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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 | DrneKTpoMarHuTHasE COBMECTHMOCTD B SJICKTPOIHEPIeTUKE

2.1.3 | OnTumu3anus CUCTeM JIEKTPOCHAOKEHUS

2.1.4 | TexHuka ¥ TEXHOJIOTUH YHEProcOepekeHus

2.1.5 | UadopManmoHHO-I3MEpHUTETbHAS TEXHHKA

2.1.6 | MeTrpomnorus, cTaHAapTU3ANNSA U CePTUPHUKAIHS

2.1.7 | HauepraTenabHas TeOMETPHS U HHXXEHEpHas rpaduka

2.1.8 [ OCHOBBI ANEKTPOMATHUTHOH COBMECTHUMOCTH

2.1.9 | DnekTpoMarHUTHAsE COBMECTHMOCTH B 3JIEKTPOIHEPIeTUKE

2.1.10 | OnTUMH3aLUs CUCTEM AIIEKTPOCHAOKEHHS

2.1.11 | TexHuKa ¥ TEXHOIOTHH HEPrOCOEPEIKESHUS

2.1.12 | MludopMannoHHO-U3MEpUTEIbHAS TEXHUKA

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 PA0OTHI C MPHUKJIAAHBIM akeToM SimInTech. 8 20 JI1.1 0
OcHosusIe Ostoxn 6nbmrorexu SimInTech. MonenpoBanne mpocTeHmmMx JI1.2J12.1J13.
JNIEKTPOIHEPTETUUCCKHUX CXeM. MOIeIMPOBaHHEe CTPYKTYPHBIX CXEM, 1
3aMKHYTBIX CXeM dJieKTpocHaOxeHus. Co3iaHue NOJCUCTEM. 31

HccnenoBanue TUIOBBIX HEMMHEHHOCTEHN JTMHUH € pacipenenEéHHbBIMU
napamerpamiu. MccnenoBanue Mozeneil HETMHEUHBIX CUCTEM
anekTpocHabxenus /J1ad/

Cp MopenupoBaHHe ICKTPOIHEPTETUYECKUX CXEM B MPHIIOKECHUU 8 34 JIT.1 0
SimInTech. /Cp/ JI1.2712.1
€)!
UKP /UKP/ 8 2 J1.1 0
JI1.2J12.1
31
Jla6 MojenupoBaHue MPOCTSHINIX CKTPUIECKUX cxeM /J1ab/ 8 16 JI1.1J13.1 0
€)!
Cp MogenupoBaHHUe IEKTpHIECKUX cxeM B npunoxkernn SimInTech /Cp/ 8 34 JI1.1J12.1 0
31
UKP /UKP/ 8 2 JI1.1J12.1 0
31

5. COAEP)KAHME ANCLHUILIAHEI (MOIYJIST)

Tema 1. MonenmupoBaHHe IEKTPOIHEPTETHICCKUX cXeM B nprutoxennn SimInTech

OcHoBHbIe cBenienus o nporpamme SimInTech. OcHoBHble pa3aenst 6udmunorexu SimInTech. Pabora ¢ 6mokamu 6ubIMoTEKN
SimInTech (penaktupoBanue, 3ajaHie 1 U3MEHEHUE TAPAMETPOB U T.1.):

- Onokn mrHEHHBIX 3nemMeHToB Continuous (nHTErparop Integrator, mpomusBoj-Has 1o BpeMeHH Derivative, TuHeiHas
nepenarogHas ¢pyakmus Transfer Fen);

- OJIOKM MCTOYHUKOB M BO3IEHCTBUI Sources (cTymeHdaroe BozzeiicTBre Constant, HacTpanBaeMoe CTyIeHUaTOe
BO3/€eHCTBUE Step, cuHycouaanbHoe Bo3aeicTBUE Sine Wave);

- OJIOKH perucTpupyromux ycrpoiicts Sinks (tudposoii aucruter Display, oc-mmmmtorpad Scope, rpadomoctpontens XY
Graph);

- 0JIOKM MaTeMaTHYeCKUX omeparnuii (cymmaTop Sum, ycunurenb Gain, 610k MaTematnueckux ¢yHkimid Math Function,
610K TpuroHoMeTpudeckux GyHk-mui Trigonometric Function);

- Oytoxu mpeoOpazoBanus curHaoB Signal&Systems mim Signal Routing (MynbTumuiekcop Mux, TeMyJIbTHILICKCOD
Demux);

- Onoku HennHeHHbBIX neMeHToB Nonlinear (30Ha HedyBcTBUTENbHOCTH Dead Zone, HachlmeHue Saturation, 3JI€MEHTHI C
XapaKTepUCTHKaMH peleitHoro Tumna Relay);

Hacrpoiixa mapamerpoB monenupoBanns Simulation/Parameters (cioco6 moxe-mupoanus Fixed-step/Variable-step u meton
pacuéra, Bpems MozenupoBanus Simulation time, mar mozxenupoBanus Fixed-step size, Max step size, Min step size).

Co3naHue U pelakTHPOBaHUE MOJICH. MccrenoBaHe CTaTHYECKUX U TUHAMHIYE-CKUX CBOWCTB THITOBBIX JIMHCHHBIX M HEJTMHEHHBIX
3BEHBEB aBTOMATHKH C MCIIOIB30Ba-HUEM Mojenel mporpamMmsl Simulink.McenenoBanue cTaTHIeckuX U JHHAMHIECKHIX CBOWCTB
JMHEHHBIX U HEIMHEHHBIX CUCTEM aBTOMATHUYECKOTO YIPABICHHUS C HCIOJIB30BaHIEM Mojienel mporpaMmsl Simulink.
Hcnons3oBanue Simulink LTI-Viewer mis aHamn3a JHHEHHBIX CTAI[MOHAPHBIX CHCTEM.

IToncucremsl. MacKupoOBaHUE MOACUCTEM.

Tema 2. MonenupoBaHue dIEKTPUIECKUX cXxeM B npmioxkennu SimInTech

bubmmoreka SimPowerSystem (SPS). Cesi3b 6ubnmuoreku SPS ¢ ocHoBHOM 6ubmoTekoit SimInTech.

Pasnennsr 6ubnmorexu SPS:

- HCTOYHHKH 3eKkTpudeckoii seprun Electrical Sources (vaeanbHbIil HCTOYHUK MOCTOsHHOTO HampsbkeHus DC Voltage
Source; ueanpHBINA HCTOYHHK MTepe-MeHHoro HanpspkeHust AC Voltage Source; nieanbHbIN HCTOYHUK IepeMeHHOTo Toka AC
Current Source; Tpex¢a3Hblii HcTOYHNK HanpspkeHus 3-Phase Source);

- coepuauTenu Connectors (HEHTpanu; KOHHEKTOPHI; MINHEI);




- U3MEpHTENbHBIE U KOHTPOJIbHBIE ycTpolicTBa Measurements (u3mepurens To-kaCurrent Measurement; #3MepuTensb
HanpspkeHnus: Voltage Measurement; mynstumetp Multimeter; Tpéxdasubiii usmepuresnb Three - Phase V - I Measurement);

- ANIEKTPOTEXHUIecKHe >eMeHTH Elements (oxHOMa3HbIe 1 TpEXhas3HbIe IMocie-T0BaTeNbHbIe 1 napauiensHbie RLC-riernn
RLC Branch; ogaodasnsie u Tpéx-hasHsle mocienosaTenbHble u napamiensusie RLC-narpy3ku RLC Load; on-nodasusrit Breaker
u Tpéx¢azupiii 3-Phase Breaker BbIkiIIOUaTEeNN IepeMeH-HOTO TOKa; THHeiHbIe onHoda3Hbli Linear Transformer u TpéxdasHblit
Three-phase Linear Transformer Tpanchopmaropsi);

- ycTpoiicTBa cuioBoit anekTpoHukn Power Electronics (cmmosoit amoxn Diode; tupucrop Thyristor; 6unonspasii IGBT
tpansucrop IGBT; yrusepcansHsril MmocT Universal Bridge);

- aneKTpudeckue Mamuael Machines (Mamyna nocrosiuHoro Toka DC Machine; acuaxponHas mammHa Asynchronous
Machine; ynpomerHas MoJenb CHH-XpoHHON MamuHbl Simplified Synchronous Machine).

IepBuunsle HaBbIKH co3manust SPS-Moneneit anekTprueckux cxem. Hacrpoiika mapamerpoB mofenupoBanus. MccinenoBanue
MPOCTEHIINX ANEKTPUUECKUX CXeM: 0J1-HO(a3HbIX BeImpsiMuteneil ¢ RLC-conpoTuBieHneM, CXeM ¢ JIMHEHHBIM TpaHchOopMa-TopoM,
CXEMBI TTOJKIIIOUCHUS ABUTaTeNsl HIOCTOSHHOTO TOKA.

6. POHI OIEHOYHBIX CPEJICTB

6.1. ITepeueHb BHI0OB OLICHOYHBIX CPEACTB

3a4éT 10 JUCIUIINHE

6.2. Tembl NMCBMEHHBIX PadoT

He npenycmoTtpeHo.

6.3. KoHTpoJIbHBIC BONIPOCHI M 32/IaHUSA

Oran [- ®opMupoBaHUe 3HaHUH.

[IpumepHbIE BOIPOCH! [T 3aIUTHI TaO0paTOPHBIX padoT:

ITepeunciute OCHOBHBIE NPaBHIa pabOTHI C MOJACISIMU CTPYKTYPHBIX CXEM CH-CTEM SJIEKTPOCHAOKEHUS.
[epeuncinure OCHOBHBIE pa3zensl OndmuoTeku Simulink.

Kakmm 00pa3oMm ocymiecTBisieTcss HacTpoiika ImapaMeTpoB MojennpoBanus Simulation/Parameters?
Kakne 6moxu nmpeoOpa3oBanus curaanos Signal&Systems ucnons3yrorcs B Simulink?

Kakune ocHOBHBIE pa3/ieiibl UCMONB3YIOTCS B Onbmuoteke SimPowerSystem?

Nk W=

Oran Il — @opmupoBaHue criocOOHOCTEH.
IIpumMepHbIe 3aaHus TIPH 3aLUTE JTa00OPATOPHBIX PadOT:

Cosnats B mporpamme SimInTech Monens CTpYKTypHOH CXEMBI CHCTEMBI JIEKTPOCHAOKEHHMS, TPUBEIEHHON HA PHCYHKE
Cosnats B mporpamme SimInTech Monens CTpyKTypHOH CXEMBI CUCTEMBI 3JIE€K-TPOCHAOKEHUS, IPUBEAEHHON Ha PUCYHKE
CHATb MepexoiHble XapaKTEPUCTUKH MoAeNel, NPUBEAEHHBIX HAa PHCYHKAX.

CHSATP TIepeXoIHBIC XapaKTEPUCTUKH MOJENH, IPUBEAEHHON HA PHCYHKE IPH pa3yIMUHBIX ITapaMeTpax OJ0KoB (¢
UCTIONB30BaHMeM 0110ka Mux). OrieHUTh BIUsTHIE KO3(D(UINCHTa PAa3OMKHYTOH CHCTEMBI Ha YCTOHYHBOCTH CHCTEMBI.

L=

5 To xe s Mozenu, NpuBeAEHHON Ha PUCYHKE.

6 CoxpaHUTh MOJIENb B (aii.

7. CoxpaHHTh rpaduKn NMepexoaHbIX mponeccoB B ¢aiin PDF.

8. Hacrpouts mapametps! MogenupoBarus SimInTech ¢ menbio momyueHns «riaagkux» TpadUKOB MEPEXOMHBIX IPOIECCOB.
9. Hactpouts napamerps! 6510ka Scope Ut pa3MelieHus Bcero rpaduka nepexoJHOro nporecca B OKHE IPOCMOTPa.

10. Hacrpouts mapametps! Gioka Scope Ui pa3MelleHHs IByX I'papHKOB MEPEXOIHBIX MPOIECCOB B OJHOM OKHE

IpOCMOTpa (B IBYX OKHAX IIPOCMOTPA).

6.4. Metonnueckue MaTepuaJibl, onipeaejasiloinue npoueaypbl OiecHUBaHUA

3adeT 1o AUCIMIUIMHE BBICTABIISACTCS 110 UTOTaM PabOTHI 00YJarONMIErocs B TEIEHHE CEMECTPa, IIPH YCIOBUHU BBITTOTHEH
TpeGoBaHU paboyeil mporpaMMbl AUCUUILTUHEL. [Ipr CBOEBpEMEHHOM BBHIMONIHEHUH U 3aIIUTe, TpeOyeMbIX padoT OLeHKa
«3a4TEHOY BBICTABIIACTCS 0€3 CHeaNbHOTO coOeceIOBaHus.

Mertoanka OlleHKH 1a00paTOPHBIX paboT

[Ipu npoBeneHNN U 3amUTe TA00PATOPHBIX PAOOT OLEHUBAETCS JOCTIDKCHUE 00yJarOIIMCs [eNeil, HOCTaBICHHBIX B paboTe B
COOTBETCTBHH ¢ 3anaHneM. OIeHKa «3a4TEHO)» CTaBUTCS 00y4aloleMycCs, €ClI OH JIOCTHT BCEX IieNIeil, ITIOCTaBICHHBIX B padoTe,
BBITIOJTHIJI BCE 3aJIaHUS 110 TEME 3aHATHS, 0POPMIIT HX COOTBETCTBYIOIINM 00pa3oM, CMOT ITPaBIJIBHO OTBETHTH IIPU
HE0OXOAMMOCTH Ha BCE BOTIPOCHI ITPENOAABATEINS 110 CYIIECTBY BEITOTHEHHOH PabOTEHL.

O1LeHKa «He 3a4TeHO» BBICTABIAETCSl 00YUYaloIIeMycCsl, €CJIM OH He BBIIIOJIHWII MM HE MPEIOCTaBHII BCE 3aaHUs 110 TEME 3aHATHS,
HE CMOT IIPaBUJILHO OTBETHTH HA BOIIPOCHI IIPENO/IABATENS 110 CYIIECTBY BBIIIOJIHEHHON PaOOTHI.

7. YHEBHO-METO/UYECKOE 1 THO®OPMAIIMOHHOE OBECIIEYEHHME JUCHUIIIMHBI (MOYJIs)

7.1 PexoMeHnayemasi JuTepaTypa

7.1.1. OcHoBHas IuTEpaTYpa

ABTOpBI, COCTaBUTEIH 3arnasue W3pnatenscTBo, rox
JI1.1 |Manadees Cepreii OCHOBBI aBTOMATUKH M CUCTEMBI aBTOMaTHYECKOT'O YIIPABICHHUS: Mocksa: Axagemus, 2010
VBaHoBHY, y4eOHHK AT CTY/ICHTOB BY30B, O0YJaIOIIUXCS 110 HAIIPABICHUIO

ManageeBa Anestiaa | "TIpoekTHpOBaHHE U TEXHOJOTHS AIEKTPOH. CpeaCcTB"
AmnaTonpeBHa




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.

KoMmnproTepHOE MOJETTMPOBaHNE CHCTEM aBTOMATHKH: y4el. mocodue

Hosocubupck: CI'YBT,
2017

7.2 TlepeueHb pecypcoB HH(POPMALUOHHO-TeJIEKOMMYHUKALMOHHOM ceTH "UHTepHer"

€ | SimInTech - opdunuanbHbIi calfT

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHME JJUCIUIIJIMHBI (MOAY JIA)

Hasnauenne

Ob6opynoBanue

KommbroTepHslit kiacc - yueOHas
ayoquTopust A IPOBEICHUS
TPYNHOBBIX W WHIMBUIYaIbHBIX
KOHCYJIbTalUl

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

KommbroTepHslit kiacc - yueOHas
ayouTopust A IPOBEICHUS
71a00paTOPHBIX 3aHATUH

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

KoMmnbproTepHsIil Ki1acc - ydeOHast
ayauTOpHsl A1 IIPOBEAEHUS
TEKYILETO KOHTPOJIIS u
MPOMEKYTOUHOH aTTecTalyuu

AynutopHas nocka; Kommiekr yaeOHoit mebenn; [IK — 15 mT. (B T.9 mpemnofaBaTeIsCKii)

ITomermenue
CaMOCTOSATETHHON paboTHI

JJTA

IIK - 1 mr,
JJEKTPOHHYIO

Kommnekr y4deOHOW MeOenu;
o0ecreynBalOIUX  JOCTyn B
YHuBepcurera

NOJKIIOUEHHBIX K cetd "UHrepHer" u
UH()OPMALIMOHHO-00Pa30BaTENbHYI0  CPEmy




