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Ilepeuens komnemenyuii U UHOUKAMOPOB OOCMUNCEHUA KOMNEMEHUUTL C YKA3ZAHUEM IMAN08 (OoPpMUPOBAHUA 8 NPOYECCe 0CBOCHUS OUC-
UUNTUHDL
Komnerenmus:
OIIK-2 - ciocobeH pa3pabaThiBaTh aTOPUTMbI U KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC JJIsl MPAKTUYECKOTO MPUMEHEHUSI.
WNHauKaTOphl TOCTHKEHUS KOMITETECHIINHN
OIIK-2.1 - 3HaeT coBpeMeHHbIC ITU(POBHIE TEXHOJIOTHH, IO3BOJISIONINE pa3padaThiBaTh U MPUMEHSTh aJITOPUTMBI M KOMITBIOTEPHBIC TIPOTPAMMBI TSI
peIIeHUs TPAKTUYECKUX 3a]1a4;
OIIK-2.2 - ymeeT nmporpaMMHUPOBATh aJITOPUTMEI, IPUMEHITH KOMITBIOTEPHBIC TPOTPAMMEI JIJISI PEIICHHS IPOPECCHOHAIBHBIX 3a/1a4;
OIIK-2.3 - BnajieeT HaBbIKaMH MCIIOJb30BAHMS COBPEMEHHBIX PHUKJIAJTHBIX MPOTPAMM.

Komnerenmnus:

OIIK-4 — ciocoOeH UCTIOIB30BaTh METOIBI AHAIM3A U MOJICTTUPOBAHUS JIIEKTPUICCKHX IETICH U MIEKTPUICCKUX MAIIIVH.

WNHIuKaTOphl TOCTHKEHUS KOMITCTCHIINHN:

OIIK-4.1 — 3HaeT OCHOBHBIC MOHSITHS W 3aKOHBI TEOPUH DJIEKTPUUECKHUX IENeH U IEKTPUUECKUX MAIWH; METOAbl aHATN3a U MOJCIUPOBAHUS AJICK-
TPUYECKHUX IIETIEH U JIEKTPUUECKUX MaITUH;

OIIK-4.2 — ymeeT COCTaBIIATh YPaBHEHUS IS DJICKTPUUICCKUX LETIeH M SJICKTPHUSCKUX MAIUH ¥ MPUMEHATH Pa3INIHBIE METOIBI MOJICITHPOBAHHS;

OIIK-4.3 - BJIAACCT METOAaMU PACUCTa NMEPCXOAHBIX U YCTAHOBUBIINXCS NPOUECCOB B JICKTPUUCCKUX HCIAX U JICKTPUUICCKHUX MAIlIMHAX .

J1s1 OYHOTO OTAECIICHUS

dmansvl hopmuposanusn 6 npoyecce 0C60eHUA OUCUUNTIUHDL
Hnouxamopwt
Ilpakmuueckue . Haumenoeanue oyenounozo
oocmudiceHus . Jlabopamopuoie Kypcoeoit npoekm
Jexkyuu 3anamus, nadopamopmwlii cpeocmea
KoMnemeHnuyuu 3anamus (paboma)
NPAKMUKym
) ) ) JlaboparopHnas pabora
[K-2.1 Tema 1-6 He npenycMmoTpensr Tema 1-3 He npengycmoTpensr 3queT ¢ OUEHKO
) ) ) JlaboparopHas padora
[1K-2.2 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpensl 3queT ¢ ONEHKOI
) ) ) JlaboparopHas padora
[1K-2.3 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpensl 3quer ¢ OLEHKOT
) ) ) JlaGoparopnas pabota
[1K-4.1 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenst 3auer ¢ OLEHKOI




- - _ JlaboparopHnas pabora
[1K-4.2 Tema 1-6 He npenycmoTpensl Tema 1-3 He npeaycmoTpensr 3auer ¢ OICHKO!

- - _ JlaGoparopHnas pabora
I1K-4.3 Tema 1-6 He npenycMoTpensr Tema 1-3 He npegycmoTpeHsr 3ateT ¢ OUCHKOI

J1J1s1 3a04YHOTO OTJEICHUS

Imansvt hopmuposanusn é npoyecce 0C60eHUA OUCUUNTIUHDL
Hnouxamopul
Ilpakmuueckue . Haumenosanue oueHounozo
oocmuiicenun . Jlabopamopnuie Kypcoeoii npoexm
Jexyuu 3anamus, nadopamoprulii cpeocmea
KomnemeHyuu 3aHAmMUA (paboma)
nPAKMUKym
JlaboparopHnas pabora
[1K-2.1 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenbt KonrpospHas pabora
3auer ¢ olleHKOH
JlaboparopHnas pabora
[1K-2.2 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenst KouTpounbHas pabora
3auer ¢ olleHKOU
JlaGoparopHas pabdora
I1K-2.3 Tema 1-6 He npenycmoTpensl Tema 1-3 He npexycmoTpensl KonrpospsHas padora
3aueT ¢ OIleHKOU
JlaGoparopHas pabora
[1K-4.1 Tema 1-6 He npenycmoTpenbl Tema 1-3 He npenycmoTpenst KourpospsHas padora
3ayeT ¢ OIeHKOH
JlaGoparopHas pabdora
[1K-4.2 Tema 1-6 He npenycmoTpenbl Tema 1-3 He npenycmoTpenst KourpospHas pabora
3ayeT ¢ OIeHKOH
JlaboparopHnas pabora
[1K-4.3 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpensl KonrpospHas pabora
3ader ¢ orleHKOU




Ilepeuensv oyenounvix cpeocme no oucyunaune «Moodenuposanue 6 I1eKmpo-
mexHuKe»

]_IJ'ISI OYHO-3a04YHOT'0O OTACIICHHUA

OueHoYHbIE CPeICTBA Koa-Bo | Min, 6amaoB | Max, 6aai0oB
JlaGoparopnas pabota 5 35 60
3a4deT ¢ OIeHKOMN 1 25 40
Hroro: 60 100

J171s1 3a0YHOTO OTACICHUS

OueHoYHbIE CPeICTBA Koa-Bo | Min, 6amao | Max, 6aa10oB
JlaGoparopHas pabota 5 35 50
KonTponbhas pabota 1 5 10
3a4deT ¢ OIeHKOMI 1 20 40
Hroro: 60 100




HlIxana ouenusanusn

IMudposoe | Boipaskenue B | CiaoBecHoe Kpurepum o1ieHkM HHIUKATOPOB JOCTHKEHUA NPU GopMe KOHTPOJIS:
BbIPa:KeHH e oaJjIax: BbIPa)KeHH e IK3aMeH / 3a4eT ¢ OLCHKOM 3aqyer
5 87 - 100 OtinyHo (3a- | OlieHKa «OTJIMYHO» BBICTABIISETCS CTYACHTY, €CIIU TCOPETHUYECKOE COACP-
YTEHO) aHHe Kypca OCBOCHO MOJIHOCTHIO, O3 mpo0esioB; ucuepnbIBaloNie, Mocie-
JIOBAaTEIbHO, YETKO W JIOTMYECKH CTPOWHO HM3JIaraeT marepHuali; cBOOOIHO
CIpaBIsieTCs] C 3a/JadaMy, BONPOCAMH W JPYTHMH BUIAMH TNPUMEHEHUS
3HAHWI{; UCTIOJIB3YET B OTBETE JOMOIHUTEIbHBIA MaTeprall BCE IPEAyCMOT-
pPEeHHBIE TPOTPaMMON 3a/1aHUS BHITIOTHEHBI, KAY€CTBO MX BBHITIOIHEHHS OIe-
HEHO YMCJIOM 0alljIoB, OJIM3KUM K MaKCHMaJbHOMY; aHAU3UPYET MOTyUYeH-
HBIC PE3YJbTaThbl;, MPOABIIACT CaAMOCTOATCIBHOCTL IIPU  BBINIOJIHCHUN
3a/laHUI OleHKa «3a4T€HO» BBICTABIIAETCS CTY-
4 74 - 86 Xopomo (3a- |OneHKa «XOpOIIO» BBICTABISAETCS CTYIEHTY, €CIU TEOPETUIEeCKOe COAEp-|IEeHTY, €Cli OTBETHI Ha BOIPOCHI IO Te-
YTEHO) JKaHHe Kypca OCBOEHO MOJTHOCTHIO, HEOOXOAHWMEBIE NMPAKTHYECKHE KOMIIe-|MaM IAVCIHILINHBI TOCIEeI0BATENbHEI, JIO-
TEHIIMX B OCHOBHOM C(OPMHUPOBAHBI, BCE TPEAYCMOTPEHHBIC MPOTPaMMON [THYEeCKH H3J107KEHBI, JIOITYCKAarOTCs
oOydeHus yueOHbIe 3a/1aHUs BHITIOTHEHBI, KAYECTBO MX BBIITOJIHEHUS JI0CTa-|HE3HAYNTEIbHBIE HE0YETHl B OTBETE CTY-
TOYHO BBICOKOE. CTYZICHT TBEPIO 3HAET MaTepHall, TPaMOTHO | TIO CYIIECT-|IeHTa, TaKhue KaK OTCYTCTBHE CaMOCTOS-
By W3JaraeT ero, He JIOIMycKasl CYNIECTBEHHBIX HETOYHOCTEH B OTBETE Ha|TEIBHOTO BHIBOAA, peUEBbIC OLIMOKHU U TP
BOIIPOC.
3 60 -73 YnoenetBo- |OrneHKa «yIOBIETBOPUTEIHHO» BHICTABISETCS CTYACHTY, €CITU TEOpeTHUe-
pUTENBHO (3a- [CKOe cojiepikaHre Kypca OCBOEHO YaCTUYHO, HO MPOOebl HE HOCAT CyIIIe-
YTEHO) CTBEHHOTO XapakTepa, OOJBIIMHCTBO IMPEIyCMOTPEHHBIX MPOTPaMMOMl 3a-
I[aHI/Iﬁ BBITIOJTHEHO, HO B HHUX HMCIOTCA OHII/I6KI/I, npu OTBETC Ha
MIOCTABJICHHBI BOIPOC CTYACHT JONMYCKAaeT HETOYHOCTH, HEIOCTaTOYHO
MpaBWIbHBIE (OPMYIUPOBKH, HAOIIOAAIOTCS HAPYIIECHHS JIOTUYECKOH MO-
CJICZIOBATEIHHOCTH B M3JIOKEHHUH MPOTPAMMHOTO MaTepHaa.
2 Hwmxe 60 HeynornerBo- |OrieHka «HEYJOBIETBOPUTEIEHO» BBICTABIACTCS CTYIEHTY, eciu OH He|OleHKa «HE 3a4TE€HO» BBICTABIAETCS
PUTENBHO  |3HAET 3HAYUTENHHOW YaCTH MPOTPAMMHOTO MaTepHualia, JOMyCKaeT CYIIeCT-|CTyIeHTY, €ClIi CTYIACHT He 3HAeT OCHOB-
(HeSa‘ITeHO) BCHHBIC OIHI/I6KI/I, HCYBEPECHHO, C OOJIBIINMU 3aTPYAHCHUAMU BBINIOJIHACT [HBIX TMOHSITUHA TEMBI JAUCIHUIIIIMHBI, HC OT-

MIpaKTHYecKre paboThl, HEOOXOAWMBIE NPAKTUYECKHE KOMIIETEHIIMH He
chopMHPOBaHbI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX IPOrpaMMoOn 00y4eHus
y4eOHBIX 33J]aHUI HE BBITIOJHEHO, KAYeCTBO UX BBIITOJIHEHHS OIIEHEHO YKC-
JIoM 0aJIoB, OJIM3KUM K MUHHMAJIEHOMY

BC€YACT Ha JOIIOJHHUTCIIbHBIC 1 HABOAANIINEC
BOIIPOCHI IIpCrioaaBaTeIIA.




KpaTkasi xapakTepucTHKa OlleHOYHbIX CPEJACTB

Ne | Haumenosanue| Kpamkasa xapakmepucmuka oyenounozo | Ilpeocmaenenue
n/n| OUeHOUHO20 cpeocmea OUEHOYHO20 Ccpeo-
cpeocmea cmea 6 ponoe
1 |JlaGopaTopHas |DTo BuJ y4eOHOM pabOThI, LEibl0 KOTOpoi | Tembl mabopaTop-
pabora SBJIIETCS] M3y4YeHUE (HUCCleOBaHUE, U3MEpPE-|HbIX padoT, KOH-
HUE) XapaKTEPUCTUK JIabOpaTOPHOrO0 OOBEK-|TPOJIbHBIE BOIIPO-
Ta. CBI 110 TEME
[lens 5abopaTOpHBIX 3aHATHI:  OCBOEHHUE|J1a0OpaTOpPHOM pa-
n3ydaeMoi yueOHOM NUCHIUIUIMHBI; PUOOpe-|00ThI, BOIIPOCHI K
TEHHE HABBIKOB MPAKTUYCCKOTO MPUMEHEHUS |KOJUTOKBHYMY
3HAHUW y4eOHOU NUCHMIUIMHBI (JIACIUILINH)
C HWCIIOJh30BAaHUEM TEXHHYECKHX CPEICTB U
(wnu) o6opyaOBaHUS
2 |KoutponpHass |CpeAcTBO MpOBEPKH YMEHUN NMPUMEHATH 1m0-| KoMIuIeKT KoH-
pabota JydeHHBIE 3HAHUS U PEIICHUS 3a7ad OIpe-|TPOIbHBIX 3aIaHuN

ACJICHHOI'O THIIA 110 TEMC WJIN pa3acily.

110 BapUaHTaM




MuHHCTEPCTBO HAYKU U BhIcIIero odpazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prinain)
beneparTbHOTO TOCYAAPCTBEHHOTO OFOKETHOTO 00Pa30BaTEIHLHOTO YUPEKICHHUS
BBICIIIETO 00pa30BaHUs
«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

DaxyrbmemungpoOpMayUoOHHbIX MEXHOI02ULL
Kageopasnexmpomexnuku u snepeoobecnevenus npeonpusmuii

VY4eOHbIM IJIaHOM 10 HampasieHuto noarotoBku 13.03.02 «Dnektposnepre-
THUKa U 3JEKTPOTEXHUKA» I 00yYalolUXCsl MPelyCMOTPEHO MpoBeaeHue 1adopa-
TOPHBIX 3aHATUN MO TUCUUILTMHE «MOJIeTUPOBAHKE B DJIEKTPOTEXHUKE.

JlabGopaTopHble 3aHATHS MO JUCHUUILIMHE MPOBOASTCS B CIEUUAIBLHO 000pY-
JIOBAaHHBIX JIAOOPATOPUSIX C TPUMEHEHUEM HEOOXOUMBIX CPEJICTB OOydeHHUs: J1abo-
paTopHOro o00pya0BaHuUsA, 00pPA3LOB AJIs UCCIEAOBAHUM, METOJUYECKUX TOCOOUH.
Lens npoBeneHus: 1a00pPaTOPHBIX padOT - MPAKTUYECKOE OCBOCHUE TEOPETUYECKUX
MOJIOKEHUH JEKIMOHHOTO MaTepHala, a TAaKXKe BbIpa0OTKa CTYJIEHTaMU OIpEIeIICH-
HBIX YMEHHUI WHABBIKOB CAMOCTOSATEILHOTO KCIIEPUMEHTUPOBAHUS.

JlaGoparopuast padora Nel. «IIporpammubiii naker MatLab»

«[TpubopHoii 6a30ii» MPOBEICHNS BUPTYAIbHBIX JJAOOPATOPHBIX pabOT SBISIOTCS MMaKEThI
pacumpenus Simulink u PowerSystemBlockset mmpoko pacnipoctpanennoro makera MatLab.

B OubnmoTekax 3THX MAKETOB PACHIMPEHHS] MMEIOTCS MHOTOYHCIICHHBIE BUPTYalIbHBIC
AJIEMEHTHl 1 MHOTOYHMCJIECHHbIE U3MEPUTENbHbIE NMPUOOPHI, YTO MO3BOJIIET BCECTOPOHHE HCCe-
JIOBAaTh AIIEKTPUYECKYIO IIETIb JIF000H CII0KHOCTH.

B nannoit maGopaTopHOW pabOTE OMUCHIBAETCS COJEPKAHUE OCHOBHBIX OMOJIIMOTEK ATHX
NIaKETOB PACIIUPEHUsSI U PaCCMAaTPHUBAIOTCS OCHOBHBIE MPUEMBI pabOThI B HUX. [Ipr 3TOM OCHOB-
HOE BHUMAaHHE yJIEJICHO TeM OMOIMOTEeKaM, KOTOPhIE MCTOIB3YIOTCS B JAJIbHEHIIEM TIpH padboTe B
BUPTYAJILHOHN JTAOOPATOPUH NEKTPUIECKUX LETEH.

INaker paciupenns Simulink3 B makere Matlab-6

Haspanue nakera MatLab npoucxomut ot cnoBocouyeranust MatrixLaboratory, on opu-
EHTHPOBaH B MEPBYIO ouepe/ib Ha 00pabOTKy MacCUBOB JAaHHBIX (MaTpull U BeKTOpoB). imenHo
M09TOMY, HECMOTPSI Ha JOCTATOYHO BBICOKYIO CKOPOCTh CMEHBI IIOKOJIEHUH BBIYMCIUTEIbHON TeX-
nuku, MatLabycnieBan BnuThIBaTh BCe HanOosIee EHHOE OT KaXKJO0ro U3 HUX. B pe3ynbraTe K Ha-
crosieMy BpemeHnu MatlLab npencrasnsier coboii Gorateiinryro 6ubanoreky GyHkuuit (ux donee
800), enuHCcTBEHHAas! IpoOsieMa paboThl C KOTOPBIMU 3aKJIIOYAETCSl B YMEHUHU OBICTPO OTHICKATh
T€ U3 HUX, KOTOPBIE HYXKHBI JUIsl pEIIeHHs] TOCTaBICHHON 3a1auH.
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Puc. 1.1. Buéaunorexa Simulink

Jlist Toro, 9TOOBI OOJIETYUTh CHENUANTNCTaM Pa3IMYHBIX 00JacTeil HAyKu U TEXHUKH pado-
Ty C IIAaKeTOM Bcsl Onbnuoreka (GyHKUMH pa30uTa Ha pas3aensl. Te U3 HUX, KOTOpbIe HOCAT Oosiee
o0 xapakTep, BXOAAT B coctaB sigpa MatLab, Torna kak gyHKINM, KOTOpBIE SBISFOTCS CIie-
1 (DUYECKUMH /TSI KOHKPETHOU 00J1aCTH, BKIIFOUCHBI B COCTaB NakeToB pacumpenus (Toolboxes).

B mocnennee Bpemst mosiBHIIaCh HOBasi, CYyLIECTBEHHO paciiupeHHas Bepcus — MatLab-
6, — ¢ HOBbIM UHTepdeiicoM. DTOi Bepcun HUKE yAeJIeHO OCHOBHOE BHMMaHue. OnHako, HE00-
XOJUMO OTMETUTh, YTO OMOIMOTEKU CTapbIX BepCcHil ¢ uX uHTepdeiicoM coxpaHeHsl. I1yTs k Takoit
OuOIMOTEKE CIeNYIOIHIA:

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

bubmuoreka Simulink3 mpenacrasisier coboi HAOOp BU3yaIbHBIX 0OBEKTOB, UCIOJB3Ys KO-
TOpBIE MOYKHO HCCIIEIOBATh MPAKTUYECKU JTIOOYI0 3JIEKTpUYecKyro 1iemnb. IIpakTudecku amns Bcex
0JIOKOB CYILIECTBYET BO3MOKHOCTh HAaCTPOMKU mapaMeTpoB. [lapameTpsl HaCcTpoOilKK OoTpakaroTcs
B IOJISIX HACTPOWKU OKHA HACTPOWKHU BhIOpaHHOrO O10Kka. KHomnka Help Ha nonsx HacTpoiiku ot-
KpBIBaeT MoIpoOHYI0 MHPOPMAIIHIO O OJIOKE U €ro MapamMeTpax HaCTPOUKH.

Best 6ubnmotexa Simulink B HoBo#i Bepcun pa3zduta Ha Bocemb pasnenos (puc. 1.1). Co-
Jep kaHue pasjiesia HaxoJAUTCsS B MPaBOM OKHE OMOIMoTekH. [[J1s1 BRI30Ba MPUBBIYHOTO MHTEPGEi-
ca OUOIMOTEKH cllelyeT YCTaHOBUTH KypcOp Ha COOTBETCTBYIOLIUM pa3/ien B JIEBOM OKHE, ITPaBOii
KHOIIKOM «MBIIIKN» BbI3BAaTh BBINAJAIOIIEE MEHIO U U3 ATOI'0 MEHIO OTKPBITh OMOJIMOTEKY.

Huxe npu onucanuu 6MOIMOTEK MOSICHEHUs OYIYT J1aHbl TOJIBKO /Ul TeX OJOKOB, KOTO-
pbI€ UCIOJIB3YIOTCS B AAJIbHEUIIIEM.

Bbubanorexka maremarnueckux pynkuuii Math

bubnmoreka MareMaTHyecKuX QyHKIHMHA Toka3aHa Ha puc.l.2. OHa coAepKUT CIIeTYIOIINe
OJIOKH.

SuMm— aHaIOTOBKI CyMMAaTOp, KOTOPBIH MTO3BOJISIET alTre0pandecKd CyMMHPOBATh JTH000e
YHCJIO CUTHAJIOB Ha BXOJIE.

ProductdbopmupyeT Ha BbIXOJIe pe3yIbTaT YMHOKEHHSI HIIH JISJICHHS JIBYX U 00Jiee BXO/I-
HBIX CUTHaJIOB. UKHO HAacTpPOWKH OJIOKa MoKa3aHo Ha puc. 1.3. B moje HacTpoiku 3TOT0 OKHA
BBOJIATCS IapaMeTpbl HacTpoiku. Jlyig naHHOTro 6JI0Ka B KauecTBE MapaMeTpOB HACTPONKH yKa-
3BIBAETCS YHMCJIO BXOJOB M BUJ BBINOJHAEMON ONIEPALUH.

DotProduct — 3BeHO, OCyIIECTBIISIOIIEE TICPEMHOKEHHNE IBYX BXOIHBIX BEJITUYNH, €CITH
OHM SIBIISIIOTCS CKAJISIpaMH, a TAK)KE BBIUMCIIIONIEE CYMMY ITORJIEMEHTHBIX MPOM3BEACHUM ABYX
BXOJIHBIX BEKTOPOB OJINHAKOBOM JITHBI.

Gain— aHanoroBbIl yCHIUTEb.

SliderGain — aHanoroBeIii YCHIMTENb C HHTEPAKTHBHOW HACTpoiikoiimapamerpa. Ma-
trixGain — ycunuTens, Ha BX0OJ KOTOPOTO IMOAAETCS BEKTOP.



MatFunction — 670K, O3BOJISIONIMI BRIOPAaTh OJHY M3 MaTeMaTHYCCKHX (YHKIHHA B
110JIC HACTPOMKHU U BKIIIOYUTH €€ B MOJICIIb.

TrigonometricFunction ¢opmupyer Ha BBIXOJE TPUTOHOMETPHUYCCKYIO (YHKIIHIO BXO/I-
HOro curHana. Berbop ¢ynkium odecrieunBaercsi B ojie HACTPOIMKH.

MinMax. Biiok BbIOMpaeT MHHUMAILHOE WIM MaKCUMAJIbHOE 3HAYCHHUE BXOJHOTO CHI'HA-
Jla — YHCJIOBOTO BEKTOPa — B COOTBETCTBHH C 33IaHMEM TOJISI HACTPOUKH.

ADbs ¢opmupyer Ha BbIXOAE aOCOJIOTHOE 3HAYCHHE BXOJHOTO CUTHaia, B ()YHKIHO-

HaJIbHBIX CXEMaxX HUI'pacT pOJib BBIIIPS

IS] Library: simulink3fiath
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Puc. 1.2. Budinoreka maremaruvyeckux pyuxuuii Math
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Puc. 1.3. OxHo HacTpoiiku 6;0ka Product

Sing— Onok-pene, pearupyronMii Ha 3HaK BXOJHOTO CHTHala

CHTHAJIa yCTaHABJIMBAETCS B TI0JIE HACTPOUKH.
RoundingFunction oxpyriser BXOmHOW cuTHal, (QYHKIMS OKPYIJICHUS BBIOMpPAETCs B

I10JIE HaCTpOfIKH Ha HUCITaZar1IieM

MCHIO.

. 3HadeHHE BBIXOAHOT'O

CombinatorialLogic obecrieunBaeT nmpeoOpa3oBaHNE BXOJHOTO CUTHAJIA B COOTBETCTBHU
¢ chopMupOBaHHOW B IMOJI€ HACTPOUKHU TAOIHIICH MCTHUHHOCTH. DTOT OJIOK MPEICTaBIISAET COOOM
MOJZIeTIb KOHEYHOTO aBTOMAaTa, COCTOSHHS KOTOPOTO, KaK M3BECTHO, OMHCBIBAIOTCS MPU TTOMOIIN

OyneBoil anreOphl.

LogicalOperation, RelationOperator u3BecTHbIC JOTUYECKUE ONECPALIUU «H» U UK.



KonnuecTBo BX00B 3a1a€TCs B 110JIE HACTPOUKH.

BitwiseLogicalOperator — yHuBepcanbHbIil 0JIOK, peaTU3yIOIIHH JHOO0YIO JIOTHYSCKYIO
GYHKIIHIO.

ComplextoMagnitude-Angle — 610k, O3BOJNAIOIINI BBIACIUTE MOAYJb U (ha3y BXOJI-
HOM KOMIUIEKCHOM BEJIMYHHBI.

Magnitude-AngletoComplex — 610k, mpeoOpa3yroriuii BXOAHYIO BEJIUYHHY, 33aHHYIO
MOJyJieM U ($a30ii, B KOMIICKCHYIO BBIXOHYIO BEITMUHHY.

ComplextoReal-lmag, Real-ImagtoComplex — 60ku, mpeoOpa3yroonme KOMILICKC-
HBIC BEJIMYMHBI U3 TTOKA3aTeIbHON OPMBI B alreOpanvecKyro u 00paTHO.

AlgebraicConstraint— 6110k, M03BOJIAIONINI B CTPYKTYPHYIO MOJIC]Ib BKJIIOUATh CUCTEMY
anreOpanyecKxX ypaBHEHUH.

Bubanorexka HeauHeiinbIx 0J0k0B Nonlinear

bubnuoreka HeTMHEHHBIX OJIOKOB MOKa3aHa Ha puc.1l.4. Dta OubauoTeka colepKutT 0J10-
KH, OTIMCAHHBIC HIKE.

RateLimitero6ecneunBaer paznudnbie K03()(GUIUCHTHI ITEpeaadd B 3aBUCUMOCTH OT 3Ha-
Ka BXOJHOT'O CUT'HaJIa. B MOJIsIX HACTPONKH YCTAaHABIUBAIOTCS 3HAYCHUS ITUX KOA(DDUIIMCHTOB.

Saturation— ycunutens ¢ orpaHHYeHHEeM. BelnunHa BBIXOJHOTO CHUTHAJIA MPH TOJOKH-
TEJILHOM M OTPHUIIATEIbHOM BXOJHOM CHTHAJIC YCTAHABJIUBACTCS B IMOJISIX HACTPOUKH.

Quantizer— 670K, o0ecreUnBAOIIMI KBAHTOBAaHUE BXOIHOIO CHTHANA MO YpOBHIO. Be-
JUYMHA CTYIEHBKH 3a7aCTCs B [10JIe HACTPOUKH.

Backlash— 610k, peanusyromuii 10()T B MEXaHUYECKUX PEIYKTOpaX.

DeadZone— 6110k, peanu3yromnuii 30Hy HEUyBCTBUTECIbHOCTH.

Relay— perne ¢ perynupyemoii 30HO# HEUyBCTBUTEILHOCTH M YCTAHABIMBACMOMN BEITUYH-
HOU TOJI0KHUTEIBHOTO W OTPHUIIATEIILHOTO BBIXOIHOTO CUTHAJIA.

Switch— ko4, KOTOpBIH MepeKIoYaeTcs, KOraa BXOIHON CHIHAI CTAHOBUTCS PABHBIM
WA OOJIBIINM 33JaHHOTO B MOJIE HACTPOHKH.

ManualSwitch— ko4, KoTOpHBIii MepekmoyaeTcs BpyuHyro. [Ipu MoaenupoBaHUU TPH
MIOMOIIIK 3TOTO KITF0Ya yI00HO MEHSTH [TapaMeTPbl U CTPYKTYPY MOJICIIH.

MultiportSwitch— 670k nepexarouareseii, mepeaarolnii Ha BBIXOJ OJMH U3 BXOIHBIX
CUTHAJIOB.

Coulomb&ViscousFriction— 610k, peanu3yronuii XapakTepUCTUKy TPEHUSI B MEXaHH-
YECKUX CHCTEMax.

File Edit View = Help
L. E _,;J'F L
Rate Limiter Saturation Quantizer
N # 8 7 4 =+
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 HeauHelinbIX 6;10k0B Nonlinear
Bbub6aunorexka BUPTYaJabHbIX IPUOOPOB 1Jisl HA0II0/IeHHSI M PerHCTPALMM NPOLECCOB



(Sinks)

[Tpubops! myis HAOMIOACHUS W PETHCTPAIUU MPOIECCOB B UCCIEAYyEeMON MOJIENd TMpe.-
cTaBjeHbl Ha puc.l.5.

B KOMIUIEKT BXOASAT HIKECIEIYIOIINE BUPTYATbHBIE MPUOOPHI: SCOPE — OCHUIIOCKOT
JUIsE HaOJIIOIeHHsT BpeMeHHBIX 3aBucuMocTeii. XY Graph— rpadonocrpourens B cHCTEME IMO-
JAApHBIX KoopauHat. Display— ycTpoiicTBO /1 BbIBOJA HA SKpaH IUCILICS U3MEPAEMbBIX Be-
JUYUH B 1IU(poBoit Gpopme.

To file— 610k, csa3pBarommii Mmogens Simulink ¢ cucremoit MatLab. Dror 610k 03BO-
JISIET 3alKcaTh Pe3yabTaThl MOJACIUpOBaHus B ¢aitn MatlLab ¢ nensio manpHelinieir 06paboTku U
MPEJICTABICHUS PE3YILTATOB.

[E]Library: simulink3/6i... =l E3

File Edit Yiew Frina Help

|- [@)

b
Scope XY Graph

gl

Display

Auntitied.mat simout

To File To Wokspace

Stop Simulation

Puc. 1.5. Bubimnoreka BUPTYaJIbHbIX IPUOOPOB /1JIsi HAGJII0IEHUsI U PerucTpanuunponeccon Sinks

Workspace— ycTpoiicTBO [uis miepeiaun pe3ysibTaToB MOJACIMPOBaHUs B pabouee mpo-
CTPAHCTBO C ILIEJIbIO UX JalbHeleit 00padboTku.

StopSimulation— octaHoBka CUMYIISIIHH.

C xaxapIM rpaduyecKuM 2JIEMEHTOM CBsI3aHO OKHO HacTpoek. Ha pwue. 1.6 mokazaHbl
9KpaH OCIMJIOCKOIA M ero OKHO HacTpoiiku. [lepBoe mome Numberofaxes 3acmyxuBaer, moxa-
Tyi, HauOONBIIETO BHUMAHUSA. UHUCIO PETUCTPUPYEMBIX MPOIIECCOB U KOJIHMYECTBO OTKPHIBAIO-
IIAXCS DKPAHOB OCLUIITIOCKOIIA COOTBETCTBYIOT YHUCILY, YCTAHOBJIEHHOMY B OTOM IIOJIE.

<) ‘Scope’ properties HEER
General l Data higtqp,;' Tip: ty right clicking on ases
Axes

Number of axes: | 2 [T floating scope

Time range: | auto

e
Tick labels: |bottom axis only _'_j

Sampling |

Decimation _'] I‘I J

0K | Cancell Help l ApplyJ

a) 0)
Puc. 1.6. Scope — ocuuIJIOCKON sl HA0JI0AeHUS BPEMEHHBIX 3aBHCHUMOCTEl ()1 ero OKHO
HacTpoiiku (0)

Bu6anorexka HCTOYHMKOB CUTHAJIOB (SOUrCES)



Conepsxkanue 3TOro pasjaena nokaszano Ha puc.l.7.

HaGop 0510KOB CONEP>KUT MPAKTHYECKH BCE HEOOXOAWMBIC MCTOYHHUKH CUTHAJIOB JJIS HIC-
CJICIOBAaHMS JIEKTPUUECKUX Iierneil. Bo3M0)XHO 3a/iaHne MPOU3BOIBHOTO BO3JEHCTBUA U3 (aiiia
(6mox FromFile).Kpome HCTOYHMKOB 1€TEPMUHUPOBAHHBIX BO3JICHCTBHI C pa3iu4HON (DyHK-
LHMOHAJIBHOM M BPEMEHHON 3aBHUCHUMOCTBIO, UMEIOTCS MCTOYHHUKHU CIyYalHBIX BO3JEUCTBUU C
pa3IMYHBIMU 3aKoHaMu pacrnpeneieHus. C KaxIpIM rpa@uueckuM OJIOKOM CBS3aHO OKHO Ha-
crpoiiku. Tak, mas reHepatopa nepuogndeckux curuaiaos (SignalGeneratorpuc. 1.8) coorser-
CTBYIOILIEE OKHO COACPXKHUT BbIOOp (opmbl nmepuoamndeckoro curnaia (Waweform), ycranos-
Ky ammauTyasl curaana (Amplitude), ycranoky wactotel (Frequency) u BbIOOp €IMHHMIL
W3MEPEHUs YCTAaHOBJICHHOW YaCcTOTHI.

ELibrary: simulink3/Sources - [[E}E3
File Edit View Fooot Help
o0coo
1 L o0 P b
Constant Signal Step
Generator
/B Wb
Ramp Sine Wave Repeaating
Sequence _
Block Parameters: Signal Generator
| | P Junp /\JWP Signal Generator
Discrete Pulse Pulse Chirp Signal Output vanous wave forms.
Generator Generator
Parameters N SRy
@ Wave form: | sine _ﬂ
s TRTAY Gl T Im——— —— i
e ___lsquare
1 t
unmled.mat}> I simin F F [s:rmg:‘th
From File From Frequency.
Workspace |1
L fV‘V> ],\ﬁ]’b'> Units ]fHenz _'_l
Rander | Uiiform Bandom EaneLimitid [V Interpret vector parameters as 1-D
Number Number White Noise TIR N
[ ox ] Cancel i Help I l
Puc. 1.7. buéanorexka ucTOYHHM- Puc. 1.8. Oxno Hacrpoiiku Signal
KOBCHTHAJIOB Sources Generator

INakerpacmupennsPower System Blockset
bubnuoreka Powerlib makera pacmupenuss PowerSystemBlockset(puc. 1.9) conep-
KHT 7 paszienioB, MOCIEAHUN U3 KOTOPbIX, EXtras, Bkiovaer moapasaesi.

Library: powerlib2

_E“E Edll yiew F ormnat Help
*
—L _W:L 2& | @ Extras Demos
T P i =
Electrical Elements Power Machines  Connectors Measurements
Sources Electronics
pouwvergui
Discrete system

Ts=5e-005

Power System Blodkset
Copyright 1987-2000 TEQSIM International, Inc., under sublicense
from Hydro-Quebec, and The MathWods, Inc

Puc. 1.9. budaunorexa Powerlib

HcTounuku aekrpudeckoii yneprun ElectricalSources



Ota OMOIMOTEKa CcoIepKaT HEYNpPaBIsieMble M YIPaBIsieMble UCTOYHUKH ITOCTOSTHHOTO U
nepeMeHHoro Hampsbkenus U Toka (puc. 1.10).OxHo Hactpoiiku 6imoka ACVoltageSource moka-
3aHO Ha puc. 1.11.B monsx mapaMeTpoB OKHa YCTAHABJIMBAIOTCSA 3HAYCHUS aMILTUTYAbl HANpsKe-
HUS, HAYallbHOH (Da3bl U YaCTOTHI.

I[Tone Measurements mo3BoJleT  NOAKIKOYAThL  Onok  Multimeter s ws-
MEpEHUs U HAaOIIOICHUS BBIXOIHBIX MTAPAMETPOB HCTOYHUKA.

bnoku ynpaBisieMbIX HCTOYHHKOB TO3BOJISIFOT CBSI3aTh CTPYKTYpPHBIC WIIM (PYHKIIMOHAITb-

HbIE cXeMbl OCHOBHBIX OubOmmoTek SimulinkBlokLibrary ¢ snemenramu oubnuorexu PowerSys-
temBlockset.

E! Library: powerlib2/Electrical Sources Bist

File Edit View st Help

DC Voltage Source +p
signal

N

-p

Controlled Voltage Source

o2
HAsignal T
>

Controlled Current Source

AL Voltage Source

AC Current Source

s—{—Ep> >—®1> - |—*——>

Puc. 1.10. buoanoreka NCTOYHHKOB
nexkTpuyeckoii y3nepruun ElectricalSources

Block Parameters: AC Voltage Source
AC Voltage Source (mask) (link) PR e AT

ldeal sinuscidal AC Vaoltage scurce,

Parameters

Peak amplitude [V):
f1od
Phase (deg].
[l]

Frequency (Hz):
|50

Sample time:

0

Measurements [N one :J

OK l Cancel Help ] J

Puc. 1.11. Oxno nactpoiiku 6;0ka ACVoltageSource

Bu6auorexka maccuBHBIX 2j1eMeHToB PowerElements

Ha puc.1.12npencrasieH coctaB 3Tol OMOIMOTEKH, OHA COAEPIKUT:

*  TOCJeHoBaTeNbHbIC U MapaulelibHbIe MacCUBHBIEC A1eMeHThl R, L, C, koTopble MOTYT OBITh
3aJIaHbl B MapaMeTpax 3THX 3JIEMEHTOB, TO ecTh OMax, reHpu U ¢apanax (RLCBranch), a moryr ObITh
3aJ]aHbl 3HAYEHUSIMUA aKTUBHOM, pEaKTUBHON MHAYKTUBHOMU, THOO PEAKTUBHOW €MKOCTHOW MOIIHOCTEH
(RLCLoad). Takoe 3amanre Harpy3kd HHOT/Ia OYEHb Y00HO TP MCCIIEIOBAaHUK PaOOTHI TpeX(Pa3HbIX
AIIEKTPUUECKUX LETIEH;

* nuHelHbI Tpancdopmarop (LinearTransformer) u Tpancopmaropc peasbHbIM Mar-



HUTHBIM CEPJICYHUKOM, YIMTBIBAIONINM €ro HachimeHue (SaturableTransformer);

* MarHMTOCBSI3aHHBIC IICTH, WK IIeNH ¢ B3auMHoi nuaykuueit (Mutuallnductance);

*  HeJIWHEHHBIN 35emMeHT (SurgeArrester), mo3possitomuii chopMUpOBaTh TPEOYEMYIO
HEJIMHEWHYIO 3aBUCUMOCTh MEXIY BXOJHBIM U BBEIXOJAHBIM CUTHAJIAMHU;

« xmou (Breaker), mapamerpsl KOTOPOro (COMPOTUBIICHHE, HHAYKTUBHOCTD) B OTKPBITOM
COCTOSIHUM 33J1al0TCS B IOJIIX HACTPOMKM. Tam ke 3aaeTcs COCTOSHUE Kio4a (OTKPBIT, 3aKPBIT)
IIPY HYJICBOM BXOJTHOM CHTHAJIE;

*  Tpexda3Hblii JIBYXOOMOTOUYHBII M TpPexoOMOTOuHBIN Tpanchopmaropsl (Three-
PhaseTransformer, TwoWindings, ThreeWindings);

e Omoku, peanmsywmue mapameTpsl  omgHodasHOW W TpexdasHOW  JTUHUU
nepenaun (PlSectionLine, DistributedParametersLine).

Libraly: powerlib2/Elements

Fle Edt View Help

P %>
Series RLC Branch A =

Parallel RLC Branch
3
> 1 %% h

Seiies RLC Load )_E-.QE}>

>
Parallel RLC Load
>
§ g> Three-phase
> o4 Transtormer
> g} 4 §> (Two Windings)
Linear Transformer >

g

a2
2 _\QMJ Saturable Transformer A Y i
I y
i — a
4
4 Pl Section Line B
Mutual Inductance %A B
b3p
Wl b e
o 21—} 3p
[ — Three-Phase

Breaker 3 3

-

Transfarmer

sl vistibuted Parameters Line Khree indiagy

Surge Arrester

Puc. 1.12. Bu6anorexka naccuBHbIX 3j1eMeHTOoB POwerElements

Ha puc. 1.13 B xauecTBe mpumMepa MoKa3aHO OKHO HACTPOWKH OJI0Ka Tpexda3zHoro TpaHc-
dopmaropa (Three-PhaseTransformer). B monsx HacTpoiKku 3amaioTcsi mapameTpsl Tpanchop-
Mmaropa (POWer mapaMeTpsl TIepBHUYHON U BTOpuuHOU ooMoTok (Windingparameters), cxemsl co-
eJIMHEeHUS TIEPBUYHBIX U BTOpHUYHBIX 00MoToK (okHa Winding 1 (ABC) Connection, Winding
2 (abc) Connection).

dnaxoxk (SuturableCore) mo3BossieT yuecTh HachlllieHHe TpaHchopmaropa. B Beimagaro-
niem MeHto moist (Measurements) ycTaHaBIMBAIOTCS IEPEMEHHBIE COCTOSIHUS TpaHchopmaropa,
KOTOpBIE TOJISKAT U3MEPEHUIO NP MoienupoBanuu oiokom Multimeter.




Block Parameters: Three-phase Transformer (Two Windings) m

Three-Phase Transformer (Two Windings) (mask) (link) -

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

Parameters
Nominal power and frequency [ Pn(VA), in(Hz) ]
[ 25066 60
Winding 1 (ABC) connection: [ =

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

Winding 2 (abc) connection : {Del'a (o)) |
Winding parameters [ V2 Ph-Ph(Vrms), R2(pu). L2{pu) ]

|[315e3.0.002.008]

™ Saturable core
Magnetization resistance Rm (pu)
[s00

Magnetization reactance Lm (pu)
[500

Messurements |Nane ~]

OK Cancel | Help ‘ ; |

Puc. 1.13. Ilanean HacTpoiiku 6;0ka Three-PhaseTransformer

BJiioku cBsi3u Me:KAy BXOJaMHU M BbIXOAaMH MojeJiell 0udauorexku PowerSystem-
Blockset (Connector)
Hasnauenue GiioxoB (puc.1.14) packpbiBaeT ux rpaduueckoe npezicrapicHue. Ha nunei-
kax BusBar 3agaercs KoauM4ecTBO BXOJ0OB U BBIXO/IOB.

[FlLibrary: powerlib2/Connectors Hi=1E3
File Edit View Foisi Help

— Ground (input) T connector

;8 T

Ground (outpuf)

>

>—T >
% Neutral (output) L connector

& Meutral (input) >

Bus Bar (thin vert) Bus Bar(ver)

e e Bus Bar (thin horiz)

e ——— s B (horiz)

Puc. 1.14. Buoauorexka Connector

Baoxu usmepenunii Measurement
OtH OJIOKM  TIOKa3aHbl Ha  pHC. 1.15. brnoku VoltageMeasurement,

CurrentMeasurement MpeTHA3HAYCHBI st COeIMHEHNH A3MEPUTEIBHBIX
0JIOKOB OnOIMOTEKH Simulink c Oyokamu OubIUOTEKH PowerSystem
Blocksets. brok ImpedanceMeasurement MO3BOJISIET HU3MEPUTH YaCTOTHYIO
3aBUCUMOCTD MOJIHOTO COMPOTHUBIICHUS MEXKITY JIBYMS TOYKaMHU uccneaye-

MOI CXEMBL.



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

A+
- VT

Voltage Measurement

ip 0 o

b, il &

Current Measurement Siultimeter

1

b 3
Impedance Measurement

Zif)

Puc. 1.15. bubdanorexka Measurement

Oco0biit mHTEpec npeactarisier 010k Multimeter. DTot 6710k MO3BOJISET U3MEPUTH JJICK-
TPUYECKHE TIEPEMEHHBIE, BRIOpaHHbe B OKHE Measurement coOTBETCTBYIOIIUX 3JIEMEHTOB (CM.,
Harpumep, puc. 1.11, 1.13).0OxHo HacTpoiiku 6sioka Multimeter(puc. 1.16)conepxut nBa nossi. B
nepsoM (Available) mocne Haxarus kHonku Refresh mosBisiFoTCs COOTBETCTBYOIINE H3MEpsie-
MbI€ TIepeMEHHbBIE. BCe MM Y4acTh M3 HUX MOTYT OBITH C ITOMOIIBIO KHONKH Select mepeBenens
BO BTOPOE OKHO Ul M3MEpPEHHs M perucrpauuu pesyiabratoB. Onaxok Displaysignalsatsimula-
tionstop mo3BoJIsiET BBHIBECTH HM3MEPSEMBIE CHTHAIBI B BHJE BPEMEHHBIX 3aBHCHMOCTEH. DTOT
0JI0K OYeHb y100€H MPU UCCIIEI0BAHUHI U B JAIbHENIIEM YaCTO IPUMEHSIETCS.

Baok Multimeter cBonM BBIX0I0M MOKET OBITH MOAKIIOYEH U K BHEITHUM 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 fistbox
shows the selections. Use the Up. Down. or Remove button to reorder the selections.
— Available Measuwiements —Selected Measurements.
=l Up )
Down
Remove
I -
Reliesh Select >> " Display signals at simulation stop

Ok ’ Cancel I Help
]

Puc. 1.16. Oxno HacTpoiiku 6;10ka Multimeter

Pacmmpennasi oubdanorexa PowerlibExtras
bubnmnorexa PowerlibExtras npencrasiena na puc. 1.17.91a OnbIMOTEKa COACPIKUT LISCThH
JIONOJTHUTETBHBIX Pa3eioB.



IE]Library: powerlib_extias M=1E3
File Edit View Help
Measurements Discrete Control Discrete Three-Phase Additional

Measurements

Blods

Control Blodks

Library

Machines

Puc. 1.17. Buoauorexa PowerlibExtras

Bub/juoTexa 10M0JHUTEIbHBIX 0J10KOB
usmepenusi Measurement
Pacmmpennas 6ubnmorexka Measurement nmokazana Ha puc. 1.18. bubnmoreka conepxut
OJIOK pa3JIoKEeHUsT HECHHYCOMJAILHOTO MEPUOJUYECKOTO CHUTHAjla Ha TapMOHHYECKHE COCTaB-
msromue (Fourier), 650k u3MepeHust 3PPEKTUBHOTO (ICHCTBYONIET0) 3HAYCHUST HECHHYCOU/TAJTb-
HOTO TIEPHOIUYCCKOTO HanpspkeHus wim Toka (RMS), 6510k n3mMepeHuss akTHBHOW M peaKTUBHOM
momHoctu (Active&ReactivePower).

E]Library: powerlib_extras/Measurements [_ [O] x|
File Edit View .+ Help
magnitude p hMag p
M signal abc Msignal THD i
angle 2 Phase >
Fourier 3-Phase Total Harmonic
Sequence Analyzer Distorsion
Msignal ms p abe A Ap
dqDd p B p
RIS sin_cos B Cp
T Sabe b
abc_to_dg c
AY Transformation Ly
PO b Three-Phase
Al dqp V-l Measurement
Active & Reactive abe p
Power Asin_cos
dq0_to_abe

Transformation

Puc. 1.18. buéanoreka ExtrasMeasurement

Nwmerorcst Tpu Onoka mpeoOpa3zoBaHust TpexdasHbIX curHaioB. biok 3-
PhaseSequenceAnalyzer Bbraucisier CHMMETPUYHBIC COCTABIISIFOLIME MPSIMO, 0OpaTHOI U HyIle-
BO# mocenoBarenapHocTei. bioku abctodgOTransformation u dqOtoabcTransformation ocymect-
BJISIIOT IIpeoOpa3zoBaHue Tpex(a3Hoil cucTeMsl K ABYX(ha3HOH U HA000pOT.

baok TotalHarmonicDistorsion usmepsier koaddurment rapmonuk. biaok Three-PhaseV-
IMeasurement u3mepsieT TOKM U HanpsDKeHUs Tpex(pa3HoH 1emnu.

Ha puc.1.19 B kadecTBe mpuMepa MOKa3aHO OKHO HACTpOiKu Oyioka Fourier. B momsix Ha-
CTPOMKH OJIOKa OTMEUaeTCss OCHOBHAS YacTOTa M MOPSAIKOBBI HOMEP HCCIeyeMOi rapMOHUKH.

B mone oxna mHactpoiiku Omoka TotalHarmonicDistorsion (puc. 1.20) ycraHaBiuBaeTcs
OCHOBHas 4acTOTa MCCIEAYEMOT0 CUTHATIA.
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~ Fourier analyser |mask) (link]

The Fourier 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):

[60

Harrmonic n [0=DC; 1=fundamental; 2=2nd ham; ...} :

oK s Caricel l Help i Apply |

Puc. 1.19. OxHo HacTpoiiku 6J0ka Fourier

Block Parameters: Total Hasmonic Distorsion [ X] ,

~THD (mask] (link)——

+ This block measures the total haimonic 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
=eqit(U272+ U332+ ...+ Un"2+.)
U1 = tms value of the fundamental component

Farameters
Fundamerital frequency [Hz):

50

LS I Cancel I Heln ( Annlu I

Puc. 1.20. Oxknonacrpoiiku6aokaTotalHarmonicDistorsion

Bbu6anorekarpexdasubixueneii Three-PhaseLibrary
Pacimpennas 6ubnuoreka Three-PhaseLibrary comepxut Tpexdasnbie nenu pa3indHOro
HazHaueHnus (puc.1.21).B sToit Oubnmoreke umeercs HAOOP MOCIEIOBATEIBHBIX U MapaUICIbHBIX
Tpex(}a3HbIX Harpy30K, 3alaHHBIX JTHOO MACCUBHBIMH IapaMeTpaMu, JINOO 3HAUYCHUSIMH aKTHUBHON
Y PEaKTUBHON MOIIHOCTH, OJIOK MCTOYHMKA MTUTAHUS, TPEX(Pa3HYIO WHAYKTHBHO-CBS3aHHYIO IIETIb,
Tpexdasuei TpancopmaTop, TpexdasHbI KIOY U OJOK, MOACIHPYIOIIUI MOBPEXKACHUS B
Tpex(a3zHOM ceTu.



Liblary: poweilib_extias/Thiee-Phase Library - 10] X]
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Allthese 3-phase elements are masked blocks built with single-phase elements of the powerlib library.
Look under mask to see how they are buiit.

; Ap A ab oy A Ab A Ab
N—OJMJITLB L BJ\W{W\—“—B L == |3 Phase RLC gwiteh.p | -1 b
ch c ch Series Load A c ch
c cp - -
Inductive source 3- Phase Series RLC e Pl Line Section il
with neutral 3-Phase Breaker
4 @ 0
Al+ A2+ p
A Ap A Ab
b~ 3-Phase RLC Gl oA d
8 —J—s 1 B P Parallel Load R 81 B2 b
Cl+ C2+p
c—T—ch c ch < g Faul c1 c2b

Z1-20 3- Phase Parallel RLC AB-G
c Three-phase

Linear Transformer
3-Phase Fault 12-terminals

|

Puc. 1.21. Buéaunoreka Three-PhaseLibrary

Oco0blii MHTEpEC MPH MOJEIMPOBAHUU DIIEKTPUUECKUX Lieneil mpeactasiser 010k Po-
wergui ocuoBHoi 6ubanorexku PowerSystemBlockset(cm. puc. 1.9). Dtot 610k, Oyaydu ycra-
HOBJICHHBIM B HCCJICYEMYIO MOJICIh JICKTPUUYSCKON ST , TIO3BOJISIET U3MEPUTH TOKH, HATIPSDKE-
HUS M MX HadaJbHbIe (a3bl Ha JIIOOOM ydacTKe 3JieKTpuueckoil 1enu. [[ns cBsi3u Oioka c
SIIEKTPHUYECKON cXeMoM ciry:kaT Oioku uamepenuit Multimeter, VoltageMesurement, CurrentMe-
surement. Kpome Ttoro, 6ok POwWergui mo3BoisieT CBsA3aTh MakeT pacuimpenus PowerSystem-
Blockset ¢ makerom pacimpenus ControlSystem. Dto obecnieunBaeT BO3MOKHOCTh HCCIICIOBAThH
YaCTOTHBIC XapaKTEPUCTUKU U MEPEXOIHBIE MPOIECChI B AIEKTPHUUECKUX I1ersaXx. OKHO HACTPONKHU
0Ji0Ka noka3aHo Ha puc. 1.22. B 1eBoM mosie oTpaxaroTcst u3Mepsiemble BeanyuHbl. CripaBa KHOII-
KA U (pIIaXKH MO3BOJISIIOT BBIOpPATh BEIMYMHBI JUIsI M3MEpPEHHs. B BhINagaromemM MEHIO epBOTO
TIOJIS 33JJAI0TCS U3MEpsieMble 3HaYeHUs (aMIUTMTYAHOE WK JeiicTByomiee). B Brimagaromem me-
HIO BTOPOT'O IMOJIS 33JaeTcsl 4yacToTa. BrirodeHHbIH (raxok States mo3BossieT U3MEpHUTh Iepe-
MEHHBIC COCTOSIHHS (TOKM B MHIYKTHBHOCTSX, HAIPsOKCHHS Ha KOHJCHCATOpax). BKIIOYeHHBIH
dmaxxoxk Measurer mo3BossieT M3MEPUTHh BCE BEJIMUYUHBI, BEIOpaHHBIE B OKHe Oioka Multimeter.
BrxroueHHBIH (1askok SOUNCES MO3BOJISET U3MEPHUTh TOKM W HAINPSDKEHUS UCTOYHHKOB, a BKITIO-
yeHHbIH piaxkok Nonlinear — Toku 1 HanpsHKEHHsI B HEJTMHEHHBIX 3JIeMEHTaX.

+} Steady-State Yoltages and Currents for : Lab_1_5
Tools Repon

There are no nonlinear blocks in the P
Feakval v !

50 v |Hz

[T States (Uc
[T Measurer
[~ Sources (

7 Nonlinear
| _“_J Cloze
<] [ o ——J

Puc. 1.22. OxHo HacTpoiiku 6;0ka Powergui




Onepauuu ¢ 0J10KaMHU

KonupoBanue 010K0B 13 OJHOTO OKHA B JIPYro€ MPOBOIUTCS CIEAYIOIIMM 00pa3oM: OT-
KpBIBaeTCs HyXHasi OMOIMOTEeKa WM OKHO MOJENU-TIPOTOTUIIA M HYXKHBIN OJIOK MepeTacKUBaeTCs
MBIIIBIO B OKHO CO3J]aBaeMOH (peIakTUPYyEMOi) MOJIEIIH.

broku MOXHO KOMPOBATh U MPH MOMOIIM KOMaH[ MeHto. [locienoBarenbHOCTh eHCTBUI
IPHU 5TOM TaKOBa:

B okne OubnmoTexkn WM MOIETM  BbIAensercs  Onok  (OJoku),  mojje-
JKaIlUi KOIMMUPOBAHUIO;

Beioupaercss B Mmento Edit (IlpaBka) aktuBHOro okHa komanma Copy
(KomnpoBarts);

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

Kaxnomy ckomupoBanHomy 010Ky SimuLink mpucsanBaet umsl.

[lepBblii cKOMUPOBaHHBINA OJ0K OyIeT UMETh TO ke UM, 4To U O0JoKk B Oubimmoteke. Kax-
Il CcIeAYIOUN OJIOK TOTO K€ TUIa OyJeT UMETh Takoe ke UMs ¢ J00aBJIeHUEM MOPSIKOBOTO
HoMmepa. [losb30BaTenp MoOXeT nepeMMeHoBaTh Onok. Ilpu xomupoBaHuu OJIOK IMOJIyYaeT Te Ke
3HAYeHMs HACTPANBAEMbIX MapaMETPOB, YTO U OJTOK-OPUTHHAL.

IlepecranoBka 0/10Kka BHYTPH MOJEJM OCYIIECTBISETCS NMYTEM IEPETACKUBAHUS €TO
mbIbio. [Ipu atom Simulink aBToMaTH4ecku MepeprucoBBIBACT JTMHUH, CBS3BIBAIOIIHE 3TOT OJIOK
¢ apyrumu Omokamu. UToOBI mepecTaBUTh HECKOIBKO OJOKOB BMECTE C COCTUHHUTEIBHBIMH JIH-
HUSIMU U COXpPAHEHHEM OTHOCHUTEIBHBIX PACCTOSIHUI, HEOOXOAUMO UX BBIICIUTH U MEPETAIIUTh
MBIIIBIO OIMH U3 0J0KOB. Bee npyrue BeIeIeHHBIE OJIOKM TaKXKe 3aliMyT HOBBIE MECTa.

KonupoBanue 6,10k0B 0/1HOI MOJeJIH MOXHO BBIIIOJIHUTH JIBYMsI CIIOCOOaMMU:

[leperamuTs OJOK B  HYXHOE IOJIOKEHHWE, yIACpXKHBas MNP  3TOM  KJa-
Buiny <Ctrl>;

[leperamutes  ONOK, yAep)KHBasg  HAXaToOM  MpaByld  KHONKY  MBIIH, TIpU
3TOM K HOBOMY OJIOKY 100aBiisieTcs O4epeHON MOPSIKOBBII HOMEP.

Ha puc. 1.23npeacrasien pe3ynbpTaT KonupoBaHus 6;10koB Scope u XY Graph.

YcranoBka napameTpoB 0,10ka. OyHKIINU, KOTOPBIE BHIMOIHIET OJIOK, 3aBUCAT OT 3HAYe-
HUI mapaMeTpoB OJ0Ka. Y CTaHOBKA ATHX 3HAYEHUH OCYIIECTBISIETCS B OKHE HACTPOWKH, KOTOPOE
BBI3BIBAETCS MOCIIE JBOMHOTO IIETUKa Ha H300pakeHUH 0J10Ka B OJIOK-CXeMe.

Ynanenue 6,10k0B. [l ynageHuss HEHYXKHBIX OJIOKOB U3 OJIOK-CXEMBI JOCTATOYHO BBIJIE-
JUTHh ATU OJIOKM Tak, Kak ObUIO yKa3aHO paHee, U HaxaTh kiaBumy <Del> wmm <Backspace>.
MosxHo Takke Bbi3BaTh KoMaHay Clear(Ouuctuts) ninm Cut (Beipesats) u3 mento Edit (ITpaBka)
okHa O5ok-cxeMbl. Ecnu ncnonb3oBana komanaa Cut, To B qanbHelIeM yaaneHHbIe OJOKH MOXK-
HO CKOIIMPOBAaTh B MOJIEJb IPU MOMOIIM KoMaH bl Paste (BcTaBuTh) TOro ke MeHro.

Orcoenunenne 010ka. UToObI OTCOGAMHUTH OJIOK OT JIMHHMN, JOCTATOYHO HAXKaTh KIIABUIITY
<Shift> u, He oTmyckas €, mepeTamuTh OJI0K B IPYroe MECTo.
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Puc. 1.23. Konuposanue 0J10K0B



HN3meHeHue yriioBoil opueHTanuu 0J10Ka. B HavyanbHOM COCTOSHUU CUTHAJ MPOXOAMUT
yepe3 OJIOK clieBa HaIpaso (T10 JIEBYIO CTOPOHY pacoiIaraloTcs BXOAbl 0J0Ka, a 1o MpaBylo CTO-
POHY — BBIXObI). UTOOBI H3MEHUTH YTIOBYIO OPUCHTAIIMIO OJIOKA HAJIO:

* BBIJICIUTH OJIOK, KOTOPBI HY>)KHO TOBEPHYTh;

» BeIOpaTh B MeHI0O Format (dopmar) okHa OJI0K-CXEMBbl OJIHY M3 CICAYIOIIUX KOMAaH]I:
FlipBlock (IToBopot 06moka Ha 180 rpamycoB) unu RotateBlock (IToBopot Groka 1o 4acoBoii
crpenke Ha 90 rpagycoB).

N3menenne pa3mepoB 0Ji0ka. M3MeHeHne pa3MepoB OJ0Ka BBIMOIHSAETCS CIEAYIOIINM
oOpa3om. Beigensiercst 610K U yCTaHABIMBAETCS YKa3aTeslb MBIIIM Ha OJHY U3 YIJIOBBIX METOK
6moka. ®opma ykaszaTesns IpH 3TOM M3MEHUTCS — OH MPHUMET BHJI IBYHAIPABIEHHON CTPEIKH.
Hazno 3axBaTUTh MBIIIBIO 3TY METKY U NMEPETAHYTh €€ B HOBOE MMOJIOKEHHUE.

N3menenue u nepemelenue uMeHu 6Jioka. Bece nmena GJ0KOB B MOJENH JIOJDKHBI OBITh
YHUKAJIbHBIMU M COCTOSITH XOTSI ObI U3 OJHOTO cUMBOJIA. UTOOBI M3MEHUTH UMS OJI0KA, HY>KHO BBIIIOJI-
HHUTH LIETYOK HA UMEHH, a 3aTeM, MCIOJIb3ysl OOBIYHBIC TPUEMBI PEJaKTUPOBAHMSA, BHECTH HEOOXO-
JMMbIE U3MEHEHUSI.

Jlns u3MeHeHus mpudra cienyeT BBIASIUTh 0JIOK, BbI3BaTh komanay Font (Lpudr) uz
MeH0 Format (®opmar) okHa MOJEIHM M 3aTeM BBIOpAaTh MIPU(PT B OTKPHIBIIUMCS JAUAIOTOBOM
OKHE.

[To ymonuanuto ums O10Ka pacroyaraercs cieayromum odpazom. Ecnu 610k opueHTHpO-
BaH CJIeBa HAIPABO, TO UMS HAXOIUTCS 0] OJIOKOM; €CIIU CIpaBa HaJeBO — HaJl OJIOKOM; €CITH JKe
CBEpXYy BHH3 WJIH CHU3Y BBEPX — IO MPaBOil CTOpOHE OJI0Ka.

V3MeHHUTh MeCTOIOJIOKEHHE UMEHH BBIACIICHHOTO OJI0OKa MOYKHO IByMsI CHOCOOAMH:

* IepeTalIUTh UMS MBIIIBIO Ha POTUBOMOJIOKHYIO CTOPOHY OJI0Ka;

* BOCIIOJIb30BaThCst KoManoi FlipName 13 menro Format okna mMojien —oHa TakKe MepeHo-
CUT UMS Ha MPOTHUBOMOJIOKHYIO CTOPOHY OJIOKa.

CkpbITh M3 0J10Ka MOXHO, Ucnioyib3ys komany HideName (Ckpeith nmsi) MeHio Format okxa
Mozen. UToObl BOCCTAHOBHTH OTOOpaXKEHHE MMEHH, CIIEAyeT BOCIOIb30BATHCS KOMaHIOW Show-
Name (Iloka3ate UMs1) TOTO K€ MEHIO.

Co3znanue coeTMHUTEIbHBIX JUHUA. CUTHAIBI B MOJIENH TiepeaatoTest o JuHusM. Kaxnas
JIMHUSL MOXKET MepeAaBaTh WM CKAIAPHBIN, WIM BEKTOPHBIA CUTHAN. JIMHHUA COETUHSET BBIXOAHOM
HOPT OJTHOTO OJIOKAa C BXOAHBIM MOPTOM Jpyroro Onoka. JIMHUS MOXeT TakxkKe pa3BeTBIATHCA U CO-
€IUHATH BBIXOIHOH MOPT OJHOTO OJIOKA C BXOJHBIMHU ITOPTAMH HECKOJIBKHUX OJIOKOB.

Co3panue JUHUHM MexAy 610KkaMH. UTOOBI COEIMHUTH BBIXOJHON MOPT OJHOTO OJI0Ka
C BXOJTHBIM ITIOPTOM JIPYTOTO, HY)KHO BBIITOJHHUTE CIEAYIOIINE ACHCTBUS:

* YCTAaHOBUTh YyKazaTeldb MBIIIM Ha BBIXOJHOH TMOpPT TMepBoro  OJoka
(Ipu 3TOM Kypcop J0JIKEH NMPUHATh (POpMy epeKpecTHsi);

* Ha)aTh JIEBYIO KHOIIKY MBIIIN U, YAE€pKHUBas €€ B 3TOM MOJO0KEHUH, TEpEABUHYTh YKa-
3aTenb K BXOJHOMY MTOPTY BTOPOTO OJI0Ka;

* OTIYCTUTH KHOTKY MBIIIIH.

Simulink 3amMeHUT CHMBOJIBI TOPTOB COSMHUTENBHOW JIMHUEH C YKa3aHUEM HarpaBlICHHS
nepenayn curnana. iMeHHo takum oOpa3om (Ha puc. 1.24)Bbixoa 6moka SaveWave coeanHéEH ¢
Bxoq0oM Osioka XY Graph.

JIMHUY MO>KHO PUCOBATH KaK OT BXOJIHOTO IMOPTA K BBIXOJHOMY, TaK U HA00OPOT.

ITo ymomuanuro SimuLink pucyer coemuHUTENbHBIE THHUH, COCTOSIIUE U3 TOPU30HTAIb-
HBIX U BEPTUKAJIBHBIX CETMEHTOB. UTOOBI MOCTPOUTH JIMHHUIO MO YIIIoM 45 TpanycoB, HEO0X0AH-
MO B MPOIIECCe PUCOBAHUS YACPKUBATh KiaBuiny <Shift>.

Co3znanue pasBerBiieHUs! JJMHUHU. JIMHMS, KOTOpast OTBETBISIETCSA, HAUMHAETCS C CYIIECT-
BYIOIIEH U mepeaéT e€ CUTrHaMI K BXOAHOMY TOPTY JIpyroro OJoka.
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Puc. 1.24. Coenqunenue 0,10K0B

Kak cymectByromas, Tak ¥ OTBETBICHHAS JTMHUH NIEPEIAlOT OJMH CHIHaN. Pa3BeTBieHHas
JIMHUSL JACT BO3MOXKHOCTb IepeaTh OJMH M TOT )K€ CHTHAI K HECKOJIbKUM Osiokam. UToObI 00pa3o-
BaTh OTBETBJICHUE OT CYLIECTBYIOIICH JTMHUN, HEOOXOJMMO BBIITOJHHUTH CICIYIOMINE ICHCTBUS:

* YCTaHOBHTBH KypCOp B TOYKY OTBETBIICHUS;

* HaXaTh NPABYIO KHOIIKY MBIIIN, yIEPKUBATh €€ HA)KaTOM;

* TpPOBECTH JIMHHK K BXOJAHOMY TIOPTY HYKHOTO 0JIOKa, OTIYCTUTh
IPaBYIO KHOIIKY MBIIIH.

Co3naHue cerMeHTa JIMHUHU. BIIOKH MOXXHO COCIMHATH JJOMAHBIMU JIMHUSMHU, COCTOSIIIIMMH
U3 HECKOJIKUX CETMEHTOB. J[JIsl co3manusl Cleqyrommero cerMmeHTa HeoO0X0IMMO YCTaHOBHTE Kypcop
B KOHEII TIPE/IBIAYIIET0 CETMEHTa U HApUCOBATh, YACPKUBAs JICBYIO KJIABHIIY MBIIIH, CICAYIOIIAN
CETMEHT.

IMepemenenne cermeHTa JMHUU. YTOOBI EPEMECTHTh OT/ACIBHBIA CETMEHT JIMHUU, HE-
00XOAMMO BBITIOJIHHUTH CICTYIOIIUE IEHCTBUS:

* YCTaHOBHTbH yKa3aTelb Ha IePEeMEIIaeMOM CErMEHTE;

* HaXaThb M YJCPKUBATh JICBYIO KHOINKY MBIIIK (Kypcop NPH 3TOM JOJDKEH MNPUHSTH
dbopMy KpecTa);

* IEpPEeMeCTHTh YyKa3aTelb B HOBOE IIOJIO)KEHHWE CerMeHTa M  OTIIYyCTHTH
KHOIIKY MBIIIIH.

CerMeHT, HENOCPEACTBEHHO MPUJIETAIONINI K MOPTY OJIOKA, IEPEMECTHTh HEBO3MOXKHO.

JlesieHHe JIMHUU HA cerMeHThbI. [Ipy HEOOXOIMMOCTH JIMHHUIO MOYKHO pa3zeiuTh Ha JBa
cerMeHTa. J{J1st 3TOTo CieyeT BHIOJHHUTE CICTYIONINE ICHCTBUS:

* BBIJICJIUTH JJUHHUIO U YCTAHOBUTH KYPCOP B TOUKY M3JIOMa JIMHUU;

 HaxaTh knaBuiry <Shift> u JeByr KHONKY MBIIIK; Kypcop HPH 3TOM HpUMET Gopmy
OKPY)KHOCTH, a Ha JINHUU 00Pa3yeTcs U3JIOM;

* IEPEMECTHTH Kypcop (M3JI0M) B HOBOE TIOJ0KEHUE;

* OTIYCTHUTH KiIaBuiy <Shift> 1. KHOIIKY MbIIIH.
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Puc. 1.25. JlejieHne JMHUU HA CETMEHTBI

Pesynbrar atux neiictBuil mpencrasieH (Ha Puc.1.25),rae JTHHUS, coenuHstomas ook Sine-
WaveuXYGraph 1, pa3zieneHa Ha HECKOJIBKO CETMEHTOB.

IMepemenenue u3aomMa JuHUH. YTOOBI IEPEMECTHTD U3JIOM JIMHHUHU, TOCTATOYHO MEPETs-
HYTh MBILIBIO TOYKY M3JI0Ma B HOBOE IOJIOKEHHE.

IIpocTaB/ieHHe MeTOK CHTHAJIOB M KOMMeHTapueB. /[ HariasgHOCTH W yao0cTBa OJIOK-
CXEMBbI JITHUU MO>KHO CHAO/IUTh METKaMH, YKa3bIBAIOIIMMH, KaKUEe CUTHAJIBI 10 HUM MPOXOIT. MeTku
pa3MeIaoT MO/ WM HaJl TOPU3OHTATBHOW JIMHMEH, MO JIEBYIO WM 0 MPaByl0 CTOPOHY OT BEpPTH-
KaJIbHOU JIMHUU. MeTka MOKeT ObITh PacrojioKeHa B Haualle, B KOHILIE WU 10 CEpeNHE JIMHUU.

Co3ganue ¥ MaHMNYJIMPOBAHHE METKAMM CUTHAJI0B. UTOOBI CO3/1aTh METKY CHUTHAJIOB,
HY)KHO JIBKIbl LIEJIKHYTh HAa CETMEHTE JIMHUM U 3aT€M BBECTH TEKCT METKH. [Ipuyem nBoiHON
IIETYOK CJENYeT BBINOJIHATh TOYHO Ha JMHUH, T. K. B IPOTUBHOM cilydae Oy/eT co3jaH KOMMEH-
Tapuil K MOJEIIN.

[lepemenieHne METKM OCYIIECTBISETCS MYTEM MEPETACKUBAHUS €€ MBIIIbIO HA HOBOE Me-
cto. Eciu npu 9ToM ynepxkuBath Haxkatol knaBumry <Ctrl>, To MmeTka Oyaer ckonupoBaHa B HO-
Boe MecTo. CKOMMPOBaTh METKY MOKHO TaK)Ke, BBITIOJHUB JBOMHOM IIETYOK Ha IPyrOM CETMEH-
T€ JTUHUMU.

UTo0Obl OTpeaKTUPOBATh METKY, CIEAYyeT HIEIKHYTh HAa HEH M 3aTeéM BHECTHU COOTBETCT-
BYIOILLIME U3MEHEHHUS B €€ TEKCT.

YToOBl yJamuTh METKY, HaJ0 BBIIEIUTH €€, ynepxkuBas kiaaBumy <Shift>, u Haxath
kinasunry <Del> nnn <Backspace>. [Ipu aTom OynyT yaaneHbl BCe METKH STOW JTHHHH.

Co3naHue U1 MaHUNYJMPOBaHUEe KOMMeHTapueM. KoMMeHTapuu 1at0T BO3MOKHOCTH CO-
IPOBOX/IaTh OJIOK-CXEMBbl TEKCTOBOW MH(poOpManueil 0 MOAETN U OTICIBHBIX €€ COCTABISIOIIMX.
KomMmeHTapun MOXXKHO IPOCTaBJIATH B JIFOOOM CBOOOJHOM MecTe Onok-cxembl. [locie nBoitHOTrO
IIeT9Ka B JII0OOM CBOOOJHOM MeCTe OJOK-CXEMBbI MOSBIAETCS NPSIMOYTOJIbHAs paMKa, B KOTOPYIO
MO’KHO BBECTH TEKCT KOMMeHTapus. [lepemelieHe KoMMeHTapys OCYIIECTBIISIETCS MYTEM Iepe-
TACKMBAaHMS €ro ¢ MOMOUIbI0 MbIM. Eciu mpu 3TOM ynepkuBarh Hakaroi kimaumry <Ctrl>,
KOMMEHTapuii Oy/IeT CKOTUPOBAaH B HOBOE MECTO.

Co3naHHbIl KOMMEHTApUII MOKHO OTPENAKTUPOBaTh. JlJIi 3TOr0 HYXHO BBINOJIHWUTH Ha
HEM ILETYOK, a TOTOM BHECTH COOTBETCTBYIOIIME U3MEHEHHS. UTOOBI M3MEHUTH MPH STOM Mapa-
MeTphl MpU(Ta KOMMEHTapHs, HEOOXOIMMO BBICIUTh TEKCT KOMMEHTApUs U BHIOpaTh KOMaHIy
Font (ILIpu¢r) u3z mento Format (dopmar) okHa 610k-cxeMsbl. [locie 3Toro mosgBUTCS 1UAIOrOBOE



OKHO, B KOTOPOM CIIe1yeT BbIOpaTh Ha3BaHUE MIpU(Ta, €ro pa3mep, aTpuOyThl U CTUIIb U HAXKATh
kHonky OK.KommeHnTapuii MoxHO ynanuTb. [ 3TOro BBIIENINMTE €ro, yAEp)KHBas KIaBUIIY
<Shift>, u naxxmure knasumy <Del> unu <Backspace>.

JladopaTopHas paGoTa Ne2. «MojeiupoBaHue TEIUIOBBIX MPOILECCOB B IBUTaTe/Ie)
PaccmoTpuMm  pemieHue  3ajayd HarpeBa  JBHTATesl Ui CIy4as — ITOBTOPHO-
KPaTKOBPEMEHHOTO PEe)KUMa pabOThI ITPH UCIOJIb30BaHUH makeTa Simulink.
[TepBonavanbHO nIpeoOpaszyeM ypaBHeHue (2.3) B popmy Kormm:

0 1 - 12
d—e:—APT -—80 (2.4)
dt Ty Ty
3arem ypaBHeHue (2.4) mpeacTaBUM B ONEpaTOPHON opMe, TOT1a TOTYIHUM:
sé:iAﬁT 15 (2.5)
To To

Paccuntaem HarpeB asurareinst noctosinaoro Toka tuna [IbB-100M. TennoBas nmoctosiH-
Has BpeMeHu i toro asurarens T = 3600 c.

ITocnemoBarensHo oTkphiBacM Matlab, Simulink u Tpu HeoOxoaMMBIE I peleHus Ouo-
muoteku Sources (Mcrounuku curnanos), Sinks (ITpubopsr) 1 Continuous (HempepbiBabie GIio-
ku). [Ipu otkpeiBanuu Simulink ogHOBpeMEHHO OTKpBIBAEeTCS TOJIE il Habopa CTPYKTYpHOM
CXEMBbI, IIepBOHAYAIBHO 3TO mosie uMeeT HasBanue Untitled (0e3 umenu). Bee 6ubmoTexu neppo-
Ha4yaJIbHOT'O BBI30BA MOKa3aHbl Ha puc. 2.12 a, 6, 6.

bnoku u3 oubnmorex B HabopHoe mose Untitled mepenocstes uzBectHsiM criocobom Drag-
andDrop (ITeperamu u OcTass).

CrpykTypHas cxema, COOTBETCTBYIOIIasl ypaBHeHHIO (2.5), mpencraBieHa Ha puc. 2.13 a.
[Tocne Toro kak co3iaHa CTPYKTYpHasi CXxema, CJeIyeT NMepeuMEHOBaTh OJIOK M 3allucaTh €ro B
nanky Simulink s Oynymieir paboTsl. DTOT (aiin OyaeT COXpaHATHCS B MaMSITH KOMITBIOTEPA 10
TEX TOp, MOKa OH He OyaeT cTepT. B rimaBHOM MeH0 OTKphiBactcs paszaen File, mamee SaveAs...
IIPY STOM TOSBIISIETCS MaHEeNb, TIO3BOJISIONIAs BRIOpATh MANKy AJIs 3allUCH M Ha3BaHue ¢aiina. [To-
CIIeIOBATENILHO (IBOMHOM MIETYOK Ha OJIOKE) yCTaHABIMBAIOTCS MapaMeTpsl ycunutesst (Gain) u
unHTterparopa (Integrator).

Ha puc. 2.13 6, ¢ BugHbl 0OKkHa HacTpoiku 3TuX 610k0B. Koaduuuent nepenaun 6ioka
yeunutens (1/3600) ects BenuunHa, oOpaTHasl TEMJOBOW MOCTOSHHOM npuratend. B mone Ha-
CTPOMKH MHTETpaTopa 3a/1aeTcsl HaualbHOE COCTOSTHHE OTHOCUTEIBHOM TeMIeparypsl

5= _ 2 449
Omax 130
(31ech MPHUHATO, YTO HayaJlbHAs TeMmreparypa paBHa 25°C, a MAKCUMAJIBHO JOMYCTHUMAs JIJIsl BbI-
opannoro neurarens — 130°C).

JInst yCTaHOBKH MapaMeTpoOB MOJICTMPOBAHKs B pasjese riiaBHoro Mexto Simulation Bei-
Oupaercs komaHa Parameters, o 3Toit KoMaHJie OTKPBIBAETCS TUAJIOrOBOE OKHO HACTPOCK Tapa-
MeTpoB MojenupoBanus (puc. 2.14). DrookHocoaepxuTnAThBKIaI0K (Solver,Workspasel/O, Di-
agnostic, Advanced). Ha Bxiagke Solver nepBoHadanbHO ycTaHaBiIMBaeM HaudaibHOe (Starttime =
0) u koneuHoe (Stoptime = 15000c) Bpemsi MmoaenupoBanusi. KoHeuHOE BpeMsi MOJCTHPOBAHUS,
KaK U3BECTHO, I0JKHO COCTABJISATh 3-4 OCTOSTHHBIX BPEMEHH.

B okne Solveroptions 3amaercs criocod u3mMeHeHus: MonenbHOro Bpemenu (Variable-step
— MOJICTTMPOBAHKE C MEPEMEHHBIM IIIArOM; 3Ty OMIMI0 PEKOMEHIYETCSl BHIOUPATH MPH MOJIEIHU-
POBaHHMHU AaHAJIIOTOBBIX HENPEPBIBHBIX CHUCTEM) M CHOCO0 MHTErpupoBaHus auddepeHransHoro
ypaBHeHus. Hibke 3a1aroTcss MaKCUMaITbHBIN M HAYalIbHBIH [IarH HHTETPUPOBAHUSI, & TAKIKE OTHO-
cuTeNbHas ¥ aOCOJIOTHAs TOYHOCTh. [IpHM pemieHuH MpOCTHIX 3a7ay 37ech Jy4Ylle OCTaBUTh TO,
YTO KOMIIBIOTEP CaM IpeajiaraeT mo ymoiadanuto (puc. 2.14).

HwkHue mosist onpenenstoT cnocod BbIBOJIa Pe3yIbTaTOB MOJICIIMPOBAHUS B pabouyro 00-
J1aCTh, OHU OCTABJICHBI TAKKUMH, KAKUMH [IPOTrpaMMa UX YCTAHOBHJIA TI0 YMOJTYAHHIO.
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Puc. 2.12. bu6jauoTeKku 1J151 BHINIOJHEHUSI MOIeJTHPOBAHUS
i 1
nﬂﬂ " R : e
LConhnuouMme mtegmuon ofthe mput signal.
Pulse - & H + Parameters -
Generator Exemal et mJ
Sum Gain Integrator e
viegra biltel condion source:  [intetnal =)
Initial condition:
a) fiie
B (XE]
{ I~ Limit output
Block Parameters: Gain m Lo aturation: inil

1 G i

E ementwise gam (y K* u) of mat'lx gmn (y “Kuory= u'K)

| Gain:

.

Multiplication: ftiemenx—wnse(K u)

[ I Soturate on mtaqer overflow

Cancal j

o ||
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aban el

LowiRr saIn

I' at

™ Show saturation port

I™ Show state port

3 Absclute tolerance:
l aute
[ oK I Cancel ] " Halp J J
B)

Puc. 2.13. Moaeab HarpeBa JABUraTeJisi B IOBTOPHO-KPATKOBPEMEHHOM pekumMe (2) U OKHA
HacTpoiiku (0, B) 6,10KOB



-} Simulation Palameters book1

Solvell Workspace IIOI Dlag'uoshcsl Advancedl

Simulation time

Start time: l 0.0 Stop time: I 15000

Solver options

Type: IValiabIe-step _'J ]ode45 (Domand-Prince)

=

Max step size: l auto Relative tolerance; I le-3

Absolute tolerance: | 1e-6

Min step size: - | auto

Initial step size: I auto

Output options
IReﬁne output L'

Refine factor: | 1

ok | Cancel | Heb | seo |

Puc. 2.14. IlapameTpbl MOAeJMPOBAHUS TEIMJIOBBIX MPOIECCOB B IBUTraTese

OKHO HacTpOHKU reHepaTopa U pe3yabTaThl MOJCIMPOBAHUS MIpE/ICTaBIeHbl Ha puc. 2.15
a ¥ 2.15 6 cOOTBETCTBEHHO. B OKHE HacCTpOWKH TeHepaTopa yKa3bIBAaIOTCS MEPHOJ] IMKIIA, OTHO-
CUTEJIbHOE BPEMsI BKIIFOUEHHOTO COCTOSIHUS, aMILIUTY 1a U Hadajao paboThl.

Pe3ynbrarsl MosieIMpoBaHus MIPEACTaBIEHbl HA AKpaHe ocipiuiockona (puc. 2.15 06), onu no-
Ka3bIBAIOT, YTO B YCTAHOBUBILEMCS PeXUME JBUIaTeb HarpeBaeTcs Npuom3nTensbHo 10 0.8 oT Mak-

CUMAJIBHOM TEMIIEPATYPHI.

Block Parameters. Pulse Generator m

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

Parameters
| Penod (secs):

Duty cycle (% of period):
{80

Amplitude:
[o3

! Starttime:
LB

¥ Interpret vector parameters as 1-D

[ Lol | @ ‘1‘

+} Scops

}3}3}3 Al[‘; &

FE o
a% Gt

Puc. 2.15. Pe3yJbTaThl MOACJIMPOBAHNS TEIVIOBBIX MPOLECCOB B IBUraTese B IOBTOPHO-
KPaTKOBPEMEHHOM peskumMe padoThl

Beioupaem 6mok RandomNumber w3 Oubnuorexkun Sources riaBHONH OUOIHOTEKH
Simulink. DtoT 610k reHepuUpyeT cy4alHbIi CUTHAI ¢ HOPMaJbHBIM pacrpenencHueM. Moaenb
JUISL 3TOTO Cliydast TipejcTaBieHa Ha puc. 2.16 a. Okao HacTpoiiku 6;0ka RandomNumber u pe-

3ylbTaThl MOJICIMPOBAHU MTOKa3aHbI Ha puc. 2.16 0, 6.



[Tpu Takom pexxume pabOThl TeMmIepaTypa JBUIATENsl Ha KOPOTKOE BPEMsS MOXET IPEBBICUTh
MaKCUMAJIbHYIO. Koneunoe pPCICHUC O MPUMCHUMOCTU ABUTATCIIA 3ACCHh OCTACTCA 3a IMPOCKTU-
POBLIMKOM. 3aMETHM, YTO B BEPXHEM I10JI€ OKHA HACTPOMKHU reHepaTopa yCTaHABIMBACTCS 3HA-
yeHue a = 1, a B cieayromeM noje — 3HaueHue a = 5.0

Iy
WL i
Random = p 5 > «} Scope

Number 7 e -
Sum Gain Integrator Seope P z®:/®| AEER &

"1 A sl NEn

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

Block Parameters Random Number u
Random Number S e Bt i e e

Zutput a normally (Geussian) distnbuted random signal. Output is repeatable
ot a grven seed

Serameters —— — ————
Mean

Variance:
[s
Intial seed
[o

Sample tme
o

F Interpret vecior perameters as 1-D

ok | cancel | Help s |

6) 8)

TAThl MOJIEJIMPOBaHUs (B) TEMJIOBBIX MPOIECCOB B IBUTaTelie B peKUMe CIyqaiiHoii Ha-
rpy3KHu

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

Ilenv pabomot
HccnenoBanyue MalIMHbl OCTOSIHHOT'O TOKa MPHU paboTe B ABUTAaTEIbHOM U F€HEPATOPHOM
pexuMax.
Cooepiicanue pabomoi
2.1. CHsATHE MEXaHWYECKOW U pacyeT pabounx XapaKTEpPUCTUK MAIIMHB JIBUTATEIIEHOM pe-
KHUMe pabOTHI.
2.2. CHsiTe MeXaHN4EeCcKOH U pacueT pabounx XapakTepUCTHK MAllIMH B TEHEPATOPHOM PEKIME
paboTHL
2.3. CHATHE MEXAaHUYECKHUX XapaKTEPUCTUK MPU Pa3IUUHBIX HAMPSHKEHUSX MUTAHUS B LIENH
AKOPSI.
2.4. CHsTHE MEXaHMYECKHUX XapaKTEPUCTUK MTPU Pa3IMYHBIX COMPOTUBIICHUSAX B LIEMH SIKOPSL.
2.5. CHATHE MEXaHMUYECKUX XapaKTEPUCTHK MPH PAa3IMYHBIX OTOKA BO30YKICHHUSI.
2.6. CHATHE PETYIMPOBOYHBIX XapaKTEPHCTHK MPH W3MEHEHUH HAIPSDKEHUS SIKOPSI.
Onucanue éupmyanbHoil 1a60PAMOPHOIL YCIMAHOEKU.
BupryansHas naboparopHasi ycTaHOBKA MpeCcTaBlIeHa Ha puc. 5.1.

OHa BKJIIOYACT MCTOYHUKH TOCTOSIHHOTO HampspkeHus (Vi IS MUTaHUS SIKOPSIMAIIHHBI,
Vot iutaHus 0OMOTKH BO30OYkaeHus u3 oubmmorekn PowerSystemBlockset/ElectricalSources),
omox Momentmis 3amaHus MomeHTa Harpy3ku (Onok — Constantuz Oubnmorexku Simu-
link/Sources), camy mammny nocrosiuaoro Toka (6ok DCMachinens oubnmorekun PowerSys-
temBlockset/Machines), 6:10k i1 u3MepeHus: IEPEMEHHBIX COCTOsTHUS MatuHbl Displayn ocumi-
aorpad SCOpPesst BU3yalbHOTO HaOIFOCHHS ITpoIieccoB u3 oudmnorexku Simulink/Sinks.
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Puc.5.1. BupryajibHas 1a00paTOpHas yCTAHOBKA.

Lens stkopst M 1eTIb BO30YKIIEHHsI BUIHBI U3 rpadnyeckoro HauepTaHus OJI0Ka, Ha BXOX
TLoogaercs MOMEHT Harpy3kd, BBIXOJ m IpEAHAa3HAueH A U3MEpPeHHsl U HaOIoJIeHus mepe-
MEHHBIX COCTOSIHHS MAIlIMHBI B CJIAYIOIICH MOCIEeI0BAaTEIbHOCTH: YIIIOBast CKOPOCTH (Paji/c), TOK
akops B (A), ToKk Bo30yxaeHus (A), anekrpomarHuTHeld MoMmeHT (Hwm). B momnsix HacTpoiiku ma-
UHEI (puUC. 5.2) 3a1ar0TCs:

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

O napaMmeTpbl 00MOTKH B030YyxeHus — R{(Om), L{(I'n);

0 ko urueHT Lgy;

O CYMMAapHbII MOMEHT MHEPLUN MALIVHBI U HATPY3KH — J(KFMZ). CrnenyeTr NOIYEPKHYTH,
uro mapameTpsl (Ls, J) BaKHBI PH UCCIICIOBAHUH MEPEXOHBIX MpoiieccoB. Ha ycraHoBHBIIHECST
PEXKUMBI OHH HE BITUSIOT;

Block Parameters: DC Machine . R - k]
~DC maching [mesk) (ink)

This block, implements a separately excited DT maching. Access is
movided 1o the fisld connections so that the machine can be used as &
shunt-conmected o  seriercontected DC machine.

Input 1 and output 1 ; positive and negalive amature tetminals
Input 2 and output 2 : positive and negativa field terminals
Inptt 3+ Load bowque

Qutpid 3: Simulirk measureament output [wialf Te ]

~ Paramatery
. Armaturs resistance and inductance [Ra {ohms) La (M} ]

Jl252 48e-3]

Figld resistance and inductance [Rf [ohms) LE (H; |
 feeod
K Field-amatura mutual inductance Laf (H) :

Joao?

Total inertiad kg.m™2)

joont

Viscous friction coefficient B {N.m.s]

|G 25e-4

Coulomb friction torque TF (N m]

oo

Initial speed (rad/s)

jo

ok | camcel | Hep | apenw

Puc. 5.2. OkHO HACTPOHKH apaMeTPOB MAIMHBI IOCTOSIHHOI'0 TOKA.

O K03 UIHMEHT BsI3KOro TpeHust — By(Hwm:-c);



0 ko3 durument cyxoro Tpeaus — T{(Hm);
O HadalabHAsi CKOPOCTb.
[TaciopTHBIE TapaMeTPBl MAIIH TOCTOSTHHOTO TOKA NMPHUBEIEHBI B Tabnuue 5.1.
Taoauna 5.1

-J Simulation P{aramet_ers.: DC_Mach R

4

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. OxkHo 3a1aHus napaMeTpoB MO/1eJIUPOBAHUS
OKHO HacTpOIKHK apaMeTPOB MOJEIUPOBAHUS IOKa3aHO Ha puc.5.3.

Ilopsaook npoeedenus nabopamopuoil pabomol

4.1. Jlns 3aganHOM mpernojaBateneM (MIMBBIOPAHHON MPU CaMOCTOSITENbHOM paboTe) Ma-
IIMHBI paCCUUTATh3HAYCHHUE MTAPAMETPOB U 3aIOJHUTH I0JIsI OKHA HACTPOMKU MapaMeTpoB Malllu-
HBI.

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

4.3. Ilpu cHATUU XapaKTEPUCTHK MO M. 2.1 mopsiika BHIIOJIHEHUs pabOThl B OKHE HACTPOWi-
k1 0;10ka MomentrocienoBarenbHO 3aaar0Tcs 3Hadenus: momenta ot 0 1o 1,2M,c marom 0,2M,,.
s KaXKIoro3HaueHUsT MOMEHTa OCYIIECTBISIETCS MOJICIMPOBAHUE U 3aroyiHsAeTcs Tadnuma 5.2
W3MEPEHHBIX U PACCUYUTAHHBIX 3HAUCHUM.

Ta6auna 5.2
3aganue N3mepenns Pacuer
M [Hwm] o [pan/c] I [A] I [A] P1[BT] P, [Br] n
BbrurciieHus: OCYIIECTBISIOTCS 110 BBIPAKEHHSIM:
Tun P, [xBT1] U, [B] n,[06/mMuH] h, [%] R, [Om] R, [OM] L, [MI'H]
JIBUTATEIIS
1 2 3 4 5 6 7 8
2I1H-0.17 0,17 220 750 48,5 27,2 162 514
2I1TH-0.25 0,25 220 1120 57 15,47 612 297
2I1H-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
Pl:U(IsI+IB)’ PZZMH(’O’T]:%
1

4.4. Ilpu CHATUU XapaKTEPUCTHK MO M. 2.2 MOPsI/IKA BHIOJIHEHUS pabOThl B OKHE HACTPOii-
ku 01oka MomentonocienoBaTenbHO 3amaroTes 3HaueHus MomenTa ot 0 mo -1,2 M,c marom -0,2
M,,. I KaKI0ro 3HAUYECHUS MOMEHTa OCYIIECTBIISCTCS MOJICIIMPOBAHKE M 3AIOTHICTCS Ta0JMIa
5.2. U3MEpPEHHBIX U PACCUUTAHHBIX, 3HaYeHMH. KoapUIMeHT mone3Horo 1eiCTBUS B 9TOM Clydae




BBIYHUCIISIETCA 10 hopMyTie 1 = e}
Pl
4.5. CHATHE MEXaHMUYECKUX XapaKTEPUCTUK MPH PA3IUYHbIX HANPSDKEHUSIX MUTaHUS B Lie-
1 AKOpst 1o 1. 2.3 conep’aHus pabOThI CIIEAYET MPOBECTU JHS JBYX 3HAUECHUI HaNpsHKeHHUS Ha
axope 0,6 Uu 0,8U,, rae U, — nepBoHavanbHOE HaNpsKEHUE Ha SKOpPE, IPU KOTOPOM BBINOJIHS-
much 1111 2.1, 2.2. IIpu 5TOM MOMEHT Harpy3kd ciefyeT u3MeHats ot -1,2 M,n0 1,2 M,c marom
0,2 M,,. Ins KaXX10ro 3Ha4eHUsl HAIPsHKEHUs Ha SIKOpE M MOMEHTa IPOBOIUTCS MOJIEIMPOBAHUE U
3anonHsercs tabnuna 5.3.
Tabumna 5.3

M [Hm] o [pan/c]

4.6. CHATHE MEXaHUYECKUX XaPAKTEPUCTHUK MPU PA3IMYHBIX COMPOTHUBJICHUAX B IIETH KO-
ps 1o 1. 2.4 coaepxaHus pabOTHI CIEAyeT MPOBECTH I JABYX 3HAYCHHH CONMPOTHUBICHUS SIKOPS
2R; n 4R, rne R, - nmepBoHaYanbHOE 3HAYCHHWE CONPOTUBICHUSA. 3MEHEHHE CONMPOTHUBIICHUS
SIKOpSI OCYIIECTBIISICTCS B TOJIE OKHA HACTPOMKW TMapaMeTpoB MamuHbL. [Ipw 3TOM MOMEHT Ha-
TPY3KH clieflyeT u3MeHath ot -1,2 M,no 1,2M,c marom 0,2 M,. JIig KaxI0ro 3Ha4eHHs COMPO-
TUBJICHUS SIKOPS. 1 MOMEHTA TIPOBOJIUTCSI MOJISITMPOBAHKE U 3aIOHICTCS Tabmuma 5.3.

4.7. CHATHE MEXaHWYECKUX XapaKTEPUCTUK MPH Pa3IHMYHBIX MOTOKaX BO30YXKICHHUS IOM.
2.5 copeprkanus pabOTHI CIEAYET MPOBECTU ISl NBYX 3HaueHui notoka 0,6 @uu 0,8 dy. [ sto-
ro B mose Field-armaturemutualinductanceneo6xoanmo yctaHOBUTH 3HavYeHue LyBHavane 0,6,a
3atem 0,8 OT epBOHAYAILHOM BEJIMYUHBI.

[Ipu 3TOM MOMEHT Harpy3ku cieayeT u3MeHsathb ot -1,2 M, no 1,2 M,c marom 0,2 M,,. [{ns
KQ)KJ0r0 3HAYSHUS TIOTOKA ¥ MOMEHTA IPOBOUTE MOICITUPOBAHUE U 3aNIOTHICTCS Tabnuma 5.3.

4.8. CHATHE PEeryaupOBOYHBIX XapPAKTEPUCTUK MPH U3MEHEHUU HAMPSKEHUS SKOPS MO II.
2.6 comepkaHusl pabOTHI MMPOBOAUTCS JJIsl TIOCTOSHHOW MOMEHTa HAarpy3Kd, PaBHOTO HOMHHAJIb-
HOMY, 1 U3MEHEHUIO HampshkeHus B nenu skops ot 0,4 no 1,2 ucxoanoro 3HayeHus ¢ marom 0,2
WCXOJHOW 3HAYCHUS HANpsDKeHUs. [ Ka)10ro 3HAUCHUS HANPSDKCHUS TIPOBOJIUTE MOJICITUPOBA-
HHE M 3aI0IHseTCs Tadnuua 5.4.

Taoauma 5.4

U,[B] o [pan/c]

Cooepocanue omuema

5.1. Cxema mojenu Jyist IpoBeieHus 1a00paTOpHOM paboTHl.

5.2. PacuetHble (hOpMyIbl TAPaMETPOB MAIIUHBI.

5.3. Pacuernsie hopmynbl st MorHocten Py, Pou KIT/I.

5.4. 3anosHeHHbIE TaOIHUIIEL.

5.5. I'paduku pabounx XapakTepUCTUK MAIIMHbBI B IBUTATEIHLHOM U T€HEPATOPHOM PEXKU-
Max.

5.6. I'paduku MexaHMUYECKOM XapaKTepUCTUKN MAIIMHBI IPU PA3INYHBIX HAMPSDKEHUAX Ha
AKOpeE.

5.7. I'paduku MexaHMYECKOM XapaKTEepUCTUKN MAIIUHbI IPU PA3IUYHBIX COMPOTUBIECHUSIX
AKOPSL.

5.8. I'paduku MexaHMUYECKOI XapaKTepUCTUKN MAIIUHBI IPU PA3INYHBIX TOTOKAX.

5.9. PerynupoBouHas XapaKT€pUCTHKA JIBUTaTEIIs



JlaGoparopHasi padora Ned. «MoageiupoBaHue HeperyJJupyemMoro acuH-
XPOHHOIO 3JIEKTPONPHUBOAA»
Ilenv pabomut
HccnenoBanue Tpex(hazHON aCHHXPOHHOW MAIIMHBI C KOPOTKO3aMKHYTBIM POTOPOM.
Cooepicanue pabomul
2.1 CuHaTre MEXaHWYECKOW XapaKTEePUCTUKH MAIIMHBI B ABHIaTEJIFHOM U T'€HEPATOPHOM
pexuMax.
2.2 CusaTHe pabounX XapaKTePUCTUK MAILIHHBI B IBUTATEIILHOM PEKHME.
Onucanue eupmyanvnoil 1a60pamopHoil yCmMaHo6Ku
BupTtyanbHas naboparopHasi yCTaHOBKa Ipe/cTaBiIeHa Ha puc. 1.
OHa colepKuT:

O MCTOYHHUK MEPEeMEHHOro Tpex(}a3zHoro HampspkeHus Sourcems oubanoreku PowerSys-
temBlockset /Extras/ElectricalSources;

O u3MepuTenb TpexdasHoro HampsbkeHus u Tokalhree-PhaseV-IMeasurementus  6u0-
aunorexku PowerSystemBlockset/Extras/Measurement;

O ucciaeayemyio TpexdasHyo acHHXpoHHYI MammHy AsynhronousMachineus 6u6-
auoreku PowerSystemBlockset/Machines;

OU3MEPUTENh aKTUBHOW M pEakKTUBHOW MomHocTu P,Qu3 OmOnmorexku PowerSystem-
Blockset/Extras/Measurement;

O ook Displayans KoJIM4YeCTBEHHOTO MPEACTABICHUS HM3MEPEHHBIX MOIIHOCTEH H
6110k SCopeasist HaOIIoIEHUsT TOKa POTOpa U CTaTopa, a TaK)Ke CKOPOCTH M MOMEHTA aCHHXPOH-
HOM MamuHbl u3 rnasaoi oudnuorexku Simulink/Sinks;

O Omox Momentmis 3agaHusi MEXaHWYECKOrO0 MOMEHTa Ha Bajly MAallMHBI M3 TJIaBHON
oubmuotexu Simulink/Source;

0 6mokMachines Measurement uzou6imoreku Power System Blockset/Machines;

O Omok Display! mist KOJIMYeCTBEHHOTO HPEACTABICHUS U3MEPEHHBIX 3JICKTPOMArHHT-
Horo momenTa (HMm) u ckopoctu (paj/c) maimHbl B3 riiaBHoi oubmmoreku Simulink/Sinks;

O Onox Mux, o0beANHSIOMMNN TPU CUTHANA B OJIMH BEKTOPHBIA U3 TIaBHON OubIMO-
teku Simulink/Signal&System.

O E® Jow- St Tomet Tyl 1okl b S e L
DERES PR ZCC REL® > 5 llod 5]
A P 4 : Turent Weasuom e i D
e e
rﬂ'r’“ . i ¢ z is_ubc K
vl \ibe |-~ 1 »
¢ ¢ gl
‘] 20 Aspncheonous L | [*
Saurce Thras-Phase Waching Machinas Soope
= V) Measuremen Mament Muzsamaen
. ]
v ! 'MJ
o T v
P1,21
Duplay

Puc. 1. MopeJs uIs1 HCCJIEA0BAHUS ACHHXPOHHOI MaIIMHBI



OKHO HACTPOWKM NapaMeTPOB ACHHXPOHHON MaIIMHBI TTOKAa3aHO Ha PUC. 2.

Block #arameters: Asynchronous Madhiae
~Aswchronods Mtk fimask] fink) -
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Puc. 2. OkHO HACTPOIKH NapaMeTPOB aCHHXPOHHOH MAIIMHBI

B nonsix okHa nocinenoBaTenbHO 3aa0TCs:
o Ttun poropa (RotorType), B BbImagaromemM MEHIO 3TOrO HOJsI MOKHO 3a1aTh JIMOO KO-
POTKO3aMKHYTHIH, 1100 (a3HbI poTOD;

O cucrtema otcuera npu ananuse (Referenceframe);

O MOIIHOCTb, HOMUHAJIBHOE JIeWCTBYIOLEE JUHEHHOe HanpspkeHue nyactota; I1 mapa-
METPbI CXEMBbI 3aMELLEHHS CTaTOPa;

O mapaMeTpbl CXEMbI 3aMELIEHUsI POTOPA;

O mapaMeTpbl BETBH HAMarHUYMBAHMS,

O MOMEHT MHEpPLHH, KOAPPUIIMEHT BSI3KOTO TPEHHUS, YUCIIO Map MOIIOCOB;

O HayaJbHbIE YCJOBHS JJIS MOJEIMPOBAHUS (CKOJIbKEHHUE, MOJOKEHUEPOTOpa, TOKHU
cTaTtopa U UX HavyaJbHbIE Qa3bl).

[TapameTpbl MalIMHBl YaCTUYHO OEpyTCsl U3 MAaCHOPTHHIX JAHHBIX, YACTUYHO PACCUUTHI-
BAIOTCSIO U3BECTHBIM YPaBHEHHSIM, JTMOO MCIOJIB3Ys IporpaMmy (JIMCTUHT 1, ¢hatin as.m).

OKHO HacTpoiiKM mapaMeTpoB YHUBEPCATBLHOTO 0JI0Ka U3MEPEHUS MEPEMEHHBIX MAIINHbI
nokaszaHo Ha puc. 3. B Beimagaroniem meHto mois Machinetypesamaercs tun maimuabl. dnax-
KaMH{ BBIOMPAIOTCS IEpEeMEHHBIE I U3MEPEHHUSL.

JInnelitHOe HOMMHAJIbHOE HalpsbKeHue A Bcex mammuH 380 B.



Taoauna 1

I M
Tun Pux | n[o6/ n L, | K = I_H m. — M, | m_.= MLM J[xr*m
neurarenss | Bry | mun] | [%] | ose | [A] M, u ]

1 2 3 4 5 6 7 8 9 10
RA71B2 055 | 2850 | 74 | 084 |18 | 65 2,3 2,4 0,0005
RAB80A2 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
RA80A4 055 | 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 | 719 | 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|084 | 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 | 0,89 | 15 7 2,5 2,5 0,0185

Block Parameters: Machines Measurement

ir‘ Machine measurements (mask) (link} - — =
| Spit specified signals of various machine models measurement output

i; vector into separate signals. - !
- Pam[us e T Ao M-—— ,_...,
3 Machine type: iAsynchronous _v_] |

i

: . . 4Simplfied synchronous
¥ iabe Synchronous I
I~ i_ad : |
Permanent magnet synchronous ‘
T phi_qgd : qand d axis rotor fluxes [WDb] or [pu] I
I™ viqd : g and d awis rotor voltages (V) or [pu)
] ¥ is_abc  : Stator currents ia. ib, ic (&) or {pu)
[T is_qd  :qgandd axis stator curents [A) or (pu)

" [~ phis_qd : qand d axis stator fluses (wb] or (pu)

" I7 vs_gd . qandd axis stator voltages (V) of (pu) :
7 wm : Rotor speed (rad/s) or [pu) ;
W Te : Electromagnetic torque (N m) or (pu) !
[~ thetam : Rotor angle [rad) i

[Tok ] caxed | Hep | o |

Puc. 3. OKkHO HACTPOH KM MapaMeTPOB 0J10Ka U3MepeHUs

OKHO HACTPOWKH TMapaMeTpOB MCTOYHWKA MUTAHUsS MOKa3aHO Ha puc.4. B momsx okHa
3a/1al0TCA:

O HadalnbHas (a3a B rpagycax

O aMmiauTyaa Gga3Horo HampsHKeHHs ucTouHuka (B);

o0 yacrota (I'n);

O BHyTpeHHee conpoTusieHne (OM) 1 HHAYKTUBHOCTh UCTOUHUKA (I'H).



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

‘ This block implements a three-phase source in series with a serie RL
branch. the common node (neutral] of the three sources is accesible via
input one (N) of the block

Parameters~ - - I T TITIIITITOTTTI e
Phase-to-ground peak voltage (V) : |

{310

Phase angle of phase A [Degrees) .
{d
Frequency (Hz2):
{50

Source resistance (Ohms}):
j0024

Source inductance [H) :
{0

I oK I Cancel I Help ' Loply I

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

HanmeeHHe M 4aCTOTa UCTOYHHUKA JOJIKHBI COOTBCTCTBOBATL IMTapaMCTpamM aCHHXpOHHOﬁ
MalllMHBI.

OKHO HacTpoilKM IapamMeTpoB OJIOKa M3MEPEHUs AKTHMBHOW U PEAaKTUBHOM MOIIHOCTHU
IIOKa3aHO Ha puc. 5.

3,[[60]: 3a1aCTCA TOJIBKO OAUH MMapaMCTp — YaCTOTa, KOTOpas AOJIZKHA OBITD pPaBHO 4Yac-
TOTC HCTOYHHKA ITUTAHUA.

OKHO HACTPOWKH ITUCILICS IMOKa3aHO Ha puc. 6. B MOIsIX OKHA HACTPONKHU yKa3bIBacTCs
dopmar mpeacTaBICHUS YUCIOBBIX Pe3y/IbTaToB, B mojie Decimation(pa3ouBka) 3agaeTcss YuCIio
[IaroB BBIYMCJICHHSI, Yepe3 KOTOpble 3HAUYEHUsS BBIBOJSATCS Ha AMCIICH. YCTaHOBKa B IMOJE
Sampletimesnauenus -1 cHHXpOHHU3UPYET PabOTy OJI0KA C IIArOM BBIYMCIICHUIA.

Block Parameters: P1,E}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



Biﬁck Paraméfers: Display e

Display -— = wor v o —
E Nugneric display of input values,

Parametgrs ~ — ——Si TOT e DITTIIEIESTIOOIITI T
Farmat- ishort :j

Decimation:

I

i~ Floating display
Sample time:

[

| oK ] Cancel ] Help I =g

Puc. 6. OkHO HACTPOW KU nmapamMeTpoB JAUCILIES

r
i
E
i
;
|
|
|
|
|

OxHo HacTpoiiku 010ka Mux, 00bEANHSIONIErO JBA CUTHAJA B OJIMH BEKTOPHBIN, 1I0KA3aHO
Ha puc. 7. B monsx okHa HACTPOWKHM 33/Jal0TCS YHCIO BXOJIOB M BHEIIHHH BHJ NPEIACTABICHHS
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 aCHHXPOHHOM MAaIlIMHBI Ul BBIIOJHEHUS paOOoThl 3a/Ial0TCSl MPEIoaBaTeNIeM.
[Tpu camocTrosiTensHOM paboTe 3TU JaHHBIE BHIOMPAIOTCS U3 TAOMUIBI | ¥ PacCUMTHIBAIOTCS, MOJB3Y-
ACh MACIIOPTHBIMU TaHHBIMU. OKHO HACTPOMKH IMapaMeTPOB MOAEIUPOBAHM ITI0KAa3aHO HA pUC. 8.

CHsTHEe MEXaHMYECKOW XapaKTEePUCTUKU MAIIUHBI B ABUTAaTEIbHOM I'€HEPATOPHOM pe-
KUMax B COOTBETCTBUHU C M. 2.1 coaepkaHus pabOT MPOM3BOAUTCA HAa Mojenu (puc. 1) mpu
M3MEHEHUH Harpy304HOrOMOMEHTa BO BceM jauamnaszone -1,5-1,5 ot HomuHanbHOro. Ilpu stom
JUISL KQXJI0rO 3HaYEHUs] MOMEHTA Harpy3Kd OCYLIECTBIIIETCS MonenupoBanue. [lpu nposenenun
HUCCJIEOBAHUN 3amonusieTcs Tadbnuma 2.



2 Simulation Parameters: AKZ

threwl Workspace uo} Diagrestis| Advanced| Hoammemukshup[

Simlation tirme
. Start time:!ﬂ.ﬂ Stop tirne:l‘l
Solver options
Tope: {Vaicble-sten v} Jode23th (stif/TR-BDF2) ~]

Max step size;  { Ted Refalive tolerance: ' auto
Min stap size: I aulto Absolute lolerance: | auto
Initial step size: i auto

¢

Dutput optiong

{Refne output e Refine factor I 1

oK ' Cancell HerJ Anp:’yl

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

M[HwM] afpa/c|

CHsaTue pabounx XapaKTepUCTUK JIBUTATENS B COOTBETCTBUU C 1. 2.2 copep KaHUs pabOThI
MPOBOJUTCS HA Mojenu (puc. 1) mpu U3MEHEHUH HAarpy304HOro MomeHta B mpezaenax 0-1,2 ot
HOMUHaNbHOTO. [Ipy 3TOM g Ka)kI0ro 3HaYSHHUs] MOMEHTA Harpy3Kd OCYIIECTBIISETCS MOIEIHU-
poBanue. [Ipu npoBeneHnn ucciaeq0BaHuil 3amnonHseTcs Tabauua 3.

Taomuna 3

N3mepenns Brrancnenus

M[Hwm]
P1[Bt] | Qi[BAp] | U1[B] | I1[A] | alpan/c] | [rpaxn] | cose | P2[Bt] | n[%] | s[%]

Brrancaenns IMPOU3BOJATCA 110 BBIPAKCHUAM:
O, — O

p=arctg=*, P, =Mo, s=—+—
P ©,

[To maHHBIM TAOJIUIBI CTPOUTCS MEXAaHHUYECKAs XapaKTePUCTUKA MAIIWHBI U HAa OT/IENb-
HOM Tpaduke — paboure XxapaKTepUCTUKH.

BpemeHnHbIe 3aBUCHMOCTH MIEPEMEHHBIX COCTOSHUS MAIIUHBI MOKHO HAOIIOAATh HA DKpaHe
ocrmutorpada (puc. 9). 3nech BUAHBI U MEPEXOAHOMN MPOIECC MPH MYyCKE MAIUHBI, U yCTaHO-
BUBIIHECS TTPOLIECCHI.



Titee sffceb 0

Puc.9. BpeMeHHbIe 3aBHCMMOCTH MePEMEHHBIX COCTOSIHUSI MAIIMHBI IPU padoTe B IBUraTe/b-
HOM pe:KuMe

Cooepircanue omuema

5.1. Cxema MOjeiIu U ONMUCAHUE BUPTYAIbHBIX OJIOKOB.

5.2.  MexaHnueckas XapaKTepUCTUKA MAIlIMHbI B ABUTATEILHOM U T€HEPATOPHOM pe-
KUMax.

5.3. Paboume xapakTepUCTUKHU MAIIMHBI B TBUTATEIHHOM PEKIME

JladopaTopHasi padora Ne5. « MoaessupoBaHue CHHXPOHHOI03JICKTPOIIPH-

BOJa»

Lenv pabomot

HccnenoBanue Tpexda3Hoil SBHOMOIIOCHOM, MarHUTOAIEKTPUIECKONH CHHXPOHHON Mallu-
HBI.

Cooepotcanue pabomul

2.1. CusaTHe pabouynX XapakTepUCTUK MAIIMHBI B IBUTATEIILHOM PEXKHUME.

2.2. CHsTHE 3aBUCHUMOCTH MOTpPeOSIsieMON U3 CEeTH MOIIHOCTU OT MOTOKa BO30YXICHHUS
MAaIIUHBI.

Onucanue eupmyaivHoli 1a00pamopHOIl yCMAHOGKU

BupryanbHas nabopaTopHas ycTaHOBKA MpeJCTaBiIeHa Ha puc. 1.

OHa coiepxur:

— WCTOYHUK MEPEMEHHOTO Tpex(da3Horo HampspkeHHs Sourcems Oombmmortexu PowerSys-
temBlockset/Extras/ElectricalSources;

— W3MepuTelNh Tpex(daszHOro HanpspkeHus u Toka Three-PhaseV-IMeasurementus 6u6imo-
teku PowerSystemBlockset/Extras/ Measurement;

— HCCIEAYEMYIO TpexdaszHyro CUHXPOHHYIO MalIlHYy



PermanentMagnetSynchronousMachineuns 6ubanotexu PowerSystemBlockset/Machines;

— U3MEpPUTENIb aKTUBHOM M peakTuBHOU MomHocTH Pi, Qiu3 Oubmmorexkn PowerSystem-
Blockset/Extras/Measurement;

— 050K M3MepeHHs NepeMeHHbIX cocTosiHus Mamuabl MachinesMeasurementus 6uGmo-
teku PowerSystemBlockset/Machines;

— Onoxk Displayuis kKoJM4ecTBEHHOTO MPEICTABICHUSI U3MEPEHHBIX MOIIHOCTEH (B Tpex
MEPBBIX OKHAX OJIOKa MpeACTaBICHbl aKTUBHBIC MOIIHOCTU B KaXXAOW (haze MalIMHbI, B TPEX IO-
CJIETHUX — PEAKTUBHBIC MOIIHOCTH);

— o6mok RMSu3z oubamoreku PowerSystemBlockset/Extrax/Measurement, usmepsirommii
JeHCTBYIOIUH TOK B (ha3e MaIIUHBI,

— 6ok Momentasnst 3a1aHuss MEXaHHYECKOI0 MOMEHTA Ha Bally MAlllMHbI U3 TJIaBHON O1O-
munorexu Simulink/Source;

— osokx Productus riaBhoit 6mbmmorekn Simulink/Math, BeUUCIAIONIHI MEXaHHYECKYIO
MOIIIHOCTH Ha Bay MAIlIMHEI;

— Ousi0k Scopeasis HaOMIoIeHHs TOKa CTaTOpa, MOMEHTA U MEXaHMUYECKON MOIIHOCTU CHH-
XPOHHO# MaluHbl U3 riaBHou oubimoreku Simulink/Sinks;

— 6ok Display 1 naskomu4ecTBEHHOIO MPEACTaBICHHUS M3MEPEHHBIX TOKa (A) U 3IICK-
TpoMarHuTHOro MomeHta (Hm) Mamuiuel u3 riaBHoi oubmroreku Simulink/Sinks;

— 0710k MUX, 00BbeIMHSIOIINI 1Ba CUTHAJIA B OJJUH BEKTOPHBIH IIIaBHON OMOIHOTEKH Simu-
link/Sygnal &System.
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Puc. 1. Mopaeasp a5 uccjie0OBaHNS CHHXPOHHOWH MalIMHBI

OKHO HaCTPOWKH MapaMeTPOB CHHXPOHHOM MalIMHbI TOKa3aHO Ha pUC. 2.



Puc. 2. OKHO HACTPOMKHM MapaMeTPOB CHHXPOHHOH MAIINHBI

B nomnsx okHa nmociuenoBaTeabHO 3a4at0TCA:

— aKTUBHOE COMPOTHBIIEHHE 00MOTKH cTtaTtopa (Om);

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

— MaKCHUMaJIbHBIN MOTOK B MaiuHe (BO);

— MOMEHT HHepLuH (KrM?), Koddduument Bsiskoro Tperus (HMC), 9uciio map momocos.

OKHO HacTpoMKH 0JI0Ka U3MEPEHUS EPEMEHHBIX COCTOSHUS MALIMHbI I0KA3aHO Ha puC. 3.

Tun mammeE BEIOHpaeTcs B moste Machinetype. B BeimaaromeM MEHIO 9TOTO MOJIS CIeTy-
eT BeIOpaTh Permanentmagnetsynchronous. ®naxku ciieBa BKIIOYAIOTCSA Y T€X HEPEMEHHBIX CO-
CTOSIHUS, KOTOPBIE MOAJIEKAT U3MEPEHHUIO.

OKHO HacTpOMKHM NapaMeTpOB UCTOYHHUKA IT0OKa3aHo Ha puc. 4. Hanpsokenue n yactora uc-
TOYHHKA JOJDKHBI OBITh COTJIACOBAHBI C HANPSKEHHWEM, CKOPOCTBIO M YHCIIOM Iap MOJIOCOB Ma-
IIMHBI.

Puc. 3. OKHO HACTPONKHM U3MEpPHUTeEJIsI TIEPeMEHHBIX COCTOSIHMS MALIHHBI



Puc. 4. OxHO HACTPOIiKH T

apaMeTpoB HCTOYHUKANIUTAHUA

Hlopaook evinonnenus padomuol

[TapameTppl CHHXPOHHOM MalllMHBl U UCTOYHUKA NMUTAHUS AJIs BBIIOJHEHUs paboThI 3a/1a-
foTcst penofgasareneM. IIpu camocrosTensHOI paboTe HaHHBIE MAIMHBI MOKHO IPUHSTH TaKH-
MH, KaK Ha puC. 2, a JaHHbIE UCTOYHUKA — KakK Ha puc. 4. OKHO HACTPOMKHU IIapaMeTPOB MOJAEIIHU-
pOBaHUs MMOKA3aHO Ha puUC. 3.

Puc. 5. OkHO HaCTpPOHKM MapaMeTpOB MOJAETHPOBAHUIT
CHsTHE MEXaHMYECKOH M pabodnmx XapaKTepHCTHUK MAIIWHBI B BUTATEIFHOM PEXHME B
COOTBETCTBUHM C II. 2.1 copepkaHusi pabOThl MPOM3BOAUTCS HAa Mojenu (puc. 1) mpu U3MEeHEHUH
Harpy304HOTO MOMEHTa OT HyJs 10 1,4 oT HoMUHaIBHOTO. HOMUHATIBHEI MOMEHT ONIpeensaeTcs

U3 BBIPQKEHUS
- \/§Um(Um ~0®p)p
J2 o Rg
rae Un, o = 2af — ammouTyna u 9actota HCTOYHKMKA MUTAHUS, P, Rs, P — MaKCHMaIbHBII
MOTOK, COMPOTHBIICHHE CTATOPA U YHUCIIO Map MOJTIOCOB MAITUHBI (puc. 2).

JImst KaXI0T0 3HaYSHUS MOMEHTA Harpy3KH OCYIIECTBISCTCS MojaeiaupoBanue. [Ipu mpo-
BEIICHUHU MCCJIEJOBAHUN 3amoidsercs Tadauua 1.

M,



Taoauna 1.

N3amepenns Brruncienus
M P Q]_ U; I Q) P, | (0] COS ¢ n
[Hm] | [Br] | [BAp] | [B] [A] | [pawe] | [Br] | [A] | [rpax] [%]

Brrancnenus ocymecTBIsSoTes o Gpopmymam:

Q P,
(Dza"CtgFl’ ’7=an Pi=Pp+Pg+Fc, Q=Qa+Qg+Qc.
1 1

ITo naHHBIM TaOIHIIBI CTPOATCS pabouune xapakrepucTuku |, cose, h = f(Py).
Ha puc. 6 BUJHBI 3aBUCUMOCTHU IIEPEMCHHbBIX COCTOAHUA MAllIMHBI.

=

a

Puc. 6 BpemeHHbIe 3aBUCHMOCTH NePEMEHHBIX COCTOSIHMS MAIIMHbI
CHsTHE 3aBUCUMOCTH MOTPEOISIEMOM U3 CETH MOIIHOCTU OT IMOTOKa BO30YXICHUSI MaIllu-
HBbI B COOTBETCTBHUU C TI. 2.2 cojepxaHus paOdOThl OCYIIECTBISAETCS Ha MoJenu (puc. 1) mpu mo-
CTOSTHHOM MOMEHTE Harpy3ku (3amaercs mpermoaBareiieM). MakCUMabHbIN MOTOK B mojie Flux-
inducedmagnets(puc. 2) cieayet 3agaaBarth B quanasone 0,6—1,2 ¢ marom 0,05 B6. [{ns kaxaoro
3HAYCHUS TTOTOKA MPOBOJIUTH MOJACIHUPOBAHHUE, 110 PE3yIbTaTaM 3alOJHUTh Ta0IHILy 2.
Ta6auna 2.

P Q1 Py oS @
[BO] [BAp] [Br]

Cooepitcanue omuema

5.1. Cxema MOJeNH U ONKMCAaHHE BUPTYaJIbHBIX OJIOKOB.

5.2. Pabo4ne XapakTepUCTUKN MAIIMHBI B IBUTATEIHHOM PEXKHUME.
5.3. 3aBucumoctu P1 Q1 COSQ oT @,



Kpurtepuu onieHKH 1a00paTOPHBIX padoT

[Tpu moaroToBke k 1aboparopHoil paboTe mo AUCHUILTHHE «MoAenTupoBaHue B
JIIEKTPOTEXHUKE» B 4 (8) ceMecTpe CTYICHT JOJDKEH BBHITIOIHUTH CIICTYIONINE BUJIbI
pabor:

MunuMajbHbIi | MakcuMaabHbIN
Buabi pador
oaJs 0asn

CamocrosiTenbHas MpopadOTKa TEOPETH-
YECKOro MaTepuayia K JIabopaTopHOU pa- 1(2) 2 (2)
oote
O3HaKOMJIEHHE C YCTaHOBKOM, MpuOOpoM,
METOJUKON BBIMOJIHEHHS J1a00OpaTOPHOI 1(1) 2 (2)
paboThI
BrimoniHeHre  HEOOXOIMMOIO  3KCIEpH- 1(1) 2 (2)
MEHTa
O6paboTka pe3yiabTaTOB HCCIEA0OBaHUA, 2(2) 3(2)
NOCTpOEHUE TpadUKOB
AHanu3 pe3ysIbTaToB UCCIICIOBAHUS U BbI- 2(2) 3(2)
BOJI 110 paboTe

UTOroO: 7(7) 12 (10)

Takum o0paszoM, Kakaas JadopaTopHas padoTa OleHUBACTCS MUHUMYM B 7(7)
0ammoB, makcumyM B 12(10) 6amtoB. [locie BeImoHEHNS BceX pabOT pacCUUTHIBA-
€TCsI UTOTOBBIN OaJlI 0 TaHHOMY OIICHOYHOMY CPENICTBY, KaK cpefHee apupMeTH-
YEeCKOE M0 BCeM J1abopaTOpPHBIM pabOTaM.

X - 0211 ounozoomoenenus;, (X) - 0711 3a04H020 OMOENEHUA.



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

DakynomemuH@pOpMaAYUOHHBIX MEXHOIO2ULL
Kageopasnexmpomexnuku u snepeoobecnevenus npeonpusmuii

Harmpasnenune noarotoBku: 13.04.02 «31eKTpOIHEPTreTHKA U HIIEKTPOTEX HUKAY

(k0O U HaUMeHoB8aHue)
[Tpodunb/mporpamMma; «MHHOBAIIMOHHBIE TEXHONOTHH B JJIEKTPOXO3sicTBE HedTeXMMUYE-
CKUX IIPEANPUATHID (Haumenoganue

KommuiekT 3aganuii 1151 KOHTPOJIbHOI padoThI
JJIS1 3204HOT0 OTAEJICHUSA
o IucIUImIMHe«MonennpoBaHue B JEKTPOTEXHUKEY

HCCJIGI[OB&TB OCHOBHBIC BCJIMYMWHBI, XapPaKTCPU3IYIOIINC CUHYCOUIAAIBHBIC TICPECMCHHBIC
TOKH U HAIIPSAIKCHUA; UCCIICAOBATDH JIMHEHWHBIC QJICKTPHUYICCKUC LICIIM CUHYCOUJAIIbHOI'O TOKA, IPO-
BCPHUTH BBIIIOJHCHUC 3aKOHOB KI/IpXI‘O(i)a B LCIIX CHHYCOMOAJIBHOT'O TOKaA. I/ICXO[[HBIG JaHHBIC,
COOTBCTCTBYIOIIHUEC BAPUAHTY CTYACHTA ITPUBCJICHBI B Tabm. 1.

Tabnmna 1
mﬁ < < < o —
. | s£| = | E | E | |,e |z | B
% ﬁf‘ w 7 ® o s R o % 5 S &)
2 = E o 5| B 8- |E5z2| ES J
5 S2 | g | E¥ | EF| ¥ |E=C| EF | &
S 5 8 2 5 = 5 < g g g
S F | 2 z = = = 7
o S =
1,11, 21 100 50 10 10 10 30 100 60
2,12, 22 200 50 20 20 20 35 95 65
3,13, 23 300 50 30 30 30 40 90 70
4,14, 24 400 50 40 40 40 45 85 75
5,15, 25 500 50 50 50 50 50 80 80
6, 16, 26 600 50 60 60 60 55 75 85
7,17, 27 50 50 70 5 70 60 70 90
8, 18, 28 60 50 80 6 80 65 65 95
9,19, 29 70 50 90 7 90 70 60 100
10, 20, 30 80 50 0 8 0 75 55 30

Coaep:xanue pacueTHO-Tpaduyeckoi padoThI:

1. I/ICCJ'Ie}IOBaHI/Ie HCTOYHHWKOB HAIIPSAKCHHUA W TOKA, MCCICAOBAHHUEC OCHOBHBLIX BCJIWYHH,
XapaKTEePU3YIOLIIUX CUHYCOUIAIBHBIA TOK.

2. HccnenoBanue pe3ucTopa B LIENH CUHYCOUJIAIBHOTO TOKA.

3. I/ICCJ'Ie}IOBaHI/Ie HWHIAYKTUBHOCTHU B LECIIHU CUHYCONJAJIBHOI'O TOKA.

4. WccnenoBaHue eMKOCTH B IIETIH CHHYCOMIATbHOTO TOKA.

5. HUccnenoBanue mocieqoBaTeIbHOTO COECIMHEHUSI PE3UCTOPA, UHIYKTUBHOCTH U €MKO-
CTH B LIETIH CHHYCOUJAIBHOTO TOKA.



6. VccnenoBanue napajielbHOTO COEIMHEHUS PE3UCTOpa, UHIYKTUBHOCTH M €MKOCTH B
LEMU CUHYCOUJIaJIbHOTO TOKaA.

7. UccnenoBaHue CMEIIAaHHOTO COSAMHEHMS PE3UCTOPa, MHAYKTUBHOCTH U €MKOCTH B I1€-
M CUHYCOUJIAJIbHOTO TOKA.

8. Ilpoepka 3akoHoB Kupxroda B 1ernu cCMHycoOu1aa1bHOTO TOKA.

BupryajbHbie npudopbl 1 000pyA0BaHHE:

Buptyansubie npuOopsl 1 000pyI0BaHUE ISl BHIIOJHEHUSI pacueTHO-TpaduuecKoi padbo-
ThI MpeacTaBieHbl Ha puc.l. OHU cofep)kaT UCTOYHKMK CHHycoHMaanbHOro Hanpsbkenus (AC Vol-
tageSource), ucrounuk cuHycouaaiabHoro Toka (ACCurrentSource), mocienoBaTelbHbIC U IMa-
paJuieabHbIe RLC-uemnu (SeriesRLC, ParallelRLC), HU3MEPHUTEIbHBIE npuOOpHI
(VoltageMeasurement (BombT™erp), CurrentMeasurement (ammepmerp), Multimeter, powergui
(6;1ox rpaduyeckoro uHTepdeiica moapzonarens), ActiveandReactivePower (610K u3MepeHus ak-
TUBHOHM U peakTUBHOI MomHocTH), Display) u ameMeHThl coeMHEeHUs] — BXOJ M BBIXOJ 3a3eMiie-
aus (Groundinput, Groundoutput).

Bce BupTyansHbie prbopsl U 00opynoBanue (kpome Display) siisitorcst 6mokamu makera
pacumpenuss PowerSystemBlockset (SimPowerSystems must Bepcuii mozaaee Matlab 6.5). [Iuc-
wieit (Display) sinsiercst 6:110koM ocHoBHOU Oubmotexku Simulink.

F - :E&W
Wi LabL1® Seaes BEas O ==

File Edit View Simulation Format Teols Help

O =:EHE 2 3 |D.1 |Non‘nal

o
o

+

@ AC Voltage Source Series RLC Branch a El P

° T Multimeter
a
a

R
@ AC Current Source Parallel RLC Load Continuous

powergui

o|+ E W

Wolt &l t Ci t M t . .
oltage Measuremen urrent Measuremen Active & Reactive
Power
a
L L 1
Display
Ready 100% odeds

Puc. 1 - bubnanoreunsle BUpTYyaabHbIE OJIOKH K J1abOpaTopHON paboTe

Makcumanwvholii 6ann 3a KOHmMpPoavHylo padomy cocmaensem 10 munu-
MAIbHBLIL 0a1 — 5.

Ilpu noemopnom nepenucvi@anuu KOHMPOJIbHOU 6 UMO208blU PEUmMUHZ
uoem cpeoHuil OaN1 O 6cem NONLIMKAM.



MuHHCTEPCTBO HAyKU U BhIciIero oopazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prinain)
beneparTbHOTO TOCYAAPCTBEHHOTO OFOKETHOTO 00Pa30BaTEIHLHOTO YUPEKICHHUS
BBICIIIETO 00pa30BaHUs
«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

DaxyrbmemungpoOpMayUoOHHbIX MEXHOI02ULL
Kageopasnexmpomexnuku u snepeoobecnevenus npeonpusmuii

Hampasnenune noaroroBku:13.03.02 «311eKTpodHEpreTHKa U JIEKTPOTEX HUKAY
(k0O U HauUMeHoB8aHue)

[Tpoduns/mporpamma: «daekrpocHabkeHrE»
(Haumenosanue)

Cemectp4 — 04HOE OTJIETICHUE;
CemecTtp 8 — 3a04HOE OT/ICJICHUE;

Bonpocsl 114 3a4eTa ¢ OLeHKOM
0 TUCUUTUIMHE «MOJIEIMPOBAHUE B DJICKTPOTEXHUKE)

KonTtponrsHbie Bormpocs! o teme Ne 1
«Onepanuonnas cpeaa Simulink»

. 3aIIyCK CHUCTEMBI.

. O603peBarenp oudmoreku 6;10k0B Simulink.

. Co3manue Mmoaeny.

. OCHOBHBIE 3JTIEMEHTHI OKHA MOJIEIIH.

. OCHOBHBIE TIPHEMBI IOATOTOBKH U PEIAaKTUPOBAHMS MOCIIH.

. YCTaHOBKa MapamMeTpOB MOJECIUPOBAHUS U €TI0 BbINOJIHEHHUE.

OO WN PR

KonTtponsHbie Borpocs o Teme Ne 2
«0030p ocHoBHOI OHOIHOTEKH Simulink»
. UcTounuku curaamoB SOUrCeS.
. [Ipuemuuku curaanos Sinks.
. broku HenpepbiBHBIX Monenel Continuous.
. brokn maremarnyeckux oneparuii MathOperations.
. broku mapmpyru3anuu curnanos Signal&Routing.
. ®ynkium, onpeaensemsle mosb3oBatenem User-definedFunction.

OO WN -

KonTtponrsHbie Bompocsl o Teme Ne 3
«bubauoreka 6;10k0B SimPowerSystems»
. CocraB OMONIMOTEKH U OCHOBHBIE OCOOCHHOCTH.
. Ucrounnku snexrpuyeckoii sneprun ElectricalSources.
. I3MepuTenbHbIe 1 KOHTPOJIbHBIE YCTPOMCTBA.
. DnekTpoTexHuyeckue meMeHThl Elements.
. DieMeHTHI CHIIOBOM 3ekTpoHukr PowerElectronics.
. Dnekrpudeckue MamuHbsl Machines.
. Mogenu quist pacuera BeKTOpHBIM MeTofoM PhasorElements.

~NOoO ok~ WDN -



= ~NOo ok~ WDN -

N

KoHntposnbHbie Bonpockl o Teme Ne 4
«I'paduyeckuii naTepdeiic moab3oBareass Powergui»

. Pacuet cxem cCUMBOJIMYECKUM (BEKTOPHBIM) METOJIOM.

. JuckpeTn3anusi MOJEIIH.

. Pacder ycTaHOBHUBIIIErOCS peKUMA.

. Manmmanuzanus tpexdas3HbIX cXeM, COAepKaIIUX dICKTPUUECKUE MAIIUHBI.
. Onpenenenrne UMneaaHca UETH.

. "'apmoHHUYECKU aHaN3.

. Co3naHue oTyera.

KontposnbHbie Bonpock 1o Teme Ne 5
«OcHoBHbIe KoMaHabl Matlab nast ynpasaenns SPS-monennro»

. OyHkus nHANKanu3anun SPS-moaenun power_init.
. OyHKIMS 1)1 OIpEeACIICHUS MaTEMaTHICCKOM MOJICIIH THHEHHON YaCTH DJIEKTPH-

4eCcKOM cxeMbl power_statespace.

KonTponbabie Bompock! o Teme Ne 6
«I[Tpunmun paéorsr SimPowerSystemsy

. AnroputM pacueta SPS-moznenu.
. BeIOOp MeTo/1a MHTEerpupOBaHUS.
. OcoOeHHOCTH MOAETHPOBAHMS CXEM CHIIOBOW DJICKTPOHUKH.

MaxkcumanvHwtil 6ann 3a 3auem ¢ OUEHKOU 0J1 0YHO20 OMOC/IEHUA COCMAB-

aaem 40, munumanvnvii 6ann — 25.

Maxkcumanvhstiit 6a11 3a 3auem ¢ OUCHKOU 01 3A0YHO20 OMOEIEHUsA CO-

cmaensiem 40, munumanovuoiit 0ann — 20.
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