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BBEOEHUE

VY4ebHoe mocobre o KypcoBoit paboTe pa3pabOTaHO B COOTBETCTBUU C
TpeOOBaHUSIMU (eepalbHbIX 00pa30BaTENbHBIX CTAaHAAPTOB IO Kypcam:
«DIEKTPOTEXHUKA M DIJICKTPOHUKa» WM «IIpOMBINIICHHAS AJIEKTpOHHKa». OHO
IpeHa3HAYEHO MJIsi CTYJICHTOB BCEX HAIpaBJiEHUM MOATOTOBKU OaKalaBpoOB, B
paboueil mporpaMmme KOTOPBIX MPETyCMOTPEHO BBIMOJHEHUE KYpPCOBOM pabOThI
10 TaHHBIM KypCaM.

KypcoBasi paGora 6a3upyercss Ha marepuaine, H3JI0KEHHOM B Kypcax
“@uzuka’, “OIeKTPOTEXHUKA U ANEKTPOTEXHUKH , “TIpoMBIIIIEHHAs 3JIEKTPO-
HUKa .

KypcoBast pabGota siBisiercss onHOM U3 OpPM CaMOCTOSATEIBHON pabOThI
CTYJIEHTOB, IIPU BBIIIOJIHEHHUH KOTOPOU BCE PEIICHUS] NPUHUMAIOTCA CAMOCTOS-
TenbHO. Posb pykoBoAMTENST KypCOBOM pabOThI MPU 3TOM 3aKJIIOUAETCS B OLICH-
K€ NMPUHLUIHAAIBHBIX PEUIEHUI, METOJUYECKONM MOMOIIM, KOHTPOJE CPOKOB H
coJiep:kaHusl paboThI.

B nmanHoii KypcoBoit paboTe pa3pabaThIBarOTCs ABa JIEKTPOHHBIX y3Ia.
OTO0 yCUIIUTENb € 3aJaHHOM YaCTOTHOM XapaKTEPUCTUKON U OJIOK MUTAHHUSL.

BrinosHeHne KypcoBoi pabOThl UMEET CBOCH KOHEYHOM II€JIbIO 3aKper-
JIEHUE TOJYYEHHBIX CTYJIEHTAMU TEOPETHUUECKUX 3HAHUN NPU U3YUYEHUU DIICK-
TPOHUKH.



1 CTPYKTYPA 1 O®OPMJTIEHUE KYPCOBOW PAEOTbI

1.1 Cmpykmypa Kypcoeoli pabomsi

KypcoBas paboTa nomkHa BKIHOYATH CIETYIOIINE HIEMEHTHI:

- TUTYJbHBIN JUCT (1 nmuct popmara A4);

- 3aJ1aHue Ha KypcoBoe nmpoektupoBanue (1 muct popmara A4);
- ocHOBHas yacTh (15 — 20 nucroB popmara A4);

- rpaduueckas yactb (1 — 2 nuct popmara A3).

TutynabHbIH JUCT KypcoBOil paboThl O(OPMIISETCS B COOTBETCTBUHU C
tpeboBarmsimu CTII. 3.4.204 (crangapt odopmiieHHs BY30BCKOW TOKyMEHTAa-
un) [1]. Obpazen TUTYIBHOTO JUCTA MIPUBEACH B MPHIIOKEHUU A.

3agaHue Ha KypcoBoe NMPOeKTHPOBaHHe 0GOPMIISIETCS B COOTBETCTBU-
€M C IpuJIo)KeHueM b.

B HeM yka3pIBaloT:

- TeMy KypCOBOI palOOTBhI;

- HCXOJHBIE JaHHbIE JIs1 paOOTHI;

- Iepe4YeHb OCHOBHBIX BOIPOCOB, MOAJIEKAIUX pa3padOTKe UM UCCIIEN0-
BaHMIO;

- 00beM U coiepKkaHue rpaduuecKon 4acTu;

- CPOK TMpEACTaBIICHUS 3aKOHYEHHOHN paboThl HAa Kadenpy.

B 3amanuu mpuBOIUTCS CHUCOK yueOHOU, CIPAaBOYHOM, METOAMUYECKON U
JIpyroi IuTepaTypbl HEOOXOAMMON CTYACHTY JIA BBIMOJTHEHUS KypCOBOM pabo-
THI.

OcHOBHasi 4YacTh SBJSIETCS TJABHOW 4acThio paboTel. B 3TO# vacTu
CTYJIEHT NPUBOJUT BCE HEOOXOIMMBIE PACUEThl, IMOSICHEHUS, CTPYKTYpHBIE,
(YHKIIMOHAJIbHBIE WX JPYTUE CXEMBI.

OcCHOBHas 4acTh TOJDKHA COAEPKATH CIEAYIOLINE CTPYKTYPHBIE DJIEMEH-
Thbl B [IPUBEICHHON TOCJIEI0BATEIbHOCTH:

- coodepiicanue, BKIIOYAKOLIEE IEPEUYEHb OCHOBHBIX CTPYKTYPHBIX JJIe-
MEHTOB pabOThI ¢ yKa3aHUEM HOMEpa CTPaHUIIb;

- 66edenue, r7ie 10JKHA ObITh CHOPMYJIMPOBaHA 11eJb PabOThI, CPEICTBA
U1l €€ JOCTHXKEHUS, aKTyaJbHOCTb, TEXHUYECKAs U COLMaJbHAs 3HAYMMOCTH
TEMBI;

- 2/1A6HAA YACmMb, BKIIOYAET Pa3/eiibl B COOTBETCTBUU C 3aJaHUEM C
YETKUM H3JI0’)KEHUEM METOAUKH, CONEPKAHMS U PE3YJIBTATOB BBIIIOJHEHHOU pa-
OOTHI;

- 3aK04enue TOKHO COIepKaTh O0IIHMe BHIBOABI IO pabOTe U JTNYHBIE
OLICHKHU aBTODA;

- Ouobnuozpaguueckuil CnUCOK NOJHKEH COACPKATh NIEPEUYECHb UCTOYHHU-
KOB, UCIIOJIb3YEMBIX P BBIIIOJHEHUH KypcOoBOW paboThl. CIIMCOK COCTABIISAETCS



no andauty. bubnuorpaduyueckoe onucaHue UCTOYHUKOB BKJIFOUEHHBIX B CITH-
COK HeoOxoaumo nmpuBoauTh B cooTBeTcTBUU ¢ ['OCT 7.1.2004.

- npunoycenue. 37eCh TOMEIIAIOT MaTEpHal BCIIOMOTATEILHOTO XapaK-
Tepa: MPOMEKYTOUYHBIE PAacUeThl, TAOIHUIBI U UUTFOCTPAIIMA BCIIOMOTATEIHLHOTO
XapaxkTepa u Jp.

1.2 OghopmiieHue Kypcoeol pabombi
1.2.1 TpeGoBanus kK 0(pOPMJICHUIO TEKCTOBOM YaCTH KYPCOBOii padoThl

1.2.1.1 HlIpugpm u 3az0n06xu

TexcroBas yacTh KypcoBOi pabOThI (MOSCHUTENbHAS 3alMCKA) BBITOJIHS-
€TCcsl B TeKCTOBOM penakTope Word Ha oHOM cTopoHe Oenoit (mucueit) Oymaru
dopmara A4 (210x297) co craeayromuMu napaMmeTpamu:

- 1OJiA: BepxHee, HmkHee — 20 MM, JieBoe — He MeHee 20 MM, nipaBoe - 10
MM;

- tun mpudta - Times New Roman, pazmep — 14, ctunb (HauepTanue) —
OOBIUHBIH, IBET MIpU(Ta — YEPHBIL;

— BBIPAaBHUBAHUE — [0 LIUPHHE;

- KpacHas (mepBasi) ctpoka (orcryn) — 1,25 cMm;

- MEXXCTPOYHBIN MHTEpPBAI — 1;

— aBTOMATHUYECKU MEPEHOC CIIOB.

PacrnionoxxeHnue noJjieil M TEKCTa Ha JIMCTE MOKA3aHO B IMPHUIIOKCHUHU B.

CrpaHulibl JOKYMEHTA CJIeyeT HyMepoBaTh apaOCKUMu udpamu, cooro-
Jasi CKBO3HYIO HYMEpalMiO MO BCEMY TEKCTy, BKJIIOYas npuiiokeHus. Homep
CTpPaHUIIBI TPOCTABJISAIOT B IIPABOM BEPXHEM YIITy 0€3 TOUEK U YEPTOUEK.

TUTYNBHBIN JIUCT BXOAUT B OOIIYI0 HyMEpallUIO CTPAHUIl JOKYMEHTA, HO
HOMED CTPAHUIIbI HA TUTYJIBHOM JIUCTE, HE MPOCTABJISIOT.

['maBHYyI0 4acTh MOKyMEHTa CJENyeT NEIUTh Ha pa3Jeibl, NOApa3aebl U
nyHKTBL. [IyHKTBI, IpH HEOOXOJUMOCTH, MOTYT AETUTHCS HA MOAMYHKTHL [Ipm
JICIIEHUU TEKCTa Ha MYHKTHI U MOAMYHKTH HEOOXOIUMO, YTOOBI KaXAbIil MMyHKT
coJiepKay 3aKOHYCHHYIO HH(POPMAIIHIO.

Pa3nensbl, moapasaensl, MyHKTHI U MOJAMYHKTHI ClIeAyeT HyMepoBaTh apaod-
ckuMU I pamu 0e3 TOUKH B KOHIIE U 3aIIUCBIBAThH € a03aI[HOTO OTCTYTA.

BBeneHue u 3aki04eHHE HE HYMEPYIOT.

Paznensl 1OMKHBI UMETh MOPSAKOBBIE HOMEPA B IpEJEiax BCETO JOKY-
MmeHTa. [loapasaensl 10KHBI UMETh HyMEpAlLMIO B MpeAeiax Kaxa0ro paszena.
Homep mopgpasnena cocTOMT U3 HOMEpa pasziena U Moapasjesa, pa3aeieHHbIX
TOUKOM. B KOHIIE HOMEpa pa3aena WK noapas3/iesia Touka He CTABUTCSL.

ITepeHoCHI CI0B B 3arojIoBKax He JA0MycKaroTcs. Eciu 3arojloBOK COCTOUT
U3 JBYX NPEUI0OKEHUM, UX Pa3essoT TOUKOM.

3aroyl0BKY MEPBOTO U BTOPOTO YPOBHS MevyataroTcs mpudTtom Arial.



3aroyIoBKM NEPBOro ypoBHs nevararorcs 16 mpudrom, KupHbBIM.

3arojIoBKM BTOPOrO YpOBHsI medararorcs 14 mpudTom, )KUPHBIM KypCH-
BOM.

3arojIoOBKM TPETHErO YpPOBHS IMeyaTaroTcsi OObIYHBIM wIpudGTOM Times
New Roman, 14, »xupHbIM.

3aroloBKA Y€TBEPTOTO YPOBHS, €CIM OHU OYIYyT MCIIOJIb30BaThCA, Meva-
TatoTcsi 00buHbIM mpudToM Times New Roman, 14, sxupHbIM, KypCUBOM.

1.2.1.2 Pucynku u maoauywl

Pucynku cnenyer pacnojararb HEIOCPEACTBEHHO MOCIE TEKCTA, B KOTO-
POM OHH YIIOMMHAIOTCS BIIEPBbIC, WIIM HA CIEAYIOLIEH CTPaHULE.

Bce pucyHKH NOJKHBI IMETh HOMEP U Ha3BAHME.

Bce pucynku crnegyer HymepoBarh apaOCKMMHU IMPpaMu CKBO3HON HyMe-
panuen B Ipeneax BCero JOKyMEHTa.

Jlonyckaercs, puCyHKM HyMEpOBaTh B IIpeenax paszaena. B atom ciydae
HOMEp PUCYHKa COCTOMT M3 HOMEpa paszesa M MOPSIKOBOTO HOMEPA HILIFOCT-
panuu, pa3IeIeHHbIX TOYKOM, Hanpumep — Pucynok 1.1

PucyHkn kaxmoro npuiokeHus 0003HA4alOT OTAENbHOM HyMmepanuein
apabckumu 1udpamMu ¢ godaBieHUEeM mepen HUdpoi 0003HAUYEHUS MPUIIOKE-
Husi. Hannpumep — PucyHok A.3

PucyHku NOJIKHBI UMETh HAUMEHOBAHME U, €CIM HEOOXOJUMO, MOSCHU-
TEJIbHBIE JJaHHBIE (MOAPUCYHOUHBINA TeKCT). Ci10BO «PUCYHOK» M €ro HauMeHo-
BaHUE MIOMELIAIOT MOCJE MOAPUCYHOUHOIO TEKCTA CIAEAYIOIUM 00pa3oM:

Pucynok 1 — Cxema paguonpuemunka A.C. ITonosa

Touka B KOHIE HE cTaBuUTCA. lloapHCyHOYHAss HAANKMCH BBIPABHUBACTCS
10 LIEHTPY JIUCTA.

PucyHku cieayer BbIIEIATh U3 TEKCTA YBEJIWYEHUEM MHTEpBasia Ha 6 —
12 myHKTOB NE€pea U MOCie PUCYHKA (€r0 HAMMEHOBAHUA).

Ha Bce pucyHKU A0KHBI OBITh JaHBI CCBUTKU B JOKYMEHTE.

IIpy ccpuikax Ha PUCYHKH CIEAYET MUCATh «... B COOTBETCTBUU C PUCYH-
KOM 2» MPU CKBO3HOW HYMEpPALIUU U «... B COOTBETCTBUU C PUCYHKOM 1.2» mpu
HyMEpaluH pUCYHKa B IIpeAeax pas3aena.

Tabauuwt

Tabnuupl TPUMEHSIOT JUIs JIyYIlIed HArjasgHOCTH U yA00CTBa CpaBHEHUS
nokasarteliel ¥ pa3MelIaioT Mo [EeHTPY CTpaHUIIbl 0e3 a03alHOTO OTCTYIIA.

Tabnuily, B 3aBUCHUMOCTH OT €€ pa3Mepa, MOMEMIAIOT MOJ TEKCTOM, B KO-
TOpPOM BIIEpPBbIE JaHa CChIJIKA Ha Hee, WIM Ha CIEAYIOIIEeH CTpaHulle, WK, PU
HEO0OXOMMOCTH, B IPUIIOKEHUHU K TOKYMEHTY.



Tabnuupl, 3a UCKIIOYEHUEM TaOJIUI] MPUIIOKEHUM, CIeNyeT HyMepOBaTh
apaOckumu 1MppamMu CKBO3HOW Hymepallrei, Touka B KOHIIE HOMepa He CTa-
BUTCS, Harpumep, Tabnuia 2

Tabmuupl KaxI0TO MPUIOKEHUS 0003HAYAIOT OTAENIbHOM HyMmepaluein
apabckumu 1udpamu ¢ nobaBieHreM nepen nudpoit 0003HaAYEHUs MPUITOXKE-
HUs, Hanpumep, Tabnuua A.2, eciiv OHa IPUBEACHA B IPUIIOKEHUH A.

CnoBo «Tabnuia» BeIpaBHUBAETCS MO JEBOMY KParo TaOIHIIbI.

Hazpanue Tabmuipl, Ipyu €ro HaJU4MH, JOJDKHO OTpaXkaTh €€ COoAepKa-
HUE, OBITh TOYHBIM, KpaTkuM. Ha3Banue TabmuIpl cienyeT moMenaTs Haj Tao-
auien ciesa (mepBast OykBa MPOIMUCHAsA, OCTAIbHBIE CTPOUYHBIE), Oe3 ab3aHoro
OTCTYIIa, B OJIHY CTPOKY C €€ HOMepOoM depe3 neduc (Tupe).

Ha Bce TaGnuisl JOMKHBI OBITh CCHUIKM B HOKyMmeHTe. [Ipu ccbuike crie-
JyeT mucaTh CIOBO «TaOJMIa» C YKa3aHHEM €€ HOMepa, HalpuMep, «...B Taod-
e 2.1».

Tabnuiy ¢ OOJBIIMM KOJIMYECTBOM CTPOK JOIMYCKAETCS MEPEHOCUTh Ha
npyroi nuct (ctpanuily). [Ipu nepeHoce yactu TaOaMIbI HA IPYroi JUCT (CTpa-
HUIlYy) cloBO «Tabmuiia», ee HOMEp M Ha3BaHHE (3aroJOBOK), €CJIM OHO €CTh,
YKa3bIBalOT OJMH pa3 cjeBa HaJ MepBOM yacThio TaOiuibl. Han npyrumu yac-
TAMU MUIYT clIoBO «[IpomoimkeHne» W yKa3bIBAalOT HOMEP TAaOJHIIBI, HAIPH-
mep — [Iponomkenue Tadauipbl 1.

B kaxx10#1 4acTu MOBTOPSIIOT TOJIOBKY TaOJIHIIBI.

1.2.1.3 H3nosxncenue mexkcma Kypcoeoi padomul

[Ipu Hamucanum TekcTa pabOTHI ClEAyeT yYUTHIBATh, YTO IMOJIHOE Ha-
MMEHOBAHME Pa3padOTaHHOTO YCTPOWCTBA HAa THUTYJIBHOM JIUCTE, B OCHOBHOM
HAAMKUCU U TIPU IEPBOM YIIOMUHAHUU B TEKCTE JOJIKHO OBITH OJUHAKOBBIM.

HanmMeHnoBanusi, UCTIONb3yEMBIE B TEKCTE M HA WIUTFOCTPAIUAX, JOJIKHBI
OBITH OJIMHAKOBBIMH.

B TekcTe MOSICHUTENBHOM 3amMMCKU JODKHBI MPUMEHSTHCS HAy4yHO-
TEXHUYECKUE TEPMHUHBI, 0003HAUEHUSI U ONpPE/ESICHUs, YCTAHOBJIECHHBIE COOT-
BETCTBYIOIIMMH CTAaHJIaPTaMH, a MPU UX OTCYTCTBUU - OOILIETPUHATHIE B HAYyY-
HO-TEXHUYECKOH JIUTEepaType.

B TekcTe NosACHUTEIbHON 3alMCKU HE JIOMYCKaeTCs:

- IPUMEHATH 000POTHI PA3TOBOPHON PEUH, TEXHUIIM3MBI, TpodheccuoHa-
JIU3MBI;

- TNPUMEHATH A OJHOTO M TOTO € MOHSATHS pa3jMyYHble HAy4YHO-
TEXHUUYECKHUE TEPMHHBI, OJIM3KHE IO CMBICIY (CHHOHUMBI), a TaKKE€ MHOCTPaH-
HBIC CJIOBA M TEPMUHBI NIPW HAJIMYWW PABHO3HAYHBIX CJIOB U TEPMHUHOB B pPYyC-
CKOM SI3BIKE;

- IPUMEHSITh MPOU3BOJIBHBIE CIIOBOOOPA30BaHNS;

- COKpalath 00O3HAYEHUS! €IUHUIl (PU3NYECKUX BEIUYMH, €CJIIH OHU
ynoTpeosrorcs 6e3 nudp, 3a UCKIOYEHUEM eIUHUI (PU3NYECKUX BEIUYHH B
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TabauIax u B paciiu@poBKax OYKBEHHBIX 0003HAUYCHUH, BXOAAIIUX B (hOPMYJIbI
U PUCYHKH.

B tekcre, 3a uckitoueHnneMm Qopmyii, TaOIHI] U PUCYHKOB, HE JOMyCKa-
eTcs:

- IPUMEHSATh 3HaK MUHYC ( - ) Mepe]l OTpULATEIbHBIMA 3HAYCHUSIMH Be-
JIMYUH; CIIEYET MUCATh CIOBO «MHUHYC»;

- MPUMEHATH 0€3 YMCIIOBBIX 3HAUYEHUW MaTeMaTUYECKUE 3HAKHU, HATIPH-
Mep, > (Oomblne), < (MeHbIe), = (paBHO), = (0OJIBIIIE UK PaBHO), < (MEHBIIE
WJIM PaBHO), # (HE paBHO), a Takxke 3HaKu Ne (Homep), % (MpOLEeHT).

YcaoBHbie OyKBEeHHBIE 0003HAYCHUS WM 3HAKU JTOJDKHBI COOTBETCTBO-
BaTh MNPUHSTHIM B JIEUCTBYIOIIEM 3aKOHOAATENBCTBE U IOCY/IAPCTBEHHBIX CTaH-
JnapTax.

B Tekcte nokymeHTa nepej 3HaUeHUEM MapaMeTpa JIatoT €ro MosCHEHUE,
Hanpumep, «ConpoTUBIEHUE HArPY3Ku RH».

[Ipu mpuMeHEeHUU YCIOBHBIX 00O3HAUYEHUH, HE YCTAHOBIEHHBIX JEHCT-
BYIOLIMMU CTAHJIapTaMU, UX CJIEIYET MOSICHATh B TEKCTE WJIU B MepeyHe 000-
3HAYCHUM.

B nosicHuTenbHOM 3anMcKe CeAyeT NPUMEHSTh CTaHAAPTHBIE €UHUIIBI
bu3nUecKux eIUHULIbI (PU3UUYECKUX BEIMYMH, UX HAUMEHOBAHUS U 0003HAUYCHHUS
B cootBercTBUU ¢ ['OCT 8.417. Ilpu 3TOM NpUMEHEHUE Pa3HBIX CHUCTEM 000-
3Ha4YEHUS PU3NYECKUX BETUYUH HE JI0MYCKAETCS.

B TekcTe uncioBbie 3HaUCHUS BEIWYUH C 0003HAYCHUEM €IUHUIL (HU3H-
YECKHUX BEJIMYWH U €UHUI] CUeTa MUIITYTCs nmudpamu, a unciia 6e3 0003HadeHUS
enuHUI] (GU3NICCKUX BEITUYUH U €IMHUI] CUETAa OT SAWHHUIIBI 10 JICBSITH - CJIOBa-
MU.

Ilpumepuot

1. B xauecTBe Harpy304HOro pe3ucTopa OepyT YEThIpEe pe3ncTopa CO-
npotusieHreM 200 OM, coeIMHEHHBIX NapaAJIIENbHO.

2. Inst ucnibitanuit oroopath SO TPaH3UCTOPOB.

Ecnu B TekcTe mMpoOBOAUTCS Psii YUCIIOBBIX 3HAYEHWH, BBHIPAXEHHBIX B
OJIHOM M TOM ke eauHuIle (HU3NIECKOU BETUYUHBI, TO €€ YKa3bIBAIOT TOJIHKO I10-
CJie TIOCJIETHETO YMCIOBOIO 3HAaUYeHUs, Hanpumep 5,6; 6,8; 7,5 Om. Ecinu B Tek-
CTe MPUBOJIAT JUAIA30H YMCIOBBIX 3HAYEHUM, BHIPAXKEHHBIX B OJIHOM W TOM K€
eAuHUIIEe (PU3NUECKON BEIMYMHBI, TO 0003HAYEHUE ITOW €UHUIIBI YKa3bIBACTCS
IIOCJI€ MOCJIEJHETO YMCIIOBOr0 3HAYCHHS JUana3oHa.

Ilpumepot
1.016 10 9 A.
2. Ot munyc 40 o miroc 60°C.
HenomycTuMo nepeHOCUTh Ha pa3HbIe CTPOKM WJIM CTPAHUIIBI YUCIIOBOE

3HAYCHHE U CAMHUIYY (DU3UYCCKON BEIIMYMHBI, KPOME TAKOBBIX, TOMEIICHHBIX B
TabIuIax.
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JpoOHbie uncna B TEKCTE NPUBOJIAT B BUAE A€CATHUUHBIX Apodeit. [Ipu He-
BO3MOKHOCTH BBIPAKEHUS YMCENl B 3TOM BHUJE, JOIMYCKAETCS MX 3aMUCHIBAThH B
BUJIE POCTOM APOOH B OJIHY CTPOUKY Yepe3 KOCYI0 UepTy, Harpumep, 5/32.

B ¢dopmynax B kauecTBe CUMBOJIOB CIEAYyET MPUMEHATh 00O03HAUEHUS,
YCTaHOBJICHHbIE TOCYJJAPCTBEHHBIMU CTaHAapTaMu. [losicHEHUs] CHMBOJIOB U Yu-
CJIOBBIX KO3()PHUIIMEHTOB, BXOIAUINX B (HOPMYILY, €CIIM OHU HE MOSICHEHBI paHee
B TEKCTE, JOJKHBI OBITh MPUBEAEHBI HEMOCPEACTBEHHO 1o (popmyroi. Ilosic-
HEHUs KaXJ0ro CHMBOJIA CJIEYET JaBaTh C HOBOM CTPOKM B TOWM MOCIIENOBA-
TEIBHOCTH, B KOTOPOIl CUMBOJIBI TpHUBEACHHI B popmyie. [lepBas cTpoka mosic-
HEHUS JOJKHA HAUMHATHCS C Hayasla CTPOKU CO CJIOBA «Te» 0€3 TBOETOUHS MO-
CJI€ HErO.

Ilpumep

Teopernueckas BAX 351eKTpOHHO-IBIPOYHOTO TMEpPEX0ja, OMpeaesieTcs
COOTHOIIIEHHEM

Ul
= 10(e (&) —1), (1.1)
rae I, - oOpaTHBIN TOK HAcChIIEHUS (TOK 3KCTPAKLUH, 00YCIOBJIEHHBIM Heoc-

HOBHBIMU HOCHUTEJISIMM 3apsi/ia; 3HAUYCHUE €ro OY€Hb MaJo);
U - HamnpsiKEHME Ha p-n-TIEPEXO/CE;
Q.- TEMIIEPATypHbIN TOTEHIUAI, @ =25,28 mB npu T=20 C°;

T - Temneparypa,
e - 3apsij JIEKTPOHA);
m - IONPABOYHBIA KOOPPUITUECHT.

@opMyibl, CAEAYIOIINE OJIHA 32 APYTOM U HE pa3/IeJ€HHbIE TEKCTOM, pa3-
JIEIISIOT 3aIISITOM.

YuciioBble 3HAYEHHSI CUMBOJIOB IMOACTABIISIIOT B TOM XK€ MOPSJIKE, YTO H
CHUMBOJIbI B aHAJIMTUYECKOH opmyIie.

[lepenocuts GopMyIibl Ha CIAEAYIOUIYIO CTPOKY JOIMYCKAETCS TOJBKO Ha
3HaKaXx BBIMIOJHAEMBIX OIEpALNil, IPUYEM 3HAK B HAadalie CIEAYIOLIEH CTPOKHU
noBTopAloT. [Ipu nepenoce hopmysbl Ha 3HAKE YMHOXKEHUS TMPUMEHSIOT 3HAK
“x”. [lpuMeHeHrne MAaIIMHOMUCHBIX U PYKOIMCHBIX CUMBOJIOB B OJIHOU (hopMy-
ne He ponyckaercs. @opMyibl TOKHBI HYMEpPOBATHCS CKBO3HOM HyMepaluei
apaOCKuMU H(ppamMH, KOTOPbIE 3aMMCHIBAIOT HA YPOBHE (POPMYIIBI B KPYTJIBIX
CKOOKax crpaBa B KOHIIE cTpokH. CChUTKM Ha (POPMYJIIBI TAIOT TAKXKE B CKOOKaX,
HaIpumep, ...coraacHo dopmyne (1)... . DopMynbl MPUITOKEHUH HYMEPYIOTCS C
no0aBieHueM nepea Hu@poit 0003HaAUCHUS IPUIIOKEHUSI, Pa3JICIEHHBIX TOUKOH,
Hanpumep, ...popmyna (B.1)... . [lonmyckaercs Hymepanusi GopMyi B mpeenax
paznena. B aTom ciyyae Homep GopMyJibl COCTOUT U3 HOMeEpa pasfena U IMo-
psiAKOBOTO HOMepa GOpMYIIbl, pa3fesIeHHbIX TOUKO, Hampumep, (3.1).
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1.2.1.3 Bubauozpaghuueckuii cnucok

CnHCcOK [OJDKEH colepXkKaTh INEpEeYeHb HCTOYHUKOB, HCIIOIb30BAaHHBIX
IIPU BBIIIOJIHEHUU PaOOTHI.

CBeneHust 00 UCTOYHHMKAX CIIEIYET paciosiararbh B ajq()aBUTHOM MOPSJIKE,
1o (pamMuIUsM aBTOPOB.

B Hauane cnmcka moMemaroT 3aKOHOAATEIbHYI0 WJIM HOPMATHBHYIO JIN-
TepaTypy.

[locne ykazaHHBIX MaTe€pUaOB IPUBOIAT OCTANBHYIO JIMTEPATYPY: BHA-
yajie OTEYECTBEHHYIO, 3aTEM HHOCTPAHHYIO.

[IprMepbl HEKOTOPBIX CCHITIOK ITPUBEICHBI HUKE.

Knuzu oonozo aemopa:

Jlypre, M.C. AHaJIOrOBbIE YCTPOMCTBA MPOMBIIIJIEHHON 3JIEKTPOHUKH /
M.C. Jlypse. — Kpacnosipck: KI'TA, 1996. - 179 C.

Knuzu oeyx u mpex aemopos:

AnekceeB, A.I'. OnepaliMoHHbIE YCUJIUTENUM W UX npuMeHeHue / A.T.
Ainekcees, I'.B. bonmmiio, - M.: Pagno u cBs3b, 1995. — 389 C.

Knuzu yuemuvipex u 6onee agmopos:

[Tpombiniennast snexktponuka / A.M. Kornsposckuii, [u nap], — M.: He-
npa, 1984. — 256 C.

Ilepesoonvie uzoanus:

Xoposui, II. UckyccTtBo cxemorexnuku: B 2 T.: Ilep. ¢ anru. / I1. Xopo-
BuL, Y. Xwui, - M.: 1996, T.1. — 598 C.

Mamepuansl Kongepenyuii, CUMNO3IUYMO8, CHE3008:

Jlypbe, M.C. AnnapaTHblii METOJI CHUKEHHUS MOTPEUIHOCTEN BUXPEBBIX
pacxonomepoB / M.C. Jlyprse, U.A. MBanoB // KomMepueckuil yueT 3HEpPTroHO-

cuteneii: CO6. MmarepuasioB 21-i1 MexayHapoaHOW HayYHO-TIPAKTHUYECKON KOH-
dbepenunu — CI16, 2005. — C. 236 — 238.

Cmamou u3 sncypnanoe:

JIypse, M.C. BausiHue 1mepoxoBaTOCTH BHYTPEHHEH IMOBEPXHOCTH TPY-
OOIpOBO/Ia HA MOTPEIIHOCTD U3MEPEHUS TIOTPY>KHBIX BUXPEBBIX PACX0IOMEPOB /
M.C. Jlypse, 2.M. Ileitnun // U3mepurtenbHasa texauka. 2006. - No2. - C. 34 -
36.

Ilamenmut

[Tatent 2234063 Poccuiickas @enepaunsd, MIIK G 01 F 1/32, BuxpeBoii
pacxonomep / JIypee M.C., EnuzapreBa M.IO., ITlnotaukos C.M., ®ununmnosa

O.M.; 3asBuTenb u nareHroobaanaTesib CuOoup. TOCyA. TEXHOJIOT. YH-T. — 3asiBKa
Ne2002119493; 3asBn. 17.07.2002; omry6a. 10.08.2004, bron. Ne22.—7 c.
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1.2.2 TpeboBaHuA K ohopMneHunro rpacpu4ecKon 4YacTm KypcoBou
paboTbl

['paduyeckas yacTh KypcoBOM pabOTHI JOJDKHA OTpa)kaTh €€ OCHOBHBIC
pe3yJbTaThl U HATJISIHO TOATBEPXKAaTh U3JI0KEHHBIN B TEKCTE MaTepyall U MO-
JKET OBITh IPEICTaBICHA B BUC YEPTEKEH, CXeM, TaOJIuII.

['padrueckast 4acTh BBITIOJIHSETCS JTUOO BPYUYHYIO KapaHIAIlOM Ha Bart-
MaHCKHX JIUCTaX, TMO0 meyaTaeTcsl Ha MPUHTEPE WK rPpadormocTpouTere.

O0beM rpaduueckoi yacTH He JOJDKEH MPEBBIIIATh JIBYX JIUCTOB (hopma-
Ta A3.

[Tpu BEIMOTHEHNU CXEM HEOOXOAMMO MPUMEHSIThH YCIOBHBIE TpaduuecKue
0003HaYCHUS, YCTAHOBJICHHBIE HOPMATUBHBIMH JJOKYMEHTAMHU:

- 1151 pe3uctopoB U koHaeHcaTtopoB 'OCT 2.728-74;

- 1151 TOTynpoBOoIHUKOBBIX pubopoB ['OCT 2.730-73;

- st aneMeHnToB mudposoi Texuuku ['OCT 2.743-91;

- 111 piieMeHToB aHanorosoi Texuuku ['OCT 2.759-82.

HexoTopbie OCHOBHBIE YCIOBHBIE 0003HAYECHUSI TPUBEICHBI B MPHUIIOKE-
Hum I'.

Ha xaxxnpom nucrte rpaduyeckoil 4acTu HE0OXO0IUMO TTOMECTUTD YTIIOBOM
HITaMII, B COOTBETCTBUE C MpUjIoxkeHuem /1.

Han yrnoBoit Hagmuchio clieyeT pacloJIOKUTh MEPEYEHb 3JIEMEHTOB
CXEMBI, KaK MTOKa3aHO B MPUIOKEeHUH J].

Bce 3neMeHTBI cXeMBI JOIKHBI OBITH 0003HAYEHBI.

Hampumep, pesucropsl obo3navarotest kak R1, R2, ... u 1.1., KoHIeHca-
topel: C1, C2, ... u T.1., anamoroBbie MukpocxeMbl DA1, DA2, ... u T.1.: ud-
poBbie Mukpocxemsl: DD1, DD2, ... u T.4., nuoasr: VD1, VD2, ... u T.1., Tpan-
suctopel: VI'1, VT2, ... uT.m.

CneBa uiM noj 0003HaUYEHUEM dJIEMEHTA JOKHA ITOMEIIAThCS €ro BEJIU-
yuHa (1151 pe3UCTOPOB M KOHJIEHCATOPOB).
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2 COCTAB KYPCOBOM PAEOTbI

KypcoBas paboTta 3akitodaercs B pa3pabOTKe ABYX 3JIEKTPOHHBIX Y3JIOB:

- ycunumeJia ¢ 3a0AHHOU YACHMOMHOU XAPAKM EPUCMUKOTU;

- 010Ka RUMAHUA 0N yCuaumensn u yugpoeozo oaoka.

Pe3ynbrarhl pacyeToB SJEKTPOHHBIX Y3JI0B U pa3paboTaHHbIE OJOK-
CXEMBbI JOJKHBI ObITh MPUBEACHBI B MOSICHUTEIBHON 3anicKe (OCHOBHOM YacTH
KypCOBOM pabOThI).

[IpyHIMOMATBHBIE AIEKTPUUYECKUE CXEMbI JIEKTPOHHBIX Y3JIOB U IEpe-
YeHb UX 3JI€MEHTOB MPUBOJATCSA B rpauuecKoil 4yacTu paboThI.

BapuaHTbl 3ajaHuii Ha KypcoBYyIO pabOTy MpUBEACHbI HA cTpaHulEe 66 B
paznaene «BapuanTel 3ananuii», Tadnuna 4.1.

HcxonHble maHHBIE HA MPOCKTUPOBAHKE OJIOKA MUTAHUS OMPEICISIOTCS
PACUYETHBIM MyTEM.
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2 MPOEKTUPOBAHME YCUNUTENBHOIO YCTPOUCTBA

2.1 CmpykmypHasi cxema ycunumersnsi

WcxonHbIMU JaHHBIMU JIJIS1 pa3pabOTKU YCUITUTENS SBIISIFOTCS:

1) Ez - BJIC ucrounuka cursania, B;

2) Rz — BHyTpEHHEE CONPOTUBIIEHNE NCTOYHHUKA CUTHANIa, KOM;

3) Ru — conpoTUBIIEHHE HArpy3Kku ycuiaurens, Owm;

4) Pu — MOILIHOCTb HAarpy3ku, BT.

Kpome Toro 3amansl TpeOOBaHUS K YACTOTHOM XapaKTEPUCTUKE YCUIIUTE-
TSt

1) tun ¢punsrpa;

2) TUN anmpoKCUMAIMH YaCTOTHOM XapaKTepUCTUKU (QUIbTPA;

3) mopsAnok GpuiIbTpa;

4) fc -ygacrora cpe3a (s ®HY u ®BY), ['n;

5) fu - 4acTOoTa HUYKHEW T'paHUILIBI MTOJOCHI TPONYCKaHUS (MM 3a]1epKU-
BaHMUS) JJIsl TIOJIOCOBBIX (PUIIBTPOB, [11;

6) fé - yacToTa BEpXHEH rpaHULbI MTOJIOCHI MPOMYCKaHU (MM 3aJEPIKU-
BaHMUSI) JJIsl OJIOCOBBIX (PUIBTPOB, ['11.

OO6mas cxeMa ycuauTess MoKa3aHa Ha pucyHke 2.1.

Hctounuk BK AKTUBHBIN Yeunurenb Harpyska
curHaa DOunbTp MOII[HOCTH
Tun purempa
Re
[] fe, fu, fé [] Ru
Rex P
Vs Tun annpaxcumayuu "
1 Topsioox punempa n

Pucynox 2.1 — Cmpykmypuas cxema ycunumers

Bxoonoi kackao (BK) npennazHayeH i COrIaCOBaHUSI ICTOYHUKA CUT-
HaJla ¢ YCUJIUTENIEM U IPEIBApUTEIbHOrO0 YCUJIEHHUs BXOAHOTO curHaia. Koag-
(UIUEHT YCWIECHHUS 110 HANPSDIKEHUIO TaHHOTO KackKaja He CIEeAyeT JielaTh Bbl-
me 15 - 25.

Axmuenotii punemp (AD) bopmupyer 3aJaHHBIE YAaCTOTHBIE CBOMCTBA
YCUJIUTEINS U MOKET YCUJIMBATh BXOAHON CUTHAJ, €CIH 3TO HEOOXOIUMO.

Koadpdunuent ycunenus akTUBHOrO (UIBTpa HE CleIyeT 3aJaBaTb
CJIMIIKOM BBICOKHM, TIOCKOJIBKY 3TO MHOT/A 3aTPYyIHSET BHIOOP OMEPAIMIOHHOTO
yeunutens. Ero cnenyer BeiOupath B tuana3zone 1 — 10.

Crnenyet ydectb, uTo cxeMa ¢uibTpa BepxHux yactoT (OBY), pexomen-
JIOBaHHAs K pacyeTy B JIaHHOM paboTe, BHINOJIHEHA HA ITOBTOPUTENE HaIpsiKe-
HUS U UMeeT (PUKCUPOBAHHBIN KOO(PPUIIUEHT YCUICHUS PaBHBIN €IMHHULIE.
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Yeunumenv mowgnocmu (YH) cinyxut st co3gaHusi B Harpyske Tpe-
OyeMOol MOIIIHOCTH YCUJIMBAEMOTO CUTHAJa.

2.2 OnpedesieHUe OCHOBHbIX NapaMempos ycusumerssi

[lepBbIM mIaroM BBHITIOJIHEHUS KYPCOBOM PaOOTHI SIBIISETCS OMpECICHHE
YETBIPEX OCHOBHBIX MMapaMeTPOB OYAYIIETO YCHIIUTEIS:

1) Réx - BXOJTHOTO CONPOTUBIICHUSA YCHIUTENS, KOM;

2) Un - nercTBYIOLIErO 3HAYEHUs HANPsKEHUS Ha Harpyske, B;

3) Iu - IeNCTBYIOLIETO 3HAYEHUS TOKA HATPY3KHU yCUIUTENs, A.

4) Ku - xoadduienTa yCuieHus 1o HaNpsKEeHUIO;

Bxoonoe conpomuenenue ycunurens onpenensercs Takum o0pa3om:
Reéx = R2-(10+100). (2.1)
3Has BENMYHUHY TPeOyeMOro BXOJHOTO CONPOTHBICHHUS R6X YCHUIUTEINS
MO’KHO MPaBUIILHO BBIOPATh CXEMY BXOJHOTO KacKaja.

Jleiicmeyrouiee nanpacenue Ha Harpy3Ke HaxoauTcs 1o Gopmysie:
Un=~K -Pu-Ru, K=1,1. (2.2)

Koadpounuent K =1,1 B Boipakenuu (2.2) NpuHAT 1uig oOecreyeHus He-
KOTOPOTO 3araca Mo HanpsHKeHUIO B YCUJIMTEIIE MOITHOCTH.

Heiicmeylowjee 3nauenue moka Harpy3Ku HaXOJUTCS TaK:

Un
In=—— (2.3)
Ru
Koygppuyuenm ycunenua no nanpsarcenuio paCCUuThIBACTCA MO BBIPAKEHUIO:
Ku = @ . 2.4)
Ec

[Tocne pacueTa OCHOBHBIX MMapaMeTPOB YCUIIMTENS HYKHO paclpeienTh
yCUJICHHE TI0 KacKaJaM.

N3BecTHO, yTO OOIMH KOA(D(GUIMEHT YCHUIEHUS MHOTOKACKaJHOTO YCH-
autenst Ku paBeH Mpou3BeleHHUI0 KOA(P(UIIMEHTOB YCUIICHUS! OTJENBHBIX Kac-
KkazoB. [ToaTromy

Ku = Ksx- Kagh- Kym, (2.5)
rae Kex - KooQpGUIMEHT yCUIICHHUS IO HAMPSHKEHUIO BXOHOTO KacKaja;

Kag - xoapduument ycuneHus no HanpsLKEHUIO aKTUBHOTO (UIIBTPA,;
Kym - x03¢dduIMeHT yCuieHus o HanpsHKeHUIO YCUITUTENS] MOIIHOCTH.

Jlns manmpHeHero pacuera cieayeT Ooyiee MM MEHEe PaBHOMEPHO pac-
npeneauTb o0mui KodOUIMEHT YCUJIeHUs IO KacKajam, ¢ YYeTOB BhIIICyKa-
3aHHBIX 3aMEYaHUU.

Hampumep, o6mmii ko3huLMEeHT ycuiaeHUs YCHUIHUTENs ¢ (UIbTPOM
HIKHHUX 4acToT paBeH 108.

Pacmipenensiem 3T0T K03(hPUIIMEHT TaKUM 00pa3oM:
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Kex=6; Kap=3; Kym=6.Ilonyqaem Ku=6-3-6=108.
Hpyroit mpumep, oO1muii K03hOUITUEHT YCUICHUS YCUITUTENS ¢ QHIBTPOM
BEpXHMUX 4acTOT paBeH 108.

Pacnipenensier 3ToT K03pHUIIUEHT TaKuM 00pa3oMm:
Kok =10,4; Kagp=1; Kym=10,4. [lonygaem Ku=10,4-1-10,4=108.

2.3 Bb160p cxeMbl U napamempoe 8xXx00HO20 Kackada

CxeMa BXOAHOTO Kackaja B JaHHOUW padoTe BbIOMpaeTcs U3 JBYyX BapHaH-
TOB:

- CXeMa WHBEPTUPYIOIIETO0 YCUJIMTEIS Ha OINEpPalMOHHOM YCUJIUTENE
(OY), pucyHok 2.2;

- CX€Ma HEMHBEPTUpYytolero ycunurens Ha OY, pucyHok 2.3.

NHuBepTUpYIOMIMI yCUIIUTENh HMMEET 3HAYUTEIbHO MEHBIIYIO 3aBUCH-
MOCTh HANpsDKEHUsI CMEIIEHUSI OT YacTOThl M aMIUIMTY/bl BXOJHOTO CHUTrHaja,
yeM HeuHBepTupyrouwmi. [losTomy cienyer ctapaTbCs MPUMEHSATH BO BXOJHOM
KAaCKaJle CXeMY MHBEPTUPYIOIIETO YCUIUTENS, €CIIH 3TO BO3MOXKHO.

[lepen BEIOOPOM CXEMBI BXOJIHOTO KacKajia CIEAyeT ONMPEEIUTh €ro BO3-
MOKHOE BXOJIHOE COIPOTUBIIEHHE R6X,,, B CX€ME MHBEPTUPYIOLIETO YCUIIUTE-

JIA.

Réx ;. =@ [KOM]. (2.6)
Kex
Ecmn Rex,,, < Réx, TO cleqyeT UCIOJIb30BaTh CXEMY MHBEPTUPYIOIIETO
YCWINTENSA, PUCYHOK 2.2.
Ecim Rex,,, > Rex, ciegyeT NPUMEHHTb CXEMY HEUHBEPTHPYIOILETO

YCUJIATEIISI, PUCYHOK 2.3.

2.3.1 PacueT MHBepTUpYIOLLErO yCcunutens

— —
R2 R3
R2 R4
RI DA RI DA
D> oo o—{ 1} J; > oo o
Usx Usuvix Usx Usvix
R3 RS
a 4]

Pucynok 2.2 — Uueepmupyrowuti ycunumens Ha OY:
a — npocmas cxema ycunumens; 6 — eapuanm ¢ T-obpaznvim Mmocmom 6 yenu
00pamHoll ces3u
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[TapameTpsl IPOCTOM CXEMbl MHBEPTUPYIOIIETO YCUITUTES:

Rl1=Rex, R2=RI-Kex, R3= RLR2 (2.7)
R1+R2

Benuunny pesucropa R2 cienyet BoiOupath He 6osee 1 MOwm.

[TapameTpbl cXeMbl HHBEPTUPYIOIIETO ycunutens ¢ T-o0pa3HbiM MOCTOM:
R2-R3 _ R1-R>

R1=Rex, Ro=Rl1-Kéek=R2+R3+——, RS5=——. (2.8)
R4 R1+R>
B gactHOM ciyuae, eciau
R1=R2=R3=R4=Rsx, TO K6K=3,R5=§R6x. (2.9)
2.3.2 PacuyeT HeMHBepPTUPYIOLLEro yCUNUTEns
|—
R2 R1
DA
> oo e]
(e,
Usvix

UexT Rex

L 1

Pucynox 2.3 — Heunsepmupyrowui ycuaumens va OY

[TapameTpsl cXeMbl HEUHBEPTUPYIOLLETO YCUITUTENIS:
3agaem compoTtuBieHMe R1, mnpu 3TOM  coOdrofaeM  ycloBHE
10 kOM < R1 <1 MOwM . ConpoTtunenue R2 onpenensieTcsi o BbIPaXKEHHUIO

R2=R—1. (2.10)
Kex—1

B naHHOl cxeme BXOJHOE CONPOTUBIICHUE HEUHBEPTUPYIOIIETO YCUIIUTE-
1 Reéx,,, O4eHb BEIMKO U OIPEIEIACTCS KaK
Ku,,

Kex
rne Rex,,, Ku,, - BXOOJHOE CONPOTUBICHNUE U KOI(P(UIMEHT YCUIICHUS O Ha-

Rex,,, = Rex,,, - >10° Owm, (2.11)

MPSHKEHUEO ONIEPAIMOHHOTO YCUIIATEN S, COOTBETCTBEHHO.
[Tockonpky mapamerpsl Réx,, U Ku,, ONEpPallMOHHOIO YCHIIUTENS W3-

MEHSAIOTCS OT AK3EMIUISIPA K IK3EMIUIAPY, TO BXOJHOE COMPOTUBICHHUE CXEMBI
OKa3bIBae€TCsl HE BIOJIHE ompeneleHHbIM. Kpome Toro, Oomblnas BeaudynHa
Réx,;,, MOKET IPUBECTU K IPOOOI0 BXOAHBIX TpaH3UCTOpoB OY.

[ToaToMy, MJIst ONPENEIIEHHOCTA BEJIMYMHBI BXOJHOTO COMPOTHUBIICHUS U
JUTSI UCKJTFOUCHHMSI TIPO00ST YCUITUTEISI TI0 BXOAY, IMapauIeIbHO BXOAY YCHIIUTEISA
BKJIIOYAIOT CONPOTUBIICHNE R3 = Rgx .
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Bce paccunTaHHBIC BEIMYHMHBI PE3UCTOPOB B CXEMaxX YCHIIMTENEH HEO0O-
XOJIMMO OKPYTJIATH 10 OJIMKAMIIINX HOMHHAJIBHBIX 3HAYCHHH B COOTBETCTBUU C
tabmurei 2.1.

Ta6nuna 2.1 — Psaibl HOMUHATBHBIX COMPOTUBIICHUI U €MKOCTEH

L0l 1,1 [12]13]1,5]1,6]1,8/2,0/22(24(2,7]3,0
E24 (+5 %)

3,303,6(3,9(4,3(4,7(5,1/56/62|687,5/82](9,1

1,0 12 1,5 1.8 22 2,7
E12 (£10 %)

3,3 3,9 4,7 56 6,8 8,2

Boi6upas Mmapky OY HeoO0X0IMMO YUUTBIBATH LIENU KOPPEKLHU HYKHbIE
g nasHoro OV npu 3a1aHHOM KO3((QULIMEHTE YCUIIEHUS U NIPElyCMaTpUBaTh,
€CJIN ATO TPEOYETCsl AIEMEHThI PETYIUPOBKU CMEIIEHUS HYJIS.

YacroTtHas koppekuust OY ocyliecTBIsSETCS MyTEM MOAKIIOYEHHS BHEIL-
HUX WIM BHYTPEHHHMX KOHJEHCATOPOB M PE3UCTOPOB K COOTBETCTBYIOLIUM Li€-
nsim OVY. Ee Ha3HaueHue — MpeAoTBpallaTh BO3MOXKHBIE aBTOKOJEOAHUS MPU
oxBare OV otpunatensHoil oopaTHoi cBs3bio. [Ipu dasosom casure B OY 60-
aee 180° (4To BO3MOKHO Ha BHICOKHX YacTOTaX), BOSHUKAET BO3MOXKHOCTH BO3-
HUKHOBEHHUSI aBTOKOJeOaHWM, TaKk Kak TakoW (ha30BbIil CABUT B COUYETAHUH CO
CIABUTOM CUTHAJIa B IIETIH OTPHUIIATEIHHOM oOpaTHOM cBs3u Ha 180° mpeBparmaet
OTPULIATENIbHYIO OOPATHYIO CBS3b B MOJIOKHUTEIBHYIO.

Pan mapok OV umeeT BHEIIHUWE HABECHBIE AJIEMEHTHI JUIsI YAaCTOTHOM
KOpPEKLINHU, KOTOpbIE NOJKII0UatoTcst Ko Bxoaam OV ¢ o6o3HaueHneM «FCx».

Hpyrue OY UMEOT BCTPOEHHBIE LIETIH KOPPEKIUU U HE HY>KJIAIOTCS B Ha-
BECHBIX JJIEMEHTAaX.

Jlia ycTpaHeHusl CMellleHusl HyJsl coBpeMeHHble OV HMEIT crennanb-
Hble BX0/bl «NC», i MOAKIIOUEHHUSI BHEIIHUX OalaHCHPOBOYHBIX MOTEHIIMO-
MeTpoB. Ilpyu nmepBoM BKIIIOUEHUHM YCWIIMTENS, BO BpeMsl HAaCTPOMKH, C MOMO-
HIbIO 3TUX MOTEHIIMOMETPOB yCTpaHIETCs CMEUIeHUE HyIs ycunuTensa. B mganb-
HEHIIeM OCH MOTEHIMOMETPOB (PUKCUPYIOTCS (OOBIYHO Karuleld KpacKu WU Jia-
Ka) 1 OOJIBIIIE HE PETYIUPYIOTCS.

B kypcoBoii pabote n3zo0Opaxas OV Ha cxeme HY>KHO yKa3blBaTh BCE €T0O
BHEIIHHE COEIMHEHUS (€CITM OHU MPEIYyCMOTPEHBI MacmopTOM): LENU YacTOT-
HOW KOPPEKIMH U LenH 0aTaHCUPOBKHU HYJIS.

Cxembl BKIJIFOUEHUS pa3inyHbIX TUIIOB OV npuBeneHs! B IpuilokeHuu E.

2.4 Bbibop cxeMbl U napamMempo8 akmueHo20 ¢husibmpa

2.4.1 OCHOBHbIe NOHATUA Teopuun punNbLTPOB

Inekmpuyeckuil puabmp — yCTPOUCTBO NJIs1 BBIJEICHUS KeIaTEIbHBIX
KOMIIOHEHTOB CIIEKTpa JJICKTPUYECKOTO CUTHaja W/WJIM TOJaBJICHUS HEXKesa-
TEJIbHBIX.
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AKmuensim @uavmpom Ha3BIBAIOT TaKOM, B KOTOPOM IPHUCYTCTBYET
OJIMH WJIM HECKOJbKO AKTHUBHBIX KOMIIOHEHTOB, K MPHUMEPY, TPAH3UCTOP WIH
OTEepalMOHHBIN ycuiuTenb. B nanHoi KypcoBoil paboTe Bce GUIbTPHI CTPOSTCS
Ha 6aze OY.

Bce GunbTpbl XxapakTepHu3yrOTCs 3aBUCUMOCTBIO KOd(dUIIMEeHTa nepe/a-
YY OT YaCTOTHI, HA3bIBAEMOM aMILUIUTYAHO-YaCTOTHOM XapakTepuCTUKOn (AUX)
bunbTpa.

[To Buly 4aCTOTHOI XapaKTePUCTUKHU, GUIBTPHI MOAPA3AEIAIOTCS Ha:

- gpunevmpor nusxcnux yacmom (®HY). 310 GUALTPHI, NPOMyCKAIOIINE
YaCTOTHBIM CIEKTP CUTHAJIA HW)KE HEKOTOPOM YacTOThbI, KOTOpas HA3bIBAETCS
4acTOTOM cpe3a fc, U yMeHbllIaroume (MoJaBIsSIOIIMEe) YaCTOThl CUTHAJIA BhIIIE
9TOM YacToThl. CTeNneHb MOIaBICHUS KaXKI0M YacTOThI 3aBUCUT OT BUAA (DUIIBT-
pa.

- unvmpuer eepxnux wacmom (@BY). D10 QUiALTPHI, MPOMYCKAIOIIUE
BBICOKME YacCTOThl BXOJHOTO CUTHaJA, MPU 3TOM MOAABISAS YAaCTOThl CHUTHAja
MEHbIIE, YeM 4YacToTa cpe3a. CTeneHb MOAABICHHS 3aBUCUT OT KOHKPETHOIO
TUna PUIbTPA;

- nonocno-nponyckarowue Guiaompol (IIN1P). OUIBTPHI, KOTOPBIE MPO-
IIyCKAKOT CUTHAJbl C YaCTOTOM, HAXOIAIIEWCS B HEKOTOPOW IIOJIOCE YacCTOT
fu< fc< fs;

- noaocHno-3aoepicusarouiue (percekmopuwvie) puaomper (I13D).
®OUIBTPBI, KOTOPBIE 33J€PKUBAIOT CUTHAJIBI C YaCTOTOM, HAXOMSIIEHCS B HEKO-
TOPOH 1oJ0ce 4acToT fu< fc< f8;

- gpazoevie unvmpout. 10 PUIBTPHI, MPOMYCKAIONTNE BCE YACTOTHI CHUT-
HaJla ¢ paBHBIM YCUJICHHEM, OJIHAKO M3MeHsomue a3y curnana. B Hameit kyp-
coBoi paboTe Takue QUILTPHI HE IPUMEHSIOTCSI.

Haubonee monHo nccnenoBanbl GUIBTPHI HIBKHUX 4acTOT. OT HUX JIETKO
nepeiTu K apyrum Bugam ¢punbtpoB. Uneansupiii ®HY npaktuyecku Hepeaiu-
3yeM. OH uMeeT npsAMOyroiibHyo Gpopmy AUX, KoTopas MHOTAA B TUTEpaType
HA3bIBACTCS «KUPIMUYHONU CTEHOW», pUCYHOK 2.4,a. Ho cyllecTByeT HECKOIBbKO
anmnpoKcuManui (HacTpoeK) UAeanbHOro QPUIbTpPa, UCCIEIOBAHHBIX PA3IUYHBI-
MU YYEHBIMHU U HOCSIIUX UX UMEHA.

Qunvmpor bammepeopma — >10 Haubosee ynoTpeOUTeIbHbIE (PUIBTPHI
¢ MakcuMajibHO TIockoi dopmoit AUX. IlogobHble PUIbTphl ObLIA BIEPBBIC
onucaHbl OputanckuM uHxeHepoM Credanom barrepBopTom B crathe «O Teo-
puu GUIBTPYIOIIUX yCUIHTeNei», B KypHane Wireless Engineer B 1930 rony.
OHM HMMEIOT JOCTATOYHYIO KPYTH3HY CKATOB M IPHUEMIIEMO IMPOMYCKAIOT HM-
NyJIbCHBIE CUTHAJIBI.

AYX ¢unstpa barrepBopTa nokasana Ha pucyHke 2.4,0.

Qunvmpor Yeovimesa I pooa nmerot kpytu3ny ckatoB AUX Gosbiryro,
yeMm (unbTpbl barrepBopTa, HO UMEIOT CYNIECTBEHHBIE MYJIbCAIIMH AMIUIUTY/I-
HO-YaCTOTHOW XapaKTEPUCTUKH HA YacTOTax I0JOC IPOMYCKaHUs, YEM Yy
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buabTpoB Apyrux TUNoB. OUIbTp MoOTyynsI Ha3BaHUE B YECTh U3BECTHOTO pyC-
ckoro matematrnka XIX Beka [ladhnytus JIbBoBuua YeObIleBa, Tak Kak Xapak-
TEPUCTUKU 3TOr0 (GUIBTPA OCHOBBIBAIOTCS Ha MHOTrOUIeHax YeOkbIiena.

AUX dunbrpoB Yebnimera I poga nmokasana Ha pucyHke 2.4,B.

Qunvmpor Yeoviuesa Il pooa unu uneepcnuvie unompor Ueovviuesa.
Ot GunbTpel UMeT MIockyto AUX B mojoce MpoIycKaHUs, MOAOOHYIO
¢unbTpy baTTepBOpTa, HO CyIIECTBEHHBIE MYJIbCALIMH AMIUIUTYIHO-4YaCTOTHOM
XapaKTEPUCTUKU HA YACTOTaX MOJIOC MMOAABICHHUS.

OunpTpsl UeOblmeBa 00bIYHO HCIONB3YIOTCA TaM, Tlie TpeOyeTcs ¢ mo-
MOIIbI0 (GUIBTPA HEOOBIIOTO MOPSIIKa 00ECHEUUTh TpeOyeMble XapaKTEepPUCTH-
k1 AYX, B 4aCTHOCTH, XOpOLIEE MOJABICHUE YACTOT U3 MOJIOCHI NIOJIaBJICHHUS, U
pu 3ToM TiaakocTh AUX Ha yacToTax MOJIOC IPOMYCKAaHUS M NOJABJICHUS HE
cronb BakHa. AUX dunbrpoB Uebnimiera Il pona nokazana Ha pucyHke 2.4,T.

Qunvmpol Yeoviumesa-Kayipa, unu antunmuueckue punompepl (MHOTIA
TaK)Ke€ Ha3blBaeMble MOJHBIMU (QuiabTpamu YeOblieBa, [BOMHbIMU YeOblliena,
bunbrpamu JlapaunrToHa wiM 3o0j0TapéBa), o0aanar0T KoedbaHusMu ko3 du-
LMEHTA Mepe/lau, KaK B MOJIOCE MPONMYCKAHUS, TaK U B MOJOCE 3a0EPKUBAHMUS.
3nech OBICTPO JOCTUTAETCS 3a/laHHOE 3aTyXaHHWe 3a MpejesiaMy IMOJIOCHI Mpo-
IIYCKaHUS U COXPAHSIETCS €r0 MUHUMAJIbHOE 3HAaYEHUE Ha HEXKEJIaTEeIbHBIX Yac-
TOTax. AHAJIOTUYHO MHBEPCHBIM (punbTpam YeOblieBa Ha OMpeeNEHHBIX Yac-
TOTax B M0OJIOCE 3a/I€PKUBAHNS OHU UMEIOT OECKOHEYHOE 3aTyXaHHe.

Ya) +40) Y4@)

L AN
LARN
| A

YA Y4 W10,

" " L
0 fe > 0 fe = 0 fe >
Pucynox 2.4 — AYX gpunompos nudichux uacmom: a —udeaivHulil huibmp;
6 — punomp bammepeopma, 6 — hunemp Yebwvuuesa I pooa; e — hunromp
Yeobvuuesa Il pooa; 0 - snnunmuueckuii punomp; e — gpunomp beccens
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JInst anmpoKcuManuu aMIUTUTYTHO-4aCTOTHOM XapaKTePUCTUKU HJIealb-
HOTO (QWIbTpa MO YMUCIY 3JIEMEHTOB LEMU JIUTUNTUYECKUE QUIBTPHI, MO-
BUAUMOMY, HauoOosiee 3¢ dexTuBHbl. [Ipu 3aganHOM nopsiike QYHKIIUNA UMEeTCs
BO3MOXHOCTh CO371aTh Han0oJiee SKOHOMUYHBIA QUIBTP JUOO C OYEHb KPYTOM
nepexoaHo 00JacThio, JIMOO ¢ OYEHb BHICOKMM 3aTyXaHHEM B MOJIOCE 3aliep-
xuBaHus. C qpyroil CTOpOHBI, CaMO 3aTyXaHHE HE CIaJaeT MOHOTOHHO K Oec-
KOHEYHOMY 3HAUYEHHIO 3a IMpe/iesaMH MOJIOCH 3aTyXaHHs, a COXpaHsIETCs Ha 3a-
paHee 00ycioBiIeHHOM ypoBHE. ClieayeT OTMETHTh, 4TO GuiIbTpbl UeObimeBa u
uHBepcHble YeOpllieBa MpEeACTaBIAIOT CO0OW 4YacTHBIE ciiydyau Ooliee OOIIUX
¢unbTpoB Uebniena-Kayapa.

AYX ¢unpTpoB Yebnimena-Kayspa nokasana Ha pucyHke 2.4,1.

QDunompur beccena — NpUMEHAIOTCA U1 IEPEAAYU UMITYJILCHBIX CUTHA-
JIOB, TaK Kak (opMa CUTHAJIOB, KOTOpPbIE MPOXOIAT 4epe3 (UIbTP OCTaeTCs
MPaKTUYECKU HEU3MEHHOM.

AUX ¢dunbtpoB beccens nokazana Ha pucyHke 2.4,e.

CxemHas peanmzanusi AYX paccCMOTpEeHHBIX (PUIBTPOB, OCYIIECTBIISAECTCS
C IOMOIIBIO AKTUBHBIX QUIBTPOB cocTOSIMX M3 OY U MacCUBHBIX 3J1€MEHTOB R
uC.

Jlnia ananuza GUIBTPOB MCIOJIB3YETCS MOHSATUE MEPENaTOUYHON QYHKIUU.
D10 oTHOmEHUEe n3o0paxkeHuit o Jlammacy BerxogHoro Uswix(p) M BXOIHOTO

Usx(p) HanpsHKEHUM:
Usbvix(p)

W(p)=
Uex(p)
[lepenaTounsie PyHKIMH (HUIABTPOB MOTYT OBITH PA3IOKEHBI HA COMHO-
xutenu 1-ro u 2-ro nopsiika.
B cnydae uetHoro nopsiaka guiasTpa n, nepenaTtouHbie QYHKIUU HOAU-
HomuanvHbix unvmpos:. barrepopta, Ueobrimena I poma u beccens - mpuo6-
pETaroT BU

(2.12)

n/2

W(p)=
P H P+ pb o, +c, (02
rne b, c, - 663p33MeprIe K02 (D PUITUEHTHI.

(2.13)

st nenoaunomuanvuvix gunvmpos — nuBepcHoro punprpa YeObileBa
U DJUTUNITUYECKOTO, TI0JTy4aeM

(2 (pPt+ad) ¢ /a,
Wip)= Hp +pbw. +c.a 2.19)

rae a,, b, ¢, - 6e3pazmepHblie KO3PPULINEHTHI.

3amaBas 3HaueHus kod(huimeHToB B BeipakeHusx (2.11) u (2.12) MoxkHO
nosydaTs AUX GuibTpoB pa3nuyHbIX allllPOKCUMALIAMN.

B Tabnune 2.2 mpuBeaeHsl 3TH KOAPGUIUEHTH! 7151 HEKOTOPBIX (PUITBT-
poB 2-10, 4-ro 1 6-r0 NopsaKa.
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B Tabnuiie 2.2 npuHATH 0003HAYEHUS:

gl - ypoBeHb MUHUMYMOB myibcaiuidi AUX B mosoce mnpomyckaHus
(ypoBenb MakcumyMoB TNpuHAT 32 0 1b). 3nauenue 0,5 1b cOOTBETCTBYET OT-
kioHeHuto oT 100% npumepno Ha 5,5%; 1 n1b — 10,9%; 2 a1b — 20,6%;

g2 - ypoBeHb MakcMMyMoOB nyibcauuii AUX B mojoce 3aaepuBaHHUs,
nb. Yposens munyc 40 n1b coorBerctByeT 1%.

Jnst monmydeHust (pUIBTPOB BBICOKUX MOPSJIKOB (YETHBIX) CJIEAyeT HC-
M0JIb30BaTh COEJIMHEHHBIE TTOCIIEIOBATENIBHO 3B€Hbs (PUILTPOB 2-TO MOPSIAKA.

Ta6nuna 2.2 — KoadduiiueHTs! anmpokcumManuu GuibTpoB

[Topsimok dusibTpa 2 4 6

Howmep 3BeHa 1 1 | 2 1 | 2 | 3

Tun gunptpa Konad. 3HaueHust KO3PPUIIMEHTOB
BarTepsopta b 1,4142 | 0,7654 | 1,8478 | 0,5176 | 1,4142 | 1,9319

C 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000
YeOnbimena I b 1,4256 | 0,3507 | 0,8467 | 0,1553 | 0,4243 | 0,5796
q1=0,5 nb C 1,5162 | 1,0635 | 0,3564 | 1,0230 | 0,5900 | 0,1570
YeOnpimena I b 1,0977 10,2791 | 0,6737 | 0,1244 | 0,3398 | 0,4641
ql=1 nb C 1,1025 | 0,9865 | 0,2794 | 0,9907 | 0,5577 | 0,1247
YeOnimena I b 0,8038 | 0,2098 | 0,5064 | 0,0939 | 0,2567 | 0,3506
ql=2 nb C 0,8231 | 0,9237 | 0,2216 | 0,9660 | 0,5329 | 0,0999
Yebomepa I a 100,99 | 4,7485 | 27,676 | 2,1487 | 4,0094 | 29,927
2=-40 1B b 1,4141 10,6892 |2,0315 | 0,3791 | 1,3338 | 2,5582

C 1,0099 | 1,0375 | 1,2667 | 1,0346 | 1,3323 | 1,8705
OIUTUNITHYECKU A a 143,63 | 3,0091 | 14,910 | 1,3095 | 9,9655 | 1,8557
ql=0,5 nb b 1,4180 | 0,9071 | 0,2719 | 0,7701 | 0,3058 | 0,0650
q2=-40 nb c 1,5214 10,4478 | 1,0614 | 0,3176 | 0,7965 | 1,0142

b 3,0000 | 5,7924 | 4,2076 | 6,0319 | 8,4967 | 7,4714
beccens .

3,0000 | 9,1401 | 11,488 | 26,514 | 18,801 | 20,853

2.4.2 DNbTPbl HLXKHUX YacToT

Yare Apyrux NpUMEHSIOT ABE CXEMbI, H300pakKeHHbIE Ha PUCYHKE 2.5,a U
2.5,6.

Cxemy Ha pUCyHKe 2.5,a Ha3bIBAIOT (PMIIBTPOM C IOJIOKHUTEIHLHOU 00paT-
HOM cBs3bI0 WM cxemoil Cannena-Kesa, (unu Cannena-Kn), a cxeMy Ha pUCyH-
ke 2.5,0 Ha3bIBalOT (QUIBTPOM CO CIOKHOW OTPHULIATEIHHOW OOpaTHOM CBSA3BIO
unu cxemoiut Payxa.

s cxemsl Camnena-Kes nepenatounasi GyHKIUS UIMEET BUT
W(p) = 14+ R4/R3

1+ p-C2-(R1+R2)—p-C1-R1-(R4/R3)+ p>-C1-C2-R1-R2’
Jlst cxembl Payxa nepemarounast GyHKIus OyIeT TakoBa

(2.15)
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R2/R1
W(p)= / 5 ) (2.16)
1+ p-C2-(R2+R3+R2-R3/R1)+ p*>-C1-C2-R2-R3
R3 R4
Cl== f 1 — Cc2
pa | R2 [] _“_
RI R2 —<Ll>7 N R1 R3 DA Uswvix
o— 1} 1} o—] F—— I—f o
Usx
T T

a o
Pucynok 2.5 — Cxemvr ®HY 2-20 nopsioka: a — Cannen-Kes; 6 - Payxa

Cxembl Camnen-Kes u Payxa mpurogHel TOJIbKO IUIsl peanu3aluy MOJIN-
HOMUaJbHBIX (GUIbTpoB: baTtTepBopTa, Uebniena I poga u beccens.

bonee ynuBepcanbHas, XoTs u 6osee cinoxkHas cxema ®HY nmpuBenena Ha
pUcCyHke 6. DTo, TaK Ha3bIBaEMOE — OuKeaopammoe 36eHo. B Hell 1ipy yCIIOBUH,
yTto R1-R3=R2-R7 xnemmy Usvbix] MOXHO MCIOJIB30BaTh KaK BBIXOJHOE Ha-
NpsDKEHUE 3BeHA SJUIUIITUYECKOro (PHIIbTpa WM HHBEPCHOTO (punbTpa YeOsbiie-
Ba.

To ecTh, 3TO 3BEHO MO3BOJSET PEATU30BBIBATH HEMOJIUHOMUAIBHbBIC
(GUIBTPHI 2-T0 MOPSAIKA.

Ecmu ke R7 =00 nu R8 =0, TO, BbIXOAHAA KiieMMa Ugbix2 COOTBETCTBY-
eT 3BeHy 2-ro nopsinka ¢uibTpoB barrepBopra, UeOnimesa I pona u beccens.
bukBaapaTHOE 3BEHO MEHEE YYBCTBUTEIBHO K HETOUHOCTHU 3JIEMEHTOB U IPOIIIE
B HACTPOMKE.

R6
—
| I |
R2
—
Cl R4 Cc2
HH S e
Usx Rl DAl R3 DA2 RS DA3
o——:|— > oo '_III > oo '_III > oo o
Usvix2
—_— o Uswbix 1
R7
| | RS
1
| I |

Pucynox 2.6 — Cxema 6uxsadpamuoeco 36eHa (pearusayus HenOJUHOMUATbHBIX
Gunvmpos 2-20 nopsaoka no evixody Usbix1 )
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Jlns GuKBaIpaTHOTO 3BEHA MepeaaTouHble (QYHKIMU B 3aBUCUMOCTH OT
BBIXOJIHOM KJIEMMBI OYTyT TAKUMHU

_R‘5+p'C2R5.R6ER2_R3j_p2.C1'C2R3-R5.R6
W ):Ueblxl(p): RS R2 Rl R7 R7
P Usx(p) R6 5 R6 ’
1+ p-C2-R3-R5 + p°C1-C2-R3-R5—
R2-R4 R4
Usbix2(p) —1;?+ﬁ;(ﬁ:—ijigj(l+p-Cl+R2)
6blX .
W(p)= P _ 2.17)

Usx(p) 1+p-C2-R3-R5 R6 +p2cl.CQ-R3-R5R—6
R2-R4 R4

Oo6muit merox pacuera ®HY c yka3aHHBIMH CXEMHBIMH peau3alUsIMU
I (13%0)1117178

- UCXOJHBIMHU JAaHHBIMHU JIJIsl pacuera ABIIOTCA 4acToTa cpe3a (uibTpa
fc n xoadpduument ycunenus punsrpa Kag .

- BbIOMpaem 0a3oByr0 cxeMy QuiibTpa 2-ro nopsijaka. Jias noJmHoMua b-
HbIX GuiIbTpoB Oepem cxemy Camnena —Kes unu cxemy Payxa. Jliig HenonuHo-
MUAJIBLHBIX - OMKBAIPaTHOE 3BEHO;

- IO pacyeTHBIM (popMynam (IIPUBEACHHBIM HIKE) ONpeessieM 3HAUCHUS
BCEX PE3UCTOPOB M KOHAEHCATOpPOB. lloiyuuB 3HaAYeHHE FJIEMEHTa, Cpa3y OK-
pyTJIsieM ero 70 OJvKalIero HOMUHAJIBLHOTO 3HadYeHus 1o Tabmuie 1. Mcmomns-
3yem psin E24. Bo Bcex pacuerax, kpome myHKTOB 1 u 2, Bo Bcex (hopmynax uc-
nonb3yerca cucrema CU. Bce BenmumHbl eMKOCTel MOACTaBIsitOTCs B Dapaf,
BCE BEJMYMHBI CONpPOTHBICHHH B OM. YunreiBaeM, uto 1 @ = 10° Mxd wm 1
MK® = 10° @;

- ec puIIbTp MMeeT 4-i WK 6-i OPSIOK BKIIFOYAEM MOCIICI0OBATEIHHO
BTOpOE (miist 4-r0) U Tperbe (s 6-ro) 3BeHbs. Koabdunmentsl a, b, u ¢ s
Ka)XJI0ro 3BeHa Oepem u3 Tabiuibl 1, Tie yKa3zaHbl 3TH KO3(PGUIIMEHTH 1 1-
ro, 2-ro u 3-ro 3BeHa. Kaxaoe 3B€HO pacCUUTHIBAIOT 110 CBOUM KOA(PUIlMeHTaM
U B TOM TOPSJIKE, B KOTOPOM OHHU yKa3zaHbl B Tabsuile 1 Ipyr 3a Apyrom mocie-
JIOBATEIbHO BKJIIOYAIOT B CXEMY.

2.4.2.1 Pacuem oonozo 3eéena cxemol Cannena-Kesn

1. Haxomuwm Bennuuny kouaencaropa Cl. [lis atoro, ucnonb3yeM hopmyity

C1=;—0 [MK®], rae fc B [['1]. (2.18)
C

2. OnpenensgeM BEIMUMHY €MKOCTH KoHAeHcaTopa C2.

2
CZS{A—HZ)—]CI, (2.19)
4-c
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rae b u ¢ - Kod3pHUIIMEHTHI 1JI TaHHOTO 3BeHa U3 TaOJIuIIbI 2.2;

A - K03hPUIMEHT yCUIeHUs TaHHOTO 3BeHa (QUIIbTpa.

[Tpu BBIOOpPE 3HAYCHMS KOAh(UIIMEHTa YCUIICHUS 3BeHa A CIeayeT MOM-
HUTh, YTO (UIBTP BTOPOTO MOPSIKA MPEACTaBIsAeT co0oil oaHo 3BeHO (Care-
Ha-Kes unmu Payxa), ¢dunpTp deTrBepToro mopsiaka — JBa IOCIEI0BATEILHO
BKJIFOUEHHBIX 3B€HA, W (WIBTP ILIECTOrO MOPSAKAa — TPU IOCIEI0BATEILHO
BKJIFOUEHHBIX 3BEHA.

[Tpu mocnenoBaTeNbHOM BKJIIOUYEHHUU KOA(D(DUIIMEHTHI YCUIICHUS OT/ENb-
HBIX 3BEHbEB IEPEMHOKAIOTCS, IOITOMY, €ClIi pa3padaTeiBaeTcs (GUIbTP BTOPO-
ro nopsaka, To npuHuMaem A= Kag, ecnu pa3pabaTeiBaeTcss QUIBTP YETBEP-

TOTO MOPSAIKA, TO ClenyeT NpuHaATh A =./Kag , HakoHel, 111 GUIbTPa MIECTO-

ro nopsinka A=3/Kag .
3. OnpezensieM BEIMYKMHY CONPOTUBIEHUS Rl .
1

Rl= z-je-Cl (2.20)

b+\/b2+4-c-(A—1)—4-c-C2
c1

4. HaxoognMm R2.
- I . (2.21)
¢-C1-C2-R1-(2-7- fe)

5. Haxomum R3 u R4.

R3=&+IRZ>; R4=A-(R1+R2). (2.22)

Eciu A=1,1T0 R3=o,a R4=0.

2.4.2.2 Pacuem cxemwt Payxa
1. Haxomuwm Benuuuny konaencaropa Cl. [lis atoro, ucnons3yeM hopmyity

Cl =;—O [Mk®], rae fc B [['u]. (2.23)
c
2. OnpenensieM BEIMYUHY EMKOCTH KOoHAeHcaTopa C2.
2
cocbCl (2.24)
4-c-(A+1)

Koadpdumuentsr b u ¢ 6epeM ux Tabmuisl 2.2, a KOAPPUIUEHT yCuie-
HUS 3B€Ha A oIpenessieM Tak ke, Kak U 1yt cxembl Camiena-Kest.

3. Haxoaum conpotuBieHue R2.
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A+1
7 fc-Cl

R2= (2.25)

b+\/b2—4-c-(A+1)-Cz
Cl

Ecnu 3nauenue nog xkopHeMm B dopmyiie (2.25) momyyaeTcsi OTpHULIATEIb-
HBIM, TO CJIENYET YMEHBIINTh 3HAYEHUE EMKOCTU KOHIeHcaTopa C2 .

4. OnpenensieM R1 1o BbIpaKEHUIO

Rl1= k2 . (2.26)
A
5. PaccunteiBaeM conpotusieHue R3.
R3= ! (2.27)

¢-C1-C2-R2-(2-7- fc)'

2.4.2.3 Pacuem ouxeadpammnozo 36ena

A) Buxkeadpammnoe 36eH0 HENOIUHOMUATLHBIX PUIALMPOE C BLIXOOHBIM
Hanpsadcenuem Usbixl.

1. Haxoaum Benuuuny konaeHcatopa Cl. J{ns aToro, ucnonszyeM hopmyiy

Clzi(—o [Mk®D], tae fc B [['u]. (2.28)
c
2. BennunHy emkocTy KoHAeHcaTopa C2 NpUHUMAOT PaBHOU
C2=Cl. (2.29)
3. ConpoTHBIECHUS CXEMbI OYIYT PaBHBIL:
Rl = a ;
A-b-c-2-7- fc-Cl
R2 = ! :
b-2-7- fc-Cl
R3= B ;
2-- fc-C1
R4 =R3; (2.30)
R5— Cl-R6 :
C2
|
R6 = ;
2.7 fe-ClAJe
R7 = a-R3 :

A-c
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1
A2 fe-C24Jc

b) bukeadpammnoe 36eH0 NOJAUHOMUAILHBIX PUALMPOE C GBIXOOHBIM
nanpaxcenuem Ugvix?2.

RS

1. Haxomuwm Bennuuny kouaencaropa Cl. [lis atoro, ucnonb3yeM hopmyity

1
C1 =70 [MK®], rae fc B [['1]. (2.31)
c
2. Bennunny emkoctu KoHaeHcaTopa C2 NpUHUMAKOT paBHON
C2=C1. (2.32)
3. ConpoTHUBIIEHHS CXEMbI OYIyT PAaBHBI:
oL
2. fc-Cl
R3=R5=R4;
Rl = R4 ;
A-c
R2 = R4 ; (2.33)
b
Ro_ 4.
c
R7T=R8=o0.

2.4.3 DNbTPbI BEPXHUX YaCTOT
CxeMma (priibTpa BepXHHX YaCTOT Ha MOBTOPHUTEJIE TIOKA3aHA HA PUCYHKE

2.7.
RI
DA
Cl C2 B oo o
Usex I 22 Uswvix

1 1

Pucynox 2.7 — Cxema gpunompa eepxuux uacmom 2-20 nopsoxa va OV

Hannas cxema ®BY sBisieTcs BecbMa ycTounBoil. OHa UMEET CTaOWIIb-
HbIE XapaKTEPUCTUKHU U YacTO MPUMEHSIETCS Ha nmpakTuke. Hemocrtatkom ee sB-
JAETCsl OTCYTCTBUE YCWIEHUS BXOAHOTO curHana. /i nee A=1.

PacueT naHHOM CXE€MBI BBIITOJIHAETCS N0 CIECAYIOIEN METOIMKE.
1. Haxomuwm Bennuuny konaencaropa Cl. [lis atoro, ucnonb3yeM hopmyity
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1
Cl =—O [MK®], rae fc B [['1]. (2.34)
c
2. Bennunny emkoctu KoHAeHcaTopa C2 NpUHUMAKOT paBHOMN
C2=C1. (2.35)
3. ConpotuBienue Rl HaXOaUM TakKUM 00pa3oM
1
Rl=———-. (2.36)
- fc-Cl-b
4. CompotuBnenue R2 ompenensem 1o Gpopmye
R2 = b : (2.37)
4-- fc-Cl-c

Kak u panee ko3¢ duiiieHTsl b 1 ¢ BeIOMpaeM U3 TadIUIb 2.2.
Bce mosrydeHHBIE BETHYMHBI OKPYTISiEM 10 HOMUHAJIBHBIX 3HAYCHUH 10
tabmme 2.1.

2.4.4 NonocoBble nponyckawLwme pUnbTpbI

[Tonocossie npomyckatomiye GuibTpsl (I1TID) MOKHO CTPOUTH ABYMS ITy-
TAMU:

- TIOCTIeIOBaTEeNbHBIM coenuHeHneM aByX guibtpoB @BY u ©HUY. Ilpu

6

TOM MOTYT OBITh MOJY4Y€HbI (PUIBTPBI C OTHOLIEHUEM f 2 > 5. OTO TaK Ha3bl-
BaeMbI€ IIUPOKOIOJIOCHBIE MOJIOCOBBIE mpomyckaromue GuibTpsl (LLITITID).
[TocTpoenue 6osee y3KOMoNIOCHBIX (GUIBTPOB TAKUM CIIOCOOOM 3aTPYIHEHO;

- TIOCJIEIOBATENBHBIM COEAUHEHUEM ABYX Y3KOIOJOCHBIX MPOITYCKAOIIUX
(GUIBTPOB C HEKOTOPOH HEOOJBIION PACCTPOMKONW MX YACTOTHBIX XapaKTepH-
CTUK.

2.4.4.1 llInpoxomnoJIOCHBIE MOJIOCOBbIE NPONMYyCKaIue GUIbTPHI

PaccmoTpum miepBbiii myTh. CxeMa coenuneHus guiabtpor ®BY u ®HY
MOKa3aHa Ha pUCYHKE 2.8, TaM e MoKa3aHa u pe3yiabTupyromas AUYX.

Ha pucynke Ao - koagduuuent nepenaun GuiabTpa B MOJI0Ce MPOMycKa-
HUSL.

[Ipu mocnenoBaTenbHOM COEIUHEHUHU IBYX (PUIBTPOB MEPBOrO MOPsIKa
nonyyaem IIIII® 1-ro mopsiaka, coenuHsAs MOCIEAOBATEIbHO ABa (GUIbTpa
BTOpOTrO nopsnka, noiaydaem LIITID Broporo nopsaka. To ecTs 31ech KpyTHs-
Ha ckaTtoB AUX omnpenesnsercs NOpsSIKOM OJHOTO U3 MMOCIEA0BATEIbHBIX BKIIIO-
YEHHBIX (PUIBTPOB.

[Tpu stom giist ®BY fc = fu, a nna ®HY fc = fs.

Pacuer momoOHBIX (QUIBTPOB CBOAMUTCS K PacyeTy COOTBETCTBYIOLIUX
®BY u ®HY no tpeOyeMbIM YacToTaM cpe3a fc U 3aJaHHOMY MOPSIAKY PUiIbT-

pa.
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Ecnu pazpabarbiBaeMblil QUIbTp JOKEH UMETh KOADPUIIUESHT YCUICHUS
OoJIbllIe €TMHUIIBI, TO BCE yCUIeHUEe oOecreunBaeTcs 38eHoM OHUY.

Je=fi fc=fs
Uex Usvix
—> OBY ———————> OHY —
a
A(ﬂ“
Aol — — — — — _
\
””””””” \0 707-Ao
| A\
i Ilonoca nponyckanus | \
i purompa | N
_ ] N
0 fu o 7
o

Pucynox 2.8 — Illupoxononocuwiii no10co8ot nponyckanwuil puibmp:
a — cmpykmypHas cxema, 6 — euo pesyarvmupyiowen A4X

Takum 00pa3om, MOCIIEIOBATEIHFHOCTh MMPOSKTUPOBAHUS TAHHOTO (DHUITBT-
pa TakoBa:

- MO 33JIaHHBIM 3HAYEHUSM YacTOT HUXKHEW M BEpXHEW IpaHUI] MOJIOCHI
MPOMYyCKaHUs onpeesisieM TpedyeMble yacToThl cpesa At DHY u ®BUY;

- M0 3aJlaHHOMY TOPSAAKY (UIbTpa ONpeessieM KOJIMYECTBO 3BEHLEB B
kaxaoM u3 punstpoB BHY u ®HY;

- paccuutbiBaeM ®BY ¢ kosddunuentom ycunenus A =1, tTpedbyemoro
nopsiJika Ha 3aJJaHHYI0 YacToTy cpe3a fc = fu;

- paccuutsiBaeM ®HY ¢ xoaddunmentom ycunenus A= Kag, TpeOye-
MOTO MOpsiJIKa Ha 33JJAaHHYIO YacTOTy cpe3a fc = f8;

- BKJIIOYAEM TOCJIEIOBATENbHO PAaCCUNTaHHbIE HAMU (PUIIBTPHI B MOPSJIKE,
MIOKa3aHHOM Ha pUCYHKeE 2.8.

2.4.4.2 Y3K0mo0J10CHbI€ M0JI0COBBIE Mponyckamomue GuibTpbl
Y3KOMOJOCHBIMH CUUTAIOT (PUIBTPHI, Y KOTOPHIX ]%H <5. Coznanue y3-

KOITOJIOCHBIX TOJOCOBBIX Mponyckarmux (GpuiabtpoB (YIIIID) croxuee, yem
IIUPOKOIIOJIOCHBIX.
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Hanpumep, Takoit ¢unbTp 4-ro mopsjaka COCTOUT U3 JBYX IOCIEI0Ba-
TEJBHO BKIIFOUEHHBIX 3BEHBEB BTOPOTO TIOPSAKA CO B3AaMMHOMN pacCTPOHKOM.

WcxomHpIMU aHHBIMU 71l pacueTa SBISIOTCS 4YacTOThl HW)KHEH fr U
BEPXHEH f@ TpaHuI] MOJIOCH mpomyckanus. [[is ynpomieHus pacueToB Oyaem
paccMaTpuBaTh cxeMy (uiIbTpa, B KOTOPOM OOIIMI KOI(PPUIIMEHT yCHUICHUS
bunbTpa A=1, TO €CcTh JUIsl JTAaHHOTO TUIA (HUIBTPA CIEAYET MPHU pacmupeese-
HUM YCUJICHHSI 110 KackajaaM npuHATh Kagp =1.

CrnenyeT OTMETUTH, YTO KOA(M(OUIIMEHTHI YCHICHUS OTICIbHBIX 3BEHHEB
BXOJSIINX B COCTaB (PriIbTpa MOTYT UMETh KOI(DPHUIIMEHTHI yCHICHUS OTIHY-
HBIC OT CTUHUIIBL.

MeTtoauka pacuera 1aHHOTO (PHIIbTPa COCTOUT U3 CIETYIOIIUX 3TAIOB.

1. OmpenensieM CpeaHIOI0 YacTOTY AUana3oHa MPOITyCKaHUsS

+
ﬁn—szfe (2.38)
2. OnpenensieM OTHOCUTENBHOE 3HAUEHHE MOJI0CHI IPOITYCKaHUS
aq =TI (2.39)
Jm
3. CocTaBnsieM ypaBHEHHUE, AJIsl ONIPEAETICHUS TapaMeTPOB 3BEHbEB (PUIIbTPa
2
-AQ- 1 AQ’
PR AILN S S MY (2.40)
c (1 +a ) a c

rae b u ¢ - kodappuuueHTsl U3 TadIUIBI 2.2, B COOTBETCTBUM C BUJIOM aIlIIPOK-
cuMaluu pa3padbaTbiBaeMoro GpuibTpa.
Pemaem mosiyueHHOE ypaBHEHHE OTHOCHUTENbHO MapaMmerpa a. YucieH-
Hoe penieHue ypaBHeHus (2.40) MOXKHO BBITIOJTHUTH JTHOOBIM CITIOCOOOM.
VYpasuenue (2.40) umeetr 8 kopHeil. Ho Hac uHTEpeCcyeT TOABKO OJUH KO-
peHb co 3HaueHueM OM3KkuM K 1. I mpakTuuecKux 1esne JoCcTaToyHo ompe-
JEUTh 3TOT KOPEHb C TOYHOCTHIO /10 TPETHEr0 3HaKa MOCIE 3aIsiTOH.
4. Haxoaum 100pOTHOCTH PUIIBTpa
(1 +a’ ) c
Q=——"—. (2.41)
a-b-AQ
5. OmnpenenseM OCHOBHBIE ITapaMETPhbI MOCIEA0BATENBHO BKIIFOUEHHBIX 3BEHBEB
¢unbTpa

Tabnuna 2.3 — [TapameTps! 3BeHbeB YIIIIO

3BeHo pusTpa Jp; Qi

Ai
| fplzﬁné 01=0 AI:QI-AQ-\/%

2 fo, = fin-a 02=0 A2=Q2-AQ-\/Z
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Hns peamm3zanuu YIIII®D M0kKHO MCTOJIB30BaTh HECKOJIBKO cxeM. OHa u3
HUX, IIUPOKO MPUMEHsIeMas Ha MPAKTUKE, MPUBE/ICHA HA PUCYHKE 2.9.

C=— R2
N c DA
—1 1 ” Lo 0

Usx R 39 Usvix
1 1

Pucynoxk 2.9 — Ilonocoeoti nponyckarowuii punbmp co Cr0HCHOU
ompuyamenbHoOUu 00PaAmHOU C8A3bI0

Pacuem nonocoeozo nponyckawouwiezo puiabmpa co CioHCHOU ompunamens-
HOUl 00paAmMHOIL C6A3b10

1. Haxomuwm Bennuuny kouaencaropa C. Jlns 3Toro, ucnoiabs3zyem Gpopmymy

10
C=— [Mx®], rne fm B[I'1]. (2.42)
Jm

2. Onpenensem R2 (i — HOMep 3BEHA).
J1y1st mepBOro 3BeHa:

rRo=—91
7T fp,-c
JIns BTOpOTO 3BEHA:!

R2 = ot . (2.44)
7T fpy-c
3. Onpenensem R1.
Jlns1 mepBOrO 3BEHA:
_ R2
2-Al
Jlns1 BTOpOTo 3BEHa:
_ R2
2-A2°
4 HaxomuMm R3.
Jlns1 mepBOro 3BEHA:
_ AlRI
2-01° + Al
Jlns1 BTOpOro 3BeHa:
A2-R1

T2.027+42

(2.43)

(2.45)

(2.46)

(2.47)

(2.48)
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[Tpu BeiOGOpe OV s naHHOTO (QUIBTPA CIIEAYET YUYUTHIBATD, UTO nudde-
peHIManbHbI KodpduimeHT ycuienus OY Ha dactoTe fin OOMKEH OBITh

Gombmie yeMm 2-Q°.
Bri6op OV 3nech cnenyet mpou3BOIUTE TAKUM 00pa3oM:
- onpeieuTh Benuuuny 2-Q7;
- HallTH HEOOXOAUMYIO YaCTOTY €AMHUYHOrO ycuieHust OY no ¢popmyse:
fi'=fm-2-0%

- BBIOpaTh yCUJIMTENb C YaCTOTOM €JMHUYHOTO ycuieHus f, 2 f,'.

2.5 Ycunumenb mowHocmu

CoBpeMeHHbIe yeuIUTeNn MOITHOCTH (YM) cTposTcs, B OCHOBHOM, C HC-
nosib3oBanueM OV 1o GectpanchopmaropHoil cxeme. OHU COCTOST U3 JBYX
YaCTeu:

- NPEBAPUTEIBHOrO KACKaJa Ha ONEPALMOHHOM YCHIIMTEINE, BKIHOYEH-
HOM 10 CXEME MHBEPTUPYIOILLErO WM HEMHBEPTUPYIOLIETO YCUITUTEIS;

- OKOHEYHOIr'0 KackaJa Ha KOMIUIEMEHTAPHOM 3MHUTTEPHOM MOBTOPHUTEINE,
COOpaHHOTO Ha JIOMOJHUTENHHO MOAKIIOYEHHBIX BHEITHUX TPAH3UCTOPAX.

O0ba kackaia OXBaTHIBAIOTCS OOIIEH OTPUIIATENIbHON OOpaTHOW CBA3BIO,
KakK MOKa3aHo Ha pucyHke 2.10.

CymectByet psia tunoB OV, KOTOpble B CBOEH CTPYKTYpe yxkKe coJepkar
KaK KacKaJlbl MPeIBapUTEIbHOTO YCUJICHUS, TaK U BBIXOJIHOM KacKaJ Ha MOIII-
HBIX TPAH3UCTOPAX. DTO TaK Ha3bIBAEMbIE MOIIHbBIE ONEPAMOHHBIE YCUIUTEIH.
OHM TakKe MOTYT CIIY’KUTh OCHOBOUW Y M.

R2

—

L I - = —7
| +Un |
| |

DA | 71 |
RI | |
e B S | i
[ |
Usx +U | 12 |
R3 v : I RH UH
_T_ | -Un |
| Dmummepnuiii I
& | nosmopumens |
-
S
=)
S 7
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R2
1
| I
Mownwiu
R oy
[ —op
Usx +U
R3 v Ru lUH
o
-Un +Un
7]

Pucynox 2.10 — Obwas cmpyxmypa YM na 6aze OV: a — na
JOTIOJTHUTENHHO MOAKITIOYEHHBIX BHEITHUX TPAH3UCTOPAX, 6 — Ha mowHoMm OV

OnepalmoHHbIE YCHJIUTENH OOUIET0 MPUMEHEHUS OOBIYHO JOIMYCKAIOT
BBIXOJHOM TOK OoT 5 no 10 MA. CymecTByroT crnenuanbHble MolHble OV ¢
OOJBIIUM BBIXOAHBIM TOKOM. K MOIIIHBIM OOBIYHO OTHOCSIT YCHUJIMTENH, JIOMyC-
karomrre BbIxoaHou Tok cBbiire 300 - 500 MA. MOIIHBIMH MOYXKHO TaK)Xe CUH-
tath OV, oTnaromye B Harpy3Ky MOIIHOCTH CBbIle 1 BT.

[TpumepoM oTeuecTBEHHBIX MOIIHBIX OY MOIYT CIY>KUTh MUKPOCXEMBI
K157Y]11 ¢ BeixomasiM TokoM a0 300 MA, K1040V /12 Ha BeixogHoi# Tok 0,5 A
u caBoeHHbid OY K1460Y 12P ¢ TokoMm 1o 1 A.

Momisbie OY mMpOKO NpencTaBiIeHbl Cpeau MPOAYKIIMM MHOTHX BEIy-
X (UPM 3JIEKTPOHHBIX KOMITOHEHTOB.

[TpumepoM MOIYNPOBOJAHUKOBOIO MHTErpaibHOro MomHoro OY Moxer
CIIY>)KHThb JIOCTATOYHO IIHPOKO pacrpocTpaHeHHbI ycunutens LM12 dupmbl
National Semiconductor ¢ BerxoaHsIM TOkOM 10 10 A u paccenBaemoil MOIIHO-
cthio 70 90 BT. M3 HOBBIX MOjenei 3Toil PUPMbI MOKHO OTMETHTh MOHOJIUT-
Heii OY LM675, sacnenunk 3HameHuToro LM12. Ero BBIXOZHOM TOK MOKET
JnocTUrath 3 A mpu NUTaHUU OT UCTOYHUKOB *(8...30) B. MakcumainbHas pac-
cenBaeMas MoIHocTs — 30 BrT.

Emé oguu nHTEpECHBIN NTpUMep — onepanronHbeie ycunureau OPAS67 u
OPAS569 dupmer Texas Instruments. OHU pa3nuyaroTCs JHIIb KOPIycamu. ITO
HU3KOBOJbTHRIE OV (HampsbkeHue nutanus 2,7...5,5 B), koTopbie crOCOOHBI
OTJaTh B HArpy3Ky Tok 10 2,4 A.

®upma Linear Technology Beimyckaer OY LT1970, obGecneunBaromniuii
TOK 4epe3 Harpy3ky A0 +0,5 A npu HanpspKeHUW nutanus S...36 B.

JImaupyrolee nojokeHue Ha pelHKE MOUIHBIX OY mocnenHue roasl 3a-
Humaet ¢pupma Apex Micotechnology. 13 HOBbIX pa3paboTok Apex MOXKHO 00-
patuth BHUMaHue Ha rubpuaHbii OY tuna PAS2 ¢ HanpsykeHHEM MUTaHUS A0
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+200 B u BeIxoaHBIM TOKOM 110 #40 A (mmukoBoe 3HaueHue £80 A). Ycunurenb
Jonyckaet paccesinue MoutHoctu 10 400 Br.

['uOpuaHble yCHUIUTENM OYEHb JIOpPOrH, To3ToMy dupma Apex
Microtechnology Hawana Beimyck OY HOBOro Tuma, Tak Ha3biBaeMbix Open
Frame. DTa KOHCTpyKLHMs MpEACTaBIsET COOOM MEYaTHYIO ATy, Ha KOTOPOH
YCTaHOBJICHBI TUCKPETHBIE OECKOPIMYCHBIE KOMIMOHEHTHI. OUH U3 yCHIUTENEH
storo tuna MP240 — npu nanpspkenuu nutanus +100 B otna€r B Harpy3Ky TOK
10 25 A. YcTaHOBJICHHBIN HAa OXJIAUTEIh, OH CIOCOOEH paccesiTh MOITHOCTD 10
170 Br.

JlaHHBIE OTEUECTBEHHBIX U HEKOTOPHIX 3apyOekHbIX MomHbIX OV mpuBe-
nensl B Tabnune [1.E.1, mpunoxenus E. Tam e npuBeneHbl U PEKOMEHTyeMble
cxembl ux BirodeHUs. [y 3apyOexHbix OY cxeMbl IpUBEACHBI B COOTBETCT-
BUU C OTE€UYECTBEHHBIMU CTAHJIAPTaAMU Ha YCIOBHBIE U300paKEHHUSI.

2.5.1 KomnnemeHTapHbIX BbiIxoaHOW Kackag YM

Cxema KOMIUIEMEHTApHOTO 3MHUTTEPHOTO MOBTOPHUTENS, pabOTAIOIIET0 B
pexume B nmpuBenena Ha pucyHnke 2.11.
+Un

Tl

Usx 2

L U

Pucynok 2.11 - Komnnemenmapmwiii SMummepHulti HO8MOPUMENb

Rn Uswvix

Ero ocHOBHBIE XapaKTEPUCTUKH CIEAYIOLIHUE:

- K03 HULMEHT ycuieHus 1o HanpspkeHuo Ku =1;

- ko3 puimeHT ycunenus no Toky Ki = (ko3hGuimeHTy ycuieHus mo
TOKY TPaH3UCTOPA);

- MaKCUMaJIbHAsl CHHYCOUIaJIbHAsI BBIXO/IHASI MOLTHOCTb

_Un2 .
Pmax = R’

- KO3((ULMEHT MOJIE3HOr0 ACUCTBHUS NPU MAKCHUMAaJbHOW MOIIHOCTU
78,5%;

- MakCHMMaJbHas MOIIHOCTb, paccenBacMmasi Ha OJHOM TpPaH3UCTOPE
Pmp =0,2P max.

[Ipu moNOXXUTEIBHBIX BXOAHBIX CHUTHajax TpaH3uctop 71 paboTaeT Kak
AMUTTEPHBIA MOBTOPUTENb, a TpaH3uctop 12 3amept. Ilpu oTpuLaTENBHBIX
BXOJIHBIX HaMpsOKEHUSX - Ha00opoT. Takum oOpa3om, TPaH3UCTOPHI PadOTAIOT
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IIOTNIEPEMEHHO, KAXKJbI B TEYEHHE OJHOTO IOJIyIIEPHOJa BXOJHOIO HAIpsKe-
HUS.

Taxoil pexxuM pabOThI CXEMbl HA3bIBACTCSI JBYXTAaKTHBIM peXUMOM B.
ITpu Usx =0 o06a TpaH3UCTOpa 3aMepThl; CIEIOBATEIbHO, CXEMa UMEET MaJbli
TOK NOKOs. TOK, MOTpeOasieMblii KaK OT IOJIOKUTEIBHOTO, TaK U OT OTpHIA-
TEJIBHOTO UCTOYHMKA HAMPSOKEHUsI, paBeH TOKY B Harpyske. [loatomy cxema 00-
JaaeT J0CTaTOYHO BHICOKUM KO3((DUIIMEHTOM IOJIE3HOTO ASHCTBHSL.

BbIX0/IHOE HamNpsKEHHE Ha Harpy3ke MOXKET MPAKTHUYECKH JOCTUIaTh
+Un, NOCKOJIBKY TPAaH3UCTOPbI HE OTPAHWYMBAIOT BBIXOJHOM TOK. Pa3zHOCTH
MEXIy BXOJHBIM M BBIXOJHBIM HANpPsHKEHUSIMHU paBHA HampspKEeHUIo Oa3za-
AMUTTEP OTKPBITOrO TpaH3ucTopa. [Ipu n3MeHeHnn Harpy3ku OHO MEHSIETCS He-
3HauuTenbHO. CrenoBarenbHo, Usx =Un HE3aBUCUMO OT Harpy3KHu.

MouHOCTh B Harpy3ke 0OpaTHO MPOINOPLUOHAIBHA CONPOTUBIIEHUIO RH
U HE UMeeT dKcTpeMyMa. Takum oOpa3oMm, B cxeme He TpeOyeTcs COIrIacoOBaHUs
Harpy3Ky, 1 MakCUMajbHas MOILIHOCTb Ha BBIXOJE OIPENENACTCS JIMIIb IIpe-
JENbHBIM TOKOM M MAaKCUMaJbHOW MOIIHOCTBIO PACCESHUS HCIOJIb3YyEMBbIX
TPaH3UCTOPOB.

Ha pucynke 2.12 nokazana nepexoaHnas xapakrepuctuka Un= f(Usx)
JUIsL IBYXTAKTHOTO pexuMa B, KoTopasi COOTBETCTBYET CXeMe, IPUBEIECHHON Ha
pucyske 2.11, a.

Un i Uni

\ i
\ i

Usx /¢ Usx

-0,6 B|+0,6 B

a O
Pucynox 2.12 — I[lepexoonvle uckasicenust 8 08YXMAaxKmHOM pexcume:
a — uckadicenust 8 pexcume B; 6 — uckasicenust 6 pesicume AB

BOnu3u Hyns TOK B OTKPBITOM TPaH3UCTOPE OYEHb Maj, a BHYTPEHHEE
CONPOTHUBIIEHUE - O0JbIIOE. B pe3ynbTaTe npupocT HanpsKEHUsT Ha HAarpy3Ke B
3TON 00JIACTH OKA3bIBAETCSl MEHBIIE, YeM U3MEHEHHE BXOJHOTO CUTHajIa. JTO U
SABIIACTCS MPUYMHON MOSBICHUS U3JI0Ma XapaKTEPUCTHUKU BOIU3U HyJs. Bo3Hu-
KAIOIINE NPH 3TOM HCKaKEHUS BBIXOJHOTO HAIPSDIKEHUS HA3bIBAIOT IMEPEXO/I-
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HbIMU UCKOKEHUSIMU. bonblias BEIMYMHA dTUX UCKAKEHUH ABJISIETCA HEAOCTAT-
KOM pexuma B.

[Ipu 3aganuu HEOOJBUIOTO TOKA MOKOSI TPAH3UCTOPOB UX BHYTPEHHEE CO-
MPOTUBJICHUE YMEHBIIAETCS, a MIEPEXOIHAS XapaKTEePUCTHKA U3MEHSETCA U MIPU-
HUMAaeT BUJ, MOKa3aHHbIN Ha pucyHke 2.12, 0. Takoil pexum paboTbl yCUIUTE-
JIEW Ha3bIBAETCA IBYXTAaKTHBIM pexxuMoM AB.

BuiHo, 4TO mpu 3TOM NEpPEXOAHbIE UCKAXKEHUS CYIIECTBEHHO YMEHbIIA-
10Tcs. [[yHKTUpOM MOKa3aHbl NEPEXOAHBIE XapAKTEPUCTUKN OTAEIIbHBIX TPAH3U-
CTOPOB MTOBTOPUTEJIS.

Ecnu 3a1aTh TOK MOKOSI paBHBIM MaKCUMaJIbBHOMY TOKY B Harpys3kKe, TO Ta-
KON pexuM paboThl OyJeT Ha3bIBaThCsl B JAHHOM CIIy4ae JIBYXTAaKTHBIM PEKU-
MoM A. Ho maHHBIA peXuM KpanHE HE SKOHOMHYEH, IO3TOMY B COBPEMEHHBIX
YCUJIUTENSAX MOIIHOCTH OH HE MPUMEHSETCS.

OnHako mepexogHblE UCKAXKEHUS B JIOCTATOYHOM CTEIEHH YMEHBUIEHBI,
JIaYK€ €CJIA TOK ITOKOS COCTAaBJISIET HE3HAUYUTEIIBHYIO YaCTh MAaKCUMaJIbHOIO TOKa
B Harpyske, kak B pexxume AB. B 3ToM pexuMe nepexoiHble UCKAKEHUST Ha-
CTOJIBKO MalJlbl, 4YTO C TIOMOIIBIO OOPATHOM CBSI3U MOTYT OBITh JIETKO CHUYKEHBI
710 IPEHEOPEKUMO MO BEJIMYUHBI.

B naHHOI cxemMe MOryT BO3HHMKATh TaKXKE€ HCKaXKEHHS, CBSI3aHHBIE C HE-
OJIMHAKOBBIM YCHJICHHEM OTPULATEIbHBIX M IOJIOXKUTEJIBHBIX HaIpPSHKEHUH.
OHM BO3HUKAIOT, KOTJa TPAH3UCTOPHI UMEIOT pa3indHble KOA((OULIHEHTHI nepe-
naun Toka. [loaTomy, eciii B cxeMe He MpeaycMOTPEHO TIyOO0KOM OTpUIIaTENb-
HOW 0OpaTHOM CBsI3M, ClEAyeT MOoAOHpaTh TPAH3UCTOPHI C KaKk MOXHO Ooiee
Onmu3KkuMH K03 PUIIMeHTaMu TIepeaun TOKa.

Ha pucynke 2.13, a npuBeaeHa NPUHLMIHAIBHAS CXEMa JIBYXTaKTHOI'O
KAaCKaJla, peaau3yrouero pexum AB.

Jlnist oOecrieueHrs MaJioro 3HaYeHusl TOKA TIOKOsI CEAYET MPUIIOKUTD T0-
CTOSIHHOE HampspbkeHue nopsnka 1,4 B Mexay 60a30BbIMU BbIBOJAMU TPAH3UCTO-
poB T1 n T2. Ecan nvanpsixenuss Ucml u Ucm2 paBHBI, BBIXOJAHOW MTOTEHIHAI
MOKOSl PABEH BXOJHOMY MOTEHUHMANY MOKOS. MOXXHO Takke HayalbHOE CMeElle-
HAE€  3aJaBaTh C  [OMOLIBKO  OJAHOTO  KMCTOYHHMKA  HANPSKEHUS
Ucm3 =Ucml +Ucm?2, kak iokazaHo Ha pucyHke 2.13, 6. B atom cinyuae Bo3HU-
KaeT Pa3HOCTh MOTEHUMAJIOB HAa BXOJI€ U BBIXOJE CXEMBbI, paBHas npumepHo 0,7
B.

OcHoBHast mpo6iema pexxuma AB cocTouT B HEOOXOAUMOCTH MOAEPKa-
HUS HEM3MEHHOTO TOKa MOKOS B IIMPOKOM JHara3oHe padouux Temmeparyp.
[Ipy noBbIIIEHUN TeMIEPAaTypbl TPAH3UCTOPA TOK IOKOS YBEIMYHMBAETCSA. IJTO
OPUBOJIMT K JaJbHEHIIEMY POCTY TEMIEPATYPhl TPAH3UCTOPA U B PE3YJIHTATE K
€ro TeIJIOBOMY pa3pylieHuto. Takoil 3¢p¢deKT Ha3bIBaeTCS TEPMHUECKOW MOJIO-
KUTEIBHOU 00paTHOM CBsI3b0. JlJIsI KOMIIEHCALIMM TOJIOKUTEIBHOU CBSA3U MPHU
MOBBIIIEHUN TEMIEPATYPbl TPAH3UCTOpA Ha 1° cleayeT yMEHbIIATh HampsixKe-
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Hust Ucml v Uem2 na 1 MB. 114 3TOro MOKHO KMCHOJIB30BAaTh AUOAbI WK TEP-
MOCOIIPOTUBJIEHHUS], YCTAHOBIICHHBIE HA KOPITYCE MOIIHBIX TPAH3UCTOPOB.

+Un +Un
UemI=Ucm?2
T1 RI=R2 T1 RI=R2
+ +
o—e [,
+
R2 R2
Usx Ucm?2 A) Ru TUH Uex Rn Un
_T_ 12 _T_ 72
-Un -Un
a 9]

Pucynok 2.13 — Yemanoska pescuma AB; a — 08yMs ucmouHukamu
Hanpsaxicenusi; 6 — 0OHUM UCMOYHUKOM HANPSAHCEHUS

Takas TemnepaTypHas KOMIIEHCAlMsl, KOHEYHO, OKa3bIBAETCS HEIOIHOM,
MOCKOJIbKY CYIIIECTBYET 3HAUMTEIBbHOE PA3JIMYME B TEMIIEpAaTypax Iepexoaa
TPAH3UCTOpPA U €ro Kopiyca. [103ToMy NPUMEHSIOTCS AOMOJHUTEIbHBIE MEPBI
o craduiau3aluu Toka nokos. s »Toil nenu ciyxart pesuctopbl Rl u R2
(pucyHok 2.13), peanu3syromue OTPULIATEIbHYIO O0OpaTHYIO CBSI3b 1O TOKY. D(-
(GEeKTUBHOCTH JTaHHON OOpaTHOM CBSI3U YBEJIMYMBAECTCS C BO3pAacTaHUEM BEJH-
YUHBI COMPOTUBIICHUHN 3TUX pe3UucTOpoB. OIHAKO, TOCKOIBKY PE3UCTOpPbl R1 u
R?2 BKJIIOYEHBI MOCIIENOBATEIBHO ¢ Rr, TO OHU CHWKAIOT MOIIHOCTD, OT/IaBae-
MYI0 B Harpy3ky. [lo 3To¥ mpuuuHe BelIMYUHA CONMPOTUBIICHUNM OOPATHON CBSI3H
JOJDKHA BBIOMPAThCS MaJOM MO CPaBHEHHWIO C COMPOTHBICHHUEM HArpy3KH.
OObruHO pesuctopbl Rl m  R2 BBIOMPAIOT TaK, YTO MAJCHHUE HAIPSHKECHUE HA
HUX TPU TOKe ToKos He 6oree 0,15 + 0,25 B.

Kak Oyzner mokaszano ganee, 3Ta npoOjemMa MOXET ObITh pa3pelieHa npu
WCIIOJIb30BaHUU CXEMBI JlapIMHTTOHA.

2.5.2 CnocoObl 3agaHuA HaNpsAXXeHUA CMeLLeHUA B KOMNNIeMEeHTapHOM
BbIXOOAHOM Kackage YM

OnuH u3 cnocoOO0B 3a/IaHus HANPSHKEHUS CMENIEHUsI UIUTFOCTPUPYETCS Ha
pucynke 2.14, a. [lagenue HanpspkeHust Ha quojgax Dlu D2 cocTaBisieT npu-
MepHO Ucml =Ucm?2 =0,7 B. Ilpu 3TOM HanpspKEeHUU 4epe3 TpaH3ucTopsl 11 u
T2 teuyeT HEOONBIIOW TOK MOKOS J[JI1 MOBBINICHHUS] BXOTHOTO COMPOTHUBIICHUS
CXEMbI JMOJbl MOXHO 3aMEHUTh AMUTTEPHBIMU TOBTOPUTEISAMHU (PUCYHOK

2.14,6).
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B paccMmoTpeHHBIX cxeMax (hOpMHUpPOBAHMS HANPSDKEHUS CMEILEHUs C
JUOJIaMU TOK HE MOXKET MPOTEKaTh CO BXOJa B LIeNH 0a3 BBIXOIHBIX TPAH3UCTO-
poB. IloaTomy, TOK 6a3bl BBIXOJIHBIX TPAaH3UCTOPOB JOJDKEH OBITH 3aJaH C IIO-
MOIIIbK0 HCTOYHUKA IIOCTOSIHHOTO TOKa. BenmnunHa nmocrtossHHOro Toka I/ nonk-
Ha OBITh 0OJIBIIIE MAKCUMAJIBHOTO 0a30BOr0 TOKa TPaH3UCTOPOB 71 u 72, 4T0ObI
quonbl DIu D2 (1 COOTBETCTBEHHO TpaH3UCTOpHl 13 u 14 Ha pucyHke 2.14,
0) mpu MakCUMaJIbHOM BXOJIHOM CUTHAJIE HE 3anupaiuchk. [lo »Toil mpuunne He
CJIeyeT 3aMEHSATh UCTOYHUKH MMOCTOSIHHOTO TOKA PE3UCTOPaMU, MMOCKOJIBKY TOK
B 3TOM Ciiy4ae OyJeT yObIBaTh MPH BO3pAaCTaHUHM BXOJHOIO CUTHAJA.

+Un +Un
(4 1
T UCM]» I
| D! /
Ucml R1 RI
eml |/ 3
o—- o—
i T4
Usx| Uem2 |\  R2 Usx R2
D2 Rn Un \ Ru Un
Ucm?2
_T_ 1 72 _T_ g 72
2(4 2
-Un -Un
a 4]

Pucynok 2.14 — 3a0anue navanbrhoco cmeweHus: a — ¢ NOMOWbIO OUO008;
O — ¢ NOMOWBIO MPAHZUCTNOPOB

Ho, nHOraa, ¢ uenpro ynpoueHus: cxemsl reseparopsl Toka /1 u 12 3a-
MEHSIOT IOCTOSIHHBIMU pe3ucTopamu. Torna, Tok yepes3 pe3ucTopbl BEIOUParoT B
HECKOJIBKO pa3 00J1bllIe MaKCUMaIbHOIO TOKa 0a3bl TpaH3ucTopoB 11 u 72.

Haubonee npeanoyTuTenbHON ABISETCS CXeMa, B KOTOPOH TOK MpHU BO3-
pacTaHMM BXOJHOI'O CUTHAJIa yBeIuuuBaeTcs. Takas cxema u300pakeHa Ha pu-
cyHke 2.15,a.

[ToneBbie Tpan3uctopsl 73 u 74 BKIIIOYEHBI B HEHMl MO CXEME MCTOKOBBIX
noBTOpHUTENEH. Pa3HOCTh HCTOKOBBIX HAMPSsKEHUHN MOJIEBBIX TPAH3UCTOPOB Oia-
rojapsi OTpULATEILHOW 0OpAaTHON CBSI3U MO TOKY YCTaHABIMBAECTCSI PAaBHOM OKO-
o 1,4 B. JIns paccMOTpeHHOM CX€Mbl MOAXOIAT IMOJIEBBIE TPAH3UCTOPBI, TOK
CTOKA KOTOPBIX IIPU HANPSKECHUU OTCEYKU ‘Uomc‘ =(,7 B cocraBisieT HECKOIb-

KO MUJLIIMaMIIED.
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K coxanenuio, y JaHHOW CXEMBI €CThb ONPEIEICHHbIE HEJOCTATKH, BBITE-
Kalolllie U3 TOT0, YTO MOJIEBbIE TPAH3UCTOPHI UMEIOT JOCTATOYHO OOJIBLION pa3-
Opoc mapaMeTpoB OT IK3EMILLAPY K 3Kk3eMIuisipy. Iloatomy, B 1aHHOM cxeMe He-
00X0IMMO NPUMEHATH COIJIACOBaHHBIE Mapbl TPaH3UCTOPOB. CoracoOBaHHBIMU
Ha3bIBAIOT TPAH3UCTOPBI, UMEIOIINE OMu3KKUe (OTaMYaromecs: He 0oee 4yeM Ha
10%) napametpsl. Takue 371€MEHTHI BBIMYCKAIOTCS OOBIYHO MapamM U 3HAuU-
TEJIBHO JIOPOXKE OJMHOYHBIX TPaH3UCTOPOB. OHM MOTYT BBIIIYCKAaThCSl U B €1IU-
HOM KOpITyce, TOTJa OHM Ha3bIBAIOTCSA COOpPKaMHU COTJIACOBAHHBIX TPAH3UCTO-
poB. CornacoBaHHbIE€ TPAH3UCTOPHI BIIYCKAIOTCSI KaK OUIOJISIpHBIE, TaK U TMOJIe-
BBIE.

+Un ?+Un
T3 T3 T4 R3=R4
(?)‘ I1=I2
=t Tl Tl
R30I DI
DI  RI UCM]I RI

I

D2 R2 Ucm2
Usx SZ Ri T U, Usx M I R Un,
R4 2
_T_ PZany 2 _T_ 12
. P
T4 5
-Un -Un
a O

Pucynoxk 2.15 — 3a0anue nauanbrhoco cmeuwjeHus: a - ¢ noMouwblo noJe-
8bIX MPAHZUCMOPOB, O — C NOMOWBIO MOKOBO20 3epPKaAld

Hcnonp30BaHue nap COrjIaCOBaHHBIX OUIOJISIPHBIX TPAH3UCTOPOB MO3BO-
JISI€T OPraHnu30BaTh TOK YEPE3 JUOMBI CMEILEHUS C TIOMOIIBIO, TAK HA3bIBAEMOTO
TOKOBOTO 3epkasia. CxemMa ¢ TeHepaTopaMM TOKA Ha TOKOBBIX 3epKajax IoKa3aHa
Ha pucyHke 2.15,0. JlanHas cxema Mo3BOJIIET CTPOIO 3a/1aTh TOK YEPE3 IUOJBI C
pesuctopamu R3, R4. Vx BenuunHa MOKET OBITh CTPOrO pacCUMTaHa U HE 3a-
BHCHT OT pa3dpoca mapaMeTpoB TPAH3UCTOPOB. B maHHOM cXeMme BeMYrnHA dTUX
PE3UCTOPOB OMpenessieTcs no popmysne

R3=R4=Un_—0’65, I=12. (2.49)
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2.5.3 KomnnemeHTapHbIX BbixogHoU Kackag YM no cxeme [JapnuHrtoHa

B paccMOTpeHHBIX 10 CHX MOP CXE€MaX TOK B Harpy3Ke MOXET COCTaBIISITh
HECKOJIBKO JECATKOB Mrumtuamiiep. [Ipu HeoOX0oMUMMOCTH TOMydeHUsT OOJIBIITUX
BBIXOJIHBIX TOKOB CIEAYET MPUMEHSTh TPAH3UCTOPHI ¢ 00Jiee BHICOKUMU AOIYC-
TUMBIMHU TOKaMHU. {7151 3TUX 11es1ell MOXKHO MCIOJIb30BaTh COCTaBHbIE TPAH3UCTO-
PBI 110 OOBIYHON MJIM KOMIUIEMEHTapHOU cxeme J(apiauHrToHa.

Ha pucynke 2.16 npuBeaeHa NpuHIUMIHAIbHAS CXEMa YCHIIUTENS MOITHO-
CTH, B KOTOpOU Hcnoib3yeTcs npuHuun Japiuarrona. Cxema JlapauHrToHa co-
CTOUT U3 JBYX MNap Tpan3zuctopos: 11,12 u 13, T4.

o+Un
T1
+ ) T2
Ucem RI
o R2
Usx R TUH
1 ) T4
T3 .
o-Un

Ucm
Pucynok 2.16 — Komnnemenmapuas cxema /lapaunemona

[Tpu pabGote 3T0# cxembl B peskuMe AB ycTaHOBKa TOKa MOKOsI CBs3aHA C
OTIpeICTICHHBIMY 3aTPYAHCHUSIMH, TMOCKOJIbKY HEOOXOIMMO CKOMIICHCHUPOBATH
YETBIPE 3aBUCAIIUX OT TEMIIEPATYPhl HAIPSDKEHUS 0a3a-d3MUTTEP. ITOTO MOKHO
n30exaTh, 3a/1aBasi TOK MOKOSI TOJBKO ISl MPEOKOHEYHBIX TPaH3UCTOPOB 711 u
T3. Ilpu 3TOM MOIIHBIE BBIXOJHBIE TPAH3UCTOPHI 12 U T4 OyAyT OTKpPBIBATHCS
JIMIIb MPU OOJIBIIUX BBIXOJIHBIX TOKAX.

C oTOl 1enbI0 BENMUMHY HampsikeHus: cMmemienus Ucu  BeIOUpArOT Ta-
KOM, 4TOOBI MaJICHUE HAIpPsKEHUs1 Ha pe3uctopax RI u R2 COCTaBIsIO OKOJIO
0,4 B, tak uto Ucm =2-(0,4+0,7)=2,2 B. B 3TOM Cilyyae BbIXOJHbIE TPaH3U-

CTOpBI J1aK€ MTPU BBICOKOW TEMIIEpaType NepPeXoa OKa3bIBaOTCS 3alI€PThIMH.

2.5.4 YM Ha onepauMoHHbIX YCUNUTESNAX C NOAKNOYEHHbIM
KOMMIeMEeHTapHbIM 3MUTTEPHLIM NOBTOPUTENEM

BbIxogHON TOK MHTErpalibHbIX ONEPAIlMOHHBIX YCHJIMTENIEH OOBIYHO CO-
craBisieT He 6osiee 20 MA. CyIiecTByeT MHOTO CITOCOOO0B, C TIOMOIIBIO KOTOPBIX
MO’KHO 0€3 0COOBIX 3aTPAaT yBEJIUYUTH 3TOT TOK MPUOIU3UTENLHO B IECATKU pa3.
J{1s1 3TOT0 MOKHO NPUMEHUTH, HAIIPUMED, IBYXTAKTHBIN YMUTTEPHBIN ITOBTOPU-
TEJb B peKnuMe B, pacCMOTpEHHBIN BbILIE, KaK TOKa3aHO Ha pUCyHKe 2.17, a.
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Taxk MoxHO cTpouTh YM Ha BeIxonaHble Toka 10 0,3 - 0,5 A, moabOupas
COOTBETCTBYIOIIME MAPKH BBIXOJHBIX TPAH3HUCTOPOB.

R2 R2
— —_ 1
+Un +Un
T1 T1
DA DA
RI RI R4
o400 - | e B
68
Usx Usx
R3 Rn l Un R3 Ru Un
1 & 1 &
-Un -Un

a o
Pucynox 2.17 — Cxema YM na OV: a — c komniemenmapuuim
IMUMMEPHBIM NOSMOopumesiem 8 pexcume B; 6 - ¢ komniemenmapHuim
IMUMMEPHBIM NOGMOpUmMeNeM 8 pexcume B u 00noaHumenbHuim pe3ucmopom

Pesucropsr R1 u R2 o6GecnieurBaiOT OTPULIATEIbHYIO 0OpAaTHYIO CBSI3b IO
HANPSDKEHUIO U OMPEAeNAoT KOAPGUIUEHT yCUIICHUSI BCETO0 YCUIIUTENS MOIII-
Hoctu Kym = R2/R1.

Crnenyer ydecTb, YTO M3-3a IPSIMOTO NPOTEKAHUS BBIXOJHOTO Toka OV B
Harpysky, depe3 pe3uctop R4, TOK Harpy3ku OyAeT HECKOJIBKO MEHbBILINM, YEM
B cxeMe 2.17, a.

OpnHako u3-3a HU3KOTO OBICTPOAEUCTBHUS ONEPAIIMOHHBIX YCUIMTENEH na-
K€ TIPY HaJMYMU OTPULATENbHON OOpaTHOM CBS3M BO3SHHUKAIOT OLIyTHMBbIE TIEpe-
XOJIHbIE HCKaXeHUs. IX MOXHO 3HaYUTENBHO OCIA0UTh, BBOJA B CXEMY JOMOJI-
HUTEJIBHBIE PE3UCTOPHI, KaK MOKa3aHo Ha pucyHke 2.17, 6. B aTom cimydae cko-
POCTh HapaCcTaHWs BBIXOAHOTO HanpsoKeHus yBeinunBaercs B (1+ R4/ Ru) pas.

B pesynbTaTe 3TOrO Ipu CONPOTUBICHUM HArpy3ku Rx paBHOM 5 OMm, n
IIPU UCIIOJIB30BAHUH CTAaHAAPTHOIO ONEPALMOHHOTO YCUIUTENS (Halpumep, TU-
na K140V J17) M0O>XHO HOTYYUTh MPHU OOJIBIIOM CUTHAJE MOJIOCY YacTOT MOpPsiAKa
1 xI'n. OnepanmoHHbIE YCUIIUTENH Ha MOJIEBBIX TPAH3UCTOPAX OTIMYAKOTCS, KaK
MPABUJIO, CYIIECTBEHHO OOJIBIIEH CKOPOCTHIO HApaCTaHUSl BBIXOJHOTO CHUTHAJIA.
Hanpumep, mns ycuwmurens tana K140V (11 sta ckopocts coctaBisier S50
B/mke. Takue ycmiuTenu MO3BOJISIOT PACHIMPUTH AUana3oH 3PQPEKTUBHO ycH-
JMBAEMBIX YaCTOT B pexkuMe 00bioro curnaia 1o 80 kl'm.

MMeHHO TakuMu XapaKTepUCTHUKaMU O0JaflaeT cXema, MpeacTaBlIeHHas
Ha pucynke 2.18. 3mecb B nenu nutanusi OY yCTaHOBJIEHBI PE3UCTOPHI
R1=R2 =R . Packauka Ha TPaH3UCTOPbI OKOHEYHOI'O KaCKaJa B 3TOH CXeMe I0-
JAETCSl C BBIBOJOB IHUTAaHUs ONEpalMOHHOro ycunuressd. [Ipu aTom TpaH3ucro-
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pBl BBIXOJHOTO Kackaja o0pa3yloT KOMIUIEMEHTApPHBIE Mapbl C BBIXOJHBIMHU
TPaH3UCTOPAMH OINEPAUOHHOTO YCUITUTEIS.

[Ipu ManbIX BBIXOAHBIX TOKAX TPaH3UCTOPBI 7/ 1 72 OKOHEYHOTO Kacka-
na 3anepthl. B 3TOM ciyyae BeCh BBIXOJIHOM TOK MPOTEKAET yepe3 OnepaluoH-
HBIM ycunutenb. [Ipu 6onpux curnansax TpaH3uctopsl 77 u T2 OTKpBIBAIOTCS U
OCHOBHAsl 4acThb BBIXOJHOIO TOKA MPOXOAUT yepe3 Hux. IIpm 3TOM BBIXOJHOM
TOK OIEPALMOHHOTO YCHIIUTENSI OCTAETCS OPaHUYEHHBIM BeanuuHoi 0,65/R .

—o +Un

) 1

R1

5 |

DA

U p—

7

r ]l
-Usx | +Usx ) " Un
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Pucynok 2.18 — Cxema YM ¢ ynpasnenuem 8b1x00HbIMU MPAHZUCTIOPAMU
no numanuio OV

JlaHHasi cxeMa MMEET CYIIECTBEHHOE MPEUMYIIECTBO, 110 CPABHEHUIO CO
cxemMaMu Ha pucyHke 2.17. OHO B TOM, 4TO Ojaroaapsi HaJIMYMIO TOKA IOKOS
OV Ha nepexonax 0a3za-3MUTTEp TPAH3UCTOPOB BBIXOJHOIO Kackaja MPUCYTCT-
ByEeT HA4aJIbHOE HAIpPsSUKEHUE CMelleHUs. BennunHa HanpsykeHUs CMELEHUs
3aBUCHUT OT 3HAUEHHUS COINPOTUBIEHUN R, KOTOpBIE BHIOMPAIOTCS TaK, YTOOBI ATO
HaIpsKEHUE cocTaBisAno okoio 400 mMB.

[Ipn Takoil BeIMYHMHE CMEUIEHUS IEPEXOJHBIE HMCKAKEHUS MPEAEIIbHO
YMEHBILIAIOTCA, OJJHAKO TOK IMOKOSI B BBIXOJIHOM Kackaje eIie OyAeT OTCyTCTBO-
BaTh, B pE3yJIbTAaTe YEro HeT HeOOXOIMMOCTH MPUHUMATh JOTIOJHUTEIbHBIE Me-
PBI U1 €r0 CTaOMIIM3aliH.

2.5.5 PacyeTt ycunurtens MOLWHOCTU Ha onepaLuMoOHHOM ycunurene

McxoTHPIMU JaHHBIMHU VISl pacueTa SBJISIOTCS:

- COIIPOTHUBIICHUE HArpy3Ku ycwiurens Ru, Owm;

- MOIIHOCTb HAarpy3ku Pu, Br;

- KO3 (DULIUEHT YCUJICHUS YCUIIUTENS MOITHOCTH, Kym .

ConpoTuBIIEHHE HArpy3KU U €€ MOIIHOCTD IIPUBEACHBI B 3aJaHUH HA Kyp-
COBYIO paboTy, a, ko3ppuureHnt ycunenuss Kym onpenensiercs 1no BeIpaXeHHIO
(2.4) B paznene 2.2.
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Bo-niepBbIX, ciemyeT BbIOpaTh cXeMy yCUIUTENs MOIIHOCTH. Kak Buanm
U3 TPEIbIIYIIUX PA3AesioB, TAKUX CXEM MOKET ObITh HECKOJIbKO. BBIOOP cxeMbl
YM — BaxHEUIMHK 3Tall €ro NPOEKTUPOBaHUs. [Ipyu onTuManbHOM MOAXOAE K
ATOMY 3Tally padoThl MOKHO 3HAYUTEIBHO OOJErYuTh BCE MOCIEIYIOUIUE pac-
4yeThl ycuurelnsa. B moboM ciyyae ciaeayeT CTpeMUThCsl K Hanbosee NpoCThIM
pELICHMSIM.

Br16op xoHKpeTHOH cxembl YM OyzaeMm Npou3BOAMTH MO BETUYHUHE JEH-
CTBYIOILIETO 3HAYEHHUs TOKA Harpy3KH, KOTOPbII ObUT OMpeNeseH paHee MO BbI-
paxenuto (3).

Ecnu Tok Harpy3ku He npesbimaeT 0,5 A, TO MOXHO HCIIOJIb30BaTh yCH-
JIMTENH 110 CXeMaM MOKa3aHHbIM Ha puUcyHKax 2.17 wnum 2.18.

[Tpu GonbIUX TOKAX JaHHBIC CXEMBbI CUIILHO HarpyxatoT OY u3-3a OTHO-
CUTEIBHO HU3KHUX 3HAYCHHH KOA(h(UIIMEHTAa YCUTIEHUS MOUIHBIX TPAaH3UCTOPOB
o Toky =20 - 60.

I[CﬁCTBPITCJILHO, MAaKCUMaJIbHOC 3HAYCHUE BBIXOJHOI'O TOKa OY cocras-

JseT
V21w 20,5
Isvix.,, = =
Ji] 2060

OO6wrunbie OY paccunTaHbl Ha BBIXOJHBIE TOKK He Oosiee 10 MA.

JIy1st BBIXO/1a U3 MOJIOKEHHSI MOYKHO MCIIOJIBb30BATh TPU Iy TH:

- BIOpaTh OY ¢ OONbIIMM BBIXOIHBIM TOKOM. Psin ¢pupm Beimyckator OY
C TOBBIIICHHBIMU 3HAYEHHUSIMH BBIXOAHBIX TOKOB. TE€XHHUYECKHE TaHHbBIE He-
ckoibkux TUnoB Takux OV npuseaens! B Tadnunax [1.E.3 u I1.E.4 Ilpunoxenus
E. IIpu BeIOOpe 11t YM onepaumoOHHOrO YCUJIMTEINS C MOBBIIIEHHBIM BBIXO/I-
HBIM TOKOM, IpocTeiimune cxembl (pucyHku 2.17 u 2.18), B cilyyae ucCnosb30Ba-
HUM OKOHEUYHBIX TPAH3UCTOPOB C JIOCTATOYHBIM KOA(P(PHUIIMEHTOM YCHIICHUS,
MOTYT UCIIOJIb30BAThCA 10 TOKOB HAarpy3ku 1,5 —2 A;

- IPUMEHUTH cXeMy [lapJIMHITOHA B BBIXOJHOM KAacKaJe, MOKa3aHHYIO Ha
pucyske 2.16.

- B KQ4ECTBE YCUJIUTENS] MOIIHOCTH MOYKHO MCIIOJIb30BAaTh MOIIHBINA OIlE-
PALMOHHBIA yCWINATENb, BKIIOYEHHBIN 110 CXEME MHBEPTUPYIOLIETO MM HEHUH-
BepTUpYyroIero ycuauresns. OCHOBHbIE TEXHUYECKUE JaHHBIE HEKOTOPBIX THUIIOB
takux OY npusenens! B Tabauuax [LE.1 u ILE.2 ITpunoxenus E.

PaccmoTpum nopsinok npoexktrpoBanus Y M B KakIOM Cirydae.

=0,035+0,011 A=35+11 MA. (2.50)

2.5.5.1 Pacyer YM ¢ KOMILIEMEHTAPHBIM IMUTTEPHBIM IOBTOPHUTEJIEM

Pacuer nnst cxeMsl, puBeeHHON Ha pucyHke 2.17,a cCBOAUTCS K BBIOOPY
BBIXOJIHBIX TPaH3UCTOPOB U Mapku OVY.

J171st BBIOOpA TPAH3UCTOPOB OIPEACIISAEM:

1 HanpsxeHue nutaHus BBIXOJHOTO Kackana Un .

Un=+2 -Uu+(2+3) B. (2.51)
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B cuny cuMMETpUYHOCTH CXEMBbI OTPUIIATEIbHOE HAIpPsDKEHHE OYyJIeT Mo
BEJIMYMHE PABHO MOJIOKUTEILHOMY HANIPSKEHUIO.

2 MakcuManbHbIM TOK HArpy3KHu:

Im=~2 . (2.52)

TpaH3UCTOPHI BBIXOAHOTO KacKaja JOJKHBI ObITh TPOTHUBOIOJIOAKHOM MO-
JSIPHOCTH U UMETh OJMHAKOBBIE MapaMeTpbl, TO €CTh OBITh KOMIIJIEMEHTAPHBI-
MH.

Wx BpIOOp MPOU3BOIUTCS TaK:

Uks,,,, 2Un;
Ukb,,,, 2Un; (2.53)
Ik, =1Im,
rne Uks,,y, - MakCUMaJbHOE AOIyCTUMOE HAIPSHKEHUE KOJIEKTOP-IMUTTEP
TPAH3UCTOPA;
Uxk0,,,, - MaKCUMAaJIbHOE JOITyCTUMOE HAIPsKEHHE KOJUIEKTOP-0a3a TPaH3HCTO-

pa;
Ix,,,x - MAKCUMAJIbHBIN JOIMYCTUMBIN TOK KOJIJIEKTOPA TPAH3UCTOPA.

Mapka OV BbIOMpaeTCsi ¢ Y4ETOM €r0 BBIXOJHOTO TOKAa M YacCTOThI €IH-
HUYHOTO YCUJICHUS.

OV nomxkeH obecnieunBaTh BHIXOAHOW TOK HE MEHEe

Isbix,,, 2 %n , (2.54)

YacroTa CANHHUYHOI'O YCHUIICHUA fl JOJIDKHa OBITH TaKOBA

fi 2 fp-Kym, (2.55)
rae fp - pabouas yactota cxembl. OHa 3aBUCUT OT YaCTOTHOTO JUANa3OHa YCH-
JMBAaEMOI'0 CUTHAJIA.

Bennuuny pabouell 4acTOTbl MOXHO ONpPEAEIUTh MO 3aJaHHOMY THILY
(¢uabTpa B TPAKTE YCUIIUTEINS U €r0 MapaMeTpam.

Tak, ecnu 3amana cxema ®HY T0 fp= fc, ans ®BY npunumaem
fp =210- fc. dna [T pabouyro 4acTOTy MOKHO MIPUHATH paBHOU fp > f&.

3nech fc - yacTota cpeza UIBTPOB, & fé - 4acTOTa BEpXHEH I'paHULIbI
MOJIOCHI POIYCKAHUS.

Pacuer cxemsbl Ha pucyHke 2.17,0 HE OTIMYAETCS OT MPEABIAYIIETO CIIy-
yasi.

Pesuctop R1 BbIOuparoT B peaenax 47 — 68 Om.

2.5.5.2 Pacuer YM ¢ KOMILIEMEHTAPHBIM SMUTTEPHBIM NMOBTOPUTEIEM
JdapauHrrona

Ecnu Beixonnoi Tok OV, onpeneneHHbi mo BeipaxkeHUto (2.53) mpeBbl-
maeT 10 MA u BeiOpaTh OY C NOBBIIEHHBIM BBIXOAHBIM TOKOM HET BO3MOKHO-
CTH, IPUMEHSIOT CXEMY, U300paKEHHYIO Ha pUCYHKE 2.16.
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KoMrneMeHTapHbIMH 3/1€Ch JTODKHBI ObITh KaK BBIXOAHBIE TPaH3UCTOPHI
T2 u T4, tak u npeaaputenbubie 11 u 73.

HanpspkeHue nutanus Kackaja onpenestoT mo popmyne (2.50).

Brixoansie Tpan3uctopel 72 u T4 BeIOMPAIOT 1O COOTHOIIEHUAM (2.53).
Tpanzuctopsl 71 u T3 BbIOMPAIOT HA T€ K€ HANPSIKEHUS, YTO U BbIXOJHbIe. HO
MX JIOIYCTUMBIN TOK KOJUIEKTOPA 1K), 11 1) MOKET OBITH MeHbIE. OH onpesie-

JSCTCA 110 BBIPAKCHUTIO

Im
IKMAX(TI,TZ) 2 ? s (2.56)
1

rae B, = [, - koapduipenTs! ycuieHus Tpan3uctopoB 71 u 72 1o TOKy.

JlanbHemmii pacyeT B CHIly CHMMETPUU CXEMbI TPOU3BOIUM JJIsE OJTHOTO
(BepxHero rjieya) SMUTTEPHOTO OBTOPUTEINS MO CIAEAYIOIIEH METOAUKE.
1 Onpeodensem nomunanbHblil MOK npedsapumenbHo2o mpansucmopa 1,

In

I, = E, ([ - s BeIxOqHOrO Tpausucropa T'1"). (2.57)
2 3a0aem mok nokosa npeosapumenbHo20 MpPaAH3UCmopa
lo,, =(0,1+0,05)-1,,. (2.58)
3 Onpeoenaem conpomuenenue pesucmopa Rl
Rl1= 0.4 : (2.59)
lo,,

4 Haxooum mok 6a3zel npedsapumenvno2o mpanzucmopa T1

lo,,

16.0,, =—1L. (2.60)
B

1

5 Onpeoenaem Hnanpaxcenue 0Oaza-Imummep NPeOCAPUMETbHO20 MPAH3U-
cmopa U653, mpedyemoe 0ns obecneuenus e2o moka noKos.

Hanpsbxenne U653, HaxoQuM IO BXOJAHBIM XapaKTEPUCTUKAM TPAH3HCTO-
pa 71 B3ATHIM U3 CIPAaBOYHMKA, KaK [TOKa3aHO Ha pucyHke 2.19,a.

6 Haxooum mpebdyemoe nanpsasycenue cmeuwjenus Ucm
Uem=0,4+Ub3, . (2.61)
7 Bvibupaem 0uoowl 0na cmewieHus u HAX00UM ux padoyuil mox

B kadectBe nMOMOB miisi CMENIEHUST OOBIYHO BBIOMPAIOT MaJIOMOIITHBIE
kpemHueBble Anoabl, Hanpumep: K/104; KJ1401; KI502A(B); KA503; K/1512;
KJ1521; KJ1523; K/1528; K1906. Ouu nipu Tokax ot 5 10 50 MA uMEIOT J0CTa-
TOYHO OOJIBITIOE MajieHne HanpsikeHus: U0 Tpu MpSMOM BKJITFOYCHUH.

Bri6paB Mapky nuoja mo ero BOJTaMIIEPHBIM XapaKTEPUCTHUKAM, B3SThIM
U3 CIIPABOYHHUKOB, OMpeesieM TOK [0, KOTOPbIA HY>KHO MPOIYCTUTh Yepe3 He-
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ro B MPSIMOM HamNpaBJIEHUU ISl TOTO, YTOOBI MaJieHUE HANPSHKEHUsT Ha HEM CO-
ctaBusio Uo=Ucm. DTOT mpoliecc Mnoka3zaH Ha pucyHke 2.19,0. B kauecTBe
puUMepa, MPUBEIEHBI BOJbTAMIIEPHBIE XapaKTEPUCTUKU TUO01A

16, 1
MA 4 J6, mA
20 |
K104
VY
04— A
16.07"]
10 / *
' |Ubs, B
0 0 0,50 : 1,00
Uem —
a 4]

Pucynox 2.19 — K pacuemy smummepHo2o noemopumens Ha
mpanzucmopax lapaunemona

Ecnn NMaacHUEC HAIPSKCHUA Ha OJHOM AMOJC OKa3bIBACTCA MaAJIO IIpU pa-
3YMHBIX 3HAYCHHAX TOKA YE€PC3 JUOA, MOKXHO BKIIIOYHUTH JBa UK TpU JUOAA I10-
CJICA0BATCIIBHO, IIPU 3TOM Ha KaX/IOM M3 HHUX JOJDKHO IMaAaTh HAIIPSKCHHUC

vo =Y. (2.62)

n
TI€ 1 - YUCIIO MOCJIEI0BATENIbHO BKIIFOUEHHBIX JUOJ0B.
[TonyueHHOe 3HAUEHUE TOKA 110Ja [0 JOJKHO yAOBIETBOPSITH YCIOBUIO
Io=(5+10)-16,,. (2.63)

8 Hpoekmupyem u paccuumoléeaem UCHMOUYHUK HANRPANHCEHUA CMECULCHUA

BapuanTtsl cxem 3ajaHus TOKAa IMOAAa IPUBEACHBI HA pUCYyHKax 2.14 u
2.15.

PaccmoTpum TpH NmpOCTEHININX BapUaHTA MUCTOYHHUKOB TOKA JUISL THOJOB
CMELICHUS:

- Ha PE3UCTOPaAX;

- Ha TPAH3UCTOPHBIX F€HEpaTopax TOKa u;

- Ha TOKOBBIX 3€pKaJIax.

Nx cxembl noka3ansl Ha pucyHKax 2.20, 2.21 u 2.22, COOTBETCTBEHHO.

Hcmounuk moka o uenu cmeuieHuAa Ha pesucmopax

Bpimie YKa3bIBaJIOCh, YTO AddHHAsA CXEMa O6J'Ia,Z[a€T HCKOTOPBIMU HEAOC-
TaTKaMH, HO YUUTEIBas €€ IIPOCTOTY, 3aJaHUC TOKA LCIIHU CMCIICHUS pE3UCTOPA-
MH HMMECT IIPaBO Ha CyIICCTBOBAHMHC. Omna YCIICIIHO MOXKCT IMPUMCHATHCA OJIA
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YM Ha Toxu Harpy3ku a0 0,5 A. Jlis cxemsbl Ha pucyHke 2.20 pacyeT pe3ucTo-
poB R3= R4 npou3BOAUTCS MO BBIPAKEHUIO

R3=pa=n=Uen (2.64)

Io
o+Un
o
Q)"

oy _€> T2

R1
UCMTSZDI == I
| R2
Usx UCMTSZDZ — Ry TUH
1 —{) T4
)1
R4
o -Un

Pucynok 2.20 — Cxema yenu cmeweHus: ¢ UCMOYHUKAMU MOKA HA PE3UCMOPAX

Hcmounuxk moka 0nsa uenu cmeuleéHuna Ha MPAH3UCMODPHOM Z2eHepamope
moka

Jlns cxembl Ha pucyHKe 2.21 nmeem

RS=R6=1000.27=Ycm (2.65)

Icm
rae Ucm - Hanpsbkenue ctadbmmmsaruu ctabunmurponos (VCI, VC2), B;
Icm - TOK cTabUIUTpOHA, MA.

OOBIYHO IJI1 TAKUX CXEM BBIOMPAIOT CTAOMIMTPOHBI C HANIPSHYKEHUEM CTa-
owmszanuu 3,3 — 5,6 B. Hanpumep, KC133A (3,3 B), KC147A (4,7 B), KC156A
(5,6 B) u ap.

Tok cTaOUIMTPOHA BEIOUPAETCS 10 BBIPAKEHUIO

Iem =(2+3)-Icm,,,, , (2.66)
rae Icm,,, - MUHUMaJbHbIM TOK CTAOMIIUTPOHA.

ConpoTHUBIICHHS SMUTTEPHBIX PE3UCTOPOB R3, R4 HaXoauM Tak
Ucm —0,65
10 '

R3=R4= (2.67)
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B kauectBe TpanzuctopoB 71 u 72 MOXKHO MCNOJIb30BATH JIIOOBIE MaJIO-
MOIIIHbIE KPEMHHEBBIE TPAH3UCTOPHI MPOTUBOMOJIOKHONW mojsipHocTU. Hampu-
mep, KT315 u KT361; KT3102 u KT3107.

o +Un
D3 ZE R3
75
N
T1

“) T

oy —@) 72

RI

ven] g o1 L

o]

Usx UCMTSZ D2 —|R:2|~ R TU”
_T_ oy ——{> T4
Ko _€> T3
76
D4 /N R4
. -Un

Pucynox 2.21 — Cxema yenu cmewjenusi ¢ mpaH3sucmopHviMu 2eHepamopamul
MoKa

Hcmounuk moka o uenu cmeuieéHua Ha MmOKoe6blx 3epKajiax

C teopueli pabOThI TOKOBBIX 3€pKaj, KOTOPhIE MIMPOKO MPUMEHSIIOTCS B
COBPEMEHHOU CXEMOTEXHHKE, MOXHO MOIPOOHO 03HAKOMUTCS B padbote [1].

JlJis cxeMbl, OKa3aHHOW Ha pUCYHKe 2.22 HE0OXOAUMO Momo0paTh cOop-
Ky COIIACOBAaHHBIX MAJIOMOIIHBIX TPAaH3UCTOPOB. [IprueM HYKHBI 1Be COOPKH,
OJIHA C TOJISIPHOCTBIO - pnp, Ipyrasi — npmn.

CornacoBaHHBIMU Ha3bIBAIOT TPAH3UCTOPHI C MPAKTUUYECKH OJMHAKOBBIMU
ANIEKTPUUYECKUMH XapakTepucTuKkaMu. OOBIYHO y COTJIACOBAHHOM Maphl TPaH3U-
CTOPOB XapaKTEPUCTUKHU HE pacxozsaTcs Oosiee uem Ha 10%.

Takue mapsl BBIMYCKaIOTCS B BUIE COOPOK, coaepkamux 00a TpaH3UCTO-
pa B onHoM Kopmyce. [IpumepaMu oTedecTBEHHBIX COOPOK SIBISIOTCSA TpPaH3H-
cropsl cepuid 159, 198, KTC.

Bonpiroe Komm4ecTBO Mapok COOPOK COTJIACOBAHHBIX TPAH3UCTOPOB BHI-
nyckaeTcst 3apyOexkHpiMu (pupMamu. Hanpumep, TpaH3ucTopHbie cOOpKU up-
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Mbl NXP Semiconductors: BCM61B (npn) / BCM62B (pnp); BCV61 (npn) /
BCV62 (pnp);  PMP420 (npn) / PMP520 (pnp). OTi napsl paccuuTaHbl Ha
MakcumanbHoe Hanpsikenue 30 - 45 B, 1ok 0,1 A 1 UMEIOT TUIIOBOE 3HAYCHUE

,Bz 250+290.
’ o +Un
Y

._€>TI

0y _€> 72

en] 1 e

15

R3

[}

R2
Usx UCMT VD2 1
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Pucynox 2.22 — Cxema yenu cmewjeHus ¢ uCmo4HuKamu moka Ha moKo8om
3epKane

[Tocne BbIOOpa MapKu COTJIACOBAHHBIX TPAH3UCTOPOB PACUYET CXEMbI CBO-
JUTCSL K ONIPEICTICHUIO COMTPOTUBIICHUN pe3ucTopoB R1= R2 mo popmyie

R3=R4a=71—"06

= (2.68)

2.5.5.3 Pacuer YM Ha momaom OY

Cxema YM Ha momHoM OV uMeeT BHJ, MOKA3aHHBIA HA PUCYHKAX 2.2 U
2.3. Ee pacuer He oTiM4aeTCsl OT pacyeTa OOBIYHOTO YCHIIMTEIBHOTO Kackaaa Ha
OY paccmoTtpeHHoro B pazaenax 2.3.1 u 2.3.2.

HanpspkeHue nuTtanusi yCUIIATENS onpeensercs mo gopmyre

Un=~2-Un+5. (2.69)

Bri6op Mapku OY npou3BoauTCs MO TOKY U HANPsDKEHUIO HArpy3ku. Jlis
BbI0Opa OV M0xHO BocmoJib3oBaThes Tadsmieit [1.E.1 B mpunoxxenun E.

Heo0xoanMo 4To0ObI COOTIOAAINCH COOTHOIIIEHUS

*Un,, 2Un, (2.70)
rae Un,, - nonmyctumoe HanpspkeHue nuranus OY.
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levix > Im, (2.71)
rae Ievix - TONMYCTUMBIN BBIXOJHOW TOK MouHOro OV,

PeanbHble cxeMbl BKJIFOUEHHUSI HEKOTOPBIX TUMOB MOIIHBIX OY mpuBeacH-
HbiX B Ta0smuie [1.E.1 takxe qanel B mpuioxenuu E.

2.5.6 PacueT TennoBoro pexunma BbIXOgHOro kackaga YM

B mpomecce pabotet YM ero BBIXOIHBIE TPAH3UCTOPHI HArpeBAIOTCS
BCJIEJICTBUE NIOTEPh MOITHOCTH OT TOKA HArpy3KH.

Ecmm YM co3nan Ha 6aze momuoro OV, To HarpeBaercs kopmyc OV.
[Tpu Harpese kpucramia Tpansuctopa win OY cBepx AOMYCTUMON TeMIepary-
pBI OH BbIAET U3 cTposi. [ToaToMy HE0OX0IMMO 00€CTIeUnTh B Ipoliecce padoThl
YM HOpMaJIbHBIN TEMIOBON PEKUM TPAH3UCTOPAM E€r0 BBIXOJHOTO KacKaaa WUin
camomy OV.

JIns1 BBITIOTHEHUS 3TOM 3a/1a4U CJIEAYET BBIIIOJIHUTD TPU ACHCTBHUSL:

- ONpPEIEIUTh TEIUIOBYID MOIIHOCTb, KOTOPAasl BBIACISIETCS B BBIXOJHOM
Kackane YM;

- OLIEHUTh HEOOXOJUMOCTh NMPUMEHEHUs paauaTtopa (TemIo0TBOJA) IS
OXJIAXKJICHHUS CHJIOBOIO 3eMeHTa YM;

- €CIT TETUIOOTBOJI HEOOXOAMM, TO HY>KHO BBIOpATh paauaTop IS OXJja-
XKICHUS DJIEMEHTA U PACCUUTATh padOUyr0 TEMIIEpATypy KpUCTaLIA.

PaccmoTpum Bce 3TH IEUCTBUS 11O TIOPSIAKY .

2.5.6.1 Onpeoenenue meniogoit MOUWHOCHU 8bLOEIAEMOU HA 0OHOM MPAH3U-
cmope 6b1X00H020 KacKkaoa unu 6 mowyHom OY

Bo Bcex paccMOTpEHHBIX CXeMaX BBIXOJHbIE TpaH3UCTOPbl YM paboTtaroT
B pexxuMme B mim AB. MakcumaiibHasi TEIUIOBasi MOIIHOCTh, B JAHHOM ClIydae,
paccerBaeMasl Ha OJHOM TPAH3UCTOPE B CXEME KOMILIEMEHTAPHOTO IMOBTOPUTE-
a5 Oynert paBHa [2, 3]

P.=0,1-Pn. (2.72)

Eciun YM noctpoen Ha momHOM OV, BBIXOJIHBIE TPAH3UCTOPHI KOTOPOTO
HAaXOJATCS HA OJHOM KPHCTAJUIE BHYTPH OJHOTO KOPITyCa, TO MAaKCHMaJbHAas
TEIJIOBasi MOIIHOCTh, BhIIENIsIeMasi BHYTpHU Kopryca OV, Oyner TakoBa

P, =0,2-Pu+2-Un-In, (2.73)
rae Un, In - HanpshKeHUE TTMTAHUE U TOK, oTpedsiembrii camum OY (cM. Tab-
many 1LE.1).

2.5.6.2 Ouenka neob6xooumocmu npumenenus paouamopa (menioomeooa)
0J151 0X1AIHCOEHUS CUN08020 I1emenma YM

PaaunaTop MOKHO HE NPUMEHATH B TOM CJIy4ae, €CIu COOI0at0TCs YCII0-
BUSA
P. < Poon* nmu P,, < Poon*, (2.74)
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rane Poon* - nomyctuMas pacceMBaeMasi TEIUIOBasi MOIIHOCTh 0e3 paauaropa,
Br.

3HaueHue Poon™ sl CUIIOBBIX TPAH3UCTOPOB OOBIYHO YKa3bIBA€TCs B
CIpPaBOYHHUKE IO TpaH3ucrtopaM. Jlyis OOJBLIMHCTBA CHJIOBBIX KPEMHHUEBBIX
TPaH3UCTOPOB 3Ta MOIIHOCTH He npeBplmaer 1 + 3 Br.

Jlist momabeix OY BenmuuHa Poon * ykazana B Tabnmune [1.E.2.

Jlia apyrux TUNoB 3apyOexHbIX MOIIHBIX OY oHa MOXKeT ObITh HaleHa
B MlHTepHETE B TEXHUYECKON JOKYMEHTALMH, KOTOpas HasbiBaeTcs «datasheet»
(TaGIHUIIEI ¢ aHTIL.).

[Ipu cobmonenun ycnosuii (2.74) nenaercs BBIBOA O TOM, YTO pa3pabo-
TaHHBIA YM HE HY)KIAeTCs B CHELUUAIBHBIX MEPaX I10 OXJaXXIAECHUIO BBIXOJHBIX
TpaH3UCTOPOB WM Kopryca OVY.

2.5.6.3 Bvioop paouamopa ona oxnasxcoenusn rnemenma u paciem padoueil
memnepamypusl KpUCaiia noaynpoeoOHUKOB020 I1eMEHMA

Ecau ycnoBus (2.74) He BBINONHSIOTCS, TO TPeOyeTCs JOMOJHUTEIBLHO
OXJIQXKJATh CUJIOBBIE JIEMEHTHI Y M.

Jns nanpHEMIMX pacdyeTOB HYXKHO MMETh NPEACTABIECHHUE O IMPOLECCe
TEIUIONEepeaay MEXAy KPUCTAIIIOM MHOJIYIIPOBOAHUKOBOIO AJIIEMEHTA U OKpY-
YKAIOIIEH Cpeoi. ITOT MPOIECC MOKET OBITh MILTFOCTPUPOBAH PUCYHKOM 2.23.

Panuarop (S) OkpyxaroLas cpega
Kopmyc (C) . ’ s _ -
mu«‘ e R e K/C KCS '::. T K?A
i \ 4
\ I:I —» > —>
\ P —
KpI/ICTaJ'II[ (J) T . -
A .- o \
Ipoknaaka K4
>

Pucynox 2.23 — Ilpoyeccovr mennonepedauu npu pabome
HOTYNPOBOOHUKOBO20 INEeMEHMA

Bemnuuner K, K,., K., K, Ha3bIBarOTCs TEIUIOBBIMU CONPOTHBIIE-
HusiMu. OHu u3MepsaroTes B °C/BT U XapakTepu3yroT MPOLECC NepeIadn Tera.
B yactHOCTH:

K,, - TemIoBo€ CONPOTUBICHUE MEXKIY KPUCTAILIOM (J) U BO3yXOM (ue-
pe3 xkopmyc) (A4);

K,. - TemnoBoe conporuBieHue Mexay kpucramiom (J) u kopmycom (C)

MOJTyTPOBOTHUKOBOTO MPUOOpa;
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K, - TEmI0BOE CONPOTUBIIEHUE MEX Y KopiycoM mpubopa (C) u paaua-

TopoM (§). HemocpencTBeHHBIM KOHTAKT KOpITyca ¢ paguaTopoM MMEET TEIUIO-
Boe compotuBieHue okono 1,0 + 1,2 °C/Bt, npu ucnoiab30BaHUU CUIIMKOHOBOM
nactel 0,3 °C/BT, KOHTaKT yepe3 CaoAsHyo npokiaaky (50 + 60 MK TOIIMHON)
¢ CIUIMKOHOBOM cMa3kou — 0,4 °C/Br;

K, - TennoBoe CONPOTUBICHUE MEXIY PaauaTopoM (S) U OKpyKarollen

cpenoit (BozayxoM) (A). Benmuunnbel K, OOBIYHO NMPHUBOAATCA B TEXHUUYECKUX

xapakrepucTtukax paguaropos. Hanpumep B [Ipunoxenun K, nanel xapakrepu-
CTUKH HEKOTOPBIX THUIIOB PAJNAaTOPOB, KOTOPHIE MOYXHO HCIIOIb30BaTh B KypCO-
BOM paboTe.

PacueT npon3BoaUM 10 U3JI0KEHHON HUXKE METOJUKE.
1 3aoaem pabouue memnepamypeol

Jns pacuera 3amaemM JOMYCTUMYH) MaKCHUMAaJbHYIO TEMIEpaTypy KpH-
crajuia 7, max W TeMIIEpaTypy OKpy»Karolen cpensl Toc.

Jly1s GONBIIMHCTBA TPAH3UCTOPOB MAKCUMANIBHYIO TEMIIEpaTypy KpHUCTa-
na T, max MO>XHO NpuHATH paBHou 150 °C.

TemnepaTypa OKpyXkaroleid cpenbl MpHU pacyeTax AJIEKTPOHHBIX YCT-
porictB npuauMaetcs ot 40 no 55 °C.

2 Onpeoenaem mpedyemoe mennogoe conpomugienue menioomeooa K,

K, = T, max—Toc wit K, = T, max— Toc‘ (2.75)

T POY

3 Opuenmupoeouno Hnaxooum mpeodyemoe menioeoe CONPOMuUBIEeHUE
paouamopa K, mp

K,mp=K,—K, . — K. (2.76)
4 Bovioupaem paouamop

[lo cnpaBoyHMKaM, Katajoram, UcnoJib3ys MHTepHeT BhIOMpaeM pajua-
TOP C TEIUIOBBIM COIIPOTHBIIEHUEM BEIMYUHON HE MeHee K, mp .

BriOpaB omnpezenieHHyI0 MapKy paauaTtopa, yTOUHSEM €ro TeIiOBOE€ CO-
npoTtusieHus K, A NaabHEHIINX pacyeTOB.

5 Onpeodensem cymmapnoe meniogoe conpomueieHue nPoeKmupyemozo me-

nnoomeooda K no ymounennoit popmyne
K= K, '(KJC + K5 + KSA) (2.77)
KJA + KJC + KCS + KSA

6 Onpeodenaem padouyro memnepamypy kpucmanna T,p npu ucnonvzoéanuu

8b10paAnH020 paduamopa
Ip=T,,+P.-KwmT,p=T,.+F,,-K. (2.78)
Ecnu paguaTop BbIOpaH MpaBUIIbHO, TO AOHKHO BBITIOJIHSITHCS YCIOBUE:
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T,p<T, max. (2.79)
Ha sTom pacuet TemiooTBoa 1y1st YM MOXKET ObITh 3aKOHYECH.

IIpumep pacuera paguaTopa

Hcxonnbie naHHbIC 7151 pacyeTa:
- MOIIIHOCTb, BbIJieNsieMast Ha TpaH3uctope (OY) - Pr= 32 Br;
- MaKCMMallbHas Temreparypa kpucramia - 1, max = 140°C;
- TEMIIEpaTypa OKpy:xatomiei cpenpl - Toc=55°C;
- TEIJIOBOE COIIPOTUBIICHUE MEXKAY KPUCTAIIIOM U KopirycoM - K, .= 1,3 °C/Br;

- TEIJIOBOE COIMPOTUBIICHUE MEXKTY KOPITyCOM MPUOOpa U PaauaTopoM IpH HC-
NOJIb30BAHUN CHIIMKOHOBOM nacTel K, = 0,3 °C/Br;

- TEIJIOBOE COMPOTUBJIIECHUE MEXKIY KPUCTAIIIOM M BO3AYXOM (Uepe3 KOpIyC) -
K, =22°C/Br.

1 Onpeoensem mpebdyemoe mennosoe conpomugénienue menioomeooa K,

_ T, max—Toc 140-55
- Y

2 Opuenmupogoyno Haxo0um mpedyemoe menuiooe CcoOnPomueIeHue
paouamopa K, mp

Kymp=K, —K,.—K. =2,65-1,3-0,3=1,05 °C/Br. (2.81)

3 Buvioupaem paouamop

[lo cnpaBoyHMKaM, KaTajoram, UcnoJib3ys MHTepHeT BhiOMpaeM pajua-
TOP C TEIUIOBBIM COIIPOTHBIIEHUEM BEJIMYMHON HE MeHee K, mp .

K, b

T

=2,65 °C/Br. (2.80)

BriOpaB onpesneneHHy0 MapKy paavaropa, yTOUHSEM €ro TeIuIOBOE CO-
npoTtusiieHus K, A NadbHEWIIMX PacUyETOB.

IIpuaumaem panuatop, n300pakeHHbId Ha pucyske 2,24. K, =0,9 °C/Br.

4

68

‘ 111 ‘

Pucynok 2,24 — Paouamop ¢ K, =0,9 °C/Bm
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4 Onpeodensem cymmapnoe mennogoe CONPOMUGIEHUE NPOEKMUPYEMO20
menjioomeooa K no ymounennoi popmyne
K, (K.+Ks+Kg) 22(2,3+0,3+0,9)

K= = =3,02 °C/Br.  (2.82)
K,+K,+K +K;, 22+2,3+0,3+0,9

5 Onpeoenaem padbouyrw memnepamypy kpucmanna T,p npu ucnonv3oeanuu

6blIOpanno20 paouamopa
T,p=T,-+P.-K=55+22-3,02=121,4°C. (2.83)
Panuartop BeIOpaH MpaBHIIBHO, TaK KAaK BBITIOIHSIETCS YCIOBHE:
121,4°C< 140 °C
Ha stom pacder TemmooTBoa 1Sl yCHIIUTENST MOIITHOCTA MOYKET OBITh 3a-
KOHUYEH.
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3 PacuyeT ManomMoLHbIX BbiNnpsiMUTENen

Cpenu pa3HOOOpaA3HBIX CXE€M JIIEKTPOHHUKH, OCO00€ MECTO 3aHHMAIOT
pasnTuYHOro poaa BeIMpsMHUTETH. OHU TPHUCYTCTBYIOT MPAKTHYECKH BO BCEX
AIIEKTPOHHBIX YCTPONCTBAX, MUTAIOIIUXCSA OT CETU MEPEMEHHOIro Toka. BaxHoii
MPaKTUYECKON 3ajauel SBISETCS YMEHHE NMPOBOJIUTH MHXKEHEPHBIM pacuer U
POEKTUPOBAHMS TAKUX CXEM.

3.1 lMpoekmupoeaHue ebINpPIMUMesibHoU cxemMbl

B cxemax nuTaHus 3MEKTPOHHOM anmnapaTypbl B OCHOBHOM MPUMEHSIOTCS
CXEMBbI BBIIPSIMUTENIEH, ITOKa3aHHbIE HA pUCYHKaxX 3.1 - 3.5

[lens pacuera BBIIPSAMUTENS: ONPENETUTh TOKA U HAMPSIKEHUS 0OMOTOK
TpaHcopmaTopa, ero MOIHOCTb, BEIOPaTh AUOBI U HAUTH €MKOCTh KOHACHCA-
TopoB ¢uibTpa. Hamo oTMeTuTh, 4TO B OONBIIMHCTBE CIy4aeB MPUMEHSIOT MPO-
cTeimure GuIbTPHI B BUJIE KOHAEHCATOPa OOJIBIION €MKOCTH.

VcxoTHBIMU TaHHBIMH JIJIS1 pacueTa sSBIISIOTCS:

CXeMa BBITPSIMUTEIIS;

U — IOCTOSIHHOE HANpsKEHUE Ha BHIXOJE BBHIIPSIMUTEIIS;

Ip — TOK Ha BBIXOJI€ BBITPSIMUTEJIS;

U — ceTeBoe HaNpPsKEHUE;

fc — yacToTa nNUuTaroIen CeTu;

K9, — xo3ddunmreHT mynbcanuii (OTHOCUTENbHAS BETUYMHA IyJIbCallui
BBINIPSIMJIICHHOTO HAIPSKEHUSI B MPOIEHTaX OT BEJIMYMHBI CPEIHEr0 HarpsiKe-
HUS HA BBIXOJIE BBIPSIMUTEIS).

dopMyIibl 151 pacdeTa BBIMPAMHUTENEH ¢ eMKOCTHBIM (DUIBLTPOM MpUBE-
neHsl B Ta0mure 3.1.

Tabnuna 3.1 - ®opmybl A1 pacueTa CXeM BBIIPSIMUTENEH

Ne m IB’ UOEP, IMAX RB’ UZ’ 12’ IBﬂ, PFAE’
CXEMBI A B A OmMm B A A BA
2,82. .
31 | 1| lo B.U, F-lo | Ri+Rm | B-Uo D-Io D-Io | 2Pg
32 o fo 282 Edo piijm |2 B.v0| 220 | PAo 9p,
-B-U, 2 2 2
lo |141.| F-lo 2. D - Io D-lo
. B-
34 | 1] Io L4l F-Io | Ri+Rm Yo D-lo-\2 | D-1Io | 1,5P,
-B-Uy 2
lo | 2,82 | F-lo 2. D-lo D-Io
3.5 — ’ -B-
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B tabnuie 3.1 npuHATH ciaeayromnme 0003HaYeHNs:
I3 — cpenHee 3HaUEHUE BHITIPSMIICHHOTO TOKA BEHTHIIS,
Uosp — 00paTHOE HaMpsiHKEHUE HAa BEHTUIIE,

I)11x — MaKCUMAJIbHBIN TOK (aMIUIMTYIHOE 3HAYCHUE) BEHTUJIA,

R — BHyTpEHHEE COITPOTHURIICHUE BBITIPSIMHUTEIIS,
U, — HanpsbKeHUe Ha BTOPHYHOM 00MOTKe TpaHchopmaropa,
I, — TOK BTOpUYHON 0OMOTKH TpaHChopmMaropa,
I — nelicTByIOIIEE 3HaUEHUE TOKA Yepe3 BEHTUIIb,
Pr5 — TabapuTHast MOITHOCTH TpaHchopMaTopa,

m — 9ucio (a3 BBIIPSIMIICHUS,

Iy - TOK Harpy3Ku BBIIPSMUTEIS,

Uop — HanpspKeHHe Ha Harpy3Ke BBITIPSMUTENS (Ha KOHIeHcaTope PrbTpa),
Po=Uplp— MOITHOCTH HATPY3KH;
B, F, D — BcioMoraTelibHbIe pacyeTHbie KOA((DHUIMEHTHI, OMpeaeseMble 10
rpadukam Ha pucyHke 3.6.

I, p I, VDI
AN
| |7 1
Y I'a
U, j;Uz Co
J I\

Pucynok 3.1 — OonononynepuooHuwiti

8bINPAMUMEIb

1

Ui

Tp

1, 1Ip 1, VDI Iy
AN -
Y -
N
]RH Uy j;Uz Co = U0|:|RH
JI\-
— ]
.
:
\, VD2

Lo

Pucynok 3.2 - Jlgyxnonynepuoonuwiii

6bINPAMUMETD

U,

1

A VDI1-VD4

&

Pucynox 3.3 - Mocmosoti ebinpsamumensd
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L, Ip I, VDI I,
0—>—| |—I= D| =0 +
U, 2 g U. Comm [
1 j t 2 o (0]
o 11 -
r—— Up
VD2
< o -

Pucynok 3.4 - Beinpsimumens ¢ y080oeHUeM HAnpAXICeHUs

> A VDI1-VD4

o —
Pucynoxk 3.5 - Mocmoeoti svinpsimumens co cpeonetl moukou

Mertonuka pacuera BBIIPSIMUTENS 3aKIIFOYAETCS B pAacueTe psAlla OCHOB-
HBIX XapaKTEPUCTHUK BBIMPSIMHUTEIBHBIX TUOIOB U TpaHcpopMaTopa BHITIPSIMU-
Tens. [1o m1aHHBIM MOTYYEHHBIM B MPOLIECCE pacyueTa, UCIOIb3ysl CIIPABOYHUKH,
BBIOMPAIOT MapKy JHOJOB JUIsl BBIIPSMUTENS, MApKy U THUN KOHAEHCATopa
dbunbTpa. [locnenoBaren,HOCTH AEUCTBHUI MPU pacyeTe MPUBEICHA HUXKE.
1 Onpeoenaem enympennee conpomueieHue 6eHmMuis

Ri =U—”. (3.1)

31 B

rae, Uy — npsamoe nanenne HanpsbkeHus Ha quone (0,4 — 0,5 B nist repmanue-
BbIX 110J0B, 1,0 — 1,1 B 1y1s1 KxpeMHUEBBIX TMOI0B).
2 Onpeoensem enympennee conpomuejienue 00MOomoK mpauncgopmamopa,
npueedeHHoe KO 6MopuUdHOll 00MOmKe
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Rm=k-—JoJ 4 Je-B-J (3.2)

rJie j — IIOTHOCTH TOKA B 00MOTKaxX TpaHcdopmaropa (3 + 5) A/MM*;

B — uHaykiust MarHuTHoOro noJist B cepaeunuke. Ona pasua B = (1,1 + 1,3)T nns
MJACTUHYATHIX cepJieuHUKoB U B = (1,5 + 1,6)T — 1151 1€HTOUYHBIX CEpACUHUKOB
TpaHc(hOpMaTOPOB;

K - pacuetnbiit ko ¢unuent. K = 2,0 + 2,3 nns cxem Ha pucyHkax 3.1 —3.3 u
pucyHka 3.5, 11t cxembl Ha pucyHka 3.4, koapdunuent K = 0,5 + 0,6.

3 Onpedensem ocHo6HOIL pacuemubvlit KoIgppuyuenm A.

Iy R
A= nO—B, JJIs1 CXeM Ha pucyHkax 3.1 -3.4. (3.3)
m'UO
Iy R
A="""0"TB 159 cxem Ha pucyHke 3.5. (3.4)
2'm'U0

4 Onpeoensem ecnomozamenvhsle KoIpgpuuuenmot B, F, D.
Bcenomorarensubie koaduiments! B, F, D, onpeaenstorcs no rpaduxkam
MPUBEJICHHBIM Ha pUCYHKE 3.6.

3,0 9
25 - 1 °
g ) \\\ 4 7 LL
@ 2,0 s e e ®
- ~ —— T
= s e — . 45 2
5 1,5 "!‘—.& =
§ | p— T 4 5‘
81,0 = 3 ®
8 y4 4 2
~ 0,5 /
i 7!
0,0 0
0 0,1 02 03 04 05 06 0,7 0,8
KoadhdmumeHT A

Pucynox 3.6 - I'paghuxu ons onpedenenus pacuemuulx Koaghguyuenmos

5 C nomowvio koagppuuuenmos B, F, D, no ¢popmynram mabauyer 3.1, npo-
600UM pacuem 6cex YKA3AHHLIX 6 mabauye napamempos blNPAMUMei.

ITo 3naueHusM Ugpp, Ig; HAXOAMM TUI BBIIPSIMUTENIBHBIX AUOAOB. BbI-
OpaHHbBIE W3 CIPABOYHHMKA JHWOJBI JIOJDKHBI TI0O CBOUM IapaMeTpaM IpPeBOCXO-
JUTh PACUETHBIE 3HAUYCHUSI.
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6 Onpedenaem emKkocms KOHOencamopa huibmpa.

EmKkocTh KOHIeHcaTopa GUiIbTpa HAXOAAT IO SMITUPUICCKOMN hopMyIie:
25109 . 4
m- Ry - fc-Kpq,
B 3axirouenue pacuera ciieAyeT BBIOpAaTh MapKy JHOAA U THIT KOHJICHCa-
Topa [4 ].
[Tpu 5TOM HYXHO yKa3aThb THII KOHJEHCATOpa, €r0 HOMHUHAJILHYIO €M-
KOCTh 1 HOMHUHaJIbHOE HampsokeHne. HoMuHambHass eMKOCTh BRIOPAHHOTO KOH-
JIeHCaTOpa JIOJDKHA OBITh HE MEHee ToyydeHHOU 1o dopmyie (3.5). HomuHamb-

HOC HAIIPsAKCHUC KOHACHCATOpa HOJIZKHO ObITE He MeHee yeM Ha 20% IMpCBOC-
XOOUTb 3HAYCHHUC HAIIPSAKCHUA HAd HAI'PY3KE Uo.

Cy[MkD] = (3.5

3.2 lMpoekmupoeaHue MasioMOW,HO20 mpaHcghopmamopa

[Tocne pacyera Bcex BBIIPSIMHUTENEH, 00€CTIEUNBAIONINX MUTAHHE Y3JI0B
YCHUJIUTEIS, BBITIOTHSIEM pacyeT CUIIOBOTO TpaHc(hopMaTopa BEIIPSIMHUTEIIS.

Cy1iiecTByeT MHOTO METOAMK TaKOTo pacuera. Mbl OyJaeM MOoJb30BaThCsA
YIPOILIEHHBIM BapHAaHTOM pacueToB. TeMm He MeHee, ISl MAJOMOIIHBIX TPaHC-
dbopmartopor (10 100 BT) Takoit moaxos 1aeT JOCTATOYHO TOYHBIC PE3yJIbTATHI,
MO3BOJIAIOIIME UCTIOIB30BaTh MOJIYUYCHHBIC JaHHbBIC HA TPAKTHKE.
1 Onpeoensaem nonnyw mownocmes mpauncgopmamopa

Omna omnpenensieTcss Kak CyMMa rabapuUTHBIX MOIIHOCTEW BCEX BBINPSIMHU-
TeJell MUTarUIMXCs OT JaHHOTO TpaHchopmaTopa, Kak

Pip=) P, . (3.6)
i=1

2 Haxooum napamemp S.S,, mpancgopmamopa

Jlnst BBIOOpa MarHUTONPOBOAA, HEOOXOAMMO HAWTHU MPOU3BEIECHUE TLIO-
IIaJeH MONEePEYHOr0 CEUEHUsI MarHUTONPOBOAA (CTanu) S, M OKHA Ul pa3Me-
IIEHUS OOMOTKH S, .
B 100- Prp-(1+1) .

4,44-f.-B-j-K,, 'Kc'77’

rae a, b, ¢, h — reoMeTpUUeCcKre MapameTphbl CEpICUHNKA, MOKa3aHHbIC HA PU-
cyHke 3.7;
n - xo3hdunEeHT mose3HOr0 ACUCTBUS TpaHChopmaTopa. JlJis MaJIOMOIITHOTO
tpancdopmaropa 1 =0,7 + 0,85;
f. - 4acrora cern, I'n;

S.=b-a; Sy, =c-h. (3.7)

C~OK

B - MakcumanbHOE€ 3HAYEHUE UHAYKIHUHM B cepieuHuke, T. JlJis JTEHTOYHBIX
TpaHc(hopMaTopoB, KOTOPhIE PEKOMEHIYETCS MCIOJb30BaTh HAa MaJIbIX MOIIHO-
cTax cienyert npuaumate B =1,5 + 1,65 T;
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j - IIOTHOCTB TOKa B 06MoTKe TpaHcdopmaropa, A/Mm>. Jlist 0GMOTOK ¢ BO3-
JOYIIHBIM OXJQXKJEHUEM TPaHCPOPMATOPOB MaJO MOIIHOCTH MOXKHO B3SITh
j=3+5 AV
K,, - ko3¢ dunueHT 3anoaHeHust okHa Meapto. O6suHo K, =0,22 +0,28;
K. - xo3(p(puUIUeHT 3al0/HEHNs MONEPEUYHOr0 CEYEHUsl CEpJCUYHUKA CTAIbIO.
Jlist JIeHTOYHBIX MarHuTonpoBonos K. =0,93 +0,95.

ITo Benuuune S.S,, 1 Tabauue 3.2 HaAXOAUM HYXKHBI THIIOpa3Mep cep-
J€YHMKA, Yy KOTOPOro npousBeneHue S.S,, OyleT He MEHbIIE, YeEM PacCUUTaH-
Hoe 1o ¢opmyiie 3.7.

Ta6nuna 3.2 — [1apameTpsl OpOHEBBIX JIEHTOUYHBIX cepAcYHUKOB THma [11JI

2 | Sok, ScSoks
Tunopasmep | a,Mm | b,mm | ¢, MM | h,mm | Sc, cm o ot
1 2 3 4 5 6 7 8

1J14x8 2 4 8 10 0,32 0,4 0,128
[1J16x8 3 6 8 15 0,48 0,9 0,432
H1JI8x10 4 8 10 20 0,80 1.60 1,280
1JI8x16 4 8 16 20 1,28 1,60 2,048
[IJ110x16 5 10 16 25 1,60 2,50 4,000
1J112x20 6 12 20 30 2,40 3,60 8,640
1JI12x25 6 12 25 30 3,00 3,60 10,80
[M1JI16x16 8 16 16 40 2,56 6,40 16,38
[1J116x20 8 16 20 40 3,20 6,40 20,48
[IJ116x25 8 16 25 40 4,00 6.40 25,60
[1J116x32 8 16 32 40 5,12 6,40 32,77
[1J120x20 10 20 20 50 4,00 10,00 40,00
1JI120x25 10 20 25 50 5.00 10,00 50,00
M1J120x32 10 20 32 50 6,40 10,00 64,00
1J120x40 10 20 40 50 8,00 10,00 80,00
IJ125x25 12,5 25 25 62,5 6,25 15,63 97,66
[1J125%x32 12,5 25 32 62,5 8,00 15,63 125,0
1J125%x40 12,5 25 40 62,5 10,00 15,63 156,3
1JI25x50 12,5 25 50 62,5 12,50 15,63 195,3
[1J132x32 16 32 32 80 10,24 25,60 262,1
11J132x40 16 32 40 80 12,80 25,60 327,77
[1J132x50 16 32 50 80 16,00 25,60 409,6
[1J140x40 20 40 40 100 16,00 40,00 640.0
[1J140x50 20 40 50 100 20,00 40,00 800,0
[1J140x64 20 40 64 100 25,00 40,00 1024
11J140x80 20 40 80 100 32,00 40,00 1280
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BriOpaB cepieuHUK, HYHO B TOSICHUTEJIBHOW 3alUCKE TMPUBECTH €ro
YepTexk C YKa3aHHEM pa3MepoB, KaK MOKa3aHO Ha pUCYHKe 3.7
[TpoBepky Ha pa3meleHre 0OOMOTKH B BHIOPAHHOM OKHE JIOTTYCKAaeTCsl He

IIPOBOJIUTb.
4 Y )
) 4 N

- AN 4/

b ala b ¢

Pucynox 3.7 — Jlenmounvie Oponesvie macHumonpogoowvt muna LI1IJ1
3 Onpeodenaem uucno 6umKoe 6 06momkax mpancghopmamopa

Yucno BUTKOB B IEPBUYHON OOMOTKE

U.-(1-AU_/100)-10* 38)
w, = , .
: 4,44-f.-B-S,

rae U, - HanpsbkeHue ceTu (IepBUYHOM 00MOTKH TpaHchopmaropa), B;

AU - noTepu HapsKeHMsl B IEPBUYHON 00OMOTKE, %.

3Ha4YeHUs BENUYUH f., B, - Te XK€, 4TO HCIIOJIb30BAINCh B BhIpaskeHUH (3.7).
[ToTepu B 00MOTKax ompeaestores 1o rpaduky Ha pucyHke 3.8.

18

X 16 (i
T 14
3 12 \
§10 N — AUT
& 8 — —O=—AU2
T — \
s 6 R
Q.
By
0 T T T
0 50 100 150 200 250

MowHocTb P1p, BA

Pucynok 3.8 — [lomepu nanpsoicenust ¢ 0OMomrax mpancgopmamopa

ITnomans Marauronposoaa S, 6epercs u3 tadbauip 3.2 B oM.
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Yucao BUTKOB BO BTOPUYHOM OOMOTKE

U, -(1+ AU, /100)-10*
v, = - (1+AU, /100)-10° (3.9)
4,44.f.-B-S,

rae U, - HanpsikeHue cety (epBUYHONM 0OMOTKH TpaHchopmaTopa), B;
AU, - noTepu HaIpspKEHUS] BO BTOPUUHONM 00MOTKe, %.

4 Pacuem ouamempa u 8b100p npoe0006 00MomoK

JlnameTp mpoBoAa BTOPUYHOM OOMOTKH d,0€3 yueTa TOJILUHBI U30JIs-
LMY HAXOJUM IO JIeHCTBYIOIIEMY 3HAYEHUIO TOKA B OOMOTKE /,, ONpeeIeHHO-
My paHee.

d,=1,13 A [MM] (3.10)
S j[A/MMz] ’ .

r7ie j - TUIOTHOCTh TOKa B 0OMOTKE, KOTOpasi MPUHUMANach paHee JJIsl BhIpaxke-
Hus 3.7.

Toxk B mepBUYHOM 0OMOTKE OYIET paBeH

11:12%. (3.11)

C

JuameTp npoBoJia IEpBUYHON 0OMOTKH d, Oyzaer

d =113 A [MM] (3.10)
b j[A/ MM2:|
[TosryueHHBIE THAMETPHI TPOBOIOB OKPYTIIIEM A0 OMMKaNIINX CTaHIaPT-
HBIX 110 Ta0muie 3.3.
Bribupaem Mapky 0OMOTOYHBIX MpOBOJIOB (Hanpumep, [19B-1, [19B-2) u
yKa3bIBa€M B MOSICHUTEJILHON 3aMKUCKE €ro JUaMeTpP C U30JISALUECH.

Ta6nuna 3.3 — [IpoBoa MeIHBIE KPYTJIbIE

HOI;[/[II//II:;J;’I;;IBH/I CequHe I[I/IaMeTp IMpoBOJa C N30JIA0UEnu, MM
mposopa | "PoBoAa o | TOB W TIOB |y iyrp | g | oo
MeIUu, MM -1 -2
0 MEJH, MM
1 2 3 4 5 | 6 7 8

0,02 0,00031 0,027 - |0.035| - i i
0,025 000051 10,034 - | 004 | - i i
0,03 000071 10,041 - |0,045| - i i
0,032 0,0008 |0,043| - |0046] - i i
0,04 00013 |0,055| - |0055| - i i
0,05 000196 |0,062| 0,08 | 0,07 | - i 0.14




[Iponomxkenue Tabauup 3.3

64

1 2 3 4 5 6 7 8
0,06 0,00283 0,075 | 0,09 | 0,085 | 0,09 - 0,15
0,063 0,0031 0,078 | 0,09 10,085 | 0,09 - 0,16
0,07 0,00385 10,084 0,092]0,092| 0,1 - 0,16
0,071 0,00396 0,088 0,095]0,095| 0,1 - 0,16
0,08 0,00503 |0,095]0,105]0,105| 0,11 - 0,16
0,09 0,00636 |0,105| 0,12 |0,115| 0,12 - 0,18
0,1 0,00785 0,122 | 0,13 |0,125| 0,13 | 0,125 0,19
0,112 0,0099 0,134 | 0,14 | 0,125| 0,14 | 0,135 0,2
0,12 0,0113 0,144 | 0,15 [ 0,145| 0,15 | 0,145 0,21
0,125 0,0122 0,149 0,155| 0,15 | 0,155 | 0,15 0,215
0,13 0,0133 0,155 0,16 |0,155| 0,16 | 0,16 0,22
0,14 0,0154 0,165 | 0,17 [0,165| 0,17 | 0,165 0,23
0,15 0,01767 0,176 | 0,19 | 0,18 | 0,19 | 0,18 0,24
0,16 0,02011 0,187 | 0,2 | 0,19 | 0,2 0,19 0,25
0,17 0,0227 0,197 0,21 | 0,2 | 0,21 0,2 0,26
0,18 0,02545 0,21 | 0,22 | 0,21 | 0,22 | 0,21 0,27
0,19 0,02835 0,22 1 0,23 | 0,22 | 0,23 | 0,22 0,28
0,2 0,03142 0,23 1 0,24 | 0,23 | 0,24 | 0,23 0,3
0,21 0,03464 0,24 | 0,25 1 0,25 | 0,25 | 0,25 0,31
0,224 0,0394 0,256 | 0,27 | 0,26 | 0,27 | 0,26 0,32
0,236 0,0437 0,26 10,285| 0,27 | 0,28 | 0,27 0,33
0,25 0,04909 (0,284 | 0,3 [0,275] 0,3 0,29 0,35
0,265 0,0552 0,305 10,315]0,305 | 0,31 0,3 0,36
0,28 0,0615 0,315 0,33 |0,315| 0,33 | 0,31 0,39
0,3 0,0708 0,34 | 0,351 0,34 | 0,34 | 0,33 0,41
0,315 0,078 0,35 10,365]0,352| 0,36 | 0,35 0,43
0,335 0,0885 0,375/0,385]0,375| 0,38 | 0,37 0,45
0,355 0,099 0,395/0,4140,395| 041 | 0,39 0,47
0,38 0,1134 042 | 044 | 042 | 044 | 042 0,5
0,4 0,126 044 | 0,46 10,442 | 046 | 044 0,52
0,425 0,142 0,465 10,485| 047 | 047 | 0,46 0,53
0,45 0,16 0,49 | 0,51 [0495] 0,5 0,5 0,57
0,475 0,177 0,525 10,545 10,495 | 0,53 | 0,51 0,6
0,5 0,196 0,55 1 0,57 1 0,55 | 0,55 | 0,53 0,62
0,53 0,2206 0,58 | 0,6 10,578 0,6 0,58 0,66
0,56 0,247 0,61 | 0,63 | 0,61 | 0,62 0,6 0,68
0,6 0,283 0,65 | 0,67 | 0,65 | 0,66 | 0,64 0,72
0,63 0,313 0,68 | 0,7 | 068 | 0,69 | 0,67 0,75
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1 2 3 4 5 6 7 8
0,67 0,352 0,72 | 0,75 1 0,72 | 0,75 | 0,72 0,8
0,71 0,398 0,76 | 0,79 | 0,77 | 0,78 | 0,75 0,82
0,75 0,441 0,81 | 0,84 | 0,81 | 0,83 0,8 0,87

0,8 0,503 0,86 | 0,89 | 0,86 | 0,89 | 0,86 0,95
0,85 0,567 091 | 094 | 091 | 0,94 | 091 1,0
0,9 0,636 0,96 | 0,99 | 0,96 | 0,99 | 0,96 1,05
0,93 0,6793 0,99 | 1,02 1099 | 1,02 | 0,99 1,08
0,95 0,712 1,01 | 1,04 | 1,02 | 1,04 | 1,01 1,1
1,0 0,7854 1,07 | 1,1 | 1,07 | 1,11 1,06 1,16
1,06 0,884 1,13 | 1,16 | 1,14 | 1,16 1,13 1,21
1,08 0,9161 1,16 | 1,19 | 1,16 | 1,19 1,16 1,24
1,12 0,9852 1,19 | 1,22 | 1,2 1,23 1,2 1,28
1,18 1,092 1,26 | 1,28 | 1,26 | 1,26 1,25 1,34
1,25 1,2272 1,33 | 1,35 | 1,33 | 1,36 1,33 1,41
1,32 1,362 14 | 142 | 14 1,42 | 1,39 1,47
1,4 1,5394 148 | 1,51 | 148 | 1,51 - 1,56
1,45 1,6513 1,53 | 1,56 | 1,53 | 1,56 - 1,61
1,5 1,7672 1,58 | 1,61 | 1,58 | 1,61 - 1,68
1,56 1,9113 1,63 | 1,67 | 1,64 | 1,67 - 1,74
1,6 2,01 1,68 | 1,71 | 1,68 | 1,71 - -
1,7 2,2697 1,78 | 1,81 | 1,78 | 1,81 - -
1,74 2,378 1,82 | 1,85 | 1,82 | 1,85 - -
1,8 2,54468 1,89 | 1,92 | 1,89 | 1,92 - -
1,9 2,8105 1,99 1 2,02 | 1,99 | 2,02 - -
2,0 3,1415 2,1 | 2,12 | 2,1 2,12 - -
2,12 3,5298 221 | 2,24 | 2,22 | 2,24 - -
2,24 4,0112 2,34 | 246 | 2,34 | 2,46 - -
2,36 4,3743 246 | 248 | 2,36 | 248 - -
2,5 4,9212 26 | 263 | 26 | 2,62 - -
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BapuanTs! 3aganuii 1151 KypcoBoid paboTsl puBeneHbl B Tabnuue 4.1. B

HEel MPUHATH 0003HAYEHUS B COOTBETCTBUE C MMyHKTOM 2.1 HACTOSIIIENH METO -

KH.

Ta6nuna 4.1 — BapuaHTsl 3aaHuit 11 KypcoBO#M pabOThI

Jlanunsie gpunompa

Ne | Ec, | Re, | Ru, | Pn, fe, | fu, | fe
Bap.| B | kOm | Om | Bm | 1yn Annpok- opsdoxk Iy | Iy | Ty
cumayus
1 2 3 4 5 6 7 8 9 10 11
1 0,01 0,1 2 10 | ®HY | barrepBopra 4 100
YeOpImesa
2 0,02 | 03 4 8 -//- q1=0.5 1B 4 250
YeoOplmesa
3 0,03 | 0,5 6 6 -//- q1=1.0 1B 4 350
YeOpImena
4 0,04 1,0 8 4 -//- q1=2.0 1B 4 450
Nugepc.
5 0,05 5.0 10 2 -//- YeOpimena 4 600
q2=-40 nb
DIUIATITAY.
6 0,06 10 15 1,3 -//- ql=0,5 nb, 4 800
q2=-40 nb
7 0,08 25 20 1,5 -//- Beccens 4 1000
8 0,1 50 50 0,5 -//- | barTepBopra 4 750
YeOpImena
9 0,12 | 100 100 | 04 -//- q1=0.5 1B 4 500
10 |015] 250 | 2 § | @By | lcObiuesa 4 400
ql=1,0 nb
YeOplimesa
11 10,18 | 500 4 6 -//- q1=2.0 1B 4 300
Nusepc.
12 10,25 | 1000 6 4 -//- YeOpImena 4 100
q2=-40 nb
OIUIANITAY.
13 0.3 0,1 8 2 -//- ql=0,5 1b, 4 60
q2=-40 nb
14 0,4 0,3 10 1,3 -//- Beccens 4 100
15 0,5 0,5 15 1,5 -//- | barTepBopra 4 250
YeOpliesa
16 0,6 1,0 20 0,5 -//- q1=0.5 1B 4 350
YeOpImesa
17 0,7 5.0 50 0,4 -//- q1=1,0 1B 4 450
18 (08| 10 |100]| 8 | - | ‘leOpmnucsa 4 600

q1=2,0 1B
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1 2 3 4 5 6 7 9 10 | 11
Nugepc.
19 1,0 25 2 6 -//- YeOrImeBa 800
q2=-40 nb
OITANTHY.
20 | 2,0 50 4 4 |TId | ql=0,5 nb, 1000 | 1100
q2=-40 nb
21 3,0 | 100 6 2 -//- beccens 750 | 800
22 | 40 | 250 8 1,3 -//- | BarrepBopTa 500 | 525
YeOnbimena
23 5,0 | 500 10 1,5 -/1- q1=0.5 1B 150 | 1000
24 004 1000 | 15 | 05 | - | cOumesa 250 | 2000
ql=1,0 nb
25 [005| 01 | 20 | 04 | - | cObmiesa 300 | 3000
q1=2,0 nb
Nugepc.
26 (0,06 | 03 50 8 -/1- YeOpImena 100 | 125
q2=-40 nb
OITANTHY.
27 (0,08 | 0,5 100 6 -/1- q1=0,5 nb, 250 | 280
q2=-40 nb
28 0,1 1,0 2 4 | ®HY beccerst 350
29 10,12 | 5.0 4 2 -//- | barTepBopra 450
YeOnbImena
30 | 0,15 10 6 1,3 -/1- q1=0.5 1B 600
YeOnbImeBa
31 (0,18 | 25 8 1,5 -/1- ql1=1,0 1B 800
YeOnbImena
32 1025 50 10 | 0,5 -/1- q1=2.0 1B 1000
Nugepc.
33 0.3 100 15 | 04 | -//- YeObimeBa 750
q2=-40 nb
OITANTHY.
34 | 04 | 250 20 8 -/l- ql=0,5 nb, 500
q2=-40 nb
35 0,5 | 500 50 6 -//- beccenst 400
36 | 0,6 | 1000 | 100 4 -//- | BarrepBopTa 300
YeOnbimena
37 0,7 0,1 2 2 | ®BY q1=0.5 1B 100
YeOnbimena
38 0.8 0,3 4 1,3 -/l- q1=1.0 1B 60
YeOnimena
39 1,0 0,5 6 1,5 -/l- q1=2.0 1B 100
Nugepc.
40 10,04 | 1,0 8 0,5 -/1- YeOpImena 250

q2=-40 1B
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1 2 3 4 5 6 7 8 9 10 | 11
OITANTHY.
41 10,05| 5.0 10 | 04 | -//- q1=0,5 nb, 4 350
q2=-40 nb
42 10,06 | 10 15 8 -//- beccest 4 450
43 10,08 | 25 20 6 -//- | BarrepBopra 4 600
YeOnbImeBa
44 | 0,1 50 50 4 -/l- q1=0.5 1B 4 800
45 012|100 | 100 | 2 | - | eOpmmena 4 1000
ql=1,0 nb
YeOnbimeBa
46 | 0,15 | 250 2 1,3 | /- q1=2.0 1B 4 750
Nugepc.
47 10,18 | 500 4 1,5 |TIII® | YeObrmena 2 500 | 2700
q2=-40 nb
OITANTHY.
48 | 0,25 | 1000 6 0,5 | -/l- q1=0,5 nb, 2 400 | 3000
q2=-40 nb
49 | 0.3 0,1 8 04 | -//- beccens 2 300 | 2200
50 | 04 0,3 10 8 -//- | BarrepBopTa 2 100 | 600
YeOnimena
51 0,5 0,5 15 6 -/1- q1=0.5 1B 4 60 65
520 06| 1.0 | 20 | 4 | - | eOmmesa )y 100 | 120
ql=1,0 nb
YeOnimena
53 | 0,7 5.0 50 10 -/l- q1=2.0 1B 2 250 | 275
Nugepc.
54 | 0.8 10 100 8 -/1- YeOpImena 2 350 | 380
q2=-40 nb
OITANTHY.
55 1,0 25 2 6 | ®HY | ql1=0,5 ab, 4 450
q2=-40 nb
56 0,04 | 50 4 4 -//- beccerst 4 600
57 10,05 | 100 6 2 -//- | barTepBopra 4 800
YeOnbImeBa
58 0,06 | 250 8 1,3 | /- q1=0.5 1B 4 1000
50 |008| 500 | 10 | 15 | - | cOumiera 4 750
ql=1,0 nb
YeOnbimeBa
60 | 0,1 | 1000 | 15 | 0,5 | -//- q1=2.0 1B 4 500
Nugepc.
61 | 0,12 | 0,1 20 | 04 | /- YeObimeBa 4 400
q2=-40 nb
OITANTHY.
62 [0,15] 0,3 50 8 -/1- q1=0,5 nb, 4 300

q2=-40 1B
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1 2 3 4 5 6 7 8 9 10 | 11
63 | 0,18 | 05 | 100 | 6 | -/~ | Beccens 4 100
64 | 0,25 1,0 2 4 ®BY | barrepropra 4 60
YeOrImeBa
65 | 03 | 50 | 4 | 2 | | PSR 4 100
YeOrImeBa
66 | 04 | 10 | 6 | 13 | - | PR 4 250
YeOrnImeBa
67 | 05| 25 | 8 |15 | | 00 4 350
Nusepc.
68 | 06 | S0 | 10 | 10 | -//- | Uebbimesa 4 450
q2=-40 1B
OnaunTHY.
6 | 07| 100 | 15| 8 | -/~ | q1=0,5 1B, 4 600
q2=-40 1B
70 | 08 | 250 | 20 | 6 | /- | Beccens 4 800
71 | 1,0 | 500 | 50 | 4 | -//- | Barrepsopra 4 1000
YeOrIeBa
720041000 | 100 | 2 | - | 0 4 750
YeOrIeBa
73005 | 01 | 2 |13 | | R 4 500
74 1006| 03 | 4 | 1,5 |mme| ‘leOpmuesa 4 400 | 440
q1=2,0 1B
Nugepc.
75 |008] 05 | 6 | 05 | -//- | Uebbiuesa 4 300 | 330
q2=-40 1B
DIIANTHY.
76 | 01| 1,0 | 8 | 04 | /- | q1=0,5 1B, 2 100 | 550
q2=-40 1B
77 | 0,02 50 | 10 | 8 | -//- | Beccens 2 60 | 350
78 | 0,05] 10 | 15 | 6 | -//- | barrepsopra 2 100 | 750
79 {018 | 25 | 20 | 4 | - | ‘lcObmuema 2 250 | 1500
q1=0,5 1B
80 [025| 50 | 50 | 2 | o | ‘leOpmuena 2 350 | 2000
q1=1,0 nB
81| 03| 100 | 100 | 13 | - | cOumuesa 2 450 | 2500
q1=2,0 1B
Nugepc.
82 | 04 | 250 | 2 | 1,5 | PHYU | UYebbimesa 4 600
q2=-40 1B
OnaunTHY.
83 [ 05| 500 | 4 | 10 | -/~ | ql=0,5 1B, 4 800
q2=-40 1B
84 |06 | 1000 | 6 | 8 | -/~ | Beccem 4 1000
85 0,7 0,1 8 6 -//- | BarTepBopra 4 750
86 | 08 | 03 | 10 | 4 | - | ‘lcOwmuera 4 500

ql1=0,5 nb




[Tponomxkenue Tadmuubl 4.1

70

1 2 3 4 5 6 7 9 10 | 11

YeOnI1ieBa

87 1,0 0,5 15 -//- q1=1.0 1B 400
YeOrIm1eBa

88 | 0,04 1,0 20 1,3 -//- q1=2.0 1B 300

Nusepc.

89 | 0,05 5.0 50 1,5 -//- YeOpI1reBa 100
q2=-40 nb
OIUIANTAY.

90 | 0,06 10 100 | 0,5 -1/- ql1=0,5 1b, 60
q2=-40 nb

91 0,08 25 2 04 | ®BY beccens 100

92 0,1 50 4 8 -//- | barTepBopra 250
YeOwnIm1eBa

93 (0,12 | 100 6 6 -//- q1=0,5 1B 350
YeOwnI11eBa

94 | 0,15 | 250 8 4 -1/- ql=1,0 1B 450
YeOnI11eBa

95 0,18 | 500 10 2 -1/- q1=2.0 1B 600

Nugepc.

96 | 0,25 | 1000 15 1,3 -1/- YeOrnImieBa 800
q2=-40 nb
DIUIATITAY.

97 0.3 0,1 20 1,5 -//- ql1=0,5 1b, 1000
q2=-40 nb

98 0,4 0,3 50 10 -//- Beccensa 750

99 0,5 0,5 100 8 -//- | barTepBopra 500

100 | 06| 10 | 2 | 6 | -4 | ‘lcObmesa 400

ql1=0,5 nb
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MpunoxeHune A (ob6s3aTenbHoe)

TuTynbHBIN TUCT KYypCOBOI paOOTHI

MunucTepcTBo 00pa3oBanusi M HayKku Poccuniickoii @exepauuu

®denepalibHOE TOCYIAPCTBEHHOE 0I0/IKeTHOE 00pa30oBaTe/IbHOE YUpexKIeHne
BBICIIET0 MPO(ecCHOHATBHOI0 00pa30BAHMA

«CUBUPCKUM IT'OCYJAPCTBEHHBINA TEXHOJIOI'MYECKUI
YHUBEPCHUTET»

Kadenpa snexrporexHuku

KYPCOBAA PABOTA

IO JUCHUIIJIIMHE <<9J'ICKTpOTCXHI/IKa H 3JICKTPOHHUKA»

BeimonHun ctyaeHt

Ip. /.M. UBaHoB/
PykoBoaurens

JIOLIEHT /A.I1. ITeTpos/
KpacHospck

2012
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MpunoxeHune b (o6sa3aTenbHOeE)
O6pa3zell 3a7aHUs Ha KypPCOBYIO paboTy

3AJIAHUE
Ha kypcoByto paboTy 1o Kypcy «IIEeKTPOTEXHUKA U SJIEKTPOHUKA»
3 T 0T 101 -
Bapuant No...
Tadmuna - UcxoaHble JaHHBIE

E.,B|R.,|R,,| P,,| Tun Jer | Jur | S5

= ” S,
kKOMm | OmMm Bt ¢unpTpa =28 g % I'og I'o I'o . "g“ =
=83 &E ol
E 5 ° = =

=S k2

1 2 3 4 5 6 7 8 9 10 11

['padpuueckas yacthb JIUCTOB.

1 PaccuuTaTh 1 pa3paboTaTh CXeMy YCHINUTENS C 3aJaHHBIMU MTapaMeTpaMHu.

2 CnpoektrpoBaTh OJOK IUTAHMS IS pa3pabOTaHHbBIX 3JIEKTPOHHBIX YCTPOMCTB.

HpI/I BBIIIOJITHCHHUHU 3aJdaHHA HCIIOJb30BATh JIUTCPATYPY, INEPEUCHb KOTO-

poli mpuBeieH B OnbauorpauueckoM CrrcKe mocoous Mo KypcoBor paboTe Ha
cTp. 222.

Cpok npezacTaBiieHust pabOThI « » 20 1.
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NMpunoxeHune B (o6sa3aTenbHoOeE)
PacnonioxkeHre TekcTa Ha CTpaHUIIE KypCOBOM paOOThI

12,5 mm 20 MM

\/

12 or

Kernb (pasmep) — 16). XXUPHbLIN ,

1.1 HaumeHosaHue nodpa3dena
(wpwndpTt — Arial Cyr, kernb (pasmep) — 14),

XUPHbIN, KYypCcuB

6 T

Yt-nanee texcr (mpudt — Times New Roman,

KerJib (pa3Mep) — 14, CTUIb — HOpMaJbHbBIN) _

12 or

___TIOCJIeAHsIsI CTpOKa Iojipasiena.

1.1.1 3arosoBok nynkra (mpudt — Times New

W nanee Ttekct

HOCJICAHAA CTPOKA IIYHKTA.

T2 3aronoBok noapasaena

Tt nanee Tekct

6 1T

Roman, kerb (pazmep) — 14. cTUb — KUPHBIN) |

/ BooOpaxxaemast pamka jgucra 20 MM

I'panuiia nucra

HMuTepBan ouHapHbINA -

10 MM
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MpunoxeHune I' (cnpaBo4YHoOeE)

YciaoBHble rpadpuueckue 0003HAYEHUSI OCHOBHBIX 3JIEMEHTOB 3JIEKTPOHUKH
no 'OCT 2.730-73

o Pesuctop. CrpaBa nin HIKE TTOMEIIASTCs
<1 BenMuuHa conpotusieHus: 10 1000 Om —
}i{ 0e3 OyKB; KHJIOOMBI — OyKBa K; METaOMBI —
OoykBa M. Hanpumep, 27 k, 1,5 m.
— Y Karymka  WHIYKTUBHOCTH,  OOMOTKa
R3 TpaHchopmaTopa
- Konnencarop: a) oObI4HBINA, 0) 3JIEKTpO-
|_ 1.5+ mutudeckuii. CripaBa WM HUKE TIOMeIa-
-

erca BennunHa eMmkoctu: n0 1000 md —
6) 1.5} 0e3 O0ykB; HaHo(apaas! - HD; Mukpodapa-
nbl - MK. Hanpumep, 0,22 H®, 100 Mmk.

— a) OOIIMI MPOBOIHUK, KOPITYC;
‘ 5 5 0) o0t MPOBOAHUK, 3a3EMJICHUE
a) 0)

if 300 - KoHTakTsr:
—/ k3 a) 3aMBIKAIOIIUICS;

a) 0) 0) pa3MbIKarOITUHCS
6
.6 gl
— c - Kuonku:
‘r
« 30° © a) 3aMbIKaroIasics 6e3 caMOBO3BpATa;
—_ &

0) pa3MblKaromiasics 6e3 caMOBO3BpaTa

“’T B | “’T El Juonpr:

a) BBIIPSIMUTEIIbHBIN;

a) - 0) - 0) CTaOUIUTPOH
o . JInopl:
“"I:B'_ E B t a) CBETOOUO;
2) Lo 6) W 0) TUpHCTOD
212 212
ol 600 o — oc  DHIIOJSIPHBIN TPAH3UCTOP:
a) TUIIA npn;
457 o 457 o 0) Tuma pnp
ay 1 e

[TonmeBo# TpaH3UCTOP € YNPABISAIOIINAM p-1
MEPEXOIOM:

a) C n-KaHajoM;

0) ¢ p-xkaHaJIOM

P_
P_

a) 6)
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213
[ToneBoil TpaH3UCTOP C H30JIUPOBAHHBIM

3atBopoM (MOII niiu M/IIT Tpan3uctop):
a) C KaHAJIOM A-THIIA;

4 0) ¢ KaHaJIOM p-THUNA
nH
123 4567 8968 ["azopaspsasbii TU(GPOBON UHAUKATO
TTTTTTTTTD rrm—
I
5— /-CETMEHTHBIA  BAaKYyMHBIA  JIFOMHHEC-
1~ HG2 LIEHTHBIN UHIUKATOPD
Iz
[ dp

CBeTOIMOIHBIN 7-CETMEHTBIA UHAUKATOP

Ycii0BHBIE 0003HAYEHHSA B CXeMAaX. JJIeMEHThI AHAJIOT0OBOW TEXHUKH
no I'OCT 2.759-82
(ycuiuTenu, KOMIapaTopsl, mpeoOpa3oBaTeiu, TeHEePaToOpPhl, KIIOUU U T.1I.)
OcHoBHOe 0003HaueHue npuBeaeHo Ha pucyHke ['1. 3apyOexHoe — Ha
pucynke 2.

% DYHKLUS DJIEMEHTA
W  Bxonbl Boixoapl
X XXX | X p—
po 4
7o) f MerTka BbIBOOB

7 Z[OHOJ'[HI/ITCJ'IBHBIC MoJIs

v
A

OcHOBHOE MoJe

10—

5 &

$ 25| 210 |25
> > e

Pucynox I1.I'.1 — YcnosHnoe o6o3nauenue ananoeco8020 siemeHma 31eKmpoHUKU



76

Pucynox I1.1'.2 — 3apybescnoe obo3nauenue (8apuarnmol U300paiceHus
uHeepmupyoue2o 6xooa)
Tab6muma [1.I'.1 — MeTku BbIBOIOB

MeTka BBIBOJIA I;O MerTka BBIBOZA Kox
YcTaHoBKa Ha4yajabHOTO S | IMyex ST
3HAYCHUS
YcranoBka B coctosinne O | R | banancupoka (koppekius 0) NC
[Topnepxkanue TEKyIEero o YacroTHas FC
3HAUECHMS CUTHAIa KOPPEKIIUS

[Tutanue:

- OT UCTOYHUKA HANIPSIKEHUS; +V (-V)
Crpo0, TaxT C | or ncrounmxa +15 B (-15 B) | +15 V (-15 V)

OO11uii BEIBOJ ov (4)

MeTk# BBIBOJIOB MPOCTABISIFOTCS HA JOTOJIHHUTEIBHBIX MOJSX YCIOBHOTO
U300paKEeHHs] MUKPOCXEMBI.

Tabmuna I1.I".2 — OyHKIIUM 37IEMEHTOB

Hanmenosanue Kon Hanmenosanune Kox
hyHKIIUN dhyHKIUN
Ycunenne > wi [> 3aMbIKaHUE SWM
JlerekTupoBanue DK ITpoeobpazoBanue XY
[enenune XY CpaBHeHue =
Jlenenue 4yacToTsl :FR CymMupoBaHue SM
HuddepenunpoBanue D/DT Tpuronomerpruyeckas TG
byHKIUSA

NuTerpupoBanue INT YMHO)EHUE XY
JlorapudmupoBanue LOG DopMUpPOBaHUE F
Pasmbikanue SWB ITAII #/A
[lepexmtouenue SWT AL AH#

[Tpumeuanue. B ycunutenax nocine 3Haka QyHKIMH yKa3biBaeTcs KOA((ULIIUEHT
yeunennsi. Hanpumep: >5 wn [>10. s onepandoHHBIX YCHIUTENICH MTPUHHM-
MarT KO3G(UITMEHT YCUIICHUSI paBHBIM O€CKOHEYHO OoubIinoi Benuuune. Ilo-

3TOMY HX 0003HayaroT Tak: K 00 mm [>00.
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YcioBHbIE 0003HAYEHUS B CXeMaX. JjieMeHThI HM(PPOBOii TEXHUKH 110
I'OCT 2.743-91

CrpykTypa 0003HaU€HUS TaHHBIX JIEMEHTOB Ta XK€, YTO U JAJI aHAJIOIo-
BOM TEXHMKHU - PSAMOYTOJIBHUK C OCHOBHBIMH U JJOTIOJIHUTEIBHBIMU ITOJISIMHU.

Ha mononmHUTEnbHBIX MOJIAX DPOCTABISAIOT METKH BBIBOJOB. A Ha OCHOB-
HOM TI0JIe YKa3bIBAIOT (DYHKIMIO 3JieMeHTa. MeTKU BBIBOAOB U (PYHKIIMH 3Iie-
MEHTOB LU(POBON TEXHUKH NpuBeAeHBI B Tabmumax [.4 u I'.5.

BriBobl M(pOBBIX 3JIEMEHTOB OBIBAIOT YETHIPEX BUIOB: BXOJAMU; BbI-
XO0JJaMH; JIByHAlpaBJI€HHBIMU U HE HecyluMmu uHpopmanmio. Bxoabr n3obpa-
’KalOT CJIEBA, BBIXOABI cripaBa. OCTalbHBIE I/I€ YyTOAHO.

Taomuma [1.I'.3 - YcioBHbIE 0003HAYEHUS BBIBOJIOB

VYcinoBHOe 0003HAUYEHUE Bun BeiBO1A

_E (— Cratudeckue BXOJ U BBIXOJI, IPSIMbIE

}

3 —GB —0 —Q HHBepCHBIe CTAaTHYCCKHUEC BXOAbI

1

HHBepCHBIG CTAaTUYCCKHEC BbIXObI

Q_G_G_

—E —[E —D [Ipsmble TMHAMUYECKUE BXOABL, |

VHBepCHBIE JMHAMUYECKHME BXOIBI, |

_E _

(dbopmaruu (Harpumep, BBIBOIbI TUTAHUS)

—
E ( BriBO/IBI HE HECYIIIHE TOTHYECKON WH-
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Taomuna I[1.I'.4 — MeTku BBIBOIOB

U(POBBIX AITEMEHTOB

Taomuma I[1.I'.5 — Jlornueckas
GbyHKIM TUPPOBBIX IJIEMEHTOB

Boruucnurens CP
O3V ¢ npou3BoJIb-
YcTaHOBKa B COCTOSIHUE RAM
N Sn HBIM JJOCTYTIOM
1 S O3Y c nocnenosa- SAM
0 R TEJIbHBIM JIOCTYIIOM
[13Y oaHOKpaTHOTO PROM
IPOrpaMMHUPOBAHUS
Pa3peurenue ycraHoBKkM [13Y MHOrokpaTHOTO RPROM
YHUBEPCAIBHOTO TPUITEPA IPOrpaMMHUPOBAHUS
1 J Jlormueckoe 1 &
0 K Jlornueckoe NJIN 1
BriBO nByHaANpaBIeHHBIN YARN Hckmouarontee 1IN =]
biiokrpoBka (3anper) INH IToBTOpUTENH 1
JlanHbIe D Peructp RG
SamicE WR Cngur (Brpaso, Biie- “— >
BO, PEBEPC) >
CuutniBanue RD CueT4yrK TBOMYHBIN CT2
Bxon ysemracnns conepumoro +n CueTuynK NeCITUIHBIN CT10
CYETYMKA HA N
Bxon ymeHblIeHHS COAEPKUMOTO o Jemmdpatop DC
CYETYMKA Ha N
Anpec A [udparop CD
bydep BUF MynbTHIIIIEKCOD MUX
KoHTponb CH JleMynpTuIekcop DMX
ITyck ST ["enepatop G
['eneparop nocneno-
Paspemienune EN BATEIIbHOCTH UMITYJIb- GN
COB
CUHXpOHU3aIUA SYN OnHoBUOpaTOP Gl
Ctpo0, TakT ( CCL]'I'Q Tpurrep T
NuBepcus N Tpurrep Imuara TH
()
Ilepenoc CP Mopynarop MD
[Tpuopurer PR Jemonynsatop DM
[Iponosmkenue CN Mukponpoueccop MPU
[Iepenonnenue OF Y CTPOHCTBO apudme- ALU

THYCCKO-JIOTHYCCKOEC
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MpunoxeHue [

OcnoBnas Hagnuck (I'OCT 2.104—-68%*), Ha NPUHIMIHAIBHON AIEKTPUIECKOM
cxeme, pucyHok I1.JI.1

[uppamu oTMedeHsl rpadpl, KOTOPbIE MOIEKAT 3aM0JIHEHUIO.
IIpy BBITOTHEHMH OCHOBHOM HAJIIMCH HA CXEME 3aIlOJIHSIOTCS CIENYIO-
e rpadbr:
rpada 1 — HauMeHOBaHHUE FIEKTPOHHOTO YCTPOWCTBA, HAMpUMED, «Y CUIUTENh
HU3KOM YaCTOTHBI»;
rpada 2 — [IIudp xkypcoBoii pabOTHI MPOEKTA;
rpada 9 — HauMeHOBaHUE OpraHu3alK (YHUBEPCUTETA), TPYIIa, B KOTOPOH YUUT-
cs cryaedt. Hanpumep, Cubl' TV, rp. 24-5.
rpada 11 — pamummu mur; (mo Bcemy CTOOIY), MOAMUCABIIMX JTOKYMEHT. 37€Ch
JIOJDKHBI OBITh JIBE TIOJIITUCH:
«Pa3pab.» — pamusus CTyZIeHTa BBITIOJIHUBILIETO padoTy U
«[IpoB.» - (pamumnust penogaBarens MPUHSBILETO padboTy;
rpada 12 — noamnucu auil, paMIMK KOTOPHIX yKa3aHbl B Tpade 11;
rpada 13 — naTa moanucanusa JOKYMEHTA.

- 185 >
7,10, 23 1 15,,10 70 ole 50

A T '}
(2) oy
Y
0 Mum. Macca |Macwma6) 2l
"':-? Ham ) [Tucm | Ne dokym. Modn. | dama A
L:l\')( Paapab (1) - 5/515 17 - 18 - 0
- Mpoe Y
= r T. KOHMpP. Sluem (7) | Slucmos (8) Te]
s} (11) (12) | (13) A
b |H. xoump. - 20 > (9) o
Yme. Y
Konuposan (31) @Popmam (32) )
A

Pucynox I1.J][.1 — Ocnoenas naonuco

dopma Tabnuibl nepeuHs npuBeaeHa Ha pucynke I1.J1.2.

[lepeueHp 371€EMEHTOB CIEAYET PACHOJIOKUTH HAaJ OCHOBHOM HAJIHUCHIO,
Kak rnoka3aHo Ha pucyHke [1.J[.3,a.

JlomyckaeTcsi mepeyeHb 3JIEMEHTOB BBINOJNHITh HAa OTAEIBHOM JIUCTE
dbopmara A4, kak mokazano Ha pucyHnke [1.J[.3,06 u pazmeniats B IpHIOKESHUH K
KypcoBO# pabore.

B rpade «Ilo3. o60o3HadeHHE» - MPUBOIATCS O00O3HAUEHUS DJIEMEHTA Ha
cxeme. Hanmpumep, R1, C1, DA1, DDI, VDI, VTI, ... ut.x1.

B rpade «HammeHoBanme» - mMpuBOAATCA MapKa, THI U HOMHHAIBLHOE
3HAYEHHE IJIEMEHTA.
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B rpade «Koi.» - mpuBOAUTCS KOJIUYECTBO 3JIEMEHTOB.
B rpady «I[IpumMeuanusi» - 3aHOCAT 0COObIE OTMETKH O COOTBETCTBYIOIIUX
AIIEMEHTaXx.

Hos. HaumeHosaHue Kon. lNpumeyvaHue
0603HayeHue
o
~
20 110 10 45
Pucynox I1.]].2 — [lepeuens 21emenmos
]

 [EETHYTN) TR

Pucynox I1.J]].3 — Pacnonooicenue nepeyns 3neMeHmos: a - Ha yepmedice;
O - omoenbHbIM OOKYMEHMOM
B ocHOBHOI HaanmuCH MEpEeYHs AJIEMEHTOB Pa3MeIaeMoro Ha OTACIbHOM
mucte ¢popmara A4 rpadsl: 1, 2 1 9 — 3aNOTHAIOTCS Takke, KAK U B OCHOBHOM
HAJUCHU Ha NPUHLMITHAIEHON AJIEKTPUUECKON CXEME.
['padwr «Pazpabd.» — hamMumus CTyeHTa BBITIOJHUBIIETO padoTy U «[IpoB.» -
(dbamuus penoiaBaTesisi NPUHSBIIETo padoTy.
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MpunoxeHue E
Texnunueckue AAHHBbIC¢ MOIIHBIX OII€PAIIMOHHBIX yCHﬂHTeﬂeﬁ

OnepallMOHHbIE YCUIIMTENN 00J1aIaloT MHOTUMH XapaKTepUCTUKAMU, He-
00XOIUMBIMHU ISl UX TIPABUJIBLHOTO BhIOOpA U MpuMeHeHuss. OCHOBHBIMU Mapa-
MeTpamu 411 MOIHBIX OV SBIsIOTCS:

- ouanazon oonycmumwvlx Hanpaxycenuii numanus *Ungy, B. Heobxo-
JUM JUIS IPaBUJILHOTO BBHIOOpA BEIMYMHBI HANPSDKEHUS MMUTAHUS, C 1I€JIbI0 CHU-
’KEHUsI TEIUIOBBIX ITOTEPD B Y M;

- moK nompeonenus om ucmounuxa numanus In, A. CoOCTBEHHBIN TOK
notpebsenuss OY. B ciyyae MHOTOKaHAJIBHOTO YCHIIUTEINSI, TOK OOBIYHO YKa3bl-
BAeTCs AJI1 OJIHOTO YCHUJIMTENs, HO MHOTJa MOXET ObITh yKa3aH ISl BCEl MHK-
POCXEMBI B IIEJIOM;

- 8bIX00HOU MoK I6bix, A - MaKCUMaJIbHBII BBIXOJHOM TOK, IepenaBae-
MBIl B Harpy3ky. B cnpaBouHbIX AaHHBIX Ha MoIHble OY 4acTo MpUBOAATCS
3HAYEHHS] MAaKCUMAJIbHOTO MMITYJIbCHOTO TOKA, KOTOPBIM MOXXET BbIIABaThCS B
Harpy3Ky Juiib KpaTkoBpeMeHHo. B Ttabnuue E.1 ykazano nomyctumoe Jenct-
BYIOII[EE 3HAYEHUE BBIXOJIHOTO TOKa, KOTOPbIA OY MOXKET OT/AaBaTh B Harpy3Ky
B JUIUTEIILHOM PEKHUME;

- KOa(ppuyuenm ycunenus no nanpaxcenuro Koy - oTHOIIEHHUE NpUpa-
IICHHUS BBIXOJIHOTO HANPSDKEHUS K BBI3BABIIEMY €ro MpHpaiieHuro auddepeH-
UAIBHOTO (MEXIy BXOJaMH) BXOJHOTO HAamNpsDKEHUs B cxeme 6e3 oOpaTHOM
cBs3u. M3mepsercs B HEHOpMUPOBaHHBIX enuHuIax B/MB, wnmm B neumbemax
(nb);

- yacmoma eOunHuyHoz2o ycunenus f;, MI'u - 3Ha4eHHE YACTOTHI, TIPH
KOTOpoM KodhduireHT ycunenuss OY no HanpsHKEHUIO 10 €IMHUIIBL

- nanpaxcenue cmeuwjenua Uem, MB - muddepenunansuoe (MexXIy BXO-
JlaMu) HampsbKeHUe, He00X0IUMMOE J1JIsl TOTO, YTOOBI BBIXOAHOE HampsikeHue OY
cTajno paBHO HYJIO. [losiBIeHUE HANPSHKEHUS] CMEIICHUS CBSI3aHO C TEXHOJIOTH-
YEeCKMUMU OTKJIOHEHHUSIMU TIpU U3roToBieHuu OV, B pe3yibTaTe 4ero B CXeMme
BO3HHMKAET HEKOTOpas paz0OanaHcupoBka. [locneqHsis npuBOAUT K TOMY, 4TO IIPU
HyJIeBOM BxomHOM curHajie OY u coeauHEHUH MEXTy coO0H BXOIOB, M3-3a
6onpimoro koddduimenta ycuinenuss OY, cxema BXOIUT B HACHIIIICHUE, U Ha-
NpsDKEHUE Ha BBIXOJE CTAHOBUTCA OJIM3KUM K HaIpsDKEHUIO nmuTaHus. g ycr-
panenust nanaoro 3¢ dexra B cxemax OY 00BIUHO MpeayCcMaTPUBACTCS KOPPEK-
U peKHUMa M0 MMOCTOSIHHOMY TOKY;

- MAKCUMAIbHAA CKOPOCMb HAPACMAHUA 6bIXOOHO20 HANDPAINCEHUA V,
B/mxke. Onpenensiercs npu nojgaye Ha BxoJ OV npsiMOyroJIbHOro UMITyJIbca Kak
OTHOILIEHUE MPUPAIIECHHS BBIXOJHOTO HAIMPSKEHUSI K BPEMEHH, 32 KOTOPOE Mpo-
U301UI0 3TO npupanienre. Hanmensbinas cKopocTh HapacTaHUsl BBIXOJIHOTO Ha-
NpsDKEHUST TOJIydaeTcsl MpU €AMHUYHOM YCWJICHHH, TO3TOMY 3TO 3HA4Y€HHE U
IPUBOJST B CIIPABOYHBIX JaHHBIX;
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Ta6nuna [1.LE.1 — OcHOBHBIE XapaKTEPUCTUKU MOIIHBIX OY

In, | Isvix, | Koy, 7, Ucm, v, dupma/
Tun OV | +Unoy. B MA A | B/MB hfl}u MB | B/MKc CTppaHa
1 2 3 4 5 6 7 8 9

K157Y]11 3-15 9 0,3 50 0,5 5 0,5 Poccus

K1040Y /12 24 12 0,5 1 0,3 7 - Poccus

K1460Y]12P 3-20 5 1 100 1,1 1 1,3 Poccus
LM4765 20 - 84 50 2 320 7,5 2 18 NS
LM675 6-30 18 3 80 5,5 1 8 NS
LM3875 20 - 84 30 6 1000 8 1 11 NS
LM12 7,5 -30 50 10 30 0,7 2 9 NS
LM3886 20 - 84 50 4 560 8 1 19 NS
OPA544T 10-35 12 2 150 1.4 1 8 TI
OPAS501 10-40 2,6 10 500 1 5 1,35 TI
OPA512BM | 10-50 25 10* 250 4 10 4 TI
OPA567/569 | 2,7-5,5 9 2 1000 | 1,2 0,5 1,2 TI
OPA548 4 -30 17 3 80 1 2 10 TI
OPAS5S1 4 -30 7 0,2 | 1000 3 1 15 TI
OPA541AP 10 - 35 20 5 90 1,6 0,1 10 TI
LT1970 3-30 7 0,5 100 3,6 0,2 1,6 LT
PA16 7-19 27 1 100 4,5 5 20 AM
PA162 2,5-20 16 1 100 0,9 1 1,4 AM
PA74 2,5-20 18 3 100 1,4 1,5 1,4 AM
PAO1 10-28 20 5 400 1 5 2,6 AM
PAO2 7-19 27 5 100 4,5 5 20 AM
PAS52 15-115 30 40 200 3 5 50 AM
MP240 15-100 | 16,5 20 60 1,8 1 3-14 AM
L272 4-28 8 1 10 0,35 15 1 ST
L165V 6-18 40 3 80 3 2 8 ST

* - MIMKOBBIA TOK

B tabnuue npunsatel cokparmierusi: NS - National Semiconductor;
TI - Texas Instruments; LT - Linear Technology; AM - Apex Micotechnology;
ST- STMicroelectronics.

s mouabeix OV, KOTOpble paboTal0T B HANPSKEHHOM TEIJIOBOM PEXKU-
M€ BaXKHBI U Pl APYTUX MapaMeTpoB, npuBeneHHbie B Tadbnuue E.2. K Hum ot-

HOCATCA:

- donycmumas pacceusaemas mouwyHocms, Poon, Bt - nonrospeMeHHas
MOIIHOCTb, KOTOPYIO YCHJIUTENb CIIOCOOEH PacCceuBaTh B OKPYXKAIOIIYIO Cpery
0€3 MPEBBIIICHUS MPEICTbHO JIOMYCTUMON TEMIIEpaTypbl KpUcTaia Mpu ecTe-
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CTBEHHOM (0€3 TeII00TBOAA) UM UCKYCCTBEHHOM (C TEIJIOOTBOJAOM) OXJIAXKIe-
HuUU. OOBIYHO OrOBapUBAETCS JOMYCTUMAs TEMIIEpaTypa Cpebl;

- Koaghpuyuenm mennosozo conpomuenenus Kpucmain-kopnyc Kjc,
°C/Bt. Xapaktepu3yeT Terionepeaady oT KpUcTajla MUKPOCXEMbI K €€ KOpITy-
cy. [lapameTp HEOOXOUMBIH IS pacueTa OXJIaXKIaloIIEero paauaTopa;

- 8bIX00HOe conpomuenenue Revix, OM - TMHAMHUYECKOE BBIXOJIHOE CO-
npotusienne 6e3 OOC, (Om);

- TOK NMPH KOPOTKOM 3aMbIKaHWU BbIxoaa Ik3, A (6onbmmHcTBO OY
UMEIOT CXEMY OTPAaHUYEHUS TOKA KOPOTKOTO 3aMbIKAHMUSI.

Tab6muma [1.E.2 — Cienmdudeckne napameTpsl MOIIHBIX OY

Kje, Rewix, Ix3, Tun xkopmyca.
T OY Poon, Br °C/Bt OmMm A OOt BUI
1 2 3 4 5 7
201.9-1

0,5*
K157y 11 [ - <50 | g
(25°C) . |

Dip 16 (Dip 8)

K1040V 12 1% ] - .
(LM272) (50 °C)
K1460Y2P | 0,5% ; <1,5 ;
TO—2.20—15
/ 3
2*
LM4765 ot 25 110 1 2 ;

45
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[Tponomxenue Tadnuupl [1.E.2

1 2 3 4 5 6
TO-220-5
*
18 54%*
LMG675 ot 10 no 3 4
TO-220-11
2,3 43 e
LM3875 <1255k |k <0,1 -
2*
LM12 <100 2.3 <0,5 13 D 4
E SN
* * -770)-
LM3886 <122’53*** 113** <0,1 11,5 TO-220-11
OPAS544T 1,5% 3 <25 4 TO-220-5
2% oT 2
OPAS5S01 g - 2,0 <0,6 10 10 TO-3
2% 30%* or 0,3
OPA512BM <125%s | ] 05w <0,6 10 10 TO-3
QFN-12 PowerPAD
6* ot 0,2
£ 5
OPA567 1 gk <0,1 102.2
SO-20 Power PAD
0,37 or 0,2
skksk ’ ’
OPA569 4 D1 6 <0,15 102.2




[Tponomxenue Tadnuupl [1.E.2
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1 2 3 4 5 6
TO-220-7
1, 7% 65* ot 0
OPA548 ey 25 <1,5 105
0,8% 100* <1,5 0,38
OPASS1
1,2% N
10%** 36*5** <1,5 0,38
PECTE
2,5% 40%
OPA541AP <125 3 <1 5
1* 100%*
LT1970 <7 | o0l
1,6%5%% | 40wk 70 0,5
(85°C)
3,6% 1,8
PA16 62.5% % 30 <04 <3




[Tponomxenue Tadnuupl [1.E.2
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1 2 3 4 5 6
20-pin PSOP
4 25%
PA162 15% 78 <0,6 -
3,3% 30%*
PA74 3Gk 3.2 <l 3
3,3% 30%*
PAO1 67k 2.4 <l <3
3,3% 30%*
PAO2 A 2.4 <0,5 <3
* *
PA5S2 402*** 5’225 <0,15 HET
5% 14* or 1
MP240 17055 0.7 <0,2 10 25
L272 1,2% 5k sk sk ) )
(K1040Y 12, S 15 <l - Dip 8 (Dip 16)
K1460Y J12P)
*
L165V 2%5** 3 - 3,5 TO-220-5

* _ 0e3 BHEIIHETO TEIUIOOTBOA;

2
** _ BHEIIHUM TEIIOOTBOIOM ILJIONIAAbI0 HE MeHee 18 cm™;

% - ¢ MperyCMOTPEHHBIM TEXHUYECKUMU YCIOBUSMHU TETIOOTBOIOM;

kEEX - Ha MEOHOM TEIUIOOTBOJAE Maccod 60 r (IJ1acTHMHE TOJIIMHON 2 MM M

IUIONIAJBLIO 32 CMZ);

®AERF - ga amroMuHUEBON iactuHe 15x20x0,65 MmM.
Bce nannsie B Tabnuie I1.E.2 (B ciydae nByxkaHaiabHbIX OY) oTHOCSTCS

K oqHOMY KaHaiy OY
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CxeMbl BKIIIOYCHUS MOIIHBIX OIICPAIMOHHBIX YCPIJII/ITCJIeﬁ

o—8(l>[>oo

9
o—

7
7"
o—

R2 200

FC

FC4

C3
110

C2

C1

[ |-

68

68

FC

KR
]

R1 300

Pucynox ILE. 1 — Cxema sxnouenus OV muna K157V/1

N

Tmm
-U (O6wui)

a

L] =] & L=

[
[2
H
4]

o

Pucynox ILE.2 — OV muna K1040V/]2, KI1460V/[2P u LM272 (ananoe):
a - pacnoiodxcerue 8bl80008; O - YCl08HOe 0003HAUEHUEe

Cl | I1,5 H
[l
R2 R3 L1 4nxl 3 (Beixon) 1 (U0
1 1
| I |
J_ 4 (+Un)
LMI2 K
1 3 R4 2,2 Usbix o('?D){.,(): 2 (+UBx)
Usx _21’ >0 I °
MK * o+Un
) | LT I =R, RI=Rex
4000,0 Kym=1+R3/R2
— 3 _L DI1,D?
AD2 =000 MR752
o -Un

Pucynox I1.E.3 — Cxema eéxniouenus OY muna LM12 ¢upmer National
Semiconductor
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Pucynok ILE.4 — OV muna LM4765: a - pacnonooicenue 86160008,
6 - ycrnosnoe obo3nauenue

LM675 ¢upmur National Semiconductor
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Pucynox ILE.5 — Cxema exniouenus u yciosnoe obozuauenue OY muna
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Pucynox ILE.6 — Ycnosnoe oboznauenue OY: a - muna LM3875;
6 - muna LM3886
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Pesucrop R,, B cxeme OV tuna LM3886 ciayKUT A OTKIIIOUEHUS BbI-

X0/1a YCWJIMTEJS MOC/e MOAaYl YePe3 HEro ToKa 8§ MA ¢ OTPUIIATEIBLHOIO BBIBO-
Iia nuTa”us kiodoM S, . Ero BennunHa onpezaensercs mno gopmyie

Un-2,6
=———, [Om]. ILE.1
"= 0.008 [Om] ( )
o—Z(J) > oo 4—0
o—0-
RE
+Jp—0
3
-Up——o
Pucynox I[LE.7 — Ycnosnoe oboznauenue OV muna OPA5S44T
R2
| S— |
1 RI 1
—3 [bo| H—o [ H—0 [ow
o—4] .
—, —, Rer | Rer
+ p——o0 + —| |—<
B - K | Ru
+Ug—o +U3—o +Un
Up—o Up——o -Un
a o

Pucynox ILE.8 — OV muna OPA501 u OPA512BM: a - ycnognoe
obo3Hauenue; 6 - cxema BKIIOUEHUS 8 UHGEPMUPYIOUeM YCuiumeine

B nanubix OY (OPAS01 u OPAS512BM) pesuctopsl "R, u R, CIy-

KaT Al OTpaHUYEHHUsI BBIXOJHOTO TOKa. VX BenmumHa ompenensercsa mno (op-
MyJI€:

g OPAS01

R, = 0’—65 —0,0437, [Om]; (IL.LE.2)
ILIMIT

g OPAS12BM
0,65

R, = I— —0,007, [OM], (IL.LE.3)

LIMIT
rae 1, - TOK orpaHu4deHus, A.

MoxHO 3a/1aBaTb pasHbIC 3HAUCHHA TOKA OrpaHUYCHUA I10 ITOJTOKHUTCIIb-
HOHN WU OTpHHaTCHBHOﬁ IMOJIYBOJIHC BBIXOJHOI'O TOKA oY.
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R2 R3
1 1
| I | | I |
Usx g D> oo 23
R]:RGX | 1.12
IL— R
Kym=1+R2/R3 ] Y St
E 8_/_
+U — -Ui
N H o 2ol |l ! o H
Ru
cr_L c2_L | 6 |4|‘7M'< c3 L o4 L

47 ux | 0,1 MK |

47 MKI 0,1 MK |

Pucynox ILE.9 — Ycnosnoe obo3nauenue u cxema 8KioyeHus
OV muna OPA567

Kmrou § g HO3BOJICT OTKIIFOYWUTH BBIXOA YCHUJIIMTCIIAL OT HAIPY3KH IIPU 3a-

MBIKaHHWHM €T0 Ha OTpULIATCIbHOC HAIIPSKCHUC ITUTAaHU. PCBI/ICTOp RSL CIIYKUT

AJI1 3a/IaHA OTrPaHUYCHUSA BBIXOAHOI'O TOKA

(TLE.4)

11564
o ==, [OMm].
Ly [A]
R2 R3
1 | —
LI L |
- 2
Usx Nl L
RI=Rex 1
Kym=1+R2/R3 ' S Ryt
E 7_/_
+Un 51 | -Un
o 1 P
1 L C2 L €5 0’”0] MK 3L ¢4 L
10 mx 0,1 mx 1| 10 mx 0,1 mx

Pucynox I1.E. 10 — Ycrnosnoe obo3nauenue u cxema 8KIoYeHUs
OV muna OPA548
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Ha3nauenue kmoda S, 31ech Takoe xke, kak U B cxeMe OPAS567, oH mo-

3BOJIACT OTKIIFOYUTH BBIXOA YCUIIUTCIIA OT HAIPY3KH IIPKU 3aMbIKaHWH €I'0O HA OT-
pUIaTCIbHOC HAIIPSAKCHUC TTHUTAHUA. PCBI/ICTOp RSL TO KC CIYXHUT IJIA 3aJlaHUA

OTpaHUYECHUS BBIXOJHOTO TOKA
71250

=———13750, [OM]. (IL.E.5)
SL s
Iy [A]
R2 R3
1 . | —
L I L |
8 2,3
Usx 57 [P
[o,
R]=R6x | 1,12
Kym=I1+R2/R3 Y S Rst
o—m ER——
+U) 1 [ -Ui
c” 1120, I E3: | :’f
Rn
47 mx 0,1 mx 1| 47 mx 0,1 mx

Pucynox I1.E. 10 — Ycrnosnoe ob6o3nauenue u cxema 8KI0YeHUs
OV muna OPA569

Cxema BxkmoueHus OY tmma OPAS5S69 moaHOCTBIO HICHTHYHA CXEME
BKitoueHus ycunutenss OPAS67, no umeer BoiBog IM (19). D10 BBIBOJ MO3BO-
JSI€T OCYILIECTBIISITh MOHUTOPUHT BbIXOJHOTO Toka OY. Tok, BbITeKaOMMI U3
BbIBOJIa IM B 475 pa3 MeHble, YeM BBIXOAHOM TOK. [IpomycTuB 3TOT TOK uepes
pe3uctop BenuuuHou 475 Om, OayduM HaIpsHKEHUE HA PE3UCTOPE YMCIECHHO
PaBHOE BEJIMYMHE BBIXOJIHOTO TOKA.

Hanpumep, Toxy 1 A Oyner coorBeTcTBOBaTh HanpspkeHue 1 B. biaropa-
P HAJIMYMUIO TAaKOTO JaTYMKa TOKA 3TOT MOIIHBIM OY MOXET NMPUMEHSTHCS B
TOYHBIX CUCTEMAaX CTAOMJIM3aIlMU TOKa.

OPA551
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R2 R3
1 . 1
| I | | I |
J- RI=Rex
) ; Kym=1+R2/R3
Usx 37 [P
o
FU 8
+Un 2] my -Un g
+U U F
RILY e ° 27k TUFU R
10 mx 0,1 mx 10 mx 0,1 mx
— — — — -

Pucynox I1.E.11 — YcnoBaoe o6o3nauenue OY tuna OPAS551: a — B kopmyce
DDPAK-7; 6 — B kopmyce DIP-8; B — cxema BKJIIOUEHHSI B BApUAHTE
HEMHBEPTUPYIOIIETO YCUITUTEIS

Yeunurens OPASS51 ornnuaercs HanmmuneM Bbixosia FLAG (FL) koTopsrit
CIIY’>KUT BBIXOJIOM JaT4yMKa TeMIepaTypbl Kpucraiia. [Ipy HopMalilbHOM TemIe-
patype 1ok BbiBozia FL coctaBisier 50 MKA u nagenue Hanpsbxenus U, Ha pe-
3uctope R, Oyzaer okoso 1,35 B. IIpu npeBsilieHnn Temneparypbl KpucTtaia
JOMyCTUMOI'0 3HA4YeHUs TOK, BhITeKaronui ¢ Bbixoaa FL, Bo3pacraer mo 160
MKA. Hanpsbkenue U, Bospactaer a0 4,32 B. DT0 m03BOJIAET C IOMOIIBIO JIO-

THUYCCKOIr'0 3JICMCHTA OTCJIC)KMBATH TCMIICPATYPHBIC PCIKHMMBI YCHIIUTCIIA WU aB-
TOMATHYCCKH OTKIIOYAaTh €10 OT IINTAaHUA.

C5I | 20 n®
] Sawyummnule 0uoovl
R2 D1, D2 IN4003
] Ananoe /12435

(200B, 1 4)

Usx RI CL
— 58 Tow | |2 —

DI|D2
| nE N Y

+Un 1 — _Un
[e} 3 +U -U 6 o}
I:I Ru
CI 2 C3 c4 L
10wk | 0.1 MKJ_ 10 MKIO, 1 mx

Pucynox ILE.12 — Cxema sxknouenusa YM na OY muna OPAS41AP
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Pesucrop R, B cxeme Ha pucyHke 11.E.12 urpaer posib naryuka TOoKa Ha-

IPY3KM M TO3BOJISIET OTPAaHUYMBATH BBIXOJAHOW TOK OV 3a1aHHBIM 3HAYEHUEM.

Hns nannoro OY B Mmetaiunueckux kopnycax TO-8 3ToT pe3uctop onpenens-
eTCs TaK

0,809
R, =————=—-0,057, [OmMm]. (IL.E.6)
1 iy [A]
RI R2
. 1
_|:|: —
Usx g D> o 2 LT
oo
13
?3 . VCsro Ru
LM |42
o VCsnk
17| ——
—1 ISNK
R4 3 D{\I/? o— o R3=Rex
>t ISRC ENB [—© Kym=1+R2/R1
18] —— 4
" Tsp SE+ Huoo DI niobozo
+Un 19 6 muna Ha 5 mA
o—o +U SE-
, ) -Un
— Ucc -U °
14
I J_ Use 1,10, 11,20

Pucynok ILE. 13 — Cxema neunsepmupyrouezo ycunumens Ha OY muna LT1970
¢upmol Linear Technology
B nannoii cxeme (pucynok ILE.13) pesucrop R, SBIAETCS NaTYUMKOM

TOKa JJIsl CUCTEMbI orpaHuueHusi BoixoaHoro Toka OVY. IIpenenbHoe 3HaueHUE
BBIXOJJTHOTO TOKa MMKPOCXEMBI 3a1aercs Hanpsbkenuem U, ,, Ha CIenuaIbHOM

Bxoze OY. D10 HanpsHKEHUE ONPEAEIIETCS 110 BEIPAKEHUIO
U,y =10-R -1, - (ILE.7)
Ha pucynke I1.E.14 npuBeneHa cxema MHBEPTUPYIOLIETO YCHIIUTENS HA
OV tuna PA16 ¢upmsr Apex Micotechnology. B cxemy TUIIOBOTO BKIIOYESHHUS
OV BXOAAT [Ba HABECHBIX pe3uctopa 'R, W R, OHH CIyXaT [Uisi OrpaHHYe-

HUS BBIXOAHOTO Toka OY. 3HaueHHne 3TUX PE3UCTOPOB (OHU MOTYT OBITh Pa3HbI-
MU JJIsl TOKA OTPUIIATEIbHON U TOJIOXKUTEIIbHOM BOJIHBI) OTIPEENISIeTCs TaK
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“ ILIMIT [A]

Usx RI
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—0,01, [OmMm].
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c1
In

>oo

o +Un

o -Un

R |

(ILLE.8)

Pucynox ILE. 14 — Cxema unsepmupyrowezo ycunumensn na QY muna PA16

Koppekrupytromas nienouka R3C1 HyxHa /uisi oOecrieyeHus: yCTOMUHUBO-

CTU YCHIIUTCIIA.

DA1.1 DA1.2 DA1.3 DA1.4
:23 > o0 ﬁ)o Zﬁ > o0 l7o s > o0 ﬁo ﬁ > o0 lzo
L% Lol%
-Ui1615'16’20

BrBox nuranus 18 qioa DA1.1 m DA1.2,
BeiBO ruTanug 13 mit DA1.3 u DA1.4

Pucynox ILE.15 — Ycnosnoe oboznauenue cuemsepennoco OV muna PA162

DA1.1 DA1.2
j > oo —10 :3 > oo —80
12
+Up—=o
U

Pucynox ILE.16 — Ycnosnoe obo3nauenue cogoennoeo OV muna PA74

Ha pucynkax I1.LE.17 u I1.E.18 nmoka3aHbl cXeMbl HHBEPTUPYIOLLIETO yCHU-

autenst Ha OV tuna PAOI u PAO2. B HuX Tak k€ NpUMEHSIOTCS HaBECHBIE pe-
3UCTOPBI JJIsl BBEJICHUSI OTPAHMYEHHUSI BBIXOJAHOrO TOKA. MIX 3HA4YE€HHsS] MOYKHO
Haiitu 1o BbIpaxkeHuto [1.E.8. Bennumna pesuctopon
ObITh HEe MeHblie 0,12 Owm.

+ _
R, m "R, nomxna
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R2
1
L
Usx R1
° L

R |

o +Un
o -Un

Pucynok I1LE.17 — Cxema uneepmupyroweco ycunumens na OY muna PAOI

R2

—

Usx RI
— 45 [bo

o | el

+U o +Un
-U o -Un

Pucynox ILE. 18 — Cxema uneepmupyroweeo ycunumens na OV muna PAQO2

+Ub +Us

11 9,10
I_ ————— _l ;I > oo 56,7,8
| DA1 DA2 | o0—

1] |5,6,7,8 11
C2| C DOO >1 | O +Ub TO
"] | ]

9,10
| | s e
i rr e EV Us|—
-Ub -Us
a 9]

Pucynox ILE.21 — OV muna PA52:a - shympennss cmpykmypa;
6 — ycnosnoe 0bo3Hauenue

Yeunmurens PAS2, kak nokazano Ha pucynke [1.E.21, a, ctpykrypHO co-
CTOUT U3 IBYX MOCIIEIOBATEIBHO BKIOYEHHBIX KACKAI0B.
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[lepBbiit kackang DA1 - sBisgercs onepallMOHHBIM YCUJIUTENEM C OOJb-
M KodgdunrentoM ycuiienus. Bropoit kackan DA2 — 3to ycunutens Mol-
HOCTH Ha MOJEBBIX TpaH3ucTopax. OH cOOpaH MO CXxeMe UCTOKOBOTO MOBTOPH-
TeJS U UMEET KOA(P(ULIMEHT YCUIICHHS 110 HAIIPSKEHUIO OKOJIO €UHUIIBI.

[Ipumenenue nanHoro OY He uMMeeT Kakux JUO00 0COOCHHOCTEH, KpoMe
TOTO, YTO KaCKaJlbl UMEIOT Pa3eiIbHbIE BBIBOJBI MUTAHUSA. DTO CAEIAHO IJIs YII-
poineHrs KOHCTpYKIuu uctounuka nutanus OVY. IlepBoliii kackam, moTpeosiio-
MM HEOONBIION TOK MOYET MHUTAThCA Yepe3 CTadMIN3aTop HaIpsHDKEHUS He-
007b1I0i MolTHOCTH. BTOpoit kackan, moTpeOsiomuil OCHOBHOM TOK MOXKET
MOJTy4aTh HECTAOMIN3UPOBAHHOE MUTAHUE C OTHOCUTEIBHO OOJIBLIIMMU IYyJIbCa-
IHSIMUA HATIPSDKCHUS.

R2
1
| I—|
Rsl
—_+
Rsl
Usx ,_|R1 42 o1011| [—11
° L 1) B0 151617 RslI Rum
24,252 | L _H—1 1
— 30, 31, 32 :lRS] |
4 36
Crc J: |—6 FC +L 52
680 n® FC -IL I:I
Ru
1
3 -Ub +Ub
+Un 21,22, 23,27, 28, 29 12,13, 14, 18, 19, 20 -Un
o -Us +Us 0
ciI 1. C2 _1_ 40 2 C3 1. (C4 L_
47 mk 0,1 mx J: J- J- 47 mx 0,1 mx

Pucynok ILE.22 — Cxema sxatouenus u oowuti 6uo OY muna MP240

Yeunurens MP240 uMeet BBIXOIHON KacKaj, COOpaHHBIN Ha HECKOJIBKUX
MapajyIeIbHO BKJIIOUYEHHBIX IOJEBBIX TPAH3UCTOpPAX, MOATOMY JUJI1 BBIPABHUBA-
HHSI TOKOB B HHX IOCJIEIOBATEIBbHO C TPAH3UCTOPAMH BKIIFOYAKOTCS ypaBHU-
TeabHBIE pe3ucTopbl Rsl - Rs4. X BenuunHa MOXKET OBITH ONpeesieHa 0 BbI-
PaXKECHUIO

Rs1=Rs2=Rs3=Rs4 = 4;52 , [Om], (IL.LE.9)
Imaxc

rae Imaxc - MakCUMaJabHOE 3HAYEHUE TOKA B HATPY3KE yCWIMTENS, A.
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ITocnenoBarenbHO ¢ HArpy3KOM BKIIIOYAETCS PE3UCTOP R, ,,, , KOTOPHIH 5B-

JsieTCsl JaTYMKOM TOKa B cucteMe orpanndenust Toka OY. Ero BennunHa Haxo-
auTcs o popmyiie
0,65

ILIMIT [A] ,

Konnencarop C,. - xoHaeHcaTop (a3zoBoi koppekuuu. Ero BenmuuHa
MO3KeT ObITh BbIOpaHa u3 tabnusl [1.E.3.

Ry =

[Om]. (TLE.10)

Tab6muma I[1.E.3 — EMkocTs kKOoppekTupytomero konaencaropa mas OY MP240

EMKOCTB Koaddunment ycunenus OY CkopocTbh HapacTaHUs
KOHJIeHcaTopa OXBA4YE€HHOTO OTPUIATEIBHOMN BBIXOJTHOTO
Cpc, 1D o0OpaTHoii cBsi3bI0, Kym HanpspkeHus v, B/Mkc
680 1 3
330 1+3 6
100 3+10 14

+Uf—o

a o
Pucynok ILE.23 — OV LI165V: a — ycnoenoe oboznauenue; 6 — oowutl 6uo

Bri6pats apyrue tumns OY ¥ NO3HAKOMHUTHCS ¢ HOBUHKaMH pa3pabO0TOK B
o0xactu MomHbIX OY MOXHO Ha cailTax:
http://www.national.com/en/all_products/index.html
http://www.ti.com/ww/ru
http://www.pec.ru/manufacturers/linear/ wnu http://www.linear.com
http://www.st.com/internet/com/home/home.jsp
http://www.apexmicrotech.ru/products/linear_overview.html
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MpunoxeHune X
K Bb10OpY paguaTopoB 1Jisi CHJIOBBIX MOJYIPOBOJIHUKOBBIX 3JIEMEHTOB

[IpocTelimuii paguatop NpeacTaBisieT COOOM MIOCKYIO TJIACTUHY TLIOIIA-
1610 S [cM’]. 3aBHCHMOCTB €ro TEIIOBOTO CONPOTHBICHHS (PAJUATOP - BO3LYX)
K, or mnomamu S g kopmyca tuna TO-220-(5,7) nana Ha pucynke I1.0K. 1.

5 50
O 45 4 \
S
g 40 -
= 35
=
30
/Mm
= \\
= 25 A
@)
g 20
o
O 15 A
3
g 10 A
= 5
5
F 0 T T
0 5 10 15 20 25 30 35

2
[Inomans paguaropa, cM

Pucynox I1.J].1 — 3asucumocmo K, = f(S) ona xopnyca TO-220

TeroBoe cONMpOTHUBIEHHE PAIUATOPOB OOJIee CIOKHONU (POPMBI Ompese-
JSI€TCS OMBITHBIM IyTEM MNPEANPUITUIMU HU3TOTOBUTEISIMU U JJISl HEKOTOPBIX
TUIIOB PaJMAaTOPOB NpuBeneHO HUxe B Tabmuue [1.K. 1.

Tabmuma [1.0K.1 — Texaudeckue TaHHBIC PAIHATOPOB

OOGmuit BUA paguaropa OOGuuit BUA paguaropa

40

A —
23 %% ﬁ 4,2

P
100

12
68

15 - 0,9
O
20 (x B \°Q%

111 \
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MpunoxeHune 3

Texnn4yeckue JaHHbIE HEKOTOPBHIX MAJIOMOUIHBIX OY
B nacrosiiee Bpemss B MUpE BBIITyCKaeTcsi COTHU TUIIOB OV paznuyHOro
HasHadyeHus. [l HacTosed KypcoBOW pabOThI JHOCTaTOYHO MMETh OTHOCH-

TENbHO CKpoMHYI0 HoMeHkinatypy OY. Huxe B Tabmuue I1.3.1 npuBenens! oc-
HOBHBIE TEXHUYECKHUE TaHHBIE HEKOTOPBIX OTEYECTBEHHBIX U 3apyOexHbIX OY.

Taomuma I[1.3.1 — OcHoBHBIE TexHUYECKHE TaHHBIE OY

fb RH,
Kon-60 +Un, In, | Koy, | Ucm, v,

Tun 0¥ Kan. B MA | TbIC MB NIIIF B/MKkc KI\?

1 2 3 4 5 6 7 8 9
Omeuecmeennvie OY

K140V 16 1 5-18 3 60 5 1 2,5 1
K140Y 117 1 5-18 3 45 4,5 0,8 0,3 2
K140Y /18 1 5-18 5 50 20 1 10 2
K140V /19 1 9-18 8 35 5 1 0,5 1
K140Y 110 1 5-18 10 50 4 15 30 2
K140V 11 1 5-18 8 30 5 15 30 2
K140Y 114 1 5-20 1 50 2 0,5 0,2 1
K140Y 117 1 3-18 5 200 0,08 4 04 2
K140V 120 2 5-18 3 50 3 0,5 0,3 1
K140Y 121 1 12 -20 5 1000 | 0,05 3 2,5 2
K140V 122 1 14 -16 10 50 10 5 7,5 2
K140V 124 1 45-5,5 4 1000 | 0,005 | 0,8 2 3
K140Y 1125 1 14 -16 5 1000 | 0,03 3 1,7 1
K140V 1126 1 5-16 5 1000 | 0,03 20 11 2
K153V /11 1 9-18 6 15 7,5 1 0,2 2
K153VY /12 1 5-18 3 25 7,5 1 0,5 2
K153V /13 1 9-18 4 25 2 1 0,2 2
K153VY /14 1 3-18 0,8 5 5 0,7 0,1 5
K153V 5 1 5-16 3,5 500 2 0,2 | 0,01 2
K153V /16 1 5-18 3 50 2 0,7 0,5 2
K154VY 11 1 4-18 0,15 | 150 5 1 10 2
K154VY /12 1 5-18 6 100 2 15 100 2
K154V /13 1 5-18 7 8 10 15 80 2
K154V /14 1 5-17 7 8 6 30 400 2
K544V 11 1 8-16 3,5 30 15 1 5 2
K544V ]12 1 5-17 7 20 10 15 20 2
K574VY 11 1 15 8 50 50 10 50 2
K574Y 12 1 15 10 25 50 2 10 10




[Tponomxenue Tadmuibl 11.3.1
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1 2 3 4 5 6 7 8 9
K574V ]13 1 3-17 7 20 5 15 30 10
K1401Y 11 2 2-17 8,5 2 5 2,5 0,5 1
K1401Y 12 2 1,5-17 3 25 5 1 0,5 2
K1407Y 11 2 3-12 8 10 10 20 10 1
K1407Y 12 2 1,2-13 0,1 50 0,5 3 0,5 2
K1407Y 13 2 2-12 2 10 5 5 5 2
K1407Y 14 2 1,5-6 2 3 5 | 1 0,25
K1408VY i1 2 7 -40 5 70 8 2 18 2

3apybercnvie OY
LF147 4 5-22 7,2 | 100 1 20 13 1
LF155 1 5-22 2 200 3 8 5 1
LF441 1 5-18 0,25 | 25 5 4 15 4
ICL7650 1 5-18 2 | 5000 |0,002| 2 2,5 10
LM124 4 1,5-15 1,5 | 100 2 1 - 2
LM146 4 1,5-22 1,5 | 1000 | 0,5 0,8 0,4 2
1L.LM392 2 1,5-16 0,6 | 100 2 1 - 2
L.M358 2 1,5-15 0,5 | 100 2 1 0,5 2
LMC6001 1 2,25-7,775 10,75 | 400 | 0,35 | 1 0,2
MAX400 1 3-18 4 500 | 0,01 | 0,6 0,3 5
MAX437 1 8-18 2,7 | 16000 | 0.005 | 60 - 1
OPA177 1 5-18 2 125 | 0,01 | 0,6 0,3 1
OPA641 1 45-55 15 58 2 1600 | 650 | 0,1
ADS513 1 5-18 7 50 20 10 20 2
ADS8O055 1 5 5 3 5 300 | 1400 | 0,1
TLO83 2 5-18 1,4 | 200 3 3 13 2

B tabnuue I1.3.1 onepanmoHHble YCUIIUTEIN IPUBEICHBI 0€3 pa3aeieHus
Ha THUIIBL: 0OIIET0 MPUMEHEHUS, TPEIIM3UOHHBIC, MUKPOMOIIHBIC U T.]I.

Cxembl BkroueHus OY MpUBEIEHHBIX BbIIIE MapOK IMOKA3aHbI J1ajee.

Bce cxeMbl maHbl B COOTBETCTBHH ¢ JeiCTBYIomuM B Poccutickoit deme-
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Homenknatypa oTe4ecTBEHHBIX U 3apyOexHbiX OY, KOTOpbIE MOTYT HC-
MOJIb30BAaThCSl B KYpCOBOM pabOTe HE OrpaHUUYUBAETCS TUIIAMH MPUBEICHHBIMU
BbITIIe. MOKHO HMCMOJIB30BaTh JIFOOBIE TOIXOMAIINE O TEXHHUYECKUM XapakTe-
puctukaM OV HaliIeHHbIE B CIPaBOYHOM JUTEepaType win B IHTepHeTe.

B ciiyyae npumenenust TunoB OY OTIWYHBIX OT MPUBEIECHHBIX B TaOJIHIIE
3.1, cnenyer npuBOAUTH B MOSICHUTEIIBHON 3alIMCKE MX OCHOBHBIE TEXHUYECKHE

XapaKTCPUCTUKU U TACIIOPTHYIO CXCMY BKIIIOYCHHSI.
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