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1 3JIEMEHTBI 3JIEKTPOHHBIX YCTPOHCTB

1.1 Pe3ucropsl

Pe3nucTopbl OTHOCATCA K ITACCUBHBIM JJIEKTPOHHBIM JJIEMEHTaM, OCHOBHBIMU
(YHKUIUSAMH KOTOPBIX SBJISIOTCS MEPEPACTIPEEICHUE U PEryJIMPOBAHUE IIEKTpUYE-
CKOM DHEPruu MEXAY JEMEHTaMU PaguodJIeKTPOHHBIX ycTpoiicTB (POY). YenoBHbie
rpaduyeckre 0003HAYEHUSI PE3UCTOPOB HA MPUHUMUIHUAIBHBIX AJNEKTPUUYECKUX CXe-
Max mnpuBesieHsl Ha puc. 1.1 [29].

— O
a o 8 2
Puc. 1.1. YcnoBubie rpadudeckue 0003HAYSHUS PE3UCTOPOB:

a— HOCTOHHHBIﬁ; 0 — HepeMeHHBIﬁ B pCOCTATHOM BKIIFOYCHUH,; 6 — HepeMeHHBIfI C

IMOABUXHBIM KOHTAKTOM, & — HCpGMGHHBIﬁ HOJICTpOC‘IHBIfI

1.1.1 s1eKTpHUYeCKHUe MapaMeTpPhl pe3UCTOPOB

OCHOBHBIMU QJICKTPUYCCKUMH ITapaMCTpPpaMH PC3UCTOPOB, MOMJICIKAIIUX KOH-
TPOJIIO B TEXHHUYECKOM JAUAardHOCTHUKC, SABJISIOTCA:

1) nomunanvnoe conpomuenenue (HomuHan) — Ry, Owm;

2) donycmumoe OMKIOHEHUE GEIUYUHbL CONPOMUBLIECHUS OM HOMUHATILHOZO
snauenusn (momyck), kotopoe cormacHo 'OCT 9664-74 [38] mMoxkeT H3MEHSTHCS OT
+0,001 % mo £30 %;

3) nHomunanvras mowHocms — Py, BT;

4) memnepamypnuiii ko3ppuyuenm conpomusienus (TKC nmm TKR — mexmy-
HapoJHOE O0O3HAUCHHE), OINpEACNsAEeMbIi KaK OTHOCHUTENbHOE mpupamicane (AR)
ydacTKa IeTH, KOTOPOe MPOUCXOAUT MPU HarpeBaHuu npoBoanuka Ha 1 °C

AR 1
o=—=|—
Ro-AT [°C

VY nepeMeHHBIX Pe3UCTOPOB AOTOTHUTEIIEHO KOHTPOIUPYIOTCS:

1) dbynkimonanpHas xapakrepuctuka R = F(X), riae x — TuHEHOEe WK yTI0BOE
MepeMeNIeHNE TTOIBIKHOW CHCTEMBI IEPEMEHHOTO PEe3UCTOPA;

2) pa3peniaroinas CrocoOHOCTh, ONMPECIISIIOIIAsICS KaK HaMMEHBIIEE YIIIOBOE
WM JUHEHHOE TepeMENICHUe IOABMKHON YacTH TMOTEHIIMOMETPA, MPH KOTOPOM
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MOXHO Pa3TUYUTh U3BMEHEHUE €T0 BBIXOITHOT'O COMIPOTUBIICHUS,

3) IyMBI CKOJIBXKCHHSI — HAIPsDKCHUE, BO3HHMKAIOIIEE MPU TMEPEMEIICHUN T10-
JBU>KHOTO KOHTAKTa MO PE3UCTUBHOMY BJIEMEHTY.

DNEeKTpUUECKUEe MapaMeTpbl Pe3UCTOPOB BO MHOTOM OIPEIESIOTCS MaTepua-
JIOM PE3UCTUBHOTO AJIEMEHTA:

- IPOBOJIOYHBIE (BHICOKOOMHAsI MMPOBOJIOKA) OTIUYAIOTCS BBICOKOUM CTaOMIIbHO-
CThIO, MAJIBIM YPOBHEM COOCTBEHHBIX IIYMOB, OOJIBILION pacceuBaeMON MOLIHOCTHIO,
BBICOKOW TOYHOCTHIO COMPOTUBJICHUS, OOJBIIMMU 3HAYCHUSMH IMapa3UTHBIX peak-
TUBHBIX TTAPAMETPOB;

- HETPOBOJIOYHBIC (UICHKU WU 00bEMHBIE KOMIO3UIIUK C BEICOKUM YJI€TbHBIM
COTPOTHBJIICHUEM) XapaKTEPU3YIOTCS CHIIBHOM 3aBUCHMOCTBIO AJIEKTPUUECKUX Tapa-
METPOB OT MaTepHaia pe3UCTUBHOTO JIEMEHTA.

[Ipu paccmoTpenuun cxem OyaeM CUUTaTh, YTO PE3UCTOPHI YACTOTHO HE3aBU-
CUMBIE 3JIEMEHTHI (MX CONPOTHUBJICHUE HE 3aBUCUT OT YacTOThI). EnuHMIa n3MepeHus
conpoTuBiieHUs: — OM.

Homunansnsie conpomuenenus 0Te4eCTBEHHBIX PE3UCTOPOB COCTABISIOT OT
10" 10 10" Om. B cBszu ¢ ITUPOKUM JTHANIa30HOM HOMHUHAJIBHBIX CONMPOTHBIICHUN
PE3UCTOPOB CYIIECTBYIOT MPOU3BOIHbIE OT OM €IMHHULIBI U3MEPEHUSL:

1 kOm = 10°0Om; 1 Mom = 10°0m; 1 TOM =10°Om; 1TOM = 10 °Om.

B Poccun HOMHMHaNBI ~ CONMPOTHUBIEHUNA  CTAHIAPTHU30BaHbI  COTJIACHO
I'OCT 28884-90 [31], a momycTuMble OTKIIOHEHHS — B cooTBeTcTBHM ¢ ['OCT 9664-
74 [38]. dnst moctosiHHBIX pe3ucTopoB obiero HazHayenus ['OCT mpenycMaTpuBaeT
IIECTh PSAJIOB HOMUHAJIBHBIX COMPOTHUBICHUN Pa3IUYHOW TOYHOCTU H3TOTOBIICHUS:
E6; E12; E24; E48; E96; E192, a a1 nepeMeHHbIX pe3UCTOPOB B COOTBETCTBUU C
I'OCT 10318-80 [39] ycranosneH psj E6.

Psnpt E npencraBisttor co00i#t AecATUYHBIE PSAIbI TEOMETPHUECKON TPOrpeccuu

CO 3HaMEHATEJIeM IIPOTPECCUU:
gn= /10, s psima EN.
Uucno, crodiiee mociie cuMmBojia E, ompenenser KOJIMYECTBO HOMHMHAIBHBIX

BEJIMYMH B KaXKJIOUM JAEKaJe psiaa.

PGBI/ICTOpBI HN3roTaBJIMBAlOT C HOMHUHAJIBHBIMHU COIIPOTHUBJIICHUAMH, COOTBCT-

CTBYIOITUMH OJHOMY U3 YHCIOBBIX KOA()(DHUIIMECHTOB psiga, YMHOKEHHOMY Ha 10n, rae
N — [EeJI0€ MOJOKUTEITBHOE U OTPUIATEIILHOE YHCIIO.

Tak, Hanpumep, 11 psaga E6 gucnoBsie ko3 dummenTs! pasusl 1,0; 1,5; 2,2;
3,3; 4,7, 6,8.

[Tpumep miist HoMmuHanbHBIX psaoB E6, E12 n E24.



Kaxaplii psii COOTBETCTBYET ONpEeIEHHOMY JOMYCKY B HOMUHAJIaX JeTajei.
Tak, neramm u3 psaa E6 nMeror momyctuMmoe OTKIOHEHHE OT HoMuHana £20 %, u3
pana E12 — +10 %, u3 psaga E24 — +5 %. CoOGcTBEeHHO, psiabl yCTPOCHBI TAKUM OOpa-
30M, YTO CJEAYIOIIee 3HaUCHUE OTIMYACTCS OT MPEAbIAYIIEro YyTh MEHBIIIE, YEM Ha
JIBOMHOU JIOMYCK.

3HaueHus HOMUHAJIOB JJi1 HeKOoTopbIX psanoB E3, E6, E12, E24 npusenens! B
tabauie 1.1

Jlonycmumoe OmKIOHeHUe oOmM HOMUHAIA HOPMAJIM30BAHO COTJIACHO
I'OCT 9664-74 [38] u cootBetcTBYeT psimy +0,001; £0,002; + 0,005; +0,01; +0,02;
+0,05; +0,1; +0,2; +£0,5; +1,0; £2,0; +£5,0; £10; +£20; +30 %.

Homunanvnas mowgnocms — MakCuMajbHas MOIIHOCTh, Ha KOTOPYIO paccuu-
TaH PE3UCTOP, NMPHU JUTUTEIBHON ero pabore 6e3 U3MEHEHHs ero mapaMeTpoB B Teue-
HUE TapaHTUHHOTO CPOKa CITYKOBI.

HomuHanbHast MOIITHOCTh pacCEMBAaHUS TaKKEe HOPMAIM30BaHA B COOTBETCTBUM
¢ F'OCT 24013-80 [37] u cootBetcTBYeT psiay 0,01; 0,025; 0,05; 0,062; 0,125; 0,25;
0,5; 1; 2; 3;4; 5; 8, 10; 16; 25; 40; 63; 80; 100; 160; 250; 500; 630; 800;
1000 Bt

Tabmumna 1.1
3HaueHUs HOMUHAJIOB ISl HEKOTOpbIX psanoB E3, E6, E12, E24
E3 E6 E12 E24 E3 o E12 E24
£30% | £20% | £10% | +5% £30% | FOF20% | Lygo, | 159
1,0 1,0 1,0 1,0 3,3 3,3 3,3
1,1 3,6
1,2 1,2 3,9 3,9
1,3 4,3
15 15 15 4,7 4,7 4,7 4,7
1,6 51
1,8 1,8 5,6 5,6
2,0 6,2
2,2 2,2 2,2 2,2 6,8 6,8 6,8
2,4 7,5
2,7 2,7 8,2 8,2
3,0 9,1

N3 tabmumer 1.1 Buano, uto psan E12 momyuaercss BRIYEpPKMBAHHMEM W3 psiaa
E24 kaxaoro BTOpOro HOMUHaJIA, aHAJIOTUYHO, E6 mosryyaercss BBIYEPKUBAHUEM U3
E12 xaxxoro BTOporo HoMmHasja.

B cootBercTBHM C AEHCTBYIOLIEH B HACTOSIIEE BPEMSI CUCTEMOM COKPAIIEHHBIX
U TIOJTHBIX YCJIOBHBIX 0003HaueHui pesuctopoB (OCT 11.074.009-78), cokpaménnoe
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YCJIIOBHOE 0003HAUYECHHE BUJIa KOMIIOHEHTa COCTOUT U3 CIEIYIOIIUX AJIEMEHTOB:

- nepeviii Inemenm — OyKBa WM codYeTaHHE OYyKB, 0OO3HAUYAIONIME TMOAKIACC
pesuctopoB: P — pesucrtopsl nocrosiuHbie; PII — pesuctopsl nepemennsie; HP —
Habopsl pe3uctopoB; BP — Bapuctop nocrosiuueiii; BPII — Bapuctop nepemMeHHbINH;
TP — tepmopesuctop ¢ orpunarenbHbiM TKC; TPII — tepmope3ncTop ¢ MOJ0KU-
tenbHBEIM TKC;

- emopotl s1emenm — 1udpa, o003HaYaroIIas TPYIIY PE3UCTOPOB MO0 MaTepra-
Jy PE3UCTUBHOTO dJIEMEHTa: | — HEMPOBOJIOYHEIE; 2 — MPOBOJIOYHBIE WA METAJIO-
(b oJIbroBbIE;

- mpemuil 21emenm — nudppa, 0603HaAYAIONMIAsT PETUCTPAIIMOHHBIM HOMEP KOH-
KPETHOTO THIA pe3ucTopa (MEXIy BTOPHIM U TPETHUM 3JIEMEHTaMH CTaBUTCS Jeduc:
P1-4, PI11-46);

- yemeepmulil djleMeHm — HOMUHaJIbHAs MOIIIHOCTh B BT;

- naAmslil 271emMeHm — HOMUHAIBHOE COMTPOTHURIICHUE U OYKBEHHOE 0003HAUYCHUE
eaunuibl uameperus (Om, kOm, MOwm, 'Om, TOm);

- wecmotu 31emeHm — AJOMyCTUMOE OTKJIOHEHHUE OT HOMUHAala B %o.

[Tpumepsl 0603HAUCHUIA

1) MOCTOSIHHBIM HEMPOBOJIOYHBIA PE3UCTOP C PETHCTPAIMOHHBIM HOMEpOM 4,
HOMUHaJIBHONU MouIHOCTHIO 0,5 BT, HOMUHaIbHBIM cornipoTuBieHueM 10 kOm, ¢ no-
nyckoM + 1 % o6o3Hauaercs:

P1-4 -0,5-10 kOm *+ 1 %.

2) MepeMeHHbBIN HEMPOBOJIOYHBINA PE3UCTOP C PETMCTPALMOHHBIM HOMEPOM 33,

C TapaMeTpaMu B YKa3aHHOM BBIIIE MOCIEA0BATEIBHOCTH 0003HAYAETCS :
PII1-33 - 0,125-3,3 xOwm + 20 %.

Ho Beenenuss OCT 11.074.009-78 pe3uctopbl 0003HAYAIUCh MO Kiaccupuka-
i ['OCT 13453-68 (B HacTosIiee BpeMsi He ISUCTBYET) M UMEIIH CIASAYIONTHe dJie-
MEHTBI B 0003HAYCHHH

- nepevlil 21emenm — OyKBa WIM codeTaHue OyKB, 0003HAYAIONINE TMOAKIIACC
pesuctopa: C — pe3ucrtopsl noctosinubie; CII — pe3uctopsl nepeMeHHBIE;

- emopotl nemenm — 1HUdpa, 0003HAYAOMIAS PA3HOBUIHOCTH PE3UCTOpPA TIO
TUITy TPOBOJAILIETO PJIEMEHTA: 1 — HENPOBOJIOYHBIE TOHKOCIONHBIE YIIIEPOIUCTHIE U
OopoyTIepoIucThie; 2 — HEMPOBOJIOYHBIE TOHKOCIOWHBIE METAJUIOTUICHOYHBIC U Me-
TaJUIOOKCHUIHBIC; 3 — HEMPOBOJIOYHbIE KOMIO3UIIMOHHBIE IJIECHOYHbIE; 4 — HEMPOBO-
JIOYHbIE KOMIO3UIIMOHHBIE 00BEMHBIE; 5 — MPOBOJIOYHBIE; 6 — HEMPOBOJIOYHBIE TOH-
KOCJIOIHbIE METaJUIM3UPOBAHHbIC;

- mpemuii 371eMenm — PErUCTPALIMOHHBIN HOMEP KOHKPETHOTO THUIa PEe3UCTOpa
(MeXy BTOPBIM U TPETHUM 3JIEMEHTAMH CTABUTCS AePUC);
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- yemeepmulil 271eMeHm — HOMMHAJIbHask MOLTHOCTb B BT;

- nAMoll 1eMeHm — HOMUHAJIbHOE CONPOTUBIICHUE U OYKBEHHOE 0003HAUYECHHE
eaununbl uzmepenus (Om, kOm, Mowm, I'om, TOm);

- wecmot nemenm — 0NyCTUMOE OTKJIIOHEHHE OT HOMUHaJa B %.

[Tpumepsl 0003HAUECHUA:

1) MOCTOSIHHBIM HENPOBOJIOYHBI TOHKOCIOWHBIA METaJJIOTUICHOYHBIH Pe3u-
CTOpP C PETUCTPALIMOHHBIM HOMEPOM 33, HOMHHAJIbHOW MOIIHOCTHIO 0,25 BT, HOMU-
HaJbHBIM conpoTuBiieHueM 4,7 kOM, ¢ gonyckom * 10 % obGo3navaercs:

C2-33 - 0,25-4,7 xOm + 10%;

2) MIepeMEeHHBI HENPOBOJOYHBINA KOMIIO3UIIMOHHBIN TUICHOYHBINH PE3UCTOp C
peructpaiuoHHbiM HOMepoM 30, ¢ mapamerpaMyd B YKAa3aHHOW BBILIE MOCIEI0BA-
TENBHOCTU 0003HAYAETCS

CII3-30 — 0,125-220 Om + 20 %.

B nactosiiee BpeMsi Ha pe3uCTOPhI AJisl IEKTPOHHOM anmnapatypbl YCTaHOBJIE-
HBI KOJIbI JIIS UX MapKUPOBKHU C UCIIOJIb30BAaHUEM I[BETOBBIX IMOJIOC, OYKB U 1U(p B
cootBercTBUM ¢ ['OCT 28993-90. [Janubiii cTranmapT pa3paboTaH METOJAOM MPSMOTO
NpUMEHEHHs MeXayHapoiHoro ctanaapra MOK 62-74.

L{BeToBO# KO AJi1 0003HAYEHUS] COMPOTUBIIEHUSI C TOYHOCTBIO JI0 ABYX U TPEX
3HAYMMBIX ITUPP, TOMYCK OTKIOHEHUN U TeMmepaTypHbIi kKoddduimeHT (mpu HeoO-
XOJIMMOCTH ) TIOCTOSTHHBIX Pe3UCTOpOB U3 psiioB E6-E192 npusenén B Tadin. 1.2. IBe-
toBoe kogupoBaHue TKC npuMeHSrOT 1 3HaU€HUN ¢ TpeMs 3HAYUMBIMU JIMHUSAMH.

Tabmuna 1.2
3Ha4YeHUs COMPOTUBIICHUN U COOTBETCTBYIOIIIME UM IIBETA
LBet 3HauynuMas MHoOXuUTENB Homyck, % TKC,
dpa 10° °C
CepeOpsHbIit — 10°% + 10 —
3osioTOoM — 10+ +5 —
YeEpHnpIit 0 1 — + 250
Kopuunesprit 1 10 + 1 + 100
KpacHspiit 2 10° + 2 + 50
OpanxeBblil 3 10° + 0,05 + 15
KénTerit 4 10% — + 25
3enéHslii 5 10° +0,5 + 20
["omy6oii 6 10° + 0,25 + 10
DuroneTOBbIN 7 10" + 0,1 +5
Cepsiit 8 10° - +1
benbrit 9 10° — —
be3 okpacku — — +0,5 -

(o]




[Ipumep 1BETOBO MapKUPOBKHU COMPOTUBIICHHS C ABYMS 3HAYMMBIMU IH(pa-
mu, Hanipumep, 27 000 Om ¢ gomyckom + 5 % npusenén Ha puc. 1.2.

[[T11]
e
EEEEE

mhwt \ JH
o

Puc. 1.2. Ilpumep 11BeTOBON MapKUPOBKU COMIPOTUBIICHUS C IByMsI 3HAUUMBIMU
mudpamu: 1 — nepas mosioca; 2 — KpacHbIi (nepBas uudpa); 3 — GroaeTOBbIN
(BTOpas mudpa); 4 — opaHKeBbI (MHOKUTEIB); 5 — 30JI0TOH (JIOITYCK)

[Ipumep 11BETOBOM MapKUpPOBKH CONMPOTUBIICHUS C TPEMs 3HAUMMBIMU LU(]pa-

mu, Hanpumep, 249 000 Om ¢ nonyckom + 1 % npuBenén Ha puc. 1.3.

@mhwt\ JH

Puc. 1.3. Ilpumep 11BeTOBOM MapKUPOBKH COMPOTUBIICHUS C TPEMs 3HAUUMBIMH
mudpamu: 1 — nepsas mosoca; 2 — KpacHbIi (mepBas nudpa); 3 — KENTHIN
(BTOpas mudpa); 4 — 6enblii (TpeThs udpa); 5 — opaHKeBbId (MHOKHUTEID);
6 — KOpUYHEBBIH (JIOTTYCK)

bykBenusie u muQpoOBBIE KOJBI I MAPKUPOBKH 3HAYCHHU COMPOTHBICHHUS,

corimacaHo I'OCT 28883-90, momkHBI UMETh TPH, YETHIPE WIIM TSTh 3HAKOB, BKIIFOYA-

forue B cedst 1Be nudpel OykBYy, Tpu MUPPHI U OYKBY WK 4eThipe IUGPHI U OYKBY.

BykBBI KOJIa 3aMEHSIOT 3aMATYIO JAECATHYHOTO 3HaKa. [[puMepbl KOJ0B MapKUPOBKHU

3HauYeHWH mpuBeneHbl B Tabi. 1.3, mpuuém OykBel R, K, M, G u T 0603Ha4ar0T MHO-
3 6 9 12 o o

xutenn 1, 107, 107, 10” u 10" coOTBETCTBEHHO ISl 3HAYCHUH CONIPOTHBIICHUM, BBI-

pakeHHbIX B OMax.
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Taonuma 1.3

[Ipumepb1 KOOOB AJIs1 MAPKUPOBKHU 3HAYEHHUM CONPOTUBIICHUS

3HaueHue 0,15 | 0,332 1 1,5 | 150 1 332 | 332 | 15 | 3,32
COIPOTUBJICHUSA OwMm OwMm OmMm | OM | OM [kKOMm | kOM | MOM | T'OM | TOM
MapkupoBounsrii | R15 | R332 | 1RO | 1R5 | 150R | 1KO0 | 33K2 | 33M2 | 15G | 3T32
KOJ{ WU

K15

Jli1st 0603HaYeHMs IOMTYCKOB HA 3HAYEHUsI CONPOTUBIIEHUS UCTIONIb3YIOT OYKBHI,

npuBeneHHbie B Ta0. 1.4 [30]. BykBbI MPOCTaBISIOT MOCIE 3HAYCHUN COMPOTHUBIIC-

HUS.
Ta0nuna 1.4
Jlommycku Ha 3HAYCHUS COMTPOTHUBIICHUN
Honyck, (£0,005 |£0,01 |{£0,02 (£0,05 |£0,1 |£0,25 |£0,5 |£1 |£2 |£5 |[£10 |£20 |£30
%
BbyxBeH- E L P W B C D FIG| ] K| M N
HBIA KOJI
[Tpumepbl OyKBeHHOM U MTUGPOBOI MAPKUPOBKU PE3UCTOPOB:
- conpotuBienue 47 Om ¢ gonmyckom £ 10 % — 47R0OK;
- conpotuBieHue 2,2 kKOm ¢ pomyckoMm £ 1 % — 2K2F;
- conpotuBieHue 51 kOm ¢ nomyckom = 20 % — 51K0M,;
- conpotunenue 9,1 MOwm ¢ gomyckom = 0,5 % — 9M1D.
1.1.2 OcHOBHbIE NIPUMEHEHUS Pe3UCTOPOB
1. Ucnionp30BaHuEe pPE3UCTOPOB ISl TIOCTPOSHUS JICIUTENICH HaMpsKCHUS
(puc. 1.4).

Brixognoe nanpspkenue aenutens Ugyy OpsSMO OponopluroHaIbHO MPOU3BEe-

HUIO BXOJHOTO HanpspkeHus: Uy, Ha K03 GUIMEHT nepenadn HanpsoKeHUsI

K= Rz/(Rl + Rz)

HNannas hopmyna aist K aBisieTcs crpaBeJIMBON, €CJIM TOK HArpy3Ku (BBIXO/I-

HOU TOK nenurens) |, MeHblIe TOKa, MPOTEKAIOIIEro Yepe3 AeIuTeNb |; MUHUMYM B

TpH paza: I; > (3-5)l.
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II[ l R2 UBLIX(UH) RH

o— . o
Puc. 1.4. Cxema nenurens HanpsiKeHUs

Ha puc. 1.5 npencraBiieHbl AB€ CXEMBI JACIUTENS C PEryIupyeMbIM Kodhpuiim-

eHTOM mepenaun Hanpspkenus (K = var).

R; A r
1
U BX Rl []‘7}{—%
R2 UBBIX 2 U
A 4 BBIX
& T %) & %]
a 7]

Puc.1.5. [lenurenu HanpspKEHUS C PEryIMpyeMbIM KO3 (GUIIMEHTOM Tiepe1adn
HANPSDKEHUSI: @ — CXeMa C MEPEMEHHBIM U MIOCTOSIHHBIM PE3UCTOPOM;
6 — cXxema C OJJHUM NIEPEMEHHBIM PE3UCTOPOM

N3menenne K mpoucxonuT BCIEICTBUE U3MEHEHHS BETUYHHBI COITPOTHUBIICHHUS
R;. B cxeme, puc. 1.5.6, Takyke MOXKHO BBIJICTTUTH JIBA «PE3UCTOpa»: Iy (COMpOTHUBIIE-
HUE MEXIY MOABMKHBIM KOHTAaKTOM (IIETKON) MEPEMEHHOTO PE3UCTOpa U BEPXHUM
0 CXeMe BBIBOJIOM pe3ucTopa R;); I, (COMpOoTHBICHUE MEX Ty IMIETKOW MIEPEMEHHOTO
pPE3UCTOpa M HUKHKM I10 CXEME BBIBOJIOM pe3nucTopa Rj).

2. Ucnonb3oBaHue pe3ncTopa B KauyecTBE OTPAHUYCHUS TOKA HArpy3Kd
(puc. 1.6).

B psine cimygaeB TpeOyeTcsi OrpaHUYHUTh TOK, MPOTEKAIOIINUN Yepe3 KaKyro-Tru00
Harpy3ky Ry. Harpyskoit mMoxker ObITh Kakoe-mubo POV, dbyHKumOHaIBHBIA y3e,
4acTh CXeMbl U T.1. Paccmotpum cxemy, puc. 1.6.6. Ceetoguon VD, sBisercs cBeTo-
BBIM HMHJIMKATOPOM I10JIa4d HAMpPSKEHUS! MUTAaHUS HA HEKOTOPOE YCTpoicTBO. B pa-

OoueM pexume Tok |, nmporekaromuii uepes ceeroguos VD1 nomkeH ObITh B mpeje-

nax ot 5 mo 20 MA. Ecim Ttok lyp mpessicut BenmumHy 20 MA, CBETOIHUOA MOXKET
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BBIIUTH U3 cTpos. [Ipu 3TOM HanpsixeHue Ha cBetonuoae VD; He TOKHO MPEBBIIATh
2 B. Ilyctb, nHanpumep, Tpedyercs obecneuuth: lyp =15MA, Uyp=15B npu
Ugx = 15 B. Toraa Rorp = (15 B —1,5 B)/15 mA = 900 Owm.

Rorp Rorp.
@ ] + o L1
%
RD U VD)7 |Uw
IVD
> — -—
a O

Puc.1.6. Orpannuenue Toka Harpy3KH ¢ MOMOIIBIO PE3UCTOPA:
a — o011as cxema; 6 — orpaHMYeHUEe TOKa, MPOTEKAIOIIETO Yepe3 CBETOIUO/

3. Ucnionp3oBanue PE3UCTOPOB IJIA IOCTPOCHUA Hp606pa3OBaTCJI€I7I TOKa B
HaANpPsOKCHUC U HAIIPAKCHUC B TOK. Ecmu qepe3 pE3uCTOp MPOTCKACT TOK, TO HA HEM
BBIACTACTCA (HaﬂaeT) HAIIPSOKCHUC, MPAMO ITPOIIOPHTHUOHAJIBHOC BCIMYHUHC 3TOTO TO-
Ka. B ClIy4dac IPUJIOKCHUA K PC3UCTOPY HAIIPAKCHUA, UCPC3 HCT'O ITPOTCKACT TOK, BC-
JIMYUHA KOTOPOI'O IpAMO IMPOIIOPHUOHAJIbHA IIPUITOKCHHOMY HAIIPAKCHHIO.

Hcnonp3oBanue PE3UCTOPA B KAUCCTBC «AAaTYMUKA)» TOKA ITOKA3daHO HA pHUC. 1.7.

l,. Ra
i o+

I:] RHT UBI)IX = Rz[T'IH

Puc. 1.7. Ucnonb3oBaHue pe3ucTopa B Ka4eCTBE JaTUYMKA TOKA

HeoO6xomuMo wumeTh wHGOpPMANHMIO O TOKE, IOTPEOIIEeMOM KaKOW-IIHOO
Harpyskoil. Ha pesucrope Ry, (puc. 1.7), magaer nanpsikenue, pasaoe |y x Ry Oto
HaMpsHKEHUE JOBOJIBHO MPOCTO MpeoO0pa3oBaTh, HAMPUMEP, B JBOWYHBIA KO C TO-
MOIIIBIO TUIIOBOTO aHanoro-mudpoBoro npeodpazosatens (ALIT) u mepegats B KoM-
nbtotep. Conporunenue R;; JOMKHO OBITh 1OCTATOYHO MajbIM AJI TOTO, YTOOBI HE
JIOMYCTUTH O€CTOIe3H0 moTepu MouTHOCTH Ha HEM. C Apyroi CTOPOHBI, CONTPOTHB-

aeHue Ry TOJKHO OBITH TOUHO 3aaHHBIM.
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4. CneuuanbHble IPUMEHEHUS MOIYITPOBOIHUKOBBIX PE3UCTOPOB.

Haubonpiee pacnpocTpaHeHre UMEIOT TPU TUNA MOJYIPOBOJHUKOBBIX PE3U-
CTOpPOB: TE€PMOPE3UCTOPHI (CONMPOTUBICHUE B 3HAYUTEIBHOW CTENEHH 3aBUCHUT OT
TeMIIepaTypsl); GOTOPE3UCTOPHI (COMPOTUBIIEHUE ONPEAEIIAETCS CBETOBBIM TOTOKOM,
MaJaloluMM Ha PE3UCTUBHBIN 3JEMEHT); BAPUCTOPHI (COMPOTUBIICHUS C HEJIMHEUHOU
BOJIbT-aMIIEPHON XapaKTEPUCTUKOMN).

Pe3ucTopsl nepBbIX JBYX THUIIOB HUCIOIb3YIOT COOTBETCTBEHHO B KaU€CTBE J1aT-
YHKOB TEMITEPATypPhl U OCBEIIICHHOCTH (CBETOBOrO 1moToka) (puc. 1.8).

R,
to— 7+ o+
tO
U=const R, U,.=F(t%)
—0 * O —

Puc. 1.8. [latuuk TemrnepaTypbl Ha TEPMOPEZUCTOPE

BapucTopsl puMeHsIIOT 1J1s1 CTaOMIM3alUK WM OTPAaHUYCHUS HANPSHKCHUS Ha
KaKOM-JTH00 ydacTke 3ekTpudeckoii menu (puc. 1.9).

Rs U
@ LI 2 U b
orp
UBX MRU UBLIX !
% %) T Von
a o

Puc. 1.9 Ucnonb3oBanue BapucTopa A CTAOMIH3AIMN WIH OTPaHUYEHUS

HAIPSHKCHUS: @ — CXeMa BKIIOUEHUS; 6 — BOJIbTaMIIEpHAsl XapaKTepUCTHUKA BaprCTOpa

Kak Bumno u3 puc.1.9.6, HanpspkeHre Ha BapuUCTOpEe HE MOXKET MPEBBICHTH
npenensHoro 3nadeHus +Uqy, mm —Ugy,. Tlostomy B cxeme, puc.1.9.a, Beixomnoe
HaIpsDKCHUE HE TPEBBINIACT BEIUYMHBI HANPSOKCHHUS] OTPAHUYCHUS JJIS JIAHHOTO Ba-
pucropa. PexxuMm crabunusanuy HanpsKEHHsS HAcTyIaeT B CiIydae, €CIM BXOIHOE
HaIpsDKCHHUE TPEBBICUT BEIWYMHY MPEASILHOTO 3HAaYCHHs. V3nuimexk HampsKeHUS

pu 3TOM OyJET BBIAETATHCSA Ha OalJIaCTHOM pe3ucTope Rg.
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1.2 KonpgeHcaTopsl

DNEeKTPUUECKUN KOHICHCATOP — 3TO KOMIIOHEHT 3JICKTPOHHOW ammapatyphl,
NpeHA3HAYCHHBIH IS CO3JaHHS PEAKTHBHOTO EMKOCTHOTO COTPOTHBICHHS, JUIS
pa3/ieNeHHs. TOKOB 110 YaCTOTE M HAKOIUICHUSI AJICKTPHUSCKON SHEPTHH.

Konnencaropsl moapa3aenstoTcs Ha TOCTOSIHHbIC, IEPEMEHHBIC U MOJICTPOCY-
HBIC.

YcnoBHble rpaduyeckre 0003HAUCHUS KOHJCHCATOPOB HA MPUHIUMHATIBHBIX
AIIEKTPUYECKUX cXeMaX npuBeaeHbl Ha puc. 1.10 [29].

i il | S

a o 8 2 0 e
Puc. 1.10. YcnoBusie rpaduyeckre 0003HaU€HUS KOHJIEHCATOPOB:
@ — TIOCTOSTHHOM €MKOCTH; O — TIOJISIPU30BAHHEBIHN; 8 — JIEKTPOJTUTUUECKUN
MIOJISIPU30BAHHBIN; & — AIEKTPOIIMTUICCKUI HETIOISIPU30BaHHBIH;

0 — IEpEeMEHHOM EMKOCTH; e — MOICTPOCUHbIN

KoHaeHcaTophl — 4aCTOTHO 3aBUCUMEIE DJIEMEHTHI (MX EMKOCTHOE COIPOTHB-
JIEHUE 3aBUCHUT OT 4acTOTHI f. Benmuuuua conpoTHBIeHMs ONPENENIeTCs U3 BhIpaKe-
HUS:

1
~2nfC’

Xc

1.2.1 OcHOBHBIE NapaMeTphbl KOHJAEeHcaTopa

OCHOBHBIMH DJIEKTPUYECKUMHU TapaMeTpaMu KOHACHCATOPOB, IMOIUICKAITUX
KOHTPOJIIO B TEXHUUYECKOI AUArHOCTHUKE, SBJISIIOTCS:

- HOMHHaJIbHasi EMKOCTh (HOMUHAI);

- IOIMyCTUMOE OTKJIOHEHUE OT HOMUHAaJAa (J0IYCK);

- HOMHHAQJIbHOE HAIPSIKEHUE;

- remriepaTypHbIil ko3 dunuent émxoctu TKE (TKC).

Homunanvnasa émxocms Konoencamopa — 310 EMKOCTb KOHJIEHCATOpPa, 000-
3Ha4YE€HHasi Ha KOPIyCe WM B CONPOBOAMTENBHON NOKyMeHTanuu. OO0o3Havaercs —
C. Enununa usmepenus: émkoctu — @apana (). B cBsi3u ¢ LIMPOKUM AMaNa30HOM
KOHJIEHCATOPOB CYIIECTBYIOT MPOU3BOAHBIE OT D €TUHUIIBI U3MEPEHUS:

I MkD=10°®; 1ad=10"@; 1ud=10 "~ .
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Homunanbubie 3HaueHuss &Emkoctu  cranaaptuzoBanbl  ['OCT 28884-90
(MDK 63-63) [31]. /Ins KOHAEHCATOPOB YCTAHOBJICHO CEMb HMPEIINOYTHTEIbHBIX Psi-
noB HoOMUHaNbHbIX €éMKocTel: E3; E6; E12; E24; E48; E96; E192. B npousBoacTse
Jaie BCeTro UCIOJB3YIOT MEPBhIE YETHIPE Psia, PEKE MOCICTHUE TPH.

Jonycmumoe omxknonenue émkocmu om HomuHnana (I0MyCK) HOPMaTU30Ba-
HO [31] m s KOHACHCATOPOB MOCTOSHHOM EMKOCTH ¢ HOMUHaOM 10 nmd u Ooiee
cienyet BeIOupath u3 psaga: £0,1; +0,25; £0,5; +1; £2; £5; £10; £20; £30; +30 —10;
+50 0; +50 -10; +50 —20; +75 —10; +80 —20; +100 —-10.

Jlormyckaemble OTKJIOHCHHS EMKOCTH OT HOMUHAIBHOM JIJI1 KOHJIEHCATOPOB I10-
CTOSIHHOM €MKOCTH C HOMHUHaJbHOW €MKocThio MeHee 10 nd ciemyeT BHIOMpATH U3
psna: £0,1; £0,25; +0,5; £1; £2 nd [31].

Homunansnoe nanpaxycenue — MakCUMaIbHOE HANpsDKEHUE, HA KOTOPOE pac-
CUYHMTaH KOHJICHCATOD, MPH JUIUTEILHOHN ero paboTe 6€3 U3MEHEHHS €r0o apaMeTpoB B
TEUYCHHE TAPAaHTUHHOTO CpoKa CIIy>kObl. HOMHHAIEHOE HAIPSKEHUE 3aBUCUT OT KOH-
CTPYKIIMHM KOHJICHCATOpa U CBOWCTB NMPUMEHSEMBIX MaTtepuaioB. [Ipu skcruryaTanuu
HaNpPsDKCHHE Ha KOHJICHCATOpPE HE JIOJDKHO IMPEBBINIATh HOMHHAJIBHOE. JIJIsi MHOTHX
TUIIOB KOHJIEHCATOPOB C YBeIW4YeHHeM Temmeparypbl (00biyHO 70-85 °C) momyctu-
MO€ HaNpsHKEHUE CHUKACTCS.

[locTossHHOE ~ HOMUHAJIBHOE  HANPSOKEHHE  KOHJEHCATOPOB  COTJIACHO
I'OCT 28884-90 (MOK 63-63) [31] cienyer BeiOuparh u3 psaa: 1,0; 1,6; 2,5; 3,2;
4,0; 6,3; 10; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250; 315; 350; 400;
450; 500; 630; 800; 1000; 1600; 2000; 2500; 3000; 4000; 5000; 6300;8000; 10000 B.

Temnepamyphotii Ko3ppuyuenm émkocmu — BETUUYNHA, XapaKTEPHU3YIOIIas

OTHOCUTEJIBHOE M3MEHEHUE EMKOCTH KOHJIEHCATOpa IPU U3MEHEHUU TEMIIEPATYpPHI
Ha | °C.

1.2.2 Yc10BHBbIE 0003HAYE€HHUA KOHAEHCATOPOB

B cooTBeTCTBUM C NEHUCTBYIOIIEHM B HACTOSIIEE BPEMsI CHUCTEMOM YCIOBHBIX
o6o3nauenunit (OCT 11.074.008-78), cokpaménHoe yCIIOBHOE 0003HAYCHUE KOHJICH-
CaTOPOB COCTOUT U3 CIEAYIOIIMUX 3JIEMEHTOB:

- nep@vlil 21emenm — OyKBa WIM codeTaHue OYKB, 0003HAYaroIIMe MOAKIACC
konaeHcaropa: K — nocrossaaon émkoctu; KT — moacrpoeunsiit; KII — nepemenHoi
eMkocTH; KC — KoHZeHCaTOpHbIE COOPKHU.

- 8MOpPOIL dNleMeHm — YACII0, 0003HAYAIOIIEE UCTIONB3YEeMbIN BUJ AUAJIEKTPUKA:

- 10 — xepamuyeckre, Ha HOMUHaJIBHOE HamnpsikeHue Huxe 1600 B;

- 15 — kepamuueckue, Ha HoMUHalbHOE HanpspkeHue 1600 B u Boiie;

- 20 — KBapIIeBbIC;
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- 21, 22 — COOTBETCTBEHHO, CTEKJISIHHBIE U CTEKJIOKEPAMUYECKHUE;

- 23 — CTEKJIODMAJICBLIC;

- 26 — TOHKOILJICHOYHBIE C HEOPTaHUYECKUM JIUDJICKTPUKOM;

- 31, 32 — cimoasiHBIE, COOTBETCTBEHHO, MAJION M OOJIBIION MOIITHOCTH,

- 40 — OymaxxHbIe U (OIBrOBbIE HA HOMUHATIBHOE HaMpsiKeHue Hike 2 KB;

- 41 — 6ymaxkHble 1 OJBroBbIE HA HOMUHAJIBHOE HaNpsbkeHue 2 KB u Bolle;

- 42 — GyMakHble METAJUTU3UPOBAHHBIE;

- 50 — okcuaHBIC (JIEKTPOIUTHIYECKUE) ATFOMUHUEBBIE;

- 51 — okcuaHBIC (PJIEKTPOIUTHIYECKHUE) TAHTAIOBBIC, HUOOUEBHIC,

- 52 — OKCUIHBIC TAHTAJIOBBIC 00BEMOMIOPUCTHIE;

- 53 — OKCUAHOMOTYIPOBOIHUKOBHIE;

- 58 — ¢ IBOMHBIM 2JIEKTPUUECKUM CJI0€M (MOHUCTOPHI);

- 60 — BO3yIIHEIE;

- 61 — BakyymHBbIE;

- 70 — moauCTUPOJIbHBIC ¢ (POJIBTOBBIMU OOKJIAJIKAMU,

- 71 — MOMUCTUPOJIBHBIC ¢ METAIUTU3UPOBAHHBIMU OOKJIAIKAMU;

- 12 — ¢pTopoIIacToBbIE;

- 73 — monudTHIeHTEpEedTAIaTHBIE C METAJTU3UPOBAHHBIMHU OOKIIaIKAMH;

- 74 — nonusTHNeHTepedTanaTHRIe ¢ POIBIOBBIMU OOKIIAAKAMU;

- 75 — KOMOMHUPOBAHHBIE;

- 76 — TaKOTJICHOYHbIE;

- 77, 78 — nmonukapOOHATHBIC U MOJTUITPOITHICHOBBIE.

JI714 KOHIEHCATOPOB NMEPEMEHHON EMKOCTH Y MOJACTPOCYHBIX

- 1 — BakyyMmHbI€;

- 2 — ¢ BO3JIYIIHBIM JUAJICKTPUKOM;

- 3 — ¢ Ta3000pa3HBIM TUAJICKTPUKOM;

- 4 — ¢ TBEPABIM AUIICKTPUKOM.

JI714 HEeTMHEWHBIX KOHJIEHCATOPOB:

- 1 — BapuKOH/IBI;

- 2 — TEPMOKOHJICHCATOPHI.

- mpemuil 31eMeHm — TOPSAIKOBBIA HOMEp Pa3pabOTKU KOHKPETHOTO THIMA, B
COCTaB KOTOPOT'O MOYKET BXOJIUTh U OYKBEHHOE 0003HAYCHUE:!

- IT — ny1st pa®oOTHI B LIETSAX TOCTOSIHHOTO U IEPEMEHHOTO TOKOB;

- U — i1 paboTHI B LIENIAX IEPEMEHHOTO TOKA;

- Y — nns paboThI B TENAX TTOCTOSTHHOTO TOKA M B UMITYJIbCHBIX PEKUMAaX;

- U — nns paboThl B UMITYJIBCHBIX PEKUMAX.
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[lonHOE yCnOBHOE 00O3HAYEHHE COCTOUT M3 COKPAIIEHHOrO O00O03HAYeHUs U
3HAYEHUS] OCHOBHBIX MAapaMETPOB U XapaKTEPUCTUK, HEOOXOAUMBIX IS 3aKa3za U 3a-
MUCH B KOHCTPYKTOPCKON TOKyMEHTAIMUu. Mexay BTOPbHIM U TPEThUM 3JIEMEHTAMHU
cTaBUTCs Aeduc.

- yemeepmulil dneMeHm — HOMUHaIbHOe HanpspkeHue win rpynmna TKE nns
KepaMUYECKUX, CTEKIIOKEPAMUYECKUX U CTEKJISTHHBIX KOHJIEHCATOPOB (HOMUHAJIBHOE
HaIpsbKeHHE 3ar(@poBaHO BO BTOPOM U TPETHEM AJIEMEHTaX 0003HAUECHU ).

B o6o3nauenun TKE OykBbI 03Hauatot ero 3Hak (M — munyc, I1 — mmroc, MIIT
— Onu3Koe K Hy), a uncio ykasbiBaetr 3HadeHue TKE, nanpumep 1100 (TKE =
+100x10°1/ °C ), M750 (TKE = —750x 10°1/°C ). BykBa H ykasbIBaeT Ha TO, 4TO
TKE He HOpMUpyETCS, a YMCIO MOCJIE HEE — HA BO3MOKHOE M3MEHEHHE EMKOCTH,
Hanpumep H20 (u3menenune émkoctu He 6osee + 20%);

- namvlil djeMenm — HOMUHAJIbHAs €MKOCTh U OyKBEHHOE O0O3HAYCHHE €JIH-
HUIbl u3MepeHus (md; Mxd; O);

- wecmou 31emeHm — JOMyCTUMOE OTKJIOHEHHE OT HOMUHAaja B % .

[Tpumepsr 0603HaUCHUT.

Kepamudecknii KoH€HCATOP MOCTOSTHHON €MKOCTH ¢ KOMOMHUPOBAHHBIM JTH-
AIIEKTPUKOM, C HOMEpOoM pa3padoTku 10, Ha HoMUHaAIBEHOE HanpspkeHue 250 B, Ho-
muHanbHOU éMKocTH 0,1 MKD, ¢ mommyckom 5 % obGo3Havaercs:

K75-10-250B-0, 1 Mk ®+5%.

Kepamuyecknii KOHAEHCATOP MOCTOSHHOM E€MKOCTH Ha HOMHUHAJIBHOE HaIpsi-
xenue 10 1600 B ¢ HomepoMm pazpadotku 7, rpynnsl TKE M47, HomuHansHO#M EMKO-
ctu 27 nd, ¢ nomyckom +10 % obGo3Havaercs:

K10-7-M47-27n1®+10%.

Konnencatop monumdTHIICHTEpEePTATATHRIN TOCTOSHHOW EMKOCTH C HOMEpPOM
pazpabotku 17, Ha HOMHMHAJIBHOE HampsbkeHue 63 B, HOMUHaIbHOW EMKOCTH
0,33 Mk®, ¢ nommyckom +20 % obGo3HavaeTcs:

K73-17-63B-0,33mx®120%.

Konaencarop oKkCMAHO-IIEKTPOIUTHUECKUN TTOCTOSHHON EMKOCTH C HOMEPOM

pa3paboTku 24, Ha HOMUHAJIBLHOE HampspkeHue 16 B, HomuHanpHO#M emkocThio 1000

MKD, ¢ nomyckom ot —50 110 +20 % obo3HavaeTcs:
K50-24-16B-1000mMk®D(—50+20)%.

1.2.3 KogupoBaHHOe 0003HAaYeHM e NapaMeTPOB KOHAEHCAaTOPOB

JIJIsT MapKUPOBKU MajiorabapuUTHBIX KOHJICHCATOPOB MCIOJB3YIOT KOJIUPOBaH-
Hoe oOo3Hauenue cortacHo ['OCT 28883-90 [30]. Kox momkeH cOCTOATh M3 TPEX,
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YeThIPEX WM MATH 3HAKOB, BKIIOYAIOUIUX B ceOs ABe HUPPbI U OYKBY, TpU LUDPHI U
OykBYy WIH 4eTbIpe HUPPbl U OyKBY. ByKBBI KOJla 3aMEHSIOT 3aIATYIO JIECATUYHOTO
3HaKa, Kak yka3zaHo B Ta0i. 1.5, mpuuém OykBBI P, N, 1, M, F 0003Ha4at0T MHOXKUTEIU

-12 -9 —6 -3 o
10 ™, 10 7, 10 7, 10 °, 1 cCOOTBETCTBEHHO AJisi 3HAUEHUN EMKOCTHU, BBIPA)KEHHBIX B

dapanax.
Tabnuna 1.5
[IpuMepsl KOAOB U1l MAPKUPOBKH 3HAYEHUN KOHIEHCATOPOB
3HaueHue 010332 1 15 |1 332 | 10 | 1,5 | 33,2 | 68,01 | 6,801
EMKOCTH n® n® | H® | HO | MKD | MKD | MD | MD nd HD

MapxkupoBounsiit | p15 | p332 | 1n0 | 15n | 3u32 | 10p | Im5 | 33m2 | 68p01 | 6n801
KOJL

Jlist 0603HaYeHHs IOMYCKOB Ha 3HAYEHHUSI EMKOCTH MCIOJB3YIOT OYKBBI, MIPHU-
BejieHHbIe B Ta0J. 1.6 [30]. BykBbI MpOCTaBIISAIOT TIOCIIE 3HAYCHUN EMKOCTH.

Tabmuma 1.6
CHMMETpUYHBIC TOMTYCKU Ha 3HAYCHUS EMKOCTH

Homnyck, %|+0,005 |+0,01 |+£0,02 |+0,05 |+0,1 |£0,25 (£0,5 |£1 |[£2 |[£5 |[£10 |£20 |£30

bykBeH- E L P W B C D FIG| ] K| M N
HBII KON

JIst HECUMMETPHUYHBIX JOIMYCKOB Ha 3HAYEHHUS EMKOCTH HCIOJIB3YIOT OYKBBI,
npuBeaeHHbe B Tada. 1.7 [30]:

Tabmuma 1.7
HecummeTpuuHbie 10MyCKH Ha 3HAYEHHS] EMKOCTH
Homnyck, % -10+30 | 0,01 +0,02 +0,05
BykBeHHBIN KOJ E L P W
[Ipumepsl MapKUPOBKHU:
33pK-33n®d +10%; 1n81-1800u®d +5%;
u47K-0,47mxd +20%; 10uS-10mMk® (—20+50)%.

JIns MapKUpOBKM HOMHUHAJIA, TOIYCKa, HOMUHAJIBHOTO HampsihkeHus 10 63 B u
rpynnsl TKE nomyckaercs nBeToBast KOAUPOBKA B BUJIE [IBETHBIX MOJIOC WX TOYEK.

1.2.4 OcHOBHbIE IPUMEHEHUA KOHAEHCAaTOPOB

1. Ucnonbs3oBaHue KOHAEHCATOPA JJIsl pa3/iesICHUs MOCTOSSHHOW U epEeMEHHOMN
cocrapstonmx curnaia (puc. 1.11).
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Puc. 1.11. Paznenenue mocTOSSHHON U MTEPEMEHHOM COCTaBJISIIONINX CUTHAIA
C TIOMOUIBIO0 KOHJIEHCATOPA: a — CXeMa BKIIIOUEHHUS; O — BpeMeHHast
JarpaMMa HarnpspKeHUs

Curnan U; uMmeeT nBe cocTaBisitomnX: mocTosiHHyto Uy u nepemennyto Up,.
ITocne xonnencaropa C HanpspkeHue U, HE MMeeT moCTOsIHHOM cocTaBisitomeit U,
bnarogaps maHHOMY CBOWCTBY KOHJIEHCATOpa MOKHO NE€pPEIaBaTh IMEPEMEHHBIA CUT-
HaJ OT OJTHOM YacCTH CXEMBI K JPYrou, MpuuéM pekKMMbI padOTHI KaXI0W U3 ITHX Ya-
CTel CXeM IO MOCTOSHHOMY TOKY OyAyT HE3aBUCHUMBIMU. Tak B MHOTOKAaCKaJHOM
yCUJIUTEJIE TIEPEMEHHOTO TOKa MOHO HE3aBUCUMO OTPETYJIUPOBATh PEKUMBI pabOThHI
KacKaJoB IO MOCTOSTHHOMY TOKYy. [Ipuuém m3meHneHnue pexxuma paboThl JTF000T0 Kac-
KaJla He CKa3bIBaCTCs Ha PEeKUMax pabOThl OCTATBHBIX.

Uepes pa3aenuTenbHblil KOHIEHCATOP YacTO MOJKIIOYAKOTCsS YCTPOUCTBA KPH-
TUYHBIC K MPOTEKAHUIO 10 HUM TMOCTOSHHOTO Toka (puc. 1.12). Hampumep, akycTu-
YECKHE CHUCTEMBI, SIBJSIOIINECS HAIPy3KaMH YCUJIMTENIEH 3BYKOBBIX YaCTOT, MOJKITIO-
YaloTCs 4Yepe3 pa3/ieUTeIbHbIE KOHAEHCATOpbl. biaronaps sTomy yepe3 akycThue-
CKHE CUCTEMbI HE IPOTEKAET MOCTOSHHBIN TOK, YTO SIBJISIETCSI HEOOXOIUMBIM YCIIOBU-
€M COXpPaHEHUS UX KaU€CTBEHHBIX XapaKTEPUCTHK.
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Q)

Ycwiurenp
Ry

Puc. 1.12. TlogknioueHne K yCUIUTENIO HArpy3Ku (aKyCTUYECKON CUCTEMBI)
qyepes pa3fesInTeNbHbII KOHEHCATOP

CJIGIIyeT HMCTH B BUAY, YTO B CXCMaAX, COACPKAIIUX KOHACHCATOPHI, COIIPO-
TUBJICHUS IMOCTOAHHOMY MU IICPCMCHHOMY TOKY MOTYT OBIThH Pa3JIMIHBIMU. PaccMmorT-

pUM, HanpuMep, CXeMmy, peicTaBIeHHyto Ha puc. 1.13.

Puc. 1.13. Cxema, coaeprkaiasi pe3ucTopbl U KOHJIEHCATOPHI

ConpoTHBIIEHHE TTOCTOSHHOMY TOKY cXeMbl R-=R;+R; (mocTosiHHBII TOK Uepe3
koHJeHcatopel C1 u C, He npoTtekaeT). CONpOTUBIECHUE 3TOU K€ CXEMBI IEPEMEHHO-
My ToKy R-=R;//R3 (conpotupnerueMm konmaeHcatopoB C; u C, MEPEeMEHHOMY TOKY
npeHedperaem).

2. Ucnionb30BaHME KOHACHCATOPOB /IS MMOCTPOEHUSI YACTOTHO-3aBUCUMBIX Jie-
nureneit Hanpsokerus (GuibTpoB) (puc. 1.14, 1.15).

Cxema (puc. 1.14) npexacrapiser co00i GUILTP BBICOKOW YacTOThl. Eciam ya-
CTOTa BXOJHOT'O CUTHajla Majia, TO COIPOTUBIIEHUE KOHAeHcaTopa C1 BEJIMKO U MpaK-
TUYECKH BCE BXOJHOE HAMpPsDKCHHUE MaaaeT Ha HEM. Takum o0pa3oMm, HampsHKeHHE

Ugux OpuMepHO paBHO HYJ0. [Io Mepe yBenudyeHus: 4acTOThl BXOAHOTO CUTHAJIA CO-

npoTuBiieHUE KoHAeHcaTopa C1 manaeT, U Uy, yBEeTUIUBaETCA.

HDI/IMGLIaHI/IeI PCAKTHUBHOC COIIPOTUBJICHUC KOHACHCATOPA 3aBUCUT OT 4aCTOTHI

U ONpeielisieTcs: CASAYIOIM 00pa3oMm:
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Xc =.L,
JoC

raie j=+/—1; o=2nf — kpyrosas gacrora curnana; C — EMKOCTh KOHIECHCATOPA.

B cxeme (puc. 1.14) Ha HM3KMX 4aCcTOTaX MPAKTUYECKH BCE BXOJHOE HATIPsIKE-
HUE MaJaeT Ha BBIXOJHOM KoHJeHcaTope Cp. [lo Mepe yBenrueHus 4acTOThl BXOHO-
IO CUTHAJIa CONPOTUBIICHUE KOHIEHCATOpa YMEHBIIAETCS, HANIPSDKEHUE HA PE3UCTOPE
R; yBenuuuBaeTcs, Clel0BaTENbHO, BEIXOAHOE HAIPSKEHUE MAaeT, JOCTUras Hyje-

BOI'O 3HAYCHUS IIPU z[aaneﬁmeM YBCIMYCHUHU YaCTOTEI.

“ UBLIX
O " O
C1
U, = const R, D Upeix
f=var
O O
f
a O

Puc. 1.14. ®uibTp BHICOKON YaCTOTHI: @ — CXEMA;
6 — aMIUTUTYJHO-4YaCTOTHAsI XapaKTepUCTUKA

UBLIX
O |' |' O
R1
Uz« = const = U..x
f=var G
O O
f
a 4]

Puc. 1.15. ®uibTp HU3KOM YaCTOTHI: a — CXEMA;
6 — aMIUTUTYTHO-4aCTOTHAS XapaKTePUCTUKA

®unbTp HU3KOH yacToThl (puc. 1.15) mcnone3yercs, HanpuMep, I CTIIaKH-

BaHMUA Hy.]'IBCElI_II/Iﬁ BBIIIPAMJICHHOI'O  HAIIPsAXKCHHUA B HMCTOYHHMKAX  IIMTAHUA

(puc. 1.16.a).
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Puc.1.16. Beinpsamurens: a — NpUHIMIIAATIBHASA CXeMa; 6 — BpEMEHHas 3aBUCUMOCTh
BBIXOHOT'O HATIPSHKEHUS MPU OTKIIFOYEHHOM KoHJieHcaTtope C1; 6 — BpeMeHHas 3aBU-
CUMOCTbH BBIXOJIHOT'O HAIPSKEHUS TIPH MOAKII0OUYEHHOM KoHAeHcaTope Cg

@uiIbTp HU3KOM YAaCTOTHI COCTOUT U3 KoHaeHcaTopa (i, pesuctopa Ri, mpen-
CTaBJICHHBIM OMUYECKUM COTIPOTUBJICHUEM BTOPUYHON 0OMOTKHU TpaHchopmaTopa U
muona VDi, oGnamaromiero mpsiMbIM COMPOTUBIICHUEM. [loTynpoBOAHUKOBBIN O
VD, BBIIpAMIISIET TOJIBKO OJMH Toiyriepuox Hanpsykenus ~U, (puc. 1.16.6). Hanps-
KEHUE Ha Harpy3Ke UMeeT MyJIbCUpYyIomui xapakrep. [lpu noaxItoueHnn KOHeH ca-
Ttopa C; cxema mproOpeTaeT CBOMCTBA HU3KOYACTOTHOTO (DUIIBTpa U MEepEMEHHAs Co-
CTaBIISIONIAsT HANPSDKCHUST Ha ero Bhixojae ymenbmmaercs (puc. 1.14.6). DddexTnn-
HOCTb MOJABJIEHUS MYJbCAIIMI BBIXOJIHOTO HANPSIKEHUs MOBBIIIAETCS MPH MOBBIIIE-
HUU YaCTOThI HAIPSDKEHUS U MPU YBEIUYEHUH EMKOCTU KoHaeHcaTopa (.

3. Ucnonp3oBanue KOHIEHCATOPOB /ISl TIOCTPOCHUS TE€HEPATOPOB HATIPSIK CHHUSI
paznuaHON (DOPMBI U YCTPOMCTB 3a/IaHUsI UHTEPBAJIOB BPEMEHH.

[IpuHUIMI TOCTPOCHUSI ABTOT€HEPATOPOB AJIEKTPUUECKUX CUTHAIIOB WILTIOCTP U-
pyet puc. 1.17.
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U3I10C

Uoc UBLIX
v

Puc. 1.17. ®yukimoHanpHas cxeMa aBTOreHepaTopa.:
Y3I[1OC — yacTOTHO-3aBUCUMAs MTOJIOKHUTENIbHASI OOpaTHAsI CBS3b;
Y — ycunurelns CUurHana

Henouka U3IIOC moxeT ObITH MOCTPOCHA U3 PE3UCTOPOB U KOHJICHCATOPOB
(RC-anemenToB) (puc. 1.18).

O +Ek
R3 ° UBI)IX
Rq Co Cs Ca
Uoc
VT
Rs Re |:| R7
Ro Ra—/ Cq

Puc. 1.18. llpuHnunuansHas cxeMa aBTOreHepaTopa rapMOHMYECKOT0 CUTHAJa

Yceunurens cobpan Ha anmemenTax: VTq, Ry, Ro, R, Ry, C1. Hens Y3IIOC co-
crout u3 3neMeHToB: Co, Rg, C3, Rg, Cy, R7.

Kosddurment nepenaun HanpsokeHus nernodkor Y3IMOC B = Uge/Uy,x 3aBH-
CUT OT YacTOThl M3MeHeHHs HanpsokeHus Uy, Koaddunuenr B gocturaer cBoero
MaKCHUMaJIbHOT'O 3HA4YeHHUS TOJBKO Ha omHou dactote fo = ¢(Cy, Rs, C3, Rg, Ca, R7).
NMeHHO Ha JaHHON YacTOTE M yCTAaHABIMBACTCS T'CHEpAIUs TIEPEMEHHOTO HAIPSIK e-
Hus Uy . OTKIIOHEHHE 3HaueHus fy OT HOMUHAIA MOMKET MPOUCXOIUTH BCIICACTBUE
«yX0J1a» dIEKTPUUECKUX MapaMeTpoB JIF000ro u3 meMeHToB 1enouku Y3ITOC.

Ha puc. 1.19 moka3an NpUHIAI ITIOCTPOCHHUS YCTPONCTBA 3aaHUs HHTCPBAIOB

BpEMEHH (Taiimepa).
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Puc. 1.19. Taitmep

Komnapatop mpous3BOIuT cpaBHEHHE ABYX HampspbkeHuit: omnopHoro Uy, u
HaIpsOKEHUs, CHUMaeMoro ¢ koHaeHcaropa Ci. B MOMEHT BpeMeHH, KOTja HanpsoKe-
HUe Ha KoHJeHcatope C; JOCTUTHET BeluuuHbl Uy, BRIXOJHOM CUTHAN TailMepa W3-
MeHsieTcs, Hanpumep, ¢ «0» Ha «1». B MoMeHT BpeMenu, koraa kitou Kip pa3Mbika-
eTcs (Hayasio 3a/[aBaeMOro WHTEepBajia BpeMeHH tg), HaUMHAETCs 3aps/ KOHACHCaTOpa
Cy TokoM lg, co3maBaeMbIM CIEMATBHBIM UCTOYHUKOM CTaOWJIbHOTO TOKa. Hamps-
xeHue Ha Cy yBeITMYMBaeTCsl.

B momenT Bpemenu t, (OKOHUaHHE 3aJ1aBa€MOT0 MHTEpBaja BPEMEHH) HAMpsi-
xkeHne Ha Cy nocturaeT BenuuuHbl Uy, W BBIXOJHOW CUTHAN TaiiMepa M3MEHSETCs.
3amaBaeMblil BpeMeHHOUM uHTepBan (11-1p) onpenensercs: BEIMIMHON 3apsSIHOTO TOKA
lo u émkocTu koHneHcaropa Cy.

4. Vcnonib30BaHWE KOHJEHCATOPOB JIJIs IMOCTPOCHUS JEIUTENICH HampsKEHUs
(puc. 1.20) u orpannuurencii Toka Harpysku (puc. 1.21).
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Puc. 1.20. KonaeHcaToOpHBIN JETUTENh HATTPSKCHUS
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[o,
Puc. 1.21. OrpannyeHue Toka Harpy3Kku ¢ MOMOILBIO KOHAEHcaTopa

Pabora cxem (puc. 1.20, 1.21) aHamoru4yHa COOTBETCTBYIOIIUM CXeMaM, pabo-
TaIOIIUM Ha pe3ucTtopax. PazHuIla COCTOUT JIUIIIb B TOM, UYTO:

1) cxeMbl Ha KOHJIEHCATOpax paboTarOT TOJILKO HAa IEPEMEHHOM TOKE;

2) B cxeMax Ha KOHJIEHCATOpaxX HE MPOUCXOJUT OECIIONIE3HON MOTEPU MOIIHO-
ctu Ha C; u C,, TaKk KaKk TOK U HaNpsOKEHHE Ha KOHJICHCATOPE CIABUHYTHI OTHOCH-
TeNbHO ApYT Apyra Ha 90° (P =UI cos90°).

5. KongeHcaropsl MOTYT MCIIOJIB30BATHCS JJI TIOCTPOCHMS TATYNKOB YTJIOBBIX
U JIMHEWHBIX TIEPEMEILICHNM, a TaKKe YPOBHS kKuakoctu. KpoMe Toro, mpemocrapis-
€TCsl BO3MOYKHOCTD OTpEJISTICHUS TPAHUIIBI pa3jiesia Cpell ¢ Pa3HON TUAJIEKTPUUSCKOM
IIPOHMUIIAEMOCTHIO M UBMEPEHHUE TEMIIEPATYPHI.

JlaT4uKM YTJIOBBIX M JTUHEHHBIX MEPEeMEIICHUI MPeCTaBIsI0T cO00H KOHIEH-
caTophl MEPEMEHHON EMKOCTH C MEXaHWYECKUM YIpaBieHHEeM (M3MeHsSeTcs 0o
IUIONIA/Ib MIEPEKPHITHUS TUIACTHUH, JTUOO0 PACCTOSHUE MEXKY HUMH).

JIaT4MKyd YpOBHS JKHUJIKOCTH W OMPENEIICHUS TPAHUIIBI pa3zena Cpell CTPOsTCA
Ha 6a3e MOrPYXaeMbIX B KHIKOCTh KOHJEHCATOPOB. EMKOCTh MOrPYKEHHOr0 KOH-
nencaropa (puc. 1.22) onpenensieTcsi BBIpaKeHUEM:

C= K]_h]_ + K 2 h2 ,
rae K, K; — ko3 duiineHTs mponopIuoHaTbHOCTH, 3aBUCSIIINE OT TUAJIEKTPUUECKUX
MIPOHUIIAEMOCTEN COOTBETCTBYIOIIUX CPE/I.

[

hi cpena 1

?—:— h, cpena 2
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Puc.1.22. KonaeHcaTtop, HOrpyXKEHHBIN B )KUIKOCTh
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Takum oOpazoM, HanpuMmep, U3MEPSETCS YPOBEHb KEPOCUMHA B TOIUIMBHBIX Oa-
kax camonera (hy). KepocuH mMeeT 3HaueHHE AMAICKTPUYECKOW MPOHHIIAEMOCTH
3HAYUTENBHO OOJIbIIIEE, YEM IUAJIEKTPUUECKas MPOHUIIAEMOCTh Bo3nyxa (cpeaa 1), To
ectb Ky > Kj. [ToaToMy uemM Oonbliryto EMKOCTh UMEET JAaTYUK, TEM OOJIbLIE KEPOCH-
Ha B Oake (cpena 2).

C noMomib1o Takoro EMKOCTHOTO JaTYMKA MOYHO OTPEIEIUTh TPaHUILly pasje-
Ja Cpell, YTO UCIOJIb3YETCsl, HApUMep, AJIsl ONpeAesIeHUs YPOBHs HEPTENPOIYKTOB B
0akax M YpOBHS «OTCTOSIBUICHCS» BOBI, KOTOpas coOupaercs Ha JHE EMKOCTH U
MUMEET 3HAYUTENIBHO OOJIBIIYIO JUAIEKTPUUECKYIO MPOHUIIAEMOCTb.

JIist u3MepeHus TeMrnepaTypbl MOXKHO KCIIONIb30BaTh CIEIMAIbHBIE TEPMOKOH-
JI€HCATOPBI, EMKOCTbh KOTOPBIX B 3HAYUTEIBHOM CTETIEHU 3aBUCUT OT TEMIIEpaTyphl.

6. C moMomibio KOHAEHCAaTOpa MOMKET OCYIIECTBISATHCA rajibBaHWYecKas pas-
BsI3Ka B CUTHAJBHBIX LIETISAX MPU TMEepeaade BbICOKOYACTOTHOro curHana. [Ipu stom
BBICOKOYACTOTHBIA CUTHAJI MEpeaeTcsl uepe3 KOHJEHCATOp Majio EMKOCTH (eIMHHU-
16l UKo apan). Hu3koyacToTHBIE CUTHAIBI Yepe3 TAKOM KOHJEHCATOp MPAKTHUYECKU
HE MPOXOJAT, TAK KaK CONMPOTHUBIIEHHE KOHAeHcaTopa rpu C—0 Ha HU3KHUX YacTOTaxX
cTpeMuTcs K OeckoHeuHOCTH. YUepe3 Takue paszaenuresabHble KOHJIEHCATOPHI MOJ-

KIIFOYAaK0TCA, HAIIPUMCP, aHTCHHBI K BXOAHBIM LCIISAAM TCJIC-, paJruoallliapaTypsbl.

1.3 TpancdopmaTopsl, ApPOccey U KATYIUKH UHAYKTUBHOCTH
1.3.1 KaTymikyu MHAYKTUBHOCTH

KaTymku mHIyKTHBHOCTH, 32 UCKIIFOUCHUEM YHUDUIIMPOBAHHBIX JIPOCCEIEH,
HE SIBJISIOTCS KOMIUIEKTYIOIIUMH U3AEIHUSIMU (KaK pe3UCTOpPbl, KOHACHCATOPBI U Ap.
AIEMEHTHI PaANO3JIEKTPOHHOW anmnapaTypbl). OHU M3rOTABIMBAIOTCS [JI KOHKPET-
HBIX u3genuid. M3-3a 1mi1oxoi MOBTOPSIEMOCTH XapaKTEPUCTUK U IMapaMeTpPOB, OOIb-
I0M TPYTOEMKOCTH U3TOTOBIIEHUS UX 00J1aCTh MPUMEHEHHUS OTpaHUYECHA.

DOKBUBAJICHTHBIC CXEMBI KaTyIIKU MHAYKTUBHOCTH MPUBEIEHBI Ha puc. 1.21.
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Puc. 1.23. DxBUBaJICHTHBIC CXEMBI KATYITKH HHTYKTUBHOCTH

a — TIepBbIA BapUAHT; O — BTOPOI BapUaHT
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Karymika o6nanaer MHIYKTUBHOCTBIO L M aKTUBHBIM CONPOTHUBIIEHUEM MPOBO-
na Ryp. Ilotepu B MarHUTONpOBOJE OTpaxkaroTcs napamerpom Rp. Konmencarop C
IpeACTaBIseT cOO0M MEXBBIBOIHYIO EMKOCTb KaTylku (Rpy = Ry, L= L').
Bce mapametpsr, kpome L (L"), sBisrorcs mapasutHbiMH. JIoOpOTHOCTH Ka-
TYILIKH ONpPEACIIAECTCS BhIPAXKECHUEM
Q="
"R

rae X, — MHIYKTUBHOE CONPOTHUBIICHHUE;

R — akTuBHas COCTaBJIAOOIAasA COIIPOTUBIICHUA KATYIIIKH.
HOTepI/I B MAarauToIIpoOBOAC (CCpI[G‘IHI/IKe) 3daBUCAT OT €T0 KOHCTPYKIIUH, MATC-

pHana ¥ 4yacToTsl (JUIi KaTymku 0e3 cepaeunnka Ry =0, Ry =0).

Jlpoccesib — 3TO KaTyIIKa WHAYKTUBHOCTU C ()ePPOMArHUTHBIM CEPIACYHHKOM
(MarHUTOMPOBOJIOM ).

CepAeUHHK CIYXKHUT JJIs YBEJIMYCHHUS WHAYKTHBHOCTH KaTymikd. Jljs Toro,
YTOOBI IPOCCEIIb OBLT JIMHEWHBIM CEPACYHHUK B OTIUYHE OT TpaHCHOpMaTOpoB 00s3a-
TEJIGHO BBIMOJTHACTCS C 3a30poM. Jpoccenu ciyXat Juisi CO3JaHusl peaKTHBHOTO MH-
JTYKTUBHOTO COTIPOTHUBJICHUS W NMPUMEHSIIOTCS B OCHOBHOM B CTJIQ)KUBAIOIIHUX (DHJTb-
Tpax.

YcinoBHOe rpaduueckoe 0003HAUSHHE APOCCENss Ha MPUHIMIHAATBHBIX DIICeK-
TpudecKkux cxemax, B coorBercTBum ¢ ['OCT 2.723-68, npuBeneno Ha puc. 1.24.

—YYY_ _YYY L _YYY_
a o 8
Puc. 1.24. YcnoBusie rpaduyeckue 0003HAYCHUS: @ — IPOCCEIb
0e3 MarHUTOIPOBOA; O — IpocceNb ¢ (eppPOMarHUTHBIM MarHUTOTIPOBOIOM;

6 — KaTyliKa HHAYKTHBHOCTH C MAaIrHUTOAUIJICKTPHUYCCKUM MAaIrHUTOIIPOBOJIOM

Jlpoccenn — 4acTOTHO 3aBHCHMbBIC DJIEMEHTHI (MX MHIYKTHBHOE COMPOTHUBIIE-

HUE 3aBUCUT OT 4acToThI f). COpoTUBIICHHE ONPEeIsIeTCS U3 BRIPAKEHUS:
X|_ = 2nfL .

Ennnuna wamepenns naayktaBHoctd — ['erpu (I'n).

OcHoOBHBIC TapaMeTPbI:

- uHOyKkmusHocms (He menee) L, I'n;

- npeoenbHO 0onycmumoe 3HadeHue NOCMOSHHO20 MOKa | qy.

Hnoykmuenocms npoccenss MOXKET YKa3blBaTbC B JOJSIX TE€HPU:
I M[E=10"Th; 1 Mu=10"TH.
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Ilpedenvno oonycmumoe 3nauenue nOCMOAHHO20 MOKA — 3TO MAKCUMAJIbHOE
CpellHEee 3HAYEHUE MOCTOSHHOTO TOKa, Ha KOTOPOE PACCUMTAH APOCCENb, MPU JJIH-
TEIbHOM ero pabore 0e3 MU3MEHEHUs MapaMeTpPoB B TEUEHUE T'apaHTUHHOIO CpOKa
CITYXKOBI.

B coorBercTBUU co cranmapramu |EC-82 st mHIyKTUBHOCTEH (ZIpocceneit)
MPUMEHSETCS IBETOBAsA U KOJIOBasi MAPKUPOBKA.

KonoBas MmapkupoBka Apocceneil coaep>KUT HOMUHAIbHOE 3HAUEHHE U JIOIYCK,
T.€. JIOMyCKaeMoe OTKJIOHEHHE OT YKa3aHHOro HoMuHaja. HoMuHanmbHOE 3HaueHue
Koaupyetcs mudpamu, a gonyck — OykBamu. I[lpuMensieTcst 1Ba BUAa KOJAUPOBAHUS:
KOAMPOBAaHHAS U HETIOCPEICTBEHHAS] MAPKUPOBKHU.

1. KogupoBanHnasi MapkupoBKa coAep>kKutT nudpsl 1 OykBel. [lepBbie aBe mud-
pBl YKa3bIBAaIOT 3HaU€HHE B MUKpOreHpu (MKI'H), mocienHssi — KOJIMYECTBO HYJIEH.
Crnenyromas 3a uudpamu OykBa ykasplBaeT Ha gomnyc. Hanpumep, kox 101J o6o3na-
gaeT 100 Mmx['H £5%. Ecnu nocneansisi OykBa He yKa3bIBaeTcsl, TO IONMYCK MPUHUMA-
ercsa paBHbIM 20 %. [l unaykTuBHOCTEM MeHbIIe 10 MKI'H posib 1eCATUUHON 3ams-
ToM BhIMIONHsET OykBa R, a ;s unaykruBHocreld Mmenbie 1 MxI'H — OykBa N.

Honyck oOo3Havaetcs ciuenyromumu OykBamu: D = £ 0,3 ulH; J = +5 %;
K==+10%; M =+ 20 %. [Ipumeps1 0003HaueHn# npuBeaeHbI B Ta0I. 1,8.

Tabmuma 1.8

[Tpumepbr 0603HaUCHUN MapKUPOBKHU JIpoCCeeit

2N2D — 2,2 aI'u £0,3 aI'n | 3R3K - 3,3 mxl'a £10% 101K - 100 mxI'a £10%

22N — 22 ul'n 4R7K — 4,7 MmxI'n £10% 471) — 470 mxI'a £5%

R10M - 0,10 MxI'n £20% 100K — 10 MxI'n £10% 681J — 680 MxI'H £5%

R68M — 0,68 MxI'n £20% 330K — 33 mxI'n £10% 102 — 1000 mxI'n £20%

Henocpencteennass MapKupoBKa MapKUPYETCsE HEMOCPEACTBEHHO B MUKPOT€H-
pu (MxI'H). B Takux cinyyasx mapkupoBka 680K Oyner o3nauath He 68 MKI'H £10%,
KaKk B NEpBOM ciydae (IpU KOAUPOBAHHONM MapKHUPOBKE), a HEMOCPEICTBEHHO
680 mxI'H +£10%.

[[BeTOBasi MapKUpPOBKA JPOCCENIECH COAEPKUT, KaK MpaBuio, 4 Wik 3 LBETHBIX
KoJiblla U Toukd. [lepBble ABE METKHM yKa3bIBaIOT HA 3HAUYEHUE HOMUHAIBLHON MHIYK-
TUBHOCTH B MUKpOreHpH (MKI'H), TpeTbsi METKa — MHOXKHUTEIb, YETBEPTAsA — JOIYCK.
B cnyuae kogupoBanus 3 meTkamu nojapasymenaercs gomyck 20%. [{BeTHoe KobIIO,
o0o03HavaroIee neppyo Mudpy HOMUHAIA, MOXKET OBITH IIMPE, YEM BCE OCTAIBHBIE.

[[BeTHast KOJTOBasi MApKUPOBKA MHIYKTUBHOCTEH mpuBeaeHa B Tadi. 1.9.
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[{BeTHas MapKUpOBKa MHAYKTUBHOCTEN (Ipoccerneit)

Tabnuma 1.9

L{BeT mosocku

Homunan, MxI'H

(ToukH 1-if pneMeHT | 2-ii SIEeMEHT Muoxurens Homycx
CepeOpsiHblii 001 10 %
3oJi0TOM 01 5%
YépHpbIit 0 1 20 %
Kopuunesbiii 1 1 10
KpacHbrii 2 2 102
OpanxeBbIiit 3 3 10°
Kénteii 4 4
3enEHpIit 5 5
["omy6oii 6 6
duoaeToBBIN 7 7
Cepsiit 8 8
benprit 9 9

1.3.2 TpancpopmaTtop

TpancdopmaTop — 3TO CTAaTUUECKUN AIEKTPOMATHUTHBIN ammapar, colepika-

MU 3aMKHYTBIH (eppOMarHUTHBIA MarHUTONPOBOJ (CEPACUHUK) ¢ NByMs (i 0o-
nee) 0OMOTKaMH Ha HEM M CIy>Kallui I IpeoOpa3oBaHUs MEPEMEHHOTO Hampshke-
HUSI OJTHOM BEJIMYUHBI B IEPEMEHHOE HANPsKEHUE APYTrod BeTUYUHBI 0€3 U3MEHEHUs

JaCTOThI, a TaKXK€ AJIA COIJIaCOBaHUA COHpOTI/IBJ'IeHI/Iﬁ U TaJIbBAaHUYECKOMH Pa3BA3KH

BJICKTPUUECKUX LECTIEH.
YcnoBHoe rpadguueckoe o0o3HaueHUE TpaHChOpMAaTopa Ha MPUHIMITHATIBHBIX
aNIEKTpUUYeCKUX cxemax, corimacho ['OCT 2.723-68, npuseneno Ha puc. 1.25 [32].

[Tpu nzo6pakeHnu 0OMOTOK KOJMYECTBO BUTKOB IMPOU3BOJIBHOE (OOBIYHO TPH).

;

¥

(1

e

Puc. 1.25. YcnoBHoe o603HadyeHue TpanchopmaTopa: a — B yIpOIEHHBIX

OJTHOJIMHEWHBIX cXeMax; O — TpEX(a3Hblil ¢ GeppPOMArHUTHBIM CEPACUHUKOM;

6 — 0€3 MarHuTONPOBO/Ia C MOCTOSIHHON CBSI3bIO;
2 — oHo(a3HbIN ¢ PEeppPOMATHUTHBIM CEPJICUHUKOM
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1.3.2.1 OcHOBHBIE MapaMeTPbl CUIIOBBIX TPAHCPOPMATOPOB
OCHOBHBIMHU AJIEKTPUUECKUMU MapamMeTpaMu TpaHC(HOpPMAaTOPOB, MOJJIEKAITUX
KOHTPOJIIO B TEXHUYECKOM JUArHOCTHUKE, SBJISIIOTCS:

- HOMHHAaJIbHAass MOITHOCTE Py;

- HOMUHAQJIbHOE HampshkeHue cetu (mepBUYHOM 00MOTKH) Uyy;

- yacToTa HampspkeHus cetu f ;

- HOMUHaJIbHBIE HanpsikeHue Uy, U Tok |y BTOpUYHBIX 0OMOTOK;

- ko3¢ duimeHT TpaHchopmaruu K.

Homunanvnas mowyHocms — CyMMa MOIIHOCTEH BTOPUYHBIX OOMOTOK TpaHC-
dbopmaTopa B HOMHMHAJIBLHOM pPEXHMME, yKa3blBaeMas B BarTax. YacTto MCHONB3yeTCs
NOHSTHE 2AOAPUMHOU WU MUNOBOU MOWHOCMU, TIO[ KOTOPON MOHMMAETCs MOJy-
CyMMa MOIIHOCTEH BCeX YacTeil 0OMOTOK.

Homunanvnoe nanpsasycenue cemu HOPMAJIM30BAHO U COOTBETCTBYET PANY:
110, 127, 220 B (6wiToBas ceth); 380 B (o6mie-npomelniieHHas ceth); 660, 1140 B
(cneruanbHbIe BUJBI CETEH, MCIOJIB3yeMbIe B YIOJIBHBIX IIaXTaX, pa3pe3ax, pyaHH-
Kax ¥ T.II.).

Yacmoma nanpsaxcenus cemu tpanchopmaropo nutanus — 50 ' (oOme-
IPOMBINIIEHHBIX YCcTporcTB) U 400 ' (1 00bEeKTOB, Macca U TabapuThl KOTOPBIX
UMEIOT CYIIIECTBEHHOE 3HAUCHUE).

Kosgppuyuenm mpancghopmayuu — ornomenue 3.a.c. £; 0OMOTKH BBICIIETO
Hanpspbkenuss (BH) k 3.1.c. B, oomMoTku Hu3miero Hanpspbkenuns (HH) mmu cootBer-
CTBEHHO OTHOIIIEHHE YUCIIA BUTKOB Ny K Ny:

k = El/Ez = n1/n2.

VYcnoBHoe o0o3HaueHHE YHUDHUIIMPOBAHHBIX CHIIOBBIX TpaHCHOPMATOPOB B
coorBerctBu ¢ ['OCT 11677-85 cocrouT U3  CICIYIOMHUX  DJICMEHTOB:
XX/ X-X [33]:

- nepevlil 21emenm — OyKBEHHas 4acTh 0003HAYCHMs TUIA TpaHchopMartopa,
coneprkaiasi 0003HaueHus B cieayromeM nopsiake: 4 — aprorpanchopmarop; O win
T — ognodaszubrit win Tpéxdasznsii; P — pacmermiéanas oomorka HH; ycinoBaoe 060-
3HAYE€HUE BHUJOB OXJIaKAcHMS, coriaacHo Tabi. 1.10; 3 — ucnoyiHEHHE ¢ eCTECTBEH-
HBIM MACJSIHBIM OXJIZKJICHHEM WM C OXJIQXKICHUEM HETOPIOYHMM >KUJIKUM JUDIICK-
TPUKOM C 3alIUTON IMPU MOMOIIM a30THOM MOAYIIKK 0€3 pacumuputens; JI — ucnod-
HeHue TpanchopMaTopa ¢ IUTON u3oisanueit; 1 — TpEXoOMOTOUHBIN TpaHchopMaTOp
(mmst TByXO0OMOTOUYHBIX He yKa3biBatoT); H — tpancopmarop PITH; C — ucnonnenue
TpaHcopMaropa COOCTBEHHBIX HYK]I 3JIEKTPOCTAHIIMMA.
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Taomnuma 1.10

BykBeHHOE 0003HaUEHUE TUIIA CUCTEMBI OXJIAXEHUS TpaHcpopmaTopa

O06o3HaueHue Cucrema oxJaxxJIeHus
Macnsiabie TpaHc(hOpMaTOpPhI:
M EcrecTBeHHas UpKyIALMSA Maciia U BO3AyXxa
I EcrecTBeHHass HIUPKYJIALMSA Macila U IPUHYAUTENbHAS HUPKYJIALMS
BO3JlyXa
MI| [IpunynuTenpHas LUPKYJISLIU MAcia U €CTECTBEHHAs LUPKY LS
BO3JlyXa
JLL [IpunynuTenpHas HUPKYISILIAS Maciia U BO31yxXa
MB EcrecTBeHHass HIMPKYJIALMSA Maciia U IPUHYAUTEIbHAS UPKYIISIUS
BOJIBI
L1 [IpuHyauTENnbHASA UUPKYJISAIUSA MAclia U BOJIbI
Cyxue TpanchopmaTopsi:

C EcrecTBeHHass LMPKYJIALMSA BO3AYyXa TP OTKPHITOM MCIIOJHEHUHT
C3 EcrecTBeHHas HIMPKYJIALMSA BO3AyXa MPH 3aIIUILIEHHOM UCIIOJIHEHUU
Ccr EcrecTBeHHas HIMPKYJIALMSA BO3AYyXa IPU FEPMETUYHOM HUCIIOJIHEHUU
CA [IpuHyauTenpHAsA UUPKYIISIIUSA BO3AYyXa

TpancdopmaTopbl ¢ HETOPIOYUM KUJKUM JTHUIIIEKTPUKOM

H OxJtaxIeHNEe HETOPIOYUM JKHJIKUM JTUAJIEKTPUKOM C €CTECTBEHHOM
IUPKYJISAIIUCH BO3TyXa

HI[ OXJ'IEDKI[@HI/IG: HCTOPIOYUM KUAKHUM OUBJICKTPHUKOM C IIPUHYAUTCIIb-

HOU [UPKYJISIIUENA BO31yXa

[Ipumeyanue: B crangapTax win TeXHUYECKUX YCIOBUSX HAa TpaHC(HOPMATOPHI KOH-

KPETHBIX TPYIII WU THIIOB MOTYT IIPEIYCMaTPUBATHCS JOTIOJTHUTEIbHBIE OYKBCHHBIC
0003Ha4YeHUS 1Ocie OYKB, IEPEUUCIICHHBIX B TA0JIHIIC.

- 8MOpOlL 2lemMeHm — HOMUHAIIbHAsI MOIITHOCTh TpaHchopmaTopa, KB-A;

- mpemut 31emeHm — KJlacc HarnpsbkeHue ctoponsl BH, kB;

- yemeepmolil I1eMeHm — KIMMAaTHIeCKOe UCTIOTHEHUE U KaTeropus pa3melie-
Hus (o 'OCT 15150-69 ¢ Usm. Ne 1, 2, 3, 4, 5) [34].

[Tpumepsl ycIIOBHBIX 0003HAYEHHM TUTIOB TPaHC(HOPMATOPOB:

1) TM 100/10-¥Y1 — Tpéxda3Hblii TByXOOMOTOYHBIN MAaCIsSHBIA TpaHCcHopMma-
TOP, ¢ €CTECTBEHHOW LMPKYISLMENA Macia UM BO3]lyXa, HOMUHAJIBHON MOIIHOCTBHIO
100 kBA, HOMUHAIBHBIM HAIpPsHKEHUEM OOMOTKH BbIciiero Hampsokenus 10 kB, nc-
MoJIHEHUs Y, Kateropud 1;

2) TPIHC 32000/35-Y1 — Tpexda3ubiii 1ByXOOMOTOUHBIA MAaCJSHBIA TpaHC-
dbopmartop, ¢ pacuernIeHHOM 0OMOTKON HU3KOT0 HANPSIKEHUsS, C €CTECTBEHHOM IUP-
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KyJIALMEeH Macjia U NPUHYIUTEIBHON LUPKYISALUEN BO3ayxa, ¢ ycrporcrsoM PIIH,
IUIsl COOCTBEHHBIX HYKJ 3JEKTPUYECKON MOJACTAaHIMH, HOMUHAIBHON MOLIHOCTBIO
32 MBA, HOMUHaJIbHBIM HanpsbKeHHEM OOMOTKHU BbICIIEro HampsbkeHus 35 kB, uc-
MOJNIHEHUsA Y, KaTteropuu 1;

3) TC3 100/10-Y3 — Tpéxdasublii cyxoi TpaHcHoOpMaTop 3allUIICHHOTO HC-
IIOJJHEHUSI C €CTECTBEHHOW LHUPKYJSLHEH BO31yXa, HOMUHAIBHONM MOIIHOCTBIO
100 kBA, HOMUHaIBHBIM HaIpsKEHUEM OOMOTKH BhIciiero Hampsokenus 10 kB, wuc-

MOJIHEHUS Y, KaTeropuu 3.

1.3.2.2 OcHoBHBIC IPUMEHEHUS TpaHCHOPMATOPOB

1. OcHoBHOE Ha3HaueHUe TpaHchopmaTopa — MpeodpaszoBaHue (MOBBIIMICHUE
WM TIOHWKEHUE) HanpsokeHus. TpaHchopmaTop CocoOeH NepeiaBaTh MEPEMEHHOE
HaIpspDKEeHUe kak 0e3 mpeoOpazoBanus ero no ammiuryae (Ui;=U,), Tak u ¢ uzmeHe-
auem ammutyasl (Ui£Uy), puc. 1.26.

13 12
—_— —

O O
Ny Ny

O O

Puc. 1.26. Ilpocreiimuii 1ByXxoOMOTOUYHBIN TpaHCHOpPMATOP

K ucTOYHUKY 2JI€KTpO’HEPrUM OOBIYHO IMOJKIIOYAETCS TMEpBUYHA OOMOTKA
Tpanchopmaropa. OgHAKO JOMyCcKaeTcs B Ka4eCTBE BXOJa MCIOJIB30BaTh M BTOPHU Y-
HYI0 00MOTKY TpaHchopmaropa (¢ mapamerpamu U,, |, Ny), ogHaKko B 3TOM ciiydae
HeoO0xoauMo BbinonHeHue ycnoBus: N > Ny U1 kaxaoi u3 oomorok, rae N — duc-
JI0 BUTKOB, MPUXOJAIINXCS HA OJWH BOJBT HanpsibkeHusl, N,; — MUHUMaIbHOE JOMY-
CTHMO€ YHUCJIO BHUTKOB, MPUXOIAIIUXCS HA OAWH BOJIbT HANPSKECHUS MJIS JAHHOTO
tpaHcpopmaropa (N, onpenensiercs npexae BCEro reoOMeTpU4eCKUMU MapaMerpa-
MH TpaHc(opMaropa, MaTepruaIoM CEpACUHHKA U paboUei 4acTOTOM).

2. Ucnionp3oBanue TpancopmMaropa JJIsl COTJIacoOBaHUS MCTOYHHMKA CHUTHAjIa U
Harpy3ku (puc. 1.27).

K mporeccy nepenauyd MOIIHOCTH OT MCTOYHMKA CUTHAjda K Harpy3ke MOTYT
MPEABSABIATHCS Pa3IuUHbIC TPCOOBAHUS

1) mony4yeHne MaKCUMaJILHOTO TOKA B HArPY3Ke;

2) MOJIy4eHUs] MAKCUMAaJIbHOTO HAIIPSKEHUS HA Harpy3Ke;

3) monyyeHre MaKCUMaJIbHOW MOIIIHOCTH B HArPy3Ke;

4) MTOCTMKEHNE MaKCHMaJIbHOTO COOTHOIIICHHS CUTHAJI/IITYM.
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Puc. 1.27. CornacoBanue UCTOYHUKA CUTHAJa (TeHEpaTopa) ¢ Harpy3Koii:

a — CXCMa MOAKIIIOUYCHUS HAT'PY3KU K UICTOUYHHUKY CUT'HAJIA, O — cxema

HOJIKJIFOUEHHSI HArPY3KU K T€HepaTopy Yepe3 COorjacyromuii TpaHchopmaTop

Ot Tpe6OBaHI/ISI MOT'YT BBIIIOJIHATBHCA TOJIBKO IMPHU BIIOJIHC OIIPCACICHHOM CO-

OTHOILICHNHU R]“ )51 RH. O}IHaKO Ha IIPAaKTUKEC U3MCHCHUC OTUX COHpOTI/IBJIGHI/Iﬁ qacCcTo

HEBO3MOXHO.

HpI/I 3a/IaHHBIX ITapaMCTpax Rr, Er )41 RH corjiaCoBaHueC COHpOTI/IBJIGHI/Iﬁ MOXKET

BBIMIOJHUTH TpaHchopmaTop Ojarofapsi €ro CBOMCTBY TpaHCHOPMHPOBATH TOKH U

HaIIpsKCHUA, a, CJIICAOBATCIIBHO, U COIIPOTUBIICHUA.

[TockonbKy TOTEph MOIIHOCTH B TpaHChOpMaTOpe MPAKTUYECKH HE MPOUCXO-
mut (KT 6mu3ok xk 100%), u3mMeHeHne HanpsHKeHUs COMPOBOXKAAETCS U3MEHEHUEM
TOKa (B 0OOMOTKE C MEHBIIUM HaMpsHKEeHHEM IPOTeKaeT OONbIINNA TOK U HA000pOT).

3. Ucnonb3oBanue TpanchopmaTopa Juisl CO3/IaHus paciuenurens Gpa3bl cUurHa-

na (puc. 1.28).

0

o )

Puc. 1.28. Vcnons3zoBanue TpanchopMaTopa A MOCTPOSHUS

pacmienuTens (a3bl CUTHANA

Bropuunas oOMoTka TpancpopmMaTopa MpeacTaBlieHa IBYMS CEKIIHSIMH, UMe-

IOIIMMHU OOIIUM BBIBOJI (3a3emieHue). [103ToMy OTHOCHUTENIBHO 3TOTO OOIIEro BHIBOIA

HaIIPAKCHUA, CHUMACMBIC C KpaﬁHPIX BBIBOJOB CGKHHﬁ, HaxoOsaTCsa B HpOTI/IBO(baSG.

4. Vcnonb3oBanue TpaHC(HOPMATOPOB ISl IOCTPOCHUS pACIICHUTENE CUrHa-

noB (puc. 1.29).
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Puc. 1.29. Hcnonb3oBanue TpaHncopmaTopa B KaueCTBE paCUICIUTENS CUTHAIA

B xauectBe npumMepa npuBeneH TpaHchoOpMaTop ¢ TPeMsl BTOPUYHBIMUA OOMOT-
kamu. B oOmiem ciiydae X 4uciio MOXKET OBITh MPOM3BOJIbLHBIM. biiarogapsi Takoi
CXeMe BKJIFOUCHMS] K UICTOYHUKY CHUTHAJa MOJKIII0YACTCs cpa3y HECKOJIBKO Harpy3oK,
npu4éM BCE OHU TalIbBAHMYECKH U30JIMPOBAHKI IPYT OT JIpyTa.

5. [Ipumenenue TpaHcGopMaToOpoOB MJisi TATBBAHUYECKOW Pa3BA3KU B CHIIOBBIX
U CUTHAJIbHBIX 1eTsiX. [lockonbKy nmepBUYHAasi M BTOpUYHAs 0OMOTKHU TpaHc(opmaTo-
pa HE MMEIOT AJIEKTPUYECKON CBSI3U MexIy coOoH, TpaHchopmaTop sBIsSETCS diie-
MEHTOM, OOECIEYUBAIOIIUM 3JIEKTPUYECKYIO (TAIbBAHUYECKYIO) H3OJSIUI0 OJIHOTO
ydacTKa 1enu oT apyroro. Tak, Hampumep, B OOJBIINHCTBE JTUHEHHBIX UCTOYHUKOB
NUTaHUS HCTOJB3YeTCSd CUJIOBOW TpaHC(OpMATOp, BBIMOMHSIONMNA JBE Ba)KHBIC
(GYHKIIMU: TTOHIKEHHE (WK TOBBIIICHNE) HAIPSDKCHHSI U TAIbBAHUYECKYIO Pa3BsA3KY
MMATAEMOTO YCTPOMCTBA C CUIIOBOM AJIEKTPUUYECKOU LIETIBIO.

Kuaaccupukanus tpancpopmaTopos

TpancdopmaTops! KIacCUPUIUPYIOT MO HECKOIBKUM MPU3HAKAM.

1) mo ¢pyHKIMOHATPHOMY Ha3HAYCHUIO TPAaHCHOPMATOPHI ACIATCS Ha:

- TpaHchOPMATOPHI TUTAHUS;

- corJIacyromnue Tpanc(hopmMaTopsl;

- UIMITYJIbCHBIE TPAHCPOPMATOPHI.

2) o paboueii yactotre TpaHCHOPMATOPHI TTOPA3ACIAIOTCS Ha!

- TpanchopMaTOpPHI MOHMKEHHON YacToThl (MeHee 50 [');

- TpaHchopMaTopsl MPOMBIIUIEHHON 9acToThl (50 wmm 60 I');

- TpaHcopMaTOPhl MOBBIMICHHOW MpoMBITIIIeHHON YacToThl (400 1 1000 I'm);

- TpaHcopMaTopbl NOBBIILIEHHON YacTOThI (110 10 KI');
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- TpaHC(OPMATOPHI BEICOKOI yacToThl (00aee 10 kI n).

3) MO 3NEKTPUYECKOMY HAIMPSDKEHUIO OJHOH M3 OOMOTOK TpaHC(HOPMATOPHI
OBIBAIOT:

- Hu3koBoJibTHBIE (70 1000 B);

- BRICOKOBOJIBTHBIE (Oostee 1000 B).

4) 10 KOJIMYECTBY OOMOTOK TpaHC(HOPMATOPHI MOAPA3ACISIOTCS Ha:

- OIHOOOMOTOYHBIE TPaHC(HOPMATOPHI;

- IByXOOMOTOYHBIE TpaHC(HOPMATOPHI;

- MHOI'OOOMOTOYHbBIE TPAaHC(HOPMATOPHI.

5) mo BUIy MarHuTONpoBoa (CepAeUHmKa) TpaHC(HOPMATOPhI OBIBAIOT:

- C TUTACTUHYATHIM CEPACUYHUKOM;

- C JICHTOYHBIM CEPICUHUKOM;

- C IPECCOBAHHBIM CEPJICTHUKOM.

JIeHTOYHbIE CepACUYHUKH MO3BOJSIIOT YMEHBIIUTH TOTEPH MOIIHOCTH ¥ TOBHI-
cutb KIIJ[ Tpanchopmaropa. AHamorMyHbIe TapaMeTpbl UMEIOT U IPECCOBAHHBIC
CepJICYHUKH, JIOCTOMHCTBOM KOTOPBIX, KPOME TOTO, SIBISETCS WX JEHICBH3HA II0
CPaBHEHHIO C JICHTOUYHBIMH. K HeocTaTkam MpEecCOBaHHBIX CEPJICYHUKOB B IEPBYIO
ouyepelb OTHOCHUTCSI CHJIbHASI 3aBUCHUMOCTh MHIYKITUH OT TEMIIEPATYpPhI, IPOIUTKHA U
3aMBKU 00MOTOK. IIpeccoBaHHbBIE CEPIEYHUKH BBINONHSIIOT MPEUMYIIECTBEHHO VY
BBICOKOUYACTOTHBIX TPaHC(HOPMATOPOB.

TpancdopmMaTopbl NMTAHUSA

TpancdopmaTopbl MUTaHUs, KaK MPABUIIO, SABJISAIOTCS YHUMDUIUPOBAHHBIMU W3-
JENUSIMU, UMEIOITUMHU HECKOJIBKO BTOPUYHBIX OOMOTOK.

Ha puc. 1.30 nmpuBeneHa cxema yHU(DHUITMPOBAHHOTO TpaHchoOpMaTopa MHUTa-
HUS JJIS TIOJTYTTPOBOTHUKOBBIX YCTPOUCTB. TpaHnchopmaTop UMEET MIECTh BTOPUYHBIX
0OMOTOK: YeThIpe pabouyux U JBE KOMIIEHCAIMOHHBIX. HamnpsbkeHus pabounx oOMo-
TOK IPUMEPHO Ha MOPSOK BBIIIE, YEM HAMIPSHKCHHS] KOMIICHCAITMOHHBIX.

Lo dod oo LU

pabo4yre oOMOTKM KOMMeHCaUNOHHbIe
0OMOTKU

Puc. 1.30. Cxema ynudunmpoBanHbix TpanchopmaTopoB nutanus Tuma TIITT

Takue TpanchopmMaTopsl OUEHb HIMPOKO pacnpocTpansoTcs B POA, uto obec-
MEeYNBACTCS:
- OOJIBIIMM YHUCJIOM TUIIOHOMHHAJIOB TPaHC(HOPMATOPOB;
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- BO3MOKHOCTBIO aJjanTaliyd TPaHCPOPMATOPOB K KOHKpeTHOH PDOA 3a cuér
CHEUATbHOIO BKIIOYEHUSI BTOPUYHBIX OOMOTOK.

[lon cnenuanbHbIM BKIFOYEHHEM BTOPUYHBIX OOMOTOK MOHUMAETCS UX MOCHe-
JOBATEJIbHOE U MapajulelIbHOE coenuHeHue. i1 M3MEHEHHs HAIpsLKEHHs JOIyCKa-
€TCsl TOCJEN0BaTeNbHOE BKIIOYEHHE JBYX Miu Oonee obmorok. Ilpu corimacHom
BKJIFOYEHHH OOMOTOK HAMNPSKEHUST CYMMUPYIOTCS, MPU BCTPEYHOM — BBIYUTAIOTCS.
VYBenuueHne BbIXOAHOTO TOKa MOXKET OBbITh JOCTUTHYTO IMPHU MapajsieIbHOM COEIH-

HCHHUU O6MOTOK, HMCIOIIUX OJUHAKOBLIC HAIIPAKCHUS.

1.4 IlonynpoBOAHUKOBBIE NIPUOGOPHI
1.4.1 llpuMeCcHBIN NOJIYIIPOBOAHUK

Tok mpOBOAUMOCTH MOKHO YBETUYUTh BO MHOTO pa3. Takum cBOWCTBOM 00-
JaJa0T TOJYIPOBOJHUKOBBIE 3JIEMEHTBI, KOTOPbIE MOYKHO TOJYYUTh, HAIIPUMED, 110~
0aBuB B kpuctamn repmanus (Ge) npumech Mblbsika (AS), UIMEIOIIYIO IPYTyIO Ba-
JIEHTHOCTh. Takue MOoTyNpOBOJAHUKU HA3BIBAIOT NPUMECHBIMU.

Mpblbsik — S-BasieHTHBIN 35eMeHT. [Ipu noGaBiieHHH B KPUCTAT Te€pMaHMS
aToMoOB MblIlIbAKa (1 Ha 10 MiH.), YETBIpE JIEKTPOHA €r0 aTOMa CO34anyT KOBAJICHT-
HBIE CBSI3M, @ MATHIN AJIEKTPOH OCTAHETCS CBOOOAHBIM M MPHU HEOOJBIION BHEIIHEH
SHEPIUM MOYKET MOKMHYTh aTOM M CO3/1aTh TOK IIPOBOJIUMOCTH. ATOM MBIIIbSIKA, M1O-
TEPSIB AJEKTPOH, CTAHET MOJ0KUTEIbHBIM HOHOM. OJHAKO KOJIMYECTBO 3JIEKTPOHOB U
HEIMOABMUKHBIX HOHOB OJIMHAKOBO, T.€. MOJIYIIPOBOAHUK AJIEKTPUUYECKH OCTAETCS
HEUTpaJIbHBIM. Takue MpUMECH Ha3bIBAIOT OOHOpHbIMU (OTHAIOIIUMU SJIEKTPOH). B
TO € BPEMS IPU BIUSHUU TEMIEPATYpbl MOSBISIOTCS U TAapHbIE 3apsiabl (3IEKTPOH-
neipka). Ho gmciio oTpunatenbHbIX 3apsiaoB OyaeT OOJbINe YKCa MOJT0KUTETbHBIX
3apsAnoB. Te 3apsiabl, KOHIEHTPALMS KOTOPBIX OO0JbIlle, HA3bIBAIOT OCHOBHbIMU HOCU-
mesamMu 3apsa008, a KOTOPbIX MEHBIIE — HEOCHOB8HbIMU. B TaHHOM cilydyae OCHOBHBIE
HOCHUTENIN — 3JIEKTPOHBI. TaKyl MPOBOAMMOCTH MOJYNPOBOJAHUKOB HA3BIBAIOT 2/1€K-
MPOHHO, a TIOTYIIPOBOJIHHUK OTHOCAT K N-THUILY.

[Tpu noGaBneHnuun B Kpuctayun repmanus aromos uHAus (1 Ha 10 mMiH.) oOpa3y-
€TCs MOJIOKUTEIbHBIA HECKOMIIEHCUPOBAHHBIN 3apsa. ITO MPOU30UIIET TOTOMY, UTO
repMaHuii UMeeT 4 BAJICHTHBIX AJIEKTPOHA, a MHANK 3. ATOM MHAMUS 00pa3yeT KoBa-
JIEHTHYIO CBS3b C OJMDKAMIIMMKU aTOMaMu T'€pMaHHMsl, caM IPU 3TOM CTAHOBUTCS IO-
JIO)KUTENbHBIM MOHOM. He 3amonHeHHas 37JeKTpOHOM CBsi3b 00pa3zyeT Tak HasblBae-
MYI0 «IbIpKY». [Ipy mOBBIIIEHNN TEMIEPATYPBI, COCETHUE SJIEKTPOHBI MOT'YT 3aHAThH
3Ty ABIPKY, HO TEM CaMbIM 00pa3yloT e€ B Apyrom mecte. Takum oOpa3om, MOSIBIIs-
€TCsl JBUKEHUE MOJIOKUTENBHBIX 3apsAI0B — IbIPOK. Takyro MpOBOJAUMOCTh MOJIYIIPO-
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BOJHHUKOB Ha3bIBAIOT ObIPOYHOU, a TOJYNPOBOJHUK OTHOCAT K p-tuiy. llpumecu
JAHHOT'O THUIIA HA3BIBAIOT akyenmopHvimu. IIpr dTOM MOJIOKUTENBHBIX U HEITOABUXK-
HBIX OTPULATEJIBHBIX UOHOB PAaBHO U B 3TOM Clly4ae, T.€. IIOJYIPOBOJHUK JIIEKTPU-
YECKHU OCTAeTCsl HEUTPAJILHBIM.

1.4.1.1 DnexTpOoHHO-IBIPOYHBIN MEPEXO]] U €r0 CBOICTBA

ToHKu# ca0¥ MOJYyIPOBOJHUKA MEXKAY IBYMsl OOJacTsIMHU, OJHA U3 KOTOPBIX
MIPEICTABIIAET NOJYIPOBOAHUK P-THIA, & Apyras N-THUIA, HA3bIBAIOT P-N-TIEPEXOOM.
KoHueHTpalum OCHOBHBIX HOCUTENEH 3apsaaa B P- U N-001acTsIX MOT'YT ObITh PABHBI
WIH CYIIECTBEHHO pa3inyaThecs. B mepBoM ciyuyae p-N mepexoi Ha3bIBAIOT cuMMen-
PUYHBIM, BO BTOPOM — HecumMmempuuyHsvim. Yaie HCNonb3yl0T HECUMMETPUYHBIE
EPEXO/IbI.

Ecnu koHUeHTpaiusi akuenTopHOW mpuMecu B P-00JacTu OoJiblile, 4eM KOH-
HCHTpaIs JOHOPHO# npuMecu B N-obsactu (puc. 1.31.a), To, COOTBETCTBEHHO, KOH-

IIEHTpAIUs JbIPOK B P-00sacTH OyAeT OOJbIle, YeM KOHIIEHTpAIUs AJIEKTPOHOB B N-

o0JacTH.
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Puc. 1.31. p-n-cTpykTypa noJIynpoBOAHUKA: @ — B PABHOBECHOM COCTOSIHUH,
6 — TIpH TIPSIMOM BHEIITHEM HAIPsKEHUH; 8 — PU 0OPATHOM BHEIIIHEM HATPSHKEHUHU

3a cuét quddy3un IbIpKH U3 p-00IaCTH U SIEKTPOHBI U3 N-00JACTU CTPEMSITCS
PaBHOMEPHO PacHpeIeTUThCS M0 BceMy 00bEéMY. Ecii Obl 37IeKTPOHBI U IBIPKU OBLITH
HEHUTpaTbHBIMU, TO TU(DPy3Us B KOHEUHOM UTOTe MpuBeiia Obl K MOJHOMY BBIPAaBHU-
BaHUIO WX KOHIICHTpALMi M0 BceMy 00béMY KpucTtamia. OIHAKO 3TOTO HE MPOUCXO-
muT. JIpIpkH, Tiepexos u3 P-o0gacTy B N-001acTh, pPEKOMOMHUPYIOT C YaCThIO JICK-
TPOHOB, TIPHHAJICKAIUX aTOMaM JOHOPHOU MpuMecu. B pesymbrare ocraBimecs
0€3 DIIEKTPOHOB TOJIOKHUTEIBHO 3apSKEHHBIE MOHBI JIOHOPHOW MPUMECH 00pa3yroT
MIPUTPAHUYHBIN CJIOW C MOJIOKUTEIIBHBIM 3apsiioM. B TO ke BpeMs yXoJd 3THX ABIPOK
U3 P-00JIacTH TPUBOJIUT K TOMY, YTO aTOMBI aKIENTOPHON MPUMECH, 3aXBATHBIINE
COCEIHUN DJJIGKTPOH, OOpa3ylOT HECKOMIICHCHPOBAHHBIA OTPUIIATEIBHBIA 3apsl
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MOHOB B MPUTPAHUYHOM 00JACTH. AHAJIOTMYHO MPOUCXOAUT AUP(Y3MOHHOE Iepe-
MELIEHUE 3JEKTPOHOB U3 N-00J7acTH B P-00JacCTh, MPUBOASILEE K TOMY K€ 3D PEKTy.
B pe3ynbTaTe Ha rpanule, pazaensionieid N-0061acTe U P-00J1acTh, 00pazyeTcs y3Kui,
B JOJIM MUKPOHA, IPUTPAHUYHBINA CJIOM, OJJHA CTOPOHA KOTOPOTrO 3apsiKEHa OTpHUIla-
TeIBHO (P-00J1aCcTh), a IpyTrasi — MOJOKUTEIHHO (N-00J1aCTh).

Pa3HocTh mOTEHIIMAIOB, 0Opa30BaHHYIO MPUTPAaHUYHBIMU 3apsaMu, Ha3bIBa-
10T KoHmakmuou pasnocmoio nomenyuanos Uy (cMm. puc. 1.31.a), unu nomenyuano-
HbIM OapbepoM, MPEOJONeTh KOTOPBI HOCUTENIM HE B COCTOSHMH. J[BIpKH, MOAO-
HIe/IIIMEe K TPaHUIIe CO CTOPOHBI P-00JaCTH, OTTAIIKMBAIOTCS Ha3a/ MOJIOKHUTEIbHBIM
3apsAzIOM, a AJIEKTPOHBI, MOJOLIEAIINE U3 N-00JaCTH, — OTPHUIIATENIbHBIM 3apsioM. Ta-
KM oOpa3oM, oOpasyercs P-N-miepexoi, MpeacTaBsomuil coOol cioil moaymnpo-
BOJIHMKA C MOHMKEHHBIM COJEP)KAHUEM HOCUTEJIEH — TaK Ha3bIBaeMbll 00eOHeH bl
CJ10U, KOTOPBIM UMEET OTHOCUTENIbHO BBICOKOE AJIEKTPUUYECKOE COMPOTUBIICHHUE.

CBoiicTBa P-N-CTPYKTYpPHl HM3MEHSIOTCS, €CIIM K HEW MPHUJIOKHUTh BHEIIHEE
HanpsbkeHue. Ecnu BHeIIHee HampspKeHHE MPOTHUBOIOJIOAKHO MO 3HAKY KOHTaKTHOM
paszHocTu norteHuuainoB (puc. 1.31.6), To apipku P-o01acTH, OTTAIKUBAsACh OT MPH-
JIO’KEHHOTO TMOJIOKUTEIBHOTO MOTEHI[MAIa BHEUTHETO UCTOYHHUKA, MPUOJIMKAIOTCS K
rpaHulle MEeXy 00JacCTIMHU, KOMIICHCUPYIOT 3apsii 4YaCTH OTPUIATEIbHBIX HOHOB U
CYXKaloT IIHMPUHY P-N-TIEpEX0ia CO CTOPOHBI P-00JaCTH. AHAJIOTUYHO 3TOMY, DJIEK-
TPOHBI N-00JIACTH, OTTAIKUBAACH OT OTPHUIATEIHHOTIO MOTEHI[MANIA BHEIIHETO0 UCTOY-
HUKA, KOMIIEHCUPYIOT 3apsij YacTH MOJIOKUTEIbHBIX HOHOB M CYXalOT IIHUPUHY P-N-
nepexonia co CTOpoHbl N-ob6sactu. [loTeHIManbHBIA Oaphep cyxkaeTcs, Yepe3 Hero
HAYMHAIOT NMPOHHUKATH JABIPKU U3 P-00JIACTH U AJIEKTPOHBI U3 N-001acTH U yepes3 P-N-
nepexo]] HAYMHAET T€UYb TOK.

C yBelMUYEHHEM BHEIIHETO HAIpPSKEHHS] TOK BO3PACTAET HEOTPAHMYEHHO, TAK
KaK CO3/1a€TCSI OCHOBHBIMU HOCHUTEISIMHM, KOHLUEHTpALMs KOTOPBIX MOCTOSHHO BOC-
MOJIHSIETCS. NICTOYHUKOM BHEUIHETO HAIPSIAKEHHUS.

[TonstpHOCTH BHEHIHErO0 HANPSIKEHUS, MPUBOAIIAS K CHUKEHUIO MOTEHINAb-
HOTO Oapbepa, Ha3bIBACTCS NPAMOLU, UIU OTKPBIBAIOIICH, a CO3JaHHBINA €10 TOK — npsi-
moim mokom. 1lpu nmogaye Takoro HanpsiKEHUs: P-N-mepexo CYUTAETCS OTKPBITHIM.

Ecniu x pP-N-cTpyKType NPWIOKUTH HAMpsSKEHUE OOpaTHON MOJSIPHOCTH
(puc. 1.31.6), To apdext Oyaer mpoTuBononaoxkHbIM. [log nefcTBrEM IIIEKTPUUIECKO-
ro TOJISI UCTOYHUKA JABIPKH p-00JaCTU CMEUIAIOTCS K OTPULIATEIbHOMY MOTEHIUATY
BHEIIIHETO HAMNPSHKEHUS, a AIEKTPOHBI N-00JaCTH — K MOJOKUTEIbHOMY MOTEHIIHAITY.
Takum 0Opa3oM, OCHOBHBIE HOCUTEIM 3apsAI0B OTOJBUTAIOTCS BHEIIHUM IOJIEM OT
IpaHUIbl, YBEIWYUBAs MIMPUHY P-N-TIepexojia, KOTOPbIM OKa3bIBA€TCSI MOYTH CBO-

OOJIHBIM OT HOCUTEJNIEH 3apsiga. DIEKTPUUECKOE COMPOTUBJIEHUE P-N-miepexoja Mpu
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3TOM BoO3pacTaeT. Takasi NOJIPHOCTh BHEIITHETO HAIMPSKEHUS HAa3bIBACTCS 0OpaAmHOLl,
3anuparoniei. [Ipu nomgade Takoro HanpspKEHUs P-N-IIEPEX0] 3aKPbIT.

Tem He MeHee, mpu OOpaTHOM HANPSIKEHUU HAOJIONAETCA MPOTEKaHUE He-
00sbIIOro TOKA log,. DTOT TOK, B OTIMYME OT NPAMOIO, ONPENENIAETCS HOCUTEIAMU
HE MPUMECHOM, a COOCTBEHHON MPOBOJAMMOCTH, 00pa3yrolieiicss B pe3yjbTaTe reHe-
panuu nap «CBOOOJHBIM 3IEKTPOH-ABIPKa» MOJ BO3JAECUCTBHEM TeMIEPATYphbl. DTH
HOCUTEIU 0003HaueHbl Ha puc. 1.28.6 €TUHCTBEHHBIM 3JIEKTPOHOM B P-00JlaCTH U
€AMHCTBEHHOM ABIPKOM B N-00JacTH. 3HaUeHHEe 0OpaTHOrO TOKA MPAKTHYECKU HE 3a-
BUCUT OT BHEIIHETO HamNpsiKeHUs. IT0 OOBACHSETCS TEM, YTO B €IUHUILY BPEMEHU
KOJIMYECTBO T€HEPUPYEMBIX Map «CBOOOJHBIX SJIEKTPOH-ABIPKA» MNPU HEU3MEHHOU
TEMIIEPATYPE OCTAETCA MOCTOSHHBIM, M faxe Npu Uyg, B 10K BOJITA BCE HOCUTEIH
y4acTBYIOT B co3JaHuu oOpatHoro toka. [Ipu mogade oOpaTHOro HampsbkeHus P-N-
nepexosi ynojao0JseTcs KOHJEHCATOpy, MIACTUHAMU KOTOPOro SIBISIOTCS P- U N-
o0nacTH, pasfejeHHbIe AUIIEKTPUKOM. Polb JUANIEKTpUKa BBITOIHIET NMPUTPAHUY-
Hasi 00JacTh, MOYTH CBOOOJHASA OT HOCUTENEH 3apsaa. OTy EMKOCTh P-N-Tiepexona
Ha3bIBAIOT Oapwveproti. OHA TeM OoJbllle, YeM MEHBIIE UPUHA P-N-TIepexo/ia U YeM
00JIbIIIE €TO0 MIIOIIA/Ib.

1.4.1.2 TIpoGoti p-n nmepexoaa

IIpu 3Ha4MTENBLHOM yBenMYEeHHH OOpaTHOro Hampsukenus Uqs, HaOmomaercs
pe3Kuil pocT 00paTHOrO TOKAa. DTO SIBICEHHE HA3BIBAIOT npoboem mepexojna. Pazmu-
YaroT HECKOJIBKO BUIOB MPOOOSI.

1. TermoBo¥t mpoGoii. [Ipu yBenuueHWHu TemmepaTypbl BBIIEISETCS OOJbIIe
MOIIIHOCTH, TIEPEXO0J] Pa30rpeBaeTCsl, yBEIUIUBACTCS OOpATHBIN TOK, a TaK KaK MOII-
HOCTb 3aBUCHUT OT TOKA, TO OHA TOXE YBEIWYMBAETCS U TaK Jaliee, [MOKa MEePEeXol He
cropaet. DToT mpo0oil He BoccTaHaBiuBaeTcs. [[poucxoauT paspyiieHne KpucTauiia.

2. JlaBunHBIH 1Tpo00il. C yBeIHMYEHUEM HAIPSKEHUSI YBEITUYUBAETCA CKOPOCTh
HEOCHOBHBIX HOCUTENEH 3apsA/a, U OHM MOHU3ZUPYIOT aTOMBbI (yJapHas MOHU3ALIMS).
YUucno HEOCHOBHBIX HOCUTENEH YBEIWYMBACTCS, MPOLIECC MOBTOPSIETCS U HAPACTAET
JTABUHOOOPA3HO.

3. TynHenbHbIH TIPOOOH (TI0JIEBOM). DTOT BUI NPOOOS UCHONIB3yeTCS B TYH-

HCJIBbHBIX JUOJaX.

1.4.2 llonynpoBOAHUKOBbIE AHOAbI

/[uo0 — nMonynpoBOJHUKOBBIN MPUOOP € OJHUM P-N-IEpEeX0aA0M, 00IaAaroIui
OJIHOCTOPOHHEH MPOBOJIUMOCTBIO (OT aHO/A K KaTO/y) U UMEIOIIMI 1Ba BHIBOIA.
Bce nonynpoBoAHUKOBBIE TUO/BI MOIPA3ACISIIOTCA Ha JIBa KJlacca: TIOCKOCT-
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HbIC U ToYeYHBIC. [[TOCKOCTHBIE TUOABI UCTIOIB3YIOTCS B CHIIOBBIX HU3KOYAaCTOTHBIX
IETSX, TOYCUHBIC — B MAJIOMOIITHBIX BRICOKOYACTOTHBIX IIETISIX.

Haubomnee mmpokoe pacrpocTpaHEeHUE MOTYYWIN AUOJbI, MpeIHA3SHAUYCHHBIC
TS IpeoOpa3oBaHUs MMEPEMEHHOTO TOKAa B TIOCTOSTHHBIN, UITU 8bInpsaMumenshsle Ou-
00bL.

VYcnoBHoe rpaguyeckoe 0003HauYEHUE MOITYITPOBOJHUKOBOTO JAMOJA HA MPHUH-
[UIHATBHBIX JJIeKTpuueckux cxemax B coorBeTcTBuM ¢ ['OCT 2.730-73 [35] u ero
CTPYKTypa npuBeaeHsbl Ha puc. 1.32. Jluoa uMeer aBa BeIBOJA (JIEKTpoaa): aHoA (A)
— BBIBOJI OT oOactu P u katof (K) — BeiBog OT 06macTu N.

VD1
Al K )
— 4
U06p

Puc. 1.32. YcnoBHoe rpaduyeckoe 0003HauYeHUE MOTYPOBOJHUKOBOTO U0
u ero cTpykrypa: A —anoa, K — karton

B mporiecce paboThl 1101 MOKET HAXOAUTHCS B IBYX cocTostHusX (puc. 1.33).

B ciy4ae mpunoxenus K auoay npsaMoro Hampsbkenus Up, (aHox auona mo-
JIOXKHTENBHBIN), YEPE3 HEr0 MPOTEKAET NPAMOH TOK lyp. Ecnu k quony mpunoxkeno
oOpaTHoe HanpskeHue Uqgp, OH 3aIIMpaeTCs, U 9€PE3 HEro MPOXOAUT HEOOIBIION TOK
3akpeIToro auona logy (losp << lyp). ¥ MaeanpHOro amoja COnpoTUBIEHUE B IPIMOM
HaIlpaBJIEHUH PaBHO HYJI0, B 00paTHOM — OECKOHEUHOCTH.

OTKpBITHE IUONIa COMPOBOXKAACTCS YCTAHOBJICHHEM Ha HEM MPSMOTO Hamps-
xenus (okoio 0,2-0,4 B nnsa repmanueBoro u 0,6-1,0 B 1y1st kxpeMHHEBOTO).

Puc. 1.33. /IBa pexxuma paboThI THOA:
a — psAMoe cMelleHue (AU01 OTKPHIT); 6 — 00paTHOE cMelleHue (AN0/1 3aKPHIT)

TunoBas BoJibTaMIiepHas XapaKTEpUCTHKA TUO/Ia TIPeACTaBiIeHa Ha puc. 1.34.
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WneansHBIN qUoa
~

U06p Uo6p.r1p Uc|)6p.max
P — ] i 0.6-
> 0,3-0,6 0,6-0,8

v

<

/
|

Puc. 1.34. TunoBas BoibT-aMIIepHas XapaKTEPUCTHKA TUOJIA

OOpartHas xapaktepuctuka y Ge xyxe, yem y Si. [loatomy kpemHHEBBIE U O-
JIbl TIOJIYYMJIM HAuOOJIbIIee pacnpocTpaHeHue (YCTymHaronue TepMaHueBOMY JHOIY
TOJIBKO IO TIPSIMOMY TOKY).

HpI/I YCTAHOBJICHHUHU Ha P-N IEPEX0JC AMOAAa HAIIPSXKCHU A Ul‘[p OH HaXOOHUTCA B

OTKPBITOM COCTOSIHUM U 4Y€pe3 HEro MpOTEKaeT TOK OMpeAelisieMbli HaIpsiKEeHUEM
MCTOYHHUKA TIMUTAHUS U conpoTuBieHueM nemnu (puc. 1.35).

VD
A ~ I.<
e
L Upp
Ro
)
URorp E

Puc. 1.35. Bximtodenune 1roj1a B MpsIMOM CMEIISHHUH B DJICKTPHUYECKYIO IIETTh

Ecnu 061 pe3uctop Rorp OBUI HOIKIIOUEH K UCTOYHMKY £ Hanpsokenuem 9 B

HETIOCPEACTBEHHO, TO Yepe3 Hero MpoTeKall Obl TOK
lup=9 B/1xOM =9 MA.

Ho Tak kak Ha OTKpeITOM KpeMHUEBOM nuoje VD, ycTaHaBiMBaeTcs MajieHHUe
Hanpsokenns U, paBHOE 0,6 B, To Ha pesucTope Ryrp YCTAaHOBUTCS HAIPSHKEHUE
9-0,6=84B
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¥ 9epe3 U0 NOTEUET MPAMOHN TOK |, pPaBHBIH 8,4 MA.

Pesuctop Rorp CyXUT JUIS 3aIIUTHL IMOJa M MCTOYHUKA MUTaHus E ot nepero-
paHus («3almTa OT 1ypaKay).
JIMO/bI OYeHb YYBCTBHTEIBHBI K M3MEHEHUIO TEMIIEPATyphl. 3HaYCHHE 00pat-
HOI'O TOKa yJBaMBAacTCs TMPU M3MCHEHUU TEMIEpaTypbl mepexona Ha kaxuabie 8 °C
11t KpeMHUeBoro u 10 °C st repMaHUEBOTO TUOAA!
0_,0
-ty
(%) =1o(t)-2 10 —Ge;
94§
o) =1p(td)-2 8 —si,

rae tg — pabodas TeMmeparypa Inepexoa;

t8 — ¢ukcupoBanHas Temneparypa (300 K).

DTO 00CTOSATENHCTBO TO3BOJIAET UCIIOIB30BATh MO B KAUECTBE JIATUUKA TEM-
nepaTyphl.

Buinpamumenvnvle 0uoowvt — camas pacrpocTpaHeHHas rpynmna. OHu npegHa-
3HAYEHBI JIJIs1 IPeoOpa30oBaHUs MEPEMEHHOTO TOKAa B MTOCTOSHHBIN MO HAIPaBJIEHUIO.

OTH IUOJBI MOTYT MIPOINYCKaTh IHp 1o 100 A u BeiaepkuBath U JI0 HECKOJBbKUX

o0p
KWJIOBOJIBT.

Buvinpamumenwvuotii 610k nipeicTaBIsseT COOON YETHIPE BBIPSAMIISIIONTUX JTHO-
J1a, COEAMHEHHBIX M0 MOCTOBOM CXeM€ BHYTPH, KOTOpas MpeaHa3HayeHa sl JIBYX-
MOJYNIEPUOTHOTO BHIPSAMIICHUS IEPEMEHHBIX HAMPS)KCHUH.

B memnsix ¢ 6osee BBICOKMM HAIPSOKCHUEM MPUMEHSIIOTCS BBIMPSIMHUTEIbHBIE
CTOJIOBL.

Buvinpamumenwvutii cmond npesicTaBiIsieT cCOO0M HECKOIBKO MOCIIEIOBATEIBHO
COEJIMHEHHBIX AUOJO0B, KaXbIi W3 KOTOPBIX JOMOJHHUTEILHO IIYHTUPOBAH BBICOKO-
OMHBIM PE3UCTOPOM, a BCSI KOHCTPYKIIMS 3ajMTa 3MOKCUAHBIM KommnayHiaoM. K 3a-
TBEPJICBIIEMY KOPIYCY MIPUCOCIUHSIIOTCS KOHTAKTHI.

Buvicokouacmommnwie (BH), unu ynusepcanvuvie, 0uodvt NpUMEHSIOTCS IS
peoOpa3oBaHus BBICOKOYACTOTHBIX CUTHAJIOB, @ UMECHHO:.

- BBIJICJICHUS] HU3KOYaCTOTHOTO CUTHAJa U3 MOAYJHUPOBAHHOI'O BBICOKOYACTOT-
HOT'O CUTHAja — 0emeKmopHble TUO0/IbI,

- UI3MEHEHMS HECYIed 4acTOThl MOAYJIUPYIOIIEr0 CUTHAIA — CMecumeibHble
JTAO]TBI;

- MOAYJISIIMU BICOKOYACTOTHOT'O CUTHAJIA — MOOYAAMOPHbBIE TUOIbI.

Bce BU u CBY auopasl sSBISIIOTCS TOYEYHBIMM M PabOTalOT HA 4YacTOoTax O
100 MI'm.
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HUmnynvcuvie OuoOsl NpEIHA3HAYCHBI I HUCIOJIb30BAHMS B HMMITYJIBCHBIX
CXeMax B Ka4eCTBE KOMMYTUPYIOIIUX 3JIEMEHTOB — OTCEKATENIEN, OTPAaHUYUTENCH.

JIna MMITyJIBCHBIX TUOJ0B XapaKTEPHBIM SIBIISICTCS PEXKUM, KOrJa K JUOAY I10-
clie JEHCTBUS MPSIMOTO HANpsHKEHHsI OYeHb OBICTPO MpHKIaabIBaeTcs oOpatHoe. B
MOMEHT MEPEKIIOUYECHHs Yepe3 U0 UAET 3HAUMTENbHBIM OOpaTHBIA TOK, KOTOPBIH
0O0BSCHAETCS TaK HAa3bIBAEMBIM PACCAChIBAHUEM HAKOIUIEHUN B 6a3e HEOCHOBHBIX HO-

CUTEJIEH, KOTOPBIE B IEPUOJ IEUCTBUA Unp oOpa3oBajiu ornpezeneHHbd 3apsaa. WUn-

TCpBaJI BPEMCHHN OT MOMCHTA IMPOXOKACHUA TOKA YCPE3 HOJIb 10 MOMCHTA NOCTHUKC-

Hus | 3aIaHHOT'O HU3KOT'O 3HAYCHUA HA3BIBACTCA 8pEMEHEM 60CCMAHOBIIEHUA 00-

o0p
PaAmHo20 conpomueieHus. IT0 OCHOBHON KJIacCU(UUUPYIONINI mapaMeTp UMITYJIbC-
HBIX TUOAOB (3-i dJeMEHT MapKUpOBKH). UeM 3TO BpeMsi MEHbIIIE, TEM OBICTPOICH-

CTBHE OOJIBIIIE.

1.4.2.1 OcHOBHBIE MapaMeTPhl BBHITIPSIMUTEIBHBIX, UMITYJIbCHBIX U BU n1uromos

OCHOBHBIMHU 3IEKTPUUECKUMHU TTapaMeTpaMU TUOJI0B, MOAJIEKAIIUX KOHTPOIIO
B TEXHUYECKOM JMATHOCTHUKE, SIBIISIOTCS:

- MAKCUMAJIBHO JOITYCTUMBIN CPETHUM MPSIMOU TOK Inp.cp_max;

- MAaKCUMAJIBHO JI0IycTHMOe oOpatHoe HanpshkeHue Uqggy max;

- IIOCTOSHHOE NpsAMOe HanpsikeHue Uy,

- MaKcUMaJibHast pabodas 4actota fmax.

Makcumanvno oonycmumslii cpeOHUll IPAMON MOK — MaKCUMalIbHOE Cpejl-
Hee 3a MepHo/Jl 3HaYeHHUE MOCTOSIHHOTO TOKa, MPU KOTOPOM ObOecreunBaeTcsl HalexK-
Has ¥ JJIMTeIbHas paboTa auoja.

Makcumanvno oonycmumoe o00OpamHoe HaAnpsa)3ceHue — MAKCUMAIbHOE
HaNpsDKEHHE, MPUIIOKEHHOE K IOy B 00paTHOM HAIpPaBJICHUH, KOTOPOE MOKET BbI-
nep>KaTh TUOJA B TCUCHHUE JITTUTEILHOTO BPEMEHH O3 HapyIIeHUs ero paboTocnoco0-
HOCTH.

Hocmoannoe npamoe HanpajxceHue — TIOCTOSHHOE 3HAYCHHE TMPSIMOTO
HAIPSHKCHUS TIPU 3aIaHHOM TIPSIMOM TOKE.

Maxkcumanvnas padouas wacmoma — HauOOJbINAS YACTOTA ITOIBOIUMOIO
HaMpPsHKCHUS, MPU KOTOPOM TIPOIECC BBIMPSIMIICHHS JTOCTaTOYHO d(dexTruBeH, a
HArpeB IMO/a HE MPEBHIIIACT TOMYCTUMON BETMYUHBI.

YcnoBHOe 0003HAaYEHWE TOTYMPOBOAHUKOBBIX TUOJIOB MAJOW MOIIHOCTH CO-
CTOHWT U3 CICAYIOIIMX 31eMEHTOB [3]:

- nepevlil dnemenm — OykBa win nudpa, 0003HAYAONIAsT UCXOAHBINA MOTYTIPO-

BOJHMKOBBIM Marepuai: | wim [' — repmanuil wim ero coeaquHenus; 2 wim K — kpem-
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HUW WIN €ro COeAuHEHUs;, 3 min A — coeauHenus raums; 4 niu M — coenmHeHus
WHTUS;

- 6mopoul d21emenm — OyKBa, yKa3bIBaIoIlas MOAKIACC MOJIYMPOBOJIHUKOBOTO
nuona: J1 — nuox; 11 — BeIMpSIMUTENbHBIN CTONO WK OJ0K; A — CBEpXBBICOKOYACTOT-
Hele (CBY) nuonasl; B — Bapukansl; U — TyHHenbHBIE U 0OpatieHHbie quoabl; C — cTa-
OWJIMTPOHBI U cTabUcTOPHI; JI — n3myuaTenu;

- mpemuii dnemenm — nudpa, onpeaessonas Ha3HaueHue mpuodopa:

1) 0uoowi: 1 — BRIIPSIMUTENBHBIC CO CPEAHUM 3HAUYECHHEM MPSIMOTO TOKA
He O6osiee 0,3 A, 2 — co cpelHUM 3HaUYCHHEM MpsMoro Toka 6osee 0,3 A, 3 — nuoaHbIC
npeoOpazoBatenu, 4-9 — UMIYJIbCHBIC TUOIBI;

2) cmoabwl: 1, 2 — o cpeIHUM 3HAYCHHEM TPSIMOI0 TOKa COOTBETCTBEH-
Ho He Ooitee 0,3 A, ot 0,3 10 10 A;

3) bnoku: 3, 4 — co cpeHUM 3HAUYECHHUEM MPSMOTO TOKa COOTBETCTBEHHO
He 6omnee 0,3 A, 6onee 0,3 A;

4) sapuxansi: 1 — NOJCTPOCUHBIC, 2 — YMHOKUTEIbHBIC;

5) ouoowvr mynnenvnvie u oopawennvie:. 1 — ycunuTenbHbie, 2 — reHepa-
TOpPHBIE, 3 — MepeKIoYaroIIre, 4 — 0OpallleHHbIE;

6) ouoovr CBY: 1 — cMecuTelbHBIC, 2 — JETCKTOPHBIC, 3 — YCHIIUTEIIb-
HbIE, 4 — MapaMeTpUIecKue, 5 — MepeKIYaTesbHbIe U OrpaHUYUTENbHbIE, 6 — YMHO-
KUTEIIbHbIE U HACTpOEYHbIE, 7 — TeHepaTOpHble, 8§ — MMITYJIbCHbIC, 9 — BBHITIPSIMU-
TEJbHBIE;

7) cmabunuzamopwsl Hanpsidicenusi (CTAOMIMTPOHBI, CTAOMCTOPHI, Orpa-
HUYUTEN HanpspkeHus): 1, 2, 3 — momHocThi0 He Oosee 0,3 BT ¢ HanpsbkeHueM cra-
ownmm3anuu (orpaHuveHusi) coorBeTcTBeHHO MeHee 10 B, or 10 mo 100 B, Gonee
100 B; 4, 5, 6 — momHOCTBIO OT 3 10 5 BT ¢ HanpsbkeHueM crabuiau3anuu (orpaHu-
yeHus) cootBeTcTBeHHO MeHee 10 B, ot 10 1o 100 B, 6omnee 100 B; 7, 8, 9 — momiHoO-
cTei0 OT 5 10 10 BT ¢ HanpspbkeHueM cTaOuau3auu (OrpaHUYeHUsI) COOTBETCTBEHHO
menee 10 B, or 10 1o 100 B, 601ee 100 B.

8) uznyuarowue onmoasnexmponuvie npudopsi. 1 — A3Tydaromue IUObI
MH(PAKPACHOTO M3IYUYCHHS, 2 — U3Ty4YaIOIIHe MOIYJIH HHPPAKPACHOTO U3ITYyUCHUS,
3 — CBETOM3IIYYAIOIIUE TUOABI BU3YaJLHOTO MpeAcTaBieHus nuopmaiuu, 4 — 3Ha-
KOBBIE MHIMKATOPHI;

- yemeepmulil IleMeHm — YUCIO, YKa3bIBaIOIIee MOPSAKOBBIA HOMEp pas3pa-
60TKH (y CTAOUITUTPOHOB YHCIIO, 0003HAYAIOIIEE HATIPSHKEHUE CTAOUITU3AIINHN );

- namolil 31emenm — OyKBa, yKa3bIBaIOIIas TPYIMITY MO HAMPsHKEHUIO (pa3Ho-
BUTHOCTb JIJIs1 CTAOMIIUTPOHOB).
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[Tpumepsl 0003HaYEHUH.

KpemHuueBblil BRIIPSIMUTEIBHBIN TUOJ] CO CPETHUM 3HAUYEHHEM IMPSAMOTO TOKa
3 A (6onee 0,3 A), nopsiAKOBBIM HOMepOM pa3padoTku 02 u rpynmnoil mo Hampsike-
Huto C (MakcuManbHoe oOpaTHoe HanpsibkeHue 480 B) obo3nauaetcs — 2J1202C.

KpemuueBblii BRIMPSIMUTEIBHBIN OJIOK CO CPETHUM 3HAUYE€HHUEM IPSIMOro Toka |
A (6onee 0,3 A), nopsAKOBEIM HOMEPOM pa3paboTku 05 U rpymmoil no HanpsKEHUIO
A (mMakcumanbHOe 0O6patHoe HanpspkeHue 600 B) o6o3nauaercs — KII405A.

B cootrBerctBum ¢ I'OCT 20859-79 [36] yciioBHOE 0003HAYCHHE CHIIOBBIX I1O-
JYTMPOBOHUKOBBIX IUOJOB COCTOUT U3 CIICYIONIUX DJIEMEHTOB:

- nepewlii I1emenm — OyKBa WM JBE OYKBbI, 0003HAYarONMe BUA U (PYyHKIIHO-
HaJbHOE Ha3HaueHue npuodopa: | — BeipssMuTenbHbIN quox; JIJI — auon naBUHHBIN,
Y — nuon yactotHeii; JAW — nnoa uMIyJIbCHBIM;

- 8MOpOIL d/leMeHm — YUCTIO0, YKa3bIBalollee HOMEp KOHCTPYKTHUBHOM pa3padoT-
KU,

- mpemuil 3j1eMeHm — YHUCIO0, YKa3bIBaIOIlee 3HAY€HHE MAKCHUMAaJIbHO JOMY-
cTuMoro Toka B amriepax. [lepen o6o3HaueHueM Toka craButcs aeduc. s o6o3Ha-
YEHUS JIMOJIOB C OOPAaTHOM MPOBOJAMMOCTBIO (KAaTOJOM SIBJISIETCS OCHOBAHME) TOCIIE
TPETHETO JIEMEHTA CTaBUTCS OykBa X;

- yemeepmulil I1eMeHm — YUCI0, 0003HaYAIoIIee KJIacC MO HAIMPSKEHUIO U CO-
OTBETCTBYIOILIEE COTHSIM BOJIBT.

[Tpumepbr 0603HaUCHUT.

BrinpsiMuTenbHBINA AMOJ ¢ HOMEPOM KOHCTPYKTHBHOM pa3paborku 143, mak-
CUMAJIbHO JIOMYCTUMBIM CpeTHUM TOKoM 630 A, MakCMMaJabHBIM OOpaTHBIM Hamps-
xennem 1200 B (kmace 12) o6o3nauaercs — [[143-630-12.

Jlno 9acTOTHBIA ¢ HOMEPOM KOHCTPYKTHBHOM pa3padoTku 161, MakcuMalibHO
JOTYCTUMBIM CpeaHUM TOKOM 160 A, oOpaTHOW MOJAPHOCTH, MaKCHMaJIbHBIM 00-
patabiM HanpspkeHnueMm 800 B (kmacc 8) o6o3nagaercs — [[U161-160X-8.

1.4.2.2 OcHOBHBIE TPUMEHEHUS AUOIOB

1. Ucnonp30BaHyre AMOIOB N7l BBHIIPSIMIICHUS HANPSDKEHUS OOYCIOBICHO HX
CBOMCTBaMU MPOIYCKATh TOK TOJILKO B OAHOM HampasieHuu. [Ipu 3Tom B 3aBUCHMO-
CTU OT YacTOThI BBIIPSAMIISIEMOTO HAIPSKEHUS! UCIOIb3YIOTCS TUOABI TPEX BHUJIOB:
HuzkovactoTHeie (HY), cpennevactorubie (CH) u BeicokoyacToTHbie (BY).

2. Ucnionb30BaHue AMOMOB ISl PeATM3alii 3alUTHRIX (DYHKIIMH Pa3IndHOTO
poaa. JIMobl AOCTATOYHO HMIMPOKO MCIOJIB3YIOTCS ISl OpraHU3aluy 3alUTHBIX 11e-
neid B POA. PaccMOTpuM HECKOJIBKO OCHOBHBIX MPUMEHEHUN NHOJ0B B 3TOM Kade-

CTBC.
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YerporictBo (puc. 1.36) 3ammieHo OT CiIy4aiHOTO W3MEHEHHUsS IMOJIIPHOCTH

MUTAIOIIETO HAMPSHKEHUS Oyarojapsi OAHOCTOPOHHEH npoBoaumocTu auoaa VD1.

VD,
N o -
DIIEKTPOHHOE L1 U

YCTPOWCTBO

o +

Puc. 1.36. 3amuTa 31€KTPOHHOTO YCTPOUCTBA OT U3MEHEHHUS
TOJISIPHOCTH MUTAIOIIETO HAMPSKCHHS

MHoOrue >3JeKTpPOHHBIE YCTPOWCTBA, IMOCTPOEHHBIE HA IOJIYNPOBOJHUKOBBIX
npuOopax, KPUTUYHBI K MOJISIPHOCTH MUTAIOIIET0 HANPSKEHUs. AKTYyaJlbHOCTh JIaH-
HOT'O BHJA 3aIlUTHI BO3PACTACT, €CIU YCTPOUCTBO NEPUOJUYECKU IMOIKIIOUYAETCS K
UCTOYHHUKY MUTAHUS MOCTOSHHOI'O TOKAa, a MEPEMEHA MOJSIPHOCTU HAINPSKEHUS HC-
TOYHUKA MUTAHUS C OOJBIION BEPOSITHOCTHIO MMPUBOAUT K BBIXOAY M3 CTPOSI TAHHOTO
YCTPOMCTBA.

JIpyroii BUJ MCMOJIB30BaHUS OJHOCTOPOHHEN IPOBOJAUMOCTH THOJ0B — 3alIUTa

OT NEPEHAMPSHKEHUS B LEMAX ¢ HHAYKTHBHOCTAMU (puc. 1.37).

+U

vD; /\ L,

Kﬂl

€

Puc. 1.37. Bximtodenue nuojia s 3aliUThl OT TEpeHANPSKEHUS

B IOCIIAX C HHAYKTHBHOCTAMU

[Ipu pasmbikanuu kiaroda Kig HanpspkeHUe Ha KaTyIIKe WHIYKTUBHOCTH MEHSI-
€T CBOIO MOJISIPHOCTb, a €r0 BEJIMYMHA PE3KO YBEIMYMBAETCS (B JECATKU U COTHH
pa3). OTO NPUBOJIUT JUOO K 00pa30BaHUIO UCKP MEXKAY KOHTAKTaMH KJtoua (B ciydae
MEXaHWYECKOr0 WM 3JeKTpoMexaHuyeckoro ucnoinenust Kij), nubo k moBpexzae-

HUIO TOJYNPOBOJHUKOBOTO MpUOOpa, MCIOIB3YIOIIErocs B KadecTBe Kioua Kiig
(poJb KIJTFOYA YaIlle BCETO BBIMOIHIECT TPAH3UCTOD).
[Tpu 3amkuyTOoM Kiroue Kip Tok uepes auon VD1 He nmpoTekaeT (Ha ero karoae

MOJIOKUTENbHBIA mnoTeHuuan). [lpu pa3sMblkaHMM K042 MEHSIETCS TMOJIIPHOCTD
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HapsHKCHUA Ha KAaTYIIKEC MHAYKTHBHOCTH L]_ M OHa IIYHTUPYCETCA OTKPBITBIM JHO-

J0M VDl.

Y4auteIBasi, 94TO MPSMOE HANPsDKEHUE HA TMOJE HE MpeBbIIaeT npumepHo 1 B,
Ha MHIYKTUBHOCTU HANPSDKEHUE TaK)KEe HE MOXKET MPEBBICUTH MPUMEPHO OJTUH BOJIBT.

3ammTa OT EpeHANPsHKEHUST B IPYTUX CIIyYasX OCHOBBIBACTCS TaK)Ke HAa TOM,
4TO MpAMOE HANpPsOKEHUE Ha P-N-TIepexo/ie IUo/a HEe MOXKET MPEBBICUTH IPUMEPHO
1B.

Ha puc. 1.38 nokazaHo BKJIIOYEHHE AMOJOB JJISl 3AIUTHI OT NEpPEeHANPIKEHUS

HEKOTOPOU DJIEKTPUYECKOM LEIIH.

R:
<{ ]

U VD, ZS OnexTpuyeckas
. VD, SZ Lenb

Puc. 1.38. JIluognas 3ammura oT nepeHanpsKeHUst

3nech peanu3oBaHa 3alluTa OT TEPEHANPSDKCHUS MpU JII0O00W MOJSIPHOCTH
HanpsikeHus Ug,. BenmnuuHa orpaHMunBaeMoOro HampsHKEHHUS 3aBUCUT OT THUIA U KO-
JMYECTBA MOCIEI0BATEIbHO BKIIOYEHHBIX JUOJOB B KaXKJIOM U3 MapaJUieIbHbIX BET-
BEH.

3. Auonpl MOTyT OBITH MCIOJIB30BaHBI JJII MOCTPOCHUS PA3IHYHBIX JIOTHYE-
cKkux cxeM. PaccMoTpum B kauecTBe mpumepa oJIHy U3 Takux cxem, puc. 1.39.

Jlns 6ecniepeOOMHOr0 MHUTAHUS HArPY3KH HCIOJIB3YIOTCS CETEBOW HCTOYHHUK
NUTaHUS C BBIXOJHBIM HampsbkeHueM 12 B u pesepBHas Oarapesi ¢ HampsbKEHUEM
9 B. Cxema paboTaeT ciaeayromuM o0pa3oM: €Clii HallPsHKEHHUE B CETH IMEPEMEHHOTO
TOKa MPUCYTCTBYET, TO Harpy3ka MHUTAETCA OT CETEBOr0 MCTOYHHMKA MUTAHUS (IIpU
ATOM pe3epBHasi Oarapesi He pa3psKaeTcs); €CIM HANPsDKCHHE B MUTAIOLIEH CeTH OT-
CYTCTBYET, TO Harpy3ka MUTAeTCs OT Pe3epBHOI OaTapeu (Mpu 3TOM pe3epBHas OaTa-
pes He pa3pshKaeTcs 9Yepe3 BBIXOIHYIO el UICTOYHHUKA ITUTAHU ).

Korna nanpsbxkenune +12 B Ha BbIXOJle CETEBOrO0 MCTOYHUKA MUTAHUS MPUCYT-
ctByeT, 1uoa VD1 OTKpHIT, TaK KaK Ha €ro aHoJ€ MOJIOKUTEJIbHBIN moTeHuan +3 B.
Harpyska nutaercst OT HICTOYHUKA NUTaHus. Pe3epBHas Oarapes mpu 3TOM OTKIHOYE-
Ha 3anepTbiM auojaom VDo.

[Tpu oTCyTCTBMU HAMpPSDKEHUS B CETH MEPEMEHHOTO TOKa, Hampsbkenune +12 B
Ha BBIXOJIE MCTOYHMKa TUTaHus oTcyrcTByeT. Jlnox VDy oTkpeIT (Ha ero aHojue

+9 B). Harpyska nuraetcst oT pesepBHO# Oatapeun. [lnox VD, 3akpsIT (Ha ero aHoze
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— 9 B), uTo He MO3BOJIAET pe3epBHON OaTtapee pa3psKaThbCsl YEPE3 BBIXOJHYIO IIEMb

HCTOYHHKA ITUTAaHUA.

VD,
+12B ™~
Cerp | UcTounuk L~ VD, Harpyska
~TOKa | THUTaHUA | - ZS +9...+12B
- + 9B
PeszepBnas
Oarapes

Puc. 1.39. Cxema Gecriepe00itHOrO MUTAHUS Harpy3Ku

4. HenuHEeNHBIN XapaKTep BOJBTAMIEPHON XapaKTEPUCTUKHU ITO3BOJISIET HC-
M0JIB30BaTh JMOJIBI JISl IOCTPOCHUST HEIMHEHHBIX MpeoOpa3oBaTelieit curnaia. Yaiie
BCETO peanu3yercs jorapudMuieckas 3aBUCUMOCTh BBIXOJHOTO CUTHAJIA OT BXOJIHO-
TOo.

5. CnenuanbHble T€HEPATOPHBIC AUOALI HMCIOIB3YIOTCS 11 T€HEPUPOBAHUS
yMoB. Birogarorcsi Takue AUOJIbI, Kak cTadunuTpoHbl. Ho oOpaTHbIe TOKM OYeHb
Majeie 1o BenauduHe. [Ipu 3ToM mapaMmeTpsl MpoOOsi CTAHOBATCS HECTAOWUIBLHBIMU.
Boznukatot konebaHusi HaMpsoKEHUS CTaOMIIM3aIliU, HOCSIINE CITyYalHBIA XapakTep.
CnekTp reHepupyeMbIX IIIYMOB JOCTATOYHO MKUpOokHii (10 3,5 MI').

1.4.3 Bapukansl

Bapukansi — 0coObI# TUIT TUOI0B, UMEIOIIUX YBEIMUYCHHOE 3HAUEHUE €MKOCTH
p-n-nepexona. Bapukam MOXHO paccMarpuBaTh KaK HEJIMHEWHBIM KOHJEHcaTop. B
BapHKanax MCIOJIb3YETCs SIBJICHHE W3MEHEHUs] EMKOCTH P-N-miepexoaa MpHU U3MEHe-
HUM BHemIHero HanpspkeHus (puc. 1.40).

VD; /]

L~

é— E06p

Puc. 1.40. Mi3meHneHnne EMKOCTH BapuKarma ¢ IIOMOIIbIO BHEITHETO

YIPABIACMOI'O KCTOYHHUKA HAIIPAKCHUA
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EMKOCTh BapuKana 3aBHCHT OT BEJUYMHBI YIPABIAIOUIEr0 0OpaTHOro Hamps-
KEHUS CIICIYIOUUM 00pa3oM:

S

Pk
C(Eogp) =Co| ——
oo (Pk+E06p

rae Eogp — BEIMYMHA 00PATHOrO HAMPSIKEHHS Ha BapUKalle,
Co — €MKOCTh BapHKara IpHu HyJI€BOM 0OpaTHOM HAIpPSKEHUU;

(x — BETUYMHA KOHTAKTHOTO MOTEHIIMAJA (HECKOIBKO JIECATHIX JTOJIEH BOJIBTA);
n = 2-3 — k03P GULKEHT, 3aBUCSIIMIA OT BUJa P-N-niepexoa.

Bapukanbsl ucnosib3ytoTcsi B pa3indyHOM POA BMECTO KOHIEHCATOPOB IEpe-
MEHHON EMKOCTH: B CHCTEMax aBTOMAaTHYECKOW MOACTPOWKE YACTOTHI, MPU U3MEHE-
HUM PE30HAHCHOW YaCTOTHI KOJIEOATENbHBIX KOHTYPOB; B MPOTPAMMUPYEMBIX H3MeE-
PUTENBHBIX MPUOOPAX; IS AIEKTPOHHONW HACTPOWKH B PAJNO M TEIEBU3HMOHHBIX TIO-
HEepax.

OCHOBHBIE ITapaMeTpbl BAPUKAIIOB:

- T0OPOTHOCTH Qy,;

- KO puimeHT nepekpuITus o EMKocTu Ke;

- obmas émkocth Cy;

- TeMIepaTypHbIH KOADPHUIIUEHT 0.

Lobpomnocms 6apukana — 3T0 OTHOIIEHHWE PEAKTUBHOTO CONPOTUBIIEHMS Ba-
pUKana Ha 3aJJaHHOW 4acTOTe K CONpPOTUBICHHUIO MOTEPh MPHU 3aJaHHOM 3HAUYE€HUU

EMKOCTH Wi Eg),

Kosgppuyuenm nepexpvimus no émkocmu — 3T0 OTHOIIEHUE EMKOCTEW BapH-
Kara Mpy ABYX 3aJIaHHBIX 3HAYCHHUSIX 00OPaTHOTO HAIPSKEHUS

Kczzgiﬂﬁﬁ.
Csmin
Obwas émkocmob éapuxkana — 3T0 EMKOCTh, U3MEPEHHAsT MEXIy BBIBOJAMHU Ba-
pHUKarna IIpu 3aJJaHHOM 00paTHOM HaIlpsKEHHH.
Temnepamypuvlii kod3¢hpuyuenm — 3TO OTHOIICHHUE OTHOCHUTEIBHOIO M3MEHE-
HUS EMKOCTH K U3MEHECHUIO TEMIIEPATYPHI
ACy

o =—=-,
€T C,AT
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1.4.4 TyHHe/bHBIE JUObI

TyHHENTBHBIM HA3BIBACTCS TOTYNPOBOJTHUKOBBIA TUOJ, B KOTOPOM HCITOJIB3Y-
eTcsl TYHHENIbHBI MEXaHU3M IepeHoca HOCUTEeNeH 3apsiia yepe3 P-N-mepexo, BOIbT-
amriepHas xapaktepuctuka (BAX) KOTOpPOro MMEET y4acTOK C OTPHIATSIHHBIM
¢ depeHnraIbHbIM COMTPOTUBIICHUEM.

Tynuenvuolii npo6otl 00BACHAMCA 3DHeKmom MmMyHHeIUpPo8anus Hocumenet
3aps0a, Ko2o0a 8cledcmsue Maiot MmoawuHvl nepexooa (NomeHyuaibHo2o bapvepa)
B03HUKAEM BbICOKAS 8EPOSIMHOCHb NPOXOHCOEHUS 3aPs008 CK803b bapvep. TyHuenb-
HbIl NPo6OU 803HUKAEM 8 NOJYNPOBOOHUKAX C MOHKUMU NOMEHYUAIbHLIMU Oapbe-
pamu (8blCOKAsi KOHYEHMpayus jecupyroujel npumecu), oH npoucxooum npu oopam-
HBIX HANPSANCEHUSX 8 HECKOJIbKO 8OIbIN.

Ha BAX TyHHEIBHOTO JMO/1a MOXHO BBIACIHTH TpH yuacTka (puc. 1.41): yua-
ctok 0-1 coorBetctByeT U < U, m TOK ompexaensercss apeiidom HOcUTENel 3apsa
gepe3 P-N-mepexoi; ydacTok 1-2, mmerommuii orpuiaresbHoe auddepeHIanbHoe
CONPOTHBIICHHUE, XapaKTePU3YETCS B OCHOBHOM TYHHEIBHBIM TOKOM; y4acToOK 2-3 xa-

pakrepusyetcsi Aup Hy3MOHHBIM TOKOM.

lpy MA
4+ 1 3
I |
-+ | |
I [
' [
2+ ! !
' [
I [
L 2/
NV —01 L JTToIr T Uy
Y Uosp: B 0 U, U Unp, B
_21
|o6p’ MA
a 9]

Puc. 1.41. TyaHenpHBIN IUOA: @ — YCIOBHOE Tpaduieckoe n300paxeHue;

6 — BOJbTaMIIEpHAs XapaKTEPUCTUKA

JIns monydeHus TYHHENBHBIX AUOJO0B MCIIOJB3YIOT MAaTEPHUAIIBI C OYEHD BBICO-
KOW KOHLIEHTpalKeil npuMmecei B pP- U N-obnactax. B utore sHeprernueckue ypoBHH
MPUMECHBIX aTOMOB PAaCUICIUIAIOTCS B 30HBI, KOTOPBIE MEPEKPBIBAIOTCS C COOTBET-

CTBYIOIMMH OCHOBHBIMH 30HaMH obmacrTen pun.
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OcHoBHBIE IapaMeTPbl TYHHEJIbHbIX 1HO10B:

- TOK MakcuMyMa (Tok muka) Imax (In)

- TOK MUHEMYMa (TOK BIaguHbl) Inin (I5)

- HanpspbkeHue Uy, COOTBETCTBYIONIEE MAKCUMAIILHOMY TOKY |max, ¥ Hampsoke-
Hue Uy, cooTBETCTBYIOIEE MUHUMAIBHOMY TOKY |min;

- HaMOOJBIINH TIPAMO# TOK |y 1 Hanpsikenue Uy, COOTBETCTBYIOIIEE EMY,

- HauOOJBIINK TOK 00paTHBIH |5, ¥ COOTBETCTBYIOIIEE €My HanpsKeHUe Uqgp,

- EMKOCTb AUO0JA.

TyHHenbHBIE TUOABI UCHOJB3YIOT B MEPEKIIOYAIOLIUX LIETSIX CBEPXBBICOKOTO
obicTpoaeicTBUs U reHeparopax nopsaka 1000 MI'n, TynHenbHbId 3h ekt He uHEp-
IIUOHEH.

Pa3HOBHIHOCTBIO TYHHEJIBHBIX JUOJOB SBISIOTCA OOpaieHHble auoisl. Ha
npsimoii BetBu BAX (puc. 1.42) y HUX OTCYTCTBYeT MaKCUMyM M OHa MOA00Ha 00-
paTHO#, a oOpaTHas MPSIMO.

[Ipsimoe Hampsi>KeHHE 3HAUYUTETLHO MEHbIIE, YeM y OOBIYHBIX AUOJI0B, 00paT-
HOE€ TOE MaJIo.

lip, MA | MA
L A P 60 A
40~ C 40 ¢ °—
B B
20 20 I
N N N N . fosmt
Uosp, B 6 4 2 01 02 U, B Uosp, B 6 | 4] 2 01]02U,,B
G 10 S’,// 10
//
D E
loop, MKA loop, MKA
Puc. 1.42

3agauya 1. [lonp3ysice BAX nuona (puc. 1.42), onpenenuts auddepeHmatb-
HOE CONPOTHUBJIEHHUE U CONMPOTHUBJIEHHUE MMOCTOSIHHOMY TOKY ITpu HanpsbkeHusx +0,3 B
n—10 B.

Pemenne

Craructuueckoro conpotusienue nuojaa (R¢;) onpenensiercss Kak OTHOLIEHHE

U/l B paboucit Touke BAX, a auddepeHnnansHoe CONPOTUBICHHE PAaBHO OTHOIIIE-

52



U
HUIO NPUPAILECHHUS HANPSHKEHUS 10 TOKY Ryyg :d—l Y IIPONOPLMOHAIIBHO TAHTEHCY

yriaa Mmexay kacarenbHoil K BAX B paGoueil Touke 1 0CblO OpAMHAT.

[Tpu nanpsixenun +0,3 B yepe3 nuox teuér tok 60 MA (Touka A), cienosa-
TEJIBHO, €0 COMPOTUBIICHUE IIOCTOSIHHOMY TOKY OIPENEIUTCS CAEAYIOUIMM 00pa3oM
Rep1=L=—25 __50m

cr.l | 3 :
1 60-10
B ot s)xe Touke BAX nuddepenuunanbHoe CONpOTUBICHUE TUOA ONPEEs-
€TCSl HAKJIOHOM XapaKTEPUCTHUKU M MOKET OBITh MOJYYEHO C MTOMOIIBIO TPEYTOJIbHHU-
ka npupamenunid ABC:

R = AUy _ 00125 _ 4 625 0.

Al;  20.107°
Hamnpsixenune —10 B cootrBeTcTByer Touke D (puc.1.39). Tok yepe3 nuoxa mpu

sToM paBeH —20 MKA, TOTJia CTaTUYECKOE COMPOTUBJICHUE (COMPOTUBJICHUE HOJA

MOCTOSIHHOMY TOKY) OTIPEICIUTCS CIICTYIOITUM 00pa3oM:

U,  -10

I —20.107°
JuddepeHnnanbHOe CONMPOTUBIICHUE TIPU ITOM OTPEACIUTCS U3 TPEYTOTbHHUKA

DEG (puc. 1.42) cneayroum 00pa3om:

AU, 5

Al 5.107°

3agaua 2. Jlns cxeMmbl, m3oOpaxeHHoW Ha pwuc. 1.43.a, paccumtaTth TOK U

~05-10°% Owm.

RCT.2 =

Rud2 = =10° Om.

HaIpspDKeHUe Ha auoje, ecinu u3BectHo E =6B, R=100M. BAX nuona npencrasie-
Ha Ha puc. 1.43.0.

Pemienne

3amada pemraercs rpadOaHaIUTUYECKUM CIIOCOOOM ITyTEM COBMECTHOTO pellie-

Hus ypasHeHusa | = f(Uyp) (BAX nuoma) u ypaBHEHUS Harpy304HOH MpsIMOU
E =Uyp + IR (nepeepuytast BAX conporusienus R).

1. Ins mocTpoeHus: Harpy304HOMl MpsSMOW AOCTATOYHO 3HATh JIBE €€ TOYKHU.
Y 100HO B34Th CIICTYIOIINE:

E 6
1)U =0;l=—=—=06A;
) UyD R 10

2) 1 =0; Uyp =E=6B.
2. OnpeniessiroTCs 3HAYCHHUS TOKA M HAMPSDKEHHsI, KOTOPbIE JIeXaT Ha Tepece-

yenuu BAX nuopna u nepesepuyTtoit BAX pesucropa:
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VD lp, MA
A I~ K
L1
lup TN
R
— AN 40—t
E I
30 |
|
1
20 :
I
10 :
l
U, 2 4 Uy, B
a O
Puc. 1.43

3amauva 3. /[uon, y koroporo mnpu npsimom Hanpsbkenuu 0,8 B makcuManibHO
nonycTHUMBIN TOK paBeH 100 MA, cOeIMHEH MOCIEA0BATENBHO C PE3UCTOPOM HArpy3-
ku Ry; =100 OM. KakoBo Hanbosblee 3HaU€HNE HANPSKEHUSI HCTOYHMKA, IPH KOTO-

pom auon OyaeT paboraTh B 6€30MacHOM pexxume?
Peuenue
[Tagenne HaNpsOKEHUS HA Harpy3Ke MPU MaKCUMAJIBHOM TOKE COCTABHT:

U = R, =01-100 =10B.

H.Max op.max ' \H
C y4€ToM mpsAMOro HampsKEHUs Ha JUOJAE aMIUIMTYJla HalpsyKEHUs UCTOYHU-
Ka HE JOJKHA IIPEBBIIIATH

U,.,=10+0,8=10,8B.

HucT

1.4.5 CTaOU/IUTPOHBI U CTAOHCTOPBI

Ilonynpoeoonukoewtii cmadbuaumpor — 1MoJIyNPOBOJIHUKOBBIN WO, MpeaHa-
3HAYEHHBIN I CTAOWIN3AIMU HAMIPSHKEHUS, Y KOTOPOTO B 00JIACTH 3IIEKTPUUECKOTO
po0os HANpsDKEHUE ¢1abo 3aBUCUT OT TOKA.

Nx paboTa ocHOBaHA HA MCIOJB30BAHUU SBJICHUS AJIEKTPHUUECKOTO Mpoodos P-
N-miepexo/ia Mpy BKIIOYEHUH IM0Jia B 0OpaTHOM HalpaBJICHUU.

YcnoBHoe rpaduyeckoe 0003HaUCHHE MOTYIPOBOIHUKOBOTO CTAOMIUTPOHA HA
NPUHIUITHATBHBIX 3JIEKTpHUecKuX cxemax B coorBeTcTBum ¢ ['OCT 2.730-73 [35]
npuBeJIeHO Ha puc. 1.44.
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Puc.1.44. YcnoBHoe rpaduueckoe n300pakeHue
NOJIYIPOBOAHUKOBOTO CTAOMIIUTPOHA

B otanune oT 0OBIUHBIX TUOA0B CTAOMIUTPOHBI U CTAOUCTOPHI UMEIOT OCOOBIE
BOJIbTAMIIEPHBIE XapaKTEPUCTUKH, 00YCIOBIMBAIOIINE UX PUMEHEHUE JIJISl CTAaOMIIH-

3alMK HanpspkeHus, puc.1.45.

UCT UHD
U06P’ B UHP U06p UCT
I obp I o0p
a o

Puc.1.45. BonbraMiiepHbie XapaKTepPUCTUKH THOJIOB, MPEAHA3HAYCHHBIX
JUTISL CTAOMIIM3AIMK HAIIPSKEHUS . @ — CTA0OMJIUTPOHA; 6 — cTabucTOpa

VY crabunutpoHa Ha 0OpaTHON BETBU BOJIBTAMIIEPHON XapaKTEPUCTUKU UMEET-
Csl y4acToK ¢ OoJpiioi KpyTusHo. [Ipu moctmwkeHnu Ha oOpaTHON BETBH HampsiKe-
HUSl TPENeTbHON BEIMYUHBI, HA3bIBAEMOW HAIPsHKEHHEM MPOOOs, HACTYMAeT JaBH-
HOOOpa3HOE BO3pacTaHHEe OCHOBHBIX HOCUTENEH 3apsiaa, OOpaTHBIA TOK PE3KO YBEIH-
YUBAETCS MPU MAJIO3aMETHOM YBEJIMYECHUU HAIPSKEHUS. ITOT YUaCTOK M HCIOJIb3Y-
etTcst st ctabmmm3anuu HanpspkeHust Ugp (puc. 1.45.a4). D1ot nipoboii sBisieTcst 00-
paTUMBIM, €CIIM BEIMYMHA OOPAaTHOTO TOKA HE MPEBBICUT HEKOTOPOT'O YCTAaHOBICHHO-
ro JUIS JaHHOIO THUIA CTaOMIUTpOHA 3HAYCHHUS lormax (puc. 1.46). B aTtoM pexume
HarpeB CTaOWIUTPOHA HE HOCUT JAaBHHOOOPA3HBIN XapakTep, MOITOMY AJIEKTpHUE-
CKUii Tpo0O0I HE EPEXOIUT B TETIIIOBOM.

B ormnname ot ctabuinuTpoHa, y cTaOMCTOpa MaKCUMAIbHYIO KPYTU3HY UMEET
NPSIMOM yJacCTOK BOJIbTaMIIEPHOU XapakTepucTuku (puc. 1.45.6).

55



ICT min

] ICT max

|o6p

Puc. 1.46. BonbramnepHasi XxapaKTepUCTHKA PEaJbHOTO CTA0UIUTPOHA

Cxembl BKJIIOUYEHHSI CTAOMJIUTPOHOB M CTAaOMCTOPOB MJisi CTaOWIIM3alUU
HaNpsDKEHUsI peicTaBieHbl Ha puc. 1.47.

UR6 UR6
A A
+o L + o L
Re Rs
Usx Ul 4 VD Ry Usx Uer| - VD Ry
—o0 —o0
a 4]

Puc. 1.47. Cxembl IpOCTEUIINX CTAOUIN3aTOPOB HATIPSHKCHUS :
a — CTaOUIM3aTOp HAIPSDKCHUS Ha CTAOMITUTPOHE;

6 — cTabUIM3aTOP HAIPSDKEHUS Ha CTaOUCTOpE

Hamnpsbkerne Ha Harpy3ke paBHO HampspDKeHHro crabuimusaruu Ug.. Pexum

cTabuau3anuu Hactymnaet, korna Uy, ctaHoButes 6onbie Uy, (puc. 1.48).

Uy

Uer ==~

UBX

Puc. 1.48. 3aBucuMOCTb HAMPSKEHUS HA HATPY3Ke OT BXOJTHOTO HAIPSHKCHUS
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[Tpu sToM u36kITOK HanpspkeHUs: Urg = Ugy — U, mamaeT Ha OaninacTHOM pe-

suctope Rg. TlockosibKy CTaOUCTOpP BKIIIOYAETCS B MPSIMOM CMEUIEHUU, HANIPSKEHUE
CTaOMJIM3alMM CXEMbl, NMpeACTaBlIeHHOW Ha puc. 1.47.6 MeHblle, 4eM Ha CXEeMe
puc. 1.47.a. Pesuctop Rg orpaHr4mrBaeT TOK, MPOTEKAIOUIUNA Yepe3 TUOIbI.
OcHoBHbBIC TApaAMETPbI CTA0MITUTPOHOB
OCHOBHBIMM 3JIEKTPUUYECKUMU TapaMeTpaMH CTaOWIUTPOHOB, MOIJIEKALIUX

KOHTPOJIIO B TEXHUYECKOH TMATHOCTHKE, SBIISIOTCS:
- Hanpsdicenue cmaounuzayuu Ug;
- MUHUMAIbHBIU U MakcuManbhsii moxku cmabunuzayu o miny ler.max:

- Qughghepenyuanvbroe conpomueieHue Ha y4acmrke Cmadumu3ayuil ¥ g,

- memnepamypHuli K03pduyuenm nanpsxcenus cmaounuzayuu (TKH).

Hanpsasicenue cmadunuzayuu — 3HauCHUE HATPSHKEHHS HA CTA0MIIMTPOHE TIPH
NPOTEKaHUH 33/IaHHOTO TOKa CTaOMITU3aIUH.

Munumanvuslii mox cmaéunuszayuu — HaUMEHBIIEE 3HAUYCHHUE TOKa Yepes
CTAaOMJIUTPOH, TIPH KOTOPOM PEXKHUM CTAOMIIU3AIUN YCTONYHB.

Makcumanovuolii mok cmadunuszayuu — HaUOOIBIIEE 3HAUYCHUE TOKA Yepes
CTaOMJIUTPOH, TIPH KOTOPOM €T0 HarpeB HE BHIXOAUT 3a JOIMYCTUMBIC MPECITHI.

Hughdpepenyuanvnoe conpomuenenue na yvacmke cmadounuzayuu mnpyu 3a-
JAaHHOM 3HAYCHHH TOKA CTA0WIIM3AINH OMPEIEIISETCS BRIpAKEHUEM
dU.; |
dl,

Temnepamypuotit koapgpuyuenm nanpsncenusn cmaounuszauyuu (TKH) — o1-

Nougp =

HOCHUTEIIbHOE MU3MEHEHNE HANPSHKEHUS CTaOWIN3alluy TPU U3MEHEHUHN TeMIIepaTyphbl
Ha 1 °C.

CymiecTByroniye cTaOUINTPOHB UMEIOT MUHUMAJIbHOE HAMNpsKEHUE CTaOMIIu-
saruu 110 3 B. Jlis momyuenust Mmenbinero HanpsbkeHus (0,35-1,9 B) crabunumzanuu
ucnonb3zytTcs cradbuctopel (KC107, 2C113A, 2C119A), y KOTOpBIX, B OTJIMYUE OT
CTaOMIIMTPOHOB, UCIIONIB3YETCs MpsMas BeTBb BAX.

Hapsiny co ctabunutpoHamu, UMEOIKUMHU HecuMMeTpruuHyto BAX, Bbltycka-
1oTcsa nByxaHonHbie ctabunutponsl (2C170A, 2C182A), umeronue CUMMETPUIHYIO
BAX. OHu npuMeHstoTCs 1J1sl ABYyXCTOPOHHETO OrPAaHUYCHUS HATIPSIKECHMUSL.

[Tpumepsr 0003HaUECHUT.

Kpemunessiii crabunutpon momtHocThio 300 MBT (HE Gomee 0,3 Br), Hamps-
xeHuem ctabunusanuu 4,7 B u pasHoBUAHOCTRIO A 00603Hadaetcs — 2C147A.

KpemuueBsrit crabunmutpon MontHocThio S5 BT (10 5 BT), Hanpsokenuem crabu-
nuzanuu 180 B u pasHoBuanocteio A o6o3Hayaetcss — KC680A.
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3agauya 4. KpeMHHEBBII CTaOMIMTPOH HMEET HANpPsDKEHHE CTaOMIM3aLMU
Uer =9,1B, cpeannii Tox cradbummsauun ey cp =30 MA (puc. 1.49). Kakum nomxHO

ObITh AudPepeHImaIbHOe CONMPOTUBICHUE CTAOMIUTPOHA, YTOOBI MPU HU3MEHEHUU
HanpspkeHus Ha 1% Tok yepe3 cTabuiuTpoH u3MeHuscs B 1,5 paza?

Pemenne

HuddepenunanbHoe CONMPOTUBICHUE B OKPECTHOCTH padoyveil TOUKH orpese-

JIAICTCA BBIPA)KCHUCM

AU
R =—°T,
N
7 Al
| A Cuuras paboumii yudactok BAX
CTaOWJIMTPOHA JIMHEWHBIM B 00JacTu
AIIEKTPUUYECKOTO MPOo0O0s, HAXOAT Ring
U TOJIbKO TO TOJOKUTEIbHBIM MpHUpaIle-
2l > HUSIM:
N 0,01-91
CT. MUH RJII/IQ) _ ) , 5 _ 2’02 O
— — — — — — ler. op 15-30-10
) ICT. MaKc
\
Puc. 1.49
1.4.6 Bapucropsl

Bapucmop — 1onynpoBOJHUKOBBIN HEJTUHENHBIN PE3UCTOP AIEKTPUUECKOE CO-
NPOTUBJIEHUE KOTOPOTO 3aBUCUT OT TMPUIIOKEHHOTO HAMPSHKEHHs, MOITOMY €ro
BOJIbTaMIIEpHas xapaktepuctuka (BAX) nenuneitna.

[TonynpoBOJHUKOBBIM MaTepuagoM [JIsl U3TOTOBIEHUS BAaPUCTOPOB CIIYKUT
KapOua KpeMHHUSI.

Bapucrtopb! Hanu npuMeHeHHe B CTaOWIM3aTOpax M OTPAHUYUTENSAX HATpsi-
KEHUS, CUCTEMax aBTOMATHYECKOI'O PEryJHpPOBAaHMS, I'€HEepaTopax MEPEeMEHHOTO U
HMMITYJIbCHOT'O HaIPSIKEHUSI.

VYcnoBHoe rpaduueckoe 0003HAYEHUE BAPUCTOPOB HAa MPUHIUITUAIBHBIX JIEK-
Tpudeckux cxemax, cormacHo 'OCT 2.728-74 [29] u xapakrepHbiii Bunx BAX n300-
paxensl Ha puc. 1.50.
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a o
Puc. 1.50. Bapucrop: a — ycnoBHoe rpaduyeckoe 0003HauCHUE,;

0 — BOJIBTAMIICPHAA XaPAKTCPUCTUKA

OcHOBHBIE TApaMeTPbl BAPHCTOPOB

OCHOBHBIMH 3JICKTPUYCCKUMHU TapaMeTpaMH BapHUCTOPOB, MOJJICKAIINX KOH-
TPOJIIO B TEXHUYECKOMW TMATHOCTHKE, SBJISIOTCS

- HOMUHaJIbHAsl MOIIIHOCTh PACCESTHUS;

- KJIacCU(PUKAIMOHHOE HAMPSIKCHUE;

- KJIacCU(PUKAITMOHHBIN TOK;

- KO3 HUIMEHT HETUHEHHOCTH J3 .

Homunanvnaa mowjnocms paccesanus BBIITYCKAaEeMBbIX BapUCTOPOB JICKUT B
npexaenax 0,01-3 Br.

Knaccuguxkayuonnoe nanpsascenue (ycnosuvlii napamemp) — 3HaAYEHUE TI0-
CTOSTHHOTO HANpsOKEHMsI, IPU KOTOPOM 4Yepe3 BapUCTOP MPOTEKAaeT 3aJaHHbIN Kiac-
cuuKanMoHHBIA TOK. Jlomyck mo knaccudukanmroHHoMy Hampspbkenuto +10; +20;
+30 %.

Knaccugpurkayuonnslit mok — TOK, Ipu KOTOPOM OIpeesieTcs: Kiaccudpuka-
[IMOHHOE HaIPsKEHUE.

Koagppuyuenm nenuneininocmu 3 — xapakrepusyeT CTENEHb HEIMHEHHOCTH
BAX Bapuctopa u paBeH OTHOIICHHIO COMPOTHBICHHUS BApUCTOPA MOCTOSTHHOMY TO-
Ky R k ero quddepennuaibHOMy CONPOTHBIEHUIO Ry B 3anaHHON Touke BAX:

B Re U .dI
R, [I-dU

B cootBercTBUH C AEHUCTBYIOLIEH B HACTOSIIIIEE BPEMSI CUCTEMOM COKPAIIEHHBIX
U TOJHBIX ycnoBHBIX obOo3HadeHuit (OCT 11.074.009-78), cokpaméHHoe YCIOBHOE
0003HaYCHNE BAPHCTOPA COCTOUT M3 CICIYIOIINX JIEMEHTOB [4]:
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- nepevulil 21emenm — couetaHue OykB, 0003HayarOUIMe MOJKIACC BApPUCTOPOB!
BP — nocrosuneie; BPII — nepemenHsie;

- emopotl 21emenm — uudpa, crosmias nocie Aepuca, 0003HaYaeT MOPSIIKOBBIN
HOMEp pa3pabOTKu;

- mpemuil 91emenm — K1acCU(PUKALMOHHOE HANPSHKEHUE B BOJIbTAX;

- yemeepmulil 31eMeHm — JOMYCTUMOE MO0 HAPSKEHUIO Yo.

[Tpumepsl 0003HaYEHUH.

Bapuctop mocTosiHHBIN ¢ TOPSAAKOBEIM HOMEPOM pa3paboTku 3 U Kiaccudpu-
KallMOHHBIM HanpsikeHueM 560 B u nonyckom £10% ob6o3nauaercs BP-3-560 +10%.

B Hacrosimiee BpeMs MapKHpOBKAa BAapUCTOPOB PA3IUYHBIX MPOU3BOJUTENEH
UMEET OTIMYMUTEIbHYIO CUCTEMY 00O3HAUeHUsS. DTO, MPEXJe BCEro, CBA3aHO C €ro
TEXHUYECKUMU XapakTepucTukamu. Hampumep, paznuuus no HanpsoKeHUsIM U HeoO-
XOJUMBIM YPOBHSIM TOKa JJIs €r0 pabOTBhI.

Cpenu oTedyecTBEHHBIX HamboJjee pacrnpocTpaHeHHbIM siBisieTcss K275, koTo-
pBIii UMEET OYeHb MPOCTYI0 MapkupoBKy. B atom K — 310 knacc tounoctu (10%),
nocleayIonre Tpu NPl 0003HAYAIOT BETUUYHHY JEHCTBYIOIIETO HAMPSKEHUS, TO
€CTb, 275 BOJIBT.

Cpenn uMIOPTHBIX YacTo BcTpeuarotcs — (N471K, 14D471K, Kl472M u
AC472M. Haubonplei nmomyisspHOCTHIO MOJIb3YETCS BAPUCTOPHI, MApKUPOBKA KOTO-
peix HaunHaeTcs ¢ OykB — CNR, obo3navaromux ero tumn (ObiBarot ere hel, vdr, jvr).
Hanee npukperuisiercs nugppoOykBeHHbIN uHAeKe, Hanpumep, 14D471K. Toraa yka-
3aHHAsi MapKUpoBKa pacimudpoBbeiBaeTcs cienyouuM odopazoM: CNR — meTanmook-
cuaHbli THI; 14 — nuameTp npubopa, paBHbii 14 mm; D — pannokoMmnoHeHT B popme
nucka; 471 — MakcuMalibHOE 3HAUYCHUE HAMNPSIKEHUs, HA KOTOpOe OH paccuuTaH K —
JOIYCTUMOE OTKIIOHEHUS KJIacCU(UKAIMOHHOTO HanpshKkeHus, pasHoe 10 %.

Enunas cTpykTypa yciaoBHBIX 0003HAYEHUN BapUCTOPOB 3apyOeKHBIX KOMIIA-
HUl oTcyTcTBYeT. OHA MPOU3BOILHO YCTaHABIUBAETCS PUPMAMHU-U3TOTOBUTEIISIMU.

1.4.7 Tepmope3ucrop

TepMOpe3ucTop — MOJIYIIPOBOJHUKOBBIM HEIIMHEHWHBIA PE3UCTOP, IJIEKTpHUYE-
CKO€ CONPOTHUBIICHHE KOTOPOTO 3aBUCUT OT TEMIIEPATYPHI.

[TonynpOBOJHUKOBBIM MaTEpUAIIOM Il HW3TOTOBJIEHUS TEPMOPE3UCTOPOB
CIIy’KaT OKCHJIbI METAJUIOB U CMECU OKCHUJIOB.

TepMOpe3uCTOpsl MMUPOKO HCHOJB3YKOTCA B CHUCTEMAaX aBTOMATHYECKOTO M-
CTaHLIMOHHOT'O M3MEPEHUS U PETYIUPOBAHUS TEMIIEPATYPHI, TEIDIOBOTO KOHTPOIS M
3alIUThl MalllMH U MEXaHU3MOB, TPOTUBOMOKAPHON CUTHAIIU3ALNU U JP.

Cy1iiecTByeT Ba TUIIA TEPMOPE3UCTOPOB:

60


http://reom.ru/katalog/18/20/

- TEPMOPE3UCTOPBI, COMPOTUBICHUE KOTOPBIX YMEHBIIAETCA C POCTOM TEMIIE-
patypsl (oTpunarensHbiii TKC);

- TEPMOPE3UCTOPHI, COMPOTUBIIEHUE KOTOPBIX YBEIMYUBAETCS C POCTOM TEMIIE-
patypsl (nmonoxutenbHblii TKC) — nozucmopei.

VYcnoBHoe rpaguyeckoe 06003HaYEHHE TEPMOPE3UCTOPOB HA MPUHLUITHATIBHBIX
AIIEKTPUYECKUX CXEeMaX M TUIHUYHBIN BHUJ MX TEMIIEPATYPHBIX XapaKTEPUCTHK TMpPH-
BeJIeHBI Ha puc. 1.48.

a o
Puc. 1.51. Tepmopesuctop: a — ycioBHOe rpaduueckoe 0003HaUCHUE;
6 — xapaktepuctuku ¢ otpunateabHbiM TKC (1) u monoxutensabiM TKC (2)

Homunanvnoe conpomuenenue Te€pMOpe3UCTOPOB YCTAHABINBAETCS B OCHOB-
HOM 110 psaay E6 nmu6o E12. JIpyrue psabl HCnoiab3yrOTCs peako. Jlomycku 60abInH-
CTBa TUIIOB TepMope3ucTopoB coctapistorT £10; +20; +30 %.

Temnepamypuotit kosgpgpuyuenm conpomusnenusn (TKC) nmeer Takoit xe
CMBICII, YTO U Y OOBIYHBIX JIMHEWHBIX PE3UCTOPOB, & UMEHHO — BEJIMUMHA, XapaKTepH-
3yIOllasi OTHOCHUTEIbHOE H3MEHEHUE COMPOTHUBICHUS PE3UCTOpPA IMPU U3MEHEHUH
temnepatypsl Ha 1 °C.

OcHoBHBIE TapaMeTPbI TEPMOPE3UCTOPOB:

OCHOBHBIMH 3JIEKTPUYECKUMU MapaMEeTPaMU TEPMOPE3UCTOPOB, MOTIEHKAITUX
KOHTPOJIO B TEXHUYECKON AUArHOCTUKE, SIBIITFOTCS:

- HOMHHABbHOE compoTusierue (mpu 20 “C);

- TeMIiepaTypHbIil ko3 dunment conpotuBienus TKC;

- MAKCUMaJIbHO JIOMYCTUMAasi MOIIIHOCTh PaCcCEsHUS.

Makcumanvno oonycmumas MOWHOCHIbL PACCEAHUA — HAUOOJbINAs MOIII-
HOCTb, KOTOPYIO JJIUTEIIBHOE BPEMS MOXKET pPaCCEUBATh TEPMOPEZUCTOP, HE BHI3bIBAS
HEOOpaTUMBIX U3MEHEHUH XapaKTEPUCTHUK.

B cootBeTCcTBUU ¢ JEUCTBYIONIEH CHUCTEMON YCIOBHOE 0003HAYEHHUE TEPMOpe-
3MCTOPOB COCTOMT W3 CJICAYIOIIHNX 3JIEMEHTOB [4]:
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- nepeulil 21emMenm — couetaHue OykB, 0003HAUYaAOIIKE MOAKIACC PE3UCTOPOB:
TP — tepmopesuctopsl ¢ otpuniatenbibiM TKC; TPII — Tepmope3ucTopsl ¢ moaoxu-
tenabHbIM TKC (ro3uctopsi);

- emopotl 21emenm — uudpa, crosmias nocie Aeduca, 0003HavYaeT MOPSIIKOBBIN
HOMEp pa3pabOoTKu;

- mpemuii 21eMeHm — HOMUHAJIbHOE COMPOTHUBJIEHHWE U OyKBEHHOE 00O03Haue-
Hue enuHuIlbl u3mepenus (Om, kOm);

- yemeepmuiil I1eMeHm — JOIyCTUMOE OTKJIOHEHUE OT HOMUHAma B %.

[Tpumepsl 0003HaYEHUH.

Tepmopesucrop ¢ orpunarenbHbiM TKC, mopsiAKOBBIM HOMEPOM 2, HOMH-
HanbHBIM comnpoTuBieHueM 33 kOm u nomyckom *20 % o6o3nauaercs — TP-2-
33 kOm + 20 %.

Hapsiny ¢ HOBOM BCTpeuaroTcst TEPMOPE3UCTOPHI MPEKHUX pa3pabOTOK C ycTa-

peBIIei cuctemoit o0o3HaueHus (0ykBennbie o0o3nauenus — MMT, KMT, CT).

1.4.8 TpaH3ucTOPBHI

TpaH3ucTop — MONYNPOBOHUKOBBIA MPUOOP C IBYMs P-N-TiepexofamMu U Tpe-
Ml JIEKTPOJIaMH, NPEAHAa3HAUEHHBIN JIJIsl yCUIICHUs], TEHEpUPOBAHUS U IpeoOpa3oBa-
HUS DJIEKTPUYECKUX CUTHAJIOB.

Tpan3ucTopsl ObIBAIOT ABYX TUIIOB: OUIIOJISIPHBIE U MOJIEBBIE.

1.4.8.1 bunonspHbIi TpaH3UCTOP

bunonspubli TpaH3UCTOP 3TO MOJYNPOBOJHUKOBBIM NpuOOp ¢ ABYMs P-N-
NEepPEexXo/laMHi U TPEMs BBIBOJIAMHU, KOTOPbIE MCIOIB3YIOTCS JJIsl YCUIICHUS MOIIHOCTHU
AIEKTPUUECKOT0 CUTHaNa. B OCHOBE KOHCTPYKIIMU — TPEXCIIOWHAs CTPYKTypa C pas-

JUYHBIMH THIIAMH 3JIEKTPONPoBoAHOCTH (puc. 1.52.a).
Ge

—p n p— — N p npF—

In

]

‘ b b
K p-n-p n-p-n

C) K 6) K
B b
o 8

Puc. 1.52. Tpan3uctop: a — yCTpOUCTBO; 6, 8 — CTPYKTypa CIOEB

" YCIIOBHBIC 0003HaYCHMS HA CXEMax
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B 3aBHCHMOCTH OT MOCIIEIOBATEILHOCTH YEPEIOBAHUS CIOEB C PAa3TUUYHBIMH
TUMAMH TPOBOAMMOCTH Pa3IHYalOT TPAH3UCTOPHI P-N-P-THMA WX TPSIMON MPOBOIN-
moctu (puc. 1.52.6) wu n-p-n-tuna wiam oOpaTHOM mpoBoammoct (puc. 1.52.6).
YcnoBuble rpaduyueckue o0o3HaueHus B cxemax omnpenenacHsl 'OCT 2.730-73 [35].

Hapy>xHblil ci0ii, SIBASIOIUNACA UCTOYHUKOM HOCUTENEH 3apsana (3JEKTPOHOB
WIN JBIPOK), Ha3biBaeTCst amummepom (D), IPyroil HAPYKHBIN CIIOH, MPUHUMAIOIIHIA
HOCHUTENU 3apsia, HaszpiBaetcs xoutekmopom (K). CpemHuid ciou, peryiupyromnmii
MOTOK HOCUTEJICH 3apsia, Ha3siBaeTcs 6asoul (B).

B TpéXcnoMHON CTPYKType TpaH3UCTOpa P-N-IEPEXOAbl MEXKAY IMUTTEPOM U
0a3oii U MKy 06a30i M KOJUIEKTOPOM HA3bIBAIOTCSI COOTBETCTBEHHO AMHUTTEPHBIM U
KOJIJICKTOPHBIM MIEPEX0IaMHU.

B anexktpudeckyro menb TPaH3UCTOP BKIOYAIOT TaKUM 00pa3oM, YTO OJUH U3
€Tr0 BBIBOJIOB (DJIEKTPOJ) SIBIISIETCSI BXOAHBIM, BTOPOW — BBIXOJHBIM, a TPETUH — 00-
MM JJI1 BXOJJHOM U BBIXOJIHOM Liener. B 3aBUCUMOCTH OT TOTr0, KAKOM 3JIEKTPOJ SB-
JseTcst OOIINM, Pa3IMYaroT TPH CXEMBI BKJIFOUEHHUsS TPAH3UCTOPOB: C 0OmIei 06a3oif
(OB), ¢ obmum smutrepom (O3) u odmum kosutekropoM (OK). Dt cxembl s
TpaH3UCTOpa THIIA p-N-p npuBeAcHBI Ha puc. 1.53. Jlns Tpan3ucTopa N-p-n B cxemax
BKJTIOUCHHSI M3MEHSIOTCS JIMIIb TIOJSIPHOCTH HAMPSOKCHW W HANpPaBICHUE TOKOB.
[Ipu mro0o¥ cxeme BKJIIOYEHHS TpaH3UCTOpa (B aKTUBHOM pPEXHMME) HOJSPHOCTH
BKJIFOUEHMSI UCTOYHUKOB MUTAHUS JOJDKHA OBITH BHIOpaHa TakK, YTOOBI AMUTTEPHBIN
nepexo ObUT BKJIIOUEH B MPSMOM HAlpaBIE€HUH, a KOJUIEKTOPHBIM — B 00paTHOM.

VT

Puc. 1.53. Cxembl BKIIIOUCHUS OUTIOJISIPHBIX TPAH3UCTOPOB:

a — ¢ o01iei 6a30if; 6 — ¢ OOIIMM SMHUTTEPOM; 8 — C OOIIUM KOJIEKTOPOM

JIns HopMallbHOWM pabOThI TpaH3UCTOpPA TPEOYyeTCsl IBAa UCTOYHMKA HaIpsikKe-
Hud. VcTounuk HanpspbkeHus: nutanust Uy mnpenHa3zHayeH sl CO3/1aHUsl TOKA B BbI-
XOJTHOM Lenu TpaH3uctopa. McTtounuk HanpspokeHus cMemienus Ug, OpenHazHaueH

JUISL CO3JaHUSI TOKA BO BXOJTHOM LEMH TPAH3UCTOPA.
TpaH3UCTOpP MOKHO paccMaTpyBaTh KaK CONMPOTUBIICHUE, 3aKIIIOUEHHOE MEKTY
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KOJUIEKTOPOM U ASMUTTEPOM. ITO CONMPOTUBJICHUE MOXKHO PETYJIMPOBATH UBMEHEHUEM
TOKa 0a3bl TPAH3UCTOPA.

Bo3moxxHBI 4eThIpe pexkumMa paboThl B COOTBETCTBUU C TEM, KaKO€ CMEIIECHUE,
psSIMOE UM 00paTHOE, MOJAETCS Ha KOJUIEKTOPHBIA UM SMUTTEPHBIN MEPEXOIbI.

1. Pestcum omceuku — Ha 00a nepexoja mogaHo oopatHoe cmenieHue. TpaH3u-
CTOp 3aKpbIT U HeympaBisieM. YdyacTok DK HaxoauTcs B BBICOKOOMHOM COCTOSIHUU U
MOXET CUYUTATHCS PA3OMKHYTHIM.

2. Peowcum Hacvluyenus — Ha 00a mepexojia MmojJlaHo mpsiMoe cMelienue. Tpas-
3UCTOP OTKPBIT U HeympasisgeM. YdacTok DK uMeeT BHICOKYIO MPOBOJUMOCTh U €r0
MOHO CUUTATh KOPOTKO3aMKHYTHIM.

3. AxmusHwiii pexcum — Ha Db nogano npsimoe HampsikeHue, a Ha KO — o6part-
Hoe. TpaH3uCTOp MPUOTKPHIT U yIpaBisieM. ITO OCHOBHON pPEXUM PabOTHI TpaH3U-
ctopa. OTKPBIT SMUTTEPHBIN MEPEXO U 3aKPHIT KOJJIEKTOPHBIH.

4. Uueepchuiii peorcum — Ha Db momaercst oOpaTHOe HamnpsbkeHue, a Ha KO —
npsMoe. DTOT PEXKUM MPUMEHSIETCS OYeHb peliko. OTKPHIT KOJUICKTOPHBIN MEPEXo]l U
3aKPBIT SMUTTEPHBIN.

[lepBbie nBa pekMMa HUCTONB3YIOTCSA, KOTJAa TPAH3UCTOP pabOTaeT B KavyecTBe
AJIIEKTPOHHOTO KIJI0Ya, T.€. MOJABIAIOIIEE BpeMsl CBOEW pabOThl TPaH3UCTOP JHOO
MOJIHOCTBIO OTKPBIT, JIMOO 3aKPBIT U HAXOJUTCS B OTCEUKE, a BpeMsl epexoaa u3 oJ-
HOT'O COCTOSTHUS B IPYrO€ Ype3BbIUYatHO MaJIo.

IpuHoun padoTbl GUNOJIAPHOr0 TPAH3UCTOPA

IIpu nmogave Ha mepexoq b3 npsmoro HanpsoxeHus Ugy (puc. 1.54) snexrpo-

HBI U3 N-00JIaCTH SMHUTTEpPA YCTPEMIIAIOTCA B 0a3y, co3naBas TOK sMHTTepa |- . Kon-

[EHTPALIUIO IPUMECEH B IMUTTEpE JEIat0T BO MHOTO pa3 OoJiblie, 4yeM B 6ase, a camy
0a3y 1Mo BO3MOKHOCTH TOHbIIE. [TosTomMy nuinb He3HaunTeabHass yacTh (1-5%) mc-
MYIIEHHBIX SMHUTTEPOM DJIEKTPOHOB PEKOMOMHUPYET C AblpkamMu 0a3bl. bombinas
YacTh JJIEKTPOHOB, MUHOBAB y3KYIO0 00JaCTh 0a3bl, «IIPUTITUBACTCS» KOJIEKTOPHBIM

HANpPsOKEHUEM Epc, MPEACTaBIAIOIMM 00OpaTHOe HampsbkeHue s nepexona bK, u
YCTPEMIIAIOTCS K IUIIOCY BHEITHETO MCTOYHMKA FEy-, CO3/1aBas, TEM CaMbIM, TOK KOJI-
JEKTOpa |-, IPOTEKAIOWUH 110 Harpy3ke R, .

DNEKTPOHBI, PEKOMOMHUPOBABIINE C JBIPKAMHU 0a3bl, COCTABIAIOT TOK 0a3bl
Ig. Tox komnexTopa, TakuM 00pa3oM, ONpeAesseTcs TOKOM SMHUTTEPA 3a BbIUETOM

TOKa 0a3bl
IK = Ia — IB :ala

rae o = (0,95-0,98) — koaddurueHT nmepegaun Toka SMUTTEpPA.
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R

Puc. 1.54. Pa6ota n-p-n TpaH3ucTOpa, BKIIOYEHHOTO M0 CXEME
¢ obmieit 6a3oii: a — urxekiys; b — nuddysus; ¢ — pekoMOUHAIYS;
d — skcTpakius (M3BJICUCHHUE)

AHanorn4yHo pa60TaeT TPAH3UCTOpP P-N-P THUIA, OTIMYAACH JIMIIb TEM, YTO €Io
OMUTTCP HCITYCKACT B 6213y HC 3JICKTPOHBI, 4 ABIPKH, IMO3TOMY IIOJIAPHOCTDL IIPUKIIA-

IBIBAEMBIX K HEMY NPAMOro Up~ M 00paTHOTO Ky HANPSKEHUH JOJKHBI OBITH ITPO-

TUBOTIOJIOXKHBI TPAH3UCTOPY N-P-N THUTA.

Ha ycrmoBHOM 0003Hau€HUU TPaH3UCTOPOB CTPEJIKA CTABUTHCS HA SMUTTEpPE U
HaIpaBJIeHa BCerJa oT P- o01acTu K N- 00JacTu.

B 3aBHCcHMOCTH OT TOTO, KaKoil 3JEKTPOJ TPAH3UCTOpA SBISETCA OOIIMM IS
BXOJTHOM W BBIXOAHOW IIeTeH, pa3iu4arT TPU CXEMbl BKIIIOUECHHSI OUIOJISPHOTO
TpaH3ucTopa: ¢ obmei 6a30it (Ob), ¢ 06mumM amutTTepom (0O3), ¢ OOIIMM KOJUIEKTO-
pom (OK).

Cxema c¢ o01ueii 6a3oi

Cxema BKIIIOUEHHsI TpaH3ucTopa ¢ obmieit 6azoi (Ob) nmokazana Ha puc. 1.55.

TP C) K _
|3 B IK
Uss Wl |us IR
Ex
Y £

Puc. 1.55. Cxema BItoueHus P-N-pP TpaH3uCcTOpa C 00IIeH 6a30ii
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BXOI[HBIM CHUTHAJIOM OJIs1 CXEMBI C Ob saBasetcs HaIps>KCHUEC, IMOJaHHOC MCXK-

Iy SMHUTTEpOM M 0a30i U,, =Urg, BBEIXOAHBIM — HAIPSKCHUE, BBIJCIAECMOE Ha

Harpy3ke U = IRy - BXOIHBIM TOKOM SIBJSETCS — TOK DMHUTTEPA | = | BEBI-

BBIX BX?

XOMHBIM TOKOM — Iy =1, . Bxongnoe nanpsbkenue U-p SABISETCS YIPaBISIOMINAM
IUIsL TPAH3UCTOPA, IOATOMY HEOOJIBIIIOE €r0 U3MEHEHHE (HECKOJIBKO BOJIBT) IPUBOIUT
K U3MEHEHHUIO TOKAa 3MUTTEpPA B OYEHb HIMPOKUX Mpenenax oT 0 10 MaKCUMAaJIbHOTO.
[laneHue HampsiKeHUs, BBIACISIEMOE Ha HATpy3ke, OyneT TeM Ooibliie, 4eM OOoJIblie
TOK KOJUIEKTOp, MPU 3TOM Ha CaMOM TpaH3HMCTOpe OyJeT Majarh JIUIb HEOOIbIIOe
HanpsbkeHue U gy , KOTOpoe OyeT TeM MEHbIIE, 4eM O0JIbIlIe TOK KOJIJIEKTOPA.

[To 2-my 3akony Kupxroda mist paccmarpuaemoit cxemsl (puc. 1.55) nmeem
BbIpa)KEHUE:!

EK = UEK + IKRH
WIH
Upk =Ek — IkRy =Ek —Upgpix -
Takum 006pa3om, U3BMEHEHHE Ha HECKOJIBKO BOJIBT BXOHOTO HAMPSIKEHUS MPH-

BOIUT K UBMCHCHHWIO HAIIPAIKCHUA HA HAT'PY3KE, HyTh MCHBIIIC, YCM HAIIPAKCHUC EK .

Jlnst oleHKH paboThl TPAH3UCTOPA M €T0 YCUIIMTEIBHBIX CBOMCTB B Pa3IMYHBIX
cXeMax BKIIIOYEHHs CJIeIyeT paccMaTpuBaTh NPHUPAIIECHUE BXOAHBIX U BbI3BAHHBIC
MMM [IPUPALLEHUE BBIXOIHBIX BEJIUYUH.

PaccmarpuBas TpaH3UCTOP KaK YCHIIUTEIb, €r0 XapaKTepU3yroT KO3 PpHUIHeH-
TOM YCWJIEHHs U 3HAYE€HUEM BXOJHOI'O CONPOTUBICHMA. Pa3nnuaroT Tpu BUAa KO3 (-
(UIIMEHTOB YCHIICHHS:

- K03 puuneHT ycuneHus no Toky Ky =Alg /Al 4y ;

- K03((OUIMEHT yCUIIEHU 110 HanpsbkeHHI0 Ky =AU, /AU .. ;

- K03((QUIMEHT ycuieHus 1o MomHocTH Kp = Ky K| .

Benuunna BxonHoro compotuBieHus Ry TpaH3ucTopa ompexaensercs BbIpa-
KEHUEM:

RBX :AUBX /AIBX’
rne AU, — M3MEHEHHE BXOAHOTO HaIlPsKEHUS,
Al gy — IBMCHCHHEC BXOJQHOTO TOKa.

BxonHoe compoTuBlIeHHE JIIOOOT0 YCUJIUTENS MPUBOAUT K MCKAXKEHUIO BXO/I-
HOTO cHrHaja. JIFo0oW MCTOYHHMK NMHUTAHUS 00JadacT HEKOTOPHIM BHYTPEHHHUM CO-
MPOTUBJICHUEM, U TIPU TOAKIIOYEHHH €ro K YCWIHTEII0 00pa3zyercs AeIuTelb
HANPSDKEHUSI, COCTOAIIMNA U3 BHYTPEHHETO COMPOTHUBIICHUS UCTOYHUKA U BXOJHOTO

COIMPOTHUBJICHUA YCHUIUTCIIA. HOBTOMy, 49YCM BBIIIC RBX YCHUIINTCIIA, TCM OompIIas
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4aCTb CHUI'Hajia 6yz[eT BBIJICIIATHECA Ha OTOM COIPOTHBIICHUH U YCUJIMBATBLCS, @ 3BHAYHUT
MCHbIIIAasAd 494aCTh CUIrHajJaa 6YI[€T nmajaatb Ha BHYTPCHHCM COIIPOTUBJIICHHUU CaMOI'0 HMC-
TOYHHKA.

Hns cxemsl (puc. 1.55) BXoAHON TOK 3TO |, BBIXOAHOH TOK — Iy, BXOJHOE
HanpsokeHne — Urp, BBIXOJIHOE HanpshkeHUe — U gy . Torna KoaQppuuuenT ycunenus
0 TOKY ONPEIEIUTCS CIETYIOIINM 00pa3oM:

Kig = Al /Al = Al /Aly =0 =(0,95...0,98) <1.
BxomHoe conpoTuBiEHHUE:
Roxg =AUy /Al =AUsg /Als ~ Ry.
OOBIYHO 3TO CONMPOTHUBICHUE COCTABISET AECATYIO WM COTYI0 YacTh Oma.
KoadpunmenT ycunenus mo HanpsiKEeHUO:
Kup =AU pix [AU gy = (IKRH)/(IBRB) =OL(RH/R3)>1.
Ecmm Benmmunna R, — Heckonbko KOM, T0 Ky MoxeT nocturars 1000.
KoadpunmenT ycunenus o MOIIHOCTH .
Kpg = KugK|g = a(Ry /Ry)a=a?(R, /Ry) >1.

Tak xak xkorhduimeHT ycuwieHus: mo Toky B cxeme ¢ Ob MeHbIe eIUHUIIBI,

OHa IIUPOKOro MPUMEHEHHUS HE HalllIa.

Cxema ¢ 001IMM YMHUTTEPOM

Cxema BKJIIOUEHHs] TpaH3ucTOpa ¢ oOmmM smutTtepoMm (O3) mokazaHa Ha
puc. 1.56 [5].

+E

R T
=)
Uss bl/ ~

&,

a 9]

Puc. 1.56. Cxema BKJIFOUEHUS TPAH3UCTOPA N-P-N THIIA ¢ OOIUM 3MHTTEPOM (a)

Uy Ry

U e¢ TUTIOBOE U300pakeHNEe Ha cxemax (6)

Jst cxemsl (puc. 1.56) BXoaHOM TOK 3TO — |, BBIXOAHOM TOK — |y, BXOZHOE
HanpsbKkeHue — Up, BBIXOJHOE HaNpsHKEHUE — U, , ONIPENENsIeMOe BEIPAKECHUEM:
U, =IRy,.

Tpanzuctop B cxeme ¢ OD xapaktepuzyeTcs Kod)PUIUEHTOM Iepeayu ToKa
B, umeronuM 3HaueHuss ot 10 mo 100 B 3aBUCMMOCTH OT MOIIHOCTH TPaH3UCTOpA.
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Bennuuny B onpenenstor u3 BeIpaKeHU:
Kin =Algux /Algxy = Al /Al =B >>1.
BxogHoe conpoTHBIIEHHE TPAH3UCTOPA ONPEAEIAETCS COOTHOILIEHUEM:
Rexy =AUy /Al =AU /Alg.
Tak kak |5 >> lg, cuegoBarenbHO R~ >> R, T.€. BEIUYHHA BXOIHOIO

conpoTuBieHus B cxeme ¢ O3 6ombie, yeM B cxeme ¢ Ob u cocraBisger coTHH OM.
KoaddummenT ycunenus no Hanps>KeHUIO:
Kup =AU gy /AU gy = (I Ry) /(15Rex) :B(RH/RBXQ)'
Koaddumment ycuneHuss no MOITHOCTHU

Kps = KunKis =B(Ry/Rxs)B =B (R / Rex).

Koadpunment ycunenus mo momuoctd B cxemMe ¢ OD 3a CYET 3HAYUTETBHO
Oospiiero KodGQpuUIMEHTa YCUJIEHUS O TOKY TaK)X€ MHOTOKPATHO MPEBOCXOUT
cxemy ¢ OBb.

JlanHasi cxema Halia camoe IMHUPOKOe MPUMEHEHHUE B DJIEKTPOTEXHUKE.

BbixoaHble M BXOJHbIE XaPAKTEPUCTUKH CXEMBbI € 00IIIMM IMUTTEPOM

Jlnst cxembl ¢ OD BXoAHAs XapaKTEPUCTHKA — 3TO 3aBUCUMOCThH BXOJHOTO TOKA

OT HAIPS’KEHHs HA BXOAE CXeMBL, T.€. | = f (Upy) Ipu QUKCUPOBAHHBIX 3HAYECHUAX
HaIPsDKEHHUs KOJIEKTOp-3MUTTep (U = const ).

Wi MHBIMH CIIOBAMHM, BBIXOJHAS XapaKTEPUCTHKA — 3TO 3aBUCHMMOCTH BBIXO/I-
HOrO TOKa OT IaJ€HHUS HAIPSKEHHS MEKIY KOJIIEKTOPOM M OMHTTEPOM, T.€.
I = f (Uyn) pu I = const (puc. 1.57).

I, MA s, MA
A A
| ExR. =2 MA
200 F (A 2 |
VRN I;= 1 MA
100 1= -1 p
B l;=02wMA H
o =0 s
0 10 20 Ex| Ug,,B O 0,1  Usg, B
UK3 IKRH
a 9]

Puc. 1.57. Beixoansie (a) u BxoaHas (6) XapaKTepUCTUKUA TPAH3UCTOPA
B CXEME C OOIIUM SMUTTEPOM
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Bxonnas xapakrepuctuka mist cxeMbl ¢ OO ananorudHa npsimoil BetBu BAX
nuona (puc. 1.57.6). C pocrom HanpsbkeHust Uy~ OHa OyleT HE3HAYHMTEIBHO CMe-

1aThCs BIPABO.
Bun Beixonnbix xapaktepuctuk (puc. 1.57.a) pesko pasznuyeH B o0nacTu ma-
JBIX ¥ OTHOCUTEIBHO OOJIBININX 3HAYCHUHN HANPHKEHUA Uy .

BbIxoHbIe XapaKTEPUCTUKK OMHUCHIBAIOT JIMILb CTATUYECKUN PEXUM PaOOTHI
cxeMbl. /{15 OLeHKN TUHAMUKHU U BIUSHUS HArpy3Ku Ha paboTy CXEMbl UCIIOJIBb3YIOT
rpadoaHaTUTHYECKUN METOJT — OMPOKUHYTON XapaKTEPUCTHKU.

JIJis TOCTPOCHUS ONPOKUHYTON XapaKTEPUCTHKH Ry MPOBOAAT MPsSMYIO 4epes
Ex
TO‘IKy EK, OTJIO)KGHHYIO Ha OCu a6CHI/ICC, u TO‘IKy R ) OTHO)KCHHyIO Ha OCUu Op-
H
AWHAT BBIXOAHBIX XapaKTepI/ICTHK TpaH3I/ICTOpa. HOquCHHaH XapaKTepHCTHKa HAa3bI-
o E o .
BACTCA Hany30qHOI/I. TO‘IKa K R 9TOU HpSIMOI/I COOTBCTCTByeT TaKOMy TOKy, KO-
H

TOPBIN MOT OBl IPOTEKATh Yepe3 HATPY3Ky, €Ciau Obl TPAH3UCTOP ObLUI 3aMKHYT HAKO-
potko. Touka Ey COOTBETCTBYET APYroMmy KpaiHEMY ClIy4aro — KOrja Lelb pa3o-
MKHYTa. B 3TO cityyae TOK 4yepes Harpy3Ky paBeH HyJI0, a HanpsskeHue Uy~ PaBHO
Ey . Touka p nepecedyeHns Harpy304HOU IPSAMOM CO CTATUYECKOM BBIXOJHOM Xapak-
TEPUCTUKOM, COOTBETCTBYIOIIEH BXOJHOMY TOKY 0a3bl, ONpPEACIUT pabOuuil pexum
paboOThI CXEMBI, T.€. TOK Ha HAarpy3ke |y, MajeHne HanpspkeHus Ha Heil Uy = xR, ¢
TMajieHue HaIpsDKEHUS. Ha caMoOM TpaH3HucTope Uy . Touka p (puc. 1.57.a) coorser-
CTBYET MOAAUYe B TPaH3UCTOp Toka Oa3bl |l =1 MA. Ilogaua Toka 0a3bl I =2 MA

IPUBOJIUT K CMENICHUIO paboyeil TOUKU B TOUKY A W mepepacupeeseHus] HanpsoKe-
HAW MEXIY HArpy3KOU U TPAH3UCTOPOM.

PexumM coOoTBETCTBYIOIEN TOUKE A, HA3bIBAIOT PEKUMOM HACBIIECHUA (TOK |y
JIOCTUTAET HAWOOJIBIIEr0 BO3MOXKHOTO 3HAYEHUS). PeXuUM COOTBETCTBYIOIIEH TOYKE
C, Ha3BIBAIOT PEKUMOM OTCEUKH (BXOJHOW CHUTHAJl paBeH HYI0). Bce mpomexyTou-
HBIE PEKUMBI MEXITYy TOUKaMu A 1 C OTHOCSITCS K aKTUBHOMY PEXHMY paOOTHI TpaH-
3HCTOpA.

Tak kak | >> |, ciegoBaTebHo, Ryy >> Rpyp, T.€. BEIMYHMHA BXOIHOIO
conpotuBiieHus B cxeMe ¢ OO Goubliie, ueM B cxeMe ¢ Ob u coctapinser cotHu OMm.

KoadhdummenT ycunenus mo HanpsHKeHUIO!

Kus =AUggx /AUy = (IxRy) /(15Rex3 ) = B(RH / Rgxs )

KoaddunmenT ycumeHus 1o MOIIHOCTH .

Kp = KU Ki :B(RH/RBXS)B:BZ(RH/RBXS)-
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Cxema 3aMelleHUsI TPAH3MCTOPA U OIpe/iesIeHHe 3HAYeHUH eé mapaMeTpoB

JUist TpaH3UCTOpa KaK YETBIPEXIOIIOCHUKA B KAaYECTBE HE3AaBUCHUMBIX IEpe-

MEHHBIX OOBIYHO NPUHMMAIOT IpHUpaIleHus] BXOoAHOro Toka Al; u BbeIXOIHOTO

HanpsbkeHuss AU o, a mpupamienus BxogHoro HampsbkeHuss AUqu BBIXOJHOTO TOKa

Al » BBIpaXaroT 4yepe3 Tak HasbiBaeMble h-mapamerpsl TpaH3ucropa (puc. 1.58), xo-
TOPBIE OMMUCHIBAKOTCS CUCTEMOM YPABHEHUN

AU]_ = hllAIl + hlZAUZ;

{Al 2 = h21A|1 + hZZAUZ’

A€ HHACKC 1 COOTBCTCTBYCT BXOI[HOﬁ OeIiv, a UHACKC 2— BBIXOﬂHOﬁ.

(1.1)

Alg Alg
—> b K =—
AKTHBHBIHI
AUg, YEePBIPEXITOJIOCHUK AU
C) C)

Puc. 1.58. Tpanzucrop, BKItOUeHHBIN 110 cxeme OO Kak aKTUBHBIN

YCTBIPCXITIOIHOCHUK

CornacHo BbIpaxkeHuto (1.1) cBsa3p Mexny Bxogubmu (AUgy, Alg) n BeIxon-
HeIMU (AUgn, Alg) OpupanieHusMU HanpsDKEHUH M TOKOB I TPaH3UCTOPA,

BKJIFOUCHHOT'O TI0 CXE€ME OOIIUM SMHTTEPOM OYACT HMETh BHI:
{AU B9 = h17Alp + Mo AUKD;
Al =ho1rAlg + hoorAUKn.

HewusBecTHbie h-mapaMeTpbl TPaH3UCTOPA JIETKO OMPEACIISIFOTCS OTBITHBIM ITY-

(1.2)

TEM:
- BXoHOE aud depeHnraibHoe CONMPOTUBICHUE TPAH3UCTOPA MTPU HEU3MEHHOM
BBIXOHOM HamnpspkeHnu (Ugr = const ):

h119 _A—|1

_AUgs | (1.3)
Alg

AU, =0
- KOB(b(bI/IHI/IeHT nepcagadyn TOKa IIpU HCHU3MCHHOM BbIXOOAHOM HAIIPSAKCHUN

(Ugn =const):

g Ak (1.4)

hp1y =—*% =
All AU2=0 AlB
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- K03 HUIIMEHT BHYTPEHHEW OOpaTHOM CBSI3M MO HANPSKEHUIO TIPU HEU3MEH-
HOM BxoHOM Toke (| =const):

_AYg _AUpy .
- AU Al,=0 - AUxn

- BBIXOAHAasA IIPOBOAMMOCTL TpPaH3UCTOpPA IIPpHM HCHU3MCHHOM BXOJIHOM TOKC
(1 =const):

2 (1.5)

hop = —= = . (1.6)

h-mapameTpbl TpaH3ucTopa B padoueil TOUke A MOXHO ONpPEACIUTh rpaduye-
ckuM mytéM. [lapameTpsl hjj5 HaxomaT mo BXojaHOWM XapakTtepuctuke (puc. 1.59).
Jlst 5 TOro Ha BXOJHOW XapakKTEPUCTUKE BOIM3M paboueil TOUKU A BHIOMPAIOT JBE
BCIIOMOTaTeIbHbIE TOUKU A1 U Ay (MpUONIM3UTETbHO HAa OJMHAKOBOM PACCTOSHHM),
omnpenensoT npupanienus HanpsbkeHus: AUgy u Toka 0a3el Alg M pacCUUTHIBAIOT

BXOHOE AuddepeHnnaIbHOe COMPOTUBIcHUE Ny .

AU

0 Ugs

Puc. 1.59. Onpenencuue h;;5 Ha BXOJHOH XapaKTEPUCTHUKE

[TapameTpsl hyy5 U hy 5 onpenenstoTcs U3 ceMelCcTBa BBIXOIHBIX XapaKTepH-

cTHK Tpan3ucropa (puc. 1.60):

Ahcszle—hﬂ.

Al o —Ig
h _ : K K2 7K1 1.7

hpoy =——3—=—&
AUk Ugp-Ug2
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AIK AIK

*
IKl

IKI

x x ox Al= I, — |
— b B2 b1
AIK_IIQ_IKI

O UKl UKA UKZ UK3

Puc. 1.60. Onpenenenne ooy 1 hy1y Ha BBIXOIHOM XapaKTEPUCTHKE

OcHoBHBIE TapaMeTPbI OUMOJISIPHBIX TPAH3UCTOPOB:
- MAKCUMATLHO OONYCMUMOE NOCHMOAHHOE HANPICEHUE MeNHCOY KOJLIEKMOPOM

u amummepom Ugomax;
- MAKCUMATILHO OONYCIMUMbLL NOCMOSHHBLIL MOK KOIeKmopa lxmax ;
- MAKCUMATLHO OONYCMUMAsL pacceusaemas MouwHocms Pymax;
- cmamuyeckutl koagpuyuenm nepedauu moxa Ber (N213);

- gpanuynas yacmoma kodgguyuenma nepedayu moxa frp, .

Cmamuueckuit Ko3ghgpuyuenm nepeoayu moxa 06azvl — OTHOIIEHUE IOCTO-
SHHOTO TOKa KOJUIEKTOpa K MOCTOSHHOMY TOKY 0a3bl MpU 3aJaHHOM HaINpsHKEHUU
Uk u Toke 5. JIi1s cxembl ¢ 00IHUM SMUTTEPOM OH OTIPEIEIUTCS OTHOIICHUEM

Ber = Ik /1.

I'panuunas vacmoma Kko3ppuyuenma nepedayu moka — 4acTora, rpu KOTo-
poit MoayIb KO3 hHUITMEHTA TTepeIadl TOKA B CXeMe C OOIIUM dMUTTEPOM CTPEMHUTCS
K €IMHUIIE.

YcnoBHOE 0003HAUEHUE COBPEMEHHBIX TUIIOB TPAH3UCTOPOB (KPOME CHUIIOBBIX)
COCTOUT M3 CJICAYIONINX 3JIEMEHTOB [6]:

- nepevlil 21emenm — OykBa win nudpa, 0603HaAYAIONIAsT UCXOAHBINA TOTYTIPO-
BOJIHMKOBBIN Marepuai: | nnu ' — repmanunii unm ero coenqudenus; 2 nin K — kpem-
HUM WINA €T0 COSTUHCHHUS;

- mopoul nemenm — OyKBa, yKasblBarolas TUIl TpaH3ucTtopa: T — Oumnossp-
Hbe1i; I1 — moneBoi;

- mpemuii 21emenm — nudpa, onpeaenstomas (yHKIHOHAIbHbIE BO3MOXKHOCTH
TPaH3UCTOpPA MO JIOMYCTUMON PacCEeMBa€MOM MOIIHOCTH U YACTOTHBIM CBOMCTBAaM:
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1) mpanzucmopwr manoti mownocmu (C MaKCUMAIILHOW paccenBaeMoi
MOIIIHOCTRIO He Ooiee 0,3 BT):
1 — HU3KOM YaCTOTHI, C TPAHUYHON YacToTOU He Oosiee 3 MI'1;
2 — cpedaHeill 4acTOThl, C TPAaHMYHOW yacToTOol He Oonee 3, HO He Oonee
30 MI1g;
3 — BeIcokoi yactotel 1 CBY, ¢ rpannunoit yactoroit 6onee 30 MI1;
2) mpanzucmopbvl cpeonei mowHocmu_(¢ MaKCUMaJIbHON paccenBaeMoit
MoIHocThIo 0osee 0,3 BT, HO He Oonee 1,5 BT):
4 — HU3KOM YacTOThI, C TPAHUYHON yacToTOM He 6osee 3 MI'1;
S — cpeaHell 4yacTOThl, C IPAHUYHOM 4YacTOTOM He Oonee 3, HO He Oosee
30 MI'1g;
6 — Beicokoit yactoTel 1 CBY, ¢ rpannunoit yactotoit 6osiee 30 MI'n;
3) mpanzucmopol 6oavuion mowrocmu (C MaKCUMaabHON paccenBaeMoi
MOIITHOCTBIO Oosee 1,5 BT):
{ — HU3KOW YacTOThI, C TPaHUYHOM YacToToi He 6osee 3 MI';
8 — cpeaHell 4acTOTBl, C IPAaHUYHOM 4YacTOTOM He Oonee 3, HO He Ooree
30 MI'1g;
9 — Beicokoit yactotel 1 CBY, ¢ rpannunoit yactoroit 6onee 30 MI1;
- yemgepmulil 21emenm — yucio ot 01 go 99, ykaszeiBaroiiee NopsiAKOBBIN HO-
Mep pa3pabOTKH TPaH3UCTOPA;
- namoii nemenm — OykBa ot A 1o S, o6o3Havaromas JaeleHne TeXHOIornye-
CKOT'O TUIIa TPOOOPOB HA TPYIIIIHL.
[Tpumepbr 0603HaUCHUT.
I'epmanueBbIli OUIOJIAPHBINA TPAH3UCTOP MAJIOM MOIIHOCTH, HU3KOH YacTOTHI,
HOPSIIKOBBIM HOMEpoM pa3padboTku 08 u rpynmoit A o6o3Hauaetcs — ['T108A.
KpemuueBbiii OMIONSPHBINA TPAaH3UCTOP OOJIBIION MOITHOCTH, BBICOKOM YacTO-
ThI, TIOPSJIKOBBIM HOMEpOM pazpadotku 12 u rpymmoii b o6o3nagaercs — 2T9125.
YcinoBHOEe 0003HAUEHHE CHIIOBBIX TPAH3UCTOPOB COCTOUT M3 CIEAYIOLIUX dJie-
MeHTOB [6]:
- nepswiii 21emenm (y HEKOTOPBIX TUIIOB TPAH3UCTOPOB OH MOYKET OTCYTCTBO-
BaTh) — OykBa wiu mudpa, 0003HaYAIONMAs HCXOIHBIN MOTYIIPOBOIHUKOBBIM MaTepH-
an: 1 wim I' — repmanuii wim ero coeauHenus; 2 win K — kpemHuid wim ero coenu-
HEHUS;
- emopotl 21emenm — OyKBbI, oOO3Havaromue Tun Tpanizuctopa: TK — mmc-
KpeTHbI Ounossipuslii TpaHsuctop; TKJl — cocTaBHOW OUMONSPHBIN TpPaH3UCTOD;

TKII — noneBoit TpaH3UCTOP;
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- mpemuil 31emMenm — 4UCIilo, 0003HaYarouee NOPsSIKOBbII HOMEp pa3padoTKu
TPaH3UCTOPA;

- yemeepmulil d1eMeHm — OTIAEJIEHHOE Ne(HUCOM YHCIO0, COOTBETCTBYIOIIEE
MaKCUMAJIbHO JIOMYCTUMOMY MOCTOSIHHOMY TOKY KOJUIEKTOpPA (CTOKA JJIsl TIOJIEBBIX) B
amriepax;

- Mol d7eMeHm — OTIEJEHHOE Ae(pUCOM YHUCIO, COOTBETCTBYIOIIEE MaKCH-
MaJIbHO JIOTTYCTUMOMY MOCTOSTHHOMY HANPSIKEHUIO KOJJIEKTOP-IMUTTEP (CTOK-UCTOK
JUTSL TIOJIEBBIX ) B COTHSIX BOJIBT (KJIACC MO HAIPSHKEHUIO ).

[Tpumep o603HaUECHMS.

CocTtaBHOUM OWMOJIAPHBIA TPAH3UCTOP C TOPSJIKOBBIM HOMEPOM pPa3pabOTKU
133, MakCUMaJIbHO JIOMYCTUMBIM TOKOM KoJuiekTopa 80 A, MakcMManbHO AOMYCTHU-
MBIM HampspkeHueM Kosutekrop-smutrep 300 B (kmacc 3) oOo3Hauaercss —
TK/[133-80-3.

3anava 5. Ha rpaduka (puc. 1.61) n300pakeHbl BXOJHBIE M BBIXOAHBIC XapaK-
TEPUCTUKHU TpaH3ucTopa ¢ obmum 3vmutrepom (03). Kakoro tuma gaHHBIN TpaH3HU-
ctop? Ilokaxxute Ha XapakTEpUCTUKAX 00JIACTH, COOTBETCTBYIOIINE aKTUBHOMY pe-
KUMY, PEKUMY HACBIIICHUS U PEKUMY OTCEUKH.

I5, MA lo, MA |
0,7 14 0,5m
0,6 ' 12 — [ |
U= / 10 B/ / OAyA L —
0,5 10
| = | o3
0,4 8 :
| |1/ — &
0,3 / 6 [ — 0.2 MA
) M |
0,2 e — 1 —
0,1 MA
0,1 | 19
— 2 — .= 0 MA
0 I ]
02 04  Ug. B 2 4 6 8 U.,B
a 7]

Puc. 1.61. XapakTepucTuku TpaH3UCTOPA: @ — BXOJIHBIC; O — BEIXOTHBIC

Pemenne
[MonmspuocTs BHemHux HanpsbkeHui (Ugy <0, Uk > 0) cooTBeTcTBYET TpaH-
3ucTopy THma N-pP-N. J[as Toro 4ToObl €ro SMUTTEPHBIN Nepexo ] ObLT OTKPHIT, HA Oa-

3y HOAACTCA IMOJOKUTCIBHOC HAIIPAXKCHHUC. Ha KOJ'IJ'ICKTOpHBIﬁ MMePeXoa TaKXKC 1moaa-
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eTcs nojoxutenbHoe HampsikeHue. [Ipu Ugn < Ugy) UMeeT MecTo pekuM HachIllie-
HUs, KOra 00a mepexoAa OTKPBITEL. DTOT PEKUM JIEKUT B odnactu Uy <1B.
IIpu Uy >1 B HanpskeHue Mexay KOJJIEKTOPOM M 0a30i CTaHOBHTCS IIO-

JIOKUTEIBHBIM, KOJIJIEKTOPHBIN MEPEX0]] 3aKPbIBACTCS, TPAH3UCTOP MEPEXOIUT B aK-
TUBHBIN PEKUM (AIMUTTEP UHKEKTUPYET HOCUTEIH, KOJUIEKTOP UX PUHUMAET).

PexxuM oTceuku coOTBETCTBYET 001acTH BhIxoaHOM BAX, nexaieil Huxe xa-
pakTepucTuKH, CHATOMN pu |5 =0. B 3TOM pexume 00a nepexona 3aKpbIThI.

3anpaua 6. [[ns tpanzucropa, BAX kotoporo nzobpaxkens! Ha puc. 1.61, ompe-
JICITUTh OCHOBHBIE h-TlapamMeTphl cxeMbl 3aMelieHus i1 BKIroueHus ¢ OD.

Pemenue

1. Koopdumnment mnepemaun toka 6a3zbel 3 ¢ yu€rom BeIpakeHus (1.4) wu
puc. 64.0 npu Uiy =8 B onpenenntcs kak OTHOLIEHNWE IPUPALLEHUN NIPU NEPEX0ae

U3 TOYKHU «a» B TOqu «6»:
Alg  (104-7,6)-1073

. 5 =28
AlBlAU,,=8B (04-03)-10

B

2. BxonHoe nuddepeHnuanbHoe COpOTUBIEHUE TpaH3ucTopa R ompenens-

ercst 1o BhIpakeHHUIO (1.3) B OKPECTHOCTSAX TOYKH «B», 0 BXOJTHBIM XapaKTEPHCTH-
kaMm (puc. 1.61.a).

th:AU_BS zﬂzzoo Om.

Alg Ay 5 =10 0,].-].0_3

3. Boixo/iHas MPOBOJMMOCTH TPAH3UCTOpPA MPU HEU3MEHHOM BXOJHOM TOKE
onpenensieTcs o BeipaxkeHuto (1.6) B okpecTHOCTX ToukH «a» mpH | 5 =0,3 MA.

Al (8-0,75)-1073
- (8-0)

— 0,906 -10 3 Cm.

4. KoopduimeHT BHyTpeHHEH OOpaTHOM CBSI3U MO HAMPSHKEHUIO TPH HEH3-

MeHHOM BXoHOM Toke ( |5 = CONnst ) oObr4HO He ompeensieTcs.

1.4.8.2 TloneBsie TpaH3UCTOPHI

B psine ciydaeB ucnonb30BaHME OUIIONISIPHBIX TPAH3UCTOPOB 3aTPYAHEHO, TaK
KaK OHU yMPAaBISIOTCS TOKOM, B PE3YJIbTATE YETO MOTPEOIISIOT 3HAYUTEIbHYIO MOIII-
HOCTh OT BXOJHOMW IEMU. Y KAa3aHHOTO HEJ0CTATKA JUIICHBI 1o/Ieble MPAH3UCTOPDL,
KOTOpBIC MPAKTUYECKU HE TIOTPEOIIAIOT TOK OT BXOJHOM IIETH.

Ilonesoit mpanzucmop — NOTyIPOBOTHUKOBBIN MPUOOP, B KOTOPOM TOK, MPO-
TEKAIOMIMI dYepe3 KaHall, yIPaBJISETCs JICKTPUUECKUM IOJIeM. B MoieBbIX TpaH3u-
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CTOpax TOK OOYCJIOBJICH HOCUTEISIMU 3apsiJia TOJIBKO OJHOTO 3HAKa, B CBSI3U C YEM UX
OTHOCST K KJIACCY YHUITOJSPHBIX.

[lentpanbHast 00JacTh MOJIEBOTO TPAH3UCTOpPA HA3BIBACTCS KAHAJIOM. OJIEK-
TPOJ, U3 KOTOPOTO B KaHaJ BTEKAIOT OCHOBHBIE HOCUTENHM 3aps/ia, HA3bIBACTCS UCHO-
xkom (W). DnekTpos, uepe3 KOTOPhI U3 KaHalla BEITEKAIOT OCHOBHBIE HOCUTEIIH 3apsi-
na, HazeiBaeTcsa cmokom (C). DIEKTPo, CIyKallui JJ1s peryJIupoBaHUsl MONEPEYHO-
ro CEUCHMs KaHalla, Ha3bIBaeTcs 3ameopom (3).

[ToneBbie TpaH3UCTOPHI MOAPA3ACIAIOTCA HA JBA BHJAA: C YIPABIAIOIIUM P-N-
NEePEX0JI0OM U C H3O0JUPOBAHHBIM 3aTBOPOM (CO CTPYKTYpPOH MeTasul-TudIeKTPUK-
nostyripoBoaHuK uinu M/III-tpan3uctopsl). Tak kak mMpokoe pacnpocTpaHEHHUE MO-
ayunn MJATI-TpaH3UCTOPBI ¢ AUBIIEKTPUKOM U3 JTUOKCHUA KPEMHHMSA, TO UX OOBIYHO
Ha3biBatoT MOII-Tpan3uctopamu (MeTamI-0OKUCEI-TIOTYTTPOBOHUK ).

Kaxpiii u3 BUOB TPAH3UCTOPOB MOKET OBITH ABYX TUIIOB: N-KaHAJIBHBIA U P-
KaHAJIbHBIN.

YcnoBuble Tpaduyeckrie 0003HAUYCHUS TTOJIEBBIX TPAH3UCTOPOB HA MPUHIIUIIH-

aNIbHBIX AJIeKTpUYeckux cxemax B cootBetcTBuu ¢ [OCT 2.730-73 [35] npuBeneHs! Ha
puc. 1.58.

VT1

c VT2 C VT3 C VT4 C VT5 C VT6 C
3 3 3 ( Ié o 3 ( Ié o 3 ( Ié o 3 ( |§ 8l
" " n n " n
o 8 2 0 e

a

Puc. 1.62. YcnoBusie rpaduyeckrue 0003HaUCHUS MOJIEBBIX TPAH3UCTOPOB:
a — C KaHaJIOM P-TUIa; 6 — ¢ KaHaJIOM N-THUIIA; 8, 2 — C U30JIUPOBAHHBIM 3aTBOPOM 0€3
BBIBOJIa OT MOJUIOXKKH 00CTHEHHOTO THUITA COOTBETCTBEHHO C P-KaHAJIOM U N — KaHa-
JIOM; 0, e — C M30JIMPOBAHHBIM 3aTBOPOM O€3 BBIBOJIA OT MOJIOKKH 000TaliéHHOTO

THUIIa COOTBETCTBCHHO C p-KaHAJIOM U N-KaHaJIOM

[ToneBoii TpaH3ucTOp ¢ ynpasuarowum P-n-nepexonom (puc. 1.58.a, 6) npen-
CTaBJsIET CO0OM TUIACTHHY M3 MOJYIPOBOJHHUKOBOTO Marepuaia, UMEIOIIETO dJIeK-
TPOIPOBOTHOCTH OMPEACICHHOTO THIA C JBYMSI BBIBOJAMH — UCMOKOM W CHOKOM.
Bronb mimacTUHBI BBITIOHEH P-N-TIEPEX0], OT KOTOPOTO CleJaH TPETUH BBIBOI — 3d-
meop.

Cxema BKJIIOYECHHS C OOIIMM HCTOKOM TIOJIEBOTO TPAH3UCTOPA C YNPABIAIOUWUM
p-N-miepexo oM W KaHajioM N-Tuma mpuBeaeHa Ha puc. 1.63. Ilpu ucnonp3oBaHumU
TPAH3UCTOpPA C KaHAJOM [P-THUNA HEOOXOJUMO HM3MEHUTH MOJSAPHOCTH MCTOYHUKOB

Hanpsbkenust Usy 1 U, Ha MPpOTUBOMOJIOKHYIO.
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[lon nevictBueM HanpspkeHHs TuTaHus Uy MEXIy CTOKOM M HCTOKOM MPOTEKa-

€T TOK CTOKa ¢, a HanpsbkeHue, NpuiIokeHHoe K 3atBopy Usy, cMmemaer p-n-nepexon
B 00paTHOM HarpaBieHuu. CONpOTHUBIEHHE KaHajla yBEJIIMYMBAETCS C MOBBIIIEHUEM

MPUIOKEHHOTO K HEMY 00OpaTHOT'O HaIPSKEHUS.

Puc. 1.63. TlpunnunuanbHas cxema BKIIOYEHHUS MMOJIEBOTO TPAH3UCTOPA

C YHOpaBJIKOIKM P-N IEPpEX0a0M U KaHAJIOM N-THUIIA

Ha puc. 1.64 IMPUBCACHBI BBIXOJHBIC W IICPCAATOYHAA XAPAKTCPUCTUKU ITOJIC-

BOT'O TPAH3UCTOPA C YHpasiaowum P-N-EpexoaoM.

_ |
le Uz =0 ), c
IC Hayl
Usnz -
Ucu = const
U3M3 _/ IC Ha4
U3I/I4 -
Uspa>Usuz>Uspy Ucn -Usy

U3I/I oT C

a o

Puc. 1.64. XapakTepuCTUKH MOJIEBOTO TPAH3UCTOPA C YIPABISIONIAM
pP-N-iepexoa0oM, COOTBETCTBCHHO: d — BBIXOJHBIC, 0 — nepeaaTrovyHast

BrIxogHbIe XapaKTepUCTUKHN TIOJIEBOTO TPAH3UCTOPA MPEACTABISIOT COOOM 3a-
BUCHUMOCTh TOKa CTOKa |lc OT HampshKeHUs: MeXIy CTOKOM U UcTOKOM Ucy pu Heus-
MEHHOM HalpsKeHUU MeXAy 3aTBopoM U ucTokoM Usy. Ilepenatounast xapakrtepu-

CTHKa — 3TO 3aBUCHUMOCTBb TOKAa CTOKa IC OT HAIIPSKCHUA MCXKAY 3aTBOPOM M HCTOKOM
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U3y, py HEM3MEHHOM HANPSKEHUU MEXAY CTOKOM U uctokom Ucy. U3 xapaktepu-
ctuk (puc. 1.64.6) BuaHo, uto npu Usy = 0 o kaHamy TeYET TOK lcyay, KOTOPBIH 3a-
BUCUT OT CONpOTHUBICHUS KaHama. [lpu yBenumuenunm Hampspkenuss Usy  Tok e
ymeHvuwaemces. Ilpu onpenenennom Usjy, Ha3pIBa€MOM HAMNPSDKEHUEM OTCEUKHU
Uspiore, TOK | IpakTHyecku He npoTekaeT. [Ipu onpeneieHHOM 3HaUYeHHE TOKa CTOKa

lc HacTymaer pexuM HacbluleHUs. HampsikeHue, Mpu KOTOPOM HACTYMAET PEXUM
HACBIILIEHUS, Ha3bIBACTCS HANPANCEHUEM HACLIUCHUS.

Takum oOpa3om, paboTa MOJEBOrO TpaH3UCTOpA C ympasiaiowum P-N-
NEPEX0/IOM OCHOBaHA HAa M3MEHEHHM CONMPOTUBIICHUS KaHalla MOJ ACHCTBUEM MpH-
JIO’KEHHOTO K 3aTBOPY OOpPaTHOrO HANPSKEHUS.

[loneBble TpaH3UCTOPBI € U30JIMPOBaHHBIM 3aTBOpoM (MOII-Tpan3ucTopsl)
NOJIPa3ESI0TCA Ha TPAH3UCTOPHI C 8CMPOEHHBIM U UHOYYUPOBAHHBIM KAHALIOM.

Y MOII-TpaH3ucTOpOB B OTJIMYHUE OT TPAH3UCTOPOB C YHPABISAIOMIMM P-N-
NEPEX0/I0M METaUIMYECKHUI 3aTBOP M30JUPOBAH OT IMOJYMPOBOJHUKA KaHaja CIIOEM
JURJIEKTPUKA M MMEETCsl JIONMOJHUTEIbHBIN BBIBOJI OT KpHCTalljla, HA KOTOPOM BBbI-
MOJIHEH MPUOOP, Ha3bIBaeMbIi nodaodckou (I1). Takum 006pa3om, 3aTBOP dIICKTpUIE-
CKU M30JIMPOBaH OT KaHana. KaHan v nmoayioxkka UMEIOT pa3IudHbIi TUI POBOJAUMO-
ctu. Ilonmoxkka coenuHsIeTCs] ¢ UCTOKOM. DTO COEIMHEHHE JIMOO OCYIIECTBISETCS
BHYTpHU Tiprbopa, TMO0 MOJI0KKA UMEET BBIBOJ BO BHEIIHIOIO LIETIh U 3TO COEJIUHE-
HUE OCYIIECTBIISIETCS] BO BHEIIIHEH 1IETIH.

[IpuHnMnuanpHas cxeMa BKIIOYEHHS € OOuMM HCTOKoM mnojieBoro MOII-
TPaH3UCTOPAa CO BCTPOCHHBIM KaHaloM N-TuUNa TMpuBeneHa Ha puc. 1.65, a Ha

puc. 1.66 n3o0pakeHbl €ro BEIXOIHBIC U MepeIaTOYHAs XapaKTePUCTUKH.

+

Puc. 1.65. Cxema BrimroueHus ¢ oomum ncrokom MOII-Tpan3ucTopa
C MHAYLIUPOBAHHBIM KaHAJIOM N-THUIIA

N3 xapakTepuCTHMK BHUAHO, YTO MPU OTCYTCTBUU HANPSHKEHUS HA 3aTBOpE
(Usp = 0), Tok cToka |- TpaH3UCTOpa MPaKTHYECKU OTCYTCTBYET. PocT Toka croka ¢

HAa4YMHACTCA IIPpHU II0AA4YC Ha 3aTBOP HAIIPAKCHUA U3I/Ia IMPCBBIITAIICIO HECKOTOPOC
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noporosoe 3HaueHue Uszp,yp. Cxema Brimovenus MOII-tpansucTopa ¢ KaHaaom
p-TUIa OTJIMYAETCSl TOJBbKO HAMpaBJICHUEM TOKa |lc M MPOTHUBOIMOJIOKHOW MOJISPHO-

cThio HanpsukeHuit Usy u Uy, ykazanHbIiMH Ha puc. 1.65.

Usps>Usps>Usps>Usyo

Ucu = const

U3I/In0p

a 4]

Puc. 1.66. Xapakrepuctuku noiesoro MOII-tpan3ucropa
C UHIyLIUPOBaHHBIM KaHaJOM N-TUIIA, COOTBETCTBEHHO:
a — BBIXOJHBIE; 6 — NIepeJaToYHasl

OcHOBHBIE TApaMeTPhbI M0JIEBbIX TPAH3HCTOPOB:
- MAKCUMATILHO OONYCMUMOEe NOCIMOSHHOE HANPINCeHUE MeNCOY CIOKOM U UC-
moxom Ucymax,

- MAKCUMATILHO OONYCMUMbBLU NOCMOSHHBIN MOK cMOKA |cmax;
- KpYMu3Ha xapaxmepucmuxu S;

- HayanvHwvll MoK cmoka lcyaq;

- Hanpsidicenue omceuku Uspore;

- nopozosoe nanpsaicenue Uzyop,

- conpomuejlieHue CmMoK-UCmoK 6 OmKpblnmom COCmMOAHUU RCI/IOTK ;
- MAKCUMAJIbHAA pa60’~laﬂ yacmoma f,

- MAKCUMATIbHO donycmwwaﬂ pacceusaemasi MOUWHOCNb Pmax.

Kpymu3sna xapaxmepucmuku — OTHOUIEHHUE MPUPAIIECHUS TOKA CTOKA K MPHU-
PaIEHUIO HAMIPSIKEHUS HA 3aTBOPE MPH 3aJaHHOM HANPSXKEHUH MEKY CTOKOM M M C-
TOKOM

_ di¢
dU 35 '
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Hauanwvuoiit mox cmoka — TOK CTOKA IPU HANPSKEHUM MEXAY 3aTBOPOM U
MCTOKOM PaBHBIM HYIIIO.

Hanpsaosicenue omceuku — HalIpsHKEHUE MEXAY 3aTBOPOM U HCTOKOM B PEXKUME
o0eHEeHUs1, TPU KOTOPOM TOK CTOKA JOCTUTAET 33JaHHOTO HU3KOrO 3HAUYECHHS.

Ilopozosoe nanpascenue — HAPSIKEHUE MEXKIY 3aTBOPOM U UCTOKOM B PEXKU-
Me 00oralieHus, Mpu KOTOPOM TOK CTOKA JJOCTUTaeT 3aIaHHOI0 HU3KOTO 3HAYEHUSI.

Conpomuenenue cmokK-ucmoKk ¢ OMKpPbIMOM COCHIOAHUU — COIIPOTUBIICHUE
MEXIY CTOKOM M HCTOKOM B OTKPBITOM COCTOSHMM MpU 3aJlaHHOM HaIpsSyKEHUU
MEX1y CTOKOM M UICTOKOM, MEHBIIIEM HaNpsKEHUs! HACBIILICHHUS.

Maxkcumanwvnasa pabouasa uacmoma — 4acTtoTa, IpU KOTOPOH KOIPULIUEHT
YCWJIEHUS 110 MOITHOCTH PABEH €UHULIE.

[Ipumepsl 0003HaUEHUH.

KpeMHHEBBIN TIOJIEBOM TPAaH3UCTOP C ynpasianowum P-N-IEPEeXoqoM MaJIon
MOIIIHOCTH, HU3KOM YaCTOThI, OPAJKOBBIM HOMepoM pazpabotku 03 u rpynmoit E
obo3Hauvaercs — KIT103E.

Kpemuuessiii noneBoit MOII-Tpan3ucTop 00JbIION MOIIHOCTH, BHICOKOM 4a-
CTOTBI, MOPSAKOBBIM HOMEpPOM pa3padoTku 04 u rpynmnoit b o6o3Hauaercs — 211904b.

1.4.8.3 bunonspHbie TPAaH3UCTOPHI C U30JIUPOBAHHBIM 3aTBOPOM

bunosnspHble TpaH3UCTOPHI JIUTENBHBIN NEPUO] BPEMEHU OCTABAINCH OCHOB-
HBIMH TIOJHOCTBIO YTPABISIEMBIMU CHUJIOBBIMHU KIIIOYaMH, OO0JIaIalOIIUMHA MAaJIbIMU
noTepsiMU MPOBOIUMOCTH. OAHAKO MPUHIIUIHAIBHBIMUA HEJOCTaTKaMU OUMOJISPHBIX
TPaH3UCTOPOB SIBIIAIOTCA CIOXXHOCTh YIIPABJICHUS, 3HAYUTEIbHAs MOUIHOCTh, MO-
TpeOmsieMas Ha 3TO, U OTPAHUYCHHBIN JTHAINa30H pabOvYMX YaCTOT M3-3a BBHICOKUX TO-
TEPb NEPEKITIOUCHUSI.

MOII-TpaH3ucTOpbl UMEIOT 3HAYUTEIbHBIE OTPAHUYCHHS Ha MOBBIIIEHUE pa-
00uyuX HAMpsHDKEHU. DTH OrpaHUYEHUS] 00YCIOBICHBI MTOBBIIIEHUEM COMPOTUBIICHUS
BO BKJIIOUEHHOM COCTOSIHMM, @ CJIEIOBATEIBHO MOTEPh MPOBOJAMMOCTH, TPAH3UCTO-
POB, pa3pabOTaHHBIX Ha OOJiee BBICOKHE HANpsDKEHUs. B ATOl CBSI3uM B HaCTOsIIEe
BpeMsi MOII-TpaH3uCTOpPBI UCTIONB3YIOTCS, KaK MPaBHUIIO, HA paboune HAMPSIKEHUS,
He mnpesbimaromue 300-400 B. Momnbsie BbicokoBONbTHBIE MOII-Tpan3ucTops
YCTYMaOT OUMOJISPHBIM M3-32 OTHOCUTEIIBHO BBHICOKHUX COMPOTHUBIICHUH, YTO YBEJIH-
YUBAET MOTEPHU B MPOBOSIIEM COCTOSIHUM.

NHTeHcuBHOE pa3zBUTHE B MOCIEIHUE TOJIbI CUIOBOM 3JIEKTPOHUKHU MPHUBEIIO K
pa3paboTKe W BBITYCKY PSIIOM 3apyOEKHBIX (PUPM CHIIOBBIX OHWIIOJISIPHBIX TpaH3U-
CTOpPOB € U30JIUPOBaHHBIM 3aTBOpoM (BTU3).

BbTH3 npencraBnser co00M coyeTaHHWE BXOJHOIO MOJIEBOIO TpPaH3UCTOpa C
n3onupoBaHHbIM 3aTBOpoM (MOII-Tpan3uctopa) U BBIXOJHOrO OUIOISPHOTO TpaH-
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sucropa [7/]. MmMeercas MHOro cnocoOOB CO3[aHMs TaKUX MPUOOPOB, OJHAKO
HaunOonbIiee pacnpoctpanenue noiayuwin npudopsl IGBT (Insulated Gate Bipolar
Transistor).

Cxema 3amelieHust U yciaoBHoe rpaduueckoe obo3Hauenue npudopoB IGBT na
MPUHIMITHAIBHBIX 3JIEKTPUYECKUX CXeMaX MpUBeAeHbI Ha puc. 1.67.

VT2

VT1 vT3|K
3

a 4]

s s

Puc. 1.67. Tpanzuctop IGBT: a — cxema 3amenienus,

0 — ycinoBHoe rpaduueckoe obo3HaueHue: K — komiexrop, O — amurrep, 3 — 3aTBOp

IGBT-Tpan3ucTopbl 00J1a1af0T MOJOKHUTEIBHBIMU KaueCTBAMU KaK OHWIIONSp-
HBIX, TaK ¥ TIOJICBBIX TPAH3UCTOPOB.

[Ipu pabounx HampspkeHusx A0 1500-1700 B u Bblllie OHM UMEHOT OTHOCH-
TEJIHHO HU3KOE MajieHue HarpsokeHus (2,5-3,5 B), obmagaroT XopommrMu 4acTOTHBI-
MU CBOMCTBamMu (4acToTa KommyTtauuu 6oiee 20 kl'11) u KpaliHe HU3KUM 3HAYECHUEM
MOIIIHOCTH, TpeOyeMoil /iist yripaBieHusi. Takoe coueTaHne CBOMCTB 00€CIeuniio UM
ObIcTpOe pacumiupeHue cepbl MPUMEHEHHsS] B yCTPOMCTBAX CpPEeIHEM MOIIHOCTH U
MO3BOJIMJIO MPAKTUYECKHU TTOTHOCTHIO BHITECHUTH OUMOJSIPHBIE TPAH3UCTOPHI.

IGBT-TpaH3ucTOphl HAIIM MIUPOKOE MPUMEHECHHE B CHJIOBBIX KITIOYaX U MO-

OyJsiX mpeoOpas3oBaTesield SHEPTUU CPEAHEN MOLTHOCTH PA3IMYHOr0 Ha3HAYCHUS.

1.4.9 Tupucropsl

Tupuctop — 3TO MOTYNPOBOTHUKOBBIN IEKTPONPEOOPA30BATENBHBINA MTPUOOD,
BKJIFOYAIOIINK TpU U OoJiee P-N-epexo10B, KOTOPHIN UMEET JiBa PabOYNX COCTOSTHUS
— OTKPBITOE U 3aKphiToe. Bece THpUCTOpPHI UMEIOT JBa padOYUX BbIBOAA, KOTOPHIE 1O
aHAJIOTUM C JMOJIaMHU HAa3bIBAIOTCS aHOJAOM U KaTOJIOM. YTPaBISIEMbIE TUPUCTOPHI
HMMEIOT YIIPABISAIOMINN 3JIEKTPOI.

Kuaaccupukanusi THpUCTOpPOB

B 3aBucMMOCTH OT KOJIMYecTBa P-N-TIEPEXOJI0B U BHIBOJOB THUPHUCTOPHI MOI-
pa3neNnsaioT Ha JAWOIHBIE THUPUCTOPBI — Ounucmopwl (puc. 1.68.a), TpuogHsie THpH-
CTOpBl — mpunucmopst (puc. .68.6), CUMMETpPUYHBIE TUPHUCTOPBI — CUMUCIIOPbLI

81



(puc. 1.68.6). TpuHUCTOPHI MOJAPA3ACIAIOTCA MO METONY MOAKIIOUCHHS YHpPaBIsIO-
IIET0 AJIEKTPOAA: C YIPABICHUEM MO aHOAY U C YIPABICHUEM IO KaTOy.

VS1 VS2 VS3 V5S4 VS5
A K
i N6 | | ‘E \|
a o 8 2 0

Puc. 1.68. YcnoBHbie rpaduyeckue 0003HaUE€HUS THPUCTOPOB:
OJTHOOTIEPAIIMOHHBIE HECUMMETPUIHBIE C YIIPABIEHUEM, COOTBETCTBEHHO:
a —no katoxny (A — anon, K — xaron, Y2 — ynpaBisiioluii 2JIeKTpo.); 6 — 110 aHO.Y;
JBYXOTIEpaIlMOHHbIE HECHMMETPUYHBIC C YIIPaBICHUEM, COOTBETCTBEHHO:
6 — 110 KaToAy; 2 — [0 aHOJY;
0 — CHMMETPHUYHBIH, CHMUCTOP

1.4.9.1 YcrpoicTBO U IPUHIUT ACUCTBUS AUHUCTOPA
CTpyKTypa AMHHCTOPAa COCTOMUT M3 YETHIPEX MOJIYINPOBOAHUKOBBIX 00JacTell C
Pa3JIMYHBIM THIIOM 3JICKTPONpoBoHOCTH (puc. 1.69).

baza baza
- \\ // +
Kt— n| o n | p b—s A
I1; IL, JIE

Puc. 1.69. Ctpykrypa nuaucTopa

Kpaitasss N-ob6aacmes Ha3bIBaeTCsS KAaTOJIOM, KpaWHSS P-0071acTh — aHOJOM.
AHANIOTUYHO NHOAAM Ha JWHHCTOP MOXET OBITh TOJaHO TPSIMOE WKW O00paTHOE
HanpsbkeHue. [Ipu npsMoM BKIIFOUEHUHM JUHUCTOPA K aHOAY MOJKIIIOYAIOT MOJ0XKHU-
TEIBHYIO KIIEMMY, a K KaToAy OTPULATEIbHYIO KJIEMMY BHEIIHETO UCTOYHUKA MMHUTa-
HUSL.

B stom cnyuae kpaiinue p-n-nepexonst I1; u [I3 cMemieHs! B npssMoM Harpas-
JICHUH, UX HA3bIBAIOT SMUTTEepHBIMH. Cpeauuit p-n-nmepexon I1, cmemnien B oOpaTHOM
HaIpaBJICHUH, €r0 Ha3bIBAIOT KOJUIEKTOPHBIM. MeXay 3MUTTEPHBIMU U KOJIJIEKTOP-
HBIM TIEPEX0JIaMU PACTIONIOKEHBI 0a30BbIe 001acTH P- U N-TUTIA.

[Tpu ManbIX TPSIMBIX CMEIICHUSX SMUTTEPHBIE MEPEXO0/Ibl OTKPBITHI, a KOJIJIEK-
TOpHBINA — 3aKkphIT. Yepes nepexon I1; B p-0a3y MHKEKTUPYIOTCS 3JIEKTPOHBI, KOTO-
peie 3aTteM AubPyHaupyOT K KoJuiekTopHoMy nepexony Il,. Ilonem obpatHO cMme-
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HIEHHOTO KOJUIEKTOpHOTO nepexoaa Ilp, anekTpoHbl MOAXBaThIBAIOTCA U NiepeOpachl-
BaloTcsl B N-0a3y. [lanbHeillieMy JIBH)KEHHMIO 3JEKTPOHOB MPEMATCTBYET MOTEHLIU-
anbHbIN Oapeep amutTTepHOro nepexoaa Ils. [loatomy B obnactu N-6a3bl HaKamIMBa-
FOTCS DJIEKTPOHBL. AHAJIOTUYHO MPOLIECCHl MPOUCXOIAT € IBIPKAMH, UHKEKTUPOBAH-
HbIMH uepe3 nepexo 113 B n-0azy.

[IpoTHBOIONOXKHBIE TO 3HAKY 3apsbl, HaKalJiMBaroluecs B P- v N-0a3zax
HaXOJATCs B COCTOSIHUU JUHAMHUYECKOTO PaBHOBECUS, IIPU ITOM, KOJIUYECTBO IIOCTY-
MAIOIIUX 3apsSA0B PAaBHO KOJIMYECTBY PEKOMOUHUPYEMBIX 3apsi/10B.

IIpn yBenu4yeHUH npsiMOro CMEIIEHUsl JUHAMUYECKOE PAaBHOBECUE CMELACTCS
B CTOPOHY yBeJIMueHus 3apsioB. HakomneHnHble B 6a3ax 3apsibl CO3/Aat0T dJIEKTpUYe-
CKO€ II0JI€, HAIPABJICHHOE IPOTUBOIIOJIOKHO KOHTAKTHOMY IIOJIKO 3aKPBITOTO KOJI-
nexkrtopHoro nepexoza Ilp. Ilostomy npu HekoTopom npsimoM cmenieHun Uy nepe-
xon Il otkpoercs. JlaHHOE HAIps)KEHUE HA3bIBACTCS HAIPSKEHUEM BKJIIOUYECHUS JU-
Hucropa Ukt

IIpu 3TOM BCE TpH mepexoja AUHUCTOPA OKA3bIBAKOTCS OTKPBITBIMH, aHOIHBIN
TOK nuHUCTOpa lp pe3ko Bo3pactaeT u HampsbkeHus Uax Ha JUHUCTOpE Majaer u
JVHHUCTOP OTKPBIBACTCS.

B OTKpBITOM COCTOSIHUU TOK Y€pe3 JUHUCTOP OIPAHUYUBAETCS TOIBKO MAJIBIMU
OMHYECKUMHU CONPOTUBIICHUSMH P-N-P-N oOjacTel.

[Ipu 0O6paTHBIX CMELIEHUSX Ha AUHHUCTOPE SMUTTEPHBIE NIEPEX0/Ibl 3aKPBITHI, a
KOJUIEKTOPHBIA — OTKPHIT. MHKEeKIUs HOCUTENIeH OTCYTCTBYET. TOK duepe3 TMHUCTOP
HE IIPOTEKAET, JUHUCTOP — 3aKPBIT.

Takum oOpa3om, Hpu yBEJIMYEHUH OPSIMOrO CMELIECHHs BBIIIE HEKOTOPOTO

HanpskeHus: Uggp IMHUCTOP NEPEXOUT U3 3aKPBITOIO COCTOSIHUS B OTKPBITOE.

BoabT-amnepnas xapakrepuctuka (BAX) nuaucropa

CxeMma BKIIFOUCHUS U TIpsiMast BeTBb BAX nuHuMcTOpa nipuBeneHs! Ha puc. 1.70.
OOpartHas BeTBb BAX HECHMMETpUYHOTO AMHUCTOpA HIACHTHYHA OOPATHOW BETBU
BAX nuona.

[Tpu mampsokeHUM nUTaHus paBHOM BenuwuuHe Upp pexuM pabOThl CXEMBbI
ompenensieTcss nuHuel Harpy3ku 1 m coorBeTcTByeT Touke (1 (puc. 1.70.6). Ilpu

ATOM JAMHUCTOP 3aKphIT. Yepe3 Hero npoTekaeT Mayiblid TOK |, a majeHue Hampsixke-
HUE HA HEM OJIM3KO K HampsykeHuro mutanus Ur;.

Jlist Toro, 4TOOBI BKIIOYUTH JUHUCTOP HEOOXOAMMO IMOBBICUTH HAIPSHKCHHE
nutanust 10 3HadeHust Upp. lpu 3ToM HanpsbkeHwe Ha npuOope JTOCTUTHET Hampsi-
KeHus nepexmouenus Uy, B Touke B (puc. 1.70.6). IMHACTODP BKIIIOUMTCSA U PEKUM

paboOThI CXEMBI ONIPEACIUTCA TOUKOW (J2 HA JIMHUU HATPY3KH 2.
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Puc. 1.70. HecumMeTpruyHBIi 0THOOTIEPAIIMOHHBINA TUHUCTOP C yIPaABICHUEM
0 KaToAy: a — CXeMa BKJIIoueHus; 6 — cemeiicteo BAX

JIJIsi BBIKJTFOYCHHS JUHUCTOpPAa HEOOXOJMMO, YTOOBI TOK dYepe3 HEro CTal
MEHbIIIE TOKa yiepxkanus |y, B Touke C. DTOro MOKHO JOCTUTHYTH JBYMs ClIOCO0a-
MH.

Ilepswiti cnoco6. HeoOXoauMO yMEHBIUTh HAMPSDKEHUE TUTAHYS 10 3HAYCHHS
Uz (pabouas Touka mepeMecTuTes Mo JUHUM Harpy3ku 3 u3 Touku C B Touky O3),
NP BOCCTAHOBJICHWW HAIPSHKCHUS MUTAHUS TUHUCTOP OCTAHETCS B BBIKIIOYCHHOM
cocrostaun (Touka O;) (puc. 1.70.6).

Bmopoii cnoco6. HeobXxonuMo yBEIHYUTH CONPOTUBIICHUE HArpy3ku Ry mpu
HeW3MEHHOM HanpspkeHuW mutanus Urp (pabodast Touka TepeMecTUTCS 10 JIMHUN

Harpy3ku 4 u3 Touku C B Touky (O4), IPU BOCCTAHOBJIICHUHU MPEKHEH BEIWUYHHBI CO-

NpOTHBIICHUS Ry, quHHCTOp OomsiTh BKIOUMTCS (Touka O)) (puc. 1.70.6).

OCHOBHBIM HEAOCTAaTKOM JIMHUCTOpA SIBISETCS TO, YTO OH YIpPaBJsSETCA
(BKJTFOUAETCS WJIM BBIKJIFOYAETCS1) U3MEHEHUEM HAIPSIKEHUS TUTAHUS UM CONPOTH B-
JIEHUs Harpy3Ku, 4YTO He Bceraa npuemsieMo. HecMoTpst Ha 3TO, AMHUCTOPHI HAIILIA
IIMPOKOE MPUMEHEHHUE B PENAKCAIMOHHBIX T€HEPATOpax, MOPOrOBbIX M MEPEKII0Ya-
IOIUX ycTpoicTBax. OT yKa3aHHOTO HEIOCTaTKa CBOOOIHBI TPUHUCTOPHI.

1.4.9.2 YcTpoicTBO M IPUHITUT ICHUCTBUS TPUHHUCTOPA

TpuHuCcTOp OTNAMYAETCS OT AMHHUCTOPA TEM, YTO OJHA M3 0a3 MMEeT BHEITHUU
BBIBOJI. DTOT BBIBOJI BBITIOTHAET POJIh YIpaBJstomniero anekrposaa (V).

VYrpasnerre TPUHUCTOPOM OCYIIECTBISIETCS COOTBETCTBEHHO IO KaTOIy WITU
aHOJy, B 3aBUCUMOCTH OT TOTO, U3 KaKOW BHYTpeHHEH oOsacTu (P, Wik N;) BBIBEICH
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YIpasaiowull 21eKmpoo.
Ha puc. 1.71 npencrapiieHa CTpyKTypa TPUHUCTOPA C YIIPaBICHUEM IO KaTOY.
VYopasnsitouuil 3J1IeKTpo MOJCOEIUHEH K p-0a3e, pacnoyioKeHHON BOJIM3U KaToAa.

+ v

A n| p no|p——

K A

Puc. 1.71. CtpykTypa TpuHHUCTOpA

Cxema BKIIIOUeHUS M ceMeiicTBo BAX HCCUMMCTPUYIHOT'O OAHOOIICPAITUOHHO-
o TPUHUCTOPA C YIIPABJICHUCM 110 KaTOAY IIPUBCIACHBI HA PUC. 1.72. O6paTHa$I BCTBb

BAX nanHoro TpuHUCTOpa uieHTHYHA oOpaTHOM BeTB BAX nuona.
I

iE
Vsl U, UnifRu 1, 2
/|0
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Puc. 1.72. HecumMmeTpruuHbIN 0HOOIIEPAIIMOHHBIA TPUHUCTOP

C yIpaBJICHUEM I10 KaTOJy: @ — CXeMa BKJIIOUCHHs; 6 — cemelicTBo BAX

JI71st IcTioNb30BaHMsI B TOJIHOW MEpEe CBOWMCTB TPUHHUCTOPA TpeOyeTcs JBa McC-
TOYHHMKA HANPSIKEHUS: UCTOYHUK HampspkeHus nutanus U, npegHa3HaueHHBIN AJis
co37aHusl TOKa | B BBIXOJIHOW LIENMH TPUHUCTOPA U MCTOYHUK HAIPSIKEHUS yIpaBiie-
Hus Uy, TIpeHa3HAYEHHBIA Ul CO3/1aHMs TOKa ynpasieHus |y B 1enu ynpasBieHus

TpunucTopa (puc. 1.72.a).
Takum 00pa3oM, HaJIMUWE YIPABISIFOIIECTO JIEKTPOA TO3BOJISCT MEPEKITIOYUTh

TPUHUCTOP W3 3aKPBITOTO B OTKPBITOE COCTOSHUE MpU HampsiKeHusx Uy MEHbIIHX,
geM Uppe mpocToro auuucropa. Ipuuém, yem Gonblie TOK yHpaBiISIomEro 3JI€KTPO-

na Iy, TE€M MEHBIIIEE HATPSKEHUE UHpK HEOO0XO0MMO ISl OTKPBIBAaHUS TPUHUCTOPA.
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N3 BAX Ttpunucropa (puc.1l.72.0) BUAHO, 4YTO TpPU TOKE YIPABICHHS
ly paBHBIM Hymr0, npsMas BeTBb BAX TpuHHCTOpa MpPEACTaBIISAET COOOH MPAMYIO
BeTBb BAX nunucropa. Ilpu yBennyenun toka ynpabiaeHus |y BeanunHa Hampsoke-
HUSA NEPEKITIOUEHUs Uppe TPUHHCTOPA YMEHBIIAETCH .

UnpKl > Ul'[pK2 > UnpK3-

[Ipu HanpsokeHUH NMUTaHUS paBHOM BenuuuHe Up; pexuM paOOThI CXEMBbI
orpeenseTcs InHuei Harpy3ku 1 u cooTBeTcTBYeT Touke O1 (puc. 1.72.6), mpu s3TOM
TPUHUCTOP 3aKphIT. Uepes Hero mporekaeT Mayiblid TOK |q, a majieHne HanpsiKEeHUs Ha
HEM OJTM3KO K HanpspbkeHuto nutanust Urpy.

Bx110unTh TPUHUCTOP MOXKHO JIByMS CITIOCOOaMU.
Ilepeuviti cnoco6. HeoOxonumo, Kak U JyIsl JUHUCTOPA, MOBBICUTH HANPSIKECHUE

nuranus Up (puc. 1.72.a) npu Toke ynpasnenus |y, paBubiM Hyso. s GonbIyH-

CTBa THIIOB TPUHUCTOPOB TAKOE BKIIIOYCHUE HEXKEJIATCIIBHO M3-3a BO3MOXKHOIO TIO-
BpEeXKACHUS MpUOopa.

Bmopoti cnoco6. Heo0X01uMo yBEIHYUTL TOK YIIPABICHUS 0 BEIUYUHBL ly),
IPU OTOM HANPSDKEHUE NEPEKITIOYEHHs CTaHeT paBHbIM Upno B Touke O, BAX
(puc. 1.72.6). Pabouast Touka nmepeMecTUTCs 10 JUHUM Harpy3ku 1 depes Touky Or B
Touky O3. [lpu cHATUU cUrHaNa yNpaBiIeHUs TPUHUCTOP OCTAHETCS BO BKIIOUEHHOM

coctosiHuu (Touka (J3), MOATOMY YIpaBiIeHUE TPUHUCTOPAMU OOBIYHO OCYIIECTBIIS-
€TCsl UMITYJIbCHBIM MeToAoM. Ha ympaistonuii nepexol TPHHUCTOPA MOJAETCS UM-
IyJbC TOKA ynpasjeHus |y, aMIIMTy10i paBHON TOKY CHPSAMIECHHSA |cnp M JUIMTEND-
HOCTBIO IOCTATOYHOM JIJIs1 €r0 HAJEKHOTO BKIIOUEHHUS.

JIJist BBIKITIOYEHUS TPUHUCTOpAa HEOOXOIHMMO HCIOJIb30BaTh T€ KE CIOCOOBI,
YTO U JIJIS1 BBIKJIIFOYEHUSI TUHUCTOPA.

Ilepsyiii cnoco6. Heob6xonuMo yMEHBIITUTh HANPSHKEHUE MTUTAHUS 10 3HAYCHUS
Un (pabouas Touka nmepemecturcs u3 Todku C B Touky (Oy), IPU BOCCTAHOBJICHUU

HANPSDKECHUS TUTaHMS TPUHUCTOP OCTAHETCS B BRIKITIOUYCHHOM COCTOSTHUU (Touka (O1)
(puc. 1.72.0).

Bmopoii cnoco6. HeobXoaumo yBETWYUTH CONMPOTHBICHUE WA KpPaTKOBpE-
MEHHO pa3opBaTh IeNb HAarpy3ku Ry npu Hem3sMeHHOM HamnpsbkeHuu nutaHus Upg
(pabouast Touka mepemectutcss w3 Toukm C B Touky Os). [Ipu BoccTaHOBICHHUH
MpeXHEN BEJIMUMHBI CONMPOTUBIIEHUS Ry TPUHHUCTOpP OCTaHETCS B BBIKIOYEHHOM CO-
ctostauu (Touka O1) (puc. 1.72.0).

PaccMoTpeHHBIN TPUHUCTOP HA3BIBAETCS OJHOONEPALMOHHBIM OTOMY, YTO MO
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YIOPABIIAIOMIEMY 3JEKTPOJY €r0 MOKHO TOJIBKO BKJIIOYUTh. JTO ABISIETCS OCHOBHBIM
HEJI0CTaTKOM OJJHOOIEPALIMOHHBIX TPUHUCTOPOB.

JIByXonepalMoHHbIE WM 3amnupaeMble TpUHUCTOPHI (puc. 1.68.6, 2) MoxHO
BKJIFOUUTh U BBIKJIIOYUTH 10 YIPABISIOMIEMY 3J€KTpoay. s BeIKIIOYEHUS] HEOOXO-
JUMO TO/IaTh Ha YIPaBJISIOUNA MEepexo/ HapsHKEHHE MPOTUBOIOIOKHOMN MOISPHO-
cti. OJHaKO MpH 3TOM BEIMYMHA TOKA YNPABICHUSA MPUOJIMKAETCA K 3HAYCHUIO

KOMMYTHPYEMOTO TOKA.

1.4.9.3 Cumucropsl
OCHOBHOE OTIIMYKME CUMHCTOPOB (puc. 1.68.0) 3akiroyaercs B CHMMETPUIHO-
ctu BAX (puc. 1.73).

lys

|y4:|cnp

Iy4>|y3>|y2>|yl

Puc. 1.73. BonpramnepHasi XxapaKTepUCTHKAa CUMUACTOPA

JI1s1 CHMHCTOPOB OTCYTCTBYET 0OpaTHOe BKiIroueHue. [Ipu o060k moaspHOCTH
IUTAIOIIETO HAIPSHKCHUS CUMUCTOP OyaeT (yHKIIMOHUPOBATh KaK TUPUCTOP B M-
MOM BKJIIOUEHHUH. {711 HETO XapaKTepHO KakK IMOJIOKHUTEIbHOE TaK, U OTPHUIATEIIbHOE
HanpspkeHus: BKItoueHus: Upgy. Ero MOXKHO mpeicTaBuTh B BUAE ABYX BCTPEYHO-
MapajyieIbHO BKIIOYCHHBIX HECUMMETPUYHBIX TPUHHCTOPOB, MOATOMY OH IIUPOKO
MCIIOJIb3YETCS B IETISIX IEPEMEHHOTO TOKa.

CHUMMETPUYHOCTh TAaKOTO TUPUCTOPA TO3BOJISET BKIIOUYATH €T0 B IIENb MPOMU3-
BOJIbHO. [10 3TO# MpUUMHE y TAKUX THPUCTOPOB HE PA3TUYAIOT aHOJT U KaTO.

OcHoBHBIE TapaMeTPbl TUPUCTOPOB:

- MAKCUMAJILHO 0Onycmumoe cpeonee (Oeticmayrowjee Ol CUMUCTIOPOB8) 3HA-

yeHue moxa 8 OmKpblmom cocmosinuu lor. max;

- MAKCUMAJTbHO donycmwwoe NnoCnosAHRHOE (uMI’llebCHoe) Hanpssicenue 6 3d-
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Kkpoimom cocmosituut Use max;
- Makcumanbho donycmumoe oopammnoe nanpsdicenue Uogp max;
- omnuparowuii noCmosnHbll Mok ynpasnenus ly or;

- mok yoepaicanust lyy.

Makcumanvno oonycmumoe nOCMOAHHOE HANPAMCEHUE 8 3AKPbIMOM CO-
CMOAHUNU — MAaKCUMaJIbHOE 3HAYCHHUE MPSMOro HAINpsKEHUs, IPU KOTOPOM HE Mpo-
HCXOJIUT BKIIFOUCHUE TUPUCTOPA.

Omnuparowuit ROCMOAHHBLIL MOK YNPAgieHus — HAUMEHBIITUN TOK YIpaB-
JISFOIIETO AJIEKTPO/1a, HEOOXOIUMBIN JIJIsi BKITIOUEHHUSI TUPUCTOPA.

Tok yoepiwcanus — HaUMEHBITUN TPSAMOUM TOK, HEOOXOAUMBIHN JJIsSI TIOJI/IepHKa-
HUSI TUPUCTOPA B OTKPHITOM COCTOSIHUHU.

YcnoBHoe 0003HAUEHUE TUPUCTOPOB (KPOME CHUIIOBBIX) COCTOUT W3 CIIEAYIO-
KX 37eMeHTOB [8]:

- nepewlii 21emenm — OykBa win 1Mudpa, 0003HaYAOIIAsT UCXOAHBIA MOTYIPO-
BOAHUKOBBIA MaTepuai: 2 uinu K — kpemHuii;

- emopoiul s1emenm — OyKBa, yKasblBarolas nmojakiacc tupucropa: H — nunu-
CTOPHI (JIMOJTHBIE TUPUCTOPHI); Y — TPUHUCTOPHI (TPUOAHBIA TUPUCTOPHI);

- mpemuii 21emenm — 1udpa, onpeaenstomas GyHKIHOHAIbHBIE BO3MOKHOCTH
TUPHUCTOPA:

a) 01 OUHUCMOpA.

1 — ¢ MakCcUMabHO JAOMYCTUMBIM 3HAYEHHUEM IPsIMOTO TOKa He 6osee 0,3 A;

2 — ¢ MaKCUMAaJbHO JOIYCTUMBIM 3HaueHHEeM IpsiMoro Toka oT 0,3 A no 10 A;
0) 0121 00HOONEPAUUOHHBIX (He3anUupPaemvix) MPUHUCHOPOG.

1 — ¢ MakcUMaJIbHO JIONMYCTUMBIM 3HAYEHHEM CPEIHEro TOKa B OTKPBHITOM CO-
crossHuu He Ooitee 0,3 A;

2 — ¢ MaKCUMaJIbHO JOMYCTHUMBIM 3HAaUEHHEM CPEIHETO TOKAa B OTKPBITOM CO-
crossauu ot 0,3 A 1o 10 A;

7/ — ¢ MaKCUMAJIbHO JIOMTYCTUMBIM 3HAUY€HUEM CPEIHEr0 TOKa B OTKPHITOM CO-
crossauu Ooitee 10 A;

8) 011 08yxXonepauuoHHbIX (3anupaemvix) mpuUHUCMOpPOos.

3 — ¢ MaKCHMAJIBHO JOMYCTUMBIM 3HAYCHUEM CPEJIHETO TOKa B OTKPHITOM CO-
crossHuu He Ooiee 0,3 A;

4 — ¢ MakCUMaJabHO JOMYCTUMBIM 3HAYEHHUEM CPEHETO TOKA B OTKPHITOM CO-
crossanu ot 0,3 A 1o 10 A;

8 — ¢ MakKCHMaJIbHO JONMYCTUMBIM 3HAYCHHEM CPETHEr0 TOKa B OTKPBITOM CO-
crossauu 6oiee 10 A;

2) 071 CUMMEMPUYHBIX MPUHUCHOPOE (CUMUCHOPOB):
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5 — ¢ MaKCUMAJIBHO JOMYCTUMBIM 3HAYEHUEM CPEHEr0 TOKa B OTKPBHITOM CO-
crosHuu He Oojee 0,3 A;

6 — ¢ MakCUMaNbHO JOMYCTUMBIM 3HAaUYEHUEM CPEJIHEr0 TOKAa B OTKPBHITOM CO-
crossauu ot 0,3 A 1o 10 A;

9 — ¢ MakCUMaJIbHO JOMYCTUMBIM 3HAaUYEHUEM CPEIHETr0 TOKa B OTKPBHITOM CO-
crossaun 6oiee 10 A;

- yemeepmulil 371eMeHm — YNCIO0, YKA3bIBAIOIIEEe IMOPSAAKOBBIA HOMEpP paspa-
OOTKH TUPUCTOPA;

- namolu 21emenm — OyKBa, yKa3bIBaIolas rpynny TUPUCTOPA MO MapaMeTpam.

[Tpumepsr 0603HaUCHUT.

KpemHuueBblii AUHUCTOP ¢ MaKCHUMaJbHO JOMYCTUMBIM 3HAYEHUEM MPSMOTO
Ttoka 0,2 A, HomepoMm paszpabdotku 02 u rpynmnoi b o6o3navaercs 2Y102b.

KpemHuueBbiii 0HOONEPAIIMOHHBIM TPUHUCTOP C MAKCUMAJIBHO JIOMYCTUMBIM
CpPEeTHUM 3HAaYCHUEM TOKAa B OTKPBITOM COCTOSIHUM 2 A, HOMepoM pa3paboTku 01 u
rpynnoit H o6o3nauaercs — KY201H.

B coorBerctBun ¢ I'OCT 20859.1-89 [36] ycioBHOE 0003HAaUEHHE CHIIOBBIX
TUPHUCTOPOB COCTOMT U3 CIICAYIOIINX 3JIeMeHTOB [ 8]:

- nepewlii 21emenm — OyKBa Wi B¢ OYKBbI, 0003Havaromue B Tupucropa: T
— TUPUCTOP HecuMMeTpuuHbii; TJI — Tupucrop naBunubii; TC — THpUCTOP CUMMET-
puunblii; TO — TUPUCTOP ONTPOHHBIN;

- emopoti 21emenm — OykBa, o003Havaromas MoABUA TupucTopa: Y — BeICOKO-
JaCTOTHBIN; b — ObIcTpoaeiicTByOmMit; Y — UMITYTBCHBIN;

- mpemuii 571eMeHm — YHUCIIO, YKA3bIBAIOIIEE HOMEpP KOHCTPYKTHBHOM paspa-
0OTKH;

- yemeepmulil dJleMeHm — YUCIO, YKa3bIBAIOIIEE MAaKCHUMaJIbHO TOMYCTUMOE
cpenHee (AECTBYIOIIEE) 3HAUEHUE TOKA B OTKPBITOM COCTOSIHMUM B ammepax. Ilepen
o0o3HaueHHEM Toka cTaBUTCS neduc. Jjist 0003HaYeHHS THPUCTOPOB C OOPATHOM ITO-
JSIPHOCTHIO (KaTOJIOM SIBIIIETCS OCHOBAHHUE) MOCJIE TPETHETO DJIEMEHTA CTABUTCS OYK-
Ba X;

- nAMblU 2JleMeHm — Yucio, 0003HaYaroIIee KIacce Mo HAnpsKeHUIO U COOTBET-
CTBYIOILIEE MAKCUMAJIbHO JOYCTUMOMY HaNPSHKEHUIO B 3aKPBITOM COCTOSIHUM B COT-
HSX BOJIBT.

[Tpumepsr 0003HaUECHUT.

Tupuctop ¢ HOMEpOM KOHCTPYKTHBHOM pa3paboTku 123, MakCUMalbHO JOITY-
CTUMBIM CPEJIHUM 3HAYEHHUEM TOKa B OTKPBHITOM cocTosiHUU 200 A M MakCHUMalabHO
JOMYCTUMBIM HaIpsiKeHHeM B 3akpbiToM cocTosauu 1600 B (kimace 16) obo3nauaercs
— T123-200-16.

TupucTop CUMMETPUYHBIA (CUMHCTOpP) C HOMEPOM KOHCTPYKTHMBHOW paspa-
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00Tku 161, MaKCUManbHO JAOMYCTUMBIM JAEHCTBYIOIIMM 3HAYEHUEM TOKA B OTKPBHITOM

coctostHUU 160 A 1 MakCHMaJIbHO TOIYCTUMBIM HAINPSKEHUEM B 3aKPBITOM COCTOSI-
Hum 1000 B (xmace 10) o6o3navaercs — TC161-160-10.

1.5 UHTerpajibHble MUKPOCXEMBI

Humezpanvnas muxpocxema (HMC) — MAKPOSJICKTPOHHOE HM3JICIUE, BBIIOJI-
HSIOILEE ONpeeIeHHYI0 (PYHKIUIO TpeoOpa3oBaHusa U 00pabOTKHU CUTHANIA U UMEIO-
€€ BBICOKYIO IUIOTHOCTh YIAKOBKHU AJIEKTPUUECKU COCAUHEHHBIX 3JIEMEHTOB, KOTO-
pbI€ BBITIOJIHEHBI B €IMHOM TE€XHOJIOTMUYECKOM IMPOIECCe, 3aKII0UCHBI B OOIIUN KO-
yC U pacCMaTpUBAIOTCA KaK €JUHOE 1LIeJI0e.

NMC o06nanarmoT CylmecTBEHHBIMU MPEUMYIIECTBAMU 10 CPABHEHHUIO C aHAJIO-
TUYHBIMM CXEMaMHU Ha JUCKPETHBIX KoMmoHeHTaX. UMC umeroT Maible rabapuThl,
MacCy U TOBBIIICHHYIO MEXaHUYECKYI0 MPOYHOCTh. [Ipu ux mpou3BojicTBE TpeOyIOT-
Csl MEHBIITME 3aTPaThl 32 CYET MPUMEHEHHUS BBICOKOIIPOU3BOIUTEIIBHOTO aBTOMATU3H-
POBAHHOTO OOOpPYJOBaHHUS, BO3MOXKHO TOJIydEHUE JYUIIUX XaPAKTEPUCTHUK CXEM
Oyarogaps UICHTUYHOCTH TapamMeTpoB KOMIOHEHTOB. [loBhimaeTcss Hai&XHOCTh 3a
CYET YMEHBIIICHUS KOJIMUECTBA CBAPHBIX COCTMHCHUH.

Co3pnanue anmaparypel Ha UMC ynpomaeT opraHu3anuio MpOU3BOACTBA 32
CYET YMEHBIICHHS KOJIMYECTBA OINEpPAlMil M COKPALICHUS YUCIa KOMIUIEKTYOIINX
15631 () 0505 8

[To texnonoruu uzroroBieHuss UMC noapasznenstorcst Ha: noaynpo8ooHUKo-
eble, NIEHOYHblEe U 2UDPUOHDLE.

B nonynpoeoonuxoeoii mukpocxeme Bce 2JIIEMEHTHI M MEXIIEMEHTHBIE COEU-
HEHUS BBITIOJHEHBI B 00bEME U HA TTOBEPXHOCTH MOJTYNPOBOIHUKA.

B naénounoii mukpocxeme Bce 31€MEHTBI U MEKIJIEMEHTHBIE COCUHEHUSI BbI-
MOJIHEHBI TOJILKO B BUJE TUIEHOK MPOBOASAIIUX U TUAJIEKTPUUECKUX MAaTEPUAJIOB.

B eubpuonoti mukpocxeme macCuBHbIE dJIEMEHTHI (PE3UCTOPHI, KOHIEHCATOPHI,
KAaTYIIKU UHIYKTUBHOCTH) BBITIOJIHEHBI B BUJIE IJICHOK, HAHECEHHBIX Ha TTIOBEPXHOCTh
TUDIICKTPUYECKON TMOJIOKKHA M3 CTEKJIa, KepaMHUKU WM candupa, a aKTUBHBIC dJie-
MEHTBI (IUOABI, TPAH3UCTOPHI U T.JI.) MPEICTABIAIOT COO0N OECKOPITYyCHbIE MOy IPO-
BOJHUKOBBIC MIPUOOPHI.

TounocTh Bocmipon3BeneHus: mapameTpoB y rubpunabix UMC BeImie, a TeXHO-
JIOTHSI 3HAYUTENBHO TIPOoIE, YeM y nomxynpoBoaaukoBeix UMC. Ognako maccoraba-
puTHbIe TokazaTenu TuopuaHbix UMC xyxe, 4eM MoixynpoBOAHUKOBBIX.

[To dbynknuonansHomMy HazHaueHno UMC moapasnensiorcs Ha aHano2o8vie N
yugposuvie.

Ananozoevte UMC npenHazHaueHbl JJisl IpeoOpa3zoBaHusi U1 00OpabOTKU CHT-
HaJIOB, U3MEHSIOIINXCS 110 3aKOHY HENPEPhIBHON (QYHKIUU.
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Hugposvie UMC npenHazHaueHbl sl TpeoOpa3oBaHus U 00pabOTKU CUTHA-
JIOB, U3MEHSIOIIUXCS M0 3aKOHY TUCKPETHOU (PYHKIMU (LIU(PPOBBIX CUTHAJIOB).

Lugposvie UMC 1o Tuny JOTHKU MOAPA3ICISIIOTCS Ha:

- TUOHO-TpaH3ucTopHoit noruku ([TJI);

- TpaH3UCTOpHO-Tpan3ucTopHou noruku (TTJI);

- C JIOTUKOM Ha KOMIUIEMEHTAPHBIX (IOMOJHSIOMUX N- U P-KaHanbHbIX) MOII-
Tpan3ucropax — KMOIT,

- DOMUTTEPHO-CBs13aHHOM Jioruku (DCJI).

Ha puc. 1.74 npuBeneno ycioBHoe rpaduueckoe oOo3zHauenne MMC Ha
NPUHLMITHAIBHBIX AJIEKTPUUECKHX cXeMaX. bykBeHHOe 0003HauYe€HHE aHaJIOTrOBBIX
UMC — DA, uudpossix — DD. [locie 6ykBeHHOro 0003HaueHUs yKa3bIBAETCs MOPS/I-
KOBBI HOMED B CXEME.

OO0o03HayeHre (PYHKIIMOHATIBHOTO
HaszHaueHus UIMC

Mertka, yKka3bIBaromas

MHuBepcHbIE BBIBOIBI Ha3HAYCHHE BHIBOJIOB
**
\ A
kS * —
— \O—
OCHOBHOE ITOJIE ~—_| JlonomHUTENTbHBIE TOJIS
~— ]
] //
30HBl —— I

Puc. 1.74. YcnoBuoe rpaduyeckoe nzodpaxenue UMC

Uucno 371eMEHTOB, 3aKIOUEHHBIX B 0AHOM Kopriyce IMC, Ha3bIBalOT creme-

HBIO HHTETPALNU
K =IgN,
rae N — gaucno siemenToB, Bxoaanux B UMC.

PacnpocTpaneHbl clieyromnue KayeCTBEHHbIE OLIEHKHM CTENEHH WHTErpanuu
unrerpanbHbix cxem (MC) m uX OpUEHTHPOBOYHBIE KOJIMYECTBEHHBIE MMOKA3aTEIHU:
Mastas (MUC) — gucno snemenToB oT 1 g0 100; cpennsia (CUC) — 4uciao 37eMEHTOB
or 101 mo 1000; Gonbmas (BUC) — yucno snementoB ot 1001 mo 10000; cBepx-
oonpmas (CBUC) — unciio anementoB 6omee 10000.

BUC u CBUC umerot cneayoomue 0COOCHHOCTH, XapaKTEPU3YIONTUE HAUBBIC-
M€ TOCTHKEHUSI COBPEMEHHONW MUKPOAJICKTPOHHOMN 0a3bi:

1. Beicoxas cmenenv unmezpayuu. OCHOBHBIM MYTEM JIOCTUXKEHHSI BBICOKOU
CTENEHU UHTErpaly noaxynpoBogHUKOBBIX VC siBsieTcsl uCronb30BaHUE AIIEMEHTOB
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C MUHUMaJIbHBIMU pa3MepamMu U noTpedssieMoil MouiHocThio. Hamboisiee BbIcOKas
creneHb uHTerpauuu pocturayra B bUC mpu ucnonszoBanum M/III-ctpykTyp —
1 mnH. snemenToB u Oonee. bBUC Ha OUMNONSAPHBIX CTPYKTypax cojAepKaT 10 He-
CKOJIbKUX COTEH ThICSY AJIEMEHTOB.

2. Ilosvluennoe b6vicmpooeticmeue. OHO OOBICHSIETCS COKpaIlleHUEM JJIMHBI
CBsI3€H MEXy 3JIEMEHTaMM, YTO CKa3bIBAE€TCS HA IMOBBIIICHUH OBICTPOACUCTBUS KaK
camux bUC, Tak u annapaTypbl Ha 3TUX MUKPOCXEMAX.

3. llosviwennas naoéxcnocms. llopbimenue HaaéxHoctu BUC oOycnosieHo
OCOOEHHOCTSIMU MHTETPAJIbHOW TEXHOJOTMH M YBEIMYEHUEM CTENEHU HHTErpaluu,
oOecreynBarollell yMEHbIIEHNE KOJUYECTBA BHEIIHUX BBIBOJOB, MPUXOAIIMXCS Ha
OJIMH JIOTHYECKUH 31eMeHT. OTKpPBIBAIOTCS BO3MOKHOCTH JIJISl MCTIOJIb30BAHUS CXEM-
HBIX CIIOCOOOB MOBBIIEHUS HAJEKHOCTU 32 CUET U30BITOUHOCTH DJIEMEHTOB.

4. Cnoocnocmo npoekmuposanusi. OHa 00yCIIOBIIEHa HEOOXOIUMOCThIO y4&Ta
OOJBIIOr0 KOJUYECTBa (PAKTOPOB CXEMOTEXHUYECKOTO, TEXHOJOIMYECKOro U KOH-
CTPYKTUBHOTO Xapakrtepa, nockoibky BUC mpencraBisier co0oil O4eHb CIIOXKHOE
(GYHKIIMOHAIBHO U KOHCTPYKTHBHO 3aKOHYEHHOE ycTpoicTBo. Ilpomecc co3panus
BUC Benércs ¢ momompio OBM, koTopbie HCTIONB3YIOTCS 71l PAaCUETOB ONTUMATb-
HOM CTENEeHH MHTErpallii, CTPYKTYPHON U MPUHIUIIHAIBHON CXEM, IMapaMeTpoB dJie-
MEHTOB, UX TOTIOJIOTUU U COCTMHEHHI.

OtpenbHO clieayeT BbIACIUTh MHKporporieccopusie BUC, BemomHstomue
(GYHKIIMKM MHKpoIpolieccopa Uiy ero 4acTu. [lox MUKpomporeccopoM MOHUMAIOT
IPOrPaMMHO-YIPABIIIEMOE YCTPOWCTBO, OCYILIECTBISIONIEE MpoIecc 00paboTKu
mudpoBoii uHPopManuu U ynpasieHuss UM. COBOKyMHOCTh 3TuX M apyrux UMC,
COBMECTHUMBIX IO apXUTEKType, KOHCTPYKTUBHOMY HCIOJHEHUIO M AIEKTPUUYECKUM
napaMmeTpaM, Ha3BaHa MUKPOIpOoIecCOpHbIM KomIuiekToM (MIIK).

N3 Gonpimoro mHoroo6pasus anamoropeix UMC HamboJiee NIMPOKOE MpPHUMeE-
HeHue Hanu onepayuornusie ycunumenu (OY).

OcHOBHBIE TapaMeTPbI ONEPALMOHHBIX YCHJIUTEJICH:

- kK02 puyuenm ycunenus no nanpsxcenuio Ky
- Hanpsoicenue cmewjerus 1Hyas Uey,
- 6xo0nbvie moku lgy;

- 6X00HOoe conpomuenerue Ryy;
- yacmoma eouHu4Ho20 ycunenus fq;

- MakcumanivHoe 8bixoOHoe Hanpsicerue Uy max;
- Hanpsicerue ucmouynuxka numanus Uy,

- 8bIXOOHOU MOK gy x.

Koyppuuyuenm ycunenus no nanpayxcenuro — OTHOIICHHE W3MCHEHUS BbI-
XOJIHOTO HAIPSKEHMSI K BHI3BABIIIEMY €TI0 M3MEHEHHUIO BXOHOTO.
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Hanpsasicenue cmeujenua Hyaa — 3Ha4€HUE HAPSDKEHMsI, KOTOPOE HEOOXOAu-
Mo nojaThk Ha BxoJ OV, 4ToObl Ha BBIXOJ€ HAIPSHKEHHE ObUIO PABHO HYIIIO.

Bxoonvle moxku — TOKY, IPOTEKAIOIINE Yepe3 BXOAHBIE 3aKUMbI OY.

Yacmoma eOuHuuH020 ycujileHus — 3HAYEHUE YaCTOThl BXOJHOI'O CHUTHAa,
IIpU KOTOPOM 3HadeHue Kod(puuuenta ycuiaeHus Hanpsbkenus OY mamaer 1o enu-
HUIIBI.

Buvixoonoit mok — MakcuManbHOE 3HAY€HHUE BBIXOJHOro Toka OY, mpu KoToO-
POM TapaHTUPYETCs €ro PaboTOCIIOCOOHOCTD.

OcHoBnbie napameTpsl nugpossix UMC:

0 .
- BbIXOOHbIE HANpPASNCEHUA J10cUUECKO2O HYJIA UBLIX u JjocudeckKkou eal/lHul/;bl

1 .
UBBIX !
- epems 3adep9fa<u pPacnpocmpanerHus CUCHAIA npu BKAI0YEeHUU U BbIKIIOYECHUU ,

- Hanpsidcenue ucmounuxa numarus Uy,
- nompebsiemolil mox lyor;

- Koo puyuenm paszsemenenus no 661x00y Kpas;

- yacmoma nepexniouenus f.

Bpema 3a0epicku pacnpocmpanenusa cuznana npu 6K10YeHUU U 8blK110Ye-
HUU TIPENCTaBIIeT COOOM MHTEpBAT BPEMEHU MEXAY BXOJHBIM M BBIXOJHBIM HM-
MyJbCaMU, U3MEPEHHbIMU Ha ypoBHe 0,5.

Kosgppuyuenm paszeemenenus no 6vixody — 4ucio BXOJIOB DJIEMEHTOB JIaH-
HOM cepuH, KOTOPOE MOKHO OJTHOBPEMEHHO MOAKIIOYUTH K Bhixoqy UMC 6e3 Hapy-
HIeHHs €€ HOPMAIBHOTO (PYHKITMOHUPOBAHMUSI.

Ycnoaoe o603HaueHne UMC coCTOHUT U3 CIIEAYIONIHUX 3JeMEHTOB [9]:

- nepegvlll  2nemenm  —  1HUdpa, COOTBETCTBYIOIIAS  KOHCTPYKTHBHO-
texHosiorudeckor rpymme UMC: 1, 5, 6, 7 — nonynpoBoaHuKOBBIE (7 — GecKopITyC-
HBIC); 2, 4, 8 — TUOpUIHBIE; 3 — Mpouue (TUICHOYHBIE, KepaMUYECKHE U JIp.);

- emopoti 3nemenm — 1n8e (ot 00 7o 99) unu tpu (ot 000 70 999) M pHI, yKa-
3pIBaroIe HoMep pa3paborku manHou cepun UMC. TlepBoie mudpsl, 00pa3oBaHHbBIE
IBYMS 3JIEMEHTAMHU, ONPENEIA0T NoJHbI HOMep cepun UMC;

- mpemuii s1emenm — nBe OYKBBI, 0003Havaronue noarpynny u suag MMC o
(bYHKITMOHAIBHOMY Ha3HAYEHUIO;

- Yyemeepmulil 371eMeHm — YWCIO0, YKa3bIBaollee MOPSAKOBBIA HOMEpP paspa-
6otk UMC B nanHoi#i cepuu;

Nuorna B xoHie ycnoBHoro odo3Hauenuss UMC noGapnsiercst OykBa, omnpeje-
TSOIAst TEXHOJOoTHYecKuid pazopoc mapamerpos UMC.

JIist XapakTepuCTHKN 00JIaCTH MPUMEHEHUSI, MaTepHalia U TUTIA KOpITyca Tepe

TIEPBBIM 3JIEMEHTOM 0003HAYEHMSI MOTYT CTOSATh OykBbI: K — 1151 anmapatypsl Iupo-

93



KOI'o MPUMEHEHHUs; D — Ha 3KcnopT; P — mnactmaccosiid kopryc (tuna JJUII) ¢ nps-
MOYTOJIBHBIMU BBIBOJAMH, NEPIEHANKYJIIPHBIMA IJIOCKOCTH OCHOBAaHUSA Kopmyca; M
— KE€paMMYECKUH, METaUIO- UM CTeKJIOKepamudeckuil kopnyc tuna JWII; E — me-
TayutononumepHbii kopnyc tuna JUII; A — nnacTmaccoBbli IIaHapHbIM Kopnyc; U
— CTEKJIOKEpaMUYECKUH IUIaHapHBIN Kopityc; H — KpucramioHocuTensb.

[Tpumepsl 0003HAUEHUT.

[TonynpoBoguukoBas UMC cepuun 140, npencrasistoiias coboil onepanroH-
HBIM YCUJIMTENb, C MOPSIKOBBIM HOMEPOM pa3paboTku 8 obo3Hauvaercs — 140V I8 A.

[TonynpoBognukoBas UMC nns anmapaTypbl IIMPOKOTO NMPUMEHEHHUS CEpUU
555, ¢ kepamMuUeCKUM KOPIyCOM, BKIItoUaromas jorundeckue anementsl M-HE, ¢ mo-
PSAIKOBBIM HOMEpPOM pa3paboTku 3 obo3HayaeTcss — KMS55JIA3.

I'ubpuanas UMC s annapatypbl IIUPOKOTO MpUMEHEeHUs: cepuu 237, MHO-
royHKIIMOHAJIbHAs aHAJIOTOBasl, C TOPSAIKOBBIM HOMEPOM pa3paboTKu 2 0003Hava-
ercs — K237XA2.
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2 UICTOYHUKHU BTOPUYIHOT O 3JIEKTPOIIUTAHUA
2.1 OcHOBHBIE NapaMeTpPbl UCTOYHUKOB BTOPUYHOTI'O

JJIEKTPOIIUTAHUA

[Ipu npoeKTUpOBaHUM UM BHIOOPE UCTOYHUKOB BTOPUYHOTO 3JIEKTPOIUTAHUS
(MUBD) HEoOX0MMO 3HATh UX OCHOBHBIC TEXHUYECCKHE MApaMETPhl U XapaKTEPUCTU-
KU, KOTOPBIMH OOBIYHO PYKOBOJACTBYIOTCSI IPH UCIOJIb30BaHUU MIBD B 3neKTpOoHHON
anmapatype. OcHoBHbIE nTapaMeTpbl IBD MOXKHO pa3nenuTs Ha TpU Ipynmbl: BXOM-
HbIE, BBIXOJIHBIC U 3KcITyaTannoHuble [10].

K BxoaHbeM napamerpam MIBD otHOCATCS:

- HOMUHaJIbHOE HanpsbkeHne Ue MepBUYHOTO UCTOYHMKA MUTAHUs (CETH) U €ro
pon;

- HECTaOMIIBHOCTD Q¢ MUTAIOLIETO HANTPSHKEHUS;

- yacrora f muTaromiero HanpsHKeHUs U €€ HeCTaOMIILHOCTH Of;

- KOJIM4eCTBO (Pa3 M MCTOUYHUKA IEPEMEHHOTO HAMPSIKEHUS;

- }]OHyCTI/IMHﬁ K03(1)(1)I/IIII/ICHT rapMOHHK KF MUTAOIICTO HAIIPAKCHUA.

K Beixogubeim napamerpam MIBD otHOcATCS:
- HOMUHAJIbHbIE 3HAU€HHS BBIXOHbIX HANPsDKEHUH (Harpy3ku) Uy;
- HeCTaOUIIBHOCTB Oy BBIXOJHBIX HAPSKEHUH;

- HOMUHAJIBHOE 3HAYEHUE TOKa |y HArpy3ku WM BBIXOJHAS MOIIHOCTH Py 1o
KaXXIOMY KaHaly;

- koapurmenT crabunuzamnuu Kepy Mo HanpsHKeHuto;

- aMIUTUTY/1a IEPEMEHHOM COCTaBISIONIEH BHIXOHOTO HANPsKEHUST Uy~

K skcrutyaTanimoHHBIM MapaMeTpam OTHOCSITCS:

- pabounii nanason remMueparyp tp°;

- TOTIYCTUMasi OTHOCHTEIIbHAS BIIaKHOCTh (;

- JMamna30H JOMYCTUMBIX MaBlIeHUl Py okpyskaromieit atmochepsr;

- KO3 (HHUIUEHT 1 TIOJIE3HOTO JICHCTBUS;
- HaAGKHOCTD, OonpeesieMas Kak BeposTHOCTh P(t) 6e30Tka3zHo paboTHI;

- BpeMsl HENPEPBIBHOM paboThI tp;
- Macca UCTOYHHKA TUTaHus Gy;

- yAeJIbHAasi MOIIHOCTh, OTHECEHHAs K MacCe Yy UIU K 00BEMY Yy.
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2.1 TunoBbIe CTPYKTYPbI HCTOYHUKOB BTOPUYHOI'O 3JIEKTPONUTAHUSA

HaubGonee tunuunbiMH ABISIIOTCA CTpYKTYphl MUBD ¢ TpanchopmaTopHbIM U
6ectpaHchOpMaTOPHBIM BXOJIOM.

[upokoe pacnpocTpaHeHHE Ha MPAKTUKE, OCOOEHHO JJIsl CTallMOHAPHOMN dJIEK-
TPOHHOU anmapartypsl, noayuwin UBD ¢ TpancpopmaTtopHbiM BX010M, (HOPMHUPYIO-
[[1e HaIpsHDKEHHE MOCTOSHHOIO TOKA TPeOyeMOoro KayecTBa U3 HAIPsIKEHUsS CETH Te-
pemenHoro toka. CTpykTypHas cxema Ttakoro MIBD npusenena Ha puc. 2.1. UBD co-
CTOUT M3 CWJIOBOTO TpaHcdopmatopa T, Beimpsmutens B, criaxusaromiero GpuibTpa
C® u cradbunmszaropa Hanpsokenus CH [12].

O—
l U; T l U» B l Uj CoD l Us CH Ru
o— Un

Puc. 2.1. UB3 ¢ tpancdopmaropubiM BxojoM: T — TpanchopmaTop;

B — Bempsamurens; CO — crnaxkuparomuii puinbtp; CH — crabunuzaTop HanpsikeHus

Ha Bxox mcTouHuka momaércsi mEpeMEHHOE HaIpsDKeHHE CeTH Up, KOTOpPOE C
nomoltisto Tpancopmaropa T uzmenserca 10 Tpedyemoro 3HaueHUs U, 6€3 u3MeHe-
HUs yacToThl. KpoMe Toro, TpanchopMaTop OCYHIECTBISET MIEKTPUUECKYIO Pa3BA3KY
MCTOYHHMKA HAIpSKEHHUsS U; U HAarpy3K, 4TO MO3BOJISIET MOJYYUTh C MOMOUIBIO HE-
CKOJIbKUX BTOPUYHBIX OOMOTOK pa3IMYHbIE HAMpsKeHUs Uy, raJbBAHUYECKHU HE CBSI-
3aHHBIE JPYT C JIpyroMm. Beimpsimutens B mpeoOpasyer (BbIIpSIMIIIET) EPEMEHHOE
HaIpsDKEeHUE U, B MyJbCUPYIOLIEE NOCTOAHHOE Uz. IIpu 3TOM BBIIPSIMUTEND MOKET
OBITH KaK HEYMPaBIIEMbIM, BHIITOTHEHHBIM Ha JUO/aX, TAK U YIPABISEMbIM, BBITIOJ-
HEHHBIM Ha TUPHUCTOpAX WM TpaH3UCTOpax. B mocienHem ciiyyae uMeeTcs BO3MOXK-

HOCTb PETYJIUPOBAHUS CPEIHET0 3HAUCHUS HAIIPSIKEHUS Ha BBIXOJE BBINIpAMUTEN B,

a 3HaYUT ¥ CPEIHETO 3HAYCHUS HANPsDKEHUs Ha HArpy3Kke Uy cp.

B BbIIpsAMIIEHHOM HAnpsKEHUU U3z TIOMUMO MOCTOSIHHOW COCTaBJIAIOLIEH MpPU-
CYyTCTBYeT TE€pPEeMEHHasi COCTaBJSIONIAsl, KOTOpas C TOMOIIBIO CIUIaKUBAIOIIETO
¢unpTpa CO cHMXKAETCS 0 TpeOyeMOoro ypoBHs, TaK YTO HaNpspKEHUE Uy HA BBIXOJIC
¢unbTpa UMEET OYCHBb MaJIble MYJIbCAINH. Y CTAHOBIICHHBIN Tocie (GUabTpa cTabunu-

3aTop moctosiHHOro HamnpsbkeHuss CH moanepkuBaeT HEM3MEHHbIM HampsikeHue Uy
Ha Harpy3ke Ry Mpu M3MEHEHUH 3HAYEHUN BBIIPSIMIIEHHOIO HAIPSIKEHUS] WM CO-

MPOTHUBJIEHUS HArpy3Kku Ry.

B 3aBucuMocTu oT ycioBuil paboThl U TpeOOBaHMM, TpeabsIBIsieMbIM kK IBD, B
HEM MOTYT OTCYTCTBOBAaTbh OTHAEJIBHBIE Y3JIbl, KDOME BBIIPSMUTENS, TOCKOJIbKY MUTa-
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HUE SJIEKTPOHHBIX YCTPONCTB OCYIIECTBISETCS MOCTOSSHHBIM HampsikeHueMm. Hampu-
Mep, €CJIM HAIPSIKEHUE CETH COOTBETCTBYET TPEOYEMOMY 3HAYEHHUIO BBIIPSMIIEHHOT O
HaIpsDKeHUs, TO MOXKET OTCYTCTBOBaTh TpaHchopmarop. B mcrouHmkax muTaHus ¢
TpExda3sHbIMU BBIIPSIMUTEISIMH MOXKET OTCYTCTBOBAThH CIIIKUBAIOIIUKN QUIBTp, TaK
KaK MyJbCAIlUU BBIIPSIMIIEHHOTO HAIpPSDKEHUS Y HUX CpaBHUTEIBHO HeOombiue. B
HEKOTOPBIX CITydasgX MOKET OTCYTCTBOBATh CTAOUIIN3ATOD.

Kpome TOro, misi mojydeHHs] TMOCTOSIHHBIX HAMNPSOKEHUW Pa3sHOTO YPOBHS
TpaHcPOpMaTOp MOKET UMETh HECKOJIBKO BTOPUUYHBIX 0OMOTOK. [Ipu 3TOM B cocTaB
takux MUBD OynyT BXOIUTh HECKOJBKO IENEH, BKIIOUAIOIINX BBIIPSIMUTENHN, (PUITb-
TPHI U CTAOMIIN3ATOPBHI.

OCHOBHBIM HEJOCTATKOM PacCMOTpEeHHBIX Bblilie IBD sBnsitoTcst 60mbIue ra-
OaputThl U Macca, 0OyCJIOBJIEHHbIE B OCHOBHOM TpaHC()OPMATOPOM U JAPOCCENISIMHU
(GuIBTPOB, KOTOPHIE paccuuTaHbl Ajig paboThl Ha yactoTe 50 ', YToObI ycTpaHuTh
ATOT HEJIOCTAaTOK coBpeMeHHble MIBD Bce yalie BBIMONHSIOTCS HA OCHOBE BBHICOKOYA-
CTOTHBIX UMITYJILCHBIX MPeoOpa3oBaTesyiell MOCTOSIHHOTO HAIPSKEHUsI, B KOTOPBIX Ha
BXOJI€ OTCYTCTBYET TpaHchopmarop. TpaHchopmaTop BKIIOYAETCS B BHICOKOYACTOT-
HYI0 4acTh MpeoOpa3oBaTesi, YTO CYIIECTBEHHO CHIKaeT ero radaputhl. Kpome To-
ro, 00ecreYnBaeTCsl raJlbBaHUUECKas pa3Bsi3ka Harpy3ku ot nutarwomieit cetu [10].

TunoBas crpykrypHas cxema MBD c¢ 6ecrpanchopMaTopHbiM BXOJIOM U UM-
MyJBCHBIM TIpeo0pa3oBaTesieM NpuBeaeHa Ha puc. 2.2. B otiauydne ot npeapiayiei, B
He€ BXOJAT, KaK MpaBwiio, ABa Beimpsamutens Bl u B2, nBa crnaxuBaromux Guibrpa
C®1 u CD2, uaseprop U, umnynbcublli Tpanchopmarop T u cTabmimmzatop mocTo-
auHoro HampsbkeHus CH. B kadyecTBe MCTOYHMKA DHEPrUM MOXKET OBITH KakK IMpo-
MBIIIUICHHAS CETh C MapaMeTpamu U; U fj, Tak 1 HCTOYHUK TOCTOSTHHOTO HAIPSKCHHUS,
TOrJa HEOOXOJUMOCTh B BhIIpsiMuTese Bl, a B HEKOTOPBIX cllydasix U B (QUIbTpE
C®l1, ornmagaer.

O_ _— _— _—
lufi| B, | |CPI 1 T
O_ _— _— _—
Uy, f;
B, | |CD; CH Ru
|| [ Ug

Puc. 2.2. UB3 ¢ 6ectpanchopmatopubiM BxogoM: B1, By — BempsiMureny;
C®dq, CDy — crnaxkuBaromue GuibTphl; U — uaBeprop; T— Tpancdopmarop;

CH — cTabunuzatop HanpsoKeHHST
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B takom BD npumensiercst 10NOIHUTENRLHOE ITpeoOpa3oBanne nHBepTOopoM 1
yKe Cc(OPMHUPOBAHHOIO MOCTOSHHOI'O HAMpPSDKEHUs B IMEPEMEHHOEe U C ropasnio
Ooubleii yactortoii f, Ha BeIxone mMiynscHOTO Tpancdopmartopa T. B kauecTBe nH-
BepTopa M O0OBIYHO HCHONB3YyeTCSd HMMIYJIbCHBIM IMpeoOpa3oBaTesib C IMIMPOTHO-
umnyiascHoi Moayisnuen (IIIMM) u ctabunu3anueii BeixoaHoro Hanpsixerus [10].

Hekoropoe ycnoxunenue ctpyktypbl UB3D (puc. 2.2) mo3BossieT CyleCTBEHHO
YMEHBIIUTh €ro Maccy U rabaputhl. Kak u B mpeapiiylieM ciiyyae, B COCTaBE TaKOTO
HMCTOYHUKA MOYKET OTCYTCTBOBATH YACTh y3JIOB.

Paccmotpennsiii UBD nmeeT cienyromye HEAOCTATKU: CPABHUTEIBHO HU3KHIA
KIIJ] u3-3a yBenuueHusi MOTeph MPU MHOTOKPATHOM MpPeoOpa3oBaHUU 3JIEKTpUYE-
CKOM 3HEpruM; CI0XHOCTbh CXEMbI; BHICOKAsl CTOMMOCTb, OOYCJIOBJIEHHAsI MPUMEHe-
HUEM B MpeoOpa3oBaTesie BHICOKOBOJIBTHBIX TPAH3UCTOPOB; HAJMYUE BHICOKOYACTOT-
HBIX IIYMOB U MTOMEX.

HecMmotpst Ha otmeuennbie HepocTtaTku UBD ¢ uMnynbcHbIM npeoOpa3oBaHu-
€M HaxoJsT Bc€ OoJblliee MPUMEHEHHE B Pa3IUYHBIX YCTPONCTBAX MPOMBIIIICHHON
ANIEKTPOHUKH M3-3a CYIIECTBEHHOTO BRIMTPHIIIA B rabapuTax U Macce.

B paccmotpennbix ctpyktypax UBD Hanuuue BbIIpsiMUTENS sIBIsieTCs 00s13a-
TeabHbIM. ClIeIOBATENBHO, BBIIPSMUTEND SBISETCS OCHOBHBIM 3BeHOM MBJ, xoTo-
pBIii 0OecrieunBaeT OJHOHANPABIEHHOE MPOTEKaHUEe TOKa B Harpy3Ke.

2.3 MMo1ynpoOBOAHNUKOBBIE BHINIPSMUTEIN

BrimpsiMuTesemM Ha3bIBaeTCs yCTPOUCTBO, IPeoOpasyroliee IHEPTHIO IEpeMeH-
HOT'O TOKa B SHEPTHIO MIOCTOSTHHOTO TOKA.

CxeMbl BBIIPSMUTENICH CTPOSTCS B OOJBITMHCTBE CIy4acB HA MOTYIPOBOIHH-
KOBBIX JIMOJIaX M TUPUCTOpax (TpaH3ucTopax). JJis ympomieHUs aHaan3a padoThI
CXeM BBIIPSIMHUTENICH OyJeM paccMaTpHBaTh HX COBMECTHO C TpaHc(opMaTopom co
CJIEIYIONTUMU JOMYIICHUSMH

1) mnombl WM THUPHUCTOPHI — WJACANbHBIC, MX CONPOTUBICHHE B MPSIMOM
HaIpaBJIeHUH (B OTKPHITOM COCTOSHUU JIJIsl TUPUCTOPOB) PaBHO HYIIIO, B OOPaTHOM —
OECKOHEYHOCTH;

2) TpaHchopMaTOp — UACATBHBIA, AKTHBHOE CONPOTHBIICHUE €r0 OOMOTOK paB-
HO HYJTIO ¥ OTCYTCTBYIOT MTOTOKH PACCESTHUS;

3) Harpy3Ka BBIIPSIMUTEIIS — YACTO aKTHBHASL.

OCHOBHBIMH TTOKA3aTEISIMHU PAOOTHI BRITIPSIMUTEIICH SBISIOTCS:

- CpeJiHee 3HAYEHHE BBINPSMIICHHOTO HanpshkeHUst Ha HArpy3Kke Uy cp;
- CpeJiHee 3HAYEHHE BBIIPSMIICHHOTO TOKa B HAarpyske ly cp;

- CpeJIHeE 3HAYEHHE NPAMOTO TOKA Yepe3 A0 (TUPUCTOP) Inp cp;
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- MAaKCUMaJIbHO€ OOpaTHOE HAIpPSIKEHUE Ha 3aKphITOM Juoje (THUPHUCTOPE)

Uo6p.max;
- KO3 PUIMEHT Myabcaluii HAPSIKEHUS HA HAarpy3Ke P;

- ICUCTBYIOIIEE 3HAUCHUE TOKA BTOPUYHON 00MOTKH TpaHchopmartopa lo;

- pacu€THas (TUIIOBAsl) MOIHOCTh TpaHcpopMaropa Sy.

Koadpunmentom nynbcaruii P Ha3pIBaeTCsl OTHOIICHUE aMILTUTYAbl OCHOBHOM
(mepBoil) rapMOHUKH K CpEeIHEMY 3HAUCHUIO HANPSHKEHUSI Ha Harpy3Ke:

U
_ ~ocH.Mm
P=1 (2.1)
H.Cp
[TyIbCHOCTBIO BBIIPSIMUTENSL M HA3BIBAETCS OTHOLIEHUE YaCTOThl OCHOBHOM

TFapMOHHKH BBIIIPAMIICHHOT'O HAIIPAXKCHUA K HaCTOTC CCTHU !

m = Tocn (2.2)

f1

Pacuérnas (Tumosas) MomiHOCTh TpaHcopmaropa P; ompezgensieTcs Kak Io-

JyCyMMa MOIITHOCTEH ero MepBUYHON U BTOPUYHON OOMOTOK:
Pr= (P1 + Pz) /2.

Bri6op a1o10B (TUPUCTOPOB) TSI BBIIPSIMUTEIBHBIX YCTPOWCTB MPOU3BOAST
Tak, 4TOObI KX OCHOBHBIE MPEEIbHBIC IKCIUTyaTallMOHHBIE TTapaMeTPhl COOTBETCTBO-
BaJIM OCHOBHBIM MOKa3aTeIsiM pa0dOThI BHIMIPSIMUTEIHLHOTO yCTpoicTBa. OCHOBHBIMU
NpeleTbHBIMU JKCIUTYyaTallMOHHBIMU TapaMeTpaMu, XapaKTEepU3YIOUUMU Mpeelb-
HBII SJEKTPUUECKUIN peKUM paboThl 1uojAa (TUPUCTOPA), IBISIOTCS :

- MaKCMMaJIbHO JI0IyCcTUMOE 00patHoe HanpsbkeHue Uogp. nom;

- MAKCUMAJIBHO JIOIYCTHMBIH CPEAHUN MPAMON TOK lyp rom-

JIlnoapl (TUPUCTOPHI) BEIIPSAMHUTEIICH BEIOMPAIOTCS TaKKUM 00pa3oM, 4TOOBI BHI-
MIOJTHSJTUCH YCIIOBHS:

Uo6p./10n > U06p.max; Inp.z[on > Inp.cp-

Breimpsimutenu moapa3aensoTces Ha JBa Kiacca: HeYIpaBisieMble W YIpaBiisie-
Mble. HeympaBisiembie BRIPSIMUTENN BBITIOJHAIOTCS HAa JUOJIAaX, U Y HUX OTCYTCTBYET
BO3MOXHOCTh PETyJTUPOBAHMS BBITPSIMIICHHOTO HAMPSDKCHUS. YTIPABIIEMbIE BHITIPS-
MUTEIH BBIMOTHSIIOTCS Ha TUPUCTOPAX WIIM TPAH3UCTOPAX U 00ECIICUNBAIOT PEryIIu-

POBaHWE BBITIPSIMIICHHOTO HanpspkeHus [12].
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2.3.1 HeynpagjisieMble BBIIPAMUTEIN

2.3.1.1 OnpHo(dazHbIil 0JHONOIYIEPUOAHBINA BEIIPSIMUTEID

Cxema oaHO(A3HOTO OJHOMNOJYNEPUOAHOTO BBIIPAMUTENSI C AKTUBHOU
Harpy3kou u TpaHchopmMaTopoM NpuBeeHa Ha puc. 2.3.a. BoIpsaMuTens COCTOUT U3
onHoro auoaa VD, uepe3 KOTOpbIA BTOpHYHAs 0OMOTKa TpaHcopmatopa T mon-
KIIIOU€HAa K Harpy3o4uHomy pe3uctopy Ry. IlepBuunas oOmorka tpancopmaropa T

MOJKJII0YCHA K MUTAIOIIEH CETH C HAIIPS>KCHUEM Uj.

I VD Iy
o T " —>
% [ —
I Uyp
[Z5) n
H
(o,
=(+)
a
U
Y wf
0 2n
Uy, Uy
I . .
5 — In = Iyp . UH.Cp
Py .y T "'-\
!
0
w/!
0
U2m
Uyp
o

Puc. 2.3. OqnodazHbIii 0THONOTYTIEPUOTHBINA BRITIPSIMUTEND: @ — IPUHIUITHATIBHAS
cxema; 6 — BpeMEHHbIE JUarpaMMbl TOKOB U HaIPSKEHUM

PaGoty BeIpsiMuTeNneil yqo0HO paccMaTpuBaTh C MOMOIIBIO BPEMEHHBIX JTUa-
rpamm. Ha puc. 2.3.6 npuBeneHbl BpeMEHHbBIC THUAarpaMMbI, TIOSICHSIOININE padboTy O1-
HOIIOJTYIICPUOHOTO BBINPSAMUTEINA. B Teuenue mepBoro mosrynepuona (ot 0 1o m)
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HaNpsOKEHUsS U, BEPXHUH BBIBOJ BTOPUYHOM 00MOTKH TpaHcdopmaTopa T umeet 6o-
Jiee BBICOKHMH MOTEHIMAN, YeM HWXHHHA (TOJISIPHOCTh HAmpsDKEHUS Uy yKa3aHa Ha
puc. 2.3.a 6e3 cko60k). IIpu sTOM HanpskeHue U, mpuiiokeHo K guony VD B mpsimom
HanpaBieHUH, 110 VD OTKPBHIT U B LN MO JISHCTBUEM HANpPsKEHHUS Uy MPOTEKaeT
TOK I paBHBIH Ip. Tak xak nuoa VD maeaneH, To MPOTEKAOIINN Yepe3 HEro TOK Iy He

co37aeT Ha HEM MaJeHUs HANPsKEHUS U BCE HaNpsbKEeHUE Uy B ATOT moJynepuo 0y-

JEeT MPUWIOKEHO K Harpys3ke Ry, T. e. Hanpspkenue Uy Oyzmer paBHO Up. Tak kak
Harpy3ka MMeeT aKTUBHBIN Xapakrtep, To (hopMa TOKAa HArpy3KH Iy TOBTOPSET GopMy

HanpspkeHus Uy (puc. 2.3.0).

B teuenne BTOpOro moayrnepuona (0T T A0 27 ) HANpPSOHKEHUs Uy HYKHHUN BbI-
BOJI BTOpUYHOM 0OMOTKHM TpaHchopmaropa T umeeT 6osee BEICOKUN MOTEHIMAI, YEM
BEepXHUU (MOJISIPHOCTh HANpsDKeHUs Up ykazaHa Ha puc. 2.3.a B ckoOkax). B stom
cilydae HampspbkeHue Up puiioxkeHo K auony VD B obpatHom Hanpasienuu, nuoa VD
3aKpBIT M TOK B IIeNH He mpoTrekaeT. Tak kak nquon VD wmpaeaneH, To Bce HampsbKEHUE

U OyAeT MPUIIOKEHO K 3aKPBITOMY JTUOMY, T.€. HanpsikeHue Uyp OyaeT paBHO Us.

W3 BpemeHHBIX quarpamm (puc. 2.3.0) BUIHO, YTO HAMPSHKEHHUE HA HArpy3ke Uy
UMEET OJHY MOJSPHOCTD U MYJIbCUPYIOUIUN XapaKTep.

OCHOBHBIMH TIapaMeTpaMU, XapaKTEPU3YIOIUMU pabOTy BBIMPSIMUTENS SIBIIS-
I0TCS:

1. Cpennee 3HaueHNE HANPSHKEHUSI HA HArpy3Ke:

T
Ugep = ij\/EU »sinmt dot = @( COSo)t|n) Yy 0,45U.
' 2m 2n 0 T
150)050
U
Up=—rL 222U,

J2
2. CpeHee 3HaYCHHE TOKA B Harpy3Ke:

“Upep 045U,
H.Cp R, R, :

3. Cpennee 3HaueHue MpsIMOTO Toka | Tak kak Bech TOK Harpysku ly cp

np.cp
nporekaet yepe3 nuoa VD, To cpelHee 3HAuEHUE MPSMOro TOKAa 4epe3 3TOT AUOJ
OMPENIEIACTCS BEIPAKCHUEM
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Uep 045U,

| =
H.CD R, R,

np.cp —

4. MakcumanbHOE 00paTHOE HANPSKEHUE, MPUIIOKEHHOE K 3aKPBITOMY JUOJY,

paBHO AaMIUTUTYJC HANPsSHKCHHS BTOPUYHOW 0oOMOTKM TpaHchopmaropa U,
(puc. 2.3. 6):

Uo6p max — \/§U 2

5. Koadduruent mynbcanuii BRIMPAMICHHOTO HAMPSKEHUS

D UOC_H-m:Ez]_,57_
Usi.ep 2

DTO 3HAYEHUE MOJydaeTcsl pa3aokeHueM B psal Pypbe BBIXOJAHOTO HalpsiKe-

HUA OAHOIIOJYIICPHUOAHOTO BBIIIPAMUTCIIA:

Uy =Ug ep (1+ gcosoat + %cosZcot - %cos%)t + ) :

HpI/IHI/IMaSI BO BHHMAaHHUEC, YTO KOB(i)(bI/IIH/IeHT ImyjJbCalun p €CTb OTHOIICHHUC

aMIUTUTYJbl OCHOBHOM (NIEPBOI) TapMOHUKH, YacTOTa KOTOPOW B JIaHHOM cCJiydae

paBHA ®, K BBIIIPAMICHHOMY HAIIPSAKCHUTIO UH.Cpa MoJIy9umM

U, nmt/2
p:&=gz1,57.

Uncp

6. [TyabcHOCTD BBITIpAMHUTENA ¢ y4€ToM (2.2) ompenensercsl Takxke H3 psaa
dypbe WK M0 BPEMEHHBIM JuarpaMmmam (puc. 2.3.0) 1 paBHa M=1, To €cTh, HAIPS-
KEHHUE Ha Harpy3Ke COBEPIIAET OAMH MYJIbC 3a MEPUOJ BXOTHOTO HAIPSKEHUS.

7. [eticTByromiee 3HaueHne Toka lp BropuuHONW 0OMOTKM TpaHchopmatopa T

ompeaensercs (¢ yu€ToM TOro, 9To Iy = i) mo hopmyire:

T T
I = ijlgmsinz(}otdwt: i.[nzlgcpsinzcotd(ot:
2m 21 '

2|2
HCp T

.

> li.cp #1597 1y ¢p -

8. [eiicTBytomiee 3HadeHne Toka |1 mepBuuHON O0OMOTKM Tpanchopmaropa T

ompenenseTcs mo Gopmyle:

T T
|y = ijifdcot - |2 [(12 msinet— 1, o) dot =
2m 2nn20 '
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2
N LTI 7

~ I
n\ 4 H.Cp

H.CD'

rae N — ko dunuent Tpanchopmaiu TpaHchopmarTopa.
9. PacuéTHast MOIITHOCTh IEPBUYHON OOMOTKHU TpaHC(opMaTopa paBHa:

1,21 Ug.
lcp = %1,21“{,Cp =2,69P, ¢p -

P =Uqly =nUy, —
1 11 2n 0,45

PacuérHast MOIIHOCTH BTOPUYHON OOMOTKHM paBHa:

UH.C
P, =Usl, :Tﬁpm?lﬂcp =3,49P, ¢,

Pacuétnas (TunoBasi) MOITHOCTE TpaHC(hOpMaTOpa paBHa:

OCHOBHBIM TPEUMYIIECTBOM OJHOIOIYIIEPUOJTHOTO BBIIPSIMUTENS SIBISETCS
ero mpocrota. K HemocraTkam ciefyer OTHECTH: OONbIION KOA(D(UIIMEHT mysbca-
IWid, MaJIble 3HAUYCHUS BBIMPSAMIICHHBIX HANpsOKeHUs U Toka. Kpome Toro, Tok Iy BTO-
pUYHON 0OMOTKHM TpaHcopmaTopa T MMEET MOCTOSHHYIO COCTaBJISIONLYIO, KOTOpPas
BBI3BIBAET MOJAMAarHUYMBaHUE CEpJEUYHHMKA TpaHcpopmaTopa, 4TO CHUXKAET MHIYK-
TUBHOCTb €r0 OOMOTOK. JTO NMPUBOJAUT K POCTY TOKA XOJIOCTOrO X0Ja TpaHchopMa-
TOpa, U, cilieoBaTeNnbHo, K cHkeHuto KIIJI Bcero BeImpsiMuTes.

OnHOnoMyNEepruOJHbIE BRIIPSIMUTENN PUMEHSIOTCS OOBIYHO JJISl TUTAHUS BbI-
COKOOMHBIX Harpy304yHbIX YCTPOMCTB, AONYCKAIOIIMX MOBBIIIEHHYIO IIYJIbCAIHIO
HanpspkeHus [11].

2.3.1.2 Onroda3HpIi HYJIEBOUW BBITPIMUTEIb

Jpyroe ero Ha3BaHUE — BBIIPAMUTENDb C BBIBOAOM CPEIHEN WIIA HYJIECBOU TOY-
KA BTOPHUYHOU 0OMOTKH TpaHchopmaTopa. CxeMa oHO()A3HOTO HYJIEBOT'O BHITIPSIMHU-
TEeJsl puBeJeHa Ha puUC. 2.4.a. JIaHHBIA BBIIPSIMUTEND SBISACTCS JIBYXIIOTYIIEPUO -
HBIM U €r0 MOXXHO PacCMaTpPUBaTh KaK COUYETAHUE JIBYX OIHOTIOIYIMEPUOIHBIX BBHI-

npsmurenei Ha quonax VD1 u VD2, paboraronux Ha OJUH U TOT )K€ HArpy30IHBIHA
pesuctop Ry. Bropuunas oomotka Tpanchopmaropa T uMeeT BbIBOJ CpPEeIHEH TOYKHU

Y COJICPKUT JBE CEKIIMHU C OJIMHAKOBBIMHU HAIPsHKEHUSIMU Up' 1 U”, paBHBIME U). Ka-

toabl Ano0B VD1 u VD2 coenuHensl BMecTe U 00pa3yroT «IUTIOC)» BBIIPSIMUTENSA, a
cpenHss (HyJeBasi) TOYKa BTOPUIHONU 00OMOTKH TpaHchopmaTopa T — «vunycy. [lep-
BUYHAs 0OMOTKa Tparnchopmaropa T moAkIIOYeHA K MUTAIONIEH CETH ¢ HANPsHKCHU-

eM Uj.
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Ha puc. 2.4.6 npuBeaeHbsl BpeMEHHbIE AMATPAMMBbI, MOSCHAIOIINE padoTy OJI-
HO(A3HOT'O HYJIEBOT'O BBIPSIMHUTEIS.
L VD1
—>
i TFo, P

U
U, VD1

R, In
" —)) Mmoo
1 1 ¢
O -——

"

U
VD2
—=(H) D'

a
[Z%)

UH.Cp

AATINATTINAT or
I

|
‘-
UrD1, _ iIPDl T
- |
SVl [ ot
0
Uyp
2Us,

o

Puc. 2.4. Ongnodazublii HyJIE€BOM BBIPSIMHUTENb: d — MPUHIUIIAAIIBHAS CXeMa; O —
BpPEMEHHBIC TUArPaMMbl TOKOB M HATPS>KCHUH

B Teuenue nepsoro nonynepuona (ot 0 10 ) HanpsiKeHUs: Uy BEpXHUE BBIBO-

JIbI CEKIIMA BTOPUYHBIX 00MOTOK TpaHcdopmaTopa T nMeroT 60see BHICOKAN TTOTECH-

1Maj, 9YeM HIKHUE (TMOJISPHOCTh HAmpsDKeHW U’ u Up" ykaszaHa Ha puc. 2.4.a 6e3
ck000k). [Ipu sToM Hanpspkerne Up' mpuiiokeHo Kk auoxy VD1 B mpsmom Hampasiie-

HuM, 1uos VD1 OTKpHIT U 1O IEMCTBUEM HampsiKeHUs Up' B BEpXHEM KOHTYpE CXe-

104



MBI TIPOTEKACT TOK Iy = lyp1. OMHOBpEMEHHO HAIpsbKEHHE UR” TPUIIOKEHO K JTHOIY

VD2 B 00paTHOM HaNpsIKEHUU W OH 3aKpPBIT. YUUTHIBasA TO, uto Auoasl VD1 u VD2
ujeanbHble, MpoTekamui depe3 auon VD1 Tok iy He co3maeT Ha HEM NaJCHUS
HaINpsDKeHUsT U BCE HaIpsDKeHHE U’ B MEPBBIA MOyNEepuoj; OyJeT MPUIIOKEHO K
Harpyske, T. €. Uy = Up'.

B teuenue BTOpOro nosynepuoaa (0T T 0 27 ) HANPSKEHUS Up HUKHUE BbI-
BOJIbI CEKIIMN BTOPUYHBIX OOMOTOK TpaHc(opmaropa T umeroT Oojee BBICOKUH IMO-
TEHIIUAJ, YeM BepxHUe (MOJSIPHOCTH HampsKeHu Up' u Up” ykaszaHa Ha puc. 2.4.a B
ckoOkax). B arom ciyuae HanpsbkeHue Up” mpuioxkeHo Kk auony VD2 B mpsmom
HaIlpaBJIEHUH, OH OTKPBIT, a HampskeHue Up' nmpunioxkeHo k auoay VD1 B o6patHOM
HaIPaBJIEHUU U OH 3aKPHIT.

B HmxHEM KOHType CXeMbI MOJ JEHCTBHEM HaIpspDKEeHUs Up” mpoTeKaeT TOK
Iy = IyD2, a Tak kak quoa VD2 maeaneH, To BCE HampsbkeHHe U” BO BTOPOM MOITyIie-
pHoa OyIeT MPUIIOKEHO K HArpy3Ke, T. €. Uy = Up". Clie1oBaTenbHO, TOK Iy B HArpy3-
ke Ry mpoTtekaer B TeueHHe 00OMX TOJYIEPUOAOB, a ero ¢hopma MoBTOpseT GopmMy
HamnpspKeHUs Uy, T. K. HArpy3Ka HOCUT aKTUBHBIA XapakTep.

N3 Bpemennbix auarpamm (puc. 2.4.6) BUIHO, YTO HAMpPSDKEHUE HA HArpys3Kke Uy
UMEET OJIHY MOJIAPHOCTH U MYJIbCUPYIOIINN XapaKTep.

OCHOBHBIMH TIapaMETPaMU, XapaKTEPU3YIOIIUMU padOTy BBIMPSIMUTENS SIBIIS-
IOTCS:

1. Cpennee 3HaueHUE HANPS)KEHUST HA HArPy3Ke:

@( coswt|g) 2/, ~0,9U5.

T

T
Usep :%j\/ﬁu psinotdot — ==
0

AMIUIUTYAA HAPSDKEHUS HA TUOJIE
Upmax =2Uom =220 =7l ).

JlelicTByIOIIEE 3HAYEHUE BTOPUYHOTO HANIPSKEHUS

1
Uz = 09 UH.cp =111U H.CD"

2. CpeHee 3HaYCHHE TOKA B Harpy3Ke:

U H.Cp N 019U 2

| —
H.CD R, R,
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3. CpenHee 3HaueHUE MPAMOro Toka | Tak kak 4epe3 AMOI MPOTEKAET

np.cp
T0JIOBMHA TOKA HArpy3Ku ly cp, TO CpellHEE 3HAYEHHME MPAMOrO TOKA YEPE3 KaXkKIbIH

ANOJ OMPCACIIACTCA BbIPAKCHUCM:

lnp.cp = lu.cp 12.
4. K 3aKpbITOMY JUOAY B HEMPOBOSAIIUN MOTYIIEPUOa OyIeT MPUIOKEHO YABO-
€HHOE 3HAUYCHHE HAMPSIKEHUs U CEKIIMU BTOPUYHOM OOMOTKM TpaHc(opmaTopa, mo-
ATOMY MaKCHUMaJIbHOE 00paTHOE HaNpshHKEHHE, MPUIIOKEHHOE K 3alepToMy AUONY, OY-

JICT PaBHO YABOSCHHOW aMIutuTyze Hanpsbkerus Uy (puc. 2.3.6):
U06p max = 2\/§U 2

5. Koaddunment mynbcarmii ¢ yuérom Boipaxkenus (2.1) HampsbkeHUs Uy OJT-

HO(a3HOTO HYJIEBOTO BHIMPSAMUTENS paBeH p = 2/3 = 0,67.

6. [IynbcHOCTH M BBIIPSAMUTENS C y4E€TOM BbIpaxkeHus (2.2) ompenensiercs u3
psana dypbe WM 1Mo BpeMEeHHBIM Auarpammam (puc. 2.4.0) u papHa m = 2. To ecTs,
HaNpsDKEHME Ha Harpy3Ke COBEPIIAET JBa MyJbca 3a MEePUO/1 BXOJHOTO HAMPSKEHUS.

7. [etictByromiee 3HaueHue Toka lp BropuuHoit oOMoOTKM TpaHchopmaropa T

omnpezensercs no Gopmyre:

n,_ 2
ijg Ig‘cpsinzootd(otz

T
P ijlgmsinzmtd(y)t =
27[0 Tg

2|2
HCp T

o= hp <0785 .

8. JleiicTByromiee 3HaueHHEe Toka |1 mepBUYHON OOMOTKH TpaHCchoOpMaTopa

ompenensercs mo hopmyre:

= lim _ lom _ Tlacp 111
V2 n/2 n2d2 o TP

rae N — ko3 durmeHt Tpancopmaiuu TpaHchopmaropa.

9. PacuéTHas MOIITHOCTH IEPBUYHON 0OMOTKH TpaHC(opMaTopa paBHa:

1,11 Ubc
A =Uly=nUp==ly¢p = 0—91°1,11|H_Cp =1,23Py ¢p.-

PacuérHast MOIIHOCTH BTOPUYHONU OOMOTKH paBHA!

2U
Py =2Usl, :%o,msmcp ~1,74P,

cp:
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Pacuétnas (TunoBasi) MOITHOCTh TpaHC(hOpMaTOpa paBHa:
Prp=(P1+P2)/2=(1,23+ 1,74)Py cp/2 = 1,48Py cp.

JIOCTOMHCTBOM JJ@HHOTO BBIIPSIMUTENS SIBIsIETCST HEOOJbIIOE (1Ba) JJIsl IBYX-
MOJYNEPUOTHOTO BBIMIPAMUTENSL KOTUYECTBO AUOAOB. AHAIN3 MOJTYYEHHBIX COOTHO-

IIEHUN TTOKa3bIBAET, UTO MPU OJMHAKOBBIX 3HAUEHHUSX TTapaMeTpoB TpaHCcpopmaTopa

T u narpy3ku Ry onHO(Da3HBIN HYI€BOI BBIIPSIMUTENb 110 CPABHEHUIO C OJHOIONY-
IIEPHOJIHBIM UMEET B J[Ba pasa Oonbiiue cpeanue 3HaueHust Uy cp U Iy cp, @ K0dDPu-

IIMEHT MYJILCAMU 3HAYUTENBHO MeHbIIe. OnHAKO Uogp max, MPUIOKEHHOE K TUOJIAM,
UMeeT B JiBa pa3a Oouibliiee 3HaueHue. HemoctaTkaMu Takke sIBISIOTCA OOJBIINE ra-
0apuThl, Macca U CTOUMOCTh TpaHC(POPMATOPa, MOCKOJIbKY BTOPUYHAST OOMOTKA UMe-

€T JIBE CEKIIMU U TPeOyeTCs BBIBOJ CpeiHel Toukn oOMoTKH [12].

2.3.1.3 OnHo(dazHbIit MOCTOBOM BBHIIPSIMUTEIH

Cxema o/1HO()a3HOTO MOCTOBOTO BBIIPSIMUTENS MpUBEAeHA Ha puc. 2.5.a. Bol-
NPSIMUTEIb TAKXKE SIBJISETCA JBYXMOJIYIEPUOAHBIM U COJIEPKUT yeThipe nuoga VD1-
VD4, BKitOYeHHBIE 1O MOCTOBOW cxeme. K ofHOW auaroHaim MocTa MOIKIIOYEHa

Harpy3ka Ry, a k apyroit — BropuyHas oOMoTka Tpanchopmatopa T ¢ HanpsKeHUEM

Up. Huonet VD1 u VD3, y KOTOpBIX OOBEAWHEHBI KaTOIbI, OOpa3ylOT KaTOIHYIO
TPYIIY U «IUTIOCY BeInpsimutens. Jpa apyrux auona VD2 u VD4, y KOTOpBIX 00b-
€AMHEHBI aHO/IbI, 00Pa3yIOT aHOAHYIO TPYNIY U «MUHYC» BBIIpAMHUTENSA. B kaxmpon
U3 TPYII B 1000 MOMEHT BPEMEHU OTKPBIT TOJIBKO OJUH JTUOJ.

Jlnist yripoiieHus aHainsa paboThl CXEM BBIPSMUTENICH, UMEIOIUX aHOIHYIO H
(W1n) KaTOAHYIO TPYMITBl COETMHEHUI TUO0B, MOXHO CPOPMYIUPOBATH CIEIYIOLTUE
npaBuia. B 000 MOMEHT BpeMEHHM B KaTOIHOM TPYIIIE OTKPHIT JUOJ C HAUOOIb-
[IMM [OTEHUIHUAJIOM aHOJa, & B aHOJAHOU I'pyNIle OTKPHIT JUOJ C HAUMEHBIIUM MOTEH-
[IAAJIOM KaTo[a.

Ha puc. 2.5.6 npuBeaeHsl BpeMEHHbIC JAHATPAMMBI, MOSICHSAIOMNUE padOTy O/]I-
HO(A3HOTO MOCTOBOTO BBIIPSAMUTEISA. B TedueHne nepsoro monymnepruozaa (ot 0 g0 m)

HaIpsHKeHUs Up BEPXHUM BBIBOJ BTOPUYHOU 0OMOTKHM TpaHchopmaTtopa T umeer 6o-

Jiee BBICOKMH MOTEHIMAT, YeM HWXHUN (MOJSPHOCTh HANpsKEHUs U yKa3aHa Ha

puc. 2.5.a 6e3 cko6ok). [Ipu 3ToM B KaTomHOU rpymie oTKpeIT aAuoa VD1, umerommii
OoJee BBICOKHMI MOTEHIMA aHOJA, @ B aHOAHOU rpymme oTKpeIT auoja VD4, nmero-

i 6osiee HU3KUM noteHnuan karona. K nuogam VD2 u VD3 nanpspokeHue Up npu-

JJOKCHO B O6paTHOM HAIIPaBJICHHUHU N OHU 3aKPBITHI. Tok B 3TOT MOJIYyIICpuoa 1mpore-

KaeT IO LEMNU: «IJIC» BTOPUYHOM 00MoTku Tpanchopmatopa T, auon VDI, narpy-
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304HbINA pe3uctop Ry, nuon VD4 u «MuHyc» BTOPUYHOW OOMOTKHM TpaHc(opmaTopa
T. YuutsiBast TO, 4TO JUOIBI HJI€aJbHBIE, BCE HAIpPSDKEHUE U2 B 3TOT MOJYNEPUOJ

OyJeT MPUI0KEHO K Harpy3kKe, T. €. Uy = Up.

lVDl
u
i o ﬂivm ZISVDs
o—= T +)
—= 1
I
ul 2 I:I R
—(+) Uy
/N\VD2 VD4 |y
@
a
U
i wl
0 2n
1_’I’HJ llH 1 UH.Cp

Vi or
lo
1_41@1) __ Iym
lym m wl!
0
Uy
UZm

Puc. 2.5. Oqnoda3Heiii MOCTOBOM BBIMPSIMUTENb: @ — IPUHITUITHATIBHAS CXEMa,
6 — BpeMEHHBIC THarpaMMbl TOKOB M HAIIPSIKEHUN

B Teuenue BrOporo nonynepuoaa (0T m A0 27 ) HANPSKEHUS U2 HUKHUN BbI-

BOJI BTOpUYHOM 00MOTKHM TpaHchopmaTtopa T umeer 6oJiee BRICOKUN MOTEHITHA, YeM

BEPXHHM (ITOJSIPHOCTH HATIPSKEHUS Up yKa3aHa Ha puc. 2.5.a B ckoOkax). [Ipu aTom B

KaTOHOM Tpymme oTKpbIT 1uoja VD3, uMeromuii 6ojiee BLICOKHI MOTEHIMAT aHO/a, a
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B aHOJHOW rpynne OoTKpeIT auoj VD2, uMeromuii 6o1ee HU3KUN MOTEHIMAN KaToAa.
K mnogam VD1 u VD4 nanpspkenue U NpUII0KEHO B 0OpaTHOM HaIpaBiI€HUU U OHU
3aKpbITEL. TOK B 3TOT MONYNEPUOJI MPOTEKAET MO LEMU: «ILII0C» BTOPUUYHONH OOMOTKH

tpancpopmaropa T, nuon VD3, narpyzounsiii pesuctop Ry, nuoxg VD2 u «munyc»

BTOpUYHOI 00MOTKH TpaHncpopmaropa T. [Ipu 3ToM Bc€ HampsikeHue Up B 3TOT MO-
Jaynepuosa OyJaeT NMPUIOKEHO K Harpy3ke B TOM K€ MOJISPHOCTH, YTO U B NEPBBIHA MO-

aynepuoa, T. €. Uy = Up. B pe3ynbrare TOk B Harpy3ke Ry mMeeT OJHO U TO XKe
HarpaBJICHUE B TEYCHUE Bcero nepuona. @opma Toka B Harpyske Iy moBTopsieT (op-

MY HaIIpsDKCHUS Uy, T. K. HArpy3Ka HOCUT aKTUBHBIN XapaKTep.

OCHOBHBIMHU TIOKa3aTeIIMHU pa6OTBI OI[HO(I)&SHOI‘O MOCTOBOT'O BBIIIPAMUTCIIA
SIBIIAFOTCHA .

1. Cp@}IHGC SHAYCHUC HAIIPAKCHUA Ha HAI'PY3KE!:

J2u, nj: 22U,

~0,9U,.
T 0 2

(- coswt|

T
Ugep = lNEU »sinotdot =
TEO T

2. CpenHee 3HaUEHUE TOKA B HArpy3Ke:

Us.cp 0,9,

| —
H.CD R, R,

3. CpenHee 3HaueHUE MPAMOro Toka | Tak kak yepe3 AMOJ MPOTEKaeT

np.cp
ITOJIOBMHA TOKa HAT'PY3KHU IH.Cp> TO CPCAHCC 3HAYCHUC IIPAMOI0O TOKa 4CPEC3 K&)K,IILIIZ

A0 ONPEAEIIAETCS BBIPAKECHUEM

| _ 'Hep
mpep ~ o

4, K 3aKpbITBIM JMOJIaM B HETIPOBOISAIINKA MOTYNepHo]] OyaeT MPHIOKEHO BCE

HampspKeHue Up, TO3TOMY MaKCUMallbHOE OOpaTHOE HAmpsyKEeHUE, MPUIOKEHHOE K

3aKphITOMY Uony, Oynet paBHo (puc. 2.4.6):
Uo6p max = Jau 2-

5. KoaddummenT nymnwscarnmii P HampspkeHUs Uy C yuérom Beipaxkenus (2.1)

0JTHO(a3HOTO MOCTOBOTO BHIIPSMUTEINS paBeH: p = 2/3 = 0,67.

6. [TynbcHOCTP M BBIIPSMUTENST ¢ CYETOM BBIpaxkeHUs (2.2) ompenensieTcs u3
psanga Oypre WK 0 BpeMEHHBIM jJauarpamMmam (puc. 2.5.6) u paBaa m = 2. To ecTb,
HanpspKEHUE Ha HAarpy3Ke COBEPIIAET ABa MMYJIbCa 3a IEPUO BXOJHOTO HANIPSKECHHUS.
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7. etictByroniee 3HaueHue Toka lp BTopuuHOl 0OMOTKHM TpanchopmaTtopa T

onpenensercs no popmyre:

i T, 2
P lj 12 sin ot dot = EIE Igcpsin 2ot doot =
To T o4 '
T
= = 22 IH.Cp zl’llIH.Cp'

8. JleiicTByromiee 3HaueHHe Toka |1 mepBUYHON OOMOTKH TpaHchopmaTopa

omnpezensercs no Gopmyre:

o m _ lom _ Mucp 111
V2o 2 n2v2  on T

rjae N — ko dunuent tpanchopmaru TpaHchopmarTopa.

9. PacuéTHas MOIITHOCTh IEPBUYHON OOMOTKHU TpaHcpopMaTopa paBHA:

111 Unc
Py =Ulp =nUp = =1y op = 0—91°1,11|H_cp =1,23P, ¢p

PacuéTtHast MOIIHOCTH BTOPUYHON OOMOTKHM paBHa:

UH.cp

Py =Uyl, = 1110 ¢p 1.23Py cp.-

PacuérHas (THMOBast) MOITHOCTH TpaHc(opMaTopa paBHa:
Prp = (P1+ P2) 12 =(1,23 + 1,23)Py p/2 = 1,23Py ¢p.
[To cpaBHEHUIO ¢ OHO(AZHBIM HYJIEBBIM BBINPSIMHUTEIIEM MOCTOBOW BBITIPSIMH-
TeJIb MPU OJWHAKOBBIX 3HaueHWsX Uz m Ry mMeer ciemyromnme mpenMyllecTBa:
HanpsokeHne Uogp max B ZBa paza MEHbIIE, OTCYTCTBYET BBIBOJ CPEIHEH TOUKH BTO-
pUYHON OOMOTKHM TpaHc(opMaTopa, MEHbIIe radapuThl U Macca TpaHcpopMarTopa.

HenocraTkoMm sBIIsIeTCsl BABOE OOJIBIIIEE YMCIIO TUO0B BhIpsimutests [11].

2.3.1.4 TpéxdazHblii HyIE€BOU BHITIPIMUTETH
Cxema Tpé€x(azHOro HyJIEBOTO BRIIPIMHUTES MpUBEIeHA HA puc. 2.6.a.
Boinpssmutens coctout u3 Tpéx auonoB VD1-VD3, BKIIOUEHHBIX B KaXIYIO

¢dazy BTopuuHO# 00MOTKH TpexdazHoro Tpanchopmatopa T ¢ dha3HBIM HaNPsIKEHH-

eM Ujg,. Karoner nuonos VD1-VD3 u onnH U3 BEIBOJOB HATPY304HOTO pe3ncTopa Ry

Oo0BeIMHEHBI W O0Pa3yIOT «IUTIOC» BBIMpsMuUTENs. HeilTpanbHas ToOYka BTOPUYHON
oOMoTku TpanchopmaTopa T, COETUHEHHOM 3BE37101, MOIKIIOYEHA K JPYTOMY BBIBO-

Iy Harpy3o4Horo pesuctopa Ry u oOpaszyer «munyc» Boinpsamutess. [lepsuunas 00-
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MoTKa TpaHchopmaropa T coenmuHeHa MO cxeMe «3Be3/a» M MOIKII0oueHa K TpExas-

HOM ceTH ¢ (asHbiM HanpsukenueM Ujg. BpeMeHHble quarpamMMel, TOSICHSIONIME pa-

00Ty TpEX(Pa3HOro HYJIEBOTO BHIIPSIMUTENS, TPUBEJEHBI Ha puc. 2.6.6.

Uia Uy, VD1
—> I <—— ——uyp
A o— Y Y \__
Up u %71
2b VD2 VD1
Uc u
2¢ VD3
Co Y Yl Y B¢
- 1
L I
a
Hg‘b Upa Uy Uy
N/ t /ot
ol ol Of;
I~
z?Hs uH ZH UH.Cp
Iy /“'( I~ N
S N
/Dl D2 o3 IR @!
S
Uyprs /fﬂljl
lypr ! of
U’jm
P Uppy
4]

Puc. 2.6. Tpéxda3Hbiii HyIEBOW BBIIPSIMUTENb: @ — IPUHIIUIIHATIBHAS CXeMa,

0 — BpeMEHHbIE THarpaMMbl TOKOB U HANIPSHKCHUM

ITockonbKy KaTOIBl JTHOJI0B OOBEIMHEHBI, TO B OO0 MOMEHT BpPEMEHH B
cxeme (puc. 2.6.a) OTKPBIT TOT AHMOJ, Y KOTOPOTO MOTCHIIMA aHOaa BhImIe. Tak, B
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WHTEpBaje BpeMEHHU OT t1 10 tp) MakcuManpHOE 3HAUYCHUE MMEET HaNpsDKeHUE Uy

(puc. 2.6.6) Bo BropuyHoii 00MoTKe (ha3bl A. CienoBaTeNIbHO, TOTCHIMAT aHOIA JIH-
ona VD1 Beiie, yeM y octanbHbiX, U aAuoa VD1 oTtkpeiT. Tak kak quoj wjaeaieH, TO

BCE HaIpsiKEHUE Upg B 3TOM MHTEpBaje BPEMEHU NPUIIOKEHO K Harpy3ke Ry.

B untepBane Bpemenu ot tp 10 t3 MakcuManbHOE 3HAUEHHE MUMEET HaIlpsiKe-
Hue Ugp B ¢dasze B. CrnenoBatenbHo, oTkpbIT Ao VD2 u k Harpy3ke Ry B aTom uH-
TepBaJie BPEMEHHU MPUIIOKEHO BCE HANPsLKEHHE Uop.

B unrtepBane Bpemenu ot t3 10 t4 MakcumanbHOE 3HaAUYEHUE UMEET HANPsKEHHUE
Uzc B (paze C. CnenoBarenbHo, OTKpHIT 1uoj VD3 u k Harpyske Ry B 3ToM nHTEpBase
BpPEMEHU MPHUIIOKEHO BCE HaMpsykeHue Upe. B pesynbrare HanpsikeHue Uy Ha Harpys-
ke Ry mnpencraBiseTr co0o0i OTrMOAONIYI0 TOJOXKHUTEIBHBIX TOJYBOJIH (ha3HBIX

HaNpsHKEHUH Upg, (puc. 2.6.0).

JITMTEIbHOCTh HHTEPBAJIA MPOBOJAUMOCTH KaXIOTO JHOa COCTABISCT TPETHIO
vacTe nepuoja i 120°. Tak Kak Harpys3ka HOCHT aKTHBHBIM Xapakrep, TO (Gopma
TOKa B HArpys3Ke i, MoBTopsieT GopMy HanpspKeHUs Uy, (puc. 2.6.6).

OCHOBHBIMH TOKa3aTEeNSIMU pabOThl OJHO(GA3HOTO MOCTOBOI'O BBITTPSIMUTEIS
SBJISTFOTCSI:
1. Cpennee 3HaueHUE HANPSDKEHUS HA HArpy3Ke:

/I
1 3 3\/§U 2¢ ( . /3 3\/€U 20
U =—— [J2U 4 coswt dot = —(sm ot j =——E ~117U9;4,.
P T on/3 J,T 20 2n EVE) 20
3

2. CpenHee 3HaU€HUE TOKA B HATPYy3Ke:
U 117U

| H.CD _

~

H.Cp — R, R,

3. CpenHee 3HaYeHUE MPSMOTO TOKAa. Tak Kak 4epe3 JAUOJ MPOTEKAET TPEThs

4acTh TOKA HArpy3KH ly cp, TO Cpe/iHee 3HAUCHUE NPSIMOTO TOKA YePE3 KauIbIi U0
OMPENIEIACTCS BEIPAXKCHUEM

1

Inp.cp = §

H.CD *

4. MakcumanbHoe oOpaTHOe HampsikeHue. K 3akpbIThIM Ju07aM B HEMPOBO-
TSN TTOTYTIEPUO TPUII0KEHO HAMPsIKEHHE U,,;, TO3TOMY MaKCHMalbHOE 00paTHOE
HaIpPsHKEHHE, MPUIIOKEHHOE K 3aKPBITOMY IHOAY, OyAeT paBHO (puc. 2.5, 0):
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Uo6p.Max = \/EU 21~ \/EU 2+

5. Koabdumuent mnynbcanuii HampsikeHus Uy ¢ yuy€rom BblpaxkeHus (2.1)
TpEx(a3zHOro HYJIEBOrO BRIIPSIMHUTENS paBeH p = 1/4 = 0,25.

6. [elictByromiee 3HaueHue Toka |, BropuuHOil oOMOTKH TpaHchopmaropa T
onpenensercs no popmyre:

+X + X
1 13452
I, = jlzmcos otdot = |— [ —=& Igcpcoszwtdmt:
2n n 2n " 27
3 3

1 ‘F chp ~05781, ¢,
3[ ' '

7. I[lynbCHOCTH M BBIIPSMUTENS C YU4ETOM BbhIpaxkeHus (2.2) ompenensiercs u3
psina dypbe WK MO BpeMeHHBIM quarpammam (puc. 2.6.6) u pasaa m = 3. To ects,

HaIIPAKCHUC HAa HAIPY3KE COBCPIIACT TPHU ITYJIbCa 3a ICPHUOJ BXOJHOT'O HAIIPSAKCHUS.

8. JleiicTByromiee 3HaueHHe Toka |1 mepBUYHON OOMOTKH TpaHchopmaTopa
omnpezensercs no Gopmyre:

1 n/3 2 2 /3 1 2
Iy = 5 | (BI mcoscotj dot+2 | (3 mcoswt) dot + | =

2" | _n/3 -nt/3
lym \/ sin(2n/3) 039 0479,
n V21" en T

rjae N — ko dunueHt Tpanchopmaruu TpaHchopmarTopa.
9. PacuéTHas MOIITHOCTH IEPBUYHON 0OMOTKHU TpaHC(opMaTopa paBHa:

0,479 Ugc
Pp=3Upl; =3nUp ——= 1y, ¢, =3?71°0,479|H.cp ~1,23Py cp-
Pacué€TtHast MOIIHOCTH BTOPUYHOI OOMOTKHM paBHa!
Py =3yl =3P 1,5P,
2=9V2p'2 = 117 H.ep ~ H.CD

Pacuérnas (TmoBas) MOITHOCTH TpaHC(hopMaTopa paBHa:
Prp = (P1+ P2) /12 =(1,23 + 1,5)Py cp/2 = 1,37Py cp.

Tpéxda3upiii HyI€BOH BBIIPSIMUTENb NCIOJB3YETCS MJIs MUTAHWUS HArpy304-
HBIX YCTPOMCTB CpelHEeN U OO0JIbIIONH MOUTHOCTU. [JOCTOMHCTBOM BBINPSIMUTENS SBJISI-
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C€TCA JOCTAaTOYHO BBICOKAs H&I[é)KHOCTB, 4dTO OIpeaAcACTCA MUHUMAJIBHBIM KOJIWYC-
CTBOM OHMOOOB. K HEOAOCTATKaM CJICAYET OTHCCTU IMOAMAarHU4YHMBAHHUC CCPIACUYHHKA

TpaHc(hopMaTopa MOCTOSTHHBIM TOKOM, YTO NMPHUBOIUT K cHrbKeHWio KIIJ] BeimpsamMu-
tens [11, 13].

2.3.1.5 TpéxdazHbiii MOCTOBOM BBITPSIMUTEND

Cxema Tpé€x(}a3zHOro MOCTOBOTO BHIIIPSMUTENS IPUBEICHA HA puUC. 2.7.a.

Beimnpsimutens coctouT u3 mectu aguonoB VD1-VD6, BKIIIOUEHHBIX 110 MOCTO-
Boll cxeme (cxema JlapuonoBa). Bxoa BbIIpsIMUTENS MOJKIIOYEH K BBIBOJIAM BTO-
pu4HOM 00MOTKHM TpéxdazHoro tpanchopmartopa T, coeAMHEHHON MO cCXeMe «3Be3-

nay», ¢ pasueiv HanpsbkenueMm Upg. Huonsr VD1, VD3, VDS, y KOTOpbIX 00bEAUHEHBI

KaTo/bl, 00pa3yloT KaTOJIHYIO TPYIIY U «IIoc» Beimpsmutens. Juoast VD2, VD4,
VD6, y KOTOpBIX 00bEIUHEHBI aHOJIbl, 00pPa3yI0T AHOJHYIO T'PYIIY U «MHHYC» BbI-

npsimuTenia. K BeIXony BeIIPSIMUTENS MOAKIIOYEH HATPY30UHbIN pe3uctop Ry.

Ha puc. 2.7.6 npuBeneHbl BpeMEHHbIE AMArpaMMBbl, MOSCHSIONINE padboTy
TpEX(azHOro MOCTOBOTO BBIMPSAMUTENS. J[Hoabl paboOTatOT MOMapHO — OJUH M3 Ka-

TOJHOW U OJWH W3 aHOJHOM TrpyIbl. B uHTEpBane BpeMeHu ot t; 1o t) B cxeme ot-
kpbIThl auoabl VD1, VD4 u k Harpy3ke Ry mpuinoxxeHo JTUHEHHOE HanpsHKEeHUE Uogp.
B unTepBane Bpemenu ot ty no tz otkpeiTel aAnoasl VD1, VD6 u x Harpyske npuiio-
AKEHO HaIpsKEHUE «—Upca».

B unrepBasie BpeMenn ot t3 10 t4 oTkpeiTel nuoasl VD3, VD6 u k Harpyske
IIPWIOKEHO HaIpsoKeHUE Uope. B nHTEpBae ot ty o ts otkpeiThl quoasl VD2, VD3 u
K Harpy3ke NpUJIOKEHO HaNpsHKEHUE «—Uah». B mHTEpBane ot t5 10 tg OTKpPBITHL Au-
onpl VD2, VD5 u k Harpy3ke IprIOKEeHO HampsbkeHue Uocg. B mHTEpBane ot tg g0 t7
oTKpbITHI AuoAsl VD4, VDS u k Harpy3ke NMpUI0KEHO HampsbKeHHUE «—Uope». Takum
o0pa3oM, YUUTHIBasi TO, YTO JAHOJBI UACAIbHBIC, HAMPSHKEHNUE HA HAarpy3ke Uy COCTO-

WUT U3 YYACTKOB JIMHEMHBIX HANPSHKEHUU U2gh, —U2ca, U2be, —U2ab, U2ca, —U2be TpO-

JTOJDKUTEITBHOCTRIO TI0 60° (puc. 2.7.6).
JImuTenpHOCTh MHTEPBAJIA MPOBOJIUMOCTH KAXJA0r0 AUOJAa COCTABJISAET JBA UH-
tepBasa mo 60° wim 120°. Tak kak Harpy3Ka HOCUT aKTHUBHBINA XapakTep, popMa Toka

B Harpys3ke Iy moBropsiet Gpopmy HanpspkeHus Uy (puc. 2.7.0).
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Uy
ZTS VD6 |V

/N VD2 7N VD4

ng,

[

W MOCTOBOI BBIIIPAMUTCIIb: @ — IIPUHIHUIIMAJIbHAA CXEMaA,

Puc. 2.7. Tpéxdaznbl

0 — BPCMCHHBIC THUAI'PaMMbl TOKOB W HAIIPSAKCHUA
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OCHOBHBIMM TOKa3aTEISIMU pabOThl OJHO(PA3HOIO MOCTOBOI'O BBIITPSIMUTEIS
ABJISIIOTCS:
1. Cpennee 3HaueHue HAPSHKEHUS HA HArpy3Ke:

'—o@‘?—]

1
Uniep = — 7t\/EU 2 COsot dot =
6
6
:% sin (Dt| :%z1,35U2H :2134U2(1)'
T o T
6

2. CpenHee 3HaU€HUE TOKA B HAarpy3Ke:
Uy P _ 2,34U 2(1)
H.CD — R, R,

3. Cpennee 3HavueHue mpsMoro toka | Tak Kak Kaxablil JUOJ OTKPBIT

np.cp
TPCTBIO 9aCTh IICpHUOoaa, TO CPCAHCC 3HAYCHUC IIPAMOTO TOKA 4YCPC3 U0 OIIPCACIIA-

CTCs BBIPAKCHUCM !

Il'[p.Cp = IH.Cp/B'

4. MakcumanbHoe obpatHoe HanpspkeHue U g, max - K 3aKpbITEIM HOIaM B

HGHpOBO,II}IHII/Iﬁ IOJYIICPpHUOA IPHUIIOKEHO HAIIPSXKCHUE U)j, IIOOTOMY MAKCHMAJIBHOC

o0paTHOE HaNpsDKEHHUE, MPUIOKEHHOE K 3aKphITOMY auony (puc. 2.7.6), Oyaer ompe-

ACIATHCA pPaBEHCTBOM.

Uoop.max =~v2U 2, =+/6U 24,

5. Koaddumuent mynscanuii p HanpspkeHUs Uy TpexdasHOro HYJIEBOTO BbI-

npsiMHUTENS ¢ yaéToM Beipaxkenwus (2.1) pasen p = 2/35 ~ 0,057,

6. [TynbCHOCTH M BBIMPSAMUTENS C YYETOM BhIpaKHEHHUs (2.2) onpenensieTcs u3
psana Oypre WK 10 BpEeMEHHBIM jJuarpamMmam (puc. 2.7.6) u paaa m = 3. To ecTb,
HaIpsDKEHHE Ha HAarpy3Ke COBEpIIAET TPU MyJbca 3a MEPUOJ BXOJHOTO HAMPSHKEHUSI.

o6pmax \/_UZJI \/EUZ(b-

7. [leticTByromiee 3HaueHHe TokKa |o BTOpHYHOW OOMOTKHM TpaHc(opmaTopa

ompenenseTcs mo Gopmyle:
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T ki
2 6 2 6 2
lo=|= | 12 cos® otdot = |£ | x Ig.cpcoszcotdoat:
T . T .9
6 6
1
- liep = 0817 Iy ¢

8. JleiicTBytomiee 3HaueHWe Toka |; mepBUYHON OOMOTKHM TpaHchopmaTopa
omnpezensercs no Gopmyre:
1, 0817
n n
rjae N — ko dunuent tpanchopmaiu TpaHchopmaropa.

9.PacuéTHas MOIITHOCTH TIEPBUYHON 0OMOTKHU TpaHC(opMaTopa paBHa:

Iy IH.cp’

U
Py =3Ugl; =3nUy, '72 =3 2‘;2’ 0,817 Iy ¢p ~L05Py -

Pacuérnas MOIITHOCTH BTOpH‘IHOfI 0OMOTKH paBHaA:

Py =3U>I —3UH'Cp0817| ~1,05P
2 —9V212 = 234 H.Cp ~ H.Cp*

H

Pacuérnas (TunoBas) MOITHOCTH TpaHC(hOpMaTOpa paBHa:
Prp =P1=P=3U;¢l1 = 1,05Py ¢p.
HecMmotpst Ha TO, 4yTO B TpEX(PazHOM MOCTOBOM BBHITIPSIMUTENE UCIIOIB3YETCS B
7IBa pa3a OoJbIlie TUOMOB, IO BCEM IMOKA3aTeIsIM OH MPEBOCXOIUT TpEXGa3HbIA HY-

JIEBOM ¥ IO3TOMY IOJYYHI Hambollee IUPOKOE PaCIPOCTPAHECHHE CPEIU BBITPSIMHU-
Telel cpeaHeii u ocobeHHo 6obInoi MomHocTr [11, 13].

2.3.2 YupasJisieMble BhINIPAMUTEIU

JIOBOJLHO YacTO B Pa3IMUHBIX YCTPOMCTBAX TpeOyeTCs HE TOIBKO Mpeodpaso-
BBIBaTh IIEPEMEHHOE HAIIPSKEHUE B MOCTOSHHOE, HO M ILUIABHO U3MEHATH 3HAYCHUE
BBINIPSMJIEHHOTO HANPSKEHUS. YTPABIATH BBIIPSMIICHHBIM HAIPS)KEHUEM MOXKHO
Kak B LIENIM IEPEMEHHOTO, TaK U B LENH NOCTOSHHOTO TOKa. IIpu yrpasnenuu B nenu
MEPEMEHHOT0 TOKa MPUMEHSIOTCS CHEIHANbHBIE PETYIUPYyEeMble TPaHCHOPMATOPHI
(aBTOTpaHCchoOpMaTOphl, TpaHCHOPMATOPHI C MOAMATHHYMBAHUEM CEpJCYHUKA TIO-
CTOSTHHBIM TOKOM H T.]I.), PE€OCTaThl HJIM MOTEHIIMOMETPHI. OTHAKO MOA00HBIE CTIOCO-
OBl yIpaBJICHHs BBIIPSIMJIICHHBIM HAMPSHKEHUEM MPU UX OTHOCHUTEIBHON MPOCTOTE
HMMEIOT CYIIECTBEHHBIN HEIOCTATOK, CBA3aHHbIN ¢ HU3KkUM KIIJI. Takue perymaropsl
HMMEIOT, KaK MpaBujio, OOJbIINE MacCy, rabapUThl U CTOUMOCTb.
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bonee »KOHOMUYHBIM U YJOOHBIM CIIOCOOOM YIpaBI€HUS, KOTOPHIN MOTYYUII
LIIMPOKOE PACIPOCTPAHEHHE HA IPAKTUKE, SIBISAETCS YIPABICHHE BBINPAMICHHBIM
HaIIpSKEHUEM B IIPOLIECCE BBINPAMIIEHUS, TAK HA3BIBAEMOE YIIPABIISIEMOE BBIIPSMIIE-
HUE.

BeInpssmMuTeny, KOTOpblE COBMEIIAKOT BBINPSMIICHUE NEPEMEHHOIO HAMpPSKe-
HUS C YOPaBJIEHUEM €r0 BEJIUYMHOM, HA3bIBAKOTCS YIPABISEMbIMH BBIIIPSIMUTEIAMH.
B HHMX B KayecTBe yNpaBISIEeMbIX BEHTHJIEH (KItOUel) MPUMEHSIOTCS THUPHUCTOPBI

(Tpan3uctopsl). Ha puc. 2.8 npuseneHa cxema ogHO(pa3HOTO MOCTOBOTO YIIpaBlisie-

MOTO BBINPSMUTENS C aKTUBHOW Harpy3koil Ry.

Uy U [] RH

Uy

]
L
!

I
T2 1

T Uy

Puc. 2.8. Cxema onHO()a3HOTO MOCTOBOTO YIPABISEMOTO BBITTPSIMUTEIS

BrinpsiMuTens COCTOUT U3 CUIIOBOM YaCTH, BBITOJIHEHHOW HA OAHOONEPALMOH-
HbeIX TUpHUcTOpax VS1-VS4 ¢ tpanchopmaropom T1 u cucteMbl uMITyIbCHO-(ha30BOTO
ynpasienus (CUDY) ¢ cunxponusupyomum tpanchopmatopom T2. Otnupanue
TUPUCTOPOB OCYHIECTBIIAETCS MOAAUYeil HA UX YIPABISIOIINE MEPEXOIbl NEPUOaNYE-
CKOHM TIOCIIeIOBATEIFHOCTH MMIYJIbCOB ynpasienus ¢ CUDY. CUDY dopmupyer

HMITYJIBChI YIIPABJIICHUSA THPHUCTOPAMH, MMCIOIIUC NOCTATOYHBLIC AJIA HX Haﬂé)KHOFO
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OTIUPAHUSA AMIUIMTYY, MOIIHOCTb U JUTENbHOCTh. Kpome Toro, CUDY nosBomnser
U3MEHATH (pa3y YNpaBisIOMIUX UMITYJIbCOB B COOTBETCTBUM C BHEIIHUM YIIPaBJIsIO-
M curnanoM Uy. Pabora CU®Y CHHXpOHU3MPOBAHA C CETHIO YE€PE3 CHHXPOHHU3H-
pytommii Tpanchopmatop T2.

Ha puc. 2.9 npuBeneHbl BpeMeHHbIE TUAarpaMMbl, MOSICHAOLIME PabOTy OJHO-
(ha3HOTO0 MOCTOBOT'O YNPAaBIIIEMOro BhIIPsIMUTENS. BpeMeHHble 1uarpaMmbl OCTPO-
€HbI ¢ yué€ToM Toro, uto Tpanchopmarop T1 u tupuctopsl VS1-VS4 nneansvHsie.

U A uH uH uH
Ua U Uza

UEN N MO /
N/ THITEN/ IV T w,

.C]:l
0 te ot

Puc. 2.9. BpemenHble nuarpaMmMbl TOKOB U HANIPSDKEHUH 0HO(A3HOTO
MOCTOBOTO YIIPABJISIEMOTO BBITPSIMHUTEIIS
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B TO ke BpeMms, caellaHo TONYILIEHUE, YTO TUPUCTOPHI B 3aKPHITOM COCTOSIHUU
B IPSIMOM U OOpAaTHOM HAINpPAaBJIECHUAX MUMEIOT OECKOHEYHO OOJIbLIME U PABHBIE CO-
npotusiieHus. M3 quarpamm (puc. 2.9) BUAHO, UTO OTIIHUPAHUE TUPUCTOPOB MPOUCXO-
JTUT B MOMEHTBHI [T0/Ia4M Ha HUX UMIYJbCOB YIIpaBJICHUS, a 3allUpaHUe — IIPU CHUXKE-
HUU MPSIMOTO TOKA Yepe3 HUX HUXKE TOKa yAepKaHus. MOMEHTHI 3amvpaHusi THPU-
CTOpPOB MPAKTUYECKU COBIAJAIOT C MOMEHTAMH MEPEX0Jla CETEBOr0 HANpsKEHUs U
qyepes HOJIb.

PerynupoBaHue BBINPSIMIIEHHOTO HAIpPSKEHUS OCYIIECTBISETCS 3a CYET 3a-
JEP>KKH UMITYJICOB YIPABICHUS] TUPUCTOPAMU OTHOCUTEIIBHO MOMEHTA €CTECTBEH-
HOTO BKJIIOYEHHUS HA YroJl O, HA3bIBAa€MbIH YIJIOM YIpPaBICHUS (PETyIUPOBAHMS).
MOMEHTOM €CTECTBEHHOI'O BKJIIOYEHUS (KOMMYTAI[MM) HA3bIBAETCS MOMEHT MOsBJIE-

HUA Ha TUPUCTOPC IMMPAMOI'O HAIIPAKCHHUA. I[JISI MOCTOBOT'O BBIIPAMUTECIIA 9TU MOMCH-

ThI COBIIAAAOT C MOMCHTaMHM IICPEX0/1a MUTAOIICTO HANIPSIKCHUS U2 YCpE3 HOJIb.

Taxum oOpasom, usmeHenueM curnaia ynpasiaenus Uy na Bxone CUDY mox-

HO U3MCHATH YIOJI O, 4, CJICAOBATCIIbHO, U PCTYJIMPOBATh CPCAHCC 3HAUCHUC HAIIPs-

JKCHHA HAa HAI'PY3KE UH.Cp.OL' HpI/I 9TOM U3MCHACTCA YI'OJI OTKPBITOI'O COCTOAHHA TUPU-

CTOpOB A=T— a, OI'[pGI[GJ'IHIOHII/Iﬁ MJINTCIIBHOCTD IMIPOTCKAHUA YCPC3 HUX TOKA.
CpenHee S3HAYCHUC HAIIPAKCHUA Ha HAI'PY3KE OIPCACIISACTCA BBIPAKCHHUCM

U
Ukcp.o = % j\/EU osinot dot =
(0

v,

T

1+ cosa

, (2.3)

(— cosot |§) =Uy cp.0

rae Uy cp.0 = 0,9U; — cpennee 3HaueHne HaNpsoKeHUs Ha Harpyske npu o = 0°.
Makcumanbsroe 06patnoe HanpskeHUe Uggp max ¥ CPENHEE 3HAYEHUE IPAMOTO

TOKa lpp.cp, TIO KOTOPBIM BBIOMPAIOTCS THPUCTOPBI, ONpenessorcs npu o = 0° u

HMECIOT TaKHUE K€ 3HAUCHMS KaK U B MOCTOBOM CXEME BBIIIPAMUTCIIA, BBIITIOJTHCHHOI'O
Ha JuoJax:

U o0p.max — \/EU 2

. 0,9U,

o = :
-p R
H

3asucumoctb Uy o o = f(a), moctpoennas no ypasuenuto (2.3), HasblBaeTcst

PETYJIUPOBOYHOM XapaKTEPHCTHKONW W TpuBeaeHa Ha puc. 2.10. Dta 3aBHCUMOCTH

120



IMOKa3bIBACT, YTO IIPpHW YBCIWYCHHU YIJIa YIPABICHHA O HAIIPSXKCHHUC HAa HAIPY3KC

Ui.cp.o. YMeHbIIaeTcss u gocruraet Hyns npu o = 180°. Cremosarensno, CUDY

J0JKHA o0ecreunBaTh IUana3oH U3MeHeHus yria o B npenenax ot 0° mo 180°. Bme-
CTE C TeM Clie[lyeT OTMETUTb, YTO NPU YBEIMUYECHUU yTia oL yBeIuyuBaercs Kodpdu-
IUCHT MYJIbCALUI BRIIPSIMIICHHOTO HanpspkeHus [12].

UH.cp o
UH.CD 0]
(UH.cp 0)/2
ﬁOL
0° 90 180

Puc. 2.10. PerynupoBouHasi XxapakTepuCTHKa O0JTHO(DA3HOTO
MOCTOBOTO YIIPaBJISEMOTr0 BBIIIPSIMUTEIS

3agauya 7. B ogHONONYNEPUOAHOM BBIIPSIMUTENIE HAMPSKEHUE HA BTOPUUHOU

obmotke tpanchopmaropa Uo = 20 B, wacrora cetu f = 50 ', conporuBienue auo-

la B OpsMoM HampasieHun Rpp =0. Jlns Harpysounoro pesucropa Ry =200 Om

OTIPEJICITUTD:

1) cpeaHre 3HAYEHHS BBIIPSIMICHHOIO HANPSOKEHUS M TOKA HAa HArpy304HOM
pe3ucTope;

2) cpeaHee 3HaAUYECHUE TOKA B JHO/IC,

3) MakcuMabHOE 00PAaTHOE HAIIPSKEHHE Ha JUOJC,

4) BbIOpaTh THIT AUOA.

Pemenue

1. Cpennee BBIIPSAMIICHHOE HAIPsDKCHHE HA HArpy304HOM PE3UCTOpE ISl CXe-
MBI OJTHOTIOTYTICPHOTHOTO BBIMPSIMHUTEIS OTIPEACIIICTCS CICIYIONTUM 00pa3oM:

Uyep =045U,=0,45-20 = 9B.

2. CpezLHee 3HAYCHUEC BBIIPSIMICHHOI'O TOKA U CPEAHCC 3HAUCHUE TOKA JUOJ 4.

Ly e :U*ﬂzi:o,ms/x
PR, 200

3. MakcumasibHOE 00paTHOE HANPsIKEHUE HA TUOJIE:
Uogp.mx =v2Up =~/2-20=28,2B.
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Jlist Be1OOpa nuona 6epem 30% 3amac mo npsiMoMy TOKY U OOpaTHOMY Hampsi-
KEHHIO, T.€.
lnp 21,31y ¢p =1,3- 0,045 =0,0588 = 9MA;

Uoop.on 213U o6p.max =1.3-28,2=36,7B.

Bri6upaem nuon 2J1103A co crenyromuMu napaMmeTpaMu:
| p =100 MA u U o6p.on = 79B.
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3 CI'JTAYKUBAIOIIME ®UJIBTPDI

Kak yxe oTMeuanoch, BBIIPSAMIIEHHOE HAMpPsDKEHHE SIBISETCS IMOCTOSHHBIM
MyJbCUPYIOUINM, B KOTOPOM MOKHO BBLICJIUTH IOCTOSIHHBIE U MEPEMEHHBIE COCTaB-
nsromue. Koaguuuentsl mynbcaliuii p pacCMOTPEHHBIX BbIII€ OAHO(A3HBIX BbI-
npsmuteneit cocrasisitor: 1,57; 0,67. C Takumu kKo3hPUIIMEHTaMU MyJIbCaluil BbI-
NPSIMJIEHHOE HAIpSKEHUE B MOAABISIIONIEM OOJIBIIMHCTBE CIy4YaeB HCIOIb30BATh
HEJb35, TaK KakK MPU 3TOM paboTa 3JIEKTPOHHBIX YCTPOMCTB PE3KO YXYAIIAECTCA WU
BOOOIIE HEJoMmycTUMa. B 3aBUCUMOCTH OT Ha3HAYEHUSI TOTO UM UHOTO 3JIEKTPOHHO-
ro yCTpoMcTBa KO3(PPUIUEHT MyJbcallMii HANPSHKEHUSI TUTAHUS HE JOJIKEH MPEBbI-
IaTh OINpPEECICHHbIX 3HaueHUU. 3afadeld CriaxuBarouero (uibTpa sBISETCS IMO-
JaBJeHNe FapMOHUYECKUX COCTABISIOMIMUX BBINPSMIECHHOTO HANPSXKEHUS TP MUHU-
MaJbHOM BO3ACHCTBMU HA €r0 IMOCTOSIHHYIO COCTaBisitonlyro. [Ipu 3ToM QuibTpbl
pPacCUMTHIBAIOTCS 1O OCHOBHOM (MEpBOM) TrapMOHHKE, KOTOpas HMEET U3 BCeX
OCTaJIbHBIX TAPMOHHUK HAaWOOJIBIIYI0 aMIUIUTYAy M HAaUMEHBIIYIO YacTOTY, MO3TOMY
ABJIsIeTCS HanOoJiee TPYIHO MOAAIONIEHCS CIIIaXKUBAHUIO.

CriaxxkuBaroniuM (UIBTPOM HA3bIBAETCA YCTPOWCTBO, MpEAHA3HAYEHHOE IS
YMEHBIIEHUS MyJbCallMil BBIIPSIMIEHHOTO HampspkeHus. [IpuHiun nedctBus cria-
KUBAIOIMX (GUIBTPOB OCHOBAH HA MCMOJIb30BAaHUM PA3IMYHBIX CONPOTUBIICHUN NS
IIOCTOSIHHOT'O ¥ IEPEMEHHOr0 TOKOB KaTyIlIEeK HHAYKTUBHOCTU U KOHJIEHCATOPOB.

OCHOBHBIM MapaMeTpoM, XapaKTepu3yrolIuM 3PGEeKTUBHOCTb JEHCTBUS CIila-
KUBAIOIIETO QPUIIBTPA, ABJIAETCA KOAPPUIMEHT CIIIaKUBaHUs (|, paBHBIN OTHOILIEHUIO

K02()PHUITMEHTOB MyJIbCAINil Ha BXOJE Ppx ¥ BBIXOJE Py PHIBTpA:

0 = Pex/ Pesix-

Kpome BreimotHEHUs TpeOoBaHUN K KOAGPHUIIMECHTY CTIaKUBaHUsS, (QUIbTPHI
JOJIKHBl UMETh MHUHUMAJIbHOE MaJIEHUE MOCTOSHHOTO HAMPSIKEHUS, MUHHUMAJIbHbBIC
rabapuThl, MacCy U CTOUMOCTb.

B 3aBucuMOCTH OT THTIOB (PMIBTPYIOUIUX SJIEMEHTOB M CXEMbI UX BKIIIOUCHHUS
pa3IUYaroT npocTeimue EMKOCTHBIN C- U MHAYKTHBHBIN L-bunbtpsel, I'-00pa3Hbie u
[T-o6paznbie LC- u RC-dunbTphl, a Takxke 31eKTpoHHbIE GUIbTphl. [lo KommuecTBy

GUABTPYIONUX 3BEHBEB (QUIIBTPHI ACIATCS Ha OJHO3BEHHBIC 1 MHOTO3BEHHBIE.
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3.1 IIpocTreiimive UHAYKTUBHBIN L- 1 EMKOCTHBIN C-QUIbTPbI

3.1.1 UuayKkTuBHbIA GUALTP (L-GuabTp)

WupykruBabid win L-uinetp mpexacrasinser codboi apoccens Lg, BKIHOYEH-
HBIA MOCJICIOBATEIBLHO ¢ HAIPY30UHBIM pe3ucTopoM Ry. (puc. 3.1.a). ns apoccens

L(b COIIPOTHUBJICHUEC ITOCTOAHHOMY TOKY MaJlOo, a MTHAYKTUBHOC COIIPOTHBJICHHUC IICPC-

MCHHOMY TOKY, OIIPECACIIACMOC BbIPA)KCHUCM

Xigp= 27‘ch¢),
YBCIMIUBACTCA C pOCTOM HaCTOTHI.
Ly
— -
VD1 vD3 Uro
(o T —
[Z51 (25) Uvp |:| RH
o "
ZS VD2 /\YVD4 iy Y
<_
*
a
Uy, U cp u

o

Puc. 3.1. Ognoda3Hbiii MOCTOBOM BBIIPSIMUTENDL C HHAYKTUBHBIM (DUIIBTPOM:
a — IPUHITUIHAIbHAS CXeMa; 6 — BpEMEHHbBIC TUarpaMMbl TOKa ¥ HATPSKEHUN

st agdexkTuBHON pabOTHl UHIYKTUBHOTO (PHIIBTPA HEOOXOAMMO BBIIEPIKH-
BaTh CJIEIYIOIIEE COOTHOIICHHE:

2nfLym >> R,. (3.1)
IIpu sToM Ha apoccene Ly Oyner magats 00ibiias yacTh Up gy IEPEMEHHON CO-
CTaBJSIIONICH HaMpsKeHHs: Uyp, U MEHbIIasg Uy — Ha Harpy3o04HoMm pesuctope Ry. B

pe3yibpTaTe MajJeHue HaIpsHKeHHsT HA HAarpy304yHoMm pesuctope Ry oT mepemeHHoOM

COCTaBHHIOIHCﬁ TOKa CHHIKACTCA, CJICAOBATCIIbBHO, YMCHBLIIAIOTCA IIYJIbCAllMHM BbI-
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npsIMJIEHHOT0 HanpsbkeHus. OueBuaHo, L-GpuiabTp nenecooOpa3Ho NPUMEHSTH C HU3-
KOOMHBIM HAarpy304HbIM pe3UCTOPOM Ry.
Ha puc. 3.1.6 npuBeneHbl BpeMEHHbIE AHArpaMMbl, NOACHsoIIME padoTy L-

GubTpa. AHaTN3 BPEMEHHBIX JHAarpaMM IOKa3bIBACT, YTO TOK Iy B HATPY30YHOM pe-

3uctope Ry mosydaeTcsi CriIaKeHHBIM, a HaNpsKEHWE OCHOBHOM TapMOHUKH Uy OT-

cTaeT 1o (a3e OT OCHOBHOM FApMOHUKH HANpPsKEHUs Uyp.
Kosddumment crinaxuBaHusi MHAYKTUBHOTO (UIBTPa ONPENENSETCs COOTHO-
menneM [11, 13]:
m
qL = 2nfly, - —,
*R

H
1€ M — IMyJIbCHOCTH BBINIPSIMUTEIIA.
AHanu3 3Toro BBIPpAXKCHUA TTO3BOJIACT CACIIATH BBIBOA O TOM, YTO L-(i)I/IJIBTp

Oyzer paborath TeM dpdekTuBHEE, ueM Oonbiie Lg 1 MeHbie Ry.

NuaykTtuBHBIN QUABTP OOBIYHO NPHUMEHSETCS B BBIIPSIMUTENSIX CpeAHEH H
OOJBIION MOIIHOCTH, paboTarouux ¢ OONBIIMMH TOKAMU Ha HU3KOOMHBIE HArpy304-
HbIE YCTPOMCTBA.

3.1.2 EmMKkocTHBINA puabTp (C-$puanTp)

Emkoctablif unu C-GuiasTp mpenctaBisieT coO0oi KOHIEHCATOP C¢p, TOIKITIO-

4EHHBIA MapaenbHo Harpy3ouHomy pesucropy Ry (puc. 3.2.a). Konupencarop Cg

UMeeT OECKOHEYHO OOJBIIOE COMPOTUBICHHE MOCTOSHHOMY TOKY, @ EMKOCTHOE CO-
IPOTUBJICHUE IEPEMEHHOMY TOKY, OIIPEAEISIEMOE BhIPAKEHUEM

Xcg = 12nfCy,
YMEHBIIIAeTCsl ¢ pOCTOM 4acToThl. OTcrofa cieayet, 4To s 3h(PeKTuBHON pabOThI

E€MKOCTHOTO (pUIbTpa HEOOXOIUMO BBIZIEPKATh CICAYIOIIEE COOTHOIIICHHUE:

1 <<R,. (3.2)
27th(bm

IIpu >TOM, OONBINAs YaCTh NEPEMEHHOTO TOKA Icg BBIIPAMUTENA lyp OyneT
IpoTeKaTh Yepes kKonnaencarop Cg u MeHbIas iy — 9epe3 Harpysky Ry. B pesynbrare
MajicHue HamnpsHKEHUsI Ha HArpy304HOM pe3uctope Ry OT mepeMeHHOM COCTaBlisio-

Iﬂeﬁ TOKa IH CHMXKACTCA U, CIICOAOBATCIbHO, YMCHBIIAKOTCA ITYJIbCAllMH BBIIIPAMIICH-

Horo HampspkeHus. OdeBuaHo, C-QUIABTP 1EeIeco00pa3HO MPUMEHSATH C BBICOKOOM-

HBIM Harpy304HbIM PE3UCTOPOM Ry.
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Puc. 3.2. OgnodazHbiit MOCTOBOM BBIIPAMUTENb ¢ EMKOCTHBIM (DUIBTPOM
a — IPUHIUIHNAIIbHAS CXeMa; 6 — BpEMEHHbIE AMarpaMMbl TOKA U HaIPsKEHUH

Ha puc. 3.2.6 mpuBeieHbl BpeMEHHBIE THUarpaMMBbl, MOSCHSIOMNUE paboTy EM-

KOCTHOrO (huibtpa. B unTepBane Bpemenu ot t1 1o t2 kongencatop Cg 3apsbkaeTcs

yepe3 auoabl Beimpsmutens VD1 u VD4 go amMmiiuTygHOTO 3HAYEHUsI HANIPSHKEHUS

U2om, Tak Kak B 5TOM MHTEpBalle HaNpsKeHUE U Gonbie Ucg. B unTepBane Bpemenn
ot t 10 t3 HanpsKenue Ucg OOMbIe U2, AUOMBI BBIIPAMUTENS 3aKPhITHI, & KOHAEHCA-
Top Cy paspsKaeTcsl 4epe3 Harpy30uHbli pe3ucTop Ry ¢ MOCTOAHHOH BpeMeHH pas-
PANA Tpasp, ONPENETIEMOE PABCHCTBOM
Tpasp = chRH
HpI/I 3TOM HANPs’KEHHUE Uy CHHIXKACTCI A0 HCKOTOPOro HAMMEHBIIICTIO 3HAUCHU A
0 SKCIOHEHIHMAIBLHOMY 3aKOoHy. Haunnas ¢ MmomenTa Bpemenu t3 Hampsokenune Ucy,

CTAaHOBHTCSI MEHBIIIE HAMPSDKEHUS U, IPU 3TOM, OTKphIBatoTcs auoasl VD2 u VD3 u
KoHJieHcaTop C HaumHaeT 3apspkarbesi. lIpoliecc 3apsga v MOCHeAyIOero pa3psiaa
MOBTOPSICTCS, MPH 3TOM, YePe3 BBIIPSMHUTEIb MPOTEKAET MyJIbCUPYIONINH TOK Iyp.

AHanM3 BpeMEHHBIX guarpamm (puc. 3.2.0) TOKa3bIBaeT, YTO TPU H3MCHCHHUHU
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Harpy3ku Ry OyAeT M3MeHSThCs 3HaueHUe Kod3(ppuuueHTa Mmynbcaluil HalpsKeHUs
Ha Harpyske Uy, IPU 3TOM, YEM MEHBLIE pa3psauTCs KOHAEHCATOp, T. €. 4eM OoJbllie
Tpasp, TEM MEHBIIE OyIET KOOPPUIHMEHT MyJIbCALUH Uy.

EMKoCTh KOHJEHCaTOpa (UILTPa C¢ BBIOMpPAETCS TAaKOM, YTOOBI BBINOIHSIOCH
COOTHOILICHHUE:
rne T =1/ foey — mIepro; OCHOBHOI TApMOHUKH.

[Ipu »TOM, 3KCIOHEHIMANIbHYIO KPUBYIO pa3psiia KOHIEHCAaTOpa MOXHO arl-
OPOKCUMHUPOBaTh MpsiMoil nuHued. Torma koadduuueHt criaxuBanus s C-
GupTpa uMeeT creayroiiee Beipakenue [11, 13]:

qc=2nfCypMRy,.
PaGota BeimpsMuTENs ¢ EMKOCTHBIM (DUIBTPOM CYIIECTBEHHO 3aBUCHUT OT Be-

JIMYUHBI TOKAa HAI'PYy3KHU. HeﬁCTBHTGHBHO, IMIpru YBCIIMYCHHUHN TOKA iH, COOTBCTCTBYIO-

IEr0 YMEHBUICHUIO CONPOTHUBIIEHUS Ry, MOCTOSHHAS BPEMEHU PaspAsia Tpazp YMEHb-
IIaeTCs, IPH ITOM, YMEHBINIACTCS M CpeJHEe 3HAUCHUE HAIPSDKEHUS Ha Harpyske
Us.cp, @ aMIUIUTY 1A MyJIbCALMA BO3PACTAET.

[Ipu ucnonp3oBaHUK EMKOCTHOTO (UIBTPA CIEAYET YYUTHIBATh, YTO MAaKCH-

MaJIbHOE 3HAYEHUE TOKA JUOJ0B lyp max BBIIPIMHUTENS ONMPENEIAETCS JIUIL TPAMbIM
CONPOTUBJIEHUEM JUOJOB Ryp ¥ CONPOTUBIEHUEM BTOPUYHON OOMOTKH Tpanchop-

MaTopa, MO3TOMY OHO MOXKET JOCTUraTh 3HAYEHHH, OONbIIMX BENUYMHE lnp qon. B

pe3yJibTaTe IUOJBI MOTYT BBIMTH U3 CTPOs. i1 mpeqoTBpalleHus 3TOoro B IpakTuye-

CKUX cXeMax (mpu OOdbIINX 3HaueHUAX Hampspkenus Uy u €MKOCTH KOHJIEHCATOpa-

bunpTpa) mepe BBIMPIMHUTEIEM HEOOXOJIMMO BKJIIOUYATh JOOABOUYHBIA PE3UCTOpP C
HEOOJBIITUM COMpOTHUBIEHHEM. KpoMme TOro, cieayeT YYUThIBaTh TO, YTO HAMpsIKe-

Hue Uggp.max IMOJa B OJTHOMOIYIIEPUOAHOM BBINPSIMHUTENIE MOXKET B 2 pasa MPEBbI-

math Uy Tpancopmaropa, Tak Kak B MPOMEKYTKE BPEMEHH, KOTJa U0 3aKPBIT,
HaIpPsHKCHUS Ha KOHJIGHCATOpE W HAa BTOPUYHOM 0OMOTKE TpaHchopMaTopa CKIIaibl-
BafOTCH.

EMKOCTHBIH (QUIBTP 1ETecO00pa3HO MPHMEHATH C BHICOKOOMHOW HArpysKoif
MIPY MOIITHOCTSIX HE 00JIee HECKOJIBKUX JIECSITKOB BaTT.

Pacuér BempsamuTens ¢ EMKOCTHBIM (UIBTPOM HECKOJIBKO 3aTPyIHEH, MO3TO-
My OOBIYHO TPOU3BOJIUTCSA TPHOIMXKEHHO rpaduuecku 1o Kodpdunuentam. Ha

127



puc. 3.3 npHUBeACHBI 3aBUCUMOCTH BCrioMorareiabHbiX kKoddduiuentos B, D u H or
kodurmenta 4. Pacuétueiii koaddunmeHT A onpenensercs mo Gopmyse [12]:

Tl cpRen
2U

H.CD
rae Ry, — BHYTpEHHEE aKTMBHOE COIIPOTUBIICHUE BBIIPSAMUTENA, IPUHUMAEMOE
Rey <Ry .
Jist onHO(a3HOTrO MOCTOBOTO BBIIIPSAMUTENS C EMKOCTHBIM (DUIBTPOM PACUET-
HbIe (POPMYJIBI UMEIOT CIEAYIOIIUN BU]T

H _ _ v 2DIH.cp _ Ry
Co=—"——; Uo=BU,.y; lp=——7""; A=—".
¢ R Hep 2 2R
pBBIX BH H
W3 BBIIEU3I0KEHHOTO CIEAYET, YTO MPU MPOEKTUPOBAHUU CrIIAKUBAOUIUX
¢unbTpoB (B yacTHOCTH NpocTelmmx C- ¥ L-punbTpoB) yUUTHIBAETCS TOJIBKO YacTO-

Ta OCHOBHOM rapMOHHKHA fOCH BBITIIPAMIICHHOTO HAITPSAKCHUA. HpH‘lHHOfI 9TOI'O ABJISA-

€TCS TO, YTO OCHOBHAsl TAPMOHHMKA, B CPAaBHEHUU C BBICIITUMHU, UMEET HAMOOJBIIYIO
aMIUTUTYIy ¥ HAUMEHBIIIYIO 4acTOTY, & C YBEJIMUCHUEM YaCTOThI, KaK CJIEIyeT U3 BhI-
paxenuti (3.1), (3.2), abdexTuBHOCTL pabOTHI GUIBTPOB BO3PACTACT.

H ] G
800 4 3,24 1,3 \
]
600 4 224 11 \,-f #_ﬂ.a-"ﬂﬁ
o
i N }fﬁ .-/{(
q00 4 244 a9 [ -~
i E) ;-LH"\.\. _.,-:\‘
// H"‘v-/ 7
4 i —_
|
200 4 204 a7 / -
al 1,6 C',jll’ A
0 a,1 a,2 a2 a4

Puc. 3.3. 3aBucumoctu ko3 duruenton B, D u H ot kosdpummenta A

Ecnu npocTeitmme GuibTpel HE yIOBIECTBOPSIOT TPEOOBAHUSIM C TOUKHU 3PEHUS
obecrieueHus HEOOXOAUMBIX KOA(D(OUIIMEHTOB CIIIAXKUBAHUS, TO MMPUOETAIOT K OoJiee
CJIOHBIM cTiaxuBatomuM ¢punbTpam. K HuM otHOCSTCS [-00pa3Hbie PUIBTPHI.
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3.2 T-o6pa3Hbie PUIBTPHI

['-00pa3Hbie QUIBTPHI SABIASIOTCS MHOTO3BEHHBIMU (PHIIbTpaMu. DTU (PUIBTPHI
moryT ObITh LC-Tuna (puc. 3.4.a) u RC-tuna (puc. 3.4.6).

Lo
__® Ro
oYY o ]

uBX

— Cd) I:I Ru Ug =Cd) I:lRH Uy

a o
Puc. 3.4. [Ipunuunuanbabie cxembl [-00pa3HbIX GUIBTPOB:
a — LC-punbtp; 6 — RC-punprpa

CHmwxenue nynbcanuii LC-punsrpom (puc. 3.4.a) 0ObICHSIETCS COBMECTHBIM

neiicteueM Jpoccens Lg u xkonaencaropa Cg. CHIKEHUE NEPEMEHHBIX COCTABIIAIO-

KX BBIIPSAMIICHHOTO HAMPSOKEHUS OOYCIIOBIIGHO KaK CrJIaXKHBAIOIIUM JICHCTBUEM
konjencaropa Cg, TaK ¥ 3HAYUTETLHBIM TAJCHUEM MEPEMEHHOTO HANPSIKEHHS Ha
npoccene L. B To e Bpemsl, najeHus MOCTOSHHON COCTABISIONIEN HAMPSIKEHUS HA
(punbTpe NPaKTHYECKH HET, TAK KaK aKTHBHOE CONPOTUBIIEHUE apoccens Lg maro. C
y4€TOM pPEKOMEHAaNui 110 BeIOOpY 3HaueHud Cg U L, U3JI0KEHHBIX pPaHEe, BbIpa-
xKeHus s koddduimenta criaxuBanus LC-punpTpa (eciu npeHeOpeds aKTUBHBIM
CONpPOTUBJIEHHEM apocces L), MoxkHO 3anucath B Buje [11]:
diLc = 47‘[2 fOZCHmZL(bC(l) -1.
B ManoMontHbIX BBIIPSIMUTENAX, KOTraa TpeOyeTcs 3HAYUTEIbHO YMEHBIITUTD

Maccy, rabapurthl ¥ CTOUMOCTb (UIIBTPA, BMECTO Apoccens Lg OOBIMHO BKIHOYAIOT
pesucrop Ry (puc. 3.4.6). Criaxusaroiee AeHCTBHE pe3nucTopa Ry 3akimodaercs B

TOM, YTO IPH COOTHOIIEHUU CONPOTUBIEHUA Xc << Ry Ha Ry mpoucxoaut 60biee
MaJicHue MEPEMEHHON COCTABJISIONICH BBIMPSMIICHHOTO HAIpPSKEHUS, YEM MOCTOSH-
HOW. B uTore moJisi mepeMEHHON COCTABJIAIONICH MO OTHONIEHHIO K MOCTOSSHHOW Ha
Harpy3ke Ry 3HaumrensHO yMmeHbmaerca. Kosddumument crioaxuBanus maua [ -
obpaszHoro RC-¢punbpTpa onpeaensercs u3 Bbipaxenus [14]:

RH

q RC = mznfOCH Rq)C(b .
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Y100l MasieHne TMOCTOSHHOM COCTABIAONICH HANpsHKeHUs Ha pesuctope Rg

ObLII0 MUHUMAIIBHBIM, 3HAUCHUs Ry U R BHIOMPAIOT COU3MEPUM PABEHCTBY

R
—1 =05...09.
RH + Rq)

Cnenyer oTMeTuTh, 4To0 KO3 ¢uuueHT criaxuBanusa RC-punbTpa MeHsble,
yeMm y LC-dunbrpa, u3-3a najeHuss HaNps>KEHUs MOCTOSHHOM COCTaBIIAIONIECH Ha pe-
suctope Rg. Ecmu koadduiment criaxusanus [-00pasHbIX QUIBTPOB HE YI0BIIE-
TBOpSIET TPeOOBaHUSAM 1O KOADPUIIMEHTY CTiaXKUBaHUs, TO NpuMeHstoT [1-o0pa3Hbie

(GUIBTPBHL.

3.3 II-o6pa3Hble GUILTPHI

H-O6pa?>HI)IC (1)I/IJII)TpI)I TaK)K€ OTHOCSATCS K MHOTO3BEHHBIM. OHH MnpcacTaBis-

10T co0oii mocieoBaTeNbHOe coenuHenue mnpocteiiero C-¢puibtpa u ['-00pa3HbIx
LC- (puc. 3.5.a) wnu RC-¢punbrpos (puc. 3.5.0).

Lq) R(b
0T Y Y Y o L J
C C
Upx __C(bl __C(b2 I:] RH Upx | == o1 e I:] I:QH
Uy Ug
O O
a o

Puc. 3.5. Ilpunnunuanbaeie cxeMbl [1-00pa3HbIX GUIBTPOB:
a — LC-punptp; 6 — RC-punprpa

KoadpunmenT crnaxvBanus MHOTO3BEHHBIX (PUIBTPOB paBeH (IIpU cOOIIIOIC-
HUU OTPEICTICHHBIX YCIOBHIA) MPOU3BENCHUIO KO (DHUIIMEHTOB CTIIaKUBAHUS €TO CO-
CTaBISIIONINX 3BeHBbEB (PuiibTpoB). [loaToMy BeIpakeHue s koddduimenTa cria-
xuBanus [[-o0pazHoro GpuibTpa MOKHO 3aMKUCaTh B BUJIE:

4= Ac dr
rae qc, qr — KodhPUIMEHTHI CriIaKuBaHusI, COOTBETCTBEHHO, C-(huimbTpa
u ['- oOpazHoro ¢punbTpa.

[Tpu compoTUBIEHUAX HArPY30YHOTO YCTPOWCTBA B HECKOJBKO KMI0OM mpu-
MmensroTcs [1-o0paszapie RC-GuiabTphl, a MpU MalbIX COMPOTHUBICHUSX (HECKOJBKO
Om) — LC-punpTpsl. Hanbonsmmii kodddurment crinaxupanus [1-o6pazHoro Gpuib-
Tpa pocturaetcs npu ycnoBun Cl = C2. [1-o6pa3Hbie GUABTPHI 1IeIeCO00pa3Ho MPH-
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MEHSATb, €CIM KOA()PUIIMEHT CriaXuBaHUS JOJDKEH ObITh HECKOJIBKO COTEH U OoJee.
Hapsny ¢ 66mpmum ko3 uurenTom criaaxuBanus [1-o0pa3Hblii GuibTp mo cpas-
HeHuto ¢ ['-00pa3HbIM umeeT 00bIlINe rabapuThl, MacCy U CTOMMOCTb.

3.4 Js1eKTpOHHbIE GUJIBTPBI

B nocnegnee BpeMs cTajqu MPUMEHSATHCS AJNEKTPOHHBIE (DUIBTPBI, B KOTOPBIX
BMECTO ApOCceieil UCIIONB3YIOTCS TPaH3UCTOPhI. Takas 3ameHa Mo3BOISIET N30aBUTb-
Csl OT MEPEXOJHBIX MPOLECCOB, OTPULATEIBHO BIMSIONIMX Ha pabOTy HAarpy304HOTO
yCTpoicTBa U caMoro BeinpsMurens. [Ipu 3ToM, cHIKarOTCS rabapuThl, Macca U CTO-
UMOCTbh UCTOYHHUKA MMUTAHUS.

[IpumeHeHne OUMONSPHBIX TPAH3UCTOPOB B (PUIBTpaX OCHOBAHO Ha pa3iivy-
HBIX €r0 CONPOTUBJIEHUSX MOCTOSIHHOM R= m mepemeHHol R~ cocraBistomux Kou-

nexktopHoro Toka. Ha puc. 3.6.a npuBeneHa BbIXogHas XapaKTepUCTUKA OUTIONISPHO-
ro TpaH3UCTOpa, Ha IOJIOTOM Y4acTKe KOTOpoi Haxoautcs pabouas touka O. Ilpu
ATOM, CONPOTUBIIEHUE YYacTKa KOJJIEKTOP-3MUTTEP TPAH3HCTOPA MOCTOSHHOMY TOKY

(cTaT4ecKoe COMPOTUBIICHUE), OTIPELISIEMOE PAaBEHCTBOM
R= = Ukno/lxo,

Ha JBa-TpH IOPAAKA MCHBIIC COIIPOTHUBJIICHHUA 3TOI0 YYaCcTKa IICPEMCHHOMY TOKY (,III/I-
HaMHWYECKOE COHpOTI/IBJIGHI/IG), onpeacsiIeMoC PaBCHCTBOM
R-. = AUKQ/AlK

Iko S *A|K o QQ

Y .
AU R i
. o . Lig H R

UK3

Ukno

a ob

Puc. 3.6 BeixogHas xapaKTepHCTHKA OUIIOISIPHOrO TpaH3KucTopa (a)
U CXeMa MPOCTEHIIEro 3JICKTPOHHOIO puibTpa ()

Ha puc. .6.6 nzo0paxkeHa cxema MpOCTEHUINETO IEKTPOHHOTO (UIbTpa Ha OU-
MOJIIPHOM TPAH3UCTOPE, B KOTOPOM TpaH3UCTOp VT BKIIIOUEH MOCIETOBATEIHHO C

Harpy304HbIM comnpoTuBiieHHeM Ry. B saToM Qunbtpe mns obecneuenus: Guxcupo-
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BAHHOTO MOJIOKEHUsI padouell TOYKHU Ha MojoroM (paboyeM) ydyacTKe BBIXOJHOM Xa-
paKkTEepUCTUKU B 0a30BYyIO LENb TpaH3UCTOpa BKIOUeHa RC-nenb, mocTosHHAs Bpe-
MeHu kotopoit (t = RC) momkHa ObITh MHOTO OOJIBIIIE MEepHOa T OCHOBHOW rapMo-
HUKH BBINPSAMIIEHHOTO HamnpskeHus1, To ectb RC >> T, npu 3ToM, 60ab111as YacTh 1e-
PEMEHHOI COCTaBIIAIONIEH TOKa BBIIPSIMUTENS 3aMblkaeTcs depe3 konaeHcatop C,

obpa3yst Tok Ic. B pesynbrare Tok 0a3bl ip, a, ClIeJOBATEIbHO, U TOK HArPy3KH Iy

(aMHTTEpa) TPAH3UCTOPA MPAKTUUYECKU HE COJIEpKAT MEPEMEHHON COCTaBIISIOMICH.

OnexkTpoHHblE (UIBTPHI MMEIOT MEHBIIUN KOd()PUUMEHT CcriakuBaHUs B
CpPaBHCHUH C WHIYKTUBHBIM (UIBTPOM M CIVIAKWBAIOT ITYJIbCAIlUU HAIPSHKCHHS
npumepHo B 3-5 pa3 [11]. [IpumeHeHue B 3JEKTPOHHBIX (PHIBTPAX ONEPAMOHHBIX
YCUJTUTEINEH MO3BOJISIET MOBBICUTh KOO(PPUIIUEHT CTIKUBAHHUS 10 HECKOJIBKUX ThI-
csY.

3agaua 8. Ha puc. 3.7 mpeacraBieHa cxema OJHO(PA3HOTO MOCTOBOTO
BRIMIPSIMHUTENIS ¢ [1-00pa3HbIM MHAYKTHBHO-EMKOCTHBIM (priibTpoM. HommuHaNBHOE
HanpspbkeHue Harpy3ku Uy =100 B, HoMuHanbHas MomHocTs — Py =50 Br,
TOMYyCTUMBIA K03 duineHT nynabcaruu 0,5%, HanpsokeHUE CETH MEPEMEHHOTO TOKa
U1 = 220 B, npu yactote 50 I'm.

ivo Ly
_‘>. S —
® Y Y Y g
Uvpi -
iy vD1 /AVD3
o—= T *=
—>
iy Cl = C2 — I:lRH
Uz
Uz
5 ' éz'ﬂ
_(+ u
/NVD2 VD4 H
3
Puc. 3.7

BreiOpats TN IMOJOB, OMPENETUTh PACUETHYIO MOIMHOCTh W KOA(hQUIMEHT
TparchopManuu TpaHchopMaTopa, a TaKKe mapaMmeTpsl GuIbTpa.
Pemenne
1. Beibop nuooB.
Tok Harpy3ku onpenensroT no Gopmyre:
P, 50

=0 ="_—05A.
U, 100
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I[Hﬂ OI[HO(l)aSHOFO MOCTOBOI'O BBITIPAMUTCIIA CPCAHCC 3HAUCHUC IIPAMOIO TOKa
qcpe3 Ao OonpeACsiCTCsa OTHOMICHUCM
I 0,5
Iyp =2 =22 20,25A.
2 2
OOpaTHOE MaKCUMAJILHOE HAMPSHKCHUE Ha BEHTHJIE HAXOJISAT M3 PAaBEHCTBA:
Uo6p.max =~2-Uyp,
a CpPEJTHEBBINPSIMIICHHOE HAIPsKEHUE Ha Harpy3Ke:
Upep = 09U,

CJICA0OBATCIIBbHO

V2
U06p. max — @ ) UH,cp :1’57UH.Cp :1,57 -100 =157 B.

Beiouparor nuoasr KJ[105b, mapaMeTpbl KOTOPBIX YAOBJIETBOPSIOT HEPABEH-
CTBY:
|np.max =03A>Ilyp =0,25A;

U06p.\/D =400 B>Uo6p.max =157.

2. OnipezienieHre napameTpoB TpaHchopmMaropa.
st onHO()a3HOTO MOCTOBOTO BBINPSMUTENS ICUCTBYIOIIEE 3HAUYEHNUE BTOPUY-
HOT'O HANPSKEHUS OMPENIEITUTCS PAaBEHCTBOM:
Uy =Uyp =111-100 =111B.

Otkyna ko3 dunmeHT TpanchopMaliu HaXo AT U3 COOTHOIIECHUS :
U 220
n=—=% ~2

=0 X Tt

PacuétHast MOIIHOCTH TpaHCPOpMATOpa HAXOIAT U3 COOTHOIICHHUS:

Spaca =1,23P; =1,23-50 =61,5BA.

Breibupator TpaHcopmaTop ¢ mapamMeTpaMH, YAOBICTBOPSIONIUMH HEpaBCH-

CTBY:
Stom =63 BA >S4 =615BA.

3. Omnpepenenne mapaMeTpoB PUIIbTpa.

KoaddunmenT mynapcanmii Ha BeIXojae 04HO(GAa3HOTO MOCTOBOTO BBIIIPSIMUTEIS
cooTBeTcTBYeT BenmuuHe P1 = 0,67. Homyctumbiii koddumumeHT myabcanuid 0
YCIIOBHIO 33J1a4¥ JIOJDKEH YAOBIETBOPATH 3HaueHuto Py = 0,005.

Koaddumment crinaxxuBanust GuibTpa OnpeaessitoT U3 COOTHOIICHHUS:
_pp 067

=20 _134.
p, 0,005

Oz
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[T-o0pa3ubiii GuiibTp coctout U3 mpoctoro C-¢unetpa u I'-o6pasnoro LC-

¢unbTpa. Ero koadhuumeHT criaxxuBaHusi ONpeaesieTcss pAaBEHCTBOM:
Uy =Uc Y

[TpuHMMaOT EMKOCTh KOHACHCATOPOB (UIBTPA CO CICAYIONIMMH HapaMeTpa-

mu: Cq = C» = 100 mx®d. Torma
qc =2nf ;i RyM =27+ 2-50-100° . 200 =12,6,

rae Ry — conpoTuBiieHrEe HATPYy3KH, ONPEAETIEMOE U3 COOTHOIIICHUS |
U 100
| =P === =200 Om.

H.CD 0,

R =

Torna koaddunment criaaxuBanus LC-punbTpa MOKHO ONPEACTUTh CIEAYIO-

UM 00pa3om:

qs 134
=—==—-=10,6.

[Tapametprl LC-punbTpa onpenensroT U3 COOTHOIICHUS
qQc+1  106+1

(2nfm)?  (2-7-50-2)2

ITpu Cy = 100 Mx®, UHIYKTUBHOCTH (DMIIBTPA HAXOST U3 BBIPAKCHS:

Lo - LyC2 _29,4-107°
C2 100-107°

LyCa = =29,4-107° rn-o.

~0,03TH.

[Tapamerpsr puptpa: C1 = Cp = 100 Mk®, Ly, = 0,3 I'H y10BIETBOPSIOT yCII0-

BUSM 3 ()EKTUBHON pabOTHI:

<< R, 1 moL; >R, .
moGC, H b H
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4 CTABHUJIM3ATOPBI IOCTOAHHOI'O HAITPAKEHUA

HampsikeHne Ha Harpy3ke MOXKET CHIBHO HM3MEHSTBHCS 32 CUET BO3ICUCTBHS
psana nmecrtabmmm3upyromux (pakrtopoB. OCHOBHBIMH W3 HUX SIBJISIOTCS H3MEHCHHUE
HaIPsHKCHUS CETH M TOKa Harpy3ku. HampspkeHue MpOMBINUICHHBIX CETeH MmepeMeH-
HOTO TOKa MOXET OTJINYAThCS OT HOMHUHAJIBLHOTO 3HAUEHHUS B IMpeaeiiax oT +5 1m0 —
15%. dpyrumu nectabmin3upyromuMu GakTopamu SBISIOTCS U3MEHEHHE TeMIepa-
TYpbI OKpYXKarlomel cpeibl, KoJieOaHue 4acTOThl U T.11. [[puMeHeHne cTabmIm3aTopoB
HANPSDKCHHSI TUKTYETCS TEM, YTO COBPEMCHHAs DJICKTPOHHAs ammaparypa MOXET
HOPMaJbHO (PYHKITMOHMPOBATH MPH HECTAOMJIBLHOCTH IMUTAOIIECTO HANPSHKCHUS Me-
Hee 0,1-3%, a 111 OTAETBHBIX YCUJIUTENEH MOCTOSIHHOTO TOKAa U AJIEKTPOHHBIX U3MeE-
PHTENBHBIX IPHOGOPOB HECTAOMIBHOCTD HE TOJDKHA peBbinaTs 10 %.

CTaOniIn3aTopoM HAmNpsDKEHUS HA3bIBACTCSA YCTPOWCTBO, aBTOMATHYCCKH
oOecrieunBarolee MojAcp)KaHue HANpsHKCHUS B Harpy304YHOM YCTPOWCTBE C 3aj1aH-
HOM CTEICHbIO0 TOYHOCTH.

Ctabuian3aTopbl TOCTOSHHOTO HAIPSKCHUS KIACCH(PUIUPYIOT MO PSIAY IpH-
3HAKOB:

- 110 CNI0CO0Y CTaOMIIM3AIMY — MapaMETPUIECKUE U KOMIIEHCAIIMOHHBIE;

- 10 croco0y PeryjaupoBaHUs — HEMPEPHIBHOTO U MUMIYJIbLCHOTO pEryanpoBa-
HUSL.

OCHOBHBIM MAPaMETPOM, XapaKTEPUIYIOIIUM Ka4eCTBO pabOThl BCEX CTAOMIH-
3aTOPOB, SABIACTCS KOADPUIIUCHT CTAOMIIU3AIIUH.

Koagpdpuyuenmom cmabunuzayuu 1Mo HANPSHKESHUIO HA3BIBACTCS OTHOIICHHUE

OTHOCUTCIIbBHOT'O M3MCHCHHSA HAIIPAKCHUA HAa BXOAC UBX CTa6HJII/I33TOpa K OTHOCH-

TEJIbHOMY U3MEHEHUIO HANPsDKEHUA Ha Harpyske (Bbixoze) Uy:
AUy Uy
Keru =
AU, U,

rae AUgy , AUy — pupaliienusi, COOTBETCTBEHHO, BXOHOTO HAMIPSKESHUS

U HaIPSDKEHUS Ha HAarpy3Ke.
Kpome xorddummenta craOunmzanuyd CTaOMIN3aTOPHl  XapaKTEPU3YIOTCS

BHYTPEHHHM COINPOTHBICHHEM Rjcp M KO PUITMEHTOM MOIE3HOTO ACHCTBUS T\cr-

3HaueHrEe BHYTPEHHETO COMPOTHUBIICHUS cTadmimm3aTopa Rjcr MO3BOMSIET ompe-
JICATh TTaJICHUE HAMpPsOHKEHUE HA CTA0WIM3aTOpe, a, CIeNOBAaTEIbHO, U HAMPSHIKEHUE
Ha Harpy3ke Uy npu M3MEHEHUAX Harpy304HOro TOKa.

KITJI crabunuzaTopa XapakTepu3yeT MOIIHOCTb MOTEPh B HEM U SIBISIETCS OC-
HOBHBIM PHEPTreTHYECKUM IoKa3atesieMm cradbunuzatopa. KIIJI onpenensitcsa usz coot-
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HOILICHHUS:
Ner = Pu/ (Py +Pp),
rae Py — nosie3Hast MOIIHOCTh B HATPY304HOM YCTPOMCTBE;
P;; — MOIIIHOCTH MOTEPb.

OCHOBHBIMH XapaKTEPUCTUKAMH CTaOMIN3aTOPA HAMIPSKEHUS SBIISIOTCS |
1) 3aBHCHMOCTD HANpPsHKEHUS] HA HATPY3KE OT BXOJHOTO HATIPSIKCHHUS :

Ui = f(Usy);
2) 3aBUCUMOCTD HAIPSDKEHUS Ha Harpy3Ke OT TOKa Harpy3KHu:
U =f(ly),
Ha3bIBacMasl TAKXKE BHeuHell XapaKmepucmuKol cmaouiuzamopa.
ITo xapakrepuctuke Uy = f(Ugx) omnpenensercs kod3pGUIMCHT CTaOMIU3ANN

no HanpsbkeHuio Kepy, a mo xapaktepuctuke Uy = f(l,;) — BHyTpeHHee compoTusiie-

HUe crabunuzatopa Rjcr.

3aBUCUMOCTb Upg, 1 = f (Ugx) UMEET BUA, NIpeCTaBICHHBIN Ha puc. 4.1.

AYou
Y &U BhIX I

|
| - -’-‘-I"'st -
|
|
| Uax

ol 0 >

BX Mmin

Puc. 4.1. 3aBUCUMOCTb BBIXOJHOTO HANPSKEHUS OT BXOTHOTO

y CTaOMIN3aTOpa HAMIPSKEHUS

s obecrieueHust TpeOyeMoro 3HadeHUs HamnpspKeHUs Upgpy Ha Harpyske,

MOJKJITFOYCHHON K BBIXOJY CTA0MIHM3aTOpa, HEOOXOAMMO, YTOOBI BXOJHOE HAMpsIKeE-

HUEe OBUIO HE MEHEe HEKOTOPOr0 MHHHMMAJIBHOIO 3HadeHUs Upgy min» KOTOpOE B
CBOIO 04Y€pelb NOJDKHO NMpeBbIATh Upgiiy . IIpym ycnoBun, 4t0 Ugy >Ugiix min -

U3MEHEHHE BXOJHOIO HANPsHKEHHUs AU gy NPUBEAET K BECbMa HE3HAYMTEIbHOMY U3-

136



MEHEHHIO BBIXOJHOIO HanpsHKeHMS AUgp. . HakioH gaHHOW XapakTepUCTHKH Ha

paboueM yyacTKe omnpejensercs: BeauunHoi kordpuimenta cradbunuzanuu K.

Buemmnss xapaxrepuctuka crabummsatopa Upgpy = f(ly) mpu Upgy = const.

(puc. 4.2) noka3bIBaeT, UTO MPHU YBEIUYEHUH TOKA HArpy3Kku |y MpOMCXOAUT HEKOTO-

pO€ CHIKEHUE HanpsikeHus U OT0 00YCI0BIEHO OTIIMUUEM OT HYJI BBIXOJHOTO

BBIX *

COMPOTHUBJIECHUS cTabmin3aTopa. Yem Oosbllle BBIXOJHOE COPOTUBIIEHUE CTa0MIN3a-
TOpa Ry, , TEM O0Jiee KpYThIM OyJ€T HAKIIOH BHEIIHEH XapaKTEPUCTUKH.

AYe
kU TN
N
u A

Puc.4.2. BoixogHasi xapakTepucTuka cTabuin3aropa HanpsKeHus

CHkeHre HanpsDKeHUsI Ha BBIXOJIE TIPU POCTE TOKa Harpyska ly B KommeHca-

IIHUOHHBIX CTa6I/IJ'II/ISaT0an 3HAYUTCIbHO MCHCC BBIPAKCHO, UCM B IIAPAMCTPHUUCCKHUX,

YTO JIOCTUTACTCS HAIMYUEM OTPHUIIATEIbHON OOpAaTHON CBSI3H.

4.1 [lapaMeTpUYeCKUM CTAOUIM3ATOP HANPSHKEHUS

[TpuHIIMT pabOTHI TapaMETPUUECKOT0 CTAOUIN3aTOPa HAMIPSKEHUS OCHOBAH Ha
WCIIOJIb30BAaHUM dJIEMEHTa C HemuHerHHoW BAX — monynpoBOJHHUKOBOTO CTAOWIHT-

poHa (puc. 4.3.a). Ctabmmmtpon VD B crabmim3arope BKIIOYCH MAPAILICIIBHO HATPY-

304HOMY pe3ucTopy Ry. ns cozganus Tpedyemoro pexuma padoThl B CXEMY BKIIO-

4yeH OayutacTHbIN pesuctop Rg [11].
Jliist cxeMbl mapaMeTpudeckoro crabmmmsaropa (puc. 4.3.a) Ha OCHOBE 3aKOHOB

Kupxroda MOXKHO MOITYy4HTh OCHOBHBIE COOTHOIIICHHUS IS TOKOB ¥ HATPSKCHUM :

ler + 1y
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Ugx =1sxRs +Uy.
Jnst ynpouieHust aHanuza paOOThl CcTaOMIM3aTOpa NMPUHUMAIOT JIONYILIEHHUE,

yTto Ry = 0o. Torna umeem cxemy ¢ mocieoBaTeIbHBIM COEMHEHUEM pe3ucTopa Rg

u ctabunutpona VD, onuceiBaeMyio ypaBHEHHEM 3JIEKTPUUYECKOTO COCTOSHUSA

UBX :UCT + ICTR6’

KOTOpPOE MPOCTO pemuTh rpadudecku. [Ipu atom yuutsiBatot, uro Uy = Uer [11].

U
Upyo)
|
Iax R6 I > 2
] 1 BAX VD
%ICT }UH Aq Ar
U U |/NVD U Ry AU
U, Us
-0 o
\ |
ICT.min ICTl ICT2 |CT.max |1 I2
a 4]

Puc. 4.3. Tlapamerpudeckuii cTabMIN3aTOP HAIIPSKEHUS :
a — IPUHIUNHAIbHAS cxeMa; 6 — BAX, TOSICHSIFOIIIAst IPUHIIAIT PabOThI

Ha puc. 4.3.6 nzobpaxensl BAX crabunurpona VD u BAX nuneitHo#t yacTu
cxembl — JIMHUU | 1 2 Harpy3ku. Touka nmepeceyeHus XapakTepUucTHK A OompeaesieT

TOK | uepe3 crabunutpon VD u Hanpsiokenue crabunuzanuu U, paBHOE Hampshke-
Huro Ha Harpy3ke Uy. Tak npu BxogHoM HamnpsokeHUU Ugyi, BAX nuHelHO# yactu
CXEMbl 3aHUMAET MOJIOKEHHE 1, yepe3 cTaOMIIUTPOH MPOTEKAET TOK lc1, @ HampshKe-
HUue Ha Harpy3ke Uy paBHO HampspkeHHI0 Ha ctadmimtpoHe Ugpp (uist Touku Aq).
IIpu yBenmyeHun BXOJHOTO HampspkeHUs Ha BeMUUUHY AUgy 0T Ugyq 10 Ugyy BAX
JTUHEHHOW YaCTH CXEMBbI TIEPEMECTUTCS MapauIeIbHO caMOi cebe U 3aiiMeT MOJIokKe-
Hue 2. M3 puc. 4.3.6 BugHO, 4TO HampspKeHHWe Ha ctadmiautpone U.p, a, clemoBa-
TEJIbHO, ¥ Ha Harpy3ke Uy, m3MeHHTCS (YBEIHMUYUTCS HE3HAYMTEIHHO) HA BEIIMYUHY

AUy (Touka A»). IIpy yMeHbIIEHUH BXOJHOTO HAMPSHKEHUS! TPUHIUI PA0OThl CXEMBI
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aHanorudeH. Takum 00pa3oM, MpU U3MEHEHUU BXOAHOrO HampspkeHust Ugy Hanpsixe-
HUe Ha Harpy3ke Uy ocTaeTcst NpakTH4YeCKU HEM3MEHHBIM.

Tak kak padounii yuactok BAX crabunurpona VD orpannueH MUHUMaIbHBIM
ler.min 1 MaKCUMaNbHBIM | max TOKaMu cTaOWIU3aIMKU, COMPOTUBIICHHE PE3UCTOPA
Rg BbIOMpaeTCcss TakuM oOpa3oM, 4yTOOBI JTUHUSA Harpy3ku mnepecekana BAX crtabu-
JUTPOHA B TOUKE A, COOTBETCTBYIOIIEH HOMHUHAILHOMY TOKY cTadbuiutpona VD.

B peanbhbix ycnoBusix Ry # oo, mostomy cymmapnas BAX crabunurpona VD u
HArpy304HOro pesucropa Ry mepemMecTHTcss B CTOpPOHY OOJBIIMX TOKOB, U PEXUM
cTabunu3anuu OyneT HacTynaTh npu O0GabIIEM BXOAHOM HanpsbkeHun Ugy. Crenyer
OTMETUTb, YTO CTAOUIIU3ALIMS BBIXOAHOTO HANpPSKEHUsT oOecreyruBaeTcs crabuin3a-

TOPOM H IIPHU UBMCHCHHH TOKA HAI'PY3KU IH

Kax Bunno u3 puc. 4.3.6, crabunuzarop padotaet Ha JuHeiHOM ydyacTke BAX
CTaOMJIMTPOHA, HAKJIOH KOTOpOH onpenensiercsa nuddepeHnalbHbIM COPOTUBICH U-
€M CTaOUIUTPOHA

B cooTBeTCcTBUM € 3TUM MOYKHO 3alKcaTh BRIpaKeHHE sl pupanienuii [11]:

AU, Ry /(g + Ry)
AUgy  Rg + 1Ry /(ry + Ry)

Tak kxak B ctabunusarope o0bIuHO 'y << Ry 1 ; << Rg, TO BbIpakeHUE Ul KO-
s uirenTa cTabUIN3aNK MapaMeTPHIECKOTO CTAOMIN3aTOpa HAMPSHKEHUS MOYKHO
3alMcaTh B BUJIC:
y AU /Ugy  RgUy
cTyU — ~ .
AU, /Uy, Uy

BuyTpeHHee (BBIXOJHOE) COMPOTHBICHUE MapaMETPUUYECKOTO CTa0MIM3aTopa
ONpENIEIACTCS 3aBUCUMOCTBIO!

Ricr = I'z.
Kosdbdumment crabmwmmszanmun Kgpy mnapaMeTpuyeckux CTaOWIN3aTOPOB
HaMPsHKCHUS HA TOJYIMPOBOJHUKOBOM CTAOWJIMTPOHE MOXKET JOCTHTaTh 3HAYCHHM

30-50, a BenmmunHa Rjcr HAXOMUTCS B TIpeIesiax oT HecKoabkux Om 10 coteH Om.

3amMeTuM, YTO MapaMeTpbl MapaMEeTPUUYECKOro CTa0MIM3aTopa ONMpPEAEIISIIOTCS
napamMeTpaMH HCTOJIb3YEMOT0 CTa0MIMTpOHA (OTCIO/a Ha3BaHHME — «IapaMeTpude-

CKHII»). [I71s1 mOBBILIEHHS] CTAOUIM3UPOBAHHOTO HANIPSIKEHUSI IPUMEHSETCS MTOCIEA0-
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BaTEJIbHOE BKJIIOYEHUE CTAOMIUTPOHOB. [lapannensbHoe ke BKIOYEHUE CTaOUIUTpPO-

HOB B HCJIAX ITOBBIICHUSA HAI'PY30YHOI'O TOKA HE AOITYCKACTCA.

Jlist yBenuueHus cTabuiabHOCTH HanpsbkeHus Ugp mpu M3MEHEHUH TeMIepary-

PBI MOCJIEI0BATENBHO CO CTAOMIMTPOHOM BKJIIOYAIOTCA HECKOJIBKO JHOJ0B B MPSIMOM
HampaBieHUU. Tak Kak CTaOMJIMTPOHBI HMMEIOT MOJIOXKUTENbHBIA KO3(P(PULHUEHT
Hanpspbkennst TKH (oxono 4 MB/ °C), a auonbl mipu NpsSIMOM BKIIFOUEHUU — OTPHIIA-
TenbHbINA (0K0JI0 2 MB/ °C), TO OTKJIOHEHMS HanpsKEeHUN KomneHcupyrorces. Hampu-
Mep, B ctabumutpone tuna JI818E mocnenoBaTesibHO CO CTAOMIMTPOHOM BKIIOYAIOT
nBa nuoaa, kotopeie odecneunBaoT TKH no 0,001 %/ °C.

OCHOBHBIMHM JJOCTOMHCTBAMHM MapaMETPUUECKUX CTAOMIN3aTOPOB HAINPSIKEHUS
ABJIAIOTCS POCTOTA KOHCTPYKUMU M HaAEXKHOCTh paboThl. K HemocTaTkaM cieayer
OTHECTH HeOoJbIoN ko3 dunreHT ctabunuzaiuu, HeBbicokuii KI1J[, He mpeBsimia-
ot 0,3, OTHOCUTENBHO OO0JbIIOE BHYTPEHHEE CONMPOTUBIIECHUE, a TAKXKE Y3KUU U
HEpEryJIUpyeMbIi 1Uana3oH cTabunuznupyeMoro HanpsbkeHusi. Eciau takue nmokaszare-
JIM TTApaMEeTPUUYECKOTO CTAa0MIIM3aTOpa ABIISIOTCS HEJOCTATOYHBIMHU, TO UCTIOJB3YETCA

KOMHGHC&III/IOHHBIﬁ CTa6I/IHI/IBaT0p HaIIPSAKCHUA.

4.2 KoMneHCauMOHHBII CTAaGU/IM3aTOP HANPSKEHUA

KoMreHcanoHHbIi cTabUIu3aTop HanpsKeHus padoTaeT 1Mo MHOMY MPHUHIIU-
ny, HeXelu napameTpudeckuil. [IpuHIuUN AeHCTBUS KOMIIEHCAIIMOHHOTO CTa0WIn3a-
TOpa HANPSKEHHS. OCHOBAH Ha M3MEHEHUHU COMPOTUBIICHUS PETYIUPYIOIIETO JIEMEH-
Ta B 3aBUCHUMOCTH OT YIIPABJISAIOIIETO CUTHAJA.

KoMmrmeHcanmonnple  CTa0MIM3aTOpPhl  HANPSDKEHUS  SBJSIIOTCS  CUCTEMOM
ABTOMATUYECKOTO PETYJIMPOBAHUS MO OTKIOHEHHIO, B KOTOPOW Oiarojaps HaJIMYUIO
oTpunaTenbHoi oopaTtHoii cBsizu (OC) obecrieunBaeTCsi MOCTOSHCTBO HATMIPSIKEHUS HA
Harpy3ke C BBICOKOM CTENEHBIO TOYHOCTH. KoOMIEHCAallMOHHBIE CTa0UIM3ATOPHI
JUIICHBl HEIOCTAaTKOB, CBOWCTBEHHBIX IMApaMETPUUYECKUM CTAOMIM3aTOpaM, 4YTO
JIOCTUTAETCS YCIOKHEHUEM CXEMBI.

JIOBOJIBHO 4YacTO Ha MPAKTUKE HMCHOJIB3YETCS NpOCmeutiutl KOMNeHCayuoHHbIU
CMAOUIU3AMOP HANPANCEHUS HenpepbieHO20 Oeticmaus (TUHEWHBIN), cXeMa KOTOpPOTro
npuBegeHa Ha puc.4.4. B KOMIEHCAIMOHHOM CTa0MIM3aTOpe Harpy3ka Ry
MOAKIIOYEHA K HMCTOYHHUKY BXOJHOrO HampsbkeHus Upgy uepe3 perynupyromui
Tpan3uctop VT, ciegoBaTeNbHO:

UBX :UVT]. +UH.
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VT Uyt

+ o—o S
A
Usx i » I::I Ry
Uon ZSVD 1, U,
o! ® =

Puc. 4.4. [lpunuunuanbHasi cxeMa MpoCTeUIero KOMIEHCAMOHHOTO
cTabuiinzaTopa HanpsLKeHUs

[ToaTOMy M3MEHEHHE COMPOTUBIICHUS peryiupymoiero Tpansuctopa VI B co-
otrBeTcTBUU ¢ curHajgoMm OC mo3BossieT noajiep kuBaTh Hanpsbkenue Uy Ha Harpyske
NPAKTUYECKH HEU3MEHHBIM MTPHU BO3JAEHCTBUU AECTAOMIN3UPYIOINX (PAKTOPOB.

3nech onopHoe HanpsikeHue Upp co3maercs mapamMeTpuyeckuM CTaOuiIn3aTo-
poM HampsbkeHus: Ha ctabunutpone VD u pesuctope R, a ponb cpaBHHMBAIOUIETro u
PETYIUPYIONIETO JIEMEHTOB BBITIOJIHIET OUTIONISIpHBINA TpaH3ucTop VT.

Hanpsixenue Ha Harpyske Uy npencrasisier coO0 pa3HOCTD!

Uy =Uon —Ups-

B HOpManbHOM pexxume, KOTJla OTCYTCTBYET NEHCTBUE AECTAOUITU3UPYIOIINX
(bakTOpoB, pexuM pabOThl PETYIHPYIOLIETO TPAH3UCTOPA BEIOMPAETCS TaK, YTOOBI OH
OBLIT HE TIOJIHOCTHIO OTKPBIT HanpsbkeHreM cMmenieHus: Ugn, KoTopoe 00BIYHO COCTaB-
nsiet ot 0,4 1o 0,6 B. Ilpu sToM HanpspkeHHe Ha HArpy3Ke MPaKTHYECKU PaBHO OTOp-
rHomy Hanpspkeruio: Uy ~Uqp.

[Topsimox pa®oThl KOMIIEHCAIIMOHHOTO cTadmimm3aropa. Eciau, mo kakum-immbo
npuurHaM Hanpspkenue Uy yMeHbIIUTCA, TO, PU 9TOM, Hampsikenue Uon Ha cTabu-
autpone VD mpakTU4YecKH HE U3MEHHUTCS. DTO MPOUCXOIUT, MOTOMY YTO HaIpsiKe-

Hue Mexay 6aszoit (b) u amurrepom (3) Ugs, onpeaensemoe (puc. 4.4) pa3HOCThIO
Ugs =Ugn —Up,

yBennuuBaeTcs. Tok 0a3pl TPaH3UCTOPA TAKXKE YBEIMUYUBACTCS, TPAH3UCTOP MPH OT-

KpbIBaeTCsl, MaJieHUE HaIpsDKEHUS Ha HEM yYMEHbINaeTcs, a Hanpsbkenne Uy yBemnmu-

YUBACTCS M €T0 3HAUCHUE YCTAaHABIUBACTCS OJU3KOE K HOMHUHAIBHOMY.
KoapdummenT crabmmmszanum no HanpsokeHus K.y AaHHOTO cTabmiam3aropa

MOJKHO PacCUMTATh 10 CIIeAyoIIel mpuomkenHon Gopmyse [15]:

UH 'K

UBX I’H +1Ig + r3(1+ h213) ’

Ketu =
rae Iy, I, ' — CONPOTUBICHUS COOTBETCTBEHHO KOJIJICKTOPA, AMUTTEPA, 0a3bl
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T-o06pa3Hol cXeMbl 3aMelIeHUsI OUTIOISPHOTO TPAH3UCTOPA;
hy15 — ko3 duimeHT nepeaaun Toka Tpansucropa VI B cxeme ¢ 00mum

AMUTTEPOM.
Jist paccmaTpuBaeMoil cxembl BelMuyuHa Kod(p¢uuuenta crabunumsamuu K

Haxonutcs B npenenax: Ky =~ 150-300.
Buytpennee conpotusiienne Rj.r ctabuinzaropa onpenensercs no Gopmysie:

I+
Rir =y AT
1+ h213

C nenbto yBenuyeHus koddpduimenta crabuiuzanuy craduiau3aTopa B IIENb
OC BBOOUTCS YCUIIUTED.

Ha puc. 4.5 npuBeneHa CTpyKTypHasi cXxeMa KOMITIEHCAI[HOHHOTO CTabuin3aTopa

HCTIPCPBIBHOTO I[CﬁCTBPISI C YCHUJINTCIICM B LICTIN 06paTHOﬁ CBs3H.

Ups
IBX IH
+0 PD *
Yy
UBX A |:] RH
AU
VOH -~ YC | JH U
! Uon Uo '
-0 ® *

Puc. 4.5. CtpykTypHas cxema KOMIIEHCAIIHOHHOTO CTabmIIn3aTopa

HaIIPsSKEHUS HEITPEPBIBHOTO JEHCTBUSA

[Topsmok paboOThl KOMIIEHCAIIMOHHOTO CTAa0WIM3aTOpa HEMPEPHIBHOTO JCH-
ctBusd. B y3ne cpaBHeHuss YC NpPOUCXOIUT HENPEPHIBHOE CPAaBHEHUE HANPSKEHUS
obpaTHO# cBsi3u U ¢, CHUIMAEMOro ¢ JaTurka Hampsbkenus JIH, ¢ onopHbM Hampsi-

KeHneM Ug;, CHUMAaeMbIM C MCTOYHHMKA onopHoro HampsbkeHus MOH. Pesynbrar
cpaBHeHus: AU ycunmBaercs ycunuteneM Y W MOAACTCS HA BXOJ PETYIHPYIOMIETO
sanemenTta PO, manenue HampsixeHus Ha KOTopoM Upn KOMIEHCHPYET JNEWCTBUE Je-
CTAOMIM3UPYIOIIUX (DAKTOPOB.

J11st cTpyKTYpHOUM cxeMbl (puc. 4.5) crpaBeIMBbI CIEAYIOIINE COOTHOIICHUS :
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- Il BHEIITHETO KOHTYpa CTabuian3aropa
Upx =Ups +Uy;
- U1 y3J1a CpaBHEHUs
AU =Uqgc —Ugys
- U1l Harpy3KH
U, =14Ry;
- IUIs1 TaTYUKa HaPsHKEHUS
Uoc =BUy,
rae 3 — ko3 duuueHtT oopaTHOM CBS3H.

[Tpu yBenuueHuu BXoHOTO HanpsokeHUs: Upx WIM yMEHBIIEHUHM TOKA HATPy3-
ki |y HECKOJIBKO TOBBIIIACTCSl HANpPsDKEHUE Ha Harpy3ke Uy, OTKIOHSSACH OT CBOETO
HOMUHAJILHOT'O 3HAUCHMUS, IPU ITOM, yBeIU4IUBaeTcs HanpsokeHue Ugc, sBIsoneecs
yactbto Uy, a Hanpsokenne Uopp octaercss Hen3MeHHbIM. Kpome Toro, yBenuuuBaeTcs
Hanpsbkenne AU Ha BbIxoJie y3iia cpaBHeHHs Y C, KOTOpO€ YCHUIIMBAsCh B YCUIIUTETE
VY nopaercs Ha BXOJl peryaupyoIIero jeMeHTa PO u yBenuuuBaeT ero conpoTHBIe-
HUE TakuM oOpaszoM, uto HampsbkeHue Upy KOMIEHCHUpyeT AEHCTBHE JeCTaOUIU3H-
pytomux dakropoB. B pesynbrate sToro Hanpsskenue Uy ymeHbIaeTcs: v nmpuoOpe-
TaeT 3HauYeHue, ONM3KOe K HOMHHAJIBHOMY C OIPEACNICHHON CTENEeHbI0 TOYHOCTH.
IIpn ymeHbIIeHUN BXOIHOTO HamnpsbkeHuss Ugx WM yBEJIMYEHHH TOKA Harpys3ku ly B
CXEME MPOTEKAIOT IPOTUBOIOJIOKHBIE MPOLIECCHI.

Ha puc. 4.6.a npuBenena cxemMa KOMIIEHCAIIMOHHOTO CTaOWiIM3aTopa Ha JIHC-
KPETHBIX 3JIEMEHTaX — OWMOJSPHBIX TpaH3UCTOpax. Cxema BKIIOYAET: PETYIUPYIO-
muii sneMent PO Ha tpansuctrope VT1 u pesucrope Rp; ycunurens Y Ha TpaH3UCTO-
pe VT2; y3zen cpaBaenus YC — p-n-nepexon 6a3a-smutrep Tpanzuctopa VI2; uctou-
HUK onopHoro HamnpspkeHus: TOH, BhIMOTHEHHBIN B BUE MTApaMETPUIECKOT0 CTa0u-
nu3atopa, Ha ctabunutpone VD u pesucrope Ry; natumk nHanpsbxkenus JH Ha pesu-
CTopax R3, R4, R5.

[Tpu yBenmdeHnn BXOJHOTO HampspkeHUs crabunuzaropa Upx WM yMeHbIIe-
HUU TOKa Harpy3ku |y Hanpsbkenue Uy MOBBIIIAETCS, OTKIOHSSACH OT CBOETO HOMHU-

HAJIBHOTO 3HAYCHUS. YBEIMUMBACTCS dacTh HampsikeHus: Uy, paBHas BUy u sBisro-
masicst curnajgom OC. Tak kak onopHoe HamnpsixeHue Uy, 0cTaeTcsi MOCTOSHHBIM, TO
Hanpsbkenne Ugyy Tpansucropa VT2 Ttakxke yBenumuuaercs. Tpanszuctop V12 npu-

OTKPBIBAETCS, €T0 KOJUIEKTOPHBIN TOK |2 yBeInunBaeTCsl.
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Puc. 4.6. HpI/IHI_[I/IHI/IaJ'IBHBIe CXCMbI KOMIICHCAIITMOHHBIX CTa6I/IJII/ISaT0p0B

HANpPsDKEHUS: @ — Ha OUMOJISIPHBIX TPAH3UCTOPaX; O — Ha ONEPAMOHHOM YCUIIUTENE

qu/ITBIBaH BBIpa}KeHI/IG
Ip1=11—1k>2
u HpI/IHHB HpaKTI/IquKI/I HCU3MCHHLBIM TOK I]_ , TOK 63351 TpaHSI/ICTOpa VTI YMCHBIHa-

eTcsl M OH npu3akpbiBaercd. [Ipu sTom manenue HampsoxkeHust UyT1 Ha TpaH3UCTOpe
VTI1 Bo3pactaet, a HampsbkeHHe Ha Harpyske Uy CHIbKaeTcs u mpuoOpeTaeT 3Haue-
HUe, OJIM3K0e K HOMUHAJILHOMY C OIpPEAENIEHHON CTENEeHbI0 TOUHOCTH. AHAJIOTUYHO
Oyznet orpaborano uzmMenenne Uy pu yMEHbIIIEHUH BXOAHOTO HanpsbkeHus Upy min
M3MEHEHUHU CONPOTHBIICHUS HAarpy3ku Ry (Toka Harpysk# ly).

C moMomipio MepeMeHHOro pe3uctopa Rg4 MOXKHO peryiaupoBaTth B HEOOXOIH-

MBIX Ipeaenax HanpsbkeHue Ha Harpyske Uy. Ilpuuém nepemennenue ABUXKKa mepe-

MEHHOTO pe3uctopa R4 Mo cxeme BBepX MPUBOAMUT K YMEHBIICHHUIO HAMPSHKCHHUS Ha
Harpyske Uy 1 Ha0060poT.

Jlist moBeIieHns KodduipeHTa cTadmIn3aud BMECTO YCHIIMTENSI Ha TpaH-
suctope VT2 B cTaOMiIM3aToOpe 4acTO HCIOIB3YIOT HMHTETPAIBHBINA ONEparimOHHBIN
yeuurens (OY) (puc. 4.6.6), k03dHUIMEHT yCHIIEHUS KOTOPOTO MHOTO OOJIbIIE KO-
s dunmenta ycunenus ycunurens Ha TpaHzuctope V2. U3BecTHO, 4TO HampsKeHHe
Mexay Bxogamu OV mpakTuuecku paBHO HyI0. B crabunmzarope (puc. 4.6.6) pabo-
ta KoHTypa OC mogaepxuBaet paBeHCTBO HYIO pasHocTu BUy—Uoep, moatomy

UH = UOH/ B
Yewm Boimie kodpdurment ycuwnernst OY, TeM TOUHEe BBIMTOTHSIETCS 3TO PaBEH-

CTBO, TeM BbIlIe KO3 uiment ctabunusanuu K .y 1 TeM Hmke Rpprx cTabmimsaro-
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pa. Y KOMIEHCAlMOHHBIX cTabuiau3aTopoB Ha ocHOBe OV K.y MOXET AOCTUraTh
-3 4
HECKOJIbKHX ThICAY, a BHyTpeHHee conpoTuBieHue Rjcr o1 10 ~ 1o 10~ Owm.

Brixonnoe nanpspkenue Uy crabunmszatopa (puc. 4.6.6) npu BEpXHEM IOJIO-

KEHUU JIBIKKA pesucTopa R3 onpenensercs mo dhopmyre:
Uy = Upn(R2 +R3 +R4)/(R3 +R4),

MIPU HIKHEM TIOJIOKEHUHU ABUKKaA pesuctopa R3:

Uy = Uon(R2 +R3 +R4)/(R4).

Koaddunment crabunuzanuu HanpsbkeHust Koy M BHYTpEHHEE COMpPOTHUBIIE-
Hue Rjcp crabmmsaropa (puc. 4.6.6) onpeaensoTcs Beipaxenusmu [ 16]:
U § I

) LEJB)I: (1 +Kh219) “ovi Rier = %’

rae Koy — ko3 dunument ycunenus OY 6e3 OC.

KCTU

ITomumo YMCHBIICHUSA MCIOJICHHBIX U3MEHEHUN BXOOHOI'O HAIIPSKCHUA UBX

KOMIICHCAIIMOHHBIM CTa0WIM3aTop yMeHbIaeT KoddduimeHT nynbcauuii P B Kery
pas.

I[J'I}I YBCIINYUCHU A CTaOMJIILHOCTH OITIOPHOI'O HAIIPSAKCHUS UOH: a, CJIICOOBATCJIb-

HO, ¥ ko3 dunmenTa cradbunusanuu crabuausatopa Kery Ha OV (puc. 4.6.6), mapa-
meTpuueckuil crabmmmzatop Ha VD u R1 moakiro4aroT He K BXO1y, a K BBIXOJly CTa-
ounuzaropa. Ognako npu 3toM OV oxsatbiBaercs AByMs BugaMu OC: OJOXKUTEN b-
HOM M oTpuniatenbHOM. Hanmuune moaoXxuTebHOM 00paTHOM CBSI3U MPUBOJIUT K TOMY,
YTO TPHU BKIIOYEHUU MUTaHUS Ha BbIxoje OY MOXET yCTaHOBUTHCS KaK MOJOXKH-
TENbHOE, TaK U OTPHUIATEIbHOE HampsbkeHue. st Toro, 4ToObl yCTaHABIMBAJIOCH
HaNpsDKEHHE HY)KHOTO 3HaKa, B CXeM€ CTa0MIM3aTOpa UCIOJIBb3YIOTCS JTOMOIHUTEN b-
HbI€ DJIEMEHTHI, OOECIEYMBAIOIINE HEKOTOPYI0 HAYaIbHYI0 HECHMMETPHUIO TpHU
BKJIFOYCHHUH MMUTAHUS, YTO MMPUBOAUT K YCIO)KHEHHUIO CXEMBI.

CpaBHUBasi KOMIICHCAIIMOHHBIN CTA0MIM3aTOp C MapaMeTPUUECKUM, CIIECIYeT

OTMCTHUTH CIICAYIOIMHUC AOCTOMHCTBA KOMIICHCAIIMOHHBIX CTa6I/IJ'II/I33T0p0B HaIIpAXKC-

HUS: BBICOKHH K03 durment cradmwmsanuu (Kqry > 1000); HU3KOE BHYTpEHHEE CO-

npotuBieHue Rjcr oT 10_3 JI0 10_4 OM; mpakTryeckass 0€3WHEPIIMOHHOCTh U OoJiee
Beicokuit KI1JI, cocraBnsronuii 0,5-0,6.

HenmocraTtkamu sBIstioTcs: OOIbBIIAs CIIOXKHOCTh, U, CJIEAOBATEIBHO, MEHbBIIIAS
HaJIE&KHOCTh I10 CPAaBHEHHIO C IMApaMETPUYECKUM CTaOWMIN3aTOPOM; 3HAYUTEIbHAS

Macca, rabapuTbl U CTOUMOCTb, YTO OOBSICHSETCS HE TOJBKO HAJWYUEM OOJIBIIOTO
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KOJIMYECTBA 3JEMEHTOB B CTa0MIN3aTOPE, HO U MPUMEHEHUEM PaIUaTOPOB (0XIaau-
Teneil) 1y o0ecrneyeHus HOpMalIbHOTO TEMIO0TBO/Ia PETYIHPYIOLIEro TPAaH3UCTOPA.

B Hacrtosiee BpeMs MONYYWIM IIMPOKOE PaCHpOCTPAHEHUE KOMIIEHCALlMOH-
HbI€ CTAOMIIM3ATOPbI HANIPSKEHUSI HEMPEPBIBHOIO JEUCTBUS B MHTETPAIbHOM HCIIOJI-
Henuu cepuid K142, K275, KP1157. X npuMeHSIOT B KaUue€CTBE MHIUBUIYaJIbHBIX
CTaOMJIM3aTOPOB HANPSDKEHMs Ui OTACNBbHBIX OJIOKOB M Y3JIOB ammaparypbl. Ha
puc. 4.7 npuBeIEeHbl CXEMbl KOMIEHCAIMOHHBIX CTAOMIM3aTOPOB HA MHTETPATbHOM
mukpocxeme (MMC) KP142EHSA [17].

DA DA
|R |H IBX |H
L e —> Lo—= P
R1
Uns e R0 U =22 []Ra
U, | |R2Tju
-0 f
e, L
a O

Puc. 4.7. Komnencannonusiii cradbunuzarop Hanpsbkenus Ha UMC KP142EHSA:
@ — HEpEeTyJIUPYEMBIH; O — perylIupyeMbli

B Heperynmupyemom crabunuzarope (puc. 4.7.a) HampspDKeHHE Ha Harpyske

umeet ¢ukcupoBanHoe 3HaueHue Uy = Ugpx or = 5 B. Perynmupyemoe B HEKOTOPBIX

npenenax HarpspkKeHHEe Ha Harpy3ke MOKHO NoJyuuTh, eciu k UMC moaxitoduTh
JCIIUTEIb HalpshKeHust u3 pe3nctopoB R1 u R2 (puc. 4.7.6). Ilpu 3TOM HampsiKeHHE
Ha Harpy3Ke omnpeemnsiercs mo Gopmye:

Uy = Ugpix.er (1 + R2/R1) + I3 R2 > Uggix
rie  Ugpx.er — GukcupoBanHoe BeixoaHOe Hanpsikenue UMC;

|, — Tok mutanus UMC.

CymectBytoT  ueThipéxBbiBogHBIe HWMMC  cTrabmims3aTopoB,  Hampumep,
K142EH3, K142EH4 [10], y KOTOpBIX JJIsl peTyIUpPOBaHUS BRIXOAHOTO HAIPSIKEHUS
JEIUTENb MOAKIIOYAETCS K CHEIUAaIbHOMY BBIBOAY, NMPEAHA3HAYCHHOMY IUISl TOJI-
kimouenus uenu OC.

3agaua 9. B cxeme mapamerpudeckoro crabunmsaropa (puc. 4.8) Haitu Ugy u

Rg, ecnmu ctabunmsatop Ha ctabunutpone KC191 nomken obecrieunBaTh HECTAOUITb-

HOCTh HampshKeHHs Ha Beixonae 1% mnpu HectabumbHOCTH Ha BXoae 10%. Conmportus-

nenue Harpy3ku Ry = 1000 Owm.
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Pemenue.
JI71s1 mapaMeTpudecKoro cTabuin3aTopa CpaBeJIMBO COOTHOIIEHUE

- R6 IH
+ O [ l ’

I
%7 ICT rzu/ld)

Ux U |ANVD © R

Puc.4.8

JUid mapaMeTpuuecKoro cTabuian3aTopa CpaBeJIuBO BbIPAXKEHUE

AU BBIX _ rﬂl’@ _
AU BX (R6 + r;[I/Iq))

Otcrona BeIpasum Rg:
AU

Rs = BX_ _Dr
0 ( AU, . )L[I/IQ)
s crabunmurpona KC191 nmo crnpaBoYHBIM JaHHBIM HaXOJIUM I paBHOE
nud
47 Owm.
Torna

(Ot )47 423 0m,
0,01

brnnxkaiiniee mo HOMUHANy conpoTuBieHue paBHo 430 Owm.
HomunanbHOE HanpsiKeHUE Ha BXOJIE OMpEIEseTCs] Kak CyMMa HalpsKEHUM:

Usx nom = U6.cp +Ucr,

| in +1 U
rae Ugcp=Ucrep+1w)Re: lerep= CT.Min > cr.max R(I;{T _
st crabunutpona KC191 A no cripaBOYHBIM JIaHHBIM HAaXOUM
lermin =3 MA;  lormmx =15 MA.
OTcrona
3+15
ICT.Cp = T =9 MA;
Iy = 9]?; =0,0091 A;
10

Ug.cp = (0,009 +0,0091)430 = 7,783 B;
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Uy o = 7,783 +9~16,78 B.

3apaua 10. /{ns cxembl ¥ yCJIOBUH 3a7a4u 8 ONPEACIUTh PEACbl U3BMEHEHUS
CONPOTUBIICHUSI HATPY3KH.

Pemenne

[To cripaBOYHBIM JaHHBIM ompezensieM: Tok crabunutpona KC191 moxer us-

MeHAThCA OT 3 10 15 MA, T.€. Al =36 MA. CpenHee 3HaYeHHE TOKA HATPY3KH
Iy = YUer :£:0,0091A:9,1 MA.
Ry 1000
[ToaTOMy TOK Harpy3Ku TOXKE MOKET U3MEHSTHCS B CIEAYIOUIUX Mpeaeiax:
lymin =91-6=31 MA;
limax =91+6=151MA.

9T0 COOTBCTCTBYCT CJICAYIOIIUM COIIPOTHUBJICHUAM HAT'PY3KHU:

Ry max = Yer _ 9’1_3 = 2930 OMm:
lymn 31-10
Ry min = Yar __ 9 43 OM.

| 4. max 15,1-10_3

3amaya 11. /[ng cxembl 1 yciaoBuid 3aia4 8 U 9 onpenenuTb JOMyCTUMBIE TIpe-
JIeJIbl U3MEHEHUS BXOJIHOTO HAIPSKEHUs, IPU KOTOPBIX COXPAHSAETCA PEXUM CTaOU-
JU3alUU.

Peuenue

MuHuMansHOE BXOJIHOE HAIPSKEHUE COOTBETCTBYET CIIydaro, KOTJa 4epes
CTaOMJIMTPOH TE€YET MHUHHMMAJIBHBIA TOK cTaOuinu3anuu. MakcuMaabHOE UM MUHH-
MaJbHOE BXOJIHbIC HATIPSDKCHUS PABHBI:

Uy max =Uer + (I + ler max )Rs = 9,1+ 430(9,1+15) -10 ™2 =19,46 B;
Uy min =Uer + (I + ler min)Rg =9,1+430(9.1+3) 10~ =151 B.

3agaua 12. Kpemnuesblii crabmwmtpon 2C168 mogkimoueH Mo cxeme
puc. 4.3.a. Ilpu stom Ry =2xkOm. Ilapamerpsl crabuautpona: U, =6,8 B;

lermin = 09 MA; | mx =3MA. Haiittu Rg, ecim Ugx wu3MeHsercs  oT
Upxmin = 10 B 10 U,y ax = 20 B. Onpenenuts, Oyner nu obecrnedeHa ctabuimsa-

M Ha BceM auarazone nimenenns Upx?
Pemenue

Haxonsat 6amnactHoe conpotuBieHue Rg, Ha OCHOBaAaHMM CpPEIHUX 3HAUCHUI

BXOJIHOTO HAIPSIKEHUS UBx.cp Y TOKa CTaOMIN3alliH ICT.Cp:
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U 0.cp U BX.CD ~ Uer

R6 = =
ICT.Cp + IH ICT.Cp + IH
B nanHoM BelpakeHUH
UBX.Cp _ U px.min "Z'Umeax _ 10 ‘; 20 _15 B:
IcT,cp — ICT.min —; ICT.I’IB.X — 0’5 + 3 :1,75 MA,
Iy = Uer :ﬂ:0,00.?A A=34.
Ry 2000
Torma
15-6,8

Rs =1590 Owm.

- 3
(1,75+3,4)10
B IIaJILHeﬁIIIeM BBIUUCIAKOT MHUHHUMAJIBHBIE W MAKCHUMAJBbHBIC BXOJIHBIC

HAMPsDKEHUS, PH KOTOPBIX oOecreynBacTCs auana3on crabmnmmsamnuu ot 0,5 MA 10
3 MA:

U mmin =Yer + (I + lormin)Rg =68 +1590(3,4 +0,5) - 10> ~13B;
Uy max = 6,8+1590(3,4+3)-10™ ~17 B.

3apaua 13. B mapamerpudeckoM crabuiauzatope Ha ctaduinutpone KC508A
OIIPENENINTh. 3HAYEHNUsl COIIPOTUBIIEHHsI OajtacTHOro pesuctopa Rg, koadduunenra

crabunuzanun Kepy M MakCUMajabHOIO TOKa CTAOMIIMTPOHA |op, €CIIM M3BECTHO:
U, =11B; R, =1500 Om; a Benmmunna Ugy n3Mensiercs ot 17 no 27 B.

Peuenue
[lo cipaBOYHBIM JTaHHBIM OMIPEAEISIOT apameTpbl cTabunuTpona KC508A:
Uer =11B; Ryyg =1150M; lepmin =0,25MA; 1o ax = 23MA.

OnpenensioT cOMpOTUBIIEHUE 0ATIACTHOTO PE3UCTOPA:

R6:Umein ~Uy :Umein “Yer = -1 =7910m
U, 11 '

+ = 0,00025 + —
cr.ep T p 1500

H

ICT.min JrIH |

KoapdunmenT crabmmmsanum HaXoIAT U3 BEIPAKCHUS :
ReUx 79111

RiupUsxnom 11,5 22

rae Uy =05y min +Yexmax ) =0,5(27 +17) =22 B.

MaxkcumanbHBIA TOK CTa6HJ'II/ISaTOpa HaXOJAT U3 BbIPAXKCHUA:

KCT.U =
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o :UBx.max -Uy Uy _2r-11 11
Rs Ry 791 1500
3agaya 14. B xomnencanuonHoM ctaduiausatope (puc. 4.9) BXogHOE Hamps-
xenue Uy, =15 B; R, =150 Om. [TapameTpsl TpaH3UCTOPOB CIIEAYIOIMINE:
- ns Tpansuctopa VT1: Byr; =40; Ry =20M; Ry =0,90M; Ry =0,40m.
- nst TpansucTopa VT2: By, =100; Ry, =30M; Ry, =10M; Ry, =0,6 Om.

=0,0129 A.

[Tapametpsl ctabunutpona VD: U, =39B; |, ux =0,07 A.
PaccunraTh nmapameTpbl pe3uCTOPOB, 00ECHEUMBAIOLUINX BBIXOJHOE HaIpsiKe-
Hue crabunusaropa Uy, =9B.

Pemenue

. N

¥

'ZP I51 R2 R3
LvT2

U 1 (@*UBBZ [] R,

Y UO]‘[ lzg VD BUJ R4 "UH
-0 *

Puc. 4.9

Ly

(Y

Pacuér npoBoAsT B cienyroiei mocieq0BaTeIbHOCTHU

1. Onpenenstor BeJIMYMHY CONPOTUBIIEHUS pe3ucTopa Ry:

_ Uri ~ Uit _ Usx —Upsvr1 ~YUspix)
IRt (Ik2 + 151) (Ik2 + 151)

Ry

I
rie lg = KL 10k 6asel Tpan3zucropa VT1;
VT1

I 1 = |; — TOk koyexTopa Tpansucropa VT1;
URr1 ® U1 — NageHue HapsbKeHUs Ha pesucrope Ry ;
| R1 — TOK, poTekaromuii yepes pe3uctop Ry;
| k1 — Tok Kosutekropa VT2 lgo = 157;
|52 — Tok amuTTepa Tpanuctopa VT2, BeiOupaemslii B mpenenax 10-20 MA.
U R1— (UBX _UBBVTl _UBBIX) =15-0,7-9=53B,
rne Ugyyt1=0,7 B.

I :—H—izo,OGA;
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0,01+ —
40

2. Onpenensror BeNUYUHy CONPOTUBIIEHUA pe3ucTopa Ry :

Ry = 2Ugpx —Yer) _ 2(9-39) =145,71 Owm.

| 0,07
cT.max

3. OnpenensroTcs: BEIMYMHBI CONPOTUBIIEHUH pe3UcTOpoB R3m Ry

UBI)IX _UCT _UB3VT2 — 9-39-0,7

— 440 Owm;
0,01 0,01

R =

Uer +Ugsyrs  3,9+0,07
R4 = =

=460,
0,01 0,01

rae UESVTZ =0,7 B.
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5 YCUWIHNTEJIN 3JIEKTPUYECKHUX CUTHAJIOB
5.1 O61Me cBeleHUA

VYcunureneM Ha3bIBae€TCS YCTPOWCTBO, MpPEIHA3HAYCHHOE JJIs YCUIICHHUS Clia-
OBIX JIEKTPUUYECKUX CUTHAJIOB MO HAMPSHKEHUIO, TOKY WM MOIIHOCTH. B ycunurene
BXOJIHOW CUTHAJI HAMNPSDKEHUSI WM TOKAa HMCIONb3yeTcs JJi YNpaBJICHUS TOKOM (a,
CJIeI0BAaTEIbHO, MOIIHOCTBIO), MOCTYNAIOIMINUM OT UCTOYHUKA MUTAHUS B HATPY3KY.
O0o006IIeHHas cXxeMa YCUIIMTENS mpuBejeHa Ha puc. 5.1 [7]. B coBpeMeHHBIX YCHIIH-
TESAX, HIUPOKO MNPUMEHSEMBIX B MPOMBIIUICHHOW JJIEKTPOHUKE, MCIOJIb3YIOTCS
TPaH3UCTOPHI (OUTTOJISIPHBIE U TIOJIEBBIC) U MHTETPAIbHBIE MUKPOCXEMBI.

Hcrounnkamu CUTHAJIOB MOTYT OBITh pa3jIMuHbIE MPeoOpa3oBaTEIM HEIJIEK-
TPUYECKUX BEJIMYMH B JIEKTPUUECKHE: MUKPO(DOHBI, TThe303JIEMEHThI, CYUTHIBAIOIINE
MarHUTHBIE TOJIOBKH, TEPMODJICKTPUUECKHUE aTYUKK U Ap. Yactora U popma Hamps-
KEHUS WIA TOKA 3THUX MCTOYHHUKOB MOXET OBITH JIFOOOW, HAampumep, UMIYJIbCHOM,

TapMOHUYECKOU U JP.

IBX IBI)IX

HcTounuk HcTounuk
Upx Uppix Harpyska
CUrHajia CUrHajia
HcTounuk
OUTAHUS

Puc. 5.1. O60011eHHas cxema yCUIIUTeNs

Harpyskoii ycunutenst MOTYT OBITh pa3IWyHBIE YCTPOMCTBA, MIPEoOpa3yroIme
AJEKTPUYECKYIO SHEPTUIO B HEJIEKTPUUYECKYIO, HAIPUMEP, TPOMKOIOBOPUTEIN, UH-
JTMKAaTOPHBIE YCTPOWCTBA, OCBETUTEIbHBIC, HATPEBAaTEIbHBIE TPUOOPHI U Ap. Xapak-
TEP HArpy3KU MOKET CYIIECTBEHHBIM 00pa30M BIUSATH Ha paOOTy YCHIIUTEIIS.

[IpocTelIMM 3JIEKTPOHHBIM YCUJIUTENIEM SBIIIETCA YCWIMTEIBHBIM KacKaj
(puc. 5.2), comepkamuii HETWHEHHBIM YCUJIMTEIBHBIN JJIEMEHT YO (TpaH3HCTOD),

Harpy304Hblii pe3ucTop Ry M UCTOYHUK 3IEKTpUUECKON dHepruu E ¢ HanpsikeHuem
mutaans Uy [11]. YeunuTenbHbI Kackaj UMEET BXOJIHYIO Ielb, K KOTOPO# TOJBO-
JUTCS BXOJIHOE HANpshKeHUE Ugy (YCHIIMBAaE€MbI CUTHAIT), U BBIXOJHYIO LEMb 1JI M0-

JyYEeHUS] BBIXOJHOTO HAMPSKEHUS Ugpx (YCUJIICHHBINM CUTHAJ). YCHJIEHHBINA CUTHAI
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HUMECCT 3HAYHUTCIIBHO 66HBIHYIO MOHIIHOCTBb II0 CpaBHCHHUIO C BXOJHBIM CHI'HAJIOM.

VYBenuueHre MOITHOCTH CUTHAJIA MPOUCXOJUT 3a CU€T sHepruu uctounuka Ep. Ilpo-

LECC YCWIEHUS OCYIIECTBISAECTCA IMOCPEACTBOM HM3MEHEHHUsS COIPOTHUBIIEHUS U TOKa
yepe3 VO, a clieoBaTeabHO, U TOKA lgyx B BBIXOJAHOW IIEMH, MO BO3ACHCTBHEM
BXOJIHOTO HaIpsiKEHUS Ugx. BBIXOIHOE HampsiKeHUe Uggx CHUMAETCA C PE3UCTOpa
Ry. loBoJIbHO YacTo, KOTraa HEOOXOMMO MMETh OOIIMI BBIBOJI JJIS1 HCTOYHHUKA BXO /-
HOTO CUTHAJIa HAarPY304YHOT'0 YCTPONCTBA, BHIXOJIHOE HANPSIKEHUE U'ppx CHUMAETCS C
V. BenuunHa BBIXOJHOTO HANPSXKEHUS Ugpx M BBIXOJAHASI MOIIHOCTD Pppx 3aBUCAT

OT BCJIMYUHDLI HAIIPAXKCHUA TMUTAHUA UH HCTOYHHKA U COIIPOTHUBIICHUA HAT'PY3KHU RH

YcunurenbHbIC CBOMCTBA YCHUIIUTCIIA 3aBUCAT OT CTCIICHU BJIMAHUA BXOJHOTO CUTHA-

Ja Ugx Ha TOK ympaBisieMoro ayemMenta ¥3. Uem Ooibliie 3TO BIUSHUE, TEM OOJIbIIIE
OyzeT majcHHe HAMPSKCHHE OT TOKA Iy Ha pe3ucTope Ry, a 3HAYMT, U BBHIXOJAHOE

HanpsHKEHHUE Ugyx.

Takum 06pa3om, ycuiaeHHe OCHOBAHO Ha TPeoOpa30BaHUU IHEPTUHU UCTOYHUKA
NUTAHUS B SHEPTUIO BBIXOJHOTO CUTHAja 3a CYET U3MEHEHUs CONMPOTHUBICHUS YO 10
3aKOHY, 33/1aBA€MOMY BXOJHBIM CUTHAJIOM.

Ba)XxHO OTMETHTB, UTO, TAK KAK YCHUJIEHUE IPOUCXOINT 3a CUET SJHEPIUU UCTOY-
HUKA HaNpsOKEHUS MUTAHMS, TO BBIXOJHOE HAaNpsIKEHUE YCUIIMTENS HE MOXKET ObITh

OoubIIIe HaIIPsSKCHUA UH HNCTOYHHKA ITUTaHHA JTJIA YCI/IJII/ITCJICI;'I C ABYXIIOJIAPHBIM ITH-

TAaHHUCM H I10JIOBHUHBI UH JJIA YCI/IJII/ITG:JIeﬁ C OJHOIIOJIAPHBIM ITUTAHUCM.

Puc. 5.2. CtpykTypHas cxema yCHIUTEIBHOTO KacKaia

B coBpeMeHHBIX yCHIIUTENIX B KauecTBe Y MIMPOKO MCIOIB3YIOTCS TPaH3U-
CTOPBI K UHTETPAJIbHBIE MUKPOCXEMBI.
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B 3aBucuMOCTH OT TOrO, Kakod mapaMeTp BXOJHOTO CHUTHaja (HampsKEeHHeE,
TOK WJIM MOIIHOCTH) TPEOYyeTCsl YBEIUUUTD C MMOMOIIBIO YCHIUTEINSI, pa3inyaoT YCU-
JUTEIN HAMIPSIKEHUsI, TOKA U MOIITHOCTH.

B umxeHepHO#l mpakThke HauOoyiee MIMPOKOE PACIPOCTPAHEHUE MOTYyUHIIU
MHOTOKaCKaJHbIE YCWIWTEIN HANPSKEHUs, MO3BOJISIONIME TMOJYYUTh YCHUIICHUE
HaIpPsDKEHUSI B JIECATKHU THICSY U 1K€ MUJUIHOHBI pas.

Yewiurenu ToKa NPUMEHSIOT B TE€X CIydasX, KOTJa B Harpy304YHOM YCTpPOM-
CTBe, 00JajarolieM, KaK MPaBUJIO, MAJIbIM COMPOTUBICHUEM, TPeOyeTCs MOJYyYUTh
3HAYUTEIIbHBINA TOK.

YeunurensiMu MOIIHOCTH OOBIYHO SIBJISIIOTCSI BBIXOJIHBIE KAacKaJbl MHOTOKAcC-
KaaHbIX ycunutened. OHu paboTalOT B pexrMMax, 00eCTICYMBAIONIUX IMOJTyUYCHHE
MaKCHUMaJIbHO BO3MOKHOW MOIIIHOCTH Harpy304HOTO YCTPOMCTBA.

B 3aBucuMocTM OT OmMana3oHa 4YacTOT YCHJIMBAE€MbIX CUTHAJIOB YCUJIUTEIH
NOAPa3/ICNISIIOT Ha HECKOJBKO BUIOB. sl yCUIEHUST MEJIEHHO U3MEHSIIOIINXCS CUT-
HAJIOB MCIOJIB3YIOTCSl YCUIUTENN MOCTOSTHHBIX CUTHAJIOB WJIM YCUJITUTENIN MOCTOSIHHO-
ro toka (YIIT), nns ycuiieHHs] CUTHAJIOB B JIMANa30He YacTOT OT JECSATKOB repil 10
JECATKOB KHJIOTEPI] — yCHIUTEN HU3K0M dacToThl (YHY), 1y1s1 ycuiieHus: CUTHAoB B
JMana3oHe 4acTOT OT COTEH KUJIOTepI] O COTEH Merarepli — yCUJIUTENIN BbICOKOH ya-
ctotel (YBY). [lns ycuieHus UMIYJIbCHBIX CUTHAIOB, UMEIOIIUX CIEKTP YacTOT OT
NECATKOB TepI A0 COTEH Merarepll, NPUMEHSIIOTCS MIHUPOKOIOJIOCHBIE YCHUIIUTEIN
(LIITY). TIpu HEoOXOMMMOCTH YCUJIEHHUSI CUTHAJIOB B Y3KOM JHAarna3oHe 4acToT MpH-
MCHSIFOTCSI Y3KOIIOJIOCHBIC WJIM N30upaTeNbHbie yeuautenn [11].

Cnoco0Obl coennHeHUsT (CBSA3M) KAaCKaJOB 3aBUCAT OT BHJIa MHOTOKAaCKaIHOTO
yeunatens. Tak, B YIIT cBsi3p MeXQy KackagaMH OCYIIECTBIISETCA HEMOCPEACTBEHHO
WIN C MIOMOUIbIO pe3UCTOPOB. Takue yCUIUTENN HA3bIBAIOTCS YCUIIUTEISIMU C HEMO-
CPEIICTBEHHOM WJIM PE3UCTUBHOM CBA3BIO.

B ycunurenax nepemenHoro HampspbkeHus (YHY, YBY u HIITY) nns cBs3u
MEXKy KacKaJaMmH Yalle BCEro MCIOIb3YIOTCS KOHAEHCATOPBI U pe3ucTopbl. Takue
YCUJIUTENN Ha3bIBAIOTCS YCUJIUTEISIMH C €MKOCTHON WM PE3UCTUBHO-EMKOCTHOU
cBs3bi0 (RC-ycunmutenn). KongeHcaTopsl B yCUIUTENSAX MEPEMEHHOTO HAMPSIKEHUS
CIIyXaT JJIsl OTACJIECHUS! EPEMEHHON COCTABIISIIOLIEH HAMpPSKEHUS OT €ro MOCTOSH-
HOU COCTaBJISIOLIEH, IEVUCTBYIOIIEH B KACKaJI€ YCUJICHUS.

[To crocoOy BriIrOUeHHST YD Pa3NHYaOT TPH OCHOBHBIX THUIA YCUIHTEIBHBIX
KacKaJOB KaK Ha OMMOJSPHBIX (C OOIUM SMHUTTEPOM, OOIITUM KOJUIEKTOPOM U O0IIIei
0a30i1), TaKk ¥ Ha TOJIEBBIX (C OOIIUM MCTOKOM, OOITUM CTOKOM M OOIIMM 3aTBOPOM)
TpaH3UCTOpaXx.
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5.2 OCHOBHbIE IapaMeTPhbl U XapaKTEePUCTUKH YCUIUTENEeH

OCHOBHBIMH DJICKTPUUYCCKAMHU TapaMeTpPaMu PE3UCTOPOB, MOJJICIKAMNX KOH-
TPOJIO B TEXHUYECKON TUATHOCTHKE, SBIISIOTCS:

- k03 dunuent ycwienus K;

- IMHaMHUYeCcKui auana3od D;

- paOounii Aramma3oH 4acToT Af;

- BBIXOJHAsI MOIITHOCTh Pgyix;

- BXOJHOE Zgx U BBIXOAHOE Zgyx CONMPOTUBIICHHUS;
- K03 (HUIIMEHT TOJIE3HOTO JEUCTBUS 1;

- KO3 HUIIMEHT HETMHEWHBIX UCKOKEHUN Ky

Kos¢pgpuuuenmom ycunenusn (nepedauu) Ha3piBaeTCsi OTHOIICHHUE BBIXOHOTO
CUTHaJIa YCWINTENS K BXOJHOMY. B 3aBucHMoOCTH OT XapakTepa BXOJHOW M BBIXOJ-
HOM BeIWYMH KOAd(POUIMEHT YCHIICHHS ToApa3eiseTcs Ha KOdIPOUIIMEHT yCUICHUS

no HanpsokeHuto Ky, mo Toky K; u mo momtxHoctu Kp:

KU = UBI)IX/UBX; KI = IBBIX/IBX; KP = PBBIX/PBX: KU'KI-
JI1s MHOTOKACKaTHBIX YCHIIMTENeH o0 Kod(PHUIIMEHT YCUICHUS YCUIUTE-

JIi1 paBCH IMPOU3BCACHHNTIO KOB(b(bI/IHI/IeHTOB YCHUIICHHA BCCX KACKAI0B:
Koom = K1'Kz ... Kp,

rne Kp— koadduiimeHT ycuneHus N-ro Kackania.

B psine cirydaeB Ko3pGUIIUEHTH! YCUIICHHUS BBIPAXKAIOTCS B JIOTapH(PMUUSCKHIX
eauHuIax — nenuoenax (ab) [6]:

Ku = 20lg(Uppix /Upx);  Ki = 20Ig(lpex /1sx);  Kp = 1019(Pggix /Pex)-

Jlorapudmudeckne eaMHUIBI yIOOHBI TEM, UYTO €CJIM M3BECTHBI KOd(uIneH-
TBl YCUJICHHS OTJEIBHBIX KAaCKaJlOB WJIHM Y3JIOB YCHJIHMTENs, oOmui kodpdummeHT
YCUJICHUSI KOTOPOTO PaBeH MPOM3BEICHUIO ATHX KOA(P(OHUIIMEHTOB, TO €r0 HAXOIAT
KaK alreOpanyeckyro CymMmmy JorapupmMuuecknx KodhOUIIMEHTOB YCUICHHS OTACIb-
HBIX KaCKaJOB.

Jlunamuueckum OuanazoHom HA3BIBAETCA OTHOIICHUE HAMOOJIBIIETO JAOIY-
CTUMOTO 3HA4YEHUSI BXOJHOTO HAMPSHKEHUS K €r0 HAMMEHbBIIEMY JOIMYCTUMOMY 3Ha-
yernuto [18]:

D = Ugx.max/Usx.min; D (1b) = 2019(Ugx.max /Usx.min)- (5.1)

Beenenue kordpduuuenta D, xapakTepu3ymollero JUHAMUYECKU auara3oH,
HEO0OXOIMMO TTOTOMY, YTO MAaKCHUMAJIbHO JOIYCTUMOE BXOJHOE HAIPSKEHUE yCHIIH-

TCIA OI'PaHHMYCHO HMCKAKXCHHAMHK CHUI'HAlla, BbI3BAHHBIMH BbIXOJ0M pa60qnx TOYCK
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YCUJIUTENBHBIX KaCKaJI0B 3a MPEebl JIMHEMHOTO Y4acTKa XapaKTEPUCTUKH.

MuHUManbHO ONMYCTUMOE HANPSKEHWE OOBIYHO OTPAaHUYEHO YPOBHEM COO-
CTBEHHBIX LIyMOB YCHUJIUTEINSI, HA (POHE KOTOPBIX IMOJIE3HBIM CUTHAJ HE yNaeTcs BbI-
NEUTB.

Pabouuit ouanazon wacmom (nonoca nponycKkanus) — 3T0 MOJ0CA YaCTOT OT
HIDKHEH paOoueit yactoThl f; 10 BepxHeit padoueit yactoThl f;, B mpenenax koropoii
KO3 (PUIIMEHT YCUIEHUS HE BBIXOAUT 3a MPeAeibl 3aJaHHBIX JI0ITyCKOB.

Ecnu k ycunuTento He MpeabaBISIOTCS KaKue-1100 crenuaibHble TpeOOBaHMs,
TO TOJIOCA MPOMYCKaHUs MPEACTaBIseT JUara3oH 4acToT, B KOTOPOM KO3 puuueHT
ycwieHus: cHmwkaercss Ha 3 1b (B 1,41 pa3za) OTHOCUTENTHLHO CBOEro 3HAUEHUS Ha
CPEIHUX YacTOTax, T.e. TJe KO3(PPUUUEHT yCUJICHUS YCUIIUTENsSI TPUHUMAET 3Haye-

aus 6omiee 0,707Kymax-

Bbixoonas mownocms XapaxTepu3yeTcss HOMHHAIBHOM MOIIHOCTRIO. TTox Heil
MOHUMAIOT MOIIHOCTh Ha BBIXOJE IpH paboTe Ha PaCUETHYIO HATPY3KY M 3aJaHHOM
kK02 pHIIHEHTE HETUHEHHBIX UCKAKEHUHA.

B obiem cnyyae 6xo0noe u 6bix00H0e CONpOMUBIEHUA YCUIUMETI — BEIU-
YMHBI KOMIUIEKCHBIE M3-3a HAIWYHs PEAKTHBHBIX JIEMEHTOB BO BXOIHOW M BBIXOJ-
HOMU IIENIX.

[Mpoananu3upyeM BIUSHUS 3HAYCHUN BXOJHOTO M BBIXOJHOTO CONPOTHBIICHUH
Ha KadyecTBO paboThl ycmiurtens. Ha puc. 5.3 m3o00pakeHa SKBUBAJICHTHAs cXeMa
YCUJIMTEJIS, K BXOJHOW LIEMU KOTOPOTO MOJKIIOUEH MCTOYHUK CUTHANA, & K BBIXOJI-
HOM — Harpyska [5].

IBX Ycunurenn IBLIX_ H
—_— I— —————————— -I _—
 — ] 1 o
1 I K t 1 I O
RBH I RBLIX I
| |
- | _ |
Qe 0| 1RO 0 o R
BX I BbIX
\ | |
Lo ]

Puc.5.3. DkBuBasieHTHas cXxemMa YCUIUTENS

HcToYHMK cUrHasla BEIpAa0AThIBACT 3.1.C. E,y U UMEET BHYTPEHHEE COIIPOTHUBIIE-

Hue Ry, . Tok, nmporekaroniyii BO BXOJHOW LIENH YCHIUTENS paBEH
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| _ EBX
BX '
RBX + RBH

rac RBX — BXOJIHOC COITPOTUBJICHUC YCUIIUTCIIA.

Torz[a CHUTHAJI Ha BXOJIC YCI/IJ'II/ITCJ'ISI:

U _ | R _ EBX RBX
BX — "BX''‘BX R R '
BX + BH

W3 noay4eHHOrO BBIpaKEHHs CIELYeT, YTO ueM Oonblie R, yCHINTENs, TeM

OJIMKe 3.]1.C. HCTOYHHMKA CUTHAJIA K HaMPSHKEHHIO, (PAKTUYECKU MPUII0KEHHOMY K BXO-

ny ycmutens. Takum oOpa3zoM, Ry, yCHIIUTENS AOIKHO OBITh KaK MOKHO OOJIBIIMM.
Ha cBoem BbIX0J€ ycunurens co3naeT curian Ly =Ug, Ky, noctynaromuit
B Harpy3ky. Torjia Tok B Harpy3Kke paBeH

EBHX
RBI:.IX + RH

IH

rae Ry, x — BBIXOJHOE CONPOTUBIIEHHE YCUINUTENS.

Torna majneHue HaANpsDKEHUST HA HArpys3ke, KOTOpOe, B CYIIHOCTH, SIBISCTCS
CHUTHAJIOM Ha BBIXOJI€ YCWJIMTENSI PaBHO
U _I R _ EBI>IXRH
H™ "H' ‘H R R '
BbIX + H
[Tomy4yaeTcsa, 4TO 4eM MEHBIIE BBIXOJHOE CONPOTHUBIICHUE YCUIIUTENSA, TEM
oompie ero KITJ[ u MonHOCTh, OTIaBaeMasi Harpy3Ke.
KITJI mpencrtaBnsier coOOl OTHOIIIEHWE BBIXOJHONW MOITHOCTH, OTJAaBaeMOM

YCWJIUTEJIEM B HArpy3Ky, K OOIIeil MOIIHOCTH, MOTPeOIsieMOl OT UCTOYHHKA IHUTa-

HUS: 1 = Pypix /Pp. OH XapakTepu3yeT SHEPreTHYCCKHUE MOKAa3aTeIN YCHUITUTEIIS.

KoadpunmeHT HenmmHEHHBIX NCKaKEHUIH OIICHUBAET MCKaXKCHHS, 00YCIOBIICH-

HbIC HEIMHEHHOCTHIO BXOMHON XapaKTEPUCTHUKU YCUIMTEISA, W OMPEACIIICTCSA II0
dbopmyie:

U22m +U§m +...+U|§m

KHI/I =

U12m +U22m +U:§m +...+U§m |
rae Unm— aMIuiutyaa HanpsiKeHus: N-0il TapMOHUYECKOM COCTABIISIONIEH BEIXOJHOTO
CUTHAJA.
JIOBOLHO YacTO HEIWHEWHBIE WCKAKCHUS OIEHUBAIOTCS KOIPPUIIMESHTOM
TapMOHUK, KOTOPBIN ompenensieTcs no Gpopmyre:

U22m +U§m +...+U§Im

Kr =
2
U1m
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Ha puc. 5.4 moka3zano, kak uckaxaeTcsi opmMa BXOJHOTO TOKAa TpPaH3UCTOpa
(roka |y mmsa cxembl ¢ OD) MO CpaBHEHMIO C CHHYCOMIAIBHON (POPMOIl BXOAHOTO

HanpsokeHHs U g, (U py) 3a cuéT HeMMHEHHOCTH BXOAHOW XapaKTePHCTHKH TPaH3H-
cropa [5]. MakcuMaipHOE 3HaYEHHE TOKA 3a IOJIOXKUTENbHBIH MONynepuon |ppx
Oouibllle, YeEM B OTPULIATENbHBIN MOIYNEPUOA | frpy -

I[HSI OLICHKHU OHaIlta3OHa M3MCHCHHA BXOIHBIX HaHpﬂ)KCHI/If/'I, YCUIIUBACMBIX oe3
PICK&)K@HHﬁ, HCIIOJB3YCTCA aMINIUTyAHAd XapaKTCPUCTHUKA.

I 4 A

c
o]
(&}

t

Puc. 5.4. Bo3HUKHOBEHNE HEJIMHENHBIX HCKAKEHUH

Amnaumyonas xapaxmepucmuka ycuaiumesnsa — 3T0 3aBUCUMOCTb aMIUTUTY/I-

HOT'0 3HAYEHUS BBIXOJAHOTO HAIPSHKEHUS MepBOM rapMOHUKH Uim ppix OT aMIUTUTYABI

CHHYCOUJIAJILHOTO BXOJHOT0 HampsikeHUss Upm px TPU HEU3MEHHOM €ro 4acroTe

(f = const) [14]. XapakrepHblii BHJ aMIUTHTYJIHOH XapaKTEPUCTUKH TNPUBEICH Ha
puc. 5.5.
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Ulm BBIX

Um BX

¢

Um BX Min Um BX Max

Puc. 5.5. AMIMTy1Hast XapakTEPUCTHKA YCHIIUTENS

[lo aMIUTYIHON XapakTEepUCTHKE Ompenensercs padouuid Iuana3oH aMIuIu-
TyJl BXOJIHOTO HAaNpsDKEHHs. DTO MPOU3BOAMTCS cieayromuM obOpazoM. Ha ammiu-
TYJIHON XapaKTEepUCTUKE BbieiseTcss pabounii yuactok BC — npsMOIUHEHHBIN y4a-
CTOK, orpanuueHHbIi Toukamu B u C. Haxoastcs npoekuuu Touek B u C Ha och abc-

MCC, B PE3YyAbTATE UETO OMPEACISAIOTCS 3Ha4YeHUss MUHUMANBHON U oy min ¥ Mak-
cUMaNbHON Uy yax  @MIUIMTYJ BXOJHOTO HampsbkeHus. Mexay 3HaueHHAMHU
HampsKEHUH U ey min ¥ Umpx.max ¥ HaXOIUTCA paboO4Mil IMamna3oH aMILIUTY]

BXOJIHOTO HampspkeHus. [1o mosydeHHBIM 3HAUYEHUSIM MOKHO OTNPEISIUTh TUHAMH-
yeckuil nuanaszon D ycunurens nmo dopmyne (5.1).
Yyactok AB XapaKTepUCTHKU SIBIIsIETCS HepabouyuM, Tak Kak MpU Iojaye Ha

BXOJI YCHJINTEIIA HAIIPSUKEHUS MEHbIIEro HaupsKeHU Uy oy min » BPIXOJHOE HaIps-

KeHue Uy oo OyIeT consmepumo ¢ HanpsbkeHHeM HryMoB Uy,

VYyactok CD xapaktepucTuku sSBISIETCS Takke Hepabo4ynM, Tak Kak MpHU Mmoja-

4e Ha BXOJl YCUJIMTEINs HapsKeHUs 0osbero HanpsukeHus Uy gx max » B BBIXOJHOM

HAIIPSAIKCHUU ITOABJIAIOTCA HEJIUHEHHbBIC HCKaXXCHUA, 06YCHOBHeHHI)Ie OI'paHUYCHUCM
AMININTYAbI BBIXOAHOI'O HAIIPSAKCHHA YPOBHCM HAIIPSKCHUA HCTOYHHKA ITUTAaHUA.

[To aMIUIUTYJHON XapaKTEPHCTUKE MOKHO TAKKE OIPENENUTh KOd()PHIMEHT
yeunenus Ky yeunurens o gpopmyie:

m .
e Ky =—2 — xoo¢pdunuent macmraba, paBHbIA OTHONIEHHUIO MAaCIITA00B
Usx
M0 OCSIM, COOTBETCTBEHHO, BBIXOJTHOTO My 5y;x ¥ BXOJTHOTO My 5y HATIPSIKEHUH.
JIJIsl OLIEHKW CBOMCTB yCHJIUTENS HAMPsDKCHUS HA PA3IMYHBIX YaCTOTaX MOJIb-

3YIOTCSl aMIUTUTYAHO-4aCTOTHOU XapakTepucTukon (AUYX).
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Amnaumyono-yvacmomuout xapakmepucmurxoii (AUX) Ha3zbpIBaeTCs 3aBHUCU-
MOCTh K03(hpHIMEeHTa YCHUIICHHUS 1O HampsbkeHuto Ky ot yactoThl f BXOJAHOTO CHTrHa-

na npu HeuaMmeHHo ero ammutyae (Um gx = const). [1o yacToTHOM XapakTepucTUKe

OTpeeIAeTCs M0JI0Ca MPOMYCKAHUS YCUIIUTEIS.

Ha puc. 5.6 npuenenst AUX ycunurtenss ¢ EMKOCTHOM CBs3bl0 (KpuBas 1) u
VIIT (xpusas 2).

B AUX ycunutenst ¢ EMKOCTHOM CBSI3bI0 HAOJIIOAACTCSI CHUKEHUE (3aBall) KO-
s unmenta ycunenus Ky B 001aCTU HUKHUX U BEPXHUX YACTOT. 3aBaJl YaCTOTHOM
XapaKTEPUCTUKHU B 00JIACTH HIDKHUX YaCTOT OOBSICHSIETCS BO3pacTaHUEM €MKOCTHOTO
COTNPOTHUBIICHUS] KOHJCHCATOPOB CBS3M (pa3/eNuTEIbHbIX KOHJIEHCATOPOB) MEXIY
KacKkaJaMu. 3aBajl YaCTOTHON XapaKTEPUCTUKHU B 00JIACTH BEPXHHUX YACTOT OOBSICHS-
€TCSl YaCTOTHBIMU CBOMCTBAMHU YCHJIMTEIBHBIX 3JIEMEHTOB (TPAH3UCTOPOB) U Mapa-
3UTHOW EMKOCTBIO MOHTAXA.

KU A

Af =fg —Tfy

Ilonoca nponyckanus

A
\ 4

Puc. 5.6. AMIIIMTYTHO-4aCTOTHAS XapaKTePUCTUKA YCUITUTEIICH:

1 — ¢ éMKOCTHOM CBSI3BIO; 2 — IIOCTOSSHHOT'O TOKA

CHmKeHUEe BEIIMYUHBI KU B 00J1aCTH HIDKHUX U BCPXHUX YaCTOT HA3BIBACTCA
YaCTOTHBIMM HCKaXKCHUSMU. YacCTOTHBIC MCKAKCHUS OLICHHNBAIOTCA KOB(b(bI/II_[I/IeHTOM
YaCTOTHBIX HCKa)KeHHﬁ, OoIIpCACIACMBIM I10 BBIPAKCHUAM !

M. = KU max . M. = KU max
H ™ ' B !
Kun Kus

rie Ky pax — MakcuManbHOe 3HaueHHe K03 duimeHTa ycunenus;

Kuns Kug — k03¢ pULHeHTs! ycuiieHus, COOTBETCTBEHHO, HA HUYKHEHN U BEpX-
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HEW IPaHUYHBIX YaCTOTAX.
OOBIYHO AJI1 YCWJIMTENEW HANpPSKEHUS C EMKOCTHOM CBSI3bIO JOIMYCTHUMBIE
3HaueHUs KOA((PUIMEHTOB YACTOTHBIX MCKaXEHUH MPUHUMAIOTCS PpPaBHBIMU

M, =M; = J2 = 0,707 . YacToThl, COOTBETCTBYIOLIUE JOMYCTUMBIM 3HAUYCHUSIM KO-
3} duimeHTa YaCTOTHBIX MCKaXEHUH, Ha3pIBatoTcsl HkHeN f, u Bepxueit f; rpa-

HUYHBIMHA YaCTOTAMH, a IUAITa30H YaCTOT MEXIY HUMHU — TIOJIOCOU MPOTTyCKaHUS.

Takum o0paszoM, mosoca npomnyckanus (pac. 5.6) npeacrabinseT coOoi auarna-
30H 4acTOT, B KOTOPOM KOA(PIUIIMEHT YCUJICHUS YCUIUTENsI OOJbIIE BEITUYUHBI
0,707 Ky max -

AYX ycunutens nocrossHHoro Toka YIIT (kpuBas 2, puc. 5.6) npoxoauT He-
CKOJILKO BBIIIIE U HE MMEET 3aBajia B 00JIACTU HIKHMX 4acToT, Tak kak YIIT He co-
JEPKUT KOHACHCATOPOB CBSI3U U BBHITIOIHAETCS C HEMOCPEICTBEHHOMN CBA3BIO MEXKIY
KacKaJamH.

B cBs3u ¢ Tem, 4TO mosoca MponycKaHusl yCUITUTENEeH 00BIYHO JOCTATOUYHO Be-
JIMKa, TO IO OCH a0CIMCC OTKJIAJIBIBAIOT 3HAYEHUS YACTOT B JIOTApU(PMUUECKOM Mac-
mrade.

5.3 O0paTHbIe CBSI3U B YCHJIUTEISIX

O6patHoit cBs3pio (OC) B ycHIMTENSIX Ha3bIBAETCS Mepeadya 4YacTH BBIXOHO-
r0 CHTHaja Ha BXOJ. DJIEKTPUYECKUE LIETH, OCYIIECTBISIONINE 3Ty Nepeaady, HOCAT
Ha3BaHUE IIeTeil 00paTHOM CBSI3U.

Ha puc. 5.7 uzo6paxena ctpykrypHas cxema ycuiautens ¢ OC mo Hampsike-
Huo. OC B yCWIMTENSAX CO3AAI0T CHEUMATBHO ISl U3MEHEHUsI UX CBOMCTB. OHAKO
OC uHOrAa BO3HUKAIOT caMoIpoun3BoiibHO. CamonpousBosibHble OC Ha3bIBAIOT Ma-
Pa3UTHBIMH.

C
Upx Uy Upprx

Uoc
HOoC

Puc. 5.7. CtpykTypHas cxema yCHIIUTENS C OOPaTHON CBA3BIO MO HANIPSKEHUIO:
V¥ — ycunurens; [HOC — uens oOpaTHo cBsizu; C — cymmarop

Ienb obpatroit cBs3u LIOC xapakrepusyercs kodppuimeHToM 00paTHOM CBSI-

34 3, onpenenseMbiM o GopMyie:
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B = UOC/ Uggix, (52)
rae Upc — Hampsbkenue OC;

Ugpix — BBIXOJIHOE HAIPSKEHUE YCUIIUTES.

Ecmu HAIIps’KCHUC UOC CKIIaabIBACTCA C BXOIHBIM HAIIPSXKCHUEM U TO Ta-

BX >
kast OC nazbiBaercs nonoxurenbHoit (IIOC). [Ipu sTom Ha BXoA ycunuTens noaaét-
Csl YBEJIMUYEHHOE HaIPsLKEHUE Uy .

Ecmu HAIIps’KCHUC UOC BBEIYUTACTCA U3 BXOJHOTO HAIIPSXKCHUA U TO TakKas

BX >
OC naspiBaetcs otpunarenbHoit (OOC). [Ipu 3ToM Ha BXOJA YCHUIIUTENS MOJAeTCA

YMCHBIICHHOC HAIIPAKCHUC Ul.

Bcee OC nensarcs na OC no Hanpspbkenuto u OC no Toky. B OC no Hampsixke-
Huo HanpspkeHrue OC mponoplMOHAIbHO BBIXOJHOMY HANpPSKEHUIO ycunuTens. B
OC o Toky Hanpsixenrne OC mponopIHMOHATIBHO BEIXOJJHOMY TOKY YCHUIIUTES.

Kpome toro, Bce OC mo Buay BXOAHBIX LIETEH YCUIIUTENEH MOpa3AestOTCs
Ha TocieaoBarelibHble, Npu KOTOPhIX Henu OC BKIIOYAIOTCS TMOCIEA0BATEIIBHO C
BXOJHBIMU LIETISIMM YCUIIMTENS, U NapasuienabHbie, korga nenb OC BKIOYaeTcs na-
pajyIeaIbHO BXOJHBIM IEMAM YCUITUTEA.

Paccmotpum BnusiHue otpuniarenbHord OC 1Mo HanpspKeHUro Ha KodQuIueHT
ycunenus ycwnutens. [Ipu otpunarenbHoit nocienoBaresibHoil OC Mo HanpsiKEHUIO
JUIS1 BXOJTHOM LIETU YCUJIUTEIISI MOKHO 3alMCaTh BhIPaKCHUE:

Uy =W —Uoc
158)051
U =Up +Upc-
YuuteiBas, 4To
Uoc = BUBBIX (5-2)’
MOJTy4aeMm:
Ugx =U1 + BUBHX . (5-3)’
[Tpu 5ToM kKOrhpunHeHT ycunenus ycunutens 6e3 OC paBeH:
K =Ugx /U1

Toraa BeipaxkeHue s KO3 PUIMEHTa YCHIICHUS YCUIUTEIS ¢ OTPULIATEIbHOM
OC (OOC) 6yneT uMeTh BUI:

KOOC _ UBBIX _ UBI)IX . (5.4)
U BX Ul + BU BBIX

PaznenuB B mocnenHeMm BblpakeHUH (5.4) ducinurens U 3HaMeHaTenb Ha U

OKOHYATENbHO mosryuanM [11]:
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K
1+BK

N3 dopmynsl (5.5) cnenyet, yto BBeaeHue OOC yMmeHbinaeT KO3OPUIIUESHT

Kooc = (5.5)

ycunenus ycunutens B (1 + BK) pas.

AHanornyHo Ko3(Q@PUIMEHT ycuUJeHUus ycuiurtens ¢ mnonoxutensHon OC

(ITOC) Beipaxaercs popmysnon [11]:
K
Kooc—l_BK- (5.6)

Kax cnenyer u3 Beipaxkenus (5.6), BBeaenue [1IOC nosbimaer ko3h@uImeHT
yeunenus ycunurens. Oanako [TIOC B ycunuTensx NpakTUYECKH HE MPUMEHSETCH,
TaK KaK CHIKAeT CTaOMIBHOCTh KO3 (PULIMEHTA YCUIICHUS U OOBIYHO HCTOJIb3YETCS B
AJIEKTPOHHBIX FEHEpATOpax.

OOC B ycunurensix, HECMOTPSl Ha CHIKEHUE Kod(hUIIMeHTa yCUIeHus, Mpu-
MEHSIOT OoueHb 4acTto. B pesynbrate BBegeHuss OOC CylIeCTBEHHO YJIYUIIAKOTCS
CBOICTBA yCUJIUTEJIS:

- IOBBIMIAETCA CTAOMIBHOCTh KOA(DPUIIMEHTA YCUIICHHS YCUTTUTENS MPU U3Me-
HEHUU NTapaMETPOB TPAH3UCTOPOB;

- CHU)KETCS YPOBEHb HEJIMHEHHBIX UCKa)XKEHUH;

- YBEJINYMBAETCSI BXOJHOE U YMEHBILIAETCS BBIXOJHOE CONPOTHUBIICHUS YCUIIU-
TeJIs;

- pacuupsieTcs 1moyioca MporycKaHusl.

JUis oneHku cTaOuiabHOCTH KodpduuueHTta ycuwieHus ycuwurens ¢ OOC
OTIPENIETISIOT €r0 OTHOCUTEIBHOE U3MEHEHUE, UCTIONb3Ysl BhIPaKEHUE!

AKooc
Kooc
Benmuuny npupamenns AKpoc onpeaersioT ciexyronmm oopasom [19]:

0Kooc =

dK
AKooc =%AK -
_AIK/@+BK] \  L+BK-BK  AK
dK (1+BK)? (1+BK)?

OtHocuTenpHOe m3MeHeHue koddduinumenta ycuieHus ycuurens ¢ OOC
ONPENIEIAIOT U3 BhIPAKEHHUSL:

AKpoe  AK/K
Kooc 1+PK -

SKooc = (5.7)
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N3 popmynsr (5.7) criemyer, 4TO BCSIKOE M3MEHCHHE KOA(PQUIMEHTA YCHUICHHS
yeunutens ocnadnsiercs aeiicteuem OOC B (1 + BK) pas.

OOC ocnabnser BIusiHUE BceX M3MEHEHUH koapduienTa ycunenusa K, B Tom
YHCJIE€ CBSI3aHHBIX C HEPAaBHOMEPHOCTBIO YACTOTHOM XapakTepuctuku. Iloatomy B Ta-
koM ycminrene ¢ OOC pacmmpseTcs monoca nporyCcKaHus, YMEHbBIIAOTCS 4acTOT-
HbIE UCKaXECHUSI.

OOC ymeHbIIaeT BO3HHMKAIOIIME B YCWIMTENE HEIUMHEWHbIE HCKaKeHHs. B
ycwutene 6e3 OOC npu 001bIIOM BXOJHOM HANPSIKEHUU 32 CUET HETMHEUHBIX HC-
KOKCHUN B BBIXOJHOM HAINpPSKEHUM MMOMUMO OCHOBHOW TapMOHMKHU TOSIBIISIFOTCS U
BBICIIIME, HATMYKE KOTOPBIX MCKakaeT (hopMy BbIXOJHOTO Hampsbkenus. [Ipu BBene-
Huu OOC Beicmme rapMoHukH yepes 3BeHo OC moparoTcsi Ha BXOJ YCUJIUTENS U
YCUJIEHHBIMU MOSIBJISIIOTCS. HA €0 BBIXOZE B IPOTUBO(DA3€ C BBHICIIUMHU FraPMOHUKAMH,
NOSIBUBLIMMUCS BCJICJICTBUE HEJIMHEHHBIX UCKAXKEHUU ycunurtens. B pesynbrate co-
Jiep>)KaHrue TApMOHUK TIPU TOM >K€ 3HAaYEHUU BBIXOJHOTO HANPSKEHUS] YMEHBIIAeTCs,
a, CJIeI0BaTeIbHO, UCKAXKEHUs BBIXOJAHOTO HampsbkeHus B ycunutene ¢ OOC OyayT
MEHBIIIE.

Brenenune nocnenoarenbHoii OOC MO HanpsH>KEHUIO YBEIMYUBAET BXOJIHOE

conpoTuBieHue ycuiautens. [[pyHuMas Bo BHUMaHKE, YTO
U1 = Rpxipx;
Upx = Rex0Clex;
Ugpix = Ky,
ypaBHenue (5.3) MOKHO 3amnucath B BUIE:
RBX.OCiBX = RBX(1+ BK)iBX
WIH
Rexoc = RBX(1+BK)'
rie Rgxoc — BXonaHoe conporusnenue ycmmrens ¢ OC;
Rpx — BXOJHOE conpoTuBiieHue yeunurens 6e3 OC;
lzxy — BXOJHOM TOK yCHIIUTES.
Takum oOpa3zoMm, BXOJHOE compoTuBieHue ycunurens 3a cu€t BBeaenus OOC
yBenunuuBaetcs B (1 + BK) pas.
Kpeme toro, BBenenue nociegoatenbHoii OOC 1o HaNpsHKEHUIO YMEHbIIIAET

BBIXOAHOC COIIPOTHUBJICHUC YCHJINTCIIA. I[J'IH BBIXOJHOI'O HAIIPAKCHHUA YCHIIMTCIIA C

OOC MOXHO 3anucaTh BIPAKECHUE:

Uppix OC = Uppix — uBI)IX.OCBK
NI

UpLix.OC (1+ BK) = Uppix »
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rae Ug,xOC — BBIXOAHOE Hanpsbkenue ycunurens ¢ OC;
Ugpx — BBIXOAHOE HampskeHue ycunurens 06e3 OC.

HpI/IHI/IMaH BO BHUMAHHUC, YTO
Uppix OC = RBX.OCIBI;IX;

Ugpix = RBXIBBIX )

HMCEM BBIPAKCHUC!

RBLIX.OC iBLIX (1 + B K) = RBI)IXIBLIX 1

1€ lgpx — BBIXOJHOM TOK YCHIIUTEIIS.

OxoHYaTEeNTHLHO moJaydacm:

Resx0C = M'
T (1+BK)
Takum oOpa3oM, BBIXOJHOE COINPOTHBIICHHE YCWIMTENS 3a CUET BBEACHUS
OOC ymensmaeres B (1 + BK) pas.
Ha pwuc. 5.8 npuBenena cxema ycminurens ¢ mnocienoBatenbHoir OOC 10
HanpspkeHuro. [1pu sTom

Uoc = Uppix R2 _
(R1+R2)
O
iuBX ¢ Up N RHD luBBIX
: -
Uoc [1] R1

R2

Puc. 5.8. Cxema ycunurens ¢ nocnegoBarenbHoit OOC mo HanpsHKEHHIO

Ha puc. 5.9 npuBenena cxema ycunutens ¢ nocienoBatenbHoir OOC 1o TOKy.

O
¢UBX ¢ Uq Y RHD lUBHX
O— — 1——

Uoc R1

Puc. 5.9. Cxema ycunmurens ¢ mocnenoBarenbHoit OOC mo Toky
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Tak kak
Uoc = R1l'lgpx,
10 Takass OC BO3HUKAET TOJBKO MPU HAJTUYUU BBIXOJHOTO TOKA, TO €CTh IMpHU padbote

YCUJIUTENS Ha HArPY304HOE YCTPOUCTBO.

5.4 lllupoKOMOJIOCHBbIE YCUINTE/IU

[IIMpOKOMONOCHBIE YCHUIUTENN HMMEIOT IMIUPOKYIO IMOJOCY NPOIYCKaHUA U
NPEJICTABISAIOT COOOM YCHIIMTENN MEepEeMEHHOro HamnpsokeHus win RC-ycunmurend.
OCHOBY yCUJIMTENEN COCTABIISIOT YCUIUTEIbHBIE KACKAIBI.

YcunurenbHble Kackajbl Yalle BCETO BBIMOJHAIOTCS Ha OUMOJSPHBIX U IOJe-
BbIX TpaH3ucTopax. He3aBUCMMO OT THUIIOB aKTUBHBIX AJEKTPOHHBIX MPUOOPOB, MPHU-
MEHSEMBIX B YCUJIMTENbHBIX KacKaJax, MPUHLHUII YCUICHHUS ocTaeTcs equHbiM. [Ipu
ATOM B LIEMHU, B COCTAB KOTOPOl BXOJUT YCHUJIUTEIbHBINA AJEMEHT, YCTAaHABINBAKOTCS
OTIpEJICIICHHbIEC 3HAYEHHS MOCTOSTHHBIX TOKOB. JTOT PEXXHUM pabOThl HA3bIBAECTCS CTa-
TUYECKUM (PEKUM IO TIOCTOSTHHOMY TOKY, PEKUM 1OKOos). OH XapakTepu3yeTcs: mo-
CTOSIHHBIM TIaJICHUEM HaIpsHKEHUS HA KOMIIOHEHTaX YCHUJIMTEIbHOro Kackanaa. [lpum
[0/1a4€ CUTHAJIAa IEPEMEHHOrO TOKA HAa BXOJ YCHWJIMTEIBHOTO 3JIEMEHTA TOKU B LIETISX
HAYMHAIOT U3MEHATHCSA B COOTBETCTBUM C MOJAHHBIM CUTHAJIOM. DTH NEPEMEHHBIE
TOKHM CO3JaI0T IEPEMEHHBIC MAaJCHUs HAIPSDKEHUSI HA KOMIIOHEHTaX YCUJIMTEIBHOTO
kackanaa. [lomydyeHHble 3HAYEHUS BHIXOJIHOTO CUTHAJIA OOBIYHO 3HAYUTENIBHO OOJIbIIIEe
BXOAHOTO curHaia. Korma paccMatpuBaroT NMpUpalieHuss TOKOB U HAIPSKEHUW, BbI-
3BaHHBIX BXOJHBIM CHUTHAJIOM, TO TOBOPST, YTO 3TO PEXKUM PAOOTHI IO IEPEMEHHOMY
TOKY WJIA PEKUM MAJIOr0 CUTHAJA.

5.4.1 CKBO3Has AUHAMHUYECKaAs XapaKTepUCTHKA

CkBo3nas auHamudeckas xapaktepuctuka (CIX) ucnonb3yercst Oonbiieit ya-
CTBIO JUISl XapaKTEPUCTUKU OJUHOYHOTO KacKaJa yCWJICHUS, BHIIOJIHEHHOTO HA TPaH-
3UCTOpPE U MPU KOHKPETHOM 3HAUYEHUHU CONPOTUBIICHUS HArPy3KH B €ro BBIXOIHOM
nenu. TumoBas C/IX mpencraBinena Ha puc. 5.10 u mpencrasnser co0oil 3aBUCH-
MOCTb BBIXOJHOTO TOKa OT BXOJHOI'O HampspKeHUs. s cxembl ¢ 0OLIUM SMUTTEPOM

Igpix = Ik 1 Ugx = Ugo.
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| A
BBIX

> Upx

Puc. 5.10. CkBo3Hast AMHaAMUYeCcKas XapaKTepUCTUKA YCUITUTEIS

5.4.2 PexXuMbl paGoThl YCUJIMTEJBHOI'O 3JIEMEHTA B CXeMe

B nporiecce paboThl TpaH3UCTOpa B yCUIIUTENE TIEPEMEHHOTO TOKA Yepe3 Hero
NPOTEKAeT JIBa TOKA: IMOCTOSHHBIM TOK (TOK CMEIICHHS) M MEPEMEHHBIA TOK (TOK
yCHJIMBaeMOro curaia). [IporekaHue MOCTOSIHHOTO TOKa 4Yepe3 SMUTTEPHBIA Tepe-
X0/ TPaH3UCTOpa O0YCIOBIIMBACT MMAJICHUE HA 3TOM IEePEX0/ie HEKOTOPOTO HaIpsiKe-
HUS cMelneHus. HanpspkeHre cMeleHus onpeieNseT MoJIoKeHHe TOUKH 1mokost O Ha
CKBO3HOW nuHamuueckor xapaktepuctuke (puc.5.10). Touka O momyumna JaHHOE
Ha3BaHWE W3-3a2 TOTO, YTO PEKHM PaOOTHI TPAH3UCTOPA MO MOCTOSSHHOMY TOKY HE
npeaycMaTpUBaeT Moady Ha HETO IMEePEeMEHHOT0 HamlpsDKEeHUsS curHana. TpaH3ucTop
IpY 3TOM HAXOIUTCS B CTATUYCCKOM DPEKMME, HE YCWIMBAET CHTHAJ, HAXOJIUTCS B
cocrostHuH TOKOs1. [Ipw mojjade Ha TpaH3UCTOP MEPEMEHHOTO HAMPSDKEHHS OHO CKITa-
JBIBACTCSl C TIOCTOSTHHBIM HAIpPsDKEHUEM CMENIeHHsI (C YI€TOM TOJISPHOCTEH 000mX
HaNpsDKEHUH ), B (OPMUPYETCST PE3YJIbTUPYIOIIEe HAINPsDKEHHUE, KOTOPOEe W Ompeie-
JSET TeKYIIee COCTOSHUE TPAaH3UCTOPA.

B 3aBUCHMOCTH OT HaAmNpsDKEHUS UCTOYHUKA CMEIICHUS W TOJSPHOCTH €Tro
TIOJIKITIOYCHHSI BO BXOJHYIO IIEMb TPAH3UCTOPA Pa3IMYArOT CICAYIONINE PEXUMBI pa-
00ThI YCHJIMTENBHOTO 3JeMeHTa, s KoTopbix Ha CIX Touka mokos O 3aHMMaeT
CBOE XapakTepHoe mnosioxkeHue. [[pyroe HazBanue Toukun O — TOYKAa HCXOIHOTO pe-
*uMa (paboThl TPaH3UCTOPA).

5.4.2.1 Pexum oTceuku
B pexxnMe oTceukn TpaH3UCTOP 3aKphIT. ToUYKa MOKOS pacrojiaracTcs B HaYale
KoopauHAT win Ha oopatHoi BeTBU CIIX (puc. 5.11).
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Puc. 5.11. Pexxum oTcedku pabOTHI TpaH3UCTOpa

PexxuMm oTcedukm mMeeT MeCTO OBITh JIHOO IIpA OTCYTCTBHH HAIIPAXKCHHUA CMEC-
IIeHUsI, JTHOO Ipu 06paTHOM HaIIpsOKCHUH CMCHICHMA. OueBUIHO, YTO B JJaHHOM pe-
KUMC YCHUIIMBACTCA TOJBKO OJHWH ITOJYIICPHUOA BXOJIHOI'O IICPEMCHHOI'O HAIIPAKCHUA.
ConpoTuBieHUE TpaH3UCTOpAa MAaKCUMallbHO. [[J1d wuaeadbHOro TpaH3UCTOpa
RK3 —> 0. IKO =0.

Pexum npuMeHseTcs 11 HEJIMHEWMHOrO YCUJICHUSI OJHOIIOJAPHOTO HAMPSIKeE-
HUA, ABJIAIOMICTOCA IIPAMBIM IJIA SMUTTCPHOI'O IICPCXO0da TPAH3UCTOpPA.

5.4.2.2 PexxuM HacBIIIECHUS

HacpllmenHpiii TpaH3UCTOP MOJHOCTHIO OTKPBIT. TOUKa MOKOsI pacnosiaraercs
Ha BepxHeM m3rube C/JX (puc. 5.12). Hanpsokenne cmemenust Ugyy nipsiMoe U 1o-
cTtaTo4Ho Oosbinoe. Ry — 0. IlepBbli moynepruo CUrHajga yCUJIMBAETCS MEHBIIIE,
yeM BTOPOH. lxmaxt < lkmaxe. Tok mokost Tpansuctopa lyg # 0. Benuuuna lgq onpe-

JEJISETCS B OCHOBHOM HaIPSDKEHUEM MCTOYHMKA MUTAHUS KOJUIEKTOPHOW LIENH U CO-
MIPOTUBJIIEHUEM HArpy3KU TPAH3UCTOPA.
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t ]
Puc. 5.12. PabGota TpaH3ucTOpa B peKUME HACHIIICHUS

Pexum npumensiercs muis:

1) ycuneHuss CUTHAJIOB B BHUE OJHOIOJISAPHOTO HAMPSDKCHHS, SBISIONIETOCS
0OpaTHBIM JIJIs1 SMUTTEPHOTO TIEPEX0/1a;

2) OJIHOCTOPOHHET0 OTPAHUYCHUS IBYXITOJISIPHOTO CHTHAJIA.

5.4.2.3 Jluneinbit pexum (pesxum A)

Pexxumom kmacca 4 Ha3bIBAIOT TAKOH PEXUM pabOThl YCUIUTEIBHOTO dJIEMEH-
Ta, TP KOTOPOM TOK B BBIXOJIHOM IIEMH CYIIECTBYET B TEUEHUE BCETO MEPHUOJA CUT-
Hana. Touyka mOKOs pacmojlaraeTca Ha cepeauHe JuHelHoro ydactka C/X
(puc. 5.13). Hanpsbkenue cMmeIeHus: mpsiMoe W ONTHMAIBHOE ISl YCHUJICHUS TapMO-
HU4Yeckoro curnana. O6e MmoyBOTHBI BXOJHOTO TAPMOHUYECKOTO CUTHAJA YCUIIUBa-
IOTCSL OMHAKOBO: lgxmax1 = lkmaxe. CompoTuBieHue TpaH3uctopa Rixs paBHO CBOEMY

CpeHEMY 3HAYEHUIO.
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Puc. 5.13. JIuneiHbIi pexxuM pabOThl TPAH3UCTOPA

Pexum npuMensieTcs i1 JMHEHHOTO YCUJICHUS CUTHAJIOB, Yallleé BCErO rapmo-
HUYecknX. OnTuManbHOE HampspkeHue cmenieHus Ugsog MOXKET OBITh ONpeacsIeHO

60 rpadudecku no CIX, nubo mogodpaHo IKCIEPUMEHTATBHO.
N3 puc. 5.13 BugHO, 4TO B peKUMe A aMIJIUTYJa IEPEMEHHOMN COCTaBISAIOLICH

BBIXOIHOTO TOKA |y e HE MOKET OBITH OOMBIIE TOKA MOKOSA g, cCpenHee 3Haue-

HHC BBIXOAHOI'O TOKa Icp B PCIKHNMC A To4YTH HE 3aBHCHUT OT AMINIUTYAbl BXOJHOI'O

CUTHAJIa ¥ MaJIO OTJIMYAETCS OT TOKa MOKos ly.

OCHOBHBIM JIOCTOMHCTBOM PEXKHUMa A SBISETCS Mayblii KO UIIMEHT TapMo-
HUK BCJIEICTBHE PAaOOThI yCHIMTEIBHOTO AJIEMEHTA Ha MOYTH JIMHEHHOM y4acTKE €To
XapaKTePUCTHK, B PE3YJIbTaTe Yero (popMa BBIXOHOTO TOKA TIOYTH HE OTJIMYAETCS OT
¢dbopmbl BXogHOTO curHana. KoagdunueHT mone3Horo neicTBus pexxnuma A, paBHBINA
OTHOIICHHWIO OT/IaBa€MOW YCWJIMTEIbHBIM DJIEMEHTOM MOIIHOCTH cHWTrHama Py K

MOIITHOCTH Py, moTpebiisieMoi UM OT UCTOUYHUKA MUTAHUS BBIXOJHOU LIEMH, OKa3blBa-

€TCSI MaJIbIM M3-32 OOJIBIIIOTO TOKa TMOKOS KaK IMPH CUTHAJIC, TaK B 0€3 HEeT0; HU3KUM
KII/I siByisieTcsi OCHOBHBIM HEIOCTATKOM 3TOTO PEeXUMA.
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PexxuM A npuMeHSI0T B OCHOBHOM B KacKajax MpeABapUTEIbHOIO YCUIICHHUS, a
TaK)K€ B KaCKaJlaX MOILHOIO YCUJIEHUS! HEOOJIbIION MOLIHOCTH; B KaCKaJaX MOILIHOTO
YCWJIEHHSI C BBIXOJTHOM MOILIHOCTBIO BBIILIE HECKOJIBKHUX BAaTT PEXKUM A HE PUMEHSIIOT
n3-3a Hu3koro KIIJ[. Pexxum 4 MOXHO MCIOJIb30BaTh KaK B OJHOTAKTHBIX, TaK U B
JIBYXTaKTHBIX KacKaJiax.

Crnenyer OTMETUTb, YTO UCIOJIB3YIOTCS TAKXKE JPyrue Ha3BaHUs PEKUMOB pa-
00ThI TPAaH3UCTOPA.

5.4.2.4 Pexxum B
Pesxxum B Gornee 6130k K pexumy oTceuku (puc. 5.14). Ilpu Takom pexumMe B
BBIXOJHOU 1IENH MPOTEKAET HEKOTOPBIM TOK BHE 3aBUCHUMOCTH OT HAJIM4Ws CUTHaja

Ha Bxoje (Ixg = 0,03-0,15 Ik max)-

A

A
e I%

N
®

Puc. 5.14. Pa6ora Tpan3uctopa B pexxume B

Jlsist Toro 94TOoOBI OXapaKkTEPU30BaATh ATOT PEKUM IOJIHEE, BBOIST MOHATHE 00
yIJIe OTCEYKH. YTIIOM OTCEYKM HA3bIBAIOT M3MEHEHHe (ha30BOTO yrila yCUIUBAEMOTO
CUTHAJIa 32 BpPEeMs, B TE€YCHHE KOTOPOTO BBIXOJIHON TOK M3MEHSETCS OT MaKCUMallb-
HOTO JI0 HYJEBOIO 3Hay€HHUs. YTOoJl OTCeYKH oOo3HayaroT uepe3 O (puc. 5.14); B
uaeanbHOM peknume B yron orcedku paBeH ® =7/2=90°, a BEIXOAHOH TOK IPOTE-
KaeT B TEUYCHHE IMOJOBUHBI mieprona. OgHaKo B JIEWCTBUTEILHOCTH H3-3a HIDKHETO
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n3ruoa XapaKTCPUCTHKHU TOK ITIOKOSA B PCKHME B oka3bIBaeTCs HE PaBHBIM HYJIO, a

cocTaBisgeT oT 5% 10 15% MakcMManbHOIO 3HaYEHHs BBIXOJHOIO TOKA |, ¥ yroiu

orceuku ® HeMmHoro mnpesbimaer 90°. M3-3a nmocienHero o0CTOATENbCTBA 3TOT pe-
’KUM UHOT/Ia Ha3bIBAIOT PEKUMOM A B, TaK KakK OH SIBJSIETCS KaK Obl MPOMEKYTOUHBIM
MEX]Ty PEKUMOM A U UiCabHBIM PEKUMOM B.

OCHOBHOM TOK B BBIXOJHOM LIENHU TPAH3UCTOPA CYIIECTBYET TOJIBKO IPUMEPHO
B TEUEHHUE MOJTYNEPHOIA BXOJHOTO CUTHAIA.

Bceneacteue Manoro Toka MOKOSI U MEHBIIErO CPEIHEr0 3HAYEHUs TOKa, IO-
TpeOJIIEMOTO OT UCTOYHHMKA MTUTAHUS TIPU PaBHOUM BEJIMUMHE MEPBOM TrapMOHUKHU BHI-
xonHoro toka, KIIJ[ xkackaga, paboTaromiero B pexxume B, 3HAYUTEIBHO BHIIIE, YEM
npu pexume A. B pexume B cpegHee 3HaU€HUE BBIXOJHOTO TOKA MOYTH MPOIIOPIHO-
HaJIbHO aMIUIMTYJI€ BXOJHOIO CUTHajJa W MaJaeT 10 OY€Hb MaJIOro 3HAYEHUS B €T0
OTCYTCTBHE.

OCHOBHBIM JIOCTOMHCTBOM peXuMa B sBIISIETCS Majoe NMoTpeOeHrue YHepruu
nuTaHus. OTo 00ycnoBieHo He Toyibko Oomnee BhicokuM KIIJ mo cpaBHeHuio ¢ pe-
KUMOM A, HO TaKKe€ M TeM, YTO MOTPeOIsIeMblid OT HICTOUHUKA MTUTAHUS TOK CHIJIBHO
yMEHBIIIaeTCsl TIPU CJIa0bIX CUTHaNax. B pe3ynbrate mpu yCUJICHUM CUTHAJIOB PEYU U
MY3bIKH KacKaJl MOIIHOTO YCWJICHHSs, pa0oTaromuii B pexxume B, moTpebiser B He-
CKOJIBKO pa3 MEHbLIE PHEPTHHU OT UCTOYHUKA MUTAHMS, YEM KacKaj C TaKOW K€ BbI-
XOJTHOM MOIITHOCTbHIO, paOOTAIOMIHNI B peKUME A.

HenoctaTtkom pexuma B SBISIETCS TO, YTO YCUJIUTEIbHBIN 3JIEMEHT B HEM I10-
YTH TOJIIEPUOJA «3aMEPT», a CIEA0BATENbHO, YCUIIUBAET TOJBKO OJIUH MOJYNEPHOJ
NOABOAMMOro curHaina. [loaToMmy B yCHMIMTENSX TapMOHHMYECKHUX CUTHAJIOB IMPOU3-
BOJIbHOW ()OpMBI MCTIOJIB30BaHUE PEXUMa B BO3MOXKHO JIUIIb B JIBYXTaKTHBIX CXe-
Max, TJI€ OJHO TUIeUO paboTaeT MpU MOJIOKHUTEIHBHOM MOJIYIEPHOE, a IPYroe — Mpu
OTPUIIATEIHLHOM, B pE3yJIbTaTe YEro YCUIMBAIOTCA 00€ MOTYyBOJIHBI CUTHATA.

BcenencTBue ncnonb3oBaHus OOMNBIIOTO YYaCTKa XapaKTEPUCTUK YCHIIUTEIbHO-
ro 5JEMEHTa, BKIIOYas KPUBOJIMHEHHBIA, KOIPHUIMEHT TapMOHUK JABYXTAKTHOTO
KacKaJia B peKHMe B OKa3bIBaeTCs BBILIE, YEM B pEXKUME A.

N3-3a Beicokoro KIIJI pexxum B mmpoko NpUMEHSETCS B KaCKaJax MOLIHOIO
YCHUJICHHSI, HECMOTPS Ha HEOOXOIUMOCTh MTPUMEHEHHS IBYXTAKTHOW CXEMBI; KaCKaIbl
MOIIIHOTO YCHJICHHUS C BBIXOJIHOM MOITHOCTBIO TIOPSAJZIKA JIECATKA BaTT M BbIIIE pado-
TarOT NOYTH BCETAa B pexkuMe B. B MepeHOCHBIX yCTPOMCTBAX, MUTAEMBIX OT XUMH-
YECKUX MCTOYHHMKOB TOKA, IPUMEHEHHUE PEXKMUMA B 3KOHOMHYECKH BBITOJHO JIaKE B
KacKaJax C BBIXOJHOM MOIIHOCTBIO B JOJIM BAaTTA.
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5.4.2.5 Pexxum C

Todka MCXOTHOIrO pekrMa 3aHMMAET IOJIOKEHUE, COOTBETCTBYIOILEE PEKUMY
OTCEUKH, WM pacronaraerca Ha oopatHoil BetBu CJIX. [Ipu 3TOM TOK B BBIXOJHOU
LENH YCUIIUTEIBHOTO 3JIEMEHTA TEUET MEHBIIE ITOJIOBUHBI IEPUO/IA CUTHAJIA.

VY CHUIUTENBHBIN 3JIEMEHT B OTCYTCTBUE CUTHAJA IMOJHOCTHIO 3aIepT, a IPH I0-
Jlade CUTHaJIa MPOIYCKaeT TOK MEHBIIIE MOJIOBUHBI meproja (yroa orceuku © < 90°).
B pexume C KIIJ] emé Bblie, Tak Kak MoTpeOaeHue MUTAOLENH SHEPTUH MEHbIIIE,
YeM B peKuMe B 13-3a OTCYTCTBUS TOKa MOKOS U el€ OONbIIEro OTHOIICHUS aMILIU-
TyJbI IEPBOM TAPMOHUKH BBIXOAHOTO TOKA K €r0 CPEIHEMY 3HAUECHUIO.

OnHako UCIONIB30BAHUE JBYXTAKTHOW CXEMBI 3/1€Ch HE TAET BO3MOXKHOCTH I10-
JYy4YUTh B BBIXOJIHOM LIENU CUTHAI TOH k€ (QOpPMBbI, UTO U MOJABAEMbI BO BXOJHYIO
LEIb; KPOME TOT0, IPU MCIIOIb30BaHUU pexnuMa C MPOUCXOAUT OTPAHUYEHNE CUTHA-
Ja IO MUHUMYMY, B pe3yJibTaTe 4ero KojaeOaHus ¢ MajJbIMH aMIUIUTYIaMH HE TIPOXO-
JST Yepe3 yCWINTENb. B yCunurensix rapMOHUYECKUX CUTHAJIOB MPOU3BOJIBHON (op-
MbI pesxuM C He npuMeHsT. Pexxum C MIMPOKO MPUMEHSIOT B MOIIHBIX PE30HAHC-
HBIX YCWJIMTENAX (HampuMmep, B PaJUONEpealoluX YCTPOMCTBAX), T/I€ HArpy3kou
SABJISIETCS MApaJUIEIbHBIM PE30HAHCHBIN KOHTYpP, HACTPOEHHBIN Ha 4acTOTY IOJaBae-
MOT0 Ha BXOJ CHHYCOUAQIBHOTO KOJICOaHUs MIIM Ha OJIHY U3 €0 BBICIIUX TapPMOHHUK.

5.4.2.6 Pexxum D (kiroueBOi peskim)

PexxuM, mpu KOTOPOM YCHIIUTENIbHBIA 3JIEMEHT BO BpEeMsl pabOThl HAXOAMUTCS
TOJIBKO B JIByX COCTOSIHHMSIX: WJIM 3aKPBIT U TEKYIIUH Yepe3 HEro TOK PaBeH HYIIIO,
WIM OTKPBIT U TaJICHUE HANPSKEHUSI MEXKIY BBIXOHBIMH 3JIEKTPOAaMH OJIU3KO K HY-
mo. [Ipu pabote TpaH3UCTOpa B KIIFOYEBOM PEXKUME OH MEPHOJUYECKU OTKPHIBACTCS
U 3aKpbIBA€TCS 3a CUET IMOAAYM COOTBETCTBYIOUIETO YIPABJISIOIIETO HAMPSIKEHUS.
Hanpsixkenue cMmerniennst MOXET ObITh BHIOPAHO TaKUM, YTO TOYKA MOKOS BBIBOJUTCS
IPUMEPHO HA cepelrHy JInHeHoro yyactka CJ/IX, a HCTOUHUK yHpaBIISIFOIIETO CUT-
Haima (QOopMHUPYET MPSMOYTOJIbHBIE WMITYJIBChl PA3HOW MOJSIPHOCTH U JOCTAaTOYHO
Oomnpiior amrmuTynbl. [lon meficTBUEM 3TUX TPSIMOYTOJBHBIX HMITYJIbCOB TPaH3H-
CTOpP NEPUOANYECKH OTKPBIBAETCSA U 3aKPBIBACTCHL.

[Ipy 3TOM MOTEpU PHEPrUH B YCHIUTEIBHOM 3JE€MEHTE oueHb Maibl, a KIIJ]
OKa3bIBACTCs OJIM3KKMM K eauHMmIe (emé BoIme, ueM B pexume C).

5.5 YcuuTenbHbIN KaCKaj, C 00ILUM SMUTTEPOM

Haubonee pacmpocTpaHEHHBIM Ha MPAKTUKE SBISACTCS yCHIMTEIbHBIM KacKaj
Ha OUTIOJISIPHBIX TpaH3UCTOpax ¢ oommmM amutTepoM (OD). B aTOM Kackame sMutTep
SBJISIETCS OOIIMM 3JIEKTPOJIOM ISl BXOJIHOW U BBIXOAHOW Ieneid. Cxema yCUIIUTENb-
HOro kackaza ¢ OO Ha OUNONSPHOM TpaH3UCTOpPE N-P-N-TUMA MpUBEACHA Ha
puc. 5.15 [11].
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Puc. 5.15. Cxema ycHUIMTENBHOTO Kackaja ¢ OOLUIUM IMUTTEPOM

Pesucrop Ry BkitoueH B 6a30Byto 1ienb Tpan3uctopa VT u odecrneunBaeT mpo-

TeKaHue Toka 0as3bl Mmokosi lgg, a pesuctop Ry, oOecrneynBarOmUN IyIbCAIUIO

HaNIpsKCHUS Ha KOJIJICKTOPC, BKIIIOYCH B KOJUICKTOPHYIO ICIIb TPAH3UCTOPA VT. Bri-

XOJIHOE HaNpsKeHUE Ugyx CHUMAETCA ¢ KoJiuiekTopa Tpan3uctopa V. KonaeHcaTopsl
Cl u C2 sgBusAwOTCS pa3ieUTENbHBIMU (KOHAEHCATOPHI CBsI3M). OHU OCYIIECTBIISIIOT
pasBA3Ky Kackala I0 IOCTOSHHOMY TOKY OT I'€HEpaTropa BXOJHOIO CUTHaja Ugy H

Harpys3kKu RH , TaK KaK HC IIPOIIYCKAIOT ITOCTOAHHYIO COCTABJIAIOIIYIO JIF000T0 CHTHAa-

na (OTHENSIIOT MEPEMEHHBIE COCTABJISIONINE HAMPSHKEHUH W TOKOB OT TMOCTOSHHBIX
COCTABIAIONIMX, JeHCTBYIOMUX B Kackaje). EMKOCTH pas[enuTenbHbIX KOHIEeHCaTO-
POB BBIOMPAIOT TaKUMH, YTOOBI B pabodeM Auarna3oHe 4acToT (B 00JIACTH ITOJOCHI
NPOIYCKaHWsA) KOHJACHCATOPHI HE OKa3bIBAIM 3aMETHOTO BIUSHUS Ha MPOXOKICHUE
IIEPEMEHHON COCTaBJIAIONICH curHajia. J[js 3Toro mocTtaTo4Ho, 4TOOBI €MKOCTHBIC
COTIPOTHBIICHHS Pa3IeIUTEIbHBIX KOHEHCATOPOB

1 _ 1
coHrpCl’ 27w C,

HTIp

XCl ==

Ha CaMO#l HU3KOW 9acTOTE MOJIOCKHI MPOMYCKAHUS OJIM3KU K HYJIIO.

Jlist oGecriedeHusi CTaTUYECKOTO pekrma paboThl TPAH3UCTOPA UCIONIB3YETCS
HUCTOYHUK KOJUIEKTOpHOro mnutaHusi Uy, MOJSPHOCTH KOTOPOTO 3aBUCUT OT THIA

tpan3uctopa: +Uy nis VT tuna n-p-n u —Uy nas VT tuna p-n-p.

JI71s1 KOJIEKTOPHOM 1I€NU YCUIIMTENIBHOTO KacKaja B COOTBETCTBUU CO BTOPBHIM
3akoHOM Kupxroga MOXKHO 3amucaTh Cleayroulee YpaBHEHHE JJIEKTPUYECKOrO CO-
CTOSIHUS:

UH:UK3+IRRK (58)
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rae U — HanmpsbKeHue MCTOYHUKA MUTAHMUS,
Ugkn — HampsiKeHre MeX1y KOJJIEKTOPOM U SMUTTEPOM TPaH3UCTOPA;

IxRx — magenue HanpsbkeHus Ha pesuctope Ry oT Toka Iy konnekropa.
BeixogHast ens TpaH3ucTOpa MpeacTaBisieT co0oi mociaenoBaTeNbHOE COeqU-

HeHue auHeiHoro Ry m HenmuuerHoro VT sneMmenToB. Pacuér Takoi HelIMHEHHOH 11e-

4, TO €CTh omnpenaesieHne Toka lg u Hanpskenuit Ui u 1Ry, nefictByromux B cxe-
Me, aHATUTHYECKUM METOAOM 3aTpyaHuTenbHO. [IoaTOMYy Takue cxeMbl OOBIYHO pac-
CUUTBIBAIOTCS Tpado-aHATUTHIECKUM METOIOM.

CyTh MeTO/a 3aKiIt0YaeTcsi B TOM, 4To Ha BAX HenMHENHHOro 3j1eMeHTa HaHO-
cutcsas BAX ocraBmieiics JUHEMHOM YaCTH CXE€MBbl, BKIIOUYAIOMICH JUHEHHBIN YJIEMEHT
Y MCTOYHMK HampshbkeHusl nutanus. [lepeceuenne BAX NMHEHHOr0o M HEITMHEHHOIO
AJIEMEHTOB JAaET pabouyl0 TOUKY, KOTOpasl ONMpeeNseT PeKUMHBIC IapaMeTphl pabo-
ThI cxeMbl. BAX TMHEHHON YacTH CXE€MbI YaCTO HA3bIBAIOT JIMHUEH HArPy3KH.

Jlns wiutrocTparuy mpoliecca yCUiIeH!s Ha puc. 5.16 mpuBeeHbl BXOJHAS U
BBIXO/THBIE XapaKTEPUCTUKU OUTIOJISIPHOTO TPAH3UCTOPA.

IB, MA IK, MA

+ I]3.max EK/RK

0,5 ' IB.p""B.max +1i max

I5.p [\

. 10-
0,21 U : | 0 N\Usp—lsmax  \ /
_IB'maX — i max
00102 08 U B AN
Usop 5 10 15 Ex Uk, B
BY t
t Usx.max Uksp _Uks.max=Usex. max
t t
a O

Puc. 5.16. XapakTepucTuku OUTIOISIPHOTO TPAH3UCTOPA: @ — BXOJHAS; 6 — BBIXOHAS

Ha BeIXOgHBIX XapakTepucTukax Tpanzuctopa (puc. 5.16.6) ctpoutcs BAX

(JIMHMS HArpy3KH) OCTaBUIEHCS JTMHEHHON YacTH CXEMbl, BKIIIOYarolen pe3uctop Ry
Y UCTOYHUK MUTaHUs ¢ HampstkeHueM Up. JIMHMS Harpy3ku CTPOUTCS MO JIBYM TOY-
kaM: Ha ocu abcmucc, korma Ugy = Uy mpu lgx=0 u Ha ocu opawHaT, Korjaa
IK = UH /RK npu UK3 =0.
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Pesucrop Rg, BkitoueHHBINH B Lienb 0a3bl, oOecrneunBaeT TpeOyeMyro padoTy
TPaH3UCTOPA B PEKUME MOKOS, TO €CTh IPU OTCYTCTBHM BXOJHOrO CUrHana. Pe3u-
crop Rp BbIOMpaeTcs TakuM 00pasoM, 4ToObl TOK 0askl Ip |, mokos obecneunsa 1mo-

JIO’)KEHHWE TOYKU TOKOS [P Ha JIMHUM HArpy3kKd HPUMEpPHO MOCEepearHe padodero
ydacTka. Touka MOKOs ONpenensieT CTAaTUYECKUN pexxuM paboThl Kackaja Mo MocTo-

saHoMy Toky. Ha puc. 5.16.a Touka mokos p’ cooTBeTcTBYET TOKY 0asbl Ip = lp 1
ONpPEIENAET MOCTOAHHBIE COCTABIIAIONIME TOKA i , M Hanpskenus Uy p.
Homyctum cHauana, uro Upx = 0. Ilox neiictBuem Hanpsikenus Ug p,, yepes oT-

KPBITBIM P-N TpaH3UCTOpA MPOTEKAET MOCTOSIHHBIN TOK 0asbl I];'p. PaznenmurennHBIN
koHzaeHcatop Cl He mpommycKaeT MOCTOSHHBIN TOK Ye€pe3 UCTOYHUK BXOJIHOTO CUTHA-
na. B BBIXOAHON LIeNM TPAH3UCTOPA MPUCYTCTBYET MOCTOSHHBIN KOJIJIEKTOPHBIA TOK
IK_p, KOTOPBIN OMpeAesieT HANPSKEHUE MEXKAY KOJIJIEKTOPOM M 3MUTTEPOM UKg,p,
Paznenurenbubiii koHaeHcaTop C2 HE MPOIYCKAeT MOCTOSHHOE HAIpPSKEHUE B BbI-
XOJIHY1O 1ienh U HanpspkeHne Uggx = 0.

Ecnu Ha BXx0J4 TpaH3UCTOpA MOJATh MEPEMEHHOE HANPSHKEHHUE C aMIUIUTYI0U

Usx max » TO JaHHBIN CUTHAT TpouaeT dyepe3 konaeHcarop Cl 1 BBI30BET U3MEHEHUE

yIpasJisomero HanpspkeHnust Ugy B COOTBETCTBHHU ¢ BXOZHON XapakTepHCTUKOU. Tlox
neficTBHEM 3TOTO HANPSDKEHUs NPOM30HMIET M3MEHEHHE TOKOB 0asbl, SIMUTTEpa H
KoJTeKkTopa. Vi3sMeHeHHe Toka 0a3bl OLIEHUBACTCSI IO BXOAHON XapaKTePUCTUKE TPaH-
sucropa lg= f(Ugy). Tok 6a3bl Oyner U3MEHATHCS OT + Iy A0 — I 5 mx - TaK

KaK BXOJHAs XapaKTepUCTUKAa TPaH3UCTOpa HENMHEHHas, T0 + lgux > —lB.max -

IToCKONIbKY BBIXOJHBIE XapAKTEPUCTUKU TPAH3UCTOpPA CTPOSITCA ISl Pa3HbIX TOKOB
0a3bl, TO MO0 HUM MOXHO OMPEEIUTh TOKH KOJUIEKTOpPA, COOTBETCTBYIOIHME TOKaM
0a3bl + Il ux ¥ — lpax - YI3MEHEHHE TOKa KOJUIEKTOPAa OTHOCUTEIBHO CPEAHEro

3HaueHus lg , OynyT coorBeTcTBeHHO paBHBI (I + | u(le,—1 . OTH
p oYy Y Kp ™ 'b.max K.p ~ 'B.max

M3MEHEHUS BBI30BYT KOJICOAHMS HANpPSIKEHUS Ha CONMpOTHUBICHUH Ry M Ha camoMm
KosuiekTope. ONEHUTh ATH KoJeOaHus JIETKO M0 Harpy304HoM npsimoil. Pabouast Touka
p Oyzer mepememiaTbcs MEXIy TOUYKAMU MEPECeUeHHs] 3TOW MPSAMOM € BBIXOJHBIMU
XapaKTepUCTUKAMK, ~ COOTBeTCTByrommuMH — TokaM  6asel  (lpp + g mx ) ¥

(I5p = Ib.max ) - Takum oGpasom, konebGaHus BXOLHOIO CHTHAlA NMPUBOLST K IIPO-

HNOPLIMOHAJIBHBIM  KOJIEOAHUAM HANPSKEHUsT KOJUIEKTOP-3MUTTEP C aMIUIUTYIOH
Uk max = lko.max Rk- Uepes xonaencatop C2 3Ty kosiebaHUs MOCTYNAIOT Ha BbI-

XOJl ycunuTens. AHalIM3 3aBUCHUMOCTEN puc. 5.16 mNOKa3bIBa€T, YTO BBIXOJHOE

HanpsiHKEHUE Ugyx HAXOIUTCS B MPOTUBO(DA3e BXOJHOMY Ugy.
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[Tpu GONBIIMX BXOTHBIX HAMPSIKEHUAX Ugy TIEPEMEHHBIC COCTABIISIONINE TOKOB
MOTYT BBIXOJUTH BBIXOJAT 3a MPEACIIbl JIMHEHHBIX YIaCTKOB BXOIHON XapaKTEPHUCTH-
KH TpaH3ucTtopa (puc. 5.4) u paboyero ydyacTka JHHHM Harpysku (puc. 5.16). B pe-
3y/bTaTe 3TOro (hopMa KPUBOH BBIXOTHOTO HANPSDKCHUS Ugpx MPETEpIICBACT 3HAYH-

TEIbHBIC UCKaXKCHUS. DTH HCKaXXCHUA, O6YCJIOBJIGHHBIG HEJIMHEHHOCTBIO YKa3aHHBIX

XapaKTEePHUCTHK, HA3bIBAIOTCS HEIMHEHHBIMU (pHC. 5.4).

5.5.1 TemnepaTtypHas cTabu/IM3anya YCUJIMTEJIBHOI0 KacKaja
C OOLIMM 3MUTTEPOM

CyH_IeCTBeHHBIM HEAOCTAaTKOM 6I/IHOJ'I$IpHBIX TPAH3UCTOPOB ABJIACTCS 3aBUCU-
MOCTb HUX IApaMCTPOB OT TCMIICPATYPHI. HpI/I MMOBBINICHUU TCMIICPATYPbI TPAH3UCTO-
pa YBCINYUBACTCA €TI0 KOJIJICKTOpHBIﬁ TOK 3a CUET BO3pacCTaHuAg YHCJIa HCOCHOBHBIX
HOCHUTEIEH 3apsaaa B IMOJYIIPOBOJHUKCE. 910 IMPUBOAUT K UBMCHCHHUIO BBIXOJHBIX Xa-
PAKTCPHUCTHUK TPAH3HUCTOPA U CMCIICHHUIO pa60qel71 TOYKH IIOKOA. A, KaK H3BCCTHO,
ITOJIOKCHUC pa60qeﬁ TOYKH TPAH3UCTOpPA 3aBUCUT OT €TI0 CICAYIOINUX ITApaMCTPOB!

00paTHBI TOK KOJIEKTOPHOro mnepexona lyg,, KO3QQHUUMUEHT ycuieHus mo TOKy
h,,; HanpsbkeHHe Ha repexone 3MurTep-6asa Up,. M3MeHeHHe yka3aHHBIX Iapa-

MCTPOB TPAH3HUCTOPA B AUAINIA30HC TCMIICPATYP BBI3BIBACT CMCIICHUC pa6oqel71 TOYKH
ITOKOS Ha Harpy30qH0171 prIMOﬁ, YTO MOKCET IIPUBECTU K JIMHEMHBIM HCKaXXCHHUSIM
HJIN OaKE OTCCYKE BBIXOJIHOI'O CUTHAJIA YCHUIIUTCIIA.

I[J'I}I YMCHBIICHUA BIIMAHUA TCMIICPATYPHI HA pa60Ty YCHIIMTCIIBHOTO KaCKaaa €

OOIIIUM SMHUTTEPOM B ILIEIb SMHUTTEPA BKIIIOYAETCS PE3UCTOP Ry, a B menu 0as3bl Juis
CO3/IaHUs HAYaJIBbHOTO HampspKeHust cMernenust Upy MCIob3yeTes JAeIUTeNb Ha pe-
suctopax Rg u Rg (puc. 5.17).

B pexnme mMokosi HampspkeHue 0assl TpaH3MCTOpa (UKCHPYETCS MaJecHHEM
Hanpsokenust Up Ha pesucrope Rf, koTopoe ¢i1abo 3aBUCHT OT TeMIIEpaTyphl U OIpe-

ACIIACTCA BI)Ipa)I(eHI/IeMZ
_ RgUy,
R +RE

JIns BXOOHOrO KOHTYypa KackaJa MOXHO 3alliCaTh YPABHEHUE IO BTOPOMY 3a-

Up

koHy Kupxroda s pexxruma mokost (Ha moCTOSSHHOM TOKE):

Ui -13Ry -Upgy =0.
Ortcrona nnsa HanpsbkeHust Ugn nmeem:

U53 = U]_ — |3 Rg. (516)
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[Ipu yBenuueHUH TeMIepaTypbl YBEIMYMBAETCS TOK KOJuleKTopa lyx TpaH3u-

ctopa VT, a 3HaYUT U TOK AMUTTEPA |5, Tak Kak
Iy = I+ I

DTO NPUBOAUT K BO3PACTAHUIO MAJICHUS HANpsHKEHUs: Ha pe3uctope Ry, IMage-
HUE HaNpsKEeHUs Ha pe3uctope Ry — 3To u ecTh HampsikeHue Ha amutrepe Un. Cre-
J0BaTeNIbHO, W3-3a YBEJIMYEHHUS CWJIbl TOKAa B Ienu HamnpsbkeHue Un cTano uyTh
oonbie. Ha 6a3e npucytcTByet dhukcupoBanHoe Hanpsikenue Uq, oOpazoBaHHOE fe-
auteneM u3 pesuctopos R um Rp. Torma corsacHo BelpaskeHHIo (5.16) Bc€ 3TO BbI-
3bIBa€T yMeHbIIeHUE HanpsbkeHus Ugy . B pesynbrate 3Toro yMeHbIlarTcsl TOK 0a3bl
I 1 Tok komiekTopa lg Tpansucropa VT. Takum oOpa3zom, oTpuliaTesibHast 0OpaTHas

CBiA3b, CO3MaHHAasdA C IOMOIIBIO PE3UCTOPA Rg, NpCIITCTBYCT USMCHCHUIO KOJIJICKTOP-

HOT'O TOKa TPpAaH3UCTOPA.

Puc. 5.17. Cxema ycunurenbHoTo Kackaaa ¢ OD
U TEMIIEPATYPHOU CTaOMIHM3aneH

Hanpsixenne OC Boiaensiercst Ha pe3uctope Ry u paBHo Ugce = 15Rr. OueBun-
HO, YTO YMEHBIIIEHUE KOJJIEKTOPHOTo Toka noj AeiictBueM OOC He MOXKET MOJIHO-
CTBIO CKOMIIEHCHUPOBATh €r0 POCT 32 CUET MOBBILICHUS] TEMIIEPATypbl, HO BIUSHHE
TEMIIEpaTypbl HA TOK lg MPU ATOM CHUKAETCS BO MHOTO Pas.

Benenue pesuctopa Ry npu oTrcyrcTBUM KoHAeHCaTopa Cr BIUSET HA padboTy
YCUJIUTENBHOTO KacKala HE TOJIbKO B PEKHME MOKOs, HO ¥ MPU HAJUYUU BXOJHOTO
nepemeHHoro HanpspkeHus. [Ipu stom OOC Oyner neicTBOBaTh Kak MO MOCTOSIHHO-
My, TaK U [0 IEPEMEHHOMY TOKY, YTO MPUBEAET K CHUKEHUIO BBIXOJHOTO HAIpPsIKe-
HUA ¥ KO3 PUIMEeHTa yCUIICHUST yCUIUTenbHoro Kackaaa. s uckmouenuss OOC no

MEPEMEHHOMY TOKY IMapajuielibHO pe3uctopy Ry moaxmtouaercs konaeHcatop Co
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(puc. 5.17). EmxocTs xonaeHcartopa Cy BHIOMpAaeTCs TAKAM 00pa3oM, 4TOObI s ca-
MO HU3KOW YacTOThl YCUJIMBAEMOI'O HAMPSIKEHUS €r0 COMPOTUBICHUE OBLIO MHOIO

MeHbIne Ry (00b19HO X5 = 0,1R5). DTO yciaoBHe o3HadYaeT, 4yTO Ha CaMOM HU3KOW
Y4aCcTOTE MOJIOCHI MTPOMYCKAaHUS EMKOCTHOE COMPOTHUBIIEHNE KOHAeHcaTopa Cry TOJIHO-
CThIO IIYHTUPYET COMPOTUBIICHUE R, MCKIIOYAsi, TEM CaMbIM, OTPUIIATEIbHYIO 00-
paTHYIO CBSI3b MO MEpeMEHHOMY TOKy. [loaToMy ycunuBaemoe HampsikeHue Ugy Oy-

JIET MPAKTUYECKH PAaBHO BXOJHOMY Upp = Ugx, YTO HE MPUBEAET K CHUIKEHUIO KOA(-
¢unmeHTa ycuieHus.

Takum obOpa3om, BBeAeHHEe B ycunuTenabHbIM kackagl OOC mo mocTOsSSHHOMY
TOKY TO3BOJISIET CTAOMJIM3UPOBATH MOJIOKEHHE TOYKH TOKOS Ha paboyeM ydacTke
JUHUU HAarpy3Kd IpU HU3MEHEHUU TEeMIEeparypbl, a BKIIOYeHUE KoHjeHcatopa Ch

no3BosisgeT UckiounTh BiustHue OOC Ha KOADPUIIUEHT yCUTICHUS.

5.6 OnepanyOHHbIN YCUIUTEIb
5.6.1 O61Me cBeleHUs U KJ1accupukanus

OnepanuonnbiM yeunurenaeMm (OY) HaszbiBaetcs nuddepennumansubii YIIT ¢
O0TbIINM KO3(PHUIIMEHTOM yCUICHUS, MPeAHA3HAYEHHBIN ISl BBIMOJHEHUST pa3ind-
HBIX Ollepaluil HaJl aHAJOTOBBIMHM CUTHAJIAMHU B CXEMax C OTPUIIATEIHLHON 00paTHOM
cBA3b10. OY M3roTaBIMBaIOTCS B BUJI€ HHTETPAIbHBIX MUKPOCXEM PA3JIMYHBIX CEPHIA.

Ha puc. 5.18 npuBenena ympomieHHas crpykrypHas cxema OVY. IlepBsiit kac-
kax 1 BBIMOJHSAETCS MO cXxemMe cuMMmeTpudHoro auddepenimansaoro YIIT, B koTo-
POl MakCUMaJIbHO KOMIIEHCHUpYyeTcs npeild Hyms. B xadectBe BTOporo kackama 2
OOBIYHO HCHOJIB3YyeTCS HecuMMeTpuuHbIN auddepenmmansubii YIIT, y koToporo
BBIXOJTHOM CHUTHAJ CHUMAETCS OTHOCHTENIFHO OOIIero mpoBoja. TpeTuidl BBIXOIHOU
Kackaj 3 mpeacTaBiIseT coboi 6ecTpaHcPOpMATOPHBIN YCHIIMTENh MOIITHOCTH.

I T o +U,

° B3
T 1T 2
oIi l l o -Uy

Puc. 5.18. Ynpomennas ctpykrypHas cxema OY

Usx1
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VYcnoBHoe rpaduyeckoe ob6o3nauenue OY Ha cxemax, cornacHo ['OCT 2.759-
82 mpuseaeHo Ha puc. 5.19.

BBepxy OCHOBHOro 1mojisi yKa3blBaeTCs 0003HaueHHE (PYHKIIMOHATIBHOTO
Ha3zHayeHus1 MUKpocxeMBl. /[ OV 310 coueTanue AByX 3HAKOB, IEPBBIN U3 KOTOPBIX
0003HayaeT yCUJIUTENb, BTOPOH KOA(P(UIIMEHT yCUJIEHUs, paBHbIA OECKOHEUYHOCTH.
CrneBa BBepXy mokazasbl JBa Bxona OVY: MHBEPTUPYIOIIMN M HEWHBEPTUPYIOIIMI.
WNuBepTupyromumii Bxo 00s3aTelIbHO 0003HAYAETCS 3HAKOM MHBEPCUH «». BXoaHbIe

CUTHAJIBI Ugx] U Ugx2 MOJAIOTCSI OTHOCUTENIBHO 00111ero nmpoBoaa. CripaBa BBEpXy Mo-

Ka3aH BBIXOJ. BBIXOMHOW CHTrHall Ugyxy CHUMAETCS TaK)KE OTHOCHTEIBLHO OOIIEro
npoBojia. K BeiBosiam, 0003HaueHHBIM «+U» 1 «—U», MOAKIIOUEHBI JIBA UCTOYHUKA
nuTaHus (3.71.C.) pa3Hoi MONSIPHOCTH +Ey; v —Ey;, UMeroiue oOIuid 3aKUM ¢ 00ITUM

npoBogoM. Ha mpakTtuke oOmuii MpoBOJ OOBIYHO TMPUCOCAMHSICTCS K KOPITYCY
yCTPOWCTBA, MOATOMY €0 YacTO Ha3bIBAIOT «KOpmyc». BeBonbsl «FCy» mpennaznaye-
HBI JIJIS TIOJIKJTFOUCHHS IIETTH KOPPEKIIMK YacTOTHOU Xapaktepuctuku OY. K BeIBogam
«NC» moakirogaeTcs 1enb KOPPEKIUHA UM YCTAHOBKHU HYJIS.

DA

o o
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OoO— | ‘ uBLIX

Usx1 ‘ Upx2 +U
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Puc. 5.19. YcnoBuoe rpaduyeckoe od6oznauenue OY

B 3aBucumoctn ot neneBoro HazHaueHuss OV moapasnenstorcs Ha: OV obiie-
ro NpUMEHEHHUs, NpeIHa3HAauYEHHbIE JIJIsl UCTIOJb30BaHUs B ammaparype, rje K mapa-
MeTpaM YCHIIMTENIE He MPEeAbSBISIOT *KECTKUX TpeOoBaHUi; mnpenuzuoHHbie OV,
UMEIOIIe Majble Aper(sl M MIyMbl, a TAKKe BBICOKHH KOI(PPHUIIMEHT YCUIICHUS;
osicTpoaericTBytone OV, KOTOpbIe UMEIOT OOJBITYI0 CKOPOCTh U3MEHEHHS BBIXOJ-
HOTO HAIpPSHKEHUSI U UCTIONB3YIOTCA JJIsl TOCTPOEHUS UMMYJIbCHBIX U IIUPOKOIOIO0C-
HBIX YCTPOUCTB; MUKpOMOIIIHbIE OY, MOTPEOIISIIONINe OT NCTOYHUKA MMUTAHUS MaJble
TOKH U KOTOpbIE YI00HO UCIIOIH30BaTh B IEPEHOCHOM alaparype.
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5.6.2 OCHOBHbBIE NapaMeTPbI ONEPALUOHHOTO YCUJIUTEIA

g ananuza cxem OY paOoTaromux B CTATUYECKOM PEXHUME YI0OHO MCHOJIb-
30BaTh CXeMy 3amelneHus peansHoro OV [7].
Cxema collepKUT UCTOYHUKUA BXOAHBIX TOKOB lgx1 U lgx2, BXOJIHOE CONMPOTHUB-

neHue Rgyx, HCTOUHHUK CMELIEHUsI HyJI€BOTO YpOBHS Ugy M BBIXOJHOE CONMPOTUBIICHUE

Repix. Vconb3oBaHUe ATOM CXEMBbI 3aMEIICHUS] TIO3BOJISIET YUECTh BIWSHHUE HA BhI-

XOJIHOM CHUTHAJ BHYTPCHHUX COHpOTI/IBJ'IeHI/Iﬁ HCTOYHUKOB CUI'HaJIa U COIIPOTUBJIICHUA
HArpys3ku, a TakKK¢ CMCUICHUC HYJICBOI'O YPOBHA, O6YCJ'IOBJ'ICHHOC HaJIM4YUCM HCTOY-

HUKOB BXOJIHBIX TOKOB lgx1 U lgxo 11 HanpsikeHus Ugy.

Puc. 5.20. Cxema 3amernienus peanbaoro OY

OcHoBHbIMU napameTpamu OV sBASIOTCS:

- K03 HUIMEHT YCWICHUS 110 HanpshkeHuo Ky;

- BXOJIHO€ COMPOTUBIIECHUE Ryy;

- BBIXOJIHOE COMPOTHUBIICHUE Rppix;

- 4aCTOTa €ANHUYHOTO ycuiieHus fi;

- HanpspKeHue cMeneHus Hyist Uey,

- BXOJIHBIC TOKH lpx;

- Koo dhuimenT ocnadienus curpasnoro curnana Koe cd;
- CKOPOCTb HapacTaHUs BBIXOJHOTO HANpsKEHUS Vygpix;

- BPEMsl YCTAHOBJICHHS BBIXOJHOTO HAMPSIKEHUS Lycr.

[TapameTpsol: K03DGUITMEHT YCUTIEHUS, BXOJHOE M BBIXOJIHOE COIMPOTHUBICHUS
PacCMOTPEHBI B moApa3Aeie 5.2 U UMEIOT aHAJIOTUYHBIC TTOHSITHS.
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Yacmoma eOuHUYHO20 yculeHus — 3TO 4acTOTa, HA KOTOPOH MOJYJb KOd(]-
¢unuenta ycuienuss OY paBeH eIUHHUIIE, T.€. ‘ KU‘ = 1. Horaa npuBoAUTCS Tpa-
HUYHas 4YacToTa frp OV, npu KOTOPOU COXpaHAETCA TapaHTUPOBAHHASA aAMILIMTYA
BBIXOJIHOT'O HAIPSIKEHUS.

Hanpsosicenue cmeuienua nyna Ug, — 3T0 HanpspKeHUE, KOTOPOE HEOOXOIUMO
noaaTth Ha Bxo OV, uyToObl BBIXOJHOE HaMNpspKeHHE ObLIO paBHO HYMIO: Ugyx = 0.
Hanpsbxenne Uy, ykazaHo Ha mepegaTOUYHON XapakTepuctuke 2 peanbHoro OV,
n300paxxeHHo# Ha puc. 5.21. ¥ uneansnoro OV Uy, = 0 (xapaktepuctuka 1).

[lepenatouyHoil XapaKTEPUCTUKOW HA3BIBAETCS 3aBUCHUMOCTH BBIXOIHOTO
HaMpSHKEHUS Ugpx YCWIIMTENS OT BXOAHOTO Ugx MPU YACTOTE BXOJHOIO CUTHAJA paB-
HOM HYJIIO, T.€. HA TIOCTOSSHHOM TOKE.

Bxoonvle moxku — 3T0 TOKH, IIPOTEKAIOIINE YEPE3 BXOJHbIE 3akuMbl OY. DT

TOKH O6yCJIOBJIeHI)I 0a30BBIMH TOKaAMH BXOAHBIX 6I/IHOJI$IpHLIX TPaH3UCTOPOB HUJIN TO-

KaMH1 YTCUKU 3aTBOPOB IJIA OY c nmoneBeIMU TPAH3UCTOPAMU Ha BXO/JC.

+U, BBIX
+UBLIX maxyY —~— "7
1 2
N
Ugx2 - Ugx1
UCM

U,

Puc. 5.21. Ilepenatounas xapakrepuctuka OY: 1 — uneanbHOro; 2 — peasbHOTO

Koa¢ppuuuenm ocnabnenus cungpasnozo cucnana onpenensiercss Kak OTHO-

IIEHWE HanpsuKeHus cuHpasHoro curHana Ugy ¢y, TogaBaemMoro Ha oba Bxoja, K

nudbepeHuManbHOMy BXOIHOMY HANPsOKEHHIO Ugy nyg, KOTOPOE 0OECTIEUMBAET TOT

JKC CUI'Hall, 4TO MU B CJIy4dac CI/IH(baBHOFO HaIIPpSAXKCHUA

Ugxc
oc.ch = U—(I) ‘U BBIX.C) — U BBIX.U
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CKOPOCmb Hapacmanusn 6bIXO00HO020 HanpAadceHus — 3TO MaKCUMaJIbHasA CKO-
POCTh M3MCHCHUS BBIXOAHOI'O HAIPSKCHUA IIPU MAKCUMAJIBbHOM 3HAUYCHHMU €ro am-

Uty asl. CKOPOCTh HAapacTaHMs V|jppx ONPENENAETCA KaK TaHICHC yIJIa HAKJIOHA

NEpPEeNaTOYHON XapaKTEePUCTUKH, 3aKIIOUEHHOHM MEXIY MUHUMAJIbHBIM M MakKCH-
MaJbHBIM 3HAYEHHUSMH BBIXOJHOTO HAIpPSKEHUS, U1 UMEET pa3MepHOCTh B/MKc. DTOT
napameTp Ba)K€H JJIsi UMITYJIbCHBIX YCTPOMCTB, TaK KaK OH BIIMSET Ha JJIUTEIbHOCTD
(pPOHTOB BBIXOJHOTO CUTHAJIA.

Bpema ycmanoeénenusn 6v1x00H020 HANPAIICEHUA — DTO BPEMs, 32 KOTOPOE
NPAKTUYECKU 3aKaHYMBACTCS MEPEXOJHBIM MPOLIECC M3MEHEHUS! BBIXOJAHOrO Harpsi-
KEHUSI.

5.6.3 OCHOBHBIE CBOMCTBA HUACAJIBHOIO ONNepanruoOHHOro YCHJINTE/IA

C uenbro ynpouUleHHs aHaJau3a CXEM AJIEKTPOHHBIX YCTpoilcTB Ha OV cuuTIOT

OV uneansubiM. Ha puc. 5.22 npuBenena cxema 3amenienus uaeaibHoro OV,

IBx1: O
—

KU(UBXZ'qul)

Usx1

UBX2 uBBIX

8
ol 1

Puc. 5.22. Cxema 3amernienus uaeaipHoro OY

B 510l cxeme Ha BBIXO/I€ BKJIKOUEH MCTOYHUK 3.11.C. C HANPSHKEHUEM PaBHBIM
BBIXOZHOMY Ug, , , KOTOpOE ompeaensercs mo ¢popmyine [7]:
Uppix = Ku (uBX2 - qul)’
rae Ky — o — koaddunment ycunenns OV .
OcHOBHBIMH MapameTpamu uaeanbHoro OV sSBIAIOTCS:

- KOO PUITMEHT YCUTICHUS TT0 HANPSDKEHUIO, paBHBINA OeckoHedHocTH Ky = 0.
- BXOJIHOE€ CONPOTHUBJIEHUE, PABHOE OECKOHEYHOCTH Ryx = o0.

- BBIXOTHOE COIMPOTHUBIICHHE, paBHOE HYIIO Ry = 0.

- mudpepeHnmranbHoe HAMPsHKCHHE MEXKITY BXOJAaMH PaBHO HYJIIO B PEKHAME
JIMHEMHOTO YCUIICHUS
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Uy = (UBX2 - qul) =0.
D10 00BsICHSIETCS TeM, uTO Npu Ky = oo HampspKeHUE Ha BBIXOJE Ugpx BCET/AA

KOHEYHO, & 3TO MOYXET UMETh MECTO TOJBKO NPH Ugx) — Ugx] = 0. PexuMm nuHeHOrO
YCWICHUSI — OTO PEXKUM KOTJla BBIXOAHOUM curHan OY He 3aX0oauT B 00JaCTU HACHI-
LICHHUS, T.€. BBIXOJHOE HampsikeHne OV He OrpaHMYMBAECTCSA HAMPSIKEHHEM HCTOY-
HUKA MUTaHUS.

- HampsbKeHUe cMmenleHust, paBHoe HyI0 Ugy = 0, T.e. BBIXOJHOE HANPSIKEHUE
PaBHO HYJIIO NPU BXOJITHOM HAIpPSKEHUU PABHOM HYIIIO.

- MaKCUMaJIbHOE BBIXOJHOE HampsikeHue Ugpx max = U

- 0€CKOHEYHO 00JIbIIas MOJIOCa MPOIYCKaHMUS.
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6 YCUJINTEJ/IM HA OIIEPAIUOHHOM YCUJIUTEJIE

6.1 UHBepTUPYIOLIUH YCUIIUTEJID

Cxema unBepTupyrouiero ycunurens Ha OY npuseneHa Ha puc.6.1.

I R2

Puc.6.1. Cxema unBeptupytomiero ycunutens Ha OY

Bxognoe HampsikeHue Ugy mojaércst Ha MHBepTUpYIOMUA BXoa OV uepes pe-
3ucTop R1, moATOMY yCHIHMTENh Ha3bIBA€TCS MHBEPTUPYIOMKUM. HEeMHBEPTUPYIOMIHIA
BXOJI COeIMHEH ¢ o0mmM npoBogoM. C momoIpio pe3nctopa R2 B ycumurene ocy-
miectBisierca OOC. Hanpsixkenne OOC BbigensieTcs Ha pesuctope R1 u ypaBHOBe-
IIMBAETCS BXOJHBIM HanpsokeHueM Ugy. [Ipu aToM koadpurment OOC onpenensiercs
o ¢opmysie:

B = R1/R2.

Ha ocnoBanuu cBoiictB uaeansHoro OV u 3akoHoB Kupxroda MOXHO moiy-

YUTHh BhIpaKEHUE I KoddduimeHTa ycuneHus no HanpsbkeHuto Ky mHBEepTHpPYIO-

mero ycwnutens Ha OY. Jlnsg cxembr (puc. 6.1) moreHmman y3na 4 OTHOCHTEIHHO

o0IIero mMpoBoja paBeH HYJHO, T.e. A = 0, Tak KaK HAMpPSOKEHHUE MEXAY BXOJaMU

UJ1€aJIbHOT T BHO HYJI = 0. IIpu 5TOM y4uTHIBAJIOCH, YTO MOTEHIIHAI
canpHoro OV Taxke paBHO Hymt0 Uy = 0. IIpu 310 aJI0Ch, YTO MOTEHIUA

o0mero mpoBoAa paBeH Hym0. CxeMa pacrnaiach Ha JiBa HE3aBUCHMBIX KOHTypa —
BXOJHOM U BBIXOJHOM.

B nmanpHe#meM cOCTaBISIIOT JBa ypaBHEHHUS MO BTOpoMy 3akoHy Kupxroda
JUI. BXOJHOTO M BBIXOJHOTO KOHTYPOB M OJHO YPaBHEHHE IO NEPBOMY 3aKOHY
Kupxroda nns y3na A. B pe3ynbTaTe moqy4aroT CIEIYIONYI0 CUCTEMY U3 TPEX ypaB-
HECHUI:
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Ugx —1iR1=0;
Uppx +1oR2=0; (6.1)
h—1y —igyq =0.
B tpetbem ypaBHeHHH Igx] = 0, Tak kak y uneansHoro OY Rgy = 0. B pe3ynb-
TaTe pemeHus cucrteMsl (6.1) nmeem:

Ky = mx __RZ (6.2)
Uy R

Taxum obpazom, ecau cuutate OY uaeanbHbIM, TO KOI(DPHUIMEHT yCHUIICHHS
yeunurens Ky He 3aBUCHUT OT mapameTpoB camoro OV, a 3aBUCHUT TOJBKO OT mapa-
METpoB BHelIHUX 1enel, T.e. oT R1 u R2. TlorpemnocTs B pacuére Ky teM meHslie,
yeM OJroke mapameTpbl peanbHoro OV k mapamerpam ujaeaidbHoro. B dopmyite (6.2)
3HaK MHHYC TTOKa3bIBACT, YTO BBIXOAHOE Ugpx U BXOJHOE Upy HATIPSDHKEHUS HAXOMSTCS
B MpOTUBOda3e, T.€. YCUIUTENb SBISCTCS WHBEPTUPYIOIUM. Ecin BXOIHOU cHTrHaNI

SaﬂaéTCH pC€aJIbHBIM HCTOYHHUKOM 3.4.C., TO IIpKU OINPCACIICHUN BCINYHUHBI KU HEO00-

XOOUMO YYUTBIBATH BHYTPCHHCC COIMPOTHUBICHUC NCTOYHHKA, KOTOPOC CKIIAAbIBACTCS
C COIIPOTUBJICHUCM BXOIOHOI'O pE3UCTOPA R1.
H€O6XO,III/IMO TAKKC OTMCTUTDL, YTO IIPU ITOAKIIFOUCHHUHU K BBIXOAY YCHUIIHUTCIIA

COIPOTHBIICHHSI HATPY3KHU Ry, BBIXOTHOMN TOK Izx OY onpenessieTcss BBIpaKEHUEM

i _ uBI)IX + uBI)IX — l"IBI:;IX(RH + R2)
PR R2  RyR2
H

BxogHoe compoTHBIEHHE WHBEPTUPYIOIIETO yCUIUTENs Ha uaeanbHom OV

omnpezensiercs conpoTuBieHneM pesucropa R1, T.e. Rgx = R1. BoixogHoe conpoTus-

neHue Rgyx = 0.

Ha puc. 6.2 mpuBeneHa mnepegatoyHas XapaKTEPUCTUKAa WHBEPTUPYIOIIETO
yewnurtens Ha OY. Bun nepenatoyHoi xapakTepuCTHKUA 00yCIIOBIEH CBOMCTBOM MH-
BEPTUPYIOIIET0 BXOJa. XapaKTepucTuka 1 xapaktepusyer paboTy yCHIMTENS B pe-
KUMe TUHEHHOTo ycwieHus. [1o 3Toil XxapakTepucTuke MOKHO ONPEeAeTUTh KO3 u-

nueHt yeunenus Ky ycwmmrens o ¢opmyie:
KU = Kmtga,
rae Km = My gux/Musx — K03 GUIMeHT MaciiTaba, paBHbIH OTHOLICHUIO MacIiTaboB

IO OCSIM COOTBETCTBEHHO BBIXOJHOTO My prix U BXOAHOTO My gx HAMPSIKECHUH.
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uBI:IX

+U,

o Ugx

U,

Puc. 6.2. IlepenaTounas xapakTepucTiKa UHBEPTUPYIOIIETro ycuautens Ha OY:

1 — pexum nuneHoro ycunenus; 2 — npu Ky = —o0; 3—npu Ky =0

XapakTepuCTUKH 2 U 3 XapaKTEepU3YIOT JiBa MPEICIbHBIX 3HAYeHUsT KOdPu-
nuenTta ycuienus Ky coorserctBenno aist Ky = —o (R2 =) u Ky =0 (R2 = 0).
Ha puc. 6.3 npuBeneHsl BpeMeHHbIE AHarpaMMbl BXOJIHOTO Ugx M BBIXOJHOTO

Uppix HAMPSDKEHHM, MOSICHSIONMIME paO0Ty MHBEPTHPYIOLIETO YCUIIUTENS MPHU YCUIIe-

HUHU CHUHYCONOAJIbHOI'O HAIIPAKCHUA.

uBX quZ
qul
ol
0
LAY
uBLIX ,I \\
+ UH / 1
0 (@l
- UH - 7 .‘ I.
v ! v
AR \

Puc. 6.3. BpeMeHHble 1uarpaMMbl padOThl HHBEPTUPYIOLIETO yeunurtelns Ha OY
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ITpn nmomave Ha BXOA YCHIINTEIS HANPSKEHUS Ugyq YCHIINTENb pabOTaeT B pe-
KUME JINHEWHOT'O YCWJIEHHS U Ha BBIXOJAE (POPMHUPYETCS CHUHYCOMIAIBHOE HaNpsKe-
HUE Uy v, HaXOZsdIIeecs B MPOTUBO(A3E C BXOJHBIM HANPDKEHUEM Ugyq U C aM-
wimtynon B Ky Oounbiiell aMIUIMTYABl Ugyq. [Ipy yBenndeHHH BXOJHOIO Hampsike-

HUS Ugy HACTYIUT MOMEHT BPEMEHH, KOIJa aMIUIMTYAa BBIXOJHOTO HANpsHKCHUS
Ugpx HAYHET OrpaHUYMBATBCA YPOBHAMHU HAIPSKEHUM MCTOYHUKOB mutanus +Up u

—Up. Ilpu 5TOM B KpHBOM BBIXOJHOTO HANPSKEHUA Uyy ., TOSBISIOTCSA HEJIMHEHHBIC
UCKaXEHHS. DTOT Ciydall MPOWUIIOCTPUPOBAH HAa pUC. 6.3 BPEMEHHBIMH AUarpam-
MaMM HalpsKeHUN Ugyy U Ug» . PaboTa ycuinTens B TaKOM peXHMe HEIOMMyCTH-
Ma, TaK Kak BJIEU€T 3a co00i nuckaxxeHus: GopMbl yCUIIMBAEMOTIO0 CUTHAA.

Takum 00pa3oM, BBIXOJHOE HANPSKEHHE Uy, HHBEPTUPYIOLIETO YCUIATEINS

Ha OY HaxoauTcs B MpoTuBOdasze BXOJHOMY U a KO3(p(GUIMEHT YCUJICHUS IO

BX >
Hanpsbkenuto Ky = —R2/R1.

KoMmneHcamnusi BXOAHBIX TOKOB. B peansrom OV uepes pe3ucTopsl, MOIKITIO-
YeHHBIE K BXOJaM, NPOTEKAIOT HEOONBbIINE BXOMHBIE TOKM CMEMEHHS gy 1 gy

(puc. 6.1). OHr TPUOIU3UTEITHLHO PABHBI.
Tok 1,4 ImpoTekaeT uepe3 mapajelbHOE coeauHeHue pe3uctopo R1 u R2.

[Ipu 5TOM compoTUBIEHHUE Ha 3a)KUMax pe3uctopa Ry, cornacHo 3¢ dexry Musuiepa B

nenu ¢ napamutensHoir OOC, onpenensercs BoipaxeHrem [16]:
R2

R2 =———,
1+ Ky

rae Ky — koaddunment ycunenus OVY.

IIpu orcyrcrBuuM pesuctopa R3 B pexxume 1nokos (Ugx= 0) Tox |,y MHBEPTH-
pyloIero Bxoja, nmporekaromuii mo pesucropam R1 m R'2, coemunHeHHBIM Mmapai-

JIeIBHO, CO3AaET HA ATOM BX0JI¢ majcHue HanpsKeHus Ugy
| R1R2’
—Isxl .
R1+ R2'

910 HAIIPAKCHUC, YCUIINBAACh B OY BBIBBIBACT HaIIPAKCHHUC CMCIICHUS BBIXO-

UBX— =

1a Ucy grix—, KOTOPOE OMIPEACTAETCS BHIPAKCHUEM

. RIR2/(L+Ky)
BRI+ R2/IA+Ky) Y

UCM.BBIX— :UBX— KU =

B cBsi3u ¢ Tem, uto Ky Benuk (mopsiika 1ecsiTKOB-COTEH ThICAY), TO

(1 +Kuy) = Ky,
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a BenuuuHa 1/(1 + Ky) ouens mana.

B pe3ybTaTe IHIpU OTCYTCTBUU BXOAHOI'O CHI'HAJIa Ha BBIXOAC BO3HHKACT
HaIpsHKCHUC CMCIICHUA:

UCM.BI)IX— ~ — Ipx1R2.

HenyneBoe Ugyx Ipu Ugx = 0 3aTpyansieT ucnons3oBanue OY.

B npakTudeckux cxemax Jis HCKIFOYCHHS BPEIHOTO BIUSHHUS BXOIHBIX TOKOB
K HeMHBepTUpytoeMy Bxoay OV nonkiroyarot pe3uctop R3.

Tok 1,492, IpoTekaromuil yepes pe3uctop R3, BBI3bIBaET HANPSKEHHE CMEILe-

HUA BBIXOJA Uy prv 4, KOTOPOE ONpeAenseTcs 1o Gopmyie:

R2 R3(R1+ R2)
UCM.BLIX+ = IBXZR‘?{]'_'_ ﬁ) = IBX2 T .

Hanpsixenus: cmenienust Beixoaa U U U,y prixs+ AOJDKHBI KOMIICHCH-

CM.BbIX —

poBaTh APYT Apyra.
B pesynbrare, umeem:

R3(R1+R2)
R1 '

Orcrozna, ¢ y4€TOM paBeHCTBA TOKOB |gy U 1540, ONpenenseM conpoTHBICHHE

IBX1R2 = IBX2

pesuctopa R3:
R1R2 1 1 1
=———— WM —=—+—.
R1+ R2 R3 Rl R2

B pesynbrare npu HyJI€BOM BXOJHOM cUTHAJE Ugy =0 OyaeT Ugyx = 0.
Taxum oOGpazom, uToOb1 cxema Ha OV Obuia coanancupoBaHHOU (Ugyx= 0 Tpu

Ugx= 0) HEOOXOIUMO, YTOOBI CyMMa aKTUBHBIX IMMPOBOAUMOCTEH BETBEH, MOIKIIOUCH-

HBIX K MHBEPTUPYIOIIEMY BXOIy, ObLIa paBHa CyMME aKTHBHBIX MPOBOIMMOCTEH,
MOJIKJTFOYCHHBIX K HEHHBEpTUPYIoemMy Bxoy [20]:

n k
CHEDICHY (6.3)
i=1 j=1

rie Ggyj — akTUBHas MPOBOJUMOCTD I-TOl BETBHU, IOJKIIFOUCHHONW K MHBEPTUPYIO-

IEMY BXOAY;
Gpj — aKTHBHAS IPOBOAUMOCTB J-TO# BETBH, IMOJKIFOUEHHOW K HCHHBEPTHPY-

IOIIEMY BXOAY;
N, K — KOJIMYECTBO BETBEH, MOAKIOYCHHBIX, COOTBETCTBEHHO, K MHBEPTHUPYIO-

eMy U HCMHBEPTUPYIOIIEMY BXO/1aM;
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Ha ocHoBaHuu 3TOro mpaBuia BKIIOYAIOTCS JOMOIHUTENbHBIE PE3UCTOPBI IPU
ITIOCTPOCHMH U Apyrux cxeMm Ha OV.

KoMmnencanusi HanpsikeHus cMelieHus Hy s Kak yxe oTrMedanocs, nepe-
JaTOYHAsl XapakTepucTHKa peanbHoro OY HeCMMMETpUYHA OTHOCUTENIBHO HYIS
(puc. 6.2). DTa HECUMMETpHUS XapaKTEPU3yeTCs HanpsKeHueM cMeleHus Hyns Uy,
KOTOpO€ pa3nu4Ho uid Kaxxkaoro tuna OY. Hannune U, IpUBOAUT K TOMY, YTO IIPH
HYJIEBOM BXOJHOM CHUTHANE Uy, # 0. I KoMIIeHCauy BpeAHOTO BIMSAHUS HaIps-

XKeHUs cMeleHust Hyist MHorue OY UMEIOT BBIBOJBI JUISl MOJIKIIOYEHUS IIEMU KOP-
pekiuu vyt NC (puc. 5.16) [18]. B ciiyyae ux orcyrctBus cxeMbl Ha OY 10MOTHS-
IOTCS LIETISIMU JIJISI KOMIICHCAIIMKM HAMPSDKEHUST CMEIICHUsT HyJs. DTH 1€ OOBIYHO
COJIepKaT MOACTPOCUHBIE PE3UCTOPHI, YCTAHOBKA KOTOPBIX OCYILECTBIISIETCS B MEPH-
O]l OTJIaJIKU YCTPOMCTBA.

6.2 HeMHBepTUPYIOLIUH YCUIUTEID

Cxema HemHBepTHpYyIolero ycunurens Ha OY npuBeneHna Ha puc. 6.4.

I, R2

Puc. 6.4. Cxema HeunBepTupytouiero ycunurens Ha OY

BxonHoe HampsbkeHue Ug, MHOJaercs yepe3 pe3suctop R3 Ha HEMHBEPTHPYIO-

i Bxo OV, mo3TOMY yCHIMTENb Ha3bIBAETCSI HEMHBEPTUPYIOUM. HBEpTHPYIO-
i BxoJ uepes pesuctop R1 coegunen ¢ o6mmum npoBogoM. C MOMOIIBIO Pe3UCTO-
pa R2 B ycunurene ocymectrisiercss OOC. Hanpsikenne OOC BbIaeNsSIETCS HA PE3U-
crope R1 1 ypaBHOBEIIMBAETCS BXOJHBIM HaNpsKeHUEM Ug, . [Tpu aToM koaduu-

enT OOC onpenensiercs o ¢hopmye:
B = R1/(R1+R2).

Pesucrop R3 ucnonb3yeTcst B MpaKTUYECKUX CXEMAX.
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Ha ocnoBanuu cBoiictB uaeanbHoro OY u 3akoHoB Kupxroda M0XKHO MOITY-

YUTh BBIpaXKeHUE A1 KodpduimenTa ycuiaeHus: no HamnpsbkeHuto Ky HemHBepTHupy-

romiero ycunurens Ha OY.
Jlnst cxembl puc. 6.4 noTeHman y3ina A paBeH noteHnuany Touku B (o4 = o),

TaK KaK HaIpsDKEHHE MEXIy BXoJaMu uaeansHoro OY pasHo Hymo (Uy = 0).

B nanbHeiiiemM cocTaBisIOT JBa ypaBHEHUs 10 BTopomy 3akoHy Kupxroda u
OJIHO ypaBHEHHUE 10 nepBomy 3akoHy Kupxroda mns yzna 4. B pesynbrate nonyda-
FOT CIIEAYIOLIYIO CUCTEMY U3 TPEX YPABHECHUN:

Ugyx +11R1=0;
Ugx —Uppx —12R2 — 5o R3=0; (6.4)
lh —lp —igyg =0.

Bo BTOpOM 1 TpeThbeM ypaBHEHHUSAX BXOIHBIC TOKH Igx)? = 0 ¥ Igx] = 0, Tak KaK y

uaeanbHoro OV Rgyx = oo. B pesynbrarte pemenus cuctemsl (6.4) numeem:

Ky = e _R2 4 (6.5)
u, RL

Takum oOpazom, eciu cuutatb OY uaealbHbIM, TO KO3PPUIHUEHT yCUIICHUS
yeunurens Ky He 3aBUCHUT OT mapameTpoB camoro OV, a 3aBUCHUT TOJBKO OT Mapa-
METpPOB BHEIIHUX 1iemnei, T.e. oT R1 u R2. [TorpemuocTts B pacuére Ky Tem MeHblie,
yeM Oike mapameTpsl peasibHoro OV k mapamerpam uupeanbHoro. B ¢popmyie (6.5)

3HaK MUHYC OTCYTCTBYET, CJEIOBATEIBHO BBIXOJAHOE Uppx U BXOJHOE Upx HAIpsIKE-

HUS HaXOATCs B (paze, T.€. yCHIUTENb SIBISETCS HEUHBEPTUPYIOIIHNM.

H€O6XOI[I/IMO TAaKXKXC OTMCTUTDL, YTO IIPHU IMOAKIOYCHHUUN K BBIXOAY YCHJIIMUTCIIA

COINPOTHBIICHHSI HATPY3KHU Ry, BBIXOTHOMN TOK Izx OY onpenessieTcs: BBIpaKECHUEM

i — uBBIX + uBI)IX — uBI)IX(RH + R1+ R2)
BEX R, R1+R2 R, (R1+ R2)

Bxognoe conmpoTHBiI€HNE HEMHBEPTUPYIOLIETO YCWIHTENS Ha uaeanbHoM OY
paBHO BxoaHOMY conpotuBieHuto OV, T.e. Rgx = . BpixogHoe cOnmpoTHBIEHUE
Renx = 0.

Pesucrop R3 ucnonb3dyercss B MPaKTUYECKUX CXEMaX C IEJIbI0 KOMIEHCALUU

BPEITHOTO BIIUSTHUSI BXOJHBIX TOKOB. C yuétom BeipakeHus (6.3) conmpoTuBieHUE pe-
suctopa R3 paccuuteiBaeTcs o Gpopmyiie:
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_ RIR2
R1+R2

Ha puc. 6.5 npuBenena nepenaTouHass XapaKTepUCTHKA HEMHBEPTUPYIOIIETO
ycunutens Ha OY.

U,

Puc. 6.5. Ilepenatounas xapakTepucTHKa HEMHBEPTUPYIOIIETro ycuiauTess Ha OY:

1 — pexxum nuHEHOTO yemneHus; 2 — npu Ky = oo; 3 —mpu Ky = 1

Bun nepenaroyHoii xapakTepUCTHUKUA 00YCJIOBIIEH CBOMCTBOM HEMHBEPTUPYIO-
mIero BxozAa. XapakTtepuctuka 1 mosicHsieT padoTy yCWINTENS B PEKUME JTUHEHHOTO
ycuneHnud. [lo 3Tol XapakTepUCTHKE MOKHO ONpenenuTh KOdh(UIMEHT yCUTICHUS

Ky ycumuTens ucnoib3ysi BEIpaKCHHE
KU = KmthL,

e Ky =Mypux/Musx — K09GdumuenT macurada, paBHbIi OTHOLICHUIO Mac-
ITa0OB IO OCSM COOTBETCTBEHHO BBIXOJHOTO My gy x ¥ BXOJHOTO My px HAMPSHKCHUH.

XapakTepucTHUKU 2 U 3 XapaKTEpHU3yIOT JIBa MPeAeNbHbIX 3Ha4eHUs K0d3(Pdu-
mueHTa ycmieHus: Ky coorBerctBerHo miist Ky = o (R2 =) u Ky =1 (R2 =0).

Ha puc. 6.6 npuBeneHsl BpeMEHHBIE JUArpaMMbl BXOJHOTO Upyx U BBIXOJHOTO
Uppix HATIPSDKEHUH, MOSICHSIONTME pad0Ty HEMHBEPTHPYIOMIETO YCHIIUTENS MPH YCUIIe-
HUW CUHYCOHIaJTbHOTO HATIPSKCHUS.

[Tpu mogave Ha BXOJ yCHIIMTENS HAMPSKEHUS Ugy| YCHUIIUTENb paboTaeT B pe-

KUME JIMHEMHOr0 YCUJIEHHS M Ha BhIXOAE (GOPMUPYETCS] CUHYCOUAAIBHOE HAINpsKe-

HUC Ugyx1, Haxoasmieecs B ¢aze ¢ BXOJHBIM HANPSKEHUEM Ugy] M C aMIUTUTYAOH B

Ky Oomnbiie aMmutyasl Ugy]. IIpy yBenuueHnn BXOJHOrO HANpsDKEHHS Ugy, HACTY-
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IMIMT MOMCHT BpPEMCHH, KOrga aMINIMTyJa BBIXOAHOT'O HAIPAKCHUSA uBBIX HA4YHET

OrpaHUYMUBATBCS YPOBHSAMHU HanpspKeHUM uctouHukoB nutanus +Up m —Uy. Ilpu
3TOM B KPHMBOMW BBIXOJHOI'O HANPSIKEHHUS Uy, IOSBIAIOTCS HENMHEHHBIE MCKaXe-

HUS. DTOT Cllydyaid OpOWUIIOCTPUPOBAH Ha puc. 6.6 BpEMEHHBIMU JUarpaMMaMH
HaNpsDKEHUN Ugyy U Ugp o . PaboTa ycunurens B TakoM peXMMe HEJOIyCTUMA, TaK

KakK Bieudéer 3a co0o0i uckaxeHus: GopMbl yCUIIMBAEMOIO CUTHAIA.

quZ
uBX
qul
ol
7\
7\
uBBIX / \
+Un L 4 _
‘ ot
-UH - % 1 - - X f
\ ) \ 1
\\ / \ /I
P4 ~

Puc. 6.6. BpemenHnble nuarpammbl paboThl HEUHBEPTUPYIOIETro ycrutess Ha OY

Taxkum 006pa3oM, BBIXOJHOE HANPSHKEHUE Uy, HEMHBEPTUPYIOLIETO YCUIIUTE-
11 Ha OV Haxoautcs B (pa3e ¢ BXOAHBIM Ugy , @ KOOG(UIMEHT YCHIECHHs 110 Hampsi-

JKCHHUIO OIIPCACIIACTCSA BBIPAKCHUCM
Ky = R2/R1 +1.

3apaua 15. [Ins unBeptupytromero ycunurens (puc. 6.7) Ha uaeansHoM OY
3aJlaHbl CJIENYIONIUME TapaMeTphbl: COMPOTUBIICHUS PE3UCTOPOB OOPATHOW CBSI3U

R1=6,8 kOm n R2 = 200 kOwm; 3.71.c. MICTOYHMKA BXojgHOro curnana Ey =0,3 B, ero
BHyTpeHHee compoTuBieHue Ry, = 0,5 kOwm; comporuBnenue Harpy3ku Ry = 2 kOwm.
Onpenenuth: ko3PduuueHT ycuiaeHus Ky ycUIUTeNs; BBIXOJHOE HAIpPSKEHHUE

U,ux 5 compoTuBieHne pesuctopa R3; BeIxonHOH TOK g0y OVY.

193



R2

R1 DAL

Pool ==

E, lesxoy Ui

A
w
-“+—O0

Puc. 6.7

Pemenue

1. OnpenensaoT kodppuuueHT ycuienus ycunutens Ky, yuuTeiBas Mpu 3TOM

BHYTPCHHCC COIIPOTHUBIICHUC NCTOYHHUKA CUTHAJIA RI/I:

3
oo R @Y

(RL+R,)  (68+05)-10°
2. OHpeJIeJISIIOT COIMPOTHUBJICHUC PC3UCTOPA R3 o BBIPAKCHUIO:
R3— R2(R1+R,) _ 200(6,8+0,5)
R2+R1+R, 200+68+0,5

=7,04 xOm

3. OnpenenstoT BeIX01HOE HanpspkeHUe Ugyx TT0 BRIPAKEHUIO!
Upx = KuEy =27,4-0,3=811 B.

4, OnpeaenstoT BIXOAHOU TOK lgyxoy OV mo popmyse:

3
Upix  Upex(R2+Ry) _ 8,11(200 + 2)-10 —0,0041 A.

R2||R,  R2-R, 200-103.2.103

I BeIXOY —
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7 AHAJIOTOBBIE ITPEOBPA3OBATEJIN 3JIEKTPUYECKHUX CUT'HAJIOB

7.1 CyMMaTOpBbI HANIPS>KEeHU M HA ONlepalMOHHOM YyCUJIUTeJIe

CyMMaTopoM Ha3bIBAETCS YCTPOMCTBO, BBIXOJHOE HANPSIKEHUE KOTOPOro paB-
HO CyMME€ BXOJIHBIX HANPSKEHUN € 3aJaHHBIMU KO3 PUITIEHTaMHU.

7.1.1 UHBepTUPYIOILUK CyMMATOP
Ha puc. 7.1 npuseneHa cxema TpEXBXOJOBOIO MHBEPTUPYIOLIETO CyMMaTopa
Ha OY. BxoznHble HanpsKeHHUA Ugyq, Ugyo M Ugy3 MOJAIOTCS Yepe3 pe3sucTopsl R1,

R2, R3 na unBeptupytomuii Bxoq OV, mo3ToMy CymMMaTop Ha3bIBa€TCsl HHBEPTUPY-
romuM. C nomorsio pesuctopa R4 B cymmarope ocymectsisiercs OOC. Heunseptu-
pYIOIIUI BXOJ yepe3 pe3uctop RS, KOTOphIM MCHONB3yeTCs B MPAKTUYECKUX CXEMaX,

COCANHCH C 06HII/IM IIPOBOAOM.

o

Usx1

(o,
Upx2
‘ Ugx3 Usrix
|

R5

Puc. 7.1. Cxema unBeptupytomiero cymmaropa Ha OY

Ha ocnoBanuu cBoiictB uaeansHoro OV u 3akoHoB Kupxroda MOXHO moiry-
YUTh BbIpaKEHUE JIJIs1 BBIXOJITHOTO HANPSIKEHUSI HHBEPTUPYIOIIero cyMmmaropa Ha OY.

Jist cxembl (puc. 7.1) moreHman y3ima 4 OTHOCUTEIHLHO OOIIEro mpoBoja pa-

BeH HymO Oy =0 (cMm. nHBepTUpYyIOWMi yeunutenb Ha OY). Cxema pacnanach Ha 4e-

ThIPE HE3aBUCUMBIX KOHTYpPa — TPU BXOAHBIX U BBIXOAHOM.

B nmanpHe#memM cOCTaBISIIOT JBa ypaBHEHHUs MO BTOpoMy 3akoHy Kupxroda
11 TPEX BXOJHBIX U BBIXOJHOTO KOHTYPOB U OJIHO YPAaBHEHHE IO MEPBOMY 3aKOHY
Kupxroda nns y3na A. B pe3ynbpraTe nonydaroT CIeAYIONIYI0 CUCTEMY YPaBHEHHI:
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Ugx; —hR1=0;

Ugyo —HR2=0;
Upxs — I1R3 0; (7.1)
Ugpx — 14R4=0;

h+1y +i3 =g =l =0.

B nsitom ypaBHeHuUH igx1 = 0, Tak kak y uaeaibHoro OY Rgy = . B pesynbra-
TC perieHus cuctemsl (7.1) monyJaror:

R4 R4 R4
Uppix = — Rl Upx1 + R2 BX2+R_3 BX3

= _(Klqul + KZUBX2 + K3UBX3 ) (7-2)

Taxum obpazom, ecnu cuntath OV HaCaNbHBIM, TO Ugyx HE 3aBHCUT OT Mapa-
MeTpoB camoro OV, a 3aBHCHUT TOJIBKO OT TTapaMeTPOB BHEUTHUX IIETEH, T.€. OT BEIH-
yuHbl conpotuBieHuil R1-R4. B dopmyne (7.2) 3HaK MUHYC TOKa3bIBAa€T, YTO CyM-
MaTOpP MHBEPTHUPYIOIIHIA.

Takum 00pazom, BBIXOAHOE HATPSHKEHHE CyMMaropa paBHO CyMMeE BXOJHBIX
HaIpsDKEHUN ¢ 3a1aHHbIME Koddpuninenramu. Koapdumuenter K1, Ko n K3 sBnsroT-
cst KoahpuIreHTaMu YCUICHUS TI0 COOTBETCTBYIOIIUM BXO/IAM.

Pesuctop RS ucnonb3yercs B MpakTUYECKUX CXEMaX C ILEJbI0 KOMIIEHCAIH
OTPHUIIATEIILHOTO BIUSHHS BXOJIHBIX TOKOB. B cooTBeTCTBUU € BhIpaxenueM (6.3) co-
npoTuBJIeHue pe3uctopa RS paccuutsiBaercs no Gopmyie:

1 1 1 1 1
—t—t—t— =,
Rl R2 R3 R4 R5
OTKYJla OIIPEICNIACTCS BEJIMYMHA COMPOTUBIICHUS RS:
B R1IR2R3R4
~ R2R3R4 + RIR3R4 + RIR2R4 + RIR2R3’

7.1.2 HeHBepTHUPYIOLLUKA CyMMaTOP

Cxema TpE€eXBX0JI0BOr0 HEMHBEPTHUPYIOIIEero cymmaropa Ha OV mpuBeneHa Ha
puc. 7.2. BxomHble HanpsHKEHHUS Ugy], Upx2? M Ugx3 TOJAIOTCS Yepe3 pe3ucTophl R1,

R2, R3 na memnBepTupyromuii Bxog OV, modTOMy CyMMaTop Ha3bIBaeTCsI HEMHBEP-
TUPYIOLIUM.
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R4

R5
DA
R1 ‘.;DOO
(o) '| '. ¢ U
RZ BBIX
O l_l" @
Usx1 R3 |
Usx2

Puc. 7.2. Cxema HeuHBepTUpYyoIIero cymmaropa Ha OY

WNuBeprupyrommii Bxoz depes pesuctop R4 coeaunen ¢ obmmm nposogom. C
nomotisto pesucropa RS B cymmatope ocymectisiercss OOC. Pesucrop R6 siBnsiercs
pacy€THBIM, a TAKKE Y4YaCTBYET B OAJIaHCUPOBKE CXEMBI B MPAKTHUYECKUX CXEMaX.

Jlist HampsikeHHsT Ug cxema MpeACTaBiIsieT co00i HEMHBEPTUPYIOIIUN YCUIIU-

TEJb, BBIXOJIHOE HANPSKEHHE KOTOpOro omnpexaensercs no hopmye (7.3):

R5
Ugpx =Ug| — +11. 7.3
BBIX 6( R4 j (7.3)
HanpsikeHne Ug MOKHO ONIPEACITUTh METOJIOM JBYX Y3JIOB:
Ug = U1/R1+U2/R2+U3/R3 . (74)
1/R1+1/R2+1/R3+1/R6
[Moacrasmsis Beipakenue (7.4) B popmyay (7.3), momydaem:
Ugx] / R+ Upyo /R2+Ugy3 /R3( R5
Uppx = Bx1 BX2 BX3 ( +1j _ (7.5)
1/R1+1/R2+1/R3+1/R6 R4

N3 Boipakenus (6.3) miis cOanaHCUPOBAHHOM CXEMBI CIIEYeT:
1 1 1 1 1 1
—t—F+—+—=—+—.
Rl R2 R3 R6 R4 R5
JIs1 yniponieHust BbIpayKeHust 11 Ugx 00bI9HO npuHuMaroT RS = R6. Torna
1 1 1 1
—t—+—=—.
Rl R2 R3 R4
N3 Beipaxkenus (7.6) onpenensieTcss CONpOTUBIIEHNE pe3nucTopa R4:

R1R2 + R1IR3+ R2R3
R1+R2+R3

(7.6)

R4 =
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[Moacranss 1/R4 u3 (7.6) B (7.5), mony4yaem:

| :qul/R1+uBX2/R2+uBX3/R3(§+E+E+1j: 7.7)
BHX = R1+1/R2+1/R3+1/R6 \RL R2  R3

_ UpygR5/R1+ Uy pR5/R2+ UpygR5/R3

1/R1+1/R2+1/R3+1/R6
X i+i+i+i . (7.7)
Rl R2 R3 R5
[Tocne ynpomienust Gopmyssl (7.7), mojsydaem:
R5 R5 R5
Uppix = Equl + EUBQ + %umﬁ = KqUpx1 + KoUgxo + K3qu3-

Takum O6p330M, BBIXOJIHOC HAIIPAXKCHHUC CyMMaATOpa PAaBHO CYMMC BXOJIHBIX

HanpspKeHUH ¢ 3a7aHHbIME Kodpdunmentamu. Koaddunmentsr Kp, Ky n K3 asnstor-

cs Kod(phulMeHTaMu yCUIICHUS 110 COOTBETCTBYIOIINM BXO/IaM.
3apaua 16. J{ns uHBepTUpyrOmero cymmaropa (puc. 7.3) Ha uaeaibHom OY

3a1dHO MAaTEMATHYCCKOC BBIpa}KCHI/IC JJI1 BBIXOAHOT'O HaHpH)KGHI/IH
UBI;IX = _(4’0U x1l T 08U Bx2 T 4,8U Bx3)'

Iy R1 R4

o—— [} o [}
I, R2
o;il%l—" DA1
3
UBX] U C_{>I_' B0 —> o
B2 U s IBMxOSi Upx
R5

1 1

Puc. 7.3

Hanpsi»keHnss HCTOYHUKOB BXOJIHBIX CUTHAJIOB MOCTOSTHHOTO ToKa: Ugx1 = 1 B,
Upx2 = 4,9 B, Ugx3z = 1,5 B. Conportusnenus pe3uctopoB paBHbl R4 = 120 kOm u
Ry = 7,5 kOm.

OnpeaenuThb: CONMPOTUBICHUS U MOIITHOCTH paccessHus pe3uctopoB R1, R2, R3,
RS5; BeixonHoe HamnpsbkeHue Ugyx ¥ BBIXOIHOM TOK lgxoy OV TOkH, moTpedasieMbie

OT UCTOYHUKOB BXOAHBIX CHTHAJOB |1, I, I3.

Pemenne
1. Conporunenust pesucropoB R1, R2, R3 onpenensitor u3 kodppuimeHTos,

3aJJaHHBIX B BBIPAXKCHUU JJIs BEIXOJHOTO HanpspkeHus Uy, cymmaropa (7.2).
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R4 R4 120

—=4; Rl — =30 xOwm;
R1 4 4
E:O’S’ R1:E:@:150 KOM;
R2 08 08
R3 48 48

2. CompotuBieHue pesuctopa RS onpenensercs u3 BhIpaKeHHUS:
1 1 1 1 1 1 1 1 1

—=—+—+—+—=—+—+—+—=0,0883.
R5 R1I R2 R3 R4 30 150 25 120
CrnenoBaTesbHO
R5 = L =11,32 xOwm.
0,0883

3. Beixo/1HO€ HAMpPsXKEHUE UHBEPTUPYIOIIETO CyMMaTopa

Uppx = _(4’OU px1 T 0,8Ugx2 +4,8U BX3) =
=—(4,0-1+08-(-4,9)+48-15)=-7,28 B.

4. BeixogHol 1ok lyxoy OV omnpenenstor no popmyiie:

| _ Upx U (RA+R,) _ 7,28(120 +7,5)-10°
BeIXOY

3 3~ =000L A
R2|| Ry R4-Ry 120-10°-7,5-10

5. TOKI/I, HOTp€6JI}IGMI>IG OT UICTOYHHUKOB BXOJHBIX CUTHAJIOB

| =Omxl 1 5 =0,033-10"° A =0,083 mA;
R1  30.10
|, =Imo 49 5 ~0,033-10° A =0,083 MA;
R2 15010
= e _ 1O 5=0,06-10" A=0,06 MA.
R3  25.10

6. MomHocTH paccesHus pe3sUCTOpPOB
Py = I2R1= (0,033)230-10% = 32,67 Br;
Pro = 12R2 = (0,033)%150 - 10° = 163,35 Br;

Prs = 13R3=(0,06)225-10% = 90 Br.

199



7.2 UHTErpaTop Ha oneparuoOHHOM YCHUJIUTEJIe

WNuTerpatopoM Ha3bIBa€TCAd YCTPOMCTBO, BBIXOJHOE HANPSDKEHHE KOTOPOIO
MPOIMOPLIMOHATILHO MHTETpally BXOJHOro HampsbkeHus. Cxema umHTerparopa Ha OY
MOJIy4aeTCs €CIU B CXEME HMHBEPTHUpYIOIIero ycunurens (puc. 6.1) 3aMeHUTh pesu-
ctop R2 na kongencatop C. Ha puc. 7.4 npuBenena cxema unrerparopa Ha OVY.
BxonHoe HamnpsbkeHue Ugyx MoAaéTca Ha MHBEpTUpYIomUi BXoa OV depe3 pe3uctop
R1. HeunBepTupyromniuii BXo COEAMHEH ¢ O0IIUM MPOBOAOM uepe3 pesuctop R2. Pe-
3uctopbl R2 1 R3 UCHonb3yloTCs B IPAKTUYECKUX CXEMaX.

Ha ocnoBanuu cBoiictB uaeanbHoro OV u 3akoHoB Kupxroda MOXHO moiy-
YUTh BBIpaKEHUE JIJIs1 BBIXOJTHOT'O HAMpsiKeHUs uHTerparopa Ha OVY.

Cuuras OV uneanbHbiM, B cxeMe (puc. 7.4) noreHnuan y3na 4 OTHOCUTEIHHO
oO11ero NpoBoja paBeH HyJ0 —@4 = 0 (CM. HHBEPTUPYIOIINKI ycuauTenb). PaccMoT-

PUM B CXCMC IBAa HC3ABUCHUMBIX KOHTYpaA — BXO)IHOfI )51 BBIXOJIHOﬁ.

Il uBLIX

\ uBX
R2
Puc. 7.4. Cxema unrerpatopa nHa OY

B nmanpHeilmeM cocTaBlSIOT JIBa ypaBHEHHS IO BTOpoMmy 3akoHy Kupxroda
U1 BXOJHOTO M BBIXOJHOIO KOHTYPOB M OJHO YPaBHEHHME II0 NEPBOMY 3aKOHY
Kupxroda nns y3na A. B pe3ynbTaTe moay4aroT CIEYIONIYI0 CUCTEMY U3 TPEX ypaB-
HECHUM:

Ugx —HR1=0;
Ugx +Uc =0; (7.8)
h —ip —igye =0.

B tpeTheM ypaBHEHHH Ipx] = 0, Tak Kak y uacaabHoro OY Rgy = .

MrHoBeHHOE 3HAYCHHE TOKa, MPOTEKAIOIIEr0 Yepe3 KOHIASHCATOP, ONMPEACIIs-
eTcs o ¢hopmye:
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dUc

iy = 7.9
2 ot (7.9)
B pe3ynbTarte coBMecTHOrO pernieHus ypasuenuit (7.8) u (7.9), umeem:
Ugx :—Rl-CdUﬂ. (7.10)
dt
Nurerpupys o6e yactu Boipaxenus (7.10), monydaror:
1
Uppix = _%J‘UBxdt + UBBIX(O) : (7.11)

Ananu3 Beipakenust (7.11) mokaspIBaeT, UTO Ugyx MHTETPATOpa 3aBUCHUT OT
HavanbHoro Hanpsbkenus Uc(g) Ha KoHaeHcaTope B MOMEHT BpeMeHu t = 0, Tak Kak:

UBBIX(O) = _UC(O)-
3HaKk MUHYC B BbIpakeHUU (7.11) mokaspIiBaeT, 4TO JIAaHHBIA WHTErPATOp SIBIIS-
etcs uHBepTUpyronuM. [Ipoussenenne R1xC umeeT pasMepHOCTh [C] — «CEKYHIa» |
HA3bIBACTCS HOCHMOAHHAA 6peMeHu unmezpuposanusn Ty.

N3 Beipaskenus (6.3) 11t cOamaHCUPOBAHHOMN CXEMBI CIICTYET:
R2 = R1.
Koaddurment ycuneHuss uHTerpaTopa sBisieTcsl KOMIUIEKCHOM BEIMYUHOM:

Ky=-20c___ 1 (7.12)
Z.. RLCjo

rae Zoc = -jXc = L.
JoC
Z. =R1.

W3 ananmsa Beipaskenus (7.12) cieayer, 4To Ha HU3KMX 4acTOTax (OJIM3KHX K
HYJIEBBIM) K03 UITMEHT yCHIeHuss uHTerparopa Ky CTpeMHUTCs K OECKOHEYHOCTH.
OT0 MPUBOAMUT K 3apsiay KoHaeHcatopa C moj ACHCTBHEM HAMPSIKEHUS CMEIEHUS
U,y 1 9epe3 HEKOTOopoe BpeMs HaIpsiKeHHE Ha BBIXOJE HHTETPaTOpa CTAaHET OJIU3KUM
K Hanpspkenuto nutanus U,. B pe3ynbTaTe cxema cranet HepaboTocmocobHoi. Uto-
OBl ATOTO HE MPOUCXOAMIIO B MPAKTHUYECKUX CXEMaxX MapayuieabHo KoHaeHcatopy C
BKJTtoUaeTcst pesuctop R3 ¢ 6omipmmm conporuBieHuem [12].

Ha puc. 7.5.a npuBeieHbl BpEeMEHHBIE TUArPaMMBbl, MOSICHSIOIINE PaOdOTy MH-
TerpaTopa MpHU TOJade Ha €ro BXOJ HANpPSDKCHHs MPSIMOYTONbHOW (opmbI, a Ha
puc. 7.5.0 — HanpspKEHUs MPOU3BOIBHOU (POPMBI.
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Um BX| t / t
0 ! 0

| | :
r__ | | |
I ——— | | | | :
| | | | Ugpix | | '
Ugeix | | | | | | :
| : ‘;l ' | | i
| | | | | |
. AL TR 0 | |  t
| | | |
| | ' |
| | :
a 4]

Puc. 7.5. BpeMeHnHbie 1uarpaMmsbl, TOSICHSIOITUE PaOOTy HHTErpaTopa

[Tpu nonaue Ha BXoA MHTErpaTopa nocrostHHoro HanpsukeHus (Ugx = const) Ha
BbIXO/ie (popMuUpyeTCS JTMHEHHO H3MEHSIONIEECs HaIpSKEHUE B COOTBETCTBUM C

YpaBHEHUEM:

1 U
Uppix = _@J‘UBxdt = _WBét-

[Ipu momaye Ha BXOA HHTETpaTOpa HAMpPSKEHUS TPSIMOYTOJIbHON (OpMBI Ha
BbIXO/Ie (POPMUPYETCS HAMPSIKEHUE TPEYT0JIbHON (HOPMBI C aMILTUTY/I0M:

Um.BX I_ Um.BX 1

Umsix =T c 4T T RIC 4
rae Um px — aMIUTUTYy1a BXOJHOTO HAIPSIKEHUS;
T — mepuo1 BXOJHOIO CUTHAJA;
f — wacToTa BXOHOTO CUTHAaJA.

HNuTterpaTopbl MMPOKO MNPUMEHSIOTCS NPU CO3JAHUU T'€HEPATOPOB JIMHEUHO
M3MEHSIONIETOCS U CHHYCOUIATbHOTO HAMpPsDKEHUsI, (a30CABUTAIONINX YCTPOUCTB, a
Tak)Ke B KAUECTBE PETYISTOPOB, (PUIBTPOB HU3KUX YACTOT U TIP.

3amaya 17. Ha Bxom wmHTerpatopa (puc.7.5.a) moma€rcs mpsMoyroibHOE
Hanpsbkenne Er ¢ dactoroi 1 xI'u u ammutynoit 4 B. (puc. 7.6). Onpeaenuts Bbl-
xonHoe HanpspkeHne Uppx(t) 3a uaTepBan Bpemenu ot {y, =T/2 nmo t, =T, rae T —
neproa BxoaHoro HanpsokeHus. [Tapametpsl cxembl: R1 = 10 kOMm; C = 0,1 M.

Pemenue
1. Tak kak Ha BXOJ MHTErpaTopa MOOYEPETHO MOJAIOTCS MOCTOSHHBIC OJMHA-
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KOBBIE HAIPSDKEHMsI Pa3HOU IMOJIIPHOCTHU, TO B Pe3yJbTaTe MHTEIPUPOBAHMS HA BbI-
XOJI€ MOSBUTCS HAINPsKEHUE TPeyroiabHo popmel (puc. 7.5.a). Tak Kak moaynepuo-
Il BXOJHOTO CUTHAJIa OAMHAKOBBI, TO U TPEYTOJIbHbIE BOJIHBI TAKXKE OyIyT OQUHAKO-
BBIMH.

2. B nanpHelnieM HaXoJAT H3MEHEHUE BBIXOJHOTO HanpsukeHus AU g, . 33 UH-

TepBaj BpeMeHH oT t) =T / 2 no to =T, rae T — mepuoJ BXOAHOTO HampshKeHUs. B

paccMaTpuBaeMOM HUHTEpBaJie BpeMEHHU JeicTByeT HanpsbkeHue: Er = —4 B. Toraa B

PE3YIbTATC MHTCTPUPOBAHUA MOKHO ITOJYUYNUTDH

t, ~ B )
AUgyx = _L IErdt = Er(ta -11) — AT -T/2) _ 2T :
RIC, R1C RIC RI1C
T = l = i — 0,001 c; AUBLIX _ 2 . 0,001 _ 2 B
f 1000 10%.01-107°

7.3 fuddepeHnuaTop Ha ONEepaLUOHHOM YCUTUTEIE

HuddepennmaropomM Ha3bIBaeTCsl YCTPOUCTBO, BBIXOJAHOE HANPSHKEHUE KOTO-
poro mpomnopuuoHaibHO AuddepeHImany BxoaHoro Hanpsbkenus. Cxema audde-
penimatopa Ha OV monydaercs, €cilii B CXeME€ HWHBEPTHUPYIOLIETO YCUIMTENs
(puc. 6.1) 3amenuTth pesucrop R1 Ha xongencarop C. Cxema uHTerpatopa Ha OY
npuBeieHa Ha puc. 7.6. BxonHoe HampsikeHne Ugy MOJAETCS HA MHBEPTUPYIOIIMH

Bxo1 OV yepes konnencarop C. HenHBepTUPYIOMIMI BXO/ COEMHEH C OOIIMM IPO-
BOJIOM uepe3 pe3uctop R2. Pesuctopsl R2 u R3 ncnonb3yroTcs B IpakKTUYECKUX CXe-
Max.

b R1
—>

UBBIX

R2

1 1

Puc. 7.6. [puanunuansaas cxema quddepenmnuaropa va OY

Ha ocnoBanuu cBoiicTB uaeanpHoro OV u 3akoHoB Kupxroda BeIBeIeM BbI-
pakeHue JJIs1 BBIXOJAHOTO HanpspkeHus nuddepennmuaropa va OY.
Cuuras OY uumeansHbIM, B cxeme (puc. 7.6) moTeHman y3ina 4 OTHOCUTEIBHO
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oO1ero npoBoAa paBeH Hyl0 ¢4 =0 (cM. uHBepTHpYIOUMN ycunutenb). B cxeme
paccMaTpUBarOT J1Ba HE3aBUCUMBIX KOHTYpa — BXOJHON U BBIXOJIHOM.
B nanpHeinieM cOCTaBISIIOT JBa ypaBHEHHUs 1O BTOpoMy 3akoHy Kupxroda
JUISL BXOAHOTO M BBIXOJHOI'O KOHTYPOB M OJHO YPaBHEHHE IO IIEPBOMY 3aKOHY
Kupxroda nis y3na 4. B pesynbrare noinyyarTr cucteMy U3 TpEX ypaBHEHUM:
Ugx —Uc =0;
Uppx —11R1=0; (7.13)
lh—ly —iggg =0.
B tpetbeM ypaBHEHUU Iy, =0, Tak kak y ugeansHoro OV Ry, =o0.
MrHOBEeHHOE 3HAaY€HUE TOKA, IPOTEKAIOIIETO Yepe3 KOHICHCATOp, OIpeneis-
eTcs 1o hopmyiie:

: du
p=C—=%. 7.14
1 ” (7.14)
B pesynbrate coBMecTHOrO penieHust ypaBaenuit (7.13) u (7.14), monyyarot:
Ugpix :—Rl-CdUJ. (7.15)

dt

3Hak MUHYC B BbIpakeHuu (7.15) mokassiBaeT, yTo JaHHBIA quddepeHunarop
apisiercss uHBepTupyroumm. [Iponssenenue R1xC Ha3bIBaeTCs ROCHMOAHHOU 8peMme-
Hu ougpepenyuposanusn 1.

W3 Beipaxkenus (6.3) ais cOanaHCUPOBAHHON CXEMBI CIIEYeT:

R2 = R1.

Koadpounuent ycunenus nudpdepeHnmraropa sBisercss KOMIUIEKCHON BEIUYU-
HOM:
Zoc__ R

Zy  VjeC

Ky =

= —joR1-C, (7.16)

rie Zoc =R1;
) 1
Lovw = —IXe = _
£BX JAC jO)C

N3 ananuza Beipaxkenus (7.16) ciemyeT, 9TO Ha BRICOKMX YacTOTax Kod(huim-

enT ycunenus nuddepennnaropa Ky crpemutcs k O0eckoHeuHocTH. B pesynbrare

CcXeMa O4Y€Hb BOCIPHUMMYMBA K BBICOKOYACTOTHBIM IIyMaM. JJisi MCKIIFOUEHUSI 3TOTrO
SBJICHUSI B MPAKTUYECKUX CXEMax IOCJIeIOBaTelbHO KOHAeHcaTopy C BKIIIOYAETCs
pe3uctop R3 ¢ HeOOIbIIMM COnTpOTHBIICHHEM [12].

Ha puc. 7.7 npuBeaeHbl BpeMEHHbBIE IHArpaMMbl, MOSICHSOIME padoTy nud-
depenuuaropa. 13 Boipaxenus (7.15) BUAHO, YTO BBIXOAHOE HampsbkeHue audde-
peHIUaTOpa NPONOPLUHUOHATIEHO CKOPOCTH MU3MEHEHHUSI BXOJIHOTO HAIPSIKEHUSI.
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Ugx |
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Puc. 7.6. BpeMeHnHble 1uarpaMMsl, MOsCHsIONME padoty nuddepenimaropa

Huddepenumaropbl HalLIM TpUMEHEHUE B UH(GOPMAIIMOHHO-U3MEPUTEITBHON
TEXHUKE M aBTOMATHUKE B KayeCTBE ONEPALMOHHBIX, (POPMUPYIOMIHUX U PETYIUPYIO-

IIUX YCTPOWCTB.
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8 AKTUBHBIE ®UJIbTPbI HA OIIEPALIMOHHOM Y CUJIUTEJIE

AKTUBHBIM (PUIIBTPOM HA3BIBAETCS YCTPOMCTBO, MOCTPOCHHOE HAa PE3UCTOPAX,
KOHJICHCATOpax M aKTUBHBIX JIEMEHTAX, MpeIHa3HauYeHHOE JIJIsl MPOIMYCKaHUsI CUTHA-
JIOB B ONPEACIICHHOM IMOJ0CE YacTOT U IMOJABJICHHUS] CUTHAJIOB 3a MpeAeiaMu dTOU
ITOJIOCHI.

[To cpaBHEHHIO C MAaCCUBHBIMU aKTHUBHBIE (DWIBTPHI 00JAJAIOT CIIEIYIOIIUMU
JIOCTOMHCTBAMHU:

- B HUX MCTOJIb3YIOTCS TOJBKO PE3UCTOPHI U KOHJICHCATOPHI;

- MaJIbleé HOMUHAJIBI KOHJIEHCATOPOB,;

- BBICOKasi JOOPOTHOCTH (KPYyTH3HA MEPEeXOaHbIX yyacTKoB AUX);

- HE BHOCST CYIIIECTBEHHBIX MIOTEPb;

- HEBEJIMKH T10 TabapuTaM U Macce;

- OTHOCHUTEJILHO JIEHIEBEI.

AKTHUBHBIE QUIBTPHI UMEIOT U HeAoCTaTKU. OHU HYXKJIAIOTCS B UCTOYHUKE ITH-
TaHWs, a UX padOuYMii AMANA30H OTPaHUYEH CBEPXY MaKCHUMaJbHOW pabodeil 4acTo-
toit OV.

OCHOBHBIMH ITapaMeTpaMu DIEKTPHUUESCKUX (QUIBTPOB SIBISAIOTCS [7]:

- yactora cpesa fep mm ocp;

- rpaHnYHas yacToTta fr;
- M0JIOCA MPOIYCKAHMUS;
- TI0JIOCA TIO/IaBJICHUS

- IEPEXOJHBIN Y4aCTOK;
- 1006poTHOCTH Q);

- KOO PUITMEHT 3aTyXaHUs O.
Yacmoma cpesa fop nnn o¢p — 510 HacTOTA, IPU KOTOPOH KOSPPULIHMEHT yCH-

neHus o Hanpsokenuro Ky dunbrpa nagaet no yposus 0,707 ot Benuuunsl Ky B mo-
Joce nmpoiyckanus (T.e. ymMmeHbluaercsa Ha 3 1b).

I'panuunas wacmoma f. — 310 vacrora, npu xoropoit Ky dumsrpa Ha 3 1b
BBIIIIC, Y€M B ITOJIOCE ITO/IaBIICHUSI.

Ilonoca nponyckanus — 3TO T0JIOCA YACTOT, B KOTOPOM CHUTHAJ TepeaacTcs
0€3 NCKAKCHU.

Ilonoca nodasenus — 3T0 TOJIOCA YACTOT, B KOTOPOU CUTHAN MOJABIISICTCS JI0
3aJJaHHOTO YPOBHSI.

Ilepexoodnstit yuacmok — 510 MHTEPBAJ YaCTOT MEXKY 9acTotamu fep 1 fr.

Jlobpomnocmep QQ — 3TO BeTMYMHA, CBSA3BIBAIONIAS] CPEIHIOI YaCTOTY MOJIOCHI
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MpOoMyCcKaHus U e€ MUpHUHY Ha ypoBHE 3 Ab u onpeaensieMas no Gopmyie:

fo

\ fcpl fcp2

>

fcp2 - 1:cpl) )

(fcpZ - 1:cpl),

rne  fo =,/ fep1fep2 — cpennsis nenrpanbas yacrora;

fep1 — HUOKHASA wacTOTA cpesa Ha ypoBHe 3 1b;

fep2 — BepxHas wacTora cpesa Ha yposne 3 1b.

Koygpdpuyuenm 3amyxanun o — 5TO BenuuuHa oOpaTHas ITOOPOTHOCTH,

a = 1/Q. On omnpenenser GopMy YaCTOTHON XapaKTEPUCTUKU PUIILTPA, T.€. €ro THIIL.

Kaaccupuxanuss akTUBHBIX QUIBTPOB. B 3aBUCUMOCTH OT PacHoOJIOKEHHUS
MIOJIOCHI MTPOIYCKAHUS M TIOJIOCHI MTO/IaBJICHUS B paboyeM JAuana3zoHe 4acToT (PUIbTPhI

nojpasaenstorcs Ha [21]:

- GunbTpbl HU3KMX YactoT (PHY): momoca npomyckanus ot 0 o fep, mosoca

nojasjieHus ot fr 10 MakcuManbHON pabouel 4acTOThl cXeMbl — fpax, AUX ®HY

npuBeneHa Ha puc. 8.1.a.

Ky
0,707Ky
f
0
N
Tonoca mpormyckanus | [Nonoca nmogasneHus
[Iepexonublil yqacTok
a
Ky
0,707Ky === === R -
I I
| |
I .
o2 N
frl fcpl fcpZ frZ

[Tonoca nonasnenus \Honoca MPOIYCKAHUS

[Iepexonuble yyacTKu

6

ITonoca momaBieHus

Ky

0,707Ky

!
[
|
[
[
[

.

fr fcp

[losoca noxasneHus | [Tosoca nporycKaHus

[TepexoaHblii yqacTok

o

fo

fcpl

\ ITonoca momaBieHus /

ITonoca nponyckanus

2

Puc. 8.1. AUX punbTpoB: @ — GpUIBTpa HU3KOH YaCTOTHI;, O — GUIBTPA BEICOKOM

9aCTOTHI; 8 — MTOJIOCOBOTO (PUITBTPA; & — PEKEKTOPHOTO HHUIBTpa
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- GuibTpel BeICOKHX YacToT (PBY): monoca npomyckanus ot fop 10 fmax, 1mo-
noca noxasnenus ot 0 no fr. AUX ®BY npusenena Ha puc. 8.1.6.

- monocosble GpunbTpel (IID): monoca npomyckanus ot fep mo fepp, momoca
nojasiaeHust oT 0 10 frq 1 oT fro 10 fmax. AUX T1d npusenena Ha puc. 8.1.6.

- pexxekTopHble GuIbTpel (PP): monoca npomyckanus ot 0 110 fep1 1 o7 fepo 10

fmax, monoca momasnenns ot fep1 10 fep2. AUX P® npusenena na puc. 8.1.2.
[To THIy YCHIMTEIBHBIX 3JIEMEHTOB MOYHO BBIACIUTH TPAH3UCTOPHBIC (PHIIb-
Tpbl U GUILTPH HA OVY.
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9 UMIYJIbCHBIE YCTPOHCTBA HA ONEPAIIMOHHOM YCUJIUTEJIE

Ha OV, xak yHUBEpCaIbHOM YCHJIUTENE, MOKHO IOCTPOUTHh Pa3HOOOpA3HBIC
MMITYJIbCHBIE YCTPONCTBA TaKKU€e, KAK KOMITapaTOphl HanpsikeHus, Tpurrepsl [lmurra,
MYJIbTUBHOPATOPBI, OJTHOBUOPATOPHI U AP.

9.1 KomnapaTop HanpsxKeHus

Kommnapatopom HanpsiKeHHsT Ha3bIBA€TCSI YCTPOMCTBO, MPEIHA3HAUCHHOE JIJIA
CPaBHEHUE H3MEPSAEMOr0 BXOJHOI'O HAIPSKEHHUS Uy, C ONOPHBIM HAIPSHKCHHEM
Uy IIpUHIMIMANbHAsA cXeMa, IepelaTodyHasl XapaKTepUCTHKA M BPEMEHHBIEC JMa-

rpamMMbl paboThl KoMITapaTropa Hanpspkenus Ha OY npusezaensl Ha puc. 9.1 [18].
Cxema kommapaTtopa HampspkeHus: (puc. 9.1.a) npencrasnser coboir OY 06e3
oOpaTHbIX cBsizeil ¢ BxoaHbIMH pe3uctopamu R1, R2. Tlpu stom koadduiueHt ycu-

neHus cxeMbl Ha uiaeaibHoM OY Ky = oo, tak kak orcyrctByer OOC. B pe3ynbTaTe

BBIXOJHOC HAIIPAXKCHUC KOMIIapaTopa MOXKCET INPUHUMATL TOJIBKO JBAa 3HAYCHMHA:

«Up» mmn «+Up». Tlpu paBeHCTBE BXOJIHOTO Ugy M OMIOPHOTO Uy HAMIPSKEHUH MPO-

HCXOIUT CKa‘IKOO6pa3HOC M3MCHCHUC MOJIIPHOCTH BBIXOJTHOI'O HANIPSKCHUA Uggx.

AJIl"OpI/ITM pa6OTI>I KOMHapaTOpa OIINCHBIBACTCs CHGIIYIOHII/IMI/I BBIpa>KeHI/I§IMI/I:
Ugpix =—Up TPH Uppy > Ugp

Ugpix = U TP Uy <Ugp.

u
R1 +U, Usnix
DA - 0
Upx
l o N
l Uprix Ugx Ugeix
l R?2 0 Uon
luon -U, 0 t
i -UH
a 9] 6

Puc. 9.1. KommapaTop HanpspKeHUs: @ — IPUHITUIHAIBHAS CXeMa; 6 — mepejaTouHas
XapaKTEPUCTUKA; 6 — BPEMEHHbIE JJUarpaMMbl padOThI
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B cxeme ¢ peanpHbiM OY BBIXOJHOE HANpPSHKEHUE Ugpx KOMITApAaTOpa IMPUHU-

MaeT 3HaYeHUST «—Ugpx max» WIH «+Ugpx max?, @ €r0 NEPEKIIOUYCHUE TPOUCXOAUT C
HEKOTOPOIl 3aJIepKKOM, onpeaensieMolt opicTpoaeiicTerem OVY.

BxonHoe HanpsikeHHe Uy, , IPU KOTOPOM BBIXOJHOE HANPSIKEHUE Uy, H3Me-

BX >

Hietes oT «—Up» 1o «+Up» HaseiBaeTcst nanpascenuem ¢xniouenun U, . BxonHoe

HanpsKeHUE Uy, , IPU KOTOPOM BBIXOJHOE HAIPSKEHUE Uy, M3MEHseTCs OT «+Up»

BX
«Up» Ha3bIBaeTCcs Hanpaxycenuem eviknouenus Uy, .. Y KOMIapatopa Hanpske-
HUs BKIOYeHUs Uy, ¥ BBIKIOYEHHA Upg ., COBIAJAIOT U PaBHbI OIOPHOMY
HanpspkeHuto U . IlepenaTtoyHas XapaKTepUCTUKM KoMIapaTopa HpUBEACHAa Ha

puc. 9.1.6. Bpemennsle auarpaMMmbl pabOThl KOMMapaTopa MpU JUHEHHO HU3MEHS I0-
meMcsi Uy, npuBeneHsl Ha puc. 9.1.6. Komnaparop mupoko ucnosb3yeTcs Ajs mpe-

o0pa3oBaHus HANpPsHKEHHS MPOU3BOJILHON (DOPMBI B HANpSHKEHHE MPSIMOYTOJIBHOMN
¢dopmel. TIpu 3TOM MOJI0KEHNE MOMEHTOB MEPEKIIOYEHUSI COOTBETCTBYET PABEHCTBY
Ugx =Uypy- Ecin Bxoasr OV moMeHsATs MECTaMHU, TO Uy, TIOMEHSET 3HAK.

W3 Boipaxkenus (6.3) nis coanancupoBaHHOM cxeMbl cienayert: R1 = R2.

JIisi cpaBHEHHSI CHUTHAJIOB MPOTUBOIOJOKHOW MOJISIPHOCTH HEOOXOJIHUMO HUX
CYMMUPOBATH 10 OAHOMY M3 BXOJIOB, @ IPYroi BXOJ NOJKIIOYUTH K O0IIEMY.

Komnaparopsl sSBISIOTCS MPOCTEUIIMMU aHaIOro-uu(ppoBbBIMU NpeoOpa3oBa-
TEJIIMU U 3aHUMAIOT MPOMEKYTOUHOE IOJIOKEHHE MEX]y aHaJIOroBbIMU U LU(pO-
BBIMH CXEMaMH.

B peanbHBIX YCIOBHAX B MOMEHT CPAaBHECHMs HAIPSKEHUN Ugy, U Uy, B pe-

3yJbTaTe€ HAJIUYMS B HUX IIIYMOB MPOUCXOJAUT MHOTOKPATHOE MEPEKIIOUYEHUE KOMITa-
paTopa, Ha3bIBaeMoe «JIpede3rom». B CBS3M ¢ 3THUM BBIXOJHOMW CUTHAJT KOMITApaTopa
HENb3s HEIMOCPE/CTBEHHO I0/aBaTh Ha BXOJ HU(POBOM CXEMBbl, COJEpIKAIleH,
HampuMep, CYETYMKHU, TaK KaK 3TO MOXKET IMPHUBECTH K cOOI0 B pabore cxembl. [ns
YCTPaHEHHUSI ATOTO SBJICHUS B CXEMY KOMIapaTopa BBOJUTCS MOJIOKHUTEIIbHAs 00paTt-
Has cBs3b (ITOC).

KomnapaTtopsl HanpskeHUs: BBITYCKAOTCS B BUAE CHEIUATU3UPOBAHHBIX MUK-
pocxeM ¢ BbIXOJAHBIM HampsikeHueM, copmectuMbiM ¢ TTJI u KMOII noruueckumu
YPOBHSIMHU.

[Ipumepsr o6o03nHauenuiik HMMC kommnapatopoB Hampsikenus: K521CA2,
K553CA3.

KomnapaTtopsl HampsiKeHHs] HAlUUIM IIHUPOKOE MPUMEHEHHUE B TMOPOTOBBIX
YCTPONCTBAaX, WMITYJIbCHBIX (OopMUpOBaATENIX © CTabWiM3aTopax, aHaJIoro-
U (POBBIX TPEOOPAZOBATENSAX U JIP.
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9.2 Tpurrep lIMuTTa

Tpurrep IImutra (TIH) — 3T0 KOMIapatop ¢ I[IOC, y koTOporo Hanmps>KeHHUs
BKIro4eHust Up, . ¥ BeiKioyeHus Uy, .. He coBnanaroT. Cxema WHBEPTUPYIOIIErO

THI na OY npusenena Ha puc. 9.2.a.

Usx
Rl +Un UBLIX Umﬂm" T\ A U t
o— 1M pa 1 * olH |
. ol NS N
BX o0 BKJI : ' ! '
> - Ur‘ X | : |
i | ‘ Ugnix _ g Ugx Ugrix +HUy | I |
(CS [ T — -
R2 R3
|—o— l

— | 0 t

Urioc

_Un

a 6 8)
Puc. 9.2. UuBepTupytomuii tpurrep llImutra: a — npuHIMnuanbpHas cxema,
6 — mepenaTovHasi XapaKTepUCTUKA; 8 — BpEMEHHBIE JInarpaMMbl paObOThI

B cxeme TII orcyrcrByer OOC, nostomy npu uaeaibHoMm OV koaddunvieHt

ycuseHus cxembl Ky = oo. B pesynbprare BoixogHoe HanpsbkeHue T moxeT npuHu-

MaTh TOJIBKO ABa 3HaUeHUs . «—Up» nmm «+Up».
ITOC B THI opranmusyercs ¢ nomoibio pesuctopoB R2 u R3. Hanpsixenue
ITOC omnpenensieTcs BEIpaKEHUEM
Ugpix R2 U,R2
Urtoc = == .
R2 +R3 R2 +R3

ITepenaTounas xapakrepuctuka TI npuBenena Ha puc. 9.2.6. Hanpsoxenus

BKMtoueHus Up, 1 BikmroueHuss Uy, ONPEnensioTcs CleayonMMI BbIpaKeHH -

MMU.

Upn =————; =t
9 R2+R3 PR R2+R3
Eciu x uaBeptupytoniemMy Bxoay OV NpuiIo)KeHO JOCTATOYHO OOJBIIOE OTPH-

_ UyR2 U,R2

HaTeNbHOE HampsbkeHue Ugy , TO BeIXxogHoe HampspkeHue TLI Oyaer ompenensrbes
paBeHCTBOM: Uy =+U (puc. 9.2.6). IIpu 3TOM HampsikeHUe Ha HEMHBEPTUPYIO-
meM BXOJie OYAET MOJNOKUTEIbHBIM U paBHBIM: Urjoc =Upguer - [Ipy yBenndenun
BXOJTHOTO HAaIPsDKEHUS Ugy BBIXOJHOE HANPSKEHHE Uy, HE U3MEHHUTCS A0 TEX IMOP,

noka Upy <Upinr. TIpn Upy =Up o BBIXOIHOE HampspkeHne Ugg, 3a c4ET Jei-
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crBus [IOC usmenurcs ckaukom 10 «—U», a HanpshKeHHe Ha HEMHBEPTHPYIOIEM
BXOJI€ CTaHET OTPULATENbHBIM U paBHbIM Urjoc =Ugyy; . IIpu nanbheiimem yBenuue-
HUU Ugy BBIXOJHOE HANPSHKEHUE Upp, HE U3MEHACTCH.

Ecan tenepb yMeHbIIATh HANPSKEHUE Ugy , TO BBIXOJAHOE HANPSIKEHUE Ugp
U3MEHHUTCS TOJBKO MPH Ugy =Up; U ckaukoM Bo3pacTeT 10 «+ U ». B pesynbraTe
nepenarouHas xapakrepuctuka TII mmeer rucrepesuc. Hanpsoxkenue rucrepesuca

U, cocraBnser:

U,R2

Ur :UBBIKJ'I _UBKJ'I :m_(

_ UyR2 ) 2U,R2
R2+R3) R2+R3’

B paccmotpennoit cxeme (puc. 9.2.a), Bxoanoe Hanpsikenue TIHI cpaBHuBaeT-
Csl C OIIOPHBIM HaNpsKEHUEM Uy, PABHBIM HAIPSKEHUIO UoC -

B cxeme TII ¢ peanbsHbiM OV BBIXOAHOE HANPSKEHUE Ug;y NMPUHUMAET 3HA-
yeHust He « U p», a «—Upg iy yux » Wi +U oy oy, onpenensemsie Tuniom OV,

Bpemennsbie auarpammel, noscustomue padory TIHI, npuBeaenst Ha puc. 9.2.6.
Pesucrop R1 BeiOupaercs u3 yciaosus (6.3) u a1 cOalaHCUPOBAHHONW CXEMbI HMEET
BU/I:

R1 = R2R3/(R2 + R3)

Ecnu nogaBath BXOHOE HaNpsbKeHUE HA HEMHBepTHUpYtouuid Bxoa OV, To mo-
nyuutcsi cxema HemHBepTHupytomero TII, cxema koToporo nmpusenaeHa Ha puc. 9.3.a.

u Uon
Rl R3 u LﬂJBLIKII“_A____// _____ A _________
S oy B T g A N A N
fut | A N\ \/
[~ Yee) - Ur‘ ! : : :
i 0 ) g Upx  Uggix "i'Un | | |
UBKJ'I UO“ UBBIKH
:RZ l Usrix
I t
l Hon 'Un‘%J ********* 0
a 4] 8

Puc. 9.3. Heunseptupytomuii Tpurrep llImutra: @ — mpuHIMnmanpHas cxema,
6 — epenaTovYHasi XapaKTePUCTUKA; 8 — BPEMEHHBIC TUarpaMMbl PaOOTHI

I[IOC B nannom TIII opranuzyercs ¢ nomouisto pesuctopoB R1 u R3. Hamps-
xenue [TIOC Boinensercs Ha pe3uctope R1 u onpenensiercst BEIpa)KeHUEM:
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U.. = (UBBIX — UBX)Rl — (iUH _ uBX)Rl_ (9.1)
¢ R1+ R3 R1+R3

Ompenenum HanpspkeHus BKmodeHuss Uy, ¥ BoIKroueHus Uy, ., HEHMHBEp-
tupyromero TII (puc. 9.3.a).
g Bxognou nenu TII cipaBeayinBo cienyroniee BeIpaxeHue:
Ugx — U +Uge =0. (9.2)
C yuérom Beipaxkenus (9.1), ypaBaenue (9.2) npumer BU:

(UBBIX B qu)Rl
Upx —Uog + =0
Bx ol R1+ R3

R1 R1
Upx = muon - R_BUBI)IX :
[Tocne npeoOpazoBanus Beipaxkenue (9.3) mpumeT Bu:

R1
Ugx =Uop + (uon — Upgix )R_3 .

C yuétoM Toro, 4To Uy, NMPUHUMAET 3HAa4YeHUS « U », HaNpsDKeHUs BKITIO-

(9.3)

yeHust Upg,, u Boikmouenus Uy, .. TII npu duxcupoannom U, ompenenstor
CIIEIYIOIUMHU BBIPAXKEHUAMH:

R1 .
R3’
R1
R3"

[Tepenarounas xapaktepuctuka TII npuenaena Ha puc. 9.3.6. XapakTepucTu-

UBKJ'I :Uon"'(uon_un) (9-4)

UBBIKJ'I :Uon+(U0n+Un) (9-5)

Ka CIBUHYTA BIpaBo Ha Benu4auHy U .
B cxeme TII ¢ peansHbiM OV BBIXOAHOE HANPSKEHUE Ug;y NMPUHUMAET 3HA-
yeHust He « TUp», a «—Ugp i pax » W «+U gy ax »» onipenensiemsie Tunom OVY.
Pesuctop R2 Bei6upaercs u3z ycnosust (6.3) s cOanaHCUpOBAHHON CXEMBI:

R2 = R1R3/(R1 + R3).

Bpemennbie nuarpammsl, nosicasromue padory TIHI, nmpuBeaens: Ha puc. 9.3.6.

[To cpaBHenuto ¢ kommnapatopom T Gmarogaps HATUYUIO TUCTEPE3NCA UMEET
0oJee BBICOKYIO MOMEXOYCTOMYMBOCTh K ITyMaM M 9acTO MPUMEHSIETCS IS TMOJaB-
nenus «apebdesray. [I0OC yBennuuBaet ckopocTth nepekatouenun T

THI Beimmyckarorcss B Buae HMMC. Ilpumepst o6o3znauenunit UMC TII:
K155TJI2, K561TJI1.
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TII muUpOKO UCIOIB3YETCS B IIOPOrOBBIX YCTPOUCTBAX, UMITYJIBCHBIX I'€HEpa-
TOpax, GOPMHUPOBATENSX MPSIMOYTOJIBHBIX UMITYJILCOB U JP.

3apgava 18. B unBeptupyromem tpurrepe IlImurra (puc. 9.3.a) u3BeCTHBI Ma-
pametpnl snmemeHTOoB: R1 =51k0OM; R3 =100 xOm. Hanpspkenuss nuranus OY
U =+14 B; U =-13 B. Uemy paBHbI BEDXHHUI U HUKHUI OPOTH CpabaThIBaHMs
Upin ¥ Ugpier ? UeMy paBHa mupuHa 30HbI TUcTepe3uca? 3ajauy peluTh s ABYX
cayuae: 1) Uy, =2B, 2) U, =0B.

Pemenue

YcerpoiuctBo B Buae Tpurrepa LlIMurra MoXKeT HaXOIUTHCS B IBYX COCTOSIHUSX
+ oyt - -
UBI)IX_U I/IUBI')IX_LJH'

IIpu sTOoM, ecnu Ha Bhixoge OY mpucyTcTByer Hampsikenue U | To ¢ yué-

BBIX ?

TOM BbIpaxeHus (9.4) umeem:

UonR3 | UsRL
R1+R3 R1+R3’

+ _ —
Upx =Uppiar =

Ecnu Ha Beixoge OY npucyrcTByeT Hanpsikenue U, ., TO ¢ YYETOM BbIpake-

BBIX ?

Hus (9.3) umeem:

U- - _UonR3+ U,R1
BX — Y BKI '
R1+R3 R1+R3
CxeMa NepeKII04aeTcsi U3 OJHOI0 COCTOSHUS B IPYroe, Korja HalupsKeHUe Ha
UHBEPTUPYIOWEM BXOAE U p px =Upx CTAHOBUTCS PaBHBIM HAIPSIKEHUIO HA HEWH-
BepTUpyomeM BXoae U yepmp px - 10T

-upu U, =2 B nonydaem

UOHR3+ USRL 2-100 14 51
R1+R3 R1+R3 51+100 51+100

+ _
Upx =Uppmar =

=2,58 B;

UOHR3+ U R1 2:100 -13-51

=127 B
R1+R3 R1+R3 5,1+100 51+1OO

Ugpx =Ugkn
[IupuHa 30HBI TUCTEPE3UCA OTIPEIETSAETCS CISAYIONUM 00pa3oOM:
Ur=U.) -U, =258-127=131B.
- npu U, =0 B nonyyaem

UTRL 14.51
ut =U =~ = _ ~_=0,68 B;
BX . TBMPL P14+ R3 51+100
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_UjRl _-13.51

— - - 0,63 B.
P R1+R3 51+100

Up =U

[IIuprHa 30HBI TUCTEPE3UCA OMPEACISIETCS CIASAYIONIMM 00pa3oM:

Ur=U/, -U,, =0,68-(-0,63) =131 B.

9.3 My/1bTUBUOPATOP

MynpTUBHOpAaTOpP — 3TO ABTOIE€HEPATOP MEPUOJAUUYECKON MOCIEA0BATEIBHOCTH
UMITYJIbCOB MPSAMOYTOJNbHOU (popmMbl. MynbTHBHOpaTOp paboTaeT B peKUMe caMmo-
BO30YKJIEHUS U ITO3TOMY HE UMEET BXOa.

B cocraB 1100010 UMIyJILCHOTO T€HEPATOPa BXOAST MIUPOKOTIOIOCHBIA YCUIHU-
tenb U nens [IOC, BKIoUaromas peakTUBHBIE 3JEMEHTHI, Yallle BCEro KOHJIEHCAaTO-
pbL. Jl7s momydeHus: mpsiMOYTOJIbHBIX UMITYJILCOB B UMITYJIbCHOM I'eHepaTope OaaHc

ammuutyg BK > 1 1omkeH BBIMOIHATHCS B IIUPOKOM CIIEKTPE YacToT.
9.3.1 CuMMeTpPUYHbIN MYJILTUBUOPATOP

Cxema cumMeTpuuHOTO MyJbTHUBHOpaTopa Ha OY mpuBenena Ha puc. 9.4.a.
MynsTuBuOpatop cocrout u3 TII wHa OY DA c nenbro [1IOC Ha pesuctopax R1 u R3
u BpeMs3anarwnieit RC — e R2C, BrimouerHoi B rienb OOC.

Uc
+ U o T _’_’_’_______—_—_——_—_ - ::______._-—_—_—_

U S o ——
VD1VD2 el AT ;

R f = \//\\//
é R2 é UBKJ‘I '___':______ N :______ N

a . | - -
‘_E_‘ -Uu __________ J|' _____ :E::::—_—_J|' _____ -
C DA u | l |
_l DX |—e—0O +U, 1 "~~~ I j----—- I
Uc - T -
B — ‘ Ugpix - o i
R1 R3 0
W o N B A
—n by
Urioc U, b e— S
a o

Puc. 9.4. CummeTpuunsbiii MyasTHBHOpaTOopa HA OV
a — IPUHIIMIAAIIbHAS CXeMa; O — BpEMEHHBIE JHarpaMMbl pabOThI

[TpuHOMI OEeACTBUS MYJIBTUBHOPATOPA COCTOUT B IEPUOJAUUYECKOM IEpe3apse
koHJieHcaTtopa C 1o HanpspkeHus BkitoueHus Uy, U BeikimtoueHus Uy, ., 1mox nei-
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CTBUEM BBIXOJHOIO HAMpsuKeHHUs U OV, paHoro +U. Tak xakx OCHOBHOH Ya-
CThIO MyJbTHUBUOpaTopa sBisieTcss T, To BbIXOIHOE HANPsKEHHE MYJIbTUBHOpaTOpa
MOKET OBITh paBHO «+ U » 1160 «—U».

PabGora mynbTUBHOpaTOpa MOSICHSAETCS BPEMEHHBIMU TUArpaMMamH, HpHUBeE-
JIeHHBIMU Ha puc. 9.4.0.

B ucxomHoM cocTosHMM HMCTOYHMKM mnuranus OY orkmrouensl: +U, =0,
—U, =0. Kongencarop C paspskeH u Uc =0. B momeHT Bpemenu t = 0 mpousso-

JIUTCS BKIIFOUEHUE UCTOYHHUKOB NMUTAaHUA. [Ipy uX BKIIOYEHUH B CXEME MOl ACHCTBHU-
eM [1OC pa3BuBaeTcst cirydyaliHbIN JJaBUHOOOPA3HBIN MpOILIeCcC, B PE3yIbTaTe KOTOPO-
ro Ha Beixoge OY MoxkeT ycTaHOBUTHCS 100 «+ U » mmbo «—U».

Jonyctm, uto B MOMeHT BpemMeHH t=0 Ha Bbeixoge OY ycTaHOBUIIOCH
Hanpsbkenue «+U». Torna Ha HeunBepTHpyromeM Bxoge OV ycTaHOBUTCA Hanps-

JKeHue u PaBHOC HAIIPSIKCHUIO BBIKITIOUYCHHA UBLIK]'I .

U..R2
U —y_—ns
BRIKT R2 + R3

ITox neficTBueM HanpsKeHUs Ug, =-+U HauMHAET 3apsKaThCsl KOHIEHCATOP

ocC»

C uepes pe3zuctop R2. [Ipu 3ToM HamnpskeHHE HAa KOHJEHcAaTope Uc pacTéT Mo JKC-
IIOHEHTE, CTpeMsICh K BennuuHe «+U». Kak Toiapko B MOMEHT BpeMeHH t) Hamps-

XKCHHC UC OOCTUTHET HAIPSKCHHA UBLIK.]'I’ MPUCYTCTBYIOIICTO HAa HCHUHBCPTHUPYIO-

mem Bxone OV, TII mepexiounTcss M BBIXOJHOE HAMNPSHXKEHHE MYJIbTUBHOpaTOpa
U3MEHMUTCS cKadukoM 10 «—U». B pesynprare Ha HemHBepTHpylomeM Bxoae OV

YCTaHOBUTCS HAIIPsDKEHHUE UrjoC , PABHOE HANPSKCHUIO BKIIOYeHHS U !
U ~ UyR2
BKII — '
R2+R3
Haunnas ¢ MoMeHTa t] oz neicTBUEM HaNpsKeHUs Uy, =—U KOHIEHCATOp

C nepesapsixaetcs uyepes pesuctop R2. IIpu 3Tom HanpsbkeHUe Ha KOHIEHcaTope Uc

U3MEHSETCS M0 DKCIIOHEHTE, CTpeMACh K BennunHe «—U». Ho korna B MOMEHT 1)
HanpsbkeHne Uc Ha HEM craHeT paBHbIM Uy, TII mepexmoyuTcs M BBIXOIHOE
HanpspKEHUE MyJIbTHBMOPATOpa M3MEHUT 3HAK 0 Ug. =-+U, . BHOBb HaumHaercs

ATan nepesapsaa koHjaeHcaropa C U B MOMEHT {p MPOMCXOAUT OYepeaHOe cpadaThl-

Banue TIII. Jlanee mpoieccel MOBTOPsIIOTCS. B pe3ynbrare Ha BhIXOJE MYJIbTUBUOpPa-
Topa (popmMupyeTcs MepuoANYEcKasi MOCIeI0BATEILHOCTh MPSIMOYTOIBHBIX UMITYJIb-
COB.
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BelpaskeHne A JUINTEIBHOCTU BBIXOJHBIX UMIIYJIbCOB 1, MyabTHBHOpaTOpa

cienyet u3 ypaBHenus (9.4):

t, :ﬂnm, (9.6)
U m- U BBIKII
rae T = R2xC.
[ToactaBuB B Bipaxenue (9.6) HanpsokeHUst Uy, v Uy, TTOTyYaEM:
t = on e _poc. g LERVRIERY) _ por jfq, 2RE
U, —Ugiir 1-R1/(R1+ R3) R3

W3 BpeMEHHBIX AMarpaMM BUJHO, YTO B PAacCMOTPEHHOM MYJIbTHBHOpaTOpe
JUIATENBHOCTh MMITYJIBCOB t, paBHa JiurenbHoCcTH mays t,, t.e. t, =t;. Taxou
MYJIETUBHOPAaTOp Ha3bIBA€TCA CUMMETPUYHBIM. IIpy 5TOM 4YacTOTa BBIXOJIHBIX HM-

NyJbCOB onpeenseTcs no Gopmyie:

f=lo 1
T 2R2CIn(1+2R1/R3)’

rae T =t,; +t,.

B cuMMmeTpuuHOM MYyNIBTUBUOPATOpPE CKBaXXHOCTh BBIXOJHBIX HWMITYJIbCOB
Q=2

PerynupoBanue 4acToThl MYJIBTUBHOpPATOpPa MOXKET OCYIIECTBIISITHCS M3MEHE-
HUEM 1100 napameTpoB Bpemsizaaatomnieit RC-tienu R2 wnu C, nubo n3MeHeHueM co-
npotuBieHus: ogHoro u3 pesuctopon [IOC R1 unu R3.

B cxeme mynbruBunOpaTopa ¢ peanbHbIM OY BBIXOJHOE HaNpsKEHUE Ug .o
npuHuMaet 3Hadenus He *U, a —Up o qe W +Ug o npe . OIIPEIENsieMble TH-
nom OVY. IlpuyéM 1OBOIBHO YaCTO 3THU HAMPSKEHHUS HE PaBHBI 1O BenuyuHe [16]. B
3TOM Cllydae MYJbTHBHOPATOpP, BBITOJHEHHBIH M0 cxeme (puc. 9.4.a) He Oymer cuMm-
METPUYHBbIM, T.K. t, #1,. Jlng obecriedeHUss CUMMETPUYHOCTH B MPAKTUYECKUX CXe-
Max IPOMU3BOJUTCS OTrPaHUYECHUE U BBIPABHMBAHME BeIMUUH «—Ugpy iy » H
«+ U max » OY ¢ nomomibto ogHOTUNHBIX cTabminTpoHoB VD1 u VD2, BKito4€H-
HBIX TIOCTIEAOBATEIILHO M BCTPEYHO MapayieiabHo pe3uctopy R2 (aa puc. 9.4.a moka-
3aHbl MyHKTUPOM). C 3TOM ke menpto ctabmmmrponsl VD1 u VD2 moxHO monkiro-
YUTH Yepe3 pe3nucTop K Beixoay OV, kak 310 mokaszano B [16]. [Ipumenenue ctabu-
JUTPOHOB TO3BOJISIET TAKKE YCTPAHHUTHh BIUSHUC HECTAOMILHOCTH HAIPSKEHUS WC-
TOYHWKA MUTAHWS HA AMIUIATYAY BBIXOJTHOTO HAIMPSHKEHUSI MYJIBTUBHOpATOPA.

N3 Beipaxkenus (6.3) mist cOamaHCUPOBAHHOW CXEMBI CIENYET BBIICPKUBATH

COOTHOLICHUC:

R2 = R1R3/(R1 + R3).
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3amaua 19. B cxeme mynsTHBHOpaTOpa (puc. 9.4.a) U3BECTHBI BEITUYUHBI dJIe-
meHToB: R1=24 xOm; R2=100 xOm; R3=62 xOm; C =50 ud; E; :‘— Ez‘ =15 B.
Yemy paBeH nepuoj KoneOaHuii?

Pemenue

Tak kak MUTaHWE CXEMBl CHMMETPUIHOE, TO MTEPHO]T KOJICOAHUHN ONpeaAeIIsIeTCs
CJIEAYIOIIHUM 00pa3oM:

T =2R2C-In(1+ 2R1/R3) =2-100-10%-50-10°In(1+ 2- 24 -10%/62 -10%) =
=0,0058 c.
Ecnu MyapTUBHOpAaTOp HE CUMMETPUYHBIN, U €CTh TUOJ , TO

t = onYma _poc. g I RY(RL+RY) _ oo In(1+ Z—le.
Uy Uy 1-R1/(RL+ R3) R3

9.4 OgHOBUOpATOP

OnuoBuOpaTop — 3T0 POopMHUPOBATENIH OAUHOYHOTO MPSIMOYTOJIBHOTO UMITYJIb-
ca ¢ (PUKCUPOBAHHOM JIJTUTEIILHOCTHIO, BOSHUKAIOIIETO Ha BBIXOJIE MPHU MOCTYIUICHUU
Ha €ro BXOJI KOPOTKOTO 3aIyCKaIIero uMmnyibca. OqHOBUOPATOP MHOTAA HA3BIBAIOT
KIYIIAM WA 3aTOPMOKEHHBIM MYJBTUBHOPATOPOM.

Ha puc. 9.5.a nmpuBenena cxema ognoBuOparopa Ha OY. OgHOBHOpaTOp CO-
crout u3: TII na OY DA c nensto [IOC Ha pe3ucropax R2 u R4; Bpemsizanaromnieit
RC-nientu R3C2, BximouenHoi B 1ienb OOC; auona VD1, pukcupyromero HadaabHOE
HaIpsDKeHUe Ha KoHJeHcatope C2 | Ienu 3amycKka, cocTosmend u3 quddepeHnupy-
romeit RC-nieniu R1C1 u pazpenurensHoro auoma VD2,

Bpemennsie nuarpaMMebl, MOSCHSIOMKME PabOTy OJHOBHOpaTopa, MPHUBEICHBI
Ha puc. 9.5.6. Paboty omHOBHOpaTOpa MOKHO pa3eiauTh HA TPH dTara.

ITepBrIit aTan (MCXOJHOE COCTOSTHUE, «KAyIUi» 3Tan) oT t = 0 1o t;. Ha aTom
JTane OTCYTCTBYET BXOJHON HMMITYJbC, T.€. Ugx = 0, koHmeHcatop Cl paspspkeH, a
BBIXO/THOE HaNpPsDKEHHE U, =—U . B cXxeMe IpoTeKaeT TOK JKIYIIero PeKuMa Iy,
no nenu: «oobumwmit» — auox VD1 — pesucrop R3 — «—U;» (Bbixon). IIporekarommuii
uepes MIeanbHBIA JUON TOK Iy, He co3jaeT Ha HEM NajeHHs HampskeHus. B pe-
3yJbTaTe HanpskeHue Uc Ha KoHaeHcatope C mojjepxusaercs (puxcupyercs) Ha
HYJIEBOM ypoBHE, T.€. Uc =0. Tak kak Upoc <Uc, TO Ha BBIXOJE MOAAEPKUBACTCS
HanpsbkeHue Uy, =—-U [ . Hanpsokenue U ONpenensieTcs BhIpaKeHUEM:

(-Uy)RIR2/(R1+R2) U,RIR2
R4+RIR2/(R1+R2)  RIR4+R2R4+RIR2’

Uroc =Ygk =
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DTO COCTOSIHME OJTHOBUOpPATOpA YCTOMYMBO U MOXKET JUIUTHCS CKOJIBKO YTOAHO
J0JITO, TTOKA HE MPUJIET 3aIMYCKAOIINN UMITYJIbC.

UBX A

Um BX

UBMM'

—
w
—

o ——— -

s

1,
|—\
<
O
N

Py
D

o
|
|
|
>

Upx u
l [ el

—t
= I
1
c
=

-U, S

9]
Puc. 9.5. OgnoBuGpatop Ha OV g — IpUHIIUIIHATIbHAS CXEMa,;

6 — BpEMEHHBIE JIUarpaMMbl pabOTHI

Bropoii satan (3ran hopmupoBaHus uMIityiasca) ot i1 1o to. B MoMeHT BpeMeHHn

{1 HA BX0/J OJHOBHOpaATOpa MOJAAETCS 3aIMyCKAIOMUN UMITYJIBC, KOTOPBIH quddepeH-
mupyercs (ykopauuBaetcsi) RC-tienibro R3C2. TlomokuTeIbHbIN UMITYJIBC MOJTYYCH-
HOTO CUTHaJIa, BbAENEeHHBIN quoaoMm VD2, moctynaer Ha HEMHBEPTUPYIOLIUNA BXOA
OVY. HenpeMeHHBIM yCIIOBHEM MOJYYEHHUS MOJOKUTEILHOIO UMITyJIbCa 3alycKa O1-
HOBUOpATOpa TMOCIe MPOXOXKIACHUS BXOIHBIM HMITYJILCOM IEMU 3aIyCKa SIBISETCS
HEPABEHCTBO:

Um.BX > ‘UBK.H‘ :
Hanpsixenne Ha HenHBepTUpYIOlIeM Bxoje OY CTaHOBUTCS MOJOKUTEIbHBIM.

A, Tak KaK Ha MHBEPTUPYIOLIEM BXOJ€E coxpaHserca HanpspkeHue Uc = 0, to TII me-

PEKITIOYUTCST W HAMNPSOKCHWE Ha BBIXOJE OJIHOBUOpATOpa JTOCTUTHET BEIMYUHBI
Ugpx = +tU . B pesyabprate dopmupyercs GppoHT BbIXOAHOrO MMIynbca. Ha 3Tom

OTaIIc HCO6XOI[I/IMOCTB B IIOAACPKAHHUK ITOJIOKHUTCIIBbHOI'O HAIIPSAKCHHA HAa HCHUHBCP-
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TUPYIOIIEM BXOAC OTIIAAACT, TaK KaK 3TO COCTOSAHHUC MOAACPKUBACTCA IOJTOKUTCIIb-
HBIM HAaITPSKCHHUEM UHOC , PaBHBIM HAIIPAKCHHUIO BBIKJIIOUYCHHA UBHKJ'I .

U,R2
Ustor =+ :
R2 + R4
[TosTOMY BXOJHON UMITYJIBC MOKET OBITH TOBOJBHO KOPOTKHM.
Haunnas ¢ MmoMeHTa BpeMend {1 mon nenctsueM Uy, =+U HauMHaeT 3aps-

xaTbcsl KoHaeHcaTop C2 yepe3 pesuctop R3. [Ipu 3ToM HampsikeHue Ha KOHAEHCa-
TOpe Uc PACTET IO JKCIOHEHTE, CTpeMACh K BenuuuHe «+U». Kak Toapko B Mo-

MEHT BpeMeHU tp HanpskeHue Uc- JOCTUTHET HampspkeHusd Uy ., IPUCYTCTBYIONIE-

ro Ha HeuHBeptupyromieM Bxojae OV, T nepexounTcs U BHIXOJHOE HAIPSKEHUE
MyJIbTUBHOpATOpa M3MEHUTCS CKadkoM 10 «—U». B pesyabrate ¢dopmupyercs

cnaj (cpe3) BRIXOAHOTO UMITYJIbCA, @ HA HEMHBepTHUpYIoleM Bxojae OV ycTaHOBUTCS
HanpshDKeHUe Urjoc , PABHOE HANIPSDKEHUIO BKIIOYeHHS Uy .

JUTMTETEHOCT UMITYJTbCa, C(HOPMHPOBAHHOTO OJTHOBHOPATOPOM, OTIPEICIISICTCS
o ¢opmyse:

R2

Yn L - R3C2-In(1+—
R4

t,=th——2  =R3C2-In
Uy —Upien 1-R2/(R2+R4)

Tputwuii aTamn (3Tarm BOCCTAHOBIEHUS UCXOIHOTO COCTOSIHUA) OT to mo t3. Haum-
Hasl ¢ 3TOro0 MOMeHTa tp mox neicTBUeM Uy, =—U, KonaeHcaTop C2 mepesapsixka-
ercs dyepes pesuctop R3. IIpu 3ToM HampsikeHHE Ha KOHAEHcATOpe Uc U3MeEHseTcs

10 IKCIOHEHTE, cTpemsich K BenmunHe «—Up». Ho korga B MomeHT t3 HampsbkeHue

Uc Ha HEM CTaHET paBHBIM HYIIO, OTKpoeTcs nauoxn VDI, u cxema npunér B HCXO-

HOe cocTossHue. B MoMeHT BpPCMCHU t3 CTaaus BOCCTAHOBIICHHA 3aBCPIIACTCA, OAHO-

BUOPATOP MEPEXOJUT B KAYIIUNA PEKUM U TOTOB K MPUXO1Y HOBOT'O UMITYJIBCA.

HJ’II/ITGHBHOCTB tB 9Talla BOCCTAaHOBJICHU:A OIIPCACIIACTCA BbIPAKCHHUCM

Un ~Ussin _ pacy. jy — 1= R2/(R2+ R4) 2R2+R4j_

t, =1in—
- - R2 + R4

=R3C2- In(
II
BaxxHo oTMmeTuTh, 4TO 3ampeniaercsl MojaBaTh 3alyCKAIONIUNA MMITYJIbC Ha
BXOJI OJTHOBHOpATOpa B TEYCHHUE dTara BOCCTAHOBIICHHUS, TaK KaK OJHOBHOpPATOp MO-
KeT MO0 HE 3aMyCTUTHCS, MO0 TITUTEILHOCTh €r0 BRIXOJAHOTO UMITYJIbca OyIeT He-
MpeICKa3yeMo.
C uenplo COKpalleHusl JJIUTENbHOCTH 3Tara BOCCTAHOBJIEHMSI YacTO B CXEMeE
OJTHOBHOpATOpa MpeaycMaTpUBaeTCs TOTIOJHUTEIbHAS TIeNb (MMOKa3aHa MyHKTHPOM),

coctosimast u3 pesucropa RS u guoma VD3. Ilpuuém pesuctop RS BbiOupaetcs c
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MEHBLIUM COIpOTHUBIIEHHEM, YeM R3. B pesynbrate konaencarop C2 B TeUEHHE HTa-
11a BOCCTAHOBJICHUS Pa3psiKaeTcst ObICTpee.
PerynupoBanue umTensHOCTH uMIynbca t, OXHOBHOpaTopa MOXKET OCY-

HIECTBISATHCS U3MEHEHUEM JI00 nmapameTpoB Bpemsizaaatonieid RC-nienu R3 unu C2,
100 U3MEHEHUEM CONMPOTUBIEHUS 0J1HOTO U3 pesuctopos [IOC R2 wnu R4.

[Ipu ucnonap30BaHUM OAHOBHOPATOPOB CIEAYET UMETh B BUAY, YTO CXEMBI C
[IOC umerT HU3KYI0 MOMEXOYCTOMYHMBOCTb, MO3TOMY aMIUIUTYJa BXOJIHOI'O HM-
MyJibCa IOJKHA OBITh TOCTATOYHO OOJIBIION, 4TOOBI 0O0ecneunTsh nepexiouenue T
B Hayase 3rana (opMUpOBaHUs UMITyJIbca [S].

OnHOBHOpATOPHI BBIMTYCKAIOTCSI B MHTETPajJIbHOM UCIOJIHEHUHU, TOJIBKO HE aHa-
J0TOBBIX, a I posbix UMC, nanpumep, K155AT°1.

OnHoBHOpATOpPHl HAIUIM IIMPOKOE MPUMEHEHUE B PA3IMYHBIX AJIEKTPOHHBIX
yCTpOiCTBax B KadecTBe (OpMHpOBATENCH UMIYJIbCOB U 3JIEMEHTOB BPEMEHHOH 3a-
JIEPKKH.

CxemMbl MyJIBTUBHOPATOPOB U OJIHOBHOPATOPOB MOTYT OBITH NMOCTPOEHBI HA
cnenuanusupoanHorn UMC rtaiimepa, nHanpumep, KP1006BI1 [20].

NmmynbcHbIE YCTPONUCTBA HAILIU HIMPOKOE MPUMEHEHUE B COBPEMEHHOM 3JIeK-
TpoHuke. Ha 6aze MMITylIbCHBIX YCTPOMCTB BBIMOJHSAIOTCS CUCTEMbI YNPABICHUS U
peryJInpoBaHus, yCTPOWCTBA U3MEPEHUS U OTOOpaKeHUsI HHPOPMALUH U JIp.

3agava 19. B cxeme oxnoBuOpatopa (puc. 9.5.4.) M3BECTHBI BEIIMUYUHBI DJIe-
MeHTOB: R2=30 kOm; R4=75 kOm; R3=51 xOm; C2=10 ud. Haiitn giurenn-
HOCTb MUMITYJIbCA U BPEMSI BOCCTAaHOBJICHHSI.

Pemenne

1. JlnuTensHOCTh UMITYJIbCA, CHOPMUPOBAHHOTIO OJIHOBUOPATOPOM, OIpPEEIsi-
eTcs 1o hopmyiie:

3
t, =R3C2-In (1+ E) =51.10%.1078 . In(1+ %) =0,00171 c.
R4 75-10
2. BpeMs BoccTaHOBIICHUS OMPEIEISETCS CISAYIONIUM 00pa3oM:

t, =R3C2-In[ 2R2F R4 51 103,108 . 1n[ 230 ) 198,105 ¢
R2 + R4 30+ 75

3agaua 20. Yemy noinkHa OBITH paBHA aMIUIMTY/AA 3aIlyCKAIOIIMX UMITYJIbCOB
oxHOBHOpaTopa A cxemsl (puc. 9.5.a), ecnmn U, =115 B.

Pemenue
3anyckaromuii umnynse U, TOMKEH ObITh MOJIOXKUTEIBHBIM U IPEBBIIATH

o Moayinto Hanpsbkenue Uy, Tpurrepa IlImurra Ha nHBepTupyromem sxoae OY
+U.R2 30
Uio =Uoer|>-——1"% _15
san =V R2+R4 30+75

> 43 B.
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10 TEHEPATOPEI TAPMOHUYECKHUX KOJIEBAHUH
HA OIIEPAIMOHHOM YCHUJIUTEJIE

['enepaTopoM rapMoHHUYECKUX (CHHYCOMAANIBHBIX) KOJICOAHUN Ha3bIBACTCS
YCTPOICTBO, MpeoOpa3yrouiee dHEPIUI0 HUCTOYHHMKA MOCTOSTHHOTO TOKAa B 3HEPIHIO
AIEKTPOMArHUTHBIX KOJIEOAHUH CUHYCOUIANbHOW (opMBI TpeOyeMoill 4acTOThl U
MOIIIHOCTH.

['eneparopbl rapMOHHYECKUX KoJI€OaHUHN KIacCUPUIMPYIOTCS TO pANY MpHU-
3HAKOB, OCHOBHBIMHU M3 KOTOPBIX SBJISIFOTCS YacTOTa U Croco0 Bo30yxaeHus [11].

B 3aBuUCMMOCTH OT 4acTOTHI F€HEPATOPHI MOAPA3NEIAIOT HA HU3KOYACTOTHBIE
(0,01-100 kI'm), BeicokouactoTHbIC (0,1-100 MI'11), ¥ CBEpPXBHICOKOYACTOTHBIC (CBBI-
me 100 MI'n). Ilo ciocoOy BO30YXACHUS pa3ivvarOT T€HEePaTOpPbl C HE3aBUCHUMBIM
BHEUTHUM BO30YKJIEHUEM U T€HEPATOPhl C CAMOBO30YK/JICHUEM WM aBTOTE€HEPATOPHI.
['enepaTopsl ¢ HE3aBUCUMBIM BHEUTHUM BO30Y)KJIEHHUEM TPEICTABIAIOT COOON yCHITH-
TEJIM MOIIHOCTU C COOTBETCTBYIOUIMM YAaCTOTHBIM JIHMAIla30HOM, Ha BXOJ KOTOPOTO
MOJIAl0TCS CUTHAJIBI OT aBTOI'€HEPATOPOB.

JIisi monydeHus: CUHYCOMIANbHBIX KOJIEOAHMH Ha BBIXOJIE ABTOT€HEPATOPA
JIOJI’KHBI BBITIONHATHCS ONPEJIEICHHbIE YCIOBUS, Ha3bIBA€MbIE YCIOBUSIMH CaMOBO3-
Oy>KIeHus.

10.1 Yci0BMA CaMOBO30YK/AeHHUsI aBTOreHepaTopoB

CrpykTypHas cxeMa aBToreHeparopa npuseneHa Ha puc. 10.1.
LjBX | Usuix

VAR
I

]
[t TIOC

R

Puc. 10.1. CtpykTypHas cxema aBToreHepaTopa: ¥ — yCUJIUTENb;

I[TOC — nenb Mon0XKUTENBHON 00paTHO CBSI3U

ABTOTEHEpATOp COCTOMT W3 ycwiutens YV ¢ korpdunuentom ycunenus K u
nenu [1OC ¢ koaddummertom obpatHoit cBszu . Kosddumuents: K u J sBusrores

KOMIIJICKCHBIMHA BCIIMYMHAMM, 3aBUCAINNMHA OT 4aCTOTHI.
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Kak BUIHO M3 CTPYKTYpHOH CXEMBI, aBTOTEHEPATOpP HE MMEET BXOJa, a €ro
BXOJIHBIM HAIpPSDKEHUEM SBJISETCS HANpPSOKEHHE 0OpaTHOM CBS3M, CHUIMAaEeMOE C IeIn
ITOC. Ilpu 3TOM TIpH BKJIFOYCHUH WCTOYHWKA IMHUTAHUS HA BBIXOJIE aBTOTEHEpaTopa
Oynetr GpopMupoBaThCS MEPEMEHHOE HAMPSIKEHUE OMPESIICHHOW 9acTOThI, (DOPMBI U
aAMIUTUTY/IBL.

s ctpyktrypHO#t cxembl (puc. 10.1) cocTaBisgeM CIeayoNylo CUCTEMY ypaB-
HEHUM B KOMILJIEKCHOU opme:

U BBIX — KU BX »
i ) (10.1)
U BX — EU BX -

Pemas cucremy ypaBuenuii (10.1), umeem:

. .
U BBIX — KEU BX )
BK=1 wm pel¥Kel® =1,
OTKY/Jla MOJIy4aeM YCJIOBHUSI CAMOBO30Y KICHUS:
1. BK =1 — Gananc aMIIuTy; Uil MOTYYEHUs YCTOMYUBBIX KoJieOaHUM mpu-
Humatot K > 1.
2. y+o= OO, 360% u T.1. — 6anaHc a3,
rae y — yroia casura (assl npu npoxoxaeHun curtainom nenu [10C; ¢ — yron
caBura ¢asbl IpU IPOX0KIEHUU CUTHAJIOM YCUIUTEIS.
B reneparopax rapmonunueckux curtanos nenb [IOC BbIIOIHSAETCS TakuM 00-
pa3om, 4yToOB! ycinoBus OajnaHca aMILIUTYA M OanaHca (a3 BBIIOJHSUIMCH TOJIBKO Ha
OJTHOM 4acToTe.

10.2 ABTOreHepatop ¢ ¢pasocaBurawine RC-uenblo

B takux aBrorenepatopax B kadectBe Ienu [IOC HCIONB3YIOTCS pa3inyHbIC
RC-nieriu. PaccMoTpuM aBTOreHepatop ¢ Tpex3BeHHOH (aszocasuraromieii RC-1embio,
n3o0pakennou Ha puc. 10.2.

C1 C2
Il [ [
Ittt —°
qu oC |::| R1 |::| R2 |::| R3 UBHX oC
O & & @ 'e)

Puc. 10.2. Cxema tpéx3Bennoit (azocnpuraromein RC-memu
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Koadpunment nepenaun  dazocasuraromeit RC-uenu (puc.10.2) sBusercs
KOMITJIEKCHON BETUYMHON U OTIPEICTISAETCS BEIPAKEHHUEM

ﬁ_ UBBIX.OC _Z—Zﬁ' R
Upoc 21-23-25

(10.2)

Cornacno puc. 10.2 conporusnenus, sxoasmue B popmyny (10.2), ¢ yuetom
Toro, uro 00sHO R1 = R2 = R3 = R u C1 = C2 = C3 = C, onuchIBalOTCs CIEAYIO-
[IMMH YPAaBHEHUSMHU:
Z5 = R3 - jXc3= R — jXc;
R2:Z5 _R(R-—jXc).

4 = =
— R2+Z5 2R- jX¢

2_ 1 pa—
§=ﬁ—jxcz=R 3JXC.R Xc,
ZR—jXC
R1-Z3 R(R®-3jXcR-Xc).
N 2 ; 2
R1+Z_3 3R —4JXCR—XC
3 : 2 2 v 3
R —6JXCR —5XCR+JXC.
3RZ2—4 jXcR-X&
[Tocne noxcranoBku B (10.2) u cokpaiieHuit, uMeeM:
R3
Ii_Fz:‘3—csj'xCF22—5xéFe+jxé'

Koaddumment nepenauu 3 Oyaer BelmecTBEHHBIM Ha YaCTOTE KBa3UpE30HAHCA

2 =

Z1=22 - jXar =

o, KOTA:
3
_BjXcR*+j%c =0,
6R2= X¢ -
1 2
R = (_j |
(l)oc
Otcrona:
o = 1
0= ——.
JBRC
B pesynbpraTe yacTora KBa3supe3onanca fy onpenensiercs BeipakeHHEM:
fo :#
27J6RC

Yacrora kBazupe3zoHanca fy — 310 yacrora, Ha KOTOpO#l OyneT reHepupoBaTh
aBTOI€HEPATOP, MOCTPOCHHBIN Ha 0cHOBE AToM 1enu [10C.
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Torpaa, ¢ yueTroM TOro, 4To 6R%= Xé , IM€eeM:
R 11
R3—5XéR 1-30 29

Takum oOpa3om, Ha yacTtoTe KBazupesoHaHca fy paccMoTpeHHas daszocaBura-

B:

romas RC-uens (puc.10.2) umeer crienyroye napameTpsl:
1 0
=—; y=180"
P=2gt V¥

Ha puc. 10.3 nmpuBeneHbl aMIUTUTYJHO-4aCTOTHAsI U (a30-4acTOTHAsI XapaKTe-
puctuku azocapuraromein RC-uenu.

B y
270°
1
— . 180°
29 !
0 | f o’
fo
a 7]

Puc. 10.3. AmmutyaHo-yactotHas (a) u pazo-gactotHas (6)
XapakTepucTuku Ghaszocasuraromei RC-ernu

N3 ycnoBuii caMoBO30YKICHUS HMEEM:
mBK21 >K229, 1k po—:
29

-3y +¢=0"> @ =-180° T.x. y=180°

CrnenoBatenbHO, AJ MOCTPOEHUSI aBTOT€HEpAaTopa Ha OCHOBE (ha30CIBUTAIO-
meit RC-tieru (puc.10.3) TpedyeTcss MHBEPTUPYIOMIUN YCHUITUTEND ¢ KA QHUIreHTOM
yewiennst K > 29. [lpu K < 29 xonebanus 6yayt 3atyxatomumu, a npu K > 29 kone-
Oanus OynyT HapacTaloIUMU, TpudeM (opMa BBEIXOTHOTO HAMPSIKEHUS OYyIET CUIb-
HO WMCKaXeHAa. YCTOWYMBBIE CHUHYCOWJANbHBIC KOJICOAHHS MOTYT OBITh TIOJYYCHBI
tonbko Tipu K = 29. JIns BBIMOTHEHUS 3TOTO YCJIOBUS HEOOXOAMMO HCIIOJIH30BAThH
ycunutenb ¢ HenuHeitHoit OOC mig ctabuin3anuy aMIUTMTYAbl BBIXOAHOTO HAMpsi-
KEHUSI.

Cxema aBtorenepatopa ¢ (asocasuraromieit RC-mienmbio mpuBezeHa HA pHC.
10.106. ABToreneparop cocTOUT U3 UHBepTUpYlolero ycunurens Ha OY DA u pesu-
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crtopax R4-R6 u tpéxzsenHoul (pazocasuraromeit RC-mienu Ha pesuctopax R1-R3 u
koHsiencatopax C1-C3.
Conporusnenus pe3uctopoB R4-R6 BeIOMpArOT U3 CAEAYIOMNX COOTHOILICHUN:

K| = %z 29. (10.3)

Henuneiinas OOC B cxemMe aBTOreHepaTopa peaanusyeTcsl MpU NOMOIIU TEPMO-
pesucropa R6 ¢ oTpuuaTebHBIM TEMIIEPATYPHBIM KO3 (PUIIMEHTOM CONPOTUBIICHUS
(TepMucTopa), NPEJHA3HAYEHHOTO MJisi CTAaOMIM3AalMK aMIUIUTYJbl BBIXOJIHOTO
HAIPSHKSHMS.
Crabunuszanus amIUIMTYAbl MPOUCXOIUT cleayromuM oOpa3zoM. [lomyctum,
YTO MOJI BO3JIEUCTBHEM KAaKMX-TO JECTAOMIM3UPYIOMKX (HAKTOPOB yBEIUYUIIACH aAM-
IUIUTYZAA BBIXOJIHOTO HampsbkeHus. [Ipu 3ToM yBenTUYHUTCS TOK, IPOTEKAIONINI yepe3
TepMope3uctop R6, ero Temmneparypa yBeIHUUTCS, a €T0 CONPOTUBICHUE YMEHBIIHUT-
csi. Koopdunuent ycunenus K, onpenensiembrit mo dopmyse (10.3) taxke ymeHb-
IIMTCSI, YTO MPUBEIET K YMEHBIIECHUIO BBIXOJHOTO HampspkeHus. B pesynbraTe am-
IUIMTYZA BBIXOJHOT'O HANPSIKEHUSI CTAOMIM3UPYETCS Ha ONPENIETICHHOM YPOBHE.
Yacrora fy BeIxoaubix KojeOanuii aBrorenepartopa (puc.10.4) ompexaensercs
4acTOTOM KBa3Upe30HAHCA:
|

" 2neRC’
R3R4

R3+ R4

f

rne C=C1=C2=C3; R=R1=R2=

!

Hepn

1

Puc. 10.4. Cxema aBToreHeparopa ¢ ¢gazocasuraromnieit RC-1emnsro

OOBIYHO 4aCTOTYy aBTOI'CHCPATOpPa H3MCHAIOT OAHOBPCMCHHBIM HM3MCHCHHCM

emkocTtu kKoHaeHcaropos C1-C3.
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B mpakTtuyeckux cxemax aBTOreHepaTopa pe3ucTop R3 MOXKeT OTCyTCTBOBATS,
a BMecTo pe3ucTtopa R4 ycranaBnmBaeTCs 95KBUBAJICHTHBIN PEe3UCTOP, COMPOTUBIICHUE
KOTOpPOT'O BEIOMpAETCA U3 pacyeTa:
R3R4
R3+ R4
ComnpoTtusnenue pesuctopa R7 BeiOupaercs u3 ycioBus (6.3) cbanmancupoBaH-
HOCTH CXEMBI 110 TIOCTOSTHHOMY TOKY:

R3KB =

(R3+ R4)(R5 + R6)
R3+R4+R5+R6
HCI[OCTaTKOM aBToreHepaTopa C (1)33OCI[BI/IFaIOHICﬁ RC'HCHBIO ABIIACTCA 3HA-

R7 =

YUTEJIbHOE HCKaXKeHUEe (POpMbI T'€HEPUPYEMBIX KOJIEOAHWM, BBI3BAHHOE TEM, 4YTO
yCIIOBUSI CaMOBO30YK/I€HHSI BBITIOJIHSIOTCS ISl TAPMOHUK C YAaCTOTOM, OJIM3KOM K ya-
CTOTe KBazupe3oHaHca fo. DTO 00BsACHICTCS OTCYTCTBHEM CTPOTOM M30UPATEIILHOCTH
K OCHOBHOI#1 yactoTe /-00pa3ubix RC-ueneii [11].

VYnayumienre GopMbl TeHEPUPYEMBIX CHHYCOMIATBHBIX KOJIEOaHUI HOCTUTaeT-
csi npuMmenenueMm B kadectBe [IOC wuzbuparensubix RC-ueneit, Hampumep, mMocrta
Buna wnu nBoitHOro 7-06pa3zHoro Mocra.

10.3 ABTOreneparop ¢ mocrom BuHa

B nanHoMm aBToreHepatope B kadectBe Ienu //OC ucmonb3yercss MOCT Buna
(puc. 10.5.a).

Bw
C1l R1 1/3
o—{—_—1— 0
C2 /2
Usx oc = R2 |Ugx oC
(o ’ s o) 0
v
/2 pmm
a) 6)

Puc. 10.5. Cxema mocTa Buna (a) u ero xapakrepucTHkH (0)

AMIUTUTYTHO-4acTOTHAas: U (Pa30-4acTOTHAs XapaKTepUCTUKU MocTa BuHa,
npuBenensl Ha puc. 10.5.0. V3 xapakTepuCTHK BHUJIHO, YTO HA YacTOTE KBa3UPE30-
HaHca fo MocT BrHa umeeT cieayromnpe napamMmeTpsi:
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1 0
p=-3 v=0"
3
Toraa u3 ycnoBuil caMoBO30YKI€HUS UMEEM:

-m BK>1 - K>3, 1.k Bzg;

-my+e=0">¢=0° 1k y=0"

CnepnoBatenibHO, JJI MOCTPOEHUSI aBTOreHeparopa ¢ MoctoM BuHa Tpebyercs
HEUHBEPTUPYIOMINI yCWIUTENb ¢ Koddumnuentom ycwieHus K > 3. YcroitunBbie
CUHYCOUJANbHbIE KOJIEOaHUsI MOTYT OBITh MONTy4YeHbl TOJbKO npu K = 3. Jlyig BbINOI-
HEHUSl ATOr0 YCJIOBMSI HEOOXOIMMO MCIOJB30BaTh ycwiuTenb ¢ HenuHerHon OOC
JUTsl CTAOUITU3alIMUY AMIUTUTY IbI BBIXOJHOTO HAMPSKEHUS.

Cxema aBToreneparopa ¢ Mmoctom Buna Ha OV npusenena na puc. 10.6.

~3 DA

F—{:j | S P S G
Cl Upsix
|R1 R2 Cﬁ_ :L

Puc. 10.6. Cxema aBToreneparopa ¢ MoctoM BuHa

Astorenepartop (puc. 10.6) coctout u3 HemMHBEepTUpYIOlIero ycuinutens nHa OY
DA u pesuctopax R3-R5 u mocta Buna Ha pesucropax R1, R2 u konaencaropax Cl,
C2.

ComnpoTtusnenus pe3ucTopoB R3-R5 BbIOHMparOTCsS U3 CIASAYIONIUX COOTHOIIIE-
1505078
_ R4 +R5 +1>3 wm K = R4+R5Z

R3 R3

Henuneitnas OOC B cxeMe aBTOreHepaTropa peaau3yeTcsl Ipu MOMOIIHN TEPMO-

K 2.

pesuctopa RS ¢ oTpunaTenbHbIM TEMIIEPATYPHBIM KOA(G(DHUIIMEHTOM CONPOTHUBICHUS
(TepMucTOpa), MPETHA3HAYEHHOTO JJIs CTAOMIM3aIMH aMIUTUTYbl BBIXOJHOTO
HaNpsIKEHHUS.

[Iponecc crabunmuzanuu amMIUIMTYAbl PACCMOTPEH B CXEME aBTOIE€HEpaTopa ¢
dazocasuratomieit RC-ernpro. st cTabmim3anuy aMIuIMTyIbl BBIXOIHOTO HATpsKe-
HuUs B cxeme (puc. 10.6) gacto BMecTo pe3ucropa R3 ycraHaBiIMBaeTCss MUHUATIOPHAS
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JaMIla HaKaJIUBaHUs, UMEIONIAs MOJIOKUTEIbHBIM TeMIEPaTypHbId KOAPPUIIMEHT CO-
MPOTUBJICHUS U HEJIMHEWHYIO XapAKTEPUCTHUKY.
YacToTa BBIXOJIHBIX KOJIEOAHMM JAHHOTO aBTOTEHEpAaTOpa OINpeeseTcs 4Ya-
CTOTOU KBa3upe3oHaHca MocTa BuHa:
1
2nRC

f():

rne C=C1=C2; R=R1=R2.

N3MeHsTh 4acTOTy aBTOre€HepaTopa MOKHO OJHOBPEMEHHBIM U3MEHEHUEM €M-
koctu konaeHcatopoB Cl, C2 unu conporusnenus pesucropos R1, R2.

Jnist BeinmoHeHus: yciioBus (6.3) cOanaHCMPOBAHHOCTH CXEMbI 10 MOCTOSIHHO-
MY TOKY HEOOXOJIMMO BbIIEPKUBATH CIEAYIOIIEEe COOTHOIICHHE:
R3(R4 + R5)
R3+R4+R5
['eneparopbl rapMOHUYECKUX KOJIOAHUN MIMPOKO MPUMEHSIIOTCS BO MHOTHX

R1=

MU3MEPUTETBHBIX TPHOOpaxX U cucTeMax. VX MCHONB3YIOT B IPUOOpax KOHTPOJIS CO-
CTaBa M Ka4eCTBa PA3JIMYHBIX BEIICCTB, YCTAHOBKAX JIJISI BEICOKOYACTOTHOTO HarpeBa
METaJJIOB, CYIIIKH M CBAPKH JIUAJICKTPUKOB, XHMHUYECKOW 00paOOTKH U3ICTTUH U T. 1.

3agaya 20. B cxeme MmoctoBoro reneparopa Buna (puc. 10.6) wu3BecTHO
R3=6,8 kOm; R4=10kOM; R5=0kOm; R1=R2=10xOm; C1=C2=0,1 MxD.
Yemy paBHa 9acToTa KoJebaHuli reHepaTopa?

Peuenue

[Tpu pacuére cxeMbl B MEPBYIO O4YepeIb MPOBEPHUM, a BOSHUKHYT B HEH KoJie-
Oanus win Het? J{ns aToro BerauciuM kodddunuent ycunerus OY

Koy :1+E—§=1+£=1+1,47 ~2,5<3.

]
Taxum oOpaszom, KosieOaHHS Ha BBIXOJIE TeHEpaTOpa BOSHUKHYT.

2. Yacrora Koiebanuit

1 1
2nRC 275.10.103-0,1-10_6

fo =160 I,
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11 JIOTUYECKHE OCHOBBI IU®POBOI TEXHUKHU

Bce mudpoBbie ycTpoiicTBa MOCTPOEHBI HA AJIEMEHTAX, KOTOPbIE BBIMOJIHSIOT
T€ WM UHBIE Jorudyeckue onepauuu. s GopmMaibHOro onvcaHus JIOTMYECKOU CTO-
POHBI TPOLIECCOB B LIU(PPOBBIX YCTPOUCTBAX UCIIONIb3yeTcs anredpa jgoruku (AJ).

AJI onepupyeT ¢ TBOMYHBIMHU MEPEMEHHBIMH, KOTOPbIE YCIOBHO 0003HAYAIOT-
csl, Kak JIoruueckuil Hynb (Jor. 0) u morudeckas eqununa (jor. 1). Mexay oObI4HOM,
OpUBBIYHON HaMm anreOpoil u AJl UMEIOTCA CyIIEeCTBEHHBIE Pa3iMyuus B OTHOUIEHUU

KOJINMYCCTBA U XapaKTepa onepaum‘/'l, d TAKKC 3aKOHOB, KOTOPBIM OHU NOAYNHAROTCA.

11.1 Jlornyeckue PyHKIMHU M 3aKOHbI a/IreOpbl JIOTUKHA

@OYHKIUS OT JIBOMYHBIX MEPEMEHHBIX HA3bIBACTCS JIOTMYECKOM, WU OylieBon
(mo uMeHu aBTOpa aHrauickoro marematuka JIx. byns), ecinu oHa, Takke Kak U e€
apryMeHTbl, IPUHUMAET TOJIbKO JBa 3HaueHud: jor. 0 u sor. 1. Jlnsg 3aganus poruye-
ckoit pyHkuuu (JID) 0ObIYHO MCTIONB3YIOTCS JIBa CIIOCO0A: AHAIMTUYECKUN (3aMMHUCh
bopmyoit) U TabHuHBIH [22].

[Ipu TabnuuHOM criocoOe CTpOUTCS TaK Ha3biBaemasl TaOJauIla UCTUHHOCTH, B
KOTOPOM MPUBOJATCS BCE BO3MOYKHBIE COUETAHUS 3HAUYECHUN apryMEHTOB U COOTBET-
CTBYIOILIME UM 3HA4YE€HUs JIOTHYEeCKOW (pyHKUMHU. Tak Kak 4MCIO TaKMX COUYETaHW
KOHEYHO, TabJIMIa UCTUHHOCTH MO3BOJISIET ONpPEAEIATh 3HaUeHNnEe QYHKIUU JUIs JTO-
ObIX 3HaYEHUI apryMEHTOB.

n
Yucio BO3MOKHBIX HAOOPOB N apryMEHTOB COCTABIISIET 2, @ YUCIIO PA3IUYHBIX

n
byHKIMI cCOCTaBIIsICT 22" Tax JUISL OJTHOTO apryMeHTa pasnuuHbix JIO Oyner 4, s

nByX — 16 u t.11. B 1abn. 11.1 npuBenens! Jorudeckue GyHKIIUN OJHON MEPEMEHHOM.

Ta6mmma 11.1
JI® onHOM epeMEeHHOM

X
O0o3HaueHue Haumenosanune 5 1
fi=0 Koncranra 0 0 0
fi =x [ToBTOpEHue 0 1
f, = x NnBepcus 1 0
fi=1 Koncranra 1 1 1
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Ananutnueckuil cnocod npenacrapinenus JIO npeanonaraer e€ 3anuch B BUIE

MaTeMaTuueckoro Beipaxenus f(X1, X2, ... Xp), B koropoMm aprymeHTsl JI®O cBsi3biBa-

IOTCA OIIPCACIICHHBIMH MaTCMATHYCCKUMHA (J'IOFI/I‘ICCKI/IMI/I) oncpanusaMu.

[IpocTelnx JOTMYECKUX OINEpalui TpU: OTpULAHUE (MHBEPCHS, ONEpPALIUS

HE), noruueckoe cinoxenue (au3bronknus, onepanus MJIN) u noruyeckoe ymHOXe-

HUe (KOHBIOHKUUA, omnepauus ). Bonee ciioxkHble JIormueckue npeoodpa3zoBaHUs

MOJXHO CBE€CTHU K YKA3aHHBIM OIICpalusiM.

Jloruyeckue BBIPAKCHUA U Ta6JH/IHBI HCTHUHHOCTHU OCHOBHBIX JTOT'MYCCKHX OIIC-

pauuii 175 JByX apryMEHTOB

1. Jloruueckoe crnoxenue (qu3broHKIuUs), oneparus NJIN:
Yy = X1 + X2=X1VX2.
2. Jlornueckoe yMHOXXEHHE (KOHBIOHKIIHS), oniepanus U:
Y = X1 - X2=X1 A X2.
3. Jlornyeckoe orpunianue (uHBepcus), onepamus HE:
y=X.
4. Onepanus (ctpenka) [Tupca, UJIM-HE:
y=X VX
5) Onepanus (mtpux) Hleddepa, U-HE:
y=X% "X .
6. Oneparusi PJKBUBAJICHTHOCTh, PABHO3HAYHOCTb:
y=X ~X3.

7. Onepanusi HeIKBUBAJICHTHOCTh, HEPABHO3HAYHOCTD, Mckitouaromniee NJIN:

y=X © Xo.

PGBy.HI)TaTBI OCHOBHBIX JIOTHYCCKHX onepaunﬁ I IBYX aprymcHTOB IIPHBC-

JCHBI B TaOmuIe ncTuHHOCTH (Tadm. 11.2).

Tabnauma 11.2
Tabnuma UICTUHHOCTH OCHOBHBIX JIOTHYSCKHUX OTIepaIiuii

y
W X2 My [ @ | HE | WIM-HE | W-HE | Dke. | Vexn YOI
0 | o 0 0 1 1 1 1 0
1| 0 1 0 | - 0 1 0 1
0 | 1 1 0 | - 0 1 0 1
1| 1 1 1 0 0 0 1 0
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AJl Ga3upyercs Ha HECKOJIBKMX aKCHOMax, U3 KOTOPBIX BBIBOJAT OCHOBHBIE
3akoHbl AJl nns mpeoOpa3zoBaHuil ¢ JBOMYHBIMU NepeMeHHbIMU. Kaxaas akcuoma
MIPEICTABIAETCA B IBYX BUAAX, YTO BBITEKAET U3 MPUHIIMIA 1yalbHOCTH (JBONCTBEH-
HOCTH) JIOTMYECKUX OIEepaluii, COIVIACHO KOTOPOMY ONEpalud IU3bIOHKIUU U
KOHBIOHKIMU JOMYCKAIOT B3aUMHYIO 3aMEHY, €CJIM TOMEHSTh Jjor. 1 Ha jor. 0, jor. 0
Ha JIOT. 1, 3HaK « V) Ha «-», & «» HA «V ».

AKCHOMBI onepanuy otpunanns: 0=1, 1=0.

AKCcHOMBI onepaluii TU3bIOHKIUN U KOHBIOHKIUU:

Hivi=1; 0-0=0.
2)0v1=1v0=1; 1.0=0-1=0.
3)0v0=0; 1.1=1.

3akoHbl AJl BBITEKAIOT M3 aKCHOM M TaKXe MMEIOT B¢ (OPMbI BHIPAKCHUS —
JUTS TU3BIOHKINN U KOHBIOHKITHH [5]:
1) mepeMeCTUTEIbHBIN 3aKOH:
X1V X2 = X2 VX1, X1+ X2 =X2-Xq;
2) coueTaTeIbHBIN 3aKOH:

X1V (X2 v X3) = (X1 V X2) V X3= X1V X2 V X3;

X1+ (X2 - X3) = (X1- X2) - X3= X1+ X2 - X3;
3) 3aKOH MOBTOPEHUS (TAaBTOJIOTHH):
XV X=X, X- X=X,
4) 3aKoH oOpareHus:
€ClIh X1 = X9, TO )_(1 =)_(2;
5) 3aKOH ABOHHOM MHBEPCHH (IBOMHOIO OTPUIIAHHS):
)_( =X,
6) 3aKOH HYJIEBOI'0O MHOXKECTBA!
xv0=x; x-0=0;
7) 3aKOH YHUBEPCAJILHOTO MHOKECTBA:
xv1li=1, x-1=x;
8) 3aKOH JIOIOJHUTEILHOCTH
xvx=1; x-x=1;
9) pactipeneUTeIbHBINA 3aKOH:
X v (X2 xg)=(x v x2)-(xevxg)i  xq-(x2vxg)=X1-Xp v X X3;
10) 3aKOH TOTJIOIICHHUS :
xp-(q vixg)=x; XV (o xg)=xg;
11) 3aKOH CKJICHBaHHUS:
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X Xp VXX =x (X v X2)'(Xl Vg)= X1
12) 3akon uHBepcuii (3akoH Jle Moprana):
XV Xp =X1-X2, X[ -Xg =X VX

JIns CI0KHOTO JIOTUYECKOIO BBIPAXKEHHSI YCTAHOBJICH CIEAYIOLIUN ITOPALOK
BBIIIOJIHEHUSL OIlEpallMii: BHAYaje BBINOJHAKOTCA onepanuu uHBepcun HE, 3atem
onepauuy KOHbIOHKIMU M 1 B OoCIeqHI00 ouepens — onepauuu Ju3broHkiun NIIN.
Ecnu tpebyercs U3MEHUTD NMOPSAOK BBIMIOJHEHHUS IOTUYECKUX ONEpPaldii, TO UCIOJIb-
3YIOTCSI CKOOKH.

11.2 J/lorudyeckKue 3JIeMEeHTbI

Jlorndeckue mnepeMeHHbIE XOpOIIO OIMUCHIBAIOT COCTOSHUSI TaKUX OOBEKTOB,
Kak peje, TyMOJepbl, KHOMKH, T.€. 0ObEKTOB, KOTOPhIE MOT'YT HaXOJMUTHCS B JIBYX
YEETKO Pa3IMUYUMBIX COCTOSIHUSIX: BKIIOUEHO — BBIKIIIOYeHO. K Takum oOBbekTaM OT-
HOCSITCSI ¥ TIOJYTIPOBOTHUKOBBIC JIOTUYECKHUE DJIEMEHTHI.

Jlornueckuii snemeHT (JID) — 3TO 3JIEKTPOHHOE YCTPOICTBO, peanusyrollee
OJIHYy M3 JIOTHYECKUX Olepanuil HECKOJIbKHX nepeMeHHbIX. Ha Bbixoge JID moxer
OBITh JIMIITH OJIMH U3 JBYX YETKO PAa3IUUYMMBIX YpOBHEH HanpspkeHus (puc. 11.1).

U

Un

Jlornueckast equHUIIA

Jlor.1

Hor.O{ Jlornueckuii HyJb t

Puc. 11.1. YpoBuu nanpspxkenuit jor. 0 u sor. 1

Ecnu ypoBeHb HanpsiKeHUs: IOTUYECKOI0 CUTHANA JIEXKHUT B MpeiesiaX OT YPOB-
Hs | 1o ypoBHs HanpspkeHus nutanus U, (wm 6auskoro k U ), TO 3TOT ypOBEHb

cooTBeTCTBYET Jior.l. Ecin ypoBeHb HampsiKEHUs JOTMYECKOrO0 CUTHAja JIKUT B
npejenax ot HyJs 10 ypoBHs |l , TO 3TOT ypoBeHb cooTBEeTCTBYET Jior.(. YpOBHH J10-
THYECKUX CUTHAJIOB, JIeXalllre B mpeaenax Mexay ypoHsmu | u I, sBistoTcs He
cTaHgapTHeIMU. PaboTa JIOrM4eckux yCTpOMCTB C TaKMMM CUTHajJIaMHu 3alpenieHa,
TaK Kak OyJieT He mpeacKa3zyema.
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Yamie Oosee BBICOKUH, WM MPOCTO «BbicOkui» (H) ypoBeHb mpuHUMaeTcs 3a
jor. 1, a Gosee HU3KHUH, WK npocto «HU3KkMit» (L), — 3a jor. 0. Takoit cioco0 npe-
CTaBJICHUs JIOTUYECKUX BEJIMYMH HA3bIBACTCS ITOJIOKUTEIBHOW JIOTMKOM. OTHOCH-
TEJIBbHO PEIKO NPHUMEHSETCS TAK Has3plBaeMas OTPULIATENIbHAS JIOTMKA, B KOTOPOU
jor. 1 cOOTBETCTBYET HU3KUU YPOBEHb HampsikeHus, a jor. 0 — BeICOKH ypoBeHb. B
JanbHEHIIeM, 0 YMOIYaHUI0, OyJIeM MOJb30BaThCA TOJBKO MOJOXKHUTEIbHON JIOTH-
KOM.

JID Bxomsar B coctaB uudpoBeix UMC. [Ins xaxpoi cepun UMC ypoBHH
HanpspkeHui Jior.0 u jior. 1 UMeroT CBOM IpeIebl.

VYcnoBubie 00o03HaueHHus Ha cxeMax JID BBIMOJNHAETCS B COOTBETCTBUM C
'OCT 2.743-91 [41].

Ha puc. 11.2 npuBeneno ycioBHoe obo3HaueHue aByxsxonaosoro JIO NI u
€ro peanu3alus Ha KII4ax U JHO0Jax.

x1 Vlgll
DD1 - oA
X1
1 x2 O '\I >
Y E Ry | V'D/'2
X2 l Ry y
O J_ >
a O 8

Puc. 11.2. Jlornueckuii anement NJIN (mu3bIoHKINA): @ — yCIIOBHOE 0003HAUYEHUE,

6 — peanu3anys Ha KIII0Yax; ¢ — peaqu3alns Ha Juoaax

JID WJIN BbinonHseT joruudeckyro omepanuio NJIM, koTopas omuchiBaeTcs

ypaBHEHUEM
y=X1VXo.

Jloruka pab6oter JI9 WMJIM B cooTBETCTBHMHM C TaOIUIEH WCTHHHOCTH
(tabn. 11.2) 3akmrouaercs B ciemyromeM: Ha Boixone JID WMJIM ycranaBiamBaeTcs
jor. 1, ecnu XOTs1 OB HA OTHOM €T0 BXOJI€ MIPUCYTCTBYET JIOT. 1, B IPOTUBHOM CTydae
Ha BbIX0Je — Jior. O.

Ha puc. 11.3 npuBeneHo ycioBHoe o0o3HaueHue nByxBxoaoBoro JID U u ero
peanm3arys Ha Kimodax u anonax (R << Ry).

JID W BbIMOSHSAET JIOrHYECKyto omnepanuio M, KoTopas onmuchIBaeTCS ypaBHE-
HUEM

Yy =X1-Xo.
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DD1 X1 X2 X1 0O m :l—O
X1
& X2 5 1 >
. y E Ry |Y VID\IZ
2 Ry y
g o T >
a 4] 8

Puc. 11.3. Jlornueckuii snemeHT U (KOHBIOHKIIUA): @ — YCIIOBHOE 0003HAYCHUE;

0 — peajmm3anuga Ha KIIIo4Uax, 6 — pCain3alvsid Ha TUoaax

Jloruka pabotel JID U B coorBeTcTBUU ¢ Tabnuield uctuHHOcTH (Tadm. 11.1)
3aKJII0O4aeTcs B caeayromemM: Ha Boixoae JID U ycranaBnuBaercs nor.1, ecinu Ha Beex
€ro BXOJIaX MPUCYTCTBYET JIOT. 1, B IPOTUBHOM ciy4yae Ha Bbixoje — Jor.0.

Ha puc. 11.4 npusezneno yciaoBHoe o0o3nauenue JID HE u ero peanuzanus na
KJIIOYE ¥ TPAH3HUCTOPE.

JID HE Bbeimonnsier sorudeckyr omnepauuto HE, kotopas omnmceiBaeTcs
ypaBHEHHEM

y=X.

Jloruka pa6otsr JID HE B coorBeTrcTBUU ¢ Tabmuieit nctuaHoctr (tadu. 11.2)
3aKiIro4aeTcs B cienyronieM: Ha Boixoqe JID HE ycranaBnuBaeTcst curHai, poTHBO-
HIOJIO’KHBINM (MHBEPCHBII) BXOJTHOMY CUTHAITY.

X

a O 8
Puc. 11.4. Jlormueckuii anement HE: a — ycioBHOE 0003HaUCHME;
6 — peanu3anys Ha KIII0Ye; 6 — pealin3aliis Ha TPaH3UCTOPe

Ha puc. 11.5.a npuBeneHo yciioBHOe 0003HaueHue aByxsxonoBoro JID9 NJIN-
HE, KOTOpBbIi1 BBIOJHSET JIOTHYECKYIO ONIEPALIUTO

Y=X VXo.
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DD1 DD2 DD3 DD4
X1 1 X1 & X1 = X1 | =1

X2 X2 X2 X2

a 9] 8 2
Puc. 11.5. Ycnosusie o6o3naucuus J19: a — UJIN-HE; 6 — U-HE;
6 — DKBUBAJICHTHOCTD; ¢ — Mckmouaromiee MJIN

Jloruka pa6oter JID WIIM-HE B cooTBeTcTBUM ¢ TaOmuIle HCTUHHOCTH
(Tabmn. 11.2) 3akmouaetcs B cinenaytonieM: Ha Beixoqe JID MJIM-HE ycranaBnuBaercs
sor.0, ecnu XOTs1 Obl HA OJTHOM €r0 BXOJI€ MPUCYTCTBYET JIOT.1, B MPOTUBHOM Clydae
Ha BbIxoze — Jior.l. OTcroia cieayeT, 4To aKTUBHBIM JIOTUYECKUM ypOBHEM i JID
WNIJIN-HE sBnsercs nor.l. CnegoBaTenbHO, NPU pacCMOTPEHUH PabOThI YCTPOUCTB,
noctpoeHubix Ha JID WIN-HE, Heo6xonumo obpaiat BHUMaHUE Ha BXO/JIHBIC CHUT-
HaJbl C YPOBHEM JIOT. 1.

Ha puc. 11.5.6 npuBeneno ycioBHoe ob6o3HaueHue AByxBxojoBoro JID M-HE,
KOTOPBIH BBIMOJHSIET JOTHUECKYIO ONIEPALIUIO

Y=X1 X .
Jloruka pa6oter JID W-HE B cooTBeTcTBUM C TaOMWIe HWCTUHHOCTH

(Tabmn. 11.2) 3akmrouaercs B cienyromem: Ha Boixone JID UM-HE ycranaBnuBaercs
jor.1, ecnu XOoTs OB HA OJTHOM €ro BXOJe NMpUCYTCTBYeT Jior.0, B MPOTHBHOM CJIydYae
Ha BbIxoze — Jior.0. OTcroa cieayeT, UTO aKTUBHBIM JIOTUUECKUM ypOBHEM g JID
N-HE sBnsiercsa nor.0. CnempoBarensHo, MpU PAaCCMOTPEHUU PabOTHI yCTPOMCTB, MO-
ctpoennbix Ha JID U-HE, HeoOxoaumo oOpaiarh BHUMaHHWE Ha BXOJHBIE CUTHAJIBI C
ypoBHeM Jior.0.

Ha puc. 11.5.6 npuBeneno ycnoBHoe 00603HaueHHe JID DKBUBaNIEHTHOCTH, KO-
TOPBIM BBITIOIHAET JIOTHUECKYIO OTEpaIliio

y=X1 ~ Xo.

Jloruka pa6otsl JID DKBUBaIEHTHOCTh B COOTBETCTBUM C TAOJMIIEH UCTUHHO-
ctu (tabn. 11.2) 3akmoyaeTcs B cleayromeM. Ha Bbixoje JID DKBUBaJIEHTHOCTH
yCTaHaBIMBAETCS JIOT. 1, €CJIM €ro BX0JiaX CUTHAJIbl paBHO3HAYHBI, B IPOTHBHOM CJIY-
yae Ha BbIxojie — Jior.0.

Ha puc. 11.5.2 npuBeneHo ycioBHoe o0o3HaueHue JID Uckmrouaroniee NI,
KOTOPBIH BBIMOJIHSAET JIOTUYECKYIO ONEepaLlUI0

y =X @ Xo.

Jloruka pa6otsl JID Hcknrouaromee NJIM B cooTBeTCTBUU ¢ TaOIUIIEH UCTUH-

HocTH (Tabu. 11.2) 3akmouaercs B cieayromeM: Ha Beixoae JID Mcekmouaromee NJIN
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YCTaHaBJIIMBACTCA JIOT .1, €CJIM €TI0 BXOAaX CHIHAaJIbl HCPAaBHO3HAYHBI, B IIPOTHBHOM

ciy4ae Ha Bbixoze — Jior.0.

OcHoBHble xapaktepuctuku JID cBenens! B Taba. 11.3.

Tabomnuma 11.3

XapaKTepI/ICTI/IKI/I JJOTHYCCKHUX 3JICMCHTOB

Hasganue JIO Jlormeckoe ¥ crosHOe Tabnuia UCTUHHOCTH
ypaBHEHUE 0003HaYeHUE
X1 | X2 y
X1 0 [0 0
1
WJIN Y =X VX “ | Y 1|0 1
0 |1 1
1 |1 1
X1 | X2 y
Xl & 0 [0 0
U Y =X - Xo Y 1 | o 0
X2
0 |1 0
1 |1 1
_ 1 X y
HE y=X - <>—y 0 1
(uHBEpTOD)
1 0
X1 | X2 y
o | 0 [0 1
WIN-HE Y=X V X oY 1 |0 0
(anemenT ITupca) X2
0 |1 0
1 |1 0
X1 | X2 y
N-HE M & 0 |0 1
(anement ledde- Yy=X1 X9 oY 1 [0 1
X2
pa) 0 |1 1
1 |1 0
X1 | X2 y
X1 = 0 0 1
DKBHUBaJIEHTHOCTh Y =X ~ %o &Y 1 10 0
(paBHO3HAYHOCTb) X2
0 |1 0
1 |1 1
X1 | X2 y
Hcknrovaroiee x1 [ 0 0 0
njim y
y =X DX o—— 1 ]0 1
(HepaBHO3HAU- X2
0 |1 1
HOCTb)
1 |1 0
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[Ipy npOEeKTUPOBAHUM JIOTUYECKUX YCTPOMCTB CTPEMSTCS MUCIIOJIB30BATh Orpa-
HUYEeHHYI0 HOMeHKaTypy JID. Haunbonee mupokoe pacnpocTpaHEHUE Ha MPAKTHKE
nonyuunu JID UJIN-HE u U-HE, Tak kak Ha ux 6a3e MOXHO MOCTPOUTH JIIOObIE IPY-
rue JI9D, a, cienoBarenbHO, peann3oBaHo Jdtoboe ycrpoictBo. [Toatomy UMC ¢ yka-
3aHHbIMU JID umeroT Hanboliee LIUPOKHU AaCCOPTUMEHT.

Jlns moctpoenus joruueckoro ycrpoictBa B 0asucax WJIM-HE wnu U-HE
HE00XO0IMMO UCIOJIb30BaTh TOJBKO J1BA 3aKOHA aJIreOpbl JIOTUKU:

1) 3aKOH TBOMHOW UHBEPCUMU:

X=X.

2) 3akoH ae Moprana:

XUV X =X Xph X Xp =XV X

[Topsimox peanuzanuu TpeOyeMOro JOrMYECKOro YCTPOMCTBA CIE YOI

- 3aIMMCHIBACTCS IOTHYECKOE ypaBHEHHE TPEOYyeMOro YCTPOUCTBA;

- MPOU3BOIUTCS MUHUMU3AIIMS JTJOTHYECKOU HyHKIHU (eciu TpeOyeTcs);

- IPUMEHSIETCS 3aKOH JBOMHOW MHBEPCUU;

- MPUMEHSIETCS HEOOX0IUMasi MHTEpIIpeTaIls 3aKoHa e MopraHa;

- CTPOUTCS JIOTUUECKas cXxeMa TpedyeMOoro yCTPOUCTRa.

Ha puc. 11.6.a npuBeneno ycnoBHoe o6Oo3HaueHue uudposbeix MMC 1o
'OCT 2.743-91 [23, 41].

[Tpsimbie BeiBoiBI UMC He mMmeroT o003HaYeHU Ha MecTe BbiBoAa. Jist mpsi-
MBIX BBIBOJIOB AKTMBHBIM JIOTUYECKHM YPOBHEM CUUTAETCS JIOT. 1.

NuBepcHbie BBIBOABI 0003HAYAETCS KPYXKOUKOM Ha Mecte BbiBoaa. Cyie-
CTBYIOT HHBEPCHBIE BXOJbl U UHBEPCHBIE BBIXOAbI. /(7151 MHBEPCHBIX BBIBOJIOB AKTH B-
HBIM JIOTUYECKHM YPOBHEM cuuTaeTcs jor.0.

Hunamuyeckue Bxonapl MMC o6Go3HavaroTcs kocoil ueptoi (mog yriom 45°)
WM cTpenKkoi. HakioH 4epThl BIpaBO WK BJIEBO OMpPEACISAETCS TeM, Kakoi (GpOHT —
MOJIOKUTENIbHBIA WM OTPUIIATENbHBIN (Cpe3) — ucmonbdyercs. [Ipu obo3HaueHHH
BXOJIOB CTPEJIKOM, Ha TMOJIOKHUTEIBHBIA (PPOHT yKa3bIBaeT CTpeNKa > HAMpaBo, a Ha
OTpULIATENIbHBIN — cTpenka < HaneBo (puc. 11.6).

Tun Beixoga MMMC momedaeTcsl CIEIMAJILHBIM 3HAYKOM: BBIXOJ[, MMCIOIIUMN
TpPeThe COCTOSIHUE «Z» BBICOKOIO CONPOTHUBJIEHUS — MEPEUEPKHYTHIM POMOOM «9»,
BBIXOJI, WMCIOIIUNA OTKPBITEIH KoutekTop (OK) — momdépkHYTBIM pOMOOM
«Q», a BBIXOZ, HMEIOIHi OTKPHITHIA sMuTTep (OD) — pOMOOM ¢ 4epTOii cBepXy «O»
(puc. 11.6).

CTaHI[apTHBIﬁ BBIXO/J HHKAK HC ITIOMCYACTCA.
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Puc. 11.6. Ycnousie o603nauenus: a — nudpossie UMC; 6 — UMC K531U1]J17

HakoHern, ecimm y MHKPOCXEMbI HEOOXOJHMMO ITOKa3aTh HEHMH(POPMAIMOHHBIC
BBIBOJIBI, TO €CTh BBIBOJIbI, HE SIBJISIONIMECS HH JIOTHUYCCKMMHU BXOJIaMH, HH JIOTHYC-
CKHMH BBIXOJIaMH, TO TaKOH BBIBOJI MIOMEUYACTCS KOCHIM KPECTOM (JIBE MEPIICHIUKY-
JSIPHBIE JTMHUH 0] YTIIoM 45°). DTo MOryT OBITh, HAIPUMEP, BBIBOJIBI IS TIOIKITFO-
YCHHS BHEITHUX DJIEMEHTOB (PE3UCTOPOB, KOHJEHCATOPOB) WJIM BBIBOJIBI TUTAHUSI.

YcnosHoe Tpadudeckoe obo3HaueHne IMC nHoTIa MensT Ha TpU BEPTHKATb-
HBIX T0JIs1. BBEpXy OCHOBHOTO (CpeaHero) Mmojisi yKa3blBaeTcsi 0003HaueHue (PyHKIIH-
oHanpHOTO Ha3HaueHUs: UMC u cuMBOJIBI €e 0COOEHHOCTEH. B HOMOHUTENBHBIX 1TO-
nsaX (cleBa W crpaBa) yKa3bpIBarOTCs 0003HAa4YeHHs (YHKIIMOHATBHOT'O Ha3HAYCHUS
BbIBOJI0B IMC. B kauectBe nmpumepa Ha puc. 11.6. 6 mpuBeaeHo ycioBHOE rpaduye-
ckoe obo3HaueHue nemudparopa K5311/17.

HMC B 1iennom obo3navaercs Ha cxemax oykBamu DD (ot anrmuiickoro Digital
— 1udpoBOI) ¢ COOTBETCTBYIONIMM HOMepoM, Hanpumep DD1, DD2.1 (mocne Touku
YKa3bIBACTCSI HOMEP DJIEMEHTA UJTU y3J1a BHYTPU MUKPOCXEMBI).

Cucrema ycIoBHBIX 0003HaYEHUN COBPEMEHHBIX TUITOB UHTETPAIbHBIX MUKPO-
cxem yctaroBieHa OCT 11 073.915-2000. B ocHoBy cuctembl 0003HAYEHUH IMOIO-
*eH OykBeHHO-1M(ppoBoi ko (puc. 11.7) [42].

XX X X XXX XX XX X

1. Bapuant HpI/IMeHeHI/IﬁI; /:3 Paznuuus B 27eKTpUYECKUX TTapamMeTpax
2. Tun xopmyca 5. IopsiikoBBI HOMED Pa3pabOTKH
3. Homep cepuu UMC 4. OyHKIIMOHAILHOE Ha3HAUYEHNE MUKPOCX EMBI

Puc. 11.7. Cucrema 0603HaueHul oreuectBeHHbIX UMC
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1. BapuaHT npuMeHEeHUS:
- K — o0mero npumeHeHus;
- DK — 3KCOpTHOE UCIOJIHEHUE, OTIUYAETCS OT OTEYECTBEHHOI'O PacCTOs-
HUEeM Mexay BeiBoJilaMu — 2,54 mm (y otedectBeHHBIX UMC — 2,5 MMm);
- Het cumBona — cienuanbHOTO NMPUMEHEHUs (BOCHHOTO HA3HAUYCHUS).
2. Tumn xopmyca:
- M — MeTaiiokepaMu4eCcKui;
- H — MUHHATIOpHBIN METAITIOKEPAMUYECKUM;
- P — miactMaccoBbIl;
- A, @ — MUHHMATIOPHBIN MIACTMACCOBBI;
- b — GeckopmycHo¥;
- E — metanmnononumepusiii DIP;
- MOXKET OTCYTCTBOBATb.
3. Homep cepuun UMC:
a) mepBas nudpa — rpymna KOHCTPYKTUBHO-TEXHOJIOTUUECKOTO UCTIOTHEHUS .
-1, 5, 6, 7 — MOMYNPOBOJHUKOBBIE;
- 2, 4, 8 — rubpuHeie;
- 3 — npoune (TWIEHOYHBIC U T.I1.);
0) MOPsIAKOBBIA HOMEP pa3pabOTKH (MOKET 0003HAYATHCS IBYMS LIUPPAMH).
4. OyHKUHMOHATBHOE Ha3HAYEHUE MUKPOCXEMBI (0003HavaeTcs 2-X OyKBEHHbBIM
UHJIEKCOM):
- A — popmupoBarenu: Al — UMITyILCOB TIPAMOYTOIBHON Gopmbl, AD —
UMITYJIbCOB CIIEIIUATBHON (OPMBI;
- b — ycrpoiictBa 3aaepxku: bM — naccuBnsblie, bl — npoune, bP — akTus-
HBIE;
- B — BeruucnurensHbie ycrpoictBa: BI' — konTposieps, BE — mukpo-
OBM, BX — crneunanbHble BBIYUCIUTENbHBIE yCTpoicTBa, BU — Bpems3zanaromue,
BII — npouwue;
U Tak nanee [42].
5. [MopsinkoBeIif HOMEP pa3pabOTKU B cepur (BO3MOXKHO O0O3HAYEHUE OIHOMU
1udpoin).
6. Pazmuuus B snexTpudeckux mapamerpax (A-5)
Tabnuma Gynakuunii 1 HomepoB UMC nipuBeicHBI B UCTOYHHKAX [25, 42].
[Tpumepsr MmapkupoBku oteduecTBeHHbIX UMC:
KP572I1BS — nmonynpOBOAHUKOBas MHUKPOCXEMa IIMPOKOrO0 NMPUMEHEHUS W3
cepuu 572, ananoroBo-uudpoBoi mpeodpazoBaTeib, HOMEP Pa3padOTKU 5, KOPILYyC
miactMaccoBbiid DIP.
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OK®1533TM2 — noaynpOBOJHHKOBass MHUKPOCXEMa HIMPOKOTO NPUMEHEHUS
u3 cepumn 1533, tpurrep ¢ 3apepxkoi (D-Tpurrep), Homep pa3pabOTKu 2, KOpIycC
MUHHATIOPHBIH IJIACTMACCOBBIA B 9KCIIOPTHOM HCIONHeHHU (nHave, kopiyc SOIC)

Hpyrue npumepsl o6o3Hauenuit uudposbix UMC: K531JIA1, KP1533UE17,
KM1816BE48.

Cepust K155 — sTo Hambosnee crapas cepus, KOTOpasi MOCTEIIEHHO CHUMETCS C
npousBojacTBa. OHA OTIMYAETCS HE CIMIIKOM XOPOIIMMH MapaMeTpaMu IO CpaBHe-
HUIO C IPYTUMU CEPUIMH.

Cepuss K555 ornmuaercs ot cepum K155 ManbiMu BXOOHBIMH TOKamMu U
MeHbIIeH MOoTpebsieMON MOLTHOCThIO (TOK MOTPEOJICHHS TOUYTH BTPOE MEHBILIE, YEM
y K155). 1o 6sicTpoaeiicTBHIO (1I0 BpeMeHaM 3aJiepxeK) oHa Oim3ka k cepun K155.

Cepust KP531 otnuyaetcst BBICOKMM OBICTPOJIEUCTBUEM (3a1€PKKU MPUMEPHO
B 3 — 4 pa3a mensblue, yeM y cepun K155), Ho Oonbiinmu BXOJHBIMU ToKamu (Ha 25%
oomnpie, yeM y K155) u Gonbmioit moTpediisieMoil MOITHOCTBIO (TOK MOTpeOIeHUs
OoJiblIe B MOJTOPA pasa Mo cpaBHEHUIO ¢ cepueit K155).

Cepust KP1533 ornmyaercs MOBBIIIEHHBIM MPUMEPHO BIBOE MO CPABHEHUIO C
K155 OwicTpoaeiicTBuEM W Majoil MOTpeOssieMO MOIIHOCTBIO (B YEThIpe pasa
MmeHble, ueM y K155). Bxognsie Toku eme MeHsblie, ueM y cepun K555.

Cepust KP1531 otnuuaercst BeiIcOkuM ObIcTpojelicTBueM (Ha ypoBHe KP531),
HO MaJioil ToTpedssieMol MOUIHOCTHhIO. BXOJHBIE TOKM W TOK MNOTpeOIeHUs
MPUMEPHO BABOE MEHbIIIE, yeM y cepun K155.

Cepust KP1554 otnuuaercst oT BceX MPEAbIAYIINX TEM, YTO OHA BBIIOJIHEHA 110
KMOII-texnonorun. IloatoMy oHa XapakTepuszyeTcs CBEpPXMajbIMU BXOJHBIMU
TOKaMU W CBEPXMAJIBIM MOTPEOJICHHEM MOIIHOCTH MPU MajbiX pabodYMX 4YacToTax.
3agep XK1 IPUMEPHO BABOE MEHbIIIE, yeM y cepun K155.

3agaua 21. PeanuzoBath yctpoiicTBo Ha JID M-HE no ypaBHenuro:

y=x (X2 v x3).
Pemenne
[IpeoGpazyem (MUHUMU3ALINS HE TPEOyeTCH):
y=%1 (X0 v X3)=X{ - Xp V Xq - X3.

[IprMeHsieM 3aKOH IBOMHON WHBEPCHM:

Y=X1-XoV X -X3.
[IprmMeHnsieM nepByr0 HHTEPIPETALMIO 3aKOHA J1Ie Moprana u nmoixydaem:

Y=X1-Xo-X1-X3.
[To monydeHHOMY ypaBHEHHUIO CTPOUM CXEMY JIOTUYECKOrO0 YCTpOWCTBa B Oa-

suce U-HE, xotopas nmpuBenena Ha puc. 11.8.a.
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Puc. 11.8. Cxema 10ru4eckoro ycTpoucTna:
a — B 6azucax U-HE; 6 — B 6asucax NJIN-HE

B cnydae peanuzanuum 3amaHHOro jorudeckoro ypasHenus Ha JIO WJIM-HE,
I0CJIE MOCJIEI0BATEIbHBIX IPe00pa3oBaHUM, OIyYaeM:

y=x1-(X2 v xa)=x (X2 v X3) =31 v (X2 v X3).

HOCTpOGHHaSI IO MOJYUYCHHOMY YPAaBHCHHIO CXEMa JIOTUYCCKOTI'O YCTpOﬁCTBa B

6a3uce NJIM-HE npusenena Ha puc. 11.8.6.

11.3 Tpurrepsl

Tpueeepom (aurn. Trigger) Ha3bIBaeTCs YCTPOWCTBO, 00JaJaroliee JABYMsI
YCTOWYMBBIMU COCTOSIHUSIMU PaBHOBECHSI U CIIOCOOHOE CKAYKOM MEPEXOAUTH U3 O/I-
HOTO COCTOSIHHSI B JIPYTrO€ IOJ BO3JAEHCTBUEM BHEUIHUX YIPABISIOIMINX CUTHAJIOB,
MOCTYMAIOIINX Ha ero nH(pOpMalnoHHbIe BX0abI [11].

Tpurrepsl npegHazHayeHbl IS 3aNIUCU M XpaHeHHs] U(PpoBON HHPpOpMaLUU
(oHOTO OMTA — OTHOPA3PSTHOTO JBOMYHOTO YHCIIA).

Knaccuduxamus. 1o ¢pynxyuonanvrHomy npusHaxy TPUTTEPHI MOIPA3ACIISTIOT-
cs Ha RS-, D-, T-, JK-tpurrepsi.

Ilo cnocoby 3anucu ungopmayuu TPUTTEPHI TOAPA3ACIAIOTCI Ha aCUHXPOH-
HbIE U CUHXPOHHBIE.

VY acHHXPOHHBIX TPUITEPOB MEPEXOJl U3 OJHOTO COCTOSIHUS B Jpyroe (mepe-
KITFOUEHUE) TIPOUCXOIUT MPH MOCTYIUIEHUH COOTBETCTBYIOIIUX CUTHAJIOB Ha WHMOP-
MaIllMOHHBIEC BXOJIbI.

CUHXpOHHBIE TPUITEPHl MNEPEKIIOYAIOTCA TOJBKO MPU HAIWYUKU TaKTOBOTO
CUTHaja Ha JOMOJHUTEIbHOM CUHXPOHU3UPYIOIIEM BXOJIE.

Ilo cnocoby ynpasnenus CHHXpOHHBIC TPUTTEPHI MOAPA3ICISIIOTCS Ha TPUTTE-
PBI CO CTATUYECKUM U TPUITEPHI C AUHAMUYECKUM YIIPABICHUEM.

Tpurrepsl co CTaTUYECKUM YIPABICHHEM MNEPEKIIOYAOTCs, KOrJa CUTHAJI Ha
CUHXPOHU3UPYIOUIEM BXOJI€ JJOCTUT IIOPOTOBOI'O YPOBHSI.
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VY CHHXPOHHBIX TPUITEPOB CO CTATUYECKUM YIPABICHUEM B T€UEHUE JEHCTBUSA
CUHXPOHHU3UPYIOIIEr0 UMIYJIbCa CMEHA CUTHAJIOB HA MHPOPMALIMOHHBIX BX0J1aX BbI-
3bIBa€T HOBbIE cpalaThiBaHWsA. BO MHOrMX ciydasx 3TO CBOWMCTBO SABIJISETCS HENO-
CTaTKOM, TaK Kak MPUBOAUT K cO0siM B pabote nudpoBoro ycrpoiictsa. OT 3TOro He-
J0CcTaTKa CBOOOAHBI TPUITEPHI C AMHAMUYECKUM YIPABICHUEM.

Tpurrepbl ¢ TMHAMUYECKUM YTIPABIECHUEM B 3aBUCUMOCTH OT CXEMbI UCTIOJIHE-
HUS pearupyroT Wik Ha (PpOHT, WK Ha cpe3 (CHaa) CUHXPOHU3ZUPYIOUIETO UMITYJIbCA.

CxeMbl TPUITEPOB BBIMONHAIOTCA HA JID M MOryT OBITH MOCTPOEHBI B Oa3ucax
NIJIN-HE unu U-HE.

AcuHXpOHHBII RS-Tpurrep Ha goruveckux jiementax UJIN-HE. Buauane
pPaccMOTPUM OCHOBHBIE MOHATHUS, KACAIOIINECS BCEX ACUHXPOHHBIX RS-TpUrrepos.

CBoe Ha3zBaHue RS-tpurrepsl B3suiM OT 0003HAuYEHUsI WX BXOJ0B. Bxonbl, B
CBOIO OU€pe/ib, B3sJIM CBOE 0003HAYEHUE OT MEPBbIX OYKB aHTJIMHCKUX CIIOB:

- Set — ycTaHOBKA WJIM 3aIUCh;

- Reset — mepeycranoBka, cOpoc, CTUpaHHEe, YCTAHOBKA HYJIA.

Tpurrepsl umMeroT 18a HHPOPMAITMOHHBIX BX0J1a S U R U 1Ba BBIX0OJ1a — IPSIMOiA

Q ¥ UHBEPCHBIN Q.

[Ipu momave COOTBETCTBYIONIIETO CUTHAJIA HA BXOJ S MPOUCXOIUT yCTaHOBKA
TpUITEpa, a MPH I0Ja4e€ COOTBETCTBYIOIIETO CHUTHaAlIa Ha BXOJ R MPOMCXOIUT ero
copoc. B 3aBUCHMOCTH OT CXEMBI TPUTTEPHI MOTYT YIpaBIAThCs 6o jor. 0, mbo
jor. 1.

[Tox ycTraHoBKO# (3amUChIO) MOHUMAIOT PEXKUM pabOTHI TPUITEpa, MPH KOTO-

POM Ha IIPAMOM BBIXOAC Q YCTaHABJINBACTCA CHUI'HAJI JIOF.I, a4 Ha MHBCPCHOM Q -

qor.0.
[Tox cOpocoM (cTUpaHKEeM) TOHUMAIOT PEXKUM pabOThI TpUTTEPA, TTPH KOTOPOM

Ha TipsiMoM BbIxoJie Q ycTanaBnuBaetcsi curdai jor.0, a Ha uaBepcHom Q — Jor. 1.

PexxuMm, ipu KOTOpOM NpU U3MEHEHUH Habopa BXOJHBIX CUTHAJIOB COCTOSIHHE
BBIXOJIOB TPUTTEpA HE M3MEHSIETCS, HA3bIBAIOT PEKUMOM XPAHEHUS 3alMCAaHHOW WH-
dbopmanuu.

PaGoty TpurrepoB paccMaTpuBarOT C MOMOIIBIO TaOIUIBI IEPEX0A0B. B oTnu-
gyye OT TaOJIUIlbl UCTUHHOCTH B TaOJHIIE MEPEXOJ0B NMPU M3MEHEHUU Habopa BXO/I-
HBIX CUTHAJIOB TOCJEAYIONIEEe COCTOSHUE BBIXOJOB TPUTTEPA 3aBUCUT OT MPEAbIIY-
IETO.

Ha puc. 11.9.a npuBenena cxema acuHxpoHHOTO RS-Tpurrepa na JID MJIU-
HE. Cxema Ttpurrepa Bemonnena Ha nByx JIO MJIM-HE ¢ nepekpecTHsiMu oOpat-
HBIMU CBSI3SIMHU.

PaGoty RS-tpurrepa ymoO6HO mpoaHAIM3UpPOBATH IO TAOJIUIE TMEPEXOI0B
(Tabm. 11.4). B tabn. 11.4 uaaekc N 0003HaYaeT COCTOSHUE TEKYIIETro Takra, a N —1
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— COCTOSIHHE TIPEIBIIYIIEro TaKTa.
RS-tpurrep nocrpoen na JID WJIN-HE, cnenoBaTenbHO, HA BXOAax cleAyeT
o0paTuTh BHUMaHUE HA aKTHBHBIA ypOBEHB JIOT. 1, Tak Kak €€ MpUCYTCTBHE Ha JIIO-
6om u3 Bxoa0B JID NIIN-HE onno3nauHo onpezenseT Ha ero Beixoje Jior. 0.
[Tpu Habope BxonHbix curHanoB S =1, R = 0 nor.1 Ha Bxoxe JID DD1.2 ycra-

HaBJIMBaeT Ha ero BeixoAe Q curnain jor.0, a aBa yor.0 Ha Bxogax JI9 DDI.1 ycra-
HaBIIMBAaeT Ha ero BeixoAe Q curHan sor.l. Takum 0O6pa3om, B COOTBETCTBUH C CO-
crositHueM BeIxo70B Q = 1, Q = 0 mpowusonuia yctaHOBKa (3anmuck) Tpurrepa. B tpur-

rep 3arnucana Jior. 1, yctaHoBiIeHHas Ha Bbixoje Q.
[Tpu nabope Bxoausix curHanoB S = 0, R =1 nor.1 na Bxone JI9 DDI.1 ycra-
HaBIIMBaeT Ha ero Beixojae Q curnai jor.0, a aBa yor.0 Ha Bxogax JID DD1.2 ycra-

HaBJIMBAIOT Ha ero Beixoae Q curHan jor.l. Takum 00pa3oM, B COOTBETCTBUHU C CO-
crositnueM BeIxoZoB Q = 0, Q = 1 mpowusomen cOpoc tpurrepa. Mudopmanus usz

TPHUITEpA yaalieHa, Tak Kak Ha Bbixoae Q ycranosieH Jior.0.
Tabmuma 11.4
Ta6muma nepexonoB RS-tpurrepa na JID NJIN-HE

S R On Qn Pexum
1 0 1 0 YcraHoBka
0 1 0 1 Copoc
0 0 0(Qp_1) 1(_n—1) XpaHeHnue
1 1 0 0 3anpenEHHbIHI
S | | | |
S 0?01050?0'?!0!?'050t
DD2 Re—m ! | —_— 1 —
- 1 oioio 1 oioioioio 1,
sHs| T L I
B B I e
R —Rr — o o[ 1i1fotofiiiaiafo,
R 0 e =
151 oio 1 il oioioio 1
DD1.2 i ] i L t
a o 8

Puc. 11.8. Acuaxponnsiii RS-tpurrep Ha JID UJIN-HE: a — cxema;
6 — ycnoBHOE 0003HAYCHHE; 8 — BPEMEHHBIEC THarpaMMbl pabOThI

Cnenyronuii Habop BXoaHbIX curHaioB S =0, R = 0 omHO3Ha4YHO HE ompeje-
JSIeT COCTOSIHUE BBIXOJIOB TpUTTepa, a BOT Jjor.l Ha Bxoae JID DDI.1 ¢ Beixoma Q

JID DD1.2 octaBut Ha Beixojae Q sor.0. JIBa mor.0 Ha Bxogax JID DD1.2 octaBusroT
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Ha ero Beixojne Q curHan jor.l. Takum oOpazoM, coctosiHue BbixoaoB Q u Q tpur-

repa He M3MEHWIOCH, CIEI0BATEIbHO, 3TO PEXHUM XPAaHEHMS MPEIbIIYLIEro COCTOs-
Hus. Ecnu Obl mepen npuxoaoM Habopa BXxoaHbIX curHaioB S =0, R = 0 coctosnue

BBIXOJI0B Tpurrepa 6su10 Q = 1, Q =0, T0 OHO GBI 1 COXPaHUJIOCH.

IIpu nHabGope Bxoanbix curHainoB S=1, R=1 cocrosuue BbixogoB Q =0,
6 = 0. Takoit HabOp BXOJHBIX CUTHAJIOB JJis1 JaHHOTO RS-Tpurrepa 3amperieH 1o
JIBYM MPUYUHAM:

1) yTepsiHBI CBOWCTBa Tpurrepa, Tak kak mmeem Q =0, Q =0, a curHabI

JOIDKHBI OBITH MTPOTHBOIOIOKHBIMH;

2) mpu miepexojic U3 Habopa BXOMHBIX curHaioB S=1, R=1 B Habop S=0,
R = 0 cocTosiHUE BBIXOJIOB TpUTTEpa OyIeT HEMpeACKa3yeMo.

N3 ananuza taGmunel nepexoaoB (tabim. 11.4) cienyer, 4yTo MpU Mojaye Ha
BXO S JIOT.] IPOMCXOAMT yCTaHOBKA TPHUTTEpa, a MpH mojade Jior.1 Ha Bxox R — ero
copoc. CnenoBarenbHO, JaHHBIM RS-Tpurrep ympasinsiercs jor.1, To ecTh aKTUBHBIM
JIOTUYECKUM YPOBHEM SIBJISIETCS JIOT. 1.

Ha puc. 11.8.6 mnpuBeneHo ycioBHOoe 00O3HauU€HHWE AaCUHXPOHHOro RS-
tpurrepa Ha JI9 MJIM-HE. B Bepxy ocHoBHOro mojis uzobpakeHa OykBa 7, yka3bl-
Barollast Ha TO, YTO 3TO YCTPOMCTBO — Tpurrep. O6o3HaueHue BxoA0B S u R yka3biBa-
€T Ha TO, 4TO 3T0 RS-Tpurrep. OTCyTCTBHE AOMOJHUTENBHOTO CUHXPOHU3UPYIOLIETO
Bxoaa C roBOpPUT O TOM, YTO JAHHBIN TPUITEP aCUHXPOHHBIN. B 0003HaueHNM BXO/bI
Tpurrepa S ¥ R npsMble, Tak Kak HET 0003HaUeHUs UHBEpCU. DTO yKa3bIBaeT Ha TO,
41O NaHHbIM RS-Tpurrep ynpasisercs jor.1.

Taxum o6pazom, 10 yCIOBHOMY O003HAYEHHUIO MOXXHO Y3HATh (hYHKIIMOHAJb-
HOC Ha3HAYCHHE TPUTTEPA U OOBICHUTH JIOTHKY €r0 pabOThI.

Bpemennble auarpamMmsl, HOSACHAIOIKE pabOTy acHHXpOHHOTO RS-Tpurrepa Ha
JID WIN-HE, npuBenens! Ha puc. 11.8.6

[Ipy mocTpoeHuM BpEeMEHHBIX AMarpaMM CHadaja OTMEYAaroTCsl MHTEpBaJbl
BPEMEHH, COOTBETCTBYIOIIME Pa3IUYHBIM Habopam BXOAHBIX curHaioB S u R. Ha
puc. 11.8.6 untepBaiibl pa3aesieHbl BEPTUKAIbHBIMU TYHKTUPHBIMU JINHUSAMU. 3aTEM,
aHanMM3upys HaAOOPHI BXOMHBIX cUTHANIOB S U R, mo tabn. 11.19 onpenensitores cocto-

sHUsI BBIX0/10B Q, Q M yKa3bIBarOTCSl HA BPEMEHHBIX JUarpaMMax.

RS-tpurrepsr Bxonar B coctaB UMC, tak K561TP2 comepxut 4eThipe acuH-
xpoHHOTO RS-Tpurrepa ¢ ynpasneanem sor.1 [18].

AcuHXpPOHHBIIH RS-Tpurrep Ha Jjoruveckux 3jiaementax H-HE. Ha
puc. 11.9.a nmpusenena cxema acuHxpoHHoro RS-tpurrepa na JID M-HE. Cxema
Tpurrepa BoinonHeHa Ha aByx JID U-HE ¢ nepekpecTHBIMU 0OpaTHBIMHU CBSI3SIMU.

Tpurrep umeer 1Ba HHPOPMAIIMOHHBIX BXOJa S W R W JIBa BBIXOJIa — MPSIMOU
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Q ¥ UHBEPCHBIN Q.

Pabotry RS-tpurrepa ymobHo aHanu3upoBaTh MO TaONUIE MEPEXOA0B
(Tabmn. 11.5). B tabnuiie uHaekc N 0003HaYaeT COCTOSIHUE TEKYIIEero Takra, a N —1 —
COCTOSTHUE TIPEABIAYIIErO TaKTa.
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Puc. 11.9. Acunxponnsiit RS-tpurrep va JI9 U-HE: a — cxema;

6 — ycnoBHOE 0003HAYEHHE; 8 — BPEMEHHBIE AMarpaMMbl pabOThI

RS-tpurrep nmoctpoen Ha JI9 U-HE, cnemoBaTensHO, Ha BXoJax oOpaliaroT
BHUMaHUE Ha aKTUBHBIA YpOBEHH JIOT.0, TaK KaK €ro MpUCcyTCTBUE Ha JIIOOOM U3 BXO-
noB JID N-HE onHO3HAaYHO OmpeiesiseT Ha ero BhIXoe Jor. 1.

[Tpu Habope BXOAHBIX CUTHAJIOB S= 0, R=1 nor.0 Ha Bxoje JID DDI.1 ycra-
HaBJIMBaeT Ha ero Bbixoje Q curHan sor.l, a aBe jor.1 Ha Bxomax JID DDI1.2 ycra-

HaBlMBaeT Ha ero Beixoje Q curHan sor.0. Takum oGpa3oM, B COOTBETCTBUE C CO-

crosareM BbixoJoB Q =1, Q=0 mpousonuia ycranoBka (3amuch) Tpurrepa. B tpur-

rep 3amucana Jior. 1, ycraHoBieHHas Ha Beixoze Q.

TaGmuna 11.5.
Tabnuna nepexonoB RS-tpurrepa na JI3 U-HE

S R Qn Qn Pexum

0 1 1 0 VYcranoBka

1 0 0 1 Copoc

1 1 0(Qp_1) 0(Qn_1) XpaHeHue

0 0 1 1 3anpeniéHHbIN
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[Ipu Habope BXxoAHBIX curHanos S =1, R= 0 mor.0 na Bxoae JID DD1.2 ycra-
HABJIMBAeT Ha ero Beixoge Q curuan or.l, a xse sor.]1 Ha Bxogax JID DDI.1 ycTa-
HaBIMUBAIOT Ha ero BeixoAe Q curnan jor.0. Takum oOpa3om, B COOTBETCTBHE C CO-
cTtositHueM BbIX0J0B Q =0, 6 =1 mpowusomien cobpoc Tpurrepa. Mudopmarus us
TpUTTEpa yAaleHa, Tak Kak Ha Beixoqe Q ycranosien Jor.0.

Cietyromuii Habop BXOJHBIX CHTHAIOB S = 1, R =1 0aHO3HAYHO He onpene-
JISI€T COCTOSIHUE BBIXOJIOB TpUrrepa, a Bot jor.0 Ha Bxozae JI2 DD1.2 ¢ Brixoma Q JID
DD1.1 ocrasur Ha Beixoxe Q usor.1. [lge sior.1 Ha Bxogax JID DD1.1 ocrasisor Ha

ero Beixosie Q curnain nor.0. Takum oGpa3zom, coctosinue Beixoa0B Q u Q Tpurrepa

HE M3MEHWIOCH, CJIEJOBATENIbHO, ATO PEXHUM XPaHEHUS MPEABbIIYIIErO0 COCTOSHUSI.
Ecnu 6w1 mepen mpuxoomM Habopa BXOAHBIX CUTHANIOB S = 1, R = 1 cocTositHue BBIXO-

noB Tpurrepa 6610 Q = 1, Q = 0, To 0HO OBI U COXPAHUIIOCH.

ITpu HaGope BxomHBIX curHaioB Q =0, R =0 cocrosHue BBIXOHO0B Q =1,

Q = 1. Takoii HabOp BXOJHBIX CHUTHAJOB JJIsI JaHHOTO RS-Tpurrepa 3ampeiieH Imo
JIBYM TIPUYUHAM

1) yrepstHBI CBOMCTBa TpHUITEepa, Tak Kak umeem Q =1, Q =1, a curHaisl
JOJIKHBI OBITh POTHUBOMOJIOKHBIMHU;

2) pu mepexoze U3 Habopa BXOHBIX CHTHANOB S =0, R=08 Habop S =1,

R =1 cocrosiHue BBIXOJOB TpUTTEpa OYACT HEMpPEICKa3yeMo.
N3 ananmmza Tabmuiel nepexoaoB (tadn. 11.21) cnexyer, yTo mpu mojade Ha

BXoX S 5or.0 MPOHMCXOMMT YCTAHOBKA TPUITEpa, a IpH mogade Jor.0 Ha BXOJ R -
ero copoc. CrnenoBaTenbHO, NaHHbIil RS-Tpurrep ynpasinsercs jor.0, TO €CTh aKTUB-
HBIM JIOTUYECKUM YPOBHEM siBIIsieTCs JIoT. 0.

Ha pwuc. 11.9.6 npuBeneHo ycioBHOE 0003HAUY€HHE AaCHHXPOHHOTO RS-
tpurrepa Ha JI9 HU-HE. BBepxy ocHoBHOTO nosst nuzobpaxkena OykBa 7, yKas3bIBaro-
Imast Ha TO, YTO TO YCTPOHCTBO — Tpurrep. OGO3HAUCHHE BXOJOB S N R YKa3bIBaeT
Ha TO, 4TO 3TO RS-Tpurrep. OTCyTCTBHE MOMOIHUTEIHHOTO CHHXPOHU3UPYIOIIETO
Bxozaa C TOBOPUT O TOM, YTO JaHHBIN TPUITEP aCUHXPOHHBII. B 0003HaUeHNH BXOIbI
Tpurrepa S m R WHBEPCHBIC, TaK KaK €CTh 0003HAUEHUs MHBEPCHH (KPY>KOUKH Ha
BXOJ1ax). JDTO yKa3blBaeT Ha TO, YTO NaHHbIN RS-Tpurrep ympasmnsercs mior.0. s
MOATBEPKACHUS HHBEPCHBIX BXOJOB JAHHOTO TPUITEpa HaJl OYKBEHHBIMH 00O3HAYE-
HUSIMU BXOJIOB CTaABUTCS 3HAK MHBEPCHH.

Ha puc. 11.9.6 npuBeneHsl BpeMEHHBIE aHATPaMMBbI, TMOSCHSIOMNE pPadboTy
acuaxpoHHoro RS-tpurrepa Ha JID M-HE. Ananu3upyst HaOopbl BXOJHBIX CUTHAJIOB

S u R, cocrostaus Beixono Q u Q ompexaensrorcs mo tabda. 11.5.
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Cunxponnblii RS-Tpurrep na soruveckux jemenrax U-HE

Bo MHoOrux mupoBbIx ycTpoiCcTBaX HEOOXOUMO CUHXPOHU3ZUPOBATH BO Bpe-
MEHU MEPEKITIOYEHUE TPUITEPOB, TaK KaK HEOJHOBPEMEHHOE UX MEPEKIIOUYEHHE MO-
KET MPUBECTU K MOSBICHUIO HEMPEICKA3yEeMbIX COCTOSHUM YyCTpoicTBa U cOOsSIM B
ero pabore.

C 2TOi 11ebI0 CUHXPOHHBIC TPUTTEPHl CHAOKEHBI JOTOJHUTEIBHBIM BXOJIOM,
Ha3bIBAEMBbIM CHHXPOHHU3UPYIOMUM (TaKTUpyeMbiM). Ha3zHaueHue CHUHXPOHU3ZHUPYIO-
IIET0 BXO/1a 3aKJII0YAETCS B TOM, YTOOBI CUTHAJIOM Ha 3TOM BXOJ€ pa3peliarh Npuém
CUTHAJIOB ¢ WH(GOPMAIMOHHBIX BXOJOB B 3aJaHHbIE BPEMEHHBIC WHTEPBAJIbI IS
TPUITEPOB CO CTATHYECKUM YIIPABICHHEM M B 3aJlaHHbIE MOMEHTHI BPEMEHH JIJIsi
TPUTTEPOB C TUHAMUYECKUM YIpaBiieHHueM. [Ipu OTCyTCTBUM CUTHAlla HA CUHXPOHHU-
3UPYIOIIEM BXOJI€ CHUTHAJIbI HA WH()POPMAIIMOHHBIX BXOJaX TPUTTEPOM HE BOCTIPHUHU-
MAalOTCsl, ¥ TPUITEP HAXOJUTCS B PEIKUME XpaHCHHs 3alicaHHoi nHopmarnmu [22].

CUHXpOHHBIE TPUTTEPHI MO3BOJIAIOT YCTPAHATh BIUSHHUE PA3IU4YUil B BEIUYH-
HaxX 3a/IepKEK B PaCHpOCTPAaHEHUHM CHUTHaja 4epe3 OT/AENIbHbIE DJIEMEHTHI CXEMBI,
obecrieurBasi MpU 3TOM OJTHOBPEMEHHBIM MPUEM CUTHAJIOB Pa3HBIMU YaCTSIMH CXEMBI.
CUHXpOHHBIE TPUTTEPHI 00JIaMAI0T OOJBIIUMH JIOTHYECKUMH BO3MOXXHOCTSIMH, YeM
ACUHXPOHHBIE.

Cxema cuaxponHoro RS-tpurrepa Ha JID U-HE npusenena na puc. 11.10.a.

Cxema Ttpurrepa BoinosineHa Ha yeTbipéx JID U-HE. JID DDI1.1 u DD1.2 saB-
JAIOTCA BXOJHOM JIOTMKOW (cxeMoil ympaBiieHus), a cxema Ha JID DD1.3 u DD1.4
npecTapisieT co00M acCHHXpOHHBIN RS-Tpurrep.
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Puc. 11.10. Cunxponnsiii RS-tpurrep Ha JID U-HE: a — cxewma;
6 — ycnoBHOE 0003HAYCHHE; 8 — BPEMEHHBIEC THarpaMMbl pabOThI
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Tpurrep umeer nBa MHPOPMALMOHHBIX BXoJa S U R, CHHXpOHM3UPYIOIIMIA
Bxox C (ot anri. Clock) u xBa Bbixoma — npsimoit Q u uHBepcHEIA Q .

Paboty cunxponnoro RS-tpurrepa yno6HO aHanu3upoBaTh MO TaOIUIE MEepe-
x0710B (Tabxa. 11.6). B Tabnuie uHaekc N 0003HaYaeT COCTOSTHUE TEKYIIETO TakTa, a
N — 1 — cocrositHuE NPEbIAYIIETO TaKTa.

Cunxponnbiii RS-tpurrep nocrpoen na JID U-HE, cienoBarensHo, Ha BxoJax
Oyzem oOpallath BHUMaHUE Ha aKTHUBHBIM YpOBEHb JIOT.0, TaK Kak €ro MpUcCyTCTBUE
Ha mr000oM 13 Bxoq0B JID M-HE onHo3HauHO onpenenser Ha ero Bbixoe Jor. 1.

[Tpu na6ope Bxoaubix curHanoB C =1, S =1, R =0 nor.0 na Bxoxe JID DD1.2
YCTaHABJIMBAET HA €0 BBIXOJIE CUTHAJ JIOT. 1, KOTOpas Jajnee HUYEero He ONpeesser.
JBe nor.1 Ha Bxogax JID DDI.1 ycranaBnuBaeT Ha ero BbIxoje curHai jor.0, KoTo-
pBIii B CBOIO ouepeab ycTaHaBinuBaeT Ha Bbixoae Q JID DDI1.3 curnan nor.l. JIBe

gor.1 ¢ Beixogma Q u JID DDI1.2 ycraHaBiuBalOT Ha BBIXOJIE 6 JID DD1.4 curnan

sor.0. Takum 00pa3oM, B COOTBETCTBHE C cOCTOsIHUEM BbIxoJ0B Q =1, Q = 0 mpo-

M3011lJIa yCTaHOBKA (3amuch) Tpurrepa. B Tpurrep 3anucana yior.1, ycraHoBiaeHHas Ha

BBIXOIC Q.
Tabmuma 11.6.
Tabnuima nepexoa0oB cuHXpoHHOT0 RS-Tpurrepa na JID U-HE
C S R Qn Qp Pexxum
1 1 0 1 0 YcraHoBka
1 0 1 0 1 Copoc
1 0 0 0(Qp_1) 0(Qn_1) XpaHeHue
0 X x 0(Qp_1) O(Gn—l) XpaHeHue

[Tpu Habope Bxoauwix curHasiop C =1, S=0, R =1 nor.0 na Bxoxe JI2 DD1.1
yCTaHABJIMBACT HA €ro BBIXOJIE CUTHAJ JIOT. 1, KoTopas jajgee HUYEro He ONMpeacIsieT.
JBe nor.1 Ha Bxoaax JI9 DD1.2 ycTtanaBiuBaeT Ha €ro Bbixoje curdani jor.0, Koto-
pBIii B CBOIO ouepeab ycTaHaBnuBaeT Ha Bbeixone Q JID DDI1.4 curnan nor.l. J[Be

jor.l ¢ BbIXOza 6 u JID DDI1.1 ycranaBnuBaroT Ha Beixojge Q JID DD1.3 curnan

jor.0. Takum 00pa3oM, B COOTBETCTBHE ¢ cocTosiHUEM BbIxosoB Q =0, Q =1 mpo-

u3omien copoc Tpurrepa. Madopmarus u3 Tpurrepa ynaineHa, Tak Kak Ha Bbrxoqe Q
ycTaHoBJeH Jor.0.

[Tpu mabope Bxomupix curHanoB C =1, S=0, R =0 na Beixogax JI9 DDI.1 u
DD1.2 ycranaBnmuBaroTcsi Jor.l, KOTOpBIE M aCHHXpPOHHOTO RS-Tpurrepa Ha JIO
DD1.3 u DD1.4 onpenensitoT €ro pexuM XpaHEHUs Tpeapiaymiel napopmamnmn. Ta-

KM 00pa3om, cocTosiHue Bbix0o0B Q n Q Tpurrepa He M3MEHWIOCH, CIIEIOBATEIHHO,
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ATO PEXKUM XPaHEHUS.

Kak Tonpko curnan Ha cuHXpoHu3upyromem Bxoae C yctaHoBuTcs B Jor.0, TO,
BHE 3aBHCHMOCTH OT CHTHAJIOB Ha MH(POPMAIMOHHKIX BXoaax S u R (X — moboe co-
ctosnaue), Ha Bbixogax JID DD1.1 u DDI1.2 ycranaBnuBarotcs sor.l u Tpurrep me-
PEXOAUT B PEKUM XPAHECHHUS.

Ha6op Bxoanwix curHaioB C =1, S=1, R=1 ana ganHoro tpurrepa mno u3-
BECTHBIM IPUYMHAM 3anpelieH u B Tadi. 11.6 He yka3zas.

N3 ananuza tabauiel nepexonoB (Tadin. 11.6) cienyer, uTo mpu mojaye Ha
Bxox C nor.l pa3spemaercs pabota Tpurrepa, rnpu jor.0 Tpurrep NepexoauT B peKuM
xpaHnenud. [Ipu nomaue Ha Bxox S jor.l mMpoOUCXONUT yCTaHOBKA TpUITEpa, a MpH
nojaaue Jior.1 Ha Bxon R — ero cOpoc. CnenoBatenbHo, JaHHBIN RS-Tpurrep ynpasis-
eTcs Jior.1 Kak mo MH(POPMALIMOHHBIM BX0oJlaM S U R, Tak U 1o BX0Jly CUHXPOHHU3aLUU
C, TO €CTh aKTUBHBIM JIOTUYECKUM YPOBHEM SIBJISIETCS JIOT. 1.

Ha puc. 11.10.6 npuBeneHo yciaoBHOe 00O3HauU€HHE CUHXPOHHOro RS-
tpurrepa Ha JI9 N-HE. Hanuune nomoJHUTEIRHOTO CUHXpOHU3UpYyomero sxoaa C
TOBOPHUT O TOM, YTO JAaHHBIM TPUTTEp CUHXPOHHBIA. B 0003HaueHnU BXObI TpUTTEpA
C, S u R npsamble, Tak Kak HET 0003HAYEHUSI UHBEPCUN. DTO yKa3bIBaeT HA TO, YTO
naHHbI RS-Tpurrep ynpasinsercs Jior.1 mo BceMm BXOaaM.

Ha puc. 11.10.B npuBeneHbl BpeMEHHBIE AMArpaMMbl, MOSCHAIOMNUE padboTy
cuHxpoHHoro RS-tpurrepa na JID 1-HE.

Oco0EeHHOCTHI0 TOCTPOSHUSI BPEMEHHBIX IMarpaMM paboThl CHHXPOHHOTO RS-
TpPUITEpa 3aKIIOYAETCS B TOM, UYTO aHAJIM3 HA0Opa BXOJHBIX CUTHAJIOB HEOOXOAMMO
NPOU3BOJIUTH TOJBKO TMPH HAJMYUU HA CHUHXPOHHU3HUpYHomEeM Bxojie C aKTUBHOTO
YpPOBHS JIOT.1, TaKk KaK TPUTTEP MOKET MEPEKIIOUUTHCS TOJIBKO B TEYCHUE DTHX WH-
TEPBAJIOB BpeMeHU. AHanu3upys HaOOpsl BXOAHBIX curHaioB C, S u R, cocTosHMs

BEIX010B Q, 6 ompenensroTcs mo taon. 11.6.

PaccmoTpeHHBI CUHXpOHHBIA RS-Tpurrep sBiaseTcs TPUTTEPOM CO CTaTHYe-
CKHM YINPABJICHUEM, TaK KaK OH MOXET IMEpPEKIIYaTbCid B TEUECHUE BPEMEHU JEHl-
CTBUU CHHXPOHU3UPYIOIIETO UMITyJIbca Ha Bxoje C.

D-tpurrep Ha Jorudeckux 3nementax U-HE. D-tpurrep — 3170 CHHXpOHHBIHN
TPUTTEP, KOTOPBIN 3aJ€PKUBACT MOCTYMAIONIYIO Ha €r0 BXOJ MHPOPMAILIUIO 10 TPH-
X0J1a 0YEPETHOr0 CUHXPOHU3UPYIOIIETO UMITYJIbCA.

Coe nazanme D-tpurrep B3s1 oT 0603HaueHus ero uH(popmanuonHoro D-
BXxos1a. D-BX0/ B CBOIO ouepeab B3I CBOE 0003HAUYCHHUE OT MEPBOM OYKBBI aHTIIA M-
ckoro cioBa Delay — 3anepxka.

Ha puc. 11.11.a npuBenena cxema cuHxpoHHoro D-tpurrepa na JID U-HE.
Cxema tpurrepa BoinoiHeHa Ha AByX JID U-HE ¢ nepekpecTHIMU OOpaTHBIMU CBS-
35IMU.
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Puc. 11.11. D-tpurrep na JID U-HE: a — cxema; 6 — yciioBHOE 0003HAUEHUE;
6 — BpEMEHHbIE 1MarpaMMbl pabOThI

Cxema D-tpurrepa BeimonHeHna Ha yeteipex JID M-HE. JID DD1.1 u DD1.2
ABJIAIOTCS BXOJHOM JIOTMKOM (cXeMoil ynpasienus), a cxema Ha JID DD1.3 u DD1.4
npencTapisier co00M acCHHXpOHHBIN RS-Tpurrep.

D-tpurrep umeeT ouH HHOOPMAIMOHHBIA BXOA D, CHHXpOHU3HPYIONTUH BXOT
C u 1Ba BbIX01a — npsMoii Q n unBepcHsIi Q .

Pabory D-tpurrepa ymoOHO aHaJIM3UPOBATh 110 TaOJUIEC MEPEXO0B
(tabmn. 11.7). B Ttabn. 11.7, kak 00bIYHO, MHJEKC N 0003HAYAET COCTOSTHUE TEKYIIIETO
TakTa, a N — 1 — cocTosSTHUE NMPEabTYIIEro TaKTa.

[Tpu nabope BxoaubIXx curamoB C =1, D=1 ase mor.1 Ha Bxomax JID DD1.1
yCTaHABJIMBAET Ha €ro BBIXOJE CUTHAI JIOT.0, KOTOPBIM B CBOIO OYepe/Ibh YCTaHABIIH-
BaeT curHai jor.l. Ha Beixome Q JID DD1.3 u na Beixome JID DD1.2. Ie nor.1 ¢

Bbixoqa Q u JID DD1.2 ycranaBauBarOT Ha BBIXOJIE (j JID DD1.4 curuan aor.0. Ta-

KM 00pa3oM, B COOTBETCTBHE C cocTosiHueM BbixofoB Q =1, Q=0 npousomnuia

yCTaHOBKA (3aMuch) Tpurrepa. B Tpurrep 3amucana Jjior.1, ycTaHOBJICHHAs Ha BBIXOE
Q.
Tabmuna 11.7.
Tabnuna nepexonoB D-tpurrepa na JI9 1U-HE

C D On Qp Pexum
1 1 1 0 VYcranoBka
1 0 0 1 Copoc
0 X 0(Qp_1) 0(Qn_1) XpaHeHue

ITpu nHa6ope BxoaHbix curaanoB C =1, D =0 nor.0 na Bxoxae JID DDI.1 ycra-
HAaBJIMBAET HA €r0 BBIXOJE CUTHAJ JIOT.l, KOTOpas J1ajiee HUYero He onpenerser. /Ise
nor.1 Ha Bxonax JID DD1.2 ycranaBnuBaer Ha ero BbIxojie curnai Jjior.0, KoTopblil B
CBOIO ouepenb ycraHaBiauBaeT Ha Beixoae Q JID DDI1.4 curman mnor.1. JIse nor.1 ¢
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Berxoga Q um JID DDI1.1 ycranasnuBaroT Ha Beixone Q JID DD1.3 curnan nor.0. Ta-

KM 00pa3oM, B COOTBETCTBHE ¢ cocTossHueM BbIxomoB Q =0, Q =1 mpowmzomen

copoc Tpurrepa. MHpopmanus U3 Tpurrepa yjnajaeHa, Tak Kak Ha Bbixoje Q ycTaHOB-
neH Jior.0.

Kak Tonpko curnan Ha cuHXpoHuU3HpymoueM Bxoae C ycraHoBuTcs B Jor.0, To,
BHE 3aBUCHMOCTH OT CHTHaJIa Ha nH(popMarroHHoM Bxozae D (X — moboe cocTosiHue),
Ha Beixoaax JI9 DDI1.1 u DD1.2 ycranaBnuBatotcs jor.l u Tpurrep nepexoaut B
PEXUM XpaHEHUS.

Ha puc. 11.11.6 npueaeHo ycinoBHoe o0o3Hauenue D-tpurrepa na JI9 U-HE.
Hanuune nONOMHUTENBHOTO CHUHXpOHM3UpYIoulero Bxoaa C TOBOPUT O TOM, YTO
JTaHHBIA TpUTTEp CUHXPOHHBIN. B 0003Hauenun Bxoasl Tpurrepa C u D npsimble, Tak
KaKk HeT 00O3HayeHUsi MHBEPCUU. DTO yKa3blBa€T HA TO, YTO JNaHHBIA D-Tpurrep
yIpasiisieTcs Jor.1 mo 000uM BXoaam.

Ha puc. 11.11.B npuBeneHbl BpeMEHHbIE TUAarpaMMBbl, MOsICHAOIKE padoTy D-
tpurrepa Ha JID 1-HE.

PaccmoTpennsiii D-Tpurrep siBIsieTCs CHHXPOHHBIM TPUITEPOM CO CTaTHYe-
CKUM YIpPaBJICHHEM, TaK KaK OH MOKET MEPEKII0YaThCs B TEUCHHE BPEMEHM JIeil-
CTBUU CUHXPOHU3UPYIOUIETO UMITysbca Ha Bxoze C.

Cnenyetr oTMeTUTH, YTO D-Tpurrep MoryT ObITh ¢ JMHAMUYECKUM YIIPABIICHH-
eM. Hanpumep, UMC KI155TM7 coaepxutT 4eTbipe D-Tpurrepa co cTaTU4ecKuUM
ynpasienueM, a UMC K155TMS8 coaepxut detsipe D-Tpurrepa ¢ JuHaMUUYECKUM
yIpaBiieHUEM [5].

T-Ttpurrep. BHyTpeHHss cTpyKkTypa 7-Tpurrepa JOCTaTOYHO CIOXKHA, II03TOMY
Ha puc. 11.12.a npuBeneHoO TOIBKO €ro yCcaoBHOE 0003HAYCHUE HA CXEMaX.

DD1 T—BWT“E Tl_l_l_l_l_l_t

T4l T Q VpasiieHue 1o GpoHTy Q ' ' ' ' ' '

- t
R—Rr T—B WA TAB I I I I I L

YupasieHue 1o cnaay t

Ol
Ol

a o 8
Puc. 11.12. T-tpurrep: a — ycinoBHOEe 0003HaueHUE; O — 0003HAUCHUE

JUHAMHUYCCKHUX BXOA0B; 6 — BDCMCHHBIC JHAI'PAMMBbI pa6OTBI

T-Tpurrep nMmeeT oJMH HHPOPMAITMOHHBIN BX0a T 1 JBa BeIX0aa — npsiMoi Q u
uHBepcHbI Q . JIs yCTaHOBKM B HyJIeBOe cocTosinue (copoca) T-Tpurrep oOBIYHO
JOTIOJTHSCTCS aCHMHXPOHHBIM BXOJIOM Tpe/IBAPUTEIIbHON yCTaHOBKHU R.

Bxonp! nmpeaBapuTebHON YCTAHOBKU S M R, €Ciii OHU UMEIOTCS, UMEIOT TIPHO-
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pUTET (IPEUMYILECTBO) HaJ BCEMU OCTAJILHBIMU BXOJIAMHU.

T-tpurrep (win CUETHBIA TPUITEP) SABISETCS TPUITEPOM C JTUHAMUYECKHM
VIOPABJICHUEM U MEPEKII0YaeTCA B pe3yJbTare BO3IACHCTBUS Ha €ro MH(QpOpMalUOH-
HBIU BXOJ 1 Ka)KJI0r0 O4EPEAHOI0 aKTUBHOI'O CUTHAJIA.

AKTHBHBIM CHUTHAJIOM Yy TPUITEPOB C JUHAMUYECKUM YIIPABICHHUEM MOXKET
ObITh MO0 PpOHT, MMOO cnaa BxoaHoro curHana. Ha puc. 11.12.6 npuseaeHs! Bapu-
aHTHI (Kak ObLIO MOKAa3aHO BBIIIE) YCIOBHBIX 0003HAYEHUN TUHAMUYECKUX BXOJIOB.

U3 ycnoBHoro o6o3HaueHus T-tpurrepa (puc. 11.12.a) BUIHO, YTO MPUBE/ICH-
HBIM T-TpUrrep ¢ IMHaAMUYECKUM YIPaBJICHUEM M0 craay, cOpoc Tpurrepa npou3Bo-
autcs sor.1 Ha Bxoae R.

PaGota T-Tpurrepa 3akitodaercs B CIEIYIOIIEM.

[Ipu axTuBHOM ypoBHE jor.l. Ha Bxone R T-Tpurrep Haxomurtcst B cOpoIlleH-
HOM COCTOSIHUM M HE YYBCTBYET CUTHaJIbI Ha ero mHpopmanuoHHoMm Bxojne 1. Ilpu
3TOM COCTOSIHMSI BBIXOZIOB cooTBeTcTBYIOT Q =0, Q = 1.

[Tpu nor.0. Ha Bxoge R T-Tpurrep mepekitoyaeTcsi Mpu BO3AECHCTBUU HA €T0
MH(GOPMAIIMOHHBIN BXOJ T KaXKJI0r0 O4epeIHOrO Crajia BXOJAHOIO CUTHAA.

Ha puc. 11.12.B npuBeneHsl BpeMEHHBIE TUarpaMMbl, TOSICHsIONUE padoty 7-
tpurrepa. 13 Bpemennsix nuarpamm (puc. 11.12.8) BUIHO, YTO YacTOTa BBIXOJHBIX
UMIIYJIbCOB [-TpUITEpa B JIBa pa3a MEHbILIE YAaCTOThl BXOAHBIX UMIYIbCOB. [loaTOMY
T-Tpurrep HIMPOKO HCHOJB3YETCS B JCJIUTENSIX YacCTOThl M LMU(POBBIX CUETUHMKAX
UMITYJIbCOB.

B uHTErpasbHOM HCHOIHEHUH B BUJIE CAMOCTOSTENBHBIX U3JEIUN T-TpUrrepsl
HE MPOU3BOJATCS, TAK KaK B ATOM HET OOJBIION HEOOXOAMMOCTH. T-TPUITEP MOKET
OBITh MOCTPOEH U3 APYTUX TUIIOB CUHXPOHHBIX TPUITEPOB C IMHAMUYECKHM YIIpaB-
JeHUEeM MyTEM OINpeesIEHHbIX COEIMHEHUH HUX BBIBOJOB. B wactHocTM M3 D-
TpUITEpa ¢ AMHAMUYECKUM YIPABICHUEM, €CIU COCAMHUTh €r0 MHBEPCHBINH BBIXO[
Q ¢ D-Bxomom [25].

CrnenyeTr OTMETUTh, YTO TPUITEPHI C TUHAMUYECKUM YIPABIEHUEM MOXKHO I10-
CTPOUTHh Ha 0a3e NBYCTYIEHYATHIX TPUITEPOB CO CTATUUYECKUM ympasieHueM [18].
YKka3aHHbIE TPUTTEPHI B TAaHHOM pa3Jielie pacCMaTpUBaThCs HE OyIyT.

JK-Tpurrep. JK-tpurrepsl OTHOCUTCS K YHUBEPCAIBHBIM TpUTTEpaM, 00Jaia-
FOIMM CJIEYIOIUMHU CBOMCTBAMU:

1) oHM HE UMEIOT 3aNPENIEHHBIX KOMOWHAIIHIA BXOAHBIX CUTHAJIOB,;

2) IyTéM OIPEICIIEHHOTO COSMHEHHS X BBIBOJOB OHU JIETKO IPEBPAIIAIOTCS
B TPUITEPHI APYTUX TUIIOB;

3) 5TU TpUTTEPHI C PaBHBIM YCIIEXOM MOTYT OBITh UCTIOJIB30BAHBI B PETUCTPAX,
Cu€TUMKax, ACTUTENAX YaCTOThI M IPYTHX HUPPOBBIX y3Iax.

CxemHass peamu3aumst JK-Tpurrepa mocTaToOdyHO CIIOKHA, IO3TOMY Ha
puc. 11.13,a npueneHa TOJIBKO €ro YCIIOBHOE 0003HAUYCHHE HAa CXEMaX.
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JK-tpurrep (puc. 11.13.a) umeer nBa mHpopmanuoHHbX Bxoxa J u K, cuH-

xpoHm3Upytomwii Bxoa C, 1Ba MHBEPCHBIX BXO/a MPEIBAPUTEIHHON YCTAHOBKUA S H

R u nBa Beixona — npsimoit Q u maBepcHbI Q . Bxoa C auHaMuyeckuii ¢ ympasiie-

HUEM 10 Craay.

N3 ycnoBHoro ob6o3znauenust (puc. 11.13.a) Bugno, uro sto JK-Tpurrep, tax
KaK B HAIM4YUU BXojbl J U K, mpuyém npsiMble, IO3TOMY TPUTTEp YIpaBisieTcs Jor. 1.
Hanuune u o6o3nayenue Bxojga C TOBOPUT O TOM, YTO 3TO CHHXPOHHBIN TpUTTED C
JUHAMUYECKUM YyrpaBieHueM. O003HaUeHUE WHBEPCHBIX BXOJOB MPEABAPUTEIbHON
ycTaHOBKH S ¥ R (KpyXOUKM Ha BXOZaX) CBHETENHECTBYET O TOM, 4TO MPEABApH-
TeJbHAsl yCTaHOBKA MPOU3BOAUTCS JoT.0.

Kak yxe orMeuanoch, BXOJbl PEIBAPUTEIBLHON yCTaHOBKHU S U R umerot npu-
OpUTET HaJ BCEMH OCTAJIbHBIMU BXOJaMH, MO3TOMY paccMoTpeHue paborsl JK-
TpUITepa HEOOXOAMMO HAYMHATh C HUX.

IIpn Habope curHanoB S = 0 (aKTHBHBIHA ypoBeHE), R = | (HEaKTHBHBIH ypo-

BEHB) TIPOMCXOIUT YCTAHOBKA TPHTTEpPA, P 3TOM Ha BeIXoaax 6yger Q =1, Q =0.

IIpu HaGope curHamoB S = | (HeaKTHUBHBIH ypoBeHb), R = 0 (aKTHBHBIH ypo-
BEHb) NPOUCXOIUT COpOC TpUITEpa, MpHU ITOM Ha BbIxojax Oyaem umerb Q =0,

Q =1
Ipu HaGope curHanoB S =1, R = | (HeakTHBHbIC YPOBHH) BXOABI S M R He
OKa3bIBAIOT BIMSIHUS Ha pabOTy TpUTTEPA.

TN
DD1 I N N I SN N S -
B J — | ———
sS—os| T I
- o ) T = ey s
J—J T
c—c B T
K —K _ Q : B
- M ° ! t
—_ |
| t
a O

Puc. 11.13. JK-tpurrep: a — ycIoBHOE 0003HAYCHHE;

0 — BpeMEHHbIE THarpaMMbl pabOThI

Pa6ota JK -Tpurrepa 3axirodaercs B CICIyIONIEM.
IIpu Bcex KOMOMHAIMAX BXOJHBIX CUTHAJIOB, KpoMe oanou J =1, K=1, JK-
TpUITep paboTaeT KaKk CHUHXPOHHBIM RS-Tpurrep ¢ JUHAMUYECKUM YIPABICHHEM,
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IpUYeM BX0J J BBIMONHSIET posib BXoAa S, a BXo K BbINONHAET posb Bxoaa R.

[Tpu xomOunanuu BxoAHbix curHaioB J =1, K =1 JK-tpurrep padortaer xak
T-Tpurrep, TO €CTh €ro NEPEKITIOYEHUE MPOUCXOIUT MPU NPHUXOAE KaXAO0ro craja
CUHXPOHU3UPYIOIIEro umnyibca Ha Bxone C.

BpeMmennble nuarpammbl, noscHstoue pabdory JK-tpurrepa mpuBeieHbl Ha
puc. 11.13.6.

Cxembl noctpoenuss D-tpurrepa u T-tpurrepa Ha 6a3e JK-tpurrepa npusese-
HbI Ha puc. 11.14.

DD2 -

J
D gl T 0 Q
DD1 . _ 1. T 1€ _
[ _ K o)

el b F

“7”

a O

Puc. 11.14. Cxemsl Ha ocHOBe JK-Tpurrepa: a — D-tpurrepa; 6 — T-tpurrepa

Cnenyer otMeTUTh, 4TO JK-TpUTTEp MOKHO BBITIOTHUTH U3 ABYX CUHXPOHHBIX
RS-TpUrrepoB co CTaTHUECKUM YIPABICHUEM, TO €CTh JBYXCTyneHYaThiM [26]. JK-
Tpurrepsl BxoaiaT B coctaB UMC. Hanpumep, UMC K155TB1 conepxut nsa JK-
tpurrepa [25].

Tpurrepsl cnyxatr 31eMEHTHOM 0a30i UIsi MOCTPOCHUS O0oJiee CIOKHBIX
U(GPOBBIX YCTPOMCTB, a JIsI CaMOCTOATEIHLHOTO NPUMEHEHHUS BBITYCKAIOTCS B
coctaBe MHOrux UMC.
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12 KYPCOBAA PABOTA 110 AUCHOUII/IUHE «3JIEKTPOHUKA»

Tema: Pazpadorka u pac4éT 3JIeKTPOHHOI0 YCTPOiicTBA
3ananue
1. Pa3zpaboraTh U paccuuTaTh CXeMy TPAH3UCTOPHOIO 3JIEKTPOHHOIO YCHIIUTE-
Js TIEPEMEHHOTO HAINpsHKEHUs, MPENCTaBIeHHOro Ha puc. 12.1. Onucars npuHIUII
ero paboThl.

* o +Up

Puc. 12.1. Dnexrpuueckas NpUHIIUIIAAIBHAS CXEMa
YCUJIMTENS HU3KOM yacToTsl ¢ OO

2. IlpousBecTtu BBIOOp M pacueT BBIIPAMHUTENS ¢ GUIBTPOM, KakK y3jia OJoka
NUTaHUS JJI1 YCWIMTEIBHOTO YCTPONCTBA, OMKUCATh MPUHIIUII €r0 PaOOTHI.

3. IIpousBecTu BBIOOp M pacyeT cTaOMIM3aTOpa HANPSKEHHUS, KaK y3Jia 0Jo0Ka
MUTAHUS TSl YCUITUTEIIBHOTO YCTPONUCTBA, OMUCATh MPHUHIIMIT €T0 pabOThI

HcxoaHbIMU JaHHBIMU NMPHU PacyéTe TPAH3UCTOPHOI0 YJIEKTPOHHOIO YCH-

JINTEJIA SIBJISIIOTCS:

- HaIpsDKEHHUE Ha BhIXoJe kKackana Ugpix max (HApsoKEHUE Ha HArpy3Ke);

- CONPOTHUBJIEHUE Harpy3ku Ry ;

- HYWOKHSISI TpaHrYHas gacrora fy ;

- TOMYCTUMOE 3HaueHue Kod((UIIMEeHTa YaCTOTHBIX HCKAKEHWHA B 00JacTv
HIDKHUX 4acToT My;

- Hanipspkenue nutanus Uy (Ex).
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HcxonHbIMHU JaHHBIMU NIPU pacyéTe BHINPAMUTENS ¢ PUIBLTPOM 1J1A
3JIEKTPOHHOI0 YCWINTEJS SABJISIOTC:
- TUII BBIIPSIMUTEINS — OAHO(A3HBIM MOCTOBOI;
- HOMUHAJIBHOE BBINIPSMUTEIbHOE HANpsKeHue Uy ¢y,
- TOK Harpy3ka |y ¢p;
- HOMHHaJIbHOE HampsikeHue cetn Uy
- TpeOyeMbIil KO3 (ULKUEHT CrilakKuBaHus GuibTpa ( .

PacyéT TPaH3UCTOPHOTO0 YJIEKTPOHHOTO YCHJIUTEJISI CBOAUTCS K OTpe/eJie-
HUIO:

- TUTIA TPAH3UCTOPA U PEKHUMaA €T0 PabOTHI;

- CONPOTHUBIICHUS HArPY3KH B IIENU KoJuiekTopa Ry; B e smuttepa Ry

- CONPOTUBIICHUN JIeuTeNs HanpspkeHust Ry, Ry;

- eMKOCTH pa3JIeNIUTeIbHbIX KOHAeHCaTOpoB Cy , Coy;

- eMKOCTH KOHJIeHcaTopa B menu smutrepa Cs ;

- k03 puIMeHTa YCUIIEHUS 110 HaNpsDKEHHIO K,

- BBIOOpPY CTaHJAPTHBIX 3HAYCHHH PE3UCTOPOB M KOHJICHCATOPOB M 3aMCHE
pacYeTHBIX 3HAYCHHI MACCUBHBIX JICMCHTOB 3HAYCHHUSIMU U3 Psifa CTAHIapTHBIX,

- DKCIIEPUMEHTAJIbHOMY HCCIIEIOBAaHUIO Pa3pabOTaHHOM CXeMbl TPAH3UCTOPHO-
ro ycuiautens, nyrém moaenupoBanus e€ B cpeae Electronic Workbench-5.12. Dkc-
NEPUMEHTAJIbHOE UCCIIEIOBAaHUE JOJKHO BKJIIOYATh B CeOsl MOJIENh YCTPOWCTBA CO
BCEMHU MPUOOPAMH, OCIIILIOTPAMMBI BXOJHOTO U BBIXOJHOTO CUTHAJIOB, PE3YJIbTATHI
U3MEpEHHUsl TOKOB B LIEMU KOJUIEKTOpPA, SMHUTTEpa M 0a3bl, a TAKKE BXOJIHOTO U BBI-
XOJTHOTO HAIPSKEHUS U pacueT KodDPUIMeHTa yCUICHHs 10 Pe3yIbTaTaM OCIHILIO-
rpadupoBaHUSI.

Pacuert 0J10ka BoINpAMUTES ¢ PUIBTPOM

Lens pacuéra BBIIPAMHUTENS C (PUIBTPOM: OMPEICIUTHh NMEPEMEHHbBIE TOKH H
HaIpshKeHUs Bcex 00MoToK TpaHchopmaTopa (l1, 12,U1, Uy ), ero momuOCTS Py, BEI-
OpaTh BBIIPSIMUTEIBHBIC TUOMIBI U HAUTH €MKOCTh KOHJeHcaTopa GuibTpa. B 0onb-
IITMHCTBE CIIYYaeB B BBHIIPSMUTENSAX MPUMEHSIOT TIpocTeiiue GUuibTPhl B BUIE KOH-
JieHcaTopa OOJBIION EMKOCTH:

Pacuér crabuinzaTropa HanpsiKeHust

Iens pacuéra crabuiam3aTopa HANPSHKEHUS: OTPEEIUTh: HEOOXOANMYIO BEJH-
YiHA BXOJIHOTO HAMPSDKEHUS CTAOMIM3aTopa, BXOJHON TOK cTabmin3aTopa, ko3 du-
[IMEHT MYJIbCAIU HAMPSHKEHUS HA BXOJIe CTaOMIM3aTOpa, MapamMeTphl BCEX dJIEMEH-
TOB CXEMBI CTAOMIIN3aTOpa, IEUCTBUTEIbHBIN KOG (DHUIIMEHT CTaOMITU3aITIH.
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12.2 O6mue Tpe60BaHUSA K 0POPMJIEHUIO MOSICHUTENbHOM 3allMCKHU

PacueTHO-TIOsSICHUTENBHAS 3aIIMCKA JTOJKHA COJEPHKATh CIEAYIOIIHNE CTPYKTYP-
HBIE DJIIEMEHTHI B IPUBEICHHON ITOCIEN0BATEIBHOCTH

- TUTYJIBHBIH JIUCT;

- 3a1aHue Ha KypcoByio padoty (Ilpunoxenue 4);

- pedepar;

- COJIEpKAHUE;

- BBEJICHUE;

- OCHOBHas (pacyeTHas) 4acThb;

- 3aKJIFOUYCHHUE;

- CIIMCOK MCIOJIb30BAHHOM JINTEPATYPHI;

- IEPEYEHb COKPALICHUM;

- IPUJIOKEeHUS (crienuduKarms).

CoaepxaHue MOSCHUTENBHOM 3allMCKU BKJIIOUYA€T HAMMEHOBAaHUE BCEX pasjie-
JIOB, IyHKTOB M T.JI. C YKa3aHUEM HOMEPOB CTPAHUL, HA KOTOPBIX Pa3MEIIA0T Havajo
Marepuana.

TUTynbHBIN TUCT KypcOBOW palOTHI SIBISETCS OOJIOXKKON MOSCHUTEIBHOM 3a-
NUCKU U npenctasieH B [Ipunoxenun 1. Ha TUTyIpHOM NHCTE HOMEP CTPAHUIBI HE
CTaBsT, Ha MOCJIEAYIONIUX CTpPaHHUIIAX HOMEP MPOCTABIAIOT apabCKuMu IudpamMu B
HUKHEM YTIIy [TOCEPEANHE CTPAHULIBI.

[lepedeHb ycnoBHBIX 0003HAYEHHI, CHMBOJIOB, €IMHUILl, TEPMUHOB IPEICTAB-
JISIeTCSL B BUJIE OTAEJIBHOTO CIHCKA, €CIM B paboTe MPUMEHSIOTCS MallopacipocTpa-
HEHHBIE COKPAICHUS WM NMPUHSATHI HOBbIE CUMBOJIBI, 0003HAYEHUS U T.J.

BBenenne paboThl TOMKHO COJIEPKATh OIEHKY COCTOSIHUS PEIIaeMbIX BOIPO-
COB, MOCTaBJICHHYIO 1EJIb U 33/1a4y JaHHOU padOTHI.

OcHoBHast 4yacTh pabOTHI TOJKHA BBITIOJHATHCS B COOTBETCTBUU C METOAMYE-
CKMMU yKazaHusiMu. Ileped pacuemom ycunumensa u, cOOmMEEmcmeeHHo, UCmouy-
HUKAQ NUMAHUA 00J1)ICHO Oblmb NPUBEOEHO NOOPOOHOE onucanue nPUHYUnRa paoo-
Mol paccuumsbléaemozo yCmpoiucmea.

3aKII0YEHHUE TOJKHO COJIepKaTh KPaTKUE BBIBOJIBI IO pe3yjbTaTaM padoThl.

CHHcoK HCIONB30BaHHBIX MCTOYHHMKOB JIOJDKEH COJEP)KaTh NEPEYEHb HCTOY-
HUKOB, HCIIOJIb30BaHHBIX MPHU BBIOJHEHUU paboThl. VICTOUHMKHM cienyeT pacrosna-
raTh B IOPSAKE MOSABJICHUS CCBIIIOK B TEKCTE MOSICHUTEIBHON 3aIIMCKHU.

[TosicauTenpHas 3amucka (I13) momkHa ObITH HamedyaTaHa Ha KOMITBIOTEPE.

[TapameTps! cTpaHulbl npy Hanucanuu 13 crenyroniue: Bce Mo CTpaHULb —
2 cwm; meperiet — 0.
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Becob Texer 113 nabupator mpudrom Times New Roman ¢ oguHapHbIM HHTEp-
BaJIOM HCKIIIOYUTEIBHO B TeKCTOBOM penaktope MS Word 2003 -2007(daiin ¢ pac-
mpenuemM doc. unu docx). [lepeHoc coB — aBTOMAaTUUECKHIA.

Texct ocHoBHOM yacTu [I3 nensaT Ha pasznensl, HOAPa3IeIIbl, IyHKTHI.

Kaxnpiii paznen [13 pekoMenayeTcss HAUMHATh C HOBOM CTPaHULIBI.

3aronoBku pazgenoB Habuparor [IPOIIMCHBIMU OGykBamMu mOIyKUPHBIM
mpu@TOM € BBIPAaBHUBAHUEM IO ILIEHTPY CTpaHUIlbl 0e3 nepeHocoB. ToUuKy B KOHIIE
3arosioBka He cTaBaT. OcHOBHOM TekcT 113 HaOuparoT uepe3 cTpoKy Mocie 3arojioBKa
pazzena ¢ BbIpaBHMBAHUEM I10 LIMPUHE CTpaHulbl (pa3mep mpudrta — 14 nt). Ad3au-
HBIN oTcTym — 1,5 cm

3aroyioBKM MOJpa3/eioB MUIIYT ¢ ad3aria.

Paznenbl, nonpasensl, MyHKTbl HyMEPYIOTCS apabCKuMU LIMPpaMH ¢ TOUYKOM B
nopsiike Bo3pacTaHusi HomepoB. HoMmep mojapasziena cocTouT u3 HOMepa pasjiena u
HOMepa Mojpasjiena, pa3ieieHHble Toukoil. HoMep myHKTa cOCTOMT U3 HOMEpa pas-
Jena, mojApasaena, MyHKTa, pa3eJIeHHbIX TOUYKOH.

Hampumep, «1.4.» (4erBepThlii moapaszzen mnepBoro pasuaena) wim «1.2.3.»
(TpeTuit myHKT BTOPOTO MO/pa3jiesia NepBoro pas3ziena).

BBenenue u 3akitoueHrue HE HyMEPYIOT.

CokpallieHust B TEKCTE HE JOMYCKAIOTCs, KpoMe oOuenpuHAThIX. Vckiouenue
COCTAaBIIAIOT €IMHUIIBI U3MEPEHUN.

Yucna 10 AecSITH NPHU OTCYTCTBMM Pa3MEPHOCTH B TEKCTE MMILYT CIOBAMH,
CBBILIE JlecsATH - nudpamu. podu Bcerna numyT uudpamu. Yucno ¢ enuHuLen us3-
MEpPEHUs MUIIYT TOJIBKO LU(ppamH.

MHoro3Haunble UGPHl AEIAT HA TPYIIBI 10 TpU HUGPHI B KaKIOW, crpaBa

HaJIEBO. Kaxmyro rpynmny oTAeNAoT oJiHa OT IPYroil mpoberom B oaHy IUGPY.
[IpaBuiibHO HenpaBunbno
91 327 563 91327563

Ecnu umcna B TeKcTe ABISIOTCS MPENEIbHBIMH, MEXAY HUMHU CTaBsT THUPE,
MHOT'OTOYHME WJIU TIEPEe] HUMHU MPEJIOTU «OT» U «JI0».

Hanpumep: momuocts 5-10 kBT1; momuocTts 5...10 kBT; MomHoCcTh OT 5 A0
10 xBr.

MaremaTudyeckue 3HaKd MPUMEHSIOT JIUIllb B GopMynax. B Texcre oHu mu-
myTtes cinoBamu. Hanpumep, cnenyer nucats «/luametp D pasen 0,5 m», a vHe «D =
0,5 m».

@opMyJibl BBIACISIOT U3 TEKCTa CBOOOIHBIMU cTpokamu. Habop maremaTtuye-
CKHUX U XUMHUYECKUX (OPMYIN JOKEH OBITh MO BCEU CcTaThe eauHOo0O0pa3HbM. Dop-
MyJibl B HE 3aBUCHUMOCTH OT MECTa PAaCIIOJIOKEHHS B CTaThe CeAyeT HaOUpaTh B pe-
naktope ¢popmyn Microsoft Equation 3.0 ¢ pasmepamu: oObIuHBIN — 14 0T; KpynHBIN
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nHJekC — 12 nr; menkuit uaaekc — 10 nr; KpynHbI CUMBOJ — 16 IIT; MENKANA CUMBOJI
— 10 oT.

Bce pycckue u rpedeckue OykBbl (o, €2, 1, 9, B, L ¥ T.1.) B GpopMynax JTOJKHbI
ObITh HaOpaHbl NpsAMbIM HIpudToM! OOGO3HAYEHUSI TPUTOHOMETPUUYECKUX (DYHKIIUI
(sin, cos, tg u T.1.) — npssMbIM mpudToM! Jlatunckue O6ykssi (d, f, g, h, J, k, I, D, F, G,
H u 1.1.) — KypcuBom.

Bce GopMybl JOMKHBI IPUBOIUTHCS ¢ paclin(pPOBKON yCIOBHBIX 0003HaUE-
HUW W eIWHULIaMH U3MepeHus. PacumdpoBky OyKBEeHHBIX 0003HAUECHUN W YHUCTIOBBIX
K03 PUIIMEHTOB Taf0T HEMOCPEACTBEHHO 3a (POPMYJION B TOW MOCIEAOBATEIHHOCTH,
B KaKOW OHU NIPHUBEACHBI B (hopmyie.

[lepByto cTpoky pacmudpoBKH HAUWHAIOT CO CIIOBA «Te» 0€3 ABOETOUUS TO-
CJie HEro.

[Tociie popmyIbl CTaBAT TOT 3HAK MPEMHMHAHUS, KOTOPHI HEOOXOIUM HCXOJS
U3 TIOCTPOCHUS (pa3bl: TOYKA, 3amsATas. 3HAKW MPEIHHAHKS IMOMEIIAI0T HEMOCpe-
CTBEHHO 32 (hOpMyJIaMH J0 UX HOMEpa.

®opmyinel 113 HymepyroT apabckumu 1mudpamMu B mpeaenax paszaena. Homep
(GopMyIIBI COCTOMT U3 HOMEpA pasjielia U MOPSAKOBOrO HOMEpa (OPMYIIBI B pasiere,
pasneicHHBIX Toukor. Homep ¢gopMyibl yka3bIBaloT B NMPaBOW CTOpOHE JIMCTA Ha
ypoBHE (DOPMYIIBI B KPYTJIBIX CKOOKAX.

Hamnpuwmep: (3.2) -Bropas popmyia TpeThero pasjaena.

Hudposoii matepuan opopmisitoT B Buje Tadauil. Cchliika Ha TaOIUIly B TEK-
cTe o0si3aTenbHa M JOJDKHA OBITH JaHa 0 MpEeACTaBICHUs (PACHOIOKEHHs) caMOi
tabmuiel B Tekcte [13 B Bume cokpamieHus — taba. 1 (eciu TabiauIl HECKOJIBKO) HITH
MOJIHOCTBIO — TabuIa (B Cllydae eIMHCTBEHHOW TaOJIHIIbI ).

Tabmunpl HyMepyIOT MoceaoBaTeIbHO apadckumu mudpamu. Ham mpaBbiM
BEPXHUM YTJIOM TaOJIMIIBI OMEIIAIOT HAAMUCh « Tabmuia» ¢ ykazaHuem Homepa (0e3
3Haka Ne) pazzena u mopsAIKOBOrO HOMepa TaONMuUIbl B pasnelnie, pa3aeileHHbIX TOY-
KOM.

Tabnuiel BBIMOMHSIIOT B TEKCTOBOM PEIAKTOPE B COOTBETCTBUHU C BHINICYKa-
3aHHBIMA TPEOOBAHUSMHU, LEHTPUPYIOT Oe3 OOTEeKaHUsT TEKCTOM H 00s3aTEeIIHbHO
CHA0XarT TeMAaTHYCCKUMH 3aroJIOBKaMH. 3aroJIOBKH TaOJIHMI] HAOMPAIOT B TECTOBOM
peAaKTOpe MOMYKUPHBIM MPU(GTOM KYPCUBOM U MOMEMIAIOT Yepe3 CTPOKY /10 TaOJIu-
161, BBIPABHUBAIOT TI0 LIEHTPY CTPAHUIIBI O€3 a03aIiHOT0 OTCTYTA.

Nnnroctpanmu 0603Ha4atoT cioBoM «Puc.» 1 HyMepyroT apabckuMu nudpamu
B TIpejenax pasaena. Homep wiutrocTpariuu J0HKEH COCTOSTh U3 HOMEpa pasjiena u
MOPSAIKOBOIO HOMEpPA WJUIIOCTPALMU, Pa3AEICHHBIX TOYKOW, Hampumep: «Puc. 1.3»
(TpeTuii pUCYHOK IEPBOTO pa3jiena).

Ecnu B 113 nmpuBeneHa oHa UuIOCTpaLus, TO €€ He HyMEPYIOT.
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Nnnroctpauuu (4epTexu, TaONUILIbI, CXEMbI, TPAQUKN), KOTOPBIE PACIIONIOKEHBI
Ha OTJeNbHBIX cTpanulax [13, BKIoyarT B 00LIYI0 HyMEpauuio CTpaHuL.

CchUIKM B TEKCTE Ha UCTOYHHUKHU JIUTEPATYpPhl JOMYCKAETCS NPUBOAUTH B MOJ-
CTPOYHOM MPUMEYAHUHN WJIM YKa3blBaTh MOPSAKOBBIA HOMEpP IO CHUCKY HCHOJIB30-
BaHHBIX HCTOYHUKOB, BbIICJICHHBIN ABYMsI KBaJpaTHbIMU CKOOKaMH, Harpumep: [4].

Ccbuiku Ha GOpMYIIbl YKa3bIBAIOT MOPSIKOBEIM HOMEPOM (HDOPMYJIBI B CKOOKAX,
HarpuMmep: «... B hopmyie (2.3)».

Ha Bce Tabyuibl JOMKHBI OBITh CCHIIKUA B TEKCTE, IPU 3TOM cJIoBO «Tabmuna»
B TEKCTE MUIIYT MOJHOCTHIO, €CU TaOJuIa HE UMEET HOMEpa U COKpAIleHO, €Clu
UMeeT HOMEp, HalpuMep: «... B Ta01.1.2.».

B moBTOpHBIX cChUIKAaxX Ha TAaOJIUIbI, WUTIOCTPALMU U (POPMYIIBI YKa3bIBAIOT
COKPAILIEHHOE CJIOBO «CMOTPH», HAIIPUMEP «CM. Tabn.2.4.».

CchUIKM Ha WUTIOCTPALMK YKa3bIBAIOT MOPSJIKOBBIM HOMEPOM MJUTIOCTpPALIHH,
Hanpumep: «puc. 1.3.».

12.3 [TopsAaoK pacyéTa yCUJIMTE/IBHOIO YCTPOMCTBA

Hcxonubie gaHHbIe ISl pacyeTa TPAaH3UCTOPHOIO YCUIIUTEINS JJISl KaXJ0ro Ba-
puaHnTa npesacrapiieHsl B [Ipunoxenun 2 (Tadmn. 112.1)
PexoMeH1yeTcst MCXOHBIE TaHHBIE CBECTH B Ta0JIHUILY.

Tabmuma 12.1
HcxonHsle TaHHBIE

Howmep JanHbIe 11 pacuera
BapI/IaHTa UBbIX max QB RH b OM fH7 FI—I EHI/IT) B MH

1. BoiOupaeTcs TiI TpaH3UCTOPA U3 YCIOBUSA:

a) U, > (11.13)Uy,

rue — HauboIbIIee JOMYCTUMOE HAIPSIKEHUE MEXKIY KOJUIEKTOPOM HU

U KD.on

AMUTTEPOM, KOTOPOE IMPUBOJUTCS B CIIPABOYHMKAX, a U, = E;

6) | > 2| — ZUBmeax
K.jom H.Mmax R '
H
rac |H.max — HaI/I6OJ'IBHIaH BO3MOZKHAasA aMILUIMTyJa TOKA HAarpy3KH, | — HaI/I6OJ'H>-

K.mon
WA TOMYCTUMBIN TOK KOJUIEKTOPA, IPUBOJAUTCS B CIIPABOYHHKAX;

B) Ipe/ieIbHAs YacTOTa NepeIaun Toka 06a3bl TOJDKHA OBITH OOJIBIIE WIIH PaBHA:

f > fi
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r) MomHOCTh, paccerBaeMasi Ha KOJUIEKTOPE TPAH3HCTOpa

P max =0,25P,,
2
e P _UBBIX.maX
) =
FQH
1) IO pac4E€THBIM 3HAYECHUSIM UKa.;[on v D on Pemax ® f[3 BBIOUPAIOT THII
OUTOJISIPHOTO TPAH3UCTOPA.
Tabnuna 12.2
[TapameTpsl BbIOOpa TpaH3UCTOPA.
[TocTosiHHBIN ['pannunas
Hanpsixenne PaccenBaemas
BenmnunHa | TOK KOJNEKTO- 4acToTa
KOJIEKTOP-OMUTTEP MOIIHOCTb
pa repeaayu
Venosue | lgon >2limax | Uonon >(1,1...1,3)Uy | P son™Prcmax frp > T
3HaueHue

[To mony4yeHHbIM pe3ynbTaTaMm u3 [6] BeIOUpaeM Mapky TpaH3ucTtopa. s BbI-

6paHHOFO 6I/IHOJISIpHOFO TPaH3UCTOPA BBIIMUCBIBACM CIIPABOYHBIC TAHHBIC U 3aHOCHUM

ux B Tabmuity 12.3. i kackagoB yCUIWTENIEH HANPsOKEHHS OOBIYHO MPUMEHSIIOT
MasioMolHble Tpan3uctopbl tuna ['T-108, IT'T-109, MI120, MII21, MII25, MII40,

MII41, MI142, MII111, MII113 u np.

Tabmuna 12.3

3HaueHue mapaMeTpoB, BHIOPAHHOTO TPAH3UCTOPA

HaumenoBanne O06o3HaueHHE 3HaueHue
MunumanbHOe | MakcumanbHOE
MakcumanbHOE HampsixKe-
HHE KOJUIEKTOP-3MUTTED, B Ui max
MakcuManbHbIN TOK KOJI- |
JIEKTOpa, MA Kmax
MuHHMMaNBHBIA TOK KOJI- e
JIEKTOpa, MA Kmin
Koadbumment nepegaun mo -
TOKY
I'parnunas gactora, MI't fg
OOpaTHBIil TOK KOJUIEKTOPA, |
MKA KBO
MakcumanbpHas paccenBae-
Masi MOIIIHOCTh KOJIJIEKTOPA, Prax
MBT
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2. Pacuér pexxuma pabOThl TpaH3MCTOpPA U BHIOOP MACCHUBHBIX 3JIEMEHTOB
CXEMBI: PE3UCTOPOB ¥ KOHJEHCATOPOB.

2.1. Pexxum paboThl ONpeeNisatoT MO JIMHUM Harpy3KH, TOCTPOSHHON Ha ceMeicTBe
BBIXOJ/IHBIX XapaKTEPUCTUK TPAH3UCTOPA (BBIXOIHBIE XapaKTEPUCTUKH JJIsl BBIOPaHHOTO
THIIA TPAH3UCTOPA MPEACTaBlIeHbI B [6]) 0 1ByM Toukam (puc.12.2)

I = PK.;[OH
K=
IKA / K3
i Igs
! \
\
4 | \ IE4
|
A A
PN |
£ ! N b3
£ X~ i |
3| & 3 T ____ < b
E| N £ g | 0 S e 52
=] 3 | |
— ~ | | ~
= ! 5
| 2 g = o S~ I
g | i -
~| XYW —— 0 ____ Lo 2
- 3 ¥ v # | ] 1 UK3
£
£ § Uocr | Uskmax Ukmax
= £
s Ui
UE3 min 2Ugx m - U E
> Komax—E11
Uk max
a 9]

Puc. 12.2. XapakTepucTUKH TPAaH3UCTOPA B CXEME C OOIIUM IMUTTEPOM:
a — BXOJ{HAs1; 6 — BBIXOIHAS

- TOUKH X0JI0CcTOT0 X0Aa Uy max = Ek =U Ha ocu Hampsixkenud U lg =0
Ha OCH TOKa;

- TOYKM MOKOs (pabouell TOuke MO MOCTOSIHHOMY TOKy) — Ugro Ha ocu

HanpsoKeHUd U | o Ha OCH TOKa.

Tak kak ycunurenab paboTaeT B peXuMe A, TO TOK M HaNpsDKEHHE KOJUICKTOpa
BBIOMPAIOT U3 COOTHOIIICHU:

I o 2 (4,05...1,2) 1 ;1 .x max = (4,05...1,2) 1 ; max = (1,05.. .1,2)UBI’II?M,
H

U K20 Ugex.max + AUks =Ug max +AUxs '
rie AUk~ — OCTaTOYHOE HaIpPsSKEHHE, COOTBETCTBYIOLIEE 00JaCTH HEITMHENWHBIX
YYaCTKOB BBIXOJIHBIX BOJIbTAMIIEPHBIX XapaKTePUCTUK (HAMMEHbILEE JOMYCTHUMOE
HanpspbkeHue Uyr). s MaJoMOILHBIX TPaH3UCTOPOB MOKHO HpHHATE AUgH B
npenenax ot 0,5 no 1,5 B.

Tok mokost 6a3bl TPAH3UCTOPA OTPEACTSIOT U3 COOTHOIICHHUS
_ ko

I50 =
ho15
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I[lo nBym Toukam (I U ) u (0, Ep) Ha ceMelcTBE BBIXOIHBIX

Ko ’ K20
XapaKTEPUCTUK CTPOSIT HAIPY304HYIO NMpsiMyto (puc.12.2.0).

OnpenensoT MOJOXKEHHEe paboyell TOYKM Ha BBIXOJHOM XapaKTEPUCTUKE
BBIOPAHHOTO TPAH3UCTOPa, YYWUTHIBAsA, YTO OH pabOTaeT B pexkuMe A MocepearHe
Harpy304HOU MpsIMOH).

2.2. OnpenensdioT 3Ha4eHus conpoTuBieHuid Ry u Ry u3 ycnoBus pexuma Ko-
POTKOT'0O 3aMbIKaHUsI B TPAH3UCTOPE:

U
Ro61u = I_H 1
K3
rae |z onpenenseres no Harpysounoi mmu npu U - =0 B.
R
[punumaercst Ry = oom__
(1,15...1,25)

Ry = (R06L[I —-Rk).

2.3. OmpenenstoT HauOOJIbIINE aMIUIUTYIHbIE 3HAUYCHUSI BXOJHOTO TOKa (CHUT-
Hana) lgy m ¥ BXonHOro HampsbkeHus Uy, y, HEOOXoIuMBbIE 17 oOecredeHus 3a-
naHHoro 3HaueHus U, . ray. AMIDIUTYTY BXOJHOTO TOKa |gy ; OHNPEAENSIOT MO BbI-
PaXEHUIO:

I.m

IBxm=lgm=7—""—1

I]S.max - IB.min )
2

HBIX TPaH3UCTOPOB  |lgin=0,05 MA. 3areM 1O BXOJHOM XapaKTEPUCTHKE

IMpU4ICeM OH HC HOJIZKCH IIPCBBIIIATL 3HAYCHHA ( rac aji1 MaJaoMoIl-

(puc. 12.2.a) 1 HaliIGHHBIM 110 HEW 3HAYCHUAM | oy U |5 min ONpenessercs 3Haue-

aue 21 BX.m*

2lgxm =2lgm = I5.max = I5.min -
2.4. Tlo BXOTHOW CTATUYECKON XapaKTEepUCTUKE TpaH3ucTopa (puc. 12.2.a) mis
paccUMTaHHbIX 3HAYCHUN g ax ¥ 15 min HaXomAT Ugs max ¥ Ugs min -

Torna 2Ugx m =Ugs.max ~Upa.min »
2.5. BXogHOE CONPOTHBIICHHE TPAaH3UCTOpa MEpeMEeHHOMY TOKY (0e3 ydera Jie-
anTens HanpsbkeHus Ry, Ry)

2U 2U

BX.m BX.m

T2
b

RBX~ = =
21
BX.m .m

2.6. Conporusnenue nenutens Rj,R, ¢ Lenplo yMeHbIIEHHs HIyHTUPYIOLETO

JEUCTBHSI HA BXOJHYIO LIETb, IPUHUMAIOT PABHBIM

Rip > (8..12)Rpx. .
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RiR,

rae Rio=—%—,
1.2 Rl+ R2
TOraa
R UpRyp ExRy
1 — — y
Ryly  Rylko
Ry 2Ry
TR Ry
1—Rio

2.7. OnpenensitoT MOUTHOCTH, PACCEMBAEMBbIE HA PE3UCTOPAX CXEMBI:
- Ha pe3ucTope Ry :
Pr, =(Ix)*Ry,
rac IK = IKO .
- Ha pe3uctope R2:
Pro =(Ir2)°R2,
Ur2a _Ups _Ugo
R2 R2 R2
- Ha pesuctope R1:

rae lgy =

Pgq = (Ig1)?RY,

rae lg;=Ilgo+1gro-
- Ha pe3ucTtope Ry:
Py =(15)%Ry,
rae Iy =lg.
2.8. [Ipoepsitor, OyIeT U cXema JI0CTaTOYHO CTAaOMIBHO paboTaTh, sl 3TOTO

pPacCcUUTHIBAIOT KOA(DPUITMEHT HECTAOMIBHOCTH pabOThI Kackaaa mo Gpopmysie:

S R3+R12

Rio
1+ Bmax

[Tpuemnembie 3HaueHUsT KO GUIFIEHTa HECTAOMILHOCTH JIeXKaT B TpeAeax oT 3

Ry +

110 5.
2.9. PaccunthiBaroT EMKOCTH pa3AciauTelIbHBIX KOHIeHcaTOopoB Ci, Co 1 eM-
KOCTh KOHJICHCAaTOpa B Iienu 3MutTepa Cs, pacrpeeanB HEIMHEHHBIC HCKaKCHUS

NOPOBHY MEXIy KoHaencaropamu My c, =My c, =Myc, = 3SIMyy .

- pazaenuresibHast eMKOCTh (o, BBIXOAHOE COMPOTUBIICHUE YCUIIUTEINSI U COMPO-
TUBJICHUE HArpPy3Ku 00pa3yroT (GUIBTP BEPXHUX YACTOT, HYDKHSS TPAHUYHAS 9acTOTa
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KOTOPOT'O JOJIDKHA OBIThH BbI6paHa Tak, YTOOBI IMOJTHOCTHIO MMpOoNyCKaJInuCh HUKHHUC Ya-
CTOTHI CUT'HAJIa, ITIO9TOMY!

C2 > 1 . RBI:IX.T RK +R

2 , Rppx =—————+Ry,
2
2nfRoux [ M c, "1 ReeeT + Rk

— BBIXOJHOC COIIPOTUBJICHUC TPAH3UCTOPA, OIMPCACIACMOC 11O BBEIXOJHBIM

rne R

BbIX.T

CTaTUYECKUM XapakTepucTHKaM miig cxembl ¢ O3. B OonbmMHCTBE CcilydaeB

R.ux r >> Rk , moatomy moxuo npunsts R, = R +R,,.

- pazzenuTenbHasg eMKOCcTh C; M BXOJTHOE CONPOTHBIICHHE YCUIIUTENs 00pa3y-
0T QUIBTP BEPXHUX YACTOT, HUXKHSISA TPaHWYHAS 4YACTOTa KOTOPOTrO JIOHKHA OBIThH
BbIOpaHa TakK, YTOOBI MOJTHOCTHIO MPOIMYCKAIUCh HIDKHUE YaCTOThI CUTHaNa. Benmuuu-
Ha EMKOCTH MOTYT OBITh OIpeJieeHbI 0 popmyIie

G > L ,

2R ME ¢ 1

Tac RBX — BXOIHOC COIIPOTHUBIICHUC YCUIIUTCIIA, PAaBHO IapaAJJICIIbBHOMY COCINHC-

HUIO conpotuBieHuit Ry, Ry u I, mostomy

onf —BXL2 a2 g

rae Iy — BXOJHOE CONPOTHBIIEHHE CXEMBI, KOTOPOE NPEACTAaBIIAET COOON CONPOTUB-
JieHue gy 1 paBHO

¢ _p.. -Ytha
BX — 'BD — | J
K
rane U — tepMudeckuii morennuain, pasusiii 25,5 MB, |k — KomiexTopHbIi TOK
T p p K p

TpaH3UCTOpA.
- KOHJeHcaTop aMuTTepHOH nenu Cry !

o
2nf, Ry

3. Tlocne ompeneneHus pacyETHBIX BEIMYUH COMPOTHUBICHUNA W E€MKOCTEU
cieayer BbIOpaTh HMX HOMHHAJIbHbIE 3HaueHHs U3 5 % psga HOMUHAIOB,
BBINTYCKAEMBIX MTPOMBIITUICHHOCTHIO M 3aHECTH 3T 3HAYCHUS B CHICIU(DUKAITHUIO.

N3 [4] BbIOMpatOT HOMUHAJIBHBIE 3HAYEHUS COMPOTUBIIEHUN PE3UCTOPOB, OIU-
XKallme U3 CTaHAApPTHOrO psija 1Mo NpUHIUNY Onrkaiimue Oonbiuvie. HoMuHanbHbie
3HAUEHWs MOIIHOCTEW TakKe BBHIOMpArOT Ommkaiimme Oonpinmme. BriOuparoT Taxke
JOMYCKHU Ha pe3ucTopbl. Bee pe3uctopsl pekoMmeHayercst Bbioupars TunoB MIJIT.
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EMKOCTh KOHJIEHCATOPOB BBHIOUPAIOT COTJIACHO CTAHJIAPTHOMY PsIAY 3HAUCHUU
eMKocTel u3 [2]:

C, = nlo", roe k=1,2,....8.n=1;1,1; 1,2; 1,3; 1,5; 1,6; 1,8; 2; 2,2; 2,4; 2,7; 3;
3,3; 3,6; 3,9; 4,3;4,7; 5,1, 5,6; 6,2; 6,8; 7,5; 8,2; 9,1.
4. PaccuuthIBatoT KO3 PUIMEHT ycuieHus kackaaa ¢ OO 1o HanpsHKeHUIO:

K. =B
UTteop U
BX.m

5. [IpoBOJAT NPOBEPOUHBIN SKCIIEPUMEHTAIBHBIA pacyeT pexkuma padboTh
pa3pabOTaHHOM 2JEKTPOHHOM CXEMBI
CocraBuTh MOJIENb, Pa3pabOTaHHON AIIEKTPOHHOW cxeMbl B cpene Electronic

Workbench-5.12, ycraHoBHB mapaMeTpbl 3JEMEHTOB M HANPSIKCHHUS HCTOYHHKOB,

COrJlacHo 3a1aHus u pacyera (puc. 12.3). DkcrepuMeHTaIbHOE HCCICI0BAHHUE TOTDKHO

BKJIIOUaTh B CE0s1 MOZIENb YCTPOMCTBA CO BCEMU NMPUOOPAMU, OCLMIIIIOIPAMMBI BXOJHOTO

Y BBIXOJHOTO CUTHAJIOB, PE3YJIbTAaThl M3MEPEHHSI TOKOB B IIETIH KOJJIEKTOPA, SMUTTEPA U

621351, d TAK)KC BXOJJHOI'O 1 BBIXO/JJHOI'O HAIIPAKCHUA.

4850

J

81780 &

EE
5]

mr

ABAEmMY

I

T562m A,

Puc. 12.3. Mojenb NpuHIUNHAIBHON CXEMbI YCUIIUTENS HU3KOM 4acToThl ¢ OO
B cpene Electronic Workbench-5.12

JloOuBaroTcsi  pabodyero  pexuma,  pa3pabOTaHHOW  CXEMBI, IyTEM
pPETYNIMpPOBAaHUS  BEIMYMHBI CcOmpoTuBIeHHMs R1, Takum oOpa3oMm, 9YTOOBI

Uy ~0,5U,;.
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6. [IpoBoasT  pacuétr  kod(pduuMeHTa  yCHJIGHHS 1O  pe3yabTaTaM
ocumutorpadupoBaHus, nonydeHHbIM Ha MoaenH (K, .)-
7. Pe3ynbTaThl 3aHOCAT B Tab. 12.4
Tabnuma 12.4.
[IpoBepounbIii pacyeT pexkuma padoThl AIEKTPOHHOM CXEMBbI

IMapametper | Rk, | R2, | R1, | Ry, | (2, C2, O,
OmMm | OM | OM | OM | MKD | MKD | MKkD

KUTeop KUaKcn

PacueTHrbie
3HAUYCHUS
YTOYHEHHBIC
3HAUYCHUS
Pesynbratsl
MOJICIIHN-
pOBaHUs

12.4 MopsaaoOK pacyéTa cTabU/IM3aTOPA HANIPSXKEHUA

Pacuér crabunusaTopa BBINOIHSIOT 0 cieayomei meroauke [27].
HcxomHbIMU TaHHBIMU JIJISL pacdeTa CTa0MIN3aTOpa HANPSKCHHUS SIBIISTFOTCSI:

U,.x — BBIXOJIHOE (cTabuiau3upoBaHHOE) HamnpsbkeHue. [IpuHuMaeMm paBHBIM

HarnpspkeHuto nutanus yewmutenst (U, .. =E,).
0
AUgpix% — OTHOCUTENbHbIE mpenensl usmeHeHus U, .. B %. Ilpunumaem
— 0
AU, =10,2%.

AUy, - OTHOCUTENBHBIE TMpenaensl u3MeHenus Upy B %. Ilpuaumaem
AUg, =110%.

|,, — HOMUHAIBHBIA TOK HAarpy3Kd, paBHBIM TOKY, MOTPeOJsIEMOMY TpaH3U-
CTOpHBIM ycunuteneM. IIlpunumaem paBHBIM |yqay (CM. pacuér ycunurens).

K

B %. [Ipunumaem 0,1%.

neex% — AOIYCTUMBIH K03()(UIMEHT IMyabCalliii Ha BBIXOAE CTAOMIM3aTOPa

B pe3ynbTare pacueTa OnpenensoT:

- HEOOXOIMMYIO BEJIMUMHY BXOAHOI0 HanpsibkeHus crabunuzatopa U, =Uy;
- BXOAHOH Tok crabmnuzatopa |, =1, (puc. 12.5);

- K03 puLMeHT myapcaluii HaNpsKEeHUs Ha BXxoje crabunusatopa K . ;

- MApaMeTPbl BCEX AJIEMEHTOB CXEMbI CTA0UIIN3aTOPa;

- IEUCTBUTEIBHBIN KO UIUEeHT cTabunn3annn K, .
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Bbrunciienue pacuéTHbIX CBeIeHUH
1. BeiObuparoT cxemy KOMIIEHCAIIMOHHOTO CTaOMIIM3aTopa HAIpPSKEHUsS C pery-

JUPYIOLIUM SJIEMEHTOM, COCTOSIIIMM U3 ABYX TPaH3UCTOPOB (puc. 12.4).

Cy

UBX

J
=
|
I+

} Rir| Unanx

vD; /N Rs

Puc. 12.4. IlpuHuunuanpHas cxema cTabuin3aropa HanpsKeHus

2. BoibupatoT THI perynupyroiiero Tpansuctopa V11 u ero pexxum

MuHuMansHOE HANpPsDKEHNE Ha BXOJIe CTa0MiIM3aTopa

UBX.min = UBBIX (1+ AU BBIX % /100) + K3U KBmin
rae  Ugomin = (1-2) B — MuHHMabHOE HAMPSHKCHUE MEXK/TY KOJUIEKTOPOM M OMHT-

TepoM Tpan3uctopa VT 1, mpu KoTopoMm ero pabora He 3aXOUT B 00JIACTh HACHIIIIE-

HUS,
K, — ko3¢ ¢unmeHT 3anaca no HanpsHKEHUIO, MPUHUMAROT B penenax (1,3-1,5).

YuureiBas AOIIYCTHUMBIC H3MCHCHHA BXOJHOI'O HAIIPSAKCHHA, OIIPCACIIACTCA
HOMHHAJIbHOC 1 MAKCHUMAJIbHOC 3HAYCHHA BXOJHOI'O HAIIPAKCHUSA

UBX.HOM = UBX.min(1+ AUBX% /100), UBX.maX = UBX.HOM 1+AU BX%p /100).
OmpenensoT MakcuManbHOe HampskeHHe Uy max ¥ MaKCHMaibHas MOII-
HOCTD Py|max» PACCEHBacMasi Ha PEryIMpyIOIIEM TPAH3UCTOPE:
Uk 1max =Yex.max ~Ussx.min =Uex.max ~Uspx (1~ AUpgx%/100),

PKlmax = UKalmale-
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ITo paccunTanHbIM 3HAYEHUAM Uiy imaxs Primax: k1 =1y MO CIpaBOYHUKAM
[6, 28] BeIOMparOT THI TpaH3ucTopa V1, u 3anuckIBatoT B TaOJIMILY €r0 NapameTphl.

Tabnuua 12.5
[TapameTps! Tpan3uctopa V11
MaxkcumainbHO 10-
IIyCTUMBIN TOK KOJI-
JEKTOpa

MakcumanbHOE I0ITy-
CTUMOE HalIpsKEHUE
KOJIJIEKTOP-3MUTTEDP,

MakcuMaJibHO
JIOIyCTUMAs pac-
cerBaeMas MOIII-

HOCTh

Cratuueckuii
K03 puLeHT
nepeayu Toka

h2 121

U1 0n =Yk 1max

I 1 20n 2 Tkimax Py on 2 Pximax

3. BeiObuparoT Tum cornacyoiiero tpanzuctopa V12
KonnexTopHslil Tok Tpan3ucropa VT2:

lko =11+ 1r2 = (It /1) + Tra = (1 T Ppgp) + IRo -
rae lg, — JONMOMHUTENBHBIN TOK, IPOTEKAIOIINN Yepe3 pe3uctop R2, koTopslil BbIOH-
paetcs B nipeaenax (3-5) MA.
OmnpenensoT MakCUMaslbHble 3Ha4eHUs HanpspkeHUs Uysyax U MOIIHOCTH
Piomax cornacyromiero tpanzuctopa V12:

Uisomax ®Yroimax s Pramax =Yxmzmaxl k2 -

ITo paccuntanHbM 3HAYEHHAM U (yp mav s Proomax: 1o TTO clipaBodHHKaM [6, 28]
BBIOMPAIOT THII COIIACyIOLIero TpaHzucropa VT2 , u 3amuchIBaloOT B TabIMIly €ro mna-
paMeTphl

Tabmuma 12.6
[Tapametpsn! Tpan3uctopa VT2

MakcuMaiibHOE 10- | MakcuMalabHO MakcuMaiibHO CraTtuueckui Ko-
MyCTUMOE Hampsi- | JOIMyCTUMBIN TOK | JHOMycTUMAasl pac- | 3¢ HUIMEHT nepe-
YKEHHE KOJIJIEKTOP- KOJIJIEKTOpa cenBaeMas MOIII- IauM TOKa
AMHUTTEP HOCTh 152
Uknoz0m = U kr2max l2n0m 2 T2 Py non 2 Pramax

OnpenenstoT CONPOTUBIICHUE U MOIIHOCTh pe3nuctopa R2:

U

BBIX
’

|R2

R2=

Pr, = (Ig2)*R2.

4. BeiOupatoT T CTAaOMINTPOHA MAJION MOIITHOCTH U €T0 PEXKUM.

Hanpsixenune ctabunuzanuu CTaOMIUTPOHA IPUHUMAETCSI PABHBIM

U., =(0,6—08)U

BBIX
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ITo paccumtanHomy 3HaueHuro U_. 1o [3] BbIOMparOT TUN CTaOMIMTPOHA

VD1, u 3anuceiBatoT ero mapamerpsl (tabdin. 12.7).
Tabnuua 12.7

[Tapametpsl ctabunutpona VD1

MakcumaibpHOE MurumanbsHOE MakcumaiibHOE MuHuMaIBLHOE
3HA4YCHUE HaIpsKe- 3HAYCHUE HaIps- 3HAYEHHE TOKA 3HAYEHHE TOKA
HUAS KEHUA cTadOuIn3aun cTadOuIn3auu
CTa0WIN3AINHU CTaOUIN3AINU
UCTmax UCTmin Immax ICTmin

ConpoTuBiieHHE U MOIIHOCTh OrpaHUYMBaroLIero pesucropa R3 onpeaenstor-

Cs 110 BBIPAKCHUAM

R3 = UBLIX _UCT PRS _ (| RS)Z R3,

ICT o |33
rae e, = (ICT.maX + ICT.min)/Z;
IRz = ler = Ins,
| 53 — Tok amMuTTEpa TpaH3ucropa VT3, BeIOMpaloT B mpenenax (1-2) MA.
Toxk xomnekropa VT3: I3 =143.
5. BpIOuparoT TUI yCHUIINTENBHOTIO TPAH3UCTOPA U €r0 PEKUM.
B kauecTBe yCHIMTEIBHOIO UCIOJIB3YETCS MAJIOMOIIHBIA TPAH3UCTOP.
MaxkcumanbHOe HanpsKeHHE KOJUIEKTOP-3MUTTEDP TpaH3ucTtopa VI3
UKBSmax = UBLIX (1+ AU BBIX%0 /100) - UCT.min
MakcuMainbHasi MOIITHOCTh, paccenBaeMas Ha Tpansucrope VT3
Pyamax =Uxasmax! k3-
ITo paccuntanHbIM 3Ha4€HUAM Ujpzmaxs Pramax: k3 ¥ 1O CIIPABOYHUKY
[6, 28] BEIOHMparOT THT cornacyromero Tpansuctopa VT3, U 3aMHCHIBAIOT €ro mapa-

MeTphI (Tabdi. 12.8).
Tabnuna 12.8

[TapameTtps! Tpanzuctopa V13

Maxkcumaiib- Makcu- Makcumaisb- Cratnueckuit Bxoanoe co-
HOE JIOMYCTHU- | MAaJIbHO JI0- | HO JOMYCTH- KO PUIIMEHT | MPOTHUBICHUE
MO€ HampsiKe- | IMyCTUMBIN Mas pacced- | Tepeladyd ToKa | TpaH3UCTOpa
HHE KOJUIEK- | TOK KOJUIEK- | BaeMasi MOIL- Ny193 193
TOP-3MUTTEP TOpa HOCTb

Uiasnon ZYkmshaliaon 2 ks | Prson = Pramak
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B ciyuae, eciu B cripaBOYHMKE OTCYTCTBYET 3HaueHHE mapamerpa hyis, TO ero
OTPENIECNAIOT MO0 MO BXOJHON XapaKTepUCTUKE TpaH3uctopa [6, 28], nubo npuHu-
MaroT: Uit repmManueBoro tpansucropa 1000 Owm, mis kpemaueBoro 2000 Om.

OnpenenstoT CONPOTUBIEHUE U MOIIHOCTh TpaH3ucTopa R1:

Rl:UR1: UK31 _UBX_UBBIX

IRy kst 12 I3+ 15
Pgy = (1g1)*RL= (I3 + 15,)? R

— Tok 0a3bl Tpansucropa V12, Ug; =Uyy; — NaneHne HanpsHKeHUs

2152

Ha pesucrope R1, Ig; =13+ |5, — TOK, mporekaromuii yepes pesucrop R1
6. BxonHoii Tok ctabunusaropa |, =1, =1y + 1o + 1z

7. PaccuuThIBaIOT COMPOTUBIIEHUS aenuTens HanpsbkeHus: R4, RS u R6:
Toxk genuTtesnst BELIOMPAIOT B Mpeeax:

|
| en = (20 =50) I3, € I35 = h -

2193
TOI’}Ia COIIPOTHUBJICHHUA PC3UCTOPOB ICIIUTCIIA:
R _ U BbIX .
,I[e.]'[ - I 1
nen
R6=R . RpenUermin RpenYcr.min
— Rnoex.min — - '

Ugpix.max Ugpprx (1+ AU 94 /100)

RpenYer.max _ RuenYcr.max .
Ugpix.min Ugpix (1= AU 04 /100)

R4 = Rnen - R;;[en.max ;

R;[en.max =

RS = R}Jen.max - Rnen.min .

MoriHoctH pe3uctopoB aenutens R4, RS u R5:
2 .
Prq=(l4e) " R4;

Pgs :(Inen)zRS;

Pre=(15e1)° R6.

N3 [4] BBIOMPAIOT HOMUHAJILHBIE 3HAYCHUSI COTIPOTUBICHUN PE3UCTOPOB, OIU-
XKalliue U3 CTaHAApPTHOrO psja 1Mo NpUHIUNY Onkaiiimue Oonbiurie. HoMuHanbHbie
3HAUEHWs MOIIHOCTEW TakKe BBHIOMpArOT Ommkaiimme Oonbinmme. BriOuparoT Taxke
JIOTYCKH Ha pe3ucTophl. Bee pesnctopsl, kpome RS pekoMeHyeTcst BRIOMpaTh TUIIOB
C2-6, C2-23,C2-33, nepemennsiii pesucrop RS — PI1-163, CII5-1,CIIS5-3.

8. Beiouparot xonaercatopsr C1 u C2.
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EmMkocts koHzmeHcatopa C1, BKIIOYEHHOIO IS NPEAOTBPALICHUS CaMOBO3-
OyxaeHus crabuinnszaTopa, Beionpaercsa B npeaenax 0,5-1,0 Mx®, nprueM KoHIEHCaA-
Top C1 xepamnueckuii. EMkocTh KoHAEeHCaTopa C2, BKIIOYEHNE KOTOPOrO IPUBOIUT
K HE3HAYNUTEIIBHOMY YMEHBIICHUIO MYJbCALUN BBIXOJHOTO HAIPSKEHUSI U 3aMETHO-
MYy YMEHBIIEHUIO BBIXOJHOTO CONPOTUBIICHUSI CTAOMIM3aTOpa MEPEMEHHOMY TOKY
BeIOUpaetcs B npenaenax 1000-2000 mxd, npuueM koHaeHcaTop C2 3IIEKTPOIUTHYC-
ckuid. [lo cipaBoyHUKY [2] BEIOMPAIOT TUIIBI 1 HOMHUHAJIbHBIE NTApaMeTPbl KOHJIEHCA-
topoB C1 u C2.

9. Tpebyempblii K0O3PHUITMEHT CTAOUITU3AIINU

— AUBX%
cT .
AUBHX%
10 BeJII/IIII/IHa HyﬂbcaHI/Iﬁ Ha BXOIC CTa6I/IJII/13aTOpa HC OOJI’KHA HpeBBILLIaTB
3HAUYCHU .
KH.BX = KH.BBIX KCT'

CHG}IOB&TGHLHO, BBITIPAMMUTCIIDb, HI/ITaIOIIII/Iﬁ CTa6I/IJ'II/IBaTOp, JOJIZKCH OBITH pac-

caumtan Ha U, =U,, |, =1, u K ...

11. PaccunThIBalOT ACHCTBUTEIBHOE 3HAUCHUE KOY(PDUIIMEHTA CTAOUITN3AIINY:
o OLK3U BBIX
CT — '

U

BX

K

U R1h
rre  o=—" —xkodpdunueHr genenus nenutens, K; = 2193
U BBIX h1131

YCUJIEHUS YCHJIMTENIBHOTO Kackaaa Ha VT3.

— ko3 puIUeHT

Jlis HopManbHOM paboThl cTabuau3aTopa Heooxoaumo, utoosl K., > K, . Ec-
JU OTO HEPABEHCTBO HE BBIMOJHACTCS, TO CIIEIYET BBHIOMpATh TpaH3UuCTOphl VI3 u

VT3 ¢ 6onbmmm K03GGUINECHTOM yCUIEHHUs ToKa 6a3bl Ny .

12. TIpoBoaST TPOBEPOUYHBIM HKCIEPUMEHTAIBHBIN pacu€T pexuma padoThI
pa3pabOTaHHON DJIEKTPOHHOW CXEMBI, IJi YeTro, HEOOXOJUMO COCTaBUTh MOJIENb,
pa3paboTaHHOH AJIEKTPOHHOM cXeMbl cTabmim3aTopa B cpeae Electronic Workbench-
5.12, ycTaHOBUB MapaMeTphl 3JIEMEHTOB, COTJIACHO 3aJJaHUs U pacuera. JKCIepUMEH-
TaJIbHOE UCCIIEIOBAHUE JIOJKHO BKIIOUATh B C€0SI MOJIEb YCTPOMCTBA C BOJILTMETPAMU

AJE1 U3MCPCHHA HaprDKeHI/Iﬁ Ha BXOAC M BBIXOIC CTa6I/IJII/IBaTOpa.

12.3 IlopsAaoK pacyéTa BIIPAMUTEIA

Pacder nByXIOIynepHIHOTO BBIIPSIMHUTENS ¢ (HIBTPOM, OCYIICCTBIISICTCS TIO
METOJIMKE, U3JI0KEHHOM B [12].
HcxonHbIMU JaHHBIMH J1J1S1 pacyeTa BhIIPSMUTEIIS SIBISFOTCS:
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l.cp TOK Ha BeIXOH€ Bbimpsimurens (A). IlpuHumaeM paBHBIM BXOZHOMY TOKY
crabmmmsaropa |, =1,

U, — HanpskeHue Ha BbIXoAe BbipsaMutens (B). IIpuHumaem paBHBIM
Ugpx nom CTaOnnmsaropa

HOMMHAJIbHOE Hanpsbkenue cetu — Uj, B;
TpeOyemblil K03 PULKEHT criiaxkuBanust GuiIbTpa —(d.

Hcxonuble JaHHbIE AJI1 pacyeTa MOCTOBOTO BBIIPSMUTENS ISl KaXJA0r0 BapHu-
aHTa npeacrasieHsl B [Ipunoxenun 2 (tadmn. 112.1)
PekoMeH1yeTcst UCXOHBIE TaHHbBIE CBECTH B TaOJHUILY.
Tabnuna 12.9

HCXOI[HBIG JaHHBIC

Homep Bapuanra JlaHHble 11 pacyera
Ul, B UH.cp ’ B IH.Cp D A q

IIpuHUMI JeHCTBUA BHINPAMUTEIS

JIByXTOJTyTIEpHUOHBIE BBIMPSIMUTEIN — 3TO BBIIPSIMHUTENH, B KOTOPBIX TOK Ye-
pe3 Harpy3Kky OyAeT mpoTeKaTh B OJTHOM M TOM € HalpaBJICHUU 3a 00a MOIynepuo-
na. /IByxmoiryrepuoaHble BBIIPSIMHUTEIN MOTYT CTPOSITCSL IO MOCTOBOM WJIM MOJYyMO-
CTOBOM cxeme (Korja, HampuMep, B Cllydae BBIIPSMIIECHUS OJHO(A3HOTO TOKAa, MC-
MOJIb3YeTCA CIEeNUANbHBIN TpaHcOopMaTOp ¢ BHIBOJAOM OT Cpe/IHEN TOUKU BTOPUUHOMN
OOMOTKM U BJIBO€ MEHBIIIUM KOJMYECTBOM BBIMPAMIIAIONINX TOK AeMeHTOB). Takas
cXeMa HbIHE MPUMEHSETCS PEIKO, TaK KaK 0ojiee METAIIIOEMKA U UMEET OOJIbIIee K-
BUBAJICHTHOE AKTUBHOE BHYTPEHHEE COIMPOTUBIICHHE, TO €CTh OOJIbIIKME TOTEpU Ha
HarpeB oOMOTOK TpaHchopmaTopa. [Ipu mocTpoeHUN ABYXIONYIIEPUOTHOTO BBIIPS-
MUTENS CO CIVIAKHMBAIOIIMM KOHJAEHCATOPOM CIENYEeT BCErja MOMHUTh, YTO Iepe-
MEHHOE HAaIIpSKEHHUE BCErJa M3MEpSETCS B «JICUCTBYIOLIEM)» 3HAYEHUHU, KOTOPOE B
1,41 pa3za MeHbIlIE €0 MAKCUMAJIBHOW aMIIJTUTY b, & BBIPSMIIEHHOE HAMPSHKEHUE Ha
KOHJIEHCATOpE, B OTCYTCTBUM HArpy3Ku, OyJeT BCEerja paBHO aMIUIUTYIHOMY. OTO
O3HAYaeT, UYTO, HAIIPUMEDP, TIPU U3MEPEHHOM HAIPSIKEHUU OJHO(PA3HOTO MEPEMEHHO-
ro Toka 12 BOJBT JO MOCTOBOTO OJHO(A3HOTO BBIMPSIMHUTENS CO CTIKHBAIOIIAM
KOHJICHCATOPOM, Ha KOHAEHCATOpe, (B OTCYTCTBUM HArpy3Ku), OyAeT HAMpPSKEHUE A0
17 Bonbt. Ilog Harpy3kod BHIMPSIMIICHHOE HANpsDKEHHWE OyneT Hrbke, (HO HE HIDKE
BEJIMYMHBI JIEUCTBYIOUIETO HAMpPSKEHUSI MEPEMEHHOr0 TOKAa, €CJIM BHYTPEHHEE CO-
MpPOTHUBJIEHUE TpaHCchOpMATOpa - UCTOYHUKA MEPEMEHHOTO TOKA - MPUHSITh PaBHBIM
HYJII0) ¥ 3aBUCETh OT EMKOCTH CTJIaXKUBAIOILIET0 KOHAEHCATOPA.
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U, U, VD;—-VD,

+
Co p— |:j| RH UO

Puc. 12.5. IlpunuunuansHas cxema oJIHO(a3HOr0 BBIIPAMUTENS C QUIBTPOM

BbiuuciieHHe pacyeTHbIX CBeJACHU M
JI711 aKTUBHO-€MKOCTHOW HArpy3KW BBIIPSMUTENS COOTHOIIEHUE MEXKIY BbI-

MMPAMJICHHBIM HAIIPAKCHUCM UH.Cp n I[GﬁCTB}’IOHIPIM 3HAYCHUCM HAIIPAKCHUA BTO-
puuHOi 00MOTKH TpaHchopmaropa U, uMeeT BUL:
U,.cp=v2U,.
OTCIO,ZIa HGO6X0,Z[I/IMOC 3HAYCHUC HAIIPAKCHUA U2 OIIpCACIINM KaK

U2 :UH.cp.

V2

Jlyist BBIOOpA TUIAa IMOJI0B OmpenessieM o0paTHOE MaKCUMAaJIbHOE HAMpsKEHHE

U o6p.max» IPHKIIA/IBIBACMOE K HEMY B 00paTHOM HalpaBIICHUH!

Uo6p.max = \/EUZ

CpenHee 3HaYEHHUE MPSIMOTO TOKA, MPOTEKAIOLIETO Yepe3 KaKIbIA JTUOM, IS
MOCTOBOM CXEMBI BBIIPSIMIICHUS ONIPECTSECTCS BHIPAKCHUEM

I U

| HCp _ “HCp

np.cp 2 - ZRH’

UH.cp
rne R, =—— conpoTuBieHNE HATPY3KH.

H.CD

W3 [3] BeIOMpaemM AHOIbI OIIPEICICHHON MapKH , KCXOIs U3 COOTHOIICHUI

Uo6p./:[on> Uo6p max » Inp./:(on > Inp.cp;

¢ mapamerpaMu Uysp=, l;p=
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Pacuér emkoctHOro ¢uiabTpa 118 OAHO()AZHOTO MOCTOBOTO BBIITPSIMUTEIS
OOBIYHO MPOU3BOJUTCS MPUOIMKEHHO rpaduyecku no kodgduuuenram. Ha puc. 3.3
MPUBEAECHBI 3aBUCUMOCTH BCIIOMOTaTeNbHbIX Kodpduuuentos B, D u H ot ko3 du-
nueHTa A. PacuetHsli ko punueHT 4 onpenensercs no Gopmysne [13]:

A= ml H.CpRBH
2U

H.CD

rae R,, — BHyTpeHHee conpoTuBieHue BeinpsaMurend. [Ipuaumaem R, <R, .

3atem 1Mo HoMorpammam puc. 3.3 ompenensieM ocTalibHble KodhuiueHTs B,
DuH.

Tornpa
bl

Cy A [Mx®@], U, =BU, ., ., I, 5

pBBIX BH

Ie Py — KOOPPUIMEHT Mynbcanuil, TpeOyeMbli U1 MUTaHUS YCUIIUTENSL.

Omnpenenstot u3 Gopmybl KodphuimeHTa CrilaKuBaHus .

q: pBX ,

Pasix

r71€ Pex — KOO PUIIMEHTOB Mmyibcaluii Ha BXoje GUiIbTpa (Ha BBIXOAE BBIIPSIMUTEIS).

J71st o;;HO(a3HOTO MOCTOBOTO BBITIPSIMUTESI U3BECTHO Ppyx =0,67.

EMKOCTh peanbHOro KOHJEHCATOpa BBIOMPAIOT COTJIACHO CTAHIAPTHOMY PSIy
3HAYEHUUN €MKOCTEM:

C.= n10X , e k=1,2,...,8.

n=1;11;12;13;15; 16; 1,8; 2; 2,2; 2,4; 2,7; 3; 3,3; 3,6; 3,9; 4,3;4,7; 5,1,
5,6;6,2; 6,8;7,5; 8,2;9,1.

PacuerHas (TumnoBasi) MOITHOCTH TpaHC(hOpPMAaTOpa paBHa:

Sp=0,5(5:1+ Sy)

JUJis MOCTOBOM CXEeMbl BBIIIPSIMUTENSI TOK MEPBUUHON 0OMoTKM |, TpaHcdop-

MaTopa CBsI3aH C TOKOM |, depe3 ko duiueHT Tpanchopmauu Ky
Uy

P
=20 k=g
2

kTp
Torna, 3Hast 3HAYEHUS] TOKOB, TOJIYYUM:
Py = 0,5(P1+ Pp)=0,5U4l; +Usl5).
Takum oOpa3oM, pacueTHble MapaMeTpbl TpaHcPpopmaTopa, MO KOTOPHIM OH
MIPOEKTUPYETCS UM BEIOUPAETCA U3 AIEKTPOTEXHUUECKUX KaTaJlIOroB,

U= Bl1= A U,= Bjl,= Ak,=;P,=Br
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IIpuioxenue 1

O6pa3sen TUTYJILHOTO JIUCTA

MHMHOBPHAYKH POCCHUN

denepanbHOE rOCYAapCTBEHHOE OI0JIKETHOE 00pa30BaTENbHOE
YUpEeKJIECHUE BBICIIETO 00pa3oBaHUs
«TynbCKHUM TOCYTapCTBEHHBIN YHUBEPCUTET»

Kadenpa «9neKkTpoTeXHUKA U AIEKTPOOOOPYIOBAHUEN

[HOACHUTEJIbBHAA 3AIINCKA

K KypcoBO#l paboTe 1o JUCHMILIINHE
«DNEKTPOHUKA»

Crynent

(moamuck, GpaMwIKs, MHUALAAIIBI )

rpyIma

PykoBonurenb paboThl

(moanuck, paMusIKs, HTHALUAIIBI )

Pa0ora 3ammiiena OreHka

YseHBI KOMUCCHH: (nata)

Tyma 20
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IIpuioxxeHue 2

BapuaHTbI 3aJaHU JAJIs1 pacyeTa TPAH3UCTOPHOI0 YCUIUTEJIS

IEPpEMECHHOI'o TOKa

Tabonuua [12.1

Homep JlaHHble 11 pacyera
BapuaHta | U,y max ,B Ry, Om fo, I'x Eur, B M,
1 3 600 100 12 1,2
2 2 400 90 16 1,2
3 1 250 120 9 1,25
4 5 450 200 14 1,3
S) 8 350 150 20 1,3
6 2,4 600 180 8 1,25
7 3,4 550 140 12 1,25
8 1,6 280 160 6 1,2
9 4 590 170 17 1,2
10 2,2 440 110 9 1,4
11 3,4 600 150 12 1,4
12 1,5 200 60 3 1,3
13 1,7 250 70 6 1,3
14 1,8 300 80 9 1,3
15 2 350 90 12 1,2
16 2,1 400 120 15 1,2
17 2.3 450 140 18 1,2
18 2,5 480 150 24 1,4
19 2,7 500 160 27 1,4
20 2,8 520 170 24 1,4
21 3 540 180 20 1,35
22 3,1 550 200 18 1,35
23 3,2 580 220 15 1,25
24 3,5 560 230 12 1,25
25 3,6 480 250 9 1,2
26 1,8 320 270 6 1,3
27 3 600 300 15 1,2
28 4 500 200 12 1,3
29 ) 520 250 10 1,3
30 6,5 640 280 18 1,25

281



Homep JlanHble 11s pacyera

BapuaHta | U,y max ,B R, , OM f, Ty Eur, B M,
31 2,5 480 300 16 1,25
32 4,5 350 230 15 1,4
33 5 450 270 20 1,5
34 5 430 350 9 1,5
35 6 420 250 12 1,4
36 6 560 150 24 1,4
37 5,5 480 170 27 1,3
37 4 550 190 15 1,2
38 4 450 200 18 1,25
39 2,5 350 220 10 1,25
40 3 420 230 12 1,4
41 2 320 250 9 1,3
42 2,5 400 270 15 1,3
43 3,5 480 220 12 1,2
44 4,5 520 210 19 1,2
45 3) 590 200 15 1,35

[Mpumeuanne. Cunutarh, YTO KacKajJ yCHUJIEHHsS pabOTaeT B CTAI[MOHAPHBIX
— 10 _ o0
yelnoBUAX (Tyuw= =15°C; Tyu= 25°C). Ilpu pacuere BiIMsiHUEM TeMIEpaTyphl Ha pe-
UM TpaH3UCTOpa MpeHeOpeyb.
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IIpuioxxenue 3

BapuaHThI 3aaHUi AJ1 pacdéTa 04HO0(PA3HOT0 MOCTOBOIr0 BbINPAMUTEJIS

Ta0numa [13.1

Howmep Bapuanrta JlaHHble 11 pacyera
U, B q

1 127 5
2 127 10
3 127 15,7
4 127 20
5 127 31,44
6 127 3
7 220 5
8 220 10
9 220 20
10 220 30
11 220 40
12 220 3
13 380 6
14 380 12
15 380 24
16 380 36
17 380 48
18 380 )
19 220 10
20 220 12,5
21 220 25
22 220 20
23 220 31,5
24 220 3
25 127 3)
26 127 10
27 127 15
28 127 30
29 127 35,6
30 127 3)
31 380 10
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Howmep Bapuanta

JanHble s pacuera

U, B q
32 380 15,7
33 380 20
34 380 31,44
35 380 3
36 380 5
37 660 10
38 660 20
39 660 30
40 660 40
41 660 3
42 660 6
43 1000 12
44 1000 24
45 1000 36
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IIpuioxenue 4

O6pasen 3aaHusA HAa KYPCOBYIO pa6oTy

MHWHOBPHAYKHU POCCUN
®enepalibHOE TOCYIAPCTBEHHOE OIOAKETHOE 00pa30BaTEIbHOE
YUpEeKJECHUE BBICIIETO 00pa3oBaHUs
«TynbCKHUM TOCYTapCTBEHHBIN YHUBEPCUTET»
Kadenpa «DnexrporexHuka u 3J€KTpooOOpy10BaHHUEY

SAJJAHUE HA KYPCOBVYIO PABOTY

CryneHnr rpymnmna

1. Tema: TpaH3UCTOPHBLIN YCUIIMTEIL NEPESMEHHOTO0 HANPSKECHUS M KICTOYHUK

UTAHUSI

2. Ucxonubie nannpie: Cxema TpaH3UCTOPHOTO YCUIIUTENS C OOUTUM IMUTTE-
pom.

AMIUTHTY@ BBIXOJAHOTO HANPSAKEHU Uy max= , B.

ConportuBieHnue Harpy3ku R, = , OM.

Yacrora Hanpspokenus Harpysku f,= '

Hanpspoxkenne nuranus ycewrens Ey, = , B.

KoaddunmeHT 9acToTHBIX UCKaKeHUN My, =

Tun BeITIpsAAMHATEIS — 0HO(GA3HBIN MOCTOBOM

HomunaneHoe BeIpssMUTENbHOE Hanpskenue U, .=  B.

Tox narpysku l,o, = , A.

HomunansHnoe Hanpspokenue cetu U= |, B.

TpeOGyembrii koapurueHT crinaxxuBanus GuibTpa (=

3. ConeprxaHue MOSICHUTEILHOM 3alUCKU

3.1 Benenue

3.2 PacyeT TpaH3UCTOPHOTO YCHUIIUTEIS HAMPSIKESHUS

3.2.1. Onucanue nmpuHUUIIA PadOTHl TPAH3UCTOPHOTO YCUJIMTENS MO CXEME C
O0ITUM AMUTTEPOM

3.2.2. Coneprkanne pacdyeTa TPAaH3UCTOPHOTO YCUITUTENS HAMPSKEHUS

3.2.3. Bb100op 21eMEeHTOB CXEMBbI TPAH3UCTOPHOTO YCHUITUTEIIS.

3.2.4. 1IpoBEpOYHBIN IKCIEPUMEHTANBHBIA PACUET U MOAECIUPOBAHUE PEKUMA
paboThI pa3pabOTaHHOM IEKTPOHHOM CXEMBbI
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3.3. Pacuer BoinpssMUTENS
3.3.1 Onucanue npuHIUNa padoThl BHIOPAaHHON CXEMbI BBITPSIMUTEIS
3.3.2. PacyeT 31eMEHTOB CXEMbl BBIIPSIMUTENS U TpaHC(HOpMaTOpa HCTOYHUKA

IIUTaHHA.

3.3.3 BbIOOp 2JI€MEHTOB CXEMBI
3.4. Pacuer crabunn3zaTopa HampsKeHUs
3.4.1. Onwucanue npuHIMNa padOThl, BBHIOPAHHONW CXEMbI CTa0MIM3aTOpA

HaIIpsKCHUA

HUsL.

3.4.2. Pacuet 351eMEHTOB CXEMbI CTAOMIIN3aTOPA HAIPSHKEHMUS.

3.4.3 BeIOOp 2I€EMEHTOB CXEMBbI

4. 3akioueHue

5. Cxema snekTpuyeckas MpUHUUIUATbHAS YCWINTEIS C MCTOYHUKOM IHTa-

6. [Tepeuenb 71eMEHTOB K pUHIIUNIUATIBHON cxeMe (Crienudukaius).

PykoBoauTtenb paboThl

(Damunst, HHULIUATIBL)

3ajaHue TPUHSI K MPOSKTUPOBAHUIO « _» 20 T
(moxmuce)
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IIpuioxkeHue 5

[Ipumep pacueTa KypcoBou pa6oTsl B Mathcad 15.0

PacueTnl BREITOIHAIOTCS B JaHHOM MMOCIEI0BATEILHOCTH
1. OmnpeneneHue NEpeMEHHBIX U 3aMMCh BHIPAYKEHUM B JIMCTUHTE IPOrPAMMBI.

a:=5Sem b:=2m

r:=a+ b explicit ALL — 5-em+ 2-m = 2.05m

| := 2-7r-r explicit ALL — 2-7-2.05-m = 12.8805299m
|:=1float,3 — 12.9-m

c:= 1+ a explicit ALL — 12.9m + 5-cm = 12.95m

B nanHOM JIMCTHMHIE€ MOKAa3aHO:
1) OmnpenencHre MEPEMEHHBIX C UX €IUHUIIAMH U3MEPEHHS COTTIACHO MEX-

AYHapOAHOMY 00O3HAUEHHUIO.
2) Perienne ypaBHEHUS C TajbHEHIIIMM CUMBOJIBHBIM TPEACTABICHUEM TIPU

—

oMoty oneparpu « CHMBOJIBHBIN pacueT ¢ KIFOYEBBIM CJIOBOMY
3) OkpyrieHue 3HaA4YCHHUs MPH MOMOIIK KitoueBoro ciosa float, X roe X —
YHCIIO 3HAKOB pe3ysbraTa. JJIsl OKpYIJICHUs TIepEeMEHHast epe3aaaéres ¢ TaHHbIM

KJIFOYCBBIM CJIOBOM.
I/IHIIGKC HepeMeHHOﬁ CTaBUTCA C IIOMOIIBIO OIICpATOPaA «.»:

3.1 =

2. OdopmieHue pacyera.
[Tpumep odopmiteHHOTO pacyera:

a=5cm b=2m

r=a+b S5em+2m=2.05m

| =2mr = 2-mw2.05m = 12.8805299m
l=1= 12.9-m
c=1l+a=129m+ 5cm=12.95m

JIma mpuBeAeHHs pacueTa K 3alaHHOMY BHUAY BBITIOJHSIOTCA CIEAYIOIIUE JIE -

CTBHSL:
Jlist mpugaHust HOpMaILHOTO BHa (hopMyliaM, 3aX0AUM BO BKIaAKy MHCTpy-

MeHThl — [lapameTpsl nokymeHTa — OToOpakenune. MeHsieM HaCTpOWKH Ha:
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MapameTpel JOKyMEHTA

CHUCTEeMa eAMHWLL M3MEDEHWMA PazmMepHOCTE COBMECTHMMOCTE
BCTpoSHHRIE NepeMeHHEIE BeHHCnEHMA OTobpaKeHue

OToDpaE#EHE ONEpaTOPOE

CTobpaweHre
YMHOHEHME ¥3Kana Toqka hd
MpouzBoaHan MpouzBoaHaA et
WMHaeK:C B MMEHK KpynHEIA MHOEKT w
OnpeaeneHue 3HaK paBeHCTEa -
rmobancHoe 3HEK TOMAECTES -
NokaneHoe oNpeaenEHUE | 3HaK PEBEHCTES A
PaseHcTED 3Hak paBeHCTEa e
AHANWTHYECKKHE 3H3K paBeHCTEa o
LeHexHanA eqMHMLA | H e

omera | [ crpana

Bo Bknagke ®opmar — Pesynbrar, BeiOUpaem:

DopmMar pesyneTara

OTobDpaeHUE EAMHWL M3MEPEHIUA MorpewHoCTE
DopMaT Y“Mcna MapaMeTpel oTobpEHEHMA

DopMaT

Obwpme YMCno AECATHYHBIX 3HAKOE | 3 =
[l eCATHHHBIA

HaydHbi [ ] MokassisaTs koHeuHsIe HymM

AH#EHEPHBIN
Opobi

[ INpumMenaTs B cMMBonbHLX pesyneTaTax

Orveria Cripasia
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Dopmat pesynsTaTa

PopMaT YMCna MapaMeTpel 0ToDpaEHEHNA
OTobpaE#eHHE EAMHWL M3MEPEHHA MorpelwHocTE

DOPMATMPOEETE EAMHMLEI MSMEDEHIMA
YNPOWATE EAMHALL] MZMEDEHIMA

[] CTeneHM E0MHWLL M3MEDEHUS B BMOE Apohu

— rpana

[TpaBo¥i KHOTIKOM MBIIITN KJIMKAEM I10 KIIFOUEBOMY CJIOBY U BHIOMpaEM:

Mpumedanne ana eelBpadHoro gparmMedTa...

OTobpaxaTe BEINMCNEHWA K3K L4

CKPbBITE KIHNEBBIE CNOBE

CKPEBITE NEBYHD CTOROHY

OTobpaxaTe cNpejeneHne Kak L4

J‘E Breipesate
Eonupoeate

BcraeuTe

CeoiicTEa...

OTKNHYNUTE BBIYUCIEHWE

[locne BBIMOMHEHUS BCEX PACUYETOB UX MOXHO MEPEHECTH B MOSICHUTEIHHYIO
3aMKUCKy MPU MTOMOIIY CKPUHIIOTA.
Jlns opopmienus ucnonb3oBath mpudt Times New Roman CYR 14.
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IIpumep pacuera ycuiaurteJst.

I/ICXO)]HI)Ie JAHHBIC:
Upmax = 4V Ry = 5000 fi; = 100Hz Up = 12V My = 1.2

BriOupaercs T TpaH3uCTOpa U3 YCIOBUIA:

UK3> 1'2'UH:UK3> 1212V:UK3> 144 -V

= - — = . o . m
K.zom Ry 500 - o
fu 100 - Hz
fi = = = 150.756 - Hz
\/MHz 1 (122 o
2

Py max = 0.25-Py = 0.25-0.032- W =8 - mW
N3 cipaBounuka BeiOMpaeM Tpanszuctop tuna MII42A, mis koroporo

IK.L[OH = 30mA UKG.ILOH = 15V Pmax.non = 150mW h219min = 30
hy19max = 50

J17ist moCTpOEHUsT HArpy304HOU MPSIMOI HaXo MM TouKy mokosi(0); mis
3TOrO OIPEAEISIEM:

UBLIX.maX 4 * V
o =12 —— =1.2- =9.6-mA
Ry 500 - ©

Uk30 = Uppxmax + 1V =4-V+V=5.V

Bropas Touka Harpy304HoOW NpsMOM.
Ukdymax = Unp=12-V [=0
Tok nmokost 6a3bl:

ko 0.009 - A

=0.32 - mA
h19min 30

Igo =

290



Hcnons3ys HauMeHbIIUN K03 PUIMEHT YCUICHHS 110 TOKY  (JIJI1 CXEMBI C
09), nomyunm:

I max = 14mA
Icm = lkma = 14-mA = 14-mA
Ik m _0.014-A

hy15min

= 0.467 - mA Ig miy = OmA

IB.max =

I5max = Ipmin~ 0.000467 - A-0-mA

=0.234 - mA
2 2

Igxm =

[To BXO/HOM cTaTUYECKOM XapakTepucTuke (st cxembl ¢ O3D) HaXoauM:
Uy max = 0.33V Uy min = 0.11V Ugo = 0.22V
Usxm = Upnmax — Updmin = 0.33-V-0.11-V=0.22-V

HaXO,Z[I/IM BXOOHOC COIIPOTHUBJICHUA TPAH3UCTOPA ICPEMCHHOMY TOKY:

2UBxX m 2-022-V
Rpxm = = =471.092 - o
' g a2 - 0.000467 - A
CrnemoBareiabHO,

Ry, = 8 Rpxp, = 3768.0 - = 3.768 - ko

Un- Ry 12-V-3768.0 - 0
= = 42.432 - ko

R, =
'Ry Ig  111.0-0 -0.0096 - A

R Ry Ry 3768.0 - 0 -42432.0 - 0 4135k
f = = . M Q
27 R -Ry, 42432.0-0 -3768.0-0

Omnpenemnm oTpedIsieMble MOIITHOCTH 3JIEMEHTaMH KacKaa:

Py = Ixo” - Ry = (0.0096 - A)%-556.0 -0 = 51241 - mW

Uso  022-V
R, 41350-0

Igy = = 0.053 - mA

Pry = Iny> - Ry = (0.0000532 - A)* - 4135.0 - 0 = 0.012 - mW
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Pr; = (Igo + Ipo)* - Ry = (0.00032 - A+ 0.0000532 - A)” - 42432.0 - @ -
PRI =591 - mW

Py = Ixo” - Ry = (0.0096 - A)” - 111.0 -0 = 1023 - mW

Onpez:enﬂeM, 6YII€T JHN CXEMa JOCTAaTOYHO crabmiIbHa:

Ry + Ry 111.0 - o +3768.0 - o
S = = = 20.981
R12 3768.0 - o
R3 + 111.0 -0 + W
1+ h213max +

Ol'IpeI[eJ'ISIGM CMKOCTH KOHJACHCATOPOB HCITOJIBb3CMbIX B IICIIN:

My = >Mpy = 312 = 1.063

1

2-x fH(RK+RH) 'JMH.Cz—l

1
C, = = 4.287 - \F

2.7 -100-Hz-(556.0 -0 +500-0)-1.06> — 1

G, =

255mV-hyipmin - 255 -mV- 30
o 0.0096 - A

C = = 58.002 - uF
! 100, 070 36800 [T 3 g
. . . Z . . . J—
" 797 -a + 3768.0 - 0
10 10
2.7 -fg-Ry 2.7 -100-Hz-111.0-0
Koaddunent ycunenus kackaaa mo HampsHkKeHHIO:
Ugxm 022-V
UBX.m = 2 = 2 2011 V
Uspix max 4.V
KUTeop = = 36.364

Usxm  O.11-V
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IIpumep pacuyera cradbuiausaropa.
Eq =12V Ugx = En=12V AU gixe = 0.2% Iy = 14mA
K, puos = 0.1% AU xo, = 10%
K; =13 Ugsmin = 2V

c

BX.min — UBLIX ) (1 +aU BBIXOO) + K3 ) UK3min

pxmin = 12:-V-(1+02-%)+13-2-V=14.624V
BX.HOM — UBx.min'(1 +aU BX%) =14.6-V-(1+10-%) =16.06-V

c C

Ugxmax = Usxon* (1 +8U gyop) = 16.06 - V- (1410 %) = 17.666 - V
Urotmax = Uscmax — Usise (1= AU gy,

Usimax = 177 -V=12-V-(1 -0.2-%) = 5.724V

Primax = Ukdlmax - g = 5.72 - V- 14 - mA = 80.08 - mW

IKI = IH: 14 - mA
Bridepem tpamsuctop VT1: KT315
UKQIHOH = 25V IKI,I[OH = 100mA PKIZ[OH = 150mW h2131 =120

IR2:41’1'1A

I tH I 14 mA A= 4117 - mA
= + = +4-mA=4.117 -m

Ky R 120

Ukm2.max = Ukatmax = 5. 72V
Piomax = Ukoomax * Iz = 5.72- V- 0.00412 - A = 23.566 - mW

Bridepem tpamsuctop VI2: KT315
UK32[[0H = 25V IK2/10H = 100mA PKZI{OH = 150mW h2132 = 120

R Upex  12-V -
27 Iy, 4-mA

Pry = Ry - Ipy> = 3000 - 0 - (4- mA)° = 48 - mW

Uep = Uy (0.7) = 12-V-0.7=84-V
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Bridepem crabunurpon VD1: MMBZ5237BT
Uctmax = 8.61V Uctmin = 7.79V [ermax = 20mA lermin = 1MA

ICT.max + ICT.min 20 - mA + mA

I, = . = > = 10.5-mA

193 = IlmA IR3 = ICT_ 193 =95-mA
UBLIX_UCT 12-V-84-V

R; = = = 0.379 - ko

Ir3 0.0095 - A
Prs = Ry - Ips> = 379.0 - 0 - (0.0095 - A)* = 34.205 - mW
IK3 = 1932 1-mA
Uk33.max = Usgix ° (1 +aU BLIX%) — Ucr.min

Uk max = 12:-V-(1+0.2-%)—-7.79 -V =4.234V
Pr3max = Ukd3.max “ I3 = 4.23-V-0.001 - A =423 - mW

Bribepem Tpansuctop VI3: KT315

UK33I[0H = 25V IK3)10H = IOOmA PK3IIOH = 1501’1’1W h2133 = 120
h1133 = 20000

Ixo 0.00412 - A

152 = = 0.034 - mA
R UBX.HOM - UBLIX 16.1-V-12-V 3964 - k
: Iis + Igo 0.001 - A + 0.0000343 - A

Ins = Igs + Igy = 0.001 - A + 0.0000343 - A = 1.034 - mA
Pr; = Ry« (Ipg)* = 3964.0 - - (0.0010343 - A)® = 4.241 - mW
L, = Iy + Igo + Ing = 0.014 - A+ 0.00412 - A+ 0.0010343 - A = 19.154 - mA

ks 0.001-A
hyjns 120

Ig; = = 8.333 - 4A

Liex = (20) - I3 = 20 - 0.00000833 - A = 0.167 - mA
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Uppix 12-V

Ry = _ = 72.029 - ka
Inen 0.0001666 - A
N ~ RuerUermin 720280-0-7.79-V L 46.665 - ko
menmin Uy - (1 1 AU BLIXOO) O 12.V. (1+0.2-%) = 0.
Rg = Ryenmin = 46.664 - ko
Rien - Uermax 72028.0-Q - 8.61 -V 51784 - ko

R = =

AT U (1= aU guee) 12V (1-0.2- %)
R4 = Ruen — Rpenmax = 72028.0 -0 —51783.0 - 0 = 20.245 - ko
Rs = Ruenmax — Ruenmin = 51783.0 - @ —46664.0 - o = 5.119 - ko
Pra = Ry (Im)2 = 20245.0 - @ - (0.0001666 - A)* = 0.562 - mW
Pgs = Rs - (Imm)2 = 5119.0 - @ - (0.0001666 - A)> = 0.142 - mW
Pro = Re- (Iien)” = 46664 - @ - (0.0001666 - A)> = 1.295 - mW

AU Bx% 10- %

AU oonor 0.2 %

KH.BX = KH.BLIXOO : KCT = 0.05

Upirow = 161V I = 19.154 - mA

Uer 8.4-V
a@ = = =0.7
Uy 12-V
Ri-hyin3  3964.0-0 - 120
K; = - = 237.84
h1133 2000 - o
K3 a -Ugyx  237.84 - 0.70000000000000007 - 12 -V
K'., = = = 124.09
Usx.Hom 16.1-V
K> K =1
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IIpumep pacyera BbINPAMUTEIIS.
HUcxonHrle naHabIE:
U; = 220V UH.Cp = 16.1V IH.cp = 19.154mA q =25

Uiep  16.1-V
U, = = =11384-V

VNG

Uopmax = V2 Uy = +/2-11.3844191771034 - V = 16.1 - V

R Uki.cp 16.1 -V 0.841 -k
T L 19.054-mA

Usiep 16.1-V
Lip.cp = = =9.577 - mA
- 2-Ry  2-840.555497546204 -

[To pe3ynbTatam pacuera moaoepem auosl: 1N4448W

Uosp = 75V Iogp = 250mA
Pacuet émkocrHOTO QUIBTpa

Pex = 0.67 RBH = OOSRH =0.042 - ko

o luep R« - 19.154 - mA - 42.0277748773102 - o
A = - =0.079
2 Uyep 2.16.1-V

B=13 H=380-us D=2.19

Pex  0.67
Perx = T = 2—5 = 0.027
H 380 - us
Co = = = 337.375 - 4F
Pu - Rpy  0.0268 - 42.0277748773102 -
Uy = B Uyep = 2093V
V2Liep- D 2-19.154 - mA - 2.19
L = = = 29.661 - mA
2 2
U
k., = — =10511
LY U2

I5)
I == =282 mA

Pp=05- (U1 +Uy L)) =0.621 W
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VYueOHoe u3nanue

HIITPEXEP JImutpuii Mapkosuu
KOJIECHUKOB Esrennit bopucosuu
MUMNHAKOB EBrenuit IBanoBrnu
ITOJIEBOM Banepnii EBrenbesnu
JUAEHKO I'puropuii BacunbseBuu

OJIEKTPOHUKA

YuebHoe rmocooue

ABTOpCKOE peaKTUPOBAHHE

Komnrerotepnas Bépcrka .M. Hlnpexep, I'.B. Jlugenko

N3a. muu. JIP Ne 020300 ot 12.02.97. IMoanucano B neyats 11.10.2018.
®opmar 6ymaru 70x100 1/16. Bymara odcernast.
Vca. neu. 1. 13,8.
Tupax 100 3k3. 3aka3 133

TynbCKHil rOCYAapCTBEHHBI YHUBEPCUTET
300012, r. Tyna, nmpocn. Jlenuna, 92

Otneuvarano B M3narensctBe TynlyY
300012, r. Tyma, npoctr. Jleauna, 95
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