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MPOTPAMMA BCTYIIUTEJBbHOI'O 9K3AMEHA B MAI'MCTPATYPY
no nanpasiennio 13.04.02 DnexTp-HHEPreTHKA H MIEKTPOTEXHHKA
nporpamMma «DJeKTpPoIHepreTHYecKHe CHCTeMbl, CUTH, HX PEKHMBbI, YCTOHUYHBOCTH H HAZEKHOCTH)

1. TeopeTnuecKkue 0CHOBBI YIEKTPOTEXHHKH.
3aKonbl dNeKTpUdeckux ueneil. MaeanbHbie snemeHTbl dnekTpuueckux uened. 3akon Oma. 3aKoHbl

Kupxroga. 3agaua aHanusa 3/1eKTPHUECKHX Lienei. YCTaHOBUBLIMIACS PexctM MpH MOCTOSIHHOM BO3ACHCTBIM.
YeTaHOBHBLUMKCS PEXHMM B JIMHEHHBIX ONEKTPUHECKMX LEMSX MpH  CHMHYCOMIANbHOM  BO3ACHCTBUU.
[KomnnekcHblit meTon. Bektophbie auarpammel. KomnnekcHas mowHocTb. Lleny ¢ B3auMOWHAYKTHBHOCTSAMHU.
YacToTHbIE XapakTepucTHKH. PesonaHcel. AKTHBHbIC uenu. MeToabl aHanu3a yCTaHOBMBILMXCS PEKUMOB
anexTpuueckux teneil. Meron ypastenuit Kupxroda. Mertoa npeoGpasosannii. MeToL y3/10BbIX HanpsKkeHuit
M KOHTYpPHBLIX TOKOB. MeToja cXxemHbIX onpenenutenci. OcHOBHbIE NMPUHLMIBI U TEOPEMbI HIICKTPHYCCKHX
ueneit. [Mpuxumn cynepnosuuuu. Teopema 06 dKkBHBaNeHTHOM renepatope. Teopema pzaumnoctu. Teopema o
KOMMEHCALUMH., YCTAHOBUBUIMICS PEKWM B JIMHEHHbIX 3NIEKTPHUECKHX UEMAX FPH  HECHHYCOWIAIIbHOM
gozjeficTeun. Tlpumenenue psga DPypbe, NPUHUMNA CYNEPNO3HLUKMM W KOMIUIEKCHOrO METO/a aHajiusa.
ANrOpUTM aHanu3a JMHEHHBIX UeneH MpH HeCHHYCOMANLHOM BO3/IEHCTBUM. PacueT AeHCTBYIOLEro 3HaYeH!s
nanpsmkenus u Toka. Koadduument rapmonuk. Tpexdasubie uenu. TpexdasHbie MCTOUHUKM M HATPY3KH.
BekropHble auarpammbl. CoeanHeHUs 38e3/10i U TpeyroibHUKOM. CHMMETPUYHBIE H HECHMMETPHUHBIE LIEMNH.
Metonbl pacueta. MowHocTs TpexdasHbix ueneid. ApapuiiHbie pexcumbl. Henuueiinble pesHCTHBHbIC LETH
MOCTOAHHOIO W MEPEMEHHOro Toka. HenuHeiiHble pe3sucTUBHbIE 3/1eMeHTLI. BonbTaMnepHbie XapakTepUCTHKH.
Annpokcumauus. CraTuueckue W audQepeHLnanbHbie CONPOTHBIEHUS W NpoBoauMocTH. MeToabl pacueTa
pekuma:  aHanurThueckue, rpaduueckne U uucnenHbie. [lepexonmbie npouecchl B JTMHEHHbLIX  LIETIAX.
Knaccuueckuii MeTo/ aHanusa nepexoiHbix npoteccos. Llenu nepporo nopsaka B cBOOOAHOM pekUMe, TNpH
MOCTOAHHOM M rapMoHMueckom BoszaedcTeuu. Llenu Broporo nopsaka. OnepatopHbiii meToa. Iepexontbie u
MMIOYJbCHBIE — XapakTepucTukd. Tlepexoabie  Mpouecchl B HEJMHEHHLIX — JNMEKTPUHECKUN  LIEnsX.
KomGuuatopHblii MeTos. MeTosl nepeMeHHbIX COCTOSHHSA. METO/ IMCKPETHBIX CXeM 3amelneHus. MarHuTHeie
tenu. PacyeT MarHUTHBIX LENEH Npy MOCTOSHHOM MarHMTHOM noroke. PacueT npu nepeMeHHoM MarHHTHOM
notoke. UeTbipexmomocHuky U (QUAbTPbl. YPaBHEHMA NPOXOJHbIX YETHIPEXTIONOCHHKOB. ABTOHOMHBIC H
HEABTOHOMHbIE UETBIPEXMONOCHUKH. [lepBuuHble napameTpbl. BTopuuHbie (XapakTepucTHYecKne) napameTpor.
CornacoBauubiii  pexcum. CoeMHEHMS  UETHIPEXNOMOCHUKOB., OCHOBbI TEOPMM MACCHBHBIX  (DHILTPOB.
Axtuehbie  GuabTpbl.  Jmvnnsie  aunnn  (JUT).  Juddepenumanshbie  ypaBHeHHs JUTHHHONH  JIHHUK,
Yeranosuswiuiics pesxxum B 1J1 npu rapmonnueckom petzive. Bonnoseie npouecest B JIJ1. OcroBbi cuHTesa 1
JMArHOCTHKKM JMeKTpuueckux uenei. [ToctanoBka 3ajauu cuutesa. OcHoBHbie dTanbl cuHTe3a. CunTes
JABYXMOMOCHHKA 10 OMEpaTopHOil  nonuHomuanbHo#d  pyHkumu. IlocraHoBka 3ajauM  AWATHOCTHKH
JNeKTpUYECKMX  ueneidl W MyTH ee  pelieHHd.  OnekrtpoctaTuueckoe  mone.  XapakTepucTUKH
snekTpoctatuueckoro nons. [loTteHumanbHbiii XapakTep snekTpoctathueckoro moss. Meroabl pacuera
3AEKTPOCTATHUECKOro mnons. MarHuTHoe mnose MOCTOSHHBIX TOKOB. MCTOYHMKM MarHWTHOTO Mo, ero
XapaKTepPUCTHKM M OCHOBHbIE 3aKOHbI. MeTO/Ibl pacueTa MarHWTHOrO NOJIS MOCTOSHHBIX TOKOB. DNEKTPHUECKOE
rofie MOCTOSHHBIX TOKOB. DNEKTPOMarHUTHOE rofie nepeMeHHoro Toka. Murerpanehbie v auddepenunanbHoie
ypapHeHus aMekTpoMarHutHoro nons. Bektop [TlofTtunra. ["apmMoOHHYECKHe 3JIEKTPOMArHUTHBIE BOJHbI.
DKpaHWpOBaHHE.
2. DjexkTpo3HepreTHYecKHe cHereMbl H ceTH. CHCTEMBI 3JeKTPOCHADKEHHS.

TpeGoBaHus U OCHOBHbIE NPHHLMITLI [IOCTPOCHHS NPOMBILIIEHHBIX CHCTEM NIEKTPOCHADIKEHHS.
[MoTpeGuren M NPUEMHMKM OIEKTPOdHepruM Ha npednpuaTuaX . OCHOBHbIE BMAbI moTpebuTencii 1
NPUEMHUKOB  SJIEKTPOSHEPrMH, WX OCHOBHbIE TeXHMYecKue nokasatesu . XapakTepHbie — rpyrinbl
3NCKTPONPHEMHUKOB, PEKUMbI MX paboThl. Dnexrponarpysku. I'padukn u pacuer anekTpoHarpys3oK. [Monsitne
ANEKTPUUECKOH Harpy3ku. ['paku 3MeKTpoHarpy3ok, s« pacuérHbie kod(duunentol. Tokosas Harpyska u
HATPER MPOBOAHKUKOB. MeToabl onpeaeneHus pacu€THuil 3MEKTPOHArpy3ku. YpoBHEBas CTPYKTYpa CHCTEM
APOMBILIEHHOrO  2ekTpocHatkerus. llkana HOMWHAMbHBIX — HAMPSKEHWH, BLIOOP  paLHOHANBLHOTO
nanpsvienns. CHCTEMbI BHELIHETO M BHYTpeHHero dnektpocHabikenns. Tunossie cxembl I'TITT . Pacnpenenenne
IMEKTPOIHEPrUM Ha HanpsbkeHun Bbiwe 1k B . CxeMbl M KOHCTPYKLMH MPOMBILUIEHHBIX pacnpesceTed BH.
PesuMbl SNEKTPUHECKHX CHCTEM, WX napameTpbl. OCHOBHbIE METO/bI pacueTa napamMeTpoB YCTAHOBUBLIMXCH
PEKMMOB 3/1EKTPHUECKMX ceTell. PerynupoBaHie peXxHMOB dNIEKTPUYECKUX ceTeid. CHCTEMbI JIMCTETHEPCKOro



yripaieHus  aekTpuyeckux cucrem. CXembl  3/1eKTpOCHAGKEHHS  dNEKTPONPHEMHHKOB BH.  Buifop
vecropacnonoxkenus v mownocrn ITIIT u pacnpeanynkros BH npeanpusts. Liexosbie TpaHcopmaropHbie
nogcTanuMy.  KommniekTHeie  TpaHc(OpMaTOpHble  MOACTAHLMM,  XApPAKTEPUCTHKM  TPaHC(opmaTopos,
komnanosikn KTIT BuiGop uucia M MOWHOCTH TPaHC(OPMATOPOB LEXOBLIX MoAcTaHuui . Pacrnpenencuue
IMEKTPO3HEPTHH HA HanpskeHun 10 1 Kk B. Cxembl 1 KO = TPyKUHH LIEXOBbIX anekrpocereit HH. Pacuér cereii,
YCIOBHS BbLIOOPA CeueHHs MpOBOAOB. BbiGOp KOMMYTEUMOHHO-3ALMTHOH annaparypbl HH. Komnencauus
peakTuBHON MouyHocTH . [ToHsiTHe peakTnBHON MowHOoCTH (PM) [Torpebnenune PM asiekTponpuéMHHKaMi
noTepH B aMemMeHTax ceteil. Mepbl 1o rmosbimeHuto cosd.  OcHoBHbie HcTOUHMKM PM B cucTemax
anekTpocHa®kenus . Bbifop M pasmelleHHe KOMIMEHCHpYIOUWMX yCTpoicTB. KauecTo 9/1€KTPOIHEPTHH.
OCHOBHBIC TOJIOKEHU NPOBJIEMBI KavecTBa MEKTposHepruu. HopmupopaHue KauecTBa 31EKTPOIHEPTHH.
Mokasatenn kauectsa snektposteprun (MKD) (va ocrose I'OCT 13109-97) . Bansnue KO na paboty
snekTpoobopynosanus. Mepbl obecnieuenus Hopmupyemoro K2.

4. DJIeMEeHTHI MIEKTPOIHEPreTHUCCKHX CHCTEM i ceTel HX IKCIIyaTanusi

[Mpuem B 3KCMUIyaTaLMIO H1EKTPOYCTaHOBOK. TpeboBaHHs K NepcoHaity U ero noaroToBKa. Yriparnerue
snextpoxossiictom. TexobciykuBaHHE, PEMOHT M PEKOHCTPYKLMS OOOpYAOBaHMS. Tpaucdopmartopsl, nx
YeTPOHCTBO, Mapamerpbl. ABTOTpaHC(OPMATOpbl, MX YCTPOHCTBO, MapameTpbl W  OTJIMYHA OT CHIIOBLIX
TpaHcdopmMaTopos. PeryaupoBaHue HANpPsKEHHA CUIPBLIMU TpaHcOpMATOPaMH aBTOTpaHc(hOpMaTOpamH
— YCTpONCTBO M npHHLMN paboThl. W3mepuTenbHbie TpaHC(OPMATOPbI HANPSKEHHS, HX YCTPOHCTBO CXEMbI
coeuHeHus 0OMOTOK, MOrPeLIHOCTH M3MEPHTEbHBIX  BEIMUHH  HANPAKCHHUH. M3mepurenbHbie
Tpancd)opmMaTopel  TOka, MX ycTpolicTBo M mpuHuMn  pabotbl. TlyTh CHIDKEHMS WX MOTrPEWHOCTH.
JieKTpUUECKHe annaparsl, UX K1accu(uKaLusl, HasHauCiue, OCHOBHbIE TPeOOBaHWS K UX HANEIKHON pabore.
DneKkTpoaMHaAMMYECKas CTOWKOCTb LIMHHBIX KOHCTP/KUMA W annaparos. Tepmuueckas CcTOHKOCTH
MPOBOIHMKOB W annapatoB. ODNEKTPUYECKWE KOHTAKTsl, HMX KOHCTPYKTHBHBIE pELUECHHUS, TpeboBaHHs K
MepexoAHLIM COMPOTHBIEHHAM KOHTAKTOB. Bbikniouarenu MepemMeHHOro Toka: BO3AYLIHbIC, JCra3’oBbic,
IeKTPOMArHUTHbIE, BAKYYMHbIE M Jp. YCTPOWHCTBO Kamep raiieHus ¥ NpUHLMN  rawexus ayri.  [pusoj:
Bhikouareneii. JJOCTOMHCTBA W HEJOCTATKH Pa3iIMYHBIX THIIOB BhIK/IOYaTENeH M 001acTH MX NPUMEHEHHA.
JIocTKEHUs TEXHWKH B W3TOTOBJEHMM BbIKMtouaTened. Pasbesuuurenu, OTACNUTENH, KOPOTKO3aMbIKATCIH,
geikmouareny  narpysku. Kommyrauuonnsie annapatel ao 1000 B: aBromarei, KOHTaKTOpPbI, MarHHTHbIE
nyckarenu, py6unbhukn v ap. Knaccudukauus —annapatos, npuHuMn padoThi TokoOrpaHuuBatoune
peakTopbl. THAbI PEakTOpPOB, CXeMbl M MeCTa MX MOHTaxa. Boibop peakropos. PacuerHbie yciorns BbIOOpa
annapatoB W [POBOJHHKOB. DNEeKTPOCBAPOYHBIE  YCTAHOBKH. DAEKTPOTEPMUUECKHE  YCTaHOBKH.
TexHonoOruueckue 3eKkTpoctaHuuu notpebureneh.  IlepeHocHble W NEpe/IBUKHLIC SNIEKTPONPHEMHIKH.
DNEKTPOYCTAHOBKM BO B3PbIBOOMNACHBIX 30HAX.

4. Tlepexoanbie NPOUECChl B 3JIEKTPOIHEPreTHYECKHX CHCTEMAX H CeTsX

Pasnenl. Pacuernsie cxembli COC npu pacuere pexumos K3. Tlapamerper anementos COC,
neobxoanumbie ans pacuera pexcumor K3. [Moustre o cxeme 3ametnenus. JlonyuieHus, npuHumMaembie npu
COCTABNEHWM CXeMbl 3amelueHus ans pacueta pexumop K3. [Mouste o crymenu Hanpskenus. Pacuer B
OTHOCHTENBHBLIN eAMHULAx. PacueT B MMEHOBAHHBIX eJrHWUAX. PacuerHoe npeacrapieHue MecTa 3amMblKaHHA.
Buiibl 3aMbIKanuii U UX yenoBHbie 0603HaueHus. M3meHe: s Tokos 1 HanpsukeHuid 8 COC npu BO3HUKHOBEHHU
sampikannii, [orsTne 06 WcTouHuke HeorpaHudeHHod mouiHoctH. Tlocneacreus K3. CocTasnstomne toka K3.
JleiicTByloliee 3HauyeHWe MEPUOAMUECKON cocTapisiowieil. Havanbublii  cBepxnepexofnbi  TOK. (daza
posunkHoBeHns K3. Xapakrep uW3MeHeHMst BO BpPEMEHM JHCTBYIOLIErO 3HAYEHHs  TEPHOAWYECKOH
cocragasiowmeil Toka K3, MOCTynawuero OT pasfiidHbIX WCTOUHUKOB. AmNepuoavveckas COCTaBIAloIas,
INpubamieHHblii crnocob BbluMCIeHHs HanGObLLEH BENMUMHBI ANePUOMUYECKO cOCTaBsIOUEeH. YaapHbii ToK
K3. VcaoBusi BO3HMKHOBEHMS YAApHOro TOKa W MPaKTHYeCKuid cnoco® ero  BbiucieHus. Y aapbiit
KO3 DUUMEHT M crocoGbl ero BLIMHUCSHHS [UT5l TOKA OT Pas/iMuHbBIX HCTOUHKKOB. HasHadeHue pacueTos pecnmon
K3. u pexuma oaHohasHOro 3ambikanus Ha 3emiio. 3Hauenus Toko K3, neobxoammbie ans BLiGOpa
NEKTPUUECKMX anmapaToB W MPOBOAHMKOB W IS OMPEAENeHns NapaMeTpoB HacTPOHKH yCTPOHCTB 3alliTLl 1
ABTOMATHKH. MeTOl THMOBbIX KPWBLIX. [IpHMeHeHHE MeTofa CHMMETPHUHBIX —cocTasistomix.  Mecto
HECHMMETPUM B CXemax mpsmoii, obpaTHOH u HyJeBoii mocnenoparenbHocTe. Cuctema ypasHeHHi s
onpesesientss CUMMETPHUHBIX COCTABISIOUIMX TOKa M HAmpskeHns ocobok (asbl B MECTe HECHMMETPHH.
Onpeaenenue MONHBLIX TOKOB W HANPHKEHWH B NPC=3BOJILHOM  MECTE COC. Tpaxcdopmaums TOKOB U
HanpsoieHnst. KOMMIEKCHbIE CXeMbl 3aMELLIEHHS U BbITEK: IIOLLHE U3 HUX BbIPAKEHWS JUIS TOKOB U HaMpsKEHN .
BekTopHble aHarpaMMbl TOKOB U Hanpsbkenuii B mecte K3. Onpeaenenyie Toka NpaMoi NocienoBaTelIbHOCTH B
mecte K3. IpaBuno 3KBUBAIEHTHOCTH NPAMOH nocnenosarenbHOCTH. OnpeaeneHie nojaHoro Toka B MecTe K3.



Cxema mpamoit nocneposatensHoctn. Cxema obpaThoit nocnenosarenbHocTH. ConMpoTHBICHNS obparHoii
HOCE0BATENLHOCTH CHHXPOHHbIX M ACHHXPOHHBIX MALUMH U CTATHHECKMX NEKTPONpHEMHHKOB, CxeMa HyIeBofi
nochenosatenbHocTi. CXembl 3amellenns TpaHc(opmMaTopoB M aBTOTPaHC(OPMATOPOB [Jisl TOKOB HY/ICBOH
[0CAE0BATENLHOCTH. YUeT WHAYKTHBHOM CBA3W Lienel ABYXLENHOH JMHHK JEKTPONEPEian B CXemMe HyIeBOMH
focienoBatenbHocTh.  Pacuer Tokos K3 B anexrpoycranoBkax Hanpsokenmem no | kB.  [IpuHumaembie
nonyuienus. OnpeaeneHne TOKOB HyJI€BOM NOC/ENOBATENLHOCTH B IMHHUAX 2/IEKTPONEPEain W TOKA B MecTe
samblkaHus. HanpsokeHus B CeTM MpH 3aMKHYTOW Ha semito onwoit (ase. IMocnepctsus opnodasHoro
3aMbIKaHus Ha 3emito. OrpaHuyeHHe TOKa B MECTE 3aMblkar=s.

Paznen 2. [lepexonmbie 3JeKTpOMeXaHHueckHe npouecchl. Buapl BosMyLueHHH pexuma EIC.
Hapyuienus ycroiunsoctn pexkuma COC. Buapl ycroiunsocT. Bpailiaioine MOMEHTBI, ACHCTBYIOILHE Ha
pOTOp reHepaTopa W COOTBETCTBYIOIIME MM MOLIHOCTH. YpaBHEHWe [BIWKEHMA pOTOPA.. Koopaunara
MONOJKEHHs poTopa. MexaHuyeckas MOCTOSHHAs BpemeHu. MexaHuyeckas MOLIHOCTb.  ACHHXPOHHaA
AIEKTPOMArHUTHAS MOLIHOCTb,  CHHXPOHHAS 3MEKTPOMArHMTHAsS MOLIHOCTb. YTNOBBIE XapaKTEPHCTHKH
CHHXPOHHOI 3/1IEKTPOMArHUTHON MOLLHOCTH HEABHOMOMOCHOTO U ABHONIOMOCHOTO  FEHEPaTopoB. 3aBUCHMOCTE
CHHXPOHHOI! 3/1EKTPOMArHUTHOI MOLIIHOCTH FEHEPATOpPa JIEKTPOMArHUTHOH MOLLIHOCTH reHepaTopa B pekime
K3 or Buma v wmecta K3. Kpurepuu craTHyeckoi yCTOMUMBOCTH HEpery/iMpyeMoi npocrediieii
aHeprocucTeMbl. Bo3MOKHOCTb camMopackaunBaHis. BiinsiHue aBTOMATHYECKOrO PeryiupoBanus Bos0yxKaenus
(APB) reHepaTopa Ha CTaTHueckyio ycToiiunBocTs.  CTaTHueckHe XapakTepHCTHKH M Perynpyioumi ekt
Harpy3ku mo HanpskeHuio. [lepexofnbiii 37eKTpoMexaHHHeCKHii npouece npu K3. [Tlpaeuno nnoageil.
VeioBMe AMHAMMYECKOH ycToiumBocTH npocteiiweii sHeprocuctembl.  OueHka 3anaca AHHAMHHYECKOH
yeroiiunsocti. Onpeenenne npeaensHoro Bpemenu oTkmouenns K3. Biusune dopcHpoBKH BO30YIKICHNS
reHepaTopa Ha JMHAMMYECKYIO YCTOHUMBOCTH dHeprocucTembl. CTaTuueckas W AMHAMUYECKas yCTOHYMBOCTH
ACMHXPOHHBIX ~ BJIEKTPOJABHraTelNEH. [pakTHyeckne  KPUTEPUM  YCTOHUMBOCTH  ACHHXPOHHOIO
anexTpoasuratens. Camo3anyck sneKTpoaBHraTenei.

5. HajexnocThb 2JIeKTPOIHEPreTHYECKHX CHCTeM ™ ceTei

PacueT rokasaTeseii HaIeKHOCTH. PacueT Halek HOCTH CUCTEMbI NEKTPOCHAOKEHUS MPEANIPHATHS 10
k05D DHUMEHTY FOTOBHOCTH. BiinsiHue HaJeikHOCTH dJ1ek™ POCHAOKEHNS HA POU3BO/ICTBO.

B3aMMOCBS3b TEXHONOTHH NPOM3BOCTBA U HAIEIKHOCTH 3JIeKTpocHatKkeHus npeanpuaTus. JXusyqects
cuetem anektpocHatkenns. OnpejieneHHe HEL00TMyCKa 2eKTPOSHEPrHU NMpH MepepbiBax W OrpaHWueHHUsX
snexTpocHabienms. B3auMocsa3b nokasaTeneii KauecTsa dEKTPOIHEPIUH U HANIEIKHOCTH 31EKTPOCHADIKEHHS.
MeTosibl M CPEeACTBA NOBbILIEHNS HAJGKHOCTH MEKTPOCHAGKEHHS! TTPSANPUATHH.

TpeboBannsa K HAAEKHOCTH cHCTEM 3nekTpocHabikenus. Buabl oTkaszos. Xapakrtep  MpuUnHbl OTKA30B W
MOBPEKICHUI MIEKTPOTEXHUUECKMX YCTPOICTB B cucTemax anektpocHabienus.  OCHOBHbIC rloKasareiiu
HagexHocTH ¥ WX pacuer. OCHOBHbIE MOKA3aTe/d HAJEKHOCTH CUCTEM snekTpocHabkeHus. Biushne Ha
oKasaTeiu HaJeKHOCTH COeAMHEHWH sneMeHTOB cxem. Pacuer 6e30TKa3HOCTH TIABHOH MOHU3NTENLHOI
MOJACTAHLMH MPeANpHATHS

6. Peueiinas 3amMMATA ¥ ABTOMATHKA 3JIEKTPOIHEPreTHYECKHX CHCTEM H ceTeil

XapakTepUCTHKK TOKOB M HAMpPSKEHUH B HOPMANbHLIX W aBAPUHHBLIX PEKHMAX PACMPEACIHTEIBHBIX
cetell U OCHOBHBIX 3JIEKTPONPUEMHHUKOB. 3allMTa JAWHWH 3/1EKTponepesaut ¢ OAHOCTOPOHHUM MUTaHHEM OT
mekayhasneix K3. 3amura nuHuil onekrponepesadd ¢ JBYCTOPOHHMM MHMTaHWEM W KOMBLEBBIX JIHHWH OT
mexaydasnbix K3, 3awmra nuHuii anekTponepesayul oT oaHO(asHbIX 3aMblKaHHi Ha 3eMII0. Pacnpenenenne
TOKOB HYJEBOI NOC/eA0BaTENLHOCTH MPH OAHO(A3HOM 3aMblkaHMK Ha 3emito. TokoBas 3ailuuTa HyneBoii
riocnenosarenbHocTH. Hanpasnennas sawmra Hy/neBoH nocienopatenbHOCTH. . [lpojonsHas v nonepeynas
anbdepeHumnanbHbie 3aMThl NMHUIA.  3alluTa dNEKTPUYECKUX ceTeH Hanpsokenwem o 1 kB nnaskkimu
MpefloXPaHUTeNIIMM W PACLENUTENSMH aBTOMATHYECKHX BbIKJfOUaTeseid. YCTPOHCTBO aBTOMATHUECKOrO
BKJTIOUEHMA pe3epBa. YCTPOHCTBO aBTOMATHYECKOrO MOBTOPHOTO BKIIOYEHHS. YCTPOHCTBO aBTOMAaTHYECKOH
YACTOTHOM HArpy3ku. 3awurta cunosbix TpaHcopmaropos ot K3. Tlasopas sawmra. Tokopas ortceuka.
Jlnddepenumanbhas 3ammTa. 3aluTa NIaBKUMKA NPEIOXPAHHTENSIMU. 3allMTa CHIOBBIX TPaHC(OPMATOPOR OT
ceepxTokoB BHewHux K3 u neperpysok. MakcumasbHas TOKOBas 3aluuta. MakcumaibHas TOKOBas 3ailura ¢
KOMBHHUPOBAHHBIM MYCKOBbIM OpraHoM Hanpsokenus. Tokosas 3aluurta 0OparTHON MOCAEN0BATENLHOCTH €
NPUCTABKOM 1151 AeHCTBHS NpH cummeTpruHbIx K3, 3awura o neperpysok. [MpononbHag andipeperiinaibhas
3auuTa. 3alMTa  BLICOKOBOMBTHBIX dMiekTpoasurateneil. Tokosas orceuka.  3awura OT Meperpy3ok.
Juddeperumanbhas 3amuTa.  3aliuTa rIaBkiMH NPeOXpaHHTENAMH. OcobeHHOoCTH 3alIUThl CHHXPOHHBIX
9neKTpoBHraTeNeil. 3aluTa HU3KOBOJILTHBIX deKTpoaBHraTesei. OCHOBHbIE CBEACHNS O TeleMEXaHN3aLHK U
JIACTIETHUEPCKOM YTPABIEHHH.

.



7. MaremaTHUYeCKHE 32/1a1H JJIEKTPOIHEPreTHKH

JleHCTBHSI ¢ MATPHULIAMH 1 PELIEHHE CHCTEM YpaBHeHHi B MaTpuuHom Buae. Cxema 3amelteHus
ciicTeMbl anekTpocHabkerns. ['pad cxembl 3ametnenus. [lepeso 1 Xopabl rpaca. MaTpuubl, oTpaskaioume
cTpykTypy rpada. 3akonbt Oma u Kuproda, ceasb HanpskeHuii B BETBAX W y3/1ax B maTpuuHoii opme.
V3/10BO€ M KOHTYPHOE MaTpH4HbIe ypaBHeHMs. MITepaloHHbIH METO pacteTa yCTAHOBHBILEroCs peinma
cucTeMbl anekTpocHabkeHus. 3a1a4u ONITHMH3ALIMK B dNIEKTpoaHepreTrke. TpancnoprHas 3aaaya. 3anaua
nuHeliHoro Matemartnueckoro nporpammuposanms (JIMIT). [Mpuseaenue 3anaun JIMIT k crannaptHoii popwme.
I'eomeTrpuueckas untepnperauus 3aaaun JIMIT u rpadnyeckuii METO peLiCHH. CuMMIeKCHBII MeToA
pewenus 3anauun JIMIL

OcunoBuasi nuTepaTypa:

I. Becconor JI.A. TeopeTuueckue OCHOBBI NEKTDOTEXHUKH. DIIEKTPHUUECKUE LIETH: Yuednuk.— 11-e
w31, nepepab. u gon.— M.: FOpaiir, 2013.—701¢.
2. Becconos JI.A. TeopeTHueckHe OCHOBbI MEKTPOTEXHUKH. DIeKTpOMAaruuTHoe nose: Yuebnmk.— I1-¢

u3j1. — M.: 1Opaiir, 2014.—317c.

Kyapun b. M. DnexrpocHabikeHne: yueOHUK CTYAEHTOB YUPEXKIACHUH BbICLIErO npod. obpazosannsa /

b. U. Kyapun. - M.: Msnartensckuii uentp «Akagemus», 2013. - 352 c.

4. Anapees B.A. Peneiinas 3ainra 1 aBTOMaTHKA CHCTEM JIEKTPOCHAOKEHHUS. - M.: Beicluas wKosna,
2006.

5. Anexcangpoe, JI. C. HagékHocTb M KauecTBO 3/1eKTPOCHAOKEHWs MPEAnpUATHH f . €.
Anexcanspos, E. @. lllepbakos. — Ynbauosck : Yal'TV, 2010. - 155 c.

6. Kynukos 0. A. Tlepexoambie MpoLECCH B 3/IEKTPUUECKHX chcTemax: yued. nocobue. - 2-e w3,
ucnp. u pon. - Hosocubupek: HI'TVY, 2006. - (Yyebuuku HI'TY). - 283 c.

7. B.B.UepenanoB. MaremaTHueckne 3ajaun  BHYTPU3ABOACKOTO  3JIEKTPOCHAOKEHMSI. Yuebroe
nocobue. — Kupos: M3p-o Barl'V, 2006. - 139 c.

8. B.H. Koctun. OnrTumnsauqoHHble 3a1auu anektposnepretukn: Yuebu. [locobue -CT16.:C3TY, 2003-
120c.

,4]10“ OJIHHTEIbHAA JHTeparypa:

LFE |

I. Kyapun B. W. DnextpocnabikeHne MpOMBILLISHHBIX NpeanpuaTuii: yueGnuk ans sysos / b. H.
Kynpun. - M.: Unrepmer Mikunupunr, 2005. - 670 c.

2. T'ymos H.I1. Cucrembr snektpocHa®ienus: yuebuui/ H.I1. yxos, B.JL Onbxosekuid. JLA.
IMasmiouenko.-Pocroe H/n : @enuke, 2011.- 382 c.

3. B. A. Anppees. Peneiinas 3aiiura CHCTEM 3N1eKTpocHabKeHHs B PUMEpaX U 3a1a4ax. — yued.
noco6ue ans By30B. - M.: Buicu. wik., 2008. - (Onexrporexnuka). - 252 ¢

4. Aunpees B.A. Peneiinas 3auuta 1 aBTOMAaTHKA CHCTEM BEKTPOCHAOMKEHHUS! Yuebroe nocobue ans
CTYIEHTOB MO HAMpaBeHNto "DIeKTPOIHEPrETHKA U 3NEKTPOTEXHUKA" MPoduiib
«AnexrpocHabkerney — Yabauosek.: Yal'TY, 2014.

5. OcHOBbLI TEOPHH U pacuéTa HaAGKHOCTH EKTPOCHAOKEHHS: METOAMECKUE YKA3aHUS K PELICHHIO
sanau/ coct. A. JI. [Tnucko, J1. C. Anekcanapos. — Yabavosek: Yal'TVY, 2011.-29 c.

6. Ononesa I'. H. Cxembl 1 nojicTanuy anextpocHadkenus: cnpasounnk / I'. H. Ononesa. - M.
®OPYM: UHDPA-M, 2009. - (Briciuee obpaszopanue). - 479 ¢.

7. ®epopos A. A. OCHOBBI eKTPOCHAGIKEHUS MPOMBILLIIEHHBIX MPEANpUsTHit: yueOHuK ans BY308 / A.
A. ®enopos, B. B. Kamenesa. - 4-e 3., nepepab. u jon. - M.: DHeproatomMnsiar, 1984. - 472 c.

8. Tlepexonmble NpoLECChl B 3MEKTPOIHEPreTHHeckuX cucTemax: yuebuuk ans Bysos / Kptoukon WM. T1.,
Crapumnos B. A., T'yces 10. I1., IMuparopoe M. B.: noa pea. U. Tl. Kpioukosa; Mock. sHepret. HH-T.
-M.: MDH, 2008. - 414 c.

9, Heknenaee b.H. Dnextpuueckas uacTb 3/1€KT)OCTaHUMIA M NoacTaHumid. - M., Dueproatomusjar.

1986.
10.Bacunser A.A. DnexkTpuueckas 4acTb cTaHUWi ¥ noacTaHumii. - M., Dueprus, 1980.
I1.Poxkkora JIJ., Kosynun B.C. DnektpooGopynosanue cTaHuui u noicranumii. - M.,

Dueproaromusgat, 1987,

12.TpaBuna TeXHUUECKO# 3KCTUTyaTaLiu snextpoycraHook notpebureneii.-M.. HLL DHAC, 2003.-298
G

13.M.E. Bonrun. MaTemaTiueckie METOMIbI A5 peLieHus 3aaay snexrpocHabuenns: Yuebuoe nocobue
IS CTY/IHTOB IEKTpOTeXHUUeckuX crneuuansHoctell.- TIIY um. TopaiiTeiposa, 2008.-130 c.



MPOI'PAMMA BCTYIIUTEJBHOI'O 3K3AMEHA B MAT'HCTPATYPY
no nanpasjennio 13.04.02 DaekTposHepreTHKa 1 IEKTPOTEXHHKA
nporpamMMa «JIeKTPONPHBO/ H ABTOMATHKA»

1. Cuerembl ynpasJeHHs 31eKTPONPHBOIOB

[.1. mua3HaueHue, KiaccHPHKAUWA CUCTEM YMPaBAEHMS, PENEHHO-KOHTAKTOPHBIE CHCTEMbl,  3alUHTHI
3/EKTPONPHBOAA; METO/BI aHajlM3a C WCIOMNb30BAaHUEM LMKIOrpaMM W CTPYKTYPHBIX opmyn  Bynesoii
anrebpsl;

1.2.  JMCKpETHbIE CXeMbl MPOrpaMMHOrQ YMpaBjieHHsl B MHOTOMO3HLIMOHHBIX AEKTPONPUBOAAX] CHHTE3
AMCKPETHBIX CHCTEM; TTOCTPOEHHE AUCKPETHBIX CHCTEM Ha OCHOBE MHKPOCXEM;

[.3. HenpepbIBHbIE CUCTEMbI YTIPABIIEHHS B 2NIEKTPONPHBOAAX;

1.4,  HenpepbIBHbIE CHCTEMbl YMPABIEHHWA CKOPOCTbIO 3/EKTPONPUBOAA MOCTOAHHOIO TOKa: MOMAllbHOC
yrnpasnenye; Habnioaalowme yeTpoicTsa; aaanTuBHO-MOAANIbHOE YpaBieHHE, aJlanTHRHBII peryasrop Toka:
CUCTEMBI YIPABIEHHS C BLICOKOMOMEHTHBIMHU H BEHTHIIbHLIMH ABUTATENIAMM,

|.5. HenpepbiBHLIE CUCTEMBbI YMpPaBIeHUs CKOPOCTLID BEKTPONPHBOAA NEPEMEHHOrO TOKa, HEMpepbiBHbIE
CUCTEMBI YNPABJIEHUS MOJOIKEHUEM DNIEKTPONPHBOAA; PEIKMMbI MOZULIMOHHPOBAHUS H CIEKEHHSA, TOUHOCTHBIC
nokasarend B CAEAALIeM 3NEKTPONpPUBOAE; OCODEHHOCTH ONTHUMHM3AUMKH CACALLMX 3NECKTPONPHBOAOB €
JETEPMHUHKPOBAHHBLIMH H CTOXACTHYECKHMH BO3JlCﬁCTBHFIMH;

1.6. uudposble cucTeMbl YpaBleHHs; OCOOEHHOCTH Yuera AMCKPETHOCTH MO YPOBHIO M MO BPEMEHM:
of06IIeHHas CTPYKTYpHAs CXeMa W IMCKPeTHas nepefatouHas (yHKUMSA, CHHTE3 UHM(POBBIX PEryJIsTOPOB:
annapaTHbie ¥ MPOrpaMMHbIe Peau3aluK UH(POBLIX CHCTEM.

2. MukponponeccopHoe ylpagJjeHune 3JIeKTPoNnpHBOJaMH

2.1. apxuTeKTypa MHKpPONPOLECCOPHLIX CHCTEM YMNpPAaBIEHUS 3MEKTPONPHBOAOM, MPOUECCH KBAHTOBAHHS
uuopMaLUK 1O BPEMEHW M MO YPOBHIO, OCHOBHbIC MOJIOKEHUS TEOPHH WMMYJIbCHBIX CHCTEM, uudpoBbie
(unbTpsl,

2.2. BBLIUHCAWTENLHOE PO, UEHTPANbHBIN MpoLeccop, nHTepdeic nepudepritHbIX yCTPOHCTB, CTaHAAPTHLIC
LHKITbI 06MeHa nHpopMaumeit, cucTema KOMaHz U Metoasl aapecauuu LT,

2.3. OCHOBBI A3blka accembnepa, alropuTMbl YNpaBieHus,

2.4. UMPOBBIE PEryaATOPbl, MMKPOKOHTPOJIEPBI, [AMCKPETHbIE MOPThI BBOAA-BBIBOAA MH(pOPMALMK,
TalMepbl-CYETHHKH, aHanoro-uUugposbie npeobpasoBatenH, ACHHXPOHHbIE 7 CHHXPOHHBIE
NpUeMONepeaTUUKH, PErHCTPbl JaHHBIX W YTIPaBIeHNUs nepu(epritHbIMU yCTpoiicTBaMK,

2.5. pacnpeaesneHde 3ajay ynpaBieHWs Ha annapaTHyio M MPOrPaMMHYI0 HacTH, NPUMEPHI peain3ainu
LA POBLIX IEKTPONPHBOOB.

3. Ou3nvecKkne 0CHOBBI YJIEKTPOHHKH

3.1. ocHOBbI (pM3HKH MOAYNPOBOJAHHKOB;

3.2.  10AynpoOBOAHUKOBbLIE MPUOOPLI;

3.3, YCH/MTENH MOCTOAHHOIO TOKa,

3.4. onepauMOHHbIA YCHIIUTEND,

3.5. (u3MuecKHe OCHOBbI MHTErPanbHOH MUKPOINEKTPOHHON TEXHHUKH.

4. 'IKOHOMHKA H OPraHu3alHs NPOH3BOACTBA YIEKTPONPHBOIOB

4.1 AHANU3 PbIHKA JIEKTPOINPHBOIOB,

4.2, cHCTEMHbIH NOAXOA Kak OCHOBA MHIKEHEPHOM AEATEIbHOCTH]

43 (pYHKUHOHANIbHO-CTOMMOCTHbIH aHaJIN3;
4.4.  3proHoMMKa M 3CTETHKA KaK 4acTh TEXHHYECKOro nmporpecca;

4.5. Hay4HO-TEXHHYECKOE NMPOrHO3MPOBAHWE W IKCTIEPTHPOBAHKE,

4.6.  MeTO/bI MPUHATHS PELUEHHI.

5. DnekTpHYeCKHE H YJIEKTPOHHbIE ANMAPATHI

5.].  Dnekrpuueckuil annapar Kak CpPeACTBO YNPABNEHUs PEXMMaMK PadoThl, 3aLUMTLI M PErynupoBaHus
rapamMeTpoB CHCTEMbI;

5.2. aneKTpOMEXaHMYEeCKMe ammapaThl aBTOMATHKH, YMPaBAEHHWA, pacnpeelHTENbHbIX YCTPOUCTE U penehoi
AT

5.3.  (pm3nueckHe SBNEHNS B AIEKTPUUECKHX annaparax; JIeKTPUHECKHE KOHTaKTLI,

5.4. Tepmuueckas W 3EKTPOAMHAMMYECKas CTOMKOCTb 3LeKTPUYECKUX annapaTos;

5.5. 90eKTPOHHBIE U MUKPOTIPOLIECCOPHbIE anmnaparbi;

5.6. (pu3MuecKuMe SABNEHHA B MEKTPOHHbIX anmnaparax;

5.7. ruOpuaHbIe EKTPUHECKHE annaparbl:

5.8.  BbLIOOP W NPUMEHEHHE H IKCILTyaTaLns 3i1. anraparos.

6. JaekTpUYecKHe MALIHHBI

6.1. obuiue BONpochl MEKTPOMEXaHHUECKOTo npeobpa3oBaHmst SHEPruH;

6.2.  (hu3MUECKHE 3aKOHBI, IeXKALUME B OCHOBE MX paboThbl;



6.3. TpaHcdopmaTOphl;

6.4, AaCUHXPOHHBIC U CHHXPOHHbIE MALLIMHbL,

6.5. MaulMHbI MOCTOSHHOTO TOKA;

6.6. creuMaibHble NEKTPHHECKHE MALLMHDIL,

6.7. KOHCTPYKTHBHBIE MCIONHEHHS, MapaMeTpbl W PEIKMMbI PabOTbl MEKTPUUECKUX MALIMH. OCHOBHbIC
XAPAKTEPUCTUKM  DNIEKTPHYECKMX JBMraTeneil, reHepaTopoB u mpeobpasoBateseil: OKCIUlyaTalUMOHHbIC
TpeboBaHUs K HUM, TEHACHLMW WX Pa3BUTHSL.

7. DieKTpHYecKHH NPHBOJ

7.1. OCHOBHbIE XapAKTEPHCTHKH 3/IEKTPOJABUraTeNedl MocTOAHHOrO M MePeMeHHOro Toka, OMpEASNsiolne Ux
NpUMEHEHHE B MPOM3BOACTBEHHBIX U KOMMYHAILHO — ObITOBBIX TEXHOMOrHUECKHX MPOLIECCAX;

7.2.  OCHOBHbIE CXEMbI 3MIEKTPONPHUBOLOB PA3/IMYHOIO HAa3HAYEHMUS,

7.3,  aBTOMaTW3aLMA AIEKTPONPHBOAA;

7.4. pacuerbl U BbIGOP AeTaNEH U MHOrO 2AEKTPOOOOPYAOBAHNS NPH POCKTHPOBAHKH SMEKTPONPHBOOE.

8. DIeKTPONPHBOABI ¢ CHCTEMAMH YHC/I0BOI0 MPOrPaMMHOro YNpaBJ/JIeHHs]

8.1. TloustHe rubkoro aBroMaTusupoBamHoro npoussoactea ATl maplupyTHble U HHPOPMALMOHHbIE
MOTOKH, YPOBHH YNpPaBleHHs, TEPMHHAIILHBIE CPE/ICTBA YTIPaBACHUS,

8.2. nokanbHbIE CETH,

8.3. npunumMnbl nocrpoexus cuctem UMY, cranounbiii unTepgeiic,

8.4. caensuinii aNeKTPONPUBOL KOHTYpHBIX cuctem YITY,

8.5. opraHuzauus ynpasieHus B MHOTOKOHTYPHBIX CHCTEMAX MOAYMHEHHOrO PEryaupoBanus,

8.6. OCHOBHbIE 3a/1a4H NMPOrpaMMHOro ynpaBieHHs,

8.7. nuHeiiHas W KPYropas MHTEPMOJALMS, PEATH3ALIME AJIFOPUTMOB MHTEPTOMALIMK 10 METOAaM OLEHOUHOT
GyHkumn ¥ uHGPoBLIX AUdhepeHIHATLHBIX AaHATU3aTOPOB,

8.8.  ynpasnsiowiMe NPOrpaMMbl, BCIOMOraTe/bHbIE W MOAFOTOBHTENbHBIE (PYHKLIMH,

8.9. nporpaMMUpyeMbie KOHTPOJIIEPbI B CHCTEMAX ABTOMATH3ALIMH TEXHONOTHYECKHX KOMIIIEKCOB,

8.10. opranwuzaums nporpammuoro obecnevenns [K u ux apxurextypa,

8.11. 3bIK peneHHO-KOHTAKTHbIX CXEM,

8.12. onTHMH3ALMS PEKHUMOB pe3aHusl,

8.13. ajganTMBHOE yNpaB/eHHE NMPOLecCOM MeTannoobpaboTku, NepexoaHbIe NPOLECCHI Pe3aHus.

8.14. Cucrembl cTabunu3auuy THHEHHONW CKOPOCTH.

8.15. CucTembl npeae/ibHOro peryjiipoBaHusl.

8.16. Anroputmuueckoe obecriedeHHe caMOHACTPAHBAIOLIMXCS CHCTEM CTAOMIIM3ALIMM CHITOBLIX MAapaMeTPOB.
9. JlieMeHThl CHCTEM aBTOMATHKH

9.1. rnoHATHS M KJacCH(BUKALMA; OCHOBHbIE XapaKTEPUCTHKH]

9.2. reHepaTOp MOCTOSHHOTO TOKA; YMPaBisemMble BEHTH/IbHbIE MpeobpasoBaTenn: CHCTEMbI HMIYIbLCHO-
(pazoBoro ynpapieHus;

9.3. pacuer xapakTepucTHK npeo0pasoBareneii; IMHaMM4ECKHe CBOHCTBA npeobpa3oBareneit;

9.4, WMPOTHO-UMNYJIbCHBIE Mpeobpa3oBaTeu;

9.5. TUPHCTOPHbIE PEryasSTOPbI HANPAIKEHHUs MEPEMEHHOTO TOKA;

9.6. WHAYKTHBHO-EMKOCTHbIE Npeobpa3oBaTeliu,

9.7, WCTOUHMK TOKa Ha 6a3e BeHTWILHOro mnpeobpasoBaress; BEHTHIbHbIE Mpeobpa3oBaTe/n HaCTOTHI:
AHANOIOBbLIE PETYNATOPbI; AaTUHKH,

9.8. ynpasisfiolide 3MEMEHTbl JUCKPETHOro JAEHCTBHA, CyMMAaTOPbl, TPHITEPbl, CHETHMKH, PErHCTPbI.
pacnpenenuTend UMIyabCcoB; wwudpaTopel M aewrdpatopsl; npeodpasoBaTenn  KOAOB, CEAEKTOPDLI,
3aroMHUHAIOLLWE YCTPOUCTBA,

9.9. uudpo-aHanorossie M aHanoro-uudposbie npeobpazoBaTeNu; TEXHOJOMMYECKHE JATHHKH  CHCTCM
ABTOMATH3ALIHM TEXHOIOIHYECKHX MPOLECCOB,

9.10. xknaccuduKaliys annapaTHblX U NPOrPaMMHbBIX CPEACTB MHKPONPOLECCOPHBLIX CHCTEM YIPABIICHH,

9.11. KpOCC-CpeACTBAa NEPCOHATLHOrO KOMMbIOTEpa; 9Tanbl  pa3paboTku  nporpaMmHOro —obecriedeHis;
XapakTepucTHKa Henepemellaouiero accembnepa; XapaKkTepucTuka MukpoaccemObiiepa:  XapakTepucTiia
nepemeuialoLero kpocc-accembnepa,

9.12. cTpyKTYpbl NMpHBoAa ¢ UM(POBLIMM MUKPONPOLIECCOPHBIMK PEryAATOPaAMK; 11POrpaMMHas peaitizaitii
peryJisTopos;

9.13. nepcneKTUBHLIE THIMbI MUKPOTPOLIECCOPOB W OAHOKPHCTaIbHBIX Mukpo-IBM; nenonezosanme SHTOBOTO
npoueccopa; MOCTPOGHHE MHUKPONPOLECCOPHBIX  YNPaBIAIOLHX YCTPOMCTB; CHCTEMbI  TPAHCILIOTEPHOTO
YNPaBieHus 2NeKTPONPUBOAAMH]

9.14. KpoCc-A3bIKM BbICOKOTO YPOBHS; HHTEP(Eic MHKPONPOLECCOPHBIX CHCTEM YNPABIACHHA; CTAHAAPTDI
CPeCTB CBA3H LM(POBLIX MHKPONPOLIECCOPHBIX CHCTEM YNPaBIeHHs C NPOrpaMMUPYEMbIMHU KOHTPO/LIEPAMH 1
vnpassiowumu IBM: npumepsl peanusauni CHCTEM.
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