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BBeaenue

[IporpaMmMa cocTaBieHa Ha OCHOBE O0O0Opa3oBaTebHON MpPOrpaMMbl MO  OOIIHMM
MAaTEMAaTHYECKUM U €CTECTBEHHO-HAYYHBIM JUCLHUILUIMHAM, U JUCUUIUIMHAM HAIPaBIICHUS
«DJIEKTPOTEXHUKA,  DJICKTPOMEXaHUMKAa W DJEKTPOTEXHOJIOTHUM»,  CBSI3aHHBIM €
OCOOCHHOCTSMH  aHaJlu3a, CHHTE3a M TEXHUYECKOTO HCIOJb30BAaHUS  CHUJIOBBIX
ANIEKTPOHHBIX MPEe0Opa3oBaTeNie U CUCTEM UX YIPABICHUS.

IIporpamma pa3paboTaHa SKCIEPTHBIM COBETOM BhICHIei aTTecTallMOHHONW KOMHCCHH
MunuctepctBa 00pazoBanus Poccuiickoit denepannu mo 3HEPreTUKe, INEKTpuuKanm u
SHEPreTUYECKOMY MAIIMHOCTPOEeHMIO npu ydyactuu BOU um. B.U. JlenuHa.

1. lorynpoBOAHUKOBBIE PUOOPBI

OcHosHble cBoliCmBA HUCMBIX U NPUMECHBIX NOJYNPOBOOHUKOE. DIEKTPOINPOBOJIHOCTH
YUCTBIX W TPHMECHBIX MOJYIPOBOJHUKOB. TOKM B TOJYNPOBOAHWMKE (ApeiioBbIi U
(g dy3uoHHbIi). [ToIBHKHOCTE HOCHTENEH B TMOJYNPOBOJIHHKE, €€ 3aBHCUMOCTH OT
TEMIIEPATyphbl, KOHIIEHTPAMU MPUMECEA M HANPSHKEHHOCTH JJIEKTPUYECKOrO ITOJIS.
3aBUCUMOCTB YACIBHOTO COMMPOTUBIICHUSI IPUMECHOTO MOJYIIPOBOJHUKA OT TEMIIEPATYPHI.
MexaHu3M peKOMOMHAIMKA U BPeMs KU3HU HOCHUTENIeH. 3aKOH yObIBaHMSI KOHIICHTpalUu
HOCHUTEJIEH 3a cueT peKOMOUHAIMU. Y paBHEHUE HENIPEPHIBHOCTH.

INeKmpOHHO-ObIPOYHbBILL nepexood, SBICHUS, BO3HUKAIOUIME IMPU KOHTAKTE MeETaja C
MOAynpoBOAHUKOM. [lONynmpoOBOOHHUKKA C pPa3jMYHBIM TUIIOM MPOBOJAUMOCTH. 3O0HHAs
auarpamma p—n-nepexoja. Bonbr-amnepHas xapakrepuctuka (BAX) p—n-nepexona, BUIbI
ero mpo0os.

Ilonynposoonuxoswiii  0uod, ocobennoctu ero BAX. TemneparypHble CBOWCTBa
napaMeTpoB M XapaKTePUCTHK Juoja. Pa3HOBHIHOCTH JHUOMOB (CTAOMIIMTPOHBI, JHOJBI
[IloTTkH, TyHHENbHBIC TUOJBI). OCHOBHBIC MPHEMBl KOHCTPYWPOBAHUS M TEXHOJIOTHH
W3TOTOBIICHUS JTUOJIOB.

Bunonapuwii mpanzucmop. Y CTpONCTBO M MPUHITUTT IEUCTBUS OUMOJISIPHOTO TPAH3UCTOPA,
aHaJgu3 MPOLECCOB B 0a3e TpaH3UCTOpa — XapakTep JBMKEHHUS HOCUTENEH, BIUSHUE
ANEKTPUYECKOTO0 TIOJIS, paclpe/leieHHe KOHIEHTpalMd HEOCHOBHBIX HOCHUTEJEH.
CooTHolIeHHE MEXIy TOKaMHU 3JEKTPOJOB TPAH3UCTOPA. XapaKTEPUCTUKHU TPAH3UCTOPA
MpY BKJIFOYCHHH 1O CXeMaM ¢ oOIiei 6a30i 1 OOIUM ASMUTTEPOM. Y paBHEHHE DOepca—
Monna gns crartndeckux BAX wmaeanu3MpoBaHHOTO TpaH3WCTOpa. Mano CUrHajibHas
HKBUBAJICHTHAS] CXE€Ma TPAH3UCTOpA, BJIUSHUE TEMIIEPATYphbl, YaCTOThl M HArpy3Ku Ha
napaMeTpbl SKBUBAJICHTHOM cxembl. KitoueBoil pexuM OHUIOISPHOTO TpPaH3UCTOPA.
PexxuM OTCEUYKM M HACBIIICHUS. AHAIU3 MEPEXOIHbIX MPOLIECCOB B TPAH3UCTOPE METOI0M
3apsina. KoHcTpyupoBaHue OMMOJISPHBIX TPAH3UCTOPOB U DJIEMEHTHl TEXHOJOTHHM HX
npou3BojcTBa. [lapameTpuyeckrie 0COOEHHOCTU OUIONSPHBIX TPAH3UCTOPOB HA OOJbIINE
MOIIHOCTH.

bunonspnvie mpanzucmopor ¢ uzonuposannvim  zameopom (BTU3). YcrpoiictBo 1
npuHun aeucteus. Cxema 3amemnienuss 1 BAX bTU3, sanekTpuueckue u TeMiiepaTypHbie



napaMeTphbl CXeMbl 3aMelIeHUusl, TpeOOBaHU K YMPaBJSIIOMUM curHanam. OcoOeHHOCTH

ucnons3oBanuss bTU3 B TexHuueckux ycTpolcTBax U o0OjacTh ux Oe30macHOM paboTHI.
Oco6ennoctu IGBT u IGCT.

Ilonesvle mpanzucmopevl € YHPABIAKOIIUM p—N-IEPEXONOM. Y CTPOUCTBO, NPUHIIHUII
nerictBus 1 BAX Tpanzuctopsr M/III-Tina ¢ BCTpPOCHHBIM U MHIYLUPOBAHHBIM KaHAJIOM.
CxeMmbl 3aMENIEHHUS], TAPAMETPHI U XapaKTEPUCTUKU MOJIEBBIX TPAH3UCTOPOB.

Onmosnekmponnsle napvl IO — U0, TUOA — TpaH3UCTOp. ONTO3JIEKTPOHHBIE TPUOOPHI
MOBBIIIEHHOH SIPKOCTU — CBETOAUIbI. CXEMbI BKIIFOUEHUS OMTOAIEKTPOHHBIX MPUOOPOB.

Tupucmopwi. Ctpyktypa u ¢usumyeckue mnpoueccbl B Tupucropax. BAX Tupucropa.
IlepexogHple  mpomecchl  BKJIIOYEHUS W BBIKJIIOYEHUS B HE3aMUPAeMbIX
(omHOOTIEpAITMOHHBIX) THPUCTOpaX. llpenenbHble W KiIacCH(PHKAIIMOHHBIC MapaMeTphI
TUPUCTOPOB. ACHMMETPUYHO 3amuparoimue U  OoOpaTHOMPOBOMSIINE TUPHUCTOPHI.
Cumuctopsl, (OTO- M ONTPOHHBIC THUPHCTOPHI. 3amupaeMble (IBYX OICpalMOHHBIC)
THUPUCTOPBL.

Hnmeepanvnvie u cubpuonvie muxpocxemovl. CXEeMOTEXHHKA M KOHCTPYKIIMS, TUIIOBbBIC
JOoTUYecKue MUKpocxeMbl. Cepusi MUKPOCXEM Ha OUMOJIIPHBIX U MOJEBBIX TPAH3UCTOPAX.

Inexmpomaznumuvle 3jleMeHnvl CUIOBOW 3JIEKTPOHUKH. TpaHchopMaTopsl, Apoccen,
PEaKTOPHI. KoHCTpyKTHBHBIE =~ OCOOEHHOCTM WM NOPUHIUIIBI  HCHOJIb30BaHMS
BBICOKOYACTOTHBIX (DEPPUTOBBIX ANEKTPOMATHUTHBIX 3JIEMEHTOB.

DIIEKTPOPAANOU3ICINS  CHJIOBOM  JJIEKTPOHMKH —  KOHJAEHCATOPBI,  PE3UCTOPHI,
CBETOJIMOJIHBIC UHAUKATOPHI.

KoMmmyTarmmonHo-3anuTHasl anmnapaTtypa CHJIOBOW 3JIEKTPOHUKU — OBICTPOJEHUCTBYIOIIUE
MpeAoXpaHUTeNn, OECKOHTAKTHBIE Pelie 1 KOMMYTaTOPhl, pa3beMbl, IPOBOJIA U KaOEIIH.

2. Anaam3 ACKTPHUYCCKHUX ueneﬁ C MMOJYNIPOBOJHUKOBbIMH
IJTEMECHTaAaMH

Dnekmpuueckue yenu U CueHaIbl. DJIEMEHTBI JJICKTPUYCCKHX Iened (MCTOYHHKH,
MOTPEOUTEIM ¥ HAKOIUTETH YHEPTHH), UX MapaMETPhl U XapaKTEPUCTUKH. DICKTpUICCKas
cXxema U CTPYKTypHbIM rpad nenu. Matpuiibl CEUeHUI U KOHTYpPOB, CBA3b MEXIY HHUMHU.
KomMyTanmonneie mponeccsl B 3JeKTpuuecknx Uernsx. [[oCTosIHHbIE M TapMOHUYECKHUE
TOKHM U Hanpsbkenusi. KommiekcHas ¢opma npeacTaBlieHHs TApMOHHUYECKOTO mpoliecca B
aneKkTpudeckon uenu. l[leprpoandeckn U3MEHSIOIMECS] TOKM U HaNpPsHKEHUsI, Pas3ioKeHue
CMTHaJla Ha TapMOHMYECKME cocTaBiomue. [lapameTppl W XapaKTEpUCTUKH
MIEPUOJINYECKOr0 TOKA. MOIYJIMPOBAaHHBIE CUTHAJIBI W MX JUCKPETHBIE YaCTOTHBIE
criektpel. Henmepumoamueckue Toxku M HanpspbkeHus. Murterpan ®dypbe UM HENpEpbHIBHBIC
CHEKTpbl 3JIEKTpuYecKkux curHainoB. [IpeoOpazoBanue Jlamiaca u  omnepaTtopHbIe
M300paKEHHUS CUTHAJIOB.

Yemanosuswuecs u nepexoéyble npoyeccwol 6 JIUHEUHbIX yensix. Ananus YCTAaHOBHUBIINXCA
PCKUMOB B PCE3UCTHUBHBIX IMCIIAX, HCXOJIHBIC YPABHCHMHA, CIIOCOOBI X peuicHuda Hu



npoBepku. 3akoHbl Kupxroda, Oamanc mourHocTed. ['apMoHUWYECKHE U MEPUOAUYECKUE
PEXKUMBI B JIMHEHHBIX LEMSX ¢ UCTOYHUKAMU, TOTPEOUTENISIMU U HAKOMTUTEISIMA SHEPTHUHU.
PacueTHbie cXe€MBI C KOMIUIEKCHBIMHU MTapaMeTPaMH JIEMEHTOB. AKTHMBHAsA, pEaKTUBHAS U
MOJIHAs. MOIIHOCTB 3JIEKTPUYECKON LENH, MOIIHOCTh MCKaXCHUS. 3aKOHbI KOMMYTAallU U
HayaJdbHbIE YCJOBHS, HUCXOJHbIe anreOpamyeckue u AuddepeHIuanbHble YpaBHEHUS
cocTostHusl 1enu. Knaccuueckue MeTonbl pemieHus: auddepeHunanbHbIX ypaBHEHUM
(IpUHYKACHHBIN ¥ CBOOOIHBIN MPOIECCH B AJICKTPUUECKOM IienH). OnepaTopHbIi METO/
aHaJgu3a MPOLIECCOB B 3jeKTpuueckoil nenu. MuaTerpo-auddepenimanbupie ypaBHEHH
COCTOSIHMS LICTIM M €€ SKBUBAJCHTHASI ONEpaTOpHas cxema. Peakuus 3neKTprudecKor enu
Ha BO3MYIIEHUE B BUJAE CTYNEHYATON, UMITYJIILCHON M MPOU3BOIBLHON (DYHKIIUU BPEMEHHU.
[IpocTpaHCTBO COCTOSIHUM IEKTPUUECKON 11eTH, POPMHUPOBAHUE CUCTEM aJIreOpandecKux
u auddepeHInanbHbIX YPaBHEHUM COCTOSIHUM, METOJbl aHAJUTUYECKUX M YHCICHHBIX
pelieHuil ypaBHEeHH. MaTeMaTH4eCKOE MOICTTMPOBAHUE JICKTPUUECKUX LICTICH.

Qunbmpylowue ycmpoucmea 6 31eKmpuyeckux yensax. YeTbIpEeXIONMIOCHUKN, UX CXEMBI,
ypaBHEHHSI  MpPeoOpa3oBaHUS  DHEPTHUH. OKBHUBAJICHTHas  CX€Ma  aKTHUBHOTO
YETBIPEXIIOIIOCHUKA. XapaKTEPUCTUUYECKUE TapaMeTpbl M YCJIOBHS  COIIACOBAaHUS
[IACCUBHOTO  YETBIPEXIIOJIOCHHUKA C  MCTOYHUKOM  DSHEPrMM WU Harpy3Komu.
[TocnenoBaTenpHBIA W mapauienbHbli LC-KOHTYpBI, WX pPE30HAHCHBIE W YaCTOTHBIC
xapakTepuctuku. LC-puibTpel, WX XapaKTepUCTHUYECKHE TMapamMeTpbl B TMOJIOCAX
nporyckanus u nemidupoBanus curHanoB. [laccuBabie n akTuBHBIE RC-punbTphI, ux
nepeaaTouHble PYHKIUU U YaCTOTHBIE XapaKTEPUCTUKHU.

Yemanosusuiuecs u nepexoonvle npoyeccovl 8 HeauHeluHvlx yensx. HemuHenHvle nenu —
OTpaHMYCHHE W CTAOWJIM3alMs TOKAa M HANPSIKEHHS, BBITIPAMIICHHE MEPEeMEHHOTO TOKa,
aMIUTUTYTHAsE MOJYJIALMSA TAPMOHUYECKOro curHaia. Llenu ¢ ynpapisieMbIMU 3J1€EMEHTAMU
— DJIEKTPOHHBIN YCUJIUTEIb, YIPABISIEMBbIN BBIIPAMUTENIb. AHAIUTHYECKHE, TpaduyecKue
W YHCJICHHBIE METOJbl aHajdu3a IEPEXOJHBIX IPOLECCOB B IEMAX C HEIWHEHHBIMU
3JIEMEHTaMU. YCTOMYMBOCTh PpPEXHMA IMOCTOSSHHOTO TOKAa B HEJIWHEHHOM IEMHu.
PenakcanimoHHBIM ~ TeHEpaTOp —  JJIEKTpUYECKass CXeMa TEHEpaTropa, YCJIOBHS
CYIIECTBOBAaHMS YCTOMYHMBOTO pPEXHUMa €ro paboThl. YCIOBUS BO3HUKHOBEHHS
rapMOHMYECKUX KoJIeOAHMN B HeIWHEWHOW uenu. [‘apMOHHUYECKUU TeHepaTtop -
AJIEKTPUYECKasi CXeMa TeHepaTopa, ypaBHEHHUS COCTOSHUS U (Da30BBIM MOPTPET.

3. DJIeKTPOHHBIE LEeNH

Jluneunvle ycunumenu. OIHOKACKAHBIE YCWIMTENIM HA OUMOJSAPHBIX U TMOJEBBIX
TpaH3uctopax. OOpaTHble CBSI3M B YCWIMTENSIX, WX BIUSHUE Ha TMapaMeTpbl U
XapaKTEPUCTUKHU YCUIIUTENIEH. Y CTOMYMBOCTh YCUIIUTENSL ¢ 0OpaTHOM cas3bt0. YacTOTHBIE
U HUMIYJbCHbIE XapaKTePUCTUKU ycuiutenei. MeToabl TeMmmepaTypHOM cTaOuiau3anuu
pabouero  pexxuma  TPAH3UCTOPHBIX  ycwiuTeneil.  OnepaluoHHbIE  YCHIIMTEIIH.
Hcnonp3oBaHue  OMEpallMOHHBIX  YCHJIMTENIEM B CXeMax  MaciuTabupoBaHUS,
CYMMUPOBAHUSI, UHTETpUpOBaHUsA U Ju(PPepeHIUpOBaHUS HIEKTPUUECKUX CHUTHAJIOB.
AKTHBHBIE (WIBTPHI HA OCHOBE omepanuoHHBIX ycmnutenedh u RC-memeii. ['enepatopsr
rapMoHHYecKux kojeoanui ¢ RC- u LC-nensimu.

Jluoonvie knrouy, OrpaHUYUTENU U (PUKCATOPHI YPOBHS HAMPSIKCHUS.



TpansucmopHvle HacvliujeHuvle KoYy Ha OUNnoApHelX mpansucmopax. HeHachlllleHHbIe
Kioun. Tpaektopust paboyedl TOYKH MpU MNEPEKIIOUYEHUM TpaH3ucTOopa. BrusHue Ha
TpaeKTOpHIo padoueid Toukn xapaktepa Harpy3ku (R, RL, L, RC). O6mactu Ge3onacHoi
pabotbl. Kitoun Ha moneBeix TpaH3ucTtopax. CxeMoTexHUKa KI4ed Ha Oojbliue
MOIIHOCTH. OJHEPrHusi, paccenBaeMasi B TPaH3UCTOpax MpPH MEPEKIIOUYCHUH, OCHOBHBIE
MIpUEMBI OTBOJIA TEIIA.

Hmnynocuvie cxemvl u cmabunuzamopsl Hanpsadxcenus. Kommnapatopsl, 0qHOBHOPATOpPSI,
MYyJIbTUBHOPATOPHl U TEHEPATOPHl JUHEHHO H3MEHSIONIETOCS HANpPsKEHUS HAa OCHOBE
JUCKPETHBIX KOMIIOHEHTOB, OIEPAIMOHHBIX YCHIIUTEJIEH M JIOTUYECKHX HHTErpajibHBIX
cxeM. [lapamerpuueckue craOwim3aTopsl HamnpspkeHus. JIuHelHble (B TOM YHCIIE
UHTETpaIbHbIC) CTAOMIN3aTOPBI. PeryisiTopel M CTaOMIIM3aTOPhl HANPSHKCHHUS W TOKAa Ha
MOJIYNIPOBOJHUKOBBIX AJIEMEHTaX, PadOTAIONIMX B KIIOUEBBIX PEKUMAX.

4. IlpeoOpa3oBaTe/ibHASI TEXHUKA

OcHosHble cxembl O00HO- U mpexgasnvix evinpamumeneti. Pabotra omaHOGpa3HBIX
BBITIPSIMUTENICH HA aKTUBHO-UHAYKTUBHYIO, aKTUBHO-EMKOCTHYIO HAarpy3KH, Ha Harpysky,
cozepkaiyto npotuBo-2/1C U UHIYKTUBHOCTb. PesxuM nmpepbIBUCTOrO TOKa. Tpexda3zHblil
MOCTOBOM BBIMPSIMUTENh. BHENTHSIA XapaKTEPUCTUKA BBIIPSMUTEIIS TIPU PA3IMYHOM UYHCIIE
OJTHOBpEMEHHO paloTarommx BeHTWIeH. HecuMMerpuduHbIi  (IOTyyIIpaBIIIeMbIi)
BBIIIPSIMUTENIb, €T0  PETYJIUPOBOYHASI  XapakTepucTuka. MuorodasHbie  CXEMbI
BBINIPSIMJICHUSI HAa OCHOBE TIOCJIEIOBATEILHOTO WM NapajuIebHOTO  COEIUHEHUS
BhITIpsIMUTENICH. B3aumonelicTBue BBIIPSIMUTENSI C HCTOYHUKOM NEPEMEHHOTO TOKA.
[lepBuunble TokM MHOTO(a3HbIX BhiOpsiMuTeneid. KordPuiuuent MONIHOCTH HCTOYHHKA
MEPEMEHHOTr0 TOKA MPHU YIPABIIEMOM U HEYIIPABIIEMOM PEXUMaxX padOThI BHIMPSIMUTEIS.
CnocoObl  mOBbIIIEHUST KO3 PUIUMEHTa  MOUIHOCTH.  SIBIEeHHME  BBIHYXKJIEHHOTO
noAMarHu4uBanus TpaHcopMaropa B OJIHO- U Tpexda3HbIX TpaHCPHOPMATOPHBIX
BBITIPSIMUTEIISIX, CIIOCOOBI ycTpaHeHus 3(d@ekTa moaMarHuyuBaHus. BiusHue aHOIHBIX
WHyKTUBHOCTEN HA PabOTYy BBIIPSIMUTEIICH.

Husepmopwi, 6edomvie cemvio, u npeobpazoeamenu uacmomwl. llepexox or
BBITIPSIMUTENIBHOTO PEKHUMa K WHBEPTOPHOMY. DJIEKTPUUYECKHE IMPOLECCH B MHBEPTOPE,
BEIOMOM  CEThbIO, €ro peryjJHpoBOYHAs  XapaKTepUCTUKA. BiusHue  aHOAHBIX
WHIYKTUBHOCTEH Ha paboTy uUHBEpTOpa, KOIPQPUIMEHT €ro MOIIHOCTH, MPUEMbI
MOBBIIEHUST KO3(PduUlLIMeHTa MOIIHOCTH WHBepTOopa. PeBepcuBHBIN MpeoOpa3oBaTelb
MEPEMEHHO-TIOCTOSIHHOTO  ToKa. llepekpecTHass W BCTpedHO-MApajiesibHAs  CXEMbl
npeoOpazoBatensi. CoBMECTHOE U pa3lielbHOE yIpaBieHUE MpeoOpa3oBaTeIeM.
Ocobennoctu paboThl mpeoOpazoBaTeasi HA MHAYKTUBHYIO Harpy3ky M HHIYKTHUBHYIO
Harpy3ky c¢ mnpotuBo-J/IC. HenocpenctBeHHblll mpeoOpa3oBaTenb 4acToThl. OmHO- U
MHOTroga3zHasi CXeMbl HEMOCPEICTBEHHOTO MPeoOpa3oBaTeliss 4acTOThl, OCOOCHHOCTH €ro
paboThl Ha AKTUBHO-UHIYKTUBHYIO HArPYy3KYy.

Hmnynvcuvie npeobpazosamenu u pecynsimopvl NOCMOAHHO20 Hanpsaxcenus. VIMIyIbCHbIE
METOJbI PETYJIMPOBAHHS HANPSHKCHHsT (TOKA) — IIMPOTHO- M YaCTOTHO-UMITYJIBCHOE
peryJupoBaHue, METOJ MO3ULUOHHOTO ciexeHus. UmnynbcHbie perymnstopsl I, 11 u Il
pPOJIOB, HX PETyJIUPOBOYHBIE XapaKTEPUCTUKHU. TpaH3UCTOpHBIE MpeoOpa3zoBaTenu
HaIpsDKEHUS ¢ Mepeayell SHepruu yepe3 TpaHnchopMmaTop Ha MHTEpBale (POpMHUPOBAHUS



UMITyJIbCa U BO BpeMsl may3bl. IMIyJIbCHBIE TPEOOPA30BATENN TOCTOSIHHOIO HAIPSKEHUS
Ha TUPUCTOPAX C MApAJUIEIBHOMN U TIOCIIEI0BATENBHON IBYXCTYIIEHUaTON KOMMYTAIUEN.

Aemonomnvle uneepmopsl u npeobpazoeameny Ha Ux ocHoge. ABTOHOMHBIE MHBEPTOPBI
TOKA W HAMpsKEHUsI, UX CpaBHUTEIbHAS OlICHKA. ABTOHOMHBIN NapaiebHbIi HHBEPTOP
KaKk TMpUMep HHBEPTOpa TOKA, €ro BHEIIHsS Xxapakrepuctuka. Crabuiauzanusi u
pPEryJIMPOBAHUE BBIXOJHOTO HAMPSDKEHUST MHBEPTOPA TOKA C IMOMOIIBIO HHAYKTHBHO-
THUPUCTOPHOTO KOMIIEHCHPYIOIIErO0 yCTpOMCTBA. HBEPTOp TOKa € OTCEKAOIIUMHU
muonamu. OnHO- U TpexdasHble WHBEPTOPHI HAIPSHKEHUSI, OCOOCHHOCTH UX PabOThl Ha
WHJIYKTUBHYIO Harpy3ky, poJib OTCEKAaloIuX JaUoA0B. HHBepTOp HampspKeHUs ¢
oxHOCTyneHuaTon (mpssMoi) komMmyTaruei (cxema Mak-Myppes—bendopaa). Maseptop
HANPSDKEHUS ¢ IBYXCTYMEeHYaTON (HEMpsIMOW) KOMMYTanued. DJISKTPHIECKHUE MPOIIECChHl B
KOMMYTAIIMOHHBIX y3J7aX TMpU TOCJIENOBATEIIbHON U TapaiebHOM KOMMYTAIUU.
[IpeoOpazoBarenu 4acTOThl HA OCHOBE MHBEPTOPOB HAMPSIKEHUS] 1 UHBEPTOPOB TOKA TSt
YaCTOTHO-YIIPABISIEMOr0  3NeKTponpuBoaa. [lapauienbHpli M MOCIEA0BATENBHBIN
PE30HAHCHBIE MHBEPTOPHI, TOKK M HANPSIKEHUS B MHBEPTOpaAX MPU TPAHUUYHOM PEKUME
paboThl M B pexuMe C Tmay3od. Pe3oHaHCHbIE WHBEPTOPHI C OOpPaTHBIMHU JIUOJAMHU.
OcobeHHocTH pabOThl TUPUCTOPOB MPU NPUHYAUTEIBHOM KOMMYTAIlUM — OTHUpPaHUE,
3anupaHue, KOMMYTAIIMOHHBIE MOTEPU MOIIHOCTH, F(PEKTHI, CBSI3aHHBIE C U3MEHEHUEM
MPOU3BOJIHBIX TOKAa W HaNpsDKEHUsT B mepuoj; kommytauuu. [IpeoOpazoBartenu
HaIpPsHKEHUsS C 3BEHOM MOBBIIIEHHOM YaCcTOTHI.

MeToapl CHHXKEHHSI KOMMYTAIlMOHHBIX MOTE€Ph B MHBEPTOPAX IOBBIIMIEHHONW YaCTOTHI —
neMnupyroIMe ey, pe30HaHCHAsS U KBa3UpPe30HAHCHAS KOMMYTAIHsI.

Metoapl yiydllleHUs] CHEKTPAJIbHOIO COCTaBa BBIXOJHOTO HAMPSIKEHUS WHBEPTOPOB.
MHuoroda3znble npeodpa3zoBaTesiu co CTyneH4aToi GopMoil HanpsiKEHUS.

5. CucteMbl ynpaJjieHHs IPeodpa3oBaTeIsiMu

Obpabomrka unpopmayuu. KomudecTBeHHas olleHka uH(opmanuu. Buapl CHUTrHaIOB.
XapakTepucTUKa aHAJOTOBBIX CHUTHAJIOB — CIEKTPbl W (DYHKIIUU pacrpeicsieHus.
[lepemaua wHpOpMANIMM MOIYJIMPOBAHHBIMH CHUTHAJIAMH C TapMOHHYECKHM U
UMITYJIbCHBIM HOCUTEIsIMU. KomupoBanue mudpoBhIX CUTHAIOB, BUBI MU(PPOBBIX KOOB.
[lorsiTue O cuUcTeMax CUMCICHUS, OOpaTHOM U JOMOJHUTEIBHOM Koaax. KojoBwie
paccTosiHHs, HW30BITOYHOE KOJAMPOBAHWE, KOJBI C OOHApY)KEHHEM U WCIpPaBICHUEM
omnOok. CrnocoObl 1U(PO-aHAIOTOBOTO UM AHAJIOTO-LIU(PPOBOrO  Mpeodpa3zoBaHUM.
[IpeoOpa3oBareny, OCHOBaHHbIE Ha  TOCIEAOBATEIILHOM  CYETE,  IOPa3psIHOM
YpaBHOBEIIMBAHUM W CUYUTHIBaHWH. [IpeoOpazoBaTenin BpPEMEHHBIX HHTEPBAJIOB!
aHAJIOTOBBIN CUTHAJI — MHTEPBAJI, aHAJIOTOBBIA CHTHAJ — 9aCcTOTa, MHTEPBAJI—KO/I, 9acCTOTa—
KOJI.

OcHo8bl npoeKmuposarus yu@dpoesvix y3i06 u ycmpoiicms. KoMMyTaIllmOHHbBIE JTOTUYECKUE
ycTpoiictBa. Jlormueckue GyHKIMHU, CHOCOOBI WX OMNHUCAaHHWS, WX pealu3aluu ¢
HWCIIOJb30BaHMEM THIIOBBIX Jormueckmx »iaemeHros W, WJIW, W-HE, WJINW-HE.
JlemudpaTopsl, MyJbTHILIEKCOPHI, apu(METHIECKUE JTOTHYECKUE YCTPONUCTBA — IIPUHIIUIT
UX JCHUCTBUA M OCOOCHHOCTH MCIOJIb30BaHMUS. OCHOBHBIC BHILI TPUITEPOB, MOCTPOCHHUE
CUETUYMKOB M PETUCTPOB. PEBEpCUBHBIE CUETUUKU. EMKOCTh CUETUMKA W YIPABICHUE €IO.



Peructpel ¢ mocnenoBaTeNbHBIM M TMAapajuieIbHbIM BBOJIOM M BBIBOJOM HH(POpPMAIUU.
ABTOMaThl Ha OCHOBE WHTETpajbHbIX MHKpocxeM. CrnocoObl ONHUCAHUSI COCTOSTHUS
aBTOMAaTOB, TaOIMIIBI TEPEXOJ0B M BbIX0A0B. KoaupoBaHue BXOAOB, BBIXOJAOB U
BHYTPEHHUX COCTOSIHMM aBTOMAaroB. lIpotuBoronounoe xomupoBanue. CHHTE3 Y3JIOB Ha
OCHOBE THUIIOBBIX JOTHYECKHX 3JIEMEHTOB. BUABI MOTYyNPOBOAHUKOBBIX 3aIIOMHHAIOIINAX
ycTpoiicTB. CrnocoObl pacuIupeHusi aJpecHOr0 MPOCTPAHCTBA U Pa3PSAHOCTH JTAHHBIX
3aIIOMUHAIOIIETO YCTPOMCTBA. [TporpammupoBanue I3V, 03V, PIT3Y.
[TonynpoBOJHUKOBOE  3allOMHUHAIONIEE  YCTPOMCTBO KAk  MHOTO()YHKIMOHAJbHBIN
JOrU4YecKur s3yieMeHT. [locTpoeHne aBTOMATOB HAa OCHOBE mporpammupyembix [I3Y ¢
0OpaTHBIMU CBS3SIMH.

Muxponpoyeccopnasa mexuuka cucmem ynpaeienus. lIporpaMmuas peannsanus Ipoueayp
cOopa, BBIYUCIHUTENbHBIX oOmnepanuii Haa uHpopmanmeil u ynpasneHusi. CTpykrypa
MHUKPOIIPOIECCOPHON CHUCTEMBI, €€ COCTaBHbIE 4YacTH. MarucTpalbHbId CIOCOO CBS3U
y3JI0B. Marucrtpanu 1aHHbIX, aapeca yrpapieHuss. ODyHKIHOHUPOBAHUE MUKPOIIPOIIECCOPA
P BBINIOJTHEHUM KOMaHJ. MalllMHHBIE LUWKIbI, CJIOBAa COCTOSHUS mpoleccopa. Buubl
koMmana. [lepexonbpl — BBINOTHEHUE NOAMNPOrpaMM, CTEK, MpepbhiBaHUA U 00paboTka
MpEpPBIBAHUM, MPAMON nocTyn K mnaMmsaTh. OZHOKPUCTANBHBIE U Pa3psAHO-MOAYJIbHBIE
MUKPOIIPOIECCOPhI,  OJIHOKpUCTANIbHbIE ~MUKpOoOBM, mnepudepuiinpie  ycTpoiicTBa
MUKPOIIPOIIECCOPHBIX cUCTeM (MHTEep(hEnCHI).
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BBeaenue

JlononHuTeNbHAS IpOrpaMMa COCTaBlieHa Ha 0a3e OCHOBHOM MpOrpaMMBbI 10
KaHAUJAATCKOMY JK3aMEHY M OTpa)xaeT TpeOOBaHUs K 3HAHUSAM COUCKATeNs B
o0JlacTU  TMOCHETHUX JOCTIXKEHUH B  CWIOBOM dnekTpoHuke. (OCHOBHas
HaIpaBJIEHHOCTh MPOrpaMMbl - (GyHIaMEHTaJIbHBIE BOIPOCHI MPeoOpa3oBaHUs

AIEKTPUYECKOU SHEPTHMU.
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1. MeTtoabl aHAJIH3A HeJIMHEMHbIX INEKTPHICCKHUX ueneifl C

MOJYIIPOBOAHUKOBbIMH Hp606p330BaTeJIﬂMI/I 3JIeKTpI/I‘leCKOﬁ IHEPIuM.

YucaeHHbIe METOBI pemieHus 3aaaun Ko st 0OBIKHOBEHHBIX
muddepeHnuanbHbXx ypaHerui (O1Y).

Uucnennsle meToasl pemenus cucrem O/[Y nepBoro nopsuaka.
MeTto1 KOHEUHBIX Pa3HOCTEN pelIeHUs KpaeBbIx 3aaad st O1Y.
Pemenue cuctem "xectkux" ypaBHEHHH.

UucneHHOe pellieHre HEIMHEWHBIX YPABHEHUN METOJOM UTEPALU.

UucneHHOE pellleHrue HENMHEWHBIX ypaBHEHU meToaoM HproToHa
(OHOMEPHBIH ¥ MHOTOMEPHBIH CITydai).

MeTon rapMOHMYECKOW JTUHEAPHU3AIMU U1 pacueTa HEeJIMHEWHBIX
AJICKTPUUYECKUX ICTIEH.

I'padoananuTuyeckme METO Bl pacueTa HEIMHEHHBIX
BIIEKTPUUYECKHUX IECMEH.

OCHOBHBIE IPUKJIATHBIE TPOTPAMMBI IJIs1 pacyéTa
HEJIMHEWHBIX CXE€M IPU UMINYJIbCHOM BO3JECHCTBUU.

AnnpokcuMaln sl HEJUHEWHBIX XapaKTEPUCTHK.

HeaBroHOMHBIE cicTeMbl. MOIeJIM HEABTOHOMHBIX CHCTEM.
®a30Boe MPOCTPAHCTBO M CTPOOOCKOMTUIECKOE OTOOPaAKCHHE.

HenuHeinblil pe30HaHC B OCHUIUISITOPE C JUCCUTIAIACH.
YKOpOYEHHBIE YPABHEHUSI U PE30OHAHCHBIE KPUBBIE.

[ToHsTHS MEIJIEHHO U OBICTPO MPOTEKAIOIIUX MPOIECCOB B
YCIOBUSAX TUCCHUITALINH.

DJIeMEeHTHl TEOPUH KaTacTpod.
JluHamMu4eckue cucTeMbl U Oudyprauuu.
Henuneitnbie xonebaHus.

Xaoc u ero CBOMCTBA.

MeToabl aHaIU3a SHEPrEeTUYECKUX MOKAa3aTEeJEd YCTPOUCTB
CHJIOBOM 3JIEKTPOHUKHU.



16.1 HWHTerpanbHBIA METO.

16.2 CuoexTpalbHBIH METO/I.

16.3 IIpsmoit meTon.

16.4 MeToa reoMeTpUISCKUX aHAOTHH.

17 DnexTpoMarHuTHasi COBMECTUMOCTh B ycTpoicTBax CO.

2. CoBpeMeHHBbIE AJITOPUTMBI YIIPABJIEHHS YCTPOHCTBAMM CHJIOBOM
3JIEKTPOHUKH

1  BekTopHBbIE aITOPUTMBI YIPaBIEHUS YCTPOMCTBAMU CUIOBOMU
BIIEKTPOHUKH.

2  HckyccTBeHHBIC HeHpoHHBIE ceTH. [[puMeHeHme
HEWPOCETEBBIX U TEHETUUYECKNX METOJ0OB B COBPEMEHHBIX
aJITOPUTMAX YIPABJICHUSA YCTPOUCTBAMHU CUIIOBOU
AIIEKTPOHUKH.

3  Fuzzylogic. IIpumeHeHHE METOAOB HEYETKOM JIOTUKHU B
COBPEMEHHBIX aJITOPUTMAaX yIPaBJICHHUSAYCTPONCTBAMU
CHJIOBOU 3JIEKTPOHUKHU.

4  CynepkoMIUICKCHBIE yncia (KBATCPHUOHBI) UX MPUMCHCHUE B
aJITOPUTMAX YIPABJICHHUSA YCTPOUCTBAMHU CUIIOBOU
AIIEKTPOHUKH.

5  TIlporno3upyromiero ynpasinenus (Predictive Control) B
aJITOPUTMAX YIPABJICHHUSA YCTPOUCTBAMHU CUIIOBOU
AIEKTPOHUKH.

3. COBpeMeHHaH 3JieMeHTHasi 0a3a CHJI0BOM INICEKTPOHUKH

KapOun kpemMHUEBbIE MOAYTPOBOJHUKOBBIE MTPUOOPHI.
Hutpun rynnuBbie moaynpoBOJHUKOBBIE MTPUOOPHI.
ApceHu] TallyiueBble MOTYIPOBOIHUKOBBIE TPUOOPHI.

MonexkynsapHble KOHIEHCATOPHI.

g b~ W N -

HaHorpanuenTHbsie MaTe€puanbl A5 3JIEKTPOMATHUTHBIX
YCTPOMCTB.



4, COBpeMeHHLIe 00J1acTH INIPUMCHCHHUSA CIJIOBOI IJNECKTPOHUKH

1  Dueprerudeckas 3JIEKTpOHHUKA (aKTHBHBIC (QUIBTPHI,
KOMIIEHCATOPHl PEAaKTUBHON MOIIHOCTH, HAKOTIUTEIHU
DJIEKTPUYECCKON IHEPTUH).

2  Bo3oOnoBmseMas sHepreTuka (coaHedHass GOTOBOJbTANKA,
BETPOIHEPreTHKA, Maias TUIPOIHEPTETHUKA).

3  ABTOHOMHBIC CUCTEMBI CHIOBOH JIICKTPOHUKHU
(’KeIe3HOJOPOKHBIM, aBTOMOOUIbHBIN, aBUAIIMOHHBIH,
MOPCKOW M PEYHOU TpaHCIOPT).

4  VYcrpolcTBa CUIOBOU 3JIEKTPOHUKHU B HAYYHOM
NpUOOPOCTPOECHUH.

5 KunumHo-KOMMYHaJIbHOE X035ICTBO.

JlutepaTtypa ocHOBHAast

1. OcHOBBI CUIIOBOM 3JEKTPOHUKHU. CHIIOBBIE MTOTYTIPOBOJHUKOBBIE MPUOOPHI :
yue0. mocobue / [A. A. bBoromsikos u 1p.]; nox pen.®. . Kosasepa, B. A.
YcaueBa.—M. : U3a-Bo MI'TY um. H. O. Baymana, 2012. — 247, [1] c.

2. Barun I'.fl.DnekTpoMarHuTHAs COBMECTUMOCTD B 3JICKTPOIHEPICTHKE :
y4eOHUK JUIA CTyA. Bbicil. yue0.3aBenenuii / ['.51.Barun, A.b.JlockyToB,
A.A.CeBOCTBHSIHOB. — 2-€ U31I., ucnp. — M. : I3naTenbCckuii eHTp
«Axagemus», 2011, — 224 c.
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