MHUHUCTEPCTBO OBPA30BAHMS 1 HAYKH POCCUICKOMN ®EJEPALINMA
¢eaepanbHOe rocyIapcTBEHHOE ABTOHOMHOE 00pa3oBaTe/IbHOE yUPexKaAeHUE
BbpIcnIero oopazosanns «HanuoHanbHbI HeciegoBaTenbcknii Hukeropoackmii rocy1apcTBeHHbIH
ynusepcuret uM. H.H. Jlo6aueBckoro»
Banaxuunckuii puianal

YTBEPXK/IAIO
Jlupextop Ban’gx}'i'i:{ﬁp'xoro ¢umuana HHI'Y
: : 58 A.A.Yeuepun
s A2 » r, 20 /A 1.

MeTtoanueckHne yKasaHus
/ISl CTYIEHTOB IO BBIIOJIHEHHI0 KyPCOBOI'0 NPOEKTA 0 MEKINCUMILIHHAPHOMY KYypCy
IMAPPOBASA CXEMOTEXHHUKA

Hanpagienue moaroToBku (CieNUaNibHOCTD)
09.02.01 KOMIIBIOTEPHBIE CUCTEMbI 1 KOMIIVIEKCBI

YpoBeHs (CTyneHb) 06pa3oBaHUs
CPEJHEE ITPO®ECCHOHAJIBHOE OBPA30BAHUE (BA30OBASA IIOAI'OTOBKA)

KBaymm¢ukaius BEIITyCKHHUKA
TEXHHUK ITO KOMIIBIOTEPHBIM CUCTEMAM

®opma obyueHHA
OYHAA

BaiaxHa
2017



IHosicHuTEALHAA 3aIUCKA

JlaHHOE METOANYECKOe yKa3aHue pa3paboTaHo B cooTBeTcTBHM ¢ DeaepanbHbiM ['ocynapcTBeH-
HBIM 00pa30BaTEIbHBIM CTaHIAPTOM CPEAHEro Mpo(ecCHOHATBLHOIO 00pa3oBaHUs MO CHEIUAIBHOCTH
09.02.01 «KoMIptoTEpHBIE CUCTEMBI M KOMILJIEKCHD)

KypcoBoii mpoekT — BakHEeH M 3Tan y4eOHOTO Mpoiiecca, CocoOCTBYIOMIHMA OATOTOBKE CITe-
LAAJIUCTOB.

[{enpro BBINOJHEHUS KYpCOBOIO IIPOCKTUPOBAHUS SIBJISAIOTCA: 3aKPEILUICHUE U CUCTEMATU3aLMs IIPU-
0OpeTeHHBIX 3HAHUH IO CTIEHUAIBHOCTH, MX TPUMEHEHHE B PEIICHUN KOHKPETHBIX MPAaKTHYECKUX 3a/1a4;
pUOOPETEHUE OMBITa CAMOCTOSTENIBHON PabOThl C TEXHUUYECKOW MH(POPMAIUEH, METOTUYECKUMHU U HOP-
MAaTUBHBIMM JOKYMEHTAaMH, CIELUAIBHON JIMTEPATypOi, COOTBETCTBYIOIUMH METOAAMHU U TEXHOJIOTHS-
MU;

BrinosHeHue KypcoBOro mpoekTa sBsieTcss OAHOM 13 (opM caMOCTOSTENbHON paboThl CTyIEH-
TOB.

Meroauueckue ykazaHus 110 BBIIIOJIHEHUIO KYPCOBOT'O IIPOEKTA COCTOST U3 CIEAYIOLUX Pa3AeiIOB:

ConepxaHue KypcOBOIO ITpOEKTa

OdopmiteHne MOSICHUTENFHON 3aITUCKH

[Ipunoxxenus

- OTHCAHME AIIEMEHTHOM 06a3bl

METOIMUECKUE YKa3aHHs Ul CTYACHTOB 10 0(h)OPMIICHHIO TEKCTOBON YaCTH KYPCOBBIX MPOEKTOB
Copnepxanue, 00beM, U CPOKH BBITIOJIHEHUSI KYPCOBOTO IMPOEKTa OMPENENAIOTCS YTBEPKACHHBIM

3aJJaHueM U rpaukoM yueOHOTo Mpoliecca.



ConeprkaHue KypcoBOro mpoeKkrTa

KypcoBoii mpoeKkT OTHOCUTCSI K CTaJuu 3CKU3HOIO MPOEKTa KOHCTPYKTOPCKOM JOKYMEHTALUU U

AOJIKCH COACPIKATH COBOKYITHOCTb KOHCTPYKTOPCKUX JOKYMCHTOB, COACPKAIUC ITPUHITUIIUAIBHBIC KOH-

CTPYKTUBHBIC PEIICHUS, JAIONINe 001ee MpeAcTaBIeHrue 00 yCTPOUCTBE M MPUHIINIIE PaOOThI U3AEHUs, a

TaKXKe OIMpEeAIONINX Ha3HAueHUE, OCHOBHBIC MapaMeTpbl, rabapuTHBIC pa3Mepbl pa3padaThIBaEMOro

U3aCIus.

HOMGHKJIaTypa KOHCTPYKTOPCKHUX NOKYMCHTOB Ha CTaAWU 3CKU3HOTO IMPOCKTA IMPUBCICHA B Ta0IH-

e 1. HOMCHK.HaTypa JOKYMCHTOB KYpPCOBOTO IMPOCKTAa OMPCACIACTCA MHANBUAYAJIbHO B 3aBUCUMOCTHU OT

O0COOCHHOCTEH MPOEKTUPYEMOTO YCTPOIMCTBA U TEMBI KyPCOBOTO MTPOEKTA.

B nosicHuTensHON 3anmucKe JOIHKHO 00s3aTelIbHO OBITH OTPAXKEHO TEXHHKO-3KOHOMHYECKOE 000C-

HOBaHHE HEOOXOIUMOCTH pa3pabOTKH U BHEAPEHUS YCTpPOWCTBA. B pacyeTHO yacTu MpUBOAUTCS pacdeT

noKa3zaTesiell HaJe)KHOCTH, ObICTPOJCHCTBHUS, COTJIACYIOUINX JIEMEHTOB, HCTOYHUKA MUTAHUS U JPYTUX

HCCTAHAAPTHBIX 3JICMCHTOB, UCIIOJIB3YCMbIX B IPOCKTUPYCMOM YCTpOfICTBC.

Tabauua 1.

Bun noxymenra

[pudt

Onpenenenue

UYeprex neranu

JIOKyMEHT, coJepKaluii u300pakeHue IeTamud |
Jpyrue AaHHbIe, HEOOXOAUMBIE TSl U3TOTOBJICHUS U KOH-
TPOJISL.

Cxema 2JeKTpUYECKas CTPYK-

Ha cxeme wu300pakaioT BCe OCHOBHBIE (DYHKIIMO-
HaTbHBIC YACTH HU3JeTHs (AIEMEHTHI, yCTpOorcTBa U (PYHK-

TypHas o1 LIMOHAJIbHBIE TPYIIBI) U OCHOBHBIE B3aUMOCBSI3U MEXIY
HUMH. VMU TONB3YIOTCS MPH AKCIUTyaTaly Jjsi 00I1ero
O3HAKOMJICHHSI.

Cxema anekTpuueckas QpyHK- Ha cxeme nzo0paxxaroT (pyHKIIMOHAIbHbBIE YaCTH U3-

[IUOHAJIbHAs 3 nenust (3JIEMEHTHI, YCTPOUCTBA M (DyHKIMOHAIBHBIE TPYII-

IIbl), y4aCTBYIOIME B IIPOLIECCE, UIUTFOCTPUPYEMOM CXEMBI,
U CBSI3U MEXY STUMU YaCTSIMU.




[Tpomomxenue Tadmuus! 1

Cxema 3nexTpuyecKkas MpHUH-
UIHAATBHAS

33

Ha cxeme n300paxaroT Bce IEKTPUUECKUE FIIEMEH-
ThI WJIK YCTPONCTBA, HEOOXOAUMBIE JJIsl OCYLIECTBICHUS U
KOHTpPOJISl B M3JIEJIMU 33JaHHBIX AJIEKTPUYECKUX IMPOIIEC-
COB, BCE DJIEKTPUUECKUE CBSI3M MEXIYy HMMH, a TaK XK€
AJIEKTPUYECKUE IEMEHTHI (pa3beMbl, 3aKUMBI U T.I1.), KO-
TOPHIMU 3aKaHYMBAIOTCSI BXOIHBIE U BBIXO/IHBIE LIEIH.

Cxema nsneKkTpuyeckass co-
CAVHECHUN

D4

Ha cxeme n300paxaroT BCce YCTPONCTBA U DIIEMEHTHI,
BXOJSIIME B COCTaB M3JCIHSA, NX BXOJHBLIC M BBIXOJHEIC
3JIEeMEHTHI (pa3beMbl, IJIATHI, 3aKUMbI U T.II.), a TaK ke
COCIMHEHUS] MEXKIY 3TUMH YCTPONUCTBAMHU U AJIEMEHTaMHU.

Cxema »nexTpuueckas MOJ-
KITIOUEHMS

35

Ha cxeme n300pakarOT W3JeNus, €r0 BXOJHBIE U
BBIXO/IHBIE 3JIEMEHTHI (Pa3beMbl, 32KUMBI U T.I1.) U TIOJIBO-
JUMBbIE K HUM KOHIIBI TPOBOJOB M KaOeneil BHENIHEro
MOHTa)a, OKOJIO KOTOPBIX MOMENIAIOT JAHHBIE O IMOJIKIIIO-
YEHUU U3Jenus (XapaKTepUCTUKH BHEUIHUX Ienel u aj-

pec).

Cxema anexTpuyecKas

26

Ha cxeme u300pa)katoT YCTpOICTBO U BIIEMEHTHI,
BXOJILIIUE B KOMIUIEKC, a TaK K€ MPOBOJIA, KI'yThl, Kabe-
JIM, COEAUHSIOIINE ATH YCTPOMCTBA U AJIEMEHTHI.

Cxema anexTpuyecKas

97

Ha cxeme n300pakaroT cOCTaBHBIC YaCTH M3CIUS, a
Py HEOOXOAMMOCTH MEXIY HUMH, KOHCTPYKIIHIO, TIOME-
LIEHUE WJIA MECTHOCTb, HA KOTOPBIX 3T COCTaBHbIE YaCTH
PacCIOJIOKEHBI.

Cxema anropurma

08

JIOKyMEHT, Ha KOTOPOM B BHJIE YCIOBHBIX M300pa-
JKEHUU Win 0003HAUYEHNH TTOKAa3aHbl COCTABHBIE YAaCTH aJl-
ropuTMa paboThl YCTPOMCTBA U CBSI3U MKy HUMU.

TlogcuurenbHad 3amnmcka

I13

JIOKyMeHT, coepKauin OIlMCaHue
YCTPOMCTBA W NPUHIMIA JEHCTBHS pa3pabaThIBAEMOro
U3Jenus, a TaK xKe
00OCHOBaHHE IIPUHSATBIX npu ero pas-
paboTKe TEXHHMUYECKUX M TEXHUKO-3KOHOMHUYECKHX pelle-
HUM

Od¢opmiieHHe NOSACHUTEIbHON 3aNIMCKH

Brmmonaenue KYPCOBOI'O MPOCKTA ABJIACTCA 3aBCPIIAIOIIMM 3TAIllOM B IOATOTOBKE CIICTIUAIN-

CTOB M TO3BOJISIET MPOJIEMOHCTPUPOBATh 3HAHMS, YMEHHS U HABBIKH, IPUOOPETEHHBIE 3a BpeMst o0yue-

Hus no [IM.O1 «IIpoektupoBanue nnudpossix ycrpoictsy MJIK.01.01 «{udpoBas cxeMOTeXHHKa» B

NPUIIOKEHUN K KOHKpEeTHOU 3anmaue. IloscHUTenbHAsA 3amnucka J0JDKHA oTBedaTh TpeboBaHusmMu ['OC-

ToB u MeTOIMYECKUM YKa3aHUEM 10 0(POPMIICHUIO TIOSCHUTEIBHOM 3aIHCKH.

PexoMeHyeEMBIN cOCTaB MOSACHUTEILHOM 3a0UCKU:

TumynoHoui ucm

3aoanue na Kypcosoe npoekmuposanue .

Cooeporcanue - TOMEIIACTCS HA TIEPBOM (3arJIaBHOM) JIMCTE M BKIIIOYAETCS B OOIIEe KOJIUYECTBO

JJUCTOB

Bseodenue - cOCTOUT M3 KPaTKoro 0030pa CYIIECTBYIOLIETO YPOBHS Pa3BUTHS TEXHHKH 10 TEMe

IMPOCKTa 1 00513aTEILHOTO TEXHUKO-?KOHOMHYECKOTO 000CHOBAHHMS pa3pa60TK1/1 U BHCAPCHUA NAaHHOTI'O
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MpOeKTa

1 Onucanue cmpykmypHoll cxemvl - TAaHHBIA pa3ien BKIIOYAeT B cebs onucanne (HyHKIMOHAIBHBIX
Y3JI0B CXEMBI, ONHMCAHHE CUTHAJOB HCIOJIb3YEeMBIX B pab0oTe CXEMbl M ONHCAHUE MPHUHIMIA PaOOTHI
CTPYKTYPHOM CXEMBbI

2 Onucanue -npuHyunuUaIbHOU cxembl - TaHHBIA pa3/ieN BKIIOYaeT B ceOs ONMCaHHe MPOIECCOB MPO-
UCXOJSIINX B YCTPOWCTBE, (ha3pl pabOTHl YCTPOICTBA, OCHOBHBIE CUTHAJIBI, ONPENENIAIONINe HAaYall0 U
OKOHYaHHue (a3 1 NOPSA0K UX MPOUCXOKACHUS.

3 Dnekmpuyeckuti pacuem — NAaHHBIA pa3/ell BKIIIOYAET B Ce0s pacyeT OCHOBHBIX 3JIEMEHTOB CXEMBI
TaKUX KaK: TeHEepaTophl, MyJIbTUBUOPATOPHI, HHTErpUpYlomue U auddepeHuupyromniie nenu, KIouu Ha
OUIIOJIIPHOM TPAH3HCTOPE U Jp.

4 Pacuem Haoéxcrocmu - NTaHHBIA pa3fiesl CONEPKUT JIBE YAaCTH: TEOPETUUECKYIO U MPAKTHYECKYIO.
B sTOM paznene naeTcs OCHOBHBIE MOKA3aTENN HA/ISKHOCTH, pacdeT MoKa3aTesel Ha/le)kHOCTH

5 Texnuxa 6e3onacnocmu - TAaHHBIN pa3liesl COACPKUT ONUCAHUs TPeOOBAHUH MO TEXHUKE Oe3ormac-
HOCTH TIPH BBITIOJHEHUH OIPEIIEHHOTO BUa paboT ¢ pa3pabaTbiBaeMbIM YCTPOHCTBOM (COOpKH, MOH-
Ta)ka, HAJIJAKHU, PETYJIUPOBKY U T.1.).

Cnucox ucnonb308aHHoU iumepantypel - TaeTCs CIIUCOK JIUTEPATYPhl U METOIMYECKUX YKa3aHUM, uc-
M0JIb3YEMBIX MPHU pabOTE HaJ KypCOBBIM IPOECKTOM

Tlpunostcenuss - B HETO BXOAAT ONHMCAHUE JIEMEHTHOM 6a3bl pa3pabaThIBaeéMOro YCTPOMCTBO, mepe-

YEHb AJIEMEHTOB, rpadudeckas 4acTb KypCOBOI'O IIPOEKTA,

ITpu odopmiieHHH MOSICHUTEIBHOW 3alUCKU CIIEAYET CTPOTO COOM0AaTh TpeOOBaHUS Tocynap-

cTBeHHBIX crangapToB ECK/]



BBenenne

BBenenue paszpabarbiBaeTcss U 0OPMIISIETCS TaK e, KaK U OCTAbHBIC pa3felibl, HO HE MMEeT
cBOero HoMmepa pazzaena. OOt 00beM BBEICHHS TOJDKEH COCTABISTh 2 - 3 TedaTHbIX Jucta. K ocHOB-

HBIM BOIIPOCaM, pacCMaTPUBAEMBbIM BO BBEACHUH, SABIISIOTCS:
- OCHOBBI 3JIEMEHTHOM 0a3bl IU(POBOI CXEMOTEXHUKU U 0A30BBIE JICMEHTHI;

- CTENEHb MHTETpalMU 3JIEMEHTHOM 0a3bl U ONMCaHHE OCHOBHBIX (DYHKIIMOHAJBHBIX Y3JIOB IU}-
POBOM CXEMOTEXHHUKHU;

- OCHOBHbBIE aCTEKThl U HAIIPABICHHS UCIOIb30BAHUS HU(PPOBOM CXEMOTEXHUKH B HAPOJIHOM XO-
35IUCTBE.

OcHOBOI 31IeMEHTHOM 0a3bl IUPPOBON CXEMOTEXHHKH SBISIOTCS IOJYIPOBOJHUKOBHIC HHTE-
rpabHble MUKPOCXeMbl. ba30BbIMU 371€MEHTaMH MHTETPATBbHBIX MUKPOCXEM MOTYT OBbITh MOJIEBBIEC MIIU
OUTIOJIIPHBIE TPAH3UCTOPBI, UTO ABTOMATUYECKH OIpPEeIAeT UX TEXHOJIOTHUIO: YHUIIOJIApHAs WIIM OHITO0-
nsipHasi. MUKpocxeMbl Ha OMIOJSIPHBIX TpaH3UCTOpax UMeEIoT ObicTpoaeiicTBue B 10-20 pa3 Bolle,
4eM MUKPOCXEMBI Ha MOJIEBBIX TpaH3UCTOpax. OIHAKO MUKPOCXEMBI Ha MOJIEBBIX TPAH3UCTOPAX UMEIOT
IOTHOCTH yakoBKH B 100 - 1000 pa3 Beie, a sHepronorpedieHne HIKe, Y4eM MUKPOCXEMbI Ha OUIIO-
JSIPHBIX TPAH3UCTOPax. B COOTBETCTBUM CO BCEMH JOCTOMHCTBAMH M HEIOCTaTKaMu 00a BUAA TEXHOJIO-
MY UMEIOT IIMPOKOE IPUMEHEHHUE HA MTPAKTHKE.

buronsipHass TEXHOJOTHS HCIOJB3YyeTCs B LU(PPOBOM TEXHHKH pPabOTaIOIMIed B CTAIlMOHAPHBIX
YCIOBHSAX, Iie TpeOyeTcs BBICOKOE OBICTpOJIeicTBHE, TpudyeM 00BEM ammaparypbl U 3HEpPronoTpedie-
HUE CYIIECTBEHHO POJIM HE UTPAET.

VYHUMONSIpHAs TEXHOJIOTUSI UCHOJb3YyeTCs B IU(PPOBON TEXHUKE, pabOTaromIel B MOJIEBBIX yCJIO-
BUSX, WJIM B MHUHUMAJIBHOM oObeMe ammaparypbl. FIMeeT HU3KOE SHEpromnoTpedIeHre W MpUeMIIEMOe
ObIcTpOIeiicTBHE.

Ilo crenenn uHTErpany MUKPOCXEMBI MIOIPA3AEIAIOTCS HA CIEAYIOLIUE TPYIIIbL:

- masias creneHb uHTEerpauuu (10-50 31eMeHTOB B OJJTHOM KpHCTalIE) - 3TO Pa3jIM4yHbIE JIOIHYe-
CKHE 3JIEMEHTHI, PeoOpa3oBaTeIn YpOBHEH, TPUTTEPHI U T.1.;

- cpennss creneHb uaTerpauuu (50 - 500 ameMeHTOB B 0IHOM KpHCTaJIE) -3TO MHU(paTOpsl, Je-
mHQpaTopbl, MyJIbTUIIIEKCOPBI CYMMATOPbI, PETHUCTPbI, CYSTYUKHU U T.]1.;

bonsmas crenens uaterpanuu (500 - 100000 3neMeHTOB B OJTHOM KOPITYCE) - 3TO IIPOrpaMMUpY-
emble Jornueckue uarerpanbusle cxembl (IVIMC), Mukpocxemsl naMsTH, U(PPO-aHATIOTOBBIC U aHAJIO-
ro-1upoBkie Mpeodpa3oBaTenu T.1.;

- cBepxOonbias crerneHb uHTerpanuu (100000 u cBbIle 3MEMEHTOB B OJHOM KOPITyCe) - 3TO
MHUKPOKOHTPOJIIIEPHI U MUKPOIIPOLIECCOPBI.

[To ¢pyHKIIMOHANTBHOMY Ha3HAYCHUIO MUKPOCXEMBbI TIOJPA3CIAIOTC Ha HU(POBBIE M aHATIOTOBBIE.

AHaIOTOBBIE MUKPOCXEMBI MpEIHA3HAYEHBI sl MpeoOpa3oBaHUs U 0OpabOTKH CUTHAIOB HM3MEHSIO-



IIUXCS 110 3aKOHY HEMPEPbIBHBIX (DYHKIIUHA.

[{udpoBeie MUKPOCXEMBI IMpeIHa3HAUYEHbl Ui MpeoOpa3oBaHus U O0OpaOOTKU CUTHAIIOB, MpEN-
CTaBJICHHBIX B ITU(POBOM KOJIE.

B coBpemeHHO# panuo3nekTpoHuke, npu 00paboTke MH(POPMAIMU HCTIONb3YIOTCS KOMOMHHPO-
BaHHBIE METOJIbI, COUETAIONINE B ceOe KaK aHAJIOTOBbIC, Tak U MU(pOBBIE MeTOABI 00paboTKu nH(MOpMa-

.



10nucanne CTPYKTYPHOMH CXeMbl

O6weM paznena «Onucanne CTPYKTYPHOU CXEMBD» JTOJDKEH COCTaBIATh OT 3 10 6 JTUCTOB IeYat-
HOTO TeKcTa. Paszzen 1oymkeH coCTOSATh U3 CIEAYIOIINX COCTABHBIX YacTel, pacloI0KEeHHBIX B COOTBET-
CTBHHM C YKa3aHHOW HIKE TOCIIE0BATEIEHOCTHIO

- pa3OueHue cxeMbl Ha (PYHKIIMOHAIbHbIC Y3IIbI;

- omnucaHue (PyHKIMOHAIBHBIX Y3JIOB;

- COCTaBJICHHE CTPYKTYPHOU CXEMBI;

- ONHCaHHE CUTHAJIOB Pa0OTHI CTPYKTYPHOU CXEMBI;
- ONHCaHHE MPUHIUMIA PA0OTHI CTPYKTYPHOI CXEMBI.

CTpykTypHasi cxema Ipe/cTaBisieT co0o0il mepeueHb caMOCTOSTENbHBIX (YHKIMOHATIBHBIX Y3JI0B
YCTPOMCTBA U OPTaHOB YIIPABIICHUS, COETUHEHHBIX MEXKIY COO0H BXOHBIMU U BBIXOJAHBIMH CUTHAJIAMHU.

Onucanue (YyHKIMOHAIBHBIX Y3JI0OB JODKHO HAUYMHATBCA CO CIEAYIOIIETO MPEIOKEHUS:
«CTpyKTypHasi cXxema yCTpOICTBa COCTOUT U3 (PYHKIIMOHAIBHBIX Y3JIOB» MOCIE Yero UAET NepeueHb y3-
JIOB C MIX OITUCAHUEM.

[lepedeHp y3710B COACPKHUT MOPSAKOBBIM HOMEP, HOMEp Y371a, YCIOBHOE 0003HAUYCHHE U TOJIHOE
HaMMEHOBaHHE y3/1a. B 00miem ciydae mopsKoBBI HOMEp U HOMEp y3Jia MOTYT He COBIIAJaTh, TaK KakK
MOPSAZKOBBIM HOMEp MPOCTABISIETCs IO MPUHIUITY CJIeBa Ha MPaBO, CBEPXY B HU3, @ HOMED y311a GopMu-
pyercst u3 QYHKIIMOHAIBHBIX COOOpaKEHUIA.

Onucanue QyHKIIMOHAIBHOTO y3JIa COCTOMT M3 €ro Ha3HAYCHUS, TEXHUUECKUX XapaKTEPUCTUK U
napaMeTpoB, OOIIMX NPHUHIMIIOB €ro (YHKIMOHUPOBAHUS W B3aMMOJCHCTBHHA C JAPYTMMHU Y3JIaMHU
ycTpoiicTBa. Yem OoJiee KaueCTBEHHO U MOJAPOOHO OMMCAH MPUHIUI PabOTHI y3II0B, TeM OymeT Oomee
MPOCTO U JIETKO OMKCHIBATh MPUHIUI PabOThI CTPYKTYPHON CXEMBI.

Ha cTpykTypHO#i cxeme, BCe CaMOCTOATENIbHbIE (PYHKIIMOHAIBHBIE Y3716l H300paXkatoTcst B popme
NPSIMOYTOJIBHUKOB. BHYTpH Ka)KI0T0 U3 HUX YKa3bIBACTCS MOPSAAKOBBINH HOMEP (PYHKIIMOHAIBHOTO Y312
u ero obo3Hayenune. O0O3HaUEHHE OMYCKAETCS YKa3bIBaTh, KaK B MOJHOM BUJE - HAUMEHOBAHUE, TaK U
B COKpAILEHHOM - ycJIOBHOE 0003HaueHne. OyHKIMOHATBHBIE Y3JIbl COSTUHSIOTCS MEXKIYy COOO0M JIMHU-
aMu (curHanamu). CUrHaisl Ui GyHKIHOHATBHBIX Y3JI0B MOAPA3/CSIOTCS Ha BXOAHbIC U BBIXOIHBIC.

BxonHble curHaibl MOABOAATCS K (PYHKIHMOHATBHOMY Y37y TOJBKO CiieBa. BBIXOAHBIE CHTHAIIBI
JOJKHBI OTXOAUTH OT (DYHKIIMOHAIBHBIX Y3JI0B TOJBKO cripaBa. I10ABO M OTBOJ CUTHAJIOB CBEPXY WU
cau3y no ECK/] He nomyckaercs

Bce BXoaHbIE U BBIXOJHBIEC CUTHAJIBI JOJDKHBI UMETh HIEHTH(UKATOPHI (YCIOBHBIE 0003HAUCHHUS
KOTOpPBIE MPOCTABIIAIOTCS MPU BXOJAX MM BBIXOAAX (DYHKIIMOHATIBHBIX Y3JIOB). DTH UACHTHU(PHKATOPHI
MCTOJIb3YIOTCS MPU OMUCAHUU NPUHIUIIA (PYHKIIHOHUPOBAHUS CTPYKTYPHON CXEMBI.

Tak >xe Ha CTPYKTYpHOH cXeMe JOJDKHBI ObITh M300pa’keHbl BCE OpraHbl YIPaBJICHUS YCTPOUCTBA,
UCTOJb3yeMble MPH OTMCAHUH MPUHIMIA paboThl cxeMbl. K TakuM opranaMm ynpaBJeHHs yCTpOiCTBaM

OTHOCATCA: BKJIFOYATCIIN U BBIKJIOYATC/IN, MCPCKIOYATCIIN PCKUMOB pa60T51 n aJuamna3oHOB, CBECTOBBIC
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Y 3BYKOBBIC CUTHAJIM3ATOPbI, UHAUKATOPHI U T.1.

Onucanue CUTHAIOB JIOJDKHO COAEPKaTh MICHTH(UKATOP CUTHAJTA U €ro MOJIHOE HAUMEHOBaHUE,
OTIpeNIeNIAIONIee ero CMBICI U HazHaueHHe. JlomyckaeTcs mpy ONMMCAaHUKM CUTHAIOB yKa3bIBaTh HEOOXO-
JMMBbIE MOSICHEHU S, 00Jervaroniie moHMMaHue MpUHIUIa padoThl yCTPONCTBA.

[Tpu BBIMOJIHEHUH CTPYKTYPHOM CXEMBI HEOOXOMMO BBHIOpaTh (hopMaT yepTeka TakuM 00pas3oM,
YTOOBI MOJHOCTBIO PAa3MECTHTh CTPYKTYPHYIO CXE€MY Ha OJHOM JiUcTe. ECru As BBINOJIHEHHS CTPYK-
TYpHOU cxeMbl BIOpaH popmar A4, TO CTPYKTypHas CXeMa MOXET ObITh pa3MeIlIeHa KaK B CaMOM pas3-
7e7ie TaK U B MPUJIOKEHUM K TMOSICHUTENbHOU 3amucke. Ilpu BbIOOpe apyroro ¢gopmara CTpyKTypHas
cXeMa MOXKET OBbITh pa3MelleHa TOJBKO B MpHIokeHHH. CTPYKTypHas cxeMa JOJKHA OBbITh BBITIOJIHEHA
B [IOJTHOM COOTBETCTBHH ¢ TpeboBanusMu cranaaptoB ECK/I.

Onucanue mpuHIUNA PabOThl CTPYKTYPHOM CXEMBI JOJDKHO HAYMHATHCS C MOJA4YM MUTAHUS Ha
YCTPOMCTBO M BCEX HAYAJbHBIX YCTAHOBOK MPOUCXOASALINX MPH 3TOM B (DYHKIMOHAIBHBIX y31ax. Ecnu
YCTPOHCTBO MMEET HECKOJIBKO PA3IUYHBIX PEKUMOB PaOOTHI, TO KaXIbIi pexXHM pabOThl OMHCHIBACTCS
otaensHO. [Ipu onucanuyu npuHIUNa paboThl CTPYKTYPHOM CXeMbl HE00X0AUMO 00s3aTeTbHOE UCTIONb-
30BaHME HAMMEHOBAHUE y3JIOB U CUTHAIOB. ONHUCaHUE CTPYKTYPHOU CXEMBI JOJHKHO B ITOJHOM 00bEME
OTIpeNIeNATh NOPSAA0K 00paObOTKU M BHIXOAHBIX CUTHAJIOB, a TAKXKE MOPSIOK (OPMHUPOBAHUS BHYTPEHHUX
U BBIXOJHBIX CUTHAJIOB. He momyckaeTcs mpu ONMUCaHUN CTPYKTYPHOW CXEMbI HCIOJIb30BaTh HAaMMEHO-
BaHUE MUKPOCXEM U HOMEpPa KOHTAKTOB B3STHIX U3 MPUHIUIIUATIBHON CXEMBI.

B 3akiroueHue omucaHusi CTPYKTYPHOH CXEMBbI L1€1ecO00pa3HO MPHUBECTH OCHOBHBIE KOHCTPYK-

THBHO TEXHOJIOTUYECKUE TPEOOBaHUS HEOOXOUMBIE IS YCIIEITHOM paOOThI U peau3alii YCTPOUCTRA.



2 Onncanue NPMHUMNMAJIBHON CXeMbl,

Onwucanue pabOThl MPUHIMIHAIBLHON CXEMbl YCTPOMCTBA HAUMHAETCS € MPOLECCOB, MPOUCXOIs-
IIMX B HEM, IIPU TOJaye Ha CXeMY WMJIM BKJIIOUEHHS MUTAIOIUX HANPSHKEHUH U YCTAaHOBKH TPeOyeMbIX
(YHKIMOHATIBHBIX JIEMEHTOB B UCXOJIHOE cOCTOsIHME. K TakuM 31eMeHTaM OTHOCSTCS: TPUTTEPHI, pe-
THCTPBI, CYETYUKH U JPYTUE SJIEMEHTHI, padoTa KOTOPBIX ONPENENIeTCs] He TOJBKO TEKYLIUM, HO U HC-
XOJIHBIM COCTOSIHUEM JJIEKTPUUYECKUX CUTHAJIOB.

VYcTaHOBKA 3JIEMEHTOB B MCXOJTHOE COCTOSIHUE MPOU3BOIAMUTCS € TIOMOIIBIO (P PEepeHIUPYIOINX,
MHTETPUPYIOIINX U MEePeXoaHbIX 1enel. [Ipu 3ToM JorKHA OBITH MOJHOCTHIO YKa3aHa MOCeI0BaTelb-
HOCTb ITPOXOXJCHUS CUTHAJIOB € YKa3aHHMEM HOMEPOB AJIEMEHTOB MUKPOCXEM M KOHTakTOB. OnucaHue
HAYaJIbHOTO 3Tana YCTAaHOBKU (PYHKIIMOHAIBHBIX 3JIEMEHTOB B MCXOJHOE COCTOSIHUE NPH MOJayue MuTa-
HU JIOJDKHO 3aKaHYMBATHCS IEPEXO0JI0OM YCTPOMCTBA B PEKUM OXKUAAHUS NMOCTYIUICHUS BXOJHBIX CUTI-
HAJIOB OIpPENENIAIoNNX ero (yHKIHOHUpoBaHue. [lpyu ommcannu mpuHLOUIA PAOOTHI CXEMBI JIOJDKHBI
OBbITh TOJHOCTBIO OIpeneneHbl Bce (pa3bl paboThl YCTPOMCTBA, OCHOBHBIC CHTHAIBI, OMPEICISIONINE
Hayajo M OKOHYaHUE (a3, U MOPAJOK UX MPOoxXoxkaeHus. Ecnu ycTpoHCTBO MMEeT HECKOJBKO pa3iny-
HBIX P&KUMOB PAa0OTHI, TO KaX/IbIi PEKUM JOJDKEH OBITh OMMCAH OTAEIBHO € YKa3aHUEM I0JI0KEHHH
OpraHoB YIPaBJICHHS OMPEACISIOMUX KX bl pexkuM. O003HaYeHHS BBIBOIOB (DYHKIIMOHAJIBHBIX 3JIe-
MEHTOB YKa3aHHBIX Ha MPUHLUIIMAIBHON CXEME U MCIOJb3YEMBbIX IIPU OIUCAHUU CXEMBI JOJDKHO IOJI-

HOCTBIO COOTBETCTBOBATH MX 0003HAUYECHHIO B pasaciic OnnMcaHue DJIEMCHTHOM 0a3bl.



3 DyekTpUYecKHii pacdyeTsbl

3.1 Daexkrpuyeckuii pacyer

DJEeKTPUUECKUE PACUETHI BHIMOIHSIOTCS H 0(OPMIISIOTCS B COOTBETCTBHH C METOIMYECKUMU yKa-
3aHUSMU JUIS CTYZCHTOB I10 BBITIOJHEHHUIO AIIEKTPUYECKUX PACUETOB KYPCOBBIX U JUIIJIOMHBIX TPOEKTOB.

- Mcxonuble naHHBIE [UIA 3JIEKTPUYECKOTO pacyeTa, a TaKXKe pPe3yJbTaThl pacdyera JOJDKHBI Mpel-
CTaBISITHCS B €AMHUIIAX U3MEPEHUS OOIIETPUHSATHIX IS IPAKTHYECKOTO YKa3aHHsI U UCTIOIb30BaHUSI.

Bce anexrpuueckue pacuetsl npousBogaTcs B cucteme CHU ¢ ucmonb30BaHueM ClIeTyonuX elu-
HUI] U3MEPECHUS:

Tok I - amnep, A

Hanpsioxenne U - BossT, B

Bpewms t - cekyHna, ¢

Yacrora f - repi, '

Comnpotusnenue R - om, Om

Emxocts C - dapan, ¢

[lepen BBIONIHEHHEM pacueTa UCXOIHBIE JaHHbIe mepeBosiTes B cuctemy CU, a mocie nposene-
HUS pacueTOB Pe3yNbTaThl IPeoOpa3yoTcs B OOIEHPUHATHIC IPAKTHYECKUE SMHULIBI H3MEPEHUSI.

DNEeKTPUUECKUM pacueTaMm IMoJJIeKaT BCE CICAYIONINE KOMIOHEHTbI IPHHLIUITHAIBHONW CXEMBI:

- MyJIBTUBUOPATOPHI U TEHEPATOPHI, KAK B HHTETPAJIbHOM, TaK M TUCKPETHOM U CIIOJIHEHUU;

- MOHOBHOPATOPHI, KIYIIUE MYIbTUBUOPATOPHI U (OPMHUpPOBATENM WUMITYJIBCOB 3aJaHHOW [TH-

TEJIbHOCTH;

- uHTEerpupyomue, rudpdeperHuupyromme u nepexoansie RC menu;

- KITIOYM Ha OWIOJSPHBIX TPAH3UCTOPAX C MPOU3BOJIHHBIM BHIOM HArpy3Kd B IIEMH KOJUIEKTOPA
(pe3ucTopbl, 0OMOTKH pesie, CBETOIUOIBI).

PacueT Kax/10T0 3IEKTPHUECKOTr0 KOMIIOHEHTA MPOU3BOAUTCS OTJEIBHO MO CBOUM MOPSIKOBBIM
HOMEPOM.

Pacuer kaX10ro KOMIIOHEHTa HAaUYMHAETCS C MOSCHSIOMIETO PUCYHKA, UCXOAHBIX JNAHHBIX, U 3a-
KaHYMBAETCS] PACCUNTAHHBIMH 3HAUCHUSIMH PAJIMO3IEMEHTOB, HyMepalus U yCIoBHOE 0003HauUeHHE pa-
JMOBJIEMEHTOB JIOJDKHO IMOJIHOCTBIO COOTBETCTBOBATh MX 0003HAUEHUIO M HyMepallMM Ha MPUHLUIU-
aIbHOU cXeMe.

3.2 Pacuer 0s10ka nuTaHUA

Pacuer Omoka mUTaHUS TMPOU3BOIUTCS TOJBKO B TOM Cilydae €ClM NpeilaraeMoe yCTpOHCTBO
NpeJHAa3HAYCHO VI SKCIUTYaTallii B CTAllMOHAPHBIX YCIOBHUSX U MUMEET CaMOCTOSTENbHBIA HCTOYHHUK
NUTaHUsA. B TPOTHBHOM ciydae B 3TOM pasjielie MPOU3BOIUTCS pacyeT MOTPedIsieMON MOIIHOCTH
YCTPONCTBOM, HaNpspKEHUE MUTAHUS U €ro UCTOYHUK. [Ipu Hann4re caMoCTOsITeIbHOTO MCTOUYHUKA TTH-

TaHUS AOMOJHHUTCIBHO IMPUJIAracTCsa CXeMa O110Ka IIMTaHHUA, BBI6I/IpaIOTC}I 1 000CHOBBIBAIOTCS: THII
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TpancopmaTopa, PUILTPYIONIFE KOHIECHCATOPBI, CTA0MIN3ATOPBl U MPOYHE PATHOIIEMEHTHI, UCTIONb-
3yeMbIe B OJIOKE MTUTAHMSL.

3.1.1 HanpsixkeHue (pa3HOCTh NOTEHIMAJIOB)

- XapaKTepHU3yeT UCTOYHUK SHEPreTUUECKON IHEPruu, MpeJHA3HAUYCHHBIN JIUIs MUTaHUs pa3-

JINYHBIX DIEKTPUUECKUI YCTPOMCTB;

- ycroBHOE 00o3Hauenue — U;

- enuHUIBI 0003HaYeHHS — BOJIBT (B).

B mmudpoBoii cXxeMOTEeXHUKH JJisi MATAHUS TU(POBBIX YCTPOUCTB MCIIOJIB3YIOTCS HCTOYHU-

KU TIOCTOSTHHOTO TOKa C HanpspKeHUeM, Kak mpaBuio, He 6osee 30 Bonbt

3.1.2 DiexkTpu4YecKHMil TOK — HAIpPaBJIEHHBIA MOTOK 3apsHKEHHBIX YACTHIL] MPOTEKAOIIUX OT
00JIBIIIOTO TIOTEHIIMAJA K MEHBILIEMY, XapaKTepU3yeTCs CUIIOHN TOKa.
- ycloBHOE 0003HaueHue — I;
- enuHUIBI 0003HaYeHHST — amriep (A).
Muamiep (MA)
MUKpoamrep (MKA)
- cBa3b 1 A=10° MA=10° MKA
IMkA=10" MA=10° A
B 1n¢poBoii cXeMOTEeXHUKH CHJIa TOKa MOJKET JISKATh B IIMPOKHUX Ipeesax oT MKA 710 A B 3aBUCUMO-

CTH OT CJIO’)KHOCTHU IIU(PPOBOTO YCTPOKUCTBA.

3.1.3 ConpoTtusiieHue (pe3ncTop) — IpeIHA3HAYECH AJI YMEHBIIECHNS BEIMUUHBI IPOTEKAIOIIETO
TOKA.

- ycroBHOE 0003HaueHue — R;

- enuHUIBI 0003HaYeHHS — OM (OMm).
KkiioM (KOm)
merom (Mom)

- cBa3b 1 A=10° kOm=10° MOm

IMOM=10" kOM=10° Om

JIOTIOTHUTENBHOM XapaKTepUCTUKON PE3UCTOPOB siBisieTcss MoutHocTh P, P=U*1. Momnocts nzme-
psiercs B BaTTax, MPH 3TOM HEOOXOIUMO HAmpspKEHHE M3MEpSATh B BOJIbTAX, a TOK B ammepax. Moi-
HOCTb PE3UCTOPA BCErJa HEOOXO0IMMO BBIOMpATh C 3aI1acoM IO CPaBHEHHIO C MOIIHOCTBIO, MOTpebIsie-
MOH B CXeMe.

B 1iudpoBoii cxeMoTeXHUKE UCTIONIB3YIOTCS CIeIyIOIINe 3HAaYeHUSI MOIIIHOCTEH pe3uCTOPOB.
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— [ — 1Br
—{ I 1 }— 2Br
—{—F— 05Br
0,0625 Bt
0,125 Br
0,250 Br

Pucynok 1 — O6o3HaueHne pe3uCTOPOB
3.1.4 3akon Oma U=I*R. IIpu pacuerax ncnoJb3yroTcsi €AMHULBI U3MepeHus: BoabT, OM, AM-
nep.
Ecnu kakast — TO U3 BeMYUH 3aJaHa B JIPYTUX €IMHUIAX U3MEPEHHUs, €€ HEOOXO0IMMO MEPEBECTH B
Ka3aHHbIe eAMHUIBL. 3ak0oH OMa UCToNb3yeTcss B HU(PPOBOM CXEMOTEXHHUKE KakK MpPaBUIIO JJIS pacueTa

TOKa U COIIPOTUBJICHUS, TAK, KaK BEJIMYMHA YalllC BCCTO ONPCACTIACTCA HCTOYHUKOM MMUTAHHUA.

3.1.5 EmMKocTh (KOHIEHCATOpP) — ONpeAessieT BeMUYMHY 3apsaaa, KOTOPYIO CHOCOOEH MOMy4YHTh
JAHHBIA 371eMEHT. McXoasl U3 3TOro KOHJAEHCATOp MOCTOSHHBIM TOK HE MPONYCKAET, a IPOIYCKAET me-
PEMEHHBIH TOK WM MEPEMEHHYIO COCTABISIONIYIO 3JIEKTPUUECKOT0 TOKa. [[poMbleka

- ycnoBHOe 00o3HaueHue — C;

- enuHUIBI 0003HaYeHMS — dapana (D).
Mukpodapana (MkD)
Ha"ogapana (HD)
nukodapana (nd)

- cBa3b 1 ®=10° Mx®=10° ud = 10"? nd

In®=10"° Mx®=107 ud = 101> ®
JIOTIOTHUTENBHON XapaKTepUCTUKON KOHJAEHcaTopa sBIIsieTCs paboyee HampspkeHue. PabGouee

HanpsDKeHHE KOHJICHCATopa JIOJHKHO OBITh OO0JIbIIIe, YeM HANpsDKEHHE B CAMON CXeMe.

3.1.6 IlocTosiHHAsA BpeMeHM — BEJIMYMHA, [T0OKa3bIBarolas cBsA3b 3HaueHud R u C ¢ BpemeHem
3apsiia KOHJIEHCATopa.

- YCIIOBHOE 0003HAaYEHUE — T;

- eIUHUIBI 0003HAYCHUS — CEKYH A (C).
MUJUTUCEKYH/Ia (MC)
MHUKPOCEKYHJIa (MKC)
HaHOCEKyHJa (HC)

- cBa3b 1 ¢=10° mc =10° Mxc = 10° uc

l1uc =107 Mxc=10"° mc = 10”¢c
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[Tpu 3amanuu 3nauenuii u C - T onpenensiercs mo Gopmyse
1=R*C
ITpu sToM 3HaueHue R ykaspiBaercs B OM, 3nauenue C B ¢apagax, Toraa 3HaueHue OyieT B CeKyH-

Jax.

3.1.7 Ilepnoa — OCHOBHAsl XapaKTEPUCTHKA MIEPUOJIUUECKOTO CUTHAIA — MUHUMAJIbHBII MHTEPBAJ

BPEMEHHU 4epe3 KOTOPBIN (popMa BBIXOTHOTO CUTHANIA TIOBTOPSIETCS.

U

Pucynoxk 2
- ycnmoBHOE 0003HaueHue — T;

- ¢MHUILIBI 0003HAYEHHS — C, MC, MKC, HC.

3.1.8 Yacrora — BenuuuHa oOpaTHasi MEPUOJY, TOKA3BIBAET CKOJIBKO MEPHOJO0B HAXOIUTCA B
€MHUIBI BPEMEHHU.
- ycroBHOE 00o3HaueHue — F;
- enuHUIBI 00603HaYeHHs — repi] ([').
kuorepi (kI'm)
merarepil (MI ')
-cBsi3pb 1 T =10° k' =10 MTI'p
1 MI'n =107 k' =10° I'ng
3.1.9 CkBa:KXHOCTb — BEIMYMHA, ONpPEICIAIONias OTHOLIEHHUE JUIMTEIIbHOCTU MEpPUoaa K JJIH-
TEIbHOCTH UMITYJIbCA
- ycroBHOE 00o3HaueHue — Q;

- eMHULIBI 0003HaueHUs — Oe3pa3mMepHast.

tu
> <

> <
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Pucynok 3
tu — JJIATCIIBHOCTh UMITYJIBCA
tn — JJIATCIIBHOCTD 1Tay3bI

T t, +t,

q—z—t— (1)

u
Ecnu ckBaxkHOCTh q=2, TO JJIUTETBHOCTH ty M ty OJIMHAKOBBI
Ecmm, To ckBaxknocts Q>2, npu ty >t , Q<2,

Munumanvnoe 3navenue Q cmpo2o 6onvuie eOUHUY b

3.1.10 IToporosoe Hanmpsi’keHHe — BETMYMHA BXOJHOTO HAINIPSDKEHUS, TP KOTOPOM IIPOUCXOAUT
NEPEKIIIOUEHUE 3HAYEHUH BbIX010B MUKpocxeM u3 0 B 1 1 HaoO60poT. Eciu Ha BBIXOJE MUKPOCXEMBI
HanpsDKeHHUE YyTh OOJIbIIE MOPOTOBOT0, HAa BHIXOJIE MUKPOCXEMBI OyZeT Jloruyeckas equHuna. Ecimu
’Ke HanpsHKeHHE Ha BXOJIE MEHBIIIE TIOPOTOBOTO, HA BBIXOE OYAET JIOTUYECKH HOJIb.

BennunHa moporoBoro HanpsKEH!Us ONPENENIETCsS TUIIOM JIOTUKHU:

TTJI moruka U, = 1,5B

MOII noruka Uy = Uur\2 B

rae U — HanpsbKeHue nmutanus, kotopoe 1t MOIT noruku MoxeT ObITh OT 3 10 15 BOJBbT

U - mOpOoroBoe HalpsiKeHue

3.1.11 Bce pacueTHbIE 3JEKTPUYECKUE BETMUMHBI B IIM(PPOBOI CXeMaTeXHUKE 3a/1al0TCsI B y100-
HOM JUTsl pabOTHI BHJIE M COOTBETCTBYIOUINX €AMHULIAX U3MepeHus. [IpHu BHIOTHEHUH pacyeToB Bce
enuHUIBl epeBosTesa B cuctemy CU: BonbT, amriep, oM dapana, cekyHaa, repu. Ilocie BoimonHe-

HHA paCUCTOB BbIXOJHBIC 3HAUCHUA TICPCBOAATCA 06paTHO B YIIO6HBIG CANHUIBI U3MCPCHUA.
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3.2. RC uenu.
3.2.1. OcHoBHBIE CBeICHUS.

RC uenu npeaHa3HayeHsbl A1 GOPMUPOBAHUS UMITYJIBCOB OJTHOW (OPMBI U3 UMITYJIBCOB APYron
¢dopmsl. [lepexoansie mporecchl B RC LEmsx MpOTeKaroT MO OJHOMY OOIIeMy 3aKOHY, U OIpeesseTcs
npousBeneHrueM R-C, Ha3pIBa€MbIMU IIOCTOSIHHOM BpeMeHHU 7. il onpeaeneHus IOCTOSIHHON BPEMEHHU T
B cucteme CU nomip3yroTces caeayouuMy COOTHOLIEHUSMU:

7(c)=R (MOwm) - C (Mk®D),
7(mc) =R (kOm) - C (MkD),
7(Mkc) = R (MOm) - C (nD).

[Tepexoanbie mporecchl B RC 11Ny OMUCHIBAIOTCS (PYHKITUCH:
— U . —t/‘[ 2
Ur=U-% )

rae t — TeKyiiee Bpems,
T — IIOCTOSIHHAs BPEMEHH,
U — BxoaHoe Hanpspkenue uist RC nenw,

Ut — BBIXOJHOE HAIPSDKEHHUE,

x_t/ ! — ocHOBaHME HaTypalbHOTO Jorapudma, £ = 2,718 B creneny - /7.

Teopernyecku uIs 3apsja KOHAEHcaTopa TpedyeTcst 6eCKOHEYHOE BpeMsi, Ha TPAKTHUKE e CUU-
TAIOT BpeMs, B 3aBUCUMOCTHU OT JOMYCTUMOM TOYHOCTH, 00bI4HO 710 SR-C. 3a yKa3aHHOE BpeMs IPOLIEHT

OT MOJIHOI'O 3apdaa KOHACHCATOpA COCTABUT:

K (RC) %
1 63

2 87
2,3 90

3 95

5 99

[Tpu mpoexkTupoBaHuM HU(POBBIX YCTPOHCTB st pacueTa RC 1ienel nCHoab3yeTcsl oJydeHHas

u3 cootHomeHus (1) popmymna:

t=RC- M U” (3)

UU,

rae Uy — HaMpsKCHUEC 10 3aBCPIICHUTO MEPEXOJHOTO ITpOoIECCa,

U, — HanpsKeHHUE cpa3y M10CIIe BKIIOUEHUS,
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U — HanpskeHUe B IPOM3BOJIBHOE BPEMsI B TEUEHHE MIEPEXOIHOTO Mpoliecca,

£, — HaTypaJIbHBIN JOTAPUPM.

3.2.2. Indpdepennupyomme nemnu.
Juddepenuupyromue RC enu B OCHOBHOM HCIONIB3YIOTCS VISl BBIICTICHUS TepeiHero (hpoHTa
BXOJJHOTO CHTHaJa - (POPMHPOBAHUS KOPOTKOTO UMITYJbCa MO TMepeaHeMy (GpOHTY BXOJHOTO UMITYJIbCa

HpOPI?;BOJIBHOfI JJINTCIIBbHOCTH.

[
Usx R |:| %S Dy Uswix

DPucshrore 4
oL X1V ITOUIN T
Ug 4
|-
Uswix Tt
| |
| |
| |
O e
> ¢

-

Pucynox 5
Pabounm siBIIsieTCs IEPBBIN BBIXOJHON UMITYJIBC ITOJIOKUTENBHBIN, OTPULIATEIbHBIA UMITYJIbC
HE HMCIIOJIB3YETCS U JUI UCKITIOUEHHSI €0 BPETHOTO BO3ACHCTBHS Ha pabOTy MUKPOCXEM HX YOUPAIOT ¢
IIOMOILIBIO JUOJIOB.
Jlnst pacueTa ATUTEIHHOCTH BBIXOJHBIX UMITYJIBCOB MOJCTaBisieM B Gpopmyny (2) 3nauenus Uy
=0, Ui=Us,, U: = Unop, B pe3yabTaTE NMOIYy4acM

Unop — IOPOTOBOE HAMPsHKEHUE, MEepeKiitovaroiiee Harpy3ky u3 1 B 0.
(4)

JUIMTEBHOCTD BBIXOIHOTO UMITyJIbca u3mepsiercs Ha ypoBHE Urep

[Ton pacuerom muddepeHIUPYIONIEH Eeny MOHUMAETCS: 10 3aJaHHBIM MCXOIHBIM JTAaHHBIM pac-
cuutath Tpedyemble 3HaueHus R u C.

HcxonHble nanHble:

Usx - BXOJIHOE HAIIPSDKEHUE WK HAIPSDKEHUE MUTaHUsA cxeMbl. ONpenesseTcs o CXeMe.

g noruxu TTJI Uex=5 Bonst, 11 noruku MOIT Usx paBHO HaIlpspKEHUIO HCTOYHMKA IUTAHUS U

MOJKET JIeXKaTh B Iipeaesnax ot 3 1o 15 Bonbrt.
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Utop - IOPOroBO€ HAIPSKEHUE

quist Toruku TTJI Upep =1,5B

st 1orukd MOIT Upop= Ugx/2

Ipas - BEIOMpaeTcst U3 ydera orpaHudeHus BxogHoro Toka RC 1enu, HO He 0oJiee MAaKCHMAIIBHOTO
BO3MOKHOT'O BXOJHOTO TOKa

ty JUIMTETBHOCTh UMITYJIbCA - ONPEAEISAETC U3 ONucaHus cxembl. Ecnu 3HaueHue t, He yKa3aHo,
ompenensercs no hopmyne

MIPU U3BECTHBIX (3aJaHHBIX B cxeme) 3HaueHusix R u C.

Hamnpumep

noruka TTJI, R=10 kOm, C=0,01 mkd,

ty =10- 10°-0,01-10°° -Ani =100-1,2-10 =120mc

b

Pacuer HaumHaeTcs ¢ ompenencHus 3HadyeHHs HOMHMHana R. B Hawane omnpepnensercs R MuHu-

MaJIBHOC.

BX

U
= , IIOCJIC Y€ro BBI6I/IpaeTCH R MMPaKTUYCCKOC.
pab

min

R,, >R, W3 psana IONYCTUMbIX HOMUHAIOB Ryp BoIOMpaeTcs Tem Gosblie, yeM Gombuie ty

3.2.3 UHTerpupymoomme nemnm.

WHTerpupyromue neny UCIoIb3YIOTCs IS 3aJIep>KKA BXOJHOTO UMITYINIbCa, (POPMUPOBAHUS JTH-
HEIHO M3MEHSIOUINXCS HANPSHKEHUN B PA3IMUHBIX YCTPOWCTBAX BBIYMCIUTEIBHOH, IIUPPOBOH, TENCBU-
3MOHHOU TEXHUKHU.
Jlnst pacueTa BpEMEHHU 33A€P’KKH BXOJHBIX UMITYJIbCOB MOJCTaBiIsAeM B Gpopmyny (2) 3HadYeHUs
Urc = U3ap, UH = 0, Uz = Unop,
U
t3=RC-n—22— (5

Uu -U
BX nop

Bpems 3a1epKku BXOJTHOTO UMITYJIbCa OLIEHUBAETCS Ha YPOBHE Upgp, IEPEKIIOYAIOIIEE HATPY3KY

m 0B 1.

Usx —__C

U6 blX

Pucynox 7
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Ugc 4
Usuix "t
|
Unop
> 1

Pucynox 8

HO,Z[ pacucToM I/IHTGFpI/Ip}/IOH_[eﬁ O IMOHUMACTCA: IO 3aJaHHBIM UMCXOAHBIM JaHHBIM CUHUTAThb

3HaueHus R u C.
Wcxonnreie naHHBIE
Unop
Usx aHasornyHO MU dHepeHIUPYONIeH IIENoYKe
Ipa6
t; — BpeMs 3a/IepKKHU BXOJHOTO CUTHAJIa OMpeAeNsieTcs U3 onucaHusi cxembl. Eciau 3HaueHue t;

HE YKa3aHo, ollpenesercs no Gopmyiie 5 mpHu U3BECTHBIX (331aHHBIX B cxeMe) 3HaueHusX R u C.

3.3. I'enepaTopbl NPSIMOYT0JILHBIX HMITYJIbCOB (MyabTHBHOpaTOopsl) Ha UMC.

3.3.1. OcHOBHbIE CBe/ICHUS.

I'1aBHBIMM XapaKTEPUCTUKAMHU I1OCIEA0BATEIBHOCTH IIPMOYTOJIbHBIX UMITYJIbCOB SIBJISIOTCS:
ty — INIMTEIBHOCTD UMITYIIbCA,
tn — INIMTEIBHOCTD IIPOMEXYTKA MEXK Y UMITYIbLCAMHU,
T = t, + t, — nepuoJ NOBTOPEHUS UMIIYJILCOB,

1

f = ? — HacCTOTa MMIOBTOPCHUA UMITYJILCOB,

T

O = — — CKBOKHOCTh UMITYJIBCOB.
tu

ITon pacueToMm reneparopa MpsIMOYTOJIBHBIX UMITYJIBCOB IO/Ipa3yMeBaeTCsl BHIOOP TUIIOBON CXe-
MBI T€HEpaTopa B 3aBUCUMOCTH OT THUIIA HUCIIOJIb3YEMOW JIOTUKH U pacueT HoMHHaNoB R u C, ynoBie-

TBOPSIIOIINX UCXOHBIM JIJaHHBIM JUTSI pacdera reneparopa f u Q.
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B 3aBucumoctu ot BbiOpanHoit oruku KMOII, TTJI ucnonp3yroTcsi pa3Hble TUIIOBBIE CXEMBI.
3t0 00ycnoBieHo TeM, uto y soruku TTJI no cpaBHenuto ¢ jgorukoir KMOII BXogHOE conpoTHBICHNE

9JICMCHTOB ropaso MCHbIIC U HC OAUHAKOBO IO BEHICOKOMY U HU3KOMY YPOBHIO.

3.3.2 Myastusuéparopsl Ha KMOII noruke.
bnaronaps mpocTtoTe U XOPOIIMM SKCIUTYaTallMOHHBIM XapaKTepUCTHKaM JUIsl MYJIbTUBHOpATO-
POB B OCHOBHOM Hucnofb3ytorest anementsl: 1 — HE, MJIM — HE. HaunGonee yacto ucnonb3yercs cie-

IyIOIIas TUIIOBasi cXeMa MyJbTHBHOpaTopa:

|1
RZH] R]

& P ° L & o 2L1YNA

D11 Pucynok 9 p;,

JlanHas cxeMa MyJIbTHUBHOpaTOpa He MpeaycMaTpUBaeT BHEIIHEE yIpaBleHHEe U (GopMUpYeET mo-
CJIEJOBATENBLHOCTh UMITYJILCOB CO CKBAKHOCTBIO Q = 2.

Jlnst BHEWIHEro yrpasiieHHsl paboToil reHeparopa, HE0OXO0AUMO Pa3OMKHYTh BXOAbI D;; U Ha
OJIMH M3 BXOJIOB MOJAaTh CUTHAJ, pa3pelarouii paboty reaeparopa (1 ).

Jlnst hopMupOBaHMS TOCIIEAOBATEILHOCTH UMITYJIBCOB C 33/IaHHON CKBaXHOCTHIO Q# 2, Heo0Xo-

JUMO BMECTO R, NoACOCANHUTD CICAYIOMIUC 3JICMCHTBI:

R
N —
L
— 9 o——o
R;>
— PlicyHGx1H

B sTom ciydae 3apsa u paspsin KoHaeHcatopa OyJeT MPOMCXOIHUTH MO Pa3HBIM LIETSIM U €CIU
Rii#Ri2 1Ot # th

ITpu pacyere MynbTUBUOpATOPA UCHIOIB3YIOTCS CIEYIOIUE (POPMYIIBIL:

T=ti+t,, (6)
U

ty=—11M—"F (7)
Un+Un0p
U,-U

tn=—1p M——"F (8)
2Un_Un0p

FIIC’L']:R],]-C], TZ=R1.2'C1,

U, — HatpshKeHue UTaHus,
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Unop — IOpOTOBOE HATpsDKEHUE TIpH niepexoae oT 0 u 1 u oO6paTHoO.

Ecrm Q=2,10 1 = 2Uu R11=Ri2=R;.

Kak nmpaBuiio, s GonpmnHcTBa MUKpocxeM KMOM [J nop = %
unpu Q=2
I'=22-R;--C; (9)
Bb160p KOHKpETHBIX 3HaYeHUI HOMUHANOB R; u C; OTpaHUYeH:
R; =10 kOMm =+ 5 MOwM, C; =100 0® + 1 MxD.

Bepxuuii npenen eMKOCTH M HIWKHHNA MPeJeNl COMPOTUBIICHUSI 00YCIOBICH MaKCUMAJIBHO JIOIY-
CTUMBIMU 3HAYEHUSMHU BBIXOJHOIO TOKa MUKpocxeM. HikHuil npenen eMKOCTH U BEPXHMIM Ipenen pe-
3UCTOpPA — BIUSHUEM M1apa3UTHBIX EMKOCTEN U CONIPOTUBIIECHUI.

Comnportusinenue R; BeiOupaercs B npenenax 2R; < R> < 10 R;. R> npeHa3HayeH i OrpaHHye-

HUS TOKa pa3psiKu KOHAeHcaTopa U popMupoBaHus 0ojiee KPyThIX (PPOHTOB UMITYIIHCOB.
Pacuer myabTHBHOpaTOpA.

HcxonHble JaHHbBIE 7S pacyeTa:
f—dacToTa MOBTOPEHHUS UMITYJILCOB,
Q — CKBa)XXHOCTb UMITYJIbCOB.
Ecmu Q =2 nnst pacuera R u C MOKHO BOCTIONB30BaThest popmynoii ( 8 ). Torma
0,46
f

C yueToM orpaHMyeHHs TOKa paspsija KoOHAeHcaTopa BeioupaeM R; u no gopmyne (9) Haxonum

Ri-Ci= : (10)

C; . Eciu C; mexuT B JOIMyCTUMOM JHana3oHe, pacueT OKOHYEH. B mpoTHBHOM ciy4yae BeIOMpaeM Ipy-
roi somuHain R; v vaxomoum Cy .

[Tocne storo BeiOupaem R2, 2R; <R>< 10 R; . Eciau Q # 2, mopaa0K pacyeTa TaKou:
1 T
Haxomum: mepuon I'=—, ¢,=—, thn=T -1,

f 0

BriOupaeM HanMeHbIIee 3HAYCHUE U3 1y , I .
Hcnons3ys onny u3 ¢popmyin ( 6 ), ( 7 ) HAX0IUM COOTBETCTBYIOLIEE 7, HAIPUMED 7]

BeiOupaem u3 ydera orpaHUueHUs TOKa 3apsia KoHaeHcaropa R;.; u o hopmyie

Ci= %1 wnaxoaum 3xauenue C.
Ri1.1

Hanee o popmyne ( 7 ) HaxoauMm 72 u 1o Gopmyne R; 2 = 72 - C; HaxoquMm R; ».
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[Tocne storo BeiOupaem R - max (R;.7, R;2 )< R> <10 max (R;.1, R;2 ). Ha aTom pacuer renepa-

TOpa 3aKOHYCH.

3.3.3 MyasTuBudparopsl Ha TTJI noruke.
Tak ke xak u B myiabTuBuOparopax Ha KMOII noruke, B mynsTuBuOpaTopax Ha TTJI poruke B
OCHOBHOM Hcnonb3ytotes anementsl: 1 — HE, NJIN — HE, HE. Haubonee yacto, B cuity cBoei mpocTo-

ThbI, UCIIOJIB3YIOTCS CICAYIOIIUC CXCMBbI:

- R —

DDy DDj DD 3 DD, DD, DD,
1 1o 16 [ 10 10 1P

|¢ |¢
| I

Pucynok 11

Ponb pe3ucropa R> BcoMoraTenbHas, OH CIIOCOOCTBYET BBIPABHHBAHUIO WHTEPBAIOB MMITYJIbC
nay3a U yBeJITMUEHHUIO KPYTH3HBI (PPOHTOB UMITYIHCOB. BbIXo1HOU AmeMeHT DD; 3 CIYKUT JUIsl pa3BsA3KU
reHepaTopa OT HArpy3Kd U yaydlleHus: (GOpMbl BBIXOAHBIX UMITYIbCOB. Bpems 3amaromieil nenbro rete-
patopa sBisiercs 7= R; - C; . B cBsI3U ¢ HU3KUM BXOJHBIM cornpotuBiieHueM joruku TTJI, ansa ycToit-
YUBOCTH paboThl reHepaTtopa R; BeiOuparot B npenaenax 300 Om < R; < 680 Om.

[IpumepHOe 3HAUYEHHE NEpUOJA TeHEpalUU IMPH 3THUX YCIOBUAX OMpenensercs mo Qopmyne:

T=24-7=24-R;-C;.

YKa3aHHBIE BBILLIE CXEMBI UCIIOJIB3YIOTCS IPU CKBAXKHOCTH (O = 2.

[Ipu ckBaxkxHocTH Q # 2 MOKHO UCIOJIB30BATh CIEAYIOUIYIO CXEMY.

D

] .
| ad| & (\J: a ~
V? DT ~
~~ IA
Rr I\_E R |~

DD

|
174 ? "
1

Huonst VDj, VD: sBiAroTCcs 3allUTHBIMUA. [IpyM MX OTCYTCTBMHM OTPHULIATEIBHBIE IIEpenabl Npu

Pucynok 12

nepe3apsiike KOHJAeHCaTOpa MOTYT BbIBECTH 37ieMeHThl Dy .1, D12 u3 ctpos. Dnementst D11 u D12 npen-
CTaBISIOT c000¥ MynbTUBUOpaTOp. DneMeHTsl D13, D14 SABIAIOTCS 1ENbIO 3amycKa, eCly Mpu BKIIIOYe-
HUM ycTpoiicTBa 00a snemenTa D11, D12 OkaxyTcsi OTKpBITBIMU. BpeMsi 3a1aroiumMu ensiMu SBISIOTCS
=R/ -C2, 2=R>-C.

[Tepuon xosnebanust MyJIbTUBUOpATOpA:
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T=t+1,
€ ¢; — JUINTEIBHOCTD NMITYJIbCA,

{2 — JIMTCIILHOCTh MMPOMEXKYTKA.

Takum obpazom

T:(Rl'CzﬂLRz'Cl)'MEa
Un
rae U — makcuManbHOE HalpsHKEHUE BBIX0JJa MUKPOCXEM.
U, — IoporoBoe HanpsKeHue, Ipu KOTOPOM BBIXOJ MUKpPOCXeMbI niepekitouaetcs ¢ 0 Ha 1.
B o6mem ciyqae BenmunHa U 3aBUCUT KakK OT UCIIOJB3YEMBIX MUKPOCXEM, TaK U BETUYUH PE3U-
CTOpPOB R/, R> .
Jlnst mpubIKeHHBIX pacyeToB MoxkHO cuutate U=4 B, U, = 1,5 B.

Cama meroauka pacuera MyiabTuBHOpaTopa Ha TTJI Joruke aHanoruyHa pacyety MyJlbTUBUOpa-

topa Ha KMOII noruxke.
3.4. DJIeKTPOHHBIE KJIIOYHM M JMMHUTEPHbIe IOBTOPUTEIN HA OUNOJIAPHBIX TPAH3UCTOPAX.

Vcnonp30BaHue 3JEKTPOHHBIX KIIIOYEH U AMMHUTEPHBIX IIOBTOPUTENCH B IIU(PPOBBIX YCTPOUCTBAX
00yCIIOBJICHO HEOOXOAUMOCTHIO:
e (CornacoBaHus N0 TOKY U HalPsSYKEHUIO BXOHBIX JIOTHUECKUX CUTHAJIOB C BBIXOJAHOM
Harpys3Kou;
e HecrangapTHoro npeoOpazoBaHusl JOTHUECKUX CUTHAJIOB, HE pEaln3yeMoro Uu(ppOBBIMU
MHUKpPOCXEMaMU;

e VBeauueHUs MOIITHOCTH BbBIXOJHOI'O CUT'HAJIA.
3.4.1. D1eKTpPOHHBbIE KIHYH.

Kirou komuTHpyeT (BKJIIOUAET U BBIKJIIOYAET) YYaCTKHU 3JeKTpuueckol uenu. Ero nelictBue oc-
HOBAHO HA TOM, YTO BO BKJIFOYEHHOM COCTOSIHUU OH 00JIa1aeT OYeHb MaJbIM,
a B BBIKJIFOYCHHOM COCTOSIHMM BeChbMa OOJIBIIIMM COTIPOTUBIICHHEM. B KIIIOUEBOM peKHMe TPaH3UCTOP

OOBIYHO BBIKIIFOUAETCS TI0 CXEME C OOIIUM IMMHUTEPOM.
+Ex

Rk

Re
G_
UBX UBBIX




Pucynoxk 13
Kittou MoXeT HaX0UThCA B OJTHOM M3 JBYX CTAllMOHAPHBIX COCTOSIHUMN:
® BO BKJIFOUEHHOM (PEKHUM HACBHIIICHUS);
® B BBIKJIIOYEHHOM (PEKUM OTCEUKH).

PesxuM HacbIlleHUs] BO3HUKACT IpU MOJIOKUTCIILHOM BXOAHOM HAIPsOKCHUH, €CIIU CO3daBac-

MBIl UM 0a30BBIi TOK YAOBIETBOPSET YCIOBHIO:
16 : ,B > IKH
rae Is — 0a30BbIH TOK;
L, — TOK HaCBILEHUS KOJUIEKTOPA;
S — ko3 durueHt ycunenus: 6a3oBoOro Tokxa.
E=1Lu R+ Us
Kax nmpaBuiio, /uist TpaH3UCTOPOB HAMPSHKEHUE MEXKIY KOJUIEKTOpoM U smmuTepoM (Ue) B pe-
KUME HachIeHHs BechMa Maio (> 0,4 B), mOATOMY B MOAABIISAIONIEM OOJILITHHCTBE PACYETOB UM MOXK-
HO mpeHedpeyb, TO eCTh
E= 1Ly - R

PeknM_0TCeYKHM HACBIIEHHS] BO3HUKAET npu OTpHUHOATCIBHOM BXOJHOM HAIIPSKCHHUU, CCIA

OHO 0o0ecIeYnBaeT 3anMpanue SMMHUTEpHOTO nepexoaa (Ue < 0). Tak kak B 3TOM pexXUMe B LIEMH 0a3bl
MIPOXOJIUT BBITEKAIOIINIA U3 Hee 0OpaTHBIN TOK KOJUIEKTOPHOTO TMEPEX0/ia, TO YKa3aHHOE YCIOBUE 3allv-
HIeTCS:

'Uex +IK0 Rﬁﬁ 0

rne Us — abCcoMIoTHOE 3HaYeHHE OTPHULIATEIEHOTO BXOAHOTO HAIIPSKEHUS;
I — 3HaUEHUE 0OpPATHOTO TOKA ITPH MAaKCUMAaJIbHON paboyeil Temrmeparype.
B pexume orcedxu Iy = [ =
Usox =E —Iwo Rk = E
Takum 00pa3oM, s EPEKITIOUYCHHUS BBIIIE PACCMOTPEHHOTO KIltoya TpedyeTcs IByX MOJIApHbIE
HMITYJIbCBI. JIMIIEH 3TOr0 HEOCTaTKa KJIF0Y C BHEIIHUM CMEIIEHUEM, KOTOPBIA B UCXOIHOM COCTOSIHUHU
3amnepT OTPULATEIbHBIM HCTOYHUKOM CMEIEHUS £ , @ B OTIEPTOE COCTOSIHUE NIEPEKITI0YACTCS TIOJI0KHU-
TEJbHBIM BXOJHBIM CUTHaIOM. OHaKo B 000OMX 3TUX CIIydasix JJsl paboThl Kitoya TpeOyIOTCs IBYX IO-
JSIpHBIE UCTOYHHUKHM NUTaHus. [loaToMy Ha mpakTuke, pu paboTe TPaH3HCTOpPA B KIIOYEBOM PEKUME
PEXKUM OTCEYKH 3aMEHSIOT MMUHMMAJIBHO BO3MOKHBIM IIOJIYOTKPBITBIM COCTOSIHUEM KIIFOYad, COOTBET-

CTBYIOIIUM JIOTHYECKOMY COCTOSIHUIO Ug: = 0.
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Tak kKak TpaH3UCTOP SABIAECTCS UHEPLMOHHBIM 3JIEMEHTOM, TO IIEPEX0]l KJIH04a U3 OJHOIO COCTO-
SHUS B JPYroe NpOMUCXOIUT HE MTHOBEHHO, a C HEKOTOPOH 3aJep:KKOH, O0OYCIOBIEHHOW HalIUYMeM
BXOJIHOW €MKOCTH TPAH3UCTOPOB.

IlepexnroueHue KiIro4a U3 OJHOIO COCTOSIHUS B JPYIO€ OINUCHIBACTCA MEPEXOJHBIMU IIpOLEcca-

MU, YTO YUUTHIBAETCS MPU BBICOKHX YaCTOTaX pabOTHI KIIOUEH.

3.4.2 Pacuer kJIr04a Ha OUIIOJISIPHOM TPaH3UCTOpe.

1. Bb16op mo crpaBOYHUKY COOTBETCTBYIOLIETO THIA TPAH3MCTOpPA B 3aBUCHUMOCTH OT Xa-
PaKTEPUCTUK HArpy3KH (TUIA, HAIPSHKEHMUS);
2. @®opMHUpPOBaHUE JAHHBIX AJIS pacyeTa KItoua;
HcxonHble nanHble:
Uy — BXOAHOE HaIpsKEHUE, COOTBETCTBYIOLIEE JIOTHYECKOMY HYJIIO,
U1 — BXOAHOE HaNPSKEHHUE, COOTBETCTBYIOLIEE JJOTUUECKON EIUHULIE,
E — nanpspkeHue NUTaHus.
CripaBouHbIE JaHHBIE:
I60 — OOpaTHBII TOK KOJUIEKTOpA B PEKUME OTCEUKH,
Inax — MAaKCUMaJIBHBINA TOK TPAH3UCTOPA,
Liac — TOK HACBIIICHUS TPAH3UCTOPA,
Ui — HanpsiKeHue MeX Ay KOJUIEKTOPOM U SMMUTEPOM B PEKUME HACBIIICHUS
S — ko3 durueHt ycunenus: 6a3oBoro Tokxa.
3. Bri6op pabouero Toka KoJuiekTopa Ix; B peKHMe HaChIILCHUS:
IHac < IK] < [max

4. Pacuer cOnpoTHUBIIEHUS HArPYy3KH Ry

E-Ug
Rg=——"""7 (1)
Ix1
5. Br16op mpakTuyeckoro 3HaueHus R, Mo Tabiniie HOMUHAJIOB PE3UCTOPOB:
Rkn > RK
6. Pacuer TOKa 06a3bl B pe)KUME HACBHIICHUS:
Ikl
Ig1=— (12)
p
7. Pacuer Rs B pexXuUMe HACBIILICHHUS:
U
Ro = =L (13)
Io1

8. Bri0op mpakTudeckoro 3HaueHHs R, O TaOIMIle HOMUHAIOB PE3UCTOPOB
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Ron < Rs

9. Pacuer BBIXOHBIX XapaKTEpUCTUK Kitoua B pexxume Uy, U :

Pexum Up: Pexum Us:
Uso = Up: + Liso - Ron ; I BBIOpaH B yHKTE 3,
_Uéo .
[60 - B
Roén
Ui = UKS;
Lo = ,B '160;

Uiso = E - Ixo - Rin 5
HOqueHHLIe BBIXOJIHBIC XapaKTepI/ICTI/IKI/I KJIIO4Ya B pe)KI/IMe U() 8%t U] JOJIXKHBI COOTBETCTBOBATH
HaHpﬂ)KeHI/ISIM JIOTHYCCKOTI'O Hyﬂﬁ U € AUHUIIBI I/ICHOHB3yeMOI\/II JIOTHUKMH. ECHI/I COOTBCTCTBUEC HC COGHIOHa'

CTCA HCOGXOIII/IMO HU3MCHUTDH UCXOJHBIC NAHHBIC.
3.5 OMMHUTEpHBI NOBTOPUTEb.

OMMUTEPHBIA TOBTOPUTENH, B OTIMYHUE OT AJIEKTPOHHOTO KJItOYa, KOTOPbI UHBEPTUPYET BXO -

HOM cHrHaJ, MOBTOPsieT (JOpMy BXOHOTO CUrHaja. B SMMUTEpHOM MOBTOpUTEINIE HATPYy3Ka pacIoIoxke-

+E
Rg
—
UBX O
QRB

Ha B LCIIKU SMMHUTCpPA.

UBBIX

Pucynoxk 14
B smmutepaom nosroputene U, Bceraa 60mbie Us.. . [Ipu R = 0, pa3Huma Mexay BXOJAHBIM U
BBIXOJJHBIM HANPSHKEHUEM PAaBHO HANPSKEHHUIO HA OTKPHITOM SMMUTEPHOM NIEPEXOJIE, T. €. Becbma mana
(mpumepHo 0,2 B). [ToaToMy BBIXO/HOE HANpsKEHUE MO0 3HAYCHUIO U (ha3e T0CTaTOYHO OJIU3KO COBIA-
JIaeT C BXOJHBIM HAIPsDKEHHEM, YTO U 00YCIOBHJIO HAa3BaHHUE 3TOTO 3JIEMEHTa. DMMHUTEPHBIH MOBTOPU-
tenb oxBaueH 100% orpunatenbHOW 00paTHON CBSI3BIO, IOATOMY €r0 BXOIHOE CONPOTUBIICHUE 3HAYU-
TEJIBbHO BBILIE BBIXOAHOTO. IIpy pacyere SMMHUTEPHOTO MOBTOPUTENS UCTIOIB3YIOT CIEIYIOIIUE COOTHO-
LICHMSL:
Ra=Rs+R,-(f+ 1)
L=L+L=L+1l;-p=I-(1+p);
Useix = Usx - I6 - B-0,2.
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rae: Re: — BXOJHOE COIPOTUBIIEHUE YMMHUTEPHOTO MOBTOPUTEIS,
R, — conpoTUBIIEHNE HArPY3KH 3MMHUTEPHOTO MOBTOPUTEIS,
S — ko3 durment ycuneHnus 6a30Boro Toka,
I, — TOK sMMHUTEDA,
I — TOK 0a3Hl,
I — TOK KOJUIEKTOpA,
0.2 — mageHue HaNpsHKEHUsI Ha OTKPBITOM AYMMHUTEPHOM IIEPEXOJIE.

Pacuer 3MMUTEPHOr0 MOBTOPUTENS 3aKJIIOYAETCS B ONPENCIICHUH Rs; U R, NpU 3aJaHHOM BXOJ-

HOM HarpspkeHHH Uj, OTKPBIBAIOIIUM TPAH3UCTOP U TpeOyeMbIX BXOAHBIX mapamerpax Usux, 1. Up —

BXOJHO€ HAIIPSHKEHUE 3aKPBITOTO TPAH3UCTOPA CUUTAETCS PABHBIM HYIIIO.
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4. Pacuer HaACKHOCTH U3e/1UA

OO0BeM JaHHOTO pa3fensis COCTABISET
- TeOpeTHyeckas yactb 1,5 - 2 nucra

- pacuetHas yacTb B mporpamme QBASIC — NADES.BAS — 3 nucra

5.1 Teopetnueckas 4acTh AOJHKHA COZEPIKATH
- IOHATHS U OIPEIEIICHNUS [T0Ka3aTeled HaJle)KHOCTH;

- MCTOAbI MOBBIINICHUA HAACKHOCTHU.

OcHOBHEIM NoKa3zareaeM DBM sBagercs HanexHOCTh. OHA 3aBUCUT KaK OT HAAEKHOCTH UCIIOIL-
3yeMOM 37eMEeHTHOM 0a3bl, TaK U OT IPUHATHIX CXEMOTEXHUYECKUX U KOHCTPYKTUBHBIX PEUICHUH.

HaneXHOCTBh- 3TO CBOWMCTBO BBINOJHATH 33JaHHbIe (DYHKIIMH, COXpPAHSS SKCIUTyaTallHOHHBIE I10-
Ka3zaTelau B JOMYCTUMBIX Ipelesiax B TEYCHUU TPeOyeMoro mpoMexXyTka BPEMEHU M BO3MOXKHOCTD
B0O300HOBJIEHHS (YHKIMOHUPOBAHUS YTPAUCHHOTO 110 TEM WJIM UHBIM MPUYUHAM.

JIJist OIEeHKHW HAJIe)KHOCTH BBEJACHBI OHSATUS paboOTOCIIOCOOHOCTh M O TKA3.

PaGoTocnocobHOCTB- 3T0 cocTtosiHue DBM, npu KOTOpOM OHa B JaHHBIM MOMEHT BPEMEHH CO-
OTBETCTBYET BCEM TPEOOBAHMSAM, XapAKTEPU3YIOIIUX HOPMAILHOE MPOTEKAHNUE BHIYMCIUTEILHOTO MPO-
necca.

OTka3- coObITHE, COCTOSIIME B MOJHON MM YaCTHYHOW yTpaTe pabOTOCHOCOOHOCTH CHUCTEMBI.
Tak kak He BCsiIKasi HEUCIIPABHOCTh IPUBOJUT K OTKa3y, TO HA MPAKTUKE pa3IMyalOT OCHOBHbBIE U BTO-
pocCTeneHHble HEUCIIpaBHOCTU. OCHOBHBIE HEMCIIPABHOCTU IIPUBOJAT K OTKa3y, a BTOPOCTEIIEHHBIE - HE
MPUBOJIAT, HO CO3AI0T HEYI0OCTBA MPH AKCILTyaTaI[UH.

[Tpu onpenenennn Haae)kHOCTH DBM He00X0IMMO 3HATH MPOIECC BOSHMKHOBEHMS OTKA30B
YCTPOHCTB, KOH(PUTYPAIIUIO CUCTEMBI, MIOPSAJOK 0OCTY)KMBAHUSA U PEMOHTA YCTPOICTB

Bb100p KONMMYECTBEHHBIX XapaKTEPUCTUK HAAEKHOCTU 3aBUCHUT OT Buaa DBM (BoccraHaBnmBae-
MbIE M HEBOCCTaHaB/IMBaeMble). BoccranasnuBaembie DBM- OBM, koTopeie B npoluecce BbIIOIHEHUS
cBoux (pyHKIui gomyckaioT pemMoHT. Ecnu mpowusoiizer otka3 takoit 9BM, To oH BBI3OBET mpe-
KpamieHue (yHKIIMOHUPOBAHUS U3JENUs TOJBKO Ha IMEepuoj ycTpaHeHHus oTka3a. HeBoccraHaBimuBa-
embie - DBM, koTOophie 6 mpoiiecce BHIMOJIHEHUS CBOUX (DYHKIHI HE TOMYCKAET PEMOHT.

ITokazarenmu HagexxHOCTH: BeposTHOCTH 0€30TKa3HOW paboThl, BEPOATHOCTh OTKa3a, MHTCHCHUB-
HOCTB, CpeHsIsA HapaOOoTKa Ha OTKa3.

3HAUUTENBHOE MOBBIIIEHNE HAJIEKHOCTU TOCTUTaeTCs CO3JaHMEM HOBBIX 3JIEMEHTOB, TAKUX Kak
UHTETpajibHble cXeMbl. OJHAKO CYLIECTBYIOT 3JIEMEHTHI, Ha/1IEK HOCTh KOTOPBIX JTOCTATOYHO HU3Kas
U TPYAHO NOAAAETCS IOBBIMIECHUIO. [[03TOMY OIHMUM M3 pacHpOCTPAHEHHBIX IMYTEH IOBBIIICHUS

HaaACKHOCTHU ABJISACTCA BCACHUC CXE€MHOU U30BITOYHOCTH.
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CxemHas U30BITOYHOCTH MOKET OBITh HECKOJIBKMX BUJIOB!

a) CTpyKTypHOE pe3epBUpPOBAHUE - MIPEANOJIaraeT BKIIOUYEHUE B CXEMY YCTPOMCTB J10-
MOJIHUTENIBHBIX 3JIEMEHTOB, KOTOPBIE TIO3BOJISIIOT CKOMIIEHCHPOBATh OTKA3bl OTJCIBHBIX YacTei
ycTpoiicTBa M 00eCeYuTh UX HaACKHYI0 padoty. OHako pe3epBUpoBaHUe 3(PPEKTHBHO TOIBKO
B TOM cllydae, KOT/Ia HEMCIPAaBHOCTHU SBISIOTCS CTAaTUYECKU HE3aBUCHMBIMHU.

0) PesepBupoBanue 6€3 BOCCTAaHOBICHHUS - Pa3IMYaETCs 110 BULY BKIIOUYCHHS PE3EPB-
HBIX 3JIEMEHTOB (IIOCTOSIHHOE pe3epBUPOBAHUE, PE3EPBUPOBAHUE 3aMEUICHUEM U CKOJIb3AIIee pe-
3€pBUPOBAHMUE).

5.2 PacueTHas 4acTh COAEPKUT TPU OCHOBHBIX 3TaIla

Ha nepBoM 3Tamne cuuTaercsi KOJIMUECTBO JIEMEHTOB M3/IEIHS COTJIACHO MPUBEICHHOM HIKE Tab-

JIALBL 2

Tabmmuma 2

KoanuectBo
HauMmenoBanue simeMeHTa MpuMeyaHue
3JIEMEHTOB

Pesucropsl

R<=100 xOmMm

R> 100 kOm

Konnencaropsl

DNEKTPOIUTHYECKHE

Kepamuueckue

1o 0,001 mkd

ot 0,001 go 0,1 mxd

ot 0,1 Mxd mo 1 Mxd u Gosee

Mukpocxemsl

OO11ee KOJIMYECTBO CEPHi [Ipumep 561, 155, 176 u 1.1

Cepus

KoanuectBo

JIuo 161, CTAaOUITUTPOHBI

Tpansucropst

Pene anekrpoMaruutHOE K1

YCTpOoUCTBO KOMMYT

CoennHenue mankoi

[Ipuemo-ycui. Jlammsl

Tpancdopmaropsl

Hpoccenn
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Karymku HHIyKTUBHOCTH

[lepexmouaTenu S, SA

TymOneps1, KHOTIKH SB

MuKpoTyMOIIEpHhI

Pazbemsbl X, XW

DNeKTpoABUTaTEIN

[lanenu JamMnOoBbIe

Bropoii stan — 310 3aHecenue B nporpaMmmy QBASIC NADES.BAS
- YCIIOBHIA SKCIUTyaTallMK U3JIENINs
TeMmIepaTypa npu KoTopoit padoraet cucrema - 30°;
KOA(QQUIIMEHT HAarpy3KH 3JIEMEHTOB cUCTeMBI — 0,2;

- JaHHBIC COTIACHO pacyCTaM IICPBOTO STarla.

3aKIII0YUTEIBHBIM 3TAOM SIBJISIETCS BBIBOJI pacueTa Ha nepudepuitHoe yCTpOCTBO
Pacuer BBIBOOUTCS Ha TPEX JIMCTAX
Ha nepBoM ;1ucTe BHIBOAUTCH
Tabnuua «I[lomHBIN pacueT HaE)KHOCTU CUCTEMBI C YYETOM YCIOBHUH SKCILUTyaTallum.
Ha BTOpOM JincTe BHIBOAMTCH
MHTEHCUBHOCTH OTKA30B CUCTEMBI M Tabnuia «BeposTHOCTIY.
Ha TperbeM 1ucTe BHIBOAUTCH
I'padux «BeposTHOCTH 0€30TKa3HOM pabOTHl B TEUCHUN BPEMEHI.
IIpuMep BBINIOJIHEHHSI HAIEKHOCTH IIPUBENICH B IIPUIIOKEHUU

IIpumep BBINOJIHEHUS TaHHOTO ITyHKTa PUBEJEH B IPUIIOKEHUH 6

29




IMTPMJIOXXEHUA
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[MPUJIOKEHHUE 1
(Dnexrpuueckuit pacuer)
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3 Ssrekmpuyeckulii u 102udecKuli pac4émel

3.1. Pacuem uHmezpupyrowet yenu Ry Ce

qE

I:fﬁ

= T
= e

PucyHok 2 - uHmezpupyrowas yeno

VlcxoOHble 0aHHeble:

Unum=6B

Unop=3B

Imax=0,3 MKA

Tu=200 Hc

Paccuumsigaem MuHUMasibHoe conpomusaeHue Rmin, OM, uHmezpupyrowel yenu no
¢dopmyne

Rmin = Unum / Imax (1)
20e Unum - HanpsxxeHue numaxus, B;
Imax - MakcumaseHelti mok nompebeHus, A.

Rmin=6/0,3*10°=2*10°0mM=2 MOMm

M3 mabauyel HomuHano8 aoibupaem Rnpax> Rmin
Rnpax=3 MOmMm

Paccyumeisaem emkocme koHOeHcamopa C, ¢, uHmezpupyroweti yenu no gopmyse

¢

C= .
2
R¥in Y ©

num nop

20e t, — 8pems 0/1uMeslbHOCMU UMNYJIbCa, C;

Unop — Nopo2osoe HanpsixxeHue, B.
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C=200%107°/3*10°%0,7=0,095*10"°®=0,095n®
M3 mabauyel HomuHa08 8eibupaem émkocme koHoeHcamopa Cs=0,33 n®

Pe3ynemam pacdema: R9=3 MOm, C¢=0,33 n®

3.2 Cxembl ycmaHosku epemeHu 0415 S1, S5, S6

a7
e

PucyHok 3 — cxema ycmaHosku epemeHu 015 S1

Paccmompum npoyecc ycmaHosku epemeHu 015 S1.

lpu omnyweHHou kHonku ST Ha ebixo0e mpuzzepa, cobpaHHom Ha mc D11.7 u
D11.2npucymcmeyem cueHan no2udeckou 1. [pu Haxamuu kHonku ST OH cMeHAemcs cu2Ha-
s1o0M nozuyveckozo 0.CnedosamesibHO,Npu KaX00M Haxamuu, a 3amem omnyckaHuu kHonku ST
Ha cyémHell 8xo0 cuémyuka D4 (koHmakm 4) yepe3 mc D3.2 nocmynaem nepenad Hanpsxe-
HUSf, 8bI3bl8arowyull cpabamelgaHue CHEMYUKA U U3MeHeHUe e20 NOKAa3aHuUs Ha 1.

AHan02u4HO ocywjecmesisemcs npoyecc ycmaHosku 0415 55,56

Lna oepaHuyeHus exo0Ho20 moka mukpocxemel K176/1A7 do seauduHsl 30 MKA uc-
nose3yromcs pesucmopel R3 u R4, R14 u R15, R17 u R16 coomeemcmeaeHHo 015 S1,55,56.

Paccyumeigaem conpomussieHue peaucmopos R, OM, no gpopmyse

R=U/I 3)
20e U — HanpsxeHue numaxus, B;

| — nompebnsaemeiti mok Mmukpocxemel K176/1A7, A.
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R=6/30*10"° =200 kOm

M3 mabauyel HomuHanos seibupaem pesucmopsl R3 u R4, R14 u R15, R17 u R16 Ho-
MuHasnom 570 kOm.

Pe3ynemam pacuyema: R3, R4, R14, R17, R15, R16 = 510 kOm

3.3 Cxemel ycmaHosku epemeHu 015 S2

-

o

f A
LAy

roryoar |I |I
LU o —

PucyHok 4 - cxema ycmaHosku epemeHu 014 S2

Paccmompum npoyecc ycmaHosku epemMeHu 015 S2

lpu omnyweHHoU kHonku S2 Ha ebixo0e mpuzzepa, cobpaHHom Ha mc D12.2 npucym-
cmeyem cuzHan aozauqeckou 1.[lpu Haxamuu KHONKU S2 OH CMeHAemcs CU2HAJIOM J102UYeCKO20
0.CnnedosamenioHo,npu Ka>XO00M HAXXamuu, a 3amemM omnyckaHuu KHONKU S2 Ha c4émHeil 6x00
cuémyuka D7(koHmakm 4) uepe3 mc D6.2 nocmynaem nepenad Hanpa>keHus, 8bl3bl8aroujuli
cpabameligaHue c4eMYUKa U U3MeHeHUe e20 NOKAa3aHus Ha 1.
Lna oepaHuyeHus exo0Ho20 moka mukpocxemel K176TMZ2 do senuduHel 30 MKA ucnose3yromcs
pe3ucmopel R5 u R6. ConpomussneHue peaucmopos paccyumeieaemcs no goopmyse 3
R=6/30*10"° =200 kOm

M3 mabauyel HomuHano8 seibupaem pesucmopsi R5 u R6 HomuHanrom 510 kOm.

Pe3ynemam pacdema: R5, R6 = 5710 kOm

3.4 Pacyém zeHepamopa ¢ KeapyessiM pe3oHamopom

Keapyesomy pesoHamopy ceolicmeeHHbl 2 pe30HAHCHbIe 4acmomel, NPU KOMOopPsbIX
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obecneyusaemcs paeeHCcmeso abco1romHo20 3Ha4YeHuUs peakmusH0c0 conpomusJ/ieHUsa — 3mao

yacmoma nocs1e008amesIbHo20 pe30oHAHCa u 4acmoma napa’ijie/lieHoeo pe3oHaHcd

_L_I_

[

|

J_Z.G"? L1 = (7

=
-‘_ R

PucyHok 5 — YT'O u 3k8usaneHmMHas cxema K8apyeso2o pezoHamopa

L 09
2 | |72 !
3 e

gL
&
% |
512
b1s 7 o 0
g, PR
_ ? | "
=5 K2
| SN
1 a1 [z
Y 0 1

PucyHok 6 — CmaHOapmHas cxema 8KA0HeHUs 2eHepamopa ¢ KeapyesasiM pe3oHamo-
pom

Mukpocxema K176M1E5 codepxxum kackadel 0151 pabomel 8 K8Aapyesom 2eHepamope ¢
8HeWHUM pe30Hamopom Ha yacmomy 32 768 'y u namHadyamupa3paoHeil 080uYHbIU Oeu-
mesie yacmomel. BeixoOHOU cueHan keapyesozo eeHepamopa MoXHO KOHMpPOUpPO8AMb HA 8bl-
xo0ax K u K. CueHan yacmomot 32 768 'y nocmynaem Ha 8xo0 desamupa3padHo20 080UYHO-

20 desnumens yacmomel. C e2o 8bixoda 9 cuzHan yacmomolti 64 'y moxem 6bimb NOOaAH Ha

exod 10

wecmupaspadHozo deaumerns. Ha evixode 14 namoeo paspsda s3moeo deaumens ¢op-
MUpyomcs uMnyJ/ecel Yyacmomodu 2 'y, a Ha sbixode 15 wecmozo paspsda - 1 y. Bxod R muk-
pocxeMbi C1yXKum 011 yCmMaHosKku Ucxo0HoU ¢pasel kosebaHul Ha 8bixodax Mukpocxemsl. [Tpu

nodaye Ha 8xo0 R yposHs 1 Ha ebixodax 9, 14, 15 so3Hukaem yposeHs 0, a nocie cHAMuUsA
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YCMAHOB0YHO20 ypOBHSA NOABJAOMCSA CU2HA/IbI COOMEEMcmayroujeti 4acmomel, npu4dem cnad

nepeoeo UMnNyJ/6Cca NOJ0XKUMEAbHOU NOJAPHOCMU HA 8bixode 15 so3Hukaem uepes 1 c.
KoHoderncamoper CT u C2 cayxam 0215 moYHOU yCmaHo8KU 4acmomsi K8apyeeo2o 2eHe-

pamopa. EMkocme nepeozo u3 Hux Moxem Haxodumecs 8 npedenax om eduHuy o cma NUKo-

¢apad, émkocme emopozo - 8 uHmepsase 30...100 n®.

Mo cmaHOapmHou cxeme sktodeHua ycmaHaenusaem: R1=200kOm, R2=10Mom,

C1=30n®, C2=30n®.

3.5 Cxema skaroueHus ceemoduoda HL1

HLT R8 14
+68
L G

J=
k D13

PucyHok 7 - Cxema skarodeHuss ceemoduoda HL1

VlcxoOHble 0aHHeble:
Unum=6B
Unop=3B
Belbupaem 8 ka4ecmee caemoduoda HL1 ceemoduod mapku A/1310A co caedyroujumu
napamempamu: Unp=2B, Inp=10 MA
o ucxo0HbIM OaHHLIM pacc4umelgeaeM 8HympeHHee conpomussieHue ceemoduood Rewymp ,
O, no copmyne

ReHymp = Unp //np (4)

20e Unp — npsamoe HanpsaxeHue caemoduoda, B,
Inp —npAMot mok ceemoduoda, A.
Rerymp=2/10*107=0,2kOm
ConpomueneHue Rp14 paccuumeigaem uz napamempos MIMC: Ugx =0,3 B, lnomp =1 MA

Rp14 =0,3/1%107 =0,3*10° OM=300 Om
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Paccyumeigaem MUHUMAAHOe conpomuegsieHue pe3ucmopa Rmin, OM, no popmyrne
(5)

Rmin :Unum/(/np' Rvp —RD74)
20e Ryp — conpomueneHue duoda, Om;

Rp14— conpomusseHue mukpocxemol K176KT1, Om.

Rmin =6/10*10-200-300=100 Om

M3 mabauyel HomuHano8 8bibupaem Rnpax> Rmin

Rnpa/( :430 OM
Paccuumsigaem mok duoda ls, A, no gpopmyne

/6 = Unum/ (RVD +RD74 +R8) (6)
20e Rs — conpomuseJjieHue pe3ucmopa, OM,'

Imax =6/(200+300+430)=0,006 A=6 MA
Takum 06pasom s < Imax =10 MA

Pesynemam pacdyema: ls =6 MA, Rnpax =430 Om

3.6 Pacuém yenu 3apsda-pa3spada koHdeHcamopa Rz, Cz, Ri2

K 0122

68 R1Z K7
—I:l—l I\—:}—J

53

lf_?
i

PucyHok 8 — yene 3apsada-pa3spsada koHoeHcamopa Rz, Cs, Rz

VlcxoOHble 0aHHble:
Unum=6B
Unop=3B
Tpasp=7 MKC
Paccuumeigaem Rz Cz -yeno paspada koHOeHcamopa

Wcxods us napamempoe Mukpocxemol T=7 MKC.

M3 mabauyel HomuHano8 seibupaem koHoeHcamop émkocmeto 1000 n®.

Paccuumsigaem conpomueneHue Rz, Om, no gpopmyne
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R, = (7)
Upm —U nop

20e T — 8pems 3apsda KoHOeHcamopa, C.
R7 =7*10/(1000%10772 h0,7)=10*10°0M=10 kOm

M3 mabauyel HomuHan08 8oibupaem Rnpa> R7
Rnpax=10 kOMm

Paccyumaem spems 3apada KoHOeHcamopa Tsap, C, UCXO0A U3 NApamempos
MUKPOCXeMbl
Tpazp ~ Tsap/10 )

T3ap =7 Mkc/10=0,7 MKC

Paccuumesigaem conpomueneHue Ri2, Om, no popmysne 8

R12=0,7*10%/(1000*10°"2 h0,7)=1*10°0m=1 kOm

M3 mabauyel HomuHanos eeibupaem Rnpax> Ri2
Rnpax=T1 kOM
Pesynemam pacdyema: R7 =10 KOM, Tsap =0,7 MKC, R12 =1 KOM, Tpasp =7 MKC
Liens 3apsada-paspsada koHdeHcamopa Rz, C3 ,R12 paccuumelsaemcs aHas102U4HO 8bl-
wepaccMompeHHouU yenu.

Pe3ynemam pacdema: R11=10 kOM, Tsqp =0,7 MKC, R13 =1 KOM, Tpasp =7 MKC
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I[MTPMJIOXEHUE 2
(aemenTHast 6a3a KypcoBOTO MPOEKTA)
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K176/1A7

vl —
SR |
2 1
L |
- —— |
i 7
£ p— A&
s o
i, —
o — | -
- A
& o— 10
b
“____..H-' -
: 4 o
i {; 0 - 07

PucyHok 13 — mukpocxema K176/1A7
Mukpocxema K176/1A7 coOepxxum 4 nozaudeckux 31emeHma, peaausyrouux yHkyuro 2 M-

HE.

Tabauya 19 -HasHa4veHuUe 86180008

N N
HasHaueHue Ha3HaueHue
gbl8. 8bl8.

1 Bxod 8 Bxoo

2 Bxod 9 Bxoo

3 Bbixod 10 Bbixod

4 Bbixod 11 Bbixod

5 Bxod 12 Bxod

6 Bxod 13 Bxod

7 Oo6wuti 14 Occ

Tabauya 20 —mabauya ucmuHHocmu

W

S
\IQ\IQN

Q W [W (=
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[Mapamempel U 3KCnlyamayuoHHsie daHHsIe:
Inom - He 6os1ee 0,1 MA
U%six — He 6osiee 0,3 B
U’gbix — He meHee 8,2B
%x. — He 6os1ee 30 MKA

I'ex.- He 6osiee 30 MKA
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K176/1A9
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PucyHok 14 — mukpocxema K176/1A9
Mukpocxema K176/1A9 co0epxxum 3 02udeckux 31emeHma, peaausyroujux yHkyuro 2 M-

HE. Beigo0 7 sisnsiemcs obujum, a k 81800y 14 nodkrouaemca numadue.

Tabauya 21 -Tabauya ucmuHHocmu

Bxo0 3 Bxo0 4 Bxo0d 5 Bbixo0 6
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 0

MMapamempel u 3kcnyamayuoHHbsle OaHHble:
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Inom - He 6onee 0,1 MA
U%bix — He 6osee 0,3 B
U’sbix — He meHee 8,2B
/0

8x. — He bosiee 0,3 MKA

I'ex.- He 6osee 0,3 MKA
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PucyHok 15 — mukpocxema K176ME3
WMHmeepaneHas mukpocxema K176ME3 omaudaemcsa om K176UME4 mem, umo ee cuemyuk
umeem kosgguyueHm nepecyema 6, a ypogeHs 1 Ha gbixo0e 2 nosA8ASemcsa npu ycmaHoeke

cyemyuka 8 cocmosHue 2.

[Mapamempel U 3KCNyamayuoHHele daHHsIe:
U%six — He 6osiee 0,3 B
U'sbix — He 6osiee 8,2 B
%x — He meHee 0,5 MKA
I'ex — He 6osee 0,5 MKkA

Inom - He 6osee 0,25 MKA
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PucyHok 16 — mukpocxema K176M1E4
Mukpocxema K176ME4 codepxum Oekady u npeobpazosameso ee cocmosHuUlU 8 080UYHOM
KoOe 8 cueHa1el ynpasieHuUs cemucezMeHmHbeIM UHOUKamopom. Tpuezepel 0ekadel ycmaHasau-
8aromMcs 8 HyJiegoe cocmosiHue npu nodadye yposHs 1 Ha exod R, a nepeksrouyaromcs cnadom no-
J10XKUMmesibHbIX UMny/ibcos Ha exode C. Ha 8bixodax a—g MuUKpocxeMsl (hopMuUpyomcs 8bIX00HbIe
cuzHasnbl, obecnequsaroujue Ha cemuceaMeHMHoOM UHOUKamope cgeveHue yugp, coomeem-
cmeayrowjux cocmosaHutro dekadel. [Npu nodaye yposHa 0 Ha ynpasaaoujuli 8xod S cocmosHue
dekadel onpedesngemcs yposHamMuU 1 Ha 8bixo0ax a—(g, a Npu nocmynJjeHuuU yposHs 1 — ypoeHs-
mu 0 Ha mex Xe gbixodax. Ha sbixode 4 MUKpocxemMbl Nocsie Yemeoipex 8X00HbIX UMNY/IbCO8 803-
Hukaem yposeHo 1, Komopbll cayxxum 01 opeaHu3ayuu cbpoca cHemyuka 4acos, cobpaHHo20
Ha mukpocxemax K176UE3 u K176UE4, npu docmuskeHUU um cocmosHua 24. Buixod f/2 mukpo-
cxeMbl - 8bIX0OO nepeHocd, Ha KOMOpPOM cnad NoJI0XXKUMeIbHo20 UMNYJ/6ca popmupyemcs 8 Mo-
MeHmM nepexoda dekadel u3 cocmosiHusa 9 8 cocmosHue O.
[apamempel u 3KCNIyamayuoHHble 0aHHble:
U%bix — He 6osiee 0,3 B
U'ebix — He 6osiee 8,2 B
Pex — He meHee 0,5 MKA
I'ex — He 6osiee 0,5 MKA

Inom - He 6osee 0,25 MKA
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PucyHok 17 — mukpocxema K176ME5

Mukpocxema K176ME5 codepxum kackadel 0151 pabomel 8 K8apyesomMm 2eHepamope ¢
8HeWHUM pe3oHamopom Ha Yacmomy 32 768 'y u namHadyamupaspaoHeil 080U4HbIU denu-
mesie Yyacmomel. BeixoOHOU cuaHan keapyeso2o eeHepamopa MoXHO KOHMPOAUpPO8AMb HA 8bl-
xo0ax K u K. CueHan yacmomodu 32 768 'y nocmynaem Ha 8xo00 desamupaspAa0H020 080UYHO20
desumens yacmomel. C e2o 8bixoda 9 cueHan yacmomou 64 'y moxem 6bimb nodaH Ha 8xod 10
wecmupaspAadHozo deaumens. Ha evixode 14 namoeo paspada smozo denumens popmupyromcs
umnyaecel Yyacmomou 2 Iy, a Ha seixode 15 wecmoeo paspsada — 1 Y. BxoO R mukpocxemel
C/yXkKum 011 yCmaHoB8Ku Ucxo0HoU ¢pasel kosiebaHul Ha 8bixodax Mukpocxemsl. [1pu nodadye Ha
6x00 R yposHa 1 Ha sbixodax 9, 14, 15 so3Hukaem yposeHs 0, a nocsie CHAMUSA yCMAaHO804YHO20
YPOBHSA NOABAAOMCA CUHA/IbI COOMBemcmayroweli Yacmomel, npu4em cnad Nepeozo UMNY/1bCa

nosIoXKuUMesIbHoU NoJIApHOCMU Ha 8sixode 15 so3Hukaem yepes 1 c.

lMapamempesi u 3kcnayamayuoHHele OaHHsle:
Inom - He 6osee 0,25 MA
U%bix — He 6osee 0,3B

U’sbix — He meHee 8,2B

47



%x. = 0,5MKA

I'ex. = 0,5MKA
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PucyHok 18 — mukpocxema K176KT1

Mukpocxema K176KT1 npedcmasnsem cobol 4kaHa/bHbIU 08yHanpasieHHell aHa/a020-
gbll Mysiemunaekcop. Kaxobil ko4 umeem mpu 861800a - 08a UHGOPMAYUOHHbIX A U B u 00uH
ynpaeaarowu C. lNMpu nodaye noe. 0 Ha 8xod C uHEOopMayuoHHbIe 861800bl paA30MKHYMbI MeXOy
cobol u mok ymeyku Mexdy HUMU He npeseiiaem 2 MKA. [Tpu nodaye s02. 1 Ha exod C conpo-
muesieHue K4a yMmeHobwaemcs 0o HeckoJibkux comeH OM. 3mo conpomusieHue HeJuHeUHo u
3a8ucum om HanpsXkKeHUs Mexoy UHEPOPMAYUOHHbLIM 8618000M, HG KOMOpPbLIU nodaemcs 8xo0-
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HoU cuzHas, u obuyum nposodomM .Mukpocxema npedHasHa4yeHa 04158 KOMMymayuu yugpossix u
aHasno208bix cueHanos ¢ mokamu do 10 MA. Ynpaensemeie KMOI karouu obnadarom cnocobHo-
CMblo Npo8oOUMb MoK 8 08yx HanpasieHusx, nosmomy KMOIT Myaemunaekcopel Mo2ym uc-
Nno/1b308amMecsi 00HOBPeMeHHO U Kak 0eMy16munjiekcopsi.

lpu Hanauvyuu cueHana Ha cueHan Control Ha nuHuu C 8x00HbIe U 8bIXOOHbIe CUHA/bI
KOMMymupyromcs, 4mo obecne4usaem umMumayuro UHGHoOpMayuu Kak 8 00Hy mak u 8 opyayro

CMOPOHY.

[Mapamempel U 3KCnlyamayuoHHsie daHHsIe:
Inom - He 6osiee T MA
U%sbix — He 6osiee 0,3 B
U'gbix — He meHee 8,2B
%x. — He 6os1ee 0,4 MKA

I'8x.- He 6osee 0,4 MKA

K176TM2
6— [ 57
T g
5— ot
I — 1
gr — 2
L R~
9— g2 L
N—> 12
w—A gz bz ’f‘{

PucyHok 19 — mukpocxema K176TM2

Mukpocxema K176TMZ2 npedcmasngem cobou 2 D-mpuzzepa ¢ acuHxpoHHoU RS-
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YCMaHoskou.

D-mpuezepel K176TMZ2 umerom QuHamu4veckue 8xo0bl u Mo2ym pabomame 8 CHemHOM pexume,
mo ecmb MeHsMb C80e COCMOSIHUE Ha NPOMUBONOJI0XHOEe HA KAXObIU UMNYJ/IbC, NpUX00Aawul Ha
cyemHell 8x00 mpuazepa.

Mukpocxemol K176TM2 codepxam no 0sa D-mpuezepa .YcmaHoska mpuzazepos 8 Hysiegoe u
e0uHU4YHoe cocmosHue npousgodumcs nodadeti s102. 1 Ha 8xodel R u S. 1o cnadam makmoesbix
uMny/bco8 ompuyamesbHol noaspHocmu Ha exode C npoucxodum ycmaHoeka mpuzazepa 8
cocmosHue, coomsemcmayroujee yposHro Ha exode D neped cnadom. Tpuzzep HenocpedcmeeHHO
He peazupyem Ha usMeHeHuUe CU2HasA08 Ha exode D, uepaem poJib U6 CU2HAA HAG 3MOM 8xo0e
neped cnadom umny/ieca ompuyamessHou noagpHocmu Ha exode C.

Pabomaem cnedyrowyum obpazom: no hpoHMy nepe8o2o UMNY16Ca CUHXPOHU3AYUU HA
exode C soeudeckuli yposeHs, npucymcmsyrowjuli Ha exode D,3anuceieaemcs 8 nepawiti 00HO-
makmHell D -mpuezep
o ppoHmMy emopozo umnyseca, Ha 8bixode Q ycmaHasueaemcs yposgeHs, Npucymcmaeosas-
wul Ha exode D neped nepabiM cuHXpoumnya6coM. Takum 0b6paszom, Ha 8bixo0e 08yXmMakmMHo20
mpuzzepa cueHan 3adepxusaemcs Ha 1 makm.

Bxo0bl R u S A8/19H0MCA ACUHXPOHHBIMU U UMErom akmuegHsle 8bicokue yposHuU. [Tocmyn-
JIeHUe 8bICOK020 YpOBHS Ha 3Mu 8xo0bl ycmaHasausarom oba 00HOMAakmMHelx mpuazepa coom-

gsemcmeseHHo 8 0 unu 1,He3asucumo om exodos D,C.

Tabauya 22 — Ha3zHa4yeHue 86180008

N HasHayeHue N HasHayeHue
8bl8. 8bl8.

1 Bbixo0 8 Bxoo

2 Bbixod 9 Bxoo

3 Bxoo 10 Bxoo

4 Bx00 11 Bx00

50



5 Bxoo 12 Boeixod
6 Bxoo 13 Bbixo0
7 Oo6bwudl 14 Ucc

Tabauya 23 — mabauya ucmuHHocmu

Bxo0bI Bobixo0bl
P S C D Q Qi
H L X X H L
L H X X L H
L L / L L H
L L / H H L

C*-u3meHeHue ypogHsH.
00-kombuHayus xpaHeHus,01-cbpoc e 0,10-ycmaHoska 8 1,11-3anpewéHHas kombuHayus

C npuxodom nepedHezo ppoHmMa cuHxpoumnyseca Ha exod C 3HayeHue D nepedaémcs Ha Q.

[Mapamempel U 3KCNAYaMayuoHHsie daHHbIE:
Inom - He 6os1ee 0,3 MA
U%sbix — He 6osiee 0,8 B
U'gbix — He meHee 4,2B
%x. — He 6os1ee 30 MKA

I'ex.- He 6osiee 30 MKA
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Meronudeckue ykasanus 1ist CTYJEHTOB 110 BBITOMHEHHIO KypPCOBOTO POEKTA COCTABIIEHb! B COOT-
BeTCTBHH ¢ TpeboBannaME PI'OC CITO no cnenuansrocTd 09.02.01 KoMIBIOTEpHBIE CHCTEMBI H KOM-
TJIEKCHI.

ABTOD: >

IIpenonaBarens __///// N.B. I'ypeuteBa

fnodniics)

Metoauyeckue yka3aHus IS CTYJEHTOB IO BBINOJIHEHHIO KYPCOBOTO IIPOSKTa paccMOTpeHbI H
OZNOOpeHE! Ha 3aceaHHMH HKJIOBOH KOMHCCHH MEXaHO-TEXHOJOIHYECKHX H DIEKTPOHHO- BHIYHCIIH-
TENbHBIX TUCIHUILIAH «30» 06 2017 r., mporoxos Ne 11

[Ipencenarens UMKIIOBOH KOMHCCHH // U.B. I'ypeuteBa

frodnucs)
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