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Ilepeuens komnemenyuii U UHOUKAMOPOB OOCHUNCEHUA KOMNEMEHUUIL C YKA3ZAHUEM IMAN08 (OoPpMUPOBAHUA 8 NPOYECCe 0CBOCHUS OUC-
UUNTUHDL
Komnerenmus:
OIIK-2 - ciocobeH pa3pabaThiBaTh adrOPUTMBI H KOMITBIOTEPHBIC TPOTPAMMBI, IPUTOIHBIE JIJIS MPAKTUYECKOTO MPUMEHEHHSL.
WNHIukaTOphl TOCTHKEHUS KOMITCTCHIIUH:
OIIK-2.1 - 3HaeT coBpeMeHHbIC ITU(POBBIE TEXHOJIOTHH, MIO3BOJISIONINE pa3padaThiBaTh U MPUMEHSITH AITOPUTMBI M KOMITBIOTEPHBIC TPOTPAMMBI IS
peIIeHUs TPaKTUYECKUX 3a]1a4;
OIIK-2.2 - ymeeT mporpaMMHUPOBATh aJITOPUTMEI, IPUMEHSITH KOMITBIOTEPHBIC TTPOTPAMMBI JIJISl pEIICHHS MPOPECCHOHATBHBIX 3a/1a4;
OIIK-2.3 - BnajieeT HaBbIKaMH MCIIOJIb30BAHMS COBPEMEHHBIX IPHUKJIATHBIX MPOTPAMM.

Komnerenmnus:

OIIK-4 — ciocoOeH UCTIOIB30BaTh METOIBI AHAIHM3A W MOJICTTUPOBAHUS DIICKTPUICCKHX IETICH U AIEKTPUICCKUX MaIIHH.

WNHauKkaTOphl TOCTHKEHUS KOMITCTCHIIUH:

OIIK-4.1 — 3HaeT OCHOBHBIC MOHATHS M 3aKOHBI TEOPUU ICKTPUUECKHUX LETIeH U AMEKTPUUECKUX MAIlIUH; METOJIbI aHAJIM3a U MOJICIIMPOBAHUS DJIEKTPHU-
YECKUX IETNel U JICKTPHUSCKUX MAIWH;

OIIK-4.2 — ymMeeT COCTaBIIATh yPaBHEHUS JIJIS DJICKTPUICCKUX TIENCH 1 AJICKTPUUYSCKUX MAIIUH U MPUMEHSThH PAa3INIHBIC METOBI MOJICTHPOBAHUS;

OIIK-4.3 - BJIAACCT MECTOAaMU paCuCTa NEPCXOAHBIX U YCTAHOBUBIINXCS MPOUCCCOB B JICKTPUUCCKUX LCIAX U JICKTPUICCKHUX MAllIMHAX .

JIJ1s1 OYHOTO OTAECIICHUS

dmanwvl hopmuposanus é npoyecce 0C60CHUA OUCUUNTIUHDL
Hnouxamopwt 0o-
Ilpakmuueckue . Haumenoganue oyenounozo
Cmuicenus Kom- . Jlabopamopnuie Kypcogoii npoekm
Jexyuu 3anamus, 1adopamophulil cpeocmea
nemenyuu 3anaAmusn (paboma)
NPAKMUKym
) ) ) JlaGoparopnas pabota
[K-2.1 Tema 1-6 He npenycMoTpensl Tema 1-3 He npenycmoTpenst 3auer ¢ OLEHKOI
) ) ) JlaGopaTtopHas pabota
[1K-2.2 Tema 1-6 He npexycmoTpensl Tema 1-3 He npenycmoTpensl 3a4eT ¢ OLEHKO
) ) ) JlaGopaTtopHas pabota
[1K-2.3 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpensl 3auer ¢ OLEHKOI
) ) ) JlaGoparopnas pabota
[1K-4.1 Tema 1-6 He npenycMoTpensl Tema 1-3 He npenycmoTpenst 3auer ¢ OLEHKOI




- - _ JlaboparopHas pabora
[1K-4.2 Tema 1-6 He npengycmotpenst Tema 1-3 He npeaycmoTpenst 3auer ¢ OICHKO!

- - _ JlaGoparopHas pabora
[1K-4.3 Tema 1-6 He mpenxycMoTpeHsl Tema 1-3 He npegycmoTpensr 3ateT ¢ OUCHKOI

J1J1s1 3a04YHOTO OTJEIICHUS

Omanwl hopmuposanus 6 npoyecce 0c60eHUA OUCYUNTUHDBL
Hnouxamopul 0o-
Ilpakmuueckue . Haumenosanue oueHounoz2o
CMUdICEHUA KOM- . Jlabopamopnuie Kypcoeoii npoexm
Jexyuu 3anamus, 1adopamopHulil cpeocmea
nemenuyuu 3aHAmMUA (paboma)
npaKmuKym

JlaboparopHas pabora

[1K-2.1 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpenst KourponeHas pabora
3aueT ¢ olleHKOH

JlaboparopHas pabora

[1K-2.2 Tema 1-6 He npenycMoTpensr Tema 1-3 He npenycmoTpenst KonTtponbHas pabora
3aueT ¢ olleHKOH

JlaGoparopHas pabora

I1K-2.3 Tema 1-6 He npenycMoTpeHsl Tema 1-3 He npexycmoTpensl KonrpospHas padora
3aueT ¢ OIleHKOU

JlaGoparopHas pabdora

[1K-4.1 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpenst KonrposnpHas padora
3ayeT ¢ OIeHKOH

JlaGoparopHas pabdora

[1K-4.2 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmoTpenst KourposneHas pabora
3aueT ¢ OlleHKOH

JlaGoparopnas pabota

[1K-4.3 Tema 1-6 He npenycMoTpensl Tema 1-3 He npenycmoTpenst KourponpHas pabora
3auer ¢ o1eHKOn




Ilepeuensv oyenounvix cpeocme no oucyunaune «Moodenuposanue 6 In1eKmpo-

mexnuKe»

]_IJ'ISI O4YHOI'0, OYHO-3a04YHOI'0 OTACJICHUA

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

J171s1 3a0YHOTO OTACICHUS

OueHoYHbIE CPeICTBA Koa-Bo | Min, 6aoB | Max, 6aa10B
JlaGoparopHas paboTa 5 35 50
KonTponbHas pabota 1 5 10
3a4deT ¢ OIeHKOMN 1 20 40
Hroro: 60 100




HlIxana ouenusanusn

IMudposoe | Boipaikenue B | CioBecHoe Kpurepum o1ieHkM HHIUKATOPOB JOCTHKEHUA NPU GopMe KOHTPOJIS:
BbIPa)KeHH e oaJjIax: BbIPa)KeHH e IK3aMeH / 3a4eT ¢ OLCHKOM 3aqyer
5 87 - 100 OtiinyHo (3a- | O1IeHKA «OTJIMYHOY» BBICTABIISCTCS CTYICHTY, €CIIH TEOPETUIECKOE COJIepIKa-
YTEHO) HHUE Kypca OCBOEHO IMOJHOCTHIO, 0e3 Mpo0enoB; HcuepnbIBaIOIIe, OCIEeI0-
BaTeNbHO, YETKO M JIOTHYECKH CTPOWHO H3JaracT MaTepHai, CBOOOIHO
CTIpaBIIICTCS C 331a4aMH, BOIIPOCAMU M JPYTUMH BUIaMU MPUMEHEHHS 3Ha-
HUI{; HCTIOJIB3YET B OTBETE JOMOTHHUTEILHBIA MaTeprall BCe PEIyCMOTPEH-
HBIC TIPOTrPaMMOU 3a/IaHUsI BBIMOJIHEHBI, KAYECTBO UX BBIMOJIHEHHS OLICHEHO
YKCIIOM 0aJUTOB, OM3KHM K MAKCHMAaIbHOMY; aHATTM3UPYET MOJTYYCHHBIE Pe-
3YJILTAThI; MPOSIBISIET CAMOCTOSATENLHOCTD MTPY BBITIOJTHEHUH 3aJJaHUH OrneHKa «3aYTeHO» BBICTABIIACTCS CTY-
4 74 - 86 Xopomio (3a- | OueHKa «XOpOII0» BBICTABIISIETCS CTYACHTY, €CJIM TEOPETUIECKOE COJIepKa-|IEHTY, €CIM OTBETHI Ha BOIPOCHI IO TeMaM
YTEHO) HHUE Kypca OCBOCHO MOJTHOCTHIO, HEOOXOIUMBIC TPAKTHYESCKIE KOMIIETECHIINH | TUCIUITIMHBI TIOCIE0BATEIbHbI, JIOTHYC-
B OCHOBHOM C(POPMHPOBAHBI, BCE MPEYCMOTPEHHbBIE IPOTPaMMOi 00YUCHHUS [CKU H3TI0XKEHBI, JIOMYCKAIOTCS HE3HAYH-
yueOHbIC 3a/IaHUs BBIITOJIHEHBI, KAYECTBO UX BBITIOJIHECHHUS JOCTATOYHO BBI-|TEIbHBIC HEJOYCTHI B OTBETE CTY/ICHTA, Ta-
cokoe. CTyZICHT TBEp/I0 3HACT MaTepHal, FPaMOTHO H MO CYNIECTBY M3JIaracT|KHe KaK OTCYTCTBHE CaMOCTOSITCIBHOTO
€ro, He JIOMYCKasl CYIIECTBeHHBIX HETOYHOCTEH B OTBETE HAa BOMPOC. BBIBOJI4, PEYEBbIC ONIHOKHU U TIP
3 60 -73 VY nosnerBopu-|OlieHKa «yIOBICTBOPUTEIHHO» BBICTABIISICTCS] CTYACHTY, €CIH TEOpETHYEC-
TENBHO (3a- |CKOE coJepKaHue Kypca OCBOGHO YaCTHYHO, HO MPOOeNbl HE HOCAT CyIlle-
YTEHO) CTBEHHOTO XapakTepa, OOJBIIMHCTBO MPETYCMOTPSHHBIX MTPOTPAMMOI 3a/1a-
HU BBITOJHEHO, HO B HUX MMEIOTCSI OIIMOKH, TPU OTBETE HA MOCTABJICHHBIN
BOIPOC CTYJIEHT JOMYCKAET HETOYHOCTH, HEIOCTATOYHO MpaBUIIbHBIE QOp-
MYJIMPOBKH, HAOJIIOJJAI0TCSl HAPYIIIEHHS JIOTUYECKOH MOCIIEI0BATEILHOCTH B
M3JI0)KECHUH MTPOrPaMMHOT0 MaTepraa.
2 Hwxe 60 Heynosrnerso- |OnieHKa «HEYIOBICTBOPUTEILHO» BBICTABIACTCS CTYICHTY, eciu OH He| OleHKa «HE 3aU4TEHOY» BBICTABISETCS CTY-
PHUTENBHO  |3HACT 3HAYMTENILHOW YacTW MPOTPaMMHOTO MaTepHaia, JOIMYCKaeT CyIIe-|IeHTY, eClId CTYJIEHT HEe 3HaeT OCHOBHBIX
(He3auTeHO) |CTBEHHBIE ONIMOKH, HEYBEPEHHO, C OOJBIIMMU 3aTPyIHEHUSAMHE BEITOIHSICT |IOHSITHH TEMbI JUCIUILUINHEI, HE OTBEYaeT

MpaKkTU4YecKue padoThl, HEOOXOAWMBIE NPAKTHUECKHE KOMIIETEHIMU He
chopMHPOBaHbI, OOJBITHHCTBO MPEAYCMOTPEHHBIX MPOTrPaMMON 00y4eHUsI
y4eOHBIX 3aJ]aHUi He BBIIIOJIHEHO, KAYeCTBO MX BBITIOJHEHUS OLEHEHO YHC-
J10M 0aJ10B, OJM3KUM K MUHHUMAJIBHOMY

Ha JOOIIOJHUTCIIBHBIC M HaABOJAIIMWE BO-
IIPOCHI IMpETIoJaBaTeIs.




KpaTkasi XapaKkTepucTHKA OLIEHOYHBIX CPEACTB

Ne | Haumenosanue| Kpamkasa xapaxmepucmuka ouyenounozo | Ilpeocmaenenue
n/n| oOUeHoOuH020 cpeocmea OUEHOYHO20 Ccpeo-
cpeocmea cmea 6 ponoe
1 |JlaGopaTopHas |DTo BUJ y4yeOHOH pabOThI, 1eNbl0 KOTOpOii| Tembl mabopaTop-
pabora ABJISIETCSl U3y4YeHUe (HMcclieJoBaHue, U3Mepe-|HbIX paboT, KOH-
HUE) XapaKTEePUCTHK JIabOpaTOpPHOro 0O0b-|TPOJIbHBIE BO-
eKTa. IPOCHI TI0 TEME
[ens maGopaTOPHBIX 3aHITHI: OCBOEHUE U3Y-|1a00paTOpHOI pa-
yaeMoil y4eOHOM AMCIMIUIMHBI; TpHOOpeTe-|00ThI, BOIIPOCHI K
HUE HABBIKOB MPAKTHYECKOTO MPUMEHEHUS |KOJUIOKBHYMY
3HaHUU Y4eOHON NUCIUIUINHBI (JUCHIHUILIAH) C
HCIIOJIb30BAaHUEM TEXHUYECKUX CPEICTB U
() 060pyAOBaHUS
2 |KoutponpHast |CpeAcTBO MPOBEPKU YMEHUN MPUMEHATH 1M0-|KoMriekT KoH-
pabota JTy4YeHHBIC 3HAHUS JJIA PEIICHUS 3a71ad OIpe-|TPOIbHBIX 3aIaHuN

ACJICHHOI'O THIIA I10 TEMC WUJIK pa3aciy.

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

Dakynomem: UHGOPMAYUOHHBIX MEXHONOUL

Kadgheopa: snexmpomexnuxu u snepeoobecnevwenus npeonpusmuii

VYueOHbIM IIaHOM 1O HampaBieHUuio noAroToBku 13.03.02 «Onexktposnepre-
THUKA U JEKTPOTEXHUKA» I 00ydJalomuXcsl MPeayCMOTPEHO TIpOBeeHIE Jabopa-
TOPHBIX 3aHATUH O AUCIUTITNHE «MOJIeTMPOBAHUE B IECKTPOTEXHHUKEY.

JIaGopaTopHbIe 3aHATHSI 110 UCIUTUIHHE MTPOBOASATCS B CIIeUaIbHO 000pyI0-
BaHHBIX JTAOOPATOPHSIX C MPUMEHEHHEM HEOOXOJUMBIX CPEACTB 0OydeHHUs: Tabopa-
TOPHOTO 00OpYJIOBaHMsI, 00pa3loOB AJsl MCCIEAOBAHUN, METOAMUYECKUX ITOCOOHUH.
[lenp poBeieHUsT TaOOPaTOPHBIX PabOT - MPAKTHUECKOE OCBOCHHE TEOPETHICCKUX
MOJIO’KEHUH JICKIIMOHHOTO MaTepuraia, a TakKe BBIpAOOTKa CTy/ICHTaMH OTIpeIesiCH-
HBIX YMEHUH WHABBIKOB CAMOCTOSITEIIBHOTO SKCTICPUMEHTHPOBAHUS.

JlaGoparopuast padora Nel. «IIporpammubiii naker MatLab»

«[TpubopHoii 6a30ii» MPOBEICHNST BUPTYAIbHBIX JJAOOPATOPHBIX PabOT SBISIOTCS MaKEThI
pacumpenus Simulink u PowerSystemBlockset mmpoko pacnipoctpanennoro makera MatLab.

B OubnmoTekax 3THX MaKeTOB PACIIMPEHHSI UMEIOTCSI MHOTOYMCIICHHBIE BUPTYaJIbHBIE dJIe-
MCHTBI © MHOT'OYHUCIICHHBIC U3SMCPUTCIIbHBIC HpI/I60pBI, 4TO MO3BOJIACT BCCCTOPOHHE UCCIICA0OBATH
AIIEKTPUYECKYIO IIETIh JIF000H CII0KHOCTH.

B nmanHO# 1abopatopHOii paboTe ONMUCHIBACTCS COJIEPKaHNE OCHOBHBIX OMOIMOTEK 3THX T1a-
KETOB PaCIIMPEHHUs] U PACCMaTPHUBAIOTCS OCHOBHBIC MTPUEMBI paObOTHl B HUX. [Ipr 3TOM OCHOBHOE
BHUMAaHHE YZEJIEHO TeM OUOIMOTEKaM, KOTOPbIE UCIIONb3YIOTCA B IajbHEMIIEM IIpU paboTe B BUP-
TyaJIbHOU JTA0OpaTOPUH ANEKTPUYECKUX LIETICH.

INaker pacupenns Simulink3 B makere Matlab-6

Haspanue nakera MatLab nmpoucxomut ot cnoBocouyeranust MatrixLaboratory, on opu-
EHTHPOBaH B MEPBYIO ouepe/b Ha 00pabOTKy MacCHMBOB JaHHBIX (MaTpull U BeKTOpoB). ImenHo
MO03TOMY, HECMOTPSI Ha JOCTATOYHO BBICOKYIO CKOPOCTh CMEHBI IIOKOJIEHUI BBIYMCIUTEIBHON TeX-
nuku, MatLabycneBas BiuThIBaTh Bce HanboIee IEHHOE OT KaXKJ0r0 U3 HUX. B pe3ynbTare K HacTO-
siemy Bpemenn MatlLab npezncrasnsier co6oit Gorateiinyro 6ubnuorexy ynkuuii (ux 6omaee 800),
€MHCTBEHHAas MpobiieMa paboThl ¢ KOTOPBIMHU 3aKJIIOYAETCS B YMEHUU OBICTPO OTHICKATh T€ W3
HUX, KOTOpPbIE HY>KHBI JIJIs1 PeLLIEHUS TTOCTaBJIEHHON 3a/1au.
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Puc. 1.1. Buoamnorexa Simulink

Ji1st TOTO, 94TOOBI 00JIETYUTH CIICIUATUCTAM PA3IMYHBIX 00J1acTel HAYKH U TEXHUKU paboTy
C TIaKeToM Bcs OubnuoTeka GpyHKIMN pa3duTa Ha pa3aensl. Te U3 HUX, KOTOpbIe HOCAT Oosee 00-
KA XapakTep, BXOAAT B coctaB sipa MatLab, Torna kak ¢pyHKIMH, KOTOPBIE SIBISIFOTCS CHICHUH-
YECKUMH JIJIS1 KOHKPETHOM 00J1aCTH, BKJIIOYEHBI B cOCTaB makeToB pacimupenus (Toolboxes).

B nocnennee Bpems mosiBuiIach HOBasi, CYIIECTBEHHO paciiupennas Bepcus — MatLab-6,
— C HOBBIM HUHTepdeiicoM. DToi BepcUu HIKE YIEJIeHO OCHOBHOE BHUMaHHe. OHaKo, HE0OXO-
JUMO OTMETHUTh, YTO OMOJIMOTEKH CTapblX Bepcuil ¢ ux uHTepdeiicom coxpaHeHsl. I1yTh Kk Takoi
OuOIMOTEKE CIeAYIOIHIA:

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

bubmuoreka Simulink3 mpencrapisier coboit HAOOp BU3yaIbHBIX 0OBEKTOB, UCIOJB3Ys KO-
TOpbIE MOXHO HCCJIENOBATh MPAKTUUYECKH JIIOOYIO AIIEKTPUYECKYIo 1emnb. [IpakTuuecku s Bcex
0JIOKOB CYyILIECTBYET BO3MOKHOCTh HACTPOMKMU mapameTpoB. [lapameTpbl HACTPONKH OTpaXxaroTcs B
MOJISIX HACTPOMKK OKHA HACTPOWKHU BbIOpaHHOTO Oiioka. Kromka Help Ha monsx HacTpoWKu OTKphI-
BaeT MoApOoOHYI0 HHGOPMAIIHIO 0 OJIOKE U ero rnapameTpax HaCTPONKH.

Bcs 6ubnmoreka Simulink B HOBo#t Bepcuu pa3duTa Ha BoceMb paszzaeios (puc. 1.1). Coaep-
JKaHUEe pasjiesia HaXOJUTCA B MPaBOM OKHE OmOmmoTeku. {151 BbI30Ba MPUBBIYHOTO MHTEpderica
OMOIMOTEKH CleyeT YCTaHOBUTh KypcOp Ha COOTBETCTBYIOIIMH pa3zen B JIEBOM OKHE, IPaBoif
KHOIIKOM «MBIIIKN» BbI3BAaTh BBINAJAIOIIEE MEHIO U U3 ATOI'O MEHIO OTKPBITh OMOJIMOTEKY.

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

Bbubanorexka maremarnueckux pynkuuii Math

bubnmoreka MareMaTHyecKux QyHKIHHA Noka3aHa Ha puc.l.2. OHa cOAep UT CIIeTYIOIINe
OJIOKH.

Sum-— aHanoTOBBI CyMMaTOP, KOTOPBIH ITO3BOJISIET alreOpandeck CyMMHUPOBATh JTIF000e
YHCIIO CUTHAJIOB Ha BXOJIE.

ProductdhopmupyeT Ha BbIXOJIe pe3yIbTaT YMHOKEHUS MU JICICHUS IBYX U OoJiee BXO/I-
HBIX CUTHAJIOB. UKHO HAaCTpPOWKH OJIOKa MoKa3aHo Ha puc. 1.3. B mone HacTpoiku 3TOT0 OKHA
BBOJIATCS TIapaMeTpbl HACTPOMKH. J{J1s naHHOTrO OJI0Ka B KauecTBE MapaMeTpOB HACTPOMKHU yKa-
3BIBAETCS YMCIIO BXOJIOB M BH/JI BHITIOJHSAEMOM OIeparyu.

DotProduct — 3BeHO, OCYyIIECTBIISIOIIEE TICPEMHOKEHHE IBYX BXOIHBIX BEIUYMH, €CITH
OHU SIBJIIIOTCS CKAJSIpaMU, a TaKXe BBIYHMCISIONIEE CyMMY IODJIEMEHTHBIX MPOU3BEACHUN TBYX
BXOJIHBIX BEKTOPOB OJIMHAKOBOM JIJTHEI.

Gain— aHaoTOBbIN YCUIIUTEb.

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



MatFunction — 6710k, MO3BOJISIONIMI BBIOPATh OAHY M3 MaTEeMAaTHYCCKUX (YHKIHUNA B
MoJie HACTPOUKH U BKJIIOUUTH €€ B MOJIEIIb.

TrigonometricFunction ¢opmupyer Ha BbIX0[€ TPUTOHOMETPHUCCKYIO (DYHKIIMIO BXO/I-
HOro curHana. Berbop ¢ynkium odecrieunBaercs B oJie HACTPOIMKH.

MinMax. Biiok BeIOMpaeT MUHUMAIbHOE WIIM MAaKCUMAJIbHOE 3HAUYECHHE BXOHOTO CUTHANA
— YHCJIOBOTO BEKTOPA — B COOTBETCTBUH C 33/1aHUEM TI0JISI HACTPONKH.

ADbs bopmupyeT Ha BbIXxojie a0CONIOTHOE 3HAYECHUE BXOJHOTO CHTHAIA, B (yHKIIMOHAIb-
HBIX CXEMax UTPaeT POJIb BHIIPSIMHUTEIIS.

IS Library: simulink3{Math [_ O] x]
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Puc. 1.2. Budinoreka maremaTuvyeckux pynxkuuii Math
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Puc. 1.3. OxHo HacTpoiiku 6;10Kka Product

Sing— O70k-perne, pearnpyromuii Ha 3HaK BXOJTHOTO CHTHaJIa. 3HaYeHHE BBIXOTHOTO CHUT-
HaJla YCTAaHABJIMBACTCS B T10JIE€ HACTPOUKH.

RoundingFunction oxpyrnser BXOIHOW curHai, (YHKIHS OKPYIJICHUS BBIOMpAETCS B
1oJIe HACTPOWKHU Ha HUCTAJAI0IIEM MEHIO.

CombinatorialLogic oGecrieunBaeT mpeoOpa3zoBaHe BXOJIHOTO CUTHAIA B COOTBETCTBUU C
c(hopMUPOBAHHOM B T10JIE HACTPOWKH TaOIUIEH HCTUHHOCTH. DTOT OJIOK MPEACTaBISET COO0H MO-
JIelTb KOHEYHOTO aBTOMATa, COCTOSIHUSL KOTOPOTO, KaK H3BECTHO, OMMMCHIBAIOTCS MTPH MTOMOIIHN OYyITe-

BOI1 anreOpsl.
LogicalOperation, RelationOperator u3BecTHbIC JIOTHYSCKUE OTICPALIUH «H» U CHITH.



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

BitwiseLogicalOperator — yHuBepcaibHbIil 0JIOK, peaTU3yIOIIHH JHOO0YIO JIOTHYSCKYIO
GYHKIIHIO.

ComplextoMagnitude-Angle — 610k, 03BOJIAIOIINN BBIACITUTh MOAY/Ib U (pa3y BXOJI-
HOM KOMIUIEKCHOM BEJINYMHBI.

Magnitude-AngletoComplex — 610k, mpeoOpa3yroriuii BXOAHYIO BEIUYHHY, 33aHHYIO
MOJyJieM U ($a30ii, B KOMIDICKCHYIO BBIXOHYIO BEITUUHHY.

ComplextoReal-Imag, Real-ImagtoComplex — 60ku, npeoOpa3yorime KOMIUICKCHBIC
BEJIMYMHBI M3 ITOKA3aTeILHON (POPMBI B alre0pandecKyro U 00paTHo.

AlgebraicConstraint— 6110k, M03BOJIAIONIUI B CTPYKTYPHYIO MOJIENIb BKJIIOUATh CUCTEMY
anreOpanyecKxX ypaBHEHUH.

Bubanorexka HeauHeiinbIx 0J0k0B Nonlinear

bubnuoreka HenuHEHHBIX OJIOKOB MMOKa3zaHa Ha puc.l.4. Dra OuOIMOTEKA COICPKHUT
OJIOKH, OIIMCAHHBIE HUKE.

RateLimitero6ecneurBaet pasnuunbie KO3(GPHUIHUEHTHI IEpeIadn B 3aBUCMOCTH OT 3HaKa
BXOJIHOT'O CHTHaJIa. B mOJIsiX HACTPOMKM yCTaHABIMBAIOTCS 3HAUCHHS ATHX KO(D(DHUIIUCHTOB.

Saturation— ycunutens ¢ orpaHuYeHHEM. BelndnHa BBIXOTHOTO CUTHANA TPH MOJI0KH-
TEJILHOM M OTPHIIATEIbHOM BXOJHOM CHTHAJIC YCTAHABJIMBACTCS B IMOJISIX HACTPOUKH.

Quantizer— 610k, oOecieUNBAIONIHI KBAHTOBAHUE BXOHOI'O CUTHAJIA 10 YPOBHIO. Benu-
YHHa CTYIEHBKHU 3a/1a€TCs B MMOJIC HACTPOMKH.

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

DeadZone— 6110k, peanu3yromuii 30Hy HEUyBCTBUTECIbHOCTH.

Relay— peste ¢ perymupyemoii 30HOM HEUyBCTBUTEILHOCTH M YCTaHABIMBAEMOM BETMIUHON
MOJIOXKUTEIBHOTO M OTPHIIATEIBHOTO BHIXOJHOTO CUTHAJIA.

Switch— kitro4, KOTOPBII MTEPEKITIOYAETCS, KOTIa BXOHOM CUTHAII CTAHOBHUTCS PABHBIM HIIH
OOJIBIIIMM 3a/IaHHOTO B T10JIC HACTPOMKH.

ManualSwitch— ko4, KOTOpbIi IepeKIToYaeTes BpyuHyo. [Ipyu MoaeTupoBaHuH TPH 10~
MOIITH 3TOr0 KJIF04a yA00HO MCHSTh TapaMeTPhl U CTPYKTYPY MOJICITH.

MultiportSwitch— 6710k mepekaroUareseii, mepeaarouii Ha BEIXOA OJMH M3 BXOIHBIX
CUTHAJIOB.

Coulomb&ViscousFriction— 6110k, peanu3yroIInii XapaKTepUCTUKY TPEHUS B MEXaHUYe-
CKHX CHCTEMaXx.

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

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



(Sinks)

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

B xoMMIIeKT BXOAST HIDKECISYIOIIHE BUPTYaIbHBIE TPUOOPHI: SCOPE — OCHHUIITIOCKOT TSt
HaOII0IcHUsT BpeMeHHbIX 3aBucumocteir. XY Graph— rpadonocrpourens B cucrteMe Mmojsp-
HBIX KoopauHaT. Display— ycTpoiicTBO /1 BBIBOA HA 3KpaH JAUCIUICS HU3MEPSIEMbIX BEJIMYUH
B i poBoii popme.

To file— 650k, cBa3sIBaronii Moaens Simulink ¢ cucremoii MatLab. Dot 6710k 1T03BOISIET
3aMcarh pe3ysbTaThl MOACIMpoBanus B ¢aitn MatLab ¢ nenpro manpHele 00pabOTKU U MpeI-
CTaBJICHUS PE3yJbTATOB.

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

File Edit Miew Fronal Help

|-

b
Scope XY Graph

"

Display

untitied.mat simout

To File To Workspace

Stop Simulation

Puc. 1.5. Bubinoreka BUPTYaJIbHbIX IPUOOPOB /1JIsi HAGJII0IEHUsI U perucTpamuunponeccon Sinks

Workspace— ycTpoiicTBO [Uis Tiepeiaun pe3yJibTaTOB MOJCIUPOBaHHs B pabouee Mpo-
CTPAHCTBO C LIEJIbIO UX JalbHel el 00padoTKH.

StopSimulation— octanoBka CUMYIISIIIHH.

C kaxapIM rpaduyecKuM 2JIEMEHTOM CBsI3aHO OKHO HacTpoek. Ha puc. 1.6 mokazaHsl
9KpaH OCIIM/UTOCKOIIA U ero OKHO HacTpoiiku. [Teproe mote Numberofaxes 3aciyxuBaer, moxxanyi,
HauOOJbIIET0 BHUMAHUSA. UHCIO PETHCTPUPYEMBIX MPOIECCOB U KOJIUYECTBO OTKPHIBAIOIIUXCS
JKPAHOB OCIIUJUIOCKOIA COOTBETCTBYIOT YUCITY, YCTAHOBJIEHHOMY B 9TOM IIOJIE.

<} Scope

<) ‘Scope’ properties MEE

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

Time range: | auto

e
Tick labels: | bottom axis only _'_j

Sampling |

lDecnmanun ﬂ |1 J

0K ] Cancel] Help | ApplyJ

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

Bu6anorexka HCTOYHNUKOB CUTHAJIOB (SOUrCeS)



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

Habop 0;10k0B COAEPKHUT MPAKTUYECKU BCE HEOOXOAMMbIE HCTOUHUKY CUTHAJIOB IS UCCIIe-
JIOBAHUS DJICKTPUYECKUX Iereid. Bo3MOXHO 3amaHue MpOW3BOJIBLHOTO BO3ICUCTBHS U3 (aiina
(6mox FromFile).Kpome HCTOYHMKOB 1€TEPMUHUPOBAHHBIX BO3JCHCTBHI C pa3inu4HON (DyHK-
[IUOHAIBHOW U BPEMEHHOH 3aBUCHMOCTBIO, IMEIOTCSI HCTOUHUKH CITy4allHBIX BO3JICHCTBUH C pa3-
JUYHBIMH 3aKoHaMu pacnpenencHus. C KaxapiM rpa@uyeckuM OJIOKOM CBSI3aHO OKHO
Hactpoiiku. Tak, 115 reHepaTopa nepuoandeckux curuanos (SignalGeneratorpuc. 1.8) coorser-
CTBYIOIIEE OKHO COJICPXKUT BbIOOp popmbl epuoandeckoro curnana (Waweform), yctaHoBky

amrmuatyasl curaana (Amplitude), yeranosky gacrorsl (Frequency) u BeIOOp eIMHHMII HU3MEpPe-
HUS YyCTaHOBJICHHOM 4acTOTHI.

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

HakerpacmmpenusaPower System Blockset
bubnunoreka Powerlib makera pacmpenuss PowerSystemBlockset(puc. 1.9) cogepxur
7 pa3enos, MOCIEAHUIN U3 KOTOPBIX, EXtras, BkiatodaeT noapasaessl.

Library: powerlib2

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

Ts=5e-005

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

Puc. 1.9. budaunorexa Powerlib

HcTounuku siekTpuyeckoii sHepruum ElectricalSources



Dra OMOIMOTEKa COJEpKaT HEYNPABIAEMbIC H YIIPABISICMbIe UCTOUHUKH ITOCTOSIHHOTO U
nepeMeHHoro Hampsbkenus U Toka (puc. 1.10).OxHo Hactpoiiku 6moka ACVoltageSource moka-
3aHO Ha puc. 1.11.B moisx mapamMeTpoB OKHA YCTaHABIUBAIOTCS 3HAYCHUS aMILTUTY/IbI HAIPsIKE-
HUSI, HAYQJIBHOM (pa3bl U YACTOTHI.

I[Tone  Measurements mo3BosleT TNOAKIKOUYars,  Onok  Multimeter s ws-
MEpPEHHUS U HAOJIIOICHUS BBIXOIHBIX MTAPAMETPOB UCTOUHHUKA.

biioku yrpaBisieMbIX HCTOUHHUKOB ITO3BOJISIOT CBSI3aTh CTPYKTYPHBIC HIIH (PYHKIIMOHAIBHBIC

cxembl ocHOBHBIX OubOmmorek SimulinkBlokLibrary ¢ snementamu Oubnmorekn PowerSystem-
Blockset.

E! Library: powerlib2/Electrical Sources
File Edit View vt Help

DC Voltage Source tp

A signal
-b

Controlled Voltage Source

>
signal T
>

Controlled Current Source

AL Voltage Source

AV

AC Current Source

>—@i> >—®1> > |-L—>

Puc. 1.10. buoanoreka NCTOYHHKOB
nexkTpuyeckoii y3nepruun ElectricalSources

Block Parameters: AC Voltage Source ;
AC Voltage Source (mask] (link) e
Ideal sinusoidal AC Voltage scurce.

Parameters

Peak amplitude [V):

[iod
Phase [deg].
|0
Frequency (Hz}:
{50

Sample time:

o

Measurements Fl one :J

[ ok | concet | Hen | |

Puc. 1.11. Oxno Hacrpoiiku 6;10xka ACVoltageSource

Bu6auorexka maccuBHBIX 2j1eMeHToB PowerElements
Ha puc.1.12npeacrasieH coctaB 3Toi OMOIMOTEKH, OHA COAEPIKUT:
*  TIOCTeJIOBaTEeNbHBIE U MapallIebHbIe MacCUBHBIE 31eMeHThl R, L, C, KoTopble MOTYT OBITh
3aJIaHbl B MapaMeTpax 3THX 3JIEMEHTOB, TO ecTh oMax, reHpu U ¢apanax (RLCBranch), a moryT ObITh
3aJ]aHbl 3HAYEHUSIMUA aKTUBHOM, pEAKTUBHON MHAYKTUBHOMU, THOO PEAKTUBHOW €MKOCTHOW MOIIHOCTEH

(RLCLoad). Takoe 3aqanne Harpy3kd HHOT/Ia OYEHb Y00HO TP MCCIICIOBAHUK PaOOTHI TPeX(Pa3HbIX
AIEKTPUUECKHX IIETICH;



* nmuHeiHbi Tpanchopmarop (LinearTransformer) u tpancopmaTopc peaabHBIM Mar-
HUTHBIM CEPJICYHHKOM, YUUTHIBAIOUINM ero Hackimenue (SaturableTransformer);

* MarHMTOCBSI3aHHBIC ICITH, WK IIEH ¢ B3auMHoi nuaykuueii (Mutuallnductance);

*  HeNWHEWHBIA dmemMeHT (SurgeArrester), mo3Bomstomuii copMupoBath TpedyemMyro
HEJIMHEHHYIO 3aBUCHMOCTD MEX/Ty BXOJHBIM M BBIXO/JIHBIM CUTHAJIAMH;

» xmou (Breaker), mapamerpsl KOTOpOro (COnpoTHBIICHUE, HHAYKTUBHOCTh) B OTKPHITOM
COCTOSIHUY 33JIal0TCsI B MOJISIX HACTPOUKH. TaM ke 3a/1aeTcsi COCTOSIHUE KITF0Ua (OTKPBIT, 3aKPBIT) TIPU
HYJICBOM BXOJIHOM CHUTHAJIE;

e Tpexda3Hblii ABYXOOMOTOYHBI M TpexoOMoTouHslii TpanchopmarTopslr (Three-
PhaseTransformer, TwoWindings, ThreeWindings);

e ONOKM, peaju3ylllue TmapamMeTpbl  omaHopazHOW W TpexdasHOH  JHMHUU
nepenaun (PlSectionLine, DistributedParametersLine).

Library: powerlib2/Elements A=
File Edit View Help

ST %>
Series RLC Branch A
Parallel RLC Branch
M 3
B bp
Seiies RLC Load %}?ﬂ_>
Three-phase

>
>§ §> Parallel RLC Load
> >4 Transtormer
> g} >§ §> (Two Windings)
Linear Transformer >
— &,

s Saturable Transtormer A Y
i

- Y E— 2
>_1'¢ﬂ"l_> § c

Pl Section Line
Mutual Inductance %A ap
A [ b b3 p
mb g R c
© 1————2p c3p
Breaker 3'—‘::—3 ! Three-Phase
Transfarmer

sl vistibuted Parameters Line (ke Windinge)

Surge Arrester

Puc. 1.12. buoauoreka macCMBHBIX d1eMeHTOoB PowerElements

Ha puc. 1.13 B kadecTBe nmpuMepa moKka3aHO OKHO HACTPOUKHU Oi0ka Tpexda3HOTO TpaHC-
dopmaropa (Three-PhaseTransformer). B monsix HacTpoiiku 3a1ar0Tcsl mapaMeTpsl TpaHchopma-
Topa (POWer mapameTpbl IepBrUYHON 1 BTropuuHOoi oomMoTok (Windingparameters), cxemsl coein-
HEHUS MEPBUYHBIX M BTOpUYHBIX 0OMoToK (okHa Winding 1 (ABC) Connection, Winding 2
(abc) Connection).

dnaxok (SuturableCore) mo3BosseT yuecTs HachleHne TpanchopmaTopa. B Bbinagaro-
nieM MeHro nojisi (Measurements) ycraHaBiIMBarOTCS MEPEMEHHBIE COCTOSIHUSI TpaHcopmaropa,
KOTOpBIE TOJICHKAT U3MEPEHUIO P MoAenupoBanuu 6iokom Multimeter.



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

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

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

([ 250e6. 60

Winding 1 (ABC) cannection ; ‘Y o

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

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

|[315e3.0.002.0.08]

™ Saturable care
Magnetization resistance Rm (pu)
500

Magretization reactance Lm (pu)
[500

Messurements |None _:J

OK Cancel | Help ‘ |

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

BJjioku cBsI3UM MeKAYy BXOJaMH M BbIXoAaMu MojaeJieil oudauorexku PowerSystem-
Blockset (Connector)
Hasnauenue 610k0B (prc.1.14) packpeiBaeT ux rpadudeckoe npeacrasicHue. Ha nuneiikax
BusBar 3amaercst konuuecTBO BXOJI0B M BBIXOJIOB.

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

Puc. 1.14. Buoauorexka Connector

Baoku usmepennii Measurement
Otu  Omoku  mokazaHel Ha  puc. 1.15. Bmokm  VoltageMeasurement,

CurrentMeasurement HpeTHa3HAYCHBI TSt COCTMHCHUI U3MEPUTEIIbHBIX
0JI0KOB OuOIMOTEeKH Simulink c Osokamu OubIMoTEeKH PowerSystem
Blocksets. Bbnok ImpedanceMeasurement MO3BOJISIET U3MEPUTh Y4aCTOTHYIO
3aBUCHMOCTh ~ TIOJHOTO  CONPOTHBIICHHS ~ MEXKIy  JBYMS  TOYKaMH  HCCIEIye-

MO CXEMBI.



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

A+
1 VT

Voltage Measurement

ip 0 o

b LA

Current Measurement Multimeter

A1
A2

Impedance Measurement

Zif)

Puc. 1.15. bubdaunorexka Measurement

Oco0bIii nHTEpec npencraniseT 610k Multimeter. 3ToT 6710k MO3BOJISET H3MEPUTH AIIEKTPH-
YyecKue IepeMEHHBIE, BRIOpaHHbIe B OKHE Measurement cooTBETCTBYIOLIMX 3JIEMEHTOB (CM., HaIlpH-
mep, puc. 1.11, 1.13).0OxHo HacTpoiiku Oioka Multimeter(puc. 1.16)conepxut aBa moisi. B mep-
BoM (Available) mocne naxxatus kHonku Refresh mosBistoTcst COOTBETCTBYIONIME H3MEPsiEMbIE
nepeMeHHbIe. Bee WM 9acTh W3 HUX MOTYT OBITH C MOMOIIBbIO KHOMKH Select mepeBeieHbl BO
BTOPOE OKHO JIJIsl K3MEPEHUSI M perucTpanuu pe3yabraroB. Onaxok Displaysignalsatsimulationstop
MI03BOJISICT BHIBECTH U3MEPSICMbIC CUTHAIIBI B BHJIC BPEMEHHBIX 3aBUCHMOCTEH. DTOT GJIOK OYCHb
yI00€eH P UCCIIE0BAHNH U B JAIbHENIIIEM YacTO IPUMEHSETCS.

Brox Multimeter cBouM BBIXOOM MOKET OBITh ITOIKIIOUCH U K BHEIIHUM H3MEPUTEIISIM.

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

Ok ’ Cancel | Help

Puc. 1.16. Oxno HacTpoiiku 6;10ka Multimeter

Pacmmpennasi oubdanorexa PowerlibExtras
bubnmnorexa PowerlibExtras npencrasiena Ha puc. 1.17.91a OnbIHOTEKA COACPIKUT LISCThH
JIOTIOJTHUTEIIHHBIX Pa3JIeNoB.



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

Measurements

Blods

Control Blodks

Library

Machines

Puc. 1.17. Buoauorexa PowerlibExtras

Bub/juoTexa 10M0JHUTEIbHBIX 0J10KOB
usmepenusi Measurement
Pacmmpennas 6ubnmorexka Measurement nmokazana Ha puc. 1.18. bubnmorexa conepKut
0JIOK pa3ioKeHUs] HECHHYCOUJAIbHOIO MEPHUOUUYECKOT0 CUTHAIA Ha TAPMOHUYECKHE COCTaBIISIO-
mue (Fourier), 6iiok n3MepeHus 3PpPEKTUBHOTO (ACHCTBYIONIETO) 3HAYCHUSI HECHHYCOUIATLHOTO
MEePUOIUYECKOr0 HanpspkeHus uiu Toka (RMS), 610k n3MepeHnsi akTHBHOW M PEaKTUBHOM MOIIT-

Hoctu (Active&ReactivePower).

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

Transformation

Puc. 1.18. buéanoreka ExtrasMeasurement

HNwmerorcst Tpu Onoka mpeoOpa3zoBaHust TpexdasHbIX curHaioB. biok 3-
PhaseSequenceAnalyzer Bbruucisier CMHMMETPUYHBIC COCTABIISIIOLINE MPSIMON, OOpaTHOM U HyJle-
BO#i mocefoBatensHocTel. bioku abctodqOTransformation u dqOtoabcTransformation ocymects-
JSIOT IpeoOpa3oBaHue Tpexa3zHoil cucTeMbl K ABYX(a3HONH U HA00OPOT.

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

Ha puc.1.19 B xadecTBe mpuMepa TMOKa3aHO OKHO HacTpoWku Osoka Fourier. B mosmsx
HACTPOWKHU OJI0Ka OTMEYAETCs] OCHOBHAS YacTOTa U MOPSAAKOBBIM HOMEp HCCIeyeMOl TapMOHHUKH.

B mosne okna Hactpoiiku 6;10ka TotalHarmonicDistorsion (puc. 1.20) ycranasiauBaeTcst oc-
HOBHAsl 4aCTOTa MCCIIEyeMOro CUTHAIA.
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~ Fourier anaiyser |mask) (link]

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

50

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

OK ! Caniel ] Help f Spply l

Puc. 1.19. OxHo HacTpoiiku 6J0ka Fourier

Block Paraelexs: Total Haimonic Distorsion E ,

r~THD (mask) (link]——

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

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

Farameters
Fundamerital frequency (Hz):

50

MK I Cancel I Heln ! Annly I

Puc. 1.20. Oxnonacrtpoiikudaoxa Total Harmonic Distorsion

Bbu6anorekarpexdasubixueneii Three-Phase Library
Pacimpennas 6ubnuoreka Three-PhaseLibrary comepxut TpexdasHbie nenu pasindaHOro
HazHauenus (puc.1.21).B sToit Oubnmoreke nmeercs HAOOP MOCIIEIOBATEIBHBIX U MapaJICIbHBIX
Tpex(}a3HbIX Harpy30K, 3alaHHBIX JTHOO MACCHBHBIMH ITapaMeTPaMu, JINOO 3HAUYCHUSIMH aKTUBHON
Y PEaKTUBHON MOIIHOCTH, OJIOK UCTOYHHMKA UTaHHS, TPeX(a3HyI0 HHIYKTHBHO-CBS3aHHYIO IICTIb,
TpexdasHelii TpaHchopmarop, TpexdazHbIid KIIFOY U OJIOK, MOJICTHPYIONINI TOBPEXICHHS B TPEX-
da3zHol cetw.
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All these 3-phase elements are masked biocks built with single-phase elements of the powerlib library.
Look under mask to see how they are buiit.

Ap A A [f =0 A Ab A Ap
"O“MB S BJWHIH}-G b == |3 Phase RLC pSwiteh. o | - 3x 18 p
ch c ch Series Load A c ch
c cCp - "
Inductive source 3- Phase Series RLC e Pl Line Section il
with neutral 3-Phase Breaker
4 @ 0
Al+ A2+ b
A Ap A Apb
b 3.Phase RLC A ol ¢
8 —{—np & P Paraliel Load o Bl B2 b
Ci+ C2+p
c—H—ch c ch B g Faul c1 c2p
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 HHTEpEC MTPU MOJACIIUPOBAHUU JIEKTPUUECKUX LIeTIeH mpencTaBisieT 610k Power-
gui ocuoBHo#1 6ubmoTexku PowerSystemBlockset(cm. puc. 1.9). Drot 610K, Oyaydn ycTaHOBIIEH-
HBIM B HCCJICTYEMYIO MOJIENb SJICKTPHUSCKOH IIeTIH, MTO3BOJISIET U3MEPUTH TOKH, HAIIPSHKCHUS U UX
HavyaJbHbIE (Pa3bl HA IFOOOM y4acTKe AJIeKTpuueckoi nenu. s cBs3u OJ0Ka C 3JIEKTPHUUECKO
cxeMmoii ciyxat 01oku usmepenuit Multimeter, VoltageMesurement, CurrentMesurement. Kpome
Toro, 6110k Powergui mo3Bosser cBsi3ath maker paciupenus PowerSystemBlockset ¢ makerom pac-
mmmpenus ControlSystem. Dto obecnieunBaeT BO3MOKHOCTh HUCCIIEI0BATh YaCTOTHBIC XapaKTEPH-
CTHKH U TIEPEXOIHBIE MPOIIECCHI B 3NIEKTPUUECKHX 1emsax. OKHO HACTpoWKH OJ10Ka OKa3aHo Ha PUC.
1.22. B y1eBOM 1oJie OTpaXkaroTcsi u3MepsieMble BeIMIUHBL. CripaBa KHONKH U (hJIaKKH TTO3BOJISTIOT
BbIOpaTh BEIMYMHBI 1J11 U3MepeHus. B BbiNagaronieM MEHIO epBOro MoJisl 33Jat0TCsl U3MepsieMble
3HaYeHHA (aMILTUTYIHOE WU JIeiicTByomIee). B BbImanaromemM MEeHI0 BTOPOTO OIS 33/1a€TCs Ya-
crota. BrimroueHHbI# duaxkok States mo3BossieT U3MEepUTh IEPEMEHHbIE COCTOSHUS (TOKU B UHIYK-
TUBHOCTSIX, HalpsKEHUs! Ha KOHJIeHcaTopax). Bximtouennsiit guiaxkoxk Measurer mo3BosisieT u3me-
pPHUTHb BCe BEIMYMHBI, BhIOpaHHbIE B OKHE Oioka Multimeter. Bxiarouennsiii ¢uraxkok SoOUrces
MO3BOJISICT U3MEPUTH TOKU M HANPSHKCHUST KCTOYHHMKOB, a BKIFOUeHHbIN (iakok Nonlinear — toku
Y HANpsDKEHUS B HETUHEHHBIX 2JIEMEHTaX.

*} Steady-State Voltages and Currents for - Lab_1_5

Tools Repon

There are no nonlinear blocks in the P
Feakval v ‘

50 v |Hz

[T States (Uc
[~ Measurer
[ Sources (

7 Honlinear
| _‘_J Close
| i ———J

Puc. 1.22. OxHo HacTpoiiku 6;0ka Powergui




Onepauuu ¢ 0J10KaMHU

KonupoBanue 010K0B 13 OJHOTO OKHA B JIPYro€ MPOBOIUTCA CIEAYIOIIMM 00pa3oM: OT-
KpBIBaeTCs HyXHasi OMOIMOTEeKa WM OKHO MOJENIU-TIPOTOTUIIA M HYXKHBIN OJIOK MepeTacKUBaeTCs
MBIIIBIO B OKHO CO3/1aBaeMOM (peIakTUPyeMOil) MOJIEIH.

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

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

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

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

Kaxmnomy ckomupoBanHomy 010Ky SimuLink mpucsanBaet umsl.

[TepBsIii ckoTUpPOBaHHBIN 070K Oy/I€T HMETh TO XKe UM, UTO U OJI0K B OubnroTeke. Kaxprit
CJIeIYIOIIHI OJIOK TOTO ke THMa Oy/IeT UMETh TaKOe ke UMs C J0OaBICHUEM MOPSIKOBOTO HOMeEpa.
[Tonp30BaTens MOKET IepeuMeHoBaTh 0JI0K. [Ipy KonmupoBaHUH OJIOK MOTYYAET TE e 3HAUCHHS Ha-
CTpanBaeMbIX MapaMeTPOB, YTO U OJIOK-OPUTHHAI.

IlepecTanoBKka 6J10Ka BHYTPH MOJI€JIM OCYIICCTBIIICTCS MTyTEM MMEPETACKUBAHUS €TI0 MbI-
mibio. IIpu stom Simulink aBroMaTHyYecku MEpepUCOBBIBACT JMHHUH, CBSI3BIBAIONINE STOT OJIOK C
apyrumu 0jiokaMu. UToOBI IepecTaBUTh HECKOJIBLKO OJIOKOB BMECTE C COCTMHUTETbHBIMU JIMHUSMU
U COXpPAaHEHHEM OTHOCHTEIBHBIX PACCTOSHUN, HEOOXOIUMO MX BBIICIUTH U MEPETAIIUTh MBIIILIO
onuH u3 0110Kk0B. Bee npyrue BoliesieHHbIe OJ0KM TakKe 3aiiMyT HOBBIE MeCTa.

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

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

[leperamute  ONOK,  yaOepKuMBas  HaXXaTol  IpaByl  KHONKY  MBIIIK, IpH
3TOM K HOBOMY OJIOKY 100aBiisieTcs O4epeHON MOPSIKOBBII HOMEP.

Ha puc. 1.23npeacrasien pe3ynbpTaT KonupoBauus 0i0koB Scope u XY Graph.

YcranoBka napameTpoB 0,10ka. OyHKINU, KOTOPBIE BHIMOIHIET OJIOK, 3aBUCST OT 3HaYe-
HUI MapaMeTpoB OJ0Ka. Y CTaHOBKA STHX 3HAYEHUH OCYIIECTBISETCS B OKHE HACTPOMKH, KOTOPOE
BBI3BIBAETCS TOCTIE IBOMHOTO IIeIYKa Ha H300pakeHnH 0J0Ka B OJI0K-CXeMe.

Ynanenue 0,10k0B. [l ynaneHus: HEHYXKHBIX OJIOKOB U3 OJIOK-CXEMBI JOCTATOYHO BBIJIE-
JUTHh 3TU OJIOKM Tak, Kak ObUIO yKa3aHO paHee, M Haxarth kiaBumry <Del> wmm <Backspace>.
MosxHo Takke BbI3BaTh KoMaHay Clear(Ouuctuts) nnmn Cut (Beipesats) u3 mento Edit (ITpaBka)
okHa Ook-cxembl. Ecin ncnonb3oBana komanaa Cut, To B nanpHeiieM yaaneHHbIe OJTOKU MOXKHO
CKONMPOBATh B MOJIENb IPH IMOMOIIY KoMaH/bl Paste (BcTaBuThb) TOro e MeHro.

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

untitled = [_ O] x]}
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Puc. 1.23. Konuposanue 0J10K0B



HN3meHeHue yriioBoi opreHTanum 0J10ka. B Ha4aJIbHOM COCTOSIHUM CUTHAJ MPOXOJIUT Ye-
pe3 0JI0K cieBa HarpaBo (110 JIEBYIO CTOPOHY PacIoyiaraloTcst BX0/1bl 0J10Ka, a 1o MPaBylo CTOPOHY
— BBIX0J1b1). YTOOBI H3MEHHUTH YTJIOBYIO OPHEHTAINIO 0JI0Ka HA/IO:

* BBIJICIUTH OJIOK, KOTOPBII HY)KHO MTOBEPHYTh;

» BeIOpaTh B MeHI0O Format (dopmar) okHa OJIOK-CXEMBl OJIHY M3 CICAYIOIIMX KOMAaH]I:
FlipBlock (IToBopot 6moka Ha 180 rpanycos) min RotateBlock (IToBopot Gioka 1o 4acoBoii
crpeinke Ha 90 rpagycoB).

HN3menenue pa3mepos 0s10ka. M3meHeHue pa3mMepoB 0J1I0Ka BBITOIHSAETCS CAEAYIOIINM 00-
pa3zoMm. Boigensercs 00K UM yCTaHaBIMBAETCS YKa3aTellb MBIIIM HA OJHY U3 YIJIOBBIX METOK
6moka. @opma ykaszaress MpU 3TOM H3MEHUTCS — OH MPUMET BUJI JABYHANPABICHHOW CTPEIKH.
Hazno 3axBaTUTh MBIIIBIO 3TY METKY U NMEPETAHYTh €€ B HOBOE MMOJIOKEHHUE.

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

Jlns u3MeHenus mpudra ciaenyeT BBIISIUTH 0JIOK, BbI3BaTh koManay Font (Lpudr) u3
MeHo Format (®opmar) okHa MOJAENH W 3aTeM BBIOpaTh MPHUQPT B OTKPBIBIIUMCS JHATOTOBOM
OKHE.

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

N3MeHuTh MECTOIOIOKEHNE UMEHH BBIJICJICHHOTO 0JI0Ka MOYKHO JIBYMSI CITIOCOOaMHU:

* IepeTalIUTh UMS MBIIIBIO Ha POTUBOMOJIOKHYIO CTOPOHY OJI0Ka;

* BOCIIOJIb30BaThCst Komanoit FlipName 13 menro Format okna Mojien —oHa TakKe MepeHo-
CUT UMS Ha MPOTHUBOMOJIOKHYIO CTOPOHY OJI0Ka.

CkpbITh M3 0J10Ka MOXHO, Ucnioyib3ys komany HideName (Ckpeith nmsi) MeHio Format okaa
Moien. YToObI BOCCTaHOBHUTH OTOOpaXKEHHE MMEHH, CIIEIyeT BOCIIOIb30BaThCs KoMaH 10 ShowName
(IToxa3zate UMs1) TOTO K€ MEHIO.

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

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

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

* HAXKaTh JIEBYIO KHOIIKY MBIIIHU U, YAEPKUBas €€ B 9TOM MOJOKEHHUH, IEPEIBUHYTh YKa-
3aTenb K BXOJHOMY MTOPTY BTOPOTO OJI0Ka;

* OTIYCTUTH KHOTKY MBIIIIH.

Simulink 3amMeHUT CHMBOJIBI TOPTOB COSMHHUTEIBHOW JIMHUEH C yKa3aHUEM HarpaBlICHHS
nepenayn curnana. iMenHo takum oo6pa3om (Ha puc. 1.24)Bbixoa 6moka SaveWave coeanHEH ¢
Bxoq0oM Osioka XY Graph.

JIMHUM MOKHO PHCOBATh KaK OT BXOJHOTO MOPTa K BBIXOJJHOMY, TaK M HA00OPOT.

ITo ymomuanuto SimuLink pucyer coeMHUTENbHBIC JIMHUHU, COCTOSIINE W3 TOPHU3OHTAIIb-
HBIX U BEPTHUKAJIBHBIX CErMEHTOB. UTOOBI MOCTPOUTH JTMHUIO TIOJ YIJIOM 45 TpajycoB, HEOOXOAMMO
B MPOIECCe PUCOBAHUS YACPKUBATh KiaBuiry <Shift>.

Co3znanue pa3BeTBJIeHUs] JIUHUHU. JIMHNA, KOTOpasi OTBETBIISETCS, HAUMHAETCS C CYILIECTBY-
fo1e U nepenaét e€ CurHai K BXOJHOMY OPTY JIpyroro 0Jioka.
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Puc. 1.24. Coenqunenue 0,10K0B

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

* YCTAHOBUTH KypCOp B TOUKY OTBETBJICHUS;

* HaXaTb NPABYIO KHOIKY MBIIIY, yIEPKUBATH €€ HAKATOM;

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

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

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

* YCTAHOBUTH yKa3aTelb Ha IEPEMEIIAEMOM CEIrMEHTE;

* HaXaTb U YIEP’KUBATh JIEBYIO KHOIIKY MBILIH (KYPCOP IIPH 3TOM JIOJIKEH IPUHATH HOpMY
KpecTa);

* IIEpEMECTUTh YyKa3areab B  HOBOE IIOJOXKEHUE CErMEHTa U OTIYCTUTH
KHOIIKY MBIIIH.

CerMeHT, HENOCPEACTBEHHO NMPHJIETAIOLINHA K MOPTY OJ0Ka, IEPEMECTUTh HEBO3MOXKHO.

[esienne JUHUM HA cerMeHThbI. [Ipy HEOOXOAMMOCTH JIMHUIO MOXHO pa3JelUTh Ha JIBa
cerMenTa. /[lis 3Toro cieayer BhIIIOIHUTD CIEAYIOLUE IEHCTBUSA:

* BBIJICJIUTD JINHUIO U YCTAHOBUTH KYPCOP B TOUKY M3JIOMA JIMHUH;

 HaxaTh knapuiry <Shift> u neByr KHONKY MBIIIK; Kypcop HPH 3TOM HpuUMeT (Gopmy
OKPY>KHOCTH, a Ha JIMHUU 00pa3yeTcs U3JI0M;

* IEPEMECTUTDH Kypcop (M3JI0M) B HOBOE MOJIOKEHHUE;

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

Pesynbrar atux neiictBuil mpezacraBieH (Ha Puc.1.25),rme JMHUS, coequHsitoiias Onoku Sin-
eWaveuXYGraph 1, pazaenena Ha HECKOJIBKO CETMEHTOB.

IMepemenenue uzaoma JuHUU. YTOOBI IEPEMECTUTD U3JIOM JIMHHUHU, JOCTATOYHO MEPETsi-
HYTh MBILIBIO TOYKY M3JI0Ma B HOBOE IOJIOKEHHE.

IIpocraBiieHHe METOK CHTHAJIOB M KOMMEHTapHeB. /{11 HarmisiiHOCTH U ynoOcTBa OJOK-
CXEMBbI JITHUU MO>KHO CHAO/IUTh METKaMH, YKa3bIBAIOIIMMH, KaKUEe CUTHAJIBI 10 HUM MPOXOIT. MeTku
pa3MeIaoT M0J] WJIX HaJl TOPU30HTAIILHOM JIMHUEH, 10 JIEBYIO MJIH 110 IIPAaBYIO CTOPOHY OT BEPTUKAIb-
HOM JTMHUHU. MeTKa MOKeT OBITh pacrofioXKeHa B Havalle, B KOHIIE WX 110 CePeIUHE JIMHUU.

Co3ganue ¥ MaHMNYJIMPOBAHHE METKAMM CUTHAJI0B. UTOOBI CO3/1aTh METKY CHUTHAJIOB,
HY)KHO JIBKIbl LIEJIIKHYTh HAa CETMEHTE JIMHUM U 3aTEM BBECTH TEKCT METKH. [Ipnyem nBoiiHOM
HIETYOK CIIEAYET BBINOJHATh TOUHO Ha JIUHUM, T. K. B IPOTUBHOM cilydae Oy/IeT cO3/laH KOMMEHTa-
pUH K MOJIEIIN.

[lepemenieHue METKHM OCYIIECTBISETCS IMMYTEM MEPETACKUBAHUS €€ MBIIIbIO Ha HOBOE Me-
ctro. Eciu npu aTOM yaepxuBath Haxarol knaBumry <Ctrl>, To meTka Oyaer ckonupoBaHa B HO-
Bo€ MecTo. CKOMMPOBATh METKY MOKHO TaKe, BHITNIOJIHUB ABOMHOM LIETUYOK Ha IPYTrOM CETMEHTE
JUHUH.

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

YToOBl yJaduTh METKY, HaJ0 BBIICIUTH €, yaepxuBas kiaBumy <Shift>, u naxats
wiasuiy <Del> wmu <Backspace>. ITpu 3Tom OyayT yJaneHsl BCe METKU 3TOW JTHHUU.

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

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



B KOTOPOM cjelyeT BbIOpaTh Ha3BaHHE WIpU(]Ta, ero pasmep, aTpuOyThl U CTHJIb U HaXKaTb
kHonky OK.KoMMeHTapuii MOXHO ynaiuTb. sl 3TOro BBIIEIMTE €ro, yAEp)KHUBas KIIaBUIIY
<Shift>, u naxxmute knasumy <Del> unu <Backspace>.

JladopaTopHas paGota Ne2. «Moje/iupoBaHue TEIJIOBBIX MPOILECCOB B IBUTaTe/Ie)
PaccmoTpuM pemenne 3aaud HarpeBa JBHTaTeNs Ui CIy4asi IOBTOPHO-KPAaTKOBPEMEH-
HOT'O PEeXMMa PabOThI ITPH UCIIOIB30BaHUH makera Simulink.
[TepBonavanbHO nIpeoOpaszyeM ypaBHeHue (2.3) B popmy Kormm:

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

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

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

bnoku u3 oubnmorek B Habopuoe mnose Untitled mepenocsres uzBectHsiM criocobom Drag-
andDrop (ITeperatu u OcTass).

CrpykTypHas cxema, COOTBETCTBYIOLIasl ypaBHEHHIO (2.5), npeacrasieHa Ha puc. 2.13 a.
[Tocne Toro kak co3iaHa CTPYKTYpHasi CXxema, CJelyeT NMEepPeuMEHOBaTh OJIOK M 3allMcaTh €ro B
nanky Simulink s Oynymieir paboTsl. DTOT daiin OyaeT COXpaHATHCS B MaMSITH KOMITBIOTEPA 10
TEX MOp, OKa OH He OymeT cTepT. B ri1aBHOM MeHIO OTKpbIBaeTcs paszzen File, nanee SaveAs... mpu
9TOM TIOSIBIISIETCS ITAHEITh, TO3BOJISIOIIAS BEIOPATh MANKY IS 3allMCy 1 Ha3BaHue Qaiina. [Tociemno-
BaTEJIbHO (IBOWHOM MIETUOK Ha OJIOKE) YCTAHABIMBAIOTCS MapaMeTphl ycuaurens (Gain) u uHte-
rpatopa (Integrator).

Ha puc. 2.13 6, ¢ BuaHBI OKHa HacCTpOWKH 3THX O10KOB. KoadduimeHnT nepenaun G6i1oka
yeunutenst (1/3600) ectp BenuuuHa, oOpaTHas TEIJIOBOW MOCTOSIHHOM nBurarens. B mome
HACTPOWKH MHTErPaTOpa 33J1aeTCsl HAUYAIbHOE COCTOSIHME OTHOCUTEIILHOU TEMITEPATYPhI

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

JInst yCTaHOBKM MapaMeTpOB MOJICIMPOBAHUS B pa3jiene riaBHoro MeHro Simulation Beiou-
paercst komaHaa Parameters, mo 3Toii KoMaH/ie OTKPBIBAETCS AUAJIOTOBOE OKHO HACTPOEK IapameT-
poB MozenupoBanus (puc. 2.14). DrookHocomepxutnsaTbBkiIanok (Solver,Workspase 1/0, Diag-
nostic, Advanced). Ha Bkiaake Solver mepBoHadansHO ycTaHaB/IMBaeM HadanbHoe (Starttime = 0)
u KoHeuHoe (Stoptime = 15000c) Bpemst MmoaenupoBanus. KoHeuHoe BpeMsi MOJCTHPOBAHUS, KaK
W3BECTHO, IOJKHO COCTABIIATH 3-4 MOCTOSTHHBIX BPEMEHH.

B okne Solveroptions 3amaercst cioco6 n3MeHeHust MojiebHOro Bpemenu (Variable-step —
MOJICTTMPOBAHUE C TIEPEMEHHBIM IArOM; 3Ty OIIUI0 PEKOMEHIYETCSI BEIOUpATh IPH MOJICITHPOBA-
HUH aHAJIOTOBBIX HEMIPEPBIBHBIX CUCTEM) U CIIOCO0 MHTErpupoBaHus AU depeHIInaIbHOTO ypaBHe-
Hus. Huke 3a1a10TCsi MaKCMMasIbHBIN M HaYaabHBIN IIard HHTETPUPOBAHUS, a TAK)KE OTHOCHTE b~
Hast ¥ aOCOJIIOTHAS TOYHOCTh. [IpW pEIICHMH MPOCTHIX 3a/1a4 37eCh JIydlle OCTaBHTh TO, YTO
KOMITBIOTEP CaM TpeJyiaraet mo yMordanuio (puc. 2.14).

HwxHue mosns onpeaenstoT crnocod BBIBOJA pe3yabTaTOB MOJICTHPOBAHUS B pab0dyt0 00-
J1acTh, OHM OCTABJICHBI TAKMMH, KAKUMH IPOTpaMMa X YCTAaHOBHJIA TI0 YMOJTYAHHUIO.
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Puc. 2.12. bu6jauoTeKku 1J151 BHINOJHEHUSI MOIEJTHPOBAHUS

il
s

I
+

U+
Pulse -
Generator Gai
Sum am Integrator

Scope

a)

| Gain

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

L o o] e

| Gain:

Block Parameters: Gain m

| mEm

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

[ I Soturate anintager overiow

Cancal '
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Block Paramelers: Intagrator m

 INMEQIAtY - e
.| Continuous-time integrafion of the input signal.
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External reset
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| Initial condition:
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Puc. 2.13. Moaesb HarpeBa ABUraTteisi B HOBTOPHO-KPAaTKOBPEMEHHOM pe:kuMe (a) 1 OKHA
HacTpoiku (0, B) 0,10K0OB



-J Simulation Parameters: book1

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

Simulation time

Start time: l 0.0 Stop time: I 15000

Solver options 8

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

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

Initial step size: I auto

Output options
I Refine output L]

Refine factor: l 1

UK'

Cancell Help l e ]

Puc. 2.14. IlapameTpbl MOAeJMPOBAHUS TEIMJIOBBIX MPOIECCOB B IBUTraTese

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

u 2.15 6 coorBeTcTBeHHO. B OKHE HacTpolku

reaeparopa yKasbIBarOTCA MEPHUOJA LIUKIIA, OTHOCHU-

TEJIFHOE BPEMsI BKIIFOYCHHOTO COCTOSIHUS, aMIUTUTY/Ia U Ha4auno paboThI.
Pe3ynbTarsl MOIETMPOBaHNS TIPEICTABIICHBI HA SKpaHe ocuMuIockomna (puc. 2.15 6), oHu moka-
3BIBAIOT, YTO B YCTAHOBUBILIEMCS PEKHME JIBUTATEIh HAarpeBaeTcst Mpuoam3uTensHo 10 0.8 oT makcu-

MaJIbHOM TEMIIEPATYPHI.

Block Parameters; Pulse Generator n

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

Parameters
| Penod (secs):

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

| fos

! Starttime:

L

¥ Intarpret vector parameters as 1-D

+} Scops

LLp ABE &

b B8

[ |oosecn|o e 1. o ‘1.

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

Brioupaem 6;10xk RandomNumber u3 6ubnuorexkn Sources rinasHoi 6udmunorexku Simulink.
DTOT OJIOK TeHEPUPYET CITyYalHbI CUTHAI C HOPMAJIBHBIM pacrpeieiacHueM. Mojemb A 3TOro
citydast pezcTaBicHa Ha puc. 2.16 a. OkHo Hactpoiiku 6;10ka RandomNumber u pesynbraTs

MOJIETMPOBaHUs MMOKa3aHbl Ha puc. 2.16 0, 6.



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

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

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

"1 r As TS

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

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

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

“erameters —— R
Mean

(]

Intial seed
[o

Sample tme
o

F Interpret vecior perameters as 1-D

oK | Cancal | telp |

6) 8)

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

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

Ilenv pabomot
HccnenoBanye MaliMHbl IOCTOSIHHOT'O TOKa MPHU paboTe B ABUTAaTEIbHOM U F€HEPATOPHOM
pexuMax.
Cooepiicanue pabomoi
2.1. CHsATHE MEXaHWYECKOW U pacyeT pabounx XapaKTepPUCTUK MAIIMHB JIBUTATEIILHOM pe-
KHUMe pabOTHI.
2.2. CHsTHE MEXaHMYECKOM 1 pacueT pabovrX XapaKTepPUCTUK MAIIIMH B TEHEPATOPHOM PEKUME
paboTHL
2.3. CHsTHEe MEXaHMUYECKUX XapaKTEPUCTHK MPH PA3TMYHBIX HAMPSHKSHUSIX TUTAHUS B IIETH
AKOPSI.
2.4. CHsATHE MEXaHMYECKHUX XapaKTEPUCTUK MIPU Pa3IMYHBIX COMPOTUBIICHUSAX B LU SIKOPSL.
2.5. CHATHE MEXaHMUYECKUX XapaKTePUCTHK MPU PAa3IMYHBIX OTOKA BO30YKIECHHUSI.
2.6. CHsTHE PETYIMPOBOYHBIX XapaKTEPHCTHK PU W3MEHEHUH HAINPSDKEHUS SIKOPSI.
Onucanue eupmyanvbHoil 1aOOPAMOPHOU YCMAHOGKU.
BupryansHas naboparopHasi ycTaHOBKA IMpeICTaBIeHa Ha puc. 5.1.

OHa BKJIIOYACT MCTOYHUKHU TOCTOSIHHOTO HampspkeHus (Vi IS MUTaHUS SIKOPSIMAIIHHBI,
Vot utaHus 0OMOTKH BO30OYkaeHus u3 oubmmorekn PowerSystemBlockset/ElectricalSources),
omox Momentans 3amanuss MomeHTa Harpy3ku (Omok — Constantus OubOmmoreku Sim-
ulink/Sources), camy mamuny mocrossuaoro Toka (6aoxk DCMachineus 6ubarorexu PowerSystem-
Blockset/Machines), 6ok 1um n3MepeHust nepeMeHHbBIX COCTOsIHUS MammHbl Displayn ocumio-
rpad SCOpems BU3yaabHOTO HaOIIOACHHS ITPoIieccoB u3 ondmuorexku Simulink/Sinks.
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Puc.5.1. BupryajbHas jjabopaTopHasi yCTAHOBKA.

Lens stkopst M 1eTIb BO30YKIIEHHsI BUIHBI U3 rpadnyeckoro HauepTaHus OJI0Ka, Ha BXOX
TLmogaetrcs MOMEHT HAarpy3KH, BBIXOJI 71 MIpeIHa3HAaueH Il U3MEpEHUs U HaOJI0JeHUs epeMeH-
HBIX COCTOSHUSI MAIllMHBI B CIICAYIOMICH IMOCIEeIOBATEIBHOCTH: YTJIOBasi CKOPOCTh (paj/c), TOK
akops B (A), ToK Bo30yxzaenus (A), anekrpomaruuTHelii MomeHT (Hwm). B monsix Hactpoliku ma-
UHEI (puUC. 5.2) 3a1ar0TCs:

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

O napaMeTpbl 00MOTKH Bo30YyxeHus — Ri{(Om), L{(I'n);

0 Ko purueHT Laf;

O cyMMapHbIii MOMEHT MHEPIMH MAIIUHBL 1 Harpy3ku — J(k['m?). CliesyeT HOQ4epKHYTh,
uro mapaMeTpsl (Lf, J) BaKHBI PH UCCIICIOBAHUH MEPEXOHBIX MpoiieccoB. Ha ycTtaHoBHBIIHECST
PEXKUMBI OHH HE BITUSIOT;

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

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

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

Dutput 3: Simulirk measursment outpuk [wlalf Te |

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

Jl252 48e-3)

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

Joao?

Total inertiaJ {kg.m"2)

jooot

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

Coulomb frictien torque TF{N m}

oo

Initial speed (rad/s) :
{0

ok ] cocel | Help | p

Puc. 5.2. OkHO HACTPOMKH NapaMeTPOB MALUIMHBI IOCTOSHHOI0 TOKA.

O K03 PUIMEHT BSI3KOro TpeHuss — Bm(Hwm:-c);



0 ko3hdumment cyxoro tpeaus — T{(Hm);
O HadalabHAsi CKOPOCTb.
[TaciopTHBIE TapaMeTPBl MAIIUH TOCTOSIHHOTO TOKA MPUBE/IEHBI B Tabnuue 5.1.

Taoauna 5.1

-J Simulation P{aramet_ers.: DC_Mach R

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

Sinulztor tme

Start bme I G0 Stop tme | 3 '
i

Solver ophons

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

Max stepsize  {le3 Relatve tolersnce ! 1e3 |

Min step s1ze led Absoiute tolerance ' led |

Inthal step size | auto

Output ophions

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

s ek o,

Puc. 5.3. OxkHoO 3a1aHKus HapaMeTPOB MO/IeJINPOBAHUS
OKHO HacTpOMKHK apaMeTpPOB MOJEIUPOBAHMS IOKa3aHO Ha puc.5.3.

Ilopsaook npoeedenus nabopamopuoil pabomol

4.1. Jlns 3aganHOM mpernojaBateneM (MIMBBIOPAHHON MPU CaMOCTOSITENbHOM paboTe) Ma-
IIMHBl pacCYUTaThb3HAUEHHUE [1apaMETPOB M 3aIlOJIHUTH I0JII OKHA HACTPOMKM MapaMeTpoB Ma-
[INHBIL.

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

4.3. [Ipu cHATUYU XapaKTEPUCTHK MO I1. 2.1 mopsaKa BHITOIHEHUS padOThl B OKHE HACTPONKHU
61oxa MomentrociaegoBaTenbHO 3a1at0Tcs 3HaueHust MoMeHTa ot 0 10 1,2M,,c marom 0,2M,,. s
Ka)KJOr03HAUY€HUsI MOMEHTA OCYIIECTBISIETCS MOJICIUPOBAHUE U 3aIlOJIHsACTCS Tabnuua 5.2 u3me-
PEHHBIX U PACCYUTAHHBIX 3HAUYCHUM.

Ta6auna 5.2
3amanue N3mepenns Pacuer
M [Hm] o [pan/c] I« [A] Is [A] P1[Br] P2 [Br1] n
BBI4uciieHnst OCYIIECTBISFOTCS IO BBIPAKEHUSAM:
Tun P, [xBT] U, [B] n.[06/MuH] h. [%] R: [Om] R [OMm] L, [MI'H]
JIBUTATEJIS
1 2 3 4 5 6 7 8
21TH-0.17 0,17 220 750 48,5 27,2 162 514
2ITH-0.25 0,25 220 1120 57 15,47 612 297
2ITH-0.37 0,37 220 1500 61,5 10,61 612 190
2ITH-0.71 0,71 220 2360 70 3,99 123 70
211H-1.0 1 220 3000 72,5 2,52 92 48

P].:U(Iﬂ-"_IB)’ PZZMHQ)’T]:&
Pl
4.4. IIpu cHATUYU XapaKTEPUCTHK I10 I1. 2.2 TOPAIKA BHIITOJHEHUS padOThl B OKHE HACTPOUKHU
omoxa MomentoocienoBarenbHo 3aMar0Tcsa 3HaueHuss MoMmernTa ot 0 go -1,2 M,c marom -0,2 M,.
JIJIst KaKI0ro 3HAUYEHUST MOMEHTA OCYIIECTBIISETCS MOJCIMPOBAHNUE U 3aIoHsAeTCs Tabnwma 5.2.



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

PZ

qucIseTcs no popmyie n=—=

Pl
4.5. CHATHE MEXaHUYECKUX XaPaKTEPUCTUK NIPU pa3IMYHBIX HANPSKCHUSAX TUTAHUS B LIETTH
AKOpS 110 11. 2.3 coliepkaHus paboThI CelyeT IPOBECTH JIHA ABYX 3HAUCHUH HAIIPSHKEHUS Ha SIKOpe
0,6 Uau 0,8U,, Tne U, — nepBoHavaibHOE HAPSHKEHHUE HA IKOPE, TPU KOTOPOM BBITTOJIHSIIHCH 11.11.
2.1, 2.2. Tlpu 5TOM MOMEHT Harpy3KH clielyeT u3MeHsThb ot -1,2 M,n0 1,2 M,c marom 0,2 M,. [{ns
KaX/I0TO 3HAYCHUS HAMPSDKEHUS Ha IKOPE U MOMEHTA IPOBOIUTCS MOJCIIMPOBAHHE U 3AIIOTHACTCS

Tabiuma 5.3.

Tab6umna 5.3

M [Hm] o [pan/c]

4.6. CHATHE MEXaHUYECKUX XapaKTEPUCTHUK MPHU PA3JIMYHBIX COMPOTUBICHUSAX B LIETIU STKOPS
1o 11. 2.4 coaepkanusi paboThI cleayeT MPOBECTU I ABYX 3HAUEHUN CONPOTUBIEHUS sikops 2R, 1
4Ry, e Ry - mepBoHaYaIbHOE 3HAYEHUE COMPOTUBIIEHUSA. MI3MEHEHHE COMPOTHUBIICHUS SKOPS OCY-
HIECTBIISICTCS B M0JI€ OKHA HACTPOMKHU MapaMeTpoB MamvHbL. [Ipy 5TOM MOMEHT Harpy3Kku cienyer
u3MeHsATh ot -1,2 M0 1,2M,c marom 0,2 M,,. s KaXI0r0 3HAYEHUSI CONMPOTUBIICHUS SKOPS U
MOMEHTa MIPOBOAUTCS MOJICTUPOBAHUE U 3aOJHseTCs Tabnuma 5.3.

4.7. CHATHE MEXaHWYCCKUX XAPAKTEPUCTHK MPH Pa3TMIHBIX TOTOKAX BO30YXKICHHUS ITOT.
2.5 copepxanus pabOTHI ClieyeT MPOBECTH Il IBYX 3HadeHuit motoka 0,6 @yu 0,8 Dy, {7151 sTOTO
B nosie Field-armaturemutualinductanceneo6xoaumo yctaHoBuTh 3HaueHue LaBHavane 0,6,a 3atem
0,8 OT mepBOHAYAILHON BEJTMYMHBI.

[Tpu 5TOM MOMEHT Harpy3Ku cienayeT u3MeHsTh ot -1,2 M,no 1,2 M,c marom 0,2 M,. {ns
Ka)KI0ro 3HaYEHHUS TTOTOKA K MOMEHTA MPOBOIUTE MOAEIUPOBAHNE U 3aN0oNHsAeTCs Tadnuma 5.3.

4.8. CHsTHE PETYITUPOBOYHBIX XapPAKTEPUCTUK IIPH M3MEHEHUH HAMIPSHKEHUS SIKOPS 110 11. 2.6
coJiep>kaHusl pabOoThI TPOBOAUTCS AJIsl HOCTOSIHHONM MOMEHTA HAarpy3KH, paBHOI'O HOMUHAJIBHOMY, U
W3MEHEHUIO HamnpsbKkeHus B uenu sxops ot 0,4 1o 1,2 ucxonnoro 3navenus ¢ marom 0,2 ucxoaHoi
3HAYEHUS HaMpsDKeHUA. [ KayKaoro 3Ha4eHHsI HApsHKEHUS POBOIUTE MOJISTMPOBAHHUE U 3aI10I-
HseTcs Tabnuma 5.4.

Tabauna 5.4

U,[B] o [pan/c]

Cooepocanue omuema

5.1. Cxema mMozenu Juist TPOBEACHUS J1abOpaTOPHOU PabOTHI.

5.2. PacuetHble popMyIIbl TapaMETPOB MAILIUHBI.

5.3. Pacuernsle hopmynsl a1 MotHocted P1, Pou KIT/L.

5.4. 3anonHeHHbIE TAOIMIIBI.

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

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

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

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

5.9. PerynupoBo4Has XapaKTE€pUCTHUKA ABUTATEIIS



JlabopaTopHas padora Ned. «MoaennpoBaHue HepPeryJupyeMoro aCUHHX poH-
HOT'0 JIEKTPONPHBO/I2»

Llenv pabomur

UccnenoBanue TpexdazHoii aACHHXPOHHON MAIlIMHBI ¢ KOPOTKO3aMKHYTHIM POTOPOM.

Cooeporcanue padomot

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

KUMaX.

2.2 CuAaTue paboyux XapaKTepUCTHK MAIIUHBI B IBUTATEIIbHOM PEXKHIME.

Onucanue eupmyaibHoil 1a00pamopPHON YCMAHOEKU

Bupryanbnas nabopatopHas ycTaHOBKa MpeJicTaBieHa Ha puc. 1.

OHa coIepXuT:

O HMCTOYHUK MEPEMEHHOTO Tpex(a3zHoro HampsLKeHus Sourcens 6mbamorexu PowerSys-
temBlockset /Extras/ElectricalSources;

O HU3MEpHUTEIh Tpex(a3Horo HampspkeHus u TokaTlhree-PhaseV-1Measurementus — 6u6-
muotekn PowerSystemBlockset/Extras/Measurement;

O uccieayemyro tpexdasnyro acuHxpoHHyr MmamuHy AsynhronousMachineus 6u6:mmo-
teku PowerSystemBlockset/Machines;

OU3MEpUTENNh aKTUBHOW M peakTuBHOW MomHoctH P,Qxu3 oubimotexu PowerSystem-
Blockset/Extras/Measurement;

O Onok Displaymist konndecTBEHHOTO NPECTaBICHIS H3MEPEHHBIX MOIIHOCTEH U OJI0K

Scopemis HaOIIOACHUS TOKA pOTOpa M CTaTopa, a TakKyKe CKOPOCTH M MOMEHTA aCHHXPOHHOM
MAaIIWHBI U3 riaBHou oudnuorexu Simulink/Sinks;

O 610k Momentuist 3a1aHKss MEXaHMYECKOTO MOMEHTA Ha BaJly MAalllMHbI U3 TJIaBHOW OHO-
mmotexu Simulink/Source;

o 6mokMachines Measurement nu3ou6imoreku Power System Blockset/Machines;

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

O 610K Mux, oObEIUHSIONUNA TPU CUTHAJa B OJUH BEKTOPHBIN M3 TIaBHOW OMOIHO-
teku Simulink/Signal &System.

o ER Yo Smiotn Fomst Tkt oo
signal
: L)
s .
| l i abx >
A P4 % Eumnt Weasuem O T e abe D
’ Pt 1| e »
&0‘}4 pe ¢ e Fm T | e
m_ sl -n »
) \abe ™ o
| e | P L ’
Saurcq ThrawPhate ’ummc- Machines Soope
= V) Maasurement Mameni Mezsunmmen
— o .
r J
M
L | b & Display!
P12
Duplay
[Rosdr 100% [

Puc. 1. Moaeab 1J1s1 MCC/IeIOBAHUSI ACHHXPOHHOMH MaIIUHBI



OKHO HAaCTPOWKHU MapaMeTPOB ACHHXPOHHOW MAIlIMHBI TTOKA3aHO Ha pHC. 2.

Biock #arameters: Asynthronous Manhiae

3

~ Anvcheonous Mawne [mask) fink} "
IWahWWmMmMWuW
cags] modeledn the da rodor reference Fame: Stator and rotor wndmgs
1 apa ponneciad n v 1o an riemel neural port. Press hel for eputs
desenphon l
i
1
H
k|
1

and outpuds

!
~ Paramustens = ~T= =

Foles hpe lsqtmelcaoe _ﬂ
\' Rebotoon fiame | Stabonaey 3, .8
+ =" Nonrpoweri& vok and freg [ PrivALYr(wmslinia)] ™
» J13:3 380561 3 o
aStator [ Pafohe] LeHiF " - T B
§328 383}
Hotbr| Fyfohmn} LVH)E . i e s
¢ 1167333 .
¢ sl nductance L (] - ]
[i671e3 ;
Inttia fuction factor andd pars of poles [ 4[kg m*2} FIN mej p)
[[0odsé 02)
Irsial condiians [ sl thideg] masbisela] phaphbpholdeglh |
Ji10 0oo so0]

[0k ] ceame | b | a9y |}

Puc. 2. OxkHO HACTPOW KM MAPAMETPOB ACHHXPOHHOH MAIIMHBI

B monsx okHa mociaenoBaTeIbHO 3aal0TCs:

|

turn poropa (RotorType), B BbINaAa0eM MEHIO 3TOTO MOJIS MOYKHO 3a/1aTh JTHOO KOPOT-

KO3aMKHYTBIH, TN0O (ha3HbBIN POTOP;

O
O

cucrema otrcuera npu anainuse (Referenceframe);
MOIIIHOCTh, HOMHUHAJIPHOE JIEHCTBYIOLIEE JIMHEWHOE HaNpsiKeHue myacrora; [1 mapa-

MCTPBI CXEMBbI 3aMCIICHUA CTATOPA,

O
O
O
O

mapaMCTpbl CXEMbI 3aMCIICHUA POTOpA,

nmapaMeTpbl BETBU HAMAarHMIMBaHU,;

MOMCHT UHCPIIUH, KOB(I)(i)I/II_II/IeHT BA3KOI'O TPEHUA, YUCJIO I1ap IMOJIFOCOB;

HavdaJIbHBIC YCJIOBUA OJI1 MOACIUPOBAHUA (CKOJ’IB)KCHI/IG, IMMOJIOKCHHUECPOTOPA, TOKHU CTa-

TOpa U UX HavaJbHbIE (a3bl).

[TapaMeTpbl MaIMHBI YACTUIHO OEPYTCS M3 MACTIOPTHBIX JaHHBIX, YACTUIHO PACCUUTHIBA-
IOTCATIO M3BECTHBIM YPAaBHEHHSIM, JIHOO MCIOJIB3Ys IporpaMMmy (JIUCTHHT 1, ¢hatin as.m).

OKHO HaCTPOIKM MapaMeTPOB YHUBEPCATHLHOTO OJIOKAa N3MEPEHHS TEPEMEHHBIX MAITUHBI
nokasaHo Ha puc. 3. B Beinanaromiem mento nonst Machinetypesanaercs tun mammiaer. Onax-
KaMU{ BBIOMPAIOTCS IEPEMEHHBIC I N3MEPEHHS.

JIuHeliHOe HOMUHAJIbHOE HaIpsKeHue I Bcex MamuH 380 B.



Taoauna 1

| M
Tun Puk | n[o6/ | n | K :I—H S we = o | J[KD*M
apurarens | Bty | mumH] | [%] | ose | [A] sl M, . ]

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

Puc. 3. OkHo HacTpoiiku napaMeTpoB 0J10Ka U3MepeHus

rMachine measurements (mask) (link} -~ -

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

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

™ thetam : Rotor angle [rad)

1

Cacel [ Hep |

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

Jar0TCA:

Ooooag

HayvajgbpHas ¢aza B rpagycax

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

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




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

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

{310

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

Source resistance (Ohms):
j0024

Source inductance [H) :
|0

[ ok | concel |  Heb | copy |

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

HanmeeHHe M 9aCTOTa UCTOYHHUKA JOJIKHBI COOTBCTCTBOBATL ITapaMETpaM aCHHXpOHHOﬁ
MalllMHBI.

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

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

OKHO HACTPOMKHU AMCILIES MOKa3aHO HA puC. 6. B moisx oxkHa HACTPOMKM yKa3bIBaeTCs
dopmar mpejacTaBICHUS YUCIOBBIX Pe3y/IbTaToOB, B mojie Decimation(pa3ouBka) 3agaeTcss 4uciio
[IaroB BBIYHMCIICHUS, YEpe3 KOTOPbIE 3HAYCHHSI BBIBOJSATCS Ha JUCIUICH. Y CTaHOBKA B Moje Sam-
pletimesnavenus -1 cuHXpOHU3UPYET paboTy OJ0Ka C IArOM BBIYHCICHUH.

Block Parameters: P10} 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 —
! Fundamenta frequency (Hz]

;

{50 :

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

oK Cance) Hep | ool

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



Block Parameters: Display

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

Parameterg~ - == mhew LED e S i LA T R
Format |shart -
D ecimation: !
i |
I Floating display E
i

Sample time:
|1

r
%
|
E
]
|
I
|
|
|

I oK ' Cancel ! Help l ~opt

Puc. 6. OkHO HACTPOW KU nmapamMeTpoB JAUCILIES

OxHo HacTpoliku 0s10ka Mux, 0ObEIUHSAIONIETO IBA CUTHANIA B OJJMH BEKTOPHBIH, MTOKAa3aHO
Ha puc. 7. B moisx okHa HaCTPOMKM 3aJA0TCS YHCIO BXOJOB M BHEIIHHH BHJ NMPEICTABICHHS
O10ka

Block Paranmetbers: Mux

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

Puc. 7. OxHo HacTpolikn 6;10ka MUx

Ilopaook eévinonnenus padbomot

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

CHsTHEe MEXaHMYECKOW XapaKTEePUCTUKU MAIIUHBI B JIBUTAaTEIbHOM F€HEPATOPHOM pe-
KUMax B COOTBETCTBHM C II. 2.1 conepxkaHus paboT Mpou3BOAUTCS Ha Mojenu (puc. 1) nmpu us-
MEHEHHUH Harpy304HOrOMOMEHTa BO BceM Auana3oHe -1,5-1,5 ot HomunansHoro. Ilpu stom s
Ka)KJ0r0 3Ha4EHHs MOMEHTA Harpy3KH OCYILLECTBIISETCS MoenupoBanue. [Ipu nposenenun nceie-
JOBaHUH 3aIoiHseTcsa Tabanma 2.



J Simulation Parameters: AKZ2

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

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

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

4

Dutput aptions

iFlehre aulput _:j Rafine factor | 1

oK ' Cancell He?pJ ﬂ.opfyl

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

M[HwM] apam/c]

CHsaTue pabounx XapaKTepUCTUK JBUTATENSI B COOTBETCTBUU C II. 2.2 coaepKaHus padoThI
MPOBOJUTCS HA Mojenu (puc. 1) nmpu U3MEHEHUH HArpy304HOro MOMeHTa B mpeaenax 0-1,2 ot
HOMUHaNbHOTO. [Ipy 3TOM Ui Ka)XI0T0 3HAYEHHS] MOMEHTA HArpy3KH OCYIIECTBISIETCS MOJIENHU-
poBanue. [Ipu npoBeneHnn ucciaeq0BaHuil 3amnonHseTcs Tabauua 3.

Taomuna 3

N3smepenus Brrancnenus

M[Hwm]
P1[Bt] | Q:[BAp] | U1[B] | I1[A] | efpawc] | @[rpan] | cose | P2[Bt] | n[%] | s[%]

Brrancaenns MMPOU3BOJATCA 110 BBIPAKCHUAM:

(p:arctg&, P, = Mo, s=D7®
P, 0,

ITo naHHBIM TaOAMIIBI CTPOUTCS MEXaHWYECKasi XapaKTepPUCTUKA MALIMHBI U Ha OTJEIbHOM
rpaduke — paboune XapaKTepUCTUKU.
BpemeHHbIe 3aBUCHMOCTH NEPEMEHHBIX COCTOSIHUS MAIIMHBI MOKHO HaOJr0/1aTh HA SKpaHe

ocrmutorpada (puc. 9). 3meck BUIHBI U IEPEXOTHON MPOIECC MPHU MYCKE MAIIUHBI, U YCTaHOBUB-
[IMeCs] TPOLIECCHI.



Tive oifcer. B -

Puc.9. BpemeHnHble 3aBUCMMOCTH NEPEMEHHBIX COCTOSIHUA MAIIMHBI IPU padoTe B IBUraTeb-
HOM pe:KuMe

Coodepocanue omuema

5.1. Cxema MOJeNu U ONMCAaHUE BUPTYaJIbHBIX OJOKOB.

5.2, MexaHnyeckasi XapaKTEpUCTUKA MAIIMHBI B JIBUTATEIILHOM M T€HEPATOPHOM pe-
KUMaXx.

5.3. Paboume xapakTepuCTUKN MAIIMHBI B ABUTATEIHHOM PEKUME

JladopatopHast padorta Ne5. «MoaeupoBanue CHHXPOHHOI'03JIEKTPOINIPH-
BOJa»

Lenv pabomot

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

Cooepircanue pabomol

2.1. CusaTHe pabouynx XapakTepUCTUK MAlllMHbI B JBUTATEIIbHOM PEXHUME.

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

Onucanue éupmyanvHoll 1a00pamoOpHONl yCMAHOEKU

BupryanbHas nabopaTopHas ycTaHOBKA MpeEJCTaBJIeHa Ha puc. 1.

OHa coiepxur:

— HCTOYHHK IepeMeHHOT0 Tpex(a3Horo HanpspKeHus Sourcens 6ubnmmorexn PowerSystem-
Blockset/Extras/ElectricalSources;

— m3MepuTelb Tpex(daszHoro HampsbkeHus u Toka Three-PhaseV-1Measurementus 6u6mmo-
teku PowerSystemBlockset/Extras/ Measurement;



— uccreayemMyio TpexdasHyilo CHHXpPOHHYI0 MarmmHy PermanentMagnetSynchro-
nousMachineus outmmorexu PowerSystemBlockset/Machines;
— W3MEPUTENh aKTHBHOM M peakTUBHOW MomrHocTH Pi1, Qiu3 6mubmmoreku PowerSystem-

Blockset/Extras/Measurement;
— OJIOK U3MEpEeHHUs TEPEMEHHBIX COCTOSHUS MamuHbel MachinesMeasurementus 6u6imo-

teku PowerSystemBlockset/Machines;
— 6nok Displaymist Koqu4ecTBEHHOIO MpPEACTaBICHNs H3MEPEHHBIX MOIIHOCTEH (B Tpex
MNEPBLIX OKHAaX 6J10Ka MpEaACTaBJIICHBI dKTUBHBIC MOIIIHOCTU B Ka)I(,Z[OfI (1)2136 MallrnHbI, B TPEX IO~

CIICJHUX — PCAKTHBHBIC MOH_IHOCTI/I);
— Onox RMSu3z oOubmmoreku PowerSystemBlockset/Extrax/Measurement, usmepsitonimii

JIEHCTBYIONIUN TOK B (pa3ze MaIIvHbI,
— O6mox Momentis 3a1aHus MEXaHMYECKOT0 MOMEHTA Ha BaJly MalIMHbI U3 TJIaBHOW OHO-

moteku Simulink/Source;
— Onok Productus rnaBnoii oubmmoreku Simulink/Math, Beraucnsiommii MexaHHYECKYFO

MOIIHOCTh Ha BaJy MAaIIHHbI;

— OJsiox Scopemist HaOMIOICHHUS TOKA CTaTOpa, MOMEHTA U MEXaHMYEeCKOH MOIIHOCTH CHH-
XPOHHO# MalIMHbI U3 riaBHou oubmmoreku Simulink/Sinks;

— Ounok Display 1 misikonuecTBEHHOTO MPeICTaBICHHS U3MEPEHHBIX TOKa (A) U 31€KTpo-
mMaraHuTHOro MmomeHTta (Hwm) mMaminbl u3 rimaBHo# 6ubaroTexu Simulink/Sinks;

— 06110k MUX, 00BEAMHSIONIHI JIBa CUTHAJIA B OJMH BEKTOPHBIH IIaBHOM OMOIMOTEKH Sim-

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

OKHO HacCTPOWKH NapaMeTPOB CUHXPOHHOM MAIIWHBI TOKA3aHO HA puC. 2.



Puc. 2. OKHO HACTPOMKHM MapaMeTPOB CHHXPOHHOH MAIINHBI

B nosiix okHa 1ocienoBaTenbHO 3a/1at0TCs:

— aKTUBHOE COMPOTHBIEHHE 0OMOTKH cTtatopa (Om);

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

— MaKCHUMaJIbHBIN MOTOK B MaiuHe (BO);

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

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

Tun MammHb! BeIOHpaeTcs B moje Machinetype. B Beinagaroiiem MEHIO 3TOTO OIS CIEIyeT
BBIOpaTh Permanentmagnetsynchronous. ®naxku ciieBa BKIIOYAIOTCS Y TEX MEPEMEHHBIX COCTOS-
HUS, KOTOpBbIE TOJIEKAT U3MEPEHHUIO.

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

Puc. 3. OKHO HACTPOHKHM U3MEpPHUTeEJIsI TEPeMEHHBIX COCTOSIHMS MALIHHBI



Puc. 4. OxHO HACTPOIiKH T

apaMeTpoOB HCTOYHUKANMTAHUS

Hlopaook evinonnenus padomuol

[TapameTppl CHHXPOHHOM MalllMHBl U UCTOYHUKA MMUTAHUS JJIs BBIIOJIHEHUs paboThI 3a/1a-
10TCsl penogasateneM. [Ipu camocrosTensHO paboTe JaHHbBIE MAIIMHBI MOYKHO IIPUHSTH TAKUMH,
KakK Ha pUC. 2, a IaHHbIE NCTOYHNKA — Kak Ha puc. 4. OKHO HACTPOMKHU IIapaMeTPOB MOJEINPOBA-
HHS TTIOKA3aHO Ha puc. S.

—— S —— — - -

Puc. 5. OkHO HaCTpPOHKM MapaMeTpOB MOAECTHPOBAHUI
CHsTHE MeXaHMUYECKOH 1 paboUYMX XapaKTepUCTUK MAIINHBI B IBUTATEIHHOM PEXUME B CO-
OTBETCTBHH C I1. 2.1 conepxanus paboThl IPOM3BOIUTCS Ha MOAEIH (puc. 1) Mpu U3MEHEHNUHU Harpy-
309HOT0 MOMEHTA OT HyJIs 70 1,4 0T HoMHHANbHOTO. HOMUHAIBHBII MOMEHT OTpeNeNsieTcs U3 BbI-

pakeHus
- ‘/§Um Up -0®n)p
V2 oRg
rae Um, @ = 2af — ammouTyna u 9actota HCTOYHKMKA MUTAHUS, @Pm, Rs, P — MaKCHMaIbHBII
MOTOK, COMPOTHUBIICHHE CTATOPA U YHUCIIO Map MOJTKCOB MAITUHBI (puc. 2).

JItst KaXkJToro 3HAYCHHUSI MOMEHTA Harpy3KH OCYIIECTRISIETCS MoieupoBanue. [1pu mpoBe-
JIEHUH UCCIIEJOBAHUN 3amoidsercs taodauua 1.

M,




Taoauna 1.

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

BrrancneHus ocymecTBIsSoTes o GopMyiam:

P
(p:arctg%, q:Fz, PL=Pp+Pg+FPz, Q =Q4+Qg+Qc.
1 1
ITo naHHBIM TaOIHIIBI CTPOATCS pabouune xapakrepuctuku |, cose, h = f(P2).

Ha puc. 6 BUJIHBI 3aBUCUMOCTHU IIEPCMCHHBIX COCTOAHUA MAIIMHBI.

M=

a

Puc. 6 BpemeHHbIe 3aBUCHMOCTH NepeMEHHBIX COCTOSTHUS MAIIMHBI

CHsiTHE 3aBUCUMOCTH NOTPEOIIIEMON U3 CETH MOIIIHOCTH OT OTOKA BO30YK/I€HHS MAIIUHBI
B COOTBETCTBHUU C M. 2.2 cofepxaHusi paboThl OCYLIECTBISIETCA Ha MOJeNU (puc. 1) mpu NOCTOsH-
HOM MOMEHTE Harpy3ku (3agaercs mnpenojaBareneM). MakcuMManbHbIH 1moTok B mojie Flux-
inducedmagnets(puc. 2) cienyet 3agaBath B quanasone 0,6—1,2 ¢ marom 0,05 B6. [{ns kaxaoro

3Ha4YeHUs IOTOKA MPOBOIUTH MOAETUPOBAHHUE, 110 pe3yabTaTaM 3alOJIHUTh Ta0IUILy 2.
Ta6auna 2.
D Q1 P1 oS @
[BO] [BAp] [B1]

Cooepitcanue omuema

5.1. Cxema MOJeNH U ONKMCAaHHE BUPTYaJIbHBIX OJIOKOB.

5.2. Pabo4ne XxapaKTepHUCTUKN MAIINHBI B IBUTATEIIEHOM PEXHME.
5.3. 3aBucumoctu P1,Q1,COSQ 0T @Pnm



Kpurtepuu onieHKH 1a00paTOPHBIX padoT

[Tpu moaroToBke k 1aboparopHoil paboTe Mo AUCHUILTHHE «MoAenupoBaHue B
DIIEKTPOTeXHUKE» B 4 (8) ceMecTpe CTYIeHT JOJDKEH BBHITOIHUTH CIIEIYIONINE BUJIbI
pabor:

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

CamocrosTenpHas IpopaboTka TeOpeTHYe-

9 1(2) 2 (2)
CKOT'0 MaTepuasa K JJabopatopHor paboTe
O3HaKOMJIEHHE C YCTaHOBKOM, MpHUOOPOM,
METOJUKON BBIMOJHEHUS J1Ta00OpPaTOPHOM 1(1) 2 (2)
paboThI
BoinonHenne HEoOXOAUMOIO  3KCHEPH- 1(1) 2 (2)
MEHTa
O6paboTka pe3yabTaTOB MCCIEAOBaHUA, 2(2) 3(2)
MOCTPOEHUE IrpaduKOB
AHalu3 pe3yJbTaTOB UCCIICIOBAHUS U BBI- 2(2) 3(2)
BOJI 110 paboTe

NUTOIO: 7(7) 12 (10)

Takum o0paszoM, Kakaas JadopaTopHas padoTa OleHUBACTCS MUHUMYM B 7(7)
0amtoB, makcumyM B 12(10) 6amioB. [Tocie BhImoNHEHUS BceX pabOT pacCUUTHIBA-
€TCsI UTOTOBBIN OAJIT IO JAHHOMY OIICHOYHOMY CPE/ICTBY, KaK cpeHee apru(pMeTHye-
CKOE€ I10 BCEM JIa0OpaTOPHBIM paboTaM.

X - 01 ounozo, ouno-3aounozo omoenenus; (X) - 014 3a0un020 omoenenus.



MuHHCTEPCTBO HAYKU U BhIcIIero odpazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prinain)
beneparbHOTO TOCYAaPCTBEHHOTO OIOIKETHOTO 00Pa30BaTEIHLHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHUs
«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

Dakynomem: UHGOPMAYUOHHBIX MEXHONOUL
Kageopa: anexkmpomexnuxu u snepeoobecneuenus npeonpusamuii

Hampasnenune noarotoBku: 13.03.02 «D1eKTpoIHEPreTHKA U HIEKTPOTEX HUKA
(k0O U HaUMeHoB8aHue)

[Tpodunbs/mporpamma: «neKTpocHabKeHne»
(raumenosanue)

KommiekT 3ajaHuii 1Jisi KOHTPOJIbHOM padoThl
IS 3209HOI0 OTEJICHUS
10 JUCLHIUINHE «MOaeIUpOBaHNE B DIEKTPOTEXHUKE

HccenenoBaTb OCHOBHBIE BEIWYMHBI, XapaKTEPU3YIOLIUE CHUHYCOUJAIbHBIE IEPEMEHHBIE
TOKH W HAIIPSKEHUS, UCCIIEN0BATh JIMHENHBIE MIEKTPUYECKUE LIEM CHHYCOMIAIBHOIO TOKA, IIPO-
BEPUTH BBINOJIHEHHE 3aKOHOB Kupxroda B 1iensix cMHycou1aabHOro Toka. MicxoaHble 1aHHbIE, CO-
OTBETCTBYIOLIUE BapUaHTY CTYy/I€HTa NpUBEIEHBI B Ta0. 1.

Tab6muma 1

mﬁ < < < 'q —
= |5 2 | E [ | R .zt | %
& ez < 3 o S< | 5o | E5 2 = J
= o £ =S| 2| 2| EE53] B 2
= =2 | g | 8% | = | 8% |EET| £% | 3
g zZs 3 5 2 5 < & > g
= | 7 | = z T = | 2 2

= 3] ~
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'Ie}IOBaHI/Ie HNCTOYHHKOB HAIIPSKCHUA U TOKA, UCCIICIJOBAHNE OCHOBHBIX BEJIMUWH, Xa-
paKTEPU3YIOLINX CUHYCOUJAJIbHBIN TOK.

2. WccrnenoBanne pe3ncTopa B e CHHYCOUAATBHOTO TOKA.

3. HccnenoBanue MHAYKTUBHOCTH B LIEMH CUHYCOMAAIBHOTO TOKA.

4. WccnenoBanue eMKOCTH B LIEMTU CUHYCOUJIATbHOTO TOKA.

5. HccnenoBanue Mocie10BaTEIbHOTO COSTUHEHUS PE3UCTOPA, MHIYKTUBHOCTH U €eMKOCTH
B LIENIU CUHYCOUJJAIbHOT'O TOKa.



6. VccnenoBanue mapajjieIbHOTO COSAMHEHUS PE3UCTOpPa, UHIYKTUBHOCTH M €MKOCTH B
LEMU CUHYCOUJIaJIbHOTO TOKaA.

7. UccnenoBaHue CMEIIaHHOTO COSAMHEHUSI PE3UCTOPA, MHAYKTUBHOCTH U EMKOCTH B IIEMH
CHUHYCOMJIaJIbHOTO TOKA.

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

BupryajbHbie npudopbl 1 000pya0BaHME:

Buptyansabie mpuOopsl 1 000pyI0BaHKE I BHITOTHEHUS pacueTHO-Tpaduueckoi paboThl
npejcTaBicHbl Ha puc.l. OHU comepKarT UCTOYHHUK CHHycouaaibHoro Hamnpspkenus (AC Voltag-
eSource), ncrounuk cunycoungansHoro Toka (ACCurrentSource), mocienoBaTeabHbIE U apalIeIib-
uele RLC-nernn (SeriesRLC, ParallelRLC), usmepurensusie mpubopsr (VoltageMeasurement
(BombT™MeTp), CurrentMeasurement (ammepmerp), Multimeter, powergui (610 rpadguyeckoro uH-
tepdeiica monp3oBatens), ActiveandReactivePower (010K M3MepeHHs aKTHBHOW M PEaKTHBHOM
morrHocTr), Display) u smemeHTBl coenmHeHHs — BXon M BbIxoa 3asemuieHust (Groundinput,
Groundoutput).

Bce BupTyansHbie prbopsl U 00opynoBanue (kpome Display) siisitorcst 6mokamu makera
pacumpenuss PowerSystemBlockset (SimPowerSystems s Bepcuit mozaaee Matlab 6.5). duc-
wieit (Display) siBnsiercst 6110koM ocHOBHOUM Oubmorexku Simulink.

s - — Eﬁw
Wi LabL1® Seaes Baas O ==

File Edit View Simulation Format Tools Help
O EEE L] 3 |D.1 |Non‘nal

=]
=]
+
@ AC Voltage Source Series RLC Branch o IZ' B

B T Multimeter
o
o

.
@ AC Current Socurce Parallel RLC Load Continucus

o powergui

1

Voltage Measurement Current Measurement Active & Reactive
Power
a
L I
Display
Ready 100% oded5

Puc. 1 - bubnanoreunsle BUpTYyaabHbIE OJOKH K 1abOpaTopHON paboTre

Makcumanwvholii 6ann 3a KOHmMpoavHylo padomy cocmaensem 10 munu-
ManvHblil 6ann — S.

Ilpu noemopnom nepenucvigaHuu KOHMPOIbHOU 6 UNOZ06bLIl PEUMmUuH
uoem cpeoHuil Oa171 N0 6cem NONLIMKAM.



MuHHCTEPCTBO HAYKU U BhIcIIero odpazoanus Poccuiickoit denepannu
HuxHekaMCKU XUMUKO-TEXHOJIOTUIECKANA MHCTUTYT ((prinain)
deneparbHOTO TOCYAaPCTBEHHOTO OIOIKETHOTO 00Pa30BaATEIHLHOTO YUPEKACHUS
BBICIIIETO 00pa30BaHUs
«Ka3aHCkuil HalIMOHATBHBIA UCCIEN0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTET

Dakynomem. UHGOPMAYUOHHBIX MEXHONOUL
Kageopa: anexkmpomexnuxu u snepeoobecneuenus npeonpusamuii

Hampasnenune noarotoBku: 13.03.02 «D1eKTpoIHEPreTHKA U HIEKTPOTEX HUKA
(k0O U HaUMeHoB8aHue)

[Tpodunbs/mporpamma: «neKTpocHabKeHne»
(Haumenosanue)

Bonpocsl 114 3a4eTa ¢ OLeHKOM
0 JUCHHIUINHE «MOaeInpOBaHNE B DIEKTPOTEXHUKE))

KonTtponrsHbie Boripocs! mo Teme Ne 1
«Onepanuonnas cpeaa Simulink»

. 3aIyCK CUCTEMBI.

. O603peBarenp oudmoreku 6;10k0B Simulink.

. Co3manue moaeny.

. OCHOBHBIE 2JIEMEHTHI OKHAa MOJICTIH.

. OCHOBHBIE IPUEMBI TIOJATOTOBKHU M PEIAKTHPOBAHUS MOJICIIH.

. YcTaHOBKA IMapaMeTpOB MOJICTTUPOBAHMS M €TO BBITOJTHEHHE.

OO WN -

KonTtponrsHbie Borpocs! o teme Ne 2
«0030p ocHoBHOI oubIHOTEKH SiMulink»
. UcTounuku curaanoB SOUrCeS.
. Ilpuemuuku curaanos Sinks.
. broku HenpepbiBHBIX Mozenel Continuous.
. broku matemarudeckux oneparuii MathOperations.
. broku mapmipytusanuu curnanos Signal&Routing.
. Odyukuun, onpezaenseMbie monb3oarenem User-definedFunction.

OOk wWN R

KonTtponrsHbie Bommpocs! mo teme Ne 3
«bubanoreka 6JokoB SimPowerSystemsy
. CocraB OMONIMOTEKH U OCHOBHBIE OCOOCHHOCTH.
. Ucrounuku anexrpuyeckoii sneprun ElectricalSources.
. I3MepuTenbHbIEe 1 KOHTPOJIBHBIE YCTPOMCTBA.
. DICKTpOTEXHUYECKUE dIeMeHThI Elements.
. DIeMeHTBI CHITOBOM 3ekTponuku PowerElectronics.
. Dnekrpudeckue MamuHbl Machines.
. Mogenu quist pacuera BeKTOpHBIM MeTofoM PhasorElements.

~No ok~ WDN -



= ~NOoO ok WDN -

N

KonTponsHbie Bonpocs! 1o tTeme Ne 4
«I'paduueckuii unrepdeiic mosan3oBarens Powergui»

. Pacdet cxeM CUMBOJIMYECKUM (BEKTOPHBIM) METOJIOM.

. JluckpeTn3anusi MOJEIIH.

. Pacder ycraHOBHUBIIIErOCS peKUMA.

. Manmmanuzanus tpexdas3HbIX cXeM, COAepKaIIUX dICKTPUUECKUE MAIIUHBI.
. OnpeenieHne nMIie1aHca UEIu.

. "'apmMoOHHUYECKU aHAIIN3.

. Co3nanue oTyera.

KontposnbHbie Bonpock 1o Teme Ne 5
«OcHoBHbIe KoMaHabI Matlab nast ynpasaenns SPS-monenbro»

. Oynkuus nHANKanu3anun SPS-moaenn power _init.
. OyHKIUS A1 ONpeAeeHHs MaTEMAaTHYECKOW MOJIEIH THHEHHOM YacTH dJIEKTPH-

YECKOW CXeMbl POWEr_Statespace.

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

. AnroputM pacueta SPS-mozaenu.
. BeIOOp MeTo/1a MHTEerpupOBaHUs.
. OcoOeHHOCTH MOACTHPOBAHMS CXEM CHIIOBOW DJICKTPOHUKH.

MaxkcumanvHbwlil 6ann 3a 3auem ¢ OUCHKOIL 01 OUHO20, OUHO-3A0YH020 OmOe-

nenusa cocmaenaem 40, munumanvnoiii 6aan — 25.

MaxkcumanvHbwlil 6a11 3a 3auem ¢ OUCHKOU 0715 3A04UH020 OMOEIeHUsL COCM A8~

aaem 40, munumanonvii 6ann — 20.
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