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Ilepeuens komnemenyuii U UHOUKAMOPOE 0OCMUICCHUA KOMNEMEHYUIL ¢ YKA3ZAHUEM INMAN08 YopMupoeanus ¢ npoyecce 0C60eHUusA Ouc-
UURNTTUHDL

Kommnerenmms:
OIIK-3 — cnocobeH ucnoap30BaTh METObI aHAIN3a U MOJICTUPOBAHUS NIEKTPHUUECKHX IETeH U AIEKTPUIECKUX MAIIIHH.
Nuaukatopsl 1OCTHKEHUS KOMIIETCHIINU:

OIIK-3.1 — 3HaeT OCHOBHBIE MOHATHSA U 3aKOHBI TEOPUH DIEKTPUUECKUX LIENEH U SNMEKTPUUECKUX MAIUH; METO/IbI aHAIN3a U MOJCIUPOBAHHUS
BJIEKTPUYECKUX LETEN U ANEKTPUUECKUX MAIIWH;

OIIK-3.2 — yMeeT cocTaBIATh ypaBHEHUS IJIs SICKTPUUECKUX IEeTIeH U ANEKTPUYECKUX MAIUH U MPUMEHSTh Pa3IMYHbIe METOAbI MOJICIHPOBa-

HUS;
OIIK-3.3 — BaziceT METOIaMH pacyeTa MePeXOHBIX U YCTAHOBUBIIIMXCS MPOIIECCOB B AJICKTPHUYCCKUX METIAX M AJICKTPHUSCKUX MalllnHAX.
I[JUI OYHOI'O OTACJICHUA

Amanst hopmuposanusa é npoyecce 0c60CHUA OUCUUNTIUHBL
Hnouxamopul
Ilpakmuueckue . Haumenoeanue ouenounozo
oocmudiceHusn . Jlabopamopnvie Kypcosoit npoexm
Jexyuu 3anamus, 1a00pamopHulil cpeocmea
KomnemeHyuu 3aHAMUA (paboma)
NPAKMUKyM
JlaGoparopHas pabora
I1K-3.1 Tema 1-6 He mpexycMoTpensl Tema 1-3 He npenycmoTpensr 3aueT ¢ ONEHKO
JlaboparopHas pabora
[1K-3.2 Tema 1-6 He npexycmoTpenst Tema 1-3 He npenycmoTpenst 3aueT ¢ OLEHKO
JlaGopaTopnas pabota
[1K-3.3 Tema 1-6 He npenycmoTpenst Tema 1-3 He npexycmoTpensl 3aueT ¢ OLEHKO




JIJ1s1 3a04HOTO OTAEIICHUS

Imanwl popmuposanus 8 npoyecce 0c80eHUA OUCUUNTUHBL

Hnouxamopul
Ilpakmuueckue . Haumenosanue oyenounoz2o
oocmudiceHus . Jlabopamopnuie Kypcoeoit npoexm
Jexkyuu 3anamus, nabopamopnulil cpeocmea
KomnemeHuuu 3aHAmMUA (paboma)
NPAKMUKym
JlaboparopHas pabora
[1K-3.1 Tema 1-6 He npexycmoTpenst Tema 1-3 He npexycmoTpensl Kourposnsnast pabota
3aueT ¢ olleHKOH
JlaboparopHas pabora
[1K-3.2 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpeHbl KonrponsHas pabora
3aueT ¢ oIeHKOH
JlaGopaTtopnas pabota
[1K-3.3 Tema 1-6 He npemycMoTpeHsl Tema 1-3 He npenycmoTpensl KonTpospHas pabora

3a4eT ¢ OLIEHKOH

I[J'DI OYHO-3a04YHOTI'O OTACIICHHUA

Hnouxamopul

Amanst hopmuposanus é npoyecce 0c60eHUA OUCUUNTIUHBL

Ilpaxkmuueckue . Haumenosanue oyenounoz2o
oocmudiceHus . Jlabopamopnuie Kypcoeoit npoexm
Jexyuu 3anamus, 1adopamophlii cpeocmea
KoMnemeHyuu 3anamus (paboma)
nPAKMuUKym
) } ) JlaGopaTtopnas pabota
I1K-3.1 Tema 1-6 He npenycmoTpenst Tema 1-3 He npexycmoTpeHsl 3auer ¢ ONeHKOH
) ) ) JlaGoparopHast paboTta
[1K-3.2 Tema 1-6 He npemycmoTpeHsl Tema 1-3 He npenycmoTpensl 3auer ¢ OLEHKOI
[K-3.3 Tema 1-6 He npenycmoTpenst Tema 1-3 He npexycmoTpeHbl Jlaboparopras padota

3auer ¢ OLEHKOH




Ilepeuens oyenounvix cpeocme no oucyuniune «Mooenuposanue 6 In1eKmpo-

mexHuKe»
JIJ1s1 04HOTO OTACIICHUS
O1neHoYHbIE CPeACTBA Koa-Bo | Min, 6amaoB | Max, 6amioB
JlaGoparopnas pabota 5 35 60
3ayeT ¢ OLIEHKON 1 25 40
Hroro: 60 100
J1J1s1 3a04HOTO OTAEIICHUS
O1eHoYHbIE CpeACTBA Koa-Bo | Min, 6aaios | Max, 6a/ioB
JlaGoparopnas pabota 5 35 50
KonTtposnbHas paborta 1 9) 10
3ayeT ¢ OLICHKOU 1 20 40
Hroro: 60 100

J1J1s1 04HO-3a09HOTr0 OTACICHUS

OneHo4YHbIE CpeACTBA Koa-Bo | Min, 6amaos | Max, 6a/mioB
JlaGoparopnas pabota 5 35 60
3ayeT ¢ OLICHKOU 1 25 40
Hroro: 60 100
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87-100

OrinyHo (3a-
YTEHO)

OLeHKa «OTJIMYHO» BBICTABIISIETCS] CTYIIEHTY, €CIIM TEOPETHUYECKOE COJEp-
JKaHHEe Kypca OCBOEHO TMOJIHOCTRIO, 0e3 Mpo0eoB; NCUYEPITBIBAIOIIE, ITOCe-
JIOBATEIIPHO, Y€TKO W JIOTHYECKH CTPOMHO W3JIaracT marepuai; cBOOOIHO
CIpaBisIeTCsl C 3aJadaMH, BONPOCAMHU W JPYTMMH BUIAMU MPUMEHEHUS
3HAHUI; UCIIONB3YET B OTBETE JOMOIHUTENbHBIN MaTeprall BCE MPELyCMOT-
pEHHBIC TIPOTPaMMON 3a/TaHUSI BHITIONHEHBI, KAYECTBO MX BBIITOJTHCHHSI OIIe-
HEHO YMCJIOM 0alIoB, OJIM3KUM K MaKCHMaJIbHOMY; aHATU3UPYET MOIydeH-
HBIE PE3YNbTaThl; MPOSBISET CaMOCTOSITENLHOCTh IPHU  BBIIOJIHEHUU
3alaHUuN

74 - 86

Xoporo (3a-
YTEHO)

OrneHKa «XOpOILIO» BHICTABIAETCS CTYAEHTY, €CJIM TEOPETHUYECKOE COIep-
KaHUE Kypca OCBOCHO ITOJIHOCTBIO, HEOOXOAWMBIE TPAKTHYECKHE KOMIIe-
TEHIIMA B OCHOBHOM C(OPMHPOBAHBI, BCE MPEAYCMOTPEHHBIE MPOrpaMMOi
00ydeHus yueOHbIe 3a1aHMsI BBIIOIHEHBI, KAYECTBO UX BBIIIOJIHEHUS J10CTa-
TOYHO BbICOKO€. CTyIEHT TBEPJO 3HAET MaTepuall, TPaMOTHO M 10 CYILECT-
BY M3JIaraeT €ro, He JOMyCKas CYLIECTBEHHBIX HETOYHOCTEH B OTBETE Ha
BOIPOC.

60 - 73

VY nosnerso-
pUTENBHO (3a-
YTEHO)

OneHKa «ylOBICTBOPHTEIILHO» BBICTABISCTCS CTYACHTY, €CIIH TEOpEeTHYe-
CKO€ COJEpIKaHHe Kypca OCBOCHO YaCTHYHO, HO NMPOOEINbl He HOCST CyIIe-
CTBEHHOI'O XapakTepa, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MPOTpaMMoi 3a-
JTaHWH BBINOJHEHO, HO B HHUX MMEIOTCS OIIMOKM, NpPH OTBETEe Ha
MOCTABJICHHBIH BOIPOC CTYAEHT JOMYCKaeT HETOYHOCTH, HEJOCTaTOYHO
MpaBUWIbHBIE (OPMYIUPOBKH, HAOIOAAIOTCS HAPYIIEHUS JIOTUYECKOW TO-
CJICOBATEIbHOCTH B M3JIOKEHUH IPOrPaMMHOT0 MaTepraa.

OneHKa «3a4TE€HO)» BBICTABISCTCS CTy-
JACHTY, €CJIM OTBETBI Ha BOIIPOCHI IO TE-
MaM JUCHMIINIMHBI ITOCJIICA0OBATCIIBHEI, J1O-
TUYCCKU H3JI0KCHBI, JOIMYCKarOTCA
HE3HAYUTECIIbHBIC HEAOYETEI B OTBETE CTY-
JICHTa, TaKUEC KaK OTCYTCTBHE CaMOCTOsA-
TCJIIBHOI'O BbIBOAA, PCYCBLIC OIIMOKH U mnp

Huxe 60

Heynosnetso-
PUTEIHHO
(1e 3auTeHoO)

OueHKa «HEYJOBJIETBOPUTEIBHO» BBICTABIISCTCS CTYICHTY, €CIH OH HE
3HAeT 3HAYUTENILHON YacTH MMPOrPaMMHOI0 MaTepuaa, JIOMYyCKaeT CyIIecT-
BCHHBIC OIIMOKH, HEYBEPEHHO, C OOJBIIUMHU 3aTPYAHCHUSIMH BBITIOIHSICT
HpaKkTHYeCKUe pPaboThl, HEOOXOAMMBIC MPAKTHYCCKHE KOMIICTCHIUH He
copmMupoBaHbl, GOJBIIMHCTBO MPEAYCMOTPEHHBIX HPOrPaMMO 00y4eHHUS
y4eOHBIX 3a/laHU HE BBIOJIHEHO, KAYeCTBO UX BBIMOJHEHHS OLICHEHO YHC-
JI0M 0aJI0B, OJM3KHUM K MUHHUMAJILHOMY

OueHKka «HE 3a4YTEHO» BBICTABISACTCA
CTYIEHTY, €CIH CTY/IEHT HE 3HaeT OCHOB-
HBIX TIOHSATUH TEMbI TUCIUILIMHBI, HE OT-
BEYaeT Ha JIOTIOJHHUTEIBHBIE H HABOIAIIIE
BONIPOCHI TIPEIOIaBATEIS.




KpaTtkas xapakTepucTuKa OLEHOYHBIX CPEICTB

Ne | Haumenoeanue | Kpamkxasa xapaxmepucmuxa oyenounozo | Ilpeocmaenenue
n/n| OueHouHo20 cpeocmea OUEHOUYHO20 cpeo-
cpeocmea cmea 6 ponoe
1 |JlaGopatopHas |DTo Buj y4eOHOU pabOTHI, 1eNbl0 KOTOpOW| Tembr mabopaTop-
pabota SIBJISIETCA M3Yy4YeHHE (KCClieIoBaHKEe, U3Mepe-|HbIX padoT, KOH-
HUE) XapaKTePUCTHUK J1a0OPaTOPHOTO OOBEK-|TPOJbHBIE BOIPO-
Ta. CBI TI0 TEME
[lens maGopaTOpHBIX 3aHIATHH:  OCBOEHME|Ia0OpaTOpPHOIL pa-
u3y4yaeMoi yueOHON NUCHUIUIMHBI; MpUoOpe-00Thl, BOIPOCHI K
TE€HUE HaBBIKOB MPAKTUYECKOTO MPUMEHEHHUS |KOJNIOKBUYMY
3HAHUW y4EOHOW MUCIUIUIMHBI (JIUCIUILINH)
C HCIOJBb30BAHUEM TEXHHUYECKUX CPEICTB U
(unn) oOopyI0BaHUS
2 |KontponsHass |CpeAcTBO MPOBEPKU YMEHUN MPUMEHATH 1O-|KoMmiiekT KoH-
pabora JyYEHHBIE 3HAHUS IS PEIICHUS 3a7a4 OIpe-|TPOIbHBIX 3aJlaHuN

ACJICHHOI'O TUIIA I10 TEMC HUJIN Pa3acily.

110 BapuaHTaM




MuHuncTEepCTBO HAYKH M BhICIIEro oOpa3oBanus Poccuiickoit denepanun
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIbHBINA UCCIEA0BATENbCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakynbmem uHGOPMAYUOHHBIX MEXHONO2UL
Kagheopa snexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Y4eOHBIM IJ1aHOM 110 HampaBjeHHuI0 moaroToBku 13.03.02 «DnekTpolHepre-
THUKA U AJIEKTPOTEXHUKA» I 00YyUaIOMUXCsl MPEeyCMOTPEHO MPOBEJCHUE JIabopa-
TOPHBIX 3aHATUHN MO0 TUCTUIUTNHE «MOJIETMPOBAHNE B JIEKTPOTEXHUKEY.

JlabGopaTopHbIe 3aHATHS MO0 IUCIUILIMHE MPOBOASITCS B CIIEIUAILHO 000py-
JIOBAaHHBIX JIA0OPATOPHSIX C TPUMEHEHUEM HEOOXOIUMBIX CPEICTB O0yUeHHS: J1a0o-
paTopHOTO 000PYIOBaHUs, 00PA3IOB I UCCIEAOBAaHUN, METOMUECKUX MTOCOOHH.
L{ens mpoBeneHus 1a00PaTOPHBIX PabOT - MPAKTHIECKOE OCBOCHUE TCOPETUUCCKUX
MIOJIOXKCHUH JICKIIMOHHOTO MaTepHalia, a TAaKXKe BBIPaO0OTKA CTYJICHTaMHU OIpe/IeIICH-
HBIX YMEHUH U HABBIKOB CAMOCTOSTEILHOTO DKCIIEPUMEHTHPOBAHUS.

Jlabopatopnas padora Nel. «Ilporpammuslii naker MatLab»»

«IIpubopHo#i 6a30i» MPOBEACHUS BUPTYaIbHBIX JTa0OPATOPHBIX PaOOT SBISIFOTCS MAKETHI
pacmupenus Simulink u Power System Blockset mmpoko pacnipocrpanennoro makera MatLab.

B 06ubnmoTekax 3TUX MAKETOB PACHIMPEHUS HMEIOTCS MHOT'OYHCICHHBIE BHUPTYalbHBIC
3JIEMEHTHl ¥ MHOTOYHCIICHHBIE N3MEPUTENbHBIE MPHUOOPHI, YTO MO3BOJIIET BCECTOPOHHE HCCIIe-
JIOBATh JIEKTPUYECKYIO IIETIb JII000M CI0KHOCTH.

B nanHo# maGopaTopHOW pabOTE OMUCHIBAETCS COJEPKAHHUE OCHOBHBIX OMOIMOTEK ITHX
MaKeTOB PACHIMPEHUS U PACCMATPUBAIOTCS OCHOBHBIEC MpUeMbl paboThl B HUX. IIpu 3TOM 0CHOB-
HOE BHUMaHHE yJIEJICHO TeM OMOIHOTEeKaM, KOTOphIe HCTIONB3YIOTCS B TAIHEWIIEM IpH paboTe B
BUPTYaJIbHOM J1a0OPAaTOPUU 3JIEKTPUUECKUX LIETIEH.

Iaker pacimpenus Simulink3 B makere Matlab-6

Ha3panue makera MatLab mpoucxoaut ot cinoBocouetanuss Matrix Laboratory, on
OPUEHTHPOBAaH B TEPBYI OYepelb Ha OOpabOTKYy MacCHBOB JaHHBIX (MaTpHUII U BEKTOPOB).
MIMEeHHO MO3TOMY, HECMOTpPSI Ha JIOCTATOYHO BBICOKYIO CKOPOCTh CMEHBI TOKOJCHHUI BBIYMCIIH-
TenbHOM TexHuku, MatLab ycneBan BIUTHIBaTh BCe HanOOJIee IIEHHOE OT KaKI0To M3 HHUX. B pe-
3yabTaTe K HactosieMy Bpemenu MatlLab npencrasnsier coboii Oorareiimryro 6nOnmmoTeKy (yHK-
nuii (ux 6omee 800), enHCTBEHHAs TMpobiieMa pPabOThl ¢ KOTOPBIMU 3aKJIIOYACTCS B YMEHUH
OBICTPO OTHICKATh TE U3 HUX, KOTOPBIC HYXKHBI /ISl PELICHHS TOCTABICHHOM 3a/1a4H.
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Puc. 1.1. Bu6auorexa Simulink

Jlnist Toro, 4To0bI 00JIErYUTh CHENUATUCTaM Pa3IMUHBIX 001acTell HAYKH U TEXHUKHU pado-
Ty C ITAaKeTOM Bcsl OMOMmoTeka pyHKIMIA pa3OuTa Ha paszensl. Te U3 HUX, KOTOpble HOCIT Ooiee
o0wmuit xapakTtep, BXOJAT B cocTaB siqpa MatLab, Torna kak ¢yHKIH, KOTOpbIE SIBISIFOTCS CIie-
UPUUSCKUMH 11 KOHKPETHOM 00J1acTH, BKIIOUYEHBI B COCTaB makeToB pacmupenus (Toolboxes).

B mocnenHee BpeMs mosiBHIIaCh HOBasi, CYIIECTBEHHO paciinpeHHast Bepcus — MatlLab-
6, — ¢ HOBBIM MHTEpdeiicoM. DTOi BEpCHU HIDKE Y/AEJICHO OCHOBHOE BHMMaHHe. OqHaKo, He0O-
XO/IUMO OTMETHTh, UTO OMOJIMOTEKU CTapbIX BepCHid ¢ UX UHTepdericoM coxpaHeHsl. I1yTh k Takoi
OMOTMOTEKE CIIEeTYIOIIHIA:

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

bubnunorexa Simulink3 npencrariser codoii HabOp BU3yalbHBIX 0OBEKTOB, UCIIOJIB3YS KO-
TOpBIE MOXHO HCCIIEIOBATh MPAKTUYECKU JIO0YIO0 JEKTPUUECKYIO 1emb. [IpakTHuecku A Bcex
OJIOKOB CYILIECTBYET BO3MOYKHOCTh HAacTpOilkM mapameTpoB. [lapamerpsl HacCTpoilku oTpakaroTcs
B MOJISIX HACTPOMKK OKHA HACTPOWKHU BbIOpaHHOro O10ka. KrHonka Help Ha nonsx HacTpoiiku oT-
KpbIBaeT MOAPOOHYI0 HH(POPMAIIHMIO O OJIOKE M €0 MapaMeTpax HaCTPOUKH.

Best 6ubnmnorexa Simulink B HOBo#i Bepcun pa3duTa Ha BoceMb pasneinos (puc. 1.1). Co-
Jep KaHue pasziesia HaXOAUTCs B TIPaBOM OKHE OuOamnoTeku. /{151 BBI30Ba MPUBBIYHOTO UHTEPDEii-
ca 6MOIMOTEKHU ClielyeT YCTAaHOBUTHh KypCOp Ha COOTBETCTBYIOLIUM pa3zies B JIEBOM OKHE, IPaBOi
KHOIIKOM «MBIIIKW» BBI3BATh BBINAJAIOIIEE MEHIO U 3 3TOI'0 MEHIO OTKPBITh OMOJIMOTEKY.

Huxe npu onucanuu GuOIMOTEK MOSICHEHUS OYIyT AaHbI TOJBKO JUIS TeX OJIOKOB, KOTO-
pbI€ UCTIOIB3YIOTCS B AaJbHEHIIIEM.

Bubanorexka maremaTuueckux pynkuuii Math

bubnuoTtexa Marematrueckux QPyHKIMH MMoka3aHa Ha puc. 1.2. OHa COIEPKHUT CIETYIOINE
OJIOKH.

Sum — aHaIOTOBEII CyMMaTOp, KOTOPBIN TO3BOJISET alNTreOpandecK CyMMHUPOBATh JTI000e
YHCJIO CUTHAJIOB Ha BXOJE.

Product ¢opmupyeT Ha BBIXOJE pPe3yJIbTAT YMHOXKEHUS WM JCJCHUs NIBYX H OoJjee
BXOJABIX CATHAIO0B. UKHO HACTPOWKHU OJOKa Mmoka3aHo Ha puc. 1.3. B moie HacTpoiiku 3TOro
OKHa BBOJSITCS TapaMeTphl HACTPOUKH. [l JaHHOTO 0J0Ka B Ka4eCTBE MapaMeTpOB HACTPOUKHU
YKa3bIBAE€TCS YUCIIO BXOJIOB U BUJ BBITIOJIHAEMOH Ollepalyu.

Dot Product — 3BeHO, OCYIIIECTBIAIONIECE IEPEMHOKEHHE IBYX BXOIHBIX BEIUYHH, €CIIH
OHU SIBIIIIOTCSI CKaJSIpaMU, a TaKkKe BBIYHMCIIONIEE CYMMY IMODJIEMEHTHBIX MPOM3BEACHUHN IBYX
BXOJIHBIX BEKTOPOB OJIMHAKOBOU JIITMHBI.

Gain — aHaJOroBBIN YCUIUTEb.

Slider Gain — aHamoroBbIil yCHINTENb C MHTEPAKTUBHON HACTPOWKOW mapamerpa. Ma-
trix Gain — ycunuTens, Ha BXOJ KOTOPOTO MOJAETCsl BEKTOP.



Mat Function — 610K, TO3BOJISIOIINI BBIOPATh OAHY M3 MAaTEMAaTHYCCKUX (DYHKIUH B
I10JIC HaCTpOﬁKH 1 BKIIFOUUTH €€ B MOACIIb.
Trigonometric Function ¢popmupyeT Ha BBIXOJEC TPUTOHOMETPHUECKYIO (DYHKIIHIO BXO/I-

Horo curHana. Beibop ¢pynkium odecnieunBaercs B ojie HACTPOMKH.
MinMax. biiok BEIOHpaeT MUHUMAIILHOE WIM MaKCHMalbHOE 3HAYEHHUE BXOJHOTO CHTHA-

Jla — YKCIIOBOI'0 BEKTOpa — B COOTBETCTBUU C 3a/IaHUEM I10J151 HACTPOMKH.
Abs ¢opmupyer Ha BbIXOAE aOCOJIOTHOE 3HAYCHHE BXOMHOTO CHUTHaNa, B ()YHKI[HO-
HaJIbHBIX CXE€MaX UTPAET POJIb BBHIIPSIMUTEIA.

L] Library: simulink3/iath HEE
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Puc. 1.2. Budimoreka mareMaTudecknx pynknuii Math
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Puc. 1.3. OxHo HacTpoiiku 6Jjoka Product

Sing — Omnok-pese, pearupyrolnuii Ha 3HAK BXOJHOTO CHUTHaNA. 3HAUYECHUE BBIXOIHOTO
CUTHAJIa yCTaHABIMBAETCS B MOJIE HACTPOUKH.

Rounding Function okpyrisier BXOAHO#N curHaji, QYHKIMS OKPYIJICHHS BBHIOMpaeTCs B
10JIe HACTPOWKH Ha HUCTAAIOIIEM MEHIO.

Combinatorial Logic obecreunBaet npeodpa3oBaHue BXOAHOTO CUTHAIA B COOTBETCTBHH
¢ c(hopMHPOBAHHOKN B IOJIC HACTPOUKH TAOJIHMIICH MCTUHHOCTH. DTOT OJIOK MPEICTaBISET COOOM
MOJIEJIb KOHEYHOTO aBTOMAaTa, COCTOSHHsI KOTOPOTO, KaK M3BECTHO, OMUCBHIBAIOTCS MPHU TTOMOIIN

OyneBoii anreOpsl.
Logical Operation, Relation Operator u3BecTHble JOTHYECKHE OIMEPAIHH «H» H



«u». KoamuecTBo BXO/IOB 3a/1a€TCsI B MOJIE HACTPOMKH.

Bitwise Logical Operator — yHuBepcalbHbIN OJIOK, pealU3yIOIMUN THOOYIO JIOTHYC-
CKYI0 (DYHKITHIO.

Complex to Magnitude-Angle — 060K, MO3BOJSIIOIIUI BBIACIUTH MOIYJIb U (azy
BXOJIHON KOMIUICKCHOI BEIIMYNHEL.

Magnitude-Angle to Complex — 610k, peoOpa3yronuii BXOJIHYIO BEJIUYHHY, 3a/1aH-
HYI0 MOZTyJIeM U (a30ii, B KOMIICKCHYIO BBIXOHYIO BEITUUHHY.

Complex to Real-Imag, Real-Imag to Complex — 0650ku, npeoOpa3yromme KOM-
TUICKCHBIC BEJIMYMHBI U3 MTOKAa3aTeIbHON (OPMBI B alreOpandecKyro U 00paTHoO.

Algebraic Constraint — 0610k, MO3BOJISIONIUI B CTPYKTYPHYIO MOJICNIb BKJIFOYATh CUCTE-
My areOpandecKux ypaBHEHUI.

Bubanorexka HeauHeiinbIx 0J10Kk0B Nonlinear

bubnmoreka HeMMHEWHBIX OJIOKOB Moka3zaHa Ha puc. 1.4. Dta OMOIMOTEKA CONEPIKUT
0JIOKM, OIIMCAaHHbIEC HUKE.

Rate Limiter oGecrneunBaer pasiuuHble KO(GQOHUIMEHTH MMEepeaayd B 3aBHCHUMOCTH OT
3HaKa BXOJHOI'O CUTHaJa. B MONSX HACTPOWKM YCTaHABIMBAIOTCS 3HAUCHHS ITHX KOA(PUIIMCH-
TOB.

Saturation — ycuiuTens ¢ orpaHnueHreM. BenurnHa BBIXOJIHOTO CHTHAJIA MTPH TTOJIOKH-
TEJILHOM M OTPHIIATEIILHOM BXOJHOM CHTHAJIC YCTAHABIMBACTCS B IMOJISIX HACTPOUKH.

Quantizer — 010K, oOecrieYnBaIOINi KBAHTOBAaHHE BXOJJHOTO CHTHaja 10 ypoBHIO. Be-
JUYHMHA CTYNEHBKH 3a7a¢TCs B M0JIC HACTPOUKH.

Backlash — 6ok, peanusyromniuii 10pT B MEXaHUIECKUX PEAYKTOPAX.

Dead Zone — 610K, peaqu3yroIuii 30Hy HEUyBCTBUTEIbHOCTH.

Relay — perne ¢ peryaupyemMoii 30HOH HEUYBCTBUTEIBHOCTH M YCTAHABIMBACMOM BEIINYM-
HOU TIOJIO)KHUTEIBHOTO U OTPHUIIATEILHOTO BBIXOTHOTO CUTHAJIA.

Switch — ki1r04, KOTOpBIN TIEPEKITIOYACTCS, KOTa BXOJHOW CHI'HAI CTAHOBUTCSI PaBHBIM
WK OOJIBITUM 3aJ]aHHOTO B I0JIC HACTPOUKH.

Manual Switch — kJirou, KOTOpBI MepekitoyaeTcs Bpyunyto. [Ipu MoaenupoBaHuu mnpu
MIOMOIIIY 3TOTO KITF0Ya yI00HO MEHSTh MapaMeTPbl U CTPYKTYPY MOJICIIH.

Multiport Switch — 6n0k nepekirouyaresneii, mepeaaoNuil Ha BEIXOA OJUH M3 BXOTHBIX
CUTHAJIOB.

Coulomb & Viscous Friction — 0110k, peanu3yromuii XapakTepUCTUKY TPEHUS B MeXa-
HUYECKUX CHCTEMAaX.

File Edit View = Help
L. E _,;J'F L
Rate Limiter Saturation Quantizer
N # 8 4 =+
/
Backlash Dead Zone Relay
3 H
o i >_Q\o—> b
;’i h e a3
witc 3
Manual Switch !
hultiport
Switch
o
Coulomb &
Viscous Friction

Puc. 1.4. Bubauorexka HeanHeiinbix 6J10xk0B Nonlinear



Bubanorexka BUPTyaabHbIX NPUOOPOB AJI5 HAOJIIOACHHUS U PErHCTPALMU NMPOLECCOB
(Sinks)

[Tpubopsr 11 HAOMIOACHUS M PETHCTPAILMH IIPOIECCOB B HCCIETYEeMOH MOJENH Tpea-
cTaBJIeHbI Ha puc. 1.5.

B KOMIIIEKT BXOAAT HIDKECIEMYIONINE BHPTYyaJTbHBIE MPHUOOPHI: SCOPE — OCIMILIOCKOI
Juis HaOMoeHusT BpeMeHHbIX 3aBucuMocteid. XY Graph — rpadonocrpoutens B cucreme
HOJSIpHBIX KoopauHat. Display — yctpoiicTBo 1isi BBIBOAA HA 3KpaH AMCIUIES M3MEPSEMBIX
BeIUYMH B H(poBoii popme.

To file — 6ok, cBaseiBarommii moxenas Simulink ¢ cucremoii MatLab. Dror 6110k 1103BO-
JSIET 3aIkcaTh pe3yabTaThl MojeaupoBanus B ¢aitn MatLab c¢ nenbio nanpHeiinelr 06pabOTKU U
IPE/ICTaBICHUS PE3yIbTATOB.

IE] Library: simulink3/5i... =] E3

File Edit Miew Frons Help

|- [®]

b
Scope XY Graph

I

Display

Auntitied.mat N simout

To File To Workspace

Stop Simulation

Puc. 1.5. Budanorexka BUPTYaJdbHbIX MPUOOPOB AJIs1 HAOIIOJEHUs] M PerHCTPauMu mpoieccoB Sinks

Workspace — yctpoiicTBO [UIs epesaun pe3ylbTaToB MOJESIUPOBaHHs B padouee mpo-
CTPAHCTBO C LEJBIO UX AalbHEWIel 00paboTKH.

Stop Simulation — ocraHoBKa CUMYIISIIHH.

C xaxapIM rpaUuecKUM 3JIEMEHTOM CBSI3aHO OKHO HacTpoek. Ha pue. 1.6 mokaszansl
9KpaH OCIIJIOCKOIA U ero oKHO HacTpoiiku. [TepBoe moe Number of axes 3acimyxwuBaer, moxa-
JTyd, HanOOJBIIET0 BHUMAHUSA. UWCIIO PErHCTPUPYEMBIX IMPOLECCOB U KOJUYECTBO OTKPHIBAIO-
IIUXCSI SKPAHOB OCLMIIJIOCKOIA COOTBETCTBYIOT YUCITY, YCTAHOBIEHHOMY B 3TOM IOJIE.

<} Scope

B eIy

<) 'Scope’ properties MEE3

General l Data hmOW‘ Tip: ty ight clicking on axes
Axes
Number of axes: | 2 [™ floating scope

Time 1ange: | auto

—i
Tick labels: |bottom axis only v |

Sampling |

Decimation lj |1 ‘

0K I Cancel] Help l AppIyJ

a) 0)
Puc. 1.6. Scope — ocMIJIOCKON JJist HAGII0IeHUSI BpeMEeHHbIX 3aBHCUMOCTE (a) M ero OKHO
HacTpoiiku (0)




Bu6a1oTeKa HCTOYHMKOB CHTHAJIOB (SOUrces)

Copneprkanue 3TOro pasjelsa nokasaso Ha puc. 1.7.

HaGop O10KOB COACPKUT MPAKTUYECKH BCE HEOOXOAMMBIC MCTOYHUKH CUTHAJIOB JJIS HC-
CJIEZIOBAHUS ANIEKTPHUUECKUX Iierell. Bo3aMOXkHO 3a7aHne Mpon3BOIBHOTO BO3JIEHCTBUA U3 (aiiina
(6mox From File). Kpome HCTOYHHKOB J€TEPMHHHPOBAHHBIX BO3JCHCTBHUU C pPa3aIdIHOMN
(YHKIMOHATIBHON U BPEMEHHOW 3aBUCHMOCTBIO, UMEIOTCS UCTOYHUKH CIIy4aifHBIX BO3JCHCTBUN
C pa3JIMYHBIMU 3aKOHaMU pacmpezeneHus. C kaxapIM rpaduyeckum OJI0KOM CBSA3aHO OKHO Ha-
crporiku. Tak, as reHepaTopa nepuoandeckux curHanos (Signal Generator puc. 1.8) coorBet-
CTBYIOIIIEE OKHO COJEPXKUT BbIOOp opmbl nepuoauyeckoro curnaia (Wawe form), ycranos-
Ky ammumatynasl curHana (Amplitude), ycranoBky uactotel (Frequency) u BbIOOp eIuHUI
U3MEPEHMs YCTAaHOBJIEHHON YacTOTBHI.

ElLibrary: simulink3/Sources - [[EIES
File Edit View Foat Help
oooo
1 L 00 p P
Constant Signal Step
Generator
7 B [
Ramp Sine Wave Repeaating
Sequence "
Block Parameters: Signal Generator
| l q Je /\JWP Signal Generator
Discrete Pulse Pulse Chirp Signal Output vanous wave forms.
Generator Generator
Parameters
® 1234 p Wave form: r
Clock Digital Clock Anpitude: |8 ' !
] SQUaTE
[untitled.mat# I simin }> F ?:mg;m
From File From Frequency:
Workspace |1
L !‘V’V> Wb Urits  |Hertz :]
/ Interpret vector parame! s1-0
Randem  Uniform Random Band-Limited o bk SR e ST D
Number Number White Noise BRI
E oK ] Cancel 1 Help l [
Puc. 1.7. Bubanoreka HCTOYHH- Puc. 1.8. Oxno nHacrpoiiku Signal
KOB CUTHAJIOB Sources Generator

IMaker pacmupenns Power System Blockset
bubnuorexka Powerlib makera pacmupenus Power System Blockset (puc. 1.9) co-
JEPXKUT 7 paszenioB, MOCIEAHAN U3 KOTOPHIX, EXtras, Bkiroyaer moapasesi.

Library: powerlib2

File Edit View Format Help
:J— %‘ 2& | @ Extras Demos
T _/_T =
Electrical Elements Power Machines Connectors Measurements
Sources Electronics
pouvergui
Discrete system

Ts=5e-005

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

Puc. 1.9. Budauorexa Powerlib



HcTounuxu Jiekrpuueckoii sneprun Electrical Sources

Ota OubimoTeka coxepikaT HeynpaBisieMble U YIPaBIsieMble UCTOYHUKH MTOCTOSHHOTO U
nepeMeHHoro HanpspkeHust u Toka (puc. 1.10). Okno Hactpoiiku 610oka AC Voltage Source moka-
3aHo Ha puc. 1.11. B monsx mapaMeTpoB OKHa YCTaHABIUBAIOTCS 3HAYCHUS aMIUTUTYbI HAIIPSIKE-
HUS, HAYaJIBHOH (ha3bl U 9aCTOTHI.

[Tonre  Measurements mo3Boisier  mojkimoyare  Oinok — Multimeter  mnst us-
MEpEeHUs ¥ HaOJIIOICHHUS BBIXOIHBIX ITApaMETPOB UCTOYHHKA.

brioku ympaBisieMbIX MCTOYHHKOB TIO3BOJISIIOT CBSI3aTh CTPYKTYPHBIE WU (DYHKIIMOHAIb-

Hbele cxeMbl ocHOBHBIX OmOmuorek Simulink Blok Library ¢ smementamu 6ubnmoreku Power
System Blockset.

ElLibrary: powerlib2/Electiical Sources  [Hj[u]

File Edit View et Help

DC Voltage Source +p

A signal
-p

Controlled Voltage Source

o
signal T
>

Controlled Current Source

AL Voltage Source

AC Current Source

>—@i> >‘®i> > }—L>

Puc. 1.10. Bu61noTrexka HCTOYHUKOB
ajeKkTpuueckoii snepruu Electrical Sources

Block Parameters: AC Voltage Source i

AC Voltage Source (mask) (link) St e iy )

ldeal sinusaidal AC Voltage scurce,

Parameters
FPeak amplitude [V):
[iod
Phase [deg).
[[l
Frequency (Hz)
(]

Sample time:

o

Measuements |Mane i

0K I Cancel Help ‘ J

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

Bbu6aunorexa maccuBHBIX 2JieMeHTOB POower Elements

Ha puc. 1.12 npeacraBieH cocTaB 3TOW OMOJIMOTEKH, OHA COMEPIKHUT:
*  MocJefoBaTelIbHbIE U MapaulelibHble MacCuBHbIE 31eMeHThl R, L, C, koTopble MOTYT OBITH
3a[IaHbl B [TAPaMETPax 3THX AJIEMEHTOB, TO €CTh OMax, reHpH U ¢apanax (RLC Branch), a moryt 6bITh
3a/1aHbI 3HAYEHUSIMH aKTHBHOH, pEaKTUBHOW MHITYKTUBHOM, TMOO PEaKTHBHON EMKOCTHOIM MOIIHOCTEH

(RLC Load). Takoe 3ananie Harpy3Ky HHOTIA OYEHb YI0OHO MPHU UCCIICIOBAHUN PabOThI TpeX(hasHbIX
ANEKTPUYECKUX LICTIEH;



* muHelnbIi Tpancdopmarop (Linear Transformer) u Tpanchopmarop ¢ peaabHBIM Mar-
HUTHBIM CEPJICYHIKOM, YYUTHIBAIOLINM ero Hackimenue (Saturable Transformer);

* MarHWTOCBSI3aHHBIE ICIH, WK IIETH ¢ B3anMHoi nuaykuuei (Mutual Inductance);

*  HEIWHEHHBIN 251emMeHT (Surge Arrester), mo3Boistomuii chopMUpOBaTh TPEOYEMYIO
HEJMHEWHYIO 3aBUCUMOCTb MEXAY BXOJHBIM U BBIXOJHBIM CUTHAJIAMU;

» xitou (Breaker), mapamerpsl KOTOpPOro (CONMPOTHBIICHUE, HHIYKTUBHOCTh) B OTKPBITOM
COCTOSIHUM 33/Ial0TCSI B TMOJISIX HACTPOMKU. TaMm ke 3aJaeTcs COCTOSHHE Kitoua (OTKPBIT, 3aKPHIT)
NpY HYJIEBOM BXOJHOM CHUTHAJIC;

* Tpex(a3Hblii ABYXOOMOTOYHBI KM TpexoOMoTouHnslii Tpancopmaropsl (Three-Phase
Transformer, Two Windings, Three Windings);

e Omoku, peanusyolnue mapaMmerpbl  oaHopazHOM W TpexdazHOil  JHHHUH
nepenayu (Pl Section Line, Distributed Parameters Line).

Library: powerlib2/Elements - |0
File  Edit View Help

ST

Series RLC Branch

Parallel RLC Branch
3
M 8 %% \

Series RLC Load >

>§

»

e =E
Linear Transformer

>

i

=g

ik

g> Parallel RLC Load
> Three-phase
Transtormer

(Two Windings)

v

v v

’ §> alp
2 \QMJ Saturable Transformer A
>—fd.m—> E‘
i BN R o
il Pl Section Line B —3
Mutual Inductance 3p
X313
MFel O e WL S
¢ 1————2} i
[ T— Three-Phase
Ay 3 3p Transformer

>.._“m”,_> Distibuted Parameters Line  C "¢# Windings)

Surge Arrester

Puc. 1.12. Bu6anorexa naccuBHBIX 2j1eMeHTOB Power Elements

Ha puc. 1.13 B kadecTBe nmpumepa Mmoka3aHO OKHO HACTPOUKH Oi0ka Tpexda3HOTO TpaHCc-
dopmatopa (Three-Phase Transformer). B nonsx HacTpoWku 3aAatoTcsi mapaMeTpsl TpaHchop-
matopa (POWer mapameTpbl epBUYHOI 1 BTOpudHOM ooMoTok (Winding parameters), cxemsl co-
eJMHEHUs IEPBUYHBIX M BTOpUYHBIX 00MoTOK (okHa Winding 1 (ABC) Connection, Winding
2 (abc) Connection).

dnaxok (Suturable Core) mo3BoJsieT yuecTb HachllieHHE TpaHcpopmaTopa. B Brmagaro-
memM MeHro mnoisi (Measurements) yctaHaBiIMBaIOTCS TEPEMEHHBIE COCTOSIHHS TpaHchopMaTopa,
KOTOpBIE TOJIKAT U3MEPEHUIO NIPH MoenupoBanuu 0i1okom 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) cannection ; ‘Y v
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. [lanean Hacrpoiiku 6;oka Three-Phase Transformer

BJoku cBsI3M MeXy BX0JaMU M BbIX0JaMu Mojejieil Oubauorexku Power System
Blockset (Connector)
Hasznauenue 61okoB (puc. 1.14) packpbiBaeT ux rpadudeckoe npeacrasicnue. Ha auneii-
kax Bus Bar 3agaercs KOIMuecTBO BXO/IOB U BBIXOJIOB.

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

= Ground (input) T:connector

~ )—1—)

— Ground (output) -

>

>—T >
% Neutral (output) L connector

& Meutral (input) >

Bus Bar (thin vert) Bus Bar(ver)

Bus Bar (thin horiz)

e ——— s B (horiz)

Puc. 1.14. Buoauorexka Connector

baoku n3mepennii Measurement
DOrtu  O6iaoku mokazanel Ha puc. 1.15. bmokm  Voltage Measurement,
Current Measurement [peaHa3HAYCHbI s COCIMHEHU U3MEPUTEIIBHBIX
OJIOKOB OMOIHOTEKH Simulink ¢ OmokaMu  OMOJIHOTEKH Power System
Blocksets.  bmox  Impedance Measurement ~ mO3BOJISET ~ HM3MEPHTh  YaCTOTHYIO
3aBUCHUMOCTH MIOJIHOTO COTIPOTHBIICHUS MEeXIy JIBYMSI TOYKaMH uccienye-
MOM CXEMBI.



[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. bu6anorexka Measurement

Oco0b1ii uHTEpec npeacrapiser 6ok Multimeter. Dtor 610k MO3BONISET U3MEPUTH JICK-
TpUYECKUE TIepEMEHHbBIC, BhIOpaHHble B OKHe Measurement coOoTBETCTBYIOIIUX 3JIEMEHTOB (CM.,
Hanpumep, puc. 1.11, 1.13). OkHo HacTpoiiku Omoka Multimeter  (pume. 1.16) conmepxut nBa
nosst. B mepBom (Available) ocne Haxatus kHonku Refresh mosiBnsirorest cOOTBETCTBYONINE U3-
MepsieMble MepeMeHHbIe. Bee Miin 4acTh U3 HUX MOTYT OBITH C MOMOIIbI0 KHOMKK Select mepe-
BEJICHBI BO BTOPOE OKHO ISl H3MEPEHHUS U perucrpanuu pe3yabraro. @aaxox Display signals at
simulation stop mo3BoisieT BIBECTH M3MEpsieMbIe CHTHAIBI B BUAC BPEMEHHBIX 3aBHCHMOCTCH.
OT1OT 6JIOK OYEHb YA0OEH MPU UCCIIEJOBAHNUH U B TAJIbHENIIIEM YacTO MPUMEHSIETCS.

Brok Multimeter cBorM BbIX00M MOKET OBITh MOAKIIOYEH U K BHEIIHUM U3MEPHUTEIISIM.

«} 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. OxHo nacTpoiiku 6a0xka Multimeter

Pacmunpennas 6moauorexka Powerlib Extras
bubnuoreka Powerlib Extras mpencraBnena nHa puc. 1.17. Dra OuOIMOTEKa COINCPKUT
IIECTh JOIOJHUTEIBHBIX Pa3IeiioB.



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. buodauorexa Powerlib Extras

Bbub/uoTexa 10M0JHUTEILHBIX 0JI0KOB
usmepenuss Measurement
Pacmmpennas 6ubimoreka Measurement mokaszana Ha puc. 1.18. bubnmoreka conepxut
OJIOK pa3NIoKEHUs] HECUHYCOMIATBHOTO TEPHOJMYECKOTO0 CUTHANIA HAa TapMOHHUYECKHE COCTaB-
nsromue (Fourier), 6s1ox u3MepeHus 3PPEKTUBHOTO (ACUCTBYOIIETO) 3HAYCHUSI HECUHYCOUIATb-
HOTO TIEPHOIUYECKOTO HanpspkeHus win Toka (RMS), 6510k n3mMepeHnsi akTUBHOW M pEaKTUBHOM
motHocTH (Active & Reactive Power).

E]Library: powerlib_extras/Measurements [_ [O] x|
File Edit View .+ Help
magnitude p hag 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
el 50 Sabe b
abc_to_dg c
AY Transformation Ly
PO b Three-Phase
Al dq0 V-l Measurement
Active & Reactive abe p
Power Asin_cos
dq0_to_abe

Transformation

Puc. 1.18. bubdanorexa Extras Measurement

HmeroTcs Tpu Onoka mpeoOpasoBanus TpexdasHbix curnainoB. biaok 3-Phase Se-
quence Analyzer BbrUuCIIsIET CHMMETPUYHBIC COCTABIISIONIUE TPSAMOM, OOpATHON M HYJIEBOH I0-
cienoBatenbHocTed. bioku abc to dqO Transformation u dqO to abc Transformation ocymiects-
JSTI0T TIpeoOpa3oBanue TpexdazHoit cucteMsl K AByXGha3HoW U HA000pOT.

bnoxk Total Harmonic Distorsion usmepsier koaddunuent rapmonuk. biok Three-Phase V-
I Measurement u3mepsieT TOKH U HaNpsDKEHUS Tpexha3HoU TeTH.

Ha puc. 1.19 B xauecTBe mpumepa Moka3aHO OKHO HacTpoiiku Oinoka Fourier. B monsix Ha-
CTpOIiKU 6JI0Ka OTMEYAETCsl OCHOBHASI YACTOTA U MOPSAKOBBI HOMEP HCCIEAYEMOM rapMOHUKH.

B mosie okHa Hactpoiiku Oio0ka Total Harmonic Distorsion (puc. 1.20) ycraHaBiuBaeTcs
OCHOBHAs 4aCcTOTa UCCJIEyeMOro CUTHAIA.



e
§ e 3

~ 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 0J0ka Fourier

Block Parameters: Total Harmonic 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. Oxno Hactpoiiku 6Joka Total Harmonic Distorsion

Buoauorexa Tpexdasubix neneii Three-Phase Library
Pacmmpennas 6ubnmuoteka Three-Phase Library comepxur Tpexdasnbie nenu pa3imaHoro
HasHauenus (puc. 1.21). B 310 Onbmnorexe uMeeTcss HAOOP MOCIEA0BATEIBHBIX U MapaJLICIbHBIX
Tpex(}aszHbIX Harpy30K, 3alaHHBIX JTHOO MACCUBHBIMH ITapaMeTpaMu, JIM0O 3HAUCHUSMU aKTUBHOU
U PEaKTUBHON MOIIHOCTH, OJIOK HCTOYHUKA MTUTAHUs, TPEX(PA3HYIO HHAYKTHBHO-CBS3aHHYIO IICTIb,
Tpexdasublii TpaHchopmaTop, Tpex(daszHbIH KIOY U OJIOK, MOACTHPYIOIIUN MOBPEKACHUS B
Tpex(a3HOU ceTH.
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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 Al e A Ab A Ab
N—OJM—IITLB b BJ\W{W\—”-B b = |3 PhaseRLC pSwitch. o | 3T 198 p
ch c ch Series Load A c ch
c Cp = =
Inductive source 3- Phase Series RLC I P! Line Section "
with neutral 3-Phase Breaker
4 @ 0
Al+ A2+ b
A $46 Ap A Ab Al 2 b
3-Phase RLC Bl+ B2+ b
8 —J—s 1 B P Parallel Load R 81 B2 p
Ci C2+p
c——‘ﬂﬁ‘——c; c Ch = g Fault cr C2p
Z1-20 3- Phase Parallel RLC AB-G o .
c ree-phase
Linear Transformer

3-Phase Fault 12-terminals

|

Puc. 1.21. bubanorexka Three-Phase Library

Oco0plii MHTEpEC MPH MOACTUPOBAHUH IIEKTPUUECKHUX IIeTel mpezcTtasiseT 0ok Po-
wergui ocaoBHoi 6ubanorekn Power System Blockset (cm. puc. 1.9). Dtot 610K, Oyayum ycTa-
HOBJICHHBIM B HICCIIEYEMYIO MOJICTh JICKTPUYECKON IETIH, TIO3BOJISICT U3MEPUTh TOKH, HATIPsIKe-
HUS ¥ MX HavalbHbIe (a3bl Ha JIFOOOM y4acTKe JJIeKTpuYeckoil nemnu. (s cBsizu Ojoka ¢
JIEKTPUYCCKON cXeMoii ciyxar ooku m3meperuii Multimeter, VVoltage Mesurement, Current Me-
surement. Kpome Toro, 610k POwergui mosBoisieT cBsi3aTh IakeT pacimupeHus Power System
Blockset ¢ makerom pacmupenus Control System. Dto obecrieurBaeT BO3MOKHOCTh HCCIIEI0BATh
YaCTOTHBIC XapaKTEPUCTUKHU U MEPEXOIHBIC MPOIECCHI B AJICKTPHUUECKUX 1ersiX. OKHO HACTPOHKHU
O10ka nokas3aHo Ha puc. 1.22. B neBom nose oTpaxkarorcs usmepsieMble BeauunHbl. CrpaBa KHOII-
KA U (DJIaKKH MO3BOJIAIOT BBHIOpATh BEJIIMYMHBI JUIsI M3MEpPEHHs. B BhIajgaromemM MEHIO MEepBOTro
TIOJIS 3aJIAI0TCS] U3MEpsieMble 3HaYeHHS (aMIUTMTYIHOE WK JeiicTByIomIee). B Brmagaroniem me-
HIO BTOPOTO TOJIS 3aJaeTcsl 4yacTora. BrirroueHHbI draxok States mos3Bossier u3Mepurh nepe-
MEHHBIC COCTOSHUS (TOKM B WHIYKTHBHOCTSX, HANPsDKCHHS Ha KOHJACHCATOpax). BKIIFOUECHHBIH
¢axxok Measurer mo3BosisseT U3MEPHUTh BCE BEJIMYUHBI, BHIOpaHHBIE B OKHEe Oioka Multimeter.
BrotrodueHHBIH (uraxkok SOUICES Mmo3BOISIET U3MEPUTh TOKU U HANPSHKEHHUS MCTOYHUKOB, a BKITIO-
dyeHHbIH paxxok Nonlinear — Toku 1 HaNPsHKEHKS B HEJIMHEHHBIX 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 610ka Powergui




Onepanum ¢ 6;10KamMu

KonupoBanue 010K0B 13 OJHOTO OKHA B JAPYro€ MPOBOJUTCS CIEAYIOUIMM 00pa3oM: OT-
KpbIBaeTcs HyXHasi OMOIMOTEeKa WM OKHO MOJEIU-TIPOTOTUIIA U HY>KHBIM OJIOK MepeTacKUBaETCs
MBIIIBIO B OKHO CO37[aBaeMOM (pelakTHpyeMOil) MOJIEIH.

bsioku MO>XHO KONTUPOBATH U MPHU MOMOITM KoMaHA MeHto. [locienoBaTenbHOCTh 1€MCTBUIMA
P 3TOM TaKOBa:

B okne Oubnmorexkn WM Mouenu  Beaensercs  Onok  (Onokwu),  moje-
JKAIHMI KOMMPOBAHUIO;

Beioupaercs B wmenro Edit  (IlpaBka) aktuBHOro okHa komanga Copy
(Komuposats);

Cnenatb  aKTUBHBIM  OKHO, B  KOTOpO€ HYXHO CKONUpOBaThb OJIOK, U
BbIOpaTh B HEM KoMmaHay Paste (BcraButs) u3 mento Edit (ITpaBka).

Kaxmomy ckomupoBanHoMy 610Ky SimuLink mpucBanBaet mumsl.

[lepBbIii cKOMMPOBaHHBINA OJO0K OyIeT UMETh TO e UM, 4To U 0JIoK B 6ubnnoteke. Kax-
Il ceAyomui OJIOK TOTO e TUa Oy/leT UMEeTh TaKoe K€ MM C J00aBJIeHHEM MOPSIKOBOTO
HoMepa. [lomp3oBarens MOXeT mepernMeHoBath Onok. [Ipu komupoBaHMM OJIOK MOJYYaeT TE Ke
3HAYeHMs HACTPAUBAEMbIX TapaMETPOB, YTO U OJIOK-OPUTHHAI.

IlepectanoBka 0/10ka BHYTPH MOJEJIM OCYIIECTBISCTCA MyTEM IMEPETACKUBAHUS €TO
mbiibio. [Tpu atom Simulink aBTOMaTH4ecKu MepeprucoBBIBACT JIMHUH, CBS3bIBAIOIIME ITOT OJIOK
¢ apyrumu Oiokamu. UToOBI mepecTaBUTh HECKOIBKO OJOKOB BMECTE C COCIUHHUTEIHHBIMH JIH-
HUSIMU U COXPAaHEHHEM OTHOCHUTEIBHBIX PACCTOSIHHM, HEOOXOAUMO UX BBIJICIUTH U MEPETAIIUTD
MBIIIBIO0 OWH U3 0J0K0B. Bee npyrue BeieIeHHBIE OJIOKU TaK)Ke 3aiiMyT HOBBIE MECTa.

KonupoBanue 6.,10k0B 01HOI1 MO/1eJIM MOXHO BBITIOJIHUTH IBYMS CIIOCOOaMH:

[leperamuTs OJOK B  HY)XHOE TMOJOXKEHHWE, yIepXHBas TIPH OTOM  KJa-
suiny <Ctrl>;

[Teperamuts  ONOK,  yACp)KWBas  HAXKATOM  TPaBYHO  KHONKY  MBIIH, TIPH
ATOM K HOBOMY OJIOKY J0OABISETCSl OUepeTHOM MOPSIKOBBIM HOMED.

Ha puc. 1.23 npeacrapien pe3yibTaT KonupoBanus 010koB Scope u XY Graph.

YcranoBka napamMeTpoB 0s10ka. OYHKIINU, KOTOPBIE BHITOIHSIET OJI0K, 3aBUCST OT 3HaYe-
HUI TTapaMeTpoB 0JIOKA. Y CTaHOBKA dTUX 3HAUCHUI OCYIIECTBIISICTCS B OKHE HACTPOUKH, KOTOPOE
BBI3BIBAETCS TIOCTIE ABOMHOTO HIeIUKa Ha 300paskeHnu 0J10Ka B OJI0K-cxeMe.

Ynanenue 6J10k0B. [ ynaieHus HCHY)KHBIX OJIOKOB U3 OJIOK-CXEMBI JOCTATOYHO BBIJIC-
JMTh 9TH OJIOKHM TakK, Kak ObLIO yKa3aHO paHee, U Haxarh KiaBuiny <Del> umu <Backspace>.
MoxkHo Takke Bbi3Bath komanay Clear (Ouuctuts) win Cut (Beipesats) u3 mento Edit (ITpaBka)
okHa 61ok-cxeMbl. Ecniu ncnonb3oBana komanaa Cut, To B qanbHeIeM yaaaeHHble OJIOKA MOXK-
HO CKOIIMPOBaTh B MOJIEJIb P NoMoIu KomMaH sl Paste (BcTaBuTh) TOro e MeHro.

Orcoenunenue 0/10ka. YToObl OTCOCAMHHUTH OJIOK OT JIMHHM, JOCTATOYHO HAXKATH KIIABUIITY
<Shift> u, He otmyckast €€, mepeTaluTh OJI0K B IPYroe MECTo.
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Puc. 1.23. KonupoBaHue 0,10K0B



HN3meHeHue yrjioBOM OopueHTAUMHU 0JI0KA. B HAaYaJbHOM COCTOSIHUM CHUTHAJ MPOXOAUT
yepe3 OJIOK ciieBa HaIpaso (T10 JIEBYIO CTOPOHY PacHoiaraloTcs BXOJbl OJ0Ka, a 1Mo MpaBylo CTO-
POHY — BBIXO/IbI). UTOOBI H3MEHUTH YTIIOBYIO OPUCHTAIIUIO OJIOKA HAJZIO:

* BBIJICITUTH OJIOK, KOTOPBII HY)KHO TIOBEPHYTh;

* BeIOpaTh B MeHI0O Format (dopmar) okHa OJIOK-CXEMBI OJIHY M3 CICAYIOIIMX KOMAaHI:
Flip Block (IToBopot 6sioka Ha 180 rpamyco) miu Rotate Block (IToBopor 610ka mo wacoBoii
crpenke Ha 90 rpagycoB).

N3menenne pazmepoB 0Ji0ka. V3MeHeHHe pa3MepoB OJIOKa BBITIOIHIETCS CIIEIYIOLIIM
oOpazom. Brinensiercst 010K U ycTaHABIMBAETCS yKa3aTellb MBIIIM HAa OJHY U3 YTIOBBIX METOK
6moka. @opma ykaszaTensl IpH 3TOM U3MEHHUTCS — OH MPHUMET BH/[ JIBYHAIIPABICHHON CTPEJIKH.
Hazo 3axBaTUTh MBIIIBIO 3Ty METKY U MEPETAHYTh €€ B HOBOE MOJIOKEHHE.

N3meHeHune U mepemelnienne uMeHH 0Jioka. Bce nMeHa OJIOKOB B MOJETH JIOJKHBI OBITh
YHUKAJIBHBIMHU U COCTOSITH XOTSI OBl U3 OJJTHOTO CUMBOJIA. UTOOBI U3MEHUTH UMsI OJI0Ka, HYKHO BBITIOJN-
HHUTH LIETYOK HA UMEHH, a 3aTeM, UCTOJb3Ysl OOBIYHBIE PUEMBI PEJaKTUPOBAHUS, BHECTH HEOOXO-
JTUMbIE U3MEHEHHUSI.

st m3menenus mpudra crieayeT BeILICTUTh 010K, BeI3BaTh komanay Font (Ipudr) us
MeH0 Format (®opmar) okHa MOJAEIH M 3aTeM BBIOpAaTh MIPUMT B OTKPHIBIIMMCS IUATOTOBOM
OKHE.

[To ymonuanuto ums Oi0Ka pacronaraeTcs ciaenyromum odpazom. Ecnu 010k opueHTHpO-
BaH CJIEBa HAIPaBO, TO UMs HAXOIUTCS M0J] OJIOKOM; €CITU CTIpaBa HaJeBO — HaJ[ OJIOKOM; €CIIH JKe
CBEpXYy BHH3 WJIH CHU3Y BBEPX — IO MPaBOW CTOpOHE OJIOKa.

V3MeHHUTh MECTOIONIOKEHNE UIMEHH BBIICJICHHOTO OJIOKa MOYKHO IBYMSI CHOCOOaMH:

* IepeTalIUTh UMS MBILIBIO HAa MPOTUBOMOJIOKHYIO CTOPOHY OJI0Ka;

* BOCIIOJIB30BaThes kKomanoi Flip Name u3 menro Format okHa Mozienin — OHa Tarke mepe-
HOCHUT MMsI Ha IPOTHBOIIOJIOKHYIO CTOPOHY OJIOKA.

CkpbITh MMs1 0JIOKA MOXHO, UcTioNb3ys komanay Hide Name (Ckpeith umsi) MeHro Format ox-
Ha Mojeu. YToObI BOCCTAHOBUTL OTOOPaXKEHWE UMEHH, CJIEAYyeT BOCIOIb30BAThCS KOMaHIo0W Show
Name (Iloka3ate UMs1) TOTO K€ MEHIO.

Co3nanue coeTMHUTEIbHBIX JUHUA. CUTHAIBI B MOJIENH TiepeaatoTes o TuHusM. Kaxxnas
JIMHUSL MOKET MepeaaBaTh WM CKAISPHBIN, WIM BEKTOPHBIA CUTHAN. JIMHMS COETMHSET BBIXOAHOM
MOPT OJJHOTO OJIOKA C BXOAHBIM MOPTOM APYroro Onoka. JIMHuS MOXKET TakkKe Pa3BEeTBISITHCS U CO-
eIMHATH BBIXOHOM MOPT OJTHOTO OJI0Ka C BXOJHBIMH MOPTAMHU HECKOJIBKUX OJIOKOB.

Co3nanue JUHUN MexAy 0jokaMu. UTOObI COEIMHUTH BBIXOAHOM MOPT OAHOTO OJI0Ka
C BXOJTHBIM ITIOPTOM JIPYTOTO, HY>KHO BBIITOJHHUTH CIEAYIOIINE ACHCTBUS:

* YCTAaHOBUTH yKa3zaTelb MBIIIM Ha BBIXOJAHOW TMOpPT TmepBoro Ojoka
(Ipu 3TOM Kypcop AO0JIKEH NPUHATH (OPMY MEPEKPECTHs);

* HAXKaTh JICBYIO KHOIIKY MBIIIU U, YAEPKUBasi €€ B TOM MOJOXKECHUH, IEPEABUHYThH YKa-
3aTeb K BXOJIHOMY MOPTY BTOPOTO OJIOKa;

* OTIYCTUTH KHOTIKY MBIIIIH.

Simulink 3amMeHHT CHMBOJIBI TOPTOB COCAMHHUTEIILHON JIMHUCH C YKa3aHUEM HaIrpaBICHHUS
nepenaun curuaina. iMeHHo takum obpasom (Ha puc. 1.24) Beixon 6yoka Save Wave coennHéH
¢ BxozoM Osoka XY Graph.

JIMHUK MOKHO PHCOBATh KaK OT BXOJHOTO MOPTA K BBIXOJHOMY, TaK M HA00OPOT.

[To ymomuanuro SimuLink pucyer coeMHUTENbHBIC JIMHUHU, COCTOSIINE M3 TOPHU30OHTAIb-
HBIX U BEPTUKAIBHBIX CETMEHTOB. UTOOBI MOCTPOUTH JUHUIO MO yIiaoM 45 rpagycoB, He00X0 -
MO B MPOIECCE PUCOBAHMUS YACPKUBATh Kiaapuiny <Shift>.

Co3nanune pa3BeTrBjeHUs JUHUM. JIMHUS, KOTOpas OTBETBIIACTCS, HAYMHACTCS C CYIIECT-
BYIOIIIEH U miepeaéT e€ CUrHayl K BXOAHOMY TOPTY Apyroro OJoka.
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Puc. 1.24. Coennnenue 0,10x0B

Kak cymiecTByroas, Tak ¥ OTBETBJICHHAsS JIMHUM TIEPEIAIOT OJMH CUTHAJ. Pa3BeTBICHHAs
JIMHUSA €T BO3MOXKHOCTD NE€pelaTh OJUH U TOT K€ CUTHAI K HECKOJbKUM Osiokam. UToOb1 00paso-
BaTh OTBETBJICHUE OT CYIIECTBYIOIICH JIMHUU, HEOOXOIMMO BBITTOIHHUTH CIECTYIONIHE ICHCTBUS:

* YCTaHOBUTH KYpPCOpP B TOUKY OTBETBIICHUS;

* HaXaTh NPaBYIO KHOIIKY MBIIIH, yIEPKUBATh €€ HAXKATOM;

* TpPOBECTH JIMHHK K BXOJAHOMY TIOPTY HYXXHOTO 0OJIOKa, OTIYCTHUTh
NPaByIO KHOIIKY MBIIIH.

Co31aHue cerMeHTa JIMHUHU. BIIOKM MOXHO COCIMHATH JIOMaHBIMU JIMHUSIMHU, COCTOSIIIAMH
U3 HECKOJIKUX CErMEHTOB. [l co3/1aHms! CIeYIOIIEero CerMeHTa He0OX0IMMO YCTaHOBHUTh Kypcop
B KOHEII IPEIBIAYIIET0 CErMEHTa M HApPUCOBATh, YACPKUBAs JICBYIO KJIABHIIY MBIIIH, CIICAYFOIIU
CETMEHT.

Ilepemenenne cermeHTa JMHUU. UTOOBI EPEMECTHTH OT/ACNBHBIA CETMEHT JMHHHU, He-
00XOMMO BBITIOJHUTH CIACAYIOIINE ICHCTBUS:

* YCTaHOBUTbH yKa3aTellb Ha IIePEMEIIaeMOM CETMEHTE;

* HaXaTh M YJCPKUBATh JICBYIO KHONKY MBIIIH (KypcOp MPH 3TOM IOKCH MPHUHSATH
dbopmy KpecTa);

* IEpEeMEeCTUTh yKazaTedb B HOBOE IIOJIO)KCHHE CErMEHTa H  OTIYCTHUTh
KHOITKY MBIIIIH.

CerMeHT, HENOCPEICTBEHHO MPHJIETAIONINH K MTOPTY OJI0Ka, IEPEMECTUTh HEBO3MOXKHO.

JlesieHne JUHUM HA cerMeHTbI. [Ipy HEOOXOIMMOCTH JIMHUIO MOXKHO Pa3leiuTh Ha JBa
cerMeHTa. J{J1st 3TOro ClieAyeT BBIIOJIHHUTE CIEAYIONINE ACHCTBHS:

* BBIJICJIUTD JMHHUIO U YCTAHOBUTH KYpCOp B TOUKY M3JI0MA JINHUY;

* HaaTh KiaaBumy <Shift> u eByr0 KHOMNKY MBIIIN; Kypcop HpH 3TOM MpUMET GOpMy
OKPY>KHOCTH, a Ha JINHUU 00pa3yeTcst U3JIoM;

* IEPEMECTUTH Kypcop (HM3JIOM) B HOBOE IOJI0KEHNUE;

* OTIYCTHTH KJIaBUIy <Shift> 1. KHONKY MbIIIH.
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Puc. 1.25. JlejieHne JUHUU HA CEIrMEHTBI

Pesynbrar aTux aeiictBuil npenctasieH (Ha puc. 1.25), rae muHus, coeauHsomias 0oku Sine
Wave u XY Graph 1, pa3ieneHa Ha HECKOJIBKO CETMEHTOB.

Ilepememenue u3aoma JUHUM. YTOOBI IEPEMECTUTH U3JIOM JIMHHUH, JOCTATOYHO MEPETS-
HYTbh MBIIIBIO TOYKY U3JI0Ma B HOBOE MOJIOKECHUE.

IIpocTaB/ieHHe MeTOK CHTHAJIOB M KOMMeHTapueB. /s HarisiqiHOCTH M yao0cTBa OJOK-
CXEMBbI JINHUU MO>KHO CHAOJIUTh METKaMH, YKa3bIBAIOIIMMHU, KAKUE CUTHAIIBI 110 HUM MPOXOAAT. MeTku
pa3MeNaoT MoJ WM HaJl TOPU30HTAILHOM JIMHUEH, 110 JIEBYIO WM IO MPaByl0 CTOPOHY OT BEPTH-
KaJbHOM TUHUU. MeTKa MOKeT ObITh Pacloyio)keHa B Hayasie, B KOHIIE HJIH [0 CepeIHe JIMHHH.

Co3nanue ¥ MAHUNYJIMPOBAHHE METKAMHU CHTHAJIOB. UTOOBI CO37aTh METKY CHUTHAJIOB,
HY>KHO JIBaJK/Ibl IIEJIKHYTh Ha CETMEHTE JINHUM U 3aTE€M BBECTH TEKCT METKHU. [Ipuuem aBoitHOM
IIETYOK CJIeyeT BBIOIHATh TOYHO HA JIMHUH, T. K. B IPOTUBHOM ciiy4yae OyJeT co3/1aH KOMMEH-
Tapuid K MOJIEIIH.

[lepemenieHne METKM OCYIIECTBIISETCS IMYTEM MEPETACKUBAHUS €€ MBIIIbIO HA HOBOE Me-
cto. Eciiu ipu aTOM yaepxuBaTh HakaTo kinaBuiny <Ctrl>, To MeTka OymeT ckonupoBaHa B HO-
Boe MecT0. CKOMMPOBATh METKY MOKHO TaK)K€, BBIIIOJHUB ABOMHON IIETYOK Ha IPYyroM CErMEH-
T€ JINHUMU.

YroObl OTpEeAaKTUPOBATh METKY, CIIEAYET IIEIKHYTh Ha HEHl M 3aTeM BHECTH COOTBETCT-
BYIOIIME NU3MEHEHUS B €€ TEKCT.

YToOBl yJaduTh METKY, HaJ0 BBIICIUTH €€, ynepxkuBas kiaBumy <Shift>, u Haxath
kinauiry <Del> unu <Backspace>. IIpu atom OyayT yaaaeHbl BCe METKH 3TOH JIMHUM.

Co3nanue 1 MaHUNYJMPOBaHUe KOMMeHTapueM. KoMMeHTapuu 1aroT BO3MOKHOCTb CO-
MIPOBOXKIATh OJIOK-CXEMBbI TEKCTOBOM MH(OpMalMeld 0 MOAETU U OTAEIHHBIX €€ COCTAaBIISIIONIMX.
KomMMeHTapun MOKHO IIPOCTaBIISITh B JIFOOOM CBOOOJHOM MecTe OyoK-cxembl. [locie nBoiHOro
Hieyka B JIF0OOM CBOOOJHOM MecTe OJIOK-CXeMbl MOSBISETCS MPSIMOYTOJIbHAS paMKa, B KOTOPYIO
MO’KHO BBECTH TEKCT KoMMeHTapus. [lepeMenieHne KoMMeHTapus OCYLIECTBISETCS MYTEM Iepe-
TACKMBAHMSI €r0 C MOMOIIbI0 MBIIIK. ECiau mpu 3TOM yaepkuBaTh HakaToi kiasumry <Ctrl>,
KOMMEHTapuii OyJeT CKOTUPOBaH B HOBOE MECTO.

Co3aHHBII KOMMEHTApUi MOXHO OTPEAAKTUPOBATH. [ 3TOr0 HYXHO BBINIOJIHUTH HA
HEM IIIETYO0K, & TIOTOM BHECTH COOTBETCTBYIOIIME M3MEHEHUs. YTOOBI M3MEHUTH MPHU 3TOM Mapa-
MeTphI mpudTa KOMMEHTApHUs, HEOOXOIUMO BBIJEIUTH TEKCT KOMMEHTApHUsl U BbIOpaTh KOMaHIY
Font (Llpudt) u3 menro Format (dopmat) okHa 610K-cxeMbl. [Toce 3TOro MmosBUTCS JUATIOTOBOE



OKHO, B KOTOPOM CJIelyeT BEIOpaTh Ha3BaHHUE MIpUQTa, €ro pa3mep, aTpuOyThl U CTUIIb U HAXKaTh
kHonky OK. KommeHTapuii MOXHO yaamuTh. s 3TOro BBIIENINUTE €ro, yAEp’KUBas KIIaBULIY
<Shift>, u Haxxmute knasumy <Del> unmu <Backspace>.

JlabopaTopHas pa6ora Ne2. «Mojae/impoBaHNe TEMJIOBBIX MPOIECCOB B IBUTaTeI€)»
PaccMoTpuMm  pemieHume  3amadud  HarpeBa  JBHTATeNs  JUIA  Cllydas ~ HOBTOPHO-
KPAaTKOBPEMEHHOT'0 PeKUMa PabOThI ITPH MCIIOIb30BaHKK Takera Simulink.
[TepBonavanbpHO npeodpazyem ypaBHenue (2.3) B dopmy Komu:

0 1 - 12
d—e:—APT——O (2.4)
dt Ty Ty
3arem ypaBHeHue (2.4) nmpeacTaBUM B ONEpaTOPHOI Gopme, TOr1a MoIydnM:
sé:iAﬁT 1% (2.5)
To To

Paccuntaem HarpeB naBuraresnsi moctosiHHoro Toka tuna [IbB-100M. TennoBas mocTosiH-
Has BpeMeHu 11 toro asurarens T = 3600 c.

IMocnenoBarenpHo otkpeiBacM Matlab, Simulink u Tpu HeoOxoaUMBIE T pemiecHus Ouo-
muoteku Sources (Mcrounuku curaanos), Sinks (ITpubopsr) u Continuous (HempepsiBHbIe 0J10-
ku). [lpu otkpeiBanuu Simulink oxHOBpeMEHHO OTKpBIBAEeTCS TMOJIE IS HabOpa CTPYKTYpHOM
CXeMBI, TTepBOHAYAIBHO 3TO Tosie uMeeT Ha3Banue Untitled (6e3 umenwn). Bee 6ubnmmoreku neppo-
HAYaJIBLHOTO BBI30BA MOKa3aHkl Ha puc. 2.12 a, 6, 6.

bnoku u3 6ubanorek B HabopHoe moste Untitled nepenocstces ussectHpM ciocobom Drag-
and Drop (TTepetamu u OcTaBb).

CtpykTypHasi cxema, COOTBETCTBYIOIIasl ypaBHeHuUto (2.5), mpeacrasieHa Ha puc. 2.13 a.
[Tocne Toro kak co3naHa CTpPYKTYpHas cXema, cielyeT NeperMMEHOBaTh OJIOK M 3alMcaTh €ro B
nanky Simulink ans Oynymieir paboTsl. DTOT daiisn OyAeT COXpaHATHCS B MTAMSITH KOMITBIOTEPA JI0
TEeX MOp, MOKa OH He Oyaer ctepT. B rmaBHOM MeHIO oTKpbiBaeTcs pasnen File, nanee Save As...
IIPYU 3TOM TOSBIISIETCS MTaHEIb, TO3BOJISIONIAs BBIOPATh MaIKYy Uil 3alMCH U Ha3BaHue ¢aiina. [1o-
ClIeIOBATENbHO (IBOMHOMN MIETYOK Ha OJIOKE) yCTaHABIMBAKOTCS mapaMmerpbl ycumurens (Gain) u
unterpatopa (Integrator).

Ha puc. 2.13 6, ¢ BugHbl OKHa HaCTpoWKH 3THX OJ0k0B. KoadduuueHt nepenaun 61oka
yeunutens (1/3600) ects BennunHa, oOpaTHas TEMJIOBOW IMOCTOSHHOM aBurarens. B mone Ha-
CTPOMKM MHTETpaTopa 3a/1aeTcsl HaYaJbHOE COCTOSIHUE OTHOCUTEIBHOM TeMIepaTypbl

5= _ 5 49
Omax 130
(371ech MPUHATO, YTO HaYajdbHAs TemIepaTrypa paBHa 25°C, a MaKCUMAJIBHO JIOITYCTHUMAst JIJIs BbI-
opannoro asurarens — 130°C).

Jlnst yCTaHOBKM IapaMeTpPOB MOJEIMPOBAHUSA B paszeiie riaBHOro Mexio Simulation Bei-
OoupaeTcst komaHaa Parameters, mo 3Toii koMaH/Ie OTKPBIBACTCS IUATOTOBOE OKHO HACTPOCK Mapa-
MeTpoB MojenupoBanus (puc. 2.14). D1o okHO comepKuT ATk BKiIamok (Solver,Workspase 1/0,
Diagnostic, Advanced). Ha Bknanke Solver mepBoHavanbHO ycTaHaBiuBaeM HauaibHoe (Start
time = 0) u koneunoe (Stop time = 15000¢) Bpems MmoaenupoBanusi. KoHeuHOe BpeMst MOIEITHPO-
BaHUs, KaK U3BECTHO, JIOJDKHO COCTABIIATH 3-4 TIOCTOSIHHBIX BPEMEHHU.

B oxue Solver options 3amaercst crmocod n3MeneHuss MoaenbHoro Bpemernn (Variable-step
— MOJICJIUPOBAHKE C MEPEMEHHBIM IIIarOM; 3Ty OMIUI0 PEKOMEHIYETCS] BBIOUPATh MPH MOJEIIH-
POBaHUHU aHAJIOTOBBIX HEMPEPHIBHBIX CHUCTEM) M CIIOCOO MHTETpUpoBaHUs AuddEepeHIINaTILHOTO
ypaBHeHus. Huke 3a1ar0TCsl MaKCUMalbHBIM M HA4YaJIbHBIN LIaT'M UHTETPUPOBAHMS, a TAKKE OTHO-
CUTEJIbHAS M a0CONIIOTHAS TOYHOCTh. [IpW pemeHnn MpOCTHIX 3a1ad 31eCh JIydllie OCTaBHThH TO,
YTO KOMITBIOTEP CaM MpeJjiaraet rno ymondanuto (puc. 2.14).

HwxHue mosist onpeenstor crnocod BhIBOJA PEe3y/IbTaTOB MOJICIIMPOBAHUS B pabouyro 00-
JacTh, OHU OCTABJICHBI TAKMMH, KAKUMH [TPOrpaMMa UX YCTaHOBHJIA I10 YMOJTYAHHIO.
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Puc. 2.12. bu6anoTeKku /151 BINOJHEHUSI MOIeJTUPOBAHNS
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LConhnuouMme mtegmuon ofthe mput ssgnal
Pulse - & H + Parameters -
Generator Exemal et mJ
Sum Gain Integrator e
viegra biltel condion source:  [intetnal =)
Initial condition:
a) fiie
[ e
{ I~ Limit output
Block Parameters: Gain m Liphae o nturating linsil
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| Gain:
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Multiplication: ftiemenx—wnse(K u)
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Cancal j

o ||

6)

'ml
aban el

LowiRr saIn

I' at
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3 Absclute tolerance:
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Puc. 2.13. MoaeJsib HarpeBa IBUraTe/isi B IOBTOPHO-KPATKOBPEMEHHOM pekuMe (a) U OKHA
HacTpoiiku (0, B) 0JI0KOB



-} 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 MOACJIHPOBAHMSA TEIJIOBBIX IPOLECCOB B ABUTaTEJIe

OKHO HacTpOMKU reHepaTopa U pe3ybTaThl MOJEIUPOBAHUS MIPEACTaBIEHbl HA puc. 2.15
an 2.15 6 cooTBeTCTBEHHO. B OKHE HAacCTpOKU reHepaTopa yKa3bIBAIOTCS MEPHUOJ] LIUKIIA, OTHO-
CUTEJIbHOE BPEMsI BKJIFOUEHHOTO COCTOSIHUS, aMIUIUTY 1a U Ha4ajio paboThl.

Pe3ynbTaTel MogEeIMpOBaHUS TIPEICTABICHBI HAa SKpaHe ocluuiockona (puc. 2.15 6), onu mo-
Ka3bIBalOT, YTO B YCTAHOBUBILEMCS pEXKHME JIBUraTelb HarpeBaeTcst Npuomu3nuTenasbHo 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):

[e=04
Duty cycle (% of period):
{80

Amplitude:
[o3

! Starttime:
LB

¥ Interpret vector parameters as 1-D

[ L), | w ‘1‘

+} Scops

}3}3}3 Al[‘; &

FE o
a% Gt

Puc. 2.15. Pe3yabTaTrhl MOeJIMPOBAHNS TEIUIOBBIX MPOLECCOB B IBUraTese B IOBTOPHO-
KPaTKOBPEMEHHOM peKuMe padoThl

Brioupaem 6ok Random Number u3 6ubnuorekn Sources riaBHOW OuOnmroTekn Simu-
link. DToT GOk reHepupyeT CilydaiHbIl CHTHAJI ¢ HOPMaJbHBIM pacrpeeieHueM. Moaenb s
9TOrO Cliydas mpejcTaBieHa Ha puc. 2.16 a. OxHo HacTpoiiku 6;10ka Random Number u pe3yinb-

TaThl MOJIEIMPOBAHMS MTOKa3aHbl Ha puc. 2.16 0, 6.



ITpu Takom pexxuMe paboOThl TeMIepaTypa JBUTATelsl Ha KOPOTKOE BPEMs MOXET IPEBBICUTh
MaKCHUMAJIbHYIO. Koneunoe PCIICHUC O MPUMCHUMOCTH ABUIATCIIA 3ACCH OCTACTCA 3a MMPOCKTU-
POBIIMKOM. 3aMETHM, YTO B BEPXHEM I10JI€ OKHAa HACTPOUKM T'€HEpaToOpa yCTaHABIMBAETCS 3Ha-
4yeHHue a = 1, a B cieayroleM noje — 3HayeHue a = 5.0

Iy
WL i
Random = p s > «} Scope

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

1 SHe AT TR

Puc. 2.16. Moaean (a), 0kHO HACTpPO#iKH (0) U pe3y/ib-

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 l Cancal | Help sevn |

6) 8)

TaThl MOJEJHPOBAaHUS (B) TEIUIOBBIX NMPOLECCOB B JIBUraTejie B pe:KuUMe CIy4aiiHoii Ha-
rpy3KH

JlaGopaTopHas paGora Ne3. «MoaenupoBaHue HeperyJupyeMoro 3JeKTPOoNnpUuBoa MoCTo-
SIHHOT O TOKa»

Lenv pabomut
HccnenoBanue MalIMHbl IOCTOSIHHOTIO TOKA MPHU paboTe B ABUTaTEIbHOM U F€HEPATOPHOM
pEeKUMaX.
Cooeporcanue padombot
2.1. CHATHE MEXaHUYECKOW M pacdeT paboumx XapaKTePUCTHK MAIIMH B IBUTATEIIEHOM pe-
KHUMe paboThI.
2.2. CHsiTHe MEXaHNYECKOH U pacueT paboyrx XapakTEPUCTHK MAIIMH B TEHEPATOPHOM PEXUME
PaboTHI.
2.3. CHATHE MEXaHUYECKUX XapaKTEPUCTUK MIPU PA3IUUHBIX HAMIPSHKEHUSIX TUTAHUS B LIETH
AKOpSL.
2.4. CHaATHE MEXaHMYECKHUX XapaKTEPUCTUK IIPU Pa3IMYHBIX COPOTHBIICHUSX B LIEMH SIKOPSL.
2.5. CHATHE MEXaHMUYECKUX XapaKTePUCTHK MPH Pa3IMYHbBIX ITOTOKA BO30Y)KICHHUSL.
2.6. CHsTHE PETYIMPOBOYHBIX XapaKTEPUCTHK MIPU N3MEHEHHUH HAIPSDKEHUS SIKOPSI.
Onucanue eupmyaibHOU 1a00PAMOPHOIL YCMAHOGKU.
BupryanpHast 1aboparopHasi ycTaHOBKaA Ipe/icTaBlieHa Ha puc. 5.1.

OHna BKJIIOYAeT UCTOYHUKH MOCTOSIHHOTO HanpsikeHus (Vi s NUTaHus STKOPsl MalllMHBL, Vo
JUISL TMTaHKUsT OOMOTKH BO30Y:kaeHus u3 oudmmoreku Power System Blockset/Electrical Sources),
omok Moment mns 3amanus MomeHTa Harpy3ku (O0mok  Constant u3 OuGmmoreku Simu-
link/Sources), camy mamuny mocrosiuaoro Toka (6aoxk DC Machine u3 6ubanorexkun Power Sys-
tem Blockset/Machines), 610k i u3MepeHus MepeMeHHbIX cocTosiHUs Mamuabl Display u oc-
uniorpad SCoOpe it BU3yallbHOro Hab 0 AeH s mporieccoB u3 oubmmorexu Simulink/Sinks.
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Puc.5.1. BupryanbHas 1adopaTopHasi yCTAHOBKA.

Henp sxops u uenb Bo30YyX ACHUS BUAHBI U3 rpa@UuecKkoro HadepTaHus 0JI0Ka, Ha BXOJ
TL momaeTcst MOMEHT Harpy3Kd, BBIXOJ m TpEAHA3HAYEH Ul U3MEpEeHHs M HaOIroeHus nepe-
MEHHBIX COCTOSTHUSI MAIIMHbI B CIEAYIOUIEH MOCIe10BaTeIbHOCTH: YIJIOBasi CKOPOCTh (paji/c), TOK
sakopsi B (A), Tok Bo30yxaeHus (A), anekrpomarHuTHeiii MomeHT (Hwm). B monsax mactpoliku ma-
mUHBI (pHC. 5.2) 3a1ar0TCs:

O mapaMeTpsl 00MOTKH sikopst — Ra (Om), La (I'n);

O mapameTpsl 00MOTKH Bo30yxaeHus — Ri (Om), L (I'n);

0 ko3 duruent Ly ;

O CyMMAapHBIH MOMEHT HHEPIIMH MAIIHHBL 1 HArpy3ki — J (K['M?). ClIeLyeT moxdepKHyTh,
yro mapaMeTpsl (Ls, J) BaKHBI IIPH MCCIIEOBAaHUU MEPEXOAHBIX mporeccoB. Ha ycranoBuBIIHECS
PEXXHUMBI OHU HE BIIUSAIOT;

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 NapaMeTPOB MAIIMHBI IOCTOSTHHOI'0 TOKA.

0 ko3 duiueHT BsA3koro TpeHuss — By (HM-¢);



0 kodpdumuent cyxoro tpeaus — T (Hm);
O HadaiabHasi CKOPOCTb.

[TacniopTHBIE TapaMeTphl MAIIMH MTOCTOSIHHOTO TOKA MpHUBEIeHbI B Tabnuie 5.1.
Taoauma 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) ]

Maxstepsize {le3 Relative tolerance ! 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. OxHo 3a1aHKs MapaMeTPOB MOJAEJIUPOBAHUS
OKHO HACTPOWKU apaMeTPOB MOJICIMPOBAHNUS MIOKA3aHO HA puUc.5.3.

IHopaook nposedenus nadopamophoii padomut

4.1. 1ns 3agaHHoOM npenojaBareieM (UiIu BRIOpaHHOW MPH CaMOCTOSATENIbHON paboTe) Ma-
IIMHBI PACCYUTATh 3HAUCHHE MMapaMeTPOB U 3allOJHUTD OISl OKHA HACTPOWKH MapaMeTpoB Malllu-
HBI.

4.2. 3aymaTh mapaMeTpbl MoaepoBanus (puc. 5.3).

4.3. TIpu CHATUM XapaKTEPUCTHUK 110 1. 2.1 MOpsi/IKa BBIIOIHEHUS pabOThl B OKHE HACTPOK-
ku 0j10ka Moment mmociienoBaTesIbHO 3a7ar0Tcs 3HaueHusT MoMeHTa oT 0 1o 1,2M,, ¢ marom 0,2M,,.
JUis KaX10T0 3HAUEHUs] MOMEHTA OCYILECTBIIAECTCS MOJICTUPOBAHUE U 3aIrONHSAETCS Tabnuma 5.2
M3MEPEHHBIX U PACCUNTAHHBIX 3HAUECHUH.

Taoauna 5.2

3amanue Nsmepenus Pacuer

M [Hwm] o [pan/c] I: [A] s [A] P1[Br] P2[Br] n

Brranciaenus OCYIICCTBIIAKOTCS IO BBIPAKCHUSAM:

Tun P, [kBT] U,.[B] n,[o6/MuH] hy; [%] R, [OM] R [OmMm] L, [MTH]
JIBUTATEJIs
1 2 3 4 5 6 7 8
211H-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
2ITH-1.0 1 220 3000 72,5 2,52 92 48
P=U(l,+1), P,=M,0, n:%
1

4.4. TIpu CHATUY XapaKTEPUCTHUK 10 II. 2.2 TOPSIJIKA BBIMOJIHEHUS paOOThl B OKHE HACTPOK-
ku Ooxa Moment mmocieqoBaTenbHO 3amarorcs 3HaueHns MmoMmenra ot 0 mo -1,2 M, ¢ mmarom -0,2
M,,. 1ns Ka)xaoro 3Ha4YE€HUST MOMEHTa OCYIIECTBIISICTCS MOJICTUPOBAHUE U 3aTIOTHSIETCS TaOIHIa
5.2. I3MEpPEHHBIX U PACCUMTAHHBIX, 3HaueHUH. KoadpurmeHT nose3Horo 1elcTBUS B 3TOM CiIydae




BBIUUCIISIETCS 110 opMyTie M = =3
I:)1
4.5. CHATHE MEXaHUYECKUX XapPaKTEPUCTUK MPHU Pa3TUYHBIX HANPSDKEHUSX NMUTAHUS B 1ie-
1 SKOps o 1. 2.3 conepkanusl paboThl CIeNyeT MPOBECTU JTHS JBYX 3HAUCHUW HAIPSHKCHUS Ha
sxope 0,6 U, u 0,8 Uy, rne U, — nepBoHauanbHOE HAIPSKEHUE HA SKOPE, IPU KOTOPOM BHITIOJ-
HsHCh 1111, 2.1, 2.2. TTpu 3TOM MOMEHT Harpy3Ku clieAyeT u3MeHsTsb ot -1,2 M, no 1,2 M, ¢ wma-
rom 0,2 M,. JIns KakJ10ro 3Ha4eHHs HANpPsDKEHUS Ha SIKOPE U MOMEHTA MPOBOUTCS MOJIEIHPOBA-
HHUE U 3a0JHAeTCs Tadimma 5.3.
Tao6auna 5.3

M [HwMm] o [pan/c]

4.6. CHATHE MEXaHMYECKUX XapaKTEPUCTUK MPU PA3THYHBIX COMPOTHBIICHUSX B IIETIH KO-
ps mo 1. 2.4 coxepskaHusi paboThl CleayeT MPOBECTH Jisi ABYX 3HAUCHHUI COMPOTUBIICHUS SKOPS
2R; n 4Ry, tne R, - mepBoHaYaNbHOE 3HAYCHHE COMPOTUBIICHUA. VI3MEHEHHE CONMPOTHUBIICHUS
SKOpPS OCYILIECTBIICTCS B IOJ€ OKHA HACTPONKU MapamMeTpoB MamuHbl. [Ipu 3TOM MOMEHT Ha-
IPY3KH clieqyeT u3MeHsth ot -1,2 M, no 1,2M,, ¢ marom 0,2 M,,. J{ns KaXa0r0 3HAYCHUS COIPO-
TUBJICHUS SIKOPSI © MOMEHTA ITPOBOJIUTCS MOJICITUPOBAHNE U 3aM0NIHsAETCA Tabnuia 5.3.

4.7. CHsTHEe MEXaHUYECKHX XapaKTePUCTUK MPHU PA3TMUHBIX MOTOKAX BO30OYKIEHUS IO II.
2.5 copepranus pabOTHI CIEIYET MPOBECTH ISl ABYX 3HauYeHui noroka 0,6 @y u 0,8 @y, J{ns sto-
ro B nosie Field-armature mutual inductance neo6xomumo yctaHOBHTh 3HaueHHEe Ly BHavae 0,6,
a 3areMm 0,8 OT mepBOHAYATBLHON BEIMYHUHBI.

[Ipu 5TOM MOMEHT Harpy3Ku clieyeT u3MeHsats ot -1,2 M, no 1,2 M,, ¢ marom 0,2 M,,. ns
KaQ)KJIOTO 3HAYCHHUS IMOTOKA U MOMEHTA MPOBOJUTE MOJICTUPOBAHUE U 3aIOJIHsIETCS Tabauma 5.3.

4.8. CHsATHE PETyTUPOBOYHBIX XaPAKTEPUCTUK MPH U3MEHEHUU HAMPSHKEHUS SKOPS IO 1.
2.6 conepkaHusl pabOThl MPOBOJIUTCS AJI IOCTOSHHON MOMEHTa Harpy3ku, paBHOrO HOMMHAJb-
HOMY, U U3MEHEHUIO HampsikeHus B nenu sxkops ot 0,4 1o 1,2 ucxogHoro 3HaueHus c¢ marom 0,2
MCXOJIHOM 3HAYCHMS HATpsKeHUs. [[1s Kak10oro 3HaYeHUs HAMPSHKEHUS TPOBOIUTE MOACIUPOBA-
HHE U 3aI0aHgeTca Tabnuna 5.4.

Taoauua 5.4

U, [B] o [pan/c]

Cooeporcanue omuema

5.1. Cxema Mozenu i IpoBeAeHUs 1ab0paTOpHOI paboTHI.

5.2. PacderHbie (OpMYJIBI TAPAMETPOB MAIIIHHBI.

5.3. Pacuernsie hopmymsl anst morHocTel Py, P u KT/,

5.4. 3anonHeHHbIe TaOJIULIBI.

5.5. I'pauku pabouymx XxapakTepUCTUK MAIIMHBI B IBUTATEILHOM M T€HEPATOPHOM PEXKHU-
Max.

5.6. I'paduku MexaHMUECKOM XapaKTEePUCTUKH MAIIMHBI IPU PA3TUYHBIX HANPSDKEHUSIX HA
AKOpe.

5.7. T'padukn MexaHHUECKOW XapaKTEPUCTUKHU MAIIMHBI TIPU PA3TUYHBIX COMPOTHUBICHUAX
AKOPSL.

5.8. I'padmkn MexaHHMUECKOW XapaKTEPUCTUKH MAIIMHBI TIPU PA3TTUYHBIX TOTOKAX.

5.9. PerynupoBoYHas XapakTEPUCTUKA JBUTATEIIS



JladbopaTopHas padota Ne4. «MoaenupoBaHue HeperyJJupyeMoro acuH-
XPOHHOTO JIEKTPONPHUBOAA»
Lenv pabomut
HccnenoBanme Tpexga3zHoi aCHHXPOHHOM MaIIMHBI ¢ KOPOTKO3aMKHYTBIM POTOPOM.
Cooeprcanue pabomot
2.1 CHATHE MEXaHUYECKON XapaKTEPUCTUKH MAIIMHBI B JIBUTATEIHHOM W T€HEPATOPHOM
pexumax.
2.2 CHATHe paboyux XapaKTEpUCTUK MAIlIMHbI B IBUTATEILHOM PEXHUME.
Onucanue eupmyanbHoil 1a00pamopHOIL yCMaAHOBKU
BupTtyansHast mabopatopHasi yCTaHOBKA IpeACTaBlIeHa Ha puc. 1.
OHa coepxur:

O HMCTOYHUK IEpeMEHHOro Tpex(dasHoro HampsbkeHus Source uz Oubnuortexu Power
System Blockset /Extras/Electrical Sources;

O M3MepHuTens TpexdasHoro HampsukeHus u Toka Three-Phase V-1 Measurement  u3
oubmmorexu Power System Blockset/Extras/Measurement;

O uccreayemMyio TpexdasHyl acHHXpOHHYH MamuHy Asynhronous Machine us 6u6-
auoteku Power System Blockset/Machines;

0O U3MEPUTENIh aKTUBHOM M peakKTUBHON MoImHocTH P, Qx n3 6ubnuorekun Power System
Blockset/Extras/Measurement;

O 6ok Display mias KOMWYECTBEHHOTO MPEACTABICHUS HM3MEPEHHBIX MOIIMHOCTEH U
O5ox Scope miis HaONIOACHHS TOKA pOTOpa M CTaTopa, a TakKe CKOPOCTH U MOMEHTAa acCHH-
XPOHHOU MAaIIWHbI U3 TaBHO# oubmuoteku Simulink/Sinks;

O Omoxk Moment st 3aaHUsl MEXaHMYECKOTO MOMEHTAa Ha Baly MAallWHBI U3 TJIaBHON
oudmmorexu Simulink/Source;

0 6mok Machines Measurement u3 6udnuorexu Power System Blockset/Machines;

0 6ok Display! mist kogudecTBEHHOTO MPEACTABICHUS U3MEPCHHBIX 3JIEKTPOMArHHUT-
Horo MmomeHTa (HM) u ckopocTtu (paj/c) MamiiHbl U3 TiaBHoi 6ubmunoTeku Simulink/Sinks;

0 010Kk Mux, oObeIMHSAIONIUN TPU CUTHAJIA B OJWH BEKTOPHBIN W3 TJIABHOUW OMOIHO-
texu Simulink/Signal & System.
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Puc. 1. Moaensb aJist MccJieOBAHUS ACHHXPOHHOMH MAIIUHBI



OxHO HaCTpOﬁKH napamMeTpoB aCI/IHXPOHHOﬁ MallIHbI ITOKAa3aHO Ha pucC. 2.

Block #arameters: Asynchronous Madhiae
~Aswchronods Mtk fimask] fink) -
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Puc. 2. OKHO HACTPOIIKN MAapaMeTPOB aCHHXPOHHO# MAIIHHbI

B nomnsx okHa moCiIeI0BaTENBbHO 3aJaI0TCS:
O Tun potopa (Rotor Type), B BeInajaroiieM MEHIO 3TOTO TOJISI MOXKHO 33aTh JHO0 KO-
POTKO3aMKHYTBIN, 100 (pa3HBIN pOTOD;

O cuctema orcuera npu ananuse (Reference frame);

O MOIIHOCTh, HOMUHAJIBHOE JEHCTBYIOIIEE JIMHEIHOEe HanpshkeHue u vacrora; [1 mapa-
METPbI CXEMBbI 3aMELIeHHsI CTaTOpa;

O mapaMeTpbl CXEMbI 3aMELIEHUsI POTOPA;

O mapaMeTpbl BETBM HAMarHUYMBaHMS,

O MOMEHT MHEpIMH, KOI(PPUIIMEHT BI3KOTO TPEHHUS, YHUCIIO Map MOJIFOCOB,;

O HayaJbHbIE YCIOBUS JUISI MOJEIMPOBAaHUS (CKOJIbXKEHUE, MOJ0XKEHHE pOTOpa, TOKU
cTaTopa M UX HayaJbHbIEC (a3bl).

[TapaMeTpbl MalIMHBl YaCTUYHO OEpyTCs U3 MAaCHOPTHBIX JAHHBIX, YACTUYHO PACCUUTHI-
BAIOTCSI 110 M3BECTHBIM YPABHEHHUSIM, JINOO UCTIOJIB3YsI MporpamMmy (JIMCTHHT 1, ¢haiin as.m).

OKHO HAacTPOMKHU MMapaMeTpOB YHUBEPCAIBHOTO OJ0Ka U3MEPEHHs IEPEMEHHbBIX MallIUHBI
nokazaHo Ha puc. 3. B Beimmanmatomem menro mois Machine type 3amgaercs THIT MaIllMHBI.
dnaxkaMu BEIOMPAIOTCS EPEMEHHbIE I U3MEPEHHUS.

JInneliHOE HOMUHAIBHOE HaNpsLKEHHUE A Bcex MamuH 380 B.



Taoaunua 1

l M J
Tun Py i n e | Ki=75 o My | M =25 L
asurarens | (KBt [(I)/I%M [%] | oso | [A] L M, M, [Kr] .

1 2 3 4 5 6 7 8 9 10
RA71B2 055 | 2850 | 74 | 084 |18 | 65 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 52 2,6 2,8 0,0012
RA80A4 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 | 2,2 | 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 | 855 084 | 9 6,5 2,2 2,2 0,0103
RA1325A2 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 25 0,0185

Block Parameters: Machines Measurement

rMachine measurements (mask) (fink} -~ - —
} Spit specified signals of various machine models measurement output

| vector into separate signals. - 1
- Pam[gs P e T e s i)
$ 1
! Machine type: IAsynchronous _:] |

i

: . . 4Simplfied synchronous

- Wiabe Synchronous I
I~ i_qd : |
Permanent magnet synchronous ‘
T~ phi_gd :qandd axis rotor fluxes [Wb) or [pu] |
™ vigd : g and d axis rotor voltages (V) or [pu)

¥ is_abc  : Stator currents ia. ib, ic (&) or {pu)
I is_qd : g and d axis stator cumrents (4] or (pu)

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

I™ vs_qgd . qandd axis stator voltages (V) of (pu)

{
|
™V wm : Rotor speed (rad/s] or (pu) ;
WV Te : Electromagnetic torque (N m) of [pu) !
[~ thetam : Rotor angle [rad) {

[Tok ] caxed | Hep | o |

Puc. 3. OkHO HAacTpoOiikM NapaMeTpoB 0JI0Ka U3MEpPeHUs

OKHO HAacTpOMKHM MapaMeTpPOB MCTOYHMKA NMUTAHUS MOKa3aHO Ha puc.4. B mossx okHa
3a1ar0TCA:

O HadanbHas ¢aza B rpagycax

O amIuiutyaa (asHoro HanpspkeHUs HCTOYHHKA (B);

o wacrota (I'm);

O BHyTpeHHee conpoTuBieHre (OM) U HHAYKTUBHOCTh UCTOUYHUKA (['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 ' Loty I

Puc. 4. OxHo HacTpoOiiKu nmapaMeTpoB TPeX(da3HOro HCTOYHUKA NUTAHUSA

Hanp;mceHI/Ie 1 4aCTOTa UCTOYHHUKA JOJIKHBI COOTBCTCTBOBATL ITapaMETpaM aCHHXPOHHOﬁ
MalllMHBI.

OKHO HACTPOWKH MapamMeTpoB OJIOKa M3MEPEHUS AKTHBHOW U PEAKTUBHOW MOIIHOCTHU
MIOKa3aHo Ha puc. 5.

3/1ech 3a/1aeTcs TOJNBKO OAMH MapaMeTp — 4YacToTa, KOTOpasi JOJKHA ObIThH paBHO Yac-
TOTE€ UCTOYHUKA MUTAHHUS.

OKHO HacTpOMKM AMCILIES NOKa3aHO Ha puc. 6. B mossAx okHa HACTPONKU yKa3bIBA€TCs
dbopmar npeacTaBlIeHHs YUCIIOBBIX Pe3yJIbTaToB, B mojie Decimation (pa3ouBka) 3a1aeTcsl YUCIIO
I1aroB BBIYMCIICHUS, Y€pe3 KOTOPbIe 3HAU€HMsI BBIBOAATCS Ha JUCIUIEH. YCTaHOBKaA B moJsie Sam-
ple time 3HayeHus -1 CHHXPOHU3UPYET padbOTy OJIOKA C IArOM BBIYHCICHUN.

B“!;J.Elg.ﬁ.éra.metérs: Pl.Qi
{ 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]

i

{50

H b

H

oK Cance) Hep | ool

Puc. 5. OkHO HacTpoiiku 0J10Ka H3MepeHHusT MOIHOCTH



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 HACTPOWKHU nmapamMeTpoB JAUCILIEs

r
i
E
i
;
|
|
|
|
|

OxHo HacTpoliku 010ka Mux, 00beAMHSIONIETO Ba CUTHAIA B OJIMH BEKTOPHbIHN, TOKa3aHO
Ha puc. 7. B monsx okHa HACTPOWKHM 33/al0TCS YMCIO BXOJOB M BHEIIHHH BHJ MPEICTABICHUS
Osoka

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 HacTpo¥ikn 6;10ka Mux

Ilopsaook évinonnenusn padomot

[TapameTpbl aCHHXPOHHOM MAaIIMHBI Ul BBINOJHEHUS paOOThl 3a/IAOTCS MPETOAaBaTEeIeM.
[Tpu camocTosITeNnsHOM paboTe 3TU JaHHBIE BHIOMPAIOTCS U3 TAOMUIBI | M PacCUUTHIBAIOTCS, MOJIB3Y-
ACh ITACIIOPTHBIMU JaHHBIMU. OKHO HACTPOMKY IMapaMeTPOB MOAEIUPOBAHM I0KAa3aHO Ha pUc. 8.

CHsiTHe MEXaHMYECKOM XapaKTEPUCTUKU MAIIWHBI B ABUraTeIbHOM I'€HEPATOPHOM pe-
KUMax B COOTBETCTBMHM C M. 2.1 conxepkaHusi paboT HpOU3BOAMUTCSA Ha mojenu (puc. 1) mpu
W3MEHEHHH Harpy304HOr0 MOMEHTa BO BceM auamnaszone -1,5-1,5 ot HomunanbHOro. Ilpn sTom
JUISL KaXJ0ro 3HAUEHUS] MOMEHTA Harpy3kH OCYLIECTBIIAETCA MojaenupoBanue. [lpu nposenenun
HWCCIIEeNOBaHUI 3aII0/IHsAeTCs TadmuIa 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. OkHO HacTPOHKH MapaMeTPOB MO/IeJIMPOBAHUS
Tabnmua 2

M[Hw] [paz/c]

CHsTHe pabounX XapaKTEPUCTHK JBUTATeNs B COOTBETCTBHUHU C 1. 2.2 cojepKaHus paboThI
IIPOBOJUTCS Ha Mozenu (puc. 1) mpu M3MeHEeHUH Harpy304HOro MoMmeHTa B mpeaenax 0-1,2 ot
HOMMHaJIbHOTO. IIpH 3TOM 17151 KaX10r0 3HauU€HHs. MOMEHTa Harpy3KH OCYLIECTBISETCS MOJEIH-
poBanue. [Ipu npoBeneHny ccnea0BaHU 3amoaHseTCs Tadnuna 3.

Taoamma 3
Nsmepenus Brruucnenus
M [Hu] o | u | 1 S
P.[B ; ; \ a) ? | cos 2 %] | s[%
1[Br] [BAp] | [B] | [A]l | [pawc] | [rpan] ® | [B1] n[%] | s[%]

Brrunciaenns IMPOU3BOJATCA 11O BBIPAKCHUAM:

(p:arctg&, P,=Mo, s=22"%
P, ®,

[To naHHBIM TAaOMUIBI CTPOUTCS MEXaHMUYECKas XapaKTepUCTUKAa MAIIMHbI U HA OTIEJb-
HOM rpaduke — paboune XxapaKTepUCTUKH.
BpemMeHHbIe 3aBHCUMOCTH NTEPEMEHHBIX COCTOSHHS MAIIMHBI MOXKHO HA0MII0IaTh HA DKpaHe

ociuutorpada (puc. 9). 31ech BUAHBI B MIEPEXOJHON MPOIECC MPHU MyCKE MAIIMHBI, U YCTAHO-
BUBIIIHECS TTPOLIECCHI.



Titee sffceb 0

Puc. 9. BpemeHHbIe 3aBUCMMOCTH NepeMEeHHbIX COCTOSIHUS MAIIMHBI IPU padoTe B ABUIaATe/b-
HOM pe:kume

Cooepircanue omuema

5.1. Cxema Mojenu U ONMUCaHHe BUPTYaJTbHBIX OJIOKOB.

5.2. MexaHnyeckas XapakTepUCTHUKA MAIIMHbI B JBUTATEIbHOM U T€HEPATOPHOM pe-
KUMaX.

5.3. Paboume xapakTepUCTHKHU MAIIMHBI B JBUTATEIBHOM PEKUME

JlaGopaTopHasi padora Ne5. « MoaempoBaHue CHHXPOHHOI'0 YJIEKTPOINPH-

BOIA»

Lenv pabomot

HccnenoBanue Tpexda3HOW SIBHOMOIIOCHONW, MATHUTORICKTPUUECKON CUHXPOHHOW Malllu-
HBI.

Cooepotcanue pabomot

2.1. CusTie pabo4ynx XapakTepUCTUK MAILIMHBI B IBUTATEIIbHOM PEXHUME.

2.2. CHATHE 3aBHUCHUMOCTH TOTPEOISIEMON M3 CETH MOIIHOCTU OT TMOTOKa BO30YKICHHS
MAaITHUHBI.

Onucanue supmyanvHoll 1a60PaAmMoOPHOI YCMAHOBKU

BupryansHas nabopaTopHasi yCTaHOBKA Ipe/CTaBlIeHa Ha puc. 1.

Omna conepxur:

— UCTOYHMK TIEPEMEHHOTO Tpex(a3zHoro HampspKeHus Source ms omubimoreku Power Sys-
tem Blockset/Extras/Electrical Sources;

— u3MepHTeNb Tpex(asHoro HampsbkeHus u Toka Three-Phase V-1 Measurement us 6u6-
muoteku Power System Blockset/Extras/ Measurement;

— wmccneayemyo Tpex(dasHyro cHHXpoHHYI0 MamuHy Permanent Magnet Synchronous



Machine u3 6ubnmmorexu Power System Blockset/Machines;

— U3MEpUTENh aKTUBHOM M peakTuBHOW MourHocTH P1, Q1 u3 Oubnuorexku Power System
Blockset/Extras/Measurement;

— OJIOK M3MepeHus: MepeMEeHHbBIX cOCTOsIHUS MarmHbl Machines Measurement u3 6u6imo-
teku Power System Blockset/Machines;

— ©Onoxk Display mist KoMuecTBEeHHOTO MpeCTaBICHUS U3MEPEHHBIX MOLIHOCTEH (B Tpex
MEPBBIX OKHAX OJIOKa MpeACTaBlIEHbl aKTUBHBIE MOIHOCTU B KaXXAOW (haze MalIuHbI, B TpeX IMO-
CIIETHUX — PEAKTHUBHBIC MOIIHOCTH);

— 010k RMS u3 6ubnmmorexn Power System Blockset/Extrax/Measurement, namepsirornmii
JEHCTBYIOIMI TOK B (ha3e MaIIHMHBI,

— ©Onox Moment ans 3amaHus MEXaHUYECKOTO MOMEHTAa Ha BaJly MAIUHBI U3 TJIaBHOU
oubmmorexu Simulink/Source;

— 610k Product u3 riaBuoi#t 6ubmuoreku Simulink/Math, Beraucisrommii MEXaHHYECKYTO
MOIIHOCTH Ha BaJy MaIllIHHEI;

— ©Onok Scope ans HaOMIOJIeHUs] TOKAa CTaTopa, MOMEHTa M MEXaHMYEeCKOHW MOIIHOCTH
CHUHXPOHHOM MaIlMHbI U3 r1aBHOM oubmmoTeku Simulink/Sinks;

— ©6nok Display 1 mms KonMn4ecTBEHHOIO IPEACTABICHUS W3MEPEHHBIX TOKa (A) U 37ICK-
TpoMarHuTHOro MoMeHTta (Hm) Mamubl u3 riaBrHoi oubmmoreku Simulink/Sinks;

— 0710k MUX, 00BbeIMHSIOIINI IBa CUTHAJIA B OJJMH BEKTOPHBIN TTIaBHON OnOInoTekn Simu-

link/Sygnal & System.
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Puc. 1. MoaeJsn A5 Hcc/IeOBAaHNS CHHXPOHHOH MAIIMHBI

OKHO HACTpOIKH MapamMeTpOB CHHXPOHHOM MaIlMHbI TOKa3aHO Ha pHUC. 2.



Puc. 2. OkHO HACTPOIiKM NapaMeTPOB CHHXPOHHOW MallIMHBbI

B nosisix okHa 1ocienoBaTenbHO 3a/1al0TC:

— aKTUBHOE COMPOTHBIEHHE 0OMOTKH cTtaropa (Om);

— MHIYKTUBHOCTH IO MPOIOJILHON 1 monepedroit ocu (I'H);

— MaKCUMaJbHBII MOTOK B MamuHe (BO);

— MoMeHT uHepLuH (Kkrm?), Koodduument Bsi3koro Tperus (HMC), YHCiIo map momtocos.

OKHO HacTpoHKHU OJI0Ka U3MEPEHHUS IEPEMEHHBIX COCTOSIHUS MAILIMHbI I0Ka3aHO Ha puc. 3.

Tun mammHbl BeIOUpaeTcs B nojie Machine type. B BeimagaroiieM MEHIO 3TOro MoJisl clie-
ayet BbiOpaTh Permanent magnet synchronous. ®naxku ciieBa BKIOYAIOTCS Y TEX MMEPEMEHHBIX
COCTOSIHUSI, KOTOPBIE MOJIEKAT U3MEPEHUIO.

OxHO HacTpOMKHU IapaMeTpOB UCTOYHUKA [T0OKA3aHO Ha puc. 4. HanpspkeHue n yactora uc-
TOYHHKA JIOJDKHBI OBITh COTJIACOBAHBI C HANPSIKEHHUEM, CKOPOCTHIO M YHCIIOM Tap MOJIOCOB Ma-
IIVHBI.

Puc. 3. OKkHO HACTPOMKH U3MEpPHUTEJIsl IePeMEHHBIX COCTOSIHUSI MAIIMHbBI



Puc. 4. OkHO HACTPONKH 1T

apaMeTpoB UCTOYHUKA IIUTAHUA

Ilopsaook évinonnenus padomoi

[TapameTppl CHHXPOHHOM MaIIMHBI ¥ UCTOYHUKA MUTAHMS AJIS1 BHIIOJIHEHUS! paboThI 3a/1a-
I0TCs IpeniofaBaresneM. [Ipu camocTosTenbHOM paboTe JaHHbIE MAllMHBI MOXKHO TPUHSTH TaKH-
MU, KaK Ha pucC. 2, a JaHHbIE UICTOYHUKA — KakK Ha puc. 4. OKHO HaCTPOMKHU MapaMeTpoB MOJAECIIH-
pOBaHus MMOKa3aHO Ha puUC. 5.

Puc. 5. OkHO HacTpoOiikH MapaMeTPoOB MOJeTUPOBAHMIA
CHsiTHe MEXaHMYECKOM M paboumX XapaKTepHCTHK MAIIUHBI B JIBUTATEILHOM PEXHME B
COOTBETCTBUM C M. 2.1 cozmepkaHust paboOThl MPOU3BOAUTCS Ha Mojenu (puc. 1) mpu U3MEeHEeHUn
Harpy304HOro MOMEHTa OT HyJid 10 1,4 oT HoMHHanbHOTr0. HOMUHAIBHBIN MOMEHT OINpENENAeTCs

U3 BBIPAXKEHUS
- ‘/§Um(Um ~0®p)p
J2 oRg
rae Un, @ = 2nf — ammuryna u yacrora ucToyHuka nutanus, @m, Rs, P — MaKCHMaIbHBIH
MOTOK, COMPOTUBIIEHUE CTATOPA U YKCIIO Map MOJIIOCOB MaIIUHBI (puC. 2).

JI1st KaK0T0 3HAYCHHMS MOMEHTA Harpy3KH OCYHIECTBIISIETCS MojaenupoBanue. [Ipu mpo-
BEJICHUH UCCIIEIOBAaHUN 3amoIHseTcsa Tadauna 1.

M,



Taoéanmna 1.

M3mepenus Brruncnenus
M P 1 Q 1 U 1 | 1 (O] P> I 0) COS ¢ n
[Hwm] | [Br] | [BAp] | [B] [A] | [pawe]| [Br] | [A] | [rpax] [%]

BbIuuCIeHHs OCYIIECTBISIOTCS 110 (hopMyam:
Q P.
p=arctg—L, n=-2, P =Py+Pg+Ps, Q =Q4+Qg+Qc.
A A
ITo naHHBIM TaOIHIIBI CTPOATCS paboune xapakTepucTuku |, cos ¢, h = f(Py).
Ha puc. 6 BUIHBI 3aBUCHMOCTH TIEPEMEHHBIX COCTOSIHHUS MAIITHHBI.

e

a

Puc. 6 BpemeHHbIe 3aBUCHMOCTH NePEMEHHBIX COCTOSTHUS MAIIUHBI

CHsATHE 3aBUCUMOCTH TIOTPEOIIEMOM U3 CETH MOIIHOCTH OT ITOTOKA BO30YXKICHHS Mallu-
HBl B COOTBETCTBUU C M. 2.2 cofepxaHHs pabOThl OCYIIECTBIsAETCS Ha MoAenu (puc. 1) mpu mo-
CTOSIHHOM MOMEHTE Harpy3ku (3ajaercs mpemnojapateiiemM). MakcuMalbHbli MOTOK B mojie Flux
induced magnets (puc. 2) cieayer 3agaBath B auanasone 0,6—1,2 ¢ mrarom 0,05 B6. Jlist kaxio-

r'0 3HAYEHUS TIOTOKA TPOBOIUTEH MOJICITHPOBAHUE, IO PE3YJIbTaTaM 3aIlOJIHUTE TAOIUITY 2.
Tabauna 2.

Dy, Q; P COS @
[B6] [BAp] [B1]

Cooepocanue omuema

5.1. Cxema Mozieny U OMMCAaHNE BUPTYATbHBIX OJOKOB.

5.2. Paboune XapaKTepUCTUKN MAIIMHBI B IBUTATEIILHOM PEKUME.
5.3. 3aBucumoctu P; Q1,COS ¢ oT @y




Kpurepuu onenku 1a60paTopHbIX padoT

[Tpu moAroTOBKE K JIaOOpAaTOPHOU paboTe Mo IUCHUIIINHE «MoJIeTUpOBaHKE B
slIeKTpoTexHuKe» B 4 (8%, 7**) ceMecTpe CTYACHT IOJKEH BBIMOIHUTD CICAYIOIINE
BU/IbI paboT:

MunumajbHblil | MakcuMaJIbHbIH
Buabi pador
0asn oasn
CamMocTosTeNlbHAs TPOpadOTKa TEOPETH-
YeCKOro maTepuaia K J1abopaTOpHOM pa- 1(1*, 1*%) 2 (2%, 2*%)
6ote
O3HAaKOMJIEHHE C yCTaHOBKOM, IprOOPOM,
METOJMKON BBITIOJHEHUS J1a0OpaTOPHOU 1(1*, 1**) 2 (2%, 2*%)
paboThI
BeimonHeHne HEOOXOAMMOIO  DKCIEPH- 1(1%, 1%%) 2 (2%, 2%%)
MEHTa
OOpaboTka pe3yabTaTOB HCCIEIOBAHUA, 2 (2%, 2%%) 3 (2%, 3%%)
NOCTPOCHUE TPadUKOB
AHanu3 pe3ybTaToOB UCCIICIOBAHUS U BbI- 2 (2%, 2%%) 3 (2%, 3%%)
BOJI 110 paboTe
UTOI'O: 7 (7%, 7*%) 12 (10%*, 12**)

Takum oOpazom, kaxmgas iaboparopHasi paboTa OIEHUBAETCI MUHUMYM B 7
(7*, 7**) 6amnoB, makcumym B 12 (10*, 12**) Gamnos. [lociie BBIMONTHEHUS BCEX
paboT pacCUYHMTHIBACTCS WTOTOBBIN Oa/ul IO JaHHOMY OIICHOYHOMY CPEICTBY, Kak
cpeaHee apupMETHIESCKOE 10 BCEM J1Ta00paTOPHBIM paboTaM.

X - 0n1a ounozo omoenenusn; X* - 0na 3a04no020 omoenenusa; X** - ona ouHo-
3A0UH020 OmoeeHuA.



MuHuncTEepCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit @enepannu
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakynrbmem UHGOPMAYUOHHBIX MEXHONOUL
Kagheopa snexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Hampasnenue noarotoBku: 13.04.02 «D1eKTpOIHEPTETHKA U DIEKTPOTEXHUKAY

(KOO u HaumeHo8aHue)
[Ipoduns/mporpamma:; «MHHOBAIMOHHBIE TEXHOJIOTHHM B DJIEKTPOXO3AMCTBE He(TeXMMUYe-
CKUX IIPEIIPUSITUI (Haumenosanue

KoMmmuiekT 3aganuii 1151 KOHTPOJIbHOI padoThI
AJIS1 3204HOI0 OT/AECJICHUSA
10 JUCHUIIMHE «MOIenupoBaHnue B dJIEKTPOTEXHUKEY

I/ICCJICIIOBaTB OCHOBHBIC BCJIIMYMWHBI, XapPAKTCPU3IYHOIINC CUHYCOUIAAIBHBIC TCPCMCHHBIC
TOKH W HAIIPSIKCHUA,; UCCIICA0OBATD JINHEHHBIE QJICKTPUYCCKHUEC LCITN CUHYCOUAAIBHOTO TOKA, IIPO-
BCPUTH BBINIOJIHCHUC 3aKOHOB Knpxroq)a B LCIIIX CHUHYCOUIAIBHOI'O TOKaA. I/ICXOI[HI)IG JaHHBIC,
COOTBCTCTBYIOIINEC BAPHUAHTY CTYACHTA IIPUBCJACHLI B Tabum. 1.

Tabmmia 1
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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

Coaepixanue pacueTHO-Tpaduyeckoi padoThI:

1. I/ICCJ'ICI[OBaHI/IG HNCTOYHHKOB HAIPsIKCHUA W TOKA, MCCICAOBAHWEC OCHOBHBLIX BCJIHWYHMH,
XapaKTepU3YIOIUX CHHYCOUIATbHBIN TOK.

2. HccnenoBanue pe3ncTopa B IEMU CHHYCOUAAIBHOTO TOKA.

3. HccnenoBanue MHIYKTUBHOCTH B 1IN CUHYCOUIAILHOTO TOKA.

4. UccnenoBanue eMKOCTH B LIEMIU CUHYCOMIaJIbHOTO TOKA.

5. HccnenoBanue mociiejoBaTeIbHOTO COEAMHEHUS] PE3UCTOPA, MHAYKTUBHOCTU M €MKO-
CTH B LIETIH CUHYCOUJAJILHOTO TOKA.



6. MccnenoBanue mapauieIbHOTO COCIUHEHUS PE3UCTOPA, MHIYKTUBHOCTH M €MKOCTH B
LCIKU CUHYCONJAJIbHOI'O TOKA.

7. WccnenoBanne CMENIAHHOTO COCIMHEHUSI PE3UCTOPA, HHIYKTUBHOCTH U €MKOCTH B IIe-
1 CUHYCOUJAJIbHOI'O TOKA.

8. IlpoBepka 3akoHOB Kupxroda B 1ernu CMHYCOUIATBHOTO TOKA.

Bupryanbnbie npudopsl 1 000pyA0OBaHHeE:

Buptyansusie npruOopsl 1 000pyJ0BaHUE ISl BHITIOJHEHUSI pacueTHO-TpadruecKoit pabo-
TBI MpeAcTaBiIeHbl HA puc.1. OHU cofepkaT UCTOYHHUK CHHYycouaanbHoro Hamnpsokenus (AC Vol-
tage Source), ucrounuk cunycouganbHoro Toka (AC Current Source), mocneaoBareabHbIC U Ma-
pamtensapie RLC-mermn  (Series RLC, Parallel RLC), wusmepurensubie mpubopst (Voltage
Measurement (BosieT™eTp), Current Measurement (ammepmerp), Multimeter, powergui (610 rpa-
¢buueckoro unrepdeiica nmoas3oparens), Active and Reactive Power (610k n3MepeHus: akTHBHOM
U pEaKTHBHON MoIIHOCTH), Display) u syieMeHTBI COCIMHCHHS — BXOJ M BBIXOJ 3a3EMJICHUS
(Ground input, Ground output).

Bce BupTyansHbie pudopsl U obopynoBanue (kpome Display) siisirorcst 61okamu makera
pacmmpenust Power System Blockset (SimPower Systems s Bepcwuii mo3aaee Matlab 6.5). uc-
wieit (Display) siBnsiercst 6;10koM ocHOBHOM Oubmoreku Simulink.

F - :E&W
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File Edit View Simulation Format Teols Help
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@ AC Voltage Source Series RLC Branch a El P
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a
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R
@ AC Current Source Parallel RLC Load Continuous

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

Puc. 1 - bubnroreunspie BUpPTyallbHBIE OJ0KH K TaOOpaTopHOi paboTte

Maxkcumansvholii 6ann 3a KoHmpoavHylo paoomy cocmaensem 10 munu-
ManvHvlil 6ann — 5.

Ilpu noemopnom nepenucviganuu KOHMPOJIbHOU 6 UMO206bLI PEUMmUH2
udem cpeoHuil 6ail no 6cem NHONbIMKAM.



MuHucTEepCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit denepanun
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakynbmem uHGOPMAYUOHHBIX MEXHONO2UL
Kagheopa snexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Hanpasnenne noarotoBku: 13.04.02 «DneKTposHepreTHKa 1 31eKTPOTEXHIKa
(KOO U HaumeHo8aHue)

[Tpoduns/mporpamma; «MHHOBAIMOHHBIE TEXHOJIOTHHM B DJIEKTPOXO3AMCTBE He(TeXMMUYe-
CKUX MPENNPUIATUI (Haumenoeanue)

CemecTp 4 — 0O4HOE OT/CIICHHE;

CemecTtp 8 — 3a04HOE OT/ICJICHUE;

CemecTtp 7 — OUHO-320YHOE OTACICHUE

Bonpocel 1714 3a4eTa ¢ OLeHKOH
o guciuIuinHe «MoaeanpoBaHue B DJIEKTPOIHEPTETUKE U DIIEKTPOTEXHUKE

KontponsHubie Bonpocs! 1o teme Ne |
«Onepanuonnas cpeaa Simulink»

. 3aIIyCK CHUCTEMBI.

. O603peBarenb oudmoTeku 010k0B Simulink.

. Co3nanue Mmoaenu.

. OCHOBHBIE 3JIEMEHTBI OKHa MOJIEIH.

. OCHOBHBIE PUEMBI TOJATOTOBKHU U PEIAKTUPOBAHUS MOJIEIH.

. YcTaHOBKA MMapaMeTpoB MOJICTUPOBAHUS U €T0 BBIMOJIHEHUE.

OOk wWNE

KontponbHbie Bompocsl 1o Teme Ne 2
«0030p ocHoBHON 6MbIMoTeKH Simulink»
. UcTounmnku curaamaoB SOUrCes.
. [lpuemnnku curaano Sinks.
. broku HenpeprIBHBIX Monenelr Continuous.
. biokn maremarnyeckux oneparuii Math Operations.
. broku mapmpyruzanuu curnanos Signal&Routing.
. ®ynkiuy, onpeaensiemble nmoyb3oBatenem User-defined Function.

OO WN PR

KonTposbHbie Bonpockl 1o Teme Ne 3
«bubanoreka 610k0B SiImPowerSystems»
. CocraB OMOJIMOTEKH U OCHOBHBIE OCOOCHHOCTH.
. Uctounuku snextpuueckoii sneprun Electrical Sources.
. I3mepuTenbHbIe 1 KOHTPOJIBHBIE YCTPOKCTBA.
. DIEKTPOTEXHUYECKUE dNIeMeHThI Elements.
. DneMeHTHI CHIIOBOH neKkTpoHuKH Power Electronics.
. DnekTpuyeckue Mammebl Machines.
. Moaenu juist pacueTa BeKTopHbIM MeTozioM Phasor Elements.

~No ok WDN P
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KontponsHbie Bonpocs! 1o Teme Ne 4
«I'padpuueckuii maTepeiic moan3zoBarenas Powergui»

. Pacder cxem cMMBOJIMYECKUM (BEKTOPHBIM) METOIOM.

. JAuckpernszanus MOJEIu.

. PacueT ycTaHOBUBIIETrOCs pexrUMa.

. Uanmmanumzamnus tpexgasHbIX CXeM, COACPKAIMMNX AJIEKTPUUSCKUE MAIIIUHBI.
. OnpeeneHue UMIeaHca EMu.

. FapMoHMueckuil aHaus.

. Co3ganue or4era.

KontponsHbie Bompocsl 1o Teme Ne 5
«OcHoBHbIe KoMaHabl Matlab nast ynpasienus SPS-moaenbro»

. OyHKIWs HHANHAIM3auu SPS-momenu power_init.
. OyHKIIUS 715 ONpeAeNICHUs MaTeMaTHIECKON MOIeNIA IMHEWHON YacTH AJICKTPH-

YEeCKOM CXeMbI pOwWer_statespace.

KontponbHbie Bompockl 1o Teme Ne 6
«[Ipunmun paéorsr SimPowerSystemsy

. AnroputMm pacuera SPS-monenu.
. Be16op MeToia uHTErpupOBaHUS.
. OcoOGEHHOCTH MOJICIIUPOBAHUS CXEM CHIIOBOM DJICKTPOHUKH.

Maxkcumanvuolit 6411 3a 3a4em ¢ OUEHKOI 014 0YHO20 OMOENeHUsL COCMAG-

asem 40, munumanvnwii 6aa1 — 25.

Makcumansholit 6ann 3a 3auem ¢ OUCHKOU O0J1 3A0UHO20 OMOENEHUs CO-

cmaensem 40, munumanvuoii 6aan — 20.

MaxkcumansHstil 0a11 3a 3auem ¢ OUCHKOU O OYHO-3A0YHO20 OMOC/ICHUA

cocmaenaem 40, munumanovnorii 6ann — 25.



