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Ilepeuens Komnemenyuil u UHOUKAMOPOE OOCMUICEHUA KOMNEMEHY UL C YKAZAHUEM IMAN06 (POPMUPOSAHUA 6 NPOUecce 0C80CHUA OUCUUNTIUHbBL
Komnerenmus:

[1K-3 — criocoGen npenoaaBaTh 1o MporpaMmaM OakairaBpHaTa U JIOTOJHUTEIFHOTO MPO(PECCHOHATFHOTO 00YUCHHS.
WHIuKaTophl JOCTUKECHUSI KOMITCTCHIIUH

[1K-3.1 — 3HaeT 0COOEHHOCTH OpraHU3alMK 00Pa30BaTEIBLHOTO MpOoIiecca 1o MporpaMMamM OaxajaBpuara U JIOMOJHUTEIFHOTO MPOoheCcCHOHab-
HOTro 00y4YeHHsI, COBPEMEHHBIE 00pa30BaTebHBIC TEXHOJIOTHH POPECCHOHATHHOTO 00pa30BaHUS;

[1K-3.2 — ymeer NpuMEHATh TEXHHUECKHE CpeAcTBa 00ydeHus, HHPOPMATMOHHO-KOMMYHHKAIIMOHHBIE TEXHOJIOTHH, 3JIEKTPOHHbBIE 00pa3oBa-
TeNIbHbIC U MH)OPMALIMOHHBIE PECYPCHI;

[1K-3.3 — BnazieeT HaBBIKAMH NIEJarorHyeckoro o0eHus, pa3paboTKu 1 NPUMEHEHHS KOHTPOJIbHO-U3MEPUTEIBHBIX M KOHTPOJIEHO-OLEHOYHBIX
CPEIICTB, MHTEPIIPETALIMU PE3YIbTATOB KOHTPOJIS U OLCHUBAHHSI.
Komnerenmusi:

ITK-2 — criocobeH hopMUpOBaTh HOBBIC HANIPABICHHUS HCCIICAOBAHMUS B AJICKTPOIHEPIETUKE.
WHuKaToOphl JOCTHKEHUSI KOMITETCHIIUH

ITK-2.1 — 3HaeT OTEYECTBEHHYIO U MEXKIYHAPOIHYIO HOPMATHBHYIO 033y U COBPEMEHHYIO HAYYHYIO MTPOOJIEMATHUKY B DJICKTPOIHEPIETHKE;

[1K-2.1 — ymeeT aHaTM3UPOBATH HOBYIO HAYYHYIO IPOOJIEMATHKY B 3JIEKTPOIHEPIETUKE;

IMK-2.1 — BajieeT HaBbIKAMH IPUMEHEHHSI METOJIOB U CPEJICTB TNIAHUPOBAHHUSI, OPraHU3aIMH, IPOBE/ICHHS U BHEAPCHUS HAYYHBIX UCCIIE0Ba-
HUH Y OTIBITHO-KOHCTPYKTOPCKUX pa3padOToK.

Imanst hopmuposanusn 6 npoyecce 0c60eHUA OUCHUNTIUHBL
Hnouxamopwt 0o-
Ilpakmuueckue . Haumenosanue ouenounoz2o
CIUJICeHUS KOM- . Jlabopamopuoie Kypcoesoii npoexm
Jexuyuu 3anamusa, nabopamophulii cpeocmea
nemeHnyuu 3anamus (paboma)
npPAKmMuKym
JlaGoparopHas pabora
[1K-3.1 Tema 1-6 He npenycmoTpensl Tema 1-3 He npeaycmoTpensl 3auer ¢ OLCHKOI
- - _ JlaGoparopnas pabota
I1K-3.2 Tema 1-6 He npenycMoTpenst Tema 1-3 He npenycmoTpenst 3auer ¢ OICHKOT
- - _ Jlaboparophas pabora
I1K-3.3 Tema 1-6 He npenycmotpensl Tema 1-3 He npeagycmoTpensl 3auer ¢ OCHKO!
- - _ Jlaboparophas pabora
[1K-2.1 Tema 1-6 He npenycmotpensl Tema 1-3 He npeagycmoTpensl 3auer ¢ OeHKOH
- - _ JlaGoparopnas pabota
[1K-2.2 Tema 1-6 He mpexycMmoTpensl Tema 1-3 He mpegycmoTpensr 3auer ¢ OCHKON
- - _ Jlaboparopnas pabora
I1K-2.3 Tema 1-6 He npenycmotpensl Tema 1-3 He npeagycmotpensl 3auer ¢ OICHKO!







Ilepeuensv oyenounvix cpeocme no oucyunaune «Moodenuposanue 6 I1eKmpo-
IHepzemuKe u 3J1eKmponmexHuKe)

OueHoYHbIE CPeICTBA Koa-Bo | Min, 6aanoB | Max, 6aa10B
JlaGoparopHas paboTa 5 35 60
3a4deT ¢ OIeHKOM 1 25 40
Hroro: 60 100




HlIxana ouenusanusn

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun onleHKH HHIUKATOPOB JOCTHKEHHS MPU (hopMe KOHTPOJIA:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyerT

5

87 -100

OtnuuHo (3a-
YTEHO)

OrneHka «OTJINYHO» BBICTABIISETCS CTYICHTY, €CIIM TEOPETUIECKOE COJIEpIKa-
HHUE Kypca OCBOEHO IMOJHOCTHIO, 0e3 Mpo0enoB; HcuepnbIBaIOIIe, OCIEeI0-
BaTeNbHO, YETKO M JIOTHYECKH CTPOMHO H3JaraeT MaTepHuaji, CBOOOIHO
CIIPABIAETCS C 33la4aMH, BOIIPOCAMHU U IPYTUMY BHJIAMU [IPUMEHEHHS 3HA-
HUH; UCTIOJIB3YET B OTBETE JOMOIHUTEIBHBIN MaTeprall Bce peIyCMOTpEeH-
HBIE TPOTPaMMOM 3a1aHUs BBIITOJHEHBI, KAYECTBO X BBINOIHEHHUS OLIEHEHO
YHCIIOM 0aJUIOB, OM3KUM K MAKCUMaIbHOMY; aHAJIM3UPYET NOTY4YECHHBIE Pe-
3yNbTaThL; POSABISAET CAMOCTOSTELHOCTD PY BHITIOJIHEHUH 3a/1aHUH

74 - 86

Xoporo (3a-
YTEHO)

O1eHKa «XO0pOIL0» BBICTABIIIETCS CTYAEHTY, €CIM TEOPETUUECKOE COJIepKa-
HHUE Kypca OCBOEHO MTOJTHOCTHIO, HEOOXOAUMBbIE MPAKTHYECKUE KOMIIETCHIINN
B OCHOBHOM C(hOPMHPOBAHBI, BCE IPELYCMOTPEHHBIE IPOrPaMMOii 00yUIeHUs
yueOHbIC 3a/1aHUsI BHIIIOTHECHBI, KAYECTBO MX BBHIMOIHEHHS TOCTATOYHO BbI-
cokoe. CTyAeHT TBepO 3HAaeT MaTepuall, FPaMOTHO U 110 CYLIECTBY U3JIaraeT
€ro, He JJONYCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC.

60 -73

VY noBnerBopu-
TENBHO (3a-
YTEHO)

OrneHka «yIOBIETBOPUTEIHHO» BHICTABISIETCS CTYACHTY, €CIIH TeopeTHde-
CKO€ coJiepKaHue Kypca OCBOCHO YaCTHYHO, HO MPOOEIbl HE HOCAT CyIlie-
CTBEHHOT'O XapakTepa, OOJBIIIMHCTBO MPEyCMOTPEHHBIX ITPOrPaMMOi 3a/1a-
HUH BBITIOTHEHO, HO B HUX UMEIOTCS OIINOKH, ITPH OTBETE HA TIOCTABJICHHBIH
BOIIPOC CTYJICHT JIOMYCKAaeT HETOYHOCTH, HEIOCTATOYHO MpPaBHJIbHBIC (op-
MYJIMPOBKH, HAOJIIOAA0TCS HAPYIICHUS JIOTHYECKOM TTOCIIeI0BATEIbHOCTH B
M3JI0’)KEHUH MPOTPaMMHOTO MaTepraa.

OHGHKa «3a4YTCHO» BBICTABJIACTCA CTYy-
JCHTY, €CJIM OTBETHI HAa BOIIPOCKHI 110 TEMaM
JUCHHMILIMHBI ITOCJICA0OBATCIbHBI, JTIOIrHYC-
CKH H3JIOKEHBI, AOIYCKAIOTCA HE3HAYH-
TCJIbHBIC HCJOYCTEI B OTBETE CTYACHTA, Ta-
KHE€ KaK OTCYTCTBHE CaMOCTOSATCIBHOI'O
BbIBOJA, PECUYCBLIC OIIHNOKH H ap

Huxe 60

Heynosnerso-
PHUTEIBHO
(He 3auTeHO)

OneHka «HEYyAOBIETBOPUTEIBHO» BBICTABISIETCS CTYAECHTY, €CIIM OH HE
3HAECT 3HAYUTEJIBHON YacTHU MPOrpaMMHOr0 MaTepuaia, JOIYyCKaeT Cylle-
CTBEHHBIE OIINOKH, HEYBEPEHHO, C OOJBIINMH 3aTPYAHEHUSAMH BBIIOIHSIET
MpaKkTU4YecKue padoThl, HEOOXOAWMBIE NPAKTHUECKHE KOMIIETEHIMU He
chopMHPOBaHbI, OOJBITHHCTBO MPEAYCMOTPEHHBIX MPOTrPaMMON 00y4eHUsI
y4eOHBIX 3aJ]aHUi He BBIIIOJIHEHO, KAYeCTBO MX BBITIOJHEHUS OLEHEHO YHC-
J10M 0aJ10B, OJM3KUM K MUHHUMAJIBHOMY

OLIGHKB. «HC 3a4YTCHO» BBICTABJIACTCSA CTY-
JCHTY, €CJIU CTYACHT HC 3HACT OCHOBHLIX
IMOHATUH TEMBI JUCIUIIIIMHBI, HC OTBEYACT
Ha JOOIIOJHUTCIIBHBIC M HaABOJAIIMWE BO-
IIPOCHI IMpETIoJaBaTeIs.




KpaTkasi XapaKkTepucTHKA OLIEHOYHBIX CPEACTB

Ne | Haumenosanue| Kpamkasa xapaxmepucmuka ouyenounozo | Ilpeocmaenenue

n/n| oOUeHoOuH020 cpeocmea OUEHOYHO20 Ccpeo-
cpeocmea cmea 6 ponoe

1 |JlaGopaTopHas |DTo BUJ y4yeOHOH pabOThI, 1eNbl0 KOTOpOii| Tembl mabopaTop-
pabora ABJISIETCSl U3y4YeHUe (HMcclieJoBaHue, U3Mepe-|HbIX paboT, KOH-

HUE) XapaKTEePUCTHUK J1ab0paTOPHOTO 00b-
eKTa.

[ens maGopaTOPHBIX 3aHATHI: OCBOEHUE U3Y-
yaeMoil y4eOHOM AMCIMIUIMHBI; TpUOOpeTe-
HUC HABBIKOB MPAKTHYECKOTO TPUMEHEHUS
3HaHUU Y4eOHON NUCIUIUINHBI (UCHIHUILINH) C
HCIIOJIb30BAaHUEM TEXHUYECKUX CPEICTB U
(unn) o0opyaOBaHUs

TPOJIBHBIC BO-
TIPOCHI TI0 TeMe
JabopaTopHOit pa-
OOTBI, BOIIPOCHI K
KOJUIOKBUYMY




MuHHCTEPCTBO HAYKU U BhIcIIero odpazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prinain)
beneparTbHOTO TOCYAaPCTBEHHOTO OFOIKETHOTO 00Pa30BaTEILHOTO YUPEKICHHUS
BBICIIIETO 00pa30BaHUs
«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

Daxynvmem: ynpasienus u asmomamusayuu

Kageopa: snekmpomexnuxu u snepeoobecneuenusi npeonpusmuil

VY4eOHbIM IJIaHOM 10 HampaBieHuto noaroToBku 13.04.02 «nexktposHepre-
THUKa U AJEKTPOTEXHUKA» HJII 00y4aroluXcsl MpelyCMOTPEHO MPOBEJEHUE J1abopa-
TOPHBIX 3aHATUNA MO AUCHUIUIMHE «MONENpOBaHUE B 3JIEKTPOIHEPIrEeTUKE U DJICK-
TPOTEXHUKEY.

JIaGopaTopHble 3aHATHS 110 AUCHUTUIMHE MTPOBOASATCS B CIIEMaIbHO 000pya0-
BaHHBIX JTAOOPATOPHSIX C MPUMEHEHNEM HEOOXOAUMBIX CPEACTB 00ydeHus: sadopa-
TOPHOTO 000pyJIOBaHMsI, 00pa3lOB A HMCCIEAOBAHUN, METOAMYECKUX IMOCOOUH.
Lens npoBeneHus: 1a00paTOPHBIX padOT - MPAKTUYECKOE OCBOCHUE TEOPETUYECKUX
MIOJIO’KEHUH JIEKIIMOHHOTO MaTepuaa, a TakKe BbIpabOTKa CTy/I€HTaMU ONpeeIIeH-
HBIX YMEHUH U HABBIKOB CAMOCTOSITEJIBHOTO KCIIEPUMEHTUPOBAHUSI.

JladbopaTopHas paGora Nel. «IIporpammusbiii naker MatLab»

«[IpubopHoii 6a30i1» NpoBeAeHNs] BUPTYaAIbHbBIX J1a00paTOPHBIX pabOT SIBISIFOTCS HMAKEThI
pacmmpenus Simulink u Power System Blockset mmmpoko pacnpocrpanentoro makera MatLab.

B 6ubnmoTekax 3TUX MaKeTOB paCIIUPEHUS] UMEIOTCSI MHOTOYMCIICHHBIE BUPTYaJbHBIC dJIe-
MEHTBI 1 MHOI'OYHCJICHHBIE U3MEPUTEIbHbIE IPUOOPHI, YTO O3BOJIIET BCECTOPOHHE UCCIIEI0BATh
AIIEKTPUYECKYIO LIEIb JTF0O0M CII0KHOCTH.

B nannoit nabopaTopHoil paboTe OnUCHIBAETCS COJEPKAHUE OCHOBHBIX OMOIMOTEK ATHX Ma-
KETOB PaCIIMPEHHs U PaCCMAaTPUBAIOTCS OCHOBHBIEC MPUEMBI paboThl B HUX. [Ipu 3TOM OCHOBHOE
BHUMaHUE Y/I€JICHO TeM OUOJIMOTeKaM, KOTOpbIE HCIIOB3YIOTCA B JallbHEHIIeM pu paboTe B BUP-
TyaJIbHOM J1TaOOpaTopuu NEKTPUUECKUX LeTeil.

INaker pacmupenns Simulink3 B makere Matlab-6

HasBanue nakera MatLab mpoucxoaut ot ciioBocoderanust Matrix Laboratory, on opu-
SHTHPOBAH B TIEPBYIO Oouepeab Ha 00pabOTKY MAacCHBOB JaHHBIX (MaTpHIl U BEKTOpOB). FIMEeHHO
MMO3TOMY, HCCMOTPA Ha JOCTATOYHO BBICOKYIO CKOPOCTH CMCHBI MOKOJICHUH BEIYUCINUTEILHON TEX-
uuku, MatLab ycneBan BuTEIBaTh Bee HanboJIee IIEHHOE OT KKIOT0 U3 HUX. B pe3ysbrare K HaCTO-
sieMy Bpemenn MatLab npencraBnsier co6oit 6orateiinyro OudaroTeky Gynkuuii (ux 6osee 800),
eIMHCTBEHHAs MPobeMa paboThl ¢ KOTOPBHIMH 3aKJII0YAETCsI B YMEHUH OBICTPO OTHICKATH TE U3
HUX, KOTOPBIE HYKHBI JUUIs PEIICHHS ITOCTABICHHOM 3a/1a4H.
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Puc. 1.1. Bu6auorexa Simulink

Ji1st TOT0, 94TOOBI 00JIETYUTH CTICIUATTUCTAM PA3IMUHBIX 00JacTel HAyKH U TEXHUKU paboTy
C TIaKeToM Bcs OubnuoTeka GpyHKIMN pa3duTa Ha pa3aensl. Te U3 HUX, KOTOpbIe HOCAT Oosee 00-
KA XapakTep, BXOAAT B coctaB sipa MatLab, Torna kak ¢pyHKIMH, KOTOPBIE SIBISIFOTCS CHICHUH-
YECKUMH JIJIS1 KOHKPETHOM 00J1aCTH, BKIIFOYCHBI B COCTaB makeToB paciupenus (Toolboxes).

B nocnennee Bpems mosiBuiIach HOBasi, CYIIECTBEHHO paciiupennas Bepcus — MatLab-6,
— C HOBBIM HUHTepdeiicoM. DToi BepcUu HIKE YIEJIeHO OCHOBHOE BHUMaHHe. OHaKo, HE0OXO-
MO OTMETHUTb, YTO OMOJIMOTEKN CTaphIX Bepcuid ¢ ux uHTepdeiicom coxpaneHsl. [1yTe k Takoi
OuOIMOTEKE CIeAYIOIHIA:

«MatLabR12\toolbox\Simulink\blocks\Simulink3».

bubmuoreka Simulink3 mpencrapisier coboit HAOOp BU3yaIbHBIX 0OBEKTOB, UCIOJB3Ys KO-
TOpbIE MOXHO HCCJIENOBATh MPAKTUUYECKH JIIOOYIO AIIEKTPUUECKYIO Lemnb. [IpakTruecku uis Bcex
0JIOKOB CYyILIECTBYET BO3MOKHOCTh HACTPOMKMU mapameTpoB. [lapameTpbl HACTPONKH OTpaXxaroTcs B
TOJISIX HACTPOMKM OKHA HACTPOIKH BhIOpaHHOTO O10Ka. KHonka Help Ha mossix HacTpoiK OTKpBI-
BaeT MoApOoOHYI0 HHGOPMAITHIO 0 OJIOKE U ero rnapameTpax HaCTPONKH.

Bcs 6ubnmoreka Simulink B HOBo#t Bepcuu pa3duTa Ha BoceMb paszzaeios (puc. 1.1). Coaep-
JKaHUEe pasjiesia HaXOJUTCA B MPaBOM OKHE OmOmmoTeku. {151 BbI30Ba MPUBBIYHOTO MHTEpderica
OMOIMOTEKH CleyeT YCTaHOBUTh KypcOp Ha COOTBETCTBYIOIIMH pa3zen B JIEBOM OKHE, IPaBoif
KHOIIKOM «MBIIIKN» BbI3BAaTh BBINAAAIOIIEE MEHIO U U3 3TOI0 MEHIO OTKPBITh OMOJIMOTEKY.

Huxe npu onucanuu 6M6IM0TEK MOSICHEHHs OYIyT aHbl TOJIBKO JUIsl TeX OJIOKOB, KOTO-
pbI€ UCIOJIB3YIOTCS B AAJIbHEUIIIEM.

Bbubanorexka maremarnueckux pynkuuii Math

bubnuoTtexa Maremarnueckux QyHKIUN okazaHa Ha puc. 1.2. OHa COAEPKUT CIEAYIOIINE
OJIOKH.

Sum — aHaJIOTOBEII CyMMaTOP, KOTOPBIN TIO3BOJISIET alredpandecku CyMMHUPOBATH JIF000e
YHCJIO CUTHAJIOB Ha BXOJIE.

Product ¢popmupyeT Ha BbIXOJIC pe3yIbTaT YMHOKEHUS WM JICTICHUS IBYX M 00Jiee BXO/I-
HBIX CUTHAJIOB. UKHO HAacTpPOWKH OJIOKa MoKa3aHo Ha puc. 1.3. B moie HacTpoiku 3TOT0 OKHA
BBOJIATCS TIapaMeTpbl HACTPOMKH. J{J1s naHHOTrO OJI0Ka B KauecTBE MapaMeTpOB HACTPOMKHU yKa-
3BIBAETCS YHMCJIO BXOJOB M BUJ BBINOJHAEMON ONIEPALUH.

Dot Product — 3BeHO, OCyIIECTBIISIIOIIEE TEPEMHOKEHHUE IBYX BXOHBIX BETMYHH, €CITH
OHM SIBIISIIOTCS CKAJISIpaMU, a TAaK)KE BBIUMCIIIONIEE CYMMY ITORJIEMEHTHBIX NMPOU3BEACHUM ABYX
BXOJIHBIX BEKTOPOB OJINHAKOBOM JITMHBI.

Gain — aHaNoTOBBI YCUIUTEIb.

Slider Gain — aHamoroBbIi yCHIUTENh ¢ HHTEPAKTUBHONW HACTPOMKOM mapameTpa. Ma-
trix Gain — ycunurens, Ha BXOJ KOTOPOTO MOIAETCsl BEKTOP.



Mat Function — 610K, MO3BOJIAIOIINI BBIOPATh OJHY M3 MaTeMaTHYeCKUX (DYHKIHI B

II0JIC HaCTpOfIKH 1 BKJIOYUTH €€ B MOACIIb.
Trigonometric Function ¢opmupyeT Ha BBIXOJE TPUTOHOMETPHUECKYIO (QYHKITHIO BXO/I-

HOro curHana. Berbop ¢ynkimum odecrieunBaercst B 0Ji€ HACTPOIMKH.
MinMax. biok BbIOHpaeT MUHHMAIIbHOE WIIM MAaKCHMAIIbHOE 3HAUCHHUE BXOJJHOI'O CUTHANA

— YHCJIOBOT'O BEKTOPAa — B COOTBETCTBUHU C 3a/IaHUEM TOJISI HACTPOUKHU.
ADbs bopmupyeT Ha BbIxojie aOCONIOTHOE 3HAYEHUE BXOJHOTO CUTHAIA, B (yHKIIMOHAIb-

HBIX CXCEMax UI'PACT POJIb BBIIIPAMUTECIIA.

IS Library: simulink3/Math HEE
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Puc. 1.2. Budinoreka maremaTuvyeckux pynxkuuii Math
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Puc. 1.3. OxHo HacTpoiiku 6;10Kka Product

Sing — 6nok-pene, pearnpyromuii Ha 3HaK BXOJHOTO CUTHAJIA. 3HAYE€HUE BBIXOIHOTO CHUT-
HaJla YCTaHABJIMBAETCS B T10JI€ HACTPOUKH.

Rounding Function oxpyrisier BXOmHOW cHrHaji, (YHKIHS OKPYIJICHHsS BBIOMpaeTcs B
1oJIe HACTPOWKHU Ha HUCTAJAI0IIEM MEHIO.

Combinatorial Logic o6ecrieunBaer nmpeoOpa3oBaHne BXOJAHOTO CUTHANIA B COOTBETCTBHU
¢ chopMupOBaHHOW B IMOJI€ HACTPOUKHU TAOIHIICH MCTUHHOCTH. DTOT OJIOK MPEICTaBISIET COOO0M
MO/IENTb KOHEYHOT'O aBTOMATa, COCTOSHHS KOTOPOTO, KaK M3BECTHO, OMIMCHIBAIOTCS IIPH MTOMOIIHN OY-

JIEBOM anreOphl.
Logical Operation, Relation Operator u3BecTHbIE JIOTHYSCKUE OMEPAIIUN «H» U Y.



KonnuecTBo BX00B 3a/1a€TCsl B TIOJIE€ HACTPOMKH.

Bitwise Logical Operator — yHuBepcalbHbIH 0JI0K, peau3yOIuii JTI00YI0 JIOTHIECKYIO
GYHKIIHIO.

Complex to Magnitude-Angle — 0710k, MO3BOJISIONIHIT BBIACIUTh MOAYJIb U (pa3y BXOJ-
HOM KOMIUIEKCHOM BEJINYMHBI.

Magnitude-Angle to Complex — 610k, ipeoOpa3yromuii BXOJAHYIO BEJINYHHY, 33aHHYIO
MOJyJieM U ($a30ii, B KOMIDICKCHYIO BBIXOHYIO BEITUUHHY.

Complex to Real-Imag, Real-Imag to Complex — 610ku, npeobpasyroiue KOMIUIEKC-
HBIC BEJIMYMHBI U3 TTOKA3aTEIbHON OPMBI B aIreOpanvecKyro u 00paTHO.

Algebraic Constraint — 610k, MO3BOJISFOIIKI B CTPYKTYPHYIO MOJIE/Ib BKIIFOYATh CUCTEMY
anreOpanyecKxX ypaBHEHUH.

Bubanorexka HeauHeiinbIx 0J0k0B Nonlinear

bubnuoreka HeMMHEWHBIX OJIOKOB TMOKa3aHa Ha puc. 1.4. DTa OMONMMOTEKA COJEPIKUT
OJIOKH, OIIMCAHHBIE HUKE.

Rate Limiter obecnieunBaet pasnuyuHbie KO3()PHUIHUEHTHI IIEpeIayr B 3aBUCHMOCTH OT 3HAKa
BXOJIHOT'O CHTHaJIa. B mOJIsiX HACTPOMKM yCTaHABIMBAIOTCS 3HAUCHHS ATHX KO(D(DHUIIUCHTOB.

Saturation — ycuiuTenb ¢ orpaHuueHreM. BelnunHa BBIXOJHOTO CUTHAIA TP TOJI0KH-
TEJILHOM M OTPHIIATEIbHOM BXOJHOM CHTHAJIC YCTAHABJIMBACTCS B IMOJISIX HACTPOUKH.

Quantizer — 6710k, obecrieunBarOIINii KBAHTOBAaHUE BXOJHOTO CHTHAJa M0 ypOBHIO. Be-
JUYMHA CTYIEHBKH 3a7aCTCs B [10JIe HACTPOUKH.

Backlash — 610k, peanusyromuuii 10T B MEXaHUYECKUX PEIYKTOpaXx.

Dead Zone — 0710k, peaqu3yroIuii 30Hy HEYyBCTBUTEIIBHOCTH.

Relay — perne ¢ perynupyemMoii 30HOM HEYyBCTBUTEILHOCTH U YCTAHABIMBAEMOMN BEJINYH-
HOU TOJI0KHUTEIBHOTO W OTPHUIIATEIILHOTO BHIXOIHOTO CUTHAJIA.

Switch — kJr04, KOTOpBIN TIEPEKITIOYACTCS, KOTa BXOJAHONW CHIHAI CTAHOBUTCS PABHBIM
WA OOJIBIINM 33JaHHOTO B [T0JIE HACTPOUKH.

Manual Switch — kirou, KOTOpbIi MepekiroyaeTcst BpyuHyro. [Ipu MoaenupoBaHuu MpH
MIOMOIIIK 3TOTO KITF0Ya yI00HO MEHSTH MapaMeTPbl U CTPYKTYPY MOJICIIH.

Multiport Switch — 610k nepekiroyareseii, mepeaarNMi Ha BEIXOA OJUH U3 BXOTHBIX
CUTHAJIOB.

Coulomb & Viscous Friction — 610k, peanu3yromuii XapakTepUCTHKY TPCHHS B MEXaHH-
YECKUX CHCTEMax.

File Edit View - Help
L. E _,;J'F L
Rate Limiter Saturation Quantizer
N # 8 7 4 S+
Backlash Dead Zone Relay
3 H
}:\\_o >_Q\0—> )—k\_‘b
ET"{ h e a3
witc 3
Manual Switch T
hultiport
Switch
o
Coulomb &
Viseous Friction

Puc. 1.4. Bu6anorexka HeauHeliHbIX 6;10k0B Nonlinear
Budimnorexka BUPTyaJbHBIX NPUOOPOB 1JIA HA0I0ACHUS U PErHCTPALMU NPOLECCOB



(Sinks)

[Tpubops! asst HAOMIOEHUS ¥ PETHCTPAINH IIPOLIECCOB B UCCIEAYEMON MOJICNU MPEICTaB-
JeHsl Ha puc. 1.5.

B xoMMIIeKT BXOAST HIDKECISYIOIIHE BUPTYaIbHBIE TPUOOPHI: SCOPE — OCHHUIITIOCKOT TSt
HaOJI0IcHUsT BpeMeHHBIX 3aBucumocteit. XY Graph — rpadomnoctpoures B CHCTEME MOJIAP-
HBIX KoopauHat. Display — ycTpoiicTBO a1 BBIBOJa HA SKPaH JUCILICS U3MEPSIEMbIX BEJIMYUH
B i poBoii popme.

To file — 6nok, cBs3eBaronmii mogeas Simulink ¢ cucremoii MatLab. Dror 6110k 103BO-
JISIET 3alKcaTh pe3yabTaThl MOJACIUpoBanus B ¢aitn MatLab ¢ nensio manapHelinieir 00paboTku U
MPEJICTABICHUS PE3YIILTATOB.

IE]Library: simulink3/5i... =l E3
File Edit Miew Fronal Help

|-

b
Scope XY Graph

"

Display

untitied.mat simout

To File To Workspace

Stop Simulation

Puc. 1.5. Bubinoreka BUPTYaJIbHbIX IPUOOPOB /1Jisi HAGII0IEHUsI U PerHCcTPanuu nmpomeccoB Sinks

Workspace — ycTpoiicTBO s iepeiadn pe3ybTaToB MOJCIUPOBaHUs B pabodee mpo-
CTPAHCTBO C LIEJIbIO UX JalbHel el 00padoTKH.

Stop Simulation — ocraHoBKa CUMYJISIIMH.

C kaxapIM rpaduyecKuM 2JIEMEHTOM CBsI3aHO OKHO HacTpoek. Ha puc. 1.6 mokazaHsl
9KpaH OCIMJUIOCKOIA U ero OKHO HacTpoiiku. [lepBoe noxe Number of axes 3acimyxuBaer, moxa-
Tyi, HauOONBIIEr0 BHUMAaHHS. YHUCIO PETUCTPUPYEMBIX MPOIECCOB M KOJIMYECTBO OTKPHIBAIO-
IIAXCS DKPAHOB OCLUIITIOCKOIIA COOTBETCTBYIOT YHUCILY, YCTAHOBJIEHHOMY B OTOM IIOJIE.

<} Scope

<) ‘Scope’ properties MEE

General l Data hig(qwl Tip: by right clicking on ases
Axes
Numbet of axes: |2 [T floating scope

Time range: | auto

e
Tick labels: | bottom axis only _'_j

Sampling |

lDecnmanun ﬂ |1 J

0K ] Cancel] Help | ApplyJ

a) 0)
Puc. 1.6. SCOpe — ocuuIJIOCKON Jisi HAQII0IeHUSI BpeMEHHBIX 3aBHCHMOCTEM (a) M ero OKHO
HacTpoiiku (0)

Bu6anorexka HCTOYHNUKOB CUTHAJIOB (SOUrCeS)



Conepskanue 3TOro pasjena mokaszaHo Ha puc. 1.7.

HaGop 010k0B COEPIKHUT MPAKTHUECKH BCE HEOOXOAMMbIC HICTOUHUKH CUTHAJIOB JIJISl CCIIe-
JIOBAHUS DJICKTPUYECKUX Iereid. Bo3MOXHO 3amaHue MpOW3BOJIBLHOTO BO3ICUCTBHS U3 (aiina
(6;mox From File). Kpome HCTOYHHKOB IeTEPMUHUPOBAHHBIX BO3JACHCTBUI C pa3InyHON (yHK-
[IUOHAIBHOW U BPEMEHHOH 3aBHCUMOCTBIO, UMEIOTCSI ICTOYHUKH CITy4alHBIX BO3JICUCTBUH C pa3-
JUYHBIMH 3aKoHamu pactpegencHus. C KaxapiM rpaguueckuM OJIOKOM CBSI3aHO OKHO
Hactpoiiku. Tak, maas reHepaTopa nepuoandeckux curuainos (Signal Generator puc. 1.8) coot-
BETCTBYIOII[EE OKHO COJCPKHUT BBIOOP (popMmbl nepuoaudeckoro curnana (Wawe form), ycra-
HOBKY aMIiuTyael curaana (Amplitude), ycranosky gacrotsl (Frequency) u BIOOp €IUHHUIL U3-
MEPCHHS YCTAaHOBJICHHOW YaCTOTHI.

ELibrary: simulink3/Sources - [[E}IE3
File Edit View Foiiat Help
o0ooo
1 L oo p b
Constant Signal Step
Generator
/B Wb
Ramp Sine Wave Repeating
Sequence
3 Block Parameters: Signal Generator
| | r Jy /\JWP Signal Generator
Discrete Pulse Pulse Chirp Signal Output varnous wave forms.
Generator Generator -
Parameters e
@ Wave form: | sine __i]
et AT S T — —_—— ]
S __lsquare
1 l{
unmled.mat}> I simin F [-l [s:rmg;ﬂ'x
From File From Frequency:
Workspace I'I
L fv\'> Wb Units  [Hertz :J
Randar | iiiorm Fahdow Banerimited [V Intetpret vector parameters as 1-D
Number Number White Noise TR W
[ ok ] cCaced |  Hep | [
Puc. 1.7. buéanorexka ncTOYHHM- Puc. 1.8. Oxno Hacrpoiiku Signal
KOB CUTHAJIOB S0Urces Generator

INaker pacmmpenus Power System Blockset
bubnuorexka Powerlib makera pacmupenus Power System Blockset (puc. 1.9) comep-
KHT 7 paszienios, MOCIEAHUN U3 KOTOPbIX, EXtras, Bkiovaer moapasaensi.

Library: powerlib2

File Edit View Fomat Help
*
—L _MN:L 2& | @ Extras Demos
T _/_T =
Electrical Elements Power Machines Connectors Measurements
Sources Electronics
pouvvergui
Discrete system

Ts=5e-005

Power System Blodkset
Copyright 1997-2000 TEQSIM International, Inc., under sublicense
from Hydro-Quebec, and The MathiWods, Inc

Puc. 1.9. budaunorexa Powerlib

Hcrounuku sekTpuyeckoii snepruu Electrical Sources



Ota OMOIMOTEKa CcomepKaT HEYNpaBsieMble M YIPaBIsieMble UCTOYHUKH ITOCTOSTHHOTO U
nepeMeHHoro Hanpspkenus u Toka (puc. 1.10). OxHo HacTpoiiku 6;10ka AC Voltage Source moxka-

3aHo Ha puc. 1.11. B monsx mapameTpoB OKHaA yCTaHABIMBAIOTCS 3HAYEHUS aMIUIATY/ bl HAMIpsKe-
HUS1, HAYaJIBHOM (pa3bl U YaCTOTHI.

I[Tone  Measurements mo3BosleT TNOAKIKOUYars,  Onok  Multimeter s ws-
MEpEHUs U HAaOIIOICHUS BBIXOIHBIX MTAPAMETPOB HCTOYHUKA.

Biioku yripaBisieMbIX HCTOYHUKOB ITO3BOJISIIOT CBS3aTh CTPYKTYPHBIC HIIH (DyHKIIMOHATBHBIC
cxeMbl ocHOBHBIX OuOimoTek Simulink Blok Library ¢ snementamu oubimoreku Power System

Blockset.
E! Library: powerlib2/Electrical Sources Eisl

File Edit View vt Help

<1
:

A
~
A
~
A
~

DC Voltage Source tp

A signal
-

Controlled Voltage Source
AL Voltage Source

>
signal T
>

Controlled Current Source

4

AV

A
@ AC Current Source

Puc. 1.10. buoanoreka NCTOYHHKOB
nekTpuueckoii a3nepruun Electrical Sources

Block Parameters: AC Voltage Source
AC Voltage Source (mask) (link) e o

ldeal sinusaidal AC Voltage scurce.

Parameters
FPeak amplitude [V):

o
Phase (deg].
[[l
Frequency (Hz):
|50

Sample time:

o

Measurements |None ~|

l oK I Cancel ’ Help I !

Puc. 1.11. Oxno Hactpoiiku 6;10ka AC Voltage Source

Bu6inoreka naccuBHBIX 3j1eMeHTOoB Power Elements

Ha puc. 1.12 npeacrasieH coctaB 3Toil OMOIMOTEKH, OHA COACPIKUT:

*  TOcIeqoBaTeNbHbIE U MapallelbHble MaccuBHbIE 31eMeHThl R, L, C, koTopble MOTYT OBITh
3a/IaHbI B TapaMeTpax TUX JIEMEHTOB, TO ecTh oMax, TeHpu u ¢papanax (RLC Branch), a moryr ObITh
3a/1aHbl 3HAUEHUSIMU aKTUBHOMW, PEaKTUBHOM MHIYKTUBHOM, JTMOO peaKTUBHON €MKOCTHOM MOIITHOCTEN
(RLC Load). Takoe 3aaHue Harpy3Ky HHOT/Ia OY€Hb YJI00HO TIPH UCCIIEIOBAHUH PaOOTHI TpeX(hasHbIX
JIEKTPUYECKUX LETEH;

* muHeliHbIi Tpancdopmarop (Linear Transformer) u tpanchopmaTop ¢ peanbHbIM Mar-
HUTHBIM CEpJICYHMKOM, YUUTHIBAIOIIMM ero Hackimienue (Saturable Transformer);



* MarHMTOCBSI3aHHBIC IICTIH, WK IETH ¢ B3auMHoi nuaykiueit (Mutual Inductance);

*  HeJMHCHHBINA 3meMeHT (Surge Arrester), mosBonstomuii copMUpoBaTh TpeOyeMyro
HEIIMHEHHYIO 3aBUCHMOCTh MEX/Ty BXOHBIM H BBIXOJHBIM CUTHAJIAMH;

+ xmou (Breaker), mapamerpsl KOTOpOro (COnpoTHBIIEHUE, HHAYKTUBHOCTB) B OTKPBHITOM
COCTOSIHUY 33JIal0TCsI B TIOJISIX HACTPOUKHU. TaM ke 3a/1aeTcsi COCTOSIHUE KITFoUa (OTKPBIT, 3aKPBIT) TIPU
HYJIEBOM BXO/IHOM CHUTHAJIE;

* Tpex(das3Hbli ABYXOOMOTOYHBIN KW TpexoOMoTouHnslii Tpancopmaropsl (Three-Phase
Transformer, Two Windings, Three Windings);

e ONoKM, peanu3ylIlnue TmapamMeTpbl  ogHOoGazHOW u  Tpex(dasHOW  JIMHUH
nepenaun (Pl Section Line, Distributed Parameters Line).

Library: powerlib2/Elements A=
File Edit View Help

ST %>
Series RLC Branch A

Parallel RLC Branch
3
I >
A e @E Al

Series RLC Load >
Three-phase

>§
> >4 Transtormer
> g >§/§> (Two Windings)
Linear Transformer >
— &,

g’ Parallel RLC Load
5

alp
> _\QMH Saturable Transtormer A Y &
il
o Y35 a
i Pl Section Line B
Mutual Inductance %A alp
b3 p
1 D//IIZ:» 1P ¢ |
s ————1} op
p— Three-Phase
Breaker 3 3p Transformer

sl vistibuted Parameters Line (ke Windinge)

Surge Arrester

Puc. 1.12. bu6anoreka maccUBHBIX 3j1eMeHTOB Power Elements

Ha puc. 1.13 B kadecTBe mpuMepa moKa3aHO OKHO HACTPOUKHU Oi10ka Tpexda3HOTO TpaHC-
¢dopmaropa (Three-Phase Transformer). B monsx HacTpoiiku 3a1at0Tcst mapaMeTpbl TpaHchopMma-
Topa (POWer mapameTphbl IEpBUUHOM 1 BropuuHoit oomotok (Winding parameters), cxemsl coeu-
HEHHS MEPBUYHBIX M BTOpUYHBIX 00MoToK (okHa Winding 1 (ABC) Connection, Winding 2
(abc) Connection).

dnaxok (Suturable Core) mo3BossieT yuecTh HachlllleHHe TpaHchopmatopa. B Beinaaaro-
nieM MeHro nojisi (Measurements) ycraHaBiMBarOTCS MEpEeMEHHBIE COCTOSIHUSI TpaHcopmaropa,
KOTOpBIE TOJICHKAT U3MEPEHHUIO P MoAenupoBanuu 6i1okom Multimeter.



Block Parameters: Three-phase Transfarmer (Two Windings) u
Three-Phase Transformer (Two Windings) (mask) (link) -

Thig block implements a three-phase transtormer by using three single-phase
transfarmers. Set the winding connection to "Yn' when you wantto access the
neutral point of the Wye

Parameters
Nominal power and frequency [ Pn(VA), in(Hz) ]

([ 250e6. 60

Winding 1 (ABC) cannection ; ‘Y o

Winding parameters [ V1 Ph-Ph{vims) . R1(pu). L1{pu) ]
| 4243523, 0.002, 0.08]

Winding 2 (abc) connection : iDeIta (DY) _v_j
Winding parameters [ V2 Ph-Ph(Vrms), R2{pu). L2{pu)]

|[315e3.0.002.0.08]

™ Saturable care
Magnetization resistance Rm (pu)
500

Magretization reactance Lm (pu)
[500

Messurements |None _:J

OK Cancel | Help ‘ |

Puc. 1.13. Ilanean HacTpoiiku 6;0ka Three-Phase Transformer

BJioku cBsI3M MeKAYy BXOJaMHU M BbIXoJaMu MojaeJeil oudaumoreku Power System
Blockset (Connector)
Hasnauenue 61o0koB (puc. 1.14) packpbiBaeT ux rpadudeckoe npeacrapicHue. Ha auneii-
kax Bus Bar 3ajaercs KOIMuecTBO BXO/IOB U BBIXOJIOB.

[E]Library: poweslib2/Connectors
File Edit View Fosmsi Help
— Ground (input) T connector
~ >-—T—>
~
— Ground (output)
N
S >
@ Meutral (output) L connector
‘é& Meutral (input) 2>
B thi it
us Bar(thin verf) Bus Bar (ver)
~ v . .
e Bus Bar (thin horiz)
#Bus Bar (horiz)

Puc. 1.14. Buoauorexka Connector

Baoku usmepennii Measurement
Otu  Omoku mokazamel Ha puc. 1.15. bBroku Voltage Measurement,
Current Measurement HpeTHa3HAYCHBI st COeTMHEHU I U3MEPHUTEIBHBIX
omokoB  Oubmmoreku  Simulink ¢ Onokamum  OuOIMOTEKH Power  System
Blocksets.  bnox Impedance Measurement ~ mo3BoJIsieT  WM3MEPUTH  YaCTOTHYIO
3aBUCHMOCTh ~ TIOJHOTO  CONPOTHBIICHHS ~ MEXKIy  JBYMS  TOYKaMH  HCCIEIye-
MOM CXEMBI.



[E]Library: powerlib2/Measurements : _ O] X|
File Edit View . Help

A+
1 VT

Voltage Measurement

ip 0 o

b LA

Current Measurement Multimeter

A1
A2

Impedance Measurement

Zif)

Puc. 1.15. bubdaunorexka Measurement

Oco0bIii nHTEpec npencraniseT 610k Multimeter. 3ToT 6710k MO3BOJISET H3MEPUTH AIIEKTPH-
YeCKHue MepeMeHHbIe, BRIOpaHHbIe B OKHe Measurement cooTBETCTBYIOIIUX 3JIEMEHTOB (CM., HAIIPH-
mep, puc. 1.11, 1.13). Okno Hactpoiiku 0710ka Multimeter  (puec. 1.16) comepxut aBa mossi. B
nepsoM (Available) mocne naxxarus kHonku Refresh mosiBistoTcst COOTBETCTBYIOIIIE H3MEPSIEMbIE
nepeMenHbie. Bce MM 9acTh M3 HUX MOTYT OBITH C IOMOIIBIO KHONMKK Select mepeseneHbI BO
BTOPOE OKHO JUIsl M3MEPEHUS U peructpanuu pesynbtaroB. Onaxok Display signals at simulation
Stop 1MO3BOJIAET BHIBECTH M3MEPSEMbI€ CUTHAJIBI B BHJIE BPEMEHHBIX 3aBHCHMOCTEH. DTOT OJIOK
OYCHb YI00CH MPHU UCCIICTOBAHUU M B TATBHEHIIIEM YacTO IPHUMEHSIETCS.

Baok Multimeter cBonM BBIX0I0M MOKET OBITH MOJKIIOYEH U K BHEITHHM H3MEPHTEISIM.

«} untitled/Multimeter =l
— Multimeter
This block measure the voltages and curents specified in measurement popup of
Power System Blockset blocks. The left listbox shows the available measurement in
the multimeter, Use the Select button to select the output signals, The right listbox
shows the selections. Use the Up. Down. or Remove button to reorder the selections.
— Available Measuwiements —Selected Measurements.
=l Up )
Down
Remove
i fl % <]
Relesh Select >> " Display signals at simulation stop

Ok ’ Cancel | Help

Puc. 1.16. Oxno HacTpoiiku 6;10ka Multimeter

Pacmmmpennas 6udamnorexa Powerlib Extras
bubnmorexa Powerlib Extras npencrasiena Ha puc. 1.17. Dta OubIroTeKka CONEpKHT MISCTh
JIOTIOJTHUTEIIHHBIX Pa3JIeNoB.



IE] Library: powerlib_extias =] B3
File Edit View Help
Measurements Discrete Control Discrete Three-Phase Additional
Measurements Blods Control Blodks Library Machines

Puc. 1.17. Buoauorexa Powerlib Extras

Bub/juoTexa 10M0JHUTEIbHBIX 0J10KOB
usmepenusi Measurement
Pacmmpennas 6ubnmorexka Measurement nmokazana Ha puc. 1.18. bubnmorexa conepKut
0JIOK pa3ioKeHUs] HECHHYCOUJATbHOTO NMEPHOIUUYECKOT0 CUTHAIA Ha TAPMOHUYECKHE COCTaBIISIO-
mue (Fourier), 6iiok n3MepeHus 3PpPEKTUBHOTO (ACHCTBYIONIETO) 3HAYCHUSI HECHHYCOUIATLHOTO
MEePUOINYECKOT0 HanpspkeHus uiu Toka (RMS), 610k n3MepeHnsi akTHBHOW M PEaKTUBHOM MOIIT-

Hoctu (Active & Reactive Power).

EE]Library: powerlib_extras/Measurements [ _ [O] x|
File Edit View Help
magnitude p hag p
Ssignal abe Msignal THD i
angle 2 Phase >
Fourier 3-Phase Total Harmenic
Sequence Analyzer Distorsion
Msignal ms p abe A Ap
dqD p B p
RIS sin_cos B Cb
e “abe b
abc_to_dg c
A Transformation fabie b
PQ Three-Phase
Al dqo V-l Measurement
Active & Reactive abe p
Power Asin_cos
dq0_to_abe

Transformation

Puc. 1.18. budanorexa Extras Measurement

Wmerotcs Tpu 610ka nmpeoOpazoBaHus Tpexdaszubix curaanos. biok 3-Phase Sequence
Analyzer BplYHCIISICT CHMMETPUYHBIC COCTABIIIOIINE MPSIMOiL, 0OPAaTHOW M HYJIEBOIl MOCIe0Ba-
tenbHocTel. broku abc to dqO Transformation u dqO to abc Transformation ocyrectsistror mpe-
oOpa3oBaHue Tpex(a3Hoil cucTeMbl K 1ByX(ha3HON U HA000pOT.

brok Total Harmonic Distorsion u3mepsier koaddunment rapmonuk. biok Three-Phase V-
| Measurement u3mepsieT TOKH U HanpspKeHus Tpex(azHoil nen.

Ha puc. 1.19 B kavecTBe mprumMepa MoKa3zaHO OKHO HacCTpOWKH Oioka Fourier. B momsx
HACTPOMKH OJIOKAa OTMEYaeTCsi OCHOBHAS YacTOTa M MOPSIIKOBBII HOMEp MCCIEAYeMO TapMOHHKH.

B moste okna nHactpoiiku 6;1oka Total Harmonic Distorsion (puc. 1.20) yctaHaBinBaeTcst oc-
HOBHasl 4YaCTOTa UCCIIElyeMOr0 CHUT'HAJA.



e 1
1 A 1

~ Fourier anaiyser |mask) (link]

The Fourner block perfarms a Fourier analysis of the input signal over a
running window of one cycle of the fundamental frequency. First and
second outputs return respectively the magnitude and phase [dearees) of
the harmonic component specified.
Parameters
Fundamental frequency 1 [Hz):

50

Harmaonic n (0=DC; 1=fundamental; 2=2nd harm; ...):

OK ! Caniel ] Help f Spply l

Puc. 1.19. OxHo HacTpoiiku 6J0ka Fourier

Block Paraelexs: Total Haimonic Distorsion E ,

r~THD (mask) (link]——

: This block measures the total harmonic distortion (THD | of a penodic
|instantaneous voltage or current connected to the input.
The THD is defined as:

THD = Uh/U1
 where:
Uh = rms value of the harmonics
=sqit(U272+ U332+ ..+ Un"2+.)
U1 = rms value of the fundamental component

Farameters
Fundamerital frequency (Hz):

50

MK I Cancel I Heln ! Annly I

Puc. 1.20. OxHo HacTpoiiku 6;0ka Total Harmonic Distorsion

bubanorexa Tpexda3ubix nenei Three-Phase Library
Pacimpennas oubnnoreka Three-Phase Library cogepxur TpexdasHbie Hemu pa3indaHOro
HasHaueHus (puc. 1.21). B aToit Oubmuorexe uMeeTcss HAOOP MOCIEI0BATEIBHBIX U APAJICTIbHBIX
Tpex(}a3HbIX Harpy30K, 3alaHHBIX JTHOO MACCHBHBIMH ITapaMeTPaMu, JINOO 3HAUYCHUSIMH aKTUBHON
Y PEaKTUBHON MOIIHOCTH, OJIOK MCTOYHHMKA MUTaHHS, TPeX(Ha3HyI0 HHIYKTHBHO-CBS3aHHYIO IICTIb,
TpexdasHelii TpaHchopmarop, TpexdazHbIid KIIFOY U OJIOK, MOJICTHPYIONINI TOBPEXICHHS B TPEX-
da3zHol cetw.



I.jb(ary: poweilib_extras/Thiee-Phase Library M= E3

Fle Edt View "+ Help
i A

All these 3-phase elements are masked biocks built with single-phase elements of the powerlib library.
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Puc. 1.21. Bbuéauoreka Three-Phase Library

Oco0blii HHTEpEC MTPU MOJICIIUPOBAHUU JIEKTPUUECKUX 1IeTIeH npencTaBisieT 610k Power-
gui ocuoBHolt 6ubaroTekn Power System Blockset (cMm. puc. 1.9). Dtot 6710K, Oyay4H yCTaHOB-
JICHHBIM B MICCIIEYEMYIO MOJIEIb SJICKTPUIECKOM 1IN , TO3BOJISET U3MEPUTh TOKHU, HAIPSHKEHUS U
UX HayvaJgbHbIC (Da3bl HA JTIOOOM y4acTKe JIEKTpHUECKou 1enu. J{ius cBs3u OJIoKa C 3JIeKTpruie-
CKOM cxemoit ciyxar omoku m3mepennit Multimeter, VVoltage Mesurement, Current Mesurement.
Kpome Toro, 6110k Powergui mo3Bosisier cBs3ath nmakeT pacumpenns Power System Blockset ¢ make-
toM pacmupenus Control System. Dto obecnieunBaeT BO3MOKHOCTh HCCIICA0BATh YaCTOTHBIC Xa-
PaKTEPUCTUKH U IIEPEXOHBIE MTPOLIECCHI B 2NIEKTPUUECKHX LemnsX. OKHO HACTPOMKH OJI0Ka MOKa3aHO
Ha puc. 1.22. B 1eBom mose oTpaxaroTcs u3MepsieMblie BemnurHbl. CripaBa KHOMIKY U (JIaYKKH 1103~
BOJISIFOT BBIOpATh BEJMYMHBI JIJIsl U3MEpEHUs. B BbINaatonieM MEHIO IepBOro MOJIs 3aar0TCs 13-
MepsieMble 3HaYeHHs (aMIUTMTYJHOE WK JeWCTBYIoIIee). B BbimanaromemM MEHIO BTOPOTO MOJIs
3aaeTcsl yacTora. BritoueHHbI (raxxok StateS mo3Bossier M3MEepUTh NMEPEMEHHBIC COCTOSHUS
(TOKM B MHAYKTUBHOCTSIX, HAIIPSDKEHUS HA KOHJIeHcaTopax). Bkimtouennsiit ¢puiaxkox Measurer mos-
BOJISIET U3MEPHUTh BCE BEIUYUHBI, BRIOpaHHBIC B OKHE Onoka Multimeter. BxiroueHHbIl (iaxok
Sources mo3BossieT U3MEPUTh TOKK M HAIPSDKEHUST HCTOYHUKOB, a BKIIOYCHHBIH (uiaxkok Nonlinear
— TOKHU Y HallPSDKEHUSI B HEJIMHEHHBIX DJIEMEHTAX.

*} Steady-State Voltages and Currents for - Lab_1_5

Tools Repon

There are no nonlinear blocks in the P
Feakval v ‘

50 v |Hz
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[ Sources (

7 Honlinear
| _‘_J Close
| i ———J

Puc. 1.22. OxHo HacTpoiiku 6;0Kka Powergui




Onepauuu ¢ 0J10KaMHU

KonupoBanue 6,I0k0OB 13 0JJHOTO OKHA B JIPYro€ MPOBOTUTCS CICAYIOIINM 00pa3oM: OT-
KpBIBaeTCs HyXHasi OMOIMOTEeKa WM OKHO MOJENIU-TIPOTOTUIIA M HYXKHBIN OJIOK MepeTacKUBaeTCs
MBIIIBIO B OKHO CO3/1aBaeMOM (peIakTUPyeMOil) MOJIEIH.

broku MOXHO KOMPOBATh U MPH MOMOIIM KOMaH] MeHto. [locnenoBarenbHOCTh 1eHCTBUI
IIPU 3TOM TAaKOBA!

B okne OubnmoTexkn WM MOIEIM  BbIAensercs  Onok  (Onoku),  mojjie-
JKaIlUi KOIMMUPOBAHUIO;

Beioupaercs B Mento Edit (IlpaBka) aktuBHOro okHa komanga Copy
(KomnpoBarts);

Cnenatb  aKTUBHBIM  OKHO, B  KOTOpO€ HYXHO CKONUpOBaThb OJIOK, U
BbIOpaTh B HEM KoMmaHy Paste (BcraButsh) usz mento Edit (IIpaska).

Kaxmnomy ckomupoBanHomy 010Ky SimuLink mpucsanBaet umsl.

[TepBsIii ckoTUpPOBaHHBIN 070K Oy/I€T HMETh TO XKe UM, UTO U OJI0K B OubnroTeke. Kaxprit
CJIeIYIOIIHI OJIOK TOTO ke THMa Oy/IeT UMETh TaKoe ke UMs C J0OaBICHUEM MOPSIKOBOTO HOMeEpa.
[Tonmk30BaTeNlb MOXKET TIEpeUMEHOBATh 0J10K. [Ipy KomMpoBaHWY OJIOK MOTYYaeT T€ K€ 3HAUCHUS Ha-
CTpanBaeMbIX MapaMeTPOB, YTO U OJIOK-OPUTHHAI.

IlepecTanoBKa 6J10Ka BHYTPH MOJIeJIU OCYIICCTBIIICTCS MyTEM MEPETACKUBAHUS €TI0 MbI-
mibio. IIpu stom Simulink aBroMaTHyYecku MEpepUCOBBIBACT JMHHUH, CBSI3BIBAIONINE STOT OJIOK C
apyrumu 0jiokaMu. UToOBI IepecTaBUTh HECKOJIBLKO OJIOKOB BMECTE C COCTMHUTETbHBIMU JIMHUSMU
U COXpPaHEHHEM OTHOCHTEIBHBIX PACCTOSHUN, HEOOXOIUMO UX BBIICIUTH U MEPETAIIUTh MBIIIBIO
oJMH U3 0JIOKOB. Bce apyrue BeIICIICHHBIC OJIOKU TaKKe 3aiiMyT HOBBIE MECTa.

KonupoBanue 6,10k0B 01HOI MOJe/IH MOXHO BBIIIOJIHUTH JIBYMsI CIIOCOOaMMU:

[leperamuts ONOK B HYXHOE IOJOXCHHE, YACpXKHUBas MpPH  OITOM  KJa-
Buiny <Ctrl>;

[leperamuTts  ONOK,  yIOepKWMBas  HAXKATOH  TPaByl®  KHONKY  MBIIH, TPH
3TOM K HOBOMY OJIOKY 100aBiisieTcs O4epeHON MOPSIKOBBII HOMEP.

Ha puc. 1.23 npencrasien pe3ynbTaT KonupoBanus 01okoB Scope u XY Graph.

YcranoBka napameTpoB 0s10ka. OyHKINU, KOTOPBIE BHIMOIHIET OJIOK, 3aBUCST OT 3Haye-
HUI MapaMeTpoB OJ0Ka. Y CTaHOBKA STHX 3HAYEHUH OCYIIECTBISETCS B OKHE HACTPOMKH, KOTOPOE
BBI3BIBAETCS TOCTIE IBOMHOTO IIeIYKa Ha H300pakeHnH 0J0Ka B OJI0K-CXeMe.

Ynanenue 0,10k0B. [l ynaneHus: HEHYXKHBIX OJIOKOB U3 OJIOK-CXEMBI JOCTATOYHO BBIJIE-
JUTh ATU OJIOKM Tak, Kak ObUIO yKa3aHO paHee, M HaxaTh kiaBumry <Del> wmm <Backspace>.
MosxHo Takxke Bbi3BaTh koMmanay Clear (Ouuctuts) ninm Cut (Beipesats) u3 mento Edit (ITpaBka)
okHa Ook-cxembl. Ecin ncnonb3oBana komanaa Cut, To B nanpHeiieM yaaneHHbIe OJTOKU MOXKHO
CKONMPOBATh B MOJIENb IPH IMOMOIIY KoMaH/bl Paste (BcTaBuThb) TOro e MeHro.

Orcoenunenne 010ka. UToObI OTCOGAMHUTH ONIOK OT JIMHHM, JOCTATOYHO HAXKaTh KIIABUIITY
<Shift> u, He otmyckas e€, meperanyTh OJI0K B IPYroe MECTO.
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Puc. 1.23. Konuposanue 0J10K0B



HN3meHeHue yriioBoi opreHTanum 0J10ka. B Ha4aIbHOM COCTOSIHUM CUTHAJ MPOXOJIUT Ye-
pe3 0JI0K cieBa HarpaBo (110 JIEBYIO CTOPOHY PacIoyiaraloTcst BX0/1bl 0J10Ka, a 1o MPaBylo CTOPOHY
— BBIX0J1b1). YTOOBI H3MEHHUTH YTJIOBYIO OPHEHTAINIO 0JI0Ka HA/IO:

* BBIJICITUTH OJIOK, KOTOPBII HY)KHO TIOBEPHYTb;

* BeIOpaTh B MeHt0 Format (dopmat) okHa GJIOK-CXEMBI OAHY K3 ciieayromux komaua: Flip
Block (IToBopor 61oka Ha 180 rpanycos) uinu Rotate Block (IToBopoT 6110ka 1o 4acoBoii cTpesike
Ha 90 rpamycoB).

HN3menenue pa3mepos 0s10Kka. M3meHeHue pa3MepoB 0J10Ka BBIMOIHSAETCS CAEAYIOIINM 00-
pa3zoMm. Boigensercs 00K UM yCTaHaBIMBAETCS YKa3aTellb MBIIIM HA OJHY U3 YIJIOBBIX METOK
6moka. @opma ykaszaress MpU 3TOM H3MEHUTCS — OH MPUMET BUJI JABYHANPABICHHOW CTPEIKH.
Hazno 3axBaTUTh MBIIIBIO 3TY METKY U NMEPETAHYTh €€ B HOBOE MMOJIOKEHHUE.

N3menenue u nepemMenienne uMeHu 0J10ka. Bee nveHa GJ10KOB B MOJIENH TOJDKHBI OBITH YHU-
KaJIbHBIMHU U COCTOSITH XOTsI Obl U3 OJJHOTO CUMBOJIA. YTOOBI M3MEHUTDH UMsI OJIOKA, HY>KHO BBITIOJIHUTH
IICTYOK HAa MMEHH, a 3aTeM, UCIIOJb3Ysl OOBIYHBIC MPUEMBI PEJaKTUPOBAHMS, BHECTH HEOOXOANMbBIE
WU3MEHEHHUSL.

Jlist u3MeHenus mpudTa cieayeT BhIICTUTh 0JIOK, BeI3BaTh komanay Font (Lpudt) usz
MeHo Format (®opmar) okHa MOJAENH W 3aTeM BBIOpaTh MPHUQPT B OTKPBIBIIUMCS JHATOTOBOM
OKHE.

[To ymonuanuto ums Oj0Ka pacronaraercs cienyromum odpazom. Eciu 610k opueHTHpO-
BaH CJIeBa HAIPABO, TO UM HAXOIUTCS MOJ] OJIOKOM; €CIIM CIpaBa HaJeBO — HaJl OJIOKOM; €CITH JKe
CBEpXYy BHH3 WJIH CHU3Y BBEPX — IO MPaBOil CTOpOHE OJI0Ka.

N3MeHuTh MECTOIOIOKEHNE UMEHH BBIJICJICHHOTO 0JI0Ka MOYKHO JIBYMSI CITIOCOOaMHU:

* IEpETAlIUTh UMS MBIIIBIO HAa IPOTUBOIOIOKHYIO CTOPOHY 0JIOKa;

* BOCIIOJIb30BaThest komanoi Flip Name u3 menro Format okaa Monenn — oHa Tarke MepeHo-
CUT UMS Ha MPOTHUBOMOJIOKHYIO CTOPOHY OJI0Ka.

CkpbITh HMsI OJI0Ka MOXKHO, UCTIONB3Yyst komaH 1y Hide Name (CkpsbiTh nmst) MeHro Format okaa
Mozen. YToObl BOCCTAHOBHTH OTOOpaKCHHE WMEHH, CIEAYET BOCIONB30BaThCS KOMaHIOH Show
Name (Iloka3ate UMs1) TOTO K€ MEHIO.

Co3znanue coeTMHUTEIbHBIX JUHUA. CUTHAIBI B MOJIENH TiepeaatoTes o JuHusM. Kaxnas
JIMHUS MOXKET TMIEpEIaBaTh WU CKAJISPHBIN, WK BEKTOPHBIN CUTHAIL. JIMHUS COEAMHSIET BBIXOJHOM MOPT
OJTHOTO OJI0Ka C BXOJHBIM ITOPTOM APYroro 010ka. JIMHUS MOXKET Tak:Ke Pa3BETBISATHCA U COSTUHATH
BBIXOJTHOIM OPT OTHOTO OJI0KA C BXOJHBIMH MTOPTAMHU HECKOJIBKUX OJIOKOB.

Co3nanue JUHUU MexaAy 0JokamMu. YToObl COEIMHUTH BBIXOJAHOM MOPT OAHOTO OJI0Ka
C BXOJTHBIM ITIOPTOM JIPYTOTO, HY)KHO BBIITOJHHUTH CIEAYIONINE ACHCTBUS:

* YCTaHOBHUTh YyKa3aTeldb MBIIIM Ha BBIXOJAHOW MOpPT TmepBoro OJoka
(Ipu 3TOM Kypcop JOJIKEH NMPUHSTH (GOpMY MEPEKPECTHUs);

* HAXKaTh JIEBYIO KHOIIKY MBIIIHU U, YAEPKUBas €€ B 3TOM IMOJI0KEHHUH, IEPEIBUHYTH yKa-
3aTenb K BXOJHOMY MOPTY BTOPOTO OJIOKA;

* OTIYCTUTH KHOTKY MBIIIIH.

Simulink 3amMeHUT CHMBOJIBI TOPTOB COSMHHUTEIBHOW JIMHUEH C yKa3aHUEM HarpaBlICHHS
nepenaun curiana. MenHo Takum obpaszom (Ha puc. 1.24) Beixon 6;oka Save Wave coeauHéH ¢
Bxoj0M Osioka XY Graph.

JIMHUM MOKHO PHCOBATh KaK OT BXOJTHOTO MOPTA K BBIXOJJHOMY, TaK U HA00OPOT.

ITo ymomuanuto SimuLink pucyer coeMHUTENbHBIC JIMHUHU, COCTOSIINE W3 TOPHU3OHTAIIb-
HBIX ¥ BEPTHUKATBHBIX CETMEHTOB. UTOOBI MOCTPOUTH IMHUIO TIOJT YITIOM 45 TpagycoB, HEOOX0IUMO
B MPOIIECCe PUCOBAHUS YACPKUBATh KiaBuiry <Shift>.

Co3nanue pa3BerBiieHUsl TUHUU. JIMHYS, KOTOpasi OTBETBIISIETCS,, HAYMHACTCS C CYIIECTBY-
fo1e U nepenaét e€ CurHai K BXOJHOMY OPTY JIpyroro 0Jioka.
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Puc. 1.24. Coenqunenue 0,10K0B

Kak cymectByronias, Tak 1 OTBETBJICHHAs JTMHUM NIEPENAIOT OJUH cUrHall. Pa3BeTBicHHas
JIMHUS Ta€T BO3MOXKHOCTB MEPEAATh OJMH U TOT K€ CUTHAII K HECKOJIBKHM OsiokaM. YToObI 00pa3o-
BaTh OTBETBJICHUE OT CYILIECTBYIOILEH JIUHUH, HEOOXOIMMO BBIIOJIHUTH CIIEIYIOLINE JeHCTBU:

* YCTAHOBUTH KypCOp B TOUKY OTBETBJICHUS;

* Ha)XaTh NPABYIO KHOIIKY MBIIIH, yIE€PKUBATh €€ HAKATOM;

* TpPOBECTH JIMHUIO K BXOJAHOMY TMOpPTY HYXHOro OJiOKa, OTIYCTUTh
IIPABYIO KHOIIKY MBILIH.

Co3nanue cerMeHTa JMHUM. BIOKM MOXKHO COEIUHSTH JIOMAHBIMH JIMHUSMH, COCTOSAILIMMU
U3 HECKOJIBKUX CErMEHTOB. /115 co3/1aHus CeAyroIero cerMeHTa Heo0X0AMMO YCTaHOBUTh Kypcop B
KOHEI IPEJbIIYIIEro CErMeHTa U HApUCOBATh, YAEPKUBas JIEBYIO KJIABUIILY MBIIIH, CIEAYIOLINMI
CErMEHT.

Ilepememienue cermeHTa JMHUM. UTOOBI IEPEMECTUTD OT/IENIbHBINA CETMEHT JIMHUU, HEOO-
XOJIMMO BBIIIOJIHUTH CJIEAYIOLIUE JEHCTBUS:

. YCTaHOBUTH yKa3aTelb Ha IepeMeniaeMOM CerMeHTe;

. HaXXaThb U YACPKHUBATh JEBYIO KHOIKY MBIIIH (Kypcop IPHU 3TOM JOJKEH MPUHSITH
dbopMy KpecTa);

. MepeMEeCTUTh yKa3aTeldb B HOBOE IOJOXKEHHE CerMeHTa U OTIYCTUTH

KHOTIKY MBIIIIH.

CerMeHT, HENOCPEACTBEHHO NMPHJIETAIOLINH K MOPTY OJ0Ka, IEPEMECTUTh HEBO3MOXKHO.

[esienne JUHUM HA cerMeHThbI. [Ipy HEOOXOAMMOCTH JIMHUIO MOXHO pa3JelUTh Ha JIBa
CerMeHTa. /{71 3TOoro ciieyeT BhINOJIHUTD CIEAYIOLINE IEHCTBUS:

* BBIJICJIUTD JIMHUIO U YCTAHOBUTH KYpPCOp B TOUKY HU3JI0Ma JIMHUU;

 HaxaTh knapuiry <Shift> u eByr KHONKY MBIIIK; Kypcop MPH 3TOM HpuUMeT (GHopmy
OKPY>KHOCTH, a Ha JJUHUU 00pa3yeTcs U3JoMm;

* IEPEMECTUTDH Kypcop (M3JI0M) B HOBOE MOJIOKEHHUE;

* OTIyCTUTH KiaBuiry <Shift> u. KHOIKY MBIIIH.
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Puc. 1.25. JlejieHne JMHUU HA CETMEHTBI

Pesynbrar atux neictBuii npencrasieH (Ha puc. 1.25), rae auHus, coeuHsomas ook Sine
Wave u XY Graph 1, pa3aeneHa Ha HECKOJIBKO CETMEHTOB.

IMepemenenue uzaoma JuHUU. YTOOBI IEPEMECTUTD U3JIOM JIMHHUHU, JOCTATOYHO MEPETsi-
HYTh MBIIIBIO TOYKY U3JI0Ma B HOBOE MOJIOKEHHE.

IIpocTaB/ieHHe MeTOK CHIHAJIOB M KOMMeHTapueB. /[ HariasgqHOCTH W yao00cTBa OJIOK-
CXEMBbI JITHUU MO>KHO CHAOIUTh METKaMH, YKa3bIBAIOIIUMH, KAKUE CUTHAJIBI 10 HUM MPOXOIT. MeTku
pa3MeIaoT M0J] WJIX HaJl TOPU30HTAIILHOM JIMHUEH, 10 JIEBYIO MJIH 110 IIPAaBYIO CTOPOHY OT BEPTUKAIb-
HOM JTMHUHU. MeTKa MOKeT OBITh pacriofioXKeHa B Havalle, B KOHIIE WX 110 CepeIUHE JIMHUU.

Co3ganue M MaHMNYJIMPOBAHHE METKAMM CUTHAJI0B. UTOOBI CO3/1aTh METKY CHUTHAJIOB,
HY)KHO JIBKIbl LIEJIIKHYTh HAa CETMEHTE JIMHUM U 3aTEM BBECTH TEKCT METKH. [Ipnyem nBoiiHOM
HIETYOK CIEAYET BBINOJHITh TOYHO Ha JIMHUM, T. K. B IPOTUBHOM cilyyae Oy/eT cO3/1aH KOMMEHTa-
pUH K MOJIEIIN.

[lepemenieHue METKHM OCYIIECTBIISETCS MMYTEM MEepETACKUBAHUS €€ MBIIIbIO Ha HOBOE Me-
ctro. Eciu npu aTOM yaepxuBath Haxarol knaBumry <Ctrl>, To meTka Oyaer ckonupoBaHa B HO-
Boe MecTo. CKOMMPOBAaTh METKY MOKHO TAaK€e, BBINIOJIHUB ABOIHON LIETY0K HAa APYTOM CETMEHTE
JUHUU.

UTo0Obl OTpeaakTUPOBATh METKY, CIEAYET IIEIKHYTh Ha HEM U 3aTeM BHECTHU COOTBETCTBY-
IOLME U3MEHEHNUS B €€ TEKCT.

YToOBl yJaduTh METKY, HaJ0 BBIICIUTH €, yaepxuBas kiaBumy <Shift>, u naxats
wiaBuiy <Del> wmu <Backspace>. IIpu aTom OyayT yaaneHbl BCE METKH 3TOW JTMHUH.

Co3nanue 1 MaHUNYJIMPOBaHUe KOMMeHTapueM. KoMMeHTapuu 1at0T BO3MOKHOCTb CO-
POBOX/1aTh OJIOK-CXEMBbl TEKCTOBOW MH(popManueil 0 MOAEIH M OTAEIbHBIX €€ COCTABISIOIINX.
KomMmeHTaprun MOXXKHO TPOCTaBJIATH B JIFOOOM CBOOOJHOM MecTe Onok-cxemsl. Ilocne nBoitHOTO
IIeTYKa B JII0OOM CBOOOJHOM MeCTe OJIOK-CXEMBI MOSBIAETCS NPSIMOYTOJIbHAs pPaMKa, B KOTOPYIO
MO>KHO BBECTH TEKCT KoMMeHTapus. [lepeMerienre KOMMeHTapusi OCYIIECTBIISIETCA MYTEM Iepe-
TACKHMBaHMSI €T0 C TTOMOIIBIO MBIIK. Eciiu mipu 9TOM yaepxuBaTh HaxxaToi kiasumry <Ctrl>, kom-
MEHTapHii OyJeT CKOMUPOBaH B HOBOE MECTO.

Co3naHHbIIl KOMMEHTapUi MOYXHO OTPENAKTUPOBATH. J{JIs1 3TOr0 HYKHO BBIIIOJIHUTH HA HEM
IeTYOK, @ TOTOM BHECTH COOTBETCTBYIOLINE N3MEHEHUS. UTOOBI M3MEHHUTD MPHU ATOM MapaMeTpPhl
mpuQTa KOMMEHTApHsI, HEOOXOIMMO BBIJICIUTh TEKCT KOMMEHTapus U BBIOpaTh KoMaHay Font
(IIpudgt) u3 menro Format (dopmar) okHa O610K-cxeMbl. [Tocie 3Toro nosBUTCS 11aIoroBoe OKHO,



B KOTOPOM cjelyeT BbIOpaTh Ha3BaHHE WIpU(]Ta, ero pasmep, aTpuOyThl U CTHJIb U HaXKaTb
kHonky OK. KoMMmeHnTapuii MOXHO ymamuTh. sl 3TOro BBIIENNUTE €r0, yAEp)KUBas KIIaBULIY
<Shift>, u naxxmute knasumy <Del> unu <Backspace>.

JladopaTopHas paGota Ne2. «Moje/iupoBaHue TEIJIOBBIX MPOILECCOB B IBUTaTe/Ie)
PaccmoTpuM pemenne 3aaud HarpeBa JABHTaTeNs Ui CIy4as MOBTOPHO-KPaTKOBPEMEH-
HOT'O PEeXMMa PabOThI ITPH UCIIOIB30BaHUH makera Simulink.
[TepBonavanbHO nIpeoOpaszyeM ypaBHeHue (2.3) B popmy Kormm:

0 1 .- 12
d—e:—APT -—=0 (2.4)
dt Ty Ty
3arem ypaBHeHue (2.4) mpeacTaBUM B ONEpaTOPHON (opme, TOT1a TOTYIHUM:
sé:iEMi—iLé (2.5)
To To

Paccunraem HarpeB aBuraresns nocrosiHHoro toka tuna [I1bB-100M. TemnoBast mocTosiHHAast
BpeMeHHU Ju1st atoro asuratens T = 3600 c.

ITocnemoBarensHo oTkpbiBacM Matlab, Simulink u Tpu HeoOX0MUMBIE I pemicHus OHO-
muoteku Sources (Mcrounuku curnano), Sinks (ITpubopsr) u Continuous (HempepsiBHBIC 0J10KH).
ITpu otkpeiBanuu Simulink ogHOBpeMEHHO OTKPBIBACTCS MMOJIE /Il HAOOpa CTPYKTYPHOM CXEMBI,
nepBOHAYAILHO 3TO moJie umeeT Ha3Banue Untitled (6e3 umenn). Bee OnbimnoTeku nepBoHavaib-
HOTO BBI30Ba MTOKa3aHbl Ha puc. 2.12 a, 0, 6.

bnoku u3 oubnmorek B HabopHoe mose Untitled mepenocsres nzBectHsiM criocobom Drag-
and Drop (Ilepetamu u OcTaBb).

CrpykTypHas cxema, COOTBETCTBYIOLIasl ypaBHEHHIO (2.5), npeacrasieHa Ha puc. 2.13 a.
[Tocne Toro kak co3iaHa CTPYKTYpHasi CXxema, CJelyeT NMEepPeuMEHOBaTh OJIOK M 3allMcaTh €ro B
nanky Simulink s Oynymieir paboTsl. DTOT daiin OyaeT COXpaHATHCS B MaMSITH KOMITBIOTEPA 10
TEX IOp, MIOKa OH He OyeT cTept. B ritaBHOM MeHIO OTKpbIBaeTcs paszen File, nanee Save As... mpu
9TOM TIOSIBIISIETCS ITAHEITh, TO3BOJISIOIIAS BEIOPATh MANKY IS 3allMCy 1 Ha3BaHue Qaiina. [Tociemno-
BaTEJIbHO (IBOWHOM MIETYOK Ha OJIOKE) YCTAHABIMBAIOTCS MapaMeTphl ycuaurens (Gain) u unte-
rpatopa (Integrator).

Ha puc. 2.13 6, ¢ BuaHBI OKHa HacCTpOWKH 3THX 010KOB. KoaddunueHnT nepenaun G6ioka
yeunutenst (1/3600) ectp BennuumHa, oOpaTHas TEMJIOBOW IOCTOSIHHOM JBurarens. B moie
HACTPOWKH MHTErPaTOpa 33J1aeTCsl HAUYAIbHOE COCTOSIHME OTHOCUTEIILHOU TEMITEPATYPhI

5= _2 g9
Omax 130
(31ech MPHUHATO, YTO HavaJibHAs TeMmreparypa paBHa 25°C, a MAaKCUMAJIBHO JOMYCTHMAs JIJISl BbI-
opannoro neurarens — 130°C).

JInst yCTaHOBKM MapaMeTpOB MOJICIMPOBAHUS B pa3jiene riaBHoro MeHro Simulation Beiou-
paercst komaHaa Parameters, mo 3Toii KoMaH/ie OTKPBIBAETCS AUAJIOTOBOE OKHO HACTPOEK IapameT-
poB MozenupoBanus (puc. 2.14). 1o okHO comepskuT msaTh BKIaaok (Solver,Workspase 1/0O, Diag-
nostic, Advanced). Ha Bkianke Solver nmepBoHauanbHO ycTaHaBiuBaeM HadanbHoe (Start time = 0)
u koHewyHoe (Stop time = 15000c¢) Bpemst MoenupoBanus. KoHeuHOEe BpeMsi MOICTUPOBAHHUS, KaK
W3BECTHO, IOJKHO COCTABIIATH 3-4 MOCTOSTHHBIX BPEMEHH.

B okne Solver options 3agaetcs croco6 n3MeHeHus MojeapHoro Bpemenu (Variable-step —
MOJICTTMPOBAHUE C TIEPEMEHHBIM IArOM; 3Ty OIIUI0 PEKOMEHIYETCSI BEIOUpATh IPH MOJICITHPOBA-
HUH aHAJIOTOBBIX HEMIPEPBIBHBIX CUCTEM) U CIIOCO0 MHTErpUpoBaHus U (HEPEeHIIUATLHOTO YpaBHE-
Hus. Hrke 3a1ar0Tcst MaKCMMasIbHBINA M HAYaIbHBIN IIaTrH HHTETPUPOBAHUS, a TAKIKE OTHOCHUTEIb-
Hast ¥ aOCOJIIOTHAS TOYHOCTh. [IpW pEIICHMH MPOCTHIX 3a/1a4 37eCh JIydlle OCTaBHTh TO, YTO
KOMITBIOTEP CaM TpeJyiaraet mo yMordanuio (puc. 2.14).

HwxHue mosns onpeaenstoT crnocod BBIBOJA pe3yIbTaTOB MOJIEIHUPOBAHUS B pab04dyt0 00-
J1acTh, OHM OCTABJICHBI TAKMMH, KAKUMH IPOTpaMMa X YCTAaHOBHJIA TI0 YMOJTYAHHUIO.
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Puc. 2.12. bu6jauoTeKku 1J151 BHINOJHEHUSI MOIEJTHPOBAHUS

il
s

I
+

U+
Pulse -
Generator Gai
Sum am Integrator

Scope

a)

| Gain

f Elementwise gain (y = K*u) or matix gain (y = K'u ory = u*K)

L o o] e

| Gain:

Block Parameters: Gain m

| mEm

! Multiplication: ftiamenx—vwse(l( u)
| :

[ I Soturate anintager overiow

Cancal '

6)

Block Paramelers: Intagrator m

 INMEQIAtY - e
.| Continuous-time integrafion of the input signal.

ki

¢ Parameters -+~
External reset

initial condiion source: ﬁlemal

| Initial condition:
t e
[

I Limit output

Uppneeaturgtion insil

lu;tl

LoweRr safiirabias il

| I o
| Rl
|

™ Show saturation port

I™ Show state port

Absalute tolerance:

‘i outc
[7, o I Cancel ] " Halp ]
B)

Puc. 2.13. Moaesb Harpesa ABUraTteisi B HIOBTOPHO-KPAaTKOBPEMEHHOM peskuMe (a) M OKHA
HacTpoiku (0, B) 0,10K0OB



-J Simulation Parameters: book1

Solvé(l Wotkspace‘l/;l)' Diagmslic.s| Advancedl ‘

Simulation time

Start time: l 0.0 Stop time: I 15000

Solver options 8

Type: [Valiab!e-step _:_I [ ode45 (Dormand-Prince) :_I
Max step size: | auto Relative tolerance: | 1e-3

Min step size: - | auto Absolute tolerance: | 1e-6

Initial step size: I auto

Output options
I Refine output L]

Refine factor: l 1

UK'

Cancell Help l e ]

Puc. 2.14. IlapameTpbl MOAeJMPOBAHUS TEMJIOBBIX NPOIECCOB B IBUIraTee

OKHO HaCcTPOWKH reHepaTopa M pe3ybTaThl MOJICTUPOBAHUS IPECTaBICHBI Ha puc. 2.15 a

u 2.15 6 coorBeTcTBeHHO. B OKHE HacTpolku

reaeparopa yKasbIBarOTCA MEPHUOJA LIUKIIA, OTHOCHU-

TEJIFHOE BPEMsI BKIIFOYCHHOTO COCTOSIHUS, aMILTUTY/Aa U Hadyaio paboThI.
Pe3ynbTarsl MOIETMPOBaHNS TIPEICTABIICHBI HA SKpaHe ocuMuIockomna (puc. 2.15 6), oHu moka-
3BIBAIOT, YTO B YCTAHOBUBILIEMCS PEKHME JIBUTATEINh HAarpeBaeTcst Mpuoam3uTensHo 10 0.8 oT makcu-

MaJIbHOM TEMIIEPATYPHI.

Block Parameters; Pulse Generator n

- Pulse Generator {mask) (link) S e
Output a continuous-time periodic pulse train.

Parameters
| Penod (secs):

204
Duty cycle (% of period):
I
Amplitude:

| fos

! Starttime:

L

¥ Intarpret vector parameters as 1-D

+} Scops

LLp ABE &

b B8

[ |oosecn|o e 1. o ‘1.

Puc. 2.15. Pe3yJbTaThl MOACJIMPOBAHNS TEIVIOBBIX MPOLIECCOB B BHraTese B IOBTOPHO-
KPaTKOBPEMEHHOM pexxuMe padoThl

Brioupaem 6;10k Random Number u3 6ubimroTeku SOUrces riraBuoi oubnmoreku Simulink.
DTOT OJIOK TeHEPUPYET CITyYalHbI CUTHAI C HOPMAJIBHBIM pacrpeieicHueM. MoJens Ui 3TOro
cirydast mpejictaBieHa Ha puc. 2.16 a. Oxno HacTpoiiku 6;10ka Random Number u pe3ynbrarh

MOJIETMPOBaHUs MMOKa3aHbl Ha puc. 2.16 0, 6.



[Tpu TakoM pexxnme pabOThI TEMIepaTypa JIBUTaTelsl Ha KOPOTKOE BPEMSI MOXKET IPEBBICUTH MaK-
CUMAJIbHYIO. Koneunoe PEIICHUC O MIPUMCHUMOCTH ABUTATCIIA 3/1CCHh OCTACTCA 3a MPOCKTUPOBIIH-
KOM. 3aMETHM, 4TO B BEpXHEM I10JI€ OKHA HACTPOWKH reHepaTopa yCTaHaBIMBACTCA 3HAUYCHUE a
=1, a B cnenyroouieM nojie — 3HadeHue a = 5.0

(|
4 1
Random - > s * <} Scope

Number " 7 e &
Sum Gain Integrator Feope P ﬂ!/@I AER &

"1 r As TS

Puc. 2.16. Moaeanb (a), okHO HacTpoiiku (0) U pe3yJib-

Block Parameters Random Number u
Random Number e i st e e

Zutput a normally (Geussian) distnbuted random signal. Ouiput is repeatable
o a grven seed

“erameters —— R
Mean

(]

Intial seed
[o

Sample tme
o

F Interpret vecior perameters as 1-D

oK | Cancal | telp |

6) 8)

TAThl MOJIEJIMPOBaHUs (B) TEMJIOBBIX MPOIECCOB B IBUTaTelie B peKUMe CIaydaiiHOM
HArpy3KH

Jlaboparopnas padora Ne3. «Moae/inpoBaHHe HEPETyJIUPYEMOTo FJIEKTPONPHBOIA MOCTO-
SIHHOTO TOKAa)

Ilenv pabomot
HccnenoBanye MalIHbl OCTOSIHHOT'O TOKa MPHU paboTe B ABUTATEIbHOM U F€HEPATOPHOM
pexuMax.
Cooepiicanue pabomoi
2.1. CHsATHE MEXaHUYECKOW M pacyeT paboumnx XapaKTepUCTUK MAIIWH B JIBUTATEIIBHOM pe-
KHUMe pabOTHI.
2.2. CHsTHE MEXaHMYECKOM 1 pacueT pabovrX XapaKTepPUCTUK MAIIIMH B TEHEPATOPHOM PEKUME
paboTHL
2.3. CHATHE MEXAaHUYECKHUX XapaKTEPUCTUK MPHU Pa3IUUHBIX HAMPSHKEHUSIX MUTAHUS B LIENH
AKOPSI.
2.4. CHsATHE MEXaHMYECKHUX XapaKTEPUCTUK IIPU Pa3IMYHBIX COMPOTUBIICHUSAX B LU SIKOPSL.
2.5. CHATHE MEXaHMUYECKUX XapaKTePUCTHK MPU PAa3IMYHBIX OTOKA BO30YKIECHHUSI.
2.6. CHsTHE PETYIMPOBOYHBIX XapaKTEPHCTHK PU W3MEHEHUH HAINPSDKEHUS SIKOPSI.
Onucanue eupmyanvbHoil 1aOOPAMOPHOU YCMAHOGKU.
BupryansHas naboparopHasi ycTaHOBKA MpeIcTaBlIeHa Ha puc. 5.1.

Ona BKJIIOYAET UCTOYHUKH TTOCTOSIHHOTO HamnpspkeHus (V1 U1 MUTaHus SKOPST MAIIuHEL, V2
JUTS IMTaHKusT OOMOTKH BO30YKaeHus u3 oudaroreku Power System Blockset/Electrical Sources),
omox Moment ans 3amaHuss MoMeHTa Harpy3ku (O6mox — Constant u3 OuGmmorexkm Sim-
ulink/Sources), camy mamuny nocrossaaoro Toka (6;10xk DC Machine u3 6ubnuorekn Power Sys-
tem Blockset/Machines), 6510k i u3MepeHust IEPEMEHHBIX coCTOsIHMS MamuHbl Display u ociim-
jorpad SCope I BU3yalbHOTO HaOr0AeHUs mpotieccoB u3 oubmmoreku Simulink/Sinks.
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Puc.5.1. BupryajbHas jadopaTopHasi yCTAHOBKA.

Lensp sikopst 1 1enb Bo30y:K1€HUS BUAHBI U3 Ipauyeckoro Hauyepranus 0j10ka, Ha BXxox TL
MOJIa€TCSl MOMEHT HAarpy3KH, BBIXOJ 7 MPEeAHA3HAUCH ISl U3MEPEeHHsI U HAOII0IeHUS IepEMEHHBIX
COCTOSIHUSI MaIlIMHBI B CJIEAYIOUICH MOCIIEA0BATEILHOCTH: YIIIOBasi CKOPOCTh (Pajy/C), TOK SAKOPS B
(A), Tok Bo30OyxkaeHus (A), anekTpomarHuTHbii MoMeHT (Hwm). B monsax Hactpoliku MammHs! (puc.
5.2) 3agarorcs:

0O mapameTpbl 00MOoTKH sikopss — Ra (Om), La (I'n);

O mapaMeTpbl 00MOTKH Bo30yxeHuss — Rf (Om), Lt (I'n);

0 ko urmeHT Lo ;

O CyMMapHBIi MOMEHT HHEPIMM MAIIMHEL 1 Harpy3ku — J (kI'M?). CieayeT HOQ4epKHYTh,
uro mapaMeTpsl (Lf, J) BaKHBI PH UCCIICIOBAHUH MEPEXOHBIX MpoiieccoB. Ha ycTtaHoBHBIIHECST
PEXKUMBI OHH HE BITUSIOT;

Block Parameters: DC Machine IR - X
~DC machine (mask) (ink)

This black, implements a separately excited DT maching. Access is
movided 1o the fisld connections $o that the machine can be used as &
shunt-connected or a seres-conmested DC machine.

Input 1 and autput 1 : positive and negative amature terminals
Input 2 and output 2 : positive and negative field terminals
Input 3 - Load toigue

Dutput 3: Simulirk measursment outpuk [wlalf Te |

r~Parametery
. Armatute 1esistance and inductance {Ra {ohms) La [H} ]

Jl252 48e-3)

Field registance and inductance [Rf [ohms) LE (H} ]
 Jixo4
K Field-smature mutual inductance Laf [H) :

Joao?

Total inertiaJ {kg.m"2)
jooot

Viscous friction coefficient B {N.m.s]
|0 25e-4

Coulomb frictien torque TF{N m}

oo

Initial speed (rad/s) :
{0

ok ] cocel | Help | p

Puc. 5.2. OkHO HACTPOMKH NapaMeTPOB MALUIMHBI IOCTOSHHOI0 TOKA.

O KO3 PUIHMEHT BSI3KOro TpeHuss — Bm (Hwm:c);



0 koahdumment cyxoro Tpenus — T+ (Hm);
O HadalabHAsi CKOPOCTb.
[TaciopTHBIE TapaMeTPBl MAIIUH TOCTOSIHHOTO TOKA MPUBE/IEHBI B Tabnuue 5.1.

Taoauna 5.1

-J Simulation P{aramet_ers.: DC_Mach R

Soﬁvar! Workspace !J‘DI Dwgmsucsl ,édvancedi Redl Tire wutt hin

Sinulztor tme

Start bme I G0 Stop tme | 3 '
i

Solver ophons

Type {Vansbie step | [ade22 [stil/TR BDF2) ]

Max stepsize  {le3 Relatve tolersnce ! 1e3 |

Min step s1ze led Absoiute tolerance ' led |

Inthal step size | auto

Output ophions

|F| efine output _*'j Refine facts [ 1
1
DK FBHUEJ Hilp I

s ek o,

Puc. 5.3. OxkHoO 3ajaHHus NapaMeTPOB MOJeJIMPOBAHMS
OKHO HacTpOMKHK apaMeTpPOB MOJEIUPOBAHMS IOKa3aHO Ha puc.5.3.

Ilopsaook npoeedenus nabopamopuoil pabomol

4.1. 1na 3agaHHOM npenojaBaTesieM (MU BHIOPAHHOM P CaMOCTOSITENEHOM padoTe) Ma-
IIMHBl PACCUUTATh 3HAYEHHE NApaMeTPOB U 3aIOJHUTH I0JISI OKHA HACTPOWMKH MapaMeTpoB Ma-
[INHBIL.

4.2. 3ajath napameTpbl MoJIeIMpoBanus (puc. 5.3).

4.3. [Ipu cHATUYU XapaKTEPUCTHK MO I1. 2.1 mopsaKa BHITOIHEHUS padOThl B OKHE HACTPONKHU
610xa Moment mociegoBarenbHO 3aar0Test 3HaYeHuss MomeHTa ot 0 10 1,2M,, ¢ mmarom 0,2M,,. st
Ka)KI0r0 3HAYeHHUS] MOMEHTA OCYIIECTBISETCS MOICTUPOBAHUE U 3aMOIHsIeTCa Tadnuia 5.2 uzme-
PEHHBIX U PACCYUTAHHBIX 3HAUYCHUM.

Ta6auna 5.2
3aganue N3mepenus Pacuer
M [Hwm] o [pan/c] 15 [A] Is [A] P1[Br] P2 [Bt] n
BBI4uciieHnst OCYIIECTBISFOTCS IO BBIPAKEHUSAM:
Tun P, [xBT] U,[B] n.[06/MuH] h. [%] R: [Om] R [OMm] L, [MI'H]
JIBUTATEJIS
1 2 3 4 5 6 7 8
21TH-0.17 0,17 220 750 48,5 27,2 162 514
2I1TH-0.25 0,25 220 1120 57 15,47 612 297
2ITH-0.37 0,37 220 1500 61,5 10,61 612 190
211H-0.71 0,71 220 2360 70 3,99 123 70
211H-1.0 1 220 3000 72,5 2,52 92 48
P=U(l,+1), P,=M o, n:%
1

4.4. IIpu cHATUYU XapaKTEPUCTHK I10 I1. 2.2 TOPAIKA BHIITOJHEHUS padOThl B OKHE HACTPOUKHU
osoxa Moment nmociaemoBarenbHO 3amaroTes 3HadeHus Momernta ot 0 mo -1,2 M, ¢ marom -0,2 M,,.
JIJIsk KaK0ro 3HAUYEHUST MOMEHTA OCYIIECTBIISICTCS] MOACITMPOBAHNE U 3aIOHASTCS Tadnmima 5.2.



M3MEPEHHBIX U PACCUMTAHHBIX, 3HaUeHUU. Koo uimeHt none3Horo AeicTBUS B ITOM CIIy4ae BbI-

PZ

quCcIseTcs o hopMyie n=—=

Pl
4.5. CHaTHEe MEXaHHMUYECKUX XapaKTEPUCTHK MPHU Pa3TINIHBIX HAMPSDKCHUSX MUTAHUS B IIETIN
AKOpS 110 11. 2.3 coliepkaHus paboThI CelyeT IPOBECTH JIHA ABYX 3HAUCHUH HAIIPSHKEHUS Ha SIKOpe
0,6 U, m 0,8 Uy, Tie U; — mepBoHavYambHOE HAINPsDKEHUE Ha SKOPE, MPH KOTOPOM BBITIOIHSITUCH
[.1. 2.1, 2.2. [Ipu 5TOM MOMEHT Harpy3KH clieflyeT u3mMeHsth ot -1,2 M, no 1,2 M,, ¢ marom 0,2 M,,.
JUis KaKA0Tro 3HAYEeHUsI HAPSOHKEHUS Ha IKOPEe U MOMEHTA IPOBOJUTCS MOJCIHPOBAHUE U 3aI10JI-

HsaeTcs rTadiuma 5.3.

Tab6umna 5.3

M [Hm] o [pan/c]

4.6. CHsATHE MEXaHMYECKHX XapaKTEPUCTHK MIPU Pa3IMYHBIX CONPOTUBIICHUSX B IIETIN SKOPSI
1o 1. 2.4 coaepskanus paboThl caeayeT MPOBECTU AJIs ABYX 3HAUCHUIN cONPOTUBIEHUS aKops 2Ry 1
4Ry, e Ry - mepBoHaYaIbHOE 3HAYEHUE COMPOTUBIIEHUSA. MI3MEHEHHE COMPOTHUBIICHUS SKOPS OCY-
HIECTBIISICTCS B M0JI€ OKHA HACTPOMKHU MapaMeTpoB MamvHbL. [Ipy 5TOM MOMEHT Harpy3Kku cienyer
u3MeHsATh oT -1,2 M, o 1,2M,, ¢ muarom 0,2 M,,. a5t KaXX10T0 3HAUEHUS] CONPOTHBIICHHS SIKOPS 1
MOMEHTa IPOBOAUTCS MOJICTUPOBAHUE U 3alOJHseTCs Tabnuna 5.3.

4.7. CHsTHE MEXaHUYECKUX XapaKTEPUCTUK MPU Pa3IMUHBIX IOTOKAX BO30YKIEHUS IO II.
2.5 copepkanust pabOTHI cleayeT MPOBECTHU A IBYX 3HadeHui noroka 0,6 @y, u 0,8 ®y. g aToro
B noste Field-armature mutual inductance Heo6xoauMo ycTaHOBHUTDH 3HaueHue Laf BHavane 0,6, a
3areM 0,8 OT mepBOHAYAIBLHON BETUYHUHBI.

[Tpu 5TOM MOMEHT Harpy3KH cienyer u3MeHsTsh ot -1,2 M, no 1,2 M, ¢ marom 0,2 M,. {ns
Ka)KI0ro 3HaYEHHUS TTOTOKA K MOMEHTA MPOBOIUTE MOAEIUPOBAHNE U 3aN0oNHsAeTCs Tadnuma 5.3.

4.8. CHATHE PETYITUPOBOYHBIX XapPAKTEPUCTUK ITPH H3MEHEHUH HAMPSHKEHUS SIKOPA 110 11. 2.6
coJiep>kaHusl pabOoThI TPOBOAUTCS AJIsl HOCTOSIHHONM MOMEHTA HAarpy3KH, paBHOI'O HOMUHAJIBHOMY, U
W3MEHEHUIO HamnpsbKkeHus B uenu sxops ot 0,4 1o 1,2 ucxonnoro 3navenus ¢ marom 0,2 ucxoaHoi
3HAYEHUS HaNpsDKeHUA. [t KayKaoro 3Ha4eHUsI HAPsHKEHUS IPOBOIUTE MOJISTHPOBAHHUE U 3aI10I-
HseTcs Tabnuma 5.4.

Tab6uanna 5.4

U, [B] o [pam/c]

Cooepocanue omuema

5.1. Cxema mMozenu Juist TPOBEACHUS J1abOpaTOPHOU PabOTHI.

5.2. PacuetHble popMyIIbl TapaMETPOB MAILIUHBI.

5.3. Pacuetnble hopMmynsl 11 MotHocter P1, P2 u KI1/.

5.4. 3anonHeHHbIE TAOIMIIBI.

5.5. I'paduku pabounx XapaKTepUCTUK MAIIMHBI B IBUTAaTEILHOM M F€HEPATOPHOM PEXKH-
Max.

5.6. I'padpukn MexaHUUECKOM XapaKTEPUCTUKH MAIIMHBI IPU PA3TUYHBIX HAMPSDKEHUAX Ha
SKOpe.

5.7. I'papukn MeXaHUYECKOM XapaKTEPUCTUKH MAIIMHBI IPU PA3TUYHBIX COMPOTUBICHUAX
AKOPSI.

5.8. I'paukn MexaHUUECKOM XapaKTEPUCTUKH MAIIMHBI IPU PA3TUYHBIX TOTOKAX.

5.9. PerynupoBo4Has XapaKTE€pUCTHUKA ABUTATEIIS



JlabopaTopHas padora Ned. «MoaennpoBaHue HepPeryJJupyeMoro aCHHXpPOH-
HOT'0 JIEKTPONPHBO/I2»

Lenv pabomur

UccnenoBanue TpexdazHoii aACHHXPOHHON MAIlIMHBI ¢ KOPOTKO3aMKHYTHIM POTOPOM.

Cooeporcanue padomot

2.1 CHaTre MEXaHUYECKON XapaKTePUCTUKHU MAIIIMHBI B IBUTATEILHOM U T€HEPATOPHOM pe-

KUMaX.

2.2 CuAaTue paboyux XapaKTepUCTHK MAIIUHBI B IBUTATEIIbHOM PEXKHIME.

Onucanue eupmyaibHoil 1a00pamopPHON YCMAHOEKU

Bupryanbnas nabopatopHas ycTaHOBKa MpeJicTaBieHa Ha puc. 1.

OHa coIepXuT:

O HMCTOYHUK MEPEMEHHOTO Tpex(a3zHOTO HANpPsHKEHUsT SOUrce u3 oubmmorexku Power Sys-
tem Blockset /Extras/Electrical Sources;

O HU3MEPHUTEIh Tpex(ha3Horo HampspKeHus u Toka Three-Phase V-1 Measurement u3  6u6-
muotekn Power System Blockset/Extras/Measurement;

O UccleayeMylo TpexdasHyl acHHXpOHHYH MamuHy Asynhronous Machine u3 6u6-
aunorexku Power System Blockset/Machines;

O U3MEpUTENIb aKTUBHOW M peakTHBHOW MomIHOCTH P, Qx n3 6ubnmorexkn Power System
Blockset/Extras/Measurement;

O Onok Display mist konmu4ecTBEHHOTO MPECTaBICHUS H3MEPEHHBIX MOIHOCTEH 1 OJI0K
Scope 1t HaOMIoIeHUsl TOKa pOTOpa U CTaTopa, a TaKKe CKOPOCTH U MOMEHTa aCUHXPOHHOU
MAaIIWHBI U3 riaBHou oudnuorexu Simulink/Sinks;

O 6mox Moment ass 3a1aHUs MEXaHUYECKOTO MOMEHTA Ha Bally MalllMHBI U3 TJIaBHOU O1O-
muoteku Simulink/Source;

o 6mox Machines Measurement u3 6ubanorexku Power System Blockset/Machines;

o Onok Display! s konn4ecTBEHHOrO MPeICTaBICHUS W3MEPEHHBIX IICKTPOMArHUT-
Horo MmoMeHTa (Hm) 1 ckopocTu (paj/c) MamuHbl U3 riaaBHoM oubmmoteku Simulink/Sinks;

O 610K Mux, oObEIUHSIONUNA TPU CUTHAJa B OJUH BEKTOPHBIN M3 TIaBHOW OMOIHO-
teku Simulink/Signal & System.
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Puc. 1. Moaeab 1J1s1 MCC/IeIOBAHUSI ACHHXPOHHOMH MaIIUHBI



OKHO HAaCTPOWKHU MapaMeTPOB ACHHXPOHHOW MAIlIMHBI TTOKA3aHO Ha pHC. 2.

Biock #arameters: Asynthronous Manhiae

3
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Puc. 2. OxkHO HACTPOW KM MAPAMETPOB ACHHXPOHHOH MAIIMHBI

B monsx okHa mociaenoBaTeIbHO 3aal0TCs:

|

tun potopa (Rotor Type), B BbIllafaroieM MEHIO 3TOrO MOJISi MOKHO 3a7aTh JIN0O KO-

POTKO3aMKHYTHIH, T00 (a3HbIi POTOP;

O
O

cucrema orcueta npu ananuse (Reference frame);
MOIIIHOCTh, HOMMHAJIBHOE JIEHCTBYIOLIEE JIMHEMHOE HaIpshkeHue u vyacrora; [1 mapa-

MCTPBI CXEMBbI 3aMCIICHUA CTATOPA,

O
O
O
O

mapaMCTpbl CXEMbI 3aMCIHICHUA pOTOPA,

nmapaMeTpbl BETBU HAMAarHMIMBaHU,;

MOMCHT UHCPIIUH, K03(1)(1)I/ILII/ICHT BA3KOI'O TPEHUA, YUCJIO I1ap IMOJIFOCOB;

HaYaJbHBIC YCIIOBUA IJIA MOACIMPOBAHHA (CKOJ’II))KGHI/IG, IMOJIOKCHHUE POTOpPA, TOKH

CTaTOpa M UX HauyajJbHbIE (a3bl).

[TapameTpbl MalIMHBI YaCTUYHO OEpYTCS U3 MACIOPTHBIX JaHHBIX, YaCTUYHO PACCUUTHIBA-
I0TCSI 110 U3BECTHBIM YPaBHEHUSIM, JTHOO UCIIONB3Ys porpaMmy (JIMCTHHT 1, ¢haiin as.m).

OKHO HacCTpOMKH MapaMeTpOB YHUBEPCAIBHOIO OJI0Ka U3MEPEHUS IEPEMEHHBIX MalluHbI
nokasaHo Ha puc. 3. B Bemmanaroniem MeHto mosst Machine type 3agaercs tun mammabl. Oax-
KaMH BbIOMpAIOTCS IEpEMEHHbIE JJISI U3MEPEHMUS.

JInneliHOE HOMMHAJIBHOE HaNpsKeHHe 71 Bcex MamuH 380 B.



Taoauna 1

n | M J
Tun Pu n lu kI = — Mn Maxc — 2 2
npurarens | [KBT) [;?I/]M [%] | osp | [A] Lo m M, . [Kr] v

1 2 3 4 5 6 7 8 9 10
RA71B2 055 | 2850 | 74 1084 | 18 6,5 2,3 2,4 0,0005
RAB0A2 0,75 | 2820 | 74 083 | 2 5,3 2,5 2,7 0,0008
RA80B2 1,1 | 2800 | 77 | 086 | 2 5,2 2,6 2,8 0,0012
RAB0A4 0,55 | 1400 | 71 | 080 | 1 5 2,3 2,8 0,0018
RA80B4 0,75 | 1400 | 74 080 | 2 5 2,5 2,8 0,0023
RA90S2 15 [ 283 | 79 | 087 | 3 6,5 2,8 3 0,0010
RA90L2 22 | 2820 | 82 (087 | 4 6,5 2,9 2,9 0,0015
RA100LA4 22 | 1420 | 79 | 082 | 5 6 2,2 2,2 0,0048
RA100LB4 3 1420 | 81 | 081 | 7 6,2 2,2 2,2 0,0058
RA112M2 4 2895 | 84 | 087 | 9 6,8 2,2 2,2 0,0082
RA112M4 4 1430 | 855 (0,84 | 9 6,5 2,2 2,2 0,0103
RA132SA2 | 55 | 2880 | 89 | 0,89 | 11 6,5 2,4 2,4 0,0155
RA132SB2 7,5 | 2890 | 89 |089] 15 7 2,5 2,5 0,0185

Puc. 3. OkHo HacTpoiiku napaMeTpoB 0J10Ka U3MepeHus

rMachine measurements (mask) (link} -~ -

} Spht specified signals of various machine models measurement output
| vector into separate signals. -

_‘; P&anelus e e e o e T s et 1 O
g Machine type: lAsynchronous ‘:J
i 1
Iiad : Permanent maagnet synchronous
T phit_gd : qand daxis rotor fluxes WD) or (pu]
I” wigd :qandd axis rotor voltages (V) or [pu)
¥ is_abc  : Stator currents ia. ib, ic (4) or {pu)
™ is_qd : g and d axis stator cumrents (4] or (pu]
" [ phis_qd :qand d axis stator fluxes (wb] or (pu)
" I7 vs_gd . gqandd axis stator voltages [V] or (pu)
v wm : Rotor speed (rad/s) or (pu)
v Te : Electromagnetic torque (N m) of (pu)

™ thetam : Rotor angle [rad)

1

Cacel [ Hep |

OkHO HaCTpOﬁKH MapaMeTpOB UCTOUYHUKA MUTAHUA ITIOKAa3aHO HA pI/IC4 B nonsax okHa 3a-

Jar0TCA:

Ooooag

HayvajgbHas ¢aza B rpagycax

aMIUTUTY1a (pa3HOro HanpsKeHUs ucTouHuKa (B);
gacrota (I'm);

BHyTpeHHee conpotuieHne (OM) 1 UHAYKTUBHOCTb UcTOUHUKA (I'H).




Block Parameters: Source %)
r 3-phase inductive source - Ungrounded neutral (mask) (link] — e—

' This block implements a three-phase source in series with a serie RL
branch. the common node (neutral) of the tves sources is accesible via
input one (N) of the block
Parameters = T I i et :
Phase-to-ground peak voltage (V) : !

{310

Phase angle of phase A [Degrees) .
{d

Frequency (Hz):

{50

Source resistance (Ohms):
j0024

Source inductance [H) :
|0

[ ok | concel |  Heb | copy |

Puc. 4. OxkHO HACTPOIiKM mapaMeTpPoB Tpex(a3HOro UCTOYHUKA MUTAHUSA

HanmeeHHe M 4aCTOTa UCTOYHHUKA JOJIKHBI COOTBCTCTBOBATL ITapaMETpaM aCHHXpOHHOﬁ
MalllMHBI.

OKHO HAacTpOMKHU MapaMeTpoB 0JI0KAa U3MEPEHUS aKTUBHOM U PEaKTUBHOW MOLIHOCTH I10-
Ka3aHo Ha puc. 5.

3,[[60]: 3a1aCTCA TOJIbKO OAMH IMAapaMCTp — YaCTOTa, KOTOpasd AOJIZKHA OBITH paBHO 4a-
CTOTC UCTOYHHMKA ITMTaHU .

OKHO HACTpOMKHU AMCIUIES MOKa3aHO Ha puc. 6. B moysx okHa HACTPOMKHU yKa3bIBaeTCs
dopmar npeacTaBiIeHIs YUCIIOBBIX PE3yJbTaToOB, B mojie Decimation (pa3ouBka) 3a1aeTCst YUCIIO
IIarOB BBIYUCIICHUS, Yepe3 KOTOPbIE 3HAYCHHSI BBIBOIATCS Ha TUCIUICH. Y cTaHOBKa B mojie Sample
time 3naueHus -1 CHHXpPOHU3UPYET pabOTy OJI0Ka C IAarOM BBHIYUCICHUH.

B“!;J.Elg.ﬁ.éra.metérs: P16} 1
{ Active & Reactive Power [mask] (ink}~ - ==-—-- =~ -

: This block measuras the active power P and reactive power @
. associated with a periodic set of voltage and current which may contain |
! harmonics. P and Q are calculated by averaging the V.| product witha
: running window over one cycle of the fundamental frequency so that the |
powers are evaluated at fundamental frequency. '

| ;
| input 1: [nstartaneous voltage (V) }
input 2: Instantaneous current [A) T
]

i

i

i

| Output : PQ measurement vector [PW] O [var]], Cuerent fluwing irdo an
; RL circuit will produce positive active and reactive powers.

e -

;” Parameters —
! Fundamental frequency [Hz]

é

{50 :

ta = e ¢ et ——ar —— . totm—— mmaname ]

oK Cance) Hep | ool

Puc. 5. OxHO HacTpPoOlKH 0/10Ka U3MePEHUsI MOLIHOCTH



Block Parameters: Display

Display - s wme o =
E Nusneric display of input values.

Parameters = — == S e e T
Farrnat: ishort _v_!

D ecimation:
i |
I Floating display E

i

Sample time:
|1

r
%
|
E
]
|
I
|
|
|

I oK ' Cancel ! Help l ~opt

Puc. 6. OkHO HACTPOW KU nmapamMeTpoB JAUCILIES

OxHo HacTpoliku 0s10ka Mux, 0ObEIUHSAIONIETO IBA CUTHANIA B OJJMH BEKTOPHBIH, MTOKAa3aHO
Ha puc. 7. B moisx okHa HaCTPOMKM 3aJaOTCS YHCIO BXOJOB M BHEUIHHWH BHJ HPEACTABICHHS
O10ka

Block Paranmetbers: Mux

— MUR J—
Multiplex scalar, vactor, or matrix signals into a bus.
i~ Parameters
Number of mptss:
E
Display option: Inone ;I
oK Cancel Heo | Aoy |

Puc. 7. OxHo HacTpolikn 6;10ka MUx

Ilopaook eévinonnenus padbomot

[TapameTpbl acCHHXPOHHOI MaIIMHBI JIs BBIOIHEHUS pa0OoThI 331at0Tcs penogasatenem. [pu
CaMOCTOSTENILHOM paboTe 3TH JaHHBIE BEIOMPAIOTCS U3 TaOIHILIBI | M paCCUMTHIBAIOTCS], MOJIB3YACH Mac-
MOPTHBIMU JaHHBIMU. OKHO HACTPOMKH ITapaMeTPOB MOJEIMPOBaHMsI IOKA3aHO Ha pUC. 8.

CHsTHEe MEXaHMYEeCKOW XapaKTEePUCTUKU MALIMHBI B ABUTAaTEIbHOM I'€HEPATOPHOM pe-
KUMax B COOTBETCTBHM C II. 2.1 conepxkaHus paboT Mpou3BOAUTCS Ha Mojenu (puc. 1) nmpu us-
MEHEHHH Harpy304HOro MOMEHTa BO BCceM Juara3one -1,5-1,5 ot HomuHanbHoro. I[Ipu atom s
Ka)KJ0r0 3Ha4€HHsI MOMEHTA Harpy3KH OCYILLECTBIISIETCS MoJenupoBanue. [Ipu nposenenun nccne-
JOBaHUH 3aIoiHseTcsa Tabanma 2.



J Simulation Parameters: AKZ2

Sohret! Workspace /0] Disgnostios | Advanced| Rest-Tins Workshon |

Sinuiation e
. Start timc:!flﬂ Staplime:l“l
Solver options
Tope: [Vaiisble-step v]  [ode23th stit/TR-BDF2) ~]

Max step size: | Te-3 Relative Lolerance: i auto
Min step size: I auto Absolute lalerance: I ko
Initial step size: l auto

4

Dutput aptions

iFlehre aulput _:j Rafine factor | 1

oK ' Cancell He?pJ ﬂ.opfyl

Puc. 8. OxHO HaCTPOWKM MapaMeTPOB MO/IeJIMPOBAHUA
Ta0uuma 2

M [Hw] w[pa/c]

CHsaTue pabounx XapaKTepUCTUK JBUTATENSI B COOTBETCTBUU C II. 2.2 coaepKaHus padoThI
MPOBOJUTCS HA Mojenu (puc. 1) nmpu U3MEHEHUH HArpy304HOro MOMeHTa B mpeaenax 0-1,2 ot
HOMUHaNbHOTO. [Ipy 3TOM Ui Ka)XI0T0 3HAYEHHS] MOMEHTA HArpy3KH OCYIIECTBISIETCS MOJIENHU-
poBanue. [Ipu npoBeneHnn ucciae0BaHUM 3anonHseTcs Tabauua 3.

Taomuna 3

N3smepenus Brrancnenus

[Bi] [BAlp] [B1] [AI] [pa?vc] [qu;ﬂ] cos¢ [Bi] %] | s[%]

Brrancaenns MMPOU3BOJATCA 110 BBIPAKCHUAM:

&, P, =Mo, s=
P, ©,;

@ = arctg O ®

[To maHHBIM TaOIUIBI CTPOUTCS MEXAHUYECKAS XapaKTePUCTHKA MAIIMHBI U HA OTACIHHOM
rpadguke — pabourie XapaKTePUCTHKHU.

BpemeHnHbIe 3aBUCUMOCTH TIEPEMEHHBIX COCTOSHUS MAIlIUHBI MOKHO HAOIIOAATh HA DKpPaHe
ocrmutorpada (puc. 9). 3meck BUIHBI U IEPEXOTHON MPOIECC MPHU MYCKE MAITUHBI, 1 YCTaHOBUB-
[IMeCs] TPOLIECCHI.



Tive oifcer. B -

Puc. 9. BpemenHble 3aBUCHMOCTHU NepeMEHHBIX COCTOSIHUS MAIIUHBI PU padoTe B ABUraTe/Ib-
HOM pe:KuMe

Coodepocanue omuema

5.1. Cxema MOJeNu U ONMCAaHUE BUPTYaJIbHBIX OJOKOB.

5.2, MexaHnyeckasi XapaKTEpUCTUKA MAIIMHBI B BUTATEIIHLHOM U TEHEPATOPHOM pe-
KUMaXx.

5.3. Paboume xapakTepuCTHUKN MAIIWHBI B IBUTATEIILHOM PEXUME

JladopaTopHast padora Ne5. «MoaesaupoBanue CHHXPOHHOI'O 3JIEKTPOIPH-
BOJa»

Lenv pabomot

HccnenoBanue Tpex(da3HON SBHOMOIIOCHOW, MarHUTO3JIEKTPUUECKOM CHHXPOHHOH Ma-
[IMHBIL.

Cooepircanue pabomol

2.1. CHsaTHe pabouynx XapaKTepUCTUK MAIlIMHBI B IBUTATEIIbHOM PEXHUME.

2.2. CHsTHE 3aBUCUMOCTH MOTPEOIAEMOM U3 CETH MOLTHOCTH OT MOTOKA BO30YXK/IEHUS Ma-
[INHBIL.

Onucanue éupmyanvHoll 1a00pamoOpHONl yCMAHOEKU

BupryanbHas nabopaTopHas ycTaHOBKA IpeCTaBiIeHa Ha puc. 1.

OHa coiepxur:

— UCTOYHHK MIEPEMEHHOTO TpeX(pazHOTO HAMPsLKEHHs Source u3 oudmuorexku Power System
Blockset/Extras/Electrical Sources;

— wu3MepHTenb Tpex(daszHoro HanpspkeHus U Toka Three-Phase V-1 Measurement u3 ou6-
moteku Power System Blockset/Extras/ Measurement;



— Hccreayemyio TpexdasHyo CHHXpOHHYIO Mamuay Permanent Magnet Synchronous Ma-
chine u3 6ubdanorekn Power System Blockset/Machines;
— U3MEpPHUTEIIb aKTUBHOM M peakTUBHON MomHocTH P1, Q1 u3 6ubnmoreku Power System

Blockset/Extras/Measurement;
— OJIOK M3MEPEHHS TIEPEMEHHBIX COCTOsHUs MamuHel Machines Measurement u3 6u6imo-

texu Power System Blockset/Machines;

— ook Display uis KOIH4eCTBEHHOIO MPEACTABICHUS H3MEPEHHBIX MOIIHOCTEH (B TpPEX
MNEPBLIX OKHAaX 6J10Ka MpEaACTaBJIICHBI dKTUBHBIC MOIIIHOCTU B Ka)KHOﬁ (1)2136 MallrnHbI, B TPEX IO-
CIICJHUX — PCAKTHBHBIC MOH_IHOCTI/I);

— ook RMS u3 6ubnmmoreku Power System Blockset/Extrax/Measurement, nsmepsitorimii

JIEHCTBYIONIUN TOK B (pa3ze MaIIvHbI,
— Oox Moment 1t 3a1aHKUsI MEXaHUYECKOTO MOMEHTA Ha Bally MAIlIMHBI U3 TJIABHOU OHO-

moteku Simulink/Source;
— 6ok Product u3 rnaBuoit 6ubmmorexku Simulink/Math, Beraucisironmii MexaHUYECKYIO

MOIIHOCTh Ha BaJy MAaIIHHbI;

— Omok Scope it HaOJMIOICHUS TOKA CTaTOpa, MOMEHTA U MEXaHUYECKOW MOIIIHOCTH CHH-
XPOHHO# MalIMHbI U3 riaBHou oubmmoreku Simulink/Sinks;

— Onok Display 1 ayist KOJIMYEeCTBEHHOTO MPECTABICHUS N3MEPEHHBIX TOKa (A) U 3JIEKTPO-
MarHuTHOro MmomeHTta (HMm) Mariuabl u3 rimaBHo# 6ubaroreku Simulink/Sinks;

— 6110k MUX, 00BEAMHSIONIHI JIBa CUTHAJIA B OJMH BEKTOPHBIN TJIaBHON OMOIMoTeKH Sim-

ulink/Sygnal & System.
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Puc. 1. Moaeas njist uccjie0BaHUsI CHHXPOHHOM MAIIMHBI

OKHO HaCTPOWKM NapaMeTPOB CHHXPOHHOM MAaIlIMHBI IOKa3aHO Ha pUC. 2.



Puc. 2. OKHO HACTPOMKHM MapaMeTPOB CHHXPOHHOH MAIINHBI

B nosix okHa nocnenoBaTenbHO 3a1a10TCsL:

— aKTUBHOE COMPOTHBIEHHE 0OMOTKH cTtatopa (Om);

— WHIYKTUBHOCTH IO MPOJIOJILHOM 1 noniepedroit ocu (I'H);

— MaKCHUMaJIbHBIN MOTOK B MaiuHe (BO);

— MOMEHT HHepuuH (Krm?), Kod¢duiuenT Baskoro Tpenus (HMc), 4ucio map momocos.

OKHO HacTpOHKHM 0JI0Ka U3MEPEHUS IEPEMEHHBIX COCTOSHUS MALIMHbI [I0KA3aHO Ha puC. 3.

Tun mamuHb BIOUpaeTcs B mosie Machine type. B BbimajjaroiieM MEHIO 3TOTO MOJIS CISTYeT
BBIOpaTh Permanent magnet synchronous. ®maxku ciieBa BKIIOYAIOTCS y TEX MEPEMEHHBIX COCTO-
SIHMSI, KOTOPBIE MOJIEXKAT U3MEPEHUIO.

OKHO HacTpOMKHM apaMeTpOB UCTOYHUKA ITOKa3aHO Ha puc. 4. Hanpskenue u yactora uc-
TOYHHKA JIOJDKHBI OBITH COTJIACOBAHBI C HANPSHKEHHUEM, CKOPOCTHIO M YMCIIOM I1ap TOJIOCOB Ma-
IIMHBI.

Puc. 3. OKHO HACTPOHKHM U3MEpPHUTeEJIsI TEPeMEHHBIX COCTOSIHMS MALIHHBI



H&
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Puc. 4. OxHo HacTpPOIiKH I

apaMeTpoB HCTOYHUKA MUTAHUA

Hlopaook evinonnenus padomuol

[TapameTppl CHHXPOHHOM MalllMHBl U UCTOYHUKA MMUTAHUS JJIs BBIIOJIHEHUs paboThI 3a/1a-
10TCsl penozasateneM. IIpu camocroaTesnsHON paboTe JaHHBIE MAIIMHBI MOKHO IPUHSTH TAKUMH,
KakK Ha pUC. 2, a JaHHbIE HCTOYHHUKA — KaK Ha puc. 4. OKHO HACTPOMKHU IIapaMEeTPOB MOJEINPOBa-
HHS TTIOKA3aHO Ha puc. S.

e — S ——

Puc. 5. OkHO HaCTpPOHKM MapaMeTpOB MOAECTHPOBAHUI
CHsTHE MeXaHMUECKOH 1 paboUYMX XapaKTePHCTUK MAIIMHBI B ABUTATEIbHOM PEXUME B CO-
OTBETCTBHH C I1. 2.1 conepxanus paboThl IPOU3BOIUTCS Ha MOAEH (puc. 1) Mpu U3MEHEHNUHU Harpy-
309HOT0 MOMEHTA OT HyJIs 70 1,4 0T HoMHHANbHOTO. HOMUHAIBHBII MOMEHT OTpeNeNsieTcs U3 BbI-
paskeHust

- \/§Um Up -0®n)p
\/Ea)RS

rae Um, @ = 2af — ammouTyna u 9actota HCTOYHKMKA MUTAHUS, @Pm, Rs, P — MaKCHMaIbHBII
MOTOK, COMPOTHUBIICHHE CTATOPA U YHCIIO Map MOJTKCOB MAITUHBI (puUc. 2).

JItst KaXkJToro 3HAYCHHUSI MOMEHTA Harpy3KH OCYIIECTRISIETCS MoieupoBanue. [1pu mpoBe-
IEHUH UCCIEIOBAaHNM 3aloIHsAeTCs Tadmmmna 1.

M,




Taoauna 1.

N3mepenus Brraucnenus
M P1 Q1 U: l1 ® P> | 0 COS @ n
[Hwm] | [Br] | [BAp] | [B] [A] | [pawc]| [Br] | [A] | [rpax] [%]

BrrancneHus ocymecTBIsSoTes o GopMyiam:

P.
¢=arctg%, q:FZ, PL=Ppa+Pg+FPc, Q =Q4+Qg+Qc.
1 1

ITo maHHBIM TaOIHIBI CTPOATCS paboune xapakrepuctuku |, cos ¢, h = f(P2).
Ha puc. 6 BUJIHBI 3aBUCUMOCTHU IIEPCMCHHBIX COCTOAHUA MAIIMHBI.

M=

a

Puc. 6 BpemeHHbIe 3aBUCHMOCTH NepeMEHHBIX COCTOSTHUS MAIIMHBI

CHsiTHE 3aBUCUMOCTH NOTPEOIIIEMON U3 CETH MOIIIHOCTH OT OTOKA BO30YK/I€HHS MAIIUHBI
B COOTBETCTBHUU C M. 2.2 cofeprkaHusi paboThl OCYLIECTBIsSIETCS Ha MoJieiH (puc. 1) mpu mocTosiH-
HOM MOMEHTE Harpy3kH (3aaaeTcs npenoaaBateieM). MakcumanbHbli motok B oste Flux induced
magnets (puc. 2) ciemyet 3aaaBaTh B Auana3zone 0,6—1,2 ¢ marom 0,05 BO. {151 kaxx1oro 3HaYeHUS

MOTOKA NMPOBOANUTH MOAEIMPOBAHHUE, 110 pe3yabTaTaM 3alOJHUTh TabauIly 2.
Ta6auna 2.
D Q1 P1 oS @
[BO] [BAp] [B1]

Cooepitcanue omuema

5.1. Cxema MOZENH U ONKCAaHUE BUPTYaAJIbHBIX OJIOKOB.

5.2. Pabo4ne XxapaKTepHUCTUKN MAIINHBI B IBUTATEIIEHOM PEXHME.
5.3. 3aBucumoctu P1,Q1,COS ¢ 0T @Pm



Kpurepuu onieHKH J1a00paTOPHBIX padoT

[Tpu moaroToBke k 1aboparopHoil paboTe Mo AUCHUILTHHE «MoAenupoBaHue B
AJIEKTPOIHEPTETUKE U DIICKTPOTEXHUKE» B 3 CEMECTPE CTYICHT JOJKEH BBIOJIHUTH
CJIEyIOIKE BUbI PadOT:

MunuMmajbHblii | MakcuMaib-
Buawbl pador .
0asL HbI 0aJL1

CamocrosTenpHas TpopaboTKa TeOpETHYIE- 1 5
CKOT'0 MaTepuasa K JJabopatopHor paboTe
O3HaKOMJIEHHE C YCTaHOBKOM, MpHUOOPOM,
METOJMKOM BBHITIOJIHEHUSI J1abopaTOpHOU 1 2
paboThI
BoinonHenne HEoOXOAUMOIO  3KCHEPH- 1 9
MEHTa
O6paboTka pe3yabTaTOB MCCIEAOBaHUA, 2 3
MOCTPOEHUE IrpaduKOB
AHau3 pe3ysbTaTOB UCCIICI0BAHUS U BbI- 2 3
BOJI 110 paboTe

NUTOIO: 7 12

Takum o6pazoM, Kaxaas iabopaTopHasi paboTa OIIEHUBAETCS MUHUMYM B 7 OaJi-
J0B, MakcuMyM B 12 GamnoB. [locne BeimonHEeHNUsS BceX pabOT pacCUUTHIBAETCS UTO-
TOBBIN Oy MO JaHHOMY OIICHOYHOMY CPEJICTBY, Kak CpeaHee apu(pMEeTHIEeCKOe 0
BCEM JIa0OpaTOPHBIM paboTaM.



MuHHCTEPCTBO HAYKU U BhIcIIero odpazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prmmain)
beneparTbHOTO TOCYAaPCTBEHHOTO OFOIKETHOTO 00Pa30BaTEILHOTO YUPEKICHHUS
BBICIIIETO 00pa30BaHUs

«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

@akyﬂbmem: ynpaejierusd u asmomamusayuu

Kageopa: snekmpomexnuxu u snepeoobecnevenus npeonpusmuii

Harmpasnenue noarotoBku: 13.04.02 «31eKTpOIHEPreTHKA U HIIEKTPOTEX HUKAY

(k0O U HaUMeHoB8aHue)

[Tpoduns/mporpamma: «HHOBAMOHHbIE TEXHOJIOTHH B JIEKTPOXO03IUCTBE HEQTEXMMUYECKHX
OPEINPUATAN (Haumenoeanue)

OOk wWN PR OO WN -

~No ok Wik

Bonpocsl 1151 3a4eTa ¢ OLeHKOM
1o pucruiuinae «MoaeaupoBaHUE B DIIEKTPOIHEPTETUKE U DIEKTPOTEXHUKEY

KonTtponrsHbie Borpocsl o Teme Ne 1
«Onepanuonnas cpeaa Simulink»

. 3aIyCK CUCTEMBI.

. O603peBarenp budmmoreku 6;10k0B Simulink.

. Co3manue MoJIenu.

. OCHOBHEBIE 3JIEMEHTHI OKHA MOJIEIIH.

. OCHOBHBIE TIPUEMBI TIOJTOTOBKH U PEIAKTHPOBAHUS MOICIIH.
. YcTaHOBKa IMapaMeTpoOB MOJCIUPOBAHKS U €0 BBIIIOJHEHHUE.

KonTtponrsHbie Bonmpocs o Teme Ne 2
«0030p ocHoBHOI oubIHOTEKH SiMulink»

. UcTouHMKY CUTHAIIOB SOUICES.

. [Ilpuemunku curaanos Sinks.

. broku HenpepbIBHBIX Monenel Continuous.

. broku matemarudeckux oneparmii Math Operations.

. broku mapmipytusanuu curnanos Signal&Routing.

. dyukuun, onpeaenseMbie monb3osareaem User-defined Function.

KonTtponbsHbie Borpocsl mo Teme Ne 3
«bubdamnoreka 6;10k0B SimPowerSystems»

. CocraB OMONIMOTEKH U OCHOBHBIE OCOOCHHOCTH.

. Ucrounuku anexrpudeckoii suepruu Electrical Sources.

. I3MepuTenbHbIe 1 KOHTPOJIBHBIE YCTPOMCTBA.

. DnekTporexHu4YecKue eMeHThl Elements.

. DJICMEHTBI CHITOBOM 3JIeKTpoHUKH Power Electronics.

. Dnekrpudeckue MamuHbl Machines.

. Mogenu [uist pacueTa BeKTOpHbIM MeToioM Phasor Elements.

KonTtponbsubie Boripocs! o Teme Ne 4
«I'paduueckuii uurepdeiic moab3oBareass Powergui»

. PacueT cxeM CUMBOJIMYECKUM (BEKTOPHBIM ) METOIOM.



. Auckpernzanusi MOJIEIH.

. PacdeT ycTaHOBUBILIETOCS] PEXUMA.

. Mannmanuzanmst TpexdasHblx CXeM, COACPKAIINX FICKTPUICCKUE MAITHHBI.
. Onpenenenue uMneaaHca UEemH.

. "'apmonnveckuil ananus.

. Co3ganue oTuera.

~NOoO oW

KoHntposbHbIe Bonpockl o Teme Ne 5
«OcHoBHbIe KoMaHabl Matlab nns ynpasaenuss SPS-moaenbio»
. OyHknus nHANKanu3anun SPS-moaenun power_init.
2. OyHKIMA A1 ONPEICIICHUS MaTeMaTHYeCKOW MOJIEIN JTUHEHHON YacTH AJICKTPH-
YECKOW cXeMbl POWEr_Statespace.

[EEN

KontposnbHbie Bonpock 1o Teme Ne 6
«IIpuHmun padorel SimPowerSystemsy
. Anroputm pacuera SPS-moenu.
. Be16op MeToma nHTETrpUpOBaHUSI.
3. Oco0eHHOCTH MOICTTUPOBAHUS CXEM CHUIIOBOM 3JIEKTPOHUKH.

N -

Maxkcumanwvnbslii 6ann 3a 3auem ¢ ouenkou cocmaensem 40, munHumab-
Hbli 0ann — 25.
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