, 3aKIi0-
JaeTcsl B OCAKAEHUM MeTaJaudecKoil IJeHKH, OOHIHO W3 HUXPOMa, Ha
CI0H ABYOKUCH KpPeMHHA WU IoCAefylomleM TpaBlleHHH [0 ToiySeHHA
Heo6XomuMoi#l GopMEI pesdcropa, a CilefoBaTedbHO, M 3afaHHOTO CONpoO-
THBJeHMA., 3aTeM MeTaJIM4eCKHid Pe3NCTOD NOKpLIBaeTCA W30JIBPYio-
MM CJOeM, B KOTOPOM NPORENHBAIOTCH OTBepPCTHA A (OpPMHPOBa-
HWA B HUX OMHYECKUX KOHTaKTOB. TOHKOILUICHOYHHE PE3HCTOPH 03~
BOJAIT DOJY4aTh CONPOTHBJIEHUA BIIOTEH fio 50 KOM.

KonpgencaTopsl. Jinf M3roTOBNeHWA KOBAeHCATODOB B MHTETpalb-
HEIX cXeMaX MCHOAbayeTcd eMKOCTh oGefiHeHHoT0 CJI0A 0OpaTHO CMemeH-
HOTo p-n nepeXoma. TakuM MeTOROM HOAYYAl0T MAKCHMAaJIBHYIO @MKOCTD
oxkomo 400 n®. Ilpu WuCHONB3OBAHMM TOHKOLJIGHOUHOHN TEXHOJOTHH
MOKHO M3IOTOBHTBH KOMEHCATOPH, 1MelOMHe eMKOCTh NpUGIR3UTONbHO
B 2 pasa Goapme. ToHKOLJIEHOUHH KOHZEHCATOP OpeAcTaBiasfeT cofoi
aMOMUAMEBYI0 IIEHKY, KOTopas ABJAAeTcA OgHOM o0KIajikod KoHMEH-
caTopa, OCa’KaeMyi0 Ha CIoil ABYORHCH KpemBua. Jpyroi o0Kmafkol
CHOYKHUT OOAYyNPOBOTHUKOBEIU MarTepHaa, a CIAOM NBYOKHCH KpeMHHA
Me)y HHUMHM FABJIAETCH RUITEKTPHKOM.

Haonsmmma, OtpenabHHe 1eMeHTH, 06pasylomme MHTETpaXbEYI0
CXeMy, HeOGXOMMMO KaKHM-TO 06pa3oM 2JeKTPUYeCKH H30AHPOBATE MEH-~
Iy coboii. OpdH U3 BOBMOMKHHIX MeTO[OB, HasHBaeMH MeTOfOM AMON-
HOIl HM30MAIMM, 3AKII0YAETCA B TOM, YTO KAKAHU 3JeMEHT UHTerpaib-
HO# cXeMH oKpy)Kaercd o6aacTbi0 U3 nOAYNPOBOJHUKOBOTO MaTepuala,
HMeIOmEero OPOTUBONONOKHEKM T npoBoguMocty. ITomaueji oGparHOTO
CMemeHUA Ha CHOPMUPOBAHHHIU TAKWM 0GpazoM p-n OepPeXOp OCyHIeCT-
BASETCA 3MeKTPHYeCKasd M3OMALASA 2IEMEHTOB CXeMH MeKmy coboi.
Mertop nuommoll WzoAADMM WUANOCTPApyeT pHc. 3-2, Ha KOTOPOM Mpen-
CTaB/eHO HONepeYHOe CeuyeHHe GMOONAPHONR WHHTEIPANBLHON CXEMH, CO-
HeprKaleid n-p-n TPaHBHCTODP M pe3mctop. I[o PopMUPOBAHUA 37eMeH-
TOB NHTETPAJBHO# CXeMH Ha BCI0O TIySHHEY 20MTAKCHAJBHOTO CJI0A 1O
NOAJIOKKA THIIA p NpoH3BOAMTCA omepanusa nuddysun tuna p*. B pe-
synprate o6pasyoTcsi HM30IBPOBAHHHE OCTPOBKHM TMHA 7, B KOTOPHX
3aTeM QODMUDYIOTCA Pa3AMIHHE 3JeMeHTH HHTeTDAABHOH CXeMH.

Ha puec. 3-2 noxagaH TaK:Ke CaIoit n* TMDaA, pacNoJOKeHHHI Helo-
CPeiCTBEHHO IOA TPaH3UCTOPOM. B HUCKDETHHX MesaTpaHBHCTOpax
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(cym. puc, 1-21) KonynexkTOPHBI KOHTAKT pacloiaraercs B HiKaeil gacTi
YCTpOICTBA, a JNATAKCHANBHRIH NPOLECC NPUMEHAOTCA AAA yMEHbLIe-
HIIA CONpPOTUBICHUA MEXNY KONJIEKTOPOM M ¢Io KOHTAaKTOM. B moxa-
3ayHOfl Ha pHCyOKe CTPYKTYpe IIHTEIPaJibHOIl CXeMB KOJLJIEKTOPHHI
KOHTAKT BEIIOAHEH CBePXy KPEMHHeBOil NNacTWHKU. 3arnyGjeHHHH
CJOB TiHA nt, PacloNOKeHHLIM MeKAY KOJJIEKTODPOM I ero KOHTAKTOM,
TaKAe CJYUT JAA YMeHbLIeHNA NOCACAOBATEIbHOrO COOPOTHRBJCHIIA
KoumektopHoil o6ractn. B Tex ofracTsnx, Kotophle npenuasHadeHH NIA
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H30aupyrwwan Tpansucmop
odnacris p - nodioxka
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numarcuansHuli CA0U

Pic, 3-2. HuTerpanpHas cxema, B KOTOPOH HCMOJL3CBAN  IUOMMILI
MCTOR, N30AANMII.

dopMEpOBaHHA TPAH3HCTOPOB, 3arAyCAcHBHM cnoil THua n* M3roTOB-
JaercA MeronoM nuddysun B NORJNOKKY THOA p o HapamMBaHUA BIIM-
TAKCHANBHOTO ciloR. Ha srane guddysuu sarnyGieBHOro coA B Kaue-
CTBe JIeTHPYIOlIeit OpuMecH HcHoJb3yeTcH MWIOBAK. Ilocne Hapammsa-
HI BMHTAKCHANABLHOTO CJOA MeTonom rayboxofi auddysuu Ttuma p*
CO3MATCA H30JHpOBAaHHHE Memy coboit ofaacti, B KOTOPHX 3aTeM
PasMellaloTCA pa3aHIHbIe 3MEMEHTH HHTeIPaJbHOl cXeMbl, KaK 9T0 OHII0
olTcaHo.

3-3. HUOPOBBIE JIOTYTYECKHUE YCTPOHCTBA [30]

LunonApHHe WHTerpaabBhHe cXeMbl HAULIN IIHPoKoe HNPHAMeHOHue
B mM(POBLHX MOTMUCCKHX yCTpoiicTBax. Jloruyeckue ycrpoficTea uMelT
ABa COCTOAHMA HA BHIXOE, KOTOPHE MCIOAB3YKTCA B DPPMIAIOIHAX K
VIDPaBJAIINX CHCTeMaX: YPOBeHb DHCOKOI0 Hampsitenns (Jormuc-
CKafAd eIMENLA) H YPOBeHb HN3KOTO HANpAKeHUA (JOTHYECKUE HyNb).
JTH JorHYecKHe COCTOAHIA B PasiNYHEIX NDUMCHEHHAX MOMKHO MCOOJB-
30BaTh A OpejlCTaBIeHMA TAKMX NPOTHBONOJOGKHEX ITOHATHH Kak
«OpaBpa—0MKby, «HOKOM —ABIKeBUey», «1a—HeT» I T. . B THOoBHX
JOTEYECKUX cucTeMax, pafoTalomuX OT IICTOUHHKA NUTAHIA HAanpAiKe-
HiieM Ey = 45 B, nwoboe nanpsikesine neHee 0,4 B naTepripeTupyerch
Kak JorudecKnii Hymb, a Ai00oe Haups/KeHue BHNe 2,4 B npurmMaerca
Kagk JOTHYCCKAA eODHEMNA. Y KazaHHHe YPOBHH MOTYT H3MeHATHCH
B 3aBICHMOCTH OT THIA JIOTHYECKOTO YCTPOMCTBA.

ITo Mepe pacmipenuA obaacreil npuMeHeHNA JIOFHYeCKAX ycTpoiicTs
MOBHINACTCA 110TPebHOCTL B yCTPOilCTBAX, UMEIOMIMX BLICOKHE CKOpo-
CTIl TepeKaYeHUA, MaJAyI0 lloTpebasgeMy0 MOILHOCTE H T. 1. Harkuuli
13 BHOBh pa3paGaTbiBacMbIX THIIOB JOTHYECKUX YCTPOICTB nMeer Hexo-
TOPHe YCOBCPLICHCTBOBAHHA 110 CPaBHEHHKd C IPCAINECTBYIONEMII.
Jlanee GynyT paccMOTPeHH [JOCTOHHCTBA KAMKAOTO 113 TINOB JOTHMYCCKHX
YCTPOHCTB mo CpaBHeHIO € NPOCTOH KAKYCBOI CXeMOil, KOTOpYIO
MOYKHO IICII0N1b30BaTh AJMA OHNCAHHA 1X XaPaKTCPHCIIK.
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PesmcTopno-TpansgcTopHBMC JorRYeckue yerpoiiersa (PTJI). Ha
puc. 3-3, a npeacrabieHa tpexsxonosald cxeMa HE —WJW tuna PTJI.
CxeMa omucuBaercs GyneBHIM ypaBHeHMeM

f@)=A+B+C, (3-1)

KOTOpOe 03HAa4aeT, 4TO HA BHIXOfe HEeT BePXHETO JOTHYECKOTO YPOBHII,
ecanr Ha Bxofie 4, uan Ha Bxofe B, unu Ha Bxofie C UMeeTCA BepXHMil

Ey
K
Bxolbr "
08 a Boixod —Lr

ﬂg—ﬂ—g__—.

Puc. 3-3. Cxema Tpexmxonororo siaeMmenra HE — UJIU.

JorndecKuit yposens. Horna Ha Bcex Bxogax 4, B u C uMeercA BIDKHIE
Jornyeckuit ypoBeHbL (JOTMYECKMii IIyJb), TPAH3UCTOPH HAXOAATCH
B BRIKJIOUEHHOM COCTOAHMY. IIpu 31OM yeped OO KOMJIEKTOPHbBIE
peancrop Ry TOK He mpoTeKaeT W HANPAKeHNe Ha LHXOMle PABHO HaNpA-
JKeHHI0O HCTOUYHUKa NuraunA Ey (nornueckaf epuHnna). Ecan vHa nio0oi
M3 BXOIOB LONATh BeDXHHA YDPOBCHb HAMPAXEHNA (JOTMYECKY!O ©al-
HHUILY), TO COOTBeTCTBYIOIIMil TPaB3HMCTOP nepefiier B COCTOAHHE HAChl-
meHEA 4 B Pe3yJbTaTe NafleHNA HANpPAKeHHs Ha pesuctoPe Ry BHIXOI-
HOe HaupsKeHHe CHU3UTCA [0 BCAWYMHH, OIM3KOi K Hyxmo. [lokaszal-
naf na puc. 3-3, a cxeMa PTJl He o6xapaeT oueHs BHCOKEM OricTponeil-
cTBHeM, OlHAKO, ABJIAACH GasoBsoil B cepun Fairchild, oma npencrasnfer
IpuUMep y1auHOTO KOMIPOMHCCA MeKiy noKasartelAMu GHICTpoielcTBHA
1t norpebasemoit MomHOCTHI0. IToMexoyeroitanBoctk PTJI cpasunrensHo
HEBEICOKA, TaK e Kak 11 Ko3(QIiieET pasBeTBIeHAA IO BHXOMY.
INomexoycToiiaMBOCTE MO NOCTOAHHOMY TOKY ONpefeisneT MaKcCil-
MAaNbHYI0 BeJIMUMEY CJY4ailHoro CMTHAJa HA BXOje, KOTOPHIil He npi-
BOJHT K M3MEHCHHIO COCTOAHHMA Ha BHIXOle ycrpoitcta, Ivooddumumenr
PasBeTBJIeHUA 110 BHXOAY BHPAKAETCA MAaKCHMAJbLHHIM YMCIOM BXOJOB
CTaHNAPTHHX JOTHYECKHX YCTPOINCTB TOIl Ke CepMH, KOTOpbIE MOMKHO
NPHCOEHHUTh K BHXOJY CXeMH. JTH NapaMerphl JOTHYeCKiX MnHTe-
rpanbHHX CcXeM pallee GypayT paccMorpeHH Golee noapofHo.
PesHCTOPHO-eMKXOCTABIC TPaH3OCTOPHWC JNOTHYECKHC YCTpoiieTma
(PETJI). ITpocreiimeii pasunoBnatoctsio PETJl ABIAeTCA pesncIoptio-
CMKOCTHOE TpaH3HCTOPHOC YCTPOIiCTBO, MOKazaHHOe Ha puc. 3-3, 4,
KoTopoe npenctramnder 51 cepnio mukpocxem ¢upmu Texas Inst. [lam
yMeHbINeHHA noTpeGIAeMoii MOHIHOCTH 1IPHXOLNTCA yBeJNYNBaTh CoO-
IIDOTHRJIEHUA Pe3lCcTOpPOB, HO B pe3yibTaTe CHHIKAeTCA CKopocTL mepe-
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KmogeRHsa cxeMB, YToGH KoMOeHCHPOBATh yKasaHHOe CHIIKeHHE CKO-
POCTH HEpPEeKIIOYERMsA, B CXeMY BKJOYAIOT YCKOPAoMAe KOHAEHCATOPHL.

Iipr paspaGorke cxeM Ha pHC. 3-3 GHIM HCMONBL3OBAHHE NMPEHIHIIE
NMpoeKTEPOBAHHA CXeM HAa ANMCKPETHHX 5lIeMEeHTaX. DB MBTerpanbHoM
dopMe omm Gum MPoCTO CKOMMPOBAHH C MCXONHHX CXeM HA AHCKpeT-
HEX 5JjeMEeHTaX. B pe3yanTaTe MOJydJeHH CXeMH, 3HAYATEILHO MEHB-
IDRe MO pasMepaM, HO He o6iafalompe BMKAKAMH IPEMMyIIeCTBAME HO
CDaBHeHHI0 ¢ MNepBoRadaabuHMI. Takoii /Ke NMPHHUEID OPOEKTHPOBA-
HHUA WCOOJb30BAJCA W OpH paspafoTke MUMOAHO-TPAH3RCTODHHIX JOTI-
YeCKAX y¢TPOHCTB, KOTODHE paccMarpHBalICA [aJee.

Puic. 3-4, Cxema TpexBxofioBoro amementTa HE — .

JdronRO-TpaHBHCTOPHWE JOrAYeckme YyerpoderBa (ATJ1). Ha
pHac. 3-4, a npencrasaeda cxema ycrpoiicrtea HE —U. Oma onmenisacres
OyneBHIM ypaBHeBHeM

KOTODOe o3HagaerT, 970 Ha BHIXOJe YCTPOHCTBA HET BepPXHEro JoTH4e-
CKOTO YPOBHA, eClY M Ha BXofe 4, ¥ Ha BXofe B, 11 Ha BXxopme C nMeerca
BODXHUH JOTUYeCKUil ypOBeHb.

U3 cxexn BupgAO, uTo ecau Ha moboil 113 BXCAOB DOJAH JOTHYeCKIii
HYZb, TO COOTBEGTCTBYWOIM{i BXOMHOI1 AHON HAXGAMTCA B OTKDHTOM CO-
CTOSHAHA, a HaODA)KeHle Ha HIKHeM BHBoJE pesucropa R; npmbaman-
TeAbHO paBHO Hymo. IlocmemoBaTelrHO BXAWYeHHRE A¥ogw J; 1 1,
3aKpHTH. BeiXogmO#l TpPaH3NCTOD TaKKe 3aKPHT OTPHUATENLHLIM HA-
npsA’KeHHreM, NOMAaBaeMbIM depe3 pe3ncTop R,, Tak 4ro Ha KOMJAEKTOpE
TPpaH3HCTOPA, a CleqoBaTelpHO, W Ha BHIXOJE CXEMEl YCTaHABJINBAEICH
Hallpg:KeHEHWe, paBHOe Ey (mormyeckas epumauna). Ecau j#e Ha BCE BXOJHI
1olaTh YpoBE€Hb, COOTBETCTBYMOULT JNOrH4eCKOW eMUMHMUe, TO BXOJHEHE
AMOMIR 3aKPOIOTCA, a RANpsKeHHe Ha HIKHEM OTBOfe pesnctopa R,
craner Gonbite BRyasa, Bmaropapa atomy puopst [y M [, OKa3HBAKTCH
CMeleHHEIMIT B OPAMOM HampaBieHHH B ofpasyercA AeduTeilb HAOpSI-
KemuA Ry 1 R, mexxay ucrounMkamn F; m —FE. Teneps gepea peanucrop
R, nporexaer ToK B 6a3y TpaH3ICTOpa, B peayibrarte qero TPa@3NCTOP
HepeBONATCA B pexuMm HacuieauntA. Jlporexapoumuit 4eped TpaH3UCTOP
TG KOJNJAEKTOPA BHI3HIBAET NafeHile HAnPAKeHNA Ha pesumcrope Ry
M. (Jef0BaTeIbHO, BHXONHOE HaMPAKeHNe cOANACT [0 YDPOBHA JOTHIC-
CKuro HYIA.

3aMerumM, 4YTo Korfa Ra moGoil A3 BXOHOB IOJaHO HanpHAKeHHe,
COOTBETCTBYIOUIee YPOBHIO JIOTHYCCKOTO HYJA, 9depe3 3TOT BXOoJR 11 pe-
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3ucTop R, HauuEaeT MPOTEKaTh TOK B BHIXOAHYI0 OENb NpeAWIymero
Kackaja, T. €. gepe3 KOJNJIEKTOpP TPaH3MCTOPa, HAXOAAIMEToCA B COCTO-
AHEA HacwumeHHA. Ecnm mpepiiecTByommit Kacka@ umeer kodddumiu-
€HT pa3BeTBIEHAA [0 BHXONY, DaBHHH, HaOpHMep, BOCBMHA, TO dTO
03HaYaeT, YTO B BHIXOJHOH TPAH3UCTOP MOCTYHAIOT TOKY OT BOCBMH Ta-
KHEX HCTOYHAKOB [0 TeX NOP, MOKA HaOpAKeHHe Ha KOJJEKTOPe 0CTAeTCH
HAKe HEKOTOPOTO YPOBHA, ONMpeNesifieMOro BePXHHM IpefeiioM IoIude-
CKOTO0 HYIA.

OpxErM M3 OCHOBHHX MpPeAMymects ARONHO-TPAHBACTODPHHX IIOrEYe-
CKAX YCTPOiicTB ABJAAETCA TO, 9TO HECKOJBKO BHIXONOB OT PA3AHIHHX
cXeM MOMKHO HemoCpe/CTBEHHO COe[MHMTL BMecTe. OJHAKO TaKoe HeNo-
CpPeCTBeHHOe COeRHEHAe BHIXONOB MOKHO OCYNIECTBATH JIAMB B TOM
clIyYae, KOrja OQHO YCTPOHCTBO HAXOOWTCA B COCTOAHWH JIOTHYECKOTO
Hylid, a ApPYroe — B COCTOAHMH JOTHYeCKOH efAMHAUH. B npormeHOM
cllydae MOKeT MPOM30HTH KOPOTKOe 3aMHKAHAEe HCTOYHMKA NHATaHAA.
HenocpemcTBeHHoe coelMHeHUEe BHXON0B MOKHO UCIIOJAH30BATL M B APY-
THX TAOAX JOTHYECKMX ycTpoMcTs, mo Aaa cxem HATJI oHo semserca
Hambonee XapaKTepHHM.

B o6meM ciydae, paA Toro 9roGH paccemBaeMaA MOIMHOCTH He GHLIa
o9eHEb GoXbINoil, Pe3NCTOPH B MHTETpaAbHON CXeMe HROJIKHH MMETh
Gonrmoe conpormpnenmMe. C Apyroi cTopomH, iR ofeCnedeHHA BHICO-
Koro OwcTpomeiicTBAA cxeMu TpeGyercf, 4ro6H cOUDPOTUBIEHRe pPe3RH-
CTOpOoB OHNIO HeBeanko. JIMONHO-TPAH3HCTOPHHE JOTMYECKHe YCTPOH-
CTBA XAapPaKTEPHaYIOTCA Pa3yMHHM KOMIIPOMMCCOM MEXKNY PacCeHBae-
MOj# MOIHOCTBI0 M CHOPOCTHIO HEpPEKII0YeHHA, HO HUMEIOT HeAOoCTATOK,
KOTOpHIE COCTOAT B TOM, 4TO [Aad ICpPeBoJa BHXONZHOTO TpPAH3UCTOPA
B BHKIIO9eHHOe COCTOAHHe HeOGXOQMMO HMeTh BHEIDHRH MCTOYHEK
OTPRIATEeNLHOr0 HANMPSSKeHAA. Y KA3aHHHN HEJOCTATOK HCKIWYeH B MO-
JudrnEpoBaHHOH CXeMe NAOAHO-TPAH3BCTOPHOTO JOTEYECKOTO YCTPOH-
CTBA, NOKABAHHOTO HA puc. 3-4, 6, KOTOPOe IpeACTABIAET CePHED
15830 ¢mpvm Texas Inst. 3mecr mocaemoBaTednHHi AROA J[; saMeHeH
TpaHsHCTOPOM Ty, KONJIEKTOP KOTOPOTO NpUCOeqHHEH K pe3mcropy Iy
TakEM 06pasoM, 9ToOH NPegOTBPATHTH MEPeXOfl TPAHZMCTOPA B PErKAM
Hacwmennda. Tpamsmcrop 7T; ABiAeTcA BHEIMHEM MHCTOYHHKOM TOKa,
YOpaBIAKOMEM BHXOAHHM TpamsmctopoM T,. B pesyastate zamemm
AMoga TPaHBHCTOPOM M HCNOJIB30BAHHA DPE3WCTOPOB C MAJBIMH COLPO-
TABJACHAAMHA U[OJlygeHA GoJee BHICOKAA CKOPOCTh IEePEKIIOICHHA,
a cpesHee BpeMs 3afePKKA pPacOpocTPaHeHUA CHTHAJa COCTABIAER
25 =mc.

OnmcaHRasA 3aMEHA JUOfa TPAHBHCTOPOM HPHBOAMT K H3MeHeHHH
MPRALMAOB OPOGKTHPOBAHAA. ¥ CTAaHOBIACHO, YTO B MHTETPAARHHIX CXe-
MaX WBroTOBIEHMe TPAH3HCTOPOB OGXONMTCA NPAKTHUIECKE He MOPOrKe
muogos. Hanpmmep, B CepHRE JOTHYeCKAX MAKpocxeM 53/73 Bce MHORH
Ound 3aMeHEHR TPAHBACTOPAMH, HECMOTPA HA TO YTO BXOAHHE TPAU3H-
CTOpH B HHX HCHOAB3YITCA BCE-TAKM B KauecTBe AROLOB. Takmm oGpa-
80M, B HMHTeTpalbHHX CXeMaX AKTHBHHE 3JEMEHTH HCHOAL3YIOTCA B
B TeX CjyJaAX, KoTJla B aHAJOTMYHHX CXeMaX Ha AHCKPETHHX deMeH-
TaX OHM He NPHMEHAJAHMCH B IENAX dKoHoMHMH. ITo 3roii UpRYMHe mHTEe-
TpaipHHe cxeMbl OGNAJA0T AYIMHUMH XapaKTePHCTHKAMH 0o CpaBHe-
HHK ¢ aHAJOrHYHHMY CXeMAMHM Ha AHCKPOTHHX 3JIEMEHTAX.

TpaEameTOpHO-TPAR3HCTOPHRE JormdccKme Yyerpoficrsa (TTJI).
Ha prc. 3-5, ¢ DokasaHa CTPYKTYPa MHOTO3MHTTIEDHOTO TpaH3HCTOpa,
KOTOPH#} McHoabayercd BMECTO BXOAHHIX AHWOAOB, NDPAMEHAEMHX B CXe-
max JITJI. MHOrcsMUTTepHHI# TpPaH3ECTOpP 3aHAMAaeT MEHLMYIO ILIO-
magb Ha HHTETPaJABHONK cXeMe IO CPaBHEHHE! C OTACHBHRIME [HOJAMM,
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n{ecreq@BaeT yCHICHHe CUTHANA HA BXO/I® CXEMH I BO BXONHOM KacKaJe
¢ OB saemerta HE-WN (puc. 3-5, 6), 03BOJNAET [OJYYATH MATOE BXOjL-
HOe compoTmBiaCHHe. [losToMy pmJiA ynpaBienHA TaKoil cxemol Tpe-
6yoTCA GONbIINC TOKH, HO DU 3ToM ofecmeumsacTes Gomee BHCOKOE
OBICTPONEHCTBIIC CXEMMI,

B § 1-7 6umo noxasaHo, YTO TPAH3NCTOpP MOMKHO NDENCTABHTD
B Bule coefuHeRuMA ByX puopos. CaepopaTtenanno, MIIOTO3MHUTTE PHEL
TpaHsunctop (puc, 3-5, 6) MOMKHO IIDeCTABHTL B BHIe CXeMbl HA

N IACin sl

£~ nodaoxre B
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N

2) ¢ 5)

Pnc. 3-5. YcrpolicTeo MUOTODMUTTEP1:OTO Tpamsncropa (a), KOTOpHM
ucnoabsobay B cxeme ajemeata IIE — U tuma TTJI (6).

° ° OF,

Tox .

Soeuyveckou 1
(Tax

noguvecxoeo

a,) i)

Puc. 3-6. IIpencTaBaeniic MHOTOIMITTEDHOTO TPAH3NCTOPA B  Bije
CcOPRHACHHUA nHOmOB (@) 11 HANpaBleHIA TOKOB B BLIXOMHOM KacKaje
Ha puc, 3-5, 6 (6).

pac. 3-6, a, Ha KOTOpOil BTOpOil 113 IOCJHEOBATEABHO BKJIOYEHHHIX
MHOMOB ABIACTCA mepexonoM Gasa-smurrep tpaH3ucropa 7T, JtoT
TPaH3IMCTOP fAelicTByeT Kak pacmenutens ¢ass. korma Tpamzuctop
HaxomuUTCA B B3aKPHTOM COCTOAHHH, HANDAMKeHWe HA €r0 IMUTTCpe
PaBHO HYJK, a Aa KOJJEeKTope — HAaNPAKeHHI 1CTOuHMKA E.. Ilpu
nepexoje TPAH3UCTOPA B OTKPHITOC COCTOAAME HAaNPAKEHHe HA IMHT-
Tepc BO3pAacTacT, a HAa KoJJeKTope ymeHbmAaeTcA. Hanps:keauAwmn
Ha DMHTTEpe M KOJUIeKTOpe Tpamsncropa T, o6ycaoBiaeHH TOKH (asH
TpaEsuctopoB T3 u T, COOTBETCTBeHHO, KOTOPHeE OOPa3ylT ABYXTAKT-
HH{i BHIXONHOI KacKaj.

Torga na pcex BxonaX A, B n € ypoBHN HanpAMeHHA COOTBET-
CTBYIOF JIOTIYECKOM eflBIIe, TO HPH 9TOM guoaH, obpasoBaHHHe yepe-
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XogaMH omurrep-6aza TpaH3McTOpa T, OKA3HBAKTCA CMEINCHIIEMHE
B ofpatHOM Ranpasiaesin. Ilepexon Gasa-KoAMeKTOp cMemeH B 1psi-
MOM HanpaBJeHHM, I TOK, IIpOTCKawluii uepe3 pesucrop R; B Gasy
TpaHgucTopa T,, LIePEBOAMT MOCHAeHUIT B OTKDHTOe cOCTOAHHe. ITocuc-
Iywouiee noBHNIeHHe HANPAKeHUsT HA 3MHTTeDe IEPEBONHT TPAH3IL-
ctop T3 B COCTOAHHe HACHIEHMA, BHXOQHOE HANDPAKEHNC CHAJACT
Ji0 YPOBHA JOTAYMeCKOTo ByJA, U TOK IIPOTeKaer B HANPAaBIEHII OT 1~
IPy3KH, depes TpaH3mcTop Ty K 3emuc, Kak mokasamo Ha puc. 3-C, 6.
Ecam Ba m106o#f u3 BXonos A, B nam C nogals HanpaAKeHue, COOTHCI-
CTBYIOIIEe JOTHYeCKOH eqMENALE, TO COOTBETCTBYIOMMA NePeXOH, OIMUTTCP-
6asa oOKa)KeTCA CMEIeHHEIM B ITPAMOM HANPABJICHAU ¥ TOK OT Pe3lcropa
Ry Gyrer mpotekaTh 4epe3 BXOEEYI0 Tenb B VCTOYHAK CHTHAJA, A Ne
B Gasy TpaHsmctopa 7T,. Temephb 3TOT TPAH3UCTOP 3AKPHIT, a TPaH3I-
cropu T3 B T, OTKPHTH. BrXoIHGEe HaWpAXKeHAe BO3PACTaeT /10 y POBIS
JtorpgecKoii ep@HANE. BRXOGHOH# TOK WpOTEKaeT B HArPy3Ky, Kak 110-
KagaHo Ha pHc. 3-8, 6. .

Crepyer mMeTh B BHRY, 9TO BHXOAH HecKonbKEX cxeM TTJI Henbas
COefMHATL BMeCTe HEMOCPEefACTBeHHO. [IpMamMHOU 3TOT0 ABAAETCA BO3-
MO}KHOCTh KOPOTKOTO 3aMHKAHWA Ha 3eMJK0. J[eHCTBATEARHO, eC/Ii O HE
H3 371leMeHTOB HAXOINTCA B COCTOAHAH JOTHYeCKOro HYJA, IPH KOTOPOM
Tpansncrop T3 OTKPHT, a gpyroii — B COCTOAHIIH JOTUIeCKOH e INHIIM,
OPE KOTODOM OTKDHT TPaH3AcTOpP 74, TO BHIXOM N0 CYMECTBY OKashl-
BaeTcA 3aKOoPOYeHHHIM Ha 3eMiIl0. B mlo6ofi cxeMe HOCTOREHHE Bpe-
MeHH, oOycioBleHHHe HAaJAMYWeM JApPAa3UTHHX eMKoctelf, orpamuu-
BAKT CKOPOCTH weperialoueHnA. [IpemmymecTsoM gBYXTaKTHOTO BHIXOJI-
HOTO KacKajia ABJAETCA ero Majoe BEIXONHOE CONpPOTUB/JeHMe KaK B CO-
CTOAHMMA JIOTAYECKOTO HYJIA, TaK M B COCTOAHMH JOTEYeCKOil eWHMIH.
Baaropaps aToMy napasHTHEH® eMKOCTE HMEKT BO3MOMKHOCTH GHICTDO
3apPAKATBCA W Pa3pAMKaAThesa, 49T0 ofiecmedmBaer BPeMA BHIKYeHIA
ycrpoiicrea or 5 mo 10 Hc.

Iindposme ycrpoitctea TTJI, paccmoTpeEHme HAa TpEMepe cepili
54/74 ¢upmer Texas, M3TOTOBAAKITCA 0O JHLEHIUAM HECKOIBKUMH QHP-
mamu. Yerpoiicrsa TTJI tuna 54, umerolmye nuanason pabodnx Temme-
paryp or —55 mo -+-125° C, naxonar npEMeHeHUe B BOGHHOIT H adpOKOC-
MEYeckoi anmaparype. Boaee o6mero masmagemuf cxemn TTJl tumua
74 mMer0T mnanaszon paGoumx teMmepatyp or 0 pmo --70°C. Hpome Toro,
9toT THO ycrpoiictB TTJI pmeiMTCA Ha TPYNNH, WMeIOI[He COBMECTHMEIC
JAHAna30HE XapaKrepucTnK. Jlajee npHBefieEH CBegeHHA 0 HEKOTOPHIX
rpynmax ycrpoitcrs TTJIL. .

Cmandapmuaa crema 54/74. Cxema TaKoro Tuna Mpepcrassieha iua
puc, 3-5, 6. OHa mMeeT IONYCTHMYK paccenBaemyio MouHocts 10 MBT
npu pabouem unkie 50% W cpegHee BDPEeMA 3apepKKN pacpocTpaHeHsd
curaaza okomo 10 =He.

Cxema maaoti mownocmu 542/742, DTo ycTpolcTBO HMMeeT Ty Ke
CXeMy, 9TO M CTAHJAPTHOE YCTPOHCTBO CepMM 54/74, HO BCe pe3HCTOPHI
uMeloT Goabllee cOmMpoTUBJIEHNE. B pesyibraTe paccemBaeMas MOINL-
HOCTh CHWKeHa no 1 MBT, a BpeMA mepekaluYeH#st BO3POcao po 33 He.

Bucmpodeiicmeywwyaa crexa 54H/74H. 3to ycTpoiicTBO MMeer Apy-
rofl BHm 1o CpPaBHEHHI C IPCALAYUIMMH ceDUAMH. BMeCTO BHIXOAHOTO
TpaHancropa T-i UCII0JAL30BAHE [Ba TpaH3ncTopa, CoeHHeHHbE MO
cxeMe JlapanHITOHA, KOTOPas JO3BOJAeT NOJAY4uTh OOAbIIMiI TOK 1A
BHIXO[le B COCTOAHMUM JIOTUYECKOH egmmuiubl, 3TO CYIIECTBeHHO yMellL-
maeT BpeMd 3apsga upu paGoTe Ha SMKOCTHYIO HATrpY3KY W [aeT BpcwmA
3a/ie[Ky CHTHAJa, pasHoe 6 BC. JlomycTiMas paccemBaeMas MOLUMOCTb
B 210ii CXeMe paBHa 22 MBr. Cxema ¢ moBHINeHHEIM GHCTpPOTCHCTBIICM
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noxasaga Ha pEc. 3-7. Bo BXORHHX nenAx 3/1eCh HCMOAbL3YWTCA Orpaln-
uATeNbHNE AMOAH, KOTOpHe NpegHA3HAYeHH [IJIA 3AIMMTH BXORHOTO
Kackaga OT BoaAeHCTBMA Cayd9afiHOTO OTpPRIATENbHOTO HANPAKEHAR
GoabImoro ypoBHA.
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Puc. 3-7. Cxema OmicTpopeiicTByronicro 2idementa HE—W D4H/74H.

Cxema ¢ Ouodamu Mommxu 5485/74S. Hlus noaydennsa oLCHb
BRICOXOTO OHICTpoeficTBUA 1COOXOMMMO YMCHBIIATH BpPEMA HAKoILIe-
Hus 3apAga. [1as 9T0f Hel( B HeKOTOPHX IOJAYUPOBOIHUKOBHX 1piGo-
paX NpAMeHAETCA JleTMpOBaHIe 30J0TOM. B 1poteccce OPOM3BOACTBA
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Puc. 3-8. Cxema anementa HE—U 545/74S ¢ ouenb BHCOKHM GhicTpo-
pefictBEeM Ha puopax llorTim.

30J10T0 OCaiJaeTcA Ha o6paTRYI0 CTOpOHY KpeMHHEeBO# DJacTMHKRE
B 3ateM nuddyHRUpyeT B Hee Bo Bpems oMmuTTepHOR nuddysun. Ipy-
TAM MeTOIOM NOBHIIEHNA CROpOCTH nepe}(mo%ﬂuﬂ ABAACTCA NCHOOJb-
30BaHEe (QHEKCHpYOWMX nAOnoB IMOTTKE B KOMAeXTOpHO-GA30BHX Ie-
peXofax COOTBETCTBYIOMMX TPAH3ACTOPOB. OTOT MCTOJ, HOBHINCHEA
GuICTpOneCTBIIA HCOOJBBOBAH B MUKpOcXeMe CepHE 54S/74S (puc. 3-8),
KOTOpasg uMeeT BpeMs 3aJlePKKH DPacIpOCTPAHEHNsA CHTHAJA 3 HC W
JONYCTHMYI0O pacceuBaeMyto MomHocTbs OKoao 19 MBr. Muopm B 310
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cXeMe MpeJOTRPANIAIOT NCPCXOJ TPAH3UCTOPOB B peskdM TayGoxoro
HACHINEHMs, NCKJIIOYAA TeM CaMbiM 9pe3MepHoe HaKOILIeHWe RoCATCHed
3apPANOB 1 CHWKAA BpCMA BOCCTAHOBJEHHA. AJIOMMHRH, KOTopHIH
o0mub0 upuMensercs A  QOpMEpOBAHEA [HONOB, ORHOBpPEMEHHO
HCNOIB3YeTCs AaA GOPMHPOBAHEA MEK3IEMEHTHEIX COeIHHCHUH B CXEMe.

Jlornueckne yerpoiicTBa ¢ ®MuTTepHnMEH cBasamm (ICJ). o
HoABJNeHnA cXem ¢ fronami LIOTTKE /IoTRYECKEEe YCTPONCTBA ¢ DMATTOP-
Humu cBA3AME o6najaimn cammM BeCOKEM OmcTpopefictBmem. OcHOB-
HaA cXeMa JOTHYECKOTO YCTPoHCTBa ¢ OMHTTepHEIMHM CBA3AMN, paspa-
GotanHan QumpMmoit Motorola, moxazama ma pmc. 3-9. B cxeme TpaH3E-
CTOpH paGoTaloT B HEHACHUIEHHOM peykEMe, NOITOMY 3/1eCh CHATA Mpob-
JeMa HaxoWjieAHA Hocureseii 3apAnop. KpoMe odeHb BHICOKO# CKOpO-
CTH MepexA0YeHAA CXeMa C OMHTTEpPHEIME CBA3AMM obaanaer ellle Of-
HEM NOJOKHUTEJBLHHM KaueCTBOM, KOTOpOoe COCTOHT B TOM, 4TO 3T0 YCT-
poiicTBO MOKeT peasnnsosath Jorudeckue dysxknmm UJIN m HE—UAJTN
OfJHOBPEMEeHHO.
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Puc. 3-9. Cxema  siemenTa, [CaNH3YyIOINCTO  JOTHYECKNC  olICPAmiy
WJIN » HE—WJIN.

Ocamopanvu auemedtaMu cXeMn JCJI mmaswrca guddepernrann-
HHI YCHRARTEJb ¢ SMUTTCPOOIl CBA3BIO M JiBA BEIXOJHEIX 3MHUTTeDHHIX
NOBTOPHTeNA, HA KOTOPHC CHrHAN MojaeTcd ¢ Koadexrtopos pHdde-
peHUEAJBHOTO yCHauTeadA. KpoMe Toro, B yCTpOACTBe MMeeTCA CXeMa
¢ 09, ofpasoBaHnan, ¢ ogHOH CTOPORH, TpaH3ACTOpPoM T, B ONHEM H3
BXORHEX TpadsuctopoB Ty, T, unn Ty, ¢ ppyrofl. OcobeRHOCTbIO Ta-
KOH cxembl ABAsETCA TO, YTO eCJl Ia OJIHOM KOJJIEKTOpe HMeeTcs BEICO-
KHf ypOBeHbL HALpAMKEHIsI, TO HA [IPYroM KOJJIEKTOpe YpOBeHbL HaOpR-
eaEA GyneT mHuakull. [lpn Hanpaxeamy nMcrouHAka £, = —52 B
¢ nomoupo nemoaku, o6pasopandoit Ry, Ty, J4, Jo v Ry, Ha Gasy Tpan-
sncropa T, mnopaeTcA NOCTOAHHOE HanpsiKedde Cuemedns Ug =
= —1,3 B. Ecau BxoJHOe HAUDPAKCHMe OPEBHCUT ypoBeHb Uy, TO
COOTBETCTBYIOMMI BXOMHON TPAaH3HNCTOP OTKPHBAETCA M 3a CYeT mafe-
HUs HAOpsKeAus Ha pesucrope R, CHmKaercA HanpAKeHWe HA Bh-
xoe cxeml HE—WJIN. Ecan Teflephb Ha BCe BXORH MOfAaTh BANPHAMe-
HMe, COOTBETCTBYMOWlee YPOBHI JOTHYECKOTO HYJA (MeHbINE YpPOBHA
Ug = —1,3 B), 10 BXOfHHe TPAHIUCTODH BAKPOIOTCH B HAHPSKEHNE
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Ha oflieM OMATTepe yMeHbmATCA, BceaemeTsue 9TOro OTKPHBAETCA TPaH-
sucTop T,, WT0 BHIBLBAeT NaJeHHe HAMPAKEHWA Ha pesmctope Ry ®
ﬁ)omercmymmee yMEHBIIEHAe HANPAKOHAA HA BHXOLe DJIEMOHTA
B paccMOTpeHHOH CXeMe ¢ SMHTTOPHBIMH CBASAMH MpH IepeKIio-
49eHAHM K3 COCTORHWA JNOTAYECKOT0 HYAA B COCTOAHHO AOrRUGCKOH Ogu-
HAOH BHXO[HOe HaIpAKemme ®Wamenserca or —1,7 mo —0,9 B, T. e.
NONHH Depenajs BHXo[HOTO HANpAMKeRuA cocrapaser 0,8 B.

3-4. HIOMEXOYCTONYHNBOCTD

B nHTETpaARHMX cXeMax HCIOAB3YIOTCA 0(olee HU3KHO YPOBHH
HAUpPAKeHAA MO CDABHEHHIO CO CXeMAaMH HA JHCKDETHHX 2JeMEHTAaX.
9TOoT ¢aKT ofBACHAeT, MoueMy OpPH HCOOAb30BAHWE H paspaloTe
PasAMYHEX HKHTETPAABHHEX CXeM MNPEXOJMTICA 4YacTo CTaJKMBaThCH
¢ npobGaeMoii mx noMexoycToiiuHpocTH. CpaBHHETENBHO DPOCTO OTBE-
THTB Ha BOIPOC, KAKOBO MAKCHMAJbHOE HADAKOHNe MOMOXH Ha BXOJe,

Bl * o 8. U
U, o
yA B1x.8
13 Vg0
2’0 // Unp Buix.8.
vOdaacms Heon- A
pedenensocmu Buixod 6.5 o Ung
04 Ugyr 18 Ugyre

9)

Puc, 3-10. daemenr HE—W tuna 74HiNL (6) u cpaBmense ero mo-
MeXOyCTOHYHBOCTH B OOKYHOM BapWMaHTe (2} W B BApPHAHT® C MOBBIMIEH-
HOHf HOMEeXOYCTOWYRBOCTHIO (6).

OpA KOTODOM eme HO OPOHCXOAMT NOMHOIO cpabaTHBaHMA YCTpOii-
cTBa. JTa XaPaKTePHUCTHKA OOEHYHO NPHBOAMTCA B IACMOPTHHWX HAH-
Hux. Hanpumep, ma pmc. 3-10, @, KoTopuil ABAAGTCA TENHUHHM JUIA
TTJl ycTpoiicTe. mokKasaHo, 4T0 YCTpOHcTBO OymeT peardpopaTh Ha
moGoe BXofHOE HampAs;KeHMe, MeHbmiee Upy = 0,8 B (Emmaui nopo-
TOBHI ypOBeHB), KaK Ha JOTHYeCKM# Hyab. AHAAOTHIHHM obpazoM
moboe Hanpmxenme sume Uy = 2 B (BepxEmiA HOpPOIOBHE ypPOBEHE)
6ymeT BOCIPHHMMATHCA KaK JOIHYecKaf efnHupd. ECIH B NaCHOPTHHX
JAHHHX CXeMH TapaHETAPYeTCA, 9T0 IpH ONPEHeNeHHOH HATPY3Ke BHI-
XOnHO#l CHI'HAJA, COOTBETCTBYKIUI JoTHYECKOMY HYII0, He OymeT mpe-
Bumark Upyy g = 0,4 B, a BHxommo#t CHrHaZN, COOTBETCTBYOmIR
JoTHYecKoi egnaUNe, Gyner Be MeHee Upyx. s = 2,4 B, To 210 03mauaer,
9TO0 IOMEeXOyCTOMIMBOCTE CXeMH papHa 400 MB. TakmM obGpasod, mu-
KoBOe HampAKeHHe moMexH Medbme 4C0 MB nmpe HanoKeHuM Ha BHXOT-
HOH CHTHaJZ MpegHAYymero KacKaja HEeJOCTATOYHO IAA TOT0, WTOOH
CYMMapHEI{f CHrHaJ NTPeBHICLJ COOTBEICTBYIOIAH MOPOrOBWIil ypOBEeHB
U BH3BAJ JIOMHOE CPAGATWBIHHE CXEMH,

HaHpH)HOHPle IOMexXH yauie BCero BO3HHKAeT M3-3a CBA3N BHIXOT-
HO#l U BXOpHOW uenefl yepes mapaauTHY( 0 eMrocTh. Ilpm aroM peiicTBHE
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HanpAKeHNA NOMeXH, NPHJIOKEHEHOTO K BXOARON LeNA, 3HAYMTEABHO
3aBHCHT OT BXOAHOIO CONPOTHBIACHHA cXeMw. Taxkum oOpasom, MmoMe-
XOycTOH4YMBOCTD HpPH MaJOM BXORHOM COINDOTHBIAEHHM OKa3HIBAETCH
Gomee BHICOKOi, uyem Opm GoJabIIOM BXOJHOM compormBiaeHHH. C 91Ol
TOYKHM 3PEeHUs Heab3A fexarh oGoOmaouiMe BHBOAW O CPABHHTEABHOMH
NOMeXO0yCTONINBOCTH JOTHY9eCKUX CXeM DPasHHWX KaaccoB. [IJIA KaKAOTO
KJacca MNOMEXOYCTOHYMBOCTH MOMIKHA OOpeledATHCA OTHEJBHO.

Ind yMmeHbIIeHHA feiicTBHA DOMeX B WHTETPAJABHEIX CXeMax
HHOIJIAa PEeKOMCHJYIOT HCHOJB30BATh 3a3eMACHHYI NJIACTHHKY, paclo-
TOMEHHYI0 B HENOCPEACTBEHHOH OJP30CTH K NJIOCKOCTH, B KOTOpOH
pasMemeHa COCAMHATENBHAA MeTAJNIN3ANMA cxeMu. Kpome TOro, mosmx-
HOe BHHMaHMe HeoOXOLUMO YAeNATb BONPOCAM 3a36MJIEHWA M Pas-
BA3KK, KOTOPHE OYAYT PaCCMOTPERH B WOCAeqHEl IiaBe JAHHOH KHUTM.

Jloruueckue yCTpoilcTBA € BhICOKOW mMoMexoycToidmpocTeio. M3
puc. 3-10, a BuAHO, 9ro OCHOBHOH npoGaeMoill HDOMEXOYCTOHYMBOCTH
fBIAeTCA HeboAbmIAA PABHANA MeXAY YPOBHEM BHIXOJHOTO HAIpHMKe-
HAA ¥ WOPOTOBHM yDPOBHeM, HANPs)KeHWUs Ha Bxofe. PaccMOTpeHHRIO
M0 CHX Hop JOTHY4ecKdMe YCTpoiicTBa paspabaTHiBaauch HCXOH N3
YCIOBWA ONUTHMAIbLHOIO COYETaHHA OHCTDOJEHCTBMA M pacceuBaeMoi
MommocTd. B cayuasx, Korma 3TM YCTPOHUCTBA Open@asHAyandch
AAA paGoTH B YCHOBHAX NoMeX, Tpe€oBaJoCh HCHOAbL3OBATH WCTOY-
UHKM OHTAHHA ¢ xopoweil crabimrsaunefl It wpepyeMarpusath MepH
7o 3KkpampoBannio. OfHaxo B OGONLIIMECTBE CJIydYaeB HPAKTUUCCKOTO
[ICOAb30BAMAA JIOTUYECKUX YCTPOUCTB (MCKAMIOUAR o06Jactb BHYMC-
ANTCABEOR TOXHWKHM) OT HUX He TpedyeTcd CHUIMIKOM BEICOKOTO GHICTPO-
AeiicTBMA, W ecau He HY)KHA BHICOKAA CTeNeHbL crabumusayuu Hamps-
JHeHWHA, TO CTOHMOCTh HCTOYHMKOB IUTAHHA OKAa3LIBAETCHA HB6OJI[)IIIOﬁ.
B cooTmReTcTBME ¢ TMM OmiaM pa3paGoTaHH JOTHYECKM® YCTPOHCTBA,
KotopHe, paboras i1pu Godee BEICOKMX YDOBHAX HalpsiKeHUA, o0ma-
[AOT TIOBHINEHHON NOMEXOYCTOWYHBOCTHIO, HO ITO [OCTUIAETCRA 3a CUCT
COOTBETCTBYIOIETO CHWKEHNA OHICTpOMeifcTBMA U yBeAHueHus paccel-
BaoMoit mommocTH. CxeME ¥ 06o3HAa4eHMA DONOGHEIX YCTpOHCTB, BH-
MycKaeMHX pasAuYERIMH (UDMaMH, MMeIOT HEKOTODHe oTanungd. Hanpn-
mep, GupMu Texas n Teledyne BmnycxaloT normueckue yCTpOHCTBA
BHICOKOII IIOMEXOYCTOMUHBOCTH (COOTBeTCTBYKMMe obGozHauenus HNIL
n HiNIL), ¢upmMa SGS — ycrpoiicTBa ¢ NOBWIMIEEHBEIMH JOTIIYECKIIMIT
yposaamMna (HLL), ¢upMa Motorola — mornmueckne ycTpoicTBa ¢ BhICO-
KuMB uoporoBeiMu yposHamm (HTL).

Ha puc. 3-10, 6 noxkasara THDOBAaA CXeMa NOTHUECKOTO yCTPOUCTBA
HE—H uwoesmmwenHoit noMexoyeroitauBoctn (HiNL), paspaboramHan
dupmoit Teledyne. Dra cxema HanoMuuaer cxeMy I TJI, mokasaHmyio
Ha pHC. 3-4, 6. HasnauenueM cTabuaHTPOHA B BTOH CXeme ABIAAGTCA MO-
BHIIGHAE IOPOroBOTO YPOBHA Ha Bxoge 1o 5,8 B. Ilpm paGote cxeMum
OT HCTOYHMKA DWTAHAR HanpAxeHHeM Ey = 15+=1 B ee momMexo-
YCTOMYHBOCTH HOBHIBAGTCA 10 YDOBHeH, MOKazaHBHX Ha pmc. 3-10, 6.
METepecHo# 0COGEHHOCTBIO 9TOll CXeME ABIAETCA BXOAHAR Ienb, 06o-
3HaueHHAA Ha pACyHKe cEMBoJioM X (pmc. 3-10, 6). I{ atomy BXOAYy MOMK-
HO IpPHCOERMHKTH HECKOJBKO BHEITHUX AHONOB M TakuM 00pa3oM ybe-
amauTh KooPrumMenT oOBEAMHCHUs 110 BXORY.

3-5. XAPAKTEPACTHKH OU®POBLIX BHNOJAPHBLIX CXEM

XapaKrepHCTUKM PAasAMUHHEIX TIMNOB OHNONAPHBIX IMHTETPANBHLIX
CX6M, a TaK)Ke MHTerpaabHHX cxem ¢ MOII-rpan3ucropaMi npHBeCHR
B Taba. 3-1. Ommcammee ycTpOHWCTBAa, KpOMe MCMONB3OBAHWs B Kaue-
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CTBe CAMOCTOATENBEHIX CXeM B JIOTHYeCKEX YCTPOHUCTBAX, HPEMOBAIOTCH
TAKKe B KAa4eCTBe OCHOBEHIX 3JI€MeHTOB, M3 KOTOpPHX dopMmpyworcs
Gonee cnoHEe uHTOrpaJbEHE CXeMH. TakAME CXeMaMd ABASIOTCA
JAeKajHHe CYeTIAKH, MyJbTHBUGDATOPH, CIBHrOBhHE PEeTHCTPH H T. I..
KOTOpHe pacCMaTpHBAIOTCA Rajee.

Tabnmma 3-4

TTA

THII CXEMBI AT HNIL | 3¢y | Mom*
T4 | 4L | 74H | 748

Momg#octes paccea-| 5 (40 | 1 |22 [19 | 60 (25 |40 =BT
mAsA, MBt

3agepmia pacmopo- |25 (10 |33 6 | 3 (110 2 25
CTPaHeHNsA cHFHANA, HC

IToMexoycroinaa- 05| 04 0,4 04| 04 65| 027 45%
BOCTH, B ot E¢

HKosppunmenr pas-| 8 [40 |10 | 10 (10 | 10 |25 50
BerBileHAs Ha BHIXO[E

Imamason suxoganx | 2,4 3,3] 33( 3,3| 3,3 14 08 | mo 16
HAOpaKenni, B

* C NONONHAKXIIAMA TPaH3RCTOPaMH.

THNH cXeM, H3LOTOBAAEMHX MeToNOM OmionApHOH TeXHONOIHWH,
OrpaHHYeHH 10 cBoelt cnoxkuocTH. IIpEumHO#A 3TOro ABAAETCA CHH-
JKeHHe NpOTeATa BHIXOZa TOMHKX CXeM B IPONECCe IPOR3BOMCTBA
HIpHE YBeNHWIeHUWHE KX CHOKHOCTH. Y KasaHHaa mnpobneMa ycnemHo npe-
ofgoNeBaeTcda, paspabaTHBAIOTCA HOBHe THOH HRHTeTPAJBHHX CXeM,
KOTOpHe® EMEIT XODPOIIYI NepCNeKTHBY yBeludeHHA NPONPHTA BRIXOZA
rogaux cxeM. HamGonee MHOrooGemialomuM THIOM ABJIAKTCA YCTpO#-
¢TBa C H3ONApPyMOIelR KoanexTopHOn muddysreil, Koropue ofecmedm-
BAal0T BHICOKOe OHCTpOJeHcTBAE CHCTEMH, HMelleii B CBOSM COCTaBe
Oonee 7000 smeMeHTOB. M3TOTOBJGHHHX HA MOHOJHTHOH ILIRCTHHKO
promansio 0,4 cm2,

3-6. IMAENHBIE HHTETPAJIBHBIE CXEMBI |31}

CymecTtByeT HeMano IudpPoBHX CxeM, INe TPAHS8ACTOPH paboramn?
8 peXBEMe HacHueHHA. [loaToMy crano pammOHANLHHM RaroTOBJICHHO
2X KPYOHHMM HapTHAMA, HeCMOTPA Ha OrpaEHYCHHHE HOMWHANH KoH-
JIeHCATOPOB H Pe3HCTOPOB, KOTOPHE MOI'YT OuTH ¢cjOpMUPOBAHH B MOHO-
JATHHX HHTErpaabHEX CXoMax. M3-3a OorpaHHYeHEHX HOMHWHANOB KOH-
JleHcaTOPOB B PE3RCTOPOB, & TaKiKe H3-3a HOBHCOKOH TOYHOCTH HX H3ro-
TOBJICHEA K IUIOXHX TeMIepaTypHHX KoapdrOueHToB NHHe#HEHe Owmmo-
nApHHe HETeTPalNbHEHE CXeMH HadYajd paspalaTHBAaTHCA 3HAYHTENHHO
po3nEee nudPOBHX.

[MossneHne NMEeHHEX MHTETPANIBHHX cXeM OHJIO cBA3aHo ¢ pas-
paboTKOl HOBHX NPHEOHIOB NPOGKTHPOBAaHAA H HOCTPOGHMA CXeM,
B KOTODHX MACCEBHHE HJeMEHTH BaMEHANHCH AKTEBHWMHA. CTajA BH-
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nycKarbcsa JMHelHEe WHTeTpanbRue cxeMul, Oollee cNOKAHe 0O CpaB-
HOHAIO ¢ KX afajoraMd Ha TUCKPETHRIX 3JeMEHTaX Il HMEIOMHUE XOPOIIHe
xapakrepucTHKR. OpHoii B3 MdepBHX NHHEHHHX RHTErPANBERIX CXEM
Gun onmepanEomENI ycEAETeAb Thma PA709, paspabotaEENE Bmmme-
pom. B cocTaB aTOoTO YCHNHTENA BxOmuN0 14 TpamEanmcTopoB H 15 pesm-
CTOPOB. JTOT YCHAHRTEeJIb HME] XADaKTePHCTHKA IO Kpaiimed Mepe He
Xy)Ke XapAKTepHCTRK AHANOTAYHOrO YCTPOHCTBA HA IHCKPETHHX 9Ne-
MeHTaxX, HO 3HAYATeNBHO O0Nee HE3KYI cToEMMOcTh, OfHakKo AnA ycToil-
9ABoil pafoTH K YCHARTeN0 HAmO OHAO MPHCOSAMHHETH RONONHATEND-
Hble BHEIIHHEG SJGMEHTH. JTO MOCHAYKANO NPAYAEOH 3aMeHHE ero HHTe-
rpaabERM ycAAATeNeM WAT741 ¢ BHyTpeHHe#t Koppeknmel d9acTOoTHOM
XapaKkTepHCTHKE, KOTOPHIH MONYyuRa Gollee MApPOKOe MpPRMeHeHNe. Y cH-
nBTenb PA741 HMeeT HEBEICOKYI0 CTONMOCTB, MAKCEMANBHYIO CKOPOCTH
M3MeHeHHA BHIXOQHOIo HanmpsmKeEEA 0,5 B/MKc B BXOgHOE COUDOTHB-
NeHme, pasHoe 1 MOwMm. IIpm paspaGoTke oOmepamBOHHHIX YCHJHTENCH
OOHYHO CTPEMATCA YJy4YmMATH TAKWE er0 XapaKTEPHCTHKH, KaK mojocy
HPONyCKannd, MAKCEMAJIBHYI0 CKOPOCTh H3MeHeHHA BHXOQHOTO HANpA-
JHEeHAA, BXO[HOe CONpPOTEBAECHHE, BXOMHYI0 MOIEOCTH B T. . B Kaue-
CTB® DOpPEMepa MOKHO yKasaThb Ha BHCOKOBOJBTRHE yCHIETENH
(=40 B) cepmm nA715, xoTOpHil cnocoben OTHABaTh B HArpy3Ky TOK,
paBHHIT 1 A, B ¥MeeT MAKCHEMANBHYI0 CKOPOCTH M3MeHEHHA BHIXOTHOIO
HampH:¥Keama 18 B/mkc, B BxopHOH ycmamrenn cepun 8007 Ha moneBHX
TPaH3HCTOpPax, KOTOPHHl IMeeT BXO[HOE CONPOTHBAeHHe 0koao 106 MOM.

JIpyrEM Klaccom JHHeHHEX cxeM, KOTOpHe HaXONAT MIMPOKOe NPH-
MeHEeHHe, ABJAAXTCA CTabNIN3aTope HanpAMEHAA, IpefHASHAYeHHEIO
AaAa craOMamsallA® MCTOYHNKOB NHTAEHS B CHCTEMAaX, NOCTPOeHHHIX
Ha WHTeIpaabHHX CxeMax. THNOBHM IpencTaBuTeNleM CXeM 3TOTO
xmacca apnaserca cepua LM109, xoropas ofecmeyrBaeT BEIXOIHOH TOK
mo 1,5 A upn BHXORHOM conporuBaeHEHM, pasHOM 301072 Om.

KpoMe ykazaHHEIX, B HacTOAmEe BPEeMA BHIYCKalT I JpyTHe
BHAM CXeM B MHTeTpaapHOi gopme. K mx umcay OTHOCATCA yCHIHTENH
BHCOKOH 1 TIPOMEKyTOUHOiHl UAcTOTH, aHamoOTOBEHEe YMHOMKHTeNH,
yerpoiicTsa $azoBoil aBTomonCTpoiiku. HeKoTophle Wa HMX paccMar-
PHBRIOTCA B COOTBETCTBYIOUIWX TIJaBAX NAHHOW KHHTH.

3-7. HHTETPAJIBHBIE CXEMbI MOI-THIA

B npouecce npomsBogcrBa TpaHarcropoB MOII-tuma umeno rex-
HONOFEYeCKAX 3TamoOB JOCTHTaeT 35, B TO BpeMA KaK [AA H3TOTOBINe-
HEA DEOOJIADHHX TPAH3WCTOPOB 4HCHO ITANOB NpeBumaer 140. Y MeHs-
ImeHMe KOJMYECTBA TEXHOJOTHYECKUX aramos B mnpomssopctse M OII
TPaHSMCTOPOB CONPOBOMKAAeTCH Gojlee BHCOKAM TMPOLEHTOM BHXO[A
TOMHHX TPHOGOPOB H, clefoBaTeNbHO, 60Jee HH3KON HX CTOHMOCTHIO.
Ecnm oGpaTATBCA K pHC. 2-41, TO MOMHO YBUAETb, Y4TO A B3IOTOBJNE-
HAA BHTeTpaNbHOU CXeMul, copop:Kameii MOIl-Tpamsmcropsi, He Tpe-
Gyercsi BHINOAHATL STAN H30ARpywomeil auddysnn ® Boobme Eeobxo-
IEM JRmb OMH egHECTBeHHH# AnPdy3moHEMIH mpomecc. Jleno B TOM
4T0 NMepexonn, ¢opMEpyeMiie MetosoM p-ruddysnn odnacreit MCTOKA U
CTOKa B TONJAOKKYy THAUA 7, OPH paboTe TPAH3NCTOPA OKABHBAKTCAH
cMeMeHHHMH B ofpatHoM HampasieEEn. G yueroM Toro ¢axra, 4ro
OfWH TPaH3ACTOP MOKeT OHTb HeNmOCPeNCTBEHHO COENHHEH € NpPYFuM
IPHE H3rOTOBIEHAN Kakoi-1EOO cxeMH, pasmepH cxemn ¢ MOII-tpam-
3#CTOPAMHE OKAa3HIBAIOTCA B3HAYATEABHO MeHHUTUMA 10 CPABHEHNIO
¢ aHANOTHYHOI MHTerpaNbHOA CXeMoii Ha GANONAPHHX TPAH3HCTODAX.
Him, mrage rosopsa, Ha NJaCTHEKe KPeMHEA TAHHOH IJIOIIATM MOYKHO
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pasMmecTHTL 3HAUATENHHO Gosahmee wmcao MOII-TpamsmCcTOpoB, dYeMm
ORUONAPHHX,

Tak e Kak ¥ B GEOOAADHOHN MHTErpajbHOM Cxeme JieTIe H3T0TO-
BHTb TPaH3NCTOD THHA n-p-n, 4eM p-n-p, B MOII mATerpanbERX CxeMax
TeXHONOTAA HW3TOTOBJACHAA TPAaHSHCTOPOB C KaHAJIOM p B HOMJIOMKKe
THOA n OKa3HBaercsa Goxee mpoctoil. HamomMHEM, gro eclim K 3aTBOpY
MOTI-Tpan3ncTopa HPHIGKEE OTPUNATeNbHHE HOTeHmmald, To B obna-
CTH KpeMHHsl HENOCPeNCTBeHHO HOX 3ATBOPOM HEXYIADPYIOTCA IONOKH-
TeALHHE 3apAAH M TAKEM 00pasoM GopMEpyercsi IpOBOAAINEI KaHAI.
MunpManbEoe HaOpAKeHRAe, KoTOpoe BHIBHBAeT HosBIieHHe WIPOBOMsA-
mero KaHana, HashBaemoe HOPOrOBHM HampskeHHeM Uy, B BRHYyCKaB-
MAEXCA paHee TpaHaWCTopax Ohuo paBHo 4—5 B. [ina HopMaabHO#
paGoTH TpaEaHCTopa HALDSKeHHe MCTOYHNKA UMTAHMA JOIDKHO OHTE
OpPRGIR3UTENtHO B 5 pas Ooabme moporoBoro maupsxerna Up. Takume
BHCORH® paGoume mHanpsixenwsa MOII-rpamsucropoB penainr UHX HecoB-
MECTHAMHMHA ¢ OEOonApHNMA cxeMamd. Ecam xe MOII mmrerpasiname

» 1
Kpemnuebsi

Anwomunuebsid  Nepexpoimue
< samébop

sambBop PN Humpud
KkpemHus Y

_ s
510, V/ ‘

/ﬂ*ﬂo_.llﬂ)l(/(d
a) 4)

Prc. 3-11. Verpoiicteo Tpamasucropos tAma MHOII (a) o ¢ kpemmie-
BEIM 3aTBOpoM (6).

CXeMH HCIOONBb3YWICA B OfHOI CHCTéMe ¢ OGRIONApDHHMH, HAIpHMep
Tuna TTJI, 10 HeobxopUMo HPUMEHATH CHeNMaibHREE pPa3leaMTENbHEE
yerpoiictBa. ITo 370# mpHYMHe OHIIM BHIOJHEHH pa3paboTKH, HaDpap-
JeHHNE Ha CHEKeHAe HOPOroBoro Hamps:KeHHAA.

CTpyRTYPH! MeTaaA-HATPHI-oKuceA-moaynposogauk (MHOT). ITopo-
Topoe waupmxenme MOII-rpaRsRcTOpa HPOMOPUHOHANBHO TOJIIMHE
cllosl UBIEKTPHKA, PACIONOKeHHOTo MeMly MeTalioM 3aTBOpa B KpeM-
HEeM, B O00paTHo NUpPOLOPIHOHAIBHO JUANICKTPHYeCKOH NOCTOARHOR
B30JApy©0mero marepEana. HATPAQ KpeMHEA AMeerT NHDJIEKTPHRUECKYIO
MoCTOAHHEYK B 2 pasa Goabme, 9eM OBYOKMCh KpemMHEA. OmHako B mpo-
necce A3rOTOBJCHRA WJIGHKH HUTPUJA HA KPemMHMN BO3HHKAKIOT ompeje-
JeHAHE TeXHOJAOTEIEeCKUe TPYAHOCTH. DTH TPYAHOCTH HTPEofoJeBalTCA
B TPaHSACTOpPe, AMeIomeM CTPYKTYDY Meralll-HRTPUA-OKHBCeN-TOoayIpo-
BOJIHHK, KOTOpaA moKasaHa Ha puc. 3-11, a. B Tpam3ucTope Taxoi CTpyK-
TYPH [H3JEeKTPAK 3aTBOPA COCTOAT H3 ToHKoTO CJoA ABYOKACH KpeM-
HUA Ha TOBEPXHOCTH KDeMAHEBOi WONOKKH U CPABHHTEJBHO TOJCTOTO
CI0A HATPHAA KPeMHHMA Ha ciaoe nsyoKucH. Takoil TpaH3RCTOP HMeer
noporopoe HaupsmKenHe okoao 2 B, a moBepXHOCTL pasnena MeXay
MBYMA NHINEKTPHUECKMMU CJIOAMH cHOCOGHA yNeP)KHMBAThH 3apAQ B Te-
4deHHe JAMTEJbHOTO IMEePHORa BpeMeHH. JTa 0C0GEHHOCTH TPAH3HCTOPOB
MHON-cTpyKTYypH TO03BOJAET HMCLONB3OBATh WX B CHBATOBHIX perg-
CTPAX 1t CHCTeMax MOArOBPeMeEHHO namATA. TuUNoOBag cepHA TaKHX
ycrpoiicTB, BEnyckaeMana gupmoit General Inst. n oGosmauaeman coKpa-
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wenno GIANT (General Inst. advanced nitride technology), coBme-
cruMa ¢ ycrpoiictBamu tHma TTJI,

MOII-TpaH3HCTOPHM € KpeMHMEBRM 3aTBOpOM. C NEJiBI0 KoMIleHca-
UMY HeTOYHOCTH YCTARHOBKH MACKH B Ipouecce IPOA3BONCTBA METAJIHA-
9ecKud 3arsop MOII-TparsancTopa uM3roTOBNAETCA IO CBOedl TIOmMATH
HeCKonbKo Gojbime, 9eM 3710 HeoGXOpMMO, MCXOHA B3 TEOPETHYECKHX
OpefmoCHaoK. B pesynrrate saTBop lLiMeer HeKoTopoe HEPeKPHITHe
¢ obnacTAMM HCTOKA B CTOKA. Baaropmapa 5ToMy mepexpuTHI0 06pasy-
€TCH MEeKINeKTPO/IHAA eMKOCTh, KOTOpaA OTPAHHYABAET CKOPOCTH Iepe-
KmoYenuA TpaHaBcTopa 1o 1 MTu. B TpaH3uCTOpe ¢ KpeMHHEBEIM 3aT-
BOPOM, CTPYKTypa KOTOpPOro mOKasana ma puc. 3-11, 6, saTBop Haro-
TOBIACTCA W3 UOJHKPUCTAINMIeCKOTO KpeMHMA THHA p. Iloporosoe
HAaOpayKeHNe 1000HOTO TPAH3RCTOPA TAKOE JKe, KAK M Yy TPAH3HUCTOPOD
MHOII-TBIa, BCaepcTBHE eTo dTH NPUGOPH MOTYT paboTaTh COBMECTHO
B OfHOM CXeMe.

B mpomecce MNpom3BojcTBA NONMKpPHCTAJINMYeCKHil 3aT8Op Haro-
TOBJAETCA OepBBIM, II 3aTeM OH HCIIOJbL3yeTCA B KadgeCTBe MaCKH OPU
dopMmpoBanur obnacTeit HCTOKA I CTOKa MeTOmOM nudfpysuu THOA p.

TaxkuM 0GpasoM, MeTON ABIAETCA caMoyCTamaBawBaomumca. He-
Gonbinoe mepeKpHTHe 3aTEOpA © o6JACTAMU MCTOKA M CTOKA, KOTODO®
o0Gycnosneno TonbKo mpomeccom nuddysnn B GOKOBHX HAIDABIEHMAX,
OPUBOMUT K YMEHDLILEHHIO MCHKITeKTPOLHOII eMKOCTH U, CleoBaTeNbIlo,
K TIOBHIMCHUIO CKOPOCTH HepeKmlodeHUA mpumepro no 15 MTu.

Tpadaucrop ¢ KpeMHMeBBIM 3aTBOPOM MO CBOMM pasmepaM MOMKCT
OHITE 3HAYNTENBHO MEHbLINe ANAJOTMYHOTO TPAHIUCTOPA € METAJUIHTe-
CKHM 3aTBopoM. Eme HeKoTOpPHE NOJNOKHTENBHEE KauecTBa 9TOro
TPau3MCTOpAa CBABAKM ¢ TEXHOJOTIell ero npomuspoxctea. Hak Tonbko
erMHHEBHﬁ 3aTBOD H3roToBJIieH, OH IIOKPbhiBaercAa CJ0eM JBYOXKHCH
KpeMHHA, IHOTOPAR MOMKCT NPOTHBOCTOATDH IOCJIENYIOILHUM BbICOKOTCM-
neparypEbiM mponeccam paudysunm W oKcupupoBaHMA. ITo obcros-
TEJABCTBO MojKer OHITh HCNOJB3OBAHO JJIA CO3NAHUWA THOPUAHEIX HETC-
TPpanpHbIX CXE€M, T. €. N3TOTOBJIeHMA 1A ONHOH KpemirueBoil niacTiHke
cxeM ¢ GunonApHbMy M MOII-TpaHaucTo pamu.

Hekoropsle ApyrEe Metoasi. HenpepeBBO 1/0ABAAIOICA Bee 110BBIC
MeTofiul pemeHus HpobiaeMBl M3TOTOBJIeHWA 0onee CIOKEBIX CXeM, 3a-
HEMAIOIMX MeAbluHil 00beM 11 paboTatompx Ha GoJee BRICOKAX JACTOTAX.
K ugmeny Takux MeTomoB OTHOCATCA HCNOJB30BaHIE TOJNCTOTO CIOA
okmcaa (SATO) u ncuonp3oBAaAUe YCTOHYUBHX K BLICOKOH TemIepaTtype
okuciaoB MetannoB (RMO); o6a Meroma RBIAIOTCA CaMOYyCTAHABJIMBA-
fomiMiCcA. Eme omAMM MeTOIOM, HANDABIAEHHBIM HA YMeHRIeAUE Dapa-
3UTHOH eMKOCTH, ABNAETCA HBTOTOBJEHUE CTPYKTYPH «KDeMRHHl Ha
candmpe» (SOS). IIpr Taxom meroxe BCe MOMYIPOBONH TKOBHE SJIEMEHTH
cXxeMn (QOPDMEDPYIOTCA B KPeMHMH, HAHECeHUOM oA CAn@UpoBYI0 NOf-
JIO/KKY., BasKHHM TeXHONOTUYeCKHM LPONEcCOM, KOTOPHIf NpPHMEHACTCH
AJA yMeHBHIEHAA CTCIIEHH NEPEeKPLITHA MeTAaJIIHIeCKOIO 3aTBOPa ¢ MCTO-
KOM B CTOKOM, ABJAETCA HOHHAR IMIIIAHTANMA (JermpoBadue). Ilpu
HCHIO0/b30BAHME METOla HOHHOIO JerNDOBaHHA METAJUINMUYECKHIl 38TBOD
TIepBOHAYANBHO M3TOTOBAAETCA HECKOJbKO KOpOde, YeM JIMHA KaHaja
MEKIy UCTOKOM U CTOKOM. 3aTeM KDPCMHuenad NIACTHHKA NOjBepraercs
GomGappupoBKe Homam# Gopa, UMCIOmUIME BHCOKyM 9Heprup. B mpo-
necce 00MOAPAMPOBKM WOHH LPOHHKAIOT Yepes TOHKME Caoit OKMC/A
H BHEIDHAIOTCA B KPeMHHH, pacmupAs obnacTd p-uCTOKA W CTOKA [0
KpaeB MeT&JJIH4YeCKOTo 3aTBOpa. MeTtanmnueckuit 3aTBOp u cyoit AHIJIEK-
TPHMKa DOLJIOIAIT HOHK II UPENATCTBYIOT NX IPOHMKHOBEHUIO B 06JaCTh
KDPeMHUA, PacnojoKeEAyl0 OOA 3arBopoMm. [Ipumenende Meroga HOH-
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HOTo JeTAPOBAaHWA Ha NpPaKTHHe I03BoJfAeT NOIHOCTHIO YCTPaBHTb
NepeKphITAe 3aTBoPa ¢ 06JacTAMM MCToKAa M CTOKA, I N0?TOMY HM3l0TOB-
JeHERe TaKAM NyTeM TPaH3MCTOPH MoryT paloTark Ha 4acrotaX Ao
20 MTI'u.

Mz MHOMecCTBA CyIEcTBYIOIEX MeTofioB HaroToBieRmA MOII-rpas-
BHCTOPOB N(BA Merofia MPHEHATH B KadecTe cTaHpapTHEHX. Crasgapr-
HHe MeTo[H mo3BolAT WaroraBamBath MOII-TpaHsycTopH ¢ MeTalaH-
4eCKEM AJIOMWHWEBHM B ¢ KpeMEMeBHM parBopary, Happlli ma 3THX
MeTOM0B 103BOJIAST B HACTOAMEe BpeMA R3roTaBIMBATh TPAH3HCTOPH
TONBKO C KaHajAoM ofioro TEoa: aubo p, ambo n. C mpyroft cTopoHH,
MMEIOTCA MeToml HsroroBaeREA MOII-rpaBsucropoB ¢ KaHaaaMH
TANOB n B p ¢ [eJIbI0 CO3/{AHAA cXeM ¢ KOHNOJHAKIMMA TPAHZMCTOpAMA
Ha MOHOAHMTHOR NJacTHHKe,

3-8. CXEMbI C JIOOOJIHAIONIAMHA MOI-TPAH3HCTOPAMHA

B 6umonApEHX HHTErPaAbHHX CXeMAX CONMPOTABJICHHE PO3ACTO-
poB, d)ognmpyemﬂx ma arame GasoBoli mudPysHHE, orpaEWIeHo mpe-
nexoM 30 kOm. B MOII mHTeIpajbBHX CX6Max HMEETCH BO3MOMKHOCTE
B K84YeCTB® AKTHBHOIO CONPOTEBAEGHMA HAIPY3KH HCHONb30BATH TPAH-
sHcropH. Tak Kak cOMpOTHBIeHE® OTKPLHTOrO TPAH3HCTOPA ABIAETCH
BeJHYMHOM, ofpaTHOH KpyTH3HEe, GoAbmoe COMPOTHBACHHe MOKHO
fmoy4HTh, ACHOAB3YA TPaHaHRCTOp ¢ Madoil KpyTHaHoH. B cxeme mHBEp-
Topa Ha MOIl-rpamamcropax ¢ p KaHanoM (pEc. 3-12, o) Tpamamcrop T
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Prc. 3-12, Cpasrenme cxemM BHBepTopoB Ha MOII-Tpanaucropax ¢
p-KaganoM (s) m Ha pomoarArmux MOII-rpamsmcropax (6).

CIYUT CONMpOTHRIOHAEM HArpysKH. 3aTBOp NJA BTOM UeAE HHOIAA
coeUHAETCH Cco cToKoM. IIpegmono:X®WM, uTo CoNMpoTHBNeHRe TPaH3E-
cropa Ty pasgo 100 kKOM, a compoTHBIeHHEe OTKPHTOr0 TPaH3mCTOpa T
cocrapager 410 kOm. Ecim mnpm HBampsAeHAH HCTOYHHHA [HTAHHA
E¢; = —20 B noporosce manpr:keEme Uy = —3 B, To orpBuarensBoe
HampsKeHMe Ha BXofe, Goabmee moporoBoro, mepepeget TparamcTop T,
B OTKpHToe CocrofiBRe. Bmecte ¢ rpamsmcropoM T obpasyercA menB-
Tenb HANpAMeHUA M B pesyabraTte BHXOMHC® HANPAKEHNE H3MEHUTCH
or —20 1o —1,8 B.

CpaBEEM pacCMOTPeHHYI0 cXeMy Co CXeMod WHBepropa Ha
puc. 3-12, 6, KoropaA ABISETCA OCHOBHHM 31OMEHTOM YCTPOUCTB € JiO-
nonaAomumMB MOII-rpamsscropaMr. Ecnim BXogHoe  HanpsyKeEWe
B 9TO# cxeMe paBHO HYIW, To TpaHaBcTop I'; ¢ KamajoM rBma n HaXO-
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JAHTCA B 3aKpHTOM COCTOAHEM, a Tpam3mcTop Ty ¢ KamadoM THMA p —
B OTKpHTOM. BHZX0J cxeMH (aKTHYeCKE OKa3LBaeTCA 3aKOPOICHKHM
¢ DONOKATeAbMON MHHoNM McTowEMKAa nmrasafd E,. Tok oT mcroummKa
OHTAHWA Yepe3 HABOPTOP Ha 3eMiio He mportekaer. Ha Brixome mamps-
/HOHWE COOTBETCTBYeT YPOBHIO HOTHYeCKOH efWHHMOH, a TOK, HOTpel-
JseMHii oT TpamsmcTOpa Iy, AIBAAeTCA MWHMMAabHHM. Ecam ma BxOp
OPRJIOAKHTE HaOps’KeHWe, COOTBETCTBYIOMee YPoBAIO AoTWYecKoid emu-
HEOH, rTpaBafcrop T; oTkpoercsa, a T, — saKpoerca. Temepb BHXOR
CXeMH OHa3HBaeTCA 3aKOPOYeHHEIM Ha 36MJI0 W CHOBA TOK YePts HHBEp-
Top Be mpoteKaeT.

Taxkam ofpasoM, cxema c¢ pomoaHAomuMi MOII-rpamsmcTopamm
paccemBaer Maiyo MOIHOCTH, a Pa3HALA MEKIy BePXHEM W HIGKHHAM
JOTAY9EeCKAMHE YPOBHAMHA MOYTH paBHA HAaNMpAHEHHI0 HCTOUHMKA IHATA-
BUA E.. Baarogapa mocaegEeMy 00CTOATeIBCTBY HOMEX0YCTOMIHBOCTD

-TaKUX cXeM CcpaBHUMA ¢ aHaJoTAYHEM moKazareldeM 6HIIOJIHpHHX Joru-

YEeCHAX CXeM C HoBHINEHHOA MoMEeX0YCTOUIHBOCTBIO.

p-Kanan

Purc. 3-13. VerpoiictBo nmHETerpasbHo#l cXeMH € [OMOJAHAIOUBEME
MOII-1par3rcTOpaMA.

CrpyeTrypa m XapakTepmeTmkd. IIpm HarorosilemHHM cXeM c HolloJj-
HAKOOEMHA TPaH3BCTopaMd mpaMeHAIOTCA MOII-TpamascTopn ¢ Meran-
NHYECKEM HWAM KpeMameBHM 3aTBopoM. CTpyKrypa CXeMH € MNepBHM
H3 YOOMAHYTHX THHOB TPAaH3ACTOPOB HoKAa3aHa Ha puc. 3-13. Yerpoi
CTBO M3TOTOBASMETCA B KPEMHHMEBOH MOAJIOKKe THHA n, B KOTOPoH MeTo-
noM puddysmm npepmapBTenbHo cPopmmpoBaBa obmactk p. JTa o6-
JaCTh p HCHONB3YeTCA AJA H3ToToBJeHRAA B Heil TpaB3mCTOpa € HaHa-
JIOM n, a TPAH3ACTOP C KAHAJIOM THEMA p GopPMEPYETCHA HEMOCPE[CTBEEHO
B MOfA0KKe, KaK OHIo OMACAHO paHee. [liA MOBHIIEHRA yCTOHYHBOCTH
paGota cxeM ¢ pomoasArommMu MOIl-rpasamcTopaMd oHH H3roTOB-
HNAITCA TaKAM ofpasoM, 9To6H Ha HCTOKe n-KaHAaABHOTO TPaH3ucTOpa
BCEI[a MofAepP/KUBAACA MoTeHOMAN 3eMad. CxeMH ¢ RONOJHAIOIEMA
MOIl-rpagsrcTopaMi ofJafal0T CACAYIOMEMY MoJOKATENBHRIMH Ka-
4ecTBAMA: /I HAX T%e(Sye'rcH TOAbHO OfAE ACTOTHMK NUTAHUA C HANPHA-
’KeHHeM ot 3 fo 15 B, oHE HMeIOT MEHEMAJIBHYI0O PacCeHBAEMYI0 MOMI-
HOCTB, 061aJa0T BHCOKOH HOMEX0YCTOHYHBOCTBIO H MMEIT Goabmolt
rooddmnment paspersneHMA Ho BHXoRy. Kpome Toro, sTm CXeMH CoB-
MeCTAMH ¢ AoTHyeckumn ycrpoiictBaMn tamos ATJI u TTJ m me yery-
gawoT UM B GHCTpONeiCcTBAR Ha JacTOTaX fo 25 MI'n. CpaBmeHHe oCHOB-
AKX XapaKTepPHCTHK cXeM ¢ TOHONHAOINUMEA TPAaHZACTOPAMA H JOTHYe-
CKHX YCTpoHCTB ApPyrHX THIOB HpepcraBieHo B TaGa. 3-1.
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8-9. ¥YCTPOUCTBA C 3APANOBOI CBA3BIO [32]

B § 2-10 6mmo noxazagEo, yro B MOII-Tpamsuctope ofpasyerca
KoHOeHRCcaTop, o6KmagKaMM KOTOPOTO CJAYKAT MeTajTudeCKHil 3aTBop
H KPeMHMeBast HONJIOKKA, a CIIOH ABYOKHCH KPeMHHAs SIBJIAETCA AMBIOK-
TpKoM. CaMule DepBHE 00pa3likl YCTPONCTB € 3BapANOBON CBA3LI0 LPeA-
ctapnaIn coboll DA TaKHMX KoBAeHCATopoB, PacnonOKeHHHX Ha Gims-
KOM pacCTosiHMM OfiMH oT APYIoro, TaK 4T0 3apsi MOr mepegaBaThCA
¢ Npedrymero KoHAeHCATOPA Ha MOCHeNylOMURH. B aroM cMHCHe CTPYK-
Typa YCcTpPOMCTBA € 3aPANOBOil CBA3LI0 Nogo0HA CABHTOBOMY DerHCTPY
(cM. puc. 9-25, 6), B KoTopOM Hof AeHMCTHHeM TaKTOBHX MMIYJBCOB ABO-
HuHafg egMHRNA COBHTAeTCs BRONL NOCHeNOBaTeNbHO COeQRHEHHMX
9J1eMeHTOB ¢ ABYMA YCTONYMBEIMH COCTORHMAMH. YCTpOMCTBa C 3apAno-
BOH CBSI3bI0 HMEIOT Ba)KHoe NMPeHMYINECTBO Lepel CIBATOBHIMH perd-
crpaMa. OHoO COCTOAT B TOM, uTo NepefaBaeMaf HBQopManus MOMKeT
HMeTh Kak WHuQpoBYIl0, TaK M aHaaoroByw §opmy.

B cpBuroBHIA perncTp € 3apAAOBONi CBA3LI HEGOPMALHMOHHBLIE
CHTHAJIk BBOJATCA HYTEM HPUWIOHEHHA IMGKTPBUECKAX HOTEHIMANOB.
JononuutenbEOE NpeMMyuleCTBO YCTPOMHCTB € 3apAOBOHl CBA3LIO 3a-
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Puc. 3-14. Jlpa cnocoGa Bsoga cHTHANOB B YCTpOICTBO € 3apAA0BOil
CBA3LIO.

KNK9aeTcs B TOM, 4T0 3aPARNH MOTYT TeHeDHPOBATHCA ION JeHCTBUeM
CBOTOBOTO HBNYYCHHS, NpHYeM KONH4YeCTBO 3apANOB LPAMO LpONOp-
LHOHAJAbHO WETEHCHBHOCTH cBeta. Tax Kax 3apAAs, BHpabaTHBaeMble
B ycTpoiicTBe ¢ 3apsgoBOH CBSI3bI0 MO [gefiCTEmeM CBeTa, MOTYT mepe-
AaBaThLCA Ha BHXO/l, TAKOE YCTPOIiCTBO CmOCOGHO paboTath B HavuecTRe
HaTYMKa CHTHAJNOB H300pakeHHA. YUOMAHYyTHe NBa clocofa BBoja
CRFHAJOB B yCTPO#CTBO ENNIOCTPEpYyOTCH pHC. 3-14.

Hpunyun deiicmeus. Ha prEc. 2-42 610 MOKa3zaHO, 9TO HPHIOMKC-
HHe OTPHENaTeIbHOTO HaNpPA:KeHHA K 3aTBOPY HHAYUHDYeT NONOKETEb-
HHii 3apAA B NeMamleil Toj 3aTBOPOM 00acTE KPeMHHUEBOH HOIOKKHY,
dopmMBEpys TaKuM oGpazom obemHemHH# cioit. Ecim mpomomxaTth yBe-
JNYHBATE OTPHLATENbHOe HAOpDAKeHue, TO OoGegHeHHH cnoit eille
rny0e NPoEEKEeT B NOMAOKKY (puc. 3-15, a). Horga mpmnoskemzve
HanpsKeERe AOCTATaeT NOPOroBoro sHauYeHHA Up, NOBEPXHOCTH MEMKAY
KpeMHMeM H OKHC/IOM CTAHOBHTCH HaCTOIbKO OTPBNATENBHONR, 4To K HEli
Ha4YHHAIOT NPATATHBATLCA [JHIPKH, ofpasys TOHKHIA HHBEeDCHOHHEI
cnofi, kaK mokasaHo Ha puc. 3-15, 6. Takum obGpazom, 3gech cymecT-
ByeT KaK OB HOTEHUHANBHEL Koaofel, KOTOPHHE MOKeT GHTEH 3auonBeH
uAdopManteii B BHAE PAINMHYHOTO KONHYECTBA MNOJOKHMTENBHHX 3a-
PAIOB.

JonyctuMm, uTO TAKOIl 3apAl HMeETCH B ONHOM 13 3JIeMEHTOD.
Ecan ma saTsope (MIM ynpaBiIsioweM 2JeKTPoje) COCCQHELO dieMeuTa

.
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peiicToyer Gonee oTpHllaTeJLHOe YMpaBifiomee HAMpAMKEeHHme, TO 3a-
PARH OYOYT ABHTaTHECH oT MEPBOrO HIEMEHTa Ko BropoMy BJoxb IOBepX-
HOCTH NORANOKKE. A ecnH KaAHll TPeTRil yIpaBAMIOMEE 3IEKTPON
OPHUCOeTMHHMTL TaK, KAK mMOKazaHO Ha pHc. 3-16, mocnegoBaTenbHOe NP~
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Prc. 3-15. CrpyKTypa OfHOTO BieMeHTa YCTPOMCTBA ¢ 3apANOBOil CBS-
3bi0 (a) W o6pasoBaEMe WHBOPCHOHHOIO ciosi (6).

JloKenuo COOTBeTCTBYIONMX HAMpAXKeHMH HPHBEAOT K TOMY, ITO0 3apAN,
BBe[IGHHHA Ha BXopme cneBa, Oymer mepefaBaThCsi IDar 3a IIaroM o Tex
mop, MOKa OH He HOSIBUTCH Ha BHXONe cOpaBa. JTambl OQHOTO TAKOTO
CHBHrA 3apsfa HILIICTPHPYIOTCH MocHefoBaTenbBo Ha pHC. 3-16, a—o,
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Puc. 3-16. Nlopaga TpexdasHOro TaKIOBoTO CHTHAJNA HA YCTPOHCTBO
¢ 3apAJoBOii CBA3bIO.

VupaBuaion@e cATHAAH, COOTBETCTBYIOIINE 3THM TpeM COCTOSHEBAM,
noKasanH B Taktax /—3 Ha prc. 3-17. ITomaua aTHX TpexX CArgajioB HA
CoOTBOTCTBYIOmMO WAEH A, B u C OpHBeAeT K HOCHefoBATeNILHOMY Ae#-
CTBHID CIBHRTOBOI0 pPeTHCTpa.

Cmpykmypa cdeuzosvzo pezucmpa [33]. Ha puc. 3-18 noxasamo
YCTPOACTBO CABATOBOTO peruCTpa ¢ 3apAAoBoil cBaszbio. HeocrHoBHHle
HOCHTENIA (AHPKH) oT BXuEHOro Avopa /[, cMemeHHOTo B NPAMOM Ha-
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npapiensH, MPOXOQAT 9epes NPOBOJAMMEEA KaMad, MBAYIMPOBARHKIH
BXONHHM 3aTBOpPOM, H TAKHM o6paaom JAOCTHTalT ﬂBpBOI‘O 9JIeMEeHTa
ycTpoiicTBa ¢ 8apARoBoil cBA3LI0. Ha BHXOA® CATHAJ CHUMAETCA ¢ AHEO-
na X, KoropHii HaXopmHTCA ToOJ JeHCTBHeM 06PaTHOTO CMOMICHRA H
OTKPHT AAA JHPOK, MOCTYNAOMEX ¢ MOcAenHero 9nementa. Haamade-
HHeM fEopa J;, KOTOPHI HaXOfATCA IOf feHcTRAeM Gomee OTPBUATeND-
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Pnc. 3-17. ®opMa TaKTOBHX CUTHAJIOB, NOJABAeMHX Ha CHBHMTOBHIA
perucTp ¢ 3apAmoBoi cBA3bl (pmc. 3-16).

HOTO HAIpA:KeHAA, ABAAETCA YCTAHOBKA NePBOHAYAJLEOIO MOTeRNEANa
Ba [ mocie NPOXOMEHAA OuePeNHOrO 3apApa. ITO BHIOAHAETCA
MyTeM KPATKOBPEMOHHOTO COeMEeHAA RHOROB [g i1 [, 4epes mEAyOUpO-
BaHHHI KaHajl NOJK JHAGKTPOJOM YCTAHOBKH.

Bpexs nepedanu cusnasa. YCTpOMCTBO ¢ 3apAnOBOA CmA3b Qax-
THIeCKA INpefcTapiasger cofoiti nHHEAMHMYECKOe 3AUOMAHRAIOIEe yCTPOH-
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Puc. 3-18. YerpoicTBo CABHIOBOTO PeTHCTPA C 3APAROBON CBABBIO.

©€TBO, B KOTOpOM wHHPODMAIFA ¢ TedeHHeM BPeMeRH HCYe3aer. JITO
smnerve ofycaopaeRo 00padoBaBEHeM BJEKTPOHHO-IHPOYHEX Tap (TEM-
HOBOr0 TOKA) NOA AeficTBHEM TEIJIOBOU SHEPTHH, KOTOpoe IPHCYIIS
BCeM NOAYINPOBOAHHKOBEM npmGopam. Ms-za atoro oddekra mpomcxo-
ART MenJIeHHOe 3allOJIHEHHe O0eMHEHHOTO CAOSl HeOCHOBHHIMH HOCHTe-
AAMHA, B pedyabTaTe 9er0 3anncaHHasd EHPOPMANMA NOCTENEHHO MACKH-
pyercA. TaxnM o0pasoM, BpeMsa npOXOICRAA rpylIH 3apAmoB depes
BCC YCTPOMCTBO OT €r0 BXOJa [0 BHIXOAA MOJKEO OHTH CTOIEB MAJbiM,
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9106H B TeYeHHe HTOT0 BpeMeWH ofpaszopaBlumecA H3OHITOYHHE TeII0-
BHe B3apAAH OHAR mnpeHefpe)kmMO MaiaH. VIAHMH CJOBaMH, ABAEHUS
obpasoBaBrA HaOHTOTHHX TEMAOBHX 3aPANOB ONpefielIACT MARCAMAILAO
JOMyCTHMOEe BPOMA PaclpoCTPameHWs CUTHaJa B YCTpOIHCTBe C 3apAo-
Boii cBA3bl0. THIOBOE MAKCHMANBHO JOMYCTEMOE BPeMA pacmpocTpase-
HUA CHTHAJIA COCTaBAfeT HECKOJBKO MOaaucexynpn. Ilosromy npm
06H9HO npuMeHAEeMHX TaKTOBHX wactoraX okomo 1 MTI'm aro orpammde-
HHe He OKA3HBAET CYNMECTBORHOrO BIHAKHEA Ha JUINEY CABEIOBOTO pe-
THCTpa.

IIpumenenue & onmuneckur ycmpolicmear. B § 1-5 GHiuo moka-
3aHO0, IT0 NMPH AGHCTBEA CBETOBOT0 H3JIYYEeRHAsA HA KPeMHHAH 00pasyoTcs
HeOCHOBHEI® HocHTenH. B ycrpoiicTBe ¢ 3apsApoBOil CBA3LID HOKOTOPHE
H3 9THX HOCHTenefl cTeKal0T B MOTeBNHaABHES Kojopmu. TaxAm o6pa-
30M, B YCTPOMCTB® MPOBCXORWT 06pasoBaHWe 3aPAJOB, KOAWIECTBO KO-
TOPHX MPONMOPIUORAABAO MHTOHCHBHOCTH CBETOBOTO Haayuemma. Ecam
JMEHCTBA® cBeTra IIPOROJNIKASTCH KAKOe-TO OMpejeeHHOe BpeMA (KAK
TIpaBEAO, OKOAO 1 MC) W 3aTeM YCTPOHWCTBO AeHMCTBYET B peKmme OOHY-
HOTO COBHTOBOrO PerscTpa, To 3apAfH NepejalTcA Ba BHXOJ B BHpaba-
THBAIOTCA 9JI6KTPAYeCKAS CHTEAjH, NPOIOPHUOHAABAHS H3MeHECHHIO
CBETOBOTO H3AYYeHHA BAOJNL MOCHSNOBATEABHO PACTONOKEHHHX 9ie-
MOHTOB YCTPOMCTBA ¢ 3apAfoBOH CBA3BI0. MaTpHUma TaKHX 9JeMOHTOB,
COCTOAMaA B3 MHOTEX AWHWH OfAa HaJ [PYrOH, MOeT BHpabaTaBaTh
9JeKTPHIeCKMS CHTAAJH, KOTODHE ONHCHBAIOT ABYMepHOe Haolpare-
HHAe, HIR, WHaYe TOBODPA, TaKad MATPHNA MOKeT BRMOAHATE QYHKIMIO
Tlepeqalomeli TeaeBH3AOHHoH Kamepr. Bcee, uro tpebyerca pasa mocrpoe-
HEA CHIHaNa H306pajKeHAs ¢ NOMOINbI0 TAKOM MATPHNH, — 3T0 TTo0H
JARHEA COfePIKANa [AOCTATOYHOE 9HCJO PHEMEHTOB B COOTBETCTBHE C HE-
O6XOREMOU ONTHYECKOH pazpemaiomell cmocobHocTHI0 M 9TOGH CKaHE-
pOBaHMe MO KaKjoHd ANHHA OCYMECTBAANOCH ¢ NMOMOMEBI0O CATHAJNa 3a-
maEmoit jopMul C OMpeneneHHON CKOPOCTEIO. B cTpouHO# mepemalomei
cBcreMe (pHc. 3-19) appecmanA cXeMa IocaefioBateabno BrOmpaer
KaM{ayi0 ARHAK ycTpoiicTBa ¢ 3apAnOBoil CBA3LI0 H CHIHAMAH MOJATCA
Ha BHIX0[ 9epe3 COBHFOBHIA DPETHCTP M YCAAHTeNAb ¢ 0OJbIOIAM BXOJ-
HHM compoTEBileHueM. IlompolHoe onmcamue Taxoil nepepaiomen cu-
CTEeMH H €e CPaBHEeHWE C JepeCCTPOYHOH U KaJApOBOi CHCTeMaMH IPABE-
nemn B [34).

Paspabomxu. IlpnBefiemmoe omMCaHMe MNepefal0miegd CHCTeMH OT-
HOCHTGSH K CaMiIM MepBHIM pagpaboTKaM yCTPOUCTB € 3apAROBOM CBABBIO.
Hak u B cnywae 06HX BHOBD NOABIAIOMMXCA NOJYNPOBOARHKOBEIX
OpRGOpoB, Ha 0ase OCHOBAHX NPRHURNOB NpPOJOJKAaJHACH HelpPepHEB-
HHe Pa3paloTKE HOBHX BapmaBTOB MOMOGHHX ycrpoiicTs, B paspaor-
THKA HMOHHE 3[eCh LIMPOKoe Moide AeAreabHOCTH. TakK GHAR M3TOTOB-
JAeHH YCTPOUCTBA ¢ KaHAA8MO THIOB n K p, AnA paGoTH KOTOPHX Tpe-
Gylorca mByX-, TpeX- H uerhHpex(asEbe TaKTOBHe CHrmaabl. Tpexdas-
HO® YCTPOHCTBO MOMKeT OCYIMecTBAATH CABAr TONBKO B OXHOM Hampap-
JIeHUH, a [ByX{asmoe yCTPOWCTBO OCYIMECTBIAOT CABHEF B 00OHX Hanpas-
JIeRAAX.

HKpoMe ycTpoiicTB ¢ 3apAf0BOfl CBA3BI0 W C NOBePXHOCTHHM KaHl-
JA0M WMEeTCA [pyras pasHOBRIHOCTL TAKHX yCTPoOiicTs € sarmydines-
HEM KamajoM. B HEX nerApoBAHME HKpeMHHeBOH NOMJAOKKM BHILOA-
Hemo TaKAM o6pazoM, ©T0 HAKOLJEHAHE M UepefaBaeMHe 3apAnHl
pacmoaarawTcs B 06-neMe KPOMEHEEBOi NORAOIKKI IIOK €6 MOoB8PXHOCTHIO.
KpoMe Hekoruporo ympomesmA TEeXHOAOTHH IIPOMBBOACTBA, TAaBHOE
MPeUMYMECTBO YCTPOWCTB C 3arAyGldeAHHM KaHAJiOM 3aKAYaeTCA
B Goses BHCOKO} sdipeKTEBHOCTE nepefaqd zapAna UPH a060OM Koaude-
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CTBe 3aPANOB B (MAKETEH, XOTA B yCTPOMCTBAX ¢ 5arnyGnemEHM Kama-
JOM LIOTHOCTH 3APAAOB B Pe;KAMe HACHINEHAA He MoeT GHTH TaKol
sKe BLICOKOW, KAK W B YCTPOHCTBAX ¢ HOBOPXHOCTHHM KAHAJNOM. ITO
©0GCTOATONBCTBO HOCKONBKO OTPAHEAYEBACT AUHAMHAYeCKUil [Hama3oH HX
PaboTH, HO yKazaHHO® OTPAHMYeHUe BHOANS KOMIGHCHDYyeTCA CpaBHH-
TeJbHO MAJNEM YPOBHOM IIyMOB.

HOpumenenue [35). O6nacts B03MOKHOTO HPAMEHEHUA YCTDOMCTB
€ 3apAN0BO{l CBA3BI0 0YGHDL IMAPOKA, B KAKIWH gacTHWi caydall HX
npaKTAYeCKoro NCMoNb30BAHWA HMeeT cpoll ocobemmocTd. Hampmmep,
CTaHRAPTHAR TeJIeBHGHOHHAA MaTpulla H3 YCTPOMCTB C 8apAAOBOH
CBA3bI0, KOTOPAaA MOKeT 3aMOHATh BHANKOH B Mepepaiolelf TeieBH3H-
©HHOJ KaMepe pO/KHA HMETH AOCTaTO4YHo Oonbmyn miromans. Jlaa
cucTeM mepefaul Aao6payKeHRH NPA ManHX yPOBHAX OCBOMEHHOCTH

Mampuya #cmpoiicmﬂ Boixednod

c3apRiofod clRsbI yeuaumens
\ I D Bo1xod

\ ————> Budeocucnanol
| pE——— \

AlpecHas cxema

Bsixodnod pezucmp

Puc. 3-19. Crpousas cucrema mnepenauk w3oGpaKeHHA, HCHOJIb3YIO-
mMafA MarpHugy yCTPOHCTB € 3apANOBOil CBA3BIO,

ycTpoiicTBa ¢ 3apsoBoi CBA3BI0 MOMMKER 00magaTh GOJNBIIAM COOTHO-
IeHWeM CUTHAJI/miyM, a [ A HEPpPaKpacHHX obHapyKutemeil oHR A0MK-
HE EMeTh MEHUMAABAL TeMHOBOH TOK,

Heckonbxo B cTOpoHe OT OM-HYeckoit o6macTH MPHEMEHOHUA Ha-
XOAATCA YCTpOWCTBA € 3apANOBOH CBABLI0 B KA4YECTBe AHHAMHYOCKHX
3aN0MBHAKMAX YCTPOHCTB, AHANOTOBHX DIGMEHTOB 3aIBPKKH. YMHO-
WATeNeH, ycTpoiicts (EABTPANMR HoMepeyHEHX BOJMH H DPEKYDPCHBHHX
¢HAETPOB. B yxasaEHHX 007acTAX NMPHMEHEHRA YCTPOIUCTB ¢ 3apAmO-
BOii CBA3BIO OCHOBHOe BHHMAHME, HO-BBAUMOMY, AOJKHO GHITH HaOmpaB-
aeHo Ha ofecmeyeHHe MUPOKOro AWHAMAYOCKOTO NHANa30HA, BHICOKOH
sddeKTABHOCTM mepenauM 3apAKOB M Gonbmol TAOTHOCTH YMaKoBKH.
B macTosimee BpeMA MPOBOAMTCA MHOTO HKCCHENOBAHM{, HaMpaBAeH-
HuX Ha pa3paGoTKy ycTPOHCTB € 3apAA0BOi CBASBLIO A DPAdAM4RHX
ofnacreil MpAMeHeHHA, KOTOPHe MoIyim 6H peanH3oBaTs HX GonbIIHe
MOTeHIMAMBHKE BO3MOKHOCTH.
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Tnasa werBepran
YCHJINTEJIHN

HasnauenmeM yCuauteaA ABIAETCA yCHJIOHAe 0YeHb MajHX CHI-
HajioB, HORABaeMuX Ha ero BXOM, ¢ TeM, 4TOGH 3aTeM YCHICRHHHE CMr-
HaJ MOKHO OHjl0 MCMONB30BATh JAJA BhHIIOJHEHHA 3aflaHHON QYHKIHM.
Hanpusep, pxofnHe CATHANW 3BYKOBOTO YCHARTENIA CHAMAIOTCA ¢ MHA-
xpo:{ona, TONOBKH NpPORTPHIBaTedA UIA MaTHATO(OHA B MaCAe ycHie-
HUA 0OJAITCA HA IPOMKOTOBODHTeNb. 3BYKOBON YCHIMTENDH NONKeH
ofocmeTHBATD ycHIleHHO B guamasoHe gacToT npmMepHo ot 30 I'm jo
20 xI'y npm MAEMMANLHOM HCKA)KeHHM CHTHANA. [[as cpPaBHOHWA MOKHO
YKa3zarh, YTO YCHIUTE/IM B COAMHKX CACTEMAX B AHAJOTOBHX BHITHCIIH-
TONBHKX YCTPOMCTBAX JOMKHH YCHAMBATH CHTHAJH, Y4acTOTAa KOTOPHX
HaXOQETCA B gHamagoHe pmioTh A0 0 I'm. B cnemuanbHoil MegROuBCKOR
SMeKTPOHHOR ammapaType cMTHAJH OT MO3Ia, CePAlla H HEPBOB yCHIH-
BalOTCAI B HCMOAB3YIOTCA A UX oTo6pa)keHNA MIR DeTHCTpPaIH;
B 9TOM ciyJae aMIAATYAa CUTHAJNOB Ha BXOJ@ YCHIWTENA OueHb MaJa,
MO3TOMY YCHARTeNDb Hapany ¢ 60ablidmM yCHNeHReM JokeH WMOTh Ma-
AH# ypoBeHb IOYMOR.

B ofmeM ciyuae paspaGoTKy HAuHHAIOT C BHIXOEHOTO KacKaa.
3artem, sHasa ypPoBeHb CHImaloB KoTopue HeolXofuMo MOAABATH HA BXOJ,
BHIXOf(HOTO KACKAaJla, MPHCTYMAlOT K pacyeTy MNpeAHAyINero KacKaja
u, TakAM o6pasoM, ABATaACH OT BEHIXOMa K BX0#y, TMPOAOMKAIOT pacder
Bcex KackagoB YCHuMrTejiA. IMeHHO B TaKOM NOPAAK® H3NaraeTcs Mare-
pBan B HaCTOAMPEH Iaase.

4-1. YCHIIATEJIN MOIMIHOCTA

YeuanTean MOODIHOCTH MperHA3HAUYCHH /IJA NONY4YeHHA HA 1X BH-
xofe MaKCHManbHONW MOIMHOCTHM NDH 3apaHee 3aflaHHOM YPOBHC HCKa-
sxeHE# cArHaza. OcofeHHO XOPOII0 NOAXONAT AJAA HCHONB30BAHUA B YCH-
IMTeASX MOIIEOCTH TPaH3RCTOPH. OHE ofecnedmpaloT NHMHEHOe YCHJe-
HHIEe MPAKTHYeCKA BO Bceit 06JaCTH KX KONJIEKTOPHHX XapaKTepUCTHK,
a Bx 3¢QexTHBROCTH TaKoBa, YTO II03BONAAET WOYTH BIAOTHYK NPHGIM-
3ATBECA K MAaKCHMANbHOMY TeopeTUdeckoMy Xo03d$MumeHTY TNOIe3HOrO
medcTBHsA, paBHoMY 50%, AR ycEneHHn B Kaacce A m 78,5%, B xaacce B.
Hau6onee mupoxoe pacmpocTpaHeHme B XauecTRe YCHANTENHA MOWIHO-
CTH moayuHna cxeMa ¢ 09, Tak xax oHa Mo3BojsieT MONYYHTL 3HATM-
TenbHO GONbIee YCHNEHHe MOUMHOCTE L0 CPAaBHEHHIO co cxeMoii ¢ OK.
NpaBga, ypoBeHb HCKa)keBMit cHTHaga, UPHUCYIWH DT0H CxeMe, ABIS-
erca Gojlee BHICOKAM. OMHAKO 9TOT HEJOCTATOK B 3HAUMTENLHUI CTeTIeRH
YCTpaHACTCA MyTeM HCMONb3OBAHAA OTPROATENHHON o6paTHOil cpsisim.

Yennurenb MOWROCTH KiaccA A. OcHOBHE® 2TaHH IPOEKTIPOBA-
BHA yCHNWTEeJA kAacca A ciefyoomBe: BmGop paGoueil TOYKH TaKnM
obpazoM, yTo6u pabora ycmauTeaA Oblaa orpaHAuYeHa JTHHEUHBIM y9aCT-
KOM XapaKTeDHCTUKE TPAaH3HCTOPA; pacuer CxeMH CMelleHHA, ofiecne-
uyABaMeji paGoTy YCHARTENA B 3TOH TOYKe; NMPABHABHOE OMNpeaeie-
HHe COUPOTUBNEHHA HaTPYBKH.

B ycuinTensix MONIROCTH BeCbMa PeabHOIl ONACHOCTBIO ABIACTCH
TEMAOBOW YXOJI, ecalt B lENH CMELleHHA HE IpeqyCcMOTPeAbl MCPH,
MmpegoTBpamaomye cpsar pafouell TOUYKM MO MOCTORHHOMY TOKY. IR
3TOR DENM IIMPOKO LCHOJBIYeTCA CXeMa, mOKasaHHAR Ha puc. 41.
Ona rapaaTHpYyer focTaroyHo XOpoldy© cTabmabHoCThL paboueii Touxm.
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C nmoMoupl pe3ucTopa B TemH amurtepa R, Ha BXO[ TPaU3UCTOpa
HOgAeTCA HAMps:KeEMe OTPUNATEXbHOH oOpaTHOi CBA3BH, KOTOpOe BMe-
cTe ¢ HampssKendeM Ha 0asoBHX pesucropax R; m Ry ompejender Ha-
npssReEns Ha BXofe Ugpy. BoapacTanme TOKa 9MHTTepa MPHEBOART K yBe-
JIMYEeHNI) MafeHHs HanpfA)KeHAWs Ha pesncrope Ry H, ClIeOBATeNbHO,
K YMEHBIICHHIO HAMpDA:KEHUA MeKAY 0asoil B OMUTTEPOM. BasoBHil TOK
OpU 9TOM yMeHbIDaeTcii H B Pe3yJbTaTe B 3HAUMTENBHOH CTENCHH HPO-
HCXOAHT KOMIEHCAUHs LUEpBOHAYAJBLHOTO U3MEHOHUS TOKA 3MHUTTCDA.
Ecar KoappHumear crabmimsanum oOpefedTh B BHE.E

/\' =61K30/61H
(xak 310 6HI0 caenamo B § 1-15), To MUEAManbEAA CTAbUNBLAOCTD TOMO-
seaus paboueit Touxu Gymer upd K — 1, a Gonee BHCOKas crTabunb-

HOcTh — npu K > 1. B cxeme na puc. 4-1 Opu cODpoTMBACHUM pesu-
cropa R;, Gonbuiem ueM Rp, wooddumnenT crabunwsamuu pasen:

K =1-1-BRy/(Rs -+ Rs), (1-26)

Rg = R, R,/(R; -+ Ry).

e

M3z srtoro paBecTBa ClefyeT, 4To Gonee BHcokoe amauenme K H, cie-
AOBATeNBHO, JAYYMAA CTA0UNBAOCTE ofecmeumBawTCA Opu Gombmmx
conpoTnBieAMAXx Ry 1 MajloM compo-
tusneauu Rg. MakcumanbeEoe compo-
THBJIOHME Pe3ucTopa R, BABMCHT OT TO-
To, KaKyK YacTb HANPSIKCHUA MCTOU-
HIIKA DUTaHAA COCTaBJAfAeT Mafesue
HaOpA)KeEMsA HA 2TOM PE3HCTODe, M OT
TOro, Xaxo#l tpefyercAa pasMax Ha-
NpsAsKeAnA CHTHAJNA HA KOJNNEKTODHOM
pesucrope. ABAJOrMYHO MAKCHMAJb-
HE® COUPOTHBJIEHAS pE3HCTOPOB R; H
R, 3aBucAT OoT TOoro, Kakoil BemMUNAH
TOK MOTYT OHH MOTPeGNATH OT HCTOY-
Puc. 4-1. Cxema Tpad3McTOp- HWKa muraEuda. Ecnd compoTuBienme
HOTO YCHUJITENA MOMIHOCTH. DTOro JeNuTel sl HANpAKeHMsA OYeHDb Ma-

N0, TO OHO MOXKeT UIYHTEDPOBAaTh BXOJ
YCHIMTeNs1 Do TepeMeHHOMY TOKy. B KauecTBe NepBoTo IDara neueco-
obpasHo BHOparb collpoTEBAeaue Rg paBEHM 10 R,, B aateM, MCHOJb-
3ya ypasmerue (1-26), DpoBeputh moNyuaeMHil OpH 9TOM Ko3dPUIHeHT
crabunusamuy. J[na pacyera ycuauteds morpeGyloTcs emie nBa ypaBHe-
Brn. OGpamasce & puc. 4-1, MOxBO zamucars:

Ug =E.Ry (R, +R) (4-1)
H
Upgoy=Ug — IRy, (4-2)
OTKYla HoJyyaeM:
Ug=138,+Ugy. (4-3)

OcHoBHEE 3Tambl NPOEKTHPOBAHMA YCHIBTENS CleAYIONTHo:

1. BubpaTp moaxomAlMi TPAH3UCTOD.

2. Hauepruth MMHHI0 HATPY3KA HAa BHIXOAHHX XapaKTepUCTHKax
TpaH3AcTOpA, BHGpaTh PaboUYI TOUKY M ONDCACNUTH MONYYaeMYio
OpH DTOM BBIXOAHYI0O MOUIHOCTH ¥ HMCKa)KeHHe CMTHaJa,
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3. 3mas mmAMMaNbHOE HAUDsIKeAMe Ha Kojjlextope, BRGpATH co-
npoTuBienne pesucropa Ry Taxum oGpasoM, uTobW U, GHao meMHOTO

mebile Upge oine

4, Ws paBemctBa (1-26) oupenenuts Rg, KoTopoe HEO6XOMUMO
JNA TIONYUeHMS aapaHHEOTe Kodddmumenra crabmamsammn.

5. C moMowmpi ypaBHemHit (4-1) ¥ (4-3) paccumTarh COUpOTMBIe-
HEA pesncropoB Ry u R,

6. BuGparb KompeHCATODP [INA pa3BA3KE RH,.

OpuMep npoexTrpoeanmsa 4-1. Ha conpormBaerun marpyakm 10 Om
Tpefyercsa NOJNYYUThL MOIMHOCTD HDepeMeRHOro Toka 2 Bt mpm Majnom
HCKa)KeEMH CHTHAJa B KoddpHumenTe crabmnusapuu, paBHoM 3. Ha-
Nps;KeHNe HCTOYHHMKa oRTam®a 24 B.

Al
A"__—\\——_-- I5=50 MA
A 50
\
2 .y 40
A \
- 36

> 25

di AN I =10 mA
e I
B S e——

| | U"L

0 10 20 8

Prc. 4-2. BoixopHHe XapaxTepHCTUKU TpamsucTopa BD124.

Jas Toro 9ro0H HOMYYATE HA BEIXOI€ YCHUJAWTENS CUTHAA € Ma-
NHIME UCKaKeHWAMH, Heo6XomuMo BHEpATh TpPAH3UCTOP, WMEIOMit
3HAYATeALHO 00J6e BEICOKYI0 MOLIHOCTh HO CPABHEEMIO € TpebyeMoR
BHIXOJIHO# MOmmocThI0. Bubepem rpamaucrop Tunma BJI124 ¢ MakcuMans-
HOH paccemBaeMoii MomHocrbi0 15 Br mpm Temmeparype He GoJee
-4-60°C. BrixopEH® XapaKTePHCTIIKM 9TOTO TPAH3HCTOpA WOKA3AHEL
Ha puc. 4-2.

Junus nazpyaku. Ha OpoBeueHHOI, KaK TOKazaHo Ha PUCYHKe,
JMHEMH HArpy3ki BuGupaem paboayro Toury wpu Uy = 10 B u Iy =
= 1,4 A, wr0 cootsercTByer TOKy 6asm /g == 25 MA. Ilpu ammamTyne
BXOgHOTO CHMTHaja 15 MA BHXOgHOe HanNpsxeHHe HIMEHAETCA oF 4
no 17 B, a pBoiHasa aMIVIATYAA TOKa cocTaBuser 1,3 A,

MomaocTh B HATPy3Ke OHPENie/IATCA BHpaKeHUEM

Py= (Umax - Umin) (Imax - Imin)/S' (4-4)
IlopcTasnsas 3nauesdn HAOPSKEAN U TOKOB B 9Ty GOpMyAy, 1ONY-
9aeM MomHOCTh B Harpyske 2,1 Br.
Hoapuypenat dendaeHAEIX MCKAKeHUT CHTHAJA ONpefeiseT st
no gopmyne
(Imax L pin— 210) - 100
2(

. (4-5)

max — Imin)
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MprOIRIKEBEYI0 OLUEHKY ACKA'KeHWA MO}KHO MOJAYIUTH MyTeM U3~
MepeHUs JAVHH JAERW HATDY3KH U BHYMCJIEHUsA OTHONEHWA ee ABYX
uacreit. Hanpnamep, Ha pue. 4-2 m3MepAeM OTpe3kH JAMEAN HBATDy3aKH
OB u OA. Yx oreomenuc pacgo 11 x 9 wau 1,22, uro cBUMETONLCTBYET
0 HaJWu®A 5Y%-HOTO MCK@)KCHAA B BWAe BTQpPoit rapMomEdMkxd. Ecam ato
oTHOmeHMe MeHbme 1,22, To HcxaKeHUsa GygyT Meree 5%, a npm pabore
63 MCKaKEHM nAMHA 006enx gacTell nuHMM HaTpysku OymeT omMHAKOBA.
Ecnu nueusa \arpy3x® OpoBeJeHA TaxuM o0OpasoM, 4TO OTHOMICHAE
OB : 0A = 1,17, T0o MOXRO CUNTATH, YTO UCKAKCHHMA CHIHAJAA He Ipe-
BHIDAKOT AOLYCTHMOTLO YPOBHHA.

Pesucmop ¢ yenu smummepa. Tax wax Up . = 4B, a Tox noKoa
Konmuaextopa pased 1,4 A, Bmbupaem R, = 2,2 Om.

Kosgpuyuenm cmabuaviwocmuy. COrlacHO UHACHOPTHHM [AHHHM
B = 50 npm Iy = 1,5 A. TogcransAa sHaueHua f m R, B ypaBHeHUe

(1-26), upu K = 8 GyneM nmMeth

50.2,2
=1+ 55T rs
mr 7Re = (50 X 2,2) — 15,4, orryma Re¢ = 13,5 Om.

Pacuem pesucmopos Ry u R,. U3 dopMyan (4-3) mmeem: Uy =
= IyR, ~ Ug. a w3 Qopmyan (41): Ug = E _Ry/(R; + R,) Torma
3,08 = 24 Ry/(R, + Ry), otkyna Ry =~ TR,.

Tak wax Rg = R R./(R;+ R,), mnonyuaem 13,5 = TR3/(8R,)
van Ry, = 15,4 Om,

Ry =TR,=107,8 Om, (4-6)

Buibupaem R; = 110 OmM u R, == 15 Om. Tox, norpefisemurit
JelIATe]eM HANpSKEHUA, COCTABNEHHEIM W3 NOCJENOBATEIbHO BKJIO-
4eHHHX peaHcTopoB R; ® R,, paBeH 24/125 ~ 200 MA. Taxkum o6pasom,
TOK, NOTPe0JAeMHI fendTeneM HaNDAMEHHA, 3HAUINTEABHO MeHbIe
TOKa OoKoA TPaHSMCTOPA.

Hrax, oKoHuaTelbHo BHOHDaéM OAPaMeTpPhl 3JIEMCHTOB CXEMEL:
Ry =100 Om, R; = 110 OmM, R, = 15 Om, R, = 2,2 Om.

Passnsusaowyuti xondencamop. Ha mnAuMansHO# paboueil wactore
KRAcKaja YyCHIGHAsA DeaxTHBHOe COIDOTHMBIEHMe pa3BA3HBAIOIMEr0 KOH-
ZeHcaTopa JOMKHO OHTH MAJIO 10 CPaBHEHA ¢ A, = 2,2 OM. Hanpnmep,
6CJI MEHMManbpaa pabouas gactoTa coctaBiasier 1 kI'u, To HA 3TO0il Ya-
CTOTe PeaKTHBHOE COLPOTHBJEHHe KOHIEHCATopa eMKocTthbio 1000 Mxd
OynmeT npRGAM3HTEABHO B 6 pa3 MEHBNIE CONPOTIBJICHEA SMUTTEPHOIO
pe3hcTopa, 4TO BOOJHEe YAOBJAETBODAET YKA3aHHOMY BHmE TpeOora-
HAK.

4-2. 3BYHOBOH YCHJINTEJDb MOIIHOCTH KJIACCA A

TpomKoroBoputeb CBA3aH € TPAH3UCTOPOM C IOMOUIBIO BHXO[l
HoTo Tpamcdopmaropa, u ecam pafodas Touxa BHOpaHa OocpefHBe
AMBEaMAYECKOll JAWHMM HATPY3KA HA KOJJIEKTODHHX XapaKTepHCTHKAX,
TO PasMax HAOPAKeHNUA Ha KOANEKTope MOMKeT HAXOAUTBCs B mpeledaX
or HanpsmKeHNA Uygy, COOTBETCTBYIOMETO TOUKe M3J0Ma KONJICKTOPHOK
XapaKTePUCTHKM, [0 [BOHHOTO HanpAyKeMMA MCTOYHMKA NATAHHA, KaK
noxazaHo Aa pHEC. 4-3. TOK KoNJCKTOpa OPH 9TOM MOKET M3MeHATHCA
OT Hyaf 10 YUBOCHHOTO 3HAa4eHHA TOKA NOKoA. ConpoTuBieHHe Ba-
rPYy3Kl, COOTBETCTBYIOLLE® TAKOH HArpyso4HoOil Aumum, OyneT paBHo:

HH=(ER—U113J1)/,O‘ (4‘7)
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MaxcrManbras BHXOAHaA MOWHOCTH, DAa3BMBaeMad B HArpysKe,
ompegenserca gopMyoi

Ex—U I
Py max= % Voi . (48
W3 stux ABYyX $opMya mnonygaem:
(EH — (jﬂiﬂl)2
By= —/————, 4-9)
! 2PBI:IX max (

TTonydeHHHe COOTHOMEHMA MOYKHO MCIOJNB3OBATH A pacieTa yCH-
NuTEeNA MOMHOCTH, obmapaloniero BricoxkmM KIIIL.

OcHOBHHE 3TANE MPOEKTHPOBAHMA YCWINTENA CACAYIOII[HE:

1. B unpepnososkenmd, 910 BHIXOAHAHM MOIMHOCTH YCHaHTedd He-
cKONBKO Goapme, ueM ato Tpefyercd B [eHCTBUTENBHOCTH, HCIONDL3YSA
dopMyay (4-9), BHUACIMTHL COLIPOTHBIIE-
nHe HaTpy3km Ry,

2. Onpegeants OTHOIIEHHE YNCJIa BHT- 21,
xoB oO6MoTOR TpaucdopMaTopa, KoTopoe
He0OX0TUMe [TAA COTNACOBAHMA TPOMKO-
roBOpHETENA W Ry. I,

3. 3@an MEHMMAalbHOe HaNpAMKeHHe
HA KojlJlexTope, BHGparsb R, TaK, 4To0H
NajficCHUe HaNpAKEeHWA Ha HeM He IPeBH-
majo 3T0r0 MAHAMAJABHOTO HAODSKCHHA.

4, Tonaran Rg= 10 R,;, paccun-
TATh COOPOTHBJCHHA peaMcropos R; # R,.

5. Bu6path emxocts pis paspasku  Puc. 4-3. Pacuer BExop-
pesuctopa R, HOU MOIHOCTH M COLPO-

Ilpumep npoexTmpoBammaA 4-2. Tpe- THBJAGHMA HaTpy3KHM IO
GyeTcA HONYYATh MAKCHMAJBLHYI BEIXOJ-  KOIJeKTODHOH XapaxTe-
HYK MommocTs 60 MBT mepemocHoro pa-  PHMCTHKE TpaH3HCTOPA.
AHONpHeMHHKA, HalpsKeHMe MCTOUHHKA
nATapuA Koroporo pasHo 9 B.

Bu6op mpansucmopa. Maxcumanbuuii Teopermueckuit KIIIL co-
crapaser 50%,, mModToMy cJefyeT BHOADATh TPARZHCTOP, WMEIOIIM
MaKCAMAJBbHYI0 MOIMHOCTh, o KpaiHeH Mepe B 3 paza Goxvme Tpebye-
Moil. BrGepem tpamsmcrop TEma 2N526, xoTOPHE HMeeT MOIGHOCTH
225 MBr npr temneparype 25° C. Ilo xonnexTopHHM XapakTepHCTEKAM
TpaH3MCTopa (pHC. 4-4) onlpefiendeM HanpAKeHMe, COOTBETCTBYIONIEe
To4Ke H3A0MA: Upggy = 0,25 B.

Bu6op conpomusaenus nazpysxu. IIPH HCIONB30BaHEA (OPMYITHE
(4-9) nnR pacuera CONDOTHBJIEHMA RArpysku Oymem wmomaraTh, 49ToO
BHIXOnHaA Mounigocth paBHa 70 MBT. OTo mpennosomkemme cieiaHo A
Toro, ITOGH y4eCTb MOTEPH B OMHYECKOM CONPOTHBAEAMA TpaHchopMa-
Topa, a TaxKe TOT PaxT, ITO TOK KOJIEKTOpa HE MoyKeT GHTh BHODaH
PaBHEIM HyJI0 H3-3a HAAWYHA TOKOB yTteuku. Kpome toro, pas ofecne-
4eHIIS MMHHMAJBHHX HCkaKeHWM# GyneM cwmrath, wto Uyy; = 1 B.
Torpa R, = (9—1)?/(2.0,070) = 457 Om.

Hosgpruyuenm mpancoprayuu. [AA Toro urofuH coraacosaThb
TPOMKOTOBODHTENb, HMeoIMMii conporABiIeEMe 3 OM, ¢ Harpyskoit
By = 457 OM, oTHomeHHe 4YHCIA BITKOB 00MOTOK rpamcdopmaTopa
BONKHO GBITH

F——— ==
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Pesucmop ¢ yenu amummepa. Tenepb Ha BHXomHHX XAPAKTePHCTH-
Kax TPa#amCcTopa B3 TOUKH [, = 0, Uy = 18 B nposeneM amEuW na-

rpyskE s Ry = 457 Om. IIpm atom Tox B pabouell Touke Up = 9B

MA|Le  225MBr
50 3 IE=0, 7MA
0,6

50
40
0

20 0,2

-
~~

I
Yl & | Is=1MA
{ | b \1 Upsy
0 -7 -9 =10 —-15 -18 8

Prc. 4-4. JloaneKTopHHe XapaKTePHCTHKH TpaH3mcropa 2N526.

Gyner paper 19,5 MA. Ecan naMeneHWe TOKa KOJJIBKTOPA JGKHET B Hpe-
fenax oT 36 mo 3 MA, 8 KOMIeKTOpHOTO HANpSKeHHA — or —1,5 a0
—16,5 B, 10 BHxOgEAA MOmEHOCTH

o 0 6ymer pasEa 62 MBTt. CaemoBaTens-

12,3:1 -98  Ho, HADpAMEHEE A IMETTOPE KOIK-

47K < Bo OHTH okono 1 B. Torma R, =
* =1 B/19,5 MA =51 Om.

Janee BuGrpasM Rg = 10R;=
=510 OM %, YYETHBAA, TIO
UB = R’EK/(RI + Rg) =1 Ua, o-
aygeeM 1,0 =9R/(R,+ Ry) nm
Rl = SR’-

Tak kak Rg = RR,/(R, +
+ R,), 10 510 = 8R3/(9R,), orrypa
Ry =574 OM @ R, = 4592 Om.
OxomyaTeasHo BHOMpaem Gammxai-
Prc. 4-5. OxoEvaTeNbEAA CXe- INHe CTAHAAPTHH CONPOTHBAGHMI
Ma yCHIHTeNA, pAcCIATAHMOTO  PpesucropoB Ry = 560 OM m R, =
B npmMepe 4-2. = 4,7 xOM. 3aKaBuMBaEPCH UPOEK-

THPoBAHME® KACKAKA BHOopoM pas-
BASLIBAIONIETO KOHJGHCaTopa B OeNH aMuTIOpa. PeakTHBHoe Comporns-
JleHHO® KoHfeHCaTopa eMKocTble 250 Mr® Ba wactore 60 I'y mpAGAmsHE-
TeasH0 pabHo 10 OM, 9To BroAEe ypnoBIeTBopAer HOCTABICHHHM Tpelo-
BanAaM. OKOMIATENLHAA CXeMA KACKAKA NOKASAHA Ma pHc. 4-5,

0,56K 51 'Fl- 250,0 .

© g -Q

4-3. IBYXTAKTHBIl YCIJIATEJb KJIACCA B

B cxeme mByXTaKTHOro ycmiamreas Ha G8sH ABYX TPAHIHCTOPOB
Molal0TCA paBHHe 10 AMIUINTyje CATHa/H, CABHEYTHe HA 180°, a Bm-
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XOAH 3TAX TPAH3ACTOPOB CORNWEEHH Memuy CoGON uepes Tpamcdopma-
TOP ¢ TeHTPAJBHEIM BHBOOM (pHc. 4-6), B mpemmonowemmm, aro oGa
TPAaH3HCTOPa HMelOT ONBHAKOBEI® XAaPaKTEPHCTHKE, CXOMA JBYXTAKT-
HOoro KaCcKajla 0 CPaBHEHWIO ¢ YCHJIATE]6M Ha OJ\HOM TpPaH3HCTOpPe 06-
JafaeT CiefyIOMUMH [JOCTORHCTBAMM:

1. TlepemennHii TOK Ha 9acToTe CATHaJa He IPOTEKaeT yepes HCTOY-
HUK NHATAHAA ¥, CJAe[0BATEIbHO, IPA HCIOAL30BAHAA OQHOLO M TOTO e
HCTOYHIKA Yeped HETo He Oyler OCYyIlecTBAATHCA ofpaTHas CBA3H Ha
OpefHAYIAR KacKap.

2. I'apmonmueckHe COCTABASKIMEe OAHOTO NOPALKA B3ARMHO YHHY-
TOKalTCA, GmarogapA ueMy obecHeuBBaeTCA MeHBbIiee HCKaKeHHe CHT-
Hajla UOPE [aHHOH BHIXORHOU

MOIMHEOCTH.
]

O

TeopeTBRueCKE ABYXTAKTHHI E,
YCUJIATeAs Knacca B gomKem
HMETH B peiKHMe LNOKOA ofa
TPAaH3HCTOPA B 3aKpHTOM COCTOA- §| C |§:k
HIIA, OfHAKO Ha npa}('ml(e aTo >
UPRBOAAT K INepPeKPeCTHHM HC-
Ka)KeHAAM B CJyd4afaX, Korga R, R,
OPE TepekNioueHNE TPAH3HCTO-
POB He CriaKuBalOTCA IePeXOf- o
HHe TOKHA, JTOT THIO HMCKayKeHHH
MOKHO B 3HauYHTenbHON cTeme- Puc. 4-6. CxeMa IBYXTaKTHOTO yCH-
HY ocaabATh myTeM NDUMeHeHHA  JHTENA kjaacca bB.
INA NATAaHAA Kackajla HCTOYHU-
Ka ¢ 6oabIIAM BHYTpPeHHHM COLPOTHBICHHeM, a TaXKe HyTeM mOopauu
HeGoJBIIOTO MPAMOTO CMellleHUA Ha KaKAWI U3 TpaH3AcTOPOoB. THI0BoE
3HaueHue HANpsmKeHAsa cmemeHrsn 100—200 MB npmBogur K yBeawmde-
HHK ToKa Ha HeCKOJbKO Mmiaiadammep. B cxeme Ha pme. 4—6 Taxoe
cMelleHRe 3a/laeTCA JleNATeNeM Hanpmienua R;, R,.

Tumnosoe 3pauende Upy KoTopoe HEOGXORMMO MOJABATH HA TpPaH-

3HCTOD NPR 3afaHHOM YMEHBbIIEHHU TOKA KOJJEKTOPa, ¢ BOBpACTAHMEM
TeMOepaTypH yMeHbmiaercd ma 2,5 MB ma 1° C. Cnenyer y4uTHBATH
TeMIepaTypHHEH Anana3oH, B KOTOPOM Kackaj Gyner paboTarh, TaK Kak
NpH BO3PacTaHNA TeMOepaTypH lpyy YBEJNYHBAeTCA B MOKET JOCTHYDb
TaKOTO 3HAUYEHHA, 4TO, HecMoTpA HA (HKCHPOBAHHO® CMemeHHe, CHOBa
6ynyTr MMeTh MeCTO NePeKpecTHHE HCKAayKeHHA CHTHaJa. AHaJOTHYHO
JHauATeIbHOE CHIMMKEeHHe OKpYsKaloue# TeMnepaTypsl MoeT IpHABECTH
K TAKOMy yMEHBIIeNHI0 TOKA, YTO OHO OKasKeTCA HENOCTATOYHHM IR
VYMeHbIIGHRA IepPeKPeCTHHX HCKarKeHHT.

BauaEEe WaMeHenuil TeMmepaTypH MOMKHO CBECTH RO MHHHEMYyMa
OyTeM IIyHTHpPOBAaHHMA pe3HcTOpa J, TePMOPesUCTODPOM ¢ OTPUIIATCJb-
HEIM TeMiepaTypEEM kosddRimenToM. B sToM cayuae npH mOBHIIIeEUE
TeMieparyps CoNpPOTEBIEHA® IapajielbHO BKIAIOUCHHHX TePMODe3HC-
TOpa B pe3dcTopa R, yMeHBIDAaeTCH, CHHKaercsa HAIpAKeHHe Ha (ade
Ugsy, KOMIOEHECHDYS T€M CAMHM yBelWYeHHe TOKa KOINeKTopa. Peaunc-

TOp B ®MEATTEDHO#l men# R, MoBHIIAeT cTabHIBHOCTH, HO IOCKOJNBKY ITO
conpoBoxaercsa noarkeEreM KIII, ero conporusieHne, Kak OpaBuio,
BHIOHDAIOT HeGOMBIIMM.

MomgocTh, pacceRBaeMasg KaCKagoM, B3aBUCHT OT AMIJRTYAH
gocTyNnaomero 1a Hero CATHAJA, a IPE OTCYTCTBHH CHTHAJa oT MCTOY-
HEKA NHRTAHEA UOTpebAseTcA He3HAYATENBbHHE ToK. MaxcHMaabHaf
BHIXOLHAA MOUHOCThL YCHAWTeNA NPHONK3uTennHO B O pa3 Gombile
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MOMIHOCTH. PaccedBaeMOR KaKAuM M3 TpaHaHcTopoB, a KITJ] gmoctEraer
70°%..

Fcan npepnoncKAETh TPaA3ACTOPH! HAGANBHEIMA, To HarpysKa
B NEeUM Ka)Kgoro M3 KoajeKTopos Gymer:

B
2pP :

BHX max

R, = (4-10)

Opgrako npu NCIONTH30BAHUYM DTOF0 YpaBHeHUR clegyeT BHOGHpaTh
HalPpsyKeHWe HECKOJNBKO MeHbme, 4eM Ey, 0CTaBNAA 3amac, HAaIpAMep,
0,5 B nna rtoro, uro0H yMeHBIIATH MCKaM{(CHHA cHTHama, TakuM jKe
ofpazoM neoGXogEMo TNOACTAaBAATL B (oPMyny BHXONHYI MOIMHOCTH
P ix max+ HECKONBKO GONBINYIO, 4eM 9T0 TpeGyeTcA MO YCIOBHIO, 9To6H
y4YecTs moTepH B pe3ucTope R,. JleficTBylOmaA BHXOQHAA MOIIHOCTD
onpexensgercA dopMynoi

Pzzeﬂm‘a: BRIX maxRK/(RR+R9)' (4-11)

OcHOBHHe 9Tans NPOEKTHpPOBaHMA [BYXTAKTHOTO YCHIHTENA
caeayomue:

1. BufpaTs nonxopAllyl0 Iapy COTNACOBAHHHX To NapaMeTpam
TPaH3HCTOPOB.

2. Monbaysacy Gopmynoit (4-10), OUEAUTE CONPOTHBNEHRC HATDYIKH
B UeN? KaK[{oTo KOMJeKTopa B olpefeNTh KosddMoBEeHT TpaHCPOpMa-
IUH BEIXO)MHOTO TpaHCGopMaTOpa.

3. Bubpars conporuBieHHA pesmcTopoB Ry, R,, Ry ® npoBeputs,
9TO0K TIPE JaHHOM CONpOTHBIEHHMM R, BHXONHAR MOMHOCTL GHAA He
MeHee 3afaHHOM.

IIpeMep npoeKTRpoBaEEA 4-3. TpefyeTcA paccUMTaTh [BYXTaKT-
HHI BHXogHOH Kackag, paGoraromu#i B Kanacce B, ¢ Makcumanimoit
MomnHocThio- Ba BEXope 1,25 Bt. HanpsskeHne HMcTOUHEKA NUTAHHA
paBuo 15 B.

Tpanaucmops. BrGpaHHAEe TPaH3MCTOPH [ONKHHE ofecneyHBaTh
pacceMBaBMe npHOGAN3UTENHLHO OFHOH NATOI 9aCTH MaKCHMAaabHOH BH-
XOonHOH MomEOCTH. JlogXomANIAMI ABNAITCA COTNACOBAHHHE TIO mApa-
MeTpam gBa TpaHsHcropa 2N3702 (Tuma p- n-p) n 2N3704 (TeEma
n-p-n), KOTOpHe AMel0T MOIMHOCTL paccedHEA 300 MBT npu Ttemmepa-
Type 25° C 0es rtemnmooTBOAA.

Koasexmopnas nacpyske. Ilpm ucnomnpzopasmm Gopmyns (4-10)
O6ysem monarats, 9To Eyx ymembmeHo Ha 0,5 B, a monHam Buxopmas
MomHocTh paBHa 1 5 BT, ’

Ry =(14,5)%/(2 - 1,5)=170,08 Om.

Ha opuH TpaH3MCTOp NPUXOLUTCA HONOBHEA NOAHON HATPY3KRE
B TeYeHHe MNoxynepuoga, clefoBaTelbHO, HaTpY3Ka MEMKAY KOMNEKTO-
paMnm Tgaﬂanc'ropon G6yzer pasma 4-70,08 = 280,3 Oum. Heo6xonm-

MBI ANA COTNaceBAHUA ITOH HATPY3KH C COTPOTHBIEHAEM TI'POMKOTOBO-
280
patens (3 Om) kosddumuent TpancdopMalum® papeH 3= 9,6:1,

Cxewenue kackada. Tak KaKk BRIOYEHHE Pe3WCTOPA B HeNE IMHTTE-
pa R, cEm:kaer RIIJL, ero compoTuBiemde He JOMKHO OHTEH CIAMIEKOM
Gonbmum, BuepeM mpenBapuTeabHo ConpoTHBRenMe R, = 4,7 Ou
U TIPoBePHM BHIXOMHYI0 MOIIHOCTD KacKaja C YYeTOM HOJHOII HATPY3KH
Ha wamaelii tpaHancrop: M1 + Ry = 70,08 + 4,7 = 74,78 Om,

118

Tlonaas BHIXONHAS MOIMHOCTD GYIET:

LM 210,25

Pyuxmax = 2Ry~ Ra) _ 149,56

=~1,4 Br.

OnpegennM TONE3EYI0 BHXOZHYI0 MOIIHOCTH:

p P R

neiters ™= Buix max (R 1 Ry) =1,4-0,93=1,3 Br.

Jro 3paveHde BOOJHE YNOBIEeTBOPAeT 3afaEHEHM TpeGoBaHUAM.
Conporupienus pesucTopor R, m R, ollpefensdeM Ha OCHOBE pasyMmo
BHOpaHHOTO HaNpsKeHHA cMemeHus, HanpuMep 150 MB, u pomycru-
MOTO 3HaUCHUA TOKA, NOTpebasemoro aThMu peancropaMu. OrpaEnynBas
notpeGnenne TOKa 3naucAHeM 1,5 MA, KOTOpoe BIIOJHE COBMECTHMO
¢ TO0KOM, NoTpeGiAeMBIM TPaH3HCTODAMH, MONYUHM:

Ri+Ry,=Fyx/(1,5-1073)=10 xOm.

Hnst nonydyennsa HanpskeRnsa cmeileHnA Up = 150 MB pomano

VAOBIETBOPATHCA cooTHomeRne R, = 99 R,. ITockoasKy »10 cooTHO-
LIeHHC He ABNAETCA KDPUTHYHHIM, DpupuMaeM R; = 9.1 kOM, a R, =
= 100 Om.

Jdaa nopumesnsa crabmabocTn paboyell TOYKM NpI H3MeHeHMH
TeMIepaTyps! peancrop R, MOMHO 3aMEHNTH Pe3NCTOPOM CONpPOTHBJIE-
mueM 220 OM, JUYBTHDOBAHHKIM TCPMOPE3UCTOPOM C HOMMHAILHHIM
conporubiaemnem 200 Owm.

OxonyaTtesLHbie mapaMeTpsl CXeMu yCHANTENA OYNYT CAeLYIOImNMIL
OTHOIIEHMe yIicja BHTKOB BRIXogHoro tpamcopMaropa (4,8 4 4,8) : 1,
R, = 4,7 Om, R, = 9,1 kOm, pesrcrop R, = 220 OmM myHTHpoBaH
TCPMODE3NCTOPOM, hiMeomuM conpotusienne 200 OM ¢ oTpuIaTeTbHHM
TeMIepaTypHEM KodddumuenTom.

4-4. YCIWIMTETD C EMKOCTHO CBA3bIO

B cayyaAax, Korga ycmanrtean He pgolukenm paforath Ha 0vYeHb
ou3kuX dactotax (mmae 1 Tu), paa cBA3M MEOKLY KacKagaMll MOMHO

t OF, |k,

| : 100

Bbixod 40

Bxod . 20
70

Lro 11t
T T 10 102103104705 0% Iy
+—0
) J)

Puc. 4-7. CxeMa HIBYXKaCKamHOLO YCHJIWTCAA C CMKOCTHON CBA3BIO
(a) ® CTO wACTOTHAA XapaKTepHCTHKA (6).

- -

[

HCOONAL30BAaTL KOHAEHCATOp. ITO MO3BOJIAET I30APOBATE NOCTOAHHOE
HanpsKenie KOJITTeKTOPHOTO LCTOYMIIKA TIUTABNA OT fasn TPaH3NCTOpa
cirenymouiero rackaja.

119



YcranTenb ¢ eMKOCTHoOM CBA3bI0 MMeeT oTPAHAYEHHYI0 MoJ0Cy
nponyckaE®Ha (pme. 4-7). Ha BH3KAX dYacroraX YCHIeHHe CHH3KAeTCH
H3-33 HOBHINEeHMS pPEeaKTHBHOTO CONMPOTHBJIEHMs1 KoHJAEHCATopa, a Ha
BHCOKHX 49aCToTax Cmajf yCHIeHAA ofyciopieH INYHTHPYIOMAM AelicT-
BHeM eMKocrteit Tpamsmctopa. IIIHpmHA IoJoCH MponyCKaHHA OMpefie-
JIAeTCA KaK Pa3HOCTb MEKJY IByMA Kpa#HEME qacroTaMm: Af = f; — [y,
Ha KOTODHX yCHJCHME yMEHbIaeTcH Ha 3 AB Mo cpaBHeRMIO ¢ K0ddhdu-
OUEeHTOM YCHICHHA B CepeRHEE MOJOCH.

4-5. IENCTBHE TPAH3NCTOPA HA BbICOKHX YACTOTAX

TpamsmcTop MOKHO mNpefcraBith THOpupnoi II-o6pasHoii SKBE-
BaIeHTHON cXeMoi (puc. 4-8, a), HA KOTopOH rgg ABJAAETCA OMHYECKHM
COOPOTHBJICHUOM MEKAY aKTHBHO# 6asoBoi 061acThi0 M BHIBOROM 6a3nl.
Jaa HAccllegoBaHAsI BHICOKOYACTOTHHX XApaKTepHCTHK CXeMy MoXKHO

Con(700%)

5 ig Cy (7009) X

I3 rs'’s 5!

Cs b2z
1000 n9
h29i5
o— O t——4—0
3 6')

Puc. 4-8. Tn6pagnan I1-o6paspan oKBHBAJeHTHAA CXeMa TPAH3HUCTOpA
(¢) B ynmpoumeHHAA 3KBHBAaJCHTHAR cxeMma (6).

npeo6pazoBaTh K APYToMy BHY, aHAAOTHYHOMY HWBKOYACTOTHOH CXCMe
¢ h-napamerpamm, Ho Ges regepaTopa, OTPR/HAIOINEI0 BHYTPEHHIOI 06-
paraylo cBmab (pmc. 4-8, 6). Takaa cxeMa gaer jocTaTouHO Xopoluee
npR6aAKeHEde, €CIE BXOAHOS CONPOTHBIIEHWE He HIMEHACTCA B MUPOKHX
OpefesiaX, O&Me NpA o9eHb GOJBIMEX H3MEHEHAAX COHPOTHBIEHNA
Barpyskm (cm. pmc. 1-37).

CoupoTmBnen®e rg; AOCTATOYHO Majo, W B 5T0# OKPABAaNeHTHOH
cXeMe HM M@KHO mpeHeGpeub. JIBe EMKOCTH, KOTOPHE OKAasHBAaOT
B/RAHNEe Ha XapaKTePACTHKH TPaH3AcTopa, 310 (3 -— @MKOCTb IMATTEP-
Ho-6830BoTo Depexofa M Cyx — eMxocTh .0GeHEHHOTO C/0A KOIIeKTOD-
Ho-6asoBoro mepexofa CMeMEHHoTo B o6paTHOM HampaBleHRE. EMKocTh

Cy mponopuMonansHa peamimie 1/} Uykp. YnpolienHas oKBHBANeHT-

Haf CXeMa Ha pEc. 4-8, 6 naer BosMOKHOCT: GHCTPO OUGHHTDH XapaKTe-
PHCTEBKHA C JOCTATOYHOH CTeMeHbI0 TOYHOCTH.

Ixsusasenmnas cxexa ¢ xopomxosamxnymbim ewzodom (puc. 4-9).
EMKocTbio 0GpaTHoi cBABA Cy MOKHO [peHe0pedb, Tak Kak OHA MYHTH-
pyercs B 100 pas Goabmeil emkocThio ;. Ha BH3KHX gacToTax ig = ig,

HO Ha Gosee BRICOKMX 9acTOTaX BXojHo€ COMPOTHBIeHHEe hy; MyHTHDY-
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erca eMKocTelo Cy W BHXomHOE TOK h, i; yMeHbMaeTCH;
. 1/(sCs) .

"B hy+1/sCy ‘B
BuXopmH0# TOK paBen:
ig=hylg ="hyig (1 +C ). (4-12)
Haitnem KospdBOmeHT Hepeavd ToKa:
in/ig =h21/(1+s1"), (4-13)
e Tg = Cihyy.
ib' 0 ~A
. . 75 | Xe '
iy Yis~ |
=10 Wy=1/Ty
Py == Cy B =103kl
~20 1 L | Ll
1wy 0 100 1M
o

Prc. 4-9. OKBHBaNeHTHaA CXeMa Prc. 4-10. Jlorapadmnieckas
OpE KOPoTKOM 3aMHKAHRH Ha BH- aMIUTATYHO-4Y8CTOTHAA  XA-
Xoge. paKTepHCTHKA.

Ecrm hy; = 2,2 kOM, a €3 = 700 n®d, 10 nocTosEHAR BpeMedH
Ty = 1,54-10"% ¢. Ecam TouKy HamoMa uacToTHol XapaKkTepHCTHHA
oHpefeNMTh KaK Wy = 1/Ty, TO
qacTeTa H3imoMa Gyner paBHa
(pnc. 4-10):

Fa=108/(2rc- 1,54) =103 «klu.

B § 47 6yger nokasaHo,
910 oTHOCHTeNbHO® 3HAYCHHO
koappunuenTa mMepega M ToKa
npE KoPOTKO38MKHYTOM BHXofie
MoKeT GHTH DpejCcTaBIeHO Mpo-
CTEIM 3aUAsfLBaHWeM C y96TOM  Pgc. 4-11. JKBEBaJeHTHasA CXeMa,
TOUKH H3JIOMA (KOTODAaR MoKa-  yuprypapoman BARAHAe MPOBONE-
3aHa Ha JoTapHQME4eCKOH 8M-  yocTm HaTpyaKE.
MAMTYAHO-9aCTOTHOH XapaKTepH-
cTEKe puc. 4-10).

ITposodumocmey nacpysxu Gy. Ecam BHXoL cXeMH He ABIHRETCHA
KOPOTKO3aMKHYTHM, KaK MoKasaHo Ba puc. 4-11, To BIHAEAeM eMKoCTH
Cyx yXe Heanaa npeEeGpedn.

Tox gepea eMKocTb Cyx 6 yR®T papem:

iy={(up —tg) Cry (4-14)
The uyg = — ip/GL.
Ho i = uglh,, U u =——_h£-5]i Hian ug, = —g.Rug, rme
, B 571 R™ "hyy -Gy by, K LR
&= 21/h11 1 R= 1/(h22 + G).
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MoncTapnAA 3HaueHHe uy B ypapHeHwe (4-14), momygaem:
,=(1 + g R)sCrug = (1 —K ) sCrug.

rie Ky = upjug. a C, moxer Ohrb 3ameHeHa emxoctoio Cg = (1 +
4+ g:R) Cy, BRAMUERHOIT napalientno C,, KaKk IOKas3aHo Ha puc. 4-12, a.

HenocpencTBeEHSIM eiayAHUCM CMKOCTE Ck Ha KOMNEKTOD MOMKHO
npeHefpeub O CPaBHERHD ¢ NOCTOAHEON BpeMeHH uenu Gaae, m B 60a1-
IIHACTBE ¢Jy9aeB KOJJICKTOD MOKHO OPEJCTaBHTh B BHAE, NOKAJAHHOM
Ha pnc. 4-12, 6. llcooan3yR 9Ty cxeMy, MOMKHO ONpeneNHTb TOUKY
H3JioMa XapaKTePHCTIKIL Ha BRICOKO{l yacToTe.

5

Puc. 4-12, Ynpoulennpie OKBHBAJCHTHBIC CXCMbl TPAH3MICTCPA € PC3u-
CTHBNOI Harpysxofii.

Roogidhuyuenm nepedavu moka na esicokuz wacmomar. 1Noapdunnent
Nepenavr ToKa Ha BHICOKIHX 4acTorax onpepenscrcs GopMyloi

Iy = Kof(1-+5Ty), (4-15)
tae Ko = Gu'(hye + Gy) n 1 = by Cr.
Hanpumep, ky = 2,2 kOMm, Cy = 700 n®, Cyx = 10 nd, Ry =
= 1 KOM, hy; =10, 1/hyp = 25 KOM.
/
10t - 100 -

Ky = (G~ ha) 2,2 103 (1000 4-40) - 10 ©

Co=(1—Kp;) Ce=45-10=450 n®;
Cr=Cy+ Cg5=1150 nd;
Ty =hyCr=2,2-103 1150 . 1012 =25 . 106 ¢;

oy, =1/1, =400 - 103 pan/c;
fi=0,/(2n) =64 uTn.

Taknym o6pa3od, ccai 1I3BCCTHLL 3HAYEHHSA hyy, Moy, Fgy, Ca u Cy
TO MOMHO ONpefe NIThb TOYKY 113J10Ma YACTOTHON XAapPaKTePHCTHKM Ha
BBICOKOIi YacToTe. YacToTHHE XapaKkTePHCTHKI CITARHOTO TPAH3HCTOPA
OpH Pa3uaudEblX COMPOTHBJICHNAX HAIPY3KHM HOKa3aBRl Ha puc. 4-13.

Onpedeaenue exrocmei Cy w Cx. EMKoctn Cy u Cy KOHKpeTHOTO
TPAH3HCTOPA MOMKHO HAIiTl IyTeM ONpeselleHHA MOCTOAHHOH BPCMEHI:
B CXeéMe ¢ KOPOTKOBAMKHYTHIM BBIXOJOM Tyn, WPH II3BECTHOM COMPOTHB-
JeHit HATPY3KI Tyg.

NocTospEas BpeMeAN T; Oupemensercd 1yTeM HaXOMIEHMs dac-
TOTH, Ha KoTopoii Kodpduunent nepepays Tora A, crmagaer Ha 3 ub
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no 3HadeHun 0,7 Hy B KaKIOM M3 NePeYMCHEHHBIX BHIIE CJY4Yach.
JInA cXeMBl ¢ KOPOTKO3AMKHYTHIM BHIXOHOM

hyy=ugy/lg 1 Cy=Tp/h .. (4-16)
Ko
a5 ~201 ——i
s
0
_3 ___________________
-6 £,=100 K/
._72_.
18 Ry=8,6Kk0m  TxkOM  Ry=0
0 Ry=1 kOM
—45 Ry=5,6 KOM Ry=0
-390 o | | | | L T~ L
qpad 2 5 10y 20 50 100 200 500 TMIy

Puc. 4-13. YacToTHEe XapaKTePHCTUKH CIVIABHOTO TPaH3NCTOpAa MPH
Pa3JNYHHX CONPOTHBAECHHAX HATPYBKH.

[locToREHAA BpPEMEHU T,5 HAXONBTCA WPH CONPOTIBIACHHH HATDY3KK
Ry, npi XoTropoM KodddHIMEHT mepepaunl HAOPAMKEGHHA paBen  mpi-
mepHo 100 (K, = uy/upgy):

Co="6/M 0 (4-17)
Co=Cr—C;. (4-18)
Tak kakr
Cr=(1—Ky) C,+-C,, (4-19)
cllefloBATENbHO,
Co=(1—Ky)Cx (4-20)
HJIH
Ca=(Cr—Co)/(1—Ky)- (4-21)
Hanpumep, Ky = —upg/ugg = —209 (3EaR MEAyC o3HayaeT

HEBEDTHPOBAHHE CHTHAJA):
= tugglig =22-1073/(10.1076)=2,2 xOm.

ITpn Ry = 100 OM (BHIXO# 3aMKHYT HaKopoTKo), f; = 100 kIn,
o; = 628.10° pag/c u 7, = 1,6-107¢ c.
CnepopatenbHo, HcrionbayYR ¢opmyny (4-16), momydmm:

Cy=1,6-107%/(2,2-.10%) =730 o®.
Iipu Ry, = 5,6 kOm, f; = 21 k[y oy = 13210 uT, = {,6-10% ¢,
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Torpa ma dopmyar (4-17) Cp = 1,6.107/(2,2.10%) = 3460 nd;
w3 PopMyan (4-18) Cg = Cr — €y = 2730 u® n B3 PopMyan (4-20)
C, = Cs (1 — Ky) = 2730/240 = 13 nd.

4-6. BRBICOKOYACTOTHBIE XAPARTEPACTHKHA
Nepenarourana ¢yHKNEA yCTPOACTBA HIE CHCTEMH NPERCTAaBIACT

coGoll KOMIIZIEKCHOe OTHONIEHRAE BHIXONHOTO CHTHaJa K BXOogdoMy,
T, e, 9TH CMI'HAJH BRIDaMKa0TCA Yepe3 omepaTop Jlanmaca s = (a - jo).

Ko /w—s
1+@T) K
0 @y
’(/'Qy Ko 1+(@T,)2" | 0 U
o) Ky Uss 5) -

Puc. 4-14. Cocrasiaiomme KoospumeHTra nepemadyn Ha BHICOKOH ga-
crore (a). 3aBECHMOCTb BEIXONHOTO HampAKeEUA OT 4acTOTH B HoAAD-
HHX KooppgHmatax (6). Ilpm ouemp Goapmmx sHa4eHRAX o ¢aszoBHii
yron 6 crpemurca k 90°.

Takmm ofpasoM, ypaBHeHHe (4-15) umeer BHpy mepefaTodnON HyHKIMM.

IIpu yCiOBME, YTO PACCMATPHBAITCA TOIBKO CHHYCOHAAMbHHEE CHIHAJN,

B TAaKHX ypaBHeHMAX OMepPATOp § MO}KHO 3aMeHHTh Ha jw. YacrorHyro

XapaKTepuCTHKY MOMKHO TONy-

w, 1/, qAThH ClenyoIEM ofpasom. Uz
ypaBHeHUIA (4-15) mmeem:

1
=Ny——-
" 1jom
HIAM pocie NpeoSpasoBamEHf

Ky (jo)

le

K;jo)y=
1
. = 5|t | o
Puc. 4-15. ®agzoBmii yroa mpm onvVib U -
w; = 1/%;; ©, — 2T0 9acTora B pa- TRC MOLYI® M dasa paptii:

EWAEAX, NPH KOTOPOR KodddHumenT Ky (o) | = 7 K, _. 42
Nepefasl ymembmaeTca B 1 /Y2 t V 14 (01)?
pas. : 6, = —tg loT;.

Ha ouens BHCOKHEX "acroTax, T. e, Korja ® > 1/T; B, CllefoBaTenb-

Ho, WT;> 1, AeilCTBMTeNbHAA YacTh BHPAXKEHWA GYHKIMH Nepefadi:

mMajia u K; (o) crpemurcA K Beaumumme —jKy/(0T;). I10 o3mauact,
gto $asa orcracr Ha 90° no cpasmEeHHI0 ¢ (ABOH B COPEMHC MOJOCH
OponyCKaHHAdA, a Ko3PpPRIUeHT Nepenaun magaer ¢ YBeJIR4eHHeM 9aCTOTHL.
Toporpad kosddmmmeRTa mHepegaum NeKAT HA TMOJNYOKPYKHOCTH,
InaMeTp Koropoil papeH koadduIienTy mepegadn B CepegHbe NOJOCH
nponycKamua (pHc. 4-14).

T'panuyn nosocw nponyckanus. BepxHaA rpasuna nojoCeH nponyc-
KAaHWA Haxogn1cA Ha 9acToTe, HPH KOTOPOH KoaddHnueRT nepemaan
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cHWKaercs fo 3Havennsn, B Y 2 pas MeHLIIEro CAOero 3HAYeHNUA K cepeuHe
mojocH, CornacHo ypamBeEHmI0 (4-22) B?XHHH 9aCToTa MONOCH ) ==
Q (]
Vitt V2

®azonuit yron oTHOCHTONBHO Ky 8, = —iglotry = —tg1 1 = —45°
(pmEc. 4-10 ® 4-15).

= 1/1;, Tak Kaxk | K, Jo)|=

4-7. ACHMIITOTHYECKAA AIINTPOKCAMAIXAA XAPARTEPHCTHR

YacTOTHYI0 XBpPAKTePHCTEKY CHACTOMH MPHGIAMEHHO MOKAO OLe-
HHUTh, HCNONB3yA JHHefiHO® ACAMNTOTHYeCKoe mNpepncTaBienme. IIpep-
H0A0KHM, 9T0 Kod(MpuIEeHT mepepadn B cepefiMMe MOXOCH pameR Ko,
a Ha HHCOKoIl uacTore K;. Tor-

Ja m3 ypapHeHHA (4-22) ompe- X
menmM KosddumpmenT uepepadum -20 lyl?: °
K 17
K (/(D) = é_.
I = e -5
Ha uacrotax nmpm ot > 1 8y- -0 flopsca
HeM TWMeTh: 155
[ Ky (jo) | =~ Ko/(0Ty). b4 xry
C pocroM wacToTH Koapdm- 0 | 2500%%’:“: um
IFEeHT NepefaTd yMeHDBIIAETCA. -45—9 | Kaly .
Ecan xoa&mlmem DNepefaad HA -—90 ] I

wacrore (, paBe K,, To ma zpad 20 50 100 200 500 1
qacrote 2w, OH Oymer paBen Ky kg XY xly k(4 MY
Ko/2. YaBoeHEWe wacTOTH Tmpep-

craBaner coboli oKTaBy, ciuemo-

BaTensHo, Koopdrnmenr nepepa- Pmc. 4-16. Jlorapmdmugeckme am-
9d yMeEhmaeTca B 2 pasa Ha OJAATyAHaAA ¥ $azopasg 9aCTOTHEHe
K&Ky OKTaBy. AHAJOTHYHEHM  XapaKTeDHCTHKH,

ofpazoM yBeJMYeHHe 9ACTOTH Ha

JEKaAy COOTBErCTByeT CHMKeHHI0 Koddpdmmmenra nepemaws B 10 paa.
HKak moxasaHo Ha ppc. 4-16, aMniauTynphe H ?aonme 9aCTOTHHE XaPaK-
TepucTAKA 06nuHO mWaobpamalorca B norapEfmMuiecEoM Macmrabe Ta-
KEM 06pasoM, YTo Ha gacToTaXx @ > 1/T; KpEBasa KoaddunuenTa mepe-
Haq® mpencTaBasieT coloil MpAMyw ANHEIO:

Ky (jw,) ’ K,
— Al _1=201g. =201g2=6 zBb.
K1 (205 € Ka2 g o

910 03HAYAET, 9T0 KOooPPHImuEeHT NEpefadl CHIMKACTCH €O CKOpO-
crolo 6 gB ma okxramy mam 20 opb ma mexany. Ha pmc. 4-16 moxazama
NpAMana NREAA, DpepcraBnaioman K; (jo) ~ K,/(ot;). Ecam sry nnanmo
TPONOKATE A0 epeCeYeHNs C MPAMON, NpeAcTaBiIsiome# KoapPunaenr
Mepefaun B cePefiMHe MOJOCH, TO TOYKA MepecedeHNEs §ymer HAXOKHUTHCH
Ha 4acrote o; = 1/1;. B § 4-5 OHuao nokasamo, 4ro Ha 9acToTe O
Koaduruent nepegaum yMeRpmaercs o BexAgnaH Ko/ VZ, nan ga 3 pb,
taK Kax 20)g) 2=3. Takmu ofpasoM, npm JXAHReHHOE ANDPOKCHMA-
OUA AMIUIATYAHOR XapaKTePNCTHKA MaKCEManbHasa ommbma cocraBiser
3 gBb Ba 4acroTe ®;, yMemsmasacr go 1 nB Ha YacTorax @;/2 H 2@y,
KaK MoKa3aHo Ha puc. 4-16.

20]g
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O0biyHO nPREATO H30GpaKaTh AMIVIMTYAHHE XapaKTePHCTHKH
otHocutensBo K. IIpu aToM 3Hax MMHYC NOKa3zbiBaeT, 4To KOapPHMAEHT
nepefaun MeHbe K, a MNMPUHA TOJOCH ONpORCIAETCA JAaCTOTAMH, HA
KOTOPHIX 0THOCUTEABHOe 3HaYeHUEe Koad@rnueHTa Nepefayd COCTABAAET
—3 nb.

K
K=—201g|—22—]1.
()
TIpAMy® JHHI0, AONPOKCAMHPYIONIYI0 YacTOTHYI) XapaKTepH-
0
= | ———— JHH HH Bl
cnky K | TFem |’ MOMKHO NPOJOKHMTE BHH3 0T 9YacTOTH @

¢ Hak#oHOM 6 nb ma okrtaBy. YacTo okasmBaercsa Gonee ymoGHHM HC-
noab3oBaTh HakaoH 20 B Ha feKajy, Tak KaK IPA 9ToM ocb Koadhdn-
IHeHTa Oepejadd HMMeeT AECATHUHHE Macmral, a JoTapudMHUecKHil
macmral mo oCH 4acTOT HOBTOPRETCA C TMepuOROM, pPaBHHM J[eCATH.
Taxum obpasom, U3 ypaBHeHHA (4-15) B mocaegylOmMuX npHMepoB GELIO
HaiifteAo, uTo MocTosAHHAA BpeMeHn T, paBHa 2,5-107¢ ¢, Orcioma caepyer,
970 9acTOTa HM3JIOMa aMMauTynHONl XapaKTepHCTHKE o; = 1/1; = 400X
¥ 10° pag/c unn f; = o;/(2n) = 64 KT'u. ACUMITOTUYECKON ANOPOKCH-
maiueil AMIVINTVAHO-4aCTOTHOH XapaKTepUCTHKH, TaKHM ofpasoM,
ABIRETCA NpAMaR NMHEWA Ha ypoeHe 0 gb, Mpomo/mKalOmadcsa Ko TOYKH
M3J0Ma, a Aajlee NIPONODKANIAEACA ¢ HaKkaoHOM 6 AB Ha OXTaBy HJIH
20 nb Ha nexapmy.

4-8. XAPAKTEPMCTUKN KACKAJIOB C EMKOCTHON CBAA3LIO
HA HUBKHMX YACTOTAX

C yMeHDIIEHHEM 9acTOTH BO3pAacTaiolliee pPeaKTHBHOe COMpPOTUB-
NeHHe pasjendTelpHOl eMKocTH Cp yMCHBIMAET BXOIHO#R TOK TpaH3HCc-

L8uix

E K 14 C P _
Rs Ry LR Gs Yox
£ has |
Rla/x R(f Tx Gﬁl
¢
R o1x . ° h21iix
—20 o . . . . .
a) d)

Pne. 4-17. CxemMa ycuanteafd ¢ eMKOCTHOIl CBA3BI0 (¢) U ero SKEIBa-
JenTHaRA CXeMa AR oGaacTd HE3KHX 4acToT (6).

1
Topa (puc. 4-17). Ha gactorax, KoIa BHOOAHACTCA YCAOBME gy > o)’
o p
BXOJHOI TOX

'—&blx— i (R6> rpx)

ipx ==
Rpuix+rax

H pafs »@@eKTuBHOl mepefaul TOKa BXOMHOC COHPOTIIBICHHE NODKHO
6HTE MHOTO MeHDINE BLIXOJHOTO COLPOTUBJICHHA.
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Ecam i ABIAETCsA TOKOM OT TPaH3UCTOpa NpefHAYmMero KacKaja,
10 Rpuyx OyAeT MpemcTaBiATh coboit 1/hy,, CoepmBEEHBOE NapaaflelbHO
¢ Ry aToro e xacKafa. IIpm o6omx conpornBnen#sx, paBEHX 20 KOM,
Rgnx pango 10 KOM, ToTha NMpHE rpy = 2 KOM OTHOMEHRE TOKOB ipy/i =
= 10/(40 + 2) = 5: 6.

Jlna o(gerTHBHON NMepegaul TOKA CONpPOTUBJICHHWe Ry ROIKHO
BHOHpATBCA KaK MOKHO GonbmuM. (A HUBKUX JACTOT MOKHO 3alMCaTh:

: RBHX . 4
= i(s). -23
) = R F e+ 1/GCp) ) “2)
BeauguHa nepepaBaeMoro Ha BXON ToKa yMeHbmaercA Ha 3 nb,
Koria Rpux + rex = 1/(wCp) Hau
1 1
—_ ————— 4'24
@ Cp(Apurx -+ rux) T’ (4-24)
e
T2=Cp(Raux+ T'px).

Vpasgenne (4-23) MosxHO TNepefHcaTh, BRUCIMB WIEHM, He 3aBik-
CAIMUe OT 4aCTOTH:

; _ Rpux 1 s e 4.9
i . Y AR (4-25)

_ . Ropux 1 .

lgrix (5) = Kolpx = Ko Romx +rox 1F1/(5Ta) i(s)=
, 1 , .
=112—H_—1/(s1—2) t (S), (/1'2())

roe
Ko=haGulhee + Gu);

Ky =KyRpyx/(Rpux =+ 7sx).

'TaxaM 06pa3oM, MpE CBA3H EMKOCTHI0 Cp MOHO NOJYYHTE:

1

eV TN

Bausnue xouaeucamopa 6 Yenu amummepa Ha HUIKUX wacmomar.
Korga gnfl cTaGHANBAME OPHMEHAETCA PE3MCTOP B OMHTTEDHOH M
R, (cM. § 1-15), oH, xaK NpaBENO, MYHTHPYETCA KOHpeHcaTopoM (i,
KOTOpH{l CAYKHT JJA NOBHINeHKA KoadpHIHEHTA NEPEfadl Na YacToTe
CHrHAJA.

Mpu gocraTouno HUBKOH YacToTe (HAM LPM OTCYTCTBHH KOHJEHCa-
Topa Cp) BXOQHOe CONPOTUBJEHUE TPAHSMCTOpA YBEAUYABAGTCA OT hyy
10 hyy 4+ (4 -+ hyy) Ry. Ma amanuza, nposegernoro B § 1-16, caepyer, yro

R
zpx () =y + (1 +hy) Zo =y + (1 +Fn) 1+séaﬂa -.

D10 COOTHOMEHHe WJLIIOCTPHpYercA puc, 4-18. Iomywemnoe 3Ha-
"eHHEe JJIA Zpx MOJKHO NOACTABHTH B BHpaMeHHe (4-26)pasa K, BMCCTO ryyg,

127



gorga:

Ky(s) = Rgux K= Ryux = K,=
RouxtZoc " Ryt by + U+ bl ogor,
Rpuix 14-5C5R, Ko  (4-28)
~ Bpux b+ (1-+hgy) Ry 1+ sC3 Ry (Rppx -+111) ¢
Raux +hy U --Ayp) Ry

Rﬂux

O—

Prc. 4-18. Cxema ycunBTeldA ¢ KOHAeHCATOPOM B LCIH 3MWUTTEPA (a)
H SKBMBAJICHTHAR CXxeMa BXopmoii menu Ges yuetra R, Rey # Cp (6).

Pnrc. 4-19. Baugane noctosA-
HOil BpPeMEHM lieIIH SMHTTEpa
HAa XapaKTepPHCTHKH YCHIHU-
TeJA.

1 — onepe:xeHue, o6yclioBjieHHoe
T, 2 — cpendee snauenwe (askl;
3 — sanasnkaanme, obycioaleH-

0,1 7 10 10074 poe 1.

TaxdM oGpa3oM, BHpaKeHNe AJA KoaddunueRta Nepepadn mpu
HAJAYHEA Pe3HCTOPa, INyHTHPOBAHHOTO KOFIeHCATOPOM B HelU aMUTTepa,
Gymer mMeTh BH[;

K (s)= Ky 5%

14517’
R (4-29)
K= BLIX K; =C,R M
The ? Baux+hyy -+ (14-hyy) Ry o T o
’ Ta (Ramx + A1) ’
= , >1,.
%7 Ramx Ao+ +h) By’ 270

Bausnre DOCTOAHHOH BPEMEHY LIeHM 3MUTTEPA HA XaPaKTCpPHCTHKD
YCHARTeNA 1oKaszaHo Ha Tpaduke puc. 4-19.
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4-9. COETMHEHHME KACKAJIOB

Ecam ycrunuTenbHEe Kackafnl clefyIOT OARH 3a [PYTUM, TO COUpO-
THBJNEGHAEM HATPY3KE [JIST NEPBOTO KaCKAMa ABIAETCA BXONHOE COLIPO-
THBJIEHREe BTOporo Kackapia.

s cxemsl ma puc. 4-20, 6 BHIHO, YTO K KOJNIEKTOPHON eMKOCTH Cyg
noGapanercA eMKocTh Cay, YTo HPHBOABET K YBEAHWYCHRIO 00meii eMKOCTH
Tpamsmcropa Cy, Noka3agEHOX Ha pme. 4-20, 6. YacTh BXomHOTO TOKA
Gymer mpotexarhb B Cy;. 3HaueHHe aTOr0 TOKa ompenenfercA Kooddm-

—O £,

Puc. 4-20. CxeMa [IBYXKaCKaJHOTO YCHNMTeNA (a) B ero BKBNBAJCHT-
Hple CXeMH (6) M (s).

MeHTOM TIepefaud HalPAKeHAA TpanaumcTopa I; i ABJAETCA KoMIJleKc-
Ho#l BeJIMIRHOM, TaK KAK KoJJleKTOPHAsA Harpyska npejcTaBjser coGoi
TapajneibpHoe coefuHeHne G u Cy.

KoaddmrimeBT nepepagn HaOPAKeHNA Mexny 6asof B xoaaex-
TOPOM ollperelAeTCA COOTHOINEHHEM

KUl =—_'g'rR/(1 -+ 51), (4-30)

e T = Cy/G u R = 1/G. TakuM o6pasom,

N gTR
tp1=Ugy (1+ 1_’_“) sch'
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a moAHOe COMPOTHBJIGHMe, MyHTEpylomee Oasy TpaHsmctopa T, ¢ yue-
ToM eMKocTH Cy; paBHO:

_ 14-st
ZO)= i+ ah) +siCn
RJIA
Z (jo)= 11 /0t 4-31)

JoCry (1-+grR+jot) *
BrilennAA feficTBATeNbHYI0 B MHAMYIO 9aCTA B 9TOM BHIpasKemnW,
GyneM HMeThb:
14 grB+(07)? + L7 NS
joCu (1 +g:R) 24 (01)? Cra [(14-grR)2 4 (01)?]
IIpr ycaopBH, 4t0 grR > 1, madA wacToT, NPAE KOTOPHX wt < 1,
HONY9IRM:

Z(ju)= (4-32)

1 + Cyp
joCrigr R Crigr

JlononAMTeNbHHM YJAEROM  3[1eCb  ABRJIAETICA  COMPOTHABJEH!E
C1/(Crigr), BRIOYEHHAOE IOCIAENOBATENABHO C eMKOCTBI CyigrR. OkoH-

JaTeAbHaf SKBHBAaJeHTHAA cXeMa [BYXKAacKaJHOIO YCHAMTEJA B yYINpPoO-
MeHHOM BHpe MOKaszama Ha pmc. 4-21.

Z (jo) =~

(4-33)

L5y

o i l Cr is,

51 .c_. 2

x19r _

hya| | G 4 ez 7
T Ci9rR Yoyt

Prc. 4-21. Ynpomensan sKBABajieHTHAsA cXeMa ABYXKAaCKAJHOTO YCH-
AHTENA.

(,'7- G,,z
¥4
a1 is,

Npumep wmpoerTmpoBammaA 4-4. Tpefyerca paccuMTaTh yCHIATeND-
HHIi KaCKaJ ¢ COMPOTABACeHAeM mepefaud, papHEM 100 KOM, B ncaocoi
nponyckauaf oT 50 T'u go 20 kI'n. ConpoTrBNeHAe HCTOYHAKA CRTHANA
papEO 5 KOM, a TpebyeMas aMmIETyfga CHTHAJA HAa BXOJE COCTaBAAET
4B (conpoTHBAeHMe Mepefavd PapHO OTHOMEHHI BHIXOMHOTO HampsKe-
HHA CHTHajia K BXOQHOMY TOKY Ry = upux/isx).

WcemonszyeM crabmanaanuio ¢ MOMOMBIO PE3ACTOPa B HEIH SMEATTEpa
7 BHbGepeM ormomenne Rg/Ry = 5 (cm. § 1-15), rme

R = Re1 Ro2/(Ro1 + Roa)-
NIpr moMuHANBHOM 3HAYeRWHE hy; = 50 (MOHHAMATbHAA BeidYHHA
AanA Tpamsucropa 2N1304) A
K =1-+hyRy /(Ry+ Rg)=1+-50-1/(1+5)=9,3.
Hanpanenue ucmounuka numanusa. J[NA MoNydeBHS aMIUIATY/H

CHrHaja Ha BHXofe, paBHO#t 4B (nmoiimas amuamtyga 8 B), mriGepenm
EanpA)KeHEe HCTOYHHKa nmTamua 12 B.
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Pesucmop ¢ yenu xossexmopa. CompoTHBIIeHRe Mepenaqn

Ry ="hg [(Gr+ hga) == hiy G (PR 1y € G).

Jaa Toro 9ro6H compoTEBieHEe Mepenaar Guimo pasHo 100 KOM,
Heo6X0IAMO MMETH KOANEKTOpHOe compoTaBienme 2,2 kKOm. J{na obec-
HeYemHA HEKOTOPOTO samaca yCHNeHHA o0 TOKy BHGepem 2,7 kOwm.

Tox xosasexmopa. UTo6H MomyyATh safaEHOE BHXOmHOEe HamMpA-
menne, BHbepem Uy = 7,5 B, Torna

Iw=(Ex—Uy)/R=4,5/(2,7-10% =1,7 MA.

Pesucmop 6 yenu smummepa. llpuraMan najeHne HampAKeHHA Ha
SMUTTepHOM Pe3HCTOPe PapmEM 2,5 B m I, = Iy, Gynem nmers:

By~=U;y/[3=2,5/(1,7-107%) =1,5 kOm.

Basosue pesucmopu. Compormsnenmne Rg Dpeacrasnger cofoit na-
paanennHoe coelRmeHRe Rgy m Rg, 1 papmoe R = 5 Ry = 7,5 KOM.

Torma Up = Uggy + U,

Jins repmaHEeRHX TpamsHcropos Up = 0,454 2,5 = 2,65 B.
Ecmm npemefpeur TokoM Gasm Iy, 10 Up/E, = 2,65/12 = 0,22 =
= Rey/(Roy + Rea) = Rp/Roy = 5Ry/Roe.

—_0 128

1,7MA E,

Ry

7’53 Rh/x
5K

} 2,58
Rs o
— -0 a,) d.)

Pumc. 4-22, CxeMa yCWIMTeNA, PACCIMTAHHOTO B mnpumepe 4-4 (a), u
OKBUBaJIeHTHAA cXeMa BXOMHOI uen® (6).

_ B8Ry 5 .
Taknm o0pasoM, Rg, = 0,92 =022 1,5 - 108= 34 kOm. Kpowme 10TO,
Rgi/Rep = 2,65/9,35, caemoBatensro, Rey = % +34-103=9,65 KCs.

Npraumaem Rg; = 9,1 KOM u Rgy, = 33 kOm.

Cxema ycAIHTeNA N0 MOCTORHOOMY TOKY C IOAYYeHHHIMH NapaMer-
pPaME npusefieHa Ha puc. 4-22, a. Conporusieane Rg myHETUpyeT BXof
TPAH3NUCTOPA H TeM caMBIM cHWKaer x0sdduunesT nepegayu, Kak moxa-
3aHO Ha pHc. 4-22, 6.

Bxopaoe conporunmense ky; tpansuncropa pasao 1,5 kOM npE Toke
roJeKkTopa 1,7 MA;

R/ R.’-) }12] 1,5 50

8= Rothn Cutlom — TBF15 570100150 106~ 100 1O
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Pasdeaumesvnnii-xondencamop. 1a fopuynn (4-24) cuepyer:
T3 =Cp(Rpux +Tpx) =1/0g,
Tie rpgy — 970 DApANAeIbHO CoeqRHeHEHe CONpOTABIEHAS Rg m Ay

(rox = 1,1 kOm). B ycuosmn aapago, 9To fy = 50 I'n mam @y = 314 pan/&y
CIeROBATENBHO, T3 = 3,19-10° ¢ B

Cp="Ts/(Rpux +Tox) = 3,19 - 10-3/(5 - 109 41,1 - 108)=0,523 Mk ®.

Br6ApaeM CcTAHJAPTHHN SIEKTPOIATHYECKUE KOHMEHCATOD 6MKO-
crpi0 1 MROD.
Kondencamop & yenu smummepa. 13 GopMysin (4-29) mmeem:

= Ta (R;mx + hu)

_ ?

8 Rpuy +h11+ (1 +h21) Ry

rme Ry,  DOpepcTaBlIAeT coboit MapaimenbHOe CoefjuHeHHE COMPOTHBIIe-
mAi Ryyy m Rg, Kak moxasano Ha pmc. 4-23. Torpa

G Rthy,
Ty Roux by, +(1+ky) R,
3-10° 41,5 - 108

2= (,008.

=310 1,5- 100 (1 +50)1,5 - 10°

Ina obecnewonnsa Toro, 9To6H Ha uactote 50 I'm coDporasiennme
DMHTTEpHOH NEMOYKH He OKA3HBAJO BIKAHAA HA l(o:—)d)dmnneﬂ'r Nepefayn,

i
[+ B
Zg=hyyt(1+hag) 24
Rh/x
5K
c__

Pnc. 4-23, PasBersiiecHHe BXONHOIO TOKA MeKAY R;mx B Gazof.

Bubepen 1, = 5%y = 1,6.1072 c. Touxa manmomMa gacTOTHOH Xapakrepme-
TEKR, onpefenseman Bexmwmmodt 1/t;, Gyner Ha wacrore 62,8 pap/c,

maa 10 Tn,

Tar Kak T, = 75-0,06, camegoBatembHo, Cj = T5/By = 1,6.107%
(0,06-1,5-10%) = 175 Mr®. BuGmpaeM koBfencaTop eMKocThI0 200 MED.

Bucoxovacmomnue zaparmepucmuku ycusumess 3aBECAT OT EMKO-
creit Cy; m Cy Tpamsucropa. Fcam ofparmThcsa K pme. 413, To merxo
saMeT®Th, 910 mpm Ry = 2,7 xOM TpaHsmcTop BnojiHe obecneumBaer
yCHJIoHHe Ha BepXHeil 3afamHOH 4actoTe, pasHod 20 KI'm. OxoEvarensb-
HaA CXeMa YCHJIMTeNA MoKadaga Ha pHc. 4-24.

Tipumep panma 4-5. TpeOyerca paccuMTarh YCHAMTEND
[ Koagxbmmemom nepemadu Hanpsokenua 50 000 B gHanazoHe dacToT
or 100 T mo 10 kI'm. AmMnantyia BexonHOTo Hanpm:xenAa 10 B,
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Kosgiguyuenm nepedaiu nanpaxenus ONpefelAeTCA COOTHOMEHReM

KU""'KiRn/’

BX’

tRe K; — xosddEnuenT nepefaTe 1oka; Ry — COMPOTHBICHHE HATPY3KH}

rsx — BXOAHOE COMPOTHBIe-
HEE YCHJIRTENA.

Nana roro 9robH obGecne-
9uTh HeoGXOAEMHE Koaddm-
MAeHT Mepefadd TOKa W HWE-
BepTHPOBaHRe CHTHAJa, me-
necoobpasHo  HCMONB3OBA1L
TPeXKacKagHHH YCHARTEINb.

HUcnonnzyeM B yCHuR-
Tejle KpPeMHEEBHe MesaTpaH-
sEcTopH THma 25103, mMeo-
mue MaKCEMAlIbHO [IOMYCTH-
Moe Hamprkesme Upy ==

= 40 Buhy n;, = 50. Kae-

KAAH Ha TAKHX TPaH3HCTO-
pax MOTYT BHIOJHATBCA C
HEOCPeNCTBeHEHOT  CBABBIO
(cM. § 4-12), rax mnokasaso

0
128
33K

1,068
+

Prc. 4-24. OKoHuaTellbHAaA cXema Kac-
Kaja ¢ €MKOCTHON CBA3BIO, PACCYATAH-
HaA B MpAMepe 4-4.

pa pnc. 4-25. Ecunn cumrars, yT0 MUEREMANbHHE Koog@unReRT Nepefaun
TOKa ogHOro KacKaga paper 30, TO Koo¢HnmeHT mePegaul TOKa Bcero

yesmarens K; = 27 000.

» —0 £,=+308

Red| 122K Rl |10k Ryl |4,7K

1,0%0,78 158
o—I 0,78 0,78
° ] 1
1 200,0
L=somed T+ | L=06mA
|
RJ, 22K R[z 22K
Rsz) |56
I3=0,55MA

Prc. 4-25. CxeMa TPeXKACKAWHOTO YCHNATENA € HeMOCPe[CTBeHHOR

CBA3BIO.

Conpomussenue nazpysku Ry. Ecim BXommoit TpamsBcTop paboraer
MpHA TAKOM 3HAYGHHH TOKA,.UTO rpx = 2 KOM, To

Ky

By= = rpxy =~

K,

000
27—06'02'10 =3,7 KOM,

Utofu yuecTh HArpy3Ky, BEOCUMYIO TeIbI0 CMEUieRuUA ¥ hy,, BH-

6epex Ry = 4,7 ROm.
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Hanpawxenue ucmounura numanus Ey. Tak Kax gpofinaA aMmam-
Tyaa BHIXofiHOTo Hanps:KeHHA paBHa 20 B, Bmfepem Eyx = 30 B.

Koanexmopuuie pesucmopw. Jna tpamsmcropa T, palorarmero
pu ToKe, pasEoM 1,5 MA, Ry, = 30/(1,5-107%) = 20 kOM, a gua Tpam-
sucropa T,, paGoraiollero npw Toke 3 MA, Ry, = 30/(3:107%) = 10 kOm.

Ienw cxewyenua. Ha qactore curaana peancropn Rg, m Ry, WynTH-
PYIOT COOTBeTCTBEHHO BXOJ U BHIXOJ| YCEImETeNA. C LeJbI0 MUBMMHA3AAR
mymupyomero sgdexra BHGepeM CONPOTHRICHEA 3TAX DE3RCTOPOM
oo 22 KOM Ka[oe, KaK IOKA3aMO Ha pHC. 4-25.

Tenepb TpoussefeM OLGHKY BXORHOTO TOKA:

Ii=1/khpp=<=1,5-10"3/30=>50 MKA.

9T0T TOK, NpPoTeKaR depe3 Pe3aucTop Rey, co3maeT Ha HeM MAa/leHAO
Hanpmwenud okomo 1,1 B, Koropoe B cymme ¢ manpriemmem Up,=
= 0,7 B obfecneunBaer HANpAKeHHe B TOYKe COCAHHEMMA pe3BCTOPOB
Re, u Rgp, papHOe npubamamtensHo 2 B.

IIpr Hanps:eEWHM HA KoJJIeKTope TpamsmcTopa Tg, paBHoM 15 B,
TOK uqepe3 pesEcTop Ry, onpenmeantca coorHowemuem [, = (15—
—2)/(22-10% ~ 0,6 MA.

Yepes pesucTop Rpz ROKEH NPOTEKaTh TOK, paBHHI pasHOCTH
TokoB I, ®m Iy, 1. e. I3 =~ 0,55 mA. [lpy HaMps:KeHuH HCTOYHHMKA IHTA-
gig Eg = —30 B onpenmeaseM CotporuBienMe pesucropa Rgs:

Rg3=(30—2)/(0,55 - 1073) =58 &Om,

BulupaeM crampaptHoe sHageHMe 56 KOM.

Pagesrsnearnwutl kondencamop Cg. B paccmarpupaeMoil cxeme naf
crabuausap®E pabodedl TOYKU MCHOOAB3YETCA LENb OTPHLATENBHOU 00-
paTHo# CBA3H. N{nA ycTpameHHA o6paTHOi CBABH Ha 4aCTOTE CUTHAJIA
B CXeMe HCHoJabayeTcA KoHjeHcaTop (5. EMKoCTh 3TOTO KoHueHcaropa
pasHas 200 Mx(®, obecneunBaer yMeHblleAue Koddpdulienta obparHoil
ceasy ma gacrore 100 I'm B 3000 pas.

Paszdeaumenvnunii exodnot nondencamop. W3  dopmyan (4-24)
MCCM:

0=1/[Cp (Ryux +Tsx)],

win upi Rpyx = O (Dpu oToM ycnoBuH eMKocth Cp 6yneT makcumaabpa)
Cp = 1/(wrgy).
Ha uacrore @ = 628 pang/c (f = 100 I'y)
Cp=1/(628-2-10')=0,8 Mx®,

Bu6npaem xompencatop Cp =1 Mk®. OxoHuarenbpmasd cxeMa
TpPeXKacKaqHoIO YCHJINTEeNs WOKAajzaHa Ha pHC. 4-25.

4-10. IEPEXOHBIE XAPAKRTEPUCTHAKN YCAJIHATEIA ([36]

. ouoMHEHNEM K “1ACTOTHRIM XapaKTEPHCTHKAaM CXeMH fABJAETCA ee
peaKnusA HA CIMHHYHHIE CKAYOK BXOJHOT0 HANpsiKeHHsA, HalHBaeMmas
neperodnoli zaparmepucmuroil. llepexopBEaA XapaKTepHCTHKA NOKa-
3HIBaeT, KaK H3MeHAETCA BO BPEMEHH aMIUIATY[a CHTHAJNA HAa BHRIXOMe
CXeMHl,

BrupaskeHns, moJydaemule B BIjC ¢yaKIuil KoMILJIeKCBoil mepe-
Meuroli s, MOKEO Npeo6pa3oBaTh B QYHKIMH BpeMeHl, Kak 2710 U Jic-
NAcTCA nanee.
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Bausanue wynmupyowyeii emrocmu (cM. puc. 4-12). Tlpu mopauge
CKauKa HAOPAYKEHMA HA BXOJ YCHAHATENA HAaNpAKeHHWe HA eTo BHIXoje
6yner mapacTaTh no Mepe 3apAna eMkoct® Cop. Takum o6pazom, st Toro
qrofn ofecneudTb GHCTPOE HapacTadWe BHIXOJHOTO HANpAXKEHMA,
MocToAEHAR BpeMerd Cqph), N0JKAA OHTL KaK MOMKHO MeHbIDe.

Nz ypamgenHA (4-15) mmeem:

Ko
upyx (5)= W upx (5)
HJIH JIJ1A OJMEAYHOTO CKAYKA BXONHOLO HaNpPsKeHHA

Uppix (8) =

IRV

Hcnonvays npeobpasoparne Jlannaca (cum. npuioskerne B), moay-
TUM:

Uppix (8) = Ko [1—exp (—¢/74)]- (4-34)
ITonyqernas nepexonHas XapaxrepHCTHKA ToKa3aHEa Aa pic. 4-26, a.
HBeansHaa o nieansuas
/ XaApaKmepucmuKa XQPAKMEPUCTIUKD,
Ky | Ky - 7
KAOH —
Boixod ! - Borxod \ Tz
Kp(1-€%1 -t
: D( ) Kae‘tz
]
t=0 t=1, _ +=0 4=%,
t 12
Bxod Bxod
-1 -1

z) )
Puc. 4-26. Peakuua ga oTpinare bl CKAYOK BXOJHOTO HANDAKEHHS,

OOKa3HBaoWaA BIHARIE IIYHTHpYoOME eMKocTH (a) M pasnCiauTelb-
HOT0 KOBJeacatopa (6).

Bausanue pasdeasumeavnozo rondencamopa (cm. puc, 4-17). Ecan
HAa pasfkeluTe bHHI KOHIGHCATOp mojaetcd ckauKoobpasHoe Hanpsixe-
Hue, OHO HOJHOCTBI MpHKIaAuBaerca K Gaze rpamsucropa. ITo mepe
3apAna KOHJEHCATOPA DTO HANpSIKeHNe cOoajaer 10 HYJA ¢ NOCTOSAHONM
BpeMeHM T, = Cp (Rpux + rsx), Kak noxasaHo Ha puc. 4-26, 6:

Ko
14+1/(s79)

Ilpu oTpHmares bHOM €NMHHYHOM CKadKe HaNpsMKCHUA Ha BXOJE,
HCnoab3ydA mpeoGpasosasua Jlannaca (cm. npnio:kerme B), nomyudmm:

upnx (£) = Ko exp (—t/1). (4-35)

Uppix (5)= ugy (8).

B GonplnmACTBE caydaeB Ha NPaKTHHKe OKA3WBACTCH, 9TO 1HOCTOAH-
Hafg BpeMeHN T, 3HAYHTEJNLHO 00JbIle JJIMTENLHOCTH NMIYJIHCA T BXO/-
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HOTO CHTHAJA, B 2TOM Cayvae BepIIEEA HMIYABCA CHARAET JBHEHRO

BO BPeMEeHW ¢ HMAKJOHOM, IPONOPUMOHANLHEM 1/t;. Ecim e eMxocts

KomfeHCATOpa Cp OECKOHOTHO Be-

apka (yCHJIATeNh ¢ HOMOCDEACTBEH-

HOll CBA3bI0), TO BAKJIOH DaBeH HY-

- mo. Coay aMOAuTyqH BHXOgHOTO

a9 3a6a7  munymbca mABHBAIOT 3aBANOM Bep-

Boixod TIHAE, ~

Cosmecmuoe eausnue pasdesu-

/¥4 MEAbROU U WYRMUPY0Oueii exKocmu.

Ecayr xapaKTePRCTHES YCHAHTENA B

Bpoma 06IacTR BHCOKHX 9acror BHGpama
wapacmanus , .

r p———————l—_

UBeanbhan
xapaxmepucmuxa

=0

Bxod Prc. 4-27. UmnynascEaa peaxruus,

NOKA3HBAIMAS DIRAHAe IIYHTE-

] Pyomiedi m pasfensrentHOfl OMKO-
CTH.

HerpaBRIbKO, BPEMA HapacTaEMA EMOyiabca Gymer upesmepmo Gome-
muy. Boabmoii 8aBaN BePIHEN MMOIWIBCA CBHIETOALCTBYCT 0 BOYAAULO
BHOpaBHOR XAPAKTOPHCTRKe yCHIHTONA B O6GNAaCTH HM3KHX 9acToT
(pmc. 4-27).

4-11, YCHJIHATEJD IIOCTOAHHOI'0 TOKA

Ha mpaxrure, ocofemmo B 06aaCTH ABTOMATHYECKOTO YOpABIe-
BuA, acTo Tpebyerca, 9ro6u ycmaATeNh o6ecneumBan ycHileHWe Cmrua-
70B, MMEIONHX %acTOTYy BMIOTH N0 Hynepoit. Ecam mag sroX meam

4A
I _______ f Us,

a)

e l )

Upsix >
———— e ‘ 5)

Unix
+ f
—

Pmc. 4-28. CpapreHue BpeMeHHHX B YaCTOTHHX XA8PAKTEPHCTAK YCH-
amrelied MocToAHEOro (a) m mepeMemHoTo (6) TOKA.

HCIO0JIBB0BATE YCAJBTONb C eMKOCTROM CBABBIO, TO MOTPe6YeTCA Kom-
AeHCATOP GeCKOHOYHO GONbINO eMKOCTH. YCHARTENEH NMOCTOAEHOTO TOKA
o6aapaer cnocoGHOCTBI0 YCUJMBATD M3MEHEHUA YDPOBHA MOCTOAHEOIO
TOKA, KaK NOKA3aHO HA pme, 4-28.
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CymecTByeT nBa THMA YCHAHTONEH MOCTOAHHOTO TOKA:

Ycusumesv ¢ Henocpedcmeennoii ceéssvio. B TAKAX YCHAMTENAX
gpeaugyuInil KAcKal CoefMHAETCA C MOCIEIYIOIEM HemOCPeCTReHHO
HAR C MOMOMEIO pesmcTHBHO# Nemd. IIpumepom ycmawreasa mocroam-
HOTO TOKA ¢ HONOCPOACTBEHHOH CBA3BIO MOKET CAYKHTH CXeMa, HOKA-
3a@HAs HAa pmC. 4-25.

Ycusumesv ¢ npepuieamesex  (modyssmopox). B ycmamrenmax
TaKOTO TEMA BXONHOH ypOBeHb CHTHAJNA MOCTOAHHOTO TOKA IPEPHBaeTcH
C TIOMONIBI0 KJII0Ya M BATOM YCHJHBAeTCA y#Ke CATHAN MepeMEHHOTO TOKA.
Ha BHXOfe yCHIHATONA CHOBA BOCCTAHABIMBAGTCH YPOBEHb HNOCTOAHHOIO
TOKA, KAaK NMOKA3aHO HMa pPHC, 4-29.

Ileppn# ma 3THX THNOB ycHamETelefi oGaapaer 6olee IMHPOKOi
HONOCO# NMPONYCKAHAA, 8 BTOPOH mMeer MeBbLIIEA Apeid BHXOmHOrO
HANPAKeHNA.

HApetig. Npn orcyrcTRER BXOQHOTO CHTHAJNA BHXOFHOe HAIPHKOHEO
YCHIHTONIA MOCTOAHHOIO TOKA HE OCTAETCHA MOCTOAHHHM H3-32 M3MEHe-
it ycaopmil paGoTH. JTH M3MEOHOHHASA YCHIAHBAKTCA TOYHO TAK Ke, KAK

j:H:H: _____1”6‘”

T 000 ppge

L/
i I
.,_:3_._"—_ cunumens ————| —rD-I-[—o
|
Uax Pusrsmp N

i -
! T

Prc. 4-29. CxeMa, RamoCTpAPYIOMAA NEeACTBEE YCRARTENA NOCTOAHHOLO
TOKa C HmpepHBaTeeM.

¥ BXOJHbE CHTHANH, I X MeBO3MOKHO OTHENHTH OT cHMrmala, HaMene-
HA® BHXOJHOTO HAIPMAKeHRA NpPH BXOQHOM CHrHAJe, PABHOM HYJIO,.
HA3HBAOT ApeiidoM. Benmumpa gpeiida maMepAaeTcAa B BONBTAX B 9ac
Ha BHXole YCHNHTeNA NMPH 3AMKHYTHX HAKOPOTKO BXOHHHX 383KHMAaX.
Mo penwmumme ppeitda MOKHO CPABHABATH PpAasiNYHHE YCHJIATEIH,
OTHOCA Apeir§ Ko BXONY YCRIHTOINS: :

U n.BX— Un. BH.K/K ) (4'36)

rge Uy sy, Un smx — BeIUdHHa gpeiida Ha BXode M BHXOIe YCRAMTENHA;
K — woadpdrumeET 1Mepegaum yCHIATOHA.

Crrpanu ppeiifa EMeOT HMBKYI0 9aCTOTY, NEPHOI KOPOPOH MOMKer
H3MCHATECA OT HECKOABKHX CEKYHj [0 YaCOB, CIGAOBATEJBHO, 3TH
CHrHAJH He MOT'YT HPOXOAHMTH 9€Pe3 YCHAHTeNR 1epeMEeEHOro TOKa.

Yemanoska nyas. IloCKoNbKY BHXOnHoe HANpsDKepHe YCHIBTENA
TOCTOAHHOIO TOKA UMeeT [OCTATOYHO BHCOKHM YpoBeHbL, Tpefyerca
DPenyCMATPHBATE CPeNCTBA AJAA MOAMEP;KAaBNA BHXONHOTO HANPSKEHAA
Ha 38J(aHHOM YPOBHE MpPH BXONHOM HaNpsIHOHWMHA, PaBHOM HYJIO (HA-
npBMep, CM. DHC. 4-35).
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4-12, YCUWJHATED C HEHNOCPEJICTBEHHOH CBfI3bIO

BonpmmucTBO TpaHsmcTopoB cnocobHW paborarh NpPH O4eHb HM3-
KoM HalpAKeHHN Ha KONJEKTOPe, NPHMEPHO TAKOM 3Ke, KaK M HaIlps-
HemAe cMeleHUA Ha Gaze crmenylomero kackaga.ls puc. 4-30 cuenyer,
4970 ec/if HanpAMKeHHe NCTOYHMKA NHUTAHHA Ey sHauKTeaAbHO NpeBHmAaeT
HanpAMeHne Ha KomaeKtope Upgy, 1o TOK [ = (E, — Upg)/R, Gyner
AMeTh NpPUMEPHO HNOCTOAHHYI0 BeNHYNHY.

Ecnu tpausucrop 7Ty OTKpHT, Hanpaikenne Ugy Malo B TPAH3HCTOD
T, 6yner npu a10M 3aKpHT. [Ipn yMeHbmeHRH ToKa Gass Tpansucropa Ty
Hanpamerne Up, yBeanuuBaeTcA M TpaHsucTop I HAYMHAET OTKPHI-
BatbCcA. Ilo Mepe ymeHbmeHUMA ToKa /| Tok /, BO3pacrtaer g0 Tex nop,
Noka TpadamcTop T’y He NepeiieT B 3aKpHIToe COCTOAHME, IPH KOTOPOM
I, = I. Taxum obpasoM, [eHCTBHE YCHANTEJNA MOMHO PAacCMATPHBATEH
Kak nepepacupepenenne Toka I mesxuy I, u I,, xoropoe obycnosaeHo
U3MeHeHWAMH BHXOJHOTO CoONpotuBieHuA Rpyy Tpadsuctopa T; u
BXOJHOTO COMpoTHBNeEHA Ryyx Tpansucropa T,. Bxopmoe comporusme-
Hie Rpx ABIAETCA CONpPOTHBJIeHMeM OTKPHITOTO Mioga mepexopga Oasa-
BMHTTED, M, KaK ClefyeT U3 er0 XapaxkTepHCTHK, NanpaixeHne Ha HeM
orpasudeHHo. Tak Kak [y oOblubo sHauuTeabuo GoJbmie BXOJHOTO
COMPOTHBNEHUA fipy, IMEHNO flpy ABIACTCA COMPOTHBICHIEM HATPy3KH
A tpaHsuctopa Tj.

. oF,
I I=IK7 +I52
Rﬂf RKZ /?KI
Isp -
I, Iyr I=ly  I=I
R T Ry (T,
T, T T A?b/x( 7) 0x( 2)
° L Urs=Usa . -

Pue. 4-30. Cxema ycunmurtens ¢ HemocpenCTBeHHOW CBABBIO I pachpe-
AeJcHHEe TOKA MemLy LeNAMH Koajiektopa Tp u Gasm T,.

s

Hanpumep, npepmonoskuyM, 910 Ryy = 0,15 kOM, Ryy, = 3,9 xOwm,
Ey= 6B u ] =0,4MA. JluHUIO Harpy3Kky MOKHO MPOBECTH, KAX IO-
Kazado Ha puc. 4-31, e, cmepyomum ofpazom. Haueprum BXogmEyIO
xapaxTepucTHky OAB Tpansuctopa T, Ha KOJJIEKTODHHX XapaKTepHC-
THKAX TpahaucTopa T W 3aTeM, Bpamas ee OKOJO OCH, NPOBefeHHOR
npe /gy = I/2 (B pamHom ciysae 0,2 mA), noaydgaeM Kpusyio CAD,
JNluang CB cootserctByeT noctosRHomy Toky I = 0,4 MA. IIpu moGom
HaMpAMeHUH HA Koajektope U,. BepTUKaAbHAA NPAMAA JIHHUA, COe-

JNIHHAKMAR O0Ch HaNpAMKeHHA ¢ auHueii CB, geantcd Ha [IBe 9acTH TaAKHMM
o6pazoM, 9To 4acTh BHIe Kpusoii CAD npencraBafer coboil TOK Iy

a 9acTh HMMKe KpHBoii — Tok Iy . CicnosatenvHo, upn Up = 0,18 B,
Ty, = 0,35 mA u Iy, = 0.05 mA.
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OueBrpHO, 970 pafoyan 9acTh IAEEA HATPY3KE OIUKEA HaXOMHTHCA
6amre K HWKHEMY KOHIYy KDHBOH, TaK Kak pnsA Tpamsmcropa T, Tpe-
fyerca 6a30BHil ToX, SHAIATeALHO MeBbIIMH, 4eM ToK [ = 0,4 MA
Ha puc. 4-31,a XY — paGounis yaacroK JuEuM Harpyake. Ecam nanps-
yKeHme Ha KollIeKTope NepBoro TpaEamcTopa Uxi H3MeHASTCA HeamEA-
gBTeNnpHO, BXOMHOO COMpoTmBnenue Rgy (HaKioH yuactka XY) ocraeres
nouTH NocToAEHHM. CollporABnenRe Rpy, KaK MPaBANO, MHOTO MEHbHI

MA|I, 20 MkA Iz, Uez
15MKA :
¢ / ¥ / I5=10 mxA 04| Ty sakpsim
0’4 P~ T 7 B MA-
14 48 Ukz,
0,3 =5 MKA lg,Az 47 [ Ist
0,2 28

0,1 T, omKpbim
'\ Ux L Is
0 0,% 0 5 10 MKA

Puc. 4-31. JImEus marpysku tpadsucropa T; (CAD) m cc jafounit
yaactox XY (a). IlepepaTounad xapaxTepHcTAKA UH./IB, (6).

° o o
UK
W\
Uss 1 U
o2 . * 0
[e » Q)
CL) J) <L E 5

Prc. 4-32. UcnoabpsoBaHde gHOofa AJAR CO3JAHHA CMelNleHAA HAa OMHUT-
Tepe, KOTopoe CABHTAeT JAKHMI0 HAIDY3KHW BIDPAaBo, yAyImad IHHeR-
gocTh (a). Tor #e addext KocTATaeTCA DpHMeHeHEeM cTAORAHTPOHA (6).

Ry;, TO2TOMY MOKeT ocyllecTBAATLCA »ddeKTHBHAR mepemada TOKA.
Conporapyerne epepayd NPE MAJKX TOKaX /g, YMeHBIIAETCH, KaK 3To
BEJHO Hp HAKNOEA KPHBOH Ug,/Ip, Ha puc. 4-31, 6, B pesynbtate ero
no3HAKAaeT HeKoTopas HeluHeiiHocth. B TeX ciiydadX, Korpa Ha BHXo[e
rpaBa@cTopa Iy TpefyeTcA MOAydHTh HOCTATOUHO Gonbiioe HANDAXKeHNAe,
aTa HENHHEHHOCTP OTPAFHYNBaeT aMIAMTYAY BEIXONHOTO HANpAKeHUA.

NgReitaocTs KacKaga MOMKHO YJYYMHTH NyTeM MONAYH CMeLeHHS
Ha 9MHTTEDp, OnarogapA 4YeMy JIWHWA HATDY3KU CHBHTASICA BOPAaBO.
Merog TaKoro cMemenua GRNR paccMOTpPeHH B I, 1, Eme omdH Me-
Tog RNIKCTPHpYeT puc. 4-32,a, The OHOM, CMeEINCHHHA B IPAMOM
RANPaBNeHNA, ofeclcuMBaeT NoCToAHHOe HALDA:KE€HAe HA 3>MHUTTEpe
okoao 0.2 B, uro o6muHo BNOJHe FOCTAaTOUHO.
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Ha prc. 4-32, 6 mokesaHo, KaKAM 06pa3OM MOKHO HCMOIb3OBATh
cTa0BAHTPOR [JA TOTOo, YTOGH CO3MATH MAfeHHe HANpsKeHAS HA ero
#eGONBOIOM COMPOTHBICHAR, KoTopoe OyneT MpeNATCTBOBATH HeMKela-
fenbHOMY YBeJNHYEHHI0 BXOHHOTO CONPOTHBIEHHS Tpamsdcropa Ty,
CralunaTpon B 9T0H cXeMe MOMKHO 38MEHHWTh OGHYHHM DPO3ACTOPOM,
yepes KOTOPHI Gyfer NPOTeKAaTh NMOCTOAHHHA TOK. YIpPOIIeHHAA OKBA-
BAJICHTHASL CXeMa KacKaga C HeENOCDeACTReHHOK CBA3ZBI0 ANA MAaJIHX
CHTHAJIOB NMOKA3aHA Ha pHC, 4-33.

5(T2)

is _
US h11 hzz Gy Gﬂx 'UK
h21 ié'
e, _ _ _
3

Pac. 4-33. YBpomenEan MaloCHrHaNbHAS 3KBHBAJIeHTHAs CXeMA Kac-
Kaja ¢ HemoCpeACTBeHHOU CBA3BIO.

Czremw ¢ Jonoanswwyumu mpansucmopamu. COBMeCTHO C p-n-p
TPaH3ACTOPOM B IOCHeqyIOmeM KacKajie MOKHO WCHOOJNB30BATL n-p-n
TpPaH3HCTOp, KaK TOKasaHO Ha pUC. 4-34. Takoe BKIWUeHWe OCOGEHHO
TIPUTOAHO B TeX CIYYAX, KO[[a Ha BHxofe TpeSyercA MMeTh HANDAKe-
+E HRe, GIADKoe K HYJIEeBOMY YPOB-

K1 HIO.

Korpa rtpamamcrop T, 3a-
o i o EKpurt, Ttpamsucrop T, Toie 3a-
KpHT. ChefyeT o0paTuTh BHEMA-
HHe Ha 70, 4TOOW TOK YTEeUKu
tpaAsEcropa T, He cospaBax
cauHIKOM Goapmoro mapmedus
HaNPsKeHHA Ha DesHAcTOpe Ry,
HHaye Tpamsmcrop T, Gynmer Bce
BpeMA OTKpHT. Ecam maupaxe-
mRe Ug,, coCraBaser okoao

200 MB, TO BXOJHOE COIPOTIIB-
nesue Rpy Tpamsuctopa T, 6y-
[eT MaXHM, ¥ eCIH COIpPOTUB-
lleHRe PpesAcTOopa Ry, 2Ha4B-
TenbHO GONBHIC CONPOTHBACHUS
Rpy, TOR yreurm [pn, Gymer
nporexatb B 0azy TpaHsmCTOpa
T.. Korpa tpamsuctop T; mmeer GoNpImok TOK YTEYKH, BeoGXogdMo cou-
POTHBJNEHM® De3HCTOpa Ry, BHOHpaTrh He CHEIIKOM OGONLIIEM RIAW
BKJI0498Th AONONHATONBHNE pe3ucTop B Lienmb Oasw tpaHsucropa T,
Onmako cregyeT HMeTh B BEAY, Tro 06a 3TH MeTofja IpHBOAAT K CHM-
JKeHHI0 Kod(pHnmenTa nepenaun Toka.

lpaMep mpoerTHpoBanns 4-6. Heo6xomuMo paccamrtaTh yCHIMTEND
NOCTOAHHOTO TOKA ¢ KoadpEumeBTOM mnepefaudl 110 HANPAKECHHID He
mMemee 5000, ofecreuHMBalONIMii WHBePTHPOBAHHE CUTHAjNa, BHXoaHOe
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Puc. 4-34, Cxema c pmomonmsgionym-
Ml TDAH3HCTOPAMH, BHIXOf[HOE Ha-
NDAMKEeHRe KOTOPOH H3MeHAOTCH
OKONI0O HYJNEeBOT0 YPOBHSH.

CONPOTHBJIHRE YCHARTONA BOMEMO OWTh HO Godee 1 ROM, a momeHenne
WATNPAKCHAA Ha BHXOIe HONKHO cocTaBaATh =5 B,

Bu6rpaeM cXeMy ycHAHTeNS NMOCTOAHHOTO TOKA. KOTOpafg MHOKa-
saga Ba pmc. 4-35.

Hanpaxenue ucmovnuxos numghus, 3afaEHHEe NDPENOIH A3MOHCHAA
BHXOJHOTO BAIPMKEHHA CoCTABAANT —=5 B. BubmpaeM nanmpmxenne
ACTOYHAKOR maTaHEEA —+=8 B. BuxomHo# TpPAE3HCTOP HOMIKEH BMeTb
MAaKCHMANBLHO JOMYCTEMoe Hanpsskemwe Ha Koanerrope Upp... ®He

menee 16 B,

——o+488
o ’ : : 008
2N 3703 2N3703
) T
700K 4]
Rerl 18,2K  Rez| | %,7% ZH3706 )
FE100,0 a5

= 70 kOm
Yemarnodxa HYnR

Prc. 4-35. Cxema ycmnmTens mnocTOABHOIO TOKA, PAacCYBTaRHAA B
mpuMepe 4-6.

Tpansucmopn. Jina ycmnATeded ¢ HeloCPeCTBOHHOH CBA3LID
DOAXOAAIEME ABAAKTCA TPAHSACTOPH THHMa 2N3703. MEHEManbaoe
8HAYEHH® KoodpEDEemTa mepefaYl TOKa [BYX TAKHX TPaH3HACTOPOB
Gyner pamo K; = 30-30 = 900.

Ho ycaosaw TpefyeTc MEBePTHPOBATH CHTHAN, HOITOMY YCRANATEAD
HOMMEM HUMETh B CBoeM COCTABO HEYETHOP YHCAO HACKAKOB ¢ o0muM
amATTepoM. ChefoBaTeanHO, JjA BHXONHOr0 KACKAKa HeobXomaMo
Bubparh TPAHSHCTOP €O CTPYRTYpoH n-p-n, KoTopHi mMen GH cooTper-
CTBY®mee MOMYCTHMO® BANpSUKEHWO HA KONNEKTOPe B COOTBETCTBYWO-
my» MommocTh paccesmnsa. HpenbasiseMuM rpeGodammam ypoBlIerso-
pHeT rpanancTo%2N3706, KOTOpHiT HMeeT HOMHHANbEOe HanpAKeHHe Ha
xoxaexrope 30 B, paceempaeMymo Mommocrs 350 MBr npm Temmeparype
25°C B Koapjunment mepenaam ToKa Gomee 20,

Pesucmop Haspysxu e8uzodnoso kackaie. Ilpm conpormBnenmm
pesHcTopa B NIENA KONIOKTOPA BHIONHOTO KACKama, pasaoM 1 KOm,
Gyner ofecmedeno BHXofHOe CONPOTEBIeHME ycmiamreas memee 1 KOM.

pa 5ToM KoafdEImeRT nepelaYA ToKA BHXOJHOTO KacKaga Oymer
pasen K, =~ 20, a MARCHMANBEAA MOMHOCTb, paccedBaeMad KONIEKTO~
poM, Py .y = 8.8.10"° = 64 uBr,

Kosdguyuenm nepedanu no nanpaxenuv. Koadpdruuent mepepadn
0 HANpAKEHMI0 ONPeAeNAeTCa COOTHOMOHAEM

K,=KR_R
rie Ky = KK, ~ 90020 = 18-10°.

BX?
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TMpu Ry = 1 xOM B Ryy = 2 kOM (BXOIHOE CONMPOTHBJIEHME MpPH-
GLiKeHHO NPUHRMaeM paBEmM h ) K = 9000.

J10T0 BHONHEe MOCTATOYHO IS TOr0, YTOGH NpH yBENHYCHWH BXOJ-
HOTO COMPOTHBICHES Rpy WIR NPE H3MeHEHWH CONPOTHBACHUA Ry
8A cUer BHOmHCW HATPY3KH Koodmimenr mepefiladd He CTAJd MeHbII®
BAAHHOTO 3WAUCHEA.

Conpomusaenue pesucmopos Ry, B Ryy. TlpHemieMuM 3madeHMOM
TOKa JJifl TPAHSACTOPOB C HEMOCPeNCTBeHHON CBA3bio ABAAETCH 1 MA,
nostoMy Ry, =~ Eu/Ix = 8/(1-107%) = 8 xOm. Bubrpaem cranmapraoe
3HaueHMe 8,2 KOM.

ConmporuBnenue peaucropa Ry, BHOHpaercA Tak, WTo0H Koaddu-
IAeAT Mepefady Mo TOKy OblA 10CTATOUHO BeJIUK, a MaJeHue HADAKeHAA
3a cueT OPOTOKAHHEA TOKA YTEUKH ellle He cnumioM Gonbimoe. Brbupaem
By, = 4,7 vOMm.

Cxewyenue mpansucmopa T,. U100H ynydIIBATh JNRHEHHOCTH, Ha
aMUTTepe TpaH3UCcTOpa 7, NOMMEDKHBAETCA IIOCTOAHHO® HANMpAKeHHe,
mpuMepHo — 0,6 B. OHo 0GecleunBaeTCA BKIWYCBMeM B Helb 3MUTTepa
KpPeMHMEBOTO [{HO1a, CMENeHHOTO B NPAMOM HANPaBIeHHH, KAk MOKa-
3aHO Ha pHc. 4-32, a.

Yemanosrka nyas. JIAA 1010 uroGu 06ecnednTh BO3MOMKHOCTL yCTa-
HOBKH BHIXOHOTO HANMPAKeHWA YCHJIATeNA Ha Hydb, Heo6XoxuMmo
OpeqycMOTPeTh MeDH peTyIApoBKM 0(a3oBoro TOKa TpaH3Hcropa T;.
JiiA 9T0# penm B CXeMy BKJKYEH MepeMeHHHI Pe3BCTOP CONPOTHBIE-
Biem 10 xOwm,

4-13. IPEH® B TPAH3NCTOPHBLIX YCATUTEIAX
NOCTOAHHOI0 TOKA

OrHeceHHHH X BXORY ycHAHTeNA pnpeiid TOKa MO¥HO BHPA3UTH
CleyIONUM COOTHOIIEHHREM:

In_nx=AIKBO+AUB3/Rc+IBAhz1/hz1’ (4-37)

e Alypo — oOpaTHHE TOK KONJNEKTOpPa HSMEHAIOHEICA C TeMIle-
parypoit (mpnMeHeHHe KDeMHHCBHX TPaH3MCTOPOB MO3BOJAET CYIIECT-

BOHHO yMeHbIIAThL ofpaTHHi TOK); AUp; — uaMeHeHWe WalpA)KeHHA
Ugpy, Kotopoe HeoGxonuMo sl ofeciedemnA MOCTORHCTBA TOKA KOJIJICK-
Topa Ig.

Ina Toro 9To0H MPU MOBRIMEHHU TeMmePaTypH MONKePKHUBATH TOK
KOJJIeKTOpA HA MOCTOAHHOM YypOBHe, TpeGyerCA yMeHbIIATE HA 6pm!(e-

ade Up,. UsMenenue panpAKeuBAa 2—4 mB Ha 1°C o6uuHO OmBaer
1OCTaTo4HO AR 3TOH Net; I hhm — H3MeHeHHe.koppunuerTa nepe-
21

nadd TOKA.

OueBuHo, 9T0 NPH YBeJHYEHHH BHYTPeHHeIO CONPOTHRICHUA
BcTouguka R, BIHARKe AUgy yMeHbIIaeTcA u CTAHOBATCA PAaBHEM HYJIO
npH OMTAHHM TPAH3HCTOPA OT reHeparopa Toxa. Bciam ycmaurens nox-
imeH pafoTaTh 0T HCTOYHEKA C MaJHM BHYTPEHHHM CONPOTHBICHMEM,
10 AUpz MOXHO cbaaHCUPOBATH MpAMeHeHHEM CIIIHANBLHOH CHCTEMH

KoMneHcanan. B GoapmHEHCTBe cilydaeB Xopollue De3yJibTaTH maer
CHMMCTpPUYHAA CcXeMa COEHHEHHA »MurrepoB (phc. 4-36, a). IIpmE me-
MONL30BAHAY B CXEMe YCHIHTeNA [BYX ONMHAKOBHX TDPAH3ACTOPOB
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ARKe B cuysee, KOIla BX TeMmmepaTypa OfMHAKOBa, apeiid Bce xe
6ymer EMeTb MeCTO.

AHaaus cCIeMBl CHMMETPHYHOTO COCJHECHHA OSMHTTEpOB. JKDBW-
‘BANIEHTHYI0 CXeMY MOYKHO YNPOCTHTH, Mojarasd, 9ro Ry = Ry, = Ry,
Kpome toro, mpd amazmze OymeM moOZarath, YTO TPAH3UCTOPHl UMEWT

EK 51 i, h17 J

Yemanobra
HYNR

i

E, ) Ly

Puc. 4-36. CxeMa ycHJIHTeNs MOCTORHHOTO TOKAa C CHMMeTDPUYHLIM CO€-
JuHeHUWEM SMUTTePOB (2) ¥ SKBHBAJIeHTHAR cXeMa (6).

UeHTHYNLIC XAPAKTEDUCTHKA hyy, = 0 n hyy < 1/Ry. DKBuBajNeHTHAH
cXeMa C ydYeToM YKasaHAEHX JonylleHHil Npusegena Ha puc. 4-36, 6.
3anumeM ypaBHeHHA AR Touexk 5y u 3:

1 1
By U — by ug==iy, (4-38)
"1 +u, ( + 5 R; )=h21i1 “+hariae (4-39)

iz ypaBHEHMA (4—38) HMeeM:
=(uy—up)/hy B iy»=—uy/hy,

TNloncTasnas suaveHnA ij B i, B (4-39), monydaem:
1 1 h
——(1+hy)u —(2 2hgy + AL ) uy, =0,
e (b (242 ) g

Taxkmm o0pazoM, L
+ 21 .
T F )+ /R, (4-40)

Tak wak hy /Ry €2 (1 + hy), Uy =~ uy)/2. BxogHOit TOK paBeH
h = ul/(Zh") U rgx = W/j = 2h“.

BuxonHoe HanpAMeHMe HA KOJJIEKTOpe MepBOro TPAH3HUCTODPA
onpefeiaRercA COOTHOIIEHHEM

Ug=

. R
by e=— hg Ry = — Ryuy =— gTz K Ut {4-41)

hgy
Th
Tok s upenu 6assl BTOpOTO TPaH3UCTOPA

Iy = —up/hy = —uy/(2h)
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BrxomHOe HampsKeHEe HA KOJJEKTope BTODOrO TPaH3HCTOpPa Ha-
xoqATCA A3 HOPMYIH
h R
Uy == hgy Rycly = 2hu Ryuy = gTz S u,. (4-42)
11
3aMeTAM, uYTO NOAOBMHA BXOAHOIO HANPMKeBHMA u, NPHIOKEHA
K BXOAy TPAH3MCTODA, & BTOPAA HOJIOBUEA K PEe3HCTOPY B LENR SMATTS-
2 Ra.
P IpaMep mpoexTHpoBanBA 4-7. TpefyeTca paccuMTaTh CXeMy YCH-
amTeA HOCTORHHOrO TOKA € CAMMETDHWHEIM COGNRHEHREM OSMHATTEPOB.
Kosdprument nepegaun ToKa 0o HaupsKeHRI0 ToMKer OHTL He MeRee 40.
Hanpsasxeane MCTOYHHMKOB NHMTaHEA paBHO —=5 B.
Tpanaucmopu. Brbmpaem tpamsAcropn TAna 2N3706, mmerome
gr = 30 MA/B (1. e. 30 MCm).
Conpomussenue kKossexmopuwr pesucmopos Ry. WNa ypaBEenms
{4-42) mmeem:

K, =g R, 2=140,
CIeJOBATEABHO,
R =2K;/e,=2.40730.10"3=2,7 xOM.

BuiGepeM HanpAKeHRe BA KOJJICKTOpe (IDH BXOAHOM HANDPAKCHWH,
pasHEOM RHyJN0) 2,5 B. Takoit ypopeHEb HCXONHOTO HAOPAKeHMA LO3BO-
JAsieT M3MCHATH HAUPMKeHMA Ha
KoanekTope B mnpemeiax —+2,5 B.
ToK Kollexropa OPHE 9TOM

IK=(UK_EK)/RK =
=2,5/(2,7-10%) =1 MA.

Conpomusaenue pesucmopa @
yenu amummepa

By~ E,/Q2ly)=
=5/(2-1073)=2,5 kOm.

BrfupaeM CTaEJapTHOe 3HaueHHe
2,7 KOM.
Puc, 4-37, CxeMa ycmrauTens no- Pa“-eauffmaﬂ Mougrocmb:
CTONHEOIO TOKA C CUMMeTpHuy- 2,5:1:10% = 2,5 uBr, . e. me npe-
BhilIaeT JOLYCTEMOH pacceMBaeMoi
HHIM COSIMHOHWEM OMHETIEDOB,  \omuocry TpaH3ACTOPA.
paccanTaBBaf B npnMepe 4-7. PacCuRTaBEAA CXeMa LOKA3aHa
ma puc. 4-37.
Yeuaumeav paswocmu. Ha pmc. 4-38, a 6asa BTOPOro TpaH3MCTOpa
He 3a3eMJIeHa, B Ha HCe HONAeTCA BTOPOWl CHTHAM U,.
Ilpm atoM obycnopaennoce feficTBEeM u, HAUPMAKEHHe Ha KOJJIEK
TOpe BTOpPOro TpaH3mcTopa u3 dopMyam (4-42) Gyner paBHo:

gr1Rx
Upe= —>%

uy = Kyu,, (4-43)

1
rpe K, = 7 gr1 Rk — KospdmumeHTt nepegadn 10 HAODPAKEHRIO ¢ Gaswr

OepBoro TPamsMcTOPa Ha KoaaeKrop Broporo. TaxmM ke ofpazoM ua
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dopuynn (4-41) BaxomEmm Ranmpsm:KeHBe Ha KodaeKTope BTOpPOro TpaB-
3HCTOpa, 06yCcNOBJeHHoe [eACTBReM BXOAHOTO HANDMKEHAA uy:

Ufg=— % ug = Kqus, (4-44)

rne Kg=— —;—gmlf“ — koopdEnMeRT Depesadd 0O  HAUPAKEHHIO

BTOPOTr0 TPaH3HCTODAR.
O +EK

9

-E50

Pne. 4-38. Cxema ¢ cHUMMerpWuHKM COeqHHEHMEeM SMMTIEPOB B Kade-

CTBG YCHJAHNTeNA pasHoCTH (a). HcmoabsoBanHe HETOYHHKA MOCTOAH-
HOTO TOKA B OMETTepHOR NENH C Ieabl0 CHIKeHHAs KoosddumuenTa
mepenayn cEE(asHOro cmraana (6).

CriansBad NOJYYeHHE® DABEHCTBA, LOJYydaeM:

Ecam gry = gry, 10
Uy = gTzR“ (uy — ) = Kpup,
e
Ky= % (K, —Ky) (4-48)

~— KooddHImenT Hepefaun pPasHOCTHOrO YCHAHTC/SA,
Up=Uy— Uy (4-47)

-~ Pa3HOCTHOe BXOfHOE Hamps:KeHde,

TakaM o6pa3oM, BXOgHOe HAMpAKeHMe sABjdserca QyHKuHer pas-
HOCTH ABYX BXOAHEIX CHIHAJIOB, M ECJH u; = Uy, TO BHXOQHOEe HANpA-~
KeHHS paBHO ByAM,

Heticmeue cungasnozo nanpamenus. B peanpHEEIX cxeMax paBen-
CTBO gy B grg He BHMOJEAETCA TOYHO. BEIXOQHOEe Hanps:KeHMe ABJAETCA
$ymxmmelt ge ToabKo up, HO TAK’Ke 3aBHCHT A OT CpPEJHer0 ypPOBHA [IBYX
CATHAJIOB, Ha3KBaeMoro cMEQAsHEIM CHATHAJNOM uc, g

ue.g=(u1-}-ug)/2. (4-48)
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PapedctBo (4-45) MOM:HO mepemucaTtb B CU/IC
upge=Ku +K,u,, (4 19)

a 13 gopMyn (4-47) n (4-48) nmeeM 1 = ue gyt owp/2 MUy = up gy —
—_ Up_/z.
IlogcTaBnAs 3HaYeHHs u; U u, B (4-49), nonydaem:

ME =Ue y (K1+K2)+up (Kl_Kg)/2=Kc_Huc_H+Kp“p» (4-50)

rne Koy = Ky + K, — rooddunuest nepepaan curdassoro curaaia.
OueBlpino, 970 *KejgaTeNBHO 1IMETh MAKCIMAJAbHHIT Koaddullnent mepc-
a4l pasgoCTHOro CHTHANA 11 MHHNMH3NDPOBATH KodddullMeHT Nepepatu
curdazmsoro curmama, IloxazaTeisem KadecTBa, C HOMOLIBIO KOTOPOTO
MOXHO CpaBHHBATL DPAa3ldM4HEIC YCHJAMTENN, CHYKHT KOd(dmumcHT
nonaBJeHEUA CHE(QAsHOro CHIHANA

p=HKp/Kc u.

Buananue pesucmopa Rs. Ecim paBHHe 10 Beaudiise, HO IPOTHBO-
NOJ0KHEE No 3HAKY CUTHANH 102aTh HA [BA BXO/A YCHUJIMTCAA C CHM-
MEeTPHYHEM COeMIIHeENeM 3MATTEPOB, To OHII BH30BYT PaBHHC, HO WPOTH-
BONIONO)KHKHe WO HampaBleHII0 1I3MEHEHIA TOKA DMUTTEPA, IIPOTEKAN)-
u1eto gepes pesucrop R;. [lpn s10M Ranpshxedie Ha dmurrepax ()
oCcTacTcsl HeH3MEHHBIM 1 KodquIMCHT mepepadll CHTHATA TaKMKC Ie
usmernTes. LKean ke Ha ofa Bxopa mojaTk cupdasuble CHTHAJH,
KOTOPHE HMCIOT OJIHAKOBYIO TOMAPHOCTh, 11X JAcfiCTBHe BHI30BCT alyii-
TUBHBC I13MEeHEeANA TOKOB oMuTTepoB. [lpn nopade Ha BXOgH n-p-n
TPAH3UCTOPOB CHEQABHLIX CHrHAJNOB TOJOKHTEAbHOH HONAPHOCTH TOK
oMuTTepa [, Bo3pacreT M HanpsKende U, cramer Goliee mOmOMKHTE:ND-

HuIM. JTO NpPHBEICT K yMeHbINeH:Ho uanpskennsa Ugy, KOTOPOE 1O C)-

JICCTBY CBOANT Ha HeT JelicTBuC BXoJHoro cnrsama. Taxusm oGpasor,
6aarogapa ACHCTBHIO OTPNNATeILHON 06PATHON CBA3N WO TOKY Kodddit-
IMEET Tepefayd yclanTedd [as cnudgasHbX CHIHANOD YMeHBIIaeT(s.
M3 npnbmuskensoro pstpaskennsa paan Koadgumierra nepenain cuuda:-
HHX CcHUTHAN0B A. y ~ —Ri/(2R;) cilcfyer, u4TO CONPOTHBICHHE pe-
suctopa Ry pomwxHo OuTbh Kak MOKHO Oombwe. OfHAKO BO3MOMKHOCTH
YBeAHYeHNIA CONPOTURNCHUA R OrpanvyeHHu. Jlemo B TOM, 4Yro HpH
Bo3apacTaHun R, HeoGxojiuMo TaKske yBennuusath U, 9106H CoXpaniTh
lIeH3MeHHBIM ToK. B IpoTuBHOM cayuae, ecan ToK 6y/leT yMEHLHIATHIA,
5T0 HPHBCHET K YMEHBIIEHNO hoy 1, CALLOBATENLHO, YXYAUINTCA KOIdi-
NHCHT saonapdenld cur@asHoro curEama. Pemenue aroit mpobmeyu
MOZECT §piTh 0OGeCnENeno My TeM JaMeHhEl pe3ncTopa Ry HCTOYENKOM TTOCTO-
AHHOr(o TOKA, KAK IIOKA3aHU Ha puc. 4-38, 6. Ecan HanpaKeEAe MeXK1y
6azoit 11 omntrepom Uy, Tpamauctopa Ty He 3aBNCUT OT HANPSMCHIA
BXONHBIX CHTHAJOB, TO NpH 3JafANHOM YpPOBHE HANDPOKEHNA Ha 0ro
KOICKTOPC TOK 4epe3 Hero oCTaeTcA MOCTOAHHEM. Taxiat oGpasoM,
IOpH paBHBIX MO BEJNUNNC BXOHMX CUTHAJAX, IIMCIOIIIX Pasuyo 1o-
JAPHOCTEL, HAMPAKCHNC B TOUKe ¢OUIHOHUA IMITIEPOB, 110 CVIECTBY,
OCTALTCH MCUBMCHHLIM, TAK KAK OLIPCOCIACTCA TOKOM dMiTTepa /.

Ecam sKe 1t BXOASI MOZATH HONKHTCABEBC CHHPA3HELIE Clirnanl,
TG 1PN ITOM TOK IMHTTCPA VBEJIIITCH 1 NAMNAACT ReiICTBOBATHL OTPHLA-
TeALIag  ofpatiiag  CBA3b. Doablloe puBaMnueckoe CoOmPOTIIBJICIING
Tpanstcerepa Ty 3HAWNTeALHO yMenbmaerT xodd@uuieAT nepegaul juiA
cnnasupx cirianos, NpoMe Torg, TAF KAk CTONMOCTL TPAIBLLCTUpOB
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OKA3HBAETCA HIDKE, 9eM Pe3NCTOPOB, M UX Jerye W3rOTOBHTH, TAKAA CXe-
Ma Hmcuonb2yeTcs B Kadectse audepeHliHanbHoro BXONHOTO KacKala
BO BCOX YCHJHUTEJAX WOCTOAHHOrO ToKa B MHTerpajsHoi dopme.

Ilpumenerne puddepeElnanbHOil cXeME HA BXOge YCHIMTENA
NOCTOAHHEOTO TOKA WOZBONAET YMEHBIIUTL npedd HYNA, NMOCKOABKY
HcTOYRMKH fpeiia B OCHOBHOM ABNAlOTCA CHH(asubMy. Eme opmol
oco0eHBOCTbI0 TAKOLO BXOJHOTO KacKaja SIBAAETCA TO, “TO OB HMeeT
ABa BXOLHLX 3akiuMa, OOpamanch kK gopMynam (4-43) u (4-44), mMokBO
yBNAETH, 9TO DPH NopadC CHTRANA Ha OQNH 13 BXOAOB IIPOUCXOJHT yBe-
JHTeHHe BHIXOLHOIO CUrmajga B (yade ¢ BXOMIHIM. JTOT BXOJ ABNAETCH
HeMHBEPTHDYIOUHM.

Iuddepenumnantune yeumaurean ¢ GoabiuindM kKoadduunerrtom 1o-
IaBpaecHAS CHAdasHOro CATHAjNAa HAXOIAT IUMPOKOe WpuUMeHeHne B 00-
JacTH MegMIMHCKOI 2JeKTPOHHMKI, HAUpHMEeD NJIA H3Mepennsa CUTHA-
710B, BO3PIKAKMUX UPP COKPAWEHHHE MEII. [[pH 3TOM [Ra SIAeKTpoAa
BOCIPUOMMAKT CHTHAJNH WPOTHBONONQMKHON NOAAPHOCTH, KOTOPHIO
HIMEI0T YPOBEHB TOPALKA HECKOAbBKHX MHMKpPOBONBT, B WPUCYTCTBHE
MOCTATOYRO CHALHEIX IIYMOB. JTH CHTHANH [ONAIOTCA FHA BXO[ ycH-
JATeNIA B YCUJNWBAIOTCA HM, a IDYMH, ABAAWIAecA CHHRQA3EEMU CHUI-
HajlaMd, T. e, ITMEIOIMIBMM OJMHAKOBYI0 HONAPHOCTE HA 000MX BXOARAX.
B CHNBHOHA CTeneHH MONaBARIOTCA,

4-14. YCWJIATEJIA B MHTETPAJBHOM HCHOJHEHWH

BONBIIMHCTBO COBDPEeMEHHHX YCHAnTEeNel, H3TOTOBJAEMHX B HH-
TerpajbHoii MAH MopyJbHo#l ¢opMe, MpeACTABASIOT coGON YCHAHMTENM
MOCTOAHEHOr0 Toxa. OCHOBHOH WDPHIWHOR paspaloTKE ABAJOCH IIEpPOKoe
OX UpUMeBeHMe B aFaJlOrOBHX BHIYHCIAMTENBHEIX YCTPOHCTBAX H B YCT-
poiictBax ynparneEdA. TaxkWe YCHIHTeaAM WM3BECTHH TO[ HBa3BaHUEM
onepayuonnuz ycuaumedet. ONepanuoHHKEe YCHAMTENH W3TOTOBIANTCA
Pa3NHYBHX THIOB, HO, KOBEYHO, Be/b3s HaleATHCA HA To, YTo KaxKoM-TO
H3 EAX Gyjer mONHOCTBIO YIOBNETBOPATH TPeGOBAHUAM, TPeIbABIACMEM
K HeMy B Kakoi-aAn6o xomkpernofi obmactu wpumeneHmA. [loatomy 3a-
Aada paspaGoT9fKa CMCTEM BaXJIOYAETCH B ToM, 9To0H BubpaTs HarbONee
Mo XOfAMMil THI yCHRTeIA B 3aTeM MofH(QRUAPOBATh ero XapaxTepuc-
THOKA ¢ NOMOMBI0 Heneil 06paTHOI CBA3A W BHEIUHAX CXeMHEIX 2JIOMEH-
TOB. BHGOD ycRANTeNA 0CYymecTBAAETCA Ha OCHOBE €r0 XapaKTePHCTHK,
KOTOPHe TIOSICHAIOTCH fAalee.

4-15, XAPAKTEPUCTHKN ONEPAITNOHHOIO YCHJ/IATE/SA

UpeansHHE onepamuoHHHIT  yCHINTenAb  fIONAKeH  oGaapath
GeckoHeuHO  GompmmM  KoafduuHewToM  nepepaum, GeckoBeumo
60JIB]]]HM BXOJHHM CONDOTHBJACHHEM § BHIXOIHRM COUpPOTHBAEHHEM,
paBEEIM Bynio. Bansoerh yxasaHHLIX nmapaMeTpoB peanbHOTO YCHAMTENs
K ApcanbHEIM TIapaMerpaM onpelelifieT TOYHOCTH, ¢ KOToPOil MosKeT pa-
6oTaTb JAHHH@ YCWINTENh B AHANOTOBEIX BHYHCIHTENBHHX YCTPOil-
ctBax. IlepeuncienHHe 3pech M HEKOTOPHC JPYLHe XAPaKTEPHCTHKH
onepalllOHEHRIX ycnanTeneii, KoTopule paccMaTpHBATCA fajee, 06LIYNO
NPHBOAATCA B KadeCTRe MACHCPTHHX JAHHHX.

Kosgppuyuenn nepedavu npu pasomxuymotl yenu obpamuoii céasu.
JTOT MapaMeTp mpeacTasaser coboil KoaddhuueHT Hepefaul yCHIUTENA
110 HANPSKEHHI0 HA TOCTOABHOM TOKE MJIH HW3KOH 9aCToTe P! Pa3OMK-
nyteii genmu ofpartHoii cBsaM. O6nuHO oH ompenensercs B meunbenax,
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T.e. 20 lg%, m pasen npemepso 90—100 b, IIpEmerenne nenu-
BX

6en pgna BHpaxenra xoopELHeBTa Nepefaull 10 HANPAMEHAO Tpe-
Oyer mexoroporo moscmeHuA. B pemmbenax, kax IpaBHO, BEpajKaloT
Ko3$pHUEeHT Hepefayd B BUje OTHONICHAA ABYX MOWHOCTEH, T. e.

Kp=10 lg—P;:;x ,

rie Pgpy — BHXO[BAfd MOHIHOCTH CHCTEMH; Pyy — MOLIHOCTD HA BXOJE.
Ecan BXOAHYIO H BHXOIHYI MOI{HOCTI BHPA3WTh B BHe OTHOMIEHH

an = Ulgax/RBx 1 Ppux = U%HX/RBHX’

TO

2
Kp=101g (—U““" __Rf"/
\ RBHX UBX

TNpu Rpx = Rpux nocllejHee PaBeHCTBO 3alNCLIBACTCA B BAfE

U
Kp=20]g 28X,
PETR Ty

Taknam o6pasoM, a8 TOro 4To0u BHPasHTh KodhPUIBEHT nmepenauu
Mo HauPAKeHHIO B Jennbenax, HeoGXOAMMO NMPeINOJOMKATE, ITO BXOJ-
HOe ¥ BHIXOQHOE CONPOTHBJCHHA CXeMH DaBHE Meny coboM.

Bxodnoe conpomuesenue, B DmacnopTHHX NaBBEX OOGHYHO IPUBO-
AATCA 3HAYCHWA [AHAMMYECKOFO CONPOTHBJIeHMA N MYHTUDYIOUei
eMKOCTA, I3MepeHHEIe Ha ONHOM W3 BXONOB IPH 3aaeMIEHHOM BTOPOM
BXONHOM 3aKHMe. ITH uapaMeTpn ompemensior AnddeperLnanbEOe
TIOJHOE BXO/IHOE COMpPOTHBAEEMe CXeMhl YCHamTead. JlaA ycHamMTenei
Ha OHMMNONAPHHX TPAaH3UCTOPAX [MHAMHYECKOe COODOTHBIGHHEE COC-
tapager or 300 XOM no 10 MOM, a myBTApyHOMAan eMKOCTE — OKOJIO
3 n®. Ecan e BXopHOH KacKaj ycuaMTensl BHIOJHEH Ha MOIEBRIX
TPaH3MCTOPAX, TO ero BXOHHOE ComporHeacHAe Goxee 10! OM, Bxonroe
CoMnpoTHBJeRAe 1A CHHE(GA3HOrO CArHaNa NPEACcTaBAAeT cO60il mHHAMM-
gecKoe COMPOTHBJCHME, M3MEPAeMoe COCAUHCHHHIMEH BMECTe JBYMA
BXOJHHIME 3KAMaMM H 3emieil, B nMeeT enle GoNee BHCOKOe 3HAUCHUE,

Cdeue exodnozo Hanpamenus. Ecas 3azeMaMTb OIMH N3 BXOMIOB
yeuauTeNfA, TO 3TOT HapaMerp olpepeinsiercs HAUPAMKeHWEM, KOTopoe
Heo0xogsMo TMPMIIOKUTE KO BTODOMY BXOAY, gJAf TOTo 4TOGH BHXOfHOE
HanmpsAKeHNe CTAJ0 PaBHHEM Hyuwo. CHBHT BXOIHOTO HAMpPAMKeHUA NpPU-
BOZNTCA B IACHOPTHHX MAaHHEX B MIJIJABOJbTax nMpR 25°C W 3aBMCHT OT
TeMHeparypsl W HAaOPAJKeHAA WCTOYHAKA NATAE#A., TemlepaTypHER
papeiip cABUra BXONHOrO HANPSIKEHMA M3MepsieTCA B MHKDOBONBTAX
Ha 1°C M, Kak npasnio, HAXOAHTCA B AEamasore oT —=5 mo ==50 mxB,;°C,
XO0TA B yCUJIHTEJAX MOCTOAHHOIO TOKa C npemeaTeneM MOKeT coCTas-
aarb 0.1 MkB/°C. BinfAHUe BanpAMeHAA MCTOYHWKA NHTAHEA ONpPCHC-
nAeTCH  OTHOMIGHHWEM nNPUPANIEHHA CHBUra BXOJHOLO HANPMHHEHHA
K H3MEHeHHIO HANpA)KeHUA UCTOYHMKA HHATAHMSA, BEI3BABIIETO 3TO MpU-
palieHte,

DonpmuECTBO OMepalHOHHEHX ycuanTeded ¢ AuddepeRgranbibM
BXORHEM KacKaloM Mo3BoJdA10T obecneulith KOMIEHCAmWI0 HagaabHOTO
c{BIITa BXOJHOTO HANpsXedust qo uHyasa., Jna 37oii pyean OOBIYHO mpe-
AycmarpuBaeTcd BHEWHIT MOJACTPOeYHHIl pesmcTop.
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Cdsuz, u.au paanocms exodnbx moxos, ITOT NAPAMETD MPEACTABIALT
coBoji cpemECC 3BAYEHIC TOKOB, MPOTEKAIOWMX 4Yeped ob6a BXONHBIX
3a)KMMa, OpH BEIXO[HOM HAOpSKCHEH, PAaBHOM HYNO, W IPA CpefHeM
3HAYeHMM BXOAMOTO HAMPAKeHNH, TAKKE paBEOM HYIIO0. VIHEIMA cloBamu,
CABHT BXOAIKX TOKOB mpencTaBiasler co0oil Pa3HOCTh ABYX BXOJHREIX
TOKOB IIPH TeX JKC YCJIOBMAX. JTOT HAPamMeTD HMeeT O9eHb GoAbINOe
3HaYeHHe B Te¢X CJIyYafgx, Kofja BXOJHHe CUTHAJH TNONAITCA uepes
pesncTophl ¢ GOABINMM COMPOTHRIACHMEM. Hak W TpefupywWwmil mapa-
MeTp, CABMT RXOAHBIX TOKOB B3AaBHCHT OT TeMHnepaTypH. Ero amagennme
00HYHO NPHBORUTCA B NACMOPTHHIX NAHHKRIX B Hamoammepax npm 25°C,
a TeMHepaTypHas 3aBHCHMOCTD JlaeT¢A BeJNUAHON ero MaMeHeHHA B Ha-
HoaMnepax Ha 1°C.

Huanason eroduwr nanpaxwenui. ITOT 1ApaMeTp OIpefeAeTCA
AMANa30HOM HANPAMKEHUl HA BXOQHHX 3AHMMaX YCUIAWTENA, IpU KOTO-
PHX OH cOXpaHBfer CBOI P4ab0TOCIOCOOHOCTH B COOTBETCTBHH C IIpemb-
ABJIAeMbIMH TpeGoBauuamMit. Tlapamerp umeer npe dopmur. Bo-mepshix,
muddepeHMaibHOC BXORHOE HAOpSIKCIHE onpefelder MaKkCHMadbHOS
HalpAMKeHIC, KOTOPOe MOMKET OHTh NPHIMKEHO MY IBYMA BXOLHLIME
Ba)KuMaMi, ne opuBogfd K HeoGpaTeMoMy Hapymesnio paGotocHocof-
uocTd yemiauread. Bo-BTopHX, nHalazoH BXOMITHX CMHQA3HHX Hanps-
Heunli ompegender gnamasoH cHHQAIBLIX nampMEEHAH, Mpi Hogaye
KOTOPHX YCIHJNTeASL COXPAHACT CHOCOGHOCTE YHOBACTBOPUTEBH( YCH-
AHBaTh Mazanle auddepeHIHATIbENE BXOIIBE CHTHAJBL.

Heof6xoguMo mMeTs B BMALY, WTO €CJAH HA HHBEPTUPYIOILMEA BXOJ
mopaercd CaAWIUKOM GoJIRILOe HampAKeHHe, TO OMpPejeJCHHBE THIB YCH-
AnuTexeil, oxsayeHuble rayGoxoil ofpaTHO# cBA3BLIO (cM. ria. 6), MOryr
M3MCHUTL 3FaK Ko3(@UuMeHTa mepemayd HA NPOTMBONONOKHHHA. B pe-
3yaAbTaTe BHINOJHOC HANPSKeHHe OCTAeTCA HA OJHOM M3 TpefeNbHEX
YPOBHEi Ro Tex mop, moxa He GyneT BHKJIKYEHO HANPAKeHde HCTOYRHKA
NuTagud.

Burodnoe conpomuesenue. BHX0IHOC CONPOTHBIEHIe YCHINTENA
npepcTaBanct cofoil JHHEAMuYecKoe COMPOTHBIGHHE, H3MeDEHHOE HA
BHIXOAHHX 3aHMaX. Jl71a cxeM Ha GHIIONAPHBEIX TPAH3UCTOPaX BHIXOJ-
HOe CONpOoTUBIeHWe cocTaBiasier 2 KOM.

Homunaavnvie sutzodusvie niok uw nanpaxenue. Xord umerorcs 06-
PasuH ycMiHTeneil, KOTODHe 00ecnedyuBalOT HAa BHIXOfE /OCTATOYHO
Gonpmue 3payeHUA TOKA 1t Hanpf:KeHUdA, BCe-TAKW OoJbIIMHCTBO Olle-
PAUMOEHHWX ycuauTeJeil NO3BeJAseT NOAYYHTh Ma BHIXOJe HaHPMKCHUE
=10 B npn tokax ot 5 1o 20 MA. 9111 3HAYEHNA ONPEIENAIOT MAKCHIMAID-
HElEe Mpefesatl H3MCHEMIA BHXOQHOTO HANp AYKeHAA, KOTOPOoe MOMKeT GHTh
Hody4eHo 0(e3 OTPaHMYCHAA AMIUIATYABR NDIl  YCAOBHU NpPaBRIbHOR
MCXONHOM ycTaHOBKHM Hyaf. B 1ex cayuasdx, Korpa ma suxone Tpebyerca
TOK Gonbllero 3HAYeHWA, NPUMEHAKIT YCIJIHTENb MOMHOCTH, KOTOPHIE
Moer obecreuutb TOK 70 0,5 A npu manpmxernn =10 B. Taxoit ycu-
JAuTeNb OGRIYHO M3rOTOBJACTCA BMECTE ¢ MANOMOLIHKIM OMCPAIAOHHLIM
YCHJHTeI6M W CIYIKHT 1A Hero MOMHERIM BRIXONHHM KackagoM. Honon-
HETCBHON XADAKTEePHCTHKOIF ABJIAeTCA TOK KOPOTKOIO 3aMHKaHWA HA
BHIXOfie, ompeneJAnmMil IpeJelbHbA TOK, KOTOPHIM YCHAHUTENb MOMKEr
OTAABATh B HATPY3Ky IPH YCIOBUN COXPAHEHBA ero pafoTocnocobHocTm.
OTOT HapameTp U3MeDACTCA MPH KOPOTKOM 3aMHKAHMM BHXOLHOTO 3aiKii-
Ma yCHAMTEJs| Ha 3eMJII0 1JIH HA OfiHH W3 NONIOCOB MCTOYHHKA MMUTANIA.

Yacmomuas zapexmepucmuka, Ycuautenb IOCTOAHAOrO ToKa
ofecneunraer ycuieHne oYeHb HH3KHX YacToT, BILIOTh [0 HYJCBON,
MO3TOMY B NACHOPTHHIX NAaMHHX NPUBOOHTCA 3HAYECHIe TOJABKO Bepxueii
TPaEAYHOMd YacTOTht (pitc. 4-39). Mamocurnanabuas 11oJ10ca IPoILyCKasUA
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na vponme 3 1B onpenenser macToTy, Ha KoTopoii KodduuEenT nepegaun
0 HanMPFIKCHUIO NPH Pa3OMKUYTON IeNmil GOpaTHOI CBA3M CHIMKACTCS
1o 3uauenud, cocrasiasiomero 0,707 or 3maucHHA BQ 9acTOTe, PABHOIO
nyio. Ilodoca egmHHUHOTO §CHJICHUA OMpelelseTcd KaK dacroia,
HAa KoTOpoil Kodddumuent mepenaun MpH pasoMkHyToll Hemn oGparAcH
CBA3HW CHIDKAETCA mpuUMepHO A0 eguHHUH. lllnpnEa mojocH. B KOTOpOM

ofecnicuABaeTCA 1OJHAA MOiiL-
5hA 385 HOCTh, N3MepAETCH MNpH Ko-

v

appniuente mepegaun 3daM-
Manocueranbhas

KHYTO# Len# oGpaTROM CBA-
SN, paBHOM €IWHMIE, B I110-

+86 1 | KashBaetr MaKCUMaJbHYIO 4a-
3 CTOTY, NPH KOTOpPOA MOKeT
—— A=1 OHTb NOJYyYeWa MaKCHMAalb-

0 = T
foraca nonnod Moyracmu ’\ £ Hasg aMOiMTyla BBIXORHOIO
-5 t ClIFyCOMAAJLHOrO  CHTH&.1a
! 6ea 1CKaXKCHMII.

Eme ofBHM MOKa3aTeMCM,
XapaKTePUBYIOMHM  MAKCH-
MaJbHYIO YaC10Ty YCIVTUTCNS
MOCTOsIHBOTO  TOKA, ABJIfiCT-
€A CKOPOCTH HAPACTAHMS Hbi-
XORHOIO HANDMKEnNd, KOTO-
PaR OOpCHCHAET MAKCIHMaJh-
HYI0 CKOpOCTh M3MEHEHIA BLIXOAHOTO HAaIpAMKCHUA MPU MAKCIMATLIOT
aMUAUTYNe BHIXOAHOIO HAampsyKewuA. 3aMeTiM, 4TO CKOPOCTh HAapacTa-
HUSA BLIXOAHOLO HAOps:KeH1Hd He o6A3aTeNILHO ofiiHAKOBA B 0DOHX 11a-
npasjesnAx, T. €. NPH yBCAMYeHUH 1 yMeHbUICHHU HANpsurenns. Oye-
BUJUIO, YTO STOT NAPAMETDP NOKA3HBAET, KaKuM O0pPasoM yCuLinTedn pe-
arvpyeT Ha BXONHOI Nepenag HaOpAKeHHs GOJBINOI BCIHYKHK,

flepexodnan raparmepucmura. Kpupan na puc. 4-40 nmeeT TiHiOBYIO
$opymy M mokaanpaer, KakuMm 06pazoM cuctema MoM<eT PealupOBATh Ha
CKayK006pasHblii BXOJHOIT
CHTHAN. JTa KPIBAR lipuBe-
AeHA A NOACHCHUA TCpMII-
HOB, HCMONAb3yeMBIX A OMit-

foroca e3unuynoeg yeunenus |
1

1
|
e
I

Puc. 4-39. HantocTpannA TepMitHOIO-
Tul, HCnoJdhayvemofi JJA oNHCAHUA ua-
CTOTUHX XapaKTepPHCTIK ONMCPAI[IOHHO-
To YCHJINTENA.

YemanwobuBuweeen snavenue
Anumensnocms nzpe~

CaHWA MepexojHOH XxapakTe-
PUCTHKH yCHIHTEJS,

Bpemna napacrauns npepn-
cTaBiger o060l WHiepBAT
BpeMCEM, B Teyedlie KOTOPO-

v
0,97

Xa0K020 npoyecea fopoca 3adak

| rod mavau

—_— ===

: Bpema |

FO0 CKAav0K HaMpA'KCHUA Ha
BHIXO/E YCIUIMTCJIA H3IMEBHCT- [
esoor 10 go 90% yerawo- 7 cHBpewms napacmanus

BHBIWIETOCA 3HayeHnA. B me-

KOTCDOIl cTemeHM BpeMsa Ra-  Pue. 4-40. [lepexogmas  xapanTtepi-
PACTAaHHA 3aBHMCHT OT BXOJ-  CTIIKA 0MCPANUOHHOTO YCHITHTENS.
BOLO CKayka WaNpsIKeHNs,

B cayyae Goabmoro BxonHoro CKauka uin Korpa kosdumuent nepenauu
631130K K epuHAHIE, BHXOJHOC HampsAskenue HAPACTACT B COOTBETCTBUE
€0 CKOPOCTBIO HAPACTAHUA BHXONHOIO HANpAKeUlA, UPHCYIIEH jpaB-
HOMY yCHMJNTEN0. 3aTeM IIMeeT MecTo BOpoc, MpeBHLIaomiuii ycTaHno-
BiBNleecs sHauvcHme, 1 flazee HanpsKeHne OBMCTPO YCTaHABINBACTCAH.
Iipit MasioM BxonioM CHTHaJC, KOUAd HCHOMb3VCTCA THIb LeGombviuag
HaCTh BLIXOJHOTO JUMIAMINICCKROrO JHANA30HA, BHI MePexcHOil XapaK-

' [
| | yemanobnenun

I

|

|

.
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TePHACTHKM OIpeleJINeTCA B OCHOBHOM MAaJOCHTHalbHO!N Nodocofi npo-
mycKkaHdA Ha ypoBEHe 3 nB.

JlaTeALHOCTE NEePEeXORHOIO Ipouecca H3MepAeTcA KaK BpeMf
3a7epIKKHM MEMAYy MOMEHTOM Tojayd BXOAHOro CKAayKka HAMpSKeHHA 0
BpeMeHeM, KOTJAa BHXO/HOe HATpsyKeHMe YCTaHABJIUBAEICA C ompere-
MeBHOM TOYHOCTHIO OKOJIO CBOETO YCTAHOBMBINEroCsf 3BWAYeHMA.

Bpems ycTauoBieHHSI — 3TO0 MHTepBAd BPeMEHH MEAY MOMEHTOM,
KOT4 Bh1XO/HOe HampgH{eHNe NepBHIil pas goCTUTaeT ypOBHA YCTaHOBHB-
merocs 3uavyesns, W BpeMeHeM, KOTja OHO € 3aJaHHOII TOYHOCTBIO yCTa-
AaBJIHBAETCA OKONO 3TOTO YpOBHSA.

Kosguyuenm nodassenus cungasnur cuzhasos. PaHee 310T ma-
pametp OHJN ompeieNieH B Bupe OTHOLIGHHA Koad@uiuenta nepepaun
nupdepennmanbRoro cHrraNa K Koagduimenty nepegagu cuH(azHoOTo
curpana. C mOMOILIO DTOT0 TlapaMeTpa MOKHO OIEHUTL CMoCOGHOCTD
YCHINTensl TMOAaBNATh cHH$asHmii curmaa. Koaddumuent nopasnenns
CHHEQA3HEIX CHTHAJTOB MOMKHO oOMpeleNHTb uHA4Ye — KaK OTHOLleHHe
OTIpeReTeHHOI0 W3MeHeHHMs CHHEAa3HOTO BXOJZHOTO HAampM:KeHHA K COOT-
BETCTBYIOMICMY H3MeHeBN 0 MifepeHIManbHOT0 BXOAHOTO HAMpAKERUd,
pH KOTOPOM BHIXOAHOE HAmpAHeHHe OCTaercd 0es W3MEHeHUA. YKa-
3aHHOe OTHOWleHHWe HaNpAKeHuii, KaKk OpaBHJIO, BHPAKaeTCA B MEIH-
Oenax,

3aMeTiM, UTO B WHBEPTHPYIOLEM YCUJIUTENE Ha BXOLC MMECT MCCTO
KaKymieecA 3aseMicHIEe W OH cnocoGeH BOCHPUHEMATHL TONBKO MAaNHii
curBan omubxH. B aToM ciywae cnudassble ¢MIaadH He MOTYT HMETh
MeCTa U TOBOPHTH 00 HX MoJaBJeHIH GeCCMBICIEHHO.

4-16. TUNbI I MPUMEHEHUE ONEPAITMOHHLIX YCIIHTEJE#N

IIpuBUNONANBHO Ba)KHoe 3Hayedde HMEIOT TPA XapaKTepHCTHKN
oNCpalMOBHOTO YCHIMUTeNA: fapeiid HYyJNA, BXONHOE COIPOTHBIEHHC
U CKOPOCTh M3MEHEHMS BHIXONHOTO HANpAKEHHA, WiaM GucrponeificTaHe.
B obwem cayaae n06oil M3 yKazaHHRHX 1apaMOTPOB MOKET GHITH YAy
nied 3a c¥eT yxyameHUA apyrux. C menbwo oGneryeBHA BHOOpa UHTer-
PaJbEOTO HAK MOAYJBHOIO YCHAMTENA NJIA KOHKPETHOIO NP MeHeBusd
BCe OllepanHOHHBIE YCHIAMTENM MOKHO pasfeNuTh Ha JeTHPe CHeyIOuiHe
Ipynom: ofuero HasHayCHHA, ¢ BHCOKMM BXOAHHM COTDOTIHBICHUEM,
¢ manwuM pnpeftdoM u GHCTpOneHCTBYIOLIME,

Onepal@oEHbIe yemidTend o0wmero Ha3dHageHHA. YCHAUTeNH DTOii
TPYIOH UCIOAB3YIOTCA B TEX CAYTIAAX, KOTa CpefiHue 3Ra9eHUA 11X X apaK-
TCPHCTHK MOT'YT YAOBAETBOPATDL NIPCABABIACMEM TpeGopannaM. Ileprrm
ycunnreaem ofllero HasnayeHWMA, KOTODHE MOJY4YWJ HIMPOKOC pacmpo-
cTpapesue, O OyepaLHORHH{T yeHanTedb Tuna 709. JINA HopMadbHO#
PpaGoTH 3TOTO yCHIWTend Ha BXOJe Hafo GBINO BKAKYATH BHEMIHNE Orpa-
HiuYATeNbHEE AUOAH, OPENATCIBYINHe Mofade CHUIIKoM GoNbmux
Hatipaxkesnii, Kpome toro, n14 ofecnedyeHUA yCTOHuBOCTH HeoGXOAUMO
ObiJI0 BRIIOYATH KoppeKTHpylomy RC-uenouky, a mJA oTpaEudyeHHA
TOKAa HAa BHXOMie — IPHCOSIIHATh NoCAeAOBaTeNbHWE pesncrTop. Ilo
STUM MPUYIEAM B HacToAlee BpeMA yCIAUTe]b 3aMeHCH JpYTuM, THMA
741, nns KoToporo He TpebyloTcs BHelnpMe cXeMHple ajJementhl. Onepa-
WHOBBEHI ycuanTenb THua 741 Mo:KeT HCMOJbIOBATLCH B KA4eCTBC HH-
TerpaTopa, CyMMHPYIONIET0 YCIUTENA 11 JPYTUX 3IAeMCHTOB ¢ 00paTHOR
cpA3bi0. Ilpn mogaye BXOJHOTO CurHANa OT HCTOYNIMKA € BEYTPEBHUM
conpotusieanem Menbme 10 kOM omepamuonmHil yenanteap 741 mmeer
clielylomMe XapakICpHCTHRI: MAaKCHMaNbHLIT TeMmepaTypHBl npeitd
CABMTa BXORHOTO uampmkenusa 15 mxB/°C; remneparypEmii ppeiid
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cABUra BXomaHX ToKoB 0,5 BHA/°C' BXojHoe colpotupieHuwe 6 MOm;
UIMMHIHA HOJOCH NponycKamRA okojo 1 MTu.

EcnA ycHARTeNb OATAeTCA OT HCTOUEMKOB HanpAmeHmeM —E15 B,
a Barpyska ma Bmxoje Gonmee 2 KOM, TO on ofecuednBaetr Xooddmurent
nepega4® wo Hanpmxeano Gonee 50 000. OpEako AeBHTOKAaA CKOPOCTh
F3MEHEHHA BHIXOQHOr0o HanpmKeAus, oxomo 0,5 B/mxc, wacto orpasu-
YHBaeT BO3MOMHOCTH NDAKTMIECKOTo MPHMEHEHHA OTol0 HeAopOororo
yeuInrens.

JINA cpasHEHWA DOpUBeleM HEKOTOPHE XapaKTepHCTHEM ollepa-
LIOAAOTO ycHauTend o0uiero HasHadeAns, BHIOAUeHHoro ma Oufio-
NAPHHX TPAaASHCTOPAaX B BHUAE MOILYJBHOH KOHCTPYKIIM: CKOpPOCTh
HApacTaHHA BHLIXOMHOTO HAOPMKeAUA 1o 2 B/MKc. nomoca efHHWIHAOTO
yvenneHMA po 2 MI'm m mupwHa nojoce, B KoTopoii oGecnedupaercst
monEad Momaocts, 20 kI'n. Cropocth pnpeiida nmeer MUENMaNLHOE
3Ha4Yedle Upn pafoTe B TAKHX YCAOBMAX, KOTXa COOPOTHBIEHWA BHOIU-
HEX cXeM, DPHCOeIMHAEMHX K ycuiauTedio, He npesnmaiT 50 KOM.

OnepanuoHEbIe YCHIATENH ¢ BBICOKAM BXOIUBIM CONpPOTHBIEHHEM.
Ecan curaman mogaercA OT HCTOUHHKA ¢ GONBIIMM BHYTDEHHENM COLpO-
TuBaeHneM (6oxee 100 xOm), BXOmHOM TOK YCINUTeNR JoMd#eH OwTh
049eHb MalZbiM H A ToTo, 9700k H3leraTh ICperpy3oKk HCTOUHIIKA
CHNTHaZa, BXOLHOE CONPOTHBIEHHC YCHUAWTead oJKAO0 OHTH OgeAh Bhl-
COKUM. YCHIuTeNy, KOTOphie YNOBIETBOPAIT 3ToMy TpeGOBaEHIO, Kak
NpaBuio, MMeIOT BO BXOQHOM Kackaje MoJeBhe TPAH3UCTOPH HAR Bapu-
KaueRii Moct. Takue ycuiantTenu HCUONB3YIOTCA B KayectBe WHTErpa-
TOPOB BEICOKOH TOUHOCTH, CXeM GIOKMPOBKH ¥ yCuInTedell Tok — Hanpsa-
sedne, Cxembl yCHniTeZlelf ¢ ONeBLIMI TPAHBICTOPAME 11MCIOT BXOJHOE
conporusaeEve nopsapka 1012 OM n paoTaloT ¢ BXOTHWMH TOKaMH
or 0,1 no 1,0 nA. Bapmkanase ycuantenn paGotaior ipyu eme Gomdee
MajHx ToXax oxkono 0,001 HA u, XpoMe TOro, UMCIOT RHM3KHil yDPOBeHD
BxolHHX myMoB. [MocaenHAA XapakTepuCTUKA TO3BOMAET UCHOAB3OBATD
HX JJIA yCiIeHWA CHTHAJOB OT TAKHX UCTOYHHKOB, KAK GOTOYyMHOKITe IL
M JleTeKTOpH pafinanyy, Korla BO3MOMKHOCTh YCUJeAWS odeHb CIaOHX
CHTHaJIOB MMeeT INlepBocTeNleHroe 3dadedne. [lonoca mponyckaHms Ba-
PUKanAHX ycuanTeseil, ofHaKo, orpaHUYEHA npefesoM okoio 2 KI'n npa
Koapduunente Mepefadn. pABHOM eguEMne, W 7 Tt fnpu MOJHOH MOM-
HOCTIL,

Onepanyonuple YcUTMTENd ¢ ManbiM jgpeddoM. [lag yeunaenns
CaaGBIX CHTEAJOB Il 1A HHTErpHpOBAHUA ¢ BLICOKOM CTENEHBIO TOYHOCTII
ouedh BaKHO, 9TO(H BANAHAHE CABUra BXONHHX HAUPAKEHUA I TOKA
60 muEnMannLHEM. [Tpy BerGope yeuantens miA yxasapaux obaactei
npiMeHeHIA TAKHKe BAYKHO YUeCTb BANsAHIlE COUPOTHBACHUA HCTOIHIUKOB
ciTHama.

OrmomeHnue papeiifa cuBHIa BXonAoro HampsykeHus K Apeilgy
CABHrA TOKA JAeT B pe3yabraTe CONpOTWBACENe. Ecam 3710 conporuie-
Hue GoJiblie. 4eM CONPOTHBIEHNHE HCTOUYHMKA curaama, 1o npeid Gyner
0GyCIOBJICH TIAaBHEIM 00pa3oM CHBHIOM BXOLHOTO HAHpPAMHEHHA CAMOIO
yeunntend. Ecay jKe 9To COnpoTHMBICHWE MEHBIIE CONMPOTHBAEAUS IIC-
TOYHUKA CHTHAJ@, TO DAJeHNe HAUpAMeHUA Ha COIpPOTHBIEHHH HCTOY-
HIlKa 3a cyeT CHIBIIFa BXONHOIO TOKa, NpoTeXawoilero Yepes Hero, OyaeT
sHaunTeNbHEIM. B 2ToM caywae ocmoBmas wacTe Jipefifa ycuamredas
6yner ofycnoBacHa apeiihom Toxa.

YeHauTenn ¢ MaJbiM ypoRHeM fapeiia MOTYT 3rOTOBIATECH Ha
funoaApEBX N MoleBHX TPAH3HCTOPAaX, a TAKMEe C HUCIOAb30BAHIEM
HpepHBaTess. Y CHINTCTs ¢ HpepHBaTe/ieM ABIAETCH CaMbIM Jy4midM,
uo 1 Handonce poporuM. Om obmanaer HeGonpwuM npeiihoM cpsura
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BXOTHOT0 HANPAXEHUA W BHCOKNM Kod(dunueAaToM nepefaud TPH
pasomrayroit o6paraoit CBA3M. YCHAMTeNb ¢ OpepHBaTeleM, KAk IIpa-
BHJIO, MMeeT TOJBKO OJWHOYHEIA (HeCHMMETPUYHHI) BXO[, H HOJITOMY
€T'0 MOYXKHO HCOOJAB30BATH ANIID B KAYeCTBe HABEPTH P YIOUIET0 YCUI UTeH.

OnepauBoBHbIe YCEARTelR € BbICOKAM OblcTponeiicTBueM, H der-
BCPTOii TpyLIe OTAEOCATCA ONEPINMOHHHE YCIUINTeJu, IpH paapaboTke
KOTOpLWX TJaBloC BHEUMaHWe YIedfeTCA MoJYYeHNIo Kak MoxiHO Goaee
IIHPOKOIl [0TOCK TponycKkaHuA. B obuieM caydae K OToif rpynne oTHO-
CAT YCILINITeIY, IIMeIoLe TodoCy eanEYHOTe yeuienus Gonee 10 MIn.

O6nacTbl0 nanGoiee NIMPOKOTO DpuUMeHeHEUA GRICTPONCHCTBYIOMUX
ONepAaLMOBHEX yeuauTesell ABaAwTCA nudpo-aHaJoroBLe mpecdpa-
30BaTeaN, B KOTOPHX CKOPOCTh mpeo0pa3oBaBNA OTpPABAYCHA TEM,
HACKONBKO OBCTPO y(UMINTCHL CHOCOGER pealdpoBAaTh HA BXOUHBIC
cnraann. CoocoOHOCTL ycuauTedsi Kk OHCTpoIl peakuuw Ha BXOLHOIL
CUTHal olpejensgercs HC TONBKoO €T0 110J0Coll DponyCKaHHA, HO TaKke
¢KOPOCTbI0 HAapPACTAHMA BLIXO[NHOTO HAUPAMEHIA N BpEMEHEM yCTaHOB-
aemnd. [lootoMy BHGOD OmepaliMOHNOTO YCHANTENA LA Takoii obmactu
NpAMeHeHN A 0M3KeH oCyIecTBAATLCA HA OCHOBC BCeX TpeX yKa3aHDblX
IIapaMeTpoB, A He KaKoro-iubo oJHOTO W3 HUX.

Caepyer 1OMONTB, YTO CKoPOCThH HApacTaHNA BHXOIHOIO HAalpH-
JKeHUS B HCKOTOPOIl CTCIICHH 3aBUCHT OT eMKOCTIl KOHIEHCATOopoD,
MCTIOAb3YeMHEIX 114 cTabwizammi. Tak Kak KoHLEeHCATOPbl 9aCTO UMCIOT
PAa3IMYHYI0 BeNMYNBY [JA HEBePTHPYOIEro 1 HEWHBEPTHPYIOIIEro
pexnMa, HeoGXog¥MO YIHTHIBATh ]IBa 3HAYCHWA CKOPOCTH HAPACTAHUR
BEIXOLHOr0 BampsskeHist. [pome Toro, CkopoCTh BapacTa#Hs BHXO[I-
HOro HATpAMEHUA 3aBHCHT OT JelicTBYoMlero sHavenud kodpduimenra
fepeflayd NpH 3aMKByTell ftenmu ofpaTHON cBA3KM I, CAENOBaTENEBHO,
HeofnzaTeasHo OyeT oTHHEAKOBA B MOMEHTH HA4aJa I OKOHMYAHHA WM-
NyJBbCHOIO CUTTIANA.

Bonpoc o speMentt YCTAaloBJICHUA TaKKe HBe ABASETCA COBCeM
IPOCTEIM, 1I0CKOJbKY He CYHIECTBYET CTABLAPTHOTO OllpelelleHUA 3Turo
napamerpa, ofsaTeabHoro nad Bcex. VHOTAA BpeMA YCTAaHOBAEHUA
ofipeeamT TakKum ¢O6pasoM, YTo OHO ABIAACTCA JUMIBL YACTLI BpeMelu
YCTAHOBJICHUA, HPUBOANMOLO B APYTHX UCTOUNMKAX. ¥YCUIUTENHd C Ma-
ABIM BpeMeHeM NCIOIb3YIOTCA B CUCTeMax INpecGPa3oBaHUA BHICOKOI
TouHoCTH. TOUHOCTH TaKuX CicTeM MoxKeT 6uTo nopaaka 0,1%, (10 gsoma-
ublx eguEnn) nat 0,02°% (12 asondnex epuEWND). A ycuinTeas € BH-
XOOHBIN AaUpAKeHHeM, MendomuMcs B Opepenax —=10 B, sTo cooTset-
ctByer ouwmbke 10 n 2 MB 1, caelopatenbEO, HanpsmKeHIe IDYMOB
B CHCTeMC HE AOJMMHO NPeBHINATL 3THX 3HAYeHNi. B 3aknwuenwe :a-
MCTIM, YTO OmHGKa TeM Menbulie, Y4eM Goabmuuii Koda@duiueRT mepenauy
MMeeT cucTeMa npi 3aMKHyToil oOpaTHON cBA3n. Halpumep, IR Turo
4TOOH BBIXO/(HOU HalUpsKeHIIC HEeITEBEPTHPYIOUIETO YCUJIUTEdA YyCTa-
HaBaAneajoch ¢ TourocThio 0,019, yeuanTeah noiKed uvMeTh Koyddi-
wiredT nepejaut Goxee 10 000,

'maBa nmartasn

PE3OHAHCHBIE YCHJIUTEJHXA

Pegomatictibie  yenantesan NpHMeHAIOT B TeX  CAydaAx., Korja
TpefyeTcd YCHINBaTH BHCOKOUACTOTHLIE CHTHAMLL HA ONHOH YACTOTC WM
B ONpele/IeHAOH 10J0Ce YAaCTOT M 110aBAATL BCe OCTAJNbHME. JTa KaTe-

153



ropus ycnaurejaefl oxpaTHBaeT gnanasor gactor or 150 k' no 50 MT'u.
NadupatennBoeTs ycuautenedi ofecneauBaeTcA NyTemM [NPUMEHEHHA
LC-GuanTpoB, KoToPHC UMEI0T Pe3OHaBC HA TpebyeMoil 4acTOTE U UMEIOT
Ha 9roii uyacToTe OONBINOE CCNPOTUBJIEHHE, SIBAAIIEECS HArPY3KOIi
yeimnTend. BakseHWHMHI XapaKTCPUCTHKAMiE PC30HAACHOTO YCRJN-
TCAR MABARIOTCA €ro yCheHNe QA pe3omaucuoil wyacToTe, u3MeHeHlie
YCUIeRHSt PO paccTPoiiKe YACTOTH OKOJO Pe3ORAHCA I CMoco0 N3Mene-
HIIST yCILICHRA Mpl [epecTpoiike 49acTorhl.

5-1. CXEMA C IIAPAJIIIEJIbHBIM PE30HAHCOM

Ila puc. 5-1, e nokasanma cxema 1apanienbHOro KOHTYpa, KOTOPHIA
IMeeT B CBOEM COCTaBC NBIYKTUBHOCTH L, obiajawinyio aKTHBAKM
COUPOTIBAEHHEM T, 1] NapalyiellbHO NoAKA0YenHy0 eMKocTs C. Pesoranc
B TAKOil cxeMe 1MeeT MeCTO Ipil
paBeHCTBe WHIYKTUBHOTO U €M-
KOCTHOTO PeaKTHBHHX CONpPOTHB-
Nenuii, T, e. Korpa

L (DUL=1/((1)OC),
c re ©, = 2nf,.
. Orclona pe3osaBCHAA 9acTo-

Ta Omnpeyle1AeTCA COOTHOMIEeHHEM

{5-1)

f= 1

0 2n VL_,C_' !
a no0pOoTHOCTh KOHTYDa paBHa
Puc. 5-1. Cxema mnapanneaLHOro
KONTYypa ¢ MNOCHeN0BATEABHEIM (a) Q= ool _ 1 =i |/ L,
W 1apanjgenpyuM (6) BKJOYeHIleM r woCr r C
AKTUBHOTO COMPOTHEJIGHHUA. (5-2)

IToauoe compoTHBNenHe nNapanlenbHOr0 KOHTYDPA MOMKHO 3alMCaTh

B BUje
(r+jol) 1 .
joC 147 @L—1/C)) ©-3)

Z (jo)=
i, eca r < ok,
L/C
r+i(@L—1/(C) "

Z (jo)=

IIpn pesomaace, xorga o,L = 1/(0,C),
Z=Lj(Cr)=R,. (5-4)

Taknm obpasom, conpoTiBlieHue KOHTYpa IIPH DE3OBAHCE 1IMCET
9JICTO Pe3UCTHBHLIT XapaKTep Il cI0 Ha3BBAOT QUHAMHYECKIM COMPOTII-
BacaneM fp. Cxemy napanieiibHoro KouTypa Ha pHc, 5-1,a MOMHO
npeo0pasonate K BHAY, MOKasaRAoMY Ha pnc. 5-1, 6, rie aKTHBHOE CoO-
npotnbiaenne My MOAKITIOUPHO NapaiNelbHo MHAYKTIIBHOCTH 1 eMKo-
cTH. DTH ABe CXeMBl 3KBNBAJEHTHH, 11 1JA PE3OHAHCHON 9acTOTH BH-
HeIBAETCA PaBeHCTBO

Raxe=1L/(Cr),
OTHYNA 1IMeeM:
r=L/(CRyyz)-
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[loncrasnsn nocnenree cooTHolleRHe B (5-2), moayuaem:
R: c
Q= ﬁ = @yCRyyp = Rsxe I/‘L—- (5-5)

5-2. ONHOKOHTYPHbINA YCAIATEID

YpouleEAaA cXeMa OfIHOKOHTYPHOTO Pe30HAHCHOTO YCOJMTENA na
NolleBOM TPaH3HCTOPe TOKazana Ha puc. 5-2, . B aroit cxeme pasgeni-
TeABHEI KonpeacaTop Cp CAYMHT AJA TOTO, 9TOGH MOCTOAHKOE HAMpsi-
JKeHHe Co CTOKA TpaHsuctopa 7Ty He MOHaBaJoCh Ha 3aTBOP TPAH3UCTO-
pa T,

o)
E;
(Y114 Us) f"
C 9 |
7Y
" 7 e 4 il‘ K Uﬂb/x
Yiblx.h
Uﬁ’b/x © y
g)
o a)

Pue. 5-2. OpsoxonTYpEHIl ycuanTedb Ha NOJeBOM TPaH3NCTOpe (a)
B €ro dKBUBAaJeHTHAA cxeMa (6).

JKBMBAJIEHTHAH CXCMAa OJHOKOHTYDPHOTO YCHJANTeJA NMpPUBCIEPAA Ha
puc. 5-2, 6. B aKkBHBalcHTHOH cxeMe emKocth C upepcraBuser coboi
NOMHYI0 eMKOCTH, KOTOPag BRIIOYACT BXONHYK @MKOCTH BTOPOTO Tpill-
3ACTOPAa B Mapa3HTHEE eMKOCTH, KO-

TOPHE BMecTe ¢ BXOAHBIM COUPOTNB- Yz, Us

neEReM Rz TpaHsuctopa 7, BRIW- O—3>—1 -1 ' O
9eHhbl MapanjaeabHO ¢ PEBOHAHCHBIM 9 Us

KOuTypoM. Pazneanrenvuas eMKocTh

Cp BHOHDAGTCA TaXuM 06pasoM, uTo- R L ¢ Ugyx

611 B nuanasone pabounx wacTot ycu-
JIUTENA ee PeaKTHBHOE COUPOTHBIIC-

Hue GEJI0 NpeaeGpEsKIMO MaJkIM I
OHA He OKasbiBaJa BJAHAHNA 1a pe-
BOHAHCHYK 9acTOTY KOHTYpA.
Hpunyunu  npoexmuposanus.
U3 oxBiBalenTnoii cxemo BHJAMO,
410 COMpOTIBJEHIe CTOKA r¢ Molle-
BOTO TPAB3NCTOPA NOAKJIOYEHO Ma-

pPaajlebHO PE3OHAHCAOMY KORTYDY.

O~ ’ _ _ -O

Puc. 5-3. VupomeHmasa OkBu-
BAJICHTHAR CXeMa OJIHOKONTY -
HOTO YCHJIHMTEJRA, MOKa3alH( o
Ha puc. 5-2.

Uro6n He BHOCHTH G0ABIIOrO 3a-

TYXaEWA B KOHTYp, HReoOxoAnMO BHIOIIPATH TPAaH3NCTOP ¢ OOABHIINM
conpoTHBIEHUeM r.. TaK Kax CONPOTHBAeANC HArPY3Kn GyneT GOADIII,
B CXeM€ MOHO IOJYYNTEH 3HauliTeJbHOe YyCIJICHNC. B cmasn ¢ atnm
MOIYT BO3HUKRYTL TpynHOCcTH, cGycnoBiensue pgeifictenem obpaTnoil
cnasn. CneposaTelibyo, BNA TOTO YTOGH (CKMOUOTH BOMOKHYIO lie-
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YCTOAUNBOCTL CXOMLY, BaKHO HMETL MANVI0 CMKOCTL MOIKAY CTOKOM W
3ATBGPOM TPAHBUCTODA.

Ha puc. 5-3 mokasana upeo0pa3oBaHHAs IKBUBANCNTHAH C(XeMa,
I1a KoTopoii conpoTuBienne R npefcTaBaseT Cofoil moiHoe AKTHBHOS
CONPOTHBACHNE BCEii CXeMB, BKJIOUAA COOPOTNBJICHHE CTOKA 7. TpamA-
aAcropa T, BXOABoe conpoTHBJIeHNe Tpausuctopa Ty M DKBUBAJCHTUOR
COIPOTHBIEEHE HOTCPb B BHAYKTHBHOCTH NI CMKOCTH.

IToaroe compoTHBACHME CXEMBI TErepb MOMKHO 1CPeINneath B BAA®

. LR,C
T L/C--j (LR — R/(wC))

O6ospawiM uep ez d saTyxamEHe, KOTOpoe MBIsETCA o0paTHOi
BCJINYABOI J06pPOTHOCTH, TOIMA

(5-6)

Z (jo)

g1 el 1 L
0T wlCRT R TR c’
H3 dopmyau (5-6) momyuaaca:
1L 1
o REC _
200y =M = oL 1 J_
BT TR T oCE.
=1 @

> L olLR o, ORI
7 +1d<(ooLlf oCR )

clnenoparTes1bHO,

d -
2=k = | o

Tne fo — peIoOHAHCHAs dactoTa, a [ — awbasg Apyras 4actora,
RoopdunmenT nepenaun cxemu
Ag, 0T 3aTBOpa TpamsiicTopa T} 1O 3sa-
TBOpa TpaH3uctopa 7T, paBeH grZ
11 IMCET MAKCHMAJbHOC 3HAYEHhe
1la pe3oHaHcCHOll uyacrore, Korja
Z = R. Ha uactorax, oTINYBHX
OT DPB3IOBAHCHOMH, N10JBOE CONPOTHD-
JI6HHe CTAHOBHTCHA MeIlbme 1 Kod(-
¢nnilenT mepefayd  yMeHbIIAeTCH
(pne. 5-4). Kak n pamsee, mojoca
npolycKagua olpene/sieTcs DHTEp-
BaJIOM MEKNY ABYMS 9acTOoTaMM, Ha
KOTODHX Ko3(¢QdunnesT ilepegadn
chiskaeres ®a 3 1B, wim B 1/V'2
pas, OTHOCHTEJbBEO CBOeTo 3HAYE-
HI1A Ha pe3opalcBoit yactore. M3
VpaBBeBMA (5-7) caefyer, yTo DTO
GyaeT uMeTh MeCTO HA 4ACTOTAX, YAOBJIETBOPSIOUNX YCJIOBUIO f/f, —

—flf == d

Ecinp ycuamrenb Inleer Mmajioe 3aTyxaEne, To 4acToThl [ OyayT
G:n3kn K pesowaucHOi wactote [, n koadduument nepemaun OyvAcT
f—f [+ o d.

fo fo

474y,

Puc. 5-4. AmnantvuHas xapak-
TCPUCTHKA OIHOKOHTYPHOTO pe-
30HAHCHOFO yCIJIHTCNA.

yMewbmaTthes na 3 gb, Korma (f2 — f23)/f3 ~ d nau
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Xopomee mpubmwxerne naer gopmyna (f + /o) /f, = 2. Torza,
o0ospavan Afy = f — [y, OyueM uMeTsh:

2folfg=d 1 Afg=fud/2.

Taxkum ohGpasoM, xo3QHUEeHT uepegaud cHWKaerca Ba 3 b
I'a ABYX 4aCTOTaAX:

fhh=lo—1d/2 1 fy="[y4fod/2. (5-8)
Ha orix Bepaskenuii Noay4vaem:
d={f;—11)/fo=B/fe

rage B — 1odoca nponyckanis.
Tax Kak
d= 1/(2”/0RC)1
O
B=1/2aRC)={,/Q. (5-9)

B nroGou cxeme npoussefieHue HOJOCH UWPOUyCKaHHA HA Kooddo-
UHeHT Mepefiadk ecTb BeJMYMHA TNocToAEHAn. Ecan npoucxofdT yse-
JAYeHOe WOJOCH MPolyCKaHHA, To ofna3aTeabHO NPW 9TOM CHMSKAaeTcd
ycEJeHme, U HA0GopoT. B caydae oJHOKOETYPHOTO yCHAMTEABHOTO Ka-
cKaja, B KoTopoM Koa(Q(QuUUEeHT Nepenadn paBeH grZ (uad gpR Ha 4a-
CTOTE PpejomaHca), HNPOR3BEICHHE WOJOCH NpolyCKaHMA Ha Kodddu-
OHeAT MepejadW B repuax onpefleaferca (opMyaoi

KB=g./(2nC). (5-10)

OcHoBHHE 3Tallkl MPOCKTHPOBAHHA ONHOKOBTYDHCIO YCHARTENd
caeyouae;

1. Buépatbh mopgxogamyio pabouayo TOMKy TpaH3ucTOpa O olpefne-
JHATH CONPOTUBJIEHME DPe3ucTopa B LeNH HcToKa Rp.

2. OnpepenuTh eMKOCTh XOMjeHCaTopa, MMIYHTHPYKOWIETO pe3u-
crop Ry.

3. ns 3anagEoro KosddMuueHTa yCuIeHOA ompeenaETh Heol-
XoauMoe 3HaYeHHe R.

4. TopctaBHRTh NonyveHEHOe 3Hadenme R B Qopmyny (5-9) m HaiiTi
CMKOCTBh, KoTOPaR Heo6XxofMMa [f NoJy9eHOA 3afaHHOR LO0JOCH
nponyckamna. M3 3Tofi BeAEYEBH BHYeCTh CyMMAapHYI0 Hapa3HTHYIO
eMKOCTb, B pO3YyJbTaTe 4Yero MNOJydidM eMKoCTb KoajeHCaTopa peso-
OAHCAOTO KOHTYDa.

5. 3masn eMKOCTb, U3 g)opmym.l (5-1) ompepennTt HAAYKTHBHOCTH
L, npr xoropoit 6yner obecneuema safampas pesoHAHCHAR 4acTOTa
KoOHTYpa.

6. BuuncanTty pEHaMMYECKoe COLPOTEBJeHME KOHTYpa U oIpefe-
JIHTb, KaKoe MYHTEPyloliee conpoTaBaenne TpeGyercA [JA Toro, 9Tobur
ofecmeauTh COOTBETCTBYWOIIEe CompoTEBiaeERe Rpepcrs, KoTopoe Gruro
naiineao B 0. 1. [Ipu 9ToM mpenmosaraeTcs, 9To OMHYeCKoe CONPOTHB-
Jledne MHJYKTUBBOCTE ABIAETCA THIOBHIM,

fipaMep mpoekraposanma 5-1. TpeGyeTcA paccauTaTbh YCHIHTENDb
¢ xoapdumirentom nepenaau, paBuwm 100 ga gacrote 200 xkI'u. INomoea
nponyckanna pomxna 6uTe 10 &T'n. Hanmpsskenme HcTodHHMKa NNTa-
HER 8§ B.

Pabouas moura. Ecan npeBeGpedb OMHYECKNM COIIPOTHBACHHEM
KaTymKkH, KOTOpOe, Kak [paBNIo, OUeHb HEBeJHKO, TO HANPAIKEBile
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1OKA a UCTOKe TpaHslncropa Gyner paBio HAMPAKCHIIG TCTOMTHINA
putenst E, = 8 B. Bulepem pafodyio Touxy 10JeBOTO TpaLsil-
cropa upn Uy = 8 B, I, = 2 MA u Uyy = —1 B. B aroil touke
gr = 2 MCu 7 ro = 200 KOM. ToTma conpoTHBIACHUC Pe3UCTOpA B LiCH
HCTOYBIIKA pPaBHO:

1y =Uan/Tc =142 - 1073 =500 Om.

Ha sapamnoit paGoueii yacrore 200 KTl KOHMEHCATOP CMKOCTLIO
0,1 Mx® Gyner umeTh compoTusiaenne Merce 1 OM, [03TOMY ero BHoane
MOJKHO HCIIOJIb30BATh [JH DPasBA3KH pe3ucropa Ry.

Heticmeyiowyee conpomueaenue roumypa. Rueficrs = K/gr =
== 100/ (2-107%) = 50 kOm.
Nz dopmynn (5-9) caepyer, dto

B=1;2rRC)y=10 klm,
TOTHA
C=10"6/(27 - 50 - 10) =318 nd.

Bynem cunrtath, 4TO CYMMapEad Napa3sNTHAA eMKOCTb CXEMEH
cocrasaAer 28 nd, Torga eMKOCTb KOBJGACATOPA KOHTYpa paBaa 290 nd.
N3 dopmyan (5-1) maxooWm HHIYKTHBHOCTH KOHTYypa:

1 1

= 4nefeC = %0 4 -1010.290. 10 1z ~~=2 Mla.

L

Fecan IPHHATH OMUYeCKoe CONPOTUBICHNE TIHMOBOM KATYIIKM pas-
neM 30 OM, To gHEaMuUYCCKOE COTpOTHBIEHUC KOHTypa HaiifleM H3 ¢dop-
MyJaet (O-4):

Ry=L/(Cr)=2-10"3(290 - 10-12. 30) =230 KOm,

KOTOpoe, KaK BHAHO 143 SKBHBAJCHTHOII CXeMHl Ha puc, 5-2, 6, coequ-
LeHO Tapaaaeasso ¢ ro W R;. Ecau Bubpars R, = 1 MOM, 10 mpn
. re = 200 kOmM peiicTBYyIOMIEE CON-

o— ° poTuBJieRre UPHGAH3NTENBHO PABHO
+88 97 xOm. Ytobm ynOBIETBODUTH
3aflanAKIM TPeGOBAHWAM WO yculie-

A2mlH HUI0O M T0J0Ce WPOMyCKAaHHA, pa-
Hee OHLZIO HONYYeRO, 9T0 Ryeiicrs =

— = 50 xOM. CnenoBateNbHO, KORTYP

0.001 #eolX0IMMO WYHTHPOBATD PE3HCTO-
Bxod L Boxod
0_®‘ MkP

710K| | 290 5

POM, CONpPOTMBJEHHE KOTOPOLO
1/R =1/(50 - 10%) — 1/(97 - 10%),

0,7_] so0 1| oTryma R =~ 112 xOwm.
M,@"F om BrGipaeM crapgapTHOe 3HAUE-
une, pasHoe 110 KOwM.

o —0 Pasdeaumenbuwiti woudencamop.
JroT  KoHpeHcartop Heo6X0UM
TOJAbKO JNOA TOTO. YTOOH I10CTOAH-
HCee HANPAKCHHC, KOTOPOE LMEeTCH
Ha cTOoKe Tpamiuctepa T;, He npi-
KIafbBAJOCh K 3aTBOpY TpaH3U-
cTopa 7,. PeakTusHOe CONDOTUBACAHE DAa3fedITe/LHOTO KOHICHCA-
TOpa JI0MAKIo GuTb HACTONbKO MAMHM, 4ToGH ua padodeil wactore ycu-
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Pne. 5-5. Cxema pesonauncsoro
yenanrensd,  paccyntamnas B
upnmepe 5-1,

auTeNnAa WM MceKHO Omno npeneGpeub. JroMy TpeGODAMHI) BHOITIO
YIOBJIeTBODACT KoBjeHCaTep eMKocTelo 0,001 Mk®. ORoRuaresbHasN
CcXeMa yCHJMTAJA [I0Ka3aHd HAa puc, 5-5.

5-3. PE3BOHAHCHLIH NEPECTPANBAEMBIN YCWIHTEJD
C NOCTOAHHON U3BEHPATEJ/IBIOCTBIO [37]

B nepecTpauBaeMHX BEICOKOYACTOTHEIX YCHAMTENAX o0HYHO Tpe-
GyercAa, 4rofH V30HpaTeIbHOCTh OCTABajach HEHAMeHHONR Bo BCCM
AAANa30He epecTpoiiKu.

Pe3onaRCRY© uacTOTY KORTYpa

MOMKHO NepecTpamBaTh NyTeM H3Me- Om[r qj 200
HEeHHA WH] YKTUBHOCTH 1JIM €MKOCTH. a 190
HABanyKTUBHOCTD UBMEHAIOT, pery- 74f= 160

JHPYA  {I0JIOKeHNe  CCpAeYHHKA
u3 KapOORHJIBHOTO JIKeNe3a BHYTPH
Karymikn. Taxoih cnoco6 mMmoaBo-
JAeT ofecue4uTh MembOice H3MEHC-
o¥e E36HpaTeNbAOCTA W YCWICRUA
HO BCceM AANa3oHe WepecTpPoiKn 10
CpPaBHEHHI0 C IepecTpoiiKoir ¢ mo-
MOIMIBI0 ePeMEeAHOTO KOR/IEACATOopa.
Opmako cnocof mepccTpofKE ¢
OOMOIIBY0 MAaTHHTHOTO CepieyHHKa
ABJAETCA Gojnee FKOpOTMM W CI0K-
HHM [PH ero nNpaxTudecKoil pea-
sauuu. IloatoMy BHa DpakTUKe Ha-
uboee mMHpoKo IPAEMeRALTC ACTIOC0E
NCPeCTPOIHKH C MOMOIBIO NepeMeHEOTO KoHAeHcaTopa. UTobel npu aToM
ofecneduTb MOCTOAHHYIO M36HpaTeIbHOCTH B [HANA30RE MEPCCTPOHKI,
TpeGyeTcA paspabaTHBaTh CHEMUANbHHIC CXEMB.

Hpoanansl  npoekTrpoBanmA. [lomoca mponyckanuA napaJelin-
IOro KOHTYpa onpenensercA gopMyloil (5-9):

B=fo/Q-

Yrofu mabuparenpHocTh Obia HOCToAHHOE, OPH mepecrpoiine
HE JONKHA N3MCHATHCA Nojoca NHPOMYCKAHAA YCHAUTENA H, CHEf0Ba-
TeabHo, pAoOpoTHOCTE Q ROMAIIA

Ao

I R N S 4
400 600 800 1000 1200 1400 1

Puc. 5-6. 3aBucHMOCTBE OMHYC-
CKOTO COLPOTHBAEHHA 1 f06poT-
H0CTH KATYMIKW OT 9acTOTHI.

-1 GWTH NPONOPLUORAJILHA Y4acTOTe

R Tak Kax Q = olL/r, paa pukcupo-

o—e 4 BAHNO{I WHIYKTHBHOCTH, HMeIONCit
¢ 3aaHHOE OMHKYECKoe COIPOTHBIIC-

L nne, noSpoTHocTd @ NPONOPIIiona-

aLEa yactore f,. B camom jexe, ¢
Puc. 5-7. CieMa KoHTypa, M03- NOBHINEHHCM YaCTOTH CONPOTHBJC-
BOJAKIIAA HOJNYYHTH NOCTOMH- HUEe KAaryINKd, Oco0eHHO C Kejes-
Hyl0 1301paTelbHOCT: B 1lepe-  HbIM CEPIICYHNKOM, TaK#ke yBeIHyl-
CTPaHBACMHEIX YCHJIATeJsIX. Baercd, a AO00OPOTHOCTL yMeHBIaeT-
cdA, KaK noxaszaHo ma puc. 5-6. Or-
cmwpa caepyer, 970 HCOOXORIMO HNCHOAB30BATH TAKYI0 CXeMY. OMIYe-
CKOe CONpOTHBJCHME KOTOPOH yMeRbilacTCA ¢ dactoroit. Ecan momed-
HOE CONPOTHBNeHNe 06aRTACTCA K CONDOTUBJEHUI0 KATYWKH TO 0I-
HOoe COompoTumjicHile He OyfleT M3MEHATLCA € 4acTOTOil.
Ha prc. 5-6 conpornsaesne r sespacraer ot 2 o 10 Om ¢ yBe-
JurgendeM vactorn or 400 no 1600 Ty, cuefomatenblo, HeOOXOLIMNO
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FMeTh TAKYI0 CXeMy, CONpOTHBJeHRe KOTopoil cHu:kanmoch O 0T 8 Owm
IO HyNA B TOM Ke AMamasoHe gactoT. Torga cyMMapHOe CollpOTHBIE-
HAe mpd nepecrpoiike ocTanocr OH HemaMeHHHM R paBHNM 10 Owm.
OnHcammnii MeTon WMeceT HeNOCTATOK, KOTOPHH COCTOMT B yXyANICHBH
XBPAKTePACTHK CXeMHl Aa OH3KHX 9acToTax. Ho 5TOT HENOCTATOX KOM-
HEHCApyeTICA HPOCTOTO# cXeMHW, KoTOpPaA MoKagzaHa Ha pmc. 5-7. 960-
8HAYAM peaKTHBHOC COMPOTHBIEHMe BeTBM KoOHTYpa, cofep:amei L
B C, gepes X, Toraa TOJmoe CONPOTHBIGHAE UEMH DAaBHO:

Z=jRX/(R+]X)=(RX*4-JRX)/(R*-}- X?).

BHneJ'lHM peaHCTEBHym B peaKTUBHYIO COCT2BNAWIOINE MNOMHOTO
CONPOTHBJCHAA:
Ry= RXY/(R*+ X?); (5-11)

X, = R2X (R?-- X?). (5-12)

HepyxraBoocts L B emMrocTs C MOyxHO BHOGpaTh Taxum ofpasoM,
9T00H Ha HamBECmeH paodell gacTOTe NMATIA30HA PEAKTHBIOE COHMPO-
TUBNeHHe OHI0 paBHO HyJo. Torma, kak 8ro Bumydo H3 Gopmyan (5-11),
Pe3HcTHBHAA cocTaBaAlomiag R, tarske Gyner paBEa mymw. C yMeHb-
INeAneM 4YacTOTH PeakTHBHOe COMPOTHBICHWe X Bospacrer, clefoBa-
TelbHo, Bo3pacTeT H De3WCTHBHAA cocTapistomiad R;.

Taxmm oGpasoM, paccMoTpeHHaA nemodka nMeeT TpefyeMmbie Xa-
PAKTepHCTAKE B B CXeMe De3OHAHCHOTO YCHJIRTENA MCMOJb3YeTCH
¢ DocnenoBaTeNbHO BKAIOYEHHON WHIYKTBRHOCTHIO. PeaKTEBHAA COCTAaB-
IA0MaA MoJHOTO COMPOTHBIEHRAS, KAK NpaBUAO, HeBejMKa Mo CPaBHe-
HHI0 € pPeaXTHBHHIM COMPOTHBIEHHEM KATYIIKE M ¢10 MOKHO NpeHe-
6peus.

PeakTHBHOe CONMPOTMBICHRe BeTBH CXeMH, CoflepiKauieidl MBAYK-
THBHOCTh B eMKOCTh, PaBHO:

iX =jol— 7(—15 = jol. 1—1/(@?LC)). (5-13)

Ho m3 gopmynm (5-11) caepyer, 9ro npm X = 0 R, = 0. Torna
0L =1/(0,C) B ILC=1,

CJIe[OBATENBHO,
v (D?,LC ) . __§3/42 54
]X—]mL(l——m%C B X=oL{1—f/?. (5-14)

NopcraBaan (5-14) B (5-11), Gynem mmeth:
Rl — R {O)L [1 _ (,3/,)] }2 (5_15)

T R—{oLU—-(f/ANE
Pemwan ormocmrensHo L, TomyuaeM:
R R?
w(R—Ry) (1—fy/f?°
HemapecTHHe BeqmumuH L, ¢ B R BHYUOCHANTCA ¢ MOMOmpBIO
Hony4YeHAHX (GOpMyn NyTeM onpegedeHRA R, no namEmM rpaduxa
HA pHC. 5-6 Ha TpeX PA3NMYHHX YACTOTaX.

OcHOBHHE 5TamH MpPOEKTHPOBAHWA Pe3OHAHCHOTO MNEpecTpaLEac-
MOTO ycHAWTeNnd Clefyiomiye:
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L= (5-16)

1. OnpepenuTs ycmoBMA paGOTH KacKana 0O LOCTOAHHOMY TOKY,
Kax 970 jeiarock B mpBEMepe 5-1.

2. BErauciuTE MaKCEMAJBHY0 B MAHAMAJALHYI0 eMKOCTH nepeMeH-
HOTO KoH[leHCATOPa W CXeMH, a 3aTeM OMPENeNHTh HHAYKTABHOCTH,
KoTopasA HeoGXN/IMMa /Nf NepeKPHTHA 33JaHHOr0 ANANIa3OHA YacTOT.

3, OKCTIepUMEHTATBLEO OIIpefle/IATH OMHUECKOE CONPOTUBNCHHEE Ka-
TYIKE B 3afdEHOM [HANA30H@ JaCTOT M MOCTPONTH TpadBK mo THMy,
NoxasaEHOMY Ha puc. 5-6.

4. Bubpats Tpu 4acTOTH, Ha KOTOPWX TIPeRNONATaeTCHs OCYIIECT-
BIATL KOMHeHCan®o H3a0mparembHOCTH., [lA8 aByx Gonee HHEBKEX
4acToT HAWTH COMPOTHBNEHHA pPe-
aEcTopa [R;, KOTopHe HeOGXOmEMB o
IAA MOJYYeHHF MOJHOTO COMPOTHB-
NMeHHA, B KaKAOM CJIyd4ae pPaBHOTO
COMPOTHBICHHIO KATYIIKHM HAa CAMOM
BHICOKOHl 9acToTe.

5, NMoayuennne 3HAuednA Ry
mMoficTaBATE B PopMyan (5-15) =m
(5-16) m onpenenitte L, C u 'R cxe-

MH xoMmeHcanni H30npaTeNLHOCTH. 0.0/

IllpaMep mpoeKTHpoBamma 5-2. L
Tpefyercsn paccYATaTh YCHARTENB-

UH# KacKaj, MepeKphiBaomwil ua-

TasoH acToT oT H40 mo 1600 xIiu,

C MOCTOAHHOM M36UPATENLBOCTHIO B w—@:
AMana3oHe nepecTpolKu.

Pexkmm paboTet mosesoro Tpam-
3IfCTopPa N0 NOCTOABHOMY ToKy OmI
paccumrag B mpEMepe 5-1. 0,1

Hepecmpausaeman czema. Wa-
MCHEHHE eMKOCTH THIIOBOTO Tiepe- o

2]
tapasiTIRY cnwocion maxonmesn 110 98 Cxewa mepecrpansac:
Dpepenax MNpROanaHTeNpHU oT 50 MoTo Xackaja C MOCTOSHHOM
H36UpaTeanLBOCTHIO, pACCYRTAH-
no 550 n®. Taxme TNpesciTH M3Me-
Hag B TIpEMepe 5-2.
HeHUA eMKOCTH COBMECTHO C HEJYK-
TEBHOCTRI0 160 MKI'B oGecneunBaoT
TlepeKpHTHEE Auamazoda wactoT oT 540 gpo 1800 xI'm, xoTopoe BmOMHe
YAOBJIeTBOPAET 3aflaHAKHM YCIOBHEAM.

Ecam ommunecKoe CONDOTEBACHRe KATYNIKE H3MeHAETCA C 9aCTo-
TO# TaK, KaK TOKasaHO HA puc. 5-6,70 Aa gacrore 1600 xl'uy r = 10 Om
7 Q = 160. CxeMa KOMIIHCAIME [OJKHA MMeTh TaKyl0 DE3BCTEBHYIO
COCTABJAIONYI0 TOJHOIO CONpPOTHBIEHHMA, 4YroOH JelcTByiomee 3Ha-
gemme R = 10 Om u pgoGporHocTe Q = 160 coxpaHANMCL Bo BceM
JManazoge TMCDECTPOHKH. B feficTBETENLHOCTM TaKoe MOJOMKeHHe
Gyner ofecneauBaThCA TOWHO NAMb Ha Tpex BHODAHHHX 9acTOTax,
a Mexpy HMMu Gyner BEMeTh mecro HeGonpllad ommbka. BrGepem
3TH gacTOTH paBHEMA 6G0, 1100 ® 1600 KW,

Ha gacrore 600 xT'm r.= 3,4 OM u R, = 6,6 Om; Ha gacTore
1100 kT r = 6,7 Om m R; = 3,3 OM; ma wacToTe 1600 KI'm r = 10 Om
B R; = 0. Tlocaeggee ycnoBue moaydeno pminfi pesoHAHCHOM YACTOTHI,
TAK KaK fo = 1600 xI'n.

HOas f= 1100 «T'u R, = 3,3 Om ®m f/f2 = 2,11.

Nopctapnan ore 3magernsa B gopmyay (5-16), monydaem:

L?=3,3R?-10712/(59,5R —196,4). (5-17)

164

: ¢ 0
EF

760 MklH

7,5 0M

LN

500
om

]

0




Ias f = 600 kTu R, = 6,6 OM. @L = 3768-10° L m f3/f* = 7.4,
CJIOfl0BATEN BHO,

[@L (1 —fi/f5)12=37.202L2 =1T68 R/(59,5R —196,4),  (5-18)

TogcTaBaAA HONYYEHHO® ERIpaxieHme B (5-15) m pemad OTHOCH-
Tenvno R, maxogmM R = 7,5 Om. Jamee mo dopmyse (5-17) maxo-
nemM L = 0,86 MxI'n, a ma pesomaHCHON wactore 1600 kI'm ompepenseM
emrocts: C = 1/ (0iLl) = 0,01135 Mx®. .

OKoHuaTeJIbHAA CXeMa YCHAuW1eNa HOKaszaHa Ha puc. 5-8. B aroit
CXeMe IepPCMEeHHLIT KOHMEHCATOp LPHCOCNMHEH MEJYy CTOKOM H 3eM-
Neji, a He mapalJelbEO KaTymKe M KOMUeRCHEpYouek uemouxe, Ha ua-
CTOTO CATHajla 9TH BKJAIOUYOHRA KOHJeHCAaTOpa ABIARIOTCA >KBUBajleHT-
HEIMA, HO 3a3eMJIeHHe KOHJeHcaTopa LO3BONAET YCTPAHATHL BIHUAHUO
eMKOCTH PYKH OOOPATOPA B LPOMECCe HACTPOIKH.

5-4. KACKATHOE COETWHEHHME OHOKOHTYPHBIX
YCIWINTEJ/IEN

TokasaTeneM KayecrBa YCHJIUTONBHOTO KacKapRa, DO3BOJRIOINM
CPaBHWTH PaaimMYHKe cCXeMH YCHIRTeNell, ARNAETCA NPONU3Be/IeHNo Koad-
dunuenTa YCRAEHMA Ha. HOJOCY UPOUYCKAaHWA. [InA TaHHOH CXeMH
KaCKaja 9TO MPOU3BEAeHU® LHOCTOAHHO. [loaTOMy molloCy mpomycKa-
HEA MOKHO YBEJIHYMTb TOJBKO 3a CUYET CHIDKeHms Koadduumenrta
nepegaun. Ha gaCToTax, KOTOpHE LPHMEHSIOTCA [JA pPagMOBENIAHAA,
3T0 He HakjNafHBaer CIHMKoM GOJNBIIAX OIDAHWYEHHII, TaK KaK HC-
MoNb3yeMas 3eCh HOM0CA YacTOT, KAk npasuso, He mpeehimaer 10 kI'n
B 10 coofpayKeHHsaM YCTOHUMBOCTY KodddMIUEAT YCHAEHLA ONHOTO
KacKaja penxo Bol6mpaercs Goaee 150.

Ha Gonee BHCOKEX uaCTorax WMHOrga TpefyeTcsd HMCTB IOJAOCY
DOpAAKA HeCKOJNHbKHAX MeTrarepl, M B 3TOM Clyyae yCHIeHHe Ha OJNH
Kackan Oymer orpamuuenc. [{Aa monywemna 3afaHHOT0 Koaddmumenta
mepefiaim  4acto OmBaer HeoGXONWMo UPHMCHATL MHOTOKACKajpble
ycunuTenu, B clyuae MHOroKacKagHOTO YCHIHTENd, COCTOAMETO H3
HeCKOJILKAX CcOeMHEHHKIX WHOCJIEJOBATENBHO OJMHAKOBLIX KaCKamoB,
HoKa3aTeJleM KaueCTsa Y/Ke HeJb3d CYATATh HPOHU3BedeHMe OGIETo
xkooddunmenTa mepegayn B ctemeHd 1/n ® obuieil momocH DpOnyCKaHHA,
TOe n — 9ACAC KacKagos ycuaureds [36]. C yBenmuemHeM 4YHCIA
KaCKagop o0mMad wojloca TPOMyCKaHMs yMeHbIaeTcd. ITpmOamxenno
9Ty 3aBHCHMOCTE MOKHO BHPA3NTb CHEAYIOMUM COOTHOMEHNEM:

B,=B/(12V n), (5-19)

rge B — monoca nponyckag¥sa OHEOTO Kackapma; B, — moloca mpo-
OYCKAaHEA n-KaCKajHOTO YCHAKTENA.

[Tpouspesierne xoopduuuenTa 1epepasn ya woOAoCY NPOLyCKaHAHA
MHOTOKACKajHOTO YCHANTRIH TCHCPH 3amimieTcsl B B

|
Kl/nB — gr _ (5_20
" onc 1,2V’ )

OTKYy/18

gr 1 1
Bn= — . 5-21
" one 12V n KT (>-21)
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Tlugdepernuppya (5-21) mo n w npupasEMBAA HYAO, NOJYdaeM,
YTo 110J0ca TPONycKagHa Oyuer MakCEMaiabma opu n = 2 In K. Cne-
ROBATCADBHO,

K=e™2 u KUM—,2_1 65.

910 o3mauaeT, YTO JNA [JAHHOIO THNA YCHIHTENA LPW 3afaHHOM
ob6meM wxoaddmumeHTE mepepaym MaxcHMajbHas# MWPHEHA TOJOCH
nporycKaous HojyyaeTcA B TOM cilydvae, Korga KoadduimenT nmepegaun
oTHeNBbHOTO Kackana paseH 1,65 (wim 4,34 aB).

HanprMep, HCOONb3YH CXeMYy pe30HAHCHOTO YCHJIWTENS Ha mHone-
BOM TpaH3HCTOpe, paccunTamgyio B npumepe 5-1, meobxopudmo Ha ga-
crore 30 MT'y obecmeunts obmmit Koadduumnert mepepaum 70 nB mpe
MaKCAMaNBHOM WOJOCe WPONyCKaHMA. :

Eca® npegmonouTh, KaK U panee, 4T0 Napa3uTHAA €eMKOCTh CXEMBI
paBHa 28 n®d, To npe mEAyxTEBEOCTH 1MKI'H B KOHTYpe He Han0 WMOTH
cuenuanbHOro xoHAueHcaTopa., Yncao xackagoB n = 70/4,34 = 16;
Kl/an= 4 _

2nC 1,2Vn
myckam¥Ma paBHa B, = 2,36/1,65 = 1,43 MI'u.

VYBonuyenue numcna KacKafos CBhlme 16 npuBegeT K yMeHbmie-
HHI mojocH npouyckamusa. I[IpuBeneHRmil mpuMep HoKasHBaer, Ha-
CKOJIbKO BaKHO UPH HPOCKTHPOBAHMH MHOTOKACKANHHX pPe3OHAHCHHX
yCRAmTONell yuuTHECaTh OpPOW3BeJcHHe KoadduiueRTa mepepnade Ha mo-
Jdocy mpouyckaHud. OfHaKo B clydae OpMMeHEHMA LONEBHX TPAH3H-
CTOPOB MOXKHO LOJYIHTH TO ’Ke HpomaBefeHne Koaddmumenta mepemaun
Ha TOJIOCY HPOUYCKAHUA TIPH 3HAYMTENHHO MOHHIIEM YWCJle KaCKaMloB.
HaopmMep, mMAPOKOmOJOCHHH modesodl Tpam3uctop .TWma BFS28
uMeer gp = 12 MCMm. Ilpomspenenne xooddrumenta wepegaum Ha wO-
J0CYy uUpOOYCKaHWA PaBHO g/ (2nC), WOITOMY JABHHER TPaH3HUCTOP
B OTAOJNBHOM KacKafie Moder ofecneunTts mpomapelenme 68 MI'm, a gan
MONY9eHNMs TOTO jKe Pe3ynbTaTa, YT0 W B LPHBEJOHHOM BHIIE WUPH-
Mepe, moTpeGyercda AMmb TPE KacKaga. [[eficTBHTenbHO, oG KO3d-
¢rnmenr nepepagrm paeer 70 B mam 3162, cnemoBaTenbHO, HpH Tpex-
KackagaoM ycHnuTene KoadduiieHET mepegayd Ha OfMH Kackapj paseH
V3162%15. Ilonoca mpomycKamua OTAENHHOT0 KacKaga paBHa
68/15 = 4,53 MI'u, a monoca mpomycKapHMda TPCXKaCKAJHOTO YCHMIN-
TON A

= 246 MT'u. CnemobarenbHo, mOAOCA Mpo-

B,=4,53/(1,2V3)=2,2 MI'y.

5-5. YCWJIATEJIA C PACCTPOEHABIMYA KOHTYPAMHA

Ionroe COLPOTUBIOHAE LAPaJIe]HHOTO PE3OHAHCHOTO KOHTYDpa
6uno onpepeseno B supe (5-7)

- Z— Rd
ISR N
B2
Tar xax f/f, — folf = 2 (f — fo)/fouid = B/f,, 10 Z = RTZ_—H—I.
Tne © = f — f, — BeNM4YHHA PACCTPONKM.

Hanee, nonaras B = 2, mojyuaeM:
Z/IR=1/1+jx) (5-22)
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HAE 10 MOAYNIO
Bl Y+
910 ypaBmenme npefcraBafer cofoii NOPMANV3IOBAHEYI0 KDPUBYIO
uwabupatensnoct® (puc. 5-9). M3 Hero ModcHO mMojyusTh 9YACTOTHYIO
XapaKTePHCTHKY N:10Gor0 MapajlielIkHOTO KOHTYpA.

%

Puc. 5-9. Hopmanuzosan- Puc. 5-10. Hamenenme ¢opmm
HafA KpHBas uaGuparteis- KpHuBoii u36HpaTeNbHOCTHE B 3a-
HOCTH. BHCUMOCTH OT n.

Qopmyny (5-23) MoKHO BanECaTb B BHJ®
‘ Z| 1
R vV Farmy

CuefioBaTebHO, HOPMaJE30BAaHHAS XapaKTepuUCTUKa Ba3GHpaTesb-
HOCTH ABJAETCS YACTHHM caydaeM nps n = 1. Takem o6pasom, dopma
XapaKTepRCTEHKY MEHACTCA LPH W3MeHEeHHH YHCJIA KacKaloB n, Kak
noxasado Ha pmc. 5-10. C yBeNHueHWeM n Nojloca MPOMYCKAHAA Ha
ypoeae 3 nB ocTaercs HeusMeHHOH, BepOEHA KPHBOH CTAHOBUTCH
Gonee DIOCKoM, a cama KpHBaf cmapjaer Gojlee KpyTo.

Tabnunma 51

HpuseneHAe PacCTPOSHHBIX KACKANOL sl MOCTPOCHHSI
MIOTOKACKa;IHOr0 YCHJINTENA € NoJocoii mponyckannma B
HA "acToTe fp

n Heof6xoouMne OOHOKOHTYpDHBIE Kackalhl

2 JIna xackaga sa uacroTe f, + 0,35 B upn ¢=0,71 B

3 JBa Kackapa Ha gacToTe fo + 0,43 B npu ¢=0,5 B
Onmm xackaj Ha 9acToTe f, upn 6=BhB

4 Opa rackapa Ha uacroTe f, +- 0,46 B opu ¢=0,38 B
JBa xackana ma gacrore f, + 0,49 B mpu ¢=092 B

5 JABa rackaja Ha uacrore f, *- 0,48 B upu ¢=031 B
JlBa Kackaga Ha uacrtore fo+: 029 B upu ¢=081 B
Opme Kackaj Ba yacrore fo upn ¢=2PB
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MoxBo woRazath [368] uto wRamayw W3 aTHX XapaKTePHCTEK
MO}iHo CHHTE3MPOBaTh ¢ MOMOMUIBI0 HECKOJABKHMX pAacCTPOSHHHX peaso-
HaHCHHIX KacKaJloB, KaKk mokasaHo B Tabxa. 5-1, roe depes b o6o3madena
nmojioca MPoNnyCKABAA OTAEABHOTO KacKaja.

HeobxonmMo oTMersiTh, 4Yro mofloca OPONYCKAHHAS oTAENbHOTO
KacKapa B GoJALIHNCTBE CJy9aeB MeHbIme 1o CPABHEHHI0 ¢ 11070COH
BCero MHOroKacKapHoTo ycunmreisi. ClefoBaTelbHo, YCHARTeNb C pac-
CTPOCHHEIME KOHTYPaMA MoKeT ofecmeunTs GolblDee NpPoHR3BefeHHe
Koa¢pdrumeHTa nmepenads Ha MoJ0CY, Y4eM LpPH KACKAJHOM COeRHCHHA
YCENATeNeH ¢ 0OARHAKOBO HACTpoeHAHMA KoETypamH. ITo sToi npraude,
a Taxe Gnaropaps KpyroMy cnajy KpEBoH H3CHpaTelBHOCTA CXeMH
yCHIATeNled ¢ PacCTPOEHHHME KOHTYpPaME HaXOAAT NPEMeHeHHEe HA
OPaKTHKe,

IIpumep nmpoekrmpoBanma 5-3. Tpefiyerca paccumTaTh YCHIHTEID

C xapakTtepHcTEKOoW usfEparenabHocTn, umeomeit dopmy _V_lT_‘;
x

(n = 3) Ha uactore 50 MTm, ¢ nonocoit nponyckanus 6 My B Koad-
¢rnmenTOoM nepepaunm 60 nb.
N3 rabn. 51 gaA n = 3 HaXOfAM XaPaKTePUCTHKM KACKAJLO0B:
1) Kackap ma uacToTe 50 MT'n ¢ monocoii s = 6 MI'n; 2) KacKap
Ha qacrore f, + 0,43B = 52,78 MI'nm ¢ monoco#t ¢ = 3 MTIy; 3) Ka-
cKan Ha gactore f — 0,43B = 47,22 MT'n ¢ nonocoit ¢ = 3 MT'u.
Kosgdrumenr mepepauu oadoro Kackaja pamern 10 mam 20 pb.
IIporsseneane KosddruumenTa Uvepegauyl Ha MoloCy TPOMYCKAHHA
JJISE TIEPBOTO KacKajla paBHo 60 MTI'm, a mnA BToporo m Tperbero —
30 MTu. ITpomapenenve KoaddEmEeHTa Hepefad® Ha MOjoCy OIpene-
JIAeTCA 1O lgopmyne (5-10)

KB =gq/(2nC)

B ApadercA Bau(oibUINM ANd NepBOro KacKaga. CuepoBaTennHO, 1O-
naras, Xax B paHee, emKxoc1b papHo# 28 n®. maiinem TpefyeMoe 3Ha-
4eHHEe KPYTHBHH!

gr="00.100- 25 . 28 - 10-12=10,5 MCwm.

Taxmm ofpa3oM, MOKHO HCNOAL3OBATh TPaHZHCTODH, HMeIOmMue
KPYTH3HY xapakTepmcTEEM 12 MCM. JleTanpHafA cXeMa KaKAoro m3 Ka-
CKAKoB HMeeT TaKo# Ke BHE, 4YTo B B mpHEMepe 5-1.

5-6. IBYXKOHTYPHBIE CXEMBI

JBYyXKOHTYpPHHe CXeMH IpEMeHAIOTCA B Tex CAY4aAX, Korga Tpe-
Gyercs mepegaTh MoJoCy YacTOT OTHOCWTEABbHO NEHTPANbHOH (HKCH-
popamEHOH uacToTH. CBABL MeKQYy MABYMA KOHTYPAMA MOMKeT OHIThb
WEAYKTEBHOH, eMKOCTHOH HJH KOMOMHEpOBaHHOM, T.e. MHIYKTHBHO-
emKoCTHoit. HamGonee mMpoKo nNpEMeHAeTCA BHIYKTABHA# CBA3b
MeK[y KOHTypamH, HanpEMep, B OJ0KaX DpoMeKYTOVHOH 4acTOTH
cylepreTepoflHHHERX pagRonpReMAuxos. IloaTomy panee GymyT pac-
CMOTpeHH  JBYXKOHTYPHEE CXeMH  TOABKO €  MHEIYKTHBHOHK
CBA3bIO.

CxeMbl ¢ HARAYKTHBHOH cBA3BI0. CXeMy C HHAYKTHBHOH CBASHIO
MOKHO TIpENCTaBWTL B BU/Ie DKBUBAJCHTHON CXeMn Ha pmc. 5-11, rpe
Z, — nojBoe CONUPOTHBIEHHE MEPBOTO KoHTYpa, Z, — ToAHO® COMPO-

THEBeHAE BTOPOro KoHTypa, a M =k} LiL; — BsauMBpasg WHAYKTHB-
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HOCTP ME)KAy HHEMH. TaKle cXeMy MOYXHO ONHRCarh CaelyoUAMHA Xa-
PaKTePRCTAKAMHA:
CONPOTHEBACHHME CBA3W MEXIy BTODBIY KW TMEPBEM KOHTYPOM

Zy = (0M)?/Z,; (5-24)
HOOJIHOe YKBHBaJeHTHOe CONPOTHBJICHHE nepBoro KOHTYDpa
Z{=2Z+- (oM} Zy; (5-25)
TOK B NEPBOM KOHTYpE
P — (5-26)

= 2,4+ (oM)?/Z, ;

HaOpAMOHWO, HABOJOHHOS BO BTODOM KOHTYDe,

Uy=— JoMI; (5-27)

TOX BO BTOPOM KOHTYDe
___JeMI, joMU 5.98
== =" 7z, thE" (6-28)

Ecam BsaWMEAf RHIYKTHBHOCTh HEBeJRKa, TO OpPH Goabioom
COTPOTHBAGHAN BTODPOTO KOHTYpa Z, CONPOTHBIeHRe CBA3H OymeT
MaakM. [IpH 3THX YCHOBHAX TOK B

" M o NMepBOM KOHType OyfleT HOYTH Ta-
I KHAM jKe, KaKk NPDH OTCYTCTBHHN TOKa
I I, BO BTOpoM KoHType, Fcam ke B3a-

‘: I;) z, Zz MMHAA WHIYKTEBHOCTh 0OJble, a
I CONPOTEBAEHHE BTOPOTO KOHTYDa Z,
w MaJ0, TO CONpPOTHBIEHHC CBA3M Oy-

mer GoapmmEM. Ecau conpormBie-
Prc. 5-11. IxBUBazeHTHAR cXe- HUe Z, MMeOT DPeaKTMBHHIH XapaxTep
Ma ABYX KOHTYDOB ¢ UHAYKTHB- C oOnpefelJeHHEM (asoBHIM YIaoM,
HOA CBA3BIO. CONPOTHBJIEHAE CBA3H HMMeeT TOT e

caMuii ¢aszosmit yron, HO ¢ mpo-
THBONOJO)KHEIM 3HaKoM. Ecam comporupiaenne 7, ABAAeTCA YHCTO
Pe3MCTHBHHIM, TO W CONPOTHBJIEHHWe CBA3W Oyner MMeTh DPe3MCTHBHHE
XapaKTep.

I
23 &

Puc. 5-12. XapakTepHCTUKH DPe30HAHCHHX KOHTYPOB € WHAYKTHBHOII
CBH3LI0 OpW PA3NRUHBIX 3HaueHRAX kosdduuymenta cBAzU,

- MapykTusHO cBA3aHHbIe cXeMBl ¢ BOHHBIM pe3oHalicoM. Bzanmo-
AieiiCTBUe IByX WHIYKTHBNO CBA3AHHEIX KOHTYDOB C OIMHAKOBOHl pe3o-
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HAHCHOH 4YacTOTOH B 3HAUATOABHOH Mepe ONpefieIACTCA CTENOHBH)
cBAsH me:kny HEmH. Ha pmc. 5-12 nokasaHo, kax HBMEHAITCA TOKM
B NePBOM W BTOPOM KOHTYpPAX B 3aBHCHMOCTHM OT 4acTOTH /A 4oTHpeX
3HaueHmit Kosddmurenra cpasm k.

KpmBrie I cOOTBETCTBYWOT OueHb MajoMy Koagduuu@enTy CBA3H,
M XapaKTePHACTAKH HepPBOTO I BTOPOTO KOHTYPOB 1MelOT HPH 3TOM
MO9TA Ty Ke caMyio $opMy, 4TO M [j1Ad OfHHOUHHX De3oHAHCHHX KOH-
TYPoB.

KpuBre 2 npencraBifiorT XapaKToPUCTUKM NepBOTO H BTOPOTO
KOHTYDOB 1JA CAy4ad, KOTga ¢BA3b MKy HUMH TaKoBa, YI0 COUPO-
THBJIGHWE CBA3M DPABHO Pe3OHAHCHOMY CONPOTHBIEHHIO [epPBOro KOH-
Typa, T. e.

(oM)2/Ry=R,. (5-29)

Taky cBA3L MOMIY KOHTyDaMu HA3HBAKT KpETHdecKoi. Ilpm
3TOM TOK BO BTOPOM KOHTYDe HMeoT MaxCHMaiabHoe sHaueHmo, Ilox-
crapaas B (5-29) BHpakeH@e IIA B3aUMHOR HWHIYKTABHOCTR M =
=kV L;L;, mocae npeoGpazopammii monyaum (PopMyly, OMpeNelsio-
my©0 KpRTRIecKHd Ko3$PHUUEHT CBA3M:

haep = e (5-30)

V0.0,

EcAM CBA3b MOMAY KOHTYPaMH cJelaTh 00abplle KPATHYECKOH,
TO XapaKkTepECTRKM npmrobperawt apyropGyw dopmy (kpmeee J B 4
Ha pHAC, 5-12), MaKCEMyMH YHAAAKTCA OT LEHTPAAbHOR YaCTOTH TeM
Gonblle, ueM cHAbHEe CBA3L MEXKAY KOHTYpPaMH. D10 MOKHO o0BAC-
HETH CaenyomuM obpasoM. ConpoTHBaeHH® BToporo KOHTYpa

Zy=R,+j (0L —1/(0()),

a CONpOTHBIEHHO CBA3N

z (0 M)?

4T R, 47 (@L—1/@C))

ITpr pesonaHce CONPOTHBAEHHe CBASA MaKCHMAJbHO W HOCHT
Pe3HCTHBHHI XapakTep. A TaX Kak o0HO OKAa3HBAeTCH BX/IOYCHHEIM
TOCAe0BaTeAbHO ¢ CONPOTHBAEHMEM NEPBOTO KOHTYpa, TOK B WOCJeN-
HeM mpm pesoHaHCe Oymer MEEMMainbHEM. Ha gacroTax BHIme M HI¥e
Pe30HAHCHO# CONDOTHBICHAS BTOPOTO0 KOHTYpPA CTAHOBHTCA DPOAKTHB-
HHM, COLDOTHBIAEHWe CBA3M MNPM 9JTOM TakKe GymeT DPEaKTHUBHEIM,
HO NWPOTEBOLOJOKHOTO 3Haka. Hanmpumep, HHIYKTHBHOE COLNpPOTHBINE-
HWe BHOCHTICA B TMOPBHE KOHTYP KaK eMKOCTHOe, DTo NPMBOJUT K 9a-
cTHuHOH HeliTPaAM3aUMA peakTHBHOTO CONMPOTHBIEENA NePBOro KOH-
Typa, CHIIKOHWI0 ero CONDOTHBAeHMA M B Po3yabrate K YBEIAH4EHMIO
TOKA B NEPBOM KOHTYpe.

Ecan ofa xoHTypa mMewT pasHhe fo0porHoctH , TO M BeIHYHHA
oGonx MaxcuMyMoB Oyner onrHaxosa. Ecan ske Qp u Q, He PaBHH, T OpH
3HAYATeIHHOM Y/JANEHIM MAKCEMYyMOB OT pe3OHaHCHOH YacTOTH HX
Bell4RHA OypAeT pa3nMdyHOH. .

TNpnaunosl  npoekTupoBaEMA. IloxasamHEe Ha JKBMBAJICHTHOU
cxeme Ha pHc. 5-13 CONPOTHBIGHHA HATDPY3KH KOHTYpOB R; B Ry BKI-
4aloT CONPOTHBISHHME CTOKA r'e WEPBOTO MOJEBOr0 TPAH3NCTOPA M BXO[-
HOe CONPOTHBIEHHe BTOPOT0 NOJeBOTo TtpadsucTopa. Hosdduument
nepegayd Kackaga B 3HAYHTeBbHOH CTeleHA 3aBUCHT oT AMHAMUYCCKOTO
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CONPOTHBNIGHHES KOHTYPOB H, CJlefoBaTeJbHO, (1A NoJdy4eHAsA GoablIoro
YCHIIeHAA COMPoTHBJeHRe HHAYKTHBROCTH [0J;KHo OHTH OOJBUIEM IO
CPBBHEHRIO C CONPOTHBJeHReM oMKocTH. OpgaKo peJMYBHA oTHoIOe-
mHA L/C, KoTopylo MoKHO RCMO/b30BATh Ha LpPAaKTHKe, OrpaHMYeHa.
IipmaAEa 8Toro 3aKM0OYaeTcs B He0OXOAHMOCTH HofjiepKaHEA CTaGHIb-
HOCTA 9aCTOTHI, YTO MOMeT OHTH AOCTHTHYTO JKWEL B Cilydae, Korjla
Iapa3sATHAA eMKOCTh COCTaBJsier He0OJBIIy0 9acTh POJHOM €MKOCTH
Pe301aHCHOM CXeMLI.

Tak Kak ycTpoiictso Ro/MKHO paborath Ha QUKCEpoBaHHON INeH-
TpaabpHoHl 9acToTe, OyeAb B&KHO WCKIIOUHTH BO3MO)KHOCTH PacCTPoiKM
Nnox BAWAHUEM TeMNepPaTyPHHX
uaMeHeHM#t. [lasA 5TOrO B CXEMO
00H4HO NpPeIyCMATPHBAOTCH BO3-
MOKHOCThP LOACTPOMKAE € IOMO-
Rl | © Ly L, Cz | |%2 1BI0 cepne'mngon. KoTopan

obecneuuBaer Gosee BEICOKYIO

o : ‘ ¢—0  CcrabuabHOCTH, 4eM C OMOUILIO

DOACTPOEYHHX KOHAEHCATOPOB.

C Uenb0 MoBHINeHEA CTA6HNE-

Pnc. 5-13. OxpHBajeHTHas Cxema HOCTH B KOHTYpaX pPeKOMeHJyeT-

ABYX KOHTYpoB ¢ HMHAYKTHBHOM Cfl OPEMEHATH CJIOAMHEE KOH-

CBA3LI0, YTHTHBAKWINAA BAHAHAEe JEHCATOPH C CePeGpAHEIM MOKpPH-
HarpysKH. THEM.

Nonyuenne pacaeranx ¢op-

MyJl ABJAAGTCA TOCTATOTHO CJIOM-

Ho# 3afaueil, ocoGemmo gns obmero cnyuas KOHTYpOB ¢ HepaBHEMII Q.

INlo aroff mpEmmEe obmme GopMynn 3meck He TPHEBORATCH, a MAAICH

dopMynu n[AA dacTHoTo, HO Haubolee pacupocTpameHHOTO Caynafd,

Korfla KOBTYPH BMeIOT PaPHHe B BHCOKMe 3HAYeHHA A0GPOTHOCTE UM

KPHTHY9ECKOU CBA3H MeIy HMMA. OTE QOopMyin HMEOT CJAOAYIOUIWH

BH[;
Hojioca TpoNycKaHAA ONHOTO KacKajga Ha yposme 3 aB

B=£,V2/Q=V2/@2nRC), (5-31)

OpoH3BeAcHAe Koaddunmenra mnepepadn ma MojloCy WpoNyCKaHEA
AnA opHOTO KacKaja

o ' ' —0

KB =V 2g:/(4rC), (5-32)
e C=VCC, 8 R=VRR,;
KPBTHYeCKAH KoopPROHEHT CBAZR
kip=1/Q (5-33)

Bau ¢ ydetoMm (5-31)
1 B

T 2fRC V2

EcnH HeCKONBKO KAaCKafoB Co CBSA3AHHEIMA KOHTYpaMB CoefHHA-
WTCA D0CHefoBATeNBHO, TO KoJloca TPONYCKAHAA n-KACKAXHOTO YCH-
amrens Gyner Membile HojoCH omHorTe Kackapa. OTHollleHEWe MoJloC
NpolyCKAHRA BHIpaKaerca QopMmynoi

ki (5-34)

Bn/B=1/(1,1nl"%). (5-35)
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Bro BHpaKeHHe HMeeT XOpollylo TOYHOCTb 0OpH GoNBUWIAX 3Haue-
HMAX n, @ OPE n = 2 ero To9HOCTH cocTaBifer oKoino 10% [36].

OcropHHE STanH NPOGKTHPOBAHHEA CJleJyIOriHe:

1. OpeHAT: NAPa3WTHYI0 OMKOCTb KaskfloTo KOHTypa m BHGpath
eMKOCTH NOCTOAHMEIX KoRASHCATopoB TaKEM o6pasoM, 9rofH BHDOIBA-
nocsy papererso C = C; = C,

2. OnpeaenATh WHAYKTHBHOCTh, NP KoTopoil KoHTYp ¢ BHOpam-
Holt eMKkocThio C OymeT BMeTh pe30HAHC Ha 3aJaHHOH NEeBTPaNbHOR
9acToTe.

3. PaccudraTh mpomspefeHRe KoopdunueHRTa mepegadrm Ha Mojocy
OpoNlyCKAaRHA AAA ofJHOTo KacKaga. Ecam pna monydemusa sagamaoro
kKoapdHnmenrta Uepepadr Tpe-

Oyercsi HecKoNbKo KacKagoB, O T O

To, Henonbayd dopmyay (5-35), £
Heo06X0oquMo OUpeNeJBTh, KaKyio
IMUpUHY NoNocH TpebyeTcA AMETH
B KaKgoM KacKape.

4. TlogcTaBUTh UWOJNY4YEHHOS 1
amaueEme B B Qopmyny (5-31) = 3¢ =
B HafiTR NoGpOTHOCTE Q KOHTY- 1
pos. 3arem w3 $opMyaH (5-33)
ONpeloNATE KPATHYECKHH Ko3d-
¢AnAOHT CBA3RA. ——o

5. PaccMoTperd BAUsIHHe Ha l Buixod

HOPBHA B BTOPOl KOHTYPH BXOA-
HOTO H BHIXOJHOTO COUPOTHBIE-

HBi{l TpaHsBCTOPOB H OLHHTD, T
eclIH 3T0 Heobxopmmo, coupo- © -
TUBNOHEA JeMNQRPYONRX De-  ppe 544 Cxema ycHAHTeNs, 3a-

ancT(ﬁpS:n.‘ ep  MpOCKTRpOBAREA MaHHAA [JiA pacuyera B HpEMepe 5-4.
5-4. TpeGyeTcA paccYATaTh 10-

70COBOH yCHAMTENb, cXeMa KoToporo mpmBegeRa wa puc. 5-14, ¢ uen-
TpanpHO# wgacrotoit 10 MTu, momocoit 250 kI'm w KooddmuEenToM
mepegaun He meHeo 2500.

Ina monywemns Gonbilofo 3HAY6HMA UPOR3BEJEHESA Koa(})dmlmemg
Nepefladl Ha MoJioCYy NPONYCKAHMA CHGAyeT HCIoJb30BaTh MONEBOR
TpamaBcTop ¢ GoMblNoit KpyTASHOH gr. Bubepem Tpanancrop Tana BF246,
KOTOpHIi HMeeT Clefyloiide UacHopTHHe aaEEHe: npR Ugy =15 B
ulgy=—3BIlc=12uMAmg = 16 MCum. IToaoxum, aTo ¢ ygeToM

mapasATHRX emrocTeid C = C; = Cy = 100 n®. Torga Modmo HaiTu
OpoH3BefieHNe KooPHIHeHTa mepefadu HAa MONOCY OPOUYCKAHAA IiH
OAHOTO KacKaja:

VigT= 1,44-16-108 48 My,
nC ~ 12,56-100- 10

CnepopartensHo, KoaddRnuenT nepegaqn paper: K = 17.108/(250 X
X 103 = 72.

TakeM oGpasom, 3anamHni Kospdmumenr wmepegadm 2500 nerxo
MoKeT GHTEL obecmeder gByMs KacKagamn. 113 dopmyam (5-35) mo sa-
JaHHOH mMoJloce Bcero ycHamreda 250 K@ MoEo npr n = 2 HaHTH
HoJlocy NpoIyCKaHAA ofiHolo KacKaja:

B=B, 1,4 -n/4=250.10%.1,4 . 21/4 =325 xIq,

O
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Y10ugMM sHaueHWe Koapduuyenra Depemad¥ AAA 3Tol NolocH
npouyckanus KB = {8 MIu, tak ato K = 18-.10% (325.10%) = 55.

CrmepoBaTenbHo, HeoOXOpMMHI KospduuuenT nepemaum Gyner
obecrnieden.

OnpepenneM uERYKTHBHOCTD: L =1/ (4n?f3C) =1/ (40-10M.10710) =
= 2,5 Mxl'n. U3 popMynn (5-31) maxopum HeoGxommmylo po6porHocTs
Q= fV?2/B=10.108.1,41/ (325.10% = 43 u xpHTHUeCKUil Ko3d-
¢nouenT cpAsd kg = 1/Q = 0,023.

TlepBuit KOHTYp HATpy)KeH CONPOTHBIeHWEM CTOKa r; TPaH3H-
cropa T, Kotopoe paBHO 500 xOm. BTopoii KORTYD mepmoro xackama
HATPpY)KeH BXOJHHM CONDOTHBIICHEEM TpaHSHCTOpPa [, OfHAKO HA 4Ya-
crore 10 MI'm 2T0 compoTEBAeHHe JOCTATOYHO BEIHKO M €r0 MOMKHO
He NPHHEMATH BO BHUMaHHe,

Uz dopmynn (5-31) HaxomuM peiicTBylOmee 3HaueHHe geMudUpyio-
1Eero COMPOTHRICHKA

R _ V2 1,4
nefleTs =580 T 6,28 325 . 10° - 100 - 10-12

971¢ 3HaveHHe MpeacTaBifAeT co0oil DKBHBANIEHTHOE CONPOTHBICHUE
napaiJe’bHOTO cOefAMHEHHA neMO(HpyIOnero CcompoTHBNEHMA, AWHA-
MHYECKOTO COTIDOTHMB/IeHHA KOMTYPa B COMPOTHBIEHMS I0OJEBOTO TpaH-
3HCTOpa, HATPY:KAKIEro KOHTYP.

Tpegnonoskmm, uro poOPOTHOCTE MePBEYHOM H BTOPHYHOH# Kary-
LicK wHAyKTHBHOCTH paBHa 100. Torga MOKHO ompejendTh AAHAMHYE-
CKoe cOonpoTHBIeHAe KOHTYDA

Ry =Qu,L=100.6,28.107.2,5-10-6=15,7 xOu.

== 6,9 xOm.

Urobu obecmeunts Tpebyemoe sHaueHHe Rpepers AJA BTOPOTO KOH-
Typa, COMPOTHBNeHKe NeMu(UpPYIOMEro PesucTopa KOMKHO GHTH paBHO

RyRuencrs 15,7.10%.6,9. 103
Ry— Ruencrs T 15,7.10°—6,9. 103 =

Juaamudeckoe CoMpOTEBIEHHE MePBOTO KOHTyDa COefMHERO Ma-
paliienbHo ¢ compoTHBleRBeM reo = 500 kOM. DKBHBaJIeHTHOE IIYHTH-
pyiomee cONPOTHBIICHRAE 3ToFo coeuHeRAsA Ry, = 15,2 kKOM. TaruMm ofpa-~
30M, B CcXeMy HeOGXOZHMO BKIIOUHTH geMOEDYIOIUHE pesmcTOp, CO-
MNpOTHBJEHNE KOTOPOTO

Ry Ryeticrs 15,2.103.6,9 - 107
" Ry—Ruencrs 8,3.103

Jna o6owX KOHTYPOB CONPOTHBIeHHe neMNPUDPYIOMBX pe3BC1u-
poB MoxHO BHO6paTh mo 12 kOwm.

Czema passssxu. CoNpOTHBNEHHE CTOKA e ¥ KPYyTH3HA I0JeBOrO
TpaH3WcTOpA gr OmH BmOpamm npn Ug = 15 B, Ecam uanpsixe-

Hile UCTOYHHKA muTagua E; == 20 B, 1o mapgeHNne HanpsKeHHA Ha pas-
BA3HBaKOMeM peducrope Gyner cocraBaate 5 B. Torpga coupoTHrneHue
pasBA3HBaomero pesnctopa R = U/l = 5/ (12-107%) ~ 400 Owm.
Br6npaem crangaprHoe conpoTunienRe 470 Om. Urobu Hanpske-
Hile CHTHAjJa 3aMBIKANOCh HA 36eMII0, DasBABHBAKMHE KoHJeHCATOP
AOKER HMCTh HeGONBIIOe CONpPOTHBACHRe 10 CPaBHEHMIO ¢ CONPOTHB-
Jcmiem peaucropa. Ha gactote 10 MLy xoHpencarop emrocthio 330 ud
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12,3 xOm.

= 12,6 xOm.

UMee? peaxTHBEOe compormBiaeRme 48 OM, KoTopoe BnomEE YaoBICT-
BOpAeT 3TOMy TpebOBaHHEW,

Pexxnm paboTH N0NeBOTO TPAH3ECTOpA ORI paccyBTalH B MpuMepe
5-1. B npueefleHHOM HpPEMepe 8aaia pacyera HBYX DE3OHAHCHHIX KoH-
TYPOB pemajach CPaBHATEABHO OPOCTO N0 TOHX NMPHURHE, IFO 3a2U-
HEle yCHOBAA He OHJIE CAHRIIKOM JKECTKAMB., B Tex cayyasx, Korfa
KOHTYDH [O/KHH HMeTb BHICOKYI0 no6pormocTs, a compoTmBheHUsA
rc M ¥y TAKOBH, 4TO KOHTYPH CTABOBATCA HeCHMMETPHYHRIMH, A
pacueTa MOXKHO HCIONDB30BATh METONMKY, ouRcaHHyI B [38]. Ilpu atom
Npennoyaraerca, 4T0 TpaHCPopMATOP B HEHAIDYKeHHOM COCTOSHHHU
MMeeT OfMHAKOBHE B3HAUEHHA AOOpPOTHOCTH Kak B INepBHYHOM, TaK I
BO BTOPHYAOM KOHTYpe. JIoGpOTHOCTH HeHATPYKEHHHX KoHTYPOB Qy
A Qg, AOMKER HMeTh TaKue 3¥a4eHUA, YTOOR MpA BKIIOYeHWHM KOHTY-
POB B CXeMe yCHNMTeJfl, KOTHA OHA Harpy:KeHs COOTBEeTCTBeHHO COIPO-
THBJIEHHAME ro M ry, BHIOJNHEAIOCH PABEHCTBO

Q = VQHIQH2’

rae Q — pobporHOCTh, HeoOXopmuMas 1JiA TOJyYeHHA 3afjaHHHX K0dd-
¢HEimenTa Mepegadd B IOJNOCH.

§-7. PE3OHAHCHBIE YCHJ/INTEJIA HA BHANIOJAPHBIX
TPAH3NCTOPAX

Heo6xoquMHe TeOpeTHYECKHe BONDPOCH, CBA3AaHHHE € AaHAJIH30M
napalileIbHOTO Pe3OHAHCHOro KOHTypa, MANoHkeEHH B § 51 m 5-6.
Tlepen TeM Kak MPHCTYNHTH K H3N0)KeHHIO BOMPOCOB IPOEKTHPOBAaHAA
Pe3OHAHCHHX YCHIHTeled Ha OGHIOAADHHX TpaH3HCTOPax, HeobXo-
ANMO PACCMOTPETh HX XAPaKTeDACTHAKM B gManasoHe BHCOKMX 49acToT.

BoiGop cxembl. YacTOTHYI XapakTepHCTHKY TPAaH3HCTOPA MOMKHO
BHPa3HTh € TOMOLIBI0 YAcTOTH, HA KOTOpOH xoaddunumeHT mepegauu

TOK2 yMeHBIaercA B ¥ 2 pas OT ¢BOero sHAYCHHA Ha HHUBKHMX 9YacTo-
tax. Ha 3Toil yacrore HadWHaeT OHICTPO HM3MeHATHCA ()a30BHA CABHT,
KOTOPHIf MOKCT OKa3HBaTh cyIecTBeHHOe BJIHAHWE HAa NOJNydenue
YCTOMYMBOTO yCHNeHHA B {HANA30HE 4ACTOT. JT2a 4ACTOTA HA3BHBAETCA
NpefienbHEOH 4acTOTON ycHIeHEA B oGo3Hadaercd fq naA cxemm ¢ OB
m fp Ans cxemm ¢ 0. IIpEGAKEEHAYI0 CBA3b MeKLy STUMH 9aCTOTAMH
BHpaKaeT COOTHOmeHMe f, = ffg, B3 KoToporo BHAIHO, Yr0 cxcMa
¢ OB uMeeT 00aCe BRICOKYIO NpelleNbHYI 49acToOTy yCHAeHHA 10 CpaB-
HeHHIO ¢o cxeMoit ¢ 03. OgHAaKo 3TO cOBCeM He 03HA4aeT, 4TO B Auana-
30He BEICOKMX 4acTOT NIpefuouyTHTeJbHee HcuonasaoBarh cxemMy ¢ OB.
B HacToAmee BpeMsA NMEITCA TPAH3UCTODH ¢ ROCTaTOYHO BHICOKOIM
npezoAbHOM 9aCTOTON fg, 9TO BO3BOAsET NPEMeHATH KX, HanpnMep,
B YCHIHTENAX MPOMEKYTOUROH 4acCTOTH B CXeMO BXKJIOUeHHA C obuum
amutTepoM. Takan cxema ofecmeunpaer Gomee BHCOKHE Koddpdumucmr
nepefavn TOKA.

BhicoKo9acToTHAA SKBABAJCHTHAA cXeMa. JKBHBAJEHTHHE CXeMH,
npuBefiedHHe Ha puc. 1-34, mpu pacdeTax He MOTYT AaTh TOYHHIX pe3yJib-
TATOB, TAK KAaK OHN He Y4YHUTHIBAIOT pas3auuHHX 3PdexToB, mpHcyiyrx
TPAH3HCTOPY Ha BHICOXKHX dacToTaX. BrHcoxouacrotHHe addexTH Ham-
Gomee XOpOMO ydTeHH B 3KBHBAJEHTHHX MopuduumuposanHoii T-o6pai-
Holl B rubpupHoit TI-06pasHoii cXeMaX, KOTOpHe COOTBETCTBEBHO IIPCi-
CTaBAAIT cxeMy ¢ obme#k 6azoit H cxemy ¢ obmum amurrTepoM. Obe
cXeMH MoKa3aphl Ha pHc. 5-15, Ho palee Gyper paccMoTpeHa Jliulb
rubpugaan Il-o6pasHas oKBHBaJeHTHAs CXeMa,
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HHaK07aCTOTHHO A-HAPAMATDH cXeM Ma pc, 1-34 cBAsaHHN ¢ mapa-
merpamu Il-o6paszHOll SKBHBAJGHTHON CXeMh ClellyloIEMA COOTHO-
HICRAAMA:

r(—),a=h2‘a/gT; r6,6=hua—r6,a;
r reo/t r L
6'r = 7'6'a/ 1207 Ko — ;
12 hags— (1 +hy10) 861 *
Corg=5b.
6'a
2“7‘1"6’3
CemBone B stux opMynax 03HAYAlT: g — OMAUYECKOE COMPO-

THRJIEHUe, COCAUEAIONEE AKTABAYI0 §6a30Byi0 00/1acTh ¢ BEEIIERM BHIBO-
nom 6asu 6; rg,, — COUPOTHBJIEHME, YURTHBAKOMEEe TOK PeKOMOHHANHH

6a3H, KoTOpHil BOSHHKAET NPHM LOBHIMEHAN KOBIECHTPAUHH HEOCHOB-

Care

Puc. 5-15. I'nmGpnnran Il-oG6pasnan (a) m MogndunmpoBasran T-obpas-
HaA (6) oKBHBaJeNTHHE CXeMu GHIOJAPHOrO TPaR3WCTOPA [JA AHana-
30Ha BHICOKMX 4acCToT.

HHX HOCHTeNell B GazoBoil 06nacTR; rg,,, — CONPOTUBIEAME, YURTHBAK-

mee BARAHAE BHEYTPEHAel OGPATHOH CBABA MEKAY KOJAJNEKTOPOM X
B Gazoit 6'; Cg, — nndQysHORAaR eMKOCT> DMATTEPHOr0 HEPexofla;

Cge — €MKOCTH KOJUIGKTOPROFG Iepexofa; fi — yacToTa, Ha KOTODOi

MOmyNb hy,; paBeH epnsune; f — xoad@EIUEHT Tepefaud ToKa B cXeMe
C 00mMEM IMHTTEPOM.

ConpoTHBNEHAE rg.,, KAK LPABHIO, MAajo, UOITOMY BIMAHEEM

eMKOCTE Cg,, 9aCT0 MOMHO mpemeGpeus, Bamamme xoanexropHok

' eMKOCTHE OKasmBaeTcr Gouee cy-

5 5t 5’ U K  UIeCTBEHHHM, TaK KaK OHa IIyH-

TAPYeT MHOCTaToO4Bo  Goabiuoe

COUDPOTHBJIERNE. 3JTa EMKOCTDb

Tty Csry gr¥s’?  Momer mpMBecTH K BEAUHTENB-

T 3 HOMy YMEHBIIEHMI0 MOJIOCH Hpo-

O [OyCKaHHAA K, KPOMe TOTO, Yepes

HEe MOMeT  OCYUEeCTBAATHCH

Prc, 516, Yupomemmas rmépmp- BBYTPeHEAA oGparHas CBA3b H3

BRan Il-o6pamans oxBHBANeHTHaf  BHXOFHOHR KOJJIEKTOPHOH memE
cXeMa. Ha BXof. JIIA BHCOKOYACTOTHHX

TPaH3ACTOPOB 3HAYEHHA Mapa-
METPOB 7'g.y U ry, OKA3HBAKWTCA
HACTONBKO GONBIMNAMA, 4TO HX BJRAHAEM MOHO mnperebpeus. Com-
POTHBIEHRAEM Ty, MOMHO UpeHeGpedsr B TOM Clydae, KOTa Compo-
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THBJICHH® HATPy3KH Majio IO CPABHEHMIO C HHM,a CONDOTHBHEHAO Ty

MOYRHO He YINTHBATH, €CJIH Ha BRICOKAX 9acTOTAX OHO BEJIHKO 110 CPaB-
HeHHMI0 C PeaKTHBHHEM COUPOTHBIEHAEM EMKOCTH Cgyp.

C yuerom 318X gonymenmii rmbpupuan IT-o6pasmas SKBABAJEAT-
HaA cxeMa Ha pmc. 515, a Moxer GHTH UpejcraBiaeHa B yuponleHHOM
Bufle, KOTOpHH mOKagzaH HWa puc, 5-16.

5-8. HENTPAJIN3AIINA

C BospacraHHeM 4acTOTH peaKTEBHOE COLPOTMBICHHe eMKOCTH
Ce'i  YMCHBIIAGTCA, B pesylbTare 4ero yseAMuMBaeTcH OGpaTHaA
CBA3L € BHIXO[a TPAH3ACTOPa Ha ero BXOA. B umpuEUMme MOKAO MOCTa-
BUTH 3ajlady LOJHOTO YCTPaHeHER oGpaTROM CBA3M Yepes 3Ty eMKOCTb,

—
" —

Puc. 517. Tubpnmaan II-o6pasman 3KBMBajleHTBAA CXeMa ¢ BHOIIHeH
Hewsw o0paTHOW CBAZH.

OpHako Golee pealbHHM ABJMAETCA TaKOH HOAXO[, KOTAAa OCYMECTBIA-
eTcA JMIIb YacTHYHAA Hefirpanusauma obpaTHoil CBA3M uepe3a em-
rocth Cy, ., UpH KoTopo#l BauAmmeM oGpATHOH CBA3H MOKHO Hpeme-

6peus.

Zyr 557

Pnc. 5-18. IlpeoGpasoBammana »x- Pmc. 5-19. JxsHBaneHTRaA CXe-

BUBAJEHTHAR CXeMa TPAR3MCTODA. Ma TpaH3WCTOpa, YUPOMIERHaR
OyTeM DPAMeHeWHs TeopeMH 06
3KBHBAJCHTEOM reHeparope.

Ha pmrc. 5-17 noxasama rEGpnaman Il-oGpasHan oKBHBajNeATHAR
cxeMa ¢ uenbo obpaTHo#f cBA3M (MeiiTpanausaumn) Zyy, Ha KOTOPYIO
DOJAETCA CHrHAJ, 3aBUCAMMEA OT BHXOJHOT0 HanprKeRmnA.[nA ycTpa-
HeHHA BAWABNMA ofpartHolt CBA3M uepea eMroctk (g, HeoGXoMMMO
ofeceynTh TaKAe YCHOBAA, UPH KOTOPHX HAUpAMKEEHe u; Ono Gh
PaBHO HYJNO npu moboM 3WadeMAM BHXONROTO RanpsyKeAHS U, Ecau
OPUMEHUTD NPUHIHUN CYyHepHO3ANAN, TO HAUpPFHKERAe u; MOYKAO 3adH-
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cATb B BHIe CYMMH /ByX WieHOB, OHH H3 KOTODHX OJIpefelfeIcH
BLIXO[{HHM HaOPA)KeHMWeM u,, a BTopoi — remepaTopoM Ku,. Temepsn
cXeMa Moxker GmTh OpeofpaszoBaHa K BEAY, KoTOpHIl TOKA3aH Ha
Prc. 5-18. Ha aToii ¢XeMe BBefeHH Clefyiollie 0003HA9eHUS:

T6's
L= 14 $CorTgry
V/
uj =1, L T
Zl+ SCG’R

HanpHeiimee ynpomeRHe cXeMH MOKHO HONYYATH, HCMONB3YA
TeopeMy o6 sKBHBajleETHOM TeHepaTope. Takas cXeMa mnpuBefeHa
Ba puc. 5-19, raoe

Zy

2T+ 50,2,

HpHMOHHH OPABLAD cymepro3RUEN, MoXHO 3aMCaTh BRIp2iHeHHe
IIA COCTABIAKIIMX Uu;, KOTOpPOE OUPEAeNAeTCA HANpPAKeHHEM u,, H
BHIpajKeHAe A COCTABIAIOUINX u[, KuTOpoe OUpefeJACTCA reHepa-
TopoM Ku,:

¥/

i
M= ZHT+TG'5+Z2 ') Zl+1/(scﬁ’r<) ‘e

Z,+rgg )
ey Bt ),
“ \ Zﬂr+r6’6+zz "

__ZL_A X
Zl\(.l.—1-7'66,+Z2
Z Z, 4-re )
1 2 6'6
_  u,—K <__;.— .
. <Z1+1/(SCG'R) “ an+r6’6+zzl “
Npr u; =0

CaeposatensHo,

=i +uf =(

ZurZy
Z, - 1/(sCﬁ.R)

Pemas orHocmTensHo Zyy M DOACTABAAA 3HAUEHMA [IR Z, U Z,,
ooNyyaeM;

=K (Zg—l_rﬁ’ﬁ)'

Z,—K ( C""") X (14 Jos (5-36
=NTg, 1+ + . ] )
HT 6’6
CG’K SCG'K 7'6!3

CrnepopaTearbno, uenbs KoMmeHcHpymoueid o6paTHoN CBA3M RolrKEA
COCTOATh W3 HOCJefloBaTeAbHO CoeMHEHAHBHX pe3WcTopa R B KoHueH-
catopa C, BeNWIMHH KoOTOpWX OHPENENAKTCA COHPOTHBJICHEAMA
Il eMKXOCTAMM TpaH3ncTopa H KoagdHumeaToM obparHodt cmAsm K.
EMKOCTB KOHAICHCATOPA B NETH KOMITeHCAUHAE YACTO IPHGIMKeHH0 MOKEQ
cuntath pasHoii Cg. /K. Korma rtpamsucrop paboraer Ha gacToTax

HIWXe fg, B DPAKTHIECKEX cXeMaX MPHEMeHRAIOT nenb HeHTpaJR3ainAd
Ge3 pesmcropa — ofME TONBKO KCOHJEHCATOP,
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Bufop TpaEsHcTopa. Llens HeliTpaamsallRE myHTEpyerT BXO{HOO H
BEIXO[lHoe COLPOTHBACHHA Kackafa, a 6MKoCTb 2Toil LENH ABIAETCH
4acTBI ©MKOCTH KoHrypa. CxefoBatenbHo, Heo0XomAMo BHGEpaTh
TPaHsHCTOpP, MMelomui HeGoxpmylo eMKocTh Cq.., TOTAA B DMeOE Heid-

TPalH3amdl LoTpe6yeTcA TakKe He-
Goarman eMKocTh. jHemaTenpHo Tak-
e, 9To0H CoCTaBJIAWILIMe BHYTpPEH-
Helt pem# oOpaTHOW CBA3M He WMelR E;‘°
caumkoM Goapmoro paabpoca. am
paGotu B cxeMe ¢ OD TpaB3mcTop A0N-
’KeH HMMeTh npefelbHYl0 9acToTy yCH-
NeHHRA f,, upubixmsmATensHo B 10 pas
Gonpmylo pabodedl 4acTOTH KacKaja.

IIpruuymsl  OpoeKTHEpoBanuA. 11pr
NPOCKTHPOBAHKEA TOJOCOBHX YCHJIHTE-
Jeil Ha ToNEBHX TPaH3HMCTOpPax OCHOB-
Hoe BHAMAaHWEe YAENAETCA YCHIEHHIO
HaOpPA)KeHAMH, AJA Yero yCHAHATeNb
HoMmKeH nMeTh OoJbmHe BXOOHOE U
BHXONHOe coupormBieERA., Ilpm atoM - Pmc, 5-20. CxeMa ycmautens
OPAKTRYECKH He YYHMTHIBAGTCA BOUPOC ¢ MEHOYKOH HelTpaiu3alBsM
nepefayd  MoINHOCTH. DBRAOOAAPHEHE [AA Opumepa 5-5.
TPau3NCTOPH WMET CPaBHATEJLHO He-

Goablime BxXogHoe W BHIXOQHOe COOPOTHBAEGHAA U, CJIEJOBATE]bLHO,
OHM OKa3LBAKOT CYylleCTBeHHOe BJIMAHHe HA HOGPOTHOCTH Pe3oHAHCHEO-
ro KoHTypa. 9TH COOPOTHUBJIEHUA 3HAYH-
85" 5 TeJbHO OTJIWYAIOTCA, HOITOMY, KpoMe LO-
AydeHnA TpeGyeMoii mollocH npomycKa-
AAA W HM30HPaTeAbBOCTH, pe30HAHCHHIA
Lo Ly tpaEcfopMaTop AOMKEH BRIOAHATHL POJb
T T YCTPOHCTBA COTNACOBAHHMA COIMPOTHBIe-
: ] BHil [udA Toro, 9To6n oGecueynTts sdder-

THBHYI0 Iepefady MOIHOCTH.

CxeMa ycmiueEusa Ha OGOHH0OJIAPHOM
Pmrc. 5-21. DKBuBaJeHT- TpaH3MCTOpe HOKazaHa Ha puac, 5-20. B
HaA cxeMa, ompeaendoo- 3Toi cxeMe Ku, moiydaeTcA €o BTOpYY-
maA BXofHOe COLDOTEB- HOH OOMOTKE TpamcopmaTopa, a /( obee-
JleyAe yCUIATENBHOTO Kac-  IEYUBACTCA COOTHOMICHHEM YHCJA BETKOB
Kaga nmpoMeXyToyHo#t 4a- UepBHYHOM W BTOPMYHOII 06MoToK. UTOGH
CTOTH ¢ LeOOYKoll He#d- uYpe3MepHO He HAarpy)HaTh KOHTYP BHIXO[-
TpaJH3auuy. HHM COOPOTHBAGHHEM TPAH3MCTOpA, KO-

JNeXTOP UPHCOeHHEEH He Ko Bceil mepBiHY-

Hoit o6MOTKe, a JHIIBp K YACTH ee C LO-
Mompbio cnepRaibHoro orBopa. TaKoi cmoco6 HpHcoegMHeHHA KOJI-
JeKTopa W0O3BOJAeT BHOWpaTh KOHNEHCATOP B KOHTYpe He CJANIIKOM
Goabmiol eMKOCTH.

JunA toro uTo6H mepenaTh MaKCEMANBHYIO MOIIHOCTB, Tpamcgop-
MaTop MOJDKEH MMeTh Ciefyioniee COOTHoIeHHE YMcJa BHTKOB HepBNu-
Hoii 1 BTopWuHO#l 00MOTOK:

Ryux
V Rpy '’ ( )

rae Rppix — BHXOJHOE COWPOTHBIEHHE; Rygx — BXONHOE CONPOTHB.IE-
HHe CJIelyIollero Kackapa.

O

Zﬁx > TJ’.?

Jdo
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Jlas onpepenenns BXOAROTO H BHXOAHOTO COUPOTHRACHHE BOCTIONh-
3yeMCsa TeM OGCTOATeNLCTBOM, YTo uepe3d INCMOYKY HeATpaamaanmuu
HaOpsiKeEHMe u, He OKa3kBaeT BINAEMA Ea HanpAMmcRue v, ¥ HaoGoporT.

Ilenp u, MOMHO 3aMKHYTP HAKOPOTKO, B TOT/IA BXOJ(HOE CoMpo-
THEBAEHAe GyneT onpeAenATbCA cXeMoif Ha pHC. 5-21. ATy cxeMy MOKHO
MpencTaBuTh B BEAE NAPANJENLHOTO COeIUHEHHA COUDOTHBIRNUA Rpx
M eMKOCTH Cpy. AHaJIOTRYREM 06pazoM MyTeM KOPOTKOIO 3aMLIKAHAR
HANPAKEHHA u; MOMKHO pacCy¥TaTh BHIXopHoe comporubierue. CooT-
BEeTCTBYIOIHAasL OSKBUBajleHTAafA CXeMa OoKasaHa Ha puc. 5-22. Iy

Rur Cyr

——
L

5 o— * ¥
1
Uge | |Rox Cay T?hlx Resix !
9 -; Ugyx 3
Jdo : ‘-

}

Puc. 5-22. DKBUBAJCHTHAA CXMMa, OHNpe[eJIAIMAA BHXOAHO® COLpPO-
THnACHEe YCHJUTeJbHOLO KacKaja.

1
5 o~ o a . . . U ——O
K
|
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Psc. 5-23. OxomuatenhHad 9KBHBaJIeHTHAR CX6Ma NoJ0CoBoTo YCHII-
Tens ¢ Heifrpunusanmeli, MOKasaEHoOro Ha puc. 5-20.

cXeMy Mo)KHo eme Gojee YNMpoCTATH, €CHH HpoaHaAU3HpoBaTh IMYH-
THpyoOmWee geficTBre wemd HEHTpalH3allME M pacCMaTpHBATL BXOAHYIO
¥ BHXOAHYI0 Nend Kak HesaBucumble. IIpm sToM conpormBienme Rg
¥ eMAocth Cy nenB HEWTPANHM3aIMHU MOKHO nepecanmrats B R, u Cp,
K¢ TopHle MPHUCOEMWHEHH MapajJeXxbH0 aXOXHON NeMM K TaK:Ke Mapai-
aAenbHO BroprdHOE o6MoTKe TpaECopMaropa, IpHYeM B MOCJEgHCM
ciysae ogm GyayT MMeTh 3HadYeHWA, paBHEE n?Ry ®m Cp/n?, u npu-
COCARHATECA LApajelbHO BHXOJHOMY CONPOTHBJCHRIO TpaE3HCTOpa.
OueBmaHO, 4T0 B BHIXOAHOM OeNN OHM 0Ka3HBAlOT MEHbIlee BIRAHHE,
9eM Bo BXopgHoX. Bmp oKoHyaTenbHOH SKBMBaNeHTHOH CXeMH IoKa-
3aH Ha puc. 5-23.

OcHoBEHe 3Tantl OPOeKTHPOBAHHEA ClefyloinHe:

1. Bufparp pewum paboTH TPaH3lCTODA IO MOCTOAHHOMY TOKY,
P"CCUATATH CONPOTHBIGHHA peaHCTOpPoB B Hen® Gaanl B 3MHATTEpa U
eMKOCTH pPa3BASHBANIIAX KoHJeHcaTopoB. Meroaw pacuera umpmuBopd-
mich pamee.

2, Ucnonnsya ruGpuanyio II-o6pasEyn SKBRBajeHTHYI0 CcXeMy,
paccyATaTh BXofHOe ftpy U BHXOJHOE Rpyx COLPOTHBJCHHEA H Oo §op-
Myne (5-37) onpeaennts oTHoul¢HWe 4ACHA BHTKOB TpamcdopmaTopa.
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3. Mo Qopmyne (5-36) BwuucaBTs mapaMeTpd R, ® C, menn
HelTpanAzannm.

Z. NepecauraTh saeMeHTH Uenu HeliTpaansauru Ry B Cy B Compo-
THBJICHNe M CMKOCTH, NPACOEAWHEHHEHE MapanjelbHO BXOIHOW W BH-
Xofmo# penu, H NOCTPOUTh OKOHYATEALHYI0 SKBHBAJICHTHYI0 CXeMy
yCUAATeNA ¢ HeldTpanmaapmen.

5. o 3apaEHOR nodoce HmponmycKaEWA KacKapja, Hcnoasadyd ¢op-
Myay (5-9), onpepeaRTh neHCTBYIOMYIH A0GPOTHOCTL pPe3oHaHCHOIO
KGHTYpA.

6. JapapiI¥Ch 3HAYeHHEeM [qoOpOTHOCTE HeHATPyKeHHOTo KOH-
Typa, BuOpaTh eMKoCTh, a 3aTeM N0 3aJaHHOH pe30HAHCHOH WACTOTO
paccunTath NHAYKTHBHOCTE., [lanee MOMHO OUPEACAWTH IKBUBAJNEHT-
Ho€ COMPOoTHBJeHAe T,, mMyATRp yiomee HeHATp yKeHHR i KoBTYyp, u L/ .

7. PaccunraTh myETRHpyMOiee CONPOTEBIEHH® KoHTypa, Heo(Xxo-
ABMoe JJA UoJydeHUS 3aJaHHOI HOJOCH NPONYCKaHHEA, B OINpPEAeiuTh,
KaKafd 4acTh BHIXQ/IHOTO CODPOTHBJICHAA TpaH3HCTOpa JO/KHA WIYH-
THPOBATHh KOHTYP.

8. PaccauTaTh, B Kakoil Touke HepsmgHOU 06MoTKEM TpaHC(opMa-
Topa HeoGXoAnmMo cperath OTBOJ, AJIA NMPHCOEIBHEHHEA KOJJEKTOpa.

Ilpumep npocKrupobaAUA 5-5. TpeOyeTcA paccydTaTh YCHIHTENb
MPOMERYTOTHOH 9acTOTH na GUHOIAPNEX TpPaH3UCTOpaX, paboratomuii
Ha gacTote 470 kI'm.

U3 macuopTHHIX [aHEEIX TpaH3mcTopa Tnoa 2N1302 gaxomum,
YyTo mpd HAOPAKeHAH Ha kolsekrope 6 B m Toxe amurrepa 1 MA npe-
JenbHafA yactoTa ycuaesuA f, = 12 MI'm. Dto smadeHume Gosnee ueM
B 10 paa npesmmaer 3ajanayio pabouyl 9acToTy YCHAMTeNd, TaK 4TO
yKa3aBHK TpaHZHCTOp BNOJHEe UPHTomeH AAA YCHAHMTEaRA. Hcnoin-
ayeM cXeMy yCHIMTeNIA, Kotopaf TMokxasaHa Ha pkc. 5-20,

Onpedeseniue pexcuma pa6omu mpanciopMamopa no nocMoSHHOMY
moxy. Bubepem A, — 820 Om, Torma npE Towe sMUTTEpa Iy =1 uMA

Uy = 0,82 B. Tak xak Uy = 6 B, To ¢ yuerom U, B napenns va-

NpAKEeAUA BA KOHTYpe MOKHO LPWEATH, 4TO0 HANPAKEHHe HCTOIHMKA
matagua Ex = 7 B.

TMpmarman Ug = 1 B, mowmo sammcats: TRy / (R + Ry) = 1
u 6R, = R,.

Ecau upurATh, w0 RR, / (R + Rp) == 10, R; = 82 KOm,
torga R R, = 8,2 R, + 8,2R,, oTtkyma woaydaem 6R2 = 49,2R, 4
-+ 8,2R,, 6R, = 57,4 kOm,

IipraumMaem R, =~ 10 xOwm, Tovaa | = 56 xOm.
Jaa pasBusKH Mcgoab3yeM ¢MKocth C = 0,25 MK® 3 C, = 0,1 Mx®.

Brodnoe u emrodnoe conpomierenus. WUcnonapayA puc. 5-15, a
U macmopTilbie A8TuHe TpaAsictopa, Tibpupayil MM-o6pasEyn cxemy
MOMEBO N3n0pAIUTL B BHAC, TOKA3aHEOM Ha pHc. 5-24, ¢, Ha pHc. 5-24, 6
npefcTanIvHA 3KBUBAJIEHTHAA CXeMa BXofHoH pend UPH YCIAOBHE, 4To
BuARgnerr (g, W Tg,, NpeAebperalorT, a HaOpAKeHRE u, 3aMKHYTO
Bakoporko. Torma
3 2 H
Z (R, Cp= BiXy, R X + JRIX, .

Ri+iX;, R+ X1 T R+¥XI

HoactraBans cooTsercTBylOmAe 3HaYeHNA, MoAyJaeM Pe3UCTHBHEYIO
cocraplAwmyi0o 78 OM H eMKOCTEYI0 cocTaBARfOMYK 310 OM, xoTopHe
CoelHACHE HocaegorateabHo. C yueToM rgq = 75 OM moxyuaeM 3Ha-

YCHMA TMOCNefOBaTeNbHO BKIIOYEeHHH X 3J1eMEHTOB BXOZHOW Nenu:
Rno‘n = 153 OmM 1 X[IOCJ' = 310 OmM.
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Teneps mpeobpasyeM MoCACOBATCAbHYIO NENb B 3KBHBAJCHTHYIO
CXeMy € DapaliaelbHBIM COCAHMHCIINCM dieMeHToB. IIpoBomuMOCTh Temu
MOKHO 3amUcaTth B BHAC

Y=G+jB—— Rnocn# 4 — I'Xnocnl :
Ruoea+ Xnoca Rnoca 4 A noca

OTKY[la HaXofNM 3HAYCHIH HICMPHTOB apallelbHON wmemls:
2 2 . , 2 .2
Rppp= (Roca =4 Xfoea)/ Ruoen; X nap = (Rfoct 4 Xhoea)/Xvoea-

IToncTaBARA 3HauYeHHA Ryoen Ut Xipen, MONYYAEM: Rpap = Hpx =
= 780 OM, Xmpap = 386 Om man Cpap = Cypx = 875 m®.

Tyrx 3 MOm

Cyrg
10,5n%

1K T
419 -
-I;MU 9% 3w
z)

Puc, 5-24. 3xsusanentnan ruGpugnas [I-o6pasman cxema niA mpu-
Mepa 5-5 (2) 11 IKBUBAJCHTHAR CXeMa BXofHOW uUeO® (6),

Fcnu B cXeMe Ba pnc. 5-2%4, a 3aMKHYTh HAKOPOTKO HANPSMEHUC Uy,
TO BRIXofHAA memb OyfeT uMeTh BMJ, MOKasaHHHA Ha puc. 5-25. Jna
yana 6 mo sakoHy Hupxroda MoKHO 3anucarh:

Ui/ Zy (1] — uppix)/ Z5 =0, (5-38)
ABajnornuno gaA ysaa K
Upix/Z3 4 (upux — 1)/ Zy -+ grt] = ipyx. (5-39)

Us (5-,38) uMeeM: uy = Zyupyy/ (Z; 4+ Z,). Hopcrasus BRIpasKe-
Hie A48 uw{ B (5-39), mocac mpeoGpazoBaEMii MOMyTHM:

| 1 VA
UBLIX [—Z}— + ‘Z; +( Zl_‘{i_—zz ) (gr—’zig'” = ipuix-
Takum o6pasoM, BHXONHOE CONPOTHBICHHE PAaBHO:
Mphx __ 1
auix YVZy+ 122 21 (Z1+ Z5)] (82— 1/2
Paccuyuras OTIeIbHO COCTAaBJIRIOWHE 3TOTO BHpa)HEHHH‘ OOJTY9dHM:
Z2,=67,94714,28; 1/Z,=(14+;2,96) 103,
Z,=(0,31—j31,8) - 103, 1/Z,=(0,34-j31)- 105,
Z3=62,5-103; 1/Z,=—=16-10"6,
— ; 6. —
R At e fr iy oy 0 B AT SN
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Zppx =

) (540)

TMopcraBaAA oy BenwamHH B (5-40), 6ymeM uMers; Zyyy = (34,4 —
— j111,9) -108/13,705.

Orciofa chenyer, 9To BEIXOpHOE CoOODOTMBIeHAe NpefcTaBIAET
cofoii nocnefoBaTeNbHOE COBMMHEHRe [BYX COCTABIAIOIMX: De3n-
craBEOif Rpoen = 2,51 KOM ® peaxrABHOH Xjocn = 8,16 xOM. Ecan
npeo6pa3oBaTh WX B 9JeMEHTH OAPajaeabHOM LEOHW, TO HOJAYUMM:

Bnap=RBux=(Rz+Xz)/R=29 KOM;
Xpap=(R*+X%)/X =8,16 xOm mam Cpyx =38 nd.

KosfpPpuyuenm mpancdoprayuu n=]/-gs;—§é&*6-

Czema neiimpasusayuu. Ryr=Krgg, (1+06'a/C%'K)=7T5 a4+
+ 1000/10,5) = 1,188 wOM; Cur = Cg, /K = 6.10,5 = 63 u®.

Bu6upaeM crampapreee 3HavyeHNA 1,2 xOM u 68 od.

Hlynmupywujee 6ausnuc yenu neilimpaausayuu na ezode. Ha ua-

ctore 470 xI'1; peakTHBHOC conpoTHBIeHue eMxocTH 68 nd cocrapiaRer
npu6ansArensio 5 kOM. Torma

Rir+Xir (1,44 4-25) . 10°

Ry p= Rer = 12107 =22 kOm;
_ Rar--Xir _ 26,44-108
XH.Bx—- XHT = 5. 108 ——5,28 KOM

mmn Cp, px = 6 od.

HWynmupywuee 6ausnue yenu neiimpaausayuu na avzode: Ry pux =
= HZRH. BX — 792 KOM, Cﬂ- BRIX — Cl'[. Bx/nz = 1’8 nd.

Ecam opejmododMTh, YTO KacKay CoefWHeH ¢ aHAJIOTEIHEIM Ka-
CKaJIOM, AMeIIM TOYHO TaKoe ke DXOHOe CONpPOTHBIEHME, TO OKOH-
4aTeabHEYI0 SKBHBAJGHTHYI0 CXeMY MoKHO H3006pa3uTh B BHIe, TOKa-
saiHoM Ha pHc. 5-26. B 3To#l cXxeme NpoBoWMOCTH reHepaTopa ToKa
pasra 35, a He 38 MCM. 3To cienaHo mOTOMY, 9TO TOK Teneph ABIA-
ercA (yEKIHEeH BXoJHOTO HAOPAMKeAWR upy B OTIAHYHEE OT OpPelbiy-
meil ¢xeMu, Ifle TOX ONpeflelAJICA HamPSUKeRNeM ug.,. YKajamHAA

pasHUIAa B BeJRYHEE gy YIATH-

BacT, TaKAM ob6paszoM, magemne 22 3,3M

HanpAMeHAA Ha CONPOTHBJIEHMNA ,

Tge5e Uy 1_5, Ugyix i( i@ux
EMKocTh, BHOCHMAaR 43 BTO- ’

pluHO# UenW B MEPBMUEYI0, B 77J_ 0,509 »

cxeme Ha puc. 5-26 pasHa Z4 23 gris

940/n2 == 26 nd, B pesynnrare -|-7000 62,5K g-~=38mlm

MOJHAH eMKOCTb IepPBHUYHCH me- | o

rn Oymzer cocraBaATe 66 ud.
Amnanorugsgo COOPOTHBIIEANE,
BHCCHMOe B IepBMYHYK uems PHC. 5-25. JKBMBAJCHTHaA CXeila
rpaBcPopMaTopa M3 BropugHoil FHXOIHOHM UEOH.

uenn, Oymer pasHO 680:n2 =

= 24,5 xOM, cienoBaTelbHO, MOJHNEe MyHTAPYIOMee COOPOTHBIEHHe
B mepBHanod Hen® Gymer oxono 13 xOM. [INA yMeHbmMeHWA BIWA-
HEA 5TOr0 COOPOTHBJACHAS HAa DE30HAHCHEH KOHTYD B 1eDBHYHOH
ofmorre tpaHcfopmaTtopa cpedaH cHennambHHE OTBOL.
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Lca npuBATH, 1T6 YCIIMTENh IPOMEKYTOUYHOH YaCTOTHL COCTONT
W3 [BYX KACKAJOB 11 YTO 10jI0Ca OponycKaHNnd pasHa 7 KI'm, To kam-

Iwit KacKaj podmen mMerh modocy 7-4,2V2 =9 xlu.

N3 ¢$opmyasr (5-9) monoca nponyckamma pasaa: B = f/Q =
1/ (2nRC). otkyfda peiicTByfomee 3HaueHMe ROOPOTHOCTH Qnepers =
470/90= 52, a YKBBBAJICHTHOE MYHTHPYIOMEe CORPOTHBIACHUC iy =
70 rOm. -

e

n:1

gruﬂx
940 | 680
g, 66011 940 40 == 28K | == []
/=
o i grsomey .

Pue. 5-26. OxouuaTenpHas 3KBUBAJIeHTHAA CXCMa AJA HpiMepa 5-5.

—

B cxemax Takoro tHma AoGPOTHOCTb HEHATPy}KeHHOIl NepBiluHOI
nelir TpaBcdopmaTopa fomKHa GHTE Qy = 100, a eMKOCTL B KOHTYpe—
oxono 250 n®. Ecin npeHeGpeub BHIXOMHOI OMKOCTbIO TpaH3UCTOPA,
TO 1A BHOOJHEH!A YCJIOBHA DO30OHAHCA HA uactoTe 470 KTm KoHTyp
NOM¥CH MMOTh MHAYKTMBHOCTH L =450 MKTH.

OnpepenuM oMAYOCKOEe COMPOTHBICHAC HepBUYHOM OGMOTKH TpaHC-
dopmaTopa u SKBHBaJOHTHO® JMHAMAYECKOE CONPOTHBJICHME KONTYpa:
r= @L/Qy= 13,3 Om, R(.},J =

.ne-

== L/ (Cr) = 135 kOm,
goBaTensHO,  HEOGXOJHMO, —r_—_"—""?&—_
4TO0H BHXOHO® CONPOTHB e~ 1,26 Ey
Hue TpaHcdopMaropa, mepe- o- ©
Ex 50L[] 250 : §
P ]
n l

I
i

i
|

“11

Puc. 5-28. OkoAYaTeNBHAA CXeMa
nepBorv Kackaga YCMAHTENA 0Po-
MEMKYTOYHOH YaCTOTH, pACCIMTiLI-
HaA B fnpumepe 5-5.

Pmc. 5-27. Cxema nog-
KJII09eHHA NepBHYHOI
obMoTKH TpaHcdopMa-
Topa K TPansucropy.

CyYHTAaHHOE Ha BCH0 NepBHYHYI O00MOTKy, CHHM(AlN0 SXBHBAIECHTIOC
WyHATHpYIoMee conpomsieRue or 135 no 70 KOm. Takum o6paiom,
MEepPeCYUTAaHHOS CONMPOTHBJEHNC JONKHO cocTaBJIATb 145 KOM. It0
JOCTUTAeTCA NyTeM NpHUMEHeHNA TpaHcHopMaTopa ¢ OTBOOM B TNepRAU-
Hoil o06MOTKe AJA HOAKJIOYOHAA Koajnexktopa. Hs puc. 5-27 caepyer,
9T0 BHIXO[IHO€ compoTuBieHne 13 KOM, NOAKNWYCHHoe K n BHTKaM,
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Gymer BHOCATE B KoHTYp compotuBiaeEde 13 KOM.m?%/n2, tme m —
9HCII0 BUTKOB Bcedl mepBudHOE o06MoTKuM. A TOTO 4To6H BHOCHMO®
CompoTHBJeRNe paBEANCCE: 145 KOM, oTHOmeHUe m2/n® mOoMKHO OLITHL
paBEEIM 11, T. e, m/n = 3,3. H3 ycnoBHA COINACOBAHHS paHee yme
6uno onpepenedo, uro n: 1 = 6. CnegoBatennpHo, OKOHYATeNAbHOE
COOTHOMmMEHHe YHMCAA BHTKOB INePBHUHOM OGMOTKM M uMcla BHTKOB
BTOPHUHOE OGMOTKM JoMKHO OHTEL paBHHM 20:1. Kosddunuenr unepe-
Aaul Mo HAOPAKEHUI0 OT BXOMa TPAH3MCTOPA M0 BHIXOJA ¢ BTOPHYHOMH
o6MOTKE TpaHC(hopMaTopa ompefleauTcA COOTHomemueM K = gpR/m =
= 35-.70/20 = 122.

OKkoHYaTeNbHAA CXeMa NepPBOTO KacKafa yCUJNATeNA NOKasaHa
Ha puc. 5-28. Buxong BTOpOro Kackama yCoMAMTENA, Kak mpasiuo, coe-
pumer ¢ perextopom. IloaTomy npm pacuere BTOporo Kacxama Heo6-
XOMMO Y4YecTh BXOIHOC CONPOTHBIGHHE NETEeKTOpA,

5-9. HHTETPAJTbHBIE CXEMbI

CxeMy pe3oH2HCHOTO YCUJIHTENA Ha NUCKPETHRIX 3JIEMEHTaX MO0
paspenuTh Ha JiBe 4acTH. Bo-NepBHX, aKTHBHOE yCTpOICTBO - Tpau-
3HCTOP, KOTOPHIl YCHIMBaeT NOJaBaeMHe CHIHANH 1 ofeciednBact
ylpaBleHHe pe3OHAHCHON CXeMcil. 3amaueil NpPOeKTHPOBAHNA 3ech
ABJAAeTCA BHOOP TONXOAFIGCTO TPAH3ICTOpA H ONpefeNeHHe peH(HMA
ero paloTH N0 NOCTOAHHOMY TOKY. Bo-BTopHX, LC-KOHTYp, KOTOpHi
NoMKeR HMeTh Pe30HAHC Ha 3aJlaiHoit gacTore. Ilpu pacuere pesomamc-
HOTO KOHTYpa HCOGXOXUMO Y41.THIBATh, UTQ CMKOCTb KONTYpa BKIOYaeT
BXONHYI0 M BLIXO[HYIO eMKOC1H TPaH3HCTOpa M JpyrHe IapasHTHHE
eMKOCTH CXeMHE. Kpome Toro, npm pacdere IOJOCH IFPONYCKAHHUA Hao
YUHTHBATS BXOHOC H BHXOXHOC CONPOTUBJIOHASA TPAHZHCTOPA, KOTOPHE
HONONHATENBHO Har'pYMKaoT PO3OHANCHHI KOHTYD.

B macTosmee BpeMs pajiiodJeKTPOHHAA HPOMMILICHHOCTh, 11pO-
MIBONAMAA Pajio- N TeJeBUSMOHIYiO ANNApaTypy i mo obbemy upo-
H3BONCTBA CPAaBHHMAsg € BLMNCINTETLHOH TeXHHMKON, TaKKe Hauaia
NPAMEHATH MHTEerpaibHbie cxeMH. JIAs 3Toil mean Guwau paspaSoraHH
cOoeudanbHHe HHTerpajbHEe ;uHeiiHne ycuantemi. MepsrM ofpasuom
TaKHX YCTPOICTB HBMICH ycHINTENb ¢ HENOCpPeNCTBEHHOH CBA3LIO
Fairchild pA703, KoTOpBII Haual NIIPOKO 1PUMEHATBHCA B YCUJI-
TeNBHHEX KaCKajlaX BBILOKO: M IPOMeKYTOYHOL YyacToTh ¢ 1967 r. JTtor
YCHARTeSb MOHTHPOBAJNCA BMECTC (O CXeMOil CMellcHHA 10 TIOCTOAH-
HOMY TOKY B CTAIJLAPTHOM KOPIIYCE € BOECMbI0 BHBOAAMIL. Menoabio-
BaHHAA B Hen uernyboxas BHYTpenHsas ofipaTiias csaszb ofecrnednnada
0oJtee BHICORYIO CTAGMILIIOCTh YCHJANTENH MU CPABHCHIIO C aHAJOTHY-
HRIMH CXCM{Al HA JHCKPETHWX DJEMCHTAaX. JTOT YCIJITelh MO;KHO
GHI0 HCIOALAOBATL B KayecTBe CMCCITCMAA MIN IeHCpaTopa Ha YacTOTaX
mo 150 MTu. CoraacHo 1acnOpPTHHM JAELLIM yeumiurtenb pA703 nmen
THII0BO® 3HAYCHUE gr, paBroe 33 MCM, BXORHOe conipoTuBieHie 3,5 KOM,
BXOLAYI0 eMKocth 10 n®, shixopnve conporusicnie 30 kOM 1 BHXA-
Hyo eMKocTs 2 n®. [lpu MpoeKTHPOBAHHH YCIIUTeNBHOTO Kackajla
C MCMONb30BAHUEM MAHHOH MUKPOCXeNb 3ajaya CBOAMJIACH JNMIB K Bh-
60opy aneMeHTOB pPE3OHAHLHOTO KOHTYpa W IeOeil pasBA3KH B COOTBCT-
CTHUH € H3JOMCHUBIMII pAaHee MeTomaMH.

Benen 3a cxemoil pA703 6HI BRUIINCH DAL NHTETPANBHBIX CXEM,
coocobHEmMX pahoTATL B KayecTBe yCITHTONell HU3KOR YaCTOTH, cTepeo-
memudpatopoB, MpesBapHTEALHHEX ycRIATeNefl HU3Koii gacToTh 1
PafHONPHEMHUKOB, B Kay oM Clyyae UHTerpalbHAA CXeMa 3AMEL (T
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ANCKPETALIe AKTHBHHC KOMIOHEHTH H KOMIOHCHTH, olecneulBaiollme
nx pesnM. IlpoeKTnpoBakne CBOINTICA K pPacdeTy COOTBETCTBYWONIHX
BIPUIHNX LEMel,

T'masa mecTan

YCUJUTEJIN C OTPHIOATEJIBHO OBPATHON
CBA3BID

6-1. BBEJEHHE

XapakTepHCTHRI YCUNNTENA MOMKIO B 3HAYUTENALHOH CTeNeRH
113MEENTHL, eclIl Y4acTh BHXOLHOTO curHaia nogats ofpatAo @a BXO[.
Ha puc. 6-1 mokasaHO npoXoiKmeHENC curaana B cxeme ¢ obparHoi

© G burx
% qﬂx+ﬁ ‘lmx

Pne. 6-1. Ctpykrypa cxemn ¢ o0paTHOif CBA3LIO.

ﬁQam

CBA3b10, Ha 3T0i1 exeMe yenantens, 0603Haventulil CAMBOIOM 4 , MOKeT
O6uTE N8GO ycuanreneM Toka, aubo ycuianTeleM HaUDAMeARd.

Kosgppuyuenm nepedawu ycuaumeas ¢ 06pamuoi 63610

[Nak BmpEO u3 puc. 6-1, BEXOJHYI0 BeIUUYNHY ycuJuTenas ¢ obpar-
HO{l CBA3BK MOMKAO 3amucaTh B Bule

¢ouix = A (AqGux +Bgumnx) (6-1)
nmi
oA
Guerx = T:;ﬂﬂ— dbx- {6-2)

B GoAbLIKMHCTBE CAYYaeB o U P OMpeNeNRIOTCA UACCHBHLIMHE 3Ie-
MEETaMll cXeMH M O0HYBO paBHH upnMepHO ennEnle. Koaddunuenr
ycniaeaua A B oGmeM cayyae foMKeR OHTR 3@auMTeNbHO GOJNbIIG
eMBEHULE.

Koagpuyuenin ycuaenua « xonnype. Ilpomssepesume Af npencras-
Aser coGolt koapdHuMERT yCUNEEHA BCero KOBTYpPA, KOTOPHM, Kak
NpaBuJo0, 3BAYHTeNBHO Goablie eIHBHOH H OPH OTPBUATENbROI obpaT-
HOH CBA3M BMMeeT OTPHnaTenbHHH 3max. B aToM cayuae orpuuareas-
HOK BenRYHHOR MOKeT ObiTh 1aH A vam f. Ecau oTpuuaTensnoi senu-
yuEO#l ABAAeTcA A, To ycBAMTedAb € o0paTHO# CBA3LW Oymer obecme-
9uUBaTh RHBODPTHpOBAHHE CHIHAJA.

Ilpr AP > 1 dopmyay (6-2) ModHO 3anlBcaTh B BHAE

o
dBpIx = — F B 6-3)
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Hanpumep, ecam a =1, = 0,2, 4 = —50, 10 Ap = —10.
N3 ypaBBeBHA (6-2) Gynlem 1Mers:

o 50 ~— 45
BLIX = (1+10)(1m{~ ) Jpxr

a B3 npnéamxerroii dopMynn (6-3)

quIX%_O,ﬁz gpx == 5qpx-

Jng womywueHuf Ha BHXOAC HEMHBCDTHPOBAHHOTO CHrHajla BeJH-
gupa A moJsHa OulTh MoJoskureabHoll, T. e. 4 = 50. B TakoM cnydae
nasa obecnedennA oTphnatesHoil o0paTHOil CBA3M BenugnHa P H0MKHA
nMeTh 3Fak Mumyc. Ilpu arom n3 gopMyanl (6-2) momygmsm:

50
denx ——(1 10) dpxs

T. €. BHXOopgHoil curHan GymeT uMeTh TaKo# K€ 3HAK, KaK U BXOMHOIL.

Cmabuausayusr  kosgpuyuenma nepedayu. U3 ¢opMyan (6-3)
pjHO, gro ecan KodddHiueAT Nepefasd pasoMKAyYTO# uemu 4 pocra-
TOMHO BeJWK, TO moanuii xoodduuuenr mepenaus ycuaAHTeasA He 3aBH-
cur or A. ObosHaguMm:

981X __ K ad

gBx _1—AB ’
TOI'TA
K _(1—AB+4
dA (1— Af)? -
oA 1 1 K

T A—Ap1—Ap A A(1—ABY
TaxnM obpasom,
AK A4 1 (6-4)
K~ A ({1—A4py
rie (I — AB) > 1 upm oTpumateacHoit ofparmoil casm; AA/A —
OTHOCHTEJIbBOC W3MeHCHEMe KoaddHunueaTta mHepemayu ycuauteqan Oea
obpatHoil craAsu; AK/K — ornocureanrdos u3MeHCHHE Ko ppummenTa
nepemayll ycuiureasa ¢ of6paTtBOHE CBA3BK.
3\aynT, usMeneAHe KoaddluueAra MNepegays yCWINTENs1 OpH
3aMKEYTOR uemu oGpaTHofl cBA3N NpM H3MeHeENH A CHHKAeTCA Ha
1/ (1 — AB). B ofwem cayuae IpH H3MeHEHHH YCIJIGHHA BO3HMKAIT
HeJuEeliEHe  NCKaKeBHA CHTHAJA, HO OHH TaKiMKe YMeHbIUAITCH
B 1/ (1 — Af) pas npu ucnoAbzoBaENN oTpHnATeARHOH o6paTHOIT
cBA3IL
BHpasKCHEA, II0JyYeHHHE BHIIE, NOKA3HBAOT, 9T0 H3MeHCHAR
roodduubesTa mepemaun ycHANTCIA NpH 3amMKEyTOll lemH ofparHoii
CBA3A, 00ycJoBNeHHBE HM3MeHeHNAMH  4acToTH, YMEHbLIAKTCA
B 1/ (1 — AP) pas. 3nagnt, nmoxsoca mpomycKaHus A ycHiuTelAd pac-
mipgeTcA B TaKoe 3Ke 9HCJI0 Pa3 NpPU 3aMBKAEAM UeH OTPHUATeAbBO
o6paTHOi CBA3E NpH yemoBuu, uTo wnen 1 — AP > 1.
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6-2. CTIOCOBbI MOJIKJIIOYEHUA HNENW OBPATHON CBA3N

13 Teopuu wmemeill U3BECTHH! 4eThHpe OCHOBHBIX cuocoba Bil0ye-
HMA leny obpaTHo#l cBA3H, KoTopble MOKasaHB ua puc. 6-2. Ycnau-
Teldb M Tenb 0GpaTHOIH CBA3N COEMHAIOTCA MENY co60il KaK yeTnpex-
MONIOCANKY, WMEIoInUe MO B2 BXOMHHX H BHXOAAKX 3aXKHMa. ¥CHIH-
TCJAb HANPAKeBNs Ha pHC. 6-2,a MMeeT IBa BXOZHBIX 3a)KMMa, CoeMll-
HEHHHX OOCAE0BATEILHO, HOITOMY BXOLHOH TOK YCHIUTENA NpOTE-
KaeT Tax:Ke uepe3 nenb obpatHoit cBssu OC. (ToK, KoTopulit nocTymaer
yepe3 BEPXHUIT 3ayKUM CXeMHI, 10/DKEeH BHTCKATh 4epe3 HIKHHIT 3a:KnM).
BuxopBble 3a)KUMH CcoeUMAEHH OapajielbHO, TaX YTO' BHIXOAHO®
HanpAMcrne GygeT o6muM 1A BeIXoJAa YCHJIMTONA N penn obpatHoit
CBA3M, A BHIXONHOM TOK pacupejgelAercA Me:K1y Humli, B ycuunrene
TOK2 BXORHHKC 3aKMMH COeMHAIOTCA NAPAANeabHO, a BHIXONHHE —
nocacloBaTeabHO, Kak OoKasamo Ha pue, 6-2,6, Ha puc. 6-2,6 n ¢
HOKA38HLE OCTAJbHbWE BO3MOYKHEE KOMOMHAHMH.

T T I B>—

o— oc o) O—rt

a) d)

° oc. o o oc o

8) 2)
Puc. 6-2. OcHopabe cnoco6H OORKIIOYEHUA neud ob6paTHOM CBA3W

(OC) k ycnaureao.

¢ —- 110CJICNOBATeJIbHO-NAPASITeIL B, 6 — NAPaJJIenbHo-NOCAeX0BATENbHEIN, 8 —
TAPAICTbHO-3PAaNINENbHBI, 2 — N0CHEeNOBATEIbHO-MOC/IeOBATEILHLI,

ITpocreiimte cXeMHl peanH3auM# OCHOBHHX CunocoGOB mpHCoemgu-
HeHUA Leneil o6paTHOll cBA3H NOKasaHH Ha puc. 6-3 u 6-4, Ha pnc, 6-3
HOOKa3amK cXeMH, He TpeGylolMe MOmOJHUTENbHBIX BIEMEHTOB A
uemt o6paTHOR CBHGH # NpefCTABAAIONE CHCTEMH ¢ KoadhhymerToM
nepepayd nenn ofparHoil CBA3W, PABHLIM efuHNNe, B cxeme Ha puc.
6-3,0 BHXO[HOe HANpAKeHHMe MOIHOCTHI0 MONAETCA HA BXOH CXeMul I
MpUKJaNLIBAETCA NOCTeq0BaTEeIbHO C BXOIHKM HanpsiXeHneM, a B cxeme
BHA puc. 6-3,6 BHIXOMHOH TOK HOJHOCTHI) MOCTymaeT HA BXOJ YCHIH-
TedA. B KadmoM M3 STHX cayyaeB Kosdpdumitemt nepenaud B memu
oﬁpua'moﬁ CBA3N paBeH eJHANLE, A CXEMb MPeJICTaBARIOT CO60il aMNTTep-
Huil NOBTOPHTENE U ycudHTedb ¢ OB. Tlpu xodddnuuente wepe-
fasad B pemn obpaTHoii CBs3M, paBHOM eIuHNnE, B KaMofi ®a aTnx
cxeM KoopdHuHeHT yculeHNA TakiKe OyleT papHHM eIHHHIE.

Koafppuyuenm nepedauu ycusumess ¢ nocaedosamenbho-napas-
seabHoll o6pamuoil ceassio, U3 cXemnl puc. 6-3,a caegyet: Upy = Uy -+

-+ u, o THC U, — HanpFKCHM® Ha BXole TPaHsHCTOPA, a B = —1.

Tpu 6oabuom Koaddrumente yenaenna uyg<u TOTAA Uy =2 Uy oo

BHIX’ BhIX
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CucreMa uMmeeT Kos$duunest mepenadi, pasHHIt efiMHANE, T. ¢. OGHII-
HBlii /1A HMHTTePHOr0 IOBTOPHTENA. DMNTTEPHH il non'rogmenb npept-
crasafieT coboll TpaHsnCcTOp, BKJIKYeHHMU OO0 cXxeMe ¢ 03I, oXBauen-

Ry

Ry

Puc. 6-3. Cxemun ycnduredeit ¢ o6paTHOIl CBA3LIO, He Tpedyouiue
JDOMOJIEUTEIBBEIX HJICMCBTOB JUIs neln o6paTBoii cBA3M.

a — CXeMa € TMocmemoBaTe /blio-napajnenhbHolt o6parHolt CBA3LI0 — SMUTTEPIKA
NOBTOPUTENb, 6 — CXEMA € 1ApPA. LTeIIbHO-NOCAeNnBaTeTbHOI o6paTHON CBA3LIO —
veuaure.s ¢ OB,

[

d)

Puc. 6-4. Cxems ¢ napanjeanHo-napanicabhoii (a) 1 nocdefoBaTeAbHO-
nocdepopareapuoil o6paTtHoll CBA3LIO (6).

WHIL LEOLK HoCAegoBaTeILHO-apaliedbEoit o6patHoil CBA3N C Houg-
dumnpeHTOM mEpemayn, paBAbMM enuHHne. B Taxo# cxeme KodpduuHcHT
ncpeu,alm o HaopAaXXeauo BCerpa OI‘pBHH‘XEH BLLHHHL[OI“K llpll ycio-
BUM, YTO CONPOTHBICAWC HArpy3Kl He CAMIIKOM BeauKo. Takoe momao-
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wenane Oyner coxpaHATBCA Npu aiobomM TpaH3KCTOpe, JAMe TOrna,
Korga KodpPUuMeHT nmepefaun no HampsKeAHI B cxeme ¢ OD Gymer
H3MEHATLCH B IUMPOKHX npefenax. Baxaocii oco6eHHOCTEIO yCUIUTEIR
¢ OTPAMATEABHOH oﬁpamgﬁ CBA3DI0 HBAAETCA TO, YTO KoopdupmeaT
nepela4d 3aBHCHT OT CBOICTB BHeMmHedl cXeMH, TAKHX Kak B3auMaAbe
HepecedeHHA B 1eNM OTPHuATeAbHOHM obparHOi CBA3M, NOKasaBHHe
Ha CXcMe pHC. 6-3,a, 1 MOYTH COBCEM He 3aBIICHT OT NapaMeTpoB TPaH-
3HCTOPA.

Ecan Ha puc. 6-3,a u 4 — 370 BXO[IEOE BanpsKeRne ycnautenn A,
a B mnpencrasaser coGoii 9acTL BHIXONHOTO HANMpAMEHHA, KoTopasd
nopaerca ofpaTHo EA BXO[, Torja

Uy = U g Bty = T2 L By = 2K (14 AB).,

Orciona npu AB > 1 noayuaem:
Uppx/Upx = A/(14- AB) = 1/p. (6-5)

Bzodnoe conpomueaenue ycusumeasn ¢ nocaedosamesvbro-napansesb-
noli ob6pammnoii céasvi. Tak Kak BHXofAOe AANPAKeHHe TOHNACTCA

o gy ABUg,.x
uAT AN —0 —
Ugx | g Tuﬁw{ | - Ugax
o 4 £ o) A —0
Bitgy, z) J)

Puc. 6-5. Oupenenesue BXOLHOTO (z) M BHXOLHOIG (6) CONPOTHBICAMIL
B CXeMe C MOcCJaeroBaTeJbHO-NApadliedba0l o6paTHOR CBA3LIO.

Ha BXOJ YCHIMTEJIA nociaepoBaTeNbHO C BXOMHLIM, KAk IOKasaHo Ha
puc. 6-5, a, HanpAKeHHe Ha BXO[IHOM CONPOTHBIGHHN R; ycuaurend A
MpH 2TOM YMEHBIMTCA OT BHAYCHHR u, JOuy = u, — Pu, =
=uy, — APuy, otryna u, = (1 + 4P) uy.

BxopauM TokoM O6yner TOK, npoTeKalowui depes conpoTHBIE-
Hue Rj:

PR DU S
TR T (AP R,
1L

Rax=—ljﬂ=’.1+‘4m R;. (6-6)

BX

Tarum oGpasom, BXongoe conpornpieane R; ycnadrenas Boapa-
cractr B (1 -+ AP) pas upE oxmaTe ero uenb oépamoﬁ cpAsu. Tak
KaKk xoa(HUMEeAT mMepefaun No HaNDAKEAM0 TPAaHIHCTOPA B CXeMe
¢ 09 npn6mieHHO BhHlPAMKAGTCA 3ABUCEMOCTBI0 A = —hyaRy/hy s,
KOTODYI0 MoHO Ioayd9uTe N3 TouHOH $opMyam, npusegeHRacH
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B Tabn. 1-2, xosppunuenT Nepelaud B KOHTYpPe NIAA CXeMH 3MHTTOP-
L1,
LT

BXOMHHM CONPOTHBJICHHEM TPAH3UCTOPA ABAAETCA hyy5, BXOFAOC COTPO-
THBIIEHAE 3MMTTEPHOTO MOBTODHTENA MOMKHO BhHIPa3nTh $opMyuaoii

HOTO MOBTODHTENAA 3allHCHBAeTCA B Bnjedf ~ Ry. Tlomaras, yto

h.

zla

Bpx=(1+-A4B) R; %W Byly1o == hgyp Ry, (6-7)
3

TakuM 0Gpa3oM, BXOIHO8 CONDOTHBIEHUE BMUTTEPHOIO NMOBTOPHTCISA

OpOTIOPUMOHAILHO CONPOTHBJIEHUIO BATDY3KU.

Buxodroe conpomussenue ycusumeas ¢ nocaedosamesvro-napai-
aeavHoli o6pamuoil céasvie. BHXOHHOE CONDOTUBACHUE He 3aBUCHT
OT BXojgHOTo curEaga. [loaToMy 6yJesm CauTaTh, 4TO BXONHOH CuTHAJ
paBeH HyM©, Kak ToKasaHo Ha puC. 6-5,6. Torna HanpAMKeRne HA BLI-
XOJHOM CONpOTHBICHNH yCHAMTeNA A NpII 3aMKAYTOH LEnH OTpuna-
teabHoii obparBOil CBA3N MO}KH(? 3amicaTe B BHIE Ly o 0= Uy —
— ABupyx = upmx (1 + AP). Ecam npemefpeub ToKOM, mporeKao-
umM B uen¥ obpaTHodl CBA3HM, TO BLIXOAHOM TOK MOMEG BHPAa3lTH
$opmyaoit

Ly =% A s/ B A pux = Yamx (1 + Aﬂ)-/RA BHIX®
OTKYA BLIXOQHOE CONPOTHBNECHHE BMHTTEPHOIO HOBTOPHTEIA
RBhIX=uBle/iBbIX =Ry Bblx/(1+AB)' (6-8)

CiaepopaTeabHO, BEXO/H0E CONPOTHRICHN YCHINTENA NPH 3aMBIKA-
HAM pend NocIefoBaTeabHO-NapaaledbHoi o6paTHOH CBA3N yMelb-
inaercA B (1 + AP) pas. [1pu GoapmoM koadduunenTte nepefaan B Kou-
TYpe BHXOAHOE CONPOTHBJICHUE CTAHOBATCA OYEHb MAaJbIM.

KHosgguyuenm nepe@auu ycuaumeas ¢ Napanieabro-nocaedosainesn-
Holl o6pamuoii cessvio. Kak BupEO U3 puc, 6-3,6, 4acrb BLIXOAHOTO
TOKa MofAeTcA oOpaTHO HA BXOJ YCHIIITEJA:

gy +Blapx =" i4- (6-9)

Ho iy, = 4,i4, THe A; — xodduuuent nepepausi ToKa ycn-
IHTENA A.
Toraa ipx + PBipux = ——ipwx/A; W ipyx/iex = —A4;/ (1 + A4;B).

Takum o6pasom, LA cxemsl yeuaureaf ¢ OB, ecan conpornBreHtic
HATPY3KH He O9eHb BEIHKO, Kod(dluUueHT mepegadd No TOKY olpe-
IEeJAeTCA COOTHOLIeHHEM

' Brrx . h'zla

BX T (1+h213) )

Bzodnoe conpomusaenue ycusumeas ¢ napatresbHO-nocaedosanets-
noti o6pamnot ceasvr. N3 dopMyan (6-9) mMoxkHO 3ammcars

i

R Upx Ypx By
BT e —ia (1+A4B) 1+A48"
TaK KaK BXOJI0€ CoNPOTHBJICHNC yCHANUTENs A paBHO R, = —u, /i,
TaknM o6pasoM, i
Rex == hrpa/ (14 hary), (6-10)

a TaK Kak mafd cxeMu ¢ OB y,3 = hy/h13, T0 Rpx = 1/y210.
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Buroduoe conpomugienue Ycuaumeas ¢ napaitedbiuo-nocaedosa-
meabnoti o6pamuoii ces3blo. ECIU TpunATH BXOABOH TOK PaBHEIM BYIW,
KaK MoKasaHO Ha pHC, 6-6, TO BLIXOJHO€ COTDOTHBIEHMe HPH 3TOM
He uaMmeAuTtcA. Torpa

Upx = (tBblx + B4 iiBHx) RA BBIX
uian

Upax/tunx = R pux (1+Aiﬁ)' (6-11)

TaxkiuM ofpa3oM, BEXONHOE CONPOTUBIACHNE YycHNuTend A npu
saMHIKaHUHM 1lell oTpHUaTeJLEOIT 00paTHOW CBA3HM yBeX4nBacTcs
B (1+ A;p) pas.

Yeuaumeawv ¢ napassesvro-napasseavrol o6pamnoii cesavio. Ilpn
moctaTouHo Gonswom KosddunueBTe mnepefayn ToKa BXOLHOH TOK
B cxXeMe Ha pHC. 6-4,a papen:

lgx=toctig=i, e
Ecan BXOfHOe HATIpSKeBle Mallo, TO ugyx == — Mo, cip.c, OTKYAA
uppix/isx =— Ry c. (6-12)

970 COOTHOWCHIC CBABLIBACT BBLIXO/HOE HANPAMREHHE C BXOLALIM
TOKOM, MO3TOMY Ry o ABNAETCA compoTusieHneM ueppauu Ry. lens
TapaJaenabRo-llapajnensBoli o6pat-

Bigx Aﬁiﬁbzx ) HOll CBA3M JOJKHA BCeIa Cojep-
7 \ \K Lgsix #KaTbh PE3UCTHBHABIA 3JEMEHT, TaKoii
~O Kak Ry, ¢. JlaA Toro wro6H oGpar-

R; [:l Basi CBA3L RelicTBoBalla sdderTun-
HO, JIOMIKHO BHNOJEAATLCA Hepa-

RaBurx BEACTBO ; . >»i4. 3To 03ua-

“anr yaet, YTe BHYTpeAHee COIIPOTIBIe-
— HUG nepefadn YCHIUTENIA A (KoTo-

3 poe s OJEOro TPaH3NCTOPa PABHO
L | —hg3aRy) MOMHBO GbITh BHAYTENL,-
Ho 0GoJaLUIC Mo CpPaBAEAII0 € COUPo-

Puc. 6-6. Onpepemcane BXoR-  THBJIEHHeM Ry, . Ecan Tpassucrop
HOTO CONpOTHBICAHsA CXeMb ¢  NMET lgi5.  paBAMi, Rampuvep,

1apasIIeN bHO-1I0C e/I0BaTe A bIofl 100, a /iy = 1 kO, TO Bﬂygp('u-
oGpaTaOil CBAALIO. Aee ConpoTHBJIeHIe Hepenaky Oy et

paBHo 100 kOx. Ecan conporiBie-
BIte o6paThOii cBA3U Ry o==10 KON,
To CyMMapHOC CONPOTUBJCHME Nepejaunl tarse Gyper pasEo 10 kOMm
I He GYACT CIGILAO U3MENATLCA UPH aMeHeHun hyp;, T. e. Gyner onpe-
AEJATECA TONALKO HACCHBHNMH DIEMeHTaMiu. Y Beandeane hyq TONBKO
HOBHIIA@T TOUYHOCTE, ¢ KOTOPOI! ONPEACIAeTCH CONPOTIBIeNIEe NePesagl,
g0 He ymeandlBact cro Goxee Ro, .

Bzodnoe conpomuaaenue ycuaumean ¢ napa./me,zbHo-napa.me,rbnou"
ofpamiori cexdblo. B DTOM ¢aydae, KaKk I B YCIUIUTCJe C MapaJicibHO-
HoCJIe0BATENbHOIT 00paTHO{l CBA3BIO, NapaljelbHOC COCAIHEeHe yCi-
nutend A n uenn oGpaTHoil CBA3I Ha BXOfe 00eCIeUIIBAPT MANOC BXOJ-
Boe conporubrientie, M3 ¢xemwnt Ha pre. 6-4.a umees:

1 o
o—

u u " _ R,

BX BYX _ BY
t+4p "

—— = < - . - (6-13)
{px lo.cla IA(I+Aiﬁ)

rie A; — koadduument nepenaun touna; P — noas eHxogEOro TOKa,
nogaBaeMoro oOpaTHo Ha BXOL.

Yeuaumeaw ¢ nocaedosameavio-nocaedoganiesbnold o6panuoti cef3vio.
Ecan npopoaMMOCTb Mepenaun yCHIUTeNA i /u, AOCTAaTO49HO BeIUKa,

TO M3 cXeMBl HBa puc. 6-4,a caegyer:

BHIX

Upg=Uy FUp~up, (6-14)

Tak Kax i, ~ uR/Roac, TO ipx/Upy = 1/1-?0_c = Go'c' Takum
obpasom, anemeaT ofpaTBoil cBA3H R, . onpefenAeT NPoBOAHMMOCTD
flepefagd CHCTEMH ¢ MNOCAef0BaTesbHO-NOCIER0BATENbHOH oGpaTHOl
CBA3bLK.

Bzodnoe conpomussenue ycuaumeas ¢ nocaedosamervno-nocaedosa~
meabroli o6pamuoli céasbio. Ecan BHXonHOe HanpAKeHUWe TPaH3UCTOpA
paBso Au,, a ug = PBAu,, Torna, ucnoNL3yA cxemy ma puc. 6-4,6,
MOKHO 3aIMCaTh:

Ugg =l -tup=1u, (1--Ap). (6-13)

CnegopaTeabHO, BXOgHOe CONpPOTHBIeHHe CHCTEeMH ¢ o6paTHOH
CBAJILIO

Upeligg=Uq (1 +AB)iy =R, (1+AB). - (6-16)

TaKAEM 06pa3oM, BXOJHOE CONPOTHMBJIEHHe YCHIMTEAA BO3pacTacr
OT 3HaYeAHA BXoQHOTO CONPOTHRIEAHA Goa obpaTHOii craAsl R 4 mo mpo-
uaBefileHMA R 4AB.

BuBogs. YeTeipe paccMOTpeHARIX CMocofa OpHCOENMHEBHA IEIH
o6paTHOll CBABH WPHAIT YCUIHTeNlo pasanle ceolfcTea. Ilapammens-
Hoe CoeflMHeHM® faeT B DeayJbTare Majoe BXO[HOE HIM BHXOIHOE
colmpoTHBIEHHEE, a oclefoBaTelbHoe CoeMHeHUe 1enH o6paTHON CBA3K
OPHBOAMT X YBEAHYEHMIO BTHX CONPOTHBIeAHil. YxasamHHe cBoiicTBa
obpaTaoll cBA3M upeacTaBlNeHH B Taba. 6-1.

TaGamua 6-1
XapaKkTepuCTHKH cHCTeM ¢ 00paTHoil cBA3LIO

CoupoTarliecHne
Tun ob6partilols ceAsH
BXOJTHOC BBIX OTHOE
MocnenopaTenpbHO-HapaIeIbHAR Boabmoe Mauoe
IapaanespHO-NOCACNOBATENEHAR Maumoe Boasmoe
MapaanenvHO-NAapaiieabHan Maumoe Mauoe
lNocaepopaTeabBO-NlOCAEAOBAIEALBAR Boasmoe Boaspbioe

6-3. IPEMEPDBI CACTEM C IIOCJIENOBATEJNBHO-
NMAPAJITEJIBHOW OBPATHON CBfI3bIO

6-3-1. TIpuMcHenAMe IMHTTEPHOrO0 HOBTOPMUTENA B KadecTBe GydeprOro
yenanTenn

Tak Kak dMLTTCpALIHE HOBTOPHTENE: ABIAECTCH YCUAMTENCM C IOCTe-
moBaTelbHO-DapannenbHoii 06paTHOM CBA3HIO, KOTopHi uMeer Kooddu-
LUMeHT mepefadH Mo BEaupAKeRMI0, GNUSKAK K e[HHMLEe, Malloe BHXO0~
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Hoe 1 GoJbmioe BXOZHOE CONPOTHBICHNA, OH MoYeT Xopomo paborarh
B KauecTse OydepHoro kackasa.

[{ak 6Ha0 morazaHo B § 6-2, B IUNPOKOM nyManazoHe COOPOTHBIIe-
HIi HArpysKH IJA 3MUTTEPNOTO NOBTOPHTENA CHPAaBeJlZIMBO PABEHCTBO

Rox =~ hapa Ry,
)
rie hspn — ro3¢QUUBEHT Hepefayl TOKAa TPAH3HCTODA.
CJeA0BaTCIbHO, €I DPIUATh hyys = 100 1 Ry = 1 kOM, To BXop-
Hoe compoTuBiIeHue Oyner mpufmmkedHo pasHo 100 kOM. Tawxnm
e ofipaszoM 07 BEIXOMHOTO CONPOTUBIEHHA MOMKHO 3alucaTh:

Ryix == Befhara,

rjie Re — CoMpoTHBJeHUE HCTOYHHKA CUTHAJA.

Iocrkonpky TpaHnaucTop obnafiaer yCHICHHWEM MO TOKY, BXOMHOIL
TOK B hsp;, P33 MeHbIIe BRIXOMHOTO. A KOXQGMIMEHT Mepefayut Mo Ha-
NPAKCHINO AIA 3MOTTEPHOTO NoBTOpNTens Oausok K eguHumne. Mas
tada. 1-2 nmeen:

Kyy~=hy, Rn/(hua J- hszH).

Ecan gpunars, uto Ry = 1 rOmM, hy; == 2 kOM, hy, = 100,
a Tox onntTepa pabeH 1 MA, To )

100 - 103

K= 5qor 100 100 =0
Ecau paGounit Tok BeluK, TO hyp; YMeHbINaeTCd, a kodddupuenr

nepegavil no HANPsKeHMIo CTaHeT eme Ommie w epuaume. OpHako
Hanps;keHne, TPUIOKeHHOe He-
HoCpeICcTBeHHO K mepexopy 0a-
3a—9MUTTEP, KoTopoe HeoOxoau-
MO A TOAyYeHWs GoJbILOTO
TOKa, BO3pactaeT mpd Oodbmnx
TOKaX WU, CJHel0BaTeALbHO, Ha-
npa;keHle HA 3MUTTEpe yMEeHbD-
niaeTcs.

TpoexTupoBadne OMHTTEP-
HOTO TIIOBTOPHTENA o0CYmecTB-
nAeTCA NOCTATOYHO MPOCTO, TaK
Kak oH npepcrasizer coboif cxe-
MY, 0XBA4eRHYIO OTPHUIATEIbHOIL
obpatHoit cBA3bw, ToOKk MHUTTe-
Pne. 6-7. OcHOBHasm CXeMa DMHT- pa Ho/DKeH OHITb TAKMM 3Ke,
TCPHOrO0 LOBTOPHTENA WUAM yCHIM-  KOTOPHE TpeGyercA 1A coapa-
teas ¢ OK. HitsA HeoOXOUMOTO Dagednd Ha-

OpAMeHEuA Ha  COMPOTHBIEHMUII
uarpyaxi. 910 HafleHue HANpMKeHHUA JOMKHO GHTb GIUKIM K BRIX01-
HOMY HanpsKeHHIo,

TaknM ofpasoM, B CXeme IMHTTEPHOTO LHOBTODHTEeNA (puc. 6-7),
eCJI IPeNON0KITh, YTO gy = 4,5 B, a majeHue HaupsaykeHNd Ha me-
pexose Gaza-sMutTep cocrasager 0,5 B, BrXofHoe HaAOPHen e
pasHO 4 B. Ecmi pabounii Tok TpamaucTopa paBen 2 MA, Mo3KHO Haiivi
CONpOTIBJIEHNe Pe3NncTopa HATPY3IRIL

Ru: H/]3:4/(2 ~40-3)y=2 rOwm,
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Tox mnoxosa, UpoOTelalOWHil 4epea TPaH3HCTOP, ompenenserca
HampA}eHAeM, UPHIOHKEHHEM K $asze, i CONPOTEBIeHMeM HATPY3FKil.
Tparaucrop scerfa GyaeT odecmedunBaTh TpebyeMHil TOK faske B TOM
caydae, Korga OH HepeiipeT B o6aacTh, rae paccemBaeMas MoIIHOCTD
npepruaer AOMycTEMYI0. [Ipu caywaiiRoM 3aMbiKaHWE OMHTTepa Ha
3eMao, T, €. Korla COMpOTHBJEHHE Ha-

TPY3KH YMeHbIIA6TCA 10 RYIA, TOK ue- Ex
pe3 TPAH3ACTOP MOMeT CTaTb 04eHb Boln-
uiuM, B 3ToM caygae paccensaeMas Moll-

HOCTB JOMHA OHITH oTpaHHYeHA UYTCM Ry
BKIIOYEHHA DPe3HCTOpa B nemb KOIIEK-
Topa.

Cnoco6u nodawu manpaxenus Ha 6a-
3y 6 CTeMe IMUMMEPHOO nOBMOPUMEAS,

B HeKOTOPHIX CAYydYadAX, Hanpumep Ha pHC. R
6-8, Gaga TpaHauCTOPAa BMITTEPHOTO Ii0- 3
BTOPUTEJNA HEMOCPeICTBeHHO COeNMHCNA ¢ I,

KOJJIEKTOPOM TPAaH3HCTOpa OpepmllecTByl- © . ©

mMelfo Kackafga. IIpM »ToM mHeT He00X0-
JAMOCTH TpepycMaTpHBaTh CrenHajabHEE
neny¥ AAA Mopaud TMOCTORHHOTO HAMpA-
sKeHWA Ha Oasy TpamsmEcropa. Ecan ke
YMATTEPHHH MOBTOPHTEAD WOJKAYAETCH
K HCTOYHHKY CHTHAJA C MOMOINBIO CMKOCT-
HOI1 CBA3H, ToTna Heo0XONMMO LPUMEHATH KaKWe-TO CNOCOOH mojaulr
MOCTORHHOr0 HAUPAKeHAA Ha (asy TpamamcTopa, KOTOPHC He OKa-
3nBaiaA OH BIMAHOA Ha CHTHaabl, TpH Takux cmocofa MOKazaHH Ha
pEc. 6-9.

Ha pme. 6-9,a mokasaH cmocol CMemcRNA SMATTEPHOTO MOBTOPII-
TelR ¢ DOMONMIBI0 0a30BOTO TOKa. B sToM cayyae §a3oBH TOK onaanl-
paer OTpaHW4YeHHOe BIARAHMe Ha HaUpMKCHMe HA IMUTTEPE, a OTPHLa-
TeabHaA o0paTHAA CBA3b, OCymecTBJIAeMaR yeped Ry, obecmeuusact
TaKHe YCIOBEA, OPH KOTOPHIX HAaUpsAxeRle HA HMHTIEPe He MOMKCT
H3MeHATHCA B MHPOKHX mpenenax. Ipu BoapactaAun Kosdduiesta
Hepefadl TOKa TPAH3ACTOPa AAA GOABINNX CHTHANOB Ay TOK HMMT-

Tepa He OyneT pacTH MPOMOPUHOHAILHO eMy, MOCKOABKY BO3pacTacT
HaOmps/KeHRe Ha SMHATTICPe M 3TO MPHBOMUT K YMERbIUEHHI0 TOKA Gaanut
70 3HAYeHHA, KOTOpoe HeoOXOomuMo IJA MONJeP:KAHHA TOKA IMUTTE]DA
Ha yposEe Uy/R,. TIpm ycaosuu, 910 Hampsowemuem Mexigy Oasoii
B oMurtepom Upy ModRoe mpemefpedb, TOKM HOKOA 3aMiCKBAIOTCS

B BUne

Puc. 6-8. IMutTepHLLT HO-
RTOPHUTEND, CBA3AHHL T
HeOOCpe/ICTBeHHO € Hpe-
OHAYIIHM KacKaloM.

ip =~ (EH— UO)/Rﬁ; ig== UB/RQ,

rae Ex — HanpAKeHRe UCTOYHEKA MUTARUA,
Tak Kak iy = hgglip, 10

ER_UB UB
'TG ZIBZTB:

OTKYAA

EH"?]B

Uy .
8 Rg/Ry+hyp
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Yto6H onpeneNuTh BAUAHHE W3MeHEeHRH cTaT@IeCKOro KooHdm-
OHeHTA mepefadu ToKa, npopupepeEnEpyeM 310 BHpaKeHUE NO hy, o

dU, _ Ey (Rﬁ/Ra+h219) —EkhmE) —

dhyy (Re/Ry+ B)?

— ERRO/Ra — U3R6/Ra
(Be/By+ho1g)® B (Rg/By+hap)’

TAK KAK

E, v,
Rg/Rythagy — hoyg

Puc. 6-9. Tpu cmoco6a mogauu HaWpAXKeHHA cMeliednA ma 6asy sMuT-
TePHOTO NOBTOPHTeNA H COOTBETCTBYIOUIME MATOCUIHAJIbHble PRBHBa-
JeATABe CXeMHl.
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Wamenenne HanpaxenBa Uj,, obycioBienHoe WaMemeuueM h, o,

GynRer pasHO:
Uy 1 dhys

Us ~ 1+4BR,/Rg hyy "

(6-17)

B ycTpoicTBe, moXa3aEAOM Ha DHc. 6-9,a, rae h213 =100 m
Ry/Re = 0,01, usMerenme BHIXOZHOrO HAUpPAKEHHs DABHO MOJIOBHHE
uzMeHeHEnA Ko3@dunouenTa mepegauu TOxa.

Bonee Bhicoxyi crabunbroctt ofecneudBaeT yCTPOMCTBO HA
puc. 6-9, 6, B HoTopoM 0asoBHH TOK mogaeTcA OT PesHCTOpa, MMero-
ImMero CONPOTAB/ICHAE, PABHOE 3KBUBAJCHTHOMY CONPOTMBICHAI Mapa-
NeNbHO COeAMHEeMHHX pedicropoB Rg, u Rp,. Tanum o6pa3oM, 3pech
Ry/Rs = 1/5, Torma

dU, 1 dhygg

Uy 20 hgyp
Oppako 5T0 ycTpPoHCTBO MMeeT MeHbiee BXOJHOE COIPOTUBIICHIE,

TaK KaK B HEM [Ba peullcmpa neny CMetleHud HEI\OG]’)EHCTBEHEO myn-
TUPYIOT BXCI 3MITTePHOro noBropuTedd, Korpa TpebyercA COXpaHHTH

Ry
7] ?1-/1) Csy

9)

Puc. 6-10. Onpepencade BXOAHOM €MKOCTH YMHTTCDEOTO NOBTOPHTCMAA.

BHCOKOE BXONHOE C(ONPOTHBJeHHe 3MHUTTEPHOT0 WOBTOPHTENA, MOKHO
HCMONB30BATh CXGMY, IOKAa3aEHYI0 HA pHc. 6-9, 6. 30ech, KaK W mpexne,
Rg ~ 25 xOM, HO 3ddexTuBHOE BXOAHOE CONPOTUBIeHHMe BHME, TaK
KAK HA 9acToTe CMTHAJA TOJBKO OAMH 5JleMeHT R; LUpuUcoeARHeH k Gase.
Hanpsaskeame Ha pesucTope Ry paBuO upy — Augy, # mpu 4 = 0,98
gepes Hero GymeT mWpoTeKaTs TOK

1p=(1—A) uy /R =0,02u, /(10 - 10%).

HeiicTBylomee conpoTupjieBde R; €O CTOpOUH BXOAA YCHIAHTENA
paBuo: u  /ip == 500 xOm.

Tax xax BXOJQHOE CONPOTHBIIeHMe TpaH3NCTopa, paloTaonicro
B KagecTBe IMUTTePHOro MOBTOPUTENAR, WpH hy, = 100 opubnusn-
TenbHO PABHO hypRy == 470 KOM, BXOMlHO® COUPOTHBIEHHC CXOMH CO-
crasager mpBEuepro 250 KOM.

Bzodnas emrkocmv smummepnozo nosmopumess. Bausanue eMKocTm
6asa-sMHATTC) Ha BXONHYI0 NPOBONMMOCTb YCHIHTeAA ONDPEAeNACTCA
aHaJoTAYHO BAMAHHIO Pesuctopa R, Ha puc. 6-9,¢. B cxeme ma puc.
6-10, a Tox i, paBenm:

ia =8Cpq (upx — Upux).
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CyMMapHHH TOK BXOQHOif eMKOCTH MOKHO 3amHcaTh B BHOe
.. . _ y
=1 +i,=5Cqlipy - (1—AysCqu,,

rie A 6amsko x enuEBRNe. TakAMm ofpasoM, paeiicTBylomas BXOomHEAA
eMKOCTh papHA: ,
Cpx == Cox+ (1~ A) Cep. (6-18)

EMKOCTH TpaH:mc-ropoB HMET caeaymonmue THOOBHE 3HAYEHHA:
Cox = 2 1@ u Cpy = 30 gD, Tak 4TO BXOgHAA eMKOCTh 3MHTTEPHOrO
HOOBTOPUTenAd B OCHOBHOM OymeT o6yciaoBiaeHa HOCIEIHUM 9jleHOM ypas-
HeHuA (6-18). OBa MAOro MeHbmie MO CPABMEHAI0 ¢ EMKOCTBIO B cxeme
yeunnrreaa ¢ 03 (pmec. 6-10,6), B KoTopoi

Cnx=063+(1—A) CGHv (6-19)

rane A EMeeT OTPUNAGTEAbHHH 3HAK U B GOJLMAHCTBe CAY4aeR 3HAYH-
TeAbHO fonblie efMHANH., JTO VBEAUYEHHE eMKOCTH, H3BECTHOE IOJ{
Ba3panBeM dpdenta Munaepa, MomeT cymecTBEHHO H3MeHHTH BHCOKO-
yacTOTOHeE XapaKTCPHCTBKH.

Pmc. 6-11. DKBHBaZeHTHaA cXeMa 3MATTEPHOTO MOBTOPHETeNRA H ce
BHJ UDH OeckoHeuHO 0OJBIIOM CONPOTHBIEHAA HATDY3KH.

Makcumanvroe srodnoe CONPOMUBACHUL SMUMMEPHO020 nOBMOpU-
meas. U3 xpusoii Ha pmc. 1-37 BHEmHO, 9TO BXOAHOE COHPOTHRBIEHIE
SMETTEPHOTO TORTOPHTEAA C YBeAMUeHHeM COINPOTHBACHMA HATPY3KIL
MOCTHTaeT MAKCAMAaJIbHOIO 8Ha4YeHUA, MOCHe YeTo [ajibHeifllee ypenu-
geHHe Ry He OKasblBaeT BAWAHUA HA BXOQHOE COHPOTHRJCHAe. Harum
o6pasoM BXOJHOE CONPOTABJIeHRe NOJyJaeTc MAKCHAMAJBHEM, MOKHO
OOSCHATHh C MOMOWIBI0 BKBEBAJIEHTHON cXeMH SMHETTEDHOrO IIOBTOpPH-
Tena (pmc. 6-11), B KOTOPO# HCHONB3OBAHH HapaMeTpH TpaHBHCTODA,
BKJoYerHOro no cxeMe ¢ OB, OuepmaHo, 90 NPH GecKoHeurO GoanmoM
CONPOTHBACHHE HATPY3KH R, B iz = 0 6asa B KONJEKTOp 8aMKEYTH
TOJIBKO 4epe3 MPOBOMEMOCTD kg 6. BHpaskadA 5Ty NPOBOXWMOCTE depes
h-mapaMeTpH cXxeMH ¢ 0D, moaywaem:

Box max = 1/hgg6 = (1 —hyp5 +hg19+ Ah) /2y (6-200

6-3-2. IIpAMeReHERe DMUTTEPHOrO0 NOBTOPHTENIA B KadecTBe BHXOJHONO
KACKAfia B YCRJIRTENe ¢ HeNocpe/icTBeHHOU CBA3BIO

OMUTTepPHH# MOBTOPATENbh MOMHO HKCNOJB30BATh NJA HOJYUYCHNA
TpefyeMoro BHIXOJHOTO TOKAa MPH MaaOM BHIXOZHOM COLDOTHBJCHUM.
Imummephbli nosmopumeas, BHOpaHHHN TPa#3NCTOD pHOJIKeN
I1MeTh HeOGXOZIMYI0 RONYCTEMYI0 PaccemBaeMylo MOIIHOCTb, & COMpU-

1%

THBJIEHAE PE3HCTOPA B LENH SMATTepa Ry B cXeMe ma piuc. 6-12 moxkHo
paccymTaTh, McXOAfi W3 YCJOBEH pafoTH Kackaja.

E,=+308

Prc. 6-12. Tokm B
9MATTEDHOM IOBTOPH-
TeNe ¢ HemoCpPejICTBEH-
HO#i ¢BA3BIO ¢ HArpy3-
Koft (¢) 1 HanpsuKeAMsA
¥ TOKHE IPH MHHEMAJb-
HOM BHIXO/IIOM HAIIpA-
weHmy (6). “)

E,;=-308

Hanpssxenusa ACTOYHMKOB nuran®a pasun 430 i1 —30 B, compo-
TEBIeHHe Harpysk# 5 KOM, a MaKcuMaabHOe BHIXOIHOe HanpsKe-
Hre 25 B. MomxkHo HalTu MaKCHUMAaJAbHBI TOK HarpysKu:

1 U =205/(5-10%)=5 MA.

Korna BHxopHoe nanpaskenve Uy MutumansEo (—25 B), Tox
HArpysKW JI0J3KeH NpoTeKaTh 4depes R, M He [0J3KeH IPOTEKaTh uepes
tpaHaucrop. Mcxona M3 aToro yCaoBHA (nyaxtRp BHa puc. 6-12, 6),
HaXOIBM MAaxCHMajibAOe COHNPOTHMBIIeHHe:

Ry=(Uy min— Es)/ly=I[— 25— (—30)]/(5-1073) =1 KOm.

]
B o6mem cayuae M3 TPaH3HCTOpa TOK NOCTyNaeT B PesicTopH Ry

u R;. Torpa
19=1H+1R =UH/RH+(UH—E9)/HB'

Pacceusaemas mouyrocms, MOmHOCTS paccenBaeTca TIaBHHM oGpa-
30M Ha Oepexope® §as’a—KOIJAEKTOP, Ha KOTOPOM HMeeTCs MaKCHMAamb-
HOG HampAMeHHe, .

Hmax~— " H max/By

Un , Uy—E
PK~0K31R=(EK—UH)<ET':—{——"Ra ’):
Ug(Rad-Ra) E
gl =t |

Yro6u HailTy HaOpA:KeHWe, COOTBETCTBYIOMEe MaKCHUMAJBHOH pac-
cemBacMOil MoinHocTH, npopuddepennupyeM Py mo Upy:

P _ Rot PRy p  2a(Fat Ry | En
AUy = ReRy " RyRy Ry
uny opE Ey, = —Eg
AP« _ Ex_ ,; Ro+Ru_
v ~ R U RE, O

4yTo0OH HalTH MaKCUMYM (MIAH MUBIMYM).
Taxum o0pagoM, BHXOJHOe HaNpAMeHNe, NPU KOTOpOM paccem-

BaCMasi MONHOCTL MAKCHMAJbHA, PaBHO:

ExR, 30 103 or

U =R
B (Pmax)~ 2 (Rt Ra) 2 '5.1004 108 "

‘B.
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Ecau HanpaskeHWe Ha cOnPOTWBJIeHAM HArpyskm Uy Goxbme aroro
amaucHud, TO TOK oMATTEpa [, Gymer Takme Goabme, a HANpsIKe-

aue Uy, cramer Membue. [Ipu memnmux U, Kapruma o6parHan.
B atoMm cayuae

Py max= (EH— U;r) ((U;—Ea)/Ra"-U;r/Rn)'

rne U] — BmanpAmenWe Ha HarpysKe IPE MaKCEMAJbHOK paccemBae-

MO MOILHOCTM. B 3TOM mEpakeHMW HepBHIl COMHOKHTONb IPeACTAB-
naser coboii HaUpAKeHHMe Ha TPAH3MCTOpe, LepBOe cClaraeMoe — TOK
B R;, a BTOpoe — TOK B Harpyake. ITofcTaBAfiR COOTBETCTBYIOMuE
BEIUUAHE, TOJYYaeM:

r 27,5(27,5-107%+-0,5-1073)=0,77 Br.

Taxkum o6pasom, 174 SMUTTEPHOTO LHOBTOPUTeNA Tpebyerca Tpas-
BACTOP C paccenpaeMoil MOIMHOCTHIO oKoxo 1 Br. OueBBAHO, YTO OCHOB-
HOe 3HAuYeHUe AMeeT COCTABIAIOMAA TO-
Ka, KOTOpaA OpOTeKaer uepes 1, & TOK
Yepe3 BBCMHIOI0 HarpysKy wmad. Iep-
BYI0 U3 HAJBAHHHX COCTABAAIOIIHX
MOKHO YMEHBIIATB, HCUONL3YA pas-
JIMYHE® METO/IH, KOTOPHE OURCHBAIOT-
cA paaee,

Ixummepunli nosmopumesdb ¢ uc-

| " moxHuxox moka e yenu axummepa. Ec-
:m'mav"uk AM DPe3MCTOP B NeME SMETTOpPA Ry
moxa 3aMEeHATh HCTOYHMKOM TOKa, KOTOPHH
oGecrieunBaeTr TOK 5 MA, TO TpeOye-
Mad MOmMHAOCTb 3HAYATEABHO YMEHb-
MUTCA. OTOT TOK meoGXomuMm, Korga
BHIXO[[HOe HAUPAKEHA® MUEHMANBLHO, a4
B HarpyaKe IpoTeKaer MaKCUMAABHHIH
TOK or HCcTOuHHKa Ej, KaK NOKasamo
ga pmc. 8-12,6.

Henoasavsanue amummepHno20 nos-
mopumedas 6 Kawecmee Uucmovnuxa mo-
xa. EcnA BXogHO® HAmMpAKeHH® DMHT-
TEePHOTO LOBTOPHTONA LOJJeP:KUBAGTCA HA LIOCTOAHHOM YPOBHE, TO
HanpAKeHHe Ha OMATTEPEe HMeeT MNPHEMEPHO TaKoe Ké 3HAYEHHE, a
TOK KOAJNIEKTOpa ONpefelsercsl COMpOTHBJIGHMEM pe3dCTopa B menm

SMATTOPA:
Ig =~ (Ug—Ugp)/R;.

CxemMa ¢ HCTOYHHKOM LOOCTOAHHOTO TOKa HOKazaHa Ha pHC. 6-13.
M3 »T0# cXeMH ONMpefeNdM MOMHOCTb, PacCeHBaeMyI0 KOJIEKTOPOM;

Py~=Uyy (IR+IH)=(EH—UH) (IR—{-UH/RH);

K max—

~£,
-0

oy —

o
iy |

Prc. 6-13. Cxema asMuTTED-
HOTO TOBTOPHTENA € BCTOU-
HAKOM TOKa B MeWH OMHAT-
Tepa.

Py _ By, _,Ux.
dUy ~ Rg R Ry’
Ur=U, (Py max)=E“/2_IRR“/2=30/2—5 -107%.5.10%/2=2,5 B;
PRIII.BX:(ER_U;I) (1R+U1,1/Ru)=
=(30 —2,5) (5-10784-2,5/(5 - 10%)) = 0,151 mBr,
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TaraM o6pa3oM, B CXeMe ¢ HCTOUBEKOM LOCTOAHHOTO TOKa Tpe-
GyeMaa MOIMEHOCTh CYNECTBOHHO MeHbIIe, 9eM B HPEAHIyIIeM ciydae.

HanprMep, MNHEHMaXbHOE BHXOJHOE HampA’KeHuMe paBHO — 25 B,
nosToMy HAUpf:KeHHe HA KOJJIOKTOpe TpaH3HCcTOpa Iy HE [OJIKHO
Boapacrars Bume —27 B, Ecam npumars Ug = 3 B (R; = 27 xOu,
Ry = 3 kOm upr E; = —30 B), ro manpssxenRe Ba R, GymeT paBHO
opuGnraETensHe 2,5 B npm ycnosmm, uto TpamsEcrop T'; KpeMmHe-
puii. Takmm o6pasoM, R; = 3/ (5.107%) = 600 Om. Ecam sHGparh
craEpapTHHIA pesrcrop 560 OM, TO OE 06€CreYAT YIOBJIETBOPHTOILHYID
paGoTy HCTOYHEKa IOCTORHHOTO TOKa.

dmummeprtill nosmopumesb ¢ OGONOARKOUUNU MPAHAUCTODAMU.
B npepupgymeM mnpumepe Goxbmas RoAA pacceRBaeMOR MOIMHOCTH
Tpamaactopa T; 6Hia 0bycioBAeHa TOKOM, MPOTEKAIMMAM 9€pPes ACTOY-

©+E Y +
X 5] I, E K Ugy
. Hieanthan
bes /
cmewenun |,
/
T udx
L
1
,/
/ Uss Sxn

.6

Puc. 6-14. Cxema SMUTTePHOrO NOBTOPHTENS € NONOAHAIIAME TpPaH-
3ucTOpaMH.

a — 0ea cMelleHHMd, 6 — C TPAMHIM CMeLleHueM Unp‘ 6 — ee IepcRaTovYHaA xa-
PAKTEPHCTHHA.

HYK DOCTOAHHOTO TOKA, PaBHHM 5 MA. Ecid HCOONB30BATEH [Ba OMHT-
TePHHX NOBTOPHTENA, OJUH U3 KOTOPHX BHpaGaTHBaeT HOJOKHTENbHOE
BHIXO/HO® HAOPAKeHue, a APyroil — oTpHMaTeAbHOE, TO B pe3ylbTaTe
TOK TOKOS B Cx€MC CTAHET OMUMBKUM HYIIO.

B cxeme Ha puc. 6-14,a 0pH NOXOKMTeNLHOM Hampskeauud Uy
TOK B HArpysKky mocTymaer OT TpamsKuctopa T, a OpPW OTpMuaTendp-
gom Uy TOX, OPOTexarompii uepes COUNpPOTHBIeHU® HATPY3KH, obecie-
uyABaercs TpaEsmcropoM T',. 3aMeTHM, uTo TpaH3WcTOp 7, TMOA p-n-p,
a Tpamsucrop Ty — n-p-n. IIpA BXONHOM HaNpPAKEHAHN, PaBHOM HYIIO,
o6a TpaH3ACTOpPa HAXORATCA B B3AKPHTOM COCTOAHHEE, TaK KaK HW Ha
OlMH u3 HMX me nojaercs HeobxonnMoe npsaMoe cMemenye. BXxoamoe
HaupsAKedWe, MPH KOTOPOM NPOMCXORMT OTKPHBAHWEe TPAH3UCTOPA
(Ugp gxa Ha PEC. 6-14,62, cocrasager 0,15 B nas repMaAueBHX
TPAH3UCTOPOB, a Il KPeMHHUEBEHIX TPAa#3UCTOPOB 3TO *HAUPRIKEHNe
Boapacraer a0 ==0,5 B. B aumeiHNX ycnanTeadx ofaacTh 3aKpHTOI0
COCTOAHMA TPAB3WCTOPA HeKeJaTelbHA, 4 B 118PEKIOYAIIIHX CHCTE-
MaX OHA He OKAashBaeT BAMAHWA HA WX pabory. Jina numeliAEIX ycH-
aureneil jKenaTenpHO, 4ToOM 006a TpPAH3MCTOpPA OTKPHBANUCH LPH
usx = 0. B »TOM cayyae mepexoll C oAmoro TpaH3McTOpa HAa UPYTOi

197



Gymer ocymecTBAATECA NnanHEo. EcaB Memay 0asaME TPaH3HCTOPOB
OPAJIOKKTD HampAkeHHe Upp, KOTOpOE HECKOJBKO GoJblle CyMMH
ABYX HampMKeHWH BKIIOYeHHA, TO PAsHOCTh MEKAYy HEMEH GymeTr ompe-
ReNATh TOKA SMHTTEPOB H, CJ€IOMaTellbHO, TOKH KOJJEeKTopoB I; B I,
ma pmc. 6-14, 6. B sToii cxeMe BMelOTCA TPH pe:kAMa DPabOTH:.

{. Uy =0. O00a rpamsmcropa orkpurd (I, = I, = U,/2R,,
rpe Uy = Uy — Uy, -+ Upy,y). Conp?rms.nezme BHOHpaeTcA TaKEM
obpa3oM, urobu oGecreuRTh MpHeMIeMER TOX MOKOA, KOTOPRIil 06HTHO

3HAYRTEeJbHO MeHbIIe MAKCHEMaJLHOTO TOKAa B HArpy3Ke IH max*

2. Uy > 0. Tox Harpysks NpoTeKaeT depes BeDXHHH PMHATTEp-
HEil pesBcTOp, GaarogapsA dYemy HANPAKeEHe Ha HEM HOMHINAETCH.
B peaynprare manprixeHHe Ha HHKHeM De3HCTOPe CHUKACTCA B YMEHb-
maercst Tox I,. TIpi meckonbro GonpmeM HANp A:KEeARHE HA COMPOTHMIE-
HAE HarpyskB U,, Korja IlRo = Unp — UBBp Ha TpaB3ucrope T,
IIPAMOTO CMeIIeHAA yike Bé Oyner A OH mepeiigeT B 3aKPHTOE COCTORHNE.
Tox B marpysxe Temepb paBeH TOKY /;, a IOMHAA paccenBaeMad MOII-
HOCTP OnpefeNAeTcA COOTHOUICHHEM

U,
IH(ER—UH)=B~:(ER—UH).

3. Uy << 0. B sroM caydae 10K B HATPy3Ky HOCTyHaeT OT TPAaH-
aucropa T,. Ecam npeHe6pedb MAJEIMB TOKaMM, TO PACCEHBAeMAd MOII-
HoCTb MPHGIR3ATENLHO PamMHA:

U,
PRQ‘UKSIK=(ER—UH)R_::

dPy  Ex—2Ug
av, = T R,

IR

UH(PK max) Ey/2,

caegoBaTenbHo, P, . = E%/(4R.).

Ipr manpssKeHEWA HCTOYHEEKA OATAHAA =30 B B Ry = 5 xOu
MaKCAMaJbHAA paccemBaeMasi MommocTh P, ..- = 0,045 Br. Taxum
o6pa3oM, B MAHHOM Ciydae MOABIAETCA BOBMOMKHOCTh BMOCTO TpaH-
BHCTOPOB CpefHell MOMHOCTHE HCIOAB30BATh MAJOMOIMHEE TPAH3ACTOPH.
Ecam n cxeme Ha puc. 6-14, 6 uUpPHBATE, 4TO LPAMoe HampsAMmeHNe
Ugp = 1,5 B, a manpaxente mexny 6azoi W aMHITEDOM, NMpPH XO0TO-
pom TpaHSHCTOD OTKpHBaercA, pasHo 0,6 B, To HaupA:KeHHe Ha BMMT-
TepHHX peaBcropax Uy Gymer cocraBante 0,3 B. Tox smmrtrepa I, =
= Uy/2R,, 1ar wro npr I =1 mA R, = 150 Om. M3 rpadnuxa ma
prc. 6-15 mEpgEO, 9TO0 paccemBaeMada mommocTh NpHE Uy = 0 cpasgm-
TeAbHO BeJHKa. OT0 OOBACHAETCA TeM, 4TO depe3 TPAHBHCTOPH MPO-
rexaer Eefonpmoil TOK — oxomo 1 MA, HO BCce HANPAKeHHE IEeJNHKOM
IPAIOKEHO K TPaH3HCTopaM. CpPaBHHTENBHO HeGOJIBIIOe COMpOTHBIe-
HAe R, mosBoaRer ofecrmedyWTh TaKHe YCJOBHA, 4TO INPH MOJHOH Ha-
Irpy3ke HampA;keHHe Ha HeMm coctaBaser mcero 0,75 B.

Cocmaanoti smumnieprnslti nosmopumead — cxema Japaunemona.
B paccMorpennEIX paHeC CXeMax ¥ TPAH3ACTOPY NPeAbAMIANOCH eAHCT-
Benuoe TpeGoBaHne, 9TOGH OH COOTBETCTBOBAJ PACCEABAGMOil MOIMOCT H.
Opnaxo mpu Goxee rayfokoM adanmse HeoGXOARMO YUHTHBATH B BXOM-
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Hol TOK, TaK KAK OH MOKET OKA3KBATH BANAHKe Ha PaboTy Npeguymero

Kackama. TEnoBoe sHadeHne KoaddumEeHTa Nepefadl TOKa hyy PaBHO

100. 910 o3HagaeT, 9T0 BXOHHOM TOK

COCTABIRET OJHY COTYM 4YacTh BH- MAT —P

xomeoro. Ho H er6 MOKHO YMEHBL-

mETh nyTeM EHemocpencTBeEHoro 40

MOJKIKYEHUA elle OfHOTO 3MUTTep-

Horo MOWTOPHTEJs Ha BXopme, Kak o0

mMoKa3aHO B cXemMe Ha DHc, 6-16, a.

Bnmanme Broporo xacKaja sakmo- 20

gaeTCA B YBeJHWYeHHHE o6Iero xo-

spdmumenTa nepefaum Toka, Koro- 70

pHII Temeph paBeH NPOR3BelCHAR,

T. €. hyyp = hororhorse, TA® hgip H

hoiae ﬁz lxoad)gzuunezm?m nepegagn 0 5 1015 2025 B

TOKAa 1ePBOTO H BTOPOTO TPAaH3HCTO-

pom cooTBeTcTBeEHO. Ha pHe. 6-16,6  PHc. 6-15. 3aBECMMOCTH MOIIHO-

Nokasado, KaKEM o00pa3oM HaMe- CTE paCCeRHHA TPaH3MCTOpa B

HAKTCHA KOJJIEKTOPHbHe XapaKrTeDH- CXeMe JMNTTePHOro IOBTOpDHTE-

CTHKH LPH TAKOM COelNHeHRR TPaH- NA C [JOUOJNHARNMUMHA TpPAH3H-

aacropon. IlepBuit TpasAsHCTOpP UPHE  CTOPaMB oT HANPAKeHHA HA Ha-

oM Gymer paborath UDH MaJEIX  IDYyaKe.

YPOBHAX TOKa, OPHA KOTOPHX ero 1 — MOIIHOCTh B Harpyske, 2 — MOll-
- T HBaeMa st H3H

P g b L e

man ..T s o Py tpadsucropa T, mmm Ts.

A HEKOoTOPOH CTeNeHA yCTPaHMTB

nyTeM BRAIOYEHHA DpesHcropa Rg,

KOTOPHI OOokasaH Ha pHC. 6-16,a4. IlocKoabky Ha 5TOM pe3mcrope

noAAePKABaeTCA CPABHATeNBHO INOCTORHHOEe HaMpAKeHAe, PaBHoe Ha-

NpAKeANI0 Ha nepexone 0asa-ommrTe) TpaH3ucTopa 7Ty, OH NOTPeO-

—o0 +E,

Puc. 6-16. Kackan ¢ HemocpencTBeHBOH cBaA3bm mo cxeme /Jlapamar-
TOHA (@) B XOJ/IeKTOPHHe XaPaKTePHCTHKH OSEHOYHOTO TPAH3IBCTOPA
(cunomHHEe JHHAK) @ CcXeMH JlapaiRBEITOHA (NYHXTHApHHe JIRHER) (6).

aser OT TpaHsucropa I'; TOX NOCTOAHHOro 3HaJYeHHA, ECAR TpaH3H-
crop T, KpeMHHEBHI, a conpoTuBIeRne pesucropa Rg = 10 xOM, Torma
TOK 9MHATTEPa paBed:

1,=Upgy/Rg=0,6/(10- 103 =60 MKA.
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6-3-3. OMuTTEpHN# NOBTOPHTEND ¢ yAywmIeMHMMH XAPAKTEPACTHKAME

IIpaMenenne TPAHZ3NCTOPOR PA3HOTMOHOA NPOBONMMOCTH IO3BO-
ZIAET MOCTPOBTH CXeMY COCTABHOTO SMHTTEPHOrO MOBTOPHTENHA, KOTOpPHE
AMEeT XapaKTepHCTEKHA, CXONHHE C XapaKTepHCTHKaMd KacKaja, mo-
cTpoernoro no cxeme MapanarroHa. CxeMa cOeqWHeRHMA Pa3HOTHIHHIX
TPaHZACTOPOB LipHMBe/icHA Ha pHBc. 6-17, a. M3 cxeMH BAHO, 9T0 MEKAY

BXOJOM H BHIXOOM HMeeTcH TOAbKO

+£ +E£ onmo HampsyxeHHe O6aza—aMETTEp.
91a 0C06EHHOCTh ABJIRETCH MONOMMU-
T, Ug TeAbHHIM KadeCTBOM cXemu. Tpa=-

auctop T, peficTBYeT KaK KacKaj ¢
ofmumM OBMHTTEPOM, KOTOPHIH Yybe-
JUYHBAET 3MHUTTEPHHA TOK TpaH3M-
cropa T;. Koadpmument mepemaun
0 TOKY BHech TAKOH Ko, KaK It B
cxeme JlapmmHTTOHA, T. €. paBeH
Dpou3BefleANI0 KoapGANEeHTOB ne-
Prc. 6-17. CxeMH COCTaBHHIX pé’naqn TOKA Tpaﬂaggoﬁgﬂ T, T,
KaCKapoB Ha PagHOTHNHMX TPAH-  (rpmumrentHad ocoleEHOCTH cxe-
SHCTOpAX. MH — (oJlee HH3KHe BXomHOE M BH-
@ — SMHTTEPBH! IIOBTOPUTEIND ¢ yAyI-  XONHOe COMPOTEBJICHWA MO CpapHe-
N o PALePRCTHIAMIL & = mhio co cxemoii [{apauATToHa. KpoMe

TOTO, BXO/IHOE H BHXO/IHOE COMPOTHB-

JeHAA NPONMOPUBEOHAALAK CONPOTHB-
JIeHAI0 HArpy3KA W BHYTPeHHEMY COMpPOTHBICHHI0 MCTOYHWKA CHTHAIA,
Torga Kak cxema Japamarroma mMeer Gomee mocrosEEme paboune
xapakrepucTrKE, Ha pme. 6-17,6 mokasaHa elle ogHa cxeMa coemgiHe-
HASA PasHOTHMHLIX TPaH3HCTOpoB. IIpH cTporoM mopgxome aTy CxeMy
HeNbBA PaccMaTPEBATHL KaK BMATTePHHY MOBTOPHATEIND, NTIOCKONBKY 3A6CH
nepes sMATTEPHHIM JIOBTOpHTENeM EMeeTcA Kackan ¢ 03. B pesyasrare
cxeMa HMeeT BHXOQHHE XapaKkTepHCTHKH, NPHCYHHe »MATTEPHOMY 110-
BTOPHTENIO, A B TO e BPeMA 06J1afaeT MaaLM BXOJXUHM COMpPOTHRICHMUEM,
XapaKTepHuM AJIA cXeMH ¢ 03, obecnegnpaer UEBEPTHPOBARUE CHTHAIA
H YCHIeHHe 1O HANPAKEHHIO,

U, (1324 Udux

6-3-4. HcroKoBhiif moBTOpHTEND

Tlepexon 6asza—samurTep B OUIOAAPHBIX TPAH3MCTOPAX HAXOMUTCH
Ho[ HaNpAKeHMeM JIPAMOro CMeneHHMA, N03TOMY KacKagH Ha TaKHX
TpaH3AcTOpax Bcerma paboralor ¢ Ga-
30BHM TOKOM. B cayuaAx, xorma pa-
GoTa ¢ 6a30BHM TOKOM HE)KeIaTedbHa,
KOMKHO TCHOJB30BATE JIOJeBHE TpaH-
sacropil. Ha pme. 6-18 noxkaszamo, Ka-
KEM ofpasoM TmOJeBOH TPaH3MCTOP
MO:KHO HUCMONB30BATh AJA KOHTPOJA
HanpAJKeHMA Ha KomjeHcarope. Yepea

Puc. 6-18. CxeMa KOBTDPOJIA HampsKe-
HMA HA KOH[ICHCATOPE € HOMOIIbIO IiC-
TOKOBOT(O 1IOBTO PHTEJH,
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CMemeHHHE B 0o0paTHOM HanpaBJIeHAE BXOJHON NepeXof MojeBOTO
TpPAH3ECTOPA TpoTekaer ToK mopAgka 107 A. Takoii Refoabmoi
TOK OKA3HBaeT CyNUIECTBeHHO MeHbllee BJRAHMe HA 3aPAN KOBAEHCATO-
pa N0 CPaBHEHHIO CO CMemMEHHHM B HPAMOM HANpPaBIeHHM MePeXOAoM
fmnonApEOTO TpaHsEcTopa. Onuako cxeMa, NpHBeeEHaA HA PHC.
6-18, AMeeT HWeKOTophle HeJOCTATKH:

1. HanprXeHHe Me)Xqy 3aTBOPOM K HCTOKOM 3aBHCHUT 0T M3MEHEHH
BXOHOTO HANPSUKEHAA, BCEACTBHe dero YyXyAmaeTcA NEHeHHOCTSH
cxeMH (pmc. 6-20).

2. Buxogroe HamprsKeHWe NOJIOKHTENBHO OTHOCHTEJIBHO HANpA-
JKeHHA Ha 34TBOpe.

Upy=08

-0,28

-0

-0,6

-0,8

N 1,0

-1,2
g 1
T t t t 1 \|_1,63
0 1 2 3 % 5 &6 7 8 98

Puc. 6-19. BuxonHne xapaxkTepuCTHMKH T0Jeroro TpaE3HcTopa 2N3819.

B[ Us, =08 X°
Luﬁux " //
7 —0,28 X
e
5 7/
~0,48.%"
5= 7’
—0,68, x”
4~ R,=2 KUM//
3~ —0,88 x
08 x,’/ I=const
- 45 Uy, =—0,68
2 -1,28 // H ’
—1,48 X
Tr68%7
A 0 oy | sy

-2 -1 0 1 2 3 4% § 6 7 8 B

Prc. 6-20. HepegaToaHsle XapaKTepACTHKHE HCTOKOBHIX MOBTOPHTesIed,
noKazaBELIX BA pHc. 6-18 m 6-21.
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TaGampa 6-2

Uam B Ig=1Iy, MA Upux =TuRys B | Upy=Uap+Uy, . B
—1,6 02 04 —-1,2
—1.4 0,4 0,8 —08
—1,2 0,75 1,5 0,3
—1,0 1,1 2.2 12
—0.8 1,5 3,0 2,2
—0,6 2,145 43 3,7
—0,4 2,75 5,5 51
—0,2 34 6,8 6,6
0 . 38 7.6 7.6

3. KoapduuueAT Hepefaul HeCKOAbBKO MeHbIIe L0 CPABHEHAK ¢
aHANOTMYHON cXeMoil Ha GUDONApPHOM TpaH3HCTOpE.
4. MaxcumManbHHE TOK deped TpaH3HeTOp [y DpOTeKaer NPU Ha-

NpAKeHUWH MeX]y 3aTBODOM H HCTOKOM, DaBHOM HYIIO. JIJIH MOJaeBoro
TpaH3BCTOpPa, XapaKTepPUCTH-
+58 +58
T
Ugx '/g_@ri ToK paBeH 4,25 MA. Buno-
AAPHHWU TPAH3NCTOp TAKOTO

KH KOTOpOrO IOKasaHH Ha
u J )T OrpaHKYEHUA TOKA He HMeEeT
Berx R N\ 2 7 BCeria OynmeT CTpeMuTbeA
4 Uss nponyctuth TpebyeMull TOK.
319 Ugpx Coomnowenue  mexcdy

O
arodnbiM U BHIZOOHBM  Ha-

2

puc. 6-19, mMaxkcuMaabHHH
K npaxenuamu. Uy = Uyy +

-+ Unux UV[B + IPIRW

-58 58 Ecauw npmeArs, uro E, =

Piuc. 6-21. Cxemn HcTokOBHX mopro- — —9 B, Ec=+5 B &
puteneit ¢ HCTOUERKaME WOCTOARHOoro Hm = 2 KOM, TO MOMHO pac-
ToKa. cu#raTh JaHHEEE, KOTODHIe

4 — HCTOYHHK TORA Ha MoJeBoM TpaHsHcrope; L PHBECHE B taba. 6-2, u mo-
6 — OoTHOCHTENbHO TOCTOAHHWIN ToK paBeR  CTPOHThb rpagux (pmc. 6-20).
Upoa/Rg- ‘ Pa6oma npu nocmosnrom

moxke. Ecau pesuctop B uenm
neToKa R, 3aMeHUTHh UCTOYHHKOM TOKA, TO Hall pryKeHHe MesKIy 3aTBOpOM
B ucTOKOM Ugyyy Gyper ocTaBaThCH HeH3MEHHBM MpH B3MeHEHHH BXOJHOTO

HanpfxeHnA, IIyAxTHpHAR AWHUA Ha pRC. 6-19 mOKA3HBAaeT peXUM
paGoTH UpPH NOCTOAHHOM ToKe /o = 2 MA, Korma Ugy ~ —0,6 B.

Hemounuk moka. IlocToAHEHIT TOX, paBHHE 2 MA, MoAtHO moxy-
YuTb, BCIOJAL3IYA HOJEBOW TPAH3NCIOP ¢ PE3UCTOPOM B IENMHA HCTOKA,
R, = Uzp/ly = 0,6/(2-109) ~ 310 Om,

Homnencayusa nanpaxenus mexdy sameopor u ucmoxomn. Ha BcToKe
Tpamsucropa 7, B cxeme Ha pmc. 6-21,4 Hanmpsxenue 0,62 B mmeer
TMONOKATEAbHNA 3HAK OTHOCHTEILHO BXOJHOIO HanpsuxeHAA, Ecam B
[eih 1ICTOKA BKAWYHTh Pe3UCTOD ConporBBiIermeM 500 OMm, To 6aaro-
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napfA ToKy 2 MA, 3HauUCHIle KOTOPOTro OnpefensieTcs HCTOUHMKOM TORd,
Ha 3toM pesucrope Oymer COBAABATHCA UAJCHAE HALUDILKCHUA OKOIO
1 B. Yactp 5Tor0o HaNpPAKeHHUA MOKHO HCTIONb30BAThH /1A KOMICHCALMH
HANPAKOHEUA MEKAY 3aTBOPOM U HcToKoM. Ewle ofiMH MeTol KOMileHCa-
UMA HoKasaHd Ha pAc, 6-21, 6, B 9roii cxeme GumonsapHWE TpaAsacTop Ty
paGoraer B KauecTBe ®MUTTEPHOro MOBTOPUTENA H ofecneudBaeT Majoe
BRIXOIHOE CONpPOTHBJeHMe, JTOT TPAH3UCTOP TaKKe HOAAEPHIUBaeT
OoTHOCHTeNbHO HeHW3MeHHOe HAMpAYKeHHe Ha pesncrope Hg, obecueus-
BaA TaKEM o6pa3oM TpeGyeMuit Tox mcroxa Tpamamcropa Ty, Ecan pe-
3HcTOp Rg cgenath nepeMeRHEIM, TO pa3HELA MEKIY BbiXOJHEM Il BXOL-
HEM HaOPMHKeHAAMH M0¥KeT OHTbh pPaBHOH HYMII0.

6-3-5. HeoonraoBanwe ONepammoOHAOTO YCHIHRTENsA B KaveCTBe
HOBTOPHTEN A1 HANPAKEHRA

XopowRii mOBTopHTeab HANPAMEAIA JErKO NMOCTPOHTH, HCIOMLIYA
OMepanBoHHL ycUAMTeabh € CAHBMYHON MoCae/0BaTENbHO-IApPATIC. b
Holt oGparHo#t cBAsbio. CXeMa TaKoro NOBTOpPHTENA IIpHBefcHa Ba

Prc. 6-22. CxemMa BHIIOYeHUA ONEPAIHOHHOTO YCHJIUTENA B KayecTeo
OOBTOpHTENR HaUPsKEeHUA (@) U olpefelieHMe €ro BXOAHOI'O CONpo-
TUBJEeHUA (6).

puc. 6-22,4. Bxopnoe HampsAsCHUe, NMOCTyMaiollec HeNoCpelCTBEHHO
Ha yCHIUTeah, PABHO Upy — Ugix. BDHIX0/HOE HANPIKEHUC MOKHEO 3aId-
carb B BuJe

upgix = A(Upx — Upnz),
OTKyIa
Uppix/Upx = A/(1-}- A), (6-21)
KoaddunueRT mMeperadm Mo HANpAXEHNI0 TAKOTO YCHIHTENN oyenb

BejKK, KaK HpaBHao, NopAxka 10°, u Gaaromaps atoMy Koadduuuenr
nepefaYl o HaOpAXKeHMI0 MOBTOPHTEAR LOAyyaeTCA GAM3KUM K egu-

HHDE:
G = 108/100001 = 0,99999.

Hcuonbaya GunoMHanbiioe pasaoHienune
/142~ —2) wpr z<1, (6-22)
BupakenHne (6-21) yno6uo sanncaTth B npufaKeAoM Bije;
uppz/upx = 1/(1-1-1/4) = 1 (1—1/4),

OTKYJAa BUIHO, 9T0 OTKIoHEHHe KoadduumenTa mepefauil OT eTHII
paeno 1/4 m cocrasaser 1078 (mam 1073%,), Takum obpazoM, Koadhdm-
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OACGHT Depefaud [0 HANPAMKEHHI0 B OTOH CXeMe 3HAUATENBbHO Onmsxe

K eNUBHNE N0 CPAaBHEHAI) C SMHTTEPHLHM IOOBTOPHTOIOM.
qacnunnnaa zapaxmepucmuka nosmopumers HANPDARAIEHUR. 3&-
BHCEMOCTP KoadpHiHeATa Mepeiaud N0 HALPMKEHUI 0T YACTOTH JUIf
ONePamHOEHOTO YCHIHATENA 06MEro HA3EAYCHAA MPABOKCHA Ha pAC. 6-23.
Ecxan KosdpRoHenT nepefavn 1o HANUPAKEHAID ¥ 9acTOTA OTJIOKEHH B
JAorapRPMHAIECKOM MacliTae, TO XAPAKTEPUCTEKA MMeeT BUA, IPAMOK
NIWHHEH, KOTOPa# NPOXOAUT OT TOYKA H3JOMA HA 9acToTe oKoxo 10 I'm
Jo TOUYKH, TAe KoogdunueAT nepefaql paper eAMHANE. JTA XapAKTEpHC-
THKA MPUBEEHA CIegHaJbHO [JA TOrO, 9TOOH LIOKA3aTh BOBMOKHOCTH
pabothi ycunraTens ¢ oGparnoil cBA3k0 Ges caMoBo3Gy:xueauA. OueBB]-
HO, 9TO I0J0CA YCHIMUTEISR IPH pa-

A 30MKHYTOU nenu OODPATHOH CBA3M
5 HeBeaHKa, OfHaKo, KaK OwJIo IOKA-
10 samo B § 6-1, npuMenenue oTpuna-
104 TeJbHOH OOPATHOH CBA3M IO3BOJAET
pacwuprTs noaocy B (1 -+~ AP)pas

10° HIR [JA paccMaTpuBaeMOd CXeMH
02 NOBTOPUTENA  HAOPSIKEHN#, Tpe
7 B=1,38(1+ A)pas. [locKoabry
10 A = 10%, B peayabrate 3aMEKAHMA
ueny o6paTHON CBA3Y M0JI0CA BO3IPA-

1 craer oT 10 I'uy o 1 MTu. Xapaxk-
o | TepHCTMKA NOBTOpPHTellA HANpPsKe-

7 10 102 103 10% 19° 105 707/-,4 HMA NPy 3AMKHYTOR nenn obparHoit
CBA3HW NpeACTaBaReT coboit ropA3on-
TAJIBHY /JMHEAI0O HA YPOBHE €jHA-
HHEYHOT0 KO0dQdAuUeHTa Nepenadw.
OHa uSpeccKAeTCA ¢ XapaKTepHACTH-
KOl ycuanTean 6es oGpaTHOd CBR3H
B T09Ke, COOTBETCTBYIOMel Bepxmei
TPAHAYHON 9ACTOTE MOJOCH CUCTEMH NJA 3AMKHYTOi OOpATHON CBAuN,
Kak BrgHO B3 puc. 6-23, B cXxeMe NOBTOPATENR HANpPAKEHUA Kosddu-
OUEHT Nepefavyn B KoRType paBen Koad$uimueATy Hepefadd yCHARTENd
A, TaK KAk KoaQPunHeHAT NmepefRadm nennm obpaTHO CBS3H PABEH efH-
mune. Ilponssenenne Koadduunenta nepegaun HA MOIOCY IPOIYCKARMA
ang ycanmrensa (T. e. KoaddunueHT DNepefadu HA HHA3KOE gactore,
YMHOKEHHO HA IOJOCY DPONYCKAaHHA Ha ypoBEe 3 AB) pasmo nomoce
OpONYCKARAA MOBTOPHTEAR HANDAMEHUA,
Bzodnoe conpomussenue. Tak KaX noBTopuTenb HANPAKeHUSA Hpefi-
cTaBlsfer Ccoboil CxeMy ¢ IoCaesoBaTeNbRO-TAPAIENbHON o6paTHOL
CBA3bI0, BXOJ{HOE CONPOTHBIEHNE ycuautens R 4 puc. 6-22, 6) Boapac-

TaeT NPuU 3aMHKAHMK IenRE obpatmoit cBAzn. B cxeme puc. 6-22,6
HAUPAKEHNe HA BXOMHOM CONpPOTUBICMM R, PaBHO u,, — Gu,., Ine

G=1/(1+1/4).

BxopBoii Tok MOXHO 3almHCaTh B BHje

Puc. 6-23. AMnanrtyngo-9acToT-
Hasi XApaKTePUCTMKA MNOBTOpPH-
TeNs BALPSIKEHEMA.

BX BX'

iax=ugx (1—~G)/R,, -
T0rpA
R =R,/1—0G).

px = Yax/lex

HoopdrnuerT mepenayu nNoBropuTeNA HANPAIKEHUA G OGAU30K K
eNMANDe, N03TOMY 3HAMEHATeJAh B [OCIENHEM BHPAXKEHHW BeChMa Mal

2V4

H GnarofiapA aToMy ofecneunBaeTCA GoNbIIOE BXOQHOO CONPOTHBICHHE,
Jina moxydeHHoTo paEee sHAYEHRA KodddHmmeRTa mepemaym moBTopE-
tenn manpAxerns (0,99999 npm THOOBOM 3HA4EeHUH BXORHOTO CONPOTHB-
nemuA ycHautenss R, = 100 xOM nomysaem Ry, = 100-10%(1 —
— 0,99999) = 10 000 MOM. Besycaosmo, crToab GOabIIOe CONPOTHB-
JIeHUe pealibHO GyjieT yMeHbLIIeHO A3-3a BIMAHUA TOKOB yTeuku, Kpome
Toro, Ha YactoTax Bume 10 'y, Kak BugHO M3 puc. 6-23, xosdpdpunuenr
mepefiayl yMeRbIIAETCA H, CIEOBATENBHO, BXONHOE COIPOTHBIICHAE TaK-
’He ¢TAHeT Membmo, Eciau Ha BXOje ONepaLUOHHOTO yCHINTEAR UCIOJb-
3yeTCA He NoJeBod TPAH3UCTOP, & GUNOAAPHHI, TO JAA eTO HOPMANBHOM
paboTs Tpebyercs GasoBHIE TOX. B onepanWONAEX ycuauTeaAx obuiero
HaBHA4EOHHAA BTOT TOK o0H4HO mopApka 1077 A u ero masHBalOT BXOJi-
HEM TOKOM CMemeHUA.

Cdsue HanpsHenus. B onepauiioEBEX YCUJUTEJAX, KaK NPABUIIO,
UCNONL3YETCA HEIOCPEACTBeHHAS CBSA3b MEMKNY KaCKafaMHU H B UFeaNs-
HOM CiyHae NIPH HyJIEeBOM BXOIHOM HanpMKeHHH BEIXOJHOC HAIPAMC-

Ueds.gosx
Ueao.on= =4 Usa.ax

+

lauxﬁﬁlhgmh
p—-—-=O

— -
Uﬂbl X

'7 tL) = = [)—)

Prc. 6-24. I'snureTsdecknii HcToYHBK HanpmkeEMA Ucgp. px, IOKA3H-
Balomuit o6pagoBamue CJBHra HanpAKeRNA Ha BHX0ie Ucpp. pux (a)-
Tlpr 3aMHKaRRM genu o6GpaTHOd CBA3K HANPDAKEHMA CABETA HA BXOME
H BHIXO/Ie CTAHOBATCA NMPUONIUBNTENBHO PaBEWMMH (6),

HME TAKME TOMKHO GHTH papHO HyaK. Ha npakTike 310 ycioBUe HUKOT-
IA HE BHIIOJEAETCA, B N1060e OTKIOHeHUe BRIXONHOI'O HATPSLKEHWSA OT
HyneBoI'0 YpOBESA NpeAcTaBifeT c000i CABHI BHXONHOTO HANpAMKEBHA.
[ pAauHEOIl CABATA BANpAKeHEA OGHYAO ABIAETCA HAPYIUCHWE CHMMeT-
pUE Bo BXOAHEIX KacKajax B Ipolecce BX M3TOTOBJICHHA.

Bonee yno6HO BHpa)aTh 3Ty XapaKTepUCTHKY B BHJE CBHIa
BXOfHOTO HanpreHUA. Kak BujHO U3 PHAc. 6-24, cABUT BXoAHOTO HA-
TPAKCHAA OoNPefieslAeTCA HaNPAKeHUeM Ha BEIXONe, ieleHHHM Ha Koad-
$uuueAT mepefiaun MO HANPAMHEHNID NPH YCAOBHH, 4To BXOJl YCHIWTEIR
3azemnen. C 1pyToil CTOPOHH, CABUI BXOAHOI'O HANPAMKEHE A MOJKHO pac-
CMATPUBATb KaK HAIpPAKeHMe HA BXOJE YCHIAMTENA, OpU KOTOPOM BH-
XOjiHoe HANPSKCHUO CTAHOBUTCA PABHHM HyII0, B omepanuoHBHX ycH-
JAWTeNAX CABET BXOAHOTO HAMPAKeHWA, KAK NpPaBUI0, COCTABIAET
HECKONBKO MuluHBoAbT. Ecnmu COBHT Bxogmoro Hanpmxenus paBeH
1 MB, 10 npu KospduumuenTe nepesaun 4 = 10° cgBur BHIXOmHOTO Ha-
npmxersA Gyner cocraBaATh 100 B. Opmaxo nyTteM npucoegumeEMA
el oGpaTHOI CBA3N €T0 MOMKHO 3HAUMTEALHO YMeHEBIIHTbL, M3 puc.
6-24,6 cmemyer, uTo peACTBYIOMee HA Bxoje HanpA:KeHue Oyper
paBAO Ugcnp, px — Upuyx. ToINa Ranprs;eHwe Aa BHXofe 3ANULICTCA
B BUJE

Upux=A (Ucpp. sx — Upnx) = AUcpp, ax/(1 + A) = Ucpp. 5x»

rae Ucpp. px — HallpAKEeHNe cABATA HA BXOfe.
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Takmm o6pasoM, HampsAeHRe CABATA HA BHIXOJe BMeeT TO Ke 3Ha-
gende, 9T0 B Ha Bxoge. HecMoTpA Ba To uto Ucpp, px HDPEACTaBAAeT
cofoil - rANOTeTAYeCKAA HCTOYHHAK, ero HaOpAKeHAe MOKHO H3MEPHTH
OyTeM MCHoJb30BaHAsl CXeMH MOBTOPHTENA HANMPMKEHRA H M3MEPCHASA
BulxomHOro Happs:keHHA. [lelictBHe oGpaTHO# CBASH B 3TOM Cliydae
3aKII09aeTCH B TOM, 9TO Yepe3 Hee MOAaeTCA HANPA:KeHAe, KOMIEACH-
pylomee CABET Ha BXOfe, B TAKEM 006pasoM YPaBHMBAeTCH CABHET Ha-
OpsKeHNA Ha BXOJe B BHXofe.

Buzodnoe conpomussenue. OnepanBoHERH YCRAATeAb Ge3 06paTHOR
CBA3H MMeeT TEOOBOe BHIX0OAHO0e CONPOTRBIeHAe R A pirx OKodo 100 Om,
I1pr saMuKaHAR reDH MoCje/0BaTeIbRO-IAPaleIbHOR 06paTHOM CBA3A
BHIXOJJHO® CONPOTHBIeHRe yMeHbmaercA. J[nA MoBTOpHTeNsl HAIPA;Ke-
HUA 03 dopmynn (6-8) monydmm:

Ry =Ru/(1+ AB) =Ry o/ + AB) ~ 100/105=1 MOm.

6-3-6. IippMeHeHRe MOBTOPRTENA HANDMKEEAA

Bydepaniit yenaurens. IIpr ncooanrsosanWA B KadecTBe GydepHOro
YCHIRTENA MOBTOPHATENh HAOpPAKeHHs, NMOCTPOeRHWE Ha 6Gase omepa-
[[H0HHOTO YCHJATE/AA, BMEeT XOPOmEe XapaKTePHCTHKH, TaK KaK oA

0,8
q q 0,6
o4

2c 2g !
1 "
o 0 | |

) 01062 0% 1 2 4 W

Puc. 6-25. Ilapannenraan T-o6pasman cxeMa (a) H ee HOpMAaJM30BaH-
raf aMIIATYAHO-4aCTOTHAA XapakTepHCcTRKa (6).

o6aafaer GoAbmAM BXOJHHEM K MajtiM BHXOJHHIM CONPOTHBICHAAMH,
a ero KoodpdEnmenT mepefaul Mo HANPAKeHRI0 GIR30K K epdHH[C.

o——-T'ch-)eng’aa” > 3 Prc. 6-26. Ipemenenne mopTO-

—° pATeNA HamPAKeHHA B KaueCTBe
T”ax ku”‘T - T 6ydepHoro ycHiRTeNs Ha BHXO-
Y

Yuxr  pe mapannensaod T-o6pazmoi
o CXeMH.

Ha pmc. 6-25 moxasam mapanmenrEnit T-o6pasanii $rapTp ® ero
HOPMAJA30BaHEAA AMIJIBTYQHO-4aCTOTHAR XapaKTepHcTHKa. IloBTo-
pUTeNh HaMpAMKEeHUA MOKHO MCO0Jb30BaTh B KadecrBe Oydeproro ane-
MeBTa Meskny T-ofpasmoil cXeMoii B HarpysKoif, KaK MoKasamO Ha
puc. 6-26. U3 prc. 6-26 BHXonHOE RAOPsUKEHRE MOKHO 3AHACATH B BHJIO

uprix =4 (kupy —Upnx)s
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rge k — xapakTepucTBKa OapamaenbHoro T-o6pasmoro d¢manTpa,
OTKyZa

uppix (1+4+4)=Akupy

BIR ugyy/upx = Ak/(1 + 4) = k/(1 4 1/4).

Hpr A > 1 nmoxmysdM npRéAMKeHHOE pPAaBEHCTBO Upyx/Upy =~ k.
I{ax m caelloBaJo 0KEOATh, YCHJAATenh Bemel CeOA, KaK MOBTOPHTENb
HanpAKeEnA. T-o6pasEuil napanaeabHu# QUABTD feiicTBYeT TaK ke,
KAK De30HAHCHHN peKeKTopHHE PMiabTp, MEHTpajAbHAA Y4acToTa KOTO-
poro paBHa f, = 1/(2aRC). YacToTHAA XapaKTepPHCTAKA CXeMH oOn-
CHIBAGTCA BBIDarKcHHeM

e 1 . 1
o 4 T4y
(D/(Do—(l)o/(l)

14

e § = @/wy — 0p/w.

JTa xapaKTepHCTHKa mo dopMe moao6HA XapaKTepACTHKe mOCIEN0-
BalelbHoro pe3oHaHcHoro LCR-KOHTypa, B KOTODOM BHXO[HOE Ha-
OpAKeHAEe CHAMAeTCA ¢ Pe3HCTopa. XapaKTepHCTMKA TAKOTO KOHTypa
3aMHCHLIBAGTCA B BHJIe

X 1 1

14+7Q (0/0y—wy/0)  14+jQy’
oHa HMeeT MaKCMMyM, PaBHHI ellHNIle, Ha Pe30HAHCHOA 4acToTe ©,
W paBHA HYJI Ha O4eHb BHICOKHX M OueHb HHSKHX uyacrotax. Taxum
ofpasoM, aTa XapaKTepBCTHKA ABJIAercA KaK OH 3epKaJabHHM oTOGpa-
JKeHHCM XapakrepHCTEKHE T-o6pasmoro ¢marrpa pme. 6-25. Ilomoca
IPOITYCKAHKEA Ha ypoBHe 3 ab, T. e. TaM rge xapakTepucTHKa papga 0,7
OoT MaKCHMyMa, OmpefieJlReTCA B3 MmOCJHENHero PaBeHCTBA

11
1+iQu|  VZ
nwmm 1 + (Qy1)?= 2, otkyma =y, = 1/Q. TaxmM o6pazoM, BHpaKeHIA
Y1 =01/ — /@y B —1y; == @y /0 — 0/ Dy

ompefensoT Moj0Cy HPONYCKARRA @f — @y KA f; — f3. C ydeTom ycTa-
HOBJICHHOH BhIe aHAJOTHA mapaizenbHH T-o6pasHuil GUABTP MMeet
no6porrocTE Q, paBHYW 0,25,
W mojocy UPHOIAEBATENbHO
8fp,- OTE IapaMeTpHl MOMEHO
onipemendTh mo rpadEKy Ha
puc. 6-25,6.

ITosmopumead nanpsxce-
Hug ¢ nostulennoii do6pom-
nocmsio. CxeMy Ha puc. 6-26
MOKHO MOEAPANAPOBATE, KAk
noxazaHo Ha puc. 6-27, B
pe3ayabTaTe 9ero noJoca mMma-
paxnenbHoro  T-o6pasmoro

HAbTPa YMEHBIIRTCHA, a af-
exTEBHAA Ao0poTHOCTE YyBeamaATcA. OfmuE# sakum T-o6pasHoro
MIBTPA B OTOM cjlydae IPHCOGAHHAETCH HE K 3eMie, & K BHIXOJ-
HOMY BRKEMY YCHAHTeNd, OnarofapsA ueMy HaNpA;KeHWe Ha HeM Bo3-
pacTaeT HPM LOBHIIeHHN HaNPAKeHHA Ma BXofe MOBTOPHTeNs HAmps-
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Pnc. 6-27, CxeMa ¢ poBHINeHHO# A00-
POTHOCTHIO,



monnA. Ecan xosfdmuuent mepenaud HOBTOPUTONA IO HAMPSAKEHHIO
PaBeH eAWHHIE, TO BO Bpems pPaGOTH ycHAHTeNA Hampsmenwe ku'
HOJiIepKABAGTCA HAa HYJOBOM YpOBHE. AnandsdpydA cXeMy Ba puc.
6-27, MO'KHO HONYYATH:

Upnx=ku'y, The U’ =Upz—Upuy,
WM upyy = Ak (upx — Upuz)
Upnx _ Ak 1
Unx 1+4r 114k "

lel k=1 unux/qu == 1; npu k=20 Uppx/Upx = 0; npl{O <k <
<1 uppx/uex =

TOrna

1
Mopcra = H
ACTABJAA 3Hagenne k T3 oyJaeM
Upnix A

vex AH14-40y "
Ha wacroTax, COOTBeTCTBYIOMMX TPaHEOAM HOJOCH HO YPOBHIO

MOJIOBHHAOH MOMLLIOCTH, MOAYJb 9TOTO BHPa)KeHHUA PpaBeH 1/V2.
Torpa

(=

A2
= .
(A+12 Gy 2
Tak Kak KospdUnHeHT mepefaun OUePANHOHHOrO YCHJIRTONA 3HA-
9A16/1bE0 GONBNI® eMUHRUH, y; =~ 4/A
JinA cAcTeM ¢ BRICOKOE JOGPOTHOCTBIO
O _ @ _ 0f—05 _ (0 —0y) (@)  2(—0) 1
W, (0]] W o, Wy (D% Q s

e 2 (@, — @y — poioca ma ypoeme 3 1B,

TeiuM  obpasoM, AAM MOAUPRNUPOBAHHOTO MOBTOPHETENs HA
pHC. 6-27 Q = 1/y, = A/4. JloGpoTHOCTE B 210l CHCTeMe MOXKeT GHTH
09eHp BHICOKZ, HANPBMep, mpE A = 10® Q = 2,510 ¥ mpu f, =
= 1 xI'y mosoca paBmEA

B ={,/Q =108/(2,5 - 104} = 0,04 Tu.

Hanpumep, TpebyeTcA paccuutath UWOJOCOBOH 3arpajuTenbHuH
¢unpTp uo napannensHolt T-o0pasHOil cXeMe ¢ HEHTPaNbHOE 9aCTOTOM
1 xI'm 1 voaocol, usmeraomeiics or 1 go 100 T'u.

Makcamanrean fgo6porEocts Q = fo!B = 1000/1,0 = 10°.

TpeGyeMuit Kosfp¢ruuent mepepaad 4 = Q-4 = 4.10%. Boas-
YIMHCTBO OUEPANMUOHHNX YCHAHTemxeil uMeilor koddtUOEeHT nepepadn
110 HanpA’KeHW0, HAMHOTO NpeBHMAmHE{ VOJydeHHOe 3HAYGHME.
(Hampumep, ycunrTenb THHa 741 AMeeT TUHOBOE 3HaYeHRe Koaduiner-
Ta mepepavu 2.105 a MuEAMaNbROe 3HAYeHWE 2,5-104.)

Ilockonbky npH 3sagaAHOR ysKOH MOAOCe IeHTPainbHAf 9acTOTa
@, = 2nf, = 2n-10° pap/c poiHEa GHTH yCTaHOBIEHA C BHICOKOH TOU-
HOCTBIO, eMKOCTh C ciepayer BHOHpaTth Tak, 9TOOH oHa OHua Goabme
napasATHON mYyHTApyMolle# eMkocrd. BrGepem C = 0,1 Mx®, Torja

R=1/(0,0)=1/2n - 103 . 1077")=1,59 xOum.
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I aa Toro 9To6H XapAKTOPUCTHKE IO BO3MOMKEOCTH TOYHO COOTBETCT-
BOBAaNH pacieTHHM, DJMEHTH CXOMH JOJIKHE EMeTh BHCOKYIO CTabHIbe
HOCTDh, a HX HapaMeTPH OJPKHEH OHTH KaK MOMKIO GilisKe K PacIeTHRM.

0,1 01
O—dLI
1,6K 1,6K
2 o+ +158

100K 77 0
" 2X ] = 2x0,1 -

16K B ~158
’ [ 4_]— 100

O e 0

Pre. 6-28. Cxema T-oGpassoro ¢miabrpa NOBHIDEHHOW [0GPOTHOCTH,
paccaATaEEaR B IpEMepe 6-1.
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Puc. 6-29. Buxonmoe CTyueHvaroe HaupAKeHHe IWOJHOIO TeHepa-
vopa mpr C, = 3C,.

N3 51X coobpaKeHAA B KaveCTBe BJIeMEHTOB CXEMHE MO3KHO HCIOJb30~
BaTh CTAHAPTHHE PE3MCTOPH HOBHmenHoit Tourocr® 1,58 m 1,60 kKOm,

Tlepemennaoe coupormBaerue 100 kOm (puc. 6-28) noaBoiasdger H3-
MeHATH KooQUmmeRT Hepefadd, & ClefAoBaTeNbHO, H JOGPOTHOCTD,
Peaucrop couporupnenmeM 100 OM HCKi0daeT BO3MOMKHOCTE CHHKe-
iR KoodduuneRTa mepefaulm Ao HYJA.
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Dmonruill remepaTop CTYNEHYATOrO HAEpAsKeHHA. B ycTpoiicrmax,
NOTODHO HCHoAB3YIOTCH /IS CU6Ta M H3MEPeHHA 94acTOTH CJENOBAHEA
HMIOYIBCOB, BO3HMKAaeT HEOOXOAMMOCTh TIeHepHPOBaTh CTyIeHIaToe
HanpsxeEHe, Hanps:keHERe Takod QopMH I juoaBAsA cXema JJA ero
dopMEpoBaEEA moKasaHEH Ha pHC. 6-29. ITpH momaue Ha BXOJ CXeMH
DOJ0KUTeNbHHX AMOYNbCOB HPOBRCXOMUT 3apAR KoAgercaropoB Cyu €,
gepes muon J/;. Hanpskenue geawrcn Mesxny KompeHcatopamu o6paTao
OPONOPUHOHAJBLHO HX EMKOCTAM:

Ui /Us=0Cy/Cy.

Ecau emKoctb Cy Merblie Cp, TO HaUPsDKeRUE HA mocaepneii Gyper
COCTABAATH JRMB HEOOABIIYI0 JACTh HANIPAKeHUA BXOJHOTO MMIIyJabCa.
ITocste cnagaEMA BXOJHOTO UMITYALCA KO WYAA KoHpeHcatop C; Oymer
paspmarbCA, a Ha KoHgencarope C, sapAp coxparAercA. Ilpm moaauc
BTOPOTO0 BXOJHOr0 BMIyJbca 3apAfA HaA KoHJeHcaTtope C, euie Goaee
yBeARqHETCA. OQgHaKo Io Mepe pocta 3apAfa HANPAMKeHHME HA KORJCH-
carope C, BHYUTAETCA U3 BXOJHOTO HAaNpPsH{eHAA., B peaynprare KoH-

1,0

| Kooy
o8| Hox o—|01 A1 +
0,6 = r_o
l st UL,
0,2~ o S}
g N A d-)

12345678810 Y
Bxodnnie umnyascst

Pnc. 6-30. Buxogroe cTymeruatoe HanpA;KeHH® QUOMHOLO TeHEPaTopa
[V HOBTOPBTEJIEM nanpﬂmemm.

FeHCaToD 3aPAIKASTCA YKe MoJ, AeficTBHeM HeNOJHOTO BXOAHOTO HANDRA-
JKeHHA W BHICOTA CTYNEHEK YMEHbIIAETCA Ho 3KCHOHCHTEe, MakcuManb-
HOe HaNDPAXKCHNS, N0 KOTOPOLo MO:KeT 3apPANUTBCA KomRIeHcatop C,,
paBEO Ugg.

Ecan avop guopa J, NpHCOEIIIHNTD K BRIXOAY HOBTOPHTCIA HANPH-
JKEeHAA, KaK mokasado Aa pHC. 6-30, To Temeph MO OKOHYAHII BXOJHOTO
AMOYJbCa KoEZeHcatop C, 3apAnuTca gepes nuoj [, K0 TOIO ;Ke YPOBEA
HaUDsKeHN A, 4To I Konpercatop C,. Tak Kak 1Ba KOHAEHCATOpA HMEIOT
OIMHAKOBEIE HAMDAMIEHNIA, HO TPOTHBONOJOMHOI IIOJAPNOCTH, OHH
B3aMMHO KOMIEHCHDYIOTCA. B pesynwTate npnu nosage Ka:Kmoro IiM-
nyabca K KoHpedcatopy C, OpukiagsBaercA MOJHOE BXOXHOe HAMpPA-
Kepme. Temeps Bce CTYNeEBKN HaNpAKeHHA Ha KOHAeHCaTOpe Cy OMCIOT
OOUHAKOBYIO BEIHUNAY, a MaKCAMaJbHO® HANPAKEHIe Y:Ke He oIPaHH-
quBaeTCA aMONNTY/AOIl BXOAHHX MMuyabscoB Upy. ENe ompAM npenmy-
LHECTBOM 3TOH CXeMH ABIAETCA TO, 9TO LIOBTOPUTeJb HANPAMKEHHA pa-
Gotaer B Kaucctse GydepHoro Kackaga,
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6-3-7. Ycunmrear Bmampsenns Ha Gase ONepaMOEHOTO YCHIATETH

Ycunnrenb HaOpAKEHWA MoeT OLITh HOCTPOEH IryreM MOAHUKa-
OHE cXeMH HOBTOPHTeNA HANDPAMOHUA, KOTOpPas IOKajzaHA wa
prc. 6-22, a. Cxema TaKoro yCHAMTOJAA TIpeAcTaBleHA Ha puc. 6-31, rge
ues oGpaTHOH CBA3H 3aMhlkaeTCA gepe3 MepeMeHHHIY pesmcrop, Gna-
TogapA yeMy 9acTh BHXOAHOTO HaIpAYXEHHA NOMAETCsS HAa BXOA YCHIH-
TeaA. BxopHoe HanpAmeHBe ycuautead 4 paBHO upy — Puguy, a
BHIXONAOE Uppy — A (upx — Pupux), TOTAA

Uppx/Upx =A/(14+ AB) =~ 1/B, (6-23)

e P = Ry(R; + Ry).

Tak Kak dacTh BEHXOTHOro HauPAMKeAllA, OTBOLMMOTro HA BXOJ IO
uenn obpaTnoil cBA3M, yMemplnaercA, KoadpdmumenT wepenadii Boapac-
taer. 110 npi asrom KosdPHuneHT mepenaun B KOHTYpe CHMKAETCH, B
peayabTate wero opu GoabmioM ycu-
JIEHITH yMEHbIIAeTCA 00JI0CA ponyc-
KaunA. 9toT addexT rmanocTpupyer-
cA puc. 6-32. Koadpdrumert nepe-
JlAun  ycuauTeAsd LPRE BaMKNOyToi
Uen:m 00paTHOH CBA3H

G=A/(1+A4p),
aorapndMapyA, GyneMm MMers:
logG=log A —log (1+ Ap) ==
~logd —log AB.

AMOIATYAHO-9aCTOTHEIE XapakK-
TeDACTAKE Ha06payKaloTCA B  J0-
rapedMBEyecKoM MacimTabe, H03TOMY Koa¢unueHaT Nepefasl yCHARTEIR
OPA 3aMKHYTOH wenu ofpatHONl CBA3M BAXOMHTCA ITyTeM BHYATAHUA
Koa¢uyAenTa nepeadd B KOHTYpe Opu pasoMKHYTOH oGpaTHOH CBA3H
B3 Ko3pPEuHeHTa nepegau ycuiuTens A, He OXBadeHHOro obpaTHOM
CBA3BI0. DTO COOTHOIIEHME CNPaBelJNBO B HpejeNaXx TopPH3OHTAJNbHOMH
JNHAE, OPOBENCHHOHX OT TOYKM HAa OCH OPARHAT, COOTBETCTBYIOmEi
RaEHOMY XO03()PEUMeHTY NePenauu, 0 nepecedeHRA € XapaKTePHCTUKOI
pasoMxuyroro Koutypa. Touka mepecedeHRA oHpefeaAeT HOJOCY Ipo-
OYCKaRAH YCHJIHTCIA.

Tounoemv zapaxmepucmurx. Roaddrnment obparnoli cBR3u B
B cxeMe Ha puc. 6-31 omnpemenReTcA JenuTeneM HanpAskeHRH, T, ©.

B =Ry/(Ry+ Ry).

KoapduumenT nepegaan ycuanTe s npd 3aMKHYTOil nenm obpaTHoil
cBf3y 13 popMyaH (6-23) MOKHO 3anmcaTh B BUAE
¢6=-24 1 (1 _ L) _
1748 ~ B \' 4P
Oaa koaddrmuenra mepepaun npu aaMKayT10it o6patHoii cBA3N G =
= 10° xoapdnuucetT nepefdaun B KonType AP cocrapiser HDPHMEPHO
2000. OTkaomemse npn aTom paBHo: 1/(Af) = 5-107* (unu 0,05%).
Ecar rosgpduuvent obpartoii ceAsn f cramer MeHbINE eTHRHLBI,
TO BXOHOE COIPOTHBIEHNe YMEHBIIATCA, BUXOAHOE CONPOTHRIERNE YBe-
JARYMTCA, CABAT HANPSKEHAA BO3PACTET 10 CPABHEHAK CO CXeMOoil noBTO-
pHTeNA HaOpA:KeHUA npu P = 1.

Puc. 6-31. CxeMa ycuaurens
HAaNPAMEHHA C TOCJAe[OBATENb-
Ho-napaaneabHoit o6parHoil cBA-
3pI0 M ¢ mepeMeHRBIM Koaddu-
NHCHTOM HepefadH.
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Cdsus nanpamenus. Cxemy OOBTODHTenS HANPKEHHs BRa
puc. 6-24, 6 momHO W3MeHHTH TakuM ofpazoM, uTo KosddunEent obpar-
Mo cBasm P me Gymer pasem emummne. Taxas cxeMa HaofpaseHa H3
pnc. 6-33. Ecam paccMaTPUBATh TOJBKO CABUT HAMpAKEHWH, To BX0HO®

G

—— e o0 S e

6=10% p=1/10%

6=102 p=1/10%

G=10 B=1/10

=1 p=1

~10 1 1 ] | |\ £

|
7 10 0% 0% 0% 10° w0f 10ry

Pumc. 6-32, AMNANTYRHO-4aCTOTHEIE XAPAKTePHCTHKHA YCHJIRATEAA Ha-
HDAMEHHA C NoCaefi0BaTénbHO-NApaNiedbHoll o0paTHON CBASLI NpPE
Pa3aRAYHHX 3HAaYeHEAX KosPppmuueHTa ofpaTHoil CBASIN.

RaNpsKeHne, MocTynalmee HA yCAAUTeab A, paBHO Ugpp, px — B Usux,
e Ucpp, px — HANpAKeHHe CHABUTA, OTHeCEHHOE K BXOLY YCHJIHTEaA,
Buxomaoe HanpA:keERe, 06yciloBAeHHO® CABHTOM, TOTHAa MOMHO BHpa-

8UTH B BHIE
Uaux =A (Ucna. BY — ﬂUaux)
Ham
Usux=Ucpp. sxA4 /(14 AB) = U cp. 8xG == Ucpp. px/B- (6-24)

TaxnM ofpasoM, CIBAr HaOpAKeHWA Ha BHXofie paBeH CIBETY Ha
BX0Jie, YMHOKEeHHOMY Ha Koo@HIACHT Tepenadn yCeRIANTCAA OPHA 3aMK-

X

— e —

uﬁux

¢

Puc. 6-33. BuxopHoe manpssie- Prc. 6-34. Buxogras peax-
Hue, 0oO0ycNOBIeHHOE CHBHIOM OHA YCHINTEJAA HA CKAYOK
HaIpAKeHHA HA BXOJE. HAUpPAMKCHNA HA BXOfe.

HyToii nenu oGparnoii ceAzn. Hanpumep, ecan G = 100 (wau f = 0,0112),
TO OTHeCeHHOC K BXOJY 3HAYeHIle CBHTa HaUpA:KemuA, paBHoe 1 MB,
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Gyner cooTBETCTROBATL CABUTY HAN AyxeHUA HA BRIXo1e, papEoMy 100 MB,
Kar u B cxeme moBTOpHTenss manpAsmenud, Ucpp py mpEaO-
MeHo K NHBePTHPYOIeMy BXOZY YCUARTeNdA. 3aBHCAMOCTh BXOIHOTO
CNBHTA HaOpsAEeHWA OT TeMIepaTypsl, Kak IPaBAJ0, CoCTaBIAeT MpH-
MepHO 10 MKB Ha rpapyc Ifenancus.

Cropocmb usmenenus suzodnozo nanpayxenus. IIpE mopaue cxadkg
HANPSKCHUA HA BXOJ yCHARTeNA (puc. 6-34) BHXOnHOE HAOpPAMKOHHO
Oyner HapacTtaTh He MTHOBEHHO, & C HEKOTOPHM HAKJIOHOM H3-3a BAWMA-
1A OOCTOAHHHX BpeéMeHHW YCREJAWTead. BeanuMBa HaxaoHa BHXOZHON
PeaKkUMH Ha BXOZHOH CKAdOK XAPAKTePU3YeT CKOPOCTh M3MEHEHHA BHI-
XonHoTo HaUpAKeHRA ycHARTeaA. IIpn Ooapmmx KoaeGaHWAX BHXON-
HOro HampAeHHA (OpuMepro 20 B, or nuka K OWKy) WMeHHO JTOT
aQeKT, a HC YACTOTHHE XapaKTCPHCTHKH, NoKazaHHHe HA PHC. 6-32,
BbIBEIBAET OTPaHHYeHHA Ha BHCOKNX 9acTorTax. THOOBHM 3HageHHeM
CKOPOCTHE HapacTaHMA BHXoAHOT0 HanpA:xeHHsA ABARercA 1 B/Mxg.
Ecau BHxOnHoe cCuHYcOMpadpHOC HanpAKeHHe uMeet amoautyny 10 B,
T0 '

upyx =F sln ot =10 sin wt.

CxopocTs WaMeHeHWA HANPAKEHHA HAXORMHUTCA OyreM Auddepen-
OMpPOBaHUA
dUBHX

=FE cos ot.
dt

Tak Kak MaxkcuMajbHOe 3HA4YeHHe COS (¢ PABHO CAHMHHIE, MAKCH-
ManpHAA CKOPOCTh W3MEHEHHA BLIXOJHOTO HANPAMKCHMA pasHAa Eo,
CacmoBaTenpdo, MaxCAMaarHaA palouad 9YacTora YCHIAMTENR

_ 1 dUn

max E dt
Han
¢ oA dUsy
max  2nkE de

HNopcraBanA OphBefleHHEle BHINE 3HAYEHMA, WoXydaeM f .. =

= 10%/(2n-10) ~ 16 xT'u. BHumcaemmasm wmaxcumanbmal gacroTa B
HEKOTOPBIX CJAYJaAX MOKET OKAa3aThCH
HI)Ke TPAHMUYHOLl 9acTOTH, oOpeneaseMOR
MAaJIOCUTHAABHON NOJOCOH HpomycKanHA.
Tok cxeyenus. Kar yie ykasHBa-
Jock B § 6-3, ecqin BO BXOJHBIX Kackajax
He NCNOJNb3YITCA TNOJeBhle TPAH3HCTODPH,
TO u4epe3 BXOAH onepauMoOHHOILO YCUAR-
Tean o0A3aTenbHo OynyT npoTexarh6aso-
Bble TOKH. ClogoBaTepHO, BXOJibl BCEra
JNOMKHH COeUHATBCA ¢ 3eMiell depes ¢ -
oMMuecKoe conporusaedme. baarogaps
BTOMY TOKN CMEIICHMA NPUBOJAT K UOAB-  Ppe, 6-35. Cxema ycuam-
MCHUI0 HA OGOMX BXOAAX OJMHAKORHX HA-  rejf HANDAMKCHHA € KO-
NpsOKCHH, KOTOPhle BBANMHO BEIYNTAIOTCA  pdhUUNEHETOM DePefayun
H [O0JTOMY He BHOCAT HOULOJHHTEABHOTO  {((.
casura. B ycnautene mHa puc. 6-35 Bo
BXOJHYIO Uenb BRIIYeH 0TO0JBHTeN]bHEH{T
peauctop comporunienneM 10 kKOM paA Toro, 9robH MOJYYHTH HA
HeM DajeHWe HANDAMKEHHA, PaBHOE HANPAKEHHI Ha MapaaieabHOM
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COCRUWHEGHUHN pe3ucTopoB R, ¥ Ry. [Ipu oTcyTcTBIE 3TOTO peaucTopa TOK
cMemennrA, paBEuii 0,1 MKA, co3gapan OW pOMOJHUTEIBHHE CHBET
BxogHOTO HanprmxeEua 1 mB., Pa3rocTh TOKOB cMeNleHAA Ha ABYX BXO-
Jax mpepcTaBiafeT cobofl cuBUT BXOJHHX TOKOB, KOTODHIl He uMeer cy-
MECTBeHHOTO sHaueBlis.

Haopumep B ycuaurese HanpsskeHNA ¢ KoapdullileHTOM yclieHus
100 xoad¢uument o6paTroii cBA3M § moibken OHTb papen 0,01, a oTHO-
meHHe coupoTRBIeHNl R; 1 R, B cXeMe Ha prc. 6-35 [4oMKHO COCTABIATD
1/99. OpHaxXo B GOMBIIMHCTBE CAYYaeB 3TO OTHOLIGHHE BHOJHE MOMKHO
OpHEATE paBHEM 0,01, mostomy BHOepeM R; = 10 kOM u Ry, = 1 MOM.
Pesuctop couporuBaerneM 10 kO™ BKIIOYEH BO BXOAHYIO IeTb AJIA COrIa-
COBAHEA NafleHUA HAUPAXKeHHA, BRIBBAHHOTO BXONHBIM TOKOM CMeIMeHusM.
M3 puc. 6-32 MoKHO oupenenuTs HONOCY HPOUYCKAHUA YCRIRTENS, HO-
Topasa upnbansurenbao paBHa 20 k'L

Ipa R, gy = 100 xOM B 4§ = 2000 Mo%EO OHpefenuTs BXO.

HOE COUPOTMBIEHHe Ha HM3KMX 4acToTax:
Ryy=(1+AB) Ry 5y =200 MOM
® BHXONHOe COOPOTHBJIEHHE
Ry =R apux/(1+4,8) == 0,05 Om.

6-3-8. Yemanrens Hanps;KeHAs ¢ eMKOCTHOL CBA3LIO

Ecan tpebyerca 3ajnep:xaTh TOCTOAHHYI COCTABJIAINIYI0 BXOJ-
HOTO CATHAJIa, TO Ha BXOJ€ YCHJIMTEJIA HANPAOKeAuA HCNoAb3Y0T pasje-
JNTeNBHEA KORJZeHcaTop, Hax MoKasaHo Ha pHc. 6-36, 3to mpmBopMT
K TOMy, 4TO HUBKHE YaCTOTH, KOTOpPHe OTPaHHYABAOTCH eMKOCThIO KOH-

10%¢

70?2 /> QA

| L1 1 | SN I ’Pl
0771 10 102 10;_)10"705 01071y

Pnec, 6-36. Ycnautenbs HalpAXKeBAA € eMKOCTHOH CBA3BK (a) U ero
aMIINTYAHO-UACTOTIIafA XapaKTepucTiiKa (6).

mercaropa Cp T coupoTuBieHieM peslicTopa Rp, Ae DPonycKalTCA yCH-
auteneM. Ecim, Kpome Toro, Ha BHXole TpeOyeTcA ofecrneunts CABHT
BAIPAKCHIA, PABHHI] HYII0, TO CONPOTHBIACEUE pe3licTopa Rp caegyer
BHOHPATh PaBUEIM CONPOTHBACHMIO MapajienbHoii KombuHaimnm R,
u R,. lnA pabote ycuunTens Ba uactorax muske 10 I eMKocTs paspe-
JATebHOTO HOHMCHCATOPA paBHA:

Cp = 1/@2nfRy) =1/(27 - 10 - 104 =1.59 mxD.

Ecan compornBienns pesncropos Ry 1 R, yBea4nTh, Hampimep,
no 100 kOn 1 10 MOmM cooTseTcTBenHO, TO COUPOTHUBICHHE R} TaKsKe

214

HOMKAO GHTL yBENMYEHO, & ANA TOTO 4T00H NOCTOAHHAR BPEMEHE OCTas
Jlachk Heﬂ3MEHHOﬁ, eMKOCTD l\lluLlBHCi:lTOpB Cp lei 9TOM (‘Jlenye'r ymeub-
uuTh, Tak Kak uemoYka CBA3M HAXOnKTCA BHE KOHTYPa 06paTHO{ cBA3Y,
peagyrEa f HE OKajhBAaeT NKKAKOTO BJIMAHIA HA HIDKHIOK TPaHULY
nomockl wWponycKaHMsa, Bxopmoe

comporusjenne “Gyner passo Rp. +
B cayuae Goabmmx xoapdunmen- o—

ToB nepegaun mopaAnka 1000 mHeob- L‘p

XOfUMO o0ecueduTh TaKHe YCAOBUA,

4T00H CHBMT BHIXORHOTO HALPHMKe- Rp

ans, paBabd Upnxy = Ucps. nx/Ps
Be GBI 9peaMepHO CoXbmuM. s
9TO# MEeal MOHCHO MCIOJB30BAThH Ta-
Ky menb oGpaTHON CBA3H, KOTOpas o : 0
g:::rﬁ%gm;g,ﬁ eﬁg%@?ﬁﬁfg n:‘:f; Puc. 6-37. Ycmaureab ¢ emko-

’ CTHO! CBA3BI0, MMelOIMHi Goab-

YacTOTC CHIHAJIA 3HaYeHHe fi yMeBb- .
maercA. B cxeme Ha puc.ﬁ6—37 ma oA Koodnuuent mepenauy.
yacrore, paBHOl Hymw, B = 1,2, a
11a BEICOKO# gacTore § = 0,001. Takas xapaKTepHCcTHKa mene obparHoii
cBf3y WO3BOAAET olCecmednTh HeGOApmON CABHT BHXOXHOTO HAMpA-
IKCHUA.

Rosdprnmernr nepepaun uene oGpaTHOi CBA3K B cxeMe Ha pHC, 6-37
BagHCEIBaeTCA B BHje

Ry (By+1/(sC3))

__RrRIIGC  _ R 14 5CRy
P R (Bt GOy ~ Ry | Mt afs TRF
R+ R3+4-1/(sCy) R, 4R,

HIE upd ycnoBBE R, < RiR,
B el 1 S (6-25)
1+R2 1+ RIRZ SC
R +R,?

HuwKHAA rpaHWYHAA YacTOTa HOJOCH [pONYCKaHHA oOpeleslAeTcA
nocToRHHOR BpemeHH RyCy. Ecniu Ry = 1 xOu, KaK B cxeme Aa puc. 6-37,
a mojoca Wa HE3Koil uyacrore paBHa 10 Tg, To

Cy=1/(2nf Rg) = 1/(271 - 10 - 10%)=15,9 mxD.

Touka M3A0Ma aMONUTYIHO-4aCTOTHOI XapaKTePHCTHKE B obnactu
HU3KEX YacTOT OUPefieiAeTCA COOTHOMIEHIIEM

1
1= GG R/ (Ry + B

EciIE Touka H3IoMa XapaKTePHCTHXKH paspenliTelbHOH meUOYKE Ha
BXOJle TaKyKe HaXOINTCA Ha 3Toii 4acToTe, TO B Pe3yAbTHPYIOmEl aMNInA-
TYNHO-4aCTOTHOIl XapaKTepUCTHKe H3JIOM 1Ia HH3KIX 9acTOTax, BHOCH-
ME nenpo ofparmoil ¢BA3W, Oyner HckaoueH u GygeT mapacrarh Ho
JmHeftHOMY 3aKOHY, KaK HOKasaHO Ha pHc. 6-38, 6. Jlasa xoMnmemcauuu
nanpAsKeHN i, BH3BAEHLX NMPOTeKaHNEM BXOJHHX TOKOB CMeIIeHHA, He-
obxopuMo, grobet R, = R1Ry/(Ry + Ry) = 0,5 MOwm. B sroM caydae
€MKoCTh Pa3jielIATeIbHOTO KoBfleAcaTopa Gyfer paBEa Cp = 1/(2nfRp)=
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=0,02 Tu.




= 15,9 ux®. [Ipr Takoefi Goanmofi eMKOCTE B DaspCURTENbHON LENR
ynoGHee BCETO MCHONB3OBATH 3JaeKTPONMTUYdecKUil KommeHcatop. ITo-
JAADPHOCTH HANpPMMEEUA, HeobXoaMMaR UpH BKIIOYEHHH DJIOHTPOAMTH-

G 7 - \\

2L, Lens .
0 gﬂ'pamﬁau

cbasu
0 P
== —:—;

1~ ~"=Pa3desumensHas yens

1077 oo f
072 1077 1 10 0% 109 0% w° 108y
d)

0 A .

70-1 e — e e e e —— . — —— — — - 7
. Rit Ry
7
072 Py
e 1 27 C3Ry o

-3l - - —Ju
0 e, £ *

-4 R+ 2 f
10 ] I ! ] ] 1 | a)

0721077 1 10 0% 103 ry

Puc. 6-38. AcumnToTuuecKam anmpoxCHMAUEsA 9acToTHo#l XapaKTepH-
CTHKA nen® oOparHoil CBA3M (@) U aMIAMTYyJHO-4acTOTHAA XapaKTepH-
CTUKA yCMJIMTONA C EMKOCTHOH CBA3b U OoabmuM KedPpduumenToM
nepefgaun (6).

9eCKoro KoHfeAcaTopa, obecmeuuBaeTcA BXOJHHMH TOKaMH CMelleHHH,
KOTOpPHE B Clly9ae TPAR3UCTOPOB THIIA n-p-n BCel[a MOAACPIKHBAIOT Ha
BXOflaX OTPHUATEABHHE MOTEHHMAN OTHOCUTEIBHO 3eMJIH.

6-3-9, CenexrmBHHA ycEAMTENs € mMocAefoBaTeabHO-Mapajliensaoi
obpaTRoit cBA3BIO

Ecan B KauectBe nenm ofpaTHoit CBA3H MCUOJbB30BATH Hapajelb-
myio T-obpasnyio cxemy (puc. 6-25), To ycunurens 6ymer obnamarb ua-
BepCHOU XapaKTepHCTHKON IO CpaBHeHMIO ¢ XapaKTepHcTHKo# T-obpas-
HOH cXeMH. CeleKTHBHHI yCHaHTeNdBb, CXeMa KOTOpOro IOKa3aHA HA
puc. 6-39, uMeeT ysKyw moaocy mpouycKanua. KosPdunuenr nepenaqu
ycBAuTeaA OpHM 3aMKHYTOR pemu obpartHoit cBAam OymeT oupenelAThCH
CoOTHOUIEHHEM

4 4 A4 y
C=Trap ~TFaaram — drhyrs &0

e ¥y = 0wy — 0/w. Korma o = G/C, 1o y=0 1 G= A, 1.¢e,
Kos()puuueAr vepegaul Ha UeHATpadbHON uacToTe paBeH A u clagaer
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po Byna mpu Goavmnx smauendAx y. Ilomocy uponyckahus Mommo
Haiit¥ ¥3 GopMyAH AAA y MPH ycAOBUH, 9To Kos@dunmeur nepegaun G
ymenbmaercs B V 2 pas, 1. e. fo Bemuman G, /V 2, unm

Aw+4) _ 4
A+ y+4i o V2o
+ A
A —0 0,8
e e — -~ —\ 0,74

%

S R 5
—L:|1—LE:|—* o4
gzc—[- rJZgg 0,21~
o —e o ¢

A-2 1 A+2
a) %) A A

Puc, 6-39. CenextuBanii ycunurtenp ¢ wapaiienbaol T-oGpasmoil cxe-
Moii B memm mocjefoBaTeABHO-MApaNJENbHOR ofpaTHo# CBA3R (@) H
er0 aMIJMTYQHO-4aCTOTHAA XapaKTepHCTHKa (6).

— = e o oy

/%,

B3HB MOAYJP 3TOTO Bupamemm
A2 (y} 4-16)
@ X1pyi+16

MO¥Ho HaliTH 3WaveHme y;:

_-'/'—_16 LA
1= A2 44 —1 A’

Jna ysKOHONOCHHX cucteM
Y1= 0 /0p— @ /@ = 2 (0 — W)/ gy

caefoBateNbno, yy = B/wy = 1/Q, rme B — mojioca mnpolOycKaHMA.
Ilpg A = 10° RobpoTHOCTH CeNEKTUBHOTO YCHAMTeNA paBHA A/4 =
= 25 000, u ecnm perTpasbaad yacToTa paBHa 1 KI'l, To moJoca Hpomyc~
rausa 6ymer fo/Q = 0,04 Tu.

A2
=7

I+

6-4. IPAMEHEHUE NAPAJLIETBHO-IOCITENOBATE/ILHON
OEPATHON CBA3NA

6-4-1, Ycmraarens ¢ obmeit Gasol

Ycunurear ¢ OB (cM. puc. 6-3, 6) mpeacraBnfer coGoli mpocreii-
mmi ycunureas Toka. 1{ak mpaBiHio, OH DPUMERAOTCA IR B KaJecTBe
HUCTOYHMKA TOKA, B KOTOPOM BXOQBOH N BHIXOMHOI TOKHM paBHE MOMXAY
coboil. baarogapsa GonbmoMy BHIXOIHOMY CONpPOTHBJIGHNI0 B CXeMax
€ mapajijleNbHo-MocieoBaTeNbHoil 06paTHO#t CBA3BIO, a CAONOBATENBHO,
H B cxeme ¢ OB, BHXOAHOIT TOK HOYTH He 3aBMCHT OT COTPOTHBJEHUA
BHemAeil Harpysku., Ha puc, 6-40 moKasama cxeMa MCTOYHMKA HOCTOAH-
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HOTO Toka, papHOro 2 MA. ITpu ycloBHH, 9T0 COUPOTHBIEHAE BHeMHeH
Harpy3KH He CJIAIIKOM BeTNKo, BXOJHOC COMPOTHBJIEHHE TPAaH3HCTOPa
€O CTOPOHH aMHTTepa oKono 20 O, Baupsxenue ACTOYHAKA MHTAHASA

0 dapd
Fuar 22 Rox < n Puc. 6-40. McTOUAUK TOCTOAH-
1K HOTO TOKa 2 MA, B KOTOPOM
28 TPaH3HCTOP BKJIIKUEH 110 cXeme
_Ij ¢ OB. ABaZoTAYHYK CXCMY
l ﬂ} —- MOKHO MOCTPOMTL H C Tpa”3Il-

CTOPOM THMA p-n-p.

PaBeO 2 B # B en® sMHATTepa BKAWOYEH PE3UCTOP, liMelomiuii COOpPOTHB-
aeane 1 KOM, yemnarens obecumeunsaeT Tox 2 MA, [IpuBegeHHan cxeMa
aHAJOTHYHA CXoMe HCTOUYHHKA TOKa Ha puc. 6-13, B KOTopoM B KauecTne
ICTOYHMHKA BXOZHOIO HallDMAYKEHMA HCHOONB3YeTCA [NONHTeNb Harmpsike-
His.

6-4-2. TpaHE3ECTODHLIN yCHAATENH TOKA

Panee yxxe OHN0 MOKAa3aHO, YTO BKII0YEHHE TpamsHcTOpa C obmieit
(a3oil MOKHO paccCMaTpPHBATH KaK CXeMy ¢ MapanielsHO-N0oCne0BaTeNb-
10i1 o6paTHOH CBA3KI0, KOTOPaA EMeer Koaddmumedr obparHoif cBA3H,
pasHptit epuEnne. Ha puc,
6-41, ¢ npmBegera Gonee 06-
aa cxeMa ycuauTend T0Ka,
KoadduuneHT mepemaud TOKa
KoTopoil pasen (R, R,)/R,,
T. €. ABJAEeTCA 0OpaTHO{i Be-
aransoit Kosddmumenra ob-
patHoll cBA3E mo TOKy. la
puc. 6-41, 6 nmpEBegena npax-
THYECKaA cXeMa YCHIHTENA,
KOTOpHi Hmeet k03pduuiIeRT
mepefaund TOKa, paBuHil 10.
CrapEaAMTpOR B JTOU cxeMe
npemHEa3sHaueH 1A DOAfepIka-
HUA TONOKATENBHOTO HaMmpA-
MeHHA Ha KOJJIEKTOpe OTHO-
crenpHO Oasel, Ecjiu mamps-
JKeHHe NCTOYHAKA DHTAHNA
pareo 10 B, a wupoGuBHOe
HaopsmKeHhe crabuautposa  Puc. 6-41. CxeMH yciumarejeil ToKa.
6 B, To ocTaBmBecA 4 B ne- a — ofmasd cxema YCRIHTENA C Mapallielb-
nATCA meskny Ry, Ry 1 mepe-  Ho-mocienoBaTenbHoM obpaTHo#t — cBASLIO;

. 6 — INpaKTUYeCKAd CXeMa YCHJIMTeld ToKa,
XonoM 6a3a_3M“TTep' Ha”pﬂ' 6 — CXEMa JBYXKaCKaIIoro YCHMJIUTEJA TOKA.
skeme Ugny MO0 NPUAATDH

pasHum 0,6 B, Ttorma mpn
ycnosuil, uto R, = R; = 1 kKOM, nageHne HampAKeHHA Ha ITHX pe-
ancropax Oymer mo 1,7 B. CienosaTensmo, ecanm mpexueGpedb TOKOM
6asnl, TOX ammETTepa GypmeT paBer 1,7 MA. C uenblo ycTpaHeHHA mocle-
JlOBaTEeNbHO-NOCAEJOBATEAbHOIT OOpAaTHOR CBAYM HA 9acTOTe CHIHAjJA
OMUTTePHHI pe3ncTOP HWIYHTHPOBaH KOHAgeHCATOpoM Cg.

CxeMa gByXKAaCKAagAOTO TPAH3HCTODHOTO YCLUIATENA NMOKa3aHa HA
PHc. 6-41, 4. B 27101 cXeMO 9acTh IMHTTOPHOTO TOKA BHXOZHOTO TPaH3HAC-
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Topa mojaerca ofpaTHO Ha BXOAR ycmaurens, T. €, Ba Gasy TpamsdcTOopa
T,. Kak m paHee, oTHOMEHHEe TOKA B Pe3RCTOPE HATPY3KM K BXOJHOMY
TOKY OMpefe/fieTcs OTHOMEHMeM COMpPOTEBAeHHH pesBcTopoB (R, -
-+ R4)/R,. CxeMa He BosHe COOTBETCTBYeT cTaHnapTHON $opMe ycuam-
TeJIfl TOKA, MOCKOJBKY B HEH yIPaBJifAeMEIM ABJAETCSA He TOK KOMNEeKTOpa
HenmocpeacTBeHHO, a TOK SMHUTTepa.

[lagenme BampsKeHHA Ha DesACTOpe R, ABJAETCA HANMpAKeHHeM
Gaza-amMurTep aaA TpaHsucTopa 7. Ecmn compormBaeHE® R, BHGpDATh
paBEEIM 100 Om, Tox sMETTepa GypmeT cocraBasaTh 6 MA. Hanpsxerne
Ha KOJJIeKTOpe TpaHaBRcTOpa 7' Gyner oxono 1,2 B, cnegoBarensHO, na-
HeHAe HaOPA/MEHWA Ha pesHcTope Ry Gypmer Ex — 1,2 B. Taxum o6pa-
30M, KONNEKTODHEIA TOX TOTO TPAH3HUCTOPa OnpefelAeTCA BHODaHHEM
CONPOTHBIEEReM Ry, T. . NPB Ey = 10 B B Ex = 8,2 KOM TOK KON NEK-
Topa WPHOGAKBATONLHO GyneT paseH 1 MA.

6-4-3, Yemnmrenp ToXa ma Gaze omepanEOHHOTO yCHAATENS

O6man dopma ycHANTeNA TOKA, MOCTPOEHHOTO C HCMONH30BAHNEM
OmepanMOREOro YCHMTENs, MOKAazama Ha pHc. 6-42, 4. B aroii cxeme
Ko3pPEyAenT 0OGpaTHOA CBA3H MO TOKY ONpefelAeTCA COOTHOIIOHAEM
CONpOTHBJCHHA

= Ry/(R; + Ry), a KoadpdunuenT Depemaud TOKa

Louix

Pre. 6-42. Ycennutens ToKa Ha (aze OmePAOHAOIO YCHIIMTENA.

a — oCHOBHad cXxema; 6 — craHmapTHaa ¢opma naobpakemma nenm ofpaTHoit
CBfI3Y; 8 — ycRJIMTe]b TOKAa ¢ KO3gduImeHAToM Ilepegayd, DaBHHIM eJIRHRLe.

ycunuTensa MNpl samMKEyToH memn ofpatHoil cBasn pasen 1/f. Ha
puc. 6-42,6 wmpepgcTaBieHA cXeMa, B KOTODPON DOMKMIOYEHNC meMH
obparHo#i cBsA3n maobparkeHo B craHgapTHo@l Qopme (cM. puc. 6-2,6).
Tok, mogaBaeMHlil C BHX0AA Ha BXoJ MO pemil oOparHOil cBAizll, paBen
— Bipmyx. 3HAK MEHYC 3/16CH 06YCA0BAEH UPIHATHM Hal paBJ€HAEM TOKOB,
OPH KOTOPOM HANPaBeHIe TOKA, NPOTEKAWIIEr0 B YCHARTeNb, C1HITALTCA
oonoKuTeALENIM. TOX Ha BXo/te onepanlodHOTo yCUIUTeNad PaBell gy —
— Pigux. Torza

A;
i =A; (igx — Pi — i i
BbIX l.( BX ﬁ Bb[X) 1+A1ﬁ BXs
rge A; — KospdruneHT mepegauf TOKA ONCPANNOHAOrO YCIJINTENA.

CnepoBaTenbHo, KodddumueET nepegaun oo TOKY HPI 3aMKHYToil
yenu o6paTHOI CBs3{l paBeH:

Gi=ipux/isx=4i/(1-+4;p).
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3aMeTnM, 9TO BHAK 37ech TOT Ke, 9TO I [AA YCHJHMTENA HANpAKe-
HHA, HOCKOJBKY TOK, NOCTYNAWMH HA MEBEPTHPYIOMMH (AAA HAnpA-
sKeHlA) BXOT, He UEBepTHpyeTcA. Ecar kosddunuenr ooparnoi cBazn P
PaBeH eTHAUIE, TO BHXOAHOH TOX HOJHOCTHIO TOJAeTCA HA BXOJ, CHCTEME
H cxeMa mpRoOperaer BN, HOKa3aHHWE HA pHc. 6-42, 0.

6-5. IPEMEPDBI CXEM C HAPAJIJIEJIBHO-HAPAJIJIEJIBHON
OBPATHOI1 CBA3bIO

HKax yske ykasusanocs B § 6-3, B cxeMe ¢ apajjenbHO-Iapanieib-
HOit 06paTHOIT CBASBIO BHXOAHOE HANP AKEHUEe CBAZAHO C BXOJHKIM TOKOM
gepes conporaBaenne mepegaqn Zp. CxeMy ¢ mapaiieabHo-IIapaliielb-
HoJt 06paTHOl CBA2BI0 MOKHO HCHOJB20BATH AHGO KaK yCHIANTENb TOKA,

Zog
21 Lo
; A
L
+ b , KT
uﬂu)r: -zaﬂ o Ugy Ugorx
o 4 —0
Kawxywascs 6')
semna

Puc, 6-43. Cxema ycHaMTensn HaupsiKeHMA (a) H BHBepTHpyOWero (6)
ycHadTensa ¢ mapajuiesbHO-IIapaNJIeabHOll 06PaTHONl CBA3LIO.

aubo Kaxk ycuaurenb Hanpssxemud, Ha pue, 6-43, 2 moxasama cxeMa
ANA nmocaegHero cayuad. Ecmu npeHefpedb TOKOM, IpOTeKalIIMM B
yeuantens A, TO BXOJHOH TOK MOMKHO HPENCTABHTH B BHME

inzqu—unux — —UYBmx 1/A+1) , (6-27)
Zo.c Zo.c
rie A = —upyy/upy.
Conporusnese mepegaudl pasHO:
-2
Zy=1BbX 0-C o Zo.c(1—1/4). (6-28)

iox 14 1/A

Hdanr ycundrend, uMewollero KoadpmupmenT nepepaur A = 105,
PasHHna MeuAy conporuBrenneM o6paTuoil CBA3N Z,, . U CONPOTHBIE-
HIIeM nepeJaqdd, onpefenaeMas yneHoM 1/4, Gyner cocrasnaTes 0,001%,.
3uax Mumyc B gopmyne (6-28) moxaseBaer, 9T0 HpH HONOKHTEABHOM
BXOQHOM TOKe BHIXOAHOE HANpA:KeHWe Oyder oTpHuaTenbHHM. Ecan
conpoTHsjieHHeM 0OpaTHOH CBA3M CIYIAT pe3dcTOp, MMEONIN Compo-
rBererne 1 MOM, To BHXoguoe Hanpshxenne pasHo 108 izy, manpumep,
npH gy = 1 MKA uppy = —1 B.

Bxodnoe conpomuesenue, Brpakenne Al BXOLHOTO ToKa (6-27)
MO}KHO Nepenucars B BIE

Ing— Upx —Upnix __ Usx (1-4-4)
Zp.c Zo.c !

Rnx=unx/inx=zo.c/(1+A)~ . (6'29)

Torja
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Ecau B dopmyny (6-29) noacrasuts BubpauHkle panee 3EaueHnA, TO
moayunm Rpez = 10 OM. Horma saemenToM ofpaTHOH cBABH cay:KuT
roumencatop Zo, ¢ = 1/5Co. ¢, TO BXOnHAA €MKOCTh NIpPH 9T0M Cpy =
= (1 + 4) Co. c.

HaunGonee BaskHOE 3HAY€HWe MMEET cXeMa ¢ NapaaienbHO-Hapaj-
nexbHoit 00paTHOMH CBA3RIO, B KOTOPOM BXOJHOU TOK ipy onpegeasercs
BXOAHHM 3JeMeHTOM Z;, KaK NoKa3aHmo Ha pHc. 6-43,6.

Kaxywascs sexas. baarogapsa MaaoMy BXOAHOMY COHPOTHBISHHIO
YCHIHMTeNA Ha ero BXOJAé HMEeT MeCTO TaK Ha3hBaeMoe KarKymieecH
3a3eMJeHKe, XO0TA, KOHeUHO, HHKAKOil HENOCPeCTBeHHONH CBAGH MEMKIY
BXOJHBIM 3aKUMOM H semmeil 2
mer, C yueroM aToro ob6crofl- i
TENLCTBA A CXEMHl HA pHC.
6-43,6 MoxHO BanEcarh:
ipx = upx/Zy = ~upnz/Zo.c
CIe[LOBATENBHO,

_Usux __ Zo.c
=z (6-30)

Upx

TouKy, B KOTOpOil HMeeT
MecTO KaKyluleeCA 3azemiie-
HIE, HA3HBAKT TAKXe CyM-
Mupywoieil Toaxoll, NoCKoALKYy Ha BXONE YCHIHTeAs MOTLYT CHIAAL-
BaThCA HEcKOJBKO TOKOB, KAK NMOKazaHo Ha puc. 6-44. Baarogapa Ma-
AOMY CONPOTHBJICHHIO MEXAYy 3toll TouKoil H 3eMjel BXoJHHE TOKH
MOJKHO CYMTATh He3aBHCHMHEIMH, BrixofHoe Hampr;KeHHE B Takoil cxe-
Mé paBHO:

Puc, 6-44. CyMMUpyoOmEil ycHIHTeND,

ZO.C ZO.C ZO.C
Z, Tz, Tz,

XapaKkTepHCTAKE yCHIATeNs HAOPMKeHEdA ¢ HApalIedbHO-Dapait-
JennHOM o6paTHo# cBA3bi. McuonsayA cXemy ma pHc, 6-45, moxHO

« uix"'/B- Ygsix
— A

ug. (6-31)

Uppix =—

Puc. 6-45. Apanuz ycHauTenA HAOPAKeHWA ¢ HapanjenbEo-Napal-
AejbHEOl 06paTHOil CBA3BIO.

olpefenuTh HaupAXKeHHE B CyMMEpyKwmeil Touke., OHO paBHO Qupy -+

-+ )
Pz, The o= Ry/(Ry + By); (6-32)
B=PR1/(Ry -} Ry). (6-33)
Torpa 4
Upny = — (Qupyg —filpny) 4 ="‘1i—AB Ugx
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1I.TH
co e _ ¢l 1\ (6-34)
gy B 1+__1__
Ap

Itns cxemu ma puc. 6-45 us popmyn (6-32) u (6-33) cnenyer: a/p =
= R,/R,. Onnaxo AJIA ciayvYas AECKONBEKAX BXOQHEIX 3J1ICMCHTOB, KaK
W B cXeme HAa pHC, 6-44, Benmanuu o B f Synyr apyramu. Hanpumep,
IJA 0epBoro BXOmA o OIpejelAeTcA JejiHTe/leM manprxenns, obpaso-
BAHHHIM Pe3ACTOpPOM R, a TaKiKe pesHcTOpPaME R,, R, u R ¢, coepnt-
HeHHHIMiI TapanaenbHo. Hod¢duument obpartHoil cAzm P opmHAKOB
s BCeX BXONOB W B JJaHHOM CJiy4ae OHpeILEJIﬂBTCH COﬂpOTHBJIeHHOM
. ¢ M BCeMH BXOJQHEIMU 3JIeMEHTAMH, CoefBHeHHHMH Mapajielslio
Mesny coboli, T. e.

Ry Ry Ry
B = R Ro+ Ry R34 RiRy
Ry Ry Ry '
R0-0+
R\Ry4- R R+ R\ Ry

Monbayacs dopmynoit (6-34) M npuMeHAR npHGARKeHHOEe GUHOMII-
anpHOE pasmokeane (6-22), BupaskeHHe maA koadumuenra mepenaut
MOKHO 3alHcaTh B BUMIE

o-- 1=

TaxuM o6pazoM, Kax H B ClIyyae HOCJ]E0BATeNbHO-MAPANIIENLHOI
oOpaTHOI CBA3H, TOYHOCTH PaGoTH oupepeaseTcA KodddumHeHTOM nepe-
paun B KomType AP. Ha-

¢ npuMep, upe A4 = 10° 1
105F =4 T p=1/2 (R, = Ry B cxc-
Me Ha pHC, 6-45) AP =

4 =0,5:105m 6= —1 X
07 X (1 —2-10%), 7. €. oTKII0-

HeHre coctapaner 0,0029,.
Jlan cxempr ga pHc. 6-44
OpH YCJIOBHH paBeHCTBA
BCEX CONpOTHBIEHNR B =
= 1/4 | OTKNOHEHUE yBe-
augupaercA fo 0,0049%,.
Yacmomnasn rapaxme-
puemuxa. Taxk Kax aieci,
onpepenAwmil  oTKJIomMe-
une Koadpdunueara mnepe-
a9y B HMHBEPTHDYIOMICM
110 0% 10% 0% 100 W Wry I311c11.7m-re.71e, Tm?mepcyammi,
910 1t A CHCTEMH ¢ 110-
CHeoBaTenbHO-Napaeln.
Holi ofpartHoii cBA3LIO,
IR onpeneleRiid 4acToT-
Hoil XapaxXTCPHCTHKH DPH
3aMKAyTOll nemu obpar-
HOil CBA3If MOKHO HCHONB3OBATH TOT e MeTof (cM. puc. 6-32). On-
HAaKO kod3PuIIeAT Nepepadul WHBSpPTOpPA paBem epuHmpe Opi P =
= 0,5, a He NpH eguUHKUE, KAK B CXeM® NOBTOPUTENA HALpPAMKEHNA.,
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103

10°

10

Puc. 6-46. AMnantynso-vyactoTHhle Xa-
-PAKTEPUCTAKA NHBEPTUPVIOUIELO YCHJIHTE-
a4 ¢ MapailiedpHO-Mapasienbaoil ofpaT-
HOIf CBA3DIO.

BcaegcTBne 3TOr0 mMOAOCA NPONYCKAHHA HHBOPTOPA B 2 pasa MEHb-
me. AMIUTUTYQHO-9aCTOTIEE XaPAKTepHCTHKY WABEPTUPYIOWEro yCuuu-
TeXA OpE 3aMiByToll Hend ofpaTHOH cBA3M UoKa3aEN Ha pmc. 6-46.
Caepmyer HMeTh B BHIYy, 9T0 HA 3TOM rpadRKe 10 OCH OPAMHAT KPMBHE
OOCTpoeHH ¢ yvyeroM Kosdpduumenra 1/P, a me a/f.
MatemaTnueckne onepanmm [40—42]. OnepaudoHANii yCRIATeNH
HOAYYHN CBOe HagBaHue GAArOAapA TOMY, 9TO OH MOKeT BLMOJIHATH He-
KOTOpHIEe MaTeMATHYeCKIe onepanyu, OCEOBHEIMH M3 KOTOpHX ABAANITCA
CYMMHPOBaHH®, RETErpDHpoBAHHe B nnddepeHLH poBagHe,

103 a5
0% —40
10 ~{20
7 —~0
107 —~1-20
107? ™ -40
1073 | L1 \\r * |-50

1
7073 1072 1077 1 10 10% pad/e

Puc. 6-47. NpeanspHEe XApaKTepHCTHKH BHTErpaTopa IWIA Tpex 3Ha-
yeHHil MOCTOAMHOH BpeMCHH.

Onepayua unmeepuposanua. Ecin aneMentoM obpaTHoi CcBA3M
ABJIACTCA KOHMEMCATOP, a BXOAHHM 3J1CMEHTOM — PesBcTop, TO Zo, ¢ =
= 1/(sC) u Z; = R. Ucaooanayr dopmyay (6-30), BexoqHOe HaOpAKE-
HHe MOYKHO LpeACTABUTH B BHME

VA 1
Uppix (5)=— %’10 Upx (3)=—W ugx (8)e

Mpumenas oGparEoe npeobpasopanlie JJannaca, BHXOJHO® Hanps-
HCHIIe MOXKHO BhIpasnTh QyHKn®e# ppemennm °

!
1
Upngx (1)=— CR S ugx dt —uy, (6-35)
0

rie u; — NagajbHOe HAaMpA)KeHHe HAa KoHmeHcatope. omcranum s =
= j®, DOJy4YIM YaCTOTHYI0 XapaKTepHCTHKY MHTerparopa:

’ Uppx (JO) 1 _ £ _n
ugg (j©)  joCR  jo° (6-36)

Tpadugeckn aro BeipakeHHe mpeActaBaAeT coloil TpAMYIO THHIIO,
KOTOpaA MepeceKaeTcA ¢ JVHHOH, COOTBETCTBYIOILEH eMHHUYHOMY KO3G-
¢mumentTy mnepegaud Ha 9actore, paBEOK 1/CR, Kax Nokazamo Ha
puc. 6-47. W3 rpajpukos pupgHO, 9T0 Kodddunuedr ycuiaemus MHTETpa-
topa K obparnio nponopmuomames dacrore. TepyuH «kKoaddumiiesET
YCEIEeHRA BHTeTpaTopar 3/1eCh COXPameH NULIb ANA 0603HAYCHUA Kodf-
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¢umEerTa HHTErpadbHOTO YpaBHeHHA (6-35), a mo CymecTBY — 310
BellMuARa, 06paTRAA moCToAHRHOM BpemenR CR. Kosddrument ycnuenns
opecTaBafeT co6o#l BHXOAHOE HALDAMKEHMe, KOTOPOE HOABISETCH MPH
RelCTBRE CKaiKa BXof[HoTo HAUDS/KEeHHA, paBHoro 1 B, B Tedenme emm-
HBIH BpeMeHH. HampAmep, eCclE nmocTosiRHas ppemenn CR paera 1 ¢,
Ko3(pHUHEHT yCRIOHRA TakKile PaBeH eJWHENS, T. €. CKAYOK BXOAHOIO
HAUPs;KeHAA, PaBEHA 1 B, BH3oBer mosBleHAe BHXOHOro HampsbHe-

—_— 28 wp=l, sinwt
I /
; U gy 0
' \/
| -
} Uggix
I —
| | Uy ="YUpx
I -
= po > _ U
t=0 £=CR -2 ugb,x—-w—CR—(cUsa)t-O

Pnc. 6-48. Peakuma mnHTerpaTopa Ha cTyneryaTyio ¢yHKNHIO ® Ha
CHHYCORIANABHHIE BXOXHON CHTrHAI.

Xapaxmepucmuke HaqabHele R R

Yyeunumena yenobus -y
oy o—l':.J—T—I:lT
L 2
70 h /8 ‘}

c
70% ——¢
103 ‘:R -
702 —O0
k4
0 ~A /3 ﬂKT + uﬂble
LY vt 11 11 N 7"I o)
07°107 1 19 10210%10% 10570° [y

JwLR

12l =l1+jmc,e| 4) 9

PHc. 6-49. Mlocrpoende xapakTepPHCTHKE HETerparopa UPH Da3oMKHY-
w0 nenm ofparTHO# CBA3H.

BAs, paBHoro —1 B, gepes 1 c¢. Ha pmc. 6-48 rpadmueckn mokasamo,
9TO BHXO[HO® HaNMpsKeHNe CHAKAETCH HA BXOHONW CKAYOK HAUPSHKeHUN
MO BCTeYeHHH HHTEPBajla, PABHOIO MOCTOAHHOH BPeMeHH.
Hoaddmunent ycmaeEms B KomType FMHTEIDATODA OLpeneifercs
nyTeM CloeRHA NorapEPMAYECKIX XapAKTEPHCTHK YCHANTENSA H LeNR
ofparHoii ceAsE B, Kak MOKa3aHo Ha DHC. 6-49, a. Baaronaps meficBmio
KoHpleHCaTopa B pyenn o6patHO# cBA3n Koaddmument ycHienms B KoH-
TyDe WHTErpaTopa yMeRBIIaeTcA Ha HMBKHX 9YacToTax. Ha mpaxTmKe
9acTo BO3HHHAET HeoOXOAMMOCTh yCTAHOBATL ompeefieHHoe HAYANBHO®

»n4

Hampf:KeHdMe HAa KoEJeHcaTope IYTeM ero BapAjia WA paspAia. 3a1aTh
HaganbHOoe HAOPAKEHHe Ha KOHAEHCATODe MOKHO € IOMOMBI0 MpocTOR
cXeMH, mokasaHHoll Ba pmc. 6-49,6.

HApeip unmezpamopa. Tok CMemEHESA MHOCTYNAeT HA YCHJIMTEND
0T 3apsUKeHHOTO KOHJeHCATOopPa. JTo HPHBOART K ToMY, YTO BHIXOXHO®
HaOpsyKeHHWe HaMeHAeTCs faKe HDH OTCYTCTBHA BXOMHOTO CHI'HAJA.
Ecam emrocrh KorgeacaTopa paBHa 1 MKD, a Tok CMeIeHAA YCHIATENA
iy = 107 A, 70, Tak Kak 3apAj Ha KoHjeHcarope ¢ = CU, cKopoCTh

H3MeHEeHHsT BHXOJHOT0 HANMpDARXXGHH$t PaBHAa:
duaux/dt=iA/C= 10-7/40¢=0,1 B/c,

TM03TOMY HPM KHTOIDHDOBAHMM B TedeHHe MJHTENBHOr0 BpeMeHHE HIIA
[OPH 3alOMAHAHME YPOBHSA HAODA)KeHHs Ha KOHIeHCATOpe ClemyeT IpH-
MeHATh YCHIIHTENH C MAJHM BXOJHHM

TOKOM, HampuMep ¢ BXOOHHIMW KacCKa- .
AaMA Ha ToJeBHX TpaH3ACTOpax. Eme ip
OHAa COCTABIAIOMAA TOKA HPOTEHaer
Yepe3 BXogHoe COMpPOTHEBJEHHE YCHIHR-
TeJd W BxogHoit pesmcTop. Ha pme,
6-50 mampmxeHme u, mHpeAcTaBisieT
coboif cuBAT BXomHoOro HATpSIKeHES K
Upux/A. 910 HANpSIKeHA® NPMIIOKEHO =
K pesacropaM R4 B R;, CoenHHEHHHM
Mexay coboit napamnensro. Yepes sTH
PesBCTOPH Tak:Ke 6yaeTr MPoTeKaTh TOK,
moTpebasieMEt oT KoEmeHRcaTopa. Ecam
OTHeCeHHHI K BXORy CABAI HampAKe-
HAA cocraBiasier 5 MB, BxomHOE COm-
POTEBNeHNMEe YCHIATENss M CONPOTHBIeHWE pe3BCTopa R; PaBEH HO
100 kOM, TO or KoHAeHECaropa morpebindeIca TOK

) Ucns. 5x 5-107s
= fr—
C TR R/R4+R) 5-10°

TIprMenenne aBTOMAaTHYeCKOH HODPPEHUBHE HYJIA YCHANTENR MO3-
BOJIsieT YIYYNIMTh ero XaDAKTePHCTHKY, TAK KaK OPH 8TOM YCTPaBAETCH
TOK CMeIeHHs, MoTpedisieMHE oT KOHAeHCATOpa, yMeHBmMAeTCH COBRT
HaNPsMKeHAA W YBEANYABAOTCH lepefavda YCHIeHNAS,

Xapaxmepucmuxu unmezpamepea Ha Hudkuz wacmomaez. Hak yme
OHLJI0 MOKA3AHO, MepegaToYHAs XapaKTepACTAKA HHTOrpaTopa HMeeT BAJ
upux/usx = —1/(sCR).

Hz pme. 6-51,a cuepyer, dro

a=1/(14+sCR) m Pp=sCR/(1+sCR),

m
n

ul | [Rs [l —°

Prc. 6-50. Tok, morpeGise-
Mhi#l 0T KoHJeHCaTopa, CBfi-
3aHHHH# C BXOJHHME COIpO-
THEBJIeHMsIMH HHTEeIpaTopa.

=10"7 A.

HODTOMY
Upx [ 1 1+sCR7  «
Upx 1+sCR sCR

Ha pmc. 6-51,c mokasaEmH aCUMOTOTHYECKAe YaCTOTHHE XapaKre-
puctaku o | u | f|. Tak Kar STH XapaXTePUCTUKM W300PakeHH B
norapndMmueckoM macmrTabe, onepauus fexenus o/f paBHOUEHHA BH-
9YHTAHBI COOTBETCTBYIOIMAX opPAMHAT. B peaymbrare Mo#HO MOCTPORTH
XapaKTePACTAKY KHTerpaTopa UPM 3aMHHYToH uenB o6paTHOH CB#3H,
koTopas H3ofpakena Ha puc. 6-51, 6. Ha arom ke rpadBke mokazauu
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XapaKTepPACTHKAa CaMoro ycmiETeNfA M XapaKTePECTHKA HHTErpaTopa
OPRE pasoMKHYyTO#l mem# o6paTHOd CBA3M. )
Koadpdmumenr nepepayn npn saMKayroil memm oGpaTHoH CBA3A BH-
pakaerca Qopmynois G = A/(1 + AB) ~ 1/B. CnepoparensHo, Kodd-
$ROEeRT mepezay® B KORTYp® NPHE Pa3oMREYTodl nemm ofpaTHoOH cBfad
AP MO¥HO MOAYIMTE NyTeM gelleHn A KodpdRNAenTa nepegadn yCHARTEIA
A Ha xospdunpeHT nepegaun NpY 3aMKHYTOR Menm oOpaTHO#l CBA3M
1/B, a B norapnpMmgeckom Macmrale 0yTeM BHIATAHHA COOTBETCTBYIO-
mux opgRHAT, Pe3yasTHpylollaA XapaKTePHCTHKA A DPa3oMROYTOro

JWCR

lﬁl:lmw_ckl

1 ScR 0=—

CR =1 SR

=7+SCR cR
2)

Xapaxmepucmuka yeuqumens

10"

10
102

10

1 I | LNl | L | |
0T 0HOTI0ESNT 1 W2 10° 0% 0% Iy
0
£

107 5

,

=2nCR

Puc, 6-51, HocTpoeEre XxapaKTeDUCTUKM HHTEIpPATOpa LPHE 3aMKHY-
TOil en® oGpaTtHO#l cBAzm (k = 0,628),

KOHTYpAa TakH(e moxasaHa Ha pmc. 6-51,6. Orclona cTaHOBHTCA 09YeBHA-
HORl HIDKRAA TI'paHMDA NOJOCH WponycKaHAA, JacTtoTy, Ha KOTODOil
Af = 1, rpe xapaxTepHCTIKA HpeaAbpBOro HHTErPaTOpa HEpPeceKaeTch
€ XapPaKTepUCTHKO# YCWIATENA, MOMKIO DPACCMATPHBATh KAaK HILKHEIOIO
IPAHEANY MOJNOCH TponycKaumA. BepXHAA rpaEMLA WOJNOCH DPOmyCKa-
HHA ONPefeAeTcA XapaKTepHCTUKOM CaMOTo ycuaiTes s, TaK 9T0 B JaH-
HOM cly4Tae mosoca pasHa 10 pexagamM — or 10°% no 10° I'y. Xapakre-
PHCTHKE BHTErpaTopa B 00J1aCTH HI3KUX YACTOT MOYKHO YAYTMIHTE NyTeM
nopumennA xodddrniuenra nepepaun yemautensa 4, Hpome Toro, std
XapaKTeDHCTAKKE MOXKHO yJAYIMHTH OYTeM YyBeJndeHNA HOCTOAHHOM
BpeMeHn MHTerpatopa. OgHaKO Ha MpaKTHKe dacTo Tpebyerca HMeThb
HeGoNBMY TOCTOAEHYI) BpeMeHM WHTETPaTopa W B peaynbrate B 00-
JAACTH HU3IKAX 9aCTOT XAPAKTEPHCTHKH MHTEIPATOpa HOJYYalOTCH He-
HOCTATOYHO XOPOIMMA,
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Bpemennas owubra unmezpuposrnus, JpyTEM MeromoM Hcciaego-
BaHNA WHTErpaTOpa ABIAETCA aHalu3 OMHEOKM HATETPHPOBAHUA INPH
Hojage Ha €ro BXOf crynemvaToi pyakmau. Ha dopmynn (6-34) mmeem

L —od, "
BhX = 37 1 1 mp_ ¥BX:
144,

HOJICT&BJIHH 3HAYCHUA O H ﬂ, nojygaem:

_ —A,/(14sCR)
Upux (5)= 11 sCRA, /(11 5CR) upx (s).

ITpeo6pasosamue Jlaunaca pas cryueHsaToit yHKIHM (CM. TpPHEAO-
wenne B) umeer pun: upy (s) = U,/s, TOrma

_ —4, v,
Usux () =TI 0R (1 F4g) s
ClleOBATeAbHO,
—1
Upnix (t) =—U14, [1 —exp (m)—l- (6-37>

Paanaras sxcnoHeHnuaabHyo QYHKNMIO B DAA, LOJYydaeM:

t 12
s (== Ut =1+ s e = oy ) =

. —U,Ag t o
= oA |- serr At (6-58)

Ha popmyan (6-35) gnA crynenyarolf PyHKNUE OpE HyNeBHX Ha-
YaAbHHIX YCHOBMAX HMeeM: upny (!) = —U;t/(CR). CacpopatenbHo,
Ha BEHIXOKe HHTerpaTopa MMeIOT MeCTO [IBeé COCTaBJfAIIMe OIIMOKH.
ITocronmnan omwmbxa Ay/(1 -+ Ay) OpE GOABmMMX 3HAYCHEAX A, 0YeHD
Mana, ¥ oTOil omuOKOW B OONBPIIMHCTBe CllydaeB MOKHO npeHeGpeun.
Bropasa cocraBasiomas ommOKM BO3pAacTaeT cO BPeMeHeM, JTa Omubka
MOMeT OKa3HBATh CYyWEeCTBEHHOe BIAMAHME B ClywafAX, KoIja WHTerpa-
TOP ¢ HeGONBIIOR NOCTOAHHOW BPeMeHH HCHONb3yeTCA IJA HHETErpEpO-
BaHAA B TeyeHHe IJMTEJNBPHOIO HHTEDBaja BpeMeHH, Kaxk MOKA3aHO
Ha pmc. 6-52, a.

[Iycrs, HampuMep, HanpAxKeHUWe TpeyrodbHol GopMul HA puc, 6-52,6
dopMuEpyercsa ¢ mOMOIBI0 MHTeTpPaTopa, Ha BXoje KOTOPOIO Hampske-
HAe MeHAET NOJADHOCTH Ha 00paTHY!0 B MOMEHTH, KOTga HanpsiKeHHe
Ha ero BHIXO/( IOCTRTraeT onpejeJleHEHOT0 BeDXHEro Kl HIKHETO YPOBHA.
Yacrora xoje6GaHAE OpPHE 3TOM NPONOPHMOHANbHA BXONHOMY HANpiKe-
gm0, CucremMa Ha pPHC. 6-52,6 MOKeT CAYKHUTH OCHOBOM [J1A IOCTPOCHUA
nmpeoGpasoBaTenss HaOpMKeHWe — YacTotra. HamGoapmasg dgacrora B
9TOH cHCTeMe on‘penenﬂercﬂ nocroAHHO# BpeMeHRM RC, KOoTOpYI0 HpE-
MeM paBHOil 107 ¢, a MakcUManpHHH Depuop XodeGaHMiT NpH MaloM
BXOJHOM HaUPAH(GHUR NOJI0UM paBHWM 1 ¢. JINA 9THX ycloBHi DOTpe-
OyeM, utoGu omnfKa cocraBiaAna e Gonee 1%. Torma

t 1

[CR A+ Ay — 100
na (A, + 1) = 100/(2-107%) = 0,5.109,
92°



OGecneudTh TaKOe YCHACHME C MOMONIBI0 ofHYHHX omMepandoHHHX
YCHARTEReH AoCTaTOURO TPYRHO. IlobTOMY B DaHHOM caydae uenecooﬁ-
PasHO MCHOAB3OBATL YCHIHATOAb C BBTOMATHYECKOH YCTAMOBNOE HYAA
(M § 6-9).

4 0,01
Upare Owudxa ~=
0,75} -t R
’ 2[eR(1+4,)] i
0,50 10K —0
’ +
0,25~ Ro| |10k
Q Q
%) +=0R 8)

AT
ﬁr\/___y___&_~

r-—-zu,, 5)

——l

Prc. 6-52 . K onpegenennio BpemeHHOH omuGKHM MHTeTPHPOBAHHA,

B cxeme umrerpatopa Ha puc, 6-52,6 eMKoCTh KoHJeHCATODA MOJIKHA
BHIGApATECA KAK MOKHO Goabime mild Toro, 4roGh yMEeHBIIMTL BIAMAHHE
TOKOB cMemieHAs1 B yTeuKA. ConpoTHBIcHHEE De3BcTopa TaKiKe JOKHO
6HTBH mocTaTOYHO BeNHKO, 4T0GH OTPAHAYATEH TOK, MOTpeGiaseMulil ycH-
aurteneM. OGHYHO NpPAMEHAETCA COMPOTHEBiaeHEe mpBMepHo 10 KOM,

XOTA B HEKOTODHX CIyYaAX MO-

—i— TYT HCMoJAb30BATHCA B MEHBHIA®

R T coupoTHBieHRA. Peamcrop Ry

U, — npejHazEaqeH A GanaHCEDOB-
A —o KA HanpsKeHWH, BHIBBAHHHIX

HrrerpaTop pasHoeTm. Cxe-
My Ha pHc. 6-03 MoXHO aHAJM-
3HPOBaTh, HCOOJNB3yA MPEHUAI
CynepnosunAA, mnpO KOTODOM
AeictBHe HampAMEHUA Ha KaX-
HOM B3 IBYX BXONOB PaccMarpR-
BaeTcs OTjeabHO, 4 38TeM MOJyYeHHHE De3yabTaTH CKIANHBAIOTCA,
Crrdan, nNocTymaomdi Ha MepBHil BXoj, HHTEIPAPYETCA, Kak yike
6Ha0 patcMoTpeHO paree,

Upprxy = — @y/P = — u,/(sCR).

Bropoii BXog saBiAeTCA HeBHBepPTAPyIomuM, O6paTHan CBABHL 3pech
nocjefoBaresbRo-NapadilebHAA W BMeeT BA], NoKa3aHAH Ha pAC, 6-31,
ClefpoBaTebHO,

MPOTEKAaHREM TOKA CMENeHHA.
uﬁblx

— T%

Puc. 6-53. Hmrerparop pasHOCTH.

Upnixs/Unx == 1/,
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Ograko B [aHHOM CHy9ae Uupy, = g, THe g = 1/(1 + sCR).
TakaM o6pa3oM, upnxe = Ug0ly/P. ITockoapky § = sCR/(1 + sCR), To
w1 _A+sCR_ u

SEMXZTALsCR sCR ' sCR’

Crnafgnpas MojydeHHHe pesyabraTH pas of6OHX BX0foB, GynmeM
1IMeTh:

Uppix (8) = Ugpixt + Uprixz = — CR (uy —uz)

HIHA

umux (= — o | (—up) e, (6-39)
T. €. CXeMa JeHcTByer KaK MHTErpaTop PasHoCTH.

lMpupepennniE amaama WHTErpaTopa PasHOCTE He MO3BOJAET Ome-
HATH OMBOGKY AHTerpMPOBARKAA. [IJIA oneHKE OmMAGKA HeoGXOQAMo NMpoO-
aHAJABADPOBATEL CXeMy APYTEM MeTonoM. Hampskenne Ha RHBEPTHD yio-
meM BXopme paBHO o;u; + fusuy, 8 Ha HERHBeDTADPYIOIEM ~—Ohls.
TaxAM ofpazoM, nEfdepeRnHaNbHoe BXONHOE HanpAyKeHHe

ug=oyu 4 Bupnx —agug;
OOAICTABAAA COOTBETCTByloNIMe 3HAYEHHMA, MOJydaeM:

upLixsC R Ug __ Uamx ,

YA T1sCR T 1+sCR  14sCR- 4 °

1 sCR )_ up—uy
UBLIx A 14sCR/ 1-1-sCR’
—uBHxSCH: Uy —Ug— uLm(iz‘{ﬂ)_;

wsax = — sz [ — )+ 22 (1 +0R),

OTKYAA RCHO Bmma omAGKa WHTETPUPOBAHNA,

IBoitmoii mmrerpatop. Yepes uenb ofpaTHOM cBA3B B cXeMe HA
puc. 6-54, @ K cyMMHpyromed To4Ke YCHARTEAA MOCTymaer TOK o6paTHOi
CBA3H igc, BHAYCHHE KOTOPOTO MO)KHO HAHTH, aHAAM3MPYyA cXeMy Ha
puc. 6-54, 6:

(sCPR_
T2 +sCR)
AHaJOIMUHO MOYKHO OMpENeJRT: H BXOJHOH TOK:
i 1 u
- — .
BI=9R(1+4sCR) ™

Ilonaras, 4To BXOZHOM TOK YyCHAMTENA OYCHDH MaJ B MM MOXKHO Mpe-

He6peub, NOAYYHAM B CYMMHDYIOWEH TOUKe ipy = ig.c BAA

Upx - — (sC)*R u
R +-sCR) 2(1+sCR) ™%
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orTxyna

Upnix _ i ___1 .
ne = (CEY BIH Upyy = (CR)? S S upy di.

Takam o6pasom, cxema pafoTaer xax [BOUHOI HHTErpaTop.

HMuddepesupposanne. Ecj BXOpHEIM 3/10MEHTOM B CHCTEME C I+
PaanenpAO-MapaiNenbEOil o0paTHONl CBABLID ABIAETCA KOHJEHCATOP,
KaK mOKaszaHO Ha pHuc. 6-55,a, a 3JeMeHTOM O0paTHOil CBA3M — pe3uC-
TOD, TOrAa ipx = sCupy @ iy.c = —upnx/A.

=ﬁ[_zzza_]
Z2,12,2)+2,25+232,F
=4 5]
T 1L 2,2,+2,23+ 232, .

Puc, 6-54. Cxema pmoilmoro uATErparopa.

Useix Xapakmepucmuxa
R Ugx / yeuaumens
|| 0% _ \\4;_ Ag
2 Uy N
1 > LA
u, SC | T O o
bx Lgyx}. - &
o 1 I R f

102 103 10* 105 \r
2) 5) " K
Prc. 6-55, Cxema nuddepeauHpy0mero ycrpoicrsa (¢) ® ero ammid-
TYNHO-9aCTOTHAA XapaKrTepuctmka (6).

[IpupaBEEBAA TOKN, KAK H B NPENHYITIEM cIydae, N0IydaeM:
uppx (5)/usx () =—sCR. (6-40)

Ecan ato BHpaskemHe sanucaTh B BANe QYHKUAE BpEMeHH

dugy (2)

UpRIX (t) =—CR dt r

TO CTAHOBMTCA OYEBHIHAIM, YTO CHCTeMa BHINONHAET omepauuio nudde-
peEnuposamud. YactotHylo xapaxrepucTEry nuddepesunpyomero
YCTPOIiCTBA MOMKHO LOAYYNUTh, HOACTABJAAA j© BMecTo s B $OpMyie
(6-40):

ugyx (f@)/upx (jo)=—joCR,
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Oreroa BAAHO, 970 GYRKNUA Nepefadn, KOTOPAS NPOBOPUACHANHHA
wacToTe, uMeer oncpexenune Ho ¢aze aa 90°, oGycaopiennoe dieHoM j
¥ MHBEPTEPOBAHNEM CUFHAJIA. AMIIRTYAHO-YaCTOTHAA XaPaKTepACTEKA
nudipepenupyonrero ycrpoieTBa HOKA3aHa Ha puc. 6-55,6. T'parmma
O0JTOCH HPONYCKAHAA B OONaCTH BHCOKHEX 4acCTOT ONPEJIE/ISeTCA XapaR-
TepACTHKOH ycmimrens,

MosKHO 3aMeTHTH BaKHYHI® 0COOCHHOETH BepXme# rpammuwoil wac-
TOTH, €CJIE TDOBECTH KPHBYM XaPIKTEPECTHKH DAa30MRHYTOTO KOHTYDa
AP, Fak Hokasano ma pwc. 6-56. B oroM caysae a = sCR/(f + sCR)
m B = 1/(1 + sCR). 3amaanuBarne $assl, BRHOCHMO® YCUIRTENEM B TOU-

‘104 -4,
I
17091 [ Xapakmepucmuka
0—_|_ ’ ll | yeunumeng
I
37 I
u 5 Taz-—\ 1A i y)
6x I | mopas
ok i | moyKa
Rl ecuy, I ! uanoma
1 1 | Iz l | S L
N\ 7 03 I\70% 10° 195
TN i’\o 105 10°N Iy
|
A o6 }'/3 ': !
R 1) = °
Ypurx X I\\.L i o
\\4\\\ |
T ;| 90— , ~ -30°
U - I |
il W0 Y IAM L_*1_ 7990

Pnc, 6-56. AMmnuTygrO-d9acToTHAS B $a30-4aCcTOTHAS XAPaKTEDPUCTHKH,
nEbPepeRUAPYOMEro yCTPOMCTBA HPE Pa3OMKAYTOH henm o6parHOf
CBAI3H.

Ke M3/I0Ma er0 XapaKTepHCTHKH, CKIAIHBAeTCA €O CBHIOM (a3Hl, BHO-
CUMAIM 1eEB10 oGpaTHOLE cAau P. (Llenb o6paTHON CBAaM WHTErpartopa
Laet onepe:xeHER $asn.) [LODCIHETONLBOe 3alaznawBamue gazsi Mo;ker
OKa3HBATh BNUAHUE EA YCTOWIHBOCEL CHCTEMEL,

Koadpdruument mepepaun CHCTOME NpH 3aMKHYTOH uenu o6paTmoi
cBA3H 3anucmpaercA B Bupe G = A/(1 - AP) u nps AR = —1 om
CTAaHOBRTCA paBHWM CecxomeymocTH. TanuM ofpasoMm, ycioBmeM mapy-
IIeHHA ycTOHYHBOCTR sAbuyiAercd | AP | = 1, a dasosuit yron xoaddu-
uMedTa Depenaull pPasoMKHYTO# cucremm 6 = —180°, M3 rpadukon
na puc. 6-56 BupEO, 9To eca# (as3oBHil COABAT CTAHOBUTCA PABHAIM
~—180° o Toro, rak Monyas | A f | cTaHeT paBENM efHHEDE, TO YCUINTEONE
CTAaHOBHUTCA HeYCTOWYMBHIM, T. €. OTpHUATeabHAR oOfpaTHAaR CBA3b
€TaHOBHTCA momoxutonsuoil. Ha m3oO6pakenmnx Ha pHc. 6-56 KpuBmx
©$as0BRE Yronl HenMBOro He pmocTHTaer sHauemmsa — 180° B Touke, rme
| AB | =1, TaKk uro Taxad cHCTeMa BCe-TAaKH OCPAHETCH YCTOHIMBOI.
Opraxo sanac ycroilamBocTH o dase (paBrmi 180° — 0 mpm | AP | =
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= 1) MocraTouRO MaJ¥, B NPHE MoABJeHRE HeGonbmux AoGaBowrwX ¢a-
B0BEIX CABHroB HA 4acToTaX HHEMKE Toit, ma Kotopoit | AP | = 1, ycroiie
9UBOCTH CHCTEMHE MoKeT OhTh HapymeHa. Heo6xouumMo ymoMaHyTh eme
HKBa Bompoca, KacaomuecA ycroddguBocTu. Bo-mepBHX, MHOTHe oliepa-
NUOHHEHE YCHIUTONU Ha CBOeil XAPAKTEPHUCTHKe UMEIOT BTOPYIO TOUKY
UBAoMa, Ba 9acroTe KoTOpo#i BHOCHTCA 3aNMasfgnBamme (asu bonee 45°.
Omnako, KaK MpaBANo, BTOPAaA TOYKa M3JI0Ma MMeoT MEETO Ha HOCTATOU-
Ho BHICOKOH 4acToTe, FIe MoTylb Ko2RnuenTa Nepenatn A P yxKe MeHb-
mre egMHRNH. Bo-BTOpHX, mMYRTEPYIOMAS eMKOCTE B TOUKe CyMMEPOBa-
HHAA oNlePaHOHHOro YCHJHATENA 0Ka3HBAaeT TaKoe ke AecTaGHImBAp yio-
mee BIRAHAe, KaK yKe OHJO paccMoTrpeHo paHee.

10:, U5blx/05$
Xapaxmepucmuxa
nk ! yeuaumens
10 ¥ ! Xapaxmepucmuxe
102 |~ | JuppepeHyuamMopd
| 45
0~ L/
1 »
b I R ' | f
2 1p3 5
1,/0N0% 10 70‘NJ Iy,
/7 !
’ A
apad
80 T T T
0 o _ | i Ry
SO
~890} ————— Tu”
-780 | S I H RN B

1 10 102 10° 10% 1051y

Puc, 6-57. Ammnarynman u ¢azoBasm XapaKTepUCTHKM MomadRImpo-
BaHHO# cXeMu JB{PepeRnEpylomero ycrpodcTna.

Cmabuasusayus JuPPepenyupyoweso ycmpotcmsa. DBrawuerue
He6o/BIIOro COMPOTHBICHRA MoCiefoBaTelbHo ¢ KOHEEHCATOPOM OKa-
8HBaeT KoMIeHCMPyHIOmee BjUsAHUe HA 3amasfHBanBe ¢aszhl, BHOCHMO®
nensw ofpaTHod cBABH  Ha BHCOKMX 9aCTOTaX, HA KOTOPHX XapakK-
TePACTHKA CACTeMEl y»Ke HO ABJIACTCA B HOJHOM CMEICJIe XADaKTePUCTH-
Kol nugdepermupyomero ycrpoiictsa, Jlas cXembl Ha puc. 6-57 kood-
$EmMenT Mepemaum Ha BricoKo#l dactore pasem 100, a

v sCR w e LHSCEs
1+sC (R, +R) T A4sC (R +R)°
Hepocrarkr puddepernypyiomero ycrpoicrTna:
a) BXopHASA ©MKOCT: oKasHBaeT fecTaGHIHaEpylolmee BARAHHEE,

0) xak BEjHO H3 rpaduka Ha pmc. 6-55, KooddUHNMeHT Mepegadn BO3pAC-
Taer ¢ 4acrtoTol. B pesyapraTe T0r0 MPOMCXOART yBeawdeHRe BHICOKO-
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YACTOTERX MYMO0B, KOTOpHE MpaKTUYeCKH BCOrgA DPECYTCTBYRT B
9AONTPOHEHRX CHCTEMAX; B) eClld CROPOCTh UGMEHCHRA BXOREGIO HAMPA-
enus dU/dt seagra, T0 ANA 3apAA KOHAEHCATOPa Mozer morpebo-
Batbesa GoapmEil Tox. IIpE BXomHoM BANpSKeHRH, EMewHleM $opMy,
IoKasaEHyIo Ba puc. 6-58,a, B cxeMe muddepeHIEDYHIIETro ycrpoRcTBa
Ha pac. 6-58,6 BxomHEOH TOK GymeT paBeH:

l=0%=2~10¢-10'°=20 MA.

Tpn sT0M GobimOE TOK MosKeT norpeﬁmrrnéa 4 OT omepamBoHHOTO yCH-
JIRTeNA,

du

Bxod .
108 1,0
1ms s
+708 +
U
Bbixod ——| L_|r||_ 08 T o T”lux
—~~108 O— o
a) 5)

Prc. 6-58. Qopma BXORHOro B BEIXOXHOFO HAaOPAMKeHHE (a) B cXeme
meddepeEmEpyomero yctpoiictea (6),

Hanpumep, tpebyercsa paccuurats cxeMy nuddepeEnmpyromero
ycTpoiicTBa ¢ BHXoNEHM Hanps:xeEAeM 10 B, CkopocTh HaMeHeHUA BXOT-

Horo CErHana paBEa 5 B/mc.
CKopocTh U3MCHEHHA CHHYCOHAA/NLHOro HAOPAMKOBUA ¢ AMIIATY-

Hoit E opepenserca BHpakeHUEM

d .
) i (E sin ot) = oF cos ot,
KoTOpoe HMeeT MAKcEMazbHoe 3HAademme wE. Ipm oF = 5 B/mc
E =10 B o == 500 pap/c mau f = 79,6 I'm. Hopcramaasa B ¢opmyny
dupx
dt

COOTBOTCTBYIOIING BEJHYEHL, TOJYYAM MOCTOAHHYKD BPeMeBH

. -3
or=201 5 104,
Ecam conpormBneEmRe pesAcTopa B nenu obpaTHo#t casu BHOpaTh
paBerM 10 KOM, TO NpE MaKCHMaJbHOM BHXoNHOM Banps:xeHHH {0 B
BHIXOMIHO# (2 TaKe W BXoAHoW) Tok Gyner He Gojee 1 MA — BenMumHA
BriofiHe MpueMieMa.
EMKoctek KoHpmeHCaTOpd

_0,2-107
=T

Ha uacrore @ = 1 pag/c Moaynr KosdupmesTa mepefaqd paBeH
2.107%, a uacrora, Ha KoTopoii oCR = 1, pasma 79,6 I'm,

upux=—CR

(4 =0,2 Mk®.
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CraGramsBpylomEM ABAATCA pPeaECTOp coupormBienmeM 100 Om,
BRJIOYEHANH HOCJASIOBATEJbHO ¢ BXOAHOU 6MKOCTLIO; OB OrpaHUIABAET

10° - Ay
10K 104 Xapakmepucmuxa
yeunumenn
100 %2 103}~
° 707~
+
Use ude 0
+f
© © ! _— Z 703 ;74405 ‘gs,-\l
1 10 /702 10° 10% 705 10574
a) g)

Pnrc. 6-59. Cxema (a) ¥ annpOXCHMUPOBAHHAA 4acTOTHARA Xapaxrepu-
ctura (6) prpdepeRUMpYIONEro YCTPOHCTBA.

kospdunuent vepenaun go 100, kak pokazamo Ha puc. 6-59, 6. Ipm
9TOM oGecuednBaeTCA yCTOMYMBOCTH CXEMH M YMEHBIIAeTCA YDOBEHBb
mEYMOB HA BHIXO[E.

6-6. IPUMEP CXEMbI C ITOCJIEOBATEJ/IbHO-
MMOCJIENOBATEJBHON OBPATHOH CBA3bIO

CxeMa € MOOCJel0BaTeIbHO-MOCAEROBATENIbHOR 0o0paTHOR CBA3BIO
onncana B § 6-2, rne Guno moxasamo, 9T0 BICMeHT oOpaTHOE CBA3H
onpencnseT UPoBOARMOCTL Mepegadn, T. €. OTHOmMEHAEe BHXOAHOTO TOKa
K BXo[HOMY HaIpA)XeHHI0.

R 1 iﬂb/x
2) = 5

Prc. 6-60. CxeMa ¢ moclefoBaTenbHo-HoCkegoBaTeAbH0M 00paTHoR CBA-
3b10, MoTpebAAmMAas onpefelleBHH T TOK (a), B CXeMa HCTOYHNKA ToXa (6).

Ha puc. 6-60,c vokasama cxema, vorpe6asAomasn TouHO BalaHHKi
Tok. OHa Wo CymeCTBY ABAAETCA pasBHTMeM CxeMH Ha puc. 6-4, 6.
BrixojHOH MOBTOPHUTEND 3[eCh TAKOIl K6, Kak ¥ B cxeme Ha puc, 6-21, 6,
M ucHoiAb3yeTcA oH 3uech IOTOMY, 4To He MoTpeGisger Toka oT omepa-
LHOHHOFO ycRANTeaA. CllefoBaTeAbHO, BRXOAHOW TOK MOJHOCTHIO OWpe-
JleJIAeTCA BHIDA)KeHMOM ippix = Upx/Kj.
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XapaKTePHCTHKN CXeMH MOYKHO OUDENe/IATE B HIPeqUONoHOHNH, 9TO
KodQ@puImenT Nepeaun Mo HANPAKEAHI0 A oHepalMOENOTo YCHIMATENA
MOCTATOYHO BeJNMK, a HaNpAMeHAe Ha WHBePTHPYIOMEeM H EeHHBepTH-
pyomeM Bxopnax NpubiAsuTeNsHO ogMHAKOBH. DBHXogEoe Baupmie-
HHMe MOKHO 3aDHCATh B BUMP

uRt = (uBX - uRt) A= qu/(i + 1/A)'
BEIXOMHOIl TOX paBeH:
up ' u u
inix L= = ~—T,
R, R (1+1/4) R,

TakemM ofpasoM, MPoBONMMOCTH UePenau® oUPENeAASTCA BHpaKe-
HUEM

tpux/upx=1/R;.

Ha prc. 6-60,6 maobpaxkeHo ycTpoicrBo, KoTopoe pafoTaeT Kak
HCTOYHHK TOKa. B 3T0H cxeme peamcrop R; HpHCOeIMHEH K CTOKY M
KOJUIEKTODY TPAH3WCTOPOB BEIXOAHOTO KaCKama, B peayjnTaTe uero
obecneanBaeTcA ofpaTHAs CBA3h O HAUPAKEHHEI A 0HePANHOHMOrO
ycmumtend. JnA HoixydeHHA WHBEPCHE CHTHana, KoTopad Tpebyerca
IJA oTpHOaTenbHoH ob6paTHoil CBASW, meus ofpaTHON CBAZH 3aMKHYTa
Ha HeWHBeDPTHDYIOIMA BXOJ oHePAUHOHHOTO YCHIATENA.

Ecnm upenmonoKnTh, 970 HaDPAKeHUA HA o0oMX BXxogax mpmban-
3UTEABHO OQWHAKOBH, TO upy = R ipyy UAR gy = upx/R;.

6-7. ITIPABOPHBI, B KOTOPBLIX HCITOJb3YIOTCA YCHJINTE/IH
C OBPATHON CBfI3bIO

MuramrBoasTMeTp. Hemonn3ayR cXeMy © rnociaefoBaTeabHO-IIOCTe-
noparensHOM o0paTHOR cBASBIO (puc. 6-60), MOKHO HOCTPORTH BOJBT-
MeTp, o0nagawinuii BHCOKAM BXOJHHEIM COXpOTHBieHHeM. Ha pmc. 6-61
MOKa3aHA CXeMa MHJJIUBOJNBTMeTPA IOCTOAHHOTO TOKAa, B KOTOpPOH B
KauecTB® MHIWKATOpA CAYKNT W3MeDHTeNb €O mKaJdoil 1 MA.

Ycaaurenh patiwKa. Ha puc. 6-62 pesmcrop R mpeacTaBafer
cofoif HeKOTODHIl NaTYHK, HAUPHMeD HaMeputedsh negopMaud®, a co-
MpoTHBIEHMe pesNcTopa R, oupepensieTCcA cooTHOmeHAeM R = R, 4
+ AR. Tak xax ara cxeMa MMeeT NapajuieAsHO-IIapaJjelbEyIo o6paT-
HYI0 CBA3b, BHX0HOe HANpMKeHNHe MOKHO NMpeJCTaBUTh B BHU[O

Ry Ry, 1 t B
e =— 2 U+l U=—| g — | R0
. Bl—Rl—AR] _ AR/R, R,
=~ FTamr ) "0 = 1ramm 7 U
Taxum oGpazom, ecng AR < R, TO
AR R,

Uprix %—Rl ?1“ .

Orciona BIJHO, 9T0 H3MeHEHHe BEIXONHOTO HAUDAKEHHWA MpONOp-
UOHAJbLHO 13MEHeHHIO CONpPOTIBICHLA IATHIIKA.

JINA UCKIIOUeHNA MepelPy3KU Ha BHXo[e yCHAMTENA DPeauctop R,
HomeH uMerb Comporusiende He Mexee 10 kOwm, HO He Goaee 1 MOm,
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TaK KaK npd GonbmMX sHAueHAAX BO3PAcTaeT YYBCTBETEABHOCTH YCH-
JAATENA K H3MEHeHMAM BXOMHOTO TOKa,

YcnmmTenbp pasHocTH. B cXeMe © mapaiiensHo-mapanienniiof
o6paTHO cBA3LI0 HeMHBEPTHPYIOMMIl BX0 YCRANTENR MOMKHO HCIOAb-
80BaTh MJIA MofaYd BTOPOTO BXORHOTO CHIrHAJNA, KaK NMOKazaHo Ha

o[ 100{1 K R=R+4AR
- 0,78
AN
10MB_§_ 18
Prc. 6-61. Npumenenme mo- Puc. 6-62. Vcenanrear par-
CIIel0BATENILHO-MOCe10BATe- uHKa,

NbHOK 00paTHOH CBA3M B cXe-
Me MEJJHEBOJBTMeTpA.

Puc. 6-63. OcHoBHHe CXeMH yCHARTe]A DPa3HOCTH.

puc. 6-63,a. B »TOM caydae BHXoHOe HANpAKeHye MOKHO paccMaTph-
BaTh KaK CYMMY JIBYX BHIXONHHX HaNDAKeHMH: OJHOTO OT CHCTEMEI ¢
napanajejlbHo-MapaaneNibHOH 06paTHOIi CBA3BI0, & BTOPOTO OT CHCTeMH
¢ TOcJefoBaTeNbHO-NapaIeNIbHEOH OGpaTHOR CBA3BIO, T. €.
Ry R+ R,
u =———1Uu — Ug.
BbIX Rl 1+ Rl 2
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Onpenenenre COCTABJIAMIAX BHXO[HOTO BANMPMKEMHA Upyy; ¥
Upuxy MOKA3aHO HA puc., 6-63,6 m ¢. Ecim cxemy ¢ necaemoBaTenpHO~
nmapanaensHoit o6paTHOM CBASBIO (PHC. 6-63,6) MBMOHHTD ILyTEM BKAIO-
9YOHHSA HAa BXo[e IEeNHA, BHOCAMGA 3aTyXaHWe, KAK MOKABAHO HA
pmo, 6-63,2, Torga BHIXOJHOE BANIPS’KEHME MOKHO TPeACTABATH B BAJL®

Uphx = u‘la'/ﬂy

rie &' = R,/(R; + R,) B p = (B, + R,)/R,.

Basancnull ycusumesb paswocmu, B XKOTOPOM BHXo0THOE HAMDKe-
HAE MpOMOPUHOEANBHO PASHOCTA BXOAHHX CHTHAJoB, H3obpaskeH Ha
puc. 6-64, a. BHXogHO® Hamps:KeERe 2TOT0 YCHIATENA PABHO:

unux=—%(u1—ua)=—% (4, —ug),

COﬂpOTKBJ'leHM HA Ka)KAOM M3 BXOAOB OJNHHAKOBH, MO3TOMY TOK
CMellleHHA Co3naeT papHHE MAgeHHA HAMDAKeHHA,

R, tvU RZ
R.
10K |_™ Y, "L
u, )
y Rz Ugyx RAR| [
o a) L J)

Puc. 6-64. BanasCcHHE ycunuTeNb pasHocTH ¢ Kos$dmmmenToM mepe-
maan auddepernmansHOro CHTHaNA, PapEEM — 100 (2) B MocTEKORHI
ycRaBTONb (6). ’

Cunéﬁaanue cusnasn. geansuHil pasHoCTHHIE YCHARTEND MPH MOfa-
49e Ha 008 BXO0Jla ORHHAKOBHX HAMP/KeHHEH, T.e. u; = Uy, HMeeT Ha
BHXOe HaNps:KeHAe, paBHoe HYNI0. TakHe BXofHHe HANPSKeHEA
ApnAlTCA cHApaIBRMU. B ofmeM crydae cREA3ERIT CUTHAN MPeICcTaB-
aser cololf cpemEee 3HA4YeHRAe ABYX BXOQHHX HAMpMKERHH, T. o.

P;‘(UI-,"UQ). HanpaMmep, ecad u; = 5 B, a uy = —1 B, 10 curdasnoe

BXOMHOE HaNpAeHHe PaBHO ucy = 2 B,

Huddepernyuasbubie cuznasti, [nddepenumansani BxogHoll cur-
HaJl mpeAcTaBaseT coboil pasHOCTL IBYX BXOAHHX Hampsa:Kenmit. Ecng,
Kaxk M B NMpegmpaymeM npHMepe, u; = 5 B, u, = —1 B, To nuddeper-
UMaNbHEA BXOAHOM CHArHaA u; — u, = 6 B.

Hosfuyuenm nepedavu curgasnoeo cuzrnara. Kosdpdunuent nmepe-
mauu crE(asHOrO CATHANA B CXeMe Ha PHc, 6-64, a paBer Hymo, TaK xaK
KoaddHuReHTH NMepefaul HaNpMKeHHA A o60EX BXOMIOB HMEIOT OfH-
HaxoBHe 3HadeRdda. Ecam R; = R, To BHXefHO® Hanps:KeHHE DPaBHO
— 6 B B AMeeT Ty >Ke BeJIRUMHY NPHE BXONHKX HampA:KeHEAAX 9 B 3 B,

Opmmaxo xoadpdromenT nepepaum cEAdasHoro CUrHama HHKOTAA He
GriBaeT ToYHO paBeH HYJNK X0TH GH Mo Toil MpHYAHe, 9To HENb3sA abco-
JI0THO TOYHO COTAACOBATH COMPOTHBJGHHA PE3RCTOPoB B memAx a H f.
KoopprumesT nepegadr cUHPA3HOTO CHTHANA MOMKHO OMpenelBTh,
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coequaup Meay cobofl 06a Bxoga B H3MepuB BRXONHO® HANDAIREHHO,
KOTODOe mOJy4aeTCA MPE LHofaue OMHOTO B TOIO 3Ke HampAKeHAA Ha o6a
BXoOfia.

Koapdrnuent nogapieHAA CHHPABHOTO CHTHAAA k. cp ONpene-
AAeTcA OTHOIDeHHeM Kodjdnomenra mepefaud FAPPepeHnnalILEOTO
cHrHana Gy K KoaddmumeHTy uepenauu cHE(asHOro CHTHAAA Geg,
T. e,

kr. e = Gn/Gey- (6-41)

B pape cnyuaeB KooddmuueHT mOpmaHAeHNsA CuH(PA3HOTO CHTHANA
Gonee 105 (mim 100 nb). Hanpssenue Ha BHX0Ae UpefcraBiser coboh
cyMMy aHuPPepeHUEAABHOIO M CHH(A3HOTO BHXOAHHX HAOpMKeHRN.
Tipn Bxopaux HampsKeanax 30 mB u 0 B, xoaddnumente mepepaun
nuddepennmanraoro cnreana 100 BHXogHOe HAUDAKeHH® PaBHO 3 B,
a CAHQA3HH BHXOJHOW CATHAJ O4YEHb MAaJ M UM MOMHO OpeHeGpedb.
Ecam u; = 10,03 B u u, = 10 B, 1o puddepemnuanbaoe BHXORHOE

Kawyuases
” zemaa’

Prc. 6-65. Cxemb ycHuamTeneit pasHocTHE ¢ GOJbmAM BXONHEM COLPO-
THBJICHAEM.

Haupr:Keame GyeT MMeThH Ty ’Ke CaMylo BeamummEy, T. e, 3 B. Ogmaxo
ecaR KodpdmummeHT HORABJIEHMA CMHQA3HOro cmrHaza paseH 108, To
Gep = Gu/kn. cp = 107%. lIpn arom BuxomAOS® RampsyKende CHEGasloro
carraga paBHo 10,015.1073 = 0,010015 B, wro pmaer ommBO6xky 0,3%.
MocTrKoBBIHf ycmnmTenn., HegocratkoM cxemel Ha pmc. 6-82 aB-
ASeTCA TO, 4To BHXOQHOE HANPAKEHME YCHARTERA OKASHBACTCH WYB-
CTBATEALHWM K H3MeHeHMAM Banpskemmi U m —U. YkazaHHuH
He[R0CTATOK yCTPaHACTCA B CXeMe MOCTHKOBOTO yCEANTeAs (pHc. 6-64, 6),
TaK Kak B mMofo6Ho# 6aAaHCHOH cUcTeMe MaMeHeHWA HaOpsKeHmd - U
1 —U BocopHHNMaNTCA KaK CHHpa3HHE CATHAJIH, KOTOPHE B 3HAYM-
TeAbLHON CTelenH ocialAAlTCH HA BHXO/ie. BXOHHE peancTopH CRCTEMH
o6pasyioT miequ MocTa., J{AA MOayueHAs MAKCUMANbHOH 9yBCTBATEAD-
HOCTH COUDPOTHBJEHNA Ka)KAOT0 W3 IJed MOCTa AOJ/KHH OHTE paBHH
MeXKAy coboH, T. e. cOUpPOTUBJIEeHNE KAXKAOIO M3 HOCTOAHHEHX PegBcTo-
PoB ROMKHO GHTH PaBHO CONPOTHBICHHIO fiarumKa. C yweroM mpoGmem
COTAACOBAHAA COUPOTHBJCHUI1 W BIMAHAS TOKOB CMEMHAA CONPOTHB-
neRHEsi peaBCTOpoB R, ofblgHO Heckoabko Gompme 1 MOM.
Ycmawrem pasEOCTH ¢ GONBIIMM BXOHBIM COIPOTHBICHHEM.
B cxeMe ycruATe AR pasHOCTH Ha PHC. 6-65,a ACMoAb30BaHH fiBa MOBTO-
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pHTeNs HANpsKeHBA. BHXOHHO® HALUPAXREHR® B HToN CXeMo
1 a _ By+R, R,

Uprix B: Br (u1—u,) R: R, (uy—ug)e  (6-42)
Jpyroii BAj aHAZXOTHYHOHK CXEMH, B KOTOPOH BXONHHE YCHIATENH
CBA3aHK MeKAY coGoil oGmIAM pesHCTOpOM, HOKa3aH Ha pHC. 6-65,6.
Hanps:keane Ha BLIXOfie ycuAmtelds / MoMHO Haiith, paccma-rpunaix"
AeliCTBHe BXOAHOIO Halp/KEHAA HAa CXeMy C HOCAef0BATEIBbHO-IApai-,
ReibHOW 06paTHOM CBASHI MPH KaKyIEMCA 3a3eMJeHAN YCUIUATeaR 2,
T. €. KOT[ia Ha BIVKHeM BEBOJe Pe3BCTOPa aR MOAfep:KABAeTCA HYJIEBOQ'
HaupsiKende. O6muft pesEcTop aR MOMKHO TaxkKe PACCMATPHMBATEL KaK

BXOmHOHl pesECTOp Ha WHBEPTHPYIOIEM BXOfe yCUIATeNs 2, TOIjHa
BHXO[HOE HALUPsKEHNM® HAa BHXOM® YCmwinread 1, o6yCaoBAeHHOE AeiicT-

1
BHeM u,, Gyner paBHO — - Y TakmM 06pasoM, BEXOHOE HAIP AKEHNO

YCRUANTenA 1 MOKHO 3amMcarb B BHAE

14-a 1
Ug = _l- Uy —7 Ugs
Paccyxpan amanzormyso, A BTOPOro yCHAMTEAA Moiydaemt
1 14-a
ug=-—-t +—— us

Yemaureanb 3 paboraer Kax ycuaurens pagHOCTH ¢ BXOAHRIMA HALPA-~
HEHNAMHE Ug ¥ Ug, CAeA0BATeNbHO, HAUDAKEHNe Ha er0 BHXO[i@ PaBHO}

2 2) (g —u,).

a
Hoa¢pprnrenT nepefiaun cuEdasHHX CATHAJOB BXONHHX yCHIATeAel
paBen1 eiBHUNE, 9T0 HO3BOJAET KMeTh HAa BXOJe 3TOH CXeMH Goaee BH-
COKMi ypoBeHb cHH(A3HHX CHrHAJOB, 4eM B LIpegHYLEM OpPAMepe.

Uppx =— N (

6-8. YCWJIUTEJAb C MAJBIM BXORHBIM COINPOTHABJAEHHEM

Kak npaBmmo, mpegmosjaraeTcd, YTO OLEDPAnEOHHHN yCRIOTEND
roe mojioskeane GyieT HMeTh MeCTO,
OCYMIECTBIAETCA He HAUDA)KeHHEeM, X Lo
JIATENA BXOJZHOH TOK NOJMKeH GHITH
CXeMH, ¢ TeM yTO0H He BHOCHIACH
puc. 6-66, wmoTpe6usier BXomHOM

AP = AyRy/(Ry+ Ry),

UMeeT JOCTATOYHO (OABINOe BXORHO® CONPOTHBIEHIE, M MOSTOMY BXOf-
Korfa yCHIRTENb BMEeT Majoe BXO[-

a ToKoM. B aToM Ciyuae miA momy-

BHAYATENBHO MEHBIIE TOKOB, LpoO- O —0"
canmioM GoArmas ommbKa.

TOK (4. B Taroil cxeme ¢ wmapannenrHo-mapamiensHO# o6paTHOR
Toe Ay — Koofdunuenr mepefaum no HampRMKeHMIO,

Pnc. 6-66. Cxema ycnmurensa ¢
MaJHM _BXOJHEIM COMNDPOTHBIe-

HEIM TOKOM MOHO TpereSpeas. JIpy-
lge R 3
HOe COUPOTHBIGHAe W yIpaBJeHEe o N7 A R
O} 8)
4ERVA XOPOIIAX XaPAKTEPACTHK YCH-
TeKAOMEX BO BHEINHHX 0/IeMEHTAX
Yemautenn, B300pasKeHENA Ha ~ LLCM:
CBA3HI0 KoPpOHUEEHT mepeflayn PA3OMKHYTOLO KOHTYpa PaBeH:
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Ecad BXOfHO® CONMpOTHBIOHA® Rpy 8HAUMTeNbHO Membme Ry, TO
B == Rpz/(Rsx +Ry)

AB =~ Ayl /(Ryx +Ry).

Buxomggoe Halps:KeHRe ABIASTCA QyHKOMe:d BXOAHOrO TOKa, HO-
eToMy Gomee mexecoolpasHO paccMaTpEBaTh He x02PPHIUeAT mepenadu
00 HanpfKeHR0, a CONDPOTHBIeHHe NPAMOE Nepefadyl YCHIHTeNA.

ConporneieBRe IPAMO Hepesaud Ry = A ;Rpy B ecnE Hpy < Ry,

1o A = Ry/(Rex + R,) ~ Ru/R,. Otcioga Bmgmo, 4To xo3danment

0%
102 Ry=10k0M, Ry=Tm0M
o R,=100 x0m
. Ry=1m0OMm
1077 L1 L

10 102 108 10% 10514

z)

50K
- 703 A
- 550 2 R1=70K, R2=7M
100K [ e
e ¢ 2N 3093 N
SRy
1 107" L
— é‘)

| ! 1
10 1% 0% 0% 10°ry

Puc. 6-67. AMIJIATYJHO-JACTOTHEHE XapaXTePHECTAKA NPP 3aMKEYTOH
menn oOGpATHOR CBA3M [JIA CXeM ycHINTeNeil ¢ GonbmmM (2) B MaanM
(6) BXOmHEIM COOPOTHBIEHHEEM.

Hepefiaq® pasoMKHYTOTO KOHTYpa A P B ciiyuae yeBaBTeNA C MaN M BXOA-
HEIM CONPOTUBJIeHHEM He 3aBUCHT OT BXOJHOTO BileMeHTa R; U nmonHOCTHIO
oupepcnAeIcA dNeMeHTOM obparmoit cAsE R,. Ilomoca mponyckamms
YCHARTENA NPH 3aMKHYTOH 06paTHOI CBA3E TaKKe ABNACTCA QYHKUHEH
alleMoHTa 00DPATHOII CBA3H, a He Beeil nenl P, Kak 910 w0 B cXoMo YCH-
aATens ¢ OoNbmIAM BXORHLIM CONPOTHBIGHHEEM.

Ha puc. 6-67 gnA cpaBHeHHA NOKa3aHH XAaPaKTePICTIKA ABYX
CHCTEM, OfHA N3 KOTOPHX {1MeeT Ha BXOJe KacKaj Ha IOJeBOM TpaH-
3WcTOpe, a Apyras — Ha GuunoaapHoM. OueBHHO, 9TO B IOCHefHEM
cay4ao Nooca NPONYCKAaHAA NPH M3MeHeHHR KosQ@rmmeHTa mepejadd
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ocTaeTcsl IIpaxTHYeCKH Hem3MeHHoff, Gnaromapa ToMy uwro R; sHaum-
rennHo Gonbme, 9eM Rpy (B TaHEOM clydae oxomno 2 kOM), [IpH MeRLmEBX
ConpoTHBIERAAX peancTopa Ry KosdPmumeRnT o6paTHOK CBA3E yBenH-
ymBaercsl B PACIIBPAOTCA MOJOCA HDPOIYCKaHAA,

JlnA cXeMH ¢ MaJIhM BXOJHEM CONPOTHBIOHHEEM KoopdrnmenT mepe-
faud Opm 3aMKHyTO# ofpaTHOH cBAZH

R, 1 Ry 1
Ry (1+41/4B) — By 14+-RyRy-

B cxeMe ¢ GHmonApEHM TpaH3HCTOpOM Ha BXoje (pHC. 6-67, 6)
COOPOTHABIGHA® IOPEJa4Yl YCHIHTeNsA ounpefensercA KosdpdunueAToM
mepegayl ToKa 9T0ro Kackaga (oxono 50), yMHO)KeHHHM Ha Ko3§dm-
OHEBT mepefadn ToKa BTOPOro KacKaga (DaBeH efHHANG) B Ha COOPOTHB-
JNeHAe RMArpy3KH, KOTODHM fABNAETCA BXOJHOe CONPOTHBJEHHE® CXEeMH
Hapnrarrona (okono 2 MOwm). TakmMm oGpasoM, Ry ~ 50-1:2.106 =~
~ —100 MOwm.

(6-43)

¢ R=TK Rp=TM
1=K Rp=
103 ———
12| BL=T0K Ri2100 Ri=10K
at S
— R=100K Ry =1K ™~
———
~
_ pull ~,
M Lot RC@L ~
~
o111 f™

—0 10 102 103 10% 10° Iy,
a) J)
Prc. 6-68. CxeMa WHTeI'DANBbHOIO YCHJIHTeNS C MajJbHM BXOJHHM CO-

OPOTUBIGHAEGM (a) ¥ XAapaKTePHCTHKE CXeMH NpJ 3aMKHYTOR Len®
obparaoi ceazy (6).

EcnA conporABlieHHe pe3RCTopa B memdm obpaTHodt crasm R, =
=1 MOwM, To omubéxa, paBEafs R,/Ry, cocrasifer 1%, a npa R, =
= 100 xOM yMembpmaerca go 0,1% H He 3aBUCHET OT COLDPOTHBIEHHAA
peaHcropa.

YconuTen® ¢ ManbiM BXOAHBIM CONPOTHBICHMEM B HHTerpajibHOMK
¢dopme. Bnarogaps HeBHCOKOH CTOMMOCTH W XODOIIMM XapaxTepHCTH-
KaM yCRINTeledl ¢ HeloCpeICTBEHHOM CBA3BI0 B UHTErPaJbHOM HCIOJ-
HeHHHU BHIOOJHPHAe TaKNX yCRIHATENed HA IACKPETHHX SIeMeHTAX OKa-
3HIBAeTCA Helelecoo0pas3HEIM ¢ TOYKHA 3PeHNSA KaK HX CTONUMOCTH, TAK H
xapakTepBcTAK. OgHako B mpouiecce pa3paluTKi HHTelDAJBLHHX Olle-
pPAUHOHHKX yCHJNTeJel BCOrfa CTPeMATCHA NOAYIHTH (OABII0S BXOTHOO
conporEBierde — npiMepEo 1 MOMm 1 Gonee. 1A NonyyeRHs Mamoro
BXOJHOTO COMPOTHMBJIEHUS TPeGYIOTCA ABA ONEPAIHOHHEIX YCHIUTENA,
KaK noxasago Ha puc. 6-68,a. Tlepsunlii 113 BuX, 0XBaueHHEH napalICab-
HO-napamlelbHOii 00paTHO# CBA3b, obccueunnaeT Majxoe BXO[BOS
compoTHBAeHNS, NPAGAK3UTENbHO paBHO® R, /A = 0,005 Om. BTopoit
ycRnuTeAs pabGoTaer € HoCHef0BaTeNbHO-IapanielbHOl o6paTHOIM
CBABBIO WIH jXe NPH PA3OMKHYTOH el oOPaTHOH CBA3A B KaJecTBO He-
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HHBEPTHPYIOMETo Ka¢kaka.B necienmem cnywae comporHBIeHHE nepe-
fiat# PCero YCHIMTeNA PaBHO:

Ry=—1-40%-2-105=—200 MOx.

Ha pme. 6-68,6 noxaszalu aMNIATYXHO-TACTOTHHE XapaAKTePHCTHKA
910l CXeMH HpH 3aMKHYTOH nenmA obpatmofl cBAsm. IlIMpuHA moNOCH

v Ay =Ry A gi:
0% T Tr=o400 M "~ 108
704 —07
10° — 108
702 . PV
w0 —m*
1 N
101 f J102
107 [y

=1, Re_100K
7| L2001 7, 100
1 R 100K
=1, R _
102 P=ig1’ BT K

7
B=371 R;=10K Ry=100K

10
B= Ri=T0K th
1
\#

I [ 1 1 l
70 102 10% 0% 10° 10° ry
Puc. 6-69. OnpepneneEre conpoTHBICHAA mePefadd Mo XapaKTepHCTHKe

OPE Da3oMKEYToHR memm o6parHO# CBA3H (ry — CoDPoOTUBJNGHHE Iepe-
Jlaun OPR pasoMKEyTod memm ofpaTHOH CBA3H)e

J)

TPONYCRANAA YCHIHTEN ONPelelIAeTCA COMPOTUBICRNeM pe3hcropa Ry
B nemm ooparHo# cBsAsd. IIpu aToM oxasHBaeTcs BO3MOKHBIM MU3MEHATH
KoapROEEHT yCHACHHS B HEKOTOPOM AMamasoHe DPH HeHM3MeHHOH mo-
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70ce MponyCKaHHA. B 9TOM MOAWO yGeAWTHeA DO XapaKTepHCTHKAM
Ha puc. 6-69,4, Ba xOTopHX W8o6pakeHa BABHCHMOCTL MpOMSBENEHMU A
KodduuAeATa NepefadH PAZOMKHYTOTO0 KOHTYpa HAa CONPOTHBIGHMUE
nepeuaYy nepBoro Kackaja OT nMacToTH. Biaromaps cHABHON o6paTHoil
CBA3N YCMJIMTeNb HMeer IIRPOKYKW Nolocy mponycKamma. IlomoGman
OTEHKA I0J0CH NPONyCKARAA OJR3KO COOTBETCTBYET H3MEPORHOMH DKCIe-
puMenTadbHo. M3 9acTOTHOM XapaKTEpHCTUKE OHOTO KACKaja, MOKa-
sagHOIl Ha pHc. 6-69,6, BEgHO, 9T0 MHAPHHA NOJOCH NPOMYCKAHHA
AsasAercA $ymxuueii §. IImpuBa nomock ompegenafeTcA dacToTol, Ha
Kotopoit A = 1/f, B T0 BpeMA KaK B CHcTeMe C MaJKM BXO[HKM CONpO-
THBJEHNEM JI0JIOCA onpefenfleTcA JacTOTOH, Ha KOTOpo# Ry = R, =
= Ry, ¢A,. Hampumep, mpn R, = 200 xOM ormomeERe R,/Ry = 1
Ha gactoTe 10? I'n m IMEPAHEA MOJOCH OCTaeTcs MOCTOAHHON MPH HaMe-
weRuu xoaddurnuenTa mepenadl 3a CYeT H3IMEHEHHA CONPOTHBIOHHA
pesuctopa R,.

6-9. ABTOMATUYECKAA YCTAHOBKA HYJA

B ycumHuTenAX ¢ HemOCPeACTBEHHOH CBASHI0 HA NUCKPETHHYX 9Je-
MeHTAX, a TaKKe B HEKOTODHX HHTerPaibAHX CHCTEMAX HeoGXOTHMO
NpPeyCMAaTPEBATh KAKHE-TO MEPH [JA MOAYIeHAA BHIXOJHOTO Hamps-
JKeENdA, PABHOTO HyJ0 OPHE HYJeBoM BANDAKeHWH HA BXOfe.

B § 6-3 6HI0 NoKa3amo, 4TO BHXOJAOE HANpAKeHHEe, 06YCIOBIEH-
HOe CJBMTOM HAIPsKEHHHA, OTHECEHHOTO K Bxofy, Ucpp. px, PaBeO:

Upnx = AU ¢gp. ex/(1 + AP) = Ucys. 5x/B-

JinA craggapTHHX omePanMOHERX ycuumrenedl Ucpp py HPROIH-
auTenbHO paBHO 4 MB. Torna B EEBepTOpE ¢ Koo PHIMEATOM YyCHIEHHA,
paBERM eAuHEBLNe (f = 1/2), BEXOqHOe HAmpAMEHRe GyneT COCTABIAATH
8 mB. Ecam xoa¢pduument ne-

pefat¥ OPE 3SaMKHYTOR uemu 7 Ugsy=Us28.65
obpaTHO} cBA3M paBer —100, TO ‘1“’ +’ _’ |
BHIXOAHOe HAIpsiKenue OyJer

COCTABAATD OKOJMO 5% MaxeH- "= YUpz8 8¢ a)
MaJbHOr0 3HAYEHHA, PABHOIO

10 B. B m=exoTopHX Cay9asx 1

BAA yMEHBUIOHHA HAUDPAKEAHA == &

CBUTa IPUMEHAITCH BHELIHHe R, | + C Ugerr
CXeMBEIE BIEMEHTH, OJHAKO B O—D———Lo

60JBIMAX CAOMHEIX CXeMaX Mpax-
THYECKH 2TO Me Bcerga ynogno. Plauix é)

Yaenvlernue cdsuza 6xodno-
20 nanpawmenus. Ecam mnepen
YCHIRTeJleM BMeeTCs eme OfuH
YCUJIRTENbHRE KacKaj ¢ HyJe-
BLIM HANPAJKEHNMEM CIBATA, KAk
Hokazamo Ha pHc. 6-70,a, TO
HaupsKeEHe CABATA HA BHIXON® LpH STOM He H3MeHHTCH, a CIBAT Ha-
N psKeHEHA, OTHECCHHEI K BXONy TaKOo# cucTeMH, OyneT paseH BHXOJ-
HOMy COBUTYy HAIpAKEeHHA, NeJeEHOMY Ha ofumii xosdp¢HumeHT De-
pegaud Bceil cncTeMH, T. e,

Puc. 6-70. CoormOmeRme Meay
CABHIOM BXOAHOTO M BHXOJHOIO
HanipAMeHBH B yCHJIMTEJe ¢ [OXOJ-
HITEJBHEIM KacKa/ioM.

Ul _ UBHX . UCJ.IB- BXA _ UC,'I.B-BX
CAB. BX = AcA = AcA = Ac .
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Taxum 00pasoM, CABAT HaOpsiKeHAs, OTHeCEHHR X BXOLY CHCTEMBE,
yMenpinaercd B A, pas, roe A — KospPHUHeRT nepegaur NOHONHE-
TeABHOTO KacKaja. Ecid Takod yCHJIRTeIb OXBaueH 0GpaTHOU CBA3LIO,

Rn © @ ® r ©
H::T——u—[b—n——l:n—l——«»
t R T

6]
Pene samrrymo
@

@ Bsixodnoe pene samxrnymo

® L )

Pnc, 8-74. CxeMa ycHIWTeNA ¢ npepHBateneM (g) B ¢opma Haupssie-
HAE B PAs3/IHYHHEIX TOUKAX YCUIATenA (6),

KaK DoKasaHO Ha pHe, 6-70,6, To BEXOogHOe HADpA:KeHHe, 00ycaoBaed-
noe cgeuroM, Gyger paBHO:

Uche. s Ucpe.
Upig=— AcA (#‘Fﬂljnmx)*‘——%ﬂ“:

T. 6. YMeHbmaeTcsa B A, pas. Taxum obpasoM, npm 4, = 1000 casur
BHIXOJHOTO HanpsKeHUs B THMOBOM WHBepPTOpe C KOadPHOUEHTOM Iepe-
Aagn, paBHHM eNWEANe, OGynerT:

UBHX=8 . 10-3/1000=8 MKB,

B Takoif cxeMe NMpH HyJleBOM HaNmpAMXeHAW Ha BXOje BHXOMHOE Ha-
npsKeERe MOMKeT OHTh IOJNYYeHO 049eHb GNHaKBM HYa10, 6narofapa deMy
oToajaer HeoGXogUMocTh B pyuHOil mofcTpoiike Hyna, B KauecTBO jo-
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MOIHATENbHOTO KacKafa B 2TOM cXeMe MOAXOANT yCHARTeNb ¢ MpephBa-
TeNeM, yKe YNOMHHABIOANcA B ril. 4, KOTODHI{ ¢ COOTBeTCTBYIOMIMMHA
smopaMH HalpsKeHH# H3obpakeH Ha pHc. 6-71.

lHenpepuBHEH BXOHHOH cHrHan npeo0pasyeTcd B HMOYJAbCHEH
¢ NOMOINBI0 KJi0Ya. 3aTeM BMOYJLCHHE CHIHAJN YCHIRBAST Sl YCHJHTE-
JeM ¢ eMKOCTHOH CBA3BI0 H CAHXDOH-
HO BHUIPAMAAETCA BTOPHM WIYHTE-  MA|I, '213”=03

pyommm kmouoM. Tax Kax yeuam- g ~0.58
TeIb ¢ EMKOCTHOM cBAzbio cuocobem 7 ?
YCHINBATEH TOJIBKO LepeMeHHEIe CAr- ~18

Hane, CHABAT HanpmKeHAs OGyper
o0ycaoBNeH BXOfHHM HepeKIngaTe-
nem. B Takolt cxeme MOHO Benons- 4| ~1,58
30BaTh OEPEKJN0YaTe]NH pPa3IRYBEX ’

THAOOB, HO NEPBOHAYAJHHO NPHMe-
HAI0CH OCGEIYHOE BJIEKTDOMeXaHide-
cxoe pene. B panpHeiimeM peie GH- Usy=-28
10 ¢ ycOoexoM B3aMeHeHO NOJYyIpo- | ( Y
BOAHMKOBEIME ycTpofictBaMH, BHa- 0 0.7 0.2 8
gaje Ha OHOONADHEIX TPAH3HCTO- ? ’
pax, a B HacTosfuee BpeMA TaKHe
UCPERJII0YaTeNIA BHIOJHAKWTCA Ha
OLTOYJIeKTPOHHHIX YCTPOHcTBAX.

B cxeme, moxasamRO#l Ha pHC.
6-71, B KagecTBe BXOJHOrO KJI04a
HCIOAb3yeTcA UOJEBON TPAH3MCTOP € H30IAHDOBAHHKIM  3aTBODPOM,
Taxoit TparaBcTOp 0GecneuRABaeT HeOOXOMMMYIO H30AALMIO MEKY Lepe-
KJOYAIOIAM HAODAKeHHeM W BXOJHHIM CHTBAJIOM, XOTS HeOOoJsIOHe
BCTITECKM HAIp A>keHUs 4epes KOHJOHCATOD NOCTYNAKT HA BXOR YCHJN-

Tead. CHHEXDOHHHE BHIPAME-

Prc. 6-72. XapakrepECTHKH 0O~
JEBOTO TPAH3HCTOPA LU MAJKIX
HALPAKEHNAX.

. === 1 Tedb Ha BHXOMle BHIIOJHEH Ha
oyKT i _
cymmupo~ | i IOJICBOM TPAHBHCTOPE C BATBO
fanus_ i ! poM Ba p-n nepexofie. Taxoit

nepexJiodareab paboraer BHOJ-
U J He y[OBIETBOPHTENLHO, TAK KaK

ero 4yBCTBHTEIbLHOCTH Ha BRIXO-
Ae McHBIIe, ueM Ha Bxome. Kak

sz'z"ﬂﬂ‘ T 1 BUJINO H3 XAapaKTePHCTHK IoJe-
Bawun i BOTO TpaHs3ncropa (puc. 6-72),

OpH MaJaEX HANPAXCHNAX Ha
CTOKe TpDaH3HCTOpP Bener -cebR
KaK NepeMeHBHIl Pe3ncTop, yo-
paBiafeMulii HanpsykeHueM Ha
Pmc. 6-73. [IBa cuocoGa mepepauu  3aTBOpe. BmxopHOM  curman
BRHICOKOYACTOTHHX CHTHAJIOB B CH-  OpejcraBiafeT cOO0H OpHOmOMAp-
cTeMe ¢ mpepHBaTeJieM. HLle UMOYJBCHE, KOTODHIE 3aTeM

craaxupared  RC-QuasTpoM.
Taxoii ¢uabTp OrpapHMuABaeT HOJOCY NPOIYCKAHNA 1O OYCHb MAJHIX
3HadYesul, XaK OpaBHUIO, 3HAYHTEJLHO MeHpIne 1 I'm.

B cmcreme, noxaszamRO# Ba puc, 6-73, 6, BHCOKOYACTOTERE CHTHAJBL
HONa0TCA HemoCpefACcTBeHHO HA MHBEHTHD YIOUIMi BXOR OCHOBHOTO yCli-
aurend. Brxofsoe Hanps)KeBHe npencTaBaser coboif cydmepno3mnuio
CHTHAJI0B, OPOXONAMHMX dYepe3d [ONONHHUTENBLHEIA YCUJMTENb H 3aTeM
gepe3 NeNBBEDPTUPYIOIMAN U HEBEPTHPYIOMMI BXON OCHOBHOIO YCHIIH-
renq. Honawid kospdRuBEHT Mepefjadl CACTEMH cle0BaTe/IbHO, PaBeH
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A+ AA; mnm A (1 + Ag), rie A B A, BR3MEHAIOTCA ¢ qacroroil. B
peayinbTaTe YCJIOKHEHAA CHCTeMa mprobperaer CiefyoInse MNOJOMKH-
TeJbHHE KauecTBa: 3HAYATENBHO YMEHBINAOTCA HANPsUKEeHHe CHBHTA;
Ha HH3KHX 9aCTOTaX cHcreMa AMeer Goabmoe yCHIeHme; JOCTHTaeTca
XOpoman H30AANHA TOIKHA CYMMHDOBAHMA.

Bce nepeunciaeHAEE TPEMMYIMECTBA WMEOT Goabmoe 3HaYeHME NPH
HMETeIPAPOBAHNH B Te4eHNE NJAUTeAbHOTO BpeMeHH. HemocTaTHOM cXeMH
Asadercs mHensbexxHoe Haauwie myMoB, OCHOBHOH COCTABIAAIIICH
TEX UIYMOB ABAAITCA €MKOCTHEIE BCILIECKR HALDSLIKEHHAA, KOTODHE Mo-
CTYNAIT B CXeMY OT BXOJHOIO Kiaioya. OgEaKko HHTErpBpyIOImee meHCT-
BHEe CHCTEMEL 3HAUBTEJIBHO OcAabasger aTH myMH, H 1pHE pafore Ha HA3-

¢ 0,01
r_""i,'a""— _____ 1

- ]
Boixod .
220K + 7439

0,7
T4 10K 220K
100,0
=

700K | m

0,7 [ —

5 ? :
_ |ssox 1 ﬁsso '

0,0
o -—08
s

Puc. 6-74. Cxema onepanMoHHOIO YyCHIuTedAsl ¢ NpephBaremeM. Ha
HU3KOH uacTote KoopdummeHT nepefaum papex —108, Ha ugacToTe
1 kI'm om paBerm —2-10%, cpBHr manprAxemua ma Bxome 10 MxB/°C,
BxofiHOH Tok Memee 10 A, IlymKThpHO# XHAEeit MOKa3aHO mpHCoe-
OIRBeHEe WETCTPEPYIOLICTO KOHAEHCATOPA.

Touka
cymmupofanus

KEX 4aCToTaX HX BJIHAHAE YCTPaHAeTCA NOYTH NOJHOCTBIO Giaronaps
KOH[IEHCATOPY, UPHCOEIWEEHHOMY MNapaaenabHO Pe3ucropy obpaTHoH
cBA3KH R,. Tem Ho MeHee, 1A TOro 4T00H eme Goabme OrPAHNIAT Cpefi-
HIOK 9HEpruio BCIVIECKOB HAMPMXKEHRA, 9aCTOTY MEPEKAIYCHAA HE Clle-
gyer BHOmpaTh Bhme 1 KT'm.

HpaMep npoekrmpoBamHA. TpefyercA paccuMTaTh JIEKTPOHHHM
BHTETpaTop ¢ NocToAHHOH Bpemenm 1074 ¢. IIpm uarerpEpoBammm
B Teuenue 1 ¢ omuGKa He FO/HKHA MpeBHmAaTh 1% MaKCEMAJBLHOIO
BHXOpgHOTO cHryama, pasuoro 10 B.

Bubop unmezpupymwuseso pesucmopa u xondencamopa. Henateanno,
9To0H eMKOCTh KOHjjeHCATOPa GHia KaX MomHO Soibme, a CODPOTHB-
JeHRe pesucTopa R 0o MEERMaabENM (puc. 6-74). Ilo nmpuanne orpa-
HEYeHHA TOKA COMPOTHBICHIE Pe3BcTOPa R caefyer BHGAPATs MPEMEPHO
10 xOM, Bubepem R = 10 kOm m C = 0,01 Mkr®d,
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Rosppuyuenm nepedavu. 3ajaEHOe OTKIOHEHHME JHHEHHOCTH CO-
craBasger 1%, nosroMy u3 Qopmyan (6-38) moayuaem:

t 1

SICRAFA] < 100
BRJIH
A+1=100/2 - 10-4)=0,5 - 10¢.

Taxoe GoapIioe yCHJIeHHE, KOHETHO, TPYNHO HOJYIHTE C MOMOUBI0
OfIHOrO OMepamHo IHOTO YCHJIHTeNA, OZHAKO ero JErko oGecmeunts,
HCTIOJNB3YA COCTABHYI0 CXeMy HA pHc. 6-73.

Ouubra, enocuras moxom cxeyenus. Ecan pasa paboTH ycuanaTenn
TpefyeTcA TOK CMenleHRA, KOTOPHIl Gymer moTpeGIATECA OT KOHEHCA-
TOPA, TO TOK IIPH BHXOJHOM HALDSUKEHRE Upyy PaBEH:

_ dUpux
b=C—g

Ilpu sapamnoil omMOKe MAKCUMAABHO JONMYCTHMOE M3MEHEHHE BhLI-
XOIHOT'0 HAnPHAKeraus, o6ycaoBiaeHHoe TokoM i, pasao 0,1 BB 1 ¢, 1. e.
dUgpny/dt = 0,1 B/e. Taxum o6pazom, MAKCEMAJbHOE 3HAYCHHEE TOKA {
6ymer 0,1-1078 = 107 A. Taxolil TOK 3HAYMTEABHO MEHBIIE TOKA CMe-
TMeHHA ONePANHOHHEX YyCHAMTexe#l o6miero Ha3HAUeHHA, HO ABJIAETCHA
BIOJHE TOAXOAAMEM [l YCHIHTeNEH ¢ NOJeBEIMH TPAH3HCTOPAMH Ha
Bxofge. Ciaepyer Tax)ke saMeTHTb, YTO B CHCTeMe Ha pEc. 6-73,6 Tok
CMeIl[eHEA H30AHPOBAH OT TOYKH CYMMHDPOBAHHA.

KpoMe Toro, HeoGXopuMMo paccMOTpeTh TOK, MPOTEKAOINAN 4epea
peaucrop R = 10 kOM B pesyaprare ReiicTBEA HaOPSKeHHA COBHTA:

=Ucpp.px/R BB Ugpp gy =10"-104=10"% B.

B cayuae MOHOJHTHHX yCHAHTeNeli CIBHT BXOZHOILO HAIPAMEHHA
MoKeT OhITh MeHbmie 2TOH BeAHMYMEH, a B CHCTEMAX ¢ MpepHBaTeIeM
CIBUT BXOJHOTO HANpPAMEHHA OpuOAM3NTENLHO TAKOM jKE.

KospPuyuenm nepedauu donoanumesvrozo Ycusumeas, B cayuae
HCMOJNBb30BAHHAS CTAHJAPTHOTO YCHARTENA ¢ HANPsKeHHEM CABRTa 4 MB
EaA Toro, uTo0H CHE3HTHL HANMPAIKEHEE COBETa [0 3aJaHHOrO, MONOJ-
HHTEABLBHI yCHJHTEAb AoMKeHn mMerb KoaddHumenT mepegaam mo-
pAnka 103. Ua rpadexon Ha prc. 6-32 gaA yCcrauTend ¢ NoclegoBaTelb-
HO-NapaaienbHoii obpaTnoil cAsbi ¢ Koaddruuentom mepegaum 103
moJxoca TpoNyCKAaHHA moaydaercsl papeEoil 1 kI'm. DTo HaraagwBaer
OrpaHnuYeHdc HA YaCTOTY NEPERIYCHHA, KOTOPAad B [JAHHOM CJyuae
poiskaa OnTh okomo 200 T'y. Hiskewil npenen 4acTOTH NeperIO4eHYU s
6yner cocrasafTh 10 ', a menoYka CBA3N H 3JeMeHTH LeOH CMemeHn s
pubupaloTcs B COOTBETCTBHE C METOiMKoi, IOoKa3aHHOH# Ha pmc. 6-38.

Buzodnoii gusvmp donoanumesvrozo ycusumeas. A yMeHbuie-
Hifl HAOPAYKeHAA CIBHTA OCHOBHOTO YCHJINTENA HOMEEAIBHO® BEIXOJHOS
HAIpPHKeHHe [ONOAHHUTENBHOTO YCMINTENA NO/KHO OHITH paBHO 4 MB,
970 manmpsuKeane mMeeT $opMy MPAMOYTOJBHHX HMOY/JABCOB, KaK MOKa-
saHo ma puc. 6-71,6, a Hamps)KerHme MUaoo6pasHoll opPME HA BEIX0A6
duaprpa U = U,t/(CR) mar U;U, = 1/(CR). Ecau nyascange COCTaB-
aq10T Beamuuey 107™% oT HaNpPAMKEHNA, TO MOCTOAHHAA BPeMeHE RC
pomxna OuTh pasHa 10% ¢, rpe t — noaymeprop, T. e. 2,5 Mc. Tarmam
obpaaom, Docrognnad spemenn duabrpa RC ~ 25 c. Bubepeym caepyio-
nmezgmkgcm B couporusienus $maprpa: Cy = 100 Mk® ® Ry =
= 220 xOm.

o~
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Bzodnot gusbmp. lyMH yORINATeNs1 MOKHO YMEHBIINATD, €C/IH BX0J~
HO# mepeKIylYaredb OTHCIHTh OT TOYKH CYMMHUDOBAHHA ¢ HOMOIBIO
$anprpa. NopxogAamuwm gas aT0il mean aABaserca T-o6pasHHE $uALTP,
KOTOpHI mo3BonseT u30exaTh IIYHNTHPOBAHHA TOYKH CYMMADOBAHMSA
A MepeklodaTensi KOHEeHCATOPOM dHIabTpa.

Ozpanunumesbriie duodn. HanpAxxennsa ma BEXofe NepeknwgaTens
A B TOYKE CYMMNPOBAaHEA OrPAHWYHBAITCA KPEMHHEBHMH JHOJAMHA Ha
ypoere 0,5 B. 310 nosBosiAer yMeHLIIATE BPeMA yCTaHOBAGHMA MPH
BKJIOUeHAN H Hocie nepeTPyaKH,

Pasdesumesbnas yenouka ocnosnozo ycusumesrs. PaszgenntenbHEIR
KOHfieHCATOD Ha BXofie OCHOBHOTO YCHAMTENA ofecnedrBaeT M3oJANHEIO
TOKA CMOIMEHMA OT TOYKH CyMMHUpoBaEMA. JacToTa CHIHasa HPA DTOM
He fABJAAeTCA CIRMIKOM KPATHYHOU, a KodpPRnmeHT yCHIEHMA Ha HA3-
KHX 9acToTaX Jod/KeH OHTb TaKMM, 9ToGH OCHOBHOW YCHJNTEJb MOL
adpdexkTnBHO paGoTATh MpH 3HAYATEABHOM YMEHBIIEHHN YCHJGHHA [O-
MoJEATEBHOTO ycHaAATend. IIpu nocrosnnolt BpemenH; paBroi 0,1 c,
TaKoe CHE/KEeHHEe YCHIeHHA WMeeT MeCTo HAa 4acToTe, KOTopas Ha [gBe
HEeKajil BHINEe 4aCTOTH cpesa BHXopgdHoro ¢manrpa. Ecam cpenarb co-
NMPOTHBJIGHAA DPe3UCTOPOB HA HEBePTAPYOMEM N HeMHBEDPTHPYIOIEM
BXOAX PaBHHIMH, To MOKHO BROpaTh C = 1 Mx®, a R = 220 kOwm.

OxoHuaTenbHAA CXeMa MoKa3daHa Ha puc, 6-74. B saxawwenne He-
o6XogAMO 3aMeTHTB, 4TO YCHANTEAb C MpepHBaTeJeM HHBEPTHpYeT
CHIHAJ, KAK 9TO0 MoKazaHo Ha puc, 6-71,

6-10. MPEXYNPEKIEHAE CAMOBO3BYKIEHHA

B ycuauresne ¢ oTpruaTenbHO# 06paTHON CBA3blo CHIHAJ, MofaBae-
MBI C BEIXofa 00 menu o0paTHOR CBA3M, BHYMTAETCA U3 BXOJHOTO CHI-
gana. Ecam or cknagHBaercsa ¢ BXOGHHIM CHUTHAJIOM, To o6paTHAA CBA3D
CTaHOBATCA NOJokHTeAbHON. OCwee BEpaxkeHne OAA KoaddunwenTa
mepegayd 3aMKHYTOR CHCTeMH € OTDHUaTelAbHOW oGpaTHOW CBA3BIO
onpepensercA BEHpaxenneM (6-23)

G=A/(1+4p),
e xoadpdnnnenT mepegaum pasoMkryroil cmcremMu AP aBaserca daszo-
Boil BeImuuHO#, KoTopaR EmMeeT MOoyab ® $a3oBHil yroa 6. Korga aror
yToJ, KaK nOKaszaHo Ha puc. 6-75, pasen 180°, obpaTrHas cBA3L cTaHo-
BATCA TMOJOKHTEeNbHOI, a He oTpunaTeabHoit, Ecan koaddruuent nepe-
AauM pasoMKHYToH cucteMH AP = —1, a 8 = 180°, To G cramoBuTCAH
paBHEIM GeCKOHETHOCTH, T. €.
G=A/14+-AB)=A4/1—1)=co.

B pesyabrare cHcTeMa NePeXORHT B Pe/KUM TeHEPHPOBaHNA CAHY-
CORTANBHHIX KOaeGaHuil JaKe MPA OTCYTCTBNH BXOJHOTO curHana, Ecan
Ha uacTore, e O = —180°, ycHaeHEe Goablie efMHALE, TO CHCTeMa
6ymer FreHePAPOBATh B HeJIMHEAHOM DPeKAMe, T. €. KoneGannA Ha BEIXofe
6ynyT nMers HeCREyconfanbEyl Gopmy. Hacrora KoneGamBH npm stom
O6nm3Ka K uacroTe npd 6 = —180°.

Ha puc. 6-75 otpunateabgas 06paTHas CBA3b OTPaHHYeHa 06AaCTHIO
gacroT HIKe BTOPOH TOYKM u3ioMa XapakTepHCTHKR (no 10% Tnm) m
icoaq)dmxmemon mepegauM Pa3oMKHYTOTO0 KOHTYPA, PaBHHM NPEMEPHO

00.

Ecan Tpe6GyercAa mMerb Gonbmoit Ko3ddMuHeHT mepepayd PasoMK-
HYTOTO KOHTYpa, KaK, HAlpHMep, B NOBTopHTele EaupAKeHAA C efy-
HAYHEIM yCHJeHRAeM, Ihe TAnosoe sHaueHne AP = 10°, To cnegyer
H3MEHATh XAapaKTepHCTAKY YCHiaNTeJlA NPHE pa3oMKEYToll obpatHoi
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CBSi3n TaKMM o0pasoM, YTOGH BTOpPAsA TOYKA H3jJOMa HaXoAmjlach HUKe
JMHUN eAREYHOT0 yCAAeHHA. MHorme onepanAoHANe yCHANTENR NMEIOT
BHYTPEHHNE d/eMeHTH TaKOH KOMIOEHCAIHA, 4 B HEKOTODHX yCHJIATeNIAX
BaA 9Tod menn rpefyercA MORKAIYATH AONMOJNHATE/NbHLE BHEIIHAE aie-
MmerTH. Xord Tochegani cnocol B He BroaHe ymoGeH, HO MHoOIJa OH

10°
170%
103 (Aﬂﬁ)/Tla.'l::'mal
102
1
==, 2
10 B )
1
g
10‘1 Uo
10-2 - 50
1073 -180
10-% 1 ! L ~270
10 0% 10° 10% 10° 10° 107 /4
)
00
- {-30°
1 ! ) i L ] -1843° J)

Pnc. 6-75. Amuautysran B daszoBasa XapaKTePUCTHKR ycuamrena Ges
xoMmencaunn (@) ¥ ¢dasoBaAd XapaKTEPWCTHKA YCWINTENA C KOMMEH-
canmeit (6). MakcmmaabHan BeamunHa A HeckoMueHCHpoBaHHoTO ycH-
aurensn papHa 10° Ges mapymeHHA ycToita@BocTH NpE 0§ = —~180°,
a mpH Kemmemcamum AP Boapacraer mo 10° mpm f = 1.

Ho3BojIAeT MOJAYYRTH Gojlee IMPOKYK MOJOCY NPOMYyCKaHMA, TaK Kak
papaMeTpH KOMMEHCHDYIONEX 9JeMEeHToB BHGHPAOTCA HJAA BHOJNHE
onpefieleHHOTO KoHKDPeTHoTo ciydad. B cHcreMe, XapaKTepHCTHKE Ko-
Topoit M300pakeHH Ha pHc. 6-79, MoKHO noaydntk KoaddumueHr ycu-
lleHAA PA3OMKHYToT0 KOETYPa okoao 1000 B moxocy nponyckagus 108 I'g
Opu OTCYTCTBME KoMIeHcamu®. B 9Tol ke cHcreme, ecl® yCHAATEND
zmeeranlgy'rpenmom KoMIeHCaUMIo, Mojloca MPonyCKaHHA yMeHbIDAeTCH
po 103 T'm.

6-11, ARTHBHBIE PE3HCTOPHO-EMKOCTHBIE ®HJIbTPbl

OuALTpLl mepporo nopagka. Cxemn (UABTPOB MepBOro0  MOPARKA
HeTpYAHO MOCTPONTD HA (aze omepammoHHEOTo ycuamreas. Hanpmmep,
B cXeMe JRABLTPA Ha puc. 6-76, a, koTopas nMeeT KoddPHOHEHT Nepeaun,
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PaBHHH egWHALE, KPOMe YCHJANTENA TPeOYIOTCA BCero JRMMDb JBA 2Je-
menTa. [Ipm oToM

UBBIX [\ 1
2 () = a7 (6-44)
e @, = 1/(CR).
IlosicraBaAA s = jw, OyneM MMeTh:

UBBIX . \ __ 1 _
u; (I(D)—1+jm/m0- (6-45)

B cxemax Ha puc. 6-76,6 W e koapdmnment ofpaTHOX cBA3M f
Menbie efRHUNE, MOJTOMY oHM o0eCneunBaloT yCHAeHHe HAaIlPAMKeHUA.

R

Uy 4

ucux ,

@
g) log w,
Rz
— —
. 1_"6_1
1
o—1_1—— b0
Tu1 + 1“85/){‘
O -0

Puc. 6-76, CxeMn ¢1IBbTpOB HIYKHMX 9acTOT HNEPBOIO NMOPAMKA.

& — npocraf cxema ¢uAbTpa ¢ GydepHHM NOBTOPHWTENeUM HANDPAMEAWA, 6 — xa-
PaKTepUCTUKUA (UIbTPAa HMKHMX HACTOT TEPBOTO TOPARKA; 6 — CXeMa (UIBTDA
HIKHAY YacToT, ofecmieuMBaiImafA YCHIEHMe HANpAKeHUA; 2 — cxeMa Q@abTpa
€ yCU/iecHHeM M HHBEPTHpPOBAHUEM CMrHAJA.

BrixongHoe manpAscHEe B CXeMe Ha puc. 6-76,8 MOMKHO 3aIicaTb B BIE

1, +R, 1 1 1
— — oy =

UM ETTRT T4 sCR T B T4sja, Y

aHAJOrMYHO JAJA CXeMH Ha puc. 6-76,2

Mo = = B TR, T T Tosre U

PacemoTperHble (HABTDEH ABAAIOTCA CHCTEMaMi NepBOTo MOPAMKa,
TaK KaK OHW ONHMCHIBAIOTCA BhIpPasKeHAAMuU, B 3HAMEHATelde KOTOPHX
qjleH s AMeeT MepByIo CTemeAs. CxeMul Ha pPHC. 6-76, a K ¢ aerko npeobpa-
80BaTh B UABTPH BePXHUX HacTOT HPOCTOR mepeMeHoHl MectaMm R u C,
a B cxeme Ha pHc, 6-76,2 Takoe npeofpasosarme Gyner Gojlee CHOKHEIM,

0

OpabTpel BToporo mnopAaka., Tok, ITPOTEKAOmUE B noCiae[oBa-
reapHOBt LCR-cxeMe (puc. 6-77), MOMHO BEHIPA3WTh B BRI

. u _ sC "
YN /O LR SLCIsCR+1

(6-46)

Beoga o6GoaHaueHus ) = 1/(LC) u Q = woLl/R = 1/(0,CR),
OONYqUM:

1= sC “ (6- 47)

5 \2 s\ 1
— — =41
<ﬁ)0) + (mo) Q +
Hanpr:xeHue Ha KOHpeHCATOPe PaBHO:

= ! u (6-48)

W) +)ert

AHaJOTH4YHO MOJKHO BHIPasuTh HANDAMKeHWA Ha pe3ECTOPe II Ka-

TYMIXe:
&)g
up=Ri= o) Q u; (6-49)
s )2
(&
s \2 s\ 1
— — =41
(ﬁ)o) + ((ﬂo) Q +

IlopcTaBNAR B TPH NOCHeJHWe BHPaXKeHHA § = j0, moaydaem:

" i
¢ sC

u, (6-50)

uL=st=

1
BECEIET .
Ui -u£= . . (6.52)
C -G e
ol '<‘°2° % : (6-53)
C -G e
“L _ ~ (%)2 . (6-54)
R G
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3\aMeHaTe/lH TPeX HOCHeAHAX BHPaKeHHWIi OJURAKOBH, a Pasim-
9al0TCA TOAbLKO BHpasKeHHAME B amcaurtene. Ilo cymectBy arn xapak-
TePUCTHKY CABMHYTH OTHOCHTEIbHO

i -—1U, apyr npyra ma 90°, Gaaromaps maau-
! 1 4110 uneHoB j ® j%. OCHOBHOH Xapax-
TeDUCTHKOMR SIBIACTCA HaODRJKeHAC Ha
© Iy Tu KOHJIEHCATOpE, KOTOpas MpefcTaBiser
R T ¢ cofoit xapaxTepuCTUKY PHIBTPA HUK-
[— BUX vactor (pBC, 6-78,a). Ecam oty

O rw—

XapPaKTePHCTAKY YMHOXKHUTD HA jo/wy H
macmrabuuil kosddunmenr, 10 momy-
9MM  XapPaKTePHCTUKY  ITOJOCOBOTO
duabpTpa (pHC. 6-78, 6). Macmrabani
KoaddunmuenT 1/(weQ) obecmeunBaer
PABEeHCTBO XapDaKTEDHCTHKH eqUHHIS
Ha pesoHaHCHoH wactore. [lanbReifliee yMHOMKeHUE HA /Wy NO3BOAAET
HONY9HTEh XapaKTepuCTEKY (uabpTpa BepXHEX wacroT (puc. 6-78,6).

—>Up

Puc. "6-77. IocaepoBaTedn-
nag RLC-cxema.

20 Loﬂc 201098 200y
045 = —g—= 035
I: 4095/dex
]
1 tz)
0 LD;ZL 201098
[T LA— e
4036/dex i
I
i 0g o
7

8)

Prc. 6-78. OcroBHHS XapaKTepMCTUKA (UABTDPOB BTOpOro NODAQKA.

PeaneTnBRO-cMKOCTHAA €XeMa BTOporo mHopAmka. JInA cxeMb Ha
PBEC. 6-79, a ypaBHeHMA TOKOB, BHTEKAONNX K3 y3a0B 2 M J, MOYKHO
3alMcaTh B BHUMe

—Yyu +(¥Y -+ Yo+ Y5) ug— Ygus =0;
— Yauy -1+ (Y5-+Yy) us=0.
HcxaouuB uy # 0008BAUHB U; = ugpy, DOTYIHM:

Upnx __ YiY,
uy Y Ya Y YL YoV Ya Y+ Y,Y,

(6-55)
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Eciu 3ro BHpaKeHMe ABJIAETCA XapaKTePHCTEKo# $uabTpa HUIK-
HUX 9aCcTOT, TO Uil B YUCHHTeNe AOJKeH OHTh HE3ABHCHMHIM 0T Hac-
TOTH, T. €. Y, B Y3 JOJKHH HOPeACTABIATE C000H coOpOTHBIEeHRA. B
aHaMeHATeJe UMEeeTCH TOJbKO ONHO DNpOH3BefecHMe, He cofep:kamee Y,
B Y3, ot10 Y, Y. OTcioga caenyer, AR ToTo YTOGH B 3HAMEHATO/IE HMEICH
4ieH, coflep)Kammii 5%, Y, # Y, JO/KHH GHTH KOHJEHCATODAMH,

Yen2 Yzen3
Uy Y U Y% U
Uy
by

AR

@)

Puc. 6-79. O6man cxeMa naccEBHOTO $HABTPa (a) H cxeMa RC-$BIBTPa
Btoporo mopapka ¢ GydepubiM moBTOpUTeNEM (6).

[loncraBagA B (6-55) Yy = 1/R;, Y3 =1/R;, Y, =sC, u Y, =
= sC,, Nocae NpeoGpazoBaHuil MOMYIHM:

UBHX __ 1 —
uy §2C,C R Rs+ 5 (CoRy -+ CyRy +C o Ry) - |
1
= _s_)2 . C,R,+-C,R,+CyR; (—s>+l ’ (6-56)
Wp VC.C.RR, o,

e
SRS S
Y= CyCR\Ry’

a 3KBUBaJleHT NoGpoTHoCTM Q paBeH:
Qoxn = 1
oun o, (CoR1 -+ C 4Ry +-CRy) )

Benuanaa Q orpaHnyesa INpefeioM, KOTOpHH HeTPYAHO HajiTu,
Ecmm R; = R3 B C3 = C,, To Q = 1/3. |n1A NoayueHRA MaKCEMAaIbHO
asHoMepHOd Gea BHGpocoB xapaktepucTuxu (puc. 6-78,4), a Taxam
$0pma xapaKTepHCTHKA Haubozee jKenaTesibHA, dKBUBAJEHTHAA Beiu-
upaa Q momxHa GmTh paBHa 0,707. HesHauuTenbHOE M3MEHEHIIE CXEMH
ga puc. 6-79, 6 T03BoAAET HOAYYUTEL CUCTEMY, KaK Ha puc. 6-80, KoTopas
aHauATeaAbHo Jierde B NPOeKTUPOBAHMUM,
AxTEBHBIE @mibTp BTOpOro HOpAAKa. Toxe, BHTeKawmp@e U3
Y3JI0B Uy U Ugyx = Uy, MOKHO BHIDasNTh COOTHOIIEHBAMH:

—Yyuy (Y BVt Yy ue — (Y -+ Yg) upux =0;
—Ysus+ (Y34 Yy) upax=0.

HNexawouns HaDAXKeHN® Uy, MOKHO NOJAY4HTH

Upnix Y,Y,

Uy Y Y3 Y YR Y, Y+ YsY (6-57)
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JHaMeHATENb B STOM BAIPEKEMNH COMIEP/UT BA 0[HO MPOMIBE/CHIe
MeHBbIIe, YeM 3HAMEHATeJb B yDAaBHOUHE MACCHBHOH ¢XeMH (6-55).
9T0 obcToATEABCTBO obocHeunBaeT Goabmy®m cBoGoay B Bubope aneMeH-
TOB CXEMH,

INlpmMep mpoexTmpoBanwsa. TpebGyerca paccadTaTs CXEMY (RIBTpA
HIPKHHX 4acToT. ¢ mouocoit 100 pagje (15,9 '), ob6mamamimero MaKcH-
ManpHO DaBHOMEDHOH XApAKTePHCTHKoI,

71K 71K
O—E__—DID—‘ -+
p—0 r—o
| g0 02 01| !
° o )

) d')
Pnrc. 6-80. O6man cxema axtuBHoro $masTpa ¢ olparHoii CBASEHIO,

B 10TOPOH HCH0Jb3yeTcA MOBTOPHTEIHL HAaUPsiKeHRA (a) H cxeMa duanrpa
HIDKEAX dactoT (6).

Tlocnegmee TpeGoBamme osmagaer, 4to @ = 0,707, a B ypaBHeHHH
(6-48) koadduunenT upn uaeHe s/, fomueH OHTH paseH 1,414.
Ecam CpaBHHTH CTaHAAPTHYI0 (OPMY XaPAKTepPHCTHKIH

Upnyx _ 1
"G G
(mu + w,/ Q +
¢ ypapHernueM (6-57), To MO:KHO C/ienaTh BHBOJ, qT0 HpoH3Besionne Y, Y,

[OIKEO GHTH De3HCTHBHEHM, a Y,Y, Ha puc. 6-80 — eMKkoctaEEM, C yue-
TOM BTOTO MOKHO 3aMHCATH:

1

Upnx __ R\R, _ 1

u A G, SCi  sPRiRsCoCq+5 (CoRi-CoR)+1
BBy + Ry +e 0204+R_s
1

= : (6-58)

(&) +(2) emtemyontt

) 0

CpaprrBaa KoadPRUHEeRTH, NMoaydaem

1 1

—=Cy (R +Rg) @ 1 Gy=——o.

0 a(Ri+HRg)wp 1y VARG,
Npubumaem €, = 0,1 mrd, Torma

Ry-Rym = _DA& 0 4 kou.

QCy0,  1077.102
Momaran Ry, = Ry = 70,7 kOM, HaXOHmuM:
1 1

Ca @R RyC,  10%.70,72- 106- 407

=0,2 MKD,

OxongatensHan £xeMa

¢uaLTpa moKasaHa Ha puc. 6-80,6. 0,5
B xadecTBe HOBTODPHTENA HAITPA-
JKEHAs B 5TO# CXeMe MOKHO HC- Cy

0JB30BATh ONIEPANUOHEWRA yCH-
aMTeNb TANa 741.

TlpaMep  mpoexTHpoBanmA. o
Tpebyerca pacCHATATE €Xemy
$uarTpa BepXHHMX 9acTOT C MaK-

CHMaJIPHO DABHOMEPHOR Xapak- Pyc, ¢-81. Cxema $uapTpa nepx-
TEpUCTHKOM W HINKHON TPAHFUEK  pyx yacTOT ¢ MAKCWMAJbLHO PaBRO-
noioc mponyckasmA 100 pan/c  yepmoit xapakTepHCTEKoi W HR-

(15,9 Tn). # 3%
Yner s B gueamrene xa- ag;grg;;a.xmen woxoct 100 pan/o

pakTepRCTHKH $HIABTDA BOPXHHUX

4acTOT HOJY4ASTCA IpM YCaIO-

BUM, 9T0 Y,; 1 Y; B cxeme ua pEC. 6-80, ¢ ABAAIOTCA KOHJEACATOPAMI.
Cxema ¢uabTpa NoxaszaHa ma puc. 6-81. BumoaHAR CooTBETCTBYyHOUIHME
TOACTAHOBKH B BHpakeHHH (6-55), moaywaem:

Ry

Upnix __ 52C,Cy —
sC sC 1
= s2C1Cy +R‘: + 7?:3 + R,

2
(%") (6-59)

(i)z + (mio) @ (Csz+ésR2)+ 1 '

[0

ITyTem cpanHeEWA RoaddMUmeHTOB, Xa¥ B B HpeAHIYHEM CaAy%as
nomyuaem:

1/Q =R, (C1+-Cq) @y,
1
VC.CaRaR,
Nonaras €; = C3 = 0,5 Mx®, maxogam:
1,414

) =T0_6—102= 14,14 KOM,

TR @p=

OuepamEoERH yCHANTENRH Ayume Bcero paGoTaeT, eCaR coNpPoTHB-
JNeBEA pPesHECTOPOB HaXONATCA B pmamazoHe oT 10 mo 100 kOm. Torma

1 1
¢~ WC,CaR,  107.0,5%. 10 32- 14,14 - 10°

PrILTPr? Gonee BBICOREX Dopanwen. HoMORuanme GRIETpOR bep-
BOIO Il BTOPOTO WOPANKOB JAl0T BO3MOMHOCTH CTPOUTE CHCTOMH N6GoT0
mopAnka., Haupumep, Ha puc. 6-82 mokasama cxema $uiabTpa TpeThero
OOPAfIKA, B cOCTaBe KOTOPOR MMEIOTCA (UABTPH mnepBoro H BTIOPOTO
nopAgKoB. CootBercTBymHEe E03)PMIMERTH B 3HAMEHATENE XapaK-
TePRCTHKHA, TPeACTABIANMES SKBEBAINCHTHyW Beamuuny 1/Q, nppme-
HeHH B Taba. 6-3.

HKackagaoe coegmHerAe QHALTPOB BePXHHX H HEKHMX YACTOT C
MOPeKPHTAeM HX HOJ0C HOBBOAMET HOJAYIUTb XapaKTePHUCTRKY H0.I10CO-

255

R

= 28,3 KOM.



Tabanna 6-3

To/mmAoMbi, oNpeenAlomAe MAKCUMAILEO PABHOMEPHEIE
EAPAKTEPHCTAKHE (PHILTPOB

g;?:ll)z?'fgg ToamaOM
8
2
Bropoit (coio) 41,414 (%u—)-f-i

Tormi (Gl )+ )]
[ +oros (G [+ mse ()]

Boro $mapTpa ¢ Donocoli wy — wp (W << @y) (pAc. 6-83, «). Ha
puc, 6-83,6 mokazamo, KaKEM 00pazoM MokHO copMHDOBaTH Xapak-
TEPHCTHKY HONOCOBOTO 3arpajATeabBOro QUabTPa ¢ TOJOCOH HENmPO-
BPAYHOCTE g — Wy (Wp > W)

Yetpeprh ik

Pnc. 6-82. Cxema $EabTpa HMKHEX 4aCTOT TPeThero MOPAIKa.

ITonocoenie PHALTPH ¢ MHOrOKOHTYPHOIl oOpaTHo# cmasbw. Onun
®3 GpEABTPOB AK0GOTO THIA, ONACABHEIX B § 6-11, caM mo cobe Ho MOKeT
ofecneulTh XapaKTODHCTHKY, MoKazagAY Ha pHe. 6-78,6. Opmaxo
npn fo6aBleHEAR ofiHOT0 MR HECKOIBKAX NAaCCABHHX 3I6MOHTOB MOMKHO
WOAY9IHTH CXeMy, KOTOpas IPH COOTBOTCTBYIIEM BHGODe mapaMeTpos
biromenToB Gymer paborars Kak $HIBTD BTOporo mopAgKa (puc, 6-84).

3 cxemu Ba pmc. 6-84, a, cyMMEpYH TOKH, BHTeKaKIu#e H3 yana 2,
B NpPHpPaBAHBafA BHIPAaKeHHEe HYJI0, MOXKHO 3amHCcaTh;

—Yyu (Y4 Yot Y+ Yy) s — Yolippe = 0.

ARajormaEEM 06pa3oM MOKHO 3amMcaTb BHIPA)KOHHe JA ToKOB
B y3ne 3, Ho ¢ y4eTOM TOTO, ITO HA BXofe YCHIANTEeAR HMeeT MOCTo (Ka-
Kymancsa seMas» B ug = 0:

— Y ug— Yeupyx =0,

206

Hcnonbaya HocieqHee ypaBHOHEE N MCKNOYSHHS Uy, NOJYIHM:
Y,
Upnx [er"?: (Yy+ Yot Yo Y4)] =— Yy,

IR [ocie mpeoGpa3oBaHRE:
u = YlY‘ Uy
BTN Y Y (Y + Yot Y- Yy !
Henonnsyn ypasnenRe (6-49), XapaKTepHCTHKY mOJNOCOBOTO GHABT-
Pa MoKHO 3alHCATh B CleAyIOINeM BHe:

( s ) 1
Upnix _ ) Q
uy [ s )2 s\ 1 *
(“’o wy/ Q
Jaa Toro 9ToGH B YAciATENE BHPaykoHAA (6-60) comepKancsa unes s
B mepBoil crenenw, AnGO Y;, nmGo Y, mOMKHE HMOTH EMKOCTHHIH Xa-

o &M @8y
I

[ @y §

(6-60)

Py

oHY #BY

Prc, 6-83. XapaKTepUCTHKH
Y p w0 d') @

moNocoBHX (GHABTPOB.

Cymmama,
H‘Ime‘a

Puc. 6-84. Ilonocosoit guasTp ¢ ABYMA KomrypaMi ofparHo# CBA3E,

paxrep. Ecan Y, # Y, ABIAKNTCA eMKOCTAIMH, TO npol3BefeHHe Y,Y,
ofecnounT B 3HAMeHaToJe HajHuHe WIEHA, cogepyKamero s, Bomonnas
COOTBeTCTBYIOIIAO MOACTAHOBKH B (6-60), momygaem:

Upnhix __ __ sCy/Ry _
" Plalats (02 -}1—504) + R:R5 + Rsiﬁs
= s’C,C4R51?s ?;I:zg:il CoRF1° (6-61)
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The R mpepcTaBader Cofoil SKBIBaJIeATHO® COMPOTHBACHANO MAPAJIONBHO
coeflAHEHHRX Pe3ncTopoB Ry ® R, IIpnBoas koadduunenTH K CTanLapT-
HOMy BHJy, Hollydaem:

CoCRsR=1/03; (6-62)
(Co+C4) R=1/(0yQ) (6-63)
Ciy R/ By = A o/(0Q). (6-64)

TaxkeM 06pa3oM, NMeeTCA TPH He3aBHCHMHX yDaBHeHHA ¢ NATHIO
HeRsBecTHEIMA. KoaduIreHTH B 9yHCINTEIE B 3HAMEHATENe TPH YIeHax,
COpepamMX s B ePBOH CTelleHR, He PAaBHE, a HX OTHONIEHWE OLpPEfe-
AAeT KO>QPRUUNEHT yCHIAEHNA Ha NEHTDAJBHOH 4acToTe ;.

ITpumep mpoekTmpoBanmsa. TpeOyercA paccInTaTs MOAOCOBOM
¢uUABTP BTOPOIo MOPAAKA ¢ UeHTPaAnEoil yacroroit 100 papm/c (15,9 I'm)
1 monoco# nponmyckaumA 10 pag/c (1,59 I'u). Kosddunment ycnaenns
Ha NeHTPAJbHOH 4acToTe AO/MKEH OHTL pamer 20,

IIMeloTCA NATP HeWM3BeCTHHIX M AN TPH yDABHEeHUA, TO3TOMY
BeIHYMHH [IByX 2JeMeHTOB HeoGxomumo BHOpAarh WPORM3BONBHO. [lodo-
wuM Cy = C, = 1 Mx®, Torma

1 1

R5_®30204R =107 1012 5. 10z — 200 XOm;
1 1

R_(')OQ (Ca+Cy) 102-10-2- 10—0—500 Om;

_ @QCRsR _ 102-10-1076-2.105.5. 107
T 4, - 20 -
Ry=R R/(R;— R)=1 xOm.

1 xkOm.

By

CxeMa CMPOeKTHPOBAHHOTO puAbTPa MOKazaHa Ha pHc. 6-84, 6.

T'masa cegepMasn
UCTOYHMKU NUTAHUA

CaMuM yno6HEIM RCTOYHHKOM MHTAHHUA 1A 371eKTPOHHHX yCTPOACTD
ABNAOTCA 2JexTpMiecKad ceth. [lo cpaBHennio ¢ 6aTapeAMH Cyxmx
/1eMeHTOB MJIM AKKYMyJAATOPOB MHTaHHe OT CeTM O0XOAHTCA pnemenie
B ofecmeunBaeT MOCTOAACTBO HanpM:KennA. HefgocTaTkoM ero ABIReTcA
Henafe)kHOEe NPHCYTCTBHe NOMexX HA OCHOBHOH 4acToTe HANMpA)KeHHMA
cetd. IIpeo6pasoBadre mepeMeHHOT0 HAaNPHAMKEHNA B NOCTOAHHOE yHOG-
Hee BRIMOJHATH ¢ NOMOWBI0 MOJYNMPOBOJHMKOBHIX JHONOB, KOTOpHE
HEMEI0T HeGOoMbIOe MPAMOe COMPOTHRIEHHE I He TPeOyl0T OMONHHATEdb-
HOil 9HePTHA JAA HaKaja, KaK 3T0 HMeeT MeCTO B 37eKTPOHHRIX JAMIAX.
MoasToMy MOAynpOBOJHMKOBHE JHOIH MOKHO MCNMOJBIOBATH B Tex Cay-
4afx, KOTAA WMEKTCA TPyAHOCTA B CHAG)KeHWH 27eKTDPOdHEpIHel.

7-1. OTHONIOJYNIEPMOJHBIN BbIOPAMNTEID

B cxeMo BumnpaAvaTens ®Ha pmc. 7-1 pHoj HAXOAWTCA B OTKPHTOM
COCTOSAIRMM B TedeRNe OFHOIO MONYNMEPHOna MepeMeHHOTO HAND AXKeHAA
W CDefiHee 3HAUYeHUS® Ero, T. e, NOCTOAHHAA COCTABAAKIAA BRIXOJHOLO
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RanpsoREA, paBRo Up/n. HampAenwWe, HpHAOKeHHOe K JAHONY

BO BpeMA OTDHNATEIBLHON MOJYBOJHE, ABIROTCA o6PaTHHM, W eCHU
0HO MPeBHCAT [AOMYCTHMO® 00paTHoe HADPAMKeHHE JAHRHOTO HHMOMA, MO-

ng ﬂr___ e
I \/ \
Uh Yo

A Y 4 A Y

Prc. 7-1. Cxema ofHODONyMepHONEOTO BHIpAMATEINA.

#KeT ppousodTH mpoboit. MakcmManbao momycTmMoe of6paTHOe ‘HAMPA-
’KeHAe HAXOAMTCA B MpefiellaX 0T HeCKONBKAX BOJXBT AJA HAZKOBOJABTHRX
AMOf0B 10 HECKOABKHX HAJAOBOJNBT [JIA BEICOKOBOABTHHIX.

7-2. IBYXTIOJYIIEPAOJHBINA BbINTIPAMHATE/Ib
JinA yBelnueRMA CpefijHero 3HAUYEHHA BHXOAHOTO HANpAMOHHA OT

Up/n po 2Ug/n Mo¥HO HCMONB3OBATH CXeMy HABYXIOJYNEDROJHOTO
BHNPAMATeNA ¢ ABYMA OHofaMH. B oToi cXeMe ofHE Jmop HaXOAHTCA

- 73 U811 dez

T Ug1
G
Tuﬂxz

-<——q42

Prc. 7-2. Cxema AByXModynepHoAHOTO BEMPAMHATEINA.

B OTKPHTOM COCTOSIHAN B TeUeRHE MONOKUTeNbHON HOJNYBONHH DepeMen-
HOTO HANpAKeHWA, a BTOPOH — B Te4eHMO OTPHUATEABLHON MONyBOJHH,
s Takod cxeMhl TpeGyercs TpPancopMaTop € NSHTPANBLHEM OTBOLOM
BO BTOPWYHO# 00MOTKe, KAK MOKazaHO Ha pmc. 7-2.

JByxnonyuepuogaoe BHOPAMIEHRE MoiKHO HONyYRTh B Gea MeHT-
PanbEOTO OTBOAA Bo BTOPMUHOM 06MOTKE TPaHCGOPMATOPa HyTeM HCHONb-
30BAHHA MOCTHKOBOH cXeMH HA prc, 7-3. IIpEMenaTh JaMIIoBHE KHOIH
B MOCTHKOBOIT cXeMe He coBceM ynobrO. Boxee mopxoaAIuMe ABIAIOTCA
00AyHPoBoAHEKOBHE AHOAH, TaK KAK OHA He IOTPeGIANT SRePrAd ANA
HAKAAa B MMeT Hefoabmde (uamyeckne PasMepH.
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Puc. 7-3. MoctEKoBag cxemMa BHOpAmuresnf. (CnpaBa mokasaHo, Ka-
KBEM ofpagoM pafoTaloT MapH [MOROB B TedeHHE MOJOKHTEILHOIO U
OTPHRNATeJBHOr0 MOJYUePHONOB BAIpPs:KeHNA),

7-3. BINAHAE EMKOCTHO! HATPY3KH

B BunpAmATeNe BA PBEC. 7-4 KOHAEHCATOpP 3apAKaeTcsa B TO BpeMs,
KOT[ja BXO[{HO® HAUpPsAKeHNEe upy MPEBHIACT HANPAKeHAe HA CONPOTHB-
AeHWR HarpysKa ug, a B TeYeHHe 0CTAJBHON YaCTH HePROMA KOHIEHCATOP

Uy
~ }I Tuix c

Pnc. 7-4. BnmaEue eMKOCTHOH HarpyskB Ha BHIXOAHOe HalUprR;KeHme
BHINPAMBATENA.

paapr)Kaercs, OTHaBad B HarpyaKy TOK ¢y, Ecam Hocrostagan sBpemMern RC
sHauMTeabHO Gonbpme mepHOga KoaeGaBHI BXOAHOTO Hanmpfkenwa T,
TO 3a BpeMA MepHOJa BHXOZHOE
Haops)keEm® HO Gyfier CHABHO
uzMeRATECA, Heo6xopuMo mMeTH

U1 ——— AQ
Uy Wi{dlﬁ'a—

T=1/f

Pre. 7-5. AnnopokcmmHpoparHaf
dopMa myabcaudii BEIXOJHOIO Ha-
npaxerERa upE RC > T.

B BHAy, 9T0 NHKOBOe 3HadYeHHE
TOKa, TPOTeKAIOMIero Yepes AKOf,
MOYKeT BO MHOTO pas3 UPeBHINATDH
TOK HaTpy83KH.

Tyabcayuu anzoduozo na-
npawenus. B Teuenue mepmoma
HaOpAKeEWe Ha BHXO[e He OC-
TaeTcA MOCTOARHEEIM. Ero mame-
HeHOA wOpeacrapagior cooi my-

IbCallWH BHXOAROr0 HanpsukeHRA. Ecan nocroaugas BpemeErn RC sHa-
gHTeNbHO Goabme nepRoJa KomeGaHmi BXORHOr0 HaupsKenma T ==
= 1/f 4, caefoBaTeAbHO, TOK uepea JHOL HPOTOKAe? JNRMEL B TedeHAS
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ge00NbIIOr0 METEPBANa BpEMEHH, TOra MyALCAIAA BHXOAHOTO Hamps-
JKEHHA MOMKHO aHOPOKCMMHpPOBATH KpHBOH muaoobpasHoit (opMmH, mo-
KasaHHOH Ha pHC. 7-5.

N3umenenne sapsajia Ha KOHAEHCATOPE MOMHO 3anmAcaTh B BHAe

AQ=AUC =1IyTy,

rpe Iy — cpefiEee 3HaueHWe TOKA B HATpPYsKe.
Takmm obpasomM, ecam [y = Ucp/R, 10

AU =Iy4T;/C=UcyTy/(CR). (7-1)

Nockoabky Uep ~ U,, cpefHee 3HayeHHe BEIXOJHOTO HampsiiKe-
HES paBHO:
Ucp=U; — UcpT1/(2RC) == U; (1—T4/(2RC)).

CJIef[0BATeNbHO,
Uep="U, (1 —1/(2/RC)). (7-2)

B cxeme ABYXOOJYLEpPHOJHOrO BHMPAMATENA 9YaCTOTa MyabCALA
B 2 pasa BHIIe OCHOBHOM uacToTH, T. . T, = 1/(2f). IIpm sTOoM pmBOiH-~
HaR aMOJHTyla HaOpAKeEWA MyJAbCcandd paBHA:

AU =U,/(2fROC). (7-3)

HanpeMep, ABYXHONYNepROAHHH BRNpPAMATENh HUTAETCA OT CETH,
gacrora Koropoit f = 50 Tu, a amMnamTyjnHO® 3HadYeHWe HAMpPAMKEHMSA
U, = 100 B, Ecam C = 1000 mx®, a TOKk B Barpyske Iy = 10 MA,
Torga
U, 100

AU = SRC — 250107 10— 1 B
RIR B MpOMeHTax AUZ 100=1%.

1

Buzodnoll gusomp das ymenvwenus nyavcayuii, yavcannu ganpa-
JKeHAS MOKHO CHM3HETEH NyTeM OpHMeHeBMA UABTpa HIKHAX 9acToT,
KOTOpHIt B Hpocreilliem cJjydae npef-
CTaBJIAeT COGOH mMOCIemoBaTeabHEIH
pesHCTOpP B NapaiajeibHHH KOHfeHca-
Top (pmc. 7-6). Ilopo6aan nemouka Ap-

R I
[}

e,

JAeTCA pAendarelleM HaHpH)KeHHH, B KO-~ T

{ ] O

TOpOM BEIXOAHO® HANPMKeHHe CHEMAET- vtav ¢

c¢a ¢ KoHmeHcaropa. EMxocTe KoHpeH-

caTopa BHOHEpaercs TaKmM 006pa3oM, O— 0

gr0o6H ero peaKTUBHOE COMpOTMBIEHME

6HNO0 3HAYATENLHO MeHbIIe m0 CpaB-

geHRIO ¢ R, Puc, 7-6. YMeHbImeHRe MyNb-
Hepocratok RC-¢maprpa cocTouT canuii BHXOQHOTO HampH:Ke-

B TOM, 9TO TOK Harpyakm npoTekaer HHA RC-duarTpom.

gepes pesucTop R, OGmarogapR gemy

yBeJITIRBAGTCH BEYTpeHHee COLPOTUB-

NeHYe WCTOYHAMKA ONTAHWA. B pesyabrare mpm yBeauueHMW TOKa Ha-

rpyskR HpPOMCXOJAMT yMeHbIEHWe BHXOJHOTO HAOpRXKeHHA. [na

RC craaxusapoumero ¢uabrpa KoaddrumcHT MOJaBACHAA HYJbCAUHE

paBeB:

I[]
It
[~
<
—_—

7= 1/(aCR). (7-4)
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7-4. LC CTIAJKABAIOIIAN OHJIBTP

Ecam B cxeme RC-dmaptpa pe3uCTOD 3aMeHRTh KaTYIIKOH, Kawr
HoKasaHO Ha puc. 7-7, To GrABTp Gyner oGnamaTh ABYMA MOJIOKUTENE~
HHIMA KadecTBaMH. DBo-mepBHIX, maje-
L I, HHe BHXOJHOT0 HOCTORHHOTO HaNps-
o—’m——r)—o KeHHA B SHAYHTENbHOM CTENEHR yMeHb+
mMATCA, TaK KaK KATYIIKa HMeeT Ma-
U+al ¢ 4y
. '|- WILC
o - o

Joe OMHYeCKoe COonpoTHBjeHne. Bo-
BTOPHX, PEaKTHBHOE COIPOTHBICHUE
KaTYNKE OpONOPIHOHAJBHO TacTOTe,
HO3TOMY eclA Ha BXofe ¢Aabrpa Ha-
OpA:KeHHe Myabcapnié paBEO AU, 10
Pme.7-7, Cxema LC craaxd- ya ero Bexopme 0HO YMOHBINAGTCA [0
Baolliero QUaBTpa. Beanu¥HH AU/(0ZLC), rge oy — 4a-

crora nyabcanuit. Kosdpdmmment no-
JaBaeHEA mOyapcaruii ama  LC  craaskmBawomero §uabrpa paBeH:

Y=1/(03LC), )

Ecanl gnA npepbinymero npuMepa tpebyerca yMOHBIIUTL HAWP e~
HEe nyabcanuit no 0,1%, To

02LC=10 mmm L=10/(mi210)_

CnepoBatenbHO, 0P gacToTe nyascap®ii 100 Tm @ C = 10 Mr®
L =205 Tu.

7-5. ®WJIbTP C MTPOCCEJEM HA BXOJIE

Korpna cxeMy ¢prnbrpa Ha puc. 7-7 BCHOAB3YIOT ¢ ABYXNOJYHepHON-
HHM BHOPAMHTENEM (CM. PHC. 7-2), To 5T0T QHIBTD MMeer Ha BXOfe
KaTyImKy Bad gpoccenb. Taxoit $HABTP mponyckaeT NOCTORHHYK €O-
CTABJAKIIYI BHXOJHOTO HAanpAKeHHA BEIDPAMHTENA H 3afepKABaeT
OYIbCALMH,

BrxogHoe HanpA:KeHAe BHIIDAMHTENR MOKHO PA3I0KHETH B DAL
®ypre:

AUt cos 2t cos 4wl 76
”—n(2+ 3 Bt): (-9)

rge © = 2nf - 4acTora BaUPAKeHWA NMNTAHHAA.

CpenHee sHaveHHe, HJIH IOCTOAHHAA COCTABJIAIINAA BHXOJHOIO
manpAskeHus, pasHo 2U;/m = 0,64U,;. CocraBnAwomas mynbcaumi
¢ HaRMeHbLIIel YacTOTOI HMeeT aMnaRTyny 4 U;/(3xn), oe 9acTora B 2 paza
BHIIIe 9aCTOTH HATAIOMEro HANPAMKEHMA. JTA COCTABJAIOMAA ABJIACTCA
OCHOBHOH B CHEKTpe Hyabcammii.

Tox, HPOTeKawIHil Yepes HATPY3KY, oI pefeIAeTCA COOTHOMEHHEM

Ip="Up/R=2U /(7iR). (7-7)

Ecar mpefunono:kurh, 4T0 HA 4acToTe Nyabcamuil KOHIeBCATOP
HMeeT MaJjloe CONPOTHBJIeHAe, TO OCHOBHAA COCTABJAAIONAA TOKA Ha yac-
ToTe myabcagAil 6yner paBHa:

Io=4U_/(3n20L). (7-8)
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IIpuBefieREHIi aHANM3 COIPABENNAB TOJABKO B TOM Cay4ae, 6CIH TOK
marpysru Ip Beeraa Goabume ToKa I, T. €. B n000il MOMeHT BpemeHH

arbo opuu, nnGo Apyroii mAON HAXONHTCA B OTKPHTOM COCTOAHUH,
| TOK W HaOopsDKeHHe UMOIT $opMy, HOKasaHHYW Ha pHC. 7-8.

ip LI

—

Av:; T"u g,,.-{_ k

S

Prc. 7-8. Cxema [ByXnoaymepmogHOTo BHOpAMATens ¢ LC-duapt-
pom.

s ypasHenns (7-8) HanpA:keHHe mynbcamiii Ha BHIXON@ MOMKHO
sangcaTth B BHJe
Io _ U, ~0,1U1
PoC =~ 3n0LC ~ wiLC
TaxuM oGpasoM, B OT/IAYME OT CXEME € KOHJAGHCATOPOM Ha BHXOAe,

fmoKas3aHHO Ha puC. 7-4, B MAaHHOM CIyvae aMILAHTYAa NMyJabcagHil He
saBUCHT OT TOKa Harpysku. Hampmmep, mpu f= 50 Tm, L = 2,5 T,

o

Pmc. 7-9. CxeMa RBYXUOAYNeDHORHOr0 BHOpPAMETeNA B uapipa ¢
eMKOCThI0 Ha BXoJe.

(7-9)

228200 1,

C =100 Mr® n U, = 100 B yapoeEHan aMIJIATYga HYJABCALHi BH-
XojHOTO HanpsmKeHHAR cocTapader 0,8 B W Bunoansercs ycaoBme nas
M TEAMAJIBHOTO TOKA HAarpyskd Ip = I, Taxmm obpasoM, gas omnpe-
LieJIeHNST MAKCEMAJbHOro COMPOTHBICHAR R npmpaBmaeM mpaBHe 9acTH
popmya (7-7) m (7-8): 2U,/(nR) = 4U;/(3n-2wL), OTKyna HaXOREM
R = 30l = 2,4 xOm. Ecau conporsBrenne R okamerca 6oabme noay-
YeHHOTO 3Ha4deHNA, TO MHAYKTABHOCTL Oymer He CmoCoGHaA 3amacTh fo-
CTaTOYHYI0 SHOPTHI0, BeoGXOQEMYI0 MIA TOro, Irofm B M1060# MoMenT
BpeMeHH OQHH H3 JHO[0B HaXOAMICA B OTKPHTOM COCTOAHMH,
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B o6mem cayuae uapTpH ¢ KarymKeii Ha BXoae oGecnegmpalor
XOpomyl0 cTalHAM3alUMI0 BEIXONHOTO HANPAKEHHs N DoTPeGAMIOT He-
Gonbmre NEKOBHe TOKM OT BRNPAMHUTENs, HO 0HY Do3BOJAIOT MONYIUTh
CPaBEATe/FHO HEBHCOKMe BHIXOfHHe Hanpsmxen®sa., JJoGaBleHue emre
OXHOTO KOHfeHCATODa I03BoNiAeT NONYIUTH CXeMy QHIBTPA € eMKOCTHIO
Ha BXofie (puc. 7-9). Takde PuabTpu obecrmednwBaloT Gojee BHICOKOE
BHIXogHOe Hanps)keHWe, Ho UpPM XyAme# crabunmaapuu, a TawkKe mo-
rpebasgior Gonbmue NUKoBHe ToKA. QUABTPH ¢ KOHAGHCATOPOM Ha BXOJI8,
KaK mpaBuJ0, OPUMEHAKT B TeX clydasax, Koria Harpyska cpaBHH-

8

1
300 \'ﬁaz

_________ }5 PR ——
200
3
100 §
)
. + | IH

50 60 70 MA

Puc. 7-10, CpaBHeHme XapaxTepHECTHK QHALTDOB.

1 — $AALTD B BHIE ONHOIO KOHMeHCaTOpa;, 2 — LC-dunwTp; 8 — manenne mo-
CTOANBOTO HaNPAKeAAA Ha [ipoccele; 4 — MAKCIAMAIbHOE CONMPOTHBACHNe HATPY3KNA
15 KOmM; 5§ — BeJMuHMHAA myJdAbcauuil Ha AHarpyske ¢ GUILTPOM B BUJE OJIHOTO KOH=
medcaropa; 6 — BeJIMUMHA IyJbcallAt Ha Harpyske ¢ guabTpom LC,

TelIbHO NOCTOAHHA, KaK, HaOpWMep, B pagnompueMHEMKax. CpaBHATEIb-
HEIe XapaKTePUCTUKE GUABTDPOB BYX PacCMOTPEHHHX THHOB MpUBE/eHL
Ha Tpadurax Ha puc. 7-10 (A — QUIBLTP ¢ eMKOCTHHM BXofoM, B —
$UABTD ¢ MEAYKTUBHHEIM Bxofiom). H3 rpadmKoB BHEHO, 94TO0 MPH OTCYT-
CTBUM HaTPY3KH BEIXOJHHE HaOpAeHUA y 060X (ERABTPOB oIUHAKOBH,
a OpH yBeJHYeHEH TOKA HArPY3KE LD HCNOJNB30BAHME (HIBTPA C Ka-
TymKo# Ha BXofle BHXOHoe HanpAkeHue GEHICTPO mafaer Ao sHAYeHHH,
COOTBEeTCTBYION[ET0 MaKOMMaJbHOMY COMPOTUBJICHHI0 HATPyaKH 15 kOM,
U ganee ocraeTcd npEGAR3UTEAbHO HOCTOAHHEIM.

7-6. YMHOKHATEIN HAOPAKEHRAA

JiBa onHOMONyNePHOJHKX BHIOPAMUTENA (PUC. 7-4) MOKHO HCMONB-
soBath 1A paboTE oT ORHOI M TOH ke BTOpEYHOM 0OGMoTKH TpaBCHOP-
matopa. Ecau AyofH BKAOUeRH B NPOTHBONMOAOKHHX HaOpPaBleHHAX,
KaK IoKasaHo Ha puc, 7-11, 1o gBa BHIXOAHHX HaUPAKeHEUsA NOGCTOAHHOTO
TOKA CYMMADPYWTCH, o6pasyR B peayibTraTe BHIXOAHOE HanpsaKemue,
npnbinmKaoeecs K ABORHOH aMONuTyfe BXOMHOTO HANDPHAKCHUA,

Eme ogMa cxeMa YMHOMKMTeJli HaOpAKeHMA NpefcTaBleHa Ha
pEc. 7-12. 3Ta cXema BMeeT ofIIyI0 TouKy MeKNY BXOZOM M BHXOIOM,
YTO MOKET 0KasaThCA NOJIe3HEIM B HEKOTOPHX cJydYasax Ha npaKruKe,
B TeyeHWo oTpHpmaTeNBHOro HoJyHepdofia BXOAHOTO HAHPSKEHHUA KOH-
meHcaTop {; saps:Kaercs 9epes gnof J; [0 Hanps;KeHHA, paBHOTO aMO-
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autyge U;. Bo Bpemsa mome:xuTenbEoro monymepuopa amon J; maxo-
[UTCA B 3aKPHTOM COCTOAHHE, a HaupsikeHue Ha aHoie AHORR /, Bo3-

Y
vV U
J‘\\/f\“.
fi \\ Il \

Pnc. 7-11. CxeMa y/ABoGHHA HAUpPAKEHUA.

pacraer [0 HAnpMKEHMA, PABHOIO nBoiHOE amuauryne U,. Mocae
HecKOABKUX [epUONoB KoEAeHCATop C, OKa3HBaeTCA 3apA’KCHHLIM
mo HaupAxemusa 2U;. Ilo Takoit cxe-
Me MOYKHO COeMHMTH HeCKOAbKo Kac-
KagoB, 4YTO N03BOJAET OT HHU3KOBOJbT-

HOTO HMCTOYHMKA NOJYyYaTh BeChbMa BHI- —=TU,_.,
cOoKue HanpAxeHusa. B cxeme, uzoGpa- N

’HeHHO# Ha puc. 7-13, KoHpmeHcaTop C, }i

gepe3 pmuox /[ 3aps:KaercA [0 Ha-

npAxeHERA Ug,, KOTOpPOE 3aTeM Bo3- .
pactaer no 2U, Gaaropaps sapagy Puc. 7-12. Jlpyroit smp cxe-
Ha KoHpeHcatope C;. HanprxeEue ma MBI YNBOEHUA HaNpAKeHUA.
KompeHcaTope C; 3apAkaeT KOHmeHCa-

top C, 9epe3 muon J4. AHAIOTHYHHM 06pa3oM KoHAeHcATOP Cy depes
nuon [y 3apmKaeTcA o HanpA:KeHus Ha C,, KOTOpoe 3aTeM BospacTaer
;o 2U, 6maromapa sapAay KoHpeHcaTopa (. Taxum o6pasoM, KasKpmhli

51

Ueq

S kT

Prc, 7-13. Cxema ymmo:xuTens HaOpAKeHUA,
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13 BHXONHWX KOHZEHCATOPOB OKA3KWBAGTCA 3aPAMKEHHEIM [0 HAIPAKe-
HAA 2U;, B pesylbraTe Yero BHIXOfiHOe HAaNnpAKeHHe TAKON CxeMH
OKa3uBaeTcA B 6 pa3 Goipme aMOIHTYRAH BXOAHOTO HANpMAKEHHA,

7-7. CTABWIA3ANMA HANIPAKEHUA

Buxojpoe HANpAMKEHERe PACCMOTPEHEBX MCTOYHAKOB IATAHRA OIIPe-
feNAeTCA JBYMA OCHOBHHMHA (aKTOpaMs: HaNMPAMKEHWEM CeTH H TOKOM
marpysku, HaMenerne a06oro 13 37X $aKTOPOB OPUBOLHT K H3MEHEHUIO
BRIXORHOTO Hanps:keHEHWA. UToOH cleJaTh BHXO[HOe HAUDAMKEHAE B Ka-
KOi-TO CTeMeHW HEYYBCTBHTENBHHIM K W3MeHEHMAM HANPAJKeHWA MATA-
HAA B TOKA HATPY3KH, HeOGXORMMO MPeiNPRHEATH MEDHI MO CTa0HAM3a AN
HANPHAKeHNA,

I'asopaspapsble craGunmaaTopbl [44]. ITpocteiimmm cmocoGom
CTaGRAM3ANUM BRIXOJHOTO HANPAIKEHUA ABIAETCA ACIOIb30BAHAE MOCTO-
AHCTBA HANpMKEHAA HAa Ta3opas3pAAHOHE namme (pme. 7-14).

IgXR’T Ingg[~—— "=
Iy Auanasok
padovux
moxo8
Ry Uﬂblx N
o
Padoves / \Hanp;meﬁue
HaAnpAXEHuE 3aMuSaHUR

Pure. 7-14. TlpnMeRenre razopaspAgHEO# JaMmubl [aAA cTabHIM3anun Ha-
NPAKeRd o,

Ilpumep npoextnpoBammA 7-1. TpeGyeTcA HOMYydYHTH HOMHHANBHOE
Hanpm:xende nEraEMAa 100 B npm T1oKe B marpyske 25 MA. Imramme
OCYMECTBJIAETCA OT HCTOYHMKA ¢ Hanpsmelnem 200 B.

JlaA 3afaHBLX YCHOBHIi MOYKHO MCN0Jb30BATh Ta30Pas3PANEYI0 JaM-
ny tana 108C1 (uucao 108 nokasuBaeT paGodyee RanpA:kerne). PaGouue
TOKH JIaMIIkl B YKa3aHHOM [lanasoHe cOCTABIAKT oT 5 ;o 30 MA, a
HaTIpA3KeHMe 3asKnTammA pasHo 140 B. C yueToM Bo3MOKHBIX H3MeHeHU it
TOKA HaI'DY3KH jKeJaTeabHo, 9T06H JaMna paGorasa B cepenyiHe fRana-
30Ha ee pabounx ToKoB. [lom0KHM, Y4TO TOK Yepes Ta30pasPARHYIO JamMny
Iy paBer 20 MA. Torpga m3 cXeMbl Ha puc. 7-14 MOKEHO HaiTM BXOqHOHR
TOK

Tog=I;+Ty=204-25=45 MA.

ConpoTEBIEeREE moOCJeNOBaTebHO BRKIWOJEHHOTO pesHAcTOpPa R,
KOTODHI{1 HeoGxouM NJAA yMembIDeHNA BXONHOTO HanpmKemHA Ugy RO
TpeGyemoii BeanuueH Upyy, OOpenelfeTcsl COOTHOIICHIEM

B =(Upx—Upug)/(Ia+Tn)=92/(45 - 1079) == 2 kOm.

Ipn yudembineEMH TOKa HATPy3Ki Jy TOK depe3 Ta30paspALHYIO
Jnamiy [, BospacraeT. Takmm oGpasoM, TOK HATPY8KE MO(eT H3MEHATHCA
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ot 25 mo 40 MA, He MpPMBOAA K CYNIECTBEHHOMY M3MCHERMIO BRIXO[IOTO
HaOpAKeHHA,

JAuggepenyuasbroe conpomussenue. ITO CONPOTHBIEHHO ILpesi-
cTaBifer COGOM MpuMpalieHAe HANpPAMeHMA Ha TasopaspsgHOR maMue
TpH 3aJaHEHOM M3MEHEHWH TOKa 49epes Hee. Duddepennuansroe coupo-
THBIEHE® cocTaBiAer npu6amsaTensgo 100 Om. Takam oGpasoM, uaMe-
HEeHHe TOKA, paBHOE 5 MA, BH30OBeT Ha-
MeHeHI1e BHXOJHOTO HANPAKeHHA , NPHA-
Gamsmreasno pasEoe 0,5 B.

Hanpaxenue sawuzanua. Kak
BRAHO W3 puc. 7-14, pas magana pas-
pana B zxamme TpebyercA Gojee Bu-
cOKOe 10 cpaBHeEWI0O ¢ paGowuM Ba-
npsuxerne. ilosromy BxomHOe HAUDA-
JKeHHe MAOKHO OHTh JOCTATOYHHIM
Aaa TOTro, uro0hl B JaMne HaYancd pas-
psn. HexoTopsie Busl Ta3opaspAHLX
JaMnn HMEIOT FONMOJHHTeABHHH 3amy-
CKAIOMMH 2JeKTPOR, KOTOPHH CHYIKHT
RAS 3aKAraEMsa pa3pAjga B Jamie,

Kak mpaBmio, IRAna3cH HRANPA-~
MeHAH rasopaspAmHEHX crabmuEaaro-
poB HaXomETCA B mpefenax ot 50 o
150 B. OpEaro, HCOOJB3YH IOCIENO-
BaTeNIbHOe BK/IUYEHMe J[BYX JaMn ¢
NOMOMbI0 Tazopa3’pAAHHEX cTabMansaTopos, MokRO crabRamampoBatTh
u Gomee BHICOKME HaupA:KeHNA. B 3ToM caydae HeoGxonmmo mpenycmor-
peTb BOSMOMKHOCTh 3alycKa ONHON jnaMnbl HezaBACEMO OT ApyToi. B
cxeme Ha puc. 7-15 peauctop Ry o6paayeT menmb 3amycka HEKHETO CTa-
Gunmaaropa. Bepxmuii craGRaN3arop sanycKaercA NoassKe MOR jedcT-
BHEM BXOXHOTO HANpMKEHNA.

Hemounuku smasonnozo nanpaxenus. PaGoraa OpH 3aJaHEOM TOKe,
rasopaspAjEbe JaMOH 00eCeymBalOT OlpefieleBOOe HANPAKeHNe, 9TO
TM03BOJAET HCOOAB30BATH UX B KadecTBe UCTOYHNKOB ITAJIOHHOTO MR
ONOpHOTO HaOpsKeHHA. JladA dTHX neaeil OPHMeHAIOTCA ClelHAJbHEIe
ra3opaspAfHLe JaMIHL.

Bucokosoabmune cmabusudamopt. KopoHEHN paspaf, BO3HEHMHA-
ME# MPA BHICOKOM HANDSREHMH, MOKHO HCNOAB30Barb HJA CTabMIR-
sanmy manprxerni g0 1000 B, HefictBue npubopos ¢ KOPOHHKM paa-
PAfoOM aHaJorAyE0 paboTe ONMCARERX Tasopa3pAfHbLIX JaMyl, HO OHH
noTpe6AAT SHAYHTENPHO MEHBIIAI1 TOK.

Pnc. 7-15. Nlpumenenue nByx
nocNef0BaTENIbHO COe/IIHEH-
HHX Tra30opaspAARHX JaMO
aaa  crabmausanmm HaNpA-
HeHHA.

7-8, IOJYIPOBOJTHUKOBBIE CTABMIH3ATOPBI

MoaynpoBoaEMKOBRE SAONE MOYKHO H3TOTOBHTH ¢ TOYHO 38JaHHBIM
o6paTHHM NpoOEBEEM HanpAykeaWeM. TaK®e AUOMAH U3BECTHH NOM Ha3-
BaEWeM cTa0HIANTPOHOB HAH AHOMOB 3emepa. TnnoBaA xapaKTepHCTHKA
KPeMHEeBOTo cTa0HANTPOHA NPefcTaBiena Ha puc, 7-16. Kak npasmio,
AEanasoR pafodux HampAMKeHNHE cra0RIAMTDPOHOB HAXORUMTCH B Npefenax
or 3 go 20 B. CuocoGH npuMereHNA CTabnalTpOHOB aHAJOTHYHE MPH-
MeHEHN0 ras3opasPAIHLIX JaMIl ¢ TOW ANNIb pasHHueHd, 4T0 QIR HEX
ne TpefyercA zamycka. Yepea cTalRIUTPOH MOTYT NPoTeKaTh 60IHUING
TOKH, HO TaK KaK Ha HeM COXPAHAETCA NOCTOSHHOe HANpsIKeHMe,
MaKCMMaJIbHO MOLNYCTHMHH TOK ONDERENAETCA NONMYCTUMOM MOIHOCTBIO
pacceAnuA crabumnTpora. J{onycTAMaA PpacceMBaeMad MONHOCTL Ma-
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AHX cTabHAHTPOHOB MPH CBOGONHOM MOHTAM@E COCTABAAGT MPHMEPHO

200 MBT1, a MpH MOHTaMKe © TEMJIOOTBOAOM AOCTHTaeT HECKOJABKUX BATT.

Ipo6uBroe Banpsa:keRENe cTabuAHTPOHOB ABNAETCA QYHKOHeH TOM-

nepaTypH. THNoBHe 3HaueHBMs TeMImepaTypHoro Kosdpdumuemra Haxo-

AATCA B mpepenax oT —2 o -8 MB/°C,

CraGunBTPOHEH ¢ TeMOePATYDHHM KO-

I 1 adpduuneaTom mopaaka 10 MB/°C mpen-

Unp Ha3HaueHH [AA NMPEMeHeHHA B Kaue-

¢ CTBe UCTOYHHKOB 3TaJIOHHOTO HAmpA-

sKeHHA. [IpH TaKoM HCMOJB3OBAHAK

cTaluidTpoHN mOMKHEN paloTaTh oOT

~U sU +U HCTOYHMKA UATAHHA, 00ecIeumBaoImle-

== T0 TOCTOAHHOE 3HAYeHHO TOKa.

81 IlpaMep mpoexTHpoBammsa 7-2. Ot

ACTOYREKA UHTAHUA C HAMpPAKeHEdeM

Puc. 7-16. Tmmosasn Boapr- 20 B mHeoGxopmmo moaygmte cralm-

aMmepHAR  xapaKTepHcTMKa J1M3MpORaHHOe HampAiKeHHe 6,8 B, oGec-

KPeMHHUEeBOTO OMOPHOTo MAHO- neunBad TOK Harpysku 15+ 10 MA,

na. CxeMma crafuansaTopa NoKasasa Ha

pmc. 7-17, a, a mHa pHc, 7-17, 6 uao-

GpaskeHa mpubnu:KeHHasA SKBEBaJIeHT-

HAsA cxXeMa BHXofHo# pend. CralmuuTpoH tuma 1S7068A mmeer Ho-

MUHaNBHOE ngoﬁnnﬂoe Hanps:xeame 6,8 B m puddepeEnmantHOe COM-
poruBaesue O0U/SI = 2 Om npu ToKe 15 MA.

Ug 13,28
e e d

Pmc., 7-17. CxemMa cTa6uiAsamum HamNpAKeHAA Ha omopHoM pmwome (a)
H SKBOBAJIOHTHAA CXeMa BHXONHOH wuen® (6).

Yepes HATpysKy OyneT MPOTeKaTh MAKCHMaJbLHEHE TOK, KOrga TOK
gepes MUOA HMedT MUHMMAJBHOe 3HaueHue. Ecid MuEUMAALHHE TOK
crabuanuTpora 15 MA, To TOK, HOTPeGJAAEME OT HCTOYHMKA, paBeH:

I=Ig+1;=25-103-415-103=40 mA.
Onpepelum HafeHHe HanpAKeHHA Ha WOC/eI0BATENLHOM pe3HC-

sope Ryj:
UR=U“—UHD=20—6,8=13,2 B.

Torna
Ii']J =Upg/l =13,2/(40 - 1073) =330 Om.

IIpm mamMeBeEHER TOKa HATPY3KH OT MHAMMAJILHOTO /10 MaKCHMAalb-
HOT'0 BHIXO/JHO® HANpAKeHAe yMeHbMAeTCAd NPNGAN3UTeAbHO Ha AUy =
= RBUX°A1H = 2.20.-102% = 0,04 B.
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B aTHX ycaoBHAX MOIMHOCTH, paccenBAeMas AuomoM, paBHa I Uy =
=~ 300 MBT ¥ He mpeBHMaer AOMYCTUMOIi.

7-9. IMATTEPHbDIII TIOBTOPHUTE/Ib KAK CTABIJIA3ATOP
HANTPAKENAA

BrixogHOe HaNpsKeHHe OMHTTEPHOTO LOOBTODHTeNA OAM3KO K
BXONHOMY HAMps/KeHHIO Ha Oase TpPaHSHCTOpa, MO2TOMY €r0 MOKHO
HCMONB30BaTh MAJA DasBASKH HCTOYHHKA OMOPHOTO HAMDAKEHHA 0P
Harpyski. TakaM o6pasoM Mo:kHO oGecmeuuTh moTpedaeEue GoAbMHUX
TOKOB, H6 OKa3HBas CYMEecTBeHHOr0 BIUAHIA Ha OMOPHOE HAND SIKeHHo,
Cxema ¢ »MHUTTOPHHM MOBTOPHTelleM uzo0pakeHa Ha puc, 7-18, a.

+128
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B2Y68 Uy
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10K
o ¢ : _
a) 8 ] | ] | J)
6,5
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5,0
8) 0 02 o% 06 08 A

Puc. 7-18. NcmonpsoBaHMe COCTABHOIO SMATTEPHOTO MOBTOPHTENAA B Ka-
gecTBe crabunusaTopa HaUpsKeBHA.

IIpmMep npoexTupoBanmA 7-3. OT UCTOYHHKA MUTAaHHA ¢ HAOPA-
meHdeM 12 B Heo0xXoguMO MONYYHTH CTabHNH3MPOBAHHOS HANPAMKeHHO
5 B npE ToKax Harpyski go 1 A.

CraluauTpoH ¢ HOMEHAJNBHEEM Hanpr:keHneM 6,8 B HenocpencTren-
Ho Tpefyemuil TOK ofecmeduTh He MoxieT. UroGH 10K, MpoTeKammui
uepes CTAOUAMTPOH, GHJ KAK MOXKHO MeHbINe, ;KelaTeAbHO 00ECTeIHTH
HOCTOAHCTBO OMOPHOro HAnpMKeHAA. C yueToM nafeHMA MaOps:KeHHAA
Ha unepexofe 0asa-sMHUTTep TPAHSUCTOPa OMOPHO® HanpsKeHHe KOIKHO
6KTE Gonbme TpedyeMoro BHXONHOTO Hanps;KeEdsn. Hax BunHO U3 daBm-
CHMOCTH MOMKIY TOKOM HArpPyasKM M BHXOAHEHM HanpsaeHUeM ma
puc, 7-18, 6, yBeawsenue HampxeRda Ug,, Heobxogumoe aas obec-
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negeHAA GOXBMAX TOKOB WATPYSKW, NMPMBOAWT K YMEHDLIIGHRIO BHIXO/1-
HOro HAMpAKeHHA.

Bubop ewzodnozo mpanaucmopa. Tpam3mcrop MOIDKEH YAOBAETBO-
PATh TPeOOBaHHAM N0 TOKY, HANPAKEHMIO B PAcCeMBAeMOil MOMIHOCTIL.
Koaddumuerr nepesagan T0Ka foMKen 6HTH 10CTATOIHO GOMBMMAM, ITOGH
BAMsHHEe TOKA HAI'PY3KM Ha STaJOHHOe HAHpPAKeHHe He IPeBHIAJ0 [0-
nycramoro. Ecam B ¢xeMe COCTABHOTO 3MHTTEPHOIO HOBTOPHTEAH KOB(-
dmnment mepegaun Toka paBeR 5-10%, oro osmagaeT, 9ro IpH TOKe
marpyaxn 1 A Bxonmo#l TOK Gymer pasem scero sumb 0,2 MA. Taxoil
xoag)dmunem nepenaun MoaeT GHITB ofecnedeH, eclu BXOZHOI TpaH-
aHcTOp BMOpPaTh ¢ KosdpdunneaToM nepefadss 100, a MOMHLIE BEXOTHOK
TpaHsHcTOp — ¢ Kosddunnenrom mepemaurm 50. Ilpu mMaxcmmamn-
HOM TOKe HATpY3KH MOIIHOCTh, PAcCeHmBaeMafd KOJJEKTOPOM TpaH3MC-
topa, paBHa [ Up= 1.7 =7 Br. [lJIA THX yCA0BHY HOAXOAHMIHM
aABasercA Tpanauctop 40310, KoTOpHHA HMEeT ROMYCTHMYIO PaCCEHBAEMYD
momguocts 30 BT, HOMUBANBHEIR TOK 4 A, HOMUBEAJIBHOE HAMPKeHHe Ha
konnexrope 40 B u Tunonoe 3magemme ho , Gompme 50.

Pesucmop cmewenus. IIPB MaJdHX TOKaXx HArpy3ku M oco0eHHO mpH
GoapmoM KosddrnuerTe mepegaunm 1pananucropa I'y KOJNEKTODHHI TOK
BTOT0 TPAHAMCTOPA MOMKHO CleJaTh 09eHb MainM. Uepes pesnciop Rg
(puc. 7-18, a) mpoTexaer TOK MOYTH MOCTOAHHOIO 3HAYeHHsA, TaK Kak
HapajJeabHo eMy MOAKJIYeH Hepexoi 6a3a-sMHTTED BTOPOTO TPaHBHC-
Topa, B pesynrrate TOK SMITTEpa TpaH3McTOpPa I TOAAEpKHUBaeTCA
IPAKTHYeCKA Ha HeM3MEHHOM ypOBHe.

Buzrodnoli xondencamop. BrixonHOe CONMPOTHBIEHWE »MHTTEPHOTO
HCBTOPHTENA HOBHIIAETCA HA BHICOKAX JacToTax, a Koadduuuent mepe-
Zagm Toka nmapaer. KosgencaTop, HOAKAIOUEHHHH 1TapajelbEO BHY O~
HHIM 3ajKudaM, MO3BoJIfIeT COXPAHNWTH He(O/AbII0e BHIXOAHOC COMPOTHB-
JleHEAe AJA BHICOKOYACTOTHHX CHTHAJIOB,

Hcemounur onoprozo nanpaxenus. Cradnanrpor tauna BZY88C6V8
npu pa6oweM Toxe 1 MA HMeet nuddepeRumaIbEOE CONPOTABACHKE 15 OM,
9710 o3magaer, YTO yBeJAMYCHHe TOKA depe3 nnox ma 1 MA npusopwt
K U3MEHeHHI0 HanpsmKeRnA Ha HeM Ha 15 MB. Tunosoe 3nagenne Temme-
patypEOro roagpdunyeAra crabnantpora pasro 3 mB/°C, ® npn pabo-
geM ToKe 1 MA nnama3oH NMPOGNBHEIX HaNpsKeRH{l HAaXOOHTCA B mpe-
mexax ot 6,3 go 6,9 B. Brxo/Hoe HaupAKeHHe MOKHO peryiaupOBAaTEk,
HCOONB3YA CXeMy Ha pmc. 7-18, 6.

Bzodnoii mpansucmop. B paccMaTpnBaeMO# cXeMe MOJKHO HCHOJIL-
8oBaTh TpaH3UCTOpP ofuwiero HAsHAYeHHsd, YNOBJIETBODAIOMME TpeGoBa-
HUW WO TOKY, Hampumep tuma BC108.

Xapakmepucmuku cxemvt. IIpn Bo3pacTaHME TOKa HATPY3KH OT
HyJds A0 MaKCHMyMa M3MeHEHHe BHXOJHOT0 HAHPSKEHHA COCTABJAAET
4,69%,. Ha puc. 7-18, ¢ moxasano, 9To 9370 ¥3MEHeHBe 00yCJIOBIEHO IJ1aB-
HHM 06pazoM yMeHbIIeHEEM HANpHKeHNA 683a-3MUTTeD MPH YBEAHIEHHA
TOKa HATPY3KH,

7-10. CHCTEMBI C OBPATHON CBA3BIO

CHHKeHHe BHIXOAHOTO HAPAKeHNA € yBeJIMdeHNneM TOKa HarpyaKH
MOKHO CKOMIICHCHPOBATH IOBHINeHIIeM OUOPHOTO Hamp A'KeREA. Onrako
TaKo# MeTol, KOMIeHCANUH LHPUMOHHMM TOJNBKO MpH (UKCHPOBAHHHX Ha-
rpyskax. Ecau »Ke NpoH3BOANTh CPaBHOHHE BEIXOAHOIO HANDPMHKEHRA C
OLODHEIM, TO PA3EOCTHOE HAIDMKEHHe MOKHO HCHOAB3OBATH HAA KOD-
PCKIMH LPAKTRYECKA NOOHX H3MEHeHHHE BHXOJHOroe HAUPSKEREA.
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B cxeme Ba puc. 7-19, « gBa Tpamsmeropa T, » T, ofpaaylor ycRr-
AMTEeab Pa3HOCTH. DMITTEPHHI? HOBTOPHTEND HA TpaH3HcTOpe I3 obec-
NeTMBaeT ONOPHOE HANIPA’KeHHe HA »MHTTEPe TpaHaucropa I, KOTOPHIT
YCHAKBAET DA3HOCTH MeKLY OIOPHGLIM I BEIXOJHHM HaUPKeHNAMA.
Ecan BHXOpHOe HaIps/KeHHe CTallOBurci Golibme OMOPHOTO, TO Ha-
mpsxerne Uy, Ha Koanekrope rparsuctopa I, Oyler majarh, TeM CaMuim

cf
+128

08

B U T T T T T T T T T
: U,
5,5 = ¥
6,01 N
5,5 - -
Uy J
5 ' 1

| ] ] | | ] | |
0 071 0,2 0,304 0,506 9,708 0,9A J)

Puc. 7-19. Cxema cTabuamaaTopa HAaIpAMKeHHA ¢ O0paTHON CBA3BID
(¢) @ saBAcAMocTH BampmKerRAH Uy m Uy 0T TOKa Harpysks (6).

obecmednBas CHIGKeHHe BHIXOZHOTO HanmpssreHns, Takas chcTeMa pa-
foTaer Gaarofapsa HAAMUNIO CHIHAJNA OMINOKH (PAsHOCTH MEXIY pealb-
HBIM U TPeOyeMHM BHXONHHMM HANPAKEHHUAMH), TIOATCMY ero [eicTBie
onpepensacTcA KoagdrumenTom mepenayn A ycuaurens:

A

Upux=4 (Uog— Usux) = 1+ 4 Uon. (7-10)
3Ta cxema HpejgcTaBisAeT COGOH ClicTeMy € MOCaefoBATCABHO-TApaJIeab-
Hoif ofpaTHOM cBA3EI0 (cM. § 6-2), B KOTODPOIl B paBHO eguHHDNE, & HA BXO
moiaercA onmopHoe HanpmkeRRAe Uyy. BrIomHoe HanpsikeHHe B Taxoif

cXemMe DaBHO BXOAHOMY C TOYHOCTBIO, ofipemendeMon ommGxoft 1/A.
Ipumep npoexruposamma 7-4. Tpebyerca chpoexTnpoBath cTabi-
JH3RPOBAEHKH HCTOYHAK NWTAHKA ¢ 00GpPATHON ¢BA3BIO, B KOTOPOM IIC~
HOJb3YETCA AMHTTOPHHIH [OBTOPATENh, PacCUHTAHHHA B IpHMepe 7-3.
B cxeme ma pnc. 7-19, a xosdpduuncET MEpeTATE YCHANTEAA pasHOCTH
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TMpA MaJOM CONMPOTHBIICHRE HATPY3KH DaBeH:

— lg1aRa
2hy1a

rae 1/2 momeameTcA WOTOMY, 4YTO.SMETTEDHH# MOBTOPUTeJAb HAa TpaH-
3HcTope Ty BHoCcuT compoTHBAEHMe 1/y3, B Henb aMHTTEpa TPaE3HCTOPa
Ty (ys1s = Bars/hyss)-

Bxopmoe compoTmBieHHe TpamHsEcTopa T, paBHO:

Rpy == hyyp+horoflg =2hy15,

A = (7-11)

Torga KoaddHnuedT ycHAOHEA N0 HaOPAMKEHAK 3alRIIETCA B BHMIO

hoys
A =— "= Ry.
RBX 7
TpamsBcrop TANa BC108A mMeer hyy » 200 B hyy, ~ 5 KOM mpH
paGouem Tore 1 MA.
CoupoTneaeHHo pesucTopa Ry B HelR KoaldeKTopa TpaHsHcropa T,
OUOPeNeNAGTCA BCIMYHMHOH WOCTOAHHOTO HaUPAKEHMA HA KOJJIEKTOpe
Uy W3 pre. 7-18, ¢ nanpaxenne U= 6,4 B mpu BuxonaoM Hanpasxe-

anR 5 B (1. e. Ug -+ Usy -+ Upnx). Nagease panpsikerna Ha peaic-
Tope Ry coctaBaser 5,6 B m upm Toke 1 MA Rg = 5,6 kOm, Ecan o6a
Tpan3AcTopa T; B T, paboraior upm Toke 1 MA, 10 conporusnenue R,
RoERO OHTE paBHO Uy/2l5, rne Uy — HaupAKenRe Ha 3MUTTEPO TPan-
aucropa T,, 7. ¢. Uy = 5 — 0,6 = 4,4 B. Torna R, = 4,4/(2.107%) =
= 2,2 KOMm.

ITOT pes’cTop oUpeneNReT SMHETTEDHHE TOKI, HO HO OKashBaer
HOMOCPEeCTBOHAEOTG BAKHAHAA HA KoaddunHenT mepefadl mo HAMpAKe-
HHIO, KOTOPHi# paBen:

—200-5,6-107
2. 10

BaarogapA TakoMy yCHIeHMI0O pa3HOCTHOTO YCIJINTenR H3MeHOHHSA
BRIXOQHOTO HaupAkeémMA ymenpmarcA B 100 pasz, 1. e. 0,2 B yMmenn-
mBTCA 00 2 MB.

Yuenvwenue nyavcayuti, Baxknoii pyExuneii, KoTopyo BHOOJHAOT
cTabmau3aTop ¢ oOparHoil CBA3BI, ABAAETCA CHIDKEHNE HyAbcamiii Ha

BHIXOAEC B TOM cily4ae, KOTma
NATaHEE OCYWHECTBIACTCHA OT

ex-—100.

A==

7,0 ceTn MepeMeHHOTO ToKa. Ilpu
0,81-& norpe6aerny 6oapmiX TOKOB
05[‘//" OT HM3KOBOABTHHX HCTOYHH-
¢ U KOB Hamnps:KeHWe Oyabcalni
04 - JOCTaTOYHO BeAHKO 11 ero
0,2- HCAb3fl AUONPOKCHMHDPOBATH B

LN N Bufie LII006Pa3HON KpuBoif

1 1
0 4 8 12 16 20 2% 28 32 me (cm. puc, 7-3), Hcenoanao-
Bath LC-uauwtp B naAHOM

Prc. 7-20. OupeneseHve eMKocTH Ha-  CAYYae Helleeco06pasHo,
KOLHMTCALHOTO KOHIEHCATODA. TaK Kak cam crabnansarop
ofecrneunpaer nonaBJeHe

oyascanuii, Hakonutenapanit
KOHIEACATOP Ha BHXOAS [0MKeH HMETh NOCTATOUHO (ONBIIYI) M-
KOCTD JIIA TOT0, YT00H HAUPAKeHIe He CHMKAJOCh HHKe MMHHMAJbs
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HOro, Opd KOTOPOM CXeMa 6lle MokeT HoPMalbHO (YHKIHOBHPOBAaTb,
MnmEnManbBHE yPOBReHb HaUPAMKEHHA cocTaBiselr 8 I (BrxomHoe Ha-
ups’KeHHe BMecTe ¢ HaOpAJKeHHeM Be MeHee 3 B Ha BHXope aMutrepaOro
woBroputenn). Wcwombays pme. 7-20, MOMKHO HailTH BEOGXOgEMYIo
eMKOCTh KoHfleHcaTopa. [IpAMan A¥ERA, upoBefieHHAA H3 BEPUIRHHE DOy~
BOJHH, T. €. A3 TOUKM, FAe HaOpAskeHRe HMEET aMIJIUTY/AHOE 3HAYOHHO,
mepeceKaeT CHEYIOM Y0 HONYBOJIHY IPH MEHEHMAIEHO ION yCTEMOM YPOB-
HO HampAKeHHA H [ajee LOpEceKaeT TOPH3OHTAABHYI OCh B TOUKE,
BPEMOHHOH METOPBad KOTOPOH COOTBETCTBYOT LOCTOAHHOH BpeMeHH
RC. Ecnm aToT BpeMCHHOH RHTepBaJa paBeH 24 Mc, a TOK Harpy3KH
paser 1 MA upn maups:keH®E® 12 B, To compotuBiaemre R = 12 Om.
TpeGyeMaA eMKocTs KoHgeHcaTopa C = 24.1073/12 = 2000 wmK®.
Namerens manpAeHns Ha KoadeKTope He OKA3HBalOT BIARAHHA HA BR-
XopHOe HampAjKeHMe dMHATTePHOTO HOBTOPATeNA, 6iarogaps ueMy OHG
HO OMyCKaeTCA HIKe MHHRManbHOH Bealunse, Ilynbcaydu, KOTOPHE
MOABJIAIOTCA HA BHIXOQ€, MOMKHO TPaKTOBAaTh KaK M3MeHEHMSA BHXOQHOTO

Ty
Uzm =N
R
<, T
Ry Tug,, ,,Tkugﬂ
o—s¢ ¢ o o

z)
Prc. 7-21. CxemH €TaGUaM3aTOPOB [ NOAYYEHUA BHIXOIHOTO BAUPS-
sKeHHA MeHbme (a) M Gomabule onopHOTO (6).

HAUPAMKEHMA, KOTOPHe yMeHbmawTcA 6aaromaps neNMCcTBREIO crabuianaa-
ropa. Takum o6paszoM, HanpAKeHHe TyAbcaUUN Ha BHIXO[E MOYKHO CHH-
8ATH M0 HECKOJBKHX MHUJINBONLT.

Pezyauposra eszodnoeo nanpaxenus. Hak noxasado gapuc. 7-19, a,
BHIXOHOe HANpAMKeHWe MOKHO H3IMEHATh B HOKOTOPHX Hpepenax or
MaKCEMyMa 10 MEHHMyMa. MaxcuMalbHHII ypOBeHL PaBeH ONOPHOMY
panpAmeHl0 Uyn, a MUHAMAABEEHR oNpefedsercd HARMENBUINM HANpA-
HeHHOM Ha pesrcTope R,, OPH K0TOPOM He HapymaeTCA HOPMaJbHas
pa6oTa cxeMul. BHXogEOe HaupsKeHHe ONPeAeadeTcA COOTHOHICHHeM

A
Usnx -__-H_'A— kUon=<kUon, (4 > 1), (7-12)
e k — KospdunueRT ycTaHOBKM MOTemmUOMeTpa R, W3aMCHANMAHCA
or 0 mo 1.
Ecar ¢ omopEHM HanpA:KeHMeM CpaBHEBATh TOALKO HEKOTOD YO
YacTh BRXOGAAOTO HAIPAKEHAA, TO Ha BMXO[€ MOKHO HOJYYMTH HAUPSH-
JKOHHe BHIME omopHOTro., J A 9Toro ciysaf

A 1
Uon=(U0n—kUnux)A=1+—AI—CU0"%—k- Uon (mpr Ak>1). (7-13)

Ipr ouens MaaHX 3EaueEHAX k KoaddMIMEHT mepenasl PazoMKey-
TOro KoHTYpPa Ak MoKeT yMeHLMHTHCA HACTONABKO, YTO CHCTEMa uepe-
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cTaHer HopMaabHO paboraTh. JIRaflazon HopMalbHOH paGoTHl MOMKHO
YCTaHOBATH ¢ NOMOUMBI0 JONOJIHATENHLHOIO PE3RCTOPA le BKJIXYCRHOTO
focaei0BaTeAbHO C MOTEHUAOMETPOM R, Kak MoKaaamo Ha pmc. 7-21.

7-11. OTPAHHYEHHAE TOKA

Brixopgaoit TOK cTabuaMsaTopa HAODMKEHHA ¢ oGpaTHOM CBA3BIO
{pmc. 7-19) MOKHO OrpaBRYHThL, NDHEMEHAA METOX, NOKA3aHOHN Ha
puc. 7-22. Tpamaucrop T B 2T0lf cXeMe B OOMIHOM COCTOAHUE 3aKDHT,

(o
+12B

,lr O
! L
| i
0B ! o
ifizk % |
=" CPpH )4
—@ﬁ T )
6 =
] v Uy (Rogp=10m)
I -
I YnpabBanrowyee
2l HANPRKEHUE
1
L] Iy

k . | | [
0 01 0,2 03 0,4 0,5 0,6 0,7 0,8 0,9 4

Puc. 7-22. Cxema craluansaropa ¢ OrpasHueHMeM TOKa (IYHKTHPOM
OoKa3aHa cXeMa BamMTH OT OepeTPy30K) (a) M ero BEIXOMHAA XapaK-
Tepuctura (6).

a OTKpHBaeTcsa oH OPH BO3PACTAHAH MajeHAA HANDKeHEUA HA Pe3uCTOpe
Rorp. Teneps Tok, npotexalomuil gepea tpadaiucrop T;, Gyner oKasH-
BaTh BAMAHHe HA BRHIXOIHOe HAUPAKeHNe B yMeHbMAThL €ro MpH gpes-
MEDHOM yBEeJHYEHHU TOKA HATPY3KH.

ITpm gaapHeiimesm nafeHuy BHXOAHOT0 HANDAXKeHHA, HallpuMep npa
KOPOTKOM 3aMHKaRIll B cXcMe, OHO MOMeT CRIBN1bCA HIDKe YpPOBHA
ONIOPHOTO HATpAMKeHHA, B peayabrate OTKpHBaeTcA TpamsucTop T,
TMA p-n-p, yBeAHUNBafg TOK 4epe3 TpamaBCTOp Ty 0 eme Goabmero
3HadeHBA, BeJelcTBie 4Yero tpamsmcTop T, mepeBopmtca B 06JacTh
I1y0oKOH OTCEYKH,
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7-12. IPUMEHEHHE ONEPAIIHIOHHLIX YCHW/INTEJIEN
B KRAUECTBE CTABWIHR3ATOPOB HAIIPSI)KEHHAA

Crafmim3aTop HANPHAKEHAA MOKHO AHAAH3APOBATL KAK CXEMy €
nocAefoBaTeNbHO-NApAIACAbRON o6paTHoll cBa3bo. Ecam B cXeme Ha
pic. 7-19, a BMecTO TpaE3ACTOPOB Ty M T, MCNOAB3OBATH ONEPANHOHHH
yCHANTeab, To Goapmoll Koaddumuert nepepaud yCHIMTENR O03BOJIACT
NOJY4ATh XOpONIAC XapaKrepucTuku crabmamaatopa (puc. 7-23, a).
B Heii pJA yBedIueHVS BHXOJHOTO TOKA OHEPALMOHHOTO YCHIIHTENA B
KauecTB? MOIMHOTO BEIXOIHOTO KAacKaja HCOOAb3yeTCA SMUTTEPHHIT MOB-
Toputeas, Ilpu Iy =1 A,+ U =15 B n Uy = 5 B paccemBaeman
MomocTs P = (U — Uy) Iy = 10 Br.

o
+U 758 2,2K

Uy
i'-'-100 0
10 A
2 J B
a)
Cmadunu- Cmaduiu-

X Ugorx
O—=— . o)

@ — HCMoNb30BARME HHTErpajbHOTO ONCPALMOHHOTO YCHJMTeNA B craGHumaatope

B Ka4yectTBe YCHJMTeJIA Da3HOCTH, 6 — TPEeXmOJIOCHHA MATerpalbRLI cTabnnmaa-

. samop 3amop
+ vl T +
u 8x I_)l
& T -[- YemaroBral_ ] -[Uﬂux
(e _ —o0
7) 9)
Prc. 7-23. MomoautaEe crabuaM3aTophH.
Top, obecneumparonmii GEKCHPOBAHHOC BEIXOJIIoe HanpAXKeHHMe, 8 — CTAGHIM3a-
TOP ¢ PeryJMpyeMHM BRXOMHBIM 11aNpAKEHHEM.

CiefoBaTenbHO, B KagecTBe B XOLHOTO MOMKHO HCIOJB30BATh TpaH-
gECTOp THOa 40310 C COOTBETCTBYIOUIMM TEIJIOOTBOMOM.

7-13. CTABH/IB3ATOPBI B HHTETPAJIbHON ®OPME

Cpeln AETEIPAABHHIX CXEM 001LeI0 Ha3BAYCHNA KMEIOTCA HETerpab-
Hule cTafuan3arops THOa 723, koTOpHEe ofecieynBaloT TOK B HarpyskKe
mo 50 mA, Omn moryr paGoraTe B JABYX DeKUMAX, NOKA3aHHWX Ha
puc, 7-21, pazanuanmBXcA TeM, YTO BEIXOJHQe HallpAxieHIe AuG0 Bullle,
a800 HiKe BHYTpPeRHero OHOPHOTO HANPAIKeHUs. Bhxogmoif Tox IifB-
TerpajJbHHX CTA0HIMI3ATOPOB MOYKHO YBEJHMUNTL OyTeM HOAKI0YenBs
BNEINHero MOMHOLO TPAH3HCTOPA TaKHM e ofpa3oM, KaK mOKa3aHO Ha
puc. 7-23.

HKpome Toro, 4acTo MPHMEHAIOTCA TPeXNOJIOCHEIE HHTETDAJIbHHE
cTabmaAnzaTops manpaKeruA., OHH upenHasHageHH AR paboTH mpH
OIlpCIeICHANX HADPAMEHHAX M o0ecueyABal0T HOMHHAJIBHHN TOK B Ha-
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Tpy3Ke npumepHo 1 A m Gonee. Kam npasrio, B TakEX cTabninsatopax
npefyCcMATpBBaeTCs BEYTPeHAAA 3alllnTa OT neperpysokK, KoTopas orpa-
HH9MBaeT BHXOHOK TOK B CJlyYae, eClIM TeMuepaTypa [{ocTHraeT MaKch-
MaJNbHO OWYCTEMoro YpoBHA. HMnorpa TpexmoaoCHHE cTaGHIM3aTODH
MOYKHO UCHOJAB30BATH NPH Golee BEICOKMX Haups:KeHUAX [0 CPaBHeHHIO
<(: nom;ma;mamm, HO NpH »TOM yXYAMAaKTCH HX XapPaKTePNCTHKH
puc. 7-23).

I'maBa BocbMasn
TEHEPATOPHI

ONeXTPOHHH TeHepaTOp MOKHO OUPENeJHTh KAK YCTPOWCYBO, HA
BHXOfe KOTOpOTO MOAJleDP:HHMBAIOTCA KoaebaHHSA 10 Tex mOp, NMOKa X
HEMy MOJBOANTCA 3HePTHA OT ICTOYHUKA NOCTOAHHOTO TOKA, IpHYeM
cXeMa UDH 3TOM He U3MEHAETCA HOCPEACTBOM KaKHX-In6o MeXaHNIeCKHX
nepexatouateneit. I[logoGHoe onpepenenne, taxuM oGpasoM, HCKIOYAET
npHYMeHeHHe B TreHeDaTOpPax BpalaOIEXCA 3JeMeHToB, BHODPATOPOB
" TN

T'eBepaTops MO)KHO paspejuTh Ha [Ba Kiacca. Bo-nepBHX, reme-
paTopH CMHYCOBRanbHHX KOIeGaHHH H, BO-BTOPHX, FeHepaTophl pelak-
CaMoHHOIO THNA, K0JeGaHAA KOTOPHX COJep:KaT MHOT0 TapMOHAYECKAX
cocTaBaAwIMEX. Bropoit Kaacc reHepatopoB paccMaTpuBaercA B ri. 9.

8-1. OB AHAJIN3 CHHYCONJAJBLHLIX TEHEPATOPOB

Ha puc. 8-1 nokagam ECTOUHHK TOKA C BEYTPeHHEM COTDOTHBIICHNeM
Ryucr, TOK KOTODOTO HOJaeTCA Ha CXeMy, COCTOAUIYI0 H3 NapalielbHO

[ —————

I : J_ Poc. 8-1. Hcroummk TOKa ¢
I i BHYTPEEHNM  CONPOTRBJICHAEM
|_7'(‘?) 1 | Fu £ L Ryucr, UOMTalOMMi Dapajiensb:
: Ruer] | Hy0 cxeMy Ry, C m L.
b S

CoeMHCHHEIX pe3ucTopa Ry, KoHfencaTopa C ® Katymkna L. 3gechk TOK
1 (s) Be o6s3aTenbHO ABIAETCS ONDeleleHHEM BXOQHHIM CHTHAJIOM, a
MOjKeT MpPeJCTaBIATSH WIyMEl, 00yCAOBJIeHHbe TeNJOBHMH KOAeGaBnAMM,
mepexogHEIMM TIPouecCaMH NPH TWepeKAKdeHHd H T, [.

Jna cxemMu Ha pmc. 8-1 MOKHO 3amHcaTs:

u (8)=Zi (s), (8-1)
nJIn

- £ (s) }
uls)= Gper+Ga+ sCH1/(sL) ’ ®-2)

YMHo:xaR 4qHciATenbh H 3HAMeHaTedh BHpaxeHnA (8-2) ma s/C,
nojiyqaem:

i6) g
=82+[3 (Gu_%Jr_Ch,)]eri

u(s) (8-3)
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JdpameRatesb ypasHemHA (8-3) ABAserca XapaxTepHCTHYECKHAM
yPaBHeHueM CXeMb, H XAPAKTEPHCTHKU CXeMH oupefleNsAlTCA ero KOP-
HamMa, TakuM oGpasoM, XapaKTepHCTHIECKOe YDABHEHMe CXeMH HMeeT

BHA:
s ( HCT H) 1
24 $ (Grer+Gn) + =0, (84)

PemuB »710 ypaBHEeBHe, momayumm:

- (535 [T oo

cliegoBaTesH0, HMEIOTCA ABA KOpHA XapaRTOpHCTHIECKOTO ypPABHCHNA:

si=—otjo B sg=—a—jo. (8-6)

Pemense Mo)XHO 3amMcath B BHIE
u(t)=Aexp(—a-jo)t+4Bexp (—a—jo)t. (8-7)
Kopee ypaBEeHNA s, # s, B 3HaYNTenmHON Mepe onpeneAOTCA
TN (Gror + G)- ECIR Gex + G =0, 10 s = == j |/ 75 Oo-
sHagaf 1/LC = o}, monyuaeM: s; = --jw, m s = —jw, CaenoBa-

TeIbHO, HPM Gycr = Gy

u (£)=A exp (jwyt) 4 B exp (— jwet), (8-8)

T. e. pellieHEe wpeAcTaBader coGolt KoMeGaHMA 9ACTOTH (O, C NOCTORH-
HOIl aMIIATYIOM.

B Gonee oGuiem cayuae, Korga cyMMa Gyey + Gy He paBHa Hylo,
Kone0amms BOHMKAK1 UPH YCIOBHM, 9TO KODHH §; B S; COIEPKAT MHH-
Mble 4acTm, T. e, B ypaBHeEMH (8-5)

L -~ Gyucr +Grl?
LC 2C '

Kpome Toro, amnantyna xoaeGz2uuit fyner mapactaTh Bo BpeMeHH,
ecnn (Gyer + Gu) << 0. locaenues ycaosue osHagaer, 9t0 Gy ABIACICA

BosnuxnoBenue CywecmBobanue

Gprt 64 <0 Gyer=—"064

N1 _(Guer*6y @.= 1
"”|-Lc ( 20 0=V 17
Prc. 8-2. YcaoBHs BO3ENKHOBEHWR W CYMeECTBoBaHNA KoJeGaHmil.

OTpRuaTeNbHOH BeANIHHOR, CMEIC 5TOr0 3aKII0YAETCA B TOM, UT0 JHEp-
I'Hs, NoCTyNaomAs OT UCTOYHAKA THTAHMA, PAaCXOYCTCA Ha KoMIenca-
U0 TOTephs B OMAYeCKOM CONDPOTHBIEHHH, KOTOPOe BCerma MMeeTCH
B moGoii pesomaHcHo# cxeMe. 113 nmpuBefileAHOroO BHINIe aHAJNM3a BEITE-
KalT CHOAylmHe yCIHOBHA BO3HMKHOBEHWA KomeOamuit (pmc. 8-2):
a) HajMyue dJIeMeHTa C OTPHOATONLHEM CONPOTHBICAREeM, KOTOpHi o6ec-
NeunBaeT KOMHIEHCA[HI0 [oTeph B Pe3JOHAHCHOH cXxeMe M HapacTaHHe
Konebanmit; 6) HaaU9He »neMEHTA C WBMEHAIOIUMCA CONPOTHBICHHEM,
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KOTOpHIl yMeHBIIACT JeiiCTBATEIBHYIO YACTh KOPHeI 10 HyJiA OpH 10CTH-
JKCHUHM ONpepeNeHnoll aMOARTYAH KojeOaHW; B) Haawdne SAeMEHTA,
onpeneNAKINETO0 JACTOTY KojebaHHii; T) Haadule HaYaNbHOTO CHTHAJA,
BHI3BIBAOMIEr0 KojebaHuUA B cHCTIEMe.

8-2, OTPHUATE/JBLHOE COIIPOTHBJ/IEHNNE

Ecau onpenesluTb OTpllnaTeﬂbHOE COI]pOTHB.TIeHHe KaK CBOf(CTBO
3JIeMEeHTa, TOK uepes KOTOPHIl yMenbIIaeTcA HOPH BO3PACTAHWH HanpA-
JKeHMs Ha HeM, TO OTPHMIATeabHOE CONpOTIBJIEHHe MOYKHO NMpPefCTABHTH
B BHMe OANAKONECI0 y4YacTKa BoJbr-aMumepHoll xapaxkrepuctukn. Ha
PHEc. 8-3 gacTh KpuBoil MeKAy ToukaMA 4 # B, AMeloman HaKIo0H (—G),
OpefCcTaBJdAeT Y4aCTOK OTPHIATEJNHHOTO CONPOTHBJEHMA.

JIio6oe ycTpoiicTBO, BONBT-aMIepDHAA XapaKTeDHCTHKA KOTOPOTO
HMeeT Nagalmui yuacToK, y/0BJleTBOpAer OQHOMY I3 YCJIOBHE BO3HHEK-
HOBeHHA KojebGaHnil H COBMECTHO ¢ COOTBETCTBYKINEH CXeMOil MoKeT
HCIMOJb30BATECA B Kadectpe remepatopa, [IpuMepamu MOTYT CAyIKHTH

I A

Puc. 8-3. Boapr-aMnepuaR xapakrepH-
CTHKA, UMeomaR y4yactok AB ¢ orpuua-
TeJILHRHM COMPOTHUBICHIEM.

U

ciepyomiie ycrpoiictBa: a) dunampornuli 2enepamop, B KOTOPOM HC-
NONE3yeTCA XapaKTepACTHKAa TeTpoAa € OTPHUUATEJNbHHM CONpOTHBIE-
HHeM; 6) mpansumpennwii cenepaniop [46], B KOTOPOM uCHONB3yeTCA
OEHTOJ C COETUHEHERIMH Mesxkny cofoff dKpaHHOIl M amTUAUAATPOHHCH
CeTKaMM; B) noaynposodHukosue npubops, TAKIC KAK TOUEYHO-KOHTAKT-
HEIe TPaH3UCTOPH, TePMOPE3ICTOPH I TYHHeJABHRIC JHogn [47].

JINHATPOHHKW{ M TPAaH3NTPOROHY IeHEPATOPH B HACTOAMEe, BpeMA
OpeaCcTaBARIOT LI YMCTO HCTOPHUECKHUII HHTCPEC, 3 TYHHEbHble TUOE
MUPOKO NPHMEHAIOTCA B BHCOKOYACTOTHHIX FeHCPa1opax B JHanasoHe
gacror or 100 MI'm pno 10 I'Tu.

Kpose Toro, orpHupatelsHOe CONPOTHBIEHIE MOMMHO OOJYYHTH B
yeuauteae ¢ obpaTHoil cBA3b0. M3 ypaBHeRHA (6-8) moNHOE BHIXOZHO®
€ONpoTHBACHNE YCUAMTEARA € 00paTHOL CBABBIO 3aMHCHBAETCA B BIfle

Z g =Zpyx a/(1—4P)- (8-9)

Omo cTaEOBMTCA OTPUnATeNBEHENM OpH AP > 1. Takoii Meron moay-
9eHHUA OTPHUUATENHHOTO COMPOTHBJEANA B HACTOAIIeE Bpems Hanboljee
mMHPOKO NPHMEHAETCA B CXeMaX TCHCPATOPOR.

TeHepaTopH cuBycOMmaNbHHX KoleGaHu#k ¢ o6paTHON cBA3bIO fe-
JATCA HA [JBa KJjacca: WHAYKTHBHO-eMKOCTHHE, It LC-reHepaTopHl,
1 remepatopH ¢ dasocysuraomet RC-nenoukoid. B mactoAme# raase
paccMaTpHBRIOTCA TeHepPaTOpH TOT0 M APYroro Kiacca.

8-3. IIPOIECC YCTAHOBJIEHAA AMINVIATY/bl KOJEBAHHHA

B § 8-1 6mng WoxasamO, 4To ANA BO3HHKHOBEHNA KojeGaHuil He-
06xoanMo, 4TOOH ReiNunHa (g MUMENIa OTPUUATENEHHIT 3HAK 1t Ghina oMb~
nle, yeM Gyer. [ pyramMn cnoBamu, 4jeH, BEOCAmMMIl 3aTyXaHne, B ypas-
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Aeaud (8-4) pomken GHTb orpunarensEEM. KpoMe Toro, Benmunma Gy
AOJI7KHA YMEHDLIIATBCA o Mepe HaPACTAHMA AMIUINTYAW KojeGaHEHE 1o
YCTAaHOBUBIDErOCA 3HAYEHHA, IIPH KOTOPOM BHIIOJHAGTCA YCJOBHe
Gyer = —Gy, @ 4lNeH, oNpepelAOMHUA 3aTyXaHWe, AOJKEH NPH 9TOM
00paTHTECA B HYIb,

+U
Puc. 8-i. Cxema remeparopa ¢ €3 i
KOHTYDOM H DJICMEHTAMH yTeYKH H M Re
B nenou 3atBopa (R, u C. #uB-
NATCA dJleMEBTAMH DPA3BA3KM) Ref| C L Ce

AHanuzupys ypasHeHne (8-9), KoTopoe oNHCHBAaer YCHJIHTeNb
¢ o6paTtnoii cBA3BI0, MOYKHO ClIe/laTh 3aKII09EHHE, YTO 1A BO3HMKHOBE-
HEMA Kojebamuii KoopduiuenT mepegayn pasoMKEYTOro KoHTypa AP
moJxeH OHTE Goslblle eQUEHUE M yMEHBIIATHCA N0 TeX HOp, HOKA He
mocriurEer egmENUH. ITpu sT0M ammanTyZa KojeOamRi HapacTaer Ao

ycTaHOBHBIIErocd 3nayeHuA, Ec-

I, au koddpdunmenT o6paTHOM CBA-
. 34 B DOCTOAHEH, TO 3To O3HAYa-

1 : eT, YTO npH HADACTAHHH aMOJH-
TYAHR curuaja jgoJsKeH YMeHb-

maTtbesa KOPPUuueHT ycHCHNA
yeunnrensa. Ias 31oro Heobxo-
| OUMO IMETh KaKOIi-TO IIeJIuHeil-
U;—> ! g 4 —>> HHil djleMenT.

Cmabuausayus amnaumyds
BKAIOHER UM 3aeMeNINOg YMmeikU

—_—— 6 yenu sameopa. 3 Pe3ZOHAHCHWX
— LC-reHeparopax ONA M3MCHCHHEA

yCHJIeHHA MPH HaPACTAHHH aM-
: oAUTYIH KoJdeGaHuil U ee Orpa-

1 > HUYCHUA HCNOJB3YITCA DJEeMeH-
Thl YTeYKH B 1enH satsopa. He-
Piuc. 8-5. IIponecc HapacraHUA KO- 0oOXOZUMAA HeJIHHEHHOCTb 06eC-
nebaERit HW craluIM3audl aMOAM- NeYWBAaeTCA HIMANM HaruGoM
Tynbl cXemou yT€e4KH B pelly 3a- xapamepm:'m}m aoJeBoro Tpan-
TBOPA. sucropa I = f (Uz). Ha puc.
8-4 mokasaHa cxeMa remeparopa
C Pe3OHAHCHHM KOHTYPOM B LENHM 3aTBOPA, B KOTOpOil eMrocTh Cy H
conmporusieane R, 06pagyloT Uenb yTeuk! 3atsopa. [locTOREHAA Bpe-
MEHH penH yTe7lKH BHGHpaeTCA TakuM odpasoM, uto6W oma Ghja
MEOro Goaepme nepuopa koNeGaEMil 1/f, Ho HC HAaCTONBKO GoJAbIUOH,
4TO0H H3MelleHUE mONOXKeHHA paodeil TOYKM He OKA3HBAJNO BIAUAHHA
Ha xapaKTepucrmm CXEMEHI.
CralRansammo AMIINTYEH C DOMOmMEI) CXeMH YTeYKH B [eNH
3aTBOpA JYHIIC BCeT0 MOYKHO NOACHUTH, ofpaTuBmiMch K puc. 8-5, Ha
KOTOPOM [OKa3aH OpOllecC BO3HIKHOBCHNA KoaeGamuil. JleficTByloniee
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3HAYEHHE NPUBOAMMOCTH Y,x, KoTOpoe ompefensercs HAKIOHOM XapaK-
TeprcTurM [ = } (U,), 6oapwe npn Uy =0 u 6ucTpo ymempmaercs,

Oo Mepe Toro KaK HanpAYKeHWe CMeIeHUs Ha 3aTBOPe cTamoBHTCA Goaee
oTpUpnAaTeNbHEIM. Y PoBeHb HANPAYKEHHWA CMeIleHAA Ha 3aTBOPe ompe-
RexsieTca 3apANoM Ba KoHpencarope Cy, Tok uepes 3aTBOpP HpoTEeKaer

BO BpeMs NOJ0KUTENBHHX HoNYyNePHOJOB HANPsKeHUA Ha 3aTBoPe M
sapsiraer KoHpeHcarop. Baarogapa mocrosERo# BpemenE C3 Ry 3apaan
Ha KOHJEHCATODe CYMMHDYIOTCA, UadpsiKeHde CMeIeHHA HA 3aTBOpe
CTAHOBHTCSI OTPUHATENBHEIM M B pedyibTaTe CHMKaerca KoadduuueHT
nepegayR ycuauTeas. Ilpolecc IpojoaKaeTcs 10 TeX MOp, HoKa NPoBo-
OAMOCTD Y,y He CTaHeT TAXoll, KOTOpas MOCTATOYHA AJd LHOARepKaHUA
xoneGaguii ¢ mocroAnHoi aMOnnTynoit. I1pefNonoKuM Tanephb, 9To Kodd-
PuuuenT Nepeaun yMeHbUINACA, OJIHOBPEMEHHO C THM [OJIOKATEbHEE
nUKA CATHAJNA NMepecTanyr obecrneuuBaTh MOJOMHTEAbEOE HANpPFKeHUe
HA 3aTBOPE OTHOCHTCALHO HCTOKA H TOX 4Yepe3 34TBOP NPOTEKAThH He
6yzer, 3apap Ha kompemcarope Cy HauHeT ymeHbIDAThed, Gmaronaps

geMy OymeT CHH;KaThCA HaLps:KeHME CMelleHus Ha 3aTBOPe. JTOT IPO-
mecc GyaeT DPoAOMKATBCA Jlo TeX 1OP, MoKa mof AeHcTBlEM MOI0MKH-
TeNbHHX MUKOB HaNPAXKeHUA CHOBA He HAUHET IPOTEKATh TOK 3aTBOpa.
3aTteM nNpopecc crabuausHpyercA, HO yKe npl MeHBINeldl aMIaATYyle
Konebanumit,

PexkuM paboTH reHepaTtopa, HpE KOTOPOM HaIpAKeHHe CMEIeHHAN
HA 3aTBOPe NEPEeXoNUT 4epes YpOoBeHb OTCEYKH, HAZHBAKT DPeMEMOM
kaacca C. IIpu srom ToX croKa He GyneT HenpepHBHO OpPOTEKarh, HO
OGnarogaps TOMY 9TO Pe30HAHCHAHA CXeMa HMEET [0CTATOYHO BHICOKYIO
noOpoTHOCTD Q, HaIpA)KeHHe Ha CTOKe Gy/leT MMeTh CHEYCOUJANBHYIO
dopmy.

IIpeprsucmas zenepayus. Korga npoucxogAT IrCHepUpoBaHHE Ko-
NebaRUE ¢ DOCTOAHHON aMIIETYN0ll, TOCTOAHHAA BPeMeHH TAKOBA, YTO
KOJIM9eCTBO 3apPAMOB, YTEKAOMAX ¢ KOHAEGHCATOpa B WHTEPBAalaxX Bpe-
MeHN MeKIY IOJOMKATENLHBIMII IAKAMU HaNpA)KeHUA, TOYHO PaBHO KO-
JH4eCTBY 3apALOB, UOCTYNAKIMX B KOHACHCATOP BO BpeMA MPOTCKa-
HUA TOKA zarBopa. Ecau gJocToAHHAA BpeMeHM U aMIANTYAA CUTHAAA
CIUIIKOM BeJHMKM, TO B KOHEEHCATOD ¢ TOKOM 3aTBOpA Oyner mocrymarh
KOJIM4ECTBO 3apAfOB 0ONbiiee, 4eM KOAWYeCTBO 3aPANOB, CTeKamllee
¢ KOHAEHCATOPA B HHTEPBANaX MeM/TY MUKAMH HanpdKeHusA. B peayias-
TaTe STOr0 OTPANATENbHOE HAIIP AYKEHUC CMemesN A Ha 3aTBOpE MOJEBOTO
TpaH3ucTopa GHCTpo BospacreT m 3akpoer ero. Tox CToKa IPeKPaTHTCA
B koneGaTenbHHA Dponecc He OyneT nofgep:KuBaTheA. Jlamee koHpeH-
carop HAYHeT HOCTelleHHO 3aPAMKATLCA Yepes3 Pe3lCcTOD yTeYKH B 1enu
3aTBopa, HaNpsKeHWe CMelleHUs GyneT cHIKATBCA, TOKa CHOBA He HAaY-
HeT IpPOTeKaTh TOK CTOKAa W BHOBb He BO3HHKHYT KoneGaHma. Takue
HUKAE TOBTOPAIOTCH, W TeHepupoBaHIe KoneSaHEuWil 0CYIIeCTBIACTCAH
OPePHBHCTHIME MMIYJABCAMHA, ¥ CIOBHA BO3HUKHOBeHHA IpPePHBHCTHIX
KonebaHuWit 06HYHO MOYKHO yCTPAHUTE NYTEM NPaBUJILHOTO BHGOpa Mapa-
MeTPOB Lenn yreukt. Ecau remepatop HCnoar3yeTcd B pailMuonpEeMANKe
B KagecTBe reTepo/luHa, TO OpuMeHeHTe Pa3BA3HBAOMEro pesNcTopa,
nmMemollero 6oaAbWOe CONPOTHRIECHIIE, HOMOTAET YCTPAHATH NPEPHBUCTYIO
reHepanuio. 3TOT Pe3NCTOP NPHBOIUT K YBeJUYeHNIO NANPAKEeRHA ACTO-
Ka OpH yMeHbIIeHUI! TOKA 3aTBOPA H, ¢NefoBaTelbRO, K C/IBUTY Halpd-
HCHUA OTCEYKH B CTOPOHY 0oilee BHCOKWUX OTPHUATENAbEHX Hanpse-
HUM,

8-4. OBIIAE CBEINEHHA OB LC-TEHEPATOPAX C OBPATHONR
CBA3BIO

LoabpmuAcTBO NPUMEeHAEMHX IeHePATOPOB 110CTPOEHH DO CXeMe o
pe3oBaRCHHIMU KOHTYDAMZ B (el CTOKa U B Ilefl 3aTBOpA, KaK MOKa-
3aHo Ha puc. 8-6. Ha srom pucymke mgoOpakeHH TOJBKO LENU mpo-
XO)/leHuA curgana. O6paTEam cBASE ocyllecTBiafercd depes eMKOCTh

e
I . Cse
|

Puc, 8-6. CxemMa regeparopa C¢ pesoHAHC-
HEIMU KOHTYPaMH B IEId CTOKa ® 3aTBOPA.

7
RMEME
MOKAY cToKoM u 3aTBepomM. Ha puc, 8-7 noxaszaHku uetkipe MEPOKO OPHA-
MeHAeMEle CXeMHE TreHepaToPOB, KOTOPHE ABJAKTCA BapHaHTAMH OCHOB-
HOft cxemel Ha puc, 8-6. [{1A Ka)knoil W3 9TUX cXeM 3fech NPHBeleHE
$opMyan, onpelenAOe YACTOTY H YCIOBUA CYNIECTBOBAHUA KOJ6-

‘OaHmit:
OJi8 eMKOCTHO#l TpexTouku — cxema HKoamutpa (puc. 8-7, a)

1 YyouC,
o _ . _Jomba |
(04 I CICZ ’ yZlﬂ Cl ’
C1+C,
OJA MHLYKTEBHO# TpexTtouku — cxema Xapraes (puc. 8-7, 6)
P 1 .y, = Yeua+M)
(Li+L,—=2Myc* 2 Lo+M
".i ) M ‘,,E ]
) <> LZ\/ L,
r—-—“—"—“——' e L, =¢C
C 2 !
o L G il
VAAY T
%) 5) 8)
M
=C L, L, Puc, 8-7. Uertblpe cxeMH TeHEpaTopoB,
KOTODHE IpelcTaBasT coboit BapUaHTH
2) ocHoBHofi CxeMH Ha puc, 8-6.
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ANA CXEMH C KOATYPOM B menm satBopa (pmc. 8-7, &)

M S S S (v
C=rca—a Y= Vm (1—A+C”>'

rie R — mociegoBaTelbHOE OMHUECKO® CONPOTHBJICHE® LlepBHYHOM
obmotkn tpamcopmaropa; A = RY,yulL,/Ly;
LJA CXeMBbl ¢ KOHTYPOM B melR CToXa (puc. 8-7, 3)

1 L
IC i You= Wl (Yoon+G),

2

@

rie G — WYHTApYOIAA IpOBOMAUMOCTL DE3OHAHCHOTO KOHTYPA.

Temepatops ¢ TpaEcdOPMaTOpHOHA CBA3DLIO IMPOKO LPUMeHAOTCA
B pajiOIpHEeMHIKAX B KadyecTBe MeCTHOTO I¢TepoflHA. [eHeparop ©
KOHTYPOM B Ienn CToKa o0lajgaer HEKOTOPHIMH NpPEHMYIIECTBAMII 10
CPaBHEHHI0 C TEHEpaTopOM C KOHTYPOM B nenn sarsBopa. Ero cxema
6uaee yeToituiBa K Bo3fieiiCTBIIO mMYMoB, odecmeunBaeT GOMbIYIO aMIlIH-
TY/Y BHXOJHOTO HAMpPAKEHNA, C MEHDbHINM UNC]I0M TapMOHIIYECKIX cOo-
craBaAonnx, OfHaKo TeHepaToOp ¢ KOHTYPOM B 1leny 3aTBopa jact Gonce
TMOCTOAHHY0 AMIVINTYHY BHIXOMHOTO HAUPAKEHIA HpI NCPECTPoiine
B [uamasoHe YyacToT HacTPofiku. JIng NpuMCHEHMS B pianasoHe BHCO-
Kux gacrtoT (o 300 MTm) mpeguourtenue ofblyHo oTAAKT reECpPATOPY
Hoxontua, XorA 11 cxeMmy Xapraes Tawske MOKIO 1ICHOMb30BATh HA uac-
Totax Gomee 40 MI'n. JIaA oupepederud yciowuii paGothi 3THX ABYX
cxeM cylnectBylor ofuine crocofGul. llepsHii coctonr B ompegeneHnd
ycaoBnil, mpu Kotophlx Ko3dduilneHT nepeiadn B KouType Opll pazomK-
HYyTOH uemn ofpaTHoli CBA3I PaBCH CAMUNIE, a BTOPoil — B ompeje-
JCRHMY Y3J0BHX 1 KOHTYPHbLX yPAaBReHN M MPUPABHNBAHNG Ouje-
mgeadreneil oTux ypabuemnii HyJdI0 (KPaTKMe CBemenitst o6 olipespesire-
JAX u3JNoAKeHH B upIvoxkerdn A). 00a cmocofa IIIMOCTPUPYIOTCA ABY-
M#A mpunMmepaMmii pacueTa, KOTOphle MPHBOATCS alee.

8-5. TEHEPATOP C KOHTYPOM B LIENIU CTOKA

Ha puc. 8-8 oxasaHb! IBe 0CHOBHHE CX€MH relepaTopoB ¢ KOUTY-
poM B uel cToka. OHI pasiaHYalOTCA IUIBG CNoCcOGOM Tojaul HAIPAKe-
HHMA NUTAHUA K CTOKY TpaH3HCTopa. B cxeMe ¢ mapanmenpHEIM HOJLKIIO-
YeHHeM HCTOYHHKA MATAHHA PC3UCTOP R OTAeJAeT CTOK OT IICTOYHHIKA
TNMTaHKUA, HO OPH ITOM ymeHbIIaeTCA HO6POoTHOCTE Q KoHTYpa. Eme ontfo
TMOMOKATEIbAOC KAYeCTBO 3TOf CXEMHl COCTOMT B TOM, Y4TO KOHJEHCATOp
Hactpoiiku C; npHCOeqNHAETCA HENOCPENCTBCHAO K 3eMie.

[lpruuAnBl DpoeKTHpoBanuA. Jad onpefemedus ycaobuil paGoTnl
CXCMbI reHepaTopa Ha puc. 8-8, 6 ncmoabayem ee MAJOCHTHANBAYIO 9KBHU-
BAaJeATAYI0 cXeMy (puc. 8-9), rae mposogumocTh G MpPeNCTaBIARET NO-
TepH B pe30BAaHCHOM KOHTYpe H mapaiaiaexrbHoM peauctope R. CocraBim
YpaBHReHNA [JIA Y3JOB cXeMbl, CYMMIDPYR BXOjRINHMe H BHIXOZAIINE 113
Y3J0B TOKII: '

-—leu3=uc()'2m+sc —{—G—{-i/sLl); (8-10)
, M
”aux'———s‘u‘(}:"‘fl’ ug, (8-11)

Hcxnouan maunpA:kenue Ug, LOAY4aeM:
. L , 1
— }zmu3=—— —1‘% <Y22“+SC+GT- m) UBbiX»
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JaAa nofnep:aHuA pexiMa Konebanuil HeoGxomumo, ITo6H BHXO-
Hoe HanpA;ieHWe OHJIO PAaBHO BXONHOMY, T. e. KoaddunmeAT mepepadn
KOHTYpa ofparHoil CBA3HN NoMHKed GHTbL PaBed eHHHNS B L, . = Ug,

+U +UT

R

(3 R[] Cs

-

= C--;E ’)_)

Puc. 8-8. Cxemn ¢ napalieilbpbiM (a) H WociegoBaredbHHM (6) moa-
KII0UeHHeM HCTOUHUKA MUTAHMA X TeHepaTopy ¢ KOHTypoM B Iemn
CTOKA.

TakuMm o6Gpaaom,

M 1
I Yo+ Yoou+sC +G+S—L‘=0
nan

—sMYouu+sliYoou+s2LC 4-sLG41=0,

ITogcTaBaAR s = jo, Doaydacm:

~ L, C+ 14T (L Yagn4- LiG — M Yoyu)=0. (8-12)
[IpupaBanBafg Hya10 peajbAyH0 U MAMMYIO uacTH ypaBHeHNA (8-12),
noJyyaeM:
@ =1/(L,C); (8-13)
L
Your= 3 (Yau+G). (8-14)

TakuM oGpasoM, crucrema Oyner TeHepupoBaTh KoaebaBnA Ha gac-

;_ €CIH NPOBOJHMOCTb Y,y PaBHA ﬁ(le—{-G), B mo-
2V I,C’ M

cicndEee BhpaKeHHe BXOJNT B3aNMHAA HHIYKTHBHOCTHL, M Koaebamug
6ynyT MMeTb MeCTo TOIbKO B TAKOU cXeMe, B KOTOPOH HeT moJHOTO HH-
BEPTHPOBAANIA curHAza, Pe30HaHCHHI KOBTYp MOJ/KEH HMeTh BHICOKYIO
mobpoTHOCTh JJR TOrO, 4To6H CcBECTHM [0 MHHIMYMA TrapMoHIfdecKue
COCTABAAKIE, T. €, YCTPAHUTh HCKaMKeHUA CHHYCOWgaibAOil (opmMu
cHTHaJa, Ii COOTBETCTBEeHHO KaTymkKa L, fosyKHa wuMeTh [OCTATOYHO
oAby MEAYKTHBAEOCTE. UHAYKTHBHOCTS KATYIIKH B neltw 3atBopa L,
nosskaa GHTH HecKoJbKO MeHBIUe, yeM L, ¢ Tem yTo0H ee Pe3aoHAHCHAA
yacToTa C YYeTOM Hapa3l’lTHOi'I eMKOCTII Oblsia 3HAYUTEJEHO Bbllle YaCTOTH
KoJleGaHMNW TeHepaTopa. B mpoTiBHOM CJlyuae BO3MOMKHO YMHOMKellle
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4acTOoTH. JINA HpaKTHIECKAX ueleli OTHOmMeHMe 4HCJAA BATKOB KATymeK
HOJDKHO cOCTaBAATH oT 1/3 o 1/2 (oTHOmMeHHe MBEAYXTUBHOCTEH OT 1/9
no 1/4). Uto6u ofecneunts HeOGXORMMYK B3aMMHYIO MHJYKTHBHOCTD,
HaJi0 OpefycMOTPeTh BOIMOMHOCTD peryaupoBkn koadduunerra cBasm.
OcHOBHHE pTanHl HpOoeKTApOoBaHHA LC-reHepaTopoB Ciaefylomme:
1. PaccunraTh HERAYKTUBHOCTH, KOTOpaA ofeCneuuT reHepHpoBaHNe
KoneGaunii B TpefyeMom nuanazome dactor. Ecan emxocts C He 3ajiaga
(kaK »TO gacTo OGHIBAeT B CACTEMAaX C MmEpPECTPONKOR YaCTOTH), TO OHA
AOKHA GHTH BHGpaHa ROCTaTO4HO GoNbmOf, 4TOGH MHHMMI3MPOBATH
BIHAHME UApasuTHOH eMKoctH. ORHAKO €MKOCTh He AOJKAA GHTH Ha-
CTOJNBKO BeIHMKA, YTOOH He NPHBECTH K 3HAYATENbHOMY YMEHBIICHHIO
pobporrOCTH Q cHcreMH. Bhcoxaa 106pOTHOCTH 1O3BOAAET YCTPAHUTH
HeGJaronpuATHEE BO3JeHcT-
U - BuA Ha $opmy KomeGaHMIl u
J_ crabuabHOoCcTs 4acToTH. Kak

mpaBHAO0, OTHOMEHHE GL/C
{ BrOHpaerca nopagka 108,
GC L1 LZ uhlx 1Y pAn
Ki obpartHOil cBAau BHOpaTh

iaw

2. Yucao BUTKOB KaTyIl-

Yottty o
pUMepHO PAaBHEIM HOJOBHHE
= Yncia BHUTKOB HepBHYHOM
Karymru (L, = L,/4).
Puc. 8-9. MaaocursaabHaf »KBHBa- 3. OneEnts OOJHYIO

JeHTHaA CXeMa TeHepaTopa ¢ KOHTY-  npoBOMMOCTH, MYHTHPYIO-
poM B nenu croxa (pmc. 8-8, 6). IV DPe30HAHCHHI KOHTYp,

i OmpeReAdTh B3aMMHYI0 MH-
AYKTHBHOCTH M, MCHOJB3YyA BeIMUMHY Y,y HOJMEBOTO TPaH3HCTOPA,
0o ypaBHeHHIO (8-14).

Bubpars compoTuBleHue peancropa Rz. Iaa paboTh B gnana-
30HE CPEMHHMX 4acCTOT 9TO COLpPOTHBIEHHMe MoOer OHTH mopAnKa 1 MOwm
mpu paboTe ¢ NOJEBWM TPAaH3HCTOPOM € 3aTBOpPOM Ha p-n Oepexofe,
HOCKOABKY 2TOT TPaH3HCTOp MMeeT HeGoJBmOR 00paTHHI TOK HaCHIIe-
muA. EMxoctb C3 BHOHpaercAa taxuM o6pa3oM, uroGH noctoArHaAA Bpe-
Meru C;R; Omaa sHaunTeaAbHO Goabiie nepmoma Koaebamwmil.

IlprMep npoextnpoBamma 8-1. Tpebyerc paccumTaThk reHepatop
€ XOHTYpPOM B menn cToKa, paboratomyii Ha wactore 1 MTIy.

BrGepem nonepoii tpamamcrop tHna 2N5458, mapamerp Ygu KO-
goporo cocraBaser oT 1,5 no 5 MCum. =

Ecau Bubpars L = 200 MxIl'®, T0o eMKocTs KOHTYypa Gyfer paBra:

1
C—W——izﬁ,s od.

ITpu paGore ma durcupoBamHOIl wacToTe HAcTpofiKa KOHTYpa HA
3alaHHYI0 Pe30HAHCHYI0 YaCTOTY MOMKeT OCYINeCTBAATHCA IpH OOMOIIH
feppHTOBOTO cepHeuHMKA.

@ 4Tpeﬁyenaﬂ B3aMMHAA MHAYKTHBHOCTL oupefeafercA u3 $opMyan
-14)
L
M= Y. L (Yaau+G),
210

rge G — BeaEIMHA, OOpaTHAA AWHAMHMYECKOMY COODOTHBIEHMIO KOH-
TyPa, KOTOpOe paBHO WPOHM3BefeHHI0 JoOpOTHOCTH Q M CONPOTHBICHNA
OlHOH M3 BeTBelt KOHTYpa, T. €. QwL.

Ilonaraa @ = 100, moaydyaem: QoL = 62,8 xOmn G = 15,9 MxCnm,
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MunaumManbroe smaucHRe mMapaMerpa Yoy, maa BGpaHEOTO TpaH-
sucropa paBHO 50 MKCM. Torga Yeu + G ~ 70 MKCM u M ~
2.107%.70.10"¢
10-3
Ecan L, = L;/10, 1. e. 9ncio BUTKOB KAaTYMKE L, paBHO npu6IR-
suTeanHo 1/3 dncaa BUTKOB Karymiku L,, TO I/LIL2 =63 mxl'm.
Teneps Mo:xHO Hafith Kosddumuent cmaAzm:
. k=—L=0,22.
VLI,

Taxoit xoaddHunenT cBA3M MOMHC HOAYIHTH, OCIH BTOPHUIHYIO 06-
MOTKY HAMOTATh HOBepX 4YacTH HNEPBHYHON O0OMOTKH.

TaX KaK TOK 3aTBOpa, CMENIEHHOTO B 06paTHOM HAIpaBIeHHH, MaJ
(mnpuGanzurensro 107" A), conpoTuBaeRne peancropa Rz B menu zarBopa
Moxer Guth Goapmuy. Ecan BHfparb CONpOTHBIAEHHE ITOTO pe3ucTopa
10 MOm, a emxocrs koHpeHcaropa 100 n®, tTo mOcTORHEHAA BpeMeHR
TaKOM memouxkm Oyner 3Haud-

TeJbHO 0oJbme NepHosa Kole- +108 2N5458
6amnit. OxoHuaTeJbHAA IpHE-

OMOHaABHASA CXeMa TeHepaTopa Themkr 100
nzobpakera Ha puc. 8-10. M

126,86 = 200 20
Mkl MK
Puc. 8-10. Cxema remepatopa 1
[Ia moJeBOM TPaH3UCTODe ¢ KOH- =
TYPOM B UelH CTOKa.

=14 mxlH.

8-6. TEHEPATOP ROJIITATIIA HA BHIIOAAPHOM TPAH3NCTOPE

Ilpu ucnoabzoBaHMH OWHIOAAPHKX TPAHBUCTOPOB HapacTaHHE KO-
neGanuii B reHepaTope OTpaHUUYMBAETCA AONYCTHMEIM HAanpsiKeHueM HA
KOJJIEKTOpe, T. e. 0DJACTBIO, T/ie KpHBRe pa3AMYHHIX 0asOBEIX TOKOB
cauBaTcA B offHy. C fipyroil CrOpoHH, npH OOJBMAX AMILIMTYRAX CHT-
Haja Halps)KeHie Ha KOJJEKTOpe MOKeT ROCTHTATDh HANpAYKeHUA HCTO9-
HAKAa OHMTAHMA, M B 3TOM CAydYae aMOJMTy[la CHTHaJa OrpaHHUHBaeTCA
ypoBHeM Orceuxkd Tpamaucropa., O6a yxazammex ¢axropa CHHHKART
koadduunent nepefaun TOXa TPaH3IUCTOPA W BHOCAT HCKAKeHUA B $0pMy
Konebanmii.

IIpenmymectBOo remcparopa HoanuTua cocTonT B TOM, 9YTO B HeM
HMeercd TOJbBKO OfiHA XaTymKa. Bmecre ¢ xoHmencaropamMu C; B Cy
OHA ompefieaAeT 4acToTy Koaebamuit remepatopa (puc. 8-11). Ecam
Karymxa L BHOOJHeHAa ¢ CepledHHKOM U3 KapOOHHABHOFO jKeieaa,
TO MOHO OCYIIECTBJAATH TOYHYI0 NOACTPOMKY 4acTOTH KoaebarHuil.

OcHOBHEIE NpHHUUOB NPOEKTHPOBAHHA FeHepaTopa ClEfyIONHe.

B HacroAmeM npuMepe YCAOBHA cyliecTBoBaHHA KoJdeGammii ompe-
HeNAITCA BTOPEIM MeTofioM, yuoMaHYTHM B § 8-4, B npubamxeHHOH
MaJIOCHTHAJBHOH 3KBHBaJeHTHO} cxeme, usobpaskenHoi Ha puc. 8-11, s,
G, npefcTaBafer NPOBOAMOCTE PE3UCTOPA B IeIIM KOJJeKTopa, a Gy —
BXOHYI0 TNPOBOJMMOCTH TPAH3HCTOPA C NMApPaNJCARHO NONKIIYSHHOK
Oenouxoil cMelyeHus. B otauume oT ODpefHAyllero caydas C OOJCBHM
TpaHE3NCTOPOM Ha 6azy GHIOAAPHOTO TPAH3NCTOPA KOMKHO GHTH NOfARO
NpAMOe CMeNCHHe, HHa4e KomeGaHMA He CMOTYT BOBHHKHYTH. Peancrop
B LeNE 9MATTepa He mMYHTUDPOBAH KOHAEHCATOPOM, MOITOMY TpPafA3HCTOP
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MOSKE( MPEACTABATh UCTOTAMKOM TORA. ”B/Ba ¢ BXOMRHM CONpPOTHBIO-
HEeM hy,IT;.

[Mpemedperaa paspenuTelbHOI] eMKOCTBIO KoHmeHcatopa (3, Ko-
T0pas M30aupyerT NOCTOAHHOe HANDMKeHAe HA KoluleKTope oT (asHl,
n o603Havad NPOBOANMOCTE HapPaJJIeNbHOTO COEJ|IIHEHHS: Pe3NCTODOB
Rpm I} uepe3 G,, 3aniuieM yPaBHEHUA JJIA KAMK/IOT0 Y3714 CXeMbl [yTeM

IprpaBHBaAHIIA BXOQAINNX W BBIXOIHAIIHAX TOKOB:

1 1
<61+scl+T) ugg— o 5 =— Yy, (8-15)
1 1
— v+ (S sCak Ga) iy =0, (8-16)

rne Yo = 1/R,.
OnpepgenuTenb 3alUChIBAGTCA B BUJe

SILC1Cy+ 52 (LC Gy + LCyGy) +- s (LGLGy + €1+ Cy) + G1Gp Yy =0

llonctapiasa B 3TO BhpaskeHNe s = jo M OPHPaBHABAA MAAMYIO
q9acTh HYTI0, MOAYHACH:
LC\Co/(C1+ C) LC,Co/(C1+Cy) !
nm npu C; = Cy = € w? = 2/(LC).

o

)

+U

Pnc, 8-11. IlpmEUNnRansHa® cxemMa reHeparopa Roanarua (az), Mamo-
CHTHANbRAA JKBABAJIGHTHAA cXema (6) M SKBUBAJICHTHAA cXeMa, B KO-
TOPOH HCKIIOYeH PasieluTeIbHHE KOHAEHCATop (s).

Adanornyestm  ofpasoM, npupaBHMBasi AEHCTBHTENBHYI) YacTb
HYJI0 1l fMoacTaBiasAA 3HadYemile w? ns (8-17), GyiueM materh:
g = GO+ GiC
21 Clcz ]
umt opn €, = Cy Yy = G, + G,.
Bxopguoe comporuBiaeHNe Rpy 3HA4MTeNbHO Ooabmie Rg, WO3TOMY
G, =~ 1/Rg.
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(8-18)

TakmM ofpasoM, B Caydae, korma €y = C,,

Yy = 1/Ry = 1/Ry -+ 1/Rg
1an

R3=RGRH/(RG+RR)- (8'19)

Bu6op mpunsucmopa. OCHOBHHEIM NIAapaMeTpoM, KOTOpHIE yduTH-
BacTcsa mpe Bebope TpaHaNCTopa, ABisgercdA OpejelbHAA FacToTa YCM-
JeHUA fpy;. OOGBHIIHO BRICOKOYACTOTHHE TPAH3NCTOPDH B TeHEpPaTOPak
¢riKcnposaEHOH TacToTHM ofecmeumBanT UacTOTY KoiebaHmi fo 1,25
frey, @ B mepecTpaMBaeMHX TreHepaTopax — oKodo 0,8fps.

OcpoBHHE 3TanH MPOEKTHPOBAULSA ClelyIOmHue:

1. Ucnoabaya BEpamenue (8-17), Bu6pars Bexuannw L, C; 1 Cy,
KOTOpHe Gyayr ofecmeuipaTh TeHepHpopabue KoneGamMit Tpebyemod
gacToTH. Ecam eMxocTH 0GOMX KOBJEHCATOPOB paBHM, TO yCTaHOBKa
HeoGxonnmoro Koad@uiHeETa YCHICHNS MOKeT OCYIIECTBIATLCA nepe-
MCHHBIM pe3rctopoM R,

2. Bufiparp couportuBieHna pe3ncTopoB R, # R,, uto0u obecue-
9ATH COOTBETCTBYIOINee HANIPA;KCHIE HA SMITTE[e, KOTOpPOe Oopeensier
TOK MOKOfM LOJNeKTopa.

3. BuiflpaTh conpoTHBJEHIe pe3NCTOPA B LieMil KONIEKTOPa, KOTOPO8
obecmeunt TpeGyeMyIo aMMIUTYNY HampAKCHHA Ha KONJIEKTOPe,

4. Paccuurtarhb CONPOTIBICHIE pe3ncTopa Ry, IPH KOTOPOM B CXeMe
6ynyr noapeps#nBaTbcs KojdcGaHNA.

IlpmMep npoexrmpoBamst 8-2. Tpedyerca paccuntaTh remepatop
Roaunrga ma Tpausncrope BC108, paGorawommil ma gactore 500 kIn.
Haopsikenne mcrouunka nurandns paBuo 10 B.

lnsa obecunederns cTabiiIbHOCTH 9acTOTH KomeGamnil He3aBECIIMO
OT KONIeKTODHO} eMKOCTH KOHIEHCATOPH B KOHTYPe MOJMKHBI NMCTh
CPaBHNTCIbHO GoNbmyl emkocth. Bubepem C, = C, = 500 nd.

N3 $opmynsr (8-17) momyuus:

L =2)(0*C) =100 mulE.

Bubop paboueit mouku, Ecan OPHEATL TOK KONJIEKTOpa PaBHLIM
1,5 MA, To npn R = 2,7 kxOm Hanps;KeHUe Ha KoJsleKTope Oyner okoo
6 B, [Ipmasas Rg = 2 kOwm, HalineM coumportuBiIeHNe R,:

Ry= RoRy/(Rg -+ Ry) = 1,15 KkOm.

Ecan conporupnenue R, COCTaBMTh B3 OBYX peauctopon: QHKCO-
poBaHHOTO 568 Om 1 nepemeruoro 1 kOM, TO MOMHO OCYIIECTBIATH
PeTyaHpoBKY aMIAUTYAH KondeGaHnii. [1pEAB HOMAHaAbHOE COMPOTHB-
aerue Ry paBEHM 1 kOM, MoiKHO HailTh Ga3omoe HanpsKeHie, KOTOPoe
HeobGxonmMo 1714 obecrieyenns Toka koanexropa 1,5 MA: Ug = IR, +
+ Upy = 1,9+ 0,6 ~ 2 B.

IIpreMneMuME COUPOTHBICHIAMH pesdcTopoB Ry ¥ R, Oynyr 10
B 2,2 xOM, npr xoropux Ry pasHo 1,8 kOM, a Uy = 1,8 B. Ua-za
OONOJHATENbHEX HeYYTeHHHIX IOTePb, TAKNX KaX B KaTyiIKe, COMpO-
THBJeHHE pesncTopa R, OGyAeT HECKONBKO MeHbIIe DACCYRTAHHONO,
€ YYETOM BTOT0 TOK KOJJIEeRTOPA OyneT mMeTh 3aflaEHOR paHee 3ma4eHIe,

Tak Kak B cxeMe HMmeercs runybokas oGpaTHas cBA3b, YCIOBHA
CYIIeCTBOBaHNA KoJcGaan# He 3aBICAT HENOC PeICTREHHO 0T NAPaMCTPOB
TpaH3HcTopa. CleloBaTeABHO, B JaHAOI cxeme moGoii TpaH3ucTOp Gyacr
paboTark BNOJZHE YIOBIETBOPHTENbLHO.

Ha puc. 8-12 noxasano, kxaxmm 0Gpa3oM Ans nocTpoeHUs TeEEPaTopa
MOeT GHTh HCHONL30BaHA CXeMA ¢ ABTOCMEHmEHMEM. XOTA 3Ta CXema
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6one6 upocras, mojoykeHme palouell ToukW B Helt Memee crafuanmo.
ToaroMy [l yROBIAETBOPUTENbHOR PAGOTH CxeMH 0GHMEO MpemycMaT-
PHBAIOT BO3MOKHOCTH HOACTPOlKH KompeRcatopos C; n C,.
Teaeparop Koammroa #a wmomeBom TpamsmcTope. Ha puc. 8-13
MoKasaHa cxema reHepatopa KoannTua Ha mosieBOM TPaH3UCTOPE € ABTO-
CMeMeHUeM. Y CIOBHA CYUleCTBOBAHHA KoaeGanuit B aToif cXxeme amalo-
TAYHH pacCMOTPEMHHM B LpeIHAYmeM MpuMmepe; Kpome Toro, 3Aech
OpoBogHMoCTh G, MOKHO CaMTaTh paBHoil Hymio. Taknym o6pasoM, You =
= G;. GoapinunacTBo TPaH3HCTOPOB YAOBJIETBOPAKT aTOMY TPeGOBAHHIO

Pnc. 8-12. Temepatop Koanurna, Puc. &13. Termeparop Koann-
B KOTOPOM cCMellleHIe OCYUIeCTBAA- na A M0JeBOM TPAaH3HUCTODE.
erci 6a3oBblM TOKOM.

4 Xopomo paloTaloT B cXeme reHepatopa. Ilpu BosHHKHOBEHUH KOJe-
GaBEMH OTpHUATEAbHOE HanpsKEeHHe MOCTeMeHHO HAPACTACT, yMenbunad
Y3u /10 3HAUCHN A, IPH KOTOPOM HOJJepKIBAETCA NOCTOAREAA AMIINTY-
na KonebGaHuii, OGHURO HA OPAaKTUKe AAA MOJIYYEHIA JyulleRr (opMbl
KoneOaHHii BMECTo Pe3ucTOpa R BXIAKYAOT KATYNIKY C AHYKTUBHOCTHIO
okoxno 20 mIm.

8-7. PESUCTHRBHO-EMKOCTHBIE FTEHEPATOPBI

Ha uacrorax no 10 MI'y ofpuH0 npepnounrarT mpuMensars RC-
CeHepaTopH, Tak KaK PesHcTOPH 1 KOHJCHCATODH G6onee ynoGHH no
CpaBHEHNIO C KaTyuikamu m Go-
Jiee MeIiCBH.

NwMerorcs aBa tuua RC-re-
gepatopoB: ¢ ¢azocnBurawmeil
nefloyKod B MOCTHKOBOTO THMA
(MocTuk Buma).

RC-cenepamop ¢ @asocdeu-
r ' * eatowyel yenouxkoti. B cxeme re-
= geipéa;ropa TaKoro THOa (pHC.

) . -14), ecau ycunutens nMeer
E):Kfﬁrgu}éfeﬁl?[gxf;ﬁg;imp ¢ daso- fGeckoHeuHO O6oOapIIOe BXORHOE
conpoTUBJeHNAe, BHXOnHOE CO-

ODOTABJIEHHe, DpaBHOE HYIO,
PaBHHE aKTHBHHE U DeaKTHBHhIE MapaMeTPH KOHIEHCATOPOB M PE3UCTO-
PoB, To yCIOBMeM CylleCTBOBAHHSA KodeGaHME OGyneT paBeHCTBo Koad-
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¢uunenta ycmnenna =29. Taxoe ycmnenme meoGXOfHEMO A KoMmeH-
capEn satyxaEusa B (asociBHraomei nemogxe. Mazopuii yroa aroil
nelloIKd Ba 9acToTe Koamebanuii panex 180°, a ycmauTens foinkKeH NRBOP-
THPOBATh CRTHAJ, C TeM 4TOOH o6muA cpBUr ¢asu mo BceMy KOHTYPY
6Ll paper Hymo. YacToTa KoieGamuit reEepaTopa ONpefieiAeTcHd BHpA-
JKCHHEM .

=RV

Tenepamop mocmukosozo muna. PeaKTHBRAA ¥aCTh MOCTUKA o6pa-
3yeT nemoukKy, KoTopasa Ha 9acroTe KoxeGaHHii mMeeT (a3oBHil CHBWT,
paBrH# Hymo. IlosroMy cxemy reHepatopa MOKHO MOCTPOHTHL B COYe-
TaHAH C HeWHBEPTHPYIONIMM YCHIHTEICM.

(8-20)

8-8, TEHEPATOP MOCTHKOBOI'O THIIA

TeHepaTOpPH MOCTMKOBOrO Tthoa (MOCTHK Buma) mupoxo npmme-
HAIOTCA B KauecTBe MepecTpaNBaeMHX TeHepaTopoB B [UAaMazoHe 9acToT
ot 1 1o 107 T, o cpaemenuo ¢ LC-rerepatopamMu oHM obecrneuuBaior
6osee mupoknit muana3oH nepectpoiiku. IlepecTpoiika YacTOTH MoKer
OCYHIeCTBIATECA ¢ LOMOMBI0 CIAPEHAKX MepeMeHHHX pPeaucTopoB, Kak
moxazaHo Ha puc, 8-16.

IIpnauMOos npoekTEpoBaHmWA. OcHOBHasA cXeMa TeHepaTopa MOCTH-
KOBoro THOA mTpHBeneHa Ha pHc. 8-15. Ecam pene o0paTHo# CBA3H
paccMaTpmBaTh KaK [eJMTenb Hamps-
JKeHUs, TO ee MepeNaTouHy® (yuKIHIO
MO’KHO 3amACATE B BHAe R

Ugpix R/(14sCR)

upx  R/(1+sCR)+ (1-FsCR)/sC t== 4
sCR 1 b—0

= 11 3sCR+ (sCR): |
— R ¢ Lgy uﬁa;x
mnR, obo3nauan T = CR, '1'

O

Upbix __ ST
Upx 1+ 3st4 (s
Venosuem cymectBoBaHHA Kode-
GaHuit ABNAETCA PABEHCTBO eMHHHIE
koa¢duuucaTa mepepaun B Komrype obpartHoii cBsam, T. e, AP =1,
rie A — KoadpunyueAT YCHICHUS YCUIMTENA,
[Tocae NOACTAHOBKH § = j@ HOJYIUM:

Ajot _
1+3jor+(Gon?

TipeoGpaayeM 3ro paBercTBo: w*t? 4 (4 — 3) jov — 1 == 0. Ecan
UpAPABAATEL HYIKH MHIMYI0 9acThb, TO

(8-21)
Puc. 8-15. Cxema reHepaTo
pPa MoCTUKOBOTO TEMA.

1. (8-22)

A=3, (8-23)
a ec/Id MPUPABHATH JCHCTBHTENBUYIO 98CTh HYINIO, MOJNYIHM:
w=1/1=1/CR. (8-24)

TakuM o6pazom, eciu yCunATedb AMeeT HyieBod ¢asoBHE CABHT,
GeckoreuHo Gombitoe BXofHOE COIPOTHBIACHUE U BHXOAHOE CONPOTUBIE-
mHC, PaBHO® HYIIO, TO KO3QQHOUEHT yCUIeRHA loji’KeH OHTH paBeH
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TpeM, a gacToTa koJMefaanit papra ® = 1/(CR). Tak Kak 9acTrora KoJe-

Gaumit remeparopo LC-rHna ofpaTRO UpPONOPUHOHANBHA Vic,
OYeBHJIHO, YTO MOCTHKOBHIE TeHepaTop ofecrmeyuBaer {ojiee MIAPOKHE
AHanasom gacror. Ilo aToli mpmuiAe B AafopaTOPHHX A3MEPHTENBHHIX
opnbopax mpennodnTal0T NPHMeHAsSTH TeAEPATOPH MOCTHKOBOLO THIA.
ITyreM nupnMeAeHRMA CIBOGHHHIX MepUMEHAEIX De3NCTOPOB B 3THX reme-
paTopax nerxo nepexpeiBaercsa guanazod gactoT 10 : 1. ITpakTuaeckn
OEIBaeT TPY/HO NOJAYYHTH XOPO-
Hiee COTJACOBAANE PpE3UCTOPOB
BO BCEeM ju1aliazofe MepeCcTPOMKA
n ofecneunts Geckomeumo Goab-
moe BXOAHOE CONPOTHBICHHAE
yeanatead. Kpome toro, xoad-
dunuenT YCHIEANA YCUJIATENR
MO3KeT H3MEeAATHCA C 4acTOTOH,
OODTOMY MOYKeT 0Kas3aThbCH, 4TO
B HeKOTOPOil TOYKe HMaNa30Ha
IepecTpoilkil YCJOBUA CymM(ecT-
BoBaBHA KoJdebamuii ne Oynyr
ynoBaeTBopATECA. YT00H 3TOTO
Puc. 8-16. Cxema remepatopa Mo- He CJIY4YHJIOCH H He NMPON3OMeN
CTHKOBOTO THOA C MOCAE/0BaTeNbNO-  CPHIB Koaebamnit, o6rumo B yer-
napaaneasEoil ofpaTaOil CBA3BO. POIiCTBO BKIKYAIOT Wenaeiiasl
97€eMenT, KOTOphii meiicTByer Ta-

KuM oGpa3zoM, 4TOOH HmOIePIKH-

J_ BaTh KO3PPNULUEEAT yCUIeAUA Ha

3300 Beo6XoaMOM YPOBHC,

OcmopABle 3TANHl ITPOEKTH-
POBAaAUA YeHEPaTopa ClAegyio-
mue:

1. Paccyurathk CxeMy Heua-
BepT APYIOIIET0  YCHAUTEJR ©
Koad duIIeATOM YCUJIeHAA, PaB-
HLIM TPOCM.

2. Tlo opmyxne (8-24) pace
caurath napamerps C ¥ R, KoTO-
pule obecnedAT IMOJYYcHANE 3a-
NaEA0H 9aCTOTH MM AManazoda

Prc. 8-17. Cxema remepatopa mo-  9JaCTOT. ..
CTAKOBOTO THIA CO crabuansammel 3. BuGpars HeaBneimm
AMITHTYH C DOMOIBK TepMope-  PMIGMEET JLIA crabmausanun ycu-
BUCTO pa. MEHNA, A& CJef0BATEABHO, IR
coxpaHemm YCIOBHU CYINECTBO-
BaHNA Korebawuii.

NprMep npoexrmpoBaEmsa 8-3. TpefyeTcA paccImTaTh reHepaTop
MOCTHKOBOTO THIA, MepeKpHBAOmu# nuanasoa dactor ot 1 1o 10 KT'u,

Yeuaumens. ITpocTeiimeil cxeMoil ABIAETCA CHCTeMa C IOCJefi0OBa-
TeaBHO-Tapanie b0l 06paTHON CBA3BI0, B KOTOPOil MCIOJAB3yeTCH one-
pauvoRHHil ycmamMTteas. Hax Bmpmo B3 puc. 8-16, opm R, =2R xoad-
$uuNeRT YCHJIEHRA, 3aaYeANe KOTOPOro o0paTHO Koaddmumernty ofpar-
Hofi cBAsn P, paBem Tpem. Takmm ofpasoMm, gaEHasa cmcrema Oymer
paboTaTh KaK yCmaAHTeab HANpmyKennf ¢ 0OAbIUM BXOJHEIM CONPOTHB-
JleAlieM, MAJHM BEIXOIHEIM CONpPOTUBJICHAEeM M koadPUuHeHTOM Hepe-
Haum DO HALPAKEANIO, PAaBAKM TpeM. C TOUKA 3peEMA BeobXommmoit
LOJIOCH NPONyCKaHUA B JAHHOM ciyuae DOZXofAIAM Gyfer omepauiion-
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Al yemnarens o6mMero nasgageHnA THNA 741, Tak Kak ero monoca m)
B8MKHYTOH uenn ofparHON cBssm cocrapiser 1/3 OT 3maueHAA MOIOCL
IPA eEHAYHOM YCWJIEHAHM B paBHA mpmbamsnrensro 300 kl'u.

Hacmoma. IIpepnonoKam, 9o COOPOTHBICARSA CABOCHHEX PO3HCTO-
pos pasan 50 kOM. [Ipr MakcAMaabHOM 3HAaYeHAN R HamMeHbIIas dac-
ToTa redeparopa pasga 1 kl'u. Torma € = 1/(wR) = 3184 n®. MosxrO
BHOpaTe CramaapTHyo emrocTh 3300 nd.

Cma6uausayus ycusenus. ag TOro uTo0H DOAAEPIKABATE HOCTO AH-
HYIO aMOIATyLy KomeGammil BO BCeM AnanazoHe IepecTpPONKH, HeoOXo-
AMMO OpenyCMOTPETh BO3MOMKHOCTH ABTOMATHYECKO# peryJHpOBKH BHI-
NOJIHeHMA YCAOBRH CYyIecTBOBAaANA Koaebarnit, DTo Mokao0 ofeclednTs
HpAMeHeRReM TepMopesncropa (pmc. 8-17), KOTOPHi umeer Goabmoil
OTPHMuaTeAbAHI TeMOepaTypHH# Koaddmuuent conpormeBienna. Ecnm
YPOBEeHb CHTHAJA YMEABIIAeTCA, TO CONPOTHBIEAME TEPMOPE3ACTOpA
Bo3apacraet B Koadduient o6paTHoii CBA3H yMerbIlaeTcA. JT0 IPABONAT
K NoBHIea®w xosddrnuenta ycniesMmA YCMaNTedAd, 0aarofapr deMy
BOCCTAHABABBAETCH HCXOJHEEN ypOBeHb CHTHANIA. TepMOpe3ncTop, UuMelo-
A B X0JO/IEOM COCTORAEUNA CONPOTNBIERHE 0K0a0 10 ROM, XOpomo pa-
Gortaer ¢ pesHcTopamMu R, u R,.

8-9. ABTOMATHYECKAS PECY.INPOBKA AMIIJIATY/IbI
KOJNEBAHAN

Ha pnc. 8-18 mokxazaa eme opun cocol crafnansaunnm ycmiaerus,
IToneBoil TpamsHCTOp B 9TOM cXeMe MCIOJbL3YeTCA B KaueCTBe Odjie-
MeHTA ¢ IepeMeAHAEIM CONpoTHBIAeAueM. BHXojBOoe HanpA)KeHMe Tede-
partopa IocJae JeTeKTHPOBAHMA CTIAKHBAETCA I1 B peayiabTaTe BHpaba-
ThIBAeTCA MOCTOAAAOE OTPHLATCALAOE HanpsKeAne, IPONOPOHOHANBHOS

ol

6,8 Ry
e, 100K
Rs Yemanobka amnaumydor

+158

Puc. 8-18. [IpnMeneAne mOJIeBOTO TPAaH3ACTOpDA B KadeCTBe MepeMen-
HOTO COIPOTHBICHHMA [NA ABTOMATHIECKOH peryJMPOBKA AMIJIHTYMH.

aMIIETYAe KOoaeGaBHii. B MOMEHT BKJIYeHAMA TeHepaTopa yIPaBIAio-
niee AaUpAKeAHe PaBHO HYJI N CONPOTMBJEHIEe KAalHaja NOJeBOTO TPAH-
3HCTOpa MHAMMAALNO, GaarogapA deMy ofecrmeuuBaerch caabana obpar-
Had CBA3b H, CJHeJl0BAaTeAbHO, GOAbIIOe ycuaeHme. AMOauTyfAa Koiae-
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6anmii HapacTaeT 0 MaKCHMAJBLHOrO 3HAYEHHA, PABHOr0 HANPAKEHNIO,
YCTAHOBJEHHOMY HA MepeMeHEOM peaRcrope R;. PeaRcrop perynimpoBkm
o6paTHO# CBA3BH yCTAaHABIHBAeTCA HA MAKCHMYM, ODH KOTOPOM ele cy-
MeCTBYT KodefaEAA, B 5ToM DONOKeERE K HONEBOMY TPaH3HCTOPY
MPHJIOKEH0 MAHAMAIbEOE Hampf;KeHHe, Gmaropapf ueMy HANpsf:KeHHe
MEXJIy CTOKOM B MCTOKOM He BHIXOIUT 3a Npejesn, OpPH KOTODHX JOJe-
ol TpamaucTop paboTaer Kax JRHediHOe coumpoTtuBiaeHde, (B cxeme
Ha pEc. 8-18 510 BampsixenHe HecKonbko Hmke 1 B). Takmm cmocoGom
MOKHO 00eCHegATh HOCTOAHBYK) AMOJIMTYRY BHXOJHOIO HAUPMKeHUA
BO BCeM [Halla3OHEe BIJIOTL [0 HACHIIEHWA YCHJIBTeNA.

NpeEunyms mpoekTupoBaErA. EmkocTh xonntencatepa Cy B compo-
THBJIEHUe peaucTopa R, BhOupaioTcs TaKuM 06pa3oM, 9To6H reHepHPO-
BaEUWe KomeGamm# ocymecTsisanoch Gea CymeCcTBEHHOTo ciBHTa (ask
¥ 3aTyxammA, T.e. C;R; = 10/(2nf), roe f — BauMeHbmAA dacToTa
KoneGamuil.

ConpoTunneEre pesuctopa R, BHOApaeTcs DaBHHEM CONPOTHBIE-
BUK R; Omaropapa yYeMy OTpDUuATeJbHEE AaMOJIUTYIE BEIXOHOTO
HAODPSKEHEUA CPABEUBAIOTCA ¢ OOODHEIM HaOpAmeHHeM, CHUMAaeMEM €
nepeMeHHEOTO pe3uctopa R;. B peaynbrate aMnauTypa KoaeGamuii reme-
paropa ycTaBEaBJNBAeTCA DaBRON ODODHOMY HanpAKeHWI0 OYTeM YBe-
JIUYEBUs WM yMeHbIieHWA CONDOTHBIEGHHA HOJEBOIO TPAH3HMCTODA.
N3ameneHne manpA;KeHEUs HA 3aTBOPE HOJEBOro TPAH3UCTOPA HEBENHAKO
BO BCeM [ANAaOa3oHe aMIIHTYJ, BHIXOJNHOTO HaOpskenud. PeaxbHoe BH-
XO0[HOe HaOpDA}eHHe reHepaTopa OyneT BHIIe ONOPHOIO HA BelBYHHY
najgesusa HAaOpAMeHUA Ha OTHpHTOM niope.

EmMxocrs KompeHcaropa C, pomkHa Guith jpoctatoymo GompmoH,
9T00H Hamps;KemMe HA HEM He W3MeHAJIOCh 3aMeTHO B TeU¢HHe NepHosa
Konebanui.

Bonee TOYHOTo peryJiApoBaHEA aMOAMTYAH KoaebaHuil MOMKHO 10-
CTHYD, €CJIR MejK/ly CPABEUBAIOINMMU Pe3RCTOPAMH ¥ 3aTBOPOM HOJIEBOTO
TPAH3UCTOPA BKJIYATL HEMHBePTHUDYIOINMA yCHANTEND BAODAMCHAA ¢
koadduurenToM ycuaenua okoao 10. Baarogaps stoMy yBeIRYUBAETCH
Ko3dduuuenT mepenauu B KonType peryidpoBaEWA M HOBHmAae1cA Ou-
crpogeiicteue. Pesuctop comporBeiaenueM 10 kOM, BKIKOTeHBbIH MeKAY
BHIXO/IOM TeHEpaTopa W CTOKOM HOJEeBOI0 TPAH3HUCTOPA, OTPAHHYABAET
TOK OPE OOJ0KHTEJbHOM HAODMKEHAE HA 3aTBODE.

8-10. CTABHJIBHOCTDb YACTOThI

Ecar koaddrumnenr mepepad® B KoHType oGpaTHOH CBASH paBer
enMERNE, TO 9gacToTa KonmeGamMi cooTBeTcTBYeT (azoBOMYy CABATY WO
BCeMY KOBTYDY, paBEOMY By, Ecau remeps namegrTs $asoBHit CABUD
ycunmarena A, 1o wacrota KoneGaHU{l aBTOMAaTHYeCKH H3MeHUTCA Tak,
910 o0mmit cnBET dasm cHOBa CraEeT PaBHHM Hymo. ClenoBaTeinbao,
JUIA TOAJEPHAHAA BHCOKOH CTAGRILHOCTH JaCTOTH HEOOXOAHMO HCMOINb-
80BATh CXeMy, B KOTODOH HeGOAbmIMM W3MEHEHHAM 9acTOTH COOTBeT-
cTBYI0T GonbmBe uamemenuna $a3oBHX yriaoB. Taxum cBoitcTBOM ofiaa-
AAl0T pesoHaHCHHe L(C-cXEeMH, ¥ OHO yAy4mlaeTcs ¢ BoapacTaEMeM [106-
poreOoCTHE Q. Ha puc. 8-19 maobpaskeHa SKBABAJEHTHAA CXeMa KPHCTAJIA
KBapua, TANoOBaA noGpoTmocTh Kotoporo B 1000 pas upepniuaer mo6-
potEOCTE LC-KoBTypa npu paGoTe B ofMEAKOBHX ycaopuax. Ilo aroi
UPYYHHEe KBapUEBEe KPUCTAIIE OPHMEHAIOTCA B TeX CIAy4YasX, KOTMA
1pebyercs MoaydETH QEKCADOBAHHYK 4YACTOTY € BEICOKOH CTaGHIb-
HOCTBIO,

292

Npocras cxeMa remeparopa ¢ kBapmeBolt eraGunmzangeii TacToTHI.
B cxeme remepartopa, HaofpaskeHHo# Ba pHc. 8-20, ofpaTEAaA: CBA3D
€O CTOKA HA 3ATBOP OCYMECTBIAGTCH YePe3 KPHCTAJU KBAPNa, KOTOPHMH
onpebAfeT 9acToTy KoneGammii. 3Ty cXeMy MOKHO PpaccMATPEBATh
Kak MogudmpmpoBaHHui remepatop KoxmmTna.

L R Cs

Prc. 8-19. DxBHBanemTHAA CXe- I

Ma KpUCTaNia KBapua. Cs

dTanH OpPOeKTAPOBAaHAA mono0HON cXeMBl BeCbMa IPOCTHL.

1. Bubparb Kpucraii kpapua Ba tpefyeMylo gacToTy.

2. BufpaTb aneMeHTH yTe"Ku B uenod 3arBopa. Tok 3aTBopa mo-
JeBOTO TPAHZMCTOPA OYeHb MaJl, HOJTOMY CONDOTEBIEHHE pe3ucTopa
MoeT OuTb GonbpmuM, ofuuHo B npepenax or 1 go 10 MOum. Ilpm pa-
Gounx gacroTax B Auamasone 1 MI'y eMEocTh KOHpeHcaTopa BHORpaeTcs
okono 100 n®. Tpu moABlIeEMA OPepHBACTOH redepaildy HeoGXOonAMO
YMEBLIOIMTE TOCTOAHHYI0 BpeMeHR CR-uenmH yTeukd,

708
10mF- »
100 i
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Prec. 8-20. ITpocran cxema remepatopa ¢ KBapueBoil crabmmusapded
(a) @ MaJocurHaIbHEAA SKBHBAJNEHTHAfl CcXeMa, B3 KOTODOH# BUIHA aHa-
norusa ¢ regepatropoM hoxmurna (6).

3. Tox cToKa OyyeT ycTamaBIMBATHCA AaBTOMATAYECKH /10 3HAYEHHA,
Heo0XONUMOro fiA NofjepiaBufA KoxeGaEU@, TAK KaK OTPHUATENbHOe
aBTOCMelICHUe 3a7aeTCA TOKOM B nenil 3atBopa., OppaKo MaKCHMaJbHRR
TOK CTOKa U HamGoabmaA HPOBOLUMOCTD Yayy OLPENeNSIIOTCA UDH HyJe-
BOM HAODMKEHHUE MEMIY 3aTBOPOM M HCTOKOM. RhaTtyuika, BralueHHas
B KayecTBe HarpPy3KM B el CTOKa, 0;1arogapa ee MajoMy OMEYeCKOMY
COOPOTUBAEERI0 Gyfer oGecnedRBATh YCIOBUA CYIIECTBOBAHBA Kojaeba-
HAH. B ciayyae Mcnonb3oBaHAA DPEe3UCTHBHOM HArpysKE IPH HampKe-
HUWM HCTOYHMKA NutamuAa 10 B ee comporuBaenue pomxe0 OHTHE OKOXO
1 kOM ¢ Tem, 9To0H 0GecmeyATH NOCTATOYHYI) BeJUYRHY TOKA CTOKA.
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8-11. TEHEPATOP € MNOCJIEJOBATEJbLHLIM PE30HAHCHLIM
KOHTYPOM

Kprcrann KBapua, KaK BUIHO B3 er0 3KBUBAJIGHATHOIH CXEMbI, UMEET
gBe OCHOBHEIe pe30HAHCHHE JacTOTH: JacTOTY MOCHeN0BaTebHOTO De-
30HaHCa, ONpefeNAeMYK DapaMerpamn L m Cg, # 4ACTOTY Napanieib-
HOI'0 Pe30HAHCA, onpefleincMyl0 napaMerpama Cp B L. C To9Ku 3pennn
HDOCTHAGEHUA MAKCUMaNbHOH cTalHABHOCT! 9acTOTH paGoTH NpH mocJie-
JOBaTeNIBHOM pe3oHance aBasercsa 6oee NPesIoOYTATENBHOIL KAK B CXeMe
C XBapueBOil cTabmnusanueil 9acTOTH, TaK B B ofmemHX L(C-reHepa-
Topax. Bosee BHICOKAA cTalHABAOCTS 9aCTOTH OfeCHeYHBAETCA CXEMON
¢ NOCJefOBATeIBHHIM pE3OHAHCOM, (arojapA TOMY YTO OHA HMeeT
MAaJI0e COTIPOTHBNEHMNE H, CJIe[0BATeNbHO, MEHBbIIe NOIBEP:KeHa BANA-
HIIIO BHemHeil Harpyalm 1o CpﬁBHeHH}O CcO CXeMolf ¢ napanncAbBHDBIM KOH-
TypoM, nMelmuM Gonbimoe cONPOTHRIEHEE NIDH De3oHaHCEe. B cxeme re-
Hepatopa Ha puc. 8-21, a dxeMeHTaMH, ONPeJENAONMA JaCTOTY KoJje-
6annii, MOTYT GHITH UIM MOCHELOBATEAbHHI Pe30RARCHHH KOHTYp, HJI

flocnedoamenshsitl —F—o

KoHmyp unu K8apy, (F’l_' 7
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Pnc. 8-21. Cxema remepaTopa ¢ 110CJef0oBaTeAbHEIM PE30HAHCHLIM KOH-
TYpPOM (a) H MaJOCHTHAJBHAA €XeMa [JA pacyera OTPHLATEJbLHOIO
COMPOTHBJIEHNA ycimuTens (6).

Kpucrana ksapua. OnHaro clefyer (IMeTh B BAy, uTo He BCe KPUCTANIH
xBapua Mmoryr paloTaTh B DeKAMe IOCHef0OBaTe]IbHOTO Pe3OHAHCA.
CoupoTuBieHIe, HaIrpy/Kaloumee NOCJIEIOBATENbHYI) PE3OHAHCHYIO CXe-
My, MOIKHO HaliTH, €CIIA OrNpefelIATh BEpakeHHe NJA BXOQHOLO BANpH-
#eHNdA, ACHOMB3yA cXeMy Ha puc. 8-21, 6:

ul=ua+u51
Ifle iy — ITO HANIPAMKEHUE Ha HOHpeHCATOpe Cl’ KoTopoe (bﬁKTH‘leCKH
PaBHO HANPAXKEHRI0 MEXNy 3aTBOPOM H HCTOKOM Usy 710J1€BOr0 TpaH-

3ICTOPa; ug — HANPAKeHfie Ha KoHjeHcatope C, 3a CUer HPOTEKAHNA
wepes Hero 10Ka iy -+ ig (i = Yomugy).
TakuM o6paszon,

_h o - Yapuy /11 Youu V. R
et g = i ads e O
BxongOE conpoTHRIEHHe PaBHO:

Ay 1 1 Yoin

I =5 =5, 50, T s
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uan
1 1 Ygl"

Zox (o) = joC, + joC,  ©C,Cy

Tperuit 4ileE B 9TOM BHPAYREHHUH ABJNACTCA OTPHOATENLHEM CONPO-
THBJACHEUEM U, KAX DOKa3amo B § 8-1, wro6H kone6aruA MOTAM HAPACTATh,
OHO JONKHO OHTL Goabile R — mocaeMOBaTeAbLHOIO COUPOTHBJICHAA
Pe30HAHCHOTO KOHTYPA HAM KpPHCTANjJa KBApOA. YCIOBHeM CyI{eCTBO-
BaHAA Koxe(aHW#A NOCTORHHOU AMOJHTYAH SBILACTCA DaBeHCTBO OTpPH-
0aTeNBHOTO cOOpoTEBIERVA H R. IlociemoBaTenbHOE CONPOTHBJIEHH®
Pe30HAHCHOIO KOHTYpPa MOKHO HaiTH H3 pHc. 8-21, a:

Z (jo)=joL 4+ 1/(oC)+4+ R+ Zsx (fo).
INMopcrasnAn Zgy (jo) n3 (8-26), nonyuaem:

_ N €, C _ JYul\ 1 o,

(8-26)

LinA cyulecTBoBaNuA KojeGaBuil conpoTuBjieHHe Z (j0) ROMHHO
6u1s paBHO Hymwo. [IpHpaBHEBAA HYNIO [fedCTBHTENBHYIO B MHIMYIO
yacTH BHpaMeRnA (8-27), momyuacm:

1 c c Yoru
iC (1-{- c, + 02> HR—aﬂCng' (8-28)

OcHoBHHeE 3Talll NPOeKTHPOBAHNMA TeHepaTopa ClefyoImue:

1. INo uzBectHOit MOOGPOTHOCTII KATYIMIKH ONpENeNnTh HOCHen0Ba-
TCNBHOE CONPOTIBIEHIC,

2. 3apaBuuich 3HaYeHUEeM Yo M HCOOAB3YA opMyny (8-28), pac-
cunTaTh Opou3seneHUe eMKocTed C,C, W ONpenelNTh €MKOCTA, IPHHAB
C; = Cy. (DTE eMKOCTU IO BO3MOMHOCTH IONMHH ORTH /IOCTATOYHO
ReJAKHA, YTOOH NapasuTHHe eMKOCTU CXeMH HE OKA3HBANH CyUICCT-
BeHHOTO BIMAHMA,)

3. PaccynTaTh €MKOCTH LOCIIEAOBATeABHOILO KOHTYypa.

, 4. OnpeflenaTh NapaMeTpH meud cMellieHnA. B mpocreiimeM caydae
ar0 Gymer peaucrop B penmn 3atBopa. Jjua oGecnedeHHA Xopomeii cra-
6MNBHOCTH YACTOTH MOHKHO HCIONB30BATh ABTOMATHIECKYIO PeryJIIPOBRY
yenxerausn (APY).

TipuMep OpoekTupoBammA. TpebyeTcA  paccdlTaTh IeHepaTop
C DoCxe[oBaTeNbHEM Ppe30HAHCHEM KOHTYpoM Ha dactoty 1 MI'm.
MpennonomxuB, yro KarymKa ¢ BHAYKTABHOCTBIO 500 MKI'H HMeer Ha
yacrore 1 MI'm mo6porHocTh, paBHYW 110, U3 coorHOmermnA Q = wl/R
paxofuM IIOCAeloBaTeNbHOE COUPOTUBIECHNE

R=oL/Q=2m - 106 - 500 - 10-6/110 = 28,5 Om,

[lpeanonaraf, 4ro B cxeMe RCOONB3YeTCA NONEBOM TPAHBUCTOP,
UMelmUii MUHIMAJIBHYI0 NPOBORAMOCTE Yoy = 1,5 MCMm, B3 dopmynu
(8-28) ompepensem npoaasefenme C,C,:
Yo __ 1,5-1073
R (2m)2. 1012. 28,5
opuaMaeM C, = C; = 1000 pd.

Kondencamop konmypa. HomnHanmpEam eMKOCTb KOHREHcCATOpa

B KOHTYpe paBHa:
C = 1/[(2my?2 Lf] = 50,7 n®. U3 ycrosHA pe3oHAHCA OYEBHJHO,
yTo 3Ty BeIWIRHY HeoOXORWMO yMeHbmiHTh NpHOAM3uTenbHo Ha 109
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u3-3a pansaEns emxocrell C; n Cy. TaxuM oGpasoM, eCAM OPeAYCMOTPETH
BOBMOIKHOCTh DOACTPOHKE KOHTYPa € DOMOIIBI0 DOCTPOOUHOTO KOHTEH-
catopa WIH CeDreYARKA, OMKOCTh KoHJEHCATOpA MOMHO BHOparth
paBHo# 47 p®.

L enb cxewerus. HeobxonuMoe cMomeRne MoKHO 06ecHeTdTd BKIIO-
YeHAeM B NENb 3aTBopa pe3BCTopa compoTrBieEReM 1 MOm. Opmaxo
nonomenne pafoueit ToIKH OyfeT 3aBECETH OT NOCTYNAIONIEro Ha 3aTBOP
H0JoKATOIbHOT0 HAIPS;KOHNA, IPK KOTOPOM B MIPMH 3aTBOPA NPOTOKAET
ToK, D10 HerAabemHo nmpHBeeT K HCKakeHHI0 popMH KoaebGammi, T. e.
K MoABJEHAI0 4YacToT, OTJIMYAIIEXCA 0T oCHOBHOH, IIpmMeHeHme
cxemMn APV, kKax IokazaHo Ha puc. 8-22, mo3Boifer nopnep>KEBATh
aMIIMTYAY KoJleGaHMM MoCToAHHOI NIPH TaKOM HaNpAKeHENR Ha 3aTBOPO,

—108 R2_ +108

Onoproe

e
22| ] Hanpaxenu

Hanpamenue
APY

+

o . * o
Prc, 8-22. CxeMa aBTOMATW4eCKON DPEryJdpOBKHM YCHIEHUs .

KOTA@ TOK B TELIH 3aTBOpPa He IpOTeKaeT. ABTOMATHYecKasa peryn-
POBKA YCRIeHEA OCYLICCTBIAACTCA LYTOM [ETEKTHPOBANWA BHIXOLHOTO
HANPAKOHNA B CDABHOHHS BRINPAMISHHOT0 HANDPAKeHHA C ONOPHHIM.
TosiygenHoe pasHOCTHOE HalpsKeHMe YCHIMBAeTCA M fajlee MCOOJIb-
ayeTca KaK oTpBuaTejbHOE HaNps)KeHRe CMOMEHHA HA 8ATBOPe TpaH-
sEcTopa. HosdRuHOHT Nepemaul BHOMpaercd MaKCEMallbHO BO3MOMK-
HHM, IpH KOTOPOM omie HO HapymaeTcA ycToifuHBas paGoTa ycHAHTedA.
AMmiiETYRa KoneGaHud ycTaHaBImBaeTcAa TAK, uToOH HanpssKemde Ha
8aTBOPe 0CTABAJOCH BCO BPeMA OTPUUATEIbHHM,

Hudykmusnocmsb 6 yenu ucmoxa. 318 WHIYKTHBHOCTD JOJKHA OLTH
TaKoif, wro6H ©e conpoTMBiaeHHe Ha paGoueil uacTore OHI0 aEAYM-
TeabHO Goanfile CONPOTHBAGHAA eMKOCTH KoHfeHcatopa C,. B mammom
caydae mopgxofsmedl Oymer WHAYKTABHOCTH oKono 10 mI'm,

T'nasa geBaTan
TEHEPATOPHI HECUHYCOUTAJILBHBIX KOJEBAHUH

Ecan xo3dpduument ycraonus B KOHType o6paTHOH cBA3W remepa-
TOpA 3HAYMTeJABHO LPEBHINAET OMUHAILY, T0O BHXONENe K0106aHAA Nepe-
craloT GHTH CUHYCOMJAABHEIMU I NplobperaroT GopMy OpPAMOYTONLHEX
AMIyJbCOB. I‘euegnponanne HeJIMAeHHKH X KoJleGaHHil ORJIo HCCIlefoBaRO
Ban nep Iloaem [48], a cooTBeTcTByI0OIIHe TeHePATOPH NOJIyINAH HasBa-
HUE PeraxcaTopoB.
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HanGoslee Ba’KHHM KIACCoM PellaKCAOHOHHHX TYOHEDPATOpOB SB-
nAeTCA CeMeHCTBO MYAbTHBHOPATOPOB, KOTOpHE NeaATCA Ha CASTYI0INNe
TPH OCHOBHHE IpynmhH:

1) acrabmnpHHe MyAbTEBEGparopu (AMB), Koropwe Ee mmolor
HN OTHOIO YCTOHYRBOTO COCTOAHWMS;

2) moHocrabmnpEEeE MyJibpTEHBAGpaTrope (MMB), KoTopme mMmeioT
ONHO YCTOIMMMBOE COCTOMAHME;

3) 6ncrabuarune MyiasTEsrOpaTops (BMB), mMewmue gBa ycroi-
YHBEX COCTOAHEA.

Pre. 9-1. JiByxkackamHuil ycuim-
Tedb ¢ Dono)kHTedAbHOIl ofpatHoit
CBA3BI0 (BUA CONPOTHBIEGHNH CBA3M
Zopy M Zegy OUpenenser KIace Myab-
taBubparopa).

Hasknwlit ua Tpex THUOB MyJIbTABEGDPATOPOB MOKHO PACCMATDPUBATH
Kak mByXKacKapmaHil ycmiuTeab (p#c. 9-1), BHxom xoTopolo 3aMKHYT
Ha BXOf.

9-1. OB30P MYJIbTUBHEPATOPOB

AcTabunbubii MynpTEBEGpaTop. Ecnm B KauecTBe CONpOTHBIEGHWA
CBA3W MCNOJB3YIOTCA KOHASHCATODH, a Eg = 0, To cxoMa mpeficTaBisneT
coboit acrabnabubil MyisTEBROpaTop. TaK Kak CBA3L MOKTy KacKa-
HaMH OCYMECTBAAETCA TOABKO N0 LEPEeMEHHOMY TOKY, MyJIbTHBHODaTOD
He WMeeT HH OTHOTO YCTOWYABOrO COCTOAHNA, & BHXOJMHOO HANIPAIKEHNO
umMeer (GopMy NOpPAMOYTOJABHHX HMOYJIBCOB, RAHTEABHOCTHE KOTOPHX
olnpeneiifeTcd NOCTOAHHHME BpeMeHN GazoBHX uenedt [49]. Ilepeancanm
OCHOBHHe clIydad OpHMeHeHHWA actabWanHoTo MyabTEBROpaTtopa [50].

3adawwuil 2enepamop. CEMMOTDRYHKE acTACMIBHBIE MYJIETHBHG-
paTop Mo}KHO HCHOJB30BaTh B KAayecTBe CHHXporeHepaTopd, KoTOpPHIK
BHpabaThiBaeT AMOYJILCH X B Y Ha KasKgoM M3 KoJIJOKTODHHX BHX0M0B
(puc. 9-2), .

Tenepamop nepemennoti wacmomn. YacroThl xomebaHHil MyabTH-
Br6paTopa MOKHO NePeCTPAMBATH MEKTPOHHEIM CIIOCOGOM IyTeM M3Me-
HeHNA Hamps:keHMs Es MIH mMexaHU4eCKHMM chmocoGoM, M3MeHAd mapa-
MeTpH 3J7eMeHTOB B 0az0BHX menfAx,

Heaumeav wacmomu. AcTabuabHHN MyJAbTEBHOpATOD XOpOIIO pa-
GoTaer B peKEMe CHEXPOHW3AIME CHTHAjJaM{, NOomaBaeMHMH HA 6ro-
BX0Jl, B, TAKUM ofpa3oM, ero MoKHO WCHOJIb30BATH AJA HORMKEHRA
JaCTOTHL.

Tenepuposanue ezapmonux. BHXOmHHe KomeGamnma MyabTHBHOpA-
TOpPa IpeTepueBalT cKauKooGpasHHe H3MeHEHHS, NOSTOMY OHHM COIOp-
JHAT rapMOHMYcCKHe COCTABIAIONINE BRICOKIX MOpPAIKOB.

MonmocTabrapHbi MymbTHBAEOpaTop. Ecnm onma M3 nemell cBAsm
openctaBager coGoii pesmcTop, a npyras — KOHJEHCATOD, TO CXeMa
myabtuBubpaTopa Gymer MMeTh OfHO yCToitumBoe cocToAHHe., TpaHam-
CTOP ¢ OMKOCTHON CBA3b10 HAXOMATCH B OTKPHITOM COCTOSHEE, a Apyroi
TPaHSNACTOP LOAJEPIKUBAaeTCA B 3aKPHTOM coctogHuu Oaarogaps peiict-
BNUI0 Pe3HCTHBHON penM cBASH M NCToYHEKa Eg. [lpm Mopgaue 3amy-
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CKawIlero CcHrEana MYJIbTEBROpAaTop BHIpabaThHIBaeT OfMA BHEIXOMIIOLI
UMOYJdbC, OAMTENBHOCTH KOTOPOTO ONpeneaseTcA NOCTORHAONH BpeMeHH
6azoBoil yenA. MoHocTa6RIBHEI MYNBTHBH GpaTODP OGHYHO UCIONb3yeTCA
JUIA CAeAyIOmH|X nemei.

Dopruposanue uxnysdbcos. BXOHHOE EMOYyaBC € MOMOLILIO MOHO-
cTabuapEoro MyibTHBUGpAaTOPa MOMKHO mpeo6pasoBaTh B WUMILYJBC 3a-
JaHHOM AJNTEILHOCTH 1 AMIIIMTY/HL,

Bbix.1 Bsin.2
S L et
AMB —LJ—I_I—LJ—' Borx.2

Brix.1 Boix.2

9 o I N P

Janyck
o] s LI A2
S AN\ 3anyex
Bbix.1 Boix.2

_I—LI—LJ—L Boix.1
? ?
Sxnyck Janyck —u—u—u— Boix. 2.
O——1 5M8B -0
SN Janyok1
— 3\ 3anycx2

J LI L By
5MB _|_J_|_|- Boix.2
I b 3anyek,

BbiXx.1 Borx.2

J: 3anycx
Puc. 9-2. OcHoBHNE THIH MyJABTUBEGPATOPOB.

Cuem umnyavcos. Cxema MoOHOCTAOHIBHOTO MYJIbTHBHGpaTOPE
mocie 3allycKa HedyBCTBUTeAbHA K HOCHENYIOMMM 3alyCHAIOMEM IM-
OyabCcaM [0 TeX IOp, IOKA OHA HE BO3BPATUTCA B HCXO[HOe COCTOAHHE.
910 CBO{icTBO MO3BOJIAET 11CTIONAB30BATh MOHOCTAOUIBLHEIR MyABTHBHODA-
TOP B KadecTBe CYyeT4hKa.

3adepmra umnyavcos, Coaj BRIXOJHOTO HMIyAbCa MyabTHBROpa-
TOPA MOKHO 11CIOJB30BATh AAA B3alePKKH O0THOCHTEJBHHO BXOXHOIO UM-
nyabca. JANTENHHOCTh BHIXOIHBIX IIMIIYJABCOB MOKHO M3MEHATH TaK
’Ke, KaK 11 B cxcMe acTafuabHOro MyasTuBuOpaTopa, IO3TOMY HpefCTa-
BAAETCA BO3MORHOCTH NOAyYenlss NePeMEHHOH 3ajepiHKu.

Bucrabmapasli MyabTEBEGpaTOp. Ecmu conpoTuBneHuA uenei
cBA3H B cxeMe Ha piic. 9-1 HocsT 4uCTO pesncTHBHMII XapaKTep, a Ha-
opmxcAue Eg TakoBo, uto MI0Goil 13 JBYyX TPaAH3MCTOPOB MOKeT GHITH
HepeBeleH B COCTOAHNE OTCEYKI, TO MOIYT OHTBH WOJAY4YeHH YCIOBHS
AJAA paGoThl ¢ ABYMA yCTofiauBHMH cocroAunamun [51]. IIpn aToM ONUME
U3 TPaH3HCTOPOB HAXOMITCA B UTKPHITOM COCTOAHIM, f[0fiCTBYA Ha BTOPO
TPAH3HCTOP TaKUM 00DazoM, 9TO TOT HAXOAMTCS B COCTOAHUH rayCoKof
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OTcedKR. B TaKOM yCTORYMBOM COCTOAHHMA ycTpolicTBO MOKeT HAXO-
ARTHCA HEONMPeMeJeHHO IIMTENbHOe BPeMA. JINA A3MeBeHAA ero COCTOR-
HHA HEOOXOAHMO TojaTh 3amycKalomuii cmraan. Wa Bcex THMOB MyThb-
THBHGPATOPOB GHCTAGMABHAA CXeMa HAXOJHT CaMoe IIWPOKOe HpHMe-
HeHHe. Ba)kAEeHITAMA cHy9aAME NpPAMEHOHAA GHCTAGRIBHEX MyILTH-
BUGPAaTOPOB ABIAIOTCA claepylomue [52].

Cuem umnyasbeos. 118 TOTO 9T00LL GUCTAGUABHEIA MYNBTUBHGPATOP
mpHBECTH B HCXOAHO® COCTORHMe, HA Hero TpebyeTcA HomaTh OgHH 3a
IPYTEM [1Ba BXOAHHX CHTHAJA, HOATOMY MYJGTUBOOPATOD MOIKHO
IICOOJB30BaTh JJAA felleHUA HA [1Ba.

Janomunarnyuil ssemenm, JIBa pasiMIHHX COCTOAHEA OHCTAGH)b-
HOTO MyIbTUBEOpaTopa MOKHO 0003HAYMTL KaK @er» (uan «O») u
«nay (unA «1»), B 9To CBOHCTBO HCMOJNB3yeTCH B CXeMaX COBRTOBHIX pe-
THCTDPOB.

9-2. PABOTA TPAHIZMCTOPOB B PERUME IIEPER/IIOYEHUA [53]

Tpansucmops ¢ nenocpedcmeennoti céasvro. B cxeme Ha puc. 9-3,a
TpaHsHCcTOpPH T U T, UMEIOT TUMOBHIE XApaKTePUCTHKH, MOKa3aHHLE
Ha pac. 9-3, 6. Korpa tpamauctop 7; HaXOIMTCA B OTKPHTOM COCTOA-
auH, T, 3aKPHT, TaK KaK HaHpAKeHIe Ha KOJJEKTODe NepBOTO TpaH3u-
CTOpa OKa3bBAaeTCA MeHbIIe HAupsHeHHA, NPH KOTOPOM BTOPO# TpaH-
3UCTOP MOKET OTKpPHIBATBCH.

MA|T,
60 =" / 5/ Uss
/ 700 MKA

wre 500
a0l 300

A 200

‘ —— 700 KA Uy
2|18 200 1400 600 mB
j’”min_ UK-?szzJ.' J)

Puc. 9-3. Tpamsncropsl ¢ HElOCpeICTBEHHOU CBA3B IO,

Eciu B uenmu 6asu TpaHsmcropa T, mporexaer Tok 1 MA, a Tox
xoanextopa paBeR Ey/R, = 10 MA, to HanpmKeHue Ha KOUJIeKTOpe
npubmuanrensHo pasHo 30 MB. D10 HanpmwcHue memsme gy, mpu

KOTOpOM OTKpEIBaetcA TpaHsmcrop T,. Ecan Tox B menn 6asbl TpaHau-
cropa 7T, craHeT pPaBHHM HYJI0, TO HAaNPA:KeHHE HA ero KOMIEKTOpe
Gyner crpeMuTbcA npubausuTheH k Ey, Ho Ha 0ase TpaHsucropa 7T,
HanpsmKeHHe GyneT ynep:xuBaTbCA paBHEMM Opiimepuo 0,4 B. Ocmos-
HAA 9acTh TOKA, OPOTEXaBIIEro paHee 4ePe3 KOICKTOp Tparsuctopa Ty,
Tenepb Gyner mporexkars gepea 6asy Tpamsucropa 7T, Taxmm obGpasoy,
XOTH UMeeTCH mepefgada Toka of Ty X T,, HanpAKeHie Ha KodaexrTope Ty
H3MeHuTcA MeHee gem Ha 0,4 B. 310 y)ke paccMaTpuBanoch paHee NpH
aHaJW3e YCHINTENA ¢ HENOCpedcTBeHHOR CBA3pio. [lomyuaeman dopma
HaupmKeAuil noxasasa Ha puc. 9-4.

Tpansucmopsl ¢ peaucmopnotl cea3vio, B caydae, Korma Tpebyerca
OOJYYRTH Lpefeln H3MeHeHHSA HaUPs/HeHHA HA KoJLIeKTope Godbine,
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9eM 9TO BOSMOMEO IPH HemoCpPefcTBeHHOH! cBASH, KOJAJEKTOP TPAH3H«
cropa T, MORHO mpHcoeduHEATH ¥ Gaze TpaR3ucTopa Ty yepes peamcrop.
910 mosBoasier ymemvmwrh 6azoBHE TOK [po 0 3HaYCHMH, KOTOpOO
AOCTaTOYHO /A HepeKJWwIeHnA TpaHsuctopa 7'y, HO He BH3HBAET C/IUMI-
koM Gojbmoro mafieHAA HAaOpA:KeHHA Ha pesBctope R,. Torma, ecau

£x0

(e, _

Puc. 9-4. ®opma manprmxesud npu  Puc. 9-5. [lpumencnue peanc-

IePeKN09eHAN  TPAaH3UCTOPOB B  TOPHON CBA3W, KOTOPOe IO3BO-

cxeMe Ha puc., 9-3. ase1l noAyduts Goawiime mpepe-
JIbl U3aMeAeHUA HaUDAKeHNA Ha
KoJUIeKTOope rpaasnctopa 7.

npedebpess BeaminBamu Ugyy B IpgR), ma puc. 9-5 MoxHO HaliTd
TOK IBZ:
Ig,~E,fRg, (9-1)

OO6EuR0 colpoTMBNeHUe peauciopa Rg BHOHpaeTCA TaXuM, 9To0H
HANPAGHAE HYQ KOJJeKTope TpamsucTopa OHIO MUHMMANBHEIM, JTHM

Re=Tk0m Ig

MA 120 mkA
I qc=8
&0
Se 50
4 w0
Rx=2 kOm g 20 mkA
| L o™ Uk

a 2 & 6 |8 70 12

Pnc. 9-6. Onpeneneane Toka Gasel, HeOGXOANMOTO AJAA DepeBOfa TPad-
3UCTOpPa B COCTOAHWe, OAM3KOe K HaCHIIeHHIO.

3aflaeTCA ONpefleleHAH ypOBeHs Mepexa0u4eRHA (mopsaka 50 MB) s,
KpoMe Toro, ofecmeuuBaejcA meGoJablIaH pacceyBacMad MOIIHOCTD
Tpamancropa. OGpamadAck K xapaKTepucTuKaM TpaH3iuctopa (puc. 9-6),
HaXofuM, uto Npu Ry = 1 KOM gaA nonyveAns ycnoBuii paGoTel Tpam-
3McTOpa, OMUBKHMX K PerKMMY HACHITeAHA, TpeOyeTcA Tok Gassl npubau-
suTenpBo 120 MKA. [lpu »ToM smadYeHHe HeOOXOHHMMOro GazoBOTO TOKa
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3aBHCHT OT TOKa Koanekropa, Ipm Gollee BHCOKOM CONpPOTHBAEMUH
peadcTopa B uLemH KoJJeKTopa Tok Gashl, HeoOXOmUMEI AJAA WoJdyde-
AHA MaJloTO0 HaNpsKeHuA HA KojJeKTope, Gyner Membime.

Pestum nacuiyerus. MakcuManbHHE TOK, KOTOPHE MOMeT mpoTe-
KaTh 9epes KOJJIEKTOpP TPaH3HCTOPA, ABIAETCA TOKOM HACHINeHUA npd
MUEHMAJTBHOM BanpAKeRHY Upo (Upg =~ 0). Takum obpasoM, I, ~

~ Ey/Ry. Ilpun palore B pexxAMe HacHIeHMA NpefelaMH BEIXOIHOTO
HAODSKeAHA W TOKA ABAAWTCH Upnw 0, Tye = I, Ugp =~ By o

Ix = Ipng = 0. MomyocTh, paccemBaeMad KoJlleKTopoM, Gymer He-
3HAYMTENIbHA NP NwboM H3 aTHX ycjoBuii. ToK KoOJJIEKTOpa paBen:

Iy= IHBO +h21315a 9-2)

thae hy 5 — KospduumenT nepemauu ToKa mAf Gonpmoro CHrHazja.

Takum ofpasoM, BEpamesue /g = Ina‘c/B onpenelAeT GasoBHIL TOK,
KoTOpHil TpebyeTcA mAA paGOTH TPAH3NCTOpPA B perkMMe HACHIIeHUA,
¥YcnoBnA BacHmieHUA OHICTPee KOCTHTAXTCA, eCly HCNOJB3OBAThH TPaH-

BHCTOPH € MHHUMAJNBHOH BeAUduHOH hy) .

9-3. CKOPOCTb NEPER/TIOYEHAA TPAH3HCTOPOB

C MoMeHTa BKIKYeHNA TPaH3ACTOPa W A0 Nepexofia B PesKHM Ha-
CHINeHIA OH Jo/)KeH IPOHTH 4epes TPM PasiYHHX €OCTOAHHA:

1. Tpamsucrop sakpmr. Ilepexon Gasa-amMuTTEp cMemeH B ofpart-
HOM HaOpaBJeHWH, H B LeMd KOJJeKTOpa NPOTeKaeT JRMb HeaHa4H-
TeNBBHE TOK yTeuk# I = Ipng.

2. Tpamsucrop paboTaer B awtuBHOH obmactu: [y = Ipno -+
+ by 575

3. TpamancTop paloTaeT B peskuMe HACHIIGHUA: Ie = Tge

BxoBuod
Puc. 9-7. Mepernoderme Tpamsucropa 1, , i cuei'-I an
Opu Niomage Ha ero BXOJ NPAMOYIOJb-
HOTO uMOyAbca (ipxy — BPEMA BKJO-
9eHMA, i;n ~- BPeMA 3aJlepPHKM, lgp — [
BPeMA HAPAcTaHWA, ipac — BPeMA pac-
CacHBaHMH  HAKONJIEHHOTO  3apAfa, ! + {
tcn — BPeMA chafa). | !'t' F“,"i le-i
) | pent—2 | 1%en
| >t
LA ‘Depexofia TPAH3UCTOpA W3 BHIKIWOYCHHOTO COCTOAHEA B CO™
CTOAHWe HACHMeHUA TpeGyeTCA ompefelieRHOe BpeMA, B TédeHHe KOTO"
POro TPaH3UCTOP MOCJEHOBATE/ILHO HPOXOAMUT Bce TPU YyKa3aHHHX CO-
CTORHUA. DTO BPeMA HABHBAOT BPeMeHeM BKJOUEHHA TPAH3UCTOPA.
Jlna BKAoYeAuA TpagsncTropa Tpebyetca, uToGm 3apAy GH BBefieH
B obaacTp Gaasm, a AJAA BHIKIWYEHHA, Hao6OpoT, 3apAp BHeoOXOmHMO
ymaauts u3 Gasn. CKOpOCTh NepeKyoueHHA TpPaH3UCTOpPa CBA3AHA
¢ BpeMeHeM WNpPOTeKAaHWA JTHX NPOIeccOB. VY BelH4emdme TOKA Gaskl
anA ofecneyenud 3apAfa B 6a3oBoil 061acTH cBepX TOTO, KOTOPHIA Beol-
XONAM BJAA peKuMa HACHIIeHWA, HAZHBAKT TUKOM NepeHacHIeRMA.
Tlepepacuinende yMeHEbIIaeT BpeMs BKJIOYeHUA TPaH3BCTOPa, HO B 06-
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mMeM LIydae yBeIHIABAST BpeMA BKIIOUeHHA M3-3a HaKOMJNEHRA HOCH-
reneil B obnmacru Gasu (puc. 9-7). IlpumeHeHne TOKa HepeHaCHUIEHBA
[03BOJAET OEePeBOIUTh B peXKEM HacHmeRHA (Up,y ~ 0) pake TpaH3E-

CTOPH ¢ O4YeHh MaNHM Koa(p@uUIAeHTOM nepegadud TOKA.

JAaA Toro urolH YCKOPETL BBejeHHEe 3apANOB M BHBON HX W3
6a3oBoii o6macTu, OGHYHO [IYHTHPYIOT Pe3UCTOp CBA3H YCKODAIIEM
KoHfleHcaTopoM. Utofe obecmeduth TpefyeMuil 3apaj, 3Ta eMKOCTb
RomiHa GHITH IOCTATOYHO BENHKA, HO He HACTONBKO, 4TOGH NpPABECTH
K YBOMMYeHRI0 BPCMeHM TepexNIYeHHEA u3-3a GOABIMIOTO mepuonra Nepe-
3apAga.

9-4. BGUCTABNJIBHBIA MY JbTUBABPATOP

Ha puc. 9-8 npencrannena cuMMeTpUYHAA CXeMa C KOJIJGKTOPHO-
6a30BHIMH CBA3AMNI. B YCTOWYMBOM COCTORHHE Tpe6yercA, urolr Hpm
OTKpHITOM TpaBsmucrope I TpamsucTop I, HaXOAMICA B 3AKPHITOM
cocrofaunl. TpaHancropsl, MOKa-
3aHHHe Ha CXeMe, p-n-p Tida, 0O-
9TOMY WOJOKHUTENBHHA 3allycKar-
wRi uMoyaec, nopaBaeMuii Ha 6a-
ay rpassucropa I, NCpeLoInT ero
B 3aKpHToe COCTOABMe. B pe3ynn-
TaTe OTPHUATEABHOE nHANpHKeHle €
KoamexTopa T, epepaercs Ha 6asy
TpaB3ucTopa I, W OTKpPHBaeT ero.
910 cocromsne (I, — OTKpHT, a
T| — 3aKpHT) COXpam#eTcA [0 MO-
maun Ha Oasy Tpadsucropa T, cie-
AyIOUero 3anycKaloulero HMILyrbea.

IIpuHuamLl  OpOEKTHPOBAHUA.
Bu6op mapaMeTpoB 3J€MEHTOB Cxe-
Mbl JOMKeH OCYIECTBAATHECA C yye-
TOM HEKOTOPHX KOMIpOMHCCOB.
Tak Kak B OTKpPHTOM COCTOABHNM
TPaH3UCTOPH HAaXoaArcA B 06XacTH
HaCHILEHNUA, aMIVIATY[a BHXONHOTO
HaNpMmKEHEA He 3aBICUT OT COMPO-
TUBJEHHMA pe3ucropa B penu Koauxekropa. CmegomarembHO, BHGOD co-
OPOTHBJICHAA J3TOr0 DPE3RCTOpA MOMIKEH OCYMeCTBIATbCA € Y9eTOM,
C_O[(HOI1 CTOPOHLI, CHIPKCHAA TOKA, a C [Ipyro — NoBBINEHNA CKOPOCTH
HepeKadeHEA.,

JAaA paGoTH cXeMB YCKOpHIOmMe KOHJIEHCATOPH He ABIAIOTCH
HeOoOXOgUMEME, ONHAKO UX OPUMEHAIOT B TeX CIyuaax, Koraa Tpedyerca
TMONYIATh Majloe BpeMA HapacTaHMA. EMKOCTE 3THX KoHJEHCATODOB
[oMKHEE BHOAPATLCA TaKUM 0Gpa3oM, uT0GH NOCTOAHHAA BpeMEHHE [eln
cBA3N (yCKopAwIAli KoEgeHcaTOp ¢ PE3ECTOPOM CBA3NM) OHJAa paBHA

HOCTOAHHOH BpeMeHE BXO[HOH NEHM TPAaH3HCTOPA, T. €. re Co.. Ecam

eMKOCTh YCKOPAIONIETO KOHAeHcaTopa Goabllie, TO BpeMA HapacTaHHA
YMERbINAEeTCA, HO MPIf STOM NOABJIAETCA BHOPOC Ha BepIIMHE HMIYIbCA.

ITpumeBenrme MoNOKUTENBHOTO CMELIEHHA B penu 6asm Eg 1103BO-
AWeT yMEHBIUUTH BpemfA [EpeK/II0YeHEA 10 CPAaBHEHHIO C TeM, KOTopoe
HMEeT MCCTO B peiKiiMe HaCHIUWEHHA TpaH3HcTOpoB. Eciu nenmsp cmelie-
HUsA liMeeT 3HAGNTEJHHO GoJbImee cONpOTHBAEHHE NO CPABHEHHEIO C CO-
NPOTUBJCHNEM KOJJeKTOpHOTO De3MCTopa, TO MOYKHO CYHMTaTh, UYTO
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Prec. 9-8. Cxema cimMeTpluBoO-
ro 6mcTaGUABHOTO MYNBTUBHG-
paTopa ¢ KoanmeKkropuo-6a3oBm-
MM CBA3AMM.

HalpA’KeHAe HA KOJANeKTOpE MMeeT OAWH H3 ABYX ypomHel: Ex man 0 B,
B 3aBHCEMOCTH OT TOT'O, BAKDHIT HJIM OTKpPHT TpaH3uctop. Takmm o6pa-
30M, OPHM OTKpPHTOM TPaH3HCTOpE T1 Uy, = 0, a BanpAKeHMe Ha Gaae

BTOpOro TpPaH3MCTOPA R
Use=Esg, 1, ®-3)

BOMKHEO GHTH JOCTATOYHHM [JIA TO[jep:KaBMA Tpagsucropa Ty B 3a-
KpHTOM COcTORHHE. IIpH 3akpmTOoM TpaH3HCTODE Tl Uy~ Ey, a Usz

opubnusnrensao pasao —0,3 B, uro oGecnegmBaer OTKpHTOE COCTOR-
Hue TpassHcTopa T,.

Bubop mpenaucmopoe. Ilpn BGope TPAaH3RCTOPOB TIAaBHHIM 0Gpa-
30M cJefyeT y4HTHBaTh TpeGyeMyo ckopocTh nepexnioueHnd. C mpu-
eMaeMoil JJIA MPAKTIKA TOYHOCTHI) MOYKHO PYKOBONCTBOBATHCA CAENYI0~
MUM OpaBUIOM: ecian f; — uacrora,
Ha KOTOpO# Mopyab KoafduruuerTa 1e-
penagnl hy, = 1, To TpaH3ucrop BnoA-
He MOMeT ofecrednTb 9YacToTy Nepe-
Kmo4YcHRA Oopsagxa fr/10.

OCHoOBHHE 3Talbl IpOCKTHpOBAHUA
ciejywoniue:

1. Bufparbh CONPOTHBJIEHMA Kox-
JEeKTOPHEIX Pe3NcTOPOB, NPH KOTOPHX
obecneunpaercA TpeGyeMHil TOK HacH-
TeHAA.

2. IocTpouTs MUHNI HALpYSKH
Ha XapaKTeplCTUKAaX TpaH3ACTOpa 1
onpeaeauTbh TOK 023k, COOTBETCTBYIO-
miif pe)KiiMy HaCHINEHIIA.

3. Paccuurars CONpOTHBICHUA Pe-  Puc, 9-9. Cxema A pacuc-
BUCTOPOB CBASN N CMONIEHNA I BH- 13 pe3ucTopon CBA3E.
6paTh OOAXOAAIIYI0 €MKOCTBR YCKOpHA- !

IOH{ET0 KOH[eHCaTopa.

Tpumep npoexTmpoBannsa 9-1. TpefyeTca paccauTaTh cXeamy
GucrabuarHOrO MynbTHBNOpaTopa, KOTOpag MoKeT paboraTs Ha da-
crorax no 250 kI'n. Bubepem Tpamsmctop teoa 2G301, mmeromnuii ga-
crory fp = 0,3—6 MIp u HaupAKeHWA HCTOYHWKOB NHETAHERA Ey =
= —6 B m Eg= 41,5 B. ConpoTunacRUsA KOANEKTOpPHHEX DPe3HUCTO-
poB Ry; = Rg; = 1 kOM obecneynsanT TOR HaCHUIGHHR Ey/Ry =
= 6 MA. Ecau OpOBeCTH JUHHI0O HAFPY3KU Ha XapaKTepUCTHKAX TpaH-
BHCTOpa, Kak HOKasaHo Ha pHc. 9-6, TO MOKHO ompefileIUTh TOK Gaanl,
oGecnegnBauuii peuM HacRmEHRA Tpam3ucropa, I = 100 MKA,
Ana Toro uro6u ofeciequTd pesKAM HACHIIEHAA B TPaU3HCTOPAX C Ma-
aEM Koo(dmuHeRTOM Oepefadl HO TOKY, BrbepeM TOK $83H, PaBHHI
200 mMrA.

Pesucrmopu @ yenu cmewerua. ICTOYHAK HOTOKHETENBHOTO CMeme-
HEA jomKen ofecneyuBaTs MAKCEMAIBHNE TOK yTeuku I g = 60 MKA

(coTIaCHO TMACTOPTHHM AAHHHM Tpar3mcropa). Toraa
Ry, =R, = Eg/Iypo=1,5/(60 - 10-8) =25 xOm.

BubrpaeM cTaBEgapTHHEe DPe3RACTOpH 1o 22 KOM.
Peaucmoptt ceagu. [1pu HoROKMTENBHOM CMemeHHE Ha 6ase gyepes
pesnctop Rg, mporekaer tok I; = 0,08 mA (pme. 9-9). Ho [, = I +

Eyg=—1,58
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+ I, = 0,28 MA, cnepoBarensao, Rgg = Eu/l, = 6/(0,28-1073) ~
~ 21 KOm.

IlonyueHHOe 3BHaueHHe ABIAETCA MAKCHMANbHEIM fnd R M Reg.
Ero Mo)XmO yMeHbIIMTL, IMEA B BUAY KoJebanuA BawpsKenuA HCTOY-
HAKA NATaHOA H HeTOYHOCTH HOMHHANOBR pesucropon. Ilosromy BHOR-
paeM conpoTHBNEeHHA Pe3UCTOPOB Rpy M Hgz mo 18 xOm.

Al e

C 18K 18K 2
+—i 22| |R
Forl | %2 470 lﬁf ¥
f 6
330 T &4 A\ c,=E330
£ 8
A
| L
22K 22K T
Ey=+1,58
l 3anyck

Pnc. 9-10. Oxomuarenssad cxema GuctabuabHoro myasTuBuGpartopa.

Ycropawwue xondencamopu. ONTHMANbHYI eMKOCTh YCKOPAKOMUX
KOHJIeHCATODOB MOKHO JeI'Ko BHYMCAHTH. JIJA BHIGDAHHEX TPaH3HCTO-
poB osva paBsa 470 o®.

OxoBuaTeAbHAA CcXeMa MYJAbTHBHOPATOpa € LENAMH 3a0YCKA 0O-
KazaHa ma puc. 9-10.

9-5. 3AITYCR BUCTABIWJIbHBIX MYJIbTUBU BPATOPOB

Oan uaMenewns cocroguuA GucrabuasHOTO MyabTHBHOpPaTOpa
B uenu sanycKa oGbunO Hcooab3yKTCA anopu. Tpawsucrop, saxons-
UIHCA B OTKPHTOM COCTOSTHHH, OTKPHBAeT KO, IPUCOeNHHEEHHI K cro
6ase u, HaoGopoT, 3aKPHTHIl TPAHBHCTOD NOAAEDPIKHMBACT [LHOL B er0
6aszoBoll yenu B 3aKPHTOM cocToARHN. TaxeM ofpasoM, B nepBoM
cayuae 0aza TPAH3HCTOPA BOCHPHHHMMAET NOJOKHTEABLHHE HMIYIBCH,
KOTOpHe NepeBOLAT TPABBHUCTOP B 3aKPHTOE COCTOAHNHE W HM3MEHRIOT
cocTOAHHe BCell cxeMn Ha obpaTHOe.

Huorna Ha npaxTHXe, HanpMMep, B CXeMaX CHABHIOBEIX PerHCTPOB,
cMerneriie Ha [HOJH MOJaeTcA OT APYTHX Kackamos. IIpm aToM uemm
3alyCKa JOIKHE ORITh pasoMKHBYTH B Toukax C n D (cm. puc. 9-10).
B npyrux cayiaAax TpebyercA ocymecTBJIATH 3alycK MylbTuBHOpPaTopa
BXOLHEIMH MMOYJABCAMH, LOOCTYHAKMMMHM OO JABYM KaHazaMm. Ecux
Pa30MKHYTH nellb 3a0ycka B Toukax 4 u B, TO TONEKO epPBHil BMIYyNbC
OfiHOTO KaHAJA WepPeBeleT cXeMy B NPOTHBOMOJOKHOE COCTOAHHE, a To-
caenylomMil 3anyck GyneT OcymecTBAATHCA OT Apyroro Kagaaa. ®opMa
KoneGaEui B cxeme, pafoTammeil B KauecTBe [BOMYHOTO CUETYMKA,
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moKasaga ga pmc, 9-11, a. Ha prc, 9-11, 6 nokasanH coequnenne gpony-
HHX 9JIeMeHTOB, ofpasymiiee uyeTHpeXKaCKajHHE [BOMYBHE CyeTYMK,
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Pme. 9-11. Mopma HanpmueHHH B CXeMe pHC. 9-10 (a) m ueTHIpexxac-
KagaHil ABOMYEBIY caeTunK (6).

H gopMa manpAKeEUil Na KAMIOM M3 €ro KACKUIOB. Il pumeaerue o6-
PATHHX cBA3el, TOKa3aHRWX DYEKTHPHEIMH JMHUAMY, HO3BOIACT Hpe-
00pa3oBaTh CueTINK B JeCATUIHHIL.
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Bxodnsie kondencamopw C; m C,

Kompencartopu Cy ® C, HeoOXoqNMu fafA MepekN0OYeHNA TPaH3E-
CTOPOB B 3aKPHTOe COCTOAHNE HyTeM LOJAYH WOJIOKHTENbHHX 3amy-
CKAalomuX HMOYIbCOB. EMKOCTE BTHX KOH[EHCATOPOB AoIsKHA obecme-
9uBaTh HOPMANbHKI 32IyCK CXEMH, & TAKKEe HE OrPAHUYABATE JaCTOTY
MOBTOPEHHA 3aUYCKAIOUUX UMOYABCOB. J{asi TOro 9TOOH MPH BHIKIIO-
YeHNY Tpamslcropa OHcTpee YRMAARTh 3apAj 13 0OasoBod obmactH,
eMKOCTDb KOH/IeHCAaTOpa A0MKHA GHTH A0CTATOYEO GONBINOI, HO B TO 1K€
BpeMA eMKOCTh He [OJPKHA OHTh HAaCTOJBKO BellllKa, 4roGH He paspA-
AUTBECA [0 DNPUXOHA CAefYIOmero 3anyCcKaloulero HMOymbCa.

9-6. IPYTYE CIIOCOBBI 3AITYCKA

ITodaua sanyckawowyuxr umnyabcosé Ha koatekmops, B CXeMe Ha
puc. 9-12, ecan rpas3ncrop 7Ty orxkpHr, Ha puon J; mogaercA ob6patHoe
cMemientie. CreoBareNbHO, SalyCKalMime MMIYNBCH MOCTyDAlT HA
KonjexTop tpam3ucropa T, B OTTYIa dYepes LEMOYKY CBA3R HA Gaszy
tTpaHsducropa 7T;. OTOT Merof o00kanaeT NpPeEMyMecTBOM, KOTOpOe
COCTOMT B TOM, 4TO HyKeH TOJBbKO OfilH BXxomHON Koupeacartop. Ho cie-
AyeT uMers B BHAY, 9TO UPH STOM MeTOie TpebyeTcA momaBaTh 3amy-
cKalomue MMOYJABCH Oonbime#d aMITHUTy/H.
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Prc. 9-12. Cxema samycka mo-  Prc. 9-13. Cxema sanycka 6u-
maueil MMIOYIECOB Ba KOJUIeKTo-  cTa0HaBOOro MyAbTHBHOpAaTOpa
PH TPaH3NCTOPOB. 4epe3 TPAH3UCTOPH.

llodaua sanycrawwyur UMRYILCO8 HA KOANEKMODH Hepe3 MpaH3iu-
cmopot. Taxoii Merox sanycka 4acTo ODPHMEHAETCA B JOTHUYECKIX CXe-
Max ¢ HenocpeacTBeAROL cBA3bl0. CXema 3anycka depes TPAH3ICTOPH
moxasaEa Ha puc. 9-13. OrpHnarenrHoe HampsA)KeENe, OPIJIOXKEHHOE
K Gaze Tpamaticropa T, unn T, nepeBoAnT 3aKPHTHI TpaR3ucTop bicra-
6uIbHOTO MYNBTUBNOpPATOPA B OTKpHTOE cocroARne. Oppaxo 210 Ha-
OpAKeHHe He 0KasLBaeT HHKAKOIo BIUAHMA HA OTKPHTHI TPaA3UCTOP.
IIyTeM He3HaYnTeNbHHX M3MeHeHNA cxeMH Ha puc. 9-13 MokHO mpe-
06pa30BaTh B PYTyl0, KOTOpadA NokazaHa HA plc. 9-14. Ipepnonoxnm,
9T0 B HCXOLHOM COCTOARIM TpaHaucTop T; OTKpHT, a T, 3axpmr. Tak
KaK HODMajbHOE COCTOAHMe TpaH3NuCcTOpa 75 3aKpHTOE, KOHJEHCATOD ()
3apKeH M0 MURNMAALHOIO HAODMKeHUA HA KONJIEKTOPe OTKPHITOrO
TpaH3lcropa, a C, — 00 MAKCHMAJIBHOrO HaUPSKeHIIA HA KOJJeKTOpe,
pasgoro 0,4 B. Ilonaga sanyckalomero CArea&1a Ha 6asy Tpagancropa T
OepeBefieT eT0 B OTKPHTO® COCTOAHME, Darofapf ueMy 9MATTeDH TPaH-
3ncTopoB Ty T, paxTmaeckn OKAKYTCA OpUCOeqUHCHHHNMI K HYJIEBOM
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mufAe, Taxum obpaszoM, HaupsxeHHe Ha KoHAeHcaTope Cj OKaKeTcs
OpUAGKEHARIM MEKAY 06asoii U BMHETTEPOM TpaHsucTopa I,; T, 0T
KpoeTcs, 4To B CBOI0 ogepenh ofecrmednT 3aaKpHBaHHE TpaHaAcTopa Tj
H OTKPHBaHHE TpaH3ECTOpa T,.

~-3B
* 7 Konnekmap.
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Prc. 9-14. Mopuduxauma cxemu Ha prc. 9-13, obecneunBaomasn cuer-
HEIfl 3aOyCK.

9-7. BACTABIJIBHBIA MYJBTHABABPATOP C DOMHATTEPHOU
CBA3bIO

1lomoxxuTeNbHOe CMellleHEne Ha 06aakl TPAH3MCTOPOB OHCTAGMIBLHOTO
MyabTHBRGpaTOpA MOKer OHITHL NOJARO BKMIOYeHMeM o6lIeTro sMuTTep-
HOT'O pPe3HcTOopa, MyHTHPOBAHHOTO KOHAEHCATOPOM, KAK MOKAa3aHO HA
puc. 9-15. Urobu coxparuTh TE
JKe yCJIOBHA, 4TO H B Opefuily-
[eM mpuMepe, yBeiMIUM HampA- O£,
JKeHHe KONJIeKTOPHOIO HCTOYHM- |
ka Ex ot —6 mo —7,5 B. Tak
KaK TOK KONleKTopa paBeH
6 MA,

R,=Eg/ly— 1,5/(6 - 1073) =
=250 Om. L *

BpeMa mnDepekniodesHa co- R ]
crasiafer NPROGIH3NTENBHO 1 MKC, 5] | Cs T
Puc., 9-15. Ilopaua cMmemenms Ha

a nocroganada BpeMeAH CyR,
mo/pKHA OHTH O KpadHelr Me-

6asbl TPaH3UCTOPOB C HOMOIIBIO
PMHTTEPHOIO pe3ucTopa R,

—0

pe B 10 pa3 Gonbme. IToxoxum
C,R, = 10 wmxc, torma C, =
= 1075/250 = 4.107® ®. Bu6u-
paeM CTaHapTAOE 3HAYEHHe
0,047 Mx®.

Eciy aMuTTepHHE pe3MCTOP He INYHTHPOBATH KOHAEHCATOPOM,
TO MOYKHO HCHONL30BATh SMUTTEPHYK) CBA3h M, Clefl0BATENLHO, YIANAThH
A3 CXEMH OfHY U3 KOAJIEeKTODHO-0a30BHX neueii cBAsE. Torga cxema
NPMHEMAaeT BAJ, wdobpakeHHut Ha pHc. 9-16. PeremepaTHBHHN KOHTYP
B HTOM CIydae COCTOMT M3 KACKafa ¢ o0mAM KOMIEKTOPOM, Ha TPAH3H-
crope T;, KOTODHii YyNpaBIs#eT Kackapgom ¢ obmed 6asoil Ha TpaH3m-

307



crope T,; ma T, ¢ Tpamancropa T, HomaHa oGpaTHAA CBA3b € MOMONILI0
peancTopoB Rgs ® Rg,. Konnexrop Tpamsmcropa Ty HEmOCpeNCTBEHHO
He BXOQHT B KOHTYp OGDAaTHOH CBA3M, 1109TOMY COMDOTHBIEHHE Pean-
cropa Ry, MOeT OGHITH MeHBIIHM MO CPAaBHEHMIO ¢ Ry.

* 0 £,=-7,58

7,58 (-38)

(~3,38)

Rss
22K

O

Prc. 9-16. Cxema MynbTHBRGpaTOopa ¢ aMmmTTepHOH cBaAsnio. Hamps-
MEHNA, HOKA3aHHKe B CKOOKAaX, OTHOCATCA K COCTOAHMIO CXEeMH, Kolla
Tparauctop T, OTKpHT.

IHorpa Tpamamcrop T'; OTKpHT, Tpadsucrop T’y 3aKpHT, Tak Kak
Ha ero 0ase MMeeTCA HOJOMKHTENbHOEe HAlpAYKeHMe OTHOCHTEAHHO Ha-

HpAKeHUA Ha amuTrepe. llpn oTkphTroM Tpamsuctope T, depez pesu-
c1op R, npoTexaer GOABIIME TOK, KoTophlil 3aXprBaer Tpadancrop T,.

Hauprxeaue Ha 6ase 3aKphTOoro tpadsucropa I; cTaBOBHTCA 0ollee
Ugy
JANVANLAVA
(AR

/\_f”’”
-3,58 =28 “s1
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Pnc. 9-17. Tnumosas ¢opMa Hanpa)xeAAd B cxeme Ha pmc. 9-16.

OTPHUATEABbHLIM, TA4K KaK Yepe3 HEro B 3TOM Ciydae upo-rekae'r TOJIbKO
TOX yrewkn. Ecam 310 HampA:XeHHe CTadeT paBHHM —2 B, 10 HampA-
JKeHNe Ha DMATTEPE HOMKHO OHTh OKomo —3 B maa Toro, utobn obecme-
9ATH 3aKPHTOE COCTOAHME SMITTepHO-6agoBoro mepexoga. Takum obpa-
aoM, Iy, = Uz/Ry = 3/270 = 10 mA. Tlpn Ry, = 470 Om BuxopHOe
HANMpAKeHRNe MamMeRAeTCA 0T — 7,5 B0 — 3 B. ¥ Tako# cxemu xo3dPn-
OEeHT Mepefayn B KOHTYpe oOpaTHOH CBA3H Melhille eAUHALL HA HyJe-
BOH gacroTe, CllefOBATeJHHO, OHA He GyneT HCPeKIIOYATLEA U3 OHUTO
tOCTOAHAA B Apyroe, DaxTHueCKn OHa paboraeT xax yCHMaIHTeNdb, BEI-
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X0/1HO® BaIPMKeHRe KOTOPOTO OrpaHMICHO mpefedamu —7,5 (3aKpHTO6
coctosiEne) B —3 B (oTkpHTOE cocTosHME).

Tlpn gocraTodHo GOABIION eMKOCTM Ha BHICOKEX 4acTOTaX CXeMa
nMeeT xoapPuNAeHT mepenadn Goanme efMHANL B GyleT Nepexa0daThCa
BXONHHKIMA CHTHaAaMU K3 OXHOTO COCTOSAIHMA B [pYyroe. lgoa(bdmunen'r
Hepefadn MOKHO YBEJNYATH TAK/Ke DyTeM UPHMeHeHNA Gojee BEICOKAX
COLPOTHBIEHRA pe3ncTopoB Ry 1 R,. Ecan emkocts C Gyuer cocra-
BaATH npubanantensro 0,01 mx®d, 10 cxema Gymer addexTHBHO pabo-
Tath Kax TPAITepHOe ycrpoiictBo. TEmoBaA fopma HalpAKeRMd OPH
pabote 5TOH CxXeMbl B HelepexmodaiolleM (a) M mepexJiodaomeM (6)
pesknMax ODoxazama Ha pmc. 9-17.

9-8. HICHOJIb30BAHAE CHMMETPHYHOI'0O BMCTABHJIBHOTO
MYJbTHBAEPATOPA B KAUECTBE TPHITEPA

CAMMeTpRYHEHE OGMCTAOMABHER MYNBTHBHOPATOP MOMKHO MCHOJb30-
BaTh B KadecTBe TpUIrepa. [[AA TOro 9To0H HepeBeCTH TPAH3HCTOP BO
BK/TI0YeHHOE COCTOAHME, BXOQHOe HAaUpsKeHNe He0OXOLMMO IIOBEICHTD
[0 TAKOTO 3HAYeHAMA, OPH KOTOPOM OH oTxpoercA. M, Raobopor, ana
BaKPHTUA TPAH3ACTOpPA BXOJHO® HAUpAMKEeHAe Heo0XOQNMO yMEHBMHTH

OEK=-7UB .
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Pnc. 9-18. HcnonrzoBanne CHMMETPHYHOTO GHCTaGMABHOIO MyJBTHBH-
GpaTopa B KadecTBe TpUITEpa,

J0 YpPOBHA OTcedkH. 3amyCk MyasTHBHOpaTopa Ha puc. 9-18, a momer
OCyHleCTBAATHCA COOTBETCTBYIOIHM HAUDAKeHASM, IHOXABAEMbIM Ha Ty
naM gpyrymwo 6asy, r. e. —0,3 B nas uepeona p-n-p Tpamancropa B oT-
KphiToe cocroREme nam 0 B — nna nepeBoja B 3axpEITOE COCTORHEE,
®opma HaupAMKeAdil OPA CHAHYCOAJATBHOM BXOAHOM CATHAJE HOKazaHA
ma pmc. 9-18, 6.

9-9. FHCTAFMJILHBIE YCTPONCTBA C JONOJHAIOMUAMA
TPAH3HCTOPAMHU

Ecau Ha TpaH3HCTOPH p-n-p B n-p-n TALOB B cXeMe Ha puc. 9-19
mofiaTh COOTBETCTBYWOLIAe HaNPM:KeARA, T0 oHa OGyder MMerh Koa3ddm-
IMeHT INepefadd ToKa GoablDe eABANUE H He 6yneT HABepTHPOBATH
cnraan. CiaefopaTenpHO, Taxoe YCTPORCTBO 1O CBoeMy MleiiCTBAIO aHA-
JOTRAYH0 TOYEYHO-KOHTAKTHOMY TPAH3UCTOPY M MOMET HMETh OTpPHIA-

TelbHOE COMPOTHBJICHNE CO CTOPOHH BXxoaa, OHO MOMKeT MCNOJIB30BATHCA
B BHA¢, UOKazaHHomM Ha puc, 9-20. Korpa rtpamsactop T; saxpur,
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Uy, = —E, a Haupskenne Uspg CAWMIIKOM Majo AN Toro, 9ToGH
nepesecTn rpaE3ncrop T, B OTKPHTOE cocToRHMe. ClefoBaTenbHO, oba
TpaHsHCTOpa 3aKpHTH. IIpH OTKpHTOM Tpamaucrope 7T; HANDAXKeHHe
Uy, » +E B 1pamsnctop 7, Tarwke GyneT oTKPHT.

Rz

-E
0

Puc. 9-19. ¥YcrpoiictBo Ba Tpan- Pme., 9-20. HcnoawsoBamue [o-
BUCTOPAX p-n-p U n-p-n THLOOB, NOJHAKMWX TPAHBHCTOPOB MJIA
KoTopoe obecumedqiBaer yCuJeHHE HOCTPOeHHA peregepaTHBHOTO
ToKa (e3 NHBEDPTHPOBAHAA CHI-  KOHTYpa.

Hana.

CxeMma, B KoTopoil MCHOJAb30oBaHA TaKasg KOMOMHANUA NONOJHA-
O{TX TPaH3MCTOPOB, MOKazana Ha puc. 9-21, Ecau BxonHoe BanpameHne
TPEeBHCHT yPOBeHb OMOPHOTO HampsKeHHA Ugy, TO o6a Tpamsuctopa
CKauKoM TepeXOlAT B OTKpPHTOe CocTofHIe, Yepe3 pesucTop B pemu
oMuTIepa R, Oyfer mporeKath TOK, I HanpaieRne U, yMeHpHIETCA
mpubansureaso fo 3 B. Jlaubmeiimee ymembinemne Uy, npuseper

K TOMY, 9TO TpaH3MCTop 7; HauleT 3aKPHBATECA, B Pe3yabraTe 4ero
ofa TpaH3WCTODA CKAauKoM IepeiilyT B 3aKPHTOEe COCTOSHHE,

+58
Ug, -28

Ygx 100

O O

Prc. 9-21. BucradnasHaf cxeMa Ha JONONHAIMMUX TPaH3UCTOPAX.

B raxom ycrpolicTBe ¢ sMuUTTepa TpaHsMcTopa T, MosKHO MOJNYYaTh
cpaBHlTENbHO Gonriune uMIynbCH ToKa., TAK Kak BO BXOMHOM penm
OpPONCXOANT YyBeldHdYeHUe TOKA NIDH yMeHBINOHWA HanpHA:KeHHA, YCTDOH-
creo ofnamaer OTPMUATENBHEIM CONDPOTHBJeHHeM. B ciyuae caminkoM
Gonbmoro compoTHBJeRUA 7,, Ko3QPROHeRT HepemaAuM MoyKeT YMEHBb-
IMHATLECA HACTOABKO, YTO YCTPOHCTBO IeopecTamer paboTaTh B pPe:KEMe
nepenioyenun,
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9-10, BUCTABNJIBHBIE YCTPOUCTRA B HHTETPAJILHON ®OPME

NpocreiinnM BugoM GrcTabONbHENX 2/16MeHTOB ABIAIOTCH 3aMHPAIO-
mue ycTpoiicrsa, HO of6nacTh UX HpuUMeHeHHA orpaRmyeHa, Hambonee
MHMPOKoe NPHMeHeAN® HAXOLAT Tpurrepsl tumos D u J-K, umenoumme
ofosmauenns SN7474 m SN7476 ccoTBerCTBCHHO,

Yerpoiierso R-S tama. Ilpocroe ycrpoiictBo 3ampera MoxkeT GHTB
nocrpoedo Ha mByXx cXemMax HE-U, KoTophle coeginHRIOTCA Tak, Kak
noxasano Ha puc. 9-22. Ha sruxone cxemu HE-U Gynetr noruueckmis «Os
(HM3Kuil ypoBeHL HANpAKeHNA) JUME B TOM ClIydae, eC/lH Ha BCeX €ro
BXONAX HMCeTCA Jormdeckas «1» (BHICOKMII ypOBeHb HANpAMEHMA).
Ecam Ha ofiHOM 3 BXOA0B HMeeTCA aormgeckuit «O», To HA BEXOe OyneT
Norrueckad ¢l»., YcTpoHcTBO meiicTByeT Kak MepeKI04aTelb OT MeXa-
HUYEeCKoro KoHTaKTa. ECNH KOHTAKT MTrHOBeHHO 3aMKHYTh Ha BXop D,
TO 3TOT BXOJ Hepeiier B cocToAHEe «0», a BExox @ B coctoaRmue «i».

QIO =D
Q|lw|laolw
S R Y- Y )
Il BN B ]|

Puc, 9-22, 3anupanwmaA cXema R-S Tuma, NoCTpOeHHAR H3 ABYX
snemenToB HE — M, m ta6auua COOTBeTCTBHA.

C yuereM penedl o6paTHOf cBA3M 3To 03Havaer, uTo Bxoaw 4 B C Gyayr
HaXoguTHCA B cOCTOARUM «1», a BHXop Q nepeiimer B coctoAAme «O».
Tak KaK BXOR B Temeps Raxonurea s cocToaaud «O», a Buxon Q ocraerca
B cocTOoRHUNM «l», TO moclemywuiue CHTHANH, ITolaBaeMue Ha Bxog D,
He GyqyT OKA3WBATh BosfeiicTBMA Ha cxeMy. TaKoe cocTosiHHe, Korja
Aa BHXojge Q HMeeTcA HusKiil, a Ha BEXxole ( BHCOKHil YDOBEHS,
6ynmeT COXpaHATHCA IO TeX Top, MOKAa KJKOY HAa BXOle He IepeBefeT
Bxog C B coctoAHue «0». Torza ycTpoHCTBO H3MEHHT CBOE COCTOAHME:
Bxon Q mepeiifieT B cocToARKe «1), a Q — B COCTOAHBE Jorudeckoro «0».

3aMeTuM, 4TO UPH OTCYTCTBHN BHEINHLX PEe3UCTODPOB, €CJAM HA BXO-
nax C u D uMeerch sorrueckuil «O», 06a BhIX0Na HepeiyT B COCTORHUE
sornueckoil «1» ¥ ocramyTcA B 3TOM CocTofgHUM. OfHako eciu HAa BXo-
max C u D mMeerca noruueckan «l», To o6a BHxofa Q 1 Q AONKEH Ow
nepeiiTH B cocTosHue «O», HO U3-3a ueneil 06paTHOll ¢BA3K B 9TOM Ciyuae
COCTOAHDE BHIX010B Oyner HeomnpepedeHHniM. I[locnenmee obcToATEND-
CTBO W ABJAeTCA TNABHOM HPHYAHOR OTPAaHHYEHHOro HPHMEHEHHA YCT-
poiictB R-S Tuma.

Bucrabanbaoe ycTpoitcTBo 3ampera. CxeMarmuecKoe m300pacenue
ofHoro 3JeMenTta GHCTabUJNBHON cxeMul Tmna SN7475, coCTOAIMCH U3
4eTHIPeX 27€MEHTOB, NoKasaHo Ha puc. 9-23. Opgun a7AeMeHT COCTORT W3
gerupex cxeM W, mByx cxem HE-WJIU m opmoro mmsepropa. Ha BH-
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xone cxemst HE-MJIM 6yper sormueckanit «0» B caygae, Korga Xotda 6
Ha_ OpHOM U3 ee BXOJOB MMeeTcs Jorumgeckas «l». Takum obpazom,
eclH BHIXOJ Q HAXONRTCA B COCTOAHMN jormgeckolt «1», 1o oGpatmasm
CBA3b M cXeMa 4 oflecneuar Taxoe COCTosiHWe, YTO Ha BHXOme Q Gymer
umerpb MecTo Jorudeckdit «0». IIpepnmomosnm, aTo Takoe cOCTOANMeE fAB-
AfeTcs UCXORHEIM, a Ha BXome D mmeerca norugeckuit «0». Paboty
CXeMBI MOYKBO HCCHIeOBATh, NOfaBaf 3allyCKaoI1e UMIYJIBCH Ha BXoa C,
TeM cambiM HM3MeHAA ero coctoAdme oT «O» x «I» ® HaoGopor.

a 3 d tn tn+1
h><_ 4 1 110
[ 1

¢ D

Puc. 9-23. CxemaTHueckoe WM306paskcHAEe OQHOTO djleMeHTA CXeMEl TMOA
SN7475 u Talauma COOTBETCTBHA,

Tax kax cocToamue Bxoga C uameraercH ot «O» x «1», 0o6a Bxopa
snemeATa I nepexonAT B coctosHue «1» u Ha ero Buixone TakKe OGymer
«l». Buxoy Q nepexamuaerca B cocroanye «0» 1 BhXop ainemeHTa 4
Tarie Jepexogdr B «O». Ta-
KHM ke o0pasoM, ecan Ha
pxofie D 1iMeeTcs JoTrnaeckuii
«O», TO BHIXON 2JaeMeATa 3
OyneT B COCTOAHHM JIOTHue-
ckoro «0», a puxon Q uepeii-
per B cocToAnue «1». Jiorpa
BxoJ, C BepBeTCA B COCTOAHHE
«», noruueckasa «i», Hopa-

YemaroBxa

{dpec
s

Janyex BaeMafg ¢ BHXOma () uepes
o 00paTHy CBH3b M 3JIEMEHT
(1] 2, nojfjep:kusaer BHXOH Q

B cocrogndn «0». PaGota
- cXeMHl ONUCHBaeTed TabIM-
7+ ueéie) COOTBeTCTBHA HA puc,
9- rae i, — cocTofHUE
Pre, 9-24. prOllieHHaﬂ cxema D “epeh noﬂaqeg 3anycKamwue-
Tpurrepa cepuum SNT7474. TO HMOYIBCA, {p,, — COCTOA-
HMe nocie [eHCTBIA 3amy-
CKamniero WMNyabca, 3aMeTHAM, 4TO BKJIIY€HHe HHBCPTOPA obecnedm-
BaeTr pasiddile BXOROB Ha oajlemeHTH I, 3 H HeonpegejeBHOe COCTOA-
HHEe, Kax 370 OHJIO B NMPeNEAYUeM ciIydae, BOBHUKHYTH He MOjKeT.
Tpmrrrep TAna D. JleiicTslle TpHurrepa NOACUAETCA ¢ MOMOUIBIO
ynpollendoil cxembl tina SN7474, noxasaHHoii ®a puc. 9-24, Oma
COCTOMT M3 TPeX CBA3aHHHX MeKay cobofi R-S cxem. Ecim BXof,
Ha KOTOPHI MocTynaoT AaHHHEe, HAXOANTCA B cocToAHMN «D», a BXOR,
Ha KOTOPHII NOAAIOTCA 3alyCKawuile HMIYIBCH, HMCET HCXOLHOe
cocroaane «O», To BrIXOAW aneMeHTOB I —4 GYNYT HAXOLHUTBCHA B COCTOA-
muAxX «D», «1», «1» 1 «D» coorsercTBenno, Ine D = 0, ecau D == 1,
H HaoGopor. Ecam sanyckaroumii Bxop nepeiiner B cocroardue «i», To
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BHRIXOAH piieMeAToB I B 4 octaRyrcs Ges H3MeHeHHA, BHXOJ bJeMenRTa 2
nepeiifler B cocrofigde «D», a BHXop sneMeRTa 3 mepeiiper B «D», Kax
noxasaHo Ha cXeMe. B peayibTare yposeH® ¢ BXoga «D» Gyaer mepepaH
Ha BHIXON Q, a Ha BHxogme @ Gymer cocrogAme «Dx.

[Tpun ACnONB3OBAHMH B cYeTYAKAX M peTHCTPax cpBura (puc. 9-25)
ypoBeHb Ha BXofe D HocToAHHO H3MeRsAeTCA Me:Kny JOTHYeCKUMH «l»
H ¢«0», ¥ B 9TUX CIyYaAX MOKeT MPOMUCXORUTDH JNOXKAHIA 3anyck. Ha

a2 2 D .
2 2] a 8 ¢ a
o q

Sanycx l Sanyox | ] l

a) © L)

Prc. 9-25. IlpuMenenme TpurTepa D Tuna B KadecTBe [BOMYHOIO cHUeT-
quka (@) ¥ COBUTOBOTo permctpa (6).

Pa~]]

puc. 9-26 moxasad (POHT 3aNycKAIINEIO HUMIYABCA Ul BHEJNeHH TPH
paanmuBne oGnacT®. B o6ractm mepexopa Mexxny 0,8 m 2,0 B aneMent
paGotaer B JNuHeHHOM peXuMme, II B INpepnellax 3Toil obmacTy paHHEe
HepeflalTCA ¢ BXOfA Ha BHXoA. PeaabHoe Hanps)keHue, MPH KOTOPOM
OPONCXOAUT mepepada, 3aBUCHT
OT BpeMeHI 3aJleP:KKH pacnpo- B
cTpaHeEMsa CHUTHANA WAQABURY- 2.5
aJbHO KAaXKIOTO 3jleMeATa U ’
HMeeT THOOBOe 3HaueHue 1,4 B. 2,0
Ecan usMenenne yposAfa npomc-
XOQMT B mpejenax atoit obnacru, 1,9
BHXOJ] MO)KeT MePexJdaThCA B 10
HeonpeaeaeHHo® cocrosmue. (g
Yrobm ycTpagETh owmuGouHHe ) f
3allyCKH TOJOGHOTO Buja ¢ yue- ?
TOM BpeMeHd 3aeP3KKM pacnpo- 0
cTpaHeHHsl CHTHAJNA KOHKPETHHX
7eMCHTOB, pexoMeHnyerca mpu-  Puc. 9-26. Dpomr samyckamomero
MEHATH 3aIlyCKAaOUIMe HMIYJb- aMOoyJapca.
cHl ¢ BpeMeHeM HapacTagusa Be I — obnacTbs ycramoBuaenna, ¥ — ob-
6oytee 25 HC. ’ macts nepexona, IIT — ofnacte ynep-
Tpurrep Tama J-X. B casn- HAHUA.
ToBOM perdcrpe, NOKasaHUOM Ha
prc. 9-25, 6, Bce Tpu GucrabMALHbBle CXeMH 3aIYCKAKTCA ORHOBPpe-
meHERO. TaxuMm 00paszoM, eciiy Ha BXOfle Kackaga A umeercsa «1», a BH-
xogu Q rackamoB A, B m C HMeT HCXONHHEe cocToAHMA «O», «i» u
«0» COOTBeTCTBEHHO, TO MmOC]e TOAA4M OJHOIO 3a0yCKAOUero MMIYAhLCA
9TH BHXOAH nepeinyr B cocrosnaud «i», «0» n «i». IIpepcraBiennoe
takuM o6paszoM MBOMYHOE YHCIO CIBUHETCA B PelrucTPe HA ORMH pas-
pAn. Opsaxo, KaX yKe yKasHBAaJNOCh, pealbHLfi ypoBeAb BXOMHOTO
BanpsuKeHWsA, NP KOTOPOM M3MeHAETCA BHXOAHoe COCTOfIRMe NAHHOTO
SNeMeHTa, MOKET OT/ANYATBCA OT YPOBHe[l WepeKNoYeHuA aHaJOrnu-
phX siemMenToB. CaefoBaTenbHo, HeAb3sA CYMTATh, uTO BCe OucTabinn-
HEle 3JIeMEHTH peructpa cpabaTeBaioT ogHoBpemenno. Taxum oGpasom,

313




ecliH aleMeHT A N3MeHaer COCTOAHHBE paHbme, 4eM djemMeRT B, To Ha
BXOJ 2JeMeHTa B BMeCTO JOTHYECKOIO «0» moctynuT «i». B pesyabrate
nochie geHCTBHA ONHOTO 3allyCKAalONlero MMOyjbca HAa TPex BHXomax Q
BMecto «101» moaBurcs omEOGOYHoe umcao «111». JAnsA HcKawdYenma
TaxAx omp6ox HeoOXoguMo 00eCHeuHTH CuOCO6 3anOMUHABHESA OPaBUIb-
HEIX JAHHHX Ha BXOMle Kai(goro OHMCTAaOHABHOIO DIOMEHTA B TEYOHMC
METepBajla BPOMeHW, Korma npoucxoguT 3anyck. Cumocol, B KoTopoM

: 1 =D :
o o
C.Yclmz- I . Mﬂﬂll‘o
Holke

! Janyck

Pec, 9-27. DyBEKOUOHANbHAA CXeMa ofgHOTO dJdeMeHTa J-K Tpurrepa
Tuna SN7476.

RCHOJAb3IYIOTCA NDHHIMOK Befymell B BefoMoil CXeMhl, NPHUMeHeH B
CTAaHAAPTHOM [IBOMHOM TpHrrepe Tuna SN7476., Cxema oaHoro Kackaga
9TOro TPHIrepa MaoOpakeHa Ha pmc. 9-27. JBa saementa HE-WNJIN
C OepeKPECTHHIMH CBA3AMH 0GpasyloT Begymyl CXeMy, a [Ba die-
menra HE-H — BeoMyi0 BHXoAHyI0 cxeMy. Ecan CHIHaJd, mocTymnaio-
muii Ha Bxops J B K snemenTos M, npepctaBnder coboii sanyckawmuit

Jdoauyeckaa T T ree

Qo=
U=

Dlw|9 R

I

Soayyeckuu 0

Puc. 9-28, 3anycxawomuii HMIOYyABC, HITOCTPIPYIOWMII nmocaenosa-
TeJAbBOCTh NepeKalueHus, U rTabauma coorsercTBEA J-K Tpurrepa,

CHTHAJ, TO 9TOT CHTHAJ YNpaBJIAeT BXOJAaMH Beflymeil cexuun, Cocros-
HHe TPAH3HCTOPOB, KOTOpPHIe CBA3KIBAIOT BEAYUYIO CEKUHIO C Be[oMOii,
ompejensdercAa HaOpAKEHIAME Ha BX 6azax. dTu HaupsKeHAA 3aAI0TCHA
¢ saementoB HE-HJIU B coueraHHHE ¢ HaOps:KeHHAMH Ha SMHTTOPAaX
TPAH3HCTOPOB, 38JABAEMEIX HMCTOYHHKOM 3aNyCKAKMHMX HMIYJIBCOB.
3HauMT, 3anyCcKalmpe UMIYJIKCH TaKKe ONDPENeNANT COCTOAHHE BTIX
IBYX TPAHSACTOPOB M, CIe0BATENbHO, CBA3D MEKAY ABYMA CeKUHEAMH,

Ha pme. 9-28, ¢ noxasam sanycKaomuii umoyanc. ITpu yposme,
COOTBETCTBYIONIEM JoIMYyecKod «1», BeJoMas COKIMA OKA3RIBAeTCH W30-
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JUPOBAHHON OT Benymeii. B 3aBNCEMOCTH 0T ypOBHEi#l CHTHAZOB B TOY-
Kax Q, Q, J H K upH ypoBHe 2 3anyCKalmero AMOyJbca ofNH Ha BXO-
nos aneMerros U oKasrBaeTCA OTKPRTHM M aHHEO MOTYT GHTL BBefen
gepe3 Bxogu J B K B Begymyio cexunio. IIpE yposme 3 sxogu J B K
6JI0KNDYIOTCA, a pu ypoBHe 4 naHHHE NOPefaldTCA OT Befylleil K Bui-
xofHOU BefoMoil ceKuHH. TabaEpa COOTBOTCTBUA OMCTaOHABHOrO Sne-
MeHTa N0A06HOIO THOA mpefcTaBAeHA Ha puc. 9-28. 3ameruM, 4To Mame-
HeANME¢ BXOJHHX JaHHHX [0 TOT0, KaK NpoW3offer OJoKHDOBKA BRo-
nos J B K, MOXKeT IpPHBECTH K NOABICHEI OMEOOYHOTO BHIXOZHOFO
curHaga. I1oaToMy B TeueHlle EATepBaaa BpeMeHH, KOr[ja YPOBeHD 3amy-
CKAaloIero BMIYJIbCA COOTBETCTByeT JOTHYECKOM «1», BajKHO COXpamHHTD
HAa BXOJle NPABHIbHLEE [aHHHE,

B cxeme SN7476 npemycMoTpeHa BO3MOKHOCTh YCTAaHOBKH K
copoca pasaHX. [lonaua Ba BXoJ Ycmanoeka Ha KOPOTKOe BpeMA YPOBHA,
COOTBETCTBYWOIEro JornuyeckoMy «0», ycTamaBIHBaeT HAa BEIXOJe CO-
CTOAHIIE JoInYecKoit «1»n. AHaNOrIYHO N0fa4a OTPHIATEABHOTO HMIYABCA
Ha BXoj Cé6poc MO3BOJIAET HepeBecTH BHXOJ Q B COCTOAHME JOTHYE-
ckoro «0y. CaexosaTenbHO, [JAA HOPMAaABHOH PaboTH CABETOBOTO pe-
rucTpa BxoAs Ycemanoseke U C6poc NOMWHH HAaXOAMTLCA B COCTOAHHH,
cooTsercTByIomeM Jorinueckoil «lp, Cmocobu ocymecTBaeBNA BTOrO
OnHCAaHW B ra. 11.

9-11. MOHOCTABHMJIBHBIE MYJILTHABABPATOPHI

MogrocTabnibasie My abTUBHOPATOPH, KaK IpaBllio, UPBEMeRAAIOTCHA
nas GopMITpOBAHUA 11 3aflepP;KKH NMOYJABCOB. B kauecTBe BpeMAsajaw-
X 2JIeMCHTOB B GOJBIIMHCTBEe CJAYYaeB HCHOIb3YIOTCH pe3licTOpH U
KOHMEHCATOPH, XOTA HHOTAAa NpHMEHAIOT KATYIMKH U DPe3ncCTopHl,

0 F,=-68
Uz (Max—min) S Ey el Vi Tlos o 11k
K1 1 X
. C
I g
—~ Ex
c 4 T2 t=0,7R51Cq
Rs2 82K
: 0B
Rs3 10K

o Ey=+1,58

Pmc. 9-29. Cxema MOBOCTaGHIBHOTO MYJABTHBHODPATOPA C KOMICKTOpPHO-
6a30BOI CBA3BIO.

MomnocTabunpEBI MYILTABROPATOD € KOIIEKTOPHO-6a30B0i cBA3BIO.
Cxema MOHOCTAGIIBHOIO MYAbLTHBNOpATOpa € KOJLIEKTOPHO-6azoBoi
CBA3BI0 OpIrBeiicEa Ha pic. 9-29. llemodka ¢ Koanekropa Tpaasucropa T
uepe3 pesncrop R obecnedlipaer momaly nMpAMOTrO CMEIMOHAA Ha THOM,
OpH OTKPHTOM COCTOAHIM TpaHsucropa T;. Ecau sxe tpamaicrop T,
3akpHT, a T, oTRpHT, TO paHom Oyper 3akpwmit. Takum o6pasoM, mpH
noja4e HOMUKITEIbHOTO CHTHAJNA Tpamsucrop 7, mepexaodaercs 113
OTKPHTOTO B 3aKpHTOe cocToAnHe, Ilocae 3amycKa HOJOKUTEAbHOO
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d3MeBepAe HaNOpSKeHAA Ha KoJjexkTope Tpadsmctopa T, Hepemaerca
Ha Gasy Tpamsmcropa T,. Hanmpmmenme ma Gase Tpamsmcropa T, mop-
NePIKEBAETCA 3a IpeMlelaMA YPOBHS OTCeYKH B TedeHHe BPeMeHH paa-
pAma KoHpmeHcaropa Cg uepea pesnctop Rg,. Korma Hanpr:xeHme Ha
Gaze Tpamsmcropa I, YMEHBHIATCA A0 YPOBHA OTCeYKH, TpaHaHcrop T,
CHOBa oTKpoercA, a I, 3aXpOeTcA. JTO COCTOAHMe GydeT COXpaHATHCA
1O OpAXOfA CefYIOMEIo 3alyCKAomero aMoyabca. iHTepBan BpeMenn,
B TeYeHHe KOTOPOro TpaHamcTOop T; HAXONHTCA B 3aKPHTOM COCTOSIHAH,
olNpefeadeTcA MOCTOAHHOA Bpemenn Cg Rg, B NPaKTHYCCKH e 3aBHCHT
OT HampsMKeHAA HCTOYHHKOB MUTAHHA.

NprEGATEL NpoeKTApoBaHAA. B HCXOQHOM COCTORHHEM TpaH3MHC-
Top T, oTKpHT, a TpaHamcrop T, 3aXpHT, HaOpsKeHHE HA' KOJJeEK-
TOpE Ilz pasro Ey, a HaupAmeHRe Ha Koanekrope T, 6aA3xo K BHyM0.
Ecam manpamenme Upy, B pesxmme Hacmuenua oosmaunts Ugg,
(parmo mpuGamasrrensuo 0,3 B), To Hanpmxenue Ha KoHpeHcartope Cg
npamepro pasHO K, _ Upy,. ITocae samycka myasrusubparopa rpas-
aBcTop T, OTKpHBaeTCA B HaNpMKeHHRe HA €T0 KOJJIEKTODP® CHIKACTCA
2O YDPOBEHS, COOTBETCTBYWINETo peXAMY HachmeRns U . o, T. €. HaMe-
HeHHe HaNpAKeHAn Ha Koanexrope Ty pasHo K, — U ... TpaHam-
crop T, npE »TOM HaxXOAWTCA B 3aKpHTOoM CoctoAERA. Hanpsxenne
Ha KOH[JEHCATOpe BO3PAcTaeT A0 MAKCEMAJBHOIO:

Umax= (EK— U;SBI)"‘ (EK_ Umin 2) =2EK_—U;331 - Umin2~ (9-4)

Koupercarop Cg Tenepb HAYHOT PA3PAKATBCA yepes CONPOTHBIE-
HAe Rg, 10 5KCIOHEHIHANLHOMY 3aKOHY

u=Ug - exp (—¢/1), (9-5)

Tae mOCTOAHHAA BpeMeHB T = CgRg,. I'padmueckm upomecc paspana
KOHJeHCATOpA 1OKazaH Ha puc. 9-29, 6, Tpamaucrop T, cHosa mepe-
XOAUT B OTKPHTOE COCTOAHHE, KOIMa

u=E,— ULy, (9-6)

* r
rne Uggy HECKONBKO MEHbmE, 4eM ULsys ¥ NPAMEPHO paBHO —25 B.
Na tpex mocnenHEAX paBeHCTB MOMKHO IOJYYMTEH:

ER_U]’SBI =(2Ex_Umin2—U,B31) exp (—1/1). 9-7)

Ipene6peras BemwumnaME U, .., Upy ® Ugyy, DonyuaeMm
exp (—tJt) =~ 0,5, CnenoBarexsHo, /T = In 2 mam
t=0,7CcRg;. (9-8)
Ecnm pesscrop Rs, NpHCOCAMHAT: K HCTOURBKY Ej Bmecto Ey,
T0 MOKHMO NOKazatrh, 9TO
r
t Ex-Es
—=In———. 99
T En (9-9)
Takam o6pasoM, MIRTCABAOCTD AMNYAbCa MOKHO H3MEHATH, pery-
NAPyA HANpPMKEHRe WCTOUHUKA Eg.

[Ipn BEGODE CONPOTUBAEHHA PE3NCTOPA B Nend KOJIEKTOPA HeOO-
XOMMO YUHTHBATh NporuBopednssie olcroArenbeTBa. UtobHm ofecie-
Y4ATH HeGOABmMON TOK KOJMeKTOpa M MAalyio paccelBaeMyi0 MOMHOCTD,
COTPOTHB/ICHA® B IEMA KONJAEKTOPa NOKHO OHTH CpaBHETEABHO G0ab-
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muM. C Apyroi CTOpPOHE, [NA NMONyIeHHA MANOH NOCTOAHHOR BpeMeHM
nelA KOJLIIeKTOpa, a CJefoBaTelbHO, BHCOxoTo GHcrpopmeiicrsma, Tpe-
Gyerca HeGonpmoe coupoTnBienue Ry. IIpnMeHenue MalNX cOmpoTHB-
neHmii Ry HMeer M MONOJHNTeJNbHHE IPERMyMecTBA, TAK KaK MpH
9TOM CXeMa CTAHOBHTCA MAajlOYyBCTBHTeIbHOW K BHeINHell Harpyske,
a NafeHAe HANDPAKEHAA, 00yCAOBJAGHHO® TOKOM yTeuKH, Oyler Hepe-
NHKO.

TNMogaua DONOMKATENBHOTO CMemeHHA Ha 0ady OT HcrouHmKa Kg
uepes pe3ucTop Rg; ofA3aTeabHA TONABKO B TeX CAy9asX, KOTNa MyJb-
TEBAGpaTOp OOJKeR paboraTh B MHEPOKOM [HANA30He W3IMEHeHHH
TeMIepaTypH.

OCHOBHHe 3Tams MPOGKTHPOBAHAA MyJNbTHBRpaTopa Ciaenymomme:

1. Bu6path seamumHH Ryi B Ey, npE Kotropmx GymyT oGecmeun-
BaThCA HEOOXONAMEIE JJIHTENb-
goctu $pOHTA H crmaga BHXOA-
HOTO HMIIyIbCA.

2. Paccunrare TOK HACH-
HeHHsA, T. €. TOK, IPH KOTOPOM
HafeHe HANDMKCHAA HA Pe3H-
ctope Ry npr6ausnTenbno paB-
HO HanpMKeHUI0 HCTOYHUKA MR-
TaHufa Ey.

3. Onpemennts TOK 6asH, -5,58
COOTBETCTBYIOIMIA peMpMy Ha-
CHINEHAA, B INPeANnoNoKeHnN,
uto napamerp hy,n BHOpaHHOTO

TPAHBWCTOPAa HMeeT MHHIIMaJlb-
Hoe 3HayeHHe,

4. Wcunoabaysa $opmyany
(9-8), paccuurare Bemnynnul Cg Pmc. 9-30. Cxema gna pacuera co-
u Hgp,, Kotophle ofecmevar no- nOpotusieHHd Rg, B Res.
ayuyeHWe 3aJaHHOH NJAHTENbHO-

CTIl UMOyabca.

Hprmep npoektupoBanusa 9-2, TpeGyeTcA paccIuTaTh CXeMy MOHO-.
crafRabmoro MynpTHBHOpPaTopa, AABTEABROCTh BHIXOMAROTO WMMILYABCA
KOTOpPOIO paBHA 5 MKC.

Npu 3apgaEROfi AAATEeNBHOCTH HAMIyAbca BpeMsa $pomETa H claga
HMIyNbca NpHEEMAaeM NPROAU3HTCABHO paBHHM 1 MKc. Bubmpaem TmH-
nosnie 3Hauenma Ry = 1 ¥Om 1 Ex = —6 B,

Peaucmopn & Gasoswxr yenar. TOK HaCHIEGHHEA paBeH: [ypc =
= Ey/Ryx = 6 A, llpn muammansom sHasennn B = 20 Iy = Iy5c/B=
= 300 MKA.

a) Jlas caysas, xorja Ha Gasy He HOJAaeTCH HOJOKATEALHOE CMO-
menue, R = 6/(0,3.107%) = 20 xOm. llomyuerHoe conpoTusIeHne
ABNAeTCA MAaKCUMaJBHEM. I[ZIA TOI0 4TOOH ydecThb BO3MOMKHEIE KOJeGa-
HIA Haupd;CHUS MCTOUHMKA NHTanuA, BHbepeM Rgy = 15 KOwm,

6) Ecan ma Gasy moOpacTCs HOJOIKHTENbHO® CMeUeHBe B Fg =
= 1,5 B, rak moxaszamo Ha puc. 9-30, 10 BHGepem Re; = 10 xOm.
Tor/a IPII OTKPHTOM COCTOSHAM TPAH3IICTOpa T, TOK uepea pesncTop Re,
pasem: I; = (1,5 4 0,3)/(10-10%) ~ 0,2 MA, a TOX uepes peamcrop
Rgoly = I + I, = 0,5 MA, Haiiflem najieRMe Hanps:KeHMA HA PesH-
crope Rey: U, = —Ey — IR, + Upy=6—0,5—0,3~ 5 B. Torna
Rey = U/l = 5/0,5.-107% = 10 xOm. Kar u paHee, ¢ y9eToM BO3-
MoHHX Kojebammil manpsuKeHEA HCTOUYHHKA UATAHAA Bubepem cran-
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paptHOe comporusiaeHume 8,2 kOm. Korpa Tpansucrop 7T, OTKPHT, Ha-
’
ups;KeHAe Ha ero Koaaekrope Ury = —0,1 B. Torpa

Ry
Rog-1-Res

CneposaTenbHo, Kak n TpeGyercA, mepexon Gasa-aMuTTep TpaH-
sactopa T, cMemed B ofpaTHOM HampaBJeHHH.

Bpenssadawuan yenouxa. B MamoMomuhnx TpaH3ucTOpax TOK 6ask
uMeeT MaKcuMaabAoe sHademue Oroao 1 mA. Torma MmEHEMambHOe
conporupaenue g pasHO:

R61=EH/1

Ugsg=Eg— (Es —Uk1)=1,5—0,9=0,6 B.

5 max = 6/(1 - 1073) == 6 xOm,
BuiGepem craEgapraoe 3HadeHHe 5,6 KOM.
Uz gopmynn (9-8) maxopum:

C6=1/(0,7R¢,) =5 - 1078/(4 - 10%) = 1250 u®,

9-12. MOHIOCTABHJIBHBIN MYJbTUBABPATOP
C HENOCPEJICTBEHHOH CBA3bIO

CxemMa Taxoro MyabruBuGpatopa wusoGpamena Ha puc. 9-31,
B ycroiianBoM cocrosimuu TpaH3UCTOD T, HAXOMWTCA B perKUMe HACH-
MeHEWA, TaK Kak OH OTKpHT 6iarogapA ToKy, DPOTEKAlONeMy uepes
peancrop Rg. Ilpnm nopnaue orpumarenbHOr0 3alyCKAKIIEro HMOYJALCA
Ha Gasy TpaHaucTopa T OTpHIATeJbHOE HAUDAMNKEHM® HA KOJJIEKTOpax

Puc. 9-31, Cxema moHOCTAbUJIBHOIO MyabrTusliGparopa ¢ Hemocpef-
CTBeHHOH# CBA3BIO.

TpaH3BCcTOpoB T3 ® Ty ymeHbIIAeTCA. JTO U3MeHeHHe MepelaeTcA Ha
G6azy rtpamsmcropa 7T, uepes KOHpmeHcaTop (g, KOTOpPHI 3apAKeH 10
Hanprwenun E, — Ug,. Takum olpasoM, Tpauancrop T, 3aKphl-
BaeTcsl H OCTAaeTCA B 3TOM COCTOAHHM B TeJeHUE HHTepBala, KOTOPHIil
onpegeafeTcA nocTosanHofl Bpemenn RpCg. B xoHI® npouecca paspsapna
KonperncaTopa Cg TpaHsucTop [, OTKDHBAaeTcA MNpHM HaNpsKeHHI
Ugs =~ —0,25 B. Kak ¥ B upeipiyllieM npuMepe, MOMKHO HOKA3aTb,
qro
’
2EH_UB3

t=TIn —/———
EH_U;SB

(9-10)
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maa opA E, > Ugy
t=~=0,7CsRs. (9-11)

Haupusmep, ucnonbayem rpadsucTop THa MA240, pesuctop Rg =
= 10 xOm u Korperacarop Cg = 1000 n®. TaxuM 06pa3om, MOCTORHHASA
spemenn T = 107% c.

DopMa HanpAKeHHil B cxeme MyanTuBuGparopa HOKaszaHa Ba
puc. 9-32. IlofcTaBnAA sanaHEEe Belwdunl B gopmyay (9-10), noay-
gaem ¢ = 1075.0,78 ~ 8 Mxc.

CornacHo nacnoprHbiM JaHHbIM Tpamaucropa MA240 npn Iy =
=2 MA u Jg = 0,3 MA BalpsKeHUE Ha KOJJAEKTOP® TPAH3ICTOPA

B peiMe HachlleHua He npesnniaer 10 MB, a Tunosoe smauenne atoro
Haups:;KeHEnss cocrasBilAer 40 mB.

ConpoTusiaeHHe pe3lncTopa cMme-
meHusa B menn 6asHl 101:KH0 GLITH
HOCTATOYHO MAJEIM, 9T00B Tpam3H-
ctop 7T, MOr mepexoilTh B PeKHM
HachlmeHNA,

Ecau Ry =1 ®OM 11 Ey =
= —1,0 B, 10 If pae = 1,5 MA,
IIpn MmENManbHOM 3BayeHUN B =
=15 15 gac = 1,5-103/15= 0,1 MA.
Eciu smbpats Rg = 10 kOM, TO
Iy =042 mA. Ilpu ysemuyenun
T nae O(Hsanpxgxep, I;CJIE 1?6”{35 Puc. 9-32. Qopma xoxeGamnii

we = 0,5 KOM) Rg= KUM 5 cxeme ma prc, 9-31.

Bxod — g — 08
—— 0,33/

OKa’KeTcsl  CARmKOM  Gogpmiim,
MyiabTHBUGpaTOp He Oymer HMerh
YCTOITINBOTO COCTOAHBIIA 1 MepeiiteT B PpeknM TeHepHPOBAaHI Kolle-
Gamnii. Taknm o6pasoM, Bo Bcex cxeMaX TPaH3UCTOPHHX MOHOCTA-
GuiapEHX MynbTHBHOpATOpoB naA ofecmeyeHIA MIIPOKOTO MlIaNa30HA
NIUTeNBHOCTell BRXONHHX HMOYJAbcoB HeoOX0qIIMO H3MEHATDh CMKOCTH
Cg, a He conporuBieHne Rg.

9-13. ACHMMETPHYHBIA MOHOCTABHUJIBHBIN
MYJbTHBHEPATOP

Ha pne. 9-33 noxasaHa cxeMa aciiMMeTDUYHOIO MOHOCTaGHABHOTO
myaptiBuGpatopa. B ucxogsom cocromEmm TpamaucTop 7T; OTKpHT
u Uy ~ -+-0,3 B. 3uauenne toka /; ~ E»/Ry TaKoBO, 9TO Hanpsike-
Hue Uy ofecneanBaeT 3aKpHTOE COCTOAHNE TpaH3ucTopa T,.

Tlpu Dmojade NOJORHTENBHOIO 3JAWyCKAIOMEro HMIyanca ToK [,
yMeHI;IIIaeTCH, B pEBYJII:TaTe gero I13MeHIIBIIeeCcH Hanpm}:enne UHI

OTKDHBaeT TpaHaucrop I';. DMUTTEp TpaH3zicTopa T, ctaHoBHTCA Gosee
oTpuUnaTenbHBIM, a TaK KaK Hampfi)keHHe HA KoHMleHcarope C; He
MOMET M3MCHATHCA MIHOBEHHO, MNOTEHMUAN] 3MITTepa TpaH3mcropa 7y
TaxKe CTaHOBUTCA Gosee oTpunmateapHEM. Takiy ofpazom OpouCXOmNT
nepexjaioUenile TpaHancropa I'; B saxpuToe, a Tpansncropa I, B OT-
KpHTOE cocTosHie, I{orga mepekAodYeHne NOJHOCTHI0 3JAKOHYNTCH,
Ha sMHTTepax ofomnx TpaHamcTopoB OyneT HanpsiKeHue, Gmnskoe Kk Ey,
a HalpA/KeHLC HA pesucrope Ry Oyger pasHo Ky — Ex (tne Ey —
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OTpHIaTeIbEOE B Ciayd9ae TPAE3NCTOPOB TMOa p-n-p). Temeps Kodjen-
catop C, BavHeT 3apAKAaThcA 9epe3 pesncrop Ry, H, KOTAA HALpPsiKe-
HHe HA HeM JocTUTHeT ypoBeA Ey, TpaBsncrop T; HagHeT OTKPHBATHCA.
Ianee TpamanucTOpH mepeiigyr B HCXOHOE COCTOAHME, T. . T'; OTKPHT,
a T, 3aXpHrT.
o= -
Ex

Uxs =(Es‘ Ex)e”

Sanyck
Ey i
i
I
R !
32 0 t1
08 Ey—Uxs
t,=zTln
O ® !) 7 Ea
E,
Pnc. 9-33. CxeMa aCMMMeTDHYHOTO MOHOCTAOMABEOTO MyabTEBAGPA-
T0pa. .

9-14, HHTET'PAJIbHBIA MOHOCTABHJIbHBIN
MYJIBbBTHBHGPATOP
Jlas mMomOCTA0MABEHX MYJBTEBEOPATOpPOB B METErpaibHON $opme

ofnuno Tpefyiorca BHEMHHEe BpeMAzafawiBe RC-2neMeHTH, Kak,
Hanpmmep, B cxeme tAma SN74121. MyasruBulpaTop N3roTOBAAETCH

BrewHue Ru €

DRB DGO E En En1
A|Az2 | B |A;]|4,] B
olx|o|0|x |1

) X|lo|o0|X|0|1
117 \(7|Xx10 |1

POOOWOOO® o L[r[r]r]efx]7

Q A Az B @ 3eman 4)

Pnc. 9-34. Nmrerpaabean cxeMa SN74121N wmomocrabmabHOIO Myab-
THBAGPATOpPa B IJIOCKOM KOpUYyce ¢ ABYMA DARAMA BHBOJOB B TaGamla
COOTBETCTBHA,

B Kopuyce ¢ AByMA DARAMH BHBOAOB (puc. 9-34, ¢). Ha prcynke noxa-
3aHH TPW BXORa aTod cxeMul. Ecan Ha BX0fe B HOfiiepXHBATh yPOBeHD
HanpsaKeHHAsd, COOTBeTCTBYIOmMHE JOrAgecKod «I», a ma Bxoam A,
BaIn A, MOMaBaTh MMOYJABCH, TO 3aDYCK CXeMH OyleT oCyIeCTBIATHCH
OTPADATEAbHHM NepemafoM 2TRX uMOyabcos. Ecam sxe ma Bxopme B
YCTAHOBHUTH YPOBEHb HALDAKEHNA, COOTB¢ TCTBYIOIMUA norudecKkoMy «0»,
To CXeMa sanycKarbea He Gyner. U, maofopor, Kak noxazago B taGanBIe
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coorBercTBEA (pHc. 9-34, 6), ecIm Ba BXofax A; m A, nogAepKmuBaercaA
ypoBerb jormueckoro «0», TO 3amyck CXeMH Oyner NMPORCXORATH MPH
nopade Ha BXop, B normueckoit «is. Takum 06pazoM, BHXOHHOH AMNYIRLC
3aJaHEOM [INTeNBHOCTH MOKHO MOJAYIMTH JHUGO B MOMEHT OKOHYaHHA
3aIyCKAai0Iero EMOyabca, MOJaHHOLO HA BXOAW A; M A,, a1B60 B MO-
MeHT Hadaja 3amyCKAINero MMIOyjbca, HOJAHEEOIO HA BXox B. Cxema
cmocofma pearnpoBaTh Ha MejJIeEHLe W3MEHCHMs BXONHOTO HAMPKe-
HAA, HOJlaBaeMOT0 Ha BXOJ B, W B 3TOM Clydae €e MOKHO NCLHOAb30BATh
B KadecTBe yCTDOMCTBa OmpefelieRUA YPOBHA HAUDAKEHMA.
Haumeatnocme umnysvca. B mETErpanbEOd cxeme mmeerca BHYT-
PeHHRI BpeMA3afalOMNH Pe3NCTOP CONPOTHBAEHMEM OKoJo 2 KOM.
Ecan Her HeoGX0OfHMOCTN B MOAKJIIUEHHN BHEIHEIO BPeMA3afaloIero
peancropa, To BHBOAKN 9 m I4 BeoGXONRMO COeTHWHHTH MOy co0OMH.

. - -,

Pnc. 9-35. 'mépnpana CXema MOHOCTaGRJIBHOr0 MyabrmBRGpaTopa.

Ecan meo0XOfNME BHXOMHHE AMIYJbCH LepeMeHHON IJHTEeIbHOCTH,
TO MeXIY STNME BRIBORAMA CllefiyeT OPUCOeIUBNTH DepeMeHHHIH pesu-
crop. MakcEManbgOe CONPOTHBJICHHEe 3TOTO DPE3NCTOpPA MOJKHO OHTHL
40 ®Om. IIpn OTCYTCTBMR BHemHero KOHJEHCATOPA MOKEHO HOIAYYHTH
JJAATENBHEOCT BMOyAbca OKojao 30 He, [JIA moayueEMA HUMOYJabCOB
foabmeii AIRTEIBHOCTA MEKAY BEIBOMAMA 10 11 17 Heo6XOREMO HORKIIO-
9uTh BHEmHRH KoHjeHcarop. Ilyrem coorBercrByromero BhGopa Bmewi-
HAX R(C-31eMEHTOB JJNTEABHOCTH BRXOHHIX AMUYJAbCOB MyNbTHBUGpA-
ropa SN74121 Moxxmo B3MeHATH oT 40 HC 10 40 c.

T'ubpudnas cxema. ViMnynbcu Goabiiofi AARTEIBHOCTH (LOPARKA
CEeKYHA) MOKHO NMOJIy9IATE B cXeMe Ha pmc. 9-35, Koropasa cpaGaTmBaer
B MOMEHT OKOHYaHHMA BXOJHOI0 3amycKamwllero mMoyibca. Ecam Ha
BXOJi CXeMH HOJATh YPOBeHb, COOTBeTCTBYOUUH J0TEYecKOMY «0»,
TO BRIXOZ »jeMeHTa I mepefifier B COCTOAHHe JjoTRuecKoir «l». Ilpu
T0M BHXOJ ajleMeHTa 2, CBA3AHHHII ¢ UCTOYHMKOM NMATaHRA Eyx depes
pesncrop R,, mepeiifier B cocroRHHe «0», W, CIefOBATENbHO, HALPAe-
HOe HA ?TOM BHIXO[le CHMW3ATCA HouTH Ha 5 B. B pesyabrare rpamau-
crop T, 3aKkpoercs, HaODAKeHNe Ha ero KOAJEKTOpe Boapacrer 80 5 B,
a Ha BHIXOfe dJIeMeHTA J MOABMTCA JOTMYecKuil «O». Tenmepb KompeHca-
top C Gypner sapA:Karbes fio Baupaskerda Ey ¢ mocroAnRO# BpeMernu C R,
A0 TeX mop, DoKa tpamsHcrop T cHOBA He OoTKpoercA. Torpma mampA-
;KeHAe Ha KOJIJeKTODe TPAH3ACTOPA YMeHBIIMTCA, BHIXON 2JeMeHTa 3
gepeiiier B COCTOAHHAe JIOrMYecKOH «1», KoTopoe 4epes eub oOpaTHOI
cBA3M UepeBefier BHXOJ aaeMerTa I B «O», a BEIXof aaemenTa 2 — B &1y,
B pesyabrate TpaHsucrop 7; Oyler HONHOCTBIO OTKPHT.

JlanTenbHOCTD BRXOREHX MMOYIBCOB 3TOM cXeMH npHOaH3ATEaIBHO
pasea 0,8 CR,, a MaKCcEMaJIbHO® COOpPOTHBIeHHe R, 3aBACAT OT K03(-
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$AueRTa meperaun -ToXa TpaH3AcTopa. EcCHR FAATeNbHOCTH BXONHEIX
AMILYIBLCOB 0KOJO 1 MKE, TO B cXeMe MOYKHO HCIOJb30BAaTh TPAH3HCTOP
tana 2N3711. B atom cayuae peancTop R, MoKeT AMeTh COIPOTHBJICHAE
no 330 kOMm,

9-15. ACTABHJIBHBIE MYJIbTHBABEPATOPHI

ActaluibEbM HasHBaeTCA HECHHXPOHEBHDYEMHHE MyabnTABRGpa-
TOP, KOTOpHi# BEpalaThHBaeT NPAMOYTOJBbHHE MMOYJIBCH € 3aJaHHON
9acToTol NoBTopennA. Ero MoKHO HCIONB30OBATE B Ka4eCTBe 3aa0mero
reHepaTopa JAA TeHePaTOpOB mHN000pasHHX HAUDAKeHNH, cyeTym-
KOB H T. M.

Ha pwuc. 9-36 mzofpaskema cXeMa CMMMETPHYHOTo acTabMabHOTO
MyaIsTRBHGpAaTOpPA ¢ KOJMJIEKTOpHO-6a30BHIMU CBA3AMH, KoTopasa paGo-
TaeT caefywomnM o0pazoM. [1pesnonoXuM, 4TO B HCXONHOM COCTOSAHHE
TpaEsncTop 7; OTKPHT, a TpaHsmcTop T, saxphir. Kompemcatop Csy

o
Ex
|
’ ]"\-\
0 Usg | : S~
B
o Es t

Pnc. 9-36. Cxema cummerphudoro Puc, 9-37. d>opMa HaNpsAKeHAS
acrabunproro MynbToBuGpaTopa ¢  Ha 6asde TpaH3NCTOpPAa acTabMib-
KOJJIEKTOPHO-0a30BLIMH CBABSAMH. HOTo MyJbTHBHOpATODA.

sapAsKaeTcA uepes peaucrop Rg,, ofecneunBad ypellueHHe OTpPHILA-
TeJbHOTO HANpAKeHEHA Ha 6a3e TpaHsicropa T, 10 TeXx Hop, moxa Ty
He HA4HET OTKPHBAaTbCA, HanprskeEne HA KOJNJeKkTope TpaHanctopa T,
yMeHbmaeTcd, Ha 0ase TpaHamcropa 7, HapacraeT IOJOMKHTEJbHOE
HaIpAKeHDe U B Pe3yjbTaTe TPaH3HCTOp 7 BaKpHBaeTcA, a T, moaHo-
CTBI0 OTKpHBaeTcA. Temepb KoHpeHcaTop Cg6; OyneT saps:KaTbcA, Ha
Gaze Tpamsucropa 7T, Oymer HapacTaTh OTpHuATe]bHOe HaNpPAKeHMe
OO0 TeX 1Op, moxKa 7T, He OTKPOETCA CHOBA M Bech LHKI IOBTOPUTCA.

ITpunyun npoekmuposanus. V3MeHeHme HalpA:eHHA Ha Gaze
0JHOTO W3 TPAH3MCTOPOB IoKazaHo Ha puc. 9-37. IT0 BanpAKeHHe
MO}KHO BHIPasnTh B CleqyKIEeM BH[e:

uB=(—EK+U1’39—E6) exp (—¢/1)+ Eg.

TpaH3BECTOpP OTKDHBaeTcA B MOMeHT, KoTjja Haupf:KeEue Ha Gaze
cansuTcA mprbansareasso po —0,3 B.

Rax upasnao, manpskeane UEp Mado 10 cpaseeHn”0 ¢ Ey n Eg,
Torpa npu Ex = Eg

t=tIn (14 Ex/Es)=Cglg In 2.
CnepnoBaTensHo,
t=0,7CsRe. 9-12)

Iepuos caepoBaHnA WMOYJNbCOB B CHMMETPHYHOH CcXeme paBeH
2t = 1,4 C¢Re.
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OcHoBHHe 3Talltl NPOEKTAPOBAHEA CIeXYOMHe:

1. Bufpath conpoTHBJeHHe XOJNJeKTOPHHX pe3HCTopoB H pac-
CYATATh TOK HACHIMEHAA,

2. Ucnonbayda MUHAMaNbHEE napamerp hyy , TpaBsmCTopa, ompe-
AenNTh MEERMANBHHE ToK a3, MPE KoTopoM TpaH3WcTop Gymer pa-
6oTaTh B peKEMe HacHIeHEA., :

3. PaccuntaTh MaKCHEMajlbHOE CONPOTHEBJEHRMe Hg, HeoGXomumoe
paA ofecneuernsa TpefyeMoro Toka 0aaH,

4. Tlo dopmyne (9-12) onpepennts emkocrds Cg.

HpaMep npoekTupoBaEmA 9-3. TpeGyercs paccumTaTh CXEMy acTa-
6nabEOrO MyIbTEBRGpaTOpaA C MEPROIOM Cle0BaHAA EMIYIbcoB 0,1 mc
(dacrota moBTOpedna 10 kI'n). Hanps)keHERe ACTOYHAKA NETARAA PaBHO

—1,5 B.

Puc. 9-38. Cxema MynsTHBHOpATO- -
pa, paccimTaHHAH B IpHEMepe 9-3. 7 5:3’
R 2
R "
~
Puc. 9-39, [lpumeneane cxemu Jiap- Cs
JAMBrTOHA ANA YAYSMeHAA $HOpMul
AMNYJALCOB B MYILTHBHGpaTope ‘0B

(pmc. 9-38). -

BuifepeM Tpamsucrop tAma MA240, mMerommii MUHHMajlbHOe 3Ha-
ueHRe TapaMerpa hyp = 15, a CONMPOTHMBIEHME KONIEKTODHHX Desm-

cropoB 2,2 KOM.
Haiimem Tok HachmeRns koaxekropa: Iy .. = E /R .= 1,5/(2,2X

X 10%) = 0,68 MA n MHEAMaJBHHE TOK GasH:
T smin = T gac/Pa 5 =068 - 1078/15 = 45 MxA.

Tpamancrop oTkpuBaercs MpH Upy = —0,3 B, torna Rg . =
= (B, — UL3)/ 15 min = (1,5 — 0,3)/(45-107%) = 27 kOm. Tak Kax
noNyyeHHOe CONPOTHBICHAe ABAAETCA MAaKCEMAAbHHM, A ofeciede-
HAA peKAMa HacsimeHMA BubepeM Rg = 22 kOwm.

Nonymepnoa, ¢t = 0,7 CeRs = 50 wmxc, caepmoBaremvmo, Cg =
= 5.10%/(0,7-22-10% = 3300 n®. OxomuarensHasf CXeMa MYJIBTH-
BaGpaTtopa npHBefieHa Ha puc. 9-38.
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®opMy HAMIOyNbCOB, CHAMAaeMHX C KoJJeKTopa, B 3Toll cXeme
MOM(HO cAenaTh Gonee NPAMOYIoJbHOH, YMOHbmAA COMPOTHBIAGHHA
KOAJIEKTOPHKX PO3HCTOPOB, T. €. YMEHbIAA MOCTOAHAYI BpeMenR RyCe.
Kpome Toro, MoHOo HCMOJB30BATH CXeMy Japamartoma (pmc. 9-39).
9roT MynbTEBROpaTOD HMEeT KoapRImenT Hepeaqn TOKA, PABHKNE AY, 5
Ecam 310 3HAYeHRHe HCHOJXB30BATH B NDHBEJeHHEIX BHIE pACYETAX,
To conporaBneEre Rg mMonywmrcsa Gonbmle, a emKocth Cg — MeHbme,
cllefoBaTenbHEo, B peaynbraTe MoCcTOAHHAA BPeMeHH RyCp yMOHBIUIHTCA.

9-16. AGCTABIWJIBHBIN MYJbBTHBHEPATOP C YMHATTEPHON
CBA3BIO

Cxema acTa0EABHOTO MyJIbTHBAGpaTOpa € BMATTepPHON CBA3LIO,
HoKagamHaa HA PHC, 9-40, amamorn4Ha paccMoTpeHHo#l paHee CXeme
MOHOCTA6MIbHOT0 MYIBTHEBAGPATOPA ¢ »MATTepHON cBA3bW. Brxopzok
curgan B 3Toll CXeMeé Mo)KeT CHAMATBCH CO «CBOGOAHOTO® KOJJIEKTODA,
7. €, ¢ Toro, KOTOPHH HeNOCPeNCTBeHHO HO BXOAWT B KOHTYP oGpaTHoil
CBAA3H,

Prc. 9-40. CxeMa acTaGMALHOro MyJIbTMBRGDATOPa ¢ 3METTEDHON CBA-
3BIO.

Mynbrapn6paTop paboTaer caemyomuM obpasoM. Korga tpamsm-
crop Ty HaYBRHEAET OTKPHBAThCA, HaNPAXeHWe Ma Gase TpamsEcropa T,
CTAHOBETCHA MOJIOANTOABENM Giarolaps ToMy, 49To HA KoIlIeKTope
TpamsncTopa Iy, HANpPAKeHNe MaMeHAeTCA MOYTH Ha 20 B. B ucxopmom
COCTOAHMA Ha Gasze TpaH3ucropa T); NOAAEPKABANOCH MONOKATENbHOE
HaUpAXeHEAe okojo 2 B Gamarogapsa 6azoBoMy TOKy depes R, B MOsToMy
TeMeph HauUps:KeHN® Ha Gase Uy, craHoBmTCA papEHM 22 B, a manpsa-

’KeHue Ha oMmTTepe 2 B.

Haunprsxenne Ha sMATTepe TpaH3HcTOPA Ty MOMIePIKEBAETOA mPH-
GaM3KTeAbHO Ha HYNEBOM YDOBHe, TaK Kak ero (asa sasemieHa, a Ha-
nps)xeHMe Ha OMATTepe TpaH3ncropa 7; BO3pacTaeT ¢ NOCToRHHOM
BpemeHH C, Ry, Tax Kak C, 3apmxaercs 5o 6 B, 3apAnHHT ToK, KOTOPH I
OpoTeKaeT OT 9MATTepa TpaH3meTopa T,, yMEHLUIAETCA IO 3KCIOHEHT®
H, CIefOBATeNBHO, TOK KONJIEKTOpAa 9TOTO TPAH3HCTOPA TAKIKe yYMeHb-
maercd, B PeayibTaTe 9eTo HAMpPAKEHHe HA KoJJIEKTOPe CTAHOBATCS
Gonee oTpHOAaTeNbHEIM. JT0 M3MeHeHNMe HANMPAKEHWA mMepefaercd Ha
6asy Tpamsmcropa T; 4epes xoHpgeHcaTop C;, KOTOPHH He oKasWBaeT
BINAHAA Ha 4acToTy Koaebammii. TaxnM o6pasoM, Hanmpsxewmsl Ha
6aze m sMuTTepe TpaHsHcTopa 7; CTpeMATCA ypaBHATBCHA, H, KOIHa
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HanpA:xeEHe Ha (ase CTAHOBATCA [0CTATOMHO OTPMIATeNHHHM OTHOCH-
TeIbHO BMATTEDPA, TPAHBHRCTOP OTKpHBaercA. [lajenne manps:xenma ma
pesncrope Iy mepemaeTcA HA 8MuTTep TpaHSHCTopa Ty, B pesyibrdre
Ha smMATTepe Iy Hanps:KeHHS CTaHOBATCA PaBHHM NpAMepHo —3,5 B
H TPAaH3NCTOP 3aKPHBAETCAH.

Hanps:xeane Ha KoJuleKTope TpaH3ACTOpa 1, M3MeHAETCHA NOYTH
Ha Ey, 1 9To n3MeHeHNe DoJHOCTBIO HOJlaeTCA Ha Daay Tpamsmcropa 7.
PeremeparrBHHA nponece sapepmaeTcA. Jlajee HanpA>kenme Ha 3IMAT-
Tepe TpaHamncTOpa I, HaYHHEAET Bo3pacTaTh or —3,5 Ko 46 B ¢ nocroan-
Hoit Bpemernn C,R,. Korma »To Hanps)xeHEe MOCTATHeT HeO0mBmIOro
MONOXATENILHOT0 YDPOBHs, TpaHancTop T, OTKPOETCA W LHAKI CHOBA
IOBTOPATCA,

9-17. ACTABIJIBHBIR MYJbBTHBABPATOP HA [OIOJHAIOMHAX
TPAH3ACTOPAX

Henoonbaya cxeMy € oTpRIATeNbHHM COMPOTHBIeHHEeM, KOTOopas
Oelma onHcaHa B § 9-9, coBMecTHO ¢ R(C-menodkoii MOKHO MOCTPOMTH
acTabnabpEN MynsTRBRGpaTop. CxeMa TaKoro MyJIbTABIOpaTopa MOKa-
sama Ha DPHc. 9-41. PaccmorpuM ero pabory. Korma o6a rpamsmcropa

Prc. 9-41. Cxema acra6mapHOTO MYJABTHBROpATOpPA Ha JONOJHAIIAX
TpPAH3ACTOPAX.

8aKpHTH, HampsixeEne Uy, paBEo 10 B, a Hampsukemme B Touke A
MOfJieP:XUBAETCA Ha HYNGBOM YyDOBHe OxarogapsA NeiCTBAI0 JAMOfa.
Haupr:xerne B Touke B BoapacraeT x yposHio 20 B ¢ nocroargmoit Bpe-
menn CyRy 10 Tex nop, NoKa oHO He CTAHeT JOCTATOYHO LOJNOYKHTENIBHBIM
otaocnTenbBo Ugs, 9T00H OTKPETH TpamsdcTop T;. B pesymbrare
Tpamancrop Ty TaKKe oTKPOeTcA. YBelHieHHe TOKA B relH KOIJIEK-
Topa TpaEs®cropa Ty (CM. BTOPYI0 CBepXy KPHBYIO) BHIBHBaeT NMafieHH®
Hanpamenns Uy, W 810 DafieEne 9epe3 TpansAcTop ') A KorfeHcaTop C;
nepegaeTc K Touxé A. HampsxemHe B TouKe A4, TaxmM ofpasoM,
CTaHOBHATCA OTPRIATENLHRIM K HaYAHAaer HapactaTh Kk yposHK 20 B
¢ mocTosAHHO{ Bpemenn C;R;, Ho Ha HyJeBoM ypoBHe Gyjer zafep:xaHo
6marogaps MmeMCTBMI0 fdofa, B TPAH3ACTOPH B3AKPOTCA. JlaWTENbHO-
CTH BMIYJIECOB t; H {3 B CXeMé Ha pHC. 9-41 onpemensiorca dopmynamn:

ER_UBaC)
th1=CiRyIn| ———);
1 143 (ER_UOH »

5=CiR In (——U"“EU““ +1).

R
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9-18. HHTETPAJIbHBIN ACTABHJIBLHBIA MYJIbTHBUBEPATOP

AcrabnabEN# MynbTHBEGpaTOp MOMHO HOCTPOATL Ha TPeX sie-
mearax HE-H, xax moxasano Ha puc. 9-42. B cxeMe BcmonbzoBaHH
geThipe anemeHTa THna SN7400 ¢ nByMa Bxopami, HpAYeM 4eTBePTHIH
paGoraer B KauecTBe GyepHOTO BHXOQHOTO KacKama.

IpepmonoxuM, 9T0 B BCXOIHOM COCTORHAU Ha BXOJH 3JjieMeHTa ]
HOlaH ypoBeHb HANPMKeHHsA, COOTBETCTBYWMME JormuecKoMy «O».
Brixom aroro smeMenTa HepeiifieT B cOCTOAHRG «l», B KoHpeHcaTtop C
HagHeT 3aPAIKATBCA DO OJKCNOHEHIAANBHOMY B3aKOHY € WNOCTOAHHOM
speMeHR R(C. Horma HanpAKeHHe Ha KOHMEHCATODE MOCTUTHET yPOBHA
NepexaYeHHA, BEIXOM d/ieMeHTa 2 mepefiner B COCTOAHHE JTOTHYECKOIO
«O», a 3aTeM ¢ Taxoii Ke 3afepPrKKOil BhXo[ dneMeHTa J MePeKIMUUTCA
B coctorHNe «i». C BEIXopa ajieMeHTa 3 aTa jormuecKad «1» mo pem:
ofpaTHoif CBA3K HogaeTcA Ha BXO[ diieMeHTa I, H3MEHAeT ero COCTOR-
HHAe, { OpOIECC HOCHeNOBATENBHOTO HePeKNI0YeHHs HNEMeHTOB B 3aM-
KHYTOM KOHType HPOOJIKAETCH,

L
. [ —
L

Puc. 9-42. Hcmonsnsosamne Tpex aneMentoB HE — W pgnA mocrpoenus
actabmnsHoro myasTuBuOpaTopa. UeTBepThili smeMeHT ABARercA Gy-
$epPHEIM BHIXOJHHM KaCKamoM.

ITepuod rosebanui. CormacHO macmOpTHHIM NAHHEIM paota aje-
meHTa HE-M cepmu 74 ofecmeunBaeTcA OPH clefyIOMAX HAUXyQIIUX
VCOBHAX: MAKCHMAaJAbHHA ypoBeHb JoTiyeckoro «0» Ha BXofe OpH
norRyeckoil «1» Ha BHxofie paBer 0,8 B; MEAmUManbHHE ypoBeHb JOTL-
geckoit «1» Ha BXxone npu norigetKoM «0» Ha BEIXOJe paBeH 2 B; mMaxci-
MaJIBAKH ypoBeHb HorndecKoro «O» mna Bhixome paser 0,4 Bi muuu-
MaJbHHH ypoBeHb jorHueckoi «1» Ha BEXoue pasen 2,4 B.

OTciofa ciaefgyer, 4To HePeKNi4eHUe 2jieMeHTA HPOBCXONNT B AHA-
masoHe BxofHHX HanpA:keHuit ot 0,8 mo 2,0 B. IpemmonoxmMm, uto
mepeKiYeHAe HPORCXOQHT HPH ypoBHe BXoNHOTO Haupakenusa 1,4 B.
Kpome Toro, GymeM cadTaTh, 9TO NPH LHEePeKNOIEHNA BHIXOJHOE HANpA-
JKeHBe W3MeHAeTcA ot 0,2 no 3,6 B.

HanpaxeHne Ha KOH{eHCATOpe B MOMEHT BPeMEHH [ DPaBHO:

u(t)=E0[1—exp—(C—;—)],

rae E, — ypoBeHB, K KOTODOMY CTPEMNTCH HaNDAKeHAe HA KOHeH-
carope npH 3apaApe. HaiigeM Bpemsi, B TedeHile KOTOPOTO HAmpAKeHHe
Ha KoHJeHCATope A0CTHTaeT YPOBHA JEPeKMOUeHIA:

I3
1,4—0,2 = (3,6—0,2) [1—<ex _ﬁ)],

1,2—3,4=—3,4 exp (— E%)
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CnepoBaTebHEO, €Xp (— Ct_R)=0’65’ oTryna ¢ = 0,43 CR. llon-

HHil neproR KoneGarmil, KoTopHil COCTORT M3 WIECTH BPeMEHHHX WHTEP-
BanoB 3anepiKKHd, paBeH 2,5 CR.

3aMeTEM, 9YTo UoClHe HEPeKNYeHHA KiamaHa B cocToAade «1»
OH foiuKeH 00ecHeYABATh TOK 3apAfa KOHAEHcaTopa B BXOAHOH TOK AJA
caefyiomero Kackaga. 9to o6CTOATENHCTBO OTPAHMYUBAET MAKCHMAallb-
Hoe ColpoTRBIEHEE PegACcTOPa R, MPE KOTOPOM MyNbTHBHODATOD Mosker
HopmanbHo paforarh, smagerEeM oxomo 500 Om.

Haupumep, ecns BcoollbayeTcA PE3ECTOP conpoTEBiAeHHeM 500 OM,
a vactota KoneGammii pasma 1 MI'm, To 107 = 2,5.C-470, otkyna
C = 850 nd.

9-19. ACTABHJIbHBIA MYJ/IbTHBHEPATOP, YINPABJIAEMbIN
HATPAKEANEM

Wcuonpays aBa snemeHTa Toa HE-II, MokHO HOCTPOHTH TeHepa-
TOp, YyHpaBiseMHil HampsyKeHHeM, cXeMa KoToporo H3ofpakema Ha

, - 3,68
£o00 g 1 1 JC s
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! r 46 8
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a,) ¢)

Puc. 9-43. Actabunprnii MynpTEBHOpaTop, yrpaBAAeMH HaHpAKe-
HAeM (a), ® dopmMa BampsAKeHHil B cXeme (6).

puc. 9-43, a. Kak ¥ B mpegmaymem ciyuae, OpefONOKHAM, 9To B Ha-
MXYQIIHX YyCHNOBKHAX MPH NepeKNI0OYeHHH 2MeMeHTA W3 ONHOTO COCTOR-
HAA B fipyroe BEIXoJHoe HaIpsKeHHe uameHgerca ot 0,2 po 3,6 B. Ilpr
3aKPHTHX [HOJAX HAaOPAXEHHA B ToYKax P H (Q paBHH:

B,
L=l R TR

rae Uypp — HaOpsUKeHMe, yOopaBisioulee 4acTOToH.

Pe3BcTopH B CXeMe MOJKAH AMETh TaAKAe COLPOTABICHHA, 9To6R
UPH MaKCHManbHOM HanpfAXeHEB Uynp HaupAskeHHe u, He NPeBHINATO
0,8 B c teM, 91065 B m0G0E MOMEHT BpPEeMeHH OHO COOTBETCTBOBANO
yPOBHIO jorydeckoro «O».

Pa6oma mysvomusubpamopa. IIpH uCnONb30BAHEM KpeMHHEBHX
AWON0B MajeHHE HAUPAKeHUS Ha HHUX B OTKPHTOM COCTOAHWE pPaBHO
0,6 B. IlpennonoskuM, 910 B HCXOAHOM COCTOARHAH HA BHIXOJE die-
mMenTa ] BMeeTCA ypOBEHb, CooTBeTCTBYIOmnii sorggeckoid «1». Torpa
nouy, [, OTKPHT B HaOpAKeHRe B Togke P pasHo Up = 3,6 — 0,6 =
= 3 B. B »To Xe BpeMA Ha BrIXofe bneMeATa 2 HMeeTcA YPOBeHb Ha-
npsoKeHAs, COOTBETCTBYHOmmii mormieckomy «O». Ilpu stom mnonm J,
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SAKPHT, 8 HaOpsaiKenne U, yMeHbmaerca Ao YPoBHA u,. Horaa maops-
werBe Uy ROCTATHeT ypoBHA nepekmiouennn 1,4 B, saement 2 nepeiiner
B cocToaAre «l», a saemerT I B cocrogAme «0», Jmon J4 oTkpoercs,
¥ HaOpsKeHWe Uy pesko Bospacter Ha 3 B. Mamememme mampsake-
ERA Uy, pasmoe 3 — 1,4 = 1,6 B, mepepaercA B Touky P. TakaM
obpasoM, U p Boapacrer po 4,6 B m aarem Gyper cnmanath nmo skcnonenTe

¢ nmocToARRAOE ppemery R,C X ypoBHKO u,. Korma oHo RocTerEeT YpoBRA
1,4 B, nponsoiiner o6paraoe mepekatoaenre saeMenton. IIponecc Gyner
Dpopmomxathea., Hamps:xerre B Toukax P m Q Oynmer momepeMeHHO
OHCTPO yBeaHqEBATHCA fo 4,6 B, a saTeM yMeHBIIATBCA Mo SKCMOHEHTE
mo 1,4 B. ®opma HanpA:keEH#i B MyabTABEGpaTope NoKasaHa Ha
prc. 9-43, 6. .

ITepuod xose6anuii. DKCOOHEHNMAJbHOE yMeHbIICHAe HANDAXEHAA
HayuHaerTcA or 4,6 B B sakaEumBaerca Opw 1,4 B, nprueM oT0 HampA-
3KeHAe CTPeMATCA K KoHeYHOMY YDOBHIO Uyl

u (t)=U exp (—#/T).
Taxum oGpasom,

¢
(1,4 — ug) = (4,6 — uy) exp (—C_R)
t .
[Ipm uy=0 exp (— —CR)=O'3 " t;=1,2CR;

npE u,=0,8B exp (— CLR)=0,158 W t,=1,85CR.

Nepnon koneGammii pasem 2¢, a wacrota 1/(2¢). OTHOmeRRe Mak-
CHMaJbHOH 9acTOTH K MAHEMAJbHOH coctaBifer L/t = 1,54,

Cepmitnan cxema MC4024 ofecneumpaer auamnasoH MepecTpPoiikd
qacToTH Godee 9eM B 3,5 paza OpH usMeHeHMM YNPABJAKINero HaopA-
seHAA oT 1 go 5 B. 9Ta TunoBaA cXeMa COCTOMT M3 [JBYX YIDaBJAEMEIX
Hampsf:;KeHMeM MyJabTeBnGpaTopoB B ofHOM ofmeM xopmyee. Haxamil
H3 MyJAbTUBAOpDATOPOB mMeeT NBYXTAKTHHE BHXogHOH Kackall, COBMe-
CTEMHHE [0 BHXoAROMY HANDMAKEHHUIO ¢ JOTHYeCKAMHE YpPOBHAMM CXeM
tuna TTJI. PeanrEnii gacToTHWii ARANasoR OOpEAeNAeICA RONOJNHN-
TeJbHHIMH BHEMHUME KOHAGHCATODAMHA, MAKCEMaJbHAA pabogan yacroTa
cocrapaser 30 MI'n,

9-20, TEHEPATOPBI HMIIYJIBCOB

Ha npakTtERe 9acto TpefyeTcA MOay4aTh KOPOTKH® HMIYJIBCH
B MOMEHTH HapacTaHAA MJIA CMafa MPAMOYTOJbHHX BMOYJbCOB acTa-
6mapHOrO MyABTHBAGpPaTOpa. ITO MOKHO OCYIIECTBETH C HOMOIIBIO
npocroii puddeperumEpyomeil Kemoukn (prc. 9-44, @), Tak HaK KoHAEH-
caTop C; He Mo)eT 3apANATHCA MTHOBeHHO, JPOHT BXOQHBOTO BMOYJhCA
mepefaercs Ha pesucrop Ry. Jlanee KOHTeHCATOP HAYUHACT 3apPAMKATHCA
¢ MocToAHHOE BpeMeRR R;Cy, a HaOdpAKeHHe HA DE3HCTODPE YMeHB-
maercA [0 YKCMOHeHnWAJNBHOMY 3aKoHY C Toif :Ke MNOCTOAHHOH Bpe-
menn. [locae ucreuernA BpeMeHRW 4RpCp HampA<eHHe Ha peaHcTOpe
CTaBeT NPROJIA3UTeJIBHO DABHHIM HYJI0 B Jalee OCTaHeTCA HAa BTOM
YPOBHe [0 OpAXofa crmaja ummyabca. Jlasee mpomecc mMoBTepaercH,
HO B MPOTHBONOJIOHOM HanpasiaeHuR, PopMa BRXONHOT0 HampAXKeHAA
nrddepeEnmpyiomeil nen® Npy nojaue HA ee BXOJ, MPAMOYTOJAbHHIX HM-
nyascoB paureabHocthio T MoKazaHa Ha puc, 9-45, Ha8 KoToporo BHAHO
BIMAHREe H3MeHeHAA DoCToRAHHOHE BpeMeEW RpCp.
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Ha ppaxrhAke HCTOYHHK, ¢ KOToOpPoro HOABITCA HPAMOYTOJILHHE
HMIYJbCH, HMeeT HEKOTODOe BHYTDeHHee COMDOTHBIGHRAE® Ryucr, a €o-
pporapaerne gaddepernupyiomel Nens MYHTRPOBAHO HEKOTOPOH €MKO-
crbi0 Cpy, HAMPEMED BXOAHOW €MKOCTBI0 MOCJEAYIONIero YCHJIMTENSA.

)‘y

Ca

n

%)

Pnc. 9-44. Npoctan ArddepeEnEpyloman nemouxa.

Tloaromy peaangas auddepeEnEpyomas nenb GyaeT EMeTh BAA, DoKa-
sauBRil Ha pAC. 9-44, 6. Tenepb PPOHT BHXOMHOTO AMAYJbCA HAPACTAET
He MrHOBeHHO, a € TMOCTOSAHHOH BpemeHE RperCp. OfHAKO TaK Kak
9TY MOCTOAHHYI0 BPeMEHH MOKHO CflelaTh BeChMa Majoii, BpeMA Hapa-
CTaHUS BLWXOAHOTO EMITYJIBCA MOKeT HMeTh MOPANOK HecKONBKAX foneit
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Prc. 9-45. BuxonEan peakums ARpdepeHpEpyomeii NeMH Ha mnpA-
MoyTOJBHHH BXOAHOH EMMyJbC.

MAKDOCEKYHAR, KOHedHO NMPH YCJOBHEH, 9TO BpeMsA HapacTaHEA BXO[I-
HOTO BMOYyJbCa MeHbINEe 3TOod BenwYREH. Haamume mymTHpYyOmed
eMKOCTHE Cy;, KpOMe TOT0, MPHEBONHT K YMEHBHICHAI0 AMIJATYAW BH-
xomdoro cArHana. TakAM obpaszoMm,

Unux/Unxzcn/(Cm+Cn)- (9-13)

Brxopmoit carman npoctoft nudpdeperpmpyomeii nen# mpeacras-
aser co6ol INKE HaupAKEHAA NOJOMKATeJbHOR ® OTPRNATEALHON Mo-
AAPHOCTH, KOTOpHe CHHXDOHHH COOTBETCTBEHHO C WOJNOKHTOILHEM U
OTPHNATENbHEIM MNepenaflaME MPAMOYToJAbHHX BXOAHEIX HMMOYJALCOB,
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IlyTeM nOpAMEHEHMA OlpaEWIMTeleli 3TH NHEKH MOYKHO DPeBPaTHThH
B OPAMOYTONLEKE WMOYNBCH.

OpHaKo Jae W MOCJHe OIDAHMUYEHAA HMIYJIBCH HMMEIOT HE COBCEM
npAMOyronbEYI0 $opmy. IIpEMeras HeGONBIIY 0 HEAYKTABROCTD, BKIIO-
YeHHYI0 OCIHEXOBATCLRO € Pe3NCTOPOM Rp, opMy HMIYIBCOB MOKHO
eme Gompme npnGansuTh K MpAMOYTOATEYit. Eciy BHOpaTh AEAYKTHB-
Bocts papmoit 1/2 (CpA3), To B pesyibTaTe Pe3OHAHCHOrO addexra
HOJYYRTCA HMMOYabC, BAMelomumi OGollee WMPOKY0 BepHWIEEY H Golee
KpyToiz coaf.

v - ¢ |7 1L

n? 1 —[@o—o

nl g

Puc. 9-46. Cxema $opMAPOBAHMA KOPOTKAX DPAMOYTONBHHX RMIIYIb-
coB, NocTpoerHaa m3 djneMeEToB HE — H.

Eme opMm MeTof MONyueHMA KOPOTKAX HMIYJBCOB OpefcTaBieH
ma puc. 9-46. Tipn nepexope saeMenta 1 B COCTORENE A0THUeCKOH «1»,
HanpiMep, A0 yposHA 3,6 B, 3ror cKkadox HaMpAKeHHWA MepegaeTcA
gdepe3 KOHMieHCATOpP HA pesmcTop R. CaemosarenbHO, adeMeHT 2 GymeT
MepeXJ0YeH B COCTOAHHe JIormueckoro «0». HanpsixeHHe Ha peaNl-
crope R panee Gyaer CHMIKATBRCA IO 9KCIOHEeHTe M, KAK TOJBKO OHO
[OCTUTHeT YPOBHA NOTAYECKOro «0», BHXOQHOE HANPSKeHAE dIoMenTa 2
BepHeTCs K ypPOBHI0 Jormueckoil «1». Tak xak uepes pesmcrop R moa-
JHeH MpPOTOKaTh BXOIHOH TOK d7eMeHTAa 2, CONPOTUBJIEHHME DTOTO Pe3H-
cropa me mOoJKHO npesrimark 500 OM.

. .

9-21, TEHEPATOPBI JJUHENHHO A3MERAIOLIErOCA
HATNIPAKEANA
Yicmu BHXOQHOE HANpAXKeHEAe B RC-penouke CHIMAGTCA C KOHJeH-

caTopa, Kak IOKasamo Ha puc. 9-47, a, TO oHa feiicTBYeT KaK uWHTer-
pupyloman cxeMa. B caMom mexe, To9HOE RATErPHPOBAaENE HANPAKEHAA

t=0 ()')

Puc. 9-47. Ilpocras wHTerpupylomas uenbd (a) ¥ ugealpmad ¢opma
anneiino W3MeHAIIeroCA BANDAMKeHNA (6).

OpPAMOyTrobHOR GOPMHE [aetT B PeaylXbraTe TPeyroJibEOe HANpAmHERHe,
B KOTODPOM HapacTagEYe M cafi HPORCXONAT AUHEeHHO BO BpeMeRH. OQHAKO
B MpusegeREO npocroii RC-cxeMe HapacTaHHe H CIIaf BHXOJHOTO

330

BANPAKEHENA IPORCXOAAT N0 SKCIOHEHL[MANBHOMY 3aKORY € HOCTOAREOR
spemenn C;R;.

Ha pue. 9-47, 6 nokasama mpeanseaf dopma nmmeitHo MamemAio-
merocA HANDAMKEHHMA, KOTOPOE ONNCHBAeTCA YypaBHemmeM U = at
npr ¢ > 0. HanpakeRne Taxoi u
$opMH HCHOAB3YeTCA B TeHepa- UIT 4
TOpax pPas3BepTKH, CXEMaX CPaB- Ur
HeHHA ¥ T. I I

ITpocteM cnocoGoM momyge-

HAA JAHEHO H3MeHAWmEroca g
HANPAKEeHHA ABIACTCA HCHONB-

BoBAHME 3aPANAa KOEJCHCATOpa  , T u
uepes GonbmoOe CONPOTMBIEHHE. I ¢ Py g B
IIpouecc nporcxogAT MO 2KCOO- = 0T % 2t 37 4T 5
HeHAAJILHOMY 3aKOHY, KaK INO-

KazaEo Ba pnc. 9-48, Ho ecmm  Pme. 9-48. OKcnomemumansmOe Ha-
HCIfOAB30BATh JAMMb HAYANBAYI0 DACTAHM® HANpAYKeHHA HA KOHJEH-
4acTh BHIXOHOTO HANPAYKEHBA, CcaToOPe IPHE 3apAfge ero depea pe-
T0 0HO Oymer MMETh MOCTATOYHO  BUCTOP.

xopolllywo JamHeiiHoCcTh. Hampm-

Mep, eCIHM MCHoNB3YeTcA ToAbKO 10%, MOMHOro HADDAYKEHMA HA KOH-
BeHcaTope, TO HeAWHEHAHOCTE 6ymeT coCTaBAATHL 5%:

¢
uC=U1[1—exp (—?):I:
Uit t , B )_ t 8
z (1—2—T+W"- —“‘<1“2?+6r2"')'
rae a = Uy/T.

Taxum 0Gpa3oM, IPH MaNEX 3HAYCHMAX ¢ HANDAKCHHE HA KOH[CH-
catope up = al OmmaKo K NEMHEeidiHOMY.

= o !

uc=

Ex=+1008
R||7,0

U 8
— I—/ = o5
0,7 Lol
L=07 ——o _LJ_L_‘-‘LS’B
10K

< -0

O E5=_7,58
Pmc. 9-49. IIpuMemenbie TPaH3ACTOpa NJA pa3pAga KoEAEHCATOpa,

Korga awmeilmo HAPACTAKIE? BAMPAMKEHIIC HA KOHJEHCATOpe N0~
cTarEeT TpefyeMoro 3EadYeHMH, KOBJEHCATOD HeOGXOAAMO paspAMHTb.
DT0 MOKHO BHIIOJHETH C IOMOmMPI0 TPAB3ACTOPA, NPHCOEIUHEHHOTO,
KaK Iokasamo ma puc, 9-49. B Teyenne BpeMenn mapacTaEHA JHHEEITHOTO
BallpAKeHAA HA KOBJEHCATOPe TPAH3ICTOD LOJIKeH BAXOAHTHCA B 3a-
KpHTOM COCTOAHUN. B OaHHOM CJliydae Ayvnie O1PHMEHATH KPEMHHGBHB
TPaE3BCTOPH, TaK KaK IO CPaBHEHAI0 C IeDMAHMEBHIMH OHM MMEOT
HeGonbmMe oGpaTHHeE TOKM YyTEUKH,
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9-22, TIPHMEHEHHAE FEHEPATOPA TOKA JJIA 3APANIA
KOHIEHCATOPA

IIpu narEOM HanpA’keHHE BCTOYHRKA MATAHKA AAHEHHOCTH HAMpS-
IKEHBA MO}KHO YAYYMEATH, €CIA 3aPAR KOH{EHCATOpa OCYIIeCTBAATD HE
4epe3 pes3HcTop, a OT FeHepaTo-
pa HocToAHHOro ToKa. Tawkas
‘cxeMa TOKazaHa Ha pHC, 9-50.
Ecam BpeMa HapacTaHRA JHHE-
Horo HanprA:kenHA po 10 B co-
craBasier 10 Mc, 1o dU/dt =
= I/C = 1000 B/c. Ana oGec-
meyeHNsA TaKoil CKOPOCTH Hapa-
CTaHMA HANPM:KeHHA TPH TOKe
1 MA xoHmeHCaTop JoiKeH
BEMOTh eMKocTh 1 MK®D; [ =
= aly ~ Ugy/R,, CnenoBa-
TenrHo, Ry = 10 KOM.

Ecam tparsuctop Ty Kpem-
HHEOBHi, TO CONPOTHUBJIEHA® HC-
TOYHHKA TOKA MPHOAH3ATONBLHO
Puc. 9-50. TemepaTop ANEe{tHO W3- paBHO rg, T. 8. HECKOIBKUM Me-
MOHAIMErocA HaMpsA:KeHRA. raoMaM.

9-23. TEHEPATOP ITUJIOOBPA3HOTO HANIPKEHUA
C NCIIOJIb30BAHVEM JIABMHIOIO NEPEKIIOYEHNASA
TPAH3UCTOPA

Ecnr u306pasuTh XapaKTePHCTAKE TPAH3BCTOPA MPH KOAIEKTOD-
HRIX HampMKeHAAX, NMPeBHMAKMAX Te, KOTOPHE WUCMOJb3YIOTCH NPH
o6ryrofl pabote, 10 oHM GYAYT HMeTh BHJ, NOKasaHHHN Ha pHC. 9-51.
C noBHmEHAGM KOIIEKTOPHOTO
Hanps;KeHHEsA JOCTHTaeTcH TaKas I.
ofmacTb, B KoTopoif o04eHb Ma-

JINe A3MeHeRHA RANPAXKeHUA Ha
KOJJIeKTope BH3HBalT Goxbpmue
A3MeHeHHA TOKa KOJNeKTopa.
d1y ob6nacTb Ha3HBAWT o(aa-
CTBI0 NABMHHOTO mpoboA, 1 off
COOTBeTCTBYIOT TaKHe HaNpsKe-
HAA HA KoJJeKTope, WPH KoTo-
PHX hy)6 CTPEMHTCA K efHHONS. - Uks
Bmague obpaTHOTO CMeMmEHAA
Ha (asze TpaH3UCTOpa 3aKIK9a-
eTci B TOM, YT0 OHO CJBHTaeT
TOuKy naBHEHOro npobos 3Ha-
9HTe]IbHO fAJbme B CTOpoRY 60-
niee BHCOKAX HanmpskeRAH. Of-
HaKo Korjia mpofoll y;Ke mponao-
mej, HanpAMKeHKe Ha TpPaH3HUCTope GyfeT yMeHBIBATBCA IPH YCJAOBHH,
q9T0 pesdcTop B Held $a3bl uMeeT 1OCTaTroyHo 00JbIIOe COMpPOTHBICHHAS,
Ha pme. 9-52, a npepcrasaaena XapaKkrTepuCTEKA NPo0oA repMaEWOBOrO
cnuaBHEOro TpaH@aHEcTOPa, a HA pmc. 9-52, 6 Maobpaskega cxeMa regepa-
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Prc. 9-51. Xapaxtepuctuxn Tep-
MaHEE30TO CILTABHOTO TPAHBUCTO"
pa, Ha XOTOpPHX 8ufHEA obnacTe
IaBHEEOLO Npafos.

Topa MAN006pPazHOT0 HANpPMAKeHHAA, B KOTOPORX HCMONB3YEeTCA SABJIGHHE
naBAHHEOro mpoGos TpaH3HCTOPA. .

Axnaumyda nusoobpasnozo nanpsamenus, AMINHATYAA TAN00Gpas-
HOTO HAaNpSIKeHAA B CXeMe Ha pBC. 9-52, 6 ompepelAeTcAd mpejenaMm
H3MeHeHHsA HANpPAKeHBA Ha SMHTTepe TPaH3BCTOpa., J{Hamazonm HaMeHe-
HAA 5TOr0 HaNMPMAKeHHEA MPHOAH;KEHHO MOXKHO oUpefe]RTh [BYMs Ha-
NpAKeHAAMA, BO-NIEPBHX, HanpsA;KeHAeM NPo0oA KoJaleXToPHO-0a30Boro
nepexosia MPH DPa3OMKAYTOR menu dMATTEPA Uppo ppos ¥y BO-BTOPHX,
HANpPAKeHAeM NPoGos MeKAY KOAIeKTOPOM B SMUTTEPOM MPH PazoMK-
HyTO# Ien& 6a3tl Upeno po6’ OGr9HO 2TOT IWamasoR cocTaBaser 20 B,

a B JaHEOM mpEMepe — or 53 po 28 B.

MA| Iy Fa1g=0 o8
sk o
V"/, II” -208
AN
4 “‘:’S’ ! 538
3 /,@//‘}[ Ry 500K MZgg
L7 //\Q@/ 7,0
2;/ /,’ 47K
Tp=="1s" U 0,22 MA
] IJ ! | VK3 | Py ’ o E3=+1508
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Pnc. 9-52. XapaKrepACTRKa npo6oAa repMaHMeBOro CIJIABHOTO TpaH-
3uCTOpa WpH HAMpANieHHA Ha Gase 6 B u mpm Rg = 100 KOM (2) &
cXxeMa TreHepaTopa NHWiIoo6pagHoro HaNpsKeHUA, B KoToPoil HCMOJb-
3yeTCA HABJIeHWe JABHHHOrO npofioA Tpausucropa (6).

Pa6oma zenepamopa. B HauanabHO# TouKe MHI006pasHOro Hanps-
’KeHHA Hanps:xesne Aa Gase Tpamaucropa paBHe Uypo npo6* KoBper-
catop C 3apsAyKaeTCA 4epe3s IMHUTTePHH pPe3ACTOP [0 TeX mop, MoKa
mepexol aMHETTep-6aga HE OKa)KeTCA CMeINeHHSIM B MPAMOM HampaBlie-
HAE, T. 6. HanpAKeHHe Ha IMHTTepe NOCTRTHeT YPOBHA Uppg 11po6-
Jlanee mamps:KeHMe HA TpaH3MCTOPe cmafaer A0 yPoBEA Upn po6--
9T0T mepexof WPOBCXOABT BeckMa GricTpo Gmaropmaps addexry orpuua-
TeIbHOI0 COLPOTHBIEHHA, KOTOPHH WOABJAAETCA, KOIfia TOK TPaH3H-
cTopa BozpacTaeT NP YMEHBIICHHM HANDAKEHHHA.

TprEUMON  OpPoeKTHpoBAHAA. JinA  NonydeHHs MAI00GPasHOTo
HaMpAKeHUA C XOpOmied NUHEeHHOCTHI0 KOHJEHCATOD AOMKeH 3aps-
7KaThCA OT HCTOYHHKA MmocrosgHoro Toka. IloaToMy B cxeMe BeoGxommEMo
HCMONB3OBATh HCTOYHMK MHUTAHAA C BEHICOKAM HaNpAMKeHHeM, a mocie-
A0BATeNbHH Pe3uCToDP [oaKeH MMeTh Gonbmoe ConpoTHBieHHe., Ha-
npAKeERe HCTOYHMKA NHTAHHA ROJUKHO GHTH mo KpaiiBell Mepe B 5 pas
Goablie aMIINTYRH MBI000pa3HOI0 HANDSKOHUA,

TaxuM oGpasoM, faA Toro 4ToCH B cxeMe Ha pHc. 9-52, 6 obecme-
9ATH AMMUATYAY NBEIco0pagHOro Hampsskemua 20 B, BHGepem mamps-
skeEne BmcrogHBKa E, paBEmM 150 B. Torna cpenmee amauenme manps-
JKeHAA Ha SMHATTePe TpaH3mcTopa OymeT cocTaBaATH npEMepHO 40 B,
a HampAKeHHe HA Pe3uCTOpe B uend aMHrrepa Up = 110 B,
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Cropocmb uamenenus aunelinozo nanpaxenus, VpEm MaxcEManb-
HOW CKODPOCTH H3MeHeHHs JIHHelHOro Hamps:xemna 20 B sa § mc:

dU/dt=20/(5-107%)=4- 103 B/c.

8apan ma kompeHcaTope paBeE Q = CU, a Tok { = dQ/dt =
= CdU/di. Ecau € = 0,5 Mx®, rorga { = 0,5.10".4.10% = 2 MA.
9T0T TOK LOCTYyHAeT B KOH[EHCATOP dYepe3 SMATTEPHH pesmcTop, WO-
sroMy (= Up/R, ® R, = 55 xOM. Eciam cpenats R, COCTABHHM W3
ABYX Pe3UCTOpPOB, HOCTORHAOro 47 kOm m mepemerHoro 500 xOM, To
Op¥ 9TOM HOABMTCHA BO3MOXKHOCTH H3MEHATDH AJIATENbLLOCTE HMI006pas-
HOI'0 HaNpA;KeHHWA oT 9 mo 50 Mc.

Peaucmop ¢ yenu 6aanw Rg. DTOT pe3ancTop [OMKEH AMeTh AOCTA-
TOYHO GONbIIOe CONPOTHBAEHAE [AJIA TOTO, YTOGH OrPaHMYMTD MOIIHOCTD,
pacceuBaemyio KoaneKTopoM P = I'gUgpg rp06- COTpOTHBNEHRE 5TOTO
pe3ucTopa MoKHO NMpHHATH paBHEM 1 MOM, Tak Kak mpm 3TOM Moul-
HOCTb, paccempaeMas KoJJieKTopoM, He OyneT upeBHmAarb 5 MBT.

ITukosoe anavenue moka smummepa. Peaucrop Rorp, MMeromuil
He0ONBIMIOe COUPOTHBJIEHNE, BKAIOUYeHHHI HOCHENOBAaTelbHO C KOHMEH-
CaTOpPOM, CIYKUT INA OrPaHAYEHNA OMKOBOTO SMMTTEPHOTO TOKA, KOTO-
pHit Mor G6H DpHMBecTH K HapymeHmI0 paforh TpamsHcTopa. B mamEOM
mpuMepe 3TOT pe3dcTOp MMeeT compoTHBienue 68 OM i NMEKoBoe 3Ha-
dgeHile TOKA 3MATTepa oTpamRnunBaeTcA npAMepHo 0,3 MA. Ha pesncrope
Rorp OQHOBpEMeHHO ¢ HA4aNoM JHHEHROTO HAUPAMKeHUA BHENAITCA
OTpUIaTe/bEHe MMOYJABCH GONBIION aMINTHTYHHL.

9-24. TEHEPATOP PA3BEPTHKH

PaccMorpEM ycmauTens € MaldEM BXONHRM CONPOTHBJeHMeM W
COOPOTMBeHHEM MePofadl Zy = upyx/ipx, KOTOPHI COefiMHEeH ¢ BHeMI-
HUMHA 3jleMeHTaMB Z, B Z,, XaK OoKasaro Ha prc. 9-53. Iepenarounan
$yEKIIA TaKod CXeMH 3aUMCHBAETCA B BUAe

uppix (8) =_ﬁ 1 ___1 1 _
gy (5) 2, 1—2Zy/2q sCR 1—1/(sCZy)
1 1
~ CR s—1/(CZy)
Rim ) p
ppx () _ Za |, t )
Upg (t) - R [1 exp ( CZr()] [} (9 14)

rne Zy ABAAOTCA OTPUUATENLHOH BeNHYHHO LPH OTpHUaTeaAbHOR 06-
paraon csAsu, Pasnarans (9-14) B pAj ¥ momaras, 4To Ha BXoje HefcT-
ByeT CKaJoK HampAmeRWA U,, monydaem:

uppix (£) = —lélzn [Cth + %( CZtn >2+%<C;n >s+] -
\ 2
A O

Taxum ofpasom, ANA TOTo ITO0H HennHEefHOCTE He MpeBrmana 1%,
npr ¢ = CR RomKHO BHIIOJNHATBECA HepaBeHcTBo S0R/Zpn << 1.

Hpuanunsi npoekTHpoBanuH., CxeMa TPaR3BCTOPHOrO IeHEPATOpA
Pa3BEPTKN HOKaszaHa Ha puc. 9-54. B TeuyeAwe mepuona mmmooGpasHOTO
HaUpAKEeHNA KOWJEeHCATOP 3apMAKaerTcs dYeped pesrcrop R, a 3aTeM
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paspsKaeTca C MmocToAEHOH# BpemeER RyC. B BaeanbHOM cnygae TOR
BHE KOHMIGHCATOPA MROJIKEH MOJEP:KABATHCA MOCTOAHHHM, TaK Kak
maupsmkeRne Ugy MoKeT ‘M3MEHATBCHA He3HAUNTeNbHO (MONH BOABTA),
HaUpsKeRne Ha peaAcTope R, a cieqoBaTellbHO, B TOK Yepea Hero Oyner
0CTaBaThCA UPAKTNYECKRE MOCTORHHBLIM,

TakeM obpasoM,
Ip=E R, (9-15)
OpHAKO Ie Bech 9TOT TOK WpOTeKaeT Yeped KOHJIEHCATOP, TaK Kak
HMeeTcA TOK B menm Gaszsl. Ho remeparop paccumTmBaeTcs TakuM obpa-
80M, 9T0 TOR (asm iy CYNleCTBeHHO MeHbm® ToXKa Ip.

IL
LU

Prc. 9-53. Temeparop paspepr- P . 2z

KM, LOCTPOCHHHIT ¢ MCHONB30- 1 gy

BaHWEM YCHIUTeNsA C MaJkM o— 1 —0

BXO[IHHIM COLPOTHBJIECHUEM. um(f
o— o

Burodnoe nanpaxenue. BRX0OHOe HaUps:KeANe UaMeHACTCHA MeKAY
ABYMA Kpaitammn mpepenamu. Korja Tpaa3HCTOP OTKPHT W HaXOLUTCH
B pelKMMeE HACHIIEHHA, 0HO PaBHO By, IIpH sakpETOM TpamsmcTOpe
OHO paBHO HAUPAKeHWI0 MCTOYHWKa OHTaEuA Ey. Horma tpasamcTop
’ HaxXOaBTCA B peXEMe HacChle-
HMA, MAKCEMaJbBHHHA TOK, LpO-
TeKalOMHW ueped pesncTop Rk,
paBeR:

Imax=Ew/Re.  (8-16)

UcnosnbayA BemfunHH, OpH-
BEfieHHHE B cxeme Ha puc, 9-54,
noayamm: [, = 20/(4-10%) =
= 5 MA. Bo _BpeMsa maMemeRmsa
JIHHeIROT0 HAlPAMEHRAA uYepe3
KOHIEHCATOP TaK:Ke HPOTEKaer
TOK upAMepro 1 MA, mostomy
TPAHBHCTOP MOJKEH UMETh TOK
HACHIIEHNA 0KOJ0 6 MA.

Tox 6asu., MakcEManbHHE Tok Gasn paBeH ip == Iy y.0/hoin=
= 6:-1079/80 =~ 75 MKA. B KoEne mmkna numeilHOro HaUpPAMKEHHUA TOK
gepes KOHJEHCATOP I YMEHEINAETCA A0 75 MKA, T, e. OpHE 9TOM NWHEH-

gocTh Gymer cocraBaATh 7,5%.

OCHOBHHe STAalH LPOEeKTAPOBAHMA CleRyOIHAe:

1. Hcononnaya dopmyny (9-16), Bubparts CcOOPOTEBJEHMEe pe3R-
cropa Ry, OPH KOTOPOM oecledmBaeTCA MAaKCEMAaNbHHI TOK HOpAAKa
HeCKOABKAX MUJJLIaMIep.

2, Paccuntarb TOK 0askl, OPH KOTOPOM TpPaH3ACTOP HAXONMTCH
B pe)KEMe HaCHIUEHRA.

3. Bubparb comporuBienie pesacTopa R TakuM, 9ro0H TOK depes
Hero, 00YyCIOBNCHHE TOKOM 6a3H W BHIpaKeHHHIA B MponeHTax, GHI
paBeH AOHYCTAMOMY OTKJOHEHHIO TOKA, TAK)Ke BRIPAKEHHOMY B LDO-

LieHTAX,

max

Pmc. 9-54. Tpam3ucropHHIil reme-
paTop pasBepTiH.
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4, BubGpaTh eMKocTh KoHpmeHcaTopa C, OPH KoTopoil Gymer moixy-
gega TpefyeMan mocToAHHAsA BpeMenn R(C, a mOCTOsIHHAs BPeMeHH BOC-
CTaHOBAGHAA CXEMH He GyfieT HpeBHIBATHL MONYCTAMYIO.

5. BH6paTh mepeKII0YAIONUIYI0 CXeMY.

ITpamep npoemxg«lmaﬂnﬂ 9-4. TpebGyerca paccCUATATH CXeMy reH6-
paTopa pa3BepTKA. JIMHeHWHO H3MeHAKWESCH HAUpPMKeHRAe MOJIKHO
aMeTy ammaaTyny 20 B, pamrenrnocTs 10 Mc, BpeMAa BoccTaHOBACHEA
10 Mc, a HeuMHEHHOCTH He [OJIKHA LPEBHIIATH 5%.

AMIaMTYia NMHEHHO M3MEHAWMIETOCA waupsienus pasHa 20 B,
D03ToMy HaUPAKeHAe HCTOYHNKA NETAHAA BEGepem TaKkixe pasHHM 20 B,

Peauemop 6 yenu xoasesmopa. UToGH 06eCIOUATE TOK KOJJeKTopa
B8 HECKOJBPKO MAIIMAMIED M, TAaKEM 00pa3oM, BCHOONB30BATH Kod(du-
WHOHT HepejaYd TOKa TPAHIWCTODA, a TaKyKe HOJYUYMTh Majioe BEHIXOA-
HOe CONPOTHBJIHHE, BHOEDEM coupoTHBjeHue pesncTopa Rk = 4 KOM.

. —
Ex=-208 toe W[ L1

208 ||3,9¢
0
'_—'I Y W
1 0o 51 0,258

Puc. 9-55. Cxema remepatopa pasBepTKH, paccudTaHRas B npumepe 9-4.

Tor 6asw. ITpm hy, 5 = 80 maxcEManbHEI TOK (asH paBeH:

20 1
Bmax =710 * 80

Pesucmop R, Ilpn sapammHoit memumeiimocTm 5% TOK [p monken
B 20 pas npeBHMAaTH MaKCHMaNbHHH TOK 6a3H, T. e, OHTH OKONO 1 MA,
Torpa R = E /I, = 206/(1 -1073) = 20 kOm,

Kondencamop. CKopocTh H3MeHeHAS! JIHBefiHOro BaHpAKeHHA
paBHa:

=60 MKA.

v 20 U
&t =10 108 — 2000 Ble= g
TorKA
C= U a 20 =0,5 Mx®d.

R AU ~ 2.10°-20-10°

Bpema asoccmanossenus. IlocToAHRAA BPEMEHM BOCCTAHOBJIOHEA
pasBa; CRy = 0,5-107%.4.10° = 2 mc. CnemoBaTennpHO, KOHIEHCATOD
ycoeer sapAanThCcA 3a Bpema 10 mc mo 20 B m 3agaunoe TpeGoBanme No
BpeMeHHE BOCCTAHOBNEHEA OyfmeT ymoBJeTBOPeHO.

Czema nepexawuamess. B oKoHuarenbHor cxeme Ha pmc, 9-55
tpagamucTop T, CIYKAT B KaueCTse NepeKmouaTens, 3pech TOT TpaH-
3UCTOP BKJIIOYCH N0 cxeme ¢ oGmeit 6a30it ¥ nosToMy He M3MEHAT CYILe-
CTBeHHO Ko>PQunueRT uwepefauu TOKA.
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9-25. CHI’)KEHIE BPEMEHRHA BOCCTAHOBJIEHHA

CHA3ATH BpeMA BOCCTAHOBAGHHS CXEMH, KOTOpPoe paBHO npubmn-
suTeNbHO SRkC, MokHO myTeM yMmenpmennsa Ry mam C. IIpE ymerabme-
HAR CONPOTHBIGHEA DpesncTopa Ry TpebyercA yBenwunTh TOK GasH,
9T0 OPABEReT K yXypmeHdio amBeiHoctd. C mpyrofi cTopoHH, yMeHh-
MeHne eMKOCTH HeR30(esKHO Bieger
88 cofoil yBeimMgeHHe COMpPOTHBIE-

HEA R, a clemoBaTeixbHO, CHOBa -20“5?
BHGOBET yXyAmeHne amHefimoctw. | |700K 3,9K

Yragzammaa mpobGaeMa MoxeT OHTH Brixod
paspemeHa OyTeM DpPUMeHeHASR i o
cXeMu JlapIMHITORA, KOTOpas MoO- 0,1 | Janyck

8BOJIleT YBEAMYHTH KoadPmpmeHT
mepefad® ToKa Mo k3,5, NpE oTOM

TOK Gassl yMeHbMRTCA B hyy, paa,

a CHe0BATeNBHO, CONPOTHBIACHRE
pesmcropa R MOXKHO YBEXMTIHTH
003 yXyAmieHAs nuHeHHOCTH, TIe-
HepaTop pazBepTKH, B KOTOPOM 08
ACONBb30oBaHa cxeMa J{apamBrro-
Ha, A300pa’KkeH Ha pmc. 9-56.

Ecma R = 100 xOM, T0 pgua
oflecnedenna AIRTeNLHOCTH IRHE-
HOTO HAUPSIKEHENSA KOHAEHCATOPD
[OJKeH HMeTh eMKocTh 1 MK,
TOra BpeMsA BOCCTaHOBJEHHs pasHo SRyC = 2 Mc. Takasa cxema mo
CPABHEHRI0O C Hpeaufiymeii oGecneumBaer nMBeHHOCTH, MO KpaiiHei
Mepe, B 10 pas ayumyio.

+1,58

Pac. 9-56. IIpmmenenne cxemm
Japurartoda pjA yMeHbLIIEHWA
BpeMeHN BOCCTAHOBJEHHA.

9-26. HHTET'PAJIbHbINN TEHEPATOP KOJIEBAHHAN
CHEIIHAJIBHOH ®OPMBI

HuenTcA BHETETpalbEHE CXeMH, KOTOPDHE ONHOBPEMEHHO MOTLYT
BHPafaTHBATE KoNE€OAHNA CHBYCOBAAJNbHOH#, UPAMOYTOJBLHOH H Tpe-
yroasHo# fopMu. Cxema Tmma 8038 cmocoGHa paGoTaTh B [BAma3oHe
gacToT (HAM 9acToT moBropenmsa BMMnynscos) or 0,001 T'm mo 1 MTm,

Ha puc. 9-57, a nokazarH BHeIIHHe CXeMHHE 5JeMeHTH, HeoGxo-
A®MEE Jiisi HepecTPoHKHA remeparopa, a Ha pHc. 9-57, 6 MaoGpakeHH

a30BHe COOTHOMECHHMA ME)KNy BHXONHHMNA KoJeOaHMAMA DPasjH4HOK

opMbl. C moMomplo mOTEeHEMOMeTpa, NPHCOEMHAGMOTO K BEIBOXAM 4
H 5, MOYKHO PCTYJINPOBATh AAUTOABHOCTH pabouero XOoHa BEIXONHHIX KO-
nebaEmiz, @ TakKAM 06GpasoM, BMOCTO NPAMOYTOABLHHX KojaebaHuil mo-
Ayd9aTh MMIOYALCH PA3AHIHOM JIATENLHOCTE, a BMECTO TPeyToJbHHX
KoneGaamii — nrioo0pasHOoe HaUpSHKEHHe,

JlranazoH pa6o9BX 9aCTOT OLpPefessioTCA eMKOCTBI0 KOHJEHCa-
topa C. JInA obecheweHAsA ONTEMAJILHOTO DPeiMa pPabOTH peKOMeH-
AyeTcst B3aDARHHE TOK KOHAEHCATOPA OrPAaHAYMBATEL HpEAENaMH OT
10 MRA no 1 MA, T. e. oTHONEHAS MAKCHMAJABHOIO TOKA K MUHUMAND-
HoMy RoKkHO OHThL mopsagka 100. ITOT TOK oupememsercs HaHpsKe-
HAeM HCTOYHMKA OATAaHMA Ey M CONPOTEBICHHEM pesHcTopa R, Tak
qT0 Op® JAHHOM HANDAKOHRH Ey OTHOIIeHNe HPefeJbHEIX 3Hau9eHRH R
AOJKHO MMeTh Ty »Ke BeaWYBHY. JacTora KoJebaHEi oupepenserca
cooreomenweM f = 0,15/(RC), nostoMy nmpR 3zajaHHO €MKOCTH KOH-
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JleHCaTOpA ONTHMAJIBHLI® XapaRTEPHCTHRA HoXY4YaloTcHd B JMaNasoHe,
KpailHHe 9YaCTOTH KoTOPOTO OTHOCATCA Kak 100/1.

OnmcapHast cxeMa MoKeT, KpoMeé TOro, MCHOAB3OBATECA B Kadge-
CTBG TeHepaTopa C BUEKTPOHHON mepecTpoiiKoir wacToTH. Jas 3toro

Juned- =1t 0 —Ey
qu.'lﬂb -Lc
sin | )N
74)(13)(12) (11)Q0){9)(8 l""
]
I T
Ry I | {
I N
T AN
r— +E
7
a) ; acmoma_ . aan p)
o NN

Aaumes hocms padoyezo xoda

Prc, 9-57. MnrerpanbBuil reHeparop KoJeGaEmit pagsamaHod $HopMmur
tana 8038 ¢ BHEmEHHMHA 3JleMeHTAMH BAcCTPORKE (a) u ¢asoBHEe COOTHO-
IMeHAA Me;KIy BHXOJHEMH KoleGamEamu (6).

IePEeMEIgKA MeK[ly BEHIBOIAME 7 B § yjajifeTcs, a yUpaBasAomee Bamp-
AeHAE Nmojfercsa X BHBoABM 8 B K Ey.

I'masa gecarasn

IUDPOBBIE YCTPONCTBA

B ama#0roBHX ycTpoiicTBax, KOTODHe PACCMATPUBANHCEH B Ipelnl~
AyWHX IJ1aBaX, ACHOAB3YITCA NeDeMeHHEe, H3MeHSOMHAe CBOE 3HAYE~
HHe B JNHHEHHOM AMANA30HEe ME;KIy BePXHAM M HENHHEM NpeleNaMn,

Bepxnud npeden , Boicoxud ypofens

g Huakud ypobexs
Humnud npeden %) ) 4p

Puc. 10-1. ABanoroBui CATHaX (z) Mo)KeT IPMHAMATH JNi000€ 3HAYEHHE
MEKIY BepXHUM B HW/KHEM mnpeaenamd. lpeanvunii m@dpoBoi cur-
Han (6) EMeer TOJbKO [(B& YDOBHS,

IndpoBrie nepeMeHHEREe HMEIOT ToAbKo JBA yPOBHsA. ITH YPOBHEH MOMXHO
paccMarpuBarh KaK BePXHIOK ¥ HHKHIOI TpaHApH NRANA30HA H3MeEHe-
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HBHEA agajgoroBoil reauumHn (puc. 10-1). l[Ba ypoBEA HAH cocTOMHWSA
HapAJKeHHA 9acTO HASHBAIOT BCPXHMM M HKHuM, KpoMe toro, BX
MOKHO 0003BAYATh TePMAHAMHA GICTHHA» B (IOBY, KOTOPHE CBASAHH
¢ GyaeBoii JOTHKOH, MIH «BKAKYEHO» H «BHKNIOYEHO», KOTODH® OTpA-
3KaI0T COCTOAHRE NePeXNI0YaTeILHOR HAR pelleitHol cECTeMH, [IpencTaB-
NeHAe NEPPOBHX CHTHAJOB B BAAS MOCJefoBaTeAbROCTeH Hyjael I egn-
HHig XOpomio COTACYeTCH ¢ JBOMIHOH CACTEMOi{ CYHCIOHHAN, B KOTOPOit
HCIONB3YIOTCA TOMBKO ABA COCTOAHHA.

Baaropaps BHCOKoOH 3PeKTABHOCTA nEPPOBHX METOL0B OHK MADOKO
DPUMEHATCA [IJiA Iepefads, orfopa B 3aNoMAHAHWA HEGOPMANER
AA3Ke B TeX CAyJ8AX, KOINA BXOIHEE B BHXOJHHE JaHHHE AMET Helpe-
PHBHYI0 Hu aHAJ0roBYI0 $opMmy. TIpH BHNONHEHERE apAPMeTrHIeCKEX
omepanuii gEQpoBEle METONH He HMEIOT OTPAHAYCHHAA IO TOYHOCTH BHI+
YACHCHRA, KaK 3T0 AMOeT MeCTO B aHAJOTOBHIX CHCTOMAX.

10-1. NEPEXOZHBIE YCTPONCTBA

B cmcreMax, KoTophHe He ABIAWTCA WHCTO APAPMOTAYECKEMY,
HeoOXOMMH BIEMeHTH, CBA3HBAOMHAe MeKAy coboll CHCTeMH [ByX
THNOB. JT0 TaXK HA3HBAEMEE JepexoiHHe ycrpoiictea. OCHOBEHO
DnepexonHEHe ycTpoicTBA MoxasaHHE Ha pmc. 10-2,

b

bIX

5)

Prc. 10-2. CpasEEBaKmee yCTPOWCTBO NIPE omOpHOM ypoBHe, PaBHOM
Hyll0, paboTaer Kak MHeTeKTop I[epecedeHHA HYJNeBOI0O YpOBHA (a).
Ilrdppo-anazoroBHi MepexANIATeNb NPONYCKAST AHANOTOBHA CHTHAN
TONBKO B caydae DMOAAYA Ha IMGPOBO# BXON BEICOKOIO YPOBHA HANpA-
sxennn (6).

IMopeXopgHEIME yCTPORCTBAMA ABIAKTCA: a) CpaBHRBAaNEe YCTPOH-
CTBO, KoTOPoe npeofpaayeT aHAIOTOBR{ CUTHAN B «1», 6C/AH 0H NPEBH-
10aeT 3afaHAKA ONOPHHIY ypoBeHDb, B B «0», eCi¥ OH 0KA3HIBACTCA HIDKE
ONIOPHOro YPOBHA; 0) Ki0ueBad CXeMA ¢ NEPPOBEIM BXOL0M, KoTopasft
IpollyCKaeT AHANOTOBHI CHTHAJ TOABKO B TOM Caydae, KOTia Ha uadpo-
Boil BXoJ Togaga «1».

Cpanumsatomiee ycrpoiicrso. Ha pmc. 10-3,4 nokasama npocran
CXeMa CPABHMBAIOMEro YCTPOHCTBA, B KOTOPOR HCI0b30BAH 0NePaAnHOH-
HH# ycHAATeN: Ges obpaTmoii cBAsH. BRXonmoe manpa)xeHme B 3T0if
cxeMe orpaEmdeHo yposaamu 15 ® —0,5 B onopEnM gmogoM. Yxasan-
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HHe BHXONHKE HAOPAKPAWA COTAACYINTCA ¢ MAPPOBHMW JOTHIECKIMA
¥POBHAMY.

Ananorosmif mepeknoYaTeah ¢ JiormJecKHM ynpasnemmeM. Ha
puc. 10-3, 6 mokasaHo, KakuM 06GpasoM MozieBoll TPaH3MCTOP € 3ATBO-
:POM Ha p-n mMepeXOfie MOKOT MCMOAB3OBATHCH B KaueCTBE aHAJIOTOBOTO
nepexmoygarens, TpasaucropH T, B Ty mpeoGpasoBHBAaKOT NMOfaBaeMblit
EHA BXOf AOTHYeCKUil YPOBEHb B ABA HAIIPAYKEHAA MpPOTHBONONOKHOM
noxApHOCTA, Horma Ha BXON mojaH BHICOKHEiT ypOBeHB, T. €. JOTH4YE-
CKaA «1», TO BHampAKeHHe HA KOJJEKTopPe TpaHaucTopa I'y CTAHOBETCS
IONOKATENbHEM H, CJeI0BaTeJbHO, KAHAJ IOJEBOr0 TPaHZUCTOPA

Puc. 10-3. Ilpoctas cxema CPaBHUBAKOIETO YCTPOHCTBA.

umeer Hebonrmoe comporuBienre (0T 20 mo 200 Om). IIpm mopgaue ma
uudpoBoii Bxon JNOTHYECKOTO «0» HAUDPAKeHHe HA 3aTBOPE LOJNEBOIO
TPaH3BCTOPA CTAHOBHTCA OTPHUUATENbHEM, H CONPOTHBICHHe KaHAIa
GonpmeM. Koupmercatop € mnojjep:XuBaer ypPOBeHb HAUPAKEHHA HA
3aTBOpe OPH NMePeRN0YCHHAH,

Ilonepoii tpamsucrop, paboraomuil B KadecTBe Kiwga, OGHYHO
HOJKI0YAETCA K TOYKe KasKymeiiCA 3eMNW YCH/IMTeAA, OXBaYeHHOro
napajiieXbHO-MaPaaACAbHON 06paTHOll CBA3bI0. ITO MO3BoAAET olbec-
HeYnTh COOTBETCTBYIOIGE HAMPAKEHHE Me;KNY 3aTBOPOM M HCTOKOM.

10-2. OCHOBHBIE JIOT'HYECKHUE 3JIEMEHTbDI

Saemenm HJIH, Jnement TRua NJIN peanmayercsa cxemoit ¢ mapai-
nenbHEIMA BeTBAMA. B cxeme ma pmc. 10-4, 4 mamMna roput B TOM cly-
4ae, KOT/la 3AMKHYT OWH UJIH OBa Kiwo4a. B nmporuBHoM ciyyae, Korga
HU OWH U3 KjI04ell He 3aMKHYT, namla He roput. Ecier nanny o6osna-
9UTh CUMBOJOM (, a KNW04HM CMMBOJNAMBE A m B, T0 AornuyecKoe BHpa-
sxenue UJIN mo:xHO 3amHcaTh B BUje

ALB=C. (10-1)

Ira dyHKOHA MoKeT GHITH PealiH3oBaHa C MOMOMEBIO MPOCTOH KUOA-
Hoit cXeMH, moxasaHHO# Ha pHc. 10-4, ¢. Ecim manpaKeRue Ha d000oM
H3 aHOOB BO3PacTeT A0 COOTBETCTBYIOMETO YPOBHA, TO OHO MOABHTCA
n HA ofmeM KaTtoje. B TaGaMpe COOTBETCTBHA Mpe[CTaBleHH BCe BO3-
MOKHHE KOMOWHANAE BXOHHX mepemeEHuX. Ha cxeMe mokasaEH T0]b-
Ko JiBa Bxoa A W B, HO Bce CKagaHHOe BHINE MOKHO PacHpoCTPaHATH
Ba moboe 9HCHO BXOMOB,

340

semenm H., Ecax KiIounM COETWHATH NMOCHENOBATENBHO, KaK II0-
KaszaHO Ha pHc. 10-4, 6, To pHepTHA Gyaer NONABATECA HA JIAMIY JAMIb
B TOM Ciydae, Korga oGa Kiaxo4a HaXONATCA B 3aMKHYTOM COCTOAHAM.
TakeM o0pasoM, HMeeTCA JHIIb ONHO COCTOAHHE, IPH KOTOPOM CHTrHAN

Joeuveckan nan n
PpyHLEYUA A 4 8
_[‘Ej C=A+8 _L/—/ 0=A-8
JeucmBus B
Jozuyeckud A C=A+8 4 C=A+8
cumbon 8 8
+U
A
Auodnar
cxemMa B
b————o0¢C
Tadnuga ABlc|cC AB|c|¢
coomBemembus (0 0]0 |1 0 0|01
0 1|111|0 g 1101|7
7 0|10 7 010]\17
1 11710] q) 1 1]7]0] §)
Prc, 10-4. OcHOBHHe JIOTHMYECKHe BIIEMEHTEHL
A
Ao—oD—oA N
(ve A) .
Ao—l >o—0 A \
a) J)

Prc. 10-5. TI'padugeckoe Prc. 10-6. CumBoaugeckoe m3olparke-
npepgcTaBleHHe  JIOTMdeCKEX  HHe HHBepropa (¢) u ofliee MHOMe-

$ynruuid WIH u H. ctBo A + A =1 (6).

NMOABAAECTCA HA BEIXOe CXEMHl, COOTBETCTBY!OII_IEG JIOTAY9eCKOe BRICKa-
3HBAHHEE 3allHCHIBAETCA B BH[eE

A-B=C. (10-2)

@ynxkumA U Moxer OHTBH peaxmsoBaHa [QHOJHOH CXeMOH Ha
puc. 10-4, 6, B KoTopoi#t KaTONH AROMOB CHY:KAT BXOMHHIMHA 38)KEMAaMH.
Ecnm mHa A1000M U3 KaToNOB MOJiePKHBAETCA HH3KHl YPOBEHb HALpPA-
MeHAA, TO Ha olmeM aHOQe Tal)Ke COXPAHAGTCA HOBKHi yPOBeHb.
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Brxognoe BanpsierEe MOKET BOSPACcTH, TOABKO KOTRA Ha BCe KATOIH
ONHOBpeMEeHHO DO/IAH BHCOKHAE YpOBeHb NaHpfAKeHAA, TAK KaK HOKa
Ha KaTofe HOAJeP:KABAETCA MAaJoe HANpsKeHHme, AHoJ OTKPHT B Ha
aHoJ¢ HOJJeP:KABASTCA TOT e YPOBEMBb ILIIOC NaJieHWE BAIPYRCHHA
Ha OTKPHTOM JAHOMe.

TIpEBenerANe BHINE COOTHOMEHAS MOKHO HpPeACTABATH B BAJE NBa-
rpammu Berna (pmc. 10-5), Ha KoTopoit samTpRXoBaHHAA 00AaCTh Hpen-
craBaser 4 + B, a ofnacrb ¢ gBOMHONW MTPAXOBKOK A - B.

Saexenm HE, Onepansio OTPRUAHRA BHOOJHAST WHBEPTUDYIOMUE
yerarrens. Eca® Ha BXOj ycmamrens NopaHo 4, 1o ®a BHXope Syner
HE A, sanmcuBaemoe B Buge A. TakEM o6pasoM, He3amTpUXOBAaHHAA
obnacTb Ha Amarpamme Bemma upepcraBuser 4 + B, CHAMBONH 27e-
MeHTa OTPULAWAA, HAR HWHBepTepa, NOKazaHW Ha pHC, 10-6, a.

10-3. OCHOBHBIE TOKIECTBA, CBA3BIBAIOIUE JIOTHYECKHE
NMEPEMEHHBIE

CooTHOIIEHHs MKy JNOTHYECKAME HEPEeMeHHHMH 49acTO CYNIeCT-
BEHHO OTIHYAIOTCA 0T o6HYHHX apnMeTHYECKBX TOKAECTB. ITO BBIHO
m3 tabn. 10-1, O6nactm 4 Bmecte ¢ A 06pasylOT MHOKECTBo, TaKoe,
91O

A4 A=A1, (10-3)

7. e, A + A ofpasyior oGuiee MEOKeCTBO, KaK HOKasaBo Ha pnc. 10-6, 6.
Mo sToMy pHCynKY MOKHO HpOBepHTH CIpPaBelBBOCTH COOTHOIEHHId,
npHEBefeRERX B Taba. 10-1.

Ta6amma 10-1

(=]
b

b N N N N N N G

Ty T atot
Tl‘"" Trll n
»hlh"‘

:lllﬂbl
N ©

Teopexa de Mopzana. Ha pmc. 10-5 HesamTpHXoBaBmHAaA 06aacTh

npencraBiAer coboi A + B. D1a o6nacTh 9xBABajeATHA 061acTH € 1BO-
HO#l mMTPUXOBKOil ma puc. 10-7, Koropam mpeacraBrser coboit A.B
(IIOJIOKATEbHKM BaKJAOHOM JIMHAA MTPUXOBKA HOoKasada ofmactd A,
a oTpHEuaTeNbHHM — o6nacTs B.) Taxmm oGpasoM, MOKHO 3amlHECaTh
COOTHOImMEHAS

A+B=A.B. (10-4)

Kpome Toro, mesamrpaxoBammad obnactb Ha pAc. 10-7 mpencraB-
anrer coboil 4B, H03TOMY BCIO 3amTPEX0BaHHYI0 061aCTh MOKHO mpej-
CTaBATL B BHJE

A-B=A+B. {10-5)

TpABeneHANE CoOTHOMEHANA AANICTPEPYIOT Teopemy ne Moprama,
Koropan dopmynupyercsa cnefyommm o6pasoM: oTpEnaERe (YEKOBE
N (MJTN) moxmo 3sameraTh dyrknnei NJIU (M) orpAnaHRA nepeMeHHKX,
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Auseprapyiompe ¢yeknue HE-WJIA = HE-H. Jlormueckme sne-
MeHThl, NoKas3aHHEIe Ha puc. 10-4, HMEOT OTPAHHYEHNE 1o TOKY, KOTOpOe
IPOABJIAGTCA B Cjly9ae HPACOCARMHCHN A Ha NX BHXO0[ APYTHX 3J1IEMEATOB.

Poe. 10-7. IBoiiHoll ImMTPEXOoBKOH mMoKaszaHA
obnacts 4 :B, a Bca samrprxoBaHHaA 06-
nacth unpefacramnser 4 <+ B,

Jnna NoBumeRBsa YPOBHA ToKa 3THX snemeEToB HJIN m M ma mx Bu-
X0/l¢ MOKBO HCIO0Jb30BAaTh RHBEDTAPYOINHHE ycHiaHTens. B peayabrate
cxemn U m WJH 6ynyr peanmaosuBarps ynkuns HE-U m HE-NJIHN
H coorBercTBeHHo OynyT HasmBaThbcr snemenraMr HE-U m HE-NJIN.

AlslaB

) 7 0] 1

A o— -8 —r T 0 7] 1
8 00— A A+B e) 7T
a) 17| 0

h N
S

5 =

Prc. 10-8. NIByxBxononHii anemerT W ¢ mmBepTopoM (a), CEMBOJNHYe-
ckne mgoGpaskeHmsa snemenTa HE-U (6) n snemenra WMJIU ¢ muBepTH-
PYIOIMEMH BXOIaMH (6), CXeMa IHO/IHO-TPaH3RCTOPHOTO anemMerTa HE—H

TJ) (2); CXemMa TpPaH3UCTOPHO-TPAH3UCTOpHOro osaeMenra HIE-U
(TTJ1) (9); Tabamua cooTmetcTBUA (e).

Kak mokasaHo Ha pmc. 10-8, a, onepaums ®WHBepTHpOBaHEA 0G03Ha-
qaercsa KPY:KKOM Ha BHXone ycHamTeas. TabauLu cOOTBOTCTBAA HH-
BepTHpyomBX (yHAKumi npnsegeEn ma puc. 10-4 1BYMA IIpaBEIMA
cron6naMB. Ha Bmxope snementa HE-MJIW apormueckas «1» Bmeer
MeCTo JBmb B TOM CIyuae, Korga Ha o0a BXona NONAHH J0THYECKHe
«0», T. e. OH BHIOOJNHAeT ollepanBo M. Amajormuso mpnm BHEBepTHPYIO-
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wmux Bxopax saement tuna HE-UW peanwasyer dymrmuio MJIN. Tak xaxr
XasKIana MHBepPTUpYIOMAsA QyHKUAA MOKeT BHMONHATE ofe Joruueckue
onepanuu, ¥ u WUJIU, ¥X HA3HBAOT YHHBEPCAJNBAKMHA DeINa0MuMA
snemerTaMu., Taxkum oGpasoM, AnsA BHMOJHeHUA BCEX CIOMKHHX JIOTH-
YecKux Omepauuil B KaueCTBO OCHOBHOTO MOXKeT IPAMEHATHCA TOJNBKO
onuH TEM aaeMenTa, OOHuHo game Bcero MCMONB3YOTCA CXeMa THMA
HE-H,

Ha puc. 10-8, 6 mokasaBo, 9r0, HCHOAB3YyA TeopeMy pme Mop-
raHEa, BHXoj amemedta HE-U wmoxHO mpefctasuts B BHEme A-B =
= A + B. Totr e smeMent tuna HE-U Moixer 6HTH npepcrapiieH
B BUJe, MoxaszanuoM Ha puc. 10-8, ¢, rue mzobpaskeH CHMBOJ 3IMEMEHTA
runa UJIU, Ho ¢ MHBePTHPYWOIHME BXOAAMH, 9T0 0603HAYAETCA KPYHK-
xamu. JToaroMy npaBee XpY:KKOB BXomHHE CHTHAIH mnpuobperarnT
sHauerusa A m B, a na BHXofe Gynetr 4 + B, T. e. BHMOJHAETCA OMe-
pamua UJTHU.

Cxema Tuna HE-U morxer 6rTh NOCTPOSHA C HCHONBIOBAHIEM JHO/L-
HOTO 3NeMeHTa M u mHBeprHpywmelo TPaH3UCTOPHOTO yCHIAWTONSA,
Kagr Norasago Ha puc. 10-8, 2, [{uof, BKIOYCHHEH MEeHAY 2JieMEHTOM
N z Gazoit TpaHsUCTOpA, CHYKMT fAJdA Toro, urobu mpsAMoe mamps-
JKeHHe Ha BXONHEIX NI101aX He OTKPHBAJlo TPaH3NCTOpP, KOI/la Ha BXOJ-
Hble 3a)KNMH NOJaHH HyleBee ypoBHU. B cxeMe Ha puc. 10-8, & BMecToO
AHONOB HCHOOJB3YeTCA SKBUBAJOHTHAA TPAHIHCTOPHAA CTPYKTYpa C He-
CROJNBKHMHA 3MATTepPaMd. 3/iech B KauecTBe BXOAHHIX JMONOB HCMONb-
3YIOTCA OMETTepHo-6230BHe mepexopi, a MepeXof KoxaeKrop-Gasa
ReiiCTBYOT KaK aieMeHT, M3MeHAKMMI ypOoBeH: MAMpAXKeHUA.

10-4, IPUMEP OBPABOTKHI JAHHBIX

Ha puc. 10-9 uzobpakeH AByXMO3UNHOHHR OPEKIOYATEND, C TTO-
MOIIbI0 KOTOPOTo nudpoBHe faHHEe U3 KaHAI0B A Nau B HanpasasawTtca
B Kadax C. llepekmoueHNe 0CYmeCTBAASTCA C IOMOINB0 MepeMeEHOR X
TakuM 00pasoM, gro xorga X = 1, nadHHe mocTymawT m3 KaHama 4,
a rorma X == 0 (X = 1), ma@Rne mocTynawT a3 KaHaja B. Jlormue-
CKOe BHpaj)KeHHO 3TOf omMepaluum 3amuCHBAOTCA B BHAE

AX +BX =C. (10-6)

Ha Buxone C nosBuasierca 1 B ToM cayuae, ecan_4 u X papam 1
mnm ecan B u X papan 1. Tar kak XX = 0, a X u X me MoryT ofiHo-
BpeMeHHO MpPHHATH 3HaueHHo 1, Ha BHXoR OyayT mpoXopuTh HanHHeE
160 M3 KaHazma 4, au60 M3 KaHaaa B, HoO HUKOTHA M3 [IBYX KaHAJIOB
onHoBpeMenHo. Tabmuua coorpercTsusa u dopMa CHUTHANOB B KaHAIAX
noxazags Ha puc. 10-9. W3 mormuecKoro BupakeHma (10-6) mupHO,
9TO faAA ero peanusanuu TpefywrcA nBa amemeHTa U_m opuE aneMmeRT
WU ¢ uasepropom pafs obecneuenusa mepemenHodr X. Ta ke onmepa-
A MOXXeT OHThH BHIOJHeHA ¢ MOMOMBIO Tpex amemeHToR HE-H, Kar
noxagaro Ha puc. 10-10, . Ucnonsaya Teopemy e Moprana, Bupase-
Hde Ha BEIXO[e 3TOH CXeME MO)KHO 3alucaTh B BHIEO

C=A-X.BX=A.-X+B-X-

Hcuooaraya ocaoBHEHE TokpectBa ma3 Tabm., 10-1, okoHwaTelBHO
MOTYIUM:
C=A-X4B-X.
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B npaxtrre npuHATO M306paXKaTh CAMBOIIK TAKAM 06PasoM, UTo6H
KDYKKH, o6oaﬂaqalon1ne nnnep'mponaﬂne, pacnoAaraAnch oM BO3JO
Apyroro, T. e, Ha BHXO0Ae MpefHjyHlero @ BXOfe NoCAeAylomero sJje-
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ﬁB—Z AXtBX
= =AX+BX
B BX a) B 5)
Puc. 10-10. [pyrue dopmMu A
undpoBEIX MepexalouaTeNedr Ka- .
HAJIOB. om
AW+BX+CY+DZ

Puc. 10-11. Lndpopoit MEoroe
KaHAJABHHWI HepeKJiodaTensb.

MOHTOB, KaK NoKazamo Ha puc. 10-10, 6. Torua JBe onepammd Hspep-
THPOBAHAA B3aHMHO YHHYTOKAIOTCH M CTAHOBUTCH OYBBUAHO, 4TO BHI-
Xo0jHO# KJIANAH BHMoJHAeT omepamuo MJTH.
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Madposoit MAoOroxaHamLRBI nepewmoTarent KaEaldoB. OnHcaHHEE
CHCTEeMH C [iIByMsA BXO[AMM MOTYT MMeTh U GoJblee KOJIH4eCTBO BXOHKOB,
Kak nokaszano ga puc. 10-11, Kagaau A, B, C uau D, no KOTOPHM HO-
NAI0TCA laHHEle, BEIGHpPATCA LyTeM NORAYM JormuecKodl «1» Ha BXOR
W, X, Y nau Z. Taxas omepallud 4acTo MCH0ab3yeTcs B muU(PPOBEX
CHCTEMAX H peajmayercs Ha MHTEIPAABHHX CXeMaX €O CPef{HEM ypOB-
HeM BHTErpauus, THAe BCe 3JIEMeHTH H3TOTOBJCHH HA ONHOH MOJJIO0MKKe.

10-5. CXEMA «HCHIIOYATEJIBHO WIH»

Cxema cucximouuteabuno UJIN» ouens Doxoxka ma cXeMy uupoBoro
nepexnwyednd. CATHAJ Ha ee BHIXOfe NOABJAsAETCA B TOM cayuae, Koraa
HA ORWH M3 [BYX BX0foB Mofad «0», B oTamume or cXemu HUJIN (cm.

A AB —
B AB_"‘ZB A 8 A A
Z. o o o 1
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BO ZB a) i 0 i 0
o 7 i o
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AB 7)
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AB 8) e)
Pnc. 10-12. Cxema «uckmounteansao UJIH».

puc. 10-4, g), B xoTopoi «1» Ha BHXoje MMeeT MecTo HpH momade «O»
Ha ofa BXoma. Jlormueckan QYHEKOMA cXeMu «icxmoduTensao MJI1U»
BaNNCHBAETCHA B BUAE

AB - AB=C. (10-7)

Kak mokazano Ha puc, 10-12, nas peaausausn a1oii GyAKUANM Tpe-
Gyrorca npa apementa M m omun saemenT MJIN. Onepaums «uCKm0uu-
rensAo WJIW» Moxer GHTb pealmzoBaHa C HOMOLIBID TPeX »J1eMEHTOB
rana HE-T cremyomny o6pasom:

AB L AB=AB - 4AB.

Taxoe ycTpoiicTBO Ha3HBAIT C YMMATOPOM IO MORYJIO [iBa, TAK KAK
BHIXO/IHAA BEJIMuYMHA e[0 paBHA CyMMe ABYX BXOJHMHX € OCHOBaHHEM
nBa,

Crema  sréusasenmuocmu. W3 Tabiawubl  COOTBETCTBHA  Ha
puc. 10-12, 6 BHgHO, YTo oTpHIlaHHEe BEIXONHOIl BEJIWYHHHl CXEMEI (HC-
rkawanteasao UJIW» pasao «1» Toabko B ToM cayuae, xorfia Ha 06a BXOAa
nmojagbl OffMHAKOBHle CHTHaAH, T. e. JnGo ase «1», ambo mBa «0». IT0
MOYXHO NpPOJIEMOHCTPAPOBATH Clefy0muM ofpasom:

AB 4+ AB=AB+ AB=AB . AB—=(A+B) (A4 B)=
=AA4-AB+ AB 4-BB = AB - AB, nocxoabky AA=DBB =0,
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Takmm ofpasoM, MOJYIEHHOE BHIPaKeHUe MABJIASTCH OTPHUAHAOM
coorHomenna (10-7).

Ha pre. 10-12, ¢ ¥ 2 moxasadn COOTBETCTBOHHO npyrasg opMa
cxeMu «nckIuATeabao NIy B crMBoX cXeMu «AcKaiourTensgo HJTH»,

10-6. BUCTABAJIbHAAL CXEMA

Ecan jBa saemenra HE-U coepuuATH MeKy coboll, kKax moKasaHo
ma prc. 10-13, a, To oER MoryT paGoTaTh B KauecTBe BJIEMeHTA aMATH,
KOTODHt 3apOMHHAeT MoCJefRHUN BXOAHOH CHrmaa. Bexome Q m P
O0OHMHO HMEIT HPOTHBOMOJOMKHEE COCTOAHMA, KpoMe cjyuad, KOTIa
Ha o6a BXxoma mopmaAH «i». B HOpManbHOM DeKEMe cXeMa cpafaTHBaeT
npu nopade «1» AR ONUH A3 BXOAOB Ycemanosxa Had C6poc. B mepsom

Yemangika S SP=S+P
s s Rla »,
_ 10|70
ctpos = N
R a) 0 | 0 |5/m|o/m

YemanoBra

Copoc

LI ,
S S —

Prc. 10-13, Brcrafuabpans cxema Ha IByx saementax HE-H.

cayuae Jormueckmil «0», mocrymarommid Ha BXOJ, BepXHEro »JeMeHTa
HE-N, naer na ero BuXxofe «1», xoTopad HofAeTCA HA BXOJ HMKHETO
saneMeaTa HE-M. Tax Kax Ha BTOPOil BXOf sieMeHTa 2 mojaHa TakKe
«1», ero Buxon Oymer mMeTh cocrofEme «O». BuXomHOe HaupAKeHHO
aneMedTra HE-U mmeer HM3KHit ypoBeHDB (T. . «0») TOABKO B TOM Cay-
qae, xorga ma 06a ero BXOfa MOJaH BHCOKHH ypoBeHbL HAODFIKEHIS,
Kak 9370 BHgAO H3 Tabanue CooTBercTBHA oneMeETa HE-H ma
puc. 10-8, 6. Haamme aormyeckoro «0» Ha BHXOfe ajleMeHTa 2 ofecie-
YMBAET TaKoe COCTOAHRe aJdeMeHTa 7, 4TO €ro ypOBeHb HAUPMKEHUA
HAa BHXOJ¢ 0CTATCHA BEICOKAM M B TOM CIy4ae, KOT/a HA BX0A Ycmanoska
CHATHAJ y)Ke He MOfaeTCH. JTO YCTOHUMBOe COCTORHHEe COXPaHALTCA 10
TeX Mop, NOKa He MOCTYNAT EMIYABC c6poca, KoTOpHIH IepeBeneT BXOn,
sJeMeHTa 2 ma AW3KHH YPOBEHB, a BRIXOJ HA BHICOKHHA. 3T0 B CBOIO 049e-
penb MpHBefeT K ToMy, wT0 Ha 060RX BXogax saeMenTa I ypoBeHb Ha-
OpAXeRdA Gyfer BHCOKAM, 8 Ha BEIXO[i¢ HU3KHM, T. €. CXeMa mepexo-
AT BO BTOpoe ycroidmBoe coctoAHMe, Taxad GHcraGuabHAA cxema
paboraer Tak, xax moxasaHo Ha puc, 10-13, ¢. UMnyasc ¢ BX0na Yema-
nosxa TEPeKJIoIaeT BHXoOA B coctosAme 1, 8 mocaeqylomMuil nMIyIbC
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¢ BXoa C6poc BosBPamaeT BHXxop B cocrosiEne «0». ARoManbHAA cATYya-
nAA HMeer MecTo NpH Nofade WMIYJILCOB OAHOBPEMOHHO HA ABA BXOJa
R m S. Iloche oxoH9aHUA BXOJHHRX HMIYJhCOB HaunPAXKEHHS Ha ofomX
BHYofax Gymer CTPeMHTLCA 3aHATH BHICOKAH ypoBeHb M COCTOSTHAC HA
BHIXOle CTAHOBHTCA HeOHpefeNeHHBIM,

10-7. MIPEMEPBI

HpeoGpasosaTesh HANPs:KeHMA B 9acTOTY. B HeKOTOpWX caydanx
HeofxomEMo mpeoGpa3oBaTh BXOQHOE HANpAKEHAEe B BEIXOJHHE KOJje-
6amEA npaMoyroabHOR QopME, YACcTOTA KOTOPHX NIPOLOPIEOHAJLHA
YPOBRIO BXoiHoTo HanmpsKenusa. Takoe npeolpasoBanne MoKHO BRIO-
HHNTH ¢ MoMombi0 CXeMH, A3o0pakemHod Ha pHc. 10-14, a. Bxopmoe
HaIpAKeHHEe B HTOH CXeMe TIofaeTcA Ha WHTerpaTop. BuixogHoe Hanps-
sKeHHe WHTerpaTopa CIajaeT co CKOPOCTHIO, MPONOPHOHAJBHOM YPOBHIO

¢ +U,

tUy, o—tof »
~Us, O—1=00

+
~U, 2 a)

B N2 N s
. VA VAV S—

u 1] J I
U I I
J 1 L L &)

Pme. 10-14. Cxema npeoGpasoBarensa HaNpAKeHRE-4acTOTA.

] — HanpfKeHHe Ha BHIXONe HHTErparopa; 2 g 3 -— Ha BHIXO[le CPaBHHBAOIIMNX
yCTpoitcTR;, 4 — Ha BHXOAe OHCTAGRILHOR CXeMl.

o

BXOQHOTO HAOPAMKEHMHA, Mo TOX NHOP OOKAa He JOCTHTHET 3ajaHHOrO
sHaveHHA. B 5Toil TOYKe 3HaK BXOAHOTO HAUNPAJKEHUA MEHAeTCA Ha
ofparHHI{l B Tpopecc NHTETPHPOBAHUA NPONOKACTCA B NPOTHBOMONOMK-
HOM HaNpaBleHHEHA, NTOKA BHXOAHOE HanpfA;KeRNe He JOCTATHeT BepXHero
npefelbHoTo ypoBHA. 3areM cHOBa NMPOACXoAUT MOPEKNOYeHAE 3HAKA
BXOJHOTO HALAKEHHA,

BucrabniabHad cxemMa RCMOAB3YeTcA afech NiaA PuKcagAE Hanpas-
JIeHHA, B KOTOPOM NPoRCXogAT uHTerpupoBarne. Ona pa6oraer or IBYX
CPaBHHBAWOMAX YCTPOHCTB, Ha COOTBETCTBYWOIIHE BXOIH KOTOPHX LO-
HDaHH BepXHee W HIKHeo MpefeabHHe HanpA:KeHHA. Korga BHXOJHO®
HapsKeHHe KHTETPaToOpPa MPeBHCHT yPOBeHb NPEZeabHOr0 HampsisKe-
HHAA, BEXofHoe CoCTOARHE CpaBHABAIONIero ycTpoficTBa HepeKn0daeTcd
H3 «i» B «0». C Buxoga anemenra HE-J, mMesoliero Ha Bxofe HABKOH
YpPOoBeHb HaupsKeHHA, Ha BXop Apyroro saemesra HHE-U Gyper mo-
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nada «is. B pesyibrare Ha BXop NepBoro 3jeMeHTa NOCTYNAT HHaKAN
VPOBeHDL HanpA:KeHHA. BHCOKEH ypOBeHb HAUpsKeHHAA Ha BHXOJE
STOr0 BJ6MEHTA OCTAaeTCA H MOCNe OKOHYAHRA HMOyjlbCa OT CPaBHH-
Baomero ycrpoiictBa. BrXommoe Hanpskenme GHcrabmabHON CXeMH
BCMONb3yeTcs AJjA yODaBJeHAA LmepeKaiouaTeneM, obecneanBan pabory
HAUTETpaTOpa MEMAY NABYMA 3afaBHEMH MPeAc/bHHMH HANpMKeHHAMH,
BuxogHoe manps)keEne GAcra6mIbHOR cxeMu WMeeT MPAMOYTOABHYIO
¢opMy, a ero wactora MponOpIEOEANbHA BXoJHOMY HANPHKEHEO.

Buxogmroe Hanps)KeHHe KHTEIpaTopa LPH HOCTOSHHOM BXOZHOM
Hanps:KeHAR MoiKHo HadtH B3 (6-35):

U
unbxx':—f%tn

rne i -— BpeMA HBHETerprnpoBaHnA.

B parBEOM mpREMepe BHXOAHOE HAampsAeHAe OrpPaHAYeHo NMpefenb-
HHMH HanpskeEMAME Uy, T. e. IMana3oR ero A3MeHeHHsA CoCTABIAET
2Up. BpeMa.maTETpEpOBaBNA

t=2UnCR/U ng. (10-8)

Tax xak { cocraBasger TONbKO MOJOBARY MEpHOAA, YACTOTY Koje-
fanuil MOKHO HaliTH B BUe

1 Upx
t= o =W.cR" (10-9)
Ha pmrc. 10-15 noxasaHa cxema npeofpasoBaTensi HanpA:KeHHe-
9acTOTa, B KOTOPOM MCIOJb3OBAaH ONWH AaHAJOTOBHIl NePeXII09aTonb
¢ JIOTMYOCKAM yupaBjieHReM. Jlyvine Bcero 9ToT Mepexnogarenb pabo-
TaeT OPH BKJIOYEHHE ero B TOYKY CyMMHpPOBAHMA, rie ypoBeHb Hanpd-
JKeHHA olpaHR4eH M oCyYMECTBIAOTCHA IEpexIiOgeHAe TOKa.

R,20K

10K

10K 10K
Rz

Puc. 10-15. Cxema mnpeoOpasoBarensi WanpsmKeRHe-4acToTa ¢ OFHO-
DOJIOCHHM aHaJ0TOBHM LePOKI0IATOIEM.

VcranTend RoMKHE HMeTh HOMHBePTAPYIOIME BXOAH, COEIH-
HeHHBe ¢ semlel wepes pesncropsl 10 xOm.

Ina nonydenrs cAMMeTPAYHHX KoJeGaHHH Ha BExome mpeobpaso-
parelfl ConPOTHBJEGHEe AHANOTOBOTO IePeKlw0dareias B 3aMKHYTOM
COCTOAHHA JONXHO OHTH 3HAYATENbHO MEHBIME CONPOTHBNSHEA R,
ConpotaBierne R, = 10 xOM nprMepHo B 100 pas mpeBHmaer conpo-
THBNEHRO MepexnioyareNd M B 2 pa3a MOHbm® CONPOTEBReHBA R,
mo3TOMy TOX depes Hero OGymer B 2 pasa Goabme. Brarogapsa atoMy
Ha BXOJ® YCHAATens obecnmeunBaercA peBepCApPoBaHEe ToKa B TOYKe
CyMMIDOBAHHS, K KOTODo#l MpPHCOeJMHEH MepexaoJaTess,
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Kax 6ua0 noxazano, naf pafoTH yCHJIHTENA KeIaTeIbHO HMeThb
MEHAMAJIBHOe conporHBiaeHne R. OpgBako npnm 3TOM HYMHO CIAEIHTH
8a Tem, uTOGH eMKOCTH KOH[IeHCATODA He oKazamach 9peaMepHO 60mb-

om duemadunsriold

Cxemb!
r C
U, R
oE—t+to1] |-
R 9
o—{—3—1 K cpabrubdmusum
Usn yempodembam

Punc. 10-16. CxeMa reHepaTopa wuepe-
MeHHOHi CKBakKHOCTH (a), $opMa Ha-
HpAMeHnil Ha BEIXOJe HHTerpatopa
BTOPOTO KjanmaHa OHCTaOHABHOE cXeMH
(6) n dopma HamprskemuH upm 6oub-
iieM BXOIHOM HANPMKEHHH (8).

K cpaBrubai=

yum
ycmpoucmbam

Om ducmadunsrod
@) Cxembi

+U,

T Up = 0,250

[/01= ﬂ, g Utm

9)

Puc. 10-17. Cxema Mmopyanaropa pam-
TeJBEOCTH UMOYIBCOB.

850

moii, lcnoasays conpoTus-
JeHHS pPesUCTOPOB, MOKa3aH-
HEe Ha puc. 10-15, B noaa-
ras, wro npE Uyg = 10 B
MaKCEMaJbHAA 9acTOTa DAaB-
ga 10 xI'm, w3 (10-9) momy-

9AM: -
_ BX
C= 4UyRf
- 10
4.-10-20-10%-20. 108
=0,0125 Mx®. (10-10)

TenepaTop ¢ mepeMeHHOH
cKkBa)KHOCTbI0. EcCiH B cxeMe
Ba puc. 10-14, ¢ BxXOQHOM
BAKHUM, 0003HAuUeHAK i —
Ugx, NPACOEQUHUTD K MCTOY-
HAKY OTPRIATEABHOT0 OLOP-
HOTO HAIDDAMeHAA, TO BH-
xonuble  Koae6ammA  GynyT
AMETh NEDPEMEHHYK CKBaiK-
HOCTH, KaK [OKazaHO Ha
puc. 10-16. WUrrepBan 1; oc-
TaeTCA NOCTOAHHHM, a T, 06-
PaTHO UWPOLOPIHOHANEH Ha-
upseEu0 Ugy. Taxkmm 06-
pasom,

Ty =2UnCR/Uoy
0 Ta=2UyCR/Uyg
HIM  T/Tyg= Usx/Uon.

MopgyaaTop aAMTENbHO-
C¢TA EMOyIbcoB. Mopynstop
AABRTEILHOCTAE HMOYALCOB, B
KOTOpOM CpejgRAf Naomanb
HMOyJbCOB NPOLNOPIHOHAJb-
Ha BXOMHOMY HAIIPAKEHHIO,
MOXHO  LOCTPOHTB,  eCJH
BXOJHOEe HAUPAMKEHHWe mNONa-
BaTh Ha WHTEIpaTop MOCTO-
AHHEO, a ONOPHOe HampsKe-
HIE — yecpea nepexanya-
TeJb, KaK NOKa3aHO Ha pUC,
10-17, a. Torpa

17, =2UCR/Uysx n
Te==2UnCR/(Uon — Upx) HIN
T1/T2 = (Uon — Upx)/Uex
U Ty/(Ty+Ts) = Usx/Uon-

Takam ofpazoM, CpefHAA IJomagh MMNyJhCa NPONOPIUOHAJbLHA
BXOAROMY HanpAKEHNI0, KaX noKagamo Ha pnc. 10-17, 6. 3necs e nana
dopMa maupAKeAW# Ha BHXOfe EHTerpaTopa H GHcTabmanHON cXembl
AR ABYX DPa3IRYHHX HAOPAMKeHHH.

10-8. BACTABIJIbHAA CXEMA C BHEIIHAM 3ANTYCKOM

Ecau p 6mcrabrnbBol cxeMe Ha pnc. 10-13 wHBepTOpDH 3aMeRHTH
ancMenTaMA THRna HE-U, kak nokaszaso ma pmc, 10-18, ro A3MeHeHne
COCTORREA B Heilt Gymer mpomc-

XONATh TOABKO LA mopjade za-  Yemawofxo _
OyCKaIONero AMIyiabca Ha BXO[ S A=8§T+P
«3anyckn.

Ha Bxopne G6HcraGRanHEOM
cxeMn Ha pHc. 10-19 Hcmoub- T
ayercA EEBeprop. OH npepgHaz-  Janyck P=RT+E
HageH IaA Toro, 9rofu ofecue-
91Th NOfa4y OPOTWBONOJOKHRIX R
CHTHAJIOB Ha BXOJH 3JIeMEHTOB cd'pgc

HE-HU, T. e. Xorga Ha OOHH 3Je-

MeHT noctynaer «1», To Ha BTO- |'| n rl || || T
po — «0», ®m maobopor. B Ta- 5
1 I

KO cxeMe HeoIpefeaeHHOE CO-
___I |— R
1 r¢

CTOAHAE OKA3HBACTCA HEBO3MOKHHM K BHIXOJHHEe CHTHAJH BCerma
6ynyT OPOTHBONOJO)KHEIMA, a Ha BEIXOe Q curmaa Gyner TaKuM jKe,
KaK ® Ha Bxoge D. Takmm ofpazoM, Ha BHXOAe @ BOCHPOE3BOJATCA
IaHERe, KOTODHE HOCTYynaloT Ha BXOJ BO BpeMA NOfa4l 3alycKalo-
mero BMOyJabca.

Puc. 10-18. bmcrabmanrHan cxe-
Ma ¢ BHEHMIHUM 3amnyCKOM.

b o— —
q Djla|a

T 1710
_ o|o|1
Q

) 6)

Puc. 10-19, CxeMa BOCHDOH3BEfleHHA BXOFNHHX [AHHHX (a) B Tabamua
COOTBETCTBHA (6).

10-9. TEJbTA-MOYJIATOP

Jleasra-MOnynATOP BHpabaTHBAeT WMIYJABCH, NJAARTEIBHOCTH KOTO-
pHix OpHGAMKEEHO B PaXkaeT CKOPOCTH HaMeHeH!A aHaJOTOBOTO BXOJ-
goro cBrEana. OH nmpumeHAerca B nEPPOBHX CHECTEMaX W WMeeT BUf,
moxasaHHNH Ha puc, 10-20,
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BHxoanoe HanpmKeHdme MHTEIPaTopa DOAASTCA HAa CPABHHBAKIIES
YCTPOHCTBO M CpPABHEBAETCA C AHAMOTOBHM BXONBHM CHIHakoM. Ecan
BXomHOH CATrHAX OKaabiBaercAd GoJibmie, TO HAa BHX0fe CPABHEBANMEro
yeTpoiicTBa NoABAACTCH HA3KHAN yPoBeHD HaNpAKeHAA (AorAgecKnii «0»),
¥ ¢ OpEXofioM 3ANYCKAKMeEro AMNYAbca BHXoR Q GmcraGuabHoR cxeMul
mepeXofinT B coctoanHe «i». Baarogapa 5ToMy KlIod 3aMHKAET ACTOY-
BHR — Uy Ha BXoj HOTETPaToOpa B BHXOfHOE HANPMKEHAe HETErpa-
Topa HapacTaeT B MOJOHTe/bHOM HanpaBleRER, DpHGIMKAACH

+ Ug,’

Fucmaduns Hag
cxema ¢

Brew Hum
aanycrom 1
Bxod J — a
T
Sanyck emsma- | |R [essma~cuaMo~
any #ﬂb/xna Oxod

O ~Upp

uxmezpamopa

Sangex [ T SULULLILLLLN

o« NI Jur

- Aenrsma—

q III || |||||||,Bblxo¢?
Prc. 10-20, Cxema pmennpTa-MoAyixsTOpa.

K YPOBHIO aHaJoroBoro BXogHoro curHala. Ilocde Toro Kak BHXon-
Ho® HANPMKEHH® NOCTArHeT YPOBHA BXOJHOTO CHTHAJA, Caefylomui
samycKalomuil AMIYJbLC H3MEHAT COCTOAHRe OmcTalHABHON CXeMul 1
mporiecC HMHTErpAPOoBaEEA Gyger MPofgoMKaThCA B MPOTHBOMOJOKHOM
HANDPaBJeHAH, TakuM o0pazoM, BHXOmHO® HANPAKEHHE OTCJEKHBAET
AHAJOTOBHK BXofgHOM cHrHan, a MoCKOJABKY Ha BXof HHTeTparopa
mogaeTcA HanpspKeHRe ¢ Oncra0HabHOH CXeMH, moclefgHee NMpencTaB-
aser cofodl nMpoH3BOAEYI0 BXOJHOTO aHAJOTOBOTO CHrHAJA.

B npyrom pe:xmme paGoTn paccMoTpeHHOE CXeMH HCHoAb3yeTCA
BeabTa-CArMa-BXofi, MOKasaHHHA Ha pHc. 10-20. B sToM caydae BEBEp-
TAPpYOMmAR BXofi CPaBHMBAIOmMEro yCTPoHCTBa 3a3emisercda. B pesyas-
ware BHXofHOe HANMpPsYKeHHe HpecTaBiAeT Coboll MopyIEpoBAHHREIS
Ho ANATeALHOCTH AMHOYJLCH, CHHXPOHHHO ¢ 3A0YCKAOIMHEME HMITYAb-
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camm, WaTerpatop ycpemHAeT PpasHOCTh MEXAY MoXyAHPOBAHELIMA
EMEYALCAMA H AHANOTOBHM BXOJHHM CHTHAJIOM, & CPABHABAMIE® YyCT-
pofictBo neperonnT GACTAGRABEYI0 CXEMY B TAK0E COCTOAHME, HPH KOTO-
poM pA3HOCTh MeKAY STHMEM RBYMA CHTHAjJaMd yMeHbmaercd, TaxmM
o6pasom, BHX0JHOe HAMPAKEHAE B OTOM PO:KEMO fIBJISAETCA EMIyAhCHOM
aOIpoKCEMAanRell AHAJOToBOTO BXOAHOTO CHrHAJA,

PHEIUIL NpPOCKTYHpPOBAHMA. Ecoam OpHEATH COMpOTHBICHHE pe-
sEctopa R = 10 xOm, a manpsxemme Ugy = +-10 B, 10 nmotpebyercn
paccuaTaTh TOJBKO eMKOCTh HWHTel'pApylomero Kompmencatopa. IIpm
9acToTe cJefoBaHHA sanyckKalomux HEmunyabcoB 1 kI'n, mozaras, uTo
MAKCHEMAJBLHO® M3MEHEHHe HAMPAMKeHNA MHTEIPaTopa B TeueHHe OXHOTO
llePHOAR 3ANYCKAIOMMX MMOYJILCOB OTrpaHHdeHo BeawmyERoi 0,4 B
(1. e. 1% MaKcAManbHOrO BHIXomHOTO Hampsxemns, passoro 10 B),
eMKOCTh KOHJGHCATOPA HAXOJWM H3 COOTHONEHRA JJiA HMETErpaTopa
NPH HOCTOAHHOM BXOJIHOM HANpPM:KEHAH, paBHoM Ugp:

Upnz=— tUon/CR
tUon | _ 10-10-8
UsuxB | = 10°T- 108

Tak KAk CKOPOCTh HSMOHEHAS CHRYCORMAABHOro HAMPM:KeHAA
E sin wt pamma

HHa

C= =10 Mx®.

d .
E‘—Esm ot =Eo cos @t,

a ee MaKcHMaiabHoe 3HaueHme Ew, CKOpoCTh H3MEHOHHA BHRXOQHOTO
Hanps:keHRA HETerpatopa 0,1 B 3a { mc Gyner orparmamBarh pabogyio
gacToTy Mojyiaftopa BenEyEBoi o = 100/E = 10 pag/c npu E =
= 10 B. Ecan Tpebyerca obecueants Gojiee BHCOKYW pabouyIo 9acrory,
HeofXogEMo yMeHbmATh €MKoCcTh KoHAeHcaTopa C NpH OXHOBpPEMeH-
HOM MOBHINGEHA YBCTOTH 3amyCKAIOMUX HEMIYJAhCOB, C TeM ITo0H CHA-
8UTh YPOBEHBH IOYMOB.

10-10. BUCTABIJIbHAA CXEMA THIIA J-K

JBe cREXpoRRsHpoBanHaKe GHcTalmibEEE cXeMH R-S THNA MOKHO
COCIMHATL BMecTe TaKHM ofpasoM, uTo omu olecnedar GHcTabHIBLHOO
AeHCTBHe, MPH KOTOPOM BHXOJHEE COCTOAHRAA 6ynyT o6ycioBienH Bxo-
mamu J n K, a meonpenenennnle cocTosiAEA GyayT mcKiajodenn. Bemy-
mas GucTalRibREAg cxeMa, KAK mokasaHo Ha pme. 10-24, @, cpabaTH-
BaeT UpPRM Mojade 3aMyCKAKMuX CHTHAJOB.

Eciam na ofa Bxoga J m K mopau BhICOKR#l ypoBeHP HampsKe-
HAA, To Guarofapsa MEACTBHI0 BHCOKOTo BHXOJHOT0 HAMPSKEHAN TOT
BXOJHOM 8JEMEHT, HA KOTOPHH 0HO MOAAHO, MPOMYCTAT salycKalomui
uMnyiic. B 9T0M saxnouaerca neicTBRe Beaymel gacte cxeMu HE-U.
3areM, Korfa BamyCKalomu#l CHATHax mnepexofdT B «0», BeIoMHH Sae-
merT HE-U nepenacr «1» Ha BEXo0J TOro 51€MEHTA, KOTOPHI MEepPeR 6THM
mMel cocrosnene «0». Tlocnepyromuii MMmynnc sanmycka Gymer mampaB-
nen Ha Apyroi BHXopa. Taxmm o6pasoM, npm mofade mociefoBaTednHO-
CTH 3AMYCKAIIAX HMNOYJIhCOB BHXONHHE COCTOAHAA GHCTAGMABHOM
CXoMp HAW TPHrrepa OynyT maMeHATHCA B3 «O» B «i» B cHOBA B «O».
Jlpa pasiiFYEHX BHXONHHX COCTOAHHEA TPHIIepa Ho3BoAAKIT HCMOJNB3O-
BaTh eI0 B KauecTBe [BOHYHOT0 CuYeTHOTO djieMeHTa, ECIH Ha BXO-
max J m K mojiep:kBBaTh yPoBHH, COOTBETCTBYIOMue AoTHUECKoMY ¢O»,
gpmiTep ‘HO GYHNET MBMEHATH CBOETO COCTOAHAMA, TAK KAK 3aMyCcKaio-
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mEe EMOYJLECH B CMOryT IpoiTH Ha BHXop diemesros HE-H. Ecam
sxe HA BXofe J HaH K nopmep:KmBaeTcA BHCOKHWE ypOBEHB, To TPHITOP
€ MOMOMBI0 SANYCKAMIUIAX AMIYALCOB GYNeT MopeXOWRTb B COCTOAHEE
«0» nnm «i{» A CoXpaHATH BTO COCTOSHEE Ho LPHXO[a CHOXYIOIEIo
HEMOYALCA BAMyCKA.

; a |7 #laq

1 0|1]0

3anyck _ e 1|0]1
Q@ |17 ||

X © |0 0 |anl@n

He usmennemes -

Prc. 10-24, BucraGunbHan cxema tuma J-K (a),

Ha pmc, 10-21, 6 paBa Tabauna COOTBETCTBEA; COCTOSHHA IOKa-
BAHH mTocae mopaud (n -f- 1)-ro BANMYCKAIOIEro EWMUyAbCA.

10-11. IBOUYHBIE CYETYAKA HA TPUITEPAX

Acunxponnan cxema. Ha prc. 10-22 mokaaaHo Coe/iEBEHHEE eTHPEX
6HcTalBEABHEX 9AEMEHTOB, o0pasylomuX CUeTYRK C IIECTHI0 PasiEI-
HHME cocToABRHAMHM. DopMa CHIHANOB B PA3AHYHHX TOYKAX CUCTYHKA
H3o6paskeHA AJMA OHCTAOWABHHX 9IEMEHTOB, KOTOPHe Cpa0aTHBAIOT
oT $POHTA BANMYCKANINEX AMOYABCOB, 3/16Ch MOKHO HCMOAb30BATh TPAT-
Yephl, HMeIHe BeAYIIYIO H BeIoMyi0 JacTH, HO TAK KAK BEoMaA 14CTh
He cpa0ATEBAeT Jo TeX NOP, MOKA BANYCKAIONINA CArHAN He mepeiaer
B «0», cxeMa Gymer cpafaTmBarh B MOMeHT cmaga EMOyasca. C mo-
Mompblo BXOa C6poc BCe TPHTIEPH MOMKHAO YCTAHOBHETH B CoCTOAHA® «U»
HE3aBACAMO OT COCTOABRA HA BXome Janyck. B HEKoTopHX cryvaax
CUeTIAK HMeeT BXoJ| Ycmanoexa, ROTOPHE HPOAHA3HAYEH A MepPeBoAa
BceX TPHTTEPOB B COCTOAHEE «1».

TaKoil THII CUeTYAKA 9ACTO HASHBAIOT CYCTIAKOM HOCIEIOBATENb-
HOTO JefiCTBRA, TAK KaK Ke/KAH{l Mocaeqyomui Tprrrep cpabaTHBaer
nocae npegAymero. 1aA cpabaTHBaHAA Kamgoro TPEITepa TpeGyeTch
KOHETHO® BDEMA, MO3ToMy Aaf paboTtl MHOrOpaspAREHX CHYOTYHKOB
MoKer morpeGoBaTBCA CaRmxoM Oonbmoil BWHTEpBAA BpeMeHE. Oco-
6eHHO 3TO OTHOCHMTCA K CYETIRKAM, PAaGOTAMIIAM B PEBOPCHBHOM pe-
UMe, T. @. KoIfTa 3&MycK TPHITePOB NEPEKNI0YAeTCA € BHIXOMA
Ha BHXo0N Q. B 3ToM cmywae poakHO GEITH mMpegyCMoTpeHo EpeMA Ha
HPOXOK/IeHHe 3AMYCKAMNEro EMIOyAsCA Yepe3 BCe KACKAAH CUYeTIHKA
[0 TOT0, KAK NMpoRsolifer peBepCHBHoe IepeKiioueHde, BpeMA mpo-
XOIeHAA AMIOYNbCA A oMHOr 0 KAcKana NpEbunsnTentHo pasHo 50 HE,
caenoBaTenbHo, Aad 10-paspamEoro cuerumxa morpebyercA Bpems
oxoao0 500 Hc, TakEMm o6pasoM, CKopocTh cdera Gyner orpaE@vYeHa da-
eroroit oxoso 2 MTa.

Cuaxpouses cxXemMa. CHHEXpoHHAA CXeM8 Mo03BoJAeT MoJXyIATH
Gonee BHCOkoe OHcrponeiicrame., IIpm mnapeimeapHoM mopade samy-
CKAIOIAX AMOYJNbCOB HA BCe TPHITepH, KAK NMoxasame Ba pmc. 10-23,
AIA TOT0 YTOOH DepexiovuaNAch HY)KHE® dJIeMeHTH, Heo0XoXuMo
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MMeTb CMeMAAJbEYI0 CXemy crpobmpoBamms J-K BxofoB, NpEIeM
cTpo6EpoBaEEe QOMKHO OCYMIECTBIAATBCA Mepel Nofaded HMIYyABLCOB
sanycka. IlepBril Kackag A MoxKer DepeKTIOUATBCA BCOrfa, TAK KaK
Ha ero J-K BXopmax moffiep:KUEBAETCA BHCOKHH ypoBesb. U3 pme, 10-22
BH[IHO, YTO [ANA H3MEHEHRA COCTORHAA Kackama B Tpelyercs, arolu

cdpoc o——¢ y 9

1
& | 5) L,

Prmc. 10-22. Cxema acHHXPOHHOTO [BOHMYHOIO CueT4RKa (a) B opma
HanpA<eHBi OPRE 3amycKe TPHITEPOB IONOIKATONLHHM TMEpenagoM
Hanpmiesns (6).

ypoBeEb Ha BHXome Q, 6o BHcoxmm, Taxmm ke oGpasoM kackan C
H3MEHAT CB0® COCTORHH®, Korfa Ha BHXogax Q 4 B Qp 6ymer BHCOKMH

ypoBerb. Ynpasneane J-H BxogaMm TpRITepa C OCYIECTBASAETCA d7e-
MeRToM 1, HA BXOH KOTOPOTO CHTHAJNH [OCTYMAWT C BHXOM0B Q, H

Puc. 10-23. Cxema CHHXPOHHOTO CUeTHHKA.

Qg. Touno Tak e J-H BXOAH KacKajna D coeHHEHE ¢ BHIXOJOM dJe-
menTa 1, Ha BXoqH KOoTOpPOro HORAKTCA CUTHAJHK C TPEX BHXOMI0OB Mpe-
[HEYHEX KacwanoB Q,, Qp B Q.. B TaKoi cxeme BpeMsa mpoxoxmesaun
CUrHANA PAaBHEO BPeMeRE CpabaTHBAHAA biJeMeHToB Y muawc BpeMn
NePexMOUYCHANA OfHOro TpMITepa. KpoMe Toro, BpeMA MPOXOKIeHMA
CHTHAJIa 3[6Chb He 33BHECHT OT YACAB KACKAoB CUETIHKA..
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10-12. IEKOIAPOBARYE

MecTRANATL COCIOAHEE YeTHpPeXKACKAJHOTO CUCTYAKA, KOTOPHE
mpexacrasaaor coboil uwncaa or 0 go 15, MoKasamu B BHAE COCTOAAWHM
OTHeABHHY KackajgoB ma puc. 10-24, a. Jpyram cmocofGom maobpasie-
HHfA cocTOAHHI cdeTduKa siBiserca Kapra KapHo Ha pme. 10-24, 6.
Bce BO3MOKHEIE COCTOAHHA WeTHPeX TPHTTEPOB pasMeIeHH BAOAD
ocell, a AeCATHYRHE UHCAA PACMOAOKEHH HA COOTBETCTBYIONEX MO3H-
auax.
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Puc. 10-24. CocToaHAA 4eTHPEXKACKAAHOTO NBOMYHOro CYeTYMKa.
BHXOAN Q cooTBercTBYIOT pHC. 10-23, T.e. A = Q4; A = Q4.

Ja1a mEQEKau@A OTHENBHHX COCTOAHHMI MOKHO MCHOAB30BATH 4e-
THpexBxofioBHe sneMeHTH. Hak mokasamo Ha pmc. 10-24, ¢, cooTBer-
CTBYIOIIAM BHOOPOM BHXOIOB TPUITepOB X DONAYM WX HA BXO[ Bie-
MeHTa ¥ MOKHO MOJY4WTh BHCOKHE YPOBeHB Ha €ro BHXO/Ie TOABKO
upa opgHolt BXomHON KoMOmHammm. HeoGxopmmue HoMOEBamu® DpH-
BejieEH Ha puc. 10-24, a. OHER noayuaoTca DyTeM BHGOPa HOMONHH-
TeJbHHE X BHX0M0B Tpurrepos. Tak, HapDpuMep, MAA_HECATHIHOrO HyAA
ROTIOAHETE I LHHMA BHX0OmaMa 6ynyT @, g, dc“ Qp, 8 mia yncaa 10

Tpebyemoit KoMGHEanmel BHXoORoB ABIAercA e QB,_QC u Qp.

10-13. REKATHBIN CYETIHK

HyTeM JeKONAPoBaHHA OJNHHAANATH COCTOAHUK B HCHOAb30BABAA
peayabTaTa ajsa cOpoca TpAITepoB, MOKHO OCYMIeCTBETH pafory cwer-
quKa B jg@anasore or 0 go 9. CxeMa TaKoro cyerudKa mMoKasaHa HA
puc, 10-25, a. Ecad cocroaEmsA’ CueTYMKa HROJUKHH [EKOQAPOBATHCH,
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TO YOTHPOXBXO/IOBHE 9JIeMEHTH HeoGXogMMH He HA BCOX NO3HIEAX,
TaK Kak cocronmusA oT 11 go 15 me 6ynyr samaTH. [TocKoAaBKRy coCron-
HEe (wucno) 10 ucmonnayerca musa cHpoca CUETIMKA Ha HyaAb, HOT Heol-
XOlHMOCTR OT/IMYAaTh €r0 OT CocefHero cocTosimHEA 11, Koropoe me
nemoangyerca. Takam obpasom, BHXoj Tpurrepa A ma pac. 10-25, a
acnoabsosathed He Oyner. Towro Tak ke, BCAEACTBAE TOTO, YTO COCTO-
AHA® 14 He demONb3yeTCH, BHXOA Kackaga C we Oypmer safeicTBoBad.
CneposarentsHo, cocronEde 10 MoKeT AeKoAMpPOBATBCA [BYXBXOJOBEIM
BJIEMEHTOM, KaK MOKasaHO Ha ¢xeMe, Merom mpoBepKE coceTHAX COCTO-
AHANE © DoJdydeHds BHBOOA O neoﬁxonnuocm HAX HCKJIOYCHUA OCHOBaH

Yucao
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Purc. 10-25. ACRHEXDOHEHNA AeKafHHI CYCTIAK.

Ha amajmse Kapte Kapmo (pme. 10-25, 6), Hanmpumep, maa mecarmu-
soro yucaa 0 cocefHuMn asaawrca uucaa 1, 4, 2 m 8. (F'paEmnaMm
apagwTca 1, crosauias caesa or 0, m 0, croamuid cmpasa or 1.) Bee
aTH gucaa Heob6XoanMo orobpaskath OTHeABHO, MosTOMy Tpebyerca
YeTHPEXBXOOBHI 5JeMeHT, TaK Ke W paaa pecaruqnoir 1. Opmako
ndAs 9ucAa 2 cocenanmm apasiorca 0, 6, 3 m 10, npuuem mocaegaee oTo-
Gpamarn de Tpebyercs, caemoBaTelbHo, BHXOX I) [AA [eKOABDOBAHEA
e mcmoabayercdA. Ilommne TpeGoBaBms K cxeme HNeKOZUPOBAHHA CBe-
neEn B Ta6imny BHa puc. 10-25, ¢.

10-14. IPHMEHEHNE CYETYHKOB

Tudposoli poanrmerp. Ha puc. 10-26 moxasapa ¢xeMa, B KOTODOR
AMOyABCH OT TeéHepaTopa DPoUYCKAlOTCs Yepes saemeHT M A0 Tex mop,
noka BHXOAHOE HANpsKOHMe KHTEIPaTOpPa HE DPEBHCAT BXOSHOE,

B pesyabrare 9HCIO, 3AIHCAHHOS B CI6TIMKE, (yAeT DPoDOPMUOBANBEO
BXOJHOMY HAaOpsKendio,
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Hpranamy npoekTapoBasdsf. HoMWHanbHOE BXOTHOE HATIPSIKeHHE
ot 0 no 10 B MOKHO HpeACTABUTH TPeMA MeCATUYHHIME Pas3pApaMa OT
0 no 9,99. TlonosxaM, wTo YaCTOTa Temepartopa paBHa 1 kI'm, a ppemsa
saloJneRuA cYeTIHKa 1 C.

Hoemosnnas spemenu unmezpamopa. DBHXoaHo® HANpPAKeHHR
HOJKHO JOCTHTATH MAKCHMAJIEHOTO YPOBHSA BXOJHOTO BHNPIKOHMASM,
paBgoro 10 B, B Teyemne 1 ¢. CnemoBarensHo, HOCTOAHHAS BPOMEHH
pomxna Outh pasma 1 c. Moxmo Bubpare R = 41 MOM v € = 1 MrO.

Hepexawnamers cbpoca. [l 9TOH ‘nellm HCNONAB3YeTCA ABYXIO-
HIOCHHI K09, KOTOPHil ocymecTBiAer cOpoc cueramka B Hyab (000)
H DaspsKaer KOHEEHCATOD MHTerparopa.

8six0d
u#mezpamepa

7=cesMeNmH,
fexadep

3

rewepamap 3 LU

Prc. 10-26. Cxema uudpoBoro Boabrverpa m JopMa HANDPAKEHRk
B PA3JIFYHHX TOYKAX CXEMH.

1 — CUeTHNe HMOYIbCH; 2 — CTPOGEMIYNBC; & — AMIIYIBCH, [OCTYIAOMAS
B CUETTK.

Cuemuur u 640x omo6paxenus. CaMuM ypo6HHM W SKOHOMHYHEIM
MeTONOM PeafH3alMl CYeTYAKA ABJAETCA HCIOJAb30BANHE MHTErpaib-
HOTO [eKafgHoTo Onoka CO CpegHAM ypOBHeM MHTerpanumu. TakaM
ycTpoiictBoM sBasercA cXeMa SN7490, Koropas upencraBiaser coloit
YeTHPOXPA3PARHNE CueTYHK, CoCTOAMNHE H3 KACKANA [eNeHWA HA
0ATh U CIefiyioler0 3a HUM KACKaja feleHdA Ha nBa, Cxema Tuna
Texas SN7490N B xopuyce ¢ HBYMA pAjaMA BHBOJOB HOKAZAHEA HA
puc. 10-27, a. Ha sToM sxe PHCYHKE NpABenedH TaGARIE COOTBETCTBEA
AnA mocjegoBaTelbHHIX OTCUeTOB (6) M COCTOAHWE B peskmme cOpoca
n cuera (g). ECam cXeMa HCIIONL3YeTCA B 'KadecTBe NeCATHYHOro CYeT-
YIKA C JBOMYHEIM KOTOM, TO BHXOR A coenuEAercAa ¢ BxogoM BD m
A5t TIONyd4eHAA TPeXKaCKAajHOA CAcTeMH TpefyeTcA COeZWHETH IOCaE-
A0BaTEeNBAO TPH TAKHAE CXeMH,
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B KawecTB® yCTpOHCTBA CURTHBAHWA MHGOPMANERE o6HYHO TpPHMe-
AAeTcH CeMHCOrMOHTHOE YCTpoHcTBO ortofpaskeEma, Kak mokazaHO Ha
PEC. 10-26, BHXOAHKE JAHEEE MOKHO Ipeo6pasopaTh QIA oTO6p asKenust
HA 9OCNOBOM AMCIJNEe: ¢ IOMOMBI0 CEMHCETMEHTHOTO ACKOARPYIOMOro
yerpoitictBa SN7478.
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Pmc. 10-27. CxeMa pecATHIHOro cdYeTsdka SN7490N ¢ GmmapmmM Ko-
gom (a), TabAMpH COOTBOTCTBHA IWOC]EHOBATENLHOCTH CYeTa (6) H Co-
cToABHMA B peskuMe c6poca m cdera (s).

BnaxoM X 00603HAYCHH HCKIOUEHHALIE COCTOAHMAA,

Aemoxamuvecxull pexcun peboms. CYATEHBaHEARe REPOPMALEEA B CH-
cTeMe OCYMECTBAAETCA IPM PasoMKHYTOM Kiakue c6poca. Ecau cxemy
MonudHOEPOBATH, KAK MOKazaHO Ha puc. 10-28, To cumTHBaHAE GyHeT
nporcxopdTs waxkabie 10 ¢, YerThHpeXxpasp AfAKIT CueTaHK paboraeTr nu-
KnRueckd ¢ mepronom 10 ¢. B komne nHTepBana B 2 ¢ 4eTBepTHIM CHM-
BozoM crapimero paspaaa Gyper «1». 3ta «1» memonbayerca ana c6poca
cYyeTydRa N HBATErparopa ma «O».

Pexcux sanpema. UToOH NpefoTBpPATATL U3MeHEHHe MoKAsaHHit
ycrpoiictsa 0T00paskend®a BO BpeMA PaGoTH CYETYHKA, N0 OKOHIAHHN
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cueTa MOKHO MOAATH CArHAN Ha cXémy sampera. Cxema sampera npep-
cTaBiser coGoil 3nemMeHTH C NePeKPeCTEEIMH CBA3AMM, KOTOPHE CO-
XPaHAIOT COCTOAHH® B MOMEHT MepekilwoucHuA Tpurrepa us «l» B «O»,

@ Ha cxemy U

lenepamo,
1«xly h

[10" 02 mz| 10

- []
2¢ 8¢ i capoc
u le—>+— Cdpoc i
Ox | | |
~1 |
[4 1| CvumerBanue | Cvem
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Prc. 10-28. Yernpexpexaaublii cuer-
anK BepafaTuBaer uMnyJabcH cGpoca,
obecueqnyBaniHe aBTOMaTHYECKYIO Da-
60Ty uudpoBoro BoABLTMETpA.
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Prc. 10-29. ITpumenenue cxem sampe-
TA JANA YCTPaHeHWsA MepLanmA yCT-
poiictBa oToGpaskenuA.

- HOM Koje,

Ecay ma BuXoje crapmei
JAvKagbl cdeTadxa OypmeT mA-
T0® cocrosEMe (T. . HA BXO-
nax simementa U 6ynyr Qg4,

Qp 7 Qp), 10 cMema wmcna

HA yCTp: #i'TBe oTODpaKends
OpORCX JAT 9eTKo, Oes3 Mep-
nanusa. Takasm cXeMa TMoOKa-
sama Ha puc, 10-29.

Apanorc:.-nudpoboii mpe-
obpasoBaTeas. DBnXof cxeM
aaipera ABIAETCH LUHUGPOBHIM
mpejcraBleRdeM — BXORHOTO
HanpA:KeHUs1, BHPAKEHHOTO
qepe3 TOK. OTa BHIXOAHAA
rHPopMAnMA MOKET HMerb
feCATHURYI0 GopMy B ABOBY-
Kak H padee, H
uMeTh sRauenus ot (0 mo 999,
a TaxKe MoKeT ORITH npen-
cTapjleHa B BHMe ,\BOHYHOTO
qncia, KOTOpoe 1pu jBeHak=
uaTh paspApax GyneT BMeTb
amagcHEA oT 0 mo 4095. Ipu
ACMOJIL30BAHNK CXeM 3ampe-
Ta OEePHOJ CYNTHBAHWA MH-
dopmaumm (cm. puc. 10-28)
MOJHO YMEHbMUTL AAA MOo-
BHILCHKA  OGLICTPOJeHCTBEA,
YacToTa CUETHHX UMMYJILCOB
Tax/Ke MoKeT OHTH BHOpana
6oslee BRICOKOIA.

Hsmeperue nepropa. Cu-
cTeMa, HOKasaHHAR HA DHC.
10-26, aBAseTCA OCAOBOM yCT-
poiicTBa u3MepeHUA TepPHOJIA.
Ha puc. 10-30 noxasano, Ka-
KuM o6pazoM MOMKHO uU3Me-
PHTH HEPHOA BXOAHEX KoJje-
Gamuii. CpaBruBamIe® yCT-
poiicTBO  NpeoGpasoBHBaAET
BXOMHON CHTHAJN B MNPAMO-
yroabebe uMuyabcH, IIpm
BLHICOKOM ypOBHE 3THX HM-
nmyiabcoB cxema M nmpouycka-
€T UMNYJNLCH OT regeparopa
Aa cuerauk. Tparrep J-K
c6pacuBaerca Ha 0, Korpa
BEIXOQlHOE HaNlpAXKEHUe CpaB-

HHUBAJOLIET0 YCTPOMCTBA BO3BPAINACTCA K HH3KOMY YPOBHIO. DTO MO3BO-
JIAeT GNOKHPOBATL MOJATY RMIYJIBCOB HA CUCTIHK MPH Moc/epylomeMm
MOJIO}KUTeILHOM HANpskeHENM Ea BXode, IlepBomaguanbmas yCTAHOBKA
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TpErrepa m cGpoc cyetumka Ha «0» ocymectBasetca spyumywo. [ocae
aToro. cucreMa rorosa k pabore. ITpu BxogHOM HampsaeHER GoJbme

Hyl BHXOQHOe HAMPAXEHHE
CPaBHEBAIMETO ycTpoicTBa

AMeeT BHCOKHH YPOBEHbL H 9Ie-
MeHT ] npomycKaeT EMHYIBCH
oT remepatopa. Horpa manpsa-
JeHHe HA BHIXOJE CPABHMBAK- U,
Iero ycrpoicTBA CHUMKAGTCA KO

HYJeBOr0 YPOBHYM, MPOMCXOOUT o
c6poc TpHEITepa H BMOYJALCH OT
TeHepaTopa Ooabme He MOCTY-
naloT ma saemenT I. Tenepsr B

Puc. 10-30. Cxema wusmepenus
MepHOAA KojeOaHui.

1 — amajoroepit BxoaHOR cHArHan;
£ — BHXONHHE HMIYJBCH CPABHABA-~
OMero ycrpoilctea, 3 — AMIYILC
cbpoca; 4 — Bmxon TpHIrepa; 5§ —
HMOYIBECH, I[OCTYIAOIMe Ha cYer-
9HK, KOTOPHE NPEeNCTABIAIT Iepuon
BXOOHHX KoJebanuit; 6 — cueTHHE
AMOYJABCH OT TeHepaTopa.
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Puc. 10-31. HaMepmTenr dacToTH.

€ KOTOpOro aHaJIoOroBoe BXOJHOE

HAMpsKeHAe HMEJI0 TOJIOKA-
TeJlbHNH 3HAK. B TakoM cocTo-
AHME CHCTeMa OCTAeTCA [0 TeX
nmop, noka He Gymer ocymecTB-
JeR pyuHOi#l c6poc ¢ moMOMBIO
xaoga, CuereMa MosKeT pabo-
TaTh TAKKE M B 8ABTOMATHYe-
CKOM pesKuMe, €CNE HCMOoJb30-
BATh MeTOji, AHAJOTHYHHHA TO-
My, KOTOpHIf paccMaTpmBalCA B
cxeme UHPPOBOTO BOJBTMETPA.

Hamepenme 9acroTel. Yac-
TOTY CJAef0BAHEA HMNYJABCOB
MOKHO OLpefeNHTh MYTeM TMOJ-
cdera 9dclla UMMYJABCOB 32 W3-

BECTHHI HHTEPBajJ BpeMeHH.
Ecam B cmcTeme, NOKasaHHOI
Ba pnrc. 10-31, 3a mATEepBAX
BpeMeHU, paBEHd 1 c, OwNO

nopcgutado 800 uMnmynncos, To
4acToTa  CllefiOBaHMA  paBHA
800 I'm, IIpu wuCHONBESOBAHEE
Gonee mAMTeNBHHX WHTEPBAJOB
JJIA cYera HWMIYJBCOB, 8 TAK-
JKe MpH NpUMEHeHHH CYCTIHKA

B YCTpPOACTBA OTOOp&KEHHA C GONBLIIMM 9HCJIOM pPASPAJIOB MOMKHO
BHINOAHATh H3MEPeHHE TacTOTH ¢ (oJiee BHICOKOM TOYHOCTHIO,
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FEcan BuGpaTh yacToTy reHeparopa paBsoft 1,25 kI'n # ¢ moMomebio
TpeXKacKagHOTo CYeTYMKa MoAelnTh ep Ha 103, Kaxk mokasamo Ha pm-
cyHKe, To, oGparHBmMch K TaGamue coorBercTBuA Ha pme, 10-27, 6,
MOHO IOKA3aTh, ITO Ha BHIX0Jie Tperhero KacKama Jp oa BpeMn, B Te-
veHAe XOTOPOro COCTOSIHAE M3MeHHETEA oT 0 o 7, Gymer oGecnedeH Mep-
HH# BETePBal, paBEHI 1 ¢, UMOyabCH 3ampera opMupyIOTCH C BHX0-
noB Qp -(5‘4, a mMnynscH c6poca — C BHXO0B Qp Q,. B cymme muu-
TeJbHOCTH MMOYNBCOB cOpoca M sampera cocraBisder 0,125 ¢, Cocros-
HHE YcTpolicrBa 0TOGpasKeHMA W3MEHAETCHA TOJIBKO B MOMOHT Hauajia
AMUYJhLCA 3alpeTa, KOrja Ha Hero mepegaerc COCTOMHEE, SaIMCAHHOE
B cueTunmke. Kak m B HpefHAylleM Cay9ae, YCTPOACTBO CpaBHCHAA
Henoabayercd AU Hpeo06pasoBaBMA CHEYCOMEANLHOIO HAIDAKEHHA
B EMIYJABCH OPAMOYTOAbHON HOpMEL.

Hererpupyiomuit undposoil sompTMerp, Ha pmc. 10-15 nokasam
mpeo6pas3oBaTedh HAUDAMMGHHA B 4acTOTy, HeHCTBHE KOTOPOI'O OCHO-
BaHO Ha HNCHOJL30BAHWA METerpaTopa Ha BXoge ycrpoicrsa, Eciam
COEIMHATL BHXOJ 9TOH CXEMH CO CYETUMKOM, TO MOKHO NOCTPOHTH
¢ ponoi BonsTMeTp. IlpemymymecTBo TaKol CXeMH 110 CPaBHEHRAIO C OIIH-
CaHHON 3aKiouaeTcsd B TOM, 4TO HOMeXH Ha vactore 50 I'| He oKasH-
BAlOT BANARAA Ha MaMepPeHMe, €CJIM HEePHON MHTCrpUpOBRAHEA CHENATH
KpaTHHM 20 MC.

I'masa ogmEEanmnmaTan
OBIIHE BOAIPOCHI ITPOEKTHPOBAHUA

B Hacrosmpe# riase OpuBoSATCA HEKOTOpPHe o0mHe aCHeKTH HpaK-
THYeCKO# PaspaboTKM 5AEeRTPOHHHX YCTPOMCTB, KOTOpPHE HPAMEHEME
KO BceM IIpefmecTByiommam riaaBaM. IIpemmeroM pacCMOTDeHMSI ABJA-
10TCA AKTOPH, OKa3HBAaOMHEE B¥AHAE Ha BHGOP Pe3UCTOPOB M KOH/IEH-
CaTopoB, W TPAaBWJIA NPEMEHEEWA WMHTErPaJbHHX CXeM. JaBepllaeTch
rIaBa 3aMeTAHMAMHE HO BONPOCAM OKPAaHMPOBAHHA N1 383eMJIEHHA,

11-1. PE3HCTOPHI [55]

OCHOBEHMMW XapPaKTePHCTHKAMA, KOTOPHE CHefyeT YYHTHBATH
opy BHGOpe DE3METOPOB AR KOHKPETHOro HPWMeHeHMA, ABIAIOTCA
pasMepH, HOMRHAJAbHAA MOMMEOCTEH, CTa0MIBLEOCTE M AoOycKA. Hpowme
TOr0, B HEKOTOPHX CHOONAAJNBHHX CJAY4aAX BaKHOe 3HATOHHO MOTYT
AMeTb IIYMH, MaKCHMaJbHOe pafoyee HampAKeHHe B AMaHa30H pabo-
YHX YaCTOT.

Homunasvnas xowynocms. ITOT HapaMeTp OHpeneNfAeT MaKCAMANb-
HYI0 MOIDTHOCTEH, KOTODYI MOKeT pacCemBarh NAaHHHE pesmctop Ges
Ype3MepHOTO WOBHMICHWA TeMuepaTypH, OGHYHO HOMHHANBHAA MOII-
HOCTb YCTaHABAMBaeTCH AR paGoTH LIpM TeMumepaTtype OKpYKalollel
cpenn, He npeBumawmeir 40°C. Ecam e TemMmeparypa oKpy:kamomeit
cpensl OKAagHBAETCA BHMIE YKasaHHO®, TO paccePBaeMyl0 pesMCTOPOM
MOmEOCTh HeoOXOMMMO YMeHBIINTH B COOTBETCTBHA ¢ XapaKTepPHCTH-
KaMH, NMPUBOAMMEIME B TMACHOPTHHX AAaHHHX, Kak mpaBmiao, mpH TeM-
nmepatype oKkpy:kawomei cpegn 70°C MOmMEHOCTH pacceAHHA PesHCTOPA,
HpenHa3HAYSHHOr0 ANA paboTn mpm temmeparype 40° C, pol:xHa yMenb-
amatecA Ha 50%. Ha mpakrtmke yriepoAHHe pesmcTOPH MOTYT B ITHX
YCIOBHAX BHJep:KaTh N0 609, HOMHHAJIBHOH MOIIHOCTH.
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Cmabuavnocms. CrabRNbHOCTH PE3NCTOPa XAPaKTepH3yeT 610
CHOCOGBOCTh COXPDAHATL, HONIMCHHHM HOMANANHHO® CONPOTHBICHHO
B TeYeEde DANAHEOTO CPOKA XPaHCHMA HJM SKcauyaragmm. JaTe mpo-
CTOH NoX&a’aTeAb CTACMALHOCTE pesMcTopa He NpPeACTABIAETCH BO3-
MOKHHM 00 TOH HPHYNNE, 9T0 HEA H6e OKASHBAIT BIHSHWME Pa3JrIHEe
napamerpH. [lo3ToMy B BRCTOPTEHX JAHHHX PesBACTOPOB npn-
BORETCA UPEfSNLHOS OYKACHOHMC CONPOTHBNCHNA OT HOMHBAIILHOH
BEJIAYAHH,, BHPa)KeEHOe B NPOMOHTAX.

Hsmencrme BaTpyskm HpefcraBaserT Cobol MaRCAMAILHO OOLY-
CTEMOe E3MCHOREe CompoTEResuA moclie 1000 9 paGoTH npz TeMmmepa-
TYPE ORPYAMIEIRH cpefn --70°C B HPE DOXHON MOIFEOCTH pPacOeR-
BUS pesmCTOpa.

exnepamypRiil KoadPuyuerm conpomunssenus BOKIZHBAET A3ME-
HOHWe CUHDPOTHBIIGHAA B SABACHMOCTE OT paloweil -remziepaTypsl H
BHDARASTCA P MEXIMOHNHX JOAAX Ha rpagyc Lleancus.

Kooppuyuenm uamenenus conpomuesenus nod Hanpaxenuesx HPH-
MOHAIETCA TONBKO AJA YTOJbHHX KOMIOOBHMOHHHX Pe3HCTOPOB H WO-
KasHBALT CTeHCHDb YMCHLNICHHA CONPOTHBICHUA, KOTOPO® MOINET HMETh
MOCTO OPM TNOBNEICHNH IPHIOKEHHOTO K PesuCTopy HOCTOSHNOrO mMa-
APAIRCHRS.

HpoMme Tpex yxasaHHEX XapaKTeDECTEK, OOHYEO YcTAHABIHBA-
10TCA TaKHke HPeJefH H3MeHESHNS CONPOTEBICHEA B TeUeHNE OAMOTO T0OJA
XPAHOHHA H HOCJO er0 HPRCOCJMHCHEA K CXeMe cmHocolbom Hakka.

Honyexu. JooycK YRa3HB&eT MAKCAMAILHO? W MUEAMATZHEOC
COIIPOTHBACHAA [AaHHOT0 HOMHEAJIAa M BHpasaerca B mpomeBTax. Ha
UPAKTAHEe IPEMEHANTCHA DE3HCTOPH, WMemme Jomyckm —=20, =10,
=+5, =2 n +19,.

CraHFapTHEBIC CONPOTHBACEMA. Pe3MCTOPH HM3roTOBARIOT TaKHEM
06pasoM, 4T0 HOMHHAJBHOE CONPOTHBRJICHU® WIKC €r0 JONYCK HPH-
6nmsHTENHO DPABHO COHPOTHBICHAO CleAyHMEro HOMEHAJIA MHAHYC
ero JOmycK. DTH CTaHJADTHHIE 3HAueHMS TaKoBH: 10** 11, 12*, 13,
15%* 16, 18*, 20, 22**, 24, 27, 30, 33%*%, 36, 39%, 43, 47**, 51, 56*,
62, 68*%, 75, 82*%, 91, 100**,

ConporsBiennsa HPUMEHACMHX Ha HPAKTAKe Pe3NCTOPOB B qWaIA-
308e 0T 10 OM 70 10 MOM HoNyualoTCA MyTeM MEOTOKPATHOTO YMHOMKe-
HAA DpHBeJeHHNX 3HAYCHWA Ha JecATh. Bce sHaYeHMAA, EPeOINCICHHES
B Tabnmpe, MMeoT monyck —=59%,, oTMeueHHHe OZHOW 3Be3ouKoii,
=5 m =10%,, a oTMeueHHHe JBYMA 3Beafoukamm, -=5, =10 m +20%,.

Jpyram cooco6om 0G0sHaueHEA De3MCTOPOB ABAASTCA IFEYaTaHHe
Ba HAX HajimHcell B fyKkBeHHO-NEPOBOM Kojme. B 910M caydae MHEOMKH-
remd K (xkmnooMH) m M (MeraoMHn) McOOJB3YWOTCA ANA 0603HAYEHMA
HOJIOKeHNsA AeCATAUHON 3amAToH, T. e. 2,7 KOM 3aDRACHBAaETCA B BHAE
2K7, a 1,5 MOmM — 1M5. ByxBa R mcnonbayercl Kak pecATHYHAA
3aOfATas B Hauaje MJM KOHpe YMcja, a BeIWMYyWHR Aomycka 1, 2, 5, 10
m 20%, o6osHauapTcn Gykeamu F, G, J, K m M cootBerctBerno. Takum
obpasom,

100RF =100 Om = 19,
1K2] =1,2 xOM * 59,

2M2M =2,2MOM *+ 20%.

11-2. THIIbI PE3ACTOPOB ®

¥Yraeponnble KOMIO3MHmOHARe. /13 BceX THHOB PE3MCTOPOB yrie-
poABHEe KOMHOBHOWOHHHE HBAMIOTCA CAMEIME JelleBrMA., OmHAKO HX
cT&OBIBHOCTD, KAK HPAaBRNO, HOBHCOKA W COHDPOTHBAGHUE MOKeT
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H3MEHATHCA HA HOCKOJBKO MPONSHTOB NMPH MJIHTENALHOM XPAaHeHHH W Ha
10%, B TeYEHH® HOPMAIBHOIO CPOKA CayKOH. KpoMe TemjIoBHX MyMOB,
KOoTopHe HPHUCYTCTBYIOT BO BCeX PE3HCTHBHHIX 3JIGMPHTAX, B KOMIIO3H-
OHOHHHX PEe3ACTOPAX TeHePHAPYIOTCA NONOJHNTO]bHHO IMYMH MPH Npo-
TeKaHHH® 4epo3 HAX TOKA. ITO 0GCTOATENBCTBO MOKEeT HMETh 0YeHb BasK-
HO® 3HAYCeHHO B HOKOTOPHX CMeNMAJBbHHX CIydYasdX, BANPHEMep B MoJH-
OMHCKOR 9JIeKTPOHHOH ammapaType, IAe dacro TtpeGyercs Goapmos
VCHJOHNEe B COYeTaHAE ¢ MAaJHM YDOBHOM IIyMa,

Yraeponane mienounnie. Kak mpaBHIO, TAKHE PE3HCTOPH HWa3lo-
TOBJAKT B BHEIe KOPAMHYOCKOTO CTODIHEA, MOKPHTOro MACHKOH KpH-
CTAJIAYOCKOTO YIJIePOAa, KOTopPafA M ABIAOTCH PE3HCTHBHHM BJIOMeH-
ToM, YTJePOMHHO MIEHOYHHO Pe3WCTOPH HMEIT HOMAHAABHES COLNPO-
THEBJOHEA B qnanasone ot 2,2 Om g0 1 MOM ¢ 5 m 10-nponeRTARMA HO-
nycKaME B HOMEHAJBHOH MomuOCTHO oT 0,2 mo 2 Br. 91H pesncropH
HEMHOTO JOpOKe® KOMIO3SEIWOHHHX, Ho Oaarogaps Godee HH3KOMY
YPOBHIO fIyMOB B 60766 BHCOKOH CTA0MABHOCTH BHTECHAIT KOMIO3H-
OHOHHHE.

MeraxiooncaaEble. OT0 BTOPOM THD MJOHQUHHX pPE3HCTOPOB, HO
B JAHHOM CJIY4980 BMECTO YIJIOPONXHOHE NMPOR3BOMMTCA OCAMAECRAS OKCHJ-
HOii naeHKH. KAaK B B pesnCTOpax € YTIepomHOl NJICHKOH, OKOHYA-
TOJbHOE CONPOTHBJIGHAE MOJyYaercs MYTeM HAHECOHUS CHOHpPAJbHOM
KAHABKH B KODAMWYOCKOH OCHOBO, JTO M03BONAST YBOARYATH addox-
THBHYIO AIAHHY MOy KOHNAMH Pe3RCTOPa B TAKEM 00pas0oM YBOJHYATH
COMPOTHBJIEHRS. Ecal B mponecce H3roToBIOHAA COMpPAAbHOH KaHaBKH
OCymMecTBAACTCA HONMPOPHBHHA KOHTPOJb COUPOTHBIOHAA, TO B DTOM
CAyd4ae MOMKHO MOJY9HTH CONMPOTHBJIEHRO, EMOOI@e AONYCK B mpeone-
aax +=19%,.

Tabamrnpa 11-1
TanoBHE XAPAKTEPUCTHRHE PE3ACTOPOS

Xapawropuormn | coiiehotEe | Vriepommie | Metame
Namenenne Harpyskw, +15 i +3 +3
TeMnepaTypHEH Kosd- + 1200 —800 + 250

¢umment, 1076/°C
KospdnnyerT H3aMmeHe- —0,05 0 0
HAA COMPOTHBIGHAA MO g
BanpAxeRncM, % /B .
Hiymu, MmxB/B 2-4log 0,001 R 0,5 1,0

B T1a6n. 11-1 npmBegeHH THMNOBE® XaPAKTOPHCTHKH TpeX paccMo-
TPeHHHX THOOB PO3HCTOpPOB [56].

Inerounnie mMerasnmaeckme. B TPaH3BCTODHWX BHXOAHHX KacKa-
AaX B UOUA IMATTEPA yacTo TPelyeTcA AMeThb Pe3RCTOP, COUPOTHBICHHS
KoToporo Mome® 10 OM. B TaKkmX cxeMax MOMKHO HCNMOJIb30BATh MIEHOY-
HEIC METAJNMYOCKH® DOIHCTODH. [IOCTOMHCTBO 3THX Pe3BCTOPOB 3a-
RII098€TCA B TOM, YTO OHH MOTYT PacCeRBATh CPaBHHTONLHO GOJLIYH
MOIHOCTh MPH HeGoaLmux pasmepax. THMOBoOH pesHcrop W3 HEKeNE-
BOH NJOHKH HMoeT CTalHIBHOCTL HATPYyaKE He Godee ==39%,, OYOHD
MANHE KodQOROEORT MaMOHCHRA COMPOTHEBICHHA Moj HANpA:KeEHeM,
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pechMa MANHE YPOBeHL IMYMOB W MONoKATenAbHHN TeMnepatypamfl
xospdnunent ot 0 go 600-107¢ 1/°C.

IIpoponounnie pe3BCTOPbl. IIPOBONIOYHHE pe3RCTOPH  HarQToB-
AAOTCA ¢ ofRYHON HiaR ¢ (e3HHMYKTABHON HAMOTKOM M MPAMEHAOTCHA
B ToX Clyuaax, Korma TpeGyeTcA BHCOKafA CTA0HAbHOCTD HJIH GoJbmasn
paccemBaeMasi MOIHOCTE, KOTOPYIO He 00ecmeuHBal0T Pe3HCTOPH APY-
TAX TAmoB. B 3aBACAMOCTE 0T PasMOpPOB .MPOBOJOYHEE DPE3ACTOPH
MOTyT paccemBath MomBocth Ao 100 BT, ogmako m3-3a KOHCTDYKTHB-
HHX 0CO0eHHOCTOH COMPOTHBIOHA® OOHUYHO HPAMOHAEMHX PO3NCTOPOB
orpapmuero 50 KOM. IIpm paGore 9THX pe3RCTOPOB TeMmepaTypa HX
TMOBOPXHOCTH MOKOT OHTBH OYeHbL BEICOKOM, MOBTOMY B ammapaType HX
caefyeT pacmojaraTb TaKAM o6pascM, uto0H MoaHO GHil0 obecmeunTh
BeHTRJIANHI0 H YCTPAHHTL BANAHNMe BEHICOKOH TeMmepaTypH Ha cocefl-
HHE 9J6MeHTH, B MPOTHBHOM CJYJae OHE MOTYT BHHTH H3 CTPOA.

11-3. KOHIEHCATOPBI

1KompgencaTopH XapaKTepmMayIOTCsi CTaOHABHOCTBIO, JONMyCKaMH,
paGoynM HanpAKeHROM, HOTJAOMEHASOM B IHIIOKTDHKe, TOKOM YTedKH,
CONPOTHBICHNOM H30AANENA N KodddunmeHRTOM moTephb. IlopBHIO fiBE H3
PTAX XaPAKTEDACTHK NMEIOT TaKoe jke 3HA4UeHNO MO OTHOMICHMI0 K eM-
KOCTH, KaK GHI0 omyucaHo B mpepspylieM maparpade Zaf pe3sdBcTopoB.

Pabouee nanpasenue. ITOT HapaMeTp yCTAHABJIRBAOT MAKCHMAJb-
HO® HANMPAXKeHRO, KOTOP0oO® MoxeT OHTh NMOJAaHO HA KOHAEHCATOD MpH
HopManbHO# paore. OGHYHO OH HPMBORATCA KaK [AJfa MOCTORHHOrO,
TaK B [is NMepeMeHHOTO HAUDAKeHMA NPU 3aJaHEOM [AMALTA30HO TeM-
nepaTyp oKpy:xaiomei cpens. Ecam TteMmepaTypa oKasHBAOTCA BHING
YCTaHOBJIOHHO}, To palouee HAUPAKeHMe HeoGXOOMMO YMeHBHINTD.

PaGouce HampA)XeHWe B TeMnepaTypa BAMAKT HA CPOK CAy:KOH
KoHgeHcaTopa. [aA HeKoToDHX THANOB KoHAeHcATOpoB pafoTa mpH
TeMnoparype Ha 10°C BHme MaKCHMAaabHO [OMYCTAMON UDPHBONAT
K yMOHBIIEHA0 CPoKa cayKOu Ha 50%,. HcnoaraoBaEA® KOEAEHCATOPOB
NPE HAUPA)KOHHAX 3HAYNTEJBHO MEHBI® YCTAHOBJIEHHOTO MAKCEMAJE-
HOTO 3HAUGHAA CYMOCTBeHHO YNIARHAeT CPOK HX CIyXOH. BT0 06CTos-
TOJBCTBO BA)KHO yYNTHBATh DDA paspaloTKe 9IeKTPOHHHX ycTPoHcTB,
B KOTOPHX 1pefyoTcA BEICOKAas CTOUOHB HANQMKHOCTH.

ITozaowenue 6 Jusnekmpure. Ecn 3apAKeHHBA KOHAGHCATOD MTHO-
BeHHO Pa3PAANTH B OCTABATH B DAa3OMKHYTOH NPMM, TO WA4YHETCH MO~
CTCIOHHOe HapacTaHMe HAMpAKeHMA Ha KOHfeHcaTope, KoTopoe ofy-
C10BJIOHO DHOPTHOH, MOTIONAeMON NN3JIeKTPAKOM BO BPeMA Hponecca
3apAna. JTo fABJOFHe HA3HBAWT HOIIONEHEAeM SHODTHHA B ANJICKTDHKS,
B 0HO MPHBOJOAT K yMeHbIeHH0 OMKOCTH KoHgeHcaTopa € BO3pacTa-
HHAoM dacToTH. KpoMe Toro, oHO MPMBOOAT K MOABJOHMI0 HEXKOAATONb-
HOTO 3ANA3[HBAHAA AMIYIbCOB B K CHIMKOHM0 OHCTPOASHCTBAA mODe-
KIOYATOIBHHX CXOM.

Conpomuesenue ymeuxu. Ecam KoHfeHcaTop 3apAARTH OT HKCTOY-
HAKA MOCTOAHHOTO TOKA W 3aTéM MCTOYHMK OTKIOUYHTB, TO 3apAd Ba
KOHAEHCATOPe HO OCTaHOTCA HON3MOHHHM B TOYOHRO AJATONBHOrO
BPEMOHH, & MOCTEeNeHHO GyAeT YMOHBIMIATBCHA M3-3a HPOTEKAHAA TOKOB
yTeukd. Bamanne ToKa yTeukm SKBMBaJeHTHO IMYHTHPOBAHAI0 KOHIOH-
caTopa COMpOTHBIeHMEM, 8 BpeMA, KoTopoe Tpefyercsa RAA DaspAna
KOBJileHCATOpa no ypoBHA 36,89, 0T mepBoHauaabHOro, MPeNCTaBIIAET
coboit mocToARAYI0 BpemeRR RC. TOKM yTeuKm BO3PacTawT ¢ TeMmepa-
Typoii B MOTYT OHTh 3HAYATEABHEIMHA, OCAN KOHEHCATOD B cXeMe BKJI0-
90H MEMAY TOYKaMH, HMOOIUMM Da3HHE NMOCTOAHHHE MOTeHNBAJH.

365



Conpomusaenue usossyuu. COMPOTHBNEHU® HIONAOWE ABASETCH
mokasateneM 5PPeKTUBHEOro MoCieKoBaTeABHOTO COMPOTABJEHBHMS KoB-
JIeBcaTopa U 3aBHCHT OT EMKOCTH KOHmeHcaTopa. B TeX Ciyuasax, Korma
KOHREHCATOP IDYHTAPYeTcA GoJbIIUM COMPOTHBJCHWEM [JA MoJjYyye-
HUH 3ajjagHOH MOCTOAHHOH BpeMeHM, Heo6XomuMo YYATHIBATH Biuf-
HH® COMPOTABIEHHA WSONAOUA Ha peayJbTUPYIOMY0 MNOCTOAHHYIO
BpeMeru. Takoe TpeGoBaHMe uacTo BCTpPe4aeTcA B CepBoMeXaHM3Max,
Tme crafuimzam¥a o0ecrnedMBaeTcd ¢ NoMOMBI0 HACCABHHX Hemeil.

Kosggpuyuenm nomeps. IIp¥ HPOTEKaHNM MEPEMEHHOr0 TOKAa B ROH-
AeHcaTope TOK omepexxaeT HaMpJ)KeHWe HA yroll, HeCKOABKO MHBIIHI
90°, B oTAMuMe oT HAeaNbHOTo ciyyas. HosPdumuenTt moreps KoHAEHCA-
Topa MpencTaBiseT cofolt KoCHHYC 9Toro PasoBoro yriaa n miud ugeanb-
Horo KoHJeHCaTopa paBeH Hymo. HoaddRnmenT moreph Tark#Ke MOMKHO
ompesenuTh, KaK OTHOWIGHM® MOINHOCTH MOTEPH K M0JIe3HOH MOMHOCTH
3a neproj,. Kosddunuent norepr saBUCHT OT NMPUI0KEHHOro K KoHJGH-
caTopy Banp A)KeHHA U ONpefielifeT BHYTPeHHUH HArpeB KoBjeHCATOpa.

11-4. THIIBI KOHTEHCATOPOB

HauGonee ymo6Bo EKaaccmdHuupoBaTh KOHAEHCATOPH MO ACMONb-
syemMoMy B HAX AVBIGKTPHRY. 3AeCh pacCMaTPHBAIOTCA ToJbKo HauGo-
Ae¢e IIWPOKo NpAMeBsAeMHe THUH KOHIEHCATODOB.

Hepammweemsro. HepaMuueCKme KoHMEHCATOPH MOKHO MoApas-
MeJINTh BA [be IPYDUHN B COOTBETCTBAM C [AMHJAGKTPHYECKoH mMpoHAMae-
MOCTBI0 M TemmepaTypHEEM KoapdurmrertoM. K mepBoit rpymme oTHo-
CATGA KOH[AEHTATOPH, HMeionne HoGONBIIYI0 JASIeKTPHUECKYI0 MpPORA-
aeMOCTE, MAJHE MOTEPM U TouHOE 3HAYGHAE TeMmepaTypHoro Roadpdn-
urerra. OBE NPAMEBAIOTCA JJIA TEeMMepaTyproil KoMOEHCAAE PegoHaH-
CHHX CXeM B pag@onpUeMHEUKAaX.

Kompencatopsl BTopoidl rpymmuH, AMeiolae NASIEKTPAYSCKYIO Mpo-
uunaeMoctsh Gonee 500, B ofmeM cayuae oGecrmeumBaoT (ojiee HA3KYIO
CTaGHABHOCTh MPA W3MEHOHHMHA TEMIEPATYDPH, MMeloT (oJbIIve moTepu
n Gonee HAaKOe pafouee HaMpAYKeHHEe N0 CPaBHEHMN ¢ KoH/GHCATOPaMA
HepBoit- rpynnoe. OHE NpATONAEHN MiA- paboTh ToAbRO MPU MAJHX mepe-
MEHHHX HaUPMKeHEWAX U MCMONB3YIOTCA CIaBEHM o0pasoM B RATECTBO
MYyHETUPYIOMUX KOHAeHCaTopoB. EMKOCTh TAKAX KOHAEHCATOPOB 0OKYHO
me npepumaer 0,015 MK® ¢ pmonyckom ==209%,.

Cmopsame, Calofpa mpeficTaBasier cofoil AWDNIEKTPMK €  BHCOKOMH
CTaGHABHOCTBI0O M MAJEMH TMOTePAMA, YTO HO3BOJAET W3rOTOBJIATH
KOHIPHCATOPH ¢ HeGoabmmMn AomycKamu. Pabodee Banps:xkeBHe CJIIO-
AABEIX KOHAEHCATopoB mpesnmaer 300 B, a compormBieRme u3oJANNR
HAXOOWTCA B wpepienax ot 3000 mo 6000 MOm. B rex ciuyuadax, KorAa
TpefyeTcss uMeTh BHICOKYI0 cTaGMIBHOCTh B TeueHHe [IATENLHOr0
BpEMeHM, NIJIA HBLOTOBIEHAMA KOHJEHCATOPOB MOKeT MWCIOJb30BATBCH
Hocepebpennan cniofa. Takue KoBHmeBCATOPH HMEOT 04eHL HefoNpIIHO
H3MeHEHWA eMKocTH Ha dacToTaX BMIOTH Jio' HeCKOJNBRUX Merarepm
® YacTO MCOOAB3YIOTCA B KOHTYPAX MPOMEXKyTOuHoH dacTotn, Caio-
NAHEEC KOB/IEHCATOPH HMEI0T Be(oJbmue MoTePH, H3TOTOBJIAIOTCA C Jio-
nyckamu 5, 10 u 20%,, ¢ EomrraxaMAE oT 33 n® mo 0,01 MRO.

IloimernponoBpie. OCHOBHEIMH [{0CTOMBCTBAMH  MOJHMCTHPONOBHX
KOHBJIeHCATOPOB SBJAIOTCA He(oJbinoe MOriolI¢EAe SHEPrEM B IHDJIEK-
TpHKe, Ouexb MaJHH KoddmuueHT moreph M BeChma GOJBII0O Collpo-
THBJeHHe W30JANMA. Bce 5T mapaMeTph Maa0 UBMEHATCA ¢ TeMmepa-
TYpOWd, 9TO LO3BOJAAET MCOOAB30BATH MONHMCTHPOJNOBHE KOHAEHCATODH
B CXeMaxX, KOTOPHe [OJUKHHE HMeTh NOCTOAHMEE XapaKTepACTHRHR
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B TeueHHe [NHTENbHOT0 BPeMEBH. DTOT THI KoH/EHCATOPOB IIXPOKO
HPHMEHAGTCA B aHAJOTOBHX BHYMCINTE/NBHHX ycTpo#crBax. M X raas-
HHM HEOCTATKOM ABIACTCA HEBHCOKafg MaKCEMalnbBas TeMilepaTypa,
RoTropafg He JgoJikHa HpeBHmarh 60°C.

Hoansdupane. Monnadupaiie RoHAGHCATOPH HMEMT HEBHEORYIO
CTOUMOCTH, (0JbIN0e COMPOTHEJICHHe W30JNANEH, HO # GOJBINCE LOIJIO0-
IeEWe SHePrMH B [MOAEKTDUKe [0 CDPABHEHWI0 C TMOJRCTHEDONOBHMHU
KoHeHCATODAMH.

Bymasitanle. Byma)knne KOBAPHCATOPH U3TOTOBAAKTCA ABYX TAHOB;
43 MpONHTAHHOH B MeTaJJlM3MpoBaHHOd GyMmard.

Kompgencaropu ofmero HasHaueHMA N3 MNPOMUTAHHON OGyMarum
HMOI0T MeBHICOKYI0 CTOMMOCTD, 60/IbIIO0E -0YHOIMERNMe eMKOCTH K 0GBheMy
M MOryT paGorars mpu HOCTATOYRO BHCORAX MOCTORHBHX Hampme-
BAAX. TaKue KoHAEBCATOPH, MMEDIAe NEAMHAPuYeCKyio $opMmy, Ha-
roroBuamorca ¢ emMxocramu ot 0,001 mo 1,0 Mr® ® monmycKom —=209%,.,
HesaBucumo oT NocrosHHEOTo pafouero HANPAHEHHA MaKCEMAalEHOE
nepeMenHoe pafouee manpsxenme (3¢dPeKTHmBHOEe 3HaueHme) oOHYHO
paBBo mpmMepHo 300 B ma wactore 50 I'm, ConpoTuBienme W30aAMUE
3aBHCHT OT BU/IA MPOIHATKA M YMeHBBIIAeTCA ¢ OBRITeRHAM TeMIePaTyPHl,
HoadpapresT moTeph KOHIEHCATOPOB M3 OPoNMTAHH( U OyMaru cocras-
aser or 0,005 mo 0,01 ma wacrore 1 RI'M m BoapacTaer ¢ yacroTtoi, CTa-
6unbBocTs BX oT 1 mo 59%,.

HcnonssoBaBme MeTannusEPoBaHHOHR GyMar mosBoJseTr MOJY4YUTH
Kom/J[eHCATOPH MEHBIIAX pasMepoB NMpH Tod ke eMKocT. [Ipeumymecr-
BOM KOBISBCATOPOB M3 MeTAlM3MpOBaHHoM GyMarnm fABISIeTCA camo-
yCTpaHeHRe NpPOGOSA JUSNeKTPMKa, BEI3BAHHOI'O Ype3MepHO BEICOKHM
BanpmxerueM. OpHaKo 9TH ROH[IEHCATOPH HMEIOT MeHbIee COMPOTHB-
JAeBue H3onAnua. KoEneACaTopH N3 MeTa aasEpoBanuoil 6ymarm o6ruB0
NPUMeBAKTCA B IENMAX PasBAsKA B CXeMaxX BHCOKOH M TMPOMEMyTod-
Bo#t uactorel. Hoaddunuenr nmoteps y EmXx ofmuso 0,02 ma uacrote
1 xT'y 2 crabunprOCTs OoT 5 mo 10Y%.

DNeKTpOAMTUYECKe KOoHAeHcaTopel. [lo cpaBHeHMI0 ¢ JpYTrHMH
THOAMH 3IEKTPONMTUYECKHA® KOHAEHCATODPH EMEKIT (OJbllee oTHONICHHO
eMKOCTH R 00BbeMy, ocofeHHO mMpM HMIKMX palouMx HAMpPAHEHHAX.
OpEako MX MOMKHO HCHONB30BaTh B cXeMaX TOJBKO TaKHM oGpasoM,
9T06H Ba HAX NMOJABANOCH MOCTOSHHO® BaMpsHeHWe W, KpoMe ToTo,
OpUCOeAHHATE MX K CXeMe cCliefyer, CTporo- cofnopas MoXAPHOCTDH,
OcBoBHO® mNpHMeHeBMe 3jieKTPOJHTUYECKME ROHEHCATOPDH HAXOAT
JVISl ITYHTHPOBARAA U CIIAKABARAA BRICOKOYACTOTHHX COCTABJAOIIMX,
IIpu ucmonbzoBaEmM B CriaXUBaomuXx (QHABTPAX HCTOYHHKOB NHTa-
HHA ciefyeT of6pamarh BEAMaHUE HA TO, 9TOGH HOCTOAHHO® HANPHAIKE-
Hue 4 aMOJMTyja MyAbCAUAE B CyMMe He MpeBHMIalM JoMyCTHMOT0
HanpM:KeHUA KOHJeHcaToPa. MakcMManbHoe momycTEMOe HampsKenue
SNEKTPONMTHIECKAX KoHIeHCaToDPoB DeAKo mpeBwmaer 500 B, game
BCero MCNONb3yIOTCA HanmpAxeHuA mopAnKa 6 m 12 B. Korga Kerjenca-
TOp pafoTaeT UpU 3afaEHOM paGoueM HaNpAMEHWM, TOK YTeuKl AOCTa-
ToyHO GoNBIOE M BoapacTaeT ¢ TeMmeparypoil. McmoabszoBan: e 06ku-
HHX BJIeRTPOJMTHYECKUX RoHJSHCATOPOB MpM BHICOKOI TemiepaTtype m
GoNBIEX MEePEMEeHHEIX HANPAKeHN AX NPRBOJUT K COKPAIMeRnIo X CpoKa
cny#0u. IlosToMy B BETepecax NOBHmMEAWA HANEIKHOCTH TAKMX YCio-
Bufl paGoTH Mo BO3MOKHoCTH caepyeT maberarh. JInA paGoTH B ycio-
BHEAX BHICOKOH TeMmepaTypH Mo)XHO HCHOAh30BATH TAHTAJIOBEE 3JEK-
TPONMTAYCCKHE KoHaeHcaTopu. OBu unMmeor BHeGoabmue pasMepn m
MEHBIIRif TOK YTeUKN O CPABHEBHI0 ¢ OGHYMEIMY ICKTPONATUYECKUMEA
KomgeHCaTopaMu, [lonmyCcTEMoe Hanps)KeRMe TaHTAJOBEIX KOHJEHCA-
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TopoB cocrasisger or 2,5 no 15 B, uTO mMosBOAAET MCMONBBOBATH HX
B TPAH3HCTOPHHX CX6MaX. JJIeKTPOJUTHYECKHO KOHIEHCATOPH B ofuem
cayTae AMeIT AOCTAaTOYHO Goapmme gomyckm: or —20 mo —+100%.

11-5. IPAMEHEHHE TPAH3HCTOPHO-TPAH3NCTOPHBIX
JOrMYECKHX YCTPOIICTB [58]

Tupokoe mpHMeHeHMe NIWPPOBEIX NOTHYECKAX YCTPOiicTB cepnm
74 mo3Bonmyo0 cHOPMyNHPOBATH OCHOBHHE MPABANA MPOOKTHPOBAaHMA
SNeKTPOHHOU anmmapaTypH ¢ HX Hcmoab3oBaHueM. Hekoroprie m3 stEX
npaBEJl H3naralorTcA 3[ech.

O6wyue npasusa. [RTalomee Hanpmxenre -5 B pexkomenpmyercs
HCOONB30BATh OT CTalHIN3HPOBAHHOTO HCTOYHWKA, KoJleGaHHA HaupdA-
JKOHAA KOTOPOr0 He MpeBRmaeT 5%, aMIIATyNa NMyAbLCANHA TaKikKe
ge Gonee 59, a mepsHuHAA o6MoTKa TpaHCcPoOpMaTOpa HONKHA OHTH
IyRTEPOBaHA DO BHCoKoi gacrore. Ilpm GonsmoM Kommaecree TTJI

ﬂ#} .

Cuexnanst Cuekansi

Heucnons3yemsid
gnemenm

Cuenans!
+ o0
a) 7) 6)

Prc. 11-1. Meronu mpHCOeMHEHHA HOHCMOJDb3YEMHX RXO0Ji0B 9J16MEH-
7o 1 ®m HE-H.

cXeM, MOHTHPYeMHX Ha OfHOH mMeuaTHOi maare, HeoGXOARMO NpHMe-
HATH PasBA3KY MO HENMA NBTAHEA Kojaekropa Ey depea Kakaue MATH
cXeM ¢ MOMOmEI0 KoHpencaropoB., HoHmeHCATOPH pasBABKE NOJKHE
mMerb oMKocth 0,047 Mk®. KpoMe Toro, mo BosMo:KHOCTA BeoGXomnMo
HpefycMOTpeTh HA Mjate NPOBONAMYIO 3336MIECHHYI0 NaacTuBy. Jlas
BTOT0 HaJ0 HCMOJb30BATL ABYCTOPOHHHE NeqaTHHe MJATH, OXHA CTO-
poHa KOTODHX MNpemdaa3HadeHa [JIfi COSOEHHMTENBHHX NPOBOAHRKOMA
cxemul. Ha Bropoil cTopore nnaTH, Ii¢ pasMemaloTcA BJeMEeHTH CXOMH,
B ClI0® MegH EMeIOTCA OTBePCTHA JAA TOro, urolH ofecmeuRTs 3azop
BOKDYT BHIBOJOB 3J1eMBHTOB, 8 CaM MCIHEHIl cnoit sasemisiercA. B Tex
ciyyadX, KOTAa NPHIMEHHUTL 3a3eMIOHHYI0 IJIACTEHY HOBO3MOYKHO,
MONe3HO MPONYCMOTPeTE 3a36MJEHHYI0 MOJOCY BO3MOKHO Gojbmel
MRPHHKE N0 BHemHeMY KOHTYPY MeYyaTHOH miaaTH, a o6a KOHI@A MONOCH
8a3CMINTH K obuedl Toake.

Heucnoabayemns exodn. HeobxommMmo Bcerma coGaiopath ofmee
NMPaBAJI0. HR OfUH B2 BXOJQHHX BHBOJOB CXeM He JOJKeH OCTABATHCH
HenpHACOeqHHOHARM. HeHcnonbayeMule BXOAN MOKHO COBIAHATL C TOMH
BXOJaMH, HA KOTOPHe momaerca cArHaj. OgHaKo B 5TOM clyvae HeoO-
xo1aMo O0paTHTh BHAMAHWe HA TO, 9TO6H He MpeBHCHTh Kosddunmens
Pa3BeTBJIEHAA HA BHIXOfI¢ NMpeAnaymero snemenrta. Ecam taxkmm obpa-
80M NPHCOCMURHTH HEMCTIONb3YyeMHE BXOAH HEBOBMOKHO, TO CYIIECT-
BYIOT enle JiBA MeToAa MPHCOeHHeRAs CBOGONHHX NXof0B dueMentos H
» HE-H, roTopHe DokasaHH Ha pmc. 11-1, -
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1, NpACOSHHAT: ROHCMOAL3YOMHE BXO HHeMeHTAa K HCTOYHUKY
matagEa Ey uwepes pesmcrop 1 kOM. Uepea omum pesBcTOp MOMKEO
OPHCOeNEHATE HECKOJBKO HOHCMOJb3yeMHX BXOMIOB.

2, TprcoenmunTh HORCMONL3YOMHU BXOGN K BHXOXY HEHCHOJb-
8yCMOT0 2J10MeHTAa, BXOfH KOTOPOTO 3a3eMIAIOTCA, .

Bxoan HeRCMONb3yoMOTO 9I6MEHTA AOJIKHH 3a30MJATHCA B J0-
oM cayuae, TaK KaK mpA 5TOM ofecredupacTcs MMHEMajJBHOe MOTpel-
JCHNE MOIUHOCTH. MeTOoAH, NpHMeHAeMHE [JaA dJeMeHTOB THma H
v HE-H, nprRrogus takK:Ke AJjifA MPHCOSHHUHOHHA HOHCHOJNb3YyeMHX BXO-
moB C6poc B ¥cmanosxa TpErrepos. Hemcnonrsayomuie BXogn 3jnemeH-
t1oB TRma HE-KJU pnonKHEH 8azeMaATHCA.

HAmnyavew. Ecnm conmporuBieHue HCTOYHAKA curmana Gonee
100 Om, To pamreasbHOCTE $POHTA HMMYJABCA HA BXOAe d/AeMeHTA HO
Oyner npeBHmaty 1 MKC, a AARTENBHOCTh MMIYABCOB He JoJKMa OGHTH
meHbpwe 30 HC. PekoMenpyercs, aro0n gauTenbHOCTE QpolTa M cnaja
3allyCKAKIIHX WMIYJILCOB, NMOABAEMHX HA TPHUITEPH, He OpPeBHIIala
150 mc. XorA zamyckawomge HMOYALCH “O0EY9HO HMeIOT [OCTATOYHO
fOonbIryI0 aMnuATYAY, TCM He MeHee BXOjHHe MMOylAbcH Ha J m K
BXOiaX TPHITepa, a Takie HMIyYJbCH c6poca B YCTAHOBKH JOJIKHRI
HAMOTE MOCTOAHHYI) aMIJIHTYQLY.

Cocdunenus mexwdy czemamu. OTHASABHEO COeAMHHTENBLHEE NPO-
BONHUKHE JJMHOHO A0 25 CM MOKHO MpUMeHATH 0e3 coenMaJbHHX MOD
npefocTopoxHOCTA. Bonee JMMHHKNE OPOBOJIHEKH ClleflyeT PAcmojaraTh
napuneabHO BadeMAeHHOR MAaacTHHE B KaK MO:KHO GminpKe K Heit, JInA
coepvHeHMH AAUHOH cBHIe 50 €M PeKOMeHAyeTCA NPUMEHATh CKpyJeH-
HHe [BOMHLEe NMpPoBOJa MNA KOAKCHaIbHHe Kalend ¢ xapaKTepHCTHYe-
CKHM compoTEBaeHHeM 100 Om.

11-6. DKPAHMPOBAHHME [59]

[Ip¥ MPOTeKaHAH HSIACKTPRYECKOTO TOKA B MPOBORHHKE U3NYYaeTcH
SIAOKTPOMATHETHAR SHOPrHA, KOTOPAR 3aBHCHT OT AMIIUTYRH H Ya-
CTOTH MpoTeKaomero Toka. B nw06oM DpOBOMHMKE, NOMEINGHAOM
B noje M3jlydeHAsA, OyfAeT HABOAHUTHCA HEKOTOpPAA SHePIMA, a clefo-
BaTeJABHO, MOMKeT BO3HHKATH MaPAa3UTHAA CBA3b MeKAy pPas3iHYHEIMU
4acTAME CX6MH. B HOXOTODHZX enydanx aToT 3PdeKT MOKHO yMEHBLIIUTH
NYyTeM TAKOTO PpACMOJIOKEHNA DISMOHTOB QJCKTPOHHOH CXEMH, mpu
KOTOpOM B MPOBOAHHKe KHAYLUDPYIOTCA PAaBHHS, HO NPOTHBOMOJOK-
Hhle MO 3HAKY HanpAykeHHA. [[puBeieHHAA PaHee PeKOMEHJAMMA O CKPY-
YUBAHAA [BYX MNPOBOJHHUKOB, IO KOTOPEIM NPOTEKaeT IeDeMOHHHIT
TOK, Ga3Bpyerca. Kax pas Ha aroM mpurnunme. Taxoil Meton addexri-
BeH Ha 43CTOTax Jo 5 KI'm, m ero spdeKTMBHOCTE 3aBHCHT OT paBHO-
MepPHOCTE M MAOTHOCTH CKPYYMBAHNA mPOBOJ0B. [LOCTATOWHO XOpomiie
pe3yAbTaTH JaeT YRAJeHUe JIOMEHTOB CXeMH OT HCTOYHHKOB HBIy-
yeHAA, TAK KaK C yBeNueHAEM PacCTOAHUA MOTOK M3AyuaeMoit dHepriu
yMerbmaeTcia. B Tex cayuasx, KOTZA mepeuMCleHHHEC MeTOMH OKaaHl-
patorca HeadPeKTHBHEIMY, HOOGXOMMMO LOMHTATBCA 3afepsKaTh MBJY-
gyaeMoe MOAe C NOMONIBI0 HPOBOAAMIET0 SKPAHA, 37eCh H3IaraloTCA
HOKOTOPHE IPABHIA dKPAHADPOBAHHA.

Bubop samepuasa sxpana. IPHOKTIBHOCTL NPOBOJAMETo IKPaHA
Mo yMOHBINEHHI SHEPTAHA 3eKTPOMATHITHOI! BOJNLE ABIAETCA Peaylb-
TATOM ABYX ABJCHHEH. Bo-neDBEIX, NOIJIOMEHIIA 3HEPIIIH IPII HPOXOK-
JIeEAE BOJHH Yeped NPOBOMAIYI0 Cpeqy I, BO-BTOPHX, OTpasKeHHA
BHeprHM HA TPaHHAne paspena gByX cpepn. 068 »TH ABAeHUA 3aBUCAT
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OT YacToTH, a TaKXKe OT MaTepnaja 3KpaHa. Lleaslo axpaHMpoBammsm
ABNACTCA MAKCAMAJIbHOE ocnabiieHNe U31yuaeMoTo 31eKTPOMATHATHOI'D
noxas, a BHGOpP MarepHaaa KpaHa 3aBHCHT OT TOTo, ABIAETCA JH 310
pose B Gozblleil CTelleHA 2JeKTPAYeCKAM WM MATHOTHHIM.

B ofumeM cayuae MarHMTHble MaTepHaan ofecmeumBAlOT Gonbiee
MOTNoMe e N3NydaeMoil 3IeKTPOMArHATHOM »HEPTHH, a XOPOIIe npo-
BOJIHAKNA, TaKHe KaKk Melb WJIH aNiOMEHBE, o6ilamalor BRICOKOil oTpa-
skafomeil cmocobmocrbio. Jlocnepame Gomee bdeKTUBHO 3KpAHHPYIOD
9I6KTPAYECKRe MoadA, HO HX 3Q(eKTHBHOCTb CHMIKAETCA C yBelude-
HueM gacTOTH. TeM He MeHee alIOMUBHEH IMAPOKO NDPAMeHAETCA IaA
KPAHMPOBAHUA KOHTYPOB MPOMEKYTOUHOW YacTOTH B JHanasoHe oOT
30 no 300 MTI'u. 3¢derTHBHOCTE KPAHHPOBAHUA ATIOMMHEEM TIePEMeH-
HOTO MArHMTHOTO NOJAA CHHMKaercA ¢ yMeHbmeHHeM yacTotH. [losromy
B JilanasoHe HA3KUX (3BYKOBHIX) 4acTOT AAA XOPOIIero 9KPaHNpoBa-
HEA MAaTHATHHX NOjell Heo6XoMuMo NpiMeHATD CIIaBH ¢ Goabmei Mar-
HUTHOW NPOBANAEMOCTBIO, TaKHe KAaK MIO-METaJJl HJH LepMajiioi.

Skpanuposanue kabesell. IXPaHWpoBaHMe Kalenell oOKasmBaer
BIMfAHMe TJaBHbIM 06pasoM HA CONPOTHMBIEHME HCTOYHWKA U3JIYYeHAA
H HABOJHMMOe TI0JIeM HanpfiKeHie B KaGeuxe,

Haayuameau ¢ svicokum conpomugaenuen. HNanygateaAMn ¢ BH-
COKHM CONpPOTHBJeHAeM HABAAKTCA NUPOBOTHUKH, HMmelompe Goabiioe
nocuenoBsareabnoe conpornpiaenne {(6omee 1 xOM), B KOTOpHX Moryr
HaBOMKTHCA BHICOKOYACTOTHEIE HANPAKEHHA OTHOCUTENLHO 3eMian HpH
MPOTEKAHNI! OYeHb MAJHX TOKOB., Mamydaemoe 10je HOCHT B OCHOB-
HOM 3JIeKTPHYECKU#l xapakrTep W MO:eT HABOJHTH OOJBIINE BHCOKO-
4aCcTOTHHE HANpAKeHUA B COCEHMX UENAX, RMelmux GoJbImoe conpo-
THBJeHHe, U MajHe TOKI B NeNAX C MaJnM CONpoTHBIeHMeM. Ilog
UeNAMHE ¢ GOMbmMM CONPOTHBIEHIIEM 31eCh NOJPAa3yMeBAalOTCA nemH,
Bmerume Gonplioe CONPOTHBIEeHWe CO CTOPOHH 3a:kHMoB. Ilposon, wpu-
coegUHEeHHB K 3aTBOPY TI0JE€BOTO TPAH3HCTOpa, CHeNOBATENABLHO,
MOJXHO PacCMATPHBATH KaK nenb, uMelomyio 6oablIoe cONpPOTIBICHHE,
KOTOPaA 4yBCTBHTENbHA K TAKOMY M3Iy9eHu0. JKpaHAPOBaHHE NPO-
BOJla C JIOMOINBI0 MeHOi ONueTKRE DPPEeKTUBHO 3aAmMIIAET Lelb OT
TAKOr0 U3NY4eHHA OPA YCHOBHH, YTO IKPaH MO BCEH ero [ANnHe NMeew
ToTeRIAaN 3eMan. EcHE mpoBox KOPOTKIfil, TO BNOJHe AOCTATOYHO 3a-
3eMJTETH 2KPAH ¢ OJHOTO KOHLA, a eCJH MPOBOJ IJIHHHMIA, TO 33a3eMIATE
cheyeT B HECKOJBKMX TOYKaX.

H.My‘tamenu C Maablm COnpomusreruem., HSJIY‘I&TQ.HHMH C MaJbIM
CONPOTHBJEHMeM SIBIAIOTCA MeTaJJH4ecKMe NPOBOAHIIKK B BlIle 3aM-
KHYTOTO KOHTYPA, B KOTODHX MOTyT HpOTeKath GoJdbluHe TOKU, HO
pasBuBaeMhle Ha HAX HanprAKeHuA HeBHCoKWe. Mamyuaembe TaKumu
HCTOYHWKAMK TIOJA SBJIAIOTCA B OCHOBHOM MarautHmEMI. Onn Moryr
HapoauTh 0OJbOIEe TOKN B HeNAX C MaJHM CONPOTHRIEHNIEM H HeGoJb-
Wie HANpPAKeHHA B BhICOKOOMHWIX meufAXx. OOnYHAA Me[HAaR OILIeTKa
Ha gacToTax Hue 5 KI'll mJ10X0 9KpaHNpYeT MAarHHTHOE ©OJe, HO C BO3-
pacTaHEeM 4acTOTH ee 5QQeKTHBHOCTL YaydmaeTCH,

Jasemaenue u gemaanble konmypb. Korga 4acTb 3JeKTPOHHOIO
yCcTpoiicTBa 3a3eMAAETCA B HECKOJLKIX To4YKAX, MERAY ISTHMI TOY-
KaMH B 3eMASHOH miIHe NJAN NjaTe MOTYT mpoTekaTh TokKil. Ecan atu
TOKH ABAATCA BHCOKOYACTOTHHMI, TO MOryT 00pasoBaTbLCA 3eMJA-
HHe KOHTYPH, JeiicTByIOIIUe Kax H37Tydareill ¢ MAJKM COOPOTIIB.Ie-
HoeM, M3nyuyaeMoe nojie HOCHT B OCHOBHOM MAaCHHTHHI{1 XapaKrtep. 9To
N0JIe HABOAMT TOKH B LENIAX € MAJLIM COMPOTHBJEHNeM, OAM3KO pac-
IOM0eHHN X K 3€MIAHON WiliHe, yAATUTH KOTOpLIE OT 3eMIRHOI (B
Ha npaKTuKe He ygaercd, ITo a1oit upnunHe B BHCOKOYACTOTHHX YCTpOit-
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CTRAX MHOTAG JydIuIe BHMONHATH MPHACOCARHEHAE K 3€MNe TONBKO B Of-
Hoif TOuKe,

OCTOpOKAOCTD 3a3eMIeHRA B HeCKOABKAX TOYKAaX HeoGXommMa
He TOJABKO Ha BHCOKHX 9acTOTaX. 3TO BAKHO TaKiKe, HampAMep, ANA
ycudnRTeNeH MOCTOAHHOIO TOKAa, IMe udacto Tpefyerca Goabiuoe ycH-
lleAMe MPH MajoM YpoBHe miyMoH. Jlaa ymoBiaerBopeHEs TpeGOBaHEH
MaJHX INyMOB OOHYHO HCMOAB3YeTcA TPH PAsARYHEX 3a3eMICHU:
CHTHANA, MACCH ¥ HCTOYHHKA neTtaHnsa, Ilepsoe ofecneumBaer mcxof-
HHil YPOBeHb BXOAHOTO HAMPMKEHNA H MOITOMY He MOJIKHO COlePIKATh
INYMOBHX HaOpfKeHWH, B Tex caydanx, Korma Heo0XoQWMO JIHHMIO
gofayRl CHATHANA COeJWHMTBH C 3eMJeidl, HampuMep, 4epes IOCIENOBa-
TeAbHYI0 RC-LenodKy mnf crabmiamsanun, TO TaKoe COeqWHeHHe Clie-
AyeT OCYNecTBNATh BMeHHO K (CHTHaJABbHOI» 3emac. Ha maccu ycumau-
Teaf BCerga [OJKeH TMOAJep)KuBAaTbCA JIOTEHUHAJ 3eMad. 9ITo
HeoOX0IMO, BO-NePBHX, ANA (e3omacHOCTHE npu paGote € ycHIHTeldeM
4, BO-BTOPHX, u4TOOH JKpaHMpPYOIIMe KONDAYKA, NPHCOeXHHeHHHE
K maccl, a¢pdeKTnBEO paboTadn B KadecTBe dKpaHa, Takum obpasoMm,
AJA 3a3eMIeHAA IACCH ClefyeT NPUMEHATh OT/ENbHEB IPOBOM, B KOTO-
poM He ROMEKHO OGHTE MyMoBHX CHrHamoB. Tax xak Gosiplmas gacTb
noMeX MOCTYNAeT 0T HCTOYHMKOB NHTAHUA B BUJAe Nyabcanuil una goHa
OCHOBHOM 4acTOTH, 3azeMiaeHHe UeNH MHUTAHUA MOJKHO BHINOJHATHCA
OTMeNbHHM MpoBoaOM. Bce TpH yKasaHHHX 3a3eMJCHNA He caepyer
06beAMHATD BMECTC HENIOCDPEACTBEHHO B CXeMe YCHJAUTEAS, HO ¢© JO-
MOmpI0 OTAEABHEIX OPOBOJOB HX CHeiyeT NPHCOeSHHHTL K 3CMAAHOILL
touke Oaoka nmrammEA. [lpn TakoM cnocofe coegHHEHNA IIYMOBHE
TOKH He MpOTeKawT B IPOBUAX 3aseMileHAA CMrHAJa N mMaccH. B mpo-
THBHOM CJy4ac 3TO MOTaA0 Gbl NpIUBECTE K BO3PAacCTAHMIO IIYMOBHIX
HaUPAKeHAH HA BHIXONE YCHJIMTENA.



NPUJOMEHHUE A
IPOCTHIE 3AJAYUM IIO PACUETY IENER

OcHopmmne TeopeMir [60, 61]:
Tepenii sakon Kupxeofa. AnrebpamdecKal CyMMa TOKOB, Cxopf-
mUXCA B y3Je, paBBa Byaw (pHc. A-1):

i1 + ip + 33=0 (A1)

Bmopoii sanon Kupezopa, CymMma sanpr:xesuil NpHE o6Xofe 3aMK-
HYTOTO KOHTYpa paBBa HYII (puc. A-2):

Uy + g+ uz =0. (A-2)

Ilpumep. TpeGyercA PaliTu HaupAKEHHe Ha pesHCTOpe Ry
(pEC. A-3).

Puc. A-1, TlepBuii zaxoH
Knpxroda.

Puc, A-2. Bropoi saxom
Kupxroda.

N3z wepBoro szaxoma Kupxroda cienyer, 910 TOK, OPHTEKAOOME
B HampasJieHWd K y3ay A, pased TOKY, BEHITeKalOlleMy H3 Hero:

i=1, 410, (A-3)
aHaAOTMYBO IJA ysna B
iy =13 (A-4)
Hcnonrays sakor Oma, MOKHO 3anucarb Iy = uy/R,, i, =
= (uy — ug)/Ry, i3 = uy/R,. IlopcTaBasA BMECTO CONPOTHBIEHHE npo-

BOIUMOCTH, paBeBcTBAa (A-3) W (A-4) MOJKHO 3amucaTbh B CJelyIOleM
BHME:
ANR ya3na A

(G4 Gy) uy — Gaup =1; (A-5)
aas yana B
— Gty +(Gy+ Gg) up =0. (A-6)
Paccyorpim ot ypaBHeHns. C BalpAKennieM u; CBA3AHH,3JCMERTH
Gy 11 G,, a 31eMeHTOM CBA3I C y3JoM B ABJACTCA IPOBORHMMOCTb Gy,
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Amanormamo Aaf ysna B, rae pmeACTByer HaupriKeHWe u;, HN€MeH-
TaMB ABJAITCA G, B Gy, a bNeMeAToM CBA3K CHoBa Gymer G,. Tak Kak
B NoCHeNHeM cJly4ae MCTOYHHK ToKa OTCYTCTByeT, NpaBad 4acTh ypaB-
HeHHA pasHa HYJIO. .

W3 nprBefieEHHX yPABHERMH HANDAKEHWA u,; B u, MOKHO HaiiTH
B Buue ¢ymKuuii BXogEOro Toka. IIpocroii Meron coBMecTBOTO pemie-
HAA 3TAX YypapHEeHHA# saKiogaercA B caepyiomeM. HKosddromenta
ypaBHeHAl pacooJaraloTca B
Biie MaTPHAUH )

(G14Gy) G, I —

" l— .
—Gy  Gy+Gs 4 i, Gz=l‘ 13
EcCanHE sheMeHTH dTOfl CHCTe- @ Ry "
MH TIeDEMEOKHTD 10 JUaroHa- e=1 1 G=1- 2
NAM, TNPHNHCAB BHAK MHBRYC TR, 3 Ry

NpON3Be/leFHI0 BepXHero npaso-
TO U HIDKHEro JIeBOro 4/eHOB,
IONY4uM ONpefeNnTedb CACTeMR
ypaBHeHH

A= (G4 Gy (Ge+Gs)—
— (—G2)? = GG+ GGy + G361,
(A-D
3amepnB KoopdunuedTH B N1eBOM cToA01e NpaBEME YACTAMA YDPaB-
HoEHit (A-5) ¥ (A-6), MOAyuHM CeYIOMYI0 MaTPHLY:

8

Hemoyhuk moka

Pnc, A-3. Cxema K upumepy.
JnA yro6Gersa 2J1eMenTH CXEeMH W30~
Oraxe.H B BHIO TPOBOLHMOCTel.

i -Gy
0 Gy+-Gsl
IlepeMBo)Xa A BJIeMeHTH Mo AHATOHAJAM, MONydaem:
: Auy=(G3+ Gs) i (A-8)

TakuM ke 06pa3oM, zameHAA Koad@UueHTH B mpasoM croibue
NpPaBLHMA YaCTAME ypPaBHeHEH (A-D)

R, R3 B (A-6), monysaeM:
(Gr+Ge) i ’
—Gy, 0
H
Ra Aye = Gsi. (A-9)

Nz ypasmernit (A-7) — (A-9)
MOYKHO HOJYYHTH!

Nomoanux RanpRXEHLA . A (Ga+Gy) !
l=—= .
Prc. A-4. Cxema K mpmEMepy A (616Gt GoGy+ GiGy)’
A-2. HKoHTypuEe TOKN iy H i, ) (A-10)
uaobpaKeEsl B HANPaBJeHEH u2_ﬁt_z__ Gai

TTA T (GG GGy GoGy)
(A-11)

C HoMOmBLI0 PAcCMOTPEHBOr0 METONa MOKHEO pellaTh BCe COBMECT-
HHle CHCTeME YDaBHEHHH, OPHBOLHUMEE B HaCTOANEH KHUTE, DTOT METo[,
pacupocTpaHAeTCA M Ha Gojee cnosumie cncremu [62]. Tak xak u,
u u, — 970 HANDMKEHHA B y3JOBHX TOUKAX, ypaBHeHNA (A-3) 1 (A-6)
ABNANTCA Y3NOBHMH,

LBIDKEHHA YaCOBO#l CTPeJKH.

373



Haopamep, paccMOTpAM CXemy, H300paskeHHYI0 Ha puc. A-4,
Ecnm 3aBHCHMEIMU NeDeMeHHEIMH ABJAAIOTCA KOHTYDHEI® TOKHA i) M iy,
TO MX MOKHO ONpeleduTh NyTeM IDHMEHeHHA BTOPOTo 3aKOHA Hupx-
rofa. Jlas ypnobGeTpa TOKI HAa PHCYHKe H306parkeHH NPOTeKalODIHMI
B HaIpaBNeHWH [IBIVKeHUA IO 9JaCOBOU CTpeaxe. linsa mepBoro ® BTo-
pOro KoHTYpOB, HCcIOAb3YA BTOpOoil sakoH Kupxroda, MOKHO Doxdy-
94Th YPABHEHUR

(Ri+Rs) iy — Ryl =u; (A-12)
— Rgiy+ (Ry+ Ry-+-Ry) 13=0. (A-13)

JedcrBya TaKknM Ke 06pasoM, KaK 1 B NpeWAymeM Opumepe, 0o~
nygaeM MarpHEny koaddunmenrToB

(Ri+Ry) —R, l
—R, (Ra+ Rz - Ry)
H OIpejeNHTeNb CHCTCMH ypaBHEHIIIT
A=(Ry+R,) (Ry-+ R34 Ry) — (— Ry)2=

= R 1Ry - R Ry-+ R Ry R i3 RoRy, (A-14)
Haaee
u —R,
0 Ry+Ry+Ry|’
oTKYyZA
Ajy=(ReRy-+Ry)u (A-15)
"
An (Ras+R3+R)u

AT R (Re+ 54 R,)+ Ry (R4 1,) °
Taxum e oGpasom,

(R1+Ry) u
. —R, 0|’
oTKyna
Aip=uR, (A-16)
"
i _Diz uRy
PTA T R (R Ry R)+ Ry (R +HR)°

Ypasrenns (A-12) u (A-13) gBAAIOTCA KOHTYpPHHIMI,

NPHJAOMEHHUE B
TIPAMEHEHHE NPEOGPA3OBAHHSA JTATINIACA [62]

Ecan cxema CoOCTOMT U3 peaKTIIBHHX II Pe3lICTHBHBIX E)JIeMeHTOB,
TO OHA oDucHBaercd IHTerpo-glpdepeHIMANEEHMA YPAaBHOHHAMM,
Hanpumep, npumenss x LCR-cxeme, uzofpaikeHnoit Ha puc. B-1,
BTOpoil 3akoR Hupxroda, moayuanM ypaBHeHHe

¢
u=Ri+% S idt+Lg§-. (B-1)
0

Hcnonbays npeoGpasopanue Jlandaca, 370 ypaBHeHAE MOKHO Y pH-
BeCTH X airebpamueckoii ¢opme I 3aTeM ¢ HIIM MOKHO 06palaThCA Tak
JKe, Kax I C ypaBHeHMAMII B OPIJIOMKEHNH A,
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Iocne npeoGpasoBanms ypasHeHRe (B-1) Gymer mmerr mmA:
1 . 1
u (s) = Ri (5) + .5 (9) 5L (s)=(H+s—C+sL) i(s), (B-2)

THe u B i ABAAIOTCA PYEKNMIAME epeMeHHO 5, 4 He BpeMeHH, KaK B ypasn-
meaur (B-1). Omepanma mHETErpnpoBaEMA 3nech 0003HAYAeTCA CHM-
BOJIOM s B 49HACAATeNe, a onepauuA auddepeRnUpoBaEMA — CHMBO-
moM s B 3Hamenarene, Taxmm oGpasoMm, Ba puc. B-1 saememtn R, C
B L MOXHO DOpejcTaBATh NpPeoOpa3OBAHHHEIMI COOPOTuBJeHAAMH R,
1/sC u sL. (Ecan mo mopadun HampAKeHUA KOHNEHCATOD OB 3apsrkeH,
a gepes KATYIIKY IpoTeKaa TOK, TO Hpe/cTaBieHue NpeolpasoBaHHBIX
compoTHBAeHAR Gyner HecKoapKo cJaokBee.) Merops mpepcraBaenia
omucuBatoTca B Teopirn meneii [60]. Taxmm o6pasom,

u (s)

iS)=as——m . B-3

) =TT 10 oL (B-3)

Ecnu u ABASETCA CHEYCOIJAIbEEIM CITHAJOM, H ME XOTIHM Ofpe-

HeAMTh JACTOTHYI0 XapPaKTEeDHCTUKY, TO JICPEMEHHYI0 s MOKHO 3aMe-
HATh Ha jo. TOK B cxeme Kak dyn-

KOMA 9acTOTH  3AIHCHWBAETCA D il
BIje o) +
. u(jo s
i =—— B- Sc
o=prgea et ®P w() sL.
B toM cayuae, xorma 7tpeby- R

ercA omnpefenuth ¢opmMy curaaza
Ha BHXOJe CXeMh TpIl JAaHHOM
BXOMHOM CUTHAJE, ypaBHEHIE MOK-
HO CHOBa npeolpaszoBaTh BO Bpe-
MeHAYIO 001aCTh € IOMONIBI0 obpar-
HEHX Dpeo6pasoBamuii Jlamnaca, KoTopHe npHBegeHn B Taba. B-1.
Dror Meroyn GHII HCHOAB30BaH B § 4-10 nng maxoskleHENA nepexonHoil
XapaKTCPACTHKH YCUAUTENA C eMKOCTHON CBA3BIO.

Puc. B-1. LRC-cxema ¢ mpeob-
PA30BAHHEHIMH COHPOTHBICHUAMN.

Tabanua B-1
IipeoGpasoBaBua Jlannaca

‘g;:;;g:,f PYHKUAS TIepeMeHHoY s TIpuMeanue
Crauox epguENTHONH
1(t>0) 1/s aNTLINTYh, DONAHELR
B MOMeHT (=10
Crauox ¢ aMmanry-
{ -
U(t>0) Uls noit U7
1 1- 1
—al ’ =——
exp ( ) s4-a s 14-afs
a 1 1
—_— —at =_-—
1—exp ( ) s(s+a) s 14s/a
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Hanpamep, Ba prc. B-2 nokazama amofgBafA penb YCHAATedd,
TpeGyeTcA HAHTH 9YaCTOTHYI0 XapaKTepBECTHKY H $OPMY BHXORHOrO
CRrHA/Aa NPE mOfa4ée HA BXOJ YCHJATEJA CKAYKA HANPAKEHHA.

SC
A Ya & Prc. B-2. IIpeoGpazoBammas
grug1(s) cXeMa [AA DAacueTa MeToioM
g G 3 y3J0BHX HAOPAXKEHEWH XapaKTe-
a L J PHCTHKH JAMOOBOTO YCHJINTONA
K ugz(s) B 061aCTH HH3KAX 4acToT.

UcnonbayA MeTOm, ONHCABHEIA B NDHIOKEEHNH A, MoIYyIAM yado-
Bble ypDABHCHHA:

(8a+Gu~+sC) ug (s)+5Cugs () = — grug (s); (B-5)
—3Cuq (s} 4 (Gg+-5C) ugs () =0, (B-6)
OTKyna
. _gTscugl (s)
42 () = g G F50) (G 50— (5O —
_ —8&r 1
B (Gg+8a+Gr) Gy (8a+Gy) b1 (5) (B-7)
(Gg+ga+ Gu)
184
Ugs (5) |

i ) O TF )
[asa monydeHHA 49acTOTHOH XaPAKTeDHCTHKH NeDeMeHHAA s 3aMe-
HAeTCA HA jO, T. €,
Ugs (j) . 1
ug (o) 1+ 1/(jets)”
Tax Kak npeoOpazoBanue Jlanaaca 1JA CKauKa HaOp A)KeHH A 8 MILIB-

Tynoil U BHpaykaercA B Buge U/s (cm. Taba. B-1), BHXomBoe mapps-
HeHue 3anHIEeTCRA B BHIeE
1 U

Ugs (5) =Aom T

Brixopuoii cRraan Kak QYHKIHIO BpeMEeHH Moay4aeM, HCMoAb3ysd
npeoGpasoBanue, npHBeleHEHoe B Taba. B-1:

ugs (t)=Apexp (—t/t;) U. (B-9)
®opma Taxoro CErEaza usofpaskema rpaduyecKd Ha pPHC. 4-26.

(B-8)

OPUJIOMKEHHNE B
JIEKTPOHHBIE JIAMIIbI

dneKTpoHHAA JaMma unpefictaBIAer €oboii ycTpoiicTBO, B KOTO-
POM HCHOJB3YeTCA IIOTOK JJICKTPOHOB, MNPOXOJNAlWI gepea BaKyym
uad 9epes cpeny, OMUBKYI0 K BaKyyMy. JIeKTPOHH 1137Y9AI0TCA Harpe-
THIM KATopgoM Il DONMAJAIOT HA AHOH, HA KOTOPOM IOAMCDKUBAETCA HO-
JMOMATENbHOE OTHOCHUTCALHO KaToja HanpAxKeHne, BBepgenue gomOauu-
TeJbHHX 3MeKTPON0B WO3BOJAET OCYIECTBJIATE YIPaBJeHHEe OOTOKOM
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BACKTPOHOB, MPOJIETAIOIIAX oT KaTofa K amofy. Bee amekTpogu oftramo
MOHTADYIOTCA B CTEKJAHEOM 0ajlioHe, H3 KOTOPOT0 BLIKAYRBAETCH
Boaayx. IlpaBga, B HeKOTOPHX TEOAX 3IEKTPOHHHX JaMN CUERBANBHO
AJIA A3MEHeRHA XAPDAKTePHCTHK JaMOH B 6aiu0H BBogWTCA He3HAYR-
TEIbHOE KONWIeCTBO KaKoro-mubo rasza [63].

Hnop ABaAeTcA NpOCTeHMIWM THOOM JaMOH, B KOTOpoil mnMeercs
nmojorpeBaeMHii KaTop M aEop. B HacToAmee BpeMA BaKyyMHEE IHOAR
MOYTA NOJHOCTHI0 BHITECHEHH IOJYNPOBOJHHKOBHME, KOTODHE HMeIOT
He6oabIIOe MPANOE CONPOTHBJEHUE, Ayume paGoTaloT HA BEHICOKEX da-
cTOTax, He TPefyIT nOAOrpeBa W HMEIOT XAPAKTEPHCTAKY, HAYHHAI-
W YyHCA TOYHO LOPH HYJ€BOM HAUNDRKREHHH,

MA|I, I
e Borid A
PMAHUERSIT
sol- Kpemu uebbiu Unz> Un2
h=20m
601 Unz>Un1
Bakyymusiu
4o =100 0M Unt
201
7 1 Yy >, b
o 7 2 3 4 5 8B g

%) 4)

Puc. B-1, CpaBeeERe XapaKkTePHCTHK BAaKyyMHOTO K MOJYOPOBONHH-
KOBOTO JHOAOB (@) B BAMAHUe HANDPAMEHHA NoforpeBa Up Ha Xapak-
TePACTHKH gROJA (6).

Boabr-aMuepEad XapaKTeDHCTIKA BAKYYMHOTO gHOpma nMeer $op-
My, NOKAzaEBYI0 Ha puc, B-1, 6. Tok aBofa I, amech maofpaskeH B 3a-
BHCHEMOCTH 0T aHOZHOTO HaupAykeBRA Uy. Toxk I, B pe:kHMe HACHIIe-
HAA YBEIMUMBAETCA ¢ POCTOM HANPAKeHWA, NOJABaeéMOT0 HA MOJorPeB
Katoga. Tak KaK 27IeKTPOEH BHJIETAXOT B3 KATONla C KOHEYHOH CKo-
pOCTbI0, HEKOTOPHe H3 HWX momapjaiT Ba apoj npw Uy = 0, 1. e, npH
HyJeBoM HAIIPA)KEHWN HA aHOfe depe3 fuop Oynaer uporekatk HeGoxnb-
moit Tok. IlpE BoapacTamAM TeMIepATYpH Katoja 3TOT TOK YBEJNHYH-
BaeTCA W XapaKTePHCTHKA CMemlaeTcA BiaeBo npubamantenseo Ha 0,1 B
IpH yBelHMueHWE HANDMMEHHA Noforpesa Ea 10%. B o6Gnactn mmEe
HACHINEBHA aHOJHHA TOK U3MEHAETCA MO 3aKOHY CTeNMeHH TPEX BTODHX
[64], T.e.
I,=kU3P, (B-1)

rhe k — MOCTOABHEI{ MEOMKIITeNb, 3aBHCAMNIl OT reoMerprueckoil dopmMu
3JIEKTPOJOB JIAMIH,

Tpuop npeacrasafeT coGoii TPEX3JIeKTPOANYIO dICKTPORHYIO JaMIy,
B KOTOpoH MeXJy KaTolOM 1 AAONOM BBejeH TPeTHH 2NMeKTPoA —
yupaBJIAKMARA ceTKa, [TyTeM naMenediif HaOPAKeBIA MeKny ceTHol m
KatooM U¢yx MOMHO yUpaBAATL QHORHHM TOKoM. Hefonbmilie naMeHe-
gHA HAanpAKCHIA Ugkg MOTYT BHI3BATH 3HAUNTEIbHOE UIMEHEHIE TOLA
I, upn npere6pe;RuUMO MAJOH MOIBEOCTH B 1ienH CeTKH,

Ha puc. B-2 nokazamo THDOBoe ceMeHCTBO AHONHHX XapaKTepu-
CcTHK TPHMOJA, KOTOpule npeAcTaBiAflor CoGoif 3aBUCHMOCTE AHOJH( TO
ToKa I3 oT BanprKenuA ga adofie U,, a manprmenne Uy BCOOND3Y-
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eTcA B KadecTBe Dapamerpa. Hcmonp3ys 5TE XapAKTOPHCTHKH, MOMKHO
onpelelUTh OCHOBHHE MapaMerpPH TpHoaa.

Jugdepenyuasvnoe (enympennee) conpomueserue saknt. Hakaon
KpHEBoil B NI0OGoH TOYKe omMpeflendeTcA BhHPaXKeHHEM

dla 1
S = (B-2)

=&a
UCK= const r
rae r — nupdepeRIHAAEEOE COMPOTHBICHHE JAMIH.,
Kpymusna. Tlpy NepecedeHHH XapaKTePHCTRK JNBREAMH, Mapai-
JIeJIbHEIMIT OCH TOKa, HOJIyanMZ
oI,
6UCI(

=& (B'3)

=g
U,= const

ric g — KPYTH3HA JaMnul.

Kospuyuenm ycuaenus. IIpH nepeceucHHH XapaKTepUCTHI Jfi-
HUAMU, MapajJCAbHLIMM OCH HA-
npsKelna, nojyqaem:

U,

5U—ch~ H, (B-4)

I, = const

e p — koappHUHeRT yCHJCHNA
JaMIIbL.

Bripancerue (B-1), npepcras-
JAKIIEe 3aBUCUMOCTD AHOJHOTO TO-
Ka An0JA OT HANpPAXKeHUA HA aHO-
1€, MOMHO PaCIpOCTPaHATh M [JA
TpHOAA*

lLa=k(Uc+Uap?*?  (B-5)

Puc. B-2. TunmoBse aHOJHGIE
XapaKkTePHCTHKA TPHOAA.

[Ipu orpunareapHoM wBanpaKeHWn Ha cetke Ue = —Ujy/p TOK
I, = 0. DT0 ceTouROe HANPSKCHHE ABJAETCA HAUPAXKEHWHEM OTCEUKH
W 3aBHCUT OT | B BanpAKeANA HA amofle.

Haupumep, npu manpA:xeauyd za anofe 180 B B namme, umeromeii
Koadppuuent ychiaemna u = 500, HanpAKeAHe OTCETKU PABHO:

Ugo=—Ua/p=—180/50=— 3,6 B.

Hanpsbxernue orcedr!l o6paTHO MPOHOpIHORAAbHO KodddHuIHEeHTY
YCHITEHUA W, NOITOMY JaMmnHul ¢ GOJBIINM | MMeKT ABaNa3oH BXONHHX
HaMpMKOHHI, 0PI KOTOPHX OCYIIECTBJIAETCA yOpaBAeHIle AHOERM
TOKOM MCHBIINM, 4eM B JaMNAX C MAJHM 3HaYeHWeM |, NPH 3afaHHOM
aHogHOM HAMpPMKeHHUE. B HopMaJbHEOM pe:kuMme paGoThl HaNpAKe-
HUE HA COTKE He BHIXO[UT 3a MPeeNH OT HyJs no HaDPAKeHHA OTCEUKH.
Ecoir ke BampAKeHIle HA COTKC CTAHOBITCA MOJOKHTEABHHM OTHOCH-
TeABHO KaTopga, TO ceTKa OypmeT NPHTATUBATH JJIEKTPOHH H NOABHTCH
CeTo9HHH TOK.

Umeerca 1pu Tnma tpuonoB (12AU7, 12AX7 u 12AT7), AmMelomux
pasnuvHble aHOA@He XapakTePHCTHKH (puc. B-3).

Mannit KoopduuneRT yCHIeHHA | M MaJaA KPYTH3RAa XapakTepHH
mnA 12AU7 (p = 20 w g = 2 MA/B); Gonpumoii kKodppummeRT yCHie-
HuA p UM MajaAa Kpytuaga — aas 12AX7 ép = 100 u g = 2 MA/B);
cpepEdil KoopdHUUERT ycHNeHHMA p B Ooabmas KpyTH3Ra — LA
12AT7 (u = 50 m g = 4 MA/B).
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PexoMeRayeTcA HCDOAb30BATh 3TH TPH THIA TPHOAOB B CIeAyOmIX
enyY8nax: MaJpi p — npE GoabmAX BXOMHHX CHTHAJNAX, HAmpuMep
B KacKafax pe3OHaHCHHX YcHARTeNeH yMHOMTeNeli 9acTOTH; GOb-
Myl KPyTH3HY — B KaTOAHHX MOBTODHTENAX, € BHXOJHOE CONPO-
TUBAemAe 61M3KO0 K BeamunHe 1/g; Goabmoit 4 — B yCANUTENRAX Bamps-
JKeHHsA, rae Tpe6yeTcA moayIaTh MaKCUMAaJAbEHOe YCHICHHE; B yCUIUTENe
¢ o6mHEM KaTONOM MAKCHMAJIbHOe yCHIeHHe DaBHO [,

—_ =0
MA hex 12 AU7
————— 12AX7
————— 12AT7
70 ~10
g
o
5 / »
/ 4
7 - -1
/a// l/’ | Ua
0 700 200 300 400 8

Prc. B-3. AHOpmEHe xapamepnir'-mm tpuogoB 12AT7, 412AU7 n
2AX

Haulonee mnpoxoe HpEMeHedlte Ha HpaKTHKe HAXOJAT JaMULI
¢ Goapmoil KpyTU3HON Il CPeEMM 3HAYEHHEM (.

TpHOgH HCNOJB3YKNTCA B HA3KOYACTOTHBIX YCHAHNTEJNAX, e MerK-
3JSKTPOAHHE eMIOCTH He OKa3HBAWT CYmECTBeHHOro BANAHNA. B BH-
COKOYACTOTHHX pEe30HAHCHHX YCUIHTEIAAX HCMOJNb3OBaHHe TPIONOB
npegoYTATEeNIbHEE, YeM WHeHTOnoB, OaaropapA EHeGoaboMy Eo3(dH-
Inenty myma [65].

TpHOAH NPHMEHAWTCA TAK)Ke B reHepaTOpax CHHYCOHJANbHHX K
penaKkcanBOHEHHX KojeGaHmi. Bo mHOTUX clyuaAx B ogHoM GajoHe
MOHTHPYWICA CDa3y ABa TpuOjA. JTO OKA3HBaeTCA OYeHH. yAo0mo npu
HMCMONh30BAaHEH TPHOMOB B IMMYJABCHHX CXeMax THIa MyabTuBHGpaTopa.
Pafora TpHoma B KauecTBe JMAEliHOTO ycUINTENA TOACHAGTCA Ha
puc. B-4,

/UL.,(=0
/ At

Padovas mo
Iad'a an moyKa Uy

. 3xodnoa
cuzHan

Puc, B-4. HcponbsoBamne Tpioja B rasectBe JMNeilmore yCiiilTens,
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Terponsl, Jlas Toro gTo0H naMua MOTJA YCMIHBATH BEICOKOYACTOT~
HBle CHTHAJL 0e3 coegAadbHEIX Mep O HeliTpajn3aniu eMKOCTH MeKAY
amEonoM M ceTKoff (cM. Huxke), GHA BBeJieH TPETHi BAEKTPoj — dKpaH-
maf ceTKa. OHAKO MpPEMeHEeHNe DTOM JaMUK OrPAHRYMBACTCA ABJIEHHEM
BTOPHIHOH oMuccunm [64], KoTopoe BOBHHKaeT B TOM Cilydae, Korga
HaDpAKeHRe HAa aHO[e MeHbme, JeM HA 3KPaHMOi ceTKe, JTO OTpaHu-
JeHAe OPHUBEJO K TOMY, 9TO B JlaMIy OPHINJIOCH BBECTH ellle OfiHY CCTHY —
AHTHAMHATPOHRYIW. XapaKTepPHCTHKA TeTpona, Ha KOTOpoil mokasaH
Y4acTOK OTPHUATENBHOTO CONPOTHBJIEHHA, O0OYCNOBIEHHH RUHATPOH-
muM sdderToM, moKaszana ma puc. B-5. )

B ayueBHX TeTpopax HOTOK BICKTPOHOB HAUPABJARETCA TaKUM
o6pa3oM, uToGH ofecHeduTb HOTeHUMANBHHI MEUHUMYM MeHK[1y SKpaH-
Hoit CeTKOl m aHOgOM. JlydYeBkle TeTPOJH IINPOKO UPHMEHAKITCA B Ka-
gecTBE ycHauTeded cpepHeit ¥ Mazod momHocTH, TOK 3KpaHHOH ceTxm
B Ay4YeBHX TeTPOgax COCTABJARET JMNIb HEGOMBIIYIO 9acTh TOKA KaTona,
TAK KaX BUTKM CETOK pachoJoKeHH APYT OPOTHB APYra M HA 9KPaHHYIO
CeTHy momajaer HeaHAUHTeJbHOe KOAHYECTBO 3EKTPOHOB. IlocKonBKY
TOK ?KPAHHOH CeTKW He BEIMO/IIAET B JaMue HUKaxoil moje3Holi GyHK-
UA, ero CTPeMATCHA cielaTh KaK MOMKHO MeHbme.

MA|Ig
I . \ _
k } K1) o ————— e =0
I ;
\ i I —————— =18
{3 - 20 <Pe=2,5 BT
\ \vd —_———— 28
N =
A ] 10 ~
I \-,.___L‘Z ~ Upp =—28)
, | a ~(l‘\rt'i(-—c.z.,_ _2_'..'. Uz
0 Uz 0 700 200 300 B
B-5 B-6

Pre. B-5. XapaxTepucTuka Terpopa, Ha KOTopoll BHEH y9acTOK C OT-
PHIATENLHEIM CODPOTHBACHKEM, 0OYCNOBACHHKM BTOPAYHON 9MACCHeH.

Pnc. B-6. CeMmeilcTBO aHOAHEIX XapaKTePHCTAK LEHTOMIA.

Kpome npuMeneEMA B YCHAMTENAX MOIIHOCTH TeTPOAHW TaK:Ke
IHPOKO HCHOJB30BAJNCH B KAYECTBE MOCJICIOBATEILHOI'0 YOPARBJIAIIETO
aJleMeHTa B CTa0HMAHM3HDOBAHHHX INCTOYHNKAX NITaHAA.

HeHToaRl. AHTUIIHATPOHHAR CETKA CO3[aeT MUUMMYM NOTEHIIEAJA
MeKIy aHOIOM M 9KPAHHOHK ceTKoil, 9T0 H03BOJAAET NPeOTBPATATD BMHUC-
CWI0 ¢ aHOJA BTOPHYHHIX BHJIEKTPOHOB, KOTODHe MOTa# OH momagaTh
Ha SKpaHEY®W ceTky. Hak upasnao, Ha aHTHAMHATPORNOI CeTKe monuep-
SKHBaeTCA HOoTeHOHMaJ Karona, HO ero MOMKHO HCHOAB30BaTh H B Kaue-
cTBe BTOpOil ympasastomell ceTkil. B o0HuHHX meHTOAAX HAUpHAIKEHHE
orcegxn Uc, mo TpeTseii cetke pasHo —50 B, HO B cnemmantBEO cKOH-
CTPYMPOBAHHWX JaMOax OO0 MoKeT COCTABJATEL JIHIIL HECKONBKO
BOJBT.

M2 TAUOBHX amOJHHIX XapaKTePHCTHK HeHTofma (pmc. B-6) BmaHO,
9T0 OpH AaHORHHIX HanpaAemUAX Gonee 100 B Bce KpuBme OPOXOMAT
mapaienbHO OCH HaOpAKEHUA, YTO CBIjeTeNbcTBYyeT 0 60JBINOM BHY-
TpeRnEeM coupormBieHln jamuoe r (mopAgka 1 MOM). Takum ofpasom,
IpA HAOpAKeHWAX, DpeBRINAKIIAX HanpHKeRHe TOYKA H3NOMA, TOK
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aHoiAa MOYTH He BABWCHT OT AHOJHOro HAMpPSLKeHHA. DTo o0BAcHAeTCA
TeM, TTO HA AHONHMIE TOK OKA3EIBACT BANAHAE HALDSIKOANE, DIPANOKeR-
Hoe K SKPAHHOH ceTKe, KOTODOe CO3/iaeT ycKOpAomee sAeKTPHUYECKoe
noxe, Buaromapa naccHBHON ponm amO#A Ko3pPHOMEHT yCHaeHmA p
nenToAoB 06HUHO oueHb BenmK, Gonee 1000.

TIpu ManEX BaUpPAKEHRAX HA AHOJE BCe XapPAKTEDACTAKA CXOAATCH
Bmecte. Taxmsm o6pasoM, UPR [AHHOW JKHAM HATPYSKH MUHWMAJBLHOS
HampAKeHWe HA AHOJQE ABJA-
ercA  QurcnpoBamEniM. (B
TpHO#E 9TO He TaK.) Mumm-
ManbHOe aHonHOe HALpAKe- Usz
HAE mMeeT Ba)KHOE 3HAYEHIE
B HeJMHeWHHX cxemax. He-
0GXOAMO 3aMETHTDH, YTO HA-
npsKeHENe HA BTOPOH CeTke
Ucp tMeeT QUKCHPOBAHHYIO ,\/\,

Lo/

BeluynAy, a TOK Karoja
(Ia -+ Iy) QBKcHpoOBAH mpH
NaupA’KeHWA Ha  HepBOM
cetke Ucy = const.

MenTogs mHPOKO DNpH-
MEHANHCH B PE3OHAHCHEX
yCRIRTeNAX, TaK Kak OHU
AMe0T HeGoNbmY|0 eMKOCThb E
MEKAY aHOJKOM M CeTKOi H a
mosToMy o0ecmeumBamoT yc-

Puc. B-7. Ilpumerenme neATona pns
cTpoGapoBaHNA. CTpobmpywomuii cur-
HaJ TOJAeTCA HAa TPETHI0 CEeTKY.

roifgmeyo paboty OGes meii- .
Tpanusammn. BnarogapA Ma- 7 . o
Mot BXORHOR €eMKOCTH LE€HTO- C -

Al  LTO3BOJAIOT OONYIHTH

fonpmoe mpomapegedue xo- O
addnIHerTa yCHIAEHHA Ha I
moxocy OpONMyCKaHMA  Wo Ug, cK

CPABHEHHIO C TPHOJAME,
MenTo s LpEMEHANAHCH TaK- O
7Ke B HM3KOYACTOTHHIX yCH-
NUTeNAX HAUDAMKeHNWA, B Ko- PHc. B-8. Me:xaneKkTpogHue eMKocTn
TOpHIX MOMeT MCIONB30BATB-  TPHOJA.
cs Gonbnoe COUpPOTHBIEHHE
B AHOAHOI IleUH, YTO WO3BOJAET peann3oBaTh Gonbmol KoapPrmomeHT
yemneEnA jamns, IleATon m03BOJIAET WONYYATH O4eHb (oOJbIIoE yCH-
JeEme OpH MaJoOM HADDAMKeHMM Ha BTopoit cerxe. Ha pme. B-7 moxa-
3aHo, KaKuM o6pasoM NeHTO[ MOMKHO HCLOJNb3OBAThH nas cTpoGmpoBa-
nEg, eclu aHTUAMHATPOHHAAR CeTKAa ABJAETCA TaKKe ympasiAomei.
Bxomaas mpoBofEMocTh. Ha puc. B-8 nokasanm MexaneKTpogHke
eMKoCcTM Tpuopa. 3pech Cac ABIAACTCA E€MKOCTLIO MEKAY AauomoM W
ceTKoH, Ccy — MeMOY ceTKoil 1t KaTomoM U Cyx — Meny aHOOOM H
KaTofoM. BXopHas DpOBOJHMOCTH paBHA:

<l

S
Coe T Alty,
F
o

Yox =lIpx/Upx = (i1 -+ {2)/upx,

rpe ipx = upx (1 — A)sCac M iy = upgsCex.
CnemoBaTeabHO,

yex =5 [Cex+ (1 —4) Cacls (B-6)
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EclIE aHallH3 OTPaHAYCH CHHYCOMAAJILHHMH CATHANaMM, TO Hepe-
MOHHYI0 § MOKHo 3aMeHETH Ha jo. Torma,

Yax=J0 [Cex+ (1 —A) Cac). (B-7)

TaxmM ofpa3oM, BXofHas eMKocTh Boapactaer of Cck Mo Cox -+
4+ (1 — A)Cac, The BeauunHAa A OTPRUATENhHA H GoNlblle eqHHALH
Ha cpeflHMX dacToTaX. 3To yseawdeHMe dPQeKTHBHOTo 3HAYEHAA BXOM-
Hoil eMKocTH, 00yCiOBJeHHOE HAIRYHEM eMKOCTH MEXIY aHomoM H
ceTkoil, uapectro nox Haspannem dddekra Mmanepa [66]. [lar ymern-
meruA aroro addexra m Ou-
N1a BBEIeHA B DISKTPOHAYIO
JaMny JKpaHHaR ceTka,

JlonmonByTeabHEIE HADPA-
senna nmrammda. Hax wpa-
BUJIO, HA MNpPaKTHKE MONOJ-
HYTENbHEE IHTAION(He HAal-
PAendA MNOAYYAKlT 0T IOo-
NOKNTEeNbHOL IMHHEH aHOJ-
HOTO uCTOYHNKa., B Tpuo-
max AaA obecueuednA pabo-
yeil Touxn tpeGyercA mopa-
BATh HALpAKEHWe CMEIEeHNA
MEMKAY CeTKOH 1 KAaTomoM.
Jng uToi puen® mpEMeHAeTCA
fou R¥0 noflada CMEIMenHA Ha Karop,

/ KOTOpDaR MOJKeT OCYMIeCTB-
npt IATbCA OBYMA ClocoGaMA B
W;““’” 3aBUCHMOCTH OT TOTO, WMEET-
i CA I B YCHIUTEJC EMKOCT-
Uy Has CBA3bL WAHW 0H ABIAETCAH
yCHIUTEeNeM OOCTOAHHOIO TO-
Ka. DBxmiogerne peaucropa
Ry B uwenm xatoma (puc.
B-9), xpome momauyu Hamps-
KeHHA CMemeHuA, Oiarojaps orpuparenbEoll 0OpaTHO#d CBA3M 1O
TOoKy ofecmeumBaerT TaKe crafunfzanmuio pabodell TOUKH, KoTopas
MOKeT W3MeHATH CBoe HoJOMMEeHWe B Pe3yabTaTe CTAPEHHEA JIAMIN.

JnA HCKNOYEHWA OTPHUATeIbHOR oGparHOil CBA3WM Ha 4acrore
CcMrHaJa H, CJaefoBaTelbHO, YMEeHBMEHRA YCHJEHHA De3HCTOD Ry
MYHTHPYOTCA KOHJEHCATOPOM TaKo# eMKOCTH, 9To0H ero COIpPOTHBJe-
HHe Ha 4acroTe cnrTHama OO0 npeHefperEMo Mamo (cM. § 4-1).

B rex cimyuamx, xormga tpebyercA He QOHYCKAThb CHHYKEHHRA YCHJle-
HAfA Ha DOCTORHHOM TOKe, MOKHO UCHOJb30BaTh CXeMy Ha prc. B-9, 6.
OrpHyarenbHan ofpaTHaR CBA3b IpH 3ToM ochnabmaAercA BHGopoM
0YeHb MAJOro COmpoTHBAEHMA peaucropa Ry, a Heo0xoawmoe Hamps-
JKeHAO CMEIIEHAA ofeCHeINBAeTCA MOCTOAHHWM TOKOM, IDOTEKADUM
yepes pesucrop R. Tunosoe amavenmue Ip pasHo 1075, Torpa Ip =

= E,/(R+ Ry) ~ EyJR w Ry = Uy, + Ip) ~ Ugilp.
CaepmosatensHo,

Eg

Ru

i

Sl

Puc. B-9. Mogaya cmemnieHMA HA KaTof.

E
UR=_UCR=(13+IR)RK= (la’{‘R—_{f_ﬁvK) Ry

Ilogava MATaHKA Ha dKpaHHYK ceTKy. CymecrsyeT pgBa MeTOna
nogaYy NUTAHUA Ha SKPAHHYI CeTKY OT MCTOYHNMKA AHOJHOTO HAmpR-
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KeHBA: TOKOM H BalpfAKeHHeM, KaK HoKa3aHo Ha pmc. B-10, a4 m 6
COOTBOTCTBEHHO. '

HMumanue moxox. Ecnm Ha 9KPAHAYIO CETKY TPeOyeTcs HoNABATH
BanpsskeEre Ugy,, TO TOK B UEDH CeTKE oDpefeliAeTcA A3 XapaKTepH-
CTHK JaMOH BNR SKCOePHMoHTaAbHO. 3aTeM MOKHO BHYACAHTHL CONpO-
THBJleHUe De3NCTOPA B UEHH CeTKA: Ry = (Ez — Uce)/lcy. UTOOH
HCKMIOYATH CHUKOHHAO YCHIOHHAA, K 9KPAaHHOH CeTKe Heo§xogdMo NpH-
CoeUANTh DPa3BA3HBAaOMNE KoageHcATop Ces. HNA ycmaumremeir wo-
CTOSAHHOTO TOKAa TaKoi MOTON Mofaul HANPSKeHHA HAa BTOPYIO CETKY
He HONXONAT H3-3a OTPHLUATENBHOH 0GpaTHOH CBA3H,

Eq

Icz

I
|

(= o
a) 7)
Puc. B-10. Ilogaua muTagmA Ha 3KPAHBHYK CeTKY TOXOM (a¢) B Haupa-
KeHHOM ().

HMumanue nanpaxenuex, HanpAskeHHe Ha BTODOH CETKO B 2TOM
ciydae MOJflepHUBACTCA NPHGNAH3MTENbHO DOCTOAHHLIM, TaK KaK TOK
I eHbupaercs 3HAYATENbHO GOMBIIMM CeTOTHOTO TOKA, KaK JIPaBRIO,

Ig =101,,. Toraa
Bg=Ucz/1R o Bl=(Ea_U02)/(1R+Icz)-

HepocTaTKoM 2ToTo MeTofla ABIAETCA GoAbmON NOTped/iAeMHil TOK oT
HACTOTHMKA.

IIpocThlo PKBHBANEHTHLIO cXeMB. IIpm BxogHnx cmraanzax Mamol
aMIIATYAH HapaMeTPH JaMOH g, B B 7 MOKHO CYATaTh NOCTOAHHKIMM,
H OHH ollpegenAlTcA B paGoued Touxe, Ha puc. B-11 mokazamn zaBm-
CHMOCTH dTHX TIapaMeTPoB oT aHOZHOTO TOKA.

AHOIHHIE TOK 3aBMCHT OT HADPAKEHMsA HA CeTKe M HAlUpAKeHHA
Ba aHope:

6, (I
Ia—GUC AU, +6Ua AU,. (B-8)

Ecxm paa ygoGerBa HeGoabmme WaMeHeHHA aHofHoro Toka Alg
OKONO YCTaHOBEBUIErocA aHaueHUA Jg 0o003Hauurth depes ig, a AUy
TaKEM Ke o0pasoM ofo3BauHTh 4Yepe3 uy, TOrAa

ta =g1Uc +gsla. (B-9)
JTo oTHOmeHlle Mo;KHO HpeJCTaBuTH Tpadmieckn (puc, B-12).
383



Ecau BKAOYATEH PpeaHcTop HATPY3KA Ry B nenn avopa (prc. B-13, a),
w0 SKBHBaJeHTHAs cXeMa GyJer MMeTh BHJI, DOKasaEHNM Ha puc. B-13, 6.

xom|r 2 gmem | p
200 " _ ~2,0 {700
50~ g ~1,5 80
i A iy
ook d10 - ——0 -0
1 1 0 60 g% | %Y Sl | G2la
&
sof~ ~0,5 440 “a e
1 L Ia g J 20 0 o)
i 7 2 MA K

Puc. B-141. 3aBmrcAMocTH mapa-
MeTpoB g, p M r 0T AHOAHOTO
ToKa naa namnu Tuma ECC85.

Punc. B-12. Tpadngeckoe npepn-
crapnesne ypapHeHEs (B-9) ¢
HCTOJABZOBAEUWEM  IeHepaTopoB
TOKa.

AHopgHoe HampsKenue ug ABAAeTcA (VHKIped aHOANOTO ToKa,
T, ¢, uy = —igRy, mosToMy ypanHeHnue (B-J) Mo:Ho 3amicare B BHAe

T A s
e()ad]ial]
o+
o Frts
5)_J Ug=-1zRy

Puc. B-13. Tpurop ¢ Harpyakoit B me-
Oou aHoja (¢) m ero SKBUBAJEHTHAA
cxema (6),

ia = giu¢ — ipRy/r. Caepo-
BATeIBHO,

iar=guc.r—izRg
Ho
R=g1r (B'10)
Torga

ia==puc/(r + Ry).

Iocnennce BHlpaskeHHo
NMPHBOORT K ApPYIofl SKBHBA-
JEeHTHOH cXeMe, KOTopas R30-
Gpaskera Ha puc. B-14.

Koappunuear ycmmenus
cXeMH U0 HAaNPAH@HUI B

COOTBETCTBMH C NBYMA 9KBABaAeHTHHMHN CXeMaMH MOMKHO 3alHACaTh B

ABYX BapHaHTaXx:

ua/uc=—g1/(82+Gn) =— .11,
tne R = 1/(g; + Gu), B uafuc=— pRy/(r-}- Ru)

PaccMorpeRHO® BKANUYCHE® AaMI
KaTofloM.

(B-11a)
(B-116)

H HaghpaloT cXeMoil ¢ ofmum

CompormeiicnEe B nemm Karoma. Jinsa CXeMH Ha pmc. B-15 Moo

BADNCATH PABEHCTBA
Mleg

ia= m O Uep= qu—iaRR.
CnefoBarenbHo, "
HUpx PUgnx
1g= =4 B-12
R PR TR ) M A (B-42)

e ' == r 4 (un -+ 1)Rx.
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TaxuM ofpasoM, afPexTHBHO® 3HAYEHE® aHOAHOTO COMpPOTHBIE-
HEA Bospactaer Ha (p -- 1) Ry, a PKBHBANERTHYI0 CXeMy MoKH0 H300pa-
8HTH B Buje, MoKasaHHoM Ha puc. B-16.

Npamep. [{an aaMnu ¢ napamerpamn r = 10 kOM r p = 50 BuGe-
peM Ry = 1 kOm 2 Bg = 10 kOmM. Torma

'=r4(u-t-1) Ry=10-1024-51 - 103=61 xOmu.
Bea pesmrcropa B men®E KaTopa Koa$@EnmeHT ycHIeHRA MO HAMDAXKe-
BI1I0 paBeR: K, = —uR_/(r - R;) = —25, A npE HaimYBE Karol-
HOr0 peancTopa KodpPmmmeHT ycmiemmA meEbme: K = — R, /(r' -
+ Rp) = —1.

Prc. B-14, 3kBuBazenTHas cxe-
Ma, B KOTOpDOH NCHoab3yercs
TemepaTop BampsiteHHA.

Puc. B-15. Bamsame pesmcTopa B
menm KaTofa.

Ecnm pesHcTopH BRJIIOYGHH B B aHOfHoH, B KarogHo# memm, Torma
HAaIIpAJKeHAe Ha Kartoue Gymer paBHO:

phy

Uy = iaRR:l‘—l—R,,—l—(p,—l-i) . Upx (B-13)
na
— pRy/(u+1) __”"R
WETF R/ ()T Re u“_,-'ﬁ; Upxy (B-14)

rae ﬁ” = p/(p+ 1) 8" = (r+ Ra)/(n+1).

prMep. VcooabayA Te :Ke CaMble BeaYWHH, YTO B B IpEeABIYIIeM
npEMepe, MONYdUM: Iz” = 50/51 = 0,98, r" = 20-10%51 = 390 Om,
a ma pHpaskeEma (B-14) maxommm:

uy/upx = 0,98 - 103/(390 - 10%) =0,7.
B ocofom caydae, Korna Ry = 0, aamna pa6oTaer B KauecTBe
KaTogaOTo0 moBTopATeNA. Torpa
U™ upy  r/(p+1)+Rg
Hpa Ry > r/(n -+ 1) 1 p > 1 kosdpdunuent ycraenAs kaTogroro

WoBTOpUTENA CTPpeMATCA K efuEmne. IIpm p > 1 BHXopHOe compoTHB-
JeHKe KATOAHOIO MOBTOPHTENA CTPeMHTcA K Beamuume 1/g,

=0,81. (B-15)
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Karopsauii moBTOpATESs MOIKHO MCMOALBOBATE B KAYECTBe UPeolpa«
30BaTeNA COMPOTHBIEHHA, TAK KaK OH HMeeT Malloe BHXOAHOE COIPO-
THBJleHMe Npu GONLIIOM CONPOTHBJIEHHA HKCTOYHAKA CHTHAJA.

Hopaua careana ma Karon. Cxema, mokasaHmas Ha pmc. B-17,
gpeficTaBiAeT c00od YcHIHTenb ¢ ofmell MR 3a3eMeHHOR CeTKOH,
JsT TaKoro ycHIHTENRA MOMKHO 3aMACATDH: X

ia=(Mucr—Up)/(r+Ry) M Ucx=lpg,
CrnepnoBaresipHo,
ia=— (1) upe/(r + Ry) (B-16)
W = (n+1) upx Ry
2 r+R,

OTo BHpaKeBNe HoXoke Ha (opmyny (B-11), Ho BMecTo P 3pech
ImeercA el (U -+ 1). OcHOBHOe paaiRauHe MeKAy YCILIHTENSAMH € 00-
mMAM KaTonoM B o0meR CeTKol 3aK09aeTcA B CONPOTABACHAM, KOTOP0®

(B-17)

Puc. B-16. Ipyras dopma skemBa- Pmrc. B-17. Ycmawmrenp c sazem-
JMEHTHOH CXeMH KacKaja, MOKa3aH- JIeHHOH CeTKoOM.
HoTo Ha pHc. B-13.

nmpeficTaBAAeT KacKaj AAA HCTOYHMKA BXoaHoro cUrmama., B kacKage
¢ oOmMM KaTo/0M 3T0 COIPOTUBICHHE B HIEAJBHOM caydae GeCKoHewHO
6onbmoe,

B ycnautene ¢ 3a3eMieHHOI CeTKoH, TaK KaK aHOXHHA TOK mpo-
TeKaeT YePe3 BXONHYI0 Hemb, BXoQHOR COMPOTUBJIEHHe PABHO;

Uz __ r+Rq ="+Rn
ia C(R+Dusx  pFte

OOmyYHO BXOJHOE COUPOTHBIEHHe KacKafja ¢ 3a3eMieHHoil ceTKol
HMeeT MoPANOK HeCKONBKNX COTeH oM, MOdToMy CHTHAJX HAa TaKoH
YCHAMTENDb [OJNKeH NOJaBaThCA OT MCTOYHMKA C MAJILKIM BEXOIHHM
COMPOTHBJIeHAeM, HaNpUMep OT KaTOXHOTo MNOBTOPHTENs.

Pacwet ¢ moMompio xapaktepucrmk. Junui nazpysku. Jaa sa-
DlaHHoTO CONpOTHBIEHNA HArpy3KE HA AaHOQHHX XapaKTepucTHKax
MOKHO TPOBeCTM JMHHIO, NpeACTaBIAIOMYI0 CoGoH TreoMeTpHYeCKO8
MecTo TOYeK aHOQHOTO ToKa N HaNpAKeHHA IPH COOTBETCTBYIOMEM
HANDAYKEHNN MEXAY ceTKoil H KaroqoM. HaknoR stoil munuE paBeH
—1/Ry (puc. B-18). TpanHYHKMA TOYKaMI JUHMA HArPYSKH ABJAIOTCA
To9KAE A ® B. Horpa namma jaKpeiTa, aHopHHi TOR paBeH HymO, a Ha-
NMps)KeHWe Ha AHoNe DaBHO HANPMAKeHRAI0 NCTOYHAKA NHTaHUA, YTO
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Ryz=

(B-18)

A ia
Ry
LUk [ 1 ”’a,":
c <+ ] imkx
- U, '
2u5x T T1 o

cooTBeTrcTBYeT Touke A HA xapakrepacTEKax (Ug = E,, Iy = 0).
Touyka B HaxoQATCA MyTeM OMpejlelleHAA TOKa NPHE HaMNpA)KeHAH Ha

aaMme, paBEOM Wy, T.e. [, .. = E/R._.
TakuM ofpazoM, ypaBHeHHe JIMHAH HAarpyakB MoKHo 3anm@caTh
B BHfIE
Ig=—GU,+1, oy (B-19)

Ina ofecredenur paGoTH B IAHEHHOM pe)EMe pabouas TOuKa
BHOUpaeTcA TakuM o6pasoM, 9ToOH paBHHM OTKIOHeHWUAM HALDAKe-
HAA HA CeTKe COOTBETCTBOBAJA paBHEIE OTPe3KM Ha JMHHH HATDPY3KH,
KaK NMoKasaHo Ha puc. B-4. .

MA| I Eq
O p=2,58r J
Ry Ui=TaRy
204

10 Up

0 100 200 300 400 B

Puc. B-18. JluauAa HaIpyskHM Ha AaHONHHX XapaxTCpHcTHKaX (Ry =
= 15 kOm, E, = 300 B).

Bausnue pesucmopa é yenu kamoda. Ilpu maiIRuum pesHcTopa
B penu Karoga puc. B-18 umaMemmrcA. Ilpepnonoxkum, d9ro peamcTop
B ueNH KaTofa MCMOJB3YeTCA QAA NMOJYYeHHA HANDAYKEHHA CMOUIeAHA,
pasgoro 2 B. Torza ngm admomEOM TOKe NOKOR [, = 6 MA

Usx =Ucx +1Ry. (B-20)

NemonsayA 3T0 BHparkenme, MOMKHO coctaBHTb Tabn. B-1 ® coor-
BeTCTBERHO H3MeHMTH prc. B-18 TaK, kax mokasamo Ha pme. B-19.

TaGanua B-1

Ugpo B I, mA Uy=I,R, B Upx=Uox+ IR B
0 11,4 3,5 3,9
—2 6,4 2,0 0
—4 3,0 0,93 —31
—6 0,9 0,28 —517

QueBAAHO, 9TO NpPH 3TOM KOPPHOHMEHT YCHIeHHA yMeRBINAeTCH,
a JMana3zoH BXONHHX HanpaxeHuift Boazpacraer or 6 no 9 B. Temeps
OKa3HBAaeTCA BOBMOKHEIM PafoTaTh IPH NOA0KHUTENbHEX BXOTHHX Ha-
UpAKeHHAX Ge3 ceroyHoro ToKa. B ycmamrensx mepeMedsoro ToKa
PesHCTOp B uend KaTofa, KaK MpaBHiO, MIYATAPYeTCA KOHIEHCATOPOM
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Goapmoil eMKoCTH, D03ToMy HA paloueii 9acToTe BARAHHe Ry HO ydH-
THBAETCA.

MA|Ig
30 c.&
//,(‘5'\
20 AN
6“* /15“‘:0
0} G uB IS8
e
ok
0 700 200 300

Prc. B-19. BimsBre pesrcropa B LeNH KaToAa.

Bosbuwoe conpomusaenue 8 yenu xamoda., ECAR Pe3rcTop B menH
KaToma MMeer GOJBIMOe CONpPOTHBJIGHHe, TO, NIpeKAe 9eM PaccMATpH-

Prc. B-20. CamMMerprunnit ycm-
JAATONDb ¢ KATOMHOH CBA3BID K
6ro SKBHBaJleHTHAA CXeMa HA
opHoll Jamie,

BATh CXeMy KaK HMEIOMYK BXomHOe HANPMKEHA® Upy = Uck -+
- 1,Ry, BeoGXONAMO TOCTPORTH JHHHIO HATPY3KA AAA CONPOTHBIGHAA
Ry - Rg.

mMA|L, &) gs o
//*_ "‘;\' ! @
IRS/L 7/ @ &
&L e o
RIS G A
y
Prc. B-21, Jiuana aa- ——f =AY &5 ({ //'?‘
TPY3KH [ifl CONPOTHB- 1 } A
merma Ry = 2Rp. 1 D
1 £ » pr
{ 4+
| i ! 1
0 100 200 300 400 500
- -
Uk Ug=I, Ry Uy=Ig Ry

IIpemep. Ha puc. B-20 nokasama cxema CHMMETPHEYHOTO YCHABTEINS
¢ KATOANOMN CBA3LIO, AHONHEIS HAUPAXKEHOA MOKHO HAHTH, AHANHSHDYS
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ToAbKo opHy Jamiy. Tak KaK aHojHHe TOKH ofemx JaMD DPOTOKAOT
Yepes pesHcrop Ry, HanpssKeHHe HA KATOMe PaBHO:

Ug=2I3Ry = 1,2Ry,

T. 8. Oymer To sKe cAMoe, KaK 6CAB GH aHONHHHE ToOK OIHOH AaMOH Hpo-
TeKal 4epe3 PeaHCTOP comporEBieRHeM 2Ry. CaemoBareibHO, JNHHAI

Eg=t3008 MmA|Ig
30

R=10 kOm
Upe=1428
107
76
oS 50
Up,e CKR / 154
" [} _B
-’ U
0 00 200 Joo 400 B

Puc. B-22. KaTtomani# moBropuTons,

BATpyaKH HeoOXONHMO TNPOBOAMTH [AA COMPOTABAGHAA Ry -+ 2Ry,
KaK 1oKasaHo Ha puc. B-21. Ilpubamxenno pexxAM paboTH 1o MOCTO-
AHHOMY TOKY MO:KHO HAHTH ciaeqyiomum obpasom. Ilpm 3asemaesnHON
CeTKe HaNps:KeHHAe MeXAy OTPHOATeAbHOH MIMHOH NHTAHHA H COTKOE
paBaO Ugzy = 250 B, Ecam namma

a6oTaoT B JHHEIHOM peKAMe, To — = —
Eaneﬂue HANPMKOHAA H}:l pesncro- _B LU3MX Vex™0, Ry=10 kOM
pe Ry HONKHO AMmE HA HECKOJBKO 120
BOJBT OTMYATECA OT HAUPSMKEEHS 100
MeMAY OTPROATeNbHON MEHOR m
ceTKod, T.e. cocraBager 150 B. 8ot
TaxuM o6pasoM, KaTONHEME ToK OM-
penfensercsi COMpPOTHBACHAOM pPO3H- Vil/ of Uer=ll
CTOpa B mEME KaTOfA: B -

L= U/ Ry = 250/(400 - 10°) = o R=anom

=2,5 MA. 201 "
9ToT TOK MeNATCA MEMKTY NBY- L1 1 1o

MA AaMuaMB, T.6e. Iy = [, =
= 1,25 MA, npE yCAOBEHE CHMMeT-
prusoii cxeMH. Torpa Uy = Uyy=
=E,—I3Rs=250—1,25.103 X
X 50-103=187,5 B. Ha nuanm na-
rpyskr BaxogEM Ugx = —1,3 B.
Tako#t MeTOQ olpeneseHRAA PeKAME

—a?] 11
No 20 40 60 80 100 720 8
Vex=leo

Puc, B-23, 3aBucnmocTs Ugyx =
= { (Upx) KaTofHOI0 TMOBTOPH-
Tens,

0 NOCTOSSHHOMY TOKY MOMKHO HCIMOJIb30BATH B CXeMAX C KaTomgoil

CBA3HIO.

Kamodunii nosmopumessb. Ha puc. B-22 m3oGpaxiens NBHEA Ha-
rpyaka fas Rg — 10 kOM. B cxeme Ha 9ToM PHCYHKe BXOqHOe HAUpS-

Upp=Ucx+Ux=13Ry,

7KeHM® PaBHO:
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rie Uy ABnAercA BHXOAHHM manprxepmeM Upuy. Helonbaysa naguio
HATPy3KHM, MOMKHO TOCTPOHTH 3aBMCHMOCTL BHXONHOTO HANPIKOHAA
OT BXOJHOTO, KOTOpPaR IOKazaHa Ha pmc, B-23.

IIpu Upx = 0 BHXOAHOEe HalpA}KeHAWe PaBHO}

Uprx=— Uck=6,5 B,

YTO MOMKHO HANTA No JAMHAW HArpy3Km, IIpm yMeHbmeHRH COOpOTHBIE-
HAA Pe3UCTOPA B leMA KaTOJA HANpPAXKEHWEe, IPH KOTOPOM KaTORHHH
OOBTOPHTENb eme paboTaer B JMHeHHOM peykBMe, YMOObIIaeTCH, HO
MpHA 3TOM COOTHOIEHEE MeXX/y BXOJHEIM M BHXONHHM HAIpAKEHAAMHA
H3MeHAeTCA He3HAuHTeNbHO. DBHXO[HOe HanpAR:KeHHe HABJIAETCA JIH-
Helinoft ¢yHK1Ael BXONHOIO HaNpAMeHNA H NpaKTHYeCKH OouyeHb clabo
3aBHCHT OT BHIXOJHOTO TOKa,

CITHCOR JINTEPATVYPHL

1. Shockley W., Bell Syst. Tech. J. 28, July, 1949.

2. The Hot Carrier Diode, Hewlett Packard Application Nole 907.

3. Mazda F. F. The Components of Computers — Optical Devices,
Elect. Components, London, Feb., 1973.

4. Gooch C. H. Electroluminescent Diode Displays, Elect. Com-
ponents, London, June 1972,

5. Microwave Applications of Semiconductors, Proc. Joint
I.E.R. E.—I. E. E. Symp. London, July, 1965,

6. Applications of PIN Diodes, Hewlett Packard Application
Note 922.

6 7. Day D. B. J. Brit. Inst. Radio Engrs, 21, 3, London, March,

1964,

8. Penfiold P. and Rafuse R. P. Varactor Diode: Varactor Appli-
cations, M, I. T. Press, Cambridge, Mass,, 1962,

9. Harmonic Generation Using Step Recovery Diodes, Hewlett
Packard Application Note 920,

10. Hosking M. W. The Realm of Microwaves, Wireless World,
London, Feb., 1973.

11. Caroll J. F. Impatt, Trapatt, Gunn and I.s. a. Devices,
Arnold, London, 1970.

12. Thempson P. H. and Bateson J. J. Brit. Inst. Radio Engrs,
22, 1, London, July, 1961.

13. Shockley W. Holes and Electrons in Semiconductors, Van
Nostrand, New York, 1950.
196114' James J. R. and Bradley D. J. Electron. Technol., 38, March,

15. Ebers J. J. and Moll J. L. Proc. Inst. Radio Engrs, 42, New
York, Dec., 1954.

16. Ryder-Smith S. C. Electron. Technol, 38, Oct., 1961.

17. Chandi S. K. Trans. Inst. Radio Engrs, C. T. 4, New York,
Sept., 1957.

18. Shea R. F. Transistor GCircuit Engineering, Wiley, New
York, 1958.

19. Silicon Controlled Rectifiers, A. E. I, Application Report
4450—205.

20. Thyristors and Rectlifiers, R. C. A. Data Book SSD—206.

21. Mazda F. F. Controlled Rectification Elect. Components,
London, Jan., 1971,

22. Heatsinks for Semiconductor Rectifiers and Thyristors,
S. T. C. Publication MF/187 X.

23. Bisson D. K. and Dyer R. F. Trans. A. I. E. E, Comm. and
Elect., May, 1959.

24. Tramsistor Manual. General Electric Inc., 1964.

39



25, Crawford R. H. and Dean R. T. The How and Why of Unijunc-
tion Transistors, Texas Inst. Publication. i

26. Watson J. An Introduction to Field Effect Transistors,
Siliconix Publication. )

27. Sevin L. J. Field Effect Transistors, Texas Inst. Publication,
April, 1963.
. 7328. Sparkes J. J. The Radio and Elect. Engr. 43, London, Jan.;
973.

197 29. Brothers J. S. The Radio and Elect. Engr. 43, London, Jan.;
3.
. 7330. Dean K. J. The Radio and Elect, Engr. 43, London, Jan.,
973.

] 31. Gosling W. The Radio and Elect, Engr. 43, London, Jan.,
1973.

32. Boyle W. S. and Smith G. E. Bell Syst. Tech. J. 49, 1970.

33. Beynon J. D. Electronics and Power, I. E. E., London,
May, 1973.

34, Amelio G. F. The Impact of Large C. C. D. Arrays, Elect.
Components, London, Feb., 1975.

35. International Conference on the Technology and Applications
of Charge-coupled Devices, I. E. E., R, R. E., Edinburgh University,
Sept., 1974, .

36. Valley G. E. and Wallman H. Vacuum Tube Amplifiers,
McGraw-Hill, New York, 1948,

37. Sturley K. R. Radio Receiver Design, Chapman and Hall,
London, 1947.

195 38. Langford-Smith F. Radio Designers Handbook, Iliffe, London,
3.

39. Joyce M. V. and Clarke K. K. Transistor Circuit Analysis,
Addison-Wesley, New York, 1961.

40, Korne G. A. and Korne T. M. Electronic Analog Computers,
McGraw-Hill, New York, 1952,

41. Paul R: J. Fundamental Analogue Techniques, Blackie,
London, 1964,

42, Hyndman D. E. Analog and Hybrid Computing, Pergamon,
Oxford, 1970,

195 43, Lynch W. A, Proc. Inst, Radio Engrs, 39, New York, Sept.,
951.

44. Benson F. A. Electron. Engng, 24, Sept., 1952,

45. Walker D. E. Electron. Engng, 34, June, 1962,

46. Brunetti C. Proc. Inst, Radio Engrs, 27, New York, 1929,

47. Sommers H. S. Proc. Inst. Radio Engrs, 47, New York, 1959.

48, Van der Pol B. Phil. Mag., 2, 1926.

49, Abraham H. and Bloch E. Ann. der Physik, 12, 1919,

50. Millman J. and Taub H. Pulse and Digital Circuits. McGraw-
Hill, New York, 1956.

51. Eccles W. H. and Jordan F. W. Radio Rev., I, London, 1919.

52, Chanee B. Waveforms, McGraw-Hill, New York, 1948.

53. Neeteson P. A. Junction Transistors in Pulse Circuits, Phi-
lips Tech, Lib., Eindhoven, 1959.

54, Beuaufoy R. J. Inst. Elect. Engrs, May, 1959.

55. Dummer G. W. Fixed Resistors, Pitman, London, 1956.

56. Bardsley M. and Dyson A. F. The Radio and Elect. Engr.,
44, 4, London, April, 1974,

57. Dummer G. W. Fixed Capacitors, Pitman, London, 1956,

392

58, Electron. Prod. Mag.; U. T. P.; New York, Dec., 1968.

59. Peariston C. B. Trans. Inst. Radio Engrs, R. F, 14, New
York, Oct., 1962,

60, Jaeger J. C. An Introduction to the Laplace Transformation
with Engineering Applications, Methuen, London, 1949.

61. Van Valkenburg M. E. Introduction to Modern Network
Synthesis, Willey, New York, 1959. :

62. Weinburg I. Network Analysis and Synthesis, McGraw-Hill,
New York, 1962,

63. Zimmerman H. J. end Mason S. J. Electronic Circuitry
Theory, Wiley, New York, 1959.

64, Langmuir I. Phys, Rev., 2, 1913. .

65. Valley G. E. and Wellman H. Vacuum Tube Amplifiers,
McGraw-Hill, New York, 1948.

66. Miller J. M. Sci. Pap. U. S. Bur, Stand., N 351, 1919,



OTJABJEHMUE

IlpeancnoBne K pyccKoMy H3JaHEI .

€ 5 e o e % s o s 4 e 4 s e

TIpemMCIOBHE + v v v v v v v v v e e e e e e e e
I’'maBa mepBasa [lonymporogumRM . . . . ... ..., ..
1-1. TNonynpoBogHMKOBHE ARofg Ha p-n mepexone

® o o @
1-2. TOK YTEUKE . v v v v ¢ v ¢ e s o s o o v o v s s s s s
1-3. IlepexOMHHIA NPOUECC B JHOMAX « o« = « « o o ¢ o o »
1-4., JIuORBEIO NOTHYECKUE YCTPOHCTBA . « » v o 4 o o o
1-5. 0630p THHOB MOAYNPOBOAHMKOBEIX JHOXOB . . « . .
1-6. BHCOKOJACTOTHEIE AMOMEL . + v « v « ¢ 4 o o o o ¢ o s
{-7. DBunoaApHHe TPaH3UCTOPH . . . . e e e
1-8. OcHoBHHE COOTHOMEHUA MEKIY ToKaME B TpaHBKCTOpe
1-9. JxaemeHTapHBIE 9acTOTHHle XAPAKTePHCTHKHE . . . . .
1-10. TpoGuBHOE HANMPAMEHHE . . + o o o o o o o o o « s »
1-11. PaccedBaeMaA MOIIHOCTD « « o « o o o ¢ » o o o s & o
1-12. TUDB TPAHBHCTOPOB . o & v v v v s v s v 0 0 v o v s
1-13. CrarugecKme xapamepncmxn 6MInoaApHHX Tpap3uc-
TOPOB . . . .. .. .
1-14. MaxoCRrEANBHEE napane'rpu e e it i e e
1-15. Buifop pabouyell TOYKH TPAHZACTOPA + + « « 4 o o o o
1-16. XapaKTepHACTHAKE TpaH3HCTOPHEX yCHJHBTeJeH . . . .
1-17. IlpuMepE NMPOEKTHPOBAHMA . o « 4 4 = o + « &« + s o »
1-18. CBoaka xapaxXTepUCTHK TPAaH3UCTOPHHX ycnnmenen
BRIDMKEHHEIX 4Yepe3 A-mapaMeTPH . . . . « + . 4 « »
IFnaBa BToOpana. Tapaerop, onaonepexoiubie N NojkeBbIE
TPAHBACTOPBL . & « o « o v + o o o s o s o o o o e s v s oo
21, TmpmeTopH .. ... ... t s s e e e e e e e e s e
2-2. BHEKMw0ueHIle THPHCTOPA e e e e e e e e
2-3. XapaKrtepHCTHKU nepequeﬂun e e e e e e e e
2-4. TIpuMeHEHHE THPHCTOPOB .+ « « + o o « ¢ s = + + o + &
2-5. BuumaEume HATPYSKHE . . v o o v o o s ¢ o o o s o s o s
2-6. HoMuBmalZbHHE MapaMeTpH THPHCTOPOB . . . . . . , .
2-7. XapaKTepHCTHKHE YNPABJEHHA . . . + « o » ...
2-8. QnHONSPEXORHHIX TPAHIUCTOP. « 4 o o + + - & -« ...
2-9. IlpmmeEenue ogEOLEpEXOQHOTO TPAH3ACTOPA AR BRITIO-
GeHHMA THPHCTOPA + . . v & vt v v v o v o o s o o oo
2-10. Amanorua ¢ GMNOJAPHEIME TPAaH3UCTOPAMH . . . . .
2-11. TloneBble TPAHBMCTOPH . « o o « « o « o o o o o o o =
2-12. XapaKTepuUCTHKHA yCHIMTONA C MOJEBLIM TPAH3UCTOPOM
TnaBa Tpetrhbn MaTerpalbHble CXEMBI . + 5 o o o o o »

3-1. TexmonormgecK®e OpPOUECCH . . . .
3-2.

BrnonsApHHe HHTETPANBHEE CXOMH . + o « + o »

3-3. IlappoBre NOTUYECKAE YCTPOHCTBA 4+ « o o o o &

3-4.
3-5.
3-6. JIgneiiAne HETerpajibHHNE CXEMH

TloMexoyCcTOH4YABOCTE . . . .+ . .

XapakrepucTEKE Hu{pPoBHX 6mlo:mpﬂux cxeM

3-7. Unrerpansaee cxemul MOU-tuma ., ., ., . . . .
3-8. Cxemu ¢ pononasromumMz MOII-rpamsucropamu.

3-9. YerpolicTBa ¢ 33PAA0BOL CBA3BIO , . . . .

Tnapa geTBepTa#f., YCHIATeIH

4-1. YCHUNRTENE MOIHOCTE ¢« o « o o o o o ¢ + «
4-2, 3BYKOBOH ycHIMTeJb MONHOCTH Kiacca A
4-3.

3%

JByXTaKTHH# ycmIHTeNh Kaacca B ., . ...

5—9

TTarapa ImecTad,

, TunW ¥ MpEMeHeHUe ONEDAMUOHHEIX yCHAATEIeil

2. Onnoxomypﬂmu yCHUNATEAb . . .
. PesomancEHI nepecTpamBaeMHl YCHARTEND C TOCTORH-

VYeunntelrs ¢ eMKOCTHON CBA3EBIO , . .
JlelicTBEe TPAH3HCTOPA HA BHICOKEX 4YaCTOTaX . . .
BHICOKOYACTOTHEIE XAPAKTePHCTHRE . . . . . « . .+ .
ACUMUTOTAYECKAaA ANMPOKCAMALHUA XapaKTepBCTHK. .
XapaKTeDHECTHKA KAaCKajoB ¢ eMKOCTHoOH CBAab Ha
HH3KAX 4acToTax
CoemHeHERe KAacKajoB

. Tepexomane XapaKTOpHCTHKE YCHNATENA « o o o o »

. Ycuautenb mocTroAHHOro TOKA . . . .
. Ycunnrenb ¢ HeMocPeOCTBeHHON CBA3BIO . . . . . . .
. Opeird B Tpaﬂancmpﬂux YCHINTENAX nomommoro
TOKA + « v v 4+ o
. Ycunrrend B KETeI‘paJlBHOM HCTIONHEHIT e
. XapaKTepUCTHKH OIEpPalEOHHOLO YCHAHTEIA . . .,

nATaA PesomamcHble ycuaATeNH . , .
CxeMa € HapajeJbHEIM pe3oHAHCOM . , .

« s e o o 0

Hoii R3GHpaTenbHOCTEO . . .
Kackagmoe coemguBEeERe OQHOKOBTYDHHX ycmm're.uen
VYeunurenn ¢ pacCTpOeHHHIMA KOHTYDaMH , . . . . . -
JIByXKOHTYpHHE CXeMH . .
PesomaECHHE YCHIHTENH HA 6HHOJIHpHHx TPAH3UCTO-
pax .
. Heiirpanazaumsa
NBeTerpanbHEle CXeMH

N
® 4 8 + e 0 4 o & 8 s o s s s s s s 6 s s 4 s a2 s e
D R S S I I T

YennnTemn ¢ OTpHIATenbmod oGparHOif

CBABDBIO . o o o o o o ¢ 6 0 6 6 06 6 6 ¢ 0 6 0 s 06 ¢ 06 08 8 8 4 o

6-1. BBEEHHE . . . . . o i v v vt vt st v e o e a

6-2. CnocolH MOAXMYEHMA uen# ofpaTHOH CBA3K . , , .

6-3. H HMepH CHCTeM ¢ mMoCTefoBaTelbHO-MApaNNeNnbHON

obparHO#t CBABBIOD . . . . . . . . e e e

6-3-1. IlpumereHue dMuTTepAOTO non'ropme.uﬂ B Ka-

dectBe OYPepHOro YCHAMTENA . . . o o v o & »

6-3-2, IlpuMeneAne SMUTTEPHOLO WOBTOPHUTENA B Ka-

9ecTBe BEIXONHOTO KacKafla B yCHIHTele ¢ Heflo-
CPCACTBEHHOM CBABBIO . & o o o 4 « « o + -

. 6-3-3, IMETTepHHI MOBTOpUTENb C yJIylll[IeHHLI\dll

XAPAKTEPUCTHHKAME o o o o o o o o o o o o s o »

6-3-4. CTOKOBHI! MOBTOPHTEND « 4 o o « s s o o o o

6-3-5. HcnonrsoBaEEe oNepanMoOHHOTO YCHJHATeNA B

KagecTBe TMOBTOPHTENA HANMpAMEHWA . , . . .

6-3-6. IIpaMeHeHMe MOBTODUTENA HAMpfKeHHA . . .

6-3-7. YcunuTenb HaNpAKeHAA HA 0ase onepayUoH-

HOTO YCHIMTENA . . « . « . « . . . . . .

6-3-8. Ycunurellb HaNpAKeHBNA € eMKoCTHOI CBA3BIO

~6-3-9. CeNeKTUBHHH yCHJIHTEIb C IOCIEAOBATEJ]HHO-

napannenbnon OGpaTHOH CBA3BIO . . .
6-4. lemeﬂelme nmapajjensao- HOCJIBLLOBaTeJILHOK o6paT-

HOH CBA3M . . . . . . v v e v s o o
6-4-1. Ycunutear ¢ obmeit 6azoit
6-4-2. TpamaucropHHil ycmiaureabp Toxa . .

119
120
124
125

126
129
134
136
138

142
147
147
131
153

154
155

159
162
163
165

171

173
181

182

182
184

189
189

194

200
200

203
206

211
214

216

217
217
218

395



'n

Tna

I'nmaBa geBaATAaARA,

396

6-5.

6-7.

6-8.
6-9.

6-10.
6-11.

o
-]
o

-~
Mo

i I I e B e s R s e e e s
- BN
o &

hdofom

1
-~ > L
« ..

ooooooqo 0o 00 00 0o

&

8-9.
8-10.
8-11.

. Cra6unmsarops B HETerpanbHO# dopme .

6-4-3. Ycunurenp Toka Ha Gaze oUepanEOEHOTO YCH-

TATEHA . o v o v v o o s v e v e e e e e
[Ipsueps cxem ¢ napalienbHo-IapananeasHoRt obpar-
HOH CBA3BIO
ITpuMep cxeMH ¢ mocjefOBaTENLHO-IOCAE0BATEN BHOR
obpaTHOH CBA3BIO
[IpuGops, B KOTOPHX HCHOAL3YITCA YCHINTEIN €
O0PATHOM CBAZBIO . 4 v v v v v v v v o v v v s v e e
Yemrautenp ¢ MajdkM BXONHBEIM COUPOTHBIGHHEM . , .
ApToMaTHYECKAA YCTAHOBKA HYMA . . v o o v o o o »
[IpegynpeskaeEne caMOBO3OYHNEHHA . . . o o o « o &
AXTHBHRIC PE3HCTODHO-eMKOCTHHE JMABLTPH . . . . .

cenbMas, VCTOYHHKHE ODHTAHAR . « « « o « + o &

OgHONONYHEePHORHHE BHIOPAMUTEIbL o o o o » o & &+ &
JByxmoaynepnogHHIE BHODAMOTCAL
BarAEMe eMKOCTHOR HATPY3KD . « . . . o « . & » .
LC craaxusaromuit $uastp . . .
OurabTp ¢ ApocceieM HA BXoge . . .
YMHOKUTENN HaOPAXKEHNA ,
Cra6unMzanyA HADPAKEHUA
[NonynpoBogHEUKOBEE CTAOHAMBATOPBI . . . .

OMATTepHHA LOBTOPHTENb KaK cTabuanzaTop Haan-

MEEHA . . . . e e s oa .. e e, e e
. CHcreMBl ¢ O6GPATHOR CBABBIO . . v v o 4 v ¢ s o » « &
OTPaHHYEHNE TOKA .+ « + « 4 « v o o o o s o s o o s .
IIpuMeHeERe ONEPAlMOHHHX YCHJAHTeJed B KadgectBe
CTaGRANIATOPOB HANPAMEHHUA . . . o < v o o o o o &

BocbhbMasn., TedepaTtopbl . . ¢ v o v v v v o v o

O6mmit aEaNN3 CHHycOMAaJbHEX TeHePaTopOB .
OTpunarelbHEOe COOPOTHBACHIE . . . . . . . e
ITpouecc ycraHOBIGHMA AMIVINTYRE xoneﬁamm .

O6uyre cBegeEMA 06 LC-reHepaTopax ¢ o6GpartHOM
CBABBIO . . 4w = o s s c o o s o s o s o s
Temeparop ¢ KOHTYPOM B LCUH CTOKA . . . . + . .

Temeparop KoamnTua Ba 6HmoNApHOM TpanancTope
Pe3UCTEBHO-eMKOCTHE® TEHEPATOPRl 4 o o o o o o o o
TeHEpPATOP MOCTHKOBOTO THIA 4 o « o o o s o « » o »
ABrOMaTHYECKaA POryI#pOBKA aMIIATYAH KodeGaHAR
CTa0RabHOCTh FACTOTH e v e e e e,
T'eHepaTOp ¢ MOCHE0BATONbHHM peaoaancmm HoB-
TypOM

I'eBepaTopbl HeCHHYCOHRAALHLIX KOJe-

2. 1
9-1. 0OG630p MYABTHEBHGDPATOPOB . &« ¢ v ¢ « « o ¢ o o o o o
9-2. PaoTe TPAaH3HCTOPOB B pe:KEMe MEPEKIOUOHHA . .
9-3. CKODPOCTH IOPEKIOYCHHA TPAHBHCTOPOB . & « « « o &
9-4. BrcTraGEABHEE MyJBTUBRODaTOD . e e e e
9-5. 3amyck GucTaGHIBHBIX MleB'rKBHGpaTopOB e e e
9-6. Jlpyr#e cmocofH zamycka . . . . e e e
9.7, Bucra6unbEE MyasTEBRGpATOP C amm-repﬂon CBABBIO
9-8, HcoonrzoBamme cAMMeTPHYHOrO GHCTA6MIBHEOTO MYIb-

ruBu6paTopa B KagecTBE TPHTTEPA . . « o 4 o o « .« o

219
220
234

235
239
243
248
249

258
258
259
260
262
262
264
266
267

269
270
274
275
27
276
276

296

297
299
301
302

307
309

9-9,

9-10.
9-11.
9-12.

9-13.
9-14.
9-15.
9-16.
9-17.

9-18.
9-19.

9-20.
9-21.
9-22.

9-23.

9-24.
9-25.
9-26.

F'naBa

10-1.
10-2.
10-3.

10-4.
10-5.
10-6.
10-7.
10-8.
10-9.

10-10.
10-11,
10-12.
10-13.
10-14.

Tnasa

BaHHA

11-1.
11-2,
11-3.
11-4,
11-5.

11-6.

BrcrabunbEBe ycTpoHCcTBA C MOLONEAKQIIMMA TpaH-
SECTOPAMEA . . « 4 o . « & « & - . .
Brcra6UibBEEE yCTPOIiCTBA B HHTGI‘paJlBHOE d)opme
MorocraGanbuaHe uynmunn?ampm e e .
MoHOcTa6RABEHE MYNbTRBEOPaTOp € nenocpencmen—
HOM CBABBID . o s ¢ ¢« v ¢ v o « o &
AcEMMmeTpruEHE MoHoCcTa6RIBHHK Mynb'rmmGpa'rop
WrTerpanbenlii MoROCcTaGANbENE MyabTEBEGpATOD .
Acra6uabEEE MyJABTHBAGPATOPH . . . . , . .
Acra6unbEHi MyNbTEBHGpaTOp C aMATTEPHOR CRA3DIO
AcralunbeHit MynbTuBEGpPAaTOp Ha nouonﬂmonmx
TPAH3ACTOPAX « + o o o o o o &
VnTterpanburit acrabunbEHIH uynb'mnmpa'rop .o
Acta6mnbEHi MyNbTRBHGPaTOD, YIPABIACMEE HaIPA-~
JHeHWeM . . . . , .
TerepaTophl KMIIleBCOB cr b e e e b e “ e
TemepaTops JNMHEHHO M3MeRAUIETOCH ﬂanpamemm
[IpEMeReRHe remepaTopa TOKA [AJA 3apAja KOHAEHCA-
TOPA . v v v hh e e et e
Tereparop rmnoo6paanoro nanpnmemm ¢ KCIOJAB30-
BaHHEM JIABUHHOTO UePeKJueHMA TPAaH3HCTOPA . . ,
TeHEPATOP PABBEPTEE . « ¢ v v s o 4 o o o o » o o o s
CHmteHEEe BPEMeHY BOCCTAHOBHOHEA , . o« o o « o 0 .
VHTerpanpaHil remeparop koneGaHEH chDem@anbHOMK
dopMH . C e e e e e
necATad. IlEdpoBrie yeTpolcTBa . o ¢« « 4 o 4 s
Tlepexogane ycrpoiicrBa C i e e e e e e
OCHOBHHC JIOTBYECKEE 2JIBMEATH . . . o o o 4 « .« o
OcHOBHHE TOMeCTBA, CBASHBAKIHEE JOTUYECKU®
HOepeMeHHHE . . . . . . . . e e
IIpumep o6paboTkat maRHHX ., . , ., . .
Cxema «uckawoumtensmo UJIM» ., . .
Buc'ra6u.nbnaﬂ cxeMa

[Tpume . .. “ e e .
Bncra IJIbHaH cxewa c BHeuIHHM aauyckon .
JeabTa-MOAYIATOD « .+ & v v v v v o v s o e e e
.
.
.

bHcraduabHas cxema tina J-K

JIBOMYHEO CYeTYAKH HA TpHITOpax .

Hekonupopanue
eKANHLIH CIETIMK .+ o o « o o » o »
PUMCHEHHE CUETIAKOB . . « . » o

ogmBEHaAfUATaHA, OfmmEe Bompocs MpPOEETHEpO-

Pe3HCTOPE & v ¢ o ¢ s o 0 s v 0o 0 e oo n oo
THOB PE3TCTOPOB + ¢ v ¢ o o o o o v o o s 0 s o s
JUOHIEHCATOPEL & v 4 v ¢ o o s s o o o o 0 s s s
THOH KOBIEHCATOPOB . . . . . e e e e .
Hpumerenue TpaH:}liCTOpHO-TpaHBHCTOpHHX Norigec-
KHX YCTPOHCIB . .. ..
JKXpaHupOBaHIe ,

.« s & o *

Hpuaosxmenmune A, IIpocTee 3agaun mo pacuety ueneir . .
Hpunoxenne B. Ipnverenne npeo6pasoBanns Jlammaca

IIpuanomenmue B, AnexrpoAane maMnon
CHICOK NATEPATYPH &« o o ¢ o o « s s o o o o

e e 6 s 0 0 ¢ 400

Oznhaeénenue

309
31
315

318
319
320
322
324

325
326

327

366

368
369

372
374
376
391

397



