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bBenopyccruii nayuonansuvlii mexnuieckutl yuusepcumen

B macrosmiee Bpems HanOoiree 3PGEKTHBHBIM METOJOM HCCIICIOBAHUS TIc-
PEXOAHBIX W aBapUUHBIX PEKUMOB 3IEKTPOIHEPTETUIECKOTO 000pYIOBAHHS
ABJIACTCA MCTOH MATCMAaTHYCCKOro MOACIUPOBAHUA C IIPOBCACHUCM BBIYUC-
JIUTENIbHOTO 3KcrepuMenTa Ha DBM. Peanuzanus 3TOoro mMerona COCTOUT U3
ATalOB MaTeMaTU4eCKOTO OIMCAHMS UCCIECAYEeMOTo 00beKTa, pa3paboTKH airo-
puT™Ma peIICHUA HO.Hy‘-IeHHOfI MaTeMaTHIeCKON MOACIN, HAIIMCaHUsA KOMIIBIO-
TEPHOH MPOTPaMMBI Ha aJITOPUTMUIECKOM SI3bIKE MPOTPaMMHUPOBAHUS M TIPOBE-
JICHHSI BBIYACIUTEIHHOIO IKCIIEPUMEHTA.

Kadenpa «Onexrprueckue cranium» BHTY mmeer Gompiol omeiT paspa-
OOTKH KOMITBIOTEPHBIX MPOTPAMM II0 OIIEHKE MOBEIEHHS YCTPOWUCTB pelleiHON
3alUTHl ¥ aBTOMATUKH JJIEKTPOIHEPIETHUECKUX O0BEKTOB, B YACTHOCTH JIMHHMA
anektporepenaun 6—10 (35) kB. Maremarnueckas Mojienb 0000IMEHHOTO 00b-
€KTa COJEPKUT MAaTEeMAaTUYeCKOe OMMCAHWE 3aIlUIIaeMOl JIMHWUH, €€ UCTOYHH-
KOB ITUTaHUS U M3MEPUTENBLHBIX TPaHC(HOPMATOPOB, a TAKIKE CMEKHBIX dJIEMEH-
TOB, OKAa3bIBAIOIUX 3aMETHOE KOJIMYECTBEHHOC M KAaYeCTBEHHOE BJIHMSHUE Ha
XapakTep NPOTEKaHHU aBapUHHBIX U MOCIeaBapuiHBIX peskuMoB. KomudecTBeH-
HOE BIMSHHUE, KOTOPOE CIeQyeT YUUTHIBAaTh B MPOLECCEe UCCIEIOBAHUS, OIICHU-
BaeTCS BENMMYMHOW Topsiaka 3—5 % meHcTByIONMX 3HAYCHUU TMapamMeTpoB HC-
ClIelyeMbIX PEeXHMOB, KaueCTBEHHOE BIHSIHHE (CTENEHb HCKaXECHHUS (HOPMBI
KPHUBBIX HCCJIEYEMBIX IMPOIECCOB) — MPUMEPHO TaKUM e COJEepKaHHEM BbIC-
ImnUX TapMOHUK. MaremaTnaeckum amnraparoM TaKuX IIporpaMm SABJIAIOTCSA
0oOBIKHOBeHHBIE nuddepeHnnanbHbple YpaBHEHUS, HE MPUBOJIUMBIE K HOPMalb-
Holi (hopme Komm, U HeTMHEHHBIE CUCTEMBI anreOpanyeckux ypaBHEHH, Tpe-
Oyromme coBMecTHoro pemieHus. [Ipu pemennn nuddepeHIHATLHEIX ypaBHE-
HUH [IaroBHIMH METOJIAMHU HEJNWHEHHYI0 CHCTeMY anreOpandecKuX ypaBHEHHMA
HNPUXOJUTCS peulaTb METOAOM HUTEpalrid Ha KaKJIOM IIare HHTErPUpPOBaHUS,
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4TO TpeOyeT TOCTaTOYHO CIIOKHBIX AITOPUTMOB PEIICHUS W MPUBOIUT K YBEIH-
YCHHIO JUTUTEIHHOCTH BBIYMCIUTEILHOTO Tporecca. JIuTensHOCTh Uccieaye-
MbIX PEKHUMOB IPH MCIBITAHUU PE3EPBHBIX CTYIICHEH TOKOBBIX 3alUT JUHHMA
6-10 (35) kB cocrasnsier 3-5 c. [Ipu TakoM JOCTATOYHO OONBIIOM PACUETHOM
WHTEpBajJC BPEMEHU HEOOXOAUMO, YTOOBI MPOrPaMMbI BBIYUCIUTEIEHOTO
SKCIIEPUMEHTA UMEJIM Ka4€CTBEHHBIC U KOJIMYCCTBEHHBIC XapaKTEPUCTUKU pado-
TOCTIOCOOHOCTH, OOECIIEYHBAIOIINE YCTOMYMNBOCTD PElIeHHs, OBICTPOACHCTBHE,
TOYHOCTh U JOCTOBEPHOCThH BBIJJABAEMBIX PE3yJIbTATOB HA BCEM PACUYCTHOM HH-
TepBasie. CBOMCTBA IPOrpaMM BBIYMCIUTEILHOIO SKCIIEPUMEHTA U UX XapakKTe-
PUCTHKH PabOTOCTIOCOOHOCTH OMNPEIEINSIOTCA HCIONB3YEMBIMA MaTeMaTH4e-
CKUMU MOJICIISIMU M aJITOPUTMAMHU X COBMECTHOT'O PELICHMS.

KommbroTepHbie crucTteMbl auHammdeckoro monaenupoBanus (CIM), Takwe
kak MatLab, Elektronics WorkBench u ap., mo3BONSIOT HCCIIEAOBATh pa3iuy-
HBIC PEXKUMBI PA0OTHI JIEKTPOTEXHUUCCKUX U JICKTPOHHBIX YCTPOUCTB, MTPOBO-
Il BBIUUCTIUTENBHBIN AKCIIEpUMEHT B cpene camoil CIAM. Ilpu 5ToM UCHONB3Y-
FOTCSL MOJICTIH, MMEIOIIMECs B OMOIMOTEKEe MOACITUPYIOIICH CHCTEMBI, & MaTeMa-
TUYECKUE YPABHCHHS MOJIENICH YCTPOMCTB WU CIOXHBIX CUCTEM (POPMUPYIOTCS
M peInaroTcs aBTOMAaTWYeCKH. Takmm oOpa3zoMm, mpu ucnois3oBanmu CAM
WCKJTIOYAIOTCS TAaKHE 3Tallbl MATEMaTHYECKOTO MOJICIHPOBAHMS, KaK COCTaBIie-
HUE MATEeMaTUYECKOI'0 OMHUCAHUS OOBEKTOB, Pa3padOTKa aJrOpPUTMOB PEUICHHS
MaTeMaTHYeCKUX MOJIeliell W HalrcaHhe KOMIBIOTEPHBIX MMPOTPaMM BBIYHCIIH-
TEIBHOTO AKCIEPUMEHTA. DTH JTalbl 3aMEHSIOTCSA B CHCTEMaX TUHAMHYECKOTO
MOJICITUPOBAHUST JTAIIOM CO3/IaHUsI MOJENI HMCCIECAYEMOro OOBEKTa W3 CTaH-
JTAPTHBIX MOJYJIEH, UMEIOIIUXCS B OMOITHOTEKE MOJISITHPYIOIIEH CHCTEMBI.

OCHOBHBIM HEJIOCTaTKOM TaKOT0. CHoco0a peann3aluu MaTeMaTU4ecKOro
MOJICJIMPOBAHUS SBIIAETCS JIMOO oTCyTCTBHE B OMOInoTeke C/AM craHmapTHBIX
MoJIyJIel, HEOOXOAUMBIX JUIS MIOCTPOCHUS MOJIETH PeaTbHOTO yCTPOUCTBA, JIO0
YIPOIEHHOE TMPEACTABICHUE O0BEKTa OUOIMOTEYHBIM MOIYJIEM, HETpHEeMIIC-
MO€ B YCIIOBHUSIX MCCIIEIOBAHMS KOHKPETHBIX PEXXUMOB €T0 padOTHI. Y CTpaHeHHE
ATOTO HEJOCTaTKa MOXET PEIIaThCsl CO3aHNEM HOBBIX MOIYJIEH caMUM TOIB30-
BarelieM U BKIIOYCHUEM uX B Oubmmoteky CJIM. B03MOXHOCTH MOTMOJHEHHS
OMOMMOTEKN MOIYJISIMHU TIOJB30BATEN MPUJAET CHCTEMAaM ITWHAMHYECKOTO MO-
JISNIUPOBaHUs MPAKTUYECKH Oe3rpaHWYHbIE BO3MOXKHOCTH TI0 MPOBEICHUIO BbI-
YUCIUTEIHLHOTO SKCIIEPUMEHTA.

Brraucnurensnas cucrema MatLab [1] mpemnnasHadeHa aJis BBITTOJTHCHUS
CJIOHBIX WH)XEHEPHBIX, HAYYHO-TEXHHUYECKUX PACUETOB MPAKTUYECKH B JIFOOOM
007acTH HAYKH M TEXHUKH U OCOOCHHO MOAXOJUT JUISl MAaTEMAaTHYECKOTO MOJIe-
JTUPOBaHUS B 00J1aCTH DIIEKTPOTEXHUKH, PATHOTEXHUKH, aBTOMaTHKU. B MatLab
BXOJMT CHUCTEMa JAMHAMH4Yeckoro mojenuposanus Simulink [2], xotopas co-
JEePKUT OONBLIOE KOMMYECTBO OMOTMOTEUHBIX MOAYJIEH pa3IMYHBIX pPagdoTeX-
HUYECKHUX, JJIGKTPOHHBIX M DJIEKTPOTEXHUYECKHX DJJEMEHTOB U YCTPOMCTB.
[lomk30BaTenb Mpu COCTABIEHUN MOJEINEH CII0KHBIX CUCTEM MOXET HCIOIb30-
BaTh B HY)XHOM KOJIMYECTBE OMOIHMOTEYHBIC MOAYJIM HCTOYHHKOB CHUTHAJIOB,
(YHKIIMOHAIBHBIX JJIEMEHTOB CHCTEM AaBTOMATHUECKOTO PpEryJIHpPOBAHUSA,
YCTPOMCTB AIEKTPOIHEPTETUUECKUX CHCTEM, B TOM YHCIE M B TpeX(pa3zHOM HC-
MOJIHEHUHM (CHHXPOHHBIE M ACHHXPOHHBIC O3JICKTPOABHUraTeNId, I'€HEPAaTOPHI,
TparcopMaTOphl, THHUH IEKTPOIepeaady, BEIKII0YaTeNd 1 1p.). Baxkuelmei
0coOeHHOCThIO MatlLab siBiisieTcsi BO3MOXKHOCTh CO3J[aHHS I10JIb30BaTEIeM CBO-
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X OMOTMOTEYHBIX MOAYJICH, KOTOpPBIC BKIFOYAIOTCS B COCTaB OMONMHOTEKH Si-
mulink.

[pu npoBenennu uccnenoBanmii B cpeae MatLab nepexoiHbIX U aBapHUITHBIX
PEKHMOB  DJIEKTPOIHEPIETUUECKUX CHUCTEM HE BCEr/a YyAaeTcsl IOIY4YHUTb
pe3yNbTaThl, B TOYHOCTH COBIAAAIONINE C PEe3yJIbTaTaMU MAaTEMaTHUYECKOTO MO-
JeNMPOBaHUS, MOTYyUYEHHBIMU TPATUIIHOHHBIM CIIOCOOOM. DTO OTJIMYHE TOTyYa-
eTcsl BCIICJICTBHE PA3JINUHON CTENEHU TOYHOCTH MPEICTABICHUS PEaIbHBIX 00b-
€KTOB MaTeMaTHYECKUMH MOZAEISIMU, UCIONb3yeMbiMi B MatLab, u nipu peanu-
3alliy TPOTPaMM BBIYHCIUTEIHHOTO IKCIIEPUMEHTA Pa3HBIMU aBTOPaMH.

B naHHOH cTaTbe MPOBOOUTCS CONOCTABIEHHE PE3YJIbTATOB, MOMYyYaEMBIX
C TIOMOIIIBIO MPOTPAMMHOTO KOMILIEKCA, MpeAHa3HAauYEeHHOTO Ul MPOBEPKU TO-
KOBBIX 3aIlIUT OT MEXIy(Qa3sHbIX KOPOTKUX 3amblkaHuil (K3) muHuii, 1 Mogenu-
poBaHus Tex e mporeccoB B cpene CJAM Simulink-MatLab.

[Iporpammusiii koMIuieke [3] ObuT pa3pabotan Ha Kadenpe «DICKTpUIECKUE
CTAaHLIUW» U SBISIETCS 3aKOHYEHHBIM IPOTPaMMHBIM MPOXYKTOM, MpEAHa3Ha-
YEHHBIM IJIsI PELIeHUsl ONpeesieHHoro Habopa 3aJad NPUMEHUTEIbHO K KOH-
KPETHOMY OOBEKTY — MOHU3UTEIBHOM MOJICTAHIMH C IByMsI TUIIaMU JTUHHUNA 6—10
(35) xB, HemocpencTBEHHO MUTAIOMIMXCS OT IMUH HU3Koro Hampshxerus (HH)
[IOHU3UTEIbHOU NTOACTAHLIUY, U JIMHWUH, yAaleHHbIX OT wuH HH.

KommnekcHble MaTeMaTHYeCKHE MOZETH JUisi pacueTa Mexxaydasasix K3 Ha
TaKUX JUHMSAX Pa3IndaroTcs Mexy coOoi. PacueTHas cxema aisi NpOBEPKH TO-
KOBBIX 3allUT JINHUI, HETOCPEACTBEHHO NuTaromuxcsa oT muH HH nonnsurens-
Hoit moacranimu (muuus JI1), mpusenena Ha puc. 1. Ins mpoBepKku ceneKTUBHO-
CTH W 3alIUTOCHOCOOHOCTH IEPBHIX CTyHEHEH 3aIuThl OoT MexaydasHsix K3
(TOKOBBIE OTCEYKHM MIHOBEHHOTO JEHCTBHUS) PACUETHON MPOrpaMMOi BOCIPOU3-
BOISTCS IBYX- M Tpexdasuble K3 Ha camoii 3amuiiaemoit tuauM (Touka K1 ms
muauy JI1 1 touka K2 mnst muuun JI12). B pacueTHyro cxeMmy Ui IPOBEPKH 3a-
IUT JUHUH, ynaneHHslx oT mvH HH, BBenena nunus JI3 (puc. 2). IIposepka
3alIUTOCIIOCOOHOCTH BTOPBIX CTYNEHEHW TPEXCTYNEHUYaThIX 3aIIUT IPOBOAUTCS
0 TIporpaMMe ¢ BocIipon3BeneHrneM Mexayhaszneix K3 Ha 3amuimaeMoi THHUH
M Ha CMeXHOM ydactke (Touka K2 s muaum JI2 u Touka K3 mist nuauum JI3).
KopoTkne 3aMbIKaHHsL B KOHIIE CMEKHBIX Y4aCTKOB BOCIIPOU3BOIATCS IUIA IIPO-
BEPKH YyBCTBUTEIBHOCTH CTYNEHEH HAIBHETO PE3EPBUPOBAHMS — MAKCHUMAIIb-
HOH TOKOBOM 3aIL[UTHL.

Bce ncxonHbie JaHHBIE K pacdeTy — MMapaMeTpsl 3JIEMEHTOB PacueTHON cXe-
MBI, TapaMeTPbl HCXOJHOIO HOPMAJIBHOTO PEXXHUMA, apaMeTphl PeKuMa BbIUUC-
JUTENBHOTO MPOoIiecca — COCPEAOTOUEHBI BO BHEIIHEM (paiiie MCXOJHBIX JaHHBIX
M 3arpy’aroTcs B IaMsTh KOMIIBIOTEpA IOCJE 3aIlyCKa pacdeTHOW NMPOrpaMMBI
KoMIulekca. YacTto u3aMeHsieMble MapaMeTpsl MPU BapUaHTHBIX pacdeTax — THII
3allMIaeMoN JTMHUH, TapaMeTphl ee pekruMa, MpealecTByomero pexumy K3,
Bun K3, paccrosnue no mecra K3, nepexogHoe CONMPOTUBIECHUE U ApP. — MOTYT
3aJaBaThCs B IUAIIOTOBOM PEXUMe paboThl mporpaMmbl. PacueTHas nporpamma
[IOCJIEIOBATENbHO BO BPEMEHU BOCIPOM3BOIAUT yCTAHOBUBIIMMICS HOPMAJIBHBIN
PEXHM, MPEAMECTBYIOIUN KOPOTKOMY 3aMBIKAHHIO, PEXHM KOPOTKOTO 3aMBbI-
KaHUs — OBYX(a3HOTO WM pa3BUBAIOIIETOCs Tpex(azHOro, PEXKUM OTKIIOUCHHS
K3, nmocneaBapuiinbiii pexkxuM. Pe3ynbTaTel pacdeToB BBIBOASATCS Ha 3KpaH MO-
HHUTOPA B BHUJE OCLHMIIOIPAaMM BTOPHUYHBIX TOKOB TpaHcdopmaTopos Toka (TT)
W HanpspkeHui Tpanchopmaropos Hampspkenus (TH) zammmiaemoii nunu. [la-
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paJUIeIbHO BBIBOJY Ha 3KpaH MOHHUTOPA YHCICHHBIC 3HAUEHHSI PACUETHBIX TOKOB
W HampsDKCHUH 3allUCBIBAIOTCA BO BHEIIHHMK (aiiil pe3ynbTaToB. PesynbTarhl
pacyeToB — BXOJHBIC CHUTHAJBI 3AIUTHl — MOTYT OBITh WCIIOJIb30BaHBI B IPO-

rpaMMHO-alIapaTHoM JUAarHoCTU4CCKOM O60py,Z[OBaHI/II/I JJIA

CTCHIOBBIX

WCIBITAaHUH TOKOBBIX 3amuT JuHui 6—10 (35) kB ¢ 0IHOCTOPOHHUM MUTAHHEM.
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Ha puc. 3 mpuBeneHsl pe3ylbTaThl pacueTa — OCIHIUIOTPAaMMBbl BTOPUYHBIX
tokoB TT 3amumaemoii tuann JI2 — npu K3 B Touke K3 mexny dazamu 4 u C.
Ha rpadukax orpaykeH UCXOHBIN qoaBapuitHbiil pexum ot 0 10 0,20 ¢, MOMeHT
BozHukHOBeHUs K3 (0,20 c), aBapwuitnsrii pexxum (0,20-0,35 ¢), MOMEHT OTKIIFO-
gyenus K3 (0,35 ¢) u mocneasapuiinsiii pexkxum ot 0,35 g0 0,50 c.

005 010 015 020 025 030 035 040 045 dy 050

Puc. 3

Heo0Oxoammo oTMeTHTh, 4TO pazpaboTka TaKoro MpOrpaMMHOTO KOMITIEKCa,
MO3BOJIAIONIETO TOJy4YaTh MPUBEACHHBIE PE3YJIbTAThl PACUETOB, MPEICTABISET
cO0O0¥ JTOCTATOYHO CIIOKHYIO HAYYHO-TEXHUUECKYIO 3a71auy, TPeOYOIIyIo 1S ee
pellICHNs] 3HAYUTEILHBIX BPEMEHHbBIX, MATCPHATBHBIX W YMCTBEHHBIX 3aTPAT BbI-
COKOKBJIM(UIIMPOBAHHOTO KOJUIEKTUBA. J[s perenns mogo0HOH 3aqauu Heoo-
XOJIMMO BBIMOJIHUTE BCE ATAlbl MAaTEeMaTHYCCKOTO MOJCIHPOBAHKS MHOTO3JIe-
MEHTHOW CHCTEMBI SJICKTPHUSCKUX M MArHUTHBIX 1IeTNel ¢ y4eToM (PU3NUECKUX
MPOIIECCOB B OTJEIBHBIX €€ JJIeMEHTaX, NpUMEHEHUEM (P (PEKTUBHBIX METOJIOB
YUCIICHHOTO PEIIeHHs CUCTeM AU hepeHITHATPHBIX U HETMHEHHBIX anredpande-
CKUX YpaBHEHHH, HABBIKOB IPOTPAMMHUPOBAHHS BHIYUCIUTENBHBIX CHCTEM.

AJNBTEpHATHBHBIN CIIOCOO MOJENWPOBAHUS TAKOW K€ MOHU3UTETHHOW MOJ-
CTaHIMH C JTMHUAMHE JICKTpOMepeaun MOXKeT ObITh peanu3oBaH B cpeae CIAM
Simulink-MatLab.

Ha puc. 4 npuBenena cTpykTypa MoJieian 00001MeHHOT0 00bEeKTa — MOICTaH-
A — JUTS TPOBEACHHS BBIYMCIHTEIHLHOTO 3KcrepuMenTa B cpeae Simulink.
OneMeHTHl MOAenM — muraromas cucrema (S), Tpanchopmaropsr (T), nmuHHK
anextponepenaun (L), crarmueckas (P-Q) m nmBuraremsHass (Asynchronous
Machine) marpyskwu, Beikiatouarenu (Breaker) — mpeacraBieHsl OMOIMOTEYHBIME
Monyisivu CIIM. IlapameTpbl 371€MEHTOB 3aJal0TCS C HOMOLIBIO OTKPHIBAIO-
MIMXCS OKOH («CBOWCTBA 3JIEMEHTAy), MapaMeTphl PacueTHOTO PEeKHUMa M YHC-
JICHHBI METOJI PEIICHUS] YPABHEHHU MOJICTH OTPEACNISIOTCS HACTPOMKAMHU MO-
Jenpyolei cucteMbl. B mapamerpax TpexgasHbIX BBIKIIOUATETCH 3a1al0TCs
MEPEX0/IHOE COMPOTHBIICHHE U HAYAILHOE COCTOSIHUE KOHTAKTOB («3aMKHYTBD)
WA «Pa3OMKHYTBD»), IBA MOMEHTA BPEMEHH U3MEHEHHUS UX COCTOSHUS, YKa3bl-
BaloTCs (a3bl, B KOTOPBIX OyJIyT MPOUCXOIUTH KOMMYyTanuu. Takum oOpazom,
C TIOMOIIBIO «yCTAHOBJIEHHBIX» B COOTBETCTBYIOLIMX MECTaX MOJIENHU BBIKIIIOYA-
TeNel MOXKHO CO3/1aBaTh pa3NUyHbIC BUBI 3aMbikaHuil (BreakerKZ) u ompene-
JATHh CIIEHApUu pabouyuxX W aBapUIHBIX PEKUMOB MOIETHPYEMOro O0OBEKTa
(ToAKITIOYeHUEe WM OTKIIOYEHUE HArpy30K, BOo3HHMKHOBeHWe K3, oTkiroueHme
ABApUITHBIX YYACTKOB U T. I1.).



B CJM Simulink umerotcs HECKOIBKO BapHAHTOB OTOOpPAKEHHS 3HAYCHUN
pacyeTHBIX MapaMeTPOB B Ipollecce BBIYMCIUTENHLHOTO 3KcrmepuMenTa. C 1mo-
MOIIbIO BUPTYAIBHBIX JUCIUICEB SCOPE MOXKHO BBIBOJMTH IPa(UK MTHOBEHHBIX
3Ha4YeHUH TOKOB, HANpPSDKEHUI HA JIIOOBIX Y4acTKax CTPYKTYPHON MOJeNn, UH-
IOyKIUI B MarHUTONPOBOJE TpaHC(HOPMATOPOB, PACUETHBIX MapaMETPOB 3JIEK-
TpOJBUTATENECH, O0OBEIUHSAS BBIBOAUMBIC CUTHAIIBI B IPYNIbI (Tpex(das3Hble cuc-
TEMbI TOKOB, HAIIPSDKEHUH) WM 110 OJTHOMY C TIOMOINBIO HUJICATBHBIX JaTYHKOB
HanpsHKeHust Wik Toka. Ha puc. 5 npescraBieHbl OCIMUIONPAMMBI TOKOB iay, ig2,
ic; 3amumaeMoi muHuK L-2, HanpsbkeHWH Ha BbIXoJe MTUHUU L-2 Uas, Ugs, Ucs,
HanpspkeHU Ha Harpys3ke P-Q-4 muaun L-3 Uag, Ugs, Ucs. BBIBOI Tpex rpymm
CUTHAJIOB — TpeX(}a3HBIX CHCTEM TOKOB M HAIPsDKEHWH — Ha JUCIUiei Scope-1
B JJAHHOM CJy4ae OCYIIECTBISIETCS C TIOMOUIBIO CHCTEMHOTO «MYJIBTHMETPa
Multimeter u Tpex cenekropoB-pactpenenureieii. Ha puc. 6 mpeacrasieH Ba-
pUAHT BBIBOJIa OCLMJLIOTPAMMEBI OJHOTO Toka (a3el 4 Ha mquciuieii Scope-2
C TOMOINbI0 wuaeanbHOro natumka Toka TT-1. ducrem Scope-3, Scope-4
WCTONB3YIOTCS TS BBIBOJA PACUCTHBIX MapaMeTPOB ACHHXPOHHBIX DIIEKTPOJIBU-
rareyel, B YaCTHOCTH CKOPOCTH POTOPA M KPYTSAIIErO MOMEHTA.

Pacuer mpoBomwics sl BBIYMCIUTEIHHOTO SKCIIEPUMEHTA IO CIICHAPUIO
C COOTBETCTBYIOIIMMH KOMMYTAIIUSIMH BBIKIIOUaTenei: 0 — Havaio pacyera;
0,01 ¢ — 3ambIKalOTCs KOHTAaKTHL BhIKIOuareiei Breaker-1-1, Breaker-2,
Breaker-3; 0,02 ¢ — 3aMbIKarOTCA KOHTAKThI BhIKIIodarens Breaker-1; 0,05 ¢ —
3aMBIKAIOTCS KOHTAKThl BbIKIIOUaTens Breaker-3-3 u HauumHaeTcs MycK acuH-
xponnoro jgsurareist (Asynchronous Machine-3); 0,20 ¢ — 3aMbIkarOTCs1 KOHTaK-
Tl pa3 4 u C Beikmouarens BreakerKZ-4, coznaBas mexaydasznoe K3; 0,35 ¢ —
Pa3MBIKAIOTCSI KOHTAKThl BhIKIIOUaTens Breaker-3, oTkimrouasi MOBpexICHHBIH
yuacTok ¢ MexnydasueiM K3 B konme inaun L-3; 0,50 ¢ — 3aBepiienue pacyera.
UroObl TPUOIU3UTE YCIOBUSL BBIYHCIUTENHHOTO JKCIIEPUMEHTa K PACUETHOM
CXeMe pHcC. 2, B pacCMOTPEHHOM TIpUMEpE pacyeT MPOBOAMICA MPU OTKIIOUCH-
HBIX TpaHcdopmaTopax T-1, T-2, marpyszke P-Q-2, nBurarteme Asynchronous
Machine-2 (xonTakTsl BeIKITtouareneii Breaker-1-2 u Breaker-2-2 pa3oMKHYTHI).
Tpancdopmaropsr T-1, T-2 u aBurarensHas Harpy3ka Asynchronous Machine-2
MOTYT OBITh HCIOJIL30BAHbI B PacyeTax ¢ JPYTUMH CICHAPHAMHU BBHIYHACIUTEIb-
HOTo 3KcnepuMeHTa. [ ydyeta paccTosiHASI OT Hadana JMHUHU 10 Mecta K3 uc-
clexyeMast TMHHS MOKeT ObITh pa3ouTa Ha aBa yuactka (L-1-1 u L-1-2), xak 310
BBHIMOJIHEHO B Moxenu Juisi jmHu JI1. COnpoTHBICHHS YYacTKOB 3aJa0TCS
C yd4eTroM ux JUiMH. J[Jisi yBENIUYCHHUS CKOPOCTH U YMEHBIIICHUS MOTPEIIHOCTH
BBIUKCJICHUN PEKOMEHJIyEeTCS JIMIIHUE A3JIEMEHTHI, BIUSHHEM KOTOPBIX Ha pe-
3yJIBTAThl pacueTa MOXHO MpeHeOpedb, HCKIIOUATh U3 CTPYKTYPHOU CXEMbI MO-
Jeni. B 1aHHOM mpuMepe 3TO He JIENAanoch C eIb0 JEMOHCTPAIMHA BO3MOXKHO-
creii CIIM.

PaccMoTpeHHBIH TprUMep TPOBENCHHUS BBHIYHACIUTEIHFHOTO SKCIEPUMEHTa B
cpene CIIM Simulink-MatLab mokassiBaet, uto MatLab MokeT OBITH HCITOJB-
30BaH Il MOJICIIMPOBAHUS JOCTATOYHO CIIOYKHBIX AJIEKTPOIHEPTreTUIECKUX 00b-
exToB. Heo0X0MMO OTMETUTh, YTO TPYA03aTPAThl Ha Pa3pabOTKy CTPYKTYpPHOM
CXeMBI MOZIeTIH 00BEKTa U IPOBEJCHUE BHIYUCIUTENFHOTO 3KCIIEPUMEHTA B 3TOM
ciydae OyAyT 3HAUUTEIHLHO MEHBINE, YeM MPH KIACCHYECKOM CIOcoOe Marema-
THUYECKOTO MOJICTTUPOBAHHUSL.
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Pe3ynpTaTel pacueToB IBYX BapHaHTOB MAaTEeMaTHYECKOTO MOJCIUPOBAHUS
Ka4eCTBEHHO OTPAKAIOT PEXHUMBI MojenupyeMoro oobekTa. KommiekcHas ma-
TeMaTH4YeCKask MOJENb PAcyeTHOH CXeMbl NOHHM3HUTEIbHOW MOACTAHIMU IIPO-
rpaMMHOTO KoMIUiekca [3] COmepKHT MOJEIU CHIIOBOTO TpaHchopMaTopa,
TpaHcHOPMATOPOB TOKA, ACHHXPOHHOTO DJICKTPOJABUTATENS, YUYUTHIBAIOIINE HX
KOHCTPYKTHBHBIE OCOOCHHOCTHU [4], ¥, IO MHEHHIO aBTOPOB, JaeT PE3yJIbTATHI,
Hanbosiee ONM3KME K pealbHbIM. MaTeMaTuueckoe ONMMCaHHe OMOIMOTEYHBIX
Moyieit Simulink acHHXpOHHBIX JIBUTATENEH OCHOBBIBACTCSI HA CHCTEMe Aud-
(epeHInaTbHBIX YpaBHEHHI ACHHXPOHHOIO IBUTATelNs, HPHBEICHHBIX B [5].
Mogpenu tpex(dasHbIx TpaHCHOPMATOPOB CTPOSATCS HA OCHOBE CXEM 3aMEIICHHSI
oaHO(a3HBIX JBYXOOMOTOYHBIX TpaHchopmaTopoB [2, 6], 4TO He MO3BOJSET
y4ecTh BIMSHUE HECHMMETPUM MAarHUTHBIX CHUCTEM, HampuMmep Tpex(asHbIX
TPEXCTEPIKHEBBIX TPAaHCHOPMATOPOB.

JI7st TOBBILICHUST JOCTOBEPHOCTH M TOYHOCTH PE3yJIbTaTOB MOJICIHPOBAHUS,
noiydaeMbix B cpene Simulink-MatLab, HeoOXoauMo TONONHUTE OHOIHOTEKY
Simulink mMozmensaMu 3JIEKTPOTEXHUIECKOTO 000pynoBanust (TpaHcdhopmMaTtopos,
JIMHUH, JIEKTPOJABHUTATENCH U JIp.) HA OCHOBE MaTeMaTHYECKOTO OIMCAHMS pac-
CMOTPEHHOTO BBIIIE TPOrPaMMHOTO KOMIUTeKca [3].

BbIB O I bl

1. Pe3ynbTaThl pacyeToB YCTAHOBHUBIIMXCS M MEPEXOAHBIX PEKUMOB, MOTY-
yaeMble B XOJ€ BBIYHMCIIMTENLHOTO DKCIepHMeHTa B cpeme Simulink-MatLab,
JIOCTaTOYHO aJIEKBATHO OTPAXKAIOT pealibHBIC MPOIECCHl M MOTYT OBITh HCIIOJh-
30BaHbl JJIsI OLIEHKM MOBEJEHUS YCTPOMCTB PENECHHON 3alIUThl U aBTOMATHKU
3JIEKTPOIHEPTETUIECKUX CUCTEM.,

2. JIs TMOBBIIICHUSI TOCTOBEPHOCTA W TOYHOCTH MOJYyYaeMbIX PE3yJIbTATOB
HEOOX0IUMO pa3paboTarh HOBBIE GuOMMOTeYHbIe MOAyu st CIAM Simulink
HA OCHOBE YTOYHCHHBIX MATEMATHYCCKUX MOJIENICH DIEeKTPOTEXHUYECKOTO 000-
PYJIOBaHUS.
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