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1. HEJIX OCBOEHU A JUCHUIIINMHBI

1.1 | Llenpro AUCIMILUIMHEI ABIAETCS 0OecTedeHre 6a30BOr0 YpOBHS 3HAHHUH 110 OCHO-BaM KOMIIBIOTEPHOTO MOJICTHPOBAHUS
9NEKTPOTEXHUUECKUX YCTPOHCTB U CUCTEM aBTOMATHYECKOI'0 YIIpaBieHHs HanpasieHus noarorosku 13.03.02
«ONEKTPOIHEPTETHKA U DIIEKTPOTEXHUKAY.

1.2|B paMKax JUCHUIIIMHBI OCBAMBACTCA YMCHHUE COCTABJICHUS KOMIIBIOTCPHBIX MOI[CJ'I@I71 CTPYKTYPHBIX CXEM IPOCKTUPYEMBIX
CHUCTCM aBTOMATHU4YCCKOI'O YIIPpaBJICHUA, O6CCHC‘II/IB3}OIHI/IX 3aJaHHBIC Tpe60BaHI/I$[ K DJICKTPOOHECPIC€TUICCKUM CUCTCMaM U
KOMIUICKCaM, aHaJIN3 IMOJYYCHHBIX PE3YJIbTATOB MOJACINPOBAHNA, 000CHOBaHUS TMPUHATBIX PCIICH

2. MECTO JUCIMIIVIMHBI B CTPYKTYPE OOII

Huxn (pazmpen) OOIT: b1.0

2.1 | TpedoBaHus K NMpeABAPUTEILHOMN MOATOTOBKE 00y4YaloUIerocs:

2.1.1 | OCHOBBI NEKTPOMArHUTHOW COBMECTUMOCTH

2.1.2 | TexHuKa ¥ TEXHOJIOTHH SHEProcOepeskeHUs

2.1.3 | DnekTpoMarHuTHasi COBMECTUMOCTD B DJIEKTPOIHEPTETHKE

2.1.4 | UadopManimioHHO-U3MEPHUTEIbHAS TEXHUKA

2.1.5 | OnTUMH3aIIS CHCTEM 3JICKTPOCHAOKEHHS

2.1.6 | MeTrpomnorus, cTaHAapTU3ANNSA U CePTUPHUKAIHS

2.1.7 | HauepraTenabHas TeOMETPHS U HHXXEHEpHas rpaduka

2.1.8 [ OCHOBBI ANEKTPOMATHUTHOH COBMECTHUMOCTH

2.1.9 | TexHuKa 1 TEXHOJIOTUH YHEProcOepekeHNs

2.1.10 | DnexTpoMaruuTHast COBMECTUMOCTD B 3JIEKTPOIHEPTETHKE

2.1.11 | UadopManimoHHO-N3MEPHUTENTbHAS TEXHUKA

2.1.12 | OnTEMHU3AIUS CUCTEM DJIIEKTPOCHAOKEHHS

2.1.13 | Metpomnorus, cCTaHIapTH3AH U cepTH(UKAINL

2.1.14 | HauepraTenbHasi FeOMETPHsSI U MEDKCHEPHAs Tpaduka

2.2 | JMCHMILUTMHBI M MPAKTHKH, [IJIsI KOTOPbIX OCBOECHUE TAHHO TUCIHILTMHBI (MOTYJIs1) HEOOXOTUMO KAK
npeamecTByomiee:

3. KOMIOETEHLIUM OBYYAIOIIETOCSl, POPMUPYEMBIE B PE3YJILTATE OCBOEHUS JUCIUILTAHBI
(MOJLY.JIsT)

OIIK-1: Cnoco0eH NOHMMAThL NPUHIUIBI PA00THI COBPeMeHHbIX HH(OPMAIMOHHBIX TEXHOIOTHIl M HCIOJIL30BATh UX IS
peulenns 3a1a4 npogeccHoOHAIbHOM JesATeJbHOCTH

OIIK-1.2: Vicnonb3yeT NpHUHIHUITEI padOTHI COBPEMEHHBIX HH()OPMAIIMOHHBIX TEXHOIOTHH TSI PeIIeHHs 3a/1a9 B
poQeCcCHOHATBHON eI TENbHOCTH

OIIK-2: Cnoco0eH pa3padaThiBaTh AITOPUTMBI H KOMIbIOTEPHbIE IPOrPAMMBbI, IPUTOJHbIE 115 NPAKTHYECKOT0
NMpHMeHeHHs!

OIIK-2.1: AJTFOpI/ITMI/I3I/IpyeT PCHICHHUC 3aaa9 U PCAIIM3YCT AJITOPUTMBI C UCTIOJIb30BAHUEM ITPOTrpaMMHBIX CPEICTB

IIK-1: Cnnocoden MNPOBOJAUTH HAYYHO-UCC/I€I0BATE/IBCKUE U ONIBITHO-KOHCTPYKTOPCKUE paspaﬁoTKn 0 OTACJABbHBIM
pa3aesamM TeMbl

TIK-1.2: Bnageet MeToqaMH ¥ TEXHUYECKUMU CPEICTBAMH UCCIIEIOBAHUMA U AUATHOCTUKH JIEKTPOIHEPTETUYECKOTO U
9JIEKTPOTEXHUUECKOTO 000PYIOBAHUS

B pe3ynbTaTe 0cBOEHHS TUCHUILTHHBI 00YYAIOLIHIICA T0/TKEH

3.1 (3HaTh:

3.1.1 |IIporpammubie mpoayktsl MathCad , MATLAB, Simulink, SimPowerSystems. OcHOBHbIE IpaBHiIa padOThI ¢ MOICISIMHU
CTPYKTYPHBIX CXEM JJIEKTPOIHEPTETHIECKHIX U 3JICKTPOTEXHUUCCKUX KOMILICKCOB.

3.2 | YMeTh:




3.2.1 | AmanuTHueckn pemats JuddepeHnransHble ypaBHEHIS IEPBOTO U BTOPOTOo nopsaka. CTpOUTh MaTeMaTHIECKUE MOJETIH
INMEKTPOTEXHUIECKUX YCTPOHCTB. COCTaBNIATh MOJIETH CTPYKTYPHBIX CX€M aBTOMATHKH B MaKeTaX MPHUKIAJHBIX
IIporpaMM. AHAIN3UPOBATH PE3YIIBTATHI MOJICIMPOBAHHMS, HOAONPATh TapaMeTphl CUCTEM, 00OECIICUNBAIOIINE 3a/laHHbIC
TEXHIYECKHE CBOHCTBA 0OBEKTOB aBTOMATH3AIIHH.

3.3 | Bnagersn:

3.3.1 [ YucneHHBIM pemnreHneM muddepeHnnansHbIX ypaBHeHNH. HaBBIKAMH PaOOTHI ¢ HOPMATHBHBIMHU JJOKyMEHTaMH B 00J1aCTH
METPOJIOTHH U TEXHUYECKOT'O PETYIUPOBAHUS.

4. CTPYKTYPA JUCHUILIAHBI (MOLY.JIsT)

Bun HaumeHnoBaHue pa3iesioB U TeM /BUA 3aHATHSA/ Cemectp | YUacos | Jlureparypa | IlpIlo
3aHATHUS / Kype AroT

Paszgen | Pa3zpgen 1. MomenupoBaHue 3J1€KTPOIHEPTeTHYECKUX 1
JIeKTPOTEXHHYECKHX KOMILIEKCOB

Jla6 OCHOBHbIE HaBBIKH PabOTHI C MPUKJIAAHBIM MakeToM Simulink. OcHOB- 5 8 JI1.1 0
HBIe Oitokn 6nbnmoreku SimInTech. MonenpoBanne nmpocTeHmmx JI1.2J12.1J13.
JNIEKTPOIHEPTETUUCCKHUX CXeM. MOIeIMPOBaHHEe CTPYKTYPHBIX CXEM, 1

3aMKHYTBIX CX€M MeKTpocHabkeHus. Co3iaHue MOJCHCTEM.
HccnenoBanue TUIOBBIX HEMMHEHHOCTEHN JTMHUH € pacipenenEéHHbBIMU
napamerpamiu. MccnenoBanue Mozeneil HETMHEUHBIX CUCTEM
anekTpocHabxenus /J1ad/

Cp MopenupoBaHHe ICKTPOIHEPTETUYECKUX CXEM B MPHIIOKECHUU 5 46 JI1.1 0
SimInTech. /Cp/ JI1.2712.1

HUKP /UKP/ 5 1 JI1.1 0
JI1.2J12.1

Jlab MopenupoBaHue MPOCTEHIINX dTEKTPUIECKUX cxeM /J1ab/ 5 4 JI1.1J13.1 0

Cp MopenupoBaHue dJIeKTpUUecKuXx cxeM B mpuioxenun SimInTech /Cp/ 5 48 JIT.1J12.1 0

HUKP /VKP/ 5 1 JI.1J12.1 0

5. COJAEPKAHME JUCLUIIIMHBI (MOAYJIST)

Tema 1. MonenupoBaHue 3IEKTPOIHEPTETHIECKUX cXxeM B mprutoxkennn SimInTech

OcHoBHbIe cBenenus o nporpamme SimInTech. OcuoBHble pa3aenst Oudaunorexu SimInTech. Pabora ¢ 6mokamu 6ubmmoTexn
SimInTech (penakTupoBanue, 3a1aHue ¥ U3SMECHEHHUE NTAPAMETPOB U T.1I.):

- Omokn mrHEHHBIX smemeHToB Continuous (nHTErparop Integrator, mpomsBox-Has 1Mo BpeMeHH Derivative, TuHeiHas
nepenarogHas ¢pyakmus Transfer Fen);

- 6II0KM MCTOYHHKOB M BO3AEHCTBHUI Sources (cTyneHuaToe Bo3zaeiicTBue Constant, HacTpanBaeMoe CTyHNEHYAaTOe
BO3IeiicTBHE Step, cHHyconaldbHOEe Bo3aelcTBre Sine Wave);

- OJIOKM perucTpupyromux ycrpoiict Sinks (tdposoii aucruteii Display, oc-mmmorpad Scope, rpadomoctpoutens XY
Graph);

- OJIOKM MaTeMaTHYeCKUX onepanuid (cymmarop Sum, ycwutenb Gain, 610k MaTeMaTrdeckux ¢ynkuuid Math Function,
010K TpUrOoHOMeTpHYecKUX QyHK-1Mi Trigonometric Function);

- 6mokn mpeoOpa3oBanus curHanos Signal&Systems mmm Signal Routing (MynmsTHIUIeKCOp MUX, IeMyTBETHIIIEKCOP
Demux);

- Onoky HenmHeHHBIX eMeHToB Nonlinear (30Ha HedyBcTBUTENbHOCTH Dead Zone, HachimeHue Saturation, 3JI€MEHTHI C
XapaKTepUCTHKaMH pereifHoro Tumna Relay);

Hacrpoiixa mapamerpoB mofenupoBanus Simulation/Parameters (cioco6 moxe-nmuposanus Fixed-step/Variable-step u meton
pacuéra, BpeMs MojenupoBaHus Simulation time, nrar mogenupoBanus Fixed-step size, Max step size, Min step size).

Co3naHue U pelakTHPOBaHUE MOJICTH. McceroBaHre CTAaTHIECKIX U THHAMIYE-CKUX CBOWCTB THITOBBIX JIMHEHHBIX M HEJTMHEHHBIX
3BEHBEB aBTOMATHKH C HCIIOIB30Ba-HUEM Mojenel mporpamMmsl Simulink.MccnenoBanue cTaTHIeCKUX U THHAMHIECKHAX CBOWCTB
JMHEHHBIX U HEIMHEHHBIX CUCTEM aBTOMATHUYECKOTO YIPABICHHUS C UCIOJIB30BaHIEM Mojienel mporpaMmsl Simulink.
Hcnonp3oBanue Simulink LTI-Viewer 1)1 aHanu3a TUHEHHBIX CTAIIMOHAPHBIX CHCTEM.

IMoncucremsl. MacKkupoBaHUE MTOACUCTEM.

Tema 2. MonenupoBaHHe dJISKTPUIESCKUAX cXeM B mprioxkennd SimInTech

bubmoreka SimPowerSystem (SPS). Ces3b 6ubnmmorexku SPS ¢ ocHoBHO# 6ubmoTekoit SimInTech.

Pasnensr 6ubnnorexu SPS:

- HCTOYHHKH MeKkTpudeckoii sueprun Electrical Sources (naeansHbIil HCTOYHUK TOCTOHHOTO HampsbkeHus DC Voltage
Source; neansHBIN HCTOYHHK MTepe-MeHHoro HanpspkeHust AC Voltage Source; nieanbHBIN HCTOYHUK IepeMeHHOT0 Toka AC

Current Source; Tpex¢a3Hblii HcTOYHUK HanpspkeHus 3-Phase Source);

- coequnutenu Connectors (HEMTpaal; KOHHEKTOPHI; HIMHBI);

- H3MEpPUTENIbHBIE U KOHTPOJIbHBIE YCTpolcTBa Measurements (u3meputens To-kaCurrent Measurement; u3MepHuTeb
HanpspkeHust Voltage Measurement; MmynsTaMeTp Multimeter; Tpéxdasnsriit m3mepurens Three - Phase V - I Measurement);

- 3NeKTpoTeXHUUIecKue >neMeHTsl Elements (oxHOMa3HbIe 1 Tpéxda3Hble Mocie-10BaTeabHble U Napamiensusie RLC-mienun
RLC Branch; ogHodasusie 1 Tpéx-ha3Hble mocieaosaTenbHbie U napawienbibie RLC-narpy3ku RLC Load; on-noda3susiii Breaker




u Tpéxdazusrit 3-Phase Breaker BoIxiitouaTeny nepeMeH-HOTO TOKa; THHeiHbIe ogHO(a3HbIil Linear Transformer u Tpéxdasusrit
Three-phase Linear Transformer Tpanchopmaropsi);

- ycTpoticTBa cuioBoi anekTpoHukn Power Electronics (cmmooit nmoxn Diode; tupucrop Thyristor; 6unonspasii IGBT
tpansucrop IGBT; yrusepcansHsrii MmocT Universal Bridge);

- anekTpuyeckre MamuHbl Machines (mamna noctossHHoro Toka DC Machine; acunxponnas mamuna Asynchronous
Machine; ynporienHas Mojeib CHH-XpoHHoH MamuHbl Simplified Synchronous Machine).

IlepBuunbie HaBbIkK co3manusa SPS-moaeneit anexTpuueckux cxem. Hacrpoiika mapamerpoB monenupoBanus. VccnenoBanue
HPOCTEHIINX AIEKTPUIECKUX CXeM: OA-HOo(a3HbIX BeIpaMureneii ¢ RLC-conpoTHBIEHUEM, CXeM ¢ IMHEHHBIM TpaHC(HOPMa-TOPOM,
CXEMBI ITOJKIIIOUCHUS JABUTaTeNs HOCTOSHHOTO TOKA.

6. POHJ OIEHOYHBIX CPEJICTB

6.1. ITepeyeHb BHIOB OLICHOYHBIX CPEACTB

3a4éT 10 JUCIHILINHE

6.2. Tembl NMCBMEHHBIX PadoT

He npenycmoTtpeHo.

6.3. KonTpoabHble BONIPOCHI U 3aJaHUS

Oran [- ®opMupoBaHUE 3HAHHIA.

[IpumepHBIE BOIPOCH! TS 3aIUTHI TaOOpaTOPHEIX paboT:

INepeuncaure OCHOBHBIE MpaBUIa PAOOTHI C MOJCTSIMU CTPYKTYPHBIX CXEM CH-CTEM JIEKTPOCHAOKCHUS.
[epeuncianTe OCHOBHBIE pa3zensl OndauoTeku Simulink.

Kaknm 00pa3oM ocymiecTBisieTcss HacTpoiika ImapaMeTpoB MojennpoBanus Simulation/Parameters?
Kaxkne 6moxn mpeoOpa3oBanus curaanos Signal&Systems ncnons3yroress B Simulink?

Kakue ocHOBHBIE pazfensl UCMONB3YIOTCS B Oubnuoreke SimPowerSystem?

Nk =

Oran Il — ®opmupoBaHue crrocOOHOCTEH.
[IpumepHbIe 3a1aHKs IPH 3aIIUTE 1aOOPATOPHBIX PabOT:

Cosnatp B mporpamme SimInTech Monens CTpyKTypHOH CXEMBI CHCTEMBI JIEKTPOCHAOKEHNS, TPUBEIEHHON HA PHCYHKE
Cosnats B mporpamme SimInTech Monens CTpYKTypHOH CXEMBI CHCTEMBI 3JIEK-TPOCHAOKEHNS, IPUBEAEHHON Ha PUCYHKE
CHSATb IepexoiHble XapaKTepPUCTUKH MoAeNel, TpUBEeAEHHBIX Ha PHCYHKAX.

CHATh NEepexoJHbIe XapaKTEPUCTUKK MOJICIHN, IPUBEIEHHOM Ha PUCYHKE IIPH PAa3IMYHBIX MapaMeTpax OJIOKOB (¢
HCTIONB30BaHNeM 010ka Mux). OTnieHUTh BIUsHIE KO3 (QUINEHTa Pa30MKHYTOH CHCTEMBI Ha YCTOHYHBOCTH CHCTEMBI.

b

5. To xe 11 Mozenu, NpUBEAEHHON Ha PUCYHKE.

6. CoxpaHuUTh MOJIENb B (haidi.

7. CoxpaHHTh rpaduKn NMepexoTHbIX mponeccoB B ¢aiin PDF.

8. Hacrpouts mapametps! MmonenupoBarus SimInTech ¢ menbio momydeHns «riagkux» TpadUKOB MEPEXOMHBIX IPOIECCOB.
9. HactpouTs nmapameTpsl 610ka Scope Aisi pa3MeleHus BCero rpaduka nepexoqHoro mpoiecca B OKHE MPOCMOTpa.

10. Hactpouts napamerps! 6510ka Scope Ut pa3MeleHus IByX rpaduKoB MEpexXoaHbIX MPOLECCOB B OJHOM OKHE

pocMOTpa (B IBYX OKHAX IIPOCMOTPA).

6.4. MeToguueckue MaTepHaJibl, ONpeeIsIoIMe NPole ypbl OLlCHUBAHUSA

3ageT 1Mo AUCIMIUIMHE BBICTABIIACTCS 110 UTOTAaM PabOTHI 00YJarONmIerocs B TEYEHHE CEMECTPa, IIPH YCIOBHHU BBITTOITHEHIT
TpeboBaHUH paboueil mporpaMMbl AUCHUILTHHEL [Ipy cCBOeBpeMEHHOM BBITIOJIHEHUH U 3aIIUTE, TPEOYEeMBIX pabOT OLeHKa
«3a4TEHOY BBICTABIISCTCS 0€3 CleMaIbHOro cobece0BaHus.

Metoanka OleHKH J1a00paTOPHBIX paboT

[Ipu npoBeneHny u 3ammTe Ta00PaTOPHBIX PAOOT OIEHUBACTCS JOCTIKCHNE 00yJarOIIMCS [eNeil, IOCTaBICHHBIX B paboTe B
COOTBETCTBHH ¢ 3anaHneM. OIeHKa «3a4TEHO)» CTaBUTCS 00y4aloleMycCs, €ClIH OH JIOCTHT BCEX Iieseil, TI0OCTaBICHHBIX B padoTe,
BBITIOJTHIJI BCE 33/IaHNUS 110 TEME 3aHSTHsL, OpOPMMII HX COOTBETCTBYIOIIMM 00pa3oM, CMOT IIPaBUIILHO OTBETHUTD IIPH
HEoOXOMMOCTH Ha BCE BOTIPOCHI ITPENOAABATEINs 110 CYIIECTBY BEITOTHEHHOH PabOTEHL.

Or1eHKa «HE 3a4TEHO» BBICTABIIACTCS 00yJaromeMycs, €CIM OH He BBIOJTHIII HIIH He IPEeIOCTaBUII BCE 3alaHUs 110 TeMe 3aHATHS,
HE CMOT IIPaBUJILHO OTBETHTH HA BOTIPOCHI IIPENO/IABATENS 110 CYLIECTBY BBIIIOJIHEHHOH PaOOTHI.

7. YHEBHO-METO/JUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHHME JUCHUIIIMHBI (MOYJIS)

7.1 Pexomenayemasi iurepatypa

7.1.1. OcHoBHas JIMTepaTypa

ABTOpBI, COCTaBUTETH 3armaBue W3narenscTBO, TOI
JI1.1 [Manadeen Cepreit OCHOBBI aBTOMaTHKH M CHCTEMbI aBTOMAaTHIECKOTO YIIPABICHHS: Mocksa: Axkagemusi, 2010
VBaHOBHY, Y4eOHHK AT CTY/ICHTOB BY30B, O0YJaIOIIUXCS [10 HAIIPABICHUIO

ManageeBa Anestira | "TIpoeKTHpOBaHHE U TEXHOJOTHS AIEKTPOH. CPeaCTB"
AHaronbeBHa




ABTOpBI, COCTABUTEIH

3armaBue W3znarenscTBO, TOI

JI1.2 |Pa3mobpeeB Muxaun
Muxaiinosuy, ['pocc
Bnaagumup
IOnuycoBuy,
[Tanarymkun bopuc
Brnapumuposuy,
PomanoB Mapxk

Huxonaesnu

Teopusi aBTOMaTU4ECKOT0 yIPaBICHUA. AHAIN3 JIMHEHHBIX CUCTEM:
yueOHOe Tocobue

Hosocubupck: CI'YBT,
2020

7.1.2. lonoTHUTeILHAS JIUTepaTypa

ABTOpBI, COCTaBUTEIU

3ariaBue W3narenscTBO, TOI

JI2.1 | AnaeB EBrenuit
T'eopruesuny,
AmnTunbesa JIto00Bb
aHaToJbeBHa, ['pocc
Bnagumup
IOnnycosuy, Jlemun
IOpwuii BacunbeBuy,
Ky3nenos bopuc
3ocumoBuy, Ky3Heunos
Anexceit FOpbeBuu,
Jlecusix Anekceit
CTaHHUCIaBOBHY,
Myxun Bragumup
HBanoBuu,
INanarymkun bopuc
Brnagumuposuy,
PomanoB Mapk
Hukonaesuu

DJEKTPOTEXHUKA H DIIEKTPOIHEPTeTHKA: OCHOBHBIE TIOHSTHS,
ompeeNieHus], TeXHUUECKHE PEeIIeHHs U METO/IbI pacueTa: yueo.
rnmocooue

Hosocubupck: CI'YBT,
2017

7.1.3. MeTroauueckue pa3padoTku

ABTOpBI, COCTaBUTEIU

3arnaBue W3narenscTBO, TOI

JI3.1 |I'pocc B. 1O., Pomanos

M. H., XKapos A. B.

KoMmrmploTepHOE MOJIETUPOBAHNE CUCTEM aBTOMATUKHU: y4e0. mocodue Hosocubupck: CI'YBT,

2017

8. MATEPHA

JBHO-TEXHUHYECKOE OBECHIEYEHUE JTUCIHUIIJIMHBI (MOAY JIS)

Hasnauenne

Ob6opynoBaHue

KommbroTepHslil kiacc - yueOHas
aymiuTopus 1N IpPOBEAEHHSA
TPYIIIOBBIX W WHIWBHIYAIBHBIX
KOHCYIbTalUI

AynutopHas nocka; Kommiexr yaueOHoit mebenu; [IK — 15 mT. (B T.9 mpenonaBaTeIsCKIi)

KommbroTepHslil kiacc - yueOHas
ayoguTopust AN HPOBEICHUS
N1a00paTOPHBIX 3aHATHI

AynutopHas nocka; Kommiexr yueOHoit mebenu; [IK — 15 mT. (B T.9 mpemnonaBaTeIbCKHi)

KoMmnbroTepHsIil Ki1acc - yueOHas
ayoguTopust A8 HPOBEICHUS
TEKYILEro KOHTPOJIS u
NPOMEXYTOYHOM aTTeCcTaluu

AynutopHas nocka; Kommiexr yaeOHoit medenn; [IK — 15 mT. (B T.9 npemnomaBaTeICKui)

ITomemenue
CaMOCTOSATEIBHON paboThI

JUTA

TIK 1 T,
3JIEKTPOHHYIO

Kommnekr y4yeOHOW Mebenn;
00ecHeunBaomuX  JOCTYI
YHuBepcurera

NOJKIIOUEHHBIX K cetd "HrepHer" u

B UH()OPMALMOHHO-00Pa30BaTEIbHYI0  CPELy




