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1 3JIEMEHTBI 3JIEKTPOHHBIX YCTPOHCTB

1.1 Pe3ucropsl

Pe3nucTopbl OTHOCATCA K ITACCUBHBIM JJIEKTPOHHBIM JJIEMEHTaM, OCHOBHBIMU
(YHKUIUSAMH KOTOPBIX SIBISIOTCS MEpPEpaCTIPEIeICHUE U PEryJIUpOBaHUE IIEKTpUYe-
CKOM DHEPruu MEXAY JEMEHTaMU PaguodJIeKTPOHHBIX ycTpoiicTB (POY). YenoBHbie
rpaduyeckre 0003HAYEHUSI PE3UCTOPOB HA MPUHUMUIHUAIBHBIX AJNEKTPUUYECKUX CXe-
Max IpuBeJeHbI Ha puc. 1.1.

Ry R R3

b
T 02 A
a) 0)

Puc. 1.1. YcnoBHble rpaduueckre 0003Ha4eHUs PE3UCTOPOB:

R4
|_
-

B)

a) MOCTOSIHHBIN; 0) IEpEeMEHHbIE PETYIHPOBOYHBIE;
B) IEPEMEHHBIN OACTPOCUHBIN

1.1.1 s1eKTpHUYeCKHUe MapaMeTpPhl pe3UCTOPOB

OCHOBHBIMH 3JIEKTPUUYECKUMHU TapaMeTpaMu Pe3UCTOPOB, MOJJICKAIUX KOH-
TPOJIO B TEXHUYECKOMN TUarHOCTHKE, SBIISIOTCS:

- HOMUHAJILHOE COMPOTHBIIEHNE (HOMUHA);

- IOIYCTUMOE OTKJIOHEHUE OT HOMMHAaJa (JOMYyCK);

- HOMUHAJIbHAs! MOIIIHOCTH;

- TemriepatypHblit ko3 durent conporusnenus TKC (TKR).

1) HOMHMHAJIBHOE COMPOTUBIICHUE (HOMHUHAN) — Ry, OM;

2) IOMyCTUMOE OTKJIOHEHHE BEJIHYMHBI CONPOTUBIICHUS OT HOMHHAJIBHOI'O
3HaueHus: (nomyck), kotopoe corigacHo ['OCT 9664-74 mMoxeT U3MEHSTHCS OT
+0.001% 1o £30%;

3) HOMHHAIBHAs MOITHOCTE — Py, BT;

4) temnepaTypHbIA KO3(QPUITUCHT COMPOTUBIICHUS, ONPEACIACMbIA KaK 4acT-
HOE OT JEJICHUSI OTHOCUTEIBHOTO MPUPALIEHUS COTPOTUBIICHUS K PA3HOCTU TeMIIepa-
TYp, BbI3BABILIEH 3TO U3MEHEHHE COMPOTUBIICHHUSI.

AR 1
o= = 0

VY nepemMeHHBIX PE3UCTOPOB JOMOITHUTEIBHO KOHTPOIUPYOTCS:



1) ynkuumonanbHas xapakrepuctuka R=F(X), rie x — TMHEHHOe WU YTIoBOe
nepeMeIIeHe MOJBUKHON CUCTEMBI IEPEMEHHOTO PE3UCTOPA;

2) paspemaroomas crnocoOHOCTb, ONPENEIAIONIAsCS KaK HaUMEHBIIEE YIIIOBOE
WIN JUHEHHOE NepeMelIeHHe MOABMKHON YacTH IMOTEHUUOMETpPA, MPU KOTOPOM
MOKHO Pa3jIu4uTh U3MEHEHHUE €r0 BHIXOJHOTO COMPOTUBIICHHUS;

3) mrymbl CKOJIBKE€HUS — HANpPsHKEHHE, BO3HUKAIOUIEE MPHU MEepeMENIeHUH T0-
JBUKHOTO KOHTAKTa MO PE3UCTUBHOMY 3JIEMEHTY.

DNEeKTpUYECKUE NApaMEeTPbl PE3UCTOPOB BO MHOI'OM OIPEIEISIIOTCS MaTepua-
JIOM PE3UCTUBHOIO JIEMEHTA!

- IPOBOJIOYHBIE (BHICOKOOMHAs MPOBOJIOKA) OTIMYAIOTCS BHICOKOM CTaOUIIBHO-
CThIO, MQJIBIM YPOBHEM COOCTBEHHBIX IIYMOB, OOJIBIION paccenBaeMOl MOIIHOCTHIO,
BBICOKOW TOYHOCTBIO COMPOTHUBIIEHUS, OONBIIMMHU 3HAUYECHUSMM Mapa3uTHBIX peak-
TUBHBIX [1apaMETPOB;

- HETIPOBOJIOYHbIE (IVIEHKU WU O0BEMHBIE KOMIIO3UIIMU C BICOKUM YEIbHBIM
COMPOTHUBJICHUEM) XapaKTEPU3YIOTCS CHIIBHOM 3aBUCUMOCTBIO AJIEKTPUUYECKUX IMapa-
METPOB OT MaTepuaia pe3uCTUBHOTO JIEMEHTA.

[Ipu paccmoTpeHun cxem OyneM CUUTaTh, YTO PE3UCTOPHI YACTOTHO HE3aBHU-
CUMBIE 3JIEMEHTHI (MX COMPOTUBIICHUE HE 3aBUCHUT OT 4acTOThl). EnuHuIIa n3MepeHus
corpotuBieHust — Om.

Homunanvnsie conpomuenenua OT€UECTBEHHBIX PE3UCTOPOB COCTABISAIOT OT

10_1 bi (e} 1012 OwM. B cBsA3M C MMUPOKKUM JHANa30HOM HOMHWHAJBHBIX COMPOTUBICHUN
PE3UCTOPOB CYIIECTBYIOT MPOU3BOAHBIE OT OM €IUHUIIBI U3MEPECHUS:
1 kKOM = 10°Om; 1 Mom = 10°0m; 1 TOM =10"On; 1TOM = 10O

B Poccunu cornacuo I'OCT 2825-67 aiist HOCTOSIHHBIX PE3UCTOPOB YCTAHOBIIE-
HO IIECTh PSA0B HOMHUHAIBHBIX conpotuBiieHuit: E6; E12; E24; E48; E96; E192, a
uisl nepeMeHHbIX pe3uctopoB B coorBeTcTBUU ¢ ['OCT 10318-80 ycraHoBieH psf
E6.

Psnpt E npencraBisior co00it AeCATUYHBIE PSIbI TEOMETPHUCCKON ITPOrpeccuu
CO 3HaMEHaTeJIeM MPOrPECCUM:

On = JX/I_O’ st psana EN.

Uucno, crodiiee mociie cuMmBojia E, ompenenseT KOJIMYECTBO HOMMHAIBHBIX
BEJIMYMH B KaXKJIOUM JAEKaJe psiaa.

Pe3nuctopbl M3roTaBIMBAIOT ¢ HOMHUHAJIBHBIMH COIPOTUBJICHUSMH, COOTBET-
CTBYIOITUMH OJHOMY W3 YHCIOBBIX KO3(DPHUITMEHTOB psija, yMHOKCHHOMY Ha 10”, rae
N — 11eJI0€ MOJ0KUTEIBHOE WIIM OTPUIIATEIBHOE YHCIIO.

Tak, Hanpumep, 1 psaa E6 unciossie kodddurments pasusl 1,0; 1,5; 2,2;
3,3; 4,7, 6,8.

[Tpumep miist HoMmuHanbHBIX psaoB E6, E12 n E24.
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Kaxx1plil psii COOTBETCTBYET ONPENEIEHHOMY JOMYCKY B HOMHHAJIAX JeTajel.
Tak, neramm u3 psaa E6 nMeror momyctuMmoe OTKIOHEHHE OT HoMuHana £20 %, u3
pana E12 — £10 %, u3 psna E24 — £5 %. CoOGCTBEHHO, psiAbl YCTPOEHBI TaKUM 00-
pa3oM, 4TO CIEAYIOLee 3HAYEHUE OTIMYAETCA OT MPEAbIAYLIEro YyTh MEHbBIIE, YeM
Ha JIBOMHOM JOIYCK.

3HaueHus HOMUHAJIOB AJisi HeKoTopbix panoB E3, E6, E12, E24 npuseneHs! B
tabmune 1.1

Jlonycmumoe omknonenue om Homunana HopMann3zoBaHo corjacHo ['OCT
9664-74 u cootBerctByeT psany +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 %.

Homunanvnasa mouwjpocms — MakcuMaibHasi MOLUTHOCTb, HA KOTOPYIO PacCUH-
TaH PE3UCTOP, MPHU IJTUTENBHOU ero padore 0e3 U3MEHEHHUs ero napameTpoB B Teue-
HUE TAPAHTUHHOTO CPOKA CITYKOBI.

HomunanbHasi MOIIHOCTh paccerBaHUs TakKe HOPMAJIM30BaHA B COOTBETCTBUU
¢ 'OCT 24013-80 u cootBerctByeT psiny 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

Tabmuma 1.1
3HayeHUs HOMUHAJIOB Il HeKOTOphIX psanoB E3, E6, E12, E24
E3 E6 E12 E24 E3 0 E12 E24
£30% | +20% | +£10% | +5% 130% | POV | Lyge, | x5
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 tabnuier 1.1 BunHO, uto psan E12 momy4aeTcs: BRIUEpKUBaHUEM U3 psiaa
E24 xaxxioro BTOpOro HoMuHaja, aHaloruado, E6 nmonydyaercs BBIYEPKMBAHUEM U3
E12 xaxxioro BTOpOro HoMuHasia.

Temnepamypnulii KoIgppuyuenm conpomueneHus — BEINYNHA, XapaKTEpH-
3yIOllass OTHOCUTEIBbHOE W3MEHECHHUE COIPOTUBIICHUS PE3UCTOpPA MPU H3MEHCHUU

TEMIIEpaTyphl Ha 1°C.



B cooTBeTcTBUM C AEHCTBYIOIIEH CUCTEMON YCIOBHOE 0003HAaUEHUE PE3UCTO-
poB (I'OCT 10318-80) cocTOUT U3 CACAYIONIUX IIEMEHTOB:

nepavwiti 21emenm — OyKBa WM coueTaHue OykB, 0003HAUYAOIINE MOJKIACC Pe-
3ucTopoB: P — pesuctopsl nocrosinubie; PIT — pesucropsl nepemennsie; HP — Habo-
PBI PE3UCTOPOB;

emopoti s1emenm — uudpa, o603Havaroas rpynny pe3ucTopoB 1Mo MaTepuaty
PE3UCTUBHOIO AJIEMEHTA: 1— HEMPOBOJIOYHBIC; 2 — MPOBOJIOYHbBIE WM METALIO(OTIb-
TOBBIC

mpemuti d21eMeHm — PETUCTPAUOHHBIA HOMEP KOHKPETHOTO THIA PEe3UCTopa
(MeXIy BTOPBIM U TPETHUM DJIEMEHTAMU CTaBUTCS AehuUC);

yemeepmulil 1eMeHn — HOMUHAIIbHAsI MOIITHOCTH B BT;

nAmolll d1eMeHm — HOMUHAJIBHOE COMPOTHUBIICHHE U OyKBEHHOE 0003HAuUCHHE
eaunuibl uameperus (Om, kOm, MOwm, I'Om, TOM) ;

uiecmotu 31emerm — AOIMyCTUMOE OTKJIOHEHHUE OT HOMUHAJA B % .

[Tpumepbr 0603HaUCHUT.

[TocTostHHBIN HEMPOBOJIOYHBIN PE3UCTOP C PETUCTPAIMOHHBIM HOMEPOM 4, HO-
MUHaJIBHON MOITHOCTHIO 0,5 BT, HOMuHanbHbIM conpoTuBieHueM 10 kOwm, ¢ nomyc-
koM * 1% oOo3HauaeTcs

P1-4-0,5-10 kOm = 1 %.

[lepemeHHBIN HETIPOBOJIOYHBIA PE3UCTOP C PErHUCTPALMOHHBIM HOMEpOoM 33, ¢

napaMeTpaMiy B YKa3aHHOM BBIIIE TTOCIIE0BATEIBHOCTH 0003HaYaETCs
PII1-33 - 0,125-3,3 xOm + 20 %.

ITo cymectBoBaBmiei panee cucreme ('OCT 13453-68) ycinoBHOe 0003Haue-
HUE PE3UCTOPOB COCTOUT U3 CIECAYIONIUX IIIEMEHTOB:

nepevlil s1emenm — OyKBa WM coueTaHne OyKB, 0003HAYAIONIHEe TOAKIIACC pe-
sucropa: C — pesuctopsl noctosiuabie; CII — pe3ucTopsl mepeMeHHBIE;

emopoiu 3nemenm — undpa, od003Hayaroas Pa3HOBUAHOCTh PE3UCTOPA 0 TH-
Iy MPOBOJSIIETO dJeMeHTa: | — HEeNpOBOJIOYHBIE TOHKOCIOWHBIE YIIEpOAUCTHIC U
O0pOyTIIepOIUCThIE; 2 — HEMPOBOJIOYHBIE TOHKOCIOWHBIE METAJUIOTNICHOYHBIC U Me-
TaJUIOOKCHIHBIE; 3 — HEMPOBOJOYHbIE KOMIIO3UIIMOHHbBIE MJIEHOYHbIE; 4 — HEMpPOBO-
JIOYHBIE KOMIIO3UIIMOHHBIE 00bEMHBIE; 5 — MPOBOJOYHEIE; 6 — HEMPOBOJIOYHBIE TOH-
KOCJIOMHBbIE METaJUIM3UPOBAHHbIE;

mpemuti 271emMeHm — PETUCTPALUOHHBIA HOMEP KOHKPETHOIO THIA PEe3UCTOpa
(MeX Ty BTOPBIM H TPETHUM 3JIEMEHTaMH CTaBUTCS JAe(UC);

yemeepmulii I1eMeHn — HOMAHaNIbHAsi MOIIHOCThH B BT;

namlil 91eMeHm — HOMUHAJIBLHOE CONMPOTHUBIICHNE U OYKBEHHOE 0003HAUYCHHE
eauHuIel u3mepenus (Om, kOm, Mowm, I'om, TOm);

wecmou 31emenm — JOIyCTUMOE OTKIIOHEHHE OT HOMHUHAJIA B %%.

[Tpumepsr 0003HaUCHUT.



[TocTOSsHHBIN HEMTPOBOJIOYHBIM TOHKOCIIOWHBIA METAJIIOILUIECHOYHBIA PE3UCTOP
C PErUCTPALIMOHHBIM HOMEPOM 33, HOMHMHAJIBHOW MOIIHOCTEIO 0,25 BT, HOMUHAaNb-
HbIM cornpotuBiienueM 4,7 kOwm, ¢ nomyckom * 10 % obo3navaercs:

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

[IepeMeHHBIN HENMPOBOJIOYHBIA KOMIIO3ULIMOHHBIA TJIEHOYHBIN PE3UCTOP C pe-
TUCTPAMOHHBIM HOMepoM 30, ¢ mapameTpaMy B YKa3aHHOW BBILIE ITOCIEA0BATENb-
HOCTH 0003Ha4aeTcs:

CII3-30 — 0,125-220 Om + 20 %.

Homunanbsl 1 1omycku mManorabapuTHbBIX pe3UCTOPOB 0003HAYAIOT B COOTBET-
CTBUU C OYKBEHHON CHCTEMOU KOAMpOBaHUsA. HOMUHAIBI KOTUPYIOTCS CIEAYIOIIUMU
OykBamH (B ckoOkax TpuBeneHa otedyecTBeHHas koaupoBka): R(E) — Owm; K(K) —
10°0m = kOm; M(M) — 10°0Om = MOwm; G(I') — 10°0Om = TOm; T(T) ~10" Om = TOM.

KoaupoBanubie 0003HaueHUs1 Hanbosee paclpoCTpaHEHHBIX JOMYCKOB PUBE-
JieHbl B Ta0. 1.2,

Tabmuna 1.2
KonupoBanubie 0003HaueHUSI TOMYCTUMBIX OTKJIOHCHUN

Homyck, % +0,1({+£0,25{+£05|+10(£20 £50| £10 |£20| £30

Kona. 0003H. B C D F G J K M N

Kon. 0003H. K Yy Il P JI 151 C B ()
(oreu.)

Ecnu HOMuHan pe3nctopa BeIPAXKAETCs LETbIM YUCIIOM, TO OYKBEHHOE 0003HAa-
YeHre HOMUHAJIA MUIIETCS MOCie HeTo.

Ecam HOoMuHanm pesucropa 4mcio npoOHOE, TO OyYKBEHHOE O0O3HAUYECHHE €ro
BEJIMYMHBI CTABUTCSA BMECTO 3aIISITOM.

Ecnu HoMuHan pe3ucTopa BhIpakaeTcs NeCATUYHON IPoObI0 C HYJIEM BIIEpEH,
TO BMECTO HYJISl IETBIX U 3aISITOM BIIEpEAM YKCIa CTABUTCS OYKBEHHOE 0003HAUEHUE
€ro BEJTUYHHBI.

bykBeHHOE 0003HAUYECHHE TOMTyCKA CTABUTCS MOCJIe 0003HAYCHHS] HOMHUHATIA.

[Ipumepsl MapKUPOBKHU:

47EK-470Mm+ 10 %; 51 KM —51 kOwm £ 20 %j;

2K2F -22kOm £ 1%; 9MI1K-9,1 MOwm + 10 %;

K33G -3300m+2%; MI15D - 150 kOm £ 0,5 %.

Ha noctostnubix pezucropax B coorBerctBuu ¢ ['OCT 17598-72 nomyckaercs
KOJMPOBKA HOMHHAJIOB U JIOITYCKOB C IMTOMOIIIBIO IIBETHBIX TOJIOC MIIA TOYEK.



1.1.2 OcHOBHbBIE IPUMEHEHUA PE3UCTOPOB

1. Ucnonp30BaHue pe3UCTOPOB [JIsi TOCTPOCHMS JIE€IUTENICH HanpsKEHUs
(puc. 1.2).

Brixognoe Hanpsbkenue aenutens Uy, IpAMO IpONOpLHOHAIBLHO MPOU3BEIE-
HUI0O BXOJHOro HampsbkeHuss U,z Ha KoshuUIMEHT mnepenauyn HanpsKeHUs
K=R,/(R1+R;). [lannas dbopmyna st K sBIsieTCs CIIpaBeUIUBO, €CIM TOK HArpy3KH
(BBIXOAHOM TOK jaenutenis) |, MeHbIlle TOKa, MpOoTEKarouero yepe3 aenureis |, mu-
HUMYM B TpH pasa: |;> (3-5)l,.

III l RZ UBbIX(UH) RH

O— - o
Puc. 1.2. Cxema nenurenst HanmpsoKCHUS

Ha puc. 1.3 npencraBiieHbl AB€ CXEMBI JACIUTENS C PEryIupyeMbIM Kodhpuiim-
CHTOM Iepeiaun HanpspkeHus (K=var).

a) 0)
Rl < 7'y
I
U —o R1 U<—}[—o
RZ UBLIX v "2 UBI’IX
O— 1_ O O— O

Puc.1.3. [lenurenu HanpsHKEHHSI C peryaupyeMbIM KodhGUIIMEHTOM Tiepeaadn
HANPSDKEHMSI: @) CXeMa C IEPEMEHHBIM U MTOCTOSHHBIM PE3UCTOPOM;
0) cxeMma ¢ OJTHUM TIEPEMEHHBIM PE3UCTOPOM

N3menenne K mpoUCXOIUT BCIEACTBUE U3MEHEHUS BEIUYMHBI COTPOTUBIICHUS
R;. B cxeme, puc.1.3.0, TakKe MOXKHO BBIJCIUTH JIBA «PE3UCTOpa»: I (COMPOTUBIIC-
HUE€ MEXIY MOJBMXHBIM KOHTAKTOM (IIETKOI) MEPEMEHHOTO PE3UCTOPA U BEPXHUM
0 CXeMe BBIBOJIOM pe3ucTopa R;); I, (COMpOTHBIICHUE MEXTY MIETKOW MEPEMEHHOTO
pPE3UCTOpa M HUKHKM I10 CXEME BBIBOJIOM pe3nucTopa Ry).
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2. Ucnionp30BaHWe pe3ucTOopa B KAyeCTBE OrpPaHUYEHUS TOKA Harpys3Ku
(puc. 1.4).

B psine cinyyaeB TpeOyeTcsi OrpaHU4HUTh TOK, MPOTEKAIOMIUN Yepe3 KaKyro-110o
Harpy3ky R,. Harpyskoii moxer ObITh kakoe-nu6o POV, (yHKUMOHANBHBINA Y3,
4yacTb cXeMbl U T.I. PaccMoTpum cxemy, puc. 1.4.6. Ceetoauon VD, sBnsiercst cBero-
BbIM MHAMKATOPOM MOJAUM HANpPsDKEHUS MUTaHUS HA HEKOTOpOe yCcTpoicTBO. B pa-
0ouyeM pexxuMe TOK, nmpoTekaromuii yepe3z VD; nomken ObiTh B npenenax |, ot 5 go
20 MA. Ecnu Tok | g mpeBbicuT BeanuuHy 20 MA, CBETOJIMOA MOKET BBIUTHU U3 CTPOSI.
[Tpu sTom Hanpspxkenne Ha VD, He nomkHo nipeBbimath 2 B. IlycTs, Hanpumep, Tpe-
oyercs obecneunts lyg =15 MA, Uyg=1,5 B mpu U, = 15 B. Torga Ry, = (15 B-1,5
B)/15 MA=900 Owm.

a) 0)
c;._:%ROrp +0 %
e
R, H Uy VD, @D
o —0

<_
IVD

Puc.1.4. OrpannueHne Toka Harpy3KH ¢ IOMOIIIBIO PE3UCTOPA:
a) oO1ras cxema; 0) orpaHUYEHHUE TOKA, MPOTEKAIOIIETO YePe3 CBETOINO/T

3. Ucnonb3oBaHue pe3nCTOpPOB JUIsl MOCTPOEHUsl MpeoOpas3oBaTelieldl TOKa B
HaIPSKEHUE U HaIpsHKEHUsS B TOK. Eciu uepe3 pe3ucTop MpoTeKaeT TOK, TO Ha HEM
BbLAENsIETCS (I1alaeT) HANPSHKEHUE, MPSAMO MPONOPLUOHAIBHOE BEIUYUHE 3TOrO TO-
Ka. B cnydae npuiiokeHus K pe3ucTopy HaIpsiKEHHUs, 4Yepe3 HEro NpoTeKaeT TOK, Be-
JUYUHA KOTOPOro IMPsIMO MPOMOPUHUOHATIbHA NPUIIOKEHHOMY HAIIPSAKEHHUIO.

Hcnonp3oBaHue pe3ncTopa B KAYECTBE «IaTYMKa» TOKA MOKa3aHo Ha puc. 1.5.

HeoO6xomumMo wumeTh wHGOpPMAIHMIO O TOKE, IOTPEOIsIeMOM KaKoH-IHO0
Harpyskoii. Ha pesucrope Ry, puc. 1.5, nagaer nanpskenue | -R .. D10 Hanpsxe-

HUE JIOBOJILHO TIPOCTO MpeoOpa3oBaTh, HAIPUMED, B IBOUYHBIN KOJ C TTIOMOIIBIO TH-
nmoBoro ananoro-iudposoro mnpeodpazosatens (ALIl) m mepenate B KOMIBIOTED.
Comnportusnenne R, MOWKHO OBITH TOCTATOYHO MajbIM JJIsl TOTO, YTOOBI HE JIOMY-
CTUTh O€CIOJIE3HON MOTepru MOITHOCTH Ha HEM. C Ipyroil CTOPOHBI, COMNPOTUBIICHUE
Ry IOMKHO OBITH TOYHO 33 TaHHBIM.

11



Ru
+0 [ 1 * o+
RZ[T UBLIX: RL[T' IH
—0 ? 3 o —

Puc. 1.5. Ucnonb30BaHue pe3ucTopa B Ka4ecTBE 1aT4yMKa TOKA

4. CneuuanbHble IPUMEHEHUS MOIYITPOBOIHUKOBBIX PE3UCTOPOB.

Haubonbiee pacnpocTpaHeHre UMEIOT TPU TUIA MOJYIPOBOJHUKOBBIX PE3U-
CTOPOB: TE€PMOPE3UCTOPHI (CONPOTUBICEHHE B 3HAYUTENIBHOW CTENEHH 3aBUCHUT OT
TEMIEPaTyphl); GOTOPE3UCTOPHI (COMPOTUBIICHUE OMPEAECISIETCS CBETOBBIM IMOTOKOM,
najaroliuM Ha PE3UCTUBHBIN AJIEMEHT); BapUCTOPHI (CONPOTUBIICHUS C HETMHEHHON
BOJIT-aMIIEPHOM XapaKTEPUCTUKOM ).

Pe3ucropsl nepBeIX ABYX THUNOB MCHOJB3YIOT B KAUECTBE JATUUKOB TEMIIEpa-
TYPBI ¥ OCBEIICHHOCTH (CBETOBOT'O MTOTOKA) COOTBETCTBEHHO (puc. 1.6).

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

Puc.1.6. JlaTunk TeMIiepaTypsl Ha TEPMOPE3UCTOPE

BapucTopbl IPUMEHSIOT [T CTAOUIIM3AIMK WK OTPAHMYCHUS HAMPSDKCHUS Ha
KaKOM-JIH0O ydacTKe djekTpudeckoi nenu (puc.1.7).

a

) a ) J
— L +—¢—o A
UBX U RU UBBIX I
O . O —_— s —— -T 'Uorp

Puc.1.7 Ucnonp3oBanne BapucTopa /Uil CTAOUIM3AINH WA OTPAHUICHUS
HAPSDKEHUS . ) CXeMa BKJIFOUCHHS;, 0) BOJIbTaMIICpHAs XapaKTEPUCTHKA BaprUCTOpa
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Kak Buano u3 puc.l.7.6, HanpspDKeHHE Ha BApUCTOPE HE MOXKET IPEBBICUTH
npegenpHoro 3HadeHus +Ug, umm —Uyy,. IlosToMy B cxeme, puc.l.7.a, BbIXOIHOE
HaIpsDKEHUE HE MPEBbIIIAET BEJIMYUHbBI HAPSHKEHHUs] OTPAHUYEHUS ISl JAHHOTO Ba-
puctopa. PexxuMm cTaOuiau3aluy HampsHKEHUsT HACTYMAeT B Ciydyae, €Cld BXOIHOE
HaIpspDKeHUe MPEBBICUT BEIUYMHY MPEEIbHOr0 3HaueHus. M3nuiiex HampskeHus

pu 3TOM OyJET BBIAEIATHCA Ha 0aNIaCTHOM pe3ucTope Ry.

1.2 KonpgeHcaTopsl

DNEeKTPUUECKU KOHJIEHCATOP — 3TO KOMIIOHEHT 3JIEKTPOHHOW aImapaTrypsl,
IpeAHa3HAYCHHBIA U1 CO3JaHUs PEAKTUBHOTO €MKOCTHOI'O CONPOTHUBIICHUS, IS
pa3ziesieHHs] TOKOB IO YaCTOTE U HAKOIUIEHUS JIEKTPUYECKON SHEPTUN.

KonnencaTopbl noapa3fenstoTCcs Ha MOCTOSHHbBIE, IEPEMEHHBIE U TIOJCTPOECY-
HBIE.

VYcnoBuble rpaduueckue 0003HAUEHUS KOHACHCATOPOB HA MPUHIIMIHAIBHBIX
ANEKTPUUECKUX CXeMax MpuBeeHbI Ha puc. 1.8.

C1 C2 C3 C4 C5

+

+ 3 F R
a) 6)  B) r) n)

Puc. 1.8. YcnoBHble rpaduueckre 0003HaUEHHSI KOHIEHCATOPOB:

a) MIOCTOSTHHOM €MKOCTH; 0) 3JIEKTPOJIUTUYECKHUM MOJISPHBINA; B) DJIEKTPOTUTHYE-
CKHI HETOJISIPHBIN; T) IEPEMEHHBIN; 1) TTOJACTPOCUYHBIH

KonneHncaTopbl — 4aCTOTHO 3aBUCUMBIE 3JIEMEHTBI (MX €MKOCTHOE COMPOTHUB-
JICHHWE 3aBHCHT OT 4acTOThl f. BenmuumHa conpoTHBIICHUST OTPEACIIICTCSI U3 BhIpaxKe-

aust: Xc=1/2nfC. Equnnna usmepenus émxoctu — @apana (D).

1.2.1 OcHOBHbIE IapaMeTpPbI KOHAEeHcaTopa

OCHOBHBIMH 3JIEKTPUYECKUMH MapamMeTpaMy KOHAEHCATOPOB, MOJJIEKAIIUX
KOHTPOJIIO B TEXHUUYECKOI AUArHOCTHUKE, SBJISIIOTCS:

- HOMHHAJIbHAsl EMKOCTh (HOMUHAN);

- IOMyCTUMOE OTKJIOHEHUE OT HOMHUHAaJa (J0IMyCK);

- HOMUHAQJIbHOE HAIPSIKEHUE;

- remnepatypHbiil koappuuuent emxkoctu TKE (TKC).

Homunanvnas emkocms KOHIEHCATOpa yKa3biBaeTcs B 40X (apan: 1 MkD =
10°®; 1u®=10"@; 1 nd=10"®.
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JIns1 KOHAEHCATOPOB YCTAaHOBJIEHO CEMb PsII0OB HOMHUHAJIBHBIX eMKocTel: E3;
E6; E12; E24; E48; E96; E192.

Jlonycmumoe omknonenue om Homunana HopMann3zoBaHo coraacHo ['OCT
9661-73 wu cootBerctByeT psany +0,1; +0,2; +0,5; +£1,0; £2,0; +5,0; +10; +20;
+30 %. Hdnsa snekrpoiautuueckux koHaeHcatopoB — (0+50); (-10+30); (—10+50);
(—10+100); (-20+50); (-20+80) %.

Homunanvnoe nanpsaycenue — MakCUMajabHOE HAIPSIKEHHE, HA KOTOPOE pac-
CUYMTaH KOHJIEHCATOP, MPH JIUTEIHHOM ero paboTe 6€3 U3MEHEHUS ero mapaMmeTpoB B
TEYEHUE TapaHTUHHOTO CPOKa CITYKOBI.

3HaueHUs HOMUHAJIBHBIX HaNpsHKeHUM KoHeHcaTopoB corinacHo 'OCT 9665-
77 ycTaHaBIMBaeTCsl B COOTBETCTBUU ¢ psiaom 1; 1,6; 2.5; 3,2; 4; 6,3; 10; 16; 20;
25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250; 315; 350; 400; 450; 500;
630; 800; 1000 B.

Temnepamyphutit KoI(ppuuuenm emkocmu — BEIUUYNHA, XapaKTEPU3YIOIIAs
OTHOCHUTEJIbHOE M3MEHEHHWE €MKOCTH KOHJEHCAaTopa MPH W3MEHEHHH TeMIIepaTyphl
na 1°C.

B cootBercTBHU ¢ neHCTBYIONIEH CHUCTEMOHN YCIOBHOE O00O3HAUYCHHE KOHJICH-
CaTOPOB COCTOUT U3 CIICYIOIIUX AIIEMEHTOB:

nepevlil s1emenm — OyKBa WIM coueTaHWe OYyKB, 00O3HAYarolIde IMOIKIACC
koHaeHcaropa: K — nmocrosanon emkoctu; KT — nmogctpoeunsie; KII — nepemennoun
€MKOCTH;

8MopoU 3j1eMeHm — YnuciIo, 0003Havarolas rpynny KOHJeHcaTopa o MaTepu-
ay AUDJIEKTpUKA:

10, 15 — xepamuueckue;

21, 22 — cTeKJISTHHBIE M CTEKIIOKEPaMHUCCKHUE;

26 — TOHKOIUICHOYHEIE;

31, 32 — cinroasHbIE;

40 — 42 — GymaxxHbIE,

50 — 52 — OKCHUHO-2TIEKTPOIUTUIECKIE U OKCUTHBIC;

53 — OKCHIHO-TIONYIPOBOIHUKOBEIE;

60, 61 — Bo3myIIHBIC M BAKYYMHBIC;

70, 71 — MONMUCTUPOIILHEIE;

72 — propornnacToBbie;

73, 74 — monuaTUNEHTEPEPTAIATHEIE;

75 — KOMOMHHUPOBAHHBIC,

76 — 1aKOILUIEHOYHEIE;

77, 78 — monukapOOHATHBIC U TTOJUITPOTTUICHOBBIE.

JIns1 MOICTPOEYHBIX U KOHJIEHCATOPOB MEPEMEHHON EMKOCTH BTOPOU 3JIEMEHT

1 — BakyyMHbIE;
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2 — C BO3IYIIHBIM JUAJIEKTPUKOM;

3 — ¢ Ta3000pa3HBIM TUIIEKTPUKOM;

4 — ¢ TBEpIIbIM TURJIEKTPUKOM;

mpemuti 1emenm — TMOPAIKOBBI HOMEp pa3paboTKu (MEXIy BTOPBIM U Tpe-
THUM DJIEMEHTAMU CTaBUTCS Ae(uc).

B cocTtaB BTOpOro u TpeThero 3J1€MEHTOB B OTJEIBHBIX CIydasX MOXKET BXO-
JUTh TaK)ke OYKBEHHOE 0003HAUYEHUE;

yemeepmulii 27leMeHm — HOMUHaNIbHOE Hanpspkenue win rpynna TKE nns xe-
PaMHUUYECKUX, CTEKIOKEPAMHUUYECKHUX M CTEKJISTHHBIX KOHACHCATOPOB (HOMHHAJIBHOE
3amupoBaHO BO BTOPOM U TPETHEM DJIEMEHTaX 0003HAUCHHS ).

B o603nauenun TKE OykBbI 03Hauatot ero 31ak (M — munyc, I1 — miroc, MIT
— OnM3Koe K Hymw), a uncio ykasbiBaeT 3HaueHue TKE, mampumep 11100 (TKE =
+100x10°1/ °C ), M750 (TKE = —750x 10°1/°C ). BykBa H ykasbIBaeT Ha TO, 4TO
TKE He HOpMHpYyETCs, @ YUCIO IOCJIE HEE — Ha BO3MOXXHOE M3MEHEHHUE E€MKOCTH,
Hanpumep H20 (u3menenune emkoct He O6onee + 20%);

nAMolll 21eMeHm — HOMUHAJIbHAsE eMKOCTh M OYKBEHHOE 0003HAUCHUE €IMHU-
116l u3Mepenus (nd; mMrd; O);

uiecmotu 31emerm — JOMyCTUMOE OTKJIIOHEHHUE OT HOMUHAJA B % .

[Tpumepbr 0603HaUCHUT.

Kepamuyecknii KOHAEHCATOP MOCTOSHHOM €MKOCTH Ha HOMHHAJIBHOE HAmpsi-
xenue 10 1600 B ¢ Homepom paszpabotku 7, rpynnsl TKE M47, HoMuHaIBHOM €MKO-
cteio 27 nd, ¢ gomyckom * 10% obo3HawaeTcs

K10-7 —M47 — 270D + 10%.

Konnencatop monumaTriieHTepeTaIaTHRIN MOCTOSIHHON €MKOCTH C HOMEPOM
pa3paboTku 17 Ha HOMHMHANIBLHOE HampsbkeHue 63 B, HomuHansHON emkocThio 0,33
MK®D, ¢ norryckoM + 20% oGo3HavaeTcs

K73-17 - 63B — 0,33 mx®d + 20%.

Konngencarop OKCHIHO-3IEKTPOIUTHYECKUN TOCTOSHHOW €EMKOCTH C HOMEPOM
pa3paboTku 24 Ha HOMHHaJIbHOE HamnpspDkeHue 16 B, HomuHamsHON emKocThio 1000
MK®D, ¢ momyckoM (—50+20)% obGo3HagaeTcs

K50-24 — 16B — 1000 mx® (-50+20)% .

Homunans! 1 monycku ManorabapuTHBIX KOHACHCATOPOB 0003HAYAIOT B COOT-
BETCTBUU C OYKBEHHOI cucTeMoi koaupoBanus. HomuHabl

KOAUPYIOTCS CIEIYIONMMU OyKBaMH (B CKOOKax MpPUBEICHA OTEUYECTBEH-HAs
xoaupoBka): F(®) — papan; p(M) — 1070 — mukpogapaxm; n(H) — 107 - Hano(apa;
p(IT) — 107 d - rukodapa.

KonupoBanHoe o00o03HaueHHE AOIMyCKa 3JIEKTPOJUTHUECKHUX KOHJIEHCATOPOB

npuBeieHo B Ta0. 1.3, octanbHbIX — B Ta0m.1.1.
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Tadmnura 1.3
KomupoBannbie 0003HaYEHUS TOMYCTUMBIX OTKIOHCHUH

Honyck, % | (-10+30) | (-10+50) |(—10+100) (~20+50) (~20+80)

Kox. 0603H. Q T Y S Z

Kox. 0603H. s 2 O b A
(oteu.)

[locnie OyKBBI JOMYyCKa B MApKUPOBKE KOHAEHCATOPOB MOXKET MPUCYTCTBOBATH
OykBeHHbIi ko rpynnbl 1o TKE u (1) HOMUHANBHOTO HANPSKEHUS.

byksennas konupoBka TKE mist kepaMuueckux, CTEKIIOKEpaMUYECKUX U CTEK-
JSHHBIX ~ KOHAEHCATOPOB U  HOMHMHAJIBHOIO  HANpsDKEHWs  MpUBEIEHAa B
npunoxxenud |11,

Cucrema MapKUpOBKHM MajorabapUTHBIX KOHJIEHCATOPOB aHAJIOTMYHA CHCTEME
MapKUPOBKHU PE3UCTOPOB.

[Tpumepsl MapKUPOBKHU:

33pK — 33 n® + 10%; 1n81 — 1800 Hd + 5%j;
ud7K — 0,47 mx® + 20%;  10uS — 10mx®d (—20+50)%.
JIist MapKUpOBKH HOMHKHAJA, TOMYCKa, HOMUHAJIBHOTO HampsikeHus 10 63B u

I'pYIIIbI TKE AOITYCKACTCA IBCTOBAA KOJAUPOBKA B BUAC IBCTHLIX ITOJIOC UJIN TOYCK.

1.2.2 OCHOBHbIE NIPUMEHEHUS KOHeHCaTOPOB

1. Ucnons3oBaHue KOHICHCATOpa I pa3aciICHUA IIOCTOSIHHOM U HGpGMGHHOP'I
COCTaBJIAIOIIMX CUI'HAJIA, pHClg

0) U
Un
a) U T
C Uo
||
DrekTpu- [ DJIeKTpH- t
yeckas | U; U, yecKas
nens 1 Lens 2 U,
Un

A
VY,

Puc.1.9. Pa3nenenre moCcTOSHHON U IEPEMEHHON COCTABIISIFONIUX CUTHAJA

C TIOMOIIBIO0 KOHJICHCATOPA: a) CXeMa BKIIFOUSHUS; 0) BpeMEHHAsI

JarpaMma HanpsKeHUs
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Curnan U; umeer nBe cocTaBisAoOmUX: NOocTosHHY0 Ug m nmepemennyro Up,.
ITocne konnencatopa C Hampsikenue U, He mMmeeT MOCTOSSHHOU cocTaBistomei Ug
biaromapss 1aHHOMY CBOMCTBY KOHJIEHCATOpa MOYKHO IE€PENaBaTh IEPEMEHHBIN CUT-
HaJ OT OJJHOM YacTH CXEeMbl K JPYTOi, MpUYeM pexXUMBbI padOThl KaXkI0M U3 ITUX Ya-
CTel CXeM IO MOCTOSHHOMY TOKY OyAyT He3aBUCUMBIMHU. Tak B MHOTOKacKaJIHOM
YCUJIUTEJIE TEPEMEHHOI0 TOKa MOXHO HE3aBUCUMO OTPEryJIMPOBAaTh PEKUMBI pabOThI
KAaCKaJ0B IO MOCTOSIHHOMY TOKY. [IprueM n3meHeHue pexuma paboThl J1IF0OOro Kac-
KaJla He CKa3bIBaeTCsl Ha peKMMax paboThl ocTajibHbIX. Uepes pa3aeiauTeNbHblil KOH-
JIEHCATOP YacTO IOAKIIFOYAIOTCS YCTPOMCTBA KPUTUYHBIE K IIPOTEKAHUIO 110 HUM I10-
CTOSIHHOTO ToKa, puc.1.10.

Hanpumep, akyctudeckue CHUCTEMBI, SBIISIOIIMECS HArpy3KaMU YCUIUTEIEH
3BYKOBBIX YacTOT, MOAKJIIOYAIOTCS Yepe3 pa3ielIMTeNbHbIe KOHAEHCAaTOpbl. biarona-
psl 9TOMY 4Ye€pe3 aKyCTUUYECKUE CUCTEMBI HE MPOTEKAET NOCTOSIHHBIN TOK, UYTO SABJISIET-
csl HEOOXOJIUMBIM YCIIOBUEM COXPAHEHUS X KAYECTBEHHBIX XapaKTEPUCTHK.

YCUJIUTEIb Ru

Puc.1.10. IlogkmtoueHre K yCUIIUTEINI0 Harpy3KH (aKyCTUYECKON CUCTEMBI)
yepe3 pa3AeNuTeIbHbI KOHIEHCATOP

Crnengyer UMETh B BHIY, YTO B CXeMax, COJEpKAIIUX KOHIEHCATOPHI, COIpO-
TUBJICHUS TTIOCTOSIHHOMY U TEPEMEHHOMY TOKY MOTYT OBITh paznudyHbIMH. PaccmoT-
pUM, HallpUMEp, CXeMy, IpeAcTaBlieHHyI0 Ha puc.1.11.

C
Ry U ’ Rs

R> Y

Puc.1.11. Cxema, coaepikaiiasi pe3ucTopbl U KOHJIEHCATOPHI
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ConpoTuBiieHrE MOCTOSIHHOMY TOKY cxeMbl R-=R;+R; (TOK uepe3 KoHeHcaTo-
pel C; u C, He nportekaeT). CONpOTUBIEHUE 3TOM K€ CXEMbl MEPEMEHHOMY TOKY
R-=R1/IR3 (conpoTtusienneM koHaeHncatopoB C; u C, IepeMEHHOMY TOKY MpeHeOpe-
raem).

2. Wcnonb30BaHNe KOHJIEHCATOPOB JIJISl MOCTPOCHMS YaCTOTO3aBUCUMBIX JI€TIH-
Teneu Hanpsbxenus (puiasTpos), puc.1.12, 1.13.

Cxema, puc.1.12, npencrasnsier co0oil GuiIbTp BbICOKOM yacToThl. Ecnu ua-
CTOTa BXOJHOTO CHTHajla Maja, CONPOTUBIIEHHUE KOHAeHcaTopa C; BEJIMKO U MPaKTH-
YECKM BCE BXOJHOE HampspKeHue majgaer Ha Hem. Takum oOpazom Ug,, mpumepHo
paBHo Hymto. [lo mepe yBenuyeHUsT 4acCTOTHI BXOJIHOTO CUTHaJa COMPOTHUBIICHHE
koHaeHcatopa C; nagaet, U Uy,x yBeIMunUBaeTCs.

[IpumeyaHue: peakTUBHOE COMPOTUBIIEHUE KOHAEHCATOPA 3aBUCUT OT YaCTOThI

1 .
M OTIPENeIsieTCs CIEAYIOMMIM o0pazom: X, =7, rne j=~—-1, o=2nf, - kpyro-
JO

Basl 4aCTOTa CHUT'HaJIA, C — eMKOCTBH KOHACHCATOpPA.
B CXEMC, p1/10112, Ha HU3KHUX Y9aCTOTaX IMPAKTHYCCKU BCC BXOIHOC HAIIPSAKC-
HHUC IMTaAdCT HAa BBIXOAHOM KOHICHCATOPC Cl. Ilo MCPC YBCIMYCHUA YaCTOThI BXOIHO-
o CcurHajia COMpOTUBJIICHUC KOHACHCATOPA YMCHBIIACTCA, HAIIPAKCHHUC HA PE3UCTOPC
R1 YBCIMYIHUBACTCA, CJICAO0BATCIIBHO, BBIXOAHOC HAIIPSAKCHUC 1TAAACT, JOCTUI'asd HYJIC-
BOI'O 3HAYCHMU: IIPU ,I[&JIBHCﬁH.IGM YBCIIMYCHUHN YaCTOTHI.
a) 6)

I UBbIX
O I O

Usx=const ¢l Rl[

] UBBIX
f=var

f

Puc.1.12. ®unbTp BBICOKOW YaCTOTHI: a) cXema; 0) aMITUTYJHO-4aCTOTHAs
XapaKTEepUCTHUKA
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a) 0)

UBLIX
O O
U,=const R,
f=var 1
Cl o U BBIX
O O

Puc.1.13. ®uibTp HU3KOW YAaCTOTHI:

a) cxema; 0) aMIUIUTYIHO-4aCTOTHAs XapaKTEePUCTHKA

@unbTp HU3KOH YacToThl, puc.1.13, ucnonb3yercs, HaNpuUMep, AJs CriIaKUBa-
HUS MyJbCALUNA BBITPSIMICHHOTO HAMPSKEHUS B UICTOYHMKAX NUTaHus, puc.1.14.a.
a) VD,

~ o
o > o

T
|
|
Uyp~ Uy~ cl$ U, D R,
|
l

(o, O

0)

Al

Puc.1.14. Bempsamurens: a) cxema; 6) BpeMeHHas: 3aBUCUMOCTh BBIXOJHOTO
HaIpsHKEHUs IPU OTKJIIOYEHHOM KoHzieHcaTope Ci; B) BpEMEHHAs 3aBUCUMOCTD

BBIXOJHOI'O HAIIPAXKCHHUA IIPU ITIOAKIIOYCHHOM KOHACHCATOPC C]_

B ¢unbTp HU3KON YacTOTHl BXOAUT KoHAeHcaTtop Ci, pesuctop Ri mpencras-
JIEH OMUYECKAM COMPOTHBICHHUEM BTOPUYHOW OOMOTKH TpaHcPopMaTopa U MPSMbIM
conportuienreM auoaa VD;. IMonynpoBoanukoBeiit guoa VDi BeIIpSAMIISIET TOJIBKO
onuH nonynepuon Hamnpsbkenus Uy~, puc.1.14.6. Hanpsbxkenne Ha Harpy3ke uMeer
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nyJbcupyronuii xapakrep. [lpu nogkmrouenun konaeHcatopa Cy cxema npuoopeTaer
CBOICTBAa HU3KOYACTOTHOIO (PUIBTPA U NMEPEMEHHAsl COCTABISIONIAs HAPSLKEHUs Ha
€ro BbIX0Jl€ yMeHbIaeTcs, puc.l.14.8. 3pHEeKTUBHOCTH MOAABICHUS MyJIbCAII BbI-
XOJTHOTO HANPSDKEHUS IMOBBIIIACTCA MPU MOBBIIIEHUM YaCTOTHl HAIPSKEHUA U NPH
YBEJIMYEHNN €MKOCTH KOHieHcaTopa Ci.

3. Mcnonb30BaHHE KOHAEHCATOPOB ISl IOCTPOECHUSI TEHEPATOPOB HANPSKECHUS
pa3nu4HON (JOPMBI U YCTPOMCTB 3aJIlaHUsl UHTEPBAJIOB BPEMEHH.

[IpyHIKI TOCTPOEHUS ABTOTEHEPATOPOB IIEKTPUUECKUX CUTHAIIOB WILTIOCTP U-
pyet puc.1.15 (U3IIOC — gactoTo-3aBUCHMas TOJIOKUTEIbHAS 00paTHasl CBS3b; Y —
YCWINTENb CUTHAJIA.

Y3I10C

Uoc UBbIX
v

Puc.1.15. ®yHkimoHanpHas cxeMa aBTOreHepaTopa

[ermouka Y3ITIOC MokeT ObITH MOCTPOCHA W3 PE3UCTOPOB M KOHIECHCATOPOB
(RC-anmemenToB), puc.1.16.

O +Ek
° UBLIX
Rl Cg C3 C4
UOC
Rs Rs D R7
R Cy

Puc.1.16. IlpuHnunuansHas cxema aBTOTeHepaTopa rapMOHUYECKOTO CUTHAIIA

Yeunutens codpan Ha aneMmeHTax Vi, Ry, Ry, Rs, Ry, Ci. Henb U3IIOC cocto-
uT u3 ds1eMeHToB Cy, Rs, C3, Rg, C4, R7.

Kosdurment nepenaun Hanpspxerus nenoukoi UY3IIOC B=U,/U,,« 3aBuCHT
OT 4acTOThl u3MeHeHus HanpsikeHus U, Koadpduunent f mocturaer ceoero mak-
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CUMAaJIbHOTO 3HAa4YeHUs TOJIbKO Ha ojxHoM yactoTe fo=¢(C2, Rs, C3, Re, C4, R7). UMen-
HO Ha JAHHOM 4YacTOTe M YCTaHABIMBAETCA TeHepalusi NMEPEMEHHOIO HaIpsSKEHUS
Uswx. OTKITOHEHUE 3HaUeHUs fy OT HOMUHAIA MOXKET IPOMCXOUTH BCIEACTBUE «YXO-
71a» IEKTPUUECKUX TapaMeTpoB Jito0oro u3 anemeHToB 1enoyku Y3I1OC.

Ha puc.1.17 noka3aH npvHIMI MOCTPOCHUS YCTPOMCTBA 3aJjaHUsl NHTEPBAJIOB
BpEMEHH (Taiimepa).

L K . BBIXOJI
|0 CD Km — Cl oMra —
patop
4
NI
UOH

Puc.1.17. Taiimep

Komnapatop mnpou3BOIUT CpaBHEHHE JBYX HampspbKeHuit: omopHoro Uy, u
HaIpsDKEHUs, CHUMaeMoro ¢ kouaeHcaropa Ci. B MOMEHT BpeMeHH, Korjja HampsoKe-
HUe Ha KoHaeHcatope Ci JOCTUTHET BeMUYUHBI U, BBIXOJHOM CUTHAJ TalkMepa u3-
MeHseTcs, Hanpumep, ¢ «0» Ha «1». B MoMmeHT Bpemenu, korna kimoud Kiy pa3zmbika-
eTcs (Ha4ajo 3a7aBaeMOro MHTepBasla BpeMeHH 1) HauMHAeTCs 3apsj KOHAEHcaTopa
C1 TokoMm lp, co3maBaeMbIM CleIMAIBHBIM UCTOYHUKOM CTaOWJIBHOTO TOKa. Hampsi-
xeHue Ha C; yBeJIMYUBAETCA.

B momeHT Bpemenu 1, (OKOHYaHHE 3aJ]JaBa€MOr0 MHTEpBaja BPEMEHHU) Hamps-
xenue Ha C; gocturaet BeauuuHbl U, U BBIXOJIHOM CHUTHAN TailMepa M3MEHSETCH.
3agaBaeMblii BpeMeHHOUW uHTepBa (11-1p) ompenenseTcss BeIMUMHON 3apsiAHOTO TOKa
lo m eMkxocTu koHaeHcaropa Ci.

4. Vcnonb3oBaHue KOHICHCATOPOB ISl MOCTPOCHUS JIETUTENCH HANPsHKCHMUS,

puc.1.18, u orpannuuTenel Toka Harpy3ku, puc.1.19.

o—
C, ==
U o
C2 —_!1 UBle~
O O

Puc.1.18. KonaeHcaToOpHBINA JEIUTENb HATTPSKEHUS
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- -

(e,
Puc.1.19. Orpannuenue Toka Harpy3Ku ¢ MOMOIIBIO KOHJIEHCATOpa

Pabora cxem (puc. 1.18, 1.19) ananoruyHa COOTBETCTBYIOIIMM CXeMaM Ha pe-
3ucTopax. PasHuiia COCTOUT JIMIIL B TOM, YTO:

1) mocnennue cxembl pabOTAIOT TOIBKO HA IEPEMEHHOM TOKE;

2) B MOCJIEIHUX CXEMax HE MPOUCXOJIUT OECIONIE3HON MOTepU MOIIHOCTH Ha
koHgeHcatopax Ci u Cy, TaK Kak TOK U HAIpPSHKEHUE Ha KOHJIEHCATOPE CABUHYTHI OT-
HOCHTEJBHO YT Apyra Ha 90° (P =Ul cos90?).

5. KonaeHncatopsl MOTYT UCIIOJIB30BATHCA ISl IOCTPOCHUS TATUUKOB YTIIOBBIX
U JINHEWHBIX TIEPEeMENIeHNUN, YPOBHS KUJIKOCTH. BO3MOXKHO OmpejiesieHue rpaHullbl
paszeina cpell C pa3HO IUAJIEKTPUUECKON MPOHUIIAEMOCThIO U U3MEPEHHUE TeMIEpa-
TYpHI.

JlaT4uKM YTIIOBBIX M JTUHEHHBIX MEPEMEIICHUI MPeCTaBIsI0T cOO0M KOHJEH-
caTopbl MEPEMEHHON €MKOCTH C MEXaHWYECKUM YIpaBJICHHEM (U3MEHseTCs 100
IUIONIA/Ib MIEPEKPHITHUS TUIACTHUH, JTUOO0 PACCTOSHUE MEXKY HUMH ).

JIaT4MKHU YpOBHS JKUJIKOCTH W ONPENEIICHUS TPAHUIIBI pa3zena Cpell CTPOSTCA
Ha 0a3ze MOrpykaembIX B KUIKOCTh KOHAEHCATOpPOB. EMKOCTH MOTpYyKEHHOTO KOH-
neHcaropa, puc.1.20, onpeaensercs cleayronM 00pa3oM:

C=Kjh + K,h,,
rae K, Ky — koad puipeHTs mponopiroHaIbHOCTH, 3aBUCAIINE OT TUAICKTPUIECKUX
IPOHUIIAEMOCTEN COOTBETCTBYIOIIMNX CPE.

[ ]

hi cpena 1

!
|
ARy
R
1
I'A

—| h2 cpena2

||
N

[
1

v !

l
!

Puc.1.20. KonaeHcatop, HorpyKeHHBIH B )KUJKOCTh
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Takum oOpazoM, HanpuMmep, U3MEPSAETCS YPOBEHb KEPOCHHA B TOIUIMBHBIX Oa-
kax camonera (hy). KepocuH mMeeT 3HaueHHE AMAICKTPUYECKON MPOHHUIIAEMOCTH
3HAYUTENBHO OOJIbLIIEE, YEM IHUAJIEKTPUUECKas MPOHMUIIAEMOCTh Bo3ayxa (cpeaa 1), To
ectb Ko>Kj. [loaTOMy yem 0oJibliyl0 eMKOCTh UMEET JAATYUK, TEM OOJIbIIE KEPOCHUHA
B Oake (cpena 2).

C noMomib0 TaKOro eMKOCTHOTO AaT4hKa MOXHO OINPEAENIUTh TPaHuIly pasje-
Ja Cpell, YTO UCIIOJIb3YETC s, HApUMep, AJIsl ONpeAesIeHUs YPOBHs HEPTENPOIYKTOB B
0akax ¥ YpOBHS «OTCTOSIBUICHCS» BOJBI, KOTOpas COOMpaeTcs Ha JIHE €MKOCTH U
MMEET 3HAYUTEIBHO OOJIBIIYIO JUAIEKTPUUECKYIO MPOHUIIAEMOCTb.

JIist u3MepeHus TeMrnepaTypbl MOXKHO HCIIONIb30BaTh CIEMAIbHBIE TEPMOKOH-
JI€HCATOPBI, EMKOCTh KOTOPBIX B 3HAYUTEIHHOM CTETIEHU 3aBUCUT OT TEMIIEPATYpHI.

6. C moMoIpl0 KOHJEHCATOpa MOKET OCYUIECTBISATHCSA TaJibBaHUYECKasi pas-
BsI3Ka B CUTHAJIbHBIX LIEMAX MPU NEepenade BbICOKOYACTOTHOro curHama. [Ipu stom
BBICOKOYACTOTHBIA CUTHAJI MEpeaeTcsl uepe3 KOHJEHCATOp Majlo eMKOCTH (EUHHU-
16l UKoGapan). Hu3koyacToTHBIE CUTHAIBI YepPe3 TAKOM KOHJEHCATOp MPAKTHUYECKU
HE MPOXOJAT, TAK KaK CONMPOTHUBICHHE KOHAeHcaTopa npu C—0 Ha HU3KHUX YacTOTaX
cTpeMuTcs K OeckoHeuHOCTH. YUepe3 Takue paszaenuTesbHble KOHJIEHCATOPHI MOJ-

KIIFOYAar0TCA, HAIIPUMCP, aHTCHHBI K BXOAHBIM LCIISAAM TCJIC-, paJruoallliapaTypsbl.

1.3 TpancdopmaTopsl, ApPOccey U KATYIUKH UHAYKTUBHOCTH
1.3.1 KaTymikKu MHAYKTUBHOCTH

KaTymiku mHIyKTHBHOCTH, 32 UCKIIFOUEHUEM YHUDUIIMPOBAHHBIX JIPOCCENEH,
HE SIBJISIOTCS KOMIUIEKTYIOIIUMH U3AEIHUSIMU (KaK pEe3UCTOpPbl, KOHACHCATOPBI U Ap.
AJIEMEHTHI PaANO03JIEKTPOHHOU annapaTypsl - POA). OHu W3roraBiuBaroTCs 1151 KOH-
KpETHbIX W3aeanil. M3-3a IUI0XOHW MOBTOPSIEMOCTH XapaKTEPUCTHUK M IAapaMeTpOB,
OOJBIION TPYJOEMKOCTH U3TOTOBJIEHUS X 00JACTh MPUMEHEHHS OTPaHUYCHA.

DOKBUBAJICHTHBIC CXEMBI KaTyIIKU MHAYKTUBHOCTH MPUBEIEHBI Ha puc. 1.21.

a) 0)
R L Rmp R L’
e, L' WD i A
R
| IS
[ [
c [ c [

Puc. 1.21. DxBuBaneHTHbBIE CXEMBI KATYIIKH UHAYKTUBHOCTH:

a) MepBBIN BapuaHT; 0) BTOPOW BapuaHT
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Karymka o0nagaer MHAYKTUBHOCTHIO L. AKTHBHOE CONMpPOTUBIEHUE MPOBOAA
Rpp. IloTepu B MarauTonposoze oTpaxarorcsa napamerpom R,. Konnencarop C npen-
CTaBJIIET MEXKBBIBOJHYIO EMKOCTh KaTylmiku (Ry # Ry, L= L").

Bce mapametpsr, kpome L (L), sBistorcs mapasuTHbiMH. J[oOpOTHOCTH Ka-

X
Tymku Q = ?L, rae X — UHIYKTUBHOE CONPOTHUBJIEHHUE; R — akTUBHAsA COCTaBIISIIO-

11asi CONPOTUBIICHUS KATYILIKH.
[loTepu B MarHUTONpPOBO/IE (CEPACUYHUKE) 3aBUCAT OT €r0 KOHCTPYKIIMH, MaTe-
pHana ¥ 4yacToTsl (JUIs KaTyku 0e3 cepaeunnka Ry =0, Ry =0).

Jlpoccesib — 3TO KaTyIIkKa WHAYKTUBHOCTU C ()ePPOMArHUTHBIM CEPIACYHHKOM
(MarHUTOMPOBOIOM ).

CepAeUHHK CITYXHUT JJIsS YBEJIUYCHHUS WHAYKTHBHOCTH KaTymikw. Jlist Toro,
9TOOBI APOCCENb ObLT JMHEHHBIM CEPJICYHUK B OTIMUYUE OT TpaHC(HOPMATOPOB 00s13a-
TEJILHO BBIMOJTHSACTCS C 3a30poM. Jpoccenu ciyXat Juisi CO3JjaHusl PEaKTHBHOTO WH-
JTYKTUBHOTO COTIPOTHUBJICHUS W NMPUMEHSIIOTCS B OCHOBHOM B CTJIQ)KUBAIOIIHUX (DHJTb-
Tpax.

YcinoBHoe rpaduueckoe 0003HAYCHHE JIpOoccelss Ha MPHHIUIMUATBHBIX DIICK-
TPUUECKUX CXemax MPUBEJEHO Ha puc. 1.22.a.

Jpoccenn — 4acTOTHO 3aBHCHMbIE DJIEMEHTHI (MX MHAYKTHBHOE COMPOTHUBIIE-
HHe 3aBUCHUT OT yacTotel f) X = 2xfL .

Enununa usmepenns naayktuBHoctd — ['erpu (I'n).

OcHoOBHBIE TApPAMETPHI:

- UHOYKmMusHocms (ne menee) L ;

- npeodenlbHO 0ONYCMuUMoe 3HayeHue noCmoaHHo2o moka lnom.

Hnoykmuenocms 1poccenss ~ MOXET  YKa3blBaThCsl B JIOJNSX TEHPHU:

1 M['H= 10_3 I'm; 1 MxI'm= 10_6 I'n.

2) 6) B)

Puc. 1.22. YcnoBusie rpaduyeckrue 0603HaUCHUS Ipocces (a),
TpaHCPOPMATOPOB C MATHUTOMIPOBOAAMH U3 (PeppoMarHuTHOrO Matepuaia (0)
Y MarHUTOJUAJIEKTPHUKA (B)

24



Ilpeodenvno oonycmumoe 3nauenue nOCHMOAHHO20 MOKA — TO MAKCUMAJIBHOE
CpellHEee 3HAYECHHE MOCTOSHHOTO TOKA, Ha KOTOPOE pacCUuTaH ApOCCemb, IpHU IH-
TENBHOU ero padoTe 0€3 U3MEHEHHS €ro MapaMeTpoB B TEUEHHE FapaHTUMHOIO CPOKa
CITYXKOBI.

B cooTBeTcTBUHU € IEUCTBYIONIEH CUCTEMON YCIOBHOE 0003HAUCHHE YHUPUIU-
POBaHHBIX APOCCENEH COCTOUT U3 CIEAYIOLUIUX IEMEHTOB!

nepewiti snemenm — 0ykna [, o6o3Hayaromas Apoccens;

8mMopoil 21emenm — MOPSAIKOBbIA HOMEDP pa3pabOTKU 1Jisl YHU(DUIMPOBAHHbBIX
HU3KOYACTOTHBIX JApocceneil; OykBa p il Apocceneil GuibTpoB OBITOBOM paauo-
AJIEKTPOHHOM aIaparypsl;

mpemutil 21emeHm — YACII0, yKa3blBalollee HHAYKTUBHOCTh B T€HPH;

yemeepmulii 97eMeHm — YUCII0, yKa3blBaloOIIee MPEesIbHO JOYCTUMBII TOK B
amIepax.

[Tpumepsl 0003HaUEHUT.

YHubUIupoBaHHBII HU3KOYACTOTHBIN Apoccenb ¢ HOMEpoM pa3pabotku 119,
uaayktuBHocteio 0,01 I'm Ha mpegenbHo nomyctumblii Tok 1,1 A obo3Haudaercs
JA119-0,01-1,1.

Hpoccens punpTpa Ajis OBITOBOM pajMo3IEKTPOHHON anmapaTypbl HHIYKTHB-

HOCTBIO 2,5 I'H Ha mpeaenbHO gomycTuMblid Tok 0,38 A obo3nawaercs p — 2,5 —
0,38.

1.3.2 TpancdopmaTop

TpancdopmaTop — 3TO CTAaTUUECKUN AIEKTPOMATHUTHBIN ammapar, colepika-
U 3aMKHYTBIM (DeppOMarHUTHBIH MarHUTOMIPOBO/I (CEpICUHUK) C nByMs (Wiu 60-
jee) OOMOTKaMU Ha HEM U CITYXKaIIU# I pe-00pa30BaHus IEPEMEHHOTO HaIpsKe-
HUSI OJTHOW BEJIMYMHBI B IEPEMEHHOE HANIPSKEHUE APYTOl BEIMYUHBI 0€3 N3MEHEHUS
YacTOThI, & TAKXKE JIJIi COTJIACOBAHMSI COMPOTUBIECHUN M TalbBaHUYECKOW pa3Bs3KU
BJICKTPUUECKUX LECTIEH.

YcnoBHoe rpadudeckoe o0o3HaueHUE TpaHChOpMATOpa Ha MPUHIHITHATBHBIX
AIEKTPUUECKUX CXeMmax MpuBeneHo Ha puc. 1.22.6. [Ipu u3zoOpaxeHnn 0OMOTOK KO-
JIMYECTBO BUTKOB MPOU3BOJIbHOE (0OOBIYHO TPH).

1.3.2.1 OcHoBHBIE TapaMETPhI CHIIOBBIX TpaHC(HOPMATOPOB
OCHOBHBIMH AJIEKTPUUECKUMU MMapaMeTpamMu TpaHC(HOpMaATOPOB, MOICKAITUX
KOHTPOJTIO B TEXHUYECKOH TUATHOCTUKE, SBIISTFOTCS:

- HOMUHAJIbHAsI MOITHOCTG P,;;
- HOMUHAJIbHOE HAMpsDKEHUE CeTH (mepBuYHOM 00MOTKHM) Uy,,;
- YaCTOTa HaNpsKeHUs cetu f; ;

- HOMUHaJIbHbIE HanpsikeHue Uy, u ToK |y, BTOPUYHBIX OOMOTOK;
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- ko3¢ durueHT TpaHchopmaruu K.

Homunanvhaa mowypocms — cyMMa MOIIHOCTEH BTOPUYHBIX OOMOTOK TpaHC-
dbopmaTopa B HOMHMHAJIBHOM pEXKHMeE, yKa3blBaeMas B BarTax. YacTto MCHONb3yeTCs
MOHATHE 2aOaApumHou UIN MUNOB0U MOWHOCMU, TIOJ KOTOPOl MOHUMAETCS IMOJY-
CyMMa MOLIHOCTEH BCeX YacTeil 0OMOTOK.

Homunanvnoe nanpsasicenue cemu HOPMAIA30BAHO U COOTBETCTBYET PANY:
110 B, 127 B, 220 B (6wsiToBas ceth); 380 B (0ob6mie-npomsiiieHHas ceth); 660 B,
1140 B (cnenuanbHble BUABI CETEH, UCIOIB3yeMbIe HA YTOJBHBIX IIAXTaX, pa3pesax,
pYIHUKAX U T.I1.).

Yacmoma nanpaxcenusn cemu tpanchopmaropos nutanus — 50 I'u (oOmie-
IPOMBIIUICHHBIX yCTporcTB) U 400 'l (1711 00BEKTOB, Macca U rabapuThl KOTOPBIX
UMEIOT CYILIECTBEHHOE 3HAUCHUE).

Koygpdpuyuenm mpancgpopmayuu — ornomenue 3.1.c. £1 OOMOTKH BBICHIETO
HaIpPsHKEHUS K 3.7.C. £, 0OMOTKM HU3IIETO HANPSHKEHUS WM COOTBETCTBEHHO OTHO-
[IEHHUE YKClia BUTKOB Np K Ny

k= EVE> =n1/n2.

YcnoBHoe o0o3HaueHHE YHU(DUIIMPOBAHHBIX CHUJIOBBIX TpaHCPOPMATOPOB CO-
CTOUT M3 CIICAYIOIINX 3JIEMEHTOB [2]:

nepewlii 21emeHm — codyeraHue OyKB, 0003HAYaIOIIMX THUIl TpaHC-popMaropa:
TA — TtpancdhopmaTop nuTanus aHoAHbIX nenei; TH — TtpancdopmaTop muTaHus
HakanpHBIX 1ened; TAH — Tpanchopmarop muTtaHus aHOJHO—HAKAIBHBIX IEMNeEH;
TIIIT — TpanchopmaTop MUTAHUS YCTPOMCTB HA TTOJIYNPOBOIHUKOBBIX mpubdopax; TT
— TpaHcopmatop nuTaHus ToppouaanbHbIi; TBT — TpanchopmaTtop BXOAHOMW 1Ist
TpaH3UuCTOPHBIX ycTporcTB; TOT — TpancopmaTop BBHIXOJHOM NIl TPAH3UCTOPHBIX
yctporictB; TM — Tpanchopmarop cornacyromniuii maioMoniaeiii; TH — tpancdop-
Martop uMnyJbcHbIN; THUM — TpanchopMaTop UMITYIBCHBIN MaJOMOIIIHBIH.

6Mopoul 31emenm — MOPSAKOBBIN HOMEp pa3paboTKu;

mpemuti 3j1emMenm — HOMUHAJIbHOE HaIPSKEHUE CETH;

yemeepmulll 31eMeHm — 4aCTOTa HANPSIKEHUS CETH.

[Tpumepsl 0003HaUEHUT.

HakanbHbiii TpanchopMaTop ¢ MOPAIKOBBIM HOMEPOM pa3paboTku 36, HOMHU-
HaJbHBIM HanpsbkeHuem cetu 220 B, gactotoit 50 I'it o6o3nawaercs TH36 — 220 —
50.

TpancdopmaTop muTaHUS YCTPOWCTB Ha TOTYNMPOBOJIHHKOBBIX MpHU-O0pax c
MOPSIAKOBEIM HOMEPOM pa3paboTKu 233, HOMUHAIbHBIM HampsbkeHuem cetu 127 B
i 220 B, gactoroit 50 'y o6o3naugaercss TIII233 — 127 /220 — 50.
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1.3.2.2 OcHoBHBIE IPUMEHEHUS TpaHCHOPMATOPOB

1. TIpeoOpazoBanue (HMOBBILIEHUE U MOHM)XEHHE) HampsbkeHus. TpaHcpopma-
TOp CIOCOOEH TepeaBaTh MEPEMEHHOE HAMpsHKeHUE Kak 0e3 mpeoOpa3oBaHus €ro Mo
ammuatyne (U1=U,), Tak u ¢ uamenenuem amruutyasl (U#£U,), puc.1.23.

Iy l2
- —

o 0
n1§ gnz
o '}

Puc.1.23. Tlpocreiinuii 1ByX0OMOTOYHBIN TpaHChHOpMATOP

Ilpumeuanue: JOITYCKACTCA B KAUYCCTBC BXOJa UCIIOJIb30BATh J'IIO6YIO O6MOTKy

TpaHnchopmaropa (BXOIHOU MOXKeT ObITh BTOpUuHast oomotka: U, Iy, Ny), ogHako B
T000M citydae He0OX0oauMO BbInoHeHUEe yeaoBus: N>N ., 1715 Kaxa0i 13 0OMOTOK,
rie N - 4Yucjao BUTKOB, MNPUXOASIIUXCS HA OJWH BOJIBT HANpPsIKEHUS,
N on - MUHIMAJIBHOE JIOMYCTUMOE YKCJIO BUTKOB, MPUXOASIIUXCS HA OJUH BOJIBT
HarpspKeHus s qanHoro tpancdopmaropa (N, onpenenseTcs: mpexae BCero reo-
METPUYECKUMHU MapaMeTpaMu TpaHchopMaTopa, MaTepruaaoM cepAecyHuKa U pabouei
JacCTOTOM).

2. Ucnionp3oBanue TpanchopMaropa JJisi COTJIacOBaHMS MCTOYHMKA CUTHAJIA U

Harpysku, puc. 1.24.

a) 0)
© © © © o—O
o) R ¢ o]
Er EF
o o 6—o 6—o
HNCTOYHHUK Harpy31<a NCTOYHHUK COFJIaC}’IOHH/H’I Harpnga
CUTHAIA CUTHAJIA TpaHcpopmarop . T

Puc. 1.24. CornacoBanue UCTOYHUKA CUTHAJA (TEHEpPATOpa) C Harpy3KOM:

a) cxema MOJKIIOYEHHUs Harpy3Ku K HICTOYHHUKY CUTHaNa; 0) cxema

MOKJTIOYECHUS HATPY3KH K TEHEpaTOpy Yepe3 COoriacyronuii TpaHchopmaTop

K mpoueccy nepenaun MOIIHOCTH OT MCTOYHMKA CUTHAJa K HArpy3kKe MOTYT

NpCaABbABIIATHCA PA3JINYHBIC Tpe6OBaHI/I$II

1) nonyueHne MakCUMaabHOTO TOKA B HATPY3KE;

2) Noay4YeHHs] MAKCUMaJIbHOTO HAMPSHKEHUS Ha Harpy3Ke;

3) nonyyeHre MaKCUMaIbHOW MOIIIHOCTH B HArpy3Ke;
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4) NOCTUXKEHNE MaKCUMaJIbHOTO COOTHOILICHUS] CUTHAJI/IITYM.

Otu TpeOOoBaHUA MOTYT BBINOJHATHCS TOJBKO MPU BIOJIHE ONPEAECIEHHOM CO-
otHomieHUH R, u R,. OnHaKo Ha MpakTUKE U3MEHEHHE ITHX CONMPOTHUBICHHHM 4acTo
HEBO3MOXHO.

[Tpu 3amannbix napametpax R, E. u Ry cormacoBanue conpoTUBICHUN MOXKET
BBINIOJIHUTH TpaHc(opmaTop Onarojgapsi ero CBOMCTBY TpaHC(OPMHPOBATH TOKU U
HaIpsDKEHMs], a, CIIE0BaTEeNIbHO, U COMTPOTUBIICHUS.

[IprMeyaHue: MOCKOIbKY MOTEPh MOLIHOCTH B TpaHC(HOPMATOPE MPAKTUUYECKH

He npoucxoauT (KII 6mm3ok x 100%), n3MeHeHNe HaIpPSKEHUS COMPOBOXKAACTCS
M3MEHEHNEM TOKa (B OOMOTKE C MEHBIINM HaNpsHKEHUEM MPOTEKAeT OOBIIHNA TOK

HA000pOT).
3.  Hcmonw3oBanue TpaHcopmaTopa AJis CO3MAHHUSA pacIIenuTeNs ¢asbl
cursana, puc. 1.25.
o, O
+() +()
&W ) V
o ) o

Puc.1.25. Vcnons3oBanue TpanchopmaTopa Juisi TOCTPOCHUS
pacuienuTens (a3bl CUTHaNA

Bropuunas oOMOTKa mpecTaBieHa IByMs CEKIIUSIMH, UMEIOIUMU OO BbI-
BOJ (3eMito0). [1oaTOMYy OTHOCUTENBHO TOTO OOIIETO BHIBOJA HAMPSIKEHUS, CHUMAE-
MbI€ C KpalHMX BBIBOJIOB CEKITMI, HAXOIATCS B MpoTHUBO(dase.

4, Hcnonb3oBanue TpaHchOpMaTOpOB JJIsi TOCTPOSHUS paIllCIUTEIEH CUT-
HaJoB, puc.l1.26.

B xagecTBe nmpumepa npuBeieH TpaHChOpMaTOp C TPEMsi BTOPUIHBIMH OOMOT-
kamu. B o01iem ciiygae ux 4uciio MOXKET ObITh MPOM3BOJIbHBIM. biiarogapsi Takou
CXeMe€ BKJIIOUYECHUS K UCTOYHHUKY CUTHAJA MOJKIIIOYAECTCS Cpa3y HECKOJIBKO HArpy3o0K,
MIPUYEM BCE OHH T'AJIbBAHUYECKU U30JUPOBAHBI APYT OT APYTa.

28



,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0]

0]

0]
jan) jan)
) —

0]
0]
0]

1
| |
Py
4
0]
0}

()
E
)
o O

o

O]

o)

FaY
A4

' MCTOYHUK - MHOroo6mMoTo4YHbIH
- curHama ~ TpaHcdopmaTop

 Harpys3KH |

Puc.1.26. Mcnonps3oBaHue TpaHCopMaTOpa B KAUECTBE PACILICIUTENS CUTHAJIA

5. Tlpumenenue TpaHchOpMaTOPOB JIJIsl TAIbBAHUYECKOU Pa3BsI3KH B CUIIOBBIX

N CUTHAJBbHBIX HCIIAX. HOCKOHBKy IepBHUYHAA U BTOPHUYHAA 0OMOTKH TpaHC(i)OpMaTO-

pa HE MMEIOT AJIEKTPUYECKON CBS3M MexIy coOoH, TpaHchopmaTop sBIsSETCS diie-

MCHTOM, O6€CHC‘II/IBaI-OH_II/IM QJICKTPUICCKYIO (FaJIBBaHI/I‘IGCKy}O) HN30JIA0UI0 OOJHOI'O

yYdacCcTKa OC1u OT APYyroro. TaK, Hallpumep, B OOJNBIIMHCTBE JIMHEHHBIX NCTOYHUKOB

IMUTaHUuA HUCIIOJIb3YCTCA CHJIOBOM TpaHC(l)OpMaTOp, BI)IHOJ'IH}IIOHII/Iﬁ JABC BaXHBIC

(GYHKIIMU: TOHM)KEHHUE (TTOBBIIICHUE) HANPSIXKEHUS U TabBAaHUYECKYIO Pa3BA3KY IMH-

TaeMOr0 yCTPOMCTBA C CHJIOBOM 3JICKTPUYECKOM LETBIO.

BaroT:

Knaccupukauus tpancpopmaropon

[To ¢pyHKIIMOHAIBHOMY Ha3HAYEHUIO TPaHC(HOPMATOPHI IETSATCS Ha:

- TpaHcopMaTOphl MUTAHUS;

- corJIacylomue Tpanc(hopmMaTopsl;

- IMITYJIbCHBIE TPAaHCHOPMATOPHI.

[To paboueii yacTote TpaHCHOPMATOPHI MOAPA3ACIAIOTCS Ha:

- TpaHcopMaToOphl MOHMKEHHOM YacTOTHl (MeHee 50 I'm);

- TpaHchopMaTOphl MPOMBITIUIEHHON 9acTOThI (50 wmu 60 ['m);

- TpaHchOpMATOPHI MOBBIICHHON TPOMBITIIEHHON 9acToThI (400 1 1000 I'm);
- TpanchOpMaTOpHI MOBBIIIEHHON 9acTOTHI (0 10 xI'1);

- TpanchopMaTopsl BEICOKO yacToThl (6omee 10 kI'm).

[To amekTpuYecKOMY HAIpPSKEHUIO OJHON W3 0OMOTOK TpaHCHOPMATOPHI ObI-

- Hu3KoBoJIbTHBIE (0 1000 B);
- BRICOKOBOJIbTHBIE (Oosiee 1000 B).
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[To xonmyecTBY 00MOTOK TpaHChHOpPMATOPHI MOAPA3AEIAIOTCS Ha!

- OITHOOOMOTOYHBIE TPAaHC(HOPMATOPHL;

- IByXOOMOTOYHBIE TpaHC(HOPMATOPBHIL;

- MHOTOOOMOTOYHBIE TPaHC(HOPMATOPHI.

[To Bumy MarHuTONpoOBOIa (CepAeYHUKA) TpaHC(POPMATOPHI OBIBAIOT:

- C IUTACTUHYATHIM CEPJIEUHUKOM;

- C JIEHTOYHBIM CEpPACYHHUKOM;

- C IPECCOBAHHBIM CEPACYHUKOM.

JleHTOYHBIE CEPJICUHUKU TO3BOJSIOT YMEHBIIUTH MOTEpU U TOBbICUTH KIIJ|
TpaHcpopMaropa. BAM3KM Mo ATUM ke MapaMerpaMm K JICHTOUHBIM MPECCOBAHHBIE
ceplieyHUuKU. JIOCTOMHCTBOM MPECCOBAHHBIX CEP/ICUHUKOB SABIISETCS TO, UTO OHU Jie-
meBsie JeHToYHbIX. K HemocTaTkaM MpeccOBaHHBIX CEPJCYHUKOB B MEPBYIO OUEpPE/b
OTHOCHUTCSI CHJIbHAsI 3aBUCUMOCTb UHAYKIIUU OT TEMIEPATYpPhl, IPOMUTKU U 3aJIMBKU
oOMoTok. [IpeccoBaHHbIE CEPIEUHUKHA UMEIOT IPEUMYIIECTBEHHO BHICOKOYACTOTHBIE
TpaHCPOPMATOPHI.

TpancdopmMaTopbl NMTAHUSA

TpanchopmaTopbl MUTaHU, KaK MIPABUIIO, SIBISIOTCS YHUPUIIUPOBAHHBIMH U 3-
JENUSIMU, UMEIOITUMHU HECKOJIBKO BTOPUYHBIX OOMOTOK.

Ha puc.1.27. npuBenena cxema yYHU(PHUIIMPOBAHHOTO TpaHchopmaTopa IUTa-
HUS JJIS IOJTYITPOBOTHUKOBBIX ycTpoiicTB. TpanchopmaTop umMeeT mecTb BTOPUIHBIX
0OMOTOK: YeThIpe pabouux U JBe KOMIEHCAMOHHBIX. Hanpspkenus pabodynx oOMo-
TOK IPUMEPHO Ha MOPSOK BBIIIE, YEM HAMPSHKEHHUS] KOMIIEHCAITMOHHBIX.

Loooo o oo LU

pabo4yre o6MOTKM KOMMeHcaLUuoHHble
0bMOTKM

Puc.1.27. Cxema yaudummpoBanHbIx TpancpopmatropoB nutanus tuma T

Takue TpanchopMaTOpsl OYEHB MIUPOKO pacmpocTpaHsaroTces B POA, uro obec-
MEeYNBACTCS:

1) GOJIBIIUM YKCIIOM THIIO ~-HOMHUHAJIOB TPAaHC(POPMATOPOB;

2) BO3MOXKHOCTBIO ajanTaruu TpaHchopmMaTopoB K KOHKpeTHOW PDA 3a cuer
CHEIUATBHOTO BKITIOYEHUSI BTOPHYHBIX OOMOTOK.

[Tox cnenuanbHBIM BKITIOYEHHEM BTOPUYHBIX OOMOTOK TOHMMAETCS UX MOCTe-
JI0BaTeNIbHOE U MapajuleNibHOe coeanHeHue. JlJis M3MEHEeHHs] HaNpsDKEHHsI JOIyCcKa-
€TCsl TIOCJIeIOBATEIbHOE BKIIOUEHHE NBYX WM Oonee obmorok. [Ipm cormacHom
BKJIFOUCHUH HAIPSDKEHUST 0OMOTOK CYMMUPYIOTCS, IPU BCTPEYHOM — BBIYUTAFOTCS.
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VYBenuueHne BBIXOAHOTO TOKa MOKET OBbITh JOCTUTHYTO NP MapajyieIbHOM COEIH-

HCHHHU O6MOTOK, HMCIOIINUX OJUHAKOBBLIC HAIIPAKCHUS.

1.4 Ilo/1ynIpoBOJHUKOBBIE IPUOOPHI
1.4.1 lIpuMecCHBI NOJIYIIPOBOJHUK

Tok mpOBOJUMOCTH MOKHO YBEITUYHUTH BO MHOT'O pa3, €CJIU B KPUCTAILI repMa-
HUs 100aBUTh NPUMECH JIPYrOd BAJICHTHOCTH. Takue MOJYNPOBOJHUKH (TI/T) HA3bI-
BalOT npuMecHbIMU. J[00aBuM, Hampumep, atoMbl Mbllibsika As (1 Ha 10 miH). D10
S-BaJICHTHBIN 3JIEMEHT.

YeTbipe 37€KTPOHA aTOMa MBbIIIbSIKA CO3JaAyT KOBAJICHTHBIE CBS3H, a MSATHIM
AJIEKTPOH OCTAHETCSI CBOOOJHBIM M MPU HEOOJIBIION BHEIIHEH 3HEPruud MOKET IO-
KUHYTh aTOM M CO3JaTh TOK MPOBOJUMOCTH. ATOM MBIIIbSKA, MOTEPAB AJIEKTPOH,
CTaHeT MOJOKUTEIbHBIM MOHOM. OJIHAKO KOJIMYECTBO JIEKTPOHOB M HEMOABUKHBIX
MOHOB OJIMHAKOBO, T.€. T/l DJIEKTPUUYECKU OCTAETCS HEUTpabHBIM. Takue mpUMecHu
HA3bIBAIOT JOHOPHBIMH (OTAAIOIIMMHU 3JIEKTPOH). B TO ke Bpems nmpu BIUSHUU TEM-
nepaTypbl MOSBISIOTCS U MapHbIE 3apsiabl (3JIEKTPOH-IbIpKa). Ho uncio orpunarens-
HBIX 3aps/i0B OyAeT OOJbIlle YKciia MOJOKUTENbHBIX 3apsaaoB. Te 3apsibl, KOHIEH-
Tpalusi KOTOPBIX OOJIbIlle, Ha3bIBAIOT OCHOBHBIMU HOCHUTEIISIMH 3aps0B, a KOTOPBIX
MEHBIIIE - HEOCHOBHBIMHU. B JTaHHOM cilydyae OCHOBHBIE HOCUTENH - 3JEKTPOHBI. [1/m
Ha3bIBalOT N-tuna. [IpoBoauMocTs - anekTpoHHad. [Job6aBum B kpuctamn Ge aToMbl
uHus In (3-BanentHeiit) (1 Ha 10 MaH). ATOM HHAMS, TPUCOCIUHSISA DJIEKTPOH, CTa-
HOBUTCS IOJIOKUTEIBHBIM HOHOM, B TOM MECTE OTKYJla YIIEN AJIEKTPOH, MOSBISETCS
npipka. OHa B CBOIO OYEPEAb MOKET 3aXBAaTUTh 3JIEKTPOH OT JPYroro aroma, HO TO-
r71a B 9TOM MecTe OyleT NbIpKa (TMOJ0XKUTENbHBIN 3apsa). Takum oOpazoM, IBIPKH
OyIyT co37aBaTh TOK MPOBOJAMMOCTH P-THIA (TOJIOKUTEIbHBIN). OCHOBHBIMH HOCH-
TEJISIMU SIBJISIIOTCS IBIPKU. ATOMBI IpUMECEN Ha3bIBAIOT aKIIETITOPAaMHU (3a0MparoIInid,
KOJIMYECTBO MOJIO)KUTEJIBHBIX M HEMOJBUKHBIX OTPULATENIBHBIX HOHOB PAaBHO U B

ATOM ClIy4ae).

1.4.1.1 DneKTpOHHO-ABIPOYHBII IEPEXO]] U €0 CBOMCTBA

ToHKUI CIOW MOJYNPOBOJHUKA MEXAY IBYMs 00JACTAMH, OJIHA U3 KOTOPBIX
MpEeACTaBIsET MONYNPOBOJHUK P-TUIA, a Apyras N-TUMa, Ha3bIBAIOT P-N-TIEPEXOOM.
KoHImieHTparum OCHOBHBIX HOCUTENEH 3apsaa B P- B N-001acTIX MOTYT OBITh PaBHBI
WM CYLIECTBEHHO pa3iuyaTtbes. B mepBoM citydae P-n mepexoj Ha3blBalOT CUMMET-
PUYHBIM, BO BTOPOM — HECHMMETPHUYHBIM. Yallle HWCHOJIb3YIOT HECHMMMETPUYHBIC
IIEPEXOBI.
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[lycTh KOHIEHTpALMs aKUENTOPHOM MpUMeECH B P-00JacTH OOJblle, YeM KOH-
LEHTpalus JOHOPHOU mpuMecu B N-obnactu (puc. 1.28.a). COOTBETCTBEHHO, KOH-
LEHTpalUs JIbIPOK B P-00sacTu OyaeT OoJblie, 4eM KOHIEHTpaIus JIEKTPOHOB B N-
00JacTH.

3a cuet nuddy3un AbIpKU U3 p-00JACTU U IEKTPOHBI U3 N-00JIACTH CTPEMSITCS
PaBHOMEPHO pacIpeeUThCs 1Mo BceMy 00bEMY. Eciin Obl AIEKTPOHBI U IBIPKU ObLITH
HEUTpaabHbIMU, TO AUG(PYy3Us B KOHEUHOM UTOTE MpHUBEJIa Obl K MOJHOMY BBIPABHU-
BaHUIO UX KOHIIEHTpAIUi MO0 BceMy o0beMy Kpuctaia. OgHaKo 3TOT0 HE MPOUCXO0-
muT. JIpIpku, miepexois u3 P-o6gacTy B N-00J1aCTh, PEKOMOMHUPYIOT C YaCThIO JICK-
TPOHOB, NMPHUHAJIEKAIIUX aTOMaM JOHOPHOW mpumecu. B pesynbrare ocraBuimecs
0e3 DIIEKTPOHOB TOJOKUTEJIbHO 3apsSKEHHbIE HOHBI JIOHOPHOM MpHUMECH 00pa3yroT
MPUTPAHUYHBINA CJION C MOJIOXKUTEIBHBIM 3apsoM. B TO ke BpeMs yXoJ 3TUX JBIPOK
U3 P-007acTU NPUBOAUT K TOMY, UTO aTOMBI aKIIENTOPHOW MPUMECH, 3aXBaTUBIINE
COCEIHUN DJIEKTPOH, O00pa3ylT HECKOMIEHCHUPOBAHHBIA OTPULATEIBHBIA 3apsij
MOHOB B TIPUTPAHUYHON 00JACTH. AHAJIOTUYHO MPOUCXOAUT IU(PY3MOHHOE TMepe-
MEIIeHUE IEKTPOHOB U3 N-00yacTu B P-00J1aCTh, MPUBOJAIIEE K TOMY ke dPPEKTy.
B pesynbraTe Ha rpanuiie, paznenstonieid N-00JacTe U P-00J1acTh, 00pa3yeTcs y3KHii,
B JI0JIW MUKPOHA, IPUTPAHUYHBINA CIIOM, OJJHA CTOpPOHA KOTOPOTO 3apsKeHa OTpulla-
TeILHO (P-00J1acTh), a Ipyrasi — IMOJOKUTEIBHO (N-00J1aCTh).
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Puc. 1.28. p-n-cTpykTypa nosynpoBOAHUKA: a) B PABHOBECHOM COCTOSIHUU;

0) pu IPSIMOM BHEIIIHEM HAMPSDKEHUH; B) MIPU OOPATHOM BHEIIHEM HAMPSIKEHUU

Pa3zHocTh moTeHIIMaNOB, 0OOpa30BaHHYIO MPUTPAHUYHBIMU 3apsijlaMHu, Ha3bIBa-
IOT KOHTAKTHOH pa3HocThio noTeHnuanoB U k (cM. puc.1.28.a), uiau noTeHunalIbHbIM
OapbepoM, TIPEOJIONIETh KOTOPBIM HOCUTEIN HE B COCTOSHHUH. [[BIPKH, MOOIICAIINE K
I'PAHUIE CO CTOPOHBI P-00IaCTH, OTTATKHBAIOTCS HA3aJl MOJOKHUTECIBHBIM 3apsIOM, a
3JIEKTPOHBI, TIOJOIIEAIINE U3 N-001aCTH, — OTPHULIATEIHLHBIM 3apsiaoM. Takum oOpa-
30M, oOpasyeTcsi P-N-mepexoj, MPeACTaBIAIONIMA CO00M CJIOM MOJYNMpPOBOJHHUKA C
TTOHIKEHHBIM COZAEPKaHUEM HOCUTEJIEH — TaK Ha3bIBAa€MbIil O0CTHEHHBIN CJIOH, KO-
TOPBIA UMEET OTHOCUTEIBHO BBICOKOE JICKTPUUYECKOE COMPOTUBIICHHUE.
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CaoiicTBa P-N-CTPYKTYpPHl H3MEHSIIOTCS, €CIM K HEW MPUIOXKHUTh BHEIIHEE
HamnpsbkeHue. Eciu BHelIHee HampspKeHUE MPOTUBOIOIOXKHO MO 3HAKY KOHTAaKTHOM
pazHocTu moTeHuuanoB (puc. 1.28.6), To AbIpKU P-001acCTH, OTTAJKUBAACH OT IMPHU-
JI0’KEHHOTO TMOJIOXKHUTEIHHOTO MOTEHIMAIA BHEIIHETO UCTOYHUKA, MPUOIMKAIOTCS K
TPaHUIE MEXIY 00JacTIMU, KOMIIEHCUPYIOT 3apsii YaCTH OTPHUIATEIbHBIX HOHOB U
CYXKaloT LIMPHUHY P-N- Mepexoja co CTOPOHBI P-00s1acTU. AHAJIOTUYHO 3TOMY, dJIEK-
TPOHBI N-00JIaCTH, OTTAIKUBASICH OT OTPUIATEILHOIO MOTEHIIMAIa BHEIITHETO UCTOY-
HUKa, KOMIICHCUPYIOT 3apsiJl YaCTU MOJIOKUTEIbHBIX MOHOB U CYXKalOT IIUPUHY P-N-
nepexoja co cTopoHbl N-o6mactu. IloTeHUManbHBIN Oapbep Cy’KaeTcs, Yyepe3 HEero
HAYMHAIOT MPOHUKATH JIBIPKU U3 P-00JACTU U JIEKTPOHBI U3 N-001acTH U 4epe3 P-Nn-
nepexoj] HAaYMHaeT TeUb TOK.

C yBenuueHHEM BHEIIIHETO HAINpPSHKEHHs] TOK BO3PAcTaeT HEOTPAaHUMYEHHO, TaK
KaK CO3/1a€TCsl OCHOBHBIMU HOCHUTENSIMHM, KOHIIEHTpAIMsI KOTOPBIX MOCTOSHHO BOC-
MOJIHSIETCSI UICTOYHUKOM BHEITHET0 HAPSIKEHHUS.

[TonstpHOCTH BHENTHETO0 HANPSKEHUS, IPUBOJIAIIAS K CHUKEHUIO TTOTCHITUATb-
HOTO Oaphepa, Ha3bIBACTCS MPSMOM, WM OTKPBIBAIOIICH, a CO3JaHHBIA €10 TOK —
npsaMbIM. [Ipu mogade Takoro HanpspKeHUs P-N-1epexo1 OTKPBHIT.

Ecaim x p-n-cTpykType NPUIOXKHTh HANPsHKEHHE OOpaTHON MOJISIPHOCTH
(puc.1.28.8), To 3 dexT OyaeT npoTUBONOJIOKHBIM. [1o nelicTBrEM 3IEKTPUIECKOTO
NOJISi MCTOYHHUKA JIBIPKU p-00JacTH CMEMIAIOTCA K OTPHUIATEIbHOMY MOTEHIHATY
BHEITHETO HANPsDKEHUS, a SJIEKTPOHBI N-00JaCTH — K MOJIOKHUTEIIbHOMY MOTEHIIHA-
ny. Takum 006pa3oM, OCHOBHBIE HOCHTENU 3aps0B OTOABUTAIOTCS BHEIIHHM MOJIEM
OT TPAHUIIbI, YBEIUYUBAs LIUPUHY P-N-TIEpEX0/ia, KOTOPbIA OKa3bIBAE€TCS MOYTH CBO-
OOHBIM OT HOCHUTENEH 3apsiia. DIEKTPUYECKOE COMPOTUBICHHUE P-N-Tiepexoja Mpu
ATOM BO3pacTaeT. Takasi MOJISIPHOCTh BHEIIHETO HAMPSIKEHUs Ha3bIBaeTCs 0OpaTHOM,
3anupatouieid. [Ipu nmogave Takoro HanpsHKEHUs P-N-Mepexos 3aKpbIT.

Tem He MeHee mpu OOpaTHOM HAIpPSHKEHWM HAOMIOAAeTCsl MPOTEKAHHWE He-
00JbIIOro ToKa lysp. ITOT TOK, B OTIMYKE OT MPSAMOTO, OIMPEAEIAETCS HOCUTEIIMHI HE
MPUMECHOM, a COOCTBEHHOW MPOBOJUMOCTH, 00pa3yrolieiicss B pe3yibTaTe TeHepa-
UK Tap «CBOOOJHBIA DIEKTPOH—IBIPKa» TOJ BO3JEHCTBUEM TEeMIEPaTyphl. DTU
HOCHUTENN 0003HadeHbl Ha puc. 1.28.B €AMHCTBEHHBIM 3JIEKTPOHOM B p-00JacTH H
€AMHCTBEHHOM JBIPKON B n-007acTH. 3HaU€HHE 0OpPATHOTO TOKA MPAKTHYECKU HE 3a-
BHUCUT OT BHEITHETO HAMPSDKEHUSA. JTO OOBSICHIETCS TE€M, YTO B €AMHHUILY BPEMEHHU
KOJIMYECTBO T€HEPUPYEMBIX Tap «CBOOOJHBIX AICKTPOH—BIPKa» MPU HEU3MEHHOU
TEMIIEPAType OCTAETCS MOCTOSHHBIM, U Jaxke Npu Uys, B 1O BOJIBTA BCE HOCHTENH
Y4acTBYIOT B CO3/1aHMU 00paTHOro Toka. [lpu momade oOpaTHOro HampsikeHus P-n-
nepexo]l ynoao0iasiercs KOHAEHCATOpPY, IMIACTUHAMHM KOTOPOro SIBJISIOTCS P- U N-
o0nacTH, pasfejeHHbIC AUIIEKTPUKOM. POJIb JUAJIEKTpUKA BBITIOIHICT MPUTPAHUY-
Hasg 00J1acTh, MOYTHU CBOOOJHAs OT HOCUTENEH 3apsiga. Ty eMKOCTh P-N-miepexoja
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Ha3bIBaIOT OaphepHOil. OHa TeM OoJibllle, YeM MEHbIIE IMUpUHA P-N-TIepexo/ia U 4Yem
0oJIbIIIE ero MIoNab.

1.4.1.2 TIpoGoii p-n nepexoaa

[Ipy 3HAYMTENHHOM YBEJIUYEHUH OOPATHOTO HANPSIKEHUs HAOIIOJAeTCs pe3-
KU pOCT OOpAaTHOTrO TOKa. DTO SBJIEHUE HA3bIBAIOT MpoboeM mnepexoaa. Pazmuyaror
HECKOJIBKO BUIOB ITPO0OS:

1. TeruoBoil mpo6oii. Ilpu yBenuueHUHn TeMmImeparypbl BblAeNseTcs Ooblie
MOIIIHOCTH, NEPEX0/]] pa30rpeBaeTCs, YBEINUUBAETCS OOpaTHBINA TOK, a TaK KaK MOIUI-
HOCTb 3aBUCHUT OT TOKa, TO OHA TOKE YBEJIMYMBAETCS M TaK Jajee, oKa Nepexo He
cropaer. JToT nIpoboii He BoccTaHaBiIuBaeTcs. [Ipoucxoqut paszpyuieHue Kpucrauia.

2. JlaBunHBIM 11po0oil. C yBeIMYEHUEM HAINPSKEHUS! YBEIUYUBAETCA CKOPOCTh
HEOCHOBHBIX HOCHUTEJIEH M OHM MOHU3HUPYIOT aTombl(yAapHas wuoHu3amus).HYucno
HEOCHOBHBIX HOCUTENEH yBeIMYUBAETCA U T.J. JABUHOOOPA3HO.

3. TynHenbHbIN TTPo0OOH (TI0JIEBOM). DTOT BUI NMPOOOS UCHOJB3YeTCS B TYH-
HEJIBHBIX THOAAX.

1.4.2 IllosrynpoBOJHUKOBbIE JUOAbI

J[uo0 — nonynpoBOAHUKOBBIN MPUOOP ¢ OAHUM P-N-TIEPEX00M, 00JIaIaAI0IUN
OJIHOCTOPOHHEH MPOBOAUMOCTHIO (OT aHO/IA K KaTO/1y) M MMEIOIIHI IBa BHIBOJA.

Bce nonynpoBoIHUKOBBIE TUOABI TIOJIPA3IENSAIOTCS HA JIBAa Kiacca: IMIOCKOCT-
HbIe U TOoYeuHbIe. [IIOCKOCTHBIE TUOBI UCTIONB3YIOTCS B CHJIOBBIX HU3KOYACTOTHBIX
LENSX, TOYCUHbIE — B MAJIOMOIIIHBIX BHICOKOYACTOTHBIX LIETISIX.

Haubonee mupokoe pacrpocTpaHeHUE MOMYYWIH JHOIbI, NMpeAHA3HAYCHHBIC
TS ipeoOpa3oBaHUs MEPEMEHHOTO TOKa B TIOCTOSTHHBIN, WU 8bINpsAMUumenshslie Ou-
00bl.

YcnoBHoe rpaduyeckoe 0003HAUYECHUE MOIYITPOBOIHUKOBOTO JHOJA HA MPUH-
[UNMHAATBHBIX DJICKTPUUECKUX CXEMaxX M €ro CTPyKTypa NpuBeneHBI Ha puc. 1.29.
Jlvion mMeeT aBa BeIBO/A (RJIeKTpoia): aHo I (A) — BBIBOA OT obactu P 1 karon (K) —
BBIBOJ OT 00J1aCTH N.

VD1
Al K )
— 4
Uo6p

Puc. 1.29 YcnoBroe rpaduyueckoe 0003HauEHNE TTOTYITPOBOJHUKOBOTO TUOIA
U ero cTpykrypa: 4 — anon, K — karon

34



B npouecce paGoThl A0 MOKET HAXOJIUTHCS B AIBYX COCTOSIHUAX, puc.1.30.

B ciay4ae npunoskeHus K JUOAY MpsAMoro HamnpsbkeHus Uy, (aHox quona moso-
’KUTEJIBHBIN), Yepe3 Hero npoTeKkaeT npsMou Tok |y, Ecnu k nuony mpuinoxkeHo o0-
patHoe HampsbkeHue Uys,, OH 3alIUpaeTcs, U 4epe3 Hero NpoXOoAuT HEOOIBIION TOK
3aKkpeITOro AnoAa los, (losp<< lyp). ¥ maeampHOro AnMOJa CONMPOTHUBIECHHE B MPSMOM
HaIpaBJICHUH PaBHO HYJIIO, B 0OpaTHOM — O€CKOHEUYHOCTH.

OTKpBITHE JUOJIa COMPOBOXKAAECTCS YCTAHOBJICHHEM Ha HEM NIPSIMOTO HAMps-
xenus (okoio 0,2-0,4 B nnsa repmanueBoro u 0,6-1,0B 1151 KpeMHHEBOTO).

a) 6)

Unp 69 IHP Uo6p 69 |06p

V%
V%

Puc.1.30. /IBa pexxuma paboThI AUO0AA:
a) MpsIMoe CMeleHHe (MO OTKPHIT); 0) 00paTHOE CMeleHUE (O] 3aKPhIT)

TunoBas BosibTaMIiepHasl XapakTepUCTUKA AMO/a TIpeacTaBieHa Ha puc.1.31.
A

/Si

G e\

N neanpHBIl nuox
~

U06p U06p np Uo6p max

< = »
'

= 03-0606-08

06p max p

Puc. 1.31. TunoBas BoJbT-aMIepHAs XapaKTEPUCTHKA TUOIA

OoOpartHas xapaktepuctuka y Ge xyxe, yem y Si. [loaTtomy KpemMHHEBBIE THO-
Ibl TOJYYUSIM HauOOoJbIlIee paclpocTpaHEeHHe (YCTyHarollue repMaHUEeBOMY JTUOAY
TOJIBKO IO TIPSIMOMY TOKY).
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[Ipu ycTtaHoBieHUu Ha P-N IEpexo/ie TU0a HAPSIKEHUS UHp OH HaXOIUTCS B

OTKPBITOM COCTOSIHUM M YE€pe3 HEro MpPOTEKAET TOK, ONpPEAENIeMblid HanpsiKeHUEM
MCTOYHMKA MUTAHUS U CONPOTUBIICHUEM LieTH, puc. 1.32,

K

ISV

-+ +

0
U Rorp 2

Puc.1.32. BxiroueHnue anoaa B IIpAMOM CMCHICHUU B 3JICKTPUYCCKYHO IICIIb

Ecin 6b1 pesuctop Rop OBII MOAKIIOYEH K HCTOYHUKY HANPSDKEHUS
E=9 B HemocpeiCcTBEeHHO, TO Yepe3 Hero mpoTeka Ol ToK |, =9 B/1 xOM=9 MA.

Ha Ttak kak Ha OTKPBITOM KPECMHUCBOM JHOJIC VDl YCTAaHAaBJINBACTCA IIAACHUC

HaAPSHKCHHSI UHp =0,6 B, To HanpspKeHUE Ha pe3uctope Ry, cTaHOBUTCS paBHBIM (9 -
0,6) = 8,4 B u yepe3 auoj mpoTeKaeT MPsIMO TOK IHp =8,4 MA.

Pesucrop Ryrp CTyKUT 1715 3aIUTHI 1MOAa U UCTOYHHUKA NUTaHusA E ot mepero-
paHus («3ammra oT TypaKay).

Jnosibl OYeHb YYBCTBUTENIbHBI K U3MEHEHUIO TEMIIEpaTyphbl. 3HaU€HHE 00pat-
HOT'O TOKa YJBaUBAa€TCA IMPHU U3MEHEHUHU TEMIIEPATYPHI epexoaa Ha Kaxaple 8°C miid

Siu 10°C gng Ge nuona:

0_,0
t—to

%) =1o(tg)-2 © -Ge
9§
(") =1o(t3)-2 8 -si

rae ty — paboyas TeMieparypa nepexona; t8 — (huKCHpOBaHHAasg TEMIEpaTypa
(300 K).

OTO 0OCTOATENBCTBO MO3BOJIAET HCIIONB30BATh JTHOJ B KAYECTBE JaTYMKa TEM-
neparypsl

Buvinpamumenvusie 0uodwvt — camasi pactipoctTpaHeHHas rpymnmna. OHu npeaHa-
3HAYEHBI JUIA NPeoOpPa30BaHUs IEPEMEHHOTO TOKA B IMOCTOSHHBIN 110 HANPABIICHUIO.
3Ty MO/l MOTYT Tportyckath |, 10 100 A n BeinepxuBath U g, 10 HECKONBKUX

KHJIOBOJIBT.

Buvinpamumenwvuwtii 610K nipeicTaBiasieT cOOON YEThIpE BHIIPSAMIISIONIUX JTHO-
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11, COEIMHEHHBIX MO MOCTOBOW CXE€ME BHYTPH, KOTOpas MpEeIHA3HA4YECHA IJIS JBYX
MOJYNEPUOAHOTO BBIIPSMIICHUS IEPEMEHHBIX HAMPSIKCHUM.

B nensix ¢ 6onee BBICOKMM HaNpSIKEHUEM MPUMEHSIIOTCS BBIIPSIMUTEIbHBIC
CTOJIOBL.

Buinpamumenvuotii cmond npecTaBisieT co00 HECKOIBKO MOCIEI0BATEIbHO
COEMHEHHBIX AUOAO0B, KXl W3 KOTOPBIX NOMOJHUTEILHO LIIYHTUPOBAH BBICOKO-
OMHBIM PE3UCTOPOM, a BCS KOHCTPYKIMS 3aJMTa SMOKCUIHBIM KoMmayHaom. K 3a-
TBEPJICBUIEMY KOPIYCY MPUCOCIUHSIIOTCA KOHTAKTHI.

Buinpamumenwvuwtii 610k nipeicTaBiIsieT cOOON YEThIPE BHITIPSAMIISIONIUX JTHO-
714, COEIMHEHHBIX MO MOCTOBOW CXE€ME€ BHYTPH, KOTOpas MpeJHA3HAuYe€Ha s JBYX
MOJYNEPUOTHOTO BHIIPSIMIICHUS IEPEMEHHBIX HAMPSIKCHUM.

Buvicokouacmommnule, unu ynusepcaibHovle, Ou00bl TIPUMECHSIOTCS JIJIsl TIPE00-
pa3oBaHMs BHICOKOYACTOTHBIX CUTHAJIOB, @ UMEHHO: - BBIJEICHUS HU3KOYaCTOTHOIO
CUTHAJIa U3 MOJYJIMPOBAHHOTIO BHICOKOYACTOTHOTO CUTHAJA. JTO demeKmopHbvle J11-
OJ1bl; - U3MEHEHUS HECYIEH 4acTOThl MOAYJIUPYIOIIETO CUTHAJIA. DTO cMecumesb-
Hble TUO0JIbl; - MOAYJIAIIMU BBICOKOYACTOTHOTO CUTHAJIA. JTO MOOYAAMOPHbIE TUO]IbI

Bce BU u CBY nuoas! sIBISIOTCS TOYSYHBIMU U paboTaroT Ha yacToTax 10 100
MI 1.

Hmnynbcrvle Ouoodbl TipeHa3HAYEHBI [JI HWCIOJIb30BaHUS B HMITYJbCHBIX
CcXeMax B KaueCTBE KOMMYTHUPYIOIIHUX 3JIEMEHTOB, OTCEKATENIEH, OrpaHUIUTEIICH.

JI1s1 UMIYJIBCHBIX AUOJIOB XapaKTEPHBIM SIBJIIETCS PEKUM, KOTJa K JAUOY TO-
cjie EHCTBUS MPSIMOTO HANpsDKEHUsI OYeHBb OBICTPO MpHUKIIaabIBaeTcss oopatHoe. B
MOMEHT TEPEKIIOUEeHUs Yepe3 AMOJ UACT 3HAUUTENbHBIH OOpaTHBIA TOK, KOTOPBIN
O0O0BSCHAETCS TaK HA3bIBAEMBIM pAaCCAChIBAHUEM HAKOIUICHUI B 0a3e HEOCHOBHBIX HO-
CUTEJIEH, KOTOPBIE B TIEPHOJ ACUCTBUS Unp oOpa3oBaju ornpejaesieHHbId 3apsa. Un-

TCpBaJI BpECMCHHN OT MOMCHTA IMPOXOKACHUSA TOKA YCPC3 HOJIb 10 MOMCHTA OOCTHIKC-

HUA | 3aJaHHOI'O HHU3KOI'0 3HAYCHUA HA3bIBACTCA BPCMCHCM BOCCTAHOBJICHHUA 00-

00p
pPaTHOTO COMPOTHUBJICHUS. DTO OCHOBHOW KIACCU(DHUIMPYIONTUN MapaMeTp UMITYIIhC-
HBIX TUOJO0B (3-i 2J€MEHT MapKUpOBKH). UeM 3T0 BpeMs MEHbIIE, TeEM OBICTPOAEH-
CTBHUE OOJIBIIIE.

1.4.2.1 OcHoBHBIE TapaMETPhI BHIMPSMUTEIBHBIX, UMITYTLCHBIX U BU nromos

OCHOBHBIMHU IJEKTPUYECKUMHU TTapaMeTpaMH JTUOJIOB, MOJICKAIIUX KOHTPOIIO
B TEXHUYECKOM JTMAarHOCTHKE, SBIISTIOTCS:

- MAKCUMAJIbHO JOIYCTUMBIN CPEIHUHN NPAMOMN TOK lup cp max;

- MAKCUMAaJIbHO AOIyCTUMOE 00paTHOe HanpsikeHue Uysp max ;

- IOCTOAHHOE NpsAMOoe HanpsbkeHue Uy ;

- MaKcuMaJjbHas pabouast yacTtoTa fray .
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Makcumanvno oonycmumulit cpeOHUIl NPAMON MOK — MAKCUMAJIbHOE Cpel-
Hee 3a MepHUo]l 3HAYCHHUE IMOCTOSHHOTO TOKa, MPU KOTOPOM 00ECTIeUunBaeTCs HAMIE K-
Has U IJMTeNnbHas paboTa Auoa.

Maxkcumanvno oOonycmumoe oOpamnoe Hanpaxy@ceHue — MaKCUMAIIbHOE
HaIpsHKCHHE, TPUII0KEHHOE K U0y B 00paTHOM HaIpaBICHUH, KOTOPOE MOXKET BhI-
JepKaTh JUOJA B T€UCHHUE JIJTUTEIBLHOTO BPEMEHH 0€3 HapyIlIeHUs ero paboTocrnoco0-
HOCTH.

Ilocmoannoe npamoe HanpayceHue — TIOCTOSIHHOE 3HAYEHUE TMPS-MOTO
HaIPSHKCHUS TIPU 33IaHHOM TTPSIMOM TOKE.

Maxkcumanvnasa pabouas wacmoma — HanOOJbIIAS YaCTOTA TMOA-BOIUMOTO
HANPSDKCHHSI, TPU KOTOPOM TMPOIECC BBIMPSIMIICHUS JTOCTaTOYHO 3(p(PEeKTUBEH, a
HarpeB JIN0/1a HE MPEBHINIACT JOMYCTUMON BEITUYHUHBI.

B cootBercTtBum ¢ OCT 11 336.919-81 ycioBHOe 0003HAUYEHHUE MOTYIPOBO/I-
HUKOBBIX JIMOI0B MAJIOH MOIHOCTH COCTOUT U3 CIACAYIOIINX 31eMeHTOB [3]:

nepevlil s1emenm — OykBa Wi nudpa, o003HAYAIONIAs] UCXOAHBIM MOIYIIPO-
BOJIHMKOBBIM MaTepuai: | wim I' — repmanuii wim ero coenuaenus; 2 wim K — kpem-
HUH WM €T0 COCAMHCHMS; 3 win A — coenuHeHus raumms; 4 wim M — coequHeHus
WHUS;

eémopou 21emenm — OYKBa, YKa3bIBaIolas MOJKIACC IMOJIYIPOBOJHUKOBOIO
muona: JI — nuox; 1l — BeImpssMUTENbHBIN cTONO WK OJIOK; A — CBEpXBBICOKOYACTOT-
ueie (CBY) nuoasr; B — Bapukansl; U — TyHHenbHbIE U oOpaniennbie nuoabl; C — cra-
OMIIUTPOHBI U cTabucTopsl; JI — u3myuarenu;

mpemuii d1emenm — udpa, onpenenstonas Ha3HaueHue mpuodopa:

0u00bl: 1 — BRIMIPSIMUTEIBHBIE CO CPETHUM 3HAUYCHHEM IIPSIMOT0 TOKa He OoJjiee
0,3 A, 2 — co cpenquuM 3HaYCHHEM MpsiMoro Toka oosee 0,3 A, 3 — nroHBIE MPE0o-
pazoBarenu, 4 — 9 — UMIYJTbCHBIE TUOJIBI.

cmoabwvi: 1, 2 — Co CpeTHUM 3HAYECHHUEM IPSIMOT'0 TOKa COOTBETCTBEHHO HE 00-
aee 0,3 A, or 0,3 1o 10 A.

65oku:_3, 4 — Co CpeTHUM 3HAYCHUEM TPSIMOTO TOKA COOTBETCTBEHHO HE Oosee
0,3 A, 6omee 0,3 A.

sapuxanvl: 1 — MOACTpOEUHBIC, 2 — YMHOKUTEIIbHBIE.

O0U00bl MyHHelbHble U obpaujeHHble: 1 — ycunuTenbHble, 2 — TeHepaTOpHEIE, 3
— IepeKITovaronue, 4 — oOpalieHHbIE.

ouoovt CBY:_1 — cmecurenbHble, 2 — NETEKTOPHbIE, 3 — YCUIUTEIbHbIE, 4 —
napamMeTpuyecKue, 5 — MePEeKITI0YaTeIbHbIC U OTPAHUYN-TEIbHBIC, 6 — YMHOKUTEIb-
HBbIE ¥ HACTPOCUHBIE, 7 — TEHEPATOPHBIC, 8 — UMITYIbCHBIC, 9 — BBIPSIMUTEIBHBIC.

cmaounuzamopsl Hanpscenuss (CTAOMIUTPOHBI, CTAOUCTOPHI, OTPAHUYUTEIH
Hanpspkenus): 1, 2, 3 — momHOCTRIO He Ooiiee 0,3 BT ¢ HanpspkeHUEM CTaOMIIH3aIiH
(orpannuenus) coorBercTBeHHO MeHee 10 B, ot 10 go 100 B, 6onee 100 B; 4, 5, 6 —
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MOIITHOCTBIO OT 3 110 5 BT ¢ Hampsi-eHueMm ctabuinzanuu (OrpaHUYEHHs) COOTBET-
crBeHno menee 10B, ot 10 mo 100 B, 6omee 100 B; 7, 8, 9 — momHOCTBIO OT 5 10 10
Bt ¢ Hanps-xeHueM craOunm3anuu (OrpaHUYEHUs1) cOOTBETCTBEHHO MeHee 10B, ot
10 1o 100 B, 6onee 100 B.

uznyyarowue onmod1eKmpoHHsle npubopsl. 1 — uznyyaromue nuoasl uHGpa-
KPacCHOTO H3JIy4YeHHUs, 2 — HU3Iydarollue MOAYIM HHPPaKpacHOro H3JIy4deHus, 3 —
CBETOM3IIYYAIOIUE JUOAbl BU3YaIbHOTO MpeACTaBieHuss uHdopmanuu, 4 — 3HAKO-
BbI€ WHJIUKATOPHI;

yemeepmbyiii J1eMeHm — YUCIO0, YKa3bIBaIOIIee MOPSIKOBIN HOMEp pa3paboTKu
(y cTaOMIIUTPOHOB YUCIIO, 0003HAUAIOIIEE HAIIPSKEHUE CTAOUITU3ALINN );

namoeli 1emenm — OyKBa, YKas3bplBalolas IpyIIy MO HaNpsyKeHUIo (pa3Ho-
BUJTHOCTbD JIJIs1 CTAOUITUTPOHOB).

[Tpumepsr 0603HaUCHUT.

KpemHuueBbiii BRIMPSIMUTEIBHBIN U0 CO CPEIHUM 3HAUYCHUEM IPSIMOT0 TOKa 3
A (6onee 0,3 A), nopsAKOBEIM HOMEPOM pa3paboTku 02 U rpymmoil mo HanpsKEHUIO
C (MmakcumanibHOE 0OpaTHOe HanpsikeHue 480 B) o6o3nauvaercs 2J1202C.

KpemHuueBblii BRIMPSIMUTEIBHBIN OJI0K CO CPEHUM 3HAYECHUEM MPSIMOTO TOKa 1
A (6onee 0,3 A), mOpsIAKOBEIM HOMEPOM pa3paboTku 05 ¥ TpyIoN Mo HAPSKEHUIO
A (makcumanbHOe 0O0patHoe HanpspkeHue 600 B) o6o3nauaercs KII405A.

B coorBercTtBumM ¢ TOCT 20859-79 ycimoBHOe 0003HAUYE€HHE CHIIOBBIX IOJY-
MPOBOJHUKOBBIX JHOJIOB COCTOUT M3 CIICAYIOIIUX 3JIeMEHTOB [3]:

nepevlil s1emenm — OyKBa WIM JIBE OYKBBI, 0003Hayaromue BUa U GyHKIHO-
HaJbHOE Ha3HadeHue npudopa: [ — BempsamutensHbiit quoxd; JJI — nuon naBUHHBIN,
Y — nuon yactotHeii; JIW — 1o uMIyJibCHBIN;

8MOpoU d1emMenm — YUCIO, yKa3bIBalollee HoMep KOHCTPYKTHUBHOM pa3paboT-
KU,

mpemuti 31eMeHm — YUCJO, YKa3blBalOUIee 3HAUYEHUE MAKCHUMAJIBHO JIOMYCTH-
MOTO TOKa B ammepax. [lepen o6o3naueHnem Toka craButcs aedwuc. Jlis o6o3Haue-
HUS JAUOJOB C OOpaTHON MPOBOAMMOCTHIO (KAaTOJOM SIBJISIETCS OCHOBAaHHUE) TOCIE
TPETHETO DJIEMEHTA CTaBUTCA OyKBa X;

yemeepmylil n1eMeHm — 4UCio, 0003HAYA0IIee KJIacC MO HAMPSHKEHUIO U CO-
OTBETCTBYIOILIEE COTHSIM BOJIBT.

[Tpumepsl 0003HaUEHUT.

BoInpssMUTENBHBIN U0 C HOMEPOM KOHCTPYKTHUBHOUM pa3zpaboTku 143, mak-
CUMaJIBHO JIOMYCTHUMBIM CPEIHUM TOKOM 630 A, MakCUMaJbHBIM OOPATHBIM HaIpsi-
xenuem 1200 B (kmacc 12) o6o3navaercs [[143-630-12.

Jlnoa 4acTOTHBIA ¢ HOMEPOM KOHCTPYKTUBHOM pa3paboTku 161, MakcuMaibHO
JTOMYCTUMBIM CpeIHUM TOKoM 160 A, oOpaTHON MOJNSIPHOCTH, MAaKCUMalIbHbIM 00-
patabsiM HanpspkeHueM 800 B (kmacc 8) o6o3nagaercs JAU161-160X-8.
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1.4.2.2 OcHOBHbBIE TPUMEHEHUS AUOIOB

1. Ucnonb3oBaHue AMOAOB JJIsl BBINPSMIICHUS HAMpPsKEHUsT OOYCIIOBIEHO UX
CBOICTBaMU MPOMYCKaTh TOK TOJbKO B OAHOM HampasieHud. [Ipu 3Tom B 3aBUCHMO-
CTH OT YacTOThbI BBIIPSAMIISIEMOIO HAIPSKEHUSI UCIOJIb3YIOTCS AUOJbBI TPEX BUAOB:
HU3KOYACTOTHBIE, CPEAHEUYACTOTHBIE U BEICOKOYACTOTHBIE.

2. Vcnonb30BaHWE JUOMOB ISl peaiu3allMy 3alUTHBIX (QYHKIHUM pa3IuyHOro
pona. /luonpl 1OCTaTOYHO IIMPOKO MCHOJIB3YIOTCS ISl OPraHU3alMy 3allUTHBIX Lie-
neid B POA. PaccMOTpUM HECKOIBKO OCHOBHBIX NPUMEHEHUN THOJOB B ATOM Kade-
CTBE.

YcerpolicTBo, puc.1.33, 3aUIIEHO OT CIy4aliHOrO U3MEHEHUS MOJISIPHOCTH -
TAIOUIETr0 HAMpsKEHUs Oy1aroapsi OAHOCTOPOHHEHN npoBoguMocTH auoaa VD;.

DIIEKTPOHHOE L~
YCTPOUCTBO

IIHUT

o +

Puc.1.33. 3amura 37€KTPOHHOTO YCTPOMCTBA OT U3MEHEHUS
MOJIIPHOCTH MUTAOIIETO HANPSXKEHUS

MHorue 3JIeKTPOHHBIE YCTPOMCTBA, MOCTPOCHHBIE HAa MOJIYNPOBOJIHUKOBBIX
npudopax, KpUTUYHBI K TMOJISPHOCTH MUTAOIIETO HANPsDKEHUA. AKTYyadbHOCTH JIaH-
HOTO BHUJA 3alllUThl BO3PACTAET, €CIU YCTPOWCTBO MEPUOIUYECKU TMOJKITIOUACTCS K
WMCTOYHUKY MUTAHMUS MOCTOSIHHOTO TOKA, a MepeMeHa MOJSPHOCTU HAMNPSIKEHUS M C-
TOYHHMKA TTUTAHUS C OOJIBIION BEPOATHOCTHIO MPUBOJUT K BBIXOAY M3 CTPOS JIAHHOTO
YCTPOWCTBA.

Jpyroi1 BUI UCIIOJIb30BaHUS OJJTHOCTOPOHHEW MTPOBOJAUMOCTH TUOAOB - 3aIUTa
OT MIEpPEHANPSHKEHUSI B LIETSIX C UHAYKTUBHOCTAMHU, puc.1.34.

+U

vD;: /N L,

KJ'Il
i

Puc.1.34. BxiroueHne nuona aJist 3alUThI OT MEPEHAIPSIKEHUS B LEISX C

HWHAYKTUBHOCTAMM
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[Tpu pa3mbikannu karova Kit; HampspkeHUe Ha KaTyIIKe MHAYKTHBHOCTH MEHSI-
€T CBOIO MOJIIPHOCTH, & €r0 BEJIMYMHA PE3KO YBEIMYMBAETCSA (B JACCSITKH M COTHU
pa3). DTo NPUBOJIUT JTUOO0 K 00pa30BaHUIO UCKP MEXITY KOHTAKTaMH KJtoua (B ciydae
MEXaHWYECKOTO WM DJIEKTPOMEXaHW4ecKoro ucnoiaHenus Kij), mubo k moBpexie-
HUIO TOJIYIPOBOJHUKOBOTO MpHOOpa, HCIONB3YIOMErocs B KadecTBe Kimroua Kirg
(poip KJTI0YA Yalle BCEro BHITOTHSIET TPAH3UCTOP).

[Tpu 3amxHyTOM Kitoue Ky Tok uepes nuon VD; He mpoTekaeT (Ha ero Karoje
MOJIOKUTENBHBIN ToTeHIMan). [Ipu pasmplkaHuM KI0Ya MEHSETCS MOJIAPHOCTD
HaIPsHKCHUS Ha KaTYIIKe MHAYKTUBHOCTH L; ¥ OHA IIYHTUPYETCSI OTKPBITBIM JTHOJI0OM
VD;.

Y4auThIBasi, 94TO MPSAMOE HANpsDKEHHE Ha JUOJIE HE TMpeBbImaeT npumepHo 1 B,
Ha MHAYKTHBHOCTH HAIPSHKEHUE TaK)KE HE MOYKET IMPEBBICUTH IPUMEPHO OJIUH BOJIBT.

3ammTa OT NEPeHANPsHKEHUsST B IPYTUX CIIy4asX OCHOBBIBACTCS TaKKE HA TOM,
4TO TpSMOE HANpsOKEHUE Ha P-N—Tiepexoie a1uojia He MOXKET MPEBBICHUTH MPUMEPHO
1B.

Ha pwuc.1.35 nokazaHo BKJIIOYEHHE JHUOIOB JUIsI 3alIUTHI OT MEepPEHANPIKESHUS
HEKOTOPOM AJIEKTPUYECKOMN LIETIH.

Ri
<{ ]

U VD, ZS OnekTpudeckas
" vD, Y e

Puc.1.35. InonHas 3anura OT NepeHanps>KeHus

3nech peanu3oBaHa 3allUTa OT IMEPEHAINpPSIKEHUs MpU JII0O00H MOJISIPHOCTU
HanpsikeHus U,y BennunHa orpaHM4rBaeMoro HampsiKEHUs 3aBUCHUT OT THIIA U KO-
JIMYECTBA MOCIEI0BATEIbHO BKIIOYEHHBIX JUOJOB B KaXKJI0M U3 MapaJUleIbHbIX BET-
BEW.

3. Juoael MOTYT OBITH MCIOJIB30BAaHBI JJI1 MOCTPOEHUS PA3JIMYHBIX JIOTHYeE-
CKHX cxeM. PaccMoTpuM B KauecTBe IpUMeEpa OJHY U3 TaKUX cXeM, puc.l.36.

st GecriepeOOMHOTO MHUTAHUS HArpPy3KH HMCTOIB3YIOTCS CETEBOM MCTOYHUK
MATaHUSI C BBIXOJIHBIM HampsbkeHueM 12 B u pesepBHas Oarapes ¢ HaIpsSKEHUEM
9 B. Jloruka paboTbl cxemsbl cieaytomniasi. Eciyu HanpsikeHHe B CETH MEPEMEHHOTO
TOKA MPUCYTCTBYET, HArpy3Ka MUTAETCS OT CETEBOTO MCTOYHMKA nuTaHus. [Ipu aTtom
pe3epBHasi Oatapesi He paspspbkaetrcs. Eciau HampskeHue B MUTAIONIEH CETU OTCYT-
CTBYET, Harpy3ka MuTaeTcs oT pe3epBHoOU Oatapeu. [Ipu 3TOM pesepBHas OaTapes HE
pa3psiKaeTcs Yepe3 BbIXOIHYIO LENb UCTOYHUKA TUTAHHUS.

Kornma nanpsixenne +12B Ha BbIXOJE CETEBOrO MCTOYHMKA MHUTAHUS MPHUCYT-
ctByeT, 1uoa VD1 OTKpPBIT, TaK Kak Ha €ro aHoOJI€ MOJIOKUTEJIbHBIN ToTeHuan +3B.
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Harpy3ka nutaercs oT UICTOYHUKA NUTaHusA. Pe3epBHas Oarapes nmpu 3TOM OTKIIIOYE-
Ha 3anepTbiM 1uooM VD,.

[Ipy oOTCYTCTBMM HampsDKEHUS B CETH IEPEMEHHOTO TOKa, HampsHKEHHE
+12 B Ha BbIX0Jl€ HCTOYHHMKA MUTaHUA OTCYTCTBYET. Jlnoa VD, OTKpHIT (Ha ero aHo-
ne +9 B). Harpy3ka nutaetcs ot pe3epBHoM Oatapeu. Jnon VD; 3akpsIT (Ha ero
anoze -9 B), uTo He MO3BOJSET pe3epBHOM OaTapee pa3psLKATHCS Yepe3 BBIXOAHYIO
LeMb UCTOYHHUKA TUTaHUS.

VD,
+12B N
Cerp | Uctounuk L VD, Harpy3ska
~TOKa | MHUTaHUSA |- ZS +9...+12B
- + 9B
Pe3epBHas
Oarapes

Puc.1.36. Cxema 6ecriepe00itHOr0 MUTaHUS HATPY3KU

4. HenuHelHbI XapakTep BOJbTAMIIEPHON XapaKTEPUCTHUKHU MO3BOJIAET HC-
MOJIb30BaTh JAMOJIBI JIJIsl IOCTPOCHHUS HETMHEWHBIX MpeoOpa3oBaTeneil curnana. Yaie
BCEI0 peaau3yeTcs JorapupmMuueckasi 3aBUCUMOCTh BBIXOJIHOTO CUTHaIa OT BXOJIHO-
ro.

5. CneuuanbHble T€HEPATOPHbBIE OUOAbI HCIOJB3YIOTCS ISl T€HEPUPOBAHUS
nryMoB. Bximrowarorcst Takue DMObl, Kak ctaOmiuTpoHbl. Ho oOpaTHbIe TOKM OYEHB
Maible 1Mo BeiauuuHe. [Ipu 3ToM mapaMmeTpbl MpoOOsi CTAHOBATCS HECTAOMIbHBIMHU.
Boznukatot konebaHuss HaMpsOKEHUS CTaOMIIM3aIliK, HOCSIIHNE CITydYalHBIA XapakTep.
CnekTp reHepupyeMbIX IIIYMOB JOCTATOYHO MKUpokuit (10 3.5 MI'm).

1.4.3 Bapukansl

Bapukansi — 0coObI# THUIT TUOJ0B, UMEIONIUX YBEIMUYECHHOE 3HAYCHUE €MKOCTH
p-n-nepexona. Bapukan MOXHO paccmaTpuBaTh KaK HEJIMHEWMHBIA KOHAEHcaTop. B
BapHKanax MCIIOJb3YETCS SIBJCHHE U3MEHEHUS €MKOCTH PN-mepexona Npu U3MEHe-
HUUW BHEITHETO HampshkeHus, puc.1.37.
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Puc.1.37. I3MeHeHne eMKOCTH BapuKarna ¢ TOMOIIbIO BHEIIIHETO

YIPABISEMOI0 HCTOUYHHUKA HAIIPSKEHUS

EmKocTh Bapukana 3aBUCUT OT BEJIMYHMHBI YIPABISIOMIET0 0OpaTHOTO Hamps-

KEHUS CIeAyIoUUM 00pa3oM:

n
C(Eo6p) =Co Tk
Gk + E06p
rine Eq, — BEIMU4nHa 00paTHOTO HamnpsbKeHWs Ha Bapukane; Co — eMKOCTh BapuKana
IpU HYJIEBOM OOpAaTHOM HAIPSKEHUU; O, — BEJIMUYMHA KOHTAKTHOTO MOTEeHIIMAaIa (He-
CKOJIBKO JIECATHIX JI0JIeH BoibTa); N = 2-3 — ko3 HUIMEHT, 3aBUCSIINNA OT BUaa P-N-
nepexoja.

Bapukanbsl ucnosib3ytoTcsi B pa3indyHOM POA BMECTO KOHIEHCATOPOB Iepe-
MEHHOU €MKOCTH: B CHCTEMax aBTOMAaTHYECKON NOJICTPOMKE YaCTOTHI, IPU U3MEHeE-
HUM PE30HAHCHOW YacTOThI KOJIeOATEIbHBIX KOHTYPOB; B NMPOrPAMMUPYEMBIX H3MeE-
PUTEIBHBIX MPUOOPAX; NI FIEKTPOHHON HACTPOUWKH B PaJo U TEJIEBU3HMOHHBIX TIHO-
HEpax.

OcHoOBHBIE TapaMeTPbI BADUKAIIOB:

Qs — 10OPOTHOCTH BapuKarna, ornpejaesiemMas Kak OTHOIIEHHE PEaKTHBHOI'O CO-
IPOTUBIICHUS BapUKalla Ha 3aJlaHHOM YacTOTE K COMPOTUBIIEHUIO NIOTEPh IPH 3a]aH-
HOM 3HAYE€HHH EMKOCTH WIH Eqs,. Qu=Xc/In

K. — k03 pULHMEHT NepeKphITHs IO EMKOCTH. JTO OTHOLIEHUE EMKOCTEN Bapu-
Kara Ipu JABYX 3aJaHHbBIX 3HAUEHUSX 00paTHOrO HaIPsHKEHUS

Kc=Cymaxl Cy min,

C; — o01as eMKOCTh BapuKamna. JTO eMKOCThb, U3MEPEHHasi MEX]ly BBIBOJIAMU
BapHKarna Inpu 3aJaHHOM OOpaTHOM HampsKEHUH.

O¢ — TeMIepaTypHbIi KO3()PHUIMEHT, 3TO OTHOLIEHHE OTHOCHUTEIBHOTO H3Me-
HEHUSI EMKOCTH K U3MEHEHUIO TEMIIEPaTyphl

o =AC,/(Cy AT).
1.4.4 TyHHe/IbHBIE JUOAbI

TyHHENBHBIM HA3bIBACTCS MOJIYIIPOBOJIHUKOBBIM JHOJ, B KOTOPOM HCIIOJIb3Y-
€TCA TYHHEJIbHBIA MEXaHU3M MEPEHOCA HOCUTENEH 3apsia uepes3 P-N-nepexom, BOJIbT-
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ammiepHas xapaktepuctuka (BAX) KOTOpPOro HMMEET y4acTOK C OTPHIATSIHHBIM
g depeHurnaIbHbIM COTPOTUBICHUEM.

Tynuenvuolti npobou 00vACHAMCA 3DHexmom myHHeIUpo8anus Hocumenel
3aps0a, Ko20a 8ciedcmeue Maiol MmoawuHbl nepexooa (NomenHyuaibHo2o bapvepa)
B03HUKAEM BbICOKAS 8EPOSIMHOCHb NPOXOHCOEHUsL 3apsa008 cK803b bapvep. TyHHe b-
HbIll NPO6OU BO3HUKAEm 6 N/N ¢ MOHKUMU NOMEHYUAIbHLIMU bapbepamu (8b1COKas
KOHYenmpayus iecupylowjell npumMecu), OH RpoUCcXooum npu 0OpamHsIX HanpsiceHu-
51X 8 HECKONbKO 80JIbM.

Ha BAX TyHHeNnbHOrO Ju0/Ja MOXHO BBIJICUTh TpU ydacTka: ydyacTok 0 - 1
cootBeTcTBYeT U< U, M TOK ompenensercs Aperiom HocuTenei 3apsna depe3 p-n -
nepexoi; y4acTok 1-2, nMeronuii otpunarenbHoe nuddepeHatbHoe COnpOTHBIIE-
HUE, XapaKTePU3YETCs B OCHOBHOM TYHHEJIBHBIM TOKOM; Y4acTOK 2-3 XapaKTepH3y-
etcst 1 py3noHHBIM TOKOM (puc.1.38).

lp | MA
f - 1 3
| |
| |
B | |
| |
| |
L | |
2 | |
| |
| | -
I~ | ) |
| |
A A A U T
Uosp, B 0 U, U, Uy, B
21
IoGp, MA

Puc. 1.38. BAX TyHHEIBHOTO MO/ U €r0 YCIOBHOE U300pakeHUE

JI1s1 mosly4eHus1 TYHHEIBHBIX THOJ0B UCIOJIB3YIOT MaTEpUaibl C OYEHb BBICO-
KOW KOHIIEHTpaIuen mpumecei B pP- u N -obmactsax. B urore sHepreTnueckue ypoBHU
MIPUMECHBIX aTOMOB PAaCUICIUIAIOTCS B 30HBI, KOTOpPBIE MEPEKPBIBAIOTCSA C COOTBET-
CTBYIOIIIMUMHU OCHOBHBIMHU 30HAMHU obyacteit P u N.

OcHOBHbIE TAapaMeTPbl TYHHEJIbHBIX JHO/0B:

- TOK MaKCUMyMa (TOK TTUKA) Imax (I1)

- TOK MUHEMYMa ( TOK BIaAWHBI) |min (15)

- HanpsDKeHUE, COOTBETCTBYIOMIEE |max — Up; Imin - Ug ;

- HauOOJIBIITUI TIPSIMOM TOK W HAIPSIKEHUE, COOTBETCTBYIOIEE EMY;

- HauOOJIBIITH TOK OOPATHBIA U COOTBETCTBYIOIIEE €My HaIPsHKCHHE;

- EMKOCTb AUO0JA.
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TyHHENnbHBIE TUOABI UCHOJB3YIOT B MEPEKIIOYAIOUIUX LEMIX CBEPXBBICOKOTO
ObicTpoaeicTBUsA U reHepaTopax nopajaka 1000 Mru, TyHHenbHBIH 3 DEKT HE UHEP-
LIUOHEH.

Pa3HOBHIHOCTBIO TYHHEJIBHBIX IUOJOB SABISIIOTCA OOpaieHHble auoisl. Ha
NpsIMOM BETBH Y HUX OTCYTCTBYET MaKCUMyM M OHa M0J00HA 00paTHOM, a oOpaTHas
MIPAMOM.

[Ipsimoe HampsiKeHHE 3HAYUTEITLHO MEHbIIE, YeM y OOBIYHBIX JUOJIOB, 00paT-
HOE TOXE MaJlo.

3anaua 1. Ilons3ysack BosbT-ammniepHoil xapaktepuctukon (BAX) nuona (puc.
1.39), onpenenuts nuddepeHnnanIbHOEe CONMPOTUBIECHUE U COMTPOTUBIICHUE TTOCTOS H-
HOMY TOKY Iipu HanpsbkeHusx +0,3 Bu —10 B.

Il MA
P, 60l A I“"'Mlgo A
40 C 40 Ch
B B
20+ 20 /
N N N N . fe]
Uosp, B 6 4 2 01 02 U, B Uosp. B 6 4| 2 0102 U,,B
G 10 G | [0
//
20F B 20
5 E D E
|06p, MKA |06p, MKA
Puc. 1.39
Penienue

Cratuctudeckoro comnpotuBieHue auoaa (R.;) ompenensercss Kak OTHOIIECHUE

U/l B paboucii Touke BAX, a auddepeHnnaabrHoe CONPOTHUBICHHE PAaBHO OTHOIIIC-
du
HHIO IIPUPALICHUS HAMPSKEHUS MO TOKY Ryyug :—dl U TIPOTOPIIMOHAIEHO TAHTEHCY
yria Mexay kacarenbHoil K BAX B paGoueil Touke 1 OCbIO OpAMHAT.
[Ipu nanpsoxkenuun +0,3 B uepe3 quoa teuer Tok 60 MA (Touka A4), cieaoBa-
TEJIBHO, €r0 COMPOTUBJICHUE MTOCTOSSHHOMY TOKY PaBHO:

Rep1=2=—2% _s50u

1 60.107°
B atoii ke Touke BAX nuddepennmaisHoe CONPOTUBICHUE TUOIA OTIPEL -
€TCSl HAKJIOHOM XapaKTEPUCTHKU M MOKET OBITh TIOJYYECHO C TTIOMOIIBIO TPEYTOJIbHU-

ka npupaiennit ABC:
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AU; 00125

Alp - 20.1073
Hamnpsixenne -10 B cootBerctByeT T./] (puc.1.39). Tok uepe3 auoia npu 3ToM

=0,625 Om.

R)JI/I(I). 1=

paBeH 20 MKA, TOrja CTaTUYECKOE CONPOTUBIEHHUE (COMPOTUBIEHUE IUOAA MOCTO-
SSHHOMY TOKY) PaBHO:

Ropp=2-_ 10 45106 0u

12 20.107°
JuddepeHnnaibHOe COMPOTUBICHUE TIPU STOM ONPEICIIUTCS U3 TPEYTOJbHUKA
DEG (puc. 1.39) kax

AUs 5
Al 5.1076

3agaua 2. JIns cxembl, uzoOpaxkeHHoil Ha puc. 1.40.a, paccuurtaTh TOK H

Runch.2 = -10% om.

HaNpsDKEHHE Ha auoje, eciiu m3BectHo E=6B, R=100mM. BAX nuona npeacrasie-

Ha Ha puc. 1.40.6.

VD |nL,M| ,
AMK
lip N
— .
AN 40— 6)
E |
a) 30 !
I
20—t
o[
|
U, 2 4 Unp. B
Puc. 1.40
Pemenue

3amaua pemraercs rpadoaHaTUTHUYECKIM CITIOCOOOM ITyTEM COBMECTHOTO pellie-
Hus ypasHeHusa | = f(Uyp) (BAX nuoma) u ypaBHEHUS Harpy304HOH MpsIMOU

E =Uyp + IR (nmepeBepuytas BAX compotusnenus R)/

1. JIns mocTpoeHHss Harpy304HOW NPSIMOM JOCTATOYHO 3HATH JIBE €€ TOUKH.
Y 106HO0 B34Th CJIEAYIOIHE:

E 6
1)U =0,l=—=—=06A;
) UvD R 10

2) 1=0,Uyp=E=6B.
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2. OmnpepensieM 3HaY€HUsI TOKAa U HANpPSDKEHUs, KOTOPbIE JIeXKAT Ha mepeceye-
Hnn BAX nnona m nepesepuyroit BAX pesucropa. [lomyqaem:

Uyp=0,7B,, | =54 MA.

3apaua 3. [{uon, y xoroporo mpu npsmom HampsbkeHnd 0,8 B MakcuManibHO
IOonmyCTUMBIN TOK paBeH 100 MA, coeIMHEH MOCIEA0BATEIBHO C PE3UCTOPOM HArpy3-
kn Ry =100 Om. KakoBo HanOosblIee 3HAUCHUE HANPSKEHUSI UICTOUYHUKA, IIPU KOTO-

poMm oA Oyzaet paboTaTh B 0€30MaCHOM pexume?
Pemenue
[Tagenne HanpsHOKEHUS HA Harpy3Ke MPU MaKCUMAIBHOM TOKE COCTABHT:
Un.max = lup.max Ry =01-100=10B.

C yderom mpsAMOro HampspKEHHUsS Ha JUOJAE aMILIMTY1a HaIpsDKEHHUsS] HCTOYHU-
Ka He JoJDKHA mpeBbimaTth Uy =10+ 0,8=10,8 B.

1.4.5 CTaOGU/IUTPOHBI U CTAOGUCTOPHI

Ionynposeoonuxoswlit cmadunrumpon — NOTYTIPOBOJHUKOBBIN AMOI, HAMpsIKe-
HUE Ha KOTOPOM B OOJIACTH 3JIEKTPUUECKOTO MPOoOOsi cl1ado 3aBUCUT OT TOKA U KOTO-
PBIN CITY>KUT JIJIs1 CTAOMIIM3AIMN HATIPSKCHMUS.

Nx paboTa ocHOBaHa Ha UCIOJB30BAHUU SIBJICHUS AJIEKTPUUECKOTO Mpodos p-
N-mepexo/a Mpu BKIOYEHUU AMOJIa B 00OpaTHOM HalpaBlICHUH.

YcnoBHoe rpadudeckoe 0603HaUCHHE MOTYTPOBOJHUKOBOTO CTAOMIMTPOHA HA
NPUHIMITHAIBHBIX 3JIEKTpUYecKuX cxeMax u ero BAX npusenens! Ha puc. 1.41.

VD1

_El_

Puc.1.41. YcnoBHoe rpaduyeckoe n300pakeHue moaIynpoBOIHUKOBOTO

CTaOMIIUTPOHA

B otnnure ot 0OBIYHBIX THOAO0B CTAOMIUTPOHBI U CTAOUCTOPHI UMEIOT OCOOBIE
BOJIbTAMIIEPHBIE XapaKTEPUCTHKHU, 00YCIOBIMBAIOIINE UX MPUMEHEHHUE JIJIsl CTAaOMIIH-
3amuu HanpspKeHus, puc.1.42.
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Puc.1.42. BOHBTaMHepHBIC XAPAKTCPUCTUKHN NUOOO0B, ITPCIAHA3ZHAYCHHBIX
JJIA CTa6I/IJII/ISaLII/II/I HaIpsKCHUS . @ — BOJIbTaMIICpHAaA XapaKTCPpUCTUKA

CTa6I/IJII/ITp0Ha; 0 — BOJIbTAMIICPHAA XapaKTCPHUCTHKA CT3.6I/ICTOpa

VY crabunutpoHa Ha 0OpaTHOI BETBU BOJIBTAMIICPHOW XapaKTEPUCTUKHA UMECT-
Csl Y4acTOK ¢ O0ibIIoi KpyTu3HOW. [Ipr MoCcTHKEHUH BETUYHHBI 00OpaTHOTO HAIPSI-
KCHHS Ha CTaOWJIMTPOHE 3HAUEHUS HampspDKeHUs cradwnmm3arnmu U, HacTymaeT mpo-
00l cTabmnuTpoHa. DTOT MPOOOIL sIBiIsIeTCs OOpAaTUMBIM, €CITM BEJIMYMHA 0OPaTHOTO
TOKa HE MPEBBICUT HEKOTOPOT'O YCTAaHOBJIEHHOTO Ui JaHHOTO THUIA CTaOMIUTpPOHA
3HAYCHUS |¢; max, puc.1.43. B aToM pexknMe HarpeB cTaOMIMTPOHA HE HOCHUT JIABUHO-
00pa3HbIif XapakTep, MOATOMY JIEKTPUUYECKUI TPOOOI HE MEPEXOHT B TETIIIOBOM.

B otiamume oT cTabmiuTpoHa, y cTabucTopa MaKCHUMaJbHYIO KPYTH3HY HMEET
IPSMOI y4aCTOK BOJBTAMIIEPHOI XapaKTEPHCTUKH.

Lup

I Icr min

] ICT max

I06p

Puc.1.43. BonbramnepHas XapakTEpPUCTHKA PEATHHOTO CTAOMIMTPOHA

CxemMBbl BKIIOUCHHSI CTAaOWIMTPOHOB M CTAOMCTOPOB IS CTaOWIM3AIHNH

HaIpsHKeHUs IpeicTaBieHbl Ha puc.1.44.
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Puc.1.44. Cxembl IpocTEUIINX CTAOUIN3aTOPOB HAMPSKEHUS: @ — CTAOUIIN3ATOP

HaIPSHKEHUS Ha CTAOWJIMTPOHE; O — CTA0MIN3aTOP HAMPSKEHUS Ha cTabuCcTOpe

Hamnpsbxenne Ha Harpy3ke paBHO HampsbkeHuto cradbmwimmsannu Ug. Pexum
crtabunu3anuu Hactynaet, koraa Ug>U.., puc.1.45.

U,

UBX

Puc. 1.45. 3aBucuMOCTb HaIpsKEHUs] HA HATPy3Ke OT BXOJIHOTO HAIPsHKEHUS

[Tpu stom m36bITOK HampskeHus] Ugrs=Ug-U, mamaer Ha OamiacTHOM pe3u-
ctope Rs. Ilockombky cTaOHCTOp BKIIOYACTCS B NMPSMOM CMEUICHHUH, HAIPsSKEHUE
crabunm3anuu cxemsl puc.1.44.6 menbie, uem cxemsl puc.l.44.a. Pesucrop Rg orpa-
HUYMBAET TOK, IPOTEKAIOIIUMN Yepe3 TUOIbI.

OcHoBHbBIE TApaMeTPbl CTAOMJIUTPOHOB

OCHOBHBIMH DJISKTPHUYCCKUMH IMapaMeTpaMy CTAOMIUTPOHOB, ITOJJICHKAITUX
KOHTPOJIIO B TEXHUYECKOM JUArHOCTUKE, SBJISIOTCS:

- Hanpsoicenue cmaounuzayuu U

- MUHUMANbHBIL U MAKCUMANbHbIL  moku cmaodunuzayuu e min, ler max;

- dughgpepenyuanvroe conpomuenenue Ha yuacmke cmabunuzayu ¥ yg ;

- memnepamypuwlil Kodpouyuenm nanpsaicenus cmaouruzayuu TKH.

Hanpsaosicenue cmadounuzayuu — 3Ha4€HUE HANPSHKEHUS HA CTAOUITUTPOHE TIPU
MPOTEKaHUM 3aTAHHOTO TOKA CTaOMJIM3aIINH.

Munumanvuoliic mok cma6uﬂu3auuu — HaWMMCHBIICC 3HAYCHHUC TOKaA YCPC3
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CTAOMJIUTPOH, MPU KOTOPOM PEKUM CTAOMITU3AIMU YCTOUYHUB.

Maxcumanovnvliit mox cmaodounuzayuu — HaUOOJbIIEe 3HAYEHUE TOKA 4Yepes
CTAOMJIUTPOH, MTPU KOTOPOM €r0 HArpeB HE BBHIXOJIUT 3a JOIMYCTUMbIC MPEIETbI.

Jugppepenyuanvnoe conpomusnenue na yuacmke cmaduauzayuu Onpeje-
JSICTCS TIPH 3aJ]aHHOM 3HAYCHHUH TOKa cTabmnm3aruu Kak I, = dU, /dl.;

Temnepamypnutii ko3gppuyuenm nanpaxncenus cmaounuzayuu TKH — ot-
HOCHUTEIBbHOE U3MEHEHNE HAIPSHKEHUs CTAOWIM3AUK TTPYU U3MEHEHUU TEMITEPATYPhI
na 1°C.

CymiecTByronye CTaOMIMTPOHBI UMEIOT MUHUMAIbHOE HAIpsKEHUE CTaOuIIu-
3aruu 10 3 B. Jlng nonyyenus menbiiero Hanpspokenus (0,35 — 1,9 B) ctabunuzanuu
ucnonb3ytorcst craductopsl (KC107, 2C113A, 2C119A), y KOTOpBIX, B OTIUYUE OT
CTAOMJIMTPOHOB, UCTIONB3yeTCs TpsiMasi BeTBb BAX.

Hapsiny co ctabunutpoHamu, UMEIOMKUMH HecuMMeTpuuHyr0 BAX, BhItycka-
10TCsl [ByXxaHo Hble ctabunutponsl (2C170A, 2C182A), umerolue CUMMETPUIHYIO
BAX. OHu npuMeHst0TCS U151 ABYXCTOPOHHETO OrPaHUYCHUS HAMIPSKCHHUS.

[Tpumepsr 0603HaUCHUT.

Kpemuuessiii crabmmutpon momHocthio 300 MBT (He Gonee 0,3 Br), Hanpsi-
*KeHneM ctabwmimzanuu 4,7 B u pazHoBuaHOCThIO A 0003HayaeTcs 2C147A.

KpemHueBslit cTabuianTpoH MOITHOCTRIO 5 BT (10 5 BT), HanpsikeHuem cradu-
nuzanuu 180 B u pazHoBuaHOCTRIO A 0603HauyaeTcss KCO680A.

3agaua 4. KpemHUEBbI CTaOMIMTPOH HMMEET HaNpsKeHUWE CTaOWIN3aluu
Ucr =9.1B, cpexnnit Tok crabmmmsani |or cp =30 MA (puc. 1.46). Kakum 1071KHO

ObITh AU PepeHImaIbHOe COMPOTUBICHUE CTAOMIMTPOHA, YTOOBI NMPH H3MEHEHUU
HarpspKkeHus Ha 1% Tok yepe3 cTaOuIuTpoH u3MeHuIcs B 1,5 paza?

Peuenue

JuddepenimanbHoe CONMPOTUBICHUE B OKPECTHOCTH paboueld TOUKH Ompee-
nsieTcst o gpopmysie

Cuuras pabounit yaactok BAX ctaOunnTpoHa JMHEHHBIM B 00JIACTH AJIEKTPH-
4ECKOTO MPOOOsi, HAXOANM Riyyyy) TONBKO 110 TOTOKUTEIEHBIM IIPUPAIICHHSM:

0,01-91

3= 2,02 Om.
15-30-10

RIH/I(P =
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1.4.6 Bapucropsl

Bapucmop — nonynpoBOJHUKOBBIA HEITUHEWHBIH PE3UCTOP DICKTPUUIECKOE
COTNPOTHBJIICHHE KOTOPOTO 3aBUCUT OT MPHUIOKEHHOTO HAIpPSIKEHUs, TTOITOMY €ro
BOJIbT-aMIIepHas xapakrepuctuka (BAX) Henuneiina.

[TomynpoBOHUKOBBIM MaTepUagoM JJIsi U3TOTOBJIECHUS BAPUCTOPOB CIIYXKUT
KapOuJ KpeMHHUS.

Bapucrtopb! Hanui npuMeHeHHue B cTabWIM3aTOpax M OTPaHUYUTENSIX HaAmpsi-
KEHUS, CUCTEMAX aBTOMATHYECKOTO PEryJMpOBaHUs, T€HEpaTOpax MEPEMEHHOTO U
UMITYJIbCHOTO HAaIPSIKEHUSI.

YcnoBHoe rpaduyeckoe 0003HaUCHHE BAPUCTOPOB HA MPUHIUITHAIIBHBIX JJIEK-
TPUYECKUX CXeMaXxX U TMIU4HbIA BUJ ux BAX npuBeneHsl Ha puc. 1.47.

6)

Puc. 1.47. YcnoBHoe rpadmdeckoe odbo3HadeHue Bapuctopa (a) u ero BAX (6)
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OcHOBHBIE TApaMeTPbI BAPUCTOPOB

OCHOBHBIMH JJICKTPUYCCKUMHU TIApaMETPAMH BapUCTOPOB, MOJJICKAIINX KOH-
TPOJIIO B TEXHUYECKOW TUATHOCTHKE, SBIISIOTCS:

- HOMUHAJIbHAs! MOIITHOCTh PACCESTHUS;

- KJ1acCU(UKAIMOHHOE HAMPSKCHHUE;

- KJ1acCUu(UKAIMOHHBIN TOK;

- K03 HUITMEHT HETUHEUHOCTH J3 .

Homunanvnaa mowjnocms pacceanus BbIITYCKaeMbIX BapUCTOPOB JIEKHUT B
npeaenax 0,01-3 Br.

Knaccugpuxayuonnoe nanpsaxncenue (yciogHulil napamemp) — 3HaUYCHHE TIO-
CTOSTHHOTO HAmpsDKEHUs, TIPU KOTOPOM 4Y€pe3 BapHUCTOP MPOTEKAET 3aJaHHBIM Kiac-
cuukanMoHHbId TOK. Jlomyck mo kinaccudukanronHoMmy Hamnpspbkenuto +10; +20;
+30 %.

Knaccugpuxayuonnwiii mok — ToK, Ipu KOTOPOM OIpeieisieTcs Kiaccuuka-
ITMOHHOE HANPSHKCHUE.

Kosgppuyuenm nenuneiinocmu B — xapaxkrepusyeT CTENEHb HEIMHEHWHOCTH
BAX BapucTopa u paBeH OTHOIICHHIO COIIPOTUBIICHUS BapUCTOPA TIOCTO-THHOMY TO-
Ky R. x ero guddepenuumaisuomMy conpoTtuBieHuto R, B 3anannoi touke BAX: B =
R. /R,= UdI /IdU.

B cooTBeTCTBUU ¢ AEHCTBYIOIIEH CHCTEMOU YCI0BHOE 0003HAaUEHHE BapuCTOpa
COCTOUT M3 CJICIYIOIIUX JIEMEHTOB [4]:

nepewvlii s1emenm — coueTaHue OykB, 0003HAYAIOIIHME TMOJKIACC PE3UCTOPOB:
BP — Bapucropsl nocrosiuasie; BPII — BapucTopbl niepemMeHHbIE;

emopoti s1emenm — nudpa, crosias nocie aeduca, 0603HAYaET MOPSTIKOBBIHA
HOMED pa3paboTKH;

mpemuii 31emerm — Klaccu(UKaIMOHHOE HAIIPSDKEHUE B BOJIBTAX;

yemeepmbyiil 3jeMeHm — AOMyCTUMOE TI0 HanpsHKeHu o %o.

[Tpumepsl 0003HaUEHUT.

BapucTtop mocTosHHBIN ¢ TOPSIKOBEIM HOMEPOM pa3paboTku 3 U Kiaccudu-
KalmoHHBIM Hampsbkeanem 560 B u momyckom +10% o6o3nauvaercst BP-3 — 560
+10%.

B cooTBeTcTBHM CO CTapoii CUCTEMOI 0003HAUEHHSI COMTPOTHBIICHUE HETMHEHHOE
u3 KapOuaa KpeMHUs, MWIMHAPUIECKON KOHCTPYKIMH, C TOPSJAKOBHIM HOMEPOM 2,
KIaccupukanroHHpIM HanpspkeHreM 560 B u momyckom +£10% o6o3navaercs CH-1-2
— 560 £10%.
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1.4.7 Tepmope3ucrop

TepMOpe3ucTop — MOJYNPOBOAHUKOBBIM HEJIMHEMHBIM PE3UCTOP, DJIEKTPUYE-
CKOE COMPOTHUBJIEHHE KOTOPOTO 3aBUCUT OT TEMIEPATYPBI.

[TonynpOBOJHUKOBBIM ~MaTEpUAOM JUIsl W3TOTOBIICHHUS TEPMOPE3UCTOPOB
CIIy’KaT OKCHJIbl METaJJIOB U CMECU OKCHUJIOB.

TepMope3ucTopbl MHUPOKO UCHOJB3YIOTCS B CUCTEMax aBTOMAaTHYECKOrO JIH-
CTaHI[MOHHOT'O U3MEPEHUS U PETyIUPOBAHUS TEMIEPATYPhI, TEIJIOBOTO KOHTPOJS U
3allMThl MAIWH U MEXaHU3MOB, IPOTHUBOIOKAPHON CUTHATIM3ALMH U JIP.

CymuiecTByeT J1Ba TUIIA TEPMOPEZUCTOPOB:

- TEPMOPE3UCTOPHI, COMPOTUBIICHHE KOTOPHIX YMEHBIIAETCS C POCTOM TEMIIE-
patypsl (oTpunarensHbiii TKC);

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

YcnoBHoe rpaduyeckoe 06003HaUCHHE TEPMOPE3UCTOPOB HA MPUHLIUITHATILHBIX
AIEKTPUUECKUX CXEMax M TUIMUYHBIA BUJ MX TEMIEPATYPHBIX XapaKTEPUCTUK MPH-
BeJIeHbI Ha puc. 1.48.

ZLO

0)

Puc. 1.48. YcnoBHoe rpaduyeckoe o603HaueHUE (@) U XapaKTEePUCTHKH (6)
Tepmope3nuctopoB ¢ otpuniatenbHbiM TKC (1) n nonoxurensasim TKC (2)

Homunanonoe conpomueienue TEPMOPE3UCTOPOB YCTAHABIMBACTCS B OC-
HOBHOM 110 psixy E6 mu6o E12. [lpyrue psasl ucnons3yroTcs peako. Jlomycku 60ib-
IIMHCTBA THIIOB TepMOpe3ucTopoB coctanisior +10; £20; +30 %.

Temnepamypnutit koIgpgpuyuenm conpomuenenua TKC unmeeT Takou xe
CMBICJI, UTO U Y OOBIUHBIX JINHEHHBIX PE3UCTOPOB.

OcHoOBHBbIE TAapaMeTPbI TEPMOPE3UCTOPOB:

OCHOBHBIMH JJIEKTPUYECKUMU MapaMeTpaMu TEPMOPE3UCTOPOB, MOTIEHKAITUX
KOHTPOJIIO B TEXHUYECKOM AUArHOCTHUKE, SBJISIIOTCS:

0
- HOMHHaJIbHOE conpoTusiienue (rpu 20 C);
- TemnepatypHbii koappuuneHt conporupienus: TKC;
- MAaKCUMAaJIbHO JIOMYCTUMAasi MOIIIHOCTh PACCESHUS.
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Maxcumanvno oonycmumas MOWHOCMb paccesanus — HauOoNbllas MOLI-
HOCTb, KOTOPYIO IJIUTEIBHOE BPEMS MOXKET PACCEUBATh TEP-MOPEZUCTOP, HE BBI3BIBAS
HEOOpaTUMBbIX U3MEHEHUHN XapaKTEPUCTUK.

B cooTBeTcTBUU ¢ AEHCTBYIONIEH CHCTEMON yCIOBHOE 0003HAYEHUE TEPMOpE-
3UCTOPOB COCTOUT U3 CIEAYIOIINUX IeMEHTOB [4]:

nepevlil d1emenm — coyeTaHue OyKB, 00O3HayarolMe MOJKIACC PE3UCTOPOB:
TP — tepmopesuctopsl ¢ orpunarensbisiM TKC; TPII — Tepmope3ncTopsl ¢ Moa0XKu-
teabHbIM TKC (rmo3uctopsr);

emopoti s1emenm — nuudpa, crosias nocie aeduca, o003Ha4YaET MOPSIIKOBBIN
HOMeEp pa3paboTKH;

mpemuii 271emMeHm — HOMMHAJIbHOE COMPOTHUBIICHUE U OYKBEHHOE 0003HAUEHHE
eauHuibl uamepeHus (Om, kOm);

uemeepmbylil 271lemMeHm — I0NMyCTUMOE OTKJIOHEHHE OT HOMUHaJA B %o.

[Tpumepsl 0003HAUECHU.

Tepmopesuctop ¢ orpunareabHbiM TKC, mopsiAKOBBIM HOMEPOM 2, HOMH-
HabHBIM comnpoTtuBieHueM 33 kOm u ponmyckom *20 % ob6o3nauaercas TP-2 —
33xOm + 20 %.

Hapsiny ¢ HOBO# BcTpeyaroTcs TEpMOPE3UCTOPHI MPEKHUX pa3pabOTOK C ycTa-
peBIIei cuctemMoit o0o3HaueHus (6ykBennble obo3HaueHuss — MMT, KMT, CT).

1.4.8 TpaH3uCTOpBHI

TpaH3ucTop — MOTYNPOBOAHUKOBBIN MPUOOP € IBYyMs P-N-TIepexo/ilaMu U Tpe-
MSs1 3JIEKTPOJIaMHU, TIPeTHA3HAUCHHBIHN sl yCUIICHUS, TeHEPUPOBAHUS U TIpeoOpa3oBa-
HUS SJIEKTPUYECKUX CUTHAJIOB.

TpaH3ucTopsl OBIBAIOT BYX BUIOB: OUTIONSIPHBIC U MTOJIEBBIC.

1.4.8.1 bunonspHbIf TpaH3UCTOP
bunonspHpIi TpaH3UCTOP 3TO MOJYIPOBOJHHMKOBBIA TpHOOpP ¢ AByMs P-N-

MepexolaMy U TPEMsI BBIBOJIAMU, KOTOPHIE€ MCIOIB3YIOTCS ISl YCUIICHHS] MOIIIHOCTH
ANEKTPUUYECKOr0 CUTHAIA. B OCHOBE KOHCTPYKIIMHM — TPEXCJIOHAsA CTPYKTypa C pas3-
JTUYHBIMU TUIIAMH 3JIEKTPOIPOBOIHOCTH.

B 3aBucuMOCTH OT MOCIEIOBATEIbHOCTH YEPEAOBAHUS CIOEB C PA3JIUYHBIMU
TUIIAMHA TTPOBOJIUMOCTH PA3IMYaIOT TPAH3UCTOPHI P-N-P- U N-P-N-TUIOB WJIA COOTBET-
CTBEHHO MPSMOW U 0OPATHON MPOBOJIUMOCTEM.

Ha puc. 1.49. moka3zan N-p-N TpaH3UCTOP CO CBOEH CXeMOMW MOAKITIOUEHUS (a) U
ero ycioBHoe o0o3HaueHue Ha cxeme (0). CooTBETCTBEHHO P-N-P TPaH3UCTOP IMOKa-
3aH Ha puc. 1.50.a, a ero ycnmoBHoe oOo3HaueHne Ha puc. 1.49.0.
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OMHUTTEP baza Komnnekrop
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\ ° Y > 7
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a) 0)

Puc. 1.49. Cxema nogkitoueHus TpaHuctopa N-p-n tuna (a)

U ero ycjaoBHoe ob6o3HadyeHue (0)

Hapy>xHblil cioii, SIBASIOIUNACA UCTOYHUKOM HOCUTENEH 3apsna (3JEKTPOHOB
WU JIBIPOK), Ha3bIBaeTCs amummepom (D), Ipyroil HAPYKHBIH CIIOW, MPUHUMAIOIIUN
HOCUTENH 3apsia, HaseiBaeTcsi koiekmopom (K). CpeaHuii ciioi, peryaupyromui
MOTOK HOCUTEJNEH 3apsiia, Ha3biBaeTes 6azoul (B).

B TpexciioliHON CTPYKType TpaH3HCTOpa P-N-Eepexoabl MEXAY IMUTTEPOM U
0a30i1 1 Mexay 06a30i U KOJUIEKTOPOM HA3bIBAIOTCS COOTBETCTBEHHO AMUTTEPHBIM U
KOJUIEKTOPHBIM MEPEXOAAMHU.

JUis HopMaslbHOM paboThl TpaH3UCTOpa TpeOyeTcs ABa MUCTOUYHMKA HampsiKe-
HUSL.

Hcrounuk Hanpspkenus nutanus U, (Ex) mpeaHa3HaveH Ui CO3IaHUs TOKA B
BBIXOJITHOM LIENU TpaH3ucTopa. HampsikeHue MCTOYHMKA ITUTAaHUs NIPUII0KEHO K KOJI-
JEKTOPHOMY IIEPEX0/ly B 0OpaTHOM HalpaBJICHUHU.

Hctounuk Hanpsokenus cmemenus Ugy, (Ugs) mpeaHasHaueH it CO3JaHus TO-
Ka BO BXOJHOM LIENIH TpaH3uCTOpa. HanpskeHne HCTOYHUKA CMELEHUS IIPUIIOKEHO K
OMUTTEPHOMY IIEPEXOY B IIPSMOM HAIPABJICHUU.

OMuUrrep baza Komnexrop
\ \ /
\ v V4
p n p | 3 K
R
+EO\ Y b
a) 6)

Puc. 1.50. Cxema nogkitoueHust TpaH3UCTOpa P-N-p Trma (a)
U ero ycJioBHOe 00o3HaueHue (0)
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TpaH3UCTOpP MOKHO paccMaTpUBaTh KaK CONMPOTUBIICHUE, 3aKITFOUCHHOE MEKITY
KOJUIEKTOPOM M ADMUTTEPOM. DTO COMPOTUBIICHUE MOYKHO PETYIMPOBATh H3MEHEHUEM
TOKa 0a3bl TPAH3UCTOPA.

Bo3MOHBI 4eThIpe pexxnMa paboThl B COOTBETCTBHH C TEM, KaKoe CMEICHHE,
psAMOE WM 00paTHOE, MOAACTCS Ha KOJUICKTOPHBIA MITH YMUTTEPHBIN TIEPEXO/IbI:

1. Pestcum omceuku — Ha 00a mepexojaa nmojaaHo oopatHoe cmenieHue. TpaH3u-
CTOP 3aKpPBIT U HEYIPABISIEM. Y9acTOK J-K HaXOMHUTCS B BEICOKOOMHOM COCTOSTHUHU U
MOKET CUUTATHCS PA30OMKHYTBIM;

2. Peowcum Hacvluyenus — Ha 00a mepexojia MmojaHo npsiMoe cMmelieHue. Tpas-
3HCTOP OTKPBIT U HEYIPABJIsAEM. y4acTOK J-K UMEET BBICOKYIO MPOBOJIUMOCTD M €TI0
MOKHO CUHTATh KOPOTKO3aMKHYTHIM

3. AxmusHwiii pexcum — Ha Db nogano npsiMoe HampsikeHue, a Ha KO — o6part-
Hoe. TpaH3UCTOP MPUOTKPHIT M yIpaBIsieM. ITO OCHOBHOW PEKHUM padOTHI TPaH3U-
cTopa.

OTKPBIT SMUTTEPHBIN TIEPEX0JT U 3aKPBIT KOJUICKTOPHBIH;

4. Uneepcuuiii pescum — Ha Ol nogaercsa oOpaTHoe HampspkeHue, a Ha KIT —
npsiMoe. DTOT PEKUM MPUMEHSCTCS OYCHb PEJIKO. OTKPBIT KOJUICKTOPHBIN MEPeXo]] U
3aKPBIT IMUTTCPHBIH.

[lepBbie nBa pekMMa HUCMONB3YIOTCS, KOT/Ia TPAH3UCTOP pabOTaeT B KavyecTBe
AJNIEKTPOHHOTO KIJI0Ya, T.€. MOJABIAIOIIEE BpeMs CBOEW pabOThl TPaH3UCTOP JHOO
MOJIHOCTBIO OTKPHIT, JIMOO 3aKPBIT U HAXOJIUTCS B OTCEUKE, a BpeMsl iepexoaa u3 oJ-
HOT'O COCTOSIHUS B IPYrO€ Ype3BbIUatHO MaJIo.

IpuHoun padoTbl OUNOJISIPHOTO TPIH3UCTOPA

IIpn nogauye Ha mepexox bO mpsmoro Hampsbkenus (puc. 1.49.a) Ugy diek-

TPOHBI U3 N-00JAaCTU 3MUTTEPA YCTPEMIIAIOTCS B 0a3y, co3faBas TOK dMUTTEpa |- .

KoHnenTpanuio npuMeceit B SMUTTEpE JI€NIal0T BO MHOTO pa3 Oouiblie, 4eM B 0ase, a
camy 0a3y 1m0 BO3MOKHOCTH TOHbIIE. [109TOMY NnIiis He3HaunTeNbHAsA YacTh (1-5%)
UCITYIIEHHBIX AYMUTTEPOM AJIEKTPOHOB PEKOMOMHHUPYET C JAbIpKamu 0asbl. bonbimas
94acTh JJIEKTPOHOB, MUHOBAB y3KYIO0 00JaCTh 0a3bl, «IIPUTITUBACTCS» KOJICKTOPHBIM
HaNpsOKEHUEM Ey, MPEACTaBIIOMMUM 00OpaTHoe HanpsbkeHue uisd nepexona bK, u
YCTPEMIIIOTCS K IUIIOCY BHEUIHETO UCTOYHUKA FEy-, CO37aBasi, TEM CaMbIM, TOK KOJI-

JexTopa |y, IPOTEKAIOIINM 110 HATpy3Ke Ry .

DNEKTPOHBI, PEKOMOMHUPOBABIIHNE C JbIPKAaMU 0a3bl, COCTABISIIOT TOK Oa3bl
Ig. Tok kosnekTopa, TakuM 00pa3oM, ONPENENAeTCs TOKOM 3MHUTTEPA 32 BBIYETOM

TOKa 0a3bl
IK = |3 — IB :(lla

rae o =0,95...0,98 kosddunmenT nepegaun Toka SMUTTEPA.
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AHanornyHo paboTaer TpaH3UCTOp P-N-P THUpa, OTIIMYASCH JIUIIb TEM, YTO €TI0
AMUTTEP UCIYCKAET B 0a3y HE AMEKTPOHBIL, & JbIPKH, IOATOMY MOJSPHOCTh MPUKIAIbI-
BACMBIX K HEMY NPAMOro Ugy M 00paTHOro FEy HaNpsKEHWH JOJUKHBI OBITH IIPOTH-

BOIIOJIOKHBI TpaH3uCcTOpy P-N-p tuna (puc. 1.50).

Ha ycinoBHOM 0003HaYeHUU TPAH3UCTOPOB CTABUTHCS HA DIMUTTEPE U HaIpaB-
JIeHa Bcerja oT P- 001acTu K N- 00JIaCTH.

B 3aBUCHMOCTH OT TOr0, Kakoil 3J€KTpOJ TPaH3UCTOpa SBISETCS OOLIUM IS
BXOJIHOM M BBIXOJHOW IeNeH, pa3auyaroT TPU CXEMbl BKJIIOYEHHUS OHUIOJISIPHOIO
TpaH3uctopa: ¢ obuet 6a3oit (OB), ¢ o0mum smurrepom (O3), ¢ OOIIUM KOJIIEKTO-
pom (OK).

Cxema ¢ o01ueii 0a3oi

CxeMma BKJIIOUEHUS TpaH3UCTOpa ¢ o61ieit 6a3oit (Ob) moka3ana Ha puc. 1.51.

+ 2 K
f I \- |
C) B K
U3B IB l UKB RH
Ex
2 Y £
AN

Puc. 1.51. Cxema BKJIFOUEHUS TPAH3UCTOPA C 00IIel Oa30ii

BxonanbiM curnaiom miist cxemsl ¢ Ob siBisieTcsl HaNpsbKEHUE, OJAaHHOE MEXK-

Iy 3MUTTEPOM U 0a30i U,, =Upgy, BEIXOJHBIM — HaNPsHKEHHE MEXKIY, BBIIEISEMOE
Ha Harpys3ke Uy, = IRy ., BXOOZHBIM TOKOM — TOK 3MHUTTEpA |5y = |5, BEIXOAHBIM

TOKOM — | Bxoanoe nanpsoxkenve Upgy ABIAETCS YNPaABIAIONIMM IS TpaH-

Boix = K-
3UCTOpA, MO3TOMY HEOOJIBIIOE €ro u3MeHeHue (1011 B) mpuBOaUT K U3MEHEHUIO TO-
Ka AMUTTEpa B OYCHb MHPOKHX mpenenax oT 0 mo makcumanwsHOro). llamenue
HaIpsHKCHUS, BBIIEsIEeMOe Ha Harpys3ke, Oyzner Tem Oosblie, yeM OOoJbllle TOK KOJI-
JIEKTOp, TPY 3TOM Ha CAMOM TPaH3HUCTOpE OyJeT majaaTh JUIIb HEOOIbIIIOEe HATIPSIKe-

Hue Ugy , KoTopoe OyJieT TeM MEeHbLIE, YeM 00JIblIe TOK KOJUIEKTOpA.
ITo 2-my 3akony Kupxroga ans puc. 1.51 umeem Ex =Ugk + xR, wimn
Upk =Ek — xRy = Ek —Ugix
Taxum 00pa3om, U3MEHEHHUE HA JIOJIM BOJBT BXOJHOTO HANPSKECHUS MTPUBOIUT
K N3MEHEHUIO HAIIPSKEHUS HA HArpy3Ke, 4yTh MEHBIIET0, YeM HanpsikeHue Ey .
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Jlsist o1leHKM paboThl TPAH3UCTOPA U €0 YCWIUTEIBHBIX CBOMCTB B Pa3IU4YHBIX
CXeMax BKJIIOUEHHUS CIIEyeT pacCMaTpuUBaTh MPUPAILECHUE BXOJHBIX U BbI3BaHHBIE
MU MIPUPALIEHUE BBIXOAHBIX BEJTUYHH.

PaccmarpuBas TpaH3UCTOp Kak yCHJIUTENb, €r0 XapaKTepU3yroT KO3 PUIeH-
TOM YCWJICHHS U 3HAYEHHEM BXOJHOTO CONMPOTUBIIEHUA. Pasnuuaror Tpu Buaa Kod3d-
(pUIUEHTOB YCUIICHUS:

- ko3 punnent ycunenus no Toky K; = Al /Al ;

- ko3 punnent ycunenus no HanpsokeHuo Ky =AU, /AU . ;

- k03 punnent ycunenus no MomHoctd Kp = Ky K; .

BennurHa BXOJHOIO CONPOTUBIICHUS ONPEIEIIACTCS KaK

Rex = AUpx /Al gy ;

rae AUy, M3MEHEHHE BXOJHOIO HanpspDKeHus, Alg, - K3MEHEHHE BXOJHOIO TOKA.

BxogHoe conmpoTuBieHue J1I000r0 yCUIUTENS MPUBOAUT K UCKAXKEHHUIO BXOJ-
Horo curHana. JIro0ol MCTOYHMK NUTaHMS 00JIaJaeT HEKOTOPHIM BHYTPEHHHM CO-
OPOTUBJIEHUEM, W IpPU MOJKIIOUEHUH €ro K YCHIUTEN0 oOpa3yercs IeIUTEb
HAIIPSOKEHUs, COCTOSALIMN U3 BHYTPEHHETO COIPOTHUBIICHUSA UCTOYHUKA U BXOJHOIO
conpoTtusieHus ycunurens. Ilostomy, uem Bblme Ry, ycwiutens, TeM Ooibluas

4acTh CUTHaJA OYAET BBIICISATHCS HA DTOM CONMPOTUBICHUM U YCUJIMBATHCH, U TEM
MEHbIIIas 9acTh OyeT majaTh Ha BHYTPEHHEM CONPOTUBIICHUU CAMOT'0 HCTOYHHUKA.

Jns cxemsl puc.1.51 umeeM: BXOAHOH TOK 3TO |-, BEIXOAHOM TOK - |y, BXOJ-
HOe HanpsikeHue - U, BRIXOAHOE HanpskeHue -U g .

Torna kodpdUMEHT yCUIICHHS TIO TOKY

Kig = Al /Algx = Al /Al =a0=0,95...0,98 <1

Bxoanoe conpoTuBieHne

RBXB = AUBX/AIBX = AUQB/Ala ~ R3

OOGBIYHO ATO COMPOTUBIICHUE COCTABIISAET AECATKH — COTHH OM.

KoaddunmenT ycuieHus mo HanpsiKeHU O

Kup = AUy / AUy = (IgRy) (15R5) = (R, /Ry ) > 1

Ecou R, knunoomsl, To Kyp Moxet pocturats 1000.

KoapdunmenT ycuneHus mo MOIHOCTH

Kpp = KupKip = (R, /Ry)ot = (R /Ry) >1

Tax kak ko3¢ duuueHT ycuieHus no Toky B cxeme ¢ Ob MeHblIe eIUHHIIbI,
OHa IIMPOKOTO MPUMEHEHUS HE HaIlIa.

Cxema ¢ 001IMM 3MHUTTEPOM

Cxema BKJIIOYEHHSI TpaH3UCTOpa ¢ o0mmM 3mutTepoMm (O3D) mokazaHa Ha
puc. 1.52 [5].
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Puc. 1.52. Cxema BKJIFOUEHUS TPAH3MCTOPA TUIA N-P-N ¢ OOIIUM SMUTTEPOM (a)
U €€ TUIIOBOE U300pakeHHe Ha cxemax (6)

Jst cxeMsl puc.1.52 umeeM: BXOJHOU TOK 3TO |, BBIXOAHOH TOK - |y, BXOJ-
HOC HanpspKEHUE - Up, BRIXOAHOE HanpsikeHue -Uy, = IRy .

Tpanzuctop B cxeme ¢ OO xapakrepuszyeTcss Kod(DPHUIIMEHTOM Meperadd o
TOKy B=Alg/Alg, umetomum 31adenust 3=10...100 B 3aBucUMOCTH OT MOIIHOCTH
TPAH3UCTOPA.

KoaddunmenT ycuienus mo Toxy

Kin =Algpx [ Algx = Al /Al =B >>1

BxonHoe conpoTuBneHue

Rpxy =AUgy /Al = AUrE/ Alg

Tak kak 15 >> |y cnenoBarensHo R,y >> Ry, T.€. BEIMYMHA BXOAHOIO CO-
npotusieHus B cxeme ¢ OO Gonbine, uem B cxeme ¢ Ob u coctaBmsier cotHu OMm.

KoaddunmenT ycuieHus no HanmpsiKeHU IO

Kup =AUggx /AUy = (IxRy) /(15Rexn) = B(RH / RBXB)

KoaddunmeHT ycuneHus mo MOIHOCTH

Kps =KusKin =B(Ry/ Rex)B =B (Ry/ Rxo)

KoadhdummenT ycunenuss mo MOIHOCTH TOKy B cxeme ¢ OD 3a cuér 3Hayu-
TEIHHO OOJBIIETO KOd(PPUIIMEHTA YCUIICHUS IO TOKY Tak)K€ MHOTOKPATHO MPEBOC-
xoaut cxemy ¢ OBb.

JlanHas cxema Halljia caMoe IMHUPOKOE MPUMEHEHHE B DJIEKTPOTEXHUKE.

BbIxoHbIEe H BXOIHbIE€ XaPAKTEPUCTHKH CXeMbI C 00IHUM IMUTTEPOM

Jist cxembl ¢ OD BXOJHAS XapaKTEPUCTHKA — 3TO 3aBUCUMOCTh BXOJHOTO TOKA

OT HaNpsKEHHs Ha BXoAe cXeMbl, T.e. |g = f (Upy) Ipu (pUKCHPOBAaHHBIX 3HAYEHUSIX
HaIpsHKeHUs KoIeKTop — 3Mutrtep (Ug = const ).

BBIXOI[HaH XApPaKTCPUCTHUKA — O3TO 3aBUCHUMOCTDL BBIXOJHOI'O TOKa OT IIaJACHUA
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HAIPSDKEHUS MEXKY KOJUIEKTOPOM U SMHUTTEPOM, T.€. |l = f (Ugr) npu I = const

Bxonnas xapakrepuctuka miusa cxembl ¢ OO moBropseTr npsamyro BeTtBb BAX
nuona (puc. 1.53.6). C pocrom HanpsikeHuss Uy OHa OyJeT HE3HAYMTENBHO CMe-
1aThCs BIPABO.

Bun BhIXOAHBIX XapakTepucTuk (puc. 1.53.a) pe3ko paszinyeH B 001acTu Ma-
JBIX U OTHOCHUTENBHO OOJbIIMX 3HaUeHUH Uyry .

IKa MA IB, MA
[ xR, I =2 MA
200 A 2 b
RN Is= 1 MA
100 [ ol -1 p
B IE: 0,2 MA A
o =0 s
0 10 20Ex] Uy B O 01 Uy B
Uxs IkRy
a) 0)

Puc. 1.53. Beixoansie (a) u BxogHas (0) XapaKTepUCTUKUA TPAH3UCTOPA
B CX€Me C OOIIMM SMHUTTEPOM

XapakTepuCTUKH, TPUBEACHHBIC HA pUC. 1.53 OMMCHIBAIOT JIMIb CTATUYECKUM
peXHUM pabOThI CXeMbl. [[71s1 olleHKr AMHAMUKH M BIUSHUS HArpy3Ku Ha paboTy cxe-
MBI HCTIONB3YIOT TpaOaHaTUTUIECKUN METO/I.

[TpoBeneM npsiMyro yepe3 TOUKY Ey , OTJIOKEHHYIO Ha OCH a0CLUCC, U TOUKY

E
K R, > OTIOKEHHYIO HAa OCH OPJIMHAT BBIXOJHBIX XapaKTEPUCTHK TPAH3HCTOPA. ITo-
H

. E . .
JNydeHHas XapaKTEePHCTHKA Ha3bIBaeTCs Harpy3ouHoif. Touka = K R, OTOH mpsMoH
H

COOTBETCTBYET TAKOMY TOKY, KOTOPBIM MOT Obl T€Ub 4€pe3 Harpy3Ky, €clid TpaH3u-
CTOp 3aMKHYTb HAKOPOTKO. Touka Ey COOTBETCTBYET APYrOMYy KpalHEMY CIy4ar0 —

Lenb Pa30MKHYTa, TOK YEPE3 HArpy3Ky paBeH HyJII0, a HanpsukeHne Uy = Ey.. Tou-

Ka P mepecedyeHuss Harpy304HOM NPSIMOM CO CTaTHYECKOW BBIXOJHOM XapaKTePUCTH-
KOH, COOTBETCTBYIOILICH BXOJHOMY TOKY 0asbl, ONpeneauT pabodyuil pexxum paboThl
CXEMBI, T.€. TOK Ha Harpyske |y, najgeHue HanpsbkeHus Ha Her Uy = IR, u mane-
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HME HaNlpsUKEHWA Ha caMoM Tpansuctope Uy . Ha puc. 1.53.a Touka p cooTBeTCTBY-
€T 1ojade B TPaH3UCTOP ToKa 0as3bl |y =1 mA. Ilogaua Toka 6asel |y =2 mA npu-
BOAMUT K CMEUICHUIO paboyeil TOUKU B TOUKY A U IepepacnpeaesieHus HanpsKeHUn
MEXKY HArPY3KOU U TPAH3UCTOPOM.

PexxuM coOTBETCTBYIOIIEN TOUKE A, HA3bIBAIOT PEKUMOM HACBINICHUS (TOK |y
JOCTUTAET HAaMOOJIBIIEr0 BO3MOXKHOI'O 3HAaYeHUs). PexuM COOTBETCTBYIOLIEH TOUYKE
C, Ha3bIBAIOT PEXXMUMOM OTCEYKH (BXOAHOW CHUTHAN paBeH HYJ0). Bce mpoMexyTou-
HbIE PEKUMBI MEXKy ToukaMu A 1 C OTHOCATCSI K aKTUBHOMY PEKUMY pabOThI TpaH-
3UCTOpA.

Rexy >> Ry

Tak kak |9 == IB CJICO0OBATCIIBHO xb , T.€. BCJIMYHNHA BXOJHOTI'O CO-

npoTtusieHus B cxeme ¢ OO Gouble, yueM B cxeme ¢ Ob 1 cocTaBisieT COTHU OM.
KoaduimenT ycuneHus no Hanps>KeHUIo

Kups =AUpgx /AUy = (1xRy) /(15Rex3) = B(RH / RBX9)
KoadhurueHT ycuiaeHus mo MOITHOCTH

2
Kp =Ky K| =B(Ry/Rex3)B =B (Ry / Rgxn) _
Cxema 3aMeleHUs] TPAH3UCTOPA M oNpe/ie/ieHne 3HAYEHHU ee apaMeTpoB

I[J'IH TPAH3UCTOPA KakK I'IGTI)IpéXl’IO.IIIOCHI/IK21 B Ka4CCTBC HC3aBHCUMBIX IICPC-
MEHHBIX OOBIYHO IMPUHUMAIOT IIPpUPAIICHUA BXOOIHOI'O TOKA All M BBIXOJHOT'O HAIIps-

KeHus1 AU, , a MpupaiieHus BXOJHOTO HampsiKeHus AU;M BBIXOJHOTO TOKa Al, BbI-
pakaroT yepe3 Tak HazbiBaeMble N-mmapameTphl TpaH3ucTopa (puc. 1.54):
AU; = Al + AU,
Al =hy Al +hyy AU,

rJie MHIEKC 1 U1 BXOJHOM 1IeTH, HHJIEKC 2 — JJIS BBIXOJHOM.

(1.1)

Alg Alg
—> b K =—
AKTHBHBIN
AUgy YePBIPEXTIOIFOCHUK l AUy
C) )

Puc. 1.54. Tpan3uctop, BKIIOUYEHHBIN 10 cxeme O3 Kak aKTUBHBIN
YETHIPEXITOTIOCHUK

Torna cBsa3p cormacHo BelpaxkeHuto (1.1) mexny BxomubMu (AU, ,AlL) n
BbIXOAHBIMH (AU, ,Al, ) mpupameHusMu HanpsKEHUH W TOKOB UL TPAH3HCTOPA,

BKJIIOUEHHOTO MO CXeMe OOITH SMUTTEp OyAeT UMETh BUI:
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{AUBCB =h19AlE +M23AUKY; 12)

Al =h21rAlg + hoo AU
HewusBectHbie h-mapaMeTpbl TPaH3UCTOPA JIETKO OMPEAEISIOTCS OMBITHBIM ITY-
TEM:
- BXoaHOEe auddepeHInanIbHoe CONMPOTUBICHUE TPAH3UCTOPa MPH HEM3MEHHOM
BBIXOHOM Hanpspkenun (U = const )

AU]_
h1s = Alp

_AUpy

Alp ; (1.3)

AUZZO
- KOB(I)(I)I/IL[I/IeHT nepez[aqn TOKa HpI/I HCU3MCHHOM BBIXOJIHOM HaHpH)KeHI/II/I
(Ug =const)
Al Al
2 2K _g; (1.4)

hp1y =—*=
AI]—AU -0 AlB

- K02(UIMEHT BHYTPEHHEN 0OPAaTHON CBA3M 110 HANPSIKEHUIO IIPH HEU3MEH-
HOM BXxoHOM Toke ( | =const)
AU AU
AU2 Al,=0 AUKnH

- BBIXOAHAA MPOBOAHMMOCTDb TPAH3HUCTOpPA IIPU HCU3MCHHOM  BXOJHOM TOKC
(1, =const)

hpp =—= = : (1.6)

h-mapameTpbl TpaH3UCTOpa B paboucit Touke A MOKHO ONMPEACTUTh rpadude-
ckuM myTém. ITapameTpsl hy 5 HaxomsT MO BXOAHOM Xapaktepuctuke (puc. 1.55).

Is

0 Us>

Puc. 1.55. Tloctpoenus s onpeaenenus hyj,
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Ha BX01HOI XapakTepuCTUKE BBIOMPAIOT BOJIM3M pabouell TOUKH A JBE BCIIO-
MoraTesibHble TOUKH A1 U Ay (MpUOIU3UTEILHO HA OJIMHAKOBOM PACCTOSIHUM), HAXO-
IST IPUPALICHUS HAMIPSKEHUS U TOKA 0a3bl M pACCUUTHIBAIOT BXOAHOE NU(PepeHIu-
anbHOE comnpoTuBieHue Ny, Ilapamerpsl hyy u hy5 ompenensitores u3 ceMelicTsa
BBIXOJIHBIX XapaKTEPUCTUK TpaH3ucropa (puc. 1.56):

* * *

Al I — k1. Al lxo — 1
h219=—A|K= =—IK2_|K1, hpon =—F—=—Ke—KL @)
b b2 — Bl AU Ugk2-Ux2

I
I52
_ e
*
o) I5a Alg
*

*
IKl

IK]

* % Alg= g —1
— b B2 b1
AIK_ IKZ_ IKl

O UKl UKA UK2 UK9

Puc. 1.56. IToctpoenus ans onpeaeneHust Ny u hyyy

OcHoBHBbIE TapaMeTPbl OUMOJISIPHBIX TPAH3UCTOPOB:

— MAKCUMATLHO OONYCMUMOE NOCMOSHHOE HANPINCEHUE MeNCOY KOJLLeKMOPOM
u smummepom Uy max;

— MAKCUMATbHO OONYCIMUMDbIL NOCMOSHHBII MOK KOLIeKmopa l max ;

— MAKCUMANbHO OONYCMUMAsL pacceusaemasi MOuHocmob Py max ;

— cmamuueckuii Kodgpuyuenm nepedayu moka Pe; (N21,);

— epanuunas yacmoma kodgguyuenma nepedayu moxa f, .

Cmamuueckuii KoIgppuyuenm nepeoauu moka 6a3zvl — OTHOIICHHUE TOCTO-
SHHOTO TOKa KOJUICKTOpa K MOCTOSHHOMY TOKY 0a3bl MpH 3aJaHHOM HATPSKCHUH
Uk u Toke |5 B cxeme ¢ 001mmM SMHTTEPOM Per = = Iy /1.

I'panuunas wacmoma KoIgpgpuyuenma nepedauu moxka — 4actora, Ipu KOTo-
poif Moynb KoddumreHTa nepenayn Toka B CXeMe ¢ OOITUM SMUTTEPOM CTPEMHUT-
Csl K IUHUIIE.

B cootBerctBrm ¢ OCT 11 336.919-81 ycioBHOE 0003HaYCHHE COBPEMEHHBIX
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THUIIOB TPAH3UCTOPOB (KPOME CHIIOBBIX) COCTOMT U3 CICAYIONIUX JIEMEHTOB [6]:

nepeviti nemenm — OykBa wid 1mudpa, 0003HAYAIONMIAss UCXOIHBIN MOIYIPO-
BOJHUKOBBIM MaTepuai: 1 ninu [' — repmanuii wim ero coequuenus; 2 uiu K — kpem-
HUM WU €r0 COCIMHCHUS;

eémopoti 31emenm — OyKBa, yKasblBarolas moJkiacc TpaHsuctopa: T — Oourno-
JApHBINA TpaH3ucTop; I1 — monesoi Tpan3ucTop;

mpemuti nemenm — 1udpa, onpeaenstomas GyHKIMOHAIbHBIE BO3MOXKHOCTH
TPaH3UCTOPA IO JOMYCTUMOM PaCCEUBAEMON MOITHOCTH U YaCTOTHBIM CBOMCTBAM:

Mpau3ucmopvl Manou mowHocmuy (C MaKCUMaJIbHOW paccenBaeMO MOIIHO-
cThio He Oosee 0,3 BT):

1 — HM3KOM YaCTOTHI, C FPAHUYHON YacToTON He Oosee 3 MI'L;

2 — CpellHeW 4acTOThl, C TPAHMYHOM yacToTOM He Ooinee 3, HO He Oonee 30
MI'w;

3 — BbIcokoi1 yactoThl 1 CBY, ¢ rpannuHoii yactoroit 6omnee 30 MI'w;

MPauH3ucmopuvl cpeoneti mouwHocmu_(C MaKCUMaJIbHOM paccernBa-eMON MOIIIHO-
cteio Oounee 0,3 BT, HO He Gonee 1,5 Br):

4 — HU3KOM YacTOThI, C TPAHUYHON yacToTOM He 6osee 3 MI;

5 — cpeaHel 4acToThl, C TPAaHUYHOM yacTOTOM He Ooisee 3, HO He Ooisee 30
MI';

6 — Beicokoit yacToTel 1 CBY, ¢ rpannyHoit yactotorr 6osee 30 MI'1r;

mpauzucmopuvl 601buwou MowHocmu (C MaKCUMaJIbHOM paccermBaeMOil MOIIIHO-
cteio Oonee 1,5 Br):

/ — HU3KOM 4acTOTHI, C TPAHUYHOM YacToToi He Oosiee 3 MI1;

8 — cpenHell 4acTOTHI, C TpaHUYHOM 4YacToTOM HEe Oosee 3, HO He Ooisee 30
MI'w;

9 — BeIcoko#t yacToTel 1 CBY, ¢ rpannyHoii yactotori 6osee 30 MI'1r;

yemeepmbyiil jleMeHm — YUCIO, YKa3bIBAIOIIee MOPSAKOBBIM HOMEp pa3padoTKu
TPaH3UCTOPA;

namoiil 971emenm — OyKBa, YyKas3bIBalOIIas TPYIIy TPaH3UCTOpA MO Mapamer-
pam.

[Tpumepsl 0003HaUEHUT.

I'epmanueBblii OUMOJIAPHBINA TPAH3UCTOP MaJOl MOIIHOCTH, HU3KOM 4YaCTOTHI,
MOPSAIKOBBIM HOMEpOM pa3pabotku 08 u rpymnmoit A o6o3naugaercss [ T108A.

KpeMHueBbIii OUMOISPHBIA TPAH3UCTOP OOJIBIION MOITHOCTH, BBICOKOW YacTO-
TBI, TIOPSIIKOBBIM HOMEpOM pa3padbotku 12 u rpynmoit b o6o3naugaercs 2T912b.

YcnoBHOe 0003HaYEHNE CHIIOBBIX TPAH3UCTOPOB COCTOUT U3 CIEAYIOUIUX dJIe-
MeHTOB [6]:

nepeuviil s1emenm (y HEKOTOPBIX THUIOB TPAH3UCTOPOB OH MOXKET OTCYTCTBO-
BaTh) — OykBa WK nudpa, 0603Havaromass UCXOJHbIN MOTYIPOBOIHUKOBBIA MaTepu-
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an: 1 mnu I' — repmanunii wim ero coeagunenus; 2 nwin K — kpeMHU Wiu ero coeau-
HEHUS,;

eémopoii snemenm — OyKBbI, 0003Havaromue Bua Tpanzucropa: TK — quckpert-
HbIM OunossipHblil Tpansuctop; TKJ] — coctaBHolM Ounonsipusiil Tpanzuctop; TKIT —
MOJIEBOM TPAH3UCTOP;

mpemuii 31eMeHm — YUCIo, 0003HAyYaloIlee MOPSIKOBBIA HOMEpP pa3paboTKH
TPaH3HUCTOPA;

yemeepmbyiii 271eMeHm — OTAEIeHHOe 1e(UCOM YHCII0, COOTBETCTBYIOIIEE MaK-
CUMAJIbHO JIOMYCTUMOMY TMOCTOSSHHOMY TOKY KOJUIEKTOpa (CTOKa JJi TOJIEBBIX) B
amIiepax;

nAmsli d1emMenm — OTIENEeHHOE AePUCOM YHCIO, COOTBETCTBYIOIIEE MaKCH-
MaJIbHO JIOMYCTUMOMY TMOCTOSSHHOMY HAIpsKEHUIO KOJUIEKTOP-OMUTTEP (CTOK-UCTOK
JUTSI TIOJIEBBIX) B COTHSIX BOJIBT (KJIACC TIO HAIPSIKEHUIO).

[Tpumep ob603HaUECHMS.

CocrtaBHOW OWMOJIAPHBIA TPAH3UCTOP C TOPSAJIKOBBIM HOMEPOM pPa3pabOTKU
133, makcuMaJIbHO JONMYCTUMBIM TOKOM KojuiekTopa 80 A, MakCUMaJIbHO JOMYCTH-
MBIM HanpsbkeHueM kosutekTop-amuttep 300 B (kiace 3) obo3znayaercs TKJ[133-80-
3.

3apaua S. Ha puc. 1.57.a u 6 nu300pakeHbl BXOJIHBIC U BBIXOJHBIC XapaKTepH-
CTHKHU TpaH3uctopa ¢ ooumm smutrepoMm (03). Kakoro tuma maHHbli TpaH3ucTop?
[lokakuTe Ha XapakTEpUCTHKaxX OOJIACTH, COOTBETCTBYIOIINE AKTUBHOMY PEKHUMY,
PEXKUMY HACBHIIICHUS U PEKUMY OTCEUKHU.

Is, MA ks, MA |
0,7 14 0,5m
0,6 ' 12 — [ |
_ 0,4 MA
) /
) //o/
03 / / 6 Ir 4 0 2a A
2 M —
0,2 / 4 7 //’lr——
01 ) 0,1 MA
! 4 /-—"’ l5=0 MA
O | |
0,2 0,4 Uss, B 2 4 6 8 U,B
a) 6)

Puc. 1.57
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Pemenne

[Tonsprocts BHemHMX Hanpsokenuid (Upd >0,Ug >0) coorBeTcTByeT
TpaH3UCTOPY THMA N-P-N. /{71 Toro 4ToObl €ro SMUTTEPHBII epexo]] ObUT OTKPHIT, HA
0a3y nmojaercs MoJIoKUTENbHOE HanpshkeHne. Ha KOJIeKTOpHBIN nepexo Takxke Mo-
naerca nonoxkurtenabHoe Hampsbkenue. Ilpm (Ui <UpD) uMMeeT MecTo pexum

HACBIILIEHUs, Korja o0a mepexoja OTKPBITHL. OTOT PEeXHUM JIEKHT B 001acTH
Uk <1B.

IIpu Ui >1B HanpsikeHne Mexay KOJUIEKTOPOM M 0a30i CTaHOBHTCS IIO-

JIOKUTETbHBIM, KOJIJIEKTOPHBIN MEPEeX0] 3aKpbIBAETCSA, TPAH3ZUCTOP MEPEXOJUT B aK-
TUBHBIA PEKUM (AMUTTEP UHKEKTUPYET HOCUTENH, KOJUIEKTOP UX IPUHUMAET).

Pexxum oTceuku cOOTBETCTBYET 00acTH BhIXOAHOM BAX, nexarieit Hike xa-
PAKTEPUCTUKHU, CHATOM pu | 5—(g . B 3TOM pexume 00a nepexoaa 3aKkphlIThl.

3apaua 6. Jlns tpansucrtopa, BAX xoroporo mnanwl Ha puc. 1.57.a u 0, onpe-
JICJINTH OCHOBHBIE N mMapamMeTphl CXeMbI 3aMelIeHuUs 111 BKIoueHus C OD.

Pemenue

1. Koaddunuent nepenaun toka 6a3el P onpeaensem mo (1.4) u puc. 1.57.6

npu U =8 B kak OTHOIICHUE IPUPAILCHUI IPU [IEPEX0/ie U3 TOYKH d B TOUKY O
Alg  (104-7,6)-1073

= 3 =28
AlBlAU,,=8B (04-03)-10

B

2. Bxonnoe nuddepenunanbHoe conpoTUBICHUE TpaH3UCTOpa Ry ompenens-
eM 110 (1.3) B OKpECTHOCTSX TOUKH & 110 puc. 1.57.a

1o = AYs> _ 902 000w

Al AU, ,=10 01-1073

3. BeixogHasi pOBOAUMOCTh TPAH3UCTOpPA MPH HEM3MEHHOM BXOJHOM TOKE
onpenenseM 1o (1.6) B okpectHOCTSX TOuku @ nipu | 5 =0,3MA.

-3
Al 8-0,75)-10
hpy = 2K _( )

- ~0,906-10"3 C.
AUKD) 0,3 mA (8-0)

4. KoaddunmeHnt BHyTpeHHEW OOpaTHOW CBS3M MO HANPSDKCHHUIO TMPU HEH3-

MeHHOM BXxojHOM Toke ( |, =COoNst) o6GbIuno He onpemensercs.

1.4.8.2 TloneBbie TPaH3UCTOPHI

B psine ciydaeB ucnonb30BaHME OUIIONISIPHBIX TPAH3UCTOPOB 3aTPYAHEHO, TaK
KaK OHM YTPABIISIOTCS TOKOM, B PE3YJIbTaTE YeT0 MOTPEOISIOT 3aMETHYIO MOIITHOCTh
OT BXOJHOW IeNH. YKa3aHHOTO HEeIOCTaTKa JIUIICHbI noJlegble MpPaH3UCmopbl, KOTO-
phI€ MPAKTUYECKH HE MMOTPEOISIOT TOK OT BXOTHOM IIETIH.
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Iloneeonn mpanzucmop — NOIYNPOBOJHUKOBBIM MTPUOOP, B KOTOPOM TOK, TPO-
TEKAIOIUN Yepe3 KaHall, yIPaBISICTCS JJEKTPUUYECKUM I0JIeM. B moneBbIX TpaH3u-
CTOpax TOK OOYCJIOBJICH HOCUTEISIMU 3apsiJia TOJIbKO OJHOTO 3HAKa, B CBSI3M C YEM UX
OTHOCST K KJIACCY YHUIIOJISPHBIX.

Kananom Ha3biBaeTCsl HieHTpasibHasi 007acTh TpaH3UCTOpA. DIEKTPOJI, U3 KO-
TOPOr0 B KaHal BTEKalOT OCHOBHBIE HOCUTENHW 3apsifa, HazbIBaeTcsi ucmoxom ().
DIIEKTPO, Yepe3 KOTOPhIM M3 KaHAJIa BHITEKAIOT OCHOBHBIE HOCUTEIIN 3apsi/ia, HA3bI-
Baetcst cmokom (C). DAEKTPOHd, CIYXKAITUN JJIsl PEryIUpOBaHUS MOMEPEUHOr0 ceue-
HUS KaHalla, Ha3bIBaCTCs 3ameopom (3).

[ToseBble TPaH3UCTOPHI MOAPA3AEISAIOTCS HA JBAa BHAA: C YHPABISIOMMM P-N-
NEePEX0JI0OM U C H3O0JUPOBAHHBIM 3aTBOPOM (CO CTPYKTYpPOH MeTasl-IudIeKTPUK-
nostyripoBoAHUK win MJIII-tpan3uctopsl). Tak Kak MIMPOKOE pacrpocTpaHEHUE TO0-
ayunn MJITI-TpaH3uCTOPBI C TUDIEK-TPUKOM U3 JTUOKCHIA KPEMHUS, TO UX OOBIYHO
Ha3biBatoT MOII-Tpan-3ucTopamu (MeTaI-0OKUCEI-TIOTYTPOBOIHUK).

Kaxxplii u3 BU0OB TPAH3UCTOPOB MOKET OBITH JABYX THUIIOB: N-KaHAJIBHBIA U -
KaHaJIbHBIN.

YcnoBuble Tpaduyeckrie 0003HAUYCHUS TTOJIEBBIX TPAH3UCTOPOB HA MPUHIIUIIH-
aJIbHBIX JICKTPUUECKUX CXeMax MpHUBEJIeHbI Ha puc. 1.58.

VT1

I VI3, o VT4 . VIS . VT .
3 3 3 o 3 3 q 3 -
1 1 1 7 1 7

6) B) r) ) e)

a)
Puc. 1.58. YcnoBusie rpaduyeckue 06003HaUCHHUS MOJIEBBIX TPAHIUCTOPOB:
C YIpaBIIIOMUM P-N-iepexoaoM P-tuma (a) u N-tuma (6);
MOII-TpaH3ucTOpsl ¢ BCTPOSHHBIM KaHAIOM P-TUIIA (6) 1 N-THMa (2);

MOII-TpaH3uCTOphI ¢ HHIYIMPOBAHHBIM KaHaIoM P-THmna (0) u N-Tuma (e)

[ToneBoii TpaH3UCTOp C ynpasaarowum P-n-nepexoaom (puc. 1.58, a, 6) npen-
CTaBJsIeT COOOM IMJIACTUHY W3 MOJIYNPOBOJHUKOBOTO MaTepHasia, UMEIOIIETrO 3JeK-
TPOMPOBOJHOCTH OMPEACIICHHOTO THIA C ABYMS BBIBOAAMHU OT KOHIOB — UCHMOKOM W
cmokom. BIolib TIIIaCTUHBI BBIOJIHEH P-N-TIEPEX0Jl, OT KOTOPOIro CAENaH TPETUH BbI-
BOJl — 3amMe0p.

CxeMa BKIIIOYEHUS ¢ OOIIMM UCTOKOM MOJIEBOTO TPAH3UCTOPA C YNPAGIAIOUUM
p-N-mepexo oM W KaHaloMm N-tuma mpuBeaeHa Ha pwuc. 1.59. [Ipu ucnonp3oBannu
TPAH3UCTOpPA C KaHAJOM [P-THUNA HEOOXOJWMO HM3MEHUTH MOJSAPHOCTh MCTOYHUKOB
Hanpsbkenust Usy u Uy Ha IpOTUBOIIONOXKHYIO.

[Tox meiictBuem HampsixeHust nutanusg U, MeXIy CTOKOM U UCTOKOM IPOTeE-
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KaeT TOK CToKa lc, a HampsbkeHue, NMpuiloKeHHoe K 3arBopy Usy , cmemiaer p-n-
nepexoa B 00paTHOM HampaiieHHH. CONpOTHUBIIEHHE KaHalla yBEJIMYUMBAETCA C IO-
BBIIIEHHEM MPUIIOKEHHOTO K HEMY 00paTHOTO HaNPsHKEHMS.

Puc. 1.59. Cxema BKiItOu€HUs ¢ OOIIMM HCTOKOM IOJIEBOTO TPAH3UCTOpA C yIpaB-
JSIOUUM  P-N TIEPEX0JIOM U KaHajoM N- TUTa

Ha puc. 1.60 MPUBCACHBI BBIXOAHBIC U TICPCAATOYHAA XAPAKTCPUCTUKU II0JIC-

BOT'O TPAH3UCTOPA C YHPAsIAowum P-N-EPEX0I0M.

lc U = 0 Ic
311 —
IC Hay| —/
Usno -
Ucu = const
U3I/IS _ IC Hay
U3I/I4 -
Usna>Usps>Uspy Ucn -Usy
U3I/I oTC
a) 6)

Puc. 1.60. Beixonnsie (a) u nepenarodnas (6) XxapaKTepUCTUKU MTOJIEBOTO
TPaH3UCTOpa C YIPABISAIOMMNM P-N-TIEPEX0A0M

BrIxo1HBIE XapaKTEPUCTUKHU TTOJICBOTO TPAH3UCTOPA MPEACTABISIOT COO0M 3a-
BHCHMOCTb TOKa CTOKa lc oT HampsbkeHust Mexay cTokoM B HCTOKOM Ucy I =T (Ucp)
NP HEM3MEHHOM HANpPsDKEHUU MEXy 3aTBopoM M ucTokoM Usy. Ilepenarounas xa-
pPaKTEpPUCTHKA — ATO 3aBUCHMOCTh TOKA CTOKA lc OT HampsiKEHUsS MEXKIY 3aTBOPOM U
uctokoM Usy e = f (Usy) npu HeM3MeHHOM HaNpsHKEHUM MEXITY CTOKOM W HCTOKOM
Ucn. U3 xapaktepuctuk BuaHO, 9To ipu Uszy =0 1o kaHamy Te4eT TOK lcyaq, KOTOPBIN
3aBUCHUT OT CONPOTHBJICHHA KaHana. [Ipm yBenmmueHun HampspkeHus Usy Tok e
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ymenvuiaemes. Ilpu onpenenenHoM Usjy,  Ha3biBAEMOM HANpPSHKEHHEM OTCEUYKH
Usiore, TOK |c pakTHyecku He nmpotekaeT. [Ipu onpeneneHHOM 3Ha4€HHE TOKa CTOKa
lc HacTymaeT pexuM HachllleHusa. HanpspkeHue, mpu KOTOPOM HACTYIMAET PeXUM
HACBIIIEHUS, Ha3bIBACTCS HAMPSHKEHUEM HACBIIICHUS.

Taxkum oOpa3om, paboTa TOJIEBOTO TpaH3UCTOpa C ympasigiowum P-N-
MepexoI0M OCHOBaHA HAa U3MEHEHHH CONPOTHUBIICHHS KaHalla MOJ ACHCTBUEM MpH-
JIO’KEHHOTO K 3aTBOPY OOpPaTHOrO HANPSKEHHUS.

[loneBble TPaH3UCTOPBI C U30JIUPOBAHHBIM 3aTBOpoM (MOII- TpaH3ucTOpHI)
MOJIPA3JIETSAIOTCS Ha TPAH3UCTOPBI C BCMPOEHHBIM U UHOYYUPOBAHHBIM KAHATOM.

Y MOII-TpaH3ucTopoB B OTAMYHE OT TPAH3UCTOPOB C YIpaBISIOLUM P-N-
NEPEX0/I0M METAIIMYECKUI 3aTBOP M30JIMPOBAH OT MOJYNPOBOAHUKA KaHAja CIIOEM
JURJIEKTPUKA M MMEETCsl JIONMOJHUTEIbHBIN BBIBOJI OT KpHCTalljla, HA KOTOPOM BbI-
MOJIHEH MPUOOP, Ha3bIBaeMbli nodaodxckou (I1). Takum 06pa3zom, 3aTBOP dIIEKTpUYE-
CKU M30JIMPOBaH OT KaHaja. KaHan 1 moasiokka UMEIOT Pa3IMYHbIN TUIT POBOJIUMO-
ctu. Ilonmoxkka coenuHsIETCs] ¢ UCTOKOM. DTO COEIMHEHHE JIMOO OCYIIECTBISETCS
BHYTpHU Tprbopa, TMO0 MOJI0KKA UMEET BBIBOJ BO BHEIIHIOKO IIETh U 3TO COEJIMHE-
HUE OCYIIECTBIISIETCS] BO BHEIIHEW LIETIH.

Cxema BKJIFOYEHHUSI ¢ oOmUM HCTOKOM TosieBoro MOII- TpaH3ucTopa co
BCTPOEHHBIM KaHaJIOM N-TUMa npuBeaeHa Ha puc. 1.61. Ha puc. 1.62 npusenens! ero
BBIXO/IHBIC U TIEPEIaTOYHAS XapAKTEPUCTUKH.

Puc. 1.61. Cxema BxitoueHus ¢ o0mum ucrokom MJIII-tpan3uctopa

C HHAYIMPOBAHHBIM KaHAJIOM N-THUIIA

N3 xapakTepuCTUK BUIHO, YTO MPU OTCYTCTBUM HampsibkeHUsl Ha 3aTBope Usy
= 0 Tok cTOKa |lc TpaH3UCTOpa MPAKTUYECKH OTCYTCTBYET. PocT Toka cToka |- Haum-
HaeTCsl IpH Mojavye Ha 3aTBOp HampsikeHus: Usy, MPEBBIIAIONIETO HEKOTOPOE MOPOo-
ropoe 3HadeHue Usyy,,,. Cxema BkimrodeHns MOII-Tpansucropa ¢ kaHaJOM P-THIIA
OTJIMYAETCS TOJIBKO HAIlpaBJeHUS TOKa |c M TPOTHBOMOJIOKHOW TMOJISPHOCTHIO
Hanpspkernit Usy u Uy, ykazanaeiM Ha puc. 1.61.

OcHOBHbBIE TApaMeTPhI MOJIE€BBIX TPAH3UCTOPOB:

— MAKCUMANbHO OONYCMUMOe NOCMOSIHHOE HANPANCEHUE MeHcOy CMOKOM U
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ucmorxom Ucymax;
— MAKCUMANbHO OONYCIMUMbIL NOCMOAHHBIU MOK cMOKa lcmax ;
— KpYMU3Ha Xxapakxmepucmuxku S;
— HavanvbHoil mox cmoka lc,qy |
— nHanpsicernue omcedku Uspome ;
— nopozogoe nanpaxcerue Uz ;
— conpomuenenue CmoK — UCMOK 8 OMKPbIMoM coCmosHuu Reyomy ;
— makcumanvras pabouas yvacmoma f;
— MAKCUMATbHO OONYCIMUMASL PACCeUsaemas MOuHoCcms Pa.

Usns>Usps>Usps>Uspp

Uy = const

Usy

U3I/Inop

a) 0)
Puc. 1.62. Beixoansie (a) u nepegaTodnas (6) XapakTepUCTUKH

nosiesoro MOII-TpaH3uctopa ¢ UHAYUMPOBAHHBIM KaHAJIOM N-THUIIA

Kpymu3sna xapakmepucmuku — OTHOIIEHUE MPUPAILIECHUS TOKA CTOKA K MPH-
paIICHHUIO HATIPSDKCHUS Ha 3aTBOPE MPH 3aIaHHOM HAIPSKEHUU MEXIY CTOKOM U HC-
tokoM S = dl¢ /dU3y.

Hauanvholit mox cmoka— TOK CTOKa IPU HAIIPSHKEHUH MEXAY 3aTBOPOM U HC-
TOKOM PaBHBIM HYJIIO.

Hanpsaosicenue omceyku — HaNPSKEHUE MEXK]y 3aTBOPOM M UCTOKOM B PEXKHU-
Me 00€THEeHHUS, TPH KOTOPOM TOK CTOKA JOCTUTAET 3aJJaHHOTO HU3KOTO 3HAYCHMUS.

Ilopozosoe nanpsascenue — HanpsKEHNUE MEXIY 3aTBOPOM U UCTOKOM B PEIKH-
M€ 00OralleHus], P KOTOPOM TOK CTOKA JIOCTUTAET 33/IaHHOTO HU3KOTO 3HAUYCHUSI.

Conpomuenenue cmokK-ucmoKk ¢ OMKpPbIMOM COCHOAHUU — CONPOTUBIICHNE
MEXKJly CTOKOM U HMCTOKOM B OTKPBITOM COCTOSIHUM TpPH 3aJaHHOM HaIpsiKEHUU
ME¥K]ly CTOKOM U UCTOKOM, MEHBIIIEM HAMNPSIKEHUSI HACBILIECHUS.

Maxkcumanwvnaa pabouas wacmoma — 4acToTa, TP KOTOPOH KOADPUIIUEHT
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YCUJICHU 110 MOIIHOCTH PaBEH €AUHUIIC.

[Ipumepsl 0003HaYEHUH.

KpeMHHEBBIN MTOJNIEBOM TPAH3UCTOP C ynpasiarowum P-N-EPEeXoioM Mallod
MOIIIHOCTH, HU3KOW YaCTOThI, MOPSIAKOBBIM HOMEpOM pa3zpabotku 03 u rpymnmoi E
o6o3Hauvaercs KII103E.

Kpemuuessiii noneBoit MOII-Tpan3uctop 00JbIION MOIIHOCTH, BHICOKOM 4a-
CTOTBI, MOPSAKOBBIM HOMEpPOM pa3padoTku 04 u rpynnoit b o6o3Hauaercs 211904b.

1.4.8.3 bunossipHbie TPAaH3UCTOPHI C U30IUPOBAHHBIM 3aTBOPOM

bunosnspHbie TpaH3UCTOPHI JJIUTEIBHBIN MTEPUO]] BPEMEHU OCTABAINCH OCHOB-
HBIMU TIOJTHOCTBIO YIPaBISEMBbIMU CHJIOBBIMHU KIIFOUaMH, OOJIaJaloIIMMU MaJIbIMU
NOTEPSIMU TTPOBOAUMOCTHU. OJHAKO MPUHIIMTUATLHBIMUA HEJIOCTATKaAaMU OUTIOJISIPHBIX
TPAH3UCTOPOB SIBISIOTCS CIOKHOCTH YIpaBJi€HUs, 3HAUMTEIbHAs MOIIHOCTh, IMO-
TpeOasieMast Ha 3TO, U OTPAHMYEHHBIN TMANa30H pab04YuX YaCTOT M3-3a BBHICOKUX TO-
TEPb MEPEKIIOUCHHUS.

MOII-TpaH3ucTOphl UMEIOT 3HAYUTEIbHBIC OTPAHMYCHMS Ha TIOBBLIIICHUE pa-
00uYnX HANpPsHKEHUN. DTU OTPAHUYCHHS O0YCIIOBJICHBI MTOBBIIIICHUEM COMPOTHBIICHUS
BO BKJIFOUEHHOM COCTOSIHMM, & CJIEIOBATEJIbHO MOTEpPb MPOBOJUMOCTH, TPAH3UCTO-
pOB, pa3pabOTaHHBIX Ha OoJiee BBICOKHE HAMNpsDKEHUs. B 3Toi cBS3u B HacTosIee
Bpemsi MOII-TpaH3ucTOpbl UCHIONB3YIOTCS, KaK MPaBUIlo, Ha pabodyue HaIpsKeHus,
He mnpesbimaronme 300-400 B. Momgnbie BbicOKOBOIBTHBIE MOII-TpaH3ucTopsl
YCTYMaIOT OUTOISPHBIM U3-32 OTHOCUTENHFHO BBICOKUX COMPOTHUBIICHHM, YTO YBEJIH-
YUBAET MOTEPHU B MIPOBOSIIEM COCTOSHUU.

WNuTeHcuBHOE pa3BUTHE B MOCIEIHUE TOJbI CUIIOBOM SIIEKTPOHUKU MPHUBEIO K
pa3paboTKe W BBIMYCKY PSIAOM 3apyOeKHBIX (PUPM CHIIOBBIX OHITOJSPHBIX TpPaH3H-
CTOPOB C M30JIMPOBaHHBIM 3aTBOpOM (BTU3).

BbTH3 npencraBnsieT co00il coYeTaHUE BXOJHOTO TOJEBOTO TPAH3UCTOpPA C
n301MpoBaHHbIM 3aTBOpOM (MOII-Tpan3ucTopa) U BBIXOJHOTO OHUIIOJISIPHOTO TpaH-
sucropa [7]. MMeercs MHOro cmnocoOOB CO3JaHHsS TaKUX MPUOOPOB, OJHAKO
HauOobee pacrnpoctpanenue momyuwmmn npuodopel IGBT (Insulated Gate Bipolar
Transistor) [7].

Cxema 3amenieHusi U ycioBHOe rpaduueckoe obosznauenue |IGBT Ha mpun-
[IUTTHATBHBIX JJIEKTPUUYEC-KUX CXeMaXx MpuBeeHbl Ha puc. 1.63.
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VT2

a) 6)
Puc. 1.63. Ynporennas cxema 3aMelieHus (a) 1 ycJIoBHOE rpaduueckoe
ob6o3nauenue (0) Tpanzuctopa IGBT; K — komnekrop, 3 — sMuTTEp, 3 — 3aTBOP

IGBT o0nanaroT moJIOKUTEIbHBIMA KaueCTBAMU KaK OUIOJSPHBIX, TaK U IO-
JIEBBIX TPAH3UCTOPOB.

[Tpu pabounx HampsixeHusix a0 1500-1700 B u Bbllle OHU MMEIOT OTHOCH-
TEIBHO HU3KOE TMajJcHUe HanpspkeHus (2,5-3,5B), 001amaroT XOpPOIIMMH 4aCTOTHBI-
MU CBoWcTBaMH (yactora KomMmyTaruu 6ojee 20 k['11) 1 kpaliHe HU3KUM 3HAYCHUEM
MOIIIHOCTH, TpeOyeMo#t i1 yrpaBieHus. Takoe coueTaHne CBONCTB 00€CIeUnIO UM
ObICTpOE pacmupeHue cepbl MPUMEHEHHS B yCTPOMCTBAX CpEeIHEH MOIIHOCTH H
MIO3BOJIMJIO TIPAKTUYECKHU TOJTHOCTHIO BRITECHUTH OMIOJISIPHBIC TPAaH3UCTOPHI.

IGBT nanuim mupokoe NpruMEHEHHE B CHJIOBBIX KIIFOYaX M MOJYISAX Mpeodpa-
30BaTeNIe SHEPTUU CpeTHEH MOITHOCTH Pa3IMYHOTO Ha3HAYCHUS.

1.4.9 Tupucropsl

TupucTop — 3T0 MOJYIPOBOTHUKOBBINA 3JIEKTPOIPEOOpPa30BaTeIbHBINA MPUOOD,
BKJTIOUAIOIINNA TpU U OoJiee P-N-Tiepexo10B, KOTOPHI UMEET 1Ba pab0O4YMX COCTOSTHUS
— OTKpPBITOE U 3aKpbIToe. Bce THPUCTOPHI UMEIOT /1Ba pabOYMX BBIBO/AA, KOTOPHIE 1O
AQHAJIOTUM C JMOJIaMH Ha3bIBAIOTCS aHOJAOM M KAaTOJAOM. YTPaBIISIEMbIE TUPUCTOPHI
HMMEIOT YIIPABJISIOUIUN 3JIEKTPOI.

Kuaaccupukanusi THpUCTOpPOB

B 3aBucuMOCTH OT KOJIMYecTBa P-N-TIEPEXOJ0B U BHIBOJOB THUPHUCTOPHI MOI-
pa3aeNsaioT Ha AUOHBIE TUPUCTOPBI — Ounucmopsi (puc.1.64.a), TpuogHbBIE THPUCTO-
pel — mpunucmopsl (puc. 1.64.0), CHUMMETpUYHBIE THUPUCTOPBI — CUMUCHOPDYL
(puc.1.64.8). TpuHUCTOPHI MTOAPA3AEISIOTCS IO METOTY TOJIKIIFOUCHHS YIIPABIISIONIE-
r'0 3JIEKTPOAA: C YIPABICHUEM 10 AHOAY U C YIPABICHUEM IO KaTOMdYy.
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VS5

VS1 VS2 VS3 V&4
A K
i p%C) | | ‘E
a) 0) B) r) 1)
Puc. 1.64. YcnoBHble rpadpuyeckue 0003HaUE€HUS THPUCTOPOB:
OJTHOOTICPAIIMOHHBIC HECUMMETPHUYHBIC C YIIPaBICHHEM 110 KaToy (a)
U 110 aHoay (0); IByXomneparMoHHbIe HECUMMETPUYHBIC C YIIPABICHUEM

10 Katoay (8) u 1Mo aHoAy (2); CAMMETPUYHBIN, CUMHCTOD (0);
A —anon, K — katoa, Y — ylnpaBJISIIOIINN 3JE€KTPOT

1.4.9.1 YcrpoicTBO M MPUHIMT ASUCTBUS AUHUCTOPA
CTpyKTypa AMHHCTOpAa COCTOMT M3 YETHIPEX MOJIYIPOBOAHUKOBBIX 00JacTell C
Pa3JIMYHBIM THIIOM 3JICKTPONPOBOIHOCTH (pHcC. 1.65).

baza baza
—_ \\ // +

K &——o] n p n p—+A

I, I, I3
Puc.1.65. CtpykTypa TMHHCTOpA

Kpaitasss N-ob6aacmes Ha3bpIBaeTCsS KAaTOJAOM, KpaWHSS P-0071acTh — aHOIOM.
AHANOTMYHO IHOAAM Ha JWHHCTOP MOXKET OBITh MOJAHO MPSMOE WIH OOpaTHOE
HanpsokeHue. [Ipu npsiMoM BKIIFOYEHUH AUHUCTOPA K aHOJY MOJKIKOYAIOT MOJOKU-
TEIBHYIO KIIEMMY, a K KaToAy OTPULATEIbHYIO KJIEMMY BHEIIHETO UCTOYHUKA MHUTa-
HUSL.

B stom cnyuae kpaiinue p-n-nepexonsl I1; u [I3 cMemeHs! B npsMoM Harpas-
JICHUU — WX Ha3bIBaIOT AMUTTepHbIMU. Cpemanuii p-n-nepexoxn I, cmemien B oOpat-
HOM HANpPaBJICHUU — €T0 HA3bIBAIOT KOJUICKTOPHBIM. MEXy SMUTTEPHBIMUA U KOJI-
JIEKTOPHBIM TIEpeX0JaMu PACIIOIO0KEHBI 0a30BbIe 00JIACTH P- U N-THTMIA.

[Ipy MasbIX IPSAMBIX CMEIIECHUAX YMUTTEPHBIE EPEXOABI OTKPBITHI, & KOJUICK-
TOpHBbIA — 3aKkpbIT. Uepes nepexon II; B p-0a3y MHKEKTHPYIOTCS 3JEKTPOHBI, KOTO-
pbie 3aTteM AuGPyHIUpYIOT K KojuiekTopHOMy mnepexony Il,. Ilonem oOpatHO cMme-
IIEHHOTO KOJUIEKTOpHOTO nepexoaa [12, anexTpoHbl MOAXBAaTHIBAIOTCS U NIepedpachl-
BalOTCs B N-0a3y. [lanpHeimeMy NBWKEHHIO SJIEKTPOHOB MPEMSITCTBYET MOTEHIIH-
anbHBIN Oaprep smuTTepHOoro nepexonaa Ilz. [loatomy B 0bsactu N-6a3bl HaKaIIMBa-
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IOTCS 3JIEKTPOHBI. AHAJOTUYHO MPOLECCHl MPOUCXOJAT C JbIPKAMH, MHXKEKTUPOBAH-
HbIMU uepe3 nepexon I1z B n-6a3y.

[IpoTHBOIONOXKHBIE TO 3HAKY 3apsbl, HakKalMBawludecs B P- u N-0azax
HAXOJATCSA B COCTOSIHUM JUHAMUYECKOIO PABHOBECHUS — KOJMYECTBO MOCTYHAKOLIUX
3apsA/I0B PABHO KOJUYECTBY PEKOMOMHUPYEMBIX 3apsi/I0B.

[Ipu yBennyeHUU NpsIMOTO CMEIICHHs] TMHAMUYECKOE PABHOBECUE CMEIIAETCS
B CTOPOHY yBeJIMUYeHUA 3apsiaoB. HakomieHHble B 0a3ax 3apsibl CO3/1al0T dIEKTpUYe-
CKOE I10JIe, HAMPABJIEHHOE MPOTHUBOIOJIOKHO KOHTAKTHOMY IOJIO 3aKPBITOrO KOJ-
nexropHoro mnepexoja Il,. [loatomy npu HEekoTOpoM npsiMoM cMmernennn Uayk nepe-
xox I1, oTkpoerca. JlaHHOE HampsHKEHHE HA3bIBACTCS HANMPSXKEHUEM BKIFOUYECHHS JTH-
Hucropa Uk

[Ipu 3TOM BCce Tpu mepexoja AMHUCTOPA OKA3bIBAIOTCS OTKPBITBIMU, aHOIHBIN
TOK nuHucTopa la pe3ko Bozpactaet u HanpsikeHUs: Uax HAa TUHUCTOpE MajaeT — JI1-
HUCTOP OTKPBIBACTCH.

B OTKpBITOM COCTOSIHMM TOK Yepe3 JUHUCTOP OTPAaHUUYMBACTCS TOIBKO MaJIbIMU
OMHYECKHUMH COTIPOTUBJICHUSAMU P-N-P-N oOnacTeit.

[Tpu 0OpaTHBIX CMEIIEHUSIX Ha JUHUCTOPE IMUTTEPHBIE IEPEXOAbl 3aKPBITHI, a
KOJUIEKTOPHBINA — OTKPBIT. MHXKeK1us Hocutesnel oTcyTcTByeT. Tok uepe3 AUMHUCTOP
HE IIPOTEKAET - JUHUCTOP 3aKPBHIT.

Takum oOpa3om, Hpu yBEIMYEHUH OPSIMOIO CMELICHHs BBIIIE HEKOTOPOTO
HanpspKeHUs! Uy, TUHUCTOP NEPEXOAUT U3 3aKPBITOTO COCTOSIHUS B OTKPBITOE.

BoasbT-amnepnas xapakrepuctuka (BAX) nuaucropa

Cxema BKJIIOYEHMS U npsiMast BeTBb BAX nuHucTOpa npuBeeHsl Ha puc. 1.66.
OobpatHast BeTBb BAX HecHMMETpUUYHOrOo AMHUCTOpA MACHTUYHA OOPAaTHOM BETBU
BAX nuona.

I
D
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Puc. 1.66. Cxema BrimroueHus (a) u cemericteo BAX (0) HecuMMeTpuIHOTO
OJTHOOIIEPAIIMOHHOTO TPUHUCTOPA C YIIPABJICHUEM I10 KaTOIy
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[lpu HampsokeHWW THUTaHUS paBHOM BenuuuHe U, pexuM paboThl CXEMBI
omnpenensercs JuHUeH Harpy3ku 1 u cootBeTcTBYyeT Touke O; (puc. 1.66. 6). [lpu
ATOM JAMHHUCTOP 3aKpBIT. Uepe3 Hero mpoTeKaeT Maiblid TOK |, a majmeHue Hampsixe-
HUE Ha HEM OJIM3KO K HampsiKeHUto nuTaHus Uy;.

Jsis Toro, 4TOOBI BKJIIOYUTH AMHHUCTOP HEOOXOJUMO TMOBBICHTH HAIpPsKEHUE
nuTanus a0 3HaueHus U,,. [Ipu sToM HanmpspkeHre Ha mpubope JOCTUTHET HaIpshKe-
HUs nepeknoueHus Uy, B Touke B (puc. 1.66. 6). JMHUCTOp BKIIOYUTCS U PEXKUM
paboTHI CXEMBI ONPEETUTCS TOUKOi O, Ha TMHUU HATPYy3KH 2.

JIiss BBIKJTIOYEHHS] TMHUCTOpA HEOOXOAMMO, YTOOBI TOK Yepe3 Hero cTal
MeHbIIE ToKa yaepxkanus |, B Touke C. ITOro MOMKHO JOCTUTHYTH JABYMs CHIOCO0a-
MU:

Ilepsviti. YMEHBIIUTD HaMpsDKEHUE MUTaHUsS 10 3HaueHus: U; (pabovast Touka
NIePEMECTUTCS TI0 JIMHUU Harpy3ku 3 u3 To4ku C B Touky O3), IpU BOCCTAHOBJICHUU
HAMpPsDKCHUS MIUTaHUsI TUHUCTOP OCTAHETCS B BBIKJIFOYEHHOM COCTOSIHUH (TOuka O;)
(puc. 1.66. 6).

Bmopoii. Tlpn Hen3aMeHHOM HampspDKeHUH TUTaHus U, YBETHUYUTH CONPOTHB-
neHue Harpy3ku R, (paGodast Touka mepeMecTUTCs Mo JIMHUM Harpy3ku 4 u3 touku C
B TOUKY Oy ), IpU BOCCTAHOBJICHUH NPEKHEH BEIMYUHBI CONPOTHBIEHUS R, nuHU-
CTOp OIATh BKIOUUTCS (Touka O;) (puc. 1.66. 6).

OCHOBHBIM HEIOCTaTKOM JUHUCTOpa SIBJISIETCS TO, YTO OH YINpaBiseTCS
(BKJIIOYAETCs MU BBIKJIIOYAETCS) U3MEHEHUEM HAIPSKEHUs TUTAHUS WA COIPOTH B-
JIEHUs Harpy3KH, 4TO He Bcerjaa npuemiemo. He cMoTpst Ha 3T0, TUHUCTOPHI HALLLIH
IIUPOKOE MPUMEHEHHUE B PEIaKCAIlMOHHBIX M€HepaTopax, MOPOroOBbIX U MEpeKIIroya-

IOIUX ycTpoiicTBaxX. OT BhIIIE MPUBEIEHHOTO HEJ0CTaTKa CBOOOHBI TPUHUCTOPBHI.

1.4.9.2 YcTpoicTBO M IPUHITUN ICUCTBUS TPUHUCTOPA

TpuHucTOp OTNAMYAETCS OT AMHUCTOpA TEM, YTO OJHA U3 0a3 MMEeT BHEITHUU
BBIBOJI. DTOT BBIBO/I BHIIIOTHSICT POJIb YIIPABJISIONIETO iekTpoaa (V).

B 3aBucuMocTH OT KakoW BHYTPEHHEW 00acTH P, Wi Ny BBIBEACH YNpAsGIsio-
wuti 31eKkmpood yupaBjaeHUe TPUHUCTOPOM MPOU3BOJIUTCS COOTBETCTBEHHO MO KaTOAY
WJI aHOJY.

Ha puc. 1.67 mpencraBineHa CTpyKTypa TPHHUCTOPA C yIIPABIECHUEM IO KaTOIY.
VYpasisitonuii 3IeKTPo1 MOJCOSTUHEH K p-0a3e, pacnoioKeHHON B OJIM3U KaToja.
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Puc. 1.67. CtpykTypa TpuHHCTOpA

Cxema BKIIOUEHHSI U ceMeicTBO BAX HECMMMETPUYHOTO OJHOONEpPAIUOH-
HOTO TPUHHUCTOpPA C YIPABICHHEM IO KaTOJy NpuBeleHbl Ha puc. 1.68. ObparHas
BeTBb BAX nganHHOro TpuHUCTOpa MAEHTHYHA oOpaTHOU BeTBH BAX nuona.
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Puc. 1.68. Cxema BxmroueHus (a) u cemeiicteo BAX (6) HecuMMeTpuaHOTO
OJTHOOTIEPAIIMOHHOTO TPHUHUCTOPA C YIIPABJICHUEM TI0 KaTOIy

JIns ucriob30BaHus B TOJTHOM MEpe CBOMCTB TPUHHUCTOpA TPEOYyeTCs JBa HC-
TOYHHMKA HANPSKEHUS: UCTOYHUK HaMpsDKeHUs nutanus U, npeaHa3HaueHHBIN 1S
co37aHusl TOKa | B BBIXOJIHOW LIEMH TPUHUCTOPA U MCTOYHUK HAIPSIKEHUS YIpaBiie-
Hus Uy, mpeaHasHauYeHHBIN A CO3/aHUs TOKA ympasieHus |y, B menu ynpaBieHus
TpuHHCcTOpa (puc.1.68.a).

Takum 00pa3om, HATMYME YIPABISIONMIETO 3JIEKTPO/IA TO3BOJISET MEPEKIIOUNUTD
TPUHUCTOP U3 3aKPBITOTO B OTKPBITOE COCTOSIHME NP HampspkeHusx U, MeHbIIHX,
yeM U, IpocToro aunucropa. Ilpuuem, yem Gonbliie TOK yNpaBIsIOIEro 3JIeKTPoaa
ly, TeM Mmenbmee HanpskeHue U, HEOOX0IUMO AJIst OTKPBIBAHMSA TPHHUCTOPA.

N3 BAX tpunucropa (puc.1.68.60) BugHO, YTO TpU TOKE YIpaBICHUS
Iy, = 0 mpamasa BerBb BAX TpuHHMCTOpa npexacraBiger co0oil npaMyro BeTBb BAX
aunucropa (puc. 1.68.6). [Ipu yBenuueHnn Toka ynpasieHus |, BelnunHa Hampsike-

Hus nepeximodenns U, Tpuanctopa ymeHbmaercs Uppe > Unpio > Uppia.
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[Ipu HampspkeHWM TUTaHUS paBHOM BenmunHe U, pekuM pabOTBI CXEMBI
omnpenensercs auHuend Harpy3ku 1 m cootBerctByeT Touke (i (puc. 1.68.0). Ilpu
ATOM TPUHUCTOP 3aKpbIT. Uepes Hero npoTekaeT Malibiil TOK |;, a majgeHne HanpsKe-
HUS Ha HEM OJIM3KO K HampskeHuto nutanus Uy,.

Bxi1r0unTh TPUHUCTOP MOXKHO JABYMS CITIOCOOaMU.

Ilepeuvui. I1pu Toke ynpasnenus |y, = 0, kak 1 IUHUCTOP — IOBBICUTh HAIMpsKe-
Hue nutanus U, (puc. 1.68.a). Jlyist 60JBIIMHCTBA TUTIOB TPUHUCTOPOB TaKOE€ BKIIIO-
YeHUE HEXKEeIaTeIbHO U3-3a BO3MOKHOTO TTOBPEXKIACHUS ITpUOOpa.

Bmopou. YBenuuuTh TOK yIpaBlIeHUs 10 BEIUYUHBEI ly,. IIpu sTOM Hampske-
HHE NEPEKIIIOYEHHs cTaHEeT paBHBIM U, B Touke O; BAX (puc. 1.68.6). Pabouas
TOYKA MEPEMECTUTCS M0 JIMHUU Harpy3ku 1 uepes Touky O; B Touky Os. [Ipu cHsTHH
CUTHaJIa yINpaBCHHUsS TPUHUCTOP OCTAHETCS BO BKIIOYCHHOM COCTOSIHHMH (Touka O3),
MO3TOMY YIIPaBJIEHHE TPUHUCTOPAMU OOBIYHO OCYIIECTBIISICTCS UMITYJIBCHBIM METO-
noMm. Ha ympansonuii nepexoa TpPUHUCTOPA MOJACTCS UMITYJIBC TOKa YIPABICHUS
ly, aMIuIMTY10M paBHOM TOKY CHPAMICHUS lopp ¥ JUIMTEIBHOCTBIO JOCTATOYHOM JIJIs
HAJICKHOTO €ro BKIIOUCHHUS.

JInst BBIKJTIOYEHUS] TPUHUCTOPA HEOOXOIMMO HCIIOJIB30BaTh TE€ ke CIHOCOOHI,
YTO U JIJIS1 BBIKJIFOUEHUST TUHUCTOPA.

Ilepsbiii. YMEHBIIUTD HaNIPsDKEHUE MUTaHUA 10 3HadeHus U, (pabouas Touka
nepemecTutcs U3 Touku C B TouKy Oy), IPU BOCCTAHOBJICHUU HANPSIKEHUS MUTAHUS
TPUHUCTOP OCTAHETCS B BBIKIIFOUEHHOM cOCTOsHUU (Touka O7) (puc. 1.68.6).

Bmopoii. 1lpu HeusmeHHOM HamnpspkeHuu nutanus U, yBETUYUTH CONMPOTHB-
JICHUE WIM KPaTKOBPEMEHHO pa3opBaTth LieNb Harpy3ku Ry (pabouas Touka nepeme-
ctutcst u3 Touku C B Touky Os ), IpU BOCCTAHOBJICHUU NPEKHEH BEIMYUHBI COIPO-
TUBJICHHS] R,; TPUHUCTOP OCTAHETCS B BBIKIIOUEHHOM COCTOSAHMM (Touka (i) (pucC.
1.68.0).

PaccMOTpeHHBIN TPUHUCTOP HA3BIBACTCSA OJIHOONEPAIMOHHBIM ITOTOMY, YTO IO
YIPABISAIOMIEMY AJIEKTPOJY €r0 MOXKHO TOJBKO BKIIIOUHUTh. ITO SIBISETCS OCHOBHBIM
HEJIOCTATKOM OJTHOOTEPALIMOHHBIX TPUHUCTOPOB.

JIByXomneparoHHbIE WIW 3alupaeMble TPUHUCTOPHI (puc. 1.64.B, T) MOXHO
BKJIFOYUTH W BBIKJIIOYUTH 1O YIPABISIOMIEMY dJeKTpoay. Jns BeikmtoueHus HeoOXo-
JUMO TIO/IaTh Ha YIPABJISIOUUN TIEPEeX01 HAMPSHKEHHE MTPOTUBOIIOIOKHOMN MOISPHO-
cti. OHaKO TPU 3TOM BEIMYMHA TOKA YMPABICHUSA MPUOIMKACTCS K 3HAYCHUIO
KOMMYTHPYEMOT'O TOKA.

1.4.9.3 Cumucropsl

OcHOBHOE OTIMYHEe CUMUCTOPOB (puc. 1.64.1) 3aKmroyaeTcss B CHMMETPUYHO-
ctu BAX (puc. 1.69).
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Puc. 1.69. BAX cumucrtopa

JI1s1 CHMHCTOPOB OTCYTCTBYET 0OpaTHOe BKirodeHue. [Ipu 060l moaspHOCTH
MUTAIOIIETO HAIMPSHKEHUSI CUMUCTOP OyaeT GyHKIIMOHUPOBATh KaK TUPUCTOP B MpS-
MOM BKJIFOUEHUH. J[JIsI HETO XapaKTEepHO KaK IMOJIOKHUTEIBHOE TaK, U OTPUIIATEIHHOEC
HanpspkeHust BkitodeHUs: Uy, Ero MOXHO mpeacTaBUTh B BHJZE JBYX BCTPEUHO-
napauiebHO BKIIOUYEHHBIX HECUMMETPUYHBIX TPUHUCTOPOB U IIUPOKO HCIOIB3YETCS
B IEMSIX MIEPEMEHHOI0 TOKA.

CHUMMETpUYHOCTh TAaKOT'0 TUPUCTOPA MO3BOJSET BKIIOUYATh €r0 B LIETb MPOU3-
BOJIbHO. [103TOMY K€ y TaKUX TUPUCTOPOB HE PA3INYAIOT aHOJ U KaTOJ.

OcHoBHBIE IapaMeTPbl TUPUCTOPOB:

— MAaKCUMAibHO Oonycmumoe cpednee (Oelicmeayiowee 0l CUMUCTOPOS) 3HA-
YyeHue MmoKa 8 OMKPbIMoM COCMOAHUU | oy max ;

— MAKCUMANbHO OONYCMUMOe NOCMOAHHOE (UMNYIbCHOE) HANpsdiCeHUe 8 3a-
Kkpvimom cocmosiHuu U max ;

— Maxkcumanvro oonycmumoe oopamuoe Hanpsiicerue Uspy max;

— omnuparowuli NOCMOAHHLII MoK ynpasinenus |y o ;

— mok yoepaxcanus ly, .

Maxkcumanvno oonycmumoe nOCMOAHHOE HANPAINCEHUE 6 3AKPbIMOM CO-
CMOAHUNU — MAaKCUMaJIbHOE 3HAYEHHUE MPSMOTr0 HAIPSKEHUS, TP KOTOPOM HE MpO-
HCXOJIUT BKIIFOUEHUE TUPUCTOPA.

Omnuparowuit ROCMOAHHLLI MOK YNPAGIeHUA — HAUMEHBIIINN TOK yIIpaB-
JISIFOIIETO AJEKTPO/1a, HEOOXOIUMBIN JIJIsi BKIIOUEHHS] TUPUCTOPA.

Tok yoepoicanun — HaUMEHBIIINN TIPAMOIN TOK, HECOOXOIUMBIN IS TTOJIeprKa-
HUS TUPUCTOPA B OTKPHITOM COCTOSIHUU.
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B cootBerctBun ¢ OCT 11 336.919-81 ycnoBHOe 0003HauY€HHE TUPHUCTOPOB
(KpoMe CHIIOBBIX) COCTOUT M3 CIICAYIOIINX 3JIeMeHTOB [8]:

nepeviti nemenm — OykBa wiH 1mudpa, 0003HAYAIONIAsT UCXOIHBIN MOIYIPO-
BOJHUKOBBIN MaTepuan: 2 ninu K — kpemHunii;

emopoti s1emenm — OyKBa, yKa3bIBaoIIas Mojakiacc Tupucropa: H — quaucro-
pBI (AMOJIHBIE TUPUCTOPHI); Y — TPUHUCTOPHI (TPUOIHBINA TUPUCTOPHI);

mpemuti nemenm — 1udpa, onpeaenstomas GyHKIMOHAIbHBIE BO3MOXKHOCTH
TUPUCTOPA:

OUHUCMOpPYbL:

1 — ¢ MakCUMaIbHO JOMYCTUMBIM 3HAUCHHUEM TIPSAMOTro Toka He 6onee 0,3 A;

2 — ¢ MaKCUMaJbHO JIOMYCTUMBIM 3HAYEHUEM IMPSMOTro TOKa OT

0,3A 1010 A;

o0HoonepayuoHHbsle (He3anupaemovle) MPUHUCHIOPDL .

1 — ¢ MakCUManabHO JOMYCTUMBIM 3HAYEHHUEM CPEJIHEr0 TOKa B OTKPBHITOM CO-
crosaun He Oojyee 0,3 A;

2 — C MaKCUMAJIbHO JIOMYCTUMBIM 3HAUY€HHEM CPEIHEro TOKa B OTKPBITOM CO-
crossuuu ot 0,3 A 10 10 A;

7/ — ¢ MaKCUMaJIbHO JOMYCTHUMBIM 3HaUY€HHUEM CPEIHETrO TOKAa B OTKPBITOM CO-
crossuuu 6onee 10 A;

ogyxonepauyuonnvle (3anupaemvle) MPUHUCHIOPDL:

3 — C MaKCUMAaJIbHO JIOMYCTHUMBIM 3HAYEHHEM CPEHETO TOKAa B OTKPBHITOM CO-
crossHuu He Ooitee 0,3 A;

4 — ¢ MaKCHUMAaJIbHO JIONYCTUMBIM 3HAYEHHEM CPEIHETO TOKa B OTKPBHITOM CO-
crostHuM ot 0,3 A 1o 10 A;

8 — ¢ MaKCUMaJbHO JIOMYCTHUMBIM 3HAYEHHEM CPEIHEro TOKa B OTKPBHITOM CO-
crossuuu Ooinee 10 A;

CUMMEMPUYHbIE MPUHUCHMOPBL (CUMUCHLOPYL):

5 — C MaKCUMAaJIbHO JIOMYCTHUMBIM 3HAYEHHEM CPEIHEro TOKa B OTKPBITOM CO-
crossHuu He Oosee 0,3 A;

6 — ¢ MaKCMManbHO ONMYCTHUMBIM 3HAYEHHUEM CPETHErO TOKA B OTKPBHITOM CO-
crossauu ot 0,3 A 1o 10 A;

9 — ¢ MakcMManbHO IOMYCTHUMBIM 3HAYEHHUEM CPETHErO TOKA B OTKPBHITOM CO-
crossauu Ooitee 10 A;

yemeepmulli I1eMeHm — YUCIO0, YKa3bIBalOUIee MOPSIAKOBBIN HOMEP pa3padoTKu
TUPUCTOPA;

namolil 21emenm — OyKBa, yKasblBalolllas rpynmny TUPUCTOpa MO mapameTpam.

[Tpumepsr 0003HaUECHUT.

KpemHueBblii AMHUCTOP C MaKCHUMaJlbHO JOMYCTUMBIM 3HAYEHUEM MPSIMOIO
toka 0,2 A, HomepoMm pazpabotku 02 u rpymnmnoit b o6o3nauvaercs 2Y102b.
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KpeMHueBbIli 0qHOONEPAIIMOHHBIA TPUHUCTOP € MAKCUMAJIbHO JOMYCTUMBIM
CPEIHUM 3HAYE€HUEM TOKa B OTKPBITOM COCTOSIHUM 2 A, HOMepoM pa3padbotku 01 u
rpynnoit H o6o3nauaercs KY201H.

B cootBerctBun ¢ ['OCT 20859-79 ycinoBHOe 0003HaU€HHE CUIIOBBIX THUPH-
CTOPOB COCTOUT U3 CJICIYIOIIUX AJIeMEHTOB [8]:

nepeviii 21emenm — OyKBa Wi JIBe OyKBbI, 0003HaYarome Bu Tupuctopa: T
— TupucTOop HecuMMmeTpuuHblid; TJI — Tupucrop naBunHbI;, TC — THpHUCTOP CUM-
MeTpuuHbIi; TO — THPUCTOP ONTPOHHBINM;

eémopoii snemenm — OykBa, 0003HayaroUas NoABUA TUpUCTOopa: Y — BBICOKO-
4acTOTHBIN; b — ObicTpoaeicTBytonuit; Y — UMIyIbCHBIH;

mpemuii 31eMeHm — YUCI0, yKa3blBarollee HoOMep KOHCTPYKTUBHOU pa3paboT-
KU,

yemeepmulti d1eMeHm — 4YHUCIO, YKa3blBalollee MAaKCUMAaJIbHO JIOIYCTUMOE
cpelHee (elcTBYyIoIee) 3HaUeHHE TOKa B OTKPBITOM COCTOSIHMM B ammnepax. [lepen
o0o3HaueHueM ToKa ctaBUTcs Aeduc. s 0603HaUeHHS] TAPUCTOPOB C OOpPATHOM MO-
JISIPHOCTHIO (KaTOJIOM SIBJIIETCS OCHOBAHHUE) MOCJIE TPETHEro dJIEMEHTa CTaBUTCS OYK-
Ba X;

nAmbl d1eMeHm — 4uciio, 0003Havarolee KJIacc Mo HAMps>KEHUI0 U COOTBET-
CTBYIOILIEE MAKCHUMAJIbHO JONYCTUMOMY HANpPSDKEHUIO B 3aKPBITOM COCTOSIHUU B
COTHSIX BOJIBT.

[Tpumepbr 0603HaUCHUT.

Tupuctop ¢ HOMEpOM KOHCTPYKTHBHOM pa3paboTku 123, MakCUMalbHO IOMY-
CTUMBIM CPEIHUM 3HAYEHUEM TOKa B OTKPBHITOM cOcTOssHUU 200 A U MakCHUMaJIbHO
JOTIYCTUMBIM HamnpsiKeHHUeM B 3akpbeiToM coctosiHuu 1600 B (kimace 16) o6o3HavaeT-
cs T123-200-16.

Tupuctop CUMMETPUUYHBIM (CUMHUCTOpP) C HOMEPOM KOHCTPYKTHBHOM paszpa-
0otku 161, MakCUMaJIbHO JIOMYCTUMBIM JEHCTBYIOIIUM 3HAYEHUEM TOKa B OTKPHI-
TOM COCTOSIHUM 160 A M MaKCUMaJIbHO JIOIMYCTUMBIM HAMPSI)KEHUEM B 3aKPBITOM CO-
crossauu 1000 B (kmace 10) o6o3navaercs TC161-160-10.

1.5 UHTerpaibHble MUKPOCXEMBbI

Humezpanvnaa mukpocxema (MMC) — MUKPOZIIEKTPOHHOE U3/EJIUE, BHINOJI-
HSIOIIIEe OTpeeIeHHYI0 (PYHKIMI0 TpeoOpa3oBaHus U 00pabOTKU CHTHAJIa U UMETO-
1Ie€ BBICOKYIO IUIOTHOCTh YHAKOBKHU 3JIEKTPUUECKU COCAMHEHHBIX 3JIEMEHTOB, KOTO-
pbI€ BBIMIOJHEHBI B €IUHOM TE€XHOJOTMYECKOM MPOLECCEe, 3aKI0UEHBI B 00NN KOp-
IyC ¥ pacCMaTPUBAIOTCS KaK €IMHOE LIEJIOE.

NMC o06manarT CyIIeCTBEHHBIMU TIPEUMYIIIECTBAMH 110 CPABHEHHUIO C aHAJO-
TUYHBIMM CXEMaMHU Ha JUCKpEeTHBIX KoMnoHeHTaXx. UMC umeroT Mainble rabapuThl,
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MaccCy M MOBBIIIEHHYI0O MEXaHUUYECKYI0 MPOYHOCTh. [Ipu ux npousBoacTBe TpeOyrOT-
Csl MEHBIINE 3aTPaThl 32 CYET MPUMEHEHUSI BHICOKOMTPOU3BOIUTEIBHOIO aBTOMATH3 -
POBAaHHOTO OOOPYJIOBaHMS, BO3MOXXHO TOJIYYEHHE JYUIINX XapaAKTEPUCTUK CXEM
Onarogapsi UICHTUYHOCTH NapaMeTpoB KOMIOHEHTOB. [loBhbIlIaeTCsl HAaIE)KHOCTH 32
CYET YMEHBIIICHUS KOJIMUECTBA CBAPHBIX COCTMHEHUM.

Coznanue anmaparypsl Ha UMC ympoiaer opraHu3alidio MPOU3BOJACTBA 3a
CYET YMEHBIIICHHS KOJIMYECTBA OINEpAlMil M COKPAICHUS YKCIa KOMIUIEKTYIOIIUX
U3EIUN.

[To texnonoruu msrotomieHus MMC mnompasnenstoTcss Ha NOayHnpOBOOHUKO-
8ble, NIeHOYHble U 2UOPUOHDbLE.

B nonynpogoonuxoeoii mukpocxeme Bce 3JII€MEHTBI M MEXIJIEMEHTHBIE COEIU-
HEHUS BBIMOJHEHBI B 00hEME U Ha MIOBEPXHOCTH MOJIYIIPOBOHUKA.

B nnenounoii mukpocxeme Bce 3I€MEHTBI U MEKIJIEMEHTHBIC COSMHEHUSI BbI-
MOJIHEHBI TOJILKO B BUJIE TJICHOK MPOBOASIINX U TUDJIEKTPUUECKUX MaTEpPUAJIOB.

B eubpuonoii mukpocxeme naccuBHbIE 3JIE€MEHTHI (PE3UCTOPHI, KOHIEHCATOPHI,
KaTYIIKA WHAYKTUBHOCTH) BBIMIOJHEHBI B BUJIE TIJICHOK, HAHECECHHBIX HAa TTIOBEPXHOCTH
JTUAJICKTPUICCKON TOJJIOKKHA U3 CTEKJIa, KEpaMUKHU WU cardupa, a akTUBHBIC dJie-
MEHTHI (UOJIbI, TPAH3UCTOPHI U T.JI.) MPEJACTABISIOT COO0M OECKOPITYCHBIE MOTYIPO-
BOJIHUKOBBIE TIPUOOPHI.

TouHocTh BocmipousBeneHus: napameTpoB y rudpunusix UMC Beilie, a TeXHO-
JIOTUSI 3HAYUTENBHO Tpolle, yeM y nonynpoBoaHukoBeix UMC. Ognako maccoraba-
puTHbIe MokazaTenu rudpugabix UMC xyxe, 4eM MoTyrnpOBOJHUKOBBIX.

[To dyuknuonansHomMy HazHaueHutro UMC noapa3nenstorcss Ha arHanoz2osvie n
yugposoie.

Ananozoevie HMC tipenHa3zHavyeHbl 715 TpeoOpa3oBaHusa U 00pabOTKH CUTHA-
JIOB, U3MEHSIOIIUXCS 10 3aKOHY HEMPEPHIBHON (PYHKITUH.

Hudgposvie HMC tipenHazHadeHsl 151 ipeoOpa3oBanus U 00pabOTKH CUTHA-
JIOB, U3MEHSIOIIUXCS IO 3aKOHY TUCKpEeTHOU (QyHKIMU (ITU(POBBIX CUTHAIIOB).

Lugposvie UMC 110 THITY TOTUKH TOAPA3AEISIIOTCS Ha!

JTJI — nnogHO-TpaH3UCTOPHAS JIOTHKA;

TTJI — TpaH3UCTOPHO-TPAH3UCTOPHAS JIOTHUKA;

KMOII — noruka Ha KOMIUIEMEHTapHBIX (AOMOJHSAIOMMNX N- U P-KaHAJIbHBIX)
MOII-TpaH3ucropax;

OCJI — MUTTEPHO-CBSI3aHHAS JIOTHKA.

Ha puc. 1.70 mpueneno ycnoBHoe rpadudeckoe oOo3znauenne MMC Ha
MPUHLIUNHAIBHBIX JJIEKTPUYECKUX cxemax. bykBeHHOe 0003HaueHHE aHaJIOTOBBIX
NMC — DA, mudpossix — DD. [Tocie 6ykBeHHOr0o 0003HAUEHUS YKA3BIBACTCS TTOPS/I-
KOBBII HOMED B CXEME.
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OO0o03HaueHre (PyHKIIMOHAIBHOTO
Ha3zHaueHuss UMC

Mertka, yka3bpBaroast

HNuBepcHbIE BEIBOIBI HA3HAYCHHE BHIBOIOB
**
\ /
) * * —
— \0—
OCHOBHOE ITOJTI€ ~—_| JIONOTHUTENBHBIE IO
-/ //
30HBl —— I

Puc. 1.70. Ycnosnoe rpaduueckoe nzoopaxenne UMC

Uucno 3neMEeHTOB, 3aKIOUYEHHBIX B 0AHOM Koprnyce MMC, Ha3bIBalOT cTere-
upto uHTerpanuu K = IgN, rae N — gucio anemenTos, Bxoasanux B UMC. Pacmpo-
CTpPaHEHbI CIEIYIOIINE KAY€CTBEHHBIE OLIEHKU CTENEHW MHTErpallui WHTErPabHBIX
cxeM (MC) u ux opueHTUPOBOYHBIE KOJIMYECTBEHHbIE MokazaTenu: manas (MUC) —
gucio snemenToB oT 1 g0 100; cpenusst (CUC) — uncio anementoB otl01 mo 1000;
oonpmas (BUC) — uncno snementoB ot 1001 mo 10000; ceepxbonbimas (CBUC) —
yuciio anementoB 6oiee 10000.

BUC u CBUC umeror cieayromiue 0COOCHHOCTH, XapaKTepU3yIoue HauBbIC-
M€ IOCTHXKEHHSI COBPEMEHHON MUKPORJIEKTPOHHOM Oa3bl.

Buvicokas cmenenv unmeepayuu. OCHOBHBIM IyTEM JOCTHUKEHHUS BBICOKOMN
CTENEHU UHTErPALK NOIYNPOBOAHUKOBBIX MC siBisieTCsS MCIIONB30BAHUE AIIEMEHTOB
C MHUHHMAaJIbHBIMU pa3MepaMu U ToTpedssieMoil MomrHocThio. Hambonee Bbicokas
creneHb uHTerpaunu aocruruyra B bUC npu ucnons3oBanuu MJII-ctpykryp — 1
MITH. 3eMeHTOB u OoJnee. BUC Ha OGUIIONSPHBIX CTPYKTYpax COAEPKAT A0 HECKOJ b-
KHX COTEH ThICSAY 3JIEMEHTOB.

Tosvruennoe 6vicmpooeticmsue. OHO OOBICHIETCS COKPAIICHUEM TJTUHBI CBSI-
3e MEXKIy JIEMEHTaMH, YTO CKa3bIBACTCS Ha MOBBIIMICHUH OBICTPOJEHCTBUSA KaK Ca-
Mux BUC, Tak u annapaTypbl Ha 3TUX MUKPOCXEMaXx.

Tosviuennas naoesxcnocmo. IloBeimenune HanexxHoctn BUC o00yciioBieHO
OCOOCHHOCTSIMU MHTErPAIIbHON TEXHOJOTMU U YBEIWYEHUEM CTENEHU WHTErpallvu,
o0ecrieunBaroell YMEHbIIEHNE KOJUYECTBA BHEITHUX BBIBOJIOB, MPUXOJISIINXCS HA
OJIMH JIOTUYECKUH 351eMeHT. OTKPBIBAIOTCS BO3MOKHOCTH JJIsl UCIIOJIb30BAHUSI CXEM-
HBIX CIOCOOOB MOBBIIIEHUS HAIE)KHOCTH 32 CUET U30BITOYHOCTH 3JIEMEHTOB.

Cnootcnocmov npoekmuposanus. OHa 00yCIOBIEHa HEOOXOAMMO CTBHIO ydueTa
OOJIBLIIOTO KOJUYECTBA (PAKTOPOB CXEMOTEXHHUYECKOIr0, TEXHOJIOTHYECKOr0 U KOH-
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CTPYKTHBHOTO Xapakrepa, nockoibky BUC mpencraBnser coOol OuY€Hb CIOKHOE
(YHKUMOHAIBHO M KOHCTPYKTHBHO 3aKOHYEHHOE ycTpoicTBo. Ilponecc co3panus
BUC Benetcs ¢ nomonipto 9BM, KOTOpbIE UCIIOJIB3YIOTCS I paCUY€TOB ONTHUMAJIb-
HOU CTEIEHU MHTErpalvy, CTPYKTYPHOU U MPUHLHUIIMAIBHONU CXEM, IIapaMETPOB dJje-
MEHTOB, X TOIOJIOTUU U COEANHEHUN.

OtnenpHO ciienyeT BBLAEIUTH MUKporpoueccopHeie bUC, BemosHArOmME
(GyHKIMK MHKpoIpolieccopa Uiau ero 4acTtv. [lox MukpomponeccopoM MOHUMAIOT
MPOrpaMMHO-YIIPABISIEMOE YCTPOMCTBO, OCYIIECTBIAIOIIEE NpoLecc 00padoTKu
uuppoBoil uHpopManuu U yrpaiaeHUss UM. COBOKYNMHOCTh 3THX M apyrux UMC,
COBMECTHMBIX IO APXUTEKTYpE, KOHCTPYKTUBHOMY HCIIOJIHEHUIO U BJIEKTPUYECKUM
napameTpaM, Ha3BaHa MUKpoIpolieccopHbiM KomiuiekToMm (MIIK).

N3 Gonbioro muoroo6pasus ananoroBeix UMC naumbonee mmupokoe mnpume-
HEHUE HalUM onepayuonnsvie ycunumenu (OY).

OcHoOBHBIE TAapaMeTPbI ONEPAIMOHHBIX YCHIIUTEJICH:

- K09 puyuenm ycunenus no nanpsaxcenuio Ky

- Hanpadxcenue cmeujerust Hyasa U, ;

- xoonvle moku lgy ;

- 6X00HOe conpomusnenue Ry ;

- yacmoma eOuHuUYHo20 ycunenus fy ;

- MakcumanbHoe 6blxo0Hoe Hanpsxcerue Uyyx max ;

- Hanpsdcenue ucmoynuxa numanus Ug;

- 8bIXOOHOU MOK 5.

Kosgppuyuenm ycunenus no nanpasxcenuro — OTHOLICHHE W3ME-HEHUS BbI-
XOJTHOT'O HAIIPSKEHUSA K BBI3BABLIEMY €TI0 U3MEHEHHIO BXOIHOTO.

Hanpsaosicenue cmewjenua Hyna — 3HaueHUE HaIPsDKEHUS, KOTOpOe HEOOXO0 -
Mo nozath Ha Bxoa OV, uToObI Ha BBIXOE€ HANPSHKEHUE OBIJIO PaBHO HYJIIO.

Bxoouvie moxu — TOKY, IPOTEKAONIUE Ye€pPE3 BXOAHbBIE 3a:KUMbI OY.

Yacmoma eOuHuun020 ycuieHua — 3HAYCHUE YACTOTHI BXOJHOI'O CUTHAJIA,
IpU KOTOPOM 3HaueHue KodpduimeHTa ycwieHus HanpsokeHus OY magaet 1o enu-
HULIBL.

Buvixoonoit mok — makcumanbHOE 3Ha4Y€HHUE BBIXOJHOr0 Toka OY, mpu KoTo-
POM rapaHTHpPYETCs €ro paboToCTTIOCOOHOCTb.

OcHoBHbIe napameTpsl nudpossix UMC:

0
BBIX

- BbIXOOHbIE HANDPAIANCEHUA 102UYECKO20 HYA U U 102UYeCcKoll eauHMb}bl Ul

BbIX 1

- 8peMsl 3A0epIAHCKU PACNPOCMPAHEHUS. CUSHANLA NPU BKTTIOYUEHUU U BbIKTIOYEHUU,
- Hanpsicenue ucmoynuxa numanus U;

- nompebasiemolii mox |y ;

- K03hpuyuenm paszeemenenus no 6vixo0y Ky ;

- yacmoma nepexmouenusi f.
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Bpema 3a0epiicku pacnpocmpanenun cuznana npu 6KAI0YEHUU U 6bIKII0Ye-
Huu TIPEJICTABISIET COOOM MHTEpPBaJl BPEMEHHU MEXAY BXOJHBIM M BBIXOJAHBIM HM-
MyJ1bCaMU, U3MEpPEHHBIMU Ha ypoBHE 0,5.

Kosgppuuuenm pazeemenenusn no 6vixody — 4uciio BXOJOB DJIEMEHTOB JaH-
HOM cepuu, KOTOpO€ MOXKHO OJHOBPEMEHHO MOAKIIOUUTH K Bbeixoay MMC 06e3
HapyIIeHUs] €€ HOPMaJIbHOTO (DYHKIIMOHUPOBAHUSI.

B cootBerctBuun ¢ I'OCT 17021-88 ycnoBHoe o6o3nauenne UMC coctout u3
CIICYIONIUX 37eMeHTOB [9]:

nepevlii  21emeHm  —  UUPpPa,  COOTBETCTBYIOUIAS  KOHCTPYKTHUBHO-
texHosiorndeckou rpynmne UMC: 1, 5, 6, 7 — nonynpoBoiHuKOBbIE (7 — GeckopIiryc-
HBIC); 2, 4, 8 — TUOpUIHBIE; 3 — Mpouue (TUICHOYHbIE, KepaMUYECKUe U JIp.);

emopoti anemerm — 1iBe (ot 00 10 99) wim tpu (ot 000 10 999) U pPHI, yKa3HI-
Barolue Homep pazpabotku ganHout cepuu MMC. Ilepsbie 1mudpsl, o0pa3zoBaHHbIE
JIBYMsI DJIEMEHTaMU, ONPEEIAI0T NOJHbIA HOMep cepun MMC;

mpemuii 21emenm — nBe OyKBbI, 0003Hauawmue noarpynmny u suag UMC no
(G yHKIIMOHAIBHOMY Ha3HAYEHUIO;

yemeepmbyilil eMeHm — YUCIIO, YKa3bIBaoIIee MOPSIKOBbII HOMEp pa3paboTKu
NMC B naHHOU cepuu;

Nuorpa B koHue ycnoBHoro o6oznauenus UMC noGasnsiercs OykBa, ornpese-
JISFOIIIAs TEXHOJIOTHYEeCKU pa3dopoc nmapamerpoB MMC.

JIiist XapakTepucTUKY 00JIaCTH MPUMEHEHU S, MaTepHalia u TUIIa KOpITyca nepes
NEPBBIM JIEMEHTOM 0003HAUYEHHUsI MOTYT CTOSITh OYKBbI: K — JUIsl anmapaTyphbl IIKAPO-
KO0 IpUMeHeHus1; D — Ha dKenopT; P — minactmaccoBsiil kopryc (tumna JIII) ¢ nps-
MOYTOJIbHBIMHU BBIBOJAAMU, NEPHEHAUKYIISIPHBIMU IJIOCKOCTH OCHOBaHUA Kopryca; M
— KEpaMHUYECKUH, METAJUIO- WM CTEKIIOKepamuueckui kopnyc tumna [UII;, £ — me-
TajonoJuMepHbiid kopnyc tuna JIUIT; A — nnacTtMaccoBblid MUIaHAPHBINA KOpyC; M —
CTEKJIOKEPAMHUYECKHM THIAHAPHBIN KOPITYC; [ — KpUCTAIUIOHOCUTEb.

[Tpumepbr 0603HaUCHUT.

[TonynpoBoguukoBas UMC cepuun 140, npencrasnstomnias codoil onepanuoH-
HBIM YCUJIUTEIb, C TOPSIAKOBBIM HOMEPOM pa3zpaboTku 8 obo3nauaercs 140V JI8A.

[TonynpoBoguukoBas UMC nns anmapaTypbl IIMPOKOTO MPUMEHEHHUS! CEpUU
555, ¢ xepamuueckuM KOpPIycoM, BKJItoUaromas jioruueckue snemenTsl M-HE, ¢ no-
PSAIKOBBIM HOMEpOM pa3paboTku 3 o6o3nauvaetcs KMS555JTIA3.

I'ubpugnas UMC st anmapaTypsl MIAPOKOTO MPUMEHEHUsT cepuu 237, MHO-
ropyHKIIMOHATbHAS aHAJIOTOBAsI, C TIOPSAIKOBHIM HOMEPOM pa3paboTKu 2 0003HaYa-
ercsa K237XA2.
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2 UICTOYHHUKH BTOPUYHOTI'O 3JIEKTPOIIMTAHUA

2.1 OcHOBHBIE NapaMeTpPbl UCTOYHUKOB BTOPUYHOTI'O
3JIEKTPONUTAHUS

[Tpu npoekTupoBaHUM WM BEIOOPE MCTOYHUKOB BTOPUUYHOTO AJIEKTPONUTAHUS
(MUBD) HEoOX0MMO 3HATh UX OCHOBHBIC TEXHUYECCKHE MApaMETPhl U XapaKTEPUCTU-
KH, KOTOPBIMH OOBIYHO PYKOBOJCTBYIOTCS IpU HcHoJb30BaHuu MBD B snekTpoHHON
annaparype. OcHoBHble napameTpsl UBD M0oXHO pa3nenuTs Ha TpU TPYIIbI: BXOA-
HbIC, BBIXOIHBIC M dKCIUTyaTaronHbie [10].

K BxoanbeM napamerpam MIBD otHOCATCS:

— HOMHUHaJIbHOE HanpsikeHue U mepBUYHOIO UCTOYHHUKA MUTAHUs (CETH) U €ro
pox;

— HECTAOMIIBHOCTH Oy MUTAIOIIETO HAPSHKEHUS;

— yactoTa f nmuTaromero HanpsHKEHHUS U €€ HeCTaOMIIBHOCTS O;

— KOJIM4ecTBO (a3 M UCTOYHUKA TEPEMEHHOTO HANPSKEHMUS,;

— JOMYCTUMBIA KO3(POUITUEHT TapMOHUK K| MUTAIOIIETO HAMPSIKCHUS.

K Beixogubeim napamerpam MIBD otHOcATCS:

— HOMUHAJTbHBIE 3HAYCHHSI BBIXOIHBIX HaMpspKeHUH (Harpy3ku) Uy,

— HECTAOMIIBHOCTH Oy BHIXOJIHBIX HAIIPSIKEHUN;

— HOMUHAJIBHOE 3HAYEHHE TOKa |, HArpy3KW WM BBIXOJHAS MOIIHOCTH Py 1o
KaKJIOMY KaHaly;

— koa(ddunuent crabunuzanuu K.y o HampsKEHUIO;

— aMIUTUTYAa IEPEMEHHOM COCTABISAIONIEN BBIXOAHOTO HANPSHKEHUS Uppy-.

K skcrmyaTanimoHHBIM TapaMeTpaM OTHOCSITCSA:

— pabounit anana3zoH temmepatyp t°;

— JOMyCTUMAasi OTHOCHUTEIIbHAS BIAXKHOCTD

— JIMara3oH JIOMYCTUMBIX AaBJICHUN P, OKpyXKaromiei atMmocQepsr;

— KO3()PHUIIUEHT 1 MOJE3HOTO ICHCTBHUS;

— HaJIeXKHOCTh, OnpeesieMas Kak BeposTHOCTh P(t) 6e30Tka3HOM paboTHI,

— BpeMs HENpEepbIBHON padoTHI t;

— Macca uctoyHuka nurtaus G,

— yIeNbHas MOIIHOCTh, OTHECEHHAS K MacCe Yy WIH K 00BEMY 7.

2.1 TunoBbie CTPYKTYPbI UCTOYHUKOB BTOPUYHOTIO 3JIEKTPONUTAHUSA

HaubGonee tunmuuynbiMEu SBISIIOTCS CTPYKTYphl MBD ¢ TpanchopmaTopHBIM 1
6ectpanchopMaTOPHBIM BXOJIOM.

[IIupokoe pacnpocTpaHeHHE HA MPAKTUKE, OCOOCHHO JJIsl CTALIMOHAPHOM 3JIEK-
TPOHHOU anmapaTypsl, nonyuuiau UBD ¢ tpancpopmaropHbiM BXoAgoM, GOPMUPYIO-
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[I1€ HAaNpsHKEHHE TOCTOSSHHOTO TOKa TpeOyeMOoro KayecTBa U3 HaIpsKEHUs CEeTH Iie-
pemenHoro toka. CtpykrypHas cxema takoro MIBD npusenena Ha puc. 2.1. IBD co-
CTOUT M3 CUJIOBOro TpaHchopmaropa 7, BeIIPAMUTENS B, CrIIaKUBAIOLIEro (QUIbTpa
C® u crabunuzaropa Hanpspkenus CH [12].

O—
l U; T l U, B l us | Co l Us CH Ru
o— Un

Puc. 2.1. UB3 ¢ tpancdopmaTopHbiM BxojioM: T — TpaHchopmaTop;

B — Beinpsimurens; C@ — crnaxuparomnii puinbtp; CH — cTabuian3aTop HanpsiKeHUs

Ha BXoa MCTOYHMKA MOJAETCS MEPEMEHHOE HANpPSKEHHE CeTU U, KOTOPOE C
NOMOLIBI0 TpaHcpopMaTopa 1 U3MeHsieTCs 10 TpedyeMoro 3HaueHus U, 6e3 u3MeHe-
HUs yacToThl. KpoMe Toro, TpanchopMaTop OCYHIECTBISET MIEKTPUUECKYIO Pa3BA3KY
WCTOYHUKA HaNpsHKEHUs! Up M HArpy3KH, 4TO IMO3BOJISIET MOJYYUTh C MTOMOIIBIO HeE-
CKOJIbKMX BTOPUYHBIX OOMOTOK pa3IMYHbIC HAIPsOKEHUs Uy, TaTbBAHMYECKU HE CBS-
3aHHBIC JIPYT C ApyroMm. Beimpsimutens B npeobpasyeT (BBIIPSAMIISICT) MEPEMEHHOE
HamnpspkeHue Up; B MyJIbCUPYIOIIEE MOCTOSIHHOE Uz. IIpu 3TOM BBIIPSMUTEIb MOXKET
OBITH KaK HEYNPaBIIIEMbIM, BHIITOTHEHHBIM Ha UO/aX, TAK U YIPABISEMbIM, BBITIOJI-
HEHHBIM Ha TUPHUCTOpAX WM TpaH3UCTOpax. B mociienHeM ciydyae UMEETCS BO3MOXK-
HOCTb PETYJIMPOBAHUS CPEIHETO 3HAYECHUSI HAIPSIKEHHS HA BBIXOJE BBIIPAMUTENSA B,
a 3HAYUT U CPEIHEr0 3HAYCHMs HaNpsuKEHUs Ha Harpyske U, .

B BBIIPSAMIIEHHOM HampsiKEHUH Uz TOMUMO IMOCTOSSHHOM COCTaBJISIFOIIEH MPH-
CYTCTBYET IIE€PEMEHHAasi COCTaBIAIONIAs, KOTOpas C TMOMOILIbI CIJIaKUBAIOIIETO
¢unbTpa CO cHUKAETCS 10 TpeOyeMOoro ypoBHs, TaK YTO HaIpsiKeHue Uy Ha BBIXOJIE
buIpTpa UMEET OYSHb MaJlble MyJIbCAIMHU. Y CTAHOBJICHHBIN Mocje GUiIbTpa cTaOUIH-
3aTOp MOCTOSIHHOrO HamnpsbkeHuss CH nopnep:KuBaeT HEM3MEHHbIM HampsikeHue Uy
Ha Harpy3ke R, mNpu M3MEHEHUM 3HAYEHUN BBINPSMIICHHOTO HANpPSHKEHUS WU CO-
MIPOTHUBJIEHUS HArpy3Kku Ry,.

B 3aBucuMocTu OT ycioBHil paboTsl U TpeOoBaHM, MpeabsiBiasieMbiM k IBD, B
HEM MOTYT OTCYTCTBOBATb OTJEJbHBIE Y3JIbl, KPOME BBIIPSIMUTENS, IOCKOJIbKY MMHUTa-
HUE 3JIEKTPOHHBIX YCTPOMCTB OCYIIECTBISETCS MOCTOSHHBIM HampsikeHueMm. Hampu-
Mep, €CJIU HaIPSKEHUE CETH COOTBETCTBYET TPEOYEMOMY 3HAUEHUIO BBIIPSIMIECHHOTO
HaMpPsHKEHUS, TO MOXKET OTCYTCTBOBaTh TpaHcpopMarop. B mcTouyHMKax muTaHws C
TpeX(}a3HBIMH BBIIPSIMUTEISIMUA MOKET OTCYTCTBOBATh CTUIAKUBAIOIINI (PUIBTP, TaK
KaK MyJIbCAllMU BBIIPSIMJIEHHOIO HAIpPSDKEHUS Y HUX CPaBHUTEIbHO HeOombliue. B
HEKOTOPBIX CITydasX MOKET OTCYTCTBOBATh CTAOUIU3ATOP.
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Kpome Toro, ajig mnojydeHHs TOCTOSHHBIX HANpsDKEHUH pPAa3HOTO YpPOBHS
TpaHC(HOPMATOP MOKET UMETh HECKOJIBKO BTOPHUYHBIX 00MOTOK. ITpu 3TOM B cocTaB
takux MBD OynyT BXOIUTHh HECKOJIBKO LIENEH, BKIIOUYAIOIIMX BBIIPSIMUTENH, (QUIIb-
TPBI U CTAOMIIU3ATOPBI.

OCHOBHBIM HEZOCTaTKOM paccMOTpeHHbIX Bblilie UBD sBustorcs Oombiive ra-
OGapuThl U Macca, 00yCIIOBJICHHbIE B OCHOBHOM TpPaHCPOPMATOPOM M IPOCCEIISIMU
(GuIbTPOB, KOTOpbIE paccuuTaHbl s paboTbl Ha wyactore 50 ['u. Ytobsl ycrpa-
HUTb 3TOT HEJIOCTATOK coBpeMeHHble IBD Bce yalie BBINOIHAIOTCS HA OCHOBE BBICO-
KOYAaCTOTHBIX HMMITYJILCHBIX MpeoOpa3oBaTeieil MOCTOSIHHOTO HamNpsKeHHs, B KOTO-
pBIX Ha BXOJE OTCYTCTBYeT TpaHchopmarop. TpancopmaTop BKIIOYAETCS B BBICO-
KOYAaCTOTHYIO 4YacTh MpeoOpa3zoBaTesisi, YTO CYHUIECTBEHHO CHHUYXKAET €ro rabapurhl.
Kpome Toro, obecrnieurnBaeTcs rajibBaHU4YeCKasi pa3Bsi3ka Harpy3Ku OT MUTAIOLIEH ce-
T [10].

Tunosas crpykrypHas cxema MBD c¢ GecrpanchopMaTopHbiM BXOJIOM U UM-
NyJBCHBIM IIpeoOpa3oBaTesieM NpuBeieHa Ha puc. 2.2. B otiauune ot npeablayiiei, B
Hee BXOJST, Kak MpaBWIIo, 1Ba BeIMpsMUTENss Bl u B2, nBa criaxxuBammux QuibTpa
COI u CD2, uuBeprop U, umnynbCHbIN TpanchopmaTop 7' U cTabMIM3ATOP MOCTO-
aHHOro HampspbkeHus CH. B xadecTBe MCTOYHMKA DHEPTUU MOXKET ObITh KaK Mpo-
MBIIIUICHHAsI CETh C MapameTpaMu U; ¥ f;, Tak M ICTOYHUK TTOCTOSTHHOTO HATIPSDKEHUS,
TOrJa HEOOXOIUMOCTh B BbIIpsIMHUTENE B, a B HEKOTOPBIX clydasix U B (puibTpe
C®1, otnianaer.

O— _— — _—
l Uy, f]_ B CD, 141 T
O— _— — _—
Uy, T2
B, Co, CH Ru
| - Uy

Puc. 2.2. UB3 ¢ 6ectpancdopmaTopHbIM BXOJ0M: B1, By — BBRIIPSIMUTEINH;
C®,, CDy — crnaxkuBaromue GuibTpsl; M — uaBepTop; T— TpanchopmaTop;

CH — cTabunu3atop HanpsHKEeHUs

B takom BD npumensieTcst AONOTHUTEIbHOE PE0Opa30BaHUe HHBEPTOPOM M
yke Cc(HOPMHUPOBAHHOTO TOCTOSHHOTO HAMpPSHKEHUS B IMEpEeMEHHOe U, C Tropasnio
Oonpieii yactoroit f, Ha BEIXOZE MMITYyJIBCHOTO TpaHchopmaTopa 7. B kauecTse wH-
BepTopa M OOBIYHO WCTIOJB3YeTCS HMMIYJIbCHBIN Mpeodpa3oBaTesb C MIMPOTHO-
umnyiascHou Moayisinuen (IIIMM) u ctabunu3zarueit BeixoqHoro Hanpspkenus [ 10].
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Hekoropoe ycnoxunenne ctpyktypsl UB3D (puc. 2.2) no3BossieT CyIeCTBEHHO
YMEHBUIUTH €ro Maccy 1 radbaputhl. Kak u B mpeapIayIIeM ciy4yae, B COCTaBE TAKOTO
HMCTOYHUKA MOKET OTCYTCTBOBATH YACTh Y3JIOB.

Paccmotpennsiit UBD umeer cnenyronine HEAOCTATKU: CPABHUTEIBHO HU3KUM
KIIJ] u3-3a yBenuueHuss MOTEph MPU MHOTOKPATHOM MPeoOpa3oBaHUU 3JIEKTpUYE-
CKOM 3HEPIuH; CI0)KHOCTb CXEMbI; BBICOKAsl CTOMMOCTb, OOYCJIOBIIEHHAsI MPUMEHe-
HUEM B IpeoOpa3oBaTesie BHICOKOBOJIBTHBIX TPAH3UCTOPOB; HAJIMYUE BHICOKOYACTOT-
HBIX IIIYMOB U IIOMEX.

HecMmoTtpst Ha otmeuenHble HepocTtaTku MUBD ¢ uMnynbCcHBIM npeoOpa3oBaHu-
€M HaxoJsT Bce OoJiblliee MPUMEHEHHE B Pa3jIMYHbIX YCTPOMCTBAX MPOMBINIIIEHHON
ANIEKTPOHUKH M3-3a CYIIECTBEHHOTO BBIMIPHIIIA B rabapuTax U mMacce.

B paccmotpennbix ctpyktypax UBD nHanuuue BbIpsiMUTENS siBAsieTCs 00s3a-
TeabHbIM. ClIeIOBATENBHO, BBIIPSMUTEND SBISETCS OCHOBHBIM 3BeHOM MBJ, xoTO-
phIii 0OecrieunBaeT OAHOHANPABIEHHOE MPOTEKaHUE TOKA B Harpys3Ke.

2.3 [lolynnpOBOAHUKOBBIE BHINPSIMUTE/IN

BrinpsimuTenem Ha3bIBaeTCsl yCTPOMCTBO, MPeoOpa3yroliee YHEPTUIO TIEPEMEH-
HOT'O TOKa B SHEPTUIO TTOCTOSTHHOTO TOKA.

CxeMblI BBITIPSIMUTENIEH CTPOSTCS B OOJBITUHCTBE CIIy4aeB Ha MOJIYNPOBOJIHU-
KOBBIX JHOJIaX M THUpPUCTOpax (TpaH3uctopax). s ympoluieHus aHaiusza pabOThI
CXeM BBINpAMUTENEH OyZeM paccMaTpuUBaTh UX COBMECTHO C TpaHC(HOPMATOPOM CO
CJIEIYIOIIUMU JOMYIICHUSIMU :

1) AMOaBI WM TUPUCTOPHI UCANbHBIC, UX CONMPOTUBICHUE B MPSIMOM HAaIpaB-
JIeHUH (B OTKPBITOM COCTOSTHUU JUIsl THPUCTOPOB) PaBHO HYJIIO, B 00paTHOM — OECKo-
HEYHOCTH;

2) TpanchopMaTop UaCATbHBIN, AKTUBHOE COMPOTUBIIEHHE €T0 0OMOTOK PaBHO
HYJIIO U OTCYTCTBYIOT IIOTOKU PACCESTHUS;

3) Harpy3Ka BBIIPSAMUTENS YUCTO AKTUBHAS.

OCHOBHBIMH TTOKa3aTEISIMHU PAOOTHI BBHITIPSIMUTEIICH SBISIOTCS:

— CpeZHEe 3HAYECHHUE BBIIPSMIICHHOIO HANpsKEHHU Ha Harpyske U, o,

— CpeZiHEe 3HAYECHHUE BBIIPSMIICHHOTO TOKA B HATPY3KE |y op;

— CpeZiHee 3HaYECHHUE NMPSAMOrO TOKa 4epe3 Auo (TUPUCTOP) lip cps

— MakcHUMaJlbHO€ O0paTHOE HAIpsUKEHUE Ha 3aKphITOM AuO0AE (THUPUCTOPE)
Uo6p.max;

— Kod(hpUIMEHT mynbcarii HanpsHKeHUS Ha Harpy3ke P,

— JEHCTBYIOIIIee 3HaYCHNE TOKa BTOPUIHOM 0OMOTKH TpaHchopmaTopa ly;

— pacdeTHas (TUTIOBAs1) MOIITHOCTH TpaHcopmaropa S;.
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Koaddummentom mynbpcanuii P Ha3pIBaeTCs OTHOIIEHUE AMIUIUTYAbl OCHOBHOM
(mepBoii) TApMOHUKH K CPETHEMY 3HAUEHUIO HAIIPSKEHUS HA Harpy3Ke:
p= U OCHM /UH.Cp' (21)
[IynbCHOCTBIO BBIIPAMUTENS M HA3BIBAETCS OTHOIIEHWE YaCTOTHI OCHOBHOM
TapMOHHUKH BBINPSAMIIEHHOTO HAIIPSKEHUS K YACTOTE CETH:
m = f oo /f1. (2.2)
Pacuetnas (TumoBasi) MOITHOCTH TpaHcpopmaTopa P, ompeaensieTcsi Kak Io-
JycyMMa MOIIHOCTEN ero NepBUYHON U BTOPUYHONU OOMOTOK:
PT= (Pl + Pz) /2.
Brei6op a1010B (TUPUCTOPOB) ISl BBIIPSIMUTEIBHBIX YCTPONCTB MPOU3BOAST
TaK, 4TOObI KX OCHOBHBIE MPEEIbHBIE IKCIUTyaTallMOHHBIE TapaMeTPhl COOTBETCTBO-
BaJM OCHOBHBIM MOKAa3aTeIsIM pabOThI BBIIPSIMUTENBHOIO ycTpoiicTBa. OCHOBHBIMU
IPEACIbHBIMU JKCIUTyaTalMOHHBIMU IapaMETPaMM, XapaKTEPU3YIOIIUMH MpPEIEib-
HBIN AJEKTPUUECKUIN peKUM paboThl 11oAa (TUPUCTOPA), ABISIOTCS:
— MaKCHUMaJIbHO JIoITycTUMOe oOpaTHoe HanpskeHne Uy non;
— MAaKCHUMAJIbHO JIOITyCTUMBIA CPEAHUI MPAMOM TOK lpp qon.
Jlnoapl (TUPUCTOPHI) BRIIPSIMUTENICH BEIOMPAIOTCS TaKUM 00pa3oM, 4TOOBI BbI-
HOJIHSUIMCh YCIIOBHSL:
Uo6p.zlor1 > U06p max » Ir[p.z[on > Inp.cpy
BeinpssmuTenu noapasaenstoTcs Ha IBa Kiacca: HEYNPaBIsIEMbIE W YIIpPaBIIse-
Mble. HeynpasisieMble BBIPSMUTENH BBIIOJHIIOTCS HA AUOIAX, U Y HUX OTCYTCTBYET
BO3MOKHOCTb PEryJIMPOBAaHMS BBIIPSMIICHHOTO HANPSHKEHUS. YIIPaBIIsEMbIE BBINPSI-
MUTEJH BBIMOJHIIOTCS Ha TUPUCTOPAX WM TPAH3UCTOPaX U 00€CIeUnBaIOT peryiu-
pPOBaHUE BBIMPSAMICHHOTO HampspreHus [12].

2.3.1 HeynpagjisieMbie BbINIPSMUTEJIA

2.3.1.1 OnrodazHpli OAHOTIONYTIEPHUOIHBIA BBITPSIMHUTETH

Cxema o0mHO(A3HOTO OJHOMOJYINEPHOJHOTO BBIMPSIMUTENST C AKTHBHOU
Harpy3Koil ¥ TpaHcGpopMaTopoM MpuBeneHa Ha puc. 2.3. a. BeimpsaMurenab cocTOUT
u3 oxHoro auona VD, uepe3 KOTOphIil BTOpudHas oOMOTKa Tpancopmaropa T moa-
KIII0UeHa K Harpy3odHoMy pesuctopy R,. IlepBuunas oOMoTka Tpancdopmaropa T
MOJIKJTFOYEHA K TUTAIOMICH CEeTH ¢ HaMpsHKEHUEM Uj.

PaGoty BeImpsiMuTeneil ynoOHO paccMaTpuBaTh C MOMOIIBI0 BPEMEHHBIX JTHa-
rpamMm. Ha puc. 2.3. 6 mpuBeneHbl BpeMEHHbIC THarpaMMBbl, TOSICHSIONTNE PadoTy OJ1-
HOIIOJIYTICPHOTHOTO BEIMpsIMUTENsl. B Tedenue mepBoro momyrnepuona (ot 0 g0 =)
HaMpsHKeHUS Uy BEPXHUN BBIBOJ BTOPUYHON 00MOTKH TpaHchopmaTopa T umeet 6o-
Jiee BBICOKHI TIOTEHIIMAJ, YeM HIDKHHH (TTOJISIPHOCTH HANpsKEHUs Uy yKa3aHa Ha PUC.
2.3.a 6e3 ckob6ok). [Ipu sToM HampspkeHue U, mpuiokeHo k auony VD B mpsamom
HarpasieHuu, 110 VD OTKPBIT U B 1IENU MO ACHCTBUEM HAIPSKEHUS Uy IPOTEKAECT
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TOK I = 5. Tak kak quon VD wuzeanieH, TO MPOTEKAIOMINI Yepe3 Hero TOK I, He co3/a-
€T Ha HEM MaJeHUsS HAIpPsDKCHUS M BCE HampshKeHHWE U, B STOT MOJyNepHoj Oyner
MPWIOKEHO K Harpyske Ry, T. e. Uy = Up. Tak Kak Harpy3ka MMeeT aKTUBHBIA Xapak-
TEep, TO POpMa TOKA HATPY3KH Iy, MOBTOPSIET GopMy HarpspKeHus Uy (puc. 2.3. 6).

B Teuenue BTOpOro monynepuona (0T m A0 27 ) HANPSOHKCHUS Uy HUKHUN BBI-
BOJ BTOPUYHOM 00MOTKH TpaHc(popmaTopa T umeeT O60see BEICOKUHN MOTEHIUAN, YeEM
BEpXHMI (IOJISIPHOCTH HAMpsKEHUs Uy yka3zaHa Ha puc. 2.3, a B ckoOkax). B saTtom
cilydae HamnpspbkeHue Up mpuitoxkeHo K nuoay VD B oOpaTtHom Hanpasienuu, quon VD
3aKpBIT ¥ TOK B LIeTK He mpoTekaeT. Tak kak auon VD mpeaneH, To Bce HaMpsOKEHUE
Uz OyZIeT MPUII0KEHO K 3aKPBITOMY JUOMY, T.€. Uyp = Us.
I e

R

)

L=

Yo
Uy

)
[
i
I 1 \/
| | | |
| | | |
| | | |
L | | |
LI | | | |
_ | iziva | | oyl |
- ﬂy | famm\ ||
Vil AT, bt
| | | |
! ! | ot
-\
Lam
Yo

Puc. 2.3. Cxema (a) u BpeMeHHbIE AuarpaMmsbl (0) TOKOB U HaMPsHKEHUH
0/1HO(hAa3HOTO OJJHOTIOTYTIEPUOTHOTO BBHITPSIMUTEIIS

N3 Bpemennbix nuarpamm (puc. 2.3. 6) BUIHO, YTO HAIPSHKCHUE HAa HArpy3Ke Uy
MMEET OJIHY MOJIIPHOCTD U MYJIbCUPYIOIIHI XapakTep.

PaccMoTprM OCHOBHBIE TIOKa3atenu pabOThl OJHO(GA3HOTO OHOMOIYIIEPHOI-
HOT'O BBITIPSIMUTES.

1) Cpennee 3HaueHNEe HAIPSIKEHUS HA HATPy3Ke:

17 . J2u m) V2u
Uncp=5- jﬁuzsmoot dot = —2( cosoot|0j N2 0,45U 7.
21 0 21 T
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AMIUIATY/a BEIIPAMIICHHOTO HAIPSDKEHUS
Up.max =U2m = Uy cp
2) CpenHee 3HaUYE€HUE TOKA B HArpy3Ke:
H H
3) Tak kak Bech TOK Harpy3ku npotekaer uepes auona VD, To cpegnee 3Haye-
HUE TIpsIMOoro Toka uepe3 auoj VD onpenensieTcss BbIpaKeHUEM

Inp.cp = IH.Cp'

4) MakcumanbHOE 00paTHOE HANpPSKEHUE, MPUII0KEHHOE K 3aKPBITOMY JHO.Y,
PaBHO aMIUIUTY/IE HANPSHKEHUS BTOPUUYHOUW 0OMOTKH TpaHchopmaTopa U, (puc. 2.3.
0):

Uo6p max — \/EUZ

5) Koadduruent nynawscanuit p = n/2 ~ 1,57

6) [lynbcHOCTh BhIIpsiMUTENS (2.2) onpezensieTcs Takxke u3 pana Oypbe wiu
0 BpPEMEHHbIM Jauarpammam (puc. 2.3.6) u paBHa M=1, TO ecTh, HaNpsHKEHUE Ha
Harpy3Ke COBEpIIaeT OJUH MYJbC 3a MEPUOJ BXOJAHOTO HAMPSKEHUS.

7) HeiicTBytomee 3HaueHue Toka |, BTOpuuHON O0OMOTKHM TpaHchopmaropa T
omnpezensercs no Gopmyre:

1 n 2
o= |— S|n tdot = sin “otdot =
O
2,2
T IHcp T

8) JleiicTByromiee 3HaueHue Toka | mepBu4HOM 0OMOTKM TpaHchopmaropa T
ompenensercs mo hopmyre:

T
e ijilzdmtz 2j(|2msmmt-|Hcp) dot =
271:0 2nn 0

LT
n\ 2 H.CP q  HCp

rae N — ko3 durmeHt Tpancopmaiuu TpaHchopmaropa.
9) PacueTHast MOIIIHOCTH MIEPBUYHON OOMOTKH TpaHchoOpMaTopa paBHA:

P =U;l;=n Uzl—r2]1I %;?121I p=2.69P, .
PacueTHast MOIIIHOCTH BTOPUYHOM OOMOTKH paBHa:
UH.cp
P2:U2I2=O451,57I p=349P, -

Pacuernas (TunoBasi) MOITHOCTh TpaHC(hOpMaTOpa paBHa:
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Py = (P1+ P2) /2 =(2,69 + 3,49)P,, o, /2 = 3,09Py, .

OCHOBHBIM NPEUMYUIECTBOM OJHOIOIYIIEPUOJIHOTIO BBIIPSAMUTENS SBISETCS
ero npoctoTa. K HemoctaTkam cieayeT OTHECTH: OOJbIIoN Kod(phUIIMEHT myJbca-
Ui, MaJIble 3HAYCHUS BBITPSIMIICHHBIX HaNpsOKEHUs U Toka. Kpome Toro, Tok ip BTO-
pUYHON O0OMOTKHM TpaHc(opmaTopa T UMEET MOCTOSHHYIO COCTaBJISAIONIYIO, KOTOpPas
BBI3bIBAET MOJMAarHMYMBaHUE CEpACHYHHMKA TpaHC(hOpMaTopa, YTO CHUKAET MHIYK-
TUBHOCTbH €ro 0OMOTOK. DTO MPUBOJUT K POCTY TOKA XOJOCTOIO X0Jia TpaHcpopMma-
TOpa, U, CIEA0BATENbHO, K CHYKEeHUIO KII/[ Bcero BeIpsAMUTENS.

OpnHonoNynepruoIHbIE BHIIPSIMUTEIN MPUMEHSIOTCS OOBIYHO ISl TUTAHUS BbI-
COKOOMHBIX Harpy304HbIX YCTPOWCTB, JOMYCKAIOUIMX IOBBIIIEHHYIO MYJIbCALHIO
HanpspkeHus [11].

2.3.1.2 OanHoda3zHblil Hy1€BOM BHIIPSIMUTEIH

Jlpyroe ero Ha3BaHUE — BBIMPSIMUTENb C BBIBOJIOM CPEIHEH WIIM HYJIEBOM TOY-
KU BTOPUYHOU 00MOTKH TpaHchopmaTopa. CxeMa o1HO(Aa3HOTO HYJIEBOT'O BHITIPSIMU-
TeJsl TpuBeaeHa Ha puc. 2.4.a. JIaHHBIA BBIIPSIMUTENb SIBIASETCS JIBYXITOIYIIEPUO/T-
HBIM M €r0 MOYKHO pacCMaTpuBaTh KaK COUYETAHHUE JBYX OJIHOIOIYIEPUOHBIX BbI-
npsimutenei Ha auogax VD1 u VD2, paGoraromux Ha OAUMH U TOT K€ HArpy304YHbBIN
pesuctop R,. Bropuunas o6MoTka Tpanchopmaropa T uMeeT BBIBOJ CpPEeIHEN TOUKH
U COJICPXKUT JIBE CEKIUHU C OJMHAKOBBIMU HANPSLKEHUSIMH Uy’ 1 Uy”, paBHBIMH U,. Ka-
toabl 1uoaoB VD1 u VD2 coenuHeHBI BMECTEe U 00pa3yroT “IIIOC” BBIMPSIMUTENS, a
cpenHsis (HyJeBas) TOUKa BTOPUIHOM 0OMOTKU TpaHchopmaropa T — “munyc”. Ilep-
BUYHasi 0OMOTKa TpaHchopMaTtopa T MOJKIIOUEHA K MUTAONIEH CETH C HANPSKeHH-
eM Uj.

Ha puc. 2.4.6 npuBeneHsl BpEMEHHBIC JUArPAMMBI, MOSCHSIONMUE PaboTy O/1-
HO(A3HOTO HYJIEBOT'O BBIIPSIMUTEJIS.

B Teuenue nepBoro nonynepuoaa (ot 0 1o =) HanpsiKeHUs: U, BEpXHUE BBIBO-
Tl CEKIIMU BTOPUYHBIX 0OMOTOK TpaHchopmaTopa T MMEIOT 0osiee BRICOKUN MOTCH-
1Maji, 4eM HIDKHHE (TIONSPHOCTh HampshKeHud Uy’ m Up” ykazaHa Ha puc. 2.4.a 6e3
ck000k). [Ipu sTom HampsikeHue Up" npunoxkeno k auony VD1 B mpssmom Hampasiie-
HuM, nuoa VD1 OTKpBIT U MOJ JeUCTBUEM HampsibKeHUs Uy’ B BEpXHEM KOHTYpPE CXe-
MBI TIPOTEKACT TOK I; = lyp;. OTHOBPEMEHHO HampspKeHHe Up” MPUIIOKEHO K JTHOIY
VD2 B 00paTHOM HampsHKCHUHM W OH 3aKPBIT. YUUThIBas To, 4to Auoasl VD1 u VD2
ujaeanpHble, nporekarommii yepe3d nuox VD1 Tok Iy HE co3maer Ha HEM TaJICHUS
HaMpsDKeHUS U BCE HampspKeHue Up,' B TEPBBIA TOMYNEPHOJ] OYAET MPHIIOKEHO K

Harpyske, T. €. Uy = Uy'.
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2lizm

Puc. 2.4. Cxema (a) u BpeMeHHbIE TuarpaMMmsbl (0) TOKOB
Y HaNPsOKCHUH 0THO(GA3HOTO HYJIEBOTO BBITPSIMUTEIIS

B teuenune Broporo nomnynepuoga (0T m A0 2w ) HaNpsKEHUS U, HUKHUE BbI-
BOJBI CEKIIMH BTOPUYHBIX OOMOTOK TpaHchopmaropa T UMEIOT 0oJiee BHICOKHUMA T10-
TEHIIMaJ, YeM BepxHHUE (MOJSAPHOCTHh HampsiKeHu Up" u Up"” yka3zaHa Ha puc. 2.4.a B
ckoOkax). B atom ciydae HampspbkeHuwe Up” mpuiokeHo k auony VD2 B mpsmom
HaIlpaBJIEHUH, OH OTKPBIT, a HaINpsDKeHHe Uy’ mpuioxkeHo Kk auoay VD1 B obpatHOM
HaIpPaBJICHUH U OH 3aKPBHIT.

B HIKHEM KOHTYpE CXEMBI MOJT ICUCTBUEM HampsDKSHHsSI Up” TIPOTEKAeT TOK Iy
= lypp, a Tak Kak auoa VD2 uaeaneH, TO Bce HaNpsHKEHHE Uy” BO BTOPOM MOJTYIIEPHOT
OyJeT MPHUIIOKEHO K Harpyske, T. €. U, = U,”. ClieqoBaTelIbHO, TOK I, B Harpyske Ry
MPOTEKAeT B TEYCHHE 0OOMX MOTYIMEePHUOIOB, a ero (opma moBTOpsieT popmy Hampsi-
XKEHUA Uy, T. K. HArpy3Ka HOCUT aKTUBHBIN XapakTep.

N3 Bpemennbix auarpamm (puc. 2.4.6) BUIHO, YTO HANPSDKEHUE HA HArpys3ke Uy
MMEET OJIHY MOJSIPHOCTD U MYJIBCUPYIOIINNA XapaKTep.

PaccMoTprM ocHOBHBIE mOKa3aTeian padoThl 0OJHO(DA3ZHOTO HYJIEBOTO BBHITIPS-
MUTEJIS.

1) CpennHee 3HaueHNe HAIPSIKEHUS HA HATPYy3Ke:
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I
Ugep= % [V2Upsinotdot = V20, ~0,9U>

cosot |
0
0 T (

AMHJII/ITYI[EI HaHpH)KeHI/ISI Ha BCHTUJIC
Up.max =2U2m =2v2U = Uy ¢p

JlelicTByroliee 3Ha4eHUE BTOPUYHOTO HAIIPSYKEHUS

1
Uz = @UH.cp =111Ug cp.

)2

2) CpenHee 3HaYEHUE TOKA B HArpy3Ke:

I B Un.cp 097
H.CD Ry Ry

3) Tak kak uepe3 AUOJ MPOTEKAET MOJIOBUHA TOKA HArpy3kH ly o, TO cpegHee
3HAQYEHUE NPAMOTO TOKA 4Yepe3 KaK[bld JUOJ ONPENENsIeTCsl BBIPAXKECHUEM: lppe, =
licp /2.

4) K 3akpbITOMY 1MOAY B HEMIPOBOSIINIA MOTYNEPHO] OYAET MPUIOKEHO YABO-
€HHOE 3HAYCHUE HAIpPSKEHHs U, CEKIIMM BTOPUYHOW OOMOTKH TpaHchopmaropa, Imo-

ATOMY MaKCHUMaJIbHOE 00paTHOE HaNpsHKEHHE, IPHIIOKEHHOE K 3allepToOMy JTHOAY, OY-
IeT paBHO Y/IBOCHHOM amiumuTy e HanpsokeHus U; (puc. 2.3.0): Ugsp max = 2-/2U 2.

5) Koadduiment nymiascarnmii (2.1) Uy oaHO0()A3HOrO HYJIEBOIO BBIIPIMHTENSN
paBeH p = 2/3 ~0,67.

6) IlynscHOCTH BeIIpsMUTENS (2.2) onpenenseTcs u3 psga Oypbe Win 1o Bpe-
MEHHBIM Auarpammam (puc. 2.4. 6) u paBHa M=2. To ecTh, HANpsHKEHUE HA Harpy3Ke
COBEPIIAET JBa MyJIbCa 3a MEePUOJI BXOJAHOT'O HAMPSXKEHUS.

7) JleiicTBytomee 3HaueHue Toka |, BropuuHOi 0OMOTKHM TpaHcdopmaTopa T
ompenensercs mo popmyre:

s
PE ij Igmsin 2ptdot = f— Cpsmzootd(ot =
2750

212
H.CD

16
8) MeiictByromiee 3HaueHHe TokKa |; mepBHYHONM OOMOTKHM TpaHChopMaTopa

uy ~0,7851
~ 4 HCD H.CD"

ompenenseTcs mo Gopmyle:

1 = lim _ lom  ®eep 111I |
J2 n2 22 P

rae N — ko3 durmeHt Tpanchopmanuu Tpchq)opMaTopa.

9) PacueTHast MOIIIHOCTH MIEPBUYHON OOMOTKH TpaHCchOpMaTOopa paBHA:
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111
I:?I.:UlllanJZTIH.cp 0.9

PacueTHas MOIIHOCTh BTOPUYHON OOMOTKHU paBHA:

U
= 9111, ., =1,23P

H.CD"

2U
Py=2U,l, = O_Hécpo,785 ey *L74P, 0

Pacuertnas (TunoBasi) MOIITHOCTh TpaHChOpMaTOpa paBHa:
Pp=(P1+P2)/2=(1,23 +1,74)P, /2 = 1,48Py; .

JIOCTOMHCTBOM JJaHHOTO BBIMPSIMUTENIS SIBJsICTCSI HEOOJbIOEe (1Ba) JJIsl IBYX-
MOJIYTIEPUOHOTO BBHITIPSIMUTEIISI KOJTMYECTBO JUOJO0B. AHAJIN3 MOTYy4YEHHBIX COOTHO-
IIEHUH MOKAa3bIBAET, YTO MPU OJMHAKOBBIX 3HAYEHHUSX MTapaMeTpoB TpaHcpopmaTopa
T u Harpy3ku Ry onHO(da3HbIN HYJIEBOW BBIMPSIMUTEND [0 CPABHEHHUIO C OJIHOIONY-
IEpUOJHBIM UMEET B [Ba pa3a Oonibluue cpeanue 3HaueHus U, o, 1 |y ¢, @ K03 punu-
€HT IyJIbCalluu 3HayuTeNnbHO MeHbIe. OnHAaKO Ugsp max, TPUIIOKEHHOE K IHOJAM,
UMeeT B JIBa paza Oombliee 3HaueHune. Hemocrarkamu Takke SBISIFOTCST OOJBIIINE Ta-
OapuThl, Macca ¥ CTOMMOCTh TpaHc(opMaTopa, MOCKOJIbKY BTOpUYHAsT OOMOTKA UMe-
eT JIBE CeKIIUU U TPeOyeTCs BBIBOJ CpeHEH TOYKU 0OMOTKH [12].

2.3.1.3 OnrodazHplii MOCTOBOH BBITIPSIMUTEIb

Cxema o1HO(a3HOTO MOCTOBOTO BBINPSIMUTENSI IpUBEAeHa Ha puc. 2.5.a. BoI-
OPSIMUTEIb TAKXKE SBISETCS BYXIIOIYNEPUOIHBIM U COAEPKUT ueThipe auona VD1-
VD4, BxiroyeHHbIE IO MOCTOBOM cxeme. K oHON guaroHann mocTa MOAKIOYEHA
Harpy3ka Ry, a K Ipyroii — BTopu4Has oOMoTKa TpanchopmaTtopa T ¢ Hanps>KeHUEM
Uy. duonel VD1 m VD3, y KOTOpBIX 00BEAMHEHBI KaTOIbI, OOpa3ylOT KaTOIHYIO
rpynny u “rmoc” BempsaMurens. JBa apyrux muoxa VD2 u VD4, y KoTopbIX 00b-
€IMHEHBbI aHObI, O0PA3yIOT aHOAHYIO TPYNIY M “MHUHYC” BBIIPAMUTENA. B Kaxmoi
U3 TPYII B 000 MOMEHT BPEMEHHU OTKPBIT TOJIBKO OJUH JTUOJ.

Jlnist yripoiieHus aHaiusa paboThl CXEM BBIIPSIMUTENIEH, UMEIOIUX aHOIHYIO H
(Wnn) KaTOAHYIO TPYMIBI COETMHEHUI TUO0B, MOXHO CPOPMYIUPOBATH CIEIYIONTUE
npaBwia. B nm060if MOMEHT BpeMEHU B KaTOIHOW TPYIIE OTKPBIT U0 ¢ HauOOJIb-
[IUM MOTEHIIMAJIOM aHO/1a, @ B @aHOJHOM IPYIINE OTKPBIT IUOJ C HAUMEHBIIUM MOTEH-
[IAAJIOM KaTo[a.
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Puc. 2.5. Cxema (a) u BpeMeHHbIe 1uarpaMMmsbl (0) TOKOB
Y HaNPsOKCHUH 0THO(A3HOTO MOCTOBOTO BBIITPSIMUTEIIS

Ha puc. 2.5.6 npuBeaeHbl BpeMEHHbIE TUarpaMMbl, MOACHSIONINE paboTy 0]I-
HO(a3HOTO MOCTOBOTO BBIMPSAMHTENSI. B TeueHue nepsoro noaymnepuonaa (ot 0 10 =)
HaIpsDKEHUs U, BEPXHHUM BBIBOJ BTOPUYHON 0OMOTKHM TpaHcopmaropa T umeet 60-
Jiee BBICOKHMI MOTEHIMAJ, YeM HIKHUM (TMOJSPHOCTh HAmpsiKeHUs U, yka3aHa Ha
puc. 2.5. a 6e3 cko6ok). [Ipu 3ToM B KatoHOM rpymime oTkpsIT quoa VD1, nmeronuii
OoJiee BBICOKHMM MOTEHIMAN aHOJa, a B aHOJHOM Trpynme OTKpeIT auoja VD4, umero-
it 6onee HU3KKK moTeHnan karoga. K quomam VD2 u VD3 nanpsikeHnue U, TpH-
JI0’)KEHO B OOpPAaTHOM HAIpaBJICHUH U OHU 3aKPBITHL. TOK B 3TOT MOJYNEPUO MPOTE-
KaeT Mo Ienu: “TuTFoc” BTOpUYHON 00MOTKH Tpancdopmaropa T, nuon VD1, narpy-
304HBINA pe3uctop Ry, muoxg VD4 u “munyc” BropruHON 0OMOTKH TpaHcdopmaTopa
T. YuutsiBas TO, 4TO AMOJBI HICATEHBIC, BCE HAMPSHKEHUE Uy B ATOT MOMTYyIIepruoa Oy-
JIeT MPUJIOKEHO K Harpy3Ke, T. €. Uy = Uy.

B Teuenue BToporo nomynepuonaa (0T m 10 27 ) HaOpsKEHUs U, HUKHUM BbI-
BOJI BTOpUYHOUM 00MOTKH TpaHchopmaTopa T umeeT OoJiee BRICOKUHN MOTEHITUAM, YeM
BEpXHUH (MOJSAPHOCTh HAMpsiKEHUs Uy yKazaHa Ha puc. 2.5. a B ckoOkax). [Ipu stom
B KaTOJHOM rpymiie oTKpsIT auoa VD3, nMeromuii 6osiee BHICOKUI MOTSHITHA aHO 1A,
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a B aHOJHOM rpymnme OTKpbIT nuoa VD2, nMeromuii 601ee HU3KUN NOTEHLIKA KaTo-
na. K nuogam VD1 u VD4 nanpsikenue U, MPUIOKEHO B OOpaTHOM HAIMpaBlICHUU U
OHHM 3aKpbITHL. TOK B 3TOT MOJIYNEPUOA MPOTEKAET MO LEeNH: “TUII0C” BTOPUYHOU 00-
MOTKHU TpaHchopmaropa T, nuoa VD3, narpy3ounsiii pesuctop Ry, nuoa VD2 u “mu-
HyC” BTOpUYHON 00MOTKM TpaHchopmatopa T. [Ipu sTom Bc€ HanpsikeHue Uy B 3TOT
noJiynepuoj; OyJaeT NpuIoKeHO K Harpy3ke B TOW e MOJIIPHOCTH, YTO U B MEPBbIN
MoJIynepuof, T. €. Uy = Uy. B pe3ynbpraTe TOK B Harpyske R, uMeeT OAHO U TO ke
HarfpaBJICHUE B TeUCHHE Bcero nepuoaa. ®opma Toka B Harpyske I, moBTopsier Gop-
MY HamnpsiKeHus Uy, T. K. HArpy3Ka HOCUT aKTHUBHBIM XapakTep.

PaccMoTprM OCHOBHBIE MOKa3aTead paboThl 0AHO()AZHOTO MOCTOBOTO BBIIPS-
MUTEIS.

1) Cpennee 3HaueHME HAPSIKEHUS HA HATPy3Ke:

T
UH.Cp = l [\/§U osinot dot = @( coscot@ = & ~0,9U».
T T T
2) CpenHee 3HaYEHUE TOKA B HArpy3Ke:

I B Un.cp 097
H.CD Ry Ry

3) Tak kak 4yepe3 QHOJ IMPOTEKAET MOJOBHHA TOKAa HArpysku ly ., TO cpenHee

3HaYEHHE MPAMOro TOKA 4Yepe3 KayKAbIH JUOJ ONpEeAEsIeTCs BBIPAXKEHUEM: lypop
IH.Cp /2l

4) K 3aKkpbIThIM IHOJaM B HEMPOBOAIINUN MOTYNEpUOa OYIET MPUIOKEHO BCE
HanpsDKeHue Uy, MO3TOMY MaKCHUMallbHOE OOpaTHOE HalpsyKeHUe, MPUIIOKEHHOE K

3aKpBITOMY AHOAY, OyneT paBHO (puc. 2.4.0): Uqsp max = \/EUZ.

5) Koaddurment mynbcaruii (2.1) U, 01HO(DAa3HOIO MOCTOBOIO BBIIPSIMHTEIS
paBeH p = 2/3 ~0,67.

6) IlynscHOCTH BeIIpsAMUTENS (2.2) onpenensercs u3 psga Oypbe Win 1o Bpe-
MEHHBIM quarpamMmam (puc. 2.5. 6) u paBHa M = 2. To ecTh, HANPsHKCHUE HA HArpy3-
K€ COBEpIIIACT J[BA MyJIbCa 3a TIEPHOJ] BXOHOTO HATIPSIKCHMUS.

7) JeiictByromiee 3HaueHue Toka l, BTopuyHOi 0OMOTKM TpaHchopmaropa T
ompenensercs mo Gopmyre:

2

T
I = 1 Ilemsin 2ptdot = lj— Ig_cpsin 2ptdot =
T T 04

O —3

2,2
_EEep ™oy 19
3 o2 Hep ¥ itHep

8) JleiicTByromee 3HaueHWe Toka |; mepBuuHON 0OMOTKHM TpaHchopmaTopa
omnpezaensiercs mo Gopmyre:
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I = lim _ lom _ ™uep 11
V2 nJ2 n2J2  n PP

rae N — ko dunuent Tpanchopmaiu TpaHchopmarTopa.

9) PacuetHast MOIITHOCTH IEPBUYHON OOMOTKHU TpaHC(OpMaTopa paBHa:

111 Usiep
e = g My =123Pcp.

PacueTHast MOIIHOCTH BTOPUYHON OOMOTKHM paBHa:

U
P, =U,l, = OH'SP 1111, ¢, ~1,23P

HCp®

PacuetHas (TumnoBast) MOIITHOCTH TpaHChOpMATOpa paBHa:
Prp=(P1+P2)/2=(1,23 + 1,23)P;;p /2 = 1,23Py; .
[To cpaBHEeHUIO ¢ 0JHO(DA3HBIM HYJIEBBIM BBITPSIMUTENIEM MOCTOBOM BBINIPSMHU-
Tedb NpU OJWHAKOBBIX 3HaueHusix U, u R, uMeer creayrolue mpeuMyIecTBa:
HarpskeHne Uggpmax B J1BA pa3za MEHbIIE, OTCYTCTBYET BBIBOJ| CPEIHEH TOYKH BTO-
pudyHOW OOMOTKHM TpaHc(opmaropa, MeHbIe TabapuThl U Macca TpaHchopmaropa.
HenocraTkom siBiisseTcst BABOE OOJIbIIIEE YMCIIO AUOA0B Beimpsmuterts [11].

2.3.1.4 TpéxdazHblii HyJIEBOU BHITIPIMUTETb
Cxema Tpex(a3zHOro HyJ€BOIO BRIIPSIMUTES IPUBEIEHA Ha puc. 2.6.a.

Uzg Uy Usp Ure

e
X

Ui Uy VD1 l_’!H’ Uy Iy UH,C]J
> I a—— — Uy la P G Al
A N N
B, e VD2 Jﬂw 72 D3 /D3 Lot

. i
Z'[H RH é [H IVDI : (Qf
_ —1
U,
T Uppy
a 4]

Puc. 2.6. Cxema (@) 1 BpeMeHHBIE TUarpamMMmsl (6) TOKOB

U HaIpsHKEHU Tpex(a3zHoro 0 HyJIEBOTO BBIMPSIMUTES
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Beimmpsimutens coctouT u3 Tpex AuonoB VD1-VD3, BKiIOYEHHBIX B KaXAyrO
a3y BropuuHOIl 0OMOTKHM Tpex(da3zHoro TpanchopmaTopa T ¢ pa3HbIM HANPSIKEHU-
eM Uyp. Katogsr nuonos VD1-VD3 u onuH U3 BBIBOJOB HArPy30YHOIO PE3UCTOPA
Ry o0bearHEeHBl U 00pa3yroT IUIIOC BhIIpsMuUTENs. HelTpaibHas Touka BTOPUYHOM
oOMoTKHu TpaHcpopmaTopa T, COSTMHEHHOM 3BE3/10H, MOJIKIIOYEHA K JPYTrOMY BBIBO-
Iy Harpy3o4Horo pesuctopa Ry m oOpaszyer munyc Boinpsmutens. IlepBuunas o6-
MOTKa TpaHchopmaTopa T coeuHEHa B 3B€3/ly U MOJKIIOUEHA K TpeX(da3HOW CETH ¢
(azubIM HanpspkeHueM Uy,

Ha puc. 2.6.6 npuBelneHbl BpeMEHHbIE AMArpaMMbl, MOSACHSIONINE padoTy
Tpex(dazHoro HynaeBOro BhinpsaMuTens. [I0CKOIbKY KaTOAbl AMOJO0B 00BEAUHEHDI, TO
B JIIOOOW MOMEHT BpeMeHU B cxeme (pHuc. 2.6. a) OTKPHIT TOT AUOJ, Y KOTOPOTO MO-
TEeHIMan aHoja Beimie. Tak, B uHTEepBane BpeMeHu t; — {; MakcuManbHOE 3HAYEHHE
UMeEEeT HaIpspDKeHHUE Upy; BO BTOPUUHON 00MOTKe (ha3bl A, cieoBaTebHO, MOTCHITHAI
anona quona VD1 Beiie, ueM y octanbHbiX, U quoa VD1 otkpeit. Tak xak nuoxa uae-
aJieH, TO BCE HampspKeHue Uz, B 3TOM MHTEpBasie MPHIIOKEHO K Harpyske R, (pwuc.
2.6.0). B untepBane BpeMeHnu 1, — t3 MakcuMaabHOE 3HAYCHUE UMEET HaIpsiKEHUE Uy,
B (paze B, cnegoBatens HO, OTKpbIT quon VD2 u k Harpyske Ry B 3TOM uHTEpBaie
IpUIIOKEHO BCE HalpsDKeHue Uy, B mHTepBane Bpemenu t; — 14 MakcumanbHOE 3Ha-
YeHHe MMeeT HampsbkeHue Uy B (daze C, cienmoBatenbHo, oTKphIT nuox VD3 u k
Harpy3ke R, B 3TOM uHTepBaje NPMIIOKEHO BCE HampshkeHHe Up.. B pesynbrare
HanpspkeHue U, Ha Harpyske Ry mpezactaBisier co0oil oruOarolyro moiaokKUTEIbHbBIX
TTOJTYBOJIH (pa3HBIX HANPSDKEHHUH Uy (pHC. 2.6.0).

JUINTENbHOCTh MHTEpPBaja MPOBOJUMOCTH KaXI0T0 JHOAA COCTAaBIISIET TPETHIO
yacTh nepuozaa wid 120°. Tak Kak Harpy3Ka HOCUT aKTHBHBINA Xapakrep, To (popma To-
Ka B HarpyskKe I, moBTopseT GopMy HanpspKeHus Uy, (puc. 2.6. 6).

PaccmoTpuM OCHOBHBIE MOKa3aTtenau padoThl TpeX(pa3HOTO HYJIEBOTO BHINpS-
MUTES.

1) Cpennee 3HaueHNE HAPSIKEHUSI HA HATPY3KeE:

T
+7
Un.cp = o /3 j \/_Uzq,coswtdcot—
_5
3\/— 2U5 3 | 3Jeu
20 i c0t| =—2‘bz1,17u2q).
2T . 21

3
2) CpenHee 3Ha4€HUE TOKA B HArpy3Ke:
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Unep L17U2¢

I -
H.CD Ry Ry

3) Tak kak 4epe3 OUOJ NMPOTEKAET TPEThs 4aCTh TOKA HArpy3ku lyq,, TO cpen-

Hee 3HaYEHHUE NMPSIMOro TOKA Yepe3 KKl U0 ONPEIEISIeTCS BBIPAKEHUEM:
lip.op = liep /3.

4) K 3aKkpbIThIM JHOJIaM B HEMPOBOJSIINI MOTYIEPUO] TPUIIOKECHO HAIpsIKe-
HUE Up,;, TOATOMY MAaKCHUMaJbHOE OOpAaTHOE HANpsHKEHHE, MPUIOKEHHOE K 3aKPhITOMY
oy, OyaeT paBHoO (puc. 2.5, 6):

Uo6p.max = J2u 2n = Jeu 2-

5) Kosdpounment nmynbcanuit (2.1) U, Tpex(pa3zHOro HYJICBOTO BBITPIMUTEIIS
paBeH p =1/4~0,25.

6) JeiictByromiee 3HaueHue Toka l, BropuyHoii oOMOTKM TpaHchopmaropa T
omnpenensiercs no Gopmyie:

+E +7T

n2 2
j 12 mcos otdot = |— j Hcpcos otdot =
_5 3

1 3
3[ [6 8ﬂ]IHCp~0578IHCp

6) IlynecHOCTH BeIIpsIMUTENS (2.2) onpenenseTcs u3 psga Oypbe Win 1o Bpe-
MEHHBIM Auarpammam (puc. 2.6.6) u paBua m = 3. To ecTh, HanpsDKEHUE HA Harpy3Ke
COBEPIIAET TPHU IMYJIbCa 3a NEPUOJ BXOJTHOT'O HANIPSIKEHUSI.

7) JleticTByromiee 3HaueHHe ToKa |y mepBHYHON OOMOTKH TpaHchopMmaTopa
ompenensercs mo hopmyre:

1 /3 2 2 /3 1 2
Iy = -, | (ngmcosoat) dot+2 | (élecosmtj dot+ | =

-n/3 -n/3
_lam \/ sin(2n/3) 039%6 0479,
n V27" 6n L

rae N — ko3 durment Tpanchopmanuu TpaHchopmaropa.
8) Pacué€THas MOIIHOCTH TIEPBUYHON OOMOTKH TpaHc(hopmaTopa paBHa:

0,479 Usicp

S ep =37 1704791, <1 23R,

Py =30yl =3nU,

PacuétHast MOIIIHOCTH BTOPUYHOM OOMOTKH paBHa:

P,=3U,,| —3UH'Cp0587| ~15P
2 Y202 — 117 ] Hep b

H.CD'
1
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Pacuétnas (TunoBasi) MOITHOCTh TpaHC(hOpMaTOpa paBHa:
Prp=(P1+P2) /2= (1,23 + 1,5)P;; ¢, /2 = 1,37Py¢p.

TpexdazHplii HyJI€BOH BBIIPSIMUTENb UCIOJIB3YETCS AJIi MUTAHUSI HArpy304HBIX
YCTPOMCTB cpeHed U OOMbIION MOUTHOCTU. JIOCTOMHCTBOM BBINPSIMUTEIS SIBIISIETCS J10-
CTaTOYHO BBICOKAasl HAJIEKHOCTb, UTO OMPENENAETCS MHUHUMAJILHBIM KOJIMYECTBOM JHO-
noB. K HemocraTkam ciieyeT OTHECTH MOoJAMarHuuMBaHUe ceplieuHrKa Tpanchopmaropa
MOCTOSIHHBIM TOKOM, 4TO MPUBOAUT K cHinkeHuto KI1/1 Bempsimurens [11,13].

2.3.1.5 TpéxdazHbiii MOCTOBOM BBITPSIMUTEND
Cxema Tpé€x(}a3zHOro MOCTOBOTO BBIITPSIMUTEINS MPUBE/IEHA Ha pUC. 2.7.a.

iVD] iH
—> —>
N\ VD1 /\ VD3 /\ VD5
A b
llbab
5 [
lUZbc
C Uy
NVD2 [NVD4 NVD6 | ¥
a)
Uz 255 Uy, 251

i C')tz (,')f4 i (,')tﬁ i / ot

[
i, Usop
Uy, NI AN GG

i Y Y Y YN N

Unqp Upe Uzea A

7y
\
i ! ) i3 e
SO G A, f?i”.ﬂﬁ il l{fﬂ i of
I

U1,
o1 ot

Uypy

0)
Puc. 2.7. Cxema (a) u BpeMeHHbIE TUarpaMMmsl (0) TOKOB
¥ HaNPSDKEHUH TpeX(a3HOTO MOCTOBOTO BHIMPSIMHUTEIS
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Beimmpsimutens coctout u3 mectu auogos VD1 — VD6, BKIIOYEHHBIX MO MO-
cToBoii cxeMe (cxema JlaproHoBa). Bxoa BeIIpsIMUTENS TOJKIIOUYEH K BBIBOJAM BTO-
pu4HOM 00MOTKM Tpex(dazHoro tpanchopmaropa T, coenMHEHHON B 3Be3fy, ¢ (as-
HbIM HamnpsbkeHueMm Uyg. duonsr VD1, VD3, VDS, y k0TOpEIX 00bEeJMHEHBI KaTOMBI,
0o0pa3yloT KaToAHylo rpynmny u mitoc Beinpsamurens. Juoasl VD2, VD4, VD6, y ko-
TOPBIX 00BEIMHEHBI aHOJIbl, 00Pa3yIOT aHOJIHYIO TPYIIy U MUHYC BhIIpsmMutens. K
BBIXOJ1Y BBITIPSIMUTEIISI TIOJIKJIFOUEH HArpy304HbIi pe3ucTop R.

Ha puc. 2.7.6 npuBeneHbl BpEeMEHHbIE IUArpaMMbl, MOSCHSOLIKME pPadboTy
Tpex(}a3zHoOro MOCTOBOro BhINpsAMUTENA. [[noabl paboTaroT monapHo — OAMH U3 Ka-
TOJHOM M OJIMH U3 aHOJIHOMU Tpynmbl. B nntepBasie BpeMenu t; — t, B cxeme OTKpPBITHI
muonbl VD1, VD4 u x Harpy3ke R, NpuiokeHO JUHEHHOe HampsukeHue Ugg,. B uH-
TepBasie BpeMeHu t; — t3 oTkpbIThl nuoasl VD1, VD6 u x Harpy3ke HpHIIOKEHO
HarpspDKkeHue —Upq,. B mHTEpBane Bpemenu t3 — t; otkpeiTel auonsl VD3, VD6 u k
Harpy3Ke MpUJIOKEHO HampsbkeHue Ugne. B mHTepBane ty — ts oTkpeiThl 1uoas VD2,
VD3 u x Harpy3ke NpUI0KEeHO HanpsiKeHue —Uqqp. B mHTEpBatie ts — ts OTKPHITHI 110-
el VD2, VDS u x Harpyske NpUioKeHO HampspKeHHue Upc. B mHTEpBasie tg — t7 oT-
KkpbIThl Anoabl VD4, VD5 u k Harpy3ke npuiokeHo HampsbkeHue —Uppe. Takum oOpa-
30M, YYUTBIBasl TO, YTO JAMOJbI UJCATbHbIC, HANIPSDKEHHE HAa Harpy3ke Uy COCTOUT U3
YYaCTKOB JINHEWHBIX HATPSKEHUH Uzap, —Uoca, Uzbe, —U2ab, Uzca, —Uzhe TIPOIOTKUTEIBHO-
cThio 10 60° (puc. 2.7. 6).

JTUTepHOCTh MHTEPBAJIA MTPOBOAMMOCTH KaXKJOTO JIMO/Ia COCTABIISIET JBa WH-
tepsana o 60° wiu 120°. Tak Kak Harpy3Ka HOCUT aKTUBHEIM Xapakrep, popMa TOKa B
Harpyske I, IoBTOpsAeT (GopMy HampsKEHUs Uy, puc. 2.7. 6.

PaccMoTprM OCHOBHBIE MOKa3aTed pabOThl TpeX(azHOTO MOCTOBOTO BBHITIPS-
MUTEIS.

1)  Cpennee 3HaUYeHHE HAIPSHKECHUS HA HarPy3Ke:

T

+7

1 B
T

6
i
6
=% sin (Dt| =le,35uzn =2,34U2(1)
T T

6

2) CpenHee 3HaUYE€HHE TOKA B HArpy3Ke:

UH.cp 2,34U 20
|H.cp = R ~ -

H RH
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3) Tak kak KaXXJblil JUOA OTKPBIT TPEThIO YacTh MEPUOJIA, TO CPEAHEE 3HAYEC-

HUE MPSMOTO TOKa Yepe3 U0/ OTIPEAETSETCS BHIPAKEHUEM:
lip.op = liep /3.

4) K 3aKkpbITBIM AHOJaM B HEMTPOBOISIINN MOIYHIEPUO TMPUIOKEHO HaAIPshHKe-
HUE Up,, TOITOMY MaKCUMaJIbHOE 00paTHOE HAMpPSHKEHHE, PUIIOKEHHOE K 3aKPHITO-
My quony, Oynet paBHo (puc. 2.7, 6):

Uo6p.max = Jau 2n = Jeu 2-

5) Koaddumument nynscanmii (2.1) U, Tpexda3HOro HyJIEBOTO BBITPSIMHTEIS
paBeH p = 2/35 ~ 0,057.

6) [lynbcHOCTH BRIpsiMUTEN (2.2) onpeaensercs u3 psaa Oypbe Ui mo Bpe-

MEHHBIM Juarpammam (puc. 2.7.6) u paBHa m = 3. To ecTb, HaNPSHKEHUE HA HArpy3Ke
COBEpILAET TPU MYJIbCA 3a MEPUOJ] BXOJHOT'O HAMPSHKEHUS.

Uo6p.max = Ju 2n = Jeu 2-

7) HeiictBytomiee 3HaueHue Toka l, BTOpuyHOM 0OMOTKM TpaHcdopmaropa
omnpezensercs no Gopmyre:

T T
+— te
= |= j 12 1 m COs 2 wtdot = %jg Igcpcoszcotd(ot:
T
6 6
1 n 3

8) MlelicTByromiee 3HavYeHHE TOKa |; mepBUYHON OOMOTKM TpaHcdopmaTopa
ompenensercs mo popmyre:
20817
n n

rae N — ko3 durment Tpanchopmaiuu TpaHchopmaropa.

H.CD !

9) PacueTHast MOIIHOCTH IEPBUYHON OOMOTKH TpaHchopmaTopa paBHA:

H.Cp*

U
Pi=3Uyl; =3nuz¢%=3 o 08171, ~105R

PacuetHast MOIIHOCTH BTOPUYHOW OOMOTKH paBHa:

P, =3U,l :SUH'°p0817I op ~ 105K
2 22755 H.Cp’

PacueTnas (TumoBas) MOIITHOCTH TpaHC(hOpMaTOpa paBHA:
P.p = P1=P=3U4l1 = 1,05P;
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Hecmotpst Ha To, 4T0 B Tpex(a3sHOM MOCTOBOM BBITPSIMHUTENC HUCIOIL3YETCS B
JBa pasa 0oJbIIe JUOMOB, IO BCEM MOKA3aTeIsIM OH MPEBOCXOIUT Tpex(a3HbIi HyJIe-
BOW U MTOATOMY IOJTyYHJI HAaKOOJIee NIMPOKOE PACIIPOCTPAHCHUE CPETU BBITPSIMUTEICH
cpeaHei u ocobeHHo OoubIoi MorHocTH [11,13].

2.3.2 YupasJissieMble BbINIPSAMUTEIU

JIOBOJIBHO 4acTO B pa3jIMUHBIX YCTPOMCTBaxX TpeOyeTcs HE TOJIBKO Mpeodpa3o-
BbIBaTh TMEPEMEHHOE HAIPSXKEHUE B MOCTOSHHOE, HO Y IUIABHO M3MEHSTh 3HAUYCHUE
BBITIPSIMJIGHHOTO HAaNpPsKEHUS. YTPABIATH BBIIPSIMICHHBIM HAMpPSKEHUEM MOXKHO
KaK B LIETIU MEPEMEHHOr0, TaK U B IIENIA OCTOSHHOTO TOKa. [Ipu ynpaBieHuu B nienu
MEPEMEHHOI0 TOKAa MPUMEHSIOTCSl CIEUHAIbHBIC PeryjlupyemMbie TpaHchOpMaTOpbl
(aBTOTpaHCchOpMaTOpPHl, TpaHCPOPMATOPHI € MOJAMATHUYMBAHUEM CEPACUYHHMKA T1O-
CTOSTHHBIM TOKOM U T. J.), P€OCTaThl WU MOTeHIIMOMETpbl. OHAKO MOIO0HBIE CIO-
cOOBI yMpaBICHUS BHITIPSIMIICHHBIM HAMPSHKEHUEM TIPU UX OTHOCUTEIBLHON MPOCTOTE
MMEIT CYIIECTBEHHBIA HENOCTATOK, cBA3aHHbIA ¢ HU3KUM KIIJ[. Takue perynaropsl
UMEIOT, KaK MpaBuiIo, O0JIbIINE MacCy, TabapuThl U CTOMMOCTD.

Bonee 3kOHOMUYHBIM U YJOOHBIM CIIOCOOOM yIpaBiIeHUS, KOTOPBIA MOIYYUIT
HIMPOKOE PACHpPOCTPAHEHUE HA MPAKTUKE, SIBIISIETCA YNPABICHUE BBINPAMIICHHBIM
HAIPSKEHUEM B TPOLIECCE BBINPSMIICHHS], TAK Ha3bIBAEMOE YIIPABIIIEMOE BBIIPSMIIE-
HUE.

BeinpssMuTeny, KOTOpbIE COBMEIIAKOT BBINPSAMIICHHE MEPEMEHHOIO HAMpsKe-
HUS C YIPaBJIECHUEM €TI0 BEIMYMHOM, HAa3bIBAIOTCS YIPABISIEMBIMU BBIIPSIMUTEISIMU.

B HuX B KadyecTBe ynpaBisieMbIX BEHTWIEH (KIIFOUEil) MPUMEHSIOTCS TUPUCTO-
pBI (TPaH3UCTOPHI).

Ha puc. 2.8 npuBenena cxema o1HO(a3HOTO MOCTOBOTO YIPABJIIEMOTO BBINIPS-
MUTEJIS C aKTUBHOM Harpy3kou Ry,.

BrinpsitMuTens COCTOUT U3 CUIIOBOM YaCTH, BBIIIOJIHEHHOW HA OAHOONEPALIMOH-
HeIX TUpUcTOpax VS1-VS4 u tpancdopmarope 71, U cuCTEMbl HIMITYJIbCHO-()a30BOT0O
yapasieaus (CUDY) ¢ cuaxpoHusupyomuM tpanchopmaropom 72. Ornupanue
TUPUCTOPOB OCYIIECTBIAECTCS MOJAYEN HA UX YNPABISAIOLIAE NEPEXOAbl IEPUOANY E-
CKOHM TIOCIIEIOBATEIHLHOCTH UMITYIhCOB ympasieHus ¢ CUDY. CUDY dopmupyer
HMITYJIbChI YTIPABICHUS TUPUCTOPAMH, UMEIOIINE JOCTATOYHbIC ISl UX HAaJIEKHOIO
OTIHUPAHUS AMIUIUTYlY, MOIIHOCTb U JIUTeAbHOCTh. Kpome Toro, CUDY mno3BosnsgeT
U3MEHATH (a3y yHpaBISIOMIMX UMITYJIbCOB B COOTBETCTBUHU C BHEIIHUM YIPABISIO-
muM curHaioM Uy. Pabora CUDY cuHXpOHM3MPOBaHA C CETHIO YEPE3 CUHXPOHHU3U-
pyrommmii Tpanchopmatop 72.
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Puc. 2.8. Cxema o1H0()a3HOTO MOCTOBOTO YIPABIISEMOTO BBITPSIMUTEIS

Ha puc. 2.9 npuBeneHsl BpeMEHHbBIE TUarpaMMBbl, TIOSICHSIONINE PabOTy OJHO-
(ha3HOTO MOCTOBOTO YIPABJISIEMOTO BHIIPSAMHUTEIISA. BpeMeHHbIe TuarpaMMbl TTOCTPO-
€HBI C Y4eTOM TOT0, 4TOo TpaHchopmarop 71 u tupucropsl VS1-VS4 uneanbHele.
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Puc. 2.9. BpemenHble nuarpaMmMbl TOKOB U HANTPSDKEHUH 0HO(A3HOTO

MOCTOBOI'O YIIPABJIACMOI'O BBIIIPAMUTCIIA
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B To ke BpeMsi JomylIeHO, YTO TUPUCTOPHI B 3aKPHITOM COCTOSIHUH B IPSIMOM
1 00paTHOM HaIpaBJICHUSX UMEIOT OECKOHEYHO OOJIBIINE U PABHBIE COMPOTUBIICHHUS.
N3 nuarpamm (puc. 2.9) BUIHO, YTO OTIHPAHUE TUPUCTOPOB MPOUCXOAUT B MOMEHTHI
IOJa4¥ Ha HUX UMITYJIbCOB YIIPABIICHHUS, A 3alIUPAHUE — MIPU CHU)KEHUU MPSIMOTO TO-
Ka 4yepe3 HUX HUXKE TOKa yAepKaHusA. MOMEHTBI 3aMpaHus TUPUCTOPOB MPAKTAYE-
CKH COBHNAAAOT ¢ MOMEHTAMU IIEPEX0/Ia CETEBOr0 HAIIPSKEHHUS Uy 4epe3 HOJIb.
PerynupoBanue BBIIPAMIIEHHOTO HANpPSKEHUsI OCYIIECTBISIETCS 3a CUYET 3a-
JNEPKKA UMITYJIbCOB YNPABIEHUS TUPUCTOPAMH OTHOCUTEIBHO MOMEHTA €CTECTBEH-
HOTO BKJIIOYEHHUS HA YroJl O, HA3bIBA€MbIH YIJIOM YHOpaBICHUS (PETyIUPOBAHMS).
MOMEHTOM €CTECTBEHHOI'O BKJIIOUYEHUS (KOMMYTAI[M1) HA3bIBAETCS MOMEHT MOSBIIE-
HUSl HA THPUCTOPE MPSAMOTo HarpsiKeHus. {15 MOCTOBOTO BBIPSAMUTEINS 3TH MOMEH-
Thl COBIIAJAI0T C MOMEHTAMU MIEPEX0/1a MUTAIOLIEr0 HAIPSKEHUS Uy YEpE3 HOJIb.
Takum o6pa3om, nsmeHeHueM curnana ynpasiaenus Uy Ha Bxoge CUDY moxk-
HO U3MEHSTH yroi o, a, CIEA0BATENbHO, U PEryJIMPOBAaTh CPEIHEE 3HAUEHUE HaIpsi-
KeHus Ha Harpyske U, o. IIpu 5TOM M3MeHsETCA yrosl OTKPBITOrO COCTOSHUS THPH-
CTOPOB A = Tt — O, ONPEACIISIOMNNA JJIUTETBHOCTh MPOTEKAHUS Yepe3 HUX TOKa.
CpenHee 3HaUEHNE HANPSIKEHUS HA Harpy3Ke ONpeaessieTcs BhIpaKEHUEM:

T

(04
J2us n 1+ cosa
:T('COS‘””OL):UH-CPOT’ (23)

rae Uy 0= 0,9U, — cpennee 3HaueHNe HanmpsDKEHMst Ha Harpyske mpu o = 0°.

MakcumanbHoe oOpaTHOE HampskeHHE Uggpmax U CPEHEE 3HAUEHHE NPSIMOTO
TOKA |y p, IO KOTOPBIM BBIOHPAIOTCSI THPHCTOPBI, onpeaessitorest mpu o = 0° 1 nme-
IOT TaKWe K€ 3HAYCHHUS KaK U B MOCTOBOW CXEM€ BBITIPSIMHUTENS, BBHITTOJHEHHOTO HA
TUOJIax:

_ 09U,
op.cp — R

H

Uo6p.max = \/EU 27 I

3aBucumocts U, ¢, o = f(a), mocTtpoennas mo ypaBHenuro (2.3), Ha3bIBaeTCs
PETYIHPOBOYHON XapaKTEPUCTUKON U mpuBeneHa Ha puc. 2.10. 3aBucMMOCTh TOKa-
3bIBACT, YTO IIPH YBEJIMYCHHUHU yIJIa yNPABICHUA O HanpsbkeHue Ha Harpyske Uy o
yMeHblIaeTcs U gocturaer nyas npu o = 180°. Cuemosarensno, CUD®Y nomkna
o0ecrieunBaTh AMaa3oH u3MeHeHus yria o B npeaenax or 0° go 180°. Bmecre ¢ Tem

clenyeT OTMETHTh, YTO TPH YBEIHMYCHHH yTia O YBEIWYHBAETCS KOOI UIIMECHT
MyJIbCAIMi BBITPSIMIICHHOTO HanpsikeHus [12].
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Un.cp-x.

|I—‘Iln.|:|:l:l

Puc. 2.10. PerynupoBouHasi xapakTepuCTHUKa 0JIHO(A3HOTO

MOCTOBOT'O YIIPABJISICMOTI'O BBIIIPAMUTECIIA

3agaua 7. B ogHOMONYNEPUOAHOM BBIMPSIMUTENIE HAMPSIKEHUE HA BTOPUUHOU
oomortke Tpanchopmatopa U,=20 B, vactora cetu f = 50 I'i, compoTuBieHue auoaa
B IIpsAIMOM HampasieHuu Ry, =0. /g Harpysodynoro pesucropa R, = 200 Om onpene-
JIUTH:
1. cpenHue 3HAYEHUS BBIIPSAMIICHHOTO HANPSDKEHUS M TOKAa Ha HATPYy304YHOM
pe3ucrope,
2. cpeaHee 3HAYEHHUE TOKA B IUOJE,
3. MakcuMabHOE 00paTHOE HANPSIKEHUE HA TUOJIE.
4. BBIOpATh TUII JUOJIA.
Peuenue
1. CpennHee BBITIPSAMIICHHOE HANpPsHKEHUE HA HAarpy304HOM PE3UCTOpe IS CXe-
MBI OJTHOTIOIYTIEPUOTHOTO BBITIPSIMUTEIS ONIpeesieTcs o Gopmyre:
Up.cp =045U2=0,45-20=9B.
2. CpenHee 3HaUYCHUE BBIIPSIMIICHHOTO TOKA U CpEHEE 3HAUCHHUE TOKA THOA!
lhcp = Un.cp _ 9
: Ry 200
3. MakcumalibHOE 00paTHOE HANPSHKEHUE HA TUOE:
UoGp.max =v2U2 =~/2-20=28,2B.

Jst Be16Opa nmuoma 6epem 30% 3amac mo mpsMOMy TOKY U OOpaTHOMY Hampsi-

=0,045 A.

JKEHHIO TMO0JIa, T.€
Inp =131y cp =1,3-0,045 =0,0588 =9 mA,

UO6p.I[0H Z1’3U06p.rnax =13-28,2=36,7 B.

Bei6upaem anox 2J1103A ¢ Imp =100 MA . Uo6p.aon=75B.
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3 CI'JTAYKUBAIOIIME ®UJIBTPDI

Kak yxe oTMeuanoch, BBIIPSMICHHOE HANpPSHKEHUE SBISETCS TMOCTOSHHBIM
MyJIBCUPYIOIINM, B KOTOPOM MOYXHO BBIICNTUTH TIOCTOSTHHBIE M TIEPEMEHHBIE COCTaB-
nsromue. Koaguuuentsl myiabcauii p pacCMOTPEHHBIX BbIlI€ OJHO(A3HBIX BbI-
npsmuteneit cocrasisitor: 1,57; 0,67. C Takumu kKo3hPUIIMEHTaMU MyJIbCaluil BbI-
OpSIMIIEHHOE HaMpsDKEHHWE B TOJABIISIONIEM OONBIIMHCTBE CIy4aeB HCIOIB30BATh
HEJB3s1, TaK KaK MPH 3TOM padoTa dJIEKTPOHHBIX YCTPOMCTB PE3KO YXYAIIACTCS WIIH
BOOOIIIE HEOMYCTHMA. B 3aBHCUMOCTH OT Ha3HAYEHUS TOTO WJIM WHOTO DJIEKTPOHHO-
ro ycrpoiictBa Kodh(GUIIMEHT MyJIbCAllMi HAMPSKCHUS MUTAHUS HE JOJDKEH MPEBHI-
IaTh OMPECICHHBIX 3HaUYeHWH. 3ajaveil CriakWBaromero (GpuibTpa sBISIETCS IO-
JaBJICHUE TAPMOHUYECKHX COCTABJISIONINX BBITPSIMIICHHOTO HAIPSDKCHUS TIPU MUHH-
MaJIbHOM BO3JCHCTBHHM Ha €r0 MOCTOSHHYIO cocTaBistonryto. [Ipu satom GumbTpsl
pPacCUMTHIBAIOTCS IO OCHOBHOW (TIEpBOi) TapMOHHKE, KOTOpas HMMEET H3 BCEX
OCTaJIbHBIX TAPMOHUK HAHOOJBIIYIO aMIUIUTYy U HAUMEHBIIYIO YacTOTY, MIO3TOMY
SBIISIETCS] HanboJiee TPYAHO TOIAFOIICHCS CTIIaXKUBAHUIO.

CriaxxuBaronmuM QGUIBTPOM HA3bIBACTCS YCTPONCTBO, MPEIHA3HAUYECHHOE IS
YMEHBIICHHS MYyJIbCAIIMI BBINPSIMIICHHOTO Hampspbkenus . [IpuHiun nedictBus cria-
KUBAIOIMUX (QUIBTPOB OCHOBAH HA MCMOJIB30BAHUM PA3IUYHBIX CONMPOTUBICHUN s
MOCTOSIHHOTO ¥ TIEPEMEHHOT'0 TOKOB KaTyIIeK HHAYKTUBHOCTU U KOHJEHCATOPOB.

OCHOBHBIM MapaMeTPOM, XapaKTepU3yomuM 3(h(PEeKTUBHOCTH ACHCTBUS CIiia-
KUBAIOIIEro QPUIbTpa, BIsAETCA KOADPUIIMEHT CTIaXKUBaHUA (, pABHBIN OTHOIIECHUIO
K02()PUITMEHTOB MyJIbCAINi HA BXOJE Pyx ¥ BBIXOJE Pyyx DHIIBTpA:

q - pr/ pBbIX'

Kpome BbeimonHeHUs TpeOGoBaHUN K KOAPPUIMEHTY CriaaXuBaHUs, (UILTPHI
JOJKHBl UMETh MHUHUMAJIbHOE MaJIEHUE MOCTOSHHOTO HAMPSIKEHUS, MUHHUMAJIbHbBIC
rabapuThl, MaCCY U CTOUMOCTb.

B 3aBHCHMOCTH OT TUIIOB (PMIBTPYIOIIUX 3JIEMEHTOB M CXEMbl UX BKIIIOUEHUS
pa3IUYarOT MpOoCTeimne eMKOCTHBIN C- U MHAYKTHBHBIN L-bunbtpsel, /-00pazHbie U
I1I-o6paznbie LC- nu RC- dbunbTphl, a Takke 3mekTpoHHbIe GuibTphl. [lo KomuyuecTBy
(GUIBTPYIOUX 3B€HBEB (DUIBTPHI JEISATCS HAa OJTHO3BEHHBIE 1 MHOTO3BEHHBIE.

3.1 [IpocTeiimivie MHAYKTUBHBIN L- U eMKOCTHBbIN C-PUIBTPBI
3.1.1 UHayKTUBHBIA PUIALTP (L-PuabTp)

WNupyxruBHb unn L-¢uiieTp npeacrasiseT coboi apoccens Ly, BKIIOUEHHbIH
MOCJICTIOBATEIFHO C HArpy304HBIM pe3uctopoM R,. Ha puc. 3.1. @ mpuBeaeHa cxema
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0J1HO()a3HOrO MOCTOBOI'O BBIIPSIMHUTENSA C MHIYKTUBHBIM (QuibTpoM. [ns npoccens
L4 conmpoTHBIeHHE OCTOSHHOMY TOKY Majo, a MHIYKTUBHOE COIPOTHUBICHHE TEepe-
MEHHOMY TOKYy X|¢ = 2nflLy yBenmumBaetcs ¢ poctom dacTotel. st 3¢ dexTuBHOMI
paboThl UHAYKTUBHOTO (PUIIBTPa HEOOXOAMMO BBIJICPKUBATH CIAEAYIONIEE COOTHOIIIE-
HUeE:

2nfLym >> R,. (3.2

ITpu sToM Ha npoccene Ly Oyaer magare OOibIIas 4acTh Upg MEPEMEHHON CO-
CTaBJISIIONICH HampspkeHus Uyp, U MeHblas Uy — Ha R, B pesynbraTe mnanenue
HanpsDKEHHUsT Ha Harpy304HOM pe3ucTtope R, OoT mepeMeHHON coCTaBisIoled ToKa
CHU)KAETCsl, CJIEeI0BATEIbHO, YMEHBIIAIOTCS IMYyJIbCALIMM BBIIPSIMICHHOIO HampsKe-
Hus. OueBuaHO, L-QpuibTp Henecoo6pazHo NpUMEHSITh C HU3KOOMHBIM HArpy304HbIM
pesuctopoM Ry,.

Ha puc. 3.1. 6 npuBeneHbl BpeMEHHbIE JUArpaMMBbl, MOsSCHAIOMME padoTy L-
GuibTpa. AHaIU3 BPEMEHHBIX JUArPaMM MOKAa3bIBAET, YTO TOK I; B HATPY30YHOM pe-
3uctope Ry mojydaercs CrilaXXeHHbIM, a HANpsHKeHHEe OCHOBHOW TapMOHMKH Uy OT-
cTaeT 1o (a3ze OT OCHOBHOM TapMOHUKH HANPSKEHUS Uyp.

ly
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Puc. 3.1. [lpunnunuanbaas cxema (a) ¥ BpeMeHHbIEe quarpaMmbl (0) Toka

Y HAIIPSDKCHUH 0HO(PA3HOTO MOCTOBOTO BBIMPSMUTENSI C UHAYKTUBHBIM (PUIBTPOM

KosdhdummenT crinaxuBaHuss WHAYKTUBHOTO (UIBTPA OMPENETSETCS COOTHO-
menuem [11,13]:
e ~ 2nfly M/R,,

rae M — myJbCHOCTH BBIIPSIMUTEII.
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AHanu3 3TOr0 BBIPAKEHHUS IMO3BOJISIET CAENATh BBIBOJ O TOM, 4To L-pumbtp
Oyner paboTats TeM 3¢ pekTuBHee, ueM Oombiue Ly 1 Mensie R,

NHayKTUBHBIN QUIBTP OOBIYHO MPHUMEHSIETCS B BBIIPSIMHUTEISAX CpPeIHEH U
OOJBIION MOIIHOCTH, paboTaromuX ¢ OONbIIMMH TOKAMU Ha HU3KOOMHBIE HArpy304-
HBIE YCTPOMCTBA.

3.1.2 EMkocTHbIN GUuabTp (C-PpuanTp)

EmxoctHbl unu C-punbsTp npeacrasisger coboi koHaeHcatop Cy, MOIKIIO-
YeHHBIN MapaieIbHO Harpy3ouHoMy pesuctopy Ry. Ha puc. 3.2. a npuBenena cxema
0JHO(a3HOTO MOCTOBOTO BBIIPAMUTENSI ¢ eMKOCTHBIM (mibTpoM. Konagencatop Cy
UMeeT OECKOHEYHO OOJIBIIOE CONPOTUBICHHUE MOCTOSIHHOMY TOKY, @ eMKOCTHOE CO-
MPOTHUBJIEHHE NEPEMEHHOMY TOKY Xc¢ = 1/2nfCy ymeHbIIaeTcst ¢ pocToM 4acTOTHI.
Otcrona anst 3pPexTuBHONW pabOThl EMKOCTHOTO (MIBTpa HEOOXOIMUMO BBIAEPIKATH
CJIEYIOLIEE COOTHOLIEHUE:

1 <<R,. (3.2)
anC(bm

ZRvor Zivos ||

D_éré_ | Sy

NGz NG { N

o
Uy, Lr.

/‘r{mm

I \7ﬁm Vid Vit \

Puc. 3.2. Cxema (a) u BpeMeHHbIE 1rarpamMmsi (0) Toka

Y HANPsDKCHUH 0HO(PA3HOTO MOCTOBOTO BBHIMPSMHUTENSI C EMKOCTHBIM (DHUITBTPOM
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[Ipu sTOM, OOMbBIIas 4acTh MEPEMEHHOTO TOKA icy BBIIPIMHUTENA lyp Oymer
npoTexats depe3 konaeHcatop Cy U MeHbIIas Iy — gepe3 R,. B pesynbrare manenne
HaNpPsOKEHUST Ha Harpyske Ry OT mepeMeHHOHN COCTaBIAIONICH TOKa I, CHUXKAETCS H,
CJIeI0BATEIbHO, YMEHBIIIAIOTCS IMYJIbCAIMU BBIIPSMIICHHOTO HampsikeHus. OueBu-
HO, C-GunbTp 1€1€c000pa3HO MPUMEHATh C BHICOKOOMHBIM HAarpy304YHBIM PE3UCTO-
poMm Ry.

Ha puc. 3.2. 6 npuBeneHbl BpeMEHHBIC JUarpaMMBbl, TOSICHSIONINE padoTy eM-
KOCTHOro ¢uibTpa. B nHTepBane Bpemenu t; — t; konnencarop Cy 3apsKaeTes uepes
nuonasbl Beimpsimutens VD1, VD4 no ammiutynHoro 3HaueHus HanpsokeHust Upp, Tak
KaK B 9TOM MHTepBaJle HampshkeHue Up > Ucy. B nHTEpBane Bpemenu tp — t3 Hanpsixke-
HHE Ucg > Up, AMOIBI BBIIPSAMUTEIS 3aKPBITHI, a KOHAeHCATOp Cy paspsKaeTcs uepes
HArpy304HbIil pe3ucTop Ry C IOCTOAHHOM BPEMEHH Tpasp = CyRy. Ilpu 3TOM Hampsixke-
HUE Uy CHIKAETCS 0 HEKOTOPOr0 HAMMEHBIIIETO 3HAUYCHHS 0 SKCIOHEHIIMATIbBHOMY
3akoHy. Haumnasg ¢ MomeHTa BpeMeHM 13 HampsbkeHMe Ucy CTAHOBUTCA MEHBIIE
HanpspKeHus Up, oTkpbeiBatores auoasl VD2, VD3, konnencarop C HaunMHaeT 3apsi-
XKaThCS, U MPOIECCHI MOBTOPAIOTCA. [Ipu 3TOM uepe3 BBITIPSAMUTENH MTPOTEKAET M YJIb-
CUPYIOIIHMIA TOK lyp. AHaJIU3 BPEMEHHBIX JMAarpaMM IOKa3bIBAaET, YTO MPU U3MEHEHUHN
Harpy3ku R, Oyner m3aMeHsThes 3HaueHue Kod(puIMeHTa Mmyabcaluii HampsHKeHUs
Ha Harpys3ke U, [Ipw 3TOM ueM MeHbIle pa3psauTcsl KOHASHCATOp, T. €. 4eM OOJIbIle
Thasp, TEM MEHBIIE OyIeT KOIQOUIHMEHT MyIbCALUM Uy

EMkocTs koHzneHcaTtopa ¢uibTpa Cy BEIOMPAETCS TaKOM, YTOOBI BBIIIOIHSIOCH
COOTHOIIIEHHE:

Tz = CyRy> 5T,

rae T = 1/ fy, — mepro OCHOBHOM TapMOHMKH.

[Ipn 3TOM 3KCIMOHEHLHMAIBHYI0 KPUBYIO pa3pslia KOHJIEHCATOpa MOXHO all-
NPOKCUMHUPOBaTh MpsiMoil smHuel. Torma kosddumment crmaxusanus ans  C-
¢unbpTpa umeet cienyromiee Beipaxkenue [11,13]:

0c=2rfCymR,,.

PaGota BeIpsAMHTENS ¢ eMKOCTHBIM (UIBTPOM CYIIECTBEHHO 3aBHCHT OT Be-
JUYMHBI TOKAa Harpy3ku. J{eHCTBUTEIIBHO, TIPH YBEIMYCHUU Iy, YTO COOTBETCTBYET
YMEHBUICHUIO COIIPOTHUBIIEHUS R, MOCTOAHHASA BPEMEHH Tpa, YMEHBIIACTCSA. Y MEHB-
IIAETCS M CPEeJIHEEC 3HAYEHHME HanpshKeHWs Ha Harpyske U, ., a aMImmTyna myibca-
M1 BO3paCTaeT.

[Tpu wcnonb30BaHUKM €MKOCTHOTO (PWIIBTPA CIEAYET yYUTHIBATh, YTO MaKCH-
MaJIbHOE 3HAYEHHE TOKA JUOAOB lyp max BBIIPAMMTENS ONPEACIAETCSA JHUIIL IPSIMBIM
COIIPOTHBIIEHUEM JTUOJO0B R, U CONPOTUBIEHNEM BTOPUYHONW OOMOTKH TpaHC(popma-

TOpa, MO3TOMY OHO MOKET JOCTHraTh 3HA4€HUH, OOIbIMINX |y 1on. B pe3yabTaTe auo-
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Ibl MOTYT BBIUTH M3 CTpos. JlJis MpegoTBpallleHus 3TOr0 B MPAKTUYECKUX CXEMax
(mpu OonpIIUX 3HAYEHUSIX HampspkeHus U, ¥ eMKOCTU KOHJeHcaTopa QuibTpa) me-
pea BBIIPSAMHUTENIEM HEOOXOJUMO BKIIOYATH J00ABOYHBIA PE3UCTOP C HEOOJBIIUM
conpoTuBieHreM. KpomMe Toro, ciieyeT y4uThIBaTh T0, 4TO HANpsHKeHUE Ugsp max AHU-
0J1a B OJHOMOJIYTEPUOJIHOM BBIIPIMUTENE MOKET B 2 pa3a npeBbimath Uyy, Tak Kak
B MPOMEXYTKE BPEMEHH, KOI/la AMOJ 3aKpbIT, HAPSDKEHHUsS] Ha KOHAEHcaTope W Ha
BTOPUYHOM 0OMOTKE TpaHchOpMaTOpa CKIAAbIBAIOTCS.

EMKOCTHBIN QuibTp nenecoo0pazHo MPUMEHSATh C BHICOKOOMHOM Harpy3Koi
MIPU MOIIHOCTSIX HE 00Jiee HECKOJIbKUX JECSITKOB BaTT.

PacueT BeIMpAMUTENSE ¢ EMKOCTHBIM (PUIBTPOM HECKOJIBKO 3aTPYyJIHEH, O3TO-
My OOBIYHO TTPOU3BOAMTCS MPHUOJIMKEHHO rpaduyecku no kodpduuuentam. Ha puc.
3.3 mpuBeeHbl 3aBUCMMOCTH BCIIOMOTraTeiabHbIX K03pdunuentoB B, D u H ot xo-
s durmenta 4. PacuetHbiit koapduimeHt A onpeaensercs no popmyse [12]:

ml, R

A= H.CD' ‘BH
2U

H.CD

rne R, — BHyTpeHHee akTUBHOE COIIPOTHBIIEHUE BhIIpAMUTENs. IIpuHruMaem
Ry <R,.
Jlnst oHO(a3HOTO MOCTOBOTO BBIIIPSIMUTEIISI ¢ EMKOCTHBIM (PHIIBTPOM pacdeT-
HbIe (POPMYJIIBI UMEIOT CIEAYIOIIUNA BU]T

H V2Dl R
Cy=——i Up=BU,q; lp=— P A="Twr
pBbIXRBH 2 2RH
H O B8
8004 3,24 1

‘.I\
L—

A_:.a-*
o
A

6001 2,61 1,1 3 = -
. S il I el
f
q00 2.4 0.5 \\*""/ -
F] » -‘"\ !'\
/1 N HE
1 / -‘-‘--‘"‘--.__
2001 264 0,3 // /,f/ —
ol 1.6 o,jf A
0 0,1 0,2 0,3 0,4

Puc. 3.3. 3aBucumoctu ko3 durmenton B, D u H ot koadpummenta A
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W3 BBIIEU3I0KEHHOTO CIEAYET, UYTO MPU MPOEKTUPOBAHUU CrIaKHBAIOUIUX
¢unbTpoB (B yacTHOCTH NpocTedmmx C- 1 L-punabTpoB) yUUTHIBAETCS TOJIBKO YacTO-
Ta OCHOBHOUM TapMOHUKH fo; BRIIPSMIIEHHOTO HanpspkeHus. [IpuduHO#M 3TOMY SIBIISI-
€TCsl TO, YTO OCHOBHAs FapMOHHMKA B CPaBHEHUHU C BBICIIMMU MMEET HAaMOOJbLIYIO
aMIUTUTYZy ¥ HAUMEHBIIYIO YaCTOTY, a C YBEJIMYEHUEM HYaCTOThI, KaK CII€TyeT U3 BbI-
paxenuii (3.1), (3.2), 3¢ dexTuBHOCTh pabOTHI PUILTPOB BO3pACTAET.

Ecnu npocteiiirie GpuiabTpbl HE YAOBIETBOPSAIOT TPEOOBAHUSAM C TOUKU 3PEHUS
oOecrieyeHus: He0OOXOAUMBIX KOA(P(UIIMEHTOB CIUIaXKUBaHUS, TO MpUOEraoT K Oosee
CJIOXHBIM criaxuBaromuM ¢punbTpam. K HuM otHOCATCS [-00pa3Hbie PUIBTPHI.

3.2 I'-o6pa3Hble QUILTPHI

I-00pa3Hbie GUIBTPHI ABISIOTCS MHOTO3BEHHBIMU (UIbTpaAMU. DTU (DUIBTPHI
moryT 0bITh LC-tuna (puc. 3.4. a) u RC-tuna (puc. 3.4. 0).

ta L D Ry b L H A

Uy Uy

Puc. 3.4. Cxemsl ['-06pa3nbix LC-punstpa (a) u RC-dunsrpa (6)

Camwxkenue nynbcaruii LC-dpunbrpom (puc. 3.4.a) 00BSACHICTCS COBMECTHBIM
nevicteueM apoccens Ly u xonnencaropa Cyp. CHM)KEHHME IEPEMEHHBIX COCTABIIAIO-
IIMX BBIIPSMIICHHOTO HAMNpPSDKEHUS OOYCIIOBIEHO KaK CTIaXKHBAIOIIUM JCHCTBUEM
KoHAeHcaTopa Cy, TaKk M 3HAYUTEIBHBIM IAJCHEM NEPEMEHHOIO HANpPSKEHUSA Ha
apoccene L. B To e Bpems nafeHus NOCTOSHHOW COCTaBJIAIOIIEH HAIPSKEHU Ha
(UIBTPe MPaKTHUYECKH HET, TaK KAK aKTUBHOE CONPOTHBIEHHE Apoccens Ly mamo. C
y4eTOM peKOMeHIaluii o BeIoopy 3HaueHui Cy U Ly, N3710KEHHBIX paHee, BbIpaKe-
HUs s Kodddunuenta criaaxuBanus LC-punbpTpa (ecnu mpeHeOpedb aKTHBHBIM

COMPOTUBJIEHHEM Jpoccens Ly), MoxHO 3anucats B Buze [11]:
_2.2:2 2
B ManmomomHbIX BBITIPSAMUTENSAX, KOrAa TpeOyeTcs 3HAYUTEIbHO YMEHBIITUTH
Maccy, rabapuTel 1 CTOMMOCTb (PUIBTPA, BMECTO Apoccens Ly OOBIYHO BKIIOUYAIOT

pesuctop Ry (puc. 3.4.6). Crinaxusarolee AelcTBHE pe3ucTopa Ry 3akiarodaercs B
TOM, YTO IIPHU COOTHOIIEHUH compoTuBieHui Xc << R, Ha Ry mpoucxoaut Oonbmice
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MaJIeHUE MEePEMEHHON COCTABIISIONIEH BBIIPSAMIIEHHOTO HANpPsDKEHUS, YEM MOCTOSH-
HOW. B uTore moJisi mepeMEeHHON COCTAaBISIOLIEH MO OTHOLICHUIO K MOCTOSIHHOM Ha
Harpy3ke R, 3HauutenbHo ymeHbinaetrcs. Koaddunuent criaxuBanus s [-
obpasnoro RC-¢punbTpa onpenensiercs u3 Boipaxenus [14]:

Ry

q RC = mznfOCHR(bC(b

YroObl mazieHNEe MOCTOSHHOW COCTAaBJIAIOIIEH HANpsDKEHUS Ha pes3uctope Ry
OBUIO MUHUMAIIbHBIM, 3HaueHHs R, 1 Ry, BBIOMpAIOT COM3MEPUMBIMU:
R =05..09.
Ry + Ry
Cnenyer oTMeTuTh, 4To KO3(p¢uuueHT criaxuBanus RC-puinbTpa MeHsble,
yeMm y LC-dunbtpa, u3-3a najeHuss HaNps>KEHUs MOCTOSHHOW COCTABIIAIONIEH HA pe-
3uctope Ry,.
Ecnu xoaddunment crnaxxupanus [-o0pa3HbiX GUIb-TPOB HE YAOBIETBOPSIET

TpeOOBaHUAM 1O KOAPOUIIMEHTY CTiaXUBaHUs, TO MPUMEHSIOT [/-00pa3Hbie (UiIb-
TPBI.

3.3 I1-o6pa3Hble GUILTPHI

I1-00pa3Hble QPUIBTPHI TaKXKE OTHOCSITCS K MHOT0o3BeHHbIM. OHHU IpencTaBis-

10T co00¥ TocienoBaTelbHOe coeuHeHne npocTeimero C-gpuibrpa U [-00pa3HbIX
LC- (puc. 3.5. a) wiu RC-punbtpos (puc. 3.5. 6).

Ly Ry
TV o —
i C i i
by == 1 1L |:| A, Uy —— i L |:| Ry
Uy Wy
= o
a &

Puc. 3.5. Cxemsi [1-06paznsix LC-punbtpa (a) u RC-punbtpa (6)

KoadhdummenT crinaxuBanuss MHOTO3BEHHBIX (DUIBTPOB paBeH (Ipu coOIroe-
HUU ONPENEICHHBIX YCJIOBHI) MPOU3BENCHUIO KOA(D(HUIIMEHTOB CTIIaXUBAaHUS €ro
COCTaBIAOIMMX 3BEeHBbEB (GuiabTpoB). [losTomMy BeIpaxkeHue s KoddduimeHTa
crinaxuBanus /7-o6pa3-Horo GpuIbTpa MOKHO 3aMucaTh B BUC:

On=Qcdr,
rae (c, r — K03 OUIMEHTHI CTIaXKUBAHUS COOTBETCTBEHHO C-hUiIbTpa u
['-06pa3Horo ¢unbTpa.
[Tpu compoTHUBICHHUSIX HATPY30YHOTO YCTPOWCTBA B HECKOJIHKO KHJIOOM IPH-
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MensatoTes [1-o0pa3zubie RC-QuabTpbl, a Npu MalbIX CONPOTUBICHUSX (HECKOJBKO
Om) — LC-¢dunprpsl. Hanbonpmmii ko3gpuurent crinaxupanus [/-o0pa3zHoro Qpuiib-
Tpa pocturaercs npu yciaoBun Cl = C2. [T-006pa3ubie GUILTPHI LEIECO00pPa3ZHO
MPUMEHSTH, €CITU KOA()PUIIMEHT CIIIaKUBAHUS JOJIKEH ObITh HECKOJIBKO COTEH U 00-
nee. Hapsny ¢ 66abmuM kosddunuentom criaxuBanus [1-o0pa3Hblii GUIABTp MO
cpaBHeHUIO ¢ ['-00pa3HbIM MeeT 0ObllIne rabapuThbl, MAacCy U CTOUMOCTb.

3.4 Js1eKTpOHHbIE GUJIBTPBI

B nocnennee Bpems cranu NpUMEHSITHCS DJIEKTPOHHBIE (PUIBTPHI, B KOTOPBIX
BMECTO JPOCCENEeH UCIOIb3YIOTCA TPAH3UCTOPHI. Takas 3aMeHa MO3BOJIAET U30aBUTh-
Csl OT MEPEXOJIHBIX MPOIECCOB, OTPUIIATEIBHO BIUSIONIMX HAa pabOTy HArpy304HOTO
YCTPOWCTBA U caMOro BeITipsiMuTesis. [Ipu 3ToM cHUKarOTCs rabapuThl, Macca U CTO-
UMOCTh UCTOYHUKA MTUTAHUS.

[IpumeneHue OUTIONISIPHBIX TPAH3UCTOPOB B (DUIBTPAX OCHOBAHO Ha Pa3jIny-
HBIX €r0 CONMPOTHUBJIEHUSX MOCTOSHHON R- W mepeMeHHOW R. cOCTaBiSIOMMM KOJ-
nekTopHoro Toka. Ha puc. 3.6.a nmpuBeneHa BbIXOJHAS XapaKTEPUCTHKA OUIOJISIPHO-
ro TPaH3HWCTOpa, Ha MOJOTOM YYacTKe KOTOpOW HaxomuTcs pabouas Ttouka O. [Ipu
ATOM COINPOTHUBICHUE YYacTKa KOJUIEKTOP-ODMUTTEP TPAH3UCTOPA MOCTOSSTHHOMY TOKY
(cratuueckoe conpotuBicHHe) R- = Uyxsollko Ha ABa-Tpu mopsaKa MEHBIIE COIPO-
TUBJICHHUS ATOT0 Y4acTKa NEPEMEHHOMY TOKY (IMHAMHUYECKOE CONMpOTUBIEHUE) R. =

. Ty

o/ 4. T D
e } R t}us DF""

'IHD

Y

Lang

a &
Puc. 3.6 Berxognas xapakTepucTuka OUMOISPHOTO TpaH3UCTOpPa ()

U cXeMa IPOCTEHIIero AIeKTpoHHOTO (HriIbTpa (0)

Ha puc. 3.6. 6 uzo0pakeHa cxema MPOCTEHIIET0 SJIEKTPOHHOTO (DUIbTpa Ha
OUMONSPHOM TPAH3UCTOPE, B KOTOPOM TpaH3ucTOp VT BKIIOYEH MOCIIEIOBATEIHHO C
Harpy3049HBIM COMpoTHBICHHEM Ry. B aToM dunbTpe ayis obecniedenus: GukcupoBaH-
HOTO TOJIOKEeHHS paboyeit TOYKH Ha TOJIOTOM (paboueM) ydacTKe BBIXOJHOM Xapak-
TEPUCTHKN B 0a30BYIO IIE€TIh TPaH3UCTOpa BKiIOYeHa RC-1enb, MOCTOSTHHAS BPEMECHH
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kotopoit T = RC nmomknHa ObITh MHOTO OoJiblIE TEpPHOAA | OCHOBHOW TapMOHUKH
BBIIPSIMIICHHOTO HanpspkeHusi, To ectb RC >> T. Ilpu »3ToM O0OinblIas yacTh nepe-
MEHHOHM COCTaBJISIONIEH TOKA BBIPSIMHUTEINSI 3aMbIKaeTcsi yepe3 konaencarop C ic. B
pe3yibTaTe TOK 0assl Ip, a, ClIeI0OBAaTEeIbHO, M TOK HArPy3KH I, (AMHTTEpa) TPAH3UCTO-
pa MPAaKTUYECKU HE COAEPKAT IEPEMEHHOM COCTABIIAIOLICH.

OnexkTpoHHble (UIBTPHl UMEIOT MEHbIIUH KO3()(PUUMEHT CriaXKuBaHUA B
CPaBHEHUH C HHIYKTUBHBIM (UIBTPOM U CIVIAKMBAIOT IMYJIbCALMU HANPSHKEHUS
npumepHo B 3 — 5 pa3 [11]. [IpumeHeHue B 31EKTPOHHBIX (PUIBTPAX OMEPALMOHHBIX
yCUJIUTENEH MO3BOJIIET MOBBICUTh KOA(P(MUIIMEHT CIIIaKUBAHUS 10 HECKOJIBKUX ThI-
csY.

3apaua 8. Ha puc. 3.7mpeacraBieHa cxema 0AHO(PA3HOTO MOCTOBOTO BBINPSI-
mutenst ¢ [1-00pa3HbIM UHAYKTUBHO-€MKOCTHBIM (priibTpoM. HoMuHanbHOE Hamps-
xenue Harpy3ku Uy =100 B, HoMuHanbHass MOmHOCTE — Py =50 BT, nomyctumslii

ko3 unument nmynascanuu 0,5%, HanpskeHHe ceTu nepemeHHoro Ttoka U1=220 B,

npu yactore 50 I'm.
BreiOpath TUN AMOJOB, ONpPENENUTh PACUYETHYIO MOIIHOCTh U KO3(UIHEHT
TpaHchopmMaluu TpaHnchopmaropa, napaMeTpsl GUIbTpa.

| Ly
% Y Y
Yo =
i TZE Vo WD
— T +|:_
_E:- —
) e L N I:I F.
Uy
L
' '
A VL, qgm:: Hn
Puc. 3.7
Pemenne
1. Beibop anooB.
Toxk Harpy3ku omnpesaensieM o Gopmyse
L BTN
U 100

H
I[J'IH OI[HO(i)aSHOFO MOCTOBOI'O BBIIIPAMUTCIIA CPCAHCC 3HAYCHHUC IIPAMOI'O TOKaA

4yepe3 U0 paBHO
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I, 05
lyp="2=—=025A.

OOpaTtHOE MaKCHUMAaJIbHOE HANPS)KEHHE Ha BEHTHIIE

U o6p.max = V2 ‘U,,a Up.cp =0,9U2, cnenosarensro

Uospmax = 32 Uy ep =157U,, o, =157 -100 =157 B.

Bri6upaem nuoast K/[105b, niis koTophix

UO6p.VD = 400 B> Uo6p.max = 157 B.

2. OnpezenieHre napameTpoB TpaHchopmaropa.

I[J'ISI OIIHO(I)&SHOI‘O MOCTOBOT'O BLITIPAMUTCIIA ﬂGfICTByIOHlee 3HAYCHUC BTOPHUY-
HOT'O HAITPsAKCHUA

U, =U,,=111-100 =111 B.
Otkyna k03@hunmeHT Tpancpopmanuu
Up 220
n= i = 1 ~ 2.
PacueTHas MoImHOCTh TpaHchopMaTopa
Spacy =1.23Py =1,23-50 = 61,5 BA.

Brioupaem tpancdopmarop ¢ Sygy =63 BA > Spacy = 61,5 BA.

3. Omnpejenenue mapaMeTpoB QPuibTpa
Koaddumment mynscanuit Ha BIX0A€ 0AHO(PA3HOIO MOCTOBOT'O BBIIPSMUTES
p120,67
Tpebyemplii K03 HUIHEHT TyJIbCAITUN
p2=0,005
Koaddunment crnaxupanus GuibTpa
p, 0,67

g=-L=—""-134.
p, 0,005

[T-o0paznbiit punbTp coctout u3 mpocroro C-dunstpa u [-o6pasnoro LC-
¢unbTpa. Ero xoaddunmenT criaxuBaHus

Oy =0c U
[Tpuaumaem eMkocTh KoHAeHcaTopoB duiabTpa C; = C, = 100 mx®d. Torma
Uc = 27f o eyCLRyM = 27t~ 2-50 1000 - 200 =12,6;
rie R, — conmpoTuBiIcHHE HATPY3KH:
Un.cp 100

— =200 Om.
IH.Cp 0,5

R =

117



Toraa ko3 dunuent crnaxupanus LC-punprpa

qc 12,6
st LC-¢punbTpa
LyCp = Hc*l _ 106+ _594.108 ru- o,

@rfm)?  (2-7-50-2)2

ITpu C, = 100 Mmx®d

LyC2  29,.4-107°

~003 .
A C2  100.1070

[Tapametpsr puietpa C; = C; = 100 Mk®, Ly, = 0,3 I'n ynoBieTBOpSIOT yCIIo-
BUSIM (P PeKTUBHON pabOTHI:

<< Ry 1 molLt, >> R
mcGC) H Lq) H
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4 CTABUJIM3ATOPBI IOCTOAHHOI'O HAITPAKEHUA

Hanpsbxenue Ha Harpy3ke MOXET CHJIBHO M3MEHSTHCS 3a CYET BO3JCHCTBUS
psaga aectabmm3upyrmux (HaktopoB. OCHOBHBIMH U3 HHUX SBISIOTCS W3MEHEHUE
HANPSOKEHUS CETH W TOKa Harpy3ku. HampspbkeHue MpOMBIIUICHHBIX CeTel mepeMeH-
HOTO TOKa MOXET OTIMYaThCS OT HOMHUHAJIBHOTO 3HAYEHHS B Mpeaenax oT +5 1o —
15%. dpyrumu nectabuin3upyromuMu (GpakTopaMu sIBIASIOTCS U3MEHEHHE TeMIlepa-
TYpBI OKpYXKAIOIIeH cpeibl, KoJiebaHne YacTOThI U T.A. [IpuMeHeHne cTabumn3aTopoB
HaNpsDKEHUsI TUKTYETCSI TeM, YTO COBpPEMEHHAasl JJICKTPOHHAs ammapaTypa MOXeET
HOpPMaJIBHO (PYHKIIMOHUPOBATh NPU HECTAOUIBLHOCTH MHUTAIOIIETO HAMPSIKCHHS Me-
Hee 0,1 — 3%, a A7 OTACNBHBIX YCHIIMTENEH MOCTOSHHOTO TOKA M DJIEKTPOHHBIX M3-
MEPHUTEIBHBIX IPHOOPOB HECTAGHIBHOCTD HE JOJDKHA peBbimmath 10™ %,

Crabumn3aTopoM HaNpsOKEHUS HA3bIBACTCS yCTPOWCTBO, aBTOMATHYECKH
o0ecrnieunBaroIee MoAAep)KaHue HAMPSDKEHUs B HArPYy30YHOM YCTPOMCTBE C 3a/iaH-
HOU CTETICHBIO TOYHOCTH.

Crabunm3aTopbl MOCTOSTHHOTO HANPSDKEHUS KIACCUPUIMPYIOT 1O PNy TpPH-
3HAKOB:

- 110 CI0CO0Y CTaOMIIM3AIMU — MapaMETPUIECKUE U KOMIIEHCAIIMOHHBIE;

- 110 croco0y PeryjaupoBaHUs — HEMPEPHIBHOTO U MUMIYJIBCHOTO pEryinpoBa-
HUSL.

OCHOBHBIM MAPAMETPOM, XapPAKTEPHUIYIOIIUM Ka4eCTBO pabOThI BCEX CTAOMIH-
3aTOPOB, SABIACTCS KOADPHUIIUCHT CTAOMIIU3AIINH.

Koadpunmentom crabunuzanuy mo HanpsoKEHUIO HA3bIBAETCS OTHOIIEHHE OT-
HOCHUTEIbHOTO U3MEHEHHUS HampsbkeHus: Ha Bxone Uy, cTabuinsaTopa K OTHOCUTEIb-
HOMY U3MEHEHUIO HaNpsOKeHUs Ha Harpys3ke (Boixoze) Uy:

AU BX /U BX
AU, /U,

rae AUy, AU, — mpupaiieHusi COOTBETCTBEHHO BXOHOTO HAMPSKESHUS

ctU —

U HalpsKEHUs Ha Harpy3Ke.

[Tomumo koddduIeHTa cTadmIM3auy cTabMIN3aTOPbl XapaKTePU3YyIOTCs Ta-
KUMHU TlapaMeTpaMu, Kak BHyTpeHHee conpoTusiieHne Ric; u KII 1.

3HaueHrne BHYTPEHHETO COMPOTHBICHUS cTa0mnm3aTopa Ric; MO3BoIsET ompe-
JICATh TMaJICHE HAIMpsHKEHUE Ha CTA0MIM3aTOpe, a, CIeNOBAaTEIbHO, U HAMPSIKEHUE
Ha Harpy3ke Uy, npyu U3MEHEHUsIX Harpy304HOTO TOKa.

KITJI crabunuzaTopa XapakTepu3yeT MOIIHOCTb MOTEPh B HEM U SIBIISIETCS OC-
HOBHBIM 3HEPreTUYECKUM TOKa3aTeIeM CTa0uIn3aropa:

Ner = Pul (Py +Py),
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rne P, — monesHas MOITHOCTh B HArPY304YHOM YCTPOWCTBE;
P, — MOILIHOCTB MOTEPb.

OCHOBHBIMHU XapaKTEPUCTUKAMHU CTAOMIM3ATOPA HAMPSHKCHUS SIBJISTFOTCS 3aBU-
CHUMOCTH HANpsDKCHUsI Ha Harpy3ke ot BxonHoro Hanpspkenus U, = f(Uy,) u Hamps-
KeHHs Ha Harpyske ot Toka Harpy3ku U, = f(l,). 3aBucumocts U, = f(l,;) Ha3pIBaeTCs
BHEIIHEH XapakTepucTukoi cradbmmusaropa. [lo xapakrepuctuke U, = f(U,y) ompe-
aensieTcs Ko3pPUIMEHT cTabMIM3auy 1Mo HANPsHKEHUIO Ky, a IO XapaKTePUCTHKE
U, = f(l,) — BHyTpeHHee conpoTuBieHue Ric;.

3aBucuMocTb Ug; iy = f (Ugyx) UMEET BUJ, IIPEACTaBICHHBIN Ha puc. 4.1.

AY e
L &U BhiX I

|
| - -"-"UEK -
|
| U
| =

0l U

BX Min

Puc. 4.1. 3aBUCUMOCTH BBIXOJTHOT'O HAIPSKEHUS OT BXOJHOTO
y CTaOMIN3aToOpa HAMPSIKEHUS

s obecnieyeHust TpeOyeMoro 3HadeHus HanpspkeHust Ug.,y Ha Harpyske,

MOJKIIOYEHHON K BBIXOJY CTaOMIM3aTOpa, HEOOXOJIUMO, YTOOBI BXOJHOE HaIpsiKe-

HHE OBLIO HE MEHEE HEKOTOPOrO0 MUHHMMAIBHOrO 3HadeHUSA Upgy min,» KOTOpoe B
CBOIO OYepelb MOJDKHO NpeBbllath Upgp . Ipu ycaoBuu, 4to Upgy >Ugpix. min
HU3MEHEHUE BXOJHOr0 HANPsHKECHUS AU gy IPUBEIET K BECbMa HE3HAYMTEILHOMY H3-
MEHEHHUIO BBIXOJHOIO HampsukeHust AUpg. .y . HakiioH naHHOM XapakTepUCTUKH Ha

pabodeM ydJacTKe onpeenseTcs BeanInHoi ko uimenta crabunuzanuu K.
Bremnss xapakrtepuctuka crabmmmzatopa Upgp = f(ly) mpu Ugy =const.

(puc. 4.2) moKa3bIBALT, YTO MPU YBEITUYCHUHU TOKA HArPy3KH |y MPOMCXOAUT HEKOTO-

poe cHHXKEeHUE HanpskeHus U g, . OT0 00YCIOBEHO OTJIMYMEM OT HYJISI BBIXOJHOTO

COTIPOTHBIICHHS cTabmimm3aTopa. Uem OObIIIe BRIXOHOE CONMPOTHUBIICHHE CTAOMIN3a-

Topa Rppix, TEM Oosiee KpyThIM OyAEeT HAKJIOH BHEIIHEW XapaKTePUCTUKHU.
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Puc.4.2. BoixogHast xapakTepucTuka cTabuin3aropa Hanps>KeHus

CHMXEHHUE HaNIpPsOKCHUS Ha BBIXOAC IIPU POCTC TOKA HAI'PY3Ka IH B KOMIICHCA-
IIHUOHHBIX CTa6I/IJII/13aTOan SHAYUTCIIBHO MCHCC BBIPAKCHO, YCM B IMMAPaAMCTPUYICCKUX,

YTO AOCTHUTACTCA HAJIMYUECM OTpI/IIIaTeJIBHOﬁ O6paTHOﬁ CBi3H.

4.1 llapaMeTpUYECKHI CTAGU/IM3ATOP HANIPSKEHUA

[TpuHIIMT pabOTH MapaMETPUUECKOr0 CTA0UIN3aTOPa HANIPSKEHUS OCHOBAH Ha
UCIIOJIb30BaHUM dJeMEeHTa ¢ HenuHelHo BAX — monynpoBOJHHUKOBOTO CTAOMIIMT-
pona. Cxema mapaMeTpUYEeCKOro CTaOMIM3aToOpa HANpsDKEHHs MPUBEJEHA Ha pUC.
4.3.a. Ctabunutpon VD B crabuinzaTope BKIIOUEH MapajliebHO HATPY304YHOMY pe-
suctopy Ry. s co3ganus tpedyemoro pexxumMa paboThl B CXeMY BKJIIOUCH OaiacT-
HBIH pe3uctop Rs [11].

Jlns cxema mapamMeTpudeckoro ctabunusaropa (puc. 4.3, a) Ha OCHOBE 3aKOHOB
Kupxroda MOXKHO MOTYyYUTH OCHOBHBIE COOTHOIICHHUS /I TOKOB ¥ HATIPSIKCHUIA :

L = lor + i Usx = lxRs + Uy

Jlst ynporeHust aHanu3a paboThl cTabmimn3aTopa JomycTuM, 4to R, = o, To-
r71a UMEEM CXEMY C TMOCIIEA0BATEIbHBIM COSAMHEHUEM pe3ncTopa Rg 1 cTabuiuTpoHa
VD, onuceiBaeMyto ypaBHEHHEM dJieKTpudeckoro coctosiHus: Uy, = U + 1R, Ko-
TOpOE MPOCTO pemnTh Tpadudecku. [Ipu arom yunuteiBaem, uro U, = U, [11].
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Puc. 4.3. Cxema napameTpuyeckoro crabmimnszaropa Hanpsbkenus (a) u BAX,
MOSICHAIOITUHN TTPUHIIUII €0 paboThI (0)

Ha puc. 4.3.6 uzo6paxenst BAX crabuwmtpona VD u BAX nuneitHo# yacTu
cxeMbl uiu JuHus Harpy3ku. [Ipu atom | = Uy, /Rs. Touka mepecedeHus: xapakrepu-
cTuk A omnpenenser Tok | uepes ctabmnmurpon VD u HanpspbkeHue crabunuzaruu U,
paBHOe HampspkeHuto Ha Harpy3ke Uy Tak mpu BxogHoMm HampsikeHUH Uy, BAX
JMHEHHOM YacTH CXeMbl 3aHUMAET MOJI0KEeHUE 1, uepe3 cTabUIMTPOH MPOTEKAET TOK
le11, @ HanpspbkeHue Ha Harpyske paBHO Uy = Ugy (s Touku A1). [lpu yBenumdyeHuu
BxoAHoro HanpsiykeHus Ha AUg, oT Uy 10 Uy, BAX nuHelHON yacTu cXeMbl Tepe-
MECTUTCS TIapaJUieJIbHO caMoi cebe u 3aiiMer mojoxkeHue 2. U3 puc. 4.3. 6 BUIHO,
YTO HampspKkeHue Ha crabunmutpone U, a, ciaempoBatenbHo, U Ha Harpyske Uy, usme-
HUTCS (YBEIUYUTCS ) HE3HAUUTENILHO Ha BenuuuHy AU, (Touka A45). [Ipu ymeHblieHUN
BXOJIHOTO HAIPSKEHUSI MIPUHITUI PaOOTHI CXEMbI aHAJIOTHYEH. TakuM 00pa3oMm, mpu
M3MEHEHUH BXOAHOTro HanpsbkeHus: U,y HanpsbkeHue Ha Harpyske U, octaeTcs mpak-
TUYECKH HEM3MEHHBIM.

Tax kak pabounii yuactok BAX crabumutpona VD orpanndyer MUHUMATbHBIM
letmin ¥ MAKCUMAJBHBIM |l¢; max TOKAMU CTAOMIIM3AIMU, CONPOTUBIICHUE pe3ncTopa Rg
BBIOMpAETCs TaKUM 00pa3oM, 4TOOBI TUHUS Harpy3ku nepecekana BAX crabumutpo-
Ha B TOYKE A, COOTBETCTBYIOLIEH HOMUHAIBHOMY TOKY ctabunutpona VD.

B peanbnbix ycnoBusix Ry # oo, moatomy cymmapHass BAX crabunurpona VD u
Harpy304Horo pesuctopa Ry mepemMecTtutcsi B CTOPOHY OOJBIIMX TOKOB, U PEKUM
crtabunu3anuu OyJeT HacTynaTh Mpu OOJbiIeM BXoaHOM HampsbkeHun Ug,. Crnemyer
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OTMETHUTh, YTO CTAOMIIN3ALMS BBIXOJHOTO HAMPSKEHHUS 0OECTIeUYMBAECTCS CTaOMIH3a-
TOPOM U MIPH U3MEHEHHUU TOKa HATPY3KH .

Kax BunHo u3 puc. 4.3.6, crabunuzarop paboTaeT Ha JMHETHOM yyacTke BAX
CTaOMJIMTPOHA, HAKJIOH KOTOPO# ompeaensiercs quddepeHnnaIbHbIM COMPOTHBICHH-
eMm ctabumutpona Iy =AU /AU,,. B cOOTBETCTBHHU ¢ 3TUM MOXKHO 3aIMCaTh BhIpaXKe-
HUe s npuparnenui [11]:

AUy TqRy /(g +Ry)
AUgx  Rg + Ry /(g + Ry)’

Tak xak B crabunuzarope oObIYHO I, << R, 1 I'; << Rg, TO BbhIpakeHHE IJis KO-
s uimenTa cTabuIN3alNKi MapaMeTPUIECKOTO CTAOMIN3aTopa HAMPSKEHUST MOYKHO
3anucarb B BUJE:

KerU =

BryTpeHnnee (BbIXOIHOE) CONMPOTHUBIICHUE MAPaMETPUUECKOTO CTaOUIIM3aTOpa
ompenenseTcs mo hopmyre:

RiCT ~ I

Koappumment crabunuzamuu Ky MapaMeTpUUeCKUX CTaOWIN3aTOPOB
HANPsDKEHUsI Ha TOJIYITPOBOJHUKOBOM CTaOMIMTPOHE MOXkeT nocturath 30 — 50, a
Ricr JIOKUT B Ipesiesiax OT HECKOIbKUX OM 70 HeCKOJIbKUX coTeH OM.

3aMeThM, 4TO MapaMeTpbl MapaMeTPUUEeCKOro CTaOUIU3aToOpa OMpPEnestoTCs
napamMeTpaMu HCIOJIb3yeMOro cTaOUIuTpoHa (OTCIOla Ha3BaHHUE — ‘“‘TIapaMeTpuye-
ckuii”). [yt moBBIIEHNUs CTAOUIU3UPOBAHHOTO HAMPSXKEHUSI TPUMEHSIETCS TTOCIe10-
BaTEIbHOE BKIIIOYEHHE CTaOUIUTPOHOB. [lapanienbHoe ke BKIIOYeHUE CTaOUIUTPO-
HOB B II€JISIX MTOBBIIICHUS] HATPY30YHOTO TOKA HE JOMYyCKaETCH.

st yBenuueHust crabmibHOCTH Uy, TPU M3MEHEHUH TEMIIePaTyphl MOCIEI0Ba-
TEJHHO CO CTAOUIUTPOHOM BKIIFOUAIOTCS HECKOJIBKO IMOOB B IPSIMOM HAMPABIICHUU.
Tak xak cTaOMIUTPOHBI UMEIOT TOJIOKHUTEIBbHBIN Kod(dduinent Hanpspkenus TKH
(oxoio 4 MB/ °C), a 1roabl py MPSIMOM BKIIFOUEHHH — OTPHLATENBHBIN (0K0JI0 2 MB/
°C), TO OTKJIOHEHHUS HANPsHKEHUM KOMIIEHCHPYIOTes. Hanpumep, B CTaGHIMTPOHE TH-
na J[818E mocnemoBarenbHO CO CTAOMIIMTPOHOM BKJIIOUCHBI JBa JIHO/AQ, KOTOPHIC
obecrneunsaror TKH no 0,001 %/ °C.

OCHOBHBIMH JJOCTOMHCTBAMH MapaMETPUUECKUX CTAOMIN3aTOPOB HAIPSKEHUS
SBJISIIOTCSL IPOCTOTA KOHCTPYKIMU U HAAEKHOCTh padoThl. K HegocTaTkam ciemayeT
oTHecTH HeOoIbIION KodhuImeHT crabunm3anuu, Hesbicokuii KI1/], He mpeBbima-
romuit 0,3, OTHOCUTENBHO OOJBIIOE BHYTPEHHEE COMPOTUBICHHE, a TAKXKE Y3KUU U
HEPETYJIUPYEMBIA AHaNa30H CTAOMIM3UPYEMOTo HampsokeHus. Ecnu Takue mokasare-
JIY TTapaMeTPUUECKOro CTabUIN3aTopa ABISIOTCS HEAOCTATOUYHBIMH, TO UCIIOIb3YETCS
KOMIIEHCAIlMOHHBIN CTA0MIN3aTOP HAMPSKECHHUS.
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Tak kak pabounii yuactok BAX crabunurpona VD orpannuen MUHUMaIbHBIM
lct.min ¥ MakCHUMaJIBHBIM |1 max TOKaMH CTaOMIM3alMH, CONPOTHBICHUE PE3H-

cropa Rg BbeIOMpaeTcs TakuM 00pa3oM, 4TOOBI JMHHUS Harpysku nepecekana BAX
CTaOMJIMTPOHA B TOYKE A, COOTBETCTBYIOLIEH HOMHUHAIBHOMY TOKY CTaOMJIUTPOHA
VD.

B peanbHbIX ycnoBuAX Ry # oo, modtoMy cymmapHas BAX crabunurpona VD

U Harpy304HOI'O Pe3UCTOpa Ry MEPEMECTUTCS B CTOPOHY OOJIBIIUX TOKOB, U PEKUM
cTabmim3anuy OyJeT HaCTynaTh IIpy OONbIIEM BXOJIHOM HanpshKeHUH U gy
M3MeHeHne Harpy3Ku O4eHb Majlo BIMSET Ha BEJIUYUHY HanpspkeHUs Upgpy

MOCKOJIBKY, HallpUMEDP, YBEJIMUCHUE TOKA HArpy3Ku |y KOMIEHCUPYETCS YMEHbIIICHU-
€M TOKa CTaOUJIUTPOHA.
CompoTHBieHHE 0aUIaCTHOrO pe3ucTopa Rg BBIOMPAeTCS TaKUM, 4YTOOBI

00ecIieYnuTh 3HAYEHHE TOKa CTa6I/IJ'II/ITpOHa ICT’ COOTBCTCTBYIOIICC HOMUHaJIbHOM
BCIIMYHNHC ICT.HOM , YKA3aHHOM JII JaHHOT'O THUIIA CTa6I/IJ'II/ITp0Ha.

Bo3MOXXHOCTH peryiaupoBaHus BBIXOAHOTO HAIPSDKEHUS Y TapaMeTPUIECKOro
cTabum3aropa OTCyTCTBYIOT.

BrixogHoe conmpoTHBIIEHHE NMapaMeTpUUYECKOro CTabmiIM3aTopa OINpeiesieTcs
muddepeHnraIbHbIM COMPOTUBIIEHUE CTAOWJIMTPOHA HAa y4YacTKe CTaOWIM3alUuUd U
MOJKET HaXOJIUThCA B IMANA30HE OT OJTHOTO A0 JECATKOB OM.

4.2 KoMneHCauMOHHbII CTAaGU/IM3aTOP HANPSKEHUs

KoMrneHcanoHHbIi cTabMIn3aTop HANPSHKEHUS paboTaeT 1Mo MHOMY MPUHIU-
my, HEXENH TapaMeTPUYeCKHil crabuiau3zaTop HanpsbkeHus. [IpuHIUN neicTBus
KOMIIEHCAIIMOHHOTO CTAa0MIM3aTOpa HAMPSHKEHHUs] OCHOBAH HA M3MEHEHHUH COTPOTHB-
JIEHUS PETYJUPYIOLIETO JIEMEHTA B 3aBUCUMOCTH OT YIPABIISIIOLIETO CUTHAJIA.

KomMrmeHcarmonsbie cTabmimM3aTopbl HANPSHKEHUS SIBJSIIOTCS CUCTEMOM aBTOMa-
TUYECKOTO PETYIMPOBAHMS MO OTKJIOHEHHIO, B KOTOPOU Oyiarogaps HAJIHMYUIO OTPHUIla-
TenbHOU oOpaTtHOoi cBsizu (OC) obecnieunBaeTcsi TMOCTOSHCTBO HAIPSDKCHUS Ha
Harpy3Kke ¢ BBICOKOW CTEMEHbI0 TOYHOCTH. KoMIIeHCAIIMOHHBIE CTA0MIN3ATOPHI JIUIIIe-
HBbI HEJIOCTATKOB, CBOMCTBEHHBIX MAPaMETPUIECKOMY CTAOMIN3ATOPY, YTO TIOCTUTACT-
Cs YCI0)KHEHUEM €T0 CXEMBI.

JIOBOJIBHO 4YacTO Ha MPAKTUKE HMCHOJIB3YETCS NpOCmeutiutl KOMNeHCayuoHHbIU
CMAOUIU3AMOP HANPANACEHUS HenpepbleHO20 Oelicmaus (TUHEWHBIN), cXeMa KOTOpPOTo
npuBeacHa Ha puc. 4.4. B koMIneHCcallMOHHOM cTa0uiu3aTope Harpyska Ry moakiro-
YeHa K UCTOUYHUKY BXOJHOro HampsikeHus Upy uepes perynupyromuii Tpansuctop VT,
caegoBaTeabHO: Uy =Uy/T1 +Uy.
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Puc.4.4. Cxema npocrteiero KOMIEHCallMOHHOTO CTabMIn3aTopa HanpsHKeHUS

[ToaTOMy M3MEHEHHE CONPOTUBIICHUS peryiupymoiiero Tpansuctopa VI B co-
orBeTcTBUM ¢ curHajgom OC mo3BossieT noajiep kuBaTh HanpsbkeHue Uy Ha Harpyske
NPAKTUYECKU HEU3MEHHBIM MPHU BO3JEUCTBUU €CTAOMIU3UPYIOIIUX (PAKTOPOB.

3nech onopHoe HampsikeHue Upp co3maercs mapamMeTpuyeckuM CTaOuiIn3aTo-
poM HampsbkeHus: Ha ctabunutpone VD u pesuctope R, a ponb cpaBHHMBAIOUIETO U
PETYIUPYIONIET0 JIEMEHTOB BBITIOJIHIET OUTIONISIpHBINA TpaH3ucTop VT.

Hampsixkenne nHa  Harpy3ke Uy mpeacraBmsier  coboi  pa3HOCTh

Uy =Uon —Upn . B HopMaiibHOM pexuMe, KOoraa OTCyTCTBYET JeHCTBUE AecTaOu-

NU3UPYIOMIHX (HAKTOPOB, PEXKUM PabOThl PEryIUPYIONIEr0 TPAH3UCTOPA BHIOHPACTCS
TaK, 4ToObI OH ObUI HE MOJHOCTBIO OTKPHIT HampsykeHueM cmertenus Ugs, KoTopoe
06s1un0 coctasusier 0,4 — 0,6 B. Tlpu 5TOM HampsbKeHHE Ha HArpy3Ke MPakTHIECKHU
pasro omopaomy Uy =U .

[IpearmonoXum, Mo KakuM-Tu00o TpuurHam Hampspkenune Uy  YMEHBIIHIOCH.

Hanpspxkenne Upp Ha crabumutpone VD mpu 3TOM IpakTUYeCKH He M3MeHseTcs. Tak
kak Upgy =Uyg —Uy (puc. 4.4), To Hanpsbkenue Upy yBennumpaercs. Tok 0a3bl

TPaH3UCTOPA TAKXKE YBEJIMUYMBACTCS, TPAH3UCTOP MPH OTKPHIBACTCS, MaJCHUE HAIpPS-
JKEHUs Ha HEM yMEHbIIaeTcsl, a HanpsbkeHne Uy yBeTMUUBaeTCs M €ro 3Ha4eHHE yCTa-
HaBJIUBACTCS OJIM3KOE K HOMHUHAIBHOMY.

KoadpdunmenT crabuamzanuu 1mo HanpspkeHus: K.y JaHHOTO cTaOwmiim3aropa
MOJKHO PacCUMTATh 10 CJIeAyoIIel mpuommkenHon Gopmyse [15]:
U, I
UBX r)l +1I5 + r9(1+ h213) ,

KCTU ~

rae I, s, s — COMPOTHUBIICHUS COOTBETCTBEHHO KOJUIEKTOPA, SMUTTEPA, Oa3bI
T-00pa3Hoii cXeMBbI 3aMeIIeHUsT OUTIONIPHOTO TPAH3UCTOPA;
215 — ko3 hunmeHT mepexaun Toka Tpansucropa VI B cxeme ¢ o0mum
SMUTTEPOM.
Jlnst paccmatpuBaemoit cxeMbl Ky = 150 — 300.
BuayTtpennee conpotuBienue Rj., crabunuzaropa onpenenseTcs mo gopmyie:
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C uenbto yBenuueHus kodpduiinenta cradbminzanuu crabuimnzaropa B nens OC
BBOJIUTCS YCUJTUTETb.

Ricr=m+

Ha puc. 4.5 npuBeneHa CTpyKTypHasi cXeMa KOMIIEHCALIMOHHOTO CTaOUIN3aTopa
HEIPEPBIBHOTO JEHCTBUS C YCHIIUTENIEM B LIETIM OOPATHOM CBSI3U.
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Puc. 4.5. CtpykTypHas cxema KOMIIEHCAIIMOHHOTO CTa0WIN3aTopa
HaANPSDKEHUs] HEMPEPBIBHOTO JEHCTBUS

PaGota cxembl KOMIIEHCAIIMOHHOTO CTaOMIM3aTopa HENMpPEepPBIBHOIO JEHCTBUS
3aKJroyaeTcs B cienyroumeM. B ysne cpaBHeHus Y C NpouCcXOauT HENPEPHIBHOE CpaB-
HEHUE HaNpsKeHUs 00paTHOH ¢Bs3u U o , CHUMAeMOro ¢ JaTynka Hampsbkenus JIH, ¢
OIOPHBLIM HamnpskeHueM U g, CHUMaeMbIM C HMCTOYHMKA OIOPHOIO HaNpsIKEHHs
NOH. Pesynbrar cpaBHenuss AU ycunuBaercs ycwidtelneM Y H IOJAETCs Ha BXO/I

perynupyoniero nemenTta PO, nagenue HanpsixeHus: Ha kotopom UPD komneHcupy-
€T ICUCTBUE IeCTA0MIN3UPYIONTUX (PaKTOPOB.

JI71st CTpyKTYypHOU cXxeMbl (pHC. 4.5) CIIpaBeIUBBI CIEAYIOIINE COOTHOLLICHHUS
Upx =Ups +Uy (A1 BHEIIHET0 KOHTYpa CTabHIM3aTOPa);
AU =U,c —Ugp (ans y3na cpaBaenns Y C);
Uy = IgRy (s Harpyskn);
Uoc =BUy (14 1aTunka HanpsKeHus),
rjae B — ko3¢ durueHT oOpaTHOM CBSI3H.

IIpu yBenuueHnn BXoHOro HamnpsikeHHst Upx MM YMEHBIIEHUN TOKA Harpy3Ku
|y HECKOJIBKO TMOBBIIIAETCS HanpsbkeHue Ha Harpy3ke Uy, OTKIIOHSISICH OT CBOEro HO-
MUHAJIBHOTO 3HaYeHUs. Y BennuuBaercs Hanpsbkenne Uoc, saBisttomeecs yacteio Uy, a
HanpsikeHue Upp ocTaeTcss HEM3MEHHBIM. Y BEIMUMBACTCS HaINpsiKeHne AU Ha BBIXO-
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ne YC, KoTopoe yCHINBAsCh Y MOAAETCS HA BXOJ PO u yBennuuBaeT ero conpoTUBIE-
HUE TaKUM 00pa3oM, uTo HampsbkeHne Upy KOMIEHCHPYET AEUCTBHE AeCTa0UIU3UPY-
fomux (paktopos. B pesynbraTe 3T0oro Hampsbkenue Uy yMeHbIIAeTCs U pUoOpeTaeT
3HaueHue, OJIM3KOoe K HOMHUHAJIBHOMY C ONpPEIEICHHOM CTeneHbto ToyHocTu. [Ipu
YMEHBIIIEHUU BXOJHOTO HanpsbkeHus: Ugx WM yBEJIMUEHUU TOKa Harpy3ku ly B cxeme
MPOTEKAIOT MPOTUBOIOJIOKHBIE MPOIIECCHI.

Ha puc. 4.6. a npuBeneHa cxema KOMIIEHCALIMOHHOTO CTa0MIM3aTOpa Ha JHC-
KPETHBIX 3JIEMEHTaX — OUIMOJISIPHBIX TpaH3UcTopax. Cxema BKIIIOYAET: PeryIHpyrOIHii
sanemeHnT PO Ha Tpansuctope VT1 u pesucrope R;; ycunutens Y Ha Tpan3uctope VT2;
y3en cpaBHenus YC — p-n-nepexoa 6a3a-smMutTep Tpanzucrtopa VI2; UCTOYHUK OMOp-
Horo Hanpsbkenus MOH, BbIMONMHEHHBIN B BUJIE MapaMETPUUECKOTro CTaduiIM3aTopa,
Ha crabunutpone VD u pesuctope Ry; natuuk nanpspkenus JIH Ha pesucropax Rs, Ry,
Rs.
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Puc. 4.6. CxeMbl KOMIICHCAITMOHHBIX CTAOMIIM3AaTOPOB HANIPSHKEHUS

Ha OUTIOJISIPHBIX TPAH3UCTOPaXx (a) U onepaliMoOHHOM ycumuTene (0)

[Tpu yBenm4eHnn BXOAHOTO HanpspkeHus: ctabunuzaropa Ugx WM yMEHBIICHUH
TOKa Harpy3ku |y HampspkeHne Uy MOBBILIAETCS, OTKJIOHSSCH OT CBOET0 HOMUHAJIBHO-
ro 3HA4YCHMA. YBeIW4YMBaeTcs 4acTh HampspkeHus Uy, paBHas BUy um sBistomiasics
curHasioM OC. Tak kak onopHoe HanpsikeHue Ug, ocTaeTcsl MOCTOSIHHBIM, TO HaIpsi-
xeHue Ugsy, Tpansuctopa VT2 takxke yBenuuuBaercs. Tpanzucrtop V2 mpuoTkpbiBa-
€TCs, €r0 KOJUIEKTOPHBIN TOK | yBeIMuuBaeTcs. YUuTeIBasA TO, 410 l g1 =11 —lk2 #

MIPUHSB NPAKTUYECKU HEU3MEHHBIM |1, TOK 0a3bl Tpan3uctopa V1 yMeHblIaeTcs v OH
npuzakpsiBaetcs. [Ipu sTrom naaenue Hanpsikenus Uyt Ha Tpansuctope V1 Bo3pac-
TAaeT, a HaMpsbKeHne Ha Harpy3ke Uy CHIKaeTcsl U mpuoOpeTaeT 3HaueHne, OM3KOoe K
HOMHWHAJIBHOMY C OTIPEIEeICHHON CTETIEHbI0 TOYHOCTH. AHAJOTHYHO OyaeT otpaboTa-
HO u3MeHeHue Uy npu ymenblieHnd Upx WM U3MEHEHHH COMPOTUBIICHUSI HArPYy3KU
Ry (Toka Harpys3k# ly).
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C nomol1pto MepeMeHHOro pesuctopa Ry MOKHO peryanupoBaTh B HEOOXOAUMBIX
npeenax HanpspkeHue Ha Harpyske Uy, [Ipruem nepemenieHue 1BMXKKa EPEMEHHOTO
pe3uctopa Ry mo cxeme BBEpX MPUBOJIUT K YMEHBIIICHUIO HaNpsiKeHus Ha Harpy3ke Uy
1 Ha00OPOT.

Jlia noBeIIeHUsT KO3QPUIMEHTa CTAOUIN3aUU BMECTO YCUIIUTENS HA TPaH3U-
ctope VT2 B cTrabunm3aTope 4acTo MCIONb3YIOT MHTETPAJIBHBIA ONEpallMOHHbIA yCH-
mutens (OY) (puc. 4.6. 6), k03pHUIHMEHT YCUTIEHUS KOTOPOTO MHOTO OoJibllie Ko3(-
¢umrenTa ycuineHus: ycuiauTens Ha Tpansuctope VT2. M3BecTHO, YTO HampshKeHHE
Mexay Bxogamu OV mpakTuuecku paBHO HyJt0. B ctabunuzatope (puc. 4.6. 6) pabota
koHTtypa OC moanepkuBaeT paBeHCTBO Hymto pasHoctu BUy —Uopp, mostomy Uy
=Uon/P. Yem Boiie ko3ddunment ycunenus OY, TeM TOYHEE BBIMOJIHIETCS 3TO pa-
BEHCTBO, TeM BbIIIe kKodpduiueHt crabmmmzanuu Ky 1 TeM HIKe Rppx cradunmza-
TOpa. Y KOMIIEHCAIIMOHHBIX cTabmim3aTopoB Ha ocHOBe OV Ky MOXET JOCTHraTh
HECKOJIBKHX THICSY, 2 BHYTPEHHEE COpOTHBIeHHE Rier = 10°— 10™ Om.

Brixonnoe namnpsbkenue U, ctabunmzaropa (puc. 4.6. 6) mpu BepxXHEM I10JIO-
KEHUU JIBMKKA pesucTtopa R3 onpenensercs mo dhopmyre:

U, = Uou(R2 +R3 +R4)/(R3 +R4),
NPy HWOKHEM ITOJIOKEHUH JBMKKA pe3ucropa R3:
U, = Uon(R2 +R3 +R4)/(R4).

Koadhdumment crabunmzanuu HanpsixeHus K,y 1 BHyTpEHHEE CONPOTUBIICHUE
Ric: crabunuzaropa (puc. 4.6. 6) onpeaensioTcs BeipakeHusamu [16]:

U I P
Pl K Kov: Ricr= 2
Ugx m(1+h219) Koy

rae Koy — koaddunment ycunenus OY 6e3 OC.

KetU =

[Tomumo yMeHbIIIEHHS] MEIJICHHBIX H3MEHEHHM BXOJHOTO HampsikeHus Uy
KOMITCHCAITMOHHBIN CcTabWIn3aTop yMeHbInaeT kKodddunueHt mymbcauid P B K.y
pas.

Jlist yBenmudeHusi cTabUIbHOCTH OMOPHOTO HampsbkeHust Uy, a, claeaoBaTelnb-
HO, U Ko3(pdurmenta crabunuzanuu crabunuzaropa K,y Ha OV (puc. 4.6. 6), mapa-
MeTpudeckuit ctabunuzatop Ha VD 1 R1 moakimo4aroT He KO BXONY, a K BBIXOJTY CTa-
ounmzatopa. Ognako npu 3toM OV oxBatbiBaercs nByMs BugamMu OC: MONOKUTENb-
HOU ¥ oTpHIaTenbHON. Hanmdare monoxuTeapHOU 00paTHOM CBS3HM MPUBOIUT K TOMY,
YTO MPU BKJIIOUECHUM NUTaHUA Ha BbixoJe OY MOXKET YCTaHOBUTHCS KakK IMOJOXKH-
TEJIbHOE, TaK M OTpUIATE]bHOE HampsbkeHue. J[Jis Toro, 4roObl yCTaHABIWBAJIOCH
HaMpsHKEHNE HY)KHOTO 3HaKa, B CXeMe CTaOUIn3aTopa MCIONB3YIOTCS JOTOTHUTEb-
HbIE€ 3JIEMEHTHI, OO0ECHNEUYMBAIONIUE HEKOTOPYI0 HAYyaJdbHYIO HECUMMETPUIO MpPH
BKJIIOYEHUHU MUTAHUS, YTO MPUBOJIUT K YCIOKHEHUIO CXEMBI.
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CpaBHHBasi KOMIICHCAIIMOHHBIM CTAOMIM3ATOP C MapaMETPUUYECKUM, CIIETYET
OTMETHUTH CIEAYIONINE JOCTOMHCTBA KOMIICHCAIIMOHHBIX CTAaOMIIN3aTOPOB HAMpsIKe-
HUS: BBICOKUH K03 dumument cradmwmuzamun  (Keu > 1000); HU3KOE BHYTpEHHEE CO-
npotusienne Rie; = 10° — 10 Om; npakruueckas Ge3sHHEPIHOHHOCTD M Gojee BHICO-
kuii KI1JI, cocraBmsrommuii 0,5-0,6.

Henocratkamu sgBisitoTcs: OOibIIas CIOXKHOCTh, M, CJICA0OBATEJILHO, MCHBIIIAS
HAJIEKHOCTh IO CPAaBHEHUIO C IMapaMETPUYECKUM CTaOWIM3aTOPOM; 3HAYUTEIIbHAs
Macca, radapuThl U CTOUMOCTh, YTO OOBSICHAETCS HE TOJIHKO HAIMYUEM OOJIBIIOTO KO-
JUYECTBA JIEMEHTOB B CTAOMIM3AaTOpPE, HO U MPUMEHEHUEM pPaauaToOpoB (OXJIaguTe-
neit) st ob6ecreueHruss HOpMaJIbHOTO TETJIO0TBOIA PETYIUPYIOIIEr0 TPaH3UCTOPA.

B nHacrosiiee BpeMs MONyUYWIIM IIUPOKOE PACIPOCTPAHEHUE KOMIICHCAIIMOH-
HbIE CTaOUIM3aTOPHI HAMPSHKEHUSI HEMPEPBIBHOTO JICMCTBUSI B MHTETPATILHOM HCIIOJI-
Henun cepuii K142, K275, KP1157. X npuMeHSAIOT B KauyeCTBE WMHIMBUYATbHBIX
CTAOMIM3aTOPOB HAMPSIKEHUS JIJIs1 OT/ICTBbHBIX OJIOKOB U y3JIOB amnmapatypsl. Ha puc.
4.7 mpuBeACHBI CXeMbl KOMIICHCAIIUOHHBIX CTA0MIN3aTOPOB HAa MHTETPAIBHON MUK-
pocxeme (MMC) KP142EHSA [17].

B neperynupyemom crabunuzatope (puc. 4.7.a) HamnpsoKeHHE Ha Harpyske
umeet (ukcupoBanHoe 3HaueHue U, = Uy or = 5 B. Perynupyemoe B HEKOTOPBIX
npeaenax HamnpsyKeHHWE Ha Harpy3Ke MOXKHO MONy4dHTh, eciu K MMC noakitouuTh
JeIUTeNh HanpsbkeHus u3 pe3uctopoB R1 um R2 mo cxeme, n300pakeHHOW Ha puC.
4.7.6. I1pu aTOM HanpsHKEHUE Ha Harpy3Ke omnpesensercs mo Ggopmysie:

UH = UBLIX.CT (1 + R2/Rl) + Il'[ R2 > UBLIX.CT!

e Ugxor — PukcupoBanHoe BeixogHoe HanpsbkeHue UMC; |, — Tok nmuranus

NMC.
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Puc. 4.7. Cxembl HeperynupyeMoro (a) u peryiaupyeMoro (6) KOMIeHCaInOHHBIX
crabunuzatopoB Hanpsokenns Ha UMC KP142EHSA

CymectBytoT  yeThipexBbiBogHbIe HWMMC  cTabunmmsatopoB,  Hampumep,
K142EH3, K142EH4 [10], y KOTOpBIX ISl pEeTyJIUPOBAHUS BRIXOAHOTO HAIPSIKEHUS

129



JENUTENb TMOAKIIOYAeTCS K CIEIUATbHOMY BBIBOAY, MPEAHA3HAUYEHHOMY IS TO-
kimouenus uenu OC.

3apaua 9. B cxeme napamerpudeckoro crabunuzatopa (puc. 4.8) Haittu Uy u
Rs, ecniu ctabunuzatop Ha crabunutpone KC191 nomken obecnieunBaTh HECTaOUIb-
HOCTb HampspKeHHs Ha Beixone 1% mnpu HectabunbHOCTH Ha BXoae 10%. Conportus-
nenue Harpy3ku Ry = 1000 Owm.

Peienmue.

Jjst mapaMeTpu4ecKoro cTabuiau3aropa CpaBeljIuBO COOTHOILICHHE
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Puc.4.8

I[J'I}I mapaMeTpUICCKOTrO CTa6I/IJII/I3aT0pa CIIPAaBCAJINBO BBIPAKCHUC

AUgpix _ Mg
AUgx  (Rg + Iqug)

Torna, orcrona HaitneMm Rg
AU

Rs = (X D)1y
AUBI)IX A (b

st crabunutpona KC191 u3 cipaBouHMKa HAXOAUM Fuad = 47 Om.

Torna
01
Rg = (== —1)47 = 423 Owm.
6=(or Y M

brnnxkaiiiiee o HoMUHaNy conpoTuBieHre paBHo 430 OM.
HomunanbHOe Hanpsi>KeHUE Ha BXOJAE OMPENEIIeTCsl KaK CyMMa HanpsKeHUI:
U =Ugp+U

BX.HOM cT!?

lcr.min + leT.max
2 Ry

s ctabunutpona KC191A no cipaBoYHUKY HAXOAUM

rae Ug cp :(ICT.Cp+ l4)R6 ICT.Cp:
ler.min =3 MA, ler max =15 MA
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=21 —0,0001 A, Ug.cp = (0,009 +0,0091)430 = 7,783 B,

103
Ugx pom = 7,783+ 9~16,78 B.
3agaua 10. /Ins cxembl ¥ yclioBUM 3a7auu 8 ONpPEAENIUTh MPeaeiabl U3MEHEHUs
CONPOTHUBIICHUS HATPY3KH.
Pemenue
N3 cnpaBouynuka ciemyer, uto Tok crabuinutpona KC191 moxer u3MeHsThCs
or 3 mo 15 MA, Te. Aler=126 MA. CpenHee 3HaueHHE TOKa HArpys3Ku

_Uer_ 91
7Ry 1000
HATBCA OT | in =91-6=31IMA 10 |, 10 =91+6=151MA. D10 COOTBETCTBYET

=0,0091 A =9,1MA. TloaTOMy TOK Harpy3Ku TOXKE€ MOXXET H3Me-

CICAYIOMNM COIMPOTUBIICHUAM HAI'PY3KU!:

U, 91
R Yer o1 _6030wm.

wmin — |

- -3

wmax  19,1-10

3amaya 11. /[na cxembl 1 ycioBUi 3a7a4 8§ U 9 onpeneauTb JONyCTUMBIE Mpe-
JIeJIbl UI3MEHEHUS BXOJIHOTO HAIPSKEHUs, IPU KOTOPBIX COXPAHSAETCA PEXUM CTaOH-
JN3allUU.

Peuenue

MuHUMansHOE BXOJIHOE HAIPSKEHUE COOTBETCTBYET CIIydaro, KOTJa 4epes
CTaOWJIMTPOH TE€YET MHUHHMMAJBHBIA TOK cTaOuiam3anud. MakcumanabHOe M MHUHH-
MaJbHOE BXOJIHBIC HATIPSHKCHUS PABHBI:

Uoxmax =Yer + (I + 1ermax) Rs = 9,1+ 430(9,1+15) 1072 =19,46 B,
-3
Uxmin =Yer + (I + lermin) Rs =91+430(9,1+ 3) - 107 =151 B.

3agaua 12. Kpemuuensiii crabunutpon 2C168 moakiItodeH MO cXeMe pHC.
4.3.a. I[Ipu  >TOM Ry=2kOM,  naHHBIE CTAaOMIMTPOHA  CJICAYIOIIHE:
Uer =688, I min=0,5MA, | . nax=3MA. Hailitu Rg, ecimm Upx u3Menserca oT

Usxmin=10 B 10 U, 1,ax=20 B. Onpenenuts, Oyner nu obecrnedeHa crabuin3anus

Ha BCeM auara3one niMenenus Ugx?
Pemenne
Haiinem GainactHoe conmpoTuBieHHE Rg, Ha OCHOBAaHMM CPEIHUX 3HAYEHUMN

BXOJHOTO HANPS)KEHUS UBX.Cp T TOKa cTaduan3anuy | cT.cp-
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U U -U
Rg = 0.cp _ UBX.CD CT

lerep+la lerep+lu ’
rae UBx.cp — UBx.min —;UBX.maX _ 10+ 20

cTep ICT'min —; ICT'maX = 0’52+ 3 =175 MA,
Iy _Yer_ 68 _ 0,0034 A =3,4 MA.
Ry 2000

15-6,8
(1,75 +3,4)1073

BpruucnsieM MUHMMAaJIbHBIE U MAaKCUMaJIbHBIC BXOOHBIC HAIIPAXKCHUA, IIPHU KO-

~15B,

Torma Rs = =1590 Om.

TOpPBIX oOecreunBaeTcs auamna3on cradunusamuu ot 0,5 MA 10 3 MA.
Ui min =Yer + (I + 1ermin) Rs =6,8+1590(3,4 +0,5) .10 ~13B,

Upx.max = 6,8+1590(3,4+3)-107° ~17 B.
3apaua 13. B nmapamerpudeckoM crabuinuzatope Ha ctaduiautpone KC508A
OIIPEJENINTh 3HAUYEHUS] CONPOTUBIIEHMs OalacTHOro pesucropa Rg, kodddunuenra

crabunuzanun Kgop|y ¥ MaKCUMalbHOIO TOKAa CTaOMIUTPOHA l.p, €CIM HU3BECTHO
cienyromee: Uy =11B, Ry =1500 Om,a Uy usmensercs ot 17 no 27 B.

Pemenue

N3 cnpaBouHMKa HaxoauM mmapameTpbl ctabunutporna KC508A
Uc.r =118, Rimng =1150m, lermin = 0,29 MA, | 1ax = 23 MA.

OmnpenensieM COMPOTUBIECHUE OAITTACTHOTO PE3UCTOPa

Rs = Ugxmin —Ys — YUsxmin =Yer = 1r-11 =791 0m.
ICT.min + IH | +LFJQH 0,00025 +1;L(])-O

CT.CD
H

KoaddunmenT crabmnmmzanum paBeH
ReUn 79111

KerU = - =344,
! RunpUsx.mom 11,5 22
rae U =05, min ¥ Ysxmax) =0,5(27 +17) =22 B.
MakcuManbHbIi TOK cTaduUInM3aTopa
| = Upemax —YUs Uy _ 27-11 11 00129 A.
Rs R, 791 1500

3apaua 14. B koMrnieHcallMOHHOM cTaOMIM3aTope, N300pakeHHOM Ha puc. 4.9
BXOJIHOE€ HampsikeHue Upgx =15B, Ry =150 Om. [lapaMeTpsl TpaH3UCTOPOB ClIEmyIO-

mue: g tpanucropa VIl - Byr; =40, Rgpp=20Mm, Ry =0,90Mm, Ry =0,40m.  [Is
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Tpan3ucropa V12 - By, =100 Rgy =30M, Ryy =10m, Ry, =0,6 Om. Ilapamerps! cTabu-
mutpoHa VD- Uer=39B, lcrmax=007A. Paccuurars mnapamerpsl pe3UCTOPOB,
00ecreynBaroliX BEIXOAHOTO HANpsKeHne cradunuzaropa Ugpx =9 B.

Pemenue

IBX

S ™ DR2 DR?,

| _ .
SRR N S |
%/ [
BU, U,
! Uon — VD R45
— Y
- ]
Puc. 4.9

Pacyér npoBOAMTCA B CIEAYIOIIEH MOCIIEN0BATETBHOCTH:

1. OmnpeniensieTcst BeIMYNHA COMPOTUBIICHHS pe3ncTopa R, :

_ Ugs ~ Uesn _ (Upx —Ugpsvts —~Uppix)
lry  (lg2 +151) (k2 +151)

1

I
rne |y =—% _ 1ok 6a3wl Tpansucropa VT1;
Bl
T1

l1 = |, — TOK KosekTOpa Tpansucropa VT1;
Upg; ®Uyy; — NazneHue HanpshKeHus Ha pe3suctope Ry;
Ig; — TOK, mpoTekaromuii uepes pesuctop R;; Tok xomiekropa VI2 Iy, =155,
|y, — TOK amuTTepa Tpanzuctopa VT2, koTopslii BeIOMpaeTcs B npenenax 10-20 MA.
U R1 — (UBX _UEBVTl _UBLIX) =15-0,7-9=53B,
rae Ugsyyt1= 0,7 B.

L =Yn_ 9 _gosa
R, 150
Rl = % ~ 460,87 Om.
0,01+~
40

2. Onpenensercs BEJIMYMHA CONPOTUBIIEHUS pe3ucTopa R,:
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20U, —Uc)  2(9-39)
R, = Teex — Fer/ _ 20739) _ 145 71 O
? | crmax 0.07

3. OnpenenstoTcs BeAMYUHBI CONPOTUBIEHUH pe3ucTopoB R.u R, :

U U —=Upsyrs  9-39-07

R, = —BiX — 440 Om,
0,01 0,01
R — U, +Ugsyto _ 3,9+0,07 _ 460 O
4 0,01 0,01 !

rac UBQVTZ =O,7 B.
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5 YCUWIHNTEJIN 3JIEKTPUYECKHUX CUTHAJIOB
5.1 O61Me cBeleHUA

VYcunureneM Ha3bIBa€TCA YCTPOMCTBO, MpEeAHA3HAYCHHOE Il YCUJICHUS Clia-
OBIX JIEKTPUUYECKUX CUTHAJIOB MO HAMPSHKEHUIO, TOKY WM MOIIHOCTH. B ycunurene
BXOJIHOW CUTHAJI HAMNPSDKEHUSI WM TOKAa HMCIONb3yeTcs JJi YNpaBJICHUS TOKOM (a,
CJIeI0BAaTEIbHO, MOIIHOCTBIO), MOCTYNAIOIIUM OT UCTOYHMKA MUTAHUS B HArPYy3KYy.
O0o06IIeHHas cxeMa YCHIIATENs npuBeaeHa Ha puc. 5.1 [7]. B coBpeMeHHBIX YCHITH-
TENSAX, HIUPOKO MPUMEHSEMBIX B TPOMBIILUICHHOW JJIEKTPOHUKE, HCIOIb3YHOTCS
TPaH3UCTOPHI (OUTTOJISIPHBIE U TIOJIEBBIC) U MHTETPAIbHBIE MUKPOCXEMBI.

Hcrouynukamu CUTHAJIOB MOTYT OBITh pa3jIMuHbIE MPEeoOpa3oBaTEI HEDJICK-
TPUYECKUX BEJIMYMH B JIEKTPUUECKHE: MUKPO(DOHBI, TThe303JIEMEHThI, CYUTHIBAIOIINE
MAarHuTHBIE TOJIOBKU, TEPMODJICKTPUUECKUE JaTuyuku U aAp. Yacrtora u popma Hamps-
KEHUS WIN TOKA 3THUX MCTOYHHUKOB MOXET OBITH JIFOOOW, HAampumep, UMIYJIbCHOM,
TapMOHUYECKOU U JIP.

7 7
Ex VEERDL

EX
= >

HMemovduk || _
i | Younumens || e
cuzHana |1 = lexes | Haepyaxa

HocmoyHuUK
numasug

Puc. 5.1. O6001eHHas cxema yCHIIUTENs

Harpy3koii ycunutenst MOTYT OBITh pa3iMyHBIE YCTPOMCTBA, MPEOOpa3yroIme
ANEKTPUUYECKYIO SHEPIUI0 B HEANEKTPUUYECKYIO, HAIPUMEDP, TPOMKOTOBOPUTEIHU, UH-
JMKAaTOPHBIE YCTPONUCTBA, OCBETUTEIbHBIC U HarpeBaTEeIbHBIC MPUOOPHI U Ap. Xapak-
TEP HArpy3KU MOKET CYIIECTBEHHBIM 00pa30M BIUSATH Ha pabOTy YCHIIUTEIIS.

[IpocTelimuM 3IE€KTPOHHBIM YCHUIIUTENIEM SIBIIETCS YCUJIMTENBHBIN KacKall
(puc. 5.2), comepkamuii HETWHEHHBIM YCUJIMTEIBHBIN JJIEMEHT YO (TpaH3HCTOD),
Harpy304Hbli pe3ucTop Ry M UCTOYHUK 3JIEKTPUUECKON HEpruu E; ¢ HamnpsskeHnem
mutarus U, [11]. YcewnurenbHBIN Kackall UMeeT BXOJIHYIO IIeTh, K KOTOPOW IOABO-
JUTCS BXOJTHOE HAMPSKEHUE Uy (YCUIIMBAEMbIN CUTHAN), M BBIXOJHYIO I€Nb AJIS MO-
JYYEeHUS] BBIXOJHOTO HAMPSIKEHUS U,y (YCWICHHBIM CUTHA). YCHJIGHHBIM CUTHAI
MMEET 3HAYUTEIbHO OOJIBIIYI0 MOIIHOCTh MO CPABHEHUIO C BXOJHBIM CHUTHAJIOM.
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VYBenuueHne MOIHOCTH CUTHaIa MPOUCXOJUT 3a CUET dHepruu ucrounuka E;. Ilpo-
LIECC YCUJICHUSI OCYILECTBIISICTCS MOCPEICTBOM H3MEHEHUS CONPOTUBIIEHUS M TOKA
yepe3 VO, a clieI0BaTeIbHO, U TOKA gy B BBIXOIHOM IIEIH, TIOJT BO3JCHCTBHEM BXO/I-
HOTO HampsiKeHUs Uy, BBIXOJaHOE HampshkeHue Uy, CHUMaeTcs ¢ pesuctopa Ry. Jlo-
BOJILHO YacTO, KOrJla HEOOXOJMMO MMETh OOIIMH BBIBOJ IS MCTOYHHMKA BXOJHOI'O
CUTHaJIa Harpy304HOT0 YCTPOWCTBA, BHIXOJHOE HAIpsKEHUE U'yy, CHUMaeTcs ¢ V0.
BennurHa BBIXOIHOTO HANPSKEHUS Upyy U BBIXOJHAS MOIIHOCTD Ppyx 3aBUCIT OT Be-
JUYUHBI HanpsKeHus nuTaHus U, UCTOYHMKA U COMPOTUBJICHUS HArpy3ku R, Ycu-
JIUTEJbHBIE CBOMCTBA YCUJIUTEIS 3aBUCIT OT CTEIIEHU BIIMSHUSA BXOJHOTO CUTHAJIA Ugy
Ha TOK ympaBisieMoro snemeHta Y. Uem Oomblie 3TO BIUSHUE, TEM OOJbIe OyaeT
HaJicHUe HANPSDKEHUE OT TOKA Iy, HA pe3ucTope Ry, a 3HAYMT, U BBIXOJHOE HArps-
JKEeHHE Uy .

Taxkum oOpazom, yCuiIeHHE OCHOBAHO Ha TPeoOpa30oBaHUM YHEPTUU UCTOUYHHUKA
NUTAHUSI B DHEPTUIO BBIXOJHOT'O CUTHAJA 3a CYET U3MEHEHUSI COMPOTUBIICHUST VI 1o
3aKOHY, 3aJ]aBA€MOMY BXOJIHbIM CUTHAJIOM.

BaxxHO OTMETUTB, YTO, TAK KAK YCUJICHUE MPOUCXOJIUT 32 CUET SHEPTUU UCTOY-
HUKA HaIpsOKEHUs] TUTAHUSI, TO BBIXOJHOE HAMPSIKCHUE YCHIMTENSI HE MOXET OBITh
Oonbiie HanpspkeHus: U, ICTOYHMKA MUTAHUS JJIs1 YCHIIMTENEH ¢ IBYXIOISPHBIM TTH-
TaHWEM U MOJOBUHBI U, 171 YCUIIUTEIIEHN C OHOMOISIPHBIM MUTAHUEM.

j.
Teem
R—.— Meem
. E:
lex
= r
Oo— FS ' prr U
[ -
l ER v Y
O

Puc. 5.2. CtpykTypHas cxema yCUIUTEIHHOTO KacKaia

B coBpeMeHHBIX yCHIIUTENIX B KauecTBe Y HMIMPOKO MCIOIB3YIOTCS TPaH3U-
CTOPBI K UHTETPAJIbHBIE MUKPOCXEMBI.

B 3aBucuMoCTH OT TOro, KakoW mapaMeTp BXOJHOTO CUTHAJA (HAMpsiKEHUE, TOK
WJIU MOIIIHOCTB) TPeOYETCSl YBEIMUUTD C MMOMOIIBIO YCHIIUTENS, PA3IMYa0T YCUITUTEIN
HaNnpsHKEHUs, TOKa U MOITHOCTH.

B unxeHepHO#l mpakThke Haubosiee MIMPOKOE PACIPOCTPAHEHUE MOTYyUHIIU
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MHOTOKAaCKaJHbI€ YCUJIUTEIU HAMNPSOKEHUS, TMO3BOJISIONINE MOJIYyYUTh YCUIICHUE
HaIpPsDKEHUS B JIECATKYU THICSY U 1K€ MUJUIMOHBI pas.

VYceunurenu Toka OPUMEHSIOT B T€X CydasiX, KOTJla B Harpy304HOM YCTPOM-
CTBe, 00JajarolleM, Kak MPaBUIIO, MAJIbLIM COMPOTUBICHUEM, TPEOyeTCs MOJYy4YUTh
3HAYUTEIBHBIN TOK.

YeunurensiMu MOIIHOCTH OOBIYHO SIBJISIFOTCSI BBIXOJIHBIE KAaCKaJbl MHOTOKAcC-
KaaHbIX ycunutened. OHU paboTarT B peXUMax, 00ECTEUMBAIOIMIMX MOJIYYEHUE
MaKCHUMaJIbHO BO3MO>KHOM MOIIIHOCTU Harpy304HOTO YCTPOUCTRA.

B 3aBucuMocTH OT AMana3oHa 4acTOT YCWJIMBAE€MbIX CHUTHAJIOB YCHJIWUTEIU
MO/APAa3ACIISIIOT Ha HECKOJbKO BUAOB. [I1s1 yCUsIeHUsT MEAJICHHO U3MEHSIOIIUXCSI CUT-
HAJIOB UCIIOIB3YIOTCSl YCUITUTEIHN MTOCTOSTHHBIX CUTHAJIOB WJIM YCHJIMTENIU MMOCTOSTHHO-
ro toka (YIIT), ayist ycuJieHUsl CUTHAJIOB B JMAIla30HE YacTOT OT JECATKOB TepIl J0
JECATKOB KHJIOTEPI] — yCHIUTEIN HU3K0#M 9acToThl (YHY), 11s ycuneHust CUrHaioB B
JMara3oHe 4acToT OT COTEH KHJIOTEPI] O COTEH Merarepi] — YCUJIUTEIH BHICOKOU Ya-
crotrel (YBY). [ns ycuneHus UMIYJIbCHBIX CUTHAJIOB, UMEIOIIUX CIIEKTP YacTOT OT
JIECATKOB TepIl JO COTEH Merarepil, MPUMEHSIOTCS MTUPOKOIMOJIOCHBIC YCUIIUTEIU
(OITY). IIpu HEoOXOAUMOCTH YCUJICHUSI CUTHAJIOB B Y3KOM JIMarna3oHe 4acTOT MpU-
MCHSIFOTCSI Y3KOIIOJIOCHBIC WJIM M30upaTenbHbie yeunurenu [11].

CrniocoObl coenuHeHUs (CBA3M) KacCKaJlOB 3aBUCST OT BHJAa MHOTOKAaCKaJHOIO
yewutens. Tak, B YIIT cBA3b Meky KacKalaMu OCYLIECTBIISIETCS. HETOCPEACTBEHHO
WIN C IIOMOUIBIO pe3UCTOPOB. Takue yCUIMTENN HA3bIBAIOTCS YCUIIUTEISIMHU C HETO-
CPEACTBEHHOM MJIN PE3UCTHUBHOM CBA3BIO.

B ycunurensx nmepemennoro HampspkeHus (YHY, YBU u HIITY) nns cBssu
MEXIy KacKaJaMH Yalle BCEro MCIOIb3YIOTCS KOHAEHCATOPBI U pe3ucTopbl. Takue
YCWINTENN HA3bIBAIOTCS YCUJIUTEISIMA C €MKOCTHOM WM PE3UCTUBHO-EMKOCTHOMN
cBsa3bt0 (RC-ycunurenu). KonjeHcaTopsl B YCHIIMTENSAX MTEPEMEHHOTO HAMPSHKCHUS
CIIyXaT JJIsI OTACJICHUSI MEPEMEHHON COCTABIISIIOLIEH HAIMpPSKEHUS OT €ro MOCTOSH-
HOW COCTaBJISIOIIEH, JEUCTBYIOIIEH B KACKAJIE YCUIICHUA.

[To crocoOy BrimroYeHUsT YO pa3nuualoT TPU OCHOBHBIX THUIA YCHUJIUTEIBHBIX
KacKaJ0B KaK Ha OMMOJSPHBIX (C OOIIUM SMHUTTEPOM, OOIIMM KOJIEKTOPOM U 001Ien
0a30i1), TaKk ¥ Ha TOJIEBBIX (C OOIIUM MCTOKOM, OOIIUM CTOKOM U OOIIMM 3aTBOPOM)
TpaH3UCTOpaXx.

5.2 OcHOBHBbIE TAPAMETPHI U XapPAKTEPUCTUKHU YCHIUTEIeil

OCHOBHBIMH 3JIEKTPHUYECKUMH MapamMeTpaMu PE3UCTOPOB, MOIEKAIINX KOH-
TPOJII0 B TEXHUYECKOU TUATHOCTUKE, SIBIISFOTCS:

- koo purment ycunenus K;

- IMHAMHWYeCKni quana3oH D;

- pabounii 1ramna3oH 4actoT Af;

- BRIXOJHAsI MOITHOCTD Py, x;
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- BXOJHOE Zyx U BBIXOAHOE Zg,x COIPOTUBIICHUS,

- K03 (HUIIMEHT TOJIE3HOTO JEUCTBUS M;

- K03 OUIIMEHT HETMHEUHBIX UCKAKEHUN K.

Koadpunmentom ycunenust (mepenayu) Ha3bIBA€TCS OTHOILIEHUE BBIXOJIHOTO
CUTHaJIa YCWINTENS K BXOJHOMY. B 3aBucHMOCTH OT XapakTepa BXOJHOW M BBIXOJ-
HOM BeNMYMH KOA(DPUIMEHT YCUJICHUS MOApa3AeNaeTcs Ha KOdDPUIUEHT yCUIeHus
1o HanpspkeHuto Ky, mo Toky K u mo MomHoctu Kp:

KU = UBBIX/UBx; KI = IBI)IX/IBx; KP: PBI;IX/PBX: KU Kl-

JI1s1 MHOTOKACKaIHBIX YCHJIMTENEeH o0 KodPOUIIMEHT YCUICHUS YCUIUTE-

JIsl paBEeH MPOU3BEIACHUIO KO (PUIIMEHTOB YCUJICHHS BCEX KAaCKaJIOB:
Ko61u = Kle c. Kn,

rae K,— koadduiment ycuiienus N-ro Kackaja.

B psine ciayuaeB k03 QUITMEHTHI YCUIICHHS BBIPAXKAIOTCA B JIOTApUPMUUECKUX
eauHuIax — nenuodenax (ab) [6]:

KU = ZOIQ(UBHX /UBX); KI = ZOIQ(IBHX/IBX); KP = 10|g(PBHX /PBX)'

Jlorapudmudeckue eaMHUIBI yIOOHBI TEM, UYTO €CJIU M3BECTHHI KOd(uIneH-
Thl YCUJICHUS OTACJBHBIX KaCKaJI0B WM Y3JIOB YCHIMTENsS, OO KodhuimeHt
YCWJICHHUSI KOTOPOTO PaBeH MPOU3BEACHHUIO 3TUX KOIPDUIIMEHTOB, TO €ro HaXOJAT
Kak anreOpandecKkyro CyMMy Jiorapu@mMuieckux Kod(h(GUIIMEHTOB YCUICHHS OTAEINb-
HBIX KacKaJIOB.

JlnHaMUYecKuM Auana3oHOM Ha3bIBA€TCSl OTHOIIEHHWE HAUOOJBIIETro JAOMYCTH-

MOT'O 3HAYEHHsI BXOJHOTO HAIPSIKEHHS K €ro HaMMEHBIIEMY JOMYCTHMOMY 3Hade-
auro [18]:

D = Usx max/Usx min; D (ab) = 20|9(UBX max /U x min)- (5-1)

Beenenne korddummenta D, xapakTepu3yromero IMHAMUYECKUN Auana3oH,
HEO0OXOJIMMO TIOTOMY, YTO MaKCUMAaJIbHO JIOMYCTUMOE BXOAHOE HAIPSKEHUE YCHIIH-
TEJsI OTPAHWYCHO HCKKEHUSMM CUTHAJIa, BBI3BAHHBIMHU BBIXOJIOM pPa0OUMX TOYEK
YCUJIUTEIIBHBIX KaCKaJI0OB 3a MPEAEIbl IMHENHOIO YU4aCTKAa XapaKTEPUCTUKH.

MuHUManbHO IOMYyCTUMOE HAMPSIKEHWE OOBIYHO OTPAHMYEHO YPOBHEM COO-
CTBEHHBIX IITyMOB yCHUJIUTEINSI, HA ()OHE KOTOPBIX IMOJIC3HBIM CUTHAN HE y/IaeTCs BhI-
JEIIUTb.

PaGounii nuama3on 4actoT (MOJ0ca MPOMYCKaHUs) — ATO MOJ0CAa YacTOT OT
HWKHeW pabodeid wactoThl f; 10 BepxHel pabodeit yactoThl f;, B mpemenax KoTopou
KOd(h(PUIMEHT YyCUIICHUS HE BRIXOAUT 3a TIPEIEITbl 3aJaHHBIX JIOMTYCKOB.

Ecnu k ycunuTento He peabABISIOTCS Kakue-1ru00 crieruaibHbie TpeOOBaHMS,
TO TOJIOCA MPOMYCKAHMUS MPEACTABIACT MUANa30H 4acTOT, B KOTOPOM KO3 uimeH T
ycuneHus cauxaerca Ha 316 (B 1,41 pa3a) OTHOCUTENBHO CBOETO 3HAYEHUS HA Cpeji-
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HUX 4YacTOTax, T.e. rae KO3()(PUIMEHT YCUJICHUS YCUJIMTENd NPUHMMAET 3HAYCHUs
6omee 0,707Ky max-

BrixogHass MOIIHOCTE XapaKTEPU3yEeTCA HOMUHAJIBHOM MOIIMHOCTBIO. Iloa Hew
MOHUMAIOT MOIIHOCTh Ha BBIXOJI€ MPU pabOTe HA pACUETHYIO HArpy3Ky M 3aJlaHHOM
Kod(pduLIMeHTEe HEMMHEWHBIX UCKAXKCHUH.

B o0meM cityyae BXOAHOE M BBIXOJIHOE COMPOTUBIICHUS YCUJIMTENS — BEJIHYH-
Hbl KOMIUJIEKCHBIE U3-3a HAJIMYUSA PEAKTUBHBIX 3JIEMEHTOB BO BXOJHOM U BBIXOAHOM
LeTIsIX.

[Ipoanamu3upyem BIHSHHUS 3HAYEHUN BXOJHOTO M BBIXOJHOTO CONPOTHUBIICHUMN
Ha KadecTBO pabotel ycuiutens. Ha puc. 5.3 uzoOpakeHa >KBUBaJEeHTHas cxema
YCUJINTENIA, K BXOJHOM LN KOTOPOTO NOJKIIFOYEH MCTOYHUK CHUTHANIA, & K BBIXOJ-
HOM — Harpy3ka [5].

IBX Ycunurens IBBIX_ H
—_— I_ —————————— 1 —_—
RBH RBLIX

o=
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Puc.5.3. DxBuBaneHTHasA cxemMa yCUINTENsS

Hcrounuk curHana BelpaOaThIBaeT 3.1.C. E,, U UMEET BHYTPEHHEE COIIPOTUBIIE-

Hue R, . Tok, mporekaromuil BO BXOAHOHN LENU YCUIIUTEIS PaBEeH

E

— BX
BX !
RBX + RBH
rac RBX -BXOAHOC COIIPOTUBJICHUC YCHUIINTCIIA.

Torna CUI'HaJI Ha BXOAC YCUIIUTCIIA

U — I R — EBX RBX

BX BX' ‘BX '
RBX + RBH

U3 IMOJYYCHHOTI'O BBIpAKCHUA CICAYCT, 4YTO 4YCM OoubIIIe RBX YCHIIUTCIIA, TCEM

OsmoKe 3./1.C. ICTOYHMKA CUTHAJA K HAMPSKEHUI0, (DAaKTUYECKH MPUIIOKEHHOMY K BXO-
ny yeunutens. Takum obpasoM, R,, ycunurens 10MKHO ObITh KAK MOXKHO OOJIBILIUM.

Ha cBoeMm BbIXOzA€ ycwntens co3paer curdan £y =U_ K, noctynaroomuii B

Harpy3ky. Torma Tok B Harpy3ke paBeH
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E

I — BbIX
"R _+R
H

BBIX

rac R — BBIXOZHOC COIIPOTUBJIICHUC YCUIIUTCIIA.

BBIX
TOFI[a MNaaCHNUC HAIIPSIKCHHA Ha HArpy3KE, KOTOPOC, B CYHIHOCTH, ABJISACTCA
CHUI'HAJIOM Ha BbIXOAC YCHIIMTCIISA PAaBHO

UH — IHRH — EBLIXRH .
Rux T Ry

BBIX

[Tomy4daeTcsa, 4TO 4eM MEHBIIE BBIXOAHOE COINPOTHUBIICHUE YCUIIUTENSA, TEM
6ospie ero KITJ[ u MonHoCTh, OTIaBaeMasi Harpy3Ke.

KITJI mpencrtaBnsier coOOW OTHOIIEHUE BBIXOAHOW MOIIHOCTH, OTIaBaeMOM
YCWINTEJIEM B Harpy3ky, K oOIleil MOIIHOCTH, MOTPeOIIeMOl OT UCTOYHUKA MHTAa-
HUS: M| = Pyyy /[Po. OH XapaKTepu3yeT SHEPreTHUEeCKHUEe MOKA3aTe N YCHUITUTEIIS.

KoapunmeHT HenmMHEHHBIX UCKKEHUI OIICHUBAET MCKAXKECHHS, 00YCIIOBIICH-
HbIC HEJIMHEWMHOCTBIO BXOJHOW XapPaKTEPUCTUKU YCHIIMTEIA, W ONPEHAECIACTCA I10

dbopmyie:

2 2 2
U5, +Usz, +...+Un

KHI/I:
Ufm +U22m +U§m +...+U§m

rae Upy— aMIuTy1a HarpsiKeHus: N-0i TapMOHUYECKON COCTaBISIONIEH BBIXOIHOTO
CUTHaJA.
JIOBOJILHO YacTO HEJNWHEWHbIE HCKaXEHHUS OLIEHUBAIOTCS Kod(puimeHTom
rapMOHUK, KOTOPBIN onpenensieTcs no Gpopmyre:

2 2 2
U5, +Us, +...+Un,
5 )

Ulm

Ha puc. 5.4 nokazaHo, kak uMcCKaxkaercs (popma BXOJHOTO TOKa TPaH3UCTOPA

K. =

(roka |y nus cxembl ¢ OD) 10 CpaBHEHHUIO C CHHYCOUAAIbHON (HPOPMOI BXOAHOTO

Hanpspkerns U, (Ug,) 3a cueT HeTMHEHHOCTH BXOJIHOW XapaKTEPHCTHKH TPaH3U-

cropa [5]. MakcumanpHOE 3HAYCHHWE TOKA 3a MOJOXKUTEIBHBIM MONYNEpHON | a0

Oosiblile, YeM B OTPULIATENBHBIN TOTYHNEPUOn |,y -

JIJist OTIeHKM HMara3oHa U3MEHEHUS! BXOHBIX HANPsDKEHHH, YCHIINBaeMbIX 0e3
VCKa)KCHUH, UCTIOJIb3YETCS aMIUTUTY/IHASL XapaKTEPUCTHKA.
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Puc. 5.4. Bo3HUKHOBEHUE HEJIMHEWMHBIX UCKAXKECHUN

AMIUTUTYAHAS XapaKTEPUCTUKA YCUIIMTENS — 3TO 3aBUCUMOCTh aMILIUTYIHOTO
3HAYEHUS BBIXOJHOTO HANPSKEHUS NepBO rapMOHUKU Ui pyx OT aMIUIMTYIBI CUHY-
COUIATILHOTO BXOJHOTO HampsykeHus Up 5 Ipu Hen3MeHHou ero wactore (f = const)
[14]. XapakTepHblii BHI aMIUTATYIHON XapaKTEPUCTUKU IIPUBEIEH Ha puc. 5.5.

Ulm BBIX

. Um BX

Um BX Min Um BX Max

Puc. 5.5. AMIuTyiHas XapakTepUCTUKA yCUIIUTEIS

[To amMmuTyHOM XapaKTEPUCTUKE OMpeAessieTcss padodyuil [uamna3oH amIuiu-
Ty BXOJHOTO HAMpsDKEHUs. DTO MPOU3BOAUTCA cieAyromum obOpazoMm. Ha amrmuiu-
TYJTHON XapaKTEPUCTUKE BBIACISICTCS padounii yuacTok BC — MpSIMOIUHEHHBIA y4a-
CTOK, orpannueHHbI Toukamu B u C. Haxonsres npoekiuu touek B u C Ha och adc-
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IMCC, B PE3YJIbTATE YEro ONPENestoTcs 3HaUeHUsT MUHUMAINBHOU Upmgy min 1 MakcH-
ManbHOM Up, px max @MIUTUTYJ] BXOJTHOTO HaNpspKeHUs. Mexy 3HaueHUSAMHU HampshKe-
HUA Up sx min @ U sx max ¥ HaXOAUTCS paboumii nuamna3oH aMIUIUTYJ BXOJHOTO
HanpsbkeHusi. [1o moaydeHHbIM 3HAYEHUSAM MOXKHO OMpPEeIUTh JMHAMUYECKUN aua-
nazoH D ycunurens no gpopmyme (5.1).

VYyacTtok AB XapaKTEpUCTUKH SBISETCS HEpaOO4YMM, TaK Kak MpU IMojaye Ha
BXOJI YCWJIUTENS HANpsHKEHUsT MeHbIero HanpsbkeHUst Up, sx min, BBIXOJITHOE HaIpsiKe-
HUe Uy g OyZET cOu3MepumMo ¢ HanpsikeHueM mymoB Uy,

VYyactok CD xapakTepucTuku sBISETCS TakKe HEpaOOUMM, TaK Kak Kak MpH
1oJjiaue Ha BXOJl YCWIMTENSI HanpsoKeHUs: 0oJbiiero HanpsoKeHUsT U gy max, B BBIXOJI-
HOM HAMNPSKCHUU TOSBIISIOTCS HEIMHEWHBIE UCKaKEHUs, 00YCIOBJICHHbBIE OrpaHuYe-
HUEM aMIUIUTY/bl BBIXOJHOTO HAIPSIKEHUS YPOBHEM HAIPSIKEHUSI UICTOUHHMKA THTA-
HUSI.

[To amMmIMTyAHONM XapaKTEPUCTUKE MOXKHO TaKXKe ONMpeNelnuTh KOdDPUIMECHT
ycwieHust Ky ycunutens o ¢hopmyre:

Ky = Kiptga,
rne Kp= LT kod(duireHT maciradba, paBHbIN OTHOIIEHHWIO MACIITa00B IO
mUBx
OCSIM COOTBETCTBEHHO BBIXOAHOTO My pyx M BXOTHOTO My px HATIPSHKEHHIA.

JIJisl OLIEHKW CBOMCTB yCHJIUTENS HANpPsDKEHUS HA Pa3jMYHBIX YacTOTaX IMOJb-
3YIOTCS aMIUTUTYTHO-4aCTOTHOM XapakTepucTukoit (AUX).

AMIUTUTYTHO-4aCTOTHOM XapakTtepuctukoi (AUX) HazbIBaeTCsS 3aBUCUMOCTH
K03 pUIeHTa yCUIICHHS 110 HanpsbkeHuio Ky oT JacTothl f BXomHOTO cHUTHANA mpu
HeusMeHHoOM ero ammuTyae (Upy ;x = const). I1o yacTOTHON XapakTepUCTUKE Opeie-
JISIETCS TI0JIOCA POIMYCKAHUS YCHIIUTEIIS.

Ha puc. 5.6 npuBenenst AUX ycunuTesnss ¢ eMKOCTHOM CBs3bIO (KpuBas 1) u
VIIT (kpuBas 2).

Ku 2 1

A
0,707KUmax ————— (——— ——————————————— -q—-

f(lgf)

¢
e

—h

=
—h

=

Puc. 5.6. AMIIIMTYTHO-4aCTOTHAS XapaKTePUCTUKA YCUITUTEIICH:
1- ¢ eMKOCTHO¥ CBS3bIO; 2 — ITIOCTOSTHHOI'O TOKA
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B AUX ycunutens ¢ eMKOCTHOU CBSA3bIO HAOJIOMACTCSl CHIDKEHHUE (3aBall) KO-
s unmenta ycuneHnus Ky B 00J1aCTH HIXKHUX U BEPXHUX YacTOT. 3aBajl YaCTOTHOM
XapaKTEPUCTUKHU B 00JACTU HIKHUX YaCTOT OOBSICHSIETCS BO3PACTAHUEM €MKOCTHOIO
COTNPOTHUBIICHUSI KOHJACHCATOPOB CBS3U (pa3eluTeIbHbIX KOHJIEHCATOPOB) MEXIY
KackaJamu. 3aBaJl YaCTOTHOM XapaKTEPUCTUKHU B OOJACTU BEPXHUX YACTOT OOBICHS-
€TCSl YaCTOTHBIMU CBOMCTBAMHU YCHJIMTEJIBHBIX 3JIEMEHTOB (TPAH3UCTOPOB) U Mapa-
3UTHOW EMKOCTBIO MOHTAXA.

Cuamxenue Ky B 00J1aCTH HWXKHUX U BEPXHUX YACTOT HA3BIBACTCS YACTOTHBIMU
UCKKEHUSIMU. YaCTOTHBIE MCKAKEHUSI OIICHUBAIOTCA KOA(DPHUIIMEHTOM YaCTOTHBIX
UCKa)KCHUH, KOTOPHIC PABHBI:

MH:KU max; MB—Kumax,
KUH KUB

rae Ky max — MakCUMalibHOE 3HaueHue kKoddduimenta ycwieHus; Ky, Kuys — Kod(d-
(UIMEHTHI YCUJICHUSI COOTBETCTBEHHO HA HMKHEW U BEPXHEU rpaHUYHBIX YacTOTaX.

OOBIYHO 1JI1 YyCUJIUTENICH HANpPSKEHUS C €MKOCTHOW CBS3BIO JIONMYCTHUMBIC
3Ha4YCHUS KOA(DQPUIIMEHTOB YACTOTHBIX HWCKWKCHUN NPUHUMAIOTCS PaBHBIMHU
M,=M,=+/2 . YacTOTBI, COOTBETCTBYIOIIHE TOMYCTUMBIM 3HAYCHHAM K0IPDHIMEHTA
YAaCTOTHBIX MCKa)KCHUH, HA3bIBAlOTCS HUKHEH f; u Bepxueit f, rpannyHbIME YacTOTa-
MU, a JUAIa30H YacTOT MEXKIYy HUMH — MTOJIOCOW MPOMYCKaHHUS.

Takum 06pazom, mosioca MPOIMyCKaHUs MPEACTABISIET COO0M qUana3oH 4acToT,
B KOTOPOM KO3 GuUItueHT yerienus ycuautens 6ombiie 0,707 Ky max (puc. 5.6).

AUYX ycunurens noctossuHoro toka YIIT (kpuBas 2, puc. 5.6) mpoxoauT He-
CKOJILKO BBIIIIE M HE MMEET 3aBaja B 00JIaCTH HIDKHUX 4acToT, Tak kak YIIT He co-
JIEPKUT KOHAEHCATOPOB CBSA3U U BBIMIOJHAETCS C HEMOCPEICTBEHHOMN CBA3BIO MEXKIY
KacKaJlaMH.

B cBsi3u ¢ Tem, 4TO mosioca MPOIMyCKaHUs yCHIINTENEeH OOBIYHO JOCTATOYHO Be-
JIMKa, TO MO0 OCH a0CITUCC OTKJIAJBIBAIOT 3HAYCHHS YAaCTOT B JIOTapU(PMUUECKOM Mac-
mrade.

5.3 O0paTHbIe CBSI3M B YCHJIHUTEJISIX

Oo6patHoit cBsa3bio (OC) B yCHIIMTENSIX HA3bIBACTCS Mepeavya YacTH BBIXOIHO-
r0 CUTHajia Ha BXOJ. DJIEKTPUYECKUE LIETH, OCYIIECTBISIONINE 3Ty Nepeaady, HOCST
Ha3BaHUE lieTiei 0OpaTHOM CBS3H.

Ha puc. 5.7 uzobpaxkena ctpykrypHas cxema ycunurens ¢ OC mo Hampsoke-
HUo. OC B yCWIIMTENSIX CO3/1Al0T CIENUANIbHO JJI1 U3MEHEHUSI UX CBOMCTB. OgHAKO
OC uHOrAa BO3HUKAIOT caMompou3BoiibHO. CamonpousBosibible OC Ha3bIBAIOT Ma-
Pa3UTHBIMH.
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qu ul uBbIX

LjoC

Puc. 5.7. CtpykTypHas cxema yCUJIUTENs C OOpaTHOM CBA3BIO MO HANPSIKEHUIO:
VY — yeunurens; [HOC — nens oOpaTHo# cBsizu; C — cymmarop

ens oOpatHoit cBsizu [JOC xapaktepusyeTcsi KodDPUIMEHTOM 00paTHOM
CBs3U [3, omnpesiensieMbIM 110 hopmyJie:

B = UOC/ Ugeix, (52)
rae Uoc — Hanpspkenue OC;
Ugyix — BBIXOJTHOE HAIPSKEHHUE YCUITUTETIS.

Ecnu HanpsiokeHue Uoc CKIIAIBIBACTCS C BXOJIHBIM HAIPSHKEHUEM Ugy, TO TaKas
OC naszpiBaercs nosoxutenbHol (ITOC). Ilpu 3ToM Ha BXOA YCHUIIWTENS MOAAETCS
YBEJIMYEHHOE HaIpsKEeHHe Uj.

Ecnn nanpsixeHne Uoc BBIUMTAETCS U3 BXOJHOTO HANPSDKEHUS Ugy, TO TaKas
OC mnazbiBaetcs orpuniatenbHoit (OOC). IIpu 3ToM Ha BXOJ yCWIMTENS MOAAETCS
YMEHBIIEHHOE HaIPsKEHUE Uj.

Bce OC pensarcs na OC no Hanpsbkeruto 1 OC no Toky. B OC no Hanpsixe-
HUtO0 HanpspkeHue OC mpomopUMOHAIbHO BBIXOJHOMY HAINPSKEHUIO ycuiautens. B
OC no toky Hanpspkenrne OC nponopuuOHaIbHO BEIXOJHOMY TOKY YCHIIMTEIIA.

Kpome toro, Bce OC mo Buay BXOAHBIX IE€TEH YCUIUTENCH MOpa3AesatoTCs
Ha MocliefoBaTeNbHble, Npu KOTOphIX Henu OC BKIIOYAKOTCSA IMOCIEA0BATENBHO C
BXOJHBIMH LIETISIMU YCHIIMTEIIS, U NapajielbHble, kKoraa uenb OC BkiIrovyaeTcs mna-
paJUIeNIbHO BXOJHBIM LEMAM YCUIIUTEIA.

Paccmotpum Biausiaue OOC 1o HampsHKEHUIo Ha KO3(PGUIIMEHT YCUICHUS YCHU-
mutens. Ilpu orpunarensHoi nocnenosatenbHo OC 1Mo HANPSHKEHUIO NI BXOJIHOM
LENH YCUIUTENS MOXKHO 3alHUCATh BEIPAXKEHUE:

U1 = Ugx— Uoc WM Ugx = Uz + Uoc.

YuurteiBas T0, 4T0 Uoc = B Ugyx (5.2), monyyaem:

Upx = Uz + B Uppix- (5.3)
[Tpu 5ToM kKodhpummenT ycunenus ycunurens 6e3 OC paBeH:
K= UBLIX /Ul

Torma Bepakenue mns kodddunuenta ycunenus ycunutens ¢ OOC Oyxaer
UMETh BUJI;
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Usbix _ Ugbix (5.4)
Upx Ul+BUppx
PaznenuB B mocnennem BbipakeHuu (5.4) uucnurens U 3HaMeHaTenb Ha Ug

Kooc =

OKOHYATeJbHO moryunMm [11]:

K
Kooc = ——. :
00C 1+ K (5.5)

N3 dopmynsr (5.5) cnenyet, uto BBeaenue OOC ymeHbiiaeT Kod(phUIUEHT
yeunienus yeunurens B (1 + BK) pas.

AHAJIOTHYHO MOYKHO IIOKa3aTh, 4YTO KOA()MHUIMEHT YCHJCHHUS YCHIIUTENS C
IT1OC pagen [11]:

K
Kooc = ——. :
00C 1-pK (5.6)

Kax cnenyer u3 Beipaxkenus (5.6), BBeaenue [IOC nosbimaer ko3dpuueHT
ycwieHust yewutens. Onnako [1OC B ycunurensx mpakTUUeCKU HE MpPUMEHSETCS,
TaK KaK CHUKAeT CTAOMILHOCTh Kod(pdulineHTa ycusieHus, a 00bIYHO UCIIOJIB3YETCS B
AIIEKTPOHHBIX F'eHEepaToOpaXx.

Hecmotps Ha cHmkenne korpduimenta ycwieHus, OOC B yCHIHTENSIX TPH-
MEHSIOT OoueHb 4acto. B pesynbrate BBeneHuss OOC CylIeCTBEHHO YJIYUIIAKOTCS
CBOICTBa yCUIIUTEJS:

a) MOBBIIIAETCS CTAOMIBHOCTh KOA(DPUIIMEHTA YCUICHUS YCUITUTENS MPU U3-
MEHEHUH TapaMeTPOB TPAH3UCTOPOB;

0) CHIKETCSl ypOBEHb HEJTMHEHHBIX UCKAKECHHUI;

B) YBEJIMYMUBAETCS BXOJIHOE M YMEHBIIAETCS BHIXOJIHOE CONPOTUBIIECHUS YCUITH-
TEJS;

T') pacIIMPSETCA MOJI0Ca MPOITYCKAHMUS.

Jns onenku crabunbHOCTH KO3 dumuenta ycuinenus ¢ OOC HeoOxoaumo
OTIPEJICIUTh €r0 OTHOCUTEIIBHOE U3MEHEHHE

0Kooc = AKooc IKooc-
Omnpenenum npupamienue AKooc mis yeunureas ¢ OOC [19]:

K
AKOOC= —d 00C AK =

dK
_ d[K/(1+ BK)] AK = 1+BK —BZK AK — AK .
dK 1+ BK) (1+BK)
OTtHocuTenpHOE N3MEeHEeHHE Kod(pdurmenta ycunenus ycmmmrens ¢ OOC:
AK AK /K
AKOOC = 00C _ . (57)
Kooc 1+BK

N3 dhopmyet (5.7) BUIHO, 9TO BCSIKOE M3MEHEHHE KOAPDUIMCHTA YCUIICHUS YCH-
nutens ocnabnsaercs aericrsuem OOC B (1 + BK) pas.
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OOC ocnabunser BIMsiHUE BceX U3MEHEHUH Koa(dduienTa ycunenusa K, B TOM
YHCJI€ CBSI3aHHBIX C HEPABHOMEPHOCTHIO YACTOTHOM XapakTepucTuku. [lorTomy B Ta-
koM ycminrene ¢ OOC pacmmpseTcs monoca IpoIyCcKaHus, yMEHBIIAKOTCS YacTOT-
HbIE UCKaKEHUSI.

OOC ymeHbIIaeT BO3HMKAIOIIME B YCWIMTENIE HEIMHEHHBIE HCKaxeHusd. B
ycwutene 6e3 OOC npu 00bIIOM BXOJHOM HANPSIKEHUU 3a CUET HEJTMHEHHBIX HC-
KOKCHUH B BBIXOJTHOM HAIPSHKEHUH MMOMHMO OCHOBHOW TapMOHUKH MOSBIISIIOTCS U
BBICIIIME, HAJTUYME KOTOPHIX UCKaKaeT GopMy BBIXOJHOr0 HampsikeHus. [Ipu BBese-
Hun OOC BeicmMe rapMoHMKH udepe3 3BeHO OC moparoTcs Ha BXOJ YCHUIIATENSA U
YCWJICHHBIMU TIOSIBJIIFOTCS HAa €r0 BBIXOJE B MPOTHUBO(DA3€ C BHICIIUMHU TAPMOHUKAMH,
MOSIBUBIIIMMUCS BCJICJACTBUE HEJIMHEWHBIX UCKaXEHUU ycuiautens. B pesynbrare co-
Jep>KaHuEe TapMOHUK MPU TOM K€ 3HAYEHUU BBIXOJIHOTO HAMPSHKEHUS YMEHBIIASTCS,
a, CJIeJ0BaTEIbHO, UCKAXKEHHS BBIXOJIHOTO HarpspkeHus B ycunutene ¢ OOC Oyayt
MEHBIIIC.

Brenenune nocnenoarenbHoii OOC 1Mo HanpsHKEHUIO YBEJIMYUBAET BXOJIHOE
COMPOTHUBIICHUE ycriuTels. [[puHuMasi BO BHUMaHHE, YTO

Up = RBXiBXl Upx = RBX.OCiBXl Upnix = Kuly
ypaBuenue (5.3) MoXxHO 3amucath B BUC:
RBX.OCiBX: RBX(1+BK)iBX HIIN RBX.OC: RBX(1+BK)1
rae Ryx.oc— BxogHoe conpotuBienue ycwiutensa ¢ OC;
Rsx — BXoaHOE comnpoTuBiienune ycunurens 6e3 OC;
Izx — BXOJHOHM TOK YCHIJTUTEIS.

Takum oOpa3zoMm, BXOJHOE COMPOTUBIIEHUE ycuiuTens 3a cuet BBeAeHuss OOC
yBennuuBaercs B (1 + BK) pas.

Brenenune nocnenoBatenbHoii OOC 10 HaNpsHKEHUIO YMEHBIIAET BBIXOJIHOE
CONPOTUBIICHUE YCUIIUTEIIA.

JIns BeixogHOTO HamnpspkeHus: yeunutenst ¢ OOC MOXHO 3anucaTh BbIPaXKEHUE:

uBbIX.OC = uBle_ uBle.OCBK nIn uBbIX.OC (l+BK) = uBle!
rA€ Ugux.oc — BBIXOAHOE HampsixkeHnue ycunurens ¢ OC;
Usyix — BBIXOJTHOE HampspkeHue yeumurens 6e3 OC.

[TpuHUMAas BO BHUMAHHUE, YTO Upyx.oc = Rexoclssx B Upsx = Raxlpsx, AIMEEM BbIpa-
KEHUE:

RBLIX.OCiBBIX(l-l-BK) = RBI:IXiBLIX1
1€ Ipx — BBIXOJIHOHM TOK YCHITUTEIIS.

OkoHYaTETBHO MOJyYaeM:

RBHX.OC = RBLIX /(1+BK)

Takum 00pa3oM, BBIXOJHOE COMNPOTUBICHUE YCHUIIUTENS 3a CUET BBEACHUS
OOC ymenbmaercs B (1 + BK) pas.
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Ha puc. 5.8 mpuBenena cxema ycunutens ¢ nociegoBatenbHor OOC mo
HanpspkeHuto. [pu 3ToM Uoc = UgixR2/(R1 + R2).

(e,

l Usx lul y RH I Upeix
Uoc

O- -

R1

R2

T

Puc. 5.8. Cxema ycunutens ¢ nocieaosaresibHoil OOC 1no HanpspKeHUIo

Ha puc. 5.9 npusenena cxema ycuiurens ¢ nociaeaosarenbHoi OOC no Toky

[11].
Iseix
o —>
l Usx l us y RH Uppix
Uo.c
(o, ——
R1

Puc. 5.9. Cxema ycunurens ¢ nocnegoparenbHoir OOC mo Toky

Tak kak Uoc = Rligy, To Takas OC BO3HHKAET TOJBKO MMPH HAJTHYUH BBHIXOIHO-

ro TOKa, TO €CTh P paboTe YCUIIUTENS HA HArPy304HOE YCTPOUCTBO.

5.4 llInpoOKOMOJIOCHbIE YCUINTE/IU

[[IMpOKONIONIOCHBIE YCUIUTEIN HMMEIOT IIUPOKYIO MOJIOCY IPONYCKaHUS H
MPEACTABIAIOT COOOM YCHIUTENH MEePEMEHHOTO HampspkeHus win RC-ycunmurend.
OCHOBY yCWJIMTENEH COCTABISIIOT YCUITUTENIbHBIE KACKa/IbI.

VYceunurenbHble KacKajabl Yalle BCEro BBIMOJHSIIOTCS HA OUIOISPHBIX U TMOJIE-
BBIX TpaH3uCTOpax. He3aBUCHMO OT TUIMOB aKTUBHBIX 3JIEKTPOHHBIX TPUOOPOB, MPU-
MEHSIEMBIX B YCWIMTEIBHBIX KacKaJax, IPUHUUN YCUJICHHS OCTAaeTCa eauHbIM. [Ipn
3TOM B LIENHU, B COCTaB KOTOPOW BXOJHUT YCUJIUTEIbHBIA 3JIEMEHT, YCTaHABINBAIOTCS
OTpeJIeJICHHbIC 3HAUYCHHUSI IOCTOSIHHBIX TOKOB. DTOT PEXUM paOOThl Ha3bIBAETCA CTa-
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TUYECKUM (PEKUM IO MOCTOSSTHHOMY TOKY, PEKUM MOKosA). OH XapakTepusyercs Io-
CTOSIHHBIM TaJICHUEM HaIpPsHKEHUS HAa KOMIIOHEHTAaX YCHJIMTEIbHOro Kackana. [Ipm
[oJja4ye CUrHaia NEPEMEHHOIO TOKA HAa BXOJ| YCWIIMTEIBHOTO 3JIEMEHTA TOKH B LEIAX
HAYMHAIOT U3MEHATHCS B COOTBETCTBHM C NOJAHHBIM CUTHAJIOM. OTH NEPEMEHHBIE
TOKH CO3/IAal0T MEPEMEHHBIE MMAJCHUS HANPSKEHUS HA KOMIIOHEHTaX YCHIJIUTEIBHOIO
kackazaa. [lonyyeHHble 3HaUEHUS! BBIXOJIHOT'O CUTHAJIA OOBIYHO 3HAUYUTEIBHO OOJIbIIE
BXOAHOro curHaia. Koraga paccmMaTpuBaroT NpUpALIeHUs] TOKOB M HANPSKEHUM, BbI-
3BaHHBIX BXOJHBIM CUTHAJIOM, TO TOBOPST, YTO 3TO PEXHUM PabOTHI [0 MEPEMEHHOMY
TOKY WJIM PEKHUM MaJoro CUrHaJa.

5.4.1 CKBO3HaA AMHAMUYECKaA XapaKTepUCTUKA

CkBo3nHas auHamuueckasi xapakrepuctuka (CX) ucnonbszyercs Oosblieit ya-
CTBIO JIJI1 XapaKTePUCTUKU OJITMHOYHOTO KAaCKaJla yCUJIECHUS, BHIMOJIHEHHOTO HA TPaH-
3UCTOPE U MPU KOHKPETHOM 3HAYECHUU COINPOTUBIICHUSA HArpy3KHM B €r0 BBIXOJHOM
nenu. Tunosas C/IX npeacrasnena Ha puc.5.10 u npeacrasisieT co0oit 3aBUCUMOCTD

BBIXOJTHOTO TOKa OT BXOJHOTO HamnpspkeHus. s cxembl o0t aMUTTEp lpyx = I 1

UBX = U63-

IBLIX

> UBX
Puc. 5.10. CkBo3Has nuHaAMUYeCKas XapaKTEPUCTUKA YCUITUTEIIA.

5.4.2 PexxumMbl pa6b0Thl YCUJIUTE/IbHOI0 3/IEMEHTA B CXeMe

B mporuiecce paboThl TpaH3UCTOpa B YCUIIUTENE MIEPEMEHHOTO TOKa Yepe3 HEro
MIPOTEKAET JIBAa TOKA: MOCTOSHHBIM TOK (TOK CMEIICHHS) U MEPEMEHHBIA TOK (TOK
ycuinuBaeMoro curHaina). [Iporekanue mocTOSITHHOTO TOKa 4epe3 3MUTTEPHBIN mepe-
XOJl TPaH3UCTOpa OOYCIOBIMBAET NaJCHUE HA 3TOM NEPEX0J€ HEKOTOPOro HAIMpPSHKe-
HUg cMelleHus. HanpspkeHue cMenieHus onpeenser nojiokeHne Touku nokost O Ha
CKBO3HOM JMHaMH4eCKOM XapaktepucTtuke. Touka O moiyumia JaHHOE Ha3BaHUE U3-
3a TOr0, YTO PEKUM pabOThI TPAH3UCTOPA MO TOCTOSHHOMY TOKY HE MpelyCMaTpuBa-
€T MoJauy Ha HEro NMepeMEeHHOT0 HAMNpsKEHUsl CUrHasia. TpaH3ucTop Npu 3TOM Haxo-

AUTCA B CTaTHYCCKOM PCIKHUME, HC YCHIIMBACT CHUT'HAJI, HAXOAUTCA B COCTOAHHH I10-
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kos1. [Ipu momaye Ha TPaH3UCTOpP MEPEMEHHOTO HAIPSKEHUS OHO CKIIAIBIBACTCS C
MTOCTOSIHHBIM HANPSDKCHHEM CMEIICHUS (C YYETOM TOJIIPHOCTEH 00O0MX Hampsoke-
HUM), © popMuUpyeTcs pe3yIbTHPYIOIee HANPSDKEHUE, KOTOPOE M ONPEACIISIeT TeKY-
IIe€ COCTOSIHUE TPAH3UCTOPA.

B 3aBHCHMMOCTH OT HANpSOKEHUS HMCTOYHHUKA CMEIICHHS] M TIOJSPHOCTH €Tro
MOJIKJTIOYSHHS] BO BXOJHYIO IIETIh TPAH3UCTOPA PA3NUYAIOT CIEAYIONINE PEKUMBI pa-
0O0THI YCHJIMTEIBHOTO 3JeMeHTa, s KoTopblx Ha CJIX Touka mokos O 3aHUMaeT
CBO€ XapakTepHoe TojoxkeHue. J[pyroe HazBanue Touku O — TOYKA UCXOJHOTO pPe-
*KuMa (paboThl TPaAaH3UCTOPA).

5.4.2.1 Pexum oTceuku

B pexxnme oTceuku TpaH3UCTOP 3aKpbIT. ToUKa MOKOS pacrojaracTcsl B Ha4yaJie
KoopauHaT uiau Ha oOpatHoi BetBH CJX, puc.5.11. Pexxum OTCEUYKH MMEET MECTO
OBITH TNOO MPHU OTCYTCTBUM HANPSDKEHUS! CMEILEHUs, JTMOO0 NMpU 0OpaTHOM HampsiKe-
HUU cMmenieHusa. O4eBUIHO, YTO B JAHHOM PEKHMME YCUIIMBAETCS TOJIBKO OJIMH IONY-
NEPUOJI BXOAHOTO NMEPEMEHHOr0 HamnpsikeHus. CONpoTUBIEHHE TPAH3UCTOPA MaKCH-
ManbpHO. JJ1s uaeanbHOTO TpaH3ucTopa Ry — . Iy = 0.

| A

I

I

Puc. 5.11. Pexxum oTcedkn pabOThl TPaH3UCTOPA

149



Pexum MPUMCHACTCA IJIA HEJIMHEMHOI'O YCHIICHUA OJHOIIOJIAPHOIO0 HAIIPsAXKC-
HUA, ABJIAIOIICTOCS IIPSAMBIM JJIsSI SMUTTCPHOTO IIEPEXOJa TPAH3UCTOPA.
Pexum MPUMCHACTCA IJIA HEJIMHEMHOI'O YCHIICHUA OJHOIIOIAPHOTO HAIIPsAXKC-

HUSI, SIBJISIFOLIETOCS IPSIMBIM JIJISI SMUTTEPHOTO MIEPEX0aa TPAaH3UCTOPA.

5.4.2.2 PexxuM HaACHIIEHUSA

HacplieHHbIii TpaH3UCTOP NOJHOCTBIO OTKPBIT. TOUKa IMOKOs pacrosaracres
Ha BepxHeMm m3rube CHX, puc.5.12. Hanpsixenue cmemenuss Ugyy npsmMoe u nocra-
TO4HO OosbIoe. Ry — 0. IlepBbIit monynepuos curHaina yCuianBaeTcsl MEHbIIIE, YeM
BTOPOH. lkmax1<lkmaxz. TOK mokost Tpanzuctropa lxg # 0. Benuuuna |, onpenensiercs B
OCHOBHOM HAITPSIKEHUEM MCTOYHHMKA MTUTAHUS KOJIJICKTOPHOM 1NN U CONPOTHUBIICHU-
€M Harpys3ku TpaH3UCTOpA.

Pexxum npumensiercs st

1.  ycuneHus CUrHajoOB B BUJE OJHOIOJSIPHOT'O HAMPSIKEHUS, SIBISIOLIETOCS
OOpaTHBIM JIJIs1 SMUTTEPHOTO IEPEX0/Ia;
2. OJIHOCTOPOHHETO OIPaHUYEHHUS JBYXIIOJIIPHOTO CUTHAJIA.
A I 4
I

Puc. 5.12. Pabora TpaH3ucTopa B peKUMe HACHITIICHUS
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5.4.2.3 JIuneiHbIH pesxuM (peKuM A)

Pexxumom knacca 4 Ha3bIBAIOT TAaKOM PEXUM padOThl YCUIUTEIBHOTO JIE€MEH-
Ta, IPpU KOTOPOM TOK B BBIXOJHOM LIETIH CYIIECTBYET B TEUEHHUE BCErO MEPHOJIAa CUT-
Hasa. Touka mokos pacronaraercs Ha cepenunHe auHeitHoro yyactka CIX, puc.5.13.
Hanpsiokenue cMmelieHus NpsMOe U ONTUMAJIbHOE MJisl YCUJIEHUS TapMOHUYECKOTO
curtana. O0e MoIyBOIHBI BXOJHOTO TaPMOHUYECKOTO0 CUTHAJIA YCUIIMBAIOTCS OJIMHA-
KOBO: lkmaxi=lkmaxz. ConpoTuBieHue TpaH3ucTopa Rxs paBHO CBOEMY CpeIHEMY 3Ha-
YEHHUIO.

PexxuM npumMeHseTcs il TMHEMHOr0 YCUJIEHHUsI CUTHAJIOB, Yallle BCEro rapMo-
Hudeckux. OnTumanbHoe HanpskeHue cMmemieHust Ugsyy MOKeT ObITh ONpeeNeHo JIH-
60 rpaduuecku no CIX, nubo nmogo6paHo IKCIEPUMEHTATBHO.

N3 puc. 5.13 BugHO, 4TO B pekUMe 4 aMIIUTyAa NEPEMEHHONW COCTABISAIOLIEH

BBIXOJIHOrO TOKa | x HE MOXKeET ObITh OousblIe TOKa MOKOS ko, cpenHee 3Haue-

BBIX Ma.

HHE BBIXOJHOro TOKa | B peKuMe A MOYTH HE 3aBUCHUT OT aMIUIUAT bl BXOAHOT'O
cp

CHUT'HAJIa 1 MaJIO OTIIMYAaCTCA OT TOKA ITOKOA |]<0.

Puc. 5.13. JIuneiinbrit pesxuM pabOThI TPAaH3UCTOPA
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OCHOBHBIM JIOCTOMHCTBOM PEKHUMa A SBIAETCA Maslblii KOA(Q(UIHEHT TapMo-
HUK BCJIEICTBHE PaOOThl YCUIMTEIBHOIO 3J€MEHTA Ha MOYTH JIMHEHHOM yYacTKE €ro
XapaKTEPUCTHUK, B PE3yibTaTe 4ero (opMa BBIXOJAHOIO TOKA MOYTH HE OTIMYAETCS OT
(dopMmbl BxogHoro curnaia. KoagduuueHnt none3Horo neicTBusa pexuma A, paBHbIN
OTHOILIECHHUIO OTAABA€MOW YCWJIMTEIBbHBIM 3JIEMEHTOM MOIIHOCTH CUTHana Py K

MOIIHOCTHU Fb, HOTp€6JI$[eMOI71 UM OT HCTOYHHKA ITUTAaHUA BBIXOI[HOﬁ o1y, OKa3bIBa-

€TCsl MaJIbIM M3-32 OOJILIOrO TOKa MOKOS KaK MPHU CUTHaje, TaKk U 0€3 Hero; HU3Kuu
KII/] siBnsieTcst OCHOBHBIM HEJJOCTATKOM 3TOT0 PEKUMA.

Pexxnm A mpuMEHSI0T B OCHOBHOM B KacKaJax IpeaBapUTEIbHOTO YCUIIEHHUS, a
TaK)K€ B KaCKaJlaX MOIIHOTO YCUJIEHUS! HEOOJbIION MOLIHOCTH; B KACKaJaX MOIIHOTO
YCWJIEHUS C BBIXOJTHOW MOIIHOCTBIO BBIIIE HECKOJIBKUX BAaTT PEXUM A HE TPUMEHSIOT
u3-3a Hu3koro KIIJI. Pexxum A MOXKHO MCIOJIB30BaTh Kak B OAHOTAKTHBIX, TAaK U B
JIBYXTaKTHBIX KacKaaax.

CreyeT OTMETUTh, UTO UCIIOJIB3YIOTCS TaK)KE APYrve Ha3BaHUs PEKUMOB pa-
00TBI TPAaH3UCTOPA.

5.4.2.4 Pexxum B

Pexxum B 6omnee 01M30K K peKUMY OTCEUKH, puc. 5.14. B BBIXOHOH 11eTH MPO-
TEeKaeT HEKOTOPBIM TOK BHE 3aBUCUMOCTH OT Hajau4us curHaia Ha Bxozae (lxo=0,03-
0,15 IKmax).

Ik
I

Puc. 5.14. Pabora TpaH3ucrtopa B pexxume B
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Jl1st TOro 4To0Bl 0XapaKTepU30BaTh 3TOT PEKUM IOJIHEE, BBEIEM MOHATHE 00
yIje OTCEUKH. YTJIOM OTCEYKHM © Ha3bIBalOT MU3MEHEHue (pa3oBOro yria ycuiuBae-
MOI'0 CHTHAJja 32 BpeMsl, B TECUEHUE KOTOPOr0 BBIXOJHOM TOK M3MEHSETCS OT MAKCH-

MaJIbHOT'O JI0 HYJIEBOTO 3HAYEHUs. YTOJ OTCEUKH 0003HavaroT uepe3 O (puc. 5.14); B

V4 .
UJICaJIbHOM PEXUME B yroa oTceukn paBeH O = — =90°, a BBIXOJHOM TOK ITPOTEKAET B
2

TCUYCHHC ITIOJJOBHHBI II€pHOA. OI[HaKO B I[GﬁCTBHT@JIBHOCTPI W3-3a HIDKHETO HM3ruoa
XapaKTCPUCTHUKH TOK IIOKOA B PCIKHUME B oxka3bpiBaeTcs HE PaBHLBIM HYIJIIO, @ COCTaB-

nset ot 5% 1o 15% makcumManbHOTO 3Ha4YE€HUS BBIXOJHOTO TOKa | U yTroJl OTCEU-

max
ki ® HemHoro npesbimaer 90°. M3-3a mocieaHero oOCTOSITENbCTBA ITOT PEKUM
WHOT/Ia HAa3bIBAIOT PEXXUMOM AB, Tak Kak OH SBJISIETCS KakK Obl MPOMEKYTOUYHBIM
MEXKY PEXUMOM A U UJICAUTbHBIM PEXUMOM B.

OCHOBHOM TOK B BBIXOJHOM LIENM TPAH3UCTOPA CYIIECTBYET TOJIBKO IPUMEPHO
B TEUCHME MOIYNEPUOa BXOJHOIO CUTHATIA.

Bceneacteue Manoro Toka MOKOSi U MEHBIIErOo CPEJAHEro 3HA4YE€HUs TOKa, IOo-
TpeOJIIEMOTO OT UCTOUYHHMKA MTUTAHUS TIPU PABHOM BEJIMUYMHE TIEPBON TapMOHUKHU BHI-
xonpHoro toka, KIIJ[ xkackaga, paboTaromiero B pexume B, 3HaAYUTEIBLHO BBHIIIE, YEM
npu pexkume A. B pexume B cpegHee 3HaU€HUE BBIXOJHOTO TOKA MOYTH MPOIOPIHO-
HaJIbHO aMIUIMTYJI€ BXOJHOIO0 CUTHaja W MaJaeT /10 OYECHb Majoro 3HA4Y€HUs B €ro
OTCYTCTBHE.

OCHOBHBIM JIOCTOMHCTBOM peXuMa B sBJISETCS Majoe MOTpeOjeHue dHEPTHH
nuTaHus. ITo OOyCIIOBJIEHO He Tojbko Ooiiee BbicokuM KIIJI mo cpaBHeHUIO C pe-
KUMOM A, HO TaKXe M TeM, YTO MOTPeOIsIeMblii OT HICTOUHUKA MUTAHUS TOK CHIJIBHO
yMEHbBIIIaeTCs TIPHU ClIa0bIX CUTHaJax. B pesynpTare mpu yCUICHUU CUTHAJIOB PEYH U
MY3bIKH KacKaJl MOIIHOTO YCHJICHUs, paOoTalIuil B pexxume B, moTpebiser B He-
CKOJIBKO Pa3 MEHbIIIE PHEPIUU OT MUCTOUYHHMKA MUTAHUS, YEM KACKaJl C TaKOW K€ BbI-
XOJTHOM MOITHOCTBI0, pa0OTaIoONUl B pexxume A.

Henocratkom pexknma B ABIAETCA TO, UTO YCHJIMTEIbHBIA 3JIEMEHT B HEM I1O-
YTH MOJIIEPUOJIA «3ATEPT», & CIEAOBATEIBHO, YCHIMBAET TOJBKO OJIMH MOJIYTIEPUO/T
MOJBOAMMOro curHaia. [loaTomy B yCHJIMTENSIX TaAPMOHUYECKUX CHUTHAJIOB MPOU3-
BOJILHON (hOPMBI HCIIOJIB30BAaHUE PEKUMa B BO3MOXKHO JIMIIIb B JIByXTAKTHBIX CXeE-
Max, TJIe OJHO IUIeY0 paboTaeT MpHU IMOJIOKUTEIBHOM IMOJYIEPHOJIE, a IPYyroe - Mpu
OTPUIIATEJIBHOM, B pe3yJIbTaTe Yero yCUIMBAIOTCS 00€ MOTYyBOJIHBI CUTHAIA.

BcenenctBue ncnonb3oBaHus OOJIBIIOTO YU4acTKa XapaKTEPUCTUK YCUITUTEIbHO-
ro 2JIEMEHTA, BKJIIOYAas KPUBOJIWMHEHHBINA, KOA()(PHUIMEHT TapMOHHUK JIBYXTaKTHOTO
KacKaJla B pekuMe B 0Ka3bIBACTCS BBIIIE, UEM B pEKUME A.

N3-3a BeIicOokoro KIIJI pexxum B mmpoko mpuUMEHSETCS B KaCKaJaX MOLIHOIO
YCUJICHHS, HECMOTPS Ha HEOOXOIUMOCTh MPUMEHEHHUS IBYXTAKTHOM CXEMBbI; KacKa bl
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MOIIIHOT'O YCWJIEHHS C BBIXOJHOM MOIIHOCTBIO MOpSAJKA JecATKa BaTT U BbllIEe pado-
TalOT IIOYTH BCeraa B pexuMe B. B MEpeHOCHBIX yCTPOMCTBAX, IUTAEMBIX OT XUMHU-
YECKUX UCTOYHMKOB TOKA, IPUMEHEHUE PEXKUMA B 3KOHOMUYECKHU BBITOJHO AK€ B
KacKaJax C BBIXOJHOU MOIIHOCTBIO B J0JIA BaTTA.

5.4.2.5 Pexum C

Touka MCXOIHOI0O peXUMa 3aHUMACT IT0JI0KEHUE, COOTBETCTBYIOILLEE PEKUMY
OTCEUKH, WK pacrnonaraerca Ha oopatHoi BetBu CJIX. IIpu 3TOM TOK B BBIXOJHOU
LENU YCWINTEIBHOI0 AJIEMEHTA T€UET MEHBIIIE TIOJIOBUHBI IIEpHUOa CUTHAJIA.

Y CWINTENBHBIN JIEMEHT B OTCYTCTBUE CUTHAJIA ITOJIHOCTBIO 3aIEPT, a IIPU I10-
Jlaue CUrHaJla MPOITYCKaeT TOK MEHBIIIE MOJIOBHHBI Tieproa (yroi orceuku O <90°).
B pexume C KIIJ] eme Bbllle, Tak Kak MOTpeOIeHUE MUTAIOLIEH SHEPTUU MEHbIIIE,
4YeM B peKuMe B 13-3a OTCYTCTBUS TOKA MOKOS U elle 0OJIbIIEro OTHOIIEHUS aMILTHU-
TYZbl IEPBOM FTAPMOHMKH BBIXOJIHOT'O TOKA K €r0 CPEIHEMY 3HAUCHUIO.

OnHako UCIONIB30BAHUE JBYXTAKTHOW CXEMBbI 3[E€Ch HE JAET BO3MOKHOCTH IO-
JYy4YUTh B BBIXOJIHOM IIEMU CUTHAJ TOH k€ (OPMBI, UTO U MOJABAEMbIii BO BXOJHYIO
LEIb; KPOME TOT0, IPU UCIOIb30BaHUU pexxuMa C MPOUCXOAUT OTPaHUYEHNE CUTHA-
J1a IO MUHUMYMY, B pe3yJbTaTe 4ero KojaeOaHusi ¢ MajJbIMH aMIUIUTYIaMH HE TIPOXO-
JST Yepe3 YCWIHNTENb. B ycunurensx rapMOHUYECKUX CUTHAJIOB MPOU3BOJILHON (op-
Mbl pexuM C He npuMeHsT. PexxnM C MMPOKO NMPUMEHSIOT B MOIIHBIX PE30HAHC-
HBIX YCUJIUTENAX (Hampumep, B pajuolepeNaloliuX yCTPOMCTBAX), € Harpy3kom
ABJISICTCS MapaJUICIIbHBIM PE30HAHCHBIA KOHTYpP, HACTPOCHHBIM HA 4acTOTYy I10JaBae-
MOTO Ha BXOJ] CHHYCOUJAJIIbHOTO KOJIEOaHHs WJIM Ha OJHY U3 €ro BBICIIUX FAPMOHHUK.

5.4.2.6 Pexxum D (kimroueBO# peskim)

PexxuM, mpu KOTOpPOM YCHIIMTENbHBIN 3JE€MEHT BO BpeMs paOOThl HAXOAMUTCS:
TOJIBKO B IBYX COCTOSIHUSIX: WJIM 3alI€PT U TEKYLIUI YEPE3 HETO TOK PaBEH HYIIIO, WU
OTIIEPT W TAJCHUE HAIPSKEHUS MEXKIY BBIXOAHBIMU DJIEKTPOJaMH OJIU3KO K HYIIO.
[Ipu pabote TpaH3UCTOpa B KIIOYEBOM PEKHUME OH MEPUOAMYECKH OTKpPHIBACTCA U
3aKpBIBAETCA 3@ CUET IOJAa4Yd COOTBETCTBYIOLIETO YIPABISAIOLIETO HANPSIKCHUS.
Hampsixkenue cMmemenuss MOXeT ObITh BBIOPAaHO TaKUM, YTO TOYKA MOKOS BBIBOJUTCS
MPUMEPHO Ha cepennHy JuHeiHoro yyactka CIIX, a HCTOYHUK yInpaBisSIOIIETO CUT-
Hara (GOPMHUPYET MPSMOYTOIbHBIE HUMITYIbCHI PA3HOW MOJIPHOCTH M JOCTATOYHO
Oonpiiol amrmuTynbl. [lon meficTBUEM 3TUX TPSIMOYTOJBHBIX HMITYJICOB TPaH3U-
CTOP NEPUOANYECKN OTKPBIBACTCS U 3aKPBIBAETCA.

[Ipn 3TOM MOTEpH PHEPrUH B YCWIUTEIBHOM 3JE€MEHTE OoueHb Maibl, a KIIJ]
OKa3bIBACTCs OJIM3KHMM K ¢AMHMIIE (elie Boile, ueM B pekume C).
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5.5 YcumrtenbHbIN KacKaj, ¢ 00ILUM SMUTTEPOM

Haubonee pacnpocTpaHEHHBIM Ha MPAKTHUKE SABIISAETCS YCUIMTENbHBIA KacKaj
Ha OUMOJISIPHBIX TpaH3ucTopax ¢ o0mum smurtepom (O3). B aTOoM Kackage SMUTTEP
ABJIAETCS OOIIMM 3JIEKTPOJOM ISl BXOJHOM M BBIXOJHOM 1eneil. Cxema yCUIUTelNb-
HOro kackaza ¢ OO Ha OUNONSPHOM TpaH3UCTOpEe N-P-N-TUNA NpUBEACHA Ha

puc. 5.15 [11].
o +

Puc. 5.15. Cxema yCcHUIMTENBHOTO Kackaja ¢ OOLUIUM IMUTTEPOM

Pesuctop Ry BKiItoueH B 6a3oByto 1enb Tpansuctopa VT u obecrneunBaeT mpo-
TeKaHue Toka 0a3bl MoKos o, a pe3uctop Ry, obecnieunBaronuii myabcaIuioo Hampsi-
KEHUS Ha KOJIJIEKTOpPE, BKIIIOUEH B KOJUIEKTOPHYIO Lienb Tpansuctopa VT. BeixogHoe
HanpsDKeHHE Uy, CHUMaeTcsl ¢ KosuiekTopa tpansuctopa VT. Konmencaroper Cl1 u
C2 gBAAIOTCS pa3aeauTENbHBIMU (KOHAEHCATOPHI CBsi3HM). OHM OCYIIECTBISIOT pa3-

BSI3KY KacKka/la IO IOCTOSHHOMY TOKYy OT I'€HepaTropa BXOJHOIO CUTHala Ugy H
Harpy3ku Ry, Tak Kak He IIPOIYCKalOT OCTOSIHHYIO COCTaBIISIOILYIO JIFOOOr0 CUTHa-

na (OTHENSIIOT TIEPEMEHHBIE COCTABJISIONIME HAMPSHKEHUH W TOKOB OT TMOCTOSHHBIX
COCTaBIIAIONINX, JACHUCTBYIONINX B Kackaje). EMKOCTH pa3enuTeNbHBIX KOHACHCATO-
POB BBIOMPAIOT TaKUMH, YTOOBI B pabodeM auama3zoHe 4acToT (B 00JIACTH TMOJIOCHI
MPOITYCKAaHUS Aw) KOHIEHCATOPHI HE OKAa3bIBAIHM 3aMETHOTO BIUSHUS Ha MPOXOXKIIE-
HHE TEPEMEHHOW COCTaBJIAIONICH cUrHajia. s 3TOro J0CTaTOYHO MOJIOKHUTh, YTO

1
€MKOCTHBIE COIPOTHUBIICHUS pPa3dEIUTEIbHBIX KOHIEHCATOPOB Xo =——1F W
1 Oy ¢ Cl
p
XC2 = o . Ha CaMOW HU3KOW YacTOTE TOJOCH MPOITYCKAaHUsI OJTU3KHU K HYIIIO.
®
HTp~2
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Jlns obecniedeHus: CTaTUHYECKOTO pekuMa paboThl TPaAaH3UCTOpPA MCIOJIB3YETCS
HMCTOYHUK KOJUIEKTOPHOTO mnuTaHus U;, MOJSPHOCTH KOTOPOTO 3aBUCHUT OT THUMA
tpau3uctopa: + U, nis VT tuna n-p-n u — U, ans VT tuna p-n-p.

JIns1 KOJJIEKTOPHOM LIENU YCUJIUTEIBHOTO KacKala B COOTBETCTBUU CO BTOPBIM
3akoHOM Kupxroda MOXKHO 3amucaTh Cleayrolee YpaBHEHHE JJIEKTPUUYECKOro CO-
CTOSIHUS

UH = UK3+ IK RK, (58)
rae U, — HanpspbkeHue uctounuka nutanus; Uy, — HanpsbKeHHe MEXKY KOJIJIEKTOPOM
U SMUTTEPOM TpaH3ucTopa; lx Rx — mageHue HanpsbkeHust Ha pe3uctope Ry oT Toka
Ix KotekTOpA.

BrixonHas 1ienb TpaH3UCTOpa MPEACTABISAET COOOM MocieI0BaTeIbHOE COSIU-
Henue auHeinoro Ry u Hemuuernoro VT sieMmenToB. PacueT Takoil HeIMHEHHON 1ie-
1, TO €CTh omnpeesieHne Toka ly u Hanpspbkenuit Uy, u I Rk, aeiicTByromux B cxe-
Me, aHATUTHYECKUM METOJIOM 3aTpyAHUTEIbHO. [I0ATOMYy Takue cXxeMbl OOBIYHO pac-
CUUTBIBAIOTCS Tpado-aHATUTHICCKUM METOOM.

CyTb MeTO/a 3aKiIt04aeTcsi B TOM, 4To Ha BAX HeIMHEWHOro 3JIeMEHTa HaHO-
cutcad BAX ocraBmieiics TUHEHMHOM YaCTH CXEMBbI, BKIIOUAIOMICH JTUHEHHBIM YJIEMEHT
Y MCTOYHMK HampspbkeHusi nutanus. [lepeceuenne BAX NMHEHHOro U HETMHEHHOIO
AJIEMEHTOB JaeT pabouyro TOUKY, KOTOpasi onpeseseT peKUMHbBIE TTapaMeTpbl pabo-
ThI cxeMbl. BAX TMHENHHON YacTH CXEMBI YaCTO HA3bIBAIOT JIMHUEH HATPY3KHU.

Jlns wumiocTpanyu mpoliecca yCuiieHus Ha puc. 5.16 mpuBeneHsl BXOAHAS U
BBIXOJTHBIE XapaKTEPUCTUKU OUTIOJISIPHOTO TPAH3UCTOPA.

IEa MA IK, MA

Ex/Rk

+lpmax

0.5

1 IBp+|Bmax +|Kmax
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0.2r \/_I 5L p IBp_IBmax \]
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BX.Max Uxkp L Uioomax=Usuxmax
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a) 0)

Puc. 5.16. Bxognas (a) 1 BeixoHbI€ (0) XapaKTEPUCTUKHU OUIOJISAPHOrO TPAH3UCTOPA
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Ha BbIXOAHBIX XapakTepUCTHKax TpaHizucTopa (puc. 5.16. 6) ctpoutcas BAX
(JIMHUA HArpy3KW) OCTaBLICHCS JIMHEMHON YacTH CXEMbl, BKIIIOYaoIen pe3uctop Ry
Y UCTOYHUK NMHUTaHUA ¢ HampspkeHueM U,. JIMHMS Harpy3ku CTpoMTCA MO ABYM TOY-
kaM: Uys = Uy, ipu I = 0 Ha ocu abcuucce u I = U, /Rg ipu Uy = 0 Ha ocu opauHAT.

Pesucrop Rg, BKIItOUeHHBIN B 1ienb 0a3bl, oOecreunBaeT TpeOyeMyro paboTy
TPAH3UCTOpPA B PEXKUME MOKOS, TO €CTh MPH OTCYTCTBUU BXOJHOIO CUrHajia. Pe3u-
ctop Rp BeIOMpaeTcst Takum oOpa3oM, 4TOObI TOK 0asbl lgp MOKOs oOecreyuBai mo-
JIO’)KEHUWE TOYKM MOKOs P Ha JIMHUM Harpy3Kd OPUMEPHO MOCEpeInHE pabdouero
ydacTka. Touka MOKOs OnmpenesnsieT CTaTUYeCKU pexxuM paboThl Kackaja Mo mocTo-
stHHOMY TOKy. Ha puc. 5.16. a Touka 1mokost P COOTBETCTBYET TOKY 6asbl |y = lgp
OTpeJieNsieT MOCTOsIHHBIE cocTaBistolue Toka lxp 1 Hanpsoxkenus Uyop.

Homnyctum cuauana, yto Upx=0. Ilox geiictBuem nanpsixenust Ugp , yepes oT-
KPBITBIA P-N TpaH3UCTOpa MPOTEKAEeT MOCTOSIHHBIA TOK 0asbl lgp . PazmenurenbHbIN
koHaeHcatop C1 He MpoIycKaeT MOCTOSHHBINA TOK Yepe3 UCTOUHHMK BXOJHOIO CUTHA-
na. B BBIXOAHOM LIeNH TPaH3UCTOPA MPUCYTCTBYET MOCTOSHHBIN KOJJIEKTOPHBIA TOK
Ikp , KOTOpBIN OmpenesnsieT HaNpsHKEHUE MEXY KOJUIEKTOpPOM U dMHUTTEpOM Uyrp,
PazpgenurensHplil koHAeHCaTOp C2 HE MPOMYCKAaeT MOCTOSIHHOE HANpPSKEHUE B BbI-
XOAHY!O Lenb U HanpsokeHue Uggx =0.

Ecnu Ha BXOA TpaH3UCTOpa MOJATh IEPEMEHHOE HAIPSIKEHUE C aMIUIMTYIOU
Upx max » TO TaHHBIM CUTHAI Npoiiner yepe3 KoHaeHcaTop Cl M BBI3OBET U3MEHEHME
ynpasiisiromero HanpsbkeHust Ugy B COOTBETCTBUUM ¢ BXOJAHOW XapakTepucTukoi. Ilox
JEMCTBUEM A3TOrO HANPSIKEHUS NPOU30IIET M3MEHEHHE TOKOB 0a3bl, SMHUTTEpa U
KoJiIekTopa. M3mMeHnenune Toka 6a3bl OLIEHUBAETCS 0 BXOJJHOW XapaKTepUCTHKE TpaH-
suctopa lg = f(Ugy). Tok 6a3sl OyneT u3MeHAThCS OT + lgpay 80 — lgnax . Tak Kak

BXOJ/IHasl XapaKTEPUCTUKA TPAH3UCTOpa HEIMHENHAs, TO + lgpa > —lgmax - [1OCKOMIB-

Ky BBIXOJIHbIE XapaKTEPUCTUKH TPAH3UCTOPA CTPOSTCS NIl Pa3HBIX TOKOB 0asbl, TO
0 HUM MOXHO OINpPEAEIUTh TOKH KOJUIEKTOpPA, COOTBETCTBYIOIIME TOKaM 0asbl
+ lgmax ¥ — lgmax - VI3MEHEHUE TOKa KOJUIEKTOPAa OTHOCUTEIIBHO CPEIHEr0 3HAYCHMUS
Ixp OymyT coorBeTcTBEHHO PaBHBI (lyp + lgmax) B (lp — lgmay) - OTH U3MEHEHUS BBI-
30BYT KOJIEOaHUsI HAIPSKEHUSI HA CONMPOTUBJIEHNU Ry 1 Ha camoM kosuiektope. Otle-
HUTH ATH KOJICOAHUS JIETKO MO Harpy304HOM mpsiMoit. Paboyas Touka P OyzaeT mepe-
MEIIATHCSl MEXKAY TOUKAMHU TIepeceueHus STON MPSAMOM C BBIXOJAHBIMH XapaKTEpUCTHU-
KamH, cooTBeTcTBYromuMU TokaM 0a3bl (lgp + lgna) ¥ (Igp — lgmax) - Takum obOpa-
30M, KoJieOaHMsI BXOJHOTO CHUTHaja MPUBOAAT K MPOMOPIUOHATIBHBIM KOJeOaHUsIM

HaNpsHKEHUS KOJUIEKTOP-OMUTTEP € aMILIATYIOU Uynynay = lxkomax Rk - Uepes konaen-

catop C2 31u Koyie0aHUs MOCTYNAIOT HA BBIXOJ YCHIUTENS. AHAIN3 3aBUCUMOCTEH
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puc. 5.16 moka3bIBaeT, YTO BBIXOJHOE HAMPSIKEHUE Uy, HAXOAUTCS B MPOTUBO(A3e
BXOJTHOMY Ugy.

[Tpu GOMBIIUX BXOMHBIX HAMPSIKCHUAX Uy, TICPEMEHHBIE COCTABIISIOIINE TOKOB
MOTYT BBIXOJIUTH BBIXOJAT 3a MPENEbl JUHEHHBIX YJaCTKOB BXOJHON XapaKTepH-
CTUKH TpaH3ucTopa (puc. 5.4) u pabodero ydacTtka JMHUM Harpy3ku (puc. 5.16). B
pe3yabTaTe 3Toro gopmMa KpUBOM BBIXOJIHOTO HAIPSHKEHUS Uy, PETEPIIEBACT 3HAUU-
TeJIbHBbIE UCKAKECHUS. JTU UCKaKEHUS, 00YCIIOBICHHbIE HETUHEHHOCThIO YKa3aHHBIX
XapaKTEPUCTUK, HA3BIBAIOTCA HEJIUHEUHBIMU (puc.5.4).

5.5.1 TemnepaTtypHas cTabu/IM3anya YyCUJIMTEJBHOI0 KacKaja
C OOLIMM 3MUTTEPOM

CyliecTBEeHHbIM HEIOCTATKOM OHUIOJIAPHBIX TPAH3UCTOPOB SIBISIETCS] 3aBHCH-
MOCTb MX ITapaMeTpoB OT TemIepaTypsl. 1Ipu noBelieHnNn TeMIepaTypsl TPaH3UCTO-
pa yBEIMYMBAETCS €r0 KOJUIEKTOPHBIM TOK 3a CUET BO3PACTAHUS YMCJIA HEOCHOBHBIX
HOCHUTEJNEHN 3apsja B MOJYNPOBOJHUKE. ITO IPUBOAUT K UBMEHEHHIO BBIXOJIHBIX Xa-
PaKTEpUCTUK TPAH3UCTOPA U CMELIEHUIO pabouell TOUKH MOKOA. A, Kak M3BECTHO,
HOJIOKEHUE pabouell TOUKM TPAH3UCTOpA 3aBUCHUT OT €ro CIEAYIOIINX MapaMeTpoB:
00paTHBI TOK KOJUIEKTOPHOro nepexoia |gpg, K03 (UIUEHT yCUIEHHs 1O TOKY

h,,; HampsbkeHue Ha nepexojie dSMHUTTep-6a3a Uyg,. M3MeHeHHe yka3aHHBIX IHapa-

METPOB TPAH3UCTOPA B JIMAINIa30HE TEMIIEPATYpP BBI3BIBAECT CMEIICHUE paboyeil TOUKU
MOKOSI Ha HArpy304YHOW MPAMON, YTO MOXKET MPHUBECTH K JIMHEWHBIM HCKaKEHHUSIM
WIH JTa)K€ OTCEYKE BHIXOJIHOTO CUTHAJIA YCUITUTEIIS.

JIJist yMEHbIIIEHUsT BIUSHUS TEMIIEpaTyphbl Ha paboTy YCHIMTEILHOTO KacKaaa ¢
o0ILIMM PMUTTEPOM B II€TIH SMUTTEPA BKIIOYAETCs pe3uctop Rs, a B mienu 6a3bl ais
CO37aHMs HAYaJIbHOTO HanpspKeHus: cMmeniennst Ugy UCTIoNb3yeTes ASUTeNb Ha PE3H-
cropax Rg' u Rg" (puc. 5.17).

B pexume moxosi HampspkeHue 0as3bl TpaH3UCTOpa (PUKCHUpYyeTCs MaJeHHEM
Hanpspbkenus U; Ha pe3uctope Rg", koTopoe ci1abo 3aBUCHT OT TeMIIepaTyphl M OIpe-

JIETISIETCS BBIPAKCHUEM
U]_ = —Rg U, .
R + R

JI1s BXOJHOTO KOHTYpa Kackaja MOHO 3aIllicaTh YpPaBHEHUE 10 BTOPOMY 3a-

koHy Kupxroda ays pexuma nokost (Ha MOCTOSTHHOM TOKE):
U]_— |3 Rg— U53: 0.
Otcrona nis HanpspkeHus: Ugs nmeeM:
U53 = U]_ - |3 Rg. (516)

[Ipu yBenuueHWU TEMIIEpATyphl YBEIWYUBAETCS TOK KoJiIekTopa lyx TpaH3u-

crtopa VT, a 3HauuT U TOK smMuTTEpa |y, Tak Kak |y = lx + lg. D10 mpuBOAUT K BO3pac-

TaHUIO TAJCHUS HamnpsbDKeHUs Ha pesucrtope Ry, ITlagenue HanpsbkeHust Ha
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pesuctope Ry - 3T0 M ecTh HampsbkeHue Ha smuttepe U,. CnemoBaTtenbHo, n3-3a
yBeNMYeHus cuiibl Toka B 1enu U, cramo uytok Oonbire. Ha ©6a3e mpucyTcTByeT

(¢ukcupoBanHoe HanpsbkeHue U;, oOpa3oBaHHOE AENIUTENIEM M3 PE3UCTOPOB Ry u

Rg. Torna cornacuo (5.16) Bce 310 BeI3bIBacT yMeHblIeHUE HanpskeHus Ugs . B pe-

3yJlbTaTe 3TOT0 YMEHbIIAIOTCS TOK 0a3bl |y U Tok koyekropa lg Tpansuctopa VT.
Taxum oOpa3om, oTpuLiaTenbHas oOpaTHas CBsI3b, CO3JaHHAs C IOMOLIBIO PE3UCTOPA
R5, IpensTCTBYeT U3MEHEHUIO KOJUIEKTOPHOT'O TOKa TPaH3UCTOPA.

Puc. 5.17. Cxema ycwmrenbpHoro kackama ¢ 09
U TEMIIEpATYPHOU CTaOMIM3alneH

Hanpsixenne OC BoiaensieTcs Ha pe3uctope Ry u paBHo U, = I5R5. OueBuaHo,
YTO yMEHBIIEHHE KOJJIEKTOpHOro Toka moj AeiictBueM OOC He MOXET MOJIHOCTHIO
CKOMIIEHCHUPOBATh €r0 POCT 3a CUET MOBBIIIEHUS TEMIIEpaTyphl, HO BIUSHUE TEMIIe-
paTypsl Ha TOK lx Mpu ATOM CHUXKAETCS BO MHOTO Pas.

Beenenune pesuctopa R, npu otcyTcTBUM KOHNIeHcaTopa Cr BIUSET HA padoTy
YCWJIUTEIBHOTO Kackaja He TOJIBKO B PEKUME IMOKOS, HO ¥ TIPU HAIMYUU BXOJIHOTO
nepeMeHHoro HanpspkeHus. [Ipu atom OOC OyxaeT nelcTBOBaTh KaK IO IMOCTOSHHO-
My, TaK U MO MEPEMEHHOMY TOKY, YTO IIPUBENET K CHUKEHUIO BBIXOJIHOTO HAmpsKe-
HUS U K0d(ppuImenTa yCuieHus yecunuTenbHoro kackana. s uckmouenus OOC mo
MEPEMEHHOMY TOKY MapajjiedbHO pe3uctopy R moakirodaercss konaeHcatop Co
(puc. 5.17). EmkocTtb KoHAeHCaTOpa Cr BBIOMpaETCs TaKUM 00pa3oM, 4TOObI 1S ca-
MO HU3KOW YacTOThl YCHJIMBAEMOI'O HAMPSIKEHUS €r0 CONPOTUBIEHUE OBLIO MHOIO
MeHbIe Ry (00b1uHO X(,=0,1R5). DTO yclioBHEe 03HAYacT, YTO HA CaMOM HHM3KOM da-
CTOTE MOJIOCHI MPOMYCKAaHUSI E€MKOCTHOE CONPOTHBIEHUE KOHAeHcaTtopa C- MOJHO-
CThIO IIYHTUPYET COMNPOTUBIECHUE R, UCKIIOUas TeM caMbIM, OTPUIATEIBHYIO 00-
paTHYIO CBsI3b MO MEpEMEHHOMY TOKY. [loaToMy ycunuBaeMoe HampsbkeHue Ugy Oy-
JeT MPAKTUYECKH PABHO BXOJHOMY Upy = Uy, YTO HE MPUBEAET K CHIKEHUIO KO-
(duULMEeHTa YCUIICHUS.
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Taxkum oOpaszom, BBelneHHEe B ycuiauTedbHbIH kackanq OOC 1Mo MmocTOSHHOMY
TOKY TO3BOJISIET CTAOMJIM3UPOBATH IOJIOKEHHE TOYKHM IOKOS Ha paboyeM ydacTke
JVHUAWA HArpy3ku NpH U3MEHEHUHM TEMIIEpATyphl, a BKIKOYEHHE KoHaeHcaTopa Ch
no3BoJisieT UCKIYUTh BiausiHue OOC Ha K03 ULIUEHT yCUIICHUS.

5.6 OnepanOHHBbIN YCUIUTEIb
5.6.1 O61nue cBeaeHHUs M KjaaccupuKanus

OnepanuonubiM ycunutenem (OVY) naswiBaetcs nuddepentmansubii YIIT ¢
00abIINM KO3(PGULIMEHTOM YCUIICHUS, MTPeAHA3HAYCHHBIN ISl BBIMOTHEHUS Pa3iny-
HBIX Olepaluil HaJ aHaJOTOBBIMHM CHUTHAJaMHU B CXEMaxX C OTPUIIATENIbHON OOpaTHOU
cBA3b10. OY M3roTaBIMBarOTCs B BUJIE HHTETPAJIbHBIX MUKPOCXEM PA3JIMYHBIX CEPHIA.

Ha puc. 5.18 npuBenena ynpomienHas crpykrypHas cxema OVY. Ilepsblii kac-
kaj 1 BeImonHsETCS 1Mo cxeme cummerpudHoro nuddepenunansuoro YIIT, B koto-
poil MakCMMaJbHO KOMIIEHCUpyeTcs apeid Hyns. B xauecTBe BTOporo kackama 2
OOBIYHO MCHOJNIb3yeTCsd HecuMMeTpuuHbll nuddepenimansubii YIIT, y koToporo
BBIXOJHOW CUTHAJ CHMMAETCSI OTHOCUTENIbHO 001ero mnpoBoja. Tpetuil BHIXOIHOMU
Kackaj 3 mpeacTaBiIsieT coboi OecTpaHcPOpMATOPHBIN YCHIIMTENh MOIIIHOCTH.

T I o +U:

o T g
| ! l

Puc. 5.18. Ynpomennas ctpykrypHas cxema OY

YcnoBHoe rpaduueckoe obo3Hauenne OY Ha cxemax MpuBeaeHo Ha puc. 5.19.

BBepxy oCHOBHOTO mOJs yKa3biBaeTcs 00O03HaueHHe (YHKIIMOHATBHOTO
HasHaueHus MUKpocxeMBl . Jiust OV 5To coueTanue ABYX 3HAKOB O, IEPBIN U3 KO-
TOpPBIX 0003HAYAET YCUIIUTENh, BTOPOU KOI(PPUIIUEHT yCUIICHHUS, PABHBIM OECKOHEY-
HocTu. CreBa BBepXy MOKa3aHbl ABa Bxoaa OY: MHBEPTUPYIOMIUA U HEUHBEPTUPY-
fomuid. HBepTUpyOmMiA BXOJ 00s3aTeIbHO 0003HAYaeTCS 3HAKOM WHBEPCHUU O.
Bxoanbie curHaibl Uz U Uy, MOJAIOTCS OTHOCHTENBbHO 0oOmiero mposoaa. Crpasa
BBEpXY IMOKa3aH BbIXOJA. BBIXONHOW CUTHAN Up,x CHUMAETCS TAKKE OTHOCHUTEIHHO
obmero npooya. K BeiBosiam, o6o3HaueHHsM "+U" 1 "—U", moakIroueHbl 1Ba WC-
TOYHWKA TUTaHU (3.]1.C.) pa3HOU MOJsIpHOCTH +E; 1 —F;, UMEIonue 00muid 3aKUM C
oOmum npoBoaoM. Ha mpakTuke oO1muil mpoBoj OOBIYHO MPUCOETUHSIETCS K KOPITY-
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Cy YCTpPOMCTBa, MO3TOMY €ro 4yacto Ha3biBatoT "kopmyc'". BeiBogsl "FC" npennazna-
YEHBI I MTOAKIIIOYEHHS LIENU KOPPEKIIMU YacTOTHOM Xapaktepuctuku OY. K BbIBO-
naM "NC" nonkirogyaeTcs 1enb KOPPEKIUHU WIK YCTAHOBKU HYJIS.

DA
0—(1) > ®© —O
u O— 1 ‘ Ugrix
Bx1 ‘ U +U

T

A S
L |

Puc. 5.19. YcnosHoe rpaduueckoe o60o3nauenrne OY

B 3aBucumoctn ot neneBoro HazHauenust OV noapaznenstorcs Ha: OV o61ie-
ro MpUMEHEHHUs, MpeIHa3HauYeHHbIE VIl UCTOJIb30BaHUs B almaparype, /e K mapa-
METpaM YCHJIUTENICH HE TPEAbSIBIAIOT JKECTKUX TpeOoBaHuil; mpere3nonHbie OV,
UMEIoIMe Mayble Apeddbl M HIyMbl, a TaKKe BBICOKHH KOd(PQUIMEHT YCUTICHUS;
osicTpoaericTBytomme OV, KOTOpble UMEIOT OOJIBITYI0 CKOPOCTh U3MEHEHUS BBIXO-
HOT'O HATPSDKEHUSI U MCTOJIB3YIOTCS JIJISl TIOCTPOEHUS UMITYJIBCHBIX M ITUPOKOIOIOC-
HBIX YCTPOUCTB; MUKpOMoIIHbIE OV, MOTpeOIIstonie OT UCTOYHUKA MUTAHUS MaJble
TOKHU ¥ KOTOpBI€ YJOOHO MUCIOJIb30BaTh B IIEPEHOCHOM amnmaparype.

5.6.2 OCHOBHbIE MApPaMeTPbI ONEePALOHHOTO YCUIMTEJIS

Ha puc. 5.20 npuBenena cxema 3amenieHust peaasHoro OV, koTopyro yao0HO
UCIIONIL30BATh JIJIs aHamu3a cxeM Ha OV B craTHueckoM pexkume [7].

Cxema CcoJIep>KUT UCTOUHUKH BXOJHBIX TOKOB |y U l3xo, BXOJIHOE COMPOTHUBIIE-
HUE R;y, HCTOUHMK cMmelieHHus HyJeBoro ypoBHsS Ug,, M BBIXOJHOE COINPOTHBIICHUE
Reux. Mcmionib3oBaHuE 3TOM CXEMbl 3aMEIEHUsI TTO3BOJISIET YYE€CTh BJIIMSHHE HA BhI-
XOJTHOM CHTHAJI BHYTPEHHHUX CONPOTUBJICHUN NCTOYHUKOB CUTHAJIA U COMTPOTUBIICHUS
Harpy3kd, a TakKe CMEIICHUE HYJIEBOTO YPOBHsS, OOYCIIOBIICHHOC HAIMYHEM HCTOY-
HUKOB BXOJIHBIX TOKOB |31 U lpxo v HampsiKeHus Uy,
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Puc. 5.20. Cxema 3amenienus peansHoro OY

OcHoBHbIMU napameTpamu OV sgBASIOTCS:

- KO3 HUIMEHT YCWICHUS 10 HATIPsHKEHUI0 Ky,

- BXOJTHOE COTNIPOTUBJICHUE Riy;

- BBIXO/IHOE COTIPOTHUBIICHUE Ry ;

- YaCcTOTa EAUHUYHOIO YCUaeHUs fy;

- HanpspkeHue cMetenust Hyst U,

- BXOJIHBIE TOKH gy,

- k03¢ dunreHT ocnaabnenns cuHdasHoro curHana Ko cp;

- CKOPOCTb HapacTaHMS BBIXOJHOTO HANIPSIKEHUS V(pyx;

- BpeMsl YCTAaHOBJICHUS BBIXOJHOI'O HANPSKEHUS tycr.

YacToTra eIMHUYHOTO YCUJICHUS — 3TO YacTOTa, HA KOTOPOU MOIYNb KO3 Pu-
nueHTa ycwieHus OY paBeH equHUIIE, T.€. ‘KU ‘ = 1. lHor1a mpuBOJMTCS TpaHUY-
Has yactota f, OY, mpu xKoTOpoil coxpaHseTcsl rapaHTUPOBAHHAs aMIUINTY/A BBbI-
XOJTHOT'O HaMPSIKEHUS.

Hamnpsbxkenune cmemennst Hyns Ug, — 3TO HanpspKeHHE, KOTOpOoe HEOOXOIMMO
nmoaaTh Ha BXoJ OV, 4yToOBI BEIXOJHOE HamNpshKeHUE ObUIO paBHO HYIIO — Uy, = 0.
Hampsixkenne U, yka3aHO Ha TepeIaToyHON xapakTepucTtuke 2 peaiabHOoro OV,
n300paxkeHHol Ha puc. 5.21. V uneansroro OV U, = 0 (xapakrepuctuka 1).
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Puc. 5.21. Tlepenatounas xapakrepuctuka OY: 1 — uneanbHOro; 2 — peagsbHOTO

[lepenaTouHoif XapakTEPUCTUKOM HA3BIBAETCA 3aBUCHMOCTH BBIXOJIHOTO
HAIPSKEHUS Uy, YCHIIMTENSI OT BXOJHOTO Ugy MPU YACTOTE BXOJHOIO CHTHAJIa PaB-
HOU HYJIIO, T.€. Ha IIOCTOSIHHOM TOKE.

BxogHble TOKM — 3TO TOKH, MPOTEKAIOIINE Yepe3 BXOAHbIE 3axkuUMbl OY. Otn
TOKHU 0OYCJIOBJIEHBI 0a30BBIMU TOKAMU BXOJIHBIX OUTIOJSIPHBIX TPAH3UCTOPOB UJIH TO-
KaMH yTeUKH 3aTBOpPOB 711 OY ¢ MoJaeBbIMU TPAH3UCTOPAMH Ha BXOJIE.

Koadumment ocnabnenusi cuHpa3HOro CUTHANA OMNpEeNsieTcs KaK OTHOIIIe-
HHE HanpsbkeHHs cuH@asHoro cursana U,y .4, IOZaHHOTO Ha 00a BXoa, K audde-
PEHIMATBHOMY BXOAHOMY HANPSKEHUIO Uy j¢, KOTOPOE 00ECIIEYMBAET TOT KE CHUTI-
HaJI, YTO U B CIy4yae CUH(A3HOTO HAMPSKEHUS

U

— BX.c(

Koc.cq) - U UBblx.C(b = UBle.,le/l(b'

BX. UG

CKOpOCTB HapaCTaHUusAd BBIXOAHOI'O HAIIPAXKCHHA — 3TO MaKCHMaJIbHAsA CKO-
POCTb M3MCHCHHUA BBIXOJAHOI'O HAIIPSAKCHHA IIPU MAKCHUMAJIBHOM 3HAYCHHH CI'O aM-
mwUTyabl. CKOPOCTh HAPACTAHUS Vg, OTPEIEISIETCS KaK TAHTEHC yrila HAaKJIOHA Tie-
pPENATOYHON XapaKTEPUCTHKH, 3aKIIOYCHHOW MEXIYy MHUHUMAJIBHBIM U MaKCHMAallb-
HBIM 3HAYCHUSIMU BBIXOJHOTO HANPsDKCHHS, M UMEEeT pa3MepHOCTh B/Mkc. DtoT ma-
paMCTp BaKCH AJIA HMITYJIbCHBIX YCTpOﬁCTB, TaK KaK OH BJIMUACT Ha AJIUTCIBHOCTH
(POHTOB BBIXOJHOTO CHUTHAJIA.

BpeMH YCTAHOBJICHHA  BBIXOJHOI'O HAIIPSKCHHA — OTO BpPEM:A, 3a KOTOPOC
MMPAKTUYCCKHU 3aKaHYMBACTCA HepeXOI[HI:Jﬁ IponccC M3MCHCHHA BBIXOAHOI'O HAIIPs-
KCHUA.
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5.6.3 OCHOBHBIE CBOVCTBA UAEaJBHOT0 ONEPALMOHHOIO YCUJ/IUTEJISA

C penpro ynpoueHus aHajau3a CXeM JJIEKTPOHHBIX ycTpoiicTB Ha OV Oyaem

cuntatb OY upaeansHbiM. Ha puc. 5.22 npuBeneHa cxema 3aMELICHUS HI€ATbHOTO
oV.

Ky(ar-tty

+

o]
¢

Hgy2

Puc. 5.22. Cxema 3amernienusa uaeanpaoro OY

B aT0li cxeme Ha BBIX0JI€ BKIIOYEH MCTOYHUK 3.]1.C. C HAMPSHKCHUEM PaBHBIM

BBIXOJTHOMY Uyyx, KOTOpPOE Ompeaensercs mo Gopmye [7]:
Upx = KU (UBX2 - qu])y
rae Ky — o — ko dunuent ycunenus OV.

OCHOBHBIMH CBOIicTBaMH njaeajibHoro OV sBISIOTCS:

1. KoadduimmeHt ycuieHus 1O HANPSHKEHUIO paBeH OECKOHEYHOCTH —
KU = 0.

2. BXxosiHOE cOnmpoTHUBIICHUE PAaBHO OECKOHEUYHOCTH — Ry, = oo.

3. BeixogHo€ compoTuBIIeHHE paBHO HYIIO — Ry, = 0.

4. MuddepennnanbHoe HANPSIKEHUE MEXKY BXOJaMH PaBHO HYJIO B PEKUME
JUHEHHOTO YCHIEHHS U, = (Ugxy — Ugx) = 0. DT0 00BsicHsAETCS TeM, uTo mpu Ky = o
HaIPsDKEHNUE Ha BBIXOJIE Uy, BCET/Ia KOHEYHO, a 3TO MOYKET UMETh MECTO TOJIBKO MPHU
Usx2 — Ugxg = 0. PexxuM JTMHEHHOTO YCHIICHUS — 3TO PEXXUM KOT/Ia BBIXOJHOM CUTHAJ
OV He 3ax01uT B 00JIACTH HACHIIICHHUS, T.C. BEIXOHOE HanpsikeHne OY He orpaHu-
YUBACTCS HANPSYKCHUEM MCTOYHUKA MTUTAHUA.

5. Hanpsbxenue cmenienus paBHo Hym0 — Ug, = 0, T.€. BBIXOJJHOE HAIPSHKEHUE
PaBHO HYJIIO MPU BXOJTHOM HaIPsKEHUHU PaBHOM HYJIIO.

6. MakcuMasibHO€ BbIX0JHOE HANpsKeHUE Ugyx max = U

7. beckoHeUHO 0O0JIblIas MOJI0Cca MPOITYCKAHUS.
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6 YCUJINTEJ/IM HA OIIEPAIUOHHOM YCUJIUTEJIE

6.1 UHBepTUPYIOLIUH YCUIIUTEJID

Ha puc. 6.1 npuBenena cxema uaBeptupytoiero ycunurens Ha OY. Bxognoe
HaIpspDKeHHE Uy, ToJIaeTes Ha MHBepTUpYromuil Bxoa OV uepes pesuctop R1, mosto-
My YCWJIMTEJIb Ha3bIBA€TCA MHBEPTUPYIOIINM. HenHBepTUpYIOMIMI BXOA COEAMHEH C
ob6mum npoBogoM. C nmomotresto pesuctopa R2 B ycunurene ocymectsisiercs OOC.
Hanpsokenne OOC Bbiaensercss Ha pe3uctope R1 u ypaBHOBemmBaeTcss BXOAHBIM
HarpspKeHUeM Ugy. [Ipu atoM koadhunment OOC onpenensetcs mo hopmyre:

B = R1/R2.
I R2
—
I
L R1 DA

‘Exl H
O | I - D T *—0

TearnOV

E'IECE[H

fpx

safag

R3i T 13

i =L 1

Puc.6.1. Cxema unBepTupymomiero ycuiuteis Ha OY

Ha ocnoBanuu cBoiictB uaeanbHoro OV u 3akonoB Kupxroda BeiBezem BbI-
paxkeHue st KodhPUIMeHTa YCUIeHHUS 10 HanpsbKeHuio Ky WHBEPTUPYIOIIETO YCH-
nutens Ha OVY.

st cxembl puc. 6.1 morennuan y3na A OTHOCUTEIBHO OOIIEro MpoBOIa paBeH
HYJI0, T.€. 0o = 0, Tak Kak HampspDKEHUE MEXIy Bxoaamu uaeainbHoro OY Ttakke
paBHO HYIO — U, = 0. [Ipu 3TOM y4uTHIBaIOCH, YTO MOTEHIIMAT OOIIEro MpoBoaa pa-
BEH Hy10. Cxema pacnanach Ha JBa HE3aBUCUMBIX KOHTYpPa — BXOJHOM U BBIXOIHOM.

CocraBisieM J1Ba ypaBHEHHs 1O BTOpoMYy 3akoHy Kupxroda mns BXogHOTO U
BBIXOJTHOTO KOHTYPOB U OJTHO YpaBHEHHE I10 NepBoMYy 3akoHy Kupxroda st y3ma A.
B pe3ynbrare noinydaem ciaeAyrOIIyI0 CUCTEMY U3 TPEX YPABHEHHUIA:

ugx —hR1=0;
Ugprx +12R2=0; (6.1)
i —ip —igx1 =0.

B Tpetbem ypaBHeHHH Ipx = 0, Tak Kak y uaeanmbHoro OV Ry = co. B pesyib-
TaTe pemieHus cucteMol (6.1) nmeem:

u R2

K, =—BeX __ =
v R1

(6.2)
u

BX
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Takum oOpazom, eciu cuutath OY uaeanbHbIM, TO KO3(POUUUEHT yCUIICHUS
yewurens Ky He 3aBUCHT OT mapaMmeTpoB camoro OV, a 3aBUCHUT TOJIBKO OT mapa-
METpOB BHelIHUX 1enei, T.e. oT R1 u R2. Tlorpemuocts B pacuete Ky TemM MeHble,
yeM OJoke mapameTpbl peasbHoro OV k mapamerpam uueaibHoro. B ¢popmyite (6.2)
3HAK MMHYC MOKa3bIBAET, YTO BBIXOJHOE Uy U BXOJHOE Uy HATIPSDKEHUS HAXOIATCS
B MPOTUBO(da3e, T.e. YCUIMTEIb SBISIETCS UHBEpTUPYIOIMM. Eciin BXOAHOUW curHan
3a/laeTcs peajbHbIM HUCTOYHUKOM 3.].C., TO MpHU onpeneneHun Ky Heo0XoaumMo yuu-
ThIBATh BHYTPEHHEE CONMPOTUBICHUE MCTOYHMKA, KOTOPOE CKJIAIBIBAETCS C COMpPO-
TUBJIEHUEM BXOJIHOTO pe3uctopa R1.

Heo0xonumo Takxe OTMETHTh, YTO MPU MOJKIIOUEHUU K BBIXOAY YCUIUTENS
COIPOTHBIICHHSI HATPY3KHU Ry, BBIXOAHOM TOK Iy OV omlpenesnsieTcst BhIpaXKeHUEM:

o _u, U, u, (R, +R2)
lpx = = .

R, R2  R,R2

BxonHOE CONpPOTUBIIEHNE WHBEPTUPYIOIIETO yCWINTENS Ha uacansHoM OY

ompenenseTcs conporuBiieHreM pesuctopa R1, T.e. Ry, = R1. BeixogHoe conpoTtus-
nenuue R, = 0.

Ha pwuc. 6.2 mpuBenena mnepenaTodyHas XapaKTEPUCTUKA HWHBEPTUPYIOIIETO
ycunutens Ha OY.

Bun nepenaTtouHoit XxapakTepUCTHKU 00YCIIOBIEH CBOMCTBOM MHBEPTHUPYIOIIE-
ro Bxoja. XapakTtepucTuka 1 moscHseT paboTy yCUIIUTENs B PEKUME JIMHEHHOTO
ycwieHnud. [lo 3Tol XapakTepUCTHKE MOHO ONpPeneNuTh KOA((PHUIMEHT yCHICHUS
Ky ycunurens o gpopmyre:

Ky = KmthL,

rae Km = My gux/My 5x — K03 unment Maciiraba, paBHbIA OTHOIICHUIO Mac-

MITa0OB MO OCSM COOTBETCTBEHHO BBIXOJHOTO My pyx ¥ BXOJTHOTO My 5y HATIPSHKCHUI.

ffn[};

Puc. 6.2. [lepenarounasi xapakTepuCTHKAa HHBEPTUPYIOMIETO ycrnuTess Ha OV

1 — pexxum muHEHHOTO yemineHus;, 2 — Ky = —o0; 3— Ky =0
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XapakTepuCTUKU 2 U 3 XapaKTEpHU3YIOT J1Ba MpPEAeSbHbIX 3HAYeHUS K03(pPu-
mueHTa ycuiienus Ky coorBerctBenHo st Ky = — oo (R2 = o0) u Ky =0 (R2 = 0).

Ha puc. 6.3 npuBeneHbl BpEMEHHBIE AUArpaMMbl BXOAHOTO Uz M BBIXOJHOI'O
Upyx HAIPSKEHUH, MOSICHSIONINE pa00Ty MHBEPTUPYIOIIETO YCUIIUTENS MPU YCUICHUN
CUHYCOMJIAJIbHOTO HAIPSKECHUSL.

[Ipu nmogaye Ha BXOJ YCHJIMTENS HANpPSDKEHUS Uy YCUIIMTENb paboTaeT B pe-
KUME JINHEWHOTO YCUJIEHHS U Ha BbIXOJE (POPMHUPYETCS CUHYCOUAAIbHOE HampshKe-
HUE Ug,x1, HAXOASIIEECS B MPOTHUBO(A3e ¢ BXOJHBIM HAMPSHKEHUEM Ugy U C aMIUIUTY-
noit B Ky Oosbiielt aMmiuTyabl Uy, [Ipu yBeMueHUH BXOJHOTO HAMPSKEHUS Ugy
HAaCTyIIUT MOMEHT BPEMEHHU, KOTla AMIUIMTY/1a BBIXOJHOTO HANPSHKEHUS Ug,x HAYHET
OTrpaHUYMBATHCS YPOBHSMM HANpsDKEHUU ucTouHMKOB mutTanHus +U, u —U,. Ilpu
ATOM B KPHUBOU BBIXOJHOTO HAIPSKEHUS Ugyy MOSBIAIOTCS HEJIMHENHBIE HCKAKECHMUS.
OTOT cilyyail NPOWJUIIOCTPUPOBAH Ha pHC. 6.3 BpEMEHHBIMM JuarpaMMaMH Hamps-
HKEHUHN Upxr U Upyxo. PaboTa ycunuTens B TaKOM peXHME HEJIONMyCTUMA, TaK Kak Bie-
4eT 3a co00# ucKaxeHus: (OpMbl yCHIIMBAEMOTO CUTHAIA.

Hex

0]

”I-CE[?S.

~IL

Puc. 6.3. BpemenHble nuarpammbl paboThl HHBEPTHPYIOIIEro ycunurens Ha OY

Takum 06pa3om, BEIXOAHOE HAMPSIKEHUE Uy, MHBEPTUPYIOMIETO YCUIIUTEIS Ha
OV nmaxoauTtcst B mpoTHUBO(a3e BXOAHOMY Uy, a KOXD(DHUIIMEHT yCUICHUS 110 HATPSI-
xxeruro Ky = —R2/R1.
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KomneHncanusi BXOQHbIX TOKOB. B peansHoM OV uyepe3 pe3nucTopbl, TOAKIIO-
YEeHHBbIE K BXOJlaM, MPOTEKAIOT HEOOJIbIINE BXOJHBIE TOKH CMEIICHUS lg U g
(puc. 6.1). Onn NpUOANUTENBHO PABHBI.

Tox | mpoTekaeT depe3 mapajuielibHOEe coeAauHeHue pesuctopoB R1 m R2.
[Ipu sTOM conmpoTHUBIEHUE Ha 3axKuUMax pe3uctopa R,, cormacHo apdexty Muiepa B

tenu ¢ napawiensaoin OOC, onpenensercs BeipakeHrueM [16]:

RZ' _ R2 |
1+ KU

rae Ky — koaddunment ycunenus OY.

[Ipu otcyrcTBUU pe3ucTopa Rz B pexume mokost (Ug= 0) TOk |y MHBEPTHPY-

IOIIIETO BX0/1a, MPOTEKAIoUuii mo pesuctopam R1 u R2I, COCJIMHEHHBIM TapajuiesIbHO,
CO3/1a€T Ha ATOM BXOJi¢ MajicHue HanpspKeHust Uy,
U . _RIR2
BX— Bx1 R1+ R2’

Oto HampskeHue, ycunuBasich OY BBI3bIBACT HAIPSHKEHUE CMEIICHUST BBIXO/1a

Ucyvsuix - » KOTOPOE OTIPEIETISICTCS BEIPAKCHUEM:
RIR2/(1+K))

R1+R2/(1+ KY)

Uem.soix— =Usx—Ky =-1px1

B cBsi3u ¢ Tem, uto Ky Benuk (mopsiaka AecsITKOB — COTeH Thicsad), To (1 + Ky)
~ Ky, a BemuumHa 1/(1 + Ky) ouens marna.

B pesynbrate mpu OTCYTCTBHMM BXOJHOTO CHUTHajda Ha BBIXOJAE BO3HUKAET
HaIPSYKEHUE CMEIICHUS:

UCM.BLIX* R = IBXIRZ'

HenyneBoe Ugyx pH Ug,= 0 3aTpynHseT ucnoib3oBanue OY.

B npaktrueckux cxeMax i UCKIIOUEHHS BPEIHOTO BIUSHHS BXOJHBIX TOKOB
K HeMHBepTupyomemy Bxony OV noakimodaroT pe3uctop R3.

Tox |y, poTekatonuii yepes pe3uctop R3, BbI3bIBACT HANIPSHKEHUE CMEIICHHUS
BbIX07a Uy puix +, KOTOPOE OTIpesiensieTcst mo hopmyre:

UcM.BBIX+ = IBX2R3(1+ E—ij = Ipx2 w

Hanpsixenns cmenienns BoIXoAa Ueypux - U Uy pix + JOJDKHBI KOMIIEHCUPOBATH

ApYyr Apyra.
B pesynbrare, nmeem:
R3(R1+ R2)
RL
Otcrona, ¢ y4eTOM paBEHCTBA TOKOB |y U |y, ONpenensieM compoTUBICHUE
pesucropa R3:

Igx1R2=15x2

R1R2 1 1 1

=—— WU :
R1+R2 R3 Rl R2
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B pesynbrare npu HyJI€BOM BXOJHOM CUTHAJE Ug= 0 OymeT Ug,= 0.

Taxkum oOpa3zom, uToObl cxema Ha OV Obina coanmaHcupoBaHHOUN (Uyy,= 0 Tipu
Us= 0) HeoOX0aMMO, YTOOBI CyMMa aKTUBHBIX ITPOBOJIMMOCTEN BETBEH, MOAKIIOUCH-
HBIX K HWHBEPTUPYIOIIEMY BXOJy, ObUIa paBHa CyMME aKTHUBHBIX MPOBOJIUMOCTEH,
MOJIKJTFOUEHHBIX K HEMHBEpTUpYIomeMy Bxoy [20]:

n K

2.Goi = 2.Cnj. (6.3)

=1 j=1
rae G, — aKTHBHAS MPOBOJUMOCTD I-TOHM BETBH, MOAKIIOYCHHON K HHBEPTHPYIOIIEMY
BX0Ay; Guj — akTHBHAs MPOBOJUMOCTS |-TOH BETBH, MOJKIIOYEHHON K HCHHBEPTHPY-
IOIIEMY BXOJy; N — KOJUYECTBO BETBEH, MOAKIIOUCHHBIX K UHBEPTUPYIOIIEMY BXO-
ay; K — Konr4uecTBO BETBEH, MOJKIIOUECHHBIX K HCHHBEPTUPYIOIIEMY BXOJTY.

Ha ocHoBanuu »TOr0 mMpaBuia BKIKOYAKOTCS JOMOJIHUTEIBHBIC PE3UCTOPHI MPU
MOCTPOSHUM U ApyTrux cxeM Ha OY.

KomneHcanusi HanpsizkeHusi cMeneHust HyJsi. Kak yxe oTMeuanocs, mepe-
JaTOYHAsl XapakTepucTuka peambHoro OY HeCHMMMETpUYHA OTHOCUTEIIBHO HYJIS
(puc. 6.2). DTa HECUMMETPHS XapaKTEPU3YeTCs HANPsOKEHHEM cMeteHust Hynsa Uy,
KOTOpoe pa3iaudHo Aist Kaxaoro tuna OY. Hamumune U, NPUBOIUT K TOMY, UYTO MPH
HYJIEBOM BXOJHOM CUTHaN€ Ug# 0. 711 KOoMIeHcaluu BpeIHOTO BIMSHUS HAmpsi-
KEHUsT cMelleHus Hyas MHorue OY UMEroT BBIBOJBI ISl TOAKIIOUEHHS LEMU KOP-
pekiuu vyt NC (puc. 5.16) [18]. B cnyuyae ux orcyTcTBust cxeMbl Ha OY 10MoHs-
IOTCS IETSIMU I KOMIICHCAIIMU HANPSHKEHUST CMENIEHUsT Hylsl. DTH LEenu OObIYHO
coliepKaT MOJACTPOCUHbIE PE3UCTOPHI, YCTAHOBKA KOTOPBIX OCYIIECTBIISIETCS B MEPH-

O[] OTJIaJIKU YCTPOWCTBA.

6.2 HenHBepTUPYIOILUH YCUIUTE/Ib

Ha puc. 6.4 npuBenena cxema HewHBepTUupytomero ycuiurtens Ha OY. Bxon-
HOE HampshbKeHHe Uy, moaaeTcsa dyepe3 R3 Ha HemHBepTupytouuii Bxoa OV, mosTomy
YCUJIUTENb HAa3bIBAETCA HEMHBEPTUPYIOMINM. MIHBEpTUPYIONIUI BXOJ YEPE3 PEIUCTOP
R1 coemunen ¢ obumuM mpoBogoM. C momolpio pe3rcTopa R2 B ycuiauTenae ocy-
mecteisiercss OOC. Hampsixkenne OOC Bbiaensiercss Ha pesuctope R1 u ypaBHOBe-
IITUBAETCS] BXOAHBIM HAIPsDKEHHUEM Ugy. [Ipr 3TOM KOdpPunmerT OOC onpenensiet-
csa o popmyne B = R1/(R1+R2). Pesuctop R3 wmcmonb3yercss B MPaKTUYIECKUX CXe-
Max.

Ha ocnoBanuu cBoiicTB uaeanpHoro OV u 3akoHoB Kupxroda BeIBeIeM BbI-
paxeHue s KodpuUIMEeHTa YCUJIEHUS MO0 HanpsKeHUI0 Ky HEMHBEPTUPYIOIIETO
ycunurens Ha OY.
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Puc. 6.4. Cxema HeuHBepTUpYyIOIIero ycuaurens Ha OY

Jlnst cxembl puc. 6.4 moteHIuan y3na A paBeH MOTeHIHaTy TOYKU B — @A = @,
TaK KaK HampspDKEHUE MEXy Bxoaamu uzaeainbHoro OY pasHo Hysio Uy = 0.

CocraBiisieM J1Ba ypaBHEHUS 110 BTOpoMY 3aKkoHY Kupxroda u oqHO ypaBHEHHE
no nepBomy 3akoHy Kupxroda mis yzna 4. B pesynprare mojydyaeMm CieayOINIYIO
CHUCTEMY U3 TPEX ypaBHEHUM:

UBX + |1R1: 0 ,
Upx —Upprx —12R2-igxoR3=0; (6.4)
i —i2 —ipx1 =0.

Bo BTOpoM u TpeThbeM ypaBHEHHSIX BXOMHBIEC TOKH Iz = 0 | iy = 0, Tak KaK y

uaeanbHoro OV R,y = oo. B pesynbrate pemenust cuctemsl (6.4) nmeeM:

Ky = UBbix _ R2 4 (6.5)
Ugx R1

Takum oOpazom, ecnu cuntath OY uaeanbHbIM, TO KOYPOUIMEHT yCUIICHUS
yeunurens Ky He 3aBUCHT OT mapaMeTpoB camoro OV, a 3aBUCHUT TOJIBKO OT mapa-
METpPOB BHEIIHUX Iienel, T.€. oT R1 u R2. ITorpemnocTs B pacuere Ky TeM MeHbIIIE,
yeM OJvke mapameTphl peabHoro OV k mapamerpam uueaibHoro. B dopmyire (6.5)
3HAK MUHYC OTCYTCTBYET, CJI€IOBATEIHHO BBIXOAHOE Ugyx M BXOJHOE Uy HATIPSIKCHUS

HaxoJsTCs B (pasze, T.e. yCHIUTENb SBIACTCS HEMHBEPTHPYIOUTUM.
Heobxonumo Takxe OTMETHTh, YTO MPHU MOJKIIOUEHUH K BBIXOMY YCUIUTEIS

CONPOTHBIICHHS HArpy3kH Ry, BEIXOTHOM TOK Iy, OV ompenensercs BRIPaKCHUEM:
u u (Rg +R1+R2)

U
-_— BbIX BBIX BBIX
+

| = =
PP Ry R1+R2 Ry (R1+R2)

Bxognoe conmpoTHBiI€HNE HEMHBEPTUPYIOLIETO YCWIMTENS Ha uaeanbHoM OV

paBHO BxoaHOMY conpotuBieHuto OV, T.e. Ry=co. BbixonHoe compoTHuBieHUE
RBLIX = 0'
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Pesuctop R3 ucnonw3dyercss B MPaKTUYECKUX CXEMaX C IIEJIbI0 KOMIIEHCAIUU
BpPEIHOTO BJIUSIHUSI BXOAHBIX TOKOB. B coorBeTcTBUU C (6.3) COMPOTHUBIECHUE pE3U-
ctopa R3 paccuutsiBaeTcs no popmysie:

_ RIR2
R1+R2’

Ha puc. 6.5 npuBenena mnepenaTouHas XapakTEpPUCTHKAa HEMHBEPTUPYIOIIETO
ycunutens Ha OVY.

Hepm

_['_

Puc. 6.5. [lepenarounasi xapakTepuCTHKa HEUHBEPTUPYIOIIEeTo yeunutens Ha OY:

1 — pexxum uHEHOTO yemnenus; 2 — Ky = ; 3—- Ky =1

Bun nmepenatouHoil XapaKkTepHCTUKH OOYCIIOBICH CBOWCTBOM HEHMHBEPTHPYIO-
IIero BXoja. XapakTepucTuka 1 MOsSCHSAET padoTy YCWIHTENS B PEKUME JTHHEHHOTO
ycusneHus. [lo 3Toi XapakTepHCTHKE MOYKHO OINPEACTUTh KOIPPUIMECHT YCUICHUS
Ky ycunurens o ¢popmyie:

Ky = KmthL,
rae Ky =My g My 5x — KO3QGHUIMEHT MaciiTada, paBHbIA OTHOIICHHIO MacIITaboB 110
OCSIM COOTBETCTBEHHO BBIXOTHOTO My 4y U BXOJHOTO My 5 HATIPSHKCHUM.

XapakTepucTUKu 2 U 3 XapaKTepHU3yIOT JIBa MPeAeNbHbIX 3Ha4eHUs K0d3(Pdu-
nuenTa ycuienus Ky coorBerctBerHo st Ky = o (R2 = o) u Ky =1 (R2 =0).

Ha puc. 6.6 mpuBeneHsl BpeMEHHBIE TUarpaMMbl BXOJHOTO Uy M BBIXOJHOTO
Upyx HATIPSDKCHHH, TIOSICHSIIONINE pa00Ty HEMHBEPTUPYIOMIETO YCHIIUTENS TIPU YCHUIIe-
HUW CUHYCOHIaJTbHOTO HATIPSKCHUS.

[Tpu mongavye Ha BXOJ YCHIIMTENS HANPSDKEHUS Uy YCUIIMTENb paboTaeT B pe-
KUME JIMHEWHOTO YCWJICHHS U Ha BBIXOJAE (POPMHUPYETCS CHHYCOMIAIBLHOE HAMPsIKe-
HUE Ug,x1, HAXOAsIICECS B (ha3e C BXOIHBIM HAMPSHKEHUEM Uy, M C aMILTUTY 10 B Ky
OOJbIIe aMIUTUTYIBI Ugyi. [Ipy yBenmWdeHWHM BXOTHOTO HATPSDKCHUS Uy HACTYIIUAT
MOMEHT BPEMEHH, KOTJla aMIUIUTYJa BBIXOJHOTO HAMPSIKEHUS Uy, HAYHET OTPAHU-
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YUBAThCS YPOBHSIMHU HaIpsiKeHUH UCTOYHMKOB nutanud +U; m —U,. Ilpu stom B
KPHUBOU BBIXOJHOTO HAIPSKEHUS Ugyx MOSBISIOTCS HEJIMHEHMHBIE HMCKAXKEHHUSA. DTOT
ClIy4dail TPOWUIIOCTPUPOBAH Ha pPUC. 6.6 BpEMEHHBIMU JUarpaMMaMH HATPSKECHUI
Usx2 ¥ Upgo. PaboTa ycunuTenst B TaKOM pexuMe HEOMYCTUMA, TaK KaK BIEYET 3a CO-
0ol ncKakeHHs: POpMbI YCUIIMBAEMOI'0 CUTHAIA.

zx2

Hyx

=l

-

'”EE[}:L

Puc. 6.6. BpemenHnble nuarpaMmmbl pab0Thl HEHHBEPTUPYIOUIETO yeunutens Ha OY

Takum 00pa3zoM, BBIXOAHOE HAMPSKEHUE Uy, HEMHBEPTUPYIOMIETO YCHUITUTEIS
Ha OV HaxoauTcs B (a3e ¢ BXOAHBIM Ugy, @ KOOPOUIIMEHT YCHIICHHS TI0 HAIPSKEHUIO
Ku =R2/R1 +1.

3apaua 15. Jlng unBeptupytromero ycunutens (puc. 6.7) Ha UIealbHOM OIle-
pauroHHoM ycunutene (OY) 3agaHbl cieayonue napaMeTpbl: CONPOTUBICHUS PE3U-
cTopoB oOpatHOM cBsizM R1=6,8 kOM m R2=200 xOwm; 3.1.C. HICTOYHHUKA BXOJIHOT'O
curHana E,=0,3 B, ero BHytpenHee compotuieHue R,=0,5 kOwm, conpoTuBieHHE
Harpy3ku R,=2 kOm. Onpenenuts: kodhdumuent ycunenus Ky ycumurens; BHIXO-
Hoe HanpsikeHue Uy, conpoTuBiieHre pe3uctopa R3; BeIXogHOU TOK lyxoy OV.

172



R2

R1 DAL

Pool =

E, leuxoy Usix

A
w
-“+—O0

Puc. 6.7

Pemenue
1. Onpenenum koxbduument ycunenust ycunutens Ky, ydyuTeiBas mpu 3TOM
BHYTPEHHEE CONPOTUBIIEHNE UCTOUYHMKA CUTHANA Ry
K - Rz _ (0 10%)
(R1+R,)  (6,8+0,5)-10°

2. ConpotuBienue pe3uctopa R3 onpenensercs no BhIPaKEHUIO:
R3_ R2(R1+R,) _ 200(6,8+0,5)
R2+R1+R, 200+6,8+0,5
3. BeixonHoe HamnpsipkeHne Uy, onpesensercs no BhIpaKeHUIo

U,x=KyE,=27,4-03=811B.

4. BerxogHo# ToK lyxoy OV onpenensiercs o popmyie:

3
|- Y _Uan(R24 RH):8,11(2003+2) 12 00041 A
R2| R, R2-R, 200-10°-2-10

= 7,04 xkOwm.
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7 AHAJIOTOBBIE ITPEOBPA3OBATEJIN 3JIEKTPUYECKHUX CUT'HAJIOB

7.1 CyMMaTOpBbI HaNPs>KeHUHW HA ONlepallMOHHOM YyCUJIUTeJIe

CyMMaTopoM Ha3bIBAETCS YCTPOMCTBO, BBIXOJHOE HANPSIKEHUE KOTOPOro paB-
HO CyMME€ BXOJIHBIX HANPSKEHUN € 3aJaHHBIMU KO3 PUITIEHTaMHU.

7.1.1 UHBepTUPYIOILUK CyMMATOP

Ha puc. 7.1 mpuBenena cxema TpeXBXOJAOBOTO MHBEPTUPYIOIIETO CyMMaropa
Ha OY. BxoaHbie HanpsoKeHUS Ugyy, Uy U Ugyes TTOAAOTCS uepe3 pesuctopsl R1...R3
Ha uHBEpTUpYIoUid BXoa OV, mo3TOMy CyMMaTOp Ha3bIBaeTCs MHBEpTUPYIoUM. C
nomoibio pesucrtopa R4 B cymmarope ocymectBisiercs OOC. HeunBeptupyroniuii
BXOJI uepe3 pe3uctop RS, KOTOPHIN UCTIONB3YeTCS B IPAKTUYECKUX CXEMaxX, COSAUHEH
C OOITUM TTPOBOJIOM.

uBbIX

Puc. 7.1. Cxema unBeptupyouiero cymmaropa Ha OY

Ha ocHoBanuu cBoiictB uaeansHoro OY u 3akoHoB Kupxroda BeIBeeM BbI-
paXxeHue 7151 BBIXOJIHOTO HAMPSIKEHUSI HHBEPTUPYIOIIEro cymmaropa Ha OY.

Jlns cxeMmbl puc. 7.1 moTeHnuan yszina A OTHOCUTEIBRHO OOIIETO MPOBOJa PaBEH
HyI10 Pa =0 (cM. uHBepTUpYIOWUN yeunuTenb Ha OY). Cxema pacnanach Ha YEThIPE
HE3aBUCHMBIX KOHTYPa — TPU BXOJIHBIX U BBIXOIHOM.

CocraBisieM 7Ba ypaBHEHUS 10 BTOpoMYy 3akoHy Kupxroda st Tpex BXOIHBIX
Y BBIXOJIHOTO KOHTYPOB M OJIHO YpaBHEHHE 10 TiepBoMy 3akoHy Kupxroda mis yzna
A. B pe3ynbTaTe moiydaem CIEAyIOLyI0 CUCTEMY U3 TPEX YPABHEHUM:

UBxl - |1R1 = 0 ,
Usz - |1R2 = O ,
UBX3 - |1R3 = 0 , (71)

Ugprx —14R4=0;

il+i2+i3—i4—iBX1=0.
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B msarom ypaBHeHHH iy, = 0, Tak kak y uaeanbHoro OY Ry=co. B pe3ynbrate
pemienus cuctemsl (7.1) umeem:

R4 R4 R4

Uppx = | = Usx1 T —ZUpx2 T _qu3 =
R1 R2 R3

= _(Klqul + KZUBXZ + KSUBXS )

(7.2)

Taxum oGpazoMm, ecnu cuntath OY uaeanbHbIM, TO Uy, HE 3aBUCHUT OT mapa-
MeTpoB camoro OV, a 3aBUCUT TOJBKO OT MapamMeTpOB BHEIIHUX LI€NeH, T.e. OT
R1...R4. B dopmyne (7.2) 3HaK MHUHYC MOKa3bIBaET, YTO CyMMAaTOp HHBEPTUPYIO-
10005178

Takum oOpa3zoM, BBIXOJHOE HANpPsDKEHHE CyMMAaTopa PaBHO CyMME BXOJIHBIX
HanpspKeHu ¢ 3aaaHHbiMU Kodddunnentamu. Kosdpdumuentst Ki, K, u K3 aBisioT-
cst KoahpUIeHTaMH YCUJIEHUS TI0O COOTBETCTBYIOIIUM BXO/IAM.

Pesuctop RS ucnonb3yercs B mMpakTUYECKHX CXEMaxX C LIEJIbI0 KOMIIEHCALMU
OTPULIATEIBLHOTO BIMSHUS BXOJHBIX TOKOB. B cooTBercTBUM € (6.3) compoTuBlieHHE
pesucropa RS paccuuThiBaeTCs U3 BHIPAKECHHUS:

1 1 1 1 1
RL'R2 R3 R4 RS

oTKya omnpenensercs RS:

RS — R1IR2R3R4 .
R2R3R4 + R1IR3R4 + R1IR2R4 + R1IR2R3

7.1.2 HeHBepTUPYIOLUK CyMMaTOP

Ha puc. 7.2 npuBenena cxema TpeX BXOJI0BOI'0 HEMHBEPTUPYIOIIETO CyMMAaTO-
pa Ha OY. BxoaHble HANpsKEHUSA Ugyi, Ugo U Ugs TOJAIOTCA YEPE3 PE3UCTOPHI

R1...R3 na HennBepTupytouwmii Bxox OV, no3toMy cyMMaTop Ha3bIBAETCSI HEUHBEP-

THPYIOIINM.
R4 RS
FH———1
| |
04
o Lhel
“ ) ]H’
L. i
" R3
I :G_|:|_" i
lrr. E
T RE[ (| ™

Puc. 7.2. Cxema HemnBepTHUpytomero cymmaropa va OY
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WNuBeptupyromumii Bxoz depes pesuctop R4 coegunen ¢ obmmm nposogom. C
nomoIibio pesuctopa RS B cymmarope ocymectsisiercs OOC. Pesuctop R6 siBnsieTcs
pPacyeTHbIM, a TAKXKE YYAaCTBYET B OAJTAHCUPOBKE CXEMBbI B MPAKTHYECKUX CXEMaX.

Jlnst HampsikeHus: Us CXeMa MpeAcTaBlgeT cOO0NW HEMHBEPTUPYIOUIUN YCUIIH-
TeJb, BEIXOJIHOE HAIPSHKEHHE KOTOpOoro omnpenensercs no Gopmyne (7.3):

R5
U, =Ug| —+1]| 7.3
BBIX 6( R4 j ( )
OHpCIIGJIHeM HAIIpsKCHUC Ug METOIOM ABYX Y3JIOB!:
Ug = u/R1+u,/R2+u;/R3 (7.4)
1/R1+1/R2+1/R3+1/R6

[loncrasnsas (7.4) B (7.3), nonyyaem:
_Upq/RI+U,, /R2+ UBX3/R3( R5 lj

UBLIX - (75)
1/R1+1/R2+1/R3+1/R6 \ R4

N3 Beipaskenus (6.3) aist cOamaHCUPOBAHHOM CXEMBI CIICTYET:
1 1 1 1 1 1
— ettt — =+ —,
RL R2 R3 R6 R4 RS
Jlnst yriporeHust BhIpaKeHUst sl Uy, 0ObiuHO mpuHUMarT RS = R6. Torma
UMEEM:
1 1 1 1
— et —=—
RIL R2 R3 R4
N3 Beipaskenus (7.6) onpenensercs CONpoTHBICHUE pe3uctopa R4:
R1R2 + R1IR3+ R2R3
R1+R2+R3
[ToacraBnsas 1/R4 u3 (7.6) B (7.5), monmydaem:
Usey/RI+ U /R2+ U5/ R3( R5 RS R5 )
Uy = —t+—
P 1/R1+1/R2+1/R3+1/R6 \ Rl R2 R3
u,R5/R1+u,,,R5/R2+u,;R5/R3

= X (7'7)
1/R1+1/R2+1/R3+1/R6

1 1 1 1
X| —+—+—+— |
(Rl R2 R3 st

[Tocne ynporenust Gopmysst (7.7), momydaem:
RS, ey LS,
BBIX R1 Bx1 R2 BX2 R3 Bx3
Takum 0Opa3oM, BBIXOJIHOE HAIpPSKEHHE CyMMaTopa PaBHO CyMME BXOJHBIX
HaMpsHKeHUH ¢ 3a7aHHbiMu Koddpummentamu. Koaddunmentsr Ky, K; u K3 sSBASIOT-

(7.6)

R4 =

u = KjU,, + KoU,,, + K3U

BX3"

cs K03 PUIIMEHTAMH YCUJIECHUS IO COOTBETCTBYIOIIUM BXOJ1aM.
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3agauva 16. J{nsg unBeptupytromero cymmaropa (puc. 7.3) Ha uneansHoMm OY 3a-
JIaHO MaTeMaTH4YeCKoe BBIPAKEHHE ISt BBIXOJHOTO HaMpsHKEHUS

UBBIX: _(4’0UBX1+018UBX2+418UBX3)'
b R1 R4
o—— o1 }—
o—= 1 14 pal
Uml“ o= }—4—orow

—=*°
szlungs IBleOy lUBHX
R5

1 1

Puc. 7.3

HampsikeHrss MCTOYHUKOB BXOJHBIX CHUTHAJIOB TOCTOSHHOTO TOKa: Uy =1 B,
Use = 4,9B, Uys =1,5 B. Conporusnenust pe3uctopoB paBHbl R4=120 kOm u
R.=7,5 xOm.

OrnpenenuThb: COMMPOTUBICHUS U MOIITHOCTH paccesHus pesuctopoB R1, R2, R3,
RS; BeixonHoe HanpspkeHUe Uy, U BBIXOIHOU TOK lyvoy OV TOku, moTpebisiembie
OT UCTOYHHKOB BXOJIHBIX CUTHAJIOB |1, Iy, |s.

Pemenue

1. Conporusnenus pesuctopoB R1, R2, R3 onpenenstorcs u3 kodHPUIIUEHTOB,

3aJJaHHBIX B BBIPAKCHHUH IS BEIXOAHOTO HanpspkeHus Uy, cymmaropa (7.2).

R4 =4 cnegoBarenrHo R1= R4 = 120 =30 xOwm.
R1 4 4

E =0,8 cienoBarenbHo Rl= E = @ =150 kOwm.
& =48 cnenosarenbHo R1= E = @ =25 kOm.
3 48 48

2. Conpotusienue peaucrtopa RS onpenensercs u3 BbIpaXeHUs:
1 1 1 1 1 1 1 1 1

—=—+4+—+—+—=—+—+—+—=0,0883.
R5 RI R2 R3 R4 30 150 25 120
CraenoBarenbHo R5= L =11,32 xOwm.

0,0883

3. BpIx01HO€E HAIPSKEHUE HHBEPTUPYIOLIETO CyMMAaTOpa
Usen= —(4,0U41+0,8U 0 +4,8U,43)=-( 4,0-1+0,8-(-4,9)+4,8-1,5)= —7,28 B.
4. BoixogHo# TOK ly,xoy OV onpenensiercs nmo gopmyie:

3
Uy U,y (RA+R,) _ 7,28(120 +7,5)-10 — 0,001 A.

IBLIX - -
YT R2|R, R4-R, 120 -10%.7,5-10°
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5. TOKI/I, HOTp€6J'I$ICMBIC OT UICTOYHHUKOB BXOJHbBIX CUTHAJIOB

IR -=0,033-10"° A =0,033 MA.
RL  30-10
Yoo 49 0033.10% A=0,033 mA.
R2  150-10
e 12 _06.10° A=006mA
R3  25.10

6. MOIIHOCTH pacCesHUs pE3UCTOPOB

Py, = I#R1=(0,033)?30-10° = 32,67 Br.
Py, = 12R2 =(0,033)?150 - 10° = 163,35 Br.
Py = 12R3=(0,06)?25-10° = 90 Br.

7.2 UHTErpaTop Ha onepanyoOHHOM yCUJIATEJIe

HNuTterpaTopoM Ha3bIBae€TCS YCTPOMCTBO, BBIXOJHOE HAMPSHKEHHUE KOTOPOTO
POTOPIIMOHATILHO MHTErpally BXOJHOro HampsbkeHus. Cxema uHTerpatopa Ha OY
MOJIY4aeTCsl €CJIM B CXEME MHBEPTUpYIOIIero ycunurens (puc. 6.1) 3ameHuTsh pesu-
ctop R2 na xonmencatop C. Ha puc. 7.4 npuBeaeHa cxema uHterparopa Ha OV.
BxonHoe HampsbkeHue Uy MogaeTcsl Ha MHBepTUpyromuid Bxoq OV yepes pe3uctop
R1. HemnBepTupyouii BXoJ COeIUHEH ¢ 00IIKUM MPOBOAOM yepe3 pe3uctop R2. Pe-
3uctopsl R2 1 R3 uCnonb3yroTCs B MPAKTUUECKUX CXEMaX.

Ha ocnoBanuu cBoiictB uaeanbHoro OV u 3akoHoB Kupxroda BeiBeIeM BbI-
paXkeHue JJIs1 BBIXOJIHOT'O HalpsiKeHus: uHterparopa Ha OVY.

Cuuras OY uneanbHbiM, B cxeme (puc. 7.4) noteHuuan y3na 4 OTHOCUTEIBHO
o011ero mMpoBoaa paBeH HYII0 — P = 0 (CM. HHBEPTHPYIOIIHMHN yCHUauTens). PaccmoT-
pPUM B CXEM€ JIBa HE3aBUCHUMBIX KOHTYPa — BXOJHOU U BBIXOTHOM.

RZ

L 1L

Puc. 7.4. Cxema unrerparopa na OY

178



CocraBisieM J1Ba ypaBHEHMsI IO BTOpoMy 3akoHy Kupxroda nns BXxogHoro u
BBIXOJIHOT'O KOHTYPOB U OJHO ypaBHEHHUE MO NepBoMYy 3aKkoHy Kupxroda s yzna A.
B pesynbrare nonyyaem Ciaeayronyro CUCTEMY U3 TPEX YPAaBHEHUN:

U, —hR1=0;
Ugx +Uc =0; (7.8)

BbBIX
h—i, —i,,,=0.
B TpeTbeM ypaBHEHUH Iy = 0, Tak Kak y uaeanbHoro OV R,y = oo.
MrHOBEHHOE 3HAYEHUE TOKA, MPOTEKAIOLIEr0 Yepe3 KOHJIEHCATOP, ONpEIeIisi-
eTcs 1o popmyiie:

. dU.
l,=C——=. 7.9
2 . (7.9)
B pesynbTarte coBMecTHOrO pemienus ypasuenui (7.8) u (7.9), umeem:
Uy = —RlCdUﬂ. (7.10)
dt
Wurerpupys o6e yactu Boipakenus (7.10), momydaem:
1
Uppy = ——— | U, dt+U . 7.11
BBIX R1C _[ BX BBIX(0) ( )

Ananu3 BeipakeHus: (7.11) mokaswsiBaeT, 4TO Uy, MHTETPATOpa 3aBUCUT OT
HauyaJibHOTO HanpsixkeHus Uc) Ha KOHAEHcATOpe B MOMEHT BpeMeHH t = 0, Tak Kak:
UBLIX(O) =- UC(O)-
3HaK MUHYC B BbhlpakeHuu (7.11) moka3piBaeT, 4YTO TaHHBIN UHTErPaTOpP SBIIS-
erca unpeptupytomum. IIpousseaenne R1C umeer pasmepHocTs [c] — “cekyHna” u
HAa3bIBAETCS ITIOCTOSIHHOM BPEMEHU UHTETPUPOBAHUS 1.
N3 Beipaskenus (6.3) 11t cOaTaHCUPOBAHHOMN CXEMBI CIICTYET:

R2 = R1.
KoaddunmenT ycunenuss nHTerpaTopa sBiIsieTCss KOMIUICKCHON BEIMUUHOM ;
YA 1
Ky=-="=-——, (7.12)
Z,., RiCjo

e Zoc = —Xc= i Zn=RL
JoC

N3 ananuza Beipakenus (7.12) ciaemyet, 9To Ha HU3KUX YacToTax (OJIM3KHX K
HYyJIeBbIM) KO3 UIMEHT ycuieHus: uHTerpatopa Ky CTpeMHTCS K OECKOHEUYHOCTH.
OT0 MPUBOAMT K 3apsay KoHaeHcaTopa C ToJ ACHCTBHEM HAMPSIKCHUS CMEIEHUS
U,y ¥ 9epe3 HEKOTOpOoe BpeMs HAIpsKEHHE Ha BBIXOJE HHTETPATOpa CTAHET OJM3KUM
K Hanpspkernto nutanus U, B pe3ynpTaTe cxema cranet HepaboTocmocobHoi. Uto-
OBI ATOTO HE MPOUCXOAMIIO B MPAKTHUYECKUX CXEMaxX MapajuiebHO KoHaeHcaTopy C
BKJTt0YaeTcst pesuctop R3 ¢ 6omipmmMm conporuBieHuem [12].
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Ha puc. 7.5. a npuBeaeHbl BpEMEHHBIE TUarpaMMbl, MOSICHAOLIUE padOTy UH-
TerpaTropa IpH Mojade Ha €ro BXOJ HaMpsKEHUS NPSIMOYTOIbHOU (DOPMBIL, a Ha puUC.
7.5. 6 — HanpPsKEHUS MPOU3BOJIBHON (DOPMBIL.

Upx Usx
A
Um BX] t t
0 Y 0
tl t2
T | |
[ ————— |
: uBLIX
uBLIX :
|
|
|

<

a o
Puc. 7.5. BpeMeHnHble [uarpaMMBbl, TOSICHSIOIINE pabOTy HHTErpaTopa

[Ipu momaue Ha BX0J MHTErpaTopa MmocTosiHHOro HampsikeHus (U, = const) Ha
BBIXOJIe (OpPMHUpPYETCSl JUHEHHO H3MEHSIOLIEEeCs] HaIpsDKEHHE B COOTBETCTBUU C

YpaBHEHHEM:

: dt= Y t.

U, =———|U —
BbIX RlC BX RlC
[Ipu momaye Ha BXOJA HMHTErpaTopa HAMpPsKEHUS NPSIMOYTOJIBHOM (OopMBI Ha

BbIXOJ1e (POPMHUPYETCS HAMPSHKEHHUE TPEYTOJIBHOW (POPMBI ¢ aMILTHTY/IOM:
:_Ume I :_Ume i
mibix RIC 4 RIC 4f'

rae Upy sx — aMIUTUTYy1a BXOAHOTO HaNpsKeHUst; T — Mepuo]i BXOJIHOTO CUTHAJIA;

U

f — yacTora BXoaHOrO curHasia.

HNuTerpatopsl MHUPOKO MPUMEHSIOTCA MPHU CO3JIAHUH T€HEPATOPOB JUHEHHO
M3MEHSIONIETOCS U CHHYCOUIATbHOTO HAMpPsDKEHUsI, (a30CABUTAIONINX YCTPOUCTB, a
Tak)Ke B KAUECTBE PETYSTOPOB, (PUIBTPOB HU3KUX YACTOT U TIP.

3agaya 17. Ha Bxon wmHTerpatopa (puc. 7.5.a) momaercsi MpsSMOYTOJIBHOE
Hanpsbkenue Er ¢ yactorod 1 kI'u u ammutynoi 4 B. (puc. 7.6). Onpenenuts Bbl-
xonHoe HampsokeHne Uppix(t) 3a maTepBan Bpemenu ot t§ =T/2 no t, =T, rne 7 —

nepuoa BxojgHoro HanpspbkeHus. [Tapametpst cxembl R1=10 kOMm, C=0,1 Mk®.
Pemenne
1. Tak kak Ha BXOJ MHTErpaTopa MOOYEPEAHO MOJAIOTCS MOCTOSIHHBIE OJIMHA-
KOBbI€ HANPSKEHUSI Pa3HOM MOJSPHOCTH, TO B Pe3ysbTaTe€ UHTETPUPOBAHUS HA BHI-
XO/JIe MOSIBUTCSl HaNpsHKEHUE TPeyroibHoil (opmel (puc.7.5.a). Tak Kak moyrynepuo-
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Il BXOJHOTO CUTHAJIa OJMHAKOBEI, TO M TPEYTOJIbHBIE BOJIHBI TAKXkKe Oy1yT ONMHAKO-
BEIMU.
2. Hailinem n3smenenue BBIXOAHOrO HampspbkeHus AU 3a MHTEpBal BPEMEHHU

T
or y =—no t, =T, roe T - nepuoJ BXOAHOIO HalpsDKeHUs. B paccMarpuBaeMoM UH-

TepBaje BpEMEHHU JNEUCTBYET HaIpsKEHUE
Er=—4 B. Torna B pe3ynbpTaTe HHTETPUPOBAHUS I10JTy4aeM

to _ _ —
UBLIX :——1 IEth = Er(tz tl) = 4(T T /2) = al .
RIC, R1C R1C R1C
T= 1 — 1 =0,001c, cnenoBarensHo AU, = 42 0,001 s =2B.
f 1000 10"-0,1-10"

7.3 fuddepeHnuaTop Ha ONEepPaLUOHHOM YCUTUTEIE

HuddepenumatopoM Ha3bIBA€TCs YCTPONCTBO, BBIXOJHOE HANPSIKEHHE KOTO-
poro mpornopioHanbHo AuddepeHimany BxoaHoro HampspbkeHus. Cxema mudde-
penimaTopa Ha OV monydaercsi, eclid B CXeMe MHBEPTUPYIOLIEro yCUIUTENs (pHucC.
6.1) 3amenuts pe3uctop R1 Ha xonngencarop C. Ha puc. 7.6 nmpuBeneHa cxema UHTe-

rparopa Ha OY. BxonHoe HamnpspbkeHue Uy, TTOJaeTCsl Ha WHBEPTUpYROIui Bxoa OY
yepe3 koHaeHcarop C. HenHBepTUpYIONINA BXOA COCIUHEH ¢ OOIIMM IPOBOJIOM Ye-

pe3 pesuctop R2. Pesuctopsl R2 u R3 ncnonb3yroTes B MpaKTUYECKUX CXEMax.
I R1
—=

E"EII}L

Puc. 7.6. Cxema nmuddepennmaropa na OY

Ha ocnoBanuu cBoiictB uaeanbHoro OY u 3akoHoB Kupxroda BeiBeaeM BbI-
pakeHue JJIsl BEIXOAHOTO HanpspkeHus nuddepenmnmuaropa va OY.

Cuutas OY uneansHbiM, B cxeme (puc. 7.6) moteHan y3ina A OTHOCUTEIBHO
o0IIIero mMpoBojia paBeH HyI0 G = 0 (CM. HHBEPTUPYIOMUN YCUIUTENb). PaccMoT-
pUM B CXEME JIBa HE3aBUCHUMbBIX KOHTYpa — BXOJIHOW U BBIXOJHOM.
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CocraBisieM J1Ba ypaBHEHMsI IO BTOpoMy 3akoHy Kupxroda nns BXxogHoro u
BBIXOJIHOT'O KOHTYPOB U OJHO ypaBHEHHUE MO NepBoMYy 3aKkoHy Kupxroda s yzna A.
B pesynbTrare nony4yaem Cireayrouyr CUCTEMY U3 TPEX YPAaBHEHUM:

Uy —Uc =0;
—hR1=0; (7.13)

uBbIX
h—1, —i; =0.
B TpeTbeM ypaBHEHUH Iy = 0, Tak Kak y uaeanbHoro OV R,y = oo.
MrHOBEHHOE 3HAYEHHUE TOKA, MPOTEKAIOLIEr0 4Yepe3 KOHJIEHCATOP, ONpEeIisi-
etcs 1o popmyiie:

: dUc
h=C——=. 7.14
i ot (7.14)
B pesynbTaTte coBmecTHOro pemienus ypasuenuit (7.13) u (7.14), umeem:
U, =—R1C dLC:BX : (7.15)

3Hak MUHYC B BbIpakeHuu (7.15) mokassiBaeT, yTo JaHHBINA quddepeHunarop
aBigercss uHBepTupyromuM. [Iponssenenre R1C Ha3biBaeTcss MOCTOSHHONW BPEMEHH
muddepenuupoBanus 7.
W3 Beipaxkenus (6.3) ais cOanaHCUPOBAHHOW CXEMBI CIIEYeT:
R2 = R1.
Koadpounuent ycunenus nudpdepeHnmraropa sBisercss KOMIUIEKCHON BEIUYU-

z R1
K, =—=%=-—"=—joRIC, (7.16)
Z 1/ joC

trie Zoc =RL Zux = -jXe = .
JoC

N3 ananuza BeipakeHus (7.16) ciaeayeT, 94To Ha BBICOKMX YacToTax KO3 puIm-
eHT ycunenus auddepennuaropa Ky crpeMHuTcs K OeCKOHEUHOCTH. B pesynbrare
CXeMa OYeHb BOCIIPUUMYHMBA K BHICOKOYACTOTHBIM IIyMaM. [[J1s1 MCKITIOUEHUs STOTO
SBJICHUS B TPAKTUYECKUX CXEMaxX MOCIEN0BaTEIbHO KoHIeHcaTopy C BKIIOYAETCS
pe3uctop R3 ¢ HeOOIbIIMM COnTpOTHBIICHHEM [12].

Ha puc. 7.7 npuBeneHbl BpeMEHHbBIE TUArPAMMBbI, MOSCHSIONINE padoTy nud-
depenmnuaropa. M3 Beipaxenus (7.15) BUIHO, 4TO BBIXOJMHOE HampspkeHue audde-
peHIMaTOpa MPOMOPIIMOHATEHO CKOPOCTH U3MEHEHHS BXOAHOTO HATIPSKCHHUS.

HuddepennmaTopbl HAILTH TPUMEHEHHE B WH(GOPMAIIMOHHO-U3MEPHUTEITHHON
TEXHUKE ¥ aBTOMAaTHKE B Ka4eCTBE OINEPAIMOHHBIX, (POPMUPYIOMIHNX U PETYIUPYIO-
IIUX YCTPOMCTB.
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Puc. 7.6. BpeMeHHble quarpaMMsbl, osicHsOIIME padboty auddepeHimaropa
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8 AKTUBHBIE ®UJIbTPbI HA OIIEPALIMOHHOM Y CUJIUTEJIE

AKTUBHBIM (PUIIBTPOM Ha3BIBAETCSl YCTPOMCTBO, IOCTPOSHHOE HA PE3UCTOpPAX,
KOHJICHCATOpax Y aKTUBHBIX JIEMEHTAX, MpeIHa3HauYeHHOE JIJIsl MPOMYCKaHUsl CUTHA-
JIOB B OIPE/ENICHHON MOJ0CEe YacTOT U IMOAABJICHHS CUTHAJIOB 3a IpelelaMH 3TOM
MOJIOCHI.

[To cpaBHEHUIO C MACCUBHBIMU aKTUBHBIE (DUIBTPHI 00JaJal0T CIEAYIOIMIUMU
JIOCTOMHCTBAMH:

- B HUX MCTOJIb3YIOTCS TOJBKO PE3UCTOPHI U KOHJICHCATOPHI;

- MaJIbleé HOMUHAJIBI KOHJIEHCATOPOB,;

- BBICOKasi JOOPOTHOCTH (KPYyTH3HA MEPEeXOHbIX yyacTkoB AUX);

- HE BHOCSIT CYIIIECTBEHHBIX MOTEPH;

- HEBEJIMKH T10 TabapuTaM U Macce;

- OTHOCHUTEJIBHO JICIICBHI.

AKTHUBHBIE QUIBTPHI UMCIOT U HeAoCcTaTKU. OHU HYXKJIAIOTCS B UCTOYHUKE ITH-
TaHUs, a UX padOuYMii AMANA30H OTPaHUYEH CBEPXY MaKCHUMaJbHON pabodeil 4acTo-
Toit OY.

OCHOBHBIMU MTapaMeTPaMHU IEKTPUUCCKUX (QUIBTPOB ABISIOTCS [7]:

1) Yacrora cpe3a fe, mmm og, — 310 yacToTa, Ipu KoTopoit Ky GunbTpa namaer
1o ypoBHs 0,707 ot Ky B mosioce npomnyckanus (T.e. magaet Ha 3 1b).

2) I'pannynas yacrora f. — 310 ywacTora, mpu kotopoit Ky duiastpa Ha 3 b
BBIIIIE, YEM B TI0OJIOCE TOJaBICHUS.

3) Ilonoca mpormyckaHusi — 3TO MOJIOCA YaCTOT, B KOTOPOW CUTHAJ TepenaeTcs
0€3 NCKaKECHUH.

4) Ilonoca mogaBiIeHUsI — 3TO MOJOCA YACTOT, B KOTOPOW CUTHAI TOABIIACTCS
710 33/IaHHOTO YPOBHHI.

5) IlepexoaHBIil y4aCTOK — 3TO UHTEPBAJI 4aCcTOT Mexk Ay yacToTami fe, u f.

6) HobpoTHOCTH Q — 3TO BENMUYMHA, CBA3BIBAIOIIAS CPEIHIOK YaCTOTY IOJIOCHI
MPOITYCKaHUA U €€ UpHHY Ha ypoBHE 3 nb u onpexnensemas no Gopmyre:

Q = fO/( prZ - prl) = 1\ fcpl fcp2 /( pr2 - fcpl)1
rae fo= ./ fopn fopo — CPEIHSS IGHTPAJIBHASL YaCTOTA; fep1 — HIDKHSS YacTOTa Cpe-

3a Ha ypoBHe 3 1b; f.,, — BepxHss yacToTa cpesa Ha yposHe 3 1b.
7) KoaddummenT 3aryxanus o — 3T0 BelIMYWHA OOpaTHAs TOOPOTHOCTH, O =
1/Q. On onpenensier GopMy YaCTOTHON XapaKTEPUCTUKU QUIIBTPA, T.C. €r0 THIL.

184



Kaaccudpukanuss akTUBHBIX (PHJIBTPOB. B 3aBUCUMOCTH OT PacHOJIOKEHHUS
MOJIOCHI MPOIYCKaHUS U MOJIOCHI MOAABIEHUS B paboyeM Auana3oHe 4acToT (QUIbTPHI
noJipas3zeisarores Ha [21]:

— ¢mnbTpsl HI3KHX 9acToT (PHY): monoca npomyckanus ot 0 no f,, momoca
nojasiacHus ot f. 70 MakcuManbHOU padodei 4acTOoThl cXeMbl — f ma. AUX ®HY
npuBeaeHa Ha puc. 8.1. a.

K U K U
0,707Ky 0,707Ky
f
0 0
N
[Tonoca i @ yckauus | Ionoca mojapinerus O Ilonoca noxasieHust | Tooca npomycKaHus
IlepexoaHblii yqacTok IIepexoaHblil yyacTok
a o
K, U K U

0,707Ky {=====—-ff===—=—mmmmm R - —- 0,707Ky |

®

f:l fc:)l fcpZ f:Z fcpl va fcp2

Ilonoca nogaenenus \Honoca nponycxay ITonoca nogaBneHus \ ITonoca nogaBnexus /

ITonoca npomyckanus
ITepexoHbIE yIaCTKH

8 2
Puc. 8.1. AUX ¢unabTpoB: @ — priIbTpa HU3KOM YaCTOTHI; 6 — PUITBTPA BBICOKOM

YJaCTOTHI; 8 — ITOJIOCOBOTO (PUIIBTPA; & — PEKEKTOPHOTO (DHIIbTpa

- punbTpsl Beicokux dactoT (OPBY): nonoca npomyckanus ot f ¢, 10 f max, mo-
noca nogasieHus ot 0 go f.. AUX ®BY npuBeneHa Ha puc. 8.1. 6.

- mostocoBele GunbTpsl (I1P): monoca npomyckanus ot f o, 10 o, momoca mo-
nasiaeHus ot 0 10 . v ot f o 10 fax. AUX T1®D npuBenena Ha puc. 8.1. 6.

- pexxexTopHbIe GubTpsl (PD): momoca npomyckanus ot 0 10 f oy 1 ot f oy 10 f
max, Hosoca nojasneHus ot f o 1o fop. AUX PO npusenena Ha puc. 8.1.c.

[To THITy YCHIMTENBHBIX 3JIEMEHTOB MOXHO BBIICIUTH TPAH3UCTOPHBIC (PHITh-
Tpbl U GuIbTpHl HA OV
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9 UMIYJIbCHBIE YCTPOHCTBA HA ONEPAIIMOHHOM YCUJIUTEJIE

Ha OV, xak yHUBEpCaIbHOM YCHJIUTENE, MOKHO IOCTPOUTH Pa3HOOOpa3HbIE
MMITYJIbCHBIE YCTPONCTBA TaKKU€, KAK KOMITapaTOphl HanpsKeHus, Tpurrepsl [lmurra,
MYJIbTUBHOPATOPBI, OJTHOBUOPATOPHI U AP.

9.1 KomnapaTop HanpsKeHus

KoMmnapaTopom Hanpsi>keHUs Ha3bIBA€TCS YCTPOWCTBO, MpEIHa3HAYCHHOE ISt
CpaBHEHHE U3MEPSEMOT0 BXOIHOTO HAMPSIKEHUS Uy C OTIOPHBIM HAIPSKEHUEM Uy

Ha puc. 9.1 npuBenensl cxema, nepeaToyHas XapakTepPUCTHKA U BPEMEHHbBIE
JararpaMMbl paboThl KOMIapaTopa Hanpspkenus Ha OV [18].

Cxema kommapaTtopa HampsokeHust (puc. 9.1. a) npencrasiser coborr OV 6e3
oOpaTHbIX cBsizeil ¢ BxoaHbIMH pe3uctopamu R1, R2. Tlpu stom koadduiueHt ycu-
JeHus1 cxeMbl Ha uaeanbHoM OV Ky = oo, Tak kak otcyrctByeT OOC. B pesynbrare
BBIXOIHOE HANPSKEHHE KOMITapaTopa MOXKET MPUHUMATh TOJBKO ABa 3HaueHus: —U,
wi  +U,. Ilpu paBeHCTBE BXOJHOTO Ugx M OMOPHOTO Uy, HATIPSDKEHUM MTPOUCXOAUT
CKa4K00Opa3HOe N3MEHEHHE MOJISIPHOCTH BBIXOAHOT'O HAIPSIKEHUS Uy

Anroput™ paboThl KOMIIapaTOpa ONUCHIBAETCS CIENYIOIIUMHU BbIPAXKECHUSIMHU:

Uppix = _Ur{ npu Ugx > Uon,
uBI:IX = +UH I_IpI/I uBX < uOH'

u
R1 +U Ugeix
DA - 0 —
u l : !
BX o l—o : : :
l BBIX Ugx Usrix +U, : : :
j— R?2 0 Uon
luon U, 0 L
i 'Un
a 9] 8

Puc. 9.1. Cxema (a), mepenarounasi xapakrepuctuka (0)
¥ BpEMEHHBIC TUarpaMMbl paboThI (8)
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B cxeme ¢ peanbubiM OV BBIXOJHOE HANPSIKEHUE Ugyx KOMIIApATOpA MPUHUMA-
eT 3HaYeHUS —Uyyx max WU +Ugyx max, @ €70 MEPEKITIOYEHUE TPOUCXOTUT C HEKOTOPOM
3aJIep>KKOM, ornpeensieMon opicTpoeiictBueM OV,

Bxognoe HanpsikeHue Ugy, PU KOTOPOM BBIXOJIHOE HAMPSIKEHUE Uy, x U3MEHS-
etcs oT —U,, 1o +U, Ha3pIBaeTcs HampsikeHueM BiitoueHus: Uy, BxonHoe Hanpsixe-
HUE Ugy, TPU KOTOPOM BBIXOJHOE HAMPSDKEHUE Uy, M3MeHsieTcst oT +U,; 1o —U;, Ha3bI-
BaeTCsl HaNpsKEHUEM BBIKITIOUCHUS Ugy,,. Y KoMmapaTopa HampsoKeHHUST BKITIOUYEHUS
Usin 1 BeIKITIOUeHUs Uy, COBMANAIOT U paBHBI OonopHOMY HamnpsikeHnuto U,,. Ha puc.
9.1. 6 mpuBeneHa nepegaTouHas XapakTepucTUku kommaparopa. Ha puc. 9.1. ¢ npu-
BEJICHBI BpEMEHHBIC TUarpaMMbl padOThl KOMITapaTopa MpH JIMHEHHO W3MEHSIOIIEMCS
Uon- KoMmapaTop mupoko ucrnosib3yercst sl npeoOpa3oBaHUs HAMPSKEHUS MPOU3-
BOJILHOUM (POpMBI B HaMpsHKEHUE MPSIMOYToibHOU (popMmel. [Ipu 3TOM Moj0KeHUE MO-
MEHTOB MEPEKIIIOUEHUSI COOTBETCTBYET PABEHCTBY Upx = Uy, Eciiu Bxoasl OV mome-
HSTh MECTaMHU, TO Uy, TTIOMEHSIET 3HaK.

N3 Beipakenus (6.3) pist coOamancupoBaHHOM cxembl cieayeT R1 = R2.

Jlnst cpaBHEHMsI CUTHAJIOB IPOTHUBOTIONOXKHON TOJISIPHOCTH HEOOXOJAUMO X
CYMMHUPOBATH 110 OJTHOMY U3 BXOJIOB, a IPYTOi BXO MOJKIIOYUTh K O0IIEMY.

Komnapatopsl SBISIOTCS MPOCTEUIIMMH aHAIOTO-ITU(POBBIMU TIPeoOpa3oBa-
TEJSIMU M 3aHUMAIOT MPOMEKYTOYHOE IMOJIOKEHUE MEXY aHAJIOTOBBIMU M LU(PO-
BBIMH CXEMaMHU.

B peanpHBIX YCIOBHSX B MOMEHT CPaBHEHUS HAPSHKEHUM Ugy ; Uoy B PE3YJIbTA-
T€ HAJMYMs B HUX IIYMOB IIPOMCXOJIUT MHOTOKPATHOE TIEPEKIIOYEHUE KOMITApaTopa,
Ha3bIBaeMoe “apebe3roM”. B cBs3M ¢ 3TUM BBIXOJHOM CUTHAJI KOMIIApaToOpa HEINb3s
HEMOCPEJICTBEHHO MMO/IaBaTh HA BXOJ HHU(PPOBON CXEMBI, COAEpXKAIIeH, HapUMep,
CUETYMKH, TaK KaK 9TO MOKET MPHUBECTU K cO010 B pabore cxembl. Jjis ycTpaHeHUs
ATOTO SIBJIEHHS B cxeMy koMmaparopa Beoaurcs [1OC.

KommapaTops! HamnpsiKeHuUsI BBIITYCKAIOTCS B BUJI€ CTICIIHAIN3UPOBAHHBIX MUK-
pocxeM ¢ BbIXOJAHBIM HampsikeHueM, copmectuMbiM ¢ TTJI u KMOII noruueckumu
YPOBHSIMHU.

[Tpumepsr ob6o3nauennit HMMC kommapatopoB HanpspkeHus: KS521CA2,
K553CA3.

KomnapaTtopsl HampsiKeHHsT HalUIM IIHUPOKOE NPHUMEHEHHE B IMOPOrOBBIX
YCTPONCTBAaX, WMITYJIbCHBIX (OopMUpOBaATENsSIX © CTabwinM3aTopax, aHaJIoro-
U (QPOBBIX TPEOOPAZOBATENSAX U JIP.
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9.2 Tpurrep lIMuTTa

Tpurrep IImutra (TIH) — 3T0 KOMIapatop ¢ I[IOC, y koTOporo Hanmps>KeHHUs
BKitoueHus Uy, U BeikItoueHus Uy, He coBmaaatoT. Cxema unBeprupytomero TII
Ha OV npusenena Ha puc. 9.2. a.

R1 ~1 | e ST i S %-_\ _____
—_ 1 o 1 ol ' ’
| [ 11 -l \/ :

> U, S l | |
T |

il L
R2 R3
[——
P_EEE ) e ’ r

.

I

g

g
a
1]
F 3
L
o
H
1
M|
=

[l

-

“zmom

.?.

v
4
]

a o 8
Puc. 9.2. Cxema (a), mepenarouHasi Xxapakrepuctuka (6)

¥ BPEMCHHBIC JTHarpaMMbl paboThI (6)

B cxeme THI orcyrcrByer OOC, nmostomy mipu uneansHom OY kosdduimeHt
ycuieHus: cxembl Ky = . B pe3ynprate BoixonHoe Hamnpsikenue TII MoxeT npuHu-
MaTh TOJIBKO ABa 3HaueHus —U, nnu +U,,.

ITOC B THI opranmusyercs ¢ nomoibio pe3uctopoB R2 u R3. Hanpsixenue
ITOC onpenensieTcs BhIpaKEHUEM
_u,R2 _UR2

R2 +R3 R2+R3
Ha puc. 9.2.6 npuBenena nepenarounas xapaktepuctuka TIHI. Hampsokenus

Unoc

BKITIOUCHUS Uy, ¥ BBIKITIOUCHUS Uy, OTIPEACIISAIOTCS CIEYIOMMMU BBIPAKECHUSIMU:

~ UR2 U,R2

W= TRorRs T TRoL RS

Ecnu x uaBepTupytomemy Bxoay OV npuiokeHo JOCTaTOYHO OOJbIIOE OTPH-
1aTeIbHOe HAMPSHKEHUE Ugy, TO BBIXOHOE HanpspkeHue TI 6yneT paBHO: Uy, = +U,
(puc. 9.2.6). Ilpu >TOM HampsiKEHHUE HA HEMHBEPTUPYIOIIEM BXO/€ OYJET MOJIO0KH-
TEIBHBIM U paBHBIM: Unoc = Ugyr. [IpH yBeTMUEeHNH BXOTHOTO HANPSIKEHUS Uy BBI-
XOJTHOE HAIPSHKCHHUE U,y HE M3MEHHTCS JI0 TeX MOP, MOKa Ugy < Uppr. [IpH Ugx =
Usiin BBIXOJTHOE HAMPSIKEHHUE Uy, 32 cU€T aectBust [IOC u3mMeHuTCs CKauykoM 110 —
U, a HanpsDKeHWEe Ha HEMHBEPTUPYIOIIEM BXOJE CTAHET OTPUIIATCIBHBIM U PaBHBIM
Uoe = Ugir. IIpu manmpHEHIIIEM yBETHMYCHUH Uy BBIXOIHOC HANPSIKEHUE Uy, HE U3ME-

HACTCA.
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Ecnu tenepb yMeHbIIATD Ugy, TO BBIXOAHOE HANPSIKEHUE Ug,x U3MEHUTCS TOJb-
KO MIpU  Ugy = Uy, 1 ckaukom Bo3pacteT A0 +U,. B pesynbpraTe nepenarounas xapak-
tepuctuka TII umeer rucrepesuc. Hanpsixkenue rucrepesuca U, coctaBnsier:
_ U,R2 ( U,R2 )\ 2U R2
BRI TR R2 4+ R3 R24—R3j__R24—R3'

B paccmotpennoit cxeme (9.2. a), Bxognoe Hanpsbkenue TII cpaBHuBaeTcs c

U, =U

OTIOPHBIM HaMpPsHKEHUEM Uy, PABHBIM HAMPSIKEHUIO Uroc.
B cxeme THI ¢ peanbHbIM OV BBIXOAHOE HANPSHKEHUE Ugyy TPUHUMAET 3HAUE-
Hus He tU;, a Uy max WM +U g max, OTIpeniensiembie TurnoM OV,
Ha puc. 9.2.6 npuBeneHsl BpeMeHHBIE AUarpaMmbl, noscHstomue padoty TIII.
Pesucrop R1 BeiOupaercs u3 ycnous (6.3) 11s cOamaHCUPOBAHHOM CXEMBI:
R1 = R2R3/(R2 + R3).
Ecnu moxaBath BXo/iHOE HampshKeHUE HA HeMHBepTUpYromuil Bxoa OV, To mo-
nyautcs cxema HenHeptupytomero TII, cxema kotoporo npuBejeHa Ha puc. 9.3.a.
[NIOC B nannom TIHI opranuzyetcs ¢ nomouibio pesuctopoB R1 u R3. Hampsi-
xenue [TIOC Beimensercs Ha pe3uctope R1 u onpenensiercs BEIpa)KCHUEM:
Upe = (uBI)IX —Upx ) R1 _ (iU n — Usx ) Rll
R1+ R3 R1+ R3
Onpenenum HanpsikeHus BKIOUEHUS Ug, M BeIKIIOUEHUS Uy, HEMHBEPTH-
pytomero TIHI (puc. 9.3.a).

g Bxognou nenu TII 3anumem cnepyroiiee BoIpaxeHUE:
qu - uor[ + uoc = O (91)
C yuérom (10.73), umeem:

(uBI)IX _uBX)Rl =0 — R1 U — ﬂ
" " R1+R3 ™ R3

qu - uon + uBle' (92)

R1+R3
u Uon
Rl R3 u Lijbmn '_A____// _____ A _________
BBIX U i (S VS —— oo\ ———————-
oL TR -—l—I—— VN : { i t
l Ugx Uoc “ i i BX : i \/
., - L
i 0 g Usx  Upyix HU, | ! |
R2 l UBHX UBKJ'I UOI‘I Um,n\'n
0 A )
l Uon -U, T—T 777777777 0

a o 8
Puc. 9.3. Cxema (a), nepenarodnasi XapakTepUCTHKA (0) U BpEMEHHBIE

auarpamMMmebl paboTel (8) HeuHBepTUpytouero tpurrepa llImurra Ha OY
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[Ipeo6pa3zosas (7.18), monyyaem:
R1

qu = uon + (uon_ uBI;IX) R_3

C y4eToM TOro, 4TO Uy, MPUHUMAET 3HaUeHUs1 U, HanpssKeHUsT BKITIOYEHUS
Usin ¥ BoikimroueHust Uy, THI npu dpuxcupoBannom U, onpeaensitoTcs cleayonu-
MU BBIPAXKEHUSIMU:

R1
UBKJI = Uon + Uon_ Un _; 93
( ) R3 (9.3)

Usisa = Unn + (U Up) 0 (9.4
R3

Ha puc. 9.3.6 npuBenena nepegatounas xapakrepuctuka THI. Xapakrepuctu-
Ka CIIBUHYTA BIPaBO Ha BeUUUHY Uy,

B cxeme THI ¢ peanbHbiM OV BBIXOAHOE HANPSHKEHUE Ugyx TPUHUMAET 3HAUE-
Husg He tU;, a Uy max WM +U g max, OTIpeniensiembie TurnoM OV,

Pesuctop R2 BeiGupaercs u3z ycnosus (6.3) g cOanaHCUPOBAHHON CXEMBI:

R2 = R1R3/(R1 + R3).

Ha puc. 9.3. 6 npuBeneHsl BpeMeHHBIE IHarpaMMbl, oscHstomue padoty TILI.

[To cpaBHenwuto ¢ komnapatopom TIHI Grarogapst HAIUMYUIO TUCTEPE3UCA UMEET
0oJiee BBICOKYIO NMOMEXOYCTOMYMBOCTh K ITyMaM M 4acTO MPUMEHSETCS JJisl MOJaB-
nenus “npedesra”. I[IOC yBennuuBaeT cCKOpocTh nepekatouennu TII.

THI Beimyckatoress B Buae HWMC. Ilpumepst o6o3nauenuit MUMC TII:
K155TJI2, KS61TJII.

TII mupoko UCHONB3YETCS B OPOTOBBIX YCTPOMCTBAX, UMITYJIbCHBIX T€HEpa-
TOopax, OPMUPOBATEINAX MPSIMOYTOJIBHBIX UMITYJILCOB H JIP.

3amaua 18. B  wuHBeprupytoumiem tpurrepe IImurra (puc. 9.3.q)

R1=51kOm, R3=100 kOm. Hanpsokenust nutanus OY U =+14B, U =-13B.

YeMmy paBHBI BEpXHHMI U HWKHMI noporu cpabareiBanus U, u U, ? Uemy paBHa

IIMpUHA 30HBI TUCTepe3nuca? 3amady pemuTh A IByx ciaydaeB: 1) U, =2B, 2)
U,,=0B.

Pemenne

YerporicTBo B Bujae Tpurrepa [lIMurTa MOKET HaXOAUTHCSA B IByX COCTOSIHUSX

U ). =U unU__ =U_.

BbIX BbIX

+
BBIX ?

ITpu sToMm, ecniu Ha Bbixosie OY nmpuUCyTCTBYET Hampsikenue U TO C Y4CTOM
(9.4) numeem:

_UuR3 UfR1
PP R1+R3 R1+R3

+ —
UBX_
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Ecnmu na Beixone OV mpucyrctByer Hampsbkenue U, ., To ¢ ydetom (9.3)

MMEEM:
U, R3 U, R1
. BT R+ R3 R1+R3’

Cxema mepekiroyaeTcst U3 OAHOIO COCTOSIHUSA B APYroe, KOrAa HalpshKeHUe Ha

uHBepTHpyromeM Bxoxe U, . . =U_ CTaHOBHUTCA paBHBIM HAIPSKEHUIO HA HEHH-

BepTHUpyroeM Bxoae U Torga nmeem
npu U, =2B,
U, R3 U’ R1 2-100 14 51

BT R 4 R3 R1+ R3 51+100 5 1+100
U -U, = U,,R3 N U R1 2-100 -13-51 _127B
RL+R3 RL+R3 5,1+100 51+100

[Iupuna 306! ructepesuca Up =U —U_ =258-127 =131B.

HECHUHB.BX *

U, = —258B,

npu U, =0B,
.
U -U__ = U,RlL 14.51 _068B,
R1+R3 51+100
Up =Up= ot _ =185l g63p

P R1+R3 51+100
[Iupuna 30HeI rucTepesuca Uy = U;X -U_, =0,68—-(-0,63)=131B.

9.3 My/1bTUBUOPATOP

MynsTHBHOpATOpP — 3TO aBTOI'CHEPATOP MEPUOIUICCKON MOCIEA0BATEITHHOCTH
UMITYJILCOB TPSMOYTOJIbHOU (opMbl. MynsTHBHOpAaTOp paboTaeT B pekKUME CaMmo-
BO30Y)KJICHUS U TOATOMY HE UMEET BXOJa.

B cocraB 1100010 UMITYTHCHOTO T€HEPATOPA BXOAAT IMIMPOKOMOIOCHBIN YCUITHU-
tenb 1 1ens [1OC, BKItoUaromas peakTUBHBIE 3JIEMEHTHI, Yallle BCero KOHACHCATO-
pbL. Jl7s momydeHus: mpsiMOYTOJIbHBIX UMITYJILCOB B HMITYJILCHOM Te€HEpaTope Oasianc

ammuutyz BK > 1 10mKeH BBIMOIHATHCS B IIUPOKOM CIIEKTPE YacTOT.

9.3.1 CuMMeTPHUYHBIA MyJIbTUBHOPATOP

Ha puc. 9.4. g nmpuBeneHa cxemMa CUMMETPUYHOTO MyJabTuBHOpaTopa Ha OV.
Mynbstuubpatop coctout u3 TII wa OY DA ¢ nenpro [IOC nHa pesuctopax R1 u R3
u Bpemsizanaromeit RC — neru R2C, Brkimouennoi B riens OOC.
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[TpuHIMD AeHCTBUSA MYyJIbTUBHOpPATOpPa COCTOUT B IEPUOJUUYECKOM IEepe3apsae
koHsieHcatopa C no HampsikeHus BKIOUEHUST Uy, U BeIKIIOUCHUS Uy, TON k-
CTBUEM BBIXOJHOTO HampsiKeHUs! Uy, OV, paBHoro tU,. Tak kak OCHOBHOHN 4acThIO
MynbTUBHOpaTopa siasiercst TI, To BIXOJIHOE HANpsKEHHE MYJIbTUBUOpATOpa MO-
*eT ObITh paBHO +U,, mu60 —U,.

PaGora MynbTHBHOpaTOpa MOSICHSIETCS BPEMEHHBIMU JHArpaMMaMu, IPHUBeE-
JIEHHBIMU Ha puc. 9.4. 6.

B ucxognom cocrossuuu uctrounuku nutanusd OY orkimrouensl: +U, = 0, -U, =
0. Konnencarop C paspsixeH u Uc = 0. B MmoMenT Bpemenu t = 0 mpousBOaUTCS
BKJIFOYCHUE HCTOYHUKOB MuUTaHuA. [Ipu MX BKIIOYEHUHM B CXEME TOJ JIEUCTBUEM
ITOC pazBuBaeTcs ciyuyallHbIN JaBUHOOOPA3HBIN MPOIIECC, B pe3yJbTaTe KOTOPOTO Ha

BbIxosie OY MoxkeT yctaHoBUThCS 100 +U;, mu6o —U,.
Uc
+Un [~~~ LT ee====r T T Te===—

U i o,
VD1VD2 "I\ . /\ s
> M g B 0N I

‘—:—5 U, f-——demmem :L e Tihmeeaa i =
c DA Ugpix i i i
I_| DX |—e—0 +U. 1T 1 —
Uc T
B — i Ugrix N >
t
| R1 R3 I 0 t t
Unoc u, fo-—_ ——e
a o

Puc. 9.4. Cxema (a) 1 BpeMeHHbIE JuarpamMMbl paboThl (6) CHMMETPHUYHOTO

MynbTUBHOpaTopa Ha OY

JonyctuMm, yTo B MoMeHT BpemMeHu t = 0 Ha Bbixoge OY ycTaHOBUIIOCH
Hanpsbkenue +U,. Torna Ha HemHBepTupytoleM Bxoje OY ycTaHOBHUTCS Hampske-
HUE Uy, PABHOE HAMIPSKEHUIO BBIKITIOUCHUS Uy

U_R2
UBI)IKJ'I =+——_.
R2+R3

ITon neiictBUEM Uy,x = +U;, HauMHAET 3apspKaThesi KoHAeHcaTop C uepes pes3u-
ctop R2. Ilpu 3TOM HanpshkeHuEe Ha KOHJIEHcaTope Uc pacTeT MO SKCIOHEHTE, CTpe-
Msch k +U;. Kak Toabko B MOMEHT BpeMeHU ) HanpsbkeHue Uc TOCTUTHET Hampsike-
HUS Uy, IPUCYTCTBYIONIETO HA HEMHBepTHUpYHoieM Bxoae OV, T nepeximtountes
Y BBIXOJIHOE HANpPsDKEHUE MYJIbTHUBUOpATOpa U3MEHUTCS ckaukoM 110 —U;. B pe3ynb-
TaTe Ha HeuHBepTupyroueM Bxojae OV ycTaHOBUTCS HampsikeHue Upoc, PaBHOE
HaIpPsHKEHUIO BKITIOUEHUS Uy,
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U_R2
P R24R3

Hauunast ¢ MoMeHnTa t; moa aeiictBueM Uy, = —U, xonaeHcarop C mepe3apsi-
xaetcs uepes pesuctop R2. [Ipu s3ToM HanpsikeHUE Ha KOHAEHCATOpE Uc U3MEHSIETCs
o dKcnoHeHTe, ctpemsich kK —U,;. Ho korga B MomeHT 1, HanpsbkeHue Uc Ha HEM CTa-
HeT paBHBIM Uy, TII nepexiouuTcs U BHIXOJAHOE HAMPSIKEHUE MYJIbTHBUOpaTOpa
M3MEHUT 3HaK J10 Ugy,x = +U,. BHOBb HaunHaeTcs sTan nepesapsiaa kouaencaropa C u
B MOMEHT 1, nmpoucxonut ouepennoe cpadareiBanue TII. [{anee mporecchl moBTOpS-
101cs. B pesynbrate Ha BBIXOAE MYJIbTHUBHOpaTOopa (HOPMHUPYETCS NEepUOaAHYecKast
MOCJIE0BATEIILHOCTD MPSIMOYTOJIBHBIX UMITYJIBCOB.

BreipaxeHue njis IJIUTETBHOCTH BBIXOJHBIX UMITYJILCOB 1, MynbTUBHOpaTOpa
cienyer u3 ypasuenus (9.4):

u -uU
t =1ln—u BKN 9.4
=t UH ~ Y BBIKI ( )
rae t = R2C.
[ToacraBug B Beipaxenue (9.3) HanpsokeHUs Uy 1 Uy, TTOTyUaEM:
t =cn 91" Yna _poc. g IERVRLTRY oy, In(1+2—R1j.
U, -U.n 1-R1/(R1+R3)

W3 BpeMeHHBIX IUarpamMm BHUIHO, YTO B PACCMOTPEHHOM MYJIBTHUBHOpATOpE
JUTUTETFHOCTh UMITYJILCOB t, paBHA JUIUTENBLHOCTH may3 i, T.e. t, = t,. Takoil Myib-
TUBUOPATOP HA3bIBACTCSI CUMMETPUYHBIM. [Ipr 3TOM 4acTOTa BBIXOJHBIX UMITYJIECOB
omnpezensercs no Gopmyre:

1 1
" T 2R2CIn(1+2R1/R3)’

rne T =t,+1t,.
B cumMerpuuHOM MynbTHBHOpPATOPE CKBAXKHOCTH BBIXOJTHBIX UMITYJIBCOB Q =

PerynupoBanue 4acToThl MYJIBTHBHOpPATOpPA MOXKET OCYIIECTBIISITHCS M3MEHE-
HUEeM 00 mapameTpoB BpeMszagaromieit RC-nenn R2 unu C, mubo n3mMeHeHueM co-
npotuBieHus ogHoro u3 pesuctopos [IOC R1 wmm R3.

B cxeme mynbruBnOpaTopa ¢ peanbHbIM OV BBIXOIHOE HAMPSKEHUE Ugyx TIPU-
Humaetr 3HaueHus He FU,, a —Ugyx max WM U max, Ompeaensemsie Tunom OV,
[Ipudem B OBOJIBHO YacTO ATH HAIpPSKEHUS HE paBHBI Mo BenwunHe [16]. B aToM
Cily4ae MyJIbTUBHOPATOP, BHIIOJTHEHHBIN 1O cxeMe puc. 9.4. a He OyneT cuMMeTpud-
HBIM, T.K. t,; # t,. [ obecriedeHns CHMMETPUYHOCTH B MPAKTUUYECKUX CXeMaX Mpo-
W3BOJUTCS orpaHudeHue U BhIpaBHUBAHUE —Uyyy max B TUgx max OY ¢ momorisio of-
HOTUIIHBIX cTabunuTpoHoB VD1 u VD2, BKIIOYEHHBIX MTOCIEA0BATEIBHO U BCTPEUHO
napayienbHo pe3uctopy R2 (Ha puc. 9.4. a mokazanbl myHKTUPOM). C 3TOM K€ 1ETbI0
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ctabuuTponbl VD1 u VD2 MOXHO MOAKIIOYUTE Yyepe3 pe3ucTop K Beixoay OV, kak
3TO0 mokazaHo B [16]. IIpumeHeHue CTAOMIMTPOHOB MO3BOJSET TAKXKE YCTPAHUTH
BJIMSIHHE HECTAOMIBHOCTH HANPSOHKEHHS] UCTOYHHMKA MUTAHUS HA aMIUTMTYAY BBIXOJ-
HOTO HaIPsHKEHUS MYJIBTUBHOpATOpA.

N3 Beipaxkenus (6.3) st cOamaHCUPOBAaHHOM CXEMBI CIENYEeT BbLAEPKUBATDH
COOTHOIIICHHE:

R2 = R1R3/(R1 + R3).

3apaua 19. B cxeme MyJIbTUBHOpaTOpa (puc.9.4.a)

R1=24 xOm, R2=100 kOm, R3=62 kOm, C =50 u®, E,=|-E,|=15B. Yemy pa-

BEH MEePHOJ] KoJIeOaHH.
Pemenue
Tak xak MUTaHUE CXeMbl CAMMETPUYIHOE, TO IEPUO/ KoJeOaHni

T =2R2C-In(1+ 2R1/R3)=2-100-10°-50-10°In(1+ 2- 24 -10°/62-10°) =

=0,0058 c.

Ecnu mynemuseubpamop ne cummempuytslil, mo u ecms 0uoo , mo

t, =1 20~ _oc.p L RURLERS) oo In(1+2—le.
U,-U. 1-R1/(R1+ R3)

n HaJJ0 CMOTPCTH IApaJUICIIUTCA WU HCT.

9.4 OpgHoBUOpaTOp

OnuoBuOpaTop — 3T0 POpMHUPOBATENIH OAUHOYHOTO MPSIMOYTOJIBHOTO UMITYJIb-
ca ¢ (PUKCUPOBAHHOM JIJTUTEIILHOCTHIO, BOSHUKAOIIETO Ha BBIXOJE MPHU MOCTYIUICHUN
Ha €ro BXOJI KOPOTKOTO 3ammyCKaIiero uMmmyiabca. O THOBUOpATOp MHOTA Ha3bIBAIOT
KIYIIAM WA 3aTOPMOKEHHBIM MYJBTUBHOPATOPOM.

Ha puc. 9.5. a npuBenena cxema ogHoBubOparopa vHa OY. OgHoBHOpaTOp CO-
crout u3: TII na OY DA c nenbto IIOC nHa pe3uctopax R2 u R4; Bpemsizanaromieit
RC-nemn R3C2, Bxmouennoi B nenb OOC; quona VD1, ¢pukcupytromero HagalbHOE
HampspKeHne Ha KoHaeHcatope C2 W Ienu 3amycka, coctosmei u3 auddepeHnupy-
tomeit RC-tienu R1C1 u paznenutensHoro nuoaa VD2.

Ha puc. 9.5. 6 mpuBeneHsl BpeMEHHbBIE AHArpaMMBI, MOSCHAIOMINE paboTy 0/1-
HOBUOparTopa. PaboTy ogHOBHOpaTOpa MOKHO pa3fenTh Ha TPH dTara.

I-b1it 3Tamn (MCXOHOE cocTosiHME, “>Kaynuid” 3Tam) oT t = 0 no t;. Ha sTom aTa-
e OTCYTCTBYET BXOJHOW MMITYJLC, T.€. Uy = 0, kongeHncarop Cl pa3psieH, a Bbl-
XOJHOE HANpsOKEeHUE Uy, = —Up. B cXeMe mporekaer TOK MKAYIIETO PEXHMA Iy IO
nern: “obmuii” — quoa VD1 — pesuctop R3 — “—U,” (Beixon). IIporekaromuii yepes
UJCABHBIA JHOJ TOK Iy, HE CO3JacT Ha HEM IaJICHUs HamnpspkeHHs. B pesymbrare
HanpspkeHue Uc Ha kKoHaeHcatope C mopaep:kuBaeTcs ((PuKcupyeTcs) Ha HYJIEBOM
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ypoBHE, T.€. Uc = 0. Tak kak Upoc < Uc, TO Ha BBIXOE TIOIEPKUBACTCS HATIPSIKCHUE
Ussx = —Uy. HampsbkeHnne Upoc onpeensieTes: BRIpaKCHHEM

(-U,)RIR2/(RL+R2) U RIR2

R4+ RIR2/(RL+R2)  RIR4+R2R4 + RIR2’

Unoc = UBKJ‘I =

DTO COCTOSIHME OJTHOBUOpATOpA YCTOMYMBO U MOXKET JUIMTHCS CKOJIBKO YTOAHO
J0JITO, TTOKA HE MPUJIET 3aIMYCKAIOIINN UMITYJIbC.

Ugx ]

Um BX

‘Ume t

1]
c
)
&

]
|
|
Uc i P
____________ S
‘usmx +U, i 1|- |_ === 7 777
|
|

R ok S e 72 O

0

l Usx Uppix E
RL| ||rR2 Pyl - 4, e

U, -
0
Puc. 9.5. Cxema (a) 1 BpeMeHHBIE AHMarpaMMbl paboThI (6)
onHoBuOparopa Ha OY

[1-0i1 aTanm (aTan dhopmupoBanus umIynbca) ot t; 1o t,. B MoMmeHT Bpemenu t;
Ha BXOJ] OJJHOBHOpATOpa MOJAETCs 3aMyCKAIOIINN UMITYJIbC, KOTOPBIA quddepeHiu-
pyetcs (ykopauuBaetcs) RC-nienibro R3C2. TlomokuTeIbHbIN HMITYJIBC ITOTYYCHHOTO
CUTHaJa, BbIIENCHHBIN auoaom VD2, mocTynmaer Ha HeumHBepTUpylomuii Bxoa OV.
HenpeMeHHBIM ycClIOBHEM MOIYYEHHUS MOJIOKUTEIBHOTO MMIYJbCa 3alycKa OJHO-
BHOpaTopa TOCIIE MPOXOXKACHUS BXOJHBIM HMITYJILCOM IICMH 3aIyCcKa SIBISCTCS
U mBX > |U

sin| - HanpsbkeHue Ha HeMHBepTUpYIoueM BXoje OV CTaHOBHTCS MOJNOXKH-

TENBHBIM. A, TaK KaK HAa WHBEPTUPYIOIIEM BXOJ€ COXpaHseTcs Hampspkerue Uc = 0,
to THI nepexiouMTCS W HANPSIKEHWE Ha BBIXOJE OJHOBHOpATOpa JOCTUTHET
Usx = +Uy. B pesynbrate hopmupyetcss poHT BIXOAHOTO MMIyJibca. Ha aTom sTa-
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e HeoOXOAUMOCTh B MOJJICPKAHUU TOJOKUTEIBHOTO HAMPSHKEHUS! HA HEMHBEPTHU-
PYIOILIEM BXOJI€ OTIAAET, TAK KAK 3TO COCTOSIHUE MOAAEPKUBACTCS MOJOKUTEIbHBIM
HaMpsbKeHUEeM Uroc, PAaBHBIM HAMPSKEHUIO BHIKITIOUEHUS Uy
U R2
UBBIKH =+—_—.
R2+ R4

[ToaTOMy BXOJTHON MMITYJIbC MOXKET OBITh TOBOJIBHO KOPOTKUM.

Hauunast ¢ MoMeHnTa BpeMeHu 1y moa neicTBUEM Uy, = +U, HaumHaeT 3aps-
xaTbcsi KoHgeHcaTop C2 yepe3 pesuctop R3. [Ipu 3ToM HampspkeHue Ha KOHAEHCa-
TOpe Uc pacTeT Mo 3KCmoHeHTe, cTpeMsch K +U,. Kak Tonbko B MOMEHT BpemeHu t;
HarpspKeHue Uc TOCTUTHET HamnpsikeHUs Uy, TPUCYTCTBYIOIIETO HA HEMHBEPTUPY-
tomeM Bxoje OV, TII nepexitounTcst U BBIXOJHOE HAIPsHKEHUE MYJIbTUBUOpaTOpa
u3MeHuTcs ckadykoM 10 —U,. B pesynbrare gopmupyercs cmaa (cpe3) BBIXOTHOTO
UMITyJIbCa, @ Ha HeuHBepTupytomeMm Bxoje OV ycTaHOBUTCS HampsiKeHue Unoc,
PaBHOE HAMPSDKEHUIO BKIIOUCHUS U

JIMUTEeNbHOCTh UMITYITBCa, C(DOPMUPOBAHHOTO OJTHOBUOPATOPOM, OTIPEILIIAETCS
o ¢opmyse:

1 R2

tH:rIn#=R3C2-In =R3C2:-In|1+— |
U 1-R2/(R2+ R4) R4

[11-nit Tan (3Tan BOCCTAaHOBJICHUSI KCXOJHOTO COCTOsIHMSA ) OT t) 1o t3. Haumnas
¢ aToro momeHTa 1, mox aeicTBUeM Uy,x = —U, koHAeHCcaTop C2 mepe3apsikaeTcs de-
pe3 pesucrop R3. Ilpu 3ToM HampsikeHUE Ha KOHJEHcATope Uc M3MEHSETCS IO DKC-

o~ BBIKI

noHEHTE, cTpeMsach K —U;;. Ho koraa B MoMmeHT t; HanpshkeHue Uc Ha HEM CTaHET paB-
HbIM HYII0, oTkpoetcs auod VDI, u cxema mpuger B ucxoaHoe cocTosiHue. B mo-
MEHT BpEMEHHU 13 CTaausi BOCCTAHOBIICHHS 3aBEPIACTCS, OJJHOBUOPATOP EPEXOAUT B
XKAYIIUN PEXKUM U TOTOB K IIPUXOYy HOBOT'O UMITYJIbCA.

JImuTenbHOCTS t; 3Tana BOCCTAaHOBIICHUS ONPEAEIISIETCS BIPAKEHUEM:

_UrI 1
_R3c2.In[ 2RZ2+R4)
R2+R4

BaxxHo oTMeTUTH, YTO 3ampeniaercs MOAaBaTh 3aMyCKAIOIMIMN HMIYJIbC Ha
BXOJl OJTHOBHOpATOpa B TEYEHHUE dTara BOCCTAHOBIECHHUS, TaK KaK OJHOBHOpATOp MO-
KeT 00 HE 3aMMyCTUTHCS, TUOO TITUTEIHLHOCTh €r0 BRIXOJAHOTO UMITYJIbca OyIeT He-
MpeICKa3yeMo.

C uenplo COKpalleHusl JJIUTEIbHOCTH 3Tala BOCCTAHOBJIEHUS YAaCTO B CXEME
OJTHOBHOpATOpa MpeaycMaTpUBaeTCs JTOMOJHATEIbHAS 1eMNb (TTOKa3aHa MyHKTUPOM),
coctosimas u3 pesucropa RS u guoma VD3. Ilpuuem pesuctop RS BbiOupaetcs c
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MEHBLIUM COIpOTHUBIIEHHEM, YeM R3. B pesynbrate konaencarop C2 B TeUEHHE HTa-
11a BOCCTAaHOBJICHHUS pa3psiKaeTcs ObicTpee.

PerynupoBanue AIUTENBHOCTH HUMITyJbca 1, OJHOBHOpaTopa MOXET OCY-
HIECTBISATHCS U3MEHEHUEM JIn0o nmapameTpoB Bpemsizaaatonieit RC-nienu R3 unu C2,
1100 U3MEHEHUEM CONMPOTUBIEHUS 0JHOTO U3 pesuctopos [IOC R2 nnu R4.

[Ipu ucnonp30BaHUM OAHOBUOPATOPOB CIENAYET MMETh B BHUAY, YTO CXEMBI C
[IOC umerT HU3KYI0 MOMEXOYCTOMYHMBOCTb, MOATOMY aMIUIMTYyJa BXOJHOI'O HM-
MyJibCa IOJKHA OBITh TOCTATOYHO OOJBIION, 4TOOBI 0OecneunTsh nepexinouenue T
B Hayase 3rana (opMUpOBaHUs UMITyJIbca [S].

OnHOBHOpATOPHI BBIMTYCKAIOTCSI B MHTETPaIbHOM HCIOJHEHUH, TOJIBKO HE aHa-
J0TOBBIX, a I poBbix UMC, nanpumep, K155AT'1.

OnHoBHOpATOpPHI HAIUIM IIMPOKOE MPUMEHEHUE B PA3JIMYHBIX AJIEKTPOHHBIX
yCTpOiCTBax B KadecTBe (OpMHpOBATEICH UMIYJIbCOB U 3JIEMEHTOB BPEMEHHOH 3a-
TIEPKKH.

CxemMbl MyJIBTUBHOPATOPOB U OJHOBUOPATOPOB MOTYT OBITH NMOCTPOEHBI HA
cnenuanuzupoanHorn UMC taiimepa, Hanpumep, KP1006BI1 [20].

NmmynbcHbIE YCTPONUCTBA HAILIU HIMPOKOE MPUMEHEHUE B COBPEMEHHOM 3JIeK-
TpoHuke. Ha 6aze MMITyIbCHBIX YCTPOMCTB BBIMOJHSAIOTCS CHUCTEMbI YNPABICHUS U
peryJInpoBaHus, yCTPOUCTBA U3MEPEHUS U OTOOpaKEHUSI HHPOPMALUH U JIp.

3apaua 19. B cxeme OJIHOBHOpaTOpa (puc. 9.5.a.)
R2=30kOMm, R4=75kOM, R3=51kOm, C2=10u®dD. Halitu [IUTETLHOCTH WM-
IIyJIbCA U BPEMS BOCCTAHOBJICHUS.

Pemenne

1. JInuTensHOCTh UMITyJIbCA, CPOPMUPOBAHHOTO OAHOBUOPATOPOM, OIpPEEIIs-
eTcs 1o hopmyiie:

3
%:4&C24%}+53]:m¢m34084m1+§lg%):opm71a
R4 75-10
2. Bpems BoccTaHOBJICHUS

t =R3C2-In[ 2R2FRAN_ 51103908 1n[ 23075 _1 55,105 ¢
R2+ R4 30+ 75

3amaya. Yemy goipkHa OBITH paBHA aMILIMTY/Ia 3alTyCKAIOMIMX UMITYJIHCOB O/I-
HOBUOpaTOopa JUIsl CXeMbI Ha puc. 9.5.a, ecim U, = +15B.

Pemenne

3amycKaomuil UMIyiabC U, JOJKEH OBITh MOJIOKUTEIBHBIM U IPEBBIIATH
10 MOAYJIIO HanpsikeHue Uy, Tpurrepa llImutra Ha naBepTHpyromeM Bxoge OY

+U_R2 30

3an :‘ BKJ'[‘ > =15
R2+ R4 30+75

U > 43 B.
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10 TEHEPATOPEI TAPMOHUYECKHUX KOJIEBAHUH
HA OIIEPAHMOHHOM YCHJIUTEJIE

['enepaTopoM rapMoHHWYECKUX (CHHYCOMAANbHBIX) KoJIOaHUN Ha3bIBACTCS
YCTPOICTBO, MpeoOpa3yrouiee dHEPrHI0 UCTOYHMKA MOCTOSIHHOTO TOKAa B 3HEPIHUIO
AIIEKTPOMArHUTHBIX KOJIEOAHUH CUHYCOMIaNbHON (opMBI TpeOyeMoill 4YacTOThl U
MOIIIHOCTH.

['eneparopbl rapMOHUYECKUX KoJieOaHUM KiIacCUPUIMPYIOTCS O 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), BeicokoyacToTHBIE (0,1-100 MI'), 1 CBEpXBBICOKOYACTOTHBIC (CBBI-
me 100 MI'n). [To cnocoOy Bo30yXkACHUS pa3iMuarOT reHepaTophbl ¢ HE3aBUCUMbBIM
BHEITHUM BO30YKJICHUEM U T€HEPATOPhl C CAaMOBO30YKJICHUEM WM aBTOTE€HEPATOPHI.
['enepaTopsl ¢ HE3aBUCUMBIM BHEUTHUM BO30YKJIEHHUEM TPEICTABIAIOT COOON yCHITH-
TEJIM MOIIHOCTU C COOTBETCTBYIOUIMM YAaCTOTHBIM JIHMAINla30HOM, Ha BXOJ KOTOPOTO
MOJIAl0TCS CUTHAJIBI OT aBTOI'€HEPATOPOB.

Jlisi monydeHus: CUHYCOMIANbHBIX KOJIEOAHMH Ha BBIXOJIE ABTOT€HEpPATOpA
JIOJI’KHBI BBITIONHATHCS ONPEJIEICHHbIE YCIOBUS, Ha3bIBAEMbIE YCIOBUSIMH CaMOBO3-
Oy>KIeHus.

10.1 Yci0BMA CaMOBO30YK/AeHHUsI aBTOreHepaTopoB

CtpykTypHas cxema aBToreHeparopa npusegeHa Ha puc. 10.1.

UE:,_ Uﬂhl:f.
V -

[10C [«——

Puc. 10.1. CtpykTypHas cxema aBToreHepaTopa: ¥ — yCUJIUTENb;
I[TOC — nenp MoN0XKUTENBHON 00paTHO CBSI3U

ABTOTEHEpPATOp COCTOMT W3 ycwiutens YV ¢ korpdunuentom ycunenus K u
nenu [/0C ¢ korddummertom obpatHoit cBszu . Koadhdumuents: K u J sBusrores
KOMITJICKCHBIMU BEJTUYMHAMH, 3aBUCAIIIUMHU OT YaCTOTHI.
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Kak BUIHO M3 CTPYKTYpHOH CXEMBI, aBTOTEHEPATOpP HE MMEET BXOJa, a €ro
BXOJIHBIM HAIpPSDKEHUEM SBJISETCS HANpPSOKEHHE 0OpaTHOM CBS3M, CHUIMAaEeMOE C IeIn
I10C. Tlpu 3ToM mpu BKITIOYEHWW MCTOYHWKA MUTAHHUS HAa BBIXOJE aBTOTCHEpaTopa
Oyznet hopMupoOBaThCS MEPEMEHHOE HAMPSHKEHUE ONPECICHHONW 9acTOThI, (hOPMBI U
aAMIUTUTY/IBL.

s crpykrypHoit cxemsl (puc. 10.1) cocTaBisem cleayronyo CUCTeMy ypaB-
HEHUM B KOMILJIEKCHOU opme:

(10.1)

UBBIX = KUBX}
UBX = ﬁUBBIX'
Pemas cucremy ypaBuenuii (10.1), umeem:
UBLIX = ﬁ KUBx;
BK=1 wm pel¥Kel =1,
OTKY/Jla MOJIy4aeM YCJIOBHUSI CAMOBO30Y KIEHUS:
1. BK =1 — Gananc aMIIuTy; Uil OTYYEHUs YCTOMYUBBIX KoJieOaHUM mpu-
Humatot K > 1.
2. y+o= OO, 360% u T.1. — 6anaHc a3,
rjae y — yroia casura ¢assl npu npoxoxaenuu curaanom uenu [1OC; ¢ — yron
caBura (asbl IpU MPOXOKIEHUN CUTHAJIOM YCHIIUTETIS.
B reneparopax rapmoHnueckux curtanoB 1enb //OC BBIIOIHSAETCS TaKuM 00-
pa3om, 4yToOB! ycioBuUs OajaHca aMILIUTYA M OanaHca (a3 BBIIOJHSUIMCH TOJIBKO Ha
OJTHOM 4acToTe.

10.2 ABTOorenepatop ¢ ¢asocasurawiei RC-uenblo

B takux aBroreHepatopax B kadectBe 1enu //OC WCIONB3YIOTCS Pa3InyHbIC
RC-nieriu. PaccMoTpuM aBTOreHepatop ¢ Tpex3BeHHOH (aszocapuraromieii RC-1embio,
n3o0paxenHoi Ha puc. 10.2.

C1 c2
Il 1l 1l
— Il Il °

Upx oc R1 R2 R3 | Uyx oc

o o
Puc. 10.2. Cxema tpéx3BeHHOM (azocapuraronieii RC-mienu

Koadppumment nepenaun [ dazocasuraromein RC-menmm (puc.10.2) sBusercs
KOMIUIEKCHOM BEJIMYMHOMN U OINPEEISIETCSA BBIPAKEHUEM:

ﬁ — U.BLIX.OC _ Z_Zﬁ- R
UBX.OC Z1-23-75

(10.2)
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Cornacno puc. 10.2 conporusnenus, sxoasmue B popmyny (10.2), ¢ yuetom
toro, 4yto 00biuHO R1 = R2 = R3 =R u C1 = C2 = (3 = C, onuchiBaloTCs CIeayI0-
[IMMH YPAaBHEHUSMHU:

Z5 =R3 - jXc3= R —jXc;
R2:25 _R(R- jXc).
R2+25 2R-— jX¢
R?-3jX.R-X¢.

2R — jX¢
R1-Z3 R(R*-3jXcR-X¢).
R1+Z3 3R*-4jX.R-X& '
R®-6jX.R*-5X2R+ jxg_

3R* —4jXR-X¢
[Tocne noxcranoBku B (10.2) u cokpaiieHuit, UMeeM:

R3
ﬁ_R?’—ejxc R2-5X2R+ jX&’

Koaddumment nepenauu  Oyner BelmecTBEHHBIM Ha YaCTOTE KBa3UPE30HAHCA

4 =

23 =74 — X2 =

Z2 =

21=172 - jXc1=

o, KOTOa.
3
_BjXcR*+j%c = 0.
6R%= X6 -
2
1
6RZ=| — | .
oooC
Orcrona:
1
0= ————-
JBRC
B pe3ynbpraTe yacTora kBa3upe3oHaHca fy onpenensiercs BeipakeHUEM:
fo :#
214/6RC

Yacrora kBasupe3oHanca fo — 3T0 yacrora, Ha KOTOpOil OyJeT TeHepHUPOBATh
aBTOI€HEPATOP, MOCTPOCHHBIN Ha ocHOBE AToM 1enu I10C.

Torma, ¢ yueToMm TOro, 4To 6R? = Xé, MEEM:
R® 1 1
R®*-5X2R 1-30 29

Takum oOpa3om, Ha gacToTe KBazupe3oHanca fy paccMorpenHas ¢azocaBura-

B:

romast RC-tiers (puc.10.2) umeet cnenyromuye napameTpel:
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1 0
=— =180".
B 29 v

Ha puc. 10.3 nmpuBeneHbl aMIUTUTYJHO-4aCTOTHAsI U ()a30-4acTOTHAsI XapaKTe-
puctuku (azocapuraromeid RC-uenu.

5 w
270"
1 .
— 1 180"
20
E.} J{ ﬂl‘ -
Jo i
a &

Pu, 10.3. AMmuuTyHo-4acT ¢ Has (a) u ¢azo-yactoTHas (0)
xapaktepuctuku ¢hazocauraromieit RC-iernu

W3 ycnoBuii caMmoBO30YXICHHUSI HUMEEM:

mBK21 >K229, 1k fo—:
29

-my+¢=0">¢=—180° r.x. y=180"

CrnenoBatenbHO, AJi MOCTPOEHUSI aBTOr€HEpaTopa Ha OCHOBE (ha30CBUTAIO-
meit RC-ienu (puc.10.3) TpedyeTcss HHBEPTUPYIOIINN YCUIUTETh ¢ KOdhPUIimeHToM
yewiterus K > 29. Tlpu K < 29 xonebanus 6yayt 3atyxaromumu, a npu K > 29 kore-
OaHus OyIyT HapacTarOIUMHU, TpUYeM (GopmMa BBIXOJHOTO HANPSHKEHUS OyJIEeT CHUIIb-
HO HCKaXeHa. YCTOWYHMBBIE CHUHYCOMJAIbHBIE KOJEOAHUS MOTYT OBITh IMOJTYy4YEHBI
tosibko mpu K = 29. JIns BBITIOJIHEHHUS 3TOTO YCJIOBUS HEOOXOAMMO HMCIOJB30BAThH
yeunurens ¢ HenuHerHoit OOC s cTabuiu3anuy aMIUITUTYIbl BRIXOAHOTO Hampsi-
KEHUSI.

Cxema aBtorenepatopa ¢ (azocasurarmeit RC-menpio mpuBegeHa Ha pHC.
10.106. ABToreneparop coCTOUT U3 UHBepTUpYyloero ycunurens Ha OY DA u pesu-
ctopax R4-R6 u tpéx3penHoi ¢aszocasuratonieii RC-nienu Ha pesuctopax R1-R3 u
koHgeHcatopax C1-C3.

ConpoTtusnenus pe3uctopoB R4-R6 BeIOMpPAIOT U3 CIAEAYIOMIMX COOTHOIIEHUN:

R5+R6
—>
R4

Henuneitnas OOC B cxeMe aBTOreHepaTopa peann3yeTcs Mpu MOMOIIU TEPMO-

K| = 29. (10.3)

pe3uctopa R6 ¢ oTpHIaTEIbHBIM TEMIIEPATYPHBIM KO3()(PUIUEHTOM CONPOTUBIICHUS
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(TepmucTOpa), NPEAHA3HAUCHHOTO [JI CTAOMIM3AIMU aMIUTUTYAbl BBIXOJIHOTO
HaIPSHKEHUS.
Crabunuzanus aMIUTATYAbl TPOUCXOIUT CIEAYIOIUM 00pa3oMm. JlomycTum,
YTO MOJ| BO3IEUCTBUEM KaKUX-TO JAECTAOUIUZUPYIOMHNX (DAKTOPOB YBEIMUMIIACH aAM-
IUTUTY1a BBIXOJHOTO HampspkeHus. [Ipu 3TOM yBEIUYUTCS TOK, MPOTEKAIOIMIUM yepes
TepMope3ucTop R6, ero remmnepaTypa yBEIUUUTCS, & €70 COMPOTUBICHUE YMEHBIIIUT-
csa. Koappunuent ycunenus K, onpenensemsiii mo dopmyne (10.3) Takke yMeHb-
IIUTCS, YTO MPUBEACT K YMEHBIICHUIO BBIXOJHOIO HampspkeHus. B pesynbrate am-
TUTUTY 14 BBIXOJAHOTO HAMPSKEHUS CTAOMIM3UPYETCS Ha ONPEIEIICHHOM YPOBHE.
Yacrora fy BeIxoaHbIX KojeOaHuii aBrorenepartopa (puc.10.4) ompexaensercs
YaCTOTOM KBa3WPE30HAHCA:
_ 1
°” 2nJ6RC’
R3R4
R3+R4

f

rne C=C1=C2=C3; R=R1=R2=

!

Hegp

1

Puc. 10.4. Cxema aBToreneparopa ¢ azocasuraromnieii RC-miensro

OOBIYHO YACTOTY aBTOTEHEpAaTOpa M3MEHAIOT OJHOBPEMEHHBIM H3MEHEHHEM
emKkocTtu KoHaeHcaropos C1-C3.

B mpaktudeckux cxemax aBToreHepaTopa pe3ucTop R3 MoxKeT 0TCyTCTBOBATh,
a BMecTo pe3uctopa R4 ycranaBnmBaeTcst 5KBUBAJICHTHBINA PE3UCTOP, COMPOTUBIICHUE
KOTOPOTO BEIOMpAETCS U3 pacyeTa:

R3R4

R3+ R4
Comporunenue pesuctopa R7 BeiOupaercs u3 ycnosus (6.3) coanmancupoBaH-

3KB —

HOCTHU CXEMBI 110 TOCTOSTHHOMY TOKY:
_ (R3+R4)(R5+ R6)

R7 )
R3+ R4+ R5+R6

202



Henoctatkom aBTOreneparopa ¢ ¢dazocasuraromeit RC-mienbio siBnseTcs: 3Ha-
YUTEIHHOE HCKaXCHHE (OPMBI TEHEPUPYEMBIX KONeOaHUil, BBI3BAHHOE TEM, YTO
YCIJIOBUS CaMOBO30YXAEHUS BBIIOJIHSIIOTCS JIJIsl TAPMOHUK C YaCTOTOM, OJIM3KOM K Ya-
CTOTe KBazupe3oHaHca fo. DTO 00BsACHICTCS OTCYTCTBHEM CTPOTON M30UPATEIILHOCTH
K OCHOBHO# yactote /-00pa3ubix RC-nieneit [11].

VYyumienre (popMbl TeHEPUPYEMBIX CUHYCOMIAJIBHBIX KOJIeOaHU AOCTUTaeT-
cs npuMenenueM B kadecTBe [IOC wumzbupatenbHbix RC-ueneil, Hanpumep, mMocrta
Buna wnu nBoitHOoro 7-06pa3Horo Mocra.

10.3 ABTOreseparop ¢ mocroM Buna

B nanHOM aBTOreHeparope B KauecTBe memu [/OC ucmnonb3yercss MOCT Buna
(puc. 10.5.q).

B.w
C1l R1 1/3
o——_—1— o
C2 /2
Usx oc — R2 |Ugx oC
(o ’ s o) 0
v,
/2 Fmm
a 6

Puc. 10.5. Cxema mocTa Buna (@) u ero xapakrepucTtuku (6)

AMIUTUTYTHO-9acTOTHasS M ()a30-4acTOTHAS XapaKTepHCTUKHM MocTa BuHa,
npuBeneHsl Ha puc. 10.5. 6. 3 xapakTepucTUK BHIHO, YTO HA YaCTOTE KBa3HPE30-
HaHca fo MocT BuHa umeeT ciemyromnue napamMmeTpsi:

1 0
p=—; y=0".
3
Torna u3 ycaoBui caMOBO30YKICHHS UMEEM:
1
-mBK>1 > K>3, 1k, B=—;
3
0 0 0

-my+to=0->0=0,1x y=0.

CrnenoBatenbHO, I TOCTPOSHUSI aBTOreHEpaTopa ¢ MocToM Buna Tpebyercs
HEHHBEPTUPYIOMINN yCHIUTENb ¢ K03 dumentom ycuwiaenus K > 3. YcroiunBbie
CHHYCOUJIAJIbHBIE KOJICOAHUSI MOTYT OBITh TTOTy4eHbI TOJIbKO TIpu K = 3. J[71s1 BeINOJI-
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HEHUSl TOr0 YCJIOBHUS HEOOXOJMMO HCHOJIb30BATh YCHIUTENb ¢ HenuHerHoil OOC
IUTsl CTAOUITM3allMUY AMIUTUTY 1l BBIXOJAHOTO HAMPSKEHUS.
Cxema aBTorenepartopa ¢ MoctoM Buna na OY npusenena Ha puc. 10.6.

~3 DA
F__{::] | S P S G

Cl Unsox
F;I_‘ R2 Cﬁ__ 7

Puc. 10.6. Cxema aBToreneparopa ¢ MmoctroM Buna

Astorenepartop (puc. 10.6) cocTouT U3 HEeMHBEPTUPYIOMIETO yeuiuTens Ha OY
DA u pesuctopax R3-R5 u mocta Buna Ha pesucropax R1, R2 u konaencaropax Cl,
C2.

ComnpoTtuBnenust pe3uctopoB R3-RS5 BbIOHparOTCs U3 CIEAYIONIUX COOTHOIIIE-
HUI:
_ R4+ R5 +1>3 wm K = R4+R52

R3 R3

Henuneitnas OOC B cxeMe aBTOreHepaTopa peaiu3yeTcs Mpy MOMOIIU TEPMO-

K 2.

pesuctopa RS ¢ oTpHIaTeIbHBIM TEMIIEPATYPHBIM KOA(DPHUIIMEHTOM COMPOTHUBICHUS
(TepmucTOpa), TPEAHA3HAUYCHHOTO JJII CTAOMIM3AMU aMIUTUTYABl BBIXOJIHOTO
HaIPSKEHUS.

[Ipormecc crabunm3anuu aMIUIUTYABI PACCMOTPEH B CXEME aBTOT'E€HEpaTopa ¢
dazocapuraronieir RC-nierpro. J{iis cTabmim3anuy aMIUIATY/IbI BBIXOJHOTO HaIpsiKe-
aust B cxeme (puc. 10.6) gacto BMecTo pesrucropa R3 ycraHaBIMBaeTCs] MHHHATIOPHAS
JaMI1a HaKaJMBaHUsS, UMCIOIIAs MOJIOKUTEIBHBIA TEMIIEPATYPHBIA KOA(PGUIIMESHT CO-
MIPOTHBIICHUS ¥ HEIIMHCHHYIO XapaKTEPUCTHKY.

YacToTra BBIXOJHBIX KOJICOAHMI JAHHOTO aBTOTCHEpATOpa OINPEACIASTCS Ya-
CTOTOM KBa3upe3oHaHca MocTa BuHa:

1

27RC

foz

rie C=Cl1=C2; R=R1=R2.

N3MeHsTh 4acTOTy aBTOT€HEpaTopa MOKHO OJHOBPEMEHHBIM H3MEHEHUEM €M-
koctu koHaeHcaTopoB Cl, C2 wnm conporuBnenus pesuctopos R1, R2.

Jlist BeimoHeHUsT ycnoBus (6.3) cOanaHCMPOBAHHOCTH CXEMBI 1O MOCTOSIHHO-
My TOKY HEOOXOJMMO BBIJICPKUBATH CIEAYIOIIEE COOTHOIICHUE:
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R3(R4 + R5)
R3+R4+R5
['enepaTopbl rapMOHUYECKHX KOJICOAHUN MIMPOKO MPUMEHSIOTCS BO MHOTHX

R1=

M3MEPUTEIBHBIX MPUOOpax U cucTeMax. VX MCmoNb3yIoT B MpUOOpax KOHTPOJIS CO-
CTaBa M Ka4eCTBA PA3JIMYHBIX BEIICCTB, YCTAHOBKAX JIISI BEICOKOYACTOTHOTO HarpeBa
METaJUIOB, CYIIIKH M CBAPKH TUAJICKTPUKOB, XUMHUIECCKOW 00paOOTKN U3IETUH U T.1I.

3agaya 20. B cxeme MoctoBoro reneparopa Buna (puc. 10.6) wu3BecTHO
R3=6,8 kOMm, R4 =10 kOM, R5=0xOM, R1=R2=10 kOm, C1=C2=01Mx®D. Yemy
paBHa 4acToTa KojcOaHuii renepaTopa’?

Pemenue

[Tpu pacueTe cXeMbl B TIEPBYIO OYepeab MPOBEPUM, a BO3HUKHYT B HEH KoOJjie-
Oanus wim Het? Jiis aToro BerancauM kodddurueHt ycunerus OY

R4 10

Koy =1+ —=1+—=14+147~25<3.
R3 6,8

Taxum oOpa3zom, kojieOaHHS Ha BBIXOJI€ T€HEpaTOpa BOZHUKHYT.
2. Yacrora koineOanum
1 1

2tRC  27-10-10%.0,1-10°°

fo
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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 IPOLIECCOB B LU(PPOBBIX YCTPOMUCTBAX UCHONB3yeTca anredpa jgoruku (AJl).

AJI onepupyeT ¢ TBOMYHBIMHU MEPEMEHHBIMH, KOTOPbIE YCIOBHO 0003HAYAIOT-
csl, Kak jiorudeckuil Hysb (Jior.0) u noruyeckas egununa (yor.l). Mexay oObIYHOM,
NPUBBIYHON HaMm anreOpoit u AJl UMEIOTCS CyIIECTBEHHBIC Pa3U4Ms B OTHOIICHUHU

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 aHriauiickoro maremaruka J[x. byns), eciiu oHa, Takke Kak U ee
apryMeHTbl, IPUHUMAET TOJBKO JiBa 3HaueHwus: Jor.0 u jor.1. [{ns 3agaHus ioruye-
ckoit pyHkuuu (JID) 0O6bIYHO MCTIONB3YIOTCS JIBa CIIOCO0A: AHATIMTUYECKUN (3aMMHUCh
bopmyioit) U TabMuHBIH [22].

[Ipu TabnuuHOM criocoOe CTPOUTCS TaK Ha3blBaeMasi TaOJIMIA UCTUHHOCTH, B
KOTOPON IPUBOJATCS BCE BO3MOXHBIE COUETaHMsI 3HAUEHUN apryMEHTOB M COOTBET-
CTBYIOILIME UM 3HA4YE€HUs JIOTM4eCKOW (pyHKUMHU. Tak Kak 4UCIO TaKMX COUYETaHH
KOHEYHO, TabJIuIa UCTUHHOCTH MO3BOJISIET ONPEAEIATh 3HaUeHnEe QYHKIUU JUIs JTO-
ObIX 3HaYEHUI apIryMEHTOB.

YKCII0 BO3MOKHBIX HAO0POB N apryMEHTOB COCTaBNAET 2", a YMCII0 PasIUYHBIX

n
(GbyHKIHI cOCTaBIIsSCT 2% . Tax JUIS OJTHOTO aprymeHTa pa3inudHeix JIO Oyner 4, mis
nByX — 16 u 1.11. B 1abmn. 11.1 npuBenens! Joruueckue GyHKIIUN OJHOW MEPEMEHHOM.
Tabmuma 11.1.

JI® onHOM IepeMEeHHOU

X

O0o3Hauenue | HaumenoBauue

01
fi=0 KonctantaO [0 | O
fi = x [ToBTopenune | 0 | 1
fi= x WuBepcus 110
fi=1 Koncranra 1 1(1
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Ananutnueckuil cnoco6 npencrapinenus JIO npeanonaraer ee 3anuch B BUJIE
MaTeMaTuaeckoro BeipakeHus f(Xi, Xz, ... X;), B KoTopoMm aprymeHTthl JI® cBsi3biBa-
I0TCA ONPEIEICHHBIMU MaTEMaTHYECKUMU (JIOTUYECKMMU) ONEepalUsIMU.

[IpocTelnx JOTMYECKUX OINEepanui TpU: OTpULAHUE (MHBEPCHS, ONEpPALIHs
HE), noruueckoe cinoxenue (au3bronkmus, onepanus WMJIN) u noruyeckoe yMHOXKe-
HUe (KOHBIOHKIMsA, omnepanus M). bonee cioxHble JorHyeckue mpeodpa3zoBaHUs
MO>KHO CBECTHU K YKa3aHHBIM OIEpaIUsiM.

PaccMoTpuM sorudeckue BbIpaKeHUs] U TaOJUIbl ICTUHHOCTA OCHOBHBIX JIO-
TMYECKUX ONEpALM 151 ABYX apryMEHTOB.

1) Jlornueckoe cnoxxenue (Iu3bIOHKIMA), onepanus UJIU:

y=X1+X2= X1 Vv X

2) Jlornyeckoe yMHOXkeHUE (KOHBIOHKIIMS ), onepanus U:

Y =X X2= X1 A Xo.

3) Orpunanue (uuBepcus), onepauus HE:

= X.
Z) Omnepanus (ctpenka) [upca, MJIN-HE:
Y= xVX,.
5) Onepanus (tpux) Meddepa, U-HE:
Y= X%,
6) Onepalnysi SJKBUBAJICHTHOCTh, PABHO3HAYHOCTb:
Y=%~X.
7) Onepalidsi HEOKBUBAJICHTHOCTh, HEpaBHO3HAYHOCTD, Mckitouaromniee MJIN:
Yy =X D Xy.

Pe3ynpTarhl OCHOBHBIX JIOTHYECKHX OMNEpalMil JJIsl ABYX apryMEHTOB IpUBE-
JCHBI B Ta0auIe HCTUHHOCTH (Tabm. 11.2).
Tabmuma 11.2.
Tabnua ICTUHHOCTH OCHOBHBIX JIOTHYECKHUX OTepaIiuii

y
X X2 Win | 1 | HE | WINW-HE | U-HE | Oxks. | Uckn. MJIN
0 0 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

AJl 6a3upyercs Ha HECKOJIIBKUX aKCHOMAaX, U3 KOTOPBIX BBIBOJSAT OCHOBHBIC
3akoHbl AJl nna npeoOpa3zoBaHuil ¢ ABOMYHBIMHU NepeMeHHbIMU. Kaxknas akcuoma

OpeacCTaBLICTCA B IBYX BUAAX, YTO BBITCKACT U3 IIPUHOWIIA AYAaJIbHOCTHU (HBOﬁCTBeH-
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HOCTH) JIOTMYECKUX OIEepaluii, COIIACHO KOTOPOMY OINEpalud IU3bIOHKIHH U
KOHBIOHKIIMM JTONIYCKAaIOT B3aMHYIO 3aMEHY, €ClIM MOMEHATh Jor.1 Ha sor.0, nor.0
Ha jior.l, 3HaK v Ha -, a-Ha V.

Axcuomsl oneparuu otpumanusa: 0 =1, 1 =0.

AKCHOMBI onepaluii AU3bIOHKIUN U KOHBIOHKIIUU:

H1vi=1; 0-0=0.
2)0v1=1v0=1; 1.0=0-1=0.
3)0v0=0; 1.1=1.

3akonbl AJl BBITEKaIOT U3 aKCHOM M TaKXe€ UMEIOT J1B€ (OPMBbI BBIPAKEHHUS:
JUTISL AU3BIOHKIMM U KOHBIOHKIMM. PaccMoTpuM 3akonbr AJI [5].
1) IlepemecTUTENBHBIN 3aKOH:
X1V Xo = Xo V X1, X1+ X2 = Xo - X1.
2) CouerartelbHbIN 3aKOH:
X1V (X2 v X3) = (X1 V X2) V X3= X1V Xp V X3;
X1+ (X2 - X3) = (X1 X2) - X3= X1 X2 - Xa.
3) 3aKoH MOBTOPEHUS (TaBTOJIOTUH):
XVX=X, X-X

I
x

4) 3akoH oOpalieHus:
€CIIU X1 = X2, TO X, = X, .
5) 3akoH ABOMHOW MHBEPCHUU (IBOMHOTO OTPHULIAHUS):
X =X.
6) 3aKOH HYJIEBOI'O MHO>KECTBA:
xv0=x; x-0=0.
7) 3aKOH YHUBEPCAJILHOIO MHOKECTBA:
xv1l=1;, x-1=x
8) 3aKOH JOMOJHUTEILHOCTH:
xvx=1 x-x=0.
9) PacnipenenuTenbHbIN 3aKOH:
X1V (X2 - X3) = (X1 Vv X2) - (X1 V X3); X1+ (X2 vV X3) = X1 X2 V X1+ Xa.
10) 3akoH noryonieHus:
X1+ (X1 V X2) = Xq; X1V X1 Xo = (X1Vv X2) - (X1 V X3).
11) 3akoH ckiienBaHuUs:
X1+ X2V X1+ X, = Xq; X1V X2) - (X1Vv X,) = Xq.

12) 3akon unBepcuii (3akoH Jle Moprana):

JI7 CIIOKHOTO JIOTMYECKOTO BBIPAXKEHUSI YCTAHOBJIEH CIEIYIOIIAN MOPSIOK
BBIMIOJIHEHUSI OIEpalMil: BHAa4aje BBINOJHAIOTCS omnepauun uHBepcuu HE, 3aTtem
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onepauuy KOHbIOHKIMU M U B OCIeqHIO0 odepens — onepauuu Ju3broHkiuu NJIN.
Ecnu tpebyercs U3MEHUTD NMOPSAOK BBIIOIHEHUS IOTUYECKUX ONEPaldii, TO UCIIOJIb-
3YIOTCSI CKOOKH.

11.2 JlorudyeckKue 3JIeMEeHTbI

Jlornyeckue mepeMEeHHbIE XOpOIIO OIMUCHIBAIOT COCTOSIHUSA TaKUX OOBEKTOB,
KaK pene, TyMOJepbl, KHOIKHU, T.€. 0ObEKTOB, KOTOPhIE MOT'YT HAaXOJMUTHCS B JIBYX
YETKO PA3JIMUYUMbIX COCTOSHMSIX: BKIIFOUEHO - BBIKIIOYEHO. K TakuM 0ObeKTaM OTHO-
CATCSA U MOJYHIPOBOJIHUKOBBIE JIOTUYECKHUE DIIEMEHTHI.

Jlornueckuit smeMeHt (JID) — 3TO 31MEKTPOHHOE YCTPOMCTBO, peanusyroliee
OJIHY M3 JIOTMYECKUX ONEpAMi HECKOJIbKUX NepeMeHHbIX. Ha Bbixoae JID moxer
OBITh JIMIITH OJIMH U3 JIBYX YETKO PAa3IMYMMBIX YpOBHEH HanpspkeHus (puc. 11.1).

L

Alaorsuac ks =0HH Hua

!
Aard He cranpa
K&&&&“&&R\

Aarn { Ao rmes iHE Hpn b t

Puc. 11.1. YpoBHau Hanpspxkenui jior.0 u jor. 1

Ecnu ypoBeHb HanpsiKeHUs JIOTUYECKOTO CUTHAA JIEKHUT B MpeiesiaX OT YPOB-
Hs | 10 ypoBHs HanpspkeHus nutanus U (wam 6auskoro xk Uy), To 3TOT ypOoBEHB CO-
orBeTCTBYET Jior.1. Eciu ypoBeHb HampsiKEHUs JOTUUECKOTO CUTHAJIA JIEKUT B Mpe-
nenax oT Hyis 10 ypoBHs |l , To 3TOT ypoBeHb cooTBeTcTBYET JI0T.0. YPOBHU JIOTH-
YECKHX CUTHAJIOB, JICKAILIUE B Mpenenax Mexay ypoBHsimu | u |, sBisitoTcst He cTaH-
TapTHBIMU. PaboTa JIOTHYECKUX YCTPOICTB C TAKUMH CUTHAJIAMU 3aMpelleHa, TaK Kak
OyJzeT He mpeackaszyema.

UYamie Oosiee BbICOKHH, WM TIPocTO “BhicOKUi” (H) ypoBeHb mpuHHMMaeTcs 3a
jor. 1, a 6oyiee HU3KM, Wik pocto “Hu3kmii” (L), — 3a sor. 0. Takoi crocob mpe-
CTaBJICHUS JIOTUYECKHX BEJIMYMH HA3bIBAETCS MOJIOKUTENBbHOW JOTMKOH. OTHOCH-
TEJIbHO PENIKO MPUMEHSETCS TAaK Ha3blBaeMas OTpULIATENIbHAs JIOTHKA, B KOTOPOil
J0r.1 COOTBETCTBYET HU3KUM YPOBEHb HAIpsKEHUs, a J0or.0 — BBICOKMUA YpOBEHb. B
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JanbHEHIIeM, IO YMOIYaHUI0, OyJeM MOJb30BaThCA TOJBKO MOJOKHUTEIbHON JIOTH-
KOM.

JID Bxomsar B cocraB uuppoBbix UMC. [Ins xaxpoir cepun UMC ypoBHH
HanpskeHui J1or.0 1 jior. 1 UMeroT CBOM Mpeaebl.

PaccMoTpuM ycioBHBIE 0003HAUYEHHS HA CXE€MaxX M JIOTUKY pabOThl OCHOBHBIX
JI9 [12].

Ha puc. 11.2 npuBeneHo ycioBHoe o0o3HaueHue AByxBxonaoBoro JID WU u
€ro peayn3alys Ha KIo4yax U JU0Jax.

VD1

X1

X
DD1 2

X2

\

a 0 8

Puc. 11.2. Jlornueckuii anement NJIN: a — ycioBHoe 0003HaUCHHE;

0— peam3anuga Ha KIII04Yax; 6 — pCain3alusd Ha JUO0JaxX

JID WJIN BbinonHseT jorudeckyro omnepanuio NJIM, koTopas omuchiBaeTcs
YpaBHEHHEM Y = X1 V Xo.
Jloruka pa6oter JID WJIM B cooTBeTcTBUHM ¢ TaOiuIeld MCTUHHOCTU (TalIl.
11.2) 3aknrouaercs B cieayrouieMm. Ha Beixoae JID MJIN yctanaBiauBaetcs jor.1, ec-
7M1 XOTs1 OB HA OJTHOM €ro BXOJI€ MPHUCYTCTBYET JIOT.1, B TPOTUBHOM CJIy4yae Ha BbI-
xone — nor.0.
VD1 R +F

—
[

DD1

I
-8
.
rm
ey
et

Puc. 11.3. Jlormaeckuii anement U: a — ycamoBHOE 0003HAUCHUE;

0 — peanu3alus Ha KJIF0YaX; B — peaau3aius Ha JTHOax

Ha puc. 11.3 nmpuBeneno ycioBaoe obo3HaueHue aByxsxomosoro JID U u ero
peanuzaius Ha Kiodax 1 quoaax (R << Ry).
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JID U BBIMONHAET JIOTMYECKYI0 omnepanunto M, KoTopas ONUCHIBAETCA ypaBHE-
HUEM Y = X1 * X2.

Jloruka pa6otsl JID9 U B cooTBeTcTBUU ¢ Tabnuieil uctuHHocTH (Tadsm. 11.1)
3akirovaercs B cienyronieM. Ha Beixone JID U ycranaBnuBaetcs Jior. 1, eciau Ha Bcex
€ro BXoJax MPUCYTCTBYET JIOT. 1, B MPOTUBHOM clly4ae Ha BbxoJe — Jor.0.

Ha puc. 11.4 npuseneno ycnoBnoe obo3nauenue JI9 HE u ero peanuzauus Ha
KJIFOY€ U TPAH3UCTOPE.

JI2 HE Beimonnser moruyeckyto onepanuio HE, kotopas onuceiBaeTcsi ypas-
HEHHUEM Y = X.

Jloruka pa6otel JID HE B coorBeTcTBUM ¢ Tabnuieit uCTUHHOCTH (Tabi. 11.2)
3akmrouaercs B cienyromem. Ha Beixoae JID HE ycranaBiauBaercs curuai, npoTUBO-
MOJIOXKHBIN (MHBEPCHBIN) BXOJHOMY CUTHAITY.

X X
.~

oD X
| & | F (DE B. |v
LG
1
o & &

Puc. 11.4. Jlornueckuii anement HE: a — ycioBHOe 0003HaUeHME;
6 — peanuzaliys Ha KJII04e; @ — peasin3allis Ha TPaH3UCTOpe

Ha puc. 11.5.a npuBeneno ycioBHoe o6o3HaueHue AByxBxoaoBoro JID NJIN-

HE, xOTOpBbIi1 BBITIOJIHSET JIOTHYECKYIO OMEPALIUIO Y = X,V X, .

Jloruka pa6otst JID MJIN-HE B cooTBeTcTBUU C TaOiuile UCTUHHOCTH (TabII.
11.2) 3akmrouaetcs B cieayromem. Ha Beixone JI9 MJIN-HE ycranaBnmuBaetcs nor.0,
€CJIM XOTs OBl Ha OJTHOM €T0 BXOJE IMIPUCYTCTBYET JIOT. 1, B MPOTUBHOM CJIy4yae Ha BHI-
xone — Jior.1. OTcrona ciaeayeT, 4YTO aKTUBHBIM JIOTUUECKUM ypoBHeM st JID MJIN-
HE sBnsercsa mor.1. CnemoBaTeiabHO, MPHU PACCMOTPEHUH PaOOTHI YCTPOMCTB, TMO-
ctpoennbix Ha JID WUJIM-HE, rHeoOxoaumo obpamaTh BHUMaHUE Ha BXOJHBIC CUTHA-

JIbI C YPOBHEM JIOT. 1.
DD1 DD2 DD3 DD4
X1 1 y X1 & y X1 = y X1 =1 y

X2

X2 X2 X2

a) 0) 6) 2)
Puc. 11.5. Ycnosueie o603nauenus JID: a — MJIN-HE; 6 — U-HE; B — DxBuBa-
JIEHTHOCTh; I — HMckmouaromee NMJIA
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Ha puc. 11.5.6 npuBeneno ycioBHoe ob6o3HaueHue AByxBxonoBoro JID M-HE,

KOTOPBI BBINOJIHAET JIOTHYECKYIO OIEPALUI0 Y = X, X, .

Jloruka pa6otsl JID U-HE B coorBeTcTBUM € TaOauued MCTUHHOCTH (TalJI.
11.2) 3akmrouaetcs B cienyromem. Ha Boixoae JID U-HE ycranaBnuBaetcs or.1, ec-
71 XOTs Obl HA OJHOM €ro BXOJi€ MPUCYTCTBYET JiOr.0, B MPOTUBHOM CJIy4ae Ha BbI-
xone — jor.0. Orcroga cienyer, 4To aKTUBHBIM JIorHueckuM ypoBHeM s JID M-HE
asngercs Jor.0. CiaenoBarenbHo, MPU PacCCMOTPEHUH pabOThl yCTPOMCTB, MOCTPOEH-
Heix Ha JID U-HE, nHeo6xoqumo oOpaiaTh BHUMaHKE Ha BXOJHBIE CUTHAJIBI C YPOB-
HewM Jior.0.

Ha puc. 11.5.6 npuBeneHo ycioBHoe o0o3HaueHue JID DKBUBAJIECHTHOCTh, KO-
TOPBIN BBITOIHSAET JJOTUUECKYIO OMEPAIUI0 Y = = X; ~X,.

Jloruka pa6otel JID DKBUBaJEHTHOCTh B COOTBETCTBUU C TAOJIUIIEH UCTUHHO-
ctu (tabin. 11.2) 3akmouaetrcs B cienyromeMm. Ha Boixone JID DKBHBaJIeHTHOCTH
yCTaHABIIMBAETCS JIOT. 1, €CJIM ero BX0JlaX CUTHAJIBl pABHO3HAYHBI, B IPOTUBHOM CITY-
yae Ha BeIxoae — jor.0.

Ha puc. 11.5.2 npueneno ycnoBHoe o6o3znauenue JID Uckmouaromee NI,
KOTOPBIN BBITIOJIHSAET JIOTHUECKYIO OMepaIuio Y = = X; @ Xo.

Jloruka pa6otsl JID Ucknrouaromee NJIN B cooTBeTCTBUM ¢ TaOiuUIEeH UCTHUH-
HocTH (Tabus. 11.2) 3akmrouaetrcs B cienyromieMmM. Ha Beixome JID Hckirogaromee
NJIN ycranaBnauBaeTcs Jor.1, eciiv ero BXoJax CUrHajbl HEPAaBHO3HAUYHBI, B IPOTHB-
HOM CJIy4ae Ha BbIxoje — Jior.0.

OcHoBHbIe xapaktepuctuku JID cBeaensl B Tadn. 11.3.

[Ipy npoeKTUPOBAHUM JTIOTUUECKUX YCTPOWCTB CTPEMSITCS UCIIOIB30BaTh Orpa-
HUYCHHYI0O HOMeHKIaTypy JID. Hamubomnee mmupokoe pacmpocTpaHeHHE Ha MPAKTHKE
nosyumnu JID UJIN-HE u U-HE, Tak kak Ha ux 6a3e MOXXHO IMOCTPOUTH JIIOOBIC IPY-
rue JID, a, cienoBaTenbHO, peann3oBaHo Jr0boe ycrpoiicTBo. [Toatomy UMC c yka-
3aHHBIMH JID UMErOT HanboJee MUPOKUI aCCOPTHUMEHT.

st moctpoenust noruueckoro ycrtpoictBa B 6asucax WJIN-HE wiu U-HE
HE0OXO0IMMO UCIOJI30BATh TOJIBKO JIBA 3aKOHA aJIr€OpPhI JIOTHKU:

1) 3aKkOH JTBOWHOW UHBEPCUMU:

x|
1
x

2) 3akoH ne Moprana:

- X X,. - X X
XV X, =% 2] Xpo X, = 1w 72,
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TabOmnuma 11.3

XapaKTepI/ICTI/IKI/I JJOTHYCCKHX 3JICMCHTOB

HazBanue JID Jlormaeckoe | YcnosHoe Tabauiia ICTUHHOCTH
ypaBHEHUE | 0003HAauUCHUE
X1 | X2 y
x_| 1|y 0 [0 0
%04 Y=XivXe | 0T 1 |0 1
0 |1 1
1 |1 1
X1 | X2 y
w_[&lY 0 |0 0
" V=X X | 1|0 0
0 |1 0
1 |1 1
X y
HE o x [TV
(uHBEPTOD) y=x _} 0 1
1 0
X1 | X2 y
WJIW-HE _ Z:T#y 0 |0 L
(anement Iupca) Y= v L |0 0
0 |1 0
1 |1 0
X1 Xo Yy
1-HE 2—33 0 |0 1
(anement ledde- Y= %% B 1 [0 1
pa) 0 |1 1
1 |1 0
X y X X y
DKBHUBAJIEHTHOCTh _ | 0 10 L
(PaBHO3HAYHOCTE) y=x-x 1 10 0
0 |1 0
1 |1 1
X1 Xo Yy
Hckmouaromee 2: L 0 |0 0
NJIn Yy =X1 DX, 1 0 1
(HEpaBHO3HAYHOCTb ) 0 1 1
1 |1 0

[Topsiaok peanuzanuu TpeOyeMOro JJOrMYECKOro YCTPOMCTBA CIE YOI

- 3aIMCHIBAETCS IOTUYECKOE YpaBHEHUE TPeOyeMOro yCTPOCTBa;

- MPOU3BOJIUTCS MUHUMU3ALIMS JTOTUYECKON QyHKIMU (eciid TpeOyeTcs);

- IPUMEHSIETCS 3aKOH JBOWHOW MHBEPCUU,
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- IPUMEHSETC He0OXoAuMasi MHTepIIpeTanus 3aKoHa 1e Moprana;

- CTPOUTCA JIOTUYECKAsI cXeMa TpeOyeMOoro yCTpoiCTBa.

Ha puc. 11.6.a npuBeneHo ycinoBHoe o0o3HaueHue nuppossix UMC [23].

[Ipsimbie BeiBobl UMC He nMeroT o003HaueHuid Ha Mecte BbIBoAa. Jlist mps-
MBIX BBIBOJIOB aKTUBHBIM JIOTUYECKUM YPOBHEM CUMTAETCS JIOT. 1.

WNuBepcHble BBIBOABI 0003HAYAETCS KPYKOUYKOM Ha Mecte BbiBoaa. Cymie-
CTBYIOT HHBEPCHBIE BXOJbl 1 NHBEPCHBIE BBIXOAbI. J[JI1 NHBEPCHBIX BBHIBOJAOB aKTHB-
HBIM JIOTUYECKUM YPOBHEM cuuTaeTcs Jjor.0.

JNuunamuueckue Bxoasl UMC ob6o3HavaroTcs Kocoil ueptoit (moj yriaom 45°)
WK cTpenkoi. HakiioH 4epThl BIpaBO WUIIM BIIEBO OMpPENENsAeTCs TeM, KaKOoi (PPOHT —
NOJIO)KUTENbHBIA WM OTpULATENbHBIA (cpe3) — ucnoibdyercs. Ilpu oOo3HaueHuu
BXOJIOB CTPEJIKOM, Ha MOJIOKUTENbHBIN (DPOHT yKa3bIBa€T CTpEIKa > HaIpaBo, a Ha
OTPHUIIATENIBbHBIN — cTpesKka < HajneBo (puc. 11.6).

Tun Beixoga MMC momeuaeTcsi CrieliMajibHbIM 3HAYKOM: BBIXOJ, MUMEIOIIUN
TPEThE COCTOSIHHE “Z” BBICOKOTO CONPOTHBICHHS — NMEPEUepKHYTHIM poMOOM 9,
@BIXO}I, uMeromui  OTKpbIThI  Koiektop OK  —  mogyepkHyThIM — poMOOM

, @ BBIXOJI , UMEIOIIUMA OTKPBITHINA SMUTTEP OD — poMOOM ¢ uepToil cBepxy ¥ (puc.

11.6).
CTaH,HapTHBIﬁ BBIXO HUKAK HEC ITOMCYACTCA.

*i*}'ﬂ: EOHCHANBHOS

PVHEDHOHANEHOS - HATHAYZHUE J5LE
HATHAYSHHS BBIEDIOE ‘t{xqﬁ DD1 - D2
OcHOBHOS TOME — —" HesesprEn: 4| DC |
|7 EeEodm
v — 2 1
_:-"'-" 4
/ — 4 2
Bxomm < — 5
JHHAMHETSCEHE | o— >Brxomu 4
EXOO . — 5
X {|— | Brrxoa OK .
iy &}— | Bemoa 3C —
/o , E 7
Jomer £ o/ Brxog O3 T
HenpdopM aIHOHERS N\ .
EBIECIEL "5 oMo HT2TEH B2 g)

oA
a)

Puc. 11.6. Ycnoubie o6o3nadenus muppossix UMC (a) u UMC K5311]/17 (0)

Hakonern, ecnmu y MHKpOCXeMbl HEOOXOIHMMO IMOKa3aTh HEHMH(POPMAIMOHHBIC
BBIBOJIBI, TO €CTh BBIBOJIbI, HE SBIIAIOIIMECS HU JIOTUMYECKUMH BXOJAMHU, HU JIOTHUYeE-
CKMMH BBIXOJIaMH, TO TaKOH BBIBOJ] IOMEUYAETCSI KOCBIM KPECTOM (JIB€ MEPHEHINKY-
JSpHBIC JIMHUM TIOJT YTII0M 45°). DTO MOTYT OBITh, HATIPUMED, BHIBOJBI JIJISI TTIOIKITFO-
YEHUsl BHEIIHUX 3JIEMEHTOB (pPE3UCTOPOB, KOHIAEHCATOPOB) WJIA BHIBOJIbI TUTAHMUSI.

214



VYcnosHaoe rpapuueckoe o6o3znauenrne UMC uHoraa gensT Ha TpU BEPTUKAb-
HBIX NOJs. BBEpXy OCHOBHOTO (CpeAHEro) mosis yka3blBaeTcsi 0003HaUeHUe (PyHKIIU-
oHasnbHOro Ha3HaueHus1 UMC u cumBoJIBbI €€ 0COOCHHOCTEH. B OTIOIHUTENBHBIX 1MO-
nsax (clieBa W crpaBa) YKa3bpIBalOTCA OOO3HAYEHUs (PYHKIMOHAIBHOI'O HA3HAYEHUS
BbIBOJI0OB IMC. B kauectBe npumepa Ha puc. 11.6. 6 npuBeaeHo ycaoBHOe rpaduye-
ckoe obo3Hauenue nemudparopa KS311UJ17.

HIMC B iennom obo3navaercs Ha cxemax oykBamu DD (ot anrmuiickoro Digital
— 1udpoBOI) C COOTBETCTBYIOMMM HOMepoM, Hanpumep DD1, DD2.1 (nmocne Touku
yKa3bIBa€TCs HOMEP JIEMEHTA WIH Y3J1a BHYTPH MUKPOCXEMBI).

Cucrema o603Hauenuit oreuectBeHHbIx UMC npuBesnena Ha puc. 11.7.

KX XXXX XX XXX
OomacTe Heosmep HMC
MEHMEHS HHT
THR EopmyTa & vermea FINMC
Houep cepun

Puc. 11.7. Cucrema 0603HayeHuii oreuectBeHHbIX UMC

OcHoBHBbIE 371eMeHTHI 0003HaueHus UMC caenyrorue [24].

[TepBoiii amement. bykBa K o6o3navaer UMC mupokoro nmpuMeHeHwHs, s
NMC BoeHHOT0 HazHauYeHMsI OYKBa OTCYTCTBYET.

Bropoii anement. Tun kopnyca UMC (oauH CUMBOJI) — MOXET OTCYTCTBOBATb.
Hamnpumep, P — muractmaccoBbiii koprye, M — kepamuueckuii koprnyc, b — 6eckop-
nycHass UMC.

Tpertwnit anement. Homep cepun UMC (ot Tpex 10 deThipex mudp).

UYersepTsiii anemenT. @ynkius UMC (nBe OykBbI).

[Tarerii anement. Homep UMC (ot ogHO# 10 Tpex mudp).

Tabnuma dynkuuii m HomepoB UMC npuBenena B [25].

[Tpumepsr  o6o3Hauennit 1mdpoBeix HMMC: KS31JIA1, KPI533UE17,
KM1816BE4S8.

Cepus K155 — aT0 Haubomnee crapasi cepusi, KOTOpasi MOCTENIEHHO CHUMETCS C
npou3BojicTBa. OHa OTIMYAETCA HE CIMIIKOM XOPOIIMMH MapaMeTpaMH MO CpaBHE-
HUIO C IPYTHUMU CEPUSMH.

Cepust K555 otnuuaercs ot cepuu K155 manbiMu BXOAHBIMU TOKAaMU U MEH b-
el moTpedyIieMoll MOITHOCTHIO (TOK MOTPEOJICHUS MOYTH BTPOE MEHBIIE, YeM Y
K155). Ilo 6eicTpoaeiicTButo (110 BpeMeHaM 3a/iep:kek) oHa Onu3ka k cepuu K155.
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Cepust KP531 otnnyaetcst BBICOKMM OBICTPOJIEUCTBUEM (3aA€PKKU MPUMEPHO
B 3 — 4 pa3a mensle, yeM y cepuu K155), Ho OoabinMu BXOJHBIMU TOKaMH (Ha 25%
oonpie, yeM y K155) u Gonbmioit motpediisieMoi MOIIHOCTBIO (TOK MOTpeOJeHUs
OoJIblIIe B MOJTOPA pasa Mo cpaBHEHUIO ¢ cepueit K155).

Cepust KP1533 otminuaercs NOBBIIIEHHBIM NPUMEPHO BJIBOE IO CPABHEHMIO C
K155 ObicTpoaeiicTBUEM U Majoil MOTpeOssieMO MOLIHOCTBIO (B YeThIpE pasza
Menblie, ueM y K155). Bxoaubie Toku eiie MeHble, 4eM y cepun K555.

Cepust KP1531 otnuuaercst BbICOKUM ObicTpoaeiicTBueM (Ha ypoBHe KP531),
HO Majioi MoTpedasieMOil MOITHOCThIO. BXOIHbIE TOKM U TOK MOTpeOIeHUs NpUMep-
HO BJIBO€ MEHbIIIe, ueM y cepuun K155.

Cepust KP1554 otnuuaercs oT BceX MPEAbIIYIIUX TEM, YTO OHA BBITIOJIHEHA IO
KMOII-texnonorun. [ToaToMy oHa XapakTepu3zyeTcsi CBEpXMajbIMU BXOJHBIMU TO-
KaMH U CBEPXMaJbIM MOTPEOJEHUEM MOIIHOCTU MPH MallbIX paboyMX YacToTax. 3a-
JEP>KKU MMPUMEPHO BBOE MEHbIIE, ueM y cepun K155.

3apaua 21. PeanuzoBars ycrporictBo Ha JID U-HE no ypaBHeHuto:

y = Xl'(XZV X3).

Peurenue

[Ipeo6pazyem (MUHUMU3ALIUS HE TpeOyeTcs):

Y = X1-(X2V X3) = X1-X2 v X1-X3.

[IprmensieM 3aKOH JTBOMHOW MHBEPCHUM:

Y = X1-X2V X1-X3.
[IpuMeHsieM nepByr0 HHTEPIPETALMIO 3aKOHA 1€ MopraHa u Mmojy4aem:
Y = X1-X2-X1-X3.
[To mony4eHHOMY YpaBHEHHUIO CTPOUM CXEMY JIOTHYECKOTO YCTpOMCTBa B Oa-
suce U-HE, xoropas npusenena na puc. 11.8. a.

DD1.1 DD1.1
X2 & X1 1
DD1.3 | DD1.3
X1 &l Y 11y
DD1.2 DD1.2
& X2 1
X3 X3

Puc. 11.8. Cxema noruueckoro ycrporictsa B 6asucax U-HE (a) u MJIU-HE (6)

B ciywae peanuszannu 3aaHHOrO Jorudeckoro ypasHenus Ha JIO MJIN-HE,
MOCJI€ TIOCIIEI0BATENbHBIX TPE0OpPa30BaHUM, UMEEM:
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Y = X1-(Xa v X3) = Xp-(Xo v X3) = X1v (X2 X3).
[TocTpoeHHas O MOYYEHHOMY YPABHEHUIO CXE€Ma JIOTUYECKOTO YCTPOUCTBA B
6asuce WJIM-HE npusenena na puc. 11.8.6.

11.3 Tpurrepsl

Tpuceepom (anrm. Trigger) Has3bIBaeTCsA YCTPOMCTBO, OOJajaroliee ABYMs
YCTOMYHUBBIMU COCTOSTHUSIMU PABHOBECHSI U CIIOCOOHOE CKAUYKOM TMEPEXOJIUTh U3 O/I-
HOTO COCTOSIHUSI B JIPYTro€ IOJi BO3JACHCTBUEM BHEIIHUX YMPABJISIONIUX CUTHAJIOB,
MOCTYMAIOIIKUX Ha ero nHpopMannoHHbIe BX0abI [11].

Tpurrepsl npeaHa3sHadyeHbl 71 3alMUCU U XpaHeHUs 1upoBoil uHbOpMaIUu
(otHOTO OUTA — OTHOPA3PSIAHOTO ABOMYHOTO YHCIIA).

Kanaccuduxamus. /o ¢pynxyuonanvHomy npusHaxy TPUTTEPbl MOIPA3ACIISIIOT-
cs Ha RS-, D-, T-, JK- Tpurrepsi.

Ilo cnocoby 3anucu ungopmayuu TPUTTEPHI TOJAPA3AEISAIOTCS Ha ACUHXPOH-
HbIC U1 CUHXPOHHBIE.

VY acHHXPOHHBIX TPUITEPOB MEPEXOJl U3 OJHOTO COCTOSIHUS B JApyroe (mepe-
KITFOUCHHE) MPOUCXOJUT MPH MOCTYIJICHUHU COOTBETCTBYIOIIUX CUTHAJIIOB Ha UH(OP-
MaIlMOHHBIEC BXOJIBI.

CHUHXpOHHBIE TPUTTEPHI MEPEKITIOYAIOTCS TOJIBKO MPH HATUMYUHU TAKTOBOTO CHT-
HaJla Ha JIOMOJTHUTEIbBHOM CHHXPOHU3HUPYIOIIEM BXO/IE.

Ilo cnocoby ynpasnenus CHHXpOHHBIE TPUTTEPHI MOJAPA3ALISIIOTCS HA TPUTTE-
PBI CO CTATHYECKUM M TPUTTEPHI C TUHAMUYECKUM YIIPABICHUEM.

Tpurrepsl co CTaTUYECKUM YIMPaBICHUEM TMEPEKIIOYal0TCs, KOT/la CHTHAJI Ha
CUHXPOHHU3UPYIOIIEM BXO/I€ JOCTUT IIOPOTOBOTO YPOBHSL.

VY CHHXPOHHBIX TPUTTEPOB CO CTATUYECKUM YIIPABICHHEM B TCUCHHE NCUCTBUS
CUHXPOHHU3UPYIOIIETO UMITYJIhCAa CMEHA CUTHAJIOB HA MH(POPMAIIMOHHBIX BX0JIaX BhI-
3bIBa€T HOBBIE CpalaThiBaHUsA. BO MHOTHX Ciydasx 3TO CBOWCTBO SIBJISETCS HEIO-
CTaTKOM, TaK KaK MPUBOJUT K cO0siM B paboTe muppoBoro yctpoiicta. OT 3TOrO He-
J0cTaTKa CBOOOHBI TPUTTEPHI C JUHAMUYECKUM YIPABICHUEM.

Tpurrepsl ¢ TMHAMUYECKUM YTIPABIEHUEM B 3aBUCUMOCTH OT CXEMBbI UCIIOJTHE-
HUSL pearupyior Ju00 Ha PpoHT, OO0 Ha cpe3 (Craj)) CHHXPOHU3UPYIOIIETO UMITYIIh-
ca.

CxeMbl TpUTTEpPOB BHIMONHSAIOTCS Ha JID M MOTYT OBITh MOCTPOEHBI B 0a3ucax
NJIN-HE unu U-HE. PaccMoTpum paboTy cXeM OCHOBHBIX TPUITEPOB.

AcHHXPOHHBII RS-Tpurrep Ha goruveckux iementax UJIN-HE. Bragane
PacCMOTPUM OCHOBHBIC MTOHSTHUS, KACAIOIIMECS BCEX ACHHXPOHHBIX RS-TpUTTepos.

CBoe nHazBaHume RS-Tpurrepsl B3siau OT 0003HaUYeHHS WX BXOJ0B. Bxompl, B
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CBOIO OYEPE/Ib, B3sUIM CBOE 0003HAUCHUE OT MEPBBIX OYKB aHTJIMMCKUX CJIOB:

- Set — ycTaHOBKA WJIU 3aIUCh;

- Reset — nepeycranoBka, cOpoc, CTUpaHUE, YCTAaHOBKA HYJIS.

Tpurrepsl uMer0T 1Ba HHPOPMALMOHHBIX BX0/1a S U R U J1Ba BbIX0/1a — MPSIMOI
Q U MHBEpCHBIH Q.

[Ipu momaue COOTBETCTBYIOIIETO CUTHAJIA HA BXOJ S MPOUCXOIUT yCTaHOBKA
TpUITEpa, a IPHU MOJa4e COOTBETCTBYIOIIETO CUTHaAlIa Ha BXOJ R MPOUCXOIUT ero
copoc. B 3aBUCUMOCTH OT CXEMBbI TPUITEPHI MOTYT yHpaBisiThes Ju60 jor. 0 aubo
jor. 1.

[lon yctaHoBKoO# (3amuchio) OyZeM MOHUMATh PEXUM pabOThI TpUITEpa, IPH
KOTOPOM Ha IIPSIMOM BbIXozie Q yCTaHABIIMBAETCS CHIHAI JIOT. 1, a Ha MHBEPCHOM Q—
aor.0.

[Ton cOpocom (cTupanuem) OyaeM MOHUMATh PEKUM pabOTHI TpUrTepa, IpH
KOTOPOM Ha IIpsIMOM BbIxozie Q ycTaHaBIMBaeTCs cHrHai Jor.0, a Ha HHBEPCHOM @ —
Jor. 1.

Pexxum, mpu KOTOpOM TIpU M3MEHEHUH HAOOpa BXOJHBIX CUTHAJIOB COCTOSIHUE
BBIXOJIOB TPUITEpa HE M3MEHAETCs, OyJeM Ha3bIBaTh PEKMMOM XpaHEHMsI 3aIlvCcaH-
HOI UH(OpMaIUH.

PaGoty tpurrepoB Oyznem paccMaTpuBaTh ¢ TOMOIIBIO TAOTUIBI TEpexo0B. B
OTIUYHME OT TAOJMUIBI UCTUHHOCTU B TabJIMIle MEPexXoJ0B MpPU M3MEHEHUH Habopa
BXOJIHBIX CUTHAJIOB MOCIIEYIOIIEE COCTOSIHUE BBIXO/I0OB TPUTTEPA 3aBUCUT OT IMPEIbI-
TYIIEToO.

Ha puc. 11.9.a npuBenena cxema acuHxpoHHoro RS-tpurrepa na JID NJIN-
HE. Cxema Tpurrepa BemosiHeHa Ha nByx JID MJIM-HE c mepekpecTtHbiMu 0Opat-
HBIMH CBSI3SIMH.

Pabory RS-tpurrepa paccmorpuM 1o Tabmuie mnepexoaoB (tadm. 11.4). B
tabmn. 11.4 uaaexkc N 0603HAYaeT COCTOSIHHME TEKyIIero Takra, a N -1 — cocTtosHue
IPEIbIAYIIETO TaKTa.

RS-tpurrep noctpoen Ha JID UJIM-HE, cnenoBarensHo, Ha BXxoaax Oyaem 00-
pamath BHUMaHNE Ha aKTUBHBIA YPOBEHB JIOT.l, Tak KaKk €€ MPUCYTCTBHUE Ha JIIOOOM
u3 Bxoa0B JID NJIN-HE onHo3HauHO omnpenesseT Ha ero Beixoe Jjor.0.

[Tpu Habope BxomubIx curHaiaoB S = 1, R = 0 jor.1 Ha Bxoxae JID DD1.2 ycra-
HaBJIMBAET HA €r0 BBIXOJE 6_2 curHan jor.0, a nBa yor.0 Ha Bxomax JI9 DDI1.1 ycra-
HaBIWBaeT Ha ero Bbixoge Q curnan jor.l. Takum 0O6pa3oM, B COOTBETCTBHH C CO-
cTostHEeM BEIX010B Q = 1, @ = 0 mpom3oNIIa ycTaHOBKA (3aITHCh) TpHITEpa. B TpHT-
rep 3amucana Jior. 1, ycraHoBieHHas Ha Beixojae Q.

ITpu mabope Bxomubix curHaiaoB S = 0, R =1 jor.1 Ha Bxoae JID DD1.1 ycra-
HaBIIMBacT Ha ero Beixoge Q curnain jor.0, a aBa yor.0 Ha Bxogax JID DD1.2 ycra-
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HABJIMBAIOT Ha €ro BbIxoJe @ curhHai jor.l. Takum oOpa3oM, B COOTBETCTBHUH C CO-

cTosHmeM BeixogoB Q = 0, @ = 1 mpousomen c6poc Tpurrepa. Mupopmanus u3
TpUITEpA yAaJleHa, TaKk Kak Ha BbixoAe Q ycranosiueH Jsor.0.
Tabnuua 11.4.
Tabnuia nepexonoB RS-tpurrepa na JID NJIN-HE

S R Qn én Pexum

1 0 1 0 YcraHoBka
0 1 0 1 Copoc

0 0 0(Q@n1) 1(Q,4) XpaHeHue

1 1 0 0 3anpenieHHbII

5, o | |
S O:O 1 0:0 :0|T|0|T|0:0t
DD2 R— 1 | — 1 —
- 1 oio io 1 oioioioio 1
S—s Q Q :| = ! T I
o 5 e[ ]e o[ ]
R S S
I I I [ I
11110 jo]l 1 j1]ojojo}j 0] 1
DD1.2 i | i L t

a) 0) 6)
Puc. 11.8. Acunxponnsiit RS-tpurrep na JID WIN-HE: a — cxema;
6 — yCIIOBHOE 0003HAUCHHE; 6 — BPEMEHHBIE JUATPAMMBI pabOTHI

Crnenyronuii Habop BXoaHbIX curHasioB S = 0, R = 0 ogHO3HA4YHO HE ompeje-
JII€T COCTOSIHME BBIXOJIOB TpHUITEpa, a BOT Jior.l Ha Bxoxae JID DDI.1 ¢ Beixona G_Q
JID DD1.2 octaBut Ha Beixoae Q mor.0. [IBa nor.0 Ha Bxomax JID DD1.2 ocTaBusior
Ha ero BbIXO#e @ curHai jor.l. Takum o6pa3oM, cocTosHUE BBIX0M0B Q U @ Tpurre-
pa He U3MEHUJIOCH, CIIEOBATEIBHO, 3TO PEKUM XPAHCHUS TPEABIIYIIETO COCTOSHUS.
Ecam 651 mepen npuxoaom Habopa BxoaHBIX curHaioB S = 0, R = 0 cocrosiHue BBIXO-
0B Tpurrepa 66110 Q = 1, @ = 0, TO OHO GBI H COXPAHUIOCH.

ITpu Habope BxomHbIX curHaiaoB S = 1, R = 1 cocrostaue Beixo0B Q = 0, G_Q =

0. Takoif HabOp BXOAHBIX CHUTHAJIOB /I AaHHOTO RS-Tpurrepa 3ampemieH mo IByM
MPUIHHAM

1) VrepsiHbl cBoOiicTBAa Tpurrepa, Tak kak umeeM Q = 0, @ = 0, a cHUrHabI
JIOJIKHBI OBITH MPOTHBOTIOJIOKHBIMH.

2) IIpu nmepexoze u3 Habopa BXoaHBIX curHaJioB S =1, R=1BHabop S=0,R=0
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COCTOSIHME BBIXOZIOB TpUITEPA OYAET HEMPEICKA3ZYEMO.

N3 ananuza tabnuiel nepexonos (11.4) ciaeayer, 4ro mpu mojayde Ha BXOA S
jor.] mpouCXOIUT yCTaHOBKA TPUITEPA, a MpH nojaaue Jjior.1 Ha Bxox R — ero copoc.
CrnenoBarenbHo, JaHHBIM RS-Tpurrep ymnpasinsercs jor.l, To €cTb aKTUBHBIM JIOTH-
YECKUM YPOBHEM SBIISIETCS JIOT. 1.

Ha puc. 11.8.6 mnpuBeneHo ycinoBHOe 00O3HauU€HHWE AaCUHXpPOHHOro RS-
tpurrepa Ha JID NJIN-HE. B BBepxy ocHOBHOrO mnosist u3odpaxena OykBa 7, yKa3bl-
BaroIIasl Ha TO, YTO 3TO YCTPOUCTBO — Tpurrep. O0o3HaueHue BXOA0B S U R yka3biBa-
€T Ha TO, 4yTo 3T0 RS-Tpurrep. OTCyTCTBHE JOMOTHUTEIBHOIO CUHXPOHU3ZUPYIOIIETO
Bx0Ja C TOBOPUT O TOM, YTO JIAHHBII TpUTTEp aCUHXPOHHBINA. B 0003HaueHUN BXO/1bI
Tpurrepa S u R nmpsimble, Tak Kak HET 0003HaYEHUSI UHBEPCUl. DTO yKa3bIBaeT Ha TO,
4TO AaHHbI RS-Tpurrep ynpasmnsercs jor. 1.

Takum 00pa3oM, 1Mo yCIOBHOMY 0003HAUYEHHIO MOKHO Y3HATh (PYHKIIMOHAJIb-
HO€ Ha3HA4YE€HHE TPUITEpa U OOBSICHUTH JIOTUKY €ro paboThl.

Ha puc. 11.8.6 npuBeneHbl BpeMEHHBIE AMArpaMMbl, MOSCHAIOMNUE pPadboTy
acuHxponHoro RS-tpurrepa na JI9 NJIN-HE.

[Ipy mocTpoeHMH BPEMEHHBIX IHWAarpaMM CHadyajga OTMEYArOTCS HMHTEPBAJIBI
BPEMEHHU, COOTBETCTBYIOIIME PA3IMYHbIM HaOopaMm BXOJHBIX curHaioB S U R. Ha
puc. 11.8. 6 unTEepBaIIbI pa3iesieHbl BEPTUKAILHBIMU TYHKTUPHBIMU JIMHUSAMU. 3aTEM,
aHaJTM3UPYys HAOOPHI BXOIHBIX cUTHAIOB S U R, mo ta6a. 11.19 onpenenstoTcs cocTo-
SHHS BEIX0J0B Q , @ M YKa3bIBAIOTCS HA BPEMEHHBIX AHATPAMMaXx.

RS-tpurrepsr BxoasT B coctaB UMC, tak K561TP2 coaepxuT 4eThipe acuH-
xpoHHOTO RS-Tpurrepa ¢ ynpasienuem jor.1 [18].

AcuHXpOHHBIIH RS-Tpurrep Ha Jgaormueckux »3jementax MH-HE. Ha
puc. 11.9.a npusenena cxema acuHxpoHHoro RS-tpurrepa na JID M-HE. Cxema
Tpurrepa BoinoyiHeHa Ha ByX JID M-HE ¢ nepekpecTHbIMU OOpaTHBIMU CBA3SMHU.

Tpurrep umeeT Ba HHPOPMAIMOHHBIX BX0Aa S M R U JBa BBIX0Ja — NPAMOif
Q ¥ MHBEPCHBIH Q.

PaGoty RS-Tpurrepa paccmorpum mo tadauie nepexoaos (tabma. 11.5). B tab-
JMIEe UHACKC N 0003HaYaeT COCTOSHUE TEKYIIETro TakTa, a N -1 — cocTosiHue mpebl-
IYLIEro TakTa.
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Puc. 11.9. Acunxponnsiiit RS-tpurrep na JI9 U-HE: a — cxema;
6 — ycnoBHOE 0003HAYEHHE; 8 — BPEMEHHBIE AMarpaMMbl pabOoThI

RS-tpurrep noctpoen Ha JID U-HE, cnenosarensHo, Ha Bxoaax Oynem oOpa-
1aTh BHUMaHUE HA aKTUBHBIA YpoBeHb JI0T.0, TaK KaK €ero MpucyTCTBUE HA JIFOOOM U3
Bx0A0B JID N-HE onHO3HauHO omnpeiesiseT Ha ero BbIxoe Jior. 1.

IIpu Habope BXOAHBIX curHanoB S = 0, R=1 mor.0 ua Bxome JID DDI.1 ycTa-
HaBJIMBaeT Ha ero Beixojae Q curnai sor.1, a age yor.1 Ha Bxogax JID DD1.2 ycra-
HABJIMBAET Ha €ro BbIxoae @ curaai jor.0. Takum 0o0pa3om, B COOTBETCTBHE C COCTO-
ssHUEM BbIX0Z0B Q =1, @ =0 IPOU30IIJIa YCTAaHOBKA (3amuCh) Tpurrepa. B tpurrep

3arucana Jior. 1, ycTaHOBJIeHHas Ha Bbixoje Q.
Tabmuma 11.5.
Tabmuma nepexonoB RS-tpurrepa na JID U-HE

S R Qn é 0 Pexum

0 1 1 0 YcraHnoBka

1 0 0 1 C6poc

1 1 0 (Qn1) 1(Qpq) XpaHenue

0 0 1 1 3anpenieHHbIi

ITpu Habope BXOTHBIX CUTHAJIOB S=1, R=0 nor.0 ua Bxomxe JID DD1.2 ycTa-
HaBJIMBAET Ha €ro BBIXOJC (_QCHrHan jor.l, a aBe sor.1 Ha Bxogax JID DDI1.1 ycra-
HaBIIMBAIOT Ha ero BeIxoae Q curuan jor.0. Takum oO6pa3oMm, B COOTBETCTBHE C CO-
crostHEEeM BhIXo0B Q = 0, @ = | mpomsomen c6poc Tpurrepa. Mupopmanus u3
TpUITEpa yaalieHa, TaK KaK Ha Beixoje Q ycraHosieH Jior.0.

Cnenyronuii HAOOp BXOIHBIX CUTHAJIOB S=1, R= 1 0qHO3HAYHO HE omnpee-
JISIET COCTOSTHUE BBIXOJIOB TpHUrrepa, a BoT Jjor.0 Ha Bxozae JID DD1.2 ¢ Beixoma Q JID

DD1.1 octaBuT Ha BBEIXOJE 6_2 gor.1. JIse nor.1 Ha Bxomax JI9 DD1.1 octaBnstoT Ha

ero Beixoge Q curnan sor.0. Takum oO6pa3om, cocTostHEE BBIXOOB Q U @ TpHrrepa
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HE W3MEHUWJIOCH, CJIEAOBATEIBHO, 3TO PEXKUM XPAHEHUS MPEIbIAYIIETO COCTOSHUS.
Ecnu 651 mepen npuxoaom Habopa BXOHBIX cUrHAIOB S = 1, R =1 cocrosiHue BhIXO-

noB Tpurrepa 6su10 Q = 1, @ =0, To 0HO OBl U COXPAHUIIOCH.

[Ipu Habope BXOJHBIX CUTHAIOB S =0, R=0 cocTosTHHE BBIXOJ0B Q=1, 6_2 =
1. Taxoif HabOp BXOAHBIX CUTHAJNOB AJiA AaHHOro RS-Tpurrepa 3ampelieH mo JIByM
MIPUYUHAM

1) VTepsHBI cBOlicTBAa TpHITEpa, TaKk Kak uMeeM Q = 1, @ = 1, a curHambl
JOJDKHBI OBITH TPOTHBOMOIOKHBIMH.

2) Tlpu nepexoze U3 Habopa BXxoAHbIX curHanoB S =0, R=0 B HaGop S =1,
R =1 cocTosiHUE BBIXOJI0B TPUITEpa OyeT HElpeacKa3yeMo.

N3 ananuza tabnuinbl nepexonoB (tabna. 11.21) cienyer, uro npu mojade Ha
BX0A S sor.0 NpoMCXOAUT YCTAaHOBKA TPUITEpA, a IpH mojade jor.0 Ha BXog R —
ero copoc. CnenoBatenbHO, NaHHblil RS-Tpurrep ynpasinsercs jor.0, TO €CTh aKTUB-
HBIM JIOTHYECKUM YPOBHEM siBisieTcs Jior.0.

Ha puc. 11.9. 6 npuBeneHo yciaoBHOoe 0003HaUE€HHE ACHHXPOHHOrO RS-
tpurrepa Ha JI9 U-HE. BBepxy ocHoBHOrO nosst uzobpaxkeHa Oyksa 7, yKas3blBaro-
11asi Ha TO, YTO ATO YCTPOHCTBO — Tpurrep. O603HAYEHHE BXOA0B S M R yKas3bIBaeT
Ha TO, 4TO 3T0 RS-Tpurrep. OTCyTCTBHE IOMOJHUTEIBHOTO CHHXPOHU3UPYIOIIETO
Bx0J1a C TOBOPHUT O TOM, YTO JIJAHHBIN TpUTTEP ACUHXPOHHBINA. B 0003HaUeHUU BXOIbI
Tpurrepa S M R WMHBEPCHBIE, TAK KaK €CTh 0003HAUeHMs MHBEpCHil (KPy»KOUKH Ha
BXOJIaXx). DTO yKa3bIBaeT Ha TO, YTO JaHHBIM RS-tpurrep ymnpasnsetcs nor.0. Jlns
MOJITBEPKICHHS] MHBEPCHBIX BXOJIOB JAHHOTO TPUITEpa HaJl OyKBEHHBIMU 0003HaYe-
HUSIMU BXOJIOB CTABUTCS 3HAK WHBEPCHUHU.

Ha puc. 11.9. ¢ nmpuBeneHsl BpeMEHHBIE TUArpaMMBbl, MOSCHAIOMINE PabOTy
acuaxpoHHoro RS-tpurrepa na JID U-HE. Aranmu3upys HaOOpbl BXOJHBIX CUTHAJIOB
S u R, cOCTOSHHUS BBIX0I0B Q U G_Q ompenensroTcs mo tada. 11.5.

Cunxponnblii RS-Ttpurrep na goruvecknx jiementax U-HE.

Bo MHOruX UG poOBBIX yCTPOWCTBaX HEOOXOAUMO CUHXPOHU3UPOBATh BO Bpe-
MEHH MEPEeKITI0YeHHE TPUITEPOB, TaK KaK HEOJHOBPEMEHHOE MX NEPEKJIIOUEHUE MO-
’KET MPUBECTU K TMOSBICHHUIO HEIMPEJICKa3yeMbIX COCTOSIHMN yCTpOWCTBa U cOOSM B
ero pabore.

C 9Toif 1IEeNBI0 CUHXPOHHBIE TPUITEPHl CHAOXKEHBI JOMOJIHUTEIBHBIM BXOJIOM,
Ha3bIBAEMbIM CHHXPOHU3HUPYIOIIKUM (TakTHpyeMbIM). HazHaueHne CHHXpOHM3UPYIO-
IIEro BXOJa 3aKJII0YaeTCsl B TOM, YTOOBI CUTHAJIOM Ha 3TOM BXOJI€ pa3peliarh NpuemM
CUTHAJIOB ¢ WH(POPMAIMOHHBIX BXOJIOB B 3aJIaHHBIC BPEMEHHBIC WHTEPBAJBI IS
TPUTTEPOB CO CTATHYECKHM YIMPABICHHEM U B 3aJaHHbIC MOMEHTHI BPEMEHHU ISt
TPUTTEPOB C TMHAMUYECKUM yrpaBieHueM. [Ipu oTcyTCTBUM CUTHAIa Ha CHHXPOH -
3UPYIOLIEM BXOJl€ CUTHAJIbI Ha WH(OPMAIMOHHBIX BXOJIaX TPUTTEPOM HE BOCIPUHH-
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MAaIOTCS, U TPUITEP HAXOAUTCS B PEKMME XpaHCHHUs 3alTUCaHHOW HHpopManuu [ 22].

CHHXPOHHBIE TPUITEPHI MMO3BOJSAIOT YCTPAHATH BIMSHHUE Pa3IMudidl B BEIUYU-
Hax 3a/IepKEK B pacIpOCTPAHEHUU CHUTHAJIa Yepe3 OTACNbHBIE 3JIEMEHTBl CXEMBbI,
oOecrieunBas Mpy 3TOM OJJHOBPEMEHHBIN MPHUEM CUTHAJIOB Pa3HBIMU YaCTSIMU CXEMBI.
CHHXpPOHHBIE TPUTTEPHI 00J1a1al0T OOJBIIUMHU JIOTHUYECKUMHU BO3MOXKHOCTAMHM, YEM
ACUHXPOHHBIE.

Ha puc. 11.10.a npuBegena cxema cunxponnoro RS-tpurrepa na JI9 U-HE.

Cxema tpurrepa BoeinosiHeHa Ha yeTbipex JI9 U-HE. JI9 DDI1.1 u DD1.2 sB-
JISIFOTCSL BXOJTHOM JIOTMKOM (cxemoil yrpaBiieHus), a cxema Ha JID DDI1.3 u DD1.4
npecTapisier co00M acCHHXpOHHBIN RS-Tpurrep.

TN
S DD2 SR e N
| | | | |
s—s| T o & F S R
- A IRl
c—c -
| - o : [ | [ :
R R—R Q : o
o) ' I
| |
| |
- ]
&) &) gl

Puc. 11.10. Cunxponnsiit RS-tpurrep na JID U-HE: a — cxema;
6 — ycnoBHOE 0003HAYEHHE; 8 — BPEMEHHBIE AHUarpaMMbl pabOThI

Tpurrep umeeT nBa MHPOPMAIMOHHBIX BXoAa S M R, CHHXpOHHU3UPYIOUIUH
Bxox C (ot auri. Clock) u mBa BhIxoma — npsiMoii Q ¥ HHBEPCHBIH Q.

Paboty cunxponHoro RS-Tpurrepa paccMoTpuM 1Mo TaOJIHIE TEPEXOI0B
(Tabmn. 11.6). B tabGauiie nHAEKC N 0003HAYAET COCTOSHHE TEKYIEro Takra, a N -1 —

COCTOSIHUE TIPEABIIYIIETO TaKTa.
Tabmuna 11.6.

Tabnuna nepexonoB cuHXpoHHOTO RS-Tpurrepa na JID U-HE

C S R Qn én Pexnm
1 1 0 1 0 YcraHoBKa
1 0 1 0 1 Co6poc
1 0 0 0(®@n1) 1 (én_l) Xpanenue
0 X X 0 (@n1) 1 (énfl) Xpanenue
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Cunxponnbiii RS-tpurrep nocrpoen Ha JID U-HE, cienoBarensHo, Ha Bxoaax
Oyaem oOpallatb BHUMaHUE HA aKTUBHBIN ypoBeHb JIOT.0, Tak KaK €ro NpUCyTCTBHE
Ha mr000oM u3 Bxon0B JID M-HE onHo3HauHO onpenenser Ha ero Bbixoe Jor. 1.

ITpu nabope Bxonubix curnaigoB C =1, S =1, R =0 nor.0 na Bxone JI9 DD1.2
YCTAHABJIMBAET HA €0 BBIXOJIE CUTHAI JIOT. 1, KOTOpas Jajnee HUYEero He ONpeesser.
JBe nor.1 Ha Bxogax JID DDI.1 ycranaBiuBaeT Ha €ro BbIxoje curxai jor.0, KoTo-
pBIii B CBOIO ouepeab ycTaHaBinuBaeT Ha Bbixoae Q JID DDI1.3 curnan nor.l. JIBe

mor.1 ¢ Berxoma Q um JID DD1.2 ycraHaBnumBaroT Ha BEIxoge @ JID DD1.4 curman

nor.0. Takum 06pa3oM, B COOTBETCTBUE C COCTOSTHUEM BBIX0A0B Q = 1, Q=0 npo-
U3011lJIa yCTaHOBKA (3anuch) Tpurrepa. B Tpurrep 3anucana yior.1, ycraHoBiaeHHas Ha
BBIXOJ1E Q.

[Tpu na6ope Bxoaubix curHanoB C =1, S =0, R =1 nor.0 na Bxoxe JID DD1.1
YCTaHABIIMBAET Ha €r0 BBIXOJIE CHUTHAJ JIOT.1, KOTOpas Jlajgee HUYero He OIpeaesser.
JIBe nor.1 Ha Bxomax JID DDI1.2 ycTtanaBiauBaeT Ha €ro BbIXOJE curHai Jior.0, KoTo-
pBIii B CBOIO ouepeib ycTanaBnuBaeT Ha Boixozie Q JID DD1.4 curnan nor.1. [Ige nor.1

C BBIXOJIa 6_2 u JID DDI1.1 ycranaBnuBatot Ha Beixojae Q JID DD1.3 curnan nor.0. Ta-

KAM 00pa3oM, B COOTBETCTBHE C COCTOSHMEM BbIX00B Q = 0, @ = 1 mpom3zomen
copoc Tpurrepa. Madopmanus u3 Tpurrepa ynaiaeHa, Tak Kak Ha Beixone Q ycTraHOB-
neH Jjor.0.

[Tpu Habope Bxoaubix curHainoB C = 1, S = 0, R = 0 na Beixomax JI9 DDI1.1 u
DD1.2 ycranaBnmuBaroTcs Jior.1, KOTOphie JUisi acCHHXpOHHOTO RS-Tpurrepa na JID
DD1.3 u DD1.4 onpenensitoT ero pexxuM XpaHeHus mpeasiaymieit napopmaiuu. Ta-
KM 06pa30M, COCTOSHIE BBIX0N0B Q M @ TpUITEpa He H3MEHMIIOCH, CIIEI0BATEIRHO,
ATO PEXKHUM XpaHEHUS.

Kaxk Tonbko curnan Ha cuHXpoHusupymoiem Bxojae C ycraHoButcs B Jor.0, To,
BHC 3aBUCHUMOCTH OT CHMTHAJOB Ha MHGOPMAaIUOHHBIX BXomax S u R (X — moboe co-
crosinue), Ha Bbixonax JID DDI1.1 u DDI.2 ycranaBnuBatores yior.l u tpurrep me-
PEXOAUT B PEKUM XPAHECHHUS.

Ha6op Bxomubix curnajgo C = 1, S = 1, R = | mnsg maHHOTO TpUITEpa IO M3-
BECTHBIM MMPUYMHAM 3alpelieH 1 B Ta0a. 11.6 He ykazaH.

N3 ananuza tabnuiel mepexoaos (Tabin. 11.6) ciemyer, 9To mpu mogade Ha BXOJT
C 7nor.1 paszpemiaercsa pabota Tpurrepa, rnpu Jior.0 Tpurrep nepexoauT B pexXuM Xpa-
Henus. [Ipu momade Ha BX07 S or.1 MPOMCXOIUT YCTAaHOBKA TPHITEPA, a TPH Moj1a4ue
sor.1 Ha BXoa R — ero copoc. CieroBaTenbHO, qaHHBIN RS-Tpurrep ympasmisercs jor. 1
Kak 1Mo WHGOPMAIMOHHBIM BXoAaM S U R, Tak u o BXxoay cuaxpoHm3anuu C, TO eCTh
AKTUBHBIM JIOTUYECKAM YPOBHEM SIBJISICTCS JIOT. 1.

Ha puc. 11.10. 6 npuBemneHo ycioBHOE 00O3HAYCHHE CHHXPOHHOTO RS-
tpurrepa Ha JID U-HE. Hanuuue nonoJiHUTEILHOrO CUMHXpOHM3HpYomiero Bxoaa C
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TOBOPHUT O TOM, YTO JAaHHBIA TPUITEp CUHXPOHHBIA. B 0003Haue€HNUN BXOJIbI TPUITEPA
C, S u R npsamble, Tak Kak HET 0003HAYEHUSI UHBEPCUH. DTO yKa3bIBAET HA TO, YTO
naHHbld RS-Tpurrep ynpasisercs Jor.1 mo BceM BXOAaM.

Ha puc. 11.10.6 npuBeneHbl BpeMEHHBIE IUArpaMMbl, MOSICHAOLIUE PAdOTy
cuaxpoHHoro RS-tpurrepa na JI9 U-HE.

Oco00EHHOCTHIO TOCTPOEHUSI BPEMEHHBIX IMarpaMM paboThl CHHXPOHHOTO RS-
TpPUITEPA 3aKIIOYAETCS B TOM, YTO aHaJU3 HAOOpa BXOJHBIX CUTHAJIOB HEOOXOJIUMO
MIPOU3BOJUTH TOJIBKO MPU HAJIWYMK HA CHUHXPOHM3UpYIOIEeM BXxojae C aKTUBHOIO
YPOBHS JIOT.1, TaKk KaK TPUITEpP MOKET MEPEKIIOUUTHCS TOJIBKO B TE€UEHUE ITUX UH-
TEpPBAJIOB BpeMeHU. AHanu3upys HaOopbl BXoAHBIX curHaioB C, S u R, cocTosHus

BBIX0710B Q |, @ omnpenenstoTcs mno tadmn. 11.6.

PaccMoTpeHHBI CUHXPOHHBIM RS-Tpurrep sIBisieTcs TPUITEPOM CO CTaTHYe-
CKUM YIpPaBJICHHEM, TaK KaK OH MOKET MEPEKIIoYaThCid B TEUCHHE BPEMEHH Jeil-
CTBUU CUHXPOHU3HUPYIOUIETO uMITysbca Ha Bxoze C.

D-tpurrep na jorndeckux 3jnementax U-HE. D-tpurrep — 310 CHHXpOHHBIN
TPUITEP, KOTOPBIN 3aJ€PKUBACT MOCTYMAIONIYIO Ha €ro BXOJ MHPOpMALUIO 10 MpH-
X0J1a OYEPETHOT0 CUHXPOHU3UPYIOIIET0 UMITYJIbCA.

Csoe nazanue D-tpurrep B3si1 oT 00603HaueHus ero uHdopmanuoHHoro D-
BxoJa. D-BX0Zl B CBOIO ouepeib B35 CBOE 0003HAaUYEHUE OT MEepBOU OYKBBI aHTIIH -
ckoro cioBa Delay — 3agepixka.

Ha puc. 11.11.a npuBenena cxema cunxpoHHoro D-tpurrepa na JI9 M-HE.
Cxema tpurrepa BeinosHeHa Ha 1Byx JID U-HE c nepekpecTtHbiMu 0OpaTHBIMU CBSI-
35IMU.

Cxema D-tpurrepa BeimonHena Ha uetsipex JI9 U-HE. JI3 DDI1.1 u DD1.2
SABJISIIOTCS. BXOJHOM JIOTMKOM (cxemoil ympasieHus), a cxema Ha JID DD1.3 u DD1.4
IpeaCTaBIseT cO00M aCHHXPOHHBIN RS-Tpurrep.

D_D[;Z:..l DD1.3 C |-| |-| |_| |_| |_| |

DD2 D ! | ! ! |
S e S I i I
c & c —c Q ) i t
LT : e
DD1.2 DD1.4 : t
a) 6) 6)

Puc. 11.11. D-tpurrep na JID U-HE: a —cxema; 6 — ycioBHOE 0003HAUYEHHUE;

6 — BPEMEHHbBIE AUArpaMMbl pabOThI
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D-tpurrep umeeT oauH HHGOPMAMOHHBINA BX0A D, CHHXpOHU3UPYIOUIUI BXO
C 1 1iBa BBIXO/a — IPsAMO¥ Q ¥ MHBEPCHBIH Q.

Paboty D-tpurrepa paccmoTpum no Tabnuie nepexonoB (tadn. 11.7). B
taba. 11.7, kak 00bIUHO, MHACKC N 0003HAYAET COCTOSIHUE TEKYIIETo TakTa, a N -1 —
COCTOSIHUE TIPEABIIYIIETO TaKTa.

[Tpu nHabope Bxoaubix curnaigoB C =1, D = 1 aBe nor.1 Ha Bxogax JID DD1.1
YCTaHABIIMBAET Ha €ro BbIXOJE CUTHAI JIOT.0, KOTOPBIM B CBOIO OYEpeIb YCTaHABIIHU-
BaeT curHai Jior.l. Ha Beixoge Q JID DD1.3 u na Beixome JID DD1.2. Ie nor.1 ¢
Beixona Q u JID DD1.2 ycrananuBaroT Ha Bbixone @ JID DDI1.4 curnan sor.0. Ta-

KUM 00pa3oM, B COOTBETCTBHE C COCTOsSIHMEM BBIXOJ0B Q = 1, @ = 0 mpowusormia
yCTaHOBKa (3aluch) Tpurrepa. B Tpurrep 3amnucana jior.1, ycTaHOBJIECHHAsI HA BBIXOJIC
Tabmuma 11.7.

Tabmuma nepexonoB D-tpurrepa na JI9 U-HE

C D Qn é N Pexum
1 1 1 0 YcranoBka
1 0 0 1 Copoc
0 X 0(Qn1) 1(Qn4) XpaHenue

[Tpu Habope Bxoauwix curnasnioB C = 1, D = 0 jor.0 Ha Bxone JI9 DD1.1 ycra-
HaABJIMBACT Ha €r0 BBIXOJIE CUTHAJI JIOT.1, KOTOpas Jiajiee HU4ero He onpeaesieT. [Ise
sor.1 Ha Bxonax JID DD1.2 ycranaBiMBaeT Ha €ro BbIX0Ji€ CUTHAI Jior.0, KOTOPHIN B
CBOIO ouepenb ycraHaBiauBaeT Ha Beixoae Q JID DDI1.4 curnan nor.1. JIse nor.1 c

BBIXOJ1a E) u JID DD1.1 ycranaBnuBarot Ha Beixojae Q JID DD1.3 curnan nor.0. Ta-

KM 00pa3oM, B COOTBETCTBHE C COCTOSSHHEM BBIXOA0B Q = O, Q =1 MIPOM3OIIIEIT
copoc Tpurrepa. Madopmanus u3 Tpurrepa ynaieHa, Tak Kak Ha Bbixoje Q ycTaHOB-
neH jor.0.

Kax Tonbko curnan Ha cuHXpoHU3upyomeM Bxoae C ycranoButcs B Jjor.0, To,
BHE 3aBHCHMOCTH OT CHTHaJIa Ha WHpopMarmmoHHOM Bxoje D (X — moboe cocrosame),
Ha Beixojax JID DDI1.1 u DD1.2 ycranaBnuBatotTcs JIor.1 U Tpurrep nepexoaurT B pe-
KUM XpaHEHHUS.

Ha puc. 11.11.6 npuBeaeHo ycioBHoe o0o3HaueHue D-tpurrepa na JID 1U-HE.
Hanuuue nonoJHUTENBHOTO CHHXPOHU3HpYHOIIEro Bxoga C TOBOPUT O TOM, UTO
TAHHBIA TPUTTEP CUHXPOHHBIN. B 0003Hauennn Bxoas! Tpurrepa C u D mpsimble, Tak
KaKk HeT 00O3HAuY€HHUsI MHBEpPCHil. DTO yKa3blBaeT Ha TO, YTO JNaHHBIM D-Tpurrep
yropasisiercs Jior.1 mo o06ouM BXoJ1am.
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Ha puc. 11.11.6 npuBeneHsl BpeMEHHbIE JUarpaMMsbl, MosicHAoIue padoty D-
tpurrepa Ha JIO 1-HE.

PaccmoTrpennslii D-Tpurrep siBIsieTCs CUHXPOHHBIM TPUITEPOM CO CTaTHYe-
CKMM YTIPABJICHUEM, TaK KaK OH MOXET IEpPEKIIYaTbCi B TEYECHUE BPEMEHU JEH-
CTBHUH CHHXPOHU3UPYIOILIETO NMITYyJIbca Ha Bxoae C.

Cnenyer oTMeTUTD, 4TO D-Tpurrep MoryT ObITh C TUHAMHUYECKUM YIIPAaBJICHU-
em. Hanpumep, UMC KI155TM7 cogepxur uderbipe D-tpurrepa co craTuyeckum
ynpasienueM, a UMC K155TMS8 coaepxut uetbipe D-Tpurrepa ¢ nuHamuyeckum
yIpaBlieHUEM [5].

T-Tpurrep. Buytpenusis crpykTypa 7-Tpurrepa A0CTaTOUYHO CI0XKHA, TIO3TOMY
npuBeaeM Ha puc. 11.12. a TonbKo ero ycaoBHOE 0003HAUEHHE HA CXEMaX.

DD1 T—BW‘T“B Tl_l_l_l_l_l_t

T—7| T Q VYnpasnenue o GppoHTy Q

- t
R —R T—{B WA TAB I I I I I L

YupasieHue 1o cnaay t

a) 0) 6)

Puc. 11.12. T-tpurrep: a — ycinoBHoe 0003Ha4YeHHUE; 6 — 0003HAUCHHE

Ol
Ol

AUHAMHUYCCKUX BXOAO0B, 6 — BDCMCHHBIC IHUAI'PAMMBI pa6OTLI

T-Tpurrep umeet oarH HHPOPMALIMOHHBIN BX0 T U 1Ba BbIxoJa — npsiMor Q u
MHBEPCHBIH Q. J{/Is yCTAHOBKH B HYJEBOe cOCTostHHE (cOpoca) T-TpHrrep oOBIYHO
JIOTIOTHSIETCS] aCHHXPOHHBIM BXOJOM TMPEABAPUTEIbHON yCTaHOBKH R.

Bxonp! npeaBapuTenbHON YCTAaHOBKU S U R, eciii OHU UMEIOTCS, UMEIOT TIPHO-
puTeT (MPEUMYIIECTBO) HaJl BCEMU OCTAILHBIMU BXOJIAMHU.

T-tpurrep (WM CUETHBIA TPUITEP) SBISETCS TPUITEPOM C JUHAMUYECKUM
VIPaBICHUEM U TEPEKII0YaeTCA B pe3yJbTare BO3JCHCTBUS Ha ero WHGOpMAaIMoH-
HBIU BXOJ 1 Ka)KJI0r0 O4E€peTHOr0 aKTUBHOI'O CUTHAJIA.

AKTUBHBIM CHUTHQJIOM Yy TPUITEPOB C JUHAMHYECKHM YIPABICHUEM MOMKET
ObITh OO PpoHT, MO0 cran BxoaHoro currana. Ha puc. 11.12., 6 nmpuBeneHs! Ba-
puaHThl (Kak OBUIO MOKA3aHO BHINIE) YCIOBHBIX O0O3HAYECHHM NTHHAMHYECKHX BXO-
TIOB.

N3 ycnoBHoTo 0603HaueHus T-tpurrepa (puc. 11.12. a) BumHO, 9TO NMpUBEICH-
HbII T-TpUrrep ¢ AMHAMUYECKUM YMPABJICHUEM IO craay, cOpoc TpUurrepa npou3Bo-
nutcd jor.] Ha Bxozae R.

Pabora T-Tpurrepa 3akiiro4aeTcsi B CJICIYIOLIEM.

[Ipu aktuBHOM ypoBHe Jjor.l. Ha Bxojge R T-tpurrep Haxoautcst B cOpOIIEH-
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HOM COCTOSIHUM U HE YYBCTBYET CUTHaJbl Ha ero uHdpopmanuoHHoM Bxone T. [lpu
3TOM COCTOSIHMS BBIXO/IOB cooTBeTcTBYIOT Q = 0, @ = 1.

[Tpu nor.0. Ha Bxone R T-Tpurrep mepekitodaercs mpu BO3ACHCTBUM Ha €ro
MH(OPMAIMOHHBIN BXOJ T KaXXI0r0 O4epeTHOr0 craja BXOJHOTO CUTHAja.

Ha puc. 11.12.6 npuBeneHbl BpeMEHHBIE TUArpPaMMBbl, TOSICHSOUUE padoTy 7-
TpUrrepa.

N3 Bpemennwix auarpamm (puc. 11.12.6) BUIHO, YTO 4aCTOTA BBIXOJHBIX UM-
MyJIbCOB T-TpUTTEpPA B JBA pa3a MEHBIIE YaCTOThl BXOJAHBIX UMITYJIbCOB. [loaToMy T-
TPUITEP HIUPOKO HCIOIB3YETCS B JACTUTENSX YacTOThl U IMUMPOBBIX CUECTUMKAX UM-
YyJIbCOB.

B uHTErpanbHOM MCTOJHEHUH B BUJE CAMOCTOSATENBbHBIX U3EIUN T-TpUTTEPhI
HE TIPOU3BOJSATCS, TaK KaK B TOM HET OOJIBIIIOH HEOOXOJUMOCTU. [-TPUTTEP MOXKET
OBITh TIOCTPOEH W3 APYTUX THUIIOB CUHXPOHHBIX TPUTTEPOB C JUHAMUYECKUM YIIpPaB-
JIEHWEeM ITyTeM OIpeeeHHbIX COEJUHEHHH HX BBIBOJOB. B wactHOocTM W3 D-
TpUITEpa ¢ AMHAMHYECKHM YIPaBICHUEM, €CIIH COSINHUTE €r0 HMHBEPCHBII BHIXO]
¢ D-Bxomom [25].

CrnemyeT OTMETUTh, YTO TPUTTEPHI C TMHAMUYECKUM YIIPaBICHUEM MOXHO IT0-
CTpPOUTHh Ha 0a3e JBYCTYINEHUYATHIX TPUITEPOB CO CTATHYECKUM YyrparieHueMm [18].
VYkazaHHbIE TPUITEPHI B IAHHOM Pa3fiesie paccCMaTpUBAaThCS HE OYIyT.

JK-Tpurrep. JK-Tpurrepbl OTHOCUTCS K YHUBEPCAIBHBIM TPUITEPAM, TaK KaK:

1) OHu He UMEIOT 3alpeleHHBIX KOMOMHAIIUNA BXOIHBIX CUTHAJIOB.

2) Ilytem onpeneneHHOro COEAMHEHNS UX BBIBOJIOB OHM JIETKO MPEBPAILAIOTCS
B TPUITEPHI IPYTUX TUIIOB.

3) OTHu TpUTTEPHI C PaBHBIM YCIIEXOM MOTYT OBITh HCIOJBb30BaHbI B PETUCTPAX,
CUETUUKAX, JACIUTENISAX YACTOTHI U APYTUX MUGPOBBIX y3Iax.

CxemHas peanuzanus JK-Tpurrepa J0CTaTOUYHO CJOXKHA, TOATOMY MPUBEAEM
TOJIBKO €r0 YCJIIOBHOE 0003HaueHue Ha cxemax (puc. 11.13. a).

JK-tpurrep (puc. 11.13. a) umeer aBa nHdopmanuonusix Bxoga J u K, cun-
xpoHusupyomwmii Bxoq C, IBa MHBEPCHBIX BX0/a IIPEIBAPUTEILHOM YCTAHOBKH S H
R W 1Ba BBIXOIA — npsMoii Q U MHBEPCHBIN E) Bxon C nunamudeckuii ¢ ymnpasie-
HUEM MO Canay.

N3 ycnosHoro o6o3nauenus (puc. 11.13. a) Buano, uto 310 JK-Tpurrep, tak
KaK B HaJTu4yuu BXoJbl J v K, mpuuem npsiMble, IO3TOMY TPUITEP YIpaBisieTcs Jor. 1.
Hanuuue u o6o3nauenune Bxoaa C TOBOPUT O TOM, YTO 3TO CUHXPOHHBIA TPUTTEP C
TUHAMUYECKUM yrpaBieHueM. O003HaYeHNUE WHBEPCHBIX BXOJIOB MPEABAPUTEIBHON
YCTaHOBKM S M R (KPYKOUKM HA BXOJaX) CBUJETENLCTBYET O TOM, UTO MPEBAPH-
TeJIbHAsA YCTaHOBKA Mpou3BoauTcs Jior.0.

Kak yxe oTMedanoch, BXObI IPEIBAPUTEIHLHON YCTAHOBKU S 1 R mmeroT mpu-
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OpUTET HAaJ BCEMH OCTAJIbHBIMU BXOJaMH, MO3TOMY paccMoTpeHue pabotsl JK-
TpUITepa HEOOXOAMMO HAYUHATD C HUX.

[Ipu Habope curHanoB S = 0 (aKTUBHBIHA ypoBeHb), R= 1 (HEaKTUBHBIH ypo-
BEHb) MPOUCXOUT YCTAHOBKA TPUITEPA, IPU ITOM Ha BbIXoAax Oyaem umetrb Q =1,
Q =0.

IIpu Habope curHanoB S = 1 (HeakTUBHBINA ypoBeHb), R= 0 (aKTUBHBIH ypo-
BEHb) MPOUCXOAUT cCOpOC TpUITepa, IpH ITOM Ha Bbixogax Oyaem mmerb Q = 0,

Q=1
IIpu Habope curnanos S= 1, R= 1 (HeaKTUBHbIE YPOBHH) BXOAbl S M R He
OKa3bIBAIOT BIMSIHUS Ha pabOTy TpUITEPA.
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Puc. 11.13. JK-tpurrep: a — ycioBHOEe 0003HAYCHHE;
6 — BpeMEHHBIC THarpaMMbl paOOThI

Pabora JK -Tpurrepa 3akiiro4aeTcsi B CICIYIOMIEM.

[Ipu Bcex KOMOMHAIIUSAX BXOJTHBIX CUTHAJIOB, KpoMme oxuoit J = 1, K = 1, JK-
Tpurrep paboTaeT Kak CHHXPOHHBIM RS-Tpurrep ¢ AMHAMUYECKUM YMpPABICHUEM,
IpuYeM BX0J J BBITIOJHSAET posib Bxoja S, a Bxoa K BeIoIHSAET poiib BXoa R.

[Tpu xomOuHarmm BxoaubIX curHaoB J = 1, K = 1 JK-tpurrep pabotaer kak 7 -
TPUTTEP, TO €CTh €r0 MEPEKITIOUYEHUE MPOUCXOIUT MPHU MPUXOJE KAXKIOIo Clajga CHUH-
XPOHU3UPYIOILIEro uMItyiibca Ha Bxoze C.

Ha puc. 11.13.6 npuBeaeHsl BpEMEHHBIE AHArpaMMBbl, MOSCHSAIONINE PadoTy
JK-tpurrepa.

Ha puc. 11.14 npuBenensl cxembl nocTpoenust D-tpurrepa u T-tpurrepa Ha
6a3e JK-tpurrepa.
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Puc. 11.14. Cxemnl Ha ocHOBe JK-Tpurrepa: a — D-tpurrepa; 6 — T-Tpurrepa

Cnenyer oTMeTUTD, UTO JK-TpUITEp MOKHO BBIMOJIHUTH U3 JIBYX CUHXPOHHBIX
RS-TpuUrrepoB co cTaTUYECKUM YIPABICHUEM, TO €CTh JBYXCTyneHYaThiM [26]. JK-
tpurrepbl BxoaT B coctra MMC. Hanpumep, UMC KI155TB1 conepxur nsa JK-
Tpurrepa [25].

Tpurreps! citykaT 3J€MEHTHON 0a30#l 111 MOCTpOeHUs1 OoJiee CIOKHBIX LU -
POBBIX YCTPOWCTB, a JJI1 CAMOCTOSITEIbHOTO NMPUMEHEHHS BBITYCKAIOTCS B COCTaBE

muorux UMC.
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12 KYPCOBAA PABOTA 110 AUCHOUII/IUHE «3JIEKTPOHUKA»

Tema: Pazpa0dorka 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 +Uq

Puc. 12.1. Dnexrpuueckas NpUHIIUIIAAIBHAS CXEMa
YCUJIUTEIISI HU3KOM 4acToThl ¢ O3

2. IlpousBecTtu BHIOOp M pacueT BBIIPAMHUTENS ¢ GUIBTPOM, KaK y3lia OJioKa
NUTAHUS JJI1 YCUIMTEIBHOTO YCTPONCTBA, OMKUCATh MPUHIIUII €r0 PaOOTHI.

3. IIpousBecTu BBIOOp M pacyeT cTaOMIM3aTOpa HANPSKEHHUS, KaK y3Jia 0J0Ka
MUTAHUS TSl YCUITUTENIBHOTO YCTPONUCTBA, OMUCATh MPHUHIIMIT €T0 pabOThI

HcxomupiMu TaHHBIMU TIPU pacuéTe TPAH3UCTOPHOTO IIEKTPOHHOTO YCHIIUTE-
JIS1 SIBJISTEOTCS:

- HanpsDKEHUE Ha BhIXoJe kKackana Ugpix max (HApsHKEHUE Ha HArpy3Ke);

- CONPOTHUBJIEHUE Harpy3ku Ry ;

- HYWOKHSISI TpaHrYHas yactota fy ;

- TOMYCTUMOE 3HaueHue Kod((UIIMEeHTa YaCTOTHBIX HCKAKEHWHA B 00JacTv
HIDKHUX 4acToT My;

- Hanpspkenue nutanus Uy (Ex).

231



HcxoaupIMu JaHHBIMH TP pacy€Te BBIIPAMUTENS ¢ PUIBTPOM ISl AIEKTPOH-
HOT'O YCUJIUTEIS SIBISTFOTCA:

- TUII BBIIPSIMUTEINS — OAHO(A3HBIM MOCTOBOIA;

- HOMUHAJIBHOE BBINIPSMUTEIbHOE HANpsKeHue Uy ¢y,

- TOK Harpy3ka |y ¢p;

- HOMUHaJIbHOE HamnpsikeHue cetu Uy

- TpeOyeMbIil KO3 (ULKUEHT CrilakKuBaHus GuibTpa ( .

Pacu€T TpaH3UCTOPHOTO AJIEKTPOHHOTO YCHIIUTENSI CBOJUTCS K OTPECICHHIO:

- TUTIA TPAH3UCTOPA U PEKHUMaA €T0 PabOTHI;

- CONIPOTHUBIICHUS HArPY3KH B 1NN KoJuiekTopa Ry; B e smuttepa Ry

- CONPOTUBIICHUN JIeTuTeNs HanpspkeHust Ry, Ry;

- eMKOCTH pa3JIeNIuTeIbHbIX KOHAeHCaTOpOoB Cq , Cy;

- eMKOCTH KOHJIeHcaTopa B menu smMutrepa Cs ;

- k03 puIMeHTa YCUIIEHUS 110 HaNpsDKEHHIO K,

- BBIOOpPY CTaHJAPTHBIX 3HAYCHWH PE3UCTOPOB M KOHJICHCATOPOB M 3aMCHE
pacYeTHBIX 3HAYCHHI MACCUBHBIX DJICMCHTOB 3HAYCHHUSIMU U3 Psifla CTAHIapTHBIX,

- OKCIIEPUMEHTAJIbHOMY MCCIICIOBAHUIO Pa3pabOTaHHON CXEMbI TPAH3UCTOPHO-
ro ycuiautens, myrém moaenupoBanus e€ B cpeae Electronic Workbench-5.12. Dkc-
NEPUMEHTAJIbHOE MCCIIEIOBAHUE JOJKHO BKJIIOYATh B CeOsl MOJIENh YCTPOWCTBA CO
BCEMHU MPUOOPaMH, OCIIMIIIIOTPAMMBbI BXOAHOTO U BBIXOJAHOTO CUTHAJIOB, PE3yJIbTaThl
U3MEpEHHUsl TOKOB B IIEMU KOJUIEKTOpPa, SMHUTTEpa M 0asbl, a TakKe BXOJHOTO U BBI-
XOJTHOTO HAIPSKEHUS U pacueT KodDPuImenTa yCuiaeHus Mo pe3yibTaraM OCIHILIO-
rpadupoBaHUs.

Pacuert 0J10ka BoINpAMUTEJS ¢ PUIBTPOM

Lens pacuéra BBIIPAMHUTENS C (PUIBTPOM: OMPEICIUTHh NMEPEMEHHbBIE TOKH H
HaIpsDKeHUs BceX 00MoToK Tpancdopmaropa (I, I2,Us, U, ), ero momaocts Py, BBI-
OpaTh BBIIPSIMUTEIBHBIC TUOABI M HAUTH €MKOCTh KOHJeHcaTopa GuibTpa. B 0omb-
IIIMHCTBE CIIYYaeB B BBHIIPIMUTENSAX MPUMEHSIOT TIpocTeiiiue GUuibTPhl B BUIE KOH-
JieHCcaTopa OOJBIION EMKOCTH:

Pacuér crabuinzaTropa HanpsiKeHust

Iens pacuéra crabunn3aTopa HAMPSHKEHUS: OTPECIUTh: HEOOXOIUMYIO BEIHU-
YiHA BXOJIHOTO HAMPSDKEHUS CTaOMIM3aTopa, BXOJHON TOK cTabuin3aTropa, Kodgdu-
[IMEHT MYJIbCAIU HAMPSHKEHUS HA BXOJIe CTaOMIM3aTOpa, MapamMeTphl BCEX dJIEMEH-
TOB CXEMBI CTAOMIIN3aTOPa, JEUCTBUTEIbHBIN KOG (DHUIIMEHT CTaOMITH3aIINN.
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12.2 O6mue Tpe60BaHUs K 0PpOPMJIEHHIO NOSICHUTE/IbHOM 3aNIUCKHU

PacueTHO-TIOsSICHUTENBHAS 3aIIMCKA JTOJKHA COJEPHKATh CIEAYIOIIHNE CTPYKTYP-
HBIE DJIIEMEHTHI B IPUBEICHHON ITOCIEN0BATEIBHOCTH

- TUTYJIBHBIH JIUCT;

- 3a1aHue Ha KypcoByio padoty (Ilpunoxenue 4);

- pedepar;

- COJIEpKAHUE;

- BBEJICHUE;

- OCHOBHas (pacyeTHasi) 4acThb;

- 3aKJIFOUYCHHUE;

- CIIMCOK MCIOJIb30BAHHOM JINTEPATYPHI;

- IEPEYEHb COKPALICHUM;

- IPUJIOKEeHUS (crienuduKarms).

CoaepxaHue MOSCHUTENBHOM 3allMCKU BKJIIOUYA€T HAMMEHOBAaHUE BCEX pasjie-
JIOB, IyHKTOB U T.JI. C YKa3aHUEM HOMEPOB CTPAHML, HA KOTOPBIX Pa3MEIIAOT HaYajIo
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 apabCcKkuMu Iudppamu B
HUKHEM YTIIy [TOCEPEANHE CTPAHULIBI.

[lepedeHb ycnoBHBIX 00O3HAYEHHI, CHMBOJIOB, €IMHUILl, TEPMUHOB TPEICTAB-
JISIeTCSL B BUJIE OTAEJIBHOTO CIHCKA, €CIM B paboTe MPUMEHSIOTCS MallopacipocTpa-
HEHHBIE COKPAICHUS WM NMPUHSATHI HOBbIE CUMBOJIBI, 0003HAYEHUS U T.J.

BBenenne paGoThl JOIKHO 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-
HUKA RUMAHUA 00J1)CHO Oblmb NPUEEOEHO NOOPOOHOE ONUCAHUE NPUHYUNA PAdOo-
Myl paccuumsvléaemozo yCmpoicmea.

3aKII0YEHHUE TOJKHO COJIepKaTh KPaTKUE BBIBOJIBI IO pe3yjbTaTaM padoThl.

CHHcoK HCIONB30BaHHBIX MCTOYHHMKOB JIOJDKEH COJEP)KaTh NEPEYEHb HCTOY-
HUKOB, HCIIOJIb30BaHHBIX MPHU BBIOJHEHUU pabOThl. VICTOUHMKH cleayeT pacroiia-
raTh B ITOPSAKE MOSABICHUSA CCBIJIOK B TEKCTE MOSCHUTEIBHON 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 nabuparor 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 pekoMeH1yeTCs HAUMHATh C HOBOM CTPAHUIBI.

3aronoBku paznenoB Habuparor [IPOIIMCHBIMU OGykBamMu momdyKUpHBIM
mpu@TOM € BBIPAaBHUBAHUEM IO ILIEHTPY CTpaHUIlbl 0e3 nepeHocoB. ToUuKy B KOHIIE
3arosioBka He cTaBaT. OcHOBHOM TekcT 113 HaOuparoT uepe3 cTpoKy Mocie 3arojioBKa
pazzena ¢ BbIpaBHUBAHUEM [0 IIMPHUHE CTpaHulibl (pa3mep mpudrta — 14 nt). Ad3au-
HBIN oTcTym — 1,5 cm

3aroyioBKM MOJpa3/eioB MUIIYT ¢ ad3aria.

Paznenbl, nonpasensl, MyHKTbl HyMEPYIOTCS apabCKuMU LIMPpaMH ¢ TOUYKOM B
nopsiiIke Bo3pacTaHusi HomepoB. HoMmep mojapaszgena cocTtouT U3 HOMepa pasjesa u
HOMepa Mojpasjiena, pa3ieieHHble Toukoil. Homep myHKTa COCTOMT U3 HOMEpPA 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 3akitoueHue HE HyMEpYIOT.

CokpallieHust B TEKCTE HE JOIYCKalOTCs, KpoMe o01enpuHaThiX. MckitoueHue
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.

MHoro3HauHble HUGPBl AEIAT HA TPYIIBLl 0 TpU HUGPHI B KAKIOW, cripaBa

HaJIEBO. Kaxmyro rpynmny oTAeNAoT oJiHa OT IPYroil mpoberom B oaHy IUGPY.
[IpaBuiibHO HenpaBunbno
91 327 563 91327563

Ecnu umcna B TeKCTe SBISIOTCS MPENETbHBIMH, MEXKIY 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 JIHIlb B ¢opMynax. B Texcre oHM mu-
myTtes cinoBamu. Hanpumep, cnenyer nucath «/Juametp 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 CTaThe eaquHOo0O0pa3HbM. Dop-
MYJIBI B HE 3aBUCUMOCTH OT MECTa PACIOJIOKEHHS B CTaThe CIeAyeT HabupaTh B pe-
nakrope dhopmyn Microsoft Equation 3.0 ¢ pasmepamu: oObHBIN — 14 TIT; KPYITHBIHI
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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.4.) B popMyax AOHKHBI
ObITh HaOpaHbl NpsAMbIM HpupToM! OO03HAUEHUS TPUTOHOMETPUUECKUX (PYHKIUN
(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 GopMynbl JOMKHBI IPUBOIUTHCSA ¢ paclin(pPOBKON yCIOBHBIX 0003HAYE-
HUW W eIUHALIaMH U3MepeHus. PacmmdpoBky OYKBEHHBIX 0003HAYCHHIH M YHCIIOBBIX
KO2(DDUIIMEHTOB 1at0T HEMOCPEACTBEHHO 3a (OPMYJION B TOM MOCIIENOBATEIHLHOCTH,
B KaKOW OHU NIPHUBEACHBI B (hopmyie.

[lepByto cTpoky pacmmudpoBKH HAUWHAIOT CO CIIOBA «TIe» 0€3 ABOETOUUS TO-
CJie HETO.

[Tociie popmyIbl CTaBAT TOT 3HAK MPEMHHAHUSA, KOTOPBIH HEOOXOIUM HCXOJISI
U3 TOCTpOeHUsT (Ppasbl: TOUKA, 3amsTas. 3HAKU MPETHHAHUS MOMENIAIOT HETOoCpe -
CTBEHHO 3a (hOpMyJIaMH J0 UX HOMEpa.

@opmynsl 113 HyMepyroT apabckumu mudpamMu B mpezenax pasziena. Homep
(bopMyIIBI COCTOUT U3 HOMEpPA pa3fiena U MOPsSIKOBOro HoMepa popMyJibl B paszzene,
pazzaeneHHbIX Toukod. Homep dopmynbl yka3plBalOT B MPaBOW CTOPOHE JINCTA Ha
ypoBHE (DOPMYIIBI B KPYTJIBIX CKOOKAX.

Hamnpuwmep: (3.2) -Bropas popmysa TpeThero pasjaena.

Hudposoii Mmatepuan opopmisitor B Buje Tadauil. Cchljika Ha TaOIUIly B TEK-
cTe o0si3aTenbHa M JOJDKHA OBITh JaHa N0 MpeACTaBICHHs (PacHoSIOKEHHs) caMOi
Tabsuibl B Tekcte 13 B Bume cokpamenust — tabdi. 1 (eciu Tabiuil HECKOIBKO) WU
MOJIHOCTBIO — TabuIa (B Cllydae eIMHCTBEHHOW TAOJIHIIbI ).

Tabmumpl HyMepyrOT MocieaoBaTeabHO apadbckumu mudpamu. Ham mpaBeiM
BEPXHHUM YTJIOM TaOJIMIIBI TIOMEIIAIOT HaAMUCh « Tabauia» ¢ ykazanuem Homepa (6e3
3Haka Ne) pazzena u moOpsAIKOBOrO HOMepa TaOJuUIbl B pasnene, pa3aeieHHbIX TOY-
KOU.

Tabnuiel BBIMOMHSIIOT B TEKCTOBOM PEIAKTOPE B COOTBETCTBUHU C BHINICYKa-
3aHHBIMA TPEOOBAHUSAMH, IEHTPUPYIOT 0€3 00TEeKaHUS TEKCTOM U 00s3aTeIbHO
CHa0XarT TeMAaTHYCCKUMH 3aroJIOBKaMH. 3aroJIOBKH TaOJIHMI] HAOMPAIOT B TECTOBOM
peAaKTOpe MONYKUPHBIM MPU(GTOM KYPCUBOM U MOMEMIAIOT Yepe3 CTPOKY /10 TaOJIu-
161, BHIPABHUBAIOT MO LIEHTPY CTPAHUIIBI €3 a03aIiHOro OTCTYTIA.

Nnnroctpanmu 0603Ha4aroT caioBoM «Puc.» u HyMepyroT apabCcKkuMu nmudpamu
B TIpejenax pasaena. Homep witrocTpariuu J0HKEH COCTOSTh U3 HOMEpa pasjena u
MOPSAIKOBOTO HOMEpPA WJUIIOCTPALMU, Pa3AEiICHHbIX TOYKOW, Hampumep: «Puc. 1.3»
(TpeTHii pUCYHOK IEPBOTO pa3jiena).

Ecau B 113 npuBeneHa ojHa WILTIOCTpAIUs, 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 UCTOYHUKHU JIUTEPATYpPhl JOMYCKAETCS NPUBOAUTH B MO/-
CTPOYHOM MPUMEYAHUM WJIM YKa3blBaTh MOPSAKOBBIA HOMEP MO CHUCKY HCIOJIB30-
BaHHBIX UCTOYHUKOB, BbIICJICHHBIN ABYMsI KBaJ[paTHBIMU CKOOKaMH, Hanpumep: [4].

Ccbuiku Ha GOpMYIIbl YKa3bIBAIOT MOPSIKOBEIM HOMEPOM (HDOPMYJIBI B CKOOKAX,
HarpuMmep: «... B hopmyie (2.3)».

Ha Bce Tabiuibl JOMKHBI OBITh CCHUIKM B TEKCTE, MPU 3TOM clIoBO « Tabiuua»
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
COKPALIEHHOE CJIOBO «CMOTPH», HAIIPUMEP «CM. Tab.2.4.».

CchUIKM Ha WUTIOCTPALMK YKa3bIBAIOT MOPSJIKOBBIM HOMEPOM HJUTFOCTPALIMH,
Hanpumep: «puc. 1.3.».

12.3 [TopsAaoK pacyéTa yCUJIMTE/IBHOIO YCTPOMCTBA

Hcxonubie gaHHbIe ISl pacyeTa TPAaH3UCTOPHOIO YCUIIUTEINS JJISl KaXJ0ro Ba-
puanTa npesacrasiiensl B [Ipunoxenun 2 (Tadmn. 112.1)
PexoMeH1yeTcst MICXOHBIE IaHHbIE 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) UKS.;[OH > (11...1,3)U,,
rue UKS;[OH — HaunboIbIIee JOMYCTUMOE HAIMPSIKECHUE MEXKIY KOJIEKTOPOM U

OMUTTEPOM, KOTOPOE MPUBOJUTCS B CIIPABOYHMKAX, a U = Eyc;

6) | > 2| — 2UBmeax
K,HOH H.maX R !
H
rac |H.max — HaI/I6OJ'IBHIaH BO3MOKHAaA aMILUIMTY/Ja TOKA HAarpy3KH, | — HaI/I6OJ'H>-

K.mon
NN TOMYCTUMBIN TOK KOJUIEKTOPA, IPUBOJAUTCS B CIIPABOYHHKAX;

B) IpeieIbHAs YacTOTa NepeIadn Toka 06a3bl TOJDKHA OBITH OOJIBIIE WIIH PaBHA:

f > fi
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r) MomHOCTh, paccerBaeMasi Ha KOJUIEKTOPE TPAH3HCTOpa

2
U BBIX. Max

rae P, = R

H

1) mo pacy€THbIM 3HaueHusiM U

OUTOJISIPHOTO TPAH3UCTOPA.

PK.max

K3.nom ’

K.mon

=0,25P,,

v Pomax H fB BBIOMPAIOT THUII

Tabnuua 12.2

[TapameTpbl BbIOOpa TpaH3UCTOPA.

ITocTostHHBIN I'pannynas
Hanpsixenne PaccenBaemas
BenuuuHa | TOK KOJIEKTO- 4acToTa
KOJIEKTOP-3MUTTEP MOIIHOCTb
pa repeiaun

Venosue | qon 2 max

Uosor>(L1. 13U | Poor®>Pemax | Top > T

3HadyeHue

[To mony4yeHHBIM pe3ynbratam u3 [6] BeIOMpaeM Mapky TpaH3ucTopa. JJist BbI-
OpaHHOT0 OHIMOJIIPHOTO TPAH3UCTOPA BBIMUCHLIBAEM CIIPABOYHBIC JTAHHBIC W 3aHOCUM
ux B Tabmuity 12.3. i kackagoB yCWUIWTENEH HANPsOKEHHS OOBIYHO MPUMEHSIIOT
MasioMolHble Tpan3uctopbl tuna ['T-108, I'T-109, MI120, MII21, MII25, MII40,

MII41, MI142, MII111, MII113 u np.

Tabmuna 12.3

3HaueHue mapaMeTpoB, BHIOPAHHOTO TPAH3UCTOPA

HaumenoBanue O0o3HaueHne 3HaueHHne
MunumansHoe | MakcumaiabHOE
MakcumanbHOE HampsixKe- U
HHE KOJUIEKTOP-3MUTTEp, B K9.max
MaxkcuMaJIbHBIM TOK KOJI- |
JIEKTOpa, MA Kmax
MuHUMaIbHBIN TOK KOJI- Lo
JIeKTOpa, MA K.min
Koadumment nepegaun mo M1
TOKY
I'parnunas gactora, MI't fg
OOpaTHBIil TOK KOJUIEKTOPA, |
MKA KbO
MakcumanbpHas paccenBae-
Mas MOIIIHOCTb KOJIJIEKTOPA, Prax
MBT
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2. Pacuer pexkuma pabOTBHl TpPaH3WCTOPAa U BBHIOOP TMACCHUBHBIX JJIEMEHTOB
CXEMBI: PE3UCTOPOB U KOH/IEHCATOPOB.

2.1. Pexxum paOoThl ONpeNEeNIsatoT MO JIMHUK Harpy3KH, TOCTPOSHHON Ha ceMeiCcTBe
BBIXO/IHBIX XapaKTEPUCTHK TPAH3UCTOPA (BBIXOAHBIC XapaKTCPUCTUKH [Tl BLIOPAHHOTO
THIIA TPAH3UCTOPA MPEACTaBlIeHbI B [6]) o 1ByM Toukam (puc.12.2)

PK.AOH
[}( =
[ 4 Uka
K |
! |55
o\
|
\
,A 4 ! \ l5a
|
A
a3 \\ |
£ } Ny b3
£ X } I‘
3 = h e ___ < B
El b1 ] ~
8 N § i Oi ~ _ IBZ
B e S S ol
g | i ~.
g vl | N 2
s —~ Jﬁ | - 1 Yo
=
£ | | Uocr | Ukmax | Uxkmax
= £
5 Uko
UB3 min 2UBX m - U —E
b o g K2max—LT11
UBB max

Puc. 12.2. Bxognas (a) u BeIxoJHbIe (0) XapaKTepUCTUKUA TPAH3UCTOPA B CXEME C

O6H_II/IM OMUTTCPOM

- TOUKH X0JI0CcTOT0 X0Aa Uy max = Ek =U Ha ocu Hampsikenua U lg =0

Ha OCHU TOKa;
- TOYKU MOKOsl (paOouedl TOuke MO MOCTOSIHHOMY TOKy) — Ugro Ha ocu

HarpspKeHud v | Ko Ha OCH TOKa.

Tak kak ycunurenab paboTaeT B peXuMe A, TO TOK M HaNpsDKEHHE KOJUICKTOpa
BBIOMPAIOT U3 COOTHOIIICHU:

U
lo = (L05...1.2) gy max = (L.05...1.2) Iy max = (1,05...1,2) —Bbg-max ,

H

U 50 =Ussxmax + AUxs =Ux max +AUko ’
rne AUk — OCTaTOYHOE HaIpsKEHHE, COOTBETCTBYHOLIEE O0JacTH HEIMHEWHBIX
YYaCTKOB BBIXOJHBIX BOJIbTAMIIEPHBIX XapaKTEPUCTUK (HAUMEHBILIEE IJOMYCTHUMOE
Hanpsokenue  Uyn). g MaJoMOHIHBIX — TPAaH3UCTOPOB  MOYKHO  IIpH-
111 AU (5 =(0,5...15) B.

Tok nokost 6a3bl TPaH3UCTOPA ONPENENAIOT U3 COOTHOLICHUS:

lko

I50 =
ho15

min
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I[Io nByM ToOUKaM (IK , U ) u (0, Ep) Ha CEMEWCTBE BBIXOAHBIX

K20
XapaKTEPUCTUK CTPOSIT HAIPY304HYIO NMpsiMyto (puc.12.2.0).

0

OnpenensoT MoNoXkKeHue padboyell 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
R06111 = I_H 1
K3
rae |y onpenensercs no HarpysouHoi muunu npu U, =0 B.
R
[punumaercst Ry = oom__
(1,15...1,25)

R3 = (Rogu — i)

2.3. OmpenenstoT HauOOJIbIINE aMIUIUTYIHbIE 3HAUYCHUSI BXOJHOTO TOKa (CHUT-
Hana) lgy m ¥ BXOAHOro HanpsbkeHus Uy, p, HEOOXoIuMBbIE A7l oOecredeHus 3a-
naHHOro 3HaueHus Uy, jayx. AMIUIMUTYY BXOJHOTO TOKa |gy m ONPENENSIOT 10 BBI-
PaXEHUIO!

lk.m

IBX.mZIB.m:h 1

IJS.max - IB.min )
2

HBIX TPaH3UCTOPOB  |lgmin=0,05 MA. 3areM 1O BXOJHOM XapaKTEPUCTHKE

IMpUYEM OH HC OOJDKCH IMPCBLINIATH 3HAYCHUSA ( rac ajsi MaJaoMoIl-

(puc. 12.2.a) 1 HaliICHHBIM 110 HEW 3HAYCHUAM | oy U |5 min ONpenessercs 3Haue-

aue 21 BX.m:

2lgxm =2lgm = 5.max = I5.min -
2.4. Tlo BXOTHOW CTATUYECKON XapaKTEpUCTHUKE TpaH3ucTopa (puc. 12.2.a) mis
paccUMTaHHbIX 3HAYCHUN g ax ¥ 5 min HaXomAT Ugs max ¥ Ugsmin -

Torna 2Ugy m =Ugs max ~Usa.min »
2.5. BxomHOE compoTHBIEHHE TPAH3UCTOPA MEPEMEHHOMY TOKY (0e3 ydera me-
anTens HanpsbkeHus Ry, Ry)

2U 2U

BX.m

Y
B

BX.m

21
B

Rpx-

X.m .m

2.6. Conporusnenue pemurens Ry,R, ¢ 1enpio yMeHbIIeHHs IIyHTUPYIOLIETO

JEUCTBHSI HA BXOJHYIO LIETb, IPUHUMAIOT PAaBHBIM
Ri»>(8...12)Rpx . ,
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R{R
rae Rz =Ry
1 2

TOorga

R ~UyRy ExRyo
1 — - y

Ryly  Rslko

Ry 2Ry
Ry=—"".

R =Ry
2.7. OnpenensitoT MOITHOCTH, PaCCEMBAEMBbIE Ha PE3UCTOPaX CXEMBI:
- Ha pe3ucTope Ry :

P, =(1x)? Ry,
rae lg =lgg-
- Ha pe3uctope R2:
Pra =(Ir2)*R2,
Ur2a _Upy _Ugo

R2 R2 R2
- Ha pesuctope R1:

rne lgy =

Py = (Ig1)°R1,
rne lg;=Ilgo+I1gro-
- Ha pe3uctope Ry:
Py =(15)%Ry,
rae Iy = Iy,
2.8. [IpoBepstor, OyIET U cXeMa JOCTAaTOYHO CTAOMIBHO paboTaTh, IS ATOTO

PacCUUTHIBAIOT KOA(DPHUIIMEHT HECTAOMITBHOCTH pabOThI Kackasa 1mo hopmylie:

R~y +R
S = ) 12

Rio
1+ Bax

[Tpuemnempbie 3HaueHUsT KO GUIFIEHTa HECTAOMILHOCTH JIeXKaT B Tpeesax oT 3

Ry +

110 5.
2.9. PaccunthiBaroT EMKOCTH pa3AeiauTelIbHBIX KOHAeHcaTOpoB Ci, Co 1 eM-
KOCTh KOHJICHCAaTOpa B Iienu aMuTTepa Cs, pacrnpeeiuB HEeIMHEHHbIE HCKaKCHUS

MIOPOBHY MEXIy KoHaeHcaropamu My c, =My c, =My c, = 3SIMyy .

- pazaenuresibHast eMKOCTh (o, BBIXOAHOE COMPOTUBIICHUE YCUIIUTEISI U COMPO-
TUBJICHUE HAarpy3Ku 00pa3yroT (UIBTP BEPXHUX YACTOT, HYDKHSS TPAHWYHAS YaCTOTA
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KOTOPOT'O JOJIDKHA OBIThH BbI6paHa Tak, YTOOBI IMOJTHOCTHIO MNponyCKaJInCh HUXXHUC Ya-
CTOTHI CUT'HAJIa, ITIO9TOMY!

C2 > 1 . RBI:IX.T RK +R

2 , Repx =——————+Ry,
2
2nfRyux ([ M, ¢, "1 ReeeT + Rk

— BBIXOJHOC COIIPOTUBJICHUC TPAH3UCTOPA, OIMMPCACTIACMOC 110 BbIXOAHBIM

rone R

BBIX.T

CTaTUYECKUM XapakTepucTHKaM i cxembl ¢ OD. B OonpmimHCTBE ciiyyaes

R

Lt > Rk, moaTomy Moskuo mipussth Ry, = R + R,

- paszenuTespHas eMKOCTh C1 M BXOIHOE CONPOTUBICHUE YCHIUTENST 00pa3y-
10T GWIBTP BEPXHUX YACTOT, HWKHSSI TPAHMYHAS 4acTOTa KOTOPOTO JOJDKHA OBITH
BBIOpaHa TakK, YTOOBI MOJHOCTHIO MPOMYCKANICH HIDKHIE YaCTOTHI CHTHANA. Bennau-
HA EMKOCTH MOTYT OBITh OTPEIENICHBI TI0 (hopMyITe

C,> L ,

 2nfR,y [ MP o 1

Tac RBX — BXOIHOC COIIPOTHUBIICHUC YCUIIUTCIIA, PABHO IMApaAJIJICIIBHOMY COCINHC-

HUIO conpotuBieHui Ry, Ry u Iy mostomy

G2 r..R - '
onf PL2 2 g

H.C,
ex + R1,2 !

rae Iy — BXOJHOE COIPOTHBIIEHUE CXEMBI, KOTOPOE IPEACTaBIsIET COOON COMPOTHB-
Jienue gy U paBHO

f —po. 2 Ythao
BXx — 'BD T | 1
K
rae Ut — Tepmudeckuii motenimat, pasusiit 25,5 MB, | — koytekTopHbIii TOK
TpPaH3HUCTOpA.
- KoHeHcarop smurreproi nenu Cry:

Cy>—
2nf, Ry

3. Tlocne ompeneneHus pacyETHBIX BEIMYUH COMPOTUBICHUNA W E€MKOCTEH
cieayer BbIOpaTh HMX HOMHHAJIbHbIE 3HaueHHs U3 5 % psga HOMUHAIOB,
BBIITYCKAEMBIX TPOMBIIUICHHOCTHIO M 3aHECTH ITH 3HAYCHUSI B CHICTIU(UKAIIHIO.

N3 [4] BbIOMpatOT HOMUHAJIBHBIE 3HAYEHUS CONMPOTUBIIEHUN PE3UCTOPOB, OIU-
XKallue U3 CTAaHAAPTHOrO Psija Mo NPUHIMIY Onrbkaiiiue oonbiive. HomuHanbHbie
3HAUYEHWs MOIIHOCTEW Tak)Ke BBHIOMpArOT Ommkaiimue Oombinmme. BriOuparorT Taxke
JOMYCKHU Ha pe3ucTophl. Bee pe3uctopsl pekoMenyetcs BoiOupath TunoB MJIT.
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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 _Ugbixm
Uteop — U
BX.m

5. [IpoBOJAT NPOBEPOUHBIN 3KCIEPUMEHTAIBHBIA pacyeT pexuma padoTh
pa3pabOTaHHOM 2JEKTPOHHOM CXEMBI
CocraBuTh MOJIENb, pa3pabOTaHHON AJIEKTPOHHOW cxembl B cpexae Electronic

Workbench-5.12, ycraHoBHB mapaMeTpbl 3JEMEHTOB M HANPSIKCHHUS HCTOYHHKOB,

COrJlacHo 3a1aHus u pacyera (puc. 12.3). DkcrepuMeHTaIbHOE HCCICI0BAHHUE TOTDKHO

BKJIIOYATh B €051 MOJIEIIb YCTPOICTBA CO BCEMHU MPUOOPAMU, OCIIIIOTPAMMBI BXOJIHOTO

Y BBIXOJHOTO CUTHAJIOB, PE3YJIbTAaThl M3MEPEHHSI TOKOB B IIETIH KOJUJIEKTOPA, SMUTTEPA U

621351, d TAK)KC BXOJHOI'O 1 BBIXOJJHOI'O HAIIPAKCHUA.

4850

J

51.780 &

EE
5]

2364 W

mr

ABAEmMY

|

1.652m A,

Puc. 12.3. Mojenb NpuHIUNHAIBHON CXEMbI YCUIIUTENS HU3KOM 4acToThl ¢ OO0
B cpene Electronic Workbench-5.12

JloOuBaroTcsi  paboyero  pexuma,  pa3pabOTaHHOM  CXEMBI, IyTEM
pPETYNMpPOBAaHUS  BEIMYMHBI compoTuBieHns R1, Takum oOpa3oMm, dYTOOBI

Uy ~0,5U .
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6. [IpoBoasT  pacuétr  kod(pduuMeHTa  yCHJIGHHS 1O  pe3yabTaTaM
ocumutorpadupoBaHus, nonydeHHbIM Ha MoJenH (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

KUmop KUaKcn

PacueTHrbie
3HAUYCHUS
YTOoYyHEHHBIC
3HAUYCHUS
Pesynbratsl
MOICIIHN-
poBaHUs

12.2 [TopsAaoK pacyéTa cTabM/IM3aTOPA HANIPSXKEHUA

Pacuér crabunusaTopa BBINOIHSIOT 0 cieayomei meroauke [27].
HcXoaHbIMM JaHHBIMU JUIS pacdeTa cTa0mIn3aTopa HApsKEHUS SBIISIOTCS
U,x — BBIXOIHOE (CTaOMIM3UpOBaHHOE) HampsbkeHue. IIpuHMMaeM paBHBIM
= E,).
AUgpix%, — OTHOCHUTENBHBIE Hpefensl n3MeHeHus U
— 0
AU, . =30,2%.
AU gyo, - OTHOCHTENBHBIE Tpenensl u3MeHeHus Ugpy B %. Ilpunumaem
—+1009
AUg, =110%.

|, — HOMUHaJIBHBIM TOK HArpy3ku, paBHBIM TOKY, MOTpeOJIIEMOMY TpaH3U-

HaNIPAKCHUTIO MMM TAHWA YCUITUTCIIA (U BBIX.CT

0
sox B 0. IIpuHEMMaeM

CTOpHBIM ycunuteneM. IIlpunumaem paBHBIM |yqay (CM. pacuér ycunurens).
K

B %. [Ipunumaem 0,1%.

% — MOIYCTUMBIM K03((UIMEHT MyIbCcallii Ha BBIXOJAE CTaOMIM3aTOpa

B pe3ynbTate pacueTa OnpeaensoT:

- HEOOXOIMMYIO BEJIMUMHY BXOAHOI0 HanpsibkeHus crabunuzatopa U, =Uy;
- BXOJHOU ToK crabunusaropa |, =1, (puc. 12.5);

- K03 puLMeHT myapcaluii HaNpsKEeHUs Ha BXxoje crabunusatopa K . ;

- MapaMeTPbl BCEX AJIEMEHTOB CXEMbI CTA0UIIN3aTOPa;

- AEUCTBUTEIBHBIN K02 uuueHT ctabmmmsannu K. .
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BbrunciieHue pacuyéTHbIX 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

MuHuManbHOE HAPsHKEHHE Ha BXOJIEe CTa0MIn3aTopa
UBX.min = UBBIX (1+ AU BbIX %0 /100) + K3U KBmin 1
rie  Uyomin = (1-2) B — MuHUManbsHOE HanpspKeHNE MEXKAY KOJUIEKTOPOM U OMHT-

TepoM Tpan3uctopa VT 1, mpu KoTopoMm ero pabora He 3aXOUT B 00JIaCTh HACHIIIIE-
HUS,

K, — ko3¢ duruenT 3amnaca 1o HanpspKEHUIO, IPUHUMAIOT B peaenax (1,3-1,5).

qu/ITBIBaH AOIIYCTHUMBIC H3MCHCHHA BXOJHOI'O HAIIPSKCHHA, OIIPCACIIACTCA
HOMHHAJIbHOC 1 MAKCHUMAJIbHOC 3HAYCHHA BXOJHOT'O HAIIPAKCHUA
Usx som =Ysx.min QL+ AUBX% /100), Usx max =Ysx.nom 1+ AUBX% /100).

Omnpenensaor MakcuManbHOe HanpskeHHE Uy max B MaKCHMallbHass MOII-

HOCTb Pjmax > PACCEHBaEMas Ha PETYIUPYIOMEM TPAH3UCTOPE:

Uk 1max =Ysx.max —~YUsex.min =YUsx.max —Useix (1_AUBI>IX% /100),

PKlmax = UKBlmale-
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ITo paccunranHbM 3Ha4€HUAM Upyimax: Primax: k1 =1, 1O CIIpaBOYHUKAM
[6, 28] BeIOMparOT THN TpaH3ucTopa V1, u 3anuckIBatoT B TaOJIMILY €r0 apameTpsbl.
Tabnuua 12.5
[TapameTps! Tpan3uctopa V11
MaxkcuMalbHO 110-

IIyCTUMBIN TOK KOJI-
JEKTOpa

MakcumanbHOE I0ITy-
CTUMOE HalIpsKEHUE
KOJIJIEKTOP-3MUTTEDP,

MakcuMaibHO
JIOIyCTUMAs pac-
cerBaeMas MOIII-

HOCTh

CraTuueckuit
K03 puLMeHT
nepeayu Toka

h2 121

UK31/:[0H 2 UKSlmax

IKlﬂOH 2 IKlmax PK]Z[OH 2 PKlmax

3. BeiObuparoT Tum cornacyoiiero tpanzuctopa V12
KonnexTopHslil Tok Tpan3ucropa VT2:

Ik = st + Tro = (I /Po11) + Tro = (1 T pyp) + 12
rae lg, — JONOTHUTENBHBIN TOK, MPOTEKAIOIINI Yepe3 pe3ucTop R2, KOTOpbIil BEIOU-
paercs B npenaenax (3-5) MA.

OmnpenensoT MakCUMaJlbHble 3HA4eHUs HanpspkeHUS Upysax U MOIIHOCTH
Promax coraacyromiero tpanzuctopa V12:

Usoomax ®YUxsimax» Pramax =Ukozmax ke -

ITo paccuntanHbIM 3HAYEHHAM U oy maxs Proomax: o O cpaBouHuKam [6, 28]
BBIOUPAIOT TUII COTJIACYIOIIETO TpaH3ucTopa VT2 , 1 3amUChIBalOT B TaOJIMIly €ro ma-
pameTpsl

Tabmuma 12.6
[Tapametpsn! Tpan3uctopa VT2

MakcuMaiibHOE 10- | MakcuMalabHO MakcuMalibHO CraTtuueckui Ko-
MyCTUMOE Hampsi- | JOMyCTUMBIN TOK | JOIycTUMAasl pac- | 3¢ HUIIMEHT nepe-
KEHUE KOJUJIEKTOP- KOJUIEKTOpA cerBaeMas MOIII- a4y ToKa
SMUTTEP HOCTb hy152
UK32)101'1 2 UKSZ max IK2)10H 2 IK2 PK2,Z[OH 2 Pszax

OnpenenstoT CONPOTUBIICHUE U MOIIHOCTh pe3nuctopa R2:

U

BbIX
’

|R2

R2 =

Pro =(Igp)°R2.

4. BeiOupatoT TUT CTAaOMINTPOHA MAJION MOIITHOCTH M €TO PEKUM.

Hanpsixenune ctabunuzanuu CTaOMIUTPOHA IPUHUMAETCSI PABHBIM

U,,=(0,6-08)U

BbIX
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ITo paccuntanHomy 3HadyeHuro U_. mo [3] BbIOMparOT TUN CTaOMIMTPOHA

VD1, u 3anuceiBaroT ero mapamerpsl (tadn. 12.7).
Tabnuua 12.7

[Tapametpsl ctabunutpona VD1

MakcumaipHOE MurumansHOE MakcumanbHOE MuHUMAaJIEHOE
3HA4YCHUE HaIpsKe- 3Ha4YCHUE HaIps- 3HAYEHHE TOKA 3HAYEHHE TOKA
HUAS KEHUA cTadOuIn3aun cTadOUIn3aInu
CTa0UIN3aINU CTAOWIN3AIIHU
UCTmax UCTmin ICTmax Icmin

ConpoTuBiieHHE U MOILHOCTh OTpaHUYMBalIoOLIEro pesucropa R3 onpeaenstor-

Csl IO BBIPAXKECHUSIM:
R3 = UBBIX _UCT ’
ler =153
rae lep =(lermax + lermin)/2;
| 53 — Tok amMuTTEpa Tpansucropa VT3, BeIOMpatoT B mpenenax (1-2) MA.

Prs =(lrs)°R3,

Toxk xomnexropa VT3: Iy =143.

5. BoiGuparoT TN YCUITUTENBHOTO TPAH3UCTOPA U €T0 PEKUM.

B kadecTBe yCHUIMTEIBHOTO UCIIOIB3YETCS MAJTOMOIIHBIA TPAH3UCTOP .

MakcumanibHOE HalPsHDKEHHE KOJIEKTOP-3MUTTEp Tpan3uctopa VT3

UK33max = UBBIX (1+ AU BBIX% /100) - UCT.min
MakcuMainbHasi MOIITHOCTh, paccenBaeMas Ha Tpansucrope VI3
Pramax =Ukasmax! x3-

ITo paccuntanHbIM 3Ha4€HUAM Upysmaxs Pramax: k3 B 10 CIPaBOYHUKY

[6, 28] BBIOMparOT THI coriacyromero Tpansucropa VT3, U 3alKCHIBAIOT €ro mapa-

MeTpsI (Tadi. 12.8).
Tabnuma 12.8

[TapameTps! Tpanzuctopa V13

Maxkcumaiib- Makcu- Makcumanisb- Cratnueckuii Bxoanoe co-
HOE JIONYCTHU- | MaJbHO JO- | HO JOMYCTH- KO PUIIUEHT | MPOTHUBICHUE
MO€ HamnpsiKe- | IMyCTUMBII Mas pacced- | Tepeladyd ToKa | TpaH3UCTOpa
HHE KOJUIEK- | TOK KOJUIEK- | BaeMasl MOIL- N 193 193
TOP-3MUTTEP TOpa HOCTb

Uks30n 2Ukmshad k3non 2 1k | Prnon = Pr3mak
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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 repmanueBoro tpansucropa 1000 Owm, miist kpemuuesoro 2000 Om.

OnpenenstoT CONPOTUBIEHUE U MOIIHOCTh TpaH3ucTopa R1:

Rl:UR1: UK31 _UBX_UBBIX’
lr1 ks + g2 I3+ 15
Pry = (Ir1)*R1=(Ig; + 15,)°RL.

|K2

rae lg, = — Tok 0assl TpanszucTopa V12, U =Uyn, — NageHne HanpsKeHUs

2192
Ha pesucrope R1, lg; =13+ 15, — TOK, mporekaromumii yepes pesucrop R1
6. BxogHoii Tok crabmumzaropa |, =1, =l + lio + gy

7. PaccuuThIBaIOT COMPOTUBIEHUS aenuTens Hanpsbkenus R4, RS u R6:
Toxk genuTtesnst BLIOMPAIOT B Mpeeax:

I
Inen = (ZO_SO)IBSa raec |B3 =13

2153
TOFIIa COHpOTI/IBJIeHI/IH peBI/ICTOPOB ACIIUTCIIA:
U BbIX
R,uen - | )
nen
R6=R L RpenYcer.min B RuenYcr.min
— Rgeax.min — - )
Ugpix.max Ugppix (1+AUgpx 94 /100)
R 1ot max = RpenUcr.max RpenYcr.max .
TIe. = - = ;
Ugpix.min Ugppix (1—AUggx 9, /100)

R4 = Rz[en - R;[en.max ;

RS = Rnen.max - Rz[en.min .
MoiHocTH pe3uctopoB aenutens R4, RS u R5:
2 .
Pra=(l4e7)"R4;

Prs :(Inen)ZRS;
Pre = (1 ex)°R6.

N3 [4] BBIOMpPAIOT HOMUHAJILHBIC 3HAYCHUSI COTIPOTUBICHUN PE3UCTOPOB, OIU-
XKallue U3 CTAaHAAPTHOIO psija Mo NPUHIMNY Onrbkaiiiue oonbiive. HomuHanbHbie
3HAUEHWs MOIIHOCTEW TakKe BBHIOMpAroT Ommkaiimue Oombinme. BriOuparT Taxke
JOMYCKHU Ha pe3uctopsl. Bee pesuctopsl, kpome RS pekomeHayeTcst BbIOUpaTh TUIIOB
C2-6, C2-23,C2-33, nepemennsiii pesucrop RS — PI1-163, CII5-1,CIIS5-3.

8. Bribuparot xonaencartopsr C1 u C2.
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EmMkocts koHzmeHcatopa C1, BKIIOYEHHOIO IS NPEAOTBPALICHHUS CaMOBO3-
OyxaeHus ctabuinszaTopa, Beionpaercsa B npeaenax 0,5-1,0 Mx®, npuueM KoHIEHCaA-
Top C1 xepamnueckuii. EMkocTh KOHEeHcaTOpa C2, BKIFOYEHUE KOTOPOTO NPUBOAUT
K HE3HAYNUTEIIBHOMY YMEHBIICHUIO MYJbCALUN BBIXOJIHOIO HAIPSKEHUS U 3aMETHO-
MYy YMEHBIIEHUIO BBIXOJHOTO CONPOTUBIICHUS CTAOMIM3aTOpa MEPEMEHHOMY TOKY
BeIOUpaetcs B npenaenax 1000-2000 mxd, npuyeM koHaeHcaTop C2 3IIEKTPOIUTHYE-
ckuil. [1o cipaBouHMKy [2] BEIOMPAIOT TUIIBI U HOMUHAJILHBIE MMApAMETPhl KOHJIEHCa-
topoB C1 u C2.

AU

9. Tpebyemslii ko> duuuenT cradbunnsanuun K, = AU¢%

10. Beanuuna Hy.III:»CEH_II/Iﬁ Ha BXOJC CTa6I/IJII/ISaTOpa HC HOOJIDKHaA TPCBbINIATH

BBEIX%

3HAYCHMUS:
K =K K

CHG}IOB&TGHLHO, BBITIPAMUTCIIDb, HI/ITaIOIIII/Iﬁ CTa6I/IJII/ISaT0p, JOJIZKCH OBIThH pac-

ILBX ILBBIX CcT*

caumtanHa U, =U,, I, =1,, u K, .

11. PaccunThIBalOT ACHCTBUTEIBHOE 3HAUCHUE KOI(PDUIIMEHTA CTAOUITN3AIINY:
Y OLK3U BBIX
CT — '

U

BX

K

U R1h
rre  o=—" —ko3pdunueHr gencHus genutens, K, = 2193
U BBIX h1131

YCUJIEHUS YCUJIMTENIBHOTO Kackaja Ha VT3.

— ko3 purueHt

Jns HopManbHOW paboTel cTabuan3aropa Heooxoaumo, utoosl K. > K .. Ec-
JU OTO HEPABEHCTBO HE BBIMOJHACTCS, TO CIIEIYET BBHIOMpATh TpaH3UuCTOphl VI3 u

VT3 ¢ 60onbmmM K03GGUINEHTOM YCUIEHHUS ToKa 6a3bl Nyqr.

12. TIpoBoaST TPOBEPOUHBIM AKCIEPUMEHTAIBHBIN pacu€T pexuma padoThI
pa3paboTaHHON AJIEKTPOHHON CXEMBI, JJIS 4Yero, HEOOXOJMMO COCTaBUTH MOJIECTb,
pa3paboTaHHOH AIEKTPOHHOM cXeMbl cTadbmim3aTopa B cpeae Electronic Workbench-
5.12, ycTaHOBMB mapameTpbl AJIEMEHTOB, COIJACHO 3aJlaHhsl M  pacyeTa.
DKCIIEpUMEHTAIbHOE UCCIIEIOBAHUE JOJHKHO BKIIOUaTh B ce0s MOJENb YCTPOMCTBA C
BOJIETMETPAMU JIJISl H3MEPEHHSI HATIPSHKSHUI Ha BXOJIE M BBIXOJIE CTaOMIM3aTOpa.

12.3 IlopsAaoK pacyéTa BIIPAMUTEIA

Pacder nByXIOIynepHIHOTO BBIIPSAMHUTENS ¢ (HIBTPOM, OCYIICCTBIISICTCS TIO
METOAWKE, H3JI0KCHHOM B [12].
HcxoaHbpIMu JaHHBIMM JJ1S1 pacueTa BRIPSIMUTEINS SBIISIOTCS:
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l.cp TOK Ha BeIXOHe Bbipsimutrens (A). IlpuHuMaeM paBHBIM BXOAHOMY TOKY
crabmm3zaropa |, =1,

U, — HanpskeHue Ha BbIXoAe BbipsaMutens (B). IIpuHumaem paBHBIM
Ugpx nom CTaOnmmsaropa

HOMMHAJIbHOE Hanpsbkenue cetu — Uj, B;
TpeOyeMblil K03 PULMEHT CrilakuBaHust GuibTpa —(d.
Hcxonuble JaHHbIE AJI1 pacyeTa MOCTOBOTO BBIIPSMUTENS ISl KaXJA0r0 BapHu-
anTa nipejctaieHbl B [Ipunoxxenun 2 (tadmn. [12.1)
PekoMeH1yeTcst ICXOHBIE IaHHbIE CBECTH B TaOIUILY.
Tabnuna 12.9
Hcxonubie nanHbie

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 OJIHOM M TOM K€ HANpaBJIEeHUU 3a 00a MoIyrepuo-
na. /IByxmosryrepruoaHble BBITIPSIMHUTENN MOTYT CTPOSITCS 10 MOCTOBOM MJIU MOJTYyMO-
CTOBOM cxeme (Korja, HampuMep, B Cllydae BBIIPSMIIECHUS OJHO(A3HOTO TOKAa, MC-
NOJIb3YETCA CIEeNUANbHBIN TpaHCc()OpMaTOp € BHIBOJOM OT CPEIHEN TOYKU BTOPUYHOU
OOMOTKH U BJIBO€ MEHBIIIUM KOJMYECTBOM BBIMPSIMIISIIOIINX TOK 3JeMeHTOB). 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 mocTpoeHUU ABYXIONYNIEPHUOTHOTO BBIMIPS-
MUTENSL CO CIVIAKHMBAIOIIMM KOHJEHCATOPOM CJEAYeT BCerga MOMHHTh, YTO Mepe-
MEHHOE HAaIIpSKEHHUE BCErJa M3MEpSETCS B «JICUCTBYIOLIEM)» 3HAYEHUHU, KOTOPOE B
1,41 pa3za MeHbIlI€ €0 MAKCUMAJIBHOM aMIIIUTY b, & BBIIPSMIICHHOE HAMPSKEHHUE Ha
KOHJIEHCATOpe, B OTCYTCTBUM HArpy3Ku, OyJeT BCEerja paBHO aMIUIUTYIHOMY. DTO
O3HAYaeT, UYTO, HAIIPUMEDP, TIPU U3MEPEHHOM HAIPSIKEHUU OJHO(PA3HOTO MEPEMEHHO-
ro Toka 12 BOJBT JO MOCTOBOTO OJHO(A3HOTO BBIMPSIMHUTENS CO CTIKHBAIOIIAM
KOHJIEHCATOPOM, Ha KOHJEHCATOpe, (B OTCYTCTBUM HArpy3KH), OyJET HAMPSIKEHUE 10
17 Bonbt. Tlog HArpy3koi BBIMPSIMIICHHOE HAMpspKEHWE OyAeT Hibke, (HO HE HUXKE
BEJIMYMHBI JIEUCTBYIOUIETO HAMpPSKEHUSI MEPEMEHHOr0 TOKAa, €CJIM BHYTPEHHEE CO-
MPOTHUBJIEHUE TpaHCchOpMaATOpa - 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 BBIIPSMUTENSI COOTHOIIEHUE MEXAY BbI-

IMPAMJICHHBIM HAIIPSAKCHHUCM UH.Cp n HeﬁCTByIOHII/IM 3HAYCHUCM HAIIPAKCHUA BTO-
puaHOlt 0OMOTKH TpaHchopmaTopa U, uMeeT BUIL:
UH.Cp = \/EU 2
OTCIO,ZI& HeO6XOI[I/IMOC 3HAYCHUC HAIIPAKCHUA U2 OIIpCACIINM KaK

U2 :UH.cp.

J2

Jlyist BBIOOpA TUIAa IMOJ0B OMpenesisieM o0paTHOE MaKCUMAaJIbHOE HANPSKEHHE

U o6p.max> PUKIIAJIBIBACMOC K HEMY B 0OpaTHOM HallPaBICHUM:

Uo6p.max = \/EUZ

CpenHee 3HaYeHUE MPSIMOTO TOKA, MPOTEKAIOLIETO Yepe3 KaXKIbIA JTUOM, IS
MOCTOBOM CXEMBbI BHIIPSIMIICHUS ONIPECIISCTCS BhIPAXKECHUEM

| _ IH.cp _ UH.Cp
np.cp o !
2 2R,
UH.cp
rne R, = COIIPOTUBIICHUE HArPYy3KHU.
H.CD

W3 [3] BeIOMpaemM AHOIBI OIIPEICICHHON MapKH , KCXOI 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 NMPUONHMKEHHO rpaduyecku no kodguuuenram. Ha puc. 3.3
MPUBEAECHBI 3aBUCUMOCTH BCIIOMOTaTeNbHbIX Kodpduuuentos B, D u H ot ko3 du-
nueHTa A. PacuetHslii koadpunueHT 4 onpenenserca no gpopmyae [13]:

A= ml H.CpRBH
2U

H.CD

rae R, — BHyTpeHHee conpoTuBiieHue Beipsamurend. [Ipuaumaem R, <R, .

BH —
3atem 1Mo HoMorpammam puc. 3.3 ompenensieM ocTalibHble KodhuiueHTs B,
D uH.
Tornpa

Cq):L[MKCD], Uy =BU,ps lo=—F.

pBBIX BH

Ie Ppy — KOOPPUIMEHT Mynbcanuil, TpeOyeMbli U1 MUTaHUS YCUIIUTESL.

Omnpenenstot u3 Gopmyibl KodphuiMeHTa CrilaKuBaHus .

g Pux

Pasix

r71€ Pex — KOAQPUIIMEHTOB Myibcaluii Ha BXoje GUiIbTpa (Ha BHIXOJIE BBIITPSIMUTES).

J71st 0o;;HO(a3HOTO MOCTOBOTO BBITIPSIMUTESI U3BECTHO Ppyx =0,67.

EMKOCTh peanbHOr0 KOHJEHCATOpa BHIOMPAIOT COTJIACHO CTAHIAPTHOMY PSIy
3HAYEHUU €MKOCTEM:

C.= n10X, rae 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) MOIITHOCTH TpaHC(hOpMATOpa paBHa:

Sp=0,5(51+Sy)
Jls11 MOCTOBOM CXEMBI BBIIPSMUTENS TOK NEPBUYHON 0OMOTKH |, TpaHcop-

MaTopa CBsI3aH ¢ TOKOM |, depe3 koadduiueHT Tpanchopmauu Ky

SR
kp T Uy
Torpaa, 3Hast 3HAYECHUS TOKOB, TOJTYYUM:
Pr, = 0,5(P1+ P2)=0,5U;l; +U,l,).
Takum o0pa3oM, pacueTHble MapaMeTpbl TpaHcPpopmaTopa, MO KOTOPHIM OH
IIPOCKTHUPYCTCA WIN BBI6I/IpaeTC}I N3 JJICKTPOTCXHUYCCKHUX KAaTaJIOIr'0OB,

U= BlL1= A U,= Bjl,= Ak,=;P,=Br
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Ipunoxenue 1
Oo0pa3zen TUTYJIBHOIO JIMCTA

MHMUHOBPHAYKH POCCHUU

denepanbHOE TOCYAapCTBEHHOE OI0JIKETHOE 00pa30BaTENbHOE
YUpEeKJIECHUE BBICIIETO 00pa30BaHUs
«TynbCKkuM TOCYTapCTBEHHBIN YHUBEPCUTET»

Kadenpa «IneKkTpoTeXHUKA U AIEKTPOOOOPYI0BAHUEN

[HOACHUTEJIbBHAA 3AIINCKA

K KypcoBO#l paboTe 1o JUCHMILIINHE
«DNEKTPOHUKA»

Crynent

(moamuck, GpaMuIKs, MTHUALAAIIBI )

rpyIma

PykoBonutens paboTh

(nmoanuck, paMusIKs, HHUALUAIIBI )

Pa0ora 3ammiiena OreHka

YseHBI KOMUCCHH: (nata)

Tyma 20
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IIpuwioxkenue 2

BapuanTel 3aganuii 1015 pacyeTa TPAH3UCTOPHOIO YCHIIUTEJIS

MEPEMEHHOI'0 TOKA

Tabonuua [12.1

Homep JlanHble 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 S) 520 250 10 1,3
30 6,5 640 280 18 1,25
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Homep JlanHble 11s pacyera

BapuaHTta | 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. Cuutarh, YTO KacKaj yCUJIEHHsS padOTaeT B CTallMOHAPHBIX
— 10 _ o0
yelnoBUAX (Tyuw= =15°C; Tyu= 25°C). Ilpu pacuere BiIMsiHUEM TeMIEpaTyphl Ha pe-
UM TpaH3UCTOpa MpeHeOpeyb.
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IIpuioxkenue 3

BapuaHTsl 3agaHuil 1A pacuéra 01HO(A3HOr0 MOCTOBOI0 BHINPSIMHUTEJIS

Homep Bapuanta JlanHble 11s pacyera
Ui, 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
OOpa3sen 3a1aHUA HA KYPCOBYIO padoTy

MHWHOBPHAYKHN POCCUA
®enepalibHOE TOCYIAPCTBEHHOE OIOAKETHOE 00pa30BaTEIbHOE
YUpEeKJIECHUE BBICIIETO 00pa30oBaHUs
«TynbCKkuM TOCYTapCTBEHHBIN YHUBEPCUTET»
Kadenpa «DnexTporexHuka u 3J€KTpo0OOpy10BaAHHUE

SAJJAHUE HA KYPCOBVYIO PABOTY

CryneHnr rpymnmna

1. Tema: TpaH3UCTOPHBLIN YCUIIMTEIL NEPESMEHHOTO0 HANPSKECHUS M HICTOYHUK

IUTaHUSI

2. Ucxonnbie nanabie: CxemMa TPaH3UCTOPHOTO YCUITUTENS ¢ OOIINMM DMUTTE-
pom.

AMIUTATY@ BBIXOJAHOTO HANPSAKEHU Uy max= , B.

ConportuBieHue Harpy3ku R, = , OM.

Yacrora Hanpspokenus Harpysku f,= '

Hanpspxkenne nuranus ycwrens Ey, =  , B.

KoaddunmeHT 9acToTHBIX UCKaKeHUN My, =

Tun BeITIpsAMHATEIS — 0HO(MA3HBIN MOCTOBOM

HomunaneHoe BeIpsMUTENbHOE Hanpskenne U, .=  B.

Tox narpy3ku l,o, = , A.

Homunansnoe nanpspbkenue cetu U= |, B.

TpeGyembrii koapdurueHT crinaxxuBanus GuibTpa (=

3. ConeprxaHue MOSICHUTEILHOM 3alUCKU

3.1 Benenue

3.2 PacyeT TpaH3UCTOPHOTO YCUIIUTEINS HAMIPSIKEHUS

3.2.1. Onucanue npuHUUNA PadOTHl TPAH3UCTOPHOI'O YCUJIUTENS MO CXEME C
O0ITUM AMUTTEPOM

3.2.2. ConeprkaHne pacdyeTa TPAaH3UCTOPHOTO YCUITUTENS HAMPSKEHUS

3.2.3. Br10op 21eMEeHTOB CXEMBbI TPAH3UCTOPHOTO YCHUITUTEIIA.

3.2.4. 1IpoBEpOYHBIN IKCIEPUMEHTANBHBIA PACUET U MOAEIUPOBAHUE PEXKUMA
paboThI pa3pabOTaHHOM AIEKTPOHHOM 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 crabunuszaTopa HampsKeHHUs
3.4.1. Onucanue npuHIMNA padOThl, BBHIOPAHHOM CXEMbI CTabOMIM3aTOpa

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 pUHIUNIUATIBHON cxeMe (Crienudukanus).

PykoBoauTtenb paboThl

(Damunst, HHULIUATIBL)

3ajaHue TPUHSI K MPOSKTUPOBAHUIO « _» 20 T
(moxmuce)
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VYueOHoe u3nanue

HIITPEXEP JImutpuii Mapkosuu
KOJIECHUKOB Esrenuit bopucosnu
MMWHAKOB Esrennii IBanoBuu
ITOJIEBOM Banepnii EBrenbesnu
JANJIEHKO I'ennanuit Bnagumuposud

OJIEKTPOHUKA

YuebHoe nmocooue

ABTOpCKOE peaKTUPOBAHHE

Komnrerotepnas Bépcrka .M. Hlnpexep, I'.B. Jlugenko

Wzn. aur. JIP Ne 020300 ot 12.02.97. IMonmucano B mevyats 11.10.2018.
®dopmar 6ymaru 70x100 1/16. bBymara odcetHasl.
Ycn. meu. . 13,8,
Tupax 100 sx3. 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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