MHHHCTEPCTBO HAYKH H Bhiciero odpazosanns Poccuiickoii Menepauun
HruxHexaMCKHH XMMHKO-TEXHOJIOTHYECKHH HHCTUTYT ((huinan)
thenepanbHOro rocy1apcTBEHHOro BIODKETHOTO 0OPAa30BATENBHOTO YUPEKAeHHS
BhICIIEro 00pa30BaHus
«Kazanckui HaUMOHAIBHBIH HCC/IEI0BATENBCKHI TEXHOIOIHYECKHH YHUBEPCHTET)
(HXTH ®I'bOY BO «KHHUTY»)

Wmm ampextopa no YP
| -4 &%~ — HH. Huxudoposa
¢ f(:‘*J-q » ()(./ 2021 r.

AOKYMEHT NOANNCAH
SNEKTPOHHOW NOAMUCHIO

Ceprugukar:
02C581C300FBAC248447298EECFD34536D
Bragenely: AxmeTos Unbgap fymepoeu
Reiicraurenex: ¢ 30.03.2021 o 30.06.2022

®OH/1 ONEHOYHBLIX CPEJACTB
MO JAMCLHIIAHE (MOYITIO0)
B51.0.26 «MoaenupoBaHHe B 3NEKTPOTEXHHKEN
(HAHMEHOBAHHE IMCUHNITHHB (MOAYAS))
13.03.02 «DneKTpo3HEPreTHKA H 3JIEKTPOTEXHUKAY
(KOA ¥ HAHNMEHOBAHHE HANPABNCHUA NOArOTOBKNW CHEUHANLHOCTH)

«nekrpocHabxeHue»

(HanMeHoBaHKe Npoduas/ nporpaMMel/ HaNpasAeHHOCTH/ CNEUHATH3ALIN)

Oaxasasp

KBanudrKauns

O4YHas, 3a04Had
dopma obyueHns

Huwxnrexkamck, 2021 r.



Coctasutens POC: W
J EB.T
Houerrr. el BB Tuie

®OC pacecmoTpen 1 olobpeH Ha 3acejaHuH Kadeapsl 22001 :
nporokon ot _/§ P2 20/ r. e 9

3aB. kadeapoii //f “}/ E.B.(g%g?ena

(noanucR) 7‘,'

DKcnepr:

Pykosoautens QOIl Tymaesa E.B., 3as. kadenpoii 2TI0I1 HXTH @I'BOY BO «kKHHTY»

® .0, A0MKHOCTD, OPraHH3aLHA, NOANHCH

W



Ilepeuensy komnemenyuii U UHOUKAMOPOB OOCMUICEHUA KOMNEMEeHYUIl C YKA3ZAHUEM IMAnoe opmuposanus 6 npoyecce 0C60EHUs OUuc-
UURNTTUHDL
Kommnerenmms:
OIIK-2 - ciocobeH pa3pabaThiBaTh aIrOPUTMbI U KOMITBIOTEPHBIE TPOTPAMMBI, TPUTOAHBIE ISl MPAKTUYECKOTO MPUMEHEHHUSI.
Nuaukatopel 1OCTHKEHUS KOMITETCHIIUU:
OIIK-2.1 - 3HaeT coBpeMeHHbIE ITU(POBBIE TEXHOJIOTHH, MTO3BOJISIONINE pa3padaThIiBaTh U MPUMEHSITh aITOPUTMBI M KOMITBIOTEPHBIE TPOTPaMMBI JIJIs
pELICHHS TPAKTUYECKHUX 3aaY;
OIIK-2.2 - ymeeT mporpaMMHUpOBaTh aJrOPUTMBI, IPUMEHITH KOMITBIOTEPHBIEC MTPOTPAMMBI JIJIS1 pelIeHHsI MPOPECCHOHANBHBIX 3a/1a4;
OIIK-2.3 - BnaziceT HaBbIKaMH HCIIOIH30BaHUS COBPEMEHHBIX IMPUKJIAIHBIX TPOTPAMM.

Kommnerenmms:

OIIK-4 — cniocobeH uCnoap30BaTh METOBI AHAINM3A U MOJICTTUPOBAHUS NIEKTPUUECKUX IETNeH U AIEKTPUISCKUX MAIIIHH.

Nuaukatopsl 1OCTHKEHUSI KOMIIETCHIINU:

OIIK-4.1 — 3HaeT OCHOBHBIC MOHITHUS W 3aKOHBI TEOPUHU DIEKTPUUECKUX IIeTe M 3NMEKTPUUYECKUX MAIKWH; METOJbl aHAIM3a U MOJCTUPOBAHUS DIICK-
TPUYECKUX LENEN U AIEKTPUUYECKUX MAIIIHH;

OIIK-4.2 — ymeeT COCTaBIATh yPAaBHEHUS IS DJIEKTPUUECKUX HENeH U AIEKTPUISCKUX MAIINH U IPUMEHSTh Pa3IUYHbIE METOAbI MOJICTTUPOBAHHS;

OIIK-4.3 - BJIaACCT MCTOAAMU pacuCTa ICPEXOJHBIX U YCTAHOBUBIINXCA MTPOLUECCOB B SJICKTPUUCCKUX LECIIAX U JICKTPUICCKUX MAIlIMHAX.

JI1s1 O4HOTO OTACIICHUS

Amanwvl hopmuposanus é npoyecce 0C60CHUA OUCYUUNTIUHDBL
Huouxamopwt
Ilpakmuueckue . Haumenoeanue ouenounozo
oocmudicenus . Jlabopamopmuwie Kypcosoit npoexm
Jexkuyuu 3anamus, 1abopamopHulil cpeocmea
KoMnemeHuyuu 3anAmuUA (paboma)
nPAKmMuKym
) ) ) JlaboparopHas pabora
[1K-2.1 Tema 1-6 He npexycmoTpenst Tema 1-3 He npenycmoTpenbl 3aeT ¢ OLEHKOI
: ) ) JlaGopaTtopnas pabora
[1K-2.2 Tema 1-6 He npenycmoTpensl Tema 1-3 He npenycmotpensl 3auer ¢ OLeHKO
} ) ) JlaboparopHas pabora
[1K-2.3 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpensl 3aueT ¢ ONEHKO
) ) ) JlaboparopHas pabora
[1K-4.1 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenst 3a4eT C OLEHKO




- - _ JlaboparopHas pabora
[1K-4.2 Tema 1-6 He npegycmoTpensl Tema 1-3 He npenycmotpenst 3auer ¢ OLCHKOH

- - B JlaGoparopHas pabota
I1K-4.3 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenst 3auer ¢ OIEHKO!

J11st 3a094HOTO OTACIICHUSA

Amansvt hopmuposanusn é npoyecce 0C60CHUA OUCUUNTIUHDL
Huouxamoput
D0CIUSICeHUs. Ilpakmuueckue Tabo K . Haumenoeanue oyenounozo
N pamopHvie ypcoesoit npoexm
Jexyuu 3anamus, n1abopamophulil cpeocmea
KoMnemeHuyuu 3anAamuA (paboma)
NPAKMUKYM
JlaGopaTtopnas pabota
[K-2.1 Tema 1-6 He nmpexycMoTpeHsI Tema 1-3 He npeaycmoTpensr KoutposnbHast pabora
3ayeT ¢ OLEeHKOH
JlaGopaTtopnas pabora
[1K-2.2 Tema 1-6 He nmpexycMoTpeHsI Tema 1-3 He npeaycmoTpensr Koutposnbhast pabora
3ayeT ¢ OLEeHKOH
JlaboparopHas pabora
[1K-2.3 Tema 1-6 He npexycmoTpenst Tema 1-3 He npexycmoTpensl Kourponsnast pabota
3aueT ¢ olleHKOH
JlaboparopHas pabora
[IK-4.1 Tema 1-6 He npexycmoTpenst Tema 1-3 He npenycmoTpensl Konrponsnas pabora
3aueT ¢ oIeHKOH
JlaGopaTtopnas pabota
[1K-4.2 Tema 1-6 He npenycmoTpenst Tema 1-3 He npenycmoTpenst KourponsHas pabota
3a4eT ¢ OLIEHKOH
JlaGopaTtopnas pabota
I1K-4.3 Tema 1-6 He nmpexycMoTpeHsI Tema 1-3 He npegycmoTtpensr Koutposnbaast pabora
3a4eT ¢ 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




Illkana ouenueanusn

Hudposoe | Boipa:xkenue B | CiioBecHoe Kpurepuu o11eHKM HHIUKATOPOB 1OCTHKEeHUs NPHU GopMe KOHTPOJIS:
BbIpPa:KeHHe 0ajrax: BBIpa:KeHHe IK3aMeH / 3a4eT C OleHKOIi 3ayer
5 87 - 100 OminyHo (3a- | OlleHKa «OTJIMYHO» BBICTABISETCS CTYACHTY, €CIM TEOPETUYECKOe COMep-
YTEHO) JKaHHEe Kypca OCBOEHO TMOJIHOCTRIO, 0e3 Mpo0eoB; NCUYEPITBIBAIOIIE, ITOCe-
JIOBaTeNIbHO, YETKO W JIOTUYECKH CTPOWHO W3JaracT MaTepual; CBOOOIHO
CHpaBIsieTCST C 3a/JladaMH, BONPOCAMH WM JPYTUMH BUIAMH TNPUMCHCHUS
3HAHUH; UCIIOJB3YET B OTBETE JOTIOJIHUTEIbHBIA MaTepPHall BCE MPETyCMOT-
PCHHBIC HpOFpaMMOﬁ 3aJaHHus BBIIIOJIHCHBI, KAYECTBO HMX BBIIIOJIHCHHA OIIC-
HEHO YHCIIOM 0aiioB, OJM3KUM K MAKCUMAJIbHOMY; aHAJM3UPYyET MOTy4eH-
HbI€ pE3YNIbTaThl; TMPOSBISET CAMOCTOSITEIBHOCTh TIPU  BBITIOJHEHHUH
3aJlaHui OneHka «3a4TEHO» BBICTABISETCH CTY-
4 74 - 86 Xopomo (3a- [OmeHKa «XOpOIIo» BBICTABISETCS CTYICHTY, €CIIH TEOPETHYECKOE COJIEpP-|IeHTY, €CIH OTBETHl Ha BOMPOCHI IO Te-
LITCHO) JKaHUC KypCa OCBOCHO IOJHOCTBIO, HGO6XOI[I/IMI)IC OPAKTUYCCKHUE KOMIIC-|MaM JUCHUILIMHBI IMOCICA0BATCIbHBI, JIO-
TEHIUU B OCHOBHOM C(OPMHUPOBAHBI, BCE MPEAYCMOTPEHHBIC MPOTPAMMOM |[THYECKH W3JI0KEHBI, JIOTTYCKAIOTCS
oOydeHus ydeOHbIe 3a/1aHus BBIIOTHEHBI, KAYECTBO WX BBIMTOIHEHHS 1OCTA-|HE3HAYUTEIbHBIE HEOYETH B OTBETE CTY-
TOYHO BbICOKOe. CTYZeHT TBEpAO 3HAET MaTepuall, TPaMOTHO U IO CYIIECT-|/IeHTa, TaKHe KaK OTCYTCTBHE CaMOCTOS-
BY M3JIaraeT €ro, He JIONYCKas CYIICCTBCHHBIX HETOYHOCTEW B OTBETE Ha|TEIhHOTI'O BHIBOJA, PEUCBHIC OIIUOKHU U P
BOTIPOC.
3 60 - 73 YnoenetBo- |OneHKa «yAOBIETBOPUTEIHHO» BHICTABISETCS CTYACHTY, €CIIH TeopeTHde-
PHUTENBHO (32a- |CKOE colepKaHue Kypca OCBOSHO YAaCTHYHO, HO MPOOENbl He HOCAT Cylle-
YTEHO) CTBEHHOI'O XapakTepa, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MPOTpaMMoi 3a-
JaHW BBIMIOJTHEHO, HO B HHUX UWMEIOTCS OIIMOKH, MpPH OTBETE Ha
MTOCTABIIEHHBIN BOIIPOC CTYACHT MOMYCKAaeT HETOYHOCTH, HEIOCTATOYHO
MpaBUWIbHBIE (OPMYIUPOBKH, HAOIOAAIOTCS HAPYIIEHUS JIOTUYECKOW TO-
CJICJIOBATEIHHOCTH B U3JI0KEHUH MMPOTPAMMHOTO MaTepUaa.
2 Huxe 60 HeynonerBo- |OnieHka «HEYIOBIETBOPUTEIHLHO» BBICTABISETCS CTYIACHTY, eciu oH He|OlleHKa «HE 3aYTeHO» BBICTABISAETCS
PUTENBHO  |3HAET 3HAYMTENBHOW YacTH MPOTPaMMHOTO MaTepuaa, JIOIyCKaeT CYIIeCT-|CTyIeHTY, eClIi CTYJICHT He 3HAeT OCHOB-
(He3aT-ITeHO) BCHHBIC OH_II/I6KI/I, HCYBCPECHHO, C OOJIBIIIUMU 3aTPYAHCHUSAMHU BBIIIOJIHACT |HBIX MTOHSITHH TEMBI JUCHUIIIIMHBI, HE OT-

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

BC€YACT HA OOIOJHUTCIIbHBIC U HABOAAIIHNEC
BOIIPOCHI IIpCIIoAaBaTeIId.




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 (JUCIUILINH)
C HCIOJBb30BAHUEM TEXHHUYECKUX CPEICTB U
(unn) oOopyI0BaHUS
2 |KontponsHass |CpeAcTBO MPOBEPKU YMEHUN MPUMEHATH 1O-|KoMmiiekT KoH-
pabora JyYEHHBIE 3HAHUS IS PEIICHUS 3a]a4 OIpe-|TPOIbHBIX 3aJlaHul

ACJICHHOI'O TUIIA I10 TEMC HUJIN Pa3acily.

I10 BapuaHTaM




MuHuncTEepCTBO HAYKH M BhICIIEro oOpa3oBanus Poccuiickoit denepanun
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy/1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIbHOTO YUPEKACHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

DakynomemuH@pOpMayUOHHBIX MEXHOI02ULL

Kagheopasnexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Y4eOHBIM IJ1aHOM 110 HampaBjeHHuI0 moaroToBku 13.03.02 «DnekTpolHepre-
THUKA U AJIEKTPOTEXHUKA» I 00YyUaIONUXCs MPeyCMOTPEHO MPOBEJCHUE J1abopa-
TOPHBIX 3aHATUHN MO0 TUCTUIUTNHE «MOJIETMPOBAHNE B JIEKTPOTEXHUKEY.

JlabGopaTopHbIe 3aHATHS MO0 IUCIUILIMHE MPOBOASITCS B CIIEIUAILHO 000py-
JIOBAaHHBIX JIA0OPATOPHSIX C IPUMEHEHUEM HEOOXOIUMBIX CPEICTB O0yUeHHS: J1a0o-
paTopHOTO 000PYIOBaHUs, 00PA3IOB I UCCIEAOBAHUN, METOIUYECKUX MOCOOUH.
L{ens mpoBeneHus 1a00PaTOPHBIX PabOT - MPAKTHIECKOE OCBOCHUE TCOPETUUCCKUX
MOJIOXKCHUH JICKIIMOHHOTO MaTepHalia, a TaK)Ke BhIpaOdOTKa CTYICHTAMHU OIpe/IeIICH-
HBIX YMEHUH WHABBIKOB CAMOCTOSITCIIBHOTO SKCIICPUMECHTHPOBAHUSI.

Jlabopatopnas padora Nel. «Ilporpammuslii naker MatLab»»

«IIpubopHo#i 6a30i» MPOBEACHUS BUPTYaIbHBIX JTa0OPATOPHBIX PaOOT SBISIFOTCS MAKETHI
pacmupenus Simulink u PowerSystemBlockset mupoko pacnpoctpanennoro makera MatLab.

B 6ubnmoTekax 3TUX MAKETOB PACHIMPEHUS HMEIOTCS MHOTOYMCICHHBIE BHUPTYalbHBIC
3JIEMEHTHl ¥ MHOTOYHCIICHHBIE N3MEPUTENbHBIE MPHUOOPHI, YTO MO3BOJIIET BCECTOPOHHE HCCIIe-
JIOBATh JIEKTPUYECKYIO IIETIb JII000M CI0KHOCTH.

B nanHoi#t maGopaTopHOW paOOTE OMUCHIBACTCS COJEPKAHHUE OCHOBHBIX OMOJIMOTEK ATHX
MAKeTOB PACHIMPEHUS U PACCMATPHUBAIOTCS OCHOBHBIE NMPUEMBI paboThl B HUX. IIpu 3TOM 0CHOB-
HOE BHUMaHHE yJIEJICHO TeM OMOIHOTEeKaM, KOTOphIe HCTIONB3YIOTCS B TAIHEWIIEM IpH paboTe B
BUPTYaJIbHOM J1a0OPAaTOPUU JIEKTPUUECKUX LIETIEH.

Iaker pacimpenus Simulink3 B makere Matlab-6

HasBanue makera MatLab mpoucxoaut ot cnoBocoueranust MatrixLaboratory, on opu-
CHTHUPOBAH B TIEPBYIO OouYepe/ib Ha 00pabOTKYy MAacCCHBOB JaHHBIX (MATPHUI] U BEKTOPOB). IMEeHHO
MMO3TOMY, HCCMOTPA Ha JOCTATOYHO BBICOKYIKO CKOPOCTH CMCHEIL MOKOJIEHUY BBLIYUCIUTEIILHON TEX-
uuku, MatLabycnesan BiuThiBaTh Bce Hanbosee EHHOE OT KaKIO0ro U3 HHUX. B pe3ysibraTe K Ha-
crositemy Bpemenu MatlLab npencraBnsier coboit Gorareiiinyro 6ubnnoreky GpyHkuuii (ux 6osee
800), enuHCTBEeHHAs MPoOJeMa pabOThl ¢ KOTOPHIMHU 3aKITIOYACTCS B YMEHHH OBICTPO OTHICKATH
TC U3 HUX, KOTOPBIC HYXHBI JJIA PCHICHUA OCTaBJICHHOU 3aJa4u.
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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, BKJIIOUYEHBI B COCTaB makeToB pacmupenus (Toolboxes).

B mocnenHee BpeMs mosiBHIIaCh HOBasi, CYIIECTBEHHO paciinpeHHast Bepcus — MatlLab-
6, — ¢ HOBBIM MHTEpdeiicoM. DTOi BEpCHU HIKE YIEJIeHO OCHOBHOE BHMMaHue. OmHaKo, HeoO-
XO/IUMO OTMETHTh, YTO OMOIMOTEKU CTapbIX BEpCHid ¢ UX UHTepdericoM coxpaHeHsl. I1yTh k Takoi
OMOTMOTEKE CIIEeTYIOIIHIA:

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

bubnunorexa Simulink3 npencrariser codoii HabOp BU3yaIbHBIX 00BEKTOB, UCIIONIB3YS KO-
TOpBIE MOXHO HCCIIEIOBATh MPAKTUYECKU JIO0YIO0 JEKTPUUECKYIO 1emb. [IpakTHuecku A Bcex
OJIOKOB CYILIECTBYET BO3MOYKHOCTh HAacTpOilkM mapameTpoB. [lapamerpsl HacCTpoilku oTpakaroTcs
B MOJISIX HACTPOMKK OKHA HACTPOWKHU BhIOpaHHOro O10ka. KHomnka Help Ha monsx 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-
Jiep KaHue pasiesia HaXOAUTCs B TIPaBOM OKHE OuOanoTeku. /{151 BpI30Ba MPUBBIYHOTO UHTEPGEi-
ca 6MOIMOTEKU ClelyeT YCTAaHOBUTh KypcOp Ha COOTBETCTBYIOILIHIA pa3zes B JIEBOM OKHE, ITPaBOil
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€ UCIIOTB3YIOTCS B AaJbHEHIIIEM.

Bubanorexka maremaTuueckux pynkuuii Math

bubnuoTtexa matemaTudeckux QyHKIHI moka3aHa Ha puc.l.2. OHa COACPKUT CIETYIOIINE
OJIOKH.

SUM— aHaJIOTOBBIN CyMMaTOP, KOTOPEIH TTO3BOJISIET aNreOpandecKl CyMMHPOBATh JTI000€
YHCJIO CUTHAJIOB Ha BXOJE.

ProductdopmupyeT Ha BbIXOJIe pe3yIbTaT YMHOKEHHSI HJIH JICJICHHs IBYX U 0oJiee BXO/I-
HBIX CUTHAJIOB. UKHO HAacTpPOWKM OJIOKAa MoKa3aHo Ha puc. 1.3. B mone HacTpoiiku 3TOro okHa
BBOJIATCS TapaMeTpbl HaCTpOoUkH. Jlyist JaHHOTO 0JI0Ka B Ka4ecTBE MapaMeTPOB HACTPONKH yKa-
3BIBAETCS YHCIIO BXOAOB U BHJI BBITIOJIHAEMON ONEpaluu.

DotProduct — 3BeHO, OCyIIeCTBIISIONICE TEPEMHOKECHUE IBYX BXOIHBIX BEIHMYHH, €CIIU
OHU SIBIIIIOTCSI CKaJSIpaMU, a TaKkKe BBIYHMCIIONIEE CYMMY IMODJIEMEHTHBIX MPOM3BEACHUHN IBYX
BXOJIHBIX BEKTOPOB OJIMHAKOBOM JUUIMHBI.

Gain— aHanoroBbIl yCUIUTEIb.

SliderGain — aHanoroBeIii YCHIMTENb ¢ HHTEPAKTHBHOM HacTpoiikoiimapamerpa. Ma-
trixGain — ycuiuTens, Ha BXOJ KOTOPOTO IMOAAETCs BEKTOP.



MatFunction — 610K, MO3BOJISIONIMI BRIOPATh OJHY M3 MAaTEMATHYCCKUX (YHKIHHA B
MOJIe HACTPOUKHU U BKIIOUHUTH €€ B MOJICIIb.

TrigonometricFunction ¢opmupyer Ha BbIXOJ€ TPUTOHOMETPHUYCCKYIO (YHKIIHIO BXO/I-
Horo curHana. Beibop ¢pynkium odecnieunBaercs B ojie HACTPOMKH.

MinMax. biiok BEIOHpaeT MUHUMAIILHOE WIM MaKCHMalbHOE 3HAYEHHUE BXOJHOTO CHTHA-
Jla — YHCIOBOTO BEKTOPa — B COOTBETCTBUU C 33JIaHUEM IT0JISI HACTPOUKH.

Abs ¢opmupyer Ha BbIXOAE aOCOMIOTHOE 3HAYEHHE BXOJHOTO CHTHAla, B (PYHKIHO-

HAaJIbHBIX CXEMaX UIpacT POJib BBIIIPA

IS] Library: simulink3fiath
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Puc. 1.3. OxHo HacTpoiiku 6a0ka Product

Sing— O6ok-pene, pearupyronMii Ha 3HAK BXOIHOTO CHrHaja

CUTHAJIa yCTaHABIMBAETCS B MOJIE HACTPOUKH.
RoundingFunction okpyriser BXoaHOW cHrHalA, (QYHKIHMS OKPYIJIEHHS BBIOMpAaeTCs B

IOoJIC HaCTPOﬁKH Ha HUCIIaAaromicM

MCHIO.

. 3HaueHwue BBIXOAHOT'O

CombinatorialLogic obecrieunBaeT nmpeodpa3oBaHne BXOJHOTO CHUTHAIA B COOTBETCTBHU
¢ c(hopMHPOBAHHOKN B IOJIC HACTPOUKH TAOJIHMIICH MCTUHHOCTH. DTOT OJIOK MPEICTaBISET COOOM
MOJIeSIb KOHEYHOTO aBTOMATa, COCTOSHUS KOTOPOTO, KaK M3BECTHO, OIMHCHIBAIOTCS TPU MOMOIIH

OyneBoii anreOpsl.

LogicalOperation, RelationOperator u3BecTHbIE JIOTHYSCKUE OMEPALUN KH» U K.



KonnuecTBo BX0/10B 3371a€TCsl B T10JIE HACTPOMKH.

BitwiseLogicalOperator — yHuBepcaibHbIil 0JIOK, peamu3yrOIIHi JTH0YIO JTIOTHISCKYIO
GyHKIIHIO.

ComplextoMagnitude-Angle — 610k, TO3BOJISFOIINI BBIICITUTh MOAYJb U (ha3y BXOJ-
HOW KOMIUIEKCHOM BEJIMYHHBI.

Magnitude-AngletoComplex — 610k, mpeoOpa3yroIinii BXOAHYIO BEJINYHHY, 3aaHHYIO
MOJyJIeM U ($a30ii, B KOMIDICKCHYIO BBIXOJHYIO BEIIHUYHHY.

ComplextoReal-Imag, Real-ImagtoComplex — 610ku, mpeoOpa3yronme KOMIUICKC-
HbIC BEJIMYMHBI U3 TTOKA3aTEIbHON OPMBI B alTreOpandecKyro U 00paTHO.

AlgebraicConstraint— 610k, M03BOJISIONIUI B CTPYKTYPHYIO MOJIENIb BKJIFOUATh CUCTEMY
anreOpanyecKrx ypaBHEHUH.

Bubanorexka HeauHeiinbIx 0J10Kk0B Nonlinear

bubnmoreka HenmuHEHHBIX OJIOKOB MOKa3aHa Ha puc.1l.4. Dta OubIMoTEeKa COMCPKUT OI10-
KH, OTIICAHHBIC HIKE.

RateLimitero6ecnieunBaer pazaudnbie K03()PHUIHUEHTHI IIEpeauyd B 3aBUCUMOCTH OT 3Ha-
Ka BXOJIHOTO CHUTHaja. B moJIsiX HACTpONKHM yCTaHABIUBAIOTCS 3HAYCHUS dTHX KOA((DHUIIUCHTOB.

Saturation— ycunutens ¢ orpaHudeHHeM. BennunHa BBIXOJHOTO CHUTHANA MPH MOJIOKH-
TEJILHOM M OTPHIIATEIbHOM BXOJHOM CHTHAJIC YCTAHABIMBACTCS B MOJISIX HACTPOUKH.

Quantizer— 610k, 0OecreYMBaOIINI KBAHTOBAHHE BXOJHOTO CHUTHAJA MO ypOBHIO. Be-
JUYMHA CTYNEHBKH 3a7aeTCs B M10JIe HACTPOMKH.

Backlash— 610k, peanusyromuii 1topT B MEXaHUIECKUX PEAYKTOPaX.

DeadZone— 610K, peanu3yrouuii 30Hy HEYyBCTBUTECILHOCTH.

Relay— perne ¢ peryaupyemoii 30HO# HEUYBCTBUTEIBHOCTH M YCTAHABJIMBACMOW BEJINYH-
HOU TIOJI0XKHUTEIBHOTO U OTPHUIIATEILHOTO BBIXOIHOTO CUTHAJIA.

Switch— ko4, KOTOpBIN MepeKIoYaeTcs, Koraa BXOJHON CHIHAl CTAHOBHUTCS PaBHBIM
WM OOJBUINM 33/IaHHOIO B 110JI€ HACTPOMKH.

ManualSwitch— ko4, koTopbIii mepekimovaeTcs BpyuHyro. [Ipu MoaenupoBaHUU TPH
MIOMOIIIK 3TOTO KJIF0Ya yI00HO MEHSTH MTapaMeTPbl U CTPYKTYPY MOJICIIH.

MultiportSwitch— 610k nepekiaroyareseii, mepeaaroNIMii Ha BBIXOA OJMH M3 BXOIHBIX
CUTHAJIOB.

Coulomb&ViscousFriction— 6710k, peanu3yomuii XapaKTepUCTUKY TPEHUS B MEXaHH-
YECKUX CHCTEMax.

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

Puc. 1.4. bubauoreka HeqruHeitHbIX 010k0B Nonlinear
bubanorexka BUPTyaJabHBIX NPUOOPOB 11 HAOIIOJeHHSI M PETHCTPANMH NPOLIECCOB



(Sinks)

[Tpubops! s HAOTIOACHUS W PETHCTPAIlMM MPOIECCOB B HCCIEIYeMON MO Mpe.-
cTaByieHbl Ha puc.l.5.

B KOMIUIEKT BXOAAT HIKECIEAYIONINE BUPTyadbHbIC MPUOOPHI: SCOPE — OCIHILTOCKOIT
JUIsL HaOroIeHUsT BpeMeHHbIX 3aBucuMocteii. XY Graph— rpadomnocrpouTens B cHCTEME IMO-
JAApHBIX KoopauHat. Display— ycTpolicTBo /i BBIBOAA HA SKpaH JUCILICS U3MEPSACMBIX Be-
JWYYH B 1IMdpoBoit Gopme.

To file— 6ok, csa3pBarommii Mmogens Simulink ¢ cucremoit MatLab. Dror 610k 03BO-
JSIET 3aIKCaTh PE3y/abTaThl MoJcIupoBanus B ¢aitn MatLab ¢ nensio manpHeiineir 06pabOTKH U
MPEJICTABICHUS PE3YJIHTATOB.

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

File Edit Yiew Frina Help

|- [D]

b
Scope XY Graph

gl

Display

Auntitied.mat simout

To File To Wokspace

Stop Simulation

Puc. 1.5. Bu6inoTexka BUPTYaJbHbIX NPUOOPOB 151 HAGIIOAEHHS U perucTpanuunponeccos Sinks

Workspace— ycTpoiicTBO 1Uisl Tiepeiaun pe3yJbTaTOB MOJCIHPOBaHKs B pabouee mpo-
CTPaAHCTBO C LIENIbIO UX JalibHelelt 06paboTKH.

StopSimulation— ocTaHoBka CUMYIISIIIHH.

C kaxabIM rpauuecKuM 2JIE€MEHTOM CBs3aHO OKHO HacTpoek. Ha pue. 1.6 mokazanbl
9KpaH OCHMIIIOCKOIA M ero OKHO HacTpoiiku. [lepBoe mome Numberofaxes zaciyxuBaer, moxa-
Tyi, HauOONbIIEr0 BHUMAaHMS. UWCIO PETUCTPUPYEMBIX MPOIECCOB U KOJIMYECTBO OTKPBIBAIO-
IIAXCS DKPAHOB OCLUIITIOCKOIIA COOTBETCTBYIOT YUCIY, YCTAHOBJIEHHOMY B 3TOM IIOJIE.

<) ‘Scope’ properties HEER
General l Data higtqp,;' Tip: ty right clicking on ases
Axes
Number of axes: | 2 [T floating scope

Time range: | auto

e
Tick labels: |bottom axis only _'_j

Sampling ?

Decimation _'] I‘I J

0K | Cancell Help l ApplyJ

a) 0)
Puc. 1.6. Scope — ocHUIIOCKON JIs HAOJII0OIeHUSI BpeMeHHBIX 3aBUCHMOCTEH (a)1 ero OKHO
HacTpoiiku (0)

Bu6HoTeKa HCTOYHMKOB CHTHAJIOB (SOUrces)



Coneprxkanue 3TOro pasjena nokaszaHo Ha puc.l.7.

HaGop 6JI0KOB COAEPKUT MPAKTHUECKU BCE HEOOXOTUMBIC MCTOYHMKH CHTHAJIOB JJIs HC-
CJICIOBAaHMS JIEKTPUUECKUX Tierieil. Bo3M0)kKHO 3a/1aHne MpOU3BOIBLHOTO BO3CUCTBUS U3 (haiiia
(6mox FromFile).Kpome HCTOYHHKOB 1€TEPMUHUPOBAHHBIX BO3JICUCTBHI C Pa3IMYHON (yHK-
IUOHAJIBHOM M BPEMEHHOW 3aBUCHMOCTBIO, UMEIOTCSI UCTOYHUKHU CIYYaWHBIX BO3JEHCTBUU C
pa3IMYHBIMU 3aKoHaMu pacrpeneneHus. C KaxIpIM rpaguuecKuM OJIOKOM CBS3aHO OKHO Ha-
ctpoiiku. Tak, aas reHeparopa nepuogandeckux curuajiaos (SignalGeneratorpue. 1.8) coorser-
CTBYIOIIEE OKHO COJEPXKHUT BbIOOp (hopMmbl mepuogaudeckoro curuana (Waweform), ycranos-
Ky ammautyasl curaaina (Amplitude), ycranoBky uactotel (Frequency) u BbIOOp €IHMHHII
WU3MEPEHHUs YCTAaHOBICHHOW YaCTOTHI.

ELibrary: simulink3/Sources - [[EIE3
File Edit View Fooot Help
o0coo
1 L o0 P b
Constant Signal Step
Generator
/B Mk
Ramp Sine Wave Repeaating
Sequence _
Block Parameters: Signal Generator
| | P Junp /\JWP Signal Generator
Discrete Pulse Pulse Chirp Signal Output vanous wave forms.
Generator Generator
Parameters v SRy
@ Wave form: | sine _ﬂ
s TRTAYT Gl T Im——— —— i
o lsquare
1 l{
unmled.mat}> I simin F F [s:rmg:‘th
From File From Frequency.
Workspace |1
L fV‘V> ],\ﬁ]’b'> Units ]fHenz _'_l
Rander | Uiiform Bandom EaneLimitid [V Interpret vector parameters as 1-D
Number Number White Noise TIR N
[ ox ] Cancel i Help I l
Puc. 1.7. Bu6anoreka ncTouHm- Puc. 1.8. Oxno Hacrpoiiku Signal
KOBCUT'HAJIOB SQUICes Generator

IakerpacmupenussPower System Blockset
bubnuoreka Powerlib makera pacmmpenuss PowerSystemBlockset(puc. 1.9) coxep-
JKUT 7 pa3aeioB, MOCIEAHUN U3 KOTOPBIX, EXLras, Bkitouaer noapasaeisl.

Library: powerlib2

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

Ts=5e-005

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

Puc. 1.9. budaunorexa Powerlib

HcTounukm aekTpuyeckoii yneprun ElectricalSources



Ota OMOIMOTEKA COACPIKAT HEYMPABISCMbIC U YIPABISIeMbIe HCTOUHHKH MMOCTOSHHOTO H
nepeMeHHoro HanpsbkeHus u Toka (puc. 1.10).Oxno HacTpoiiku 610ka ACVoltageSource noka-
3aHO Ha puc. 1.11.B monax napamMeTpoB OKHA YCTAHABJIMBAIOTCA 3HAYCHUS aMITUTYbl HaMpshKe-
HUSI, HAYaJIbHOM (pa3bl U YACTOTHI.

ITone  Measurements mo3BossgeT TOAKIKOYare  Onok  Multimeter gna w3-
MEPEHHMSI ¥ HaOJIFOICHUS BBIXOHBIX MApaMETPOB UCTOYHHUKA.

bioku ympaBisieMbIXx MCTOYHUKOB TO3BOJISIIOT CBSI3aTh CTPYKTYpPHbIC WU (YHKIIHOHATb-
HbIE cXeMbl OCHOBHBIX OmbOmroTek SimulinkBlokLibrary ¢ snementamu oubnuorexkun PowerSys-

temBlockset.
E! Library: powerlib2/Electrical Sources Bist

File Edit View st Help

DC Voltage Source +p
signal

N

-p

Controlled Voltage Source

o
HAsignal T
>

Controlled Current Source

AL Voltage Source

AC Current Source

=B >—®1> >— |—*——>

Puc. 1.10. Bu6amnorexka HCTOYHUKOB
nexkTpuyeckoii yHepruu ElectricalSources

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

ldeal sinuscidal AC Vaoltage scurce,

Parameters

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

Frequency (Hz):
|50

Sample time:

0

Measurements [N one :J

OK l Cancel Help ] J

Puc. 1.11. Oxkno nacrpoiiku 610ka ACVoltageSource

bu6aunoreka maccuBHBIX 2j1eMeHnToB PowerElements

Ha puc.1.12npeacraBieH coctaB 3Toi OMOIMOTEKH, OHA COACPIKUT:

*  TIOCJIEAOBATENbHBIC M MapajUielbHbIe TacCUBHBIE dieMeHThl R, L, C, koTopbie MOTYT OBITH
3aJIaHbl B ApaMeTpax 3THUX 3JIEMEHTOB, TO €CTh oMax, reHpu U ¢apanax (RLCBranch), a moryT ObITh
3a71aHbl 3HAYEHUSIMU aKTUBHOM, PEaKTUBHOM WHIIyKTUBHOM, JTUOO pEaKTUBHON €MKOCTHOM MOILTHOCTEN
(RLCLoad). Takoe 3aganre Harpy3kd HHOTa OYEHb YI00HO TIPH MCCIICIOBAaHUN PaOOThI Tpex(a3HbIX
AIIEKTPUYECKUX IIETICH;

* nuHelHbI Tpancdopmarop (LinearTransformer) u Tpanchopmartopc peanbHbIM Mar-



HUTHBIM CEPJCYHUKOM, YIMTHIBAIOIIUM ero HacsimeHue (SaturableTransformer);

* MarHWTOCBSI3aHHBIC ICTIH, WX IIETH ¢ B3auMHoi nuaykiuei (Mutuallnductance);

*  HeJWHEWHBIN 35eMeHT (SurgeArrester), mo3BoJisitomuii chopMupoBaTh TPeOyeMyto
HGHHHCﬁHYIO 3aBUCUMOCTDb MCKY BXOJAHBIM U BbIXOAHBIM CUTHAJIAMH,

» kitou (Breaker), mapameTpsl KOTOPOTo (CONMPOTUBIICHHE, HHIYKTUBHOCT) B OTKPHITOM
COCTOSIHUM 33/Ial0TCS B TOJISIX HACTPOWMKH. Tam ke 3aJaeTcs COCTOSHHE KFo4a (OTKPBIT, 3aKPHIT)
NPY HYJICBOM BXOJTHOM CHUTHAJIC,

e  Tpex(da3HbIl ABYXOOMOTOYHBIH U TpexoOMoTouHbld TpaHchopmaTopsl (Three-
PhaseTransformer, TwoWindings, ThreeWindings);

e Omoku, peanm3ywmue mapamerpsl  ogHodaszHoW W TpexdasHOW  JIHUHUU
nepenaun (PlSectionLine, DistributedParametersLine).

Libraly: powerlib2/Elements

Fle Edt View Help

P %>
Series RLC Branch A =

Parallel RLC Branch
3
> 1 %% h

Seiies RLC Load )_E-.QE}>

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

—\QMH a2
2 _"ﬁ'l_ Saturable Transformer A Y i
)—l” >
T v iy
>—rﬂ-n-‘ﬁ b
A 4
e

g

Pl Section Line ]
Mutual Inductance

3
Al | —
D/[Ih . c3p
¢ ———

Breaker 3—l:l—3 Three-Phase

-

-

Transfarmer
sl vistivuted Parameters Line Khree indiagy

Surge Arrester

Puc. 1.12. Bu6auoreka naccuBHBIX 2JieMeHTOB PowerElements

Ha puc. 1.13 B kauecTBe npuMepa MoKa3zaHO OKHO HACTPOWKHM OJI0Ka Tpex(ha3HOro TpaHc-
dopmaropa (Three-PhaseTransformer). B mossx HacTpoWKH 3a7ar0TCs MapameTpsl TpaHcdop-
Maropa (POwer mapaMeTpsl IepBHYHOI 1 BTopuuHOi oomotok (Windingparameters), cxemsl co-
eJMHECHHS NIEPBUYHBIX U BTOpUYHBIX 00MoTOK (okHa Winding 1 (ABC) Connection, Winding
2 (abc) Connection).

daxxok (SuturableCore) mo3BossieT yuecTh HachllieHHe TpaHchopmaropa. B Beimagaro-
meM MeHto moist (Measurements) ycraHaBiIMBaIOTCS IEPEMEHHBIE COCTOSHUS TpaHc(opMaTopa,
KOTOpBIC TOJISKAT U3MEPEHUIO PH MoieupoBanuu 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 =

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. Ilanens HacTpoiiku 6ja0oka Three-PhaseTransformer

BJjoku cBsI3M MeXy BXOJaMU M BbIX0JAaMu MojeJieil 0ubdauorexku PowerSystem-
Blockset (Connector)
Hasznauenue GiokoB (puic.1.14) packpbiBaeT ux rpadudeckoe mnpeacrabieHue. Ha munei-
kax BusBar 3agaetcst KoTu4ecTBO BXOAOB U BBIXOOB.

[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)

e e Bus Bar (thin horiz)

e ——— s B (horiz)

Puc. 1.14. Buoauorexka Connector

baoku n3mepennii Measurement
DOru  Omoku  mokazamel Ha  puc. 1.15.  Baokm  VoltageMeasurement,

CurrentMeasurement IpeaHa3HAYCHbI TS COCTMHEHU I U3MEPUTEIIBHBIX
OJIOKOB OMOIHOTEKH Simulink c OrokaMu OMOIHOTEKH PowerSystem
Blocksets. brok ImpedanceMeasurement TI03BOJISIET U3MEPUTH YaCTOTHYIO

3aBUCUMOCTD OJIHOTO CONPOTHUBIICHUS MEXKITY JIBYMSI TOUYKaMHU uccuenye-
MOI CXEMBEL.



[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. bubdaunorexka Measurement

Oco0b1ii uHTEpec npeacrapiser 6ok Multimeter. Dtor 610k MO3BONISET U3MEPUTH JICK-
TpUYECKHE TIEpEMEHHbIE, BRIOpaHHBIE B OkHE Measurement cooTBETCTBYIOIIUX DJIEMEHTOB (CM.,
Hanpumep, puc. 1.11, 1.13).OxHo HacTpoiiku 0610ka Multimeter(puc. 1.16)conepxur aga nosns. B
nepBoM (Available) mocne Haxatus kHonku Refresh mosBisIFOTCS COOTBETCTBYOIIUE HM3MEpsie-
MBbI€ TIepeMeHHbIe. Bce MM 4acTh U3 HUX MOTYT OBITh C IOMOLIbIO KHONKHM Select mepeBeneHb
BO BTOPOE OKHO JII1 U3MEPEHHUsI U peructpaiuu pesynbratoB. @maxok Displaysignalsatsimula-
tionstop mo3BoJIsIET BHIBECTH HM3MEpsEMbIe CHTHANBI B BHJIE BPEMEHHBIX 3aBUCHMOCTEH. DTOT
0JIOK OYEHb yI0OCH MPH UCCIICIOBAHNHN U B JAJILHEUIIIEM YaCTO MPUMEHSETCS.

bnox Multimeter cBouM BBIX0/IOM MOKET OBITh MOAKIIOYECH U K BHEITHUM 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 ’ Help

Puc. 1.16. OxHo nacTpoiiku 6a0xka Multimeter

Pacmupennas 6udoaunorexa PowerlibExtras
bubimorexa PowerlibExtras npencrasiena Ha puc. 1.17.9ta OubauoTeKa COACPIKUT IIECTh
JIOTIOJTHUTEIBHBIX Pa3/IeyIoB.



IE]Library: powerlib_extias N[=]E3
File Edit View = Help
Measurements Discrete Control Discrete Three-Phase Additional
Measurements Blods Control Blodks Library Machines

Puc. 1.17. Buoauorexa PowerlibExtras

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), 6510k u3MepeHus 3PPEKTUBHOTO (ACUCTBYOIIET0) 3HAYCHUST HECUHYCOMIANTb-
HOTO TIEPHOIUYECKOTO HanpsbkeHus win Toka (RMS), 6510k n3mMepeHnsi akTUBHOW M peaKTUBHOM
motHocTH (Active&ReactivePower).

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
abe_to_dg c
AY Transformation K P
PO b Three-Phase
Al dq0 V-l Measurement
Active & Reactive abe p
Power Asin_cos
dq0_to_abe
Transformation

Puc. 1.18. bubdanorexa ExtrasMeasurement

Nmerotcss Tpu Oiioka npeoOpa3zoBaHus Tpexdas3HbIX curHanoB. biok  3-
PhaseSequenceAnalyzer BeIYHCISECT CHMMETPUYHBIC COCTABIISIONINE MPSAMOM, 00paTHOW U HYyJIe-
BOii mocinenoBarenabHocTed. bioku abctodgOTransformation u dqOtoabcTransformation ocymiect-
BIISIIOT TIpeoOpa3oBaHue Tpex(azHoil cucTeMsl K AByX(ha3HoW U Ha000pOT.

bnox TotalHarmonicDistorsion u3mepsier ko3¢ dunuent rapmonuk. biok Three-PhaseV-
IMeasurement usmepsieT TOKH ¥ HanpsoKeHUsI Tpexha3HoM LeTH.

Ha puc.1.19 B kayecTBe npumepa MOKa3aHO OKHO HAacTpoiku Oyoka Fourier. B mossix Ha-
CTpOIiKU 6JI0Ka OTMEYAeTCsl OCHOBHASI YACTOTA U MOPSAKOBBI HOMEP HCCIEAYEeMOM rapMOHUKH.

B mosie oxHa Hactpoiiku Onoka TotalHarmonicDistorsion (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. Oxknonacrpoiikudaoka Total Harmonic Distorsion

Buoauorexarpexdaszunixueneii Three-Phase Library
Pacmmpennas 6ubnmnoreka Three-PhaseLibrary conepxut tpexdasHsie 1enu pa3inaHoro
HazHadeHus (puc.1.21).B sToit Oubnmoreke numeeTcs HAOOP MOCIENOBATEIBHBIX U TapATIICITHHBIX
Tpex(}aszHbIX Harpy30K, 3alaHHBIX JTHOO0 MACCUBHBIMH ITapaMeTpaMy, JIM0O 3HAUCHUSMHU aKTHBHOW
U PEaKTUBHON MOIIHOCTH, OJIOK MCTOYHUKA 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 ab oy A Ab A Ab
N—OJMJITLB L BJ\W{W\—“—B L == |3 Phase RLC gwiteh.p | -1 b
ch c ch Series Load A c ch
c cp - -
Inductive source 3- Phase Series RLC e Pl Line Section il
with neutral 3-Phase Breaker
4 @ 0
Al+ A2+ p
A Ap A Ab
b~ 3-Phase RLC Gl oA d
8 —J—s 1 B P Parallel Load R 81 B2 b
Cl+ C2+p
c—T—ch c ch < g Faul c1 c2b

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

Linear Transformer
3-Phase Fault 12-terminals

|

Puc. 1.21. buéaunorexa Three-PhaseLibrary

Oco0plii MHTEpEC MPH MOACTUPOBAHUH IIEKTPUUECKHUX IIeTel mpezcTtasiseT 0ok Po-
wergui ocaoBHo# O6ubanoreku PowerSystemBlockset(cm. puc. 1.9). Dtot 610k, Oyaydn ycra-
HOBJICHHBIM B HICCIIEYEMYIO MOJICTh JICKTPUYECKON IETIH, TIO3BOJISICT U3MEPUTh TOKH, HATIPsIKe-
HUS ¥ MX HavaJlbHbIC (a3l HA JIFOOOM y4acTKe JJIEKTpUYecKoi mnenu. (s cBsizm Ojoka ¢
AJIEKTPUYCCKON cXeMoi cirykaT Oioku muamepenuit Multimeter, VVoltageMesurement, CurrentMe-
surement. Kpome Ttoro, 610k POwWergui mo3BoisieT CBsA3aTh MAKeT pacumpeHus PowerSystem-
Blockset ¢ makerom pacmmpenus ControlSystem. 3to obGecrieunBaeT BO3MOYKHOCTh HCCIICI0BATD
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 (pIIaKKH MO3BOJIIOT BBHIOpATh BEIMYMHBI JUIsI M3MEpPEHHs. B BhINMagaromemM MEHIO IEepBOro
TIOJIS 3aJIAI0TCS] U3MEpsieMble 3HaYeHHS (aMIUTMTYIHOE WK JeiicTByIomIee). B Brmagaroniem me-
HIO BTOPOTO TOJIS 3aJaeTcsl 4yacTora. BrirroueHHbI draxok States mos3Bossier u3Mepurh nepe-
MEHHBIC COCTOSHUS (TOKH B MHIYKTHBHOCTSX, HANPSOKCHHSI HA KOHICHCATOpPAax). BKIFOYCHHBII
¢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 HYXKHBIH OJIOK MepeTacKUBaeTCs
MBIIIBIO B OKHO CO37]aBaeMOH (pelakTHpyeMOii) MOJIEIH.

bsioku MO>XHO KONTUPOBATH U MPHU MOMOITM KoMaHA MeHto. [locienoBaTenbHOCTh 1€MCTBUIMA
IIPU 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 cKOMMpPOBaHHBINA OJ0K 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 HACTPAUBAaEMbIX ITapaMETPOB, YTO U OJIOK-OPUTHHAI.

IlepecTaHoBKka 0Ji0Ka BHYTPH MOJEJH OCYIICCTBIISCTCS MyTEM IMEPETACKUBAHUS €T0
mbiibio. [Tpu atom Simulink aBTOMaTH4ecKu MepeprucoBBIBACT JIMHUH, CBS3bIBAIOIIME ITOT OJIOK
¢ apyrumu Oimokamu. UToOBI mepecTaBUTh HECKOIBKO OJOKOB BMECTE C COCTUHHUTEIBHBIMH JIH-
HUSIMU U COXPAaHEHHEM OTHOCHUTEIBHBIX PACCTOSIHHM, HEOOXOAUMO UX BBIJICIUTH U MEPETAIIUTD
MBIIIBIO OJIMH U3 OJIOKOB. Bce npyrue BeICICHHBIC OJIOKU TaKXKe 3aiiMyT HOBBIC MECTA.

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

[leperamuTs OJOK B  HYXHOE TMOJOXKEHHWE, yICpXHBas MPH OTOM  Kia-
suiny <Ctrl>;

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

Ha puc. 1.23npeacrasien pe3ynbTaT KonupoBauus 0;10koB 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>.
MosxHo Takke Bbi3BaTh komaHay Clear(Ounctuts) min Cut (Beipesars) u3 mento Edit (ITpaBka)
okHa 61ok-cxeMbl. Ecnu ncnonb3oBana komanaa Cut, To B qanbHeIeM yaaaeHHble OJOKA 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 oTIycKas €, mepeTaIuTh OJI0K B APYroe MeCTo.

untitled * Hi=E3
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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 OPUEHTAIIUIO OJIOKA HAIO:

* BBIJICITUTH OJIOK, KOTOPBII HY)KHO TIOBEPHYTh;

* BeIOpaTh B MeHI0O Format (dopmar) okHa OJIOK-CXEMBI OJIHY M3 CICAYIOIIMX KOMAaHI:
FlipBlock (IToBopot 0noka Ha 180 rpamycoB) unu RotateBlock (IToBopor 6iioka mo wacoBoit
crpenke Ha 90 rpagycoB).

N3menenne pazmepoB 0Jioka. 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.
Hazno 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 OOBIYHBIC PUEMBI PeTaKTUPOBAHMS, 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 cienyromum odpazom. Eciu 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:

* [IepeTalUTh UM MBIIIBIO Ha IPOTHUBOIOIOKHYIO CTOPOHY 0JIOKa;

* BOCIIOJIb30BaThCs kKoMaH o FlipName 13 merro Format okHa Moien —oOHa Takke MepeHo-
CUT UM$ Ha MPOTHUBOMOJIOKHYIO CTOPOHY OJI0Ka.

CKpbITh HMsI OJ10Ka MOXHO, Ucniolb3yst komany HideName (Ckpeith 1Msi) Mento Format okua
Mozeni. UToObl BOCCTAHOBHTH OTOOpPaXKEHHE MMEHH, CIIEAyeT BOCIOIb30BATHCS KOMaHIOW ShOw-
Name (Iloka3ate UMs1) TOTO K€ MEHIO.

Co3nanue coeTMHUTEIbHBIX JUHUA. CUTHAIBI B MOJIENH TiepeaatoTes o TuHusM. Kaxxnas
JIMHUSL MOKET MepeAaBaTh WM CKAISPHBIN, WIM BEKTOPHBIA CUTHAI. JIMHHS 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 JIPYTOT'O, 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, IEPEABUHYTH yKa-
3aTelb K BXOJTHOMY ITOPTY BTOPOTO OJIOKa;

* OTIYCTUTH KHOTIKY MBIIIIH.

Simulink 3amMeHHT CHMBOJIBI TOPTOB COCAMHHUTEIILHON JIMHUCH C YKa3aHUEM HaIrpaBICHHUS
nepenayu curnana. IMenHo takum oOpa3om (Ha puc. 1.24)Beixon 610ka SaveWave coennHéH ¢
Bxoq0M Osioka 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 PUCOBAHUS 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:

* YCTaHOBHTbH KypCOp B TOYKY OTBETBIICHUS;

* HaXaTh NPaBYIO KHOTIKY MBIIIH, yIEPKUBATh €€ HAXKAaTOMH;

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

Co31aHue cerMeHTa JIMHUHU. BIIOKM MOXHO COCIMHATH JIOMaHBIMU JIMHUSIMHU, COCTOSIIIAMH
U3 HECKOJIKUX CErMEHTOB. /ISl co3/1aHmst CIeyIOmero cerMeHTa HeoOX0IMMO YCTaHOBHUTE Kypcop
B KOHEII IPEIBIAYIIET0 CErMEHTa M HApPUCOBATh, YACPKUBAs JICBYIO KJIABHIIY MBIIIH, CIICAYFOIIU
CETMEHT.

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

* YCTaHOBUTbH yKa3aTellb Ha IIEPEMEIIaeMOM CEIMEHTE;

* 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 MPHJIETAIONINHA K TOPTY 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 KiaaBuiry <Shift> u eByr0 KHONKY 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 neiicTBuil npencrasieH (Ha Puc.1.25),rae nuHuS, coenuHsomas oioku Sine-
WaveuXYGraph 1, pa3ierneHa 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 HarysiqiHOCTH M yao0cTBa OJIOK-
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 CepeInHE JTUHUH.

Co3nanue ¥ MAHUNYJIMPOBAHHE METKAMHU CHTHAJIOB. UTOOBI CO37aTh METKY CHUTHAJIOB,
HY>KHO JIBaJK/Ibl IIEJIKHYTh Ha CETMEHTE JINHUM U 3aTE€M BBECTH TEKCT METKHU. [Ipuuem aBoitHOM
HIETYOK CJIeyeT BBIMOJHATh TOYHO Ha JIMHUH, T. K. B IPOTUBHOM ciiy4yae OyJeT co3/1aH KOMMEH-
Tapui 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 ABOMHOM IIETYOK Ha IPyroM 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
knasuiry <Del> unu <Backspace>. IIpu 3tom OyayT yaaaeHbl BCe METKH 3TOM JIMHHH.

Co3nanue 1 MaHUNYJMPOBaHUe KOMMeHTapueM. KoMMeHTapuu 1aroT BO3MOKHOCTb CO-
MIPOBOXKIATh OJIOK-CXEMBbI TEKCTOBOM MH(OpMalMeld 0 MOAETU U OTAEIHHBIX €€ COCTAaBIISIIONIMX.
KomMMeHTapun MOKHO IPOCTaBIISTh 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 IIIEJTYO0K, & TIOTOM BHECTH COOTBETCTBYIOIIME M3MEHEHMs. YTOOBI M3MEHUTH MPHU 3TOM Hapa-
MeTphI mpudTa KOMMEHTAPHUs, HEOOXOIUMO BBIJEIUTH TEKCT KOMMEHTAapHUs U BbIOpaTh KOMaHIy
Font (Llpudt) u3 menro Format (dopmat) okHa 610K-cxeMbl. [Toce 3TOro MmosBUTCS JUATIOTOBOE



OKHO, B KOTOPOM CJIeTyeT BbIOpaTh Ha3BaHue mpu(Ta, ero paamep, aTpuOyThl U CTHIL U HaXaTh
kHonky OK.KomMmeHTapuii MOKHO ymanuTh. J[Jiss 3TOrO BBIICIUTE €r0, yACP)KUBas KIABHIILY
<Shift>, u Haxxmute knasumy <Del> unmu <Backspace>.

JlabopaTopHas pa6ora Ne2. «Mojae/impoBaHNe TEMJIOBBIX MPOIECCOB B IBUTaTeI€)»
PaccMoTpuMm  pemieHme  3amadud  HarpeBa  JBWTATens  JUIs  Clydas ~ IOBTOPHO-
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) mpeacTaBUM B ONEPAaTOPHOI GopMe, TOT 1A MOTYUHM:
sé:iLMi—iLé (2.5)
To To

Paccuntaem HarpeB nBuraresnsi 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-
Ha4YaJIbHOTO BBI30BA TIOKA3aHbI Ha puc. 2.12 a, 6, 6.

bnoku u3 6ubnnorek B HabopHoe none Untitled mepenocsrces uzsecturim ciocobom Drag-
andDrop (ITeperaiu u OcrtaBs).

CrpykTypHas cxeMa, COOTBETCTBYIOIIas ypaBHEHMIO (2.5), mpezacraBieHa Ha puc. 2.13 a.
[Tocne Toro Kak co3maHa CTPYKTYpHas cxema, CJeIyeT IMeperMMEHOBATh OJIOK M 3alHcaTh €ro B
nanky Simulink ans 6ynymieir paboTsl. DTOT daiin OyaeT cCOXpaHITHCS B TAMATH KOMIBIOTEPA 710
TEX MOp, MOKa OH He OyaeT crepT. B rimaBHOM MeHIO oTKpbiBacTes pasmen File, mamee SaveAs...
[P 5TOM TIOSBIISIETCS TIAHEINb, MO3BOJISIONIAS BRIOPATh MAMKYy Ui 3alicH U Ha3BaHue ¢aiina. [To-
CJIC/IOBATENILHO (IBOWHOM IMIETYOK Ha OJIOKE) yCTaHABIMBAIOTCS mapameTpsl ycumutens (Gain) u
unterpatopa (Integrator).

Ha puc. 2.13 6, ¢ BuaHBI OKHa HacTpoOiku 3Tux 0y0kOB. KoaddummenT nepenayun 6oka
yeunutens (1/3600) ects BenwunHa, oOpaTHas TEIJIOBOW MOCTOSHHOWM aBuratens. B mome Ha-
CTPOWKH WHTETPATOpa 33/1aeTCsI HAYaJIbHOE COCTOSTHIUE OTHOCHTEIBHOM TeMIepaTyphbl

5= _ 2 _g19
Omax 130
(3mech IpUHATO, YTO HayalbHas TemiepaTypa paBHa 25°C, a MaKCUMaJIbHO JOIyCTHMAasl JJis BbI-
Opannoro asuratenst — 130°C).

JIns yCTaHOBKH MapaMeTpoB MOJCITHPOBAaHUs B paszeie riaBHOro MeHro Simulation BwI-
Oupaercst komaHa Parameters, mo 3Toi KOMaH/e OTKPBIBACTCS TUATIOTOBOE OKHO HACTPOEK Tapa-
MeTpoB MojenupoBanus (puc. 2.14). DrookHocoaepxkutsaThBkianok (Solver,Workspase 1/0O, Di-
agnostic, Advanced). Ha Bknaake Solver nmepBoHadanipHO ycTaHaBIMBaeM HaudanbHoe (Starttime =
0) u xoneunoe (Stoptime = 15000c) Bpemst MmozenrpoBanus. KoHeuHoe BpeMsi MOJICIMPOBAHUS,
KaK U3BECTHO, IOJKHO COCTABIISTh 3-4 TIOCTOSIHHBIX BPEMCHH.

B okne Solveroptions 3amaetcs crocod uameHeHuss MonenbHoro Bpemenu (Variable-step
— MOJICIMPOBAHUE C MEPEMEHHBIM IIIaroM; 3Ty OMIIMI0 PEKOMEHYETCS BHIOMpATh MPH MOJCITH-
POBaHHMHU AHAJIOTOBBIX HEIPEPBIBHBIX CUCTEM) M CHOCO0 MHTErpupoBaHus AuddepeHInaAILHOTO
ypaBHeHHs. Hike 3a1ar0Tcss MAaKCUMAITbHBIM M HAYaJIBHBINA [IIATH HHTETPUPOBAHMUS, a TAKIKE OTHO-
cUTeNbHass ¥ aOCOJIOTHAS TOYHOCTh. [IpW pelieHHH MPOCTHIX 33aJad 3[eCh JyYIle OCTaBHTh TO,
YTO KOMITBIOTEP CaM Ipeyiaraet mo yMoidanuto (puc. 2.14).

HwkHre mosist onpenesisitoT cnocod BhIBO/IA PE3yJIbTaTOB MOJICIIUPOBAHUS B pabouyo 00-
JacTh, OHU OCTABJICHBI TAKMMH, KAKUMH ITPOrpaMMa WX YCTaHOBHJIA IT0 YMOJTYAHHIO.
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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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Puc. 2.13. MoaeJsib HarpeBa IBUraTe/isi B IOBTOPHO-KPATKOBPEMEHHOM pekuMe (2) 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 MOACJIHPOBAHNSA TEIJIOBBIX IPOLECCOB B ABUTaTEJIe

OKHO HacTpOMKU reHepaTopa U pe3ybTaThl MOJEIUPOBAHUS MIPEACTaBIEHbl HA puc. 2.15
an 2.15 6 cooTBeTCTBEHHO. B OKHE HAacCTpOKU reHepaTopa yKa3blBalOTCS MEPUOJ LUKJIIA, OTHO-
CUTEJIbHOE BPEMsI BKJIFOUEHHOTO COCTOSIHUS, aMIUINTY/1a U Ha4yajo paboThl.

Pe3ynbTaTel MogEeIMpOBaHUS TIPEICTABICHBI HAa SKpaHe ocluuiockona (puc. 2.15 6), onu mo-
Ka3bIBalOT, YTO B YCTAHOBUBILEMCS pEXKHME JIBUraTellb HarpeBaeTcsi Npuoiau3nuTenasbHo 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

Beioupaem Omox RandomNumber w3 Oubmunorekn SOUrCeS TriIaBHOW OHOIHOTEKH
Simulink. 3ToT 610K reHepUpyeT cay4alHbIil CUTHAT C HOPMAJIBHBIM pacrpeeieHrneM. Mojienb
JUISL 9TOTO Cly4asi mpezcTaBieHa Ha puc. 2.16 a. OxHo HacTpoiiku 6;110ka RandomNumber u pe-

3yJAbTaThl MOJIETUPOBAHUS MMOKa3aHbl HAa puc. 2.16 6, 6.



ITpu Takom pexxuMe paboOThl TeMIepaTypa JBUTAaTelsl Ha KOPOTKOE BPEMs MOXKET IPEBBICUTh
MaKCHUMAJIbHYIO. Koneunoe PCIICHUC O NMPUMCHUMOCTH ABUIATCIIA 3ACCH OCTACTCA 3a MPOCKTU-
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 MalMHbl IOCTOSIHHOTO TOKA MPU paboTe B ABUraTeIbHOM U F€HEPaTOPHOM
pEeKUMaX.
Cooeporcanue padombot
2.1. CHsATHE MEXaHUYECKOW U pacdyeT pabounx XapaKTepUCTUK MAIIMHB JIBUTATEIILHOM 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.

OHa BKJIIOYAE€T MCTOYHHUKH TOCTOSIHHOTO HanpspkeHws (Vi I MUATaHUS SKOPSMAIWHBI,
Vot mutanus 0OMOTKH Bo30OYkaeHus u3 oubmmorekn PowerSystemBlockset/ElectricalSources),
omoxk Momentmis 3amanuss MoMmeHTa Harpy3ku (Omok  Constantu3 OubOnumoreku Simu-
link/Sources), camy mammny mocrossHHOro toka (6;oxk DCMachinens 6ubmnorexku PowerSys-
temBlockset/Machines), 610k j1u u3MepeHus: NepeMEeHHbBIX COCTOsTHMS MainuHbl Displayn ocrm-
aorpad SCOpenss BU3yaabHOTo HaOI0AeHHS mporieccoB u3 oudmnorexu Simulink/Sinks.
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Puc.5.1. BupryanbHas 1adopaTopHasi yCTAHOBKA.

Henp sxops u uenb Bo30yX ACHUS BUAHBI U3 rpauueckoro HauepTaHus 0JIOKa, HAa BXOJ
TLmomaeTcs MOMEHT Harpy3KH, BBIXOJ /1 TpPEJAHA3HAUYEH JJIS M3MEpPEHHs U HaONIOJeHHs Iepe-
MEHHBIX COCTOSTHUSI MAIIMHbI B CIEAYIOUIEH MOCIe10BaTeIbHOCTH: YIJIOBasi CKOPOCTh (paji/c), TOK
sakopsi B (A), Tok Bo30yxaeHus (A), anekrpomarHuTHei MoMmeHT (Hwm). B momnsx HacTpoiiku ma-
mUHBI (pHC. 5.2) 3a1ar0TCs:

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

0O mapameTpsl 00MOTKH B30y )aeHus — Ri{(Owm), L{(I'H);

0 K03phurueHt Lgy;

O CyMMapHbIii MOMEHT MHEPLHH MAIIHHbI U HArpy3kn — J(kI'M?). Cie/yeT moa4epKHyTh,
yro mapaMeTpsl (Ls, J) BaKHBI IPH UCCIIEOBAaHUU 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 durueHT BsA3koro Tperus — By(Hw:c);



0 ko3 dumment cyxoro tpeaus — T{(Hm);
O HadaiabHasi CKOPOCTb.

[TacniopTHBIE MapaMeTpbl MAIIMH MOCTOSSHHOTO TOKA MpHUBEIEeHbI B Tabmnuie 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 HacCTPOMKH IMapaMeTPOB MOJIEIMPOBAHUS I0KAa3aHO Ha puc.5.3.

Ilopaook nposedenusn nadopamopnoii padomot

4.1. ns 3aganHON mpernojaBaTeneM (MIMBBIOPAHHOM MPHU CaMOCTOSATENBbHOM padoTe) Ma-
IIMHBI pacCUUTaTh3HAYCHHE MapaMETPOB U 3alOJHUTH IMOJIi OKHA HACTPOMKHU MMapaMeTpoB Malllu-
HBI.

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

4.3. TIpu CHATUM XapaKTEPUCTHUK 110 II. 2.1 TMOopsiiKa BBIIOIHEHUS pPa0OThl B OKHE HACTPOK-
k1 011oka MomentoociieqosarenbHo 3amaroTes 3HaueHus moMmenta ot 0 1o 1,2M,,c marom 0,2M,,.
JUis Ka)kJOro3Ha4eHUs: MOMEHTa OCYLIECTBISICTCS MOACIUPOBAHME M 3amoOJHseTcs Tabauma 5.2
M3MEPEHHBIX U PACCUNTAHHBIX 3HAUECHUH.

Tab6auna 5.2

3amanue Nsmepennst Pacuer

M [Hwm] o [pan/c] I« [A] I [A] P1[BT] P2 [B1] 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
211H-0.25 0,25 220 1120 57 15,47 612 297
21TH-0.37 0,37 220 1500 61,5 10,61 612 190
21TH-0.71 0,71 220 2360 70 3,99 123 70

211H-1.0 1 220 3000 72,5 2,52 92 48

1

4.4. Ilpu cHATUN XapaKTEPUCTHK MO II. 2.2 MOPAKa BBIIIOJHEHUS padOThl B OKHE HaCTPOM-
ku 0soxka MomentoociieroBarenpHO 3amaroTca 3HayeHuss momenrta ot 0 go -1,2 M,c marom -0,2
M,,. 115 KaK0T0 3HAYCHUST MOMEHTA OCYIIECTBIISICTCS MOJICTUPOBAHUE W 3AIOTHICTCS TaOIHIa
5.2. I3MEpEHHBIX U PaCCUYMTAHHBIX, 3HaueHNUH. KoadpurmeHT none3Horo 1elCTBUS B 3TOM CiIydae




BBIUUCIISETCS 110 popMyTie M = &
1

4.5. CHATHE MEXaHWYECKUX XapaKTEPUCTUK MPH Pa3TUYHBIX HANPSOKCHHUSAX MMUTAHUS B Iie-
U sIKOps IO 1. 2.3 cojeprkaHusi padoThl CIEAyEeT MPOBECTU AHS ABYX 3HAUEHWH HANpPsUKEHUS Ha
axope 0,6 U 0,8U,, rne U, — mepBoHauanbHOE HAMPsHKEHHUE HA SIKOpPE, TPU KOTOPOM BBITIOJHS-
uck 1111, 2.1, 2.2. [Ipu 5TOM MOMEHT Harpy3kd CJIeayeT U3MeHATh ot -1,2 M, o 1,2 M,c marom
0,2 M,,. JIns1 kaxa0r0 3HaYSHUS HAMPSDKEHUS Ha SIKOPE U MOMEHTA MPOBOUTCS MOJICTUPOBAHHE U
3aIoaHsgeTcs Tabmuma 5.3.

Tao6auua 5.3

M [HwMm] o [pan/c]

4.6. CHATHE MEXaHMYECKUX XapaKTEPUCTUK MPU PA3THYHBIX COMPOTHBIICHUSX B IIETIH KO-
ps 1o 1. 2.4 conaepxaHus pabOTHI CIEAYeT MPOBECTH U JBYX 3HAUCHHUHA CONPOTHUBIICHUS SIKOPS
2R; n 4Ry, tne R, - mepBoHaYaNbHOE 3HAYCHHE COMPOTUBIICHUA. VI3MEHEHHE CONMPOTHUBIICHUS
SIKOPSI OCYILECTBIISIETCS. B TOJIE OKHA HACTPONKM MapaMeTpoB MammHbL. [Ipy 3TOM MOMEHT Ha-
TPY3KH cieayer u3MeHsath ot -1,2 M,no 1,2M,c marom 0,2 M,,. JIna Kaxa0ro 3Ha4EHUsT COIPO-
TUBJICHUSI SIKOPSI 1 MOMEHTA TIPOBOJIUTCSI MOJISITMPOBAHKE U 3aIOTHICTCS Tabmuma 5.3.

4.7. CHATHE MEXaHWYECKUX XapaKTEPUCTHUK MPH Pa3IMYHBIX MOTOKaX BO3OYKIEHUS IOIL.
2.5 coneprxkanus pabOThI CIEAYET MPOBECTU sl 1BYX 3HaueHui notoka 0,6 @uu 0,8 @, [ns sto-
ro B noje Field-armaturemutualinductanceneo6xoaumo yctaHoBuTh 3HaueHHe LgBHavane 0,6,a
3areMm 0,8 OT IepBOHAYATILHON BEJIUYHHBI.

[Ipu »TOM MOMEHT Harpy3Ku cieayeT u3MeHsarts ot -1,2 M, no 1,2 M,c 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 IJI IMOCTOSHHON MOMEHTa Harpy3ku, paBHOrO HOMMHAJb-
HOMY, U U3MEHEHUIO HampsikeHus B nenu sxkops ot 0,4 1o 1,2 ucxogHoro 3HaueHus c¢ marom 0,2
WCXOJHOW 3HAUCHUS HaNpspKeHUs. [ KaxXI0ro 3HaUYEHUST HAMIPSDKCHUS IIPOBOUTE MOJISITHPOBa-
HHE U 3aI0aHgeTcsa 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 ans momHocted Pr, Pou KI1/I.

5.4. 3anonHeHHbIe TaOJIULIBI.

5.5. T'paduku pabovnx XapaKTepUCTUK MAIIMHBI B IBUTATEIHLHOM U T€HEPATOPHOM PEXKH-
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. TI'padmkn MexaHMUECKOW XapaKTEePUCTUKH MAIIMHBI IPU PA3ITUYHBIX MTOTOKAX.

5.9. PerynupoBoYHas XapakTEPUCTUKA JBUTATEIIS



JladbopaTopHas padota Ne4. «MoaenupoBaHue HeperyJJupyeMoro acuH-
XPOHHOTO JIEKTPONPHUBOAA»
Llenv 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 NEPEMEHHOIo Tpex(a3zHoro HampspkeHus Sourceus 6ubauoreku PowerSys-
temBlockset /Extras/ElectricalSources;

O HM3MepHUTens Tpex(da3HoOro HampspkeHus U TokaThree-PhaseV-IMeasurementus — 6u6-
aunoreku PowerSystemBlockset/Extras/Measurement;

O UCCleAyeMylo TpexdasHylo acHHXpOHHYI0 Mamuay AsynhronousMachineus 6u6-
auoteku PowerSystemBlockset/Machines;

OU3MEpPUTEIh aKTUBHOW M peakTUBHOW MoimHoctu P,Qu3 O6mbmmoreku PowerSystem-
Blockset/Extras/Measurement;

O 6ok Displayans KoJIMYeCTBEHHOTO MPEACTABICHUS HM3MEPEHHBIX MOIIHOCTEH |
610k SCOpe uIst HaOJIIOICHHST TOKa pOTOpa M CTaTopa, a TaK:Ke CKOPOCTH M MOMEHTA aCHHXPOH-
HOM MamuHbl U3 riaasHoi oubamorexku Simulink/Sinks;

O Omoxk Momentmis 3agaHusi MEXaHHYECKOrO MOMEHTa Ha Bajy MAllMHBI U3 TJIABHON
oubmorexu Simulink/Source;

0 6moxkMachines Measurement u3ou6nuorexu Power System Blockset/Machines;

o Osox Display! misi KOJIMYECTBEHHOTO NPEACTABICHHUS U3MEPEHHBIX DJIEKTPOMArHHT-
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 nonsx okHa mociaenoBaTelILHO 3a0al0TCS:

o Tun poropa (RotorType), B BelaiaromeM MEHIO 3TOTO IOJISi MOKHO 33/1aTh JTHOO KO-
POTKO3aMKHYTBIN, 100 (pa3HBIN pOTOD;

O cucrema otcuera npu ananuse (Referenceframe);

O MOMNIHOCTh, HOMHWHAJIBHOE JICWCTBYIOIIEE TMHEHHOE HarpshDKeHue myactota; I1 mapa-
METPbI CXEMBbI 3aMELIeHHsI CTaTOpa;

O mapaMeTpbl CXeMBI 3aMeIICHUsT POTOPa;

O mapaMeTpbl BETBM HAMarHUYMBaHMS,

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

O HayaJbHbIE YCIOBHUS AJ1 MOJEIUPOBAHUA (CKOJIBXEHHE, IOJOKEHUEePOTOpa, TOKHU
cTaTopa M UX HayaJbHbIEC (a3bl).

[TapaMeTpbl MalIMHBl YaCTUYHO OEpyTCs U3 MAaCHOPTHBIX JAHHBIX, YACTUYHO PACCUUTHI-
BAIOTCSIIIO U3BECTHBIM YPaBHEHHSM, JTHOO HCIOJB3Ys TporpamMmy (JIMCTUHT 1, ¢hatin as.m).

OKHO HAacTPONKHU NapaMeTpOB YHUBEPCAIBLHOTO OJI0Ka U3MEPEHMsI IEPEMEHHBIX MallIUHBI
noKa3aHo Ha puc. 3. B Beimagatomem meHto noist Machinetypesagaercs tun mammabl. Omax-
KaMM BBIOMpAIOTCS NTEpEMEHHBIE AJI U3MEPEHMUS.

JInneliHOE HOMUHAIBHOE HaNpsLKEHHUE A Bcex MamuH 380 B.



Taoaunua 1

| M
Tun Pux | n[o6/ n L, | K =|—“ m. = M, | M =ﬁ J[xr*m
apurarens | Bty | mumH] | [%] | ose | [A] nl M, n ]

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 5,2 2,6 2,8 0,0012
RA80A4 055 | 1400 | 71 | 080 | 1 5 2,3 2,8 0,0018
RA80B4 0,75 | 1400 | 74 | 080 | 2 5 2,5 2,8 0,0023
RA90S2 1,5 | 2835 79 1087 | 3 6,5 2,8 3 0,0010
RA90L2 2,2 | 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 | 85,5084 | 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 75 | 2890 | 89 |0,89| 15 7 2,5 2,5 0,0185

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

? vector into separate signals. - !
F Pamlus e T O LT T I AT P "“““ ““‘"‘“;
3 Machine type: IAsynchronous __v_] |

i

: . . 4Simplfied synchronous
W iabe Synchronous I
I~ i_ad : |
Permanent magnet synchronous ‘
T phi_qgd : qand d axis rotor fluxes [WDb] or [pu] I
I wvigd :qandd axs rotor voltages (V) or [pu)

] ¥ is_abc  : Stator currents ia. ib, ic (&) or {pu)

[T is_qd :qgandd axis stator currents [A) or (pu)

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

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

[Tok ] caxed | Hep | o |

Puc. 3. OKkHO HACTPOHKH MapamMeTpPoB 0J10Ka U3MepeHUs

OKHO HacTpOWKH MapaMeTpOB UCTOYHUKA NMHUTAHUS TOKa3aHO Ha puc.4. B momsx oxHa
3aJ1al0TCS:

O HadayibHas ¢asa B rpaaycax

O aMIuTyAa Gpa3Horo HampspKeHHs ucTouHuka (B);

0 uyacrota (I'm);

O BHYTpeHHee conpoTuBieHre (OM) M HHAYKTUBHOCTh UCTOYHUKA (I'H).



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

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

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

{310

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

Source resistance (Ohms}):
j0024

Source inductance [H) :
{0

I oK I Cancel I Help ' Loty I

Puc. 4. OxkHo HACTPOIiKM mapaMeTPOB TPeX(a3HOro HCTOYHUKA MUTAHUS

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 TOJNIBKO OAMH MapaMeTp — 4YacToTa, KOTopasi T0JKHA ObITh paBHO Yac-
TOTE€ UCTOYHUKA MUTAHHUS.

OKHO HacTpOMKM AMCILIES NOKa3aHO Ha puc. 6. B mossAx okHa HACTPONKU yKa3bIBA€TCs
dbopmar mpecTaBICHUS YUCIOBBIX Pe3ysbTaToB, B moje Decimation(pa3ouBka) 3agaeTcss 4uCiio
LIaroB BBIYHCIICHMS, Y€pe3 KOTOpBIE 3HAYEHUS BBIBOJATCS Ha AMCIUIEH. YCTaHOBKAa B IIOJIE
Sampletimesnauenust -1 cuHXpOHH3UPYET PabOTy OJIOKA C IIATOM BBIYMCICHHIA.

Block Parameters: P1,E}1

{ Active & Reactive Power [mask] (ink}~ - ==-—-- =~ -

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

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

i

i

i

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

- - e -

;” Parameters —
' Fundamental frequency [Hz]

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, !

Parameterg ~ —~ —- "l ToD o DITIIEESROIMIRSIOTO OO UTINNL
Format: ishart :j :
Decimation:

I

I~ Floating dispiay
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.
ITpu camocTosiTenbHON paboTe ITH JaHHBIE BHIOMPAIOTCS M3 TAOMMLBI 1 U PacCUMTHIBAIOTCS, MONB3Y-
ACh ITACIIOPTHBIMU JaHHBIMU. OKHO HACTPOMKY IMapaMeTPOB MOAEIUPOBAHM I0KAa3aHO Ha pUc. 8.

CHsTHE MEXaHMYECKOM XapaKTepUCTUKHU MAILIUHBI B JIBUTATE€JIbHOM I'€HEPAaTOPHOM pe-
KUMax B COOTBETCTBMHM C M. 2.1 conxepkaHusi paboT HpOU3BOAMUTCSA Ha mojenu (puc. 1) mpu
W3MEHEHHH HArpy30YHOIOMOMEHTa BO BCeM auamnaszoHe -1,5-1,5 ot HomuHanwsHOTO. [Ipm sTOM
JUISL KaXJ0ro 3HaUEHUS] MOMEHTA Harpy3kH OCYILIECTBIIIETCA MozaenupoBanue. Ilpu 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[Hwm] afpa/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 npoBeneHnu rccnea0BaHUi 3anoMHAETCS Tadnuna 3.

Taomua 3

N3mepenns Brruncnenus

M[Hwm]
P1[B1] | Qi[BAp] | U1[B] | 11[A] | efpan/c] | ¢[rpan] | cose | P2[Bt] | n[%] | s[%]

Brrunciaenns IMPOU3BOJATCA 11O BBIPAKCHUAM:

o=arctg L, P,=Mo, s=2"%
P, ®,

[To naHHBIM TaOIMIBI CTPOUTCA MEXaHWYECKas XapaKTEpPUCTHKA MAIIMHBI U Ha OTIEIb-
HOM rpaduke — paboune XapaKTepUCTUKU.
BpemeHHbIe 3aBHCUMOCTH NIEPEMEHHBIX COCTOSHHS MAIIMHBI MOXKHO HAOMII0IaTh HA DKpaHe

ocummorpada (puc. 9). 3nech BUIHBI U MEPEXOAHON MPOLECC MPH IYCKEe MAIIUHBI, U YCTaHO-
BUBILINECS IPOLECCHI.



Titee sffceb 0

Puc.9. BpemeHHbIe 3aBHCMMOCTH NlePpeMEHHbIX COCTOSIHUS MAIUMHBI IPH padoTe B IBUIATEJb-
HOM pe:kume

Cooepircanue omuema

5.1. Cxema Mojenu U ONMUCaHHe BUPTYaJTbHBIX OJIOKOB.

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

5.3. Paboume xapakTepUCTHKHU MAIIMHBI B JBUTATEIBHOM PEKUME

JlaGopaTopHasi padora Ne5. « Moae/impoBaHie CHHXPOHHOI03JIEKTPOIIPH-

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.

OHa coiepxur:

— HCTOYHHK IEPEMEHHOro Tpexda3Horo HampspKeHus Sourcems OmOmmoreku PowerSys-
temBlockset/Extras/ElectricalSources;

— W3MepuTens TpexdasHoro HampsukeHus U Toka Three-PhaseV-IMeasurementus 6u6siro-
texku PowerSystemBlockset/Extras/ Measurement;

— HCCIIEAYEMYIO TpexdazHyio CUHXPOHHYIO MaluHy



PermanentMagnetSynchronousMachineuns 6ubiarotexu PowerSystemBlockset/Machines;

— U3MEpPUTENIb aKTUBHOM M peakTUBHOU MomHocTH P, Qiu3 6ubnamorexu PowerSystem-
Blockset/Extras/Measurement;

— OJIOK U3MepeHus MePEMEHHBIX COCTOsHUS Maiuabl MachinesMeasurementus 6uoro-
teku PowerSystemBlockset/Machines;

— ©Onoxk Displaymis kKolM4ecTBEeHHOTO MPEICTaBICHUS H3MEPCHHBIX MOIIHOCTEH (B Tpex
MEPBBIX OKHAX OJIOKa MpeACTaBlIEHbl aKTUBHBIE MOIIHOCTU B KaXXAOW (haze MalIMHbI, B TpEX IO-
CIIETHUX — PEAKTHUBHBIC MOIIHOCTH);

— omok RMSu3 oubiamorekn PowerSystemBlockset/Extrax/Measurement, u3Mepsiromnuii
JEHCTBYIOIMI TOK B (ha3e MaIIHMHBI,

— Onox Momentasis 3a1aHusi MEXaHHMYECKOr0 MOMEHTA Ha BaJly MAallIMHbI U3 I1aBHOW OUO-
munortexu Simulink/Source;

— 6ok Productus riaBroit 6mbmmorekn Simulink/Math, BeYUCISAIONIHE MEXaHHYECKYIO
MOIIHOCTH Ha BaJy MaIllIHHEI;

— Onok Scopemis HaOMIoAeHNs TOKa CTaTOpa, MOMEHTA U MEXaHHMYECKOH MOIIHOCTH CHH-
XPOHHOM MaIlIMHbI U3 riaBHOU Oubimoreku Simulink/Sinks;

— 6ok Display 1 naskomu4ecTBEHHOTO MPEACTaBICHHUS M3MEPEHHBIX TOKa (A) M 3JCK-
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/IeNOBAHMSA CHHXPOHHOH MAaIINHBI

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 MPOJIOJIbHOM 1 nonepedroit 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 mammuHel BeIOMpaercs B moje Machinetype. B BeinagaroiieM MEHIO 3TOrO HOJS CIIEAy-
et BeIOpaTh Permanentmagnetsynchronous. ®naxku ciieBa BKIIOYAIOTCSA Y T€X HEPEMEHHBIX CO-
CTOSIHUS, KOTOPBIE MOJIEKAT U3MEPEHHUIO.

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

Puc. 3. OKkHO HACTPOMKH U3MEpPHUTEJIsl IePeMEHHBIX COCTOSIHUSI MAIIMHbBI



Puc. 4. OkHO HACTPONKH 1T

apaMeTpoB HCTOYHUKANIUTAHUSA

Ilopsaook évinonnenus padomoi

[TapameTppl CHHXPOHHOM MaIlMHBI ¥ UCTOYHUKA MUTAHUS JJIS BHIIIOJHEHUS! 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. OxHO HacTpoOiikM NapaMeTPOB MO/1eJINPOBAHUM
CHsiTHe MEXaHMYECKOM M paboumX XapaKTepHCTHK MAIIUHBI B JIBUTATEILHOM PEXHME B
COOTBETCTBUM C M. 2.1 cozmepkaHust paboOThl MPOU3BOAUTCS Ha Mojenu (puc. 1) mpu U3MEeHEeHUn
Harpy304HOT0 MOMEHTa OT HyJs 10 1,4 oT HOMHHanbHOTO. HOMHHANBHBIN MOMEHT OIpeemnseTcs

U3 BBIPAXKEHUS
UL Uy - 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 KaKI0T0 3HAYEHHMS MOMEHTA Harpy3KH OCYIIECTBIISIETCS MoJieiaupoBanue. [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] [%]

BrrurcneHus ocymecTBIsSoTCs o GopMyiam:

Q P.
go=arctgFl, 77=F2’ PL=Pp+Pg+Ps, Q=Q4+Qg+Qc.
1 1

[To naHHBIM TaOIHULIBL CTPOSITCS paboune xapaktepucTuku |, Cose, h = f(Py).
Ha puc. 6 BUIHBI 3aBHCHUMOCTH MIEPEMEHHBIX COCTOSIHHSI MAIIINHBI.

=

a

Puc. 6 BpemeHHbIEe 3aBUCMMOCTH MePEeMEHHBIX COCTOSTHUS MAIITHHBI
CHsTHE 3aBUCHUMOCTH TOTPEOIISIEMOI U3 CETH MOITHOCTH OT IMOTOKa BO30Y)KICHHS MAIllH-
Hbl B COOTBETCTBUHM C II. 2.2 cojepxaHus paboThl OCyIIeCTBIsIeTcs Ha Moaenu (puc. 1) mpu mo-
CTOSIHHOM MOMEHTE HArpy3Ku (3agaeTcs mperojaBaTeieM). MakcUMalbHbIH MOTOK B mose Flux-
inducedmagnets(puc. 2) cienyer 3agaBath B auanazone 0,6—1,2 ¢ marom 0,05 B6. J{ns kaxmoro
3HAYCHUS TIOTOKA MIPOBOIUTH MOJICTTMPOBAHUE, IO PE3yJIbTaTaM 3aIOJHUTh TaOIHUILy 2.
Tabauua 2.

D Ql P1 COoS ¢

[BO] [BAp] [Br]

Cooepoicanue omuema

5.1. Cxema MOZENH U ONKCaHUE BUPTYaJIbHBIX OJIOKOB.

5.2. Paboune XapaKTepUCTUKU MAILIMHBI B IBUTATEIIBHOM PEXUME.
5.3. 3aBucumoctu P1, Q1 COSQ OoT @,




Kpurepuu onenku 1a60paTopHbIX padoT

[Tpu moaroToBKe K 1a00OpaTOpHOM padoTe MO AUCIHMILIHHE «MOJAeIupOBaHKe B
siieKTpoTexHuKe» B 4 (8) ceMecTpe CTYIACHT JOJKEH BBIIOJHUTH CIIEIYIOIINE BUIBI
pabor:

MunumajabHbIid | MakcUMaJIbHBIA
Buabi pador
0asn oasn

CamMocTosTeNlbHAs TPOpadOTKa TEOPETH-
YeCKOro maTepuaia K J1abopaTOpHOM pa- 1(2) 2 (2)
oote
O3HAaKOMJIEHHE C yCTaHOBKOM, IprOOPOM,
METOJMKON BBITIOJHEHUS JIa0OpaTOPHOU 1(1) 2 (2)
paboThI
Brinonnenue HEOOXOIUMOIO  JIKCHEPHU- 1(1) 2(2)
MEHTa
O6paboTka pe3yJabTaTOB HCCIEA0BaAHUS, 2 (2) 3(2)
NOCTPOCHUE TPadUKOB
AHanu3 pe3yyIbTaTOB UCCIICIOBAHUS U BbI- 2(2) 3(2)
BOJI 110 paboTe

UTOI'O: 7(7) 12 (10)

Takum 00pa3zom, Kaxaas JadbopaTopHas paboTa oleHuBaeTcss MUHUMYM B 7(7)
oamtoB, makcumyM B 12(10) 6astoB. ITocse BoImosHEHHS BCeX pabOT pacCUUThIBA-
€TCSl UTOTOBBINM Oajll 1O TAaHHOMY OIEHOYHOMY CPEJIICTBY, Kak cpefaHee apudmeTu-
4yecKoe Mo BceM J1abopaTopHbIM paboTam.

X - 0na ounozoomoenenusn; (X) - 014 3a04H020 omoeneHus.



MuHuncTEepCTBO HAYKH M BhICIIEro oOpa3oBanus Poccuiickoit denepanun
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30oBaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

DakyrbmemuH@dopMAyUOHHBIX MEXHOI02UU
Kagheopasnexmpomexnuxu u snepeoobecneuerus npeonpusmuii

Hampasnenue noarotoBku: 13.04.02 «D1eKTpOIHEPTETHKA U DIEKTPOTEXHUKAY

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

KoMmmuiekT 3aganuii 1151 KOHTPOJIbHOI padoThI
AJIS1 3204HOI0 OT/AECJICHUSA
0 TACHUAIUIMHE«MOIETNPOBAHNE B DJIEKTPOTEXHUKEY

I/ICCJICIIOBaTB OCHOBHBIC BCJIIMYMWHBI, XapPAKTCPU3IYIOIINC CHUHYCOUIAAIBHBIC TCPCMCHHBIC
TOKH W HAIIPSIKCHUA,; UCCIICA0OBATD JINHEHHBIE QJICKTPHUYCCKUC LICIIN CUHYCOUAAIIbHOTO TOKA, IMPO-
BCPUTH BBINIOJIHCHUC 3aKOHOB Knpxroq)a B LCIIIX CHUHYCOUIAIBHOI'O TOKaA. I/ICXOI[HI)IG JaHHBIC,
COOTBCTCTBYIOIINEC BAPHUAHTY CTYACHTA IIPUBCJICHLI B Taou. 1.

Tabmumna 1

mﬁ < I ] o -
= | =5 2 |2 | & | £ |.g8 |¢& %
= 2= hal R o g « N o g5 g = &)
= = = g g s S T | 822 &5 -
Z g 2 3 4% | E£ | E¥ |EEC| EE 5
g Zg 2 = 2 s < g = 2
= =) = = = = = =
S < 3 = 53
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-Tpadguyeckoi padoThI:

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

2. HccnenoBanue pe3ncTopa B IEMU CHHYCOUAATIBHOTO TOKA.

3. HccnenoBanue MHIYKTUBHOCTH B 1IN CUHYCOUIAILHOTO TOKA.

4. UccnenoBaHue eMKOCTH B LIENIU 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, HHAYKTUBHOCTH 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-
tageSource), ucrounuk cuHycouaaabHoro Toka (ACCurrentSource), mocienoBaTe/ibHbIC U IMa-
pauieabHbIe RLC-uemnu (SeriesRLC, ParalleIRLC), U3MEPUTEIILHBIC puOOPHI
(VoltageMeasurement (BombT™etp), CurrentMeasurement (ammepmetp), Multimeter, powergui
(610K rpaduueckoro uHTEpdeiica moas3osareis), ActiveandReactivePower (610k u3MepeHust ax-
THUBHOM M peakTUBHOI MorHocTH), Display) u aneMeHTsl coeqMHeHHs — BXOJl M BBIXOJI 3a3eMJIe-
uus (Groundinput, Groundoutput).

Bce BupTyansHbie pudopsl U obopynoBanue (kpome Display) siisirorcst 61okamu makera
pacmmpenuss PowerSystemBlockset (SimPowerSystems mis Bepcuii mozaaee Matlab 6.5). Tuc-
wieit (Display) siBnsiercst 6;10koM ocHOBHOM Oubmoreku Simulink.

F - :E&W
Wi LabL1® Seaes BEas O ==

File Edit View Simulation Format Teols Help

O =:EHE =3 » |D.1 |Non‘nal
o
o
R
@ AC Voltage Source Series RLC Branch a El P
: T Multimeter
a
a
a
R
@ AC Current Source Parallel RLC Load Continuous

o powergui

o|+ E W

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

Puc. 1 - bubnroreunsie BUpPTyallbHbBIE OJ0KH K TaOOpaTopHOi paboTte

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

Ilpu noemopnom nepenucviganuu KOHMPOJIbHOU 6 UMO206blIl PEUmuH
udem cpeoHuil 6ail no 6cem NHONbIMKAM.



MuHucTEepCTBO HAYKH U BhICIIEro oOpa3oBaHus Poccuiickoit @enepannu
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy/1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIbHOTO YUPEKACHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakyrbmemun@dopMaAyUOHHbIX MEXHOI02UL
Kagheopasnexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Hanpasnenne moaroroBku:13.03.02 «Di1eKTposHEpreTHKa U 3JIeKTPOTEXHUKA»
(KOO U HaumeHo8aHue)

[Tpoduns/mporpamma: «nekTpocHabKeHre»
(Haumernosanue)

Cemectp4 — 04HOE OT/ICJICHUE;
Cemectp 8 — 3a04HOE OT/ICJICHUE;

Bonpocel 1141 3a4eTa ¢ OlEHKOM
o AucuuIuIinHe «MoJIeIMpOBaHNE B DIEKTPOTEXHUKEY

KontponsHbie Bonpocs! 1o Teme Ne |
«Onepanuonnas cpeaa Simulink»

. 3aIyCK CUCTEMBI.

. O6o3peBarenp 6ubOIMOTEKH O10KOB Simulink.

. Co3nanne Moaenu.

. OCHOBHBIE 2JIEMEHTHI OKHA MOJIEIIH.

. OCHOBHBIE TIPUEMBI IOJTOTOBKH U PEAAKTHPOBAHUS MOIEIIH.

. YCcTaHOBKA MMapaMeTpoOB MOJICIIMPOBAHUS U €T0 BBHITIOJTHEHHE.

OO WN -

KontponsHbie Bonpocs! 1o Teme Ne 2
«0030p ocHOBHOIT OMdIHoTeKH Simulink»
. UcTtounuku curHaigoB SOUrces.
. [lpuemunku curuanos Sinks.
. broku HenpepriBHBIX Moesei Continuous.
. brokn maremarnyeckux oneparuii MathOperations.
. bioku mapmipyrtuzanuu curnanos Signal&Routing.
. OyHKIMH, onpeesseMble monb3oBarenem User-definedFunction.

OO0k wWN PR

KontponbHbie Bonpocsl 1o Teme Ne 3
«buoanoreka 6;10k0B SimPowerSystemsy
. CocTtaB OMOIMOTEKN M OCHOBHBIE OCOOCHHOCTH.
. Ucrounuku snexrpuueckoit suaepruu ElectricalSources.
. I3MepuTenbHbIE 1 KOHTPOJIBHBIE YCTPOMCTBA.
. DnekrporexHudeckue eMeHTh Elements.
. DiieMeHTHI CHIIOBOM 3ekTpoHukH PowerElectronics.
. DnekTpuueckue Mariabl Machines.
. Mozenu st pacueTa BeKTOpHbIM MeTo10M PhasorElements.

~NOo ok~ WDN -
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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.
. OcoO6EHHOCTH MOJCIIUPOBAHUS CXEM CHIIOBOM AJICKTPOHUKH.

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.
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